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BBEJAEHUE

AKTyaJIbHOCTH padoThbl. B HacTodiee Bpemsi CoOJieHbIE 0O3epa MpPE/ICTaBISIOT
YHUKaJIbHBIE OOBEKTHl IS NMIMPOKMX HAYYHBIX HCCICAOBAHHWM, B OCOOCHHOCTH Kak
BO3MOXKHBIE  HETPAIUIMOHHBIE  HUCTOYHHKMA  MHUHEPAIBHOTO  CBIPbS,  apXHUBBI
MaJCOKIMMATUYECKUX M3MEHEHHUM, CUCTEMbl aKTMBHO MPOTEKAIOIIMX COBPEMEHHBIX M
aHaJIOTU APEBHUX OMOC(HEPHBIX MPOLIECCOB.

DTO CBSI3aHO C TE€M, YTO MOSIBUIMCH HOBBIE METOJbI U TEXHOJOTHHU, KOTOPHIC
MO3BOJISIIOT MOJy4YaTh OOJie€ MOJIHBIE CBEIAEHUS MO T'€OXHMMHYECKON CreruaIn3aluu
03€p, BBIABIATH HICTOUHUKN XUMHUYECKHUX 3JIEMEHTOB B HUX, PACHIUPATH MPEACTABICHUS
O TIpoIIECCaX 03€pHON CEAUMEHTAIMH, U3Y4aTh PACIPEACICHUE MUKPOKOMIIOHEHTOB B
03€pax M MEXAHM3MOB MX HAKOIUIEHUS, ONPEAENSATh POJib PA3IUYHBIX MPOLECCOB U
(bakTopoB B (opMHpOBaHUHU cocTaBa o3ep. Kak 0ObEKTHI HCCIEI0BaHMI COJIEHBIE 03€pa
Bocrounoro 3a0aiikanbs MPEACTABISIOT HECOMHEHHBIM HMHTEpPEC, IMOCKOJIBKY
XapaKTePU3YIOTCS BHICOKMM COJICp)KaHHEM MHOTHX XUMHUYeckux siementoB (Li, U, Th,
As, Sr, B, Br, Mo, F u np.), kotopsle MOTYT UMETh MPOMBIIUICHHOE 3HAUYCHUE
(CxnsipoBa u ap., 2002; bopzenko u gp., 2017). Bmecte ¢ TeM, MeXaHU3MBI
KOHIICHTPUPOBAHUS ATUX AJIEMEHTOB, UX UCTOYHUKHU, MACIITAObI SIBJICHUSI U3yUYEHbI HE
nocrtaroyHo. bonee Toro, cama mo cede mnpobieMa reHesuca pasIudHbIX XUMHUYECKHUX
TUIIOB 03€p B COBPEMEHHOM THJIPOr€OXUMHH OCTAETCS CIIOPHOU U TpeOyeT JaibHEHIINX
uccinenoanuii ([I3enc-JIntoBckmii,1951, 1968; Connendenba, 1988; IlIsapues, 2014;
Drever, 2005, Reeves, 1978; Kypunenko, 1997; Eropos, 1998; 3amap3un, 2000;
Jleonosa u 1ip., 2007; Zheng, 2014).

Hcropuueckn CIOXKUIOCH, YTO MHOTHMH HCCIEAOBaTeIIMH  (DOpMUpOBaHHE
XUMUYECKOTO cocTaBa COJIEHBIX 03ep OO0BsICHAETCS HCIIApUTEIIbHBIM
koHneHTpupoBanueM Boj (Kypnakos, 1930, Bansmko, 1952, ITocoxos, 1946, 1981 u
np.). OmHaKo 70 CUX TOp HET OJHO3HAYHOTO OOBSCHEHHUS: MOYEeMYy Ha OTHOCUTEIHHO
HEOOJIBIION  TEPPUTOPUM B OJNM3KUX  KJIMMATHYECKUX W JIaHAMAQTHO-
reoMOpGOJIOTHYECKUX YCIOBUSX (OPMHUPYIOTCS DPa3IUYHBIC THIBI 03€P: COIOBBIE,

Cy.TII)(I)aTHBIe U XJIOpHUAHBIC, C OINPCACICHHBIM OJIs KaXJ0T0 HN3 HHX Ha60p0M
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MHUKPOAJIEMEHTOB. Bce 3TH 0COOEHHOCTH WX COCTaBa HEBO3MOXHO OOBSICHUTH TOJBKO
IpollecCaMi  UCMAPUTENBHOIO  KOHUEHTPUPOBAHUS ~ XUMHUYECKUX  DJIEMEHTOB
(KepebrioBa, Bonkosa, 1966; Harvie et. all,1980; McCaffrey et. all, 1987). Mexny
T€M, BHE TIOJISI 3pPEHHS YYEHBIX OCTAE€TCS POJb TOPHBIX MMOPOJ, KOTOpbIE BOJAA
HEIMPEPHIBHO PACTBOPSIET, UYTO MPHUBOJAUT K CO3JAHUIO HOBBIX MHHEPATBHBIX
oOpa3oBanuii u reoxumudeckux Tumnos Boabl (LIBapues, 1991, 2004, 2006, 2012, 2013,
2015, 2016, 2017; KpaiinoB u ap., 2004; AnexceeB u ap., 2007). Takoit nucTOUHHK
coJiel KaK ropHas Mmopojia MPUMEHUTENIBHO K 03epaM OOBIYHO HE YUUTHIBACTCS, HO OH
UTpacT BaXXHYI poOJb B (POPMHUPOBAHUU COCTaBa O3€pP HAPAIY CO CTENEHbIO HX
ucnapenust (IlBapues, 2006, 2014). B »3Toil CBA3M U3y4YEHUE MPOIIECCOB
B3aMMOJICHCTBUSL BOJBI C TOPHBIMH TOPOJAMH B YCIOBUSX HCIAPUTEIBHOIO
KOHIICHTPUPOBAHUST BOJ MO3BOJMT JIy4lll€ MOHATHh BEAYIIME MPOIIECChl, MEXAaHU3MBI U
bakTopsl popMUPOBaAHUS OMPEACICHHOTO TUIIA 03€P U UX HBOJIIOIHIO.

Heap ucciaegoBanmid. Ha ocHOBE NMaHHBIX MO XUMHUYECKOMY M H30TOIHOMY
COCTaBY O3€pPHBIX U TMOA3EMHBIX BOJI BOJOCOOPHBIX TEPPUTOPHUI BBISBUTH BEIYIIHE
mpoiiecchl, PakTOpbl 1 MEXaHU3MbI (POPMUPOBAHUS PA3ITUYHBIX TEOXUMUYECKUX THUIIOB
coJieHbIX 03ep Boctounoro 3abalikaibsi.

3amaum ucclie10BAHMM:

o HCCIIeIOBaTh XUMHUUYECKUW W M30TOMHBIM COCTaB 03€p M MOJ3EMHBIX BOJI
TEPPUTOPUI X BOJIOCOOPHBIX OACCEHHOB;

o OIICHUTH CTETEHb UCIIAPEHHUSI BOJBI ISl PA3JIMYHBIX TUIIOB O3€P;

o U3YYUTHh 3aKOHOMEPHOCTH PaCIpe/iesieHUs HEKOTOPBIX MUKPOIJIEMEHTOB (ypaHa,
MBIIIbSKA, TOpUsI, OpoMa, JIUTHS, CTPOHIIUS, PEAKO3EMETBHBIX 2JIEMEHTOB);

o OTPEICIUTh MacIITaObl BOCCTAHOBJICHUS CYJIh()aT-HOHOB B 03€pax;

o HCCIIEIOBATh CTENEHb PABHOBECHUSI MOJA3EMHBIX M O3€PHBIX BOJ C BEIyIIUMU
MEPBUYHBIMU U BTOPUYHBIMUA MUHEPAIAMH TOPHBIX MMOPOI;

o BBISIBUTH MEXaHU3MBI, Mpouecchl U (akTopbl (HOPMUPOBAHUS OCHOBHBIX

r€OXUMHYECKUX TUIIOB COJIEHBIX 03ep BocTouHnoro 3a0aikabsi.
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O0bekTaMu HAYYHOT0 HMCCJIEIOBAHUSA SIBIIAIOTCS COJieHble o3epa BocTouHoro
3abaiikanbs; MPOIECChl, MEXaHU3MBbI U (PaKTOPbl POPMUPOBAHUS XUMUUYECKOT'O COCTaBa
TUX 0OBEKTOB MPEICTABISAIOT MPEAMET UCCIICIOBAHUS.

dakTHYEeCKUI MaTepuaJl U JUYHBIA BKJIaJ aBTopa. Jlucceprannonnas padora
MOJrOTOBJIEHA B MPOIIECCE BBIMOJHEHUS rocygapcrBeHHoro 3ananus UITPOK CO PAH
B pamkax mporpammsel 1X.137.1. JIlunamuka 6mokocHbBIX cucteM lleHTpanbHoit A3un B
YCIIOBHUSIX M3MEHEHHUS KJMMaTa W TEXHOTEHHOTO NaBlieHHs ((PakTopbl W TEHICHIIUN),
TpEX MEXIUCIUIUIMHAPHBIX MHTETPalMOHHBIX MPoeKTOB No 38 «MuHepanpHbIEe 03epa
LlenTpanbHON A3uM — apXHB MAJCOKIMMATHYECKUX JETOMUCEN BBICOKOTO Pa3PEIICHUS
U BO300OHOBIsIeMas >KUJKasi pyaa»; NapTHepcKuil mHTerpannoHHeii mpoekt CO PAH,
JIBO PAH u YpO PAH Ne 23 «TpancrpanudHbie pedHble OacCeHbI B a3UaTCKON YacTH
Poccnn: KOMIUIEKCHBIM aHAlW3 COCTOSIHUS IPUPOJHO-AHTPOIIONEHHOM CpeAbl H
MEPCIIEKTUBBl MEKPETHOHAIBHOTO B3aUMOJECHUCTBUS»; MEXKIUCUUILUIMHAPHBIA MPOEKT
CO PAH Neo 56 «IIporHo3Hoe MOAEIMPOBAHUE U MEKIUCIUIIIIMHAPHBIE KOMILICKCHBIE
VICCIIEIOBAHUSI MHOTOJIETHEN TUHAMUKHU COCTOSIHUS 3KOCUCTEM MEPOMUKTUUECKUX 03€p
Cubupu»; Ne 0386-2015-0006 (IX.137.1.2.) «'eoxumusi peKkux U PeaKO3EMETbHBIX
AJIEMEHTOB B MPHUPOJIHBIX U TEOTEXHOTEHHBIX JaHAImAPTaX U THAPOTrCOXMMHUYECKUX
cUCTEMax», a TakxKe pu puHaHCOBOM mojiepxkke Poccuiickoro Hayunoro ¢onma: PHO
Ne  15-17-10003 «DU3UKO-XUMUYECKOE MOACIUPOBAHUE TUIPOTr€OXUMHUYECKHUX
IPOLIECCOB B 03€pHO-000THBIX cucTemax tora Cubupu, CeBepHoro Kaszaxcrtana u
3anagHoii  MoOHroiMu B MPUCYTCTBUM  MPUPOAHBIX  BBICOKOMOJIEKYJISIPHBIX
oprannueckux kuciaor» u PH® Ne 17-17-01158 «MexaHu3Mbl B3aUMOJICUCTBUS,
COCTOSIHUE PABHOBECUSI U HANPaBJIECHHOCTb 3BOJIIOIMU CHUCTEMBI COJICHBIE BOJBI U
paccoiibl — OCHOBHBIE W YJIBTPAOCHOBHBIE MOPOIBI (Ha mpuMepe pernoHoB CHOUpCKOi
1aTHOPMBI ).

JluccepTaliMOHHOE WCCIIEIOBAHWE OCHOBAHO Ha MaTepualiax COOCTBEHHBIX
MOJIEBbIX paldoOT, a Takke OOIMMPHONW TeO0JOTHYECKOW, THUIPOTEOJOTHUECKON U
r€OXUMHYECKOM OmyOJuKoBaHHOM W (OHIOBOM juTeparype 1o BocTrouHomy
3abaiikanpto. CuctemaTuzanus OOMIMPHOTO  (PAKTUYECKOTO  THUAPOXHUMHUYECKOTO

Marcpuaiga, TCPMOJUMHAMHYCCKHUX PACUYCTOB, II03BOJIMJIA aBTOPY CO34aTb HOBYIO
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KOHIICTIIUIO (OPMHUPOBAHUS PA3JIMYHBIX TE€OXUMHYECKUX THUIIOB COJIEHBIX 03€p
Bocrounoro 3abaiikanbsi.

Mertoabl ucciaenoBanusi. BaXHEWIIMM METOHOJOTHYECKHMM MPUEMOM JTAHHOU
paboThl SIBJISIETCS TMPUHLUUNUAIBLHO HOBOE HAYYHOE TMOJIOKEHUE O Te0JOTUYECKOM
HBOJIIOIMU CHUCTEMBI C TIO3UIMU PAaBHOBECHO-HEPABHOBECHOI'O COCTOSIHUS BOJBI C
ropasiMu Tiopogamu (IIIBapmer, 2012, 2013, 2015, 2016, 2017). OCHOBHBbIE METOJIbI
UCCJENOBAHUIM O0a3upyloTCd Ha HM3YYEHHMM M OOOOIIEHMHM XUMHUYECKOIO COCTaBa
MOJ3EMHBIX M O3€pPHBIX BOJI; aHAJIM3€ HM30TOINOB BOJBl M PACTBOPEHHBIX 3JIEMEHTOB;
n3ydyeHu (HOpM MHUTpPaAllUM XMUMHUYECKHX DJIEMEHTOB; TEPMOJIMHAMUYECKOM aHau3e
(GU3BUKO-XMMUYECKUX PAaBHOBECHM 03€pHBIX M TOJ3EMHBIX BOJ C OCHOBHBIMH
MUHEpajdaMl TOPHBIX IOPOJ; BBIABICHUM MAacIITa00B BIIUSHHUS HUCHAPEHUS BOJ U
BOCCTAHOBJICHUSI  CyJb(aT-MOHOB;  YCTAaHOBJICHMH POJM TOPHBIX MOPOA B
dbopMHUpPOBaHUU ONIPENIETICHHOTO THUIIA 03€ep.

OTt60p mpoO Ha o3epax W UX BOAOCOOpax MpoBOoAWICS B JeTHui mepuox ¢ 2003
o 2017 r. B neTHuii nepuoa. Ha HECKOIbKUX BOJOEMAX BEIMCh MHOTOJIETHUE, a HA O3.
JlopoHUHCKOE U MeXCe30HHbIe HaOmoaeHus. [IpoOsl Boabl oTOMpanuch 6aToMETpOM B
LEHTPaJIbHON TOYKE BOJHOM TOJIIM 03epa. OnpoOOBaHNE OTHOCUTENBHO TIIYOOKUX 03€p
(6omee 5 M) OCYIIECTBIISUIOCH 110 BCEH BOJHOM TOJIIM C MHTEpBaIoM oTOopa 1M. Bosma
Ha MecTe (puiibTpoBasiach yepe3 MeMOpaHHbId (GuiabTp ¢ nuamerpom nop 0.45 mxm. s
ONMpEJENCHUs] METaUIOB OHA MOJKUCIATIAch 0CO000 YHCTOW KOHIEHTPUPOBAHHOMN
a30THOM KHCJIOTOW; B OTOM (QWIbTpaTe OMNpeAeisuiach pPacTBOPEHHAs (paKius
METaJIOB.

MakpOKOMITOHEHTHBIM COCTaB BOJl ObUI TMPOBEJACH CTAaHAAPTHBIMH METOJaMHU
(Komptro,1950, 1952; PykoBoactso.., 1977; HoBukoB u ap., 1990; ®omun, 2010) B
arrectoBanHoi nabopatopun HIIPOK CO PAH. BoccranoBieHHbiE (OpPMBI CEpPbI
onpenensum o merony (Octpoymos, 1953; Heperun, 1996; Bonkos, XKadbuna, 1990,
2007). Ompenenenue C,,, MPOBOIMIOCH Ha aHanmmusaTope yriepoga Liquid TOC
xommanuu Elementar (Cepmanus) ¢ 1eTeKTOpOM MHPPAKPACHOTO M3ITyYSHHS] METOJIOM
BBICOKOTEMIIEPATYPHOTO KATAaIUTUYECKOTO OKHCJIEHUSI COEAWMHEHUW yriepoaa u

pa3IoKEHUH OpraHuveckoro yriepoma jgo aumokcumga yraepoaa (IV) (COyp).
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OmnpeneneHrss MUKPOKOMITOHEHTOB O3€PHBIX BOJ OBUIH BBHITIOJTHEHBI B AHATMTUYCCKUX
nentpax Mucruryra reoxumuun uM. A.Il. Bunorpanosa CO PAH (r. MpkyTck) meTogom
Macc-CIIEKTPOMETPUU C HHIAYKTUBHO-CBs3aHHOM Itasmon Ha mnpub6ope ELEMENT-2
(Finnigan MAT, I'epmanusi) mo metomuke HCAM Ned480X ¢ wucmonb3oBaHHEM B
KauecTBe CTaHAapTOB ceptuduirpoBanHbix pactBopoB ICP Multi Element Standard
Solution Sol XII, Sol X CertiPUR (MERCK) u Combined Quality Control Standart
1QC-026 (NIST, CIIIA). Ananu3sl cTaOMIBHBIX U30TOMOB BOABI M PACTBOPEHHBIX B HE
KapOOHATOB, CyJb(}aTOB U CEPOBOJIOPOJA BHINMOJIHEHBI Ha Macc-criektpomerpe MAT
253 (Thermo Fisher Scientific, I'epmanusi) B IIpuMOpCKOM IIEHTpPE JOKAIBLHOIO
saneMeHTHOro u m3oronHoro a”aimuza JIBI'M JIBO PAH, r. BmaguBoctok. [loHHBIE
OCaJIKl OTOMpAINCh TUIACTUKOBOW TPYOKOM MO BO3MOXKHOCTH Jaybllie OT Oepera B
3aBUCUMOCTH OT CTPOEHHs JIHa W TIIyOMHBI BOJOEMa, B MECTaX C MEHbIIEWH J0Jiel
TEpPUreHHOM cocTapistomiel. B maboparopuu npoObl CYyIIUINCh U U3MENbYATUCH JI0
nbpuieBaTol (pakuuu. AHAIU3 PEIKO3EMENIbHBIX 3JIEMEHTOB B JOHHBIX OCaJKaX M
KapOOHaTHBIX KOpKax Obul BhiMoOIHEH MeTosioM ICP-AES na npubdope OPTIMA 2000
DV B nmaboparopuy XUMHKO-CIIEKTPAIbHBIX METOJOB aHaidu3a [ €oJ0rudeckoro
uncturyta CO PAH (r. Ynaun-Ym).

Pentrenodazoeiii ananu3 (P®A) npumensuics mis HCCIASAOBAHHUS JIOHHBIX
OTJIO)KCHHH W OCAJKOB M3 CEAMMEHTAIMOHHBIX JIOByIIeK Ha ammapare J[POH-3.
PentrenorpamMMmbl WIGHTU(PUIMPOBAHBI C TMOMOIIBIO TMporpaMMmbl Moucka (as.
KonnuecTBeHHOE COOTHOLIEHWE KOMIIOHEHTOB PACCUMTAHO MO KOPYHJIOBBIM YHCIAM
mMeronoM RIR. TIpoObl coneilt 1 TOHHBIX OTJIOXKEHUN ObUIM MCCIIEOBAHbI C MOMOIIBIO
ouHOoKysipHOTrO MUKpockona ¢pupmsel MBC — 10.

OU3NKO-XUMUYECKUE PACcUeThl, HEOOXOMUMBIE JIJIsi BBISBICHUS (POpPM MHUTpaIiu
XUMHUYECKUX AIIEMEHTOB, BBIOJHSUIUCH C UCIOJIB30BAHUEM MPOrPAMMHOTO KOMIUIEKCA
HydroGeo, paspaborannoro M.b. bykater (1997) u cepTuHUIIMPOBAHHOTO B
PocaTtomnanzope, C  ucnosib3oBaHueM  0a3pl  gaHHbIXx  [lutmepa  juid
BbICOKOMHHEpanu30oBaHHbIX BoA (I[Tutiep, 1992). [lyis OlEHKU CTENCHUW HACBIMICHUS
BOJI MHHEpPAJIIAMHU PACCUUTHIBAJICSA MHIAEKC HachimieHus (SI), 3HaUeHUs KOTOpPOTo MHpH

MNCPECBIMICHUMN PACTBOpa CTAHOBATCA IIOJIOKHUTCIbHBIMH, a HYJICBOC 3HAYCHHC



9
XapakTepusyeT paBHOBecue pactBopa ¢ muHepanoMm (Merkel, Planer-Friedrich, 2005).
OOpaboTka TOJIYYEHHBIX pPE3yJbTaTOB  XMMHKO-aHAIMTHUECKUX  OMNpeeseHUuMN
MPOBOJMIACH JTMYHO aBTOPOM C MOMOIIbIO mporpamm cpeactB Microsoft Office. [dns
oLK(POBKU U MOCTPOCHUS KapT MPUMEHSITUCH IporpaMMHbie KomIuiekcsl ArcGlS.

JloCTOBEPHOCTh HAYYHBIX Pe3yJbTaTOB O0ECleuYeHa HCIOJIb30BAHUEM
pe3ynbratoB Oojsiee 500 XMMHUYECKUX W M30TOIHBIX aHAJIN30B O3CPHBIX U TMOJI3EMHBIX
BOJI, MOJYYECHHBIX BBICOKOTOUHBIMU METOJAMHU B aTTECTOBAHHBIX M aKKPEIUTOBAHHBIX
7abopaTopusax, C XOpOIIMMH  TIOKa3aTels MM  MPEIHU3UOHHOCTH  PEe3yJIbTaTOB;
WCIIOJB30BaHUEM HOBEUMIIMX TEOPETUUYECKUX TMOJOKEHUH; arnpobarueii OCHOBHBIX
HAyYHBIX TIOJIO)KEHUM Ha POCCUMCKUX M MEXKIYHAPOJIHBIX KOHPEpPEHIUsIX U
nyONuKalyeil B pelieH3upyeMbIX KypHaJiaX; BHIITOJHEHUEM 3aJIaHUi TOCYAapCTBEHHBIX
porpamMm, HHTETPalMOHHBIX MPOEKTOB U MPOEKTOB Poccuiickoro HayuyHoro ¢oHaa.

Hay4ynasi HoBU3Ha pa0doThbI:

o BIICPBBIC [IJI1 PETHOHA M3YYEH IIUPOKUNA KOMIUIEKC XHUMHUYECKHUX
AJIIEMEHTOB, BKJIIOYAs PEIKHE U PEAKO3EMENbHbIE, N30TOIMHBIN COCTAaB BOJBI, YIIEPOa,
PacCTBOPEHHBIX KapOOHATOB U CEPbI, CYIh(HAaTOB U CEPOBOJOPO/IA;

o YCTaHOBJIEH XapaKTep PaBHOBECHS 03€PHBIX M MOJ3EMHBIX BOJI C OOJIBIINM
KOJIMYECTBOM MHHEPAJIOB FOPHBIX MOPOI;

o BIIEPBBIE MMOKA3aHO, YTO XUMHUYECKUM COCTaB 03€p HapsAy C HCHapeHUEM
OTpeJIeNsIeTCsl MacITaboM U XapaKTEepPOM B3aUMOJICHCTBUS BOJIBI C TOPHBIMH TIOPOJIAMHU
BOAOCOOPHOM TIJIOIIAAN U JIHA 03€Pa;

o pa3paboTaHa HOBasi METOJIMKA pacyeTa CTETICHU UCTIAPEHUsT 03€PHBIX BOJI;

o YCTaHOBJICHO, YTO 3HAYUTENbHAS NOJS CyIh()aT-HOHOB B O3EPHBIX BOJAX
BOCCTaHABIIMBAETCA JIO CEPOBOIOPOJIA U APYTUX (GOPM Cephl;

o BIIEpPBbIE Ui PErroHa pa3zpaboraHa Mojelb (POPMUPOBAHUS XUMUYECKOTO
COCTaBa pa3MYHBIX T'E€OXMMHUYECKHX THUIIOB COJICHBIX O3€p, PAaCIOJIOKEHHBIX Ha
OTPAaHUYEHHOU TEPPUTOPHUH.

IIpakTnyeckass 3HAYMMOCTb. [IpakTHueckas 3HAYMMOCTH MCCIEIOBAHUMN
BENIMKA, TOCKOJBKY oO3€pa O0JaJar0T IIHUPOKUM CIEKTPOM: MHHEPAJIbHBIX COJICH,

HPHEPreTUYECKUMH  (BO3MOXXHOCTM  MpeoOpa3oBaHMsl  TEIUIOBOM  SHEPTHMM B
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IEKTPUUECKYI0), OMOTOTHIECKUMH (KYJIbTUBAIMS U TOOBIYa OTIETBLHBIX BOJOPOCIEH 1
KOPMOBOM  aKBaKyJbTyphl),  OajbHeoJOTHYECKUMHU  (1leJIeOHBIE  Tps3U) U
PEKpEallMOHHBIMU ~ pPecypcaMu. Y CTAHOBJICHHBIE BBICOKHE COJACp)KAaHUSA  JIUTHUA,
MOJMOJIeHA, MBIMIbSIKA, YpaHa, OpoMa, CTPOHITUS, PEIKO3EMEIbHBIX U Ap. JJIEMEHTOB
MO3BOJISIIOT ~ paccMaTrpuBaTh  CoJieHble o3epa Bocrtounoro 3abaiikanbs  Kak
MEPCTICKTUBHBIC NCTOYHUKU MUHEPATBHBIX BO30OHOBIISIEMBIX PECYPCOB.

ITos10:keHUs qUCCEPTAIIUM, BBIHOCHMbIE HA 3aIIUTY.

IlepBoe 3ammumiaeMoe I0JI0KEHHE. YCTAHOBJIEHO, YTO HA OIPAHUYEHHOU
TEPPUTOPUH B OJM3KUX JaHAMA(DTHO-KIMMATUYECKHX M Te0JIOT0-TCOXUMHYECKHIX
yCIOBUSIX (POPMUPYIOTCS Pa3HOOOpa3HbIE TEOXUMHUYECKHME THUIIBI O03€p: COJOBbBIC,
cynb(daTrHble, XJOpUIHBIE W MHOTOYHUCICHHbIe uX mnoATunsl. ComoBbie o03epa
XapaKTepHU3yTCcs Hanbosee BhICOKMMH 3HaueHusMu pH u conepkanmsimu Na, HCOg,
COs, noBbIlIeHHBIMU KOHIIEHTpanmsamu U, Th, As, F, P3D u ap. MUKpOKOMITOHEHTOB.
XJopuaHbIE 03€pa BBIICISIIOTCS BBICOKOM COJCHOCTBIO, HO HHM3KOW IMEIOYHOCTHIO C
OonpinM comepxkanueM Br, Li, Sr u ap. sneMeHTOB. OTIMYUTEIBHBIM MPU3HAKOM
Cynb(aTHBIX 03€p SBISECTCS MUHUMAJbHAs MX COJCHOCTb, BBICOKAs CyJIb(aTHOCTH H
OTHOCUTEIHHO HHU3KHE KOHIICHTPAIIUU OOJBITMHCTBA MHKPOIJIEMEHTOB. KaKmplid THM
03ep OTJIMYaeTCs TakKe 30TOMHBIM coctaBom H, O u C.

Bropoe 3amumaemoe nosoxenne. Bece o3epHble BOJBI 00pa3ylOT ¢ TOPHBIMU
MOpOJaMHU PETHOHA CIEIU(PUICCKYI0 PAaBHOBECHO-HEPABHOBECHYIO CHCTEMY: OHU HE
TOJIBKO PAaBHOBECHBI CO MHOTUMH BTOPUYHBIMH MHUHEpaJlaMd — TPOIYyKTaMHU
BBHIBETPUBAHWS W  JWareHe3a JOHHBIX  OCaakoB  (kapOoHaTaMu, TJIMHAMH,
THAPOCIIOAMH, OKCUJIAMU U THJIPOKCUIAMU >KeJie3a, allFOMUHUS U JIp.), HO U MHOTUMU
HETUTIMYHBIMHA JIJIE 30HBI THUIEPreHe3a AayTUTECHHBIMH MUHEpaaMH (II€OJIUTaMH,
xJjopuTamu, propugamMu u ap.). Bmecte ¢ Tem oHu Bceraa He paBHOBecHbI ¢ Ca-Mg-Fe-
ATIOMOCWJIMKATaMU JHJIOTEHHOTO TeHe3uca (aHOPTHTOM, (GopCcTepuToM, (asuToMm,
JMOTICHUIOM U JIP.).

Tperbe 3ammmaemoe nojoxenue. [lopenenue cyabdaT-uoHOB B UCCIIETYEMBIX
03€pax HOCHUT CIIOKHBIA XapakKTep B CBSI3U C TEM, YTO HApAIY C HCIAPEHUEM OHO

KOHTPOJHUPYETCA ABYM: JOITOJHUTCIbHBIMU mponeccamMu, KOTOPbIC HUMCIOT
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MIPOTHUBOIIOJIOKHYIO HAMPAaBIEHHOCTh: CylIb(GaTpeayKINEeH U OKHUCIEHHUEM CYIb(UI0B
rOpHBIX MOpoJI. bakTepuanbHOe BoccTaHOBIIEHUE CYyIb(AaTOB Pa3BUTO B OOJIbIIIEH YaCTH
03ep, KOTOpbIC OTIIMYAIOTCS GOJee BHICOKHME 3HAYCHUSME 8 S OKHCICHHBIX ¢& (GopM,
HammuneM H,S m apyrux BoccTaHoBIeHHBIX (opMm cepbl. B ciydae mnosiBiaeHUS
JIOTIONHAUTENBHBIX UCTOYHHKOB CyNb(GAaTOB 3HAYCHHS O°'S yMCHBIIAIOTCS, a KX
CoJIep>KaHUe BO3PACTAET BILUIOTh A0 (POPMUPOBAHMS CYIb(ATHOTO TUIIA O3€EP.

YeTBepToe 3ammiaemMoe noJioxkenue. [Ipupoaa pasHoodpasus XUMUYECKOTO U
M30TOMTHOTO COCTaBa O3€PHBIX BOJ M  OTACJIbHBIX XUMHYECKUX DJIEMEHTOB
UCCJIETYyEMOT0 PErHMOHA CBA3aHA C MHOTO(AaKTOPHBIM MPOLECCOM HX (POPMUPOBaHMUS.
HeonunakoBass crTenmeHb HCHapeHHs BOJbI B 03€pax, pazHooOpaszue CBs3ed HX C
MOJ3EMHBIMU  BOJAMH  BOJOCOOPHBIX TEPPUTOPHUH, pa3Has MPOJOIKUTEIbHOCTh
B3aMMOJICHCTBUSL O3€PHBIX BOJI C TOPHBIMHU IMOPOJIAMH, OOECIIEUMBAIONIAS OCAXKJICHUE
pa3IMYHBIX  AyTUTCHHBIX  MHUHEPAJIOB, HM3MEHYUBOCTH  MUKPOOMOJIOTHMUYECKON
NEATCIBHOCTH TPUBOIAT K AUG(EpEHIIMPOBAHHOMY HAKOIUICHUIO XUMHUYECKUX
AJIEMEHTOB B o03epax H (DOPMUPOBAHMIO HMX PAa3HbIX THUIIOB U TOJTUIIOB Ha
OTPaHUYEHHOU TEPPUTOPHUH.

Anpobauuss. OCHOBHbIE TIOJIOKEHUSI W pE3yibTaThl  HCCIEIOBaHUMN
JTOKJIa/IBIBAJTUCH HA MEXIYHAPOIHBIX U BCcepoccUicknX KoHpepeHusax. B ux uucne 111
MEXIyHapOaHAasl Hay4dyHO-TIpakTHYeckass KoHpepeHuuss «Bola — HCTOYHHMK KUZHI
(ITaBmomap, Kazaxcran, 2008); wMexayHapoaHas KoH(epeHIus «DKOJOTUS U
r€OXUMHUYECKasl JCSITEIBHOCTh MUKPOOPTaHU3MOB HKCTPEMAIBHBIX MECTOOOUTAHUI
(Ynau-Yno>—Ynan-barop, 2011); Bcepoccuiickue koH(pepeHuun «l uaporeoxumus
ocalouHbIX OacceitHoB» U «lIpoGnembl TUAPOTreOJOTUH, WHKEHEPHOW T€OJIOTUU U
reodkonorun (Tomck, 2007 u 2010); xoHdepeHuus, mnocsaieHHas S0-1eTHrO
Cubupckoro otnenennss PAH u 80-metuto wi.-kopp. PAH ®enopa IlerpoBuua
Kpennenera, u «CoBpemeHHble mpobieMbl MuKpoOuonoruu llenTpanbHoi A3zum»
(Ynaun-Ym, 2007 u 2010); XIII nayunoe coBemntanue reorpados Cubupu u Jlanbaero
Bocroka (Mpkytck, 2007); «®yHnaMeHTanbHbIe TPOOIEeMbl KBApTEpa: UTOTH H3YyUCHHUS
U OCHOBHBIC HAaIpaBIICHUS HalbHeHmmx wucciaenoBanuit» (HoBocubupck, 2009),
«IIpuponnbie pecypcbl 3abaiikanbsi ©u MpoOIeMbl TeoChEpPHBIX HCCICTOBAHUNY,

«MuHepanorus M TeoxXuMus JaHAmaTa TOPHOPYIHBIX TEPPUTOPHUI», «IBOIIOLHUS
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OnoreoxuMuueckux cucteMm (dakTopbl, Mporecchl, 3akoHOMepHOCTH)» (Yuta, 2006,
2008 u 2011), 12-th International Conference on Salt Lake Research (Beijing, China,
2014); 11l Bcepoccuiickas HaydHO-TIpakTHYecKass KoHpepeHius «Pa3BuTHE KU3HU B
npoliiecce abMoTUYeCKuX M3MeHeHuit Ha 3emuie» (1. JluctBsinka UpkyTtckoi oOriacTw,
2014); «XXI Bcepoccuiickoe coBelanue Imo moja3eMHbIM BojaM Cubupu u JlanpHero
Boctoka» (r. Axyrck, 2015); «I'eonoruyeckasi 3BOJIONMUS B3aUMOJICUCTBUS BOJBI C
ropHeIMH TTopoaamu», Tomck, 2012, BraguBoctok, 2015); «Water rock interactiony
(Evora, Portugal, 1916), «BcepocCHIiCKMII  €XKETOIHBIM  CEeMHHAp IO
HKCIIEPUMEHTAJIbHON MHHEpaJoruu, mneTposiorud u reoxumum» (Mocksa, 2016 r1.),
«PaMOaKTUBHOCTh W PaJMO-aKTHUBHBIC 3JIEMEHTHI B cpele oOWTaHWUsS ueraoBeKa» (T.
Tomck, 2016); «Opranudeckoe BEMIECTBO U OWOTEHHBIC 3JEMEHThl BO BHYTPEHHUX
BoJl0eMax U Mopckux Bojax» (bapuayn, 2017).

IMyoaukanuu. [To Teme auccepranuu onyoaukoBano 60 pabot, B ToMm uucie 22 B
xypHanax u3 cnucka BAK, a taxke 27 unnexkcupyembix WOS u SCOPUS. Cratbu
HAIMCaHbl B COABTOPCTBE CO CHEIUATUCTaMH, KOTOPhIE HE UMEIOT BO3PAKEHHI MPOTUB
3aIUTHI TaHHON paOOTHI.

PaGota BblllONIHEHA B J1a0OpATOPUM  TEOIKOJOTUM U THUIAPOTCOXHUMHUU
denepaabHOTO TOCYAAPCTBEHHOTO OFO/KETHOTO yupexiaeHuss Hayku HWHctutyTa
IIPUPOJIHBIX PECYPCOB, HKOJIO0THH U Kprosiorun CO PAH.

Crpykrypa u o0bem padorThl. Juccepranus COCTOMT W3 BBEICHHS, 8 TIaB,
3aKIJIFOUEHUS U CIIHCKA JINTEpaTypsl, BKiItovatoniero 230 HaumeHoBanuii. O0beM TeKCTa
— 270 c., konmu4ecTBO TabauI[ — 28, pUCYHKOB — 75, MPUITOKESHHIA 5.

baarogapuocTu. ABTOp G1arogaput 3a BEIOOP TEMBI U 00BEKTa MCCIICOBAHUMH,
MHOTOJIETHEE COTPYAHUYECTBO, a TAKXKE 3a MPOBEACHUE COBMECTHBIX DKCIEIUITMOHHBIX
UCCJIEIOBaHUI CBOEro HacTaBHUKa K.I.-M.H. JI.B. 3amany. ['myOokyto mpu3HaTeIbHOCTD
aBTOp BBIpaXaeT I.r-M.H., npodeccopy, naypeatry [ocymapcrBennoit npemuu C.JI.
[[IBapuieBy 3a IICHHBIC COBETHI, BHMUMAaHHE K TIPOIECCY CO3JaHUS JHUCCEPTAIUH,
CIIOCOOCTBOBABIIIE BBIJICIICHUIO OCHOBHBIX TOJIOKEHHUH paOdOThI. ABTOpP MpHU3HATEIICH
3a MOMOIbL M KOHCyJbTaluu A.r.-M.H. b.H. A6pamoBy, a.r.-m.H. ®.U. EnukeeBy, a
TaKke CBOMM KkojuleraM 1o Jjaboparopuu JIL.U. VYcmanosoit, M.T. VYcmanony,

T.I'. CmupnoBoi, T.E. XBoctoBou, .A. @enoposy u JL.II. YUeuens.
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I'naBa 1

INPUPOJHBIE YCJIOBUA

1.1. Knumar

Knumar wu3ydaemoit TeppuTopuu OOYCIOBJCH €€ TeorpaguuecKum
MOJIOKEHUEM B IEHTpPE A3HATCKOTO0 MaTepuka W CBOCOOpPA3HBIM XapaKTEepoOM
MUPKYJISIIIUU aTMOCGhEpbl, TTOJIBEP)KEHHON BIUSHUIO TUXOOKEAHCKHUX MYCCOHOB,
apKTUYECKHUX BO3JYIIHBIX MaccC, a TaKXe aHTHIUKIOHOB, (POPMUPYIOMIMXCS B
nycteiHsIX Monromun (IIpupoaneie ycnoBud.., 1965). Xapakrepusyercsi OH
pPE3KOM KOHTHHEHTAJIbHOCTHID — XOJIOAHOM MPOJOJKUTEIBHOU 3UMOU U
KOPOTKUM CPaBHUTEIBHO TEIJIBIM JIETOM.

BennunHa cyMMmapHOW COJHEYHOM paJvaluu B TEIUIOE BpeMs Troja
usmepsierca 59 KKaJ/CM%, B XOJIOHOE BpEMS TOJa KOJUUYECTBO €€ COCTABIISICT
45 xkan/cm’ (ta6m.  1.1). TomoBoii paavalnMoHHBI  OajaHC 3eMHOMU
noBepxHocTu B BocTouHom 3abaiikalibe MOJIOKUTEIBHBIM U COCTABISIET B TOJI
20-40 xxanx/cm’. B nerHuil mepmon oH paBeH 27 Kkai/cM’, B 3uMHee — -5
KKan/cM?.  3uMoi MPOUCXOJUT 3HAUYUTEIBHOE BBIXOJAXUBAHUE, a JIETOM

OCHOBHOC KOJIMYCCTBO TCIIJIa paCXOAyCTCA Ha IMPOIrpeB IIOYB U BOIHLI.

Tabnuma 1.1. CymmapHasi coimHedHas paavanus W paJuallMOHHBIN OanaHc

) 2 9
3eMHOM moBepxHOCTH (Kkajia/cM”) FOro-BocTtounoro 3abaiikanbs

Cymvasrom |1 [Il [ [IV [V [VI [VIL vl [IX [X [XI [XI
apHas1 COJIHCUHAS payaliys
100200 |6 |6 |-10 |2 [2 |4 |2 |2 |10 |8 |5 |4

PaparoHHbIi GaraHc 3eMHOM TTOBEPXHOCTH

2040 |1 |1 1 Jo |1 |6 |8 |6 |4 [1 |1 |1

AHTUIIMKIIOHAJNBHAS SICHAs MOTO/Ia SBJISAETCS JOMHUHUPYIOIIEH B TEUCHUE
BCE 3UMBI W BECHBI, YTO OOBSICHSAETCS KIMMATHYECKOW YCTOMYHUBOCTHIO
a3MaTCKOr0 AHTHIMKIOHA. XOJOIHBIM MEpUOJ ToJa CO CPEIAHEMECAYHOU

OTPULIATEJILHOW TEMIIEPAaTypOW BO3AyXa HACTyHaeT B IIEPBOM IOJOBHHE
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OKTSIOpS W TPOJOJDKAETCs MO0 cepeauHbl ampens llepexonq ot 3umHen
HUPKYJISLIUU K JIETHEH MPOUCXOIUT B TEUEHHE MOJyTOpa-ABYX MECSIEB C
OBICTPBIM HapacTaHUEM COJIHEYHOW paaualuu B KoHIEe MapTa. Han
TEpPUTOPHEN  MPEBAIMPYET  3aMaJHBII  MEPEeHOC  BO3AYLIHBIX  Macc,
XapaKTEepHbIA IS CpeJHHUX IIMPOT a3MaTCKOro Marepuka. B koHie wmas
YCTaHABIMBAECTCS TEIUIas MOroJla CO CPEAHEMECSIYHOU Temmeparypou Bbime (
°C, koTopas JJUTCA 10 CEpPEAUHBl CEHTAOps. MakcuMalibHbIE€ CE30HHBIC
CpeHECYTOUHbIE aMIUIUTYIbl BecHOM pgocturator 16 °C u Ooiee, rogoBbIe
aMIUIUTYJbl Temieparypbl Bo3zayxa mnpeBbimaroT 50 °C. CpenHeromoBbie
TeMIepaTypbl BO3JyXa OTPHUIATENbHBl WM OJU3KU K Hymwo (tadm. 1.2).
CpenHsisi TemnepaTtypa siHBapsl B UCClIeIyeMOM paitoHe Munyc 25.7 °C, urois —

18.1 °C (O06s308, 2007).

Tabmuua 1.2. CpenHemecsiuHas W rojgoBas Temmeparypa Bosayxa 3a 30-ieTHuid

nepuos (1987-2016 rr.)*

A w2 w2
5 | 58 = 8|5 B E|E & &
S5 2|2 2 5 E 2 8 8¢

S S T =

I IyHKTBI

ArviHCKOE 229 -182| 90| 17| 98|162|189|164| 89| 02| -122| -202| 09
bopzst -261 | -209| -103|19] 103|170 196| 172| 96| 01| -131| -232| -15
ConoBbeBck | -234 | -183| -87(28| 112|181 | 208 184|109| 13| -111| -202| 01
A -199) -151) -72122]1100]165]189]161| 90 06]-101] -171| 03

Pacnipenenenne armocepHbIX OCaJKOB Ha paccMaTPUBAEMON TEPPUTOPHUH
HepaBHOMEpHO (Tabn. 1.3). [lpu nBmwkeHun ¢ ceBepa Ha IOT MO TEPPUTOPUU
paccMaTpuBaeMoOro pailoHa KOJWYECTBO OCAJKOB yMEHbIIAOTCA OT 340 MM B
r. Yura, ct. OnoBstnHast — 276 mm, bopsst — 257 mM, ConoBbeBck- 221 MM, T.e. B
ATOM HAIPaBJICHUH 3aCYyILIMBOCTh yBeInunBaeTcs. KoanmuecTBO TBEPIbIX OCaJKOB
He3HauuTeabHO. Haubosbllias WX YacTh BbIMAJacT B Haudale 3UMbI. BbicoTa

CHEXHOTO TMOKpOBa OOBIMHO He mpeBbimaeT 7-10 cM. B cBsa3uM ¢ BBICOKOH

! Jlanusle HaOmoaeHni OenepanbHOrO TOCYAapCTBEHHOTO OIOIKETHOTO YUPEKICHHS
«3abaifkabCcKoe YIpaBIIeHHE TI0 THIPOMETEOPOIIOTHH K MOHUTOPHHTY OKPYKAIOIICH CPEIbDy
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I/IHCOJ'UH_[I/IGI\/'I CHCT CHIC MO0 Havajla TaAHUA HUCIAPSACTCSA, IMOITOMY IIMTAHHC

BOJOCMOB TaJIbLIMHU CHCTOBBIMU BOAAMHU OTCYTCTBYCT.

Tabmuma 1.3. CpegHeMecsSYHOE U TOJ0BOE KOJUYECTBO aTMOC(HEPHBIX OCAIKOB 3a

30-serHuii mepros (1987-2016 rr.)?

2 | a "
Ty § : - 5| 2| 8|8 € &5
|5 El8|2|E 5 5|82 3
ATuHCKOE 33124 | 43| 99 |278(605|1022|730|401| 99 70 56 | 3458
bopzst 30| 22| 37 1104|191(572| 8.1 |633|348| 88 54 49 | 2979
ComoBeeBek | 34 | 20 | 44 110411941560 | 800 | 613|319| 84 52 50 | 2872
VYnersl 28 |1 18] 29 1109|274 (616| 919 |900|383| 120 | 61 49 | 350.7

Kosmm4ecTBO 0CagKOB XapakTepU3YEeTCd BPEMEHHOW M3MEHUYHMBOCTHIO. B
MHOTOJIETHUX KOJE0aHUSAX H3MEHEHHS aTMOC(PEpPHBIX OCAJKOB BBIJIEISAIOTCS
BHYTPHUBEKOBBIE LUKJIBI TPOAOKUATENBHOCTBIO OT 8—10 mo 35 mer. Tekymas
¢daza 3acCynuIMBOCTH KJIMMAaTHYECKUX YCJIOBUM, HacTynuBmas B 1982 r.,
CONIPOBOXKJaeTcd NOBbIIIEHUEM Oosnee yem Ha 1 °C TemmepaTypsl BO3ayXa
JeTHUX  MECAIleB 10  CPaBHCHHIO C  COOTBETCTBYMOIIEH  ¢a3oi
NpPEIIIECTBYIONIEr0 LMKJA, 4YTO IPHUBEIO K pOCTY MCIAPEHUS C BOJHOU
MOBEPXHOCTU U BMECTE C OTHOCHTEIBbHO MajblM KOJHMYECTBOM aTMOC(EpPHBIX
OCaJIKOB — K pE3KOMY CHWKEHHMIO OO0IIeld YBIaXHEHHOCTH TEPPUTOPUH
(065308, 2015). Hanbonpive u3MeHEeHUs XapaKTEepHbI 11 OacceiiHa cpeHero
TedeHus p. OHOH M FOro-BOCTOYHBIX PAallOHOB, YMEHBIIEHUE 3/I€CH TI'OJOBBIX
cymm pocturaetr 120-136 mm (37-40 % cpenHUX MHOTOJIETHUX 3HAUYCHU).

[To BpeMeHaMm roja ocaaku pacupenesitoTCs HEPABHOMEPHO. B X0m0 HbIN
ce30H BbinaaeT Bcero 5—10 %, a B Terubiil — 90-95 % rogoBoit cyMMBbI OCaIKOB.
B neTHue mecsipl OCHOBHBIE OCAJIKU MPUXOJUIIUCH HA MIOIb-aBIYCT U COBHAAAIN
10 BpeMeHM ¢ HanboJiee BBICOKUMH TeMIeparypamMu Bo3ayxa. JIMBHEBBIN XapakTep

OCaJIKOB B YCJIOBHSIX PACWICHEHHOTO peiibe()a BBI3BIBACT PE3KUM MOIBEM YPOBHS

? Jlannble HaOmoaeHni DenepanbHOro rocyIapCTBEHHOr0 OFPKETHOTO YIPEKIECHHS
«3abaiikanbcKoe yrpaBlieHUE 0 THAPOMETEOPOIOTUN U MOHUTOPUHTY OKPY KArOIIeH Cpeabhy
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BOABI B 03€pax U pyubsix. B 1elOM JIMBHEBBIE MOXKIW COCTABISIOT OKOJIO
MOJIOBUHBI TOZI0BOM cyMMBbI 0canikoB (45—70 %) (065308, 1996).

JlenocraB Ha pekax u o3zepax Bocrounoro 3a0alikanibs yCTaHABIMBAETCS B
OKTs1I0pe-Hosi0pe. [IpomOoKUTENBHOCTh JIeIOCTaBa 3a MHOTOJICTHUH TEpHOJ
HU3MEHSAETCS B IIMPOKUX Tpeaenax: oT 14 9— 156 mo 205 — 211 nueit (O6s130B,
Cmaxtun, 2014). PacmpeneneHue IO TEpPUTOPUM B LEJIOM COOTBETCTBYET
IIPOCTPAHCTBEHHOMY PaCIpEAEIICHUIO CPETHEN TEMITEPATypPhl XOJIOJHOTO EPHOA!
HaumOoJbIIasl TPOJOJKUTEIBHOCTh OTMEYAeTCsl Ha CEBEpPO-BOCTOKE pailoHa
UCCJIEIOBAHMM, OTKYyJa B HAIpaBJIEHUSAX Ha IOI W HA 3amajJl OHa YMEHbIAETCH,
JIOCTUras HauWMEHBIINX 3HAauYeHUW B Ioro-zamajgHoil ero uactu (YutuHo-
WNuronuuckas BnaauHa). MakcumalibHasi TOJIIMHA JibJla, KOTOpas JOCTUTAETCS,
KaK MPaBUJIO, B MapTe, COCTaBIAET B cpenaHeM ot 70 no 150 cm.

JIpyruM  BaXKHBIM  TIOKa3aTEJIEM  CIYKUT  BIAKHOCTb  BO3JyXa.
CpeanemecsiyHasi OTHOCUTENbHAS BIAKHOCTh U3MEHSETCS B IIMPOKUX Mpeaenax —
oT 34 no 85 %. B rooBoMm Xxo0j1¢ OoCjae MaiCKOr0o MUHUMYMa CJIEAYET HOAbEM JI0
neKadpsi ¢ HEKOTOPHIM 3aMEJICHHEM B CEHTSOpe M OKTIO0pe, a 3aTeM cmaja J0
BecHbl (CmaxtuH, 2015). VcnaputenbHblii CE30H B MEPUOJ OTKPHITOW BOJBI Ha
03€pax XapaKTEepU3yeTcsl MajJoil OTHOCUTENBHOM BIAXKHOCTBIO BO3/1yxa — MeHee 74
%. WcnapeHue Biaru ¢ BOAHOW MOBEPXHOCTH B pPacCMATPUBAEMOM paiiOHE B
cpenneM coctaBusier okosio 1000 mm/rox (MBanoB, Tpodumona, 1982). Oto
MPUBOJUT K CYIIECTBEHHOMY CHM)XEHUIO YPOBHS B 3acCylUIMBBIE NEPUOABI U
KOHIICHTPUPOBAHUIO coJie B OeccTOuHbIX BojgoeMax. CpaBHEHHE BEJIMYUHBI
UCIAPSAEMOCTH C OTKPBITOM BOJIHOW MOBEPXHOCTU C KOJMYECTBOM BBINAJAOIINX
0CaIKOB, BBIYHCICHHOM 10 dopmyine Em= 0.0018(25+t)* (100-a) (MBanos, 1962)
JTA€T BO3MOKHOCTh OTHECTHM paloH uccieloBaHMM K 3acynuiuBoMy. Cpenu
paccMaTpUBaEeMbIX  HAWOOJBINIUK  JACPUIIMT  BJIard  MUCHBITHIBACT  PaiioH
. ConoBbeBck (Tadm. 1.4).

l'omoBOM 1MKJI CKOPOCTHM BETpa OIPEHENAeTCs LUPKYISALUOHHBIMU
YCIIOBUSIMH, B YaCTHOCTH, Pa3BUTHEM 3UMOUW CHOMPCKOTO AHTHUIIMKIOHA M €ro

paspyuieHuem BecHOM. HampasiieHue BeTpa B paccMaTpuBacMOM paiioHE
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npeobiaaeT ceBepHOE B 3UMHEE BpeMs U IOro-3amajHoe B JieTHee. MakcumyM
CpellHEel MECSIMHOM CKOPOCTH BETpa MPUXOAUTCS HA anpeib—Maid, 8 MUHUMYM — Ha

suMHKe Mecsipl (Memepckas u ap., 2009).

Ta6nuna 1.4. McnapsieMoCTb ¢ OTKPBITOM BOJIHOM MOBEPXHOCTH (B MM) B palioHe

UCCIICIOBAHUMN.

[TynkT Maii Wronp | Urons | ABryct | Centsiopp | Okts0pp | T'on
AruHCKOE 157.3 120.6 34.7 83.5 123.9 99.8 620.0
bop3s 181.5 135.8 53.4 117.7 140.5 101.7 731.0
ConosneBck | 190.2 147.3 75.7 131.3 157.9 114.0 816.0
VYnersl 160.0 118.9 28.2 30.3 128.5 103.8 570.0

YacTele BETphI B MEPUOJ OTKPHITOW BOJBI CIOCOOCTBYIOT MEPEMENTNBAHUIO
BOJIbI B 03epax. B mepuon negocraBa oHU pa3ayBaroT TYIKUP (OTIIOKEHUS COJIEi)
C IMOBEPXHOCTH JIbJIa HA MHOTHE KHJIOMETPHI OT 03€p, TEM CaMbIM 3acOJisisl BOJABI U

MOYBBI BOAOCOOPHBIX ILIOIIAACH.
1.2. 'eomopdoJiorus

PaccmarpuBaemasi TeppuUTOpUsl BKJIIOYAET YACTH JBYX HEOTEKTOHMYECKHUX
obnacteit — BocTouno-Monronbekoit mmatdopmsel U Monrono-Cubupckoro
ropHoro nosica (puc. 1.1a) (I'ocynapctBennas ..., 2010 r). MopdocTpyKTypHbIMU
eIMHULIAMU TIIATPOPMBI SBJISIIOTCS aKKyMYJISITUBHBIE U JICHYAAlIMOHHbIE PaBHUHBI
U OCTPOBHBIE  JICHYAAIMOHHO-TEKTOHWYECKHE  HU3KOTOPHBIE  MACCHBBI.
AKKYMYJIATUBHBIE ~ PAaBHUHBI  TOJPA3JENSIOTCA Ha  TEPpacCUpPOBaHHBIE WU
CyOropHu30HTaJIbHbIC, CO3JJaHHbIE MPEUMYIIECTBEHHO HOBEHIITMMH OIYCKaHUSMU U
CIIOKEHHBIE  PBIXJILIMU  HEOT€H-UYETBEPTUUYHBIMH  OTJOXKeHUsiMU. HaumbOomnee
KpyIlHasi TEppAacUpPOBaHHAs AKKyMYJISITUBHAs paBHUHA OKaumisieT Topernckue
o3epa. CyOropuzoHTalbHbIE aKKYMYJISITUBHBIE PaBHUHBI SABIISIFOTCS

npeobJIaIaoIIuM TUIIOM MOPGOCTPYKTYPHI MIaT(HOPMEHHOM 001aCcTH.
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MOPOOCTPYKTYPA

BoCTO4HO-MOHIONbCKOWM PaBHUHHO-NNAThOPMeHHOM 0bnacTn

[leHyAaUMOHHO-TEKTOHNYECKIe CBOAOBO-MbIGOBbIE OCTPOBHbIE HIUIKOrOPbA
BbICOTON A0 835-1045 M

TeppacupoBaHHaf akkyMyNnaTUBHaA paBH1HA, CO3AaHHAA NPeUMYLLECTBEHHO
HOBEMLMMU ONYCKaHWAMM, CNOXEHHaR PbIXAbIMA HEOreH-4eTBepPTUYHbIMN
OTNIOXEHNAMUN

LlokonbHble ieHyNaUMOHHbBIE HAKNOHHbBIE PaBHWHDI, CO3IaHHbIE MOAHATUAMM

AKKYMYNATUBHbIE CYBropU30oHTaNbHbIE PaBHUHbI, CO3AAHHbBIE MPEUMYLLeC-
TBEHHO HOBEVILLAMM ONYCKAHWSAMM, CIOXEHHBIE PbIXbIMIA HEOreH-YeTBep-
TUYHBIMU OTNOXEHNAMM

Motrono-Cubupckoro ropHoro nosica
[leHyAaUMOHHO-TEKTOHMYeCKMe MbIboBbIe XpebTbl ¥ MaccuBbI:

HU3KOropHble Bbicotoit 800—1000 M

cpeaHeropHble BbicoToin 1000—1400 m

BHYTPUIopHble MOHUKeHWA — rpabeHbl

[leHynaUMOHHO-TEKTOHMYECKIe CPeiHeropHble CKnan4ato-rMbibosbie XpebTbl
(cTpyKTypbl AMHeitHOro kopobnerus) Beicotoin 1200—1475 M

Cknaguaro-rbibosoe Haropbe (6onblioit csoa) Beicotoit 1000—1400 M
BHYTPUrOpHbIE NOHWXEHUSA rPABEH-CUHKNMHANbHBIE
SNEMEHTbI MOPOOCTPYKTYPbI

Pa3pbiBHbIe TEKTOHUYECKWE HAPYLUEHNR, BbIPaXeHHbIE MPEUMYLLECTBEHHO
ycTynamm

PEYHbIE JOJINHbI

J0NUHBI C KOMMNEKCOM LIOKONbHbIX 1 aKKYMYNATUBHbIX Teppac

MOP®OCKYNbNTYPA

Tunbl MOPHOCKYNLATYP, CO3AAHHbIE
3PO3MOHHO-A1eHYAALMOHHbIMI NpoLieccami

XONMUCTO-YBANUCTbIiA:

€ HernybokMM pacineHeHrem paBHUHHOMO Tvna (Ao 30-50 M)

C OTHOCUTENBHO MYBOKMM pacHneHeHeM PaBHIHHOMO TVNa
(80 100 M)

TOpHbIA (BbIpe3aHHbIA):

C HernybokuM pacuneHeHrem ropHoro tuna (100-300 m)

C OTHOCWTENbHO FNYBOKMM pacieHeHneM ropHoro Tuna
(300-600 m)

WE B

Y

TeHe3nc YeTBepTUYHbIX
penbechoobpasyiolLnx nokposos

O3epHblit

AnniosuanbHbii

O3epHo-annioBranbHbIv

BbIPABOTAHHbI PENbED

SPO3UOHHO-AEHYAALUMOHHBIN penbed, 0ByCNIoBNEHHbIN (I0BUANbHBIMA U CKIIOHOBBIMI NpoLeccamm

[leHynaunonHbii penbed. MoBepXHOCTK NeHenneHa

AKKYMYNATUBHbIA PENBED

AnnioBuanbHble NOBEPXHOCTV NOWMM, NEPBOI U BTOPOI HAANOWMEHHbIX Teppac NO3AHEHeONNeNCTOLEeHOBO-
ronoueHosble

Oseprle NOBEPXHOCTU BEPXHEro n cpeaHero HeonnencroueHa

ANNioBUanbHbie NOBEPXHOCTU TPETbe HAANOMMEHHON TePPaCckl CPEAHEro HeonneicToLeHa
O3epHO-aNnioB1anbHbIe CPEAHEHEONIECTOLEHOBbIE NOBEPXHOCTU (YETBEPTON HAANOMMEHHON Teppach),
0bycnosneHHble NpUbpexHo akkyMynisLvei B NpuneaHUKoBoM bacceiHe

FEOMOP®OJTIOMMYECKWUE NOAMNPOBUHLIMA
A - Cenenruo-Onékmurickas

b- XaHTa1-[laypckas
B - Aruckan

HEOTEKTOHUYECKUE BJIOKU

YMepeHHO NPHUIIOAHSTEIE, CPe/IHe- U ClIabopacuIeHeHHbIE:

11-51 - SI6nonossrii, 1I-4 - Yepckwnii, 1I-K - Kpyunnuncknii, II-T — Tanrunckuii, 1I-O —
OCHHOBCKHIA.

OTHOCHTEINIBHO CTaOMIIbHbIE, CIIA00pacwICHeHHbIE:

I11-X — Xapronraruncknii, [1I-M — Mor3oHckuii.

OTHOCHUTEINIBHO OIyIIeHHbIE, CIabopacuIeHeHHbIe, PA3BUTHIC HA OCATOYHBIX 00pa30BaHUIX
MEJIOBBIX BITAJINH:

IV-UU - Yuruno-Unroauuckuii, IV-BO — Bepxueonenryiicknii, IV-b - bans3oiickuit, [V-I"
- I'apekanckuii, [V-XK - Kenxecenckuid, [V-T - Teipreryiickuii, [IV-OJI - Onenryiickuid, [V-
U — UHroguHCKMit

[paHnLbL:

reHeTMYeCKN OfIHOPOAHBIX NOBEPXHOCTEN

U
PN
P

reoMopdoNorvYeckmx NognpoBUHLNIA

HeoTeKToHUYeckux 61okos
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OTHOCHUTENIBHO  HEOOJIBIIOE  pacHpoCcTpaHEHHWE UMeeT  Mop(oCTpyKTypa
JICHYJIAIIMOHHBIX HAKJIIOHHBIX PABHHH, CO3JaHHBIX MOJHATHUSIMU. BEpOSITHO, paBHUHBI
ABJIIOTCS (PparMEHTaMU PAHHEIUIMOIEHOBOro mneaurieHa. OCHOBHBIMH  (hopmamu
penbeda pPaHHEIUIMOIEHOBOW TIOBEPXHOCTH BBIPABHUBAHMS SIBIISIOTCA XOJIMHCTBIC
MOJIOTOCKJIOHHBIE BO3BBIIICHHOCTH C TOYTH IUIOCKMMHU IIHUPOKUMH BEpPUIMHAMH U
paszensiomue WX BOAOpA3JAEibHbIE CEMIOBUHBI. (OTHOCHUTENIBHBIE BBICOTHI B €€
npezenax He MPEBBIIIAI0T NEPBBIX IECITKOB METPOB.

K paBuunam Topelickoil n Llacydeiickoil BHalH MPUMBIKAIOT B2 HEOOJBIINX
MaccuBa  IJIATQPOPMEHHBIX  TOp, MPEACTABIAIOIIME  COOOM  JeHYJAIMOHHO-
TEKTOHUYECKHUE CBOJIOBO-TIIBIOOBBIE HU3KOTOPbs BHICOTOU 710 835—1045 M.

[InaTtdpopmeHHble TOpbl OTIMYAIOTCS OT TOop MOoOHrono-Cubupckoro TroOpHOTro
nosica OTCYTCTBUEM JIMHEHHOMN yHOPSAIOYEHHOCTH 3JIEMEHTOB penbeda. M mpucyia
M30METPUYHOCTD M U30JIMPOBAHHOE PA3MEILIEHUE CPEIA PABHUHBI.

Monrono-Cubupckuii TOpHBI TMOsSIC  HAa paccMaTpuBaeMoOM  TEpPUTOPUU
MPEJICTABJIECH YYACTKAMHM YEThIPEX HEOTEKTOHMYECKUX 30H: [llnnka-ApryHckou 30HOU
auHenHoro kopooOisenus, [lpummnkuHckuMm U IlpuapryHckum OJIOKOBBIMU TOJISIMHU,
BocrouHno-3a0alikanbCKUM CBOJOBBIM MOJHATHEM. [opbl  MoHrono-Cubupckoro
FOPHOTO TOSiCA BO3HHUKJIM HAa MECTe JECHYJAUWOHHBIX PAaBHUH HHU3KOTOPUM B
HEOTEKTOHMYECKUH UK MopdoreHeza. OcTaTku paBHUH U HU3KOTOPUN COXPAHUIIUCH B
BH/JIE MAJIEOTEHOBOTO MEHEIVIEHA U PAHHEIIMOLIEHOBOTO MEIUIICHA.

[lenTpanpHyl0 uacTh paiioHa 3aHMMaeT BocTtouHo-3abailikaabCKoe CBOJOBOE
MOJHSITHE, KOTOPOMY COOTBETCTBYET MOP(OCTPYKTYpa CKIIaI4aTO-TIBIOOBOrO Harophs
BoicoToi  1000-1400 M. Penmbed mHaroppsi pasBuBajics Ha KPYMHBIX OJIOKax
HEOTEKTOHMYECKHUX CTYNEHEW W HAKJIOHHBIX TOPCTOB, PAa3[EJIEHHBIX CEThIO JOJIMH-
rpabenoB. Ha Bomopasznenax mHeHTpadbHON YacTH HAropbs COXPaHWIMCH HEOOJbIINE
(dbparMeHTbl MOJIOTOBOJTHUCTONW JE€HYTAllMOHHON paBHHUHBI (MaJIEOr€HOBBIA MEHEIIEH).
Ha oxpamHax cBOga BCTpEUYarOTCS OCTATKA  HE3aBEPLICHHOIO  IEIMIUICHA
PAHHEIUINOLIEHOBOT'O BO3PacTa.

C ceBepa, ora u Boctoka Boctouno-3abaiikanbckuii cBoj okanmisiercs [lunka-
ApryHckoil 30HOW JHHEWHOro KopoOieHusi. OHa TpencTaBiseT cOO0OM codeTaHue
JMHEWHBIX LENEW MallbIX CBOJOB M MEXTOPHBIX BMAJWH. OCHOBHYIO 4acTh ILIOIIAAH
[[Iunka-ApryHCKOM  HEOTEKTOHHYECKOM  30HBI  3aHUMAIOT  MOP(OCTPYKTYPHI

ACHYAAIIUOHHO-TCKTOHNYCCKUX  CPCAHCTOPHBLIX  CKJIaA4aTo- TJIBIOOBBIX Xpe6TOB
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BbicoTOM 1200-1475 M. lupuna xpe6ToB (14-35 kM) OOBIYHO MPEBBIMIACT ITHUPUHY
BIaJIMH (8—18 Kkm).

JHumia rpaOeH-CUHKIMHANBHBIX BhaauH [luiaka-ApryHCKOM 30HBI HCTIBITAIH
cia0ble MHBEPCUOHHBIE BO3JIbIMAHUS, a KPAaeBble YAacCTU BOBJEKAJIUCHh B CBOJIOBBIE
U3ru6el. MOMIHOCTH KaltHO30MCKUX OTJIOKEHUHN BO BIauHaX He npesbimaeT 90 m.

B kadectBe = jJOmoONHMUTENbHBIX  31eMeHTOoB B Illunka-ApryHckoit
HEOTEKTOHUYECKOU 30HE MPHUCYTCTBYIOT MOPGOCTPYKTYphl HU3KOTOpHBIX (800—1000 M)
u cpeaderopubix (1000—1411 m) neHyaalMOHHO-TEKTOHMYECKUX TJIBIOOBBIX XpeOTOB U
MaccuBOB. B cTpoeHnu 3Toro trna MoppoCTpyKTyp y4acTBYIOT U30METPUUHBIE TOPCTHI
Y OTHOCUTEJIBHO MOJHATHIE HEOTEKTOHUYECKHUE CTYIIEHHU.

[Tpummnkunckoe u IlpuapryHckoe ONOKOBbIE MMOJII COCTOST U3 Pa3HOPOJHBIX
CTPYKTYPHBIX 3JIEMEHTOB: TOPCTOB, MOJHSATHIX WJIM ONYILIEHHBIX HEOTEKTOHMYECKHX
cTyneHeid, noiauH-rpabeHoB u BhoaauH. OCHOBHOM TUI MOPQOCTPYKTYpPBl —
cpeaneropubie (1000-1248 M) neHyZallMOHHO-TEKTOHUYECKHE TIBIOOBBIE XpeOTHI U
maccuBbl. Hwuskoropueie (800-1000 M) neHyAallMOHHO-TEKTOHUYECKHE TJIbIOOBBIE
XpeOThI B OJIOKOBBIX IMOJISIX 3aHUMAIOT CYILIECTBEHHO MEHBIINE TUIOMIAIU U TSATOTEIOT K
OKpanHaM HEOTEKTOHMYECKHUX 30H.

I'maBHBIE OCOOEHHOCTH 30HBI [ [PUITMIIKMHCKOTO GJIOKOBOTO TOJISI: BHEJIPEHUE CO
cTopoHbl BocTouHO-MOHI01bCKO# T1aTHOPMBI OOLIMPHBIX aKKYMYJISITUBHBIX PaBHUH,
CJIOKEHHBIX HEOr€H-Y€TBEPTUYHBIMHU OTJIO)KEHUSIMU; XOPOUIO pa3BUTAasl CETh KPYMHBIX
JNOJMUH-TpaOeHOB; ciaboe pa3BUTHE IOKOJIbHBIX JCHYIAIIMOHHBIX HAKJIOHHBIX PaBHUH,
CO3JaHHBIX MOJHATUSAMM;, HAJU4YME CBOEOOPA3HOTO HEOT€HOBOI'O BHYTPHUIOPHOIO
NOHMKEeHUs penbeda — Ynan-OnoHckoro rpadeHa.

['maBHBIe OcoOeHHOCTH 30HBI [IpmapryHckoro OJOKOBOTO TOJSI — 3TO
ciabopa3BUTas CETh JOJMH-TPAOCHOB; UCKIIOYUTENBHO IUPOKOE PA3BUTHE LOKOIbHBIX
JNEHYJAIMOHHBIX ~ HAKJIOHHBIX paBHUH —  (parMEeHTOB  PaHHEIIMOLIEHOBOTO
PErMOHANILHOTO TEAUIUICHA; HE3HAYUTENIbHbIE KOJEOAHUs BBICOT TEKTOHUYECKOTO
penbeda.

DneMeHTbl MOP(POCTPYKTYpbl Ha TeoMOp(OIOruuecKkoi cxeme MpeaAcTaBiIeHbI

Pa3pbIBHBIMHU TCKTOHUYCCKUMU HAPYHICHHUAMMA, BBbIPA)KCHHBIMU TIPCUMYIICCTBCHHO
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ycrynamu. Mop@onoruyecku OHHM BBIPAKEHbI UYEpPEAOBAHHEM KPYTHIX M MPSMOTO
npousIsl TPEYroJbHBIX U TPalenUueBUIHBIX TPaHe, OCHOBAHUS KOTOPBIX COMKHYTHI U
MPOTATUBAIOTCS MO OJHOW JIMHUM, (PUKCUPYS BBIXOJ K MOBEPXHOCTU 30HBI MOJIOJOTO
pasioma.

KpynHbsle peuyHble AOIMHBI OAHOBPEMEHHO SBIISIIOTCS COCTABHOM YacCTbKO HE
TOJIBKO MOPQOCKYIBOTYPhl, HO U MOPGOCTPYKTYphl. bBONBIIMHCTBO JOJMH C
KOMILJIEKCOM LIOKOJIBHBIX U aKKYMYJISITUBHBIX TEPPAC MOXKHO OTHECTHU JIMOO K JOJIMHAM -
BIIaJIMHAM, JIMOO K JonvHaM-TpabeHam. [1oiiMbl KPYMHBIX peK OOBIYHO MPEACTABISIOT
co00il CTyneHYaTble MOJOr0-BOJIHUCTBIE MOBEPXHOCTU. [IpeBbllieHne OJTHONM CTyNeHU
Han apyroud 0.5-0.7 m. BeicoTta mpupycioBbIX BajOB Haj ype3om Boasl 1—1.5 M.
BeIcoTa miomatok moiMeHHbIX MacCUBOB OT 1 110 4 M.

TeppacoBelii KOMIUIEKC COCTOMT U3 IIECTHM HAANOWMEHHBIX Teppac H
Pa3HOBBICOTHBIX TEpPpPacoyBajioB. TeppacoyBajibl MPEACTABIAIOT COOOH  pPYHHBI
re0JIOTMYECKUX TEJI JPEBHUX AKKYMYJIATUBHBIX TEPpAC.

Ha reomopdonornueckoil cxeme BBIIEIEHO JBa TUMa MOP(OCKYIBOTYPHI,
CO3JaHHBIX DJPO3UOHHO-ACHYNALMOHHBIMU IIPOLIECCAMHU: XOJIMUCTO-YBAJUCTBIA W
ropHbiil. Kaxapiii 13 THIOB MOP(OCKYIBOTYPHI IO IITyOWHE SPO3UOHHOTO PACUICHEHUS
nojpasziensiercs Ha JBa MNOATHNA. XOJIMHUCTO-YBaJIUMCTas MOPQOCKYIbOTYpa C
HErIyOOKMM pacwieHeHneM paBHuHHoOro Tuna (mo 30-50 M) mpuypodeHa K
MOPQOCTPYKTypaM CYOTOPU30HTAIbHBIX UM TEPPACUPOBAHHBIX AKKYMYJATHBHBIX
paBHUH MIATPOPMBIL, a TaKKe K OOJIBIIMHCTBY BHYTPUTOPHBIX I'PaOeH-CUHKIMHAIBHBIX
noHwkenuit [Ipuaprynckoro 610xk0BOr0 moJis. [J1aBHBINM aKKyMyJISTUBHBIM YPOBEHB
CyOrOpM30HTAJIbHBIX PABHUH M I'PaOEH-CUHKIMHAIBHBIX BMNAJUH (GOPMHUPYIOT O3EPHO-
QJUIIOBUAJIBHBIE ~ OTJIIOKEHUS  CPEIHEr0  HeoluleucToneHa.  Menkue  4epTsl
MOPQOCKYIBITYPbl TaKkKE CHPOPMUPOBAHBI B OCHOBHOM O3E€PHBIMHU U (DIFOBUAIbHBIMU
npoueccamu. Cpeaun paBHUH PacroIOKEeHbl MHOTOUNCIICHHbBIE 0€CCTOYHBIE KOTIOBUHBI
pa3zHOOOpa3HBIX Pa3MEPOB U HIMPOKHUE, IPEUMYIIECTBEHHO 0e3BOHbIC aau. B 1eHTpe
KOTJIOBUH, Kak IIPaBWJIO, PAacCIOJAaratoTCs COJOHOBAThIE WIJIM COJIEHBIE 03€pa, B

34CYIIJIMBOC BPEM: IIPCBpaIIatOnUMeCcsa B COJIOHIAKU.
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B ctpoenuu penbeda TeppacupoBaHHON aKKyMYJISTHUBHON paBHUHBI Topeickoin
BHAJVHBI YYACTBYET COBPEMEHHBIN IUISIK U O3€PHBIE TEPPACHI. Y KIIOHBI ITOBEPXHOCTEN
coBpeMeHHoro misbka 1-1.5°, mnomanok teppac — ot 0.5 1o 7-8°.

Hanbonee Hu3KkMe OTMETKHU NMPUYPOUCHBI K JHUILY 03. 3yH-Topeit (592 m). Ypes
03. bapyn-Topeii naxonutrcs Ha otMmetrke 580 M. Ilonmxkenust B 6optax Topeickoi
KOTJIOBUHBI M CMEXHOM ¢ Hel 3aMKHYTON KOTJIOBUHBI Maau bomibimas Xaprana (615 m)
pacronoxkeHsl He Hike 638 M. Ha Ooprax u pgHumie 3Toil OOMIMPHON BHAJAWHBI
COXpaHWINCh MHOTOYHCIICHHbIE CJEeAbl CTOSHUSA O3€p, CcleAbl MX a0pa3uBHOU H
AKKyMYJISITUBHOM  JIeSITENBbHOCTU. AOpa3uBHBIE YCTYIBI, TaJ€YHUKOBBIE Oapbl H
3allOJTHEHHBIE OCAJKaMU JIaryHbl BCTPEUYAOTCSI HA HECKOJIBKUX THUIICOMETPUUYECKUX
ypoBHSIX 10 oTMeTOK [40-745 M. DTH momycTepThie Clie[ibl O3€pHON TNepepadOTKh
YACTUYHO HAXOJATCS B OECCTOUHBIX OacceilHax, a YaCTUYHO MpHUHAJIeKaT 0acceHy p.
OnoH. Bce cnenpl 03epHON AEATENIBHOCTH MOXHO Pa3feiIUuTh HA TPU TPYIIIBI 110
BBICOTE€ YPOBHEH: HU3KHUE O3epHble ypoBHU (592-612 M), cpemnue (613—-641 M) u
BbICOKHE (642—745 m).

[lepBas rpymma wMeeT MOJIOOM U COBPEMEHHBIM penbed, BTOpas Tpyla
NPUHAJIEKUT K HBIHE 3aMKHYTOM OeccTouHOl TopeWcKkoil KOTJIOBHHE, BEPXHSISA
pacnoyiaraeTcsi Ha Oojee MIMPOKUX MPOCTpAHCTBaX, yeM mnocnennss. Ozepa 3yH- u
bapyn-Topeit pa3aenens mMUpokon (4—5 KM) aKKyMYJISITUBHOM TOJIOCOM, KOTOpasi KaK
Obl Haca)k€Ha Ha LEMOYKY IJIOCKUX XOJIMOB C BbIpaBHEHHOW a0Opa3ueil BepmimHamu. B
MEepHoJI MaKCUMAJIbHOTO HamodHeHus 03. bapyn-Topeit mns ero OeperoBoit JTUHUU
XapaKkTEpPHO OBUIO HANMUYKE OOJIBIIOTO YHCIIAa MBICOB, OYXT U OTHOCHUTEIHHO TITyOOKHX
3aJIMBOB, a B MpeJeax aKBaTOPUHM OTMEYANIoCh OOJBIIOE YMCIO OCTPOBOB. beperosas
auHus 03. 3yH-Topel, pacmnojioXKEeHHOTO K BOCTOKY OT MPEAbIAYIIEro, 3HAYUTEIBHO
Oonee BbIpaBHEHA, W JHIIb B IMpeAeliax CEeBEPHOTO ydyacTKa, Iie Oeper HMeeT
aOpa3uBHBIN XapakTep, OHA M3pEe3aHa W HAXOJUTCS OJWH €IUHCTBEHHBIN B Tpeesax
akBaTopu octpoB Mpeipren. M3 o3zepa bapyn-Topeii B 3yH-Topeil umeercss CTOK,
KOTOPBIHA OCYIIECTBIISICTCSI B MHOTOBOJHBIE MTEPUOIBI Uepe3 p. Y TOUH.

[To naGmrogeHnsIM Ha HarbOosIee KPYIMHBIX COSAMHSIIONTUXCS MEKTy cO00# 03epax

bapyn- u 3yn-Topeli, UMeOIUX B MHOTOBOJAHBIC MEPHUOJIbI OOIIYIO IUIONIAAh BOJHOTO
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sepkana 10 880 KM”, B MHOTOJIETHUX KOJICOAHUSX YPOBHS BBIICISIOTCS BHYTPHBEKOBBIC
IUKJIBI TPOAOIIAKUTETLHOCTEIO 0T 8—10 10 35 net. B 20-m cronetun Topeiickue ozepa
MPAKTHYECKU TOJHOCThIO BhIChIXxainu B 1903-1904, 1921-1922 u 1944-1947 ronax, a
HauOoOJIbIIIee HAMOJHEHWE HuX Mpuxoawiock Ha 1963-1965 u 1993-1995 roxawr
(KpenneneB, 1986). Ilo OTphIBOYHBIM HUCTOPUYECKHM CBEICHUSM BBICHIXAHHE
Topetickux o3ep npoucxoauio u B 18—19 Bekax (00651308, 2007).

I[To Oeperam o3ep 3yHn u bapyn-Topeil BbiaenseTcss 8 aKKyMyJIsITUBHO-
abpasuBHbIX Teppac. K ceBepy oT 03. 3yH-Topelt oHM pe3KO Cy»kKarTcs, 4acThb UX
BBIKJIMHUBAETCSI U HEMOCPEJCTBEHHO K Oepery MoJICTynaeT BYJIKAHMYECKUN MAacCHB,
NPEACTABIAIONINN cO00i MIaTO00pa3HYI0 MOBEPXHOCTh, OCIOXKHEHHYIO XOJIMHUCTHIM
penabedom. XoJIMbI OKpyryiol (OpMbl, UMEIOT IJIOCKOBEPIIUMHHBIE MOBEPXHOCTH, W3
KOTOPBIX MPOCIIEAKUBAIOTCS BBIXO/IbI KOPEHHBIX NOPOJ, C MOJOruMu ckiioHamu (10—15°
uHorga 18°). B HEKOTOpBIX MeCTax 4YeTBEPTUYHBIM MOKPOB TOHKHUM, YTO KOpPEHHBIE
MOPO/JIbI BBIXOJAT HA CKJIOHAX.

Mexx0JIMOBBIE TOHMKEHUS — MaJId UMEIOT IIUPOKYIO KOPHITOOOpa3Hyto Gopmy ¢
OTUYETIIMBO BBHIPAKEHHBIM MEPEX010M OOPTOB MaJM B €€ THUIIE ¢ OJU3KUM 3aJeraHheM
IPYHTOBBIX BOJ, a MHOTa (magb XapraHa) ¢ HEOOJIBIIMMH COJIEHBIMU O3€pKaMHU Ha €€
MMOBEPXHOCTU. Pa3Mepbl Mmaneil BapbUPYIOT B IIMPOKHX TMpenenax. B oTaenbHbIX
CIy4dasx X JJIMHA U IIMPUHA TOXOIUT JI0 HECKOJIbKUX KMJIOMETPOB (1maas Moroiityii 4-
5 kM). Jlaumia nazgei jexar Ha otMeTkax 660—670 M, OHU 4acTO 3a00JI0YECHBI.

K ceBepo-3amamy oT mpUTOPEHCKOTO METKOCOTIOYHUKA JISKUT OOIIUPHAsE 03€PHO-
aluTtoBHaNbHas paBHuHA (abc. oTmetku 660-670 ™). [lns nenbTOBOM paBHUHBI
XapakTepHa 4YeTKas OPHEHTUPOBKA TMOJOXHUTEIBHBIX (IIOHBI, TPSAbl TEPEBESTHHBIX
MIECKOB) U OTPHUIIATENBHBIX (3amaaunbl) GopM penbeda ¢ ceBepo-3amnaja Ha I0ro-BOCTOK.
Otu dopmsl penveda umerot iy B cpeaaeM 300400 m (makcumanbHas 1300-1400
M), OTHOCHUTEIIbHOE NpeBbINIcHUE wim ToHmkeHne 10 M. Xapakrep penbeda 3Toi
TEPPUTOPHUH, OPUEHTUPOBKA €ro (GopM JAIOT OCHOBAHWE MPEATOIOXKUTH, YTO 3TO
npeBHsis nenbra p. OHOH, KOrja peka Brajaia B o3epHbli Topeiickuil OacceitH (Ha 65-
METPOBOM YpOBHE ero ctosHus). [locne m3meHeHus HampaBieHusi TedeHus p. OHOH

MOBEPXHOCTh JPEBHEU JMENbThl IMOJBEPIVIACh IepepadOTKe HS0JIOBBIMH IPOIIECCAMU,
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pe3yJbTaTOM KOTOPBIX CTalu AIOHbI M KOTJIOBUHBI BbIyBaHUs. [[OBEPXHOCTh OpEBHEM
JenbThl Ha Oonbliel CBOEM 4YacTu 3aHsTa OOpaMu, KOTOpBIE MPEACTaBISIOT COOOM
HK30TUYECKHE 00pa3oBaHus HA (POHE OOUIMPHBIX CTEIHBIX PABHUH.

B 1HMIIAX KOTJIOBMH M 3alaJdH BCTPEYAIOTCA MHOTOYMCIEHHBIE 03€pa
Pa3IMYHBIX Pa3MEPOB, PACIIOJIOKEHHBIE HA PA3IMYHBIX THIICOMETPUUYECKUX YPOBHSX, HO
Kak npaBuiio He Bbiie 650 M. O3epa OeccTOUHbIE, PEXe COCIUMHEHHbIE MEXIY cOO0M
BPEMEHHBIMU pYyCJaMH, HO BCE H30JIMPOBaHbl OT peK. Bo Bcex 03€pHBIX BaHHAxX
OTMEUaloTCcsi Mop(osornyeckue Nnpu3HaKku 0oJiee BBICOKOTO CTOSIHUS O3€PHBIX BOJ B
BUJIC OTYETJIMBO BBIPAKEHHBIX JIUTOpaJiel, a TakKe OEperoBbIX AKKyMYJISTUBHBIX WU
abpa3uBHBIX MUKpO(hOpM penbeda.

XonMuCTO-yBalnucTass ~ MOPQOCKYJIBNTYpa €  OTHOCHUTEIBHO  IIIyOOKHUM
pacwieHeHneM paBHMHHOro tuma (no 100 M) mpuypodyeHa K CIEAYIOIIMM THUIIaM
MOPPOCTPYKTYp: 1) aKKyMyJIATUBHBIE CYOTOpPH3OHTAJIbHBIE pPABHUHBI  30HBI
[TpummiIKuHCKOTO OJIOKOBOrO MOJS; 2) JE€HYNalMOHHO-TEKTOHMYECKHUE CBOJOBO-
IJIBIOOBBIE OCTPOBHBIE HHU3KOTOpbsi BbICOTOM A0 835-1045 ™m; 3) UOKOJIbHBIE
JIEHYIAlIMOHHBIE HAKJIOHHbIE paBHUHBL. [lepBble mpeACTaBIsIOT co00il  cmabo
MPUTIOAHSATHIE OKPAaWHHBIE YYACTKU IJIAT(MPOPMEHHBIX 03€pPHO-aUTFOBHAIBHBIX PaBHUH.
Cy1iecTBEHHYIO pOJb B MOP(OJIOTHH BIAJAWH UTPAIOT MPOJIIOBUAIBHO-/IETIOBUAIBHBIE U
CKJIOHOBBIE TTUICH(PBI ITUPUHOMN 710 2 KM.

JIeHyTallMOHHO-TEKTOHUYECKHE HU3KOTOPbS BocTtouno-MoHTOIBCKON
maTGopMbl TIPECTABIAIOT co00il TuIaTtooOpazHsie MaccuBbl (I'eomopdonoruueckue
uccienoBanusi, 1965). CKIOHBI OCTaHIIOBBIX COMOK BOTHYTHIE, KpyTu3Ha ux 10-12°.
[Ton cknmonamu 3aneraroT nuiekdnl. PacuneHstonme WX pacmajkyd TaM, TJI€ OHU He
SBJISFOTCSI OCTaTKaMU JPEBHUX O3EPHBIX JIaryH, TIyOOKO Bpe3aHbl. Ha ckionax Oyrpbl
My4YEHHUS BBICOTOM JI0 2 M, TUAMETPOM 5—8 M.

MopdockynenTypa  IMOKOJBHBIX  HAKJIOHHBIX  JIEHYNAIIMOHHBIX  PaBHUH
(paHHEIIMOLIEHOBOTO meauruieHa BbicoTod 720-840 M) monyuuia MIMPOKOE
pacnpocTpaHeHue B Mpezenax OJIOKOBBIX IMOJEH TOPHOro mosca, rie OHa OKalMJIseT
BIIaJIMHBI M 3aHUMAET MEXBIIAIUHHBIC MEepeMbluku. B OacceitHax p. Ara U cpemaHero

TeyeHuss p. OHOH B penbede XOpOUIO COXPAHWIUCH JIpeBHUE aOpa3HMOHHbBIE
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MTOBEPXHOCTH, HA KOTOPBIX BCTPEYAOTCS BBICHIIKH IAJIbKU KBapla, KBAPLUUTOB, KPEMHSI.
B 30ne [Ipuaprynckoro 610k0oBOro mojsi pparMeHThl MEIUIUIeHa 3aHUMAIOT YPOBEHb
abc. BoicoT 780—840 M.

Mopdockynenitypa TOpHOTO (BBIpE3aHHOTO) penbeda ¢  OTHOCHUTEIHHO
HerIyoOOKuM pacwieHeHnem ropHoro tuma (100-300 wm) CBOMCTBEHHa BCEM
HU3KOTOPHBIM H  OOJIbIIIE YacTH CPEIHETOPHBIX JICHYAAIIMOHHO-TEKTOHHMYECKHUX
TIIBIOOBBIX XpeOTOB U MaccuBOB. OCOOEHHO XapaKTepeH 3TOT THUH MOP(OCKYIBITYPHI
JU1st 30HBI [IppapryHckoro 6J10KOBOTO MOJISL.

MopdocKyabsITypa TOpHOTO (BBIPE3aHHOTO) pelibeda C OTHOCUTEIBLHO TITyOOKUM
pacwieHenueM ropuoro tuna (300-600 M) umeeT MHUPOKOE paclpOCTPAHEHHUE B 30HAX
JUHEMHOT0 KOpOOJIEHUs, OTAEIbHBIMU Y4acTKaMH BCTPEYAETCS B HaMOOJEe BBICOKUX
xpebtax [lpummikuHckoro OsokoBoro mons. Jljisi 30H JMHEHHOTO KOPOOJIEHUS
XapakTepHbl XpeOThl C KyNOJ000pa3HbIMU BEPIIMHAMHU HAJl TJIOCKUMH WJIM OKPYTIIBIMU
XpeOTaMu; rycrasi CeTh Majied U MUPOKUX JAOJIUH. TUIHMYHO HAJIMYKUE OTIEIbHBIX COMOK,
Kak Obl HACA)KEHHBIX Ha BEPIIMHHYIO MOBEPXHOCTh XpeOTa M OTAEIECHHBIX IPYr OT
npyra riyookumu (1o 100 M) cenoBuHamu. CKJIOHBI UMEIOT BBIMYKIIYIO, TOBOJIBHO
KpyTyto (20°) BepxHIOIO yacTh. B cpeaHell yacTu CKIOHBI NpsMble, KpyTU3Ha 12—18°, B
HWKHEH 4yacTu ciaboBorHyThie (KpyTu3Ha oT 3—5 mo 10—15°). B cocraBe CKIIOHOBBIX
OTJIOKEHUH MpeobiiafatoT conndIIOKIMOHHbIE. B BepIIMHHOM Mosice TOp BCTPEUaroTCs
KypyMbl. J[JI1 HUKHUX YacTel CKIIOHOB OYEHb XapaKTEPHbI OYrpbl TyYEHHUS.

JlenynaliuoHHBIN penibed) BEpUIMHHOTO Mosica rop, B uHTepBase BricoT 850-1350
M, JIONOJIHSIOT HaropHble Teppachl, 00pa30BaHHE KOTOPBIX CBA3aHO C HAJIUYUEM 30H
MTOBBIIEHHOM TPELIMHOBATOCTH. Pa3zmepsl Teppac u3MeHA0TCA B peaenax ot 75 x 130
M g0 100 x 370 m.

Tepputopus, B npeaesax KOTOPOU pacrosiokKEeHbl 03epa MHroquHCKON CUCTEMBI
(03. banw3oit, JIebequuckoe, XyxapHoe, JJopoHUHCKOE | JIp.), BXOAUT B COCTaB XHIOK-
ButnmMmckoi CTPYKTYPHO-(POpMaInOHHOM 30HBI Cenenruno-OneKMUHCKON
reomopdoiiornueckoir noanposuHuuu (I'ocygapcrBennas ..., 2012 r). OcHOBHbIMU
MOP(MOCTPYKTYPHBIMH €IMHULAMH TEPPUTOPUM SIBISIFOTCS  XpeOThl S0JIOHOBBIA U

Yepckoro u YurtuHo-Unronunckas BnaauHa (puc. 1.10). BomopaznenbHble yacTu
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XpeOToB B cpenHeM umeroT adcomtoTHble oTMeTku 1100-1300 m. OTHOCHUTENbHBIC
npeBbIlIeHNs cocTaBisAoT 350-400 m.

Ocobennoctu  penbeda ONpenenstoTcs Kak  JPEBHUMH  ME3030MCKUMU
CTPYKTypamMH, TaK W MOJOJbIMU HEOTEKTOHUYECKUMHU CBOJOBO-OJJOKOBBIMH U
OJIOKOBBIMU CTPYKTypamH, MPEUMYLIECTBEHHO MOJOKUTEIbHOro 3Haka. [locnennue
KOHTPOJIUPYIOTCS IPEBHUMHU Pa3IOMaMU, aKTUBU3UPOBABIIMMHUCS B HEOTEKTOHUYECKU I

sTan. BeimeneHs! ciaemyromye OCHOBHBIC TTOIpa3iefieHus: | — TEKTOHOTEHHBIN penbed,

2 — BBIpa0OTaHHBIA (JIEHYNAIMOHHBIN, SPO3HMOHHO-ICHYIAIIMOHHBIN, CTPYKTYpHO-
JIEHYIAlIMOHHBIN, CKYJBOTYPHO-ICHYIAIMOHHBINA) penbed, 3 — aKKyMyJISTUBHBIN
penbed.

K TexroHoreHHOMYy penbedy OTHOCATCS IOBEPXHOCTH, OOpa3oBaBLIMECS B
pe3yNbTaTe pa3HOHANPABICHHBIX TJIBIOOBBIX U IMOJOXKUTEIBHBIX ABUXKEHUN TIJIBIOOBO-
CBOJIOBOI'O XapakTepa. Texronnueckue HapyILIEHNUs, OKOHTYPHUBAIOILNE
MOP(hOCTPYKTYpBI pa3IMUHBIX MOPSAKOB, B pelibede MpeaCTaBICHbI MPSIMOIUHEHHBIMU
KPYTBIMH CKJIOHAMH, OOpa3yloluuMu Neperudbl MOoBEepXHOCTU. DTU (opMbl penbeda
XapaKTEPU3YIOTCS 3HAYUTENBHOW MPOTSKEHHOCTBIO, COOTBETCTBYIOLIEH MapameTpam
OCHOBHBIX U BTOPOCTENEHHBIX MOP(GOCTPYKTYp (OT HEPBBIX /10 COTEH KUIOMETPOB).
BBICOTHI CKIIOHOB BapbUPYIOT B IIMPOKUX npenenax — ot 50—100 xo 400—700 m.

PernonanbHOE pa3BUTHE Pa3IOMOB, ONPEAEISAIOMINX MOJ0KEHHE TEKTOHHYECKUX
CKJIOHOB, TOJUYEPKUBACTCS XapakTepHOW sl  3abalikaibsi CEBEPO-BOCTOUYHOM
OPUEHTHPOBKON pEYHBIX JOJIMH, MEKIOPHBIX BHaauH M XpeOToB. Cucrema ceBepo-
3alaJHbIX Pa3JIOMOB BBIpaXKEHA CIPSMIICHHBIMU M3JIOMAMHM YYaCTKOB PEYHBIX JOJMH,
BBIKJIMHMBAHUEM WJIM CMEIEHUEM KOHTYPOB BMAJHMH, YTO CBHUJAETEIbCTBYET 00 HX
CPaBHUTEIHHO MO3AHEM (POPMHUPOBAHUH.

BripaboTaHHbIil penbed Mo CTENeHU BIMSHUS penbedooOpa3yonux MpoLeccoB
MOApA3ACIsieTCs] Ha JEHYAAUMOHHBIM W 3PO3UOHHO-ACHYJAalMOHHBIA. [lpm sToM
OCHOBHOE penbedooOpasyrolee 3HaUCHUE MPUHAATICKUT TIIyOMHE W MHTEHCUBHOCTU
HPO3HOHHOIO PaCUWJICHEHUS TEPPUTOPHUH.

K nenynammonHomy Tumy penbeda OTHOCSTCS TOBEPXHOCTH BBIPABHUBAHMS,

chopMUpOBaHHbBIC TI0J] BO3JICUCTBHEM TMPOIECCOB KOMIUIEKCHOW neHynauuu. OHU
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Pa3BUTHI B OCEBBIX YaCTAX PA3HOBBICOTHBIX FOPHBIX COOPYKEHUM U XapaKTepU3YHOTCA
TJIOCKUMHU, YIUTONMIEHHBIMHU MTOBEPXHOCTSIMH WM CJIa00 M HErIyOOKO pacujieHEHHBIMHU
OacceilHaMi BEPXOBbEB JIOJIHH.

[ToBepxHOCTH KOMIUJIEKCHOM JNEeHYyIaluu HE 00pazyroT €IMHOT O
TUTICOMETPUYECKOTO YPOBHS, @ OT OCEBBIX BOJOPA3JEIbHBIX MPOCTPAHCTB TOPHBIX
COOPY>KEHU MOHMKAIOTCS K Tiepudepun, 3aHMMasi HAUMEHbIITUE a0COMIOTHBIE BBICOTHI.
Men-najneoreHoBbIi BO3pacT MNOBEPXHOCTH BhIPABHUBAHUS MOATBEPKAACTCS HATUUUEM
CIIOPOBO-TIBUIBLIEBOTO CIIEKTPA, OTBEYAIOIIETO ME303010.

Bonpuiyto posib B U3MEHEHHH OOJIMKAa MOBEPXHOCTEH BBIPABHUBAHUS ChITPAIU
Oojee MO3HUE, HAJOKEHHbIE Mpolecchl. Beaymas posib TPUHAMIECKUT TOJIBLIOBON
JEHyJaluy, KOTOpas MPOSABISIETCS IIMPOKUM pPa3BUTHEM COBPEMEHHBIX HArOpPHBIX
Teppac Ha BCEX JJIEMEHTaX XpeOTOB, pacmojioKeHHbIX Bblle oTMeTku 1400 m. B
CypOBBIE D3MOXU OJEACHEHWN HAropHble Teppachl, KypyMbl, KaMEHHbIE MOpS
pa3BUBAIUCH U Ha Oosiee HU3KUX BbIcOTax — A0 1150-1200 M, a Ha BepXHUX ATaKax
penbeda npeodragany Npouecchl JSAHUKOBOM U HUBALIMOHHOW JIEHYAAIUH.

DOpO3HOHHO-JICHYAAIIMOHHBIE CKJIOHBl PEYHBIX JOJIMH PACIHOJIOKEHBI BBIIIE
YY4aCTKOB Pa3BUTHUSI Teppac U HUKE YIUIOMIEHHBIX MPUBOIOPA3/ICIbHBIX TOBEPXHOCTEH.
Benymas poias B uX (QOpMHPOBAHUHU MPUHAIJICKHUT HPO3UHU, KOTOpas BO MHOTOM
KOHTPOJIMPYET W MNPOBOLUUPYET APYrue TMpoILEecChl JeHyJauuu. B mpenenax
BBICOKOTOPHBIX u CPEIHETOPHBIX COOPYKEHUH, XapaKTepU3yOLIUXCs
HEOTEKTOHMYECKUMHU TMOAHATUSMU ¢ rpaaueHTamu a0 S500-700 M, npeobnagaror
KpPYThbI€ BBICOKHE CKJIOHBI C OOMJIMEM CKaJIbHBIX CTEHOK, KOJUTFOBUAJIBHBIX POCCHITIEH,
KaMEHHBIX «PEK», CBUJICTEIILCTBYIONIUX O MPe00IalaHui TPABUTAIMOHHBIX MPOIECCOB
u sBieHuid. Ha oOmMpHBIX MPOCTPAHCTBAX, T/I€ PAa3BUTHI CKIOHBI CPEAHEH KPYTH3HBI,
Oonee akTHBHA JeNioBUaibHasg JeHyaanus. [lojorue CKIOHBI XapaKTepU3YyHOTCS
IIUPOKUM Pa3BUTHEM cOJU(IIIOKIIMU. BeipaOoTaHHBIA CTPYKTYpHO-JIEHYIAIIMOHHBIN U
CKYJIBIITYPHO-/ICHYAAIIIOHHBIN pesibed) B OOJIbIIEH CTETICHN XapaKTepeH IS TUIOIIaIeh
pa3BuTus 3¢ (y3UBHBIX TOPOJ.

K akkymynsTuBHOMYy THIY penbeda OTHOCSTCS TOBEPXHOCTH, CO3JaHHBIC

(baroBHANIBHOM, TISMAIBHOM, 6aCCEHOBOM aKKyMyJIALMEe U BPEMEHHBIMU MTOTOKAMH.
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[IoBEpXHOCTM PEYHON AKKyMYJSIUMUA BKIOYAKOT MMOWMBI M AJUIFOBHAIBHBIE TEPPACHI
COBPEMEHHOU THUAPOCETU. [lJI1 OCHOBHBIX PEUYHBIX ITOJIMH XapaKTepEeH OJMHAKOBBIN
KOMIUIEKC Teppac, oT I mo III BkiarounTenbHO. B ropHBIX palloHaxX NpeaCTaBUTEIbCTBO
HAJIIOMMEHHBIX TEPPAC pE3KO YMEHBINAETCs, KaK M0 KOJWYECTBY, TaK M IIO
NpOoTsKeHHOCTH. HaumbOonpiiee pa3BUTHE OHHM MOMYYWIM B MpEAEIax MEXIOPHBIX U
BHYTPUTOPHBIX BIaJWH. Yaille BCEro moJiHbI Ha0Op HAAMONMEHHBIX Teppac TATOTEET K
YCTBAM KpYIIHBIX NPUTOKOB OCHOBHBIX pEK. B CyXEHHBIX MecCTax IOJIMH Teppacsl
umeroT mupuny ot 100 1o 200-300 m.

O3epHbIE MOBEPXHOCTH BEPXHETO M CPEIHETO HEOIUIEMCTOLIEHA PACTIPOCTPAHECHBI
B ME3030MCKUX BIAJWHAX M Y3KOW TOJIOCOM JIOKAIM3YIOTCA BJIOJIb MNOOEpex Uil
COBPEMEHHBIX 03€p U B JHUIIAX 3aMKHYTBIX KOTJIOBHH.

IloBepxXHOCTH, CO3aHHBIE BPEMEHHBIMHA BOJOTOKAMH, PAa3BHUTHI TJIaBHBIM
o0pa3oM B Ipeaenax MEXKIOpPHBbIX U BHYTPUTOPHBIX BIIAJUH, a TaKXke MO nepudepun
HU3KHUX TOP ¥ MEJIKOCOTIOYHUKOB. DTO MOBEPXHOCTU CPOCHIMXCS HUIEH(OB, CII0)KEHHBIX
CYIJIMHUCTBIMM M CYINECYaHbIMU OOpa30BaHMSIMU C TEM WM HHBIM COJEpPKaHUEM
JIpecBbl M IMeOHSA, TMOJOTO0 HAKJIOHEHHbIE K OCH JoiuH u Boaaud (3—12°).
@opMHUpOBaHME HX MPOUCXOAWIO BO BTOPOW TOJIOBUHE HeoruencroueHa. OHu
MPUYPOUYEHBI K MOJHOXKHSIM CKJIOHOB XpeOTOB, OOPTOB BMAJAUH U MPEACTABISIIOT COOOM
CJIa0OBOJIHUCTBIE, pPACUJICHEHHbIE MEJIKUMH JIO)KOMHAMM  PaBHUHBI, 3a4acTylO
3a00JI0YEHHBIE U YCIIOKHEHHBIE TEPMOKAPCTOBBIMU (POpMaMu penbeda.

Takum 00pa3om, OTIIMYUTEIHHOM YEPTOW ITOW YACTH TOIMPOBUHIIUU SIBIISETCS
BOCTOK-CEBEPO-BOCTOUYHASI OPHEHTUPOBKA MOPQPOCTPYKTYp TMEPBBIX MOPSAKOB. B
COOTBETCTBHM C ITUM OTMEYAETCS 3AKOHOMEPHOE PACIPENECIEHNE TEHETUUECKUX THUITOB
NOBEPXHOCTEH. OPO3MOHHO-CTPYKTYpHBIE Ha KPUCTAUIMUECKOM (yHIAMEHTe U
CTPYKTYpHO-JIE€HYAAMOHHBIE TIOBEPXHOCTH CKJIIOHOB Ha O0CaJ0YHO-BYJIKAHOTE€HHBIX
opoJiax MPOTSHKEHHBIMH MOJ0CAMU OKOHTYPUBAIOT (PparMEHThI U MOJIS YIIOLMIEHHBIX
PEIIMKTOBBIX ITOBEPXHOCTEM, LEMOYKOM MPOCIEKUBAIOIMMXCA BHOJb OCH JIMHEUHBIX

XpeOTOB.
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1.3. 'eostornyeckas XapakTepucTHKA paioHa
1.3.1. Crpaturpadus

CoracHO  cxemMeé  TEKTOHMYECKOTO  pAallOHMpPOBaHUS  paccMaTpuBaeMas
Tepputopus BKIoYaeT (parmMeHThl CeneHruHo-S0J0HOBOM CKJIaa4aTodl o00acTu,
ATHHCKYI0O MerazoHy MOoHromno-OX0oTCKOM CKJIaI4aTo-HaJBUTOBOM CHCTEMBI H
ApryHckuil TeppeitH KepyneHo-ApryHo-MaMbIHCKOIO KOMIIO3UTHOTO CynepTeppeiHa
(I'ocynapctBenHas..., 2010). Xapakrepuszyemas IJIONIA/lb MOYTH MOJHOCTHIO CIIOKEHA
cTpatuuIpoBaHHbIMUA  OoOpa3oBanusMu (puc. 1.2). OcHoBaHWE BUANMOW YacTH
pa3pes3a MpEeNCTABICHO TEPPUTCHHBIMHU TOJIIAMU CHIYpa, BBIIIE KOTOPOTO 3aJEraroT
OTJIOXKEHMSI CPEJTHEr0-BEePXHEro JE€BOHA, HIDKHETO KapOOHA, CPEAHEr0 M BEPXHETO
Tpuaca. TeppureHHO-ByJIKaHOT€HHbIE 00pa30BaHUsl HUKHEIO MeJla paclpOCTPaHEHbI B
KoHTypax Topeiickol, Apsl-bynakckoit, DOp-O06oHckoi, UYuTnHO-UHroaMHCKOM
pudroreHHpix BrnaguH. CaMbIMH  MOJIOABIMH  SIBJISIIOTCS ~ OCQJKH  KaHO304,
oApa3AesieMble HA MUOLIEHOBBIE, MUOLIEH - IIMOLEHOBBIE, INIMOLEHOBBIE, IIJTUOLIEH —
JOIUIEUCTOLICHOBEIE, HVDKHE-, cpeaHe-, BEPXHEHEOIIIEHCTOLIEHOBBIE,
BEPXHEHEOIUICHCTOIIEH — TOJIOIEHOBbIE M  ToJiolleHoBbIe. CTparturpaduyeckoe
OMKCaHKE MPOU3BEICHO MO MaTtepuaiam (GOHAOBON JIUTEPATYPHI.

IOro-BocTrouHasi 4acTh TEPPUTOPUM

OT1i102keHUsT CWIIYPUIICKON CHCTEeMBbI CJaraloT HEOOJIbIINE TEKTOHUYECKUE
0JI0KkM Ha TpaBo- U JieBoOepexkbe p. OHOH. CuypuiCKHE OTJIOKEHUS TPEICTABICHBI
MeTaMOp(PU30BAHHBIMU  T€CUYAHUKAMH U  (QUIIUTUZUPOBAHHBIMU  aJIEBPOJUTAMH.
CyllleCTBEHHO TCaMMHUTOBBIE Pa3pe3bl OTMEYAIOTCS B HUYKHEHM MOJICBUTE OHOHCKOU
CBUTHI, a TOJINA, COCTOAIIAs TMPEUMYIIECTBEHHO W3  (UIUIUTU3UPOBAHHBIX
aneBpouToB- cpeaHeil. CyMmapHasi MOIIHOCTh OHOHCKOM CBUTHI B paiioHe OoJiee
1150 m.

