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VsydeH XuMMHYECKMII COCTAB IOA3EMHBIX BOJ 30HBI AKTMBHOIO BOZOOOMEHA B IPEATOPBIX
Kpeima (6acceiin p. Boapak, roro-3amanusiii Kpoim). @opMupoBaHie cocTaBa IOfj3eMHBIX BOf, 00-
yCTIOBIeHO MHOWIbTpanyeil aTMOChepHbIX 0cafikoB. IIpuBomATCA CBelieHMsA 00 MOHHOM COCTaBe
[OA3eMHBIX BOJ, 1 aTMOC(EPHBIX 0CafKoB. IIpeo6naaroliie HOHBI B XIMIIECKOM COCTaBe TPYHTO-
Bbix Bog: HCO;5~, Ca?*. Boisienennl $paktopsl, Bivsomye Ha GOpMUPOBaHIE XUMUIECKOTO COCTaBa
IIO/I3eMHBIX BOJI aKTMBHOTO BOJooOMeHa OacceiiHa p. Boxpak. B mepByo odepenb 3T0 XMMMUYECKUI
COCTaB BMEIAIOLIMX OTIOXKEHMIA, IO BO3JeCTBIEM KOTOPOro (GOpMUPYIOTCA Pa3/INyuusA COCTaBa
TIO/I3€MHBIX BOJI: IIECYAHO-ITIMHUCTBIX U BY/IKAHOT€HHO-0Ca/JOYHBIX TOPU30HTOB TPHACa I IOPHI, C OfI-
HOJI CTOPOHBI, ¥ KapOOHATHBIX TOJII| Mella—IIajieoreHa — ¢ ipyroit. Hajmdne HUTpaT-1OHA U acco-
yanuy Zn—Fe—Cu—Pb—Ni—Al B mofiseMHbIX BoJaX aKTUBHOIO BOJOOOMEHaA CBA3aHO C aHTPO-
[OreHHbIM BospericTBreM. Criennuyeckoit siBnseTcs acconyanys Sb—As—Se—Co—Mo—Sn—Ag,
KOTOpast MPOSIBU/IACH B COCTAaBe MOA3EMHBIX BOJ BOLOHOCHBIX TOPM3OHTOB (IMIIEBBIX OTI0KEHII
(T2—]1) m KapOOHATHBIX TOILL (MeNT—IIa/IeoreH); 9Ta ACCOLMALVISI MOXKeT OBbITh CBsI3aHa C MHOTOYIIC-
JIEHHBIMM CY/Ib(U/THBIMI KOHKPELVAMI, XapaKTePHBIMM J/Is1 YKa3aHHbIX Opof. bubmmorp. 7 Hass.
Vin. 6. Tabm. 4.

Kniouesvie cnosa: Topusiit KpsiM, ofzeMHble BOfIbI, 06/1aCTh aKTUBHOTO BOZOOOMEHA.
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CHARACTERISTICS OF FORMATION OF CHEMICAL COMPOSITION OF GROUNDWATER OF
ACTIVE WATER EXCHANGE ZONE OF THE BODRAK CATCHMENT AREA (SOUTH-WESTERN
CRIMEA)
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The article focuses on study of the chemical composition of the groundwater zone of active water
exchange. The site of research was the Bodrak catchment area (South-Western Crimea). Formation
of groundwater is caused by the infiltration of precipitation. Its chemical composition is influenced
by natural and anthropogenic factors, but primarily it is determined by the enclosing sediments. At
the same time, a leading role belongs to the sand-and-clay and volcanic-sedimentary rocks of Triassic
and Jurassic. The predominant ions in the chemical composition of groundwater are mostly HCOs",
Ca?*. Factors affecting variations of chemical composition of groundwater of active water exchange
in the Bodrak catchment area are revealed. First of all, this is the chemical composition of the enclos-
ing sediments, under the influence of which the differences in the composition of the groundwater
of sandy-argillaceous, volcanogenic-sedimentary horizons (T,—];) and carbonate deposits (Creta-
ceous Paleogene) are formed. The nitrate ion and the association of Zn—Fe—Cu—Pb—Ni—Al in
the groundwater zone of active water exchange are associated with anthropogenic impact. The series
of elements Sb—As—Se—Co—Mo—Sn—Ag can be connected with the numerous sulfide nodules
characteristic of rocks of flysch deposits (T,—J;) and carbonate deposits (Cretaceous—Paleogene).
Refs 7. Figs 6. Tables 4.
Keywords: Crimean Mountains, underground water, zone of active water exchange.

* VccnenoBaHie BBIIOMHEHO npy ¢uHaHCOBON noppepxke PODV, mpoekT «IK0mOro-pecypcHblit
norexnuan Kpsiva. Vicropus popmmpoBanus u nepcrekTBel passutusi. Ne 15-37-10100 a ().
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Puc. 1. Paiton uccnemoBaHms

1. BBegenne

[TogseMHBle BOAbI OO/ACTM aKTMBHOTO BOJOOOMEHAa CBsI3aHBI C aTMOC(HEpPHBIMU
0cCajKaMy, UMeIOT NH(UIbTPALMOHHOE IIPOUCXOXK/IeHNe, UTPAIOT BaKHYIO PO/Ib B TUJI-
POJIOTMYECKOM IMK/Ie; UX JUHAMMUYECKVe Pecypchl MpeoOIafaloT Haj, CTaTUIeCKVMIL.
OcHOBHBIE pecypchl MOA3eMHBIX BOJ, X03A/CTBEHHO-IIUTHEBOTO Ha3HaueHM:A B KpbiM-
CKOM TIpeAropbe CBsA3aHbI UMeHHO ¢ aTuMmu Bogamu (Karokosa u fip., 2016). B Hacrosiee
BpeMs Ipo6ieMa MU TheBOiI BOABI B KPbIMY CTOUT KaK HUKOT/A OCTPO, BaYKHBI He TOIBKO
KOJIMYEeCTBEHHbIE, HO U KauyeCTBEHHbIe XapaKTePUCTUKM MOJ3eMHBIX BOJ, OT KOTOPBIX
3aBUCUT CaHUTAPHO-SMMEMMIOIOTMYecKoe 6/1aronoirydne MeCTHOTO HaceneHus. IIpn
pelLIeHN) CHelMalbHbIX BOJOXO3SAMICTBEHHBIX 3alad HEOOXOOVMO YYUTHIBATh 0COOEH-
HOCTY (pOPMMPOBAHV XMMUYIECKOTO COCTAaBa IPECHBIX BOJ, UCIIONIb3yeMBIX B IINThEBBIX
Le/IAX, 4YTO IPUJAeT UCCIeJOBaHNAM TAaKOTO pojja IPAKTUYECKYIO IEHHOCTbD.

bacceitn p. boxpak pacnonaraeTca B I0KHOIM KpaeBOM 4YacTy AJIBMUHCKOTO ap-
Te3MaHCKOro 0OacceiiHa, B Ipefesiax BHyTpeHHeill mpepnropHoit rpsagbl KpeiMckux rop
u FO>KHOTO 5pO3MOHHO-/IeHYJALIIOHHOTO MeXTPALOBOTO MOHIDKeHusA (puc. 1) Ha ceBe-
po-3amaiHOM KpbUle KauMHCKOrO aHTMK/IVHANIBHOrO NMORHATUA. Penbed B BepXOBbAX
p. bompax (10>kHast 4acTh TePPUTOPUN) OBPAKHO-OATIOUHBIT Pa3HOOPMEHTUPOBAHHBII
U CIOXKHOPACYIeHEHHBIN, B pajioHe Bropoii (BHyTpeHHeiT) rpsAfbl — Ky3CTOBBIIL.

B reonmorn4eckoM CTpOeHUM TEPPUTOPUM BBIJENANTCA [Ba CTPYKTYPHBIX dTaka:
HUNCHULL VT 8ePXHUTL.

Huscrnuil cmpyxmyprolil smadic CII0XKEH TPUACOBO-IOPCKMMY MHTEHCUBHO JVICIIOLN-
POBaHHBIMM KOMIIJIEKCAMM, B €0 COCTaBe BBIJIENIAIOT TPU CTPYKTYPHBIX sApyca:

— TepBbIl MPEACTaBIEH CIOXXHO JUCTOLMPOBAHBIMU (QIIMIIAMI TaBPUUIECKOIL Ce-

pun (T5-J1tv);

— BTOPOJ — TEKTOHMYECKV Pa3gpoONIeHHbIMM (IMIIONAMI SCKUOPIUHCKON ce-
pun (Ts-J es);
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— TpeTuil — BY/IKaHOTEHHO-OCaJOYHBIM KOoMIIeKCcoM (J,b) MomiHOCTBIO 6O0Iee
1500 M, 06pasyIomyM KpyTOIa/JAIONIYI0 MOHOK/IMHAIBHYIO CTPYKTYPY BOCTOK-
CeBepPO-BOCTOYHOTO MPOCTUPAHNAL.

Bepxnuti cmpykmypHuvlii 3maxc TIPeACTaBIsgeT cOO0l MONOryI0 MOHOK/IVHAID, C/I0-
YKEHHYI0 TepPUTeHHO-KapOOHATHBIMU OTIOXEHNAMM MEIOBOTO I ITaJIeOreHOBOTO BO3-
pacTa, epeKphIBAIOIIYIO C Pe3KUM YITIOBBIM HeCOI/IacyieM TPUACOBO-I0PCKIE KOMILIEK-
CBl U MAJAIOLIYI0 Ha CeBepO-3amaj Mof yraamu 8—12°.

AKTUBHBIM BO00OMEHOM B BepXHell I'MAPOANHAMIYECKOI 30He 00yC/IOB/IeHO Gop-
MIPOBaHIe NIPENMYIIeCTBEHHO IIPECHBIX ITOA3eMHbIX BOX. VI3ydeHII0 XUMITYeCKOTO CO-
CTaBa II0/J3eMHBIX ¥ TIOBEPXHOCTHBIX BOJ] Ha TAHHOJI TepPUTOPUY IIOCBALIEH Psifi IyO/n-
kanuit (CemeHnoBa, 1997; KatokoBa, Hapsikosa, 2010; bapa6owknHa u ap., 2008).

MOIIHOCTD 30HBI AaKTMBHOTO BOLOOOMEHA OIpefie/isIeTCsl, C OfHOI CTOPOHBI, I'e0-
JIOTMYeCKMU ycmoBusAMM b6acceiina p. boxpak, ¢ gpyroit — ¢usnuko-reorpadpmieckumm
YCTIOBUAMM PervoHa. IpaHuIla MeXXy 30HOII IPeCHBIX U COJIOHOBATBIX BOJ, JOCTATOY-
HO ycroBHa. Tak, Ha TeppUTOPUYM pasBUTHA BYITKaHOTEHHO-0CaToYHOI Tommu (],b) ona
CBs3aHa C 00/1aCTbIO0 9K30T€HHOI TpelHoBaToCTH. Ha nsy4aemoit repputopuy mmpo-
KO pasBUTBHI IIOJi3eMHbIe BOJIbI MHOW/IBTPALIVIOHHOTO TeHesCa, IBVDKeHNe KOTOPBIX OCy-
IIeCTB/IAETCS B HAIIPAB/ICHNN YK/IOHA IOBEPXHOCTH HOJ] BO3/EICTBUEM CIJI TPABUTALIUIL.
B cuny xopoueit poMBITOCTY BMELAIOIMX OT/IOKEHWIT BBIHOC COJleli Ipeobrajaet Hay
VIX IPUBHOCOM.

[Intanne rpyHTOBBIX BOJ, B OacceitHe p. bofpak ocyIecTBIATCA 110 BCell IIIomIa-
iu HacceiiHa ITTaBHBIM 00pa3oM 3a cyeT aTMocepHbIX 0cagKoB (0komo 600 MM B rox),
KOHJIEHCAI[N BJIaTM B 30HE aspalluy, TOBEPXHOCTHOTO CTOKA J OTYACTM 3a CYeT TPaH-
3UTHBIX ITOI3eMHBIX BOJ. XapaKTep paclpefie/ieHVsI BbIIAIAIOMX aTMOCHEepPHBIX OCajl-
KOB VI TeMIIepaTyphl BO3TyXa ONPEMIE/IAI0T eCTeCTBEHHBII PEeXXIM I'PYHTOBBIX BOJ, palioHa
(KarokoBa, 2011).

2. Marepuaibl 1 METOJbBI

[Tpy HanmycaHUM JAHHON CTATbU OBUIV MCIIO/IBb30BAHbI JaHHBIE 0KOMO 300 XuMude-
CKMX aHA/IM30B MOI3eMHBIX BOJI, IIOJIyYeHHBIE B Pe3y/IbTaTe eXXETOJHOTO OIPOOOBAHNS,
KOTOpO€e IIPOBOAUTCS B IETHUII Iepuoy, (HaunHas ¢ 1998 r. mo Hacrosmiee Bpems) (Karo-
koBa, Yaprikosa, 2010).

Copepsxanue nonos Cl-, HCOs™, Ca?*, a Tak)Ke XKéCTKOCTD B po6ax Mofi3eMHbIX BOJ
¥ aTMOC(EPHBIX 0CA/IKOB aHATM3UPOBA/IN B YC/IOBUSX IIOTIEBOII 1a60paTOpMu 06bEMHBIM
(TuTpuMeTpudecKkuM) MeTonoM. KOHLIEHTpaL[MI0 HUTPATOB OLpefesIN MEeKTPOXUMMYe-
CKUM METOJIOM C UcTonb3oBanneM nonomepa V-500. Conepskanus nonos SO42~ onpere-
77 1160 BeCOBBIM MeTOIOM B Taboparopuu kadenpsl rugporeonorvy CII6I'Y, mubo pac-
YeTHBIM METOJIOM KaK Pa3HOCTb KaTMOHOB 1 aHMOHOB. CofiepKaHMs MUKPOKOMIIOHEHTOB
VI OCHOBHBIX KaTVOHOB M3Mepsin MeTofamu Macc-crekrpomerpuu (ICP AES n ICP MS)!
IIpy IIOMOINM aTOMHO-3MMCCHOHHOTO crekTpoMerpa ICAP61E m macc-crekTpomerpa
Agilent 7500). IIpu aTOoM IpOOBI BOABI HETOCPEICTBEHHO IIOCTIE 0TOOPA KOHCEPBHUPOBaA-
JIMCh a30THOMN KUC/IOTOM M3 pacyeTa 2 M KcIoThl Ha 100 M Bopbl. Temmepatypy, pH

! ICP AES u ICP MS — or aurn. Inductively Coupled Plasma Atomic Emission Spectroscopy
u Inductively Coupled Plasma Mass-Spectrometry.
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U YZIe/IbHYIO 37IEKTPUYECKYI0 IIPOBOAMMOCTD U3MEPSIN € UCIIO/Ib30BaHMEM OPTATHBHBIX
npu6opos ¢pupmel HANNA HermocpencTBeHHO y BOGZHOTO 00beKTa.

CraTuctudeckas 06paboTKa MOTy4eHHBIX pe3y/IbTaTOB BBIIIOJIHEHA C VICIIO/Ib30Ba-
uueM maketa nporpamm STATISTICA 6.0. s 06paboTKM MacCcuBa JJAHHBIX TI0 XUMMU-
4eCKOMY COCTaBY IIOJ3eMHbIX BOfI KpbIMCKOTO O/IMroHa mpuMeHeH GpaKTOPHbII aHa/IN3,
KOTOPBIiI 3¢ HeKTUBEH IPY MCCTIeOBAHMN BelljleCTBEHHOTO cocTasa. [Ipy aToM B Mopenn
(bakTOpHOTO aHAMN3a TIPEAIIONATaeTCs B3aMMOCBA3aHHOCTD M3MePsIeMbIX BeMMIIH (OHK
KOPPENMUPYIOT APYT € SPYTOM), 4YTO 0OYC/IOBIEHO HeKMMM IIpYYMHAMU (Be/IYMHON, IPO-
11eccoM, GakTopoM), KOTOpbIe HEOCPEACTBEHHO N3MePUTD Henmb3st. DaKTOPHBII aHAMN3
CBOJMT OOIIMPHBIN YNC/IOBOI MaTepyuas K HECKOIBKMM He3aBUCUMbIM ¥ IPOCTBIM (ak-
TopaM. XMMUYECKUII COCTaB NMPUPONHBIX BOJ, XapaKTepU3yeTCsl COBOKYIIHOCTBIO psAa
XVMIYECKVX 9JIEeMEHTOB (QHVIOHOB M KaTMOHOB). KOHIeHTpanuy XuMI4ecknx aneMeH-
TOB KOHTPOJIMPYIOTCSI HEKOTOPBIMY He3aBUCUMbIMY IepeMeHHbIMU ((paKkTopaMu), KOTO-
pble HEBO3MO>KHO HEIIOCPEACTBEHHO M3MEPUTD: KIMMAaTOM, Ie0/IOTMYeCKOil IIPYHATIEXK-
HOCTHIO BOZOHOCHOI TOIIH 1 T. 1. OfHAKO M3MEHUYMBOCTHIO (DAaKTOPOB BBI3BIBAETCS Ba-
prabenbHOCTD 91eMeHTOB, OJHOHATIPAB/IeHHbIe M3MEHEHVS OCTIEHIX KOPPETUPYIOTCs;
TaK MOXXHO BBIABUTH Iponecchl (pakTopbl), mpuBefiine K GOPMUPOBAHUIO JAHHOTO
XVIMIYECKOTO COCTaBa BOJIBL.

3. Pesynbratrhl 1 06CyKaeHUE

ITonsemHbIe Bozibl B 6acceitHe p. boppak pacipesienieHbl HepaBHOMEPHO, HA OTHIE/b-
HBIX IVIOLA/sIX OacceriHa OHM IIOTHOCTBIO OTCYTCTBYIOT. B 1o>kHOI yacTu 6acceiina p. bo-
IpaK, Iie MWMPOKO Pa3BUTHI (uiIeBble OTIOXKeHUA TaBpudeckoit (Ts-]itv) n ackuop-
muHCcKoit (T3-] es) cepmit, Hoi3eMHbIe BOJIbI Pa3BUTHI CIIOPAiNYeCcKN. MeTKOCOIOYHBIN
penbed TeppPUreHHO-IIMHICTBIX CTIAHIIeB TaBPUYECKOII CepyI CIOCOOCTBYeT MHTEHCHB-
HOMY ITOBEPXHOCTHOMY CTOKY: BO BpeMs JJOXK/ieil ¥ CHETOTasiHMsI BOfa ObICTPO CTeKaeT
II0 CK/IOHaM I'Op B OBPAry U eCTeCTBeHHbIE IOHVDKEHN, MHTEHCUBHO pa3MbIBas (mie-
BbI€ OT/IOKEHNsI, OJTHAKO [TOYTH He IIPOCAYNBAETCS B ITTyOb TOJIIIN.

IIpakTnyeckoe 3Ha4YeHME VMEIOT IIOPOBbIE BOJbI IIPOIIOBMAIBHO-A/IIIOBUATbHBIX
0TNI0)KeHuI p. bofipak 1 e€ IpUTOKOB M TPEIMHHbIE BO/IbI 30H 5K30T€HHOJ TPelIHOBA-
TOCTH BY/IKAHOT€HHO-0caf04HO Tommy (J;b). CoOTBeTCTBEHHO, KOMOALBI M CKBAXKIHBI
Ha M3y4aeMOoil TEPPUTOPKH B OOJIBIIMHCTBE CBOEM IIPUYPOUEHBI K a/UIIOBUAIBHBIM OT/IO-
JKeHUAM p. boppak u IpomoBManbHbIM OTIOXXEHUAM BOIOTOKOB, a TAK)XXe K KOpe BbIBe-
TPUBAHMs BY/IKAHOT€HHO-0CaJJ0UHBIX ITOPOJ Oaitocckoro sipyca. Peka Bogpaxk siBnsercs
€CTeCTBEHHOII 00/1aCThI0 PasTPy3KM TPELIMHHBIX U IOPOBBIX BOJ OacceilHa.

IpyHTOBBIE BOJbI S3K30T€HHONM TPEUIMHOBATOCTY, IPUYPOYEHHbIE K BEPXHEN 4acTu
paspesa (IJe aKTMBHO MAYT 9K30T€HHBIE IIPOLIECCHI), MIMPOKO Pa3BUTHI B palloHe UCCIIe-
posanys. C rIy0MHOI 9K30TeHHas TPELVHOBATOCTD 3aTyXaeT, BCIECTBIE Yero CHIKA-
€TCA MPOHMIAEMOCTb MOPOf,. [1/1s BOTOHOCHOCTY OT/IOXKEHMII HIYKHETO CTPYKTYPHOTO
ataxa (T3-]itv, Ts-Jes, ]ob) onpenensioiiee 3HaueHNe UMEIOT AU3BIOHKTUBHbIE TEKTO-
HIYeCcKIe HapylleHus: (37jecb MOTyT OPMIPOBATHCA 30HBI JIOKA/IIbHBIX OOBOTHEHMIN),
a TaK>Ke 30Hbl 5K30T€HHON MM 3HJOreHHON TpemyHosaTocTy. Hanpumep, 30Ha 3K30-
TeHHOJ TPeIHOBATOCTY BY/IKAHOT€HHO-0CaJOYHO TOMIY (C TPEIIMHOBATBIMY IIecya-
HUKaMu 1 Typamn) B LieHTpe 4. Tpynomo60BKM CIy>KUT UCTOYHUKOM BOZOCHAOKEHISL.
Boppl, cBA3aHHBIE ¢ KOPOJI BBIBETPMBAHNsA C/IaHIIEB TaBPUYECKO CEPUM, BHIXOJAT Ha
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[IOBEPXHOCTh B BUJI€ MAaJIOMOLIHBIX POJHMUKOB V/IM BCKPBIBAIOTCS KOMOALAMI C OY€Hb
HU3KVM IeONTOM.

