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OBHIASA XAPAKTEPUCTHUKA PABOTbBI

AKTyaJbHOCTH PpadoThl. [IpoGiiema »HBoMOIMM cocTaBa THAPOCPEpPHI  SABISETCS
IpeIMETOM JMCKYCCHUM B Hay4HOM cooOmiecTBe eme ¢ 30-X TofoB MpOUUIoro Beka, Korjaa
B.1. Bepnanckum Obuta BeICKa3aHa Ujesl O CTAOMIIM3ALMY IJIaBHBIX MapaMeTPOB Tuapochepsl
B IIEJIOM B paHHEM apxee M JalbHEHIIEH pOoJIM >KMBOTO BELIECTBAa B NMpeoOpa3oBaHUU HX
xumuyeckoro coctaBa (Komuunckuit, 1990). DToil TOUKH 3peHUS MPUIIEPKUBATUCH TaKKe
A.Il. Bunorpago, M.I' Bansamko, H.M. Ctpaxos, P. I'appenc u ®. MakkeH3u u aApyrue
Tr€OXMMHUKH; JPYro€ MHEHHE BbICKa3bIBallM HEe MeHee Bblaarommecs: yueHnole E.B. Ilocoxos,
AJL Snmwmn, AWM. [lepensman u ap., OTCTaWBaroOIIME UACKO 00 IBOJIIOIUU TUAPOCHEPHI O
JIEUCTBHEM CMEHBI BHEIIHHUX (DAKTOPOB Ha MPOTSHKEHUM BCETO T€OJOTUYECKOTO PA3BUTHS
3emnn. IloaTOMy M ceiluac 3BOJIIOIUS PACCMATPUBAETCS JIMIIb C 3TUX MO3UIMUH, a POJIb
BHYTPEHHUX (AKTOPOB U CaMH MEXaHU3MBbI, €€ ONpPENeSIONIUe, HE YUYUTHIBAIOTCA. MBI
UCXOMM W3 KOHLENIMU OHBOJIOLUMU COCTaBa BOJ, OCHOBAaHHOW Ha pPaBHOBECHO-
HEPaBHOBECHOM COCTOSIHUM CHUCTEeMbl Boja-mopopa, kotopoe mo C.JI. HIeapuery (2010)
OTPENIENTUIIO TPUPOAY U MEXaHU3Mbl TJIOO0ANbHOW sBoonMH. [lodTOMY TOoA 3BOIIOLMEH
ruapocdepbl Mbl TOHMMAEeM HampaBlIeHHOE U3MEHEHHUE COCTaBa MPUPOIHBIX BOJ 32 KOPOTKUN
POMEXYTOK BpEeMEHHU, 00YCIOBIEHHOE PaBHOBECHO-HEPABHOBECHBIM COCTOSHUEM CHCTEMBI
B.U. BepHaackoro Boja-nmopoja-ra3-opraHMu4ecKkoe BEIIECTBO U COBEpIIAEMOE B IpoLecce
HENPEPHIBHOTO KPYTrOBOPOTA BOBI.

Paiion wuccnenoBaHuii HamMM BbIOpaH HE CIy4allHO: Ha OTHOCHTENIBHO HEOOJbLION
TEPPUTOPUU PA3BUTHl Pa3HOOOpa3HBIE IO COCTaBY THUIBI TPECHBIX BOJ, BKJIOYAs HX
OpTraHOTE€HHBIE PA3HOCTH, B KOTOPBIX COAECPKAHHE OPraHUYECKUX BEIIECTB MPEBBIIIAET
KOJIMYECTBO PACTBOPEHHBIX MMHEpAIbHBIX COEAMHEHHHA. Bce 3TO 1aeT BO3MOXKHOCTB
IPOCJENNUTh 3BOJIOLHUI0O UX COCTaBa B YCIOBHUSAX OJHOTO KJIMMara, F€OJOTMYECKUX YCIOBUH,
penbeda, manamadTa u T.1., T.€. B OJIM3KUX MPUPOTHBIX YCIOBUSX.

Oco0y1o akTyaJIbHOCTh JIaHHOUM paboTte mpuaaer ToT GakT, 4To B ceBepHO yactu OOb-
ToMmckoro Mmexaypeubss Ha CTBIKE JBYX KPYIHBIX THUJPOTEOJOTUYECKUX CTPYKTYp —
KonwiBanb-Tomckol ckimaguaToil 30Hb U 3anaaHo-CuOupckoro apre3smaHckoro OacceitHa —
pPacloyio)KEHO KPYIHOE MECTOPOXKJIEHHE TOJA3EMHBIX BOJ, SIBJISIIOIIEECS OCHOBHBIM
HUCTOYHUKOM MUTHEBOTO BojocHaOxkeHusi T. Tomcka u Tomckoro paiiona. Kpome toro, Ha
npaBoOepexxkbe p. Tomu B mpepenax pailoHa MCCIEIOBaHUN 3allJIAaHUPOBAHO CTPOHUTEIHCTBO
HOBOW CeBEepCKON aTOMHOM AJIEKTPOCTAHIMHU, B CBSI3H C YEM MPECTABICHHBIC UCCIEIOBAHUS
00peTaroT U MPAKTUIECKYIO0 3HAUMMOCTb.

ey nanHOM padoThI 3aKIIOYACTCS B BBISIBJIEHUN MEXaHU3MOB U BEIyIIUX (aKTOPOB,
KOHTPOJIMPYIOLIUX D3BOJIIOLMIO COCTaBa IPUPOJAHBIX BOJ B €CTECTBEHHBIX YCJIOBHMSAX HA
npyUMepe TEPPUTOPUU HIKHEN yacTu OacceitHa p. Tomu.

Oo0bexkTamu HCCJICAOBAHMUA ABJIAIOTCS IMPUPOAHBIC BOABI HM)KHEH JyacTu OacceiiHa PEKHU
TOMI/I, BKIIIO4asg CICAYIOIHWEC WX THIIBL: aTMOC(l)GpHI)IG OoCaJlKu, IIOYBCHHEIC, 6OJ'IOTHI>IC,
PCYHBIC BOJbI, IOA3CMHBIC BOJbl HCOICH-YCTBCPTUIHOIO, IMAJICOTCHOBOIO W MCJIOBOI'O
BOJOHOCHBIX KOMIIJICKCOB.

OcHoBHBIE 32124 MN:

®U3YYUTh JIaHAMA(THO-KIUMATHYECKUE U TE€OJIOTO-THAPOTEOJIOTHYECKUE YCIOBUS
palioHa MCCIIEIOBaHUSI Ha OCHOBE YK€ CYIIECTBYIOUIUX JAHHBIX W MPOBEICHHBIX aBTOPOM
HOJIEBBIX paboT;



elCCIEIOBaTh OCOOEHHOCTH XHMMHYECKOTO COCTaBa NPHPOIHBIX BOJ TEPPUTOPUH,
BKJIIOYasi aTMOC(EpHBIE OCa/IKU, TOUBEHHBIE, O0JIOTHBIE, PEUHbIE U TOA3EMHbIE BOJIbI;

®YCTAaHOBUTh CTENEHb PABHOBECUS MNPHUPOJIHBIX BOJ C BEAYIIMMU MHUHEpaIaMH
BMENIAIOIINX TOPHBIX TOPO/I;

®BBISIBUTH MEXaHU3MBI M BeAylre (hakTophl, KOHTPOJHUPYIOIINE 3BOJIIOIUIO COCTaBa
MIPUPOJIHBIX BOJ.

HMcxonHbIMM  JaHHBIMM  TIOCTY)KUJIM  MaTepHalibl, TIOJYYeHHbIE B pe3yibTaTe
KOMIUIEKCHOTO THAPOT€OXMMHUYECKOI0 ONpoOOBaHUs, MPOBEACHHOIO JIMYHO aBTOPOM B
nepuog ¢ 2009 mo 2013 rr. B coctaBe mojeBoro orpsnaa Tomckoro ¢unmana MHcTuTyTa
He(dTerazoBoii reosorun U reopusuku uMm. A.A. Tpopumyka CO PAH. Kpome Toro, aBTopom
UCIIOJIb30BaHbl 0a3bl JTaHHBIX TOMCKOTO TOJUTEXHUYECKOTO YHHUBEpcHTETa, TOMCKOTro
¢unmnana Uactutyra HEegrera3oBoii reosoruu u reopuzuku uM. A.A. Tpopumyka CO PAH u
OAO «TOMCKreOMOHUTOPUHI», a Takke (OHIOBBIE [aHHBIE PA3IUYHBIX OTYETOB M
€KETOJHUKOB.

Bcero aBtopom OblTO 00pabGoraHo 276 mpoO MPUPOIHBIX BOJ, B TOM YHCIIC:
aTMocepHbIX ocankoB — 18, 6010THBIX Boa — 70, MOYBEHHBIX — 4, PEUHBIX U 03€pPHBIX — 53,
MOJI3EMHBIX BOJI HEOTCH-UYCTBEPTUYHBIX OTIIOKEHUH — 97, MajeoreHOBBIX OTIOXKEHUH — 27,
MEJIOBBIX OTJIOXKEHUU — 7 TMpoO, a TakKe HM3MEPEHO W MPOMHTEPIpPETUpoBaHO 42 3amepa
pacxojia BOJIBI.

MeTtoasb! ucciaenopanus. OT60p npod NPUPOIHBIX BOJ MPOBOAMIICS aBTOPOM BO BpeMs
HoJeBbIX MapuipyToB. IlapameTpbl OBICTPOMEHSIOIIUXCS KOMIIOHEHTOB — M3MEPSIINChH
HENOCPEACTBEHHO Ha TOYKe; JabopaTOpHBIA aHalW3 BCEX THUIIOB BOJ BBINOJHSIICA B
AKKpeIUTOBaHHON MpoOJEMHOM Hay4HO-HCCIEI0BATENbCKON J1TaO0OpaTOPUU THIPOTrEOXUMUN
Hayuno-o0pa3oBatenbHoro nentpa «Boma» HMHcrtutyra mpupomsbix pecypcoB Tomckoro
NOJIMTEXHUYECKOIO YHUBEPCUTETA.

XUMHYEeCKHe THUIBI BOA BbiAesiMch mo kimaccuduxanuu C.A.  Illykapea —
H.H. CnaBsitHOBa, coriacHO KOTOPOW Ha3BaHWE XWUMHYECKOTO THUIA BOJbBI CKJIAJbIBACTCS
OTJIEIBHO U3 BEAYUIUX AHMOHOB U KaTUOHOB, COJEPKAaHUS KOTOPBIX MPEBBIMAIOT 25 Mr-3kB%.
IIpu sTOM Ha mepBOe MECTO B Ha3BaHUU CTaBATCS MpeoONajaroule B BOJAEC KAaTHOHBI U
anuonsl (C.JI. IlIBapues, 1998).

DJeMEeHTHBIH aHaU3 TYMHHOBBIX M (YJIBBOKUCIOT BBINOJIHEH B balikaabckom
uHcTUTyTe mnpupoaonons3oBanuss CO PAH mnon pykoBoactBom n.X.H., mpod. H.M.
KoxeBHHKOBOH Ha aBTOMaTHYecKOM 3jieMeHTHOM aHanmu3atope «CHN-1106» ¢upmer Carlo
Erba. Beimenenue u3 Boabl OMTYMHHO3HBIX KOMIIOHEHTOB NMPOBEACHO B MHCTHUTYTE XUMHH
Heptu CO PAH mnox pykoBoactBoM 1.X.H., npod. O.B. CepeOpeHHUKOBON 3KCTpakiuein
xsnopodopmomM. CocTaB yrieBoJOpPOJOB MPOAHATU3UPOBAH HA  KBAJPYMOJbHOM XpOMaTo-
macc-ciektpoMerpe R-10-10C  ¢upmer  "NERMAG" u  xpomMaro-macc-CeKTpOMETpe
BBICOKOTO paspemnienus «Finnigun DFSy.

JInuHbIii BKJIAA aBTOpa 3aKioyaics B coope u 00paboTke (aKTHIECKOro MaTepuana.
[TonyueHHBIE TaHHBIE CAMOCTOSTENILHO 00PabOTaHbI C MOMOIIBIO MPOTPAMMHBIX KOMITJICKCOB
CorelDraw, Surfer, a Taxxe cpeacte Microsoft Office. ABTopoM wH3ydeHBI OCHOBHBIC
0COOEHHOCTH XHMHMUYECKOTO COCTaBa MPUPOTHBIX BOJ, PACCYMTAHO DPABHOBECHE BOJ C
OCHOBHBIMH MHHEpaJlaMH BMEIIAIOIIUX TOPHBIX TOPOJ], BBISIBICHBI MEXaHU3MbI U (DaKTOPHI,
KOHTPOJIUPYIOIIME SBOIOIHMIO COCTaBa MPHUPOIHBIX BOJ PAacCMaTPUBAEMOH TEPPHUTOPHH,
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pa3zpaboTaHa cxema »HBOJIOLMU COCTaBa BOJ Ha 3a00JOYEHHBIX U HE3a00JOUYEHHBIX
TEPPUTOPUSIX.

Hayunast HoBH3HA.

1. Ha ocHOBe CyHIECTBEHHO JOIOJHEHHOIO (aKTUYECKOT0 MaTepuajlia U HOBBIX
METOJIOJIOTMYECKHUX IOAXOM0B MPOBEACH KOMIUIEKCHBI aHAJIU3 Pa3HbIX THUIIOB IPUPOJHBIX
BOJl TEPPUTOPUU HWKHEW dYacTu OacceiiHa peku TOMHU U BBISBIEHBI OCOOCHHOCTH HX
XMMHYECKOTO COCTaBa.

2. BrmepBble A AaHHOM TeppUTOpPUM MONIydYeHa HHGOpMAIUs O KayeCTBEHHOM H
KOJIMYECTBEHHOM COCTaBE OTAEJIbHBIX BHJIOB PAaCTBOPEHHBIX OPraHUYECKHUX BEILIECTB B
OOJIOTHBIX BOJIAX.

3. CoBpeMEHHBIMH MeETOJaMH (U3NKO-XUMUYECKHX PACUYETOB YCTAHOBIIEH XapaKTep
pPaBHOBECHS paCCMAaTPUBAEMBIX BOJ C OCHOBHBIMH MUHEPAJIAMH BMEIAIOIINUX TOPHBIX TOPO/I.

4. BniepBble pazpaboTaHa cXxeMa 3BOJIOIMM COCTaBa MPUPOJHBIX BOJ Ha 3a00J0YEHHBIX
Y HE3a00JI0UEHHBIX TEPPUTOPHUSIX.

I[IpakTuyeckasn 3HAYMMOCTh MOJIy4eHHbIX pe3yJabTaToB. Marepuassl
JUCCEPTAMOHHONW PabOThI MCITOIB30BAIKMCH MPHU BBIMOJIHCHUH padoT 1) mo rpantam PODU:
Ne(8-05-92500-HITHUJIT a «['eoxumusi mporeccoB TopdooOpazoBaHus C aKIEHTOM Ha
OIICHKY MaciTa0oB M (OpM BBIHOCA XUMHUYECKHX AJIEMEHTOB U3 OOJIOTHBIX SKOCHCTEM (Ha
npumepe Bacroranckoro 6onorta, 3anagaas Cuodups)» (2008-2010 rr.); Ne09-05-99034-p odu
«'eoxumus xeine3a M MapraHiia B MUThEBbIX Bojax Tomckoit o6Gmactu» (2009-2011 rr.);
Nel11-05-93112-HITHUJI a «Macmtabbl 1 MEXaHU3MBbl BBIHOCA XUMHUYECKUX DJIEMEHTOB U3
omurotpoduslx Gomor» (2011-2013 rr.); Nel3-05-00062-A «['maporeoxummusi xeine3a W
Mmaprania 3anagHoii CHOUpHU: UCTOYHHMKHU, TE€OXUMUYECKUE THIBI BOJ U PyI000pa30oBaHUE)
(2013 r. mo H.B.); 2) B pamMKax Xo3a0roBopHoi nesrenbHocTH TITY Ne2-383/10y ot
25.10.2010 r. mo Teme «I'uaporeoaornyecKruii MOHUTOPUHT B pallOHE MIIONIAJAKU Pa3MEIICHUs
sreproosiokoB Nel, No2 Cesepckoit ADC (Tomckas oGmacte)» (2010 1.); 3) B pamkax
®denepanbHOU TeneBoi mporpammbl (mudp 3asBku «2012-1.9-11-519-0019-005») mo Teme:
«["eoxumust, BOAHASI MUTPAIUs U TECOMHUTPAIIMOHHBIE ITUKIIBI XUMUYECKUX DJIEMEHTOB BEPXHEH
TUAPOIMHAMUYECKON 30HBI 3anaaHoi Cubupu B cBsi3u ¢ o0OecredyeHHeM KOMIUIEKCHOTO U
paIMOHAIBHOTO UCTIOIB30BaHMSI TPUPOAHBIX pecypcoB» (2012-2013 rr.).

[TonydyeHHble MaTepuaibl MOTYT OBITh MCIIOJIB30BaHBI TAKXKE MPHU pa3pabOTKE MPOEKTa
ctpoutenberBa CeBepckoit ADC, nns 000CHOBaHUS BhIOOpa MCTOYHHKA BOJIOCHAOKEHUS U
METOJIOB BOJIOTIOJTOTOBKM HWHQPACTPYKTYphl cTposimierocs npennpustus. Kpome Toro,
noytydeHHas nHpopmaiys o0 YpOBHAX MPUPOIHBIX KOHIIEHTPAIIUN XUMHUUECKUX AJIIEMEHTOB U
OpPTaHMYECKHX BEIIECTB MOXXET OBITh HCIIONB30BAaHA NPU MOHUTOPUHTE SKOJOTUYECKOTO
COCTOSIHUSI OKpY)Karollel cpelnbl B MPOLECCe CTPOUTEIbCTBA M AKCIUTyaTalldd JIAHHOTO
o0nekTa, a Takke Tomckoro u CeBepckux Boa03a00pOB MOA3EMHBIX BOJI.

Anpo6anus pe3yabTaToB padorsl. [lo Teme qucceprauuu omyOnaukoBaHo 25 pador, B
TOM uyHcie 6 cratedl B KypHanax u3 cnucka BAK. OcHOBHBIE MOJIOKEHUSI U OTIEIbHbBIC
paszensl AMccepTalMi MPEACTABICHbl Ha CIEIYIONIMX MEXIYHapOJIHBIX M BCEPOCCHMCKUX
ceMHHapax U KoH(pepeHIHsIX: MexayHapoJHbIH CUMIIO3UYM MMEHHU akagemuka M.A. YcoBa
CTYICHTOB U MOJIOABIX yueHbIX «IIpoOnembl reonoruu u ocBoenus Heap» (2009, 2010, 2012,
r. Tomck), 2-ass MexayHapoaHas KOH(EPEHLHs MOJIOABIX YYEHBIX U CHEIHATUCTOB MaMsATH
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akanemuka A.Il. Kapmmackoro (2011, r. Canxkt-IlerepOypr), Bcepoccuiickas HayuyHas
koH(pepeHus «[IpoGiemMbl THAPOreOqOTUH, UHKEHEPHOW T'€O0JOTMH U THIPOTEO3IKOJIOTHUN
(2011, r. Tomck), 13th international conference on water-rock interaction WRI-13 (2010, r.
I'yanaxyarto, Mekcuka), The 14 International Symposium on Water-Rock Interaction (2013, .
ABunboH, @pannus), Bcepoccuiickas MooOAeXHas HaydyHO-TIpaKTHYecKas KoHpepeHuus
«Hayku o 3emie. CoBpeMeHnHoe coctosinue» (2013, pecn. Xakacus), AKTyaJbHbIe IPOOJIEMbI
reojjorun Heptr U raza Cubupwm, nocBsmeHHas 80-meturo akagemuka A.D. KoHTopoBuya
(2014, r. HoBocubupck).

CTpykTypa n 00beM auccepranuu. J(uccepraius COCTOUT U3 BBEACHUS, IIIECTHU TJIaB,
3aKJIIOYEHHUS U CHHCKa UTUpyeMou nuteparypbl. O0bem paboThl coctaBisieT 169 crpanuil,
BKJItouas 32 pucyHka, 51 Tabnuily u cnucok Jaureparypsl u3 206 HauMeHOBaHUM.

baaronapHocTu. 3a NOCTOSHHOE BHUMAHUE, [ICHHBIE COBETHI U OOBEKTHUBHYIO KPUTHUKY
pU PYKOBOJICTBE AMCCEPTALMOHHON paboTOM aBTOp BBIpa)KaeT IIYyOOKYIO MPHU3HATEIbHOCTh
CBOEMY HAy4YHOMY pPYKOBOJAWTENO, [.I.-M.H., mpodeccopy C.JI. IlIBaprueBy. ABTOp
onaronaper kKoiwiekTuBy OAO «TOMCKIreoMOHUTOPUHI», B ocobeHHOoCcTH B.A. JIprotuny u
FO.B. MakymmHy| 3a JF00€3HO NPEIOCTAaBICHHBIH AOCTYI K (POHIOBBIM Marephanam. 3a
HIOMOIIIb [TPH TOJIEBBIX paboTax aBTOp UCKpEeHHE Oiaroaaput k.r.-M.H. M.A. 3n1BuxkkoBa, A.1.
Bonommna, E.A. Kynpussaosa u A.B. [lImakosa.

Oco0y10 NpHU3HATENBHOCTh 332 TIOMOIIbL M COBETHl IPU BBIIOJHEHHH pPabOTHI aBTOP
BBIpa)XaeT JOKTOpaM reosioro-muHepanorndeckux Hayk B.K. IlomoBy, O.I'. CaBuueny,
E.M. lyroBoii, moktopam xumuuecknx Hayk b.H. Peixenko u O.B. CepeOpeHHUKOBOIA,
KaHauaary Oomonornyeckux Hayk FO.U. Ilpeiic, a Takxke KosuiekTuBaM Tomckoro ¢uimana
WNuctutyra Hedterazopoii reosnorun u reodmsuku CO PAH, npoGnemHoi Hay4dHO-
UCCIIEIOBATENIbCKON  JTabopaTopun ruaporeoxumun  HayduHo-00pa3oBaTtenpHOro  IeHTpa

«Bona» u xadenps! ['uaporeonoruu, HHKEHEPHON T€OJOTHH U TUAPOreodKonorun MHcTutyTa
npupoansix pecypcoB HU TIIY, a Takke cBO€il ceMbe 3a OKa3aHHYI0 MOPAJbHYIO MOJJIEPKKY
Ha MPOTSHKCHUH BCEH paOOTHI.

OCHOBHBIE 3AIIIUIIAEMBIE ITOJIOKEHUSA
IIepBoe 3amumaemMoe MOJIOKEHHE.

Ha meppumopuu ucciredoanuti nogcemecmHo passumsl npecHvle 800bl, C 2TYOUHOU
Mecmamu nepexoosiue 8 CONOHO8Amble, KOMOpbie, O0OHAKO, NO XUMUYECKOM)Y COCMASY
secoma pasnooopasuul (conernocmo — 0,01-2,0 o/n; pH — 3,1-8,5; Cope — 2,4-63,2 me/n u m.o.).
Inagnoti npuuuHol mMaxo2o pasHoooOpasus evicmynaem Xxapakmep 600000MeHd, COCmas
pAcmeopsieMblX 000U  MUHEPANIbHLIX U OPeAHUYEeCKUX  COeOUHEeHUll, a  makice
83aumooeticmaue 600bl ¢ IMUMU 0OPAZ0BAHUAMU.

PaiioH nccnenoBaHul pacHosiOKEH B HMDKHEM TedeHUW P. ToMM HaA IpaBOM U JIEBOM
oeperax (puc. 1). Penped TeppuTOopuM paBHUHHBINA, CIAOOBCXOJIMIICHHBIN, TPSIAOBBIMH,
MpeACTaBiIeH MOWMONW H HecKodbkuMHU Teppacamu p. Tomu. Tepputopuss nHa 30-40%
3a00JI04YeHa, XOTS HU)KE PA3BUTHI IOCTATOYHO MPOHUIIAEMbIE HEOTCH-UETBEPTUYHBIE TIeCUYaHO-
[JIMHUCTBIE 00pa3oBaHusi. KpoBiis 3TUX OTI0KEHUHI B MOHM)KEHHBIX MeCTax pefibeda cioxxeHa
MaJIOMOUIHBIMU (2—3 M) Cl1a0ONPOHUIIAEMBIMU CYTJIMHKaMH, KOTOpBIE SIBISIOTCS XOTS H
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c1abbIM, HO BCE YK€ BOAOYIIOPOM JIJIst
BBIIIENICKAIUX OOJOTHBIX BoJ. Hwmxe
CYTJIMHKOB 3aJIeraroT
NPEUMYIIECTBEHHO  IECYaHble U

FpaBI/II;'IHO-FaHe‘IHHKOBBIC

AJUTFOBHAJIBHBIC OTJIOKECHUS c
IPOCIOSIMA ~ TJIMH W CYIJIMHKOB,
HEPAaBHOMEPHO Pa3BUTHIX o

tepputopuu. llecyaHucTocTh paspesa
BBICOKA W MecTaMu pgocturaer 90—

95%. CoctaB TECKOB KBapLEBO-
HOJICBOLINATOBBIM.

C ruznporeosaoruuecKux Mmo3uLui
TEPPUTOPHSI npuypodYeHa K
CpenneoOckomy apTe3UaHCKOMY
Oacceiiny 3ananno-Cubupckoi
apre3maHckoil oOmactu. B paiione
UCCIIeZIOBaHUI BBIJICIISIOTCS
BOJIOHOCHBIE ~ KOMIUICKCHI ~ HEOTCH-
YEeTBEPTHUUHBIX,  [aJEOT€HOBBIX U

MEJIOBBIX OTJIOKEHHWH, a Takke 30Ha
TPEIIMHOBATOCTH MAJIE030MCKHUX
nopon (puc. 2). IlepBelii U3 HUX IO
YCIIOBUSM  3aJIeTaHUsl, ITUPKYJISIUH,
MUTAaHUS W Pa3TPy3KH OTHOCHUTCA K
BOJIOOOMEHa U

30HC AKTHUBHOTI'O

BKJIIOYAET IOYBEHHBIE, OOJIOTHBIE M
TPYHTOBBIC BOJIbI, OCTAJIBHBIC - K 30HE
3aMeJJIEHHOTO BOJOOOMEHA,
BKJIFOYAIOIIHE apTe3naHCKue
[T0JI3EMHBIE BOJIBL.

Ha Tteppuropun wuccienoBanui

|
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Puc. 1. Cxema pacnosioxkeHHsi NYHKTOB ONpPoOOOBaHUSA
NPUPOIHBIX BOJI

[TyaKTEI 0TOOpa TIP00: 1 — CHETOBBIX BOX; 2 — MOXKAEBHIX BOI; 3 — BOJ
BEPXOBBIX 00JI0T; 4 — BOJ HU3MHHBIX OOJIOT; 5 — IIOYBEHHBIX BBITSIKEK;
6 - B pexk, 03ep, Npy/I0B; 7 — MOJ3EMHBIX BOJ HEOT€H-UYETBEPTUUHOTO
KOMIIIEKCa; 8 — MOA3EMHBIX BOJ IAJIEOT€HOBOTO KOMILIEkca; 9 —
MOJ3EMHBIX BOX MeloBoro Komiurekca. 10 —  o0Oo3HadyeHwme
3a00JI04€HHON TEPPUTOPHUHL.

BBIACJICHBI PA3HBIC THIIBI BOJ, BKJIIOYasd aTMOC(bepHBIC OCaJKH, IIOYBCHHBIC, 6OJIOTHI>IG,

peuHble U TOJ3EMHBIE BOJIBI
BOJIOHOCHBIX ~KOMILIEKCOB.
pucyske 1.

Hccnenyembie BOJIBI

).

SIBJISTFOTCS
COJIOHOBAaThIMU  (TabII.

HCOTCH-UCTBCPTHUYIHOTO,

TaJJCOr€cHOBOro W  MCEJIOBOI'O

Cxema ompoOOBaHUSI TPHUPOJHBIX BOJ IMPEJICTaBICHA Ha

YIAbBTpAIIPpECHBIMU W IPECHBIMH, Ha FJIY6I/IHC —

K ynbpTpampecHbIM OTHOCSTCS aTMOC(hEpHBIE OCaAKH C

MuHepanuzamnueil 10 35 mr/n u 6onotHeie Boabl: 20-40 mr/n. PedHble U MOYBEHHBIE BOJIBI

OTHOCATCA K YJIbTpPAIIPECHBIM W IPECHBIM, UX MHHCPATIN3AlNA HanOoJIee YacTO COCTABIISIET

100-200 mr/m.

bonee MHUHEPATN30BAHHBIMHA ABJIAIOTCSA MOA3EMHBIC BOJBI, ITPHU 3TOM C FHyGHHOﬁ 9TOT

IIOKa3aTcJib pacTerT. TaK, BOJBI

HCOTCH-UCTBCPTHUYIHBIX OTJIOKECHUMN SABJISIFOTCA
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NPEUMYIIECTBEHHO MPECHBIMU, UX CPEAHss MUHepaiu3anus paBHa 270 Mr/ia; MUHepanu3anus
BOJI TIaJIEOTEHOBBIX OTJIOKeHU BapsupyeT oT 100 mo 1050 mr/m; a menoBeIx cocTaBiset 260-
1930 mr/m.

C pocTomM MHHEpalIH3allMy pacTyT U 3HadeHus: pH: ecnu Hanbosee KUCIBIMU SBISIOTCS
atmocdepnsie ocanku (pH 4,9-6,4) u 6onotubie Boabl (pH 4,4-5,5); 3Hauenust pH moyBeHHBIX
U PEUYHBIX BOJ COCTaBISIOT OOBIYHO 5,6-7,1; a B MOJ3EeMHBIX BOJAAX OHHM PAcTyT OT HEOTEH-
YeTBEPTUYHBIX OTiIOXkeHu# (cpennee pH 7,4) k maneoreHoBbIM (7,7) u MenoBeM (8,2). Bee
Bo/bI 0 aHnoHY saBIstoTCA HCO3, M0 KaTHOHY — pa3HBIMU, HO C pOCTOM cojieHOCTH a0 Na
HEYKJIOHHO pacTeT.

ATMocdepHble  OcakH, SBISAIOMIMECS  E€AUHCTBEHHBIM  HCTOYHHUKOM  IUTaHUS

MOBEPXHOCTHBIX M TPYHTOBBIX BOJI TEPPUTOPUH HAIIMX HCCICTOBAHHM, MPEACTABISIIOT COO0H
yIbTpanpecHble BOJbI C BEIMYMHON 0OIIel MHHepaldu3aluu, He JOoCTUraromiet 35 Mr/ia
(rabn. 1). Ilo cocraBy onu HCO3-Ca, unorma Ca-Na um Ca-Mg-K, no Benmumne pH
npeoOiiaaarT kucieie u cnadokucisie (pH ot 4,9 no 6,4).

BonoTtHble  BOABI  yAbTpampecHble, KHCIbIE, COAEpXKAT HCKIIOUUTEIBHO  MAajo

MUHEPATBLHBIX BEMIECTB (00mIas MUHEpATU3alus B CPEIHEM COCTaBIsAeT 28 MI/iI), XOTsS Ha
stoM (one 3HaumtTenpHO oborameHsr Fe, K, NOz, NH; PO, u HEKOTOPBIMH TsDKETBIMU
metauiamu (Zn, Pb, Cu, Mn). Ho ocobenHO paccmaTprBaeMbie BOJIbI OOTaThl OPraHuYeCKUMHU
COCIMHEHUSIMH, COJICpKaHUS KOTOPHIX repecuere Ha Copr KOJIEOIIOTCS B IMMUPOKUX MPEIeiax
ot 8 10 290 Mr/;1 M onpeACISIIOT B 3HAYNTENBHON Mepe 3HaueHus pH BoJI: 4emM OOJIbIIIe BOIBI
oboraIieHsl OpraHMYeCKUM BEIIECTBOM, TeM 0oJiee KHCIBIMU OHU SABJsAIOTCS (puc. 3). Takas,
XOTS ¥ HE COBCEM YETKasl, 3aBUCUMOCTh OOBSICHSCT MPUPOAY HanboJiee BRICOKUX COJEPKaHUN
B OOJIOTHBIX BOJIaX OPTaHMYECKUX COCIMHCHUH, MaKCHUMaJbHBIC COJEpPXKaHUS KOTOPBIX
CBSI3aHBI C yYACTKaMU HanOoJIee 3aCTOMHOTO peXKUMa.

VYenoBHbie 0003HAYCHHS
I'njiporeosiornueckue nojipasieieHus

B 1bQ. CnaBoBOIOHOCHBIE TONIOLCHOBBIC 03ePHO-00OTHBIC
© v __| ortnowenus.
% "
o © M a0 BOOHOCHBIH TOPH3OHT FOIOUCHOBLIX AUIIOBHAIBHbIX
’5 & | otnomenuii noiiMeHHoli Teppackl.
8 2 8 I Z A ool
3 < ot JIOKAIBHO iC BEPXHEHEC
3 23 5 160 [[va | to
M Sa ;Z‘.".i: o ol 140 saQ, C. Ip ¢ I0KATLHO C1a6o! CHBIC BEpXHe-
120 S e 123 620 25 W | neonuel e cybadpa ¢ OTAOKCHHS
1700 7 = % < P
Ty €5 ) TOPIIONT BEpXHEHEONICiC "
100 b = S ANTOBHAILHEIX OTA0KCHMUI 1IEPBOIT HAANONMEHHOIT Teppacst
EO e B i ropy e
80 1451 80 ALTOBHATBHBIX OT/10;
20= 5 ERER & T Z g58 lii FOPH3OHT H0IICHCTOUCHOBLIX AILIIOBHANBHBIX
0 3 3 s o0 CHHiT HIKHEKOYKOBCKOIT MOICBHTHI
z 8 . CHtii TOPH3ONT Bej
-20 ) - - : HOTOMCKOI CBHTBI
4041 on0CHB rOpH3ONT omnomenuii
o HOBOMHXAILIOBCKOI CBUTBI
-60 BoaoHocHSIi TOPH30HT BEPXHEIOLCHOBBIX OTIOKEHHIT
80 IOPKOBCKOI CBHTBI
5 o YIHOPHBITT TOPH3OHT BEPX! 0-
-100 = C/IHEIOLIC! OTI0KEHHIT P CBHTBI
OCHBITT TOPH3OHT BEPXHEMETOBBIX OT/IOKEHHIT
-120 CHHIT CLIMCKOIT CBHTBI
140 cHbii ropi3onT ornowenmii
OBCKOI CBHTBI

OCHBI TOPH3OHT HIKHC-BEPXHEMEIOBBIX OTAOKCHHMIT
0if CBHTBI

OPHBIiT FOPHIOHT JIOBBIX OTIOKCHHI
KOIt CBHTHI

Bononocuas 3ona TOCTH 1.
obpazosanmii
Jluronoruyeckuii cocras nopoj

zggg Mecok cpeaneseprucTniii

280 =] Imma
-300  [[]]][]]] rore

-320 Cyrmnok

‘o’ .| Hecuano-rpasuiinbie oriomenus

T'paBHiiHO-TaIeUHIKOBBIC OTIOKEHNUA

Anesput

. Mecuannk
E Bypslii yronb, anrunt
Puc. 2. T'eostoro-ruporeosiornyeckuii paspes no jgunun -1 [Makyummnn, 2005]

Jlunuto pazpesa cM. Ha puc. 1.
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Ta6auna - 1. 3HayeHus: PU3NKO-XUMHYECKHX MOKA3aTe el Pa3HBIX TUIIOB MPHUPOAHBIX BOJ

Tun son At™mochepHbIe BosoTtHbie ITouBenHbIE Peunrie I'pynroBbie ApTE3HAHCKHE BOJILI
HapaMeTp ocaakKun BObI BObI BObI BObI ng;i(())l;iggl:ll;;x OI\T/I;;])(I)(]ZE;II;I(ﬁ
YJIBTPAIPECHBIE | YIbTPANpECHbIE IIPECHBIE IpECHbBIE IIPECHBIE IIPECHBIE MpeCHBIE, ¢1a00-
Mimepasiaiit | 43 33,3 34-214 | 130,-1490 | 146-503 | 258-746 | 102—1050 Co60 1033
12,3 (18)* 27,7 (70) 138 (4) 100 (53) 266 (97) 302 (26) 937
49-64 31-72 54-58 44-80 51-81 6.8-8.1 69-82
pH 5,7 (18) 5,0 (70) 5,6 (4) 6,9 (53) 7,1(97) 7,4 (27) 7,7(7)
TIpeoGazaronue HCO;, HCO,, HCOs, HCO;, HCOs, HCO5-Cl, HCOs-Cl,
XHMUYCCKHE Ca, Ca-Na, Ca-Mg Ca-Mg Ca-Mg Ca HCO;, Na-Ca
THUIIBI Ca-Mg-K Ca, Mg-Ca-Na
CpenHnii XMMHYECKUAN cOCTaB, MI/IT
HCO; 6,2 11,5 19,5 64,3 236,3 304,1 226,2
S0” 23 34 35,2 2,5 2,5 1,0 29
cr 0,6 2,7 7,2 1,9 3,2 10,6 374,0
Ca? 1,6 5,4 18,2 17,0 49,4 71,6 68,8
Mg** 0,4 2,0 5 49 8,3 17,4 37,7
Na* 0,3 1,9 25 2,7 8,6 21,8 180,7
K 1,9 1,5 8 0,9 0,8 0,6 41
Feot 0,3 11,1 2,4 338 34 7,0 36
Mn 0,1 0,1 - 0,2 0,3 0,2 0,1
0, - 3,2 - 6,1 3,9 3,0 3,0
Copr 49 63,2 35,1 26,4 8,8 2,4 2,5
Tymmrossie 14,2 112,0 - 57,2 6,5 45 87
BCHICCTBA
NH, 0,6 3,2 1,4 0,9 0,9 1,0 1,2
NO, 0,02 0,02 - 0,01 0,02 0,02 0,04
NO, 1,1 1,0 - 1,1 0,6 0,1 0,5
PO, 0,0 0,6 - 0,3 0,1 0,1 0,1
Si 0,2 4,6 12,6 5,7 6,1 7,9 8,7
* B yncnurene — mpesienbl 3HAaUeHUH, B 3HaMEHaTelle — CpeIHIe 3HaueHus. B ckoOkax yka3zaHO KOJHMUYECTBO Mpoo.
35 Cpenn  OpraHMYe€CKHX COCIMHEHUU
1 pe3ko  mpeobnamaioT  (GyIbBOKHCIOTHI,
4.5 CoIEep)KaHHE  KOTOpPBIX  COCTaBJISIET B

3nauenusi pH
wh
Ln

4 Boab! HI3HHHBIX GONOT

Copr 100

150

B Boxbl BepXOBBIX 6ONOT

Puc. 3. 3aBucumoctb 3Hayenuidi pH 00J0THBIX BoOj

oT KoHIeHTpanuii B HuX Copr

(GyIBBOKHCIOTaMU  BOJBI

BEPXOBBIX 00JIOT,

cpennem 100 wmr/m. Ilpu »sTOomM Bcerna

MaKCUMaJIbHbIE 3HAYCHHUA (YyIHBOKHCIOT
conpoBoxkaatoTcs noumwxenuem pH (puc. 4).
OTta 0COOCHHOCTH Obla HM3BECTHA M PaHEe

2002;
Xapamxkesckas, 2013; I'acekkoBa, CkisipoBa,

(Muumesa, INonoBarkasi,

2013) u coxpansercs B JaHHOM ciiydae. [1o

9TOM mpuuMHEe Hambojee  0OOTaIICHBI

9yTb MCHCC — HHU3UHHBIX. Takas xe

3aKOHOMEPHOCTh, HO B MEHBIICH CTCMEHM, XapaKTepHa W Ui TYMHHOBBIX KHCIIOT (pHc. 5),

XOTs UX COACPIKAaHNA BO BCEX OOJIOTHBIX BOJaX 3HAYUTCIBbHO HUXE, YEM q)y.]'H)BOKI/ICJ'IOT.
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Puc. 4. 3aucumocts 3Ha4ennii pH 6onoTHbIx Bog Puc. 5. 3aBucumocts 3HaveHuit pH 6010THBIX B
OT KOHIEHTPAIUil B HUX (PYyJIbBOKHCJIOT OT KOHLIEHTPaLMii B HUX TYMHUHOBBIX KHCJIOT

['pyHTOBBIE BOJBI, B OTIUYHME OT OOJOTHBIX, XOTS W SBISIOTCS TMPECHBIMH, HO UX
MUHEpaIu3alys 3HAYUTEIBHO BBIINIE U cocTaBiseT 25-750, cpegnee 270 wmr/m.
CootBercTBeHHO W pH mx 3HaumrenbHO BhIIE: OT 5,1 mo 8,1, cpemnee 7,1. AHAJIOTHYHO

noseaenne u HCO;3, Cl, SO,4, Bcex katnoHoB, F u Si, comepkaHusi KOTOPHIX B TPYHTOBBIX
BOJlaX BhIlIe, 4eM B OonoTHBIX. Ho eciu comepkanus HCO3; u SO,4 Bo3pacTaroT Ha TOPSIIOK,
to Cl, NO3, Si u Bcex karnoHoB Toibko B 2-5 pa3. Comepxkanus Fe, NO,, NH; u POy,
HA00OpOT, B TPYHTOBBIX BOJAX SBJAIOTCA O0OJiee HHU3KUMH, IOCKOJIBKY WX IIOBEICHUE
ompenensercs aubo 3HaueHwsmMu Eh Boxm (Fe), mmbo mocrymieHrneM u3 OHOTEHHBIX
UCTOYHUKOB. Bojpl 110 coctaBy warmie Bcero siisitores HCO3-Ca.

Peunble ¥ MOYBEHHBIC BOJIBI SABJISAIOTCS MPECHBIMU C BEIIMYUHOM OOIICH MUHEpaIU3aIH
ot 15 o 500 mr/n ¢ mpeobnananuem 3nauenuit 100-200 mr/n. o cocraBy onu HCO3-Ca-Mg,
1o BenuuuHe pH — OT KUCIBIX 0 cIa0omIeIouHbIX. XapaKTepHOl 0COOCHHOCTHIO MTOYBEHHBIX

BOJI SIBJIIETCS 0OOTAIIEHHOCTh OPTraHMYECKUM BEIIECTBOM, CYMMAapHBIE COJIEP>KaHUsI KOTOPOTO
nocturatoT 50 Mr/i u 6oliee, 4TO CPaBHUMO C COJIEPKAHNEM MUHEpaIbHBIX coyiei. OOparator
Ha ceOsl BHUMaHWE TaK)Ke MOBBIIICHHBbIC KOHIIEHTpaluu B Boaax Fe, Al, nnormga SOy, a Takke
0oJiee BBICOKHE COJICPIKAHUS KaJHsl, YeM HaTPHsl, YTO CBUJIETEIHCTBYET O 3HAUUTEIHHOU POJIU
pasiararmImierocsi OpPTraHWYECKOrO BeEHIeCTBA B OOOTANIEHUU JIM3UMETPUUYECKHUX  BOJI
OMOTCHHBIMU DJICMCHTAMH.

Massle pekn, 0cOOCHHO Ha TpaBoOepexkbe p. Tomu, mporekas Mo GOJIOTHBIM MacCHBAM,
00oTramarTcs, KPOMe PaCTBOPCHHBIX OPTraHUYECKHX BEIICCTB, MPHIAIOIINX OYPYIO OKpPACKY
Bozie, emie u Fe, Mn u As. Ilpu sTom, yeM OOJbIlIEe PeUHbIE BOJBI MOJBEPKECHBI BIHSHHUIO
OOJIOTHBIX, TEM BBIIIE CTAHOBUTCS COJIEP)KaHHE B HUX JAHHBIX KOMIIOHEHTOB U TE€M HUXKE
oOmas MuHepanm3anus. [1o Tol ke MPUYMHE KOHIICHTPAIMU OPTaHWYECKUX BEIICCTB B HUX
MOTYT AOCTHraTh 60 Mr/m.

ApPTE3MaHCKHE BOJIbI ITAJICOTCHOBBIX W MEJIOBBIX OTJIOXCHHUH SBJISIOTCS B OCHOBHOM
MIPECHBIMH, PEKE COJOHOBATHIMH C oOmiel muHepanuzauen ot 0,1 no 1,9, cpeanee 0,6 /1,
npeuMyIiecTBeHHO ciabomenounbiva  (pH 6,8-8,2), HCO3-Cl, Mg u Ca-Mg-Na, B
HekoTophix ciydasx Na-Ca (tabm. 1). OTu Boawl Takke cuibHO oboramiensl Fe. Haubonee
yacto Feyg, comepxurcs ot 1,0 no 18 mr/n, mona NH, — o 2,2, Si — no 15 npu cpennem 8,3
mr/i. KoHIleHTpauy TyMUHOBBIX BEIIETB B pacCMaTpUBAeMbIX BOAaX He gocturaioT u 10
mr/n. CopaepkaHue pacTBOPEHHOro Kkuciopoga oObgyHO < 3 wmr/m. CynbdaT-wOH HE
XapakTepeH IS BOJ MJAHHOTO TUMA, (UKCHUPYETCS TOJIBKO B EIUHUYHBIX TOYKAX.
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KoHnenTpanuu xjiop-uoHa He MUMEIOT SPKO BBIPAKEHHOM TEHJEHIMU K POCTY € TIIyOUHOM,
XOTS OTJIeJbHbIE TOBBIIIEHHBIE UX 3HAYEHUS MPUYPOUYEHBI K Hambojee TIyOOKHUM YacTsiM
paspesa.

B COOTBETCTBUM C T€OJIOTMYECKUM CTPOCHUEM TEPPUTOPUM IO MEpE IMOTPYKEHHUS
dbyHmamMeHTa B CEBEpO-3allaJHOM HAMPABJICHUM YBEIWYMBAETCS OO0Ias MOIIHOCTh
MajJeoreHOBbIX W MeNoBbIX oTioxkeHuil (IlapnaueB, ManankoB, 1999), B cBsi3u ¢ uem
BO3pAcTacT COJCHOCTh apTe3maHckux Boa 3a cder woHoB HCOjz, Cl m Na. B stom ke
HarpaBlieHUd pacTyT coaepkanuss Fe u NH; u coorBerctBenno pH, HO coxaepkanus
OpPraHWYECKHUX BEIIECTB YMEHBIIAIOTCS.

B umenom, wuccnenyemple THUIBI  BOJ  XAPAaKTEPHU3YIOTCS HHU3KUMHU  3HAYEHUAMH
MuHepaiauzanuu. CBsI3aHO ATO C Te€M, 4YTO HX (POPMUpOBAHUE MPOUCXOIUT B YCIOBUSIX
3aMenJIieHHOro BojooOMeHa. Tak, 1Mo pacdyeraM BOJHOTO CTOKa MPaBOOEPEKHBIX MPUTOKOB
p. Tomu pex Yepnas u lllmmko6oiika, B yCIOBHSIX HE3a00J0YEHHBIX TEPPUTOPUN MOIYIIh
IIOA3EMHOIO0 CTOKa COCTaBWJ B cpenHem 1,9 n/c kM, a npu cpeaHed 3a00JI0YEHHOCTH
Tepputopuun okoiso 35% — 0,41 /e KM, T.e. MPaKTUYECKH B 5 pa3 MeHblue. CiieqoBaTeIbHO,
BOZI000MEH depe3 (hakTop BpEMEHU KOHTPOJIUPYET MUHEPATU3AIUIO U, COOTBETCTBEHHO, BECh
COCTaB BOJ.

BTOpOQ 3aluIacMoce 1MmoJoKCHHUcC.

Ilpupoonvie  600bl  ucciedyemol  meppumopuu, HeCMOmMpsi HA — UX  HUBKYIO
MUHepanuzayuro, pasHoseckvl ¢ euopoxcuoamu Fe, kxapoonamamu Ca, Fe, peoce Mg u Mn,
KAOAUHUTNOM, MOHMMOPULIOHUMOM U ULIumom. B mo oice epems, 6ce munvi 600 He
PABHOBECHBL C NEPEUYHLIMU MUHEPATAMU B000BMEUAIOWUX NOPOO. NOJeGbIMU WNAMAMU,
RUPOKCEHAMU, PO2OBBIMU OOMAHKAMU, INUOOMOM, XIOPUMOM U OpYeUMU, KOMOPble 8 IMUX
yenosuax pacmeopsaiomces. To ecmb, cucmema 800a-nopooa HOCUM HeMmKO BblPANCEHHbIU
PABHOBECHO-HEPABHOGeCHbIL  Xapakmep. [Ipu smom no Mmepe yeeluueHus epemeHu
83aUMOOELCMBUsL 800bL C NOPOOAMU KOIUYECHBO PABHOBECHBIX C 8000 MUHEPATIO8 PACTEM.

B nacrosmeit pabote GuU3MKO-XMMUYECKUE PACUEThl, HEOOXOAUMBIE JUISI BBIYMCIICHHUS
KO3((PHUIMEHTOB AKTUBHOCTH MOHOB, BBINOJHSUINCh C HCIHOJIB30BAaHHEM MPOTPAMMHOIO
xomiuiekca HydroGeo, paszpadorannoro M.b. Bykater (1997) s HU3KOMUHEpaIN30BaHHBIX
pacTBopoB ¢ noHHOU cuioit 0,1+0,2 Mob/1 ¢ ucnonbp3oBaHUEM (HOPMYIIBI 2-TO PUOIHIKEHUS
Teopun pactBopoB Jlebas-Xiokkens mpu CTaHAAPTHBIX ycnoBusx (temmeparypa 25°C wu
nasnenue 0,1 MIla).

Kak BuaHO M3 prcyHKa 6, MOYBEHHBIE BOJABI U BOJbl HU3UHHBIX OOJOT PaBHOBECHBI C
rugpookuciamu Al (ruOOcuT), HO caM MHHEpPad OTCYTCTBYeT CpEId BTOPUYHBIX
(ayrurenHbix). CBs3aHO 3TO ¢ TeM, 4TO MoJaBsomas 4actb Al B 3THX YCIIOBHSX CBsI3aHa C
OpPraHNYEeCKHM BEIIECTBOM B PACTBOPUMBIA KOMIUIEKC, KOTOPBIA B pacueTax HE YYTEH, H
dbakTH4YeCKH paBHOBecHE C THOOCHTOM OTCYyTCTBYyeT. Heckoibko ciokHee kapTuHa c Fe,
OKHCITBI KOTOPOTO BCTPEUAIOTCS B MOYBaX M O0JI0TaX, HO UX MaJo, TaK Kak OOJbINas ero 4acTh
OCTaeTCsl B pacTBOPE B BHJIE KOMILJICKCHBIX COSAMHEHUI C OpPraHMYECKUMH KHCIOoTaMu. Tak,
cornmacHo (Kpaiinos, IllBen, 1992) BbicOKas yCTOWYMBOCTh KOMIUIEKCHBIX COCIMHCHHIMA Fe®*
tima Fe(PK),>?" ¢ (GynpBO- M TYMHHOBBIMH KHCJIOTaMH HPUBOAHUT K PE3KOMY YCHIICHHUIO
murpaiuonHoi criocoonoctu Fe(lll) B kucnopoaconepxanux 00JIOTHBIX BOAax. B ycnoBusx
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OECKUCTIOPOTHOM 00CTaHOBKH, CrocoOCTBYIOIICH
HAKOIUICHUIO 3aKHUCHOTO >Keje3a, OOJIOTHbIE BOJBI MOTYT
JOCTHTaTh HACKHIIEHHS CUICPUTOM (pHC. 7a).
PactBopuMocTh kapbonatoe Mn?* (IgK = -10,39)
Heckonbko Bbmme, uem Fe’t (IgK = -10,45), wu
KOHIIEHTPALlUK IOCJIEAHET0 B OOJOTHBIX BOJAX TIoOpas3zo
BbIIlIE, YeM MapraHiia, MOSTOMY Ha OHOTEHHOM JTare
HACHIIEHHE BOJ POJOXPO3UTOM HE MPOUCXOAUT (puc. 76).
Kpome Toro, OoioTHbIE BOABI JiexKaT B  IMOJIE
HEHACBIINIEHHOCTH  KaJbIIATOM  BCJICICTBHC
sHaucHuit pH 1 manoit munepanusaiuu (puc. 9).
Kpome Al u Fe Bemagatomme Ha 3EMHYIO
MOBEPXHOCTh aTMOC(EpHbIE OCaJAKU B  IMOYBCHHOM
rOpH30HTEe oOoramarTcs KpeMuueM (coaepxkanus SiO, >

5 Mr/m), yto oOecrieuMBaeT pPAaBHOBECHUE IOYBEHHBIX U

HU3KHUX

0070THBIX BOA ¢ KaonuHUTOM (puc. 8). HckmoueHue
COCTABIISIIOT MPOOBI ¢ O0JIee HU3KUMH COJICPKAHUSAMHE Si.
BonoTHbIe BOJIBI TEPPUTOPUN UMEIOT CHICTIU(PUICCKUE
OCOOCHHOCTH: JUIsl HUX XapaKTepHO Haubojee BBICOKOE
OTHOCHUTENIBHO JAPYTUX TUIIOB MPUPOIHBIX BOJ] COJIEPKaHUE
docdopa (cpennue 3HaueHust coctaBisaroT 200-900 Mkr/m).
B cBia3u ¢ 3THM, B YCIOBHUSX BOCCTaHOBUTEIIBHOM
FeOXUMHUYECKON 00CTaHOBKHU, HU3KUX 3HaueHuil pH (4,4 -
5,5) ¥ MOBBIIIIEHHBIX KOHIICHTPAIIUHA PO43' OOJIOTHBIE BOJBI
PaBHOBECHBI C BUBUAHUTOM U anatutoM (puc. 10).

'
(=)}
L

Ig [popm Al|
4

'
]
|

AP Al(OH),

1
=]
|

'10 T T T T T

Al A2 03 e4 @5 e6 ¢7 m8 m9

Puc. 6. Ilose ycroiiuuBocTH
amop¢uoro (1) 1 KPUCTAIUINIECKOTO
(2) rn66cuTa ¢ HAaHeCEHUEM JAHHBIX
110 COCTABY HccielyeMbIX BOJ.

1 — cHeroBkle BOABI;, 2 — HOXKIEBLIE BOILI, 3 —
BOJIBI BEPXOBBIX 00JI0T; 4 — BOABI HU3MHHBIX
00J10T; 5 — TPYHTOBBIC BOJIBI, 6 — PEUHBIC BOJIBI;
7 — moYBEHHBIE BOJBI, 8 — IOA3EMHEIE BOJbI
Maj€e0oreHoBOro KOMILIeKca, 9 — moa3eMHbIe
BOJIbI MEJTIOBOT'O KOMILIEKCA

Takum oOpazoM, ¢dopmupyrommecs Ha OMOTEHHOM 3Tale YIbTpalpecHble KHUCIbIE U

c71a00KHUCIIbIE TTOYBEHHBIE U OOJIOTHEIC BOJBI, ooraTnie OpraHn4cCKrUM BCIICCTBOM, C HOSI/II_[I/Iﬁ
T'COXUMHNYCCKOI'0 THIIa II0 MCTOAHNKE C.JL LHBapueBa ABJIIAIOTCS KUCTIbIMU OP2AHO2EHHbIMU.
HpI/I 9TOM PAaBHOBCCHBLIC C KaOJMHUTOM BOAbI ABJIAIOTCA  KUCAbIMU  KPEMHUCMO-
opeaHoceHHbiMu, C BUBUAHUTOM - KUCIBIMU d)OCd)ClWlHO'OfC‘eJZQS’MCWleMM, a C alaTuTtoM —
Kucivimu ¢OCQbClWlH0'KdJle4u€6blMu.