Huorcneononckass  noocéeuma  TpeACTaBlIEHA  PACCIAHIIOBAHHBIMH — MEJKO-
CPEIHE3EPHUCTHIMU  OJIMTOMUKTOBBIMUA TE€CYAHUKAMU C TPOCIOAMU U JIMH3aMH
GUIUTUTU3UPOBAHHBIX ANEBPOIUTOB. MOMIHOCTh MOACBUTHI onieHuBaercst B 500 M. OHa

pacnpocTpaHeHa B HEOOJBIINX IO TUIOIIAIN BRIX0AaX Ha paBoOepexne p. OHOH
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Puc. 1.2. Cxema reomoruueckoro ctpoeHusi Bocrounoro 3abaiikanbs ¢ HaHECEHHEM 00BEKTOB
u3y4eHus (KOPUIHEBBIC TOUKH — BOJOIMYHKTHI IMOA3EMHBIX BOJ, CUHUE — 03epa). bacceitnsr: 1 —
p- OHOH, 2 — p. UHrOombI, 3 — Yinaza-Topelckuid u p. ApryHsb.
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85 12200

Tzt 3YTKYJICICKast CBUTA

86 12302
P,-T.ag B Ar'MHCKas1 CBUTa

13000
18.P.b TPAHOMOPUTBL IPAHUTHI
TIEPMCKHE JIEMKOT PAHUTHL, TPAHUTHI
n 13200 )
Iepvp PR KJTFOYEBCKAs! M TOTOTYMCKAS CBUTHI
12 141 o
S IOPTYHCKas, ObIPKUHCKAs Y TABYHAHICKAsI CBUTHI

RE ]413} o
P, ' COKI'yI/ICKaﬂ 1 aHTUMHCKAS CBUTHI

¥C KAMEHHOYT OJTHBIE TPAHUTHLJICHKOTPAaHHTHI

15100 |
Cpsor * OpTHHCKas CBUTA

KapGon E C-;'m@ TyTaliCKasi CBUTa

30 16200 o
( Cur ©| YPTYHCKast CBUTA
31 16300
[ Cir © MpaMCKasi CBara
YCTHOOP3UHCKASI CBUTA
JleBoH
OHOHCKas1 CBUTA
o 18200
Cumyp Skl KYJIMH/IMHCKas] CBUTA

Mexay ozepamu Llaran-Hop (Byiinscanckuii) u bymOaiickue, Hapeim-bynak, Ilaran-
Yeyn u Apy-Topym, babGait u Ha ceBepo-zamamnom Oepery o3. bapyn-Topeii.
CpeoHneonoHckas TIOJCBUTA cllaraeT HEOOJIBIIME TOJIs Ha MPaBO- U JIEBOOEPEXKBE .
Onon B paiione c. Yunmant I, a Takxke toxxkHee bymbOaiickux o3zep. OHa cioxeHa
U TU3UPOBAHHBIMU aJeBPOJIUTAMU c MPOCIOAMU pacciaHIlOBaHHBIX
MOJIMMUKTOBBIX MTECUaHUKOB.

JeBoHcKasi cucreMa. Yuwoawmckas ceéuma TIPOCICKUBACTCI B  BHUJC

napajiebHbIX M0JIOC CyOMEPUIMOHAIBHOTO MPOCTUPAHUS OT CPEIHETO TeUeHus p. Ara
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10 rpaHulbl ¢ MoHronueid. B coctaBe CBUTHI OTMEUAIOTCS CIIaHIIEBO-TIECUAaHUKOBBIC
otnoxkeHus. bazanbHblii ropu3oHT (200 M) mpencTaBieH CpelHE-KPYIMHO3EPHUCTHIMU
JI0 TPAaBUMHBIX METareCYaHUKaMu ¢ 00mireM o0J10MKoB (10 0.5 cM) craHIeB OHOHCKOM
CBUTHI. BpIlie 1Mo paspe3y OTMEUarOTCs MOJTMMHUKTOBBIE METAIECUYaHUKH C JIMH3aMHU H
MaJOMOLIHBIMH IIPOCTIOSIMU CIAHUEB M PEIKUMU JIMH3aMH U3BECTHIKOB. BocTounee 03.
3yn-Topeli pa3pe3 CBUTHI MPEACTABICH MOHOTOHHBIM YEpPEJOBAHUEM KPEMHHCTBIX
CIIaHLIEB C YAaCTBHIMHU MPOCIOSMHU TEIUIOBBIX Ty(oB Kucioro cocraBa u Tydduros. B
BEpXHEH 4YacTH pa3pe3a CBUTHI OTMEYAIOTCS PEIKHUE MPOCIOU SIIMOUIOB W JIMH3bI
CBETJIO-CEPHIX, B T. 4. KOPALTOBO-KPUHOUTHBIX U3BECTHSIKOB MOIIHOCTHIO /IO JIECSITKOB
MeTpoB. MomtHocTh cButThl coctapisgeT 1200 m (TepHosa u nip., 1999).

Yemvbopszunckas ceuma cnaraet O JHOMMEHHBIN CHHKIMHOPUN Ha MPaBOOEPEKbE
p. OHOH U HEOOJbIIINE TEKTOHUYECKUE OJIOKU Ha JIEBOOEPEKbE, CIOKEHA MECUaHUKAMU,
JIEBPOJIMTAMH, U3BECTHSIKAMH, KPEMHUCTBIMH U KPEMHHUCTO-TJIMHUCTBHIMU IOPOJAMHU,
aJIEBPOIETIUTAMH, CEUMEHTAIMOHHBIMU OpeKkuusiMu, MeTadhdy3uBaMu OCHOBHOTO H
cpenHero coctaBoB. [1o Habopy MOPOJ U UX COOTHOLIEHUSIM B pa3pe3e yCThOOP3UHCKAs
CBUTa pacwiCHEHa Ha TPU COIVIACHO 3aJIeTalOIIMe TOJCBUTHL. Bumammas MOITHOCTH
cBuThl HE MeHee 2900 M.

KamennoyronbHass  cucrema. HwuoxnHunii  ormen  Vpmyiickas  ceuma
MPOTATUBAETCS B CyOMEpHAMOHAIBLHOM HaIlpaBJICHUU Ha JieBoOepexbe p. OHOH OT ee
oeperoBbix 00OpwIBOB (HampotuB c. Yunaant 1) go o3. [laran-Hop. Cnoxena cButa
NecYaHUKaMH,  ajieBPOJIMTaMU,  aJEBPOIMEIMTaMU, KPEMHHUCTBIMU  TOPOJaMH,
aHje3nba3aabTaMy ¢ PEIKUMHU JTUH3aMHU U3BECTHIKOB. MontHOCTh €€ — 6ojiee 1600 M.

TpuacoBass cucrema. HwxkHuit ornen. Aeunckas ceuta TPENCTABICHA
apKO30BBIMH U TOJIMMUKTOBBIMH TlecHaHUKaMu. KpeMHUcThIie, Ty(hOTeHHbIC TOPOIbI U
MaparecHeTUYeCKH CBsA3aHHAasi C HUMHU MapraHiieBas MUHEpaIu3alus SBISIOTCS
OTIMYUTEIBHOW OCOOEHHOCTBHIO CBUTHI. OTHOCHUTEIHHO IIUPOKO OSTH OOpa3OBaHMUS
pa3BUTHI B BEpPXOBBAX p. Ara. MomHocTh cBUTHI Bapbupyer oT 2500 M Ha ceBepe
Cpenneononckoro teppeiina (I'eomormueckas...,1983) nmo 1650 ™M Ha 1ore
(I'eonoruueckas..., 1974). 3ymkyneiickas ceéuma COTJIIACHO HAJEraeT Ha AarvHCKYIO

CBHUTY. HuxHsIg 94acTh CBUTBI IMpeACTaBJICHA IICPCCIIAUBAHUEM JIMH3YIOIUXCA ITPOCIOCB
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I'PaBEJIUTOB, KOHTJIOMEPATOB, IPAaBUMHBIX MMECYAHUKOB U CETUMEHTALIMOHHBIX OpeKyuit
C MECYaHUKAMHU W aJEBPOJUTAMU; BEPXHSS — MEPECIaUBAIONIMMUCA TMECUYaHUKAMHU U
QIEBPOJIUTAMU C PEIKUMH MPOCIOSAMH U JUH3aMH TpyO0OOJOMOYHBIX MOPOJ.
Momrnocts cButhl 0T 1800 10 2900 M (3emustHckuit u ap., 1979).

Cpennuii U BepxHuMHl oTAeabl balin-yacanckas ceuma 3aKapTUPOBaHA B
TEKTOHUYECKOM OJjioke B paiioHe 03¢p baiin-llaran u bapyn-Topeli Ha roro-zamaje
XapakTepu3yeMoil IUIOaau, T/I€ U HAXOAUTCA €€ CTPATOTUIINYECKass MECTHOCTb.
CnoxeHa NpPEenMYIIECTBEHHO IECYaHMKAMHM, B MEHBIIEH CTENEHU — aJEBPOJIUTAMH,
rpaBeIuTaMU, KOHIJIOMEpaTaMUd U KOHTJoMeparo-opekunsimu. [lo Habopy mopon u ux
COOTHOILIEHHSIM B pa3pe3e OHA PAaCUJICHEHA Ha JBE COTJIACHO 3aJICTAOIINE ITOJCBHTBHI.
bazanbHble TOPU3OHTHI HEU3BECTHBI. Huoichebatin-yazanckas nooceuma MOUTHOCTHIO
oonee 900 M cloXXeHa IE€CYaHUKAMH, HPEUMYLIECTBEHHO MEJIKO3EPHUCTHIMH,
COIEpKalllMMU  MaJOMOILHBIE, YacTO JIMH3YIOLIMECS, MPOCIOH  AJIEBPOJIUTOB,
I'PaBEIUTOB U KOHTJIOMEPATOB. BepxHebaun-yazanckas nooceuma npeiCTaBIeHa JIBYMS
naykamMu. HuxHAS Mmauka — 4YepeJoBaHUEM IUIOXOCOPTUPOBAHHBIX TMECYAHUKOB,
IPaBEJIUTOB, KOHIJIOMEPATOB U KOHTIIOMEPATO-OpEKUMii; BEPXHsISI — aJeBPOJIUTAMU U
MEJIKO3EPHUCTHIMU TEeCUaHUKaMH, MEPECIanBAIOIIMMUCI MEXAY CO00i NpPUMEpPHO B
OJIMHAKOBOM COOTHOIIICHUHU.

MenoBas cucrema. Husknuii otaen. OcanodHo-ByJIKaHOTEHHbIE 00pa30BaHUS
Mejla Ha XapaKTepu3yeMOW TIUIOMIAaM CJIaraloT HaJIOXKEHHbIC BIAJUHBL ApHI-
bynakckyto, Topeiickyto u Dp-O06oHckyto. OHUM OTHECEHBI K HIDKHEM W CcpeHel
NOJICBUTAM  mypeuHckou  ceumsl.  Huocnemypeunckas — nooceuma  CIOXKeEHa
TpaxuaHje3ndazanbramu, ux Ttydpamu, Typdutamu, KiaacTosiaBaMu, ajeBpPOJIUTAMHU,
necyaHuKaMH, KOHTJIOMEpaTamH, KOHIJoMepaTo-Opekunsmu. OHU OOHaXEHBI Ha
neBoOepexne p. Mmanka, B paiioHe ropel Op-0O00 u Ha mpaBobOepexkbe maau Xopo-
Xyuayh B pairioHe ropbl Xyxd-Tomroii. OO6rmiasi MOIIHOCTh OTJOXKEHHWHA B Tpesenax
Bbixoga 80-100 m (CnoBaps..., 1985). Cpeowemypeunckas noocseuma pa3Buta B
Topelickoii u Apsbl-bynakckoil BhnaauHax. B cocraBe TOACBUTHI OTMEYAOTCS
TpaxuaH1e3u0a3aabThl, TpaxuaHJE3UThI, TpaxuOa3alibThI, JaBOOpEKYNH,

KOHTJIOMECpPAThI, KOHFJ’IOMepaTO-6peK‘II/II/I, rpaBCJInTbl, IICCUAHHUKH, aAJICBPOJIMTEI,
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apruJuIdThl, TY(GONECYaHUKH, TY(HOaTeBPOIUThI, U3BECTHIKUA U ONMOKU. Apbl-bynakckas
BIaJIMHA MpoTsiruBaercs oT 03. Exa-Ilaran-Hop Baosb p. bop3s mo 03. 3axsii-Hop Ha
paccTosHUE MPUMEPHO 28 KM; MAaKCUMaJIbHAs IIMPHUHA €€ COCTABIIIET OKOJIO & KM.
MomaocTs ToAcBUTH — Oosiee 600 M. Topeiickas BmajguHa 3aHUMAET TJIOMIATL OKOJIO
1500 xB. KM M pacnojiokeHa B I0KHOW yactu romaau. Ha 3amagHom Oepery o3.
bapyn-Topeit (paiton ropel Xapa-Tosoroii), cpeay JaBOBBIX ITOTOKOB BCTPEHAOTCS
npocion Ty(onecuaHnKoB, Ty(hoalleBpOJIUTOB, U3BECTHAKOB. Ha ceBepHOM mobepexne
03. 3yH-Topeil mupoKko pa3BUTHI BYJIKAHOTEHHbIE 00pa30BaHUsI MOIIHOCTHIO A0 180 M.
B ocHOoBaHMM TIOKpOBOB 4YacTO HaOMIOAAETCS TOPHU30HT Ty(HOAJIEBPOJIUTOB U
TydonecuannkoB (Iloneko, 1972). B roxHoM yacTu Topeickoi BnaguHbl B OCHOBHOM
MPUCYTCTBYIOT TpaxXuaHJe3uba3anbThl, UX Ty(dbl U JaBoOpekuynu. MomHocTh — Goliee
600 m.

I'enesuc TEPPUTC€HHBIX oOpa3oBaHUii IIPEUMYLIECTBEHHO 03€pHBIi,
aJUTFOBUAIIBHBIN, 03€pPHO-aJUTIOBUAIBHBIN U IPOJTOBUAIIBHBIN.

HeorenoBasi cucrema. B cxemMe CTpyKTYpHO-TE€OJIOTHYECKOIO PAaHOHUPOBAHUSA
TEPPUTOPUM UII HEOTEHOBOI'O Cpe3a BBIIEICHO ABE 30HBL: BocTouHO-MOHrosibCKas
matgopmMa u Mourono-Cubupckuii TopHbIM mosic. HeoreHoBeie 00pa3oBaHusi B
npenenax BocTouHo-MOHTOabCKON MIaT(GOPMBI MPEACTABICHBI MHOLIEHOBOM KOpOM
BBIBETPUBAHUS, WUMAJIKMHCKOW CBUTOM CPEOHEr0 MHOLECHA, HUKAPAILCKOH CBUTOU
HIDKHETO TITMOIIEHA U TOPENUCKOM CBUTOM cpenHero mimoneHa. B Mounrono-Cubupckom
TOPHOM II0SICE MEXIY UMAJIKUHCKON CBUTOW M BEPXHETOPEHUCKOM MOJACBUTON BbIJICIICHA
rajgyTaickas CBUTa BEpXHETO MUOIIEHA - HUYKHETO TUIMOLICHA.

Kopa evieempueanus muoyenogoco 6o3pacma IUIOIMIAAHOTO THUNA Ha
KapTorpadupyeMyro MOBEPXHOCTh HE BBIXOJUT, BCKPHITA CKBaAKMHAMU B Topeickoit
BHaguHe. MOIHOCTh €€ HE IPEBBIIIACT NIEPBBIX METPOB. B JIMHENHBIX KapMaHaxX Kopa
BBIBETPUBAHUS MPOHUKAET HA TyouHy 10 30—40 M 1 npeacTaBieHa IPEUMYIIECTBEHHO
KpacHOBATO-OyphIMU TIMHAMHU C OCTATKaMH MOJYPa3JIOKUBIIUXCS HCXOMHBIX TMOPOJI.
Kopb! BeIBeTpHBaHUS MEPEKPHITHI OTIOKEHUSIMU UMAJIKMHCKONU U TOPEHCKOM CBUT.

Hmankunckaa ceuma CPEeIHETO MHOLIEHA Pa3BUTA IO CEBEPO-3alAJHOMY U

3anagHoMy oOpamiieHutro 03. bapyn-Topeii u B Apbi-bynakckodi Bnagune. Ha
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Bocrouno-Monronsckoii mnatdopme (Topeiickas BmaawHa) CBHTa TIpeACTaBleHa
03€pHBIMH TIECKaMH, CYIJIMHKaMH, TiauHaMu u mieOnsmu (o 21 ). B obmactm
Monrono-CuOupckoro ropHOro mosica UMaJIKMHCKas CBHUTA MPEACTABJICHA TIIMHAMM,
CYyIrJMHKaMHU, TECKaMU , CYMNECSMH JIPECBSIHUCTHIMU, IPECBIHUKAMHU (B TOM 4YHCIIE
MEOHUCTBIMU U TJIMHUCTHIMU ) MOIITHOCTBIO 10 47 M.

I'anymaiickaa céuma BEpXHEr0 MHUOLIEHA — HIXKHETO TUIMOLIEHA HA MTOBEPXHOCTh
He BeIXOAWT. ['amyraiickas cBuTa 3ayeraeT Ha MMaJKUHCKOW. IIpencraBnena cButa
03EpPHBIMU TJIMHAMU, MTECKAMH TJIMHUCTBIMH, CYTJIMHKAMU U CYINECSIMA MOIIHOCTBIO 10
18 M.

Hkapanvckaa ceuma HudCcHe20 niauoyewa TPEACTABICHA AJUIIOBUEM —
NepecIiauBaloOMMUCS TIeCKaMu (B TOM YHUCJIE TaJ€YHbIMUA M TaJCYHO-TPABUNHBIMH),
JIEBpUTAMH M aJIEBPOJIMTAMH TNecdyaHucTbiMu (10 43 ™). PycnoBas rpynmna ¢anuii
pe3ko mpeoOiagaeT HajJ MOWMEHHOW. [[s mopoj cTpaToHa, paHee BXOJUBIIETO B
cocTaB «0Oenécoil» TOMNIIM, XapaKTepHa CBETJIO-cepas okpacka. Mkapaybckas cBUTa
3ajieraeT Ha Mopojax Majae030MCKOro pyHaaMeHTa BIAJIMHBI U C PA3MbIBOM MEPEKPHITA
IACY4YEHCKOU CBUTOM.

Topeiickaa ceuma CpENHETO IUIMOLECHA pACYICHEHA HA [JBE IOJCBUTHI.
Huoicnemopetickasi nooceuma Ha TOBEpPXHOCTh HE BbIxonuT. IloacBuTa mnomyuwma
pacnpocTpaHeHue B npeaenax ToperncKou BIaauHbl, IIe OHA C Pa3MbIBOM IEPEKPHIBACT
MMAJIKUHCKYIO CBUTY CPEIHETO MHOLIEHA, TOPOJbI MAJIE030s U Me30304. IIpencraBnena
03€pHBIMU TJIMHAMM, CYIJIMHKAMU WM aJE€BPUTAMM IECUAHUCTHIMU, MPOJTIOBUATIBHBIMU
JIEBpUTAMH 1IEOHUCTO-IPECBIHBIMU U MIEOHAMH IPECBIHBIMU MOIITHOCTBIO 110 29 M.

Bepxnemoperickas nooceuma MOJIB3YETCS 3HAYUTEIIBHO 0O0JIBIIIUM
pacnpocTpaHEHHEM TI0 CpaBHEHWIO C HIDKHETOpeickoil. B obmactu Boctouno-
Momnrosibckolt maTdhopMbl OHA TMpEJCTaBlIeHa aJIeBpUTAMU U TJIMHAMHU (B TOM YHCIIE
MECYAHUCTBIMM), CYTJIMHKAMU, TMECKaMU, U TaJCYHHMKaMH MOIIHOCThIO 10 43 M. B
obmactt  MoHrono-CuOupckoro TOpHOTO  TOsica  BEPXHETOPEHCKas  TOJICBUTA
MpeCTaB/ieHa CYTJIMHKAMM, TJIMHAMHU, JAPECBSIHUKAMU, aJeBPUTAMH, TaJICUHHUKAMU

MIEOHUCTHIMU U TIIEOHUCTO-APECBIHBIMHE (710 40 M).
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HeorenoBasi — 4erBepTH4YHAasi CHUCTeMbl. [[acyuelickas ceuma 6epxHezo
nAUOYeHa — 20njelicmoyeHa ciaraeT (pparMeHT BBICOKOTO TeppacoyBajia Ha JIEBOM
oopty ponuHbl p. OHOH, ydacTByeT B (DOPMUPOBAHMM 4YeXJia JIBYX KalWHO30MCKUX
BriaauH: [lacydeiickoii u Topelickoil. CBUTa MpeCTaBlICHA: AJUTIOBUATIBLHBIMU MIECKaMU
(B TOM 4HCIie TAICUYHBIMHU, TaJICUHO-IPECBIHBIMU, TJTUHUCTHIMU, TAJICUHO-TPABUNHBIMH,
TaJICYHUCTBIMU M TaJE€YHO-TPABEIMCTHIMU), AJEBPUTAMH, TajieyHUKamMu (10 92 m);
03EPHBIMU MECKAaMU U CYTJIMHKAMU IIEOHUCTO-TPaBUIHBIMU (10 67 M).

[{acyuelickasi CBUTaA C pa3MbIBOM 3aJI€ETAET Ha MOPOJIax Maje030s, HA HEOTE€HOBBIX
TOPENCKOW M MKapaJbCKOW CBUTAX W, B CBOIO OYEPEAb, C Pa3MbIBOM MEPEKPHIBACTCS
XO0JIOOHCKOM CBUTOM M OOpKUTaHTAHCKUM aJUTIOBUEM CPETHETO HEOIICHCTOLICHA, PEXE
— TEppPacoOBBIM AJUIIOBUEM BEPXHErO0 HEOIUIEHCTOIEHA W TOJIOUEHOBBIM aJUTIOBUEM
COBPEMEHHBIX PEK.

KBaprep. YerBepTuuHble 00pa3oBaHUs MPEACTABICHBI XOJIYHCKOW CBUTOM
HUKHETO HEOIUICHCTOIIEHa, XOJIOOHCKOM CBUTONM W OOpKUTAHTAMCKUM aJTIOBHEM
CPEIHETO HEOIUIEMCTOLIEHA, CPEIHEHEOTIENCTOLICHOBBIM u
BEPXHEHEOIUICHCTOLICHOBBIM ~ O3€PHBIMM  OCAJIKAMHU, BEPXHEHEOILICHCTOLIEHOBBIM
aJUTIOBUEM,  JBYMs  JIByXWIECHHBIMH  MapareHe3amMu  oOpa3oBaHUN  BEPXHETO
HEOIUJIENCTOLEHA — roJIOLEHA: MPOJTFOBUAJIBHBIMU - 1CJTFOBUAJIBHBIMU u
AJUTFOBUAJIbHBIMU-TIPOJIFOBUATIBHBIMA ~ HEPACUJICHEHHBIMH, 30JIOBBIMU  OTJIOKEHUSIMU
BEPXHETO0  HEOIUIEMCTOLEHA-TOJIOLEHA,  AJUIIOBUAJIBHBIMUA,  O3EPHBIMHM,  O3EPHO-
AJUTIOBUAIBHBIMU ¥ TIPOJTIOBHAIEHBIMU OTJIOKEHUSIMU TOJIOIEHA, a TakKe cTpaTurpado-
r€HETUYECKUMU MOAPA3ACTICHUSIMU KBapTEPA HEPACWICHEHHOTO.

Xonyiickas céuma HAXKHETO HEOIUICHCTOIIEHA MPEICTABICHA aJUIFOBUAJIBHBIMU U
MPOJIIOBUAJIBHBIMU MECKAMU, TaJICYHUKAMH, CYTJIMHKAMU, TPABUMHUKAMH [E€CUAHBIMH,
CyNecsIMH, JAPECBSIHUKAMU TECYAHBIMU W TI€CUAHHCTBIMH, IICOHSAMU TECUAHBIMH U
MEeCYaHUCTBIMH, TIIMHAMH MOIITHOCTBIO 710 65 M.

bopotcucanmaiickuii annroeuii CpeIHETO HEOIUICHCTOIICHA (OPMUPYET MSTYIO
HaJnoiMeHHyt0 Teppacy pek OHoH, bop3sa u nagu Xopo-XyHayit (mpaBoro npuToka p.
bop3s). B cocraBe ammoBus OTMEYArOTCS OOJOMKH TE€CYAHUKOB, aJIEBPOJIUTOB,

MeTaMOpq)I/IIICCKI/IX CJIaHLICB, I'PAaHUTOB, POTOBHUKOB, KBapla, OCHOBHLIX BYJIKAaHHTOB,
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KPEMHUCTBIX TTopoj1. OO011ast MOIIHOCTH 10 pa3pe3y 3.7 M. bopkurantalickuii aJTioBUN
3J1ECh MEPEKPHIT TOJIOLEHOBOM ITOYBOW MOIITHOCTHIO 1 M.

B ycryne naroit HagnoiiMeHHOM Teppackl Ha TipaBoM Oepery p. OHOH, BOCTOUHEE
c. Yunmant |, OOp>XUTaHTAaWCKUW aJUTIOBUH C pa3MBIBOM TEPEKPHIBACT MECKU
XOJIYWCKOW CBUTBI U MPEACTABIIEH IJIACTOM FAJICYHUKOB TPABUMHBIX MOIIIHOCTBHIO 3 M.

Cpeoneneonneiicmouenoswtii aumuuil  HopMupyeT Bbicokue 29-65—-MmeTpoBbie
Teppacbl TOpeHCKHX O03€p H TMOBEPXHOCTHM BBICOKHMX AKKYMYJSITUBHBIX PaBHUH
Topeiickoit 1 Apbl-bynakckoit BraguH. JIMTONOrMYecKuit cocTaB HMX pa3HOOOpa3eH:
MECKH, TPABUINHUKHU, CYTIECH IPECBSIHUCTBIC U APECBSIHBIC, CYTTMHKH U TIHHBI (10 33 M).

Bepxnuit  neonneiicmouen TPENCTABICH AJUIIOBUEM  HHM3KMX  YpPOBHEMN
HAJMOMMEHHBIX Teppac, MOTpeOEHHBIX SPO3MOHHBIX BPE30B U JIMMHHEM HHU3KUX
ypoBHEM Teppac Topenckux 03€p.

BepxHeHeOomencTOEeHOBbIN aJUTIOBUN CIIOKEH TaJICUHUKAMU, IIECKaMU, a TaKke
cynecsiMi MOIIHOCTBIO 10 10 M. OTnoXeHus MO3IHEHEOIICUCTOLICHOBBIX PEYHBIX
Teppac OTHENEHBl OT CPEAHEHEOIUIEMCTOIEHOBOIO PABHUHHOIO M TEPPACOBOIO
aJUTIOBUS 3HAYUTEIIbHBIM SPO3UOHHBIM BpPE30M, 00yCJIOBIIEHHBIM
MO3THEHEOIUICUCTOIEHOBBIMU HEOTEKTOHUYECKUMU MOJHATHUSIMH, KOTOpBIE
ONpENENUIIA YaCTUYHYIO MEPEeCTPOMKY pPEYHON CeTH, MPUCHNOCOOIeHHE €€ K 30HaM
OMOJIO’KEHHBIX Pa3JIOMOB U TPELIMHOBATOCTH.

YerBéprass HaamoiimMeHHass Teppaca BbicoToM 30-40 M OOBIYHO LIOKOJBHAs C
MOIITHOCTBIO ajuTtoBHUs 10 7 M. Hanbonee momHbIi pa3pe3 n3ydeH Ha IpaBoM Oepery p.
Onon, B okpectHOCTsX ¢. Mkapan. Ha rimyOune 8.62 M OT MOBEPXHOCTH Teppachl, Ha
CBETJIO-CEPBIX AJICBPUTOBBIX IECKAX HHU30B pa3pe3a XOJYWCKOW CBHUTBHI C Pa3MbIBOM
3aJIeTaloT (CHU3Y BBEPX):

Bepxnuit neonneiicmoyen — 2010uen HepacyieHéHHble BKIKOYACT D0JIUA U J1Ba
JBYXUYJICHHBIX TIapareHe3a: MpOJIIOBUM W JCIIOBHUM; AJUIIOBUM W IPOJIKOBUU
HEpPACUICHEHHBIE.

Inrosuti UCKIIIOYUTEIIBHO IIMPOKO pacmpocTpaHéH B llacyuelickold BmaguHe U
3aHMMaeT HeOOJIbIIINE TUTOIIAAN Ha ceBepe Topeiickoil BnaauHbl. MM croskeHbl OyTpHI,

AIOHBI, I'PAABLI U 6aanHBI. D0J10BbIE€ OTJIOKEHUS MMpCACTABJICHBI ITICCKaMHU (B TOM YHUCIIC
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JIEBPUTUCTBIMHU) XOPOILIO COPTUPOBAHHBIMH M OKAaTAaHHBIMH CO CJ1a003aMETHOM KOCOM
KPYITHOM NEPEKPECTHON CIIOUCTOCTHIO. MOITHOCTH 30JIOBBIX MTECKOB 10 15 M.

IIponrosuii u denrosuti cnaraet parMeHT aKKyMYJISITUBHOW paBHUHBI B CEBEPHOM
yactu Llacyueiickoil BmaguHel, GopMUpyeT HUICH(PBI BAOIH MOAHOKHUI OOPTOB BMAINH
u B mMpokux maasx. [lpeacraBiieH CyriiMHKaMH, CyNecsSMH, MECKaMH W TrajJeqyHo-
IPaBUMHBIMU OTJIOKEHUSIMU MOIIHOCTBIO OoJiee 15 M.

Annosuii u nponosull 8epxme20 Heonjelucmoyena — 2onoyena (HOPMUPYIOT
dbparMeHT HHM3KOW aKKyMYJSTHBHOM paBHMHBI B IOTO-BOCTOYHOM dYacTu Apbl-
bynakckoli BHAIWHBI M BBINOJHSAIOT PEIUKTOBBIE, IOYTH HE BBIPAKECHHBIE B
coBpeMeHHOM penbede, Jora. IlpencraBieH MmeOHIMH TIMHUCTO-IAPECBIHBIMH,
CYIJIMHKaMH  IICOHUCTO-JPECBSIHBIMHU, TaJ€UHUKAMU IEOHUCTHIMHU, IE€CKaMUu W
CyHECSIMHU MOIIHOCTBIO 10 18 M.

T'on0yen peACTaBIEH AJUTIOBUATIBHBIMU, 03€PHBIMHU, 03EPHO-AJUTIOBUATIBHBIMU U
MPOJIIOBUAIBHBIMU 00pa30BaHUSIMU.

Annoguti noum CHOXKEH TNECKaMH, TallCYHUKAMH, CYNECSIMHU, CYIJIMHKaMH,
aleBpUTaMH U TJIMHAMH 00mie momHocThio A0 11 M. B pycnoBeix darmsx
roJjioneHoBoro aumoBus p. OHOH Ha Tmepekatax NpeodsagalT TPyOOOOIOMOUYHbBIC
MOPOJIbI: TAJCUHUKA W TIE€CKHM BaJlyHHO-TaJ€4HbIC, JJI1 BBICOKOW TMOWMBI OoJiee
XapakTepHbl TECKH, Cylnecu W CYriuHku. B nonune pex OHOH U bop3s pa3BUTHI
ctapuuHbie ¢danuu. B ronounenoBom ammoBuu p. OHOH OHM MPEACTABJIEHBI MEeCKaMu
aJI€BPUTUCTBIMHU, CYTJIMHKAMU U TJIMHAMHU MOIIHOCTHIO 110 1,5 M, a B moiime p. bop3sa —
CEpPBhIMHU IJIMHAMHU MOIIHOCTHIO 710 1.4 M.

T'onoyenosvle 03épnvie 00pazoéanuss MHAPOKO PACHPOCTPAHEHBI B KOTJIOBUHE
Topeiickux 03€p, rae ciaraT NPUOPEKHYI0 aKKyMYJISTUBHYIO PaBHHUHY BBICOTOH 0
10 m. [IpencraBiieHsl rIMHAMU, TTIECKaMU, aJIeBpUTaMU, TPaBUMHUKAMH U TaJICUHUKAMU.
MOonIHOCTh TOJIOLEHOBOrO JUMHHUS Topeickux o03€p mnpebimaer 28 M. MOIIHOCTH
JUMHHS OOJIBIITMHCTBA 00JIee MEIIKMX COBpeMEHHBIX 03Ep He Oozee 3-3,5 M (CuMOHOB,
1972). Ilo nepudepun 03EépHBIC TIUHBI U AJCBPUTHI 3aMEIIAIOTCS TPaBUWHUKAMU W

raJIcdHNKaMHM, CJararoluMHu OeperoBblie Baibl BHICOTOM 10 5 M. C TOJOIICHOBHIMU
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03EpHBIMU 00pPa30BAaHUSIMU CBSI3aHBI TPOSIBICHUSI M MECTOPOXKIEHHUS COJIeH, COJbI,
MUPAOUIINTA U JIEYEOHBIX TPsA3Ci.

T'onoyenoswiil npoarosuti cnaraeT COBpEeMEHHbIE KOHYChI BBIHOCA B YCThSIX CYXHMX
pacriaikoB W oBparoB. CloXeH OH TaJeYHUKAMH II€OHUCTHIMH, BAJIYHHBIMH U
HICOHUCTO-APECBAHBIMU,  IIEOHAMM,  I[IEOHUCTO-IPECBSIHBIMU U JPECBAHBIMU
CYTJIMHKaMH, a TaKkKe IMEOHUCTHIMU CYTECIMH MOIIHOCTBIO 710 15 M.

Tonoyenosviil aumnoanosuti GopMUpyeT COBpeMEHHBIC CyOa’dpanbHBIC JEITBTHI
pexk HMmanka u VYna3a, CIOXEHHBIE I€CKAMH TPABEIUCTBIMU PAa3HO3EPHUCTHIMU
apKO30BBIMH OYpOBaTO-CEPHIMH MOIITHOCTHIO 70 15 M. B cocraBe Menkoro rpaBus
npeobnanaer kBapi (IlapdenoB u np., 1999). JlenbToBbIE 03¢pHO-ATTIOBUAIBHBIC
oOpa3oBaHus 10 MPOCTUPAHHUIO (allMaIbHO 3aMEIIaloT TOJIOICHOBBIN aumoBuil. O6e
JNEIbThl  BIOXKEHbl B HU3KHE  aKKYMYJSTUBHBIE  PaBHUHBI,  CJIOKCHHBIC
BEPXHEHEOIJICUCTOIIEHOBBIM JTUMHHEM.

Yemeepmuunvlie o00pa3zoeanus HepacuieHEHHble TPEIACTABICHBI JJIIOBUEM,
JIETTIOBUEM, KOJUTIOBHEM, JCCEPIIIMEM U TPEMs JBYXWICHHBIMH MapareHe3aMu: IIIOBUS
W JICTIOBUS, KOJUTIOBUS M JICIIOBHS, JCIIOBUS W CONUGIIIOKCHS. 3HAUYUTENIbHAS 4YacTh
ATUX O00pa30BaHUI HAXOJUTCA B COCTOSHUU TpaH3UTa U 00pasyeT COBPEMEHHBIM
JIATOIMHAMUYECKHH TTOTOK.

3anagHasi 4acTh TEPPUTOPHUH

PanHeMe/10BbI€ OTJIOXKEHMSI TIPEACTABICHBI 00pa30BaHUSIMU JOPOHUHCKOU U
TUTHUHCKOM CBMUT.

Jloponurnckas ceuma BbinoJHsgeT YutnHO-MHroguHCKy10 BnaauHy. OHa clo)KeHa
KOHTPACTHBIMU T10 COCTaBYy MOPOJAaMH, YEPEIYIOIIUMUCS B pa3pe3e, OHA MpeJCTaBlIeHa
IBYMsI toAcBUTaMU. OTIIOKEHUS HUXKHEU MOJICBUTHI IPUYPOUYEHBI K CEBEPO-3aMaJTHOMY
oopty YutuHo-MHroauuckoit BmaauHbl. [lopoasl MOACBUTEI MMEIOT B OCHOBHOM
TEKTOHHYCCKHE KOHTAKThI ¢ 0Opa3oBaHHUSIMHU Oojiee paHHEro Bo3pacTa. MOIIHOCTH
HUKHEN TOJCBUTHI B OMYIIEHHBIX Oj0kax YuTuHO-MHTOAMHCKON BIMAaIWHBI JOCTUTAET
900 M. BepxHsist mauka pa3BUTa B LIEHTPAIbHOM YacTh YUTUHO-WHTOIMHCKON BN IMHbI
OHa 3ajeraeT Ha OTJIOKEHMSAX HWKHEM Mayku W C Pa3MbIBOM TEPEKPHIBAIOTCS

TUTHUHCKON CBUTOM Mo JieBoOepexbio p. XKepeiika. MoutHocTs oTioxkenuit 10 170 m.
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[IpuBeneHHbI pa3pe3 xapakTepuszyeT (amuu 3aCTOMHBIX 03€p C  BBICOKOM
YTIICHACKHINIEHHOCTHI0. B pa3pese mauku mosBIISIOTCS TOPU3OHTHI TY(DOB TpaxuaanuToB
MOIITHOCTBIO 10 5 M.

IlemenT npeacTaBieH kapOoHaTaMu. BToprdHbIe H3MEHEHUS TTOPOJ] BEIPAKCHEI B
JUMOHUTH3AIUN, CUIACPUTU3AINYU, KAOJIMHU3AIMU IIeMEeHTa U 00J0oMKOB. I[lecuanuku
Oenéco-cepble, cepbie, C 3€ICHOBATHIM M >KEITOBATHIM OTTEHKOM, OT MEJKO- JI0
KPYIHO3EPHUCTBIX  pa3HocTel. (CocTaB NECYaHUKOB IMOJMMHUKTOBBIA. LlemeHT
M3BECTKOBUCTBI M KapOOHATHBIM. APrUJUIUTHI COCTOSIT M3 KPEMHUCTO-TJIMHHUCTOTO
arperara ¢ YIjuCTbIM BellecTBOM. [0 Xapakrep v COCTaBy OTJIOKEHUN JOPOHHHCKYHO
CBUTY OTHOCST K KOHTMHEHTaJIbHOW MoJiacce, CPOPMHUPOBAHHON B MEITKOBOJHBIX WJIU
YMEPEHHO TJIyOOKOBOJIHBIX 0O3€paXx W 00J0oTax C JIOKAJIbHBIM  pPa3BUTHEM
MPOJIFOBUAJIBHO-AJITIOBUAIBHBIX, OCBIITHBIX U TY()OTeHHBIX (halinid.

OTnoXKeHus HIDKHEW TOJICBUTHI MPUYPOYEHBI K CEBEpO-3amagHoMy OoOpTy
HurtnHo-MHroguuckon  BnaauHbl. llopoasl MNOACBUTBI MMEKOT B OCHOBHOM
TEKTOHUYECKHE KOHTAKThI ¢ 00pa30BaHUsIMU 00Jiee paHHETO BO3pacTa.

OcanoyHoe BbIMOJHEHHE UWTHHO-VIHTOAMHCKOW  BMAAWHBI  MPEICTABICHO
HIDKHEMEIJIOBBIMU KOHTJIOMEpPATaMH, APECBSIHUKAMH, AJE€BPOJWUTAMU, APTWIUIUTAMHU U
necyaHukaMu. B 10ro-BocTOUHOM OOPTY BIAJAMHBI HA BBICOKMX ITOKOJIBHBIX TEppacax p.
Wuronbr pa3BuThl 0a3aibThl, paHEE CUMTABIIMECS HEOTEH-TIAJICOT€HOBBIMH, KOTOPHIE B
MOCIICTHUE TOJbl OTHECEHbl K paHHeMy Meny. Y 03. JOpOHMHCKOE MOIIHOCTh
ocagouHoro yexsa nocruraer 1700 m, B 20 kM K IOro-zanagy KpUCTaJUIMYECKUN
dbynmamenT 3aneraet Ha riryoune 200 M.

JInsi 0caiovyHOro BBIMOJIHEHUS BIAJUHBI XapaKTEPHA 30HAIBHOCTh, BBIPAXKEHHAS
B Pa3BUTHM B HMKHUX YaCTSAX pa3pe3a U B MPUOOPTOBBIX ydacTKaxX rpy0000TIOMOYHBIX
MOPO/JI, @ B BEPXHUX M IIEHTPAIBHBIX YaCTAX — MOPOJ TOHKOOOJOMOUYHBIX. Bo BmaauHe
MMOBCEMECTHO Pa3BUThI YETBEPTUUHBIE OTIIOKEHHUS, KOTOPBIE MEPEKPHIBAIOT Bce Ooree
npesHue odpaszoBanus (I'eomoruueckas kapra.., 1963).

AJITIOBUQJIBHBIE OTJIOKEHUSI TIPEACTABJICHBI MMECKAMU, CYNECAMU, CYTJIMHKAMHU U
rmHaMu. Btopele Teppacel B aosinHe p. MHrogel B OCHOBHOM aKKyMYJIATUBHBIE M

CJIOKCHBI IIECKaMH1 U raJICHHUKaMH CpEAHETO OTACIA, CYIIECU U CYTJIMHKHA 3aHUMAIOT B
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HUX NOJYMHEHHOE IOJI0XKEeHHe. l'ajmedHo-necuanble oOpa3oBaHUsl BEPXHErO OTHAEa
pa3BUTBHI B NPEAENax NEPBOM HAANOMMEHHOW Teppachl. K COBpEMEHHBIM OTHOCSTCS
TaJIeYHUKH U NIECKU HU3KOW MOMMBI, pyciia U OCTpOBOB p. IHTroABI.

CoBpeMeHHbIE U BEPXHEUETBEPTUUHBIE OTJIOKEHUS APYTUX T€HETUYECKUX THIIOB
IPUYPOUYCHBI K OIpEETICHHBIM reoMop(}oTOrHIecKuM MOBEPXHOCTSIM.
[TponroBraIbHBIMU EOHUCTO-TIBIOOBBIMU C PUMECHIO TIECKOB, CYIIECEH U CYTJIMHKOB
OTJIOKEHUSIMU ~ CJIO)KEHbI KOHYCBHl BBIHOCA B TMPEATOPHBIX YACTAX  BIAJWHBI.
JlentoBuasibHble OOpa30BaHMs HAKaIUIMBAIOTCA HA CKJIOHaX BOAOPA3[eOB U y HX
NOJHOXUN. O3epHO-00JIOTHBIE OCAJKU JIOKAIM30BaHbl B INPUOPEKHON IOJIOCE 03€Ep
Joponnnckoe u TopMm. Dm10BUI MOITHOCTBIO 3 — 5 M MOBCEMECTHO PACIPOCTPAHEH HA
Bojiopaszaenax. Ha mojaorux moBepxHOCTSIX Ha MHOTOJIETHEM MEp3JI0TE B BUJIE TEpPpaAc U
OIUIBIBUH MECTaMHU BCTPEUYAIOTCS CONMQIIOKIMOHHBIE HakomieHus. CyOalspanbHble
OTJIOKEHUS 3aKPEIUICHHBIX IEPEBESHHBIX NECKOB OTMEUYEHBbl B MPUYCTHEBBIX YacTSIX
JOJIUHBI p. AGnaTyKaH.

NuTpy3uBHbIe 00pa3oBaHusl HA pacCMAaTPUBAEMOW TEPPUTOPUH UMEIOT BEChMa
HE3HAYUTEJIbHOE pACIpPOCTpaHeHHE U ciaralor He Oosee 3 % paccMmarpuBaeMoit
wiomwaa. B Bo3pacTHOM OTHOILIEHUH OHM MOJPA3IENSIOTCA HA CPEIHE-TI03IHEIOPCKUE
(IIaXTaMUHCKHI KOMIUIEKC), TO3AHEIOPCKUE (HEPUMHCKO3aBOACKUN M KYKYJIbOEHCKHIA
KOMIJIEKCHI) M paHHEMEJIOBbIE (a0aralTylCKuil KOMIUIEKC).

CpeaHe-no31HEIOPCKUE MHTPY3UH TMPEICTABJICHbI WAXMAMUHCKUM 2PAHUM-
2PAHOOUOPUMOBHITE KOMNIEKCOM U TalKaMH OCHOBHOTO U YMEPEHHO-KHUCIIOTO COCTaBOB.
B koMmruiekce BbIICNEHbI TP (a3bl.

llepsas ¢haza. K Hell OTHECEHO MPOTSHKEHHOE Teso rab0po, 3aKapTUPOBAHHOE B
BEPXOBBSIX Maau XOJIOOH, JaKOMOoI00HOe Teno rabOpo Ha JeBOoM OopTy magau Xopo-
XyHayd u gaiiku radOopoauopuT-mop(UPUTOB, PACIOIOKEHHbIE MO 000MM Oeperam
p. bop3as u Ha neBoGepexbe p. OHOH B paitone 03. [laran-Hop.

Teno cpemHe3epHUCTHIX TabOpo magu XoJOOH MPOTIKEHHOCTHIO OKOJIO 6 KM
NPUYPOUCHO K Pa3pbIBHOMY HAPYILIEHHIO CEBEPO-BOCTOYHOrO Mpoctupanus. ['abopo —
TEMHO-3€NIEHBIE TIOPOABl ¢ TabOpOBOW mepexomasiei B O(QUTOBYIO CTPYKTYpOl U

MAaCCUBHOM KAaTaKJIIACTUYECKOM TEKCTYpou. MuUHEpanbHbIM COCTaB: ILIAardOKJIa3
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(anne3un) — 55 %, MOHOKJIMHHBIA TUpOKCeH — 35 %, pyausiii — 5 %, kBapi — 4 %,
BTOPUYHBIE MHUHEpaJIbl — COCCIOPUT, MaJaroHUT. [lnarmoknas HMHTEHCHUBHO
aNbOUTU3UPOBAH U ANUAOTUIUPOBAH. MOHOKIMHHBIA MUPOKCEH IOYTH MOJHOCTHIO
3aMetéH aM(pud0I0M aKTHHOJIUT-TPEMOIUTOBOTO PSJIA.

Bmopas  ¢aza  mnpencraBieHa — TpaHOAUOPUTAMH  POTOBOOOMAHKOBO-
OMOTUTOBBIMH, CJIaraloIMMU byaylaHCKUN INTOK, MPUYPOUYCHHBIM K OJHOMMEHHOMU
30HE TEKTOHUYECKUX HApPYLICHUI CEBEPO-3alaJHOro MPOCTUpaHus. PacrnonoxkeH oH Ha
neBobepexbe p. OHOH, B pailone ropel Man. baryp. LleHTpanbHas 4YacTh IITOKa
CJIO’K€HA MACCHUBHBIMHM T'PAaHOJUOPUTAMU, B SHJOKOHTAKTOBON 30HE — FHEMCOBHUIHBIMU
C OPUEHTUPOBAHHBIMU TMAPAJUICIIBHO JTUHUM KOHTAKTa TEMHOIBETHBIMU MUHEpaIaMu U
menkumu (1-20 cM) KceHouTaMu BMENIAONIUX Mopoid. B 3K30KOHTakTe MaccuBa, 1o
0o0pa3oBaHUSIM OHOHCKOW CBUTHI CHJIypa pPa3BUTHI T'paHAT-OMOTUT-KOPIUEPUTOBBIC
poroBuku (0-200M), TIOCTENEHHO TMEPEXOJAIINE B KOPJAUEPUT-OMOTUTOBBIE U
KOPJAMEPUT-MYCKOBUT-OMOTUTOBBIE ~ OPOTOBUKOBaHHbIE chaHIpl. [llupuHa  30HBI
oporoBukoBanus pocturaet 500 m.

I'paHOMOPUTEI MACCUBHBIE CBETJIO-CEPbIE NOPOABI. MMUHEpaJIbHBIM COCTaB:
riaruokiias 40 (46.9 %), muxpoxnud (24.3 %), kBapi (17.3 %), 6ypoBaTO-KOpHUUHEBBIN
oumotuT M 3eneHas poroas oOmanka (11.5 %). Cpenu axieccCOpHbIX MHUHEpaAJIOB B
BECOBBIX KOHLIEHTPALMSAX COAEPKATCS WIbMEHUT, AanaTUT, LUUPKOH, MAarHeTuT; B
3HAKOBBIX - C)E€H, OPTUT, MOHAITUT, PYTUJI, (PJIFOOPUT, MOTUOICHUT.

Tpemvsi ¢haza. B €€ cocraB BXOOAT JalWKu TPaHOAHOPUT-TIOPHUPOB,
pacnpocTpaHEHHBIE Ha TEPPUTOPUU JieBoOepexbs p. OHOH B TONSIX Pa3BUTHS
TEPPUTEHHBIX OTJIOKEHUU CHUJIypa U CpPEJHEro-BEpXHEro JIeBOHAa, W TPAHUTOB
MEJIKO3EPHUCTBIX, Pa3BUTHIX CPEAW TPaHOAMOPUTOB bynynanckoro mroka. I'paHUTHI
CBETJIO-CEPbIE MAaCCHUBHBIC C MEJIKO3EPHUCTOW CTPYKTYpOW OCHOBHOM MAacchl,
cocrosiielt u3 3epeH kmapma - 20-25 %, muarmoknasa (onmurokiaza) - 30-40 %,
kamueBoro mojeBoro mmara — 30-35 %, Owormta 1-3 %. PaccmarpuBaembie
oOpa3oBaHUsI TPOPBHIBAIOT U METaMOp(U3YIOT OCAJOYHbIE OTJIOKEHUS CHIIypa,
CPEIHETr0-BEpXHEr0 JEBOHA, CPEAHEr0 M BEPXHETO TpUaca U CaMU HHTPYAUPYIOTCS

MO3JHEIOPCKUMHU IpaHUT-NophUpaMu KyKyIbOEHCKOTo KOMILIEKCa.
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B npenenax UHTPY3UBHBIX 00pa30BaHUN MIAXTAMUHCKOTO KOMIUJIEKCA OTMEYEHBI
m3yueHnole o3epa (IlIuxanuu-Hyyp, [I'pumkuno, bapyn-lllusepryii, Ilynyra,
Xaparanari).

[Mo3aHeropckue UHTPY3uU. K 3TOM BO3pacTHOM Ipynne HA IUIOMIAJAN OTHECEHBI
MarMaTH4ecKrue 00pa3zoBaHUs HEPUMHCKO3aBOACKOTO M KYKYJIbOEHCKOTO KOMILIEKCOB.

Hepuuncko3aso0ckuii KOMniaeKkc OuOpumogvlx nopphupumos — 2panocueHum-
nopgpupoe TIPEACTABICH JailkamMu  JUOPUT-IOPPUPUTOB ©  TpaxwmOa3aiabTOB,
pacnpocTpaHEeHHBIX Ha JeBoOepexbe p. OHOH M Ha MpaBoOepexbe — B palioHE 03ep
Haprim-bynak, Apy-TopyM u oTHOCAIIMXCS K (OpMallUd MajiblX UHTPY3UH MECTPOTO
COCTaBa.

JlalikoBBIE Te€Ja 3aJEeraroT COTJIACHO CO CJIAHIEBATOCTHIO BMEIIAIOIIUX IMOPOI;
dbopma ux nuneitHas. [IpocTtupanue ceBepo-3anagHoe, NpOTHKEHHOCTE — 10 1000 M,
MOIIHOCTh — 3-8 M, MaJeHHe KpyToe. DHIO0 - M DK30KOHTAKTOBBIC H3MEHEHUS
HE3HAYUTEIbHBI.

JHuoput-noppupuThl NTPEACTABIAIOT COOOM MACCHBHBIE 3€JIE€HOBATO-CEphIE
noposl ¢ mophupoBoit crpykrypoit. [lopdupossie Boiaenenus pazmepom ot 0.2 1o 1.0
cM, 3aHuMaroT 10 35% o00bEMa MOpoJabl M MPEICTABICHBI IUIATMOKIA30M, POTOBOM
oOmankoi u 6uotutoM. CocTaB: maarnokias (cpeaHuit anaesu) — 55-70 %, amduodon
— 30-40 %, 6motut — 10-15 %. AkiieccopHbie MUHEPAJBI — IIUPKOH, allaTUT, CHEH.

Tpaxuba3zanbThl — MOPOJBI TEMHO-3EJIEHOTO IIBETA, MACCHBHBIE, C apupOBOU
CTPYKTypoii. MUHEpaJIbHBIM COCTaB: OCHOBHOM Iiaruokias — 10 50 %, nupokced — 10-
30 %, 6uotutr — 1o 38 %. BTopuuHbie MUHEpATBI — SMUAOT, IIOU3UT, XJIOPUT, PYIHBIC
MUHEPAJIBI.

Kykynvoeiickuii komnnexc. Illepsas ¢asza 0O0beNUHSIET TPAHUTHI AIyH-
YenoHckoro MaccuBa, rpaHut-nopdupsl Apbl-bynakckoro mroka, gailku MerMaTUTOB
Y TPAHUTOB.

Anyn-UenoHckuil MacCHB PacrofiOKEH Ha MpaBoOepexkbe p. bop3s u cioxkeH
JIEHKOKPATOBBIMU ~ OMOTUTOBBIMH  CpEHE-KPYITHO3EPHUCTBIMU  MOPOUPOBUIHBIMU
rPAaHUTAMUA M MEJIKO3EPHUCTHIMU TPAaHUTAMU SHIOKOHTAaKTOBOW 30HBI (CroBapsw...,

1985). YyacTkamu B TrpaHUTaxX BCTPEUYAIOTCS KCEHOJIUTHI TEPPUTC€HHO-KapOOHATHBIX
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nopoji, MO KOTOPbIM  pa3BUThl  amM(puOOJI-TPAHAT-IUPOKCEHOBbIE  CKAPHBI  C
BKPAIUIECHHOCTHIO MarHeTUTa, KaCCUTEPUTA, TaJICHUTA, MTUPUTA, BUCMYTHUHA U JPYTHX
PYIHBIX MUHEPAJIOB.

['paHuThl CpeaHEe-KPYMHO3EPHUCTHIC - MACCUBHBIE CBETIOOKPAIIIEHHBIE TOPO/IBI C
kpynHeiMu (10 1-1.5 cM) mopdupoBbiMH BbleneHUusIMH MHUKpOKIHHA (10 80 %) u
aruokiasa (15- 20 %). B 9HIOKOHTaKTOBBIX YacTAX B OCHOBHOM Macce, COCTOsIIeH
n3 oprokinaza (45-50 %), mmarnoknaza (mo 20 %), kBapua (25-30 %), 3ameTHO
BO3pacTaet cojiepkanue ouotuta ¢ 2 10 10 %. AxkueccopHbie MUHEpabl TPEACTABICHbI
IUPKOHOM, MOHAITUTOM, WIHBMEHUTOM, TypPMaIuHOM, (BIOOPUTOM, CHEHOM U PYIHBIMU
MUHEpAJIAMU: PYTUIIOM, IIIEETTUTOM, KACCUTEPUTOM.

Apbi-bynakckuii IITOK pacmoyiokeH Ha MpaBoOepexkbe p. bop3s u cioxen
rpanutT-noppupamu. @opma ero B IJIaHE H3OMETPHUYHAs, HECKOJbKO BBITSAHYTasl B
CYOLIMPOTHOM HampaBlieHnd. Iltomans mroka cocraBusier 1.5 km’. KoHTaKThl ¢
BMEIIAIOIIMMH  OTJIOKEHUSIMH ~ CPEJHEr0-BEPXHET0  JEBOHA  IPEUMYILIECTBEHHO
UHTPY3UBHBIE PE3KHE, PEXKE - TEKTOHWYECKHe. ['paHUT-opdUpbl HHTEHCUBHO
KAOJMHU3UPOBAHBI M ATBOUTU3UPOBAHBI. DK30KOHTAKTOBBIE M3MEHEHHUS BBIPAKEHBI B
c1a00M OPOTOBHKOBAHUM BMEIIAOITUX TOPO/I.

[Topoapl 1ITOKa TMPEACTAaBICHHl MACCUBHBIMU CEpPOBATO-OCNIBIMU TPAHUT-
nopupamMu ¢ METKO3EpHUCTON (10 MHUKPO(]EIb3UTOBOM B IHIOKOHTAKTOBOM 30HE)
ocHOBHOM Maccoi. Bxparutennuku (30-35 %) CinokeHbl TaOJUTYATHIMH KPUCTAILIIAMH
MUKpPONEPTUTA, IJIArMOKiIa3a, TEMHBIM HUIMOMOP(HBIM KBapieM M €eIMHHUYHBIMU
yemryikamMu Ouotuta. B OCHOBHOM Macce MIMPOKO Pa3BUT albOUT. AKIIECCOpPHBIC
MUHEpAJIbL: TONa3, OepuiL, anaTuT, GIOOPUT, TYPMAJIMH, LIUPKOH.

KunwsHas cepusi KyKyIb0€MCKOTO KOMITJIEKCa MPeACTaBIeHa MerMaTUTaMu, Jailku
KOTOPBIX MPOSBJICHBI B AyH-UeTOHCKOM MacCHUBE, U TPaHUTAMHU, PACTIPOCTPAaHEHHBIMU
B paiioHe c. Hoas 3apsa. OHM UMEIOT pa3IMYHOE MPOCTUPAHUE, MOIIHOCTh HX
kosebnercs ot 0.2 go 12 m, npoTspk€HHOCTh OT 5—10 M 1o 0.5 kM. B meHTpanbHbIX
YaCTAX KUJI BCTPEUAIOTCSl KPUCTAJLIBI MOPUOHA, B 3aJIb0aHIaX, B 30HaX IPEeU3eHU3aIIUH,

Ha0JII0/1aeTCsl MEJIKasi BKPAIUICHHOCTh (hJII00PHUTA.
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PanHemes10Bble HUHTPY3UU. Abazaumyiickuil KOMRIAEKC mpaxudazaivh-
puonumoswtii. K HeMy OTHECEHbl IITOKOOOpa3HOE Teno, CHUIBI W Jaillku
TPaxuJI0JIEpUTOB U TpaxuOa3albTOB, pa3BUThIE Ha Bojopasnaene p. bop3s u 03. 3yH-
Topen. IIpocTpaHCTBEHHO OHM aCCOLUMHUPYIOTCS C HUKHEMEJIOBBIMH OCaJI0YHO-
BYJIKAHOTCHHBIMA ~ OOpPa30BaHUSIMUA  CPEIHETYPrUHCKON  TOACBUTHI, SIBISISICH  UX
MOJABOJIAIIMMU KaHAJIaMH.

Tpaxuba3zanbTel — OypOBaTO-TEMHO-CEpPhIE TOPOABI C MEIKUMH (IOJIM MM)
BKkparieHHukamu (5-30 %) mnarvokiiaza, B MEHbIIEH CTENEHU KIIMHOMTUPOKCEHA, PEIKO
TUTAHOMAar"HeTuTa. TpaxumoaepuThl - TEMHO-3€JIEHOBATO-CEPBIE IIOPOIbI, COCTOSLIUE U3
MEJIKMX KpUCTAUIOB Jabpaaopa, aBruTa, TUIEPCTEHA, OJMBHUHA, PEIKO Oyporo

BYJIKaHHNYCCKOI'O CTCKIIA.

1.3.2. TeKTOHHKA

Bocrounoe 3abalikaiibe OTHOCUTCS K 30HE CousieHeHus LleHTpanbHo-A3HaTCKOro
noBKHOTO mosicCa u CubupcCkoi el (puc. 1.3). LleHTpanbHO-A3HATCKUIN TMOSIC
nenmut CubupCkyro u CeBepo-KutaiiCkyto KOHTMHEHTANIbHBIE TUIMTHIL. [ paHuIly MExXITy
NOJBWKHBIM 1osiCoM u CubupCkoit mauroit (I"'eomorndeckas..,2010; Kpacubrit, 1997)
poBOJAT 0 MoHTr010-OX0TCKOMY pa3ioMy, BbIAEss Mo okparHe CUOUPCKOM TIIUTHI
CraHoByI0 CKJIaAuaTo-TJIBIOOBYIO 00aCTh. Ha TeppuTopuio B CeBepo-3amajHOil ero
yaCTu npoHukaT [lpummikuaCkas u  Xwiok-ButumCkas 30Hb  CeneHruHo-
S6noHoBOM Ckitamuarod oOnaCtu. IIpummikuHCKas 30Ha TpeiCTaBlieHa CBOEH 1OTo-
3amaJHON 4YacThlo, 3aHUMaloIIeil JieBoOepexbe p. Muroma. Xunoxk—ButuMmCkas 30Ha
npencTaBiieHa (PparMeHTOM Ha KpaifHEM CeBEpO-3arajie TEPPUTOPHH.

bosbimas yacTe 03ep paCnosiokeHa B I0r0-BOCTOUHOM 4aCTU ATMHCKOM METra30HbI
— OJHOW W3 CoCTaBIsOMKMX MOHT0J1I0-OXOTCKOM CKJIa4aTO-HAJBUTOBOM CUCTEMBI.
Orpannuennas C 3anajga OHoH-TypuHCKHUM, C CeBepa — MoHT0710-OX0TCKMM, C BOCTOKA
— BoCtouHO-ATHHCKHUM, C 0ra — YJIBA3WHCKUM CTPYKTYPHBIMHU IIBaMH, ATHHCKas
Mera3oHa MpeACTaBisieT Co00i CoueTaHue Pa3IMYHBIX MO pa3MepaM U KOH(PUTYpaIuu

0s10k0B (TeppeiinoB): CpenHeoHOHCKOro, OHOHCKOTO U YPTYMCKOTro, OTIUYAIOIIUXCS
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Pa3HOBO3pPACTHBIX  TEOJOTrMYeCKUx  Qopmanui

(Ceonormueckas.., 1999; I'oCcynapcrBenHas.., 2010).

T 3ABAFIK. KPAH

yaryii r'{.um

CHHA 3ABAWK. KPA#

§‘ /-»”#\‘,‘: 03. Bnp“nj'gppen‘ ;
- e —= r ‘ —
YCNOBHbBIE OBO3HAYEHWUSA
IlenTpanbHO-A3MATCKUA TOABUMKHBIA IOSAC
Ceunenruto-fl0J0H0BasA AruHckas mera3oHa ApryHckuii Teppeiin
MosrroJio-Oxorckoi Kepyuaiero-Apryno-Mamsiackoro

cKJaiyaTas o06JiacTh
KOMIIO3HTHOTO CyIepTeppeiHa

CKJIa/I4aTO-Ha/IBUIOBOH CHCTEMBI

CpeaHeoHOHCKUIA "
pen BopuoBo4HbIN BoK

Xunok-Butnmckmm i il
bnok TeppenH

\Y2 OHOHCKUIA TeppenH

rasumypckunin 6ok

] MPULLNAKUHCKA 610K

Kanra-OpoynHcknm

Vv YpTYNCKU TeppenH X .
- Bop3nHckun TeppenH -

Puc. 1.3. ®@parmeHT cxeMbl TeKTOHHYECKOTO paronrpoBanyst (I occynapctBeHHast. . ., 2010).

3aypyNIoOHIYMCKUI
6ok

Bpemst o0pa3oBaHusi CTpYKTYypHO-BEIIECTBEHHBIX KOMILUIEKCOB, Cllararomiux

TEPPUTOPHUIO, COOTBETCTBYET TPEM CTPYKTYpPHBIM  3TaKaM: MaJ€030MCKOMY,

ME€3030MCKOMY W KaWHO30MCKOMY, TME€pBbIE JBa JOTOJHUTEIBHO JIEJISITCA Ha

CTPYKTYPHBIE ITOJITAXKH.

llaneo3ouCkuit  CmpyKkmypHbill

CUITypUHCKHUI, CpETHE-BEPXHEICBOHCKU 1 HUKHEKAMEHHOYTOJIbHBI.

smadxc TOApa3eNéH Ha TpU MOJdTaXKa:



49

CunypuiiCkuii nomdtax. Haubonee npeBHHE CTPYKTYpbl MpeACTaBICHbBI
TEPPUTr€HHBIMU 00Pa30BaHUSIMU OHOHCKOW CBUTHI, 3QJIETAIOIMMU B BUE pa300IIEHHBIX
TEKTOHUYECKUX OJIOKOB, MPEACTaBIAIONIMX COOOH, B IIeJ0M, (parMeHTbl €JIUHOU
CKJIaa4aTol CTPYKTYphI, COXpaHHUBILIEHCS B HEOONIBIIOM OJIOKE Ha 3amajie TEpPUTOPHH,
B 30H¢ Uwra-AruHCKOro TiIyOMHHOrO paszioma (3emusHCkuid wu  jp., 1979;
OroponnukoB, MactionuH, 1965). CpenHe-BepXHEIEBOHCKUN CTPYKTYPHBIH TOIITaX
NPEACTABIIEH BYJKAHOT€HHO-KapOOHATHO-TEPPUTCHHBIMU OTJIOKEHUSMH, CllararouuMu
Ha CEBEpO-BOCTOKE KPYMHYIO CTPYKTYypy — YCTHOOP3MHCKUA CUHKIMHOpPUN, OCh
KOTOpPOTO0 OPHUEHTUpPOBaHA B CEeBEpO-3amaJHOM HarpaBieHud. OOmas npoTskEHHOCTD
CTPYKTYpBI B Tpejenax W3ydeHHOW miomanun — Oonee 80 kM, mmpuHa — 25-45 kwm.
OceBast HaunOosiee NPOrHyTass 4aCTb CHUHKIMHOPHUS CIIOKEHA MOpOJaMH CpelHe- U
BEPXHEYCTHOOP3MHCKOW 1MOACBUT. CHHKIMHOpUN OCIOXKHEH Y3KUMH CXKATBIMHU,
HEPEJKO ONPOKUHYTBIMHU CKJIaJJKaMU BTOPOTO U 0oJiee BBICOKUX IMOPSIKOB C yriamu
nagenus KpbuibeB 50-70°. M3 CKIaoK BTOPOro MOpPSAKA OTYETIMBO BBIIEISIOTCS
XopryHrouCkasa, bop3unCkas CuHknuHanu, [llapangeipunCkas, Xomnza-HopCkas
AHTUKIIMHAIM U P 60JIee MEJIKUX.

XOpryHToiCKas CHHKJIMHAJIb, PaCIoJIOKEHHas! B 0CEBOM 4aCTH Y CTbOOP3UHCKOTO
CUHKJIMHOPHSI, TPEJICTaBIIsAeT CO00M CKaTyro, CIOXKHO MOCTPOEHHYIO CKIIAJIKy CeBEpO-
3amaJHOr0 MNPOCTUPAHUs], OCIIOKHEHHYIO BBITSAHYTBIMH, YaCTO aCUMMETPUYHBIMU
CkiaakamMu Oosiee BBICOKMX TIOPSAKOB M MenkuMmu (aexCypamu. C CeBepo-3amana u
I0Or0-BOCTOKA CTPyKTypa OrpaHuWyeHa pasjaomaMu. B CeBepo-3amagHOM HaIpaBICHUU
Ha0JII01aeTCs BO3/IbIMaHe €€ MIapHUpa U HEHTPUKINHAIBHOE 3aMbIKaHUE.

[[TapanaplpuHCKass aHTUKJIMHAIb MPOCIEKUBAECTCS OT MPUYCTHEBOW 4aCTH Iaau
Cpennuit bypraCraii Ha CeBep, U3MeHssi CBOE HampaBieHHE C CeBepo-3amaJHOro Ha
BOCTOYHOE B paiioHe 10XHBIX oTporoB ropsl lapanasipa. E€ o6mas npoTsokEHHOCTD -
okoimo 15 kM. Ckiagka uMeeT B IUIaHe IMOAKOBOOOpaszHyo ¢GopMy, OOpaiiéHHYIO
BBIITYKJIOCTBIO K CEBEpO-3aIafy, 1 CHMMETPUYHOE CTPOEHUE C OTHOCUTEIIBHO ITOJIOTUMHU
(20-30°) kpbUIbSIMH, OCIOKHECHHBIMA MEJIKUMH CKJIaJKaMu 00Jiee BHICOKHX MOPSIKOB U
MONEPEUYHBbIMU pa3pbIBHBIMKU HapyueHusamu. [lo magm Xopa-XyHAyd aHTUKIMHAIb

OTpaHU4YCHA IONCPECYHBIM CUMHKIIMHAJIBHBIM HGpGFI/I6OM.
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bop3uHCkast CuHKIMHANBG, ComnpspkeHHas C [llapaHablpuHCKON aHTHKIMHAJBIO,
paCrnojioxeHa 3amajHee mocCienHed, oOpa3ys B IJIaHE BBITHYTYIO CKIAJKY UIMHOMN
okoJ10 40 kM, 00panIEHHYIO BRIMYKJIOCTBIO K 3amajly u CeBepo-3anany. [IpoCiexxuBaeTCs
oHa oT 03. 3axsi-Hop Ha CeBep no ropsl lllapanasipa. B paitone noCienneit u Bo3ie 03.
3axoii-Hop CTpykTypa UEHTPUKIMHAIBHO 3aMbIKaeTCs C HEOOJIBIIMM HAaKJIOHOM
miapHupa B IEPBOM Cllydae B 3alaJHOM HAIlpaBJICHHH, a BO BTOPOM — B CEBEpO-
3armagHoM. CeBepHee 03. 3axdii-Hop oHa oCmoXHEHa Y3KUMH MPOJOJBHBIMU H
MOMEPEeYHbIMU CKJIaJKaMHu OoJiee BBICOKUX mopsakoB. Lllupokas CeTh pa3phIBHBIX
HapylleHud B pailoHe Apbl-ByllakCKoro mToka OCJIOXKHAET BOCTOYHOE KPBLIO
CTpyKTypbl. OCp CKIIAJIKM OPUEHTHPOBAHA MPEUMYILIECTBEHHO B CEBEPO-3aIlaJHOM
HaIlpaBJICHUH, pa3MaxX KpbUIbEB — 0 5 KM B CeBepHOM yaCtu u 10 10 kM Ha rore.
CrnoxxeHa oHa MOpOJamMH BEPXHEYCTHOOP3WHCKON MOJCBUTHI U TOCTATOYHO YBEPEHHO
KapTUpyeTCs Oyiarofaps HAJIMYMI0O B HHU3aX CTpaTOHAa MapKUPYIOUIUX TOPU30HTOB
U3BECTHSIKOB U 3 (PYy3UBHBIX MTOPOSI.

Xomza-HopCkast aHTHKIMHAIb — HanOosiee KpynHasi CKJIaJKa BTOPOro MOpsJIKa,
nmpoCinexuBaeMass Ha JieBoOepexxbe p. bopss ot roper Xonsa-Hop B rokHOM
HarpasjieHuu 10 Topsl 'opOyH-Tosorol, npu NpoTsKEHHOCTH OKOJIO 25 KM M pa3Maxe
KpbUIbEB - 10 6-10 kM. DTO NMHEWHas Ckjiajaka C yriaMu najgeHust KpbuibeB 30-40°
uMeeT S-00pa3Hyro 0Cb, OPUEHTHPOBAHHYIO B CE€BEPO-3alaJHOM HampasiieHuu. B spe
3ajieratoT 0Opa30BaHUsl HUKHEH MOACBUTHI YCTHOOP3MHCKOM CBHUTHI, HA KPBUIbSIX —
CpenHeli. BoCrtouHoe kpbuio, ComnpsbkeHHOe C BOp3MHCKONW — CHHKJIMHAJIBIO,
JOTIOTHUTENBHO ~ OCJIOXXHEHO JIeBOOOpP3MHCKON AaHTUKIWHAIBIO U 3aCyJaHCKOU
CUHKJIMHAJIBIO O0Jiee BBICOKMX MOPSAAKOB. JTO CTPYKTYpPbhl OTYETIMBO BBIPAXKEHHOTO
JMHEHHOTO TUTA C MPEBBIIICHUEM JUTMHBI HAJ| MTUPUHON MPUOIU3UTENHHO B 2-3 pasa,
BBITSIHYTBIE MAapajlieIbHO OCH aHTUKIMHAMM || mopska.

HwxHekaMeHHOYTONIBHBIN ~ CTPYKTYPHBIM ~ TOJPTaX  (QOPMHUPYIOT  MOPOIBI
BYJIKAHOT€HHO-KPEMHHUCTO-TIUHUCTON (hopManiuu ypTyHCKOM CBUTHI, 3aKapTUPOBAHHBIC
B Ipeaenax pa3o0IIeHHBIX TEKTOHMYECKHX OJOKOB Ha KpaiilHeM CeBepe U BOCTOKE
paiiona ucCnenoBanuii. Ha neBom Gepery p. OHOH MOPOJIbI YPTYHCKOM CBUTHI ClIararoT

JIeBOOEPEXKHYIO aHTHKIIMHAIL C YIJIAMU IIaJeHHs KPBUILEB OT 35 10 50°, 0CI0KHEHHYIO
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Ckimagkamu 0Oosiee BBICOKHMX mopsiakoB (C yriaamu jgo 80°) u JKuproiameiCkyro
MOHOKJIMHaJIb C OOmUM CeBepo-BOCTOYHBIM maaeHueMm. lloCienHsas Moxer
pacCMaTpuBaThCid Kak (parMeHT CeBepOo-BOCTOYHOTO Kpbuia JleBoOepexHOU
AHTUKJIMHAIU.

Meso3z01iCkuu  CmpykmypHvili 3madc BKJIIOYAET CpeaHE-BEPXHETPUACOBBIN,
CpeIHE-BEPXHEIOPCKUI U HUKHEMEIOBOU MO TAXKU.

CpenHe-BepXHETpHUACOBBIM MOIITaXK MPOSBICH TOJBKO B IOT0-3alMagHON 4aCTu
IJIOIIAM, A€ OH MPEe/ICTaBlIEH TEPPUTECHHBIMHU OTJIOKEHUSIMU OalfH-IIaraHCKOM CBUTHI,
CiararoimumMiu 3anajgHee o3. bapyn-Topeit oqHOMMEHHBIN rpabeH, UMEIOIIHNM 0JI0KOBOE
ctpoenne. B mpenenax rpabena BwiuensaoTCa  IlleBepryiiCkas, WMmankuHCkas
MOHOKJIMHAJIA W pa3ielsionas ux 3aCylnyHTyiCkas OpaxudopmHas CHHKIMHAIbL
CeBEpPO-BOCTOUYHOrO MpoCTUpaHusa. OTHOXKEeHUs CBUTHI CMSATHI B IOJOTHE CKIAAKUA C
yrilaMd TMaJeHusl TUIAaCTOB Ha KpbUIbAX A0 20°, OCIIOKHEHHBIE MEIKUMH CKJIaJKaMHu
BTOPOTO MOPSAKA M TEKTOHUYECKMMH HapyILICHHSIMU CEBEpPO-BOCTOUYHOIO M CEBEpO-
3amagHOTO HAanpaBJI€HUW. B TpaBUTAaMOHHOM TOJIE CTPYKTypa MNPAKTUYECKH HE
BbIpaxeHa. [IpoTsxEHHOCTD €€ - 0k010 50 KM, MakCHUMabHas IIUPUHA — 25 KM.

Cpeone-6epxneropCxuti nodsmasxic CIOXKEH MarMaTH4eCKUMU W WHBEKTUBHBIMU
cTpyktypamu. C 5TUM 3TamomM CBSI3aHO BHEAPEHUE WHTPY3UH M JJaeK MIaXTaMUHCKOTO
(raGopo-aropuT-rpaHouOpUTOBas  (Gopmariusi), HEPUYMHCKO3aBOACKOTO (dhopmarius
TUOPUT-TIOPPUPUTOB — TPAaHOCHEHUT-MOPPUPOB) U KYKYJIbOEHCKOro (rpaHuToBas
dbopmarusi) KOMIUIEKCOB, 00YCIOBJICHHOE KOJUTM3MOHHBIMH OPOTEHHBIMU IPOIIECCaMHU.
MarmartuueCkue CTPYKTYpbl TMOJ3Ta)»a mnpeacraBieHbl byaynaHCkuM u ApbI-
bynakCkum mrTokamu, AnyH-UeJIOHCKUM MaCCHBOM M HECKOJBKUMH MEJIKUMHU
WHTPY3UBHBIMU TEJIAMHU.

BynynaHCKkuil ITOK TPaHUTOMJOB IMAXTAMUHCKOTO HHTPY3UBHOTO KOMILIEKCa
MMeeT H30MeTPUYHYI0 GopMy | IIOIaas 10 5 kM>. OH paCIoNoKeH Ha JeBOOEPEKbE
p. OHOH, B paiioHe ropsl Man. baryp u mnOpuypouyeH K OJHOMMEHHOU 30HE
TEKTOHUYECKUX HapyIlIeHU CeBepo-3alaJHOro MNpoCTHUpaHus. B rpaBUTalMOHHOM
noJsie, BCIAEACTBUE MaJIbIX Pa3MeEpoB, IITOK HE BbIpaxkeH. HopmasibHble MHTPY3UBHbBIC

KOHTAKThI C BMEIIAIOIUMHU IMOPOIaMU OHOHCKOM CBUTHI Critypa KpyThie (50—70°).
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YaCTuyHO BCKPBITHIN 3p03ueit X0I00HCKUN HHTPY3UB MPOTHIKEHHOCTHIO OKOJIO 6
KM IIPUYPOYEH K OJHOMMEHHOMY pas3ioMy B paiioHe o3ep bain-llaran n Xopatyii.
KOHTaKTBI €ro C BMEIIAIMMHI OTIOKEHUAMH PE3KUE CEKYIIHE C KPYTHIM MaJCHUEM -
70-80°. B paitone Apsi-bynakCkoro mToka 3akapTHpoBaHa OJHOBO3pAaCTHAs
otHocutensHO KpymHas (0.3 x 2.7 kM) Kpyromajaromias jgaiika rabOpoauopuT-
nop¢upuTtoB. VHBEKTUBHBIE CTPYKTYphl MOJ3TaXKa, KPOME TOTO, HPeCTaBICHbI
JailkaMd OCHOBHOTI'O COCTaBa HEPYMHCKO3aBOJCKOTO KOMIUIEKCAa TO3JHEU IOPHI.
Jlokanu3oBaHbl OHM, KAaK IPAaBWJIO, B 30HaX IOBBIIICHHON TPEUIMHOBATOCTH CEBEPO-
3aMaHOTO0 M CEBEpPO-BOCTOYHOIO HAIPAaBJICHUM B paiiOHax, NpUMbIKaOMUX K Ywnra-
AruHCKOMY TIIyOMHHOMY pasinomy. Jlailku wyamie BCEero HENpOTSHKEHHBIE U
KpyTonaaawoiye. JHAOKOHTAKTOBbIE N3MEHEHUS OOBIYHO HE3HAUUTEIIbHBI U BHIPAYKEHBI
MaJOMOUIHBIMH 30HAMH 3aKAJIKH.

[lo3mHeropCKkue  MarmMaTH4eCKUe  CTPYKTYphl  CIIOXKEHBI  YJIBTPAKUCIBIMH
rpaHUTaMH KyKyJbOEHCKOro KomiiekCa, oOpasyromumu AnyH-UenoHCkuil MaCCHB U
Apbl-bynakCknid mTOK. [l 3TMX MHTPY3UMH XapaKTEPHbI MEPEMEHHBIE MATHUTHBIC
noJisi HEOOJBIIOW HMHTEHCUBHOCTH M OTpHULATENIbHbIE T'PAaBUTAI[MOHHBIE AHOMAJIHH.
WHTpy3uBbl ~ KOMIUIEKCAa  CONPOBOXKAAIOTCA ~ TeJaMU  KPYTONAJaroluX  JaeK
MPOTHKEHHOCTHIO OT 5—10 M 10 0.5 kM.

Anyn-UenoHCkuii MaCCHB, MPUYPOUYEHHBIM K OCIA0JICHHOW 30HE TepeCeueHUs
pPa3IOMOB CEBEPO-3aIlaJHOTO M CEBEPO-BOCTOYHOrO HANPABIEHUW, IO PE3YyJbTaTaM
UHTEpIIPETallud TIPaBUMETPUUYECKOW ChEMKH HMEET CyKalollyroCsi C TIIyOuHOM
BOPOHKOOOpa3Hyro ¢opMy C yriamud najeHusi mnoBepxHoCTed ot 60 1o 80°.
BeptukanpHas MomHOCTh ero CoCrapisier 5—7 kM (Hukonaenko. deokrucros, 1977).
KOHTaKTBl TpaHUTOB C BMEIIAIOIIMMH OTJIOKEHUSAMH PE3KHE MHBEKIMOHHOIO TUIa C
peaxkumu anoduzamu, pexke — TEKTOHMYEeCKHEe. B 30He aKTMBHOTO KOHTaKTa IIMPOKO
pacrnpoCTpaHeHbl HEOOJNBIINX pa3MEpOB KCEHOJUTHI OpPOTOBUKOBAHHBIX MOPOJ
yCThOOp3uHCKoM CBUTHI (JKynukoB u ap., 1983).

Apbi-bynakCkuii 1mITOKk 00pa3yeT KyHoJIbHYI0, HECKOJIbKO BBITSHYTYIO B
CyOIIMPOTHOM HaIlpaBJIEHUH, U30METPUUHON (OPMBI CTPYKTYpY C KPYTHIM HaJCHUEM

Ha BoCtok. Ilmomans mrToka cCoCraBisger 1.5 kM>. KOHTakThl C BMeEIIAIOIIMMU
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OTJIOKEHUSIMU PE3KHE HHTPY3UBHBIC, pEKE€ — TEKTOHHUYECKue. PaCrnonokeH OH B
npenenax pe3KONepeMeHHOTO0 MAarHWTHOTO TMOJiA, BOJM3HM TPaBUTAIMOHHON CTyIEHH,
pasaensroliel Majaco30MCKHi U Me3030HMCKHi CTpyKTypHbIe dTaku (XKymukoB m p.,
1983).

Huoicnemenosou CmpyxmypHulil nodsmasic IpenCTaBiieH puTOreHHBIME TpaOeH-
cunknuHansimMu  (TopeiiCkasa,  Apbl-bymakCkas u  Op-O0OoHCKkasi  BHAAUHBI),
BBIIIOJIHEHHBIMM ~ KOHTUHEHTAJIBHOW TEPPUI€HHOW MOJIaCCOM M 00pa3oBaHUSIMU
Tpaxuanjie3nda3anbToBoM hopmaiuu.

Apsi-bynakCkasi BraguHa TpenCTaBiiieT COOO0M y3Kyr0, CIOKHO MOCTPOCHHYIO
rpa0eH-CUHKIIMHAIb, OTPAHMYEHHYIO KPYTOMAJalOIIMMH Pa3phIBHBIMU HAPYIICHHUSIMU
CEBEpPO-BOCTOYHOIO U CEBEPO-3aIaJHOTO HANPABIICHUN.

Crnoxxapie KOHTYpbl TOpelCKoW BHaJWHBI HaMEUYEHBI Ha TEKTOHMYECKOW CXeMme
MPEANOJIOKUTEIFHO Ha OCHOBAHUM WHTEPHpPETAMK TeoPU3NYECKUX JTaHHBIX, TaK Kak
Oonpias e€ 4aCTh NEPEeKphITa OTJIOXKEHUSMU KalHO030s. B mpenenax CTpyKTypsl,
pacnoJio)keHHOW BOJIM3M CeBepHOro Oepera o3. bapyn-Topel, HaxonuTCs OJIMH HX
LICHTPOB PAaHHEMEJIOBOW BYJIKAHWYECKOW AesATebHOCTU. Ha MEeCTHOCTH masieoByJIKaH
BBIJICTISICTCS B BHJIE TPYIIIBI HU3KUX KYTMOJIOBHIHBIX COMOK, BO3BhIMatomuxcs Ha 40-50
M HaJl OOIIMPHOI 03EPHO-AJUTIOBUAJILHON paBHUHOM. B jkepioBoii 4aCTu najieoByJIKaHa
pa3BUTHl BYyJKaHUYECKHWE OpeKunu, TEePEeMEkKaronmecss C JaBOBBIMH IMOTOKAMU
0azanpToB (SAnpumienckas, 2010; Crymak, 2001). Bokpyr HeHTpOB U3JIHSHUS IHPOKO
paCnpoCTpaHSIOTCS MOJIOrO  3aJIeTaloliMe IMOKPOBBI  0a3aJbTOMIOB  YMEPEHHO-
HICJIOYHOTO Psijia, YEepeAyIomuecss C TEPPUTCHHBIMH OTIOKEHHSIMU. CaMblii HUKHUN
3TaX  BMNAJWHBI  Takke  (QOPMHUPYIOT  O3€PHO-AJUTIOBUAIBHBIE  OTJIOKEHUS
KOHTHHEHTaJIbHON Mos1aCcChl (UepOsiHoBa, 3B0HKOBa, 1966).

KatinosouCkuii Cmpykmyphsiu smadic. XapakTepusyeMasi TEPPUTOPUST BKIIFOYAET
y4qaCTku BoCTouHO-MOHTOIBCKON paBHUHHO-TUIATGOPMEHHON 00maCcTi u MoHroJo-
CubupCKkoro HEOTEKTOHHMYECKOTO OpOreHHOro mosica. CTpyKTypsl mIaTdOpMbI
OTHOCATCA K OHOH-TOpENCKON KpaeBOW HEOTEKTOHMYECKOW 30HE, B COCTaBE KOTOPOU
BBIJICIISIFOTCSL ABE€ KpyIHbIe KailHOo30MCkue BrmaauuHbl (L{acyueliCckas u TopeiiCkas) u

YeThlpe TJbIOOBBIX NOAHATHS HHU3KUX IuIaTr@opmeHHbIXx Top: Xyx-Yna, Illapa-
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VYunypckoe, XomytuHCkoe U IlaceiHTyliCkoe. CTpyKTypy BHAIWH HapyLIalOT
M30JIMPOBAHHBIE OJOKHM ABYX OCTaTO4HbIX TropCToB: batyp B LlaCyueliCkoil BnaguHe U
[IpaBoumankuHCkuii B TopeiCkoil. CTPyKTypbl OpOT€HHOIO I0siCa OTHOCATCS K 30HE
[TpumMIKMHCKOrO OJIOKOBOTO MOJs, K KOTOPOMY IpuypodeHbl Apbi-bynakCkas
BIIaJMHA U TpU TIbI00BEIX moausaTus: [llepmoBoropckoe, YCrh-bop3unckoe u Illants-
YunypCkoe. ['1aBHbIE HEOTEKTOHHMUYECKUE CTPYKTYpPbl IPEACTABISAIOT COO0M CoueTaHus
npoCThIX (OpM: TOpPCTOB, MOMHATHIX M OMYIICHHBIX CTYNEHEW, NONUH-TPAOCHOB U
BITQ/IVH.

Paspvignvie napywenus. BaxXHEWNIy0 poOJb B TEKTOHUYECKOM CTPOCHUHU
XapaKTEPU3yeMOW TEPPUTOPUU UTPAIOT pa3pbIBHbIE HapyLIEHUs, HaUOOJee KPYIHBIMU
U3 KOTOPBIX SBJISIOTCS JTOJITOKUBYIIME TIIYOMHHBIE pa3iioMbl: Ynrta-AruHCkuii, OHOH-
bop3unCkuit, 3yH-TopenCknil 1 ApIIaHTYUCKHAM.

Uuta-AruHCKUN TIyOMHHBIM pasioM. 3amagHod TpaHUICH JIU3BIOHKTHBA Ha
U3ydeHHOW TeppuTopun sBisieTCs Hapeim-bBynakCkuii B30poC, a BOCTOYHOU -
Topetickuit u Lyron-TyprunCkuii COpoCsl. Pa3iioM, npoCnexuBaroluiCs B CEBEpO-
3anagHOM HampaBieHuu oT TopelCkux o3ep a0 noC. ArumHCkoe. Hapbeim-bBynakCkuii
pasnoM TaKxke PUKCUPYETCs 30HaMU OKBAPLEBAHMS, MUJIOHUTU3ALUU U APOOIICHHUS.

OHOH-BOp3UHCKHI pa3iioM, NepeCeKArOMI IO JUCTA C 3amajga Ha BOCTOK,
BJI0OJb J0JMUHBI p. OHOH, SBISIETCA JOJTOKUBYLIEH PETHOHAIBHOM pa3pbIBHOM
CTpYKTypoi. Pa3jioMbl mOpeanosiokKUTeNIbHO UMEIT CyOBepTHKalbHOE mManeHue. B
IPaBUTALlMOHHOM II0JI€ OHM TPACCUPYIOTCS JIMHEWHBIM PaCIOJIOKEHUEM JIOKAJIBbHBIX
I'PaBUTAIIMOHHBIX aHOMAaJIM, COOTBETCTBYIOIMIUX BCKPBITHIM (BymaynmanCkuii MacCuB) u
HEBCKPBITBIM HUHTPY3usAM OHOH-BOp3MHCKOW KOPOBO-MaHTMWHOW 30HBI HapYILICHHN
(AmanTos, 1975)

3yH-TopeiCkuii pa3yioM SIBISIETCS CErMEHTOM CTPYKTYpbl, pa3rpaHUYMBAIOIICH
OnonCkyto u IllepnoBOropCkyr0 30HBI AHOMAJIBHOIO T'PABUTALIMOHHOTO  IOJIS
(OdyxoBCkuii m np., 2005) u BeIpakeH TrpaBUTAlMOHHON Cryrenbio |l mopsaka,
POCIEKUBAACH B CEBEPO-BOCTOYHOM HAMPABICHUH BAOJb FOT0O-BOCTOYHOTO MOOEPEKbS

TopeiCkux o3ep Ha pacCrosaue Oosee 30 kM. PasziioM mepekphIT KaiHO30HCKUMH
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o0pa30BaHUSIMH, Ha TOBEPXHOCTU (UKCHUPYETCS OIMYHIEHHOM HEOTEKTOHUYECKON
CTYNEHBIO U BBIXOJJaMH MUHEPATbHBIX HCTOUHHUKOB.

ApmiaHTyHCKkui pas3noMm orpannuuBaeT baiin-llaranCkuii rpabeH C 3amana,
MPOCJIEKUBAACH B CEBEPO-BOCTOYHOM HampasieHuu ot 03. [{aran-Hop (byitinacanCkuit)
no bymbaiiCkux o3ep Ha pacCtosHue Oonee 18 kM, CeBepHEE KOTOPBIX OH MEPEKPHIT
PBIXJIBIMA OCaJKaMH KaiiHO3051. OCHOBHOM WIOB, pa3rpaHUYMBAIOLINNA TPUACOBBIE U
CUJIIYypUMCKUE CTPYKTYpHI, CONMPOBOXKAACTCA MPOTHKEHHBIMU 30HaMU (PUUIOHUTOB. K
pa3ioMy MPUYPOUYEHBI BBIXOJIbl MUHEPAJIbHBIX HUCTOYHUKOB.

AnyH-UenmoHCKasi 30Ha CEBEpO-BOCTOYHOTO HAIIPABJICHUS SBISAETCS 4YaCThiO
PETUOHAIBHOMN Vipa3a-11unknaCcko- HrokknHCKOM JIMHEHOHN TEKTOHUYECKOM
crpyktypsl (KymukoB u gap., 1983). 3oHa mMeeT apeBHEE 3all0KEHHE, HAHOOJIbINAs
aKTUBU3AIMs MPOM30IIJIa B TMO3JHCIOPCKOE BpeMsi U MPOSBWIACHE B (hOPMUPOBAHUU
AnyH-YenoHCKoro u Apbl-bynakCKOro rpaHUTHBIX MaCCHBOB. 30Ha CONPOBOKIAETCS
pPAIOM MEJKHUX OMNEPSIONIMX pPa3jIOMOB PA3JIMYHOIO HAIpPABICHUS, KOTOpbHIE Ha
MECTHOCTH BBIPAXAIOTCSl OTPUIIATEIBHBIMU (opMaMu pesibeda, OKBAPLIEBAHUEM W
OMapraHIlEBaHUEM.

Bocrouno-TopeiiCkas u baTtyiiCkas 30HBI pa3jJOMOB MEPECEKAIOT TEPPUTOPHUIO B
CeBepo-3anaJ HoM HampasicHuu (YepOsiHoBa, 3BOHKOBA, 1966).

Kpome onuCaHHbIX BbIIIE W3BECTHbI MHOTOYHUCIEHHBIE TEKTOHUYECKHUE
HapylieHus. B OCHOBHOM OHM mpeJcTaBieHbl COpoCamMu u Cauramu. Ha meCTHOCTH
pasioMbl (PUKCHUPYIOTCS 1O PE3KOM HE3aKOHOMEPHOW CMEHE OJHHMX Pa3HOBHIHOCTEH

IOpOJA IPYTUMH.

1.4. Ilo4BBI U PACTUTEIBHOCTD

ConeBble akKKyMYJISIIIANA, UMEIOITUE MTUPOKOE PACTIPOCTPAHCHHUE HA UCCIIEIyeMON
TEPPUTOPHUH, SBJISIOTCS PE3yJbTaTOM JUITMTEIBHOTO COYETaHUS IPUTOKA COJICH B
OecCTOUHBIC JIETIPECCUM C CYXOCThIO KiauMarta (Atiac 3abaiikanbs, 1967). B Mecrax,
00€eCIeYeHHBIX CTOKOM, WM C TIyOWHHBIM 3aJlecTAHUEM TPYHTOBBIX BOJ 3aCOJICHHE
MOYBEHHOTO TIOKPOBA BBIPAXKEHO Ci1a00. B CBsI3u ¢ 0COOCHHOCTSIMH T€OJIOTUYECKOTO U

reoMOp(OJIOTHYECKOTO CTPOEHHUS, YCIOBUSMH CTOYHOCTH, pa3IMYHON HCTOpHUEH
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dbopMHpOBaHUS OTAENBbHBIX YYaCTKOB M T.J. Ha pPacCMAaTPUBAEMON TEPPUTOPHUH
BBIJICTISIIOTCST 00JIaCTH Pa3HOUM CTENEHU 3aCOJICHUS U PACCOJICHHUS.

Haubonee o0mumM u 00s3aTeNbHBIM YCIOBUEM OOpa30BaHMS 3aCOJICHHBIX MOYB
ABJISIETCA HAJIMYUE AaKKyMYJSTUBHBIX THUIIOB TOBEPXHOCTU (IEIBTHI PEK, HUKHHE
aJUTIOBUAJIBHBIE  TEPpachl, O3€pPHBIE TEppackl), a B UX Mpeleraax Haluyue
OoTpulLIATEIbHBIX (GOpM penbeda (MOHMKEHUS MEXKIAY TPUBAMH, BBICOXIIUE PEUYHBIC
CTapulbl U T.A.). B Takux ycloBUSIX CO3[a€TCsi BO3MOXKHOCTb OJM3KOIO 3ajeraHus
IPYHTOBBIX BOJ K JHEBHOM IMOBEPXHOCTH, pacxoda ux Ha ucnapenue (bosonena,
Kopcys, 2008).

Bricokue apeBHUE peyHBIE M O3€pPHBIE TEPpachl MPOIECCAMH COBPEMEHHOIO
COJICHAKOILJICHUSI HE OXBaueHbI. J[JI1 HUX XapakTepHO riIyOOKOe 3ajeraHre IPYHTOBBIX
BOJI, KOrJla BOJbI YK€ HE B COCTOSIHUM MPUHUMATh Y4acTHE B MTOYBOOOPA30BATEIBHBIX
MpOIIECCax, KOrja MpeKpamaercs pacxo/l Ha UCHApEeHUe M TPAHCIHPALUIO, U BOJIHBIN
OaslaHC TEPPUTOPUU CKIIAJIBIBACTCS HEU30EKHO B CTOPOHY MPE00Iagatoniero BeIMYUHbI
3HAQ4YEHUS CTOKA U BBIHOCA.

PaccmarpuBaemblil palioH HaXOJMTCS B 30HE CTEIICH, M1 KOTOPOM HaMOOIBITUM
pacrpoCTpaHEHUEM TMOJIb3YIOTCS KallITAHOBBIE M KAIITAHOBUAHBIC TOYBBI, HamOoJiee
pacripocTpaHeHHble Ha Tepputopun OHoH-Topelickoro wmexaypeubss (TIe OHH
3aHMMAIOT TIOBBIIIICHHBIC YYaCTKA BCEX YPOBHEH ObIBIIET0 TOpEWcKOro 03epHOTO
OacceliHa) u Ha jeBoOepexbe p. OHOHA B paiioHe 03. KyHKyp U COCETHUX C HUM 03€p
(benosa, 1975). Yamie 5Ty oYBBI MPEACTABICHBI IMIEOHUCTHIM MATEPHAIIOM, SIBIISIOTCS
MEeCYaHbIMU WJM cynecyaHbIMU. Ha HUX pa3BuUTa NOJBIHHO-KOBBUIbHAsI CTElb. B
JATYHHBIX TIOHM)KEHUSAX Ha CJIETKa 3aCOJICHHBIX KAIITAHOBBIX TIOYBAX 3EJICHEIOT
YYaCTKH C OCOKOBOM PaCTUTEIIbHOCTHIO.

JlaHHBIE BOAHBIX BBITSKEK KaIITAHOBBIX MOYB MOKA3BIBAIOT MICJIOYHYIO PEAKIIUIO
pH 1o 8.1, npeo6nananue cpexu anmonoB HCOs, cpemu kxatmonos Na' (tabm. 1.5).
Conepxkanus rymyca 3/1ecb Bapbupyet oT 2.5 10 4 %, Ipu 3TOM B CYTJIMHUCTBIX MOYBAX
€ro KOJMYECTBO C TIIyOMHOU yOBIBaeT MOCTENEHHO. B mecuaHbIX Mmo4Bax cojep)kaHue
ryMyca BapbUpyeT B IIUPOKOM JHAINA30HE IO BEPTUKAIbHOMY Mpoduio. Bomnbie

BBITSDKKHM K3 II0YB ITIOKA3bIBAIOT HE3HAYUTCIBLHOC KOJHUYCCTBO JICTKOPACTBOPHUMBIX
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cojiei. B cocTtaBe TOTJIOIIEHHBIX OCHOBAaHMM MpeobiagacT KajabliuM, a HaTpui
COCTaBIISIET TOJBKO 4% OT eMKOCTH moryionieHusi. OTMeqaeTcsl BLICOKOE COJIEpKaHUE B
KaIlITAHOBBIX IOYBAX KaJIMS, KOTOPBIM IMOCTYHaeT Clojia, BEPOSITHO, B pE3yJIbTaTe
pa3pyIieHus paclpoCTPpaHEHHBIX B pallOHE TPAHUTOB U 0a3aJIHTOB.
MI'—

3KB
) Ha 100 T OYBEI
%

Ta6numa 1.5. XuMuueckui cocTaB BOJAHBIX BBITSIKEK M3 TOUB (

(o mauubM Lpmapus, HIMuaep6epr, 1965)

Cyxoit
Tousa Pyomsa, |- ok, | COZ | HCO; | SOF | oF | ¢ | Mg | N&
v %
Kanrrarosas 026 | 012 | 006 | 002 042
000010 | 0080 | <030 | ;016 | 0oos | 0002 | 00004 | | 0010
020 | 002 | 006 | 002 027
045085 | 0018 | <030 | 01> | qoor | o002 | ooooa| | 0006

123 010 | 008 | 003 008 | 122
0075 | 0005 | 0003 | 00006 | 0.001 | 0028

120-1.30 0.075 <0.30

Cornonent 0.82 040 | 004 | 098 010 | 022
000010 0070 <030 0050 | 0019 | 0001 | 0020 | 0001 | 0.005

0.06 131 057 | 004 | 015 010 | 167
0.002 0060 | 0027 | 0001 | 0003 | 0001 | 0038

0.40-0.50 0.110

0.17 225 053 | 008 | 015 010 | 167
0.05 0137 | 0025 | 0003 | 0008 | 0001 | 0090

0.85-1.00 0.140

— OTCYTCTBYET.

JIns  TeppuTOpHMM  ONMCHIBAEMOIO pallOHA TAKXKE XapAKTEPHO HAJIM4YUE
YEPHO3EMOBHUIHBIX KAIITAHOBBIX IOYB, & TAKXKE IOYB CKJIOHOB — YEPHO3EMOBHIHBIX
COHUCTBHIX.

YepHO3eMOBHIHBIE CIIA0O0MO30IMCThIC TIOYBHI IMIMPOKO PACHPOCTPAHEHBI TIO
npaBoOepexkpto p. OHOH, Ha HAANOMMEHHBIX Teppacax, a TakXke B Tpeaenax
a0pa3rOHHO-aKKyMYJISITHBHOM 03€pHOM Teppackl B BOCTOYHOM yacTh OHOH-Topeickoro
Mexaypeubsi. K 3TOM MOYBEHHOW PAa3sHOCTH IPUYPOUYEHBI BOCTPELOBO-KOBBUIBHBIC
CTETIH.

[TouBpl, BCcTpewaromuecss B OpeAeraax NOPUTOPEUCKOIO0 MEJIKOCONOYHHUKA,

HECKOJIbKO OTJIMYAIOTCS OT ONHMCaHHBLIX Beime. Ilo CBOEMY O6J'II/IKy OHH OTHOCATCA K
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KaIlITAHOBBIM, OCOOEHHO TMOYBbl Ha CKJIOHAX IOKHOM »sKcro3uimu. Ha ckinoHax
CEBEPHOM OKCIO3UIIMM HanOOoJIee pachpOCTpaHEHBI YEPHO3EMOBUIAHBIC IICOHUCTHIC
nouBbl. MIHTEpecHON 0COOEHHOCTHIO PACTUTENBHOCTU paiioHa (BYJIKAHUYECKHE PYHUHBI
Topeti-bop3nHCKOTO MEXTypeubs) SIBISIIOTCS HEOOJBIIME TATHA WIBMOBBIX JIECOB,
KOTOPbIE BUAUMO B MPOILIOM UMEIH HAMOOIBIIHE MIOIIA/IH.

[ToMUMO KamTaHOBBIX M YEPHO3EMOBHUIHBIX MMOYB BCTPEUAIOTCS TAKKE JTyTOBO-
KaIllITaHOBBIE MOYBBI C 00JIee MOIIHBIM T'YMYCOBBIM TrOpu30HTOM. OHH, KaK MpaBHIIO,
MPUYPOUECHBI K BIAXKHBIM Yy4aCTKaM MHUKPOMOHM>KEHHUM (KOTJIOBUHBI 03. JIOpOHMHCKOE,
03. 3yn-Tope#t u np.). Ha mnoiimax pex Wuroasl, OnoHa, bop3u u ApryHu
pacnpoCTpaHEHbl AJUTIOBUANbHBIE JIYTOBBIE TIOYBBI, JJII KOTOPBIX XapakTepHa
Yyepe0BaHuE MECKOB U TPaBUsl C TOPU3OHTAMM HEJIOPA3BUTHIX IMOYB, a TAKKE MIOBATHIX
IIPOCIIOEB, 0OOTAIEHHBIX OPraHMYECKUMU OocTaTKamu. JIJisl moiiM XapakTepHa JIyrosas,
JyTOBO-KYCTAPHUKOBAsl PACTUTENBHOCTh M JIyroBo-cTemHas. bepera OHOHaA 3aHSTHI
3apOCISIMH UBBI.

B cocHoBeix Oopax B mnpeaenax OHOH-TOpEMCKOro MeEXIypeubs IIUPOKO
pa3BUTHI CIA0OMOA30JIUCTHIE CBETJIbIC MOYBBL. DTH MOYBHI UMEIOT HEHUTPATbHYIO HIIU
cnabokucnywo peakuuto (pH 6.5-7.0), conepkanue rymyca B 1.5-2 pa3a meHblie, yeM
KallITAHOBBIC TIOYBBI.

B Mexnaypeube pek Aru 1 OHOHA IUPOKUM PA3BUTHEM IMOJIb3YIOTCS YEPHO3EMBI.
Ha rpanurax u crnaHpmax QOpMHUPYIOTCS MalokapOOHaTHble M OeckapOOHATHbBIE
YEPHO3E€MBl C OTHOCHUTEIBLHO BBICOKMM COJAEp)KaHHEM 37iech rymyca (4.8—6.3 %). Dt
YepPHO3EMbI XapaKTEepU3YIOTCs HHU3KUMH 3HaueHusmu pH (4.7-7.0), mpeBblieHUEM
MarHusi HaJ KaJbI[MEM B pailOHE Pa3BUTHSI CJIAHLIEB.

Kpome BblllIeHa3BaHHBIX MMOYB B Mexaypeube OHOHAa-ApPryHU BCTpPEYAIOTCS
YepHO3eMbl MYYHUCTO-KapOOHATHBIE CpeAHE-TYMYCOBBIE (coaepkaHue rymyca oT 3.6
10 4.6 %) ¢ pH>6.5-7.3. Ha MENTKOCONIOYHUKE Pa3BUTHI MAJIOIYMYCOBBIE YEPHO3EMBI C
conepxkannem rymyca 3.8-4.3 % u pH 6.9-8.0 B BepxHem ropuzonte u 8.2—8.5 B
HUKHUX TOpU30HTax. JlJisi 4epHO3eMOB XapaKTEPHO HE3HAYUTENIBHOE COJIepKaHHUe

cynbdaroB u xiopuaoB, coctapistomnme 0.06—-0.10 mr-sxB (Ha 100 r. Cyx0il MOYBHI).
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Kak yxka3piBajoch BbIlE, IPOLECCAMU 3AaCOJEHHUS OXBayeHbl O€CCTOUHBIE
BIAJMHBI, K KOTOPBHIM MPUYPOUYEHBI COJOHYAKH W COJIOHIBL. [IpubpexHbie dactu
MHOTOUYHCJIEHHBIX 03€p 3aHsAThl cojJoH4YakaMu. [louBeHHBIH NpOodUIL CONOHYAKOB
HEerIyoOKuil, 00bIHO Ha Tiyoune 0.6—1.2 m 3aneraer rpyHTOBbIE BOABI (Ha 03. bapyH-
Topeli rpyHTOBBIE BOBI 3a1eraroT Ha riyoune 0.5-0.65 m). ['opuzonThl BiaxHseie. [1o
MEXaHUYECKOMY COCTaBy COJIOHYAaKU IPEACTaBICHbI INIMHAMU CEPOro M 3€JIEHOBATO-
CH30r0 IBeTa. [ JIMHBI OECTPYKTypHBIE, Ha WX MOBEPXHOCTH YacTO MPHUCYTCTBYET

COJIEBBIC OTJIOXKECHU.

1.5. IlTon3zemMHBIE BOABI

[To ruapOreoToOTnYecKuM yCIOBUAM paccMaTprBaeMasi TEPPUTOPUS OTHOCHUTCS K
Jlaypckoil THAPOTEOJIOrHYecCKO 00y1acTu, KOTopas SIBIs€TCS HamOoJjiee KPYNMHOW B
Boctounoii Cubupu mno pasmepaM 3aHUMaeMOM IUIOMIAAM W CJIOXKHOM MO
ruaporeojornyeckomy crtpoenuto (I'maporeonoruss CCCP, 1969). T'eonoruueckas
UCTOpUS 00JIaCTH TpeNonpeieNuia 3aKOHOMEPHOCTH Pa3MENICHHs MOA3EMHBIX BOJT
Pa3JIMYHBIX BOJJOHOCHBIX KOMILJIEKCOB U OOYCJIOBUIIA UX B3aMOCBA3b. Ha o0miem ¢goHe
KPYIHBIX M MEJIKUX BBICTYNOB (YyHJIaMeHTa, OOpa3yIolUX THUIPOreoIOTHUECKHUE
MaCCHBBI, PACIOJIaralOTCd CHUCTEMBI JIMHEHHO-BBITSIHYTBIX TEKTOHMYECKUX BIAJUH
(Yutuno-Unrogunckasi, Topeiickas, bop3unckas, Apsi-bynakckas) ¢ Haubomblien
MOIITHOCTBIO Y€XJia U C TPUYPOUYCHHBIMU K HUM MEXTOPHBIM apTe3UaHCKUM OacceiHaMm.

I'uaporeosiorndeckrie MacCHUBBI MPEJACTABISIIOT CO0O0M cucteMy OaccelHOB
TPEIIMHHBIX BOJ[, TPHYPOUCHHBIX K TOPHBIM COOPYXEHUSM ¢  HEOOJBIITUM
BO3BBIIIEHHOCTSIM, CJIOKEHHBIM Topoaamu GyHaamenTa. Hanbomnpiee pa3BuTHe B 3TUX
CTPYKTypax IMOJIYYUIN OACCEHHBI CTOKA TPEIIMHHO-TPYHTOBBIX W TPEIIMHHO-KUITBHBIX
BOJ  Pa3HOBO3PACTHBIX  TEPPUTEHHBIX, AP Y3UBHBIX, MeETaMOPPUUECKUX U
WHTPY3UBHBIX TIOpOJ C TIOAYMHEHHBIM 3HAYCHHUEM TPEHIMHHO-KAPCTOBBIX BO/I.
ApTe3naHckue OacCeiHbI PAcMONOKEHBl B MEXTOPHBIX BMaJWHAX 3a0aiKaibCKOTO H
MOHTOJILCKOTO THUIIOB, BBITIOJTHEHHBIX CPEIHEIOPCKO-HIKHEMEIOBEIMHU
KOHTHHCHTAJIbHBIMH OTJIOKEeHUsMH. Hepeako OONbIIyl0 YacTh BIAIUH 3aHUMAIOT

peuHble JoauHbBL. Hanbombliee pacnpocTpaHeHne UMEIOT BITAIUHBI, OPUEHTUPOBAHHBIC
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MPEUMYIIECTBEHHO B CEBEPO-BOCTOYHOM HAIpaBJICHUH, UMEIOIIME OOIIMI YKJIOH B
cTopoHy Monrosimu. B ruiporeosiornaeckoM pazpe3e MEXTOpHBIX BIIAJIUH BbIJICTSIOTCS
MAaKCHMYM JIBa BOJOHOCHBIX KOMILUIEKCA C TIJIACTOBBIMU BOJAMH.

lopHubrii  xapakTtep penbeda mpemompeneiseT poJib THAPOTEOJIOTHICCKIX
MacCHBOB KaK 00JacTell PErMOHAIBHOTO MUTAHUSI U TPAH3UTA, & MEKTOPHBIX BOAJAUH U
KPYIHBIX PEUHBIX JIOJIMH — KaK 00JlacTel aKKyMYJISIIUUA U Pa3TPy3KU MOA3EMHBIX BOJI.
OO6mactu nmutanuss 6aCCEMHOB TPYHTOBBIX BOJI, KaK MPABUIIO, COBIAAIOT C 00JIACTSIMH
ux pacnpocTtpaHeHus. OCHOBHBIM HCTOYHHUKOM IUTaHUS PECYPCOB TPEIIMHHBIX BOJ
ABigeTCsl WMHOUIbTpaIusi aTMOC(EpPHBIX OCaTKOB Ha OTKPBITBHIX BOJAOPA3JIEIbHBIX
MpOCTpaHCcTBax. ['Maporeonornyeckue MacCUBbI, XapaKTEPU3YIOIIUECS CrIaKE€HHBIMU
dbopmMamMu  BOJIOpA3AENbHBIX MPOCTPAHCTB M  MPEPHIBUCTHIM  PACIPOCTPAHCHUEM
MHOT0JIETHEMEP3JIBIX TOPOJI, 01aronpuaTHbl A1t GOPMUPOBAHUS PECYPCOB MOI3EMHBIX
BoA. Illupokoe pa3BUTHE CKIOHOBBIX OTJIOKEHUU CIOCOOCTBYIOT CBOOOJHOM
UHOUIBTpAIMU aTMOC(EPHBIX M MOBEPXHOCTHBIX BOJ. B 3aBHCHMOCTH OT xapakrtepa
CKOILJICHUM MOJI3EMHBIX BOJ B TOPHBIX MOPOAaX U C YYETOM HX BO3pacTa Ha TEPPUTOPUU
BBIJICJISICTCS JIBA BOJIOHOCHBIX KOMIUIEKCA C MJIACTOBBIM THUIIOM CKOIUIEHHH MOJ3EMHBIX
BOJl U IIE€CTh BOJOHOCHBIX KOMIUIEKCOB C TPCIIMHHBIMU W TPEUIMHHO-KUJIbHBIMU
BOJIAMH.

BooonocHvlii  2copuzonm  puixavix uemeepmuuHblX OMIONCEHUU C NAACMOB0-
NOPOBLIMU NOO3EMHBIMU 800aMU PACTIPOCTPAHEH B aJUTFOBUM MONM U Teppac, B HIHKHUX
qyacTsaX CKJIOHOB. (Craraer BepXHUM SpyC apTe3MaHCKUX OacceilHoB. BogoHocHbIMU
MopoJaMu  SIBJISIFOTCS  TIECKHM, TaJeUYHUKH, TpaBUM, CyIlecH, oOpasylolue MecTaMu
OT/ICJIbHBIE OTHOCUTENIHO BBIJIEPKAHHBIE BOJIOHOCHBIE TOpPU3OHTHL. Haunbombien
BOJI0OOMIBHOCTHIO 00JIaJJAI0T AJITIOBHAJIbHBIE TAJICYHUKHU, BCKPHIBAEMbBIC OOBIYHO HUKE
YPOBHSI BOJIbI B PEKax.

VY nenbpHBIC TEOUTHI CKBAKUH, MPONJICHHBIX B TAJICYHUKAX, COCTABIISIOT B CPETHEM
1-3 1n/c, mectamu nocturas 20-80 n/c. Bo B3auMOCBSI3M C MHOTOJETHEMEP3JIBIMU
MOPOJIaMH  BBIJICJISIIOTCS  HAJIMEP3JIOTHBIC, MEXKMEP3JIOTHBIE W MOJMEP3JIOTHBIC
noa3eMHbIe BoJibl. HamMep3noTHbie BOABI 00pa3yrOT HUCXOSINNE UCTOYHHUKH, 9acTO C

OJIyKIAIOIMKUMH BBIXOJAMU, C JI€OUTOM OT COTBhIX jgojied g0 1-2 m/c. 3umoil oHuU
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MPaKTUYECKU TepemMep3aroT, oOpa3ys Haileau u Oyrpbl nydeHus. [lpu HeOosbION
IyOWHE 3aJIeTaHrs MHOTOJICTHEH MEP3JIOTHI CO3AIOTCS YCIOBHS ISl 3a00JaurBaHUS
MecTHOCTH. [loamep3noTHeIe BOJBI 3ajieratoT Ha riayouHax B cpeaHeM 20-30 m. OHu
SBJISIIOTCS] HAMIOPHBIMU U Pa3rpyKar0TCs yepe3 BOCXOSIINE UCTOYHUKHU ¢ 1e0utoM 0.5—
10 n/c, mHOT/IA CO3/TAIOIINE THAPOTAKKOIUTHI. XapaKTEPHO MPAKTUICCKU TOBCEMECTHOE
MIPUCYTCTBUE B pa3pe3€ INIMHUCTHIX U MECYAHOTIUHUCTBIX OTJIOKEHUH, OMPEAEISIOMINX
HU3KHE (UIBTpAIlMOHHBICE CBOWCTBA BOJOHOCHOTO TOPHU30HTAa YETBEPTUYHBIX
OTJIONKEHN. MOIIHOCTh BOJJIOHOCHOTO TOPU30HTA PYCIOBBIX OTJIOKEHUN U3MEHSIETCS OT
8 no 60 M. B momunax pexk Muroma, Illunka, coctaBiser 10-20 M; B JoJMHAX peK
Apryns, Ara, bopss, Bepx. bop3s — 2-35 M; B nonmunax pexk OHoH, Ypymionryid — 40—
55 m. HcroyHukamMu THUTaHUS TPYHTOBBIX BOJ SBIISIIOTCS aTMOC(EpHBIE OCAJKH,
MOA3EMHBIE BOJBI CMEXKHBIX BOJIOHOCHBIX KOMIUIEKCOB M TIOBEPXHOCTHBIC BO/IBI.
Pa3rpy3ka moa3eMHbIX BOJ IMPOUCXOJNUT B MMOBEPXHOCTHBIE BOJOTOKH U HUKEIIEKAITUN
BOJJOHOCHBIM TOPH30HT. B I0KHBIX 3aCylUIMBBIX palOHaX 3HAYUTEIbHA POJIb
yucnapeHus. XMMHYECKHIM COCTaB MOJA3EMHBIX BOJl TOMMEHHBIX OTJIOXKEHUN OTINYACTCS
HEKOTOPOU IECTPOTOM KaTHOHHOT'O COCTAaBa U MUHEpPAIM3ALMU. B XOpOLIO NpOMBITBIX
AUTIOBHANBHBIX OTJIOKEHUSIX MHUHepanu3amnus Boa He mpesbimaetr 0.5-1.0 r/m, coctan
UX IPEUMYLIECTBEHHO THAPOKAPOOHATHBIN KAJIbLIMEBBIM WIIM MarHMEBO-KalbIIMEBbI. B
BOJIaX IMECYAHOTIMHUCTHIX 0Opa30BaHUI 3HAYCHUS MUHEpaIM3aluu cocTaBistorT (.2—
2.8 1/, a B pailoHe OECCTOYHBIX BIAJIMH FOKHBIX YacTel Teppuropuu — 10 2.0-3.0 r/m.
31ech B YCIOBHUSIX 3aCTOMHOrO peXHMa TPYHTOBBIX BOA M TMOJ BIHUSHUEM
UCIIAPUTENBHOTO TIpoliecca (POPMUPYIOTCS COJOHOBATHIE M COJICHBIC BOJbI, B COCTABE
KOTOPBIX MPe00IaatoT XJIOPHUIbI U CyIb(aThl HATPUs, pekKe THIAPOKapOOHATHI HATPUS.

BoooHnocHblll  komnniekc  mpewjuHHbIX, NIACMOB0-MPEWUHHbIX U  HOPOBO-
MPEUUHHO-NIAACMOBLIX 800 MEPPULEHHBIX U MEPPUSEHHO-BYIKAHO2EHHBIX OMI0NCEHU
Mena PAcTpPOCTPAHEH B Mpejesiax MHOTOYMCIICHHBIX BMAJWH, HanOOJIee KPYMHBIMH U3
KOTOPBIX sIBIst0TCS Typruno-Xapanopcekasi, FOxuo- u CeBepo-ApryHckue u ap. K Hum
NpUypOUYEH HIDKHUM spyc apTe3uaHckux OacceiiHoB. BojgoBmemniaromuye Mmopoabl
MpEACTABICHbl  TaJICYHUKAMU, BallyHHUKaMH, KOHIJIOMEpaTamMH, TpaBelUTaMH,

necYaHMKaMHM, ajJeBPOJUTAMH, UX Ty(QOTreHHbIMU Pa3HOCTIMU, d3PPy3ruBamu, miactaMu
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Oypbix yrned. IluraHue KoMIUIEKCa OCYIIECTBISETCS 3a CYET MOATOKA IOPOBO-
IUIACTOBBIX BOJ, MOMVIONIEHUS MOBEPXHOCTHOTO CTOKAa pEK, MPOTEKAIOMHX IO
BrnaguHaM. Haubonee MHTEHCUBHBIM BOJOOOMEH MEXIy IOBEPXHOCTHBIMU H
MOA3EMHBIMHU BOJAAMU MIPOUCXOJIUT BAOJb PYCENl KPYIMHBIX BOJJOTOKOB.

Obnanas Gonee BBHICOKUMH Ha o0meM (oHe (UIBTPAIMOHHBIMH CBOWCTBAMU
BOJIOBMEMIAIONINX TOPO/JI, BOJOHOCHBIN KOMIUIEKC HUKHEMETOBBIX OTJIONKEHUN B CHUITY
CBOETO TeOMOP(OTOTHUECKOT0 TOJOKEHUS JPEHUPYET CMEXHBIE BOJOHOCHBIC
KoMILIeKchbl. MonrHocTh kommiekca focturaer 2000 m u 6omnee. BogoHocHOCTH OpoJT
HEpaBHOMEpPHAs, 4YTO OOYCIOBJICHO HUX (QaluaibHOM H3MEHYMBOCTHIO, PA3ITUUYHBIM
XapakTepoM TMOPHUCTOCTH U TPEHIMHOBATOCTU. Jl€OUThI CKBaXXUH W HUCTOYHUKOB,
MCTEKAIOMINX U3 HUKHEMEJIOBBIX Nopo, nocturaoT 10—15 1/c B mecuanukax, 5—8 ji/c B
maacrtax Oypeix yriied, 2-5 s/c B 0Oa3anmbrax. CKBaXMHAMU TOJ3EMHBIE BOJIBI
BCKPBIBAIOTCSL B Pa3IUYHBIX Topoaax Ha riyomHax oT 4 g0 80 M, MOIIHOCTH
O0OBOJTHEHHBIX 30H COCTaBISAIOT 2—135 M. Haubomnee BricOkHe JeOUTHI XapaKTEpPHBI IS
CKBaXXWH, BCKPBIBIIMX 30Hbl TEKTOHUYECKOW TPEIIMHOBATOCTU. MuHepanu3auus u
XUMHUYECKUN COCTaB HIDKHEMEIOBOTO KOMILIEKCa pa3HooOpas3Hbl. Bojpl, Haxoasmecs
B YCJOBHUSIX MHTEHCHMBHOI'O BOJOOOMEHAa HAa YYacTKaX C PACWICHEHHBbIM peibedoM,
UMEIOT TUAPOKAPOOHATHBIA MarHUEeBO-KaJbI[MEBBIN cocTaB W MuHepanu3anuio a0 0.1
/1.

Bonpl, pacnpocTpaHeHHbIE B TMpeleiax pPaBHUHHBIX YYAaCTKOB W 3aJIeralollue
HUKE MECTHBIX 0a3uMCOB JPEHUPOBAHUSA, XapPAKTEPU3YIOTCS CMEIIAaHHBIM HOHHO-
COJIEBBIM COCTaBOM W uMeT MuHepanuzamuio oT 0.3 mo 2.0 r/n. B ycnoBusx
pacpOCTPAHEHUS]I MHOTOJIETHEM MEP3JI0Thl JOJMHHOTO THUIIA JAHHBIA BOJIOHOCHBIN
KOMITJIEKC SIBJISIETCS] B OOJIBIIICH CTETICHH 3aIIHUIICHHBIM OT 3arps3HEHUSI.

Booonocnvii komniekc mpewjuHHbIX U NIACMOBO-MPEUJUHHBIX 800 CpeOHe-
BEPXHEIOPCKUX BVIKAHO2EHHO-MEPPULEHHbIX 00pA308aHUli PACIIPOCTPAaHEH B Mpesesax
[[Tanoponckoit, YuauHo-Jlannckoi, OHOH-YHAUHCKOM, [IlamMaHCKOW U APYTrUX BOAJAMUH.
BogoBMmeniatonue  mopoabl  IPEACTABICHbl  KOHTJIOMEpaTamMH,  TIpaBeluTaMu,
necyaHuKaMu, WX TY(OTCHHBIMH pa3HOCTAMH, dhy3uBaMu pPa3IMIHOTO COCTaBa,

Typamu, TydonaBamu, TypoOpekunsiMu. MOIIHOCTh BOJOHOCHOTO TOPU30HTA
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OTpEJENSIETCS] MOIIHOCTBIO 30HBI BBIBETPUMBAHMS M OOBIUHO coctaBisier 40-50 wm.
JleOutel ckBaxkuH 2-3 na/c, ucrounnkoB — 0.1-6 n/c. Hambomee BBICOKOICOUTHBIC
MCTOYHUKU TPUYPOUEHBI K 30HAM TEKTOHHYECKUX HapylIeHUH mo OopTam BIIAIUH.
[TonzemHbIE BOJBI BOJOHOCHOTO KOMIUIEKCA XapaKTEPU3YIOTCS XOPOILIUM KayeCTBOM,
MUHEpanu3ays WX, Kak npaBwio, He mpesbimaeT 0.2—-0.4 1/ u JHmb B FOKHBIX
paiionax yBenumduBaercs g0 0.6—0.8 r/m.

Booonocnvii  komnaekc — mpewjuHHbIX U NIACMOBO-MPEUJUHHBIX 800
HUJNCHEeCPEeOHeIOPCKUX MEePPUSEHHbIX OMJIOHCeHUL 3aHUMAET 3HaYUTEIbHbIC TIJIOMATU B
HEHTPAIbHOM YacTU paiioHa. OTH OTJIOKEHUS BBIMOJIHSAIOT Psii  CUHKIMHOPHUEB
(Tamanryiickuit, OnHoH-bop3unckuii, CaBBo-bop3uHckuii u 1p.). BomoBmemiaromiue
MOpOJbl TPE/ICTABIICHBI TMECYaHUKAMH, B TOM YHCJI€ TPAaBUMHBIMA M TaJCYHBIMHU,
aJIeBpOJIUTAMH, KOHIJIOMEpAaTaMH, TpaBeIUTaMU, APECBIHUKAMU. ['JTyOMHA BCKpBITHS
nmoa3eMHBIX Boa oT 10-30 mo 50-100 m. [IeOUTHI HCTOYHUKOB — OT COTBIX M JECITHIX
JUTpa B CEKyHAY JO JECATKOB Ji/c, ckBakuH — B cpeaHem 0.2—-0.4 ii/c. HaubGoinee
KpyHHOJIEOUTHBIE HMCTOYHUKH (10 20-60 1/c) npuypoueHbl K TEKTOHHMYECKUM
paznomam. Ha rmybunax 20—-60 m u Oosiee BCKPBIBAIOTCS HAMOPHBIE BOJIBI, HEPEIKO
HaOJII0aeTCsl CAaMOM3JIMB U3 CKBaXUH ¢ aedurom 0.25-5 n/c. Ilo xumuyeckomy cocraBy
BOJbI JJAHHOTO KOMIUIEKCA TMPEUMYIIECTBEHHO TUIPOKApOOHATHBIE MarHUeBO-
KanbplueBbie ¢ MuHepanu3aiueit 0.1-0.7 r/m.

Booonocnvii komniexc mpewjuHHbIX U NIACMOB0-MPEUWUHHBIX NOO3EMHBIX 800
MPUACOBLIX MEPPULEHHBIX U  B8VIKAHOLEHHO-MEPPUSEHHBIX  OMAONCEHUU TITUPOKO
pacrpocTpaHeH B mOpeneiax ATMHCKOro TeppeiHa. BogoBMemaronme mnopoisl
MPEACTABJICHbl aJIeBPOJIMTAMHU, I[€CUaHUKAMM, KOHIJIOMEpaTaMH, TpaBeuTaMu U
abdy3uBamu. [[eOUTHI CKBaXXWH, BCKPBIBIIMX JIaHHBI BOJOHOCHBI TOPHU3OHT,
BappupytoT ot 0.5 go 3.5-4.4 n/c npu noHwxkeHuu ypoBHS A0 15-21 M u Ooiee.
Kowmrmnekc ompenensieTcss AOBOJLHO HU3KUMH (DHIIBTPAIMOHHBIMA W E€MKOCTHBIMHU
XapaKTEPUCTUKAMHU.

Booonocnvle komnnexcvl mpewjuHHbIX, NAACMOBO-MPEUJUHHBIX, MPEUUHHO-
Kapcmoewvix NOO3eMHbIX 600 CpeOHeBepXHenaneo30UcKUx OMJI0JHCEHULL.

BonoBmemiatonue  mopojabl  MpEACTaBICHbl  MEeCYaHUKaMH, Ty(doIeCuaHHuKaMH,
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rpaBeIUTaMH, KOHIJIOMEpaTaMu, aJeBpPOJUTaMH, pPa3HOOOpa3HbIMU  CJaHIaMH,
s dy3uBaMu U, 3HAUATEILHO PEXE, M3BECTHIKAMU U JOJIOMHUTaMH. [lom3emMHbIE BOMBI
HUAPKYJIUPYIOT HUCKIIOYUTEIBHO IO TPEUIMHAM 30HbI BBIBETPUBAHHUS, MOIIHOCTH
kotopoit gocturaer 60—70 M. Pasrpy3ka Mmoja3eMHBIX BOJ KOMILJIEKCA OCYILECTBIISIETCS
ucroyHukamu. Haunbonee yacTbiMM Jisi UCTOYHUKOB TPEIIMHHBIX BOJ  SIBISIOTCS
nebutsl nopsaka 0.5-2 i/c npu noHuWKeHusx 5—15 M, BENUYUHBI yIENbHBIX AeOUTOB
u3menstores ot 0.002 mo 4 i/c. Munepanu3anus moa3eMHbix Bog MeHsercst oT 0.07 mo
0.8 r/m.

BooonocHvli komniekc mpewjuHHbLX, MPeWUHHO-KAPCMOBbIX NOO03EMHbIX 800
MePUSEeHHbIX, KAPOOHAMHYBIX, pedice BYIKAHOLEHHBIX OMIONCeHUU PUDes—HUNICHE20
naneo3osi. Boapl LIUPKYIHPYIOT B IIECYAHHUKAX, KOHIVIOMEpATax, TIpaBEIUTAaX,
aJIeBpOJIMTaX, M3BECTHSAKAX, JOJIOMHTaxX M MeTadxpdysuBax, Tydax. Pasrpyska
OCYILECTBIISIETCA MPEUMYIIECTBEHHO MO JOJMHAM peK. MOIIHOCTh BOAOHOCHOW 30HBI
tpenHoBaroctu 0 200 M. Jlebutr mcrounukoB kojeodmnercs ot 0.01 mo 10-15 n/c,
NeOUTHI CKBOXKUH COCTABJISIOT OT COTBIX JOJIEH JO HECKOIBKHUX JUTPOB B CEKYHIY IPHU
MIOHWYKEHUSIX YPOBHEH Mmoj3eMHbIX Boa Ha 35-50 m. HamGoiiee Bo100OOMIBHBI TTOPOIBI
BeHJa U KeMOpus. BbIcOkas cTeneHb TPEUIMHOBATOCTH TEPPUTCHHBIX MOPOJa U
3aKapCTOBAHHOCTh KApOOHATHBIX TOPOJ MPEAONPEACISIIOT TECHYIO THAPABIMYECKYIO
CBSI3b PA3JIMYHBIX BOJOHOCHBIX 30H TPEIIMHOBATOCTH W OOBOJIHEHHBIX TEKTOHUYECKUX
HapyweHuid. MuHepanu3auus Boj oTiinyaeTrcs: Oonbiiod nectpotoi — ot 0.03 mo 1.4
r/n. CnabomunepanuzoBanubie Boabl (10 0.1 1/71) 0OBIYHO BCTpeyaroTcs B Ipeaesiax
KOpBI BBIBETPUBAHUS Ha BOJOpa3/ieliaXx, BOJbI C TOBBIIICHHOW MUHEpanu3anuen (110
1.0-14 r/m) — Ha OoOnee HUBKUX BBICOTHBIX YPOBHSAX, a TaKKe Ha ydacTKax
KOHMUHEHTAJIbHOTO 3aCOJIOHEHUS TPYHTOBBIX BOJ.

BooonocHvlii komniexc mpewunHvlx nOO3eMHbIX 800 8 PA3HOBO3PACHIHBIX UHM-
PY3UBHBIX U Memamopduueckux obpazosanusx. TpelmIMHHBIE BOJbI 30HBI BHIBETPUBAHUS
UMEIOT O€3HATIOPHBIN MU CI1a00HAMOPHBINA XapakTep. MoIHOCTh, 0OBOTHEHHOMN TOJIITN
MoOxeT M3MeHATHECA OT 0-30 M B BO3BBINICHHBIX YacTsax a0 60-80 M B JoiuHAaX.
Bo1000uIbHOCTh MHTPY3UBHBIX TOPOJ], 3aBUCAIIAS HCKIIOUYUTEIHLHO OT CTETCHU U

XapakTepa TpELIMHOBAaTOCTH, SBISETCS Oojee HU3KOM 1O CPAaBHEHHIO C
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BOJIOOOMJIBHOCTBIO OCAJ0OYHBIX OoOpazoBaHui. Ha OTHeabHBIX ydacTKaX WHTPY3UBHBIC
00pa30BaHMsI MOTYT OBITh MPAaKTUYECKU 0€3BOAHBIMU. CpeTHETOpHBIN peibed BHEIIHEH
o0JlacTU MUTaHUS, HEOOJIbIIasi MOIMHOCTb PBIXJIBIX OTJOKEHUN Ha BOAOpa3ACIbHBIX
MIPOCTPAHCTBAX u CKJIOHAX, OCTPOBHOM xapaxkTep pacrpocTpaHeHus
MHOTOJIETHEMEP3JIBIX TOPOJI CO3JAIOT OJIArONPHUATHBIC YCIOBHUS JIi  CBOOOJHOM
HHPUIBTpaIu aTMOC(HEPHBIX BOJI B 30HY TPEIIMHOBATBHIX MOPOJ M MPEIONPEACIISIOT
HaIlpaBJICHUE JIBIDKCHMSI TPEIIMHHBIX BOJ K 00JIaCTH pPa3rpy3Ku (IOJHHBI PEK,
MEKXTOpHBIC BMaJAWHBI). MHOTOUHCIICHHBIC POJHHKU, OOpasyroluecs y TOJIHOXKHUS
CKJIOHOB, B CBOIO O4YepeJb NMPUHUMAIOT y4acTHe B (OPMHUPOBAHUHM IMOBEPXHOCTHOTO
cToka. J[eOWThl HMCTOYHUKOB OT COTBIX JO JAECATHIX JOJied JIUTPOB B CEKYHIY.
CkBaxxunamu Ha riayomHax oT 10 mo 40 M BCKpbIBalOTCS O€3HAMOPHBIE WM
cnaboHamopHble BOABI ¢ yaenbHbiMU AcOutamu 0.2—1.6 n/c. TlomzeMHbie BOABI
OTHOCSITCSI K IPECHBIM, MX MuHepaauzamnus usmensercs ot 0.1 1o 0.7 r/n. Habmronaercs
pOCT MUHEpalu3allMM W HU3MEHEHHE XHMHMYECKOTO COCTaBa OT BOJOPA3/CiIOB K
obOsacTsiM pasrpy3ku. B r0KHOM yacTW OoTMedaeTcsi 3aMETHBIM POCT MHUHEpAIU3alUU
MOA3EMHBIX BOJ J0 C1a00COeHbIX. TpeMHHBIC BOJIBI TOPHBIX COOPYKEHHUI 001a/1ar0T
3HAUUTEBHBIMU PECYypCaMH, pPacCPEIOTOYECHHBIMH Ha UYPE3BBIUAMHO IMIUPOKOU
IJIoIaau pacnpoctpaneHusi. Hambosiee BakHYHO pOJib TPEIIMHHBIC BOJIBI UTPAIOT B
MATAaHUHM TIIYOOKO3aJIeTaloIMX TOPU30HTOB apTE3MAaHCKUX OacCEHHOB, JII KOTOPBIX
OHM SIBJISFOTCS OJHUM W3 OCHOBHBIX UCTOYHUKOB (hOPMUPOBAHUS 3aI1aCOB.

TpenHHO-)KWJIbHBIE BOJIbI B MHTPY3UBHBIX IMOPOAAX MPUYPOUCHBI K HIHPOKO
Pa3BUTON CETH PETMOHAJIBLHOM TEKTOHMYECKOW TPEIMHOBATOCTH. VICTOUHHMKH OOBIYHO
BOCXOJISIIME ¢ 00Jiee UM MEHEee MOCTOSHHBIM pexkumoM U nedutamu ot 0. 1 g0 0. 3
a/c. DTH BOJBI BCKpbhIBatoTCs Ha Tiyounax 30—100, a mectramu 10 200 M u 6osee. OHu
00J1aal0T 3HAYUTEIBHBIMU (MHOTAA IO COTEH METPOB) Hamopamu. Y ieJIbHbIC JTeOUTHI
ckBaxuH oT 0.01 mo 0.1 n/c. MuHepanu3aius ¥ COCTaB 3THX BOJ aHAJIOTHYHBI BOJaM
KOpBI BBIBETpUBAHUS. 30HBI TEKTOHUYECKUX HAPYIICHWA B Pa3HOW Mepe OOBOJHEHBI
TPEUTMHHO-KUJILHBIMU BOJAMU U SBIISIOTCS KPYIHBIMHU KOJIJIEKTOPAMH MTOA3EMHBIX BOJ
pPa3TUYHBIX KOMIUIEKCOB. OHU XapaKTepU3yIOTCS TITyOOKON MUPKYIISIITUEH, TTOCTOSTHHBIM

PEKUMOM, BBICOKUM I'MAPOANHAMHUYCCKHUM HAIlOPpOM H MOBBIIIICHHOU MI/IHCpaHI/ISaHI/Iel\/'I.
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C 30HaMM TIyOOKMX TEKTOHMYECKHX Pa3JIOMOB CBSI3aHbI MpecHbIe BOJAbL. O BBICOKOM
O0OBOJHEHHOCTH MHOTHX Pa3JIOMOB CBHJICTEIHCTBYIOT MHOTOYHUCIICHHBIC MCTOYHUKHU C
nebutamu 6osiee 1 n/c. 3HauMTENbHBIE NEOUTHI XapaKTepHbI U JUIsl CKBaXUH. MHorue
CKBKWHBI, BCKPBIBIIHE BOJBI Pa3oMOB, (OHTAHUPYIOT. BeawumHBl CcaMou3InMBa
cocrasnstot 0.5-2 ni/c.

Takum oOpa3oM, B CTPYKTYpPHO-THAPOTEOJIOTHYECKOM OTHOIIEHHWU B pailoHe
WCCJICIOBAHUM  BBIJCISIIOTCS THAPOTEOJIOTHYECKHE OacCeHBbl Pa3IudHOTO THIIA,
CPEIIHETOPHBIE THIPOTEOJIOTMYECKUE MACCUBBI U OOBOJIHEHHBIE PA3JIOMbI, B KOTOPBIX
dbopMHpYIOTCS  CBOMCTBEHHBIE WM THUIBI MOA3EMHBIX BoA. OTIMYUTETHHOU
oco0eHHocThi0 MHTOMMHCKOTO U [lacydyeeBckoro 6acceiHOB SIBISETCS UX OTKPBITOCTh
(CrenanoB, 1980), COOTBETCTBEHHO OHHM HAXOJSTCS MOJ APEHUPYIIUM BO3JICHCTBHEM
peunoii cuctemsl (p. MHroga u p. OHOH), YTO NPHUBOAUT K (POPMUPOBAHUIO IPECHBIX
BOJL 10 BceMy mpoduiato oTiokeHuil. Topelickuii OacceiliH, HaINpPOTHUB, SBISICTCS
3aKpBITBIM, TOJA3E€MHBIE  BOJbI, (GOPMUpYIOUIMECS B €ro Impeaenax, oOosee
MUHEpalin3oBaHble. [lomosHeHWe 3amacoB MOA3EMHBIX BOJ MPOUCXOAMUT 3a CUeT
UHOUIBTpAIMU aTMOC(EPHBIX OCAJIKOB MPH YCIOBUM OTCYTCTBUS 30HBI MEP3JIOTHI.
JlonoJIHUTENBHOE MTUTAHKUE MOJ3EMHBIE BOJIBI MOJYYAIOT 3a CUET TPEIIMHHO-TPYHTOBBIX
BOJI MaCCUBOB, 00OpaMJISIOIITUX OacCEHHBI.

[Ipuypod4eHHOCTh 03€p K 30HAM pas3ioOMOB OOBACHSETCS CYIIECTBOBAHUEM
MOCTOSTHHOT'O UCTOYHWKA MTUTAHUS IS O3€PHBIX BOJ| — Pa3rpy3KOM TPEITUHHO-KUITbHBIX
MO/I3EMHBIX BOJI, KOTOPHIE XapaKTEPUIYIOTCS OONBIIUMH JAEOUTAMU U KPYTIOTOIUYHBIM
nevictueM. DopMHpoOBaHHWE O03€p Ha TpaHUIAX CTPYKTYp TaKXKe OOBsICHSAETCS
OCOOCHHOCTSIMU JIBWXKCHHUSI U Pa3rPy3KW MUTAIOMIUX TMOJ3EMHBIX BOJ, T.€. JBH)XCHUE
TPEIIMHHO-TPYHTOBBIX BOJI MACCHBOB OT BOJiOpa3zieiia K 0acCceiiHy pe3Ko 3aMeyIsieTCs
BCJICJICTBUE CMEHBI TMPOHUIIAEMOCTH TOPO/I, TMOSBISETCS HAMop, U B MPUOOPTOBBIX
4acTsAX 0acceiHOB BO3HUKAIOT OYard pasrpy3Kd MOJ3EMHBIX BOJI, 00ECMEYMBAIOIINE
cymiectBoBanue o3ep ([lanunosa u nap., 2011). Takue o3epa OTAMYAIOTCS OTHOCUTEIHHO
CTAOMJIBHBIM THIPOJOTMYECKUM PEKUMOM M MEHBIIIEH CTENEeHW pearupyroT Ha

KIIMMaTH4YCCKHNC N3MCHCHMA.
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Ozepa, umeronye cinadylo CBS3b C IMOA3EMHBIMU BOJAMH, IE€PECHIXaIOT B
3aCyILUIUMBBIA TIepuo/ MpeBpaiasich B cogoHuaku (baxenosa, KoObuikun, 2014). B stu
NEPUOAbl YPOBHU MOA3EMHBIX BOJ MEPBOTO OT MOBEPXHOCTH BOJOHOCHOTO TOPH30OHTA
MOHIKAIOTCA 710 3-4 M, uHOTAA M OOJbIIe, B 3aBUCUMOCTH OT THAPOTEOJIOTUYECKUX U
reoMopdosioruueckux ocooennocreit repputopuii (005308, 1996; Baxxenosa, 2013).

Bce u3yueHHble o3epa HE MMEIOT THUIIPABIMYECKON CBSI3M MEXKIY COOOM, T.K.
pazaeneHsl  BojgopasaenamMu ¢ HeOombmmmu - (40-60 M) KymojooOpa3sHBIMU
OTHOCHUTEIHHBIMH MPEBBIIICHUSIMA U TEKTOHUYECKUMHE pa3ioMaMu. MOIITHOCTh PBHIXJIBIX
OTJIOXKEHHMI 1O/ 03epaMu He3HauyuTelbHa (IEpPBbIE METPHI), Yallle OHU IPEICTABIICHbI
CEPOBOJIOPOIHBIMU WJIAMHU, JICKAITUMHU Yallle Ha alIOBHAIBHBIX OTJIOKEHUSIX, KOTOPHIE
NEPEKPHIBAIOT JIMTU(UIUPOBAHHBIE OTJIOKEHUS TMaJIE030MCKOT0 W ME3030MCKOTO
BO3pacTOB ((DUILIUTHI, CITAHIIBI, METaNleCYaHukn) (puc. 1.4).

B paiione uccnegoBaHuii HaMH ObUIM TPOAHATU3UPOBAHBI TPYHTOBBIE BO/IBI,
0TOOpaHHBIC HA XUMHUYECKUI aHATN3 U3 HETJIyOOKHX CKBaXHH (10 30 M) U POJTHHKOB H
KOJIOAIIEB Ha BOJIOCOOpax paccMarpuBaeMbIX o3ep. Bcero Obuio 0TOOpaHO W
npoaHanu3upoBaHo — 129 mpo6 Boxbl. Ilo mnpuypoueHHOCTH K OIpeneIcHHOMY
OacceiiHy Bce BOJOIYHKTBHI MOA3EMHBIX BOJI ObUIM pa3/iefieHbl Ha TpU TPYIIbI (pHC.
1.5), mepBasi oTHeCeHa K peuHomy Oacceliny p. Unrona, Bropas — p. OHOH U TPeThs —
Oacceitny BHyTpeHHero ctoka (OnHoH-Topeiickas paBHMHA W OacceiiH p. ApryHb).
XUMUYECKUH COCTaB M3yUYEHHBIX HAMH MTOI3EMHBIX BOJ MTPECTaBIICH B IPUIIOKEHNH 1.
Kak MOXXHO BHAETh M3 3THUX JAHHBIX, 3/1€Ch Pa3BUTHI Pa3HOOOpa3HBIE MO COCTaBy M
COJICHOCTH BOJIbI, MUHEPATIHM3AIHs KOTOPBIX M3MeHsutach ot 97.0 mo 3887 mr/n, a pH — ot
6.18 mo 9.24. MunumyMm ompezaelneH Ha BogocOope 03. JloponuHckoe (OacceitH
p. Unrona), a MmakcuMyM B pOAHHMKE, BbicauMBaromumMcs o 6eperom 03. Xapa-Topym
(bacceitn p. Onon (mputok p. bop3ss)). Coxmepxkanne HCOjz; B IpyHTOBBIX BOJAX
Oacceiina p. WMuronpl u3meHsieTcs B auanazoHe ot 59. 6 go 778.0, mpu cpegHem
sHauenun 305.2 mr/i1. Bapuamun xonnentpaumit SO,° n CI' He BBIXOMAT 3a IIpemeIbl
6.54-443.0 u 1.45-52.4, npu cpeanux 3HadeHUIX 39.9 m 14.6 MI/1 COOTBETCTBEHHO.
KommuectBo Ca’* Bapsupyer B amamasome 12.1-154.9, cpexmee 59.8 wmr/1. B
COIIOCTaBUMBIX KOJIMYECTBAX IPUCYTCTBYIOT Mg2+ u Na" ¢ comepsxanuamu ot 6.42 1o

97.8 m2.71-97.6, cpenuee 28.4 u 21.7 COOTBETCTBEHHO.
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Puc. 1.4. Cxema THAPOTCOJIOTHUICCKOTO CTPOCHUA CPECAHCTO TCUCHUA P. Onon

(FOro-Bocrounoe 3abaiikanse) (Ilo matepuanam I'eonornueckoit kaptel CCCP macmiraba
1:200000. Jluct M-50 XIII. Ya6an H.H, benskos, E.A, 1974).

VYciaoBHBIE 0003HAYCHUS

1- YerBepTHYHBIC OTIOXKEHHUS: a) (ALIIOBHANBHBIC TaJCUYHUKH, TPAaBHH, IECKH, O3CPHBIC IMECKH C TPaBHEM,
CyTIIMHKaMH, Wiamu); 0) (3070BBIe OoTioXxeHus). 2 — HeoreHoBas cuctema. InoneH-HUKHEYSTBEPTHIHBIC OTIIOXKCHHUS
(ayuTFOBHATIBHO-03€PHBIC U 03€PHBIC ITECKU, CYTIIMHKH, TPaBUH W TIIHHBI). 3 — PaHHEMeENOBEIe OTI0XKEHUS (KOHIJIOMEPATEHI,
TPaBEJINTHI, NICCYAHHUKH, AICBPOJHTHL, Ty(bI, 0a3ambThl). 4 — PaHHEMENOBBIX CYyOBYJTKAaHHYECKUX WHTPY3uid (0a3abTeI,
jnoneputhl, nauabaswl). S5 —Typrunckas csura (denb3uT-nopdupbl, MojaeBomINaToBeie MOpGUPHI, TyhonaBbl H
tyhoOpekunu). 6-8 TpuacoBble oTiOXeHUs: 6 — 3yTKylneiickas cBuTa (TepeciiauBaHUE MECUYAHUKOB M aJeBPOJIUTOB C
JIMH3aMH TPaBEINTOB M KOHTJIOMEPATOB), 7 — arMHCKas CBUTA (IIECUAHUKH, Ty(PONECUaHUKH C JTMH3AMH aJE€BPOJINTOB), & —
TymyTaiickast cBHTa (IIECUAHUKHU C IMPOCIOSIMH aneBpoiuToB). 9-11 — [lameo3olickue OTIIOKEHHS (CHIIypCKash CHCTEMa).
Kymunauackas cButa. 9 — BepXHAS MOACBHTA (TIECYaHUK, aN€BPOJIMTHL, CIaHIb!), 10 — cpeaHsas moacBuTa (IiepecianBaHie
METaaJIEeBPOJIUTOB W ClaHleB), 11 — HWKHsA mojcBuTa ((GWUIMTHI, METalecYaHUKH), 12 — galikum Meraguabaszos, 13 —
OcatouHbIe OTIIOKCHHUS: a) METAIIECUaHINKOB, METAJICBPOJIUTOB; 0) QMIUTHTOB, claHIeB; 14 — TeKTOHUYeCKHe HApYIICHHS
a) TOCTOBEPHEIE, 0) TIEPEKPHITHIC 0CaJOYHBIMU OTIOXKCHUSIMU, B) 30HBI KaTaKi1a3a U OPEKINPOBAHHS.
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Ecnu npuHsATH BO BHUMaHKE COJIepKaHUsI OCHOBHBIX HOHOB Oosiee 20 mMr-3kB. %,
TO TI0 XUMHUYECKOMY cocTaBy Bojia npeumyniectBeHHo HCO3-Ca-Mg-Na (o [llykapeBy
(CnpaBoyHuK..., 1989)), ¢ MuHepanu3anueii, u3mMeHsromieics B mpeaeiaax 110.1-1335,
npu cpeanem 4948 wmr/mn m pH — 7.07-8.10, cpemnee 7.52 (tabn. 1.6) wu

HC0380S05713Cl™ 7
Ca?t40Mg?*31 Nat 29’

COOTBETCTBYIOIIEH (hOpMYJIION:

Kak BumHO M3 (QOpMyIbl XMMHUYECKOTO COCTaBa CpeId AHMOHOB JTOMHHHUPYET
HCOj ¢ comepxxannem ot 51.1 10 93.0 Mr-skB. %, BTOPBIM [0 3HAYUMOCTHU BBICTYIIAET
SO,* Ha OO KOTOPOro MPHXOAUTCs oT 3.2 10 50.0 Mr-skB. %, momst Cl” Bapspyer ot
1.0 no 23.3 mr- skB. %. CyllleCTBEHHOE JTOMUHHUPOBAHUE SO~ (50.0 mr-axB. %)
OTMeYaeTcsl B IpoOe BOJIbl, OTOOPAHHON Ha aHaJIU3 U3 POJHHMKA, BBICAYMBAIOILLETOCS U3-
10JT I0ro-BOCTOYHOro Oepera o3. JlopoHuHckoe. Boapl 3TOro pogHMKa OTIMYAIOTCA
BBICOKMM 3HaueHueM MuHepanuzanuu (1098 wmr/m) m pH (8.1). [lo xumuueckomy
cocraBy onu SO,—HCO3;—Na—-Ca—Mg.

MaxcumanpHoe coaepxkanne ClI° (23 Mr-skB. %) omnpeneneHO B KOJIOAIE
n. AGsatykaH. B comocraBumbix konmuectBax ¢ Cl mpucyTcTByeT 3/1ech SO4* (25 mr-
9kB. %), ¢ coorHomenueM SO,/Cl=1.1. Tlpu TOM, YTO HOMaNa3oH BapbLUPOBAHWUS

snaueHuit SO4/Cl B 3TOM parione cocraBisiet 0.46-31.4, npu cpennem 3.25.

Tabnuma. 1.6. Cpennue 3HaueHuss muHepanuzanuu (M), pH u coxepxanuii

OCHOBHBIX KOMIIOHCHTOB IIOA3€CMHBIX BOA M HX COOTHOIICHHA B BBIACICHHBIX

panoHax

Mokasaten bacceiin p. IHronel Bacceiin p. OHoH Ob6nacTe BHYTPEHHETO CTOKA

1 2 3 1 2 3 1 2 3

pH 7.52 7.07 8.10 7.87 6.47 9.24 7.99 6.90 9.02
HCQOg3; mr/n 305.2 59.6 778.0 271.3 77.8 567.5 457.8 153.0 1866
S0~ 39.9 6.54 443.0 304 2.66 163.0 88.5 241 1126
Cr 14.6 1.45 52.4 28.2 2.36 157.2 62.9 4.73 361.6
F 0.26 0.03 1.58 1.00 0.21 2.68 1.74 0.26 6.29
Ca” 59.8 12.1 154.9 59.7 5.52 184.3 54.5 5.59 148.6
Mg** 28.4 6.42 97.8 20.49 547 64.3 39.4 4.64 219.4
Na+ 21.7 2.71 97.6 35.3 6.37 232.0 129.5 7.20 528.1
K* 1.50 0.03 8.24 1.70 0.50 9.75 5.92 0.32 57.8
M 494.8 110.1 1335 499.2 136.5 3719 869.0 250.5 3121
Si 6.70 1.01 12.0 6.71 2.50 12.0 8.27 3.84 15.8
SO,/CI 3.25 0.99 31.4 2.82 0.11 15.9 1.61 0.14 4.60
Ca+Mg/Na 10.0 2.06 66.9 5.82 0.15 12.7 1.05 0.14 9.54
Na/Cl 3.49 0.22 13.4 5.21 0.33 39.7 5.19 0.28 17.6
HCO,/CI 12.1 2.10 10.2 5.8 1.89 9.20 4.2 1.45 8.25

1 — Cpennee, 2 — MUHUMaJIbHOE, 3 — MaKCUMaJIbHOE 3HAUCHUS.
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OHoHa, 2— Mnrompt 1 3—sHyTpenHero ctoka (Ermmapes, CuvoHoB, 2014).
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B M3yuYeHHBIX IPYHTOBBIX BOJAaX 3TOr0 peyHOro OacceiiHa B KATHOHHOM COCTaBe
npeobnagaror Ca®* u Mg® ¢ comepxanmsivmu 12.1-184.3 u 6.42-97.8, cpennee 84.0 u
28.4 wmr/n cooTBeTcTBeHHO. Hatpumii yamie mpucyTcTByeT B KojuyecTtBax oT 2.71 1o
97.6, co cpexHuM 3HaueHmeM 21.7 wmr/i. OtHocuTensHbIe comepxkanms Ca”" u Mg®
MeHsIoTCs OT 25.2 10 95.1 Mr-3kB. % nipu cpenHem 3HaueHuu 87.1 Mr-akB. %, Ipu 3TOM
JoJIsl HaTpusl u3MeHsiercss B mpenenax 1.5-32.6 mpu cpemnem 14.4 mr-ske. %. B
GonmbmmHCTBE cryyaeB pocT Na© omepeskaer poct Cl', uTo BBIpaskaeTcs B OTHOCHTETHHO
BBICOKOM 3HAYEHUU MX OTHOILIECHHUS, B CpeAHEM paBHOM 3.49.

OueBuHO, YTO OOJBIIAS YaCTh MOJ3EMHBIX BOJ| PAacCMAaTPHUBAEMOW TEPPUTOPHUH
OTHOCSITCS K TUIIMYHBIM BOJIaM BhIlIeIaunBaHusi. GOPMUPYIOTCS OHM B OCHOBHOM 3a CYET
PacTBOPEHUS] MHUHEPAJIOB BOJIOBMEMIAIOIIUX TOPHBIX Mopoa. OIHAKO Cpeu HUX UMEKOTCS
BOABl C NOBBIIICHHOM MHMHepaim3auped W pH, KOTOpble MOXHO OTHECTH K BOJAM
HavanbHOro dtama 3acojenus (IlIBapues, 1998). Ilpu 3TOM BBISBISIETCS CIEMyOIIAs
MOCJIEIOBATEILHOCTh  [IPE0Opa3oBaHusl TMOJ3EMHBIX BOJl, MO MEpEe YBEIMUYEHHS HX
cosnenocty ouu nepexoaat 3 HCO;—Ca—Mg B SO,—HCO3;—Na—Mg—Ca.

MUKPOKOMITOHEHTHBIM COCTaB IMOA3EMHBIX BOJ JTOr0 parlOHa BapbUPYET B
OTHOCHUTEJIbHO Y3KOM Juamna3zoHe. ColepaHue pazindaeTcsi Ha OJWH-IBa MOpPsIKa.
Bapuarnuu B mpenenax oaHoro nopsaka Haomomarorcs s B, Cr, Cu, Mo, W, Pb. C
YBEIMYCHHEM MHUHEpaIU3aliK BOJbI pacTyT coaepxkanus Ge, As, Sb, Mo u U, Ho npu
ATOM HE TMPEBBIIAIOT CPeAHUE 3HAUEHUs /ISl BOJ 30HKI runeprenesa (IlIBapies, 1998).
[ToBenenune Cu u Zn KOHCEPBATHUBHO U HE 3aBUCUT OT MUHEpanu3anuu u pH Bog.

B Gacceitne p. OHOH pa3BHUTH BOJABI ¢ MUHepanu3amnueit ot 136.5 no 3719,
cpennee 499.2 mr/n u pH 6.47-9.24, cpennee 7.87. JluamazoH BapbUpOBaHUS
coJiepKaHuil OCHOBHBIX aHUOHOB m3MmeHsiercs miuss HCOjz; 77.8-567.5 mr/n (cpemnee
271.3 mr/m), nns SO42' 2.66—-163.0 mr/a (cpennee 30.4 mr/n), mis Cl” 2.36—157.2 mr/n
(cpemree 28.2 wmr/m). B karmonHoM cocrae pommuHpylor Ca®® u Mg® ¢
comepkanmsmMu  5.52-184.3 wu 5.47-64.3mr/n  (cpemnee 59.7 wm 20.5 wmr/n
cootBeTcTBeHHO). Jlna Na™ kak mo cpeanum (35.3 Mr/i), Tak U MakCUManbHbIM (232.0
MT/JT) OLIEHKaM, COJIepKaHue BBIIIE, YeM B Ipenbiaymieit rpymnme. OTcioga uMeeT MeCTO

OoJsiee HU3KOE ycpeaHeHHOe 3HadeHne oTHomeHus Ca+Mg/Na =5.82.
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Kak u B mepBom ciydae, nomuHupyroT Bojabl HCO3;—Ca—Mg—Na, xumuueckuii

HCO0377S05712Cl™ 11
Ca?ts53Mg?*26 Nat 21

COCTaB KOTOPBIX BbIpaxkaeTcsi (popmyoii: . O4yeBuHO, YTO HA

(OHE CHIDKECHHS CpeqHUX 3HadeHuil konnentpauuii HCO3 u SO,” 0603HaYaeTCS POCT
ClI' ¢ makcumymom 157.2 wmr/n, ompeneieHHOM B BOjE, OTOOpAaHHOW Ha aHAM3 W3
CKB&)XHMHBI, PacIoOJIOKCHHOW Ha BojaocOope o3. ['opOynka. Haubonee BbicOkue ero
koHleHTparuu (6onee 100 wmr/m) ycTaHOBJIEHBI TakKe B BOJAaX CKBaXKHH,
pacmojokKEeHHBIX B C. 3aHTa U Ha BojocOopax o3. bopsunckoe, 03. XapaHop,
03. ['anra-Hyp. Kak npaBuio, 3To BOJbI ¢ MOBBIILIEHHONW MUHEpaIu3anuen (cpeanee
700 mr/m). Onm umeroT npeumymectBeHHO HCO3;—Na—Ca—Mg xummdeckuit cocTas.
Bce »3TO cBUIETEIbCTBYET O MNPOTEKAaHUM  3/I6Chb HAYaJdbHOM  CTaauu
KOHTUHEHTAJILHOTO COJOBOTO 3aCOJICHUS BOI.

B otHOocuTenbHbIX eauHuIax usmepeHus ClI° MOXeT SBIATHCS 3/1€Ch BTOPBIM
10 3HAYUMOCTH KOMIOHEHTOM (28-47 mr-akB. %) mocie HCO;3 (46-65 mr-skB. %),
B 3TOM CJIy4ae J10JIs SO,* ocTaeTcst OTHOCHTEIBHO HU3KOI (7—17 Mr-3kB. %). XOTs 110
CpeIHUM OIIeHKaM CyJb(haThl COJIEpKaTCs B TPYHTOBBIX Bojax OacceitHa p. OHOH B
CONOCTABUMBIX KOJMYECTBAX C Xjopujaamu, ¢ oTHoureHueM Oosice HU3KkHM SOy Cl
(2.82), ueM miis moA3eMHBIX BOJ OacceliHa p. Hroasl. Beilie cpenHero 3HaueHus
KoHIeHTpamun SO,° OmpemeieHsl B TIPYHTOBBIX BOJAX HAa BOZOCOOpax O3.
Xaparanaii, 03. llynyra, 03. [laran-Topom u ap., ¢ OTHOCUTEILHBIM COJIEP)KAHUEM
Gopiee 20 Mr-skB. %. MakcuManbHbie comepxkanus SO,” OIPENeneHbl B IPOMOUHE
nox Oeperom comoBoro o3epa |l moaruma Xapa-Topym. B »aToii mpobe Bombl
3a()MKCHPOBaHBl Takke MakcuMasbHble cogepskanus HCOs, CI'u Na* (1165, 728.9 u
1148 wmr/n cootBercTBeHHO), pH u MuHepanuzanuu. Bce 3T0 CcBUAETENBCTBYET O
3aCOJICHUH TI0JI3EMHBIX BOJI.

AHanoruyHas KapTHUHA, HO ¢ 0oJjiee BBIPAXKEHHBIM MPOIECCOM 3aCOJICHUS
OoTMeUYaeTcs Ui TOJ3EMHBIX BOJ OaceliHa BHYTpeHHero ctoka. [lo BceM Tpem
CTATUCTUYECKUM IMapaMeTpaM 3HaueHue muHepanuzanuu (250.5-3121 npu cpegHem
869 mr/m) u pH (6.90-9.02, cpeanee 7.99) Box BhIIIE, YeM B MEPBHIX ABYX Ipymmax. B

OOJBIINX MacIITadaX HaKaIUITMBAIOTCS 30€Ch U OCHOBHBLIC HMOHLBI, C KOHOCHTPAOWAMHA
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st HCO3™ 153.0-1866, cpennee 457.8 mr/n, nis SO42' 2.41-1126, cpennee 88.5 mr/n u
Cl 4.73-361.6, cpennee 62.9 mr/in. Beime 3meck conepxanus Na (4.64-219.4, cpennee
39.4) u Mg (7.20-528.1, cpexree 129.5 mr/m). Hampotus comepxanne Ca’’ Hinke
(5.59-148.6, cpennee 54.5 mr/m). Jlns 3THUX BOJ XapaKTEpPHO 3HAYCHHE OTHOIICHUS
Ca+Mg/Na =1.05.

®opmupyrotcsi  3nech  npeumyniectBeHHo  HCOj;—Na—Mg-Ca  Boasl ¢
COOTHOLICHHEM  OCHOBHBIX  HOHOB  BBIp@XEHHBIX  cleayiouieil  Gopmymoii:

HCO374Cl™ 13 S0%713
Na‘t 40 Mg?*31 Cca?* 28

. Ucxons u3 aToit popmysibl, BUTHO, YTO BTOPBIM MO 3HAYUMOCTH

aHMOHOM 37iech BbIcTymaeT yxke Cl” ¢ oTHOCHTENbHBIM cojiepikanueM a0 39.0 Mr-skB. %
(konozen y 3auMku Apiiantyii). Otciona ke u 3HadeHue SOy Cl no cpaBHeHHUIo ¢
ABYyMs TpeAbIYIIMMM TIpynmamMu. B KaTHMOHHOM cocTaBe jgomuHupyer Na' ¢
OTHOCUTEJIBHBIMH COJIEpKaHUSAMU 110 86.2 MI-3kB. %. (CaMOM3IMBAIONIASCS CKBaXXHUHA
Ha Bogocbope 03. Bapyn-Topeit). YBemmuuBarotest Taxke conepskarns Mg®", HarpoTus,
Ca®" camxkarores. Jons comosoii coctapustomeii (Na” u HCOj3') B aToit rpyIme mo
CpPaBHEHMIO C MPEAbINYIIMMU HanboJliee BecoMasl.

Conepxanve  OOJIBIIMHCTBA  MPOAHAIU3UPOBAHHBIX  MHUKPOIJIEMEHTOB B
MOA3EMHBIX BOJIaX MOCJEIHUX JBYX BBIJACICHHBIX 0aCCEMHOB HE MPEBBIIIACT MEPBBIX
MKT/J1. TloBBIIIEHHBIE WX KOHIICHTPAIMHU XapaKTEpPHBI JJIsi 0oJjiee MUHEPAIM30BAHHBIX
BOJI, B KOTOPBIX KOJIMUECTBO BI mocTturaer coTeH MKI/J, peIKO3eMEeIbHBIX JIEMEHTOB
Li, P33, U, Zn u M0 — 1ecsaTKOB MKI/J1.

Takum oOpa3zoM, BBIABISETCS CIEAYIOIIAs TTOCIE0BATEIHLHOCTh IPEOOPA30BaAHUS
MOA3EMHBIX BOJ M0 MEpE YBEIWYEHUSI UX COJIEHOCTU M pH, xorja oHu mepexonsT u3
HCO;—Ca—Mg-Na B HCO3;—Na—Mg—Ca. Ilpu 5TOM TJIaBHBIMH KOMIIOHEHTaMU B
nocnennem asisiorcs HCOs u Na', koTopble JOMUHUPYIOT HaJ APYTMMH aHMOHAMH M
katnoHamu. CUHTAETCs, YTO OCHOBHBIM (hakTOpOoM (HOPMHUPOBAHUSI XHUMHYECKOTO
COCTaBa BOJl B CTPYKTypaX MEXTIOPHBIX BIAJUH SIBJISIOTCS yCJIOBHs BojgooOMeHa. [lo
Mepe YXYIIICHHS YCJIOBUH BOJIOOOMEHA TMPOUCXOMSIT W3MEHEHHS HE TOJBKO
COOTHOIIIEHHSI OCHOBHBIX MOHOB, HO U COJIEPKAHUM MHOTHUX MHUKPO3JIEMEHTOB, B TOM

YUCJIE KPEMHHMS, KOHLUEHTPAUH KOTOPOIO IMOCTENEHHO HApACTAalT B cpeaHeM ¢ 6.70
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Mmr/n B Oacceitnax p. Wuaroger u p. OHOH g0 8.27 MI/n1 K HOKHOM TpaHUIIE
paccMaTpuBaEMOro peruoHa.

[To nanubM (CtenanoB, 1980) B MeXropHbIX BHagUHAX OTYETIUBO MPOSBISETCS
BEPTUKAJIbHAS THIAPOXMMHUYECKAs] 30HATBHOCTh. B OTKPBITBIX CTPYKTypax (OacceiHbl
p.p- Huroaget m OHOH), B KOTOPBIX CYIIECTBYET HWHTEHCUBHBIA BOJOOOMEH CO
CMEXHBIMH THUPOTEOJOTUUECKUMHU CTPYKTYpPaMH M C MOBEPXHOCTHBIMU BOJOTOKAMH,
MUHEpanu3alus MOA3EMHBIX BOJ C TiryomHoW mensiercs oT 0.3 mo 1 r/m, a cocraB
HCO3;—Ca na HCO3-SO,—Na. B cTpykTypax ¢ 3aMmensieHHbIM BOJ0OOMEHOM (OacceiH
BHYTPEHHETO CTOKA) MHUHEpalIu3allisi YBEJIWYUBACTCA CPABHHUTEIHHO Ha HEOOJBIINX
rryouHax (mo 50 M) mo 3-6 1/m. Takue M3MEHEHHs TaKKe COMPOBOXKIAIOTCS CMEHOMN
xumuueckoro cocraBa ¢ HCO3;—SO,~Na no CI-SO,—Na u naxe Cl-Na.

Yame BcTpeyaroTcs BOABI ¢ OTHOCUTENIBHO BBICOKMM 3HaueHHeM SO4/Cl, B
OONBIIMHCTBE CJIy4yaeB BBIIIE, YEM B BOJIAX 30HBI  BBHINICIIAYUBAHUS |
KOHTHHEHTaJabHOro 3aconeHust (LlBapues, 1998), uTo yka3piBaeT Ha CyIIECTBOBAaHUE
JOTIOJTHUTEIPHOTO HCTOYHMKA TOCTYIUICHUS Cyab(haroB. MM ciyxkaT ocagodHbIe
MOpobl ME€3a3051 U WHTPY3UBHBIE TMOPOJIBI IMIAXTAMUHCKOTO Komruiekca (CMHUPHOB,
1951), conepkamue CyabGuAbl Keine3a (MHPUT, MapKa3HT), OKUCICHHE KOTOPBIX
NPUBOIUT K HEMPOMOpIHOHaTbHOMY oTHOcHTenbHO Cl™ pocty xonmenTpammii SO4° B

MMOJI3€MHBIX BOJAX.

1.6. F'uaporpadus

B paiioHe ucciaenoBaHHs BBIAEIAIOT HECKOJBKO MAaJIbIX PEYHBIX OaccelHOB
(Erunapes, CumonoB 2014), B KOTOPBIX COCPEIOTOYCHBI BCE M3YUYEHHBIE O3€epa.
Haubonpmyto miomans 3aaumaet 6acceiin p. lllnika oCHOBHbIE IPUTOKH KOTOPOU
Ha paccMaTpUBaEeMON TEPPUTOPHUHU — JIEBasl €€ cocTapisromas p. MHrona u npasas
p. OHOH, o1HUM U3 HauboJiee KPYMHBIX PUTOKOB MocieaHel saBusercs p. bop3s. B
BEPXHEM TeueHHHM p. MHroma MmeeT TOpHBIM XapakTep, B CPEAHEM M HUKHEM
TEUEHUSIX peka mnporekaeT no YwutuHOo-MHrommuckon BnaauHe. Ee gnuHa
coctaBisier 708 kM, miomaabs Bojgocobopa — 37200 kM°. OCHOBHBIMHU MPUTOKaAMH

aBisitoTes pexku Tanra, Yurta, Kpyuuna, /[>kuna, Typa, OneHryi.
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bacceiin p. OHOH pacnojyio)KeH B IOTO-BOCTOYHBIX CTEMHBIX, JIECOCTENHBIX U
TaeXHBIX pailioHax 3abaiikanbckoro kpas. Ona OepeT Hayago B XOHTIICKOM
Haropbe (Monronus). Ee nnmuna 1032 kM (13 Hux okosio 300 KM MPOXOAHUT IO
TeppuTOopuu MOHTOINHN), TIOMAas Bogocoopa — 96200 kM’. B BEPXHEM U CPEIHEM
TEYEHUAX NPOTEKAECT N0 XOHTIU-UMKOMCKOMY HAroppd, B HWXKHEM — IO
[IpyoHOHCKON paBHUHE MeEXAy MoroiTyiickuM U bopiioBoyHbsIM XpeOTaMu.
OCHOBHBIMU MPUTOKAMH ABIAOTCS peku Xypaii-I'on, bop3s, Yuaa, Aryua, Keipa u
Ara.

HNnuna pexku bop3ss cocraBnser 304 kM, miomans OacceriHa — 7080 km?.
HUctoxn Ha ckinoHax xpebOra KykynwOeil. [Iporexaer B mupokoi 3a00J04E€HHOU
JNOJIMHE MO CTenHOW Tepputopuu. Ilutanue QoxkaeBoe, JETOM IMABOJAKH, MHOTAA
nepeceixaet. Cpeauuii TogoBoH pacxoa — 2.8 M*/cex.

I[To xapaktepy BoAaHOTO pexuMa OHOH CJIEIyeT OTHOCHTh K peKam
JNaJIbHEBOCTOYHOTO THUIIA C BBIPAKEHHBIM JI0KJAEBBIM MUTaHUEM. «[[07s 10XKAEBOTO
IMUTAaHUSI B 0OIeM oObeMe TOJOBOro cToka cocTtaBisgeT 47-85%, Ha cHEroBoe
nuTaHue npuxoautcs 2—26%, Ha moazemHoe 9-31%» (Bomorpeukuii, I'omodacr,
1977).

['eorpaduueckoe moJsio)keHUME BoAOCOOpa  OmpeNeNsieT COOTHOIIEHUE
UCTOYHUKOB MUTaHUS peK. OCHOBHBIMH (PaKTOpaMM SIBJISIIOTCS: BBICOTAa BOAOCOOpA,
pacnpocTpaHEHUEe MHOTOJETHEW Mep3JI0Thl, XapaKTep PacTUTEIbHOTO MOKPOBa U
np. JloxaeBble TaBOJKHU SIBISIOTCS TJIaBHOW (Da30il BOJHOTO peXKMMa B TEIUIBIN
nepuo roga. boipias 4acTh rOI0BOTO CTOKAa POPMUPYETCS 3a CUET MaBOJIOYHOTO
nepuoaa

OcHoBHBIC pekHu OacceiiHa BHyTpEHHEro ctoka — Yia3za u Umanka, KoTopsie
BIAJAIOT B I0KHYK UM IOro-zamajaHyr 4acTb o3epa bapyH-Topei. OcHoBHOU
BOJOCOOp PeK HaXOAUTCSA Ha TeppuTopuu Monronaun. JInuHa p. Yiaa3a cocTaBiser
425 xm, u3z Hux 409 xkm ona Teuér mo Ttepputopur Mouromuu. B Poccum
HAaXOJUTCS JIMIIb YCThEBasl 4acTh peKu IJIMHOU Bcero 16 kM. Ilnomans BogocOopa
26900 xkm?, 95 % u3 KOTOPHIX NpUXoAUTCs Ha MouHroautw. CpeaHeroJoBo CTOK B

ycTbe cocTaBisieT 0,28 km?. Pexa Mmanka OepeT Hauano Ha xpeOte Dpmana. JinHa


http://dic.academic.ru/dic.nsf/ruwiki/8250
http://dic.academic.ru/dic.nsf/ruwiki/102307
http://dic.academic.ru/dic.nsf/ruwiki/8250
http://dic.academic.ru/dic.nsf/ruwiki/1671354
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peku coctaBisieT 156 kM, U3 KOTOpPhIX 96 KM OHa MPOTEKAeT MO TEPPUTOPHUHU
Mouronuu. B Poccuu HaxoasiTca nuillb BEpXoBhe U ycThe peku (60 xkm). [lnomans
Bojocbopa — 1480 km?, u3 kotopsix 640 km? (okono 43 %) mpuUXOIUTCA Ha
tepputoputo Poccuun. CpenneronoBoid ctok B ycTbhe coctabisieT 0.018 xkm?. Peka
€XEroJJHO MepeMep3aeT U NePUOANYECKH ePEChIXaeT.

Boanblii pexkuM pek 3aBUCUT OT KOJMYECTBA BBIMAJAIOUIMX HA BOAOCOOD
aTMOC(EepHBIX OCaJIKOB, TOJIOBOE KOJMUYECTBO KOTOpHIX ymenbinaercs ¢ 300-400
MM B JIECOCTENMHOM U cTenHou 30Hax 10 300 u MeHee B KpallHUX IOXKHBIX pailoHax
(Ynnza-Topeiickas paBauHa) (O6s308, XKymaeiouna, 2011). OTcroga HauUMEHBIIINE
moxymu croka pek (0.1-0.2 1/c kM®) XapaKTepHBI ULl CTEIHBIX PAilOHOB FOTO-
BocToka Tepputopuu (0065308, 2002). [Ipu npoaBUKEHUN HA CEBEpO-3amaj CTOK
yBemmuuBaeTcst 1o 3-7 a/c kM u Gomee (Popmmposanume..., 1978). B
COOTBETCTBUM C BOJHBIM PEXKUMOM MPOUCXOAAT HW3MEHEHHUS THAPOXUMHUUYECKOTO
cocTaBa peK, T.€. MUHEpaIu3alus pEeYHbIX BOJ YBEIMUYHMBAECTCS C CEBEpa-3amnaja Ha
I0ro-BoCTOK. Tak, MuHepanu3anus p. MHroasl B cpegHem paBHa 65 Mr/i, r0)kHee U
BocTO4YHEe B pp. bop3s u OHoH oHa coctaBisier 162 u 313 Mr/in COOTBETCTBEHHO.
MakcumanbHoe 3HaueHue paBHoe 500 Mr/m xapakTepHO ISl IOXKHBIX peK

OeccTouHOro o3epHOro dacceitna p. Yuaza (tabma. 1.7).

Tabnuna 1.7. XuMUYECKUM COCTaB OCHOBHBIX PEK pailoHa UcCIeJ0BaHUN (MT/)

Pau |pH | HCO; [SOf | CI|[Ca" [My [Na” |[K' [M |[Si Popmyra

HC0389.1S0%75.9 CI™ 5

Omon | 67| 1098 | 57 | 36| 221 | 36 | 160 | 10| 1618 | 31 Ca?"54.7Na* 30.5 Mg2* 14.9

HC0380.9502-17.5 CI” 1.6

bopzr | 78 | 2018 | 344 | 23| 421 | 141 | 153 | 05| 3125 | 38 Ca?"52.2Mg? 291 Na* 18.7

HC0387.2502710.1 CI~ 2.7

VYoma | 78| 3387 | 308 [ 61| 509 | 236 | 460 | 09 | 4970 | 35 Ca"39.1Na* 30.7 Mg?*30.2

HC0373.350%715.5 Cl~ 11.2
Ca®*42.0Mg?*32.1 Na* 25.9

Maroma | 68| 360 | 60 | 32| 72 | 33 | 51 | 40| 648 | 25

[To xumuueckomy coctaBy peunbie Boasl HCO3-Ca-Mg-Na (mo IlykapeBy) C
conepxxanmem HCO3z; ot 36.0 nmo 338.7 wmr/nm B p.p. HWHroga u VYiaza

COOTBETCTBEHHO. BTOphIM 1Mo 3HauuMocTu BbicTynaeT SO, ¢ KOHIEHTpaluen ot
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5.7 (p. Onon) no 34.4 mr/n (p. bop3s), B monsix 3to paBHo 6.0 u 18.0 mMr-sks. %
COOTBETCTBEHHO. MaxkcumanbHas KouieHTpamus Cl ompenenena B Haumbosee
MHUHEPAJIN30BaHHBIX BOJAX p. Y32, XOTS B MPOIEHTHOM COOTHOIIEHUU aHUOHOB
€ro J0Js COCTaBJISIET BCero 2.7 Mr-skB. %, MOCKOJbKY OCHOBHas 4acTh (87.0 mr-
9kB. %) mpuxoautcs Ha HCO;. KaTuoHHBI cocTaB pek CMEIIaHHBIA C
npeBaiupoBanreM Ca, ¢ POCTOM MHHEpaIM3allUM BOJ pa3HHUIA CYIIECTBEHHO
COoKparmiaercss 10 OJIM3KUX MO 3HAYCHHWIO JIoJiel B Boaax p. Yaasa (Ca-39.1, Mg-
30.2, Na-30.7 mr-sxB. %).

OueBUAHO, UTO C MOHMIKEHHEM YBJIA)KHEHHOCTU TEPPUTOPUU K FOTO-BOCTOKY
pacTyT MHUHEpadu3alus U COAEpKaHUs BCEX OCHOBHBIX MOHOB C MaKCUMAalbHBIMHU
UX COJICpXaHUSIMHU B HaubOoJiee MUHEPAIM30BaHHBIX BoAax p. Yiaza. [Ipu sTom B
nocnenHel conep:kanue comosoil cocraBiswomeil (Na® m HCOj3) uHambonee
BECOMO. AHajoTU4YHas KapTHHA, HO C 0oJiee BBIPAKEHHBIM MPOIECCOM 3aCOJEHUS
OTMEYaeTcs JJIs 03€p.

Ha MexypedHbIx TpOCTpaHCTBAX PACIOOKEHA CJIOXKHAs CeTh CyXHUX IMajiei, Ha
JTHE KOTOPBIX JIMIITh MECTaMU JIEHCTBYIOT BPEMEHHbBIE BOJOTOKH UM HEOOJIBIITUE PYUbH,
MUATAIOIIUECS TPYHTOBBIMU BojaMu. CTOK MOJAAETCA YUETY B MEPUO/] JIETHUX JOXKIEH U
B MEHbIIICH CTENEHU BECHOM MpHU TassHUU cHera. Ha ckjoHax OOBIYHO HE MPOUCXOJUT
rJIyOOKOTO TPOCAYMBaHMs BJIard W TMOYBEHHAs BJara CTEKaeT BHU3 1O CKJIOHY. B
Nepuo JICTHUX JIOXKICH MOSBIISIETCS MHOXXECTBO BPEMEHHBIX BOJOTOKOB, MUTAIOIIMX
o3epa. Koaddumment croka cocrtaBmser 0.1-0.3, pe3ko cHmkasch K ory ot S51-i
napamtenn. Cpexnnii crok ¢ 1 M° cocrasmster 0.1 n/cex (Kmure, 2000). Xumuaeckuii
COCTaB BpPEMEHHBIX BOJIOTOKOB OIpEAEisSeTcs TIJaBHBIM 00pa3oM  CTENEHbBIO
3aCOJICHHOCTH MOYBOTPYHTOB paiiOHA.

Ha paccmarpuBaeMoii TeppuUTOpUM HaXOAUTCsA 00Jie€ COTHHU 03€p, HEKOTOPhIC U3
HUX BO3ZHUKIIM TPU JETPaNallid PEYHOW ceTH Ha (oHe apuausanuu kiaumata. Jpyroi
BHJ] 03€p BCTpeyaeTcs B pailoHe Topeickux o3ep U B cpenHeM TeueHuu p. OHOHA, OHU
He OOHApPYKUBAIOT CBSA3U C PEYHOU CEThIO U MPEICTABISAIOT COOOM CaMOCTOSATEIIbHbBIC
obOpazoBanust (HampacuukoB u np., 1972; HampacaukoBa, 1972). Ha neBobGepexne

P Ownon LOCIb  O3C€PHBIX KOTJIOBHH TATOTEET K TCKTOHHUYCCKHMM  pa3pbiBaM,
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bukcupyromuM 30HYy couneHeHus llacydeiickoll BHaguHbl C OKPYXAIOUIUMHU €€ C
ceBepa MOJIOAbIMH NOIHATUAMH. O3epHble KOTJIOBHHBI PAaCIOJIararoTcs Ha ydacTKax,
IJI€ PBIXJIbIE OTJIOKEHHS WJIM OTCYTCTBYIOT, WM MX MOIIHOCTh HE MPEBBIIIACT MEPBBIX
MeTpoB. Ha npaBobOepexkbe p OHOH 1enb MajbIX 03€PHBIX KOTIOBUH MPOCTPAHCTBEHHO
TATOTeeT K 30He couineHeHus llacyueiickoi Bnamuabel ¢ bainH-llaraHckum n
KoichiTylickum noguatusmu. O3epHble KOTJIOBHHBI 3/IeCh Bpe3aHbl B KOPEHHBIE
MOPOJIbI, WM TIPUYPOUYEHBI K 30HE TMepexofa aKKyMYJISTUBHOM paBHUHBI B
JIEHYIAIIMOHHYIO TOBEPXHOCTb.

Yame o3epa TpynmupyrTcs B CHUCTEMbI, KOTOpPhIE B TEPBOM NPUOIMKEHHUH
MOXHO pa3JeuTh Ha JiBa Thna. K mepBoMy OTHECTH 03€pHBIE CUCTEMbI HU3KOTOPHBIX
c1a00pacuICHEHHBIX, PABHUHHBIX W MEJIKOCOMOYHBIX MpocTpancTB (MHromuHckas,
Onon-bop3uHcKas), KO BTOpOMY — 03€pa apeajibHOTO PACIPOCTPAHEHHS HA OOMIMPHON
TEppUTOPUH C BHYTpeHHUM cTOokoM (CxisipoB u np., 2011). Ilpu stom mocnemHsis
rpynmna jiokanuzoBaHa B npenenax OnoH-Topeiickoi BHaauHbl, BXOJSAIIEH B COCTaB
Oosiee kpynHoi Yijza-Topeiickol BICOKOW paBHUHBI, a TIEPBhIE J1Ba — BOJAOCOOPOB PEK
HNuroaa n OHOH.

Jist Toro, 4toOBl pa3o0OpaThCsi BO BCEM MHOrooOpa3uu 03ep HEOOXOIMMO B
MEepPBYI0 OoYepeab KiIacCUPUIMPOBATH UX MO MOP(YOMETPUUECKUM XapaKTEPUCTHKAM.
Jlnst oToro Hamu OBUTH MPUMEHEHBI CHUMKHU C KocMH4Yeckoro ammapara Landsat TM,
ETM+ u OLI ¢ pa3pemiennem 30 m (Kypranosuu u np., 2016), ¢ ypoBHEM 00pabOTKH
Levell. J[lannple ObuiM moOdyueHbl mocpenctBoMm cepBuca EarthExplorer -
http://earthexplorer.usgs.gov/. O6paboTka CHUMKOB W BBIYHMCICHHE BOJIHBIX HHICKCOB
npou3BoIWIMCh ¢ momoIibio cpeacts Image Classification u Spatial Analyst ArcGIS
10. Ananu3 MOMYyYEHHOTO MaTepuala MoKa3aj, YTO BCE pacCMaTpPUBAEMbIE OOBEKTHI
OTJIMYAIOTCA  MOPHOMETPUYECKUMHU  XapaKTEPUCTUKAMU, a TakKe BEJIMYUHOU
BO10cOOpHOM momianu (mpuinoxenue 2). [Ipu 3ToM mopasisioiiee OOJBIIHHCTBO 03€P
(72%) oTHOCHUTCS K YMCITY TaK Ha3bIBA€MbIX HEOOJBIINX 03€p IJI0Mma b0 cBbime 1.0 10
10.0 kv’ (Tabu. 1.8).

Osepa ¢ MWIOMmAnBo 3epkana Gonee 10 KM° OTHOCHTENIBHO MATOUHCICHHBI (4%),

HO HMX CyMMapHas IUIOLIAJb CPAaBHUTENIbHO BeNHMKa M cocTaBisieT 82.2% oT obuieit
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aKBaTOPUHM BCEX 03€p 3TOro pervoHa. CaMbIMU KPYIHBIMH O3€paMU 3TOM 00JacTu
aBisitoTcst o3epa bapyn-Topeit u 3yH-Topeil, akBaTOpUU KOTOPBIX COCTAaBISIOT B
MHOT0BOIHBIN TIepuo 500 u 380 M? COOTBETCTBEHHO. Heo0OxoauMo OTMETUTh, YTO OHHU
HaxOJATCS HAa MHUHHMaiIbHON aOcomoTHOM BbhIcoTe (580 M 591 M COOTBETCTBEHHO),

SABJIASICH OacceliHaMHM KOHEYHOI'0 CTOKA.

Ta6muua 1.8. PacipeneneHne o3ep 1o pasMepam UX akBaTOpHH (B KM°).

2 CymMmapHas % ot o011ero % OT cymmapHOii
I'panans o3ep, xm ILIOWIAIb, KM KOJIMYECTBA 03€p TJIOIIAIA 03€p
Maunsie (o 1.0) 20.7 24 2.2
He6ompmme (ot 1.1 148.8 72 15.7
10 10.0) ' )
boabmue (ot 10.1 mo
100 11 BbIme) 781.0 4 82.2

N3 Ttabnauubl NOpuUIoXKEeHUs 2 BHAHO, UYTO HauOOJbIEee KOJUYECTBO
pa3HOOOpa3HBIX MO IUIOMAAW O3€p M 00BEMY B HHMX BOJIbl pacrmojiaraercs B
uHTepBasie BoicoT oT 600 o 700 M Hag ypoBHeM mops (okosio 95% Bcex o3ep).
OtMmetku 6oisiee 700 M oTHOCATCS K IHTOIMHCKOM Tpymme o3ep.

[Ipu BceM paznuuuu MOp(POMETPUUECKUX MapaMeTpPOB 03€p oO0Ilee y HUX OIHO,
BCE OHU OECCTOYHBIC, C OTCYTCTBHEM IOBEPXHOCTHOTO CTOKa, TOJHKO BO BIJIAYKHBIE
MEepUObl B OTJICTBHBIX CIIy4asX COSAUHEHHbBIC MEXKTy COOOM BpEeMEHHBIMU PYyCJIaMH, HO
BCE M30JIMPOBAaHBI OT peK. BO BceX 03epHBIX BaHHAX OTMEYAOTCS MOP(dOIOTHUUECKUE
MpU3HAKU 00Jiee BBHICOKOTO CTOSHUS O3€PHBIX BOJ B BUJE OTYETIIMBO BBIPAKEHHBIX
JUTOpaiel, a Takxke OeperoBbIX aKKyMYJISITUBHBIX U a0pa3uBHBIX MUKPOGOpPM pernbeda.
MHorue o3epa pacnojaratorcsi B 3aMKHYTBIX 3alaJiiHaX, MMEIOIIUMX 4Yalle BCEro
XapakTep KOHIIEBOrO OacceifHa, COOMPAIOIIET0 TPYHTOBBIE BOJbI, 2 BO BpeMsl JTUBHEH
MMOBEPXHOCTHBIE ONPE/ICTICHHON TEPPUTOPUH.

[Ipu 3HauWTEeNHLHOW BapHWAMM AaKBATOPUN oO3€p OOIMM SBIAETCA WX
OTHOCHUTEJILHO HeOOoJIbIas riyOorHa, KaK MpaBUio, HE MPEBBIIAOINIAS MEPBBIX METPOB
oT 3epkasia Bojbl. Hanbosee rioy0okue u3 u3ydeHHbIX o3ep 3To 03. baitn-Ilaran (7.5 m),
03. Hoxuii (7.0 m) u 03. Jloponunckoe (7.0 m). Takue o3epa yaiiie pacroioKeHbl Ha

rpanyuge CTCd C TopaMu. Menkue 03€pa JIOKAJIM30BaHbl Ha OTHOCHUTCIBHO
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BBIPAaBHEHHBIX IMOBEPXHOCTSIX, OHU 4Yallle MMEIOT Majble IJIOMAAX BOJHBIX 3epKall
(Menee 1 kM®), MeHbLIHI 06beM BombL. Kak MPaBUJIO, 3TO XJIOPUIHBIE 03€pa.

AHanu3 3aBUCHMOCTEH OTHOLIEHUI BOJOCOOPHOH IUIOMATH 03P Sponociop K
IUIONIAZN 3€PKal CAMUX 03€P Sysepa OTHOCUTEIBHO a0CONIOTHOM BBICOTHI IOKA3all, YTO
HanOoJiee KPYMHBIC BOJOEMBI C OOJBIIMM OOBEMOM BOJIBI M3-32 OOJBIIUX ILIONIAEH
BOZI0COOPOB UMEIOT OOJIbINKE 3HAUYCHUS KOAG(UIIMEHTA ITOTO OTHOIIEHUS (0T 2 110 54,

cpenHee 22) 1 Jaie 3aHIMaloT 0oJiee HU3KUE BBICOTHBIE OTMETKH (puc. 1.6).

750 - @ o
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500 T T 1
1 10 100 1000

SsogocGop/Soaepa

Puc. 1.6. Pacnipenenenne 3HaUCHUSI OTHOIIEHUS Syoz0c60p/ Sosepa PA3HBIX IO 00BEMY BOJIBI
03ep B 3aBHCHMOCTH OT BBICOTHBIX OTMETOK X pactoyiokenus (H). CuauM nBeTom

BBIJICJICH COJIOBBIN THUII 03€P, 3€JICHBIM— CYIh()ATHBIN U KPACHBIM — XJIOPUIHBIH.

Hpyras 4actb 03€p, OTHECEHHBIX K MajbiM W HEOOJBIIUM BOJOEMaM, HUMEIOT
ropa3go MeHblnee 3HaueHue (2-10, cpegHee 6), croja TOMAaalOT PACCOJBHBIC, C
MuHepanu3aiueid 50 /11 U BhIIIe, Yaiie 3TO OTHOCUTCSA K XJIOPUIHBIM O3epaM. AHamu3
3aBUCUMOCTE 00bEMOB BOJBI M €€ MUHEpAIM3AIUHU TT0Ka3ajl, YTO JJIsl 03ep ¢ 00beMOM
BOIHOM Macchl ot 0.001 o 1 km® MuHepanm3auus m3mensiercst ot 1.17 1o 15 1/, a npu

MEHBIINX 00beMax MoxkeT gocturath 50 /1 u 6oee (puc. 1.7).
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Puc. 1.7. 3aBUCUMOCTB COJIEHOCTH 03€p OT UX 00bEMA.

Ha Ttepputopun BoctouHoro 3abaiikajibd BBIACIAIOT TPU TEPPUTOPUAIBHO
000COOJIEHHBIX JMMHHYECKUX CHUCTEMBI COJEeHbIX o3ep: WHromumHckyro, OHOH-
bopsunckyo u Topeiickyto (Munepaiabibie..., 1968), npuypodeHHBIX K BbIJICIICHHBIM
BBIIIE COOTBETCTBYIOIIIMM PEYHBIM OacceiiHaM W 00JacTH BHYTPEHHErO CTOKa,
OT/ICJICHHYIO OT MEPBBIX JABYX MaTepPUKOBBIM BojopasaenioM (puc. 1.8).

Nuroaunckas cucreMa cojieHbIX 03ep. MHronumHckas rpymnmna o3ep BKIIIOYAET
Oojiee necaTKa MPECHBIX M COJIEHBIX 03€p C MajblMH pa3MepaMyd U HEYyCTOWUYMBBHIM
rugpoaoruueckuM pexxumom (CkisipoBa u np., 2012). Bee o3epa Haxoa4Tcsi B CTEMHOM
30H€ BHNAJAWHBI 3a HCKJIIOUYECHHEM NpPECHBIX 03ep Aperl m Canus, pacrnosiOKEHHBIX B
JeCHOM ee yacTu. B nonuHe p. IHroasl HaMy U3y4€HO CEMb COJIEHBIX UM COJIOHOBATBIX
o3ep (puc. 1.7). Uetsipe u3 Hux Jloponunckoe, Yenuek 1, Uenuek 2 u Topm HaxoasITCS
Ha OJIM3KOM pACCTOSIHUM, TO3TOMY MPEICTABISAIOT €IUHYI0 O3€PHYIO CHCTEMY —
JloponuHCKyr0. OTIENBPHO HA PACCTOSHMM HECKOJIBKHUX JECATKOB KM PaCIOJIOKEHBI
o3epa: XyxkapHoe, Jlebenunckoe u banb3oil. O3epa 3aHUMAIOT HEOOJIBIITNE KOTIOBUHBI,
pacnosoXeHHbIE B HE3HAYUTENbHBIX Aenpeccusax penbeda. Cpean coneHbIX 03ep 3Toi
rpymibl camoe 6ombinoe 03. Jloponnnckoe (mpunoxxkenue 2). Ha vem no cepenunst 20-
cToJieTHs Benach 1o0bua conl (Opank-Kamenenkuit, 1928; Brnacos u nip., 1961, 1974).

Ozepo /lopoHMHCKOE SBISETCA MEPOMHKTHYECKHM BOJOEMOM C  SIPKO
BBIPOKEHHOU CTpaTuduKaluen Boj Mo COJEHOCTH, u3MeHstoeics ot 10 no 38 r/a or

3epkaja Bojbl kKo HY. CyIIeCTBEHHO Pa3HATCS MO TITyOMHE U COIep>KaHMsI OCHOBHBIX
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Puc.1.8. Cxema onpoGoBanus o3ep Ha TeppuTopuu BocTounoro 3abaiikanbs C
JIeJICHUEM T10 TIPUYPOUYEHHOCTH K peuHbIM OacceitHam 1— OnoH, 2— MHroga u 3 —
obsiacth BHyTpeHHero ctoka 1o (Erumapes, CumonoB 2014).
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ero ¢usuko-xumudyeckux mnapamerpoB (bopszenko, 2012). MoIHOCTh HIOBBIX
CEPOBOJOPOAHBIX TOHHBIX OTJIOKEHUW B LIEHTPAIBHOW YaCTU O3€pa JOCTUIaroT 7.5 M.
Bce ocranpHble UW3ydYeHHBIE 03€pa HMMEIOT IIMPOKUNA JIMANa30H 3HAYCHUH
muHepamu3anuu (ot 1.2 g0 68.1 1/m) u Bemuuwmnsl pH (ot 9.24 no 9.87) (Bop3senko,
2013, 2015). MakcumanbHasi KOHIEHTpallMs COJe oTMeuYeHa B 03. XyXapHOM, a
MUHUMAaJIbHAs B 03. JleOequHckoM. [[71si 03ep XapakTepHO yBEIMYEHHE MUHEpAIU3AIuU
BOJIbI C YMEHBIIIEHUEM a0COTIOTHBIX BBICOT (IPUJIOKEHHUE 2).

B aHHOHHOM COCTaBE BCEX M3yUCHHBIX 0o3ep mpeobmagator CO” + HCO5 (41.6-
93.1 mr-skB. %). CymectBeHHbI BkJaJ BHOcUT Takke Cl ¢ MakucMaiabHOUM mosei
(48.4 mr-3KB. %) B 03. Uernuek 2. CynbdaT-uoH B 3HAUUMBIX KoJinuecTBax (29.0 Mr-ska.
%) mnpucyrctByer B 03. XyKapHOM, OTHOCHTEIBHO HH3KHE €ro COICpIKaHUs
onpezenensl B 03. Jloponunckoe (0.9 Mr-skB. %), B OCTaJbHBIX 03€pax €ro CoAepKaHue
He npesslmaeTr 20 mr-akB. %. Hatpuii sBiIsseTCS JOMUHUPYIOIIUM KaTUOHOM, Ha JIOJIIO
Kotoporo npuxogutrca oT 66.1 no 99.1 Mr-skB. %. Toapko B HanMeEHEe COJIEHOM 03.
JleGeaunckoe HAOIIOAAETCS YBETUYEHUE IO MOHOB MarHus 10 22.7 Mr-3kB. %.

KoHIeHTpaluu MHMKPOKOMIIOHEHTOB B 03€pax BapbUPYIOT B OYEHb IIMPOKHUX
npeaenax (mpuiaokeHue 2). MakcuManbHbIe 3HaueHUs (CBBIIIE 1 MI/iT) XapakTepHBI IS
Br, Fe u Sr. JIo mepBeIx Mr/n konneHtpupyroTtcs Li, U, cogepxkanue Al, V, As, Se, Ge
cocraBiisgoT cotHu MKr/i, Th, W, Ba, Mo, Y, Sc, Rb, Zn — necarku mxr/i, a Pb, Sb, Ni,
Co — mepBbIe MKI/JI.

Onon-bop3uHckas cucrema cosieHbIX 03ep. O3epa OHOH-BOP3UHCKON CUCTEMBI
JOKanu30BaHbl B OacceiiHe p. OHOHA U ee HamOoJee KPYMHOro nputoka p. bopsd, a
TaK)Ke€ YaCTUYHO B OacceliHe p. ApryHs, B npenenax u no oopamiuenuto Lacyueiickoi
BIIJIMHBI, a TAK)KE€ Ha MPUJIETaloluX C lora u BocToka tepputopusix (Bmacos u ap.,
1961). DBoJabIIMHCTBO 03€p XapaKTepU3YIOTCS OYEHb MaJbIMU pa3MepaMu MU
HEYCTOMYMBBIM ruaposiornyeckuMm pexxumom (Comoseie..., 1991). Penko BcTpeuatorcs
03epa ¢ IIyOMHOM M IUIOMAAbI0 AKBATOPHM Gojee 3 M M 2 KM° COOTBETCTBEHHO. K
TakuM oTHocATcsl o3epa: balin-lIlaran, baiim-bynak, Hoxwuii, AnBaxon, Kyayk,
baneikryii, Apa-Topym, YT1y-Hyyp u ['amkoid. B rugponornyeckoM pexume 3TUX 03€p

y4acTBYIOT TPYHTOBBIC W TpelIMHHBbIC Toa3eMHbie Bobl (I[piranok, Exnkees, 1969).
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Kak mpaBuno 3T o3epa cCllabOMUHEPATM30BAaHHBICE C OTHOCHUTEIHHO BBICOKHM

- 2-
3HaueHueM pH u gomuHupoBanuem B aHuoHHOM coctaBe HCO; u CO;5”, a B
katrnonHoM Na'.

B nienom asst 03ep, pacnoioKEHHBIX B Ipenaenax oacceitHa p. OHOH, XapaKTepHBI
HauMOOJIbIIINE BapHallMy COJEHOCTH, MHTEpBa] 3HAYEHHM KOTOpoul cocrtaBisier 1.36—
343.2 r/n npu Bapuarusax pH ot 7.40 no 10.7. HaubGonee conmensie o3epa ['opOyHka u
bopsunckoe (184.5 m 343.2 1/m COTBETCTBEHHO) pACIONAralOTCs B OTHOCHUTEIHHO
MOJIOTHX KOTJIOBUHAX. JIHO M Mx Oepera MOKpPBITHI TOJICTBIM CJIOEM CEPOBOJOPOIHOTO
nia. ['myOmHa WX B MHOTOBOJHBIC TIEPHOIBI JocTuraeT 2-3 M. B cyxme roasl o3epa
MOJIHOCTBIO NepechixatoT. [Ipu 3ToM cTeneHb MUHEpAIU3alMy BOJIBI B 03€pax 3aBUCUT
oT e€ YpPOBHS M MOXKET cyliecTBeHHO kojiebaThcsi. B XX Beke Ha 03. bopsunckoe
BeJIach J100bIYA MOBAPEHHOM COJIU.

[To xuMHYecKOMY COCTaBy O3€pa 3TOM Tpynmbsl BechMa pa3zHooOpasHbl. B
HaNMeHee MHHEPATH30BAHHBIX 03€PaX OTMEYAETCSl OTHOCUTENIBHO BhICOKHE momn Ca’
1 Mg®* (o 13.2 mr-skB. % (03. [aran-Hyp) u 51.0 mMr-3kB. % (03epo ¢ mudpom 14-14)
COOTBETCTBEHHO). Bricokoe conepkanue maraus (19.0 mMr-skB. %) onpeneneHo Takxe B
coJIeHOM 03. Xuiranta. OJIHaKO, OCHOBHBIM KaTHOHOM BO BCEH BBIOOPKE SIBISETCS Na’,
c ero poneit ot 61.6 1o 100 mr-3ks. %.

HauOonpiield  pacnpocTpaHEHHOCThIO — TOJIB3YHOTCS o3epa ¢ pH>9, ¢
JOMUHUPOBAHHEM B aHHMOHHOM COCTaBe KapOOHATHOTO KOMILJIEKCa CO”+HCO;3 u
(um) CI, B pemxux ciydasx SO,” (03. Xaparamam u o3. Illynyra). B MeHbImx
KOJIMYECTBAaX MPHUCYTCTBYIOT COJIOHOBAaThle M cojlieHble o3epa ¢ pH<9 cC
JIOMUHHUPOBAHUEM CPEN aHMOHOB XJIOpUJ MoHa (03. YKiuHIa, 03. badse, 03. XoiBo-
Topym-1, 2, 03. bonsmas Bynyrysaa u 03. Xo160-2). C npeobnananuem SO,~ nmMeercs
€IMHCTBEHHOE COJIOHOBaToe 03. [laran—Topom.

PacconpabIX 03ep ¢ mMuHepanuzanuei oT 50 /1 U BBINIE BCETO NECATh, TPU U3
kotopbix umertr pH<9 (bunbuup-Hyyp, [abaca-Hop u T'opOynka) u aBa o3epa
bop3unckoe n Kymxepraii ¢ pH>9. B aHHOHHOM cOCTaBe MEPBBIX JOMUHUPYET CO
3HaunTeNbHBIM TpeumyiiiectBoM Cl° (69.3-91.0 mr-sks. %). Ha momio cynbhatoB u

KapOoHatoB B cpenHeM npuxonutcsa 14.5 u 11.4 mr-skB. % coorBeTcTBEeHHO. B Gonee
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HISJIOYHBIX 03€paxX MaKCUMajbHas J0Jis1 KapOOHATHOTO KOMIUIeKca paBHa 48.7 MI-3KB.
%. mpu pH 10.7 ycranoBnena B o03. Kymxkeprait. Ha nomto kapOoHaToB B
03. bop3uHckoe npuxoautcs Beero 6.7 3kB. % ¢ BenuunHoi pH paBHoit 9.4. 1Ipu sToM
OTHOCHUTEJILHOE COJIepKaHue XJIOPUAOB B 03. bop3uHckoe cocraBisier 69.3 3kB. %, a
03. Kymxeprait 48.7 3kxB. %. Cpeau KaTHOHOB OCHOBHBIM B PAaCCOJIBHBIX 03€pax
octraercs Hatpuil. Jlons kanbius ctaHoBuTcs 3ametHee (3.3 skB. %) B 03. buibunp-
Hyyp ¢ MuHUManbHBIM 3HaYEHHEM IO Bceil BeIOOpKe pH.

Jist  o3ep 9STOM JMMHUYECKOM CHUCTEMbl XapaKTepeH BBICOKUM YpOBEHb
KOHLIEHTpaMi MHKPO3JEMEHTOB. MakcumanbHble 3HaueHus (cBeime 100 wmr/m)
xapaktepHo i Br, HemHorum Menbine (cBoime 10 mr/m) HakamuBaiorcs Fe, B, Al, u
Sr. Jlo nepBbIx Mr/1 KoHUeHTpUpYytoTcst As, U, Zr, coTHH MKT/1 XapakTepHo juist Li, Mo,
V, Se, Ti, Mn, Cr, Zn, Ba, Re, Th, W, Y, Sc, Rb, penkozemenbubie d51eMeHTsl P30 —
necatku Mkr/i, a Pb, Sb, Ni, Co, Ge — niepBbie MKI/JI.

Topeiickas cucreMa cosieHbIx o3ep. O3epa ToperCKOW IpyIIbl HACUUTHIBAIOT
MEHbIIIEe KOJIMYECTBO BOJIOEMOB 110 CPaBHEHHUIO ¢ npeabaynieil. K nanboinee rirydokum
(bonee 3 ™) otHocsaTcs o3epa: bapyn-Tope#t, 3yn-Tope#t, ba6Gaii, [laran-Hyyp
(Aypynaryesckoe), Kyka-Asbipra, Xapa-Hyyp u ap.

Kak u B mpeapiayliux BBIACJICHHBIX JIMMHUYECKHX TpYIIaxX, B 0O3€pax 3TOU
IpynIbl COJIEHOCTh ¥ pH BapbupyloT B miupokoM auamnaszone ot 1.18 mo 126.5 r/n u ot
8.32 1o 9.99 coorBercTBeHHO. MMHMMAaJbHAsI COJIGHOCTH OIpenaesieHa B 03. XOWTO-
Topym, a camMoe MHUHEpaIM30BAHHOE — 03. 3aHJald. B OCHOBHOM OHM WMMEIOT
noBsIeHHoe 3HadeHne pH (6omee 9) BoI M OTHOCHTEIBHO BhICOKHE comeprkanns CO5”
+HCO3, 10151 KOTOPBIX B aHUOHHOM COCTaBe JOCTUTaeT 66.6 Mr-skB. % mpu cpeaHeM
38.8 mr-skB. %. B Takux o3epax Beicoka u jaosis Cl', koropas Bapeupyer ot 12.1 10
53.9 Mr-okB. % (cpenmee 37.7 Mr-akB. %). IIpeBammposanne SO,° OTMEUEHO BCETO B
Tpex o3epax: Kummno u llluxanuu-Hyyp, 'pumkuno ¢ pH 6onee 9, u B 1ByX o3epax:
bapyn-Illuseptyit u Kyka-Asbsipra ¢ pH menee 9. B ocTanbHBIX MX OTHOCUTEJIbHbBIC
COJZIEpKaHMs HE MPEBBIIAIOT 25 MI-3KB. %.

[To cpaBHEHMIO C MPEABIIYIIMMHU CUCTEMAMH 03€p 3/1eCh B OOJBIIMX MaciuTadax
HakarmuBaroress U (10.9 mr/m), As (6.00 mr/m), Mn (4.05 mr/ir), Mo (3.00 mr/m), P35
(0.108 mr/m).
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O4eBUHO, 4YTO B MPOCTPAHCTBEHHOM pPa3MEIIEHWU O3€p Pa3IUYHbIX 10
COJIEHOCTH U XUMHYECKOMY COCTaBY HET ONPEIEIECHHON 3aKOHOMEPHOCTH, YacTO 03€pa
C BOJIaMH Pa3HOrO COCTaBa M MMHEpAJU3alMK PACHOJIaraloTcsd Ha HEOOJIbIIOM
YAAJIEHUH JIpYT OT JIpyra, HO BCE OHU JIOKAJIM30BaHbI B 30HE 3aCYLUIMBOrO KJIUMaTa U
HE MMEIOT TMOBEPXHOCTHOTO cTOKa. CuMTaercsi, YTO COJIGHOCTH 03ep O0OycCIOBIEHa
UCTIAPUTENbHBIM KOHIIEHTPUPOBAHUEM O3€PHBIX BOJA B YCIOBUAX 3aCYILIMBOTO
KJIMMATa, B X0JIe¢ KOTOPOI0 JOJKHA IPOUCXOJIUTh, M0 YCTOSBIIUMCS MPEACTABICHUSM,
HaIpaBjeHHas: TpaHCPOopMalsi XUMMHYECKOTO COCTaBa CO CMEHOM XMMHUYECKOTO THIIa,
OoT KapOoHaTHOro K cyibhaTHOMYy U jJanee K xjopugHomy. DakTuyeckoe
pacnpeneneHue XUMHYECKMX KOMIIOHEHTOB B BOJIaX HM3yYEHHBIX 03ep BocTouHoro
3abaifkanbs OTJIMYAETCSl OT OOIIETTPUHATON CXeMbl MeTaMOop(dU3aIuu 03€PHBIX BOJ IIPU
ux wucnapeHuu. Yame, n0o Mepe pocTa COJEHOCTH BOJ HE MPOUCXOIUT
MPOTMOPIIMOHAILHOTO € XJIOPUJAAMH HaKOIUICHHS Cyib(daroB, Oosiee Toro, rmno Temiam
HAKOIJICHUSI OHU OTCTAIOT, a COJIEpKaHMsI TUIpokapOoOHaTa U KapOOHATa 1O CPaBHEHUIO
C HUMHU B OOJBIIMHCTBE CIy4aeB pacTyT Oojiee MHTEHCUBHO. Takas cuTyalusi He

corjacyercs ¢ OOIUMHU MPEACTaBICHUSIMHU U TpeOyeT 0cOO0ro pacCMOTPEHHS.



87

I'nmaBa 2

XUMHUYECKHN COCTAB COJIEHBIX O3EP

Conenbie 03epa OOBIYHO NIETSATCA Ha KapOOHATHbIE, Cylb(aTHbIE U XJIOPUIHBIE;
HWHOT/Ia JOTIOJIHUTENIBHO BBIACIAIOTCS KUCbie TUrbl (AnekuH, 1970). KapboHaTHble B
OTIIEJBHBIX CIydyasX Ha3bIBAIOTCS Takke COJOBBIMHM, a Cyib(aTHbIE JEISITCS Ha
HaTpueBble W MarHueBble mnoaTunbl (Bamsamko, 1952, 1962). B oCHOBY »TuX
KJaCCu(UKauii TOJ0KEHbl pa3Hble COOTHOIICHHS OCHOBHBIX KATHOHOB M aHHUOHOB.
Otn knaCCudukanuu TOCTPOCHbl HAa XWUMHUYECKUX MpuHIUNax. [loaTomMmy oHU He
OTpaXaloT TEeOXMMHYECKyI0 Crenuduky CoCTraBa 03epHBIX Boj. KiacCudukarus,
pazpaborannas C.JI. IlIBaprebim (IlIBapueB u np., 2014), Takke HOCUT YCIOBHBIN
XapakTep, HO OHA MO3BOJISIET CPABHUTh 03€pa HE TOJIBKO 10 XUMHUYECKOMY COCTaBy, HO
U TI0 TJIABHBIM IpolieccaM UX (POPMUPOBAHUS U UCTOYHUKAM DJIEMEHTOB, YTO UMEET
y)Ke Treoxumuyeckoe 3HaueHue. CoryiaCHO MpeUIoKEHHOM CXeMe Ha H3ydaeMou
tepputropun Boctounoro 3abaiikanbsi HAMH OBLIO BBIJCICHO TPU T'E€OXMMHUYECKUX THUIIA
03€p: COJIOBBIE, K KOTOPBIM OTHecU Bce o3epa ¢ pH > 9.0; xnopuansie, ecnu pH < 9.0,
a Cpelld aHMOHOB TIpeodamaeT xJjop, u cyibdarasie, ecau pH < 9.0, HO cpeny aHMOHOB
JOMUHUPYET CyIb(dar.

CoCTtaB TUNUYHBIX MPEACTABUTENEH KaXXJO0ro THUIIA 03€p MoKa3aH B Tadsuie 2.1.
[To conenoCTu uCCienyeMble 03epHbIE BOABI BAPLUPYIOT OT COJIOHOBATHIX JIO PaCCOJIOB,
C wmuHepamuzaumed ot 1.17 nmo 343.2 r/a. Ilpm sTomM wyame BCTpeYarOTCs
CUJILHOCOJIOHOBAThIE O3epa C MuHepanu3auued g0 10 r/m, CymieCTBEHHO MEHbIIe
ciaboconenbix (10 o3ep) u pacconos (5) (ITocoxos, 1969). 3nauenus pH MeHs0TCS B
mupokux npenenax ot 7.4 mo 10.7. [Ipu 3ToM HanOOIBIIUM paCIPOCTPAHEHUEM CPEIH
M3YUYEHHBIX 03€p MOJIb3YIOTCS 03epa COI0BOr0 TUIIA, HA IO KOTOPOTO MPUXOAUTCS 87

%, pexe BCTpeuaroTCs CynbdaTtHbie (3 %) u xsmopuansie Tunbl (10 %).



Ta6numa 2.1. XuMu4eckuii coctaB coyieHbIX 03ep BocTounoro 3abaiikaibs 10 BBIICIICHHBIM THIIAM U ITOTUIIAM
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Conosbi T . .
Tlokazarerm I/EB";[ COmOBBIA TVIT YCpSIHEHHBINA Conosiii v | oxmrn Conospii v | o Conospii v || oo Cympans i it Xopryyi T
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

pH 953 902 10.74 947 902 1074 953 920 983 955 909 1002 874 832 890 817 740 870
Co, <04 | <04 | <04 <04 <04 <04 <04 <04 <04 <04 <04 <04 <04 <04 <04 1440 | 1320 1560
COZHHCO; 073 | 472 30129 | 348 | 4200 | 30129 | 4291 | 6260 | 16539 28% 472 22130 8062 719 1798 5040 610 2109
S0/ 2188 | 102 | 62340 592 102 2018 | 61675 | 1680 | 13790 3138 55.7 62340 2901 492 7580 | 3451 210 13680
Cr 4168 | 282 | 133740 | 130 | 282 14180 | 2712 | 3176 6600 7155 3900 133740 9000 2660 2050 | 17783 | 119% 101083
F Mr/11 143 | 0060 | 4140 951 | 0060 723 192 067 104.7 187 049 4140 205 0.36 511 659 027 371
ca 154 | 04 800 150 034 578 762 264 180 136 103 800 452 468 792 1004 6.34 6175
Mg2+ 689 108 3%2 605 2A 1828 | 2116 | ™44 37197 495 108 3%52 624 330 895 6203 995 379%5
Na" 5045 | 2720 | 124800 | 2350 272 18566 | 5834 | 1365 | 17126 7391 371 124800 2180 3920 5347 | 12471 | 1347 65000
K 589 230 4408 458 295 4408 1645 | 472 3Hrl 5.7 230 2002 212 6.22 435 765 747 2376
M o 153 317 33 7.78 317 585 194 550 543 212 305 3433 691 183 169 3H2 463 1846
Si M/ 552 230 21 640 360 21 590 450 6.75 475 230 103 360 290 410 360 340 450
Li 1070 | 200 6464 | 1828 | 200 3263 | 2658 | 1010 | 6464 875 520 584.7 1567 8.1 2420 | 2690 621 1470
B 3334 | 0010 | 3472 | 2064 | 0010 | 13211 | 5726 | 5500 | 21126 4258 4030 AT2 7863 250 1741 4023 TA6 9725
Be 012 | 0001 462 0040 | 0001 037 085 | 0030 462 0.080 0.001 184 0.050 | 0.030 | 0.10 | 0.050 | 0.010 0.11
Al Ar7 | 471 16955 | 1708 | 471 353H 3772 | 105 2049 4977 920 16955 2030 683 3972 1333 147 4150
V MK/ 738 | 0001 | 4203 528 | 0001 | 3278 387 265 1226 996 421 4203 324 16.5 43.6 24.5 5.99 119.1
Cr 336 | 0001 290 218 | 0001 104 265 115 532 4.66 0.26 290 2.82 2.11 3.67 5.74 131 316
Mn 66.7 0.36 4048 8.36 053 1060 | 7037 | 177 4048 259 036 7210 56.7 122 1260 654 052 425
Fe 4376 | 035 18101 | 3366 | 035 2579 1434 | 126 5198 5871 883 18101 2320 746 3861 844 655 2620
Co 173 | 0001 776 070 | 0001 503 141 0.66 776 093 012 127 1.69 0.80 3.33 0.54 0.24 0.93
Ni 814 | 0% 2435 44 0H 656 55.7 301 2435 541 124 266 6.70 500 245 494 118 202




[Tponomxenne Tadbmuiet 2.1
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INokezarem | En M 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Cu 470 | 079 4376 640 | 079 310 197 | 230 4376 240 100 3040 401 950 2363 600 190 210
Zn 356 | 067 2313 U2 | 067 9825 | 4131 | 700 2313 745 0.78 3607 1792 | 1080 | 2312 | 1150 | 390 TA3
Ga 028 | 0010 374 017 | 0010 118 036 | 0050 0.75 039 0.040 374 0.10 | 0.050 | 0.18 0.40 | 0.010 | 1.86
Ge 048 | 0.010 6.90 037 | 0010 251 0.72 0.28 138 0.62 0.060 6.90 1.31 | 0.080 | 3.69 088 | 0.18 | 240
As 4190 | 021 6007 | 5261 | 021 1432 | 5279 | 988 1728 3110 238 6007 732 253 1404 | 1003 | 136 27190
Se 246 | 0030 271 141 | 0030 786 283 0.70 825 334 0.28 271 0.62 | 0.18 | 0.96 222 | 089 | 191.0
Br 20881 | 300 | 624292 | 11976 | 300 | 151732 | 23550 | 3527 | 73802 47%1 3204 624292 5005 2107 | 10095 | 83510 | 10580 | 368587
Rb 557 | 043 530 455 | 076 210 133 501 355 557 043 530 567 251 100 752 130 250
Sr 5534 | 200 914 | 3960 | 200 1577 | 8278 | 854 3273 6551 670 91A 5867 | 230 | 9738 | 4397 | 1300 | 18506
Y 160 | 0010 775 048 | 0020 6.15 137 | 0060 775 084 0.010 168 0.65 | 0.13 1.60 | 0.12 | 0.030 | 0.30
z 496 | 012 1104 47 | 038 9%2 | 147 | 012 6770 603 026 1104 201 070 448 780 014 475
Sc 090 | 0001 515 044 | 0001 786 038 | 0001 198 147 001 515 008 001 019 006 | 0004 034
Nb v | 011 | 0001 150 012 | 0010 128 015 | 0001 0.70 012 0010 130 0.060 | 0.010 | 0.11 | 0.030 | 0.001 | 0.12
Mo 1241 | 300 2987 55 | 300 5317 | T7A8 | 134 2987 858 764 9232 69.7 212 1566 881 154 3790
Cd 140 | 0060 | 5870 891 | 0060 | 1310 | 1096 | 490 5870 104 010 2562 441 1.01 | 6.65 125 | 019 | 443
Sb 764 | 113 620 756 | 113 620 755 212 217 879 133 523 3.21 197 | 394 | 329 | 1.70 | 6.24
Cs 0060 | 0001 095 0050 | 0.001 044 015 | 0030 0.69 0.050 0010 095 0.13 | 0.020| 0.32 | 0.050 | 0.010 | 0.13
Ba 519 | 420 696.7 510 | 420 696.7 285 149 579 555 761 3139 41.9 186 | 675 | 1126 | 439 | 207.0
>P35 831 | 0040 | 1088 217 | 0040 %6.1 200 | 000 | 1088 282 0040 820 089 082 096 066 | 000 253
Hf 043 | 0001 110 045 | 0010 | 852 091 | 0001 519 052 0.001 110 0.040 | 0.010 | 0.060 | 0.040 | 0.001 | 0.20
Ta 0010 | 0001 012 0010 | 0001 | 0040 | 0040 | 0001 012 0010 0.001 0.040 0.001 | 0.001 | 0.010 | 0.001 | 0.001 | 0.010
wW 224 | 0010 | 2800 152 | 0010 | 1553 | 358 087 1706 286 177 2800 2.23 134 | 347 11.3 | 055 | 56.0
Pb 303 | 0010 405 132 | 0010 125 157 017 405 2.73 0.070 337 485 | 090 | 7.68 0.61 | 0.070 | 1.53
Th 292 |00003| 2093 064 | 00003 | 131 080 | 0010 442 545 0010 2093 020 0030 053 0040 | 00003 | 010
U 2158 | 2% 108% 708 280 3630 1016 2% 5366 2329 108 108% 61 130 1387 783 156 261

HpI/IMC‘-IaHI/ISI —-M- MHUHCpAJIN3alus BOAbI; l-cpenHee, 2-MI/IHI/IM3.J'ILHOC, 3- MaKcHMAaJbHOC 3HAUCHHUE
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2.1. MaKkpOKOMIIOHEHTHBII COCTAB COA0OBBIX 03€pP

HpI/I ACTAJIbBHOM pPAaCCMOTPCHHUU ITOBCACHWA OCHOBHBIX HMOHOB COJOBBIX O3Cp
BHUJAHO, 4YTO HX XUMHYECKUN COCTaB p33H006p33HBIﬁ H 3a49aCTyro Kap60HaTHEUI

COCTABJISIIOIIAs HE SIBJISETCS JOMUHHUPYIOIIEH B 001eM Oanance aHuoHOB (puc. 2.1).

100 80 60 40 20 O 0O 20 40 60 80 100

Ca Cl

I, I, 1l — moaTHITBI COTOBBIX 03EP

Puc. 2.1. Inarpamma Ilalinepa ¢ HAaHECEHUEM JAHHBIX MO COJOBBIM 03€paM.

B cBs3u ¢ BO3HUKIIEH CIIONKHOCTHIO OMUCAHUS ITOTO THMA 03€P MbI Pa3Ieiuin
ero Ha Tpu mnoxaTtuna: K | moaTumy oTHecnu o3epa ¢ mpeodiagaHueM B BOJAX
colepkaHuii  kapOboHnaTtHoro komruiekca, ko |l cymedar- u x Il xnopua-uonos.
Oxazanoch, 4YTO CpEIW BBIJACICHHBIX ITOATHIIOB HAWOOJBIINM PacIpOCTPAHCHUEM
nons3ytorcss o3epa | u Il monmruma, cocrapmsromue 45 u 48 % oT ux o6mIero
konmuectBa (75 o3ep), ko |l moaTumy otHeceHnl Bcero S5 o3zep (Xaparanam, [lymnyra,
Kununo, lluxanuu-Hyyp, I'punikuno).

OcHOBHBIM OoTIMYHMEM | noomuna codoswix 03ep SIBASETCS OTHOCUTEIBLHO HU3KAs
MUHEpaJIM3aIrs UX BOJI, COCTaBJIsAIONIas B cpeaHeM 7.78 r/n npu 3HadeHuu pH paBHoM
9.47. B cpennem coneprkanre kKapOOHATHOTO KOMILIEKCA 3/1eCh paBHO 3488 Mr/i, 4To B

OTHOCUTEJIBHBIX €AUHUIAX U3MEPEHUs coCcTaBiAeT 55 Mr-3kB % (puc. 2.2). Munumym
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ONPEAETEH B COJIOHOBATOM 03. XouTto-TopyM, a MakCUMyM B pPAacCOJIBHOM M CAMOM
menouHoM 03. Kymxkeprait. Conmepkanus cynbdaroB BapeupyioT oT 10.2 mr/m B
cosmoHoBaToM 03. Jlebenuuackoe mo 2018 Mr/m B O6onee MUHEpaIU30BaHHOM 03. Apa-
Topym (cpennee no BeiOOpKe — 592.1 Mr/n umm 15 mr-skB %). KoHneHnTpauuu xjiopui-
HOHOB U3MEHSIIOTCS B elle OombliieM auamna3zoHe ot 28.2 (03. Jlebenunckoe) go 14180

(03. Kymxeprtaii), cpennee 1390 mr/n (30 Mr-skB %).

100 15
o 80 N
iao g10
p 40 ° 5 -
I520— s
0 - 0 -

HCO3 CO3 HCO3 so4 i Na F Ca Mg K
+C03

Puc. 2.2. OTHOCHUTENBHBIE COJIEPKAHUS MAKPOKOMIIOHEHTOB B BBIJICJICHHBIX IOITHIIAX
COJIOBBIX 03€p.

B kxaTMoOHHOM cocTaBe TOMUHUPYET HATPHid, COJIEpKaHMsI KOTOPOIO0 U3MEHSIFOTCS
ot 272 B 03. Xouto-Topym g0 18566 mr/n B 03. KymxkepTaili mpu cpeaHeM 3HAYCHUU
2350 mr/n (87 mr-axB %). BTopeiM sBiisieTCss Maramii ¢ KOHIIGHTparusiMu ot 2.94 B
conmonoBatoMm 03. basu-bymak mo 182.3 mr/n B Tom ke 03. Kymxeprait mpu cpennem
60.5 mr/m (10 mr-sxB %). B 3HaummbIx kommdecTBax (Oomee 20 Mr-skB %) MarHuit
MPUCYTCTBYET B 03epax ¢ MuHepanuzarued 10 4.16 r/n. Kanuit u xanbluii HaXoasATCs
3J1ECh B COMOCTABUMBIX KOJIMYECTBAX, COCTABIsAS B cpenHeM 1.3 u 1.8 u Mr-s3kB %, 4To B
a0COJIFOTHBIX 3HAYEHUX paBHO 45.8 1 15.0 MI/J1 COOTBETCTBEHHO.

Mexny mMuHepanuzauuern u pH BOI mpociiexuBaeTrcs NnpsiMas 3aBUCUMOCTh C
BEJIMYMHOM  JOCTOBEPHOCTH  aNIPOKCHUMAIINKU R2=O.73, yKa3bIBaIOIIEH  Ha
B3aMMO3aBUCHUMOCTh ATHUX IMapaMeTpoB Mexay coboit. Ilpu »TomM 1o Mepe pocra
MuHepanu3auuu u  pH pacTyr comepkaHMsi BCEX OCHOBHBIX aHUOHOB C
JOMUHUPOBAHMEM KapOOHATHOTIO KOMILIEKCA (HC03'+C032') U HaTpus, B MEHbIIEH

CTEIEHU KajIusi, HAIPOTHUB, JUIs KaJbIMS U MarHus oTMedaeTcsi CHuxkeHue (puc. 2.3).
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Puc. 2.3. Pactipenenenue a) 3naueHuit munepanuzanuu M ot pH, 6) M u pH ot

CoJIep>KaHUil OCHOBHBIX aHHOHOB, B) M 1 pH 0T cogepkaHnii OCHOBHBIX KaTHOHOB.

Conoseie o3epa |l noomuna B cpaBHeHuu ¢ | MOATUIIOM TIO CPETHUM OIIEHKaM
oosee menounsie (pH=9.53) u munepanmmzoBanubie (19.4 1r/1). OCHOBHBIM aHHMOHOM
3/IeCh SIBIAIOTCS CyIb(aT-uOHBI, COJEPKAHHE KOTOPBIX Kak [0 CPEIHUM, TaK U
MUHHUMAJIbHBIM U MaKCHMAaJIbHBIM 3HAYCHHSM, BBIIIC, YeM B MPEABIAYIIEM IOJITHIIC.
Jlnanma3oH uX BapbUpPOBaHUS HAXOAUTCA B TpaHunax or 1680 B coJOHOBATOM
03. Xaparanam 10 13790 mr/n B paccoiabHOM 03. ['pUIIKMHO MpU CpeHEM 3HAYEHUU

6168 mr/n. B cymMmme aHMOHOB Ha WX JIOJIFO TpuUXoauTes ot 37.6 o 58.7 mr-skB % mipu
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cpenHeM — 42 wmr-skB %. Jloqu XJIOpUA-MOHOB M KapOOHATHOM COCTaBJISIIOIICH B

cpeaHeM cocTaBisAoT 34 u 24 Mr-3kB % COOTBETCTBEHHO (puc. 2.4).

a
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M; r/n pH
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Puc. 2.4. 3aBUCUMOCTb COJEPKaHUS a) AHUOHOB, 0) KATHOHOB OT MUHEpau3aluu M u

pH B conoBbix o3epax |l noaruma.

AOCOIIOTHBIC COZIep KaHusl KapOOHAT U TUIPOKApOOHAT-UOHOB 3/1€Ch BhIlIe (4291
MI/J), 4eM B o3epax | moaruma. AHanoruyHas CUTyallusl CKJIAIbIBACTCS U C XJIOPHU-
noHoM (2712 mr/m). Cpeau KaTHOHOB OCHOBHBIM SIBJISIETCS] TAKXKE HATPUM, yCpeTHEHHAS
KOHLIEHTpaIusi KOTOpOro B JiBa pasa Oosbiie (5834 mr/in) no cpaBHeHuto ¢ | moaTumnom.
XOTs B OTHOCUTEIBHBIX KOJTMUECTBAX U3MEHEHUS HE CYILIECTBEHHBIE.

PocT coneHocTr BOJ CONPOBOXKIAETCA HAKOIJIEHUEM BCEX OCHOBHBIX AHMOHOB U
HaTpusa. B OTHOLIEHMM KanbliMsi MU MarHusi MMEeT MecTO Oosiee BBIpaKEHHas IO

cpaBHeHUIO ¢ | moaTUIOM OOpaTHAast 3aBUCUMOCTh MEXKYy UX cojepxkaHueM u pH.
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Il noomun otnuuaercs B mpejaesiax COAOBOIO THUIA OTHOCUTENBHO BBICOKOU
muHepanuzanuedn (21.2 r/m) m pH (9.55) Box, Mexay 3HAYCHHSIMH KOTOPBIX
OTCYTCTBYET Kakas-mubo 3aBUCUMOCTh (puc. 2.5a). OCHOBHBIM aHHUOHOM 3JECh
SBJIACTCS XJIOpP, KOHIIEHTPAIHs KOTOPOro BapbupyeT oT 390.9 mr/m B COJOHOBATOM 03.
[aran-Hyyp mo 133740 mr/m B paccosbHOM 03. bop3wHCKOE Mpu cpeaHeM 3HAYCHUHU

7155 mr/n v 60 mr-3x8 %.
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Puc. 2.5. 3aBucumocTts a) Munepanuzanuu M ot pH Boj, 0) conepkaHuii aHIOHOB, B)

kaTuoHoB oT M u pH Box comoBeix o3ep |l moarumna.
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Cymma cofiepskaHui TPOU3BOJAHBIX YrOJbHOW KHUCJIOTHI MEHsieTcs: oT 244.4
(03. bapyn-XonBo-2) no 22130 mr/n (03. bop3uHCKO€) NpU MUHUMAIBHON CpeaHen
BenuurHe 2849 Mr/n uinm 25 Mr-skB % B paMKax COJ0BOTO THIIA.

MakcumanbHOe 3Ha4YeHHE Cyib(aT-uoHOB (62340 Mr/m) ompeneneHo TakXe B
caMOM MHHEpAJM30BaHHOM 03. bop3uHckoe, a MuHEMaibHOE (55.7 wMr/m) B
cosioHoBaToM 03. llaran-Hyp npu cpennem 3nauenuu 3138 mr/ia. B cpemnem mons
Cynb(})aToB B aHHOHHOM cocTaBe coroctaBuMma ¢ | moxrumom (15 mr-skB %).

Cpemy KaTHOHOB CO 3HAYUTENBHBIM IIPEMMYINECTBOM JoMuHHpyeT Na',
coJiep)KaHhe KOTOPOTO B cpeaHeM cocTaBisroT 7391 mr/n unu 95 mr-skB %. Marauii u
KM 37€Ch MPUCYTCTBYIOT B COMOCTAaBUMBIX KOJIMYECTBAX MEXIY COOOM, cpeaHue
KOHIIEHTpaluu KOTOphIX paBHbl 49.5 u 54.7 wmr/n wmu 3.2 u 3.1 wmr-skB %
COOTBETCTBEHHO. Kanbuuii HamuyecTByeT 37ech B konuuectBax oT 1.03 mo 80.0 mr/m,
npu cpenneM 3HaueHuu 13.6 mr/n (0.81 mr-skB %). Meetr MecTO COrIacoBaHHOCTH B
pacrpeeNeHusX MUHEpaIu3aluil W COJEpKaHWW OCHOBHBIX AHMOHOB W HATpUS,
HAMpOTHUB, MPOTUBOMOJIOKHAS 3aBUCHUMOCTh OTMEUAETCS C KajaueM, KalblIueM W
marauem (puc. 2.56, B). OtHOocuTenbHO pH U conepikaHuii OCHOBHBIX MOHOB, TpsiMast
3aBUCUMOCTh OTMEUAETCS MCKIIIOYUTEIBHO Il KapOOHATOB M OOpaTHast JJis Kajblus,

AJIs1 OCTAJIBHBIX KOMITIOHCHTOB CBSA3U BbIPAKCHBI ci1abo mim OTCYTCTBYIOT BOBCC.

2.2. MakpOKOMIIOHEHTHBIH COCTAB CYJb(ATHBIX U XJOPUAHBIX 03€ep

Kax y»xe roBopusioch BBIIIE, CPEU U3YUYEHHBIX 03€pP MOXHO BBIJCIUTH TOJBKO
TpH 03epa cyrvgamuozo muna 3710 03. Llaran-Topowm, 03. bapyn-Illuseptyii u 03. Kyka-
Aspipra. B cpeanem Ha gomto cynbdaT-uoHOB 311ech mpuxoauTcs 51 mr-skB % (puc.
2.6). DTa rpymma 03ep BbIICISIETCS OTHOCUTEIBHO HU3KOH MUHepanu3aiueit (ot 1.83 1o
169 r/n) mu pH (or 832 mo 8.90) Box, cpenHue 3HAYECHHUS KOTOPBIX COCTABIISIOT
cootBeTcTBeHHO 6.91 /71 1 8.74. Camoe MUHEPATTM30BAHHOE U MEHEE IIEIIOYHOE B ATOU
rpynne BogoemoB 03. bapyn-Illusepryil. OHO OTIMYaeTcsl MaKCHUMaJbHBIMU
KOHIIeHTparusiMu cynbdar- (7580 mr/im), xiaopua-uonos (2050 mr/in) u pOU3BOTHBIX

yroyibHO# KucnoTsl (1798 mr/m).
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B uenoM cpexree 3nauenue mo Beibopke CO;”+HCO; cocrapmster 806.2 Mr/n
(i 11 Mr-5kB %). B Menee munepammsoBanaoM 03. Kyka-Assipra comepsxarns CO5”
+HCO3 n SO,* HaxOmITCS B COMOCTABHMBIX KOJIMYecTBax 548.6 (34 mr-sks %) n 491.5
mr/n (38 mr-skB %). Ha momo ClI mpuxoaurtcs Bcero 28 mr-skB % wim 265.9 mr/m.
OTIUYUTENEHBIM TTPU3HAKOM COJIOHOBATOrO 03. Ilaran-Topom sBiIseTCS OTHOCHUTEIHHO
HU3KOE cojiepkaHue kapOoHaTHOM cocTasistomeit (164.9 mr/n unm 10.0 mr-sxB %). B
OTHOCHTEIBHBIX SIWHUIAX U3MEPEHUs CyIb(paT- U XJIOPHUI-UOHBI coCTaBisIOT 49 u 40

MI'-MI-3KB % COOTBETCTBEHHO.

100 80 60 40 20 O 0O 20 40 60 80 100

Ca Cl

1-cynbdatHblil, 2-XTOPUIHBIA TUTIBI
Puc. 2.6. [Tnarpamma [ aiiriepa ¢ HaHeceHHeM JTaHHBIX 110 MAKPOKOMITOHEHTHOMY COCTaBY CYJIb(DaTHBIX

1 XJIOPHTHBIX THIOB 03¢€p. 1 — Cymb(paTHbIA, 2 — XITOpHTHBIHA TUITHL.

OCHOBHBIM KaTHOHOM B 3TOM THII€ BBICTYIIAET TaKKe HATPUM, C COACPKAHUEM OT
391.8 no 5347 mr/n npu cpeaHeM 3HAYEHUU 10 BBIOOPKE paBHBIM 2181 Mr/i (82 Mr-skB
%). BTOppIM — MarHuii ¢ OTHOCHUTEJIBHBIM cojaepkaHuem 11 Mr-skB %, Ha H0JIIO
KaJIbIUS TPUXOAUTCS 5.2 Mr-3kB %.

CortacoBaHHOCTh MEXKJIy MHHEpPATU3AIMCH U COACPKaHUSIMH OCHOBHBIX MOHOB
OTMeYaeTcs Il BCEX MOHOB 03 MCKIFIOYCHHMS, HO ISl HaTpUs W MarHus oHa Oonee
BbIpakeHHas. [lo Mepe cHmxeHuss pH HakarmIMBarOTCS MPEUMYIECTBEHHO Cyib(aT- U
XJIOPUI-UOHBI, B OTHOIIIEHUH KaTHOHOB 3aBUCUMOCTh OTMEUAETCS MCKIIFOUUTEIBLHO IS

marHuus (puc. 2.7).
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Puc. 2.7. 3aBUCUMOCTB COJIep>KaHHI a) OCHOBHBIX aHUOHOB 0) OCHOBHBIX KATHOHOB OT

MuHepaimzainuu M u pH Bozibl B cyb(haTHBIX 03€pax.

Xnopuonvle  03epa  OTIMYAIOTCS  MaKCUMalbHOW 1O  BCE  BBIOOpKE
MuHepanuzanuen (35.2 r/n) u MuHUManbHbBIM 3HaueHueMm pH Box (8.17), mexnay
3HAYCHUSAMH KOTOPBIX HMEET MECTO oOparTHas 3aBUCHMMOCTh (puc. 2.8a).
Munepanuzanus BoJl usmeHsercs ot 4.63 B 03. Ykmunaaa 10 184.8 r/n B 03. ['opOyHKa,
BenumuuHa pH ot 7.40 B pacconmsHOoM 03. bunmsunp-Hyyp mo 8.70 B TOM ke cOlOHOBATOM
03. YKIINHA.

Ha nomto xyopua-uoHOB 371eCh NPUXOAUTCA B cpeaHeM 80 Mr-skB %, mpu 3Tom
0 Mepe pocTa COJCHOCTHU BOA J0Jisi ero pacter a0 90 mr-skB % B 03. ['opOyHka. B
aOCOJIIOTHBIX €AMHUIAX W3MEPEHUsI KOHLIEHTPAMU XJIOPUI-UOHOB BapbUpytoT oT 1196
B 03. YkmmHAa g0 101088 mr/n B 03. 'opOyHka npu cpeaHem 3HaueHuu 17783 r/m.
OTHOCHTENbHOE CO/Iep)KaHUE CYNIb(aT-HOHOB TOCTUTAIOT 12 Mr-3kB %, a TPOU3BOTHBIX
YTOJABHOM KHUCHOTHI 8 Mr-3kB %. B aOCOMIOTHBIX KOHIIEHTPAIUSIX YCPEIHECHHBIC

3HaueHusa cyibdaroB paBHbl 3451 npu munumyme 209.8 u makcumyme 13680 mr/n B
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yYKa3aHHBIX BbIIIE o03epax. [Ipon3BOAHBIE YroJbHOW KHCIOTHI TPUCYTCTBYIOT B
MEHBIIINX KOJIMUeCcTBax U mpeumyiiectBeHHO B hopme HCO;3™ B koHmeHTparusix ot 61.0

10 2109 mr/n ipu cpennem 3naveHun 504.0 mr/.
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Puc. 2.8. 3aBucumocts a) Munepanusanuu M ot pH Bog, 6) cogepxanuii aHHOHOB U B)

KaTHOHOB OT MUHEpaJn3aluu 1 pH B XJIOpUIHBIX 03€epax.

Hamnuue pactBopennoro yriekucioro raza CO; B aHAIUTUUYECKU ONPEACIISIEMbBIX
KOHLIEHTpalUsAX oTMeuaercs B JByX o3epax bunbump-Hyyp u I'opOynka (132 u 156
MI/JT COOTBETCTBEHHO). B ocTampHbIX ciyuasx ompenensiercss CO3” B KOIMIECTBE OT
npenena obHapyxkeHus a0 384.0 mr/i, ¢ MakKCHMyMOM B COJIOHOBATOM M HamOoJjee

IICJIOYHOM 03. YKIIHUH/A.
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Jlonss HaTpusi OCTaeTcsi BBICOKOM, cocTaBisisi B cpeagHeM 91 mr-skB %. Ero
abCOMIOTHBIE conepkaHusi BapbupyroT ot 1347 mo 65000 npu cpemnem 12471 wmr/m.
Kanuii, kampumii M MarHuid HaxonATcs 37eCh B TMOAYMHEHHBIX KOJIMYECTBAX.
MaxkcumanbHasi KOHIIEHTpamus Kainblust 617.5 Mr/m, 94To coctaBiseT Bcero 3.3 Mr-skB
%, 3aduKcupoBaHa B HaWMeHee IIenoyHoMm o03. bumbuup-Hyyp mnpu cpemnem ero
3HaueHud 0.9 mr-skB. % B xsopuaHoM Tune. Makcumym Maruus 3795 mr/n unu 19 mr-
7kB % ompeneneH B 03. Xwiranta. [lo cpennnm onenkam gomiu kanbius (0.9 Mr-3kB %)
u Maraus (8.0 Mr-skB %) B XJIOPUTHOM THUII€ MEHbIIIE, YEM B CYJIb()ATHOM.

[To mepe pocta MuUHEpaM3allMu U CHUXKEHUS pH yBeIM4MBAIOTCS COACpIKAHUS
XJOpUI- U Cylb(paT-uOHOB, a TaKXKe BCEX KATHOHOB, HAIMPOTHUB, IPOU3BOJIHBIX
yroJILHOW KUCIIOTHI CHIKaroTcs (puc. 2.80, B).

ITockonibKy ¢Omop BXOAUT B COCTaB OCHOBHBIX aAHHUOHOB, HMEET CMBICI
paccMOTpeTh €ro NMOBEJECHHUE B pacCcMaTpUBaeMbIX THUHax o3ep. [lo cpegHuM oneHkam
€ro KOHIIGHTpAllMd Ha TOPSAJOK Bbile B coloBbIX o3epax |l u |l moarumoB c
comepxaaremM 19.2 u 18.7 mr/m coorBeTrcTBeHHO. MakcumanbHoe 3HadeHue (414.0
Mr/11) onpenesneHo B conoBoM |l moaruna Hebomabiiom o3epe 0e3 Ha3BaHUA ¢ MUPpPOM
npoOsr 17-19, B paifone 03. 3aHmail, ¢ MuHEepanu3anuei Boabl 16.5 r/m1 u pH 9.68.
OpnHoro nopsaka (GTop ONpeAesieH B COAOBbIX o3epax: ['pumikuno, 3annai, ypbaun,
Xo0160-3. OTHOCUTENFHO HU3KUE €ro KOHIeHTpauuu (MeHee 1 mr/m) ukcupyrorcs B
xjopuaHbix o3epax Jlabaca-Hop, Xonso-Topym-1 ¢ pH Box menee 8.06. B comoBbix
03epax OTHOCHUTEITHPHO HHU3KHE €ro KOHIIGHTpAllMh TPUXOJATCS Ha HauMeEHee
MHMHEPAJIM30BaHHBIE C OTHOCUTEIIBHO HU3KMM 3HaueHueM pH Boawl o3epa Llaran- Hop,
3pipae-3bipre, YnauH U Ap. B 1menoM B COOOBBIX 0O3€pax MNPOCIECKUBACTCA €IUHAs
HaIpaBJICHHOCTh B pacHpeleNieHuu cojaepkanuii gropa MuHepanu3aiuu u pH Bombl
(r>0.90) (puc. 2.9a).

B xymopuaHbIX THIAax 3aBUCUMOCTh WHOTO XapakTepa, T.. MO Mepe pocTa
coJieHOCTH U cHmkeHus pH Bon coxepkanus ¢ropa ymenbmatorcs (puc. 2.96). Ilo
BCEU BBIOOPKE OTMEYAETCsl COTJIaCOBAHHOCTh B pacHpe/IesICHUH cojiepkaHuil ¢ropa u

KapOOHATHOM cocTaBisitoliel (puc. 2.98).
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Puc. 2.9. Pacnipenenenue conepxanuit ¢Topa OTHOCUTEIHHO a) MUHEpanu3auu M 0)

pH Bozbl 1 B) conepkaHnil KapOOHATOB B Pa3IUYHBIX TEOXUMUYECKUX THUIAX O3€P.

Takum o00Opa3oM, Ha OrpaHMYEHHOM TEPPUTOPUM B OJM3KUX MPUPOJIHBIX
YCIIOBUSIX (POPMUPYIOTCS pa3HbIe TUIIBI 03€p: COAOBBIE, CYJIb(PaTHBIE U XJIOPUAHBIE H UX
noatunsl. HanOonbluMm pacnpocTpaHEeHHWEM CpeAd H3YYEHHBIX 03€p MOJIb3YIOTCS
COJIOBBIE 03€pa, KOTOPBIE XapaKTEpU3YIOTCA MOBBIIIEHHBIM 3HaueHueM pH Box u, Kak
CJIEJICTBUE, OTHOCUTEIBHO BBICOKHM COJIEPKAHUEM 37IeCh KapOOHATHON COCTaBISIOLIEH,
JOJIsT KOTOPOW IO MEpE POCTa COJIEHOCTH BOJ HEYKIOHHO pacTET, PacTyT TaKKe
COZIEpKaHMs XJIOPUA-UOHOB M HATPUs, HAIPOTUB, CHUKAKOTCS KAJIbLMUSA W MarHus. B
MEHBIIIMX KOJMYECTBAX BCTPEUYAIOTCA XJIOPUIHBIE O3€pa C OTHOCUTEIBHO BBICOKMMH
COJIEp KaHUSIMU XJIOPUJIOB, CYJb(ATOB, HATPUS, KalblMid U MarHusi. XJIOpUAHbIE 03epa
MEHee MIEJOYHbIE U Haubojee MHUHEpaTU30BaHHBbIC, XOTS Cpeld HHUX HMEIOTCS

COJIOHOBAThIE C MUHEpaiu3anuel TmepBble eauHuILl 1/1.  Eme pexe Ha
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paccMaTpuBaeMoOl TEPPUTOPUU MPUCYTCTBYIOT Cylib(aTHbIE 03€pa, OTIMYUTEIbHOU
OCOOEHHOCTBIO KOTOPBIX SIBJISIETCS OTHOCHTEIILHO HH3Kas COJIGHOCTh WX BOJI.
VYcpeaHeHHOe OTHOCUTENIbHOE CoJiepKaHue CyIh(haT-uoHOB 3/1eCh OoJiee YeM B JiBa pa3a
BBIIIIE 1O CPABHEHHUIO C COJOBBIMM W B UETHIPE paza XJIOPUIHBIMU THUIAMU, HO

cornocTtaBuMo ¢ comoBbiMu |l moaTuma.

2.3 MUKpPOKOMIIOHEHTHBIH COCTaB 03ep

OcHOBHOIl OCOOCHHOCTHIO MHUKPOKOMIIOHEHTHOTO COCTaBa BOJ  SIBIISCTCS
U30UpaTeIbHOe KOHIICHTPUPOBAHHE XUMHYECKHX JJICMCHTOB B OIPECICICHHOM THIIC
o3ep. Tak, rpynma tpan3utHbIx 3mementoB Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Si, Ni,
Cu, Ti, Zn, Si, Al, otrgaromuxcst 0oJiee BEICOKOH CTEICHBIO OABHKHOCTH (CKIISPOB,
2001), B Oonpmux MaciiTabax KOHIIEHTPUPYETCS B COJOBBIX o3epax (Tabm. 2.1). B
OOJIBIINX KOJUYECTBAX B IMOCICAHMX HAKAIUITMBAIOTCS TaKXKe TAaKHE BBICOKO3apSTHBIC
areMenTsl kak Zr, Y, Nb, Hf, Ta, W, Mo, Re, As, Th, U, P33. Hanpotus kpyrmHbie
nutodumisl, Takue kak Cs, Ba, Rb, B, Br, Se, Sr, Be u Li koHueHTpHpylOTCS B

XJIOpUIHBIX 03epax (puc. 2.10).
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Puc. 2.10. Pacnipenenienne cpeHUX COJICPKaHUM MUKPOIJIEMEHTOB B PA3JIMUHBIX THUIIAX

03CP 110 BBIACICHHBIM THIIAM.

Pa3bepem Oosnee mOApPOOHO TMOBEACHUE HEKOTOPHIX IMPEACTAaBUTEICH  BBIIIE

NEPCUNCIICHHBIX I'PYIIIT B BBIACIICHHBIX THIIAX O3CP.
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2.3.1. Kpemunii u a1roMUHUM

B 1iemmom mo BRIOOpKE coaepKaHUsl KpeMHHUS BapbUPYIOT OT 3.37 B 03. Xwiranra
10 22.1 mr/a B cogoBoM | moaTumna o3epe (6e3 HazBaHus) ¢ mudpom npodsr 13-27. Tlo
CpPEeIHUM 3HAYCHUSAM CoJiepkaHue Si BbIIe B o3epax cojoBoro Tuma (5.52 wmr/),
CYIIICCTBEHHO HI)KE €ro CoJIepKaHue B XJIOPUAHBIX U CylbdaTHbIX o3epax (3.59 u 3.6
MT/J1 COOTBETCTBEHHO).

Koppensauua mexny munepanusaumed, pH u coxpep:kanueM B BOJaxX KpEMHUS
oTcyTcTBYyeT (puc. 2.11a). Kak mokaszanu TepMOJIUHAMUYECKHE PacueThl, OCHOBHBIMU
dbopmamu ero murpanuu B o3epax sisrorcs HySiO4 m H3SiO4, akTHBHOCTE KOTOPBIX
no mepe u3MeHeHuss pH Boa MeHsieTcss B MPOTHUBOIOJOXKHBIX HarpaBiceHUsx. B
OonpimmHCcTBE caydaeB gomuaupyet HySiO4 (1o 99.9 Moi1.%), B o3epax ¢ pH Oonee 9.8
— H3Si0,", makcumainsHas 107 (89.0 Moi1.%) koToporo ormedeHa B 03. Kymkeprait ¢

pH Box 10.7 (Ta6:. 2.3 u puc. 2.1106).
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Puc.2.11. Pacupenenenne a) abCOMOTHBIX coaep:KaHuii Si 1 0) OCHOBHBIX €r0o (GopM

MUI'PAllMU B 3aBUCHUMOCTH OT MUHCPAJIN3alluN 1 pH BOJ.
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AmoMuHMI B OOJNBIIMX MaciiTa0aX HAKaIUIMBAETCS TaKKe B COAOBBIX 03€pax
(cpennee 3HaueHue 347.7 MKr/m), B Cyab(paTHOM W XJOPUTHOM THITAX CHUKACTCS [0
202.9 u 133.3 mkr/n cooTBeTcTBeHHO. MakcumMyM (16955 MKr/it), kKak U MO KPEMHHUIO,
ompesiesiecH B cogoBoM o3epe | moarmma. 3aBucuMocTH Mexay pacrpenencauem Al
oTHocuTenbHO pPH W MuHepammszamuedr oTcyTcTBYIOT (puc. 2.12a), 49TO TIaBHBIM
0o0pa3oM OOBSCHAETCS HENPEPHIBHBIM PACTBOPEHUEM aAJTIOMOCHIIMKATOB, C JIPYrou
CTOPOHBI OTHOCHTENIFHO HHU3Kas MUTPAIMOHHAs CIIOCOOHOCTh AalIOMUHHUA, KaKk U
KPEMHUSI, MPUBOJUT K TOMY, YTO OHHM CBSA3BIBAIOTCS BTOPUYHON MUHEpaTbHOU (Pa3oil.
MexaHu3M 3TOr0 B3auMOJIEUCTBUS OYJI€T paCCMOTPEH HUXKE.

BbIcokasi ImIeNOYHOCTh BOJ COMOBBIX O3ep oOycinaBimBaeT moBeaeHue Al,
murpupymomiero oonee yem Ha 90% B dopme AI(OH), u TONbKO B XJIOPUAHBIX H
cynb(aTHBIX O3epax Ha ypoBHe TmepBbIX mporeHToB mnoseiasercs Al(OH)z(aq)

(puc.2.126).

4 100000
100000 _ 10000 |
O
= 10000 | 'E‘ 1000 |
T 1000 = 0l ™
= E“ L @
;_f 100 O 10
10 1 1 | | |
1 : : ' 7 8 9 10 11
1 10 100 1000 pH
M; r/n
) 0
=<- ’ 100 ".:—‘ - ] A 1w *
- 1 8 o . R < S ﬁ :
£ jeos o~ m 2 998 § i : : A B §
X 1610 2 - PP 3 -
Ss oy "8 £ % 1618 : y
= § 1615 994 T 23 1620 il
- 1820 S <3 992 <
_:'_- 1€-25 992 .n 1E25 ’
S 1e30 99 s W - ' ”
- 1 10 100 1000 = . . » 9
M; t/n e

AOH)2+ = AOH)3 (sq) ~ AW3 - ANOH)- PRITIE MO WA R AN:
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OCHOBHBIX €10 (hopM MHUIpalK B 3aBUCUMOCTH OT MUHepa3arii M u pH Bof,
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2.3.2. Ypan, Topuii 1 MBIIIbIK

Konuentpanuu ypaHa B BOJIaX MHUHEPAJIBHBIX 03€p OXBAaThIBAIOT JHANa30H B
HECKOJIbKO MaTeMaTHYeCKUX MOPpsAKOB — oT 2.55 1o 10855 mkr/n. bonee BbICOKHE ero
Collep KaHUsl OTMEYAIOTCS B 03epax COMOBOTO THIIA, Yalmle B OOJaCTH IOBBIIICHHBIX

3Hauenuii pH un munepanu3anuu Boj (puc. 2.13a, B).
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Puc. 2.13. 3aBucimoCTs Comeprkarmii U ot a) Museparmsarmn M, 6) Coneprarmii HCO;+CO,”, B) Na',
r) pH 11 Eh. 1) OcHoBHbIe hopmbl Murparmn U B 3aBucumMocTy ot pH 1 Eh.

B 1emom B COMOBBIX O3epax ypaH NpoOsBISeT Ce0sfd Kak 3JICMEHT,
HAKAIUTHBAIOIIMICS B BOJax C poCTOM COAep:KaHUil KapOOHAT- M THIAPOKapOOHAT-HOHOB
u Hatpus (McynoB u ap., 2016) (puc. 2.13 6). OtCroa MOXKHO 3aKJIFOYHTh, YTO
HAKOIUICHHE ypaHa B COMOBBIX 03epax PeruoHa He CBA3aHO C PYAHONW MUHEpaTu3aluei.

B T0 e BpeMs Henb3s1 HCKIIFOYUTh BO3MOXKHOCTh TakOW CBsI3H. Tak, o OJHOMY U3 03€p
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CeBepo-3anannori Monronuu konmeHTpamuss U B 1.1 mr/m pacCcmarpuBaeTCs Kak
nokasartesib ypanoHoCHoCtH mopos (HMcymos u mp., 2011, IlIBapues u ap., 2012). Taxk,
no rpaduky A.W. I'epmanoBa (OCHOBHBIE..., 1963) Bonbl C koHLeHTpauusamu U Goiee
100 mxr/m mpu obmei muHepanuzamuu 10 r/1 momajnaioT B TMOJIE BOJ YPAaHOBBIX
MECTOPOXKACHUM B OKHUCIUTENbHON oOCTaHoBKe. [lo TmoONydeHHBIM pe3yiapTaTam
0CO00r0 BHUMAaHHMS 3aCITy>KMBAeT paiioH 03. ['puiikuHO U 03. 3aHJal, B BOJIaX KOTOPBIX
conepxanue ypana (5370 u 10850 mxr/m) 61m3ko k nmpuasTOMy MuHUMansHOMY (10000
MKT/J1) TIpH TUJIPOMETAIUTYPrHueCKoM CroCobe ero noo0brun (OCHOBHBIE..., 2013).
Hemuorum nike (2800 MKr/i1) ypan oOHapy>keH B Bojiax 03. bop3uHCkoe.

B BoaHbIX paCTBOpax ypaH, CornacHo (JIucuuein, 1962, Puxsanos u ap., 2007) u
JPYrUM HCTOYHHKAM, MOXKET HAXOMWThCA B Buie akBa-ypaumia [UO,(H,0)s]*", mpu
HAJIMYUHA JPYTHX JMTaHI — B BUAC KOMIUIEKCOB C HUMH, B YACTHOCTH, TIPH BBICOKOM
3HaueHuu PH B hopme ruIpokCu-ypaHusioB, a B Ciiydae kapOOHATHBIX HOHOB — B (popme
KapOoHaT-ypaHmwioB. M3 moCnenHux B BOJHOM Cpejie YCTONYMBBI TPUKAPOOHAT-YpaHUIT
[UO,(CO3)s]* u mukapbomar-yparma [UO,(COs),]* (puc. 2.13r). TpuxapGoHATHBIIA
KOMIIIGKC CTAHOBHTCS MPEoONafaioOuiM MpH KOHIEHTpAUUH KapOoHar-mona 107*°
MOJIB/JI, TIPU KOHIIEHTpaluu KapOoHaTa OoJiee 10°° monb/n JI0JI TAHHOT'O KOMILIEKCA
npubmmkaeTCs k 100 %. Conepkannsi kapOOHATHOTO MOHA B 03€pax BapbHPYIOT OT 16
mo 18600 wmr/m (2.7#10%-3.1*10" wmomb/1), YTO yKa3hIBAa€T HA BO3MOXKHOCTD
00pa30BaHMsI B 03€PHBIX BOJaX KapOOHAT-ypaHWIOBBIX HOHOB.

B psine ciydaeB B COZOBBIX 03epax OTMEUAETCs MajJieHue KoHmeHTpauuid U npu
BBICOKOM Cozmepkanmu COz>, 4TO MPOMCXOZUT B BOCCTAHOBHUTENBHOH OOCTAHOBKE H
BBI3BaHO, 0ueBHIHO, mepexomom U B U* ¢ nanbHeifimm BhImaienreM ero B 0CaoK B
dopme ruaposakucu U(OH),; mpoussencaune pactBopumoCtr (ITP) koTopoif,
npusenerroe B (OCHOBHSIC. .., 2013), paro 1.1%10™, wmn oxcuaa UO,. Ocaxienue
OKCHJIa YETHIPEXBAJICHTHOTO ypaHa BO3MOXHO B PE3YJIbTATE Pa3pyIICHUST KapOOHATHBIX
KOMITJIEKCOB U B 3aBUCHMOCTH OT OOIIE MUHEpaIu3aii U COCTaBa BOJbI, BETHMYUHbI
PH, CoxepaHusi kapOOHAaTa HaYMHACTCS NMpH MOHMKkeHuu Eh mo muamasona ot 0 g0
—0.2 mB. Ilo meCTtuBameHTHOMY ypaHy O3€pHBIC BOJBI PAaBHOBECHBI C HATPUEBBHIM

yparocrarToM NaUO,AsO,, ITP kotoporo 1.33*10% (3nauenue u3 pabots! (Bernosa,
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1975)) (puc. 2.14a). Ilo pacuery Haceimeare 1o oreHuTy Ca(UO,),(PO,4), He
nocruraercs (TP 5.5%10™%) (puc. 2.146).

a 0

B .
T 0 N 6 -
n il w & g a Ca(U0,),(PO,);
< NaUO,AsO, T
& 5 ] ; [
| = 01
_‘_: -2
5 =10 1 L - % - . .
= & g 10 12 T 5 10 15

PH pH

+ Copoesie M XnopuaHole CynudatHee

Puc. 2.14. JlnarpaMMbl paBHOBECHSI BOJIBI C @) HATPUEBBIM yPAHOCITMHUTOM O)
OTEHHTOM OTHOCHUTENbHO PH C HaHeCeHueM HaHHBIX |g Mpon3BeneHNsI aKTHBHOCTEH

3JICMCHTOB, COCTABJIAIOIINMX 5TH MHUHEPAJIbl B BBIJICJICHHBIX THUIIAX O3€DP.

Konnentpanuu mopus B Bogax ozep coCtaBisitoT oT 0.0003 mo 209 mkr/n. Ilpu
Oonee IMIMPOKOM IO CpaBHEHUIO C ypaHoM juanazoHe (7 TIOpPSIKOB), TOpHUH
XapakTepu3yeTCsi MEHbIIMMHU KOHILEeHTpauusmu (3amana, bopsenko, 2016) Dto
COOTBETCTBYET yCTAHOBJICHHBIM OoJiee Ca0bIM BOIHO-MHUTPAIIMOHHBIM CBOWCTBaM Th,
pacteopumocts B Boge mo U u Th** pasmmuaercst va 3 mopsiaka (IL[ep6una, 1957).
AHanmu3 TIOBEACHWS TOpHUS B O3€pax IIOKa3al MEHEe BBIPAKCHHYIO CBSI3b MEXKIY
CoJlep>KaHUEM TOpUS M MUHEpaIM3alMeldl BOJbI B COJOBBIX 0O3€pax IO CpaBHEHHUIO C
ypanoM (puc. 2.15a). Cnabee oHa u oTHOCHTENBbHO pH, XOTS MakCHMaJIbHBIC 3HAYCHUS
(bUKCUpPYIOTCS B 00JaCTH TOBBIMIEHHBIX €€ 3HaueHuil (puc. 2.156). OxHOBpEeMEeHHO
MPOSIBIISIETCST  OoJiblllasi 3aBUCUMOCTh OT COJEp)KaHMsl B BOJAX YIIEKUCIOTHBIX

POM3BOAHBIX (pHC. 2.15B).

Topuii-ypaHnoBble OTHOILIEHUS B BOJaX COAOBBIX O3€p HAXOAATCs B JUara3oHe
0.000018-0.091, uro 0OyClIOBIEHO BBIBEICHUEM TOPHUSI B OCAIKU, B KOTOPHIX OHO MO
nanueiM  (CtpaxoBenko u jap. 2010) paBHo okono 1.0 u Oonee TOro 5TO
CBUAETEILCTBYET O OOJbIIEH MOJBUKHOCTH ypaHa B CpaBHEHUH C TOPUEM B 3TUX TUIAX
npupoaHblx  Boa. OTCioa HampalmBaeTCs BBIBOA 00  OMNpeNessionel  posu
KapOOHATHBIX KOMIUJIEKCOB B HAKOIUICHMM TOpUS B O3€pHBIX Bojax. CormaCHo

TepPMOIMHAMHYCCKAM pacdeTaM mpeBammpyromeil dopmoii siusercst Th(COs),(OH),”,
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Ha JIOJII0 KOTOporo mnpuxoautCs Ao 80 Mon.%, B XJIOPUAHBIX O3€pax MdO0Js €ro
cHmwkaeTCs (puC. 2.15r), HO mpH 3TOM OCTaeTCi AOMHHUpYOImEH. Bropbim 1o
sHauumoCtu BeICTymaer Th(OH);COs;  , mons koroporo, HampoTwB, pacrer. He
UCKIIFoUeHo Haxoxaerue Topust B hopme Th(OH),, Tak kak gake mpu Copepkanuu Th B
COTBIE JOJW MKI/J TO 3TOMY THAPOKCHIY Boabl HacCkimeHnsl (IIP paBHO 2.0%10™° 1o

(JIypwe, 1989)).

1000 a 1000 - 6
100 ¢ 100 | ¢
=
ER o’ S T 0 » ¢
H 1 = L R
- [ n 2 1T m . &
S, R, "’& ooy of s * \ oS
. L/
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0.001 : : : 0.001 |
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£ ThCOs(OH),”
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i i Th(OH);COs
HCO,+C0O,%; mr/n
Th(OH)A(aq) U T T T 1
+ CopoBble M XnopugHbie CynbdatHble 0 20 a0 60 80

Puc. 2.15. Pacnpenenenue ConepxaHuii TOpUsi OTHOCUTEILHO a) MUHEpaIn3aluu, 0)
pH, B) Comeprkanus yrIIeKUCIOTHBIX MPOU3BOIHBIX, T') OCHOBHBIC (DOPMBI MHUTpPAITUH

Topust (1 —COMOBBIX U 2 XJIOPUAHBIX 03epax (MO CPETHUM OIEHKAM).

AHanoruyHo ypaHy W Toputo BeAeT CeOst MblibsK (['acbkoBa u np., 2015), npu
TOM, YTO MUTPUPYET OH B OOOMX THWIIAX BOJI MPEUMYIICCTBEHHO B OJHOW (opMme
HASO42', 3a UCKJIFOYEHUEM 03€p C CEepOBOJIOPOTHON OOCTAHOBKOM BOIHOM TOJIIH, T/C
MBIIIBSIK BOCCTAHABIMBACTCS 10 ASS U npuCyrCtByer yxe B ¢opme H,AsO;z (puc.
2.16a). /lmanazoH BapbHMpOBaHUSI MBIIIbsIKa B o3epax CoCtaBisieT ot 0.21 mo 6007
MKT/JI, MakCUMyM ompenesieH B CogoBoMm | moaruna o3. Kymxkeprai. Kak mnpasuio,

KOHIICHTpAIIMU MBIIIbIKAa B CEPOBOJOPOIAHON OOCTAHOBKE HE MPEBBIMIAIOT TEPBHIE
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neCatku MKr/i1. CBs3b MbIIbsika C TEOXMMHYECKOH Cpeloil MNpOsBISETCS dYepes
BBICOKHH KOd(pduument xoppemsimin As ¢ CO;°+HCO5; (R®=0.52) (puc. 2.166).
[IposiBnsieTCsl eAMHAsi HANIPABICHHOCTh B paCIpe/IeICHUH YpaHa U MBIIIbsIKa B COTOBBIX
03epax, BO3MOXHO OOYCIOBICHHas (OPMHUPOBAHHEM COBMECTHBIX MHHEPAJIOB,
HanpuMep, HauOoisee pacmpoCrpaHéHHOro HatpueBoro ypanocnuauta NaUO,AsO,

(bopzenko u np., 2017).

d 0
1.2
1 E OKMCNEHHBI2 1000 *
0.8 - *
o st
0.6 100 o *
0.4 e R
@ *
02 10 =¥, A
w0 .
-0.2 *
-0.4 1 10 100 1000 100000
-0.6 As; mkrfn
-0.8

+ Cogoopie ozepa B XKRopmgHbe 03epa Cynuhatrbme

Puc. 2.16. Pacnpenenenue a) ocHOBHBIC popMbl Murparuu As B koopaunarax pH — Eh,

0) conepxkanue AS oTHOCHTEIBHO U.

W3BeCTHO, YTO MBIMBAK SIBISETCS JJIEMEHTOM C IIHPOKUM T'€OXUMHUYECKHM
JMara30HOM BOJHOW MHIpalMM, MO3TOMY 3a4acTyl0 €ro aHOMalMM HE CBS3aHbl C
PYIHBIMH MECTOPOXKACHUSIMH. B CBSI3U C 3TUM MHUHEpaJU30BaHHBIE BOJBI COJIOBOTO
TUIa, 0COOEHHO (OPMUPYIOUIUECS B OCAZAOUYHBIX MOPOJAX, UMEIOT 00Jiee BHICOKUE €ro
comepxanus (1o 10° %) u 3auacTyio He YCTYMAOT BOAAM PYIHBIX MECTOPOXKICHHI

(KpaiinoB u np., 2004).

2.3.3. bepuinid, IMPKOHUIA, CKAHAMH U TaJJINi

B Oompmmx KoIWyecTBaX B COJOBBIX 03€paX HAKAIUIMBAIOTCS OSPHILIHM,
IUPKOHUM, CKaHIAUW, TaJlJIii, JOCTUTas MO MaKCHUMaJbHBIM olleHKaM Be — 4.62 (03.
Kununo), Sc — 51.5, Zr — 1104 (03. bop3unckoe), Ga — 3.74 mkr/n (03. Hlynga-Hyyp) u,
MIPEBBIIIAs TEM CaMbIM IO IIUPKOHUIO HA TPH, TIO CKAHJIMIO Ha JIBa, OCPUIUIUIO U TAJIIIHIO
Ha OJMH MAaTEMaTUYECKHUX IMOPSAKOB MAKCUMYMBI MX COJECpXKAHUN B CyIb(ATHBIX U

XJIOPUAHBIX O3Cpax. Cornacnao TCPMOINMHAMHUYCCKHM pacdCTaM HMX OCHOBHBIMH
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dopmMamu MHTpaIuii  ABJISIFOTCS  cooTBeTcTBYyromue ruapokcunsl: Be(OH), (aq),
Sc(OH)4, Zr(OH)s u Zr(OH)4(aq), Ga(OH),4 (puc. 2.17).

BeCO:; (aq)
Be(OH); (aq)
Ga(OH),
Zr(OH)s
Zr(OH)4 (aq) -2
Sc(OH)," m1
Sc(OH); (aq)
Sc(OH),

0 50 100 150
mon. %

Puc. 2.17. OcHoBHbie (hOpMBI MUTpAITUH IIUPKOHUS ZI, ckaHaus SC, Oepmuus Be,

rayumus Ga (1o yCpeTHEHHBIM JaHHBIM). | — COTOBBIE U 2- XJIOPHIHBIE 03epa.

CB43b ¢ TECOXUMUYECKON CPEON ITUX JIEMEHTOB MPOSABISETCS YEPE3 TUHEUHYIO
3aBUCUMOCTb C OTHOCHUTEIBHO BBICOKUM 3HAYEHHUEM BEJIMYMHBI alllIPOKCUMALINU R? ux
COAEPKAHUM OT KOHLEHTPAUWU YIJIIEKUCIOTHBIX MPOU3BOJHBIX MPEUMYIIECTBEHHO B

COZIOBBIX 03epax, Harpumep Zr u S¢ (puc. 2.18).

&
10000 10 R'=0454
= @

1000 -,E- . & s~
"E» 100 Z 01 P n_*§ o
= 1w @ 4 ‘-4..* ”
Mg 0.001 _~

0.10 . : i 0.0001 ! o

100 1000 10000 100000 100 100 10000 100000
HCO,+C0,"; mrfn HCO,+C0.%; mrfn

Puc. 2.18. 3aBucUMOCTb COAEp)KaHUM a) IUPKOHUS, 0) CKaHAUS OT KapOOHATHOTO

KOMILICKCA B 03€pax 110 BbIACIICHHBIM THIIAM.

HcrounnkaMu STHX DJIEMEHTOB SIBIISIIOTCS MPEUMYIECTBEHHO CHUJIMKATHBIE U
ATFOMOCHJIMKATHBIC MHUHEpAbl, B YaCTHOCTH JJIs IUPKOHUSA — IMpKoH ZrSiO, B
COCTaBe KOTOPOTO BCErJa MPUCYTCTBYET B BHJIC M30MOPGHON mpuMecH UTTpuid Y U
rapauii Hf (FOprencon, 2008), oTcioga cOriacoBaHHOCTh B PACHPEACICHHUIX HX

COZICpKaHUN MaKCHUMAaJIbHO BhIpOXKEHHAS B COJIOBBIX 03¢epax (puc. 2.19).
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Puc. 2.19. Pacnipenenenue coaepkaHuii UPKOHUS OTHOCUTEIBHO COJICPIKAHUI UTTPHS

)41 I“a(bHI/IH B BBIACJIICHHBIX THUIIAX O3€P.

[IposiBnenust Oepwiiusi dYamie CBA3aHO C TPAHUTHBIMU T[ETMATHUTAaMU WM
arorpaHUTHRIMU TpeiizeHaMu. OCHOBHBIMU €TI0 MUHEpalaMU SBIISIOTCS CHUJIMKATHl U
amoMocuinkaTel (0epmnt BezAly[SigO1g] u ap.). Berpedaercss oH Takke B cOcCTaBe
cyabhuaoB (maHamut Feg[BegSicO,4)S, m np.) (MunepanbsHoe..., 1998). Hamuuwme
3aBUCUMOCTEN MEXIY COJEpX)aHUSMU OCpuiUIHsl, ATIOMUHUS W JKelie3a MOXKET
CBHJICTEIILCTBOBATH 00 MX 00ImUX ncToyHMKax (puc. 2.20).
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Puc. 2.20. 3aBucumocTb cojiep>KaHuil OEpUILTUS OT COACPKAHUN aTIOMUHHUS U JKeJe3a

110 BBIACJICHHBIM THUIIaM 0O3€p.

OTHOCUTEIPHO TECHBIC TapHbIC CBS3W CKaHaus ¢ ThTaHoM Ti, HuoOmem ND,
mupkonneM Zr, rtapaumem Hf wu Boimpppamom W ¢ BBICOKUMHU 3HAYCHUSMU
KO2((PHUITMEHTOB aINMPOKCUMAIIAN, TPUCYIIUX COJIOBBIM 03€paM, MOTYT OOBSICHITHCS
PacCTBOPEHHUEM CKaHJIMMCOJEPKAIIUX UIBMEHUTA, pyTHIA, KOTyMOUTa, BoJb(ppaMuTa u
np. muHepasnoB (I'ypsuu, bomotoB, 1968), B cocTaBe KOTOPHIX MPUCYTCTBYIOT BCE

NIEPEYHCIICHHBIC XUMUYECKHE AIeMEHTHI (puc. 2.21).
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Puc. 2.21. 3aBUCUMOCTb cOAep)KaHUIN CKaHAMS OT COJICPKAHUM TUTaHA, HUOOWS,

LMPKOHUS, TaQHUS U BOJIb(ppama B BbIIECIECHHBIX TUIIAX 03€p.

I[To nanueiM (FOprencon, 2008) cpeau raiui cojepKaluX MHUHEPaJIOB
HauOOJIBIITUM  PACIPOCTPAHEHUEM TOJB3YIOTCS CyabPuapl (MUPUT, apPCEHOIUPHUT,
TaJICHUT), OTCIOZA TECHBIE 3aBUCHUMOCTH TaJUIHsI C JKEJIe30M, HO HCKIIOYHUTEIHHO B

COZIOBBIX 03epax (puc. 2.22).
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Puc. 2.22. Pacnipenenenue cosiep>kaHusi TaJUTHsI OTHOCUTENBHO COACPIKAHUMN Kee3a B

BBIICJICHHBIX THUIIAX O3€P.
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2.3.4. Peaxko3zeMebHBIE DJIEeMEHTHI

B mHacrosimiee BpeMsi penkozemenbHble 37eMeHThl P30 paccmaTpuBaioT Kak
MapKephl T€OXMMUYECKUX MPOLECCOB MPHU B3aUMOJCHCTBUU BOJIBI C TOPHOM MOPOJOi
(bammamos, 1976; McArthur, 1984; Bax u nap., 2013). Ilostomy Ooiiee aeTambHO
PacCMOTPEHO MOBEACHUE ITUX DJIEMEHTOB B BBIJICJICHHBIX THUIIAX 03€P.

J1y1st BBISIBIIGHUSI OCHOBHBIX (popM murparuu P33 momumo GuabTpamuu BoJ yepes
bunsTp 0.45 MKM, TOMOJHUATEIHLHO BOAA MIPOITYCKANIACh Yepe3 PIIbTP «CHHSS JICHTa» C
auamerpoM nop 2-3 MkM. B 3TuxX mpoOax omnpenensioch BajOBOE COJACpPKAHUE
METAJIJIOB, BKJIIOUYAIOIIEE TOHKOJUCIIEPCHYIO B3BEIICHHYIO (KOJUIOMAHYIO) U UCTHUHHO
pacTtBopeHHYI0 (Gopmbl. [1o pazHOCTH OmpeAeNnsyii KOJTUYECTBO B3BEHICHHOW (POPMBI.
Jlanee moj B3BEHICHHOM (POpMOI TOHMMAETCSI PA3HOCTh MEXKIY BAJIOBBIM COJICpKAHUEM
AJIIEMEHTOB U UX PACTBOPEHHOM YaCThIO.

B o3epax coxpepxanue ) P33 BappupyloT B mupokoM auanazoHe ot 0.05 mo
155.3 wmkr/n (tabn. 2.2). Makcumym Y P3D ompeneneH BO B3BEIICHHOHW 4YacTH
bunpTpatra  comoBoro  03. Jlynma-Hyyp,  Bbaensmomerocss  MOBBIIICHHBIMU
koHueHntpausmu Al (17 wmr/n), Fe (18 mr/m), Mn (0.8 mr/i1) u, kak CIeaCTBUE,
B3BeIlICHHOTO BemiecTBa (11.5 r1/1), mpeacTaBIEHHOT0O B OCHOBHOM TJIMHUCTBHIMU
MUHEpaiaMu (MOHMOPHWJUIOHUT, THJIPOCIIO/Ia) C MPUMECHhI0 OKCHUIOB, THIPOKCHUJIOB,
OpraHMYecKoro BeliecTBa U KapOoHaToB. CpaBHEHME B3BELIEHHOM, PacTBOPEHHOMN
(dpaknuii ¥ JOHHBIX 0CAIKOB TIOKA3aJio, YTO BO B3BecH oTHomieHue La,/YD, cocraBnser
3.93, a B IOHHBIX OTJIOKECHHUSAX M pPacTBOpeHHOW dYacTu cHuxkaercs mo 1.30 u 0.39
COOTBETCTBEHHO. OOBSICHAIOT TaKue pazinuus OOMEHOM MEXIy pPacTBOPEHHBIM U
COpOMPOBAHHBIM KOMIUJIEKCAMU, YACTUYHBIM OTJIOKEHUEM U TIEPEPACTIPEICTICHHEM YK
B JOHHBIX MiHCcThIX ocankax (Fagel et al., 1977; Elderfield, Paggett, 1986; De Baar et
al., 1988, Borzenko, 2017). MHBepCHOHHBIA XapakTep pacHpEACICHHS MOITPYIIIbI
nerkoit JIP3D mexmy pacTBOPEHHOM M B3BEIICHHOW (hOpMaMH U WJIAMH OTMEYAeTCsI BO
BceX U3ydeHHBIX o3epax (lyounun, 2004; bop3enko u np., 2015).

ITo Mepe pocta MuUHEpanu3alMU BOJ COJOBBIX O3€p KOHLEHTpauuu B HUX P33
pacTBOpEeHHOW (pakiuu B OCHOBHOM pacTyT (2.23a, 0), paCTyT OHU W B JIOHHBIX

ocaJKax.
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Tabnuma 2.2. Conepxxkanuss P30 B JHOHHBIX OTIOXKEHUSX (I/T), B3BEUICHHOW W PacTBOPEHHOM (pakuusx (MKI/JI) HEKOTOPBIX

COJICHBIX 03€p W MmoA3eMHbIX Bojiax FOro-Boctounoro 3abaiikanbs

Ne ipo6sI La | Ce Pr Nd Sm Eu Gd Th Dy Ho Er m Yb Lu | P33 | Lay/Yb, | Cea
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Cooosbiit mun
B3Bech
14-01 0.130 | 0.23 | 0.024 | 0.126 | 0.019 | 0.004 | 0.022 | 0.014 | 0.003 | 0.015 | 0.005 | 0.010 | 0.001 | 0.009 | 0.61 8.74 0.11
14-02 0.360 | 0.71 | 0.076 | 0.328 | 0.059 | 0.018 | 0.062 | 0.064 | 0.010 | 0.047 | 0.016 | 0.027 | 0.005 | 0.028 | 1.81 7.02 0.10
14-03 0.205 | 0.64 | 0.054 | 0.427 | 0.062 | 0.013 | 0.068 | 0.010 | 0.072 | 0.013 | 0.041 | 0.005 | 0.025 | 0.003 | 1.68 0.95 0.08
14-08 0.200 | 0.51 | 0.054 | 0.339 | 0.058 | 0.017 | 0.086 | 0.013 | 0.084 | 0.015 | 0.051 | 0.008 | 0.044 | 0.006 | 1.48 0.43 0.08
14-09 345 | 665 | 699 | 305 | 455 | 1.06 | 420 | 062 | 395 | 051 | 1.21 | 0.15 | 0.63 | 0.065 | 155.3 5.28 0.10
14-10 0.720 | 1.84 | 0.164 | 1.198 | 0.183 | 0.043 | 0.292 | 0.043 | 0.285 | 0.044 | 0.135 | 0.021 | 0.106 | 0.014 | 5.08 0.65 0.08
14-11 0.250 | 0.64 | 0.055 | 0.286 | 0.041 | 0.011 | 0.067 | 0.007 | 0.049 | 0.010 | 0.031 | 0.005 | 0.020 | 0.002 | 1.47 1.19 0.08
14-12 0.220 | 0.71 | 0.052 | 0.270 | 0.039 | 0.010 | 0.065 | 0.008 | 0.050 | 0.010 | 0.030 | 0.004 | 0.020 | 0.002 | 1.48 1.06 0.06
14-13 3.00 | 6.65 | 0.699 | 3.048 | 0.455 | 0.116 | 0.420 | 0.062 | 0.395 | 0.051 | 0.121 | 0.015 | 0.063 | 0.006 | 15.1 4.60 0.09
14-14 0.140 | 0.22 | 0.023 | 0.085 | 0.017 | 0.004 | 0.016 | 0.007 | 0.002 | 0.011 | 0.004 | 0.005 | 0.001 | 0.004 | 0.54 17.4 0.12
14-15 0.220 | 0.39 | 0.041 | 0.169 | 0.031 | 0.007 | 0.014 | 0.032 | 0.003 | 0.022 | 0.008 | 0.011 | 0.001 | 0.008 | 0.95 15.5 0.10
14-16 0.075 | 0.12 | 0.013 | 0.053 | 0.011 | 0.002 | 0.005 | 0.013 | 0.002 | 0.009 | 0.006 | 0.007 | 0.001 | 0.006 | 0.32 11.2 0.12
Cpennee (n=13) | 3.33 | 659 | 069 | 3.07 | 046 | 0.11 | 0.44 | 0.07 | 041 | 0.06 | 0.14 | 0.02 | 0.08 | 0.01 15.5 5.45 0.22
JloHHBIE OTJIOKEHUS

14-08 35.0 | 822 | 742 | 331 | 530 | 115 | 457 | 068 | 393 | 0.73 | 220 | 0.32 | 1.65 | 0.21 | 158.0 2.05 1.11
14-09 25,0 | 575 | 565 | 26.1 | 442 | 092 | 3.89 | 057 | 344 | 067 | 232 | 031 | 1.63 | 0.21 | 1249 1.49 1.05
14-10 288 | 785 | 6.48 | 296 | 485 | 1.00 | 430 | 063 | 3.82 | 0.72 | 231 | 034 | 1.77 | 0.23 | 1389 1.58 1.25
14-12 211 | 475 | 420 | 194 | 450 | 091 | 350 | 054 | 280 | 060 | 1.80 | 0.30 | 1.70 | 0.18 | 109.0 1.20 1.09
14-13 304 | 777 | 687 | 321 | 539 | 116 | 481 | 0.70 | 423 | 0.80 | 250 | 0.38 | 2.02 | 0.27 | 152.3 1.46 1.17
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
14-14 15.3 39.0 3.60 | 147 | 340 | 066 | 270 | 047 | 240 | 055 | 1.70 | 0.30 | 1.60 | 0.18 86.6 | 093|114
14-15 17.3 39.5 405 | 169 | 410 | 0.80 | 290 | 045 | 240 | 053 | 1.60 | 0.30 | 140 | 0.16 924 |1.20 | 1.03
14-16 13.3 28.6 290 | 127 | 290 | 0.62 | 220 | 050 | 1.85 | 050 | 115 | 030 | 1.20 | 0.12 68.8 | 1.07 | 1.00
14-16x 28.9 30.8 570 | 166 | 550 | 1.00 | 450 | 0.70 | 3.80 | 0.74 | 230 | 035 | 220 | 0.25 | 1123 | 1.27 | 0.52
Cpennee (n=8) 23.46 50.08 5.00 | 2191 | 427 | 086 | 352 | 056 | 3.01 | 062 | 189 | 031 | 162 | 0.19 | 1150 | 141 | 1.01
PactBopenHnas hopma
14-01 0.009 0.020 0.001 | 0.020 | 0.005 | 0.000 | 0.003 | 0.001 | 0.002 | 0.003 | 0.004 | 0.001 | 0.003 | 0.001 | 0.07 |0.34]| 121
14-02 0.009 0.030 0.003 | 0.033 | 0.012 | 0.003 | 0.003 | 0.001 | 0.002 | 0.003 | 0.003 | 0.000 | 0.002 | 0.001 | 0.10 | 0.44 | 1.30
14-03 0.016 0.060 0.006 | 0.068 | 0.011 | 0.003 | 0.009 | 0.002 | 0.022 | 0.004 | 0.015 | 0.002 | 0.013 | 0.002 | 0.23 | 0.12 | 1.35
14-08 0.025 0.052 0.013 | 0.196 | 0.028 | 0.005 | 0.029 | 0.005 | 0.066 | 0.012 | 0.032 | 0.005 | 0.034 | 0.006 | 0.51 | 0.07 | 0.57
14-09 0.243 0.394 0.057 | 0.256 | 0.039 | 0.009 | 0.037 | 0.006 | 0.038 | 0.008 | 0.025 | 0.004 | 0.023 | 0.004 | 1.14 | 1.01 | 0.73
14-10 0.048 0.118 0.017 | 0.264 | 0.063 | 0.009 | 0.041 | 0.006 | 0.097 | 0.020 | 0.062 | 0.007 | 0.044 | 0.009 | 0.80 | 0.11| 0.89
14-11 0.025 0.048 0.007 | 0.058 | 0.010 | 0.002 | 0.008 | 0.001 | 0.009 | 0.002 | 0.007 | 0.001 | 0.007 | 0.001 | 0.19 | 0.33| 0.77
14-12 0.015 0.026 0.005 | 0.038 | 0.007 | 0.001 | 0.005 | 0.001 | 0.007 | 0.001 | 0.005 | 0.001 | 0.005 | 0.001 | 0.12 | 0.29 | 0.64
14-13 0.021 0.050 0.009 | 0.065 | 0.014 | 0.003 | 0.010 | 0.002 | 0.016 | 0.004 | 0.013 | 0.002 | 0.016 | 0.003 | 0.23 | 0.13 | 0.77
14-14 0.010 0.015 0.001 | 0.007 | 0.003 | 0.001 | 0.004 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.04 | 158 | 0.84
14-15 0.009 0.014 0.001 | 0.018 | 0.006 | 0.001 | 0.002 | 0.001 | 0.001 | 0.002 | 0.004 | 0.001 | 0.001 | 0.001 | 0.06 | 1.62 | 0.92
14-16 0.006 0.018 0.002 | 0.011 | 0.009 | 0.001 | 0.003 | 0.001 | 0.002 | 0.003 | 0.005 | 0.001 | 0.004 | 0.001 | 0.07 | 0.15| 1.08
13-27 10.29 21.89 258 | 1096 | 1.993 | 0.426 | 1.755 | 0.292 | 1.787 | 0.243 | 0.541 | 0.089 | 0.523 | 0.085 | 53.46 | 1.91 | 0.94
13-33 0.058 0.150 0.019 | 0.080 | 0.013 | 0.008 | 0.036 | 0.006 | 0.042 | 0.013 | 0.042 | 0.009 | 0.055 | 0.009 | 0.54 | 0.10 | 1.00
13-35 0.179 6.831 0.093 | 0.695 | 0.283 | 0.070 | 0.168 | 0.087 | 0.533 | 0.167 | 0.854 | 0.162 | 1.211 | 0.187 | 11.52 | 0.02 | 1.10
13-34 0.038 0.054 0.008 | 0.048 | 0.055 | 0.004 | 0.005 | 0.002 | 0.010 | 0.003 | 0.011 | 0.002 | 0.023 | 0.013 | 0.28 | 0.29 | 0.69
13-37 0.010 0.066 0.003 | 0.013 | 0.005 | 0.001 | 0.003 | 0.001 | 0.008 | 0.002 | 0.010 | 0.001 | 0.009 | 0.002 | 0.24 | 0.20 | 1.00
13-63 0.080 0.151 0.020 | 0.107 | 0.016 | 0.004 | 0.014 | 0.003 | 0.013 | 0.004 | 0.012 | 0.002 | 0.014 | 0.002 | 0.44 | 0.60 | 0.84
13-64 0.116 0.304 0.025 | 0.135 | 0.019 | 0.005 | 0.019 | 0.004 | 0.022 | 0.006 | 0.023 | 0.004 | 0.025 | 0.004 | 0.71 | 0.67 | 1.24
Cpennee (n=59) | 0.59 1.268 0.146 | 0.732 | 0.156 | 0.034 | 0.112 | 0.024 | 0.122 | 0.039 | 0.092 | 0.011 | 0.082 | 0.016 | 3.24 | 0.25 | 0.88
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1 I 4 5 6 7 | 8 | 9 [ w0 ]| 1] 12| 13| 14 ] 15] 16 [17] 18
Xnopuonuwiti mun
B3Becn
14-06 0.287 0.397 | 0.079 | 0.324 | 0.127 | 0.289 | 0.150 | 0.028 | 0.166 | 0.031 | 0.073 | 0.009 | 0.058 | 0.009 | 2.03 | 0.48 | 0.91
14-07 1.779 4121 | 0495 | 1.896 | 0.413 | 0.977 | 0.423 | 0.068 | 0.352 | 0.062 | 0.130 | 0.018 | 0.101 | 0.018 | 10.85 | 1.71 | 0.95
Cpennee (n=4) | 1.03 2.26 029 | 1.11 | 0.27 | 0.63 | 0.29 | 0.05 | 0.26 | 0.05 | 0.10 | 0.01 | 0.08 | 001 | 6.44 | 1.31|0.93
[[OHHLIC OTJIOXKCHUA
14-06 21.3 47.2 515 | 20.1 | 3.75 | 0.88 | 3.70 | 0.60 | 3.06 | 0.66 | 1.90 | 030 | 1.70 | 0.20 | 1115 | 1.21 | 0.98
14-07 21.8 49.2 490 | 196 | 42 | 071 | 3.00 | 050 | 2.60 | 050 | 1.60 | 0.30 | 1.50 | 0.16 | 110.6 | 1.41 | 1.04
Cpennee (N=2) | 21.55 48.2 5.025 | 19.85 | 3.975 | 0.795 | 3.35 | 055 | 2.83 | 058 | 1.75 | 0.3 | 1.6 | 0.18 | 111.05 | 1.15 | 1.01
PactBopennas gopma
14-06 0.009 0.010 | 0.002 | 0.010 | 0.005 | 0.012 | 0.007 | 0.001 | 0.007 | 0.001 | 0.005 | 0.002 | 0.010 | 0.002 | 0.08 | 0.09 | 0.49
14-07 0.251 0.124 | 0.024 | 0.269 | 0.061 | 0.148 | 0.064 | 0.010 | 0.052 | 0.012 | 0.034 | 0.006 | 0.039 | 0.006 | 1.10 | 0.63 | 0.31
Cpentee (n=31) | 0.115 0.206 | 0.025 | 0.155 | 0.128 | 0.021 | 0.018 | 0.005 | 0.02 | 0.014 | 0.031 | 0.002 | 0.014 | 0.003 | 0.76 | 0.74 | 0.67
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[Ipyuem, HakaraMBaKOTCS B JIOHHBIX OCaJKax MpeuMyllecTBeHHO Jyerkue JIP3D, uro
XOpOILIO TPOCIEKUBACTCS IO pachpeieNieHusM aOCOJIOTHBIX KOHILIEHTpanui (puc.
2.23B) 1 OTHOIIICHUSIM HOPMAaJIM30BaHHBIX 3HaucHUi La,/YD,, KoTopsle yBeIMUnBalOTCS
¢ poctoM cosieHocTH Boja oT 0.94 B conmonoBaTom (2.2 r/1) 03. be3simsinHOM 70 1.65 B

cosieHoM(42.9 /1) 03. I'333ra1-Hyyp.
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Puc. 2.23. 3aBucumoctsb coaepxannsi P30 B cooBBIX 03epax OT MUHEpaIu3aun M

BOJbI a) pacTBOpeHHbIX P30, B3Bemennsix P33,;, P33, nonHbIX ocankax, 0)
pactBopeHHbix P33, B) nerkux JIP33, cpenuux CP3D u tsokensix TP3D B qoHHBIX

OCaJKax.

B comoBeix o3epax ¢ muHepanuzamued Boa Oosnee 30 1/1, ¢ OTHOCUTEIBHO
BBICOKMM COJIEp>KaHHEM KapOOHATOB M BOCCTAHOBHUTENbHON 00cTaHoBKOM (Kymxepraid,
Manbie Sxmm, JlopoHMHCKOE W Jp.) B COCTaBe pacTBOpeHHoW ¢pakiuu P30 B
aOCOJIFOTHBIX KOHIIEHTpanusax mpeodnanart cpegaue CP3D (Sm-Ho) u tsxensie TP3D
(Er-Lu). Otnomenust pactBopeHubix Lay/YDb, camxkatorcs mo 0.02 (03. Kymxkeprait), a

BO B3BECH U JIOHHBIX OTJIOKEHHSX Bo3pacTtaioT a0 1.64 (03. I'3amiit-Hyyp) u 17.4
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(03. be3pIMsiHHOE), UYTO  XOpOIIO  MPOCIEKUBAECTCA B  paclpeleieHUsX

HOPMHPOBAHHBIX COACPIKAHUHN B pa3HBIX Ppakiusx (puc. 2.24).

a
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Puc. 2.24. Cnextpsl P33. ConoBble 03epa ¢ BOCCTAHOBUTEILHON 00CTaHOBKOW BOTHOM

TOJILIU. &) TOHHBIE OCA/IKH, 0) B3BECh, B) PACTBOPEHHBIE ()OPMBI.

B xnopumHbIX 03epax, B CpaBHEHUHU C COJOBBIMH, CpeaHee cojepkanue XP30

pacTBOpeHHOW (hpakuMM CyIIECTBEHHO Hmke. Ha rpadukax HOpMaIM30BaHHBIX

3Ha4YeHU B OONBIIMHCTBE 03ep (puc. 2.25) BUIHO, 4TO AuddepeHIaIus IeMEHTOB

BbIpakeHa ciado, otHomenue Lay/Yb,=0.74 B cpemHem BbIlie, YeM IS COAOBBIX 03€p

(Lan/Yb,=0.25).

————— e ——— &

C/Cxpsc
§ |

—10 T T T T T T T T T T T T T 1
La Ce Pr NdSm Eu Gd Tb Dy Ho Er Tm Yb Lu

Puc. 2.25. Cnektpsl P39, HopMann3oBaHHbBIC Ha CIIaHEIl, B XJIOPUIHBIX 03€pax.

B JAOHHBIX OTJIOXCHHAX XJIOPHUIHBIX 03€p COACPKAHUA P35 BBIIIIC, YEM B BOJHBIX

q)HHBTpaTaX, HO I1O0 CPpaBHCHHUIO C COAOBBIMH O03€paMH HAKOIIJICHUC UX B obenx cpeaax B

CpeIHEM IPOUCXOAMT B MEHbINUX Maciutabax. Cpeanne 3Hauenus La,/YD, B moHHBIX
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ocaakax ®W B3Becu coctaBiagoT 1.31 m 1.15 coorBerctBeHHO. (OUEBHIHO, YTO
bpakIMOHUPOBAHUE B CHCTEME BOJIa-B3BECh-JIOHHBIC OTJIOKECHHS HE HACTOJIBKO BEJIHKO,
4yTOOBI MPHU MEPEX0JIe BO B3BECh 3/1€Ch HAKAIUIMBAIKUCH C OOJBIIMM MPEUMYIIECTBOM
JIP33. B o6mieit BBIOOpKE pacTBOpeHHBIX P3D B XJIOpHUIHBIX 03epax B3aWMOCBSI3U C
aneMeHTamMu—TuAposm3aramu Al, Fe u Mn cranoBsTcs HesHaunmbiMu (1<0.50).

Onpenpensoomas  pojib  TE€OXMMUYECKOM  cpeapl B HAKOIUIGHUM U
dbpakuuonupoBanun P30 mposBIsSeTCS dYepe3 COTIACOBAHHOCTh B PACTIPEICICHHUH
pactBopeHHbIX TP3D 1 0CHOBHOrO nuccoluara yroJibHOM KUCIOThl — KapOOHAT-HOHA
CO4” B comoBbIX 03epax (puc. 2.26). B 03epax ¢ OTHOCHTEIBHO HH3KHM COCP/KAHHEM
KapOoHaToB (¢pakiuoHupoBanue P35 MeHee 3HAYUTEIBHO, IMOATOMY B BoAax

XJIOPUIHBIX 03€p paszaeieHue P30 He oTMeuaercs.

10 &
- 1+ oe *
- ¢ * o
£ 0.1 * 3 .‘04 .
@ 00l e ’&9 (&
@ o “
£ *
0.001 *
‘
0.0001 .
10 100 1000 10000

HCO;+CO,%; mr/n
Pric. 2.26. 3aBrcrmocTs coneprkanmii TsokerbIx TP3D B cOMOBBIX 03epax 0T CyMMBbI KapOOHAT-FIOHOB.

B paccmarpuBaembIx THMax 03ep JaHTAHOU bl MPUCYTCTBYIOT MIPEUMYIIIECTBEHHO
B (popme kapoonatHoro moHa (LNnCOs)" u oxcurmapokcokommnekcos LnO,H, LnO",
(LnOy), B psany oT nmanTana La x mrotenuto LU 101 MepBhIX YMEHBIIACTCS, & BTOPBIX —
pacrer (tabm. 2.3). B comoBeiXx oO3epax m0Jds KapOOHATHBIX HMOHOB JIFOTCIHS
CYILLIECTBEHHO CHUKAETCS, HO YBEJIIMYMBAETCS JI0JISI OKCUTUAPOKCO (B cymme 27.3 %) u
arietaTHbIX (7.80 %), TOraa Kak B XJOPUAHBIX o3epax cozepxkanue (LNCO;)" ocraercs
OTHOCHUTEJILHO BBICOKUM (Oosiee 80%).

[IpoBeneHHbIe WCCIEAOBAHUS TIOKAa3alIM, YTO PEIKO3EMEIbHBIC JIIEMEHTHI
HAKaIUIUBAIOTCS B COJIOBBIX O3epax B Oonblux wmacmrabax, yem xiopuaHbix. C
MOBBIIIIEHUEM COJICHOCTH BOJIbI 0011Iee cojepkanue B HUX P390 B pactBopeHHOM hopme

pacTeT C MocTeNneHHbIM HakorieHueM TP3D. OnHOBpeMEHHO YBEIWYMBAETCA U B
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JIOHHBIX OCaJiKax, HO B OoJbiel ctenenu coaepxkanus JIP3D. Takoe nosenenue P39
oOyciioBieHO Kak copOmueit mpeumymectBeHHo JIP3D, Tak u oOpasoBaHuem
coOcTBeHHBIX (hropkapOoHaTHEIXx MuHepaioB (Gysi, Williams-Jones, 2015; Bop3enko u
ap., 2017; Gaskova et al.,, 2017). IIpu sTOM, Kak TOKa3zajd TEPMOIMHAMUYCCKUC
pacueTHl, CTCICHb HACHIMICHHS BOJ COMOBBHIX 03ep (1o mapmsury paseo 10°° u mo
GacTaesuTy — 10™°) Ha HECKOJIBKO ITOPSIKOB BBIIIE, 9eM XJIOPHAHBIX (COOTBETCTBEHHO
10*u 10'19), orcrona P39 B OosbIleii CTENEHN HAKAIUIMBAIOTCS B JOHHBIX OTJIOMKEHUAX

IICPBLIX.

Tabnuna 2.3. OcHoBHBIC (Gopmbl Murpaiuu P35 B Bogax (MosbHbIe %, pacder o

HG32) B 03epax cogoBoro (1) u xjgopuaHoro (2) TUIOB

K OMITEKCEL La Ce Gd Yb Lu
1 2 1 2 1 2 1 2 1 2
Ln*" 0.05 0.55 0.03 0.31 0.04 | 7.90 0.01 7.90 0.06 | 1.64
(LnHCO4)** 0.01 0.00 0.01 0.03 0.00 | 0.01 0.00 0.01 0.00 | 0.00
(LnCO3)* 99.8 98.7 99.6 98.7 95.8 | 90.2 98.5 90.2 64.8 | 814
(LnSO,)* 0.02 0.13 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.17

(LnCH;COO0)," 0.00 0.03 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 0.00

(Ln(CH;C00),)" | 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00

Ln(CH;COO); 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 7.80 0.30

LnF)* 0.02 0.26 0.02 0.31 0.06 | 0.65 0.03 0.65 0.00 | 0.00
(

(LnF2)* 0.00 0.01 0.00 0.03 0.02 | 0.03 0.01 0.03 0.00 | 0.00
(LnOH)* 0.04 0.21 0.03 0.18 0.09 | 0.77 0.05 0.77 0.02 0.24
LnO.H 0.00 0.00 0.28 0.03 0.74 | 0.07 0.36 0.07 0.70 | 0.03
(LnOy) 0.00 0.00 0.00 0.00 290 | 0.07 0.89 0.07 26.4 | 16.05
LnO* 0.01 0.01 0.08 0.34 031 | 0.21 0.19 0.21 0.15 | 0.14

Bo3MOXHOCTh OcakeHUsT KapOOHATOB JTAHTAHOWJIOB TOATBEPKIACTCS JAHHBIMU
M0 CBEXXEBBITIABIIMM KapOOHATHBIM KOpPKaM, OTOOpPAHHBIM B MPUOPEKBE COJIOBOIO O3.
[{aran-Hop, B xoTOphIX comepkanue ) P3D Ha MOpSIOK BHINIE, YEM B HJIAX TOTO KE
o3epa. Ilpm sTOM B chopmupoBaBIIeMcs KapOOHATHOM OCaJKe MOJBHBIC JOJH
JTAHTAHOWJIOB, 3a MCKJIOUCHHEM IIepHsi, MO OTHOIICHHIO K OOIIeMy COACPKaHUIO
omm3ku napusuty: Ce —0.75, La—0.71, Nd — 0.40, Pr— 0.14.

OueBuaHo, uyTO HakomieHue P30 B comoBbIX o3epax oOycioBIeHO OoJiee

JJIUTCIbHBIM B33HMOI[€I>1CTBHGM B CUCTCMC BOJa-IOpHasd Imopoaa.
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2.3.5. bop, auTnii, pyouauii, ne3uii, CTpOHUMA U OpoM

ConeHble 03epa PErHMOHA BBIIEIAIOTCS MOBBIIIEHHBIMA COAEPKAHUSMH B BOJAX
0opa, cojiepKaHue KOTOPOTO BapbUPYET MO CPEAHUM OlleHKaM OT 786.3 B cylb(aTHBIX
u 3384 B COIOBBIX 70 MaKCUMAJIbHBIX 3HaueHU 4023 MKI/I B XJIOPUIHBIX THITAX 03€P.
MakcumanbHoe 3HadeHue (34722 Mxr/i) onpeaeneHo B 03. bop3unckoe. 3HauuTenbHas
pPacTBOPUMOCTh COCIMHECHHMIA OOpa OMpeAessieT €ro CHOCOOHOCTh HAKAaIUIMBATHCSA B

03epax 1o Mepe PocTa MUHEpaIH3aIiy BobI (puc. 2.27).

100000
R? = 0.65 .
10000 ‘ > 3§
s ! &
E v a
3 ION =3 &
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100
10
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¢ Copgosbie W XnopugHbie Cynvdarnbie

Puc. 2.27. 3aBucuMocTh cofepxkaHuii 0opa OT MUHEPATU3alliU B BBIICJICHHBIX TUTIAX

03€p peruoHa.

Hcrounrkom Oopa moryT BbicTynaTh 3(G@dy3uBHbIE U MHTPY3UBHBIE MOPOAbBI, B
KOTOPBIX OH NPHUCYTCTBYET KaK B PAaCCEIHHOM COCTOSIHUH, TaK W B BUJE INpPUMECEH
cynbumoB. Tak TOBBINIEHHBIE €ro cojaepxkaHusi oOHapyXeHbl B 3hPy3uBax
KynycyTaeBcKoro ByJIKaHHYECKOIO MacCMBa M MPHUTOPEHCKOM MEJIKOCOIOYHHUKE,
(FOprencon, 2008) B mpeaenax KOTOPBIX PACMOIOKEHA 3HAYMTENbHAS YacTh 03€p,
OTCIO/Ia TIOBBILLIEHHBIE €r0 COAEP)KaHMUSI B COJOHOBATHIX 03€PAX MOXKET OOBACHITHCS
pacTBOpEHHE BOJIOBMELIAIOIINX TOPHBIX TOPO/I.

[To cpennum oneHkKam cojaep:kaHue JUTUS Li B XJIOpUIHBIX 03€pax COCTaBIISIET
269 Mkr/m, B TO BpeMs Kak B COJOBbIX M cyiabdatHeix 107.0 m 156.7 wmkr/n
cooTBeTcTBeHHO. Makcumym (1470 MKr/im) onipeiesieH B HanbOosiee MUHEPATH30BAHHOM
xJjopuaHoM 03. ['opOyHka. B Bomax JIUTHI MUTPUpPYET MPEUMYILIECTBEHHO B (opme
cOOCTBEHHOT0 MOHa Li*, BTOPBIM [0 3HAYMMOCTH B XJIOPUIHBIX 03epax BhicTymaeT LiCl

(tabm. 2.4 u puc. 2.28).
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a o

LiIHPO, RbNO; (aq)

LiSO, RbSO,
Licl (aq) RbCl (aq) "2
LiF (aq) RbF (aq) ml

Li* Rb"

0 50 100 0 50 100 150
mon.%

mon.%

Puc. 2.28. Pacnipenenenne oCHOBHBIX (pOpM MHUTpaALIUM a) JTUTHUS K O) pyOuaus B o3epax
(1 — comoBbIe, 2 — XJIOPHJIHBIC).

Ta6nuna 2.4. OcHOBHBIE (POPMBI MUTPALIUK MUKPOAJIEMEHTOB B 03€pax

(MO yCpeTHEHHBIM JTaHHBIM )

XUMUYECKUH THII . . .
ConoBblit XIIOpHUIHBIN CynbhaTHbIit
Kommnonent
Mout. %

H3SiO4 15.0 2.23 5.91
H4Si0, 84.9 97.6 93.2
H4Si0,S04* 0.07 0.14 0.89
AI(OH)," - 0.39 0.005
Al(OH)3(aq) 0.08 3.17 0.55
Al(OH), 99.9 85.2 99.4
[UOL(CO3)s]" 99.9 97.9 99.5
[UO,(CO3),]~ 0.05 2.13 0.42
Th(CO3)2(0OH),” 70.3 64.4 65.0
Th(CO3)s™ 1.30 — —
Th(OH)3CO3 27.0 35.1 33.8
Th(OH)4(aq) 1.25 0.06 0.08
H3AsO3 — — 0.92
H2AsO3 10.6 - -
HAsO4* 89.4 99.9 99.1
BeCOs(aq) 0.08 0.30 0.11
Be(OH),(aq) 99.9 99.7 99.8
Zr(OH)s 51.9 45.6 42.5
Zr(OH)4(aq) 47.9 54.0 50.3
Ga(OH)4 99.9 99.9 99.5
Sc(OH)," 0.29 0.40 0.45
Sc(OH)s(aq) 0.95 1.65 1.62
Sc(OH)4 98.6 97.9 97.5
Li" 97.0 46.0 48.0
LiCl(aq) 2.46 46.7 46.3
LiSO4 0.89 7.20 7.00
Rb” 98.0 49.0 49.5
RbCl(aq) 1.29 38.0 38.2
RbSO, 0.71 16.7 15.3
Sre” 39.2 82.4 58.7
SrCl, 0.21 12.5 0.45
SrS0O4° 0.09 3.89 2.75
SrCOs 7.92 0.68 29.8
(Sr(C0s),)~ 52.1 0.52 7.65
Br 100 100 100
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BBumy BBICOKOW BETMYMHBI TMPOU3BEACHHUS PACTBOPUMOCTU COJEH JUTHS —
xsopuga LiCl n kapoonata Li,CO;3 (113a0yenuT), HaChIIIEHUE BOJBI STUMHU COJIIMU HE
orMmedaeTCs (puc. 2.29a). B To e BpeMst OTCYyTCTBHE PaBHOBECHS BOJIbI CO CIIOTyMEHOM
LiAI[Si,O¢] n 3Bkpunturom LiAl[SiO4], OCHOBHBIMU JTUTHEBBIMH QJTFOMOCHIIMKATHBIMHU
MUHEpaJlaMH B CoCTaBe nerMatutoB ((MunepanbsHoe..., 1999), roBopuT 0 TOM, 4YTO OHH

MOTYT SBASATHCS HCTOUHHKAMH 3THX XUMHUECKUX 3JIeMEHTOB (puC. 2.290).

8 - Li,CO,
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b o
Ig[Li*]
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Puc. 2.29. PaBHoBecHe BOJI 110 OTHOIIICHHUIO K a) 113a0yenuty Li,CO3 u LIiCl, 6)

cnogymeny LiAl[Si,0¢] u sBkpuntuty LiAl[SiO,].

O4eBHIHO, YTO OTCYTCTBUE F€OXMMHUYECKUX OAphEpOB MO3BOJISIET JIUTHIO, KaK U
XJIOpY, KOHIICHTPHPOBAThCSA B pacTtBopax (Bmagumupos u ap., 2011; Mcymos u ap.,
2012; Zheng, 2014; IlIBapues wu ap., 2015). Orcroma oTMedaeTcss eauHas
HampaBJICHHOCTh B pacnpeaencHusx coaepxkanuit Cl m Li, kotopas dukcupyercs
UCKIIIOUUTENFHO B XJIOpUAHBIX o3epax (puc. 2.30a). AnHanoruysHas cuTyarus
npocnexuBaercs ¢ pyouanem Rb u nesuem Cs (puc. 2.300, B), coaepaHus KOTOPBIX
no cpeaauM orienkaM Bbime RD (7.52 mkr/ia) u Cs (0.13 MKr/im), yeM B COMOBBIX W

CyJib(paTHBIX O3epax.
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Wcrounvkamu pyouauss W 1e3usi, Kak M B CJy4ae C JIUTHUEM, SBISIOTCS
CIUIMKATHBIE W  aJIOMOCHJIMKAaTHbIe  MuHepansl  (MwuHepampHOE...,  1999).
[IOBBIIEHHBIMUA COAEPKAHUAMHM 3THUX DJEMEHTOB OTJIHWYAIOTCS TaKKE MYCKOBHT,
MUKPOKJIMH, OpPTOKJa3, IWHHBAIBAUT W Jp. B Bomax pyouauii u ue3ud MOryT
KOHIEHTPUPOBATHCS 1O CUJIBBUHUTOBOM M KAPHAJUIMTOBOM CTaAWM, HA KOTOPBIX OHU
coocaxxaaroTcsa ¢ KamuiHbiME cojiimu (KpaitnoB u ap., 2004). Ha paccmarpuBaeMom
JTare pa3BUTUS O3€p HE OTMEUAETCS CaJKh HTUX MHUHEPAJOB, IO3TOMY OHHU

6CCHpCHHTCTB€HHO MOI'YT KOHOCHTPUPOBATLCA B paCTBOPC.
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Puc. 2.30. Pacnpenenenue conepxanuii a) mutusi, 6) pyouaus, B) 11€3Usi OTHOCUTEIIHHO

Cl B BBIZCIIEHHBIX THIIAX 03€P.

CTpoHIIMII BXOJUT B COCTAaB XEMOIE€HHBIX MMHEpPAJOB, 4Yallle BCETrO0 OH
INPUCYTCTBYET KakK NPUMECh B Pa3IM4HbIX KaJlbLHEBbIX MuHepanax (KpaiiHoB u np.,
2004). TecHas mapareHeTHYECKas CBA3b ¢ KanblueM (puc. 2.31a) yka3siBaeT Ha OOIIHiA

HNCTOYHHK IMOCTYINICHHA 3THUX 3JICMCHTOB B 03€pax.
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ITo moay4YeHHBIM JAHHBIM B MEHBIIHUX KOJIMYECTBAX CTPOHIUI MPUCYTCTBYET B
COJIOBBIX U CyJIb(paTHBIX 03€pax, I/I€ YCPEAHCHHBIC €ro KOHIICHTpAIuu paBHBI 553.4 u
586.7 MKI/1 COOTBETCTBEHHO. B XJIOPMAHBIX KaK IO CPEJIHHMM, TaK U MaKCHMaJIbHBIM
OIICHKaM, €ro KOJMYECTBO Ha TOPSAIOK BbImie W cocTaBisieT 4397 m 18506 wmkr/m,
MocJIeTHee 3HAYCHUE OMpeesieHo B xiopuaHoM o3. ['opOynka. K nmpumepy, B comoBom
Oonee cojeHOM 03. Bop3WHCKOE KOHIICHTpamMs SI Ha JIBa MaTeMAaTHYCCKHX IOPSIKa

ke (174 Mxr/im).
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Puc. 2.31. 3aBuCHMOCTb COep)KaHU CTPOHIIHSI OT a) KajbIus, 0) XJIOPHI-, B) Cyabdar-

MOHOB. ') OCHOBHBIE (POPMBI MUTPAIIUU CTPOHIIMS B BBIJICICHHBIX THIIAX 03€pP.

DTO CBSI3aHO C TE€M, YTO B XJIOPUHBIX 03€pax CTPOHIIMA MUTPHUPYET HAPSIY C
npocTsiM HoHOM Sr™° B dhopmax SrCl, u SrSO,, oTcroga MpOCIIeKUBASTCS JIHHEHHAS
cBs3b St ¢ CI' u Sr ¢ SO,% (puc. 2.316, B). B COmOBBIX 03epax OH HAXOIUTCS
npenmyiectBerHo B Buge SrCO; u (Sr(COs),)” (prc. 2.31r), HOABIKHOCTh KOTOPBIX
orpaHu4MBaeTcsi  oOpasoBaHueM  crpoHimanuta SrCO;,  BO3MOXKHOCTH — €r0

dbopMupoBaHUSs MOATBEPKICHA TEPMOIMHAMUYECKIUMU pacueTamu (TaBa 4).
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bpoM B mpupoaHbIX Bojax BcTpedaeTcs B ¢popmMe OpOMHI-MOHOB, KOTOPBIH IO
MUTPAIIMOHHON CITIOCOOHOCTH MPEBOCXOUT Jaxke Xyopua-uoHsl (KpaitHo u np., 2004).
Coneprxkanue Opoma Mo CpeIHUM OIICHKaM B 3 pa3a BBILIE B XJIOPUIHBIX 03epax (83.5
MT/JT), 4eM B COJIOBBIX M B 17 pa3 B CpaBHEHUU C CYIb(PATHBIMH. YUUTHIBAs TOT (AKT,
yro Br’ konmeHTpupyercst B pactBope mapamienbHo ¢ Cl (puc. 2.32), To orcroma
MaKCUMaJIbHOE €ro COJepKaHWe ONpeAesiecH0 B CaMOM  MMHEPaTM30BAHHOM
03. bop3unckoe u cocrapnsier 624.3 1/1. B 00bIYHBIX ycnoBHSIX OpoM He oOpasyer
COOCTBEHHBIX MUHEPAJOB, IO3TOMY CIIOCOOCH KOHIIEHTPUPOBATHCS B  OOJBIIMX
Mmacmtabax. B mMamoMuHepann30BaHHBIX BOJAX OH MOKET CBS3BIBATHCS AJIEMEHTAMHU
koMmIutekcooodpasosatersimu (Cu, Zn, Pb, Co u ap.) (Kpaiinos u ap., 2004)
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Puc. 2.32. 3aBucumMocthb coaepxannii Br- ot Cl” B BBIZICIEHHBIX THITaX 03€p.

Bpom-xnoproe otHomienue (CI/Br) B 03epax B cpeiHeM paBHO Ui CO0BOTO 285,
a cynbhatHoro u xjaopuiHoro TUMoB 350 u 460 COOTBETCTBEHHO, UTO CBUACTEIHCTBYET
0 OoJibIlIel CTENEHN MeTaMOP(PU3ALUU TTOCIICTHUX.

AHanu3 pacrnpenesieHuii KOHUEHTpauui Jutus, Opoma, 6opa, ypaHa U MbIIIbsIKa
MOKa3aJl, 4YTO COJEPKaHMUS OTUX OJJIEMEHTOB B o3epax Bocrounoro 3abaifkanbs
JIOCTUTAIOT HECKOJIBKUX MIULTUTPAMM Ha JIUTP pacTBOpa U OJIM3KU K TPOMBIIIICHHBIM
KOHIICHTPAITUSM JIJISI UX U3BJICUCHUSI.

Takum o0pa3om, B pacmpeielieHUd COACPKaHWW MHKPOIJIEMEHTOB IO THUIAM
o3ep oOoO3HauaeTcs CieAyrIlas 3aKOHOMEPHOCTh. B 0Oojiee MuUHEpaIu30BaHHBIX
XJIOPUIHBIX 03€pax HAKAIUIMBAIOTCS B OOJIbIIMX KOJMYECTBAX JIMTUHN, pyOUIUi, 1IE3UH,

CTpoHIIUH, OpoM u Oop. B comoBbiX, Oosiee MIETOYHBIX, KPEMHHM, ypaH, TOpHH,
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peaKO3eMeIIbHbBIE JJIEMEHTHI, MBIIIbIK, [IUPKOHUM, ranuid, ckanauil u ap. CynbdaTHbie
03€pa OTJIUYAIOTCS HU3KUMU COJIEPKAHUSIMU BCEX MUKPORJIEMEHTOB. BHyTpHU co/10BOTO
TUIIa MOXKHO BBIICNIUTH COJOBBIE 03epa |l moaTumna, BBIAENSIONIETOCS OTHOCHTEILHO
BBICOKMMH KOHIICHTPAITUSIMH CUIEPO(PIIIBHBIX B XaTbKOMUIBLHBIX 3JIEMEHTOB.

Cy1iecTBeHHbIE Bapuallui KOHIIEHTPALUM 3TUX 3JIEMEHTOB B BBIJCICHHBIX TUIAX
03€p CBUJICTEILCTBYIOT O 3HAYUMON pOJIM TUIPOTEOXUMHUYECKOM Cpelbl B HUX
HakorieHuU. OTCYTCTBUE CHEIUATN3AIAN 110 OOJIBITUHCTBY BOJOCOOPHBIX TEPPUTOPHUI
03€p HCKJII0YaeT BO3MOXXHOCTb CYUTaTh €€ OCHOBHOW MPUYMHOW TMOBBIIICHHBIX
COJIEp’KaHHMI M3YUYEHHBIX AJIEMEHTOB. B KauecTBe MCTOYHUKOB ATUX AJIEMEHTOB MOTYT
BBICTYIIATh JIFOObIE TOPHBIE MOPOJABl KaK C TMOBBIIMICHHBIMU TaK U C KJIAPKOBBIMU HMX
COJIep KaHUSIMU, TIOCKOJIBKY BCE 3TU 3JIEMEHTHI MPOSIBIISIOT ce0s1 KaK HAKAIIUBAIOITHECs
B 03€pax C POCTOM COJEpKaHUW OCHOBHBIX AQHUOHOB, JIJII COJIOBBIX — KapOOHATHOM
COCTaBISIIOIIEH, a I XJIOPUAHBIX — XJIOPUA-UOHOB. Clie10BaTENbHO, BEAYIIYIO POJIb B

IMOBCACHHUHN TAKHX 3JICMCHTOB OIIPCACILACT CPCaa, a HC TUII T'OPHBIX ITIOPOI.
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I'nmaBa 3

CTEIHEHb UCITAPEHUSA 1 UCTOYHUKU I''TABHBIX NTOHOB O3EP

3.1. OIIeHKa CTCICHU UCMTAPUTEJIBHOI0O KOHICHTPUPOBAHUSA 03€PHBIX BOJ

Bce pacCmaTpuBaeMble 03€pa JIOKaJU30BaHbl B 30HE 3aCYLUIMBOIO KJIMMaTa,
MO3TOMY MCHIAPEHUE UTPAET BAKHYIO POJIb B (POPMHUPOBAHUU COJEHOCTH O3€PHBIX BOJ U
UX XUMHUYEeCKOoro CoCraBa (3amana, bopsenko, 2010). OtrCroma BaXXHBIM BOIPOCOM
CTaHOBUTCS CTENEHb HCIAPEHUS WX BOJ M CBS3aHHOE C 3TUM HAKOIUICHHE WJIU
pacCeuBaHMe 4YaCTM XHMMHYECKUX 3JeMEHTOB. ECinu CpaBHUBATh MpOLECCHI,
ydyaCTByrouue B (pOpMHUPOBAHMM XUMHUUYECKOTO COCTaBa O3E€pPHBIX U MOA3EMHBIX
BOJI, TO NPUHIUIIMAIBHON pa3HUIBl HE CyIIECTBYET, 3a HCKIIOYEHHEM TOIO, YTO
MO/I3€MHBIE BOJBI HE MOJBEPKEHBI B TAKOW CTENEHH KaK IMOBEPXHOCTHbIE MCIAPEHUIO,
MO3TOMY HCMAPUTEIbHOE KOHLEHTPUPOBAHHE XUMHUYECKHUX 3JIEMEHTOB 31E€Ch HUKE.
OTtCrona mMacmTaObl U3MEHEHHUS! O3€PHBIX BOJ BCErJa 3HaYUTENbHEE, YEM IO/I3EMHbIX,
4YTO BBIpaXKaeTCs B OoJjiee BBICOKOM MX COJIEHOCTH, 3HaueHusx pH, ConepikaHusx
MOJIBM)KHBIX 3JIEMEHTOB U T.[1. [103TOMY no/13eMHBIE BOJIbI MOTYT CITYy>KUTh CBOETO poja
TOYKOM OTCUeTa, OTHOCHUTEIBbHO KOTOPOM HCCIAeAyeTCd BIMSHUE HWCIApEeHUs Ha
XUMHUYECKUI COCTaB U COJIEHOCTh O3EPHBIX BOJI.

B kadecTBe mokaszaTelns CTENEHU UcnapeHust Mbl ucnoiab3oBanu Cl kak Hanboee
KOHCEPBATUBHBIM KOMIIOHEHT, HE BCTYNAIOUIMA B PEAKIUU B3aUMOJCUCTBUS C
o0pa30BaHWEM BTOPUYHBIX MUHEPAJIOB B UCCIEIOBAHHOM JUAINa30HE COJIEHOCTH BO/IbI,
a TaKKe He MPUHUMAIOIIUN yJyacTHe B COPOLIMOHHBIX U OMOXMMUYECKHUX Mpoueccax. 1o
CpedHEMY €ro COJEep’KaHUI0 B TPYHTOBBIX BOJax OINpeAeleHHOro oOacceiiHa
(p.- Muroaet mnu p. OHOH WJIM BHYTPEHHETO CTOKA) M €ro KOHIIEHTPALUH B KOHKPETHOM
03epe Toro xe 0acceiiHa Oblila pacCUMTaHa CTENIEHb UCTIAPEHUs 03€PHBIX BOJ.

[IpuHamIexXHOCTh 03€p K ONpPEACICHHOMY pe4YHOMYy OacceiiHy MM K
O0eccTouHo#t obOactu n300paxeHo Ha puc. 3.1.

CornacHo pacueraM 3HaY€HUE CTENEHU UCHApEHHs O3€PHBIX BOJ U3MEHSIETCS OT
2 no 3744, ompeneneHHbIX B COJIOHOBATBIX CONOBBIX o3epax: basH-bynak, Xoiito-
Topym, JlebenuHckoe u B paccoisie XJIOpugHoro o3. ['opOyHKa COOTBETCTBEHHO, IMpPH

cpenneM 3HaueHnu 280 (mpuiioxenue 4).
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CornacHo pacueraM 3HaY€HHE CTENEHU UCHApEeHHs O3€PHBIX BOJ U3MEHSIETCS OT
2 no 3744, ompeneneHHbIX B COJIOHOBATBIX COJOBBIX o3epax: basH-bynak, Xoiito-
Topym, Jlebenunckoe U B paccose XJopuaHoro o3. ['opOyHka COOTBETCTBEHHO, MPHU
cpeadeM 3HaueHuu 280 (mpuioxeHue 4).

B comoBeIX o03epax 3Ta BeIMYMHA BapbUpyeT B IpeAeNax YeTbIpex
MaTEeMaTUYECKUX MOPSJIKOB C ee mocreneHHbM yBennuenueM oT | k Il moarumy. J{ns
COJIOBBIX 03€p | moarpynmel [AMana3oH BapbUPOBAHMS COCTABISIET OT 2 (BBIIIE
nepeuyuciaeHubie o3epa) 10 487 (03. Kymxkepraii), Bo Il — ot 5 (03. Kunmuno) qo 105
(03. I'pumikuno) 1 B Il moarume ot 12 (17-19) no 2218 (03. bop3unckoe). B Oonbiinx
MaciiTadax CKOHLEHTPUPOBAHBI BOABI XJOPUIHBIX 03ep (oT 44 no 3744 pa3) ¢
MUHHAMYMOM JJI 03. Y KIIWHIA U MaKCUMyMOM i 03. ['opOyHKa.

['panuibl 3TOrO MoKasarens sl CyJlb(paTHBIX O3€p MEHbILIE U HE BBIXOAAT 3a
npenensl 4-33, nepBoe OTHOCUTCA K cojioHoBaToMy 03. Kyka-Asbipra, a BTopoe k 6ojee
MHHEpaIu30BaHHOMY 03. bapyn-1lluBepryi.