3.1. Xumuueckuii cocmas nod3emMHvlx 8600 AKMUBH020 600000MeHA

ITogseMHbIe BOIBI AKTMBHOTO BOZOOOMEHA M3y4aeMOll TepPUTOPUM IIPECHbIE MIN
cmabo cooHOBaThIe (B 3aBMCUMOCTIL OT YC/IOBUII BOJOOOMEHaA), OOBIYHO XKECTKIE MU
oueHb xéctkue; pH cpeppl — OT HeliTpanbHON 10 cnaboutenodnoit. ITo xummdeckomy
COCTaBy OHI HpeI/IMyHleCTBeHHO I‘I/IHPOKap6OHaTHbIe MarHneBO-KaJIblIMEBbBIC, XOTA BO3-
MO>KHBI BapyaIiiM B IIO/Ib3Y Npeo6/IafjaHusa MarHNA, HaTPUA WM CYIb(aTOB, YTO 3aBU-
CUT ¥ OT BellleCTBEHHOTO COCTaBa BMEIAIOIIVX OTIOKEHNUIL, I OT METeOPOIOrNYeCKIX
yCIOBMIT Tofia (KOMIMYeCTBa BBIIABIINX OCATKOB, CPEIHEl TeMIlepaTyphl BO3yXa, NCIIa-
PeHMA U T.IL.).

OCHOBHBIM UCTOYHMKOM IUTAHMA ITOA3EMHBIX BOJ, ABIAITCA aTMOChepHbIe ocasi-
KU, KoTopble 6osiee yeM B 30 % cinydaeB MMEIOT IMAPOKAPOOHATHO-KA/IbIMEBbIl COCTAB
(mo mpeobnapamomyM KoMItoHeHTaM). Ha ocTanpHyI0 YacTh IPUXOMATCS CYIbgaTHO-
ruapokapboHaTHbIe KanbiimeBble BOmbI (18 %), ruapokapbOHATHBIE HATPHEBO-KAMbIIN-
eBble (15%), cynbdaTHO-TUIPOKapOOHATHBIE HATpyeBO-Kanblyesble (12%), T.e. mpe-
ob6magaoT raBHbM 06pasoM nousl HCO;~ u Ca*t (Kawkosa, 2011). CocTaB ocajkoB
M3Y4a/ICA B JIETHNI TIePYO,.

Ha ¢popmupoBaHme XMMIU4eCKOro COCTaBa MOfI3€MHBIX BOJ| aKTMBHOT'O BOJ000MeHa
moMumo (usnko-reorpadpuuecknx GakTOpOB BIMIIOT: TEKTOHMKA pajiloHa, BeleCTBEH-
HBIIT COCTaB BMEIIAIOINX OT)'IO)KeHI/H"/I, AHTPOIIOT€HHasA AEATE/IbHOCTD.

B ta6s1. 1 npuBeeHbl CpefHII IOHHO-CONEBOII COCTAB IO/j3¢MHbBIX BOJ, 30HBI aKTVB-
HOTo BOfj000MeHa 6acceitHa p. bofpak M XMMUYECKUIT COCTaB aTMOCQEPHBIX OCA/IKOB,
coOpaHHBIX B cpegHeM TedeHyn p. bogpak Ha 6ase CIIOI'Y B 1. Tpymomo6oBke (44°47'10"
c. 1L, 33°59'59" B. 11, BbIcOTHast oTMeTKa 270 M). B aT0i1 e Tabn. 1 /11 cpaBHeHus mo-
KasaH CPeIHNUIT XMMIYIECKIIT COCTAB IOJ3eMHBIX BOJ] 30HbI TUIIePreHe3a 0 JAHHBIM pa-
6otsI (IlIBapues, 1998).

Ha puc. 2 npuseseHa rugporeonornde-
CKas cXeMa CpefiHero TeyeHus p. boapak, Ha
KOTOPOJ yKa3aHBl Y4YacTKM ONpPOOOBaHMA
4eTBEPTUYHOTO BOJOHOCHOTO TOPU30HTA.

Puc. 2. Cxema ot6opa mpob 4eTBepPTUIHOTrO BO-
JIOHOCHOTO TOPU30HTA B CpelHeM TedeHuu p. bogpak
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Puc. 3. 3aBucumocTs 001l MUHepaIM3aLUN U YHe/IbHOI 3/1eKTPUYECKOIT IPOBOAN-
MOCTH IIOJI3eMHBIX BOJ] aKTMBHOTO BofooOMeHa bacceiina p. boppak (n = 75)

ITo jaHHBIM 75 IOJHBIX aHA/IM30B HalifleHa 3aBUCUMOCTb MUHEepaIM3aluy Iojj3eM-
HBIX BOJI aKTMBHOTO BOJoOOMeHa 6GacceitHa p. bogpak OT uX yAe/nbHOI 91eKTpIuecKoi
npoBogumoctu (puc. 3). Habmomaemast 3aBUCKMOCTD IO 3HAYEHUIT MUHEPATU3AINN
BOfBI ~1 I/ 04eHDb OIM3KA K TMHEHOM. ITO 0OBSICHSETCS TeM, YTO OOMblIas MIUHepa-
NV3anys IOJ3eMHbIX BOJ XapaKTepHa B IEPUOJ I/INTEIbHOTO OTCYTCTBUSA aTMOC(EpPHBIX
ocafikoB. B mepuopnbl moxKpell MMUHepanu3alnyA MOA3€MHBIX BOJL HEMHOTO CHIDKAeTCs,
U pasnnuMAa B XMMUYECKOM COCTaBe IIO[3eMHBIX BOJ M3 PasIMYHBIX BMELJAIOIINX OT-
JIOXKEHWIT HeCKOIbKO HMBEMUPYIOTCA. [JaHHBIN (aKT CBA3AH C Te€M, YTO Ha 9Ty 3aBUCU-
MOCTb BJIMSIET XMMUYECKUI COCTaB BOABI (M1 B IIEPBYIO OYepelb KOHLCHTPALsI ITTaBHBIX

AHJMOHOB).

Tabnuya 2. CraTucTHYeCKNe XapaKTEPUCTUKI OCHOBHBIX ITOKa3aTe/eil XMMIYeCKOTro COCTaBa
MO/I3eMHBIX BOJI aKTMBHOTO Boffoo6MeHa OacceitHa p. Bogpak

Cpepne-

Becmnuux CIT6T'Y. Hayxu o 3emne. 2017. T. 62. Boin. 4

n?:(?:::‘:}fb Cpennee | Memana | Munmmym | MakcumyM | Kagpatirdeckoe Ii‘;;‘]bggs;lezr ml‘w{:lpc::m
OTK/IOHE€HUE
M, mr/n 746,5 746,4 110,1 1479,0 221,7 29,7 154
YIII, MCm/cm | 0,861 0,850 0,457 1,530 0,23 26,5 75
JK, Mr-akB/n 8,2 8,0 2,7 15,9 2,4 29,8 154
Na*, mr/n 39,1 33,1 5,6 170,0 28,9 74,1 154
K*, mr/n 5,1 3,2 0,1 65,8 8,7 169,8 151
Ca®t, mr/n 107,0 110,0 11,0 160,0 25,0 23,4 154
Mg2+, Mr/n 34,2 29,4 3,4 140,0 25,7 75,2 154
Cl-, mr/n 38,4 35,5 6,7 134,9 21,2 55,1 153
SO4%, mr/n 86,7 87,0 19,5 300,0 17,5 60,5 94
HCO5™, mr/n 4429 427,0 244,0 756,4 105,1 23,7 152
NOs~, mr/n 38,9 9,9 0,9 210,0 57,2 147,2 53
349
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Puc. 4. CBsi3p MUHepanM3aLuy 1 aHMOHHOTO COCTaBa IOA3eMHBIX Boj 6acceitHa p. bogpak

CraTucTu4eckye XapaKTepUCTUKM MaKpPOKOMIIOHEHTOB, MuHepammsanyu (M),
ymenbHOI anexktponpoBogHoctu (YIII) u xéctkoctu (OK) mpusenensr B tabnm. 2. Kax
BUIHO, MIMHEpANMN3alus MO3eMHBIX BOJ AKTMBHOTO BomoobMeHa Gaccerina p. bompak
B CpefiHEM COCTaBIIAET 746,5 MI/JI IpY OTHOCUTENbHO HEBBICOKOI BapnabenbHOCTH (KO-
apuunent Bapuanuu — 29,7 %). IIpu 9T0M OCHOBHOII BK/IaJ B OOIYI0 MUHepan3a-
LIVII0 BHOCSAT TUPOKapOOHaT-1oH (cpemHee — 442,9 Mr/m, foysi B 00111ell CyMMe MaKpo-
KOMITOHEHTOB — OKO/IO 60 %) u Kanbiuii-non (cpennee — 107,0 mr/m, mons B o61ieit
cymme — 14%). Ob6a xapaKkTepu3ylTCs HaMMeHbIIell BapnabelTbHOCTbIO: UX K0addu-
[[MeHTHI BapUAL[UU OMU3KI U COCTABIAIOT 23,7 % 1 23,4 % cootBeTcTBeHHO. CofleprkaHue
IPOYNX MaKpPOKOMIIOHEHTOB BapbMpYeT B IIMPOKMX Ipefenax (ko3 UIeHTsl Bapu-
anym 6omee 50 %), TPy TOM YTO UX OOIUIT BKIA] B MUHEPATU3AINIO COCTABIIAET 4y Th
6onbure 25 %. KpaitHe HeogHOpOIHBI KOHILIeHTparyuy 1oHoB K+ 1 NO3™ (koaddunmenTs
Bapuanyy — 169,8 u 147,2 % cOOTBETCTBEHHO).

B tabn. 3 nmpuBefieHa KOppeIANMOHHAA MAaTPHIlA OCHOBHBIX IIOKa3aTesell X1Mude-
CKOTO COCTaBa IMOfI3eMHBIX BOJ 00/IacTM aKTMBHOTO BOfooOMeHa bacceitHa p. Bogpak
(kpuTHyeckoe 3sHaueHNe KoapuumenTa koppenanym r = 0,25 Ipy ypoBHe 3HAUNMMOCTH
a = 0,05). [Ins Bcex MaKpOKOMITOHEHTOB BbIsIBJIEHA IIOIO>KUTE/IbHAS KOPPesALs C MU-
Hepasm3alueil BOJ, TPV 3TOM >KECTKas KOPpeIAIIOHHAsA CBA3Db XapakTepHa st HCO3~
(0,9), Mg?* (0,8), SO4* (0,8), cmaboit KOppensALMOHHON CBA3bI0 Bbigensiorcs Ca’t u K.
CxopHble TeHJEeHINN YCTAHOB/ICHDI U /IS aTMOC(EPHBIX 0CafKoB (Tab. 4), OHAKO A/
HIX XapaKTepHa XECTKas Koppesiuus Mexxay MuHepammsanueit u Cat (0,8). B yenom
MIHepa/In3alys U IOA3eMHBIX BOJ, ¥ aTMOC(EPHBIX 0CaJKOB JOCTATOYHO KECTKO KOP-
penupyer ¢ cofiep>kaHyeM aHMOHOB (Tabi. 3 u 4). CBsI3b MUHEPAIN3ALUY I QHUOHHOTO
cocTaBa IIOJj3eMHBIX BOJ] IpUBeMleHa Ha puc. 4.

CrnenyeT oTMeTuUTD c1abyio (Koapuunent Koppensunu paseH 0,3) KOppesINOH-
Hylo cBA3b Mexpy conepxxanusmu HCO5™ u Ca’* B nopsemHbIxX Bogiax 6acceiina p. bo-
[paK, B TO BpeMs KakK /I aTMOC(EepPHBIX 0CaJKOB KO3 GULIMEHT KOPPEIALUY /st 9TUX
nokasareneii paseH 0,7 (Tab. 3 u 4); Ipy 9TOM B IOA3EMHBIX BOJIaX TOTEPUBCKIX M3-
BeCTHSKOB (OpOHMPYIONIVX BEPIIMHBI IVIOCKMUX TOp pajioHa) TaK)Ke BbIABJIEHA XKECTKas
Koppensauus Mexay cogepxxarnsamu HCO5™ u Ca* (0,8). Takum 06pasom, B uHGMIbTpa-
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Tabnuya 3. KoppenauuoHHas MaTpuija MaKpOKOMIIOHEHTOB, MUHEPATU3AIMI U KECTKOCTH
[MOI3eMHBIX BOJL 00/1acTy aKTMBHOrO BofoobMeHa 6acceitna p. boxpaxk (1 = 60)

Ilokasarenn | Na*t K* Ca?+ Mg** Cl- SO, | HCO;s M K
Na* 1,0 0,4 0,2 0,7 0,7 0,8 0,6 0,7 0,7

K* 0,4 1,0 0,2 0,0 0,3 0,3 0,2 0,3 0,1
Ca%* 0,2 0,2 1,0 0,0 0,3 0,4 0,3 0,4 0,5
MgZJr 0,7 0,0 0,0 1,0 0,6 0,6 0,7 0,8 0,9

Cl 0,7 0,3 0,3 0,6 1,0 0,6 0,6 0,7 0,6
NoXs 0,8 0,3 0,4 0,6 0,6 1,0 0,6 0,8 0,8
HCO; 0,6 0,2 0,3 0,7 0,6 0,6 1,0 0,9 0,8

M 0,7 0,3 0,4 0,8 0,7 0,8 0,9 1,0 0,9

XK 0,7 0,1 0,5 0,9 0,6 0,8 0,8 0,9 1,0

Tabnuya 4. KoppensauyoHHast MaTpuIja MAKpOKOMIIOHEHTOB, MIHEPATM3ALMMI U SKECTKOCTH
aTMocdepHBbIX ocagkos (1 = 50)

ITokasatenn | Nat K* Ca?* Mg* Cl- S04~ | HCO;5™ M XK
Na* 1,0 0,4 0,1 0,3 0,7 0,5 0,5 0,5 0,2

K* 0,4 1,0 0,1 0,5 0,7 0,7 0,1 0,5 0,2
Ca?* 0,1 0,1 1,0 0,5 0,4 0,3 0,7 0,8 1,0
Mg2+ 0,3 0,5 0,5 1,0 0,5 0,5 0,5 0,7 0,7

Cl 0,7 0,7 0,4 0,5 1,0 0,6 0,1 0,7 0,5
SO 0,5 0,7 0,3 0,5 0,6 1,0 0,0 0,6 0,4
HCO; 0,5 0,1 0,7 0,5 0,1 0,0 1,0 0,7 0,8

M 0,5 0,5 0,8 0,7 0,7 0,6 0,7 1,0 0,9

K 0,2 0,2 1,0 0,7 0,5 0,4 0,8 0,9 1,0

IIIOHHBIX BOfjax 6acceiiHa p. Boppak yske Ha IepBBIX CTafAUAX GUIBTPALNU IPOUCXOAAT
HEKOTOpbIe M3MEHEHNS B XMMIYECKOM COCTABE B 3aBUCUMOCTH OT IUTOTIOTMIECKOTO CO-
CTaBa BMENIAIOIINX OT/IOXKEHUIA.

Beicokast BapnabenbHOCTh COfEPXKAHMIT Psifia. MAKPOKOMITOHEHTOB, MUHepan3a-
LMY U >KECTKOCTH B TIO3€MHBIX BOJIAX AKTUBHOTO BOooOMeHa bacceitHa p. bogpak u Ha-
pylIeHe KOPPE/IIMOHHBIX 3aBUCKMOCTEN MEXAY HUMM 00yC/IOB/IEHBI MHOTOOOpasyeM
POIIeCCOB, BAUAIOMINX Ha GOPMUPOBAHNE MX XUMUIECKOTO cOCTaBa. VIHPUABTpamon-
Hble BOJIbI 30HBI IMIIEpPreHe3a, B3aMMOJENCTBYS C PasIMYHbIMI BMEIANIIMY II0POJa-
MM, 000TaI[al0TCs PasHBIMM KOMIIOHEHTaMU, TIPY 9TOM UAYT IPOLeCChl pacCTBOPEHNS,
OKVICTIEHVsI, TU/IPO/IN3A, BBIIIe/IaYMBaHs, MOHHOTO 0OMeHa, cMelieHnst Box 1 mp. [Ipu
OHpeHeHéHHbIX KINMaTU4Y€CKMX YCTIOBI/IHX BCIeaCTBUE I/ICHapeHI/IH OTOE/IbHbIE KOMIIO-
HEHTBI MOT'YT OCXK/IAThCSI M3 BOJHOTO pacTBopa. Bee aTu mporieccsl mpuBOAAT K yBeu-
YEHUIO MI/IHepaTII/I3auI/H/I IIOA3€MHDBIX BOJ I USMEHEHNIO 3KBMBAJICHTHDBIX COOTHOIIEeHU
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B MaKpOKOMIIOHEHTHOM COCTaBe IOC/IeIHNUX. B pesyibraTe (IIpUTOM 4TO BCe IIOJ3eMHbIe
BOJIbI 30HBI AKTMBHOTO BOJ00OMeHa bacceiiHa p. boapak mpecHble nn cmaboconoHoBa-
Thle) COOTHOIIEHVe MAKPOKOMIIOHEHTOB He IIOCTOSTHHO Y BapbUpyeT B 3aBUCUMOCTY OT
psana hakTopoB.

3.2. Accoyuayuu xumuieckux KOMnoOHeHmMo8 6 no03eMHbIX 600ax 6acceiina p. boopax

[laHHbIE O COfIEPXKAHNUAX MAKPO- ¥ MUKPOKOMIIOHEHTOB B IOJI3€MHBIX BOfiax 6ac-
ceitHa p. bozpax 6s111 06paboTanbl MeTonoM raaBHbIX KomrnoneHT (MI'K) dakroproro
aHanu3a. VI3y4yeHnl jBe BBIOOPKU:

1) comepxaHUS MAKPOKOMIIOHEHTOB U HUTPATOB;

2) copep)XaHusi MaKPOKOMIIOHEHTOB, HUTPATOB U MUKPOKOMITOHEHTOB.

O61peM 06enx BbIOOPOK 1 = 54; 111 ypOBH: 3HaYMMOCTH o = 0,05 KpUTHMYIecKoe 3Ha-
yeHHe d)aKTopHoﬁ[ HArpysKIu o s, 52 = 0,27.

CTpyKTypbl HONTy4YeHHBIX (aKTOPOB [yt BbIOOpKM 1 (Harpy3ku MaKpOKOMIIOHEH-
TOB) OIpefeNATCA 0 GpopMyIaMm

Iss9, — ;
Moo (HCO3)90 Nagg (SO4)s5 Mgss Clyg Kyy Cazs

59 (NO3)s9 Mgyy ;111119 (NO3)77 Cagg
Ca6g K62 NaZ7

CrpyKTypbl $akTOpOB [i/Isi BBIOOPKM 2 (HarpysKu MaKpOKOMIIOHEHTOB, HUTPATOB
Y MUKPOKOMIIOHEHTOB):

| O3TA — ;
Mg Naz3 (SO4)70 Clss Mges Nisz (HCO3)62 Srs9 Coss Cusy Zns
Bas Pbas Cdys Kuz Feyg Lizg (NO3)37 Assg Cass Alss Sba; Crsp Vi Snag

II159% Znyo Fees Cugy Pbeg Nise Alyy Crag Sizg Cos; Cday
Lis; Mgs1 (HCO3)49 Nagg By (SO4)43 M3 Snz; Clyo

III 39 Crys Var (HCO3)37 Sizg M3y Mgsp (NO3)as
Sbgs Asgs Sezs Cosa M4z Snzs Ags;

3mech puMcKas udpa COOTBETCTBYeT HOMepy (HaKTOPa, YIMC/I0 B OCHOBAHUY 3TON
1udps — Bec paxropa. Hay 4epToit BbIMCAHBI BCe TIePeMEHHBIE, MEoLIe 3HAYNMYI0
HOJIOKNUTENbHYI0 Harpy3Ky Ha (akTop, IOJ Y4epToii — MMeoIie 3HAYMMYI0 OTpUIia-
TE/IbHYI0 Harpy3Ky; YUC/IO PSJIOM C CMBOJIOM IIePeMEHHOI COOTBETCTBYeT (paKTOPHOII
Harpyske, yMHOXeHHOM Ha 100.

ITepBolit pakTOp B 06eMX BEIOOPKAX MMeeT CXOJHYIO CTPYKTYPY. BblcoKmuMM Harpys-
KaMI BBIJIe/TNIACh ACCOIMAIINA MAaKpPOKOMIIOHEHTOB (BbIOOpKa 1) 1 acconmanmsa Makpo-
KOMIIOHEHTOB C HUTpaTaMiu 1 OOJIBLIMM CIEKTPOM MUKPOKOMIIOHEHTOB (BBIOOpKa 2).
9710 daxTop 0061IeiT MIHEpaMU3aLVM TOA3eMHbIX BOfl. IlokasaTens M (MyHepanmsanys)
yIMeeT HarOO/IbIIYI0 HaTPy3KY Ha 9TOT (PaKTop.
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Puc. 5. lnarpamma sHadenuit I u IT paxropos:
BBIOOpKA 1 — MaKpOKOMIIOHEHTbI, MIHEPA/TN3aLVs I HUTPAThL
~+Zno Fess Cus? Pbes Niss
4 T Aly Crss Sizg Co3y Cdsa
af M .
o
&
*
5 2r . |
=
. i - i
-MsoNars (SO4)70 Clos Mge: Nigz ' A ]
(HCOs)s2 Srso Coss Cuso Znso . A :
Bas Pbyg Ceys K3 Feag Lizo (NO3)a7 = a H i Veaoswuue o0bosnaderua;
Aszs Cazs Alss Sb;T Cr3o Vlso Snzs . T , ‘ t i m Q, nertp Cramictoro
i * P i ]
0 : : : o % . = rs + I 4 Q, yuacrox 6, 7
P -.¢q : b %4 - & Q, yuacrox 4
| : A (4 = ‘ @ Q. yuactok 3,5
) ST S T N ] )
X 0 : : 4 K1
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2r TETTTTRTT R * 137 e
A D o °Ty-Jiv
=Lisi Mgsy (HCO3)s0 Nago
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FACTOR1

Puc. 6. Inarpamma suadennii I u IT pakTopos:
BbIéOpKa 2— MaKpOKOMIIOHEHTbI, MUKPOKOMIIOHEHTbI, MUHEPpA/IN3aLsad I HUTPATbI
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Kak BUAHO U3 AMarpaMM 3Ha4eHMi (paKTOPOB B TOYKAX HAOMIONEHMs, MUHEPa/IN-
3anus IOA3eMHBIX BOJL 6acceiiHa p. boppak, a Taxoke copjep>kaHue B HUX MaKpOKOMIIO-
HEHTOB U OOJIBIIMHCTBA MUKPOKOMIIOHEHTOB OIPefe/NA0TCs COCTABOM BMEIIAIOIINX
otnoxxeHuit (puc. 5 u 6). Boicokue oTpuiiatesbHble 3HAYeHNS 3TOTO PaKTOPa, COOTBET-
CTBYIOIIVE BBIJIe/ICHHON acCOLMALINY, XapaKTepPHbI [/I1 BCeX BOGHBIX IIPOO, CBA3aHHBIX
C OTJIOKEHVSIMY HVDKHETO cTpyKTypHoro ataxa (T3 - Jitv, Ts - Jies, Job), a Taxoke ¢ an-
TIOBMATIbHBIMU U MPOTIOBMATbHBIMY BOJJaMM Y€TBEPTUYHOTO BOJJOHOCHOTO TOPU30HTA,
PasBUTOrO Ha 9TUX OT/IOKEeHUAX (ydacTky 1-5, puc. 4). Bmewaromye oT/10)KeHNs HIDKHe-
IO CTPYKTYPHOTO 3Ta)ka CJIOKEHBI TIeCYaHO-ITIMHUCTBIMY Y BYJIKAHOT€HHO-0CaJ0YHBIMU
IIOpOflaMM TpUAca 1 IOPbI, & B COCTaBe YeTBEPTUIHOTO BOJOHOCHOTO TOPM3OHTA YJacT-
KOB 1-5 cyljecTBeHHAasA pOJIb IIPUHAJISKUT 00JIOMOYHOMY MaTepyaly 9THUX JKe HOPOf,.

Kax cnemyer u3 cTpyKTyphl mepBoro ¢gakropa BBIOOPKY 2, OTIOXKEHUS HVDKHETO
CTPYKTYPHOTO 3Ta)ka OIPENe/IAIT acCOLMaluio OONMBIINHCTBA MUKPOKOMIIOHEHTOB
B IIO/]3¢MHBIX BOJJaX YKa3aHHbIX BbIIIIe TOPM3OHTOB U 30H. TakuM 006pasoM, Befyiiast ponib
(mepBerit hakTOp) B GOPMMPOBAHMY COCTABA MOA3EMHBIX BOZ Oaccerina p. bogpak mpu-
HAJIOXUT MeCYaHO-T/IMHUCTBIM U BYJTKAHOT€HHO-0CA/JOYHBIM IIOPOfiaM Tpuaca ¥ IOpHL
Bopbl Kap6OHATHBIX OT/IO>KEHNUIT MEIOBOTO 1 I1a/IeOTeHOBOTO BO3PACTa XapaKTepU3YIOT-
Cs1 TIO/TOXKMUTEIBHBIMY MU ONIMSKMMM K HY/TI0 3HadYeHusAMI mepBoro ¢akropa. Cremoa-
Te/IbHO, aCCOLMALNA MaKpO- ¥ MUKPOKOMIIOHEHTOB, BbI/le/IeHHas B [IepBOM (aKTope, He
XapaKTepHa J/IA MOA3eMHBIX BOJ MEIOBBIX I I1a/IEOT€HOBBIX OT/IOKEHMIT. DTO MpeNCcTaB-
NsIeTCA BIIO/IHE 3aKOHOMEPHBIM, TIOCKOIbKY MUKPO3/IeMeHTHas Cllelann3alus IIMHNI-
CTBIX IIOPOJ 110 CPAaBHEHUIO C KapOOHATHBIMY O0IeM38BECTHA: KJIAPKM MaJIbIX 3JIEMEHTOB
IUIs TIEPBBIX B HECKOJIBKOT pa3 (a MHOIZA U Ha OPANOK) BBILLE, 4eM JJIs1 BTOPBIX.

L5 TaBprdeckoli cepuy B COCTaBe HYDKHETO CTPYKTYPHOTO 3Ta)Ka «HACHIIIEHHOCTD
MUKpO9/IeMEeHTaMI» OTMeYaeTCs B KadeCTBe Te0XMMIIecKoil ocobenHocTu nopoy (Teo-
Joruyeckoe. .., 1989). B ykasaHHOJ paboTe IPUBOIATCA CPeHUE COLEP>KaHUA MHOIMX
MUKPO37IEMEHTOB B apTW/UIMTAX U aJeBpOIeCYaHMKAX TaBPMUYECKON cepuu [ONMHbI
p. bogpak. [Ins Cu, Ni, Co, Cr, V, Mo, Sn, Pb atu oreHku 4ytpb 60sblite wi O61mM3Ku
K 3Ha4eHUAM KIapkoB. II7iA IIMHKa OHM NpeBBINIAIOT KMapKu B 1,5-4,0 pasa. VImeHHO
SAPKO BBIPQ)KEHHbIE pas3/MuMA XMMIYECKOTO COCTaBa MOPOJ, BMEIAIONINX OTIOXKEHNI
OIIpefeNnyIN acCOLMALNI0 XUMUYECKUX 3/1IEMEHTOB B IOA3€MHbIX BOJlaX, BbITETE€HHYIO
B iepBoM dakTope.

B acconuanuu I ¢axropa He yyacTByioT Si, Se, Mn, Ag, P, Mo, Ba. Hao ckasarb,
4to Ba u Mn BooO11je He IPOsSBUINCDH B CTPYKType (akTopoB. [Toxoxxe, 9TH 971€MeHTHI
HeJIb3A COOTHECTU C OINpefie/IEHHBIMM, YETKO BbIpaKEeHHBIMU MICTOUYHMKAMU ITOCTYILIE-
HVISL, VIV JKe 9T VICTOYHUKY MIMEIOT OYeHb HeOOBIIOi BeC B 0011elt crcTeMe (T.e. OHM
UMeIOT B Hell HU3KYI0 BapnabenbHOCTD).