Ig[Fe2*) a
2 -

)

lo[Mn2+
el ’

4

-3
-3 -
-4
4

-5 A

6 -

-7 4

-12 -11 -10 -9 -8 -7 -6 -5 -4 -3

Ig[CO5™]

=2

L

Ig[COs™]

Puc. 7. CTenens HachIlleHUs] BOJ OTHOCHTEJBHO cHAepHuTa (a) M poaoxpo3urta (0) mpu CTAHAAPTHBIX
YCI0BUAX
VcinoBHbIE 0003HAYEHHSI CM. Ha pUC. 6
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Puc. 8. /IlmarpamMsbl paBHOBecHsI OCHOBHBIX MHHepPaJioB npu 25°C ¢ HaHeceHHEM JAHHBIX MO COCTABY
ucciaenyembix Boa: a — cucrema H,O-CaO-CO,-SiO,-Al,0; 6 — cucrema H,0-MgO-CO,-SiO,-Al,0; ¢ -
cucrema H,O-NaO-CO,-SiO,-Al,O; 2 — eucrema H,O-K,0-CO,-SiO,-Al,0.

VYcoBHBIE 0003HaUCHUS CM. Ha PHC.6

XapakTep paBHOBECHS TPYHTOBBIX BOJ C KaJbI[MEBHIMU, MAarHUEBBHIMU, HATPUEBBIMU U
KaJIMeBBIMHM AJTIOMOCHJIMKATaMU TIpeJACTaBieH Ha puc. 8. Ha nuarpammax BHAHO, YTO BCE
TOYKM COCTaBa BOJ pacrojlaraloTcsi B MOJE€ YCTOMYMBOCTH TJIMHMCTBIX MHUHEPANOB, a HE
MEPBUYHBIX ATIOMOCUIIUKATOB. YacTh MOA3EMHBIX BOJ HAXOJIUTCS B IMOJE€ YCTOMYMBOCTH
KaoJuHUTA, 4YacTh — B mojisax Ca-, Mg- u Na-montmopumionutoB u wumrta. Ha mganHoO#M
CTaJIMM B3aUMOJICUCTBUS BOJ C TOPHBIMH TOpoAaMU (POPMUPYIOTCS BOJBI C OTHOCHTEIHHO
Hu3koi muHepanuzanued ot 300 go 500 Mr/i, oKoJOHEUTpanbHBIM XapakTepoMm cpeabl (pH
6,5-7,5) u xouueHrpamusmu SiO, mo 15 wmr/m. Ilpu stom dopmupyercs kpemuucmo-
Kanbyuesvlli TCOXUMUYECKUN TUTI BOJI.

Ig [Ca?']

0.5 - C pocToMm TIyOHUHBI TI0 MEpe yBEITUYECHUS
1s 4 MUHepanmm3anmud W pH  ycTamaBmmBaeTcs
25 paBHOBECHE aPTE3UAHCKUX BOJ OTHOCHUTEIHHO
3.5 - KajmpiuTa (puc. 7). DTO BIOJHE OOBICHUMO:
4.5 - Opu JOCTHKeHMM MHUHepanuzauuu 0,6 /1 u
-5-5 7 OJIHOBpeMeHHOMY 3HaueHuto pH > 7.4 BojbI
6.5 7 HACHIIIAOTCS OTHOCHUTEIHHO JTaHHOTO
-?_5 T T T T T T T T T 1

1211 -0 9 8 7 -6 -5 -4 3 ., MuHepana. To ecTh, B 9TUX yCIIOBHUSX KaJbIUT

Ig [COs*] He pacTBOpsieTCs, a, HA00OPOT, BHICAKUBACTCS
Puc. 9. Crenens HachleHHs! NPHPOIHLIX BOX 13 PacTBOPA, B OTJIHMYME OT 0OJEE IPECHBIX M
OTHOCUTECJBbHO KaJbllUTa MNPU CTAHAAPTHBIX KHUCJIBIX BOJI
YCIOBHSAX:

YcnoBHbIe 0603HAaYeHUs CM. Ha puUcC. 6
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Ca3(PO,),

Ig[PO,*] a 1g[PO.]
-2 -2
Fe;(PO,),'8H,0 °
4 - o 4 -
6 - @ m“ -6 -
@ @

8 - 8 -
-10 - -10
-12 : . 212

-8 -6 -4 -2 -8
Ig[Fe?]

© BOJBI BEPXOBRIX O0JIOT @ BOJBI HU3UHHBIX O0JIOT

-6 -4 -2
Ig[Ca?*]

Puc. 10. PaBHOBecHe 00JIOTHBIX BOJI ¢ BABUAHUTOM (2) M o.-anmaTUToM (0)

Hap;my C KaJbIOUCM, XUMMYECKUM THUI MOJA3E€MHBIX BOJ, PA3BUTBIX B OTIIOXCHHUAX

najeorera, GOpMUpPyeT M MarHuii, KOTOPBIM CTAaHOBHUTCS MPEOOJIaAlONUM KaTHOHOM TpHU

pocte obmei coieHocty BoA a0 1 r/a u 3Havenuit pH go 7,7. @opmupyromuecs npu 3ToM

IIPCCHBIC OKOHOHeﬁTpaﬂbHBIe u CJI&60H.[CJIO‘IHBI€ BOJbBI C Hpeo6naz[aH1/1eM B KaTHOHHOM

COCTaBC MOHA MarHusl OTHOCATCA K KpeMHUcCnmo-macHuesomy rcOXuMHICCKOMY THUITY. B BOAax

MEJIOBBIX OTJIOKCHHH B YCJIOBHUAX HAMMCHBIICTO BOI[OO6MCH21 IIpH pOCTC FJIYGI/IHBI 3aJICraHua

6onee 200 M ¥ TIPEBBIIICHUU MUHEPATU3AIMKN CBBIIIC
1 r/n JOMUHUPYIOMIMM KAaTHOHOM CTAHOBHUTCSI HATPHUH,
a TEOXMMHMYECKUN TUIl BOJ CMEHSETCS Ha KPEeMHUCHO-
Hampuesgoiii. O0IIasi cxeMa TaKoW HBOJIIOIIMHM COCTaBa
BOJI MPOCJIC)KUBAETCS Ha puc. 11: Ha mepBBIX CTagUAX
POCT B BOJAX COJACPKAHUM KalbIUsl MPEBBIIIAET POCT
HaTpus. TOJNIBKO TOCIIEe TOCTUKEHUS PaBHOBECHS BOJIbI
¢ KapOOHaTaMu XapaKTep HAKOIUICHHS DJIEMEHTOB B
pacTBOpPE MEHSIETCSI B CTOPOHY PE3KOTO YCUJIEHUS POJIU
HaTpHSL.

Takum oOpa3oM, MO Mepe TOro KaKk MEHSAETCS
COCTaB BOJ, IOCJIEJAHHE HACHIIAIOTCS
BTOPUYHBIMH MUHEpaJaMu, cpenu
npeobagarot ruapokcuasl Fe u Al, kapoonartsr Ca, Fe,

pa3HbIMU
KOTOPBIX

pexe Mg 1 MN 1 TIIMHKUCTBIE ATFOMOCHIMKATHI, B TOM
YHUCJIe KaOJTUHUT, MOHTMOPUJIJIOHUTHI PA3HOTO COCTaBa
U WUINT, KOTOPhIE B JAaHHOM cCiiy4ae (hOpPMHUPYIOTCS.
BwmecTte ¢ Tem, npupoiHbIe BOIBI HAXOAATCSA B TITyOOKO

HEPAaBHOBECHOM COCTOSIHUU c SHJIOT€HHBIMU
MHUHEpaJaMd BOJOBMeEMIAOMUX 1opoa  (MoiaeBbIMU
HImaTaMd, THPOKCEHAMU, POTOBBIMH OOMaHKaMH,

SMUJOTOM M JPYTUMH), KOTOPbIE B ITHUX YCIOBHSX
pacTBopsitorcsa. To ecTh, cucreMa BOJAA-IOPOJA HOCUT
YETKO  BBIP@XKEHHBIM  PaBHOBECHO-HEPABHOBECHBIN
Xapaxrep.
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Puc. 11. Cucrema HCI-HZO-Alzog-Nazo'
CaO-COQ-SiOQ npu 25°C n Ig[H4S|O4] =
-3,5 ¢ HaHeceHneM AAHHBIX M0 CpeaHeMy
COCTABY NPHPOIHBIX BOJ:

1 — armocdepnbie ocanku; 2 — IOYBEHHBIE
BOJIbI; 3 — peyHble BOJBI; 4 — IPYHTOBBIE BOJIBI;

IIOJ3€MHBICE BOABL: S5 —  IalleOrSHOBBIX
OTJI0KEHUH; 6 — MENIOBBIX OTI0KEHUH
Crpenakoii MOKa3aHO HamnpaBJieHHe

3BOJIIOIIUMA COCTaBa BOJAbI



TpeTbe JallMIIaceMo€ MOJI0KCHHE.

Deonoyusi cocmasa NpupooOHvIX 600 PAUOHA UCCIEO08AHUL HA HAYAILHOM dSmane
npomexkaem 6 O08YX pA3HbIX HANPAGIEHUAX: JUMOEHHOM U op2aHo2enHoM. Ilepeoe
HanpaeieHue XapakmepHo Oas He3Ad00JI0YEHHbIX MeppUumoputl U KOHMPOJIUPYemcs
PABHOBECHO-HEPABHOBECHBIM COCMOAHUEM CUCIEMbl 6004 — NOpPOOad; 8Mopoe CEOUCMBEHHO
OONOMHBIM U YACMUYHO NOYBEHHLIM 800AM U BbI36AHO MAKICE PABHOBECHO-HEPABHOBECHBIM
cocmosnuem cucmemsvl 800a — opeanuueckoe eewecmeo. C ygenuuenuem 2nyOUHbvl poib
nepeo2o HanpasieHus 803pacmaem u NOCMeneHHo NOJHOCHbIO OOMUHUDYEM.

Kak Obulo mMOKa3aHO BBIIIE, COJEHOCTh MOJ3EMHBIX BOJ B HCCIEIyEeMOM pETHOHE,
HECMOTpPS Ha HEOOJIBIIYI0 TNIYOMHY M3Y4EHHOTO reojiorudeckoro paspesa (Bcero mo 0,3-0,4
KM), OTHOCHTEILHO aTMOCQEPHBIX OCAJKOB, KOTOPHIC BBICTYMAIOT OCHOBHBIM HCTOYHHKOM
NUTAaHUS  BOJOHOCHBIX TOPU30HTOB, MEHSETCS  JIOBOJIBHO  3HAUMUTEIBHO:  oOmIas
MUHEpaJIu3amys BOJbI BO3pacTacT B OCHOBHOM Ooiiee yeMm B 50 pa3, a nHorma ao 150 pas, pH
— Ha 2 MaTeMaTHYECKUX TOPAJIKA, copepxkanue kpemuus — B 40 u 6osee pa3, HCO3; — mouru B
50 pa3 u T.1. OHAKO BCE K€ CYIIECTBYIOT OTJIMYHUS B ABOJIIOIIMH COCTaBa BOJI B YCIIOBUSX
3a00JIOYCHHBIX M HE3a00JO0YEHHBIX TEppPUTOpUA. B mepBoM ciaydae C pOCTOM TIYOWHBI
3aJIeTaHsl  yYMEHBINACTCS  BOJOOOMEH,  COOTBETCTBEHHO  YBEIWYHMBACTCS  BpeMs
B3aMMOJICHCTBUSL BOJI C TOPHBIMU TOPOJAMHU, pacTeT oOIas MHUHEpalIu3alus BOJ, 4YacTh
DJICMEHTOB BBINMAJIa€T B BHUJC BTOPHYHBIX MHHEpaoB. Ha 3a00J04YeHHBIX K€ ydYacTKax,
HECMOTpPSI Ha KpallHe HU3KHI BOJOOOMEH, €ro pacrpejielieHue MPOUCXOAUT HEPABHOMEPHO:
€CTh yYacTKu Oojiee aKTHMBHOTO U 0Oojiee 3aMeIJICHHOTO BojiooOMeHa. B cBs3u ¢ »TuUM
MEHSIETCS M paclpe/eiicHIe OPraHUYCCKUX BEIIECTB B OONOTHBIX Bogax. CremoBareibHO,
BaXHO BBIJICJIATH JBa TPUHIUIIMAILHO Pa3HBIX HAIMPABJICHUS DBOJIONUU CcOcTaBa BOI: 1)
JUTOTE€HHOE U 2) OpTraHOTE€HHOE.

IlepBoe HampaBJieHHe XapaKTEPHO JUIS BOJ, PACHpPOCTPAHCHHBIX BHE 3a00JIOYCHHBIX
TeppuTopuil. Beimamaronime arMochepHble 0CaIKH B 3TOM CIIydae MomnajgaroT, IPexae BCero, B
MIOYBEHHBIN TOpU30HT. [IpocaunBasch BHU3, KHCIIbIC TIOYBEHHBIC PACTBOPHI B3aMMOJICHCTBYIOT
C MUHEPAJIbHOW YaCThIO TOYB M MOCTETNEHHO MOATOMY IMOIIETAYHBAIOTCS, YTO MPUBOIUT K
yMEHbIIIEHHIO B HUX OnoreHHbIX 3emMeHToB (C, N, P, Ca, K) u yBenuuenuto muroreHusix (Si,
Mg, Na, Fe, Al u 1p.).

[lomanas B MOACTHIIAIOIINE TOPHBIE MOPOJBI, MOA3EMHBIC BOJbI, HE3aBUCUMO OT HX
COCTaBa, PACTBOPSIOT TOCJICIAHUE BCIICICTBHEC PABHOBECHO-HEPABHOBECHOT'O COCTOSHUS
CUCTEMBI BOJIa-TIopoJia. B HaireM cirydae 3To ECKH Pa3jIuvHOTO pa3Mepa, KOTOPhIE COCTOST B
ocHOBHOM u3 kBapma (1o 50 %), monesoro mmara (20-40 %), poroBoii 0OMaHKH, SMUAOTA,
XJIOPHTA, KAOJUHUTA, CUACPUTA, KaJbIIUTA, CIFOJ, THIAPOCIION, THIPOOKUCIOB Fe, mupwura,
MarHeTUTa, MOHTMOPHJUIOHUTA, TUPOKCEHOB (110711 % WM TepBhIe %0).

B pesynbrare pacTBOpEHHS XUMHUYECKHE DIIEMEHTHI, IEpPEXOJsillue B pPacTBOP,
MOCJICIOBATEIILHO JIOCTUTAIOT PAaBHOBECHS C TEMH WJIM UHBIMH MHUHEPATIaAMH.

B cBsi3u ¢ HanM4MeM OPraHOT€HHOTO CIIOS TOYB, BOJABI OOOTAIICHBI KPEMHHUEM JI0 TaKOU
crenienn (comepxkanust SiO, > 5 mr/i), koropas oOecreunBacT paBHOBECHE C KAOJIWHUTOM
(puc. 8). [Tocneauuii 06pasyeTcs Mo peakiuu:
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2AF" + 60H" + 2H,Si0, = Al,Si,05(0H), + 5H,0, (1)
KOHCTaHTa KOTOPOU

K = 1/[APFT[OH]°[H,Si0,)* = 1074, (2)

Kak BugHO w3 peakiuu (1), mpu oOpa3oBaHWU KAOJUHHUTA CBA3BIBACTCS OJUHAKOBOE
KoJn4uecTBO aToMOB Si 1 Al, a 3HaunT u BecoBoe orHomenue Si/Al 6M3K0 K eIUHUIE, TOUHEE
1,04. Ho mpu pacTBOpEHHM NEPBUYHBIX AITOMOCHIMKATOB B PAaCTBOP BCETAA IMEPEXOIUT
3HaYUTEabHO Ooubine Si, yem Al, TOCKOIBKY B ropHBIX mopogax otHomeHue Si/Al > 1,04:
CpelHee Uil HM3BEPKEHHBIX NOpOJ paBHO 3,66, mis ocagounbix — 2,28. [loatomy mnpu
00pa3oBaHUU KAOJIMHUTA HE BECh MEPEXOISIINI B pacTBOP Si CBA3BIBACTCS STHM MHHEPAJIOM
U IpOJ0JKAET HAKaIUIMBaThCsl B pacTBope. B To ke Bpems Al TOJBKO YacTHYHO
KOHLIGHTPUPYETCS B MOJ3EMHBIX BOJax Onarojapsi Tomy, 4to pacteT pH pactBopa, a 3HauuT,
MeHsIeTCs U hopMa ero Murpaiuu (puc. 6).

Poct conmepxanmii B Bojme Si, Al um 3Hauenuii pH Ha omnpenencHHOM dTare
B3aUMOJICHCTBUS TPUBOAUT K (POPMHUPOBAHUIO HE KAOJMHUTA, & MOHTMOPHJUIOHUTA IO

PCAKINU:

0,167Ca*" + 2,33AI** + 3,67H,Si0, + 7,320H" = Cag 167Al, 55Si3 67010(OH)>, (3)
KOHCTaHTa KOTOPOH

K = 1/[Ca2+]°’167-[AI3+]2'33-[H4SiO4]3'67'[OH']7'32 — 10893, (4)

7,2 2 a0
I** 1072 u Ca®* 10 paBHOBecHe ycTaHaBIMBAcTCS yXKe IpPH

[Ipu pH 7,5, aktuBHOCTH A
noctmxennu akrusaocty H,Si0, > 10°°°,

EctecTBeHHO, YTO MOHTMOPWJUIOHUT 0Opa3yeTcsi IMociie KaoJMHUTA, T.K. JJIs 3TOTO
TpeOyroTCsi OoJiee BBICOKHE COJEp)KaHUS B PACTBOpPE BCEX OOpa3ymOIIMX €ro 3JIEMEHTOB,
BKItouas 1 pH, oT 3HaueHuid kKoToporo 3aBuUcHUT cofepxkanHue noHa OH'. [lpumenurensHO K
UCCJIEAYeMOMY HaMH PETHOHY PAaBHOBECHE C MOHTMOPWJUIOHUTOM YCTaHABJIMBACTCS YXKE B
npejenax najleoreHOBOro BOJJOHOCHOTO KOMILIEKCa, OOBIYHO Ha riayouHax 6oxee 100 m, HO B
3aCTOMHBIX YCIOBHSIX 3TO MOKET MPOU30WTH M Ha TIIyOMHE BCETO HECKOJIBKHX METpoB. Ecmu
cpena Oynet cinaboIEeT0uYHON, TO MOHTMOPHIIJIOHUT 00pa3yeTcss U B Mpejenax MOYBEHHOTO
TOPU30HTA.

MOHTMOPWILTOHUTB 00pa3yrOTCs HE TOJBKO KaJbI[MEBOTO, HO W JPYrOro COCTaBa:
HAaTpPUEBbIE, KallMeBble, MAarHUEBBIC, JKEJE3UCThIE U [p., IOCKOJIBKY TOJ3E€MHAas BOJA
COJIEPKUT BCE XUMUUYECKHUE AeMEHThl. HO MOHTMOPUIITIOHUTHI CBA3BIBAIOT BCE 3TU 3JIEMEHTHI
B HEOONBIIUX KOJUYECTBAX OTHOCUTEIBHO TMEPEXONAIIUX B PACTBOP U3 MEPBUYHBIX
aIfOMOCHIINKaTOB. Tak, Hampumep, cpeiaHee oTtHoiieHue Si/Ca B HM3BEp)KEHHBIX MOPOIaX
paBHo 10, B ocamouHbix — 9,5, a B MOHTMOpPWUIOHHTE 22, T.e. Si CBS3bIBACTCA ITUM
MHUHepaioM Oosiee yeMm B 2 pasa syuiie, ueM Ca. OtHomienue ¢ Si apyrux snementoB (Mg,
Na, K) xapakrepuszyercss TakuM ke mopsiakoM mudp. [ToaTomy 3TH 37€MEHTBl OTHOCATCS K
NOJBUHBIM U HakarauBaroTcs B Bojax (Ilepensman, 1989). XKene3o, XOTs ¥ HE OTHOCUTCA K
MOJBUKHBIM dJIEMEHTaM, HO Ha TIEPBBIX ATamax »dBOJIONMHM Takke cIabd0 CBI3bIBACTCS
TIIMHUCTBIMU MUHepajamMHu. Eciau B HM3Bep)KEHHBIX TOpojax cpeaHee oTHomeHue Si/Fe
cocTaBisieT 6,3, B ocagouHblx — 7,1, TO B IIMHUCTBIX MHHepanax — oT 8,7 mo 37, u B
BOCCTAHOBUTEJIbHONW T€OXMMHYECKONH OOCTaHOBKE CIIOCOOHO HAKAIUIUBAThCS B TMOJ3EMHBIX
Bonax (KpaitaoB u ap., 2012).
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Ho xonuentpupoBanue Ca, Mg, Na, K u Fe He MoxkeT ObITh OECKOHEUYHBIM, T.K. BOJIBI
OBICTPO JOCTUTAIOT pPAaBHOBECHUS C APYrUMU MuHepanamu. [IpumenutensHo k K Takum
o0pa3oBaHUEM Ha MEPBOM FTare KpOME MOHTMOPHJUIOHUTA BBICTYHAET WIUIUT 0 PEAKIIUU:

O,6K+ + 0,25M92+ + 2,3A|3+ + 3,5H,Si0, + 80OH = KoisMgo,25A|2,3Si3,5010(OH)2 + 80H', (5)
KOHCTaHTa KOTOPOH

K = 1/[K+]0’6-[Mg2+]0‘25-[AI3+]2‘3-[H4SiO4]3'5-[OH']8 = 10125 (6)
Ha Gonee paraux 3tanmax K cBs3pIBacTCS BCEMU BHJIAMH PACTHUTEIHHOCTH; Ha 00Jiee TO3THUX,
KOTOpbIE HE JOCTUTAIOTCSl B pailoHe UCCIEAOBAHUMN, - MUKPOKIIMHOM, MYCKOBUTOM, OMOTHUTOM
U JIp.

[Tocne obpa3oBaHWs MOHTMOPWJUIOHMTOB M WJUIMTa HACTyIaeT ouyepeapb 0Opa3oBaHUs
KapOOHATOB, MEPBBIM K3 KOTOPBIX, CylIs IO KOHCTAHTE peakUuu, sBIsSeTcs cuaeput. U
JEHCTBUTENIbHO, eciau cpaBHUTH Fe m Ca, To KiIapk MepBOro M BTOPOTO COCTaBIISICT
COOTBETCTBEHHO B M3BEP)KEHHBIX MOpojax coctaniser 4,65 u 2,96 %, B ocanounbix — 3,33 u
2,53 %. CnenoBaTenbHO, MPU MPOYUX PABHBIX YCIOBUAX COAECPKaHHE FE TOMKHO MPEBHIIIATh
Ca, HO Ha MPaKTHKE MBI BUJIUM OOPATHYIO KapTUHY. DTO IPOUCXOAUT TIOTOMY, 4TO Fe paHbIme
Ca BbImagaeT W3 pacTBopa. B pailoHe HAIMX UCCIECIOBAHUN B MAJEOTCHOBBIX M MEJIOBBIX
OTJIOKEHUSAX HanboJiee 3HAYUTEIBHBIM PACHPOCTPAHEHUEM TMOJB3YETCS CHACPUT, YTO
MOATBEPIKIACTCS HATMYHUEM €T0 B ITeCUaHbIX OTJIOKCHHAX B BUJIE ayTUTCHHOTO MUHEpaa.

Ha onpenenenHoMm 3Tane 3BONIONHMM COCTAaBa MOA3EMHBIX BOJ, a UMEHHO nipu pH > 7,4 n
OJIHOBpeMEHHO o0meii muHepanuszamuu > 0,6 1/, T.e. yXe B BOJaX IaJICOTSHOBBIX
OTJIOXKEHHUM, TMPOUCXOIUT HX HACHIIeHHE KambluToM. C 3TOro MOMEHTa JanbHeHIas
HBOJIIOIMSA CBS3aHA C MPEUMYIIECTBEHHBIM KOHIICHTPUPOBAHUEM HE KaJbllMs, a HATPHS, YTO
MBI 1 HaOmrogaeM Ha puc. 11. CoOoTBETCTBEHHO, PACTBOPHI IO Mepe yriyOJIeHHs MOCTEIICHHO
npespainatorcs u3 HCO3-Ca B HCO5-Na (ta6i.1).

Takum 00pazom, BCIEACTBHE PABHOBECHO-HEPABHOBECHOTO COCTOSHUS CHUCTEMBI BOJA -
AJTIOMOCUJIMKATHBIE TOPOAbl MPOUCXOJUT HEMPEPHIBHOE PACTBOPEHUE OTUX TMOPOJ C
HAKOIJICHUEM BCEX XUMHUYECKUX AJIEMEHTOB B PACTBOPE U MOCTENEHHBIM OCAXICHUEM HX B
dbopme pasHOOOpPa3HBIX BTOPUIHBIX MHUHEPAJIOB, MTOCIIEI0BATEIIBHOCTh 00pa30BaHUs KOTOPBIX
CTPOr0 KOHTPOJHUPYETCS 3aKOHAMH TEPMOJMHAMHUKH. 3aMeHa OJHHX MHHEPAJIOB JPYTHUMH
MPOUCXOAUT HA OMPEJCIICHHOW CTAaJUM DBOJIOIMU CHUCTEMbl BOJA-TIOPOJIA, OMPEaACIIIeMO
XapaKTepOM PaBHOBECHS B CHCTEME BOJla — BTOpWYHBIM MuHepasl. Ilpu atom dopmupyercs
CTporas napareHeTH4YeCcKasi aCCOIMAIIUs C TEOXUMHUUECKUM TUTIOM BOJIBI.

Bropoe nHanpaBJ/jieHHe XapakTepHO g OOJOTHBIX BOJ. ATMOC(hEpHbIE OCaIKU B ATOM
CiIydae TIOTaIaloT HETIOCPEACTBEHHO B TOp(dsiHOE 00JIOTO, U MX B3aUMOACHCTBUE MTPOUCXOUT
HE C TOPHBIMU TOpPOJAAMH, a C OPraHMYECKUMU COCTUHCHUSIMU MPEUMYIIECTBECHHO
pPacTUTENLHOTO TPOUCXOXKACHHUS, KOTOpPhIE OOpa3yloT CJIOXKHBIM, TEHETHYECKH CBS3aHHBIN
opranu3M, (QYHKIMOHUPYIOIIHUNA TOJIBKO 1O TEX IOp, MOKAa OH BBHIMOJIHSIET OCHOBHBIE
KU3HeHHbIEe (QyHKIUHU. [Ipu OTMUpaHUU €ro OTACNBbHBIX COCTABISIONIMX HJIM OpraHU3Ma B
IIEJIOM Bc€ (PYHKITMOHAIILHBIE CBSI3M PBYTCS U HAUMHAIOTCS MPOIIECCHI paciiaga U pas3iioKeHUs,
00yCIJIOBJICHHBIC HAPYIIICHUEM PAaBHOBECHUS B CHCTEME BOJIa — OPTaHMYECKOE BEIIECTRO.

