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XMMHMYECKHM COCTaB MOA3EMHBIX BO/I
B KQXJIOU TOYKE 3€MHOM KOPBbI
peACTaBisAeT cCOO0M pe3ynbrar

o CJIO’KHOTI'O B3aUMOJICUCTBUS
"“"WW S R KOMITOHEHTOB

BEIIECTBECHHOTO COCTaBa JaHHOU
TAAPOTE0JIOTUYECKON CUCTEMBI B
KQX/IbIi KOHKPETHBI MOMEHT €€
CYILLIECTBOBAHUS B €CTECTBEHHOM

WJIM HAPYILIEHHOM COCTOSIHUU.
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[Ipu riccaeqoBaHuM yCIOBUM (POPMUPOBAHUS XUMUYECKOTO COCTABA MTOA3EMHBIX BOJ CIEAYET
pazinyarh KOHKPETHBIEC BUbI B3aUMOJCUCTBUSI KOMIIOHEHTOB BEIIECTBEHHOTO COCTABa CUCTEMBI
(mporecchl) U MPUYUHBI (CUJIBI, TIOJISI, SIBIICHUS U JIP.), UX BBI3BIBAIOIINE, — TaK HA3bIBAEMbIC
(haKTOpHI.

[T uopozeoxumuueckuu npoyecc — 3T0 ONPENCIICHHBIN BUJ (PU3UKO-XUMHAYECKOTO I UHOTO
B3aMMOJICVCTBHSI KOMIIOHEHTOB BEIIECTBEHHOI'O COCTAaBa MOA3EMHBIX BOJ MEXKIY COOOM U
(W1M) C OKpY>Karolel Cpesioi, Pe3yIbTaTOM KOTOPOTO SIBJISIETCS U3BMEHEHUE UX XUMHUYECKOTO
cocTaBa U (WJId) CBOMCTB.

Daxmop popmuposaHuss XAMUYECKOTO COCTaBa MOA3EMHBIX BOJ — 3TO €CTECTBEHHAS WUJIU
MCKYCCTBEHHAsl MpUYMHA (CHUIia, M0JIE, SIBJICHHUE, BEIIECTBO U JIp.), ONPEACISIONIas
BO3HUKHOBEHUE, CYIIECTBOBAHUE WIIU U3MEHEHHUE TEX WM UHBIX THAPOTCOXUMHUYECKUX
IIPOLIECCOB B JIAHHOU TUIPOr€OJIOTHUECKON CUCTEME.



XUMHUYECKHUI COCTaB MOJA3EMHBIX BOJ IO/ BIUSHUEM KOMIUIEKCA MOCTOSHHO JIEUCTBYIOIINX B
JAHHOW TMAPOre0JIOTHYE€CKOM CUCTEME (PAaKTOPOB U BBI3BIBAEMBIX MU MPOLIECCOB OOBIYHO
HaXOJUTCSl B COCTOSTHUM TUHAMUYECKOTO (PU3UKO-XUMHUYECKOTO PABHOBECHUSI C OKPY KarOIIeH
cpenoil. HapymieHue 3Toro paBHOBECHS BbI3bIBACTCSI HAUIOKEHUEM KaKUX-JIMOO BPEMEHHO
JNEUCTBYIOIINX (PAKTOPOB, U3MEHSIOIIMX XapaKTep Y>KEe CYIIECTBYIOIMIMNX MPOLIECCOB MU
OMPEACIISIONINX BOSHUKHOBEHUE HOBBIX.

Yucno (pakTopoB, ONPEACTAIONUX XUMUUYECKUN COCTAB MOJ3EMHBIX BOJI, YPE3BBIYAWHO BEIHUKO.
Cpenu HUX BBIIETSIOT CIAEAYIOIINE TPYIIIbI:

1) puszuko-xuMHUