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IT'HJAPOI'EOXUMHUYECKHUE OCOBEHHOCTH IMOA3EMHbBIX BO/JI
BACCEHMHA P. BOAPAK (KAYMHCKOE ITOAHATUE 'OPHOI'O KPBIMA)

DFEOY BO « Canxm-Hemepdypeckuii eocydapcme eHnulll YRiléepolimem»,

199034, Cauxm-Hemepoype, Yuusepcumemckaa nao., 7/9

DIE OV BO «Mockoscruli eocydapemeennuili yaigepcumem umenu M.B. Homornocosas,

119991, Mockea, PCII-1, Henuncrue Iopu, I

St Peterburg State University, 199034, St. Peterburg, Universitetskaya Emb, 7/9
Lomonosov Moscow State University, 119991, Moscow, GSP-1, Leninskive Gory, I

H3yueH ruapore0XEMAYECKHE cOCTaB MOA3EMHEIX BOI Daccelina p. Bogpaxk (TepprTopun
TeQJIOTHYECKHX TPAaKTHK cTyaeHToR CITOTY, MI'V umenn M.B. JlomoHOCORA, By30R JJVOHEL
Boponexa). OnpefeneHa poidbk THTOIOTHIECKOTO COCTARA B (DOPMUPOBAHUH THIPOXH MHTE CKOTO
COCTABA NIOAZEMHEIX M IIOBEPXHOCTHEIX BON pafioHa. Ha ocHOBE CTATHCTHUYECKOID aHANH3A
JAHHLIX BEIENEHE! TPH THAPOXHMHUUECKHE TeHEPAITMA TTOI3EMHEBIX BON W BBEIABIEHE HX T€O-
XHMHAYECKHE OCOOCHHOCTH, IIONMVUSHA €CTECTBeHHAA acconuanud Ba(2,0—58,2)—B(1,1-10,3)—
Ag(3,2—8,6)—S1(1,6—8,4)—Sn(3,4—4,9). [IpoaHanm3npoBaHa HHTEHCHBHOCTE BOMHON MUTPATTHH
XAMHAYECKHX SJIEMEHTOB B MIOI3eMHEIX I PEYHBIX Bomax p. Boapar, nonydeHa H3MeHYHBOCTE
Ko3(pGUIHEHTA BOTHON MHTPAIlUH 110 TeUeHHK PEKH.

Karouesvie caoeq: TON3EMHEIE BOOEl, AHASKC KOHIEHTPAHH, KOR(pPHIIAEHT BOTHOH MATpa-
IIHH, 30HA aKTHBHOTO BOIOoOOMe Ha, KpEIMCeKo-KapKascKaa ropHad 30Ha, facceiid p. Bompak.

The hydrogeochemical composition of groundwater in the Bodrak River basin (area of the
geological practical studies and field works for students of SPbU, Lomonosov MSU, Dubna and
Voronezh Universities) was investigated. The study determined role of lithology in the hydro-
chemical composition of groundwater and surface waters of the region. Three hydrochemical
generations of groundwater have been identified by statistical analysis, geochemical features of
groundwater in the region have been revealed, stable natural association of chemical elemenis
in the groundwater of the Bodrak River has been obtained: Ba(2,0—58,2)—B(1,1-10,3)—
Ag(3,2—8,6)—Sr(1,6—8,4)—Sn(3,4—4,9). The study analyzed the intensity of water migration of
chemical elements in the groundwater and river waters of the Bodrak River, and the variability

of the water migration coefficient was obtained along the river.

Key words: groundwater, concentration index, water migration coefficient, active water
exchange zone, Crimean-Caucasian mountainous zone, Bodrak River basin.

Beeaenne. I'opHEIe padioHE KpriMcKo-Kaekas-
cKoM TopHO# 30HE OTAMYAIOTCA OHATONPHATHEIM
COOTHOLICHHEeM KOMHUYeCTBA M KauecTBa BOTHEIX pe-
CYPCOB ITO CPABHEHHMIO ¢ MPHUICTAKOIIMMH PABHHMHHEI-
MH TeppHUTOpUAMH. M3ydeHHe TUIpOTeOXUMHUYeCKHUX
ocOOeHHOCTeH MPUPOTHEIX BOM TIPSATOPHEIX PaliloHOB
AKTVATIEHO NI pellleHHs 3amad ONTHMH3ALHA BOMO-
cHaOXeHHs HaceleHMWd, TPOXMBAIOIIETO B TOPHEIX
patioHax, a TakXe B KauecTBe CTPaTerMdecKoro TpaHc-
IPAHHUYHOTO pecypca IMd PABHMHHEIX TeppHUTOPHi
nonvocTpoba [Kaokosa u gp., 2016; MOHUTOPHHT ...,
2018; CemeHora, 1997; BKOIOro-reoxHMHYSCKHE...,
2008; Karmoxkosa, Yaprikosa, 2010; Karokosa, KoTosa,
2017].

Ha popMupoBaHMe XMMHYSCKOrO COCTABA MPH-
PONHEIX BOA BIHMAeT paAn HakKTopoB, OCHOBHEIE M3
KOTOPEIX — TeofIOTHUeCKOe CTpoeHHe, THAPOTeQno-
rM4ecKHe VCIOBHA TeppHUTOPHH, aHTPOTIOreHHOe BO3-
IeHcTBHe U 00IIHe (hH3NKO-TeorpadpruecKre VCIOBHA

OcHOBHag Lenk paboTEl — HCCASTOBAHHME Ha
ATOH TeppHUTOPHH M3MeHUMBOCTH XMMHWYECKOro cCo-
CTaBa IPHUPOTHEIX BOI U BEIABACHHE OCHOBHEIX IIPH-
POIHEIX H aHTPOIMOTeHHEIX (DAKTOPOB, BAHAKMIINX HA
3TOT IIpouecc. HJsT JoCTHKe HUS IOCTABIEHHOM LIelTH
BEITIOJTHeHA CUCTeMATH3ALIHA TIPS IEIYIIX ABTODCKHMX
vccaenopaHul (1998—2018); nOM3yUYeHEl THAPOre0XH-
MHUUecKHe OCcO0eHHOCTH TIOA3eMHEIX BON M3 pa3HBIX
BOIOHOCHEIX TOPHM3OHTOB H 30H U arMoc(epHEIX ocal-
KOB; OlleHeHa KOHIIeHTPALIMA XMMHYeC KMX 3/IeMe HTOB
B HOI3eMHEIX BOJAaX; BEIIOJHeHAa KOJHUecTBeHHAas
OlLleHKa HMHTEHCHBHOCTH BOOHOM MMIPAllMM XMMH-
YeCKHMX B3/IeMeHTOB, a4 TaKXe TMApOoreoiorrudeckKast
M 3KOJIOTHYeCcKasd HHTePIIpeTAllMa pPe3VIETATOB HMC-
CJAeNOBAaHMH.

Paijion ncciaenopannda. Msydaemad TeppHUTOpHA
pacTofioXeHa B BOCTOUHOH uyacTH bBaxumncapaiicko-
ro paifioHa B npefefax KadWMHCKOTO aHTHKIMHODHA
Topuoro KpmMa. Peka Bogpak — mpaBRIE IpHTOK

! Cangr-ITerepOyprekmil rocyIape TEeHHEI VHUBEPCHTET, Te0IOTHIS CKIH (hakywIbTeT, Kadeapa IHIpOreoIoTHE, JOLRHT, e-mail:
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p. ATeMa, IMHAa oKono 17,0 kM, mnontanke GaccerHa
74,4 xM?. Peka Bompak TpoOTeKaeT ¢ I0TO-BOCTOKA
Ha CeBepo-3amaj M Mpope3aeT BKPeCcT IMPOCTHPAHMA
Bropyio (BryrpenHow) U Tpersio (BHEIIHIOW)
rpsaael I'opaoro Kpeima (puc. 1). Mctoxu p. Bompak
GOPMHUPYIOTCH HA TEPPUTOPUM C XapaKTepHEIM CO-
NOYHEIM pedabedoM (o0pasoBaHHEIM (QIWIICBEIMH
ornoxeHuaAMH, T>—J;) mexay BHyTpeHHed 1 ['mapHOM
rpsgaaMu KpeIMCKHX TOD.

B cTtpyvkTypHOM oTHOIeHUH I'naBHaa rpana Kpei-
Ma MpeacTaBIgeT coDOH MOMOMOH CAOXHOMOCTRORH-
HEIH THAPOTeONOTHYecKHWi MaccHB, cpOopMHPOBaB-
LIKMHCS B NepHOA ANEMHACKOH CKIAAYATOCTH, 1O THITY
amapTe3raHcKoro DacceiiHa (MHIeKce AAD [KuproxuH,
2005]); OH cAYXKMUT BHEIWWHEW OOMACTEIO MATAHUS ap-
Te3aMaAHCKMX DaccelHOB paBHUHHOTO KpriMa.

BuyTpeHHss 1 BHeIIHAS TpsAAEl paclIoIOEEHEl B
KPaeBRIX YacTAX IOXHBIX KPEUTEEB apTe3HaHcKKX Gac-
celiHoB (a HallleM cJIy9ae — AJIBMHUHCKOTO) M UTPaloT
pPOJE BHYTpPeHHeH o0AacTH OUTaHWA. BHyTpeHHsAA
rpsfa chopMupoBaHA MOPOAAMH MeT-TIaTe0TeHOBOTO
Bo3pacTa (M3BeCTHAKM, MePresay, IHMHE ), BHelHaa
rpsia cIoXeHa OTIOXeHHAMH HeoreHOBOTO BO3pac-
Ta [Maszaposuu, Mutees, 1989]. OGe Ipagel UMeOT
XapaKTepPHEIH KBeCTOBEIM peneed.

XUMHWISCKHH cOocTaB MOA3eMHEIX BOI M3yUaeMOi
TeppHUTOPHK (hOpMHUpPYeTCs TN AeMcTBUeM KHMa-
THYeCKHX M3MeHeHHWH M aHTPOMOTeHHEBIX (hakTopoB.
JdWuHaMUIecKUH U THAPOXMMHAYECKHM PeXHMEL TTOM -
3eMHEBIX BOJ HenmocToAHHEL. Q0Las 3aKOHOMepPHOCTE
JdA ipearopid KpeIMCKHX TOp — TOmoBas rmeproard-
HOcTE [ Katokopa, 2018]. Ha BeceHHUH IIepHON, ITPH-
XOIATCS MaKCHMYMEL YPOBHS IPYHTOBEIX BOA. BecHOH
OPOHCXOAUT TasTHHE CHera, Mpu 3TOM TeMIleparypa,
JeHUNUT BAaKHOCTH BO3IYXA U MCTIApeHWe BIIATH He-
BEITMKH, UTO oDecreurBaeT HauOoaee OIarorpruaTHEIS
YCIOBKMA I MHDUABTPALMK aTMOchepHEIX OCaaKOB.

CpenHerofgopasd TeMIepaTypa IIOJOXHTeIbHAsA —
BapREHpYeT oKono +11,6 °C, uaMeHdsAch B Opefenax
10,5—12,4 »C (manHEIe 3a nepuon ¢ 1998 mo 2010 r.).

Ecnu Bo BpeMdA W IOCHe CHeTroTagAHUA HIVT
JOXIU, TO 3HAUMTENLHO YBeIUUMBAeTCA TIepHo ITH-
TaHWs TPYHTOBEIX BOJN, HA CHETOBVIO COCTABJAIOIIVIO
IPUXOIUTCA He Oomee 10% TOmOBOM CYMMEI OCAIKOB
[Knumarudeckuii..., 2000].

BcaencTsre Toro, UTO aIMIOBHANBEHBIH BOJO-
HOCHEIH TOPHM30HT HMeeT TMAPAaBAMYSCKYIO CBA3E C
p. Dompak, anmoBHANEHEIN BOFOHOCHLIM TOPHM3OHT
UYTKO pearvpyeT Ha MaMeHeHHd pedHoro yposHA [Tpu
BTOM TPOHMCXOAMT PErYIMPOBAHHE PEYHOILO CTOKA!
Bonel p. Bompak muTaroT rog3eMHEle BOAE Gaccelina
B MAaBOJKH, 2 B MeXeHE JAPeHHPVIOT YacTk BOJEI H3
BOJOHOCHEIX 30H ¥ TOPH30HTOR. 3HAUMTENBEHYIO POIE
B GOPMHUPOBAHHUM TTUTAHUA TTOI3eMHEIX BOJA WIpacT
PacTHTeNEHEIH TTOKPOB.

Ha ypoBHM I'DYHTOBEIX BON BIMAKOT U METEOYC-
JIOBHA (KOIMYECTBO OCATKOB, TEMIIepaTypa BO3MYXa).
TIo mjaHHEIM pexRUMHEIX HabmoaeHui B 1998—2018 T,
ryOMHAE YPOBHEH IMOA3CMHEIX BOA HA H3ydaeMOM
TeppUTOpHH cocTaBuna 0,5—1,5 M IJd TPYHTOBHX
BOJ ATTIOBHANTBEHEIX OTIICKeHHH U 1,5—2 M 1A TpyH-
TOBEIX BOJ BVJIKAHOTEHHO-OCANOYHOM BOMOHOCHOH
30HEHL (I,b). TeMepaTypHBIH peXUM MON3eMHEIX BOI
B NMeTHMH mepuog — ~11—15 °C nmpHOMHM3HTENEHO
TIOBTOPAET TeMTIepaTypy BO3AYVXA ¢ pasHWLeH OKOIo
8 °C. B uwone 2007 r. mpoBOAWIHCE CYTOUHEIS H3Me-
peHHs TeMTIepaTypEl ¥ PeXWMHEIX POAHHUKOB depes
KaxkfEele 2 9. (¢ HOUHEIM MPOMEXYTKOM 4 1.), mepernan
HOYHOM M JHEBHOH TeMICPaTypEl BAPBEHPOBAA — OT
1oo 1,5°C.

Ce3oHHEEe KOneGaHWA TeMIIePATYPE M KOIH-
gecTBa ATMOChEpPHEIX OCANKOB (M CBA3AHHEIE C 3TUM
MIPOLIRCCH BHIILETAUMBAHMA W MCTIApeHMA) OTpaxKa-
IOTCA Ha XMMHMYeCKOM COCTaBe TION3eMHEIX Boa. Mak-
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Prac. 2. 'maporeonordiecKkad cxeMa ¢ — -

VU4acTKaMHA OIIPOOOBAaHMA TI'PYHTOBBIX
pog Oaccetima p. Fompak: [ — Boxo- i\

HOCHAA 30H4, BOMOHOCHBIA TOPHAOHT,
2 — cmabompoHMITaeMETI TImacT, 3 —
THAPOTSOJIOTHYSCKAd TpaHuna, 4 — \
paxToM, 5 — KOIOmeIl, 6 — POTHHE,
7 — yuacTokK oThopa mMpob H eTo HOMEpP

[ 1
A 2
— 3
-- 4

o5
* 6
P 7

CHUMANEHEIM VPOBHSIM TPYHTOBEIX BOJ COOTBETCTBVIOT
MHUHHMAIBHELS 3HAUSHHA MHUHEeDAIH3AIMK BCIIeACTBHE
pazbapIeHd TIOA3eMHBIX BOJ aTMochepHBIMUA Oca-
KaMH.

Ha teppuropum Gaccetina p. bompak mpecHEIe
IPYHTOBEIE BOJEl TIPHMYpPOUeHEl TTABHEIM o0pa3zoM K
KOpe BEIBeTPMBAHMS KOPEHHEIX IMOPOMA, & TakKkKe K
YeTBepPTHUHEIM OTJIOXeHUAM (AUTIOBUANBHEIM, TIPO-
JIOBHMANIEHEIM, JeII0BHANBHEIM, KOJITIOBHANEHEIX CKO-
TUeHWH ¥ 1Ip. ). TIpeuMyiecTBe HHO 3TO MTPeCcHEIe HITH
cnaboc OJIOHOBATEIE BOMEL ¢ IpeotnataHieM B MOHHOM
COCTaBe THAPOKapOOHATOB W KAJBIIMA, MTHTAOIIHECS
3a cueT arMoce pHEX 0CaIKOB, TPeIIMHHO-KapCTOBEBIX
BOI ¥ IIPHUTOKOB BOJ W3 IPYTHX THAPOTeQIOTHUSCKHX
TOPHU30HTOB.

3achHECHUpPOBAHE] TIPHUTOKH XJIOPHUIHO-HATPUEBEIX
BOJ M3 O0MacTH OTHOCHTEIEHO 3aMeVICHHOMO BOIO-
o0MeHa HUXHETO CTPYKTYPHOTO 3TaXa, CIOXeHHOTo
(pANMIIEBEIMYA MOPOJAMH TABPUUYECKOH cepuu U Cpef-
Hel opel. Takwe BOAEI NpUYpOYeHEl K 30HAM pas-
JIOMOB H TeKTOHHUECKHX HapVIIeHWH, HX BIMIHHE
OpOCTEXHBAeTCs B XMMHYSCKOM COCTaBe TPYHTOBEBIX
Bon OacceliHa p. bompak.

MarTepHaapl H MeTOABI HecIeaoBaHHI., [/ MHTep-
OpeTallul XUMHUYeCcKHX JaHHEBIX UCTIONE30BAHO Gomee

m250 O

e+

250 500 750 m

200 oOpa3uoB HoA3eMHEBIX BoO M 50 — arMocdepHEIX
ocankoB [Kamwkosa, 2018]. OmnpoGoBaHHe IIpOBO-
AWUIOCE B JeTHUW mepuon (1998—2018 rr.), cxema
oTOopa 1Ipod mpUBedeHa Ha pHc. 2. KoHIeHTpaliuu
noHos Cl , HCO4 | Ca’" 1 KeCTKOCTE AHATH3HUPO-
BaH B VCAOBMAX TMOMeBOM maSoparopHu oOLeMHEIM
(TUTPHMETPHUSCKHM ) MeTonoM [Kupeesa v ap., 2015].
ConepxaHue SO42_ OTIpeAeIAsd BeCOBEIM MeTOAOM B
nabopatopuu Kadenpsl ruaporecaoruu CITOIY nubo
MeTOAOM KOMOPHUMeTPHH Ha TIOPTATHBHOM KOJIopHMe-
Tpe DR/890 Hach. CogepxaHue MUKPOKOMIIOHEHTOR
M OCHOBHEIE KaTUOHE H3Mepany MetogaMu ICP AES
(aToMHO-9MHCCHMOHHEM crieKTpoMeTp ICAP61E) u
ICP MS (macc-cmekrpoMerp <«Agilent 7500»). Tem-
nepatvpy, pH, VIeNBHYIO 37eKTPOIpOBONHOCTE H3-
MepPANTH ¢ MCITONE30BAHHEM TTOPTATHBHEIX TIPHOOPOB
$HUpME «<HANNA» [Karokoea, Yaprikosa, 2010].

Jna muddepeHIHALIMYE XMMHUECKOTO COCTaBa
MHOHUIETPALHMOHHEIX BOI M3 PAXTHYHEIX BMeILARIIINX
OTNOXeHWH W BEISIBAeHH TIPUPOTHEIX M TeXHOTeHHEIX
TUIPOXUMHUUSCKHUX aHOMAJHM OBLTH pacCUMTaHEL KO-
a3 UIMeHTH KOHLeHTpaUWH XMMHIeCKMX SJIeMeHTOB
K, B monseMHBIX Bogax HaccelHa p. bogpak:

K = C/Cy,
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Puc. 3. CpA2p cocTaBa MaKpOKOMIIOHSHTOE H MHHEPA/IMZAIHI B IIOA2eMHBIX Bonax Oacceiima p. bompak, mo [Karokoea, 2018]

rae C; — cpefHAA KOHLSHTPALHA [-I0 XMMHUECKOro
aMeMeHTa B JaHHOM BEIOOpKe, Cj — QoHOBOE co-
JepxKaHWe 3TOTO 3JIeMeHTa.

B xauecTse poHOBOrO cogepRaHUA UCIIONBE30BRA -
HEl cpefHMe 3HAaYeHHs KOHLeHTPALHH XHMMHYecKHX
AIeMEeHTOR B BOJAX 30HEI TUIIepreHe3a, TaKHue «KIapKH
AIeMeHTOB ITOI3eMHEIX Bomdy» roaydeHel C.JI. IIsap-
LeBEIM Ha ocHoBe o0paborku Gomee 1000 apamM30B
nonzeMHEIX Bon [[Bapues, 1998; Auun, 2002].

JJs1 KOMHMYeCTBeHHOM OLUCSHKH HHTEHCHBHOCTH
BOOAHOHM MHUIpallHM XMMHYECKHX 2JIeMeHTOB MC-
none3osad Ko3gduuuent sonHoM murpauuu (K),
npenoxeHHEIH A M. ITepeneMaloM Ha OCHOBe HMOeH
B.b. TloneiHOBa: OTHOIIEHME CONEepXKaHMA XHMHUe-
CKOTO 2/eMeHTa B MHHePaIbHOM OCTaTKe BOJEH K eTo
CpeoHeMY COASPXRAHMIO BO BMEIIAIOIIMX MMOpodax
[[Tepeneman, 1989]:

£d

m, - 100

a - n,

rae K, — K0>(dULIKMenT BOAHOH MUTPAITHH 2IeMeHTa;
M, — collepXaHUe 3TeMeHTa B BofAe (MI/M); ¢ — MH-
HePATU3aLlMs BOAEI {(MT/1Y; B, — CPeflHee COfeKaHue
aTeMeHTa B BepXHel YacTH KOHTHHeHTATBHOH KOPEI
(Macc.%, knapk) no naHHeIM JI.H. OBUMHHHKO-
Ba [1990] (knmapk mofnydeH HA OCHOBE MAaTepHasioB
ATl Buaorpagosa, C.P. Teitnopa, K.X. Begemnomas,
JAM. Moy, b. Meiicona, K. K. Typekana, A.A. Deyca).

PesyapTarthl HCCHeTOBAHAA H HX 00CyKIeHHe.
I'pvHTOBEIC BOnEI DacceiiHa p. bompak, LUpKYIHPVIO-
LIMe B OTIOXKeHHAX Pa3sHoro BO3pacTa v JIUTOIOTYe-
CKOT'O COCTaBa, BCIeACTBHE AKTUBHOTO BoJooGMeHa B
XOpOIIeH MPOMEITOCTH — TIpecHEIe (MHUHEePaTH3aIHs
~1 r/m). Ipeobnagaoiye KOMIOHEHTE B XMMHUE-
CKOM COCTaBe OOBIYHO IIpefCcTaBIeHE HCO33_ m Ca?*,

ONHAKO B BOJAX, CBA3AHHEIX ¢ OONMACTEIO0 MHTe HCHBHEIX
TeKTOHHWYeCcKMX npeobpazosannit (T;—J,es), Ha nep-
BOE MeCTO B KATHOHHOM COCTaBe BEIXOMHT HOH Mg .
3HaueHuA pH OIM3KK K HeHTpalbHEIM. B IpHUTOKax
MOA3eMHEIX BOI M3 0OIacTHM OTHOCHTENIBEHO 3aMel-
JIEHHOTO BOmOOOMeHa mpeotnanaoT nousel Na' u Cl™.

CraTHcTHYecKMHE aHaIM3 XMMHYIECKOTO COCTaBa
non3eMHEIX BoA GaccediHa p. Bompak TO3BOJIHA BEI-
JeIUTE TPH THIPOXMMHUYECKHNE TeHepalHuH I10m3eM-
HEIX BOA 00JTacTH AKTHBHOTO BOmooOMeHa (pHc. 3).
JIvuyy TpeHIa IOAVYeHEl B pe3yiasTaTe IOCTpoeHHA
MOTHHOMMATIBEHEIX PerPeCCUOHHEIX KPHUBEIX, IIPH 3TOM
HCTIONE30BAH MTOIMHOM 2-H CTelleHH.

B Bopmax ¢ MUHepanH3zaLMei <1 1/ (TAK Xe, KaK
u B arMocdepHrx ocagkax [Kamoxosa, 2011] Ha-
OnrmaeTCda CISOVIONIAs 3aBHCHUMOCTE B aHHMOHHOM
cocrase (5KB.%): HCO, >80,*>Cl™, a B KaTHOHHOM
cocrase — Ca®">Mg?" >Na™>K*. C pocrom munepa-
JH3ALHMH 5TOT MOPSAI0K M3MEHASTCA, U B TTOI3eMHEIX
BOJAX ¢ MMHepanmu3aliest ~2,0 1/ Ha IepBoe MecTo
peixomaT C1- 1 Na'.

B Ttabn. 1 mpencTapneHEl 3HAYSHMS reHeTHUeC KX
K03 pHUIIMeHTOB NOA3eMHEIX BOI M3 Pa3HEIX BMella-
OLIMX OTJOXKEeHHH, MOBe pPXHOCTHEIX BOJ M aTMoc dep-
HEIX ocankoB OaccedHa p. bogpak. PacdeT 3HaueHHUH
reHeTHYeCKHMX K03 GUIIMeHTOR MOKA3EIBAET, UTO BCe
H3y4eHHEbIe BOAEI HMeIOT MHPUNLTPAMOHHEIH rede-
3uc. Ilo knaccuduikauuu B.A. CynHuHa M3vdeHHEIES
OpHUPOIHEIE BOAEI MpeHMVIIeCTBeHHO cYILhaTHO-
HaTpHeBEle, 33 UCKIIOUeHHeM BOI, CBA3AHHEIX ¢ 00-
JACTEI0 MHTEHCHUBHEIX TEKTOHHWYECKHX HapyIIeHHH.

Ilpy meTanbEHOM M3VIeHMM XMMHUECKOTrO CO-
CTaRpa IOBEepPXHOCTHEIX BOJ AHMATHOCTHPOBAHO, YTO
TUIPOXMMMWYECKMH COCTaB BOJ KpyIIHeiHInero B bax-
ypcapaicKoM palioHe MpamMopHOro craBka (¢ oOLeH
MIOLWAALID OKOI0 7 ra v oOpemMoM Boael ~480 TLIC. Ms)
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Cenernyeckue KOQPHIHEHTH NPHPOAHBIX BoA, Gaccedina p. Boapak

Tadonuima 1

O6BerT | Boapact 180, rCa Na rNa-rCl | rCl-rtNa | Kosddpumment (OCHOBHBIC (OCHOBHBIS Uncao
P 1CI° Mg 1C1 180y ™™g Cynnumra KATHOHET AHUOHEL pod
Q 1,8 1.4 1,6 0.3 -0,2  |80,~Na Ca>Mg>Na>K |HCO,>SQ,>Cl | 150
g R, 1,3 2.8 1,1 0,1 0,0 [SO,~Na Ca>Mg>Na>K  |HCO;>S0,>CL | 10
o
B K 1,1 7,7 1,1 0,1 -0, |80, Na Ca>Mg>Na>K | HCO,>SQ,>ClL | 100
=
= § Lb 0,8 1,3 1,6 0,8 0,2 |80,~Na Ca>Mg>Na>K |HCO,>C1>80, | 100
§ S Ty Tyes| 0.7 0.3 2,7 2,6 ~0,3 |HCO; Na Mg>Ca>Na>K | HCO,>Cl>S0, | 15
B
SR I TLtv| 26 2,2 1,9 0,3 -04 |80,~Na Ca>Mg>Na>K |SO>HCO,>Cl | 20
SaMe IIeHHLIH 0.2 3,0 1.2 1,04 —6,8 |HCO,~Na Na>Ca>Mg>K  |CI>S0,>HCO, | 16
BOTOOOMEIL
ArmoceprbLe 1,8 4,6 13 0,2 03 |%0,~Na Ca>Na>Mg>K | HCO,>SO,>CL | 50
OCATEH
P. Bompax 3,0 1.8 1,9 0,3 -03 |80, Na Ca>Mg>Na>K |HCO,>S0,>Cl | 40
Crapkn baccetfma | 5 2,1 1,2 0,2 -0, |80,~Na Ca>Mg>Na>K |HCO,>S0,>Cl | 30
p.Bonpak
Mparopriit 9,1 2.2 1,9 0,1 03 |80,~Na Ca>Mg>Na>K |8Q,>HCO,>CL | 10
CTABOK

* 3a HCKITIOUeHHEM MpamopHoro (omyboro) crapka.

OTIMYaeTcs OT TAKOBOTO B OCTANEHEIX CTaBKax Gacceti-
Ha p. Dompak npeoGnanaiveM B aHMOHHOM COCTAaBe
cynedaroB. MpaMOpHEIH cTaBoK chOpMHpOBACA B
cepeqrHe 1990-X IT. B Kapeepe Mo pazpaloTKe HYM-
MVIHTOBEX M3BECTHAKOB Ha I0XHOM oKpanHe ¢. CKa-
aucToe. B HacToslllee BpeMsi BOMOeM UCIIONME3YETCH
B peKpeallMOHHEIX LlefldX, Ha AHe CTaBKa melcTByeT
MOIUIHEIM BOCXOMAIIMH UCTOUHMK, MHTSHCHBHAA pas-

Irpy3Ka KOToporo obecrieyrBaeT MOCTOSIHHYIO HATION-
HEHHOCTE BOAOEMAa YHMCTOH MpecHOH BOOH.
Teoxumuneckne acconuanuu. KosbduumeHT KOH-
LeHTpalluy XMMHWYeCKOTO »leMeHTa XapakKTepHsyer
VpOBeHE KOHLEHTPHPOBAHMA MeMeHTa Ha YJacTKe
ornpoboBaHuA (C)) Haf ero cpelHHUM cofepXaHHeM B
AHAJIOTHYHOM IIpHUPOTHOH cpene Ha POHOBOM VUACTKe
(Cg). PesynpTarhl pacueToB PeACTABNCHEL B TaOM. 2 |
3. Tabnuua 3 cocrapieHa mo AAaHHEIM O XUMMUYeCKOM

Tatnuima 2

TeoxHMHYECKHE ACCOMUATIH U 3HAUEHHA KOQPHIMeHTA KOHIEHTPAIMH XHMHYECKHX JEMEHTOB B COCTABE MOJ3EMHBIX BO/
AKTHBHOIO BoJooOMeHa Dacceiina p. Bonpak

JIMTEI € ITPpOCIIOAMITL JIAB

Bospact BuMemaolnie oTIOKSHEA TeoxmMIIeCKIe accONHAIHN MEKPOKOMIIOHEHTOB®
B, OPraHOT¢HHbIE HyMMYIHTOBBIG H3BEGCTHIKH Bag, — Agyg — N*5%y — Bgy — 815y — Sny
K, OpPTAHOTEH HO-00JIOMOYHEIS HABe CTHAKH Bajs, — Sngs — Aggo
TV (hBI, Ty OIe CIAHUKN, TV OAPTH/ITHTRI, ApTHII- "
I;b N 36,1 — V23,3 - Ba16,3 - Agm,s - STB,4 - Sn4,9 - Zn“ - BQ,Z

TS PPHUTCHHO -TIIMHHACTRIC TTOPOTEI (HC CHAHHKH,

T;=J es
TJIHHEI, DITHUCTBIE OTIIOKCHTA)

B10,3 - Lis,e _Srs,o - Sﬂ4,4 - A83,4 - BaQ,o - Rb1,9

Te PPUTSHHETH QUIAIIT (YepeTOBAHIG apTHITTHTOR,

Ty=T tv
ATEBPOTHTOB, ¢CIAHHKOR)

Es
Bay, — N*; — S, —Mn,; — Ag,; — By s — Sn;, — S¢;; — Pby

00JIacTh 3aMeIJICHHOTO BEoqo00MeHa

C44 —

A8137,9 - B93,3 - Zn21,2 - Ba14,3 — Pb, — Snm — Sr; — Cuy —

Mn,; — Alyy — Mogs — Nip; — V7, — 8by g — Tij5

MpuMeganme. DITeMeHTH, HMEOITHe KorhDAIHeHT KOHMEHTPAITHN < 1,5, B TabMHAITy He BHeCeHBL. *AR0T HHTPATHEIH.

Tadbnuima 3

TeoxuMHUeCKHE ACCOIMHAIMHH XHMHYECEHX AIEMEHTOR B N013EMHABIX BOJaX YETBEPTHYH OrC BOAOCHOCHOTO TOpPH3OHTA

HOE;%i??Ka L]fpi)%o TeOXHMHIECKHE aACCOLMANH MHKP OKOMIIOHEHTOE
7 10 |Agyy — N*u7— #np g — Bagy — Srgg — Pg — Cuyy — Snyy — Pbyy — Nipy — By — Feys
6 5 N¥g; — Bagy — Srgs —Vy, — Smyp — Agy e — By — 7y
5 7 N*49 — Vo — Bagy — 8159 — Sng) — Agy; — 7Zny; — By,
4 9 Baygs — Aggy —Stgs — Sy — Vi — Byy — N% 5 — 7y, — Cry
3 2> |Agg — By — Lij, — Sn,, — Sr., — Ba,, — Rb,, — N*
2 7 Agy — Bay — N*g — Zn; 3 — By — Sty — Sny — Py
1 1 Agge— Sngy — Sry; — By; — Bayy, — Sbyg

MMpuMegamHna. *Az0T HATpATHEIL.
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COCTaBe TPYHTOBEIX BOI M3 KOIOOLEB, 3aM0XKeHHEIX
o TedeHuio p. boapax ¥ BROAE oBpara Komxo3nori.

Ha puc. 2 mokazaHBl BEIMeNCHHBIE YIacTKM, Ha
KOTOPELX OPOBOAWICCE OIPOOOBAHKE YETBEPTHYHOIO
BOJOHOCHOTO TOPHM30HTA C LeIbI0 BLIARIeHMA BIMA-
HUS MOACTHAARIIMX OTJIOXCHUH Ha QOPMHPOBAHHE
ero XMMHYecKOTO cocTaBa. JHMarHocTUpOBaHHEIE
reoXUMHMUIeCKHMe acCOLIMALIMH, XapaKTepU3VIOlle BEI-
HJeneHHEBle Ha pUC. 2 oGmacTH onpoCoBaHMUs U HOMep
yyacTKa oTpo0oBadMd, IIpHBeleHEl B TalOI 4.

AHanW3 AaHHHEX (Tabn. 2 W 3) mo3BoadeT yT-
BepPXAATE, 4TO Ha GopMHpOBaHHME XHUMHUYECKOTO
COCTABA KONMOQAe3HEIX BOM BIMAIOT ITOA3eMHEle BONEL
MOACTUAAIOIINX OTA0XKeHWH. Tak, osABIeHWe BaHa-
U, UTeHTHPHUIUPOBAHHOTO B aJITIOBHATEHEIX BOMTAX
yuacTka 3 (Tadmn. 3), oDycrmoBAeHO pasrpy3kod Tpe-
LIMHHELX BOJ BYJIKAHOTEHHO- OCaA0YHOM Tommu (J,b).
Takwue snementsl, Kax B, Li, Rb, U, B anmioBHansHEIX
BOJAX y4acTKa 3, Mo Bcell BUOMMOCTH, UMEIOT TIpH-
pPONHOe TTPOMCXOXAeH e M CBA3AHEI ¢ TPellWHHEIMH
BOJaMHM 30HE Pa3BUTHA TOPOJ 5SKCKHOPAHHCKOM
CBUTEL (T5—J es).

HaGop snemenToB B accoumauusax (tadn. 2 u
3), TIpeacTaBAsIOMMH co00H OTHOCHTENEHEIC XapaK-
TePUCTHKH AHOMAJIEHOCTH, ITO3BOMASET BEIACTHUTE B
MOA3eMHEIX BOJAX aKTHBHOrO BomooOMeHa CIefvio-
wue saemedTel: Ba (2,0—5%,2) — B (1,1—10,3) — Sn
(3,4—4.9) — Sr {1,6—8,4), KOTOpHEIe, BUTUMO, TIpe-
CTABIAIOT CO00HM TIPHPOAHVIO THAPOXHUMHUUSCKYIO
ocoOeHHOCTE MOA3eMHEIX BOO OaccelHa p. boapak.

HoDaBrB Ag ¢ HeBEICOKHM HWHIEKCOM KOHLEHT-
paLMU, TIONYUYUM P, KOTOPHIM XapakTepH3yeT Ccpe-
HIOK) €CTeCTBeHHYIO ACCOLUMALMID XMMHYCCKHUX are-
MeHTOB, TUTIMYHVIO A7 TIOA3eMHEX BoA p. Bompak:
Ba (2,0—58,2) — B (1,1-10,3) — Ag (3,2—8,6) — Sr
(1,6—8,4) — Sn (3,4—4.9).

3a ecTecTBeHHBIHM MAKCHMANBEHEIM MHIeKC KOH-
LeHTpaluK cepedpa IMIPUHATO 3HaucHWEe MHICKCA B
MOMA3C¢MHEIX BOJAX Y4acTKa, paBHOe 1 (FoXHas OKpa-

wHa A. TpynonoboBKa), HAXOASLLIEroCsd TUIICOMeTPH-
YeCKH BBIIIE APYIHX VUACTKOB onpoGoBanud. Takas
XKe BeMTMUMHA NI Ag COOTBETCTBYET POIHUKOBEIM
BOJAM MCTOYHMEKR, PACIIONOXEHHOrO B BEePXOBESIX
p. Bompax (pogumk v mmarGayma, 44°45'11,3" N;
34°03'08,6" E).

Bricokoe comepxanue Gapusg OTHOCHTENE-
HO cpelHHX 3HadeHW#t B MOA3eMHBIX BOAaX 30HE
rUriepreHesa, BeposATHO, oOVCIOBIeHO MecTHOM
crielHpUKON TMom3eMHEIX BOA. BEICOKMe 3HauyeHMA
MHIeKCca KOHLIEHTPHpOBaHMA Ba IMOKA3BIBAIOT, UTO
OH TIOCTYIIaeT B MOA3¢MHEIE BOIE M3 OTIOXKCHHH, B
KOTOPHEIX LIMPOKO paclpocTpaHeHEl OapHiicoepXa-
¥e MUHepanel (DapuT, BUTEPHUT, OapUTOKAIBLINT).
H3 pabtotel [AkMMeHKO M Ap., 2011] crmeayer, 4To
MHWHepPaATLHEIH cOCTaB AMIOBHA FOTePUBCKOTO BO3PACTA
(K h)Ha 60% (B cocraBe TsKenol PpakUUMA) COCTOUT
w3 GapwuTa. [1py MUHepanormdecKHX UCCAeN0BaHMAX B
netlepax [1peAropbd HAPALY ¢ JOJOMUTOM BEIZeneH
Baput [Kmmmuyk w1 ap., 2016]. B.B. FOoun nwuirer,
YTO B TpellMHaX KIACTOIMTOB M B MaTpHKCe 3OHE
TeKTOHHWYECKH TpeoDpa30BaHHEIX MTOPON (MelaHXKa)
PA3BHUTEl MPOSBIEHHS THAPOTSPMANEHEIX MUHEPAIOB
(B Tom umcie Oaputa) [IOouH, 2013].

HcrouHrKoM Gopa B MOA3eMHEIX BOAAX AKTHBHO-
ro BomootMeHa, BepOATHO, CAVKAT TOPHEE TTOPONEL
HIDKHeTO CTPYKTVPHOTO 5TaXa, B TIOAL3Y 9TOTO TIpef-
MOTOXeHWA TOBOPHUT TO, YTO B aCCOLMALHMM HITKHe-
MeNOBEIX OTIOXeHHH, SpOHUPYIOLINX CTOJOBEIE TOPEL
palioHa UccAeIoBaHMH, O0p He UTpaeT 3aMeTHOM por
(K=1,1).

KoppenauoHHEIR aHaMIM3 TOKa3al OTCYTCTBHE
CB3H 0Opa ¢ KAaKHMH-NHOO ApVIHMH KOMIIOHEH-
TaMH TION3eMHEIX BOJ W3 PA3sTUYHEIX BMeIAlIINX
OTNOXReHWH 30HE aKTHBHOTO BomooOMeHa Gaccelina
p- bompak. Tlpu stom Gop B BOmax u3 obIacTH 3a-
MedneHHOTO BogooOMeHa XOPOIIo KoppelHpyer ¢
Sn, As, Cr, Al. Hanymune KoppelALHOHHEBX CBI3eH
Mmexny B, Sn, As, Cr, Al no3pondeT OpeAnoIokHTE

Tabnuma 4

HMHTencHBHOCTE BOJHOH METPALIHH XHMHUECKHX 3JIEMEHTOE B II0J3¢MHLIX Bojax Oaccefina p. Bonpax

30Ha, BOAPACT BMEITA-
» Boap I QueHs cIsHAg, »h-10

Cumsaad, #(1+10)

Cpe e (0,1+1) Crnabasd H 04cHb cr1abad,

FOITHX OTIIOXKSHHIH <0,1n
P, N*, Cl, Ag, S, S¢, B Sb, Sr, Ca, Ba, Na, As, | K, Cd, Li, Pb, V, Cu, P, Ni |[Si, Co, Th, Cr, Mn, Rb,
Mo, Zn, Sn, Mg, U Fe, Al, Ti
g K, N*, (I, S, Se, Ag, B Sb, Ca, Sr, U, Ba, Sn, |Mo, Mg, Li, K, As, Pb, V, Ni, Cr, P, Co, Mn, Th,
é Zn, Na, Cd Cu, Si Fe, Rb, Al, Ti
§[ I;b N*, 1, Ag, S, Se, B Sr, V, Sb, Ca, Zn, Na, |As, Ba, U, Mo, Pb, Cu, K, |(Cr, Si, P, Mn, Co, Rb,
e Mg, Sn, Cd Li, Ni Th, Fe, Al, Ti
= T;—T,es Cl, N*, §, B, Se, Ag Mg, Sb, Na, Li, Sr, Ca |As, U, 8n, K, Mo, Cd, Zn, |Ni, Rb, Cu, P, 8i, Co,
= Ba, Pb, V Cr, Mn, Th, Fe, Al, Ti
E T;—T, tv N*, (1, S, Se, Ag, B Sb, Ca, Sr, Na, Mg, K |Ba, As, Sn, Cd, Li, Mo, Pb, |Ni, Si, Cr, Co, Fe, Rb,
E Zn, Mn, U, V, Cu, P Th, AL Ti
OrHocuTeneHO 3amen- | Cl, S, B, Se, N, Na, Ag | Zn, Sb, Cd, Mo, Sr Pb, As, Sn, Ca, Ba, Cu, Mg, |Co, Fe, Cr, Si, Rb, Al,
JICHHBIH BOMOOOMEH U, K, Mn, V, Li, Ni Th, P, Ti
T sox zomel ramrep- | Cl, S, B, Se, N*, Na, Ag | Zn, Sb, Cd, Mo, Sr Pb, As, Sn, Ca, Ba, Cu, Mg, |Co, Fe, Cr, 8i, Rb, Al,
reHeza** U, K, Mn, V, Li, Ni Th, P, Ti

*A30T HHTIpaTHBIH, ~ paccunIaHo mmo manuaemM C.JI. I[Ipapmesa [1998].
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BO3MOIKHOE CYIIIeCcTBOBaHMe TapareHHOH acc oAl
ITHX S1eMeHTOB.

CTeneHE KOHLSHTpaUKMKW Oopa B BOAAX 3aMell-
JIGHHOTO BOJOOOMEHA OTHOCHTENEBHO €ro CPeAHEero
CoflepXaHKA B BOIZaX AKTHBHOIO BomooOMeHa coO-
crapmsier ~20, 4TO, BePOSTHO, CBA3AHO CO CTEICHERD
IPOMEITOCTH TIOPOA BOAaMH HHMUAETPALMOHHOTO
reHe3’nca.

Oco0uIl BENIAT 27IeMeHTOB B PAME ecTecTBeHHEIX
re OXMMHWYeCKHX ACCOLIHALMH MHKPOKOMITOHEHTOB
NOA3eMHEIX BOJA BHOCAT (QIMILEBEe OTI0XeHHA
(Mn—=S8e), TeKTOHHMYECKH TIpecOpa3oBaHHEIC TTOPOIEL
(Li—Rb) ¥ BymEKaHOTeHHO-ocamouHad Toimma (V).
Tak, ko3 PHUIHeHT KOHLIeHTpAllMH BaHaIWs B BOAAX
BYJIKAHOTeHHO-0CaJ0YHOM TOMIIH JOCTATOIHO BEICOK
(K,=28), Tako# ®Ke BEHICOKHH KoadhpULIMeHT BEIABICH
IJI1 BOA YeTBEPTHYHOrO BOAOHOCHOTO FOPH3OHTA HA
yuacTKe 5 (clemoBaTenbHO, BAHAMWM TIOCTYMaeT U3
TIOACTUIAIOWIMX TONL J,b), MOBHIIEHHEE 3HAUSHNA
(K, =3,5+4) oTMedueHB Ha COCEIHUX yJacTKax 4 1 6
(pwrc. 2). TakuM obpa3zoM, UCTOTHHWK BaHaTHA B MIOA-
3eMHEIX BOJaxX palioHa — BYIKaHOTeHHO-0CATOUHas
TOJILLA.

MaxgcumaneHEIe 3HaUeHUS KoahPULIHeHTa KOH -
ueHTpauwu TuTus (K, =10 u 8,6) CBA38HEL C TOA3EM-
HBEIMW BOAAMHM B aJUTIOBHMATEHEIX OTNIOXKeHUAX (YIACTOK
2) ¥ TIOACTHNAKIINX HMX TeppUreHHO-TIUHHCTEX
ronwax (T3;—J;es), KOTOpEIe, BepOATHO, M CIYXRAT
HCTOUHHMKOM JIUTHA B TIOA3eMHEIX Bomax. Takasg xe
KapTHHa XapakKTepHa ¥ and pydounud (K, =2,4 1 1,9),
opd sToM Mexay Rb u Li oTMedeHa BEICOKasg KOoppe-
NA0HoHHAA cBA3E (0,9).

B antmoBranEHOM TOPU30HTE B BONAX ydacTKa 7
(puc. 2) BEIsIBNeHO 3arpsizaHeHuwe Zn, Cu, Pb, Ni, Fe
GHTPOTOTEHHOTO TeHe3Mca, HTo palioH cemuTeGHOM
TeppATOprH ¢. CKamrcToe ¢ TIpuycateCHEIMM yIacT-
KaMW ¥ YacTHEIMM XKHBOTHOBOAYECKHUMM XO3dM-
CTBAMHM, UTO TIOATBEpXKAAeT paHee OMyOIUKOBAHHEIES
JAaHHEIE O AaHTPOMOICHHOM BMELIATIECTBE | KAIOKOBA,
Koropa, 2017].

Benencreue CeNBECKOXO3SIMCTBEHHOMH CITeLHATH-
3a0WM TeppUTOpUM OaccediHa p. Bompak THMHMYHEIHR
3arPsI3HUTENE B pafioHe — a30T. Oco0eHHO BEICOKHM
3HaueHHAM Ko adPHLIHeHTa KOHLIEHTPALMH a30Ta OT-
BeyaeT BOMOHOCHAA 30HA BYIKAHOTeHHO-OCATOUHOMN
TOMIIM B LeHTpe ¢. TpymomoGoBKa. 3meck MIpakTH-
YecKHW OTCYTCTBYeT MOYBEHHEIH choM, rmydWHa 10
BOAEl ~1,5—2 M (T.e. BOOOHOCHAA 30HA He 3alllMIleHa),

MIPUCYTCTBYET TUIOTHAS XKHIad 3acTpoHKa ¢ TvaleTaMH
IO THUTY BRITpeGHOM AMEI, TUTICOMeTpHUYeCcKM BEIIIE
HaJ JoMaMH pacTiofoXeHa depma, Ha KOTopoH 3aHHU-
MAalOTC XKHMBOTHOBOACTBOM H CEIECKUM XO35IACTBOM.

Io aureparypubiM JaHHBM [ Tpedmaosa, 2000;
TpaHcopmarust..., 2006], B OTXOIaX XKHBOTHOBCIUE-
CKHMX KOMIIJIEKCOB BO3MOXHEI TAKHe 3MeMeHTH, KakK
Sr, Zn, Cu, F, Ag, Bi, Sn, ¢ HeKOTOPEIMHY BapHaLlHAMH
B 3aBHCMMOCTHU OT BHIOB OTXOMOB; B OTXOMAX KOM-
IIeKCOB KPYIIHOTO pOTaToro cKoTa — Zn, W, Sr, Ag,
F, a cBuHOBOUECKHX KOMILTEKCOB — W, Sr, B, Sn.

Tak xak dopMupoBaHHEe XMMHYECKOTO COCTABA
MIOA3eMHEIX BOI — ABMeHHe CJIOXKHOe U B HeTo BOBIe-
YeHE OPOIE PA3HOTO COCTABA, TO B KAUSCTEE BeJIH-
YWHE 71, T0 MHeHW A . Tlepenemana [[Tepeneman,
198G], mpaBHABRHee HUCTIONBE3OBATE He cofepkaHHe
BICMEHTOB B BOJOBMELUAIOLIMX MOPOAAX, & CPelHHe
KIAPKH JTATOChepEL.

Bodnaa muezpanua 3qeMenmos. 3HaueHHUA KO-
sthduurenHTa BONHOW Murpauru (K.) TO3BOISIOT
MIpeCcTaBUTE O0cO0eHHOCTH MUTPALMM OTAeNBLHEX
XUMHYIECKUX WIeMEHTOB B PAIMYHEIX BONOHOCHEIX
FOPHM3OHTAX M 30HAX HM3Y4YaeMOro padoHa, OLeHMTE
CTeTIeHE MTOIBMKXHOCTH HeMeHTOB: UeM BEBIILE 3HaUe-
HHe KOahOUUHUESHTA BOMTHOA MHATpalMK, TeM CHIBHEES
XMMHWYecKHH a/leMeHT cTioco0eH BEIILETAYHMBATECS M3
BMeNTAIIMX oTnoxkedu# [TlepeneMan, 1989].