Kak no MakcumanbHbIM, TaK U CPETHUM OLIEHKaM, UCIIAPUTEIILHOMY IPOIIECCY B
OonbllIel CTENEHU IMOABEPrHYThl 0Oojiee MUHEpaTU30BaHHbIE XJOPHUAHBIE 03€pa,
CpEeIHssl CTENEHb MCIIAPEHUS BOJ KOTOPBIX paBHA 722. biamke K XJIOPHUIHBIM COJIOBBIE
ozepa |ll moaTuna co crenenbto ucnapeHus paBHoi 202. B meHblueli mepe 3TOT
MIPOIIECC 3aTparMBaeT Cyib(aTHbie U coaoBbie o3epa | u |l moaTHIOB, ycpenHEHHBIC

3HAYEHUS [TOKA3aTeNsI KOTOPBIX paBHbI 18, 45 1 55 COOTBETCTBEHHO.

3.2 UCTOYHHUKH MAKPOKOMIIOHEHTOB 03€ep

Boanoe u coneBoe muTaHWEe M3YyYEHHBIX 03€p OCYIIECTBIACTCS aTMOC(HEPHBIMU
OCaJIKaMH, BBIMAJAIONIMMH Ha 3€pKaJ0o, BPEMEHHBIMH JOXKIEBBIMM TMOTOKaAMU U
nog3eMuabiMu Bogamu  (JIbBoBuu, 1971). Ilutanue o3ep HEOOJBIIMMH pEKaMH |
PYYbsIMU TIPUCYIIIE €IWHUYHBIM O03€paM, HO Jaxe B ATOM CJIydae PEeKH U PYydbH
CYIIECTBYIOT MEPUOJUYECKU BO BpEeMsi OOJIBIIIOT0 KOJUYECTBA aTMOC(HEPHBIX OCAIKOB.
[ToaToMy WX 70JI1 COBMECTHO C JIMBHEBBIM CTOKOM B BOJIHO-COJIEBOM OajaHce HeE

npesbiaer 10 % (MBanos, Tpodumora, 1982). B cTtpykType BOJIHO-COJIEBOTO MUTAHUS
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paccMaTpuBaeMbIX 03€p OTCYTCTBYIOT Tajibleé CHErOBbIE BOJbI, T.K. Ha MEPUOJ TasHUS
JbJa OHU HUCTIAPSIOTCS.

Hamu Ha ocHOBe MOpPGOJIOrMUECKHMX U THUAPOKIMMATUYECKUX XapaKTEPUCTUK
MIPOBEICHBI pacdeThl 00bEMOB MOCTYMHAIONIEH ¢ BOAOCOOPHBIX IuTOMaAe ozep VZ u
ucrapuBLieiics Boabl VX B o3epax 3a roia. Ilpum atom o0beM HcmapeHus ¢ BOJIHOM
MOBEPXHOCTH 03€pa ONpENesuICs HUCXOAs U3 €ro IJomanud (mpuwiokeHue 2) u
BenmmunHbl ucapenus (I'eorpaduueckutii ..., 1985). Jlonmyckas oTCyTCTBHE MMOI36MHOTO
CTOKa U3 03€p, MOCKOJIbKY OHH SIBJISIIOTCS MECTHBIM 0a3McOM pasrpy3Kd IMOA3EMHBIX
BOJI, pPACXOJIHbIE CTaThH MPEJICTABIICHBI TOJHKO UCIIAPEHUEM C UX BOJHON MOBEPXHOCTH.
OO0beM MOA3EMHOIO CTOKA PACCUMTAH MO MOAYJII0 PEYHOI0 CTOKA OMPENESIEHHOIO
paiiona (O06s308, 2002) u muomaau Bogocbopa o3epa coriiacHo Gopmyie:

Vz=Q,, 't (Ilocobue..., 1984),

rae Qg — MOIyJb CTOKa, t — Bpems ().

[ToBepxHOCTHBIM TpuUTOK B BHUAE pyubs (KamuTuxa) umeeTcss TOJNBKO s
03. [lopornnckoe ¢ pacxomom 0.5 i/c (bop3enko, 2012), ucxoas U3 3TOro 3HAYCHHS,
paccumMTaH 00bEM MOCTYMHAIOIEH BOABI B 03€PO.

Kak moxasamu pacderbl, KOTOPbIE MPOBEACHBI IS IIECTH COAOBBIX M YETHIPEX
XJOpUAHBIX o3ep (Tabm. 3.1), BenMuumHa wHcHapeHus wu3-3a OoJbpliero oObeMa
MOCTYTAIONIEH BOABI C BOJOCOOPHBIX IUIONIAZIEH B COJIOBBIE 0O3€pa MEHbIIE, T.€.
pacxojHasi 4acTh BOJBI O3€pa BHINIC, YeM MpuxoaHas. Ho B COMOBBIX O3epax 3Ta
pa3HUIa MEHbIIIE: OTHOUIEHUE MPUXOJHOW 4YacTu K pacxoaHoi paBHo 0.60-0.99, a B
XJOpUIHBIX o03epax oHO coctaBisger 0.46-0.52. Bce »3Tu pacuerbl SBISIOTCS
MOATBEPIKICHUEM BHIIIEC MPUBEICHHOMY 3aKJIFOUCHHUIO O OOJIBIIICH CTEICHHW HCIIapeHUs
JUTSL XJIOPUTHBIX 03€p.

CoOOTHOIIIEHUSI KOJIMYECTB COJICBBIX KOMIIOHGHTOB, ITOCTYIAIOIIMX B 03epa,
OTIPEJIEISIETCS, UCXOSI M3 MUHEpAIN3allid M XUMHUYECKOTO COCTaBa MUTAIOIIUX BOJ H
JIOJICH MOCIeIHNX B BOAHOM MUTaHUHU o3ep. HanMeHsInelh MuHepanu3anueii 001amaoT
BOABI aTMOC(EPHBIX OCAJKOB, OTCIOJIa WX JIOJAS B TPHBHOCE BCIIECTB B
paccMaTpuBaeMbie 03epa cocTaBiseT B cpeaneM Bcero 2-3% (Imapoxumus..., 1977).

IIo maHHBIM TEX XKe ABTOPOB OCHOBHOC COJICBOC IIMTAHHC O3€pa IIOJIY4YarOT 3a CYUCT
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MNOA3CMHBIX BOJI. Hamm JaHHBIC II0 BOAHO-COJICBOMY 6aHchy, BBIIIOJIHCHHOMY JIA

03. JloponuHckoe, 310 noareepxaatoT (bopzenko, 2012).

Tabnuna. 3.1. OCHOBHBIE THAPOKIMMATHYECKHE XaPAKTEPUCTUKH

Haspanue ATt™MocdepHbie Hcnapenue ¢ CymmapHbIit Paznnna
ocajJKy Ha BOJTHOM MOJ3EMHBIN U MEXIY
MOBEPXHOCTh MOBEPXHOCTHU MOBEPXHOCTHBIN CYMMapHBIM
o3epa IPUTOK C MPUTOKOM U
BOZ0CcOOpa OTTOKOM
VX, 3 Ve, 3 vz, 3 VX + Vz/ Ve
TBIC. M TBIC. M TBHIC. M
Co0BBIN THIT
3yn-Topei 67600 231400 153973 0.96
JlopoHHMHCKOE 1632 2352 613 0.95
banb3oit 2172 392 122 0.99
baitn-1laran 874 1982 399 0.64
basiH-bynak 385 873 337 0.83
Hoxxwii 3198 7257 1052 0.60
XITOpUIHBIWTHIIL
Xunranra 161 366 7 0.46
['opOyHka 247 561 10 0.46
bunpunp-Hyyp 169 384 24 0.50
Jlabaca-Hop 143 325 24 0.52

B 0GonpmmMHCTBE Ciy4aeB paCCMaTpUBaeMble 03€pa PACIIONOKEHBI B KOHTYPAx

ME30-KaMHO30MCKHUX BIIAJINH u BO3BBIIICHHOCTEH, KOTOPBIE BBITIOJTHEHEI
MPEUMYIIECTBEHHO 3¢ py3uBHO-0CATOUHBIMU WA 0CaJIOYHBIMH MOPOJAAMHU.
PacTBopssCh, mOpoabl  CTAHOBATCST  OCHOBHBIMM  WCTOYHMKAMU  XUMHYECKHUX

KOMIIOHEHTOB, KOTOPBIE HAYWHAIOT I[UKJI CBOMX T'€OXUMHUYECKHX IMPEBPALICHUN B
MO/I3EMHBIX BOJIaX M 3aKAHUMBAIOT €r0 B 0€CCTOYHBIX MEKTOPHBIX BIaguHax. [Ipu sTrom
3HA4YUTEJIbHAsl 4YaCTh XUMHYECKUX DJIEMCHTOB, IIOCTyHalromMX B paCTBOp 3a CYET
MHKOHTPYDHTHOIO  paCTBOPCHUS  IICPBHYHBIX  BOJOBMEIIAIOIIMX  MHHEPAJIOB,
CBS3BIBACTCS BHOBH (DOPMHPYIONTUMHUCS MUHEpajdaMu (BTOPUYHBIMH), a JIpyras 4aCTh
KOHLEHTPHUPYETC B paCTBOPE.

Pons TOpHBIX TIOPOA B HAKOIUICHMM B O03€pax HATpUs IOATBEPKIAACTCS

OTIEPEXKAIONIMM €r0 POCTOM TI0 CPABHEHUIO C XJIOPOM IO OOJIBIIUHCTBY 03€p C
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MaKCHMaJIbHOIT pasHuIeil sHaderus otHomenmst Na/CI® s MeHee MuHepanM30BaHHBIX
comoBbIX (puc. 3.2a). 3HaueHUsT STOTO I[OKa3aTelis B JITOM THUIIE H3MEHSETCS B
nuanaszone ot 10 (o3. aran-Hop (Ypaa-Arunckuit) | moaruna) no 1.09 B 03. 3bipae-
3bipre (Il moarum) (tabnuma npunoxenus 4). [lo ycpeAHEHHBIM JaHHBIM B COIOBBIX
o3epax | u Il moxgrunor Na/Cl Bapsupyet ot 4.3 u 4.1 cOOTBETCTBEHHO, JIajiee IO Mepe
UCIIapEHUS BOJ OHO TIOCTETICHHO CHUYKAETCS U YK€ B CYJIh(aTHOM THUIIE COCTABISIET 2.9,
a B cogoBoM lll moaruna — 1.7, MuHMMansHOE 3HaYeHHE (UKCUPYETCS B XIJIOPUIHOM
tune — 1.2. Heo6xoaumo 3amMeTuTh, uto auana3on BapeupoBanus Na/Cl B cynbdarHbix
U B OonpmMHCTBE cOJOBBIX 03ep | u |l BblIe rpaHuibl CpeAHETO 3HAYEHHS] 3TOTO
OTHOIIICHUS I MOJ3EMHBIX BOJ parioHoB uccienoBanuii (Na/Cl=4.6), T.e. B o3epax

HNMCCT MCCTO I[OI'IOJIHI/ITCJII)HHﬁ HCTOYHHK HATpPHU:.

10 =+ a 1000 6
oy o
o onAGeNn e o - -
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10 100 1000 100 1000
CreneHb UCnapeHua Na e F/N

Puc. 3.2. Paciipenenenue a) 3nadenmnii Na/Cl ot crerienu uctiapeHnst Bo, 0) (hakTHIeCKMX M pacueTHBIX

co;:[epn(a}mﬁ HaTpys B BBIACIICHHBIX THUINAX W ITOATHIIAX O3€D.

Mexnay TeM 4YacTb HATpUs MOJKET HAaKaIUIMBaThCSA B O3€PaX 3a CUET MCIAPEHHUS.
OTtcroga HEOOXOOUMO ONPENENIUTh €ro KOJWYECTBO, OOPA3yIOIIErocs 3a CYET ITOro
npouecca. [Insg pacuera UCHONIB3yeM CTENEHb HWCHAPEHUs KOHKPETHOIO oO3€pa M
CPEIIHIOI0 KOHIIGHTpPAlMIO HAaTpus B TPYHTOBBIX BOJAAX, OJAHOIO C O3€POM PEUYHOIrO
OacceilHa WJIM TEPPUTOPUM BHYTPEHHEro CTOKAa. B mpunoxxeHun 4 mpencTaBiiCHbI
pE3yNbTaThl PACUETOB.

IIo cpemHMM oneHKam 3a cUeT HMCHapeHus HakarumBaercs Hatpus — 31% B

conoBbix o3epax | moaruma, 41 % Bo |l monrumne, 48% B 111, 76% cynsdataeix u 99% B

® Na u Cl B Mr-kB.
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XJOpHIHBIX o3epax. Eciin cpaBHUBaTh pacueTHOE 3HaYeHHE Nap,e, ¢ pakTHdeckum ero
copepxkaHueM Nagar, TO TpeBblIeHne 3HaYCHUS Napucq Hal Nagaq, YKa3bIBa€T Ha €ro
HE3HAUUTEIbHbIE TTOTepU B 03epax (puc. 3.20), YTO BO3MOXKHO CBSI3aHO C BTOPUYHBIM
MHUHEPaI000pa30BaHUEM.

BBhICOKasl AMCIIEPCHs MPOCIEKUBACTCA B pacipenenenun 3uagenns SO4/Cl * ot
CTeneHu ucnapeHusi Boj (puc. 3.3a), BapbuUpys B XJOPUJHBIX O3€pax B TIpeesax
OJIHOTO MaTeMaTH4YEeCKOro mopsiaka, cocrarisisi B cpeaueM 0.16, ¢ munumymom (0.13)

1151 03. X05100-2 1 MmakcumyMoM (0.36) o03. baOnbe.

10 E r Aa
o *
e
c 1 oo O O
30 o, ®
P01 . ¢ . Laall O ™ = ]
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1 10 100 1000 0.01 0.1 1 10 100
CTeneHb UcnapeHua SO, pacus r/n

Puc. 3.3. Pactipenencuue a) 3nauenuii otHomnenus SO,/Cl B 3aBUCUMOCTH OT CTEIICHH
UCIIAPEHUS 03EPHBIX BOJ, 0) PAKTUYECKUX U PACUETHBIX COACPKAHUN CyNIb(PaT-HOHOB B

BBIJICJICHHBIX TUMAaX U MOJTUIaX 03€p (YCIOBHBIE 0003HAUECHMS COTIIACHO puC. 3.2).

Eme nuxe 3nadenue storo otHomeHus (Menee 0.1) mms psiga comoBsix o3ep | u
Il moaTunoB. OgHAKO B HECKOJBKHUX CIydasX OTMEYAETCs! MPEBBIIMICHUE COJEpKaHUN
cyibbaT-HaI XJI0puA-HoHaMH, co 3HaueHreM otHolueHus SO4/CI>1.

HecoorBeTcTBue Mexay npUpogHOM CHUCTEMON SOugaq. M AaHHBIMH PacdyeTOB
SO4pacy. OTMEUAETCS BO BCEX XJIOPUIHBIX, cofoBbIX |l 1 OonpmmHCcTBE 03€p | moaTuna,
¢ MakcUMalbHbIMU NOTEPAMU (SOugaxr <SOuyenap) I 03. oponuHckoe (97.9 %)
(mpunoxenue 4, puc. 3.36). ConoctaBumbie motepu (6onee 90 %) HabmromarOTCs B
o3epax: banw3oit, bann-Ilaran, Kymxeprai, Xonaryii, bonbmmue Axmm, Bacune TopMm-
1, I'»3amii-Hyyp u ap.

B 10 %e BpeMsa B Heckoibkux o3epax | moaruma 3adukcupoBaH H3OBITOK

cynbPar-uOHOB  (SO4par<SOupacs) (Kynmyk, 3acynan, basu-bynak, Bbycyryii-Hyyp,

4
MTI-9KB/JI
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Haran-Hyp (Ypna-Arunckuit), ['anyraii, Hoxuit, Jlebenunckoe) u asyx |l moaruna
Xapanop u Xapa-TopyMm. AHajOruyHas CHUTyalusi IPOCMATPUBAECTCS II0 BCEM
cylb(aTHBIM W COJOBBIM o3epaMm |l moaTuma ¢ MakCMMalbHBIM TPEBBIIIEHUEM IS
03. bapyn-Illueptyit u 03. XKununo. O4eBUAHO, YTO UMEET MECTO JOMOJTHUTEIbHBIN
HUCTOYHUK CYJIb(]aToB.

3a HCKJIIOYEHUEM HECKOJIBKMX COJOBBIX 03€p 3HAYEHHUE OTHOIICHUS
HC03+C03/CI5 JUIS OOJBIIMHCTBA BOJOEMOB MEHBIIE, YeM IS IMOA3EMHBIX BOJ

(cpemnee 7.4), 4TO yKa3bIBaeT Ha MIOTEPU KapOOHATOB B 03epax (puc. 3.4a).
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Puc. 3.4. Pactipenenenue a) 3nauenuit HCO3;+CO3/Cl ot cTenenu nucnapeHus: 03epHbIX
BOJI, 0) pacueTHBIX M (PaKTUICCKHUX COACPKaHUN KapOOHATOB B BBIJICIICHHBIX TUIIAX U

noATHIax o3ep (yciaoBHbIE 0003HAUEHUS COTJIACHO puc. 3.2).

MaxkcruMaspHble TOTepU XapaKTepHBI I XJopuaHoro Tuma. OgHAKO Ui
OOJNBILIMHCTBA COAOBBIX O3€p IO MEpe HCHApeHUs BOJA 3HAYEHHE OTHOIICHUS
HCO3;+CO3/Cl ocTaercst OTHOCUTENBHO CTAOUIBHBIM, T.€. B MEHBIIIEH CTEIIEHU 3aBUCUT
OT ATOro Tporecca. bonee Toro, kak mokazayiu pacuetsl (puc. 3.40), Takoro Maciirada
MOTepb KapOOHATOB B COJOBBIX 03€pax MO CPaABHEHUIO C CYIb(ATHBIMU U XJIOPHUIHBIMU
TUTIAMU HE OTMEYaeTCs. A 3TO 3HAYWUT, YTO JUIsI MEPBBIX CYIIECTBYET IMOCTOSHHBIH
MCTOYHUK KapOOHATOB.

Haubonee pe3kre n3MeHeHUsT IPOU3OIUIH B 03€pax B CPABHEHUU C TPYHTOBBIMU
BOJIaMU B JKBHBAJICHTHBIX cooTHomeHusx Ca+Mg/Na. Eciu B xuMudeckoM cocrase

IMOA3CMHLBIX BOA YalllC IIPCBAJIMPOBAIA Cau Mg, K O5TO BUJIHO H3 3HAYCHHUA I3TOI'O

® Mr-o5KB/I
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OTHOIIIEHHS] PAaBHOTO B cpeaHeM 5.62 (1. 1 Ttabn. 1.6), To B 03epax cuUTyalus MEHIETCs

y>K€ B CTOPOHY CYILIeCTBEHHOTr0 npeodaganus Na rmo mepe ucrnapenus Boj (puc. 3.5a).
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Puc. 3.5. Pactipenencuue a) 3nauenuii orHorenns Ca+Mg/Na B 3aBucumocty ot
CTETICHU UCTIAPECHHMS O3EPHBIX BOJI, 0) pacUeTHBIX B (DAKTUICCKUX COMICPKAHUN CYMMBI
KaJIBIIUS ¥ MarHUS B BBIJICJICHHBIX THUIAX U MOATHITAX 03¢p (YCIOBHBIC 0003HAUYCHUS

COTJIacHO puc. 3.2).

B comoBbix o03epax naMana3zoH BapbUPOBAHUS 3HAYEHHM HTOTO OTHOIIEHUS
HaxoauTcs B pamkax 1.13-0.0001 (mepBoe — o3epo 6e3 Ha3BaHus ¢ muppom 14-14,
BTOpoe — 03. bop3uHckoe) npu cpeanem 3HaueHun paBHOM 0.09. [1o OOJBITUHCTBY
XJIOpUAHBIX 03ep 3HadeHne Ca+Mg/Na u3MeHseTcs: B OTHOCUTEIIBHO y3KOM JHara3oHe
(0.26-0.01) ¢ muHEMyMOM s AByX o3ep bombmias Bymyrynma m Xon6o-2. Ecnm
CpaBHMBaTh (pakTHueckoe cymmapHoe conepxkaHue (Ca +Mg)gaq. € pacueTHbM (Ca
+MQ)pace. (puc. 3.56), To HambousbIIME MOTEPH OTMEYAIOTCA B COAOBHIX O3epax. B
XJIOPUAHBIX U CYNb(aTHBIX THUIAX OHU MOCTETICHHO HAKAILJIMBAIOTCS, HO TPU 3TOM UX
COJIep KaHMsI OCTAOTCSI HUKE PACUETHBIX.

Takum 00pa3om, COracHO pacyeTaM HUCHAPUTENBHOMY Ipoleccy B OoJbllen
CTETICHU TOJBEPTHYTHI XJIOPUAHBIC 03epa. OTHOCUTEIHHO BHICOKOE 3HAYCHHE CTETICHU
UCIIApEeHUsT XapakTepHOo W Mt coloBbix o3ep |l monruma. B Menblieit mepe 3ToT
MIPOIIECC 3aTparuBaeT cyJb(aTHbie U coaoBbie 03epa | u |l moaTunos.

3a cyeT ucrapeHusi B 03epax HaKarUIMBACTCs MPEUMYIIECTBEHHO XJIOP U HATPUH,

HO TIPU 3TOM POCT COJEpKaHUN HATpusi olepexaeT poct xJjopa. HecoorBeTcTBue
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MEX1y IPUPOJIHON CUCTEMOM M PacuETHBIMM COAECPKAHUSMHU HATpUs MPOSIBISIETCS BO
BCEX THUIIAX W MOATUNAX O3€p. DTO 3HAYUT, YTO HMMEETCS JONOJHUTENIbHBIA €ro
UCTOYHHK, B Ka4€CTBE KOTOPOTO BBICTYIAIOT FOPHBIE MOPOABI JIOKa U OEpEroB 03ep, ¢
KOTOPBIMHU BOJIa HEMPEPHIBHO B3aUMOJCICTBYET U UX PaCTBOPSIET.

IIpu 3TOM 1O Mepe UcrapeHusi BOJ POCT HATPHsI CYIIECTBEHHO OINEPEKAET TAKKe
pocT Kanblug M MarHus. Yto Kacaercsi Cyiab(aroB, TO HM30BITOK UX OIpPENETCH B
Heckonbkux cofoBbix | u Ill, Bo Bcex cymbdaTHbIX U comoBbix o3epax |l moaruma, B
OCTaJbHBIX OTMEYAIOTCS UX NOTepH. B oTHOIMIEHNN KapOOHAT- U TUAPOKApOOHAT-HOHOB
3aBUCUMOCTH HEOJHO3HAa4YHbIC, B COJOBBIX 03€pax HX KOHLEHTPALMU OCTaITCs
OTHOCUTEIBHO BBICOKMMH Ha BCEM JAHMaNa3oHE HCIApeHusi BOJ, a B XJOPUIHBIX H

Cy.TII)(l)aTHBIX 03€Cpax 1o MCPC UCIIApPpCHUA UX COACPKAHUA HCYKIIOHHO CHHKAIOTCA.
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I'nasa 4

PABHOBECHE O3EPHBIX BO/JI C OCHOBHBIMU MUHEPAJIAMHU INIOPO /I

CoBpeMeHHOE MOHUMAaHKUE B3aUMOJICUCTBUS BOJIBI C TOPHOM MOPOJ0IM OOBICHSET
MeXaHu3M (OPMHUPOBAHUSL OMNPENEIECHHOTO XHUMHUYECKOTO COCTaBa BOJ, €CIH 3TO
B3aMMOJICUCTBUE pAacCMaTpPUBaTh C TO3UIMU ATAHOTO PA3BUTHSI CUCTEMBI BOJa —
Nopojia U €e paBHOBECHO-HEPABHOBECHOT'O COCTOsiHUA. Bosia HempephIBHO pacTBOPSET
OJIHA MUHEPAJIbI U TAK)KE€ HEMPEPHIBHO (POPMUPYET JIpyrue, TaKUM 00pa3oM, B CUCTEME
o0ecrieynBaeTcs MPOIECC M30UPATEIHHOTO KOHIEHTPUPOBAHUS OJHUX DJIEMEHTOB U
cBs3bIBaHUs Apyrux. CompoBOXKIAIONIME 3TO SBJICHHE OOecredrBaeT 00pa3oBaHUE
HOBBIX BTOPUYHBIX MHHEPAJIOB U OINPEACICHHBIX T'€OXUMUYECKUX THUIIOB BOJIbI

(IIBapries u ap., 2004).

4.1. ®opMbI MUTpaLHii OCHOBHBIX HOHOB 03ep

JUist  pelieHuss TUAPOTEOXMMUYECKHX 3a/ad  HEBO3MOXKHO OOOHTHCH 0e3
JeTalbHBIX HCCIEAOBAHUM OCOOEHHOCTEM MUTIpallMd M OLEHKH OCHOBHBIX (QopM
AJIEMEHTOB B  pa3JIMYHBIX TE€OXMMUYECKHX OOCTaHOBKaxX, T.K. IpeHeOperas
KOMILJIEKCOOOpa30BaHUEM, HEJb3sl MPABUIIBHO OLICHUTh CTENEHb HACBILIEHUS BOJBI MO
OTHOUIEHUIO K TE€M WJIM HMHBIM MHUHEpanaMm, JaTh TOYHBIA pacyeT pacTBOPUMOCTH
JAHHOTO MHHepaja B MpUpOoJHbIX Boaax U T.4. (KpaitnoB u ap., 2004). I[Ipumenenue
KOMIIbIOTEpHOU mnporpaMMmbl HG mo3BoNIMI0O HaM paccuuTaTb OCHOBHBIE (POPMBI
MUTPALMKA U UX COOTHOIIECHMS B Pa3HbIX THUMNaxX o3ep. Pe3ynbrarsl pacu€ToB NMpUBEIECHbI
B Tabnuie 4.1.

CornacHo pacueTaM HaTpuii ¥ Kanuit Murpupyior B Gpopme axparonos Na* u K,
JI0JI1 KOTOPBIX YMEHBIIAETCS M0 MEPE pOCTa MUHEpAIM3AlMU U B paccojax B PaBHBIX
JIOJISIX ¢ HUMH MPUCYTCTBYIOT uX xyopuanbie accormarel: NaCl(aq) u KCl(ag). B To xe
BpeMsi, B paccojie cogoBoro | moaruna o3. Kymxkeprait (pH 10.7) ormeuaercst BhIcoKas

noiig kapoonatHoro nona NaCOgs (61.4 mon. %) (Tabmn.4.1 u puc. 4.1).
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Tabnuua 4.1. MonbHbie 1071 (MOJ. %) OCHOBHBIX HOHOB B PAa3JIMUHBIX TUIIAX COJIEHbIX 03ep BocTrouHnoro 3abaiikanbs

dopma MUTpaIHH ConoBarii | Copnoseiii 11 Conoseiii 111 CynbdartHslit XnopuaHbIA
Mo, % Cpen. | Mun. | Makc. | Cpen. | Mun. | Maxkc. | Cpen. | Mun. | Makc. Cpen. Mus. Makc. | Cpen. | Mun. | Makc.
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Kanenmii

Ca* 39.1 0.31 84.5 20.2 5.26 37.4 34.7 0.21 92.7 44.0 18.33 57.9 42.5 12.5 69.6

CaCl” 1.80 <0.01 | 457 1.77 0.43 3.90 6.91 | <0.01 54.4 1.34 0.88 1.85 19.8 4.65 64.8

CaCO; (aq) 42.8 0.73 81.7 35.6 0.59 64.0 34.3 3.50 91.2 6.57 2.50 12.1 2.00 0.03 10.1

CaSO04 (aq) 12.7 0.01 18.9 39.4 7.91 71.8 17.1 | <0.01 66.1 45.1 27.2 70.5 34.1 11.6 50.6

Kannit

K* 95.3 0.23 99.9 90.5 81.1 98.0 73.7 0.34 97.3 94.5 87.8 98.2 86.0 51.0 98.1

KCI (aq) 1.14 0.04 3.57 2.21 0.33 5.01 3.06 0.11 10.9 0.84 0.31 1.77 111 1.31 44.7

KSO, 0.95 0.00 4.36 7.19 0.96 14.0 1.64 0.33 13.8 4.62 1.49 104 2.81 0.51 6.30
Maruuit

Mg* 49.8 17.2 90.4 26.4 8.03 415 43.0 0.23 95.9 49.2 22.1 63.1 415 9.97 72.0

MgCO:s (aq) 30.6 2.74 70.0 25.7 0.33 47.5 21.0 1.01 84.3 3.77 1.35 6.85 1.01 0.01 5.28

MgCI* 3.80 0.21 9.76 3.60 0.90 751 9.58 0.25 35.2 2.45 1.58 3.54 29.2 7.65 69.4

MgSO, (aq) 111 0.00 31.6 40.2 9.30 69.3 13.6 0.33 36.2 41.3 24.5 67.2 26.3 9.61 51.6
Harpuit

Na* 96.5 89.8 99.8 89.4 76.2 95.6 89.4 0.36 100 95.3 89.6 98.3 86.5 51.5 98.1

NaCl (aq) 1.12 0.04 3.36 217 0.33 5.01 4.36 0.71 46.5 0.85 0.31 1.81 11.2 1.31 45.2

NaCOs’ 1.70 0.07 7.20 291 0.02 9.70 3.48 109 61.4 0.19 0.05 0.28 0.04 0.00 0.23

NaSQO4 0.72 0.03 2.38 5.50 0.73 11.1 2.78 0.21 38.2 3.64 1.15 8.25 2.21 0.40 4.97

KapOonats! 1 rugpokapOOHaThI
CO32+HCOy 824 60.4 96.0 74.7 60.7 84.2 69.3 124 97.7 93.1 91.0 95.0 81.0 52.4 92.1
H,COs* (aq) 0.17 0.02 4.37 0.04 0.01 0.08 0.33 <0.01 4.36 0.40 0.21 0.66 3.52 0.30 14.0
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dopma MuUrpanuu 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
MgCO; (aq) 4.09 0.03 15.0 5.84 0.37 11.3 1.70 0.36 8.18 0.99 0.27 1.51 0.92 0.03 | 3.58
MgHCO;" 0.49 0.01 2.79 0.84 0.09 1.70 2.32 0.91 74.7 0.64 0.47 0.97 2.60 0.09 | 8.99
CaHCOs" 0.18 0.02 2.19 0.11 0.02 0.30 3.88 0.47 43.5 0.35 0.05 0.82 0.43 0.04 | 2.20
CaCO; (aq) 461 0.29 36.2 9.64 0.15 31.9 7.47 0.02 57.9 0.81 0.17 2.06 0.17 0.04 | 0.28
NaCOj 7.21 0.04 31.1 7.30 0.94 22.9 15.6 0.02 74.5 1.61 0.54 2.48 2.13 0.05 | 7.01
NaHCO; (aq) 4.51 0.02 68.7 1.69 0.03 5.07 245 0.01 13.1 2.10 0.54 4.71 7.93 226 | 291
Mg,CO5" 7.48 0.01 87.0 0.17 0.14 0.22 0.17 0.01 1.42 0.01 0.01 0.01 0.12 0.02 | 043

CynbdaTl
S0,? 81.4 60.6 91.8 71.9 50.4 84.1 72.7 2.85 98.0 80.5 72.7 87.4 59.2 7.99 | 785

MgSO;, (aq) 4.93 0.01 23.9 6.06 0.42 121 1.55 0.02 7.49 4.61 1.94 7.91 7.85 0.48 15.5
CaSO, (aq) 1.20 0.04 5.63 0.13 0.03 0.23 4.34 0.01 97.0 2.66 0.41 6.82 1.22 0.18 | 5.56
NaSO, 11.9 0.08 37.6 21.7 9.22 48.8 21.4 0.03 53.5 121 3.84 24.4 31.2 106 | 75.7
KSO, 0.49 0.01 115 0.22 0.19 0.25 0.58 0.02 111 0.10 0.05 0.15 0.18 0.03 | 0.35

Xiopuast
Cr 97.6 90.9 99.7 94.7 88.0 97.8 93.5 47.4 99.9 97.4 94.7 98.8 89.8 615 | 97.6
CaCl’ 0.03 0.01 0.12 0.46 0.01 0.88 0.03 0.01 0.08 0.08 0.01 0.18 0.09 0.01 | 048

MgCI* 0.29 0.03 1.37 0.14 0.02 0.65 0.13 0.01 0.45 0.27 0.20 0.41 1.15 0.04 | 4.10
KCI (aq) 0.03 0.01 0.12 0.04 0.04 0.05 0.05 0.01 0.21 0.02 0.01 0.02 0.04 0.01 | 0.08
NaCl (aq) 2.13 0.01 8.92 4.71 1.66 11.9 6.47 1.35 52.6 2.26 0.59 5.02 8.89 182 | 34.2

dTopuab

F 90.7 77.2 97.9 82.8 74.8 92.1 86.5 30.1 98.4 90.2 86.5 93.8 71.1 277 | 87.9
MgF* 5.16 049 | 2155 8.61 1.05 14.8 240 0.20 8.15 5.01 3.67 7.52 124 051 | 295
CaF" 0.28 0.01 5.88 0.03 0.01 0.05 241 0.01 23.7 0.38 0.06 0.90 0.61 0.05 | 246
NaF (aq) 3.82 0.02 | 16.57 8.49 2.93 21.7 8.77 0.03 69.8 4.35 1.13 9.59 10.3 016 | 214
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Puc. 4.1. OcHoBHbIE (hOPMBI MUTPALIVH a) HATPUS U 0) Kajdus B 3aBUCUMOCTHU OT

MUHEpAIU3alUU BOJI, a(] — aKBAaKOMILIEKC.

[To cpeaHnM OIleHKaM yCTAHOBJICHO CHIDKEHHE KOJIHUYECTBA MPOCTHIX HMOHOB
Na" u K* ot comoBoro tuna | noxruna k |11, mapannensHo nakamusatorcs NaCO; u
NaCl ¢ makcuManbHO#N 10OJIeH MOCIACIHEr0 B XJOPUAHBIX 03epax. OTHOCHUTEIIBHO
Boicokue coaepxkanuss NaSO, (3.64 u 5.5 mon. %) oTmedaroTcst B Cynb(aTHBIX
o3epax u conoBbIxX || moaruma.

Kanbiuii 1 Maravii MpuCyTCTBYIOT B PACTBOPE KAK B BUIE Ca® u Mg™, tak u
Pa3TNYHBIX KOMILIEKCHBIX MOHOB, COACPKAHUS KOTOPBIX HAXOMATCS B 3aBUCUMOCTH
or pH u wmunepammzammu Bomsl (puc. 4.2). Ilo Mepe pocTa COJCHOCTH BOJ
YBEJIMYUBAIOTCA  TPEUMYIIECTBEHHO OTHOCHTENBHBIE COJCpXKaHUS  HambOoJjee
ycroituuoro accomuara CaCl®, nocturas MakcuMaNnbHBIX 3HAUeHMIl B pacconax
xjopuaHoro 03. ['opOynka (54.8 M01.%) u comoBoro o3. bop3unckoe (54.4 moi1.%).
[Io cpemHMM OILIEHKaM B COJOBBIX O3€pax Ha MO0 KapOOHATHBIX KOMIIJIEKCOB
CaCOs(aq) u MgCOgz(aq) mpuxomurcst 41 Mom.%. OTHOCHUTEIBHO BBICOKHE HX
CoJZiepKaHUsl OTMEYaloTcs B Hamboiiee mienounbix (pH>9.5) u muHepamm3oBaHHBIX
(M>30 r/n) ozepax. B cymbdatHbix u comoBbix o3epax |l monruma Hapsgy c
OPOCTHIMH HMOHAMH B 3HAYMMBIX KojmuyecTBax mpucyTcTByloT CaSO4(aq) wu
MgSOQO,(aq), oTHOCUTENBHBIC COMIEPIKAHKSI KOTOPBIX B CPEJHEM COCTaBISIOT 31ech 40
M0:1.%.

[ToBeneHre OCHOBHBIX aHHMOHOB, TaK K€ KaK W KaTHOHOB, ONPEIENSIeTCS

coneHocThio U pH Boa. B cosoHOBaThIX 03€pax OHU MUTPUPYIOT NIPEUMYIIECTBEHHO
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B dopmax: HCOs, COs*, SO, u CI. Ilo mepe pocra comeroctn u pH Box
VBeTHYMBAIOTCS ~ JOMH  KapOOHAaTHBIX  accommatoB: COs”, NaCO; u

MgCO;z(aq)+CaCOs(aq), nanpotus, goist HCO3 cHmkaercs.

a
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< :’ 25 . . R //0.6294
= 0 oy W e P X 60
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E 40 eeie fofe . S 40
et il mhy B =
20 - = Dt 20
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Mg+2 o MgCO3 (aq) m MgCl+ MgS04 (aq) Mg+2 o MgCO3 (aq) m MgCl+ MgS04 (aq)

Puc. 4.2. 3aBucumMocCTh cojiep>KaHuil OCHOBHBIX (POPM MUTpALIUU a) KaJIbLUs U 0)

Marausa OT MUHCpPAJIU3allu U pH BOJBI.

Conepxanue 8042' B OOJIBINICH CTEIEHH OMPEIEIIeTCS COJICHOCTBhIO BOJI, IO
Mepe pocTa KOTOpOH HaKaIUIMBAIOTCSA MPEUMYIIECTBEHHO €ro acCOIUaThl C
OCHOBHBIMH KaTnoHamu (puc. 4.3). Xiop Murpupyet npeumymiectBeHHo B Buae Cl
U TOJIBKO B paccojiax B CONOCTaBUMbIX KonndecTBax npucytctByer NaCl(aq).

[Io cpemHMM OIIGHKAM OTHOCHTEIBHBIX COJEPKaHHH OCHOBHBIX (HOpM
MUTPAIMH PACCMATPUBAEMBIX AaHHOHOB OYEBUIHA 3aKOHOMEPHOCTD, MPOSBIISIOMIASCS
B cHIkeHun o CO;Y oT comoBoro Tuma yepe3 Ccyib(aTHBI K XJIOPHUIHOMY C
coJiep)kaHueM B mocieaneM Bcero 1.4 moir, %, npu tom, uyto Mot goas H,COs(aq)
yBenumunBaeTcss 10 3.5 wmon. %. Uto kacaercs cynbhaTHBIX U XJIOPHIHBIX
KOMIUIEKCOB, TO POCT MUHEpaIU3alK BOJ IPUBOAUT K yBennuenuto 1o NaSO, 1o

31.4 momn. % u NaCl(aq) mo 9 mon.%.
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Puc. 4.3. Pacrnipeenienre OCHOBHBIX (hOpM MUTpAIlMy aHUOHOB B 03€pax B

3aBUCUMOCTH OT MUHepanu3aiuu u pH Boz.

Takum 00pa3om, KaablUi U MarHUil MUTPUPYIOT TPEUMYILIECTBEHHO B (popMax
IIPOCTBIX HOHOB Me” ¢ OTHOCHTENBHO BBICOKOH HX m0JIeil B CyJlb(aTHBIX H
XJIOpUIHBIX 03epax. [Io Mepe pocTa MUHEpaIM3aIlui B COJOBBIX 03€pax pacTeT MO0Jis
kapOoHatHbIx acconuatoB MeCO3(aq), a B cynbdatabix u xsopuaabix MeSOy(aq) u
MeCl" coorsercTBenno. OTHocuTensHO BhIcokuil mporeHT MeSO4(aq) Hapsay c
o3epaMH CyJIb(}ATHOro THUIA OTMEYaeTcs B CoMOBBIX o3epax |l moxaruma. Huskas
YCTOMYMBOCTh KOMILJIEKCHBIX COCIMHEHUI HATpUS U Kajusl C JIMTAHJAaMU OCHOBHBIX
aHMOHOB ONpPEIEISIET UX MUTPAIIMOHHBIE CIOCOOHOCTH, IO3TOMY BO BCEX THIAaX OHU
HAXOIATCA B PACTBOPE MPEUMYLIECTBEHHO B Buae Me'. 3a MCK/IIOUEHHEM COIOBOIO
03. bop3unckoe u xnopugHoro o3. 'opOyHKa, B KOTOPBIX B PaBHBIX KOJWYECTBAX C
IPOCTHIMM MOHAMHU TPUCYTCTBYIOT X XjopuaHble kommekchl MeCl'. OcHoBHbEIM
OTJIMYMEM B paclpeiesieHU OCHOBHBIX (POPM MHUTpPALMU MPOU3BOJIHBIX YTOJIbHON
KHCIIOTHI B paccoiax sIBJsIeTCs MPEBATMPOBAHUE B CYMME €€ IUCCOIMATOB B COIOBBIX

o3epax NaCOg, a B xnmopuaabix HCOs'.
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4.2. PaBHoBecHe BO/J ¢ OCHOBHBIMH MUHEPAJIAMH

Ha ocHOBe TONy4YeHHBIX MAHHBIX BOJA OBLI BBHITIOJHEH aHAINW3 C TO3UIUU
COBPEMEHHBIX TPEACTaBIeHU 0 cucteme Boma-ropHas mopoxaa (IIIBapmes, 1998).
JIJIsE 3TOTO MCIOJB30BAINCh AUArpaMMbl TEPMOJUHAMHUYECKIX PAaBHOBECHI BOJHBIX
pacTBOpPOB C pa3IMYHBIMU MHMHEpaJaMd M MporpaMMmHbiii komruiekc HG32. B
TEPMOJUHAMUYECKYI0O MOJENIb OBLIM BKIIOYEHBI OCHOBHBIE (DOPMBI MHTpaIuH,
obpasyembie xumuaeckumu iementamu (H, C, O, S, Cl, Na, Ca, Mg, Si, K, Fe, Al,
F, P, Pb, Cu, Sr, Mn, Zn, U, Th, As, Zr, Sc, Rb, P33 u ap.), a Takxe MOTeHIHAIbHBIC
MUHEpaJbl (OKCUABI, THIPOKCHIBI, KapOOHATHI, CYJIb(AThI, CYJIb(HIBI, XJIOPHIBI
CUJIMIKAThI, aTFOMOCHIUKATHI U JIP.).

Ha nmuarpammax ¥ B TEpMOAMHAMUYECKUAX pacyeTax MPUBEICHO OTHOCUTEIIHHO
OOJBITIOE  KOJMYECTBO MHUHEPAJIOB, PABHOBECHS BOJLI C KOTOPHIMH HamOoJee
OYCBHJIHBI B CHJIy XHMHUYECKOTO COCTaBa BOJ WM AITIOMOCHJIMKATOB, BXOISIINX B
COCTaB BOJIOBMEIIAIONINX MTOPOJ] M IOHHBIX OTIIOKCHHH 03ep.

B mepByro ouepear paccMaTpuBalIoCh PABHOBECHE BOJA C KaJBIUTOM,
OCHOBHOMY MHHEpany, KoHTposupyromemy, no C.JI. IlIBapueBy, B NPUPOAHBIX

BOJIax HaYaJbHBIN mpoliecc cogoobpazoBanus (Tadm. 4.2 u puc. 4.4).

—
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Puc.4.4. PaBHoBecue BOJ C KAJIBIIUTOM B BBIACJICHHBIX THIIAX M ITIOATHIIAX O3CP

(S| — uHAEKC HACHIIIICHMS).
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Ta6muua. 4.2. CoctaB u unaekc Hacbimenus (SI=IgITP — IgITA) o3epHBIX BOJ BTOPUYHBIME MUHEPAJIaMH IO BBIICICHHBIM THIIAM

Y TIOJITUIIAaM MHHEPaJIbHBIX 03ep (pacueT mo HG32)

Turb1 v oMb 03ep I'pyHTOBBIE
Conosbiil Conoserill Conospui Il Cynsgarasiit XToprIHBIA BOZBI

PopymHepara Hasearme e | T Mian | Mac | Gpen | Mo | Mac | Gpen | Mim | Mac | Cpen | Mo | Mac | Gper | Mim | Mac | Cpen | Mim | Mac

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
AIO(CH) Bemur 19 092 | 27 | 21 072 34 27 | 23 | 40 045 | 006 | 11 12 061 50 16 078 | 23
Al(OH), Tuo0cHT 10 009 | 35 | 19 084 29 11 | 049 | 38 13 090 | 20 20 022 58 08 | 008 | 30
ALSEO{OH), Kaoymwrmr 063 35 | 56 | 21 46 34 13 | 62 | 64 25 093 | 56 28 | 010 1 04 | 29 | 48
Ca(SizAly)04,-4H,0 JIOMOHTHT 51 28 | 87 | 57 | 04 87 53 | 18 | 75 22 22 | 25 27 38 29 43 23 | 74
CaHPO,;2H,0(5) Bepreccrr 15 13 40 66 -18 16 14 | 92 2 37 3H | 12 59 17 91 13 11 | A
Cay(POy)s (OH), T pokcraramr 78 11 13 | 041 -16 40 69 | 23 16 62 36 | 92 16 30 56 6.7 M| 1
CaC0; KaybLwr 11 012 | 22 | 052 | -14 13 073 | 008 | 17 033 | 048 | 15 | 042 | 17 | 017 0% | 11 | 19
CaMg(COy), JHoromur 33 002 | 49 | 21 14 40 24 | 10 | 38 20 026 | 32 020 24 18 28 | 020 | 42
CaF, Drroopur -10 49 | 095 | 22 36 048 | 063 | 28 | 14 20 26 | -12 -15 32 | 02 08 | 41 | 081
CaSO,2H,0 Turc 26 37 | 14 | 20 31 08 | 26 | 41 | 09| -5 23 | 0% | -5 28 | 001 22 31 | 11
CaCO; Barepur 05 | 068 | 16 | 026 | -19 18 016 | 065 | 11 007 | 11 | 089 | -0 23 | 039 048 | 050 | 14
Mg{(CO;)(OH),:3H,0 Aprvrar 04 | 39 | 11 | 093 | 50O 072 | 089 | 47 | 21 28 33 | 21 45 93 20 037 | 32 | 092
Mg(OH), Bpycur -15 28 | 063 | -19 5 052 | 15| 40 | 048 | -30 37 | 26 40 71 24 13 23 | 05
Mg:Si,O(OH), Xpromat 61 26 96 | 48 046 72 52 | 037 | 11 20 15 | 23 23 11 25 52 21 | 81
MgSO, 7TH,O Sricomur 42 56 | 32 | 30 40 23 42 | 64 | 29 34 37 | 30 31 47 -18 36 47 | 27
CaMg{COy, TyHmr 32 43 | 63 | 32 34 57 15 | 18 | 50 034 | 26 | 23 29 90 | 072 27 36 | 54
MgALO, [rmres 538 718 | 16 | 23 70 -10 55 | 80 | 11 47 52 | 41 42 88 35 50 66 | -13
Mgs(CO3)(OH),4H,0 Tuipomarsesdr 15 41 | 21 | 40 61 21 33| 11 | 28 62 82 | 43 -10 20 47 13 95 | 18
MgF623+04 Marnesuodeppur 13 60 17 12 46 15 13 1 18 14 13 14 11 70 19 1 51 14
MgCOs Marsesur 10 411 | 18 | 18 | 039 51 054 | 070 | 16 020 | 041 | 060 | 053 | 23 | 048 08 | 090 | 15
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DopMyIa MUHEpATA Hessammemubepama | 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Mg,SisO{OH),6H,0 Cermormr 24 | 052 | 60 | 15 | 085 23 | 13| 11 | 43| 025 |036| 14 | 37 | 92| 021 | 20 | 040 | 51
FeosOs Marserr 80 | 08| 11 | 75 | 59 10 | 76 | 55 | 13 10 | 94 | 11 | 85 | 48 15 | 68 | 070 | 96
Fe'Fe; "0, Mariesur 2 2 | 28| 18 | 0% 2 2| 19 | 3 2 2B | 2 21 14 R 9 | 10| B
Fe”*ALO, TepLyHur 42 | 29| 12 | 29 | 20 38 | 52 | 0% | 13 | 50 | 45 | 53 | 58 | 32 12 | 36 | 24| 10
MnO, TIporEosir 69 | 62| 97 | 61 | 81 21 | 88| 16 | 34 | 68 - | 55| 416 | A | 412 | 50 | B3 | 82
NaALJAISKHO(OHF), TaparoHur 44 | 39 | 45 | 38 | 08L | 41 | 42 | 36 | 43 | 34 | 38 | 34 | 34 | 22| 31 | 37| 33| 38
ALSLO(OH), M Monmvopwniomr | 38 | 16 | 35 | 36 | 17 57 | 34 | 14 | 43 | 14 | 12| 15| 26 | 22| 50 | 32| 13| 29
Na[AlSi,06]-H,0 AHATHIM 23 | 060| 71 | 30 | 18 85 | 23| 20 | 81| 10 | 001 | 78 | 020 | 04| 05 | 19 | 050 | 60
Na[AlSi;Os] ATBoHT 23 | 50| 70 | 30 | 418 84 | 23| 20| 80 | 18 | 50 | 090 | 28 | 52| 0% | 19 | 42 | 59
Na,SO, Tenapr 62 | 10 | 45 | 43 | 58 27 | 51 |-180| 06| 55 | 67 | 37| 42 | 61| -18 | 50| 85| 30
MgSO,7H,0 SricoMHT 53 | 90 | 22 | 44 | -0 62 | 20| 84| 25| 63 | 10 | 80| 43 | A1 | 23 | 40| 76| 10
Fe(OH), (am) - A8 | 73| 020 | 28 | 37 143 | 11| 40 | 16 | 36 | 47| 29| 44 | 69| 049 | 10 | 62 | 01
FeS2H,0 THpoTpoMmIr 49 | 11| 22 | 22| 11 | OB | 31| 12| 34| B1 | 12| 17| b4 | 43| 036 | 10| 93| 18
FeO(CH) Temr 67 | 31| 85 |003| 0 | 18 | 65 | 55| 90 | 78 | 74| 81| 70 | 51 10 | 57 | 26 | 72
FesS, Tpeiirur 46 | 3| 27 | 015| 39 82 | 25| % | 18 | 0B | 28 | 68| 08 | 8| 18 | 39| B | 2
Fe,0, Tevamr 6 |8 | 19 | 13 | 27 18 15| 13| 2 18 17 | 19 16 13 2 13 | 73| 16
Fe**O(OH) JlermokpokuT 58 | 22 | 76 | 60 | 48 74 | 56 | 46 | 81 | 69 | 65 | 72 | 61 | 42 | 95 | 49 | 19 | 64
(Fe,Ni)14xS (x = 0-0.07) Maxumasir A3 | 10 | 28 | 87 | 42 040 | 25| 11 | 40 | 44 | 11 | 40| 47 | 12| 030 | 10 | 85| 23
FeS, Tupir 2 | 31| 4 | 18| 18 21 6 | 030] 30 | 16 | 69 | 20 10 | 64| 20 18 | 26 | 37
FeCO, Criepir 020 | 51| 23 | 24 | 11 030 | 040 | 21 | 28 | 090 | 12 | 05| 14 | 38| 32 |010| 43| 19
Mn®**Mn,**0, T aycMaHHMT 72 | 62| 10| 14| 2 42 | 75| 418 | 10 4 | 11| 10| A | 28| 14 | 60| B2 | 85
Na,SO,  10H,0 Mumpabrmr 48 | 86 | 30 | 28 | 44 14 | 37| 47 | 030 | 40 | 53 | 23| 28 | 47| 060 | 40 | 73| 20
Na,CO3-10H,0 Hapor 47 | 96 | 23 | 38 | 64 A7 | 41| A7 | 070 | 56 | 64 | 41| B4 | 74| 42 | 40| 80 | -10
Na,Mg(S0,),4H,0 Briesr 62 | 10 | 45 | 43 | 58 27 | 51| 18 | 060| 55 | 67 | 37| 42 | 61| -18 | 50| 85| 30
Na,Ca(S0.), InayGepur 25 | 10 | 43| 48| 63 | <11 | 20| 41 |070| 21 | 12 | 45| 43 | 70| 0% | 20 | 85 | -0
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®opmMyna MUHEpATA Hasparme Munepara 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Na,CO3-H,0 Tepmonarpur -66 | -12 | 42 | 57| -83 -36 | 60| -19 | -23 | -75 -83 | 60| -7.3 | 93 -6.0 | -56 | -10 | -35
NaCl Tamar -48 | -70 | -32 | -39 | -46 -28 | 41| -17 | -06 | -4.8 -56 | -38| -30 | -45 | -0.70 | 40 | -6.0 | -2.7
SiO, Kgapn -03 |-12| 07 | -15| 51 020 | -0.7| -1.7 | 0.20| -0.10 | -055| 0.8 | -0.6 | -0.80 | -0.30 | -0.2 | -1.0 | 0.60
SrCO3 CrpoHumasT 1.0 05121 | 10| 020 2.0 11030 | 21| 08 | -21|-05| 02 |-050| 22 |080|043| 17
S Cepa 11 -44 | 30 | 0.7 -12 8.8 57 | -35 17 -25 -81 8.5 1.9 -7.3 8.0 9.3 | -37 25
Mg,SiO, Dopereprr -28 | -12 | 27| -21 | -97 -13 | -27 | -88 | -19 | -44 -12 | -11 | -32 -11 -30 | -23 | -10 | -2.3
Fe,SiO, Dasymr -50 | -10 | -35| -38 | -11 21 |41 -10 | -3.7 | -6.2 -13 | -19 | -12 -12 -58 | 42| -85 -3.0
KAISi304 K-roreBbie rrare -21 | -10 | -1.0 | -3.7 | -12 -28 | 57| -14 | -1.7 | -12 21 | -85 | 49 | -73 20 | -20| -85 -1.0
Ca(Al,Si,0Og) Anopmar -18 | -73 | -1.2 | -28 | -3.7 -13 | -11| 40 | -16 | -3.6 47 | 29| 44 | 6.9 25 | -10 | -6.2 | -1.0
CaMg(Si,Og) Jworicun -40 | -10 | -15 | -27 | -12 -15 |-20| -13 | -16 | -71 -14 | -52 | -6.0 -12 -76 | -3.0| -85 ]| -1.0
(Mn*"CO,4 Pomoxpozur 0.20 | -0.7 | 040|020 | -0.70 | 0.40 | 0.20| -0.7 | 040 | 0.20 | -0.70 | 0.40 | 0.20 | -0.70 | 0.40 | 0.10| -0.4 | 0.20
(Mn*"S AnabannuH 0.20 | -0.5|0.60 | 0.20 | -0.50 | 0.60 | 0.20 | -0.50 | 0.60 | 0.20 | -0.50 | 0.60 | 0.20 | -0.50 | 0.60 | 0.10 | -0.3 | 0.30
PbCO, Hepyccur 0.10 | -0.2 | 050 | 0.10 | -0.20 | 0.50 | 0.10| -0.20 | 0.50 | 0.10 | -0.20 | 0.50 | 0.10 | -0.20 | 0.50 | 0.10 | -0.1 | 0.30
PbS lajgeHut 050 | -1.2 080|050 | -1.2 080 {050 -12 (080 | 050 | -1.2 | 080 | 050 | -1.2 | 0.80 | 0.30 | -0.6 | 0.40
ZnS Cdanepur 020 | -20 | 15 | 050 | -2.0 15 |050| -20 | 15 | 050 | -20 | 15 | 050 | -2.0 15 | 030 -1.0 | 0.80
CuFeS, XanbKOTTHUPUT 030 | -15| 21 | 030 -1.5 21 |030) 15|21 | 030 | -15 | 21 | 030 | -15 21 (020 -08| 11
Cu3(CO3)2(OH), Azypur 10 |-08| 33| 1.0 | -0.80 3.3 1.0 | -0.80 | 3.3 1.0 |-080| 3.3 10 |08 | 33 |(050|-04]| 17




147

CormacHo pacueraMm, Bce 0€3 HCKIIOYEHHUS O3€pHBIC BOJBI He3aBUCUMO OT pH u
MUHEpaIu3aluy paBHOBECHBI ¢ KabLIuToM CaCOs.

Cpenu npyrux kapOOHATHBIX MUHEPAJIOB, C KOTOPBIMHU O3€pHAs BOJIa HAXOIUTCS
B paBHoBecuH, MarHe3ur MQCO; u ctpoHumanut SrCOs;. OgHako ¢ MOCIEIHUM HE
PaBHOBECHBI BOJIBI 03€p C COACPKAHUEM C032'+HCO3' Mmenee 0.2 r/n. B 3ToT nnanasod
KOHIICHTpAIlMi TOoNajM dYeThlpe Haumboyiee MHUHEpaJIM30BaHHBIC XJOPUJIHBIC O3€epa:
Xonso-Topym-1, bunsunp-Hyyp, Ykmunaa u I'opOyHka u Bee cynbdaTHbIe 03epa (puc.
4.5a, 6). OueBUAHO, YTO HU3KHE AKTUBHOCTH KapOOHAT- M THUJPOKApOOHAT-MOHOB B

9THX 03Cpax HC ITO3BOJLAIOT Q)OpMHpOBaTBCH 9TOMY MHUHCpAIY.

-1 MgCO,
-2 ll:
T ™ A
NI:.IJ 3 _\ Iw o .
s L3 Eg *AD
S 4] o \ﬂ'\s\i@ﬂj* )
-5 T T T 1
-5 -4 -3 -2 -1
Ig[CO,*]

Ig[CO,%]

Puc. 4.5. PaBHOBecHe BOJI C a) MATHE3UTOM, 0) CTPOHIIMAHUTOM B BBIJICJICHHBIX TUTIAX U

noATumax o3ep (yCIoBHBIC 0003HAYEHUS COTJIacHO puc. 4.4).

BonbmiHCTBO 03epHBIX BOjA paBHOBecHbI ¢ jposomutom CaMg(COs),, 3a
UCKIIoueHueM cyibpartaoro o03. bapyn-lllueptyil, OTIUYArONIETOCsS OTHOCHTEIHLHO
HU3KUM COZIEp’)KaHUeM 37eCh KapOoHaT-uoHa (9 wmr/m), 3HaueHueM pH, HO BBICOKOI B
npeenax BEIOOPKHU ATOTO TUTA 03ep MuHepanu3aiuei Boabl (16.9 r/n) (puc. 4.6). Huxke
JIMHUU PaBHOBECHS HAXOJIATCS TaK)KE€ HECKOJIbKO HaMMEHee MUHEPATM30BaHHBIX (MEHEE
2.5 r/n) nu menouynsix u (pH menee 9.15) comoBwix o3ep: | moaruna — basH-bynak,

Mounry-Ty#, baryit u onnoro Il — 6e3piMsiHHOTO 03€pa ¢ mmdpom 17-19.
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Puc. 4.6. PaBHOBecHe BOJ C JOJIOMUTOM B BBIJEICHHBIX TUMAX U MOATHUIIAX 03€P

(ycnmoBHBIE 0003HAUYEHUSI COTIacHo puc. 4.4).

B mone paeHoBecus reimoccuta  Na,Ca(COs), 5H,O0  momamarot
MPEUMYIIECTBEHHO BOJBI COJOBBIX 03ep pasnuuHbix nmoaturoB (puc.4.7) ¢ pH >9.0,
MUHEepanu3anuen ot 7.6 /1 u conepKaHUEM OCHOBHBIX MOHOB CBBIIIE: HATpuUs 2.5 1/,
kasibiust 0.014 r/n 1 xkapOOHATHBIX KOMIOHEHTOB 2.9 1/1. Huke NUHUM HACBIICHUS
OCTQJIUCh BCE XJIOPUJHBIE, CYJIb(ATHBIE U YAaCTh MEHEE MHUHEPATM30BAHHBIX COHOBBIX

o3ep.

Na,Ca(CO0,),5H,0

&
3]
=
o~
b
[}
S -
>
-14 T
-9 7 -5 -3
Ig[CO52]?
Sl 10 CaNa(CO0;), -5H,0 Sl 10 - CaNa(CO,),-5H,0

Puc. 4.7. PaBHOBecre BOI € TeIUTFOCCUTOM (YCIIOBHBIE O003HAUEHHSI COTVIACHO prc.4.4.)
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Hacpimenue Box Harponom Na,CO3z 10H,0 (puc. 4.8) nocTuraercsi B caMbIX COJIEHBIX

contoBbIX 03epax bop3unckoe (343 r/m) u 3annaii (126.5 r/n) ¢ cogepkannem Na cBbiie
125, a cBrIIIIE HCO3'+CO32' 22.1 /n
6 Na,CO,10H,0

Ig[CO4?]
Puc. 4.8. PaBHOBecHe Boj] ¢ HATPOHOM (YCIIOBHBIE 0003HAYEHMSI COTTIacHO puc.4.4.)

CornacHo pacueraM 00pa3ylOTCsl poaszlMyHble KapOoHAThl Meau (a3ypuT), CBHUHIIA
(uepyccut) u Maprasiia (poaoXpo3uT).

Bo3moxxHOCTE (popmMupoBaHusS Cynb(paTHBIX MHUHEPAIOB, B YaCTHOCTH THIICA
CaSO, 2H,0, oTmeuaeTcst B €IMHCTBEHHOM XJIOpUHOM 03. bunbuup-Hyyp (puc. 4.9a)
¢ KoHIeHTpanuen cynbdar-nona 8.8 r/n u kamenus (0.6 r/m). C Mmupadbmmmurom Na,SOy
10H,0 nocrturaercst paBHOBecue B 03. bop3uHckoe ¢ conepxanueM cynbdaT-uoHa 62 u
Hatpusi 125 r/n u Beime (puc. 4.96). He wHachimensr Boabl Oneaurom Na,Mg(SO,),
4H,0 u rnayoepurom Na,Ca(SOy),.

a 0

1 CaS0O,2H,0 5 Na,$0,10H,0

2+ “
=4 =

-5 -

_6 1 1

-6 -4 2
Ig[S0,%]

Puc. 4.9. PaBHOBecue BOJ C a) TUTICOM, 0) MUPAOUITUTOM

(ycnoBHBIE 0003HAYEHHUSI COTIIACHO pHC. 4.4.).

Hanmuune B o3epax cepoBoaopoaa CIOCOOCTBYET (POPMHUPOBAHUIO PaA3IMUYHBIX
CyJIb(pUI0B B OCOOCHHOCTH Keje3a: rugporpounura FeS H,O, nupura FeS,, rperura

Fe,S; (Tabm. 4.2). B 1O xe Bpems ejae30 B BOCCTAHOBHUTEIBHOM OOCTAaHOBKE MOMXKET
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cBs3biBaThes cugepuroM FeCO3. CBuHEl, HIMHK U ME/Ib MOTYT CBSI3bIBATHCS TAJIEHUTOM,
canepuToM U XaJTbKOMUPUTOM COOTBETCTBEHHO. B OKMCAMTENHHBIX 0OCTAaHOBKAX 03€p
TEPMOJIMHAMHYECKH BBITOAHO OOpa30BaHHE 3JIEMEHTHOM CEpbl S M IIMPOKOTO psjia
Pa3JINYHBIX THIPOKCHUIOB U OKCUIOB JKeJIe3a U MapraHIa.

B mone paBHOBecusi ¢roopuTa MOMAAAOT BOABI HEKOTOPBIX COJOBBIX O3€p
(Idenyty, I'pumkuno, INanra-Hyp, Xomatyi, psga Oe3bIMSHHBIX 03ep ¢ ImudpamMu
0TOOpaHHBIX U3 HUX Tpob 13-27, 14-14, 17-19, 3angaii, JypOaun u Ap.) U OJHOTO
XJIOpUAHOTO 03. bonbias BynyryHiaa ¢ noBblllIeHHBIMU KOHIIEHTpalusamMu ¢ropa (6oee

20 mr/m) 1 npousseenneM akrusrocteii [Ca®][F]? > 10™ (puc. 4.10).

CaF,

Ig[Ca?*]

Ig[F]?
Puc. 4.10. PaBHoBecue Boj ¢ (PIIFOOPUTOM B BBIICIICHHBIX THUTIAX U TIOJITUIIAX 03€P

(YcIoBHBIE 0003HAYEHHSI COTTIACHO prc. 4.4.).

BBuay OTHOCHTENHHO HU3KOW MUHEpAIM3AIMU BOJ| PABHOBECHUE C XJIOPHIHBIMU
coisimu, B yactHocTH ¢ raiutoM NaCl u ruaporamurom NaCl 2H,0, ve nocturaercs.

[ToMuMO paccCMOTPEHHBIX BBIIIE BTOPUYHBIX OOpa30BaHU ObUIO H3YYEHO
paBHOBECHE BOJ C CUJIMKATHBIMU M QJIFOMOCHJIMKATHBIMH TTEPBUYHBIMU M BTOPUYHBIMU
muHepanamu (puc. 4.11). Jlns 3TuX 1ieedl  MCMONb30BajiM JUarpaMMbl  IMOJICH
YCTOWYHMBOCTH aTFOMOCHJIMKATHBIX MHHEPAJIOB. AHAIHM3 TaKUX AUarpaMM, Ha KOTOPHIE
HAHECEHBI JIAaHHBIE TI0 XUMUYECKOMY COCTaBY O3€PHBIX BOJ, MTOKa3al OOJIBIION CIIEKTP
MUHEPAJIOB, C KOTOPBIMHU 3TH BOJIbI PABHOBECHBI UJIM HE PABHOBECHBI.

CornacHo pacyeTaM BCE€ O3€pHBIC BOJbI HACHIIIEHBI ¢ TMOOCUTOM, KaOJUHUTOM
Na-Mg-Ca MOHTMOpUIIIOHUTaMU, WIJIUTOM, T.€. C MUHEpPAJIaMH, KOTOPbIE€ PA3BUBAIOTCSA
MPEUMYIIIECTBEHHO B KOPE BHIBETpUBaHUA. PaBHOBecHEe BOJ ¢ HETUMTUYHBIMU JJISI 30HBI
THIEpreHe3a ayTHIeHHBIMH MHWHepajlaMd anbOuToM, MQ-XJI0pUTOM, MYCKOBHTOM,

IMPEHUTOM XapaKTEPHO ISl COJOBBIX 03€p M PeXke ISl XJIOPUAHBIX U CynbpaTHbIX. C
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JJOMOHTUTOM H aJbOMTOM PAaBHOBCCHBI HCKIIOYHUTCIIBHO BOABI COJOBLEIX O3€p C pH

6onee 9.5 u munepanuzanueit 6oee 10-15 r/m.

Ig|Na"|/|H']

Ig[K*)/[H]
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Puc. 4.11. CucreMsr: a) HgO-AIgOg-NaZO-COZ-Si02;6) H20'A|203-MgO-COZ-SiOZ; B)
Hzo-Alzog-Kzo-COQ'SiOQ; F) HzO-AlgOg-CaO-COZ'SiOZ (HpI/I 250C) C HAHCCCHUECM

JaHHBIX IIO COCTaBaM BO/J paﬁOHa I/ICCJ'IGI[OBaHI/Iﬁ I10 BBIACJICHHBIM THIIAM O3CP H

rpyuiam moJA3¢MHbIX BOJ.

Haunbonee mMuHepanu3oBaHHBIE BOABI XJOpUIHBIX o3ep ['opOyHka u bumbuup-

Hyyp ¢ munepanuzarnueit 6onee 56 r/n u pH Menee 7.5 He paBHOBECHBI C MyCKOBHUTOM.

Onu xe u emnie oaHO xjopujaHoe 03. Jlabaca-Hop u cynbdaTHOe Hambosee coljieHOe
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bapyn-Illuseptyit (55 u 17 r/n u pH 7.6 u 8.4 COOTBETCTBEHHO) HE MOMNAJAIOT B TOJIE
ycToitunBoctu Mg-xmoputa. Huxe rpanuiisl popMHUpOBaHUS IPEHUTA JIOKATCS TOUKH,
OTHOCAIIMECS K XJOPUIHBIM o3epaM, cyiabharHoMmy bapyn-Illuseptyit, a Takxke
coqoBbIM 03epam ¢ pH menee 9.4. B oTnuune OT COAOBBIX, B XJIOPUIHBIX U CYIb(aTHBIX
03€pax He JOCTUTAIOTCS PABHOBECHS C MOCIEIHUMU TPEMS MUHEpPAJIaMHU.

Ha puc. 4.11 BugHO, 4TO MOJA3EMHBIE BOJBI paiiOHA HCCIECIOBAHUN TaKXKe HE
PaBHOBECHBI C TMEPBUYHBIMU QIIOMOCHJIMKAaTaAMH, HO HAacChIIEHbl TUOOCUTOM,
KAOJMHUTOM, OOJiblllasi YacTh WJUIMTOM, MOHTMOPWUIOHUTaAMHU PA3IMYHOIO COCTaBa,
HaumOoJsiee MuHepanu3oBaHHble (Bbimie 0.8 r/1) u mienoddsie Boasl (pH Bbime 7.6)
HAXOJATCA B I10JIE€ PABHOBECHS C KAIBIIUTOM U MarHE3UTOM.

Paznuuuss B paBHOBECHSIX MEXAY IMOA3EMHBIMH UM O3€PHBIMU BOJaMU
OOBSACHSAETCS TEM, 4YTO COJICHOCTh IIOCJIEIHUX 3HAYUTEIBHO BBIIIE U COAEP KAHUS
MHOTHX XHMHUYECKHX D3JIEMEHTOB B HHUX CYIIECTBEHHO OOJbIIE, YeM B IOJ3EMHBIX
Bojax. [loaToMy paBHOBeCHE HOCUT CBO€OOpa3HBIi XapakTep.

Mexnay TeM, Bce MOA3EMHBIE M O3€pHBIE BOJIBI, BKIIIOYAsl PACCOJIbI, OCTAIOTCS HE
PaBHOBECHBI K OOJIBIIION TPYTIIE MEPBUYHBIX AITFOMOCHIMKATHBIX MUHEPAJIOB, 0COOCHHO
Ca u Mg pa3zHoctam (aHOPTHUT, IUOTICU, GOPCTEPUT, (HAIIUT, TPEHUT, U Jp.), TPAHULIBI
(dbopMHpOBaHUS KOTOPHIX Ha TpadUKax pacroiOKEHbl BbIIIE. A 3TO 3HAYUT, YTO OHH
MOTYT PACTBOPSITHCA U ABJIATHCA UCTOUYHUKAMHU XUMUYECKUX 3JIEMEHTOB U OCHOBOM TSt
BHOBB C(DOPMHUPOBAHHBIX BTOPUUHBIX MUHEPAJIOB.

CrnenoBatenbHO,  cHCTeMa  O3€pHas  BOJA-TOPHas  MOpOJa  SIBIISIETCS
PaBHOBECHO-HEPABHOBECHOM, MOCKOJIBKY BOJIa pACTBOPSIET MUHEPAJIBI, C KOTOPBIMU OHA
HE PaBHOBECHA, HO (POPMHUPYET T€, C KOTOPHIMU OHA PAaBHOBECHA, T.€. B 03€pax UAYT Te€
K€ TPOLECChl PACTBOPEHHUS M OCAXKIACHHS MHHEpajoB, YTO MU Ha BOJOCOOpHOM
Tepputopu. B TO ke Bpems MMEIOTCS M CyllecTBEHHble oTinuus. [lpuumHa 3Toro
COCTOUT B TOM, YTO CO BPEMEHEM, I10 MEPE B3aWUMOJECHCTBUS BOJBI C TOPHOU MOPOIOMN
JIOHHBIX OTJIOKEHMI, YeM JI0JIbIlIe BOJa €€ pacTBOPSET, TeM OOJbIle 00pa3yeTcsi HOBBIX

BTOPHUYHBIX MUHCPAJIOB, KOTOPBIC MCHAIOT COOTHOIICHUC 3JICMCHTOB B paCTBOPC.
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4.3. MuHepaJIOTHYEeCKUH COCTaB 03ep

O3epHbIe 0CaJIKK — 3TO CJIOKHBIE MOJIUTEHHBIE 00pPa30BaHus, B KX COCTABE KPOMeE
TEPPUTr€HHON MPHUCYTCTBYET TakKKe ayTUreHHas cocTaBistomad. [loHATHO, YTO
BTOPHYHBIE AyTHTCHHBIE MHHEpadbl B JOHHBIX OCaJKaX O03€p HAKAIUTMBAIOTCS B
HEOOJbIIOM o0beMme. JleTanbHO OXapaKTepu30BaTh MPUPOAY KaKIOrO MHUHepalia B
JIOHHBIX OCaJKaxX B JaHHOW paboTe He MpPEeACTaBISETCS BO3MOXKHBIM, 3TOT BOIPOC
TpeOyeT CHeruanbHbIX HuccieqoBaHuidl. [103TOMy OrpaHUYMMCS] CIIMCKOM MHUHEPAajoB
ornpeeneHHbIx MeToioM PDA B MOBEpXHOCTHOM CJIO€ JOHHBIX OTioxkeHUM 30 o3ep
(Tabm. 4.3).

B coctaBe JOHHBIX OCaJIKOB OOHAPYKEHBI MOJIEBbIE MIMNAThl (IPEUMYIIIECTBEHHO
anbOUT, OPTOKJIIA3 U MUKPOKJIMH), KBapll, KAJIBIUT, TOJOMUT, TIIMHUCThIE MUHEpaJbl. Bo
BceX Mpobax oTMeuaercss peHTreHoamopdHas ¢asza, cocTosmias U3 OPraHUYECKHUX
COCJIMHEHUM, OKUCIOB. 3HAUUTENbHAS 4YacTh AJTIOMOCHJIMKATHON COCTaBIISIONICH
NpEICTaBlICHa TJIWHUCTBIM MaTepuaioM — THIPOCTIOAOW C  pa30yXarouluMu
CMEKTUTOBBIMU  TAKeTaMH, HECOBEPIIEHHBIM CMEKTHUTOM, CMEIIaHHOCIOWHBIMU
MUHEpaiaMH (XJOPUT U CMEKTHT), Ha JOJ0 KOTOPBIX mpuxoautcs B cpeanem 30% ot
00IIe MacChl TOHHBIX OCAIKOB.

[To cpenHuM OIleHKaM B COJIOBBIX 03€pax MO CPABHEHUIO C XJIOPUIHBIMU B OOIICH
Macce MUHEepasoB BbIlIe J0Jis kBapia (46 % — B cooBbIX U 15 % — B XJOpPUIHBIX) U
ansouta (40 u 35 % coorBercTBeHHO). KapOboHaTHBIE MUHEpAJIBI KAJIBIUT U JOJIOMUT
MPUCYTCTBYIOT MOBCeMECTHO B 00beme 110 20 % kampiuta (comoBoe 03. ['pHUIIIKMHO) U
15 % nonomuta (xnopunHoe o3. badve u conmooe Il moaruma o3. Xomnza-Hop). B
CpEIIHEM B COJIOBBIX 03€pax JoJjs KaubiuTta 0osbiine 15%, B To Bpems Kak B XJIOPHUIHBIX
cocraBiusieT Bcero 4 %. Jlomomutr B 000MX THUIIAX MPUCYTCTBYET B NMPUOJIM3UTEIHHO
PaBHBIX COOTHOLIEHUSX (6%).

Hanuuue cosmei ranmuta u MUpaOWIIUTa OMPECICHO B JOHHBIX OCAJKaXx CaMOro
MHUHEPAJIM30BaHHOTO COI0BOT0 03. bop3unckoe (puc. 4.12)

PeHTreHorpaMMbl MOYYeHHBIX OOpa3loB W3 CEIMMEHTAIIMOHHBIX JIOBYIIEK,
YCTaHOBJICHHBIX B BOAHOW Tonmie o03. JlopoHMHCKOe B TIEpUOA  JIE[OCTaBa,

MOATBEP)KIAIOT TEPMOJAMHAMUYECKUE pacdeThl (Tabm.4.4), COrlacHO KOTOPBIM BOJBI
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03. JloponuHckoe MEPECHIILIEHbl  KaJIbIUTOM CaCO,, BATEPUTOM CaCOs,
moHoruapokaneuurom  CaCO3z'H,O, pomomurom CaMg(COj),, HECKBETOHHUTOM
MgCO;3'(H,0)s, reitmoccurom Na,Ca(COs),'5H,0 (bopsenko, 2012, 2014). JlonoMut u

HECKBETOHUT (HOPMUPOBAIIUCH B IPUTOHHOM CIIOE.

Puc.4.12. Ipy3a Mmupabuinrta ¢ HATPOHOM C pUMechio gojomuta (1) u nupura (2) u3
JOHHBIX OTJIOKEHUHN 03. bop3uHCcKoe.

B Macce 0OHapyKeHHBIX B CEJUMEHTAIIMOHHBIX JIOBYIIKaX MUHEPAJIOB B MEPUOJ
2013-2014 rr. Ha moNr0 KanmbluTa MPpUXoauiaoch 10 80%. B MeHBIIMX KoOIWYECTBAX
BBISIBJICHBI Pa3HOBUAHOCTH KapOOHATOB KaJbIlUS: BAaTEPUT W MOHOTHAPOKAJIBIIUT.
Oxcuzibl 1 OKCUTHIIPOKCHUIBI skene3a: MmarreMuT Fe, O3, nenugokpokut FeO(OH), rértut
FeO(OH) ycraHoByieHbl B 00€MX 30HAaX B MEPUOJ CMEHBI CEPOBOJAOPOIHON HA TJICEBYIO
obocranoBky 0<Eh<100 w™mB). Cpean amOMOCHIMKATHBIX MHHEPAJIOB IMOYTH
MOBCEMECTHO B JIOBYIIIKaX OOHapyXUBajcsi adbOUT W KBapi, a B 2016 ompeneneH u
MYCKOBHT.

Takum 00pazom, MpeACTaBICHHBIC PE3YJbTAThl aHAIN3a JOHHBIX OTJIOKECHUU H
MUHEpaJIOB M3 JIOBYIIEK B IICJIOM COTJIACYIOTCS C TEPMOJWHAMHYCCKHMMH pPAacUCTaMU,
COTJIACHO KOTOPBIM BCE 03EPHBIC BOJIBI MEPECHINICHBI KABIIUTOM, B OTACIBHBIX CITydasx
JIOJIOMUTOM, 00JIee BecOMast JIOJISI IEPBOTO OTMEYAETCSI B COCTaBE JOHHBIX OTJIIOKEHUN
COJIOBBIX 03¢ep. B 00bIMX KOMMYECTBaX B IMOCICAHUX MPUCYTCTBYIOT aJIbOUT M KBapII.
[ToBCeMECTHO HANMYECTBYET TOHKOJIUCIEPCHBIM MaTe€phal, COCTaB  KOTOPOTO
MPEICTABIICH OPraHMYECKUM BEIIECTBOM, TJIMHAMH, THAPOCIIOAAMH, OKHCIAMHU U

TUJPOKCUIAMHU, TPEUMYIIIECTBEHHO JKeJe3a.
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Ta6muma 4.3 ConeprkaHusi OCHOBHBIX MUHEPAJIOB JIOHHBIX 0caKoB 03ep (%), onpeeeHHbIX MeToioM POA

XIopuHbIi ‘ Conosbiii | l Conosnii |1 ‘ Copossiii 1
[Indp mpods cormacHo Tabd.

Munepain

5181838 8838858838888 283385/335 8 §88:¢E
m%mm H| V| | B B H| O H| BH| 03] H|3A| 5 B D VIR O I 28 Y4 H| 0| 0| H|DO| B 5D
Keapry 5| 19 4| 16| 4] B| D| B| H| 0| 5| 0| 24| 0| 0 0 Dl B| D) Z | HB| V| HB| D] H| H| DO
Kanbipr 2| 8| 2| 4| 3|12 B|10| 16| 15| 18| 13| 18| 5| 5| 14 “u v n 7| 15| 5 5| 4| 20| 12| 13
Josomur 8| 5| 4| 3| 9| 6|+ |+ 2| 3| 11| 2| 10| 5| 5| 4 + 5 5| 5| 3| 2| 2| 10|+ |+
Kaommur 0| 27| V| 31| 19|+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ + |+
Cmexur 20| 1| | 1| A+ | 10|10 2| 2| 1B 7| 5| 5| 7 2|+ 3| 5| 2|+ |2 9 9
Xiopur R T S e S S S I SO I S IS S S SN N S S S O S I S S (O S N S (S +
lamr e I i A A A A AT T A T A AT A R N NS N NS N T A I 3| D
Texapmr o I R A A T T S AT AT T S T IS S A N T T A N NS T A N

+ - IPUCYTCTBYIOT CJIEZIOBbIE KOJIMYECTBA MUHEpaa, - He 0OHapykeHbl. 13-7 u ap. - mmdp npoOsl cOriacHo TabIuLe MPUIOKEHUS 2.



156

Tabnuua 4.4 OcHoBHBIE GUBHKO-XUMUYECKHE IMapaMeTphl 03. JIOPOHMHCKOE ¥ paBHOBECHBIE MUHEpaJIbl, paccuuTanubie nmo HG32

U OOHapy>KeHHBIE B JIOBYIIKax MeTogoM PDOA (%) B nepuos neqocraa 2013-2016 r.

T Eh, | pH | CO*+HCO; S0~ cr F ca” Mg** Na* K+ M

[Mudp

°C MB M/
J0132 | -1.8 | 115 | 105 16079 174.2 4273 151 11.0 11.2 12261 125.7 32950
JO135 | 1.0 | -486 | 10.6 16866 128.0 4139 17.9 12.7 8.10 12615 94.0 33881
J0142 | -2.0 | 70.7 | 9.68 16887 185.1 4260 15.0 195 581 9118 194.9 30685
JO145 | 1.1 | -423 | 9.66 18588 46.4 4438 15.8 16.5 6.23 9819 176.2 33106
J0152 | -1.9 | 100 | 9.74 19361 136.0 4411 14.7 5.19 44.7 10132 130.2 34235
JO155 | 0.5 0 9.75 19544 167.0 4529 144 4.70 40.9 10275 173.5 34749
JO162 | -2.0 | -235 | 9.73 19478 175.0 4345 15.8 8.52 12.3 10203 191.4 34429
JO165 | 0.1 | -223 | 9.77 19828 172.5 4332 151 7.52 10.6 10321 185.7 34872

PaBrHOBecHBIe MuHEpaiH 10 POA u mo HGR2

Kamwiprr | Barepur | Mosommporkarsiwr | [lonovur Kepn | Amour | Tamr | Crom | Tepvomapur | Mamewwr | Jlermnorporar Temr Hecxaeronvr

11 2] 1 2 1 2 1 2 112|112 (1]2] 1] 2 1 2 1 2 1 2 1 2 1 2
JO132 |62 | + | - | + 16 + - + | 6|+ |6 [+]|-|-]-]+]10] + - + - + - + - -
JNO135 |95 | + | - | + - + 4 S I T S B S ) e e - - - - - - - - -
J0142 |90 | + | 10 | + - + - + - |+ -+ - -] - |+ - - - + - + - + - -
JO2145 [ 95 | + | 4 + - + - + 1+ - | +]|-|-]-1H+% - - - - - - - - - -
AOL52 | - |+ | - | + - + - + |41+ |25+ |-|-| - |+ | - - | 1a-| + 9 + 11 | + R -
JOI55 | 7 | + | - + - + - + |16+ |20+ |-|-] - |+ - - | 10-| + 16 + 13 + 18 -
JO162 | 4 | +| - | + - + - + 48| + |42 |+ |4|-| 2|+ ]| - - - + - + - + - -
JO165 | 5 | + | - + - + - + |40 + |45 |+ |-|-]10] + - - - - - - - - -

J0-13-2 — 10 — 03. [loponunckoe, 13- 2013, 2- noutequbiii ciioi, 5- npuaoHHsii cinoi. 1 — POA2— HG32, + - paBHoBecHEIe 110 HG; 62 1 ip. — onpe/ienieHsI
meTosioM POA B 06bpeMe 62% 0T Macchl BCeX IPUCYTCTBYIOIMIKX B JIOBYIIKE MHHEPAJIOB, - OTCYTCTBYIOT U HEPABHOBECHBIE
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I'naBa s

IF'EOXUMHMNYECKUE NPEBPALIEHUSA CEPBI B O3EPAX

Cepa cocrasusier 0.026 % BCero xonuueCTBa 3neMeHToB Ha 3emiie u 0.0885 %
anemeHToB B MopCkoi Bome (Ilepempman, 1972; Cexkm, 1986). Ona sBnseTCs
00s3aTEIbHBIM DJIEMEHTOM J>KMBBIX CyIIECTB, T.K. BXOJUT B COCTaB aMHHOKHCIOT
nucCrenHa W MeTuoHuHa OenkoB. Ee monst nmocturaer 1.5 % 300- U MHKpPOOHOI
oromaccel, u3 koropoir 80 % mnpuxonuTCa Ha opranuueCkyro cepy (Hepetun u ap.,
1996). B mpupoaHbix YCIOBUSAX B 3aBUCUMOCTU OT OKHCIIUTEIHLHO-BOCCTAHOBUTEIHLHOMN
O0OCTaHOBKHM OHa MOJKET MPHUCYTCTBOBATh B PA3IMYHBIX CTENEHIX OKHCIECHUS U popMax
(Cramyk, 1968; IlmoraukoBa, 1981). IIpexkae BCero, 3T0 OTHOCHTCS K 0OOTalcHHBIM
OpPraHWYeCKUM BEMIECTBOM COBPEMEHHBIM JOHHBIM OCaJKaM BOJOEMOB. B Takux
BOJIoeMax OOHapy>KWBAaeTCA BCs TaMMa BOCCTaHOBIICHHBIX COEIWHEHHWH Cephl, T.e.
Cynb(duabl skenes3a, dJEMEHTHas Cepa, THOCYIb(aTrbl W Jp., a TaKKe OCTATOYHBIE
cyindatel (Baas-Becking, 1956; Kysnernos, 1970; Miao et al., 2012),

[Tpupona ux oOs3aHa IByM IpoleCCaM: NMEePBbI — XUMUUECKOE U OaKTepHalIbHOE
oKuCieHue CyabduaoB u BTopor Cynbdarpenykuus (I'modanbhbiid..., 1983). B CcBoro
ouepens CyiabpaTpeayKIus pa3neiseTCss Ha aCCUMIUIATOPHYIO M THCCUMUIISITOPHYIO
(Borkenstein, 2006). B nmepBoM Ciyuyae CyibgaT-uoH BoCCTaHaBIuBaeTCs 10 SH-rpymmn
cepoCojepxKaliux aMUHOKUCIOT, T.e. Cepa BKIOYAeTCI B COCTaB OpPraHUYECKUX
COEMHEHMH, MOATOMY CEpOBOIOPO] HE HAKaIIMBAaeTCi B Cpene. DHEpreTuka 3TOro
npouecta |y TIeTepoTpo(HBIX  OpraHU3MOB  O0ECHEeYMBAETCS  JbIXaTEIbHBIMU
npoiecCamu, a y paCTeHUM JIsl 3TUX 1eel NCHOoab3yeTCs SHEPTUst POTOCHUHTE3A.

Bropoii myTth BoCCTaHOBJeHMsSI Cyiab(haTOB — JUCCUMIIALUOHHBIA. OTOT
MpoIeCC, Kak OoJjiee MPOIYKTUBHBIM MO CpaBHEHUIO C aCCUMMIIALIMEH (TaKuM MyTEeM
nepepadateiBaeTCss B 100 — 1000 pa3 Oonbiie Cepbl), UIPaeT BaXKHYIO pPOJb B
OMOreoXMMHUYECKUX IMHKIax Cepbl. lIpoTekaeT 53TOT mponeCC mnpu  y4aCTHH
MUKpPOOpPraHu3MOoB-1eCynb(ypusaropoB. Ilocne mnpoHukHOBeHUs Cyibpar-uoHa B
KJIETKY MUKPOOpPraH13Ma NEPBbIM MPOIYKTOM BOCCTAHOBIICHUS SIBISETCS CyIb(UT-HOH.

Haunmenee sneproemxumu mnss CPb sBisitorCs CoenuHeHust Cepbl C Oojiee HU3KOU
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BaJICHTHOCTBIO, 4YeM Y Cyib(dara, NOCKOJbKY Mg THOCYJIb(ara, MnoaucCyiabduaa,
AJIEMEHTHOM Cepbl HEe TpeOyeTCs CTaausl aKTHUBALMK MEXKieTouHoro gepmenta ATO-
Cynbdypmiaspl. OJHAKO KOHIEHTpAIMM albTePHATUBHBIX Cynb(aTy COeAMHEHUI B
o3epax HHU3KHE, TMO3TOMY CyibdaT yame HUCHOAb3YeTCs COOTBETCTBYIOIIUMHU
oaxTepusimu (Postgate, 1951; Widdel, Pfennig, 1977; Ky3unenos u ap., 1985).
[IpouiecC BoCCTaHOBIEHUS Cyib(haTOB CXeMaTHUUeCKH MPEACTABISIOT B BHJE

(T"mob6anmpHbI. .., 1983):
50,5 — SO2 —> 5,042 — 5,02 —> 57,

[IpomiecC ~ MUKpPOOHOIA Cynbdarpenykiuu  SIBISETCS  OKHCIUTEIBHO-
BOCCTaHOBUTEIBHBIM TPOIECCOM, B KOTOPOM Cynb(}aT-uoH MCIOJIb3YeTCs B KadyeCTBE
aKIenTopa dSJEKTPOHOB TpPU aHA’POOHOM OKHCIIEHWH OPTaHWYECKUX BEIIECTB WIIH
BoZioposia. BepxHsas rpaHuna mpoTeKaHUsT aKTHUBHOTO TpolecCa CyiabhaTpeayKIuu
MoxeT mnonuumateCa g0 +100 MmB (Vainshtein, Gogotova, 1987). XoTs panee
CUMTaioCh, 4YTO Cynbdarpenyuupytonme OaKTepuu SBISIOTCS  OOJMTaTHBIMHU
aHa’pobamu, ybs COCOOHOCTH K Cyib(aTpeayKIMU HE HaOJt01aeTCs B MPUCYTCTBUU
xkucinopona (Nicholas, 1967). CoBpeMeHHBIMH HCCIICOBaHUSIMH J0Ka3aHo, yTo CPB
BBDKHBAIOT B a3pOOHBIX YCioBUsAX W motpednstor O, mnsa neixanus (Marschall et al,
1993; Sass et al, 1997; Eschemann et al, 1999 u nap.), T.e. CyeCTBYIOT MEXaHHU3MBI,
MO3BOJIAIOIINE N30€KaTh HETATUBHOE BIMSIHUE MOJICKYJISIPHOTO KMCIIOPO/Ia.

[TpoTUBOMOIOXKHBIN BOCCTAHOBICHUIO MPOIECC OKUCTIEHUS CyIb(GUTHON CEPBI 10
Cyab(dar-uoHa mporekaeT C 0O0pa3oBaHHEM BCEX MEPEUYHMCIECHHBIX (OpM Cepbl, YTO U
py BOCCTAHOBJICHUH CyNb(})aToB, BKIIIOUYasi B CIIMCOK OTCYTCTBYIOIIYIO B IMEPBOM CXeMe
snementryio Cepy S°. ITosTOMy B psily MEpPeXOIHBIX COCTOSHHH Cepsl B BOJHBIX
paCTBopax dsjeMeHTHas (popMa 3aHMMaeT 0C000e MeCTo, MOCKOJbKY 00pa3yerCs oHa
UCKIIFOUUTETTFHO B TIEMH OKHUCIUTEIbHBIX pEaKnui Mpu OaKTepUATHHOM  WITU
XUMHYECKOM OKHCIEHWH CepoBojopona wiud CyiabduaoB. OTCroga odeBHIIHA
MHIMKATOpPHAS poib S° B MPOTEKAOMHMX mpoueccax. HamGomee GIarompHsTHBIC
yCIIOBUS JIJIsl €e 00pa3oBaHus CKJIaIbIBAIOTCS TaM, IJie BO3MOXKEH MPUTOK KUCIOpoAa U

npuCyTCTByeT emie CynbhuaHas cepa (Xijun Xu et al., 2013, Poser A., 2013), T.e. Ha



159

KOHTaKTe€ aHa’pOOHBIX M a’pOOHBIX YCIOBUU. AHa’pOOHOE OKHCIEHHE MHPOUCXOIUT
UCKITIOUUTEITLHO TPU  HYUU  (GOTOTPOPHBIX CepoOakTepui, s KOTOPBIX
HE0OXOMMBI CBET U YIJIEKUCIBIN ra3, a Juisi THOHOBBIX aHa3pPOOOB — HUTPAT-UOHBI, KaK
uCrounuk kucimopoma (I['moGampwbrid..., 1983; Medova, 2011). Hecmotps Ha
OTHOCUTEIHLHO HM3KHE COJCp)KaHWS DJIEMEHTHOM Cephl B BOJOEMAax, 3HAUCHUE €€ B
NPUPOAHBIX TMPOLIECCaX IMpeBpalleHus] Cepbl BEIUKO, MOCKOJIbKY OHa MPUHUMAET
ydqaCTHe TakKe B TIpoleCCax oOpa3oBaHWS OpPraHWYECKH CBS3aHHOW Cephl U
nouCynbGUIO0B Kene3a (mupura, rpeirura, Mapkasuta u ap.) (FOmkun, 1968; 3amana,
bop3senko, 2010, bop3enko, 3amana, 2011).

BOABIMMHCTBO MOHHBIX OCAAKOB MCCIEAOBAHHBIX O3€p MPEACTABICHO YECPHBIMH
MaCJISTHUCTBIMU WJIAMH C SIPKO BBIPA)KEHHBIM 3armaxoM CepoBojiopoja. Takyro okpaCky
WiaM TpUIAeT KOJUTOMIHBIA MOHOCYIbGUI kene3a — ruaporpownut FeS,-H,O. On
OKpaIIMBAET OCaJKU B TEMHO-CEPBIN LBET IPU CONEPKAHUU Scymiun >0.05% 1 depHBIi
— mpu 0.08 % wu OGomnee (Chen, 2008; Octpoymos, 1953). Ilostomy oCamkwu,
o0OTaIeHHbIE THUAPOTPOWIUTOM, HAJEKHO HWACHTUOUIMPYIOTCS TPH BU3YaTHHOM
onmuCaHuy Mpo6. MOITHOCTH WJIOB BapbUPYET OT HECKOJIBKUX JIECATKOB CM 70 7.5 M B
LHEHTPaJIbHOM 4aCTh 03. JIoOpOHUHCKOE.

VYxke B mpuOpPE)HOW 4aCTH BO MHOTHX 03€paxX MOIIHOCTH CEPOBOAOPOTHBIX HJIOB
obuta 60see 0.5 M (taba. 5.1). Cpeanee Comepkanue CyabGUIHON Cephl (CEPOBOIOPO
U KUCJIOpOJ, paCTBOpUMBIE Cynb(GuIbl) B 03€pHbIX Hiax CocCtaBiser 260.0 mr/100r
oCajka, C MakCUMaJibHBIM 3HaueHueM 1550 mr/100 r B 03. {opoHuHCKOE (Tadi. 5.3).
OTHOCHTENIBHO BBICOKHE €T0 COIEepKaHUsI OTMEUAIOTCa B o3epax: ['opOyHka, Xwiranra,
Xopatyi, bapyn-lllusepryii, uxanuu-Hyyp u np., T.e. B 03epax C 0oJjiee MOIIHBIMU
JIOHHBIMU UITUCTHIMH OTJIOKEHUSMH.

CkopoCTh Cynb(daTrpeyKiuu B uiaax CoJieHbIX o3ep BoCrouHoro 3abaiikaibs C
muHepanu3anmed 1o 30 r/m B CpemHeM CocCraBiser 69.04 mrS/ kr Cyr., npu
4UCIEHHOCTH Cymbdarpenyuupyomux oaxrepuii 10° — 10° /M. (ComoHoBartbre. .,
2009). C poCToM COJICHOCTH CHIKAeTCs M B BBICOKOMHUHEPAIM30BAaHHBIX O3epax
CoCraBysieT yxe aecCsartbie MrS/kr CyT. Tak, B ComoBoM 03. Bop3uHCKoe, M3MepeHHast

CKOpOCTh CyJib(aTpeyKIIuu paBHa 886 MI'S/KT CyT.
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. 2- 2- 2-
Ta6muma 5.1. MontHOCTh MIOBBIX OTJIOKEHHM, cofiepkKaHrue S B JOHHBIX OTJIOXKEHUAX (S 1) 1 OakTepuaabHbIX MaTax (S M) B
HEKOTOPBIX COJIEHBIX 03epax Bocrounoro 3abaiikanbs (B mr/100 r)

N | oo | Cwnomst | S | Nw et | ST | N e Mmene | S| S
1 14-01 03 325 15 1501 01 27 29 13-34 >10 580 H.O
2 14-02 0.7 205 16 15-02 03 285.7 30 13-35 12 845 650
3 14-03 09 938.3 17 1503 03 1200 31 16-04 05 165 145
4 14-06 05 1153 18 15-04 03 1145 32 16-05 04 191 -

5 14-07 08 1241 19 15-05 04 250.0 3 16-07 06 380 658.8
6 14-08 0.2 849 20 1507 >10 398.6 34 16-08 05 317.7 275

7 14-09 01 0.62 21 15-8-75 >10 180.0 35 16-09 0.7 397 167.5
8 14-10 01 1.00 22 15-11 03 230 36 16-10 >10 544 49.3

9 14-11 01 127 23 15-15 02 111 37 16-11 03 400 176.7
10 14-12 05 1478 24 15-21 06 890 38 13-35 >10 320 274.4
1 14-13 03 980 25 15-22 0.2 %5 39 13-37 >10 272 236.8
12 14-14 02 1024 26 15-23 15 777 40 13-41 0.5 198 60.2

13 14-15 01 171 27 15-26 01 120 41 13-56 0.8 1250 172.2
14 14-16 08 408 28 16-13 0.2 160 42 12-07 7.5 1550 130.0
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WNHTEHCUBHO 3TH MPOLECCHl MPOTEKAIOT Kak B JIETHUW MEPUOJ, TaK U B MEPUO]
nenoctaBa (bop3enko, 2013, 2015, Zamana, Borzenko, 2014). Ilo nmaHHBIM
(CononoBateie.., 2009) B 93TOT NEpUOA  aAKTUBH3UPYETCA  IMCUXPOGUIBLHOE
rajioaIkalopuiIbHOE COOOIIECTBO, YYACTBYIOIIEE B Pa3IOKEHUH OPTaHHYECKOTO
Bemectea OB gaxe mnpu OTpULIATENHHOM TeMIEpaType BOJABI, KOTOpas MOXET
JTocTuraTh B pacconax —2 ——8 °C.

Hanuune aHa’poOHOW OOCTAaHOBKM M OTHOCUTENIBHO BBICOKHX COAEpPKaHUN
oprannyeckoro semectBa Coy. (IIpHUI0KEeHUE 3) B 03epax CIOCOOCTBYET AKTUBHOMY
npoueccy cyiabparperykuuu. B paccMmarpuBaeMbIX o3epax KoHueHTpamus Cgpr
Bapeupyet oT 8.24 mr/n (aran-Hop, 13-12) no makcumanbHOoro 3Hauenust 7.61 r/n
3auKcUpoBaHHOrO B 03. 3araeytail. CotHu Mr/i C,py. OIpENENEHBl B CONOBBIX 03€pax:
Kymxeptait (475 mr/n), bopsunckoe (373.4 mr/n), ['pumkuno (322.4 mr/x), Bycyryii-
Hyp (113.6 mr/n), Mansie Axmu (137.4 mr/n), bonsmme SAxmu (192.2 mr/n), 3yn-Hyp
(224.5 mr/mn), llIBapumBckoe (130.9 mr/n) u B 1ByX xyopuanbix: I'opOyHka (368 Mr/mn) u
bynyrynna (101.8 mr/m).

[IpucyrcTByromee B o3epax opranudeckoe BemecTBo Ha 30-60% cocrout u3
LEJUTIONIO3bl, OCTaBIIAsCd Macca MpPEJCTaBlieHa MPEUMYLIECTBEHHO OelKkaMu |
yraeBogamu (KymsipoBa, 1999). Ilemnrono3a mocTymaer B BOJOSMBI C TEPPUTCHHOMN
COCTABJISIFOIIEH, T.K. SBJISICTCS pe3yJbTATOM paciiajia BBICIIEH pacTUTEILHOCTH, KOTOpast
u3-3a BBICOKMX 3HaueHMii pH B paccmaTpuBaeMbIX oO3epax HE pa3BUBAETCS, a
MUHEpaIN3allii TOJBEPraeTcs HE3HAuuTeJIbHas €€ YacTh, MOATOMY 3a4acTyl0 OHa
oTiaraeTcsi W mpeoOpasyercs yKe€ B JIOHHBIX OcaJkaX. ABTOXTOHHOE BEIIECTBO,
OpOAYyLUPYEMOE TUAPOOMOHTAMM B CaMOM BOAOEME, KakK MpPaBHIIO, JIETKO
MUHEpanu3yemMoe. [ TaBHBIM €r0 UCTOYHUKOM SBIISIETCS (PUTO— U OaKTEepHO— IUIAHKTOH,
a Takke OaKTepHaIbHBIE MAThl AKTUBHO Pa3BUBAIOIINECS B JICTHHH ITEPUOI.

B mepuon co3peBaHMs MaThl TPEACTABIAIOT COOOM MHOTOCIOWHBIM THPOT,
COCTOSIIIMM W3 PAa3HOLBETHBIX CJIOEB. BepxHuW CIIOW 3€JI€HOr0 IBETa COCTOUT U3
sykaputudeckux Bogopocieii  (Chorella  minitisima), 1umaHoOakTepun (BHIOB
Microcoleus chthonoplastes, Aphanothece salina, Promidium u ap.), oCyIecTBIASIONIMX

OKCUTeHHBIA (oTocuHTe3. CpeHu CJIOW PHIKEro WIM MypIypHOTO IIBETa 3TO 30HA
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AHOKCUTEHHOTO (POTOCHMHTE3a, KOTOPBI OCYUIECTBISET IpyMnna MypHoypHbIX OakTepuit
(OKHCIISIONMX CePOBOAOPOT) MpeuMyIecTBeHHO pooB Chromatium Ectothiorodospera
U HWKHUH CJIOW YEepHOro IBeTa — 30Ha CylbpaTpeayKIHUH, TMpeAcTaBICHHAsS
MIPEUMYIIECTBEHHO CyJb(aT- U CepopeayUPYIOMUMA O0aKTEPUSIMH, YIaCTBYIOIIMMH B
pPa3NOKCHUH TIOJUMEPOB U TPOMYKTOB OpOKEHUS (PKUPHBIE KHUCJIOTHI, CIUPTHI,
anpaeruabl u Ap.) (Adbuayesa u ap., 2006). [To Hamm HaOMOACHUSM TOIIMHA TAaKUX
oOpacTaHuii MOXKET JOCTUTATh HECKOJIBKO CAHTHMETPOB, a BemunHa EN n3MeHsATbCs oT
+400 MB B 3eneHbIx MaTax 10 -380 MB B KpacHBIX U YEpHBIX.

Conepsxanue cepoosopoaa B 100 r. 6akTepuaabHBIX MAaTOB MO HAIIUM JaHHBIM
noxoaut 10 236.8 mr (o03. lIBapiuBckoe). Ha moBepxHOCTH Takux oOpacTaHHUil 4acTo
OTMEUYaeTCs IMPUCYTCTBUE DJIIEMEHTHOM cepbl (puc. 5.5a, 0), HalIuuue KOTOpPOH
MOATBEPAKACHO XMMUYECKUM aHAJIM30M CyOcTpaTa ¢ MOBEpXHOCTH Mata 03. Kymkeprait
u 03. Jloponunckoe (82 u 178 mr S°B100T 0eo-ceporo cyocTpara, COOTBETCTBEHHO).

[To nannbiM (CononoBatsie..., 2009) ckopocTh CyabhaTpeayKIuu B MyPIypPHBIX
MaTax, HACEJIICHHBIX NPEHMYIIECTBEHHOTO AaHOKCHTCHHBIMH OaKTEePUSIMU CEPHOTO
MKIA, COXOBOro 03. bapym-Topeit mocturaer 12 mr S/1 B geHb ', a B Ooiee
MUHEPAJIM30BAaHHOM XJIopuIHOM 03. ['opOyHka 1.34 mr S/n B eHb ™.

AKTHBHO 3TOT MPOLIECC WUJET U B BOAHOM TONIIE 03€p. B Bomax cepoBoaopon
HAXOJIUTCS B MOJICKYJISIpPHOHM (hOopMe, a TAKXKe B BUJIE TUAPOCYIbPUA- U CYIbPUI-UOHOB,
YCTOMYMBOCTH KOTOPBIX ompenensercs pH Boasl. B comoBBIX 03epax cepoBOIOPOT
MUTPUPYET mpeumyliectBeHHo B (opme HS- (6omee 90%), a B XJIOPUIAHBIX U
Cynb(aTHBIX O3€pax OH TMPEACTaBICH B OTHOCUTEIBHO PABHBIX MPOMOPIUIX
moustekynsspaoit H,S m monnoit HS™ dopmamu. B 06oux ciaydasx cepa UMeeT CTEIEHb
OKHUCJICHHS 2-, TIOOTOMY BO BcexX (hopmax BhIpaKaeTCs HAMH 4Yepe3 BOCCTAHOBJICHHYIO
cepy S (Bopserko, 2009).

[Tpu Hamuyum OakTepUATBHBIX OOpAaCTaHHW B BOJAX OTMEYAIOTCS TOBBIIEHHBIC
coJiep KaHusi BOCCTAHOBJICHHOW CEPBhI, IOCTUTAIOIITNE OTHOCUTEIHHO BBICOKMX 3HAYCHHM
B o3epax: Jloponunckoe, Xoaaryii, Kymxkepraii, Man. Skma, Hapsim-bynak, [{aran-
Topym, [IIBapuuBcKoeE, bonpas bynyryHna. Bricokas YUCJIEHHOCTh

MHUKPOOPTaHU3MOB, YYACTBYIOIIMX B CCPHOM LHUKIIC, IMPHUBOAUT K TOMY, UTO BOJAa B
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03epax MpuoOpeTaeT IpKoO KpacHbI OTTEHOK (pHcC. 5.1), KOTOPBII NPUAAIOT € KOJOHHH
NypIypHBIX OaKTEpHii, HWCIOIB3YIONIME CEPOBOJOPOA B KA4deCTBE AaKIENTOpa

SJICKTPOHOB JJIsI OKHCICHHUS OPraHN4YCCKOTO BECIICCTBA.

Puc. 5.1. bakTepuanbpabie oOpacTanus Ha o3epax a) Xonatyi, 6) KymkepTaii, B)

Haprim-bynak, r) [{aran-Topym.

2-
CorracoBaHHOCTh B pacHpelelieHUsSX MEXKIy coaepkaHusIMA S° B BoJax,
JIOHHBIX OTJIOKEHUSX M OaKTepUaJIbHBIX MaTaxX MPOSBISETCS MO OOJBITUHCTBY O3€p,
SIBJISISICH JOKQ3aTeIILCTBOM TOTO, UTO MOCIEAHUE BHOCIT CYIIIECTBEHHBIN BKJIA B OOIIHIA

OanaHC cepoBOJI0pOJia B 03epax (puc. 5.2).
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Puc. 5.2. 3aBucumocTs pacnpeneneHus coaep aHuii B Boae (S°;), TOHHBIX OTIOKEHUIX

(S%,) u GakTepuanbHBIX Matax (S°,).

Kak mpaBuiio, noBbIlIEHHBIE COACPKAHUS CEPOBOAOPOIA (PUKCUPYIOTCS B 03€pax
C OTHOCHUTEIIbHO HHU3KMMH KOHIICHTPAIMSIMH PAaCTBOPEHHOTO Kuciopona (Wid ero
MOJIHOTO OTCYTCTBHS) U OTHOCHTEILHO HU3KMMHM 3HaueHussMu Eh (puc. 5.3). Cormacho
(Vainshtein, Gogotova, 1987) makcuMmanbHOE 3HAUYE€HHE YKIJIAJbIBACTCSA B TPAHUIIBI
KHU3HEACITSIbHOCTH CyIb(haTpenyUpyOMmX OaKTepuii, Bappupys OT MHHYCOBBIX

3gayenunii 7o 100 mB.
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Puc. 5.3. 3aBucumocTs cosiep:kanuii B Bojie Cyab(UIHON cepbl S7 0T a) CoAepKaHHA
pactBopeHHOro O, 1 6) 3HaUE€HUIN OKUCIINTENBHO-BOCCTAHOBUTEIBHOTO TIOTEHIIAIIA

BOJIHOM ToJM Eh.

B comoBeIX o03epax coaepiKaHHE CEPOBOAOPOJA M3MEHSECTCS OT Ipeaena
oOHapyxenust (5 Mkr/m) go 370 wmr/n npu cpeanem 3HadeHuu S508.7 wmkr/n. B
Cynb(aTHBIX O3epax MaKCHUMallbHas €ro KOHIIEHTpalus orpejaeieHa B 03. bapyH-
[uBeptyit (279 MKr/n) npu cpeanem 3HaueHuH Bcero 19.0 mxr/in. B xiopuaHoM tune
HauOoJsiee MPOAYKTUBHO OH oOpasyercs B 03. bosbmias Bynyrynma (1250 mkr/n) npu
cpenneM 469.3 Mkr/n. B comocTaBUMBIX KOJMYECTBaX C CyJIb(AaTHBIMU O3€paMH
CEpPOBOJIOPOJI OTMEUAETCS B COJOBBIX 03epax |l moaTumna ¢ MakcuMalibHBIM 3HAUCHHEM B
03. XXumuno (96.3 mxr/m), co cpeaauM 6.75 MKI/1.

[ToMHMO CEpOBOZOPOAA B O3EPHBIX BOJAX ObLIM OIMPENEICHBI dIEMEHTHAs S° U
tnocynbdaraas S”** GopMBI cepbl, KOTOpBIE SBISIOTCS IPOMEKYTOYHBIM 3BEHOM B
ey OMOTeOXUMHUUYECKHUX MPeoOpa30BaHUil CEPhI B 03€pax.

JlMamasoH BapbHPOBAHMS KOHIEHTparmii S° B BOJAaX COCTABISIET OT MOJNHOTO €e
OTCYTCTBUA N0 MakcuMaibHOTrO 3HaueHus 3800 MKr/J, ompeaeneHHoro B 03. Maibie
Sxum, mpu cpeanem 3Hadennn 208.9 Mxr/n. Kak mo MmakcuMaabHBIM, TaK U IO CPEJTHUM
OILICHKaM, €€ COJIepKaHUs BbIIIE B COJIOBBIX 03epax (228.8 MKr/i), B cyib(paTHbIX U
XJOPUAHBIX OHM paBHbl 148.8 wu 116 wMkr/nm coorBerctBeHHO. B cymme
BOCCTAHOBJICHHOM CepbI XS;.c;. OHA SIBIISETCS Mpeodiaaaromiei GopmMoii, cocTaBiisis B
cpenueM 47.7%, BTOpoil mo 3HaumMocTH BeicTymaer S° (31.3%), ma momo S+
npuxoautcs Bcero 21 %.

Kak BUIHO W3 MPUBEACHHBIX B MPUJIOKCHUH 5 MAaHHBIX 3a4acTyi0 M3MEpPEHHBIC

0
colepKaHusi S~ BBINIE TOpOTa €€ PacTBOPUMOCTH (6 MKI/iI), YTO YyKas3bIBaeT Ha
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pasznuuHbie GOpMbl €€ HaXoxAeHHUs B Bojax. Cepa B 03epax MOKET HAXOJUTHCS B BUJIE
MCTHHHO-DACTBOPCHHOM, BXOIAIICH B COCTaB MoiuCyIbdua-noHoB (SS,7), a Takke
B3BECU U KOJUIOMJHOM COCTOSIHMM. Hanmuuue smeMeHTHOU cepbl B BUJIE MEIbYaMIINUX
B3BEIICHHBIX YAaCTHYCK, KOHACHCHUPYIOIIUXCS Ha TOBEPXHOCTH OaKTEepPHATBHBIX
oOpacTaHuii ¥ HEMOCPEICTBEHHO Ha BOJHOW TJIagu, HAOMIOAANOCh MO PALy O3€p
(Kymxepraii, Xonaryi, Mansie u bonpmme Ak, Jloponunckoe u ap.). [Ipucyrcreue
ee B (popme mommucyab(huI0B, 00pa3YIOMUXCS B IMETOYHBIX YCIOBHUSX IO PEaKIMH
(Boaxkog, 1990):
(n-1) S° + 2HS = SS*, + 2H"

TMOATBEPKAACTCA COTTACOBAHHOCTBIO pacmperernenns S° m S” B obmacth  ux
MOBBIIICHHBIX KOHILIEHTpaui (puc. 5.4a), mpuxoasimmxcs Ha cojoBbie o3epa: llaran-
Hop, baiin-Laran, Xyaykryii, Xapa-Topym, a Taxxe cynbdataeie bapyn-llluseptyii u
[{aran-Topom.

Jlpyroii BO3MOXKHBIA BapHaHT 00pa3oBaHHS S° MOXKET OBITh CBSI3aH C
B3aMMOJICHICTBHEM CEPOBOJOPOJA C OKHCHBIM >KEIe30M, MPU KOTOPOM Ha OJIHON W3
crammii oGpasyercs S°, a KOHEUYHBIM IPOLYKTOM MOTYT OBITh CyIbGUIBI Kelesa
(FOmkun, 1968). Ho omHO ee mpuUCYTCTBHE SIBJISETCS CBUIETEIBCTBOM TOTO, YTO
CEpPOBOJIOPOJI B BOJIaX OKHUCIISIETCSI, PACTBOPEHHBIM KUCIOPOJOM U (WUJIM) MPU y4acTUU
OaKkTepwHil.

Konnentpanust TnocynbpaTHoit cepbl HU3MEHSETCS OT Mpeneia oOHapyKeHHUs 10
630 Mkr/n1, yctaHoBiaeHHOW B 03. Man. Sxmu. Ilo ycpeqHeHHBIM JaHHBIM MaKCUMYyM
npUXoAUTCs Ha copoBbie o3epa (119.7 Mkr/n), B cynb(aTHBIX U XJIOPUAHBIX OHU HUXKE
(209 um 52.0 MKL/T COOTBETCTBEHHO). XAaOTHYHOCTH B pacmpeneneHun S°S*
OTHOCUTENBHO S* OOBSCHACTCS ABOMCTBEHHBIM XapaKTEPOM THOCYIb(ATOB, T.K. OHH
SBIISIIOTCSA TIPOMEXKYTOUYHBIM MPOAYKTOM aHa’pOOHOTO BOCCTAHOBIEHHS CyIh(})aTOB 10
cepoBOIOpoaa Wik okucieHus nociaennero (Bonkos, 2007; IN'opienko, 2010; bop3senko,
3amana, 2011, bopsenko, 2013).

B pacnpeneneHun  copep)kaHuMW  BCEX  BOCCTAHOBJIEHHBIX (opM  cepsl

OTCYTCTBYIOT 3aKOHOMEPHOCTH, HYTO OOBSICHSAETCA HAIUYUEM B 03€pax JBYX
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IIPOTHUBOIIOJIOKHO HAIIPAaBJICHHBIX ITPOLECCa BOCCTAHOBJICHUSA Cy.TIB(baTOB N OKHCJICHHA,

oOpasytorerocs ceporoaoposa (puc. 5.40, B).

0

a _
10000 1000 RN
4 . = LR PN
$OUL 0 e Zie 0 Fwog o m
x [ | *
100 | s >
Sl DU 2% SRR .
“ 10l =T o 10 e u
1 ] * ] ] I L IR L 4 L 4
1 10 100 1000 10000 1 — = '
). 1 10 100 1000 10000
SZ; mKr/n
SZ; mKr/n
B
1000 $
’
S -t e
¥ 100 *
IS 4
s o8 ® g% 2 s PN
3 10 | N
7} ¢ ‘4
7 . o * &
1 m ! me ! '
1 10 100 1000 10000
S% mKr/n

¢ CopoBble W XnopupaHble

Puc. 5.4. PactipeereHne comepKaHuii a) cepbl saeMenTHoi S° ot cynbduanoii S°, 6)

cepsl THocytbbatroit S°S* ot ¥ n B) S'S* ot S°.

B 10 xe Bpems B MOBEJEHUM BCEX BOCCTAHOBJIEHHBIX (POpPM cephl ¢ TIIyOMHON B
03epax UMEET MECTO CTPOTO OMNpeJesIeHHasi 3aKOHOMEPHOCTh — CHM)KEHUE CO/CPKAHUN
KHCIIOpO/1a, CYIb(haT-MOHOB, IEPEX0]] OKUCIUTEIbHO-BOCCTAHOBUTEIBHOIO MTOTEHIINATIA
Eh B 00macTh oTpuiaTenbHBIX 3HAYEHHI M POCT KOHIIGHTPAIMH CEPOBOAOPOIA KO JHY.
Bonee moapoOHO moBeneHUE cepbl B TOJNIIE BOABI M3YYEHO B Hambojee TiIyOOKHX
comoBbIX o3epax baumn-llaran u  Jloponunckoe (tabm. 5.2). Ilo cBoum
THAPOXUMHUYECKUM MapaMeTpaM OHU OTHOCSITCS K MEPOMHUKTHUECKUM BOJOEMAaM C SIPKO
BBIP2XEHHBIM B HUX MPOIIECCOM OaKTepUaIbHON peayKIuu cyibdpaToB. B Takux o3zepax
0 Mepe pocTa KOHIIGHTpAIMid CEepOBOAOPOAA K MPHUAOHHBIM CIOSM OTMEYaeTcs
CHIDKEHHE COJep)KaHUuN Kuciopoja, cyiabdar-uoHoB u mnepexonq Eh B o0macts

oTpuuaTeabHbIX 3HaueHui (bop3enko, 3amana, 2008).
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CoryiacHO JaHHBIM B TMPUIOHHBIX OCCKUCIOPOMHBIX CIIOSX ITHX 03€p B CyMME
¥Socer IPEBATHPYET S°, COEpPIKAHME KOTOPOIl K TIOBEPXHOCTH MOCTEIICHHO CHIDKACTCS,
OJHOBPEMEHHO PAcCTyT COAEp/KaHMs Goree okucieHHOH S°, OKHCIGHHE KOTOpOil B
00JIaCTH TIEpexo0/ila BOCCTAHOBUTEIHHON B OKHCIUTENbHYIO OOCTAaHOBKY MPUBOAMUT K

nakomienuio 1 S°S* (puc. 5.5).

Tabmuma. 5.2. CopepkaHus pa3nuuHbIX (OPM CEPBI, PACTBOPEHHOTO KHCIOpOAa M

3HaueHui Eh mo rimy6une o3ep (mepuon onpobosanus 27 aprycra 2015 r.).

[nyGuna Eh 0, s* s° sos* TSsocer S0~
M MB MI/JT MK/ r/n
03. baun-I{aran
0 81 8.41 6 30 5 41 0.15
3 79 6.56 72 95 354 521 0.15
5 21 4.16 172 95 254 521 0.15
7.5 -10 0.78 333 77 6 416 0.13
03. JlopoHnHCKOE
0 165 2.68 <0.05 12 <0.05 14 0.18
1 165 2 <0.05 9 <0.05 11 0.14
2 165 2.08 50 27 49 126 0.12
3 -105 0.24 73 7 1 81 0.12
4 -235 <0.05 89 8 28 125 0.12
5 -245 <0.05 14700 28 23 14751 0.10
0

% or ZS;occr % o1 ES, eer

S0,%;r/n, Eh; mB

0% 25% 50% 75% 100%

0%

50%

100%

Eh, B; SO,%, r/n

0 -100 0 100 0 -0.25 -0.1 0.05 0.2
D T » —\ 1
0O,
Eh 1 5
3 3| 50,2
2 3
M M M
5 4
3
5
50,2 5
7.5 [
4
0 g lb 6 101520253035
7.5 0,; mr/n O,; mr/n

Puc. 5.5. Pactipenenenue copepkannii BOCCTAHOBJICHHBIX ()OPM CEPBI, KHUCIOPO/a,

cyab(haT-uoHOB U 3HaueHu Eh mo riyoune a) 03. loponnnckoe u 0) 03. baun-1laras.
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Kak moka3zanu MHOTOJIETHHE CE30HHBIE UcClieoBaHus 03. JlopoHHHCKOTO (Tab.
5.3), akTUBHO CYJIb(haTPEIyKIUs MPOTEKACT HE TOJBKO JISTOM, HO TaK)KE€ M B TEPUOJ
JenocTaBa Ha (OHE CHIDKCHHS M JakKe TOJHOTO HWCYE3HOBEHHMS B BOJHOW TOJIIE
pacTBopeHHOro kuciopoja (3amana, bopzenko, 2007; bop3senko, 2014). B sToT nepuon
OTMEUYAeTCS POCT COJACPKAHWUW CEPOBOJOpPOAA TPHU CHUHXPOHHOM  CHIDKCHHH

coaepkanuii cynbdaros (puc. 5.6).

Tabmuna. 5.3. CopepkaHus KHUCIOPOJa, CyIb()aT-HOHOB M BOCCTAHOBIIEHHBIX (POpM

cepsl, 8*'S% 1 6*'S**, 3mauenue Eh B 03. JJOpOHMHCKOE B Pa3HEIE IEPHOIBI ONIPOOOBAHHUS

Iny6una | 6°'S%cor | 8% cor Eh 0, s* s? S%s* | SO.”
M %o mB MT/J1 MKT/J1 MI/J1
25.01.2013
1 13 17.7 113 2.1 <5.00 34 <5.00 218.5
2 12 18 109 0.81 <5.00 46 12 136.5
3 11 19 100 0.65 <5.00 <5.00 150 146.0
4 5 19.5 101 0.33 370 160 <5.00 140.9
5 -4 27 0 <0.05 77000 160 760 113.1
27.03.2013
0 12 19.1 24 <0.05 42 6 22 125.1
2 10 19.5 34 <0.05 35 16 40 126.2
3 -3 21.6 -183 <0.05 10300 1140 191 118.8
4 -4.8 21 -232 <0.05 24400 310 430 92.2
5 -4.8 23.9 -423 <0.05 | 370200 840 450 18.0
15.06.2013
0 <0.1 18.4 144 5.68 <5.00 560 162 224.2
1 18.8 144 5.00 138 110 222 133.0
2 18.7 140 3.95 90 148 64 127.3
3 18.9 42 0.52 28 256 14 173.0
4 19.0 -13 <0.05 84 3960 418 180.1
6 19.2 -208 <0.05 2800 4300 1540 103.1
30.08.2013
2 214 128.4 1.20 670 27 49 110.3
3 19 125.7 1.28 22 7 <5.00 136.8
4 19.6 -182.4 <0.05 670 8 28 105.0
6 19.5 -220.5 <0.05 810 28 23 102.0

[To mamueiM (Buryukhaev et al., 2014) uucnenHocTs CynibhaTpeayIUPYIOIIAX

OakTepuil B 3TOT nepuoa coctasisieT 100 ki/mi npu CKOpOCTH CyIb(MATPEayKIUU 10
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29.8 mr S/mm° nens . B KkoHIle enoctaBa 10msi S7 B Y'S,ecer BO3pAcTaeT yxe 10 50 %.
Tak, B mMapre 2013 r. GbUI 3aMKCHPOBAH MAKCHMYM KOHIGHTpArmii S°, KOTOpBIiA
cocraBwi 370.2 mr/n. 3nadenue Eh omyctunock 10 MuHMManbHOW oTMeTKH -423 MB.
Hamnporus, conepxanue SO,° CHH3MIOCH 10 28 MI/TL.
Eh, mB; SO, rfn; Eh, mB; SO,%, r/a

. . 05 -0.3 -0.1 0.1 03 o, 50%% 100%
02 -01 0 0.1 0.2 03 0% 50% 100% | | | ° ° °

Ig[s?], 0,, mr/n 0y; mr/a, Ig[5%]
21.01.2013 27.03.2013
Eh, mB; SO,2, r/n Eh, mB; SO,%, r/n

-0.25 -0.1 0.05 0.2
0% S0%  100% ¢

04 -0.2 0 0.2
0 ! ! !

D% 50% 100%

2 0,
' Eh
3 a
2-
4 S
50,% 5
5
! B Ig[S%], O; mrfa
Ig[5*], Oy mr/n
25.06.2013 30.08.2013

Puc. 5.6. Pacripenenenne coaepkanuii KHCIOPOa, CyIb(haT-u BOCCTAHOBICHHBIX (hOpM

cepsl, 3HaueHui Eh B 03. JlopoHMHCKOE B pa3HbIe MEPUOIbI ONIPOOOBAHUSL.

B nepuon paspymenus nbaa (C MOSBICHHEM TpPEIIUH) OTMEUYAeTCsl pPOCT

KOHIIGHTPAllMi PAacTBOPEHHOIO KHUCIOpOJa W OJHOBPEMEHHO O0oJiee OKHCIECHHBIX
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COCIMHEHUN cepbl AeMeHTHOH (110 560 MKr/i1) U cynbdatHo (10 290 Mr/i), HaNpOTHUB,
CHWKAIOTCSA COJCpKaHus cepoBoaopona (<5 Mkr/m). Jlerom ¢ mporpeBaHWEM BO/IBI
dbopmupytoTcs OakTepHallbHbIE MaThl, K OCEHHM OHHM pa3jararoTcsi, MO3TOMY B 3TOT
nepuosl (pUKCHUpyeTcs CIEIYIONIUH MUK COAEpX)aHWUK BOCCTAHOBJICHHOW cepbl. [lo
HAOIOCHISIM B [IOBEPXHOCTHOM CIIO€ comepkanne S° mocturano 4.2 mr/n (3amaHa,
bopizenko, 2010; bop3enko u ap., 2014).

Y4uThiBas, 9T0 OOJBITMHCTBO 03€P MMEIOT TUIYOWHBI IEPBBIE METPHI U MCHBIIIE,
TO JIEJITHON TTOKPOB CYIIECTBEHHO COKpaIIaeT 00beM 03€pHOM BOJIbI, COOTBETCTBEHHO, B
eAUHUIIE O0BbEeMa pPE3KO YBEIMYMBACTCS KOJIMYECTBO THAPOOHOHTOB. BospacraroT
3aTpaThl KHUCIOpOAAa Ha JbIXaHME W HA XMMHUYECKOE OKHCJICHHE BOCCTAHOBJICHHBIX
XUMHUYECKUX JIEMEHTOB (CEphI, a30Ta, JKeJe3a U Jp.), 4YTO, B CBOIO OYEPE/ib, IPUBOAUT K
MOJTHOMY HCUYE3HOBEHHUIO B BOJHOW Toumie kuciopoaa. CoszmaBiimecss aHa’pOOHBIE
YCIOBUSL CHOCOOCTBYIOT pPa3BUTHIO COOTBETCTBYIOUIEH MHKpoOHOTH. KopoTkoe u
KAPKOE JIETO CIIOCOOCTBYET OBICTPOMY IPOTPEBAHUIO MEIKUX 03€p M Pa3BUTHUIO B HUX
OaKTEepPHABHBIX MATOB, SIBJISIONINXCS JTOTOJHUTEILHBIM MOIIHBIM MCTOYHHUKOM JIETKO
MuHepaimuzyemoro OB, pasiokeHue KOTOPOro NPUBOIUT TaKkKe K MOTPEOICHHIO
kuciopoaa. Haimnumue BOCCTaHOBUTENBHONW OOCTAHOBKU M MPOAYKTOB OMOXMMHYECKOTO
paznoxkenuss OB OnaronpuaTcTBYIOT pPa3BUTHUIO B 03€pax CyJb(aTperylnupyromux
OakTepuii, pasznaramlmx Ha TePMUHAIBHBIX 3Tamax opraHuky no CO,, H,S u CH,
(3aBap3uH, XKumuna, 1999).

W3 BbIACIEHHBIX JOMHUHHPYIOIIUMH B pacCMaTpPUBAEMBIX O3epax ObUIN
ankanoduiabHble Ccynbparpenynupytone u Oakrepun Desulfonatronum lacustre
(Cononomateie..., 2009), Desulfonatronumaceae  J-nooknacca  Proteobacteria
(Baxaprok, 2010; J[larypoBa, 2013), B KauecTBe aJbTEPHATUBHBIX AaKIENTOPOB
AJIEKTPOHOB MCIOJB3YIONINE SJIEMEHTHYIO, THOCYIb()ATHYIO U CYTbPUTHYIO CEPY.

N3 mpo® TOBEpPXHOCTHOTO CJIOSI 03€p BBIACICHBI IITAMMbBI AIKATO(HUIBHBIX
a’poOHBIX XeMoopraHoTpo(dHbIX Oaktepuii poga Halomonas, kotopeie CHOCOOHEI
OKHUCJIATh THOCYIb(}AT B MPUCYTCTBUU OPraHUYECKHUX CYOCTPATOB, a TAKXKE PACTYIIUX
aHa’poOHO 3a cueT neHuTpudukaruu. CrmoCOOHOCTh K XEMOJHTOTETEpOTPOPHOMY

POCTY, CONPSIKEHHOMY C OKMCJIEHHEM THOCYJb(aTa, 00Jadat0T Tak:Ke 0OHApY>KEHHbIE B



171

a’poOHOM 30HE a’poOHbIe OakTepuroxiaopoduin a-coaepxkamue oakrepuu (ABC) pona
Roseinatronobacter (bomapipeBa, 2008). OCHOBHBIMH OKCHUTE€HHBIMU (PoTOTpOodamMu B
KHUCTIOPOJTHOW 30HE SIBISIOTCS HUTYATHIE MHAHOOAKTepuu. B aHA’pOOHBIX YCIOBHUSX
OOHApy)XCHbl ~ OKUCISIONINE CyIb(GHUI XEMOJIUTOABTOTPOPHBIE MHUKPOAIPOOHBIE
tuoHoBble Oaktepun Thioalkalivibrio u mypnypasie cepobakrepun Thioalkalicoccus
limnaeus,  Ectothiorhodospira  variabilis,  Ectothiorhodospira  Magna u
Ectothiorhodospira shaposhnikovii (Comonosartsre. .., 2009; I'opienko u mp., 2010).

Takum 00pa3oM, MPUCYTCTBUE B 03€Pax BOCCTAHOBICHHBIX (POPM CEpBI SIBIISACTCS
SPKUM CBHJIETEIBCTBOM TOT'O, YTO MPOIECCHl 00pa30BaHUS CEPOBOAOPOJA ONEPEKAIOT
MPOLIECC OKHUCIIEHHSI CEpbl O caMOM YCTOMYMBOU ee (OopMbl B BOJAE — CYJb(ATHOM.
CepoBonopoJ, 00pa3yronuiicst B 03epax, AaeT Hayajo 1eJIOMY Py BOCCTAHOBJIEHHBIX
coequHeHU cepbl. COOTHOIIEHHS MEXIYy CEpPOBOAOPOJOM U TMPOIYKTAMHU €ro
HEINOJHOTO  OKUCJIEHMSI ONpPEIEISIIOTCS MHOXECTBOM  (DaKTOPOB:  COJAEpKAHUEM
PacTBOPEHHOTO B BOJE KUCJIOPOJA, KNHETUYECKUMH MapaMeTpaMM Ka)Ioh U3 cTaaui
mpolrecca, HAJIWYUEM OpPraHMYeCcKOro BeIIecTBa H  Cyinb(aT-HOHOB B JaHHBIX

MPUPOJIHBIX CpeAax.

5.1 M30TONHBIN COCTAB cepbl

Jlist BbIICNIEHHSI OCHOBHBIX MEXAHU3MOB, OTBETCTBEHHBIX 3a (POPMUPOBAHUE B
03epax Cephl, TPUBICYCHBl W30TONMHBIC COOTHOIMICHHS ° S/°°S  PpacTBOPEHHBIX
cyJib(aTHON U Cylb(UIHON cephl (MPUIIOKEHUE S).

N3otonHble ompeneneHusi cepbl Cynb(paToB M CYJIb(QHUAOB BBIIOJHEHBI C
UCTIOIb30BaHUEM DdJIeMeHTHOro ananmu3atopa Flash EA-1112 (Thermo Scientific,
Germany) B KOHpUrypauu S Mo CTaHJAPTHOMY MPOTOKOJY KOHBEPTHUPOBAHMS CEPHI
cyabdara u cynsduna B SO,. M3MepeHre H30TOMHBIX OTHOMICHHH ' S/°°S MpoBeaeHO
Ha Macc-ciektpoMetrpe MAT-253 (Thermo Scientific, Germany) B pexume
HEIMPEPHIBHOTO MOTOKA reius. 3MepeHus BBIIIOJIHEHbI OTHOCUTENBHO J1ab0opaTOPHOTO
cTanaapTHOTO raza SO,, KaTuOPOBAHHOTO MO MEXKIyHapOoAHbIM cTaHmapTtam |AEA-S-1,
IAEA-S-2, IAEA-S-3 u NBS-127. JIns kamOpoBKHA aHAIUTUYECKOW CHCTEMBI B XOJI€

BBIIIOJIHCHU aHAJIM30B MCIIOJIB30BAJIM BBIIMICYKA3aAHHBIC MCKIAYHAPOAHBIC H30TOITHBIC
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cTaHzapThl. Pe3ysIbTaThl M3MEPEHHIl MPEICTABICHB! B OOLICIPUHATON popme: & S =
(Rospasen/ Reranapr — 1) 11 BbIpakeHsI B (%o), T1€ Rogpasen U Rerannapr - OTHOLIEHHE 35328 g
oGpasiie M CTaHZApTe, COOTBETCTBEHHO. BOCIPOM3BOAMMOCTD pPE3yIbTATOB o°'S
coctaBisuia £0.1%o0 (1o) nns crangaptoB (N=10) u 0OpasnoB. Pe3ynbTaTsl U3MepeHui
%S [aHBI B OTHOILICHNHN K MEKIYHApOIHOMY cTangapry VCDT.

W3BecTHO, UTO MIMPOKKHE BapUaIlUU B U30TOITHOM COCTaBE CEPbl KOHTPOIUPYIOTCS
B KOHTHMHEHTAJBHBIX BOJIOEMAaX TMPEUMYIIECTBEHHO OaKTEepHaIbHOW peAyKIUeH
cyibdaTa, COPOBOKIAIONICHCS CYIIIECTBEHHBIM Pa3ICICHUEM U30TOMOB CEPhl KpaHUX
yieHoB uenu ee mnpespamieHus ([nmoGanpueri..., 2009). Ilpu 3TOM OCTaTOK cepbl
Cynb(}aToB HAKAIUIMBACT TSKEIBIA M30TON, a CylbQuaHas cepa, HapOTHB,
oOoramaercs JIErKuM, pU 3TOM KO3(PPUUUEHT (paKLMOHUPOBAHUS MOXKET JTOCTUTATh
1.06 %o0. Kpome 3TOr0, M30TONHBINA COCTaB CEpPhbl 3aBUCUT OT JIMTOJOTUYECKOTO COCTaBA
TOPHBIX TOPOJ, BKJaJa CEphl MOA3EMHOTO M TOBEPXHOCTHOTO CTOKOB, CYJb(aToB
atmochepHsIx BoJ. [Ipormecchl kpucTtamum3anuu cyib()aToB B BUJE TUIICA, aHTHAPUAA,
MUpaOWIIUTA U AP. SBAMIOPUTOB MPUBOIAT K ci1aboMy (pakiiMOHUPOBaHUIO Mopsaka 1.3
%0, TIOATOMY OOBIYHO ATHUM IMPOIIECCOM NPEHEOPEraroT, CUMTasi, 4TO BEJIWYMHA 8%s
SBAIIOPUTOBBIX TOIII[ MPUOIU3UTEIFHO COOTBETCTBYET BEIMUHHE O°'S Cy/Ib(paTHOro
paccoia, M3 KOTOPOTO KpPUCTAUTU3YIOTCS MMHEpaIbl. XUMHYECKOE OKHUCIICHHE
CyIb(QUIOB TaKXKe HE COMPOBOXKIAeTCS (PAKIMOHUPOBAHMEM H30TOIMOB CEPHI, IPU
OaKTEepHAIIBHOM OKHUCICHUU KOI(PUIIMEHT paznereHusi He mnpesbimaetr 1.7 %o, 4TO
CYIIECTBEHHO HE BIIUSET HA H30TOIMHbIC OTHOIIEHUS cepbl (I puneHko u ap., 1974).

Bapuanmuun ~ u30TOMHOTO  cOocTaBa  Cepbl  PAaCTBOPEHHBIX  CyIbh(haToB
PAacCMATPUBAEMBIX 03€p YKIAAbIBAIOTCS B PAMKH COACPKAHHI °'S, OTMEUACMBIX B
BOZAX KOHTHHEHTAIBHBIX BOJOEMOB (DBomrouus..., 1989). Cpentee comepxkaue >S9
pPacTBOPEHHBIX CYIb(}haToB paBHO 10 %o, XOTS qTUANa30H 3HAUYCHUN BapbUPYET OT -8.4 10
27.4 %o, oTIpeNIeICHHBIX B IIEPBOM CJIy4ae B 03. XapaHop, a BO BTOPOM B 03. XOJaTyM.
bnuskoe 3HaueHne k MuHUMaiIbHOMY (-2.74 %0) yctaHoBieHo B 03. Xapa-Topym. B
MEepPBOM cllydae HE OOHApY)XEHO TMPHU3HAKOB CYIb(aTpeayKIuu, a BO BTOPOM

coepxanie S HAXOMUTCS Ha Ipejielie 0GHAPYKEHHS (6 MKT/).
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[lo cpemHMM 3HAYCHHSM 'S OGJIErdeHHBIH COCTAaB CEpbl MMEIOT Cylb(aTHBIC
(7.7 %o) n conoBbie o3epa |l moxruna (4.3 %o) ¢ auamazonom Bapuanmid oT -0.9 %o B
conoBoM |l moatuna o3. I'pumikuno 10 9.3 %o cyiabdarHom o3. bapyn-lllusepryii.
CymiecTBEHHOE YTSHKEIICHHE B TOCIEAHEM MOXHO OOBSICHUTH aKTHBHO IMPOTEKAIOMIEH
KaK B JIOHHBIX OTJIOKEHHUSAX, TaK M B BOJHOMW TOJIIE 03epa, CyiabhaTpeayKIuei c
OTHOCHUTEJIFHO BBICOKOM KOHIICHTpAIUEH S*p Bojax (288 MKr/m).

OdeBugHO, YTO Cyab(aTpenykis B JaHHOM CiIydae HWMEET IOJYMHEHHOE
3Hau€HUEe, a OOJICTYCHHBIM H3OTOIHBIA COCTaB cepbl CyIb(aTOB HEKOTOPBIX 03€p
(Xapanop, Xapa-Topym, ['anra-Hyp, Xaparanam wu 1p.) Haciemayercss BOJaMH,
OTpaXXaIOIMUMHU U30TOMHBIM COCTAB CEPhl BOJIOBMEIIAIONINX TTOPO/I, & TOYHEE H30TOITHO-
aerkux cynbuaoB. [lo nanueim A.Il. Bunorpamosa uzotonHsiii coctaB cepnl (1962)
YJIBTPAOCHOBHBIX U OCHOBHBIX MOPOJ AHAJIOTHYEH cepe MeTeopuToB (cpenHee 1.2 %o),
HEMHOTUM TspKeliee cepa a(hy3uBHBIX oOpa3oBanuii (cpeanee 1.9 %o). Orcrona o3epa,
pacrnoJioKEHHBIEC B TIpe/iesiaX ITUX Fe0JIOTMUECKUX 00pa30oBaHU, HE TOIBKO HACIEAYIOT
JIETKYIO Cepy, HO U UMEIOT MOBBIIIIEHHBIC COACPKaHUS PACTBOPEHHBIX CYIh(HaTOB.

CorynacHo reosiorud paiioHa cyibdaTHbie W comoBble o3epa |l moxruma
pPacmoJIOKeHBI B TIpe/eiiaX WHTPY3UBHBIX O00pa30BaHHMM MIAXTAMHHCKOTO KOMIIICKCA,
HECYIUX CyIbGUIHYI0 MuHEpanmu3amuo. OKuciaeHue cyab(uI0B, Yalle BCEro MUPHUTa,
NPUBOAUT K POCTY COJEpKaHMM B TOJ3EMHBIX BOJAaX, a Jjajliee W B 03epax,
KOHIIeHTpaiui cyiabdar-uonoB. K npumepy, Ha Bogocoope 03. Xaparanaiu (comosoe Il
MOJATUIT) B poHUKOU Bojie (mmdp nmpobdsl 624, npunoxkenue 1) comepkanue cyabdar-
MOHOB 00JIee YeM B MOJITOPA pa3a MPEBHIIIAET COJIEPKAHUS XJIOPUI-HOHOB.

Ozepo Xogatyil ¢ camMoil TsbKeNnoll cepoil cynb(aT-uOHA OTIMYAETCA
OTHOCUTEIHHO BBICOKMM COJIEpXKaHUEM cepoBogopoja (B Bojmax 6.7 Mr/ia) w
munuManbHbiM - 3HaueHneM SO,/Cl  (0.025). Ero wmakcuMmanbHOE COACpIKAHHUE
MIPEBBINIACT HE TOJHKO 3HAYCHHUS JJIsi Cephl Cynb(dara okeannueckoir Boabl (20.1 £ 0.8
%o0) 1 COBpeMEHHBIX 3BanOpUTOB (24.3 %o0), HO U3BECTHBI BEpXHUI Mpeaes Auana3oHa
JUIS1 KUCTBIX TIopof (26.7 %o), ycTymasi TONBKO Cyib(aTaM COJISHBIX KYMOJoB (10 62 %o
B OTJCNIBHBIX oOpasmax; Bce 3HaueHus jaHbl no (I'puaenko m ap., 1974)). OmHoro

MopsiJIKa 8% onpeneneHo B coaoBbix o3epax | um Il moarunmos (Ilaran-Hyp,
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Kymxkeprait, Manbie Sk, ["amkoit, 3yH-Topeii), C BBICOKUMHU COJEPKaHUAMU B HUX
cepoBoiopoaa u Hu3kumu 3HadeHusMu SO4/Cl < 0.5.

B npenenax BEIOOPKHU COJOBBIX 03€p 0003HAYAETCS CIEAYIONIas 3aKOHOMEPHOCTD,
qeM Hibke 3HadeHne kodhdumuenta SO,/Cl, TeM Gomblne 316Ch HAKAUMMBAIOTCS S° U
TSDKEJIOTO M30TOMA cepbl cyiIbhar-noroB> SO, (puc. 5.7).

Ha omnpenenennoe Bnusinue cynb(arpeaykinu B 00OralieHnu cyiabpaTHON cephl
TSOKEJIBIM  M30TONOM YKa3bIBAalOT JaHHbBIE, MOJNydeHHbIe MO 03. bop3uHCcKoe u
camMOM3IUBaroIIeics: ckBaxuHbl (mudp mpodsr 15-20, mpunoxkenue 1), Haxoasencs
nox ero Oeperom. BemnumHa W30TOMHOTO COOTHOIIEHUS CEpPbl PACTBOPEHHBIX
cyab(aTOB BOXBI M3 CKBAXMHBI paBHA —2.3 %o, a 3HadeHHE O S°  aTMoc(epHBIX
OCAaJIKOB apUIHBIX palloHOB cocTaBisieT B cpeaneM 6.7 %o (I'punenko B.A., I'puHeHko
JLH.; 1974). Ilony4yaercs, 4TO NpH JIFOOBIX MPONOPLUHUAX CMEIIMBAHUA aTMOC(HEPHBIX
0CaJIKOB C MOJI3EMHBIMHU BOJaMH PAaCTBOPEHHBIN Cyib(aT He OyAeT UMETh U3MEPEHHOE
sHaveHne °0S°" paBHoe 12 %. ITo HAINM [JaHHEIM CcOfepXkanme S° B BoJe
03. Bopsuuckoe cocraBmser 480 Mxr/m, a 8>'S?paBHo —28 %o, T.e. Kod(hUIMEHT
dbpakmonupoBanus paBeH 1.04 %o. Takoe pa3aeneHre BO3MOKHO HCKITIOUYHUTEIBHO MPU

OakTeprualbHOM BOCCTAHOBJICHUU CYJIh(HATOB.
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TSDKEJIOTO M30TOIa CePhl PACTBOPEHHBIX CYIb(haT-noHOB = S04 .
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CymiecTBeHHOE  (PpaKIIMOHMPOBAHHWE  M30TOMOB  CEPbl  OTMEYAETCs IO
OOJBIIMHCTBY 03€p C OTHOCUTEIHHO BBICOKUM COJIEP)KAaHHEM BOCCTAaHOBIICHHOW CEpBHI.
M30TomHbIi coctaB cepsl S© 31eck BapbupyeT ot 13 B 03. JlopoHuHcKoe 10 -30.8 %o 03.
Man. Axmm. [Ipu stom makcumanbHoe (pakmuonupoBanue cepbl (K=1.0418 %o)
orMeyeHO B 03. llIBapuuBCcKOE€ € OTHOCHTENBHO BBICOKMM COJEp>KaHUEM 3/1eCh
CEpPOBOJIOPO/IA MU CYIIECTBEHHBIMH TMOTEPSIMU CEpbl CYJIb(PATOB MO CPABHEHHUIO C
x710poM. OTHOCHTEIFHO HH3KOE 3HAYCHHE §°'S° B 03. X0IaTyii, CKopee BCero, BIseTCs
CJIEJICTBUEM MHOTOKPATHO MOBTOPSIIOLIETOCS MPOIlecca BOCCTAHOBIICHUS, B PE3YJIbTATEe
KOTOPOro S® MOCTENEeHHO 0GOramaeTCs TKEIBIM H30TomoM °'S. C Ipyroif CTOPOHSI
yTSDKEJIeHHEe  Cyab(UIHOW CEephl  MOXKET OOBSCHATHCS  BBICOKOW  CKOPOCTBIO
cynbdarpeaykiun (DBomronus. .., 1989).

Bnusinue mporecca OakTepuanbHON pEayKIUMH Cyiab(haTOB Ha paslielcHHe
M30TOTIOB CEPbl OCOOEHHO SIPKO BHIPAKEHO B CE30HHBIX U TNIYOMHHBIX M3MEHEHUSX HE
TOJIBKO COJIEpKAHUN BOCCTAHOBJIEHHOM CEphbl, HO U U30TOIMHBIX COOTHOIICHUNA MEXKIY
cynbatHOd ® cynbpuaHONW cepoii B 03. JloponmHckoe (tabm. 5.3). Jlmamazon
BapbUPOBAHUSI W30TOMHBIX TUIOTHOCTEW pACTBOPEHHBIX CYJIb(aTOB HE BBIXOAUT 3a
rpanunsl 18-28.2 %o npu cpennem 3nadeHnu 20.3 %o, a cepoBogopoaa ot 13 1o -7.4 %o
npu cpeaHeM 3.54 %o. MakcumanbHO TsKesas cepa Cyiab(aToB ompenesieHa B MEPUO
nenocraBa (koddduiment dpakuuoHupoBaHusi coctaBuia B cpearem 1.0356 %o). C
YMEHBIIEHUEM COJEpXKaHUN Cyab(aToB HU POCTOM CEPOBOJOpPOAA MO IIIyOUHE
cyabdaTHas cepa oboramaercs °'S, HaIPOTHB, CyIbGUIHAS Cepa CTAHOBUTCS H30TOIHO
jerye.

B nepuon oTkpbiToi BoABI HA (hOHE pOCTa COJACPKAHUM KUCIOpPOa, CHYXKCHUS
cepoBoiopoia (pukcupyercs obserdeHue cepol cynbdaToB. C mporpeBaHUEM BOJBI H
pa3BUTHEM OakTepHaIbHBIX OOpacTaHuil Ha OHE POCTa COJACP)KAaHUI CEpOBOIOPO/A B
MMOBEPXHOCTHBIX CIOAX (PUKCUPYETCS YTSHKEIIEHUE CePhl CyIb(haToOB B ATOM ciioe. Takum
o0pa3oM, HECMOTPS Ha TO, YTO MMEIOTCS JTOKa3aTeIbCTBA OKHUCIEHHUS CEpOBOJIOPOAA,
9acTh Cyib(paTOB BOCCTAHABIMBAETCS O CEpOBOJOpOAAa HeoOpaTuMo, jaanee,
COEIMHSISACH C KEJIE30M, BBIBOJUTCS U3 pacTBOpa B Bujae ruaporpounura FeS:-2H,0, a

NPY HAJTMYUU DJIEMEHTHOHN cepbl U B (hopMe MomcyabGuaoB (MapKa3uT, TUPUT U JP.).
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[TpucyTcTBHE TEPBBIX TOATBEPKIACTCS BHU3YyabHO TIPU OOCIECOBAHUU TOHHBIX
OTJIO)KCHHH M TEPMOJIMHAMHYECKHUMH pacderamu. COTJIaCHO ATHUM pacdeTraMm THIIC
dbopMupyeTcsi B €IMHCTBEHHOM XJIOpUIHOM o3epe bumpunp-Hyyp, a Mupabunut B 03.
03. bop3uHCKOe, B Ipyrux o3epax THIICOBas, a TeM Oojiee MUPAOWINTOBAS CTaIUuU
MUHEpaIN3aliy He JOCTUTAIOTCS.

CrnemoBaTenbHO, HAKOIUICHHWE CyNb(aTOB HE MPOWCXOIUT TJIABHBIM 00pazoM B
pesynbrare WX OakTepualbHON peayKnmuh. B o03epax C OTHOCHUTEIHHO BBICOKHM
COZIEp)KaHUEM CEPOBOAOPOJAa OTMEUASTCS M30TOIMHO TsDKEas cepa Cyiab(paT-HOHOB.
Hampotus, c1abo mposiBICHHBIE MPOIECChl OAKTEPUAIBHON PEIyKIIMKA HE MPUBOAST K
paszeneHuto n30TonoB cepbl. OTHOCUTENBHO JIETKas cepa Ccylb(]aToB 3apuKCHpPOBaHA B
cynb(daTHBIX U cONMOBBIX o3epax |l moxaruma, 4To rOBOPUT O HAJIMYMKM HCTOYHUKA, B
KaueCcTBE KOTOPOTO BBICTYMAOT CYJb(PUABI TOPHBIX TMOPOJ, OOOTAICHHBIC JIETKON

CEpOH.
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I'naBa 6

NCTOYHUKHU TNIPOKAPBOHAT- U KAPBOHAT-UOHOB B O3EPAX

[enTpanbHoi mpoOaemMoil GopMUPOBAHUSI COJOBBIX BOJI OCTAETCS BBISICHEHHE
UCTOYHUKOB yriekucnotsl. [Ipoucxoxnenne CO, npu BenuuuHe —4 <8"C <-8 %o
OOBSCHSAIOT TOCTYIUICHMEM W3 MarMaTUYeCKHX OYaroB MO 30HAM TEKTOHUYECKUX
pasiomoB (Jerenc, 1967). Bonee merkuii yriaepos (—26 %o < 8°°C < —12 %) cBs3bIBaIOT
C mpoleccaMd OMOXUMHUYECKOTo MpeoO0pa3oBaHUs OpPraHUYECKOro BelecTBa, a Oosee
TSDKENBIA — ¢ TepMoMeTaMopduaMoM KapbonatHex Tomm (0 < §°C < 2%). B umcie
BEPOSITHBIX IPUYMH BBICOKHX 3HAYCHHUU §"°C YIJIEKUCIIOTO Ia3a IpEeAIoaracTcs TakKe
HU3KOTEMIIEPATypPHOE PACTBOPEHUE OCATOYHBIX KapOOHATOB.

['eosioro-cTpykTypHbie 0coOeHHOCTH BocTounoro 3abalikanibsi, MarmMaTUdeckas
JESITENIbHOCTh Ha TEPPUTOPUM KOTOPOTO 3aBEpIIMJIACH B ME3030€, M PETHOHAIbHBIN
XapakTep  paclpoCTPaHEHHS  COJOBBIX  O3€p  HCKIIOYAlOT  BO3MOXXHOCTh
TEPMOMETaMOP(UIECKOTO ¥ MAHTUWHOTO TIOCTYIUICHUSI YTJICKUCIOTHI B O3€epa.
HachImeHHOCTh 03€pHBIX BOJ KAIBITUTOM U JIp. KapOOHATHBIMA MUHEpATaMH TaKXe HE
MO3BOJISIET pacMaTpUBaTh MPOIECC HU3KOTEMIIEPATypPHOTO PACTBOPEHHUs KapOOHATOB.
JI1st BBISICHEHUSI OCHOBHOW TPUPOJBI YTJIEKUCIOTHBIX MOHOB TPHUBJICUYEH H30TOIMHBIN

aHaJIN3 PAaCTBOPEHHBIX B 03€PHBIX BOJaX KapOOHATHBIX HOHOB.

6.1. U30TONHBINA COCTAB YIJIePO/a PACTBOPEHHBIX B BOJe YIJIEKMCJIOTHBIX

MMPOU3BOJIHbLIX

B npencraBieHHBIX pe3ysbTaTax HCIIOJIb30BAaHbI JAHHBIE M30TONHBIX AHAIU30B
KapOOHATHBIX OCAJKOB 77 Pa3oBBIX OMpeACsICHUN M0 03epamM, ornpodoBaHHbIM B 2013-
2017 rommer (taba. 6.1) u 21 no o3. JIopOHMHCKOMY, TOJYYCHHBIC 32 MHOTOJICTHHIA
nepuon (tadi. 6.2).

OOpa3upl TOTOBWIM K aHajgu3y MO CTAaHJAPTHOW METOAMKE Pa3JI0KEHUs
kap6onatoB B 100% dochopHOil KHUCTOTE B BaKYYMHBIX YCIOBHSIX IPHU TeMIlepaType
95°C. Boigenennsiii CO, ouMInancs METOAOM KpPHOTE€HHOro pasjeiieHus. M3mepenus
NPOU3BEIAEHBl C MHCHOJB30BAHMEM JBOMHOM CHUCTEMBI HAIyCKa OTHOCHTEJIBHO

71a060paTOPHOTO CTaHAApTa, KATMOPOBAHHOTO MO MEXAYHApOJHbIM cTaHmaptam NBS-
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18, NBS-19 u IAEA-CO-8. BocrpousBoanmocs pe3ynbtatoB (16) coctamsuia 0.1 %o

IS §¥C. M30TonHbIE COOTHOIIEHHS npuBeieHbI 110 ctangapty VPDB mis SBC.

Tabnuna 6.1. M3oTonHbie XapakTepuUCTUKH (%o) PACTBOPEHHBIX B BOJIC KapOOHATOB M

FHI[pOKap6OHaTOB B COJICHBIX O3€pax I10 BBIACIICHHBIM THUIIAM H IIOATHUIIAM.

Eph‘of)qﬁ °Coos | 5Osvow gpmgg °Cros | 6%Oaow “leggﬁ §Coos | 5 Osvow
ComoBbiii v Lo 1517 17 279 1368 26 20
13-16 -3.3 274 Conobiii v I Tiormvn 14-10 -32 26
1319 -39 236 1402 11 286 14-8 -19 30.2
1321 11 281 1313 -108 208 149 -39 265
1323 11 26.1 13-14 35 21 1521 43 189
13-24 1 26.3 14-15 45 272 15-22 58 22
13-27 54 245 1604 02 28.7 1523 14 236
13-35 0.7 24.7 1605 18 309 15-24 -3.3 231
1336 38 300 Conossit v Il oot 1525 | 05 251
13-37 -2 265 1302 25 252 15-26 1.7 30.7
13-39 51 239 1303 -102 251 1505 0.7 273
1349 -3.7 223 13-15 31 26.3 1507 17 282
1364 12 236 13-22 18 28.3 16-08 01 288
1401 14 286 13-31 49 268 16-11 -15 245
1403 05 28.7 13-32 4.7 252 CymbhatHbIA v
1411 02 280 13-33 2.3 258 1607 6.7 26.1
14-12 46 296 13-34 39 292 14-15 45 272
14-13 -16 319 1342 28 291 XTIOpUTHBI THIT
14-14 11 28.7 1344 -16 273 1307 46 27
14-16 02 296 13-46 -36 234 1309 112 26.2
1502 05 265 1347 2.3 238 1310 46 268
1503 -6.6 169 1350 22 211 1311 94 26.1
1504 04 26.7 1352 1.2 204 13-28 -3 26.8
1508 0.3 270 1356 28 264 13-30 08 275
15081 11 26.8 13-61 48 214 13-70 87 201
1511 0.7 265 1364 0.7 240 13-71 49 188
1515 23 298 1365 25 209 1406 -125 282
15-16 18 278 13-66 55 213 1407 -115 28.7

AHanu3 yriepoja pacTBOPEHHBIX KAapOOHATOB TMOKa3all, YTO OHHM 3aMETHO
O0O0€HEHBI TSHKEJIBIM YTJIEPOJAOM MO OTHOIICHHIO K aTMOC(HEPHOMY YITIEKHCIOMY Tasy,
XOTSI OH SBJISIETCSI HEMCUEPHAEMbIM HMCTOYHUKOM YIJiepoAa JUisl BOJHBIX OAacCEHOB.

1
3HaveHns & °C yrIeKHCIOTHBIX KOMIIOHEHTOB, PaBHOBECHBIE ¢ arMochepHbiM CO, mpu
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U30TOITHOM COCTaBe e€ro yriepoma oT -5 10 -8 %o u KodpduimenTax
dpaximonnpoBanus B cucremax CO,—HCO; u CO,—CO;” coorerctsento 1.014 u
1.012 (KOpmosuu, Kerpuc, 2010), momkHbl HaxoauThcs B wuHTepBasie 4-9  %eo.
daxTHuecku OHU HE MPEeBHIAIOT 5.1 %o, PU 3TOM OOJBINIAS YACTh U30TOMHBIX JAHHBIX
MOTAaeT B OTPULIATEIbHYIO 00JIaCTh 3HAUCHUH.

Jlnama3oH W30TOIMHOTO COCTaBa MHHEPAIBHOTO YIJIepoJia HCCIICTOBAHHBIX
O3€PHBIX BOJ TEPEKPHIBACT HWHTEPBAT THAPOKAPOOHATOB MOPCKOH BOJBI U
OCaXIAIOIINXCS M3 HEe XEMOTCHHBIX KapOOHATOB, cOOTBeTCTBeHHO 0+2 M oT —3 10 +1
%o (Talbot, 1990), a Mo MUHUMAJILHOW BETMYUHE MPAKTHYECKU COOTBETCTBYET MOPCKHM
KapOoHaTam, paBHOBeCHBIM ¢ OnoreHHbIM CO, (—12 %o o (FOmouy, Kerpuc, 2010))

HecMoTpst Ha Ooubiloit pa3dpoc JTaHHBIX, MPOCIEKHUBACTCS COTVIACOBAHHOCTH
MEXIy 3HAYCHHAMH O °C M CONCPIKAHMSAMH B O3CPHBIX BOJAX KAapOOHATHBIX
KOMITIOHEHTOB, MEXJy HHUMHU CYIIECTBYeT JHMHEHHas 3aBUCUMOCTh (puc. 6.1) ¢
koaddurmentom 0.5, koropast ycunuBaercs 10 0.8 B xjopuaHbix o3epax. [Ipu stom
3aMETHO YTSDKETSIETCS YTIEPO ] ¢ POCTOM aOCOMIOTHOTO COJIEP)KaHUsI B 03€PHBIX BOJAX
KapOOHATHBIX MOHOB: HambOoOJee JETKUil COCTaB yriepoja B 03epax XJIOPHUIHOTO THUIIA,

HanOoJIe€e TSIKEIBIN — B CONOBBIX.
10

813C; %o (kapb.)

[ ] [
=

100 1000 10000

CO,% + HCO,; mr/n

Puc. 6.1 3aBUCMMOCTb H30TOMMHOIO COCTaBa yriepoaa OT COAEPKaHUs PACTBOPEHHBIX
I'HUIPOKapOOHATOB U KapOOHATOB IO BBIJIEJICHHBIM TUIIAM COJIEHBIX 03€P pErMOHa

(ycrmoBHBIE 0003HAaYEHUSI IO aHAJIOTUH C PUC. 5.7).

Kak mokazano uccinenoBanussymu (ITumeno u ap., 2003), HoBooOpa3oBaHHOE B
nporecce  (GOTOCHHTE3a OpPraHMYECKOE BEIIECTBO aKTUBHO  MHHEPATU3YETCS

MUKPOOHBIM COOOIIIECTBOM C BBICBOOOXKICHHEM HM30TOIMHOJETKOW YIJIEKUCIIOTHI.
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[Tocnenyromas HeWtpanuzamus ee mo cxeme CO, +OH — HCO; (IlIBapiues, 1998)
JaeT 00JIErYeHHBIM U30TOIMHBIN COCTaB yriiepoaa ruApoKapOOHATOB, a B JaJIbHEHIIIEM U
KapOOHATOB.

O 3HauuTeNnbHBIX MaclITabdaxX MOPOAYIUMPOBAHUS OPTraHUYECKOTO YIJIepoja
CBHUICTEILCTBYIOT JIAaHHBIC TI0 COJICHBIM o3epam 3abaiikanbs (HamcapaeB, Hamcapaes,
2007), coriaacHO KOTOPBIM OOIIM (POTOCHHTE3 €ro B TOJIIIIE BOJABI B CYTKH JOCTHIajl B
11.0 mMr/a, B MUKpOOHBIX MaTaX, Pa3BUTHIX HA MEJIKOBOJAbSIX B MpUOpexbsix — 3860
Mmr/n. Hekotopslii BkJIaJi B oOOTraiieHHE O3€pPHBIX BOJ JIETKUM YIJIEPOJAOM MOXKET
BHOCHUTbH BOJHBIA CTOK B MEPHOJIBI IOXKACH C MPUOPEIKHBIX COJIOHYAKOB U 3aCOJICHHBIX
OKapOOHAUYEHHBIX IOYB COMPEIENIbHBIX JaHAMAPTOB, JJs KOTOPBIX XapaKTEPHbI
MUKpPOOHBIE TPOIECChl LHUKIA yriaepoaa. M30TOMHO-TeOXMMHYECKUE HCCIEIOBaHUS
COpPOBBIX COJIOHUYAKOB W OKpYXaloIMX MoyB y 03. benoe B 3amamHom 3abaiikaibe
II0KA3aJI0 YMEHBIICHUE 8"°C mouBeHHBIX kapoonatoB g0 —11.4 %o BcreacTBue
JCSITeTLHOCTH METAaHOOKHCIsIIoIMX Oaktepuit (JJambOaes u mp., 2011).

Kak Obu10 moka3zaHo Bblllle, CKOpOCTU JAecTpykunu OB Ha TepMUHAIBHOM 3Tare
€ro paslioKeHHs] JOCTUTAIOT JIECATKH MTI/1  CcyT. MHOTOYUCICHHBIE pEaKIuu
pazioxenuss OB compoBoknatoress oopasoBanueM paznudHbiX razoB (CO,, CHy, H,S,
N,, H, u ap.). IIpu 5TOM OCHOBHBIM T'a30M JIOHHBIX OCAJIKOB SIBJISIETCSI METaH, Ha JIOJIIO
kotoporo mnpuxomutca o0 80% ot cymMmsbl mpucyTcTByromux ra3oB (Hamcapaes,
Hamcapae, 2007). Ero wu30TOmHBIN cOCTaB, MO JaHHBIM TE€X K€ aBTOPOB, B
HCCIIeIyeMBIX 03epaX BapbUpyeT OT —55 10 —69%o, T.e. oueBHIHA ero OakTepuaabHas
npupoaa. MetaH, oOpa3yeMblil B IOHHBIX Ocajkax 03. JJopoHMHCKOE MMEeT 3HaueHUe
8'°C —68.7%o, B TO BpeMs KaK W3OTONHBIA COCTAaB YIIEpPOAa PACTBOPEHHBIX
YIJIEKMCIOTHBIX MPOU3BOHBIX B 03€pe CYIIECTBEHHO Bhiiie (Tad. 5.2).

NHTEHCUBHOCTh METAaHOTEHE3a B JOHHBIX OTJOXEHHUAX HCICIYEMbIX 03€p
Bapeupyet oT 0.2 mo 140 mxiCH,4/kr. MakcumanbHasi CKOPOCTh OIpeiesieHa B COJIOBOM
03. bop3unckoe. B XJopuaHbIX 03epax MakCUMyM ycTaHOBJIeH B 03 JlabGaca-Hop mpu
aToM OH coctaBmwi Bcero 3.7 MkICH4/Kr, B OCTalbHBIX O3€pax 3TOr0 THUIA OHA

cymectBeHHO HUkKe (ConmoHoBarteIe.., 2009).
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OTH HEMHOTOYHCIICHHBIE ONpEeAeNICHHs] HE TIO3BOJISIIOT YCTAHOBUTH 3aBUCUMOCTH
MEKITy 3HAYCHHAMH O -C METaHa M YIIEKHUCIOTHBIX TPOM3BOIHBIX, HO caM (aKT ero
TPUCYTCTBHUS CBUIETEIBCTBYET O BOBMOKHOCTH OOOTaIIeHHs KapOOHaTOB °C TSKEITBIM
U30TONOM YIJIepojJia BCIEIACTBUM OOMEHHBIX H30TOMHBIX peakiuii B cucteme CO;

—CH,, B pesyisrate Kotopsix CO, oGoramaercst °C, nanpotus CH, mpruoGperaer *C

(T'anmumos, 1968; Zhu, 2013).

Tabnuma. 6.2. HM30TomHBIE COOTHOIIEHHS PACTBOPEHHBIX KapOOHATOB B  03.

I[OpOHI/IHCKOG B PA3HBIC IICPHUOAbI OHpO6OBaHHH.

I3 I8 13 18

[udp npobsI 0 %iDB’ 0 %EDB’ [udp npobsI 0 %’)DB’ 0 E,/?::DB’
J10-13-01-0 1.0 4.85 J10-13-03-5 0.64 7.01
J10-13-01-1 1.0 4.59 J10-13-06-1 1.47 447
J10-13-01-2 0.9 5.05 J10-13-06-2 1.10 5
J10-13-01-3 1.1 4.67 710-13-06-3 1.07 5.2
710-13-01-4 11 5.83 710-13-06-4 1.38 2.34
710-13-015 0.60 4.96 J10-13-06'5 1.23 2.43
710-13-03-0 0.24 6.44 710-13-08-3 0.23 2.43
710-13-03-1 0.18 6.57 710-13-08-4 0.12 2.43
710-13-03-2 0.04 7.0 710-13-08-5 0.17 253
710-13-03-3 0.52 7.37

710-13-03-4 0.75 7.15 J1O-13-08-6 0.27 35

J10-09-09-1- 10-03. Hoponunckoe, 09-2009, 09-centadpsp, 1-rmyounal M (0T 3epkana BOAbI KO JAHY).

OdeBuaHO, 4YTO B XJOPHAHBIX O03€pax, OCHOBHas Macca PacTBOPEHHBIX
KapOOHATOB BBICA)KEHA B PE3y/IbTaT€ XEMOTEHHOT0 MHUHEpPagooOpa3oBaHusl, MOAITOMY
N0l  pacTBOPEHHBIX  KapOOHATOB, OOpasyrlolMXcs 3a CYET  JIECTPYKIUH
IPOAYLIMPYEMOTO JIETKOTO OPraHWYEeCKOro Yriepoja, B oOIIield cymMMe UX BBILIE, YEM
cogoBbix. [lockoibKy Ha  TEpMUHAIbHBIX JTamax JeCTPYKIUMU HE  BECh
BOCCTAHOBJICHHBI  (OpPraHWUYECKHil) YIJIepol  MHUHEpaIu3yeTcs, TMepexoquT B
OKHCIIEHHYI0 KapOOHaTHYI0 (popMy, 4acThb €ro 3aXOpOHSETCS B JAOHHBIX OCaJlKax, TO
MHOTOKPAaTHO MOBTOPSIOUIMECS TOAOBbIE LMKIbI, B KOHEYHOM CYETE, MPUBOAIT K
YMEHBUIEHUIO 1071  (GOpMHUpYIOIIUXCS 3a cueT mnepBuuyHoro OuoreHHoro CO,
KapOOHATHBIX KOMIIOHEHTOB, HM30TOMHBIA COCTaB yrjiepoja IO Mepe HaKOIUICHUs

Kap6OHaTOB YTAXKEIACTCA. KOpOTKO roBops, B XJOPHJHBIX O3€pax COOTHOIICHHC




182

MEXJy oOpa3oBaHMEM pACTBOPEHHBIX KapOoHaTOB 3a cuer OuoreHHoro CO; wu
OCaXXICHHEM KapOOHATOB ¢ OoJiee TSHKEIBIM YIIIEPOIOM BBIIIE, YEM B 03€pax COJAOBBIX.

CkopocTd MHKPOOHBIX IPOIIECCOB HEMOCTOSHHBI BO BpPEMEHH, OCOOCHHO B
rojgoBoM paspese (CaBuueB u ap., 2005; IlpiperoB u np., 2009). IlonydueHHbIE HaMU
U30TOMMHO-TEOXUMHUYECKHE JaHHbIE MO 03. JJOpOHMHCKOMY Takke CBHAETEIHCTBYIOT O
3HAYUTEILHON CE30HHOW M3MEHUMBOCTH M30TONWHU YTICKUCIOTHBIX KOMIIOHCHTOB
(bop3enko, 2012; Zamana, Borzenko, 2014). Ecmm cymiecTBeHHas pasHUIIA B
M30TOITHOM COCTaBE KHCIIOpOJa OOBICHICTCS €ro (pakIMOHUPOBAaHHEM B CBS3U C
UCIIapeHUEM, BTOPUYHBIM MHUHEPAJI000pa3oBaHUEM 00Opa30BaHUEM U TasHUEM JIbJa, TO
KOJIeOaHHWsI H30TONMHOIO COCTaBa YIJIEpoAa KapOOHATOB MOTYT OBIThb CBS3aHBI C
MHTEHCUBHOCTBIO OMOXMMHUYECKUX IPOLECCOB, T.€. C 00pa30BaHUEM U MOTPeOICHUEM
yriaekucioro raza CO; (puc. 6.2).

By

] [ X J
-3
° [ ]
£ 4
% -5 - L 4 9"
2 -6 - *
g ° o
» -7 1 | .l.
'8 T T T T 1
-0.5 0 0.5 1 1.5 2

813Copg; %0

+25.01.2013 m 27.03.2013 4 15.06.2013 @ 30.08.2013

Pric. 6.2. VI3meHeHre M30TOMHOTO COCTaBa KapOOHATOB T10 CE30HAM Tozia B 03. JJOPOHMHCOKOE.

Ce30oHHbIE HAOMIOJEHUS TMOKa3aJid, YTO MaKCHUMaJbHOE OOOralieHue yriepojaa
HCO; TsKembiM H30TOMOM C B HIOHE BBI3BAHO BBICOKO CKOpPOCTBIO (HOTO- U
XEMOCHHTe3a (CyMMapHasi CKOPOCTb AHOKCHUTEHHOTO W OKCHUTEHHOro (HOTOCHHTE3a
paBHa 0.8 mr C/acyr.) (bop3enko u np., 2014). B 3T0oT mepuoj MHTEHCUBHOCTH
cynbdarpenyKiuy Obljla OTHOCHTEIbHO HHU3KOM (48.0 MKr S/i cyT. B BOIHOM TOJIIIE U
85.6 Mkr S/m cyr. B AOHHBIX ocajakax). K OCeHM 3HAYMMOCTh JCCTPYKIIMOHHBIX
npolieccoB craHoBUTCa Becomee, accummsinus CO, canxaercs 10 0.4 mr C/n cyT., npu
TOM YTO CKOPOCTh Cylb(haTpeAyKIIMH B BOJHON TojImie yBenuumBaeTcs mo 1.2, a

JIOHHBIX OTJIOXKEHUSX A0 28 Mr S/n-cyrt. IlomyueHHble pe3ynbTaThl MO CKOPOCTSIM U
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M30TOMHBIM BapUalldsiM YIJIEpo/a, KaK ObLJIO MOKAa3aHO BBILIE, XOPOLIO COTJIACYIOTCS C
pacnpeneneHueM Pa3IMYHbIX (OPM Cepbl, BOCCTAHOBJIEHHBIC COCTOSIHHS KOTOPBIX
HEIMKOM ompenestores cynbdarpenykuueit (bopzenko, 3amana, 2011).

Takum oOpazoM, yriiepoa pacTBOPCHHBIX KapOOHATHBIX KOMIIOHCHTOB
WCCJICIOBAHHBIX COJICHBIX 03€p MMeeT 00Jiee JISTKHI N30TOMHBIA COCTaB B CPABHCHUH C
PAaBHOBECHBIM YTJIEPOJOM aTMOC(hEpPHOTO yriekuciaoro rasza. [lomydeHHble M30TOMHO-
TCOXMMHUYECKHE JaHHBIC IIOKA3bIBAIOT, YTO 3aMETHAas poiib B (OPMHPOBAHUU
COCTaBJISIIONIEH KapOOHATHOM CHUCTEMBI 03€p NPUHAMICKUT BHYTPUBOJOEMHBIM
npouieccam. OnHuM U3 UCTOYHMKOB OB ciyxuT moaBepraromuiics OakTepUaTbHON
JNECTPYKIHUHU JETPUT, KOTOPBIM MOCTyHaeT ¢ BOAOCOOPOB U MPOIYLUHUPYETCS B CaMHX

BOJOCMaAx COO6IHCCTBaMI/I MHUKPOOPTaHHU3MOB.
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I'imaBa 7

W30TOITHBII COCTAB BO/JIbI

N3ydenne M30TOMHOTO COCTaBa BOJI MPEACTABISAECT UCKIIOYUTEIbHBIA HMHTEpEC
JUIS TIOHMMaHHs TeHe3uca BoA M ux spomounnu (Dansgaard, 1964; Seal and Shanks,
1998, Isotope, 2011 wu ap.). OrpoMHOE BIHSHHE B pa3/eiCcHUd H30TONOB B
THUAPOJIOTHYECKOM THKJIE THUAPOC(Eepbl OKa3bIBAIOT HWCIAPUTEIBHBIC MPOIECCH U
IPOIIECChl B3aUMOJICHCTBHS B CUCTEME Bojla — ropHas nopona — ra3 (Kloppmann et al.,
2002). Tpauchopmalusi KOJWYECTBEHHOTO COCTaBa HM30TONOB M WX COOTHOIICHUS
CIY’)KUT €CTECTBEHHOW METKOM, IMO3BOJAIOUICH CYAUTh O CTEINEHU TOTO WM WHOTO
mpoIiecca.

@OpaklIMOHUPOBAHUE H30TOMOB BOJLI TMPU €€ UCIAPEHUU OMPEAeIIIeTCs
MPEUMYIIIECTBEHHO KUHETUUECKUM HM30TONMUYECKUM 3(DPEKTOM U U30TOMHBIM OOMEHOM
MEXIy KUJKOCTBIO U TTapoM aTMoc(epHol Biaru. Peakiuu n30TomHOro ooMeHa jiexar
U B OCHOBE IPOIECCOB B3aUMOJACHCTBHUS BOJBI C TOPHOM TMOPOJONM U Tra3oM.
OGorarienne Bogbl O MPOMCXOIUT B Pe3yIbTaTe OOMEHA B CHCTEME BOAA-TIOPONA H
CHUYKaeTCsl BCIEACTBUE 0OMeHa Bojibl ¢ yriekucioror (Hukanopos, Tapacos, 1987)

Ot1oT 3 deKT onucaH AJist MOJ3EMHBIX BOJ U HA3bIBAETCS KUCIOPOIHBIM CIIBUTOM.
B peanbHBIX yCIOBUSIX BETUYMHA KUCIOPOJHOTO CIBUTA B PE3YyJIbTATE B3aUMOICHCTBUS
BOJIBI C BOJOBMEIIAIONIMMHU OCHOBHBIMH (0a3abTOBBIMH, 580~7 %0) U KUCITBIMU
(rparmtamu, 8°0=10 %o) MarMaTHYECKHMH MOPOAAMH COCTABISIET OT 3 10 5 Y%o.
MakcumanbHbINA CIBUT OTMEYAETCS MPU MUPKYIISIITUU TTOI3EMHBIX BOJI 110 KapOOHATHBIM
nopozam (8'20~30 %o) (Peppouckuii, [Tomsikos, 2009).

Hacrosiirie uW30TONHBIE HCCIENOBaHUS MPUPOJHON BOJBI MPOBEJICHBI B
AnanutuueckoM 1eHtpe JlanpHeBocTouHOro reosorudeckoro nuctutyra JIBO PAH na
Mmacc-cnekrpometpe Finnigan-MAT 252 (I'epmanust). Pabouunii BHyTpHri1abopaTOpHbIN
CTaHJapT KaIuOpoBalics Mo MexayHapoaHbiM cTanmaptam VSMOW, SLAP u GISP.
N3oTOnHBIA COCTaB pacCuMTaH IO CTaHJAApTy oOKeaHudeckoil Boabl (SMOW).
[TorpemHocts anamu3a 16 o kucnopoxay +0.15 %o 1 o Bomopoxy £1.2 %o. Pe3ynbrarsl

npeacTaBeHsl B Tabimie 7.1.



Tabmuua 7.1. T'uapOoU30TONHBIC XapaKTEPUCTHKH aTMOC(HEPHBIX 0CAIKOB, MOI3EMHBIX BOJ 1 03¢€p (%)
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TlomsemHbIe BOIBI ConoBbIii I o Conosbiii Il o

16-12 -11.86 -101.1 1208 41 24 489 1505 -34 2.2 416
16-06 -131 96.1 1502 32 26 435 1507 -1.6 39 408
1506 -132 084 1504 4.0 24 483 1321 20 44 479
1509 -138 924 801 40 24 483 1525 45 24 517
1511 -130 956 158-75 -35 2.7 -46.0 1526 00 41 -209
1513 93 -701 1515 0.6 30 -260 1322 -3.2 2.7 441
1514 -144 -104.6 1516 25 2.3 -36.0 1331 21 54 -314
1522 95 806 1517 2.6 24 -369 13-32 49 20 -60.2
1518 -144 -104.6 1524 54 2.2 574 13-33 -38 31 517
1520 -11.1 870 13-35 4.2 53 486 13-34 05 50 444
1701 -11.1 -850 13-36 0.7 48 413 13-39 06 45 -379
1702 -11.3 890 1511 35 2.2 425 1347 50 2.2 545
1705 -12.7 950 17-13 1.7 21 480 16-08 0.7 49 417
1706 -114 -880 17-15 4.3 2.2 490 16-13 0.3 50 409
1707 -123 0920 1731 04 42 -31.0 1717 -15 44 44.0
17-10 -120 950 17-32 05 38 440 1718 24 22 -34.0
1711 -119 900 1364 6.6 41 66.3 17-19 15 46 -380
1712 -119 96.0 17-29 -15 21 430 17-20 -14 29 -320
17-14 -119 970 Cperree 29 30 431 17-23 -1.3 3.7 -370
17-16 -121 950 Conosbii Il o Cpenpee -18 40 423
1721 121 960 1314 54 22 574 Cynparsbit

17-22 -124 980 164 0.7 51 434 16-07 -2.3 48 454
17-28 -11.8 990 169 05 50 -384 16-14 48 28 576
17-30 -11.3 910 16-10 0.2 50 H01 Cpemmee 03 38 31
Cperree -121 0932 Cperree -14 44 473 ) ) )

AmvocdyepHbIe ocaki XIIOpHIHBIA

OC-151 -11.1 -786 137 52 13 4838 13-10 -1.6 28 -324
0C-134 121 898 139 4.7 16 477 1311 44 17 536
OC-17-1 -100 -730 1407 05 2.7 234
OC172 189 1360 | 4O 30 26 416 Coomee 27 21 213
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7.1. U30TONHBIA COCTAB BOJI PAlOHA UCCJIEIOBAHM A

AHanmu3 TMOJy4eHHOTO MaTepuajia ToKa3aj, 4yTo Hambosee TsoKenas JOoXKIeBas
BOJIa TIPUXOJUTCS Ha CaMyl0 HO)KHYIO TOUKY paiioHa uccienoBanuii (1. ColOBbEBCK), a
Jerkasi (CHer) Ha 3amaJHyl0 4acTh pailoHa MCCIEA0BAHUN — Ha TEPPUTOPHUIO BoAocOOpa
03. [oponunckoro. COOTHOIIEHHE KOHIEHTpallMi JAeUTepuss Hu KHUCIopoaa-18
aTMOC(EPHBIX  OCAJIKOB  PETMOHA, PACCUMTAHHBIX OTHOCUTEJIBHO  CTaHJapTa
okeaHndeckod Boasl (SMOW), nNoAuMHEHO JMHEWMHOM 3aBUCUMOCTH, KOTOpas
ormceiBaeTCs ypaHeHneM: 8D = 7.498'%0 + 1.8 (%o).

N30TOnHKINM cOCTaB TPYHTOBBIX BOJ BapbupyeT oT -14.4 no -11.1 no kucnopony u
ot -104.6 10 -85 %o mo neuntepuro. OONErYeHHBIM COCTaB UMENH TPYHTOBBIE BO/IBI,
OTOOpaHHbIE HA aHAIW3 M3 CKBAXUHBI, PACIOJIOKEHHOW Ha TEPPUTOPHUH BOJIOCOOpa
03. baitn-Ilaran (Bomoc6op p. OHOH), a HanboJee TAKEIbIM — U3 CKBAKUHBI Ha IOTO-
3anagHoMm Oepery o3. 3yH-Topeit (Ynmza-Topelickas paBHuHa). CpeaHee 3HAUYCHHE
M30TOITHOT'O COCTaBa I'PYHTOBBIX BOJ cocTaBisaeT -12.1 as 80 1 -93.2 %o st SD. Jos
OOJIBIIMHCTBA TOYEK, OTHOCAIIMXCSI K TPYHTOBBIM BOJIaM, XapaKTEePEH MPaBOCTOPOHHUN
CIIBUT 110 OTHOIICHHIO K JMHUHU METCOPHBIX BoA (pasHuma 1m0 1.4 %o) (puc. 7.1). [pu
ATOM 3HAUYEHHE KHUCIOPOJHOIO CJIBUTAa HMMEET KaK IOJIOKUTEIbHOE, TaK W
oTpuliatesibHoe 3HauyeHue. OUeBUIHO, UYTO KHUCIOPOIHBIA CIABUT OOYCJIOBJICH
M30TOMHBIM OOMEHOM BOJIbI C BMEIIAIOIIMMU TOPOJaMH U €€ (HpaKIMOHUPOBAHUEM B
pe3yabTare 00pa30BaHUsSI BTOPUYHBIX MUHEPAJIOB, C KOTOPHIMU TOA3EMHBIC BOJIbI
paBHOBECHBI.  JIEBOCTOpOHHUN  CHBUT OTMEUEH B  YIJEKUCIOM HCTOYHUKE,
pacrmoyio)KeHHOM Ha Tepputopuu BojocOopa o3. 3yH-Topeit. B manHom ciydae
00€THEHUE BOJIbI TSAKEIBIM KUCIOPOJAOM OOBACHSII0T 00MeHOM ¢ CO, (DeppoHCcKuit u
ap., 1975).

[IInpokoe BapbUpOBaHUE XUMUYECKOTO COCTaBa U MUHEPAIU3AIMKU O3E€PHBIX BOJI
mpejnoyiaraeT CyIIeCTBEHHbIE Bapualldd UX HW30TOMHOIO cocraBa. Jluamazon
BAPbUPOBAHUSI M30TOMHBIX JIAHHBIX [0 COJAEPKAHUSAM KHUCIOpoJa W JeUTepus
YKJIQJIbIBA€TCS B PAMKH CYIIECTBYIOIIETO Psijia, ONPEASICHHOTO 11 KOHTUHEHTAIbHbIX

Oacceiinos (Craig, 1961).
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Haubonee nerkuii cocraB mo o060MM H30TONAaM BOABI YCTAaHOBJIEH B HamOojee
KpymHOM comoBoM | moxruma o3. 3ym-Topeit (3D -66.3, 8°0 -6.6 %o), cambiMu
TSOKEJBIMA  ObUTHM  BOJABI 1O KHUCJIOPOAY U3 TOH JK€ MOATPYIIBI OJM3KOTO TIO
muHepanmmsanun 03. Y1y-Hyyp (8°0 2.1 %o). MakcuManbHOe COmepKaHHe IeHTepHs
ompejieNieHo B Hambosiee coyieHOM xjopugHoMm 03. ['opOyrka (0D -23.4 %o). Ilo
CpEIHUM OIICHKaM OTHOCHUTEIHHO HHM3KHE COJCpXaHHUS Kuciopoaa-18 mpuxonsarcs Ha
COZIOBBIE 03€pa, a BHyTpH 3Toro Trma Ha |l moarum. Jleirepuii B Gonpimmx macmradbax

HAKaIJIMBACTCS B XJIOPHIHBIX 03epax.
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Puc. 7.1. Paciipenerenue conepxannii 8D 1 °O B mo3eMHBIX BOAAX U 03€pax 110

BBIICICHHBIM THITaM (K03(h(MUIMEHTH! aIPOKCHMAIIIH TS BCeX TUIoB Bog R*>0.9).

B noBepXHOCTHBIX BOJJOEMAX B PE3YJIbTaTe MPOLECCOB UcTIapeHus coaepkanust D
18
u ~ O Bceraa MpeBBIMIAIOT UX KOHIEHTpAIMK B aTMOc(epHbIX ocankax. CuuTaercs, 4To
. 18
yriioBoi ko3¢ duiment 3aBucumocTtd dD u 6O B Bojmax, MoABEPriIMXcs UCIIAPEHUIO,
YMEHBITIAETCS 70 BEIWYMHBI MEHBIICH MO CPaBHEHUIO C YIIIOBBIM KO3(hOUIIMEHTOM
JIOKQJIbHOW JIMHUM PErpeccMy HW30TOMHOr0 cocTaBa aTMoc(epHbIX ocaakoB. B

CpaBHCHHH C IIOA3CMHBIMH BOJaMH O03€pa B OOJIBIIIEN CTENEHU IMMOABCPTHYTHI
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UCTIAPUTEIBLHOMY TPOIECCy, T.K. COOTBETCTBYIOIIUE TOYKH (COOTHOIICHUH TSKEIBIX
M30TOITOB O3€PHBIX BOJI) PACIIOJIOKEHBI CYIIICCTBEHHO NIPaBee TMHUH METCOPHBIX BOJI.
CornacHo rpadukam, OTPAKAIOIIUM paclpe/ieieHne 3HAaYeHUW COOTHOIICHUM
000MX M30TOTIOB 03E€PHOM BOJABI B 3aBUCHMOCTH OT €€ MHUHEpPATU3aIHK, BUIHO, YTO B
OOJBIIMHCTBE CIy4YaeB MEHEE MUHEPAIU30BAaHHBIE COJOBBIE 03€pa M OOJee COJIEHBIE

XJIOPUJIHBIC UMCIOT OJIN3KUE BETMUMHBI COOTHOIICHUH M30TOIOB (pHC. 7.2).
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Puc. 7.2. PactipeienieHre 3Ha4€HUI CTETICHU UCTIAPEHUS U COJIEpP KaHUs 80 udD B

BBIJICIICHHBIX TUTIAX U MOATUIIAX 03ep (YCIOBHBIC 0003HAYCHHS CM. puc. 7.1).

[IpoBeieHHBIE MHOTOYKMCIICHHBIE MCCIIEIOBAHUS MTOKA3bIBAIOT, YTO B MPUPOTHBIX
YCIIOBUSIX M30TOIHBIA COCTaB »dBallOPUTOBBIX 0acCEeHOB MOXET KojeOaTbCs B
3HAYUTENIbHBIX TpejesiaXx B 3aBUCHMOCTH OT CTerneHHM uchapenus ux Boj (Sofer, Gat.
1975; I'yunano, 1980). B paccMatprBaemMoM ciiydae COrJIaCOBAaHHOCTH B pacIpe/e/ICHUN
3HAQYEHUN COOTHOIIECHUN TSKEIbIX W30TOIMOB BOJBI M CTENEHU €€ HCHApPEHUs HUMEET
MECTO JUIS XJIOPHUIHBIX U CYJIb(aTHBIX 03€p M OTCYTCTBYET JUIS COMOBBIX (puc. 7.3), a
ATO 3HAYHUT, YTO U3OTOIHBIM COCTAB MEPBBIX (POPMHUPYETCS MPEUMYIIECTBEHHO 3a CUET
WCIIAPUTENILHOTO KOHIIEHTPUPOBAHUSI BOJI, & JIJIs BTOPBIX OH 00JIe€ CIIOKHBII.

Cuuraercs, yTo oOoramieHue BOJ JCHTEpUEM IOBEPXHOCTHBIX BOJI B OOJIBIIICH
CTeleHH o00s3aH0 HCMApeHHIO, OTCIOAAa, NPHHSAB (DAKTUYECKOE €ro 3HaueHHE
COOTHOIIIEHUSI B 03€PHOM BOJI€, Mbl PAaCCUUTAIM IO MPUBEACHHOMY BBIIIE YPABHEHUIO
METEOPHBIX BOJI COOTBETCTBYIOIIYIO BEJIMUMHY, KOTOpas IOJDKHA OBITH TP MCIIAPEHUU
BOJIbI JJTs1 KMCJIOpoaa-18. BennunHa n30TOMHOTO CABUTa OblTa BEIYMCIICHA 110 PA3HOCTH
MEXIy W3MEPEHHBIMH M PACCUUTAHHBIMU 3Ha4YCHHSIMHU. [Ipu 3TOM TOJIOKHUTEIbHBIE

YKCJia YKa3bIBAlOT HA O6OFaHleHI/Ie BOJBI TSAKCJIBIM M30TOIIOM KHCJIOPOa.
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. 18
Puc.7.3. Pactipenenenue 3HaueHU# CTETIEHN UCTIapeHUA U cofepkanus & O u 0D B

BBIJICIICHHBIX TUIIAX U MOATHIIAX 03ep (YCIOBHBIC 0003HAYCHHS CM. puc. 7.1).

Pacuersl 1oOKazamu, 4YTO B CpEOHEM BEJIMYMHA KHUCIOPOJHOIO CIBUIa
MakCUMaJIbHa [UJI1 COJOBBIX O3€p W MHHHMMajlbHa JUId XJOpUIAHBIX. [Ipmuem
OTHOCHUTEJILHO BBICOKME €r0 3HaueHHs Npuxojsarcs Ha o3epa ¢ pH>9.5. bonee Toro, B
CONOBBIX O3€pax MMEET MECTO JIMHEHHAs 3aBUCHUMOCTb MEXAY 3HAYCHUSIMH
KucinoponHoro casura u pH ¢ BenmumHO#M mgocTtoBepHO# ammpokcumarmu (.62
(ko3ppuument xoppensunu paBeH 0.8), UTO KOCBEHHO YyKa3bIBa€T Ha BO3MOXHOCTb
(pakUMOHUPOBaHUS  KUCIOpOAA BOJAbI B  pe3yjbTaTe peakuud  THIPOJIU3a
QIIOMOCHJIMKAaTOB BMEIIAIOIIUX IOPOJ, OJHHMM M3 IPOAYKTOB KOTODPBIX SIBJISIETCS

ruapokcua-uoH ([Bapues, 1998).

=]

cABHI no 1330, %o
R R R ST - N
s

Puc.7.4 Cs3b 3HaueHnii pH ¢ BeTMUMHON KUCIOPOTHOTO CIIBUTA.

W3BecTHO, 4YTO MpH PACTBOPEHUU TMEPBUYHBIX MHHEPAIOB M OOpa30BaHUU
BTOPUYHBIX  MPOUCXOAUT  (PPAKIHMOHUPOBAHUE  M3OTONOB  KHUCIOpOAA  BOJIbI,
YYaCTBYIOIIEW B J3TUX peakuusx. Ecim pacTBOpsemMble BOAOM IEPBUYHBIE IMOPOIBI
uMeroT 5°0 7—10 %o, To 06pasyeMble HMH ayTHICHHBIC ATIOMOCHINKATBI MMEIOT yKe

oonee Boicokue 3HaueHus (15-20 %o) (Northrop, Clayton, 1966, Savin, Epstein, 1970,
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®epponckuid, IlomsikoB, 2009). IlosToMy npu peaknusx THAPOIM3a OTMEYaeTCs
06orareHne H30TomoM °O He TOIbKO BTOPHYHBIX MHHEPAIIOB, HO U BOIBL.

Ha B03MOXXHOCTH pa3jielieHusi U30TOTNOB B pe3yJibTaTe B3aWMOJCHCTBUS BOJBI C
TOPHOHM TMOPOJION MJIT COMOBBIX O3€P YKa3bIBACT YTSKEICHHE BOJLI U TIO BOJOPOIY
(Tabn. 6.1) 3a cuer mepexona H' Bo BTopuuHbIe MUHEpATIEl KaK O0jIee JIETKOr0 H30TONa
3a cUeT U30TOMHOT0 KMHEeTHYecKoro 3¢ dekra. [loaToMmy npu OTHOCUTEIBHO HEBBICOKOM
CTEIICHH HCIAPEHHs BOJ COMOBBIX 03€P OTMEYAeTCs 06OTalleHne ee He TOIbKO O, HO
uD.

B 10 xe Bpems dopmupoBaHHE KapOOHATHBIX MHHEPAIOB, B YaCTHOCTH
KaJIblIUTa, MarHe3uTa, JOJIOMUTa M Jp., MPUBOJUT K €IIe OOJbIIeMYy pa3eieHHUI0
M30TOMOB. Kak IMOKa3ald MHOTOYHCICHHBIC OIPENCICHHS & O pACTBOPCHHBIX B
03epHON Bojie kKapOoHaToB (Tabmuiel 6.1 u puc. 7.5), Boja Mo KHCIOPOIY MO BCEM
o3epam npuMepHO Ha 30 %o jerue xkapO6oHatoB. O4eBUAHO, YTO TIPU (POPMUPOBAHUU
HCO; u CO3” mpoucxomuT (GpaKkIHOHMPOBAHHE KUCIOPOAA C HEPEXOIOM TSDKEIOTO
M30TOTa B KapOOHATHBIC WOHBI. YUHUTHIBAas, YTO BCE O3EPHBIC BOJbI PABHOBECHBI C
KapOOHATHRIMA MHHEpaJiaMH, T.€. KapOOHATOOOpa30oBaHWE IMPOTEKAET BO BCEX THITAX

03€p, OTCI0JIa ATOT MPOLIECC B PABHOM CTENEHU BIUSET HA U30TOMHBINA COCTaB UX BO/I.

3'%0gyows %o (H,0)

35

8180g0w ; %o (HCO,+CO,2)

Puc. 7.5. Pactpenenenue 8°0 BOIbI OTHOCHTEIBHO & °O PaCTBOPEHHBIX KAPGOHATOB.

Haub6omee nonpo6HO ObUT M3ydeH U30TOMHBINA COCTaB BOABI 03. JIOPOHUHCKOE T10
rIyOMHE W B pasHble Ce30HBI rona (Tabum. 7.2). M30TomHBIC MIOTHOCTH BOJIBI B 3TOM
BOJIOEME BapbUPYIOT OT -6.6 110 -3.3 %o mo kuciopony-18 u ot -64.6 no -45.8 %o mo
neiiteputo. Ecnu yTspkeneHHME HW30TOMHOTO COCTaBa B TMEPHOJ OTKPHITOW BOABI B
MOBEPXHOCTHOM CJIO€ MOXET OOBSCHATHCA HCIApEHUEM, a OOJerdyeHue B 3UMHHUUI

nepros — JenoodpasosanreM (3amana, 2009), To oboramenue Bog O B MPUIOHHOM
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CJIOC BOJABI CTpaTI/I(l)I/ILII/IpOBaHHOFO Mo COJICHOCTHU BOJOCMA KOCBCHHO YKa3bIBACT HaA

00OMEH JICTKOTO M30TOoIa BOJbI Ha TSDKEIIbIA M30TOI IMOACTHUJIAIOIIUX IIOPOA.

Tabnuna. 7.2. I'uapou3oTorHbie XapakTepucTuku (%o) 1 MUHEpanu3anus Boj (I/1) 03.

JIopoHMHCKOTO MO ITyOrHE (M) U B pa3HbIe CPOKH OMIPOOOBAHUS

Mudp ['ybuna 5°Osmow 8Dsmow MuHepanuzauust
J0-10-12-2-2 2 -5.5 -57.8 24.5
J0-10-12-2-5 5 -3.3 -45.8 31.8
J0-13-01 2-1 1 -4.9 -55.3 28.1
J0-13-01-2-5 5 -4.8 -53.0 33.9
J0-11-03-2-0 1 -6.6 -58.3 32.0
J0-11-03-2-6 6 -4.1 -48.9 33.9
J0-12-04-2-0 0 -6.0 -64.6 34.6
J0-12-04-2-5 5 -5.3 -58.4 35.5
J10-11-06-2-0 0 -5.5 -58.4 15.8
J0-11-06-2-5 5 -4.4 -54.6 32.2
J10-12-08-2-0 0 -4.6 -57.8 195
J0-12-08-2-4 4 -4.4 -54.1 33.7

J10-10-12-2-2 — 10-03. loporunckoe, 10-2010 r., 12-nexkabpb, 2-1IeHTpaIbHAS CTAHIINS, 2-
riryonHa otréopa mpoObl BOIBI.

B To ke BpeMs CHHXpPOHHOE€ HM3MEHEHHWE HM30TOMHOHN IUJIOTHOCTH BOJOpPOJa B
MPUJIOHHOM CJIO€ BOJbI YKA3bIBAET HA CYIIECTBOBAHHME HE TOJHKO M30TOIMHOTO OOMEHa
KHCIIOpOJa C TMOpOJoM, HO H (PpaKIMOHMPOBAHUA KHCIOpPOJa B MpoLecce
B3aMMOJICHCTBHS B CHCTeMe «Boja—TopHas rmopozaa». [To manasim (Matsuo et al., 1978)
BBITIJICHHUE TCHIIFOCCUTA IPUBOIUT K 00OTAIICHHIO XUIKOM (pa3bl neritepueM Ha 15 %eo.
Hanuuue reiyiroccuta B TOHHBIX OTJIOXKEHHUSIX COA0BOTO 03. Jloponunckoe (FOpreHcos,
CepebpennukoBa, 2011) moarBep)kaaeT BO3MOXHOCTh MPOTEKAHUS TAKOTrO TMpoliiecca.
Pacuer paBHOBecHil MOKa3aj, YTO MCKJIKOYUTEIBHO COJOBBIE 03€pa HACBIIMIEHBI 3TUM
MuHepasioM. CyllleCTBEHHOE BIIMSIHUE Ha (PPaKIMOHUPOBAHHE BOAOPOJA MOTYT
OKa3blBaTh W OakTEepHAIbHBIE TIPOIECCHl TMyTeM W30UPATEIHHOTO IOTJIOMICHUS
MUKpoopranusMamu npotus (Pepponckuid, [Tomskos, 2009).

Takum 06pazoM, Mo BapHaIUsIM U30TOIMHBIX OTHOIICHUN BOJBI BCE 03€pa MOKHO
pa3ieluTh Ha JBa THUIA, W30TOMHBIM COCTaB BOJABI KOTOPHIX (OPMHPYETCS
MPEUMYIIIECTBEHHO 3a CUET MCHapeHUss U 3a CUeT B3aWMOJICUCTBUSA BOJBI C TOPHOM

TTOPOJION.
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I'JIABA 8
O®OPMUPOBAHUE COCTABA COJIEHBIX O3EP

8.1. OcHoBHBIE (paKTOPBI U MpoLecCH (POPMUPOBAHUSA 03€P

AHanu3 TOJyYEeHHBIX JaHHBIX MOKA3bIBAET, YTO HA OTHOCHUTEIHHO HEOOJIBIIOM
TEPPUTOPUH B ONHM3KUX KIUMAaTUYECKHUX, JIAHAMAPTHO-TeOMOP(OTOTHIECKUX W
TEOJIOTO-TEOXUMUYECKUX YCIOBHUSAX (DOPMHUPYIOTCS Pa3INIHBIE TEOXUMHUYECKHUE THUIIBI
o3ep: CoioBbie, Cyiab(daTHble M XJIOPUAHBIE W WX MHOTOYHUCIEHHbIe ToaTurbl. 1o
UCTOPUYECKH YCTOSIBIIMMCSL TPeACTaBICHUSIM (HOPMUPOBAHUE PA3TUYHBIX TUIIOB
COJICHBIX 03€p OOBSICHSECTCS UCHApUTEIbHBIM KOHIICHTpUpoBaHUeM ux BoJ (KypHakos,
1930, Bansmxko, 1952, Ilocoxos, 1946, 1955, 1969, 1975, 1981), B x0ome KOTOpOTO
IIPOMCXOIUT IOCIIEI0BATENBHOE OCAXKACHUE COJIEW MO MEpEe HACBILICHUS UMU O3€PHBIX
BOJI, CHauajga HanMeHee paCTBOPUMBIMH KapOOHAaTaMU KallbllUsl U MarHus, a 3aTeM
CyJb(aToOB KaJIbIUsS, HATPUS U T.lI., CO CMEHOM XMMHYECKOIO THUIA OT KapOOHATHOTO K
cynb(daTHOMYy U Jajee K XJopuaHomy. Takas mocieioBaTelibHas CMEHA XMMUYECKOTO
tumna o3ep no tepmunonoruu akan. H.C. KypHakoBa Co BpeMeHH ero paboT Ha o3epax
KpbiMa B Havasie 20-ro CTOJETHS MOJy4Wsa Ha3BaHHE «IIPSMON MeTaMopdu3anum.
OnHako, Kak TMOKa3ajdd MHOTOYMCIICHHBIE WCCIEAOBaHMS, BBIMAPUBAHUEM BOJbI
(mpeCHOM, CoJIeHO#, MOPCKOM U T.J.) HE y/1aeTCs MOIy4uTh ComoBbie Boabl (JKepebiiosa,
BouikoBa, 1966; Harvie et al., 1980; McCaffrey et al.,1987; Warren, 1989).

HNuyro mocCnemnoBatenbHOCTh dBooIMu  BeICTpamBaeT O.A. CrisipoBa €
COaBTOpaMH Ha IpuMepe MUHepaiabHBIX o3ep Ilpmonbxoubs (CxispoBa u ap, 2002).
OHa oTIM4YaeTCs OT MPEJCTABICHHBIX BbIIE CXEM W MPOUCXOJUT B BHUAE MABYX
aJIbTEPHATUBHBIX MOCIIEI0BATEIIBHOCTEN:

(HCO3)—(Ca, Mg, Na) — (HCO3)-(Mg, Na) — (HCO3)—(Na);

(HCOs, SO,4)—(Ca, Mg, Na) — (HCO3, SO,4)—(Mg, Na) — (S04, HCO3)—(Mg,

Na) — (SOy4, C)-(Mg, Na) — (CI)—(Na).

CormaCHO »THM JBYM CXeMaM THUAPOKapOOHATHBIE BOJLI TMPU HUCHAPECHUU
npeo0pa3yroTCs Mo COJOBOMY THITY, THIPOKApOOHATHO-CYIh(aTHBIE — MO TATUTHOMY

TUIY.
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dakTUyeCKkoe pacCrnpeesieHne XUMUYECKUX KOMIIOHEHTOB B BOJAX H3YYEHHBIX
o3ep BoCrounoro 3abaiikanbsi OTAMYaeTCsd OT YKa3aHHBIX CXeM MeTaMopduzauu
(rmaBa 2). Toabko B HaMMEHEE MUHEPAIM30BAHHBIX 03€pax MPH COJICHOCTH 110 2 T/
AHUOHHBIA COCTaB BOABI ObUI COOCTBEHHO THMAPOKAPOOHATHBIM, B OCTAJIbHBIX
npeobagaroMM WM BTOPHIM O 3HAYMMOCTH SBISETCS MOH xyopa. [lo psay o3ep
XJIOp CTaj OCHOBHBIM aHMOHOM Y’K€ Ha paHHHUX dTarax KOHIEHTpUpoBaHUs Bojbl. [lpu
TOM KOHLIEHTPALUU CyIb(aT-nOHOB MO OOJNBIIMHCTBY 03€p CyIIECTBEHHO HIDKE, YeM
JIOJKHO OBITh TIPU UCTIAPEHUMU.

Ecnu uCxomuTth M3 COOTHOLIEHUSI OCHOBHBIX AHMOHOB B IOJI3EMHBIX BOAAX 30HBI
KOHTHHEHTAJBbHOTO 3aCOJIEHHs], 00ECIEeYNBAIOIMX OCHOBHYIO JOJIF0 COJIEBOTO NMUTAHUS
03ep, TO MOCIEe BbINAJACHUS KapOOHATOB MpeoOalaroliuM aHUOHOM JIOJKEH OBITh
XJIOPUJ1, SKBUBAJIEHTHbIE KOHLUEHTPAMM KOTOPOro B CpEAHEM BhIIIE, 4eM Cyibdara —
nmo C.JI. IIeapueBy (IlIBapues, 1998) coorBerCTBeHHO 7.27 uM 6.33 Mr-3KB.
CnenoBatenbHO, 1O CTaJAuM BBINAJEHUS 00pa3yeMbIX OSTUMU AaHMOHAMHU CoJel
HAKOIUIEHUE UX JOJDKHO NMPOUCXOAUTH, IO KpalHEN Mepe, B OIMHAKOBOW MPOIIOPLUH, U
XJIOpUJ, Jaxe mpu Oojee HUBKUX BECOBBIX COJECpXKAHUSAX, B OSKBUBAJCHTHOM
OTHOIIICHUU OyJeT moMuHUpOBaTh, T.e. Cl” Oymer ompenensromuMm B HAaUMCHOBAaHHH
XUMHUYECKOTO Tuna Bojabl. O4ueBUAHO, YTO (hopMHUpOBaHHE CyIb(aTHBIX BOJ B TaKOM
Cllydae BO3MOKHO IIPU HAJIMYMH OCOOBIX yCIIOBUI — CyIIeCTBOBAHUH JOIMOJIHUTEIbHBIX
MCTOYHUKOB MOCTYIUIEHUS B 03epa Cynbdartos ([[3t00a u ap., 1997).

Eme oaHy CXxeMmy O3BOJIOLNMH BOJ IMPEMIOKWIM aAMEPUKAHCKHAE YYEHBIE
JLA. Xapmu u X.II. Orcrep (Hardie, L.A., Eugster, 1970). Ona omnpenensercs
UCXOJHBIM COCTaBOM IOA3EMHBIX BOJ, Y4YaCTBYIOLIMX B COJIEBOM INHTAHUH O3€p U
MPOTEKAET MO JIBYM HAIPABIICHUSIM: KAJIBIIUEBOMY (XJIOPUIHOMY) HEUTPpAIIBHOMY TYTH,
1pu KOTopoM pH uCmapsromencs 03epHOM BOAbI OCTAETCS HA YPOBHE MOA3EMHBIX BOJI
(7-8), u comoBomy, npu kotopom pH pacrer mo 11. Ilpm sTtoM s oOpa3oBaHus
OTIPEIETICHHOr0 TUIA 03€p JAOKHO COOJII01aTHCSl HEPaBEHCTRO!

2MegIMycost2meps>1 1as XJI0pUIHBIX,

cha/cho3 +2mco3 <1 IJ11 COAOBBIX.



194
Kak moka3anu MHOTOYMCIIEHHBIE UCCIEIOBAaHUS, HE3aBUCMMO OT TUIA BOJ IO MeEpe
B3aHMOJECUCTBUSA MX C BMEIIAIONIEH MOPOJOW HACHIIIEHUE O3€PHOW BOABI KAJIBIUTOM
MPUBEIET K CHUXKEHUIO cojiepkanusi Ca B pacTBOpE, MOTOMY €0 KOHIIEHTpaluu OyayT
OTHOCHUTEJIbHO HU3KUMHU BO BCEX TUMAX BOJ.

Cpenu WU3Y4YEHHBIX HaMHM TMOJ3EMHBIX BOJ| IIUPOKUM PaCIpPOCTpPaHEHUEM
MOJIB3YIOTCSI BOJIBI C MOBBIIIEHHOUW COJIEHOCTHIO ¥ pH, ¢ YBETMUEHHBIM CO/IEpKAHUEM B
mux Na* u COs* u HCOj;, T.e. comoBeie Bonpl. Hambojiee meTaabHO MEXaHH3MBI
dbopmupoBaHus COAOBBIX MO3eMHBIX BOJ pacCMmoTtpensl (LlBapries 1991, 1998, 2007 u
Jp.). ABTOPOM MOKa3aHo, YTO Cojia 00pa3yeTCs MoBCEMECTHO Ha ONPECICHHON CTaluu
B3aMMOJICUCTBUSL BOJABI C alllOMOCHJIMKAaTaMH, KoTopas HaCTynmaeT C MOMEHTa
JOCTIKEHMsSI PaBHOBECHSI BOJbI C KaJbIIMTOM M HACTymaeT BCerjaa, €Cid Boja He
MOKHUIACT TOPHYIO MOPOJIY paHbIle, YeM HACTYIUT CTausl COI0BOrO B3aUMOACHCTBUS.
Haubonee OnarompusitHass o00CTaHOBKa Jyisi  (OpPMHpPOBaHUS  COJIOBBIX  BOJI
CKJIaJbIBAaCTCs B JIECOCTEMHBIX M CTENMHBIX JaHAImMA(TaxX, B KOTOPBIX JOMHHHPYET
nomemublii ok 0.1-0.3 1/C xM°. B 5ToM Ciydae Bpems B3aMMOICHCTBHS BOJBI C
TOPHBIMH  TOPOJIaMU  JOCTAaTOYHO [JIsi HACBIEHWsS paCTBOpa KaJIbIMUTOM W,
COOTBETCTBEHHO,  oOpa3oBaHus  Coabl. Takue  yCIIOBHSL ~ XapakTepHbl IS
pacCMaTpuBaeMoOro peruoHa (riasa 1), TeM He MeHee, POPMUPYIOTCS pa3HbIE THIIbI
03€p, a HE TOJIbKO COJIOBBIE.

dopMUpOBaHUE XUMHYECKOTO COCTaBa 03€p MPUHIMIUAILHO HE OTJIMYAETCS OT
MPOIIECCOB, MPOTEKAIOIUX Ha MX BOJOCOOpax, 3a UCKIIOYEHHEM TOro, YTO MaciiTad
UCTIapeHusi Il 03ep OoJibllie, OTCIOJA BBIIIE COJICHOCTh. [lOATBEPKICHHEM ASTOMY
SBJISIETCS TAK)K€ OTHOCUTEIBHO BBICOKHE 3HAYEHHUS COOTHOILIEHMM Kuciopoaa-18 u
JeUTepHsi, KOHIICHTPAIU MHOTUX MUKPO- ¥ MAaKPOKOMIIOHEHTOB U JIP.

AHallU3 PpacUETHOTO 3HAYEHHUS CTENEHU MCHApEeHUs BOJ OTHOCHUTEJIHHO
coJiep KaHMi XJI0pa B TPYHTOBBIX BOJIaX OJHOTO C 03epaMu OacceiiHa rmokasain (riasa 3),
YTO BCE 03€pa MOJBEPTHYTHl MCHAPEHHUIO, HO MacmTad sl KaKJI0ro o3epa OTJIHYCH.
Otcroma pasHoe cojepkanue pactBopenHoro B Bogax NaCl, makcumanbHOe
KOJIMYECTBO KOTOPOTO MPUXOIUTCS Ha XJIOpHUIHBIE o3epa (Tabm. 8.1). B pa3HbIx mossx

NPUCYTCTBYIOT PAcTBOPEHHbIE Ccyib(paTHble cond U coja. Haubonbiime ux goiu
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MNpUXOaATCA Ha Cy.IIB(baTHble H COIOBBIC 03€pa COOTBCTCTBCHHO. HpI/I 9TOM
MaKCHMAaJILHBIM MacImTad HAKOIIJICHUS COAbI OTMCYACTCS B MCHCC MHWHCPAIIN30BaHHBIX

03€pax, B MECHBIIIECH CTCIICHU IMOABCPKCHHLIX UCIIAPHUTCIIBHOMY IIPOLCCCY.

Tabnuna 8. 1. ConeprkaHue pacTBOPEHHBIX COJIeH B pa3HbIX Thmax o3ep (%)

["'eoxumuyeckue TUIIBI 03¢€p

Conu ConoBblii CynbdaTtHblil XJTOpUTHBII
1 | 2 3 | 1 2 3 | 1 2 3
Na,CO; | 35.7 | 549 | 135 | 200 | 100 | 181 | 39 | 81 | 27
NaCl | 430 | 338 | 60.3 | 199 | 330 | 183 | 8L2 | 789 | 86.1
1SS, | 213 | 113 | 262 | 601 | 570 | 636 | 150 | 130 | 112

1- [Ipu cpenneit, 2 — MUHUMAJIbHOM, 3 — MaKCUMaJIbHON COJIEHOCTHU O3€p.

Cornacuo (IlIBapue u ap., 2014) dopmupoBaHue COMOBBIX 03€p CTAHOBUTCS
BO3MOXKHBIM, €CJIM HCIApEHUE HE3HAYUTEIbHOE WM KOMIICHCUPYETCS MPUTOKOM B
03€pO JOMOTHUTEIBHBIX 00HEMOB MOBEPXHOCTHBIX HIIU MOA3EMHBIX BOJI.

PaccunTaTe BOMHBIC OaIaHCHI BCEX 03€p HE MPEACTABISAETCS BO3MOMKHBIM, 3TO
pabota TpebyeT chenuagbHbIX HcclieqoBaHuil. Kak mokaszaniu OajaHCOBBIE pacyeThl
JECATH HWCCIEAOBAaHHBIX 03€p, BEIMYWHA WCMApeHus wu3-3a Oonbiiero obObeMa
MOCTYIAIOIIEH BOABI C BOAOCOOPHBIX IUIOMIAZCH B COMOBBIC O3€pa MEHBIIE, T.€.
pacxojHasi 4acTh BOJIBI O3€pa BbIlle, 4YeM mpuxogHas. Ho B comoBbIX o03epax
(doponunckoe, banw3oii, 3yn-Topeit, baiin-1laran, basu-bynak, Hoxwuii) sta paznuna
MEHbIIIE: OTHOIICHHE MPUXOAHON YacT K pacxoano paBHo 0.60-0.99, a B xmopuaHbix
o3epax (I"'opOynka, Xunranta, bumbunp-Hyyp, [{labaca-Hop) ono cocrasmsier 0.48-0.52.

Ecnmm cpaBHUTh TUTOMIaaM BOAOCOOPOB COMOBBIX W XJOPHUAHBIX O3€p K HX
IUTOINASIM aKBATOPHIA, TO COOTHOIICHHE TSI COMAOBBIX 03ep B cpeaHeM Bbiire (25), uem
XJOpUaHbIX (8.8), uTO yale CBsA3aHO C OOJbIIEH TUIOMIAIbI0 BOJIOCOOpA IS MEPBbIX.
ComnoBbie 03epa, Kak MpaBUjIO, TIIy0Xe W UMEIOT OOJBIIHMK 00BEM O03€pHOM BOJHI,
OTCIO/Ia B BOJIHOM OaJlaHCE JIOJIS UCTIAPEHUsT Y HUX HUXKE.

B  kawectBe  1OKa3aTeilbCTBA  MEHBUIETO  BJIMSHUS ~ MUCIIAPEHUS  Ha
TUJAPOJIOTUUECKAN PEKUM COJOBBIX 03€p, YEM XJIOPHUIHBIX, CPABHUTEIBHOMY aHAIU3Y

ObUTM TIOABEPTHYTHI 17 BOJOEMOB, U3 KOTOPHIX — C miomanaso ot 4 1o 300 M 3yH-
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Topeit, Xapa-Hyyp u Llaran-Hyp; menee 4 M’ I'anra-Hyp, bop3unckoe, [lIBapuusckoe,
Hoponunckoe u Illuxanuu-Hyyp; wMenee 1 Ve Xaparanaw, bapyn-1lluepryi,
bunpunp-Hyyp, babbe, Kymxeprait, bonbmas bynyrynna, Xwunaranrta, ['opOyHka,
[Haran-Topowm.