B crpykrype II u III ¢pakropoB BbI6OpKY 1 y4acTByeT HUTPAT-MOH. BeposaTHO, naH-
Hble PaKTOPbI XapaKTepU3YIOT BIINAHIE aHTPOIIOTEHHBIX ITPOIIeCCOB Ha pOpMIUPOBaHIe
COCTaBa ITOJ3eMHBIX BOZ. [Ie/iCTBUTE/IbHO, BOTHbIE IIPOOBI C BBICOKVMMU IIOTO>KUTENbHBI-
MU 3HaYeHMAMU 3TUX (PaKTOpOB (puUC. 5), COOTBETCTBYIOIVIMU ACCOLVIALNN C HUTPAT-
JIOHOM, OTOOpaHBI 113 BOZOHOCHOJ 30HBI BYJIKAHOTE€HHO-OCAJOYHOI TOMIIM B LiEHTpe
1. Tpynomo60BKM, a/IeOr€HOBBIX OT/IOXKeHMIT pajioHa 1. CKa/lIMCTOro U ajII0BYA/IbHBIX
OT/IO>KEHUII HYDKHETO 1 CPeflHeTo TeueHMs p. bompak. Accoumanus HUTpaT-MOHA C Mar-
H1eM Bo II dpakrope u ¢ kambuyeM B III pakTope MoXKeT OBITH CBsI3aHA C COCTABOM BMe-
IIAIOIINX OT/I0KEHNIA.
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B crpyxrype II dpakTopa BHIOOpKN 2 ¢ y4acTeM MUKPOKOMIIOHEHTOB HaMOO/IbIIIN-
MU Harpy3KaMI BbIfie/IAeTCSA TPYIIA I[BeTHBIX 1 YepHBIX MeTa/uioB — Zn—Fe—Cu—
Pb—Ni—Al YunrbiBasg MHTepIpeTaunuio BTOPOro ¢axropa s BBIOOPKM 1, MOXHO
IIPEeITIONOXKNATD, UYTO 3TA ACCOLMAIIVA META/IJIOB TAKOKe CBA3aHa C AHTPOIIOTeHHBIM BIVS-
HueM. JefiCTBUTeNIbHO, BBICOKMMMY MO/IOKUTETbHBIMYU HarPy3KaMy, CBI3aHHBIMMU C 3TOI!
accoumanyeit, BBIE/SIIOTCS TONBKO MPOo6Obl, 0TOOpaHHBIe B IieHTpe 4. Tpynono6oBKa u
B 1. Cka/mcToM. TakuM 06pa3oM, yKasaHHas acCOLMALNA META/IOB B IOJ3€MHBIX BO-
max 6acceriHa p. bopipak cBsi3aHa, O4€BUIHO, C aHTPOIIOT€HHBIM (TEXHOTEHHBIM) BO3JIEN-
CTBUEM.

B crpykrype III ¢axropa BeIOOpKM 2 BBICOKMMU OTPULIATETbHBIMY Harpy3KaMu
BbIgensieTcs accoryaiusa Sb—As—Se—Co—Mo—Sn—Ag, xapakTepusys IOA3eMHbIe
BOJIBI OT/IOXKEHMIT TABPMYECKON CepyI, HUDKHe- U BePXHEMETIOBBIX U ITaJIe0T€HOBBIX 13-
BeCTHAKOB Ha Bceil M3ydeHHOI! Iwiomany. CoOTBEeTCTBEHHO, Hekas obmias crenyuduka
MUHEPaJIbHOTO COCTaBa 9TUX BMELIAIOIIUX OTIOKEHMIT 00YC/IOBIIA TAKYIO aCCOLMALVIO
METaJIIOB C CYpbMOIl ¥ MBIIIbAKOM. E€ MCTOYHMKOM MOTYT OBITH CyIbOUAbL, CYIbhO-
apceHupbl U cynbdoanTrMonuabl. CKOpeil Bcero, JaHHAsA acCOLMALsA BbI3BaHA CY/lb-
GUIHBIMY KOHKPELMAMY U CTSDKEHUAMMY, KOTOPbIe IIVPOKO PAacIpOCTPaHeHbl U B U3-
BECTHAKAX, U BO (UIMILIEBBIX TOMIIAX TaBPUUECKOil cepuu. Takoe 3akodeHye Tpedyer
CIIeLIa/IbHOTO UCC/IEOBAHNSA COCTaBa CY/IbQMUIHBIX KOHKPELMil Me30- 1 KalTHO30ICKIX
OTIOKeHMIT HonuHbl p. boppak. Ha aHHBIT MOMEHT MBI He pacronaraeM 3Toit nHpop-
Maruen.

VIHTepecHO OTMETHUTD, YTO BCE BBbIJE/ICHHbIE MUKPOKOMIIOHEHTBI 00/IaflaloT CaHu-
TapHO-TOKCUKOJIOTMYeCKIM 9((PeKTOM BO3IEICTBIA U OTHOCATCS KO 2-My KJIACCY OIIac-
HocTy (cormacHo perictBytomemy Canllnn 2.1.4.1074—01). K cyacTpio, B IUThEBBIX BO-
flaX pajioHa KOHIIEHTPALUY 3TUX KOMIIOHEHTOB 00BIYHO HIDKe cylecTByommx ITJK.

4. 3akn4yeHne

XUMUYeCcKmit COCTAB TOJI3€MHBIX BOJI aKTUBHOTO BOl00OMeHa baccerina p. bompax
dbopMupyeTcs MOA AeVICTBYEM IPUPOAHBIX U AHTPOIOTEHHBIX (PaKTOPOB, ONPee/AsACh
B IIEPBYIO OYepefb XapaKTepOM BMELIAINX OTIOKEHMIT: Befylias poib B GOpMUpO-
BaHMM aCCOLMALIMIT XMMIYECKUX 37IEMEHTOB IIPMHA/ITIEKUT I1€CYaHO-ITMHNUCTBIM U BYI-
KaHOT€HHO-0CaIOYHbIM II0pOAaM Tpuaca u opbl. KapOoOHATHBIE OT/IOXKEHMSI METIOBOTO
U T1aJIEOT€HOBOTO BO3pacTa UIPaOT MOSUYMHEHHYIO POJIb.

ITogsemHbIe BOJBI 30HBI AKTUBHOTO BO00OMeHa GacceriHa p. boppak mpecHble nim
cabo COIOHOBATbIE, 0OBIYHO JKECTKIIE MM O4eHb skécTKye; pH cpebl — oT HeliTpambHOI
10 CTabOoIeTIOYHOI, 110 XMMIYECKOMY COCTaBy — IIPEUMYIIeCTBEHHO TMApPOKapOOHaT-
Hble MaTHIEBO-KabLMeBble. MyHepanusanus B cpefHeM cocTassaeT 0,75 1/71, Bapbupys
B 3aBJMICUMOCTH OT METEOYC/IOBUII Tofia, ¥ cooTseTcTBYeT 0,9 MCM/CM y/ieNbHOI 3/1eKTpu-
JecKoil mpoBopuMocTy. Ha 3HaueHre MuHepanusauum BIUAIOT BCE MAaKPOKOMIIOHEHTbI
II0/I3¢MHBIX BOJ, (KOTOpBIE, B CBOIO O4€Pe/b, 3aBUCAT OT BMEIIAIOIIX OT/IOKEHNIL).

B mopseMHBIX BOJax TaBpMYECKON cepuM, BOFAX MENOBBIX U I1aJIeOT€HOBBIX OT/IO-
JKEHWIT BbIJie/leHa accoumanyss MUKPOKOMIIOHEHTOB (Sb—As—Se—Co—Mo—Sn—Ag),
00yc/IOB/IeHHas CIeU(PIKOIl MIHEPATIbHOTO COCTaBa BMEIIAIOIINX OTIOKeHMIL. Py me-
TaJIOB B IIOJ3EMHbBIX BOJAaX aKTMBHOIO BomooOMeHa (Zn—Fe—Cu—Pb—Ni—Al) cBs-
3aH C aHTPOIOT€HHBIM BO3/IENICTBYEM.
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