Pacuerel mokaseBator (Taln. 4), 4TO BEICOKAs
MHTeHCHUBHOCTE BOMHOW MMIpallMH XapakTepHa Ad
clegyiompyx OUMOpUIBHEIX saeMeHTOR: N, Cl, S, B,
Se (K >10); cunpHEle MUTpaHTEL (K 1) — OCHOBHEIE
karvoHH (Ca, Na, Mg) 1 Sr, Sb. Hanbonee HM3Kas
MHTEHCHBHOCTE BOMHOH MHUIPALIMK CBOUCTBEHHA Ta-
KMM MUKpoanmeMeHTaM, Kak Al, Th, Fe, Co, Cr, Rb, Ti.

HNHTeHCHBHOCTE BOTHOM MMTIPALlMH XUMHUUeCKHX
3MeMeHTOB B pedyHEIX Bojax p. Doapak mpencTaBleHa
B Tabn. 5. Ha cTemeH: BOTHOH MUTpALIUM 3lleMeHTa
BIHMAIOT er0 KOHLEHTpalusd, WHTeHCHUBHOCTE BOMO-
ofOMeHa M Y4acTHe S/IeMEeHTa B FHAPOXUMHYSCKHX H
OHOXMMHWUSCKHX ITpolleccax, MIPOTeKAIOUINX B BOMO-
cOOpHOM OaccelHe.

B mpencraBaeHHEIX PAIAX XMMHUYECKHX 3JIeMeH -
TOB (Taln. 4) MOXHO 3aMETHUTE, 4TO Ba, B, Sr u Ag (a
Takxe Se U As) BO BceX BEIJIeTIeHHEIX TION pazieneHHsIX
rofa3eMHEIX Boa Gaccelita p. Boapak XapakTepH3vioT-
¢ OoMplIed MHTEHCHBHOCTEIO BOTHOR MUTPALIMH 110
CPaBHEHMIO CO CpeJHUMH 3HaYeHUAMH 3THX BJleMerH-
TOB B BOJAaXx 30HH runepredesa [I[eapresa, 1998].

Tabnauma 5
HurencHBHOCTH BOIHOH MHIPALLMH XMMHYECKHX 2JIeM eHTOB B peuHbIX Bogax p. Boapak
OfacTs OdeHb CIUTBHAL, »# 10 CuaneHad, r(1+10) Cpenaaa, »(0,1+1) Crabasg, <0,1n
oIrpo OOBAHAA
Bepxoepd pexn S, CL N, B, 5¢ Ag, Ca, Mg, Na, 5r, Ba, As, Zn, Mo, U, Cd, L, Ni, P, Cr, Si, Mn, Co, Rb,
Sb, Sn Cu, K, Pb, V Th, Fe, Al, Ti
Cpenmee Tewenme | Cl, S, N, B, Se, Ag Ca, Sr, Sb, Na, Mg, Sn, Ba |As, U, Cd, Zn, Mo, Li, K, |Mn, Ni, Cr, P, Co, Si, Rb,
Pb, Cu, V Fe, Th, Al, Ti
¥ o Cxkamcroe | N, Cl, S, B, Se Sr, Ca, 8Sn, Na, Ba, Mg, Mo, Li, As, 7n, K, Cu, Cd, Si, Cr, Ni, Rb, Co, P,
Ag, Sb, U V, Pb Th, Fe, Mn, Al, Ti
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Kosdhduiment BogHOM MHTpaLMM BapeEHpyeT
BHM3 MO TeueHHWIO p. boapak: B BepXOBBAX HAUOOME-
e mMurpangded obrnamaeT cepa, B CpedHEM Teue-
HWH — XJIOD, B HHUXHEM — a30T. BeposaTHo, Takoe
pazauure O0yCAOBASHO JHUTOJIOTHUeCKHMM COCTABOM
BOJOBMELLIAKCIINX TOMLL. B BEPXOBBEAX DA3BUTEHL MO-
POJEI TARPHUECKOM cepuM, coiepxkalive OONBLIOE
KOTHYeCcTEO TIMPHUTA M MapKa3nuTa, 4 B HUXHeM Teue-
HHM, BEPOSTHO B CHMITY aHTPOMOTeHHOTO 3arpsi3HeH Msl,
HA TIepBOe MEeCTO BEIXOAMT a3oT (Tada. 5). MMeHHO
B HUXHeM TeueHWH p. boapak BBEIABIEHEl IIOA3€M-
HEIE€ BOAEI ¢ YCTOMUYMBEIM HUTPATHEIM 3arpA3HCHU-
eM (2—4 TTJJK) Ha yJacTKax ¢ BEICOKHMM HHAEKCOM
KOHLIEHTPaIWU N: TPeIUWMHHEIC BOIE BYJIKAHOTeHHO-
ocamoIHOM TomH B UeHTpe 1. Tpymomotoeka (36,1),
a Takke B IOXKHOM (14,7) M UeHTPamBHOH UacTAX
. Cxammctoe (26,4).

Jakmouenne. HMccnenoBaHus MOKA3BIBAIOT, YTO
XMMHWUECKHWH cocTaB MOA3eMHEIX BOM M3yuaeMoi Tep-
PHTOPUMH PeTyiIMpyeTcs reoaormueckoi o0CTaHOBKOH,
THAPOTeQIOTHIeCKHM CTpOSHHWEM W JTUTOITOTHUeCKHMM
COCTAaBOM BONOBMELIAIOIINX TOMII. B Bogax BepxHero
BOJOHOCHOTO FOPH30HTA O0BIYHO MpeoOaalaoT HOHEL
KalbelMd W rMapokapboHaTa, OJHAKO B Oomee IIy-
OOKMX BOJAX, CBA3AHHEIX ¢ OOTACTEID MHTEHCHBHEIX
TEKTOHWYEeCKHMX NpeodpazoBaHui (5CKHOPAMHCKAS
cepud, T;—J e5), Ha TTepBOe MecTO B KaTHOHHOM CO-
CTaBe BRIXOAWUT MarHWH. B mpuUTOKax rmoa3eMHEIX BOJ,
MOCTYITAIIIWX U3 00IacTH 3aMeIeHHOTO BogoobMe-
Ha, NpeodmagaoT WOHE HATPHUA M XT10pa.

CratucTrdeckas o0paldoTKa HaHHEIX O XMMWYE-
CKOM COCTaBe BOf TTO3BOJWIA BBEIACTHUTE TPH THAPO-
XMMHYECKHE TCHepPalMWK TMOA3EMHEIX BOA ODmacTH
aKTUBHOTO BomooOmeHa ©OaccedHa p. Boapak. Ilpu
MUHepaTM3alMy Bog <1,1 r/n mpeoGmamaeT aHHUOH
rMAPOKapbOHAT, 3aTeM ClefyvioT cynedar U Xmopun
(HCO; >80 42_>C1_), cpeny KaTHOHOB IIpeBaHpyer
KAIBLIWH, 3aTeM MAarHMU K HATPHHA (Ca2+>Mg2+>Na+).
IIpu Gomee BEICOKOH MHUHEDATHM3AU W, HAXOMALLCHC A
B mHTepBane oT 1,1 go 1,7 r/n, npeobmamgaeT THIPO-
KapOOHAT-HOH MPH CMELIAHHOM KaTHOHHOM COCTaBe;
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