[IpuMeHUTEeTbHO K OOJOTHBIM YCIOBUSM OCHOBHBIMH TPOJAYKTAMH Pa3JIOKEHUS
PACTHTENBHBIX OCTATKOB SIBJISIFOTCS TYMUHOBBIE COSAMHEHHUS 1 TOPQ.
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Bompoc 0 KOHKpEeTHBIX MeXxaHH3Max OOpa30oBaHUsl I'yMYCOBBIX BEIIECTB O KOHIA HE
pelIeH, HO JUIsl HaC Ba)KHO, YTO BCE IMPOLIECCHl 0OPa30BaHUsl TYMUHOBBIX BEIIECTB OCHOBAHBI
Ha PAcCTBOPEHUU HCXOJHBIX PACTUTEIBHBIX OCTATKOB M OOpa30BaHUU U3 PACTBOPEHHBIX
IPOJYKTOB MPUHIIUIIAAIBEHO HOBBIX COETMHEHUHN, KOTOPHIX paHee B cucTeMe He ObLI0. XOTS B
3TUX TMpoIeccax AaKTHUBHO YYacTBYIOT  pa3jiMuHble OakTepuu U OPOAYKTHI  HUX
KU3ZHEACATEIBHOCTH, 3TO HE OTMEHSET [eWCTBUE 3aKOHOB TEPMOJMHAMHKHU, KOTOPBIC
KOHTPOJHMPYIOT X0/ BCEX CTaJAUi TyMHUHOOOpa30BaHUsI, KAKUM MHOTOSTAITHBIM U CIIOKHBIM OH
ObI HE OBLIL.

BtoppiM BakHEHIIMM BTOpPUYHBIM OOpa3oBaHUEM B 0o0yioTax sBisieTcss Topd —
XUMHUYECKUI MPOIYKT B3aUMOJIEUCTBHUS PACTUTEIBHBIX OCTAaTKOB pa3HOM  CTENEHU
pa3JoKeHusi C HOBOOOPAa30BaHHBIMU cOoeTMHEHUsAMU. Ha HavanbHOUM cTaguu npeoOpa3oBaHus
PACTUTENIbHBIX OCTAaTKOB CTENEeHb MX paclajia 3aBUCUT, MPEXKJIE BCETro, OT YCIOBHM a’paliui,
00BOJTHEHHOCTHU Cpebl, XUMUYECKOTO COCTaBa OpPraHU3MOB U BO3AeiCTBUS MUKpOOOB. [locne
OTMHUpAHUSl OpPraHU3MOB B YCJIOBHMSIX CBOOOJHOTO JOCTyHa KHCIOpOJa IMpH Yy4YacTUHU
(dbepMEeHTOB a’pOOHBIX MHUKPOOPTAHU3MOB OOJIbIlIasi YacTh COEAUHEHUN (OETKOB, MPOCTHIX
YIJIEBOJIOB, JKUPOB) pa3pylIaeTcs OUeHb ObICTPO, YACTHUYHO A0 MOJIHOW MUHepanu3auuu. [Ipu
OTPaHUYEHHOM JIOCTYIE KUCJIOPOJa, B MOJIYaHa’dpPOOHBIX YCIOBUAX, KOJIMYECTBO a’pPOOHBIX
OakTepuil HEBENHMKO, (EPMEHTATUBHBIC OKHCIUTEIbHBIE MPOIECCHl MPOTEKAIOT MEIJICHHEE,
BCJIEJICTBHE YEro paclajy OpPraHu4ecKuX COEAMHEHMH 3aMelsIsieTcsi, HO YCHJIMBAETCs
HOBOCHHTE3 T€X K€ TYMUHOBBIX  BEIIECTB, KOTOpBIC OISTH KE B3aUMOICHCTBYIOT C
Pa3NOKEHHBIMU OpPraHMYEeCKHMMH OCTaTKaMH. Takoro THUIMA TMpOIEecChl U TMPUBOAAT K
oOpa3zoBaHnuto Topda.

CnenoBarenbHO, TeoXUMHUA OOJIOTHOTO Tpollecca 3aKIIOYaeTcss B CTaAHIHOM
npeoOpa3oBaHUU PACTUTEIBHBIX OCTATKOB B YCTOWYMBBIC B KOHKPETHBIX YCJIOBHUSAX CPEIbI,
PaBHOBECHBIE C BOJIHBIM pPAacTBOPOM TyMYCOBBIE BEIIECTBA U TOp(J, a TaKkKEe MHOTHE
NPOMEKYTOUYHbIE TIPOoAYKThI (Opranundeckas reoxumus, 1974). Yactb W3 HHX, a UMCHHO
OMTYMHHO3HBIE KOMIIOHEHTBHI M OTJEIbHBIC TPYIIbl YIJIEBOJOPOJOB, KOTOPHIMU OOTaThl
00JIOTHBIE BOJIBI TEPPUTOPHH HCCIEIOBAHHM, MOAPOOHO PACCMOTPEHBI B JAMCCEPTAIMOHHOMN
pabote (I'maBa 4). Kpome Toro, kak ObLIO CKa3aHO BBIIIE, B €CTECTBEHHOM COCTOSIHUM 00JI0Ta
CHOCOOCTBYIOT CHM)KEHHIO MOJAYJSI MOJI36MHOTO BOJHOTO B CPAaBHEHUM C HE3a00JI0YEHHBIMU
TEPPUTOPUAMH, T.e. (OpMUpPOBaHHE OOJIOTHBIX BOJ| TMPOWCXOJHWT B YCIOBHUSX KpaiiHe
3aMenJieHHOro BojooOMeHa. Takum o00pa3oM, B3aUMOJAEHUCTBHE BOJ C PACTUTEIbHBIMU
OCTaTKaMH B TEYEHHE MJIMTEIBHOIO BPEMEHHU CO3[1aeT KHUCIYI0, B BEpXHEH 4acTH pa3pes3a
OKUCIUTEIBHYIO Cpely, KOTopas C TJIyOMHON TMepexoJuT B TJIEEBYIO, a 3aTeM u
BOCCTAHOBUTENbHYIO ¢ oOpa3oBaHueM MerTaHa. [Ipu 53ToM Haumbosjee Kucias cpena
dbopmupyeTcs Ha y4acTKaX MUHHUMAJTbLHOTO BOJJOOOMEHA.

Kucnplit xapakTep 60710THON Cpeslbl U OTHOCUTEIBHO BBICOKHE COACPKAHUS KpeMHEe3eMa
obecrnieunBaroT oOpa3oBaHHE KaoduHUTa (puc. 8), a B OKHUCIUTEIHHOM OOCTaHOBKE W
rugpookucios Fe*. Jlpyrue riuHECTBIe MUHEpATB! (HILIHT, MOHTMOPHIUIOHUT) 06Pa3yioTcs
TOJILKO B TOM city4ae, eciid pH 00JIOTHBIX BOJ| yBenuuuBaercs 10 7,0 U BBIIIE, a COAEPKAHUS
SiO, mpesbitmaer 10 wmr/n. Takue yclioBUS XapaKTepHBI TOJBKO JUIsi HEKOTOPBIX TOYEK
HU3UHHBIX 00710T. KapOoHaThl Takke HE MOTYT (DOPMHUPOBATHCS B KUCIIBIX CpeaX U MOITOMY
PEIKO BCTpEUaroTCs Ja)ke B HU3MHHBIX 0osioTax, rae pH vacto 6mm3ok k 7,0. OqHako JaHHbBIS
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YCIIOBUS MTO3BOJISIIOT OOJIOTHBIM BOJIaM HACKIIIATHCS OTHOCUTEIBHO TaKUX JOCTATOYHO PEAKUX
MHHEPAJIOB, KaK anaTuT U BuBHaHUT (puc. 10).

UzBectro, uto P, Hapsmy ¢ C, H, O u N otHOCHTCS K OMO(IIBHBIM 3JIEMEHTaM, T.€.
JOCTAaTOYHO IMHUPOKO pachpoctpaneH B Ouochepe (Ilepenpman, Kacumos, 1999). Ilpu
pPacCTBOPEHUU PACTUTEIIBHBIX M KUBOTHBIX OCTaTKOB P m Ca KOHIEHTPUPYIOTCS B OOJIOTHOM
Bojie (Tabin. 1), MOCKONBKY OHM HE BXOIAT B COCTaB Topda M T'yMHHOBBIX BEULIECTB.
[TocTenieHHO KOHUEHTPUPYSCh B pPAcTBOpE, UX COACpPXKAHUS JOCTUTAlOT PaBHOBECHUS C
anatutoM (puc. 10a) u 006pa3yroT ero 1o peakiuu:

3Ca’" + 2P0,> = Cay(PO,),, (7)
KOHCTaHTa KoTtopod mpu 25°C paBHa 102, Ananus MOJYYEHHBIX JTaHHBIX IOKa3all, 4TO
M3Y4YEHHBIE BEpPXOBbIE 0OJIOTA HACHIIEHBI K AamaTUTy, KOTOPBIM M 00pa3yeTcss B 3THX
YCIIOBUSX.

Ho B GOJIOTHBIX BOZAX PacTyT cojepxanus He Toubko Ca u P, Ho n Fe?*, ocobenHo, Kak
MOKA3aHO BBIIIE, B IJIEEBOM T€OXUMUYECKOU cpene. B aTux ycnoBusax Fe?* pacTeT HE TOJBKO B
dbopme (ynpBO- U TYMHUHOBBIX KOMILUIEKCOB, HO U B HOHHOU (opme. [losTomy Habmomaercs
HACBIIICHUE OOJOTHBIX BOJ HE TOJBKO K allaTUTy, HO U BUBHAHUTY 10 PEaKIIUU:

3Fe?* + 2P0, + 8H,0 = Fe3(PO,), 8H,0, (8)
KOHCTaHTa KOTopoii mpu 25°C pasra 10%°® (Al-Borno, Tomson, 1994).

Hcnons30BaHue 3TOM KOHCTAHTHI MO3BOJIMIIO MOJATBEPIUTH, YTO HCCIIECIOBAHHBIC HAMU
OOJIOTHBIC BOJIBI HACHIIICHBI K BUBHAHUTY (puc. 106). AHanmmM3 3TUX JaHHBIX MMOKa3aj, 4TO
COCTOSHHE pABHOBECHs ONpEICISETCs, NPEXAC BCEro, cojepkanueM Fe’’: 06BYHO
HACBIIICHUE HACTYNAET YK€ IIPU Fe?* > 1 mr/m.

[IpuBeneHHbIE TaHHBIE CBUAETEIBCTBYIOT O TOM, YTO B OOJIOTHBIX YCIIOBHSIX, KaK U BHE
0070T, UMEIOT MECTO TMPOIECCHl HEMPEPHIBHOTO PACTBOPEHUS] PACTUTEIBHBIX U >KMBOTHBIX
OCTaTKOB, BBI3BAaHHBIC HEPABHOBECHBIM HUX COCTOSSHUEM C KOHKPETHBIM THIIOM BOJIHOTO
pactBopa. 1o 3To#t nmpuunHe B OOJIOTHOM BOJIE CO BPEMEHEM COJICp)KaHMs YaCTH XUMHUUSCKUX
AJIEMEHTOB, 0COOEHHO OMO(UIBHBIX, MOCTOSTHHO pacTyT. Ho, MOCKONBKY B 3TUX YCIOBHUSIX B
pacTBOpe HAKaIUTMBAIOTCA W pa3inuHble KUCIOThI, pH O0NOTHBIX BOA cHuKaetcs. MHaue
roBopsi, uYeM OoJjiee JUIMTEIbHBIM SBISETCS B3aUMOJICHCTBHE TMPUPOJTHBIX BOA C
pacTUTENbHBIMUA OCTaTKaMH, TEM TaKW€ BOJbI CTAHOBATCSA 0oJiee KHUCIBIMH WU COJEpKaT
OoJbIlle OPraHMYECKUX BEIIECTB M Psla XUMUYECKUX JIEeMEHTOB (Tabm. 1). A 3TO BO3MOXKHO
TOJIKO MTPU HU3KOM BOJ00OMEHE.

Poct »armemeHTOB B pacTBOpe MPUBOJUT K €r0 HACHIIEHUIO TEMHU WIH HWHBIMU
COCIIMHEHUSIMU, CPEIU KOTOPBIX JOMUHUPYIOT TOp(], TYMyC, KAOJIWHUT, pPEXKE amaturT u
BUBUAHUT U JIpP., KOTOPbIE YCTOWYUBHI B YCJIOBHSX KOHKPETHOM Cpelbl. DT COCIUHCHUS
CBSI3BIBAIOT YacTh JJEMEHTOB M3 pacTBOpa, MEHsSs MX cooTHoueHus. [Ipu stom Hambosee
MOJBUHBIE M3 HUX MPOAOKAIOT KOHIIECHTPUPOBATHCS, MEHEE MOABUIKHBIE — MPOJOJDKAIOT
CBSI3bIBATHCSI BTOPUYHBIMU OPTAHUYECKUMU U MUHEPAIHHBIMH MPOAYKTaMH JI0 T€X MOp, TOKa
OonoTHas BOJa HE OKAXeTCcsl B JAPYIHMX THAPOJUHAMHYECKHX VYCIOBUSAX. Bpems ke
B3aMMO/ICHCTBUS ONPENIEIAETCS MHTCHCUBHOCTHIO BOJIOOOMEHA: YeM MEHBIIIE BOJI00OOMEH, TeM
OombIIe BpeMs B3aUMOICHCTBHS CO BCEMHU BBITEKAIOIIUMHU CIISICTBUSIMHU.

Kak wtor Bcemy BHIIIECKA3aHHOMY, HaMH pa3pabOoTaHa cXeMa SBOJIOIUU COCTaBa
MPUPOJHBIX BOJ HIDKHEH uyactu peku Tomu (puc. 12), Ha KOTOpOi Ha HAYaJIBHOM JTarie
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BBIZICJICHO JBa PAa3JIMYHBIX HANpPaBJICHUS H3MEHEHHUs cocTaBa BoA. llepBoe, nmuToreHsHoe,
HAINpPaBJICHUE XapaKTepHO ISl HE3a0O0JOYEHHBIX TEPPUTOPHUI, T.e. TaM, Tlleé KOJIMYECTBO
OpraHMYECKHX COCIMHEHUN HE3HAYUTENIbHO. 3JeCh HHQWIBTPYIOIIMECS BOJBI Uepe3
MOYBEHHBII TOPU30HT MTPOCAUYUBAIOTCS B TIOACTHIAIOIINE TOPHBIE MOPO/BI, IPH 3TOM C POCTOM
[JIyOMHBI YBEJIMUMBAIOTCS 3HAU€HUs oOled MuHepanu3auuu M pH, cHMKaercs KOIM4ecTBO
pPacTBOPEHHOT0 OpPraHMYECKOro BeunlecTBa. Jl[aHHOE HaIpaBJIEHHE HBOJIIOLMHM COCTaBa BOJ
CONPOBOXIAETCS HEMPEPBIBHBIM PAaCTBOPEHUEM AIFOMOCHIMKATHBIX IMOPOJ C HAKOIUIEHUEM
BCEX XUMHUYECKUX OJIIEMEHTOB B pAcCTBOpPE M IOCTEHNEHHBIM OCAXKIECHUEM HX B (opme
pa3Ho00pa3HbIX BTOPUYHBIX MUHEPAJIOB, IOCJIEI0BATEIHLHOCTh 00Pa30BaHUSI KOTOPHIX CTPOTO
KOHTPOJHMpYETCS  3aKOHaMH  TepMmoiuHamuku. Ilpu s3ToM  Qopmupyercs  crporas
napareHeTH4ecKasi acColualus ¢ reOXUMUYECKUM THUIIOM BoJbl. TakuM oOpa3om, oOpasyercs
KPEMHHCTO-KaJIbIIUEBbIN T€OXUMUYECKHUI TUII BOJ, KOTOPBIM CMEHSETCSl CHaYaJla KPEMHHUCTO-
MarHueBbIM, a 3aTE€M KPEMHHUCTO-HATPUEBBIM TUIIAMH.

Bropoe, opranorenHoe, HarpaBjieHHE CBOMCTBEHHO OOJIOTHBIM M YACTUYHO IMOYBEHHBIM
BOJaM, JUIS KOTOPBIX XapaKTepHO MpeodiafaHre OpraHWYeCcKUX  BEIIeCTB  Ha
MUHEPAJIbHBIMU. 3J1€Ch HBOJIIOLMS COCTaBa BOJ BbI3BaHA PABHOBECHO-HEPABHOBECHBIM
COCTOSSHUEM CHUCTEMbl BOJa — OpPraHUYECKOE BEIIECTBO, a pPACTBOPEHHUE IMOCIIETHETO
CIOCOOCTBYET MOHIKEHUIO pH M KOHIEHTpAIMK TJIaBHBIX HOHOB, YBEIIMUYEHUIO COJIEPIKAHUIM
OMOTeHHBIX AJIIEMEHTOB, JK€Jle3a, MapraHiia U JpyruX MUKPOKOMIIOHEHTOB. BeneacTsue aToro
dbopMupyeTcs KHUCIbIi OPraHOTCHHBI T€OXMMHUYECKUI THI BOJ U COOTBETCTBYIOIIHE €Tro
pazHoBugHOCTU (puc.12). OgHaKko ¢ yBeNIWYEeHUEM TIIYOMHBI M YMEHBIICHHEM KOJIMYeCTBa
OpraHMYECKHX COEAMHEHUI pOJb MEpPBOr0 HANpPaBJICHHUS BO3pPacTaeT M IOCTENEHHO
MOJIHOCTBIO IOMHUHUPYET.

Zeomeit -,

Kpemun |,‘| ;He BOABI N-Q KpeMHHCTO-KasbIHEBbIe BOJBI

HCO,-Ca

o)
<
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P HCO,-Mg-Ca
~100
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K HCO,-Na-Ca

400
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Puc. 12. Cxema 3B0OJIIONMH COCTABA NPUPOAHBIX BOJ TEPPUTOPUH HIAKHeH yacTu Oacceiina p. Tomu:

1 — HampapieHHE NBWXCHUS HHOWIBTPALMOHHBIX BOM;, 2 — MOCTYIUICHHE aTMOC(QEpHBIX OCamkoB; 3 — Oonorto; 4 —
TIOYBCHHBIA TOPU30HT; 5 — peKku; 6 — HEOTeH-UYETBEPTUYHBIC OTIIOXKCHHUS, / — IaJICOTCHOBBIC OTJIOXKCHUS; 8 — MEJOBEIC
OTJIOXEHUs; 9 — yPOBEHBb IPYHTOBBIX BOJL.
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3akjaoueHue

[TpoBeieHHBIMH UCCIIEIOBAHUSIMU YCTAHOBJIEHO, YTO BOJAbI TEPPUTOPUU HUKHEH YacTH
p. ToMu xapakTepu3yroTCsi pa3HbIMU 3HAUCHUSIMU MUHEpaiu3auuu U pH, uMeroT pa3inudHbie
COOTHOIIIEHUSI aHHOHHO-KaTHOHHOTO COCTaBa, COOTBETCTBEHHO OTIMYAIOTCS 10 XUMHUYECKUM
turnam. Kpome Toro, Bce oHM UMEIOT crieliupruuecKre 0COOEHHOCTH, XapaKTepHbIE JIJIs pailoHa
ucciaeAoBaHuM: OO0JBIIOE KOJIMYECTBO OPraHMYECKHUX BEHIECTB, aocturaromee 290 wmr/i,
BBICOKHE colepkaHusi Fe, cocrtapisiomue OT 5 B TIyOOKO 3ajieraroliuX IMOA3EMHBIX 0
70 Mr/nm B OOJIOTHBIX Bojax, Takke Mn, Si ¥ 4T0 OOBSCHSACTCS BIMSHUEM IPUPOTHBIX
(bakTOpOB, U MpEXkKe BCETO, 3a00JI0UEHHOCTHIO TEPPUTOPHUH.

[Ton3emHble BOJBI TMOAYMHEHBI BEPTUKAIBHOMW  TMJIPOT€OXMMUYECKON 30HAIBHOCTH,
00yCJIOBJIEHHOW MEXaHHW3MaMH B3aUMOJICHCTBUS B CHUCTEME «BOJA-NOPOJA-OpraHUYECKOe
BelIeCTBO». TepMOAMHAMHYECKHE pacyeThl paBHOBECHUS MPUPOIHBIX BOJ MOKA3ald, YTO TIO
Mepe VYBEIMYEHUS BPEMEHH WX B3aUMOJCHCTBHS C TIEPBHUYHBIMU ATOMOCHIMKATAMU
IPOUCXOJUT TOCIEA0BATEbHOE HACBIIIEHHME BOJHOTIO PacTBOpa KO BCE HOBBIM M HOBBIM
BTOPUYHBIM MHHEpaiaM, a X OCAKJIEHUE MPHUBOJIUT K MEPEXOJy OJHOTO TeOXUMHUUYECKOTO
TUIIA BOJl B IPYTOW U, COOTBETCTBEHHO, (POPMUPOBAHUIO OMPENEIEHHOTO UX COCTAaBA.

BrisBiI€HO, YTO TEOXMMHUYECKAsl DBOJIIOIMS COCTaBa MPUPOAHBIX BOJA HUAET B IBYX
NPUHIMITHAIIEHO Pa3HBIX HANpPAaBICHUSAX: MUHEPAIBbHOM, MPOTEKAIOIIEM BHE 3a00J0YEHHBIX
TEPPUTOPUN, U OPraHOT€HHOM — B MX mpezenax. Ob6a OHM KOHTPOJIUPYIOTCS PaBHOBECHO-
HEPABHOBECHBIM XapaKTepom CUCTEMBI BOJA-TI0POJIa-OPTaHUYECKOE BEIIECTBO,
pazHooOpa3ueM reoMOpQOIOTUYECKUX YCIOBUN, HHTEHCUBHOCTHIO BOJOOOMEHA, MECTPOTOM
JUTOJIOTUYECKOT0 COCTaBa BOAOBMEILAIOIINX OTIOKEHUH.

CnucoK OCHOBHBIX padoT, ONy0JITMKOBAHHBIX 10 TeMe INUCCePTALMHU:

PaboTsl, ony0/iMKOBaHHBIE B U3IaHUAX, BXOAAIIMX B nNepeyenb BAK

1. Haiimymmna O.C. Boassiii pexxuM peku Ilopoc kak MHAMKATOpP NPUPOJHO-AHTPOIIOT€HHBIX
npoiieccoB B O6b-Tomckom mexaypeube / CaBuueB O.I'., Komokomnosa O.B., Kpacuomekos C.1O. //
Bectauk Tomckoro rocynapcrseHsoro yausepcutera. — 2003. — Ne3(1V). — C. 151-152.

2. Naymushina O.S. Chemical characteristics of swamp waters: A case study in the Tom River
basin, Russia / Shvartsev S.L., Zdvizhkov M.A., El-Shinawi A. // Proceedings of the 13th
international conference on water-rock interaction WRI-13, Guanajuato, Mexico. Publ. by CRC Press.
// Balkema book. — 2010. — P.955-958.

3. Hajimymmua O.C. I'eoxumust 60JI0THBIX BOJA HMXKHeH uyactu OacceiitHa Tomu (ror Tomckoii
obnactu) / llIBapues C.JI., CepedpennnxoBa O.B., 3aBuxkoB M.A., CasuueB O.I'., // T'eoxumus. —
2012. — T.50. — Ne4. — C. 367-380.

4. Haiimymmna O.C. T'uaporeonorudeckue yciaoBusi HWKHeEH yactu Oacceiina p. Tomu / Db
Hlunnasu A.A.®.M. // Bectn. Tom. roc. ya-ta. — 2013. — Ne 366. — C. 148-152,

5. Naymushina O.S. Hydrodynamic transformations of the natural hydrogeological system of
the Ob-Tom' watershed // Procedia Earth and Planetary Science. — 2013. — Ne.7. — P.611-614.

6. Naymushina O. Hydrochemistry and composition of hydrocarbons in the waters of peatlands
in Western Siberia / S. Shvartsev, K. Ses. // IERI Procedia. — 2014 — VVol.8. — P. 119-124.

IIpoyue u3nanus

7. Naimushina O.S. Chemical composition of small rivers in Tyemnoe swamp area (Tomsk
region) / Shinawi A. // Problems of Geology and Subsurface Development: proceedings of the 14th

21



International Scientific Symposium of Students, Postgraduates and Young Scientists in honor of
Academician M.A. Usov, devoted to the 65-the Anniversary Soviet People’s Victory against fascism
in the Great Patriotic War 1941-1945 years. Tom |, second edition - Tomsk, TPU, 5-9 apr. 2010. -
Tomsk: TPU Publishing House. — 2010. — P.649-651.

8. Haiimymmna O.C. ['maporeosornyeckue yciuoBUs U NEPCIEKTUBBI X039HCTBEHHO-IIUTHEBOIO
BojlooOecnieueHus: ceBepHoi yactu r. Tomcka / Hazapo A.[l., A6nens A3uz ®dap3u Maxmyn Db
[IuanaBu Onp  Xaifec. //  «lluTbeBble TOA3E€MHBIE BOJBI. M3ydeHue, WCIOIb30BaHHE U

UH(POPMALIMOHHbIE TEXHOJIOTUN: Marepuansl MEXIYHAPOAHOU Hay4HO-TIPAaKTUYECKOU
koH(pepenmuu. Yacts 2. . — 2011. — C. 147-161.
9. Naymushina O.S. Groundwater of the bottom current of the river Tom' as a source for

drinking water supply // Problems of Geology and Subsurface Development: proceedings of the 15th
International Scientific Symposium of Students, Postgraduates and Young Scientists in honor of
Academician M.A. Usov, devoted to the 110 anniversary of Mining Education in Siberia. Tom II;
Tomsk Polytechnic University. — Tomsk: Tomsk Polytechnic University Publishing House. — 2011. —
P. 753-755.

10. HaiimymmHa O.C. DKOJIOTHYECKOE COCTOSHHE TOBEPXHOCTHBIX BOJ TPABOOCPEKBS PEKU
Tomu // IlpoGnembl THIPOTEOJIOTUH, WH)XEHEPHOW TEOJIOTMM W THUAPOTEOIKOJIOTHH: Marepuais
Bcepoccuiickoit Hay4yHOW KOH(epeHIUH, MocBsmieHHon 80-metuto kadeapbl THAPOTeosIOTHH,
WH)XCHEPHOW Ie0JIOTUU U TUAPOTEOIKOIOTUH TOMCKOTO MOJIUTEXHUYECKOTO YHUBEPCUTETA / IO pefl.
C.JI. lIBapuesa. — Tomck: M3a-o HTJIL. — 2011. — C. 265-271.

11.  Haiimymmna O.C. ['ugporeoxumuueckue 0cCOOEHHOCTH HUXKHEH yactu OacceiiHa pexku Tomu
// Teonmormyeckass D3BOJIONHUS B3aHMOJCHCTBHS BOJbI C TOPHBIMH TOPOJAMH: MaTepuaibl
Bcepoccuiickoit koHpepeHIIUHN ¢ y4acTHEM WHOCTPAHHBIX yueHbIX. — Tomck: M3a-so HTJL. — 2012, —
C. 155-158.

12. Haiimymuna O.C. KadecTBo nmpupoIHBIX BOJ 3a00J0YEHHBIX TEPPUTOPUN HU3OBbSI PEKH
Tomu 1 mutheBbix uenei / Pycunoa A.M. // Hayku o 3emne. CoBpeMEHHOE COCTOSHUE:
Marepuans! | Beepoccuiickoil MostoiexHON HaydHO-TIpakTHUeckol KoHpepeHuuu. — HoBocub. roc.
yH-T. HoBocubupck, HI'Y. — 2013. — C. 158-160.

13. Haiimymmna O.C. CocraB 00JOTHBIX BOJ HIDKHEH dacTu Oacceitna peku Tomb / KynpusHos
E.A., PycunoBa A.M., Cecp K.B.// TpodumykoBckue utenus - 2013: Marepuansl Bcepoccuiickoii
MOJIOJIS)KHOW Hay4YHOM KOH(EepeHIMH C ydyacTHeM HHOCTpaHHbIX ydeHbIX (r. HoBocuOupck, 8 - 14
centsops 2013 1.). — HoBocuOupck. — 2013. - C. 543-546.

14. Naymushina O. Organogenic waters of wetlands in Western Siberia, Russia // The 8th
BIOGEOMON Symposium on Ecosystem Behavior. Book of abstracts. — University of Bayreuth:
BayCEER — 2014. — P.211-212.

22