3a HayaJbHYIO TOUYKY OTCYETAa U3MEHEHMS IUTONaAeil akBaTtopuil npuHAT 1989 r.,
KOTOpPBI XapaKTepU3yeT TUIPOJOTUYECKU pEeXuM o03ep B (a3zy HapacTaHus
yBIIaXKHEHHOCTH. Hauano ee npuxomutcs Ha 1982 1. Jlanueie 3a 1999-2016 .
OTHOCATCS K (pa3e apumusanuu kaumatudeckux ycioBuil. (O06s308, 2002). [To Hamum
JAHHBIM 34 3TO BpeMs MPOM30LLIO0 PE3KOE YCHICHUE 3aCyILUIMBOCTH, KOTOPOE IIPUBEIIO
K BBICBIXaHUIO IO COCTOSIHUIO yke Ha 2016 1. He MeHee TPETH OT OOIIEro Yyucia o3ep.

Ananm3 kocmudecknx cHUMKOB (ammapar Landsat TM, ETM+ u OLI) nokasan,
YTO 32 paccMaTpPHUBAEMbI MEPHUOJ CYIIECTBEHHO H3MEHWINCh IPEUMYIIECTBEHHO
IJIOIIA/IA 3€PKAJl MAJIBIX BOJJOEMOB, B UHCIIE KOTOPBIX B OCHOBHOM 03€pa XJIOPUAHOTO U
cyab(darHoro TUMOB (3a uckiIodeHrueM o03. Kyka-Asbipra), KOTOpbIE MOJTHOCTHIO
BbICOXJIH K 2016 T. (puc. 8.1).

1 .
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Puc. 8.1. I3meHeHune m1ommaaei BOAHBIX 3epKajl COJICHBIX 03ep BocTounoro

3abaiikalibsi IO BBIJICJICHHBIM THIaM 3a nepuoj 1989-2016 r.
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CormacHo reomopdoyioruu  paiioHa HaubOoee KpYyIHBIE COAOBBIE 03€pa
JIOKAJIN30BaHbl B IIEHTPAJBbHBIX YaCTAX JENpPEccuid WM B mpejaesax ux 6oproB. OHuU
yaiie 3aHUMalOT Oosiee HU3KUE aOCONIOTHBIE OTMETKU. Tak, abCOIIOTHBIE OTMETKH
YpOBHEM BOJBI COMOBBIX 03ep (miasi OacceliHOB p. OHOH W BHYTPEHHETO CTOKA)
KoJieomoTest oT 629 5o 657M, a XJopuaHbIX — OT 661 g0 691 M. DTO 3HAYUT, YTO
COJIOBBIE 03€pa PacIoJIOKEHbI B 30HE 0OJ€€ MHTEHCHBHOIO MOJ3EMHOT0O MUTAHUA U
HEIMOCPEJICTBEHHO CBS3aHbl C TPYHTOBBIMH U TPEIIMHHO-IIJIACTOBBIMU  BOJAMHU
OCaJIOYHBIX OTJIOKEHUH, a B OTAEIBHBIX CIy4asX TPEHIMHHO-KWIbHBIMU BOJaMU
pa3iomoB (L{piranok, Enmkees, 1969), mosToMy OHM MMEIOT JOCTATOYHO CTAOWIIHHBIN
PEKUM.

Kak BUJHO W3 NMPUBEICHHBIX BbIIIEC IPaUKOB, B MEHBIIEH CTETICHU W3MEHECHUS
KOCHYJIUCh KPYIIHBIX COJIOBBIX 03€p, OTHECEHHBIX paHee Hamu K | monrumy o03. 3yH-
Topetit, [laran-Hyp, Jloponunckoe, baun-Ilaran, k 1l mogruny Xapa-Hyyp.

Harmm MHOTOIETHHE HAOIIOIEHUS 32 TUIPOXUMUYECKUM PEKUMOM COJICHBIX 03€p
MOKAa3bIBAIOT, YTO BO BJIAXHBIC TMEPUOJBI MPOUCXOIUT pa3OaBlieHHE BOJBI, a B
3acylUIMBbIC, HANpPOTUB, €€ KOHIeHTpupoBanue (3amana, bopsenko, 2010). B
HAcTOSIIYI0 (pa3dy apuau3ainuu KIMMATHUYECKUX YCIOBUM W3MEHUINCh HE TOJBKO
MOP(POMETPUUYECKUE XaPAKTEPUCTUKU 03€P, HO U CYIIECTBEHHO BBIPOCIIA COJICHOCTh BOJT
B COXPaHUBIIUXCS 03epax.

B kauecTBe mnpuMepa paszUYHBIX MAacIITA0OB BIUSHUS MOP(OOMETPUUECKUX
XapaKTepUCTUK Ha COJEHOCTh O03€p BBIOpAaHbI pPeE3yJbTAaThl THAPOXUMUYECKHUX
uccieoBaHnii Ha o3epax OHOH-BOpP3MHCKOW TIpynmbl, BBINOJHEHHBIX C Pa3pbIBOM
6onee ueM B 20 neT B pasHbie (a3bl KIMMATHUYECKOTO YBIKHEHUS TeppuTopuu. B
Tabnuiy 8.2 BKIIOYEHBI 03€pa, MO KOTOPHIM HMEIOTCS JIaHHBIE 3a pPa3HbIE CPOKHU
onpoOOBaHMUS.

ConeHocTh BOABI B pacCMaTpUBAEMbIX 03€pax B IMEPBBIA CPOK BapbUpOBasia B
npenenax 1.76-14.4 r/n u Opl1a CyIIECTBEHHO HUXKE, YeM BO BTOpou — 2.17-42.4 t/n (1o
naHHbiM Tabn. 8.2). CpaBHEHHE pe3yJbTaTOB 3a pas3Hble TMEPHOJIbI IMOKa3ajo, YTO
MUHEpAJIM3als BOJbI B XJOPUHBIX 03€PaX MOXKET MOBBIMIATHCS 32 KOPOTKUNA OTPE3OK
BPEMEHH B HECKOJIBKO pa3 B 3aBUCMMOCTU OT UCXOJIHOM €€ BEJIMYMHBI 1 00beMa BOJIbI B
KOHKpPETHOM BojioeMe. [lo cpeaHuM OlleHKaM COJICHOCTh COJIOBBIX 03ep OoJjiee uem 3a

20 et BBIpOCHA BCETO B 2.5 pasa, a XJIOPUJHBIX 3a 1-4 roga nsMeHunach B 7 pas.
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Ta6numa 8.2. XvuMU4eCKUi COCTaB 03€PHBIX BOJI 110 AaHHBIM ucciaeaoBanuii B 1987 u 2000-e roas! (Mr/m)

Nrv/it Osepa Jlataot6opanpo6 | pH CO5+HCO; SO/ cr F Ca** Mg”™ Na" K M
1 2 3 4 5 6 7 8 9 10 11 12 13
CoOBBIH THIT
1 Baport-Tlobop 12.07.87 9,60 7024 80.0 4674 126 458 414 478 190 1847

09.08.06 9,65 5172 5172 2592 80 79 1894 3660 1030 | 16904
) Sacyan 12.07.87 913 2510 1530 4463 115 12.3 54.6 4427 69.0 13077
11.08.06 962 7446 6200 13845 26 50 475 14491 | 3145 | 42352
A HapGor-Topy 12.07.87 927 2127 750.0 3385 334 48 227 3292 99.0 9714
09.08.06 954 4623 4623 3722 8.1 44 1800 4169 90.0 17420
c Bapyn-Topeii 13.07.87 914 819.8 1590 2949 42 26.1 294 436 150 1834
09.08.06 9.40 2989 2989 9723 838 1.0 78.7 2150 28.7 9218
6 Hapsne By 1307.87 9.03 657.7 252.0 2816 36 133 314 2113 169 5904
150813 911 3679 1309 2483 111 92 64.8 2853 1454 9381
; 3yr-Topeii 14.07.87 970 3179 1185 2136 97 12 479 3056 2738 9643
1508.15 9.60 4587 1806 2412 14.7 11.3 406 44250 819 13379
g Bammryit 200887 907 1090 615 3168 50 16.9 469 524 325 2094
01.09.15 933 1734 1456 4474 77 114 318 924 160 3318
9 Xanyii 20.08.87 945 2795 262.0 2128 190 77 833 2393 402 7728
01.09.15 953 1818 665.4 2925 25.0 10 7.2 2840 834 8365
10 —— 21.0887 9.00 4530 44.0 3465 48 14.3 781 395 20.7 1356
01.09.15 9.15 902.0 102.3 4317 44 56 129 596 30 2174
1 — 11.0887 913 319 600.0 4704 83 31 132.8 4624 839 13357
17.0813 938 5145 1650 6103 131 25 127.3 6386 1140 19541
12 e larar 17.0887 934 1715 1833 939.1 6.6 140 439 1276 56.1 4234
03.09.15 944 2146 1478 10230 76 11.8 258 1472 233 4857
5 Farra-Hop 140813 937 767.0 6765 1415 6.0 77 141 1489 105 4386
04.09.14 971 1236 1416 1651 138 398 255 2100 47 6487
1 Xapatiop 13.08.87 940 1180 720.0 790.0 55 193 55.0 1176 99 3956
06.09.15 937 1679 837.2 1216 57 188 36.0 1765 44 5612
15 Xapararau 14,0887 9.16 1547 1647 3148 45 14.8 2458 657 1200 4551
1508.13 9.83 2192 1680.0 886.3 34 31 544 1496 306.3 6622




[Tponomxkenue TabaUIIbI 8.2
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1] 2 | 3 4 5 | 6 ] 7 8 9 10 11 12 13
XJIOpHTHBIN THIT
6 v . 12.08.09 8.90 1661 166.0 1030 95 97 94.9 1168 436 4183
. 06.09.15 8.94 2468 299.1 1514 128 62 418 1945 214 6308
17 FopGyia 130813 8.08 109.0 2100 12053 07 59.1 468 7830 103 22723
20.08.14 747 1778 13680 101088 04 160 3795 65000 237 184650
18 Tataca-Hop 13.08.09 851 3958 1710 3727 10 58.7 1279 2943 2610 86193
18.08.13 745 204.0 7500 26580 03 | 1290 | 6076 19475 | 1772 54673
19 Eabac 13.08.09 8.83 598.8 1700 4153 44 931 1452 3184 2153 1104
18.08.13 8.70 3770 1013 2836 26 26 1043 2229 174 6602

M — munepanusanus.
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H3MeHeHne XUMHUYECKOTO COCTaBa BOJ TPH YBEIMYCHHH COJICHOCTH TaKXKe
paznuuHo. B ciydasx XJIOpUAHBIX 03€p MPOHUCXOAUT 3aKOHOMEPHBIM  pPOCT
NPEUMYIIECTBEHHO OTHOCHUTEIBHOTO COJAEP)KaHMUS XJIOPHIIOB, a B COJOBBIX 03€pax
KapOOHAaTHBIE KOMIIOHEHTHI HAKAIUTMBAIOTCA 00Jie€ UHTEHCUBHO.

JleTanbHOE HM3yYEHHUE COJOBOTO 03. JIOpOHMHCKOE MOKa3ajao, YTO XUMHUYECKUN
COCTAaB BOJ OTOTO BOJOEMA CYIICCTBEHHO OTIMYACTCS OT CPEIHEro COCTaBa BOL,
YYaCTBYIOIIMX B €ro COjJeBOM IuTanuu (Tadi. 8.2 u npuinoxenue 1 (mpoOwr 12-14 — 12-
35).

AHanmu3 TOBEACHUS OCHOBHBIX MaKpOKOMIOHEHTOB moka3zaia, uro Cl u Na
HaumOoJiee TMOJHO OTpa)kaloT MPOIECC HUCIAPUTEIHLHOM KOHIIEHTpaIMu pacCTBOpa, 00
9TOM CBUAETeNbCTBYIO Onuskue otHommeHus Na/Cl (2.7 u 2.2) B 03epHBIX U BOjax,
YYacTBYIOIIMX B €r0 COJICBOM MHUTaHWH. [IpeBbillieHHE 3TOr0 OTHOIICHUS B O3€PHOU
BOJIC YKa3bIBAaeT Ha JIOMOJHHUTENbHBIA MCTOYHUK HATpus C POCTOM MHUHEpaIU3alUU
BoAbl. KapOoHAaThl HaKalJMBaIOTCS B 03€pe B MEHBIIMX MacliTabax, 4eM XJIop U
Hatpuii — cootnomrenus (HCO; + CO3)/Cl u (HCO3; + CO3)/Na B o3epHoii Boze 2.7 u
1.3, B ucxomHom pactBope 24 u 11, HO pu STOM COXPaHSIOT 3a COOON TOMUHUPYIOIIIEE
nosoxerne. Hanbolee peskie M3MEHEHHsI OTMEYAI0TCs B CooTHomeHmsx Ca”* u Na'.
Ecnu B Bogax, mUTarOnmx 03epo, NpeBaIUPOBal KaJIbIHM, U 3TO BUAHO U3 OTHOIICHUS
Na/Ca (0.6), To B 03epHOiT Bojie CUTyaIlusi MEHSCTCS YK€ B CTOPOHY CYIIECTBEHHOTO
npeBaiupoBanus Hatpus (1400). IToxoxkas CuTyanus, HO C JAPYTMMH OTHOIICHUSMH
(0.5 1 35 COOTBETCTBEHHO), oTMeuaeTCst Mexay Cl 1 SO,7.

st 00BsICHEHU NPUYUH AUCHpornopuuii no nporpamme HG ObuiM BBINOJTHEHBI
TEPMOIMHAMHYCCKUE paCUYeThl N3MEHEHUS COCTaBa BOJI MPU MCITAPEHUHU BOJIBI C YIETOM
oOpa3oBaHUsI BTOPUYHBIX MHUHEpanbHBIX (a3. g sroro ObUT B3AT CpeaHUi
XUMHUUYECKUU COCTaB BOJ, YYaCTBYIOIIMX B COJEBOM MHUTaHWU o3epa (Tadn. 8.2). B

Ka4yeCTBC noKa3areisd CTCIICHU UCapeHUs UCIIO0JIb30BaJICA CIL

® COOTHOIIEHHS KOJTMYECTB COJIEBBIX KOMITIOHCHTOB, ITOCTYITAIOIIHNX B 03€PO0, OINPEACIAIOCE UCXOO U3

MUHCPAIIN3AalUU U XUMUYCCKOTI'0 COCTABA IMUTAOIINX BOA U I[OJ'ICfI TOCJICAHUX B BOAHOM IIMTAaHWUH O3Cpa (Ta6ﬂ.
3.1).
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Tabmuua 8.2. Cpegnuit XumuueCkuil CoCtaB BoJl (Mr/:), MuHepan3auus M (1/1),

CTe€nCHb UCHIAPpCHUS U PABHOBCCHBIC MHUHEPAJIBI

Iokasarer| pH | COZ+HCO;y | SO/Z | CI' | F |Ca® | Mg®| Na* | K" | M
1 9.88 12952 1334 | 4015|114 7.37| 358 | 11809 | 127 | 282
2 6.90 19.6 155 | 0.81]0.02]315]| 167 | 1.83 |0.25| 0.029
3 56 16.6 12 | 24 [005] 21| 12 | 33 | 1 | 003
4 762 418 363 | 125 | 02 | 741 413 | 20 | 42| 061
5 6.45 9056 5417 | 4000 | 0.73 |3E-5| 0.60 | 10628 | 11 | 29.1

PaBHOBeCHBIE MUHEPAIBI: KAIBIHT; JOJIOMHT; MAarHE3UT; TUAPOMATHE3UT; TUIIC; (MIFOOPUT; aJTLOUT;
aHaJIbIIUM; MYCKOBUT; MJIJIUT; MOHTMOPHJUIOHUT.

IIpumeuanue. Ilokasatenu: 1 — Cpegnuii CoCraB Boabl 03. JlOpOHMHCKOE; 2 — paCuUETHBIN
coCraB; 3 — atMocdepHbie ocanku; 4 — pyd. KanuTmxa; 5S— 0CTaTOYHBIA MOJEITBHBIN PaCTBOP.

Pe3ynpTaThl TEpMOIMHAMHYECKOTO paCyeTa MOKa3ald, YTO BECh XJIOp SBISETCS
pe3yibTaToM WCHApPUTENbHOW KOHIEHTpanuu. HaTpuil Toke KOHILEHTPUPYETCS B
pacTBope, HO B OoJybIIMX MacCmiTabax, 4yem XJjop. [IpuuuHbl HU3KUX KOHIIEHTpPAIIMMA
KaJIbIIUSI W MAarHus BBITEKAIOT M3 paCyera, TJA¢ OHU CBS3BIBAIOTCSI B OCHOBHOM
KapOOHATHHIMU MHUHEpaJIaMM W TiauHaMu. YTo KaCaeTCsi paCyeTHOro CoOJAep N aHUus
Cynb(dara, To OHO BBINIE, @ CyMMBI THAPOKApOOHAaTa U KapOOHATa — HUXKE, YeM B BOJIE
o3epa. CymeCTBeHHO OTIMYaroTCs 3HadeHUss pH B MOAENBbHOTO paCTBOpa M 03€pHOM
BOJIBI.

Hakorienne kapOOHATOB B 03epax BO3MOXKHO 3a CYET MCXOAHOW KOHIICHTpAIlUU
B MMHUTAIOIINX BOJIax IMpH CoOmroaeHun HepaBeHCTBa THCO;3 + rC032' > rCa®* + ng2+
(“r’ obo3Hauaer >KBUBAJICHTHYIO (hOpMY KOHIIEHTpaluu). B pacCmarpuBaemom Ciyuae
CyMMa KapOOHATHBIX KOMIIOHCHTOB OblJlJa HEMHOTHM BBIIIE, YeM CyMMBI KallbIlus C
MarHueM, 3THUM U OOBSICHSIOTCA BBICOKHE COJAEpX aHUs KapOOHATOB OCTATOYHOTO
pactBopa. OnmHako (pakTHyeCkoe UX COACp’KaHHUE BBINIE, YeM B pe3yjIbTaTaX paCyeToB,
YTO yKa3bIBaeT Ha CyIIECTBOBAHUE JOMOJHUTEIHLHOTO UCTOUYHMKA KapOOHATOB B 03€pe,
B Ka4yeCTBE KOTOPOTO BBHICTYMAIOT MHOTOYHUCIICHHBIC PEAKIIUU PA3JIOKECHHS BOIBI B
pe3yibTaTe B3aUMOJCHCTBHS €¢ C aIfOMOCHIIMKATHBIMH MHHEpajaMd JOHHBIX
OTJIOKEHHUH W JIECTPYKIIUU OPTaHMYECKOTO BEIIECTBA, B TOM UHUCie CyabdaTpeayKIny,
aKTUBHO TIPOTEKAIOIICH KaK B JIOHHBIX OTJIOKCHHUSAX, TAK M B BOJHOW TOJIIIE O3epa
(rmaBa 5). BaustHre 3THX MPOIIECCOB MOATBEPIKIACTCSA U30TOIMHBIMHU XapaKTEPUCTUKAMHU

BOABI U yriiepona-13 paCTBOpPEHHBIX KAapOOHATOB, MPUCYTCTBHEM BOCCTAHOBIECHHBIX
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dbopM Cepbl U M30TONMHBIM COCTaBOM Cepbl-34 CynabdaToB M CEpoBOAOpPOAA B
pPaCCMOTPEHHBIX BBIIIE I1aBaxX. [loCneqHuM mMpomeCCoM 0OBICHSIOTCS M CyIIeCTBCHHBIC
paznuuusi paCueTHbIX W (¢dakTUueCKux CojaepxkaHui CynbdaTtoB. OueBUIHO, YTO
n30bITOUHOE KOM4eCTBO Na moCTymaeT B 03epo 3a CueT paCTBOPEHHS TIOPOJ TOHHBIX
OTJIOKCHUMU.

[To amamoruu paccMOTPUM BO3MOXKHOCTH (DOPMHPOBAHHS 3a CYET HCIIAPCHHUS
conoBoro 03. 3yH-Topeit. JlJist 3TOro Tak:ke yCTaHOBUM CPEIHEE COJIEPKaHNEe OCHOBHBIX
KOMIIOHCHTOB B TPYHTOBBIX BOJaX, OTOOpaHHBIX Ha aHaJIW3 W3 BOJOIYHKTOB Ha
TeppUTOpHUH ero BojocOopa (ummdps npod: 17-01, 17-02, 17-04 — 17-06, 17-08 — 17-
12, 17- 14, 17-16, 17-21, 17-22, 17-24 — 17-25, npunoxkenue 1), © arMoC(epHBIX
OCaJIKOB C BBIJICJICHUEM J0JIeH Ka)KI0Tr0 COCTABIISIONIETO B COJICBOM OaslaHce (COrIacHO

JTaHHBIM Ta01. 3.1). Pe3ynbraThl pacyeToB mpejicTaBieHsl B Tadauie 8.3.

Ta6mura 8.3. Cpennuii xuMuyeCkuii CoCTaB BOJI (Mr/1), MuUHepanu3anus M (r/i) u

PaBHOBCCHBIC MHUHCPAJIbI

Tlokasaremu| pH COZ+HCO; | SO | CI | F |ca® | Mg® | Na* | K M
1 9.6 2700 1038 | 1493 |10.8 | 45.2 | 54.3 | 2398 |215]| 7.72
2 7.1 257.0 625 | 46.3 | 1.2 | 230 354 | 683 | 44 | 050
3 5.7 15.6 22 | 24 1005 22 | 11 | 35 | 09| 003
4 6.1 1941 1906 | 1488 | 0.3 [9.91 | 485 | 1876 |96.6| 7.80

PaBHOBecHEBIE MHUHCPAJIbI: KAJIbIUT, JOJIOMUT,; MAruC3uT,; THAPOMAIHC3UT,; T'UIIC, (I)JHOOpI/IT;
aJIB6I/IT; AHAJbIHMM; MYCKOBUT, WJIJIUT, MOHTMOPHJIJIOHHUT.

[Tpumeuanue. [TokazaTenu: 1 — CpenHuii CoCTaB Boabl 03. 3yH-Topeii; 2 — paCueTHbI COCTaB;
3 — armoc(epHbIe 0caiKu; 4— 0CTaTOUHbIN MOJIETIbHBINA PacTBOp.

AHanu3 XUMHUYECKOTO COCTaBa IPYHTOBBIX BOJ TEPPUTOPUHU BOjocOOpa 03. 3yH-
Topeii mokaszas, 4TO 3TH BOJBI MUMCIOT MOBBINICHHYI0 MuHepanm3anuto (0.55-3.22
cpeanee 1.17 r/m) u pH (8.01-9.02 cpemuee 8.57), ¢ pocTOM 3HAYEHHH KOTOPBIX
npoucxoaut Hakoruienne SO4 u Cl u cmena xumuueckoro tuma ¢ HCO3;—Na—Mg nHa
SO,~HCO3;—Cl-Na—Mg. Tlpu sToM Hambojee MHHEpPAIM30BAHHBIC BOJbI OTIMYAIOTCS
MOBBINNICHHON KOHIIeHTparuen F (1o 4.77 mr/m), a Takske HEKOTOPBIX MHUKPOIJIEMEHTOB!
Fe (mo 57.8, cpennee 4.8 mr/n), Mn (1o 2.3, cpennee 0.5 mr/m), Sr (mo 5.1, cpennee 1.6
mr/n), Br (mo 1.5, cpeanee 0.5 mr/m).
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CpaBHHTENBHBIN aHATM3 MOKa3al, 4yTo 3HaueHue cooTHoureHus: Na/Cl B o3epHbIx
BO/ax 03. 3yH-Topeli HEMHOTHM BBIIIE, YEM B CPEJHEM COCTAaBE BOJ €r0 MHUTAIOIIUX
(1.6 u 1.4 coorercTBerno). Koadduuuent oromernust (HCO; + CO5”)/Cl B mepBom
ciyuae paset 1.8 u 5.5 Bo BropoM. M3MEHEHMSI OTMEUAIOTCS M B COOTHOMmEHMsIX Ca>’ 1
Na’ co smauenmnmem Na/Ca=3 1 nuTaomux 03epo BOJ U 03epHOM Bomsl — 53.
[TomoOHas curyarus, Ho ¢ apyrumu 3HadeHUSMH (1.0 u 2.0 COOTBETCTBEHHO), UMEET
mecro Mexay CI um SO,”. OueBHmHO, YTO M B JTOM CIy4ae HCIAPUTEIHLHOS
KOHILIEHTPUPOBAHKUE BOJI, YYACTBYIOIIMX B COJICBOM IHTAaHUM 03€pa, OOECIECUHBAECT
HAKOIJICHUE HCXOAHBIX KOMIIOHEHTOB, HO COJEpKaHWsA OOJIbIIed YacTh OCHOBHBIX
KOMITOHEHTOB PacTyT HEPABHOMEPHO.

AHanoruyHelii mpueM ObUI NMPUMEHEH I XJopuaHoro o3. [opOynka. Jlis
paCueToB COJIEBOTO COCTaBa BOJI, YIACTBYIOUINX B €r0 MUTAHUH, OBLIT B3SIT XUMUYECKUH
COCTaB TMOJ3EMHBIX BOJ[ OJMKAWIIEro BOJOMYHKTA, paCIOJOKEHHOTO Ha €ro
BOJI0OCOOpHOM Miomanu (mpoba 13-18, mpunoxenue 1) u coctaB aTMOC(EpHBIX BOJI
(rabm. 8.4) ¢ yderom mx nonieii B coneBoM OanaHce. [lo xuMudeCkomy COCTaBy
ucxonnas mnomzemHas Boma umena HCO3;—Ca—-Mg-Na (mo IllykapeBy), pH 7.55 u
MuHepanuzauuto 0.57 r/m.

Heob6xonumo OTMETUTH, YTO 1O HAIIUM HaOMroJeHUsIM 3a oauH roa (C 2013 mo
2014 rr.) miommazp 03. TopOyrka ¢ 1.30 kM Cokpatriaach 10 pasmepos yxu (0.010 m%)
u u3 CosieHoro (22.7 r/m) oHO mpeBpatusioCb B paccCosibHoe (184.7 r/m). BeipoCnu
Coliep>kaHusi BCEX OCHOBHBIX MOHOB, 3a MCKIIIOUEHHEM TUIpoKapOOHAT- U KapOOHAT-
MOHOB, KOHIICHTPAIIUU KOTOPHIX CyIIECTBEHHO YMEHBITWINCH. [lapanienbHo CHU3MIOCH
u pH Boawl (Tab:1. 8.4).

BrinonHeHHBI pacyueT mokaszajia, 4YTO MpHU UCHAPUTEIIBHOM KOHIIEHTPUPOBAHUU
U3MEHEHHE COCTaBa BOJBI C Y4YETOM BO3MOXKHOTO OOpa30BaHMsSI BTOPUYHBIX
MUHEpaIbHBIX (a3 B I1IEJIOM COOTBETCTBYET HAMPABICHUIO MeTamopduszauu
XUMUYECKOTO COCTaBa BOJbI oO3epa Tpu ee¢ wucnapeHuu. l[Ipu sToM pacyeTHbIC
COJIep>KaHUsi OCHOBHBIX HMOHOB 3a HUCKIIOUeHHeM cyibharoB u pH Obum Onmxe K
(bakTHYeCKUM KOJMYEeCTBaM UX B BOJE MO JBYM cpokam ompoOoBaHus o3epa (13-09 u

14-07), uem B ciaydae ¢ coJloBbIMU 03epamu JlopoHuHckoe u 3yH-Topeil.
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Ta6nuna 8.4. OcHoBHbIe pakTHueckue u pacuéTHbie (Q13q9, Q14.07) MapaMeTphl

03.]’'opOyHKa 1 MOA3EMHOM BOJBI IO MEPE UCTIAPEHUS TIOCIEHEN

T COT+ ooz | ar || M| N | K| M
oH | HCO;

— Xumiaeckas (popMyria

MI/JT n

C1=88.250%2711.4
Na + 88.4 Mg2 + 11.4

1309 818 | 1090 | 2100 | 12053 | 591 | 468 | 7830 | 103 | 227

C1790.6 S0%79.1

1407 750 | 6893 | 13680 | 101088 | 160 | 3795 | 65000 | 237 | 184.7
Na*89.5 Mg?+10.0

HCO0373.8 S02-22.5C1 3.7

1 67| 180 | 40 | 20 |44| 12| 23 [050.03
Ca?*48.9 Mg?+22.2Na*22.2

HC0362.0 CI~ 23.5 SO2710

2 710 105 13 23 48 | 25 13 | 01| 002
Ca?*47.3 Mg?+40.4Na*11.2

Cl~ 91.0S0%75

7. 102. 76 | 12061 | 584 | 448| 7804 | 132 | 242
Qusco 80 1023 3976 | 12061 | 58 8| 7804 13 Na*62.7 Ca2*24.7 Mg?*11.5

C1790.6 S0%79.3
Na*89.7 Mg2+10.2

Quar 532 | 2633 | 14420 | 101000 | 172 | 3706 | 64800 | 174 | 1850

M- munepanu3aius Boabl. 1— arMocdepHbie ocaaku; 2 — paCueTHBIN COCTaB.

CornacHO pacueraM Y€ Ha paHHUX dTanax KOHLEHTPUPOBAHMS XJIOp ObLI
OCHOBHBIM aHHOHOM BCKOpE IIOCJI€ HACBILIEHUS BOJBI MO KapOoHATaM KaJbLUs Ha
HAa4YaJIbHOM CTaJuM KOHUEHTPUPOBAHWS IMPUPOIHBIX BOA. BTOpBIMH 0 3HAYMMOCTH
Obu cynbgarel. Ha mnepBbIX cTagusix HCHApeHHs B COCTaBE pPaBHOBECHBIX (a3
OCHOBHBIMU OBUTM MOHTMOPHWJUIOHUTBHI PaA3JIMYHOIO COCTaBa, KAaJbLUT, JOJOMMT,
dropanarur. [Ipu munepanmuzanuu 6onee 20 r/71 NOSBWICS aHAJIBIIMM, MYCKOBUT, MQ-
xjoput, cBbiie 40 r1/nm goOaBwics rtunc. JlanpHelee wucnapeHue BOI 0
MuHepanu3auuu 185 /1 coxpaHuio TOT ke Habop BTOPUUYHBIX MUHEpasioB. Beipocnu
coJiep KaHus CyJib(aToB, XJIOpa U HATPUS, HAMPOTUB, OCTAIBHBIX MAKPOKOMIIOHEHTOB U
3HaueHue pH cHuzmimchb. O4eBUIHO, YTO MPOLIECC UCHAPEHUS B XJIOPUIHOM O3€pe B
OoJbILIel CTENEeHN OMPEEIIIeT MOBEACHNE MAKPOKOMIIOHEHTOB, YEM B COJIOBBIX 03€pax,
HO U B 3TOM CJIy4ae UMEIOTCS OTIHYHUS.

AHanoOrnyHelil BBIBOJ MOXKHO CAENaTh IJIS TAKUX MOJBMXKHBIX MHUKPO3JIEMEHTOB
kak Br, Sr, Li u ap., KOHIIGHTpaIiu KOTOPBIX PACTYT MO MEPEe UCIIAPCHUST 03EPHBIX BOJI
C TpSMOM 3aBUCUMOCTBIO Ui XJOpUAHBIX 03ep (puc. 8.2). Uro kacaercs Na, To B
OOJBIIMHCTBE CIy4yaeB €ro COAEp:KaHMs BBIIIE, YEeM CIIEOBaJl0 Obl OXUAATh IpU

IPOCTOM HMCHapeHuH BoOIbI (cM. riaBa 3). MakcumalibHasi pa3HMIA MPUXOJUTCA Ha
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MCHEC MHMHCPAIN30BAHHBIC COJOBBLIC O3€pa, 4YTO VYKa3bIBACT HaA HaJIU4YHUC Cro

JOITOJIHUTCIBHOI'O UCTOYHHKA.
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Puc. 8.2. Pactipenenenue coaepkanuii HaTpusi, Opoma, CTPOHITHS, JINTUS B

3aBUCUMOCTH OT CTCIICHU UCIIAPCHWA BO/J 110 BBIACJICHHBIM THUIIAM U IOATHUIIAM O3€P.

B OGompmux MacmrTabax B COMOBBIX 0O3€paxX IO CPAaBHCHHUIO C XJIOPHIHBIMU H
CyJb(aTHBIMA HaKaIUIMBAIOTCS TAKXKe Takue MUKpolseMeHTsl kak U, V, Mo, Zr, P30 u
As. B camom cojieHOM COI0BOM 03. BOp3MHCKOE OTMEUaroTCsi OTHOCUTEIBLHO BBICOKHE
conepxxanusi As — 6 mr/m, U — 2.8 mr/n, B TO ke Bpemsi, koHIeHTpamwmst Li (173 Mkr/m)
JUIIL HEMHOTHMM TMPEBOCXOAUT cpeaHee 1o Bced BbiOOopke (123 wmkr/m). Ecnwm
CpaBHUBATH COJCpP)KAaHWE ypaHa M MBIIIbIKAa B IOJA3EMHBIX BOJaX, OTOOPAaHHBIX Ha
aHAIM3 W3  CAMOWBJIMBAIONICHCS  CKBAKWHBI HAa  BOJOCOOPHON  TEPPUTOPUU
03. bop3uHCckoe, TO MX KOHIEHTpaluu paBHbie 3.63 u 0.46 MKI/I COOTBETCTBEHHO,

OJTM3KU K CpeHEMY MX COAEP)KaHUIO B Bojax 30HbI runeprenesa (IIsapies, 1998).
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Pa3max koHIIEHTpammii ypaHa U MBIIIbSKAa B COAOBBIX 03€pax CBHIETEIbCTBYET
00 ormpenensionel poar reOXMMHYECKHX XapaKTEepUCTUK cpenbl o3ep. Hakorenwe
ypaHa Ha CTaauu cOA000pa3oBaHus MOATBEPKIACTCS CBA3bIO ypaHa ¢ HaTpueM (TiaBa
2), T.K. TpeBaJIMPOBAaHWE KOHIICHTPAIMH HATPHUS 110 CPABHEHHUIO C OCTAIbHBIMH
KaTHoOHaMH (KaJIbIIUsl, MarHus W Kajus) B BOJAaX HAYMHAETCS C MOMEHTa OCAXKICHUS
kapOoHaTHbIX MuHepasoB (IIIBapies, 2004).

bonee ToOro, comOBBIE O3€pa OTIMYAIOTCS OT XJIOPUAHBIX M CYIb(GaTHBIX
MUHEPATBFHBIM COCTAaBOM BTOPHYHBIX 00pa3oBaHUi, a Takke O0ee BBICOKUM
CoJlep KaHUEM TSDKEJIBIX M30TOIOB BOJIBI U YIJIEpOJia pacTBOPEHHBIX KapOoHaToB. Bee
9TH OCOOCHHOCTH HEBO3MOXXHO OOBSICHUTh HWCKIIOUHUTEIHLHO HMCHAPUTEIHLHBIM
KOHIIEHTPUPOBAHUEM BOJl, HO OHU OOBSICHUMBI C TO3HUIIMH B3aUMOJECUCTBHUS BOJIBI C
ATFOMOCHTMKATHBIMU MUHEPAJIAMHU.

Takum o0pa3om, (akTUUECKOe HCIApEHUE O3EPHBIX BOJ BaXHBIM (akTop HX
dbopMHpoOBaHUs, HO JIaJIEKO HE €IMHCTBEHHBIA. BTOPhIM BaKHBIM (DAKTOPOM BBICTYyIAET
MIPOIIECC B3aWMOJICHCTBUS O3CPHBIX BOJ C BOJOBMEMIAIONIAMHU IOPOJAMHU, KOTOPBIH
HAYMHAETCS €Ile Ha BOJOCOOPHOW IUIONIAAM KOHKPETHOT'O O03€pa U MPOJOJIKACTCS
HETMIOCPEICTBEHHO B 03€pe, MOCKOJIbKY O3€PHBIE BOJBI HE3aBHCHMO OT UX COJICHOCTH
MPOJIOJDKAIOT OCTaBaThCsl HEPABHOBECHBIMH KO MHOTHMM MHHEpaJlaM SHIOTEHHOTO
TeHEe3HCA.

PazbepeM moapoOHO OCHOBHBIE MEXAaHU3MbI (DOPMHUPOBAHUSI PA3JIMYHBIX TUIIOB O3€P.
8.2. OcHOBHBIE MeXaHN3MbI ()OPMHUPOBAHNS COJIEHBIX 03€pP

Jlonroe BpeMsi CYMTAIOCH, YTO JH00as MPUPOIHAS BOAA MPUXOAUT OUYEHb OBICTPO
B paBHOBECHE C aJIOMOCHJIMKATaMH, T.K. OHH OTJIMYAIOTCS OTHOCHTEIbHO HHM3KOU
pacTBOopuMOCThIO. [l0o3TOMY BTOpPHYHBIE MHHEPadbl HAOMIOMAIOTCS B KOpax
BBIBETPHBAHMS U Jp. CPeaax, Ipu 3TOM UX (popMupoBaHUE OOBSICHSIM TBEPAOGha3HBIMU
NpeBpalleHUsIMA  OJHOTO MHHEpajga B JIPYroil, KaTHOHHBIM OOMEHOM, BJIMSHHEM
pPacTBOPEHHBIX  OPraHWYEeCKHX  COCAMHEHHWH  HAa  KHHETUKY  PaCcTBOPCHHS
amomMocuinkaTos, usmenenuem pH u T.1. (Tyler et. all, 1985; IMunnekep, 1982). Ho

OKa3anochb, 4yTo 9310 He Tak. [locie mnosBiIeHns kHUrM «PacTBOpbBI, MHHEpPAJIBI,
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paBHOBecHUs» aMepuKaHCKuX ydeHblx P.M. 'appenca, ¥Y.JI. Kpaiicra Ha aHrinuiickom
s3bIke B 1965 1. 1 Ha pycckoM B 1968 r. (I'appenc, Kpaiict, 1968) kapTrHa MOCTEIICHHO
CTaja MEHATHCA. bbUIO YCTaHOBIIEHO, UTO BCE IIPUPOIHBIE BOJIBI HE PABHOBECHBI C TEMU
WU UHBIMU SHIAOTEHHBIMH MHHEpaJaMH, KOTOPbIE OHM HEMPEPHIBHO PACTBOPSIOT, HO
PaBHOBECHBI KO MHOTMM BTOPHYHBIM MHUHEpajaM, KOTOPbIE OHHU TAKKE€ HEIPEPBIBHO
bopMUPYIOT.

DTO MPOUCXOJUT MOTOMY, UTO MIPU PACTBOPEHUU SHIOTCHHBIX ATIOMOCHIUKATOB
o0pa3yloTcst emie MEHEe pacTBOPUMbBIC AalIOMOCHJIMKATHBIE BTOPUYHBIE MHUHEpAJbl
(oxucnbl U ruapokcuasl Fe, Al, TIUHBI, THIPOCTIONBI M T.I.), KOTOPHIC CBS3bIBAIOT
CBOMM COCTAaBOM MHOTHE BEIYIINE XUMUYECKHUE IEMEHTHI TOPHBIX MOPOJ U TEM CAMBIM
BBICTYINAIOT T€OXUMHUYECKUMHU OaphepaMu Ha MyTH YCTAHOBJICHHS PABHOBECHUS BOJBI C
sHAOTeHHBIMU amtoMmocwiukatamu (IIBapues, 1998; AmnekceeB u ap., 2007). Kak
W3BECTHO, SHJOTCHHBIC ATOMOCHUIIMKAThl PACTBOPSAIOTCA MO MEXAHU3MY THAPOIN3A,
oO1rast peakius KoTopbix npepioxkena Y. J[. Kemnepowm.

MeAIlSiO, + H,0 = Me™ + OH™ + [Si(OH)o_4] + [AI°(OH)e]].¥, (1)
r7e N OTHOCUTCS K HEOPEIECIICHHBIM AaTOMHBIM COOTHOIIEHUSAM, O U t — COOTBETCTBEHHO
K OKTa3JApUYECKUM U TETPAdIPUUECKUM KOOpauHaTaM; Me — KaTHOHBI METAJJIOB.

Kak BuaHO 13 peakiuu, B Boje nosiBisgercss OH B konuvecTBax 3KBUBAJECHTHBIX
TIOJIOKUTENBHO 3apsKeHHBIM KaTioHaM (Me""), Ho B pealibHBIX NPUPOJIHBIX YCIOBHAX B
BOJI€ BCErJa MPUCYTCTBYET pacTBOpEHHbI COy, KOTOPHIN MO PEaKLIHNH:

OH + CO, = HCOg3 (IlIBapues, 1978). (2)
oopazyer mon HCOj, dYro mnoaTBep)KAaeTcs KOHKPETHBIMH JaHHBIMUA COCTAaBOB
MIOJI3EMHBIX U O3€PHBIX BOJ peruoHa (mpuioxenue 1 u 3). B pesynprare B cucreme
MMEET MECTO JBa pa3HOHAIIPABIICHHBIX Mpoliecca: Mo peakuuu 1 uaet yBenuuenue pH,
a Mo peaknuuu 2 €ro yMmeHbiieHue. Ecmu k sTomMy mpubOaBUTH, YTO TPH MPOCTOM
UCIIApEHUH B JTaOOPATOPHBIX YCIOBUAX, T.€. KOTJIa OTCYTCTBYET B3aUMOJCHCTBUE BOJIbI
¢ ropHeiMu mopoaamu, pH pactBopa ymensbimaercs (McCaffrey et al.,, 1987), a
OKHUCJICHHE CYIb(PUIOB HMEET Ty K€ HAMNpPaBICHHOCTh TMPOIECCa, TO CTAHOBHUTCS
MOHSATHBIM, MTOYEMY 3aBUCHMOCTh 3HaueHHU pH 03€pHBIX BOJ C MX MUHEpAIU3ALUEH

HOCUT CJOXHBIM Xapaktep (puc. 8.3a), HO pacTeT C POCTOM CYMMbI KapOOHATOB

(puc. 8.30).
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Puc. 8.3. Cea3b pH ¢ a) Munepanuzanueii, 6) cyMMoi kKapOOHATHBIX HOHOB

O3CPHBIX BOJ UCCIICAYCMOI'O PCTHOHA.

OOpazoBaHue BTOPUYHBIX MHUHEPAIOB HOCHUT HE XAOTHYHBIM, a CTPOro
HaIpaBJICHHBIM XapakTep, OIpeAeNIeMbld CTPOTUMHU 3aKOHAMHU TEPMOJIUHAMHUKHU
(IIBapueB u nmp., 2007). Kak BumHO M3 pacueToB paBHOBecuil (riaBa 4), mepBBIM
MUHEpaIoM, (OPMHUPYIOIIUMCS B CHCTEME TPYHTOBBIC BOJIBI-TOPHAS IMTOPOJIA, SBISETCS
KAaOJMHUT, 00pa30BaHUE KOTOPOTO MPOTEKAET COTVIACHO CIIENYIOLIEH PeaKIuu:

2AIF + OH + 2H,Si0, = Al,Si,05(OH), + 5H,0.
Jlanee no Mepe B3aUMOJEHCTBUSA 00pa3yeTcss MOHTMOPHIIJIOHHT:

0.167Ca*" +2.3AI°* +7.320H" + 3.67H,Si04 = Cag 157Al533010(OH), + 10H,0,

JUIsi 00pa3oBaHUsl dTOTO MHUHEpasia HeoOXOAUMBbI yKe 00Jiee BHICOKHE KOHIIEHTPAIIUU
Si*, OH u Ca”. Ha cuemyroueM stame (HOPMHDPYIOTCS CTPOHIIMAHWT, KaibLHT,
MarHe3uT, CHACPUT W JOJIOMUT. YCTAaHOBJICHHE pPABHOBECHS TPYHTOBBIX BOJ C
KapOOHATHBIMU U TJIMHUCTHIMH MUHEPAJIAMU SIBJISIETCS CYIIECTBEHHBIM IT€OXUMHYECKUM
OaprepoM, KOTOpBI OrpaHHYMBacT KOHICHTpupoBanue B HuXx Ca, Mg, Fe, K, Sr, Al.
CBA3BIBAaCTCA M KPEMHHUM, HO MOCKOJbKY B HMCXOJHOM pPacTBOPSIEMOW MOPOJE €ro
coJiep KaHME BBINIE, YEM BO BTOPHUYHBIX MHHEpaJlaX, OH IMPOJOJDKACT HAKAIUTUBATHCS,
napannensHo koHenTpupytores Na', OH u fp. moaBHKHEIE YTIeMEHTSI.

B ostux ycnoBusx Bmecto HCO3;—Ca dopmupyrorcs HCOz;—Na Boxmbl wim
COJIOBBIE C HECKOJBKO Ooyiee BBICOKOW coyieHOCThI0 W 3HadeHwem pH. Ilo mepe

MNPOABMIKCHHUA IMOA3CMHLBIX BOJ K MECTaM pPa3rpy3Kkd B COUYCTAHMU C HMHTCHCHBHBIM
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KaNWUISIPHBIM HMCHAPEHUEM CO3HAOTCS JOMNOJHUTENbHBIE YCIOBUS 3aCOJEHUS BOJ,
nostoMy HakaruBatotes Cl u SO.%.

[Toramast B o3epa, MOA3EMHBIC BOJIbI OKAa3bIBAIOTCS B YCJIOBUSIX, TJI€ CTENECHb
MCIIApEHUS UX BO3PACTAET, UTO COMPOBOXKAACTCS HE TOJIBKO KOHIIEHTPUPOBAHUEM B HUX
anmoHoB Cl m SO,;, HO W Bcex Ipyrux osiIeMeHTOB, Bkirodas Na u MHOTHE
MUKpPOKOMITOHEHTHI. Hammm uccienoBanusi yOenuTEIbHO IMOKA3bIBAIOT, YTO B 03€pax
UJET HE TOJIbKO MCIAPEHHE BOJbI, HO M MPOJOJKACTCS B3aUMOJEHCTBUE C TOPHBIMU
nopoaamMu. YOeIuTenbHBIM T0KAa3aTEIIbCTBOM 3TOTO SIBIISCTCS POCT B OOJBIIMHCTBE W3
HUX 3HaueHui pH. be3 B3auMoaencTBys ¢ anroMoCcuiiMKaTaMmu pocT pH HEBO3MOXKEH.

B Hamem KOHKpPETHOM cCiy4yae cpefja — 3TO CYMMAapHbIA pe3yJbTaT JIEUCTBUS BCEX
YIOMSIHYTBIX BBIIIE€ (PaKTOPOB.

Ha puc. 8.4 noka3aHa 3aBUCUMOCTb CTENIEHN HACBIIICHUS O3EPHBIX U MTOA3EMHBIX
BOJI K HEKOTOPBIM MUHEpajaM OT 3HaueHui pH BoaHOoro pactsopa. Kak BUAHO U3 3TOTO
pucyHka, ¢ poctoM pH mpupogHbie BOJBI MOCTENEHHO HACHIIMAIOTCS K OOJBIIOMY
KOJIMYECTBY BTOPUYHBIX MHUHEpaAJOB, HayWHas C KaOJIMHUTA W 3aKaHYMBas
mupabuwiurom. Ilpu 3TOM pasHble THUIBI BOJ PAaBHOBECHBI C PpPa3HBIM HabOpOM
BTOPUYHBIX MHUHEPAJIOB, YTO CBHUJIETEIILCTBYET O PA3HOM CTENEHU WHTEHCUBHOCTU
pPacTBOPEHUSI BMEIIAIOIIUX MOPO/I, MOCKOJIbKY T€OXUMHUYECKasl Cpelia B KaKJIOM 03epe
pa3Hasi.

B nenoMm ¢ TeueHHeM BPEMEHHM KOJIMYECTBO PABHOBECHBIX C BOJIOM MHUHEPATIOB
pacTeT B  COOTBETCTBUM C  3aKOHAaMHU  TEPMOJAWHAMUKM B  CIIEIyIOUIEH
MOCJIEIOBATEIbHOCTH: TJIMHBI (KAOJWUHUT, WJUIAT, MOHTMOPHWIJIOHMT); KapOOHATHI
(KambLUUT, T0JIOMUT, MAarHe3UT, CUAEPUT, U JP.); CIIOJbI: (MYCKOBUT, OMOTUT, (hJIOTOMUT
U Jp.); TUApPOTepMajbHbie MHHEpaNbl ((IOOPUT, aTbOUT, MHUKPOKJIHMH, TPEHUT,
aHAJBIINM, XJIOPUT U JIp.), CYIb(aThl (TUTIC, MUPAOUITUT), COAQ, XJTOPHUIBIL.

KoneuHo, mocnenoBaTeIbHOCTh BTOPUYHOIO MHUHEPAIo00pa3oBaHUsS B Pa3HBIX
TUTMAaX 03€p HECKOJBKO MEHSETCS, U HE BO BCEX W3 HUX OHA JIOCTUraeT MOCJICIHHX
craguii. Hanmpumep, K XJiopuaMm paBHOBECHE HE YCTAHOBJIEHO HM B OJHOM O3€pe, K
MUPaOWIIUTY, TUIICY, COJIE — TOJBKO B OJTHOM, HO pasHOM. Ho B 11€710M HampaBlieHHOCTh
ATOTO MPOIECCa COXPAHSIETCS, U OH CIY>KUT BaKHEUIINM (DaKTOPOM, KOHTPOJIUPYIOITUM

CIIOCOOHOCTHh XMMHUYECKHX DJIEMEHTOB K KOHICHTPUPOBAHUIO.
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Puc. 8.4. CBs13b mocne0BaTeIbHOCTH BTOPUYHOTO MUHEpaioodpazoBanus ¢ pH

BosiHOTO pactBopa (Ig ycnoBHoit koHCcTanTHI IO (["eonormueckasi. .., 2007).

dopMupoBaHUE 03€p C JIOMUHUPOBAHUEM CYJIb(ATOB CTAHOBUTCS BO3MOKHBIM
UCKITFOUUTETFHO MPU HAJTMYUH JIOTIOJHUTEIHHOTO UCTOUHUKA SO 4, B KAUECTBE KOTOPOTO
BBICTYMAIOT CYJIb(QU/bI, B OCHOBHOM IMHUPUT, OKUCICHHE KOTOPOIO MPOTEKAET COIIACHO
peaKkinu:

FeS, + 3.50, + H,0 = Fe®* + 2SO, + 2H",
MOJIHOTA 3TOW PEAKIIUU ONPEAEIISIETCS COOTHOIICHUEM MOCTYNAIOMINX B PaCTBOP KUCIIOT
u menouei. B ciayuae mpeoOnagaHusi KUCIOT (QOpMHUPYIOTCS Cyib(haTHbIE 03epa, a
IeJI0YEH — COIOBBIE C OTHOCUTENBHO BHICOKUM CO/ICPKAHUEM B HUX CYJb(ATOB.

O4eBUIHO, YTO MMEHHO B pE3yJbTaTe€ pACTBOPEHHUS OJHMX MHHEpPAJOB U
OCaXJCHUSI JIpyrux (popMHUpyeTCs COJIOBBIA TUIl O3€p, a MPU HAJUYUU CYIb(UIIOB B
TOPHBIX TOPOAAX U OKUCITUTENBHOU Cpeibl — CyIb(aTHBIN THI 03€ep.

Ecnu ke ucnapeHue mpooinKaeTcs, a pocT KOJUYecTBa KapOOHATHBIX MOHOB B
03epe HE pacTeT WM pPACTeT MEMJICHHO U3-3a CBSI3bIBAHMS MX BbINAJIAI0NUMU
KapOOHATHBIMU MHUHEpAJIaMH, TO COJIEP)KaHHE XJIOpa CTAHOBUTCS 0OOJiee€ BBICOKHM,
pH<9.0, a Tun Box nepexoauT B XJIOpUIHBINA. [IOHATHO, YTO B XJIOPUAHBIX O3€pax BOAa

ucrmapsieTcss ObIcTpee, 4eM NpoucxXonuT KouimeHtpupoBanue OH', mostomy pacrer
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COJIEHOCTb U COJICPKAHUS IMOJIBUKHBIX 3JIEMEHTOB, HAKAIUIMBAKOTCS TSKEIBIE U30TOIIBI
BOJIbI, a KOJMYECTBO KapOOHATOB, ()TOPUIOB, KPEMHHS W MHOTHX Jp. DJIEMEHTOB
OCTAaeTCsl OTHOCUTEIILHO HU3KHUM.

BrIxoauT, 4To COI0BBIE 03€pa B 3BOJIIOIIMU CBOETO COCTABa M CBSI3AHHOTO C ATUM
BTOPUYHOTO MMHEPAIO0OPA30BaHMS ONEPESKAIOT XJIOPUIAHBIC, XOTS HX COJEHOCTh
MIPUMEPHO B 2.5 pasza HUXKE, YeM XJIOPUIHBIX. DTO MPOTUBOPEUNE OOBICHSICTCS TEM, YTO
nepBbie cofepkat noutu B 17 pa3 6onbmie OH', yeM BTOpHIE.

Tperuit ocHoBHOW mporiecc (HOpMHpPOBaHHUS O3€pPHBIX BOJ — 3TO Cyibdar-
pEeayKIMs, KOTOpask ONKMCaHa BhIlIE. B pe3ynbTaTe OKUCICHUSI OPraHUYECKOTO BEIIECTBA
Ha TEPMUHAJILHOM JTalle €ro JISCTPYKIIMU B 03epax mosBisercs H,S, a mpu Hanmmumun
MeTraHorene3a u CH,, 9T0 IpUHIMIHAIBHO MEHIET XapaKTep T€OXUMHUCCKOU CPEIIbl U3
OKHUCJIIUTEIbHOW B BOCCTAHOBUTEJIBHYIO W NPUBOJAT K HW3MEHEHUIO BAJIEHTHOCTH
MHorux 3iemenToB (S, C, N, Fe, Mn, As, U, Mo, Se u T.1.), MEHSII UX MHUTPAIIUOHHYIO
CIIOCOOHOCTh B JIYUINYI0 WM XYAIIYIO CTOPOHY, a 3HAYUT M HUX CIOCOOHOCTh K
KOHIICHTPUPOBAHUIO WJIM CBSA3BIBAHUIO BTOPUYHBIMU MUHEPAIAMHU.

CdopmupoBanHas TakuM O00pa3oM pa3Has TEOXHMHUYECKas cpefa B 03epax
Pa3HOro THIA CIIOCOOCTBYET TOMY, YTO COJEP)KaHHUS TOJHKO HEKOTOPBIX MOJBUKHBIX B
ATHUX YCJIOBUSX 3JIEMEHTOB PACTYT U HAKAIUIMBAIOTCA A0 3HAYUTEIbHBIX KOHIICHTPALIUH.
Tax B cOIOBBIX 03epax 0XOTHO KoHIeHTpupytores F, U, Zr, As, Th, P32, pexxe Mn, Zn,
Mo, Ni, Cu, B xmopumueix — Br, Sr, Li, Rb, Ba, Se, B cymbdaTHbIX — SBHO
HaKamJIUBaIOLIUXCS DJIEMEHTOB HE BBISBJICHO.

HenpepsiBHOE pacTBOpEHHE OHUX MUHEPATIOB U OCAXKIACHUE APYTUX MPUBOIUT U
K (PpakiMOHUPOBAHUIO U30TOIOB BOJIbI, T.K. IPU PACTBOPEHUU MEPBUYHBIX MUHEPAJIOB
1 00pa3oBaHUU BTOPUYHBIX IPOHUCXOIUT (PaKIMOHHUPOBAHHUE H30TONOB KHCIIOPOJIa
BOJIbI, YYACTBYIOIICH B JTHX pEAKIMsIX C OOOTAlIeHHEM H30TOTIOM 0 me ToOMBKO
BTOPUYHBIX MHUHEPAJIOB, HO U BOJbl. Hamnume B COMOBBIX 03€pax Cpeau BTOPUYHBIX
ATFOMOCHJIMKATOB OOJIBIIETO YHCIIa MUHEPAJIOB OOBIYHO THAPOTEPMAIBLHOIO T'CHE3HCA,
0oJiee BBICOKMX KOHIICHTPAIMA MHOTHX MHKPOXJIEMEHTOB W 3HaueHuid pH sBisercs
MOATBEPKACHUEM TOMY, UTO BpEMSI B3aUMOAEHUCTBUS C MOPOJAaMHU JOHHBIX OTJIOKECHUU
JUIS. HUX OOJIbIIIe, YeM XJIOPUAHBIX U CYJIb(aTHBIX. A 3TO 3HAYUT, YTO COJIOBHIC 03€pa
1o/ ICMCTBUEM OOMEHHBIX PEaKIUi ¢ MOJCTUIAIOIINME TTOPOIaMH B OOJIBIIICH CTENIEHU

MMEIOT BO3MOXXKHOCTh 00O0ramaThes Kuciaopoaom-18.
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brmu3kas kapTuHa XapakTepHa W IS (PPaKIMOHMPOBAHWS W30TOIOB YIIIEpoja
pactBopeHHbIX kapOonatoB. [Ipu okucnenuu B CO, , KOTOpBIH B TabHEHIIIEM IO PEAKIUH
(2) mepexomut B moust HCO; u CO”, KOHIEHTPHPYIOLIMECS IPEHMYILICCTBEHHO B
coZioBbIX Bojax. [103TOMy HM30TOMHBIN COCTaB yriepoja 1Mo Mepe HAaKOIJICHHS B 03epax
PacTBOPEHHBIX (POPM KapOOHATHBIX MOHOB MOCTETIEHHO YTKEIISAETCSI.

Takum oOpazoM, QopMHUpOBAHHME XHMMHUYECKOIO COCTaBa COJEHBIX 03€p
UCCJIEIYEMOT0 peruoHa — MHOTO(AKTOPHBIM Tmpoliecc, B KOTOPOM Hapsnxy C
UCTIAPUTEIBbHBIM KOHIICHTPUPOBAHUEM YYACTBYIOT TPOIECCH PACTBOPCHHUS BOJIOM
OJTHUX MUHEPAJIOB M 00Opa30BaHUS NIPYTUX, a TaKKe OaKTepHUaIbHOTO BOCCTAHOBJICHHUS
cyiabhaToB W OKHCIeHUs cynbdumoB. [loaTomMy B KaxaoM o3epe pernoHa WMEIOTCs
MIPOJYKTHI BCEX MEPEUNCICHHBIX MPOIECCOB, @ UMEHHO: PAaCTBOPEHHBIE COQ, XJIOPHIBI
Na u cynedater Na, Ca m M@, HO UX COOTHOIIICHHE B Pa3HBIX THUIIAX 03€P HEOJIMHAKOBO
(ta611.8.1). Kak BUAHO M3 3TOM TaOMuUIBI, B cpeaHeM Xxjopuabl Na mpeoOsiamaroT He
TOJIBKO B XJIOPUJIHBIX O3€pax, YTO €CTECTBEHHO, HO W COJOBBIX. Bce 3TO oTpaxaer
OUYEBHJIHBIN (DAKT OOJBIION PO MPOILECCOB UCTApeHUs: B (GOPMUPOBAHUU BCEX O3EP.
CopeprkaHue CoJibl B CpPEHEM HEMHOTO HUKE J1a’Ke B COJIOBBIX 03€pax, YeM XJIOPHUJIOB
Na, HO ecnu OpaTh TOJIBKO C HHU3KOM COJICHOCTBIO 03€pa, TO B HUX 3HAYUTEIHHO
npeoOnamaer cona. Miunaye roBops, mpoiecc HAKOIIJICHUSI COJIbI HAa HAYaIbHBIX CTAJIUAX
ucrnapeHus npeodiasaeT Hall KOHIIEHTPUPOBAHUEM XJIOPHIOB, HO Ha MOCIEIHUX Oosee
BBICOKHX CTQJMsIX, KOTJa TEPEXOAWT B OCAIOK OOJIBIIOE KOJMYECTBO BTOPUUHBIX
mMuHepajioB, mporecc koureHTpupoBanuss NaCl cranoButcs Becomee. Cynbdarsl
HAKaIUIMBAIOTCS B MEHBIIUX MacmTabax, MOTOMY YTO WX 3HAYHMTENIbHAs OIS

BOCCTAaHABJIMBACTCA 10 CEPOBOAOPOA.
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3AK/IIOYEHUE

B Bocrounom 3alaiikaiibé Ha OTHOCHUTEIBHO HEOONBIION TEPPUTOPUU C
ONMU3KUMH  JTaHTIIA(QTHO-KIMMATHYECKUMHU  YCIOBUSMU IIMPOKO PaCHpOCTPAHEHBI
pa3HoOOpa3HbIle IO COCTaBYy, COJEHOCTH U MOP(POMETPUUECKHM XapaKTEPUCTHKAM
o3epa. ApuIHBIA KIMMAaT pailoHa HMCCIEAOBAHUN OIpeNessieT BBICOKYIO CTENEHb HX
ucnapenus. [IpoBeeHHBI HAMH pacyeT MO COJIEP>KAHUIO XJIOpa B MOJA3EMHBIX BOJAaX U
o3epax oAgHOro OacceifHa mokasai, 9To oHa Kojebmercs ot 2 g0 3750 pa3, cpemnee 280.
[Ipu »TOM MakcuManbHOE €€ 3HAUCHUE XapaKTepHO ISl XJIOPUIHBIX, B MEHBIICH
CTETICHU ISl COAOBBIX W MHUHUMAJBHO Ui Cylb(aTHbIX 03ep. Takas pa3Has cTeneHb
UCTIAPEHUsI O3EPHBIX BOJ OMPEIEISIeTCS pa3MepoM 03ep, UX TIyOWHON M B MEHBIIEH
Mepe KoJeOaHusAMH aTMOC(HEpPHBIX OCAJKOB, OMpPEACISIEMbIX XapakTepoMm penbeda u
AKCIIO3UINEHN CKIIOHOB U BO3BBIIIEHHOCTEH, OKPYKAIOIINX KOHKPETHOE 03€pPO.

Hamu na OonpimioM (akThueckoM MaTepuaje BIEpPBBIC ISl 3TOTO PETHOHa
YCTaHOBJICHO, UYTO HapsAy C MUCHapEeHHEM OTPOMHYIO POib B (POPMHUPOBAHUHM COCTaBa
03€p WrpaeT HUX B3aUMOJCUCTBHE C aTIOMOCUJIMKATAMH, TIOCKOJBKY XapakTep
paBHOBECHsI O3€pHOW BOJbI, KaK M JPYrUX THUIIOB BOJ, HOCHUT PaBHOBECHO-
HEpaBHOBECHbIM xapakrtep. CO MHOTMMH MHUHEpaJaMH MarMaTHYeCKUX IOPOJT
OCHOBHOI'O COCTaBa BCE€ 0O3epa HE paBHOBECHBbL. C aJlOMOCHIMKATHBIMH MHHEpalaMu
KHCJIBIX U CPEIHUX MOPO]I pABHOBECHE HACTYMAET, TOJIBKO MPU OTHOCUTEIBHO BBICOKOU
MUHEpaIU3alii ¥ BRICOKOM 3HaueHuu pH.

HepaBHOBecHOE COCTOSIHME O3€pHBIX BOJ CO MHOTMMU 3HJOTE€HHBIMU
MUHEpajaMi 00ecreyrBaeT HMX HENPEPHIBHOE PAaCTBOPEHHE U, COOTBETCTBEHHO,
HAKOIJICHUE TOJBIKHBIX AJIEMEHTOB, T.€. T€X, KOTOPhIC HE CBS3BIBAIOTCS BTOPUYHBIMHU
MUHEpajlaMH, B O3€PHBIX BOJIaX, YTO CYIIECTBEHHO MEHSET COCTaB IOCJIEIHUX.
Haubonee wmacmTaOHO Takue MpPOLECCHl TMPOSBIEHBI B COAOBBIX 03€pax, 4YTO
MOATBEP)KIACTCS HAIWYUEM B HHUX HamOojiee BBICOKMX 3HadeHuil pH, kotopwie
SBJISFOTCSL CBHJIETEITLCTBOM MAaKCHUMAJIBHOTO TIO MaciiTabaM B3auMOJCUCTBHUS TaKHX

BOJ C IICPBUYHBIMHU AJIFOMOCHUIIMKATAMHA, THAPOJINU3 3TUX MHUHCPAIOB oOecrneynBaeT pocCT
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pH 1, COOTBETCTBEHHO, BHICOKOE COJIEpKaHKe KapOOHATHRIX MOHOB. BriCOKME 3HAUCHUS
pH u conepxanmst moroB HCO3 1 CO5> B CBOIO 04YepeIb, IPUBOIAT K MAKCHMAIBHOMY
BbINaieHuto kapoonaroB Ca, Mg, Fe u vactuuno Na (reimtoccut, anbOuT, maparoHuT U
ap.). B To ske BpeMs B 3TOM TuIie 03ep akTUBHO KoHIeHTpupyroTcs Na, U, Th, As, F,
peaKO3eMeINbHbBIE JIEMEHTHI U JIp., JJI1 KOTOPBIX IEJI0OUHas cpena OJaronpusTHa s
UX HakoruieHus. ECTeCTBEHHO, UTO COJIOBBIE 03€pa COJAEPKAT U BHICOKHE KOHLIEHTPAIIUU
XJIOpa, MOCKOJIbKY MPOIECC MCIApEHUsI U B COAOBBIX 03€pax UMEET MECTO, XOTS U He
MaKCUMAaJIbHBIN MO MacIITadaM.

NHoe moBeneHune xapakTepHO Uil Ccyib(haT — HOHA B O3€pPHBIX BOAAaX: €ro
cCoJlepKaHUsl B TIOJIABIIAIONIEM YHCIE CIIy4aeB 3HAUUTEIHLHO HIXKE OTHOCHTEIIbHO
paccuuTaHHOM CTeNeHu ucnapeHus. MckimoueHne cocTaBIsiOT TOIBKO HECKOJIBKO 03€ep,
B KOTOPBIX COJIEP>KaHUsI CYJIb(ATOB BBIIIE PACUETHOTO, T.€. UMEIOTCS JOMOTHUTEIIbHbBIC
MCTOYHUKHU STOTO HMOHA. DTO MPOUCXOIUT MOTOMY, YTO BO MHOTHMX O3€pax aKTHUBHO
MPOTEKAIOT MPOIECChl MUKPOOHMOJIOTHYECKOTO BOCCTAHOBIIEHUsI cyibparoB. Hamuuue
MOIIIHBIX WJIOBBIX OTJIOXKEHHM (10 7.5 M) M OpPraHMYECKOIO BEIIeCTBa CIOCOOCTBYET
(GbOpMHPOBAHUIO BOCCTAHOBUTEIBHONM TE€OXMMHYECKOM Cpelbl C  HAKOTUICHHEM
cepoBofioposa. Macmtabel TakuxX TPOIECCOB pa3HbIEe B KaXIAOM O3€pe U JIOJSA
BOCCTAaHOBJICHHBIX ()OPM CEphl MOITOMY TOXe pa3Has. I TONbKO B pEeNKHX Clydasx,
KOrjla B o3epe cyib(aTpenayKius MposiBJIeHa clado, a TOpHbIE MOPOJBI COIEpKaT
Cynb(UIbI, Pa3BUBAIOTCA MPOTUBOMOJIOKHBIE TEOXHMMHYECKUE IMPOIECChl, a UMEHHO
MMEET MECTO OKUCIICHHE CYyIb(UI0B, COACpKaHUE CYJIb(PaTOB B TAKOM 03€pe PacTeT, a
pH o3epHoit Boabl yMeHbIaercs. Eciii mpu 5TOM HE JOCTUTAETCsl paBHOBECHSI C TUIICOM
U JIPYTUMH CYNIb(paTHEIMH MUHEpAJIaMH, a UCTIAPCHUE HEe3HAYUTEIBLHOE, (POPMUPYIOTCS
o3epa cyibdaTHoro tumna. @opMUpPOBaHUE XJOPHUIAHBIX 03€P MPOUCXOAUT B YCIOBHUAX
OTHOCHUTEJILHO CJ1aboro BOAOOOMEHA B HETJyOOKHX 03€pax C BBICOKOM CTENEHbIO
WCIIApEHUST U HAJM4YUU TpolieccoB cyibdarpenykiuu. CTeneHb B3aUMOJCUCTBUS C
ATFOMOCHJIMKATaMU OTHOCUTENIbHO HeOosbInas. ['eoxumMudeckas cpea B TakKMX 03epax

croco0cTBYeT KoHIeHTprpoBanuio Hapsay ¢ Na u Cl, raxke Li, Br, Sru np.
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Ipunoxenne 1

Ta6nua MakpOKOMIIOHEHTHBIN COCTaB MOA3EMHBIX BOJT

Mudp | Bomomyskt KoopauaaTst H co Conep:kaHue TTaBHBIX HOHOB, MI/JT 0.2 | M, Si,
C.Im. B P * [CoZ J[HCO; | soZ | ¢ | F Ca |Mg” | Na- | K | /CI | r/n | mr/n
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
bacceiin p.UHroapl
12-14 | CkBaxuna | 51°14'50.77" | 112°13'24.75" | 7.67 2.20 <03 | 4870 | 30.3 | 148 | 0.63 740 | 49.1 | 281 0.03 205 068 | 1.10
12-15 | CkBaxuna | 51°14'39.53" | 112°15'13.37" | 7.60 4.62 <0.3 86.2 201 | 132 | 0.11 208 | 960 | 7.05 0.08 152 | 016 | 1.79
12-16 | CkBaxuna | 51°14'24.38" | 112°11'36.06" | 7.62 2.31 <03 | 3819 | 335 | 950 | 0.03 93.0 | 242 | 184 2.30 353 [ 056 1.01
12-17 | CkBaxuna | 51°15'17.40" | 112°13'56.09" | 7.07 2.30 <0.3 | 115.8 11.2 | 9.00 | 0.44 309 | 9.00 | 271 0.24 124 |0.18 ] 3.29
12-18 | Konozen 51°13'19.34" | 112°14'22.03" | 7.34 3.70 <03 | 6129 | 321 | 400 | 158 | 1294 | 515 | 194 3.37 8.03 | 0.85] 5.19
12-19 | CkBaxuna | 51°14'47.54" | 112°15'9.21" 7.58 2.30 <03 | 5943 | 372 | 256 | 042 | 1201 | 59.7 | 27.2 0.05 145 | 0.87 | 6.06
12-20 | CkBaxuna | 51°14'46.14" | 112°12'17.77" | 7.71 4.20 <0.3 | 219.6 196 | 16.6 | 0.22 323 | 204 | 23.2 0.56 118 | 0.33 | 6.17
12-21 | CkBaxuna | 51°17'3.26" | 112°19'47.32" | 7.72 4.20 <0.3 | 304.8 165 | 11.8 | 0.07 46.7 | 246 | 235 3.17 140 | 043 ]| 597
12-22 | CkBaxnuna | 51°15'48.91" | 112°15'21.61" | 8.10 2.50 <03 | 7780 | 373 | 11.2 | 0.50 582 | 70.1 | 977 1.69 333 | 1.06| 8.98
12-23 | Konozen 51°17'55.36" | 112°17'39.40" | 7.48 3.52 <0.3 | 540.0 | 4430 | 141 | 030 | 155.0 | 978 | 77.2 8.24 314 | 134 | 8.00
12-24 | CkBaxuna | 51°4'57.37" | 111°46'34.97" | 7.65 4.60 <0.3 | 340.9 18.7 | 121 | 0.11 448 | 273 | 345 0.70 155 | 048] 511
12-25 | CkBaxuna | 51°0'31.63" | 111°41'29.90" | 7.72 3.70 <03 | 347.1 115 | 114 | 0.12 546 | 26.2 | 324 0.45 1.01 | 048 | 582
12-26 | CkBaxkuna | 51°6'44.35" | 111°46'51.43" | 7.76 2.40 <0.3 | 4328 156 | 158 | 0.2 859 | 319 | 218 0.94 0.99 | 0.61| 5.20
12-27 | CkBaxuna | 51°9'55.68" | 111°55'57.48" | 7.32 2.50 <0.3 | 290.8 144 | 6.36 | 0.13 559 | 208 | 174 0.86 226 1041 ] 112
12-28 | CkBaxkuna | 51°27'9.99" | 112°26'43.19" | 7.38 3.20 <03 | 2645 | 7.24 | 3.63 | 0.15 52.6 145 | 178 0.65 199 |0.36 | 109
12-29 | Konozen 51°25'53.93" | 112°35'13.86" | 7.61 1.85 <03 | 3181 | 21.0 | 16.6 | 0.22 76.3 184 | 1838 1.03 1.27 | 047 ] 981
12-30 | CkBaxuna | 51°20'35.88" | 112°20'24.73" | 7.55 3.30 <03 | 187.7 | 46.6 | 22.2 | 0.13 52.3 155 | 165 1.23 210 ] 034 6.85
12-31 | Ponuuk 51°19'32.67" | 112°16'9.82" 7.35 5.54 <03 | 2773 | 850 | 750 | 0.11 70.0 | 129 | 124 2.30 113 | 0.39 | 7.58
12-32 | Konozen 51°21'56.03" | 112°21'17.52" | 7.28 5.10 <0.3 59.6 247 | 151 | 0.09 14.6 11.3 | 352 1.09 164 | 0.13 | 555
12-33 | CkBaxuna | 51°10'35.15" | 112°13'50.76" | 7.23 4.20 <0.3 72.8 7.18 | 3.25 | 0.09 128 | 642 | 6.49 1.09 221 ] 011 ] 6.04
12-34 | CkBaxuna | 51°12'47.73" | 112°10'51.35" | 7.45 2.50 <0.3 88.1 725 | 145 | 0.15 12.7 | 6.88 | 104 1.00 5.00 | 0.13 | 7.08
12-35 | Pomuuk 51°16'32.23" | 112°9'33.75" 7.53 4.62 <0.3 | 1411 16.0 | 3.69 | 0.12 24.3 145 | 8.20 1.20 434 |0.21 | 6.53
12-36 | Konogen 50°57'36.80" | 111°40'32.68" | 7.29 3.70 <0.3 81.4 7.05 | 261 | 0.20 12.1 | 9.88 | 3.49 0.99 270 | 0.12 | 4.59
12-37 | CkBaxuna | 51°6'50.38" | 112°9'35.04" 7.56 2.30 <03 | 1116 | 435 | 294 | 0.28 38.3 19.8 | 4.22 1.02 148 | 0.25| 104
12-38 | CkBaxuna | 51°8'56.51" | 112°3'44.84" 7.74 2.31 <03 | 3787 | 56.1 | 39.1 | 0.20 64.7 | 50.8 | 23.9 2.01 143 | 0.62 | 12.0
17-35 | CkBaxmuna | 50°59'11.26" | 111°33'21.13" | 7.33 26.0 <03 | 3980 | 804 | 524 - 122.1 | 394 | 10.1 2.79 153 | 0.71| 12.0
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[TponomxkeHnue TaOIUIIbI

1] 2 | 3 | 4 | 5 ] 6 | 7 | 8 | 9 [1o ] 12 | 12 | 13 [ 14 [ 15 | 16 [ 17 | 18
Bacceiin p.OHoH

655 Komogenn | 50°47'15.00" [ 114°42'3.00" [ 7.30 | 550 [ <0.3 | 2338 | 380 | 120 | 057 | 562 [ 953 | 882 | 873 | 317 [0.37]5.16
643 PoHuK 50°44'15.00" [ 114°50'57.00" [ 7.84 | 230 [ <03 | 1122 | 204 | 160 | 023 | 39.0 [ 673 | 7.25 | 0.89 | 1.28 | 0.20 | 11.5
629 PoHuK 50° 40' 36.00" [ 114°59'34.00" [ 7.95 | 332 | <03 | 2235 [ 238 | 160 | 055 | 653 | 822 | 113 [ 0.70 [ 1.49 [0.35]9.14
621 PoHuK 50°43'17.00" [ 115°22'20.00" [ 7.72 | 460 [ <03 | 1964 | 360 | 222 | 046 | 559 [ 141 | 920 | 2.84 | 1.62 | 0.349.96
624 | Poxmuk 50° 45'36.00" [ 115°19'55.00" | 6.47 | 440 | <03 | 3282 | 221 | 200 | 081 | 69.2 [ 240 | 184 | 1.95 | 1.10 [0.49 | 6.48
632 PoauK 50° 33'40.00" [ 114°55'10.00" [ 791 | 231 [ <03 | 1915 | 219 | 180 | 046 | 702 [ 976 | 7.78 | 066 | 1.22 [ 0.32 | 9.43
633 Komomerr | 50° 34'20.00" [ 114°47'34.00" | 766 | 220 | <03 | 2647 | 242 | 380 | 052 | 716 [ 138 | 155 | 1.29 | 0.64 [043]| 7.72
641 PoauK 50°37'42.00" [ 114°51'24.00" | 7.82 | 235 | <03 | 3670 | 219 | 500 | 1.03 | 694 [ 302 | 248 | 377 | 044 [0.57 ] 9.65
636 CxBaxuna | 50°31'2.00" | 114°33'20.00" | 7.76 | 560 | <0.3 | 3484 [ 295 | 320 | 112 | 63.7 [ 138 | 640 | 1.28 [ 092 | 0.55| 8.88
637 Komomenr | 50°31'6.00" [ 114°33'23.00" | 840 | <04 | 240 | 3245 | 31.3 | 380 | 1.00 | 647 [ 133 | 562 | 332 | 0.82 [0.53 | 8.20
9-01 | CxBaxmma [ 50°51'35.91" [ 114°58'12.61" | 800 | 3.96 | <03 | 2135 | 306 | 603 | 038 | 58.1 [ 109 | 108 | 0.99 | 508 [0.33]| 5.80
9-02 | CxBaxmma [ 50°53'52.07" [ 114°37'51.33" | 796 | 0.88 | <0.3 | 231.8 | 130 | 550 | 035 | 541 [ 122 | 126 | 0.83 | 2.36 [0.33| 5.70
9-03 [ Cxsaxmma | 50°59'44.54" | 114°16'13.10" | 7.95 | 3.90 | <03 | 207.4 | 466 | 309 [ 030 [ 822 [ 146 | 156 | 1.66 | 1.51 | 0.40[ 6.70
9-04 [ Cxsaxmma | 50°49'44.19" | 114°45'59.98" | 801 | 250 | <03 | 1312 | 204 | 249 [ 023 [ 341 [ 851 | 7.06 | 0.83 | 820 [0.21[ 7.40
9-05 | Cxsaxmma | 50°48'5534" [ 115°5'16.99" | 794 | 240 | <03 | 180.0 | 184 | 1.24 [ <02 [ 401 [ 116 | 7.79 | 0.66 | 149 |0.26 [ 6.90
9-06 | Cksaxmma | 50°48'55.70" | 115°18'9.31" | 815 | 330 | <03 | 2257 | 226 | 142 | 024 [ 441 [ 158 | 108 | 0.66 | 159 [0.32 [ 4.40
9-07 [ Cxsaxwmma | 50°49'45.49" | 115°18'36.46" | 802 | 250 | <03 | 2379 | 168 | 109 [ 037 [ 541 [ 134 | 126 | 1.83 | 1.55 | 0.35] 8.40
9-08 | Cxsaxmma | 50°40'35.46" | 115°25'36.27" | 816 | 440 | <03 | 183.0 | 198 | 426 [ 042 [ 471 [ 851 | 108 | 0.83 | 4.64 |0.27 [ 3.00
9-09 [ Cxsaxmma | 50°42'14.02" | 115°36'0.76" | 817 | 235 | <03 | 2196 | 173 | 11.2 [ 043 [ 521 [ 973 | 126 | 0.99 | 1.54 [0.32 [ 4.00
9-10 [ CxBaxmma | 50°33'15.98" | 115°33'42.17" | 815 | 220 | <03 | 2593 | 213 | 11.2 [ 043 [ 531 [ 176 | 133 | 0.83 | 1.89 | 0.38 [ 4.20
9-11 [ Cxsaxmma | 50°30'41.93" [ 115°8'23.76" | 803 | 585 | <03 | 1251 | 20.7 | 151 [ 019 [ 57.1 [ 547 | 819 | 1.16 | 1.37 [0.23[ 4.00
9-12 [ Cxsaxmma | 50°30'45.11" [ 115°43'18.60" | 795 | 240 | <03 | 1586 | 181 | 337 [ 019 [ 381 [ 103 | 7.42 | 0.66 | 537 |0.24] 7.60
9-13 [ Cxsaxmma | 50°31'8.11" [ 114°58'12.62" | 802 | 330 | <03 | 180.0 | 224 | 243 [ 030 [ 611 [ 116 | 119 [ 099 [ 0.92 [0.31][ 570
9-14 [ Cxsaxmma | 50°24'1.99" [ 114°45'19.02" | 7.95 | 240 | <03 | 2227 | 589 | 495 [ 026 [ 1012 [ 176 | 193 | 1.83 | 1.19 [ 047 [ 575
9-15 [ Cksaxmma | 50°27'25.60" | 114°44'17.08" | 7.75 | 462 | <03 | 1037 | 125 | 3.73 [ <020 [ 241 [ 730 | 7.42 | 0.83 | 3.35 [0.16 ] 7.20
9-16 | Cxsaxmma | 50°16'6.55" | 114°54'55.65" | 813 | 220 | <03 | 2044 | 412 | 117 [ 045 [ 601 [ 973 | 115 | 1.16 | 3.51 [0.34] 2.20
9-17 [ CxBaxmma | 50°14'11.23" [ 115°11'45.36" | 804 | 231 | <03 | 231.8 | 339 | 13.0 [ 038 [ 67.1 [ 128 | 126 | 1.16 | 2.62 | 0.37 | 470
9-18 | CxBaxmma | 50°19'52.25" | 114°28'57.57" | 802 | 230 | <03 | 2257 | 262 | 444 [ 038 [ 66.1 [ 170 | 134 | 1.66 | 059 |0.39 | 5.15
9-19 [ CxBaxmma | 50°22'19.45" | 116°21'42.24" | 818 | 440 | <03 | 2288 | 286 | 479 [ 030 [ 60.1 [ 109 | 115 | 0.83 | 598 |0.35] 2.20
9-20 [ Cxsaxmma | 50°20'46.20" | 116°26'22.26" | 756 | 335 | <03 | 1159 | 165 | 2.36 | 0.28 | 29.1 [ 6.08 | 9.27 | 0.83 | 6.97 [ 0.18] 7.90
9-21 [ CxBaxmma | 50°20'4.87" | 116°22'55.45" | 806 | 220 | <03 | 292.8 | 351 | 20.8 | 086 | 982 [ 131 [ 163 | 1.24 | 1.69 |0.48] 12.0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
9-22 CkBaxuHa | 50°22'16.74" | 116°28'40.93" | 7.96 2.40 <03 | 219.6 | 38.0 235 0.23 92.2 134 | 156 | 1.16 162 040 111
9-23 CkBaxkuHa | 50°22'21.09" | 116°31'51.06" | 7.86 5.20 <03 | 1769 | 28.2 7.83 0.21 52.1 5.47 160 | 133 | 360 [0.29| 104
9-24 CkBaxuHa | 50°25'4.61" | 116°30'27.76" | 7.94 2.40 <03 | 164.7 | 26.8 8.79 0.23 54.1 730 | 122 | 116 ] 3.05 |0.28] 110
9-25 CkBaxkuHa | 50°27'43.60" | 116°42'46.20" | 8.10 4.50 <03 | 1708 | 211 12.5 0.24 64.1 730 | 10.8 | 0.83 169 029 1038
9-26 CkBaxkuHa | 50°30'49.33" | 115°46'40.88" | 7.96 2.40 <03 | 1769 | 33.9 15.3 0.23 76.2 9.73 13.0 | 083 | 221 |[0.33]| 870
9-27 CkBaxuHa | 50°35'56.93" | 115°41'27.33" | 8.10 2.20 <03 | 2440 | 29.8 11.8 0.41 68.1 8.51 122 | 116 | 254 [0.38 | 9.10
9-28 CkBaxuHa | 50°28'21.33" | 115°33'17.55" | 7.86 2.35 <03 | 231.8 | 28.3 12.1 0.31 62.1 14.6 148 | 166 | 233 |0.37] 10.0
9-29 CkBaxuHa | 50°26'1.94" | 115°33'39.20" | 8.09 4.50 <03 | 335 | 112 14.2 1.50 48.1 395 | 204 |149| 0.79 |0.47 | 865
9-30 CkBaxuHa | 50°24'58.97" | 115°35'29.11" | 7.85 4.62 <03 | 4026 | 333 | 1022 | 0.76 | 160.3 | 63.2 | 341 | 224 | 033 |0.80] 9.00
9-31 CkBaxuHa | 50°20'53.18" | 115°39'38.49" | 8.00 3.30 <0.3 | 286.7 2.7 1.92 1.74 48.1 23.1 | 223 | 133 1.39 1039 100
9-32 CkBaxuHa | 50°23'14.41" | 115°37'13.37" | 8.02 2.40 <03 | 3203 | 341 12.9 2.10 52.1 268 | 282 | 166 | 265 |048 )| 7.20
9-33 CkBaxuHa | 51°5'26.66" | 114°23'8.44" 8.03 3.60 <03 |25.0 | 328 | 100.1 | 0.76 69.1 276 | 438 | 166 | 033 |053)| 793
9-34 CkBaxuHa | 51°7'58.74" | 114°25'32.22" | 8.11 4.50 <03 | 3294 | 135 32.0 1.80 56.1 37.7 19.7 | 133 | 042 |0.49 | 6.50
9-35 CxkBaxnHa | 51°2'48.63" | 114°30'22.41" | 8.16 4.50 <03 | 256.2 | 8.89 1.92 0.93 60.1 219 | 964 |116| 463 |0.36]| 7.60
9-36 CxkBaxnHa | 51°7'45.08" | 114°37'20.92" | 8.20 1.76 <0.3 | 488.0 | 33.9 3.51 1.80 50.1 401 | 60.8 | 266 | 9.66 |0.68| 6.50
13-01 | CkBaxmua | 50°48'8.64" | 114°43'37.20" | 7.19 7.92 <03 | 250.0 | 234 3.60 1.17 25.7 19.7 | 402 | 050 | 650 |0.36 | 7.09
13-05 | CkBaxmna | 50°43'29.28" | 115°2'13.20" 8.42 <04 440 | 3540 | 164 11.2 2.50 27.1 48.2 | 24.2 | 1.48 146 | 049 | 594
13-08 | CkBaxuna | 50°43'6.35" | 115°6'5.90" 7.55 0.88 <03 | 2623 | 334 | 157.2 - 1844 | 632 | 334 | 133 021 |0.74] 104
14-4 CxkBaxnHa | 50°14'33.11" | 115°5'9.06" 7.80 3.96 <03 | 3306 | 18.7 2.08 1.38 69.3 18.1 | 220 |0.78| 899 |046| 110
14-5 CxkBaxnHa | 50°48'53.39" | 115° 6'55.62" 7.46 6.16 <03 | 3959 | 288 741 2.68 34.6 317 | 690 | 068 | 389 |057]| 744
14-17 | CkBaxuHa - - 7.67 5.72 <03 | 2019 | 59.1 | 36.90 | 0.21 73.9 8.86 | 26.0 | 0.57 160 |041 | 1.99
17-28 | CkBaxmna | 50°31'10.16" | 115°0'43.56" 7.68 11.0 <0.3 | 398.0 | 1025 | 26.6 - 52.8 472 | 676 |9.75| 385 |0.70| 5.00
17-30 | Ponmnuk 50°56'20.26" | 114°48'49.86" | 7.28 7.04 <0.3 77.8 16.8 2.08 - 26.5 595 | 637 |1.02] 808 |0.14]| 6.00
610 Konoznen 50°21'39.00" | 115°32'51.00" | 7.50 3.50 <03 | 3645 | 86.0 | 100.0 | 0.87 87.8 382 | 750 | 150 ]| 0.86 0.75 | 8.94
611 Konoznen 50°21'49.02" | 115°34'6.76" 7.53 3.85 <0.3 | 362.4 | 100.0 | 86.0 0.90 89.1 36.2 | 77.0 | 1.30 1.16 0.75 | 5.01
612 CxkBaxnHa | 50°21'54.00" | 115°36'21.00" | 7.84 2.30 <0.3 | 208.9 | 4.00 10.0 0.82 37.4 14.7 16.0 | 1.20 | 0.40 0.29 | 8.45
614 CxkBaxuHa | 50°21'16.46" | 115°37'24.94" 7.82 2.20 <0.3 | 210.0 | 10.0 4.00 0.80 37.3 17.3 180 | 140 | 257 0.30 | 5.42
616 Konoznen 50°22'58.00" | 115°36'57.00" | 6.96 3.52 <03 | 3416 | 16.0 17.0 0.93 72.4 21.3 | 21.0 | 810 ] 0.96 0.50 | 5.08
618 Konoznen 50°22'52.00" | 115°39'34.00" | 7.53 3.40 <03 | 3111 | 420 93.0 1.12 74.2 393 | 470 | 170] 045 0.61 | 4.61
620 Konoznen 50°14'11.00" | 115°32'20.00" | 7.90 3.15 <0.3 | 5675 | 39.0 80.0 0.88 14.2 16.2 | 232.0 | 250 | 0.49 0.95 | 7.79
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
672 Konoperng 50°17'37.00" | 115°45'34.00" | 7.82 4.40 <03 | 541.7 | 11.0 28.0 1.08 43.3 42.5 95.0 | 1.30 0.40 0.76 | 2.13
668 PonHuk 50° 14'3.00" 115°28'0.00" 8.45 <04 4.40 3440 | 12.0 55.0 1.75 5.50 7.60 | 143.0 | 2.60 0.23 0.57 | 2.50
675 CkBakuaa | 50° 14'51.00" | 116° 16' 58.00" | 8.09 2.20 <03 | 4819 | 57.0 120.0 1.14 35.5 196 | 197.0 | 1.70 0.48 091 | 2.63
678 PonHuk 50°37'55.00" | 115°50'2.00" 7.73 4.40 <03 | 3111 | 4.00 38.0 0.68 75.8 15.2 24.0 | 1.50 0.11 0.47 | 4.81
15-20 | CkBaxwuna | 50°5'1.61" 116° 16' 58.08" | 7.82 5.72 <0.3 | 503.0 | 60.0 113.5 1.07 43.5 12,7 | 198.0 | 0.80 0.53 0.93 | 9.70
16-6 PonHuk 50°4'33.90" 117°3'12.90" 7.95 7.45 <0.3 | 450.8 | 96.5 31.2 1.41 79.6 60.3 61.1 | 1.88 3.09 0.78 | 4.61
17-21 | CkBaxuna | 50°4'43.90" 116°7'19.78" 7.64 14.1 <0.3 | 4148 | 163.0 80.6 - 72.8 64.4 98.1 | 2.15 2.02 0.90 | 4.61
17-22 | CxBaxuna | 50°4'57.83" 116° 6'45.58" 8.09 7.48 <0.3 | 3935 | 96.3 65.6 - 54.6 44.1 | 1146 | 2.70 1.47 0.77 | 4.61

Obs1acTh BHYTPEHHET0 CTOKA

600 PonHuk 50°18'48.00" | 115°19'29.00" | 7.89 7.04 <03 | 217.0 | 2.00 12.0 0.55 25.8 25.5 10.0 | 1.20 0.20 0.30 | 8.66
604 CkBakuaa | 50°20'24.00" | 115°14'32.00" | 7.92 4.20 <0.3 | 264.0 | 3.00 10.0 0.71 36.2 23.6 19.0 | 1.10 0.30 0.36 -

605 Konopery 50°21'44.00" | 115°12'45.00" | 7.48 4.40 <03 | 283.0 | 15.0 13.0 0.95 445 29.4 17.0 | 1.30 1.18 0.40 | 8.18
608 PonHuk 50°19'5.00" 115°6'28.00" 7.65 3.52 <0.3 | 305.0 | 4.00 23.0 0.68 54.0 27.3 150 | 140 0.15 0.43 | 5.31
666 Komogerg 50°20' 0.00" 115°2'24.00" 7.73 3.96 <03 | 219.0 | 7.00 16.0 0.52 35.7 24.3 13.0 | 1.10 0.43 0.32 | 4.50
659 Pognuk 50°23'29.00" | 114°45'28.00" | 7.23 4.40 <03 | 250.0 | 62.0 110.0 0.26 | 100.6 | 55.4 40.0 | 0.90 0.56 0.62 | 8.11
13-26 | PoxgHuk 50°40'11.14" | 114°26'3.41" 7.65 3.52 <03 | 195.0 | 6.30 4.73 1.44 12.3 15.7 35.2 | 0.30 1.33 0.27 | 10.3
13-29 | CkBaxkmua | 50°19'34.21" | 114°35'32.28" | 7.95 3.52 <03 | 153.0 | 28.2 7.95 0.46 22.9 22.1 7.20 | 0.80 3.55 0.24 | 7.42
13-38 | Komoger 50°22'21.47" | 115°14'51.76" | 8.48 <04 4.40 3540 | 304 50.1 2.08 11.1 42.3 84.8 | 3.20 0.61 0.58 | 4.17
13-40 | PogHuk 50°21'23.87" | 115°12'58.72" | 7.71 5.28 <03 | 183.0 | 121 5.63 0.50 13.9 9.32 44.1 | 0.80 2.15 0.27 | 6.90
13-45 | CkBaxkmnHa | 50°21'40.21" | 115°22'53.72" | 7.85 3.52 <0.3 | 268.0 | 138.5 934 1.58 5.59 30.1 | 162.9 | 1.60 1.48 0.70 | 4.83
13-48 | Komoger 50°22'3.04" 115°38'5492" | 8.26 5.28 <03 | 261.0 | 95.2 51.7 1.90 51.0 39.6 42.2 | 1.30 1.84 0.54 | 3.84
13-59 | PogHuk 50°28'16.36" | 115°25'4591" | 7.74 5.28 <0.3 | 305.0 | 295 22.4 1.44 15.8 18.9 88.5 | 1.20 1.32 0.48 | 7.10
13-62 | Komoger 50°13'49.44" | 115°32'3.12" 8.10 4.40 <03 | 720.0 | 92.0 53.1 6.29 14.9 20.9 | 289.4 | 5.60 1.73 1.20 | 6.38
15-6 Komoger 50°18'29.99" | 114°52'2.75" 7.05 2.64 <03 | 1769 | 13.1 7.82 0.36 38.5 9.92 20.8 | 8.90 1.68 0.28 | 10.1
15-9 Komoger 50°15'39.53" | 115°2'15.07" 7.15 19.1 <03 | 1556 | 8.70 62.3 0.60 59.8 10.6 11.2 | 3.10 0.14 0.31 | 7.62
15-12 | CkBaxuna | 50°12'14.65" | 115°6'8.35" 7.34 737.0 <03 | 799.1 | 22.7 144.2 0.56 | 170.0 | 50.7 | 137.7 | 2.50 0.16 1.33 | 10.6
15-13 | Komoger 50°5'30.59" 115°14'1547" | 6.90 32.1 <03 | 5734 | 14.1 10.1 1.77 | 139.8 | 18.8 519 | 1.10 1.40 0.81 | 10.9
15-14 | PogHuk 50° 7' 28.56" 115°17'37.03" | 7.30 17.6 <03 | 433.1 | 16.9 7.85 151 97.4 16.7 304 | 1.80 2.15 0.61 | 9.73
15-18 | CkBaxwuna | 50°7'48.11" 115°57'20.34" | 7.12 32.1 <03 | 714.0 | 47.7 29.8 2.08 | 1255 | 245 | 1101 | 1.20 1.60 1.06 | 8.59
17-1 CxBaxknaa | 50°0'16.47" 115°43'13.26" | 8.63 <04 12.0 7015 | 435.7 | 160.4 2.23 42.1 51.9 | 453.8 | 8.61 2.72 1.87 | 4.37
17-2 CkBaxxmna | 49°57'24.73" | 115°47'27.71" | 8.79 <04 12.0 8235 | 450.3 | 343.4 4.77 40.3 75.6 | 548.1 | 145 1.31 2.31 | 4.27
17-5 CkBaxxmua | 50°11'30.44" | 115°46'34.61" | 8.55 <04 12.0 4270 | 21.3 23.9 2.68 40.5 40.1 93.5 | 4.08 0.89 0.67 | 14.8
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17-6 CkBaxuna | 50°9'26.86" | 115°40'0.62" 8.76 <04 36.0 | 719.8 | 342.7 | 2074 | 435 | 275 38.9 | 4786 | 148 | 1.65 1.87 | 15.2
17-7 CkBaxuHa | 50°14'6.50" | 115°40'55.60" | 8.70 <04 18.0 | 3416 | 65.0 17.5 138 | 25.6 331 | 848 [389| 371 0.59 | 9.81
17-8 Knroun 50°15'24.73" | 115°38'55.14" | 8.69 <04 18.0 | 3416 | 20.6 10.1 3.08 | 140 | 364 | 60.0 | 11.7| 204 0.52 | 7.39
17-10 | Ponuuk 50°14'13.85" | 115°27'49.03" | 8.66 <04 18.0 | 305.0 | 62.5 21.9 223 | 36.1 25.0 | 1343 | 766 | 2.85 0.61 | 148
17-11 | CkBaxuna | 50°14'3.26" | 115°28'0.26" 9.02 <04 6.00 | 311.0 | 53.8 11.7 2.34 | 7.03 464 | 1200 | 3.22 | 4.60 0.52 | 12.2
17-12 | CxBaxuna | 50°11'44.45" | 115°24'54.40" | 8.20 21.1 <03 | 787.0 | 1126 | 3616 | 1.28 | 148.6 | 2194 | 4754 | 250 | 3.11 312 | 544
17-14 | CkBaxuna | 50°10'21.54" | 115°20'2.36" 8.65 <04 15.0 | 4529 | 32.6 21.3 - 26.9 341 | 1054 | 2.74| 153 0.69 | 5.31
17-24 | Konozen 49°54'0.36" | 115°42'28.12" | 8.08 20.4 <0.3 | 576.5 | 1395 67.9 - 140.1 | 68.0 | 106.6 | 9.35| 2.05 1.11 | 6.06
17-25 | CkBaxuna | 49°53'55.32" | 115°42'20.16" | 8.78 <04 158 | 478.9 | 1515 71.0 - 1206 | 643 | 126.1 | 579 | 213 1.07 | 6.51

[Ipumeuanue — [Ipodyepk — XUMHUYECKHAN 2JIEMEHT HE ONPEIEISIICS
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Li | Be B Al [ v | cr Mn | Fe Co | Ni | cu | zZn | Ga Ge As Se Br

udp

MKI/JT M/ MKI/T MI/7 MKI/T MI/n

1 2 | 3 4 5 | 6 [ 7 8 | 9 10 | 11 | 12 | 13 | 14 15 16 17 18
Bacceiin p. Unroas!
12-14 17.9 0.001 0.24 1.35 3.58 0.23 0.001 0.01 0.09 0.42 2.32 10.0 0.01 0.08 11.9 3.85 -
12-15 18.2 0.01 0.26 2.25 3.54 0.14 0.48 0.02 1.30 4.25 1.04 8.82 0.05 0.03 4.33 0.71 -
12-16 4.95 0.001 0.16 1.26 2.99 0.02 0.04 0.03 0.05 0.39 0.40 0.72 0.01 0.05 10.2 0.10 -
12-17 479 0.002 0.42 2.25 0.03 0.15 0.24 2.51 0.03 0.28 0.61 2.25 0.02 0.33 0.89 0.77 -
12-18 10.3 0.003 0.04 0.18 0.45 0.25 0.00 0.01 0.03 0.21 1.32 1.26 0.01 0.04 0.75 0.77 -
12-19 28.5 0.001 0.32 3.43 0.01 0.05 0.01 0.01 0.01 0.32 0.87 2.21 0.01 0.21 0.41 0.13 0.32
12-20 16.1 0.003 0.22 1.22 21.2 0.20 - 0.01 0.08 0.38 2.09 9.07 0.01 0.07 10.7 3.47 -
12-22 16.4 0.01 0.23 2.03 3.18 0.12 0.43 0.02 1.17 3.82 0.93 7.94 0.04 0.02 3.90 0.64 -
12-28 4.46 0.001 0.15 1.13 2.69 0.02 0.03 0.03 0.05 0.35 0.36 0.65 0.01 0.04 9.23 0.09 -
12-29 13.1 0.001 0.38 2.03 0.02 0.14 0.22 2.26 0.02 0.25 0.55 2.03 0.02 0.30 0.80 0.69 -
12-30 9.32 0.001 0.04 0.16 0.41 0.23 0.00 0.01 0.02 0.19 1.19 1.13 0.01 0.03 0.67 0.70 -
12-32 15.6 0.001 0.28 3.09 0.01 0.05 0.00 0.01 0.01 0.29 0.79 1.99 0.01 0.19 0.37 0.11 0.29
17-35 5.03 <IIO | 0.008 2.15 0.10 2.27 0.016 0.14 0.46 2.25 1.46 23.7 0.003 0.003 0.34 0.077 | 0.069
Bacceiin p. OHoH

655 10.8 0.008 0.038 6.20 0.50 0.37 0.31 0.34 1.35 1.76 1.79 11.4 0.090 0.020 14.9 0.13 -
643 8.70 0.002 0.013 0.40 0.21 0.080 0.001 | 0.005 | 0.045 0.10 0.51 0.90 0.002 0.020 0.75 0.090 -
629 8.30 0.002 0.025 0.50 2.18 0.060 0.019 0.10 0.26 0.25 0.38 1.20 0.004 0.010 3.00 - -
621 10.5 0.002 0.027 0.20 2.21 0.78 0.0004 | 0.002 | 0.060 0.21 1.33 1.20 0.002 0.020 16.2 0.51 -
624 44.4 0.045 0.057 4.80 1.01 0.35 0.0002 | 0.016 | 0.016 2.12 0.80 3.50 0.010 0.020 8.19 0.95 -
632 8.70 0.003 0.014 0.80 1.28 0.12 0.0004 | 0.002 | 0.074 0.28 0.72 2.10 0.005 0.010 3.51 - -
633 11.7 0.003 0.028 1.70 0.27 0.13 0.21 0.013 0.31 0.46 0.98 70.4 0.020 0.020 1.36 0.68 -
641 30.8 0.004 0.10 2.10 3.54 0.070 0.003 | 0.018 0.22 1.27 1.19 1.00 0.010 0.010 25.1 0.46 -
636 44.9 0.002 0.082 3.30 2.97 0.22 0.001 | 0.018 0.28 1.25 1.75 5.00 0.010 0.030 7.67 0.34 -
637 37.6 0.002 0.082 2.00 441 0.15 0.014 | 0.007 0.24 0.97 2.68 12.0 0.010 0.030 9.17 0.31 -
13-01 18.9 0.003 0.017 6.54 0.030 0.98 0.002 | 0.006 | 0.020 1.39 2.94 56.7 0.004 0.020 0.21 420 | 0.041
13-05 12.8 0.002 0.099 24.8 1.17 0.80 0.0003 | 0.015 | 0.070 0.30 1.32 13.1 0.010 0.020 2.05 0.63 0.37
13-08 11.8 0.001 0.072 7.77 2.15 0.91 0.0003 | 0.008 0.11 0.48 1.80 5.87 0.010 0.030 1.82 0.65 1.02
14-4 13.9 0.020 0.043 27.1 0.22 0.70 0.012 0.13 0.13 4.15 2.64 53.3 0.010 0.020 1.81 0.65 0.16
14-5 18.0 0.010 0.067 22.8 0.20 1.00 0.004 0.14 0.060 1.76 1.85 39.3 0.010 0.040 0.52 0.61 | 0.088
14-17 62.0 0.013 0.019 17.0 0.18 0.69 0.24 0.53 0.054 2.78 1.52 29.0 0.008 0.28 4.11 0.23 0.14




[TponomxkeHnue TaOIUIIbI

244

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
17-28 19.0 0.005 0.089 11.0 0.20 1.60 0.13 2.30 0.064 0.27 2.00 3.30 0.008 0.073 0.32 0.86 0.19
17-30 7.00 <IIO 0.010 8.00 0.10 0.42 0.003 | 0.041 0.034 0.20 0.96 43.6 0.004 0.020 0.33 0.54 [0.019
610 40.4 0.002 0.14 2.30 0.24 0.17 0.002 | 0.009 0.057 0.19 0.84 34.3 0.010 0.030 0.75 0.98 -
611 37.3 0.003 0.10 2.10 0.22 0.12 0.003 | 0.008 0.045 0.17 0.80 32.1 0.010 0.020 0.52 0.86 -
612 14.9 0.0004 | 0.054 0.50 2.03 0.37 0.007 0.13 0.044 0.22 0.96 2.10 0.010 0.070 4.49 0.60 -
614 11.6 0.0003 | 0.057 0.40 2.18 0.35 0.004 0.10 0.035 0.21 0.98 2.10 0.008 0.040 4.20 0.65 -
616 11.3 0.017 0.052 3.10 1.09 0.36 0.73 0.16 1.741 2.92 1.18 37.4 0.070 0.040 7.99 0.49 -
618 22.9 0.001 0.088 3.20 0.24 0.15 0.001 | 0.006 0.022 0.12 0.84 16.2 0.010 0.030 0.48 0.59 -
620 19.9 0.004 0.27 1.50 26.2 0.25 0.003 | 0.016 0.101 0.47 2.58 11.2 0.010 0.090 13.3 4.28 -
672 20.3 0.007 0.29 2.50 3.93 0.15 0.53 0.025 1.445 4.72 1.15 9.80 0.050 0.030 481 0.79 -
668 5.50 0.004 0.18 1.40 3.32 0.02 0.039 | 0.031 0.056 0.43 0.44 0.80 0.010 0.050 114 0.11 -
675 164.4 0.005 0.47 2.50 0.030 0.17 0.27 2.79 0.028 0.31 0.68 2.50 0.020 0.37 0.99 0.85 -
678 115 0.005 0.049 0.20 0.50 0.28 0.002 | 0.005 0.029 0.23 1.47 1.40 0.003 0.040 0.83 0.86 -
15-20 42.8 0.004 0.35 3.81 0.010 | 0.060 0.006 | 0.004 0.010 0.36 0.97 2.46 0.003 0.23 0.46 0.14 0.36
16-6 21.0 0.11 0.15 41.0 0.45 1.52 0.13 0.036 2.03 21.0 88.0 653.0 0.026 0.037 26.0 1.62 0.18
17-21 43.0 0.032 0.15 2.00 0.60 2.20 0.13 0.044 0.083 0.85 1.06 12.8 0.006 0.020 1.70 3.46 0.46
17-22 38.0 0.025 0.18 55.0 2.00 3.00 0.056 0.70 0.10 6.00 14.3 119.3 0.019 0.040 2.80 2.69 0.52

Oobs1acTh BHYTPEHHEI0 CTOKA
600 6.80 0.001 0.020 0.50 1.10 0.19 0.001 | 0.003 0.089 0.23 1.05 1.60 0.004 0.010 2.49 0.050 -
604 16.8 0.001 0.042 1.50 0.18 0.070 0.011 | 0.049 0.058 0.13 0.42 2.50 0.003 0.020 0.36 0.15 -
605 14.4 0.002 0.036 0.30 0.37 0.050 0.054 | 0.008 0.23 0.39 0.72 23.7 0.010 0.010 0.82 0.23 -
608 35.7 0.003 0.074 0.70 0.94 0.060 0.006 | 0.016 0.086 0.31 1.25 1.70 0.004 0.010 1.36 0.65 -
666 11.8 0.003 0.035 1.70 0.66 0.12 0.009 | 0.007 0.064 0.19 0.94 8.70 0.010 0.010 0.58 0.42 -
659 125 0.002 0.024 1.70 0.67 0.12 0.059 0.10 0.53 0.73 1.02 2.40 0.010 0.020 1.54 0.75 -
13-26 16.2 0.001 0.040 12.8 17.0 0.97 0.0002 | 0.006 0.040 0.28 0.60 16.1 0.004 0.040 2.45 0.23 0.054
13-29 23.0 0.003 0.17 9.27 0.56 1.09 0.0003 | 0.005 0.030 0.44 0.26 70.9 0.020 0.10 3.76 1.75 4.03
13-38 11.8 <IIO 0.12 13.0 2.54 1.00 0.0003 | 0.008 0.10 0.54 1.06 9.70 0.010 0.020 6.76 0.36 0.57
13-40 6.80 0.0005 | 0.028 5.24 1.03 0.97 0.0002 | 0.007 0.070 0.40 1.05 7.43 0.010 0.010 2.90 0.21 0.26
13-45 39.7 0.001 0.19 33.6 0.67 10.7 0.001 | 0.094 0.040 0.48 3.50 143.2 0.020 0.39 9.37 0.19 0.80
13-48 12.4 0.004 0.11 20.3 4.64 3.25 0.001 | 0.036 0.12 0.68 2.50 60.2 0.010 0.020 6.75 2.35 0.41
13-59 18.2 0.004 0.039 74.6 0.57 6.88 0.001 | 0.029 0.050 0.66 5.00 62.8 0.010 0.10 7.07 0.090 | 0.15
13-62 22.1 0.010 0.21 42.3 42.0 3.56 0.002 | 0.049 0.11 2.71 12.3 27.4 0.030 0.040 11.2 0.64 0.35
15-6 9.00 0.026 0.033 3.98 4.91 0.085 0.088 - 0.85 7.5 8.00 36.0 0.010 0.010 3.84 0.19 0.072
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
15-9 134 0.012 0.032 23.0 0.13 0.11 0.010 - 0.101 0.22 0.44 35.0 0.009 0.013 0.26 0.37 | 0.030
15-12 71.0 0.17 0.070 3.84 0.13 0.13 0.59 - 2.71 4.42 0.30 22.0 0.041 0.048 0.93 0.13 0.48
15-13 62.0 0.037 0.072 4.83 0.10 0.15 0.017 - 0.087 0.35 0.74 21.0 0.004 0.043 0.23 0.17 0.10
15-14 36.0 0.015 0.059 2.94 1.16 0.076 0.030 - 0.15 0.46 0.63 12.9 0.004 0.025 2.22 1.24 | 0.094
15-18 95.0 0.025 0.24 4.19 0.63 0.050 0.025 - 0.49 0.87 1.74 37.0 0.005 0.076 2.08 0.94 0.52

17-1 49.0 0.088 0.37 58.0 0.91 76.5 0.069 1.14 0.64 16.8 2.05 8.77 0.045 0.12 0.82 3.04 0.86

17-2 90.0 <0.02 0.61 69.0 2.75 76.0 0.008 0.55 1.28 19.8 12.6 13.7 0.026 0.040 3.48 6.84 1.45

17-5 25.0 <IIO 0.11 3.00 1.29 1.56 0.002 | 0.034 0.07 0.24 2.19 255 0.002 0.20 0.81 1.34 0.14

17-6 45.0 1.00 0.16 84.4 0.50 7.57 1.49 8.61 0.45 7.14 6.97 54.4 0.13 0.49 0.69 0.68 0.14

17-7 56.0 0.030 0.13 4.00 0.30 1.16 0.31 0.75 0.38 0.58 1.86 10.7 0.010 0.080 8.31 1.05 0.14

17-8 47.0 0.005 0.23 85.0 5.00 1.36 0.29 0.23 0.49 1.74 5.88 23.8 0.041 0.040 26.1 0.54 0.11

17-10 20.0 0.005 0.15 100.0 11.9 1.52 0.083 0.22 0.40 1.38 4.20 44.4 0.047 0.020 20.5 3.08 0.20

17-11 5.20 <IIO 0.13 4.00 2.54 0.52 0.042 | 0.038 0.04 0.67 0.85 10.4 0.004 0.030 10.0 0.15 0.10

17-12 40.0 <IIO 0.32 65.0 0.83 2.95 1.58 1.56 1.98 2.81 291 15.2 0.052 0.030 2.05 3.93 1.22

17-14 56.0 0.066 0.25 4.00 0.060 2.18 0.036 0.46 0.03 0.35 0.68 8.28 0.005 0.44 0.23 0.65 0.19

17-24 35.0 <IIO 0.13 11.0 0.55 3.09 0.050 0.15 0.18 1.65 3.40 354 0.007 0.010 3.19 0.88 0.19

17-25 45.0 0.005 0.14 11.0 1.12 2.51 0.41 0.072 0.33 2.98 3.21 10.3 0.012 0.004 2.77 1.22 0.25
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Rb Sr Y | zZr | Nb Mo Cd | sb | Ccs | Ba | YP3D Hf Ta W [ Pb | Th U
1ndp MKT/JT MI/JT MKT/JT
19 20 21 22 | 23 | 24 25 26 | 27 ] 28 [ 29 | 30 31 32 33 [ 34 | 35 36
Bacceiin p. Unroas!
12-14 0.26 0.46 0.01 0.03 0.01 0.68 0.05 0.56 0.05 | 19.35 0.022 0.003 | 0.000 | 0.02 | 0.08 | 0.001 | 4.48
12-15 0.18 0.76 0.02 0.08 0.01 2.50 0.05 0.51 0.01 | 30.42 0.028 0.005 | 0.001 | 0.12 | 0.18 | 0.002 | 144
12-16 0.23 0.76 0.02 0.05 0.01 8.47 0.16 0.88 0.01 | 96.30 0.055 0.002 | 0.000 | 0.09 | 0.05 | 0.002 | 15.2
12-17 0.48 0.67 0.14 0.27 <TIIO 2.23 0.41 244 0.04 7.53 0.243 0.002 | 0.000 | 0.15 | 1.01 | 0.015 | 6.23
12-18 0.22 0.99 0.13 0.07 <TI0 1.67 0.52 1.73 0.03 | 34.29 0.234 0.002 | 0.001 | 0.02 | 0.69 | 0.008 | 12.2
12-19 1.22 0.28 0.04 0.15 0.01 9.90 0.03 0.09 0.01 7.72 - - - 0.14 | 0.07 | 0.005 | 14.6
12-20 0.32 0.50 0.03 0.42 <TI0 4.54 0.03 0.27 0.01 | 19.98 - - - 0.32 | 0.10 | 0.006 | 19.8
12-22 1.50 0.08 0.01 0.02 <TIIO 4.21 0.01 0.04 0.01 3.14 - - 0.31 | 0.02 | 0.003 | 3.83
12-28 0.24 0.51 0.02 0.06 0.01 3.61 0.03 0.02 0.14 | 22.23 - - - 0.25 | 0.16 | 0.004 | 6.61
12-29 0.40 0.38 0.03 0.01 <TI0 3.15 0.03 0.06 0.01 6.21 - - - 0.01 | 0.03 | 0.001 | 8.58
12-30 0.40 0.46 0.01 0.00 <TI0 3.88 0.22 0.42 0.01 8.46 0.005 0.001 | 0.001 | 0.08 0.000 | 3.27
12-32 0.20 1.17 0.12 0.01 0.002 2.23 0.01 0.12 0.002 | 44.0 0.11 | 0.14 | 0.003 | 3.54
17-35 1.05 0.49 0.013 0.02 0.002 0.89 0.073 0.29 1.89 16.4 0.0003 0.001 | <IIO | 0.010 | 0.074 | 0.002 | 4.19
Bacceiin p.OHoH

655 2.14 0.38 0.23 0.25 0.009 1.98 0.026 0.60 0.39 89.3 - - - 0.11 | 0.19 | 0.044 | 3.02
643 0.25 0.26 0.011 0.002 0.002 0.51 0.004 0.18 0.087 | 94.5 - - - - 0.030 | 0.001 | 0.34
629 0.12 0.41 0.015 0.030 0.002 1.73 0.008 0.36 0.36 18.2 - - - 0.094 | 0.040 | 0.002 | 2.63
621 1.05 0.39 0.042 0.005 0.001 25.1 0.10 28.4 0.22 7.41 - - - 0.42 | 0.030 | 0.001 | 10.5
624 0.10 0.73 0.23 0.033 0.002 1.07 0.019 0.37 0.027 | 23.2 - - - 0.019 | 0.080 | 0.010 | 4.24
632 0.04 0.51 0.051 0.016 0.002 0.87 0.014 0.36 0.32 17.0 - - - 0.057 | 0.050 | 0.001 | 2.00
633 0.13 1.01 0.091 0.027 0.001 1.08 0.026 0.048 0.002 | 4.59 - - - 0.012 | 0.54 | 0.001 | 4.05
641 0.55 0.96 0.065 0.15 0.003 3.30 0.015 1.12 0.30 74.1 - - - 0.015 | 0.050 | 0.009 | 7.80
636 0.14 1.57 0.041 0.054 0.003 4.44 0.028 3.52 0.004 | 50.1 - - - 0.11 | 0.18 | 0.004 | 9.38
637 0.33 1.22 0.044 0.10 0.003 3.71 0.025 3.23 0.035 | 56.3 - - - 0.17 | 0.050 | 0.006 | 8.92
13-01 0.29 0.51 0.010 0.030 0.001 0.75 0.060 0.62 0.060 | 215 0.024 0.003 | 0.0003 | 0.020 | 0.090 | 0.001 | 4.98
13-05 0.20 0.84 0.020 0.090 0.001 2.78 0.060 0.57 0.010 | 33.8 0.031 0.005 | 0.001 | 0.13 | 0.20 | 0.002 | 16.1
13-08 0.25 0.84 0.020 0.050 0.002 9.41 0.18 0.98 0.010 | 107.0 0.061 0.002 | 0.0003 | 0.10 | 0.060 | 0.002 | 16.9
14-4 0.53 0.74 0.15 0.30 <TI0 2.48 0.45 2.71 0.040 | 8.37 0.27 0.002 | 0.0003 | 0.17 | 1.12 | 0.017 | 6.92
14-5 0.24 1.10 0.14 0.080 <TI0 1.86 0.58 1.92 0.030 | 38.1 0.26 0.002 | 0.001 | 0.020 | 0.77 | 0.009 | 13.6
14-17 0.38 1.61 0.050 0.074 - 1.25 0.69 2.07 0.012 | 48.0 0.19 0.001 | <IIO | 0.053 | 0.50 | 0.006 | 0.84
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19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
17-28 0.0004 1.24 0.031 0.054 0.006 1.68 0.30 0.19 0.12 32.2 0.0001 0.004 | 0.008 | 0.085 | 0.68 | 0.015 | 0.022
17-30 0.0001 0.26 0.023 0.007 <IIO 2.00 0.38 0.23 <IIO | 12.6 0.0002 <IIO | <IO | 0.010 | 0.20 | 0.006 | 0.11
610 0.24 1.37 0.14 0.022 0.002 2.60 0.018 0.14 0.002 | 51.2 - - - 0.13 | 0.17 | 0.003 | 4.12
611 0.25 1.23 0.15 0.019 0.002 1.95 0.015 0.18 0.001 | 48.3 - - - 0.11 | 0.20 | 0.001 | 4.05
612 0.24 0.41 0.010 0.016 0.002 1.85 0.011 0.47 0.001 | 36.6 - - - 0.025 | 0.060 | 0.002 | 4.97
614 0.20 0.39 0.010 0.014 0.001 1.73 0.008 0.36 0.001 | 334 - - - 0.019 | 0.050 | 0.002 | 4.90
616 1.18 0.56 0.46 0.57 0.018 2.98 0.030 0.35 0.18 | 100.0 - - - 0.19 | 0.21 | 0.068 | 5.38
618 0.20 0.98 0.075 0.024 0.002 1.65 0.016 0.10 0.19 16.3 - - - 0.001| 0.19 | 0.006 | 8.74
620 1.36 0.31 0.048 0.17 0.006 11.0 0.035 0.10 0.001 | 8.58 - - - 0.15 | 0.080 | 0.006 | 16.3
672 0.36 0.55 0.036 0.47 0.031 5.04 0.029 0.30 0.002 | 22.2 - - - 0.36 | 0.11 | 0.007 | 22.0
668 1.67 0.084 0.007 0.017 0.003 4.68 0.015 0.044 | 0.003 | 3.49 - - - 0.34 | 0.020 | 0.003 | 4.26
675 0.27 0.57 0.025 0.065 0.008 4.01 0.033 0.020 0.16 24.7 - - - 0.28 | 0.18 | 0.004 | 7.34
678 0.44 0.42 0.031 0.008 0.000 3.50 0.033 0.064 | 0.011 | 6.90 - - - 0.013 | 0.030 | 0.001 | 9.53
15-20 0.44 0.51 0.010 0.005 0.010 4.31 0.24 0.47 0.010 | 9.40 0.005 0.001 | 0.001 | 0.090 - 0.0001 | 3.63
16-6 2.64 0.61 1.22 0.046 0.003 3.20 21.0 0.33 0.88 18.0 1.30 0.005 | 0.022 | 0.073 | 1.15 | 0.004 | 9.30
17-21 0.002 1.04 0.070 0.27 <IIO 5.80 1.03 0.46 2.90 13.8 | 0.00002 | 0.002 | 0.007 | 0.091 | 0.14 | 0.014 | 22.0
17-22 0.002 0.65 0.070 0.49 0.003 8.70 1.79 0.37 3.88 24.2 0.0003 0.011 | 0.006 | 0.22 | 141 | 0.021 | 19.9

Oobs1acTh BHYTPEHHEI0 CTOKA
600 0.010 0.37 0.021 0.009 0.001 1.20 0.011 0.45 0.043 | 14.3 - - - 0.042 | 0.050 | 0.001 | 1.69
604 0.080 0.46 0.036 0.017 0.004 1.39 0.007 0.037 | 0.001 | 164 - - - 0.030 | 0.040 | 0.003 | 4.85
605 0.080 0.50 0.085 0.032 0.003 1.04 0.006 0.19 0.038 | 61.2 - - - 0.013 | 0.020 | 0.001 | 541
608 0.20 1.01 0.044 0.041 0.002 1.74 0.009 0.30 0.22 29.9 - - - 0.030 | 0.050 | 0.002 | 10.0
666 0.090 0.40 0.22 0.021 0.001 1.35 0.018 0.042 | 0.001 | 36.2 - - - <[10 | 0.37 | 0.023 | 3.78
659 0.25 1.11 0.050 0.041 0.006 0.47 0.012 0.23 0.002 | 110.9 - - - 0.20 | 0.10 | 0.004 | 14.7
13-26 0.37 0.35 0.030 0.040 0.001 2.04 0.04 0.93 0.010 | 214 0.078 0.007 | 0.001 | 0.060 | 0.070 | 0.002 | 3.95
13-29 0.63 0.83 0.020 0.040 0.002 1.94 0.05 0.62 0.010 | 22.2 0.052 0.001 | 0.001 | 0.060 | 0.060 | 0.003 | 2.24
13-38 0.56 0.72 0.010 0.35 0.003 3.71 0.05 1.10 0.003 | 44.2 0.030 0.006 | 0.001 | 0.65 | 0.050 | 0.004 | 27.9
13-40 0.17 0.44 0.010 0.090 0.001 1.13 0.02 0.94 0.002 | 194 0.037 0.004 | 0.000 | 0.30 | 0.060 | 0.001 | 1.88
13-45 1.01 0.64 0.020 0.30 0.004 5.94 0.12 6.35 0.010 | 17.6 0.083 0.005 | 0.001 | 0.19 | 0.61 | 0.005 | 1.20
13-48 0.24 0.98 0.040 0.22 0.004 3.14 0.07 2.37 0.010 | 109.6 0.11 0.007 | 0.001 | 0.23 | 143 | 0.005 | 19.3
13-59 0.39 0.75 0.010 0.21 0.004 2.45 0.12 7.05 0.005 | 61.8 0.073 0.006 | 0.001 | 0.080 | 0.92 | 0.003 | 6.86
13-62 3.10 0.32 0.030 0.58 0.007 22.1 0.34 8.48 0.010 | 44.1 0.16 0.008 | 0.002 | 0.12 | 1.07 | 0.009 | 36.2
15-6 0.082 0.33 0.11 0.24 0.002 1.27 24.0 0.79 0.001 | 62.0 0.39 0.002 - - 0.050 | 0.002 | 0.47
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19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
15-9 0.090 0.45 0.029 0.017 - 0.75 85.0 0.31 0.001 | 123 0.053 0.001 - - 0.056 | 0.001 | 2.82
15-12 3.72 6.09 0.81 95.0 0.002 1.23 11.8 0.96 3.31 | 971.0 0.44 0.41 0.001 | 0.093 | 0.028 | 0.002 | 18.0
15-13 5.50 1.59 0.24 1.24 - 0.61 10.6 0.19 1.37 13.2 0.25 0.004 | 0.001 - 0.054 | 0.003 | 5.30
15-14 1.49 1.14 0.058 0.16 0.005 1.86 12.4 0.38 0.26 | 26.0 0.077 0.002 | 0.001 - 0.033 | 0.001 | 9.60
15-18 0.39 1.34 0.055 0.41 0.002 2.64 5.30 0.36 0.003 | 55.0 0.041 0.004 | 0.002 | 0.18 [ 0.042 | 0.001 | 9.40
17-1 242 0.52 0.14 9.37 0.086 8.33 0.28 0.12 86.7 | 7.30 0.0002 0.029 | 0.002 | 0.34 | 0.14 | 0.014 | 4.15
17-2 0.99 0.69 0.068 0.34 0.055 16.1 0.23 0.75 79.5 | 28.2 0.0002 0.009 | <IIO | 0.011 | 031 | 0.014 | 154.8
17-5 4.49 0.69 0.009 0.039 0.007 2.94 0.55 0.24 0.080 | 26.5 | 0.00002 | 0.003 | 0.012 | 0.011| 0.14 | 0.016 | 14.7
17-6 441 5.07 1.75 98.5 <IIO 0.28 2.77 0.41 17.5 | 323.0 0.002 0.31 <IIO | 0.012 | 13.8 | 0.082 | 0.43
17-7 0.61 0.56 0.010 0.026 0.003 2.46 0.28 0.17 <IIO | 33.7 0.0001 0.003 | 0.005 | 0.027 | 0.14 | 0.006 | 6.67
17-8 1.94 0.57 0.15 0.17 0.019 2.02 0.28 0.27 <IIO | 36.1 0.001 0.007 | 0.004 | 0.071 | 0.40 | 0.035 | 0.76
17-10 2.83 0.36 0.23 0.30 0.032 4.26 4.00 0.30 <IIO | 18.0 0.001 0.009 | 0.007 | 0.12 | 0.37 | 0.046 | 6.68
17-11 1.47 0.079 0.004 0.022 <110 3.60 0.51 0.10 <IIO | 3.14 | 0.00002 | 0.003 | 0.002 | 0.23 | 0.074 | 0.001 | 2.62
17-12 0.37 2.93 0.12 0.24 0.006 8.51 0.35 0.16 2.17 16.8 0.0007 0.003 | 0.002 | 0.053 | 0.45 | 0.039 | 47.1
17-14 0.59 2.77 0.097 2.06 0.011 1.67 2.55 0.20 3.68 | 147.0 | 0.0001 0.012 | 0.015 | 0.028 | 0.18 | 0.024 | 3.95
17-24 0.59 1.45 0.066 0.13 0.005 1.36 0.33 0.25 1.26 | 87.7 0.0004 0.002 | 0.003 | 0.038 | 0.41 | 0.007 | 7.40
17-25 0.51 1.46 0.031 0.11 <110 5.51 0.67 0.31 141 | 101.9 | 0.0001 0.002 | <IIO | 0.040 | 0.24 | <IIO | 6.86

[Tpumeuanus 1. [Ipouepk — xumuueckuit aaeMeHT He onpenensics; 2. < I[1O — meHble npeena oOHapy>KeHHs
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Koopnunatst a ~
8 s a = Ao A 5
co| EE | ¢ | §E | B4
Mudp HazBanme o3epa - B 5 g E ;8; L§ = % 5 @
2| 28| A | g8 | =9
=]
1 2 3 4 5 6 7 8 9
Huroannckas cucrema (dacceiin p. Muroani)
12-01 Banb3oit 51°21'18.65" | 112°22'40.44" | 780.0 | 0.80 5.00 0.004 20.0
12-04 51°1'33.49" 111° 43' 43.68" 2.50 0.001
17-32 Jlebemuncroe 1557 g 111°43 28027 | 2600 | 032 2.80 0.001 8.00
17-31 XysKapHoe 51°26'23.32" | 112°27 2434" | 7680 | 1.80 2.00 0.004 35.0
ﬁg:ig JlopoHmHCKoe gi ii ?g;g ﬂ; ij, 5;;3 7830 | 480 | 750 | 0036 | 1000
4-09-1 Yermuek | 51°14'37.97" | 112°15'35.68" | 787.0 | 030 | 0.50 0.001 10.0
Y-09-2 Yerruek 2 51°14'51.09" | 112° 16 0.35" 7880 | 040 | 050 0.001 10.0
T-09 Topom 51°15'46.50" | 112°16'53.65" | 787.0 | 160 | 3.00 0.005 40.0
OnoH-bop3unckas cucrema (6acceiin p. OHOH)
13-12 Ilaran-Hop 50°41'53.09" | 115°12'48.06" | 6500 | 491 | 3.00 0.015 15.8
13-16 [lenyry 50°40' 11.39" | 115°23'48.77" | 631.0 | 1.40 | 0.80 0.001 15.0
13-18 ATTBAXOH 50° 40' 5.63" 115° 1' 48.76" 6650 | 1.14 | 3.00 0.003 12.0
13-19 Kyayk 50°40'40.69" | 114°59'36.82" | 663.0 | 1.3 1.00 0.001 15.0
13-20 S 50°25'6.59" 114° 43'9.35" 6680 |_2:83 | 3.00 0.010 170
15-02 50°24'57.78" | 114°43'32.09" ' 1.23 150 0.002 '
13-21 50°22'50.77" | 114° 44' 43.69" 5.50 2.00 0.011
15-03 Haras-Hyp 50°21'48.67" | 114°44'40.49" 648.0 450 1.60 0.008 56.0
13-23 ) 50°22'31.37" | 114° 48 39.60" 130 | 3.10 0.004
15-04 baiiu-byrnak 50°2230.79" | 114°48'39.89" 660.0 520 150 200
13-24 Iaran-Hyp 50°17'33.23" | 114°26'40.75" | 817.0 | 3.80 | 3.20 0.012 25.0
13-27 - 50°20'2.22" 114°26' 11.51" | 7450 | 1.12 1.80 0.002 10.0
13-35 Ky okeprait 50°20'10.90" | 115°7'38.71" 6480 | 125 | 050 0.001 22.0
13-36 50°20'21.41" | 115°6' 0.87" 8.00 0.027
15-08 Baiin-Ilaran 50°20'9.67" 115°6 8.17" 656.0 | 3.36 7.50 0.025 65.0
17-26 50°19'40.30" | 115° 5' 44.88" 7.50 0.025
13-37 Masbie Skmm 50°21'23.50" | 115° 14'4847" | 6510 | 1.26 8.00 0.010 18.0
13-49 Sacynan 50°29'33.49" | 115°36'17.99" | 643.0 | 0.98 7.50 0.007 9.00
13-55 Basn-Bynax 50°21' 1.40" 115° 36' 7.60" 629.0 | 1.48 7.50 0.011 35.0
15-22 Xapa-Topym 50° 17'40.20" | 116° 11'25.08" | 6425 | 1.1 8.00 0.009 15.0
15-24 Tanyraii 50°22'19.13" | 116° 13'58.08" | 642.8 | 0.80 1.00 0.001 16.0
1‘7‘:% Hosxuit 280 jz, ?;:ﬁ,, Hjo j;, ?gjf 6570 | 123 | 550 | 0068 | 1715
14-02 Vium 50°53'3.30" 114°5124.23" 652.0 | 1.27 150 0.002 23.0
14-03 3arocyTaii 50°55'1.92" 115°10'54.01" 670.0 | 2.93 2.30 0.007 107
13-13 Xaparanan 50°42'47.95" | 115°23' 17.81" | 672.0 | 142 | 3.00 0.004 143
13-14 Ilynyra 50°42'37.98" | 115°25'55.99" | 671.0 | 1.01 | 0.80 0.001 10.0
13-02 Bapyn-Xon6o-1 | 50°43'54.00" | 114°57'29.06" | 6250 | 1.02 150 0.003 56.0
13-03 KyHkyp 50°43'24.38" | 114°55 4.30" 651.0 | 5.11 150 0.008 21.6
13-04 Kycoun 50° 43' 6.38" 114°59'28.03" | 652.0 | 1.33 1.40 0.002 28.0
13-06 3yH-XoBo 50°43'30.61" | 115°8' 1.14" 661.6 | 143 | 0.80 0.001 315
13-15 Taran-Hop 50°39'3421" | 115°24'38.04" | 627.8 | 168 1.00 0.002 50.0
13-22 Xamaryit 50°23'10.14" | 114°46'36.23" | 6615 | 1.68 2.60 0.004 18.6
13-31 Vry-Hyyp 50°20'37.36" | 114°52'8.80" 6700 | 112 | 0.80 0.001 13.8
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1 2 3 4 5 6 7 8 9
13-32 Tamikoii 50°18'41.33" | 114°55'3.97" 649.0 2.34 0.70 0.002 46.2
13-33 Xoroueii 50° 18'24.08" | 114° 57'48.82" 644.0 1.98 0.70 0.001 59.0
13-34 Xonaryii 50°19'47.73" | 115°9'18.90" 643.0 135 2.40 0.003 7041
15-07 50°19'46.09" | 115°9'21.06" 643.0 ' 0.80 0.001 '
13-39 Bonpmue Sxmm 50°21'40.36" | 115°12' 58.64" 657.0 1.34 0.80 0.001 22.0
13-41 Hapsim-Bynax 50°19'3.00" 115°19'10.13" 645.0 1.96 1.00 0.002 10.9
13-42 Haran-Topym 50°19'44.65" 115°17'46.14" 641.0 1.23 1.00 0.001 8.00
13-43 Xynykryii 50°22'1.09" 115°21'16.09" 644.0 0.98 0.90 0.001 9.80
13-44 Bacwuib Topm-1 50°22'3.07" 115°22'53.83" 640.0 1.06 0.70 0.001 13.0
13-46 Bapowu-Jlo6op 50° 25' 37.45" 115°39'41.36" | 628.0 1.16 0.70 0.001 18.0
13-47 Xoumsza-Hop 50°28'10.67" | 115°34'6.29" 623.0 0.97 0.60 0.001 8.00
13-50 Xan-Xopo-Hop 50°27'30.02" | 115°42'21.64" 607.0 0.99 0.50 0.001 1.00
13-51 Apnaraii-Hop 50°22'7.07" 115°41'11.26" 619.0 0.99 1.00 0.001 1.00
13-52 Ex»-Hop 50°21'40.68" 115°40' 22.69" 611.0 1.32 0.90 0.001 26.0
13-53 Ynan-Hop 50°21'15.88" 115°40' 25.14" 614.0 1.23 0.70 0.001 22.0
13-65 Harau-Hyp 50° 12'48.53" 116° 15'20.45" 645.0 5.11 0.70 0.004 15.7
13-66 Xapa-Topym 50°13'20.89" 116°14'41.71" 642.0 1.16 0.50 0.001 34.0
13-67 I"anra-Hyp 50°15'47.77" 116° 13' 25.68" 633.0 1.35 2.10 0.003 35.0
13-68 50°14'52.19" 116° 15'45.25" 0.70 0.001
15-23 bopsunckoe oo gsa 10w [ 1167 1545257 | 40 | 180 500 T 0002 40.0
14-08 I"33m9i-Hyyp 50°34'21.43" 114° 58'49.37" 655.0 1.32 0.50 0.001 25.0
14-09 Hynna-Hyyp 50°32'15.55" 114°30' 59.71" 676.0 0.50 1.60 0.001 12.5
14-10 3yn-Hyyp 50°32'34.01" | 114°32'47.65" | 6570 | 128 | 050 0.001 28.0
14-11 Xanunaraityi-Hyyp 50°36'39.96" 114°52'41.70" 655.0 2.21 1.50 0.003 11.0
14-12 Bycytyii-Hyyp 50°37'46.13" 114°51'45.97" | 656.0 | 1.47 1.50 0.002 23.0
14-13 - 50°37'51.53" 114°53'5.17" 650.0 0.97 0.90 0.001 8.50
14-14 - 50°40'28.63" 114°53'44.45" 652.0 0.80 0.90 0.001 2.00
14-16 [[aran-Hyp 51°0'51.12" 114°16'51.53" 711.0 0.80 3.00 0.002 20.0
15-01 Ilaran-Hyyp 50°27'12.71" | 114° 44'42 43" 663.0 0.13 2.50 0.003 3.25
13-30 S — 50°20'44.27" 114° 50' 35.20" 656.0 210 1.40 0.003 617
15-05 50° 20'44.63" 114° 50' 33.18" 656.0 ' 0.40 0.001 '
15-21 I"anra-Hyp 50°15'47.77" 116° 13' 25.68" 633.0 1.50 0.80 0.001 35.0
15-25 XapaHop 50° 27'49.43" 116°19' 50.81" 650.0 13.3 5.20 0.069 62.5
13-71 Xo01160-2 50°27'1.69" 116°27'27.29" 659.0 0.18 1.00 0.002 21.5
15-26 X01160-3 50° 28'4.08" 116°28' 52.21" 658.0 0.30 1.10 0.003 26.0
16-08 [IBapumBCcKoe 49° 57'25.20" 116° 50' 44.28" 650.0 1.42 2.10 0.003 21.6
16-11 3bipae-3bipre 49° 51'24.24" 117°16'19.92" 744.0 0.80 3.00 0.002 16.0
16-13 Xapa-Hyyp 49°52'55.68" | 117°50'58.14" | 640.0 | 4.60 | 2.00 0.009 15.0
14-15 ITaran -Topom 50°47'26.27" | 114°49'21.43" 646.0 2.25 0.80 0.002 12.9
o Xwrawra  [agaaror LS 6630 | 1.02 | 050 | 0001 | 980
o Foplyia [ agrarro—{io T 09— 6610 | 130 | 020 | 00003 | 950
13-10 Xouno-Topym-2 50°40'43.52" | 115° 8'40.82" 655.0 0.15 1.50 0.0002 75.0
13-11 XonBo-Topym-1 50° 40' 54.66" 115°8'34.91" 654.0 0.24 0.70 0.0002 67.0
13-28 bunmsunp-Hyyp 50°22'25.00" 114° 35'32.14" 691.0 1.34 0.30 0.0004 68.0
13-54 Jlabaca-Hop 50°20' 7.04" 115°37'26.40" 672.0 0.15 0.30 0.0001 50.1
13-56 bon. Bynyrynna 50°18'13.18" 115°36' 58.68" 662.0 1.67 0.70 0.001 140.0
13-70 babbe 50° 17'49.49" 116°22'37.09" 667.0 0.34 1.90 0.001 61.8

Topeiickasi cucTrema (00J1acTh BHYTPEHHEI0 CTOKA)
13-60 Xoiito-Topym-1 50° 14'47.65" 115°28'50.41" 642.0 1.03 1.00 0.001 12.0
13-61 Xoiito-Topym-2 50° 14' 38.40" 115°29'33.11" 635.0 1.03 1.00 0.001 12.0
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1 2 3 2 5 6 7 8 9
13-63 50°0'44.53" | 115° 45 24.05"

13-64 i Tonei 50° 74573 | 11555 24717 | oo 260.0 | 400 | 104 25100
15-16 yH-toped 50°9'40.57" | 115°45' 33.59" ' 2200 | 080 019

1517 50°6'25.09" | 115° 57 25.45" : : :

17-03 Xapa-Topym | 49°573838" | 115°4730.70" | 607.0 | 015 | 300 | 0001 | 3.00
15-11 laran-Hop | 50° 11'58.09" | 115°0'5.47" 671.0 | 398 | 460 | 0018 | 90.2
g’g Apy-Topym 28 B i;:‘s‘é" ﬂg ig ;7127 6240 | 325 | 110 | 0004 | 123
ig:gg Ko 28 i ggjg ﬂ; j ;g;z 7500 | 080 | 190 | 0002 | 486
16-09 uxanua-Hyyp | 49° 54' 24.66" 116° 45'20.16" 648.0 0.80 0.60 0.001 40.7
16-10 Tpmmcano | 49°56'34.43" | 116°42'56.79" | 671.0 | 020 | 050 | 00001 | 9.40
13-57 Apermickoe | 50° 15'40.18" | 115°3459.77" | 6430 | 1.00 | 070 | 0001 | 10.0
ﬁig Babaii 28 g ;‘Séé ﬁg ;2 §69§7 6360 | 193 | 100 | 0002 | 570
17-19 : 50°1'4393" | 116°0'2239" | 6335 | 044 | 1.00 | 00004 | 100
17-13 Monry-Tyii 50°1144.05" | 115°2436.58" | 6440 | 017 | 120 | 0001 | 430
17-15 Baryii 50°0%55.12" | 115°1526.03" | 650.0 | 080 | 2.10 | 0001 | 160
17-20 Tlyp6aun 50044915 | 116°83232" | 647.0 | 050 | 110 | 0001 | 250
17-23 Jannaii 50°30.94" 116°274441" | 6280 | 106 | 1.20 | 0001 | 212
16:07 | Bapys-Lilnsepryii | 50°0'52.79" | 116°48 1486" | 687.0 | 122 | 040 | 0001 | 222
16-14 Kyxa-Asspra | 49°55'49.26" | 117°51'57.06" | 6440 | 3.80 | 320 | 0012 | 180

[Tpumeuanue — [Ipodyepk — o3epo Oe3 Ha3BaHUS
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Ipuioxkenne 3

Tabnuia MakpOKOMIOHEHTHBIN COCTaB 03€PHBIX BOJI

CogeprkaHue IIIaBHBIX HOHOB, MI/JI Si

Hludp Ha3zBanue o3epa Eh pH CO, M, r/n )
HCO,+COs* | SO2 cr F ca®* Mg?* Na* K* M/

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Huroannckas cucrema (dacceiin p. Muroani)
12-01 Banb3oit 242 9.60 | <04 2585 89.6 750.0 3.80 9.50 19.8 1532 23.6 5.01 1.58
12-04 TeGemsckoe 244 940 | <04 858.0 10.2 28.2 0.69 11.1 25.6 317.4 4.55 1.26 1.52
17-32 185 9.87 <04 774.8 48.7 13.2 1.30 11.0 34.6 224.4 33.7 1.14 1.29
17-31 XyKapHoe 106 9.60 | <04 27181 12727 7232 28.8 4.71 6.89 20564 281.8 68.1 9.92
J10-15 - 9.76 | <04 12519 132.5 3247 10.9 12.1 12.8 6869 138.4 22.9 5.42
J10-17 HloponHckoe - 961 | <0.4 14285 176.0 3545 | 115 115 116 7565 | 1156 | 257 | 3.48
q-09-1 Yemyexk 1 95 953 | <04 1004 23.6 178.0 4.60 10.6 24.6 493.9 10.6 1.80 1.80
q-09-2 Yemyek 2 - 959 | <04 9308 1690 6326 29.4 1.62 27.5 8647 37.4 26.2 2.10
T-09 Topom - 924 | <04 8627 3200 5390 39.7 17.8 166.3 8000 99.3 25.5 2.60
OnoH-bop3uHckas cucrema (6acceiin p. OHOH)

13-12 Ilaran-Hop 51 931 | <04 986.0 180.6 531.8 0.06 8.48 19.5 744.8 20.1 2.49 1.81
13-16 lenyty 26 9.17 | <04 1023 275.3 399.3 8.29 46.6 58.1 738.6 35.0 2.97 2.16
13-18 AnBaxon 120 930 | <04 1216 48.5 596.0 5.48 26.7 61.8 682.6 63.6 2.70 2.50
13-19 Kynyx 62 955 | <04 2549 1694 1064 1.90 43.5 82.5 2226 56.8 7.72 3.31
13-20 Basbicryii 99 9.16 | <04 1180 136.6 531.2 6.01 13.6 41.1 746.9 24.4 2.68 3.38
15-02 112 9.33 <04 1734 145.6 4474 7.74 114 31.8 924.0 16.0 3.32 5.77
13-21 12 943 | <04 3035 330.5 1770 16.5 5.35 74.8 2275 54.5 7.57 1.99
1503 Harar-Hyp 25 | 956 | <04 5117 6215 | 2967 | 218 | 622 | 57.3 | 4021 | 425 | 129 | 2.46
13-23 Baiim-Bynak 185 9.03 | <04 889.0 80.5 421.9 6.15 9.56 72.2 634.7 18.4 2.52 1.73
15-04 78 9.18 | <04 1272 94.6 382.2 7.06 13.3 47.4 668.0 8.47 2.49 4.02
13-24 Iaran-Hyp 176 940 | <04 2393 275.5 841.9 14.1 8.38 48.9 1472 13.7 5.07 2.06
13-27 - 216 925 | <04 1281 175.3 89.2 10.4 32.6 102.6 380.3 17.9 2.09 18.7
13-35 Kymkepraii -35 10.7 | <04 24212 990.5 14180 72.3 3.30 40.3 18567 440.8 58.5 3.94
13-36 Baits-Llaran 58 924 | <04 1715 183.3 939.1 6.59 14.0 43.9 1276 56.1 4.23 2.12
15-08 81 944 | <04 2146 147.8 1023 7.56 11.8 25.8 1472 23.3 4.86 5.86
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
17-26 baiin-llaran 77 9.35 | <04 2600 185.5 1245 11.2 12.4 36.9 1725 79.5 5.93 3.79
13-37 Mansle Sk -12 9.60 | <04 3831 792.5 2120 10.4 2.87 38.3 3035 161.7 9.99 3.29
13-49 3acynaH 334 9.66 | <04 1588 610.0 156.9 6.29 2.14 69.4 796.7 107.0 3.34 1.39
13-55 basgn-bynak 240 9.25 | <04 902.0 102.3 31.7 4.35 5.64 2.94 396.1 2.95 1.45 15.1
15-22 Xapa-Topym 53 942 | <04 766.0 430.1 621.2 1.65 37.2 12.9 800.0 3.70 2.67 2.95
15-24 layTaii 18 923 | <04 1480 1148 812.3 26.3 46.3 21.8 1550 6.73 5.09 7.32
14-01 Hosxuii 34 929 | <04 1284 532.8 520.5 5.00 12.3 1111 594.1 30.8 3.09 2.40
17-29 95 9.23 | <04 2023 1008 421.9 8.11 10.4 137.9 1174 96.0 4.84 1.98
14-02 Yiun 53 949 | <04 2805 2208 1310 0.50 5.84 2914 2347 57.6 9.03 1.71
14-03 3arocyTait -146 9.61 | <04 4465 960 785.5 0.85 1.90 128.4 3008 82.5 9.43 8.74
13-13 XaparaHaui 90 9.83 | <04 1192 1680 886.3 3.38 3.10 54.4 1496 306.3 5.50 2.30
13-14 lynyTa 77 951 | <04 943.0 2162 1462 2.75 2.64 146.0 2152 357.1 8.03 2.35
13-02 bapyn-Xon6o-1 99 9.83 | <04 754.0 570.0 974.8 6.44 13.1 33.6 1058 88.5 3.50 2.32
13-03 Kyskyp 13 957 | <04 2404 550.0 1595 2.75 6.43 6.78 1343 42.6 3.79 2.58
13-04 Kycoun 109 958 | <04 1009 720.4 1330 14.1 10.3 39.4 1476 43.9 4.64 2.44
13-06 3yH-XosBo 61 9.62 | <04 1883 825.8 4520 26.9 5.53 30.2 3846 60.0 11.0 2.62
13-15 Iaran-Hop 75 945 | <04 1238 487.5 1552 20.4 20.3 19.2 1651 41.9 5.11 3.05
13-22 Xapmatyi 32 953 | <04 2258 297.5 2127 19.9 15.6 31.0 2282 29.5 7.06 3.91
13-31 Y1y-Hyyp 101 9.20 | <04 2704 792.1 5563 25.6 4.94 125 4958 37.0 14.1 2.62
13-32 l"amkoii 92 938 | <04 5145 1650 6103 13.1 2.45 127.3 6386 114.0 19.6 2.53
13-33 Xorouei 100 9.80 | <04 6456 2280 6632 9.52 2.65 75.4 7646 96.2 23.2 2.40
13-34 Xonaryii -59 9.27 | <04 2272 165.2 4473 9.97 6.68 93.7 3429 56.0 10.0 3.35
15-07 - 948 | <04 4064 143.5 2726 14.1 11.9 61.8 3221 43.1 10.3 5.55
13-39 Bospine Sknm 342 9.96 | <04 3679 130.9 2488 111 9.22 64.8 2852.6 145.4 9.38 3.78
13-41 Hapeiv-Bynak -21 911 | <04 1387 275.0 833.1 5.12 7.77 89.5 997.9 29.7 3.63 5.71
13-42 Harau-Topym -11 9.64 | <04 1105 550.0 2437 2.08 1.28 18.9 2189 58.5 6.36 2.61
13-43 Xynykryd 65 983 | <04 1818 665.4 2925 25.0 1.03 7.23 2840 83.4 8.37 2.70
13-44 Bacuib Topm-1 65 9.93 | <04 2679 725.0 8614 46.7 1.45 3.65 6912 49.5 19.0 2.49
13-46 bapon-/lodop 322 950 | <04 1675 528.7 3013 22.3 1.12 29.0 2724 101.1 8.09 2.68
13-47 Xomsa-Hop -75 981 | <04 3207 1720 6437 22.3 2.80 16.8 6134 82.5 17.6 2.94
13-50 Xan-Xopo-Hop 284 100 | <04 2217 1220 9146 32.3 10.9 4.34 7283 89.0 20.0 2.32
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13-51 Anaraii-Hop 306 940 | <04 1094 500.5 1152 | 23.9 2.72 6.07 1380 8.70 417 312
13-52 Ex>-Hop 267 100 | <04 1465 1276 1134 | 6.01 4.98 80.3 1730 253 572 2.38
13-53 Vnan-Hop 263 951 | <04 1215 516.3 1595 | 19.0 2.38 21.1 1689 15.4 5.07 261
13-65 aran-Hyp 355 955 | <0.4 2226 4750 5743 | 997 6.49 165 6788 26.9 196 3.01
13-66 Xapa-Topym 58 9.24 <04 1077 1221 4963 H.O. 20.6 53.7 4060 35.5 114 2.00
13-67 Tanra-Hyp 51 937 | <04 767.0 676.5 1415 | 6.01 7.69 141 1489 105 5.15 2.76
13-68 Bopamoxos 125 956 | <0.4 3105 16750 | 14890 | 8.68 10.4 830 | 18795 | 559 53.6 254
15-23 42 934 | <04 22130 62340 | 133740 | 3.32 127 1.08 | 124800 | 2002 | 3432 | 488
14-08 T535r90-Hyyp 11 931 | <04 4656 1344 13916 | 34.6 6.56 28.3 | 18036 | 34.6 38.1 2.86
14-09 Tynna-Hyyp 71 964 | <04 1446 768.1 | 8820 | 208 80.0 29.4 1404 | 1323 | 4.76 3.34
14-10 3yn-Hyyp 34 986 | <04 5795 4700 9493 | 30.1 6.22 717 | 16158 | 8.38 36.3 3.37
14-11 Xanuarairyii-Hyyp 117 955 | <04 2939 1008 968.8 | 8.68 14.0 1391 | 2518 38.7 7.63 3.42
14-12 Bycytyii-Hyyp 65 9.76 | <0.4 3023 1815 3217 | 466 136 54.5 1701 132 6.95 2.34
14-13 N -49 956 | <04 2952 235.2 1638 | 7.22 14.3 182.8 | 585.0 20.1 5.64 2.82
14-14 N 88 902 | <04 1414 115.2 94.1 7.92 36.0 176.3 | 303.0 22.2 2.17 1.80
14-16 Llaran-Hyp 100 953 | <04 2307 660.0 83.4 0.74 457 150.7 | 1157 24 4.39 115
15-01 Laran-Hyyp 92 948 | <04 462.0 55.7 3909 | 511 51.8 10.2 371.0 2.30 135 9.55
13-30 Vi 79 868 | <04 738.0 209.8 1196 10.9 6.34 79.3 1348 44.2 4.63 251
15-05 - 894 | <04 2285 299.1 1697 12.8 6.20 418 1945 21.4 6.31 3.96
15-21 Tanra-Hyp 35 971 | <04 1236 1416 1651 13.8 39.8 255 2100 4.71 6.49 452
15-25 Xapatop 34 937 | <04 1679 887.2 1216 | 5.74 18.8 36.0 1765 4.43 5.61 5.88
13-71 X01160-2 98 842 | <04 1215 583.2 4473 131 15.7 9.95 3596 7.47 9.91 1.87
15-26 Xo1160-3 81 958 | <04 9634 2311 6920 | 1314 | 154 5.32 9350 143 28.4 3.92
16-08 IIBapuuBCcKoe 45 920 | <04 3067 8307 7052 | 3.16 75.0 3952 | 8765 | 179.4 278 6.15
16-11 3b1pe-3bIpre 80 909 | <04 122.8 1500 2707 | 049 | 1821 160.7 | 1984 31.1 6.69 252
16-13 Xapa-Hyyp 120 910 | <04 2026 2753 3110 | 2.75 19.0 1982 | 3687 25.6 115 2.85
14-15 Llaran -Topom 110 890 | <04 164.9 631.2 | 3852 | 511 4.68 33.0 802.9 6.22 2.03 0.89
13-07 Nootrata 67 817 | 720 255.0 1400 6736 | 5.00 62.9 509.8 | 4047 60.1 13.1 1.37
14-06 81 847 | <04 205.7 3063 14089 | 1.73 54.1 8953 | 13143 | 410 315 1.43
13-09 oot -10 8.08 | 48.0 109.0 2100 12053 | 0.72 59.1 4681 | 7830 | 1035 22.7 1.38
14-07 opoyhka 42 747 | 132.0 2235 13680 | 101088 | 0.40 160.0 3795 | 65000 | 237.6 | 184.7 | 1.75
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
13-10 XonBo-Topym-2 16 850 | <0.4 330.0 660.5 3855 | 5.48 21.8 1022 | 2703 241 7.70 151
13-11 XonBo-Topym-1 17 8.06 | 96.0 242.0 1419 8508 1.48 48.8 282.7 | 5660 43.6 16.2 147
13-28 Bunsanp-Hyyp 60 740 | 156.0 384.0 8750 | 26233 | 028 | 6175 5645 | 19427 | 92.3 55.9 137
13-54 JlaGaca-Hop 11 756 | 70.0 204.0 7500 | 26580 | 0.27 | 129.0 607.6 | 19475 | 177.2 54.7 135
13-56 Bonbinast bynyrynna -36 854 | <04 2109 1034 5743 37.1 6.81 25.4 5204.1 69.8 14.2 1.56
13-70 Batbe 96 870 | <0.4 377.0 1013 2836 | 2.62 22.6 1043 | 1649 17.4 6.60 148

Topeiickasi cucreMa (00J1acTh BHYTPEHHEI0 CTOKA)
13-60 Xoiito-Topym-1 111 981 | <04 630.0 130.1 79.5 5.00 9.28 31.7 | 272.0 16.1 117 159
13-61 Xoiito-Topym-2 365 956 | <0.4 960.0 308.8 7445 | 997 105 33.8 | 910.7 10.7 2.99 3.52
13-63 334 970 | <0.4 2451 1012 1490 | 104 1.29 885 | 2428 38.4 7.52 1.94
13-64 i Tonci 381 946 | <04 2924 1210 1560 | 112 0.84 82.4 | 2527 23.5 8.34 175
15-16 yH-topen 106 927 | <04 4587 1806 2412 | 147 113 40.6 | 4053 18.9 12.9 2.15
15-17 10 955 | <0.4 4648 1767 2672 | 138 12.0 485 | 4200 21.5 13.4 2.66
17-03 Xapa-TopyM 40 904 | <04 905.5 68.7 2056 | 4.06 84.2 63.3 | 277.0 20.0 1.63 15.7
15-11 Llaran-Hop 52 927 | <04 2805 4030 | 8167 | 9.09 5.21 7252 | 1595 27.1 5.73 2.45
15-15 AouT 100 947 | <04 5124 2018 2651 | 2.39 9.85 62.1 | 4425 81.9 14.4 2.56
17-17 Py=1opyM -30 958 | <04 8449 5385 5672 H.0. 3.40 85.3 9002 | 500.0 29.1 3.15
16-04 —_— 124 920 | <04 2019 1927 3176 | 1.73 7.61 2575 | 1365 472 5.90 3.54
16-05 105 923 | <04 2783 3686 601.8 | 067 7.05 379.7 | 2423 85.2 10.0 2.78
16-09 Ilnxamnn-Hyyp 51 960 | <04 1270 13760 6405 | 1.90 18.0 3748 | 10440 | 845 32.4 250
16-10 T pHIIKHHO 45 959 | <04 16539 13790 6600 | 104.7 7.31 57.4 | 17126 | 1066 54.3 775
13-57 ApErHHCKOe 119 988 | <04 3653 1120 3590 | 523 2.85 139 | 4165 96.1 12.7 2.98
13-58 Eatait 80 942 | <04 1910 550.5 2046 | 19.0 5.10 115 | 2284 6.85 6.83 2.91
17-18 75 943 | <04 650.6 176.2 7802 | 315 8.01 267 | 8400 452 2.50 2.30
17-19 N 69 968 | <04 6015 1371 3735 | 414.0 10.0 3.34 | 5706 44.7 165 7.59
17-13 Monry-Tyit 84 915 | <04 830.0 145.0 2532 | 16.9 8.84 299 | 536.8 6.13 1.81 11.9
17-15 Baryii 94 903 | <04 550.1 65.7 130.8 | 548 16.0 102 | 2585 485 1.09 3.75
17-20 JlypGaun 15 959 | <04 9066 8811 14214 | 104.4 3.12 6.60 | 16504 | 2554 | 49.1 3.12
17-23 3annait 55 948 | <04 17880 17916 | 45650 | 199.9 4.05 3.09 | 44123 | 2990 | 1265 | 103
16-07 Bapyn-ILlusepryit -438 832 | <04 1705 7580 2050 | 0.69 51.6 895 | 5348 435 16.9 17.8
16-14 Kyka-Asbipra 104 869 | <04 548.6 4915 2659 | 0.36 79.2 64.8 | 3918 13.9 1.83 2.10

[Tpumeuanus 1. [Ipodyepk — o3epo Oe3 Ha3BaHMS; 2. H.0. — XUMHUUECKUH 3JIEMEHT HE OIpeIelIsiycs
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Li | Be B | Al V. [ ¢ | Mn Fe Co | Ni [ cu | zn Ga Ge As Se Br

udp

MKT/JT MT/71 MKT/JT MrI/1 MKT/JT M/

1 2 | 3 4 | 5 6 | 7 | 8 9 10 | 11 [ 12 | 13 14 15 16 17 18
l/lHFOlII/IHCKﬂH cucrema
12-01 200 [ 0002 | <IIO 0.047 ] 0.0001 [ 0.001 | 0.80 [ 0.0004 | 0.09 | 3.09 | 2.07 | 067 [ 0.010 | 0.034 | 047 0.33 0.080
12-04 5.40 [ 0.0002 | <TIIO 0.049 | 0.008 | 0.002 | 1.00 | 0.006 | 0.001 | 1.45 1.99 | 1.69 [ 0.020 | 0.006 | 0.21 | 0.034 | 0.030
17-32 157 | 0.039 | 0.013 0.033 | 9.90 2.27 6.30 | 0077 | 052 | 226 | 2.89 | 352 | 0.020 | 0.01 23.1 1.24 0.22
17-31 | 729.8 | 0.60 0.040 0.57 53.1 40.6 19.5 3.66 062 | 1917 | 557 | 407 140 | 020 | 250.8 | 188.6 52.0
J10-15 | 70.0 0.13 0.36 0.017 10.7 2.14 19.0 0.35 026 | 200 | 264 | 120 | 073 | 056 | 321.0 | 158 16.2
J10-17 | 45.0 0.12 0.070 0.029 13.5 13.4 13.3 0.29 010 | 90.1 | 277 | 140 | 0.090 | 0.19 | 280.2 | 60.0 17.7
Onon-bBop3unckas cucrema

13-12 250 | 0.010 1.60 0.084 150 1.77 | 071 | 0.042 | 0.29 1.25 | 620 | 49 | 011 | 0.23 52.0 2.15 6.78
13-16 250 | 0.010 0.42 0.14 112 1.80 | 3.59 0.13 0.38 1.75 | 960 | 118.0 | 0.094 | 0.055 | 940 | 0.70 1.69
13-18 260 | 0.015 0.49 0.085 12.2 113 | 487 | 0082 | 059 | 271 1.87 | 2.00 [ 0.061 | 0.19 620 | 0.27 2.23
13-19 97.0 | 0.018 1.68 0.012 26 2.29 212 | 0014 | 079 | 590 | 3.98 | 563.0 | 0.067 | 0.32 | 637.0 | 3.05 13.2
13-20 46.0 | 0.002 0.35 0.011 13.0 1.90 | 053 | 0009 | 035 | 2.01 | 253 | 216.0 | 0.024 | 0.10 | 317.0 | 0.092 2.59
15-02 80.0 | 0.014 0.76 0.010 11.2 0.11 1.76 - 044 | 238 | 270 | 525 | 0023 | 0.14 | 503.0 | 056 4.87
13-21 | 284.0 | 0.009 1.98 0.034 18.0 275 | 069 | 0.022 | 0.36 1.65 | 257 [ 1320 | 012 | 064 | 1960 | 1.88 16.4
15-03 | 337.0 | 0.033 2.68 0.010 24.0 0.76 1.96 - 051 | 255 | 3.01 | 150 | 011 | 097 | 3010 | 1.87 18.2
13-23 18.0 | 0.004 0.43 0.037 25.0 1.00 | 097 | 0036 | 015 | 094 | 137 | 43.0 | 0036 | 013 | 360 | 0.24 1.89
15-04 28.0 | 0.013 0.72 0.010 | 39.0 0.13 1.07 | 0.010 | 0.26 1.30 | 1.78 | 4.13 | 0.037 | 0.26 500 | 0.25 1.24
13-24 | 462.0 | 0.012 11.3 0.077 | 31.0 1.37 1.74 | 0.066 | 0.38 1.75 | 272 | 69.0 | 013 | 037 | 2140 | 115 9.45
13-27 220 | 0.130 0.37 354 | 328.0 | 478 | 1060 | 2.12 151 | 424 | 133 | 380 | 098 | 024 | 1700 | 0.67 0.88
13-35 | 215.0 | 0.084 13.2 0.052 60.0 4.00 10.9 2.58 301 | 590 | 2.89 | 982.0 | 118 | 235 | 1432 | 530 151.7
13-36 | 109.0 | 0.035 1.28 0.12 9.30 1.65 | 5.30 0.23 0.32 1.36 | 231 [ 254.0 | 0.098 | 026 | 171.0 | 2.69 13.0
15-08 | 111.0 | 0.023 1.19 0.011 7.80 024 | 3.02 - 0.19 1.42 1.69 | 19.0 [ 0.037 | 0.24 | 140.0 | 0.33 11.0
17-26 97.7 | 0.030 1.08 0.084 7.26 549 | 8.17 0.13 026 | 218 | 440 | 115 | 0.060 | 0.010 | 136.2 | 36.2 9.94
13-37 230 | 0.003 3.09 0.038 10.0 1.19 152 [ 0031 | 045 | 226 | 211 | 230 | 025 | 040 | 340.0 | 1.07 29.5
13-49 126 | 0.009 437 0.10 13.1 5.30 1.80 [ 0031 | 058 | 379 | 9.90 | 180 [ 0.028 | 015 | 1150 | 0.46 3.97
13-55 16.0 | 0.016 0.80 0.39 185.0 | 3.80 | 3.72 0.21 0.24 152 | 840 | 17.0 | 017 | 0.077 | 1430 | 054 2.19
15-22 16.0 | 0.012 1.45 0.016 | 164.0 | 0.32 1.04 - 076 | 2.19 113 | 220 | 010 | 0.080 | 127.0 | 161 1.79
15-24 270 | 0.015 2.73 0.046 | 237.0 | 0.62 2.49 - 1.17 | 4.07 190 | 2.88 | 021 | 014 | 2300 | 2.36 4.49
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[TponomxkeHnue TaOIUIIbI

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

14-01 109.0 | 0.362 0.38 0.097 30.0 1.76 7.50 0.27 0.70 4.21 6.10 458.0 | 0.048 0.15 49.0 0.49 1.79

17-29 132.4 0.030 0.50 0.27 30.12 4.18 13.7 0.41 0.82 9.19 9.02 9.58 0.11 0.11 70.2 14.0 3.58

14-02 60.0 0.043 1.09 0.18 11.8 2.32 16 0.54 0.52 8.40 7.60 101.0 | 0.048 0.21 151.0 151 9.91

14-03 41.0 0.042 1.45 0.21 11.7 2.66 11.8 0.62 0.52 6.40 7.80 133.0 | 0.068 0.26 98.0 0.58 8.70

13-13 101.0 | 0.026 0.55 0.012 5.10 1.15 23.0 0.013 1.16 3.01 2.31 70.0 0.75 0.48 9.90 1.70 8.63

13-14 142.0 0.039 2.40 0.010 57.0 1.21 1.77 0.022 0.66 8.00 5.50 110.0 | 0.074 1.38 1729 1.99 12.1

13-02 33.0 0.006 0.64 0.013 31.0 1.23 1.56 0.018 0.41 3.15 12.2 20.0 0.043 0.24 114.0 1.45 6.95

13-03 24.0 0.022 0.64 0.028 18.0 1.26 2.71 0.057 0.52 2.08 8.40 12.6 0.044 0.31 24.0 0.28 9.28

13-04 21.0 0.015 2.52 0.014 43.0 1.17 0.60 0.015 0.43 1.61 6.30 7.40 0.054 0.29 80.0 1.38 12.5

13-06 22.0 0.021 2.78 0.070 47.0 1.61 1.36 0.056 0.61 2.66 7.00 6.30 0.23 0.45 96.0 4.34 29.2

13-15 32.0 0.018 3.03 0.038 153.0 1.50 0.50 0.025 0.12 1.69 7.00 302.0 0.23 0.75 392.0 0.69 11.8

13-22 38.0 0.001 2.09 0.015 16.0 1.61 0.36 0.009 0.52 3.11 3.87 65.0 0.10 0.19 418.0 1.75 23.3

13-31 26.0 0.018 2.62 0.021 22.0 1.51 1.26 0.012 0.58 2.89 8.40 274.0 0.31 0.38 386.0 1.14 29.2

13-32 291.0 0.006 1.96 0.019 19.0 1.71 1.40 0.017 0.57 3.55 5.70 109.0 | 0.061 0.58 240.0 2.19 19.3

13-33 150.0 0.028 5.04 0.061 47.0 3.07 2.03 0.066 0.52 2.33 3.30 84.0 0.31 1.05 380.0 2.19 55.5

13-34 74.0 0.014 1.92 0.044 9.00 2.01 1.04 0.048 0.24 1.45 1.34 209.0 | 0.089 0.31 191.0 0.50 19.3

13-65 77.0 0.056 4.01 0.094 47.0 10.1 1.96 0.094 0.69 6.30 12.6 21.0 0.45 0.88 179.0 4.86 54.1

13-39 22.0 0.023 2.31 0.038 6.40 1.35 1.26 0.025 0.34 1.51 1.00 8.70 0.18 0.60 152.0 0.62 30.6

13-41 95.0 0.009 0.82 0.019 4.21 1.36 0.99 0.021 0.31 1.24 1.81 6.70 0.044 0.15 72.0 1.29 7.24

13-42 259.0 0.010 3.39 0.026 64.0 1.57 0.60 0.020 0.44 2.83 7.70 9.90 0.13 0.38 135.0 52 24.9

13-43 25.0 0.015 4.32 0.030 249.0 1.54 0.47 0.013 0.28 1.78 8.80 3.99 0.32 0.32 175.0 4.02 28.9

13-44 12.7 0.033 6.26 0.19 141.0 5.20 1.13 0.060 0.26 2.93 18.0 9.80 0.73 0.71 182.0 3.61 111.0

13-46 48.0 0.031 3.60 0.074 77.0 5.50 1.05 0.041 0.60 3.86 11.9 68.0 0.18 0.29 147.0 1.86 29.1

13-47 48.0 0.056 10.1 0.075 50.0 4.72 1.03 0.030 0.42 2.83 4.99 24.0 0.40 0.61 177.0 3.37 78.7

13-50 42.0 0.034 9.93 0.15 175.0 11.7 1.27 0.049 0.38 3.15 32.0 28.0 0.39 0.72 205.0 0.91 7.

13-51 21.0 0.007 6.38 0.11 339.0 3.69 0.99 0.041 0.21 1.60 10.8 11.5 0.28 0.16 204.0 1.93 11.7

13-52 55.0 0.010 1.75 0.040 21.0 3.99 1.24 0.041 0.51 1.87 4.83 17.0 0.054 0.19 192.0 2.27 124

13-53 23.0 0.020 2.38 0.14 94.0 2.71 0.65 0.047 0.18 1.76 6.70 5.30 0.20 0.24 119.0 0.81 15.1

13-66 77.0 0.056 4.01 0.094 47.0 10.1 1.96 0.094 0.69 6.30 12.6 21.0 0.45 0.88 179.0 4.86 54.0

13-67 43.0 0.015 2.69 0.13 66.0 12.3 2.49 0.083 0.43 4.23 14.7 16.0 0.14 0.18 75.0 2.49 11.2

13-68 93.0 0.12 5.75 0.11 73.0 6.60 3.98 0.074 0.44 3.79 14.4 42.0 0.79 1.74 300.0 6.30 1141
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

15-23 173.0 0.29 34.7 0.055 95.0 29.0 24.0 1.28 0.34 6.50 5.40 274.0 2.87 6.90 6007 27.0 624.3

14-08 30.0 0.043 2.37 0.24 204.0 6.10 13.8 0.32 1.45 12.2 22.0 181.0 0.24 0.15 443.0 7.90 103.4

14-09 88.0 1.84 1.14 17.0 420.0 19.0 721.0 18.1 12.7 27.0 29.0 129.0 3.74 0.20 525.0 5.00 9.01

14-10 40.0 0.064 4.09 0.51 383.0 3.51 29.0 0.70 2.03 22.0 45.0 43.0 0.32 0.25 994.0 13.3 91.2

14-11 25.0 0,057 0.95 0.20 46.0 2,28 13.0 0.31 1,43 5,10 11,0 62.0 0,078 0,31 2083 1,10 10.6

14-12 175.0 | 0,036 0.27 0.17 32.0 1,84 14.0 0.30 0,98 9,50 5,90 84.0 0,052 0,16 4511 4,99 5.51

14-13 28.0 0,094 1.13 0.75 107.0 4,19 69 1.08 2,64 10,9 31.0 126.0 0,24 0,12 830 1,75 8.71

14-14 65.0 0,032 0.50 0.11 4,43 2,35 12,7 0.14 0,36 6,40 4,59 70.0 0,030 | 0,049 146 0,74 0.61

14-16 3263 0,015 0.74 0.047 4,65 1,56 3,69 0.10 0,30 4,15 2,95 44.0 0,018 0,46 107 0,30 0.87

15-01 5.17 0.016 0.40 0.071 243.0 1.38 5.90 0.56 2.20 11.0 38.0 0.18 0.067 | 133.0 0.66 3.20

13-30 118.0 | 0.006 1.54 0.015 8.40 1.35 0.52 0.007 0.24 1.18 1.90 32.0 0.039 0.34 95.0 0.89 10.6

15-05 139.0 | 0.025 1.97 0.009 17.0 0.26 0.64 0.38 1.28 2.52 23.0 0.040 0.36 135.0 0.52 13.1

15-21 93.0 0.020 3.09 0.012 271 0.78 4.31 0.031 2.09 5.60 19.0 3.47 0.094 0.24 124.0 1.84 6.78

15-25 91.0 0.014 1.68 0.011 38.1 0.41 0.50 0.009 0.42 2.51 2.51 0.78 0.055 0.24 926.0 0.28 3.90

13-71 94.0 0.041 2.06 0.42 21.0 4.31 10.7 0.26 0.60 4.66 8.90 49.0 0.22 0.62 68.0 1.33 115

15-26 263.0 0.14 17.8 0.063 124.0 3.56 19.0 0.38 1.58 13.3 15.0 6.5.0 1.25 1.16 756.0 6.00 55.6

16-08 585.0 0.11 2.62 0.040 21.0 5.00 148.0 | 0.084 1.06 14.5 133.0 | 361.0 0.24 1.41 1351 3.73 35.1

16-11 76.0 0.035 1.09 0.072 31.0 1.49 12.6 0.095 0.90 114 110.0 | 237.0 | 0.061 0.36 34.0 0.82 13.3

16-13 184.0 0.055 0.98 0.069 38.0 4.79 23.0 0.15 1.56 21.0 304.0 | 221.0 | 0.082 0.29 130.0 0.92 19.6

14-15 146.0 0.027 0.28 0.14 44.0 2.11 12.2 0.24 0.80 5.00 9.50 108 0.049 | 0.084 54.0 0.96 2.82

13-07 82.0 0.017 2.16 0.034 10.4 1.58 0.68 0.012 0.45 1.31 5.10 3.90 0.21 0.58 13.6 1.15 34.5

14-06 186.0 0.016 2.76 0.084 6.70 2.81 6.10 0.26 0.75 7.90 8.90 44.0 0.010 0.18 21.0 1.24 80.6

13-09 112.0 0.028 0.76 0.038 7.70 2.34 1.30 0.008 0.38 1.83 2.27 5.90 0.35 0.83 13.8 40.0 61.8

14-07 1070 0.11 1.89 0.26 6.70 6.30 43.0 0.029 0.86 9.00 5.70 205.0 0.16 1.33 171 191.0 368.6

13-10 82.0 0.021 0.80 0.034 48.0 1.31 0.70 0.010 0.36 1.31 5.10 8.20 0.080 0.21 22.0 1.36 18.2

13-11 86.0 0.019 2.18 0.080 10.0 1.42 3.42 0.13 0.39 1.81 2.21 139.0 0.17 0.33 255.0 1.88 21.3

13-28 357.0 0.097 0.80 0.057 9.90 3.53 5.20 0.026 0.56 2.11 2.82 85.0 1.86 2.40 26.0 5.20 141.6

13-54 443.0 0.11 9.73 0.23 6.00 4.09 1.46 0.028 0.71 2.86 4.63 17.0 1.03 1.71 30.0 3.97 152.1

13-56 90.0 0.044 8.83 0.14 40.0 8.30 2.12 0.057 0.25 5.20 3.65 754.0 0.42 1.22 279.0 6.70 60.8

13-70 107.0 0.058 7.57 0.22 119.0 32.0 3.64 0.19 0.93 20.0 21.0 38.0 0.29 0.80 209.0 10.9 40.5
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1 | 2 | 3 | 4 5 6 7 8 | 9 [ 10 | 112 [ 12 | 13 | 14 | 15 | 16 | 17 | 18
Topeiickasi cucrema
13-60 27.0 | 0.007 0.38 0.027 | 780 | 550 | 148 | 0.047 | 042 | 147 | 449 [ 690 | 0012 | 0031 | 149 | 0.27 0.49
13-61 270 | 0.012 2.00 0.049 | 59.0 | 500 | 138 | 0.043 | 062 | 272 | 160 | 31.0 | 0.045 | 0.059 | 83.0 | 1.34 8..09
13-63 | 195.0 | 0.029 3.76 0.11 460 | 840 | 260 | 0.10 038 | 482 | 147 | 440 | 016 | 025 | 2020 | 7.90 18.3
13-64 | 201.0 | 0.033 3.82 0.19 470 | 590 | 336 | 013 038 | 412 | 17.0 | 530 | 018 | 026 | 2030 | 1.44 17.2
15-16 | 232.0 | 0.020 4.79 0.009 | 68.0 | 0.64 | 1.09 - 063 | 261 | 560 | 910 | 011 | 0.27 | 2850 | 0.80 20.4
15-17 | 236.0 | 0.036 4.80 0.007 | 71.0 | 055 | 0.69 - 066 | 257 | 520 | 1.72 | 012 | 026 | 2710 | 3.63 226
17-03 | 5130 | 4.30 1.83 1.63 | 2221 | 187.0 | 132 19.9 1.09 | 182.0 | 336.3 | 7920 | 049 | 148 | 190.7 | 857 1.02
15-11 | 182.0 | 0.014 1.17 0.009 13.0 | 027 | 153 [ 0024 | 021 | 157 | 119 | 550 | 0.018 | 049 | 109.0 | 0.37 3.33
15-15 | 234.0 | 0.023 4.00 0.005 | 109 | 084 | 249 | 0.035 | 037 | 404 | 241 | 640 | 0050 | 0.38 | 283.0 | 0.55 16.0
17-17 | 2046 | 0.12 4.35 0.042 | 25.8 229 | 4.09 | 0.10 046 | 365 | 136 | 181 [ 020 | 0.04 | 3583 | 137.2 38.3
16-04 | 1750 | 4.62 2.40 2.05 2.65 1.97 | 4049 | 0.5 780 | 2430 | 4380 [ 2313 | 072 | 0.28 | 107.0 | 0.70 3.53
16-05 | 209.0 | 0.087 3.53 0.081 149 | 424 | 1060 | 0.13 224 | 430 | 336.0 | 663.0 | 0.054 | 0.28 | 259.0 | 0.90 7.62
16-09 | 6460 | 0.15 4.35 0019 | 300 [ 200 | 960 [ 0028 | 073 | 880 | 60.0 [ 159.0 | 0.073 | 0.78 | 392.0 | 3.44 35.7
16-10 | 3220 | 0.17 21.1 0.091 | 1230 | 530 | 340 | 052 217 | 270 | 237.0 [ 6520 | 049 | 110 | 6720 | 8.20 738
13-57 230 | 0.003 3.09 0.038 | 10.0 119 | 152 | 0031 | 045 | 226 | 211 | 23.0 | 025 | 040 [ 340.0 | 1.07 29.5
13-58 200 | 0.011 2.26 0070 | 1720 [ 590 | 071 [ 0032 | 032 | 178 | 113 [ 250 | 013 | 0.099 | 2230 | 2.80 25.4
17-18 11.9 | 0.020 1.31 1.64 | 2746 | 5.02 | 2338 1.45 077 | 906 | 11.6 | 816 | 070 | 0.010 | 2109 | 234 6.62
17-19 16.2 0.12 18.3 1.56 3034 | 205 | 439 1.17 236 | 154 | 951 | 184 [ 1.33 | 0.040 | 1562 | 93.2 275
17-13 18.2 0.25 0.81 398 [ 2394 | 749 | 858 | 3.65 201 | 112 | 567 | 424 [ 130 | 0.050 | 1550 | 5.79 1.51
17-15 713 0.94 0.64 11.3 776 16.0 | 4780 | 188 871 | 299 | 1776 | 1700 [ 3581 | 015 | 465 | 279 0.80
17-20 | 2381 | 0.20 19.4 0.60 1006 | 2275 | 24.4 184 | 224 [ 2466 | 480 | 686 [ 0.080 | 0.080 | 910.4 | 273.4 94.9
17-23 95.5 0.60 56.0 0.28 2533 | 303 [ 765 | 040 111 | 2481 | 843 [ 200 | 034 | 020 | 3595 | 1139 | 294.0
16-07 | 242.0 | 0.099 1.74 0.40 370 | 367 [ 126.0 [ 0.39 333 | 240 | 1740 [ 1980 | 018 | 369 | 1400 | 0.73 10.1
16-14 850 | 0.030 0.34 0068 | 16.0 | 269 | 320 [ 0075 | 093 | 21.0 | 236.0 | 2310 | 0062 | 015 | 250 | 0.8 211
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Rb Sr Y | zZx | Nb [ Mo [ cd | sb | € | Ba | P39 | Hf | Ta | W [ Pb | Th U

Iudp

MKTI/JT M/ MKT/JT MT/71

19 20 21 22 | 23 [ 24 | 25 | 26 | 27 | 28 | 29 | 30 | 3 | 32 | 3 | 3 | 35 36
l/lHFOlII/IHCKﬂH cucrema
12-01 [ 250 [ 0.003 | 0.039 | 054 [ 0.054 25.0 0.38 | 1.40 [ 0.032 25.0 0.58 0.063 - 0.073 [ 0.039 | 0.021 [ 0.011
12-04 | 1.80 | 0.002 | 0.066 | 0.38 | 0.074 3.00 [0.063] 1.90 | 0.005 4.20 0.11 0.26 - 0.012 | 0.007 | 0.004 | 0.003
17-32 | 158 0.11 [ 0.080 | 0.31 [ 0.002 7.17 017 | 059 | 215 13.4 0.56 001 | 0020 [ 079 | 0.33 [ 0.040 | 0.002
17-31 | 7.22 0.50 17.4 | 4838 | 051 14.6 081 | 594 | 1.62 152.9 19.4 7.34 2.00 615 | 341 | 535 0.99
JIO-15 | 6.50 0.47 1.91 | 2880 | 0.12 4.19 1.34 | 213 | 0.048 34.0 3.39 318 | 0032 | 320 | 124 | 630 | 0.069
JIO-17 | 574 0.37 1.30 | 225.00. [ 0.20 2.69 1.08 | 207 | 233 45.0 1.54 2.16 0.40 243 | 134 | 3.04 | 0.059
Onon-bBop3unckas cucrema

13-12 [ 1.37 019 [ 0.032 [ 2.34 [ 0.006 63.0 0.55 | 6.30 | 0.015 26.0 0.079 0.013 [ 0.007 | 550 [ 0.10 | 0.009 | 0.088
13-16 | 253 | 0077 | 0071 | 159 [ 0010 | 1320 | 211 | 7.10 | 0.023 23.0 0.49 0.016 | 0.003 | 276 | 0.8 | 0.026 | 0.067
13-18 | 3.99 0.35 | 0.058 | 0.95 | 0.037 5.10 0.25 | 2.34 | 0.018 28.0 0.39 0.012 | 0.001 | 1.8 [ 0.28 | 0.009 | 0.011
13-19 [ 580 | 0.28 | 0.039 | 560 | 0.059 56.0 053 | 142 | 0.013 17.0 0.071 0.043 | 0.004 | 520 | 0.23 | 0.008 | 0.058
1320 | 206 | 0.65 | 0026 | 1.95 | 0.025 7.90 0.15 | 2.39 | 0.009 35.0 0.10 0.017 | 0.001 | 3.92 | 0.8 | 0.004 | 0.012
15-02 | 216 | 079 | 0.032 | 3.88 | 0.044 10.2 360 | 1.81 | 0.013 11.8 0.056 0.038 | 0.008 | 6.83 | 0.074 | 0.004 | 0.010
13-21 | 405 | 043 | 009 | 149 [ 0.070 26.0 0.32 | 2.44 | 0.026 32.0 0.17 0.13 | 0.004 | 16.0 | 0.38 | 0.026 | 0.051
15-03 | 510 | 0.27 0.13 290 | 0.10 47.0 46.0 | 2.63 | 0.027 11.5 0.18 029 | 0.019 | 30.0 | 048 | 0.072 | 0.085
1323 | 076 | 083 | 0038 | 1.25 | 0.016 10.3 0.18 | 1.97 | 0.007 48.0 0.19 0.010 | 0.001 | 2.68 | 0.11 | 0.010 | 0.020
15-04 | 093 | 099 | 0.030 | 260 | 0.055 18.0 820 | 1.98 | 0.004 | 43.0 0.037 0.019 | 0.008 | 433 [ 0.3 | 0.003 | 0.023
13-24 | 1.39 0.72 0.30 18.0 | 0.069 50.0 055 | 3.43 | 0.038 54.0 0.91 0.13 | 0.007 | 20.0 | 0.28 | 0.037 | 0.038
13-27 | 3.91 0.23 5.80 454 | 017 25.0 027 | 530 | 044 112.0 56.1 012 | 0.014 | 550 | 397 | 170 [ 0.034
13-35 | 270 | 0.26 6.10 | 383.0 | 0.89 33.0 121 | 62.0 | 011 697.0 5.32 306 | 0.031 [ 1550 | 1.71 | 131 0.26
13-36 | 5.00 | 0.49 0.16 10.2 | 0.058 7.60 0.12 | 2.28 | 0.031 | 237.0 0.48 0.086 | 0.002 | 132 | 047 | 0.16 | 0.017
15-08 | 4.61 0.47 | 0.054 | 520 [ 0.050 830 [ 131.0 [ 117 | 0.011 17.0 0.067 0.041 | 0.007 | 12.8 [ 0.063 | 0.008 | 0.011
17-26 | 468 | 0.35 0.15 3.95 | 0.070 8.91 047 | 095 | 250 12.5 0.75 0.040 | 0.030 | 12.0 | 0.89 | 0.060 | 0.012
13-37 | 107 012 | 0.040 | 21.0 | 0.073 23.0 0.25 | 3.47 | 0.016 26.0 0.070 0.19 | 0.004 | 330 | 0.24 | 0.010 | 0.079
1349 | 770 | 017 | 0063 | 590 | 0067 | 130.0 | 1.26 | 142 | 0.018 17.0 0.23 0.055 | 0.003 | 560 | 057 | 0.018 | 0.047
13-55 | 1.01 021 | 0.065 | 057 | 0.011 10.3 0.17 | 321 | 0.043 28.0 0.61 0.010 | 0.002 | 438 | 0.68 | 0.022 | 0.016
15-22 | 112 | 0.094 | 0016 | 247 | 0.072 48.0 4.40 | 2.68 | 0.005 10.2 0.070 0.019 | 0.011 | 590 [ 0.090 | 0.005 | 0.16
15-24 | 118 | 0073 | 0043 | 11.7 | 012 1320 | 2.43 | 560 | 0.006 15.0 0.10 0.055 | 0.035 | 9.20 [ 0.087 | 0.015 | 0.22
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19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
14-01 2.24 1.45 0.14 3.40 - 12.2 041 | 4.98 0.22 52.0 0.62 0.018 0.002 0.99 12.5 0.027 | 0.017
17-29 3.11 1.03 0.16 6.42 0.050 21.0 042 | 2.49 2.07 325 1.26 0.07 0.10 1.94 1.00 0.030 | 0.031
14-02 4.79 0.54 0.81 6.60 0.043 29.0 0.80 | 3.63 0.071 28.0 1.82 0.057 0.003 3.44 2.59 0.091 | 0.032
14-03 8.90 0.10 0.24 21.0 0.051 80.0 117 | 3.77 0.050 23.0 1.33 0.086 0.002 7.30 1.84 0.080 0.14
13-13 14.9 0.25 0.076 0.12 0.003 884.0 13.1 | 4.40 0.028 25.0 0.32 0.001 0.003 0.87 1.45 0.002 | 0.003
13-14 36.0 0.085 0.057 3.99 0.051 624.0 560 | 22.0 0.047 14.9 0.089 0.027 0.010 25.0 0.17 0.015 0.32
13-02 5.50 0.23 0.022 0.81 0.009 68.0 0.68 | 2.80 0.099 22.0 0.15 0.004 0.002 2.90 0.28 0.003 | 0.050
13-03 4.70 0.38 0.031 0.26 0.005 33.0 0.38 | 2.85 0.079 33.0 0.14 0.004 0.003 3.06 0.28 0.008 | 0.014
13-04 2.67 0.19 0.019 3.31 0.011 28.0 0.30 | 2.53 0.024 19.0 0.043 0.018 0.005 4.53 0.17 0.004 | 0.093
13-06 4.12 0.24 0.042 8.30 0.024 58.0 0.63 | 2.63 0.037 23.0 0.17 0.055 0.005 11.9 0.15 0.014 0.15
13-15 2.65 0.12 0.030 12.7 0.012 162.0 140 | 431 0.012 29.0 0.12 0.058 0.009 11.2 0.13 0.007 | 0.155

13-22 2.06 0.35 0.026 10.9 0.038 7.60 0.13 | 4.14 0.009 29.0 0.051 0.066 0.015 21.0 0.23 0.007 | 0.021

13-31 2.94 0.18 0.038 31.0 0.051 71.0 0.70 | 2.60 0.011 22.0 0.063 0.13 0.006 35.0 0.29 0.047 0.25

13-32 13.6 0.21 0.18 20.0 0.034 7.80 016 | 1.71 0.016 200.0 0.30 0.12 0.003 9.70 0.81 0.004 0.19
13-33 5.30 0.22 041 99.0 0.13 42.0 0.71 | 484 0.027 43.0 0.41 0.65 0.006 36.0 1.54 0.22 0.30
13-34 6.40 0.40 0.077 9.40 0.077 14.7 019 | 1.72 0.022 314.0 0.30 0.077 0.004 12.7 0.55 0.018 0.035
13-65 1.86 0.27 0.17 65.0 0.074 25.0 044 | 8.10 0.030 48.0 0.86 0.29 0.003 12.6 2.26 0.048 0.29
13-39 8.20 0.21 0.15 13.1 0.078 8.30 011 | 2.40 0.012 29.0 0.17 0.16 0.003 35.0 0.20 0.059 0.011
13-41 2.10 0.64 0.053 3.28 0.029 8.60 0.10 | 1.88 0.011 31.0 0.40 0.029 0.001 1.77 0.11 0.012 0.015

13-42 4.25 0.20 0.016 3.21 0.021 22.0 022 | 3.15 0.015 12.7 0.055 0.027 0.009 6.10 0.089 | 0.006 | 0.038

13-43 6.00 0.081 0.013 13.6 0.035 28.0 026 | 5.70 0.017 24.0 0.054 0.091 0.005 19.0 0.088 | 0.004 0.15

13-44 5.10 0.14 0.055 34.0 0.10 39.0 040 | 43.0 0.028 33.0 0.17 0.22 0.010 42.0 0.90 0.021 0.25
13-46 6.10 0.095 0.020 9.30 0.040 87.0 082 | 114 0.024 35.0 0.093 0.045 0.004 15.0 2.09 0.006 0.14
13-47 4.96 0.16 0.088 12.4 0.047 73.0 0.64 | 8.30 0.027 61.0 0.30 0.10 0.008 39.0 0.94 0.040 0.26
13-50 6.80 0.10 0.037 14.8 0.066 80.0 1.13 | 52.0 0.043 206.0 0.24 0.075 0.008 28.0 1.51 0.013 0.55
13-51 1.05 0.13 0.030 8.70 0.024 92.0 0.82 | 5.30 0.014 25.0 0.19 0.054 0.010 13.0 0.53 0.010 0.11
13-52 1.54 0.28 0.084 2.09 0.017 23.0 0.26 | 3.49 0.010 11.6 0.25 0.010 0.002 6.30 0.57 0.012 0.047
13-53 1.29 0.13 0.019 4.19 0.010 32.0 037 | 2.86 0.008 25.0 0.063 0.025 0.003 10.1 0.36 0.005 0.040
13-66 1.86 0.27 0.17 65.0 0.074 25.0 044 | 8.10 0.030 48.0 0.86 0.29 0.003 12.6 2.26 0.048 0.29

13-67 1.13 0.22 0.065 4.18 0.036 46.0 048 | 10.6 0.023 33.0 0.402 0.021 0.002 4.16 0.98 0.015 0.054

13-68 3.15 0.24 0.24 111.0 0.15 34.0 0.60 | 8.30 0.043 43.0 1.34 0.75 0.006 35.0 3.83 1.73 0.39




262

[TponomxkeHnue TaOIUIIbI

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
15-23 13.2 0.17 17.0 1105 1.50 201.0 490 | 18.0 0.098 74.0 18.5 11.0 0.040 280.0 3.48 209.0 2.82
14-08 4.04 0.50 0.23 97.0 0.20 205.0 3.25 | 6.40 0.039 67.0 1.24 0.63 0.017 44.0 2.67 0.14 0.35
14-09 16.0 1.28 11.3 26.0 - 260.0 2.13 | 18.0 0.95 202.0 82.3 0.46 0.021 8.50 11.7 3.77 0.28
14-10 5.40 0.27 0.80 222.0 0.47 923.0 111 | 27.0 0.067 41.0 4.17 1.05 0.017 60.0 2.47 0.37 0.82
14-11 1.25 0.44 0.23 20 0.090 88.0 1.65 | 451 0.037 37.0 1.55 0.11 0.003 8.50 1.85 0.058 | 0.058
14-12 2.27 0.37 0.18 2.68 0.070 538.0 6.90 | 19.0 0.023 26.0 1.43 0.026 0.004 7.00 1.08 0.075 0.36
14-13 2.98 0.64 0.85 25.0 0.16 75.0 3.12 | 6.80 0.057 82.0 7.14 0.17 0.006 10.1 10.0 0.26 0.097
14-14 1.82 1.58 0.079 1.01 - 22.0 294 | 3.01 0.015 43.0 0.54 0.014 0.003 0.36 1.13 0.031 | 0.0385
14-16 1.14 0.82 0.059 2.56 - 9.00 1.86 5.6 0.012 25.0 0.31 0.013 0.001 1.15 0.94 0.012 | 0.004
15-01 0.43 0.067 0.057 0.77 0.076 10.1 940 | 194 0.017 7.60 0.32 0.015 0.008 3.89 0.12 0.034 | 0.024

13-30 2.96 0.59 0.043 10.5 0.029 17.0 021 | 1.70 0.013 51.0 0.083 0.031 0.004 6.60 0.19 0.005 | 0.0385

15-05 3.11 0.49 0.027 24.0 0.056 22.0 256.0 | 1.78 0.009 13.9 0.040 0.11 0.010 9.50 0.072 | 0.006 | 0.042

15-21 1.30 0.26 0.070 7.30 0.18 124.0 8.40 | 294 0.007 26.0 0.087 0.066 0.004 6.00 0.22 0.016 0.40

15-25 1.61 0.70 0.015 4.77 0.053 33.1 2.65 | 2.62 0.012 52.1 0.034 0.022 0.006 46.9 0.14 0.006 | 0.020

13-71 1.30 0.35 0.30 10.1 0.050 45.0 047 | 2.60 0.090 44.0 1.82 0.042 0.004 56.0 1.05 0.10 0.10
15-26 2.18 0.53 0.77 322.0 0.57 174.0 580 | 4.97 0.027 65.0 1.20 3.77 0.037 176.0 4.93 1.83 0.24
16-08 53.0 9.19 0.54 6.60 0.080 15.0 520 | 36.0 0.072 77.0 1.29 0.062 0.003 15.0 24.0 0.13 0.048
16-11 2.04 4.82 0.24 2.98 0.015 36.0 475 | 133 0.10 54.0 0.61 0.026 0.003 3.00 2.20 0.077 0.043
16-13 2.25 1.49 0.45 7.00 0.036 157.0 441 | 2.29 0.044 57.0 1.36 0.072 - 7.00 34.0 0.10 0.12

14-15 451 0.24 0.13 0.86 21.0 101 | 371 0.022 19.0 0.96 0.008 | 0.0019 1.34 0.90 0.031 0.044

13-07 4.32 2.86 0.050 0.40 0.007 379.0 420 | 1.88 0.044 128.0 0.056 0.010 | 0.0021 2.68 0.078 | 0.004 0.25

14-06 5.50 5.74 0.078 0.38 0.022 303.0 443 | 4.04 0.037 207.0 0.42 0.007 | 0.0052 2.04 1.07 0.024 0.17

13-09 4.81 3.63 0.090 0.14 0.005 18.0 023 | 2.16 0.023 143.0 0.12 0.009 0.55 0.16 0.005 | 0.016

14-07 25.0 18.5 0.28 1.75 0.065 27.0 232 | 6.20 0.144 156.0 2.53 0.020 0.012 1.43 1.51 0.082 0.059

13-10 1.71 1.34 0.038 0.14 0.003 93.0 1.09 | 186 0.015 100.0 0.049 0.023 0.001 3.04 0.072 | 0.0003 | 0.086

13-11 7.88 0.30 0.10 15.7 0.066 15.0 019 | 2.87 0.024 131.0 0.34 0.14 0.003 23.0 0.36 0.083 0.048

13-28 13.9 7.59 0.24 0.27 0.014 24.0 0.27 | 2.06 0.13 97.0 1.46 0.001 0.005 0.99 0.21 0.061 0.016
13-54 8.80 9.18 0.13 0.73 0.005 23.0 030 | 381 0.042 125.0 0.29 0.009 0.005 2.02 0.50 0.050 | 0.020
13-56 11.2 0.13 0.025 47.0 0.12 66.0 0.71 | 4.66 0.065 91.0 0.16 0.20 0.010 24.0 0.57 0.012 0.068

13-70 2.94 2.55 0.12 6.00 0.028 49.0 0.53 | 5.60 0.023 77.0 0.56 0.039 0.004 135 1.53 0.014 | 0.068
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19 | 20 | 21 [ 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 3 [ 32 | 3 | 3 | 35 36
Topeiickas cucrema
1360 | 295 | 047 [ 0027 [ 058 [ 0.018 31.0 0.56 | 17.0 [ 0.013 11.2 0.18 0.015 | 0.002 [ 056 | 058 | 0.011 [ 0.031
1361 | 114 | 040 [ 0040 [ 1.79 | 0.017 74.0 074 | 112 [ 0.010 [ 22.0 0.17 0.011 | 0.002 [ 9.00 | 1.60 | 0.006 | 0.056
1363 | 3.09 | 0123 [ 0.1 15.0 | 0.039 75.0 0.75 | 5.60 [ 0.035 19.0 0.42 0.066 | 0.002 [ 11.3 | 2.40 | 0.026 | 0.043
1364 | 321 | 0.093 | 0.6 16.0 | 0.030 75.0 0.82 | 9.30 [ 0.066 | 24.0 0.66 0.070 | 0.004 [ 11.9 | 2.43 | 0.029 [ 0.043
15-16 | 411 | 0054 [ 012 [ 49.0 | 0.1 1380 [ 20.0 [ 3.66 | 0.033 11.9 0.20 029 | 0.006 | 230 | 043 | 0.058 | 0.084
15-17 | 432 | 0047 [ 010 [ 480 | 0097 [ 139.0 [ 411 [ 3.70 | 0.026 10.8 0.19 029 | 0.005 [ 230 [ 0.26 | 0.058 | 0.088
1703 | 860 | 463 11.7 [ 1014 | 059 1.04 376 | 0.64 | 3.02 17.7. 96.2 269 [ 0.050 | 010 [ 165 | 9.37 | 0.022
15-11 | 485 | 0.9 0.11 7.50 | 0.056 22.0 220 | 159 | 0.014 [ 6.10 0.19 0.080 | 0.012 [ 710 | 0.22 | 0.030 [ 0.040
15-15 | 129 | 0.30 0.16 50.0 | 0.10 1450 [ 23.0 [ 1.54 | 0.023 19.0 0.28 053 | 0001 [ 230 | 0.80 | 0.4 0.28
17-17 | 183 | 012 053 | 1333 | 0.21 1323 [ 041 [ 290 | 244 15.4 0.73 098 | 0.030 [ 331 [ 1.89 | 062 0.39
16-04 | 109 | 0.4 770 | 094 | 0.023 134 [587.0 [ 212 | 0.69 18.0 108.9 019 | 0042 [ 431 | 410 | 018 [ 0.059
16-05 | 800 | 051 1.31 | 480 | 0.076 21.0 142 [ 328 | 0.041 | 300 3.85 0.065 | 0.004 [ 324 | 160 | 012 [ 0.065
16-09 | 520 | 3.27 0.39 113 [ 0.031 | 120.0 | 490 | 890 | 0.044 | 250 0.90 0.009 | 0.064 [ 11.0 | 394 | 0071 [ 0.28
16-10 | 500 | 041 310 | 677.0 | 0.70 2987 | 33.0 | 489 | 0037 [ 580 5.58 5.20 012 | 1710 | 320 | 4.42 | 0.005
1357 | 107 | 042 [ 0.040 | 21.0 | 0.073 23.0 0.25 | 347 [ 0016 | 26.0 0.070 019 | 0004 [ 330 | 024 | 0.010 [ 0.079
1358 | 073 | 024 [ 0022 | 499 | 0.019 59.0 052 | 890 [ 0.016 | 34.0 0.11 0.023 | 0.005 [ 147 | 048 | 0005 [ 0.10
17-18 | 247 | o011 0.46 229 | 0.14 13.7 1.01 [ 448 | 225 21.9 3.84 0.12 0.13 611 | 080 [ 027 | 0.033
17-19 | 502 | 0.10 114 | 1684 | 081 2150 [ 622 [ 191 | 271 49.2 5.99 1.72 2.09 603 | 406 [ 1.02 1.03
17-13 | 573 | 0091 [ 144 [ 362 | 020 19.8 0.40 | 458 | 2.39 62.9 12.2 011 [ 0050 [ 641 | 3.01 | 052 0.19
17-15 | 147 | 058 5.60 6.30 | 0.34 5.33 3.06 | 375 | 294 [ 186.7 43.1 014 | 0020 [ 082 | 140 | 0.38 [ 0.007
1720 | 123 | o011 0.27 | 190.9 | 0.0 1648 | 214 [ 197 | 1741 | 402 1.49 089 | 0080 [ 980 | 413 | 1.22 3.67
1723 | 148 | 012 2.05 | 9880 | 1.78 2049 [ 330 [ 399 | 017 [ 1017 2.90 6.01 136 | 3494 | 105 | 472 10.9
16-07 | 10.0 | 055 160 | 448 | 011 31.0 560 | 394 [ 0.32 40.0 4.98 0.057 | 0.007 [ 188 | 6.00 | 053 [ 0.013
16-14 | 251 | 0.7 021 | 070 | 0014 ] 1570 [ 670 [ 1.97 | 0.054 | 67.0 0.82 0.009 | <10 | 347 [ 7.70 | 0.053 | 0.14

[Tpumeuanus 1. [Ipouepk — Xxummuueckuii aaeMeHT He onpenessics; 2. < I[10 — menble npeena oOHapyKeHHs
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Tabmuua. PacderHble conepkaHusi OCHOBHBIX MOHOB, cTereHb ucnapenus u 3HadeHus Na/Cl B o3epax 1mo BBIICTICHHBIM THIIAM U
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OATHUIIaM

Mhihp HS;:;::ZH SO,%pacu. Na" pacu. HCO;+CO4%pacu. Ca®*+Mg* pacu. Na/Cl

MT/J1
1 2 3 4 | 5 6 7
ConoBbi v | mommin

1201 52 2078 1135 15625 260.4 3.15
1204 2 78.0 42.7 587.5 9.80 17.4
1312 20 600.0 689.4 5344 98.5 2.16
13-16 15 450.0 517.6 4012 74.0 2.86
1318 22 672.0 772.6 5989 110.4 1.77
1319 39 1200 1379 10691 197.0 3.23
1320 20 599.0 688.6 5338 98.4 2.17
1321 66 1996 2294 17785 327.8 1.98
1323 16 476.0 547 4239 78.1 2.32
1324 31 949.0 1091 8460 156.0 2.70
1327 3 101.0 115.6 896.3 16.5 6.58
13-35 225 24331 29035 103041 1125 2.02
13-36 35 1059 1217 9436 174.0 2.10
1337 79 2391 2748 21302 392.6 2.21
1349 6 177.0 203.4 1577 29.1 7.84
1355 1 36.0 41.1 318.5 5.87 19.3
1360 1 136.0 162.8 577.7 6.31 5.28
1361 12 1300 1540 5490 60.0 1.89
1363 24 2557 3051 10827 118.3 2.52
1364 25 2677 3194 11336 123.8 2.50
1401 19 587.0 674.7 5230 96.4 1.76
1403 29 886.0 1018 7893 1455 5.91
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1 2 3 4 5 6 7
1411 36 1092 1256 9735 179.4 4.01
1412 12 363.0 417.0 3232 59.6 8.16
14-13 61 1847 2123 16459 303.3 1.43
14-14 3 106.0 122.0 945.5 17.4 4.97
14-16 3 94.0 108.1 838.0 154 21.4
1502 17 505.0 580.0 4496 83.0 3.19
1503 110 3346 3846 29813 549.4 2.09
1504 14 431.0 495.4 3840 70.8 2.70
150801 38 1154 1326 10279 189.4 2.22
1508-75 38 1171 1346 10430 192.2 2.21
1511 13 1401 1672 3517 64.8 3.01
1515 42 4549 5428 19264 210.4 2.58
1516 38 4139 4939 17527 191.4 2.59
1517 42 4585 5471 19417 212.1 2.43
1522 23 699.0 805.3 6242 115.0 1.99
15-24 30 915.0 1053 8162 150.4 2.95
1703 3 353.0 421.0 1494 16.3 2.08
1713 4 434.0 518.5 1840 20.1 3.27
1715 2 224.0 267.8 950.5 10.4 3.05
17-26 20 2136 2549 9047 98.8 2.14
17-29 6 684.0 815.8 2895 31.6 4.29
17-31 487 19435 10618 146125 2435 4.39
17-32 1 37.0 20.1 277.1 4.62 26.2
JH0O-17 225 8997 4916 67646 1127 3.29
Cpennee 45 2266 2251 14160 219.0 4.30
Conobiii Tvrt Il ommvin
13-13 33 999 1149 8906 164.1 2.61
13-14 54 1649 1895 14690 270.7 2.27
16-04 5 545 650 2308 25.2 6.63
16-05 10 1033 1232 4373 47.8 6.21
16-09 102 10990 13115 46543 508.3 2.52
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1 2 3 4 5 6 7
16-10 105 11325 13514 47960 523.8 4.01
Cpennee 55 4423 5259 20797 256.7 4.10
Conob1ii v Imoxvin
13-02 36 1099 1264 9795 181.0 1.68
13-03 59 1799 2068 16027 295.0 1.30
13-04 49 1500 1724 13364 246.0 1.71
13-06 167 5097 5859 45418 837.0 1.31
13-15 57 1750 2012 15595 287.0 1.64
13-22 79 2399 2757 21372 394.0 1.66
13-31 206 6273 7211 55898 1030 1.38
13-32 226 6882 7911 61324 1130 1.61
13-33 246 7479 8597 66639 1228 1.78
13-34 166 5044 5798 44945 828.0 1.18
13-39 92 2806 3225 25000 461.0 1.77
13-41 31 939 1080 8371 154.0 1.85
13-42 90 2748 3159 24487 451.0 1.39
13-43 108 3298 3792 29391 542.0 1.50
13-44 319 9714 11166 86555 1595 1.24
13-46 112 3398 3906 30275 558.0 1.40
13-47 238 7259 8344 64680 1192 1.47
13-50 339 10314 11856 91900 1694 1.23
13-51 43 1299 1493 11575 213.0 1.85
13-52 42 1279 1470 11395 210.0 2.35
13-53 25 2737 3266 11590 127.0 1.63
13-57 57 6160 7351 26087 285.0 1.79
13-58 76 2304 2652 20559 379.0 1.72
13-65 213 6470 7460 57790 1060 1.82
13-66 184 5590 6430 49920 577.0 1.26
13-67 52 3510 1834 31320 262.0 1.62
13-68 551 1593 19302 149617 2757 1.95
14-08 515 16791 18039 139830 2577 2.00
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1 2 3 4 5 6 7
14-09 33 990 1143 8862 163.0 2.46
14-10 352 10700 12306 95400 1758 2.63
15-05 56 1700 1960 15190 280.0 1.77
15-07 101 3069 3534 27391 505.0 1.82
15-21 61 1860 2140 16600 310.0 1.96
15-25 45 1370 1580 12210 230.0 2.24
15-26 256 7804 8970 69533 1281 2.09
15-01 14 440 507 3800 72.0 1.46
16-08 261 7940 9141 70860 1306 1.92
16-11 100 3050 3510 27130 50.0 1.13
16-13 115 3500 4030 31200 580.0 1.83
15-23 2218 252800 439100 1015359 11090 1.44
17-17 90 9730 11600 41200 450.0 2.45
17-18 12 1339 1598 5669 62.0 1.66
17-19 59 6409 7648 27141 296.0 2.36
17-20 226 24389 29105 103288 1128 1.79
17-23 725 78330 93474 331723 3623 1.49
Cpennee 202 12066 17608 69406 994.0 1.40
TiA TV
14-15 14 434.4 499.3 3871 71.3 2.37
16-07 33 3518 2083 14897 162.7 4.04
16-14 4 456.3 270.1 1932 21.1 2.37
Cpennee 18 1469 951.0 6900 85.0 2.90
XIOpUIHBIA THIT
1307 249 7596 8732 67684 1247 0.93
1309 446 13592 15624 121110 2232 1.00
1310 427 13001 14945 115845 2135 1.08
1311 315 9594 11029 85490 1576 1.03
13-28 972 29583 34006 263593 4858 1.14
13-30 44 1349 1550 12018 221 1.74
134 984 29974 34456 267080 4922 1.13
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1 2 3 4 5 6 7
1356 213 6476 7445 27000 1064 1.40
13-70 105 3193 3676 28497 525 0.90
1371 166 5036 5798 44945 828 1.24
14-06 522 15863 18264 141568 2609 1.44
1407 3744 113818 131040 1015747 18720 1.00
Cpemmee 722.0 20756 23880 182548 3411 1.20
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IIpuioxkenue 5

Tabmuma. IloxazaHus  OKHMCIHUTEIBLHO-BOCCTAHOBUTEIHLHOIO  IOoTeHnMana  Eh,
COJICp)KaHUsI KHUCIIOPOJa, BOCCTAHOBJICHHBIX (OpPM Cepbl W WM30TONHBIA COCTaB

pacTBOPEHHBIX Cynb(at-, Cyab(GUI-NOHOB B 03epax peruoHa

A — Eh Con 0, ¢ g | sk SSuar 8 Vor | v | SOHCT
MB MU/ MK/ %o
1 2 3 4 5 6 7 8 9 10 n
Conosbii v I mommvn
1312 259 169 203 20 520 143 3162 180 125 025
1316 259 169 503 <500 <500 | <500 <500 HO. HO. 051
1319 622 1730 492 690 1490 | 710 2890 168 200 118
1321 122 267 518 260 1680 | 220 2160 163 -192 014
1323 1847 144 6.78 2610 2860 | 4150 9620 HO. HO. 014
1324 1758 204 457 900 110 300 230 HO. HO. 024
1327 2163 220 407 <500 <500 | <500 <500 HO. HO. 145
1335 -350 4750 058 10300 1840 | 2430 12383 180 HO. 007
1336 580 271 467 150 8700 | 180 9030 145 228 014
1337 -120 1374 110 9100 3800 | 6300 13530 150 240 028
1349 3340 712 1250 <500 <500 | <500 <500 HO. HO. 288
1361 3650 208 91 <500 <500 | 250 270 HO. HO. 031
1364 3307 29 1120 <500 140 470 620 134 243 057
1401 44 237 963 350 1840 | 4870 7060 510 23 0.76
1403 -1460 761 898 290 1730 | 450 2470 570 23 0.90
1411 1172 401 1030 150 180 | 1030 1360 116 -206 0.77
1412 653 1136 892 430 310 400 1140 170 840 4.17
1413 490 672 803 250 150 620 1020 HO. HO. 0.11
1414 882 485 124 520 210 | 2190 2920 HO. HO. 0.91
14-16 995 513 108 150 180 550 880 118 -182 5.85
1502 1120 327 781 970 1360 | 600 2920 170 -100 0.24
1503 250 407 325 640 830 780 2250 158 120 0.15
1504 780 198 761 1630 5680 | 420 7730 HO. HO. 0.18
1508 900 277 HO. 720 1770 | 600 2550 HO. HO. 000
1508-1 810 272 915 3330 300 500 3680 HO. HO. 011
1511 520 327 110 840 380 | <600 1220 HO. HO. 036
1515 1000 755 780 320 380 700 770 910 263 056
1517 100 HO. 073 <500 <500 | <500 <500 146 255 049
1522 530 458 772 600 430 500 540 210 -150 180
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1 2 3 4 5 6 7 8 9 10 1
1713 840 385 <005 250 300 1000 1550 247 -191 042
1715 %40 130 <005 308 180 410 8938 256 260 037
1729 950 96.0 <005 1201 310 680 2191 209 090 177

JO-13 4230 754 005 370200 212 021 370202 262 060 0010
Cpennee 723 622 6.74 14405 3142 | 1034 13848 142 -128 081
Conosbii v Il mommr
142 528 592 906 350 3210 | 500 406000 500 200 125
1313 904 136 489 260 510 160 930 050 HO. 140
1314 768 680 535 <500 <50 | <50 <500 490 020 109
1415 1104 323 848 190 250 360 800 110 HO. 121
1604 1240 472 734 9.0 1540 | 720 320 880 135 448
1605 1050 664 808 840 9390 | 240 1047 860 -186 452
1609 510 447 808 630 120 110 850 6.70 HO. 159
1610 450 324 HO. 200 340 130 670 090 HO. 154
Cpenmee 819 817 733 490 2194 | 317 58242 434 -148 214
Conospiii v I o
1302 989 167 109 <500 <500 | <50 <500 HO. HO. 043
1303 128 157 109 <500 <500 | <500 <500 HO. HO. 026
1315 749 103 456 180 620 | <600 810 HO. HO. 023
1322 318 544 591 350 880 | 5120 6350 188 125 010
1331 1005 695 383 290 1570 | <600 1870 HO. HO. o1
1332 920 816 339 1520 1140 | <600 2670 172 -145 020
1333 996 865 116 <500 <500 | 1320 1323 990 113 034
1334 594 392 768 6700 1170 | <600 7874 255 020 025
1339 3423 1922 754 <500 <500 | <500 <500 HO. HO. 0030
1342 -110 250 820 1050 4200 | <500 1471 HO. HO. 017
1344 650 763 127 870 2000 | <500 3771 HO. HO. 006
1346 3220 322 128 <500 1370 | 360 1740 HO. HO. 013
1347 -750 890 105 360 210 100 670 710 121 020
1350 2838 526 141 <500 1030 | <500 1050 110 -140 010
1352 2670 644 550 <500 1440 | 190 1640 128 120 083
1356 -363 1018 624 1250 3520 | 120 1614 HO. HO. 013
1365 3550 195 945 170 180 1010 1360 144 232 061
1366 580 HO. 945 130 520 900 740 730 213 089
1368 -1250 534 625 750 190 | <600 950 120 245 083
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1 2 3 4 5 6 7 8 9 10 u
1410 338 2245 309 800 800 730 890 190 -198 037
1408 -108 768 805 280 120 280 680 7.70 -128 0070
1409 705 424 550 120 190 1560 1870 130 -140 064
1521 350 696 708 2230 1224 300 1450 640 -122 063
1523 420 3734 HO. 4800 1150 380 2010 120 -280 034
1524 180 356 898 <500 <600 | <50 <500 133 HO. 105
1525 340 155 813 <500 <600 | <50 <500 840 HO. 280
1526 810 917 685 1620 5970 300 7620 HO. HO. 025
1505 750 231 994 1910 5400 210 2660 188 HO. 013
1507 380 984 535 4110 2360 800 6550 214 020 0040
1608 450 1401 249 1900 400 | 4250 2815 110 -308 037
1611 800 2686 546 1020 3310 | 2550 1606 750 HO. 041
16-13 1200 4196 627 3300 3600 | 3000 9900 112 HO. 065
1717 -300 1252 HO. 8200 700 | 3500 1920 890 -196 063
17-18 750 190 HO. 250 980 110 1340 111 -122 017
17-19 ©90 3325 HO. 9820 1200 990 2281 145 -102 027
1720 150 4800 HO. 5560 8530 250 1434 330 -154 046
1723 550 2424 HO. 1250 3600 140 490 710 090 029

Cpemmee 66.3 1155 7.70 6256 4177 | 1595 1044 108 -145 036
CynbharHbIii v
1607 4380 460 HO. 2790 1493 210 4490 9.3 HO. 205
1614 1040 114 830 <500 <500 | <500 <500 HO. HO. 137
1415 1104 323 848 190 250 360 800 110 HO. 121
Cpermree -745 299 839 1490 872 285 2645 7.70 154
XJOpUIHBIA TUIT
1307 665 260 490 1100 710 100 1830 160 310 015
1309 990 401 552 5900 3130 120 8840 204 560 013
1310 164 134 6.36 200 770 100 980 HO. HO. 013
1311 168 361 742 530 230 1230 1990 HO. HO. 012
1328 600 763 508 1500 <500 | <500 1500 132 -300 025
1330 790 214 752 <500 2890 20 3120 HO. HO. 013
1356 363 1018 | 062 1250 | 320 | 120 1614 222 350 013
1370 %7 216 744 S0 | 140 | <500 1160 HO. HO. 026
1371 77 233 921 S0 | <S50 | <50 <500 HO. HO. 010
1406 806 560 810 5510 310 1150 6970 194 120 016
1407 423 3680 170 2280 200 390 2870 21 330 010
Cpemee 463 713 581 3690 1433 406 4540 182 2.76 015

[TpuMedanue — H.0. — HE ONPEACIIAIOCH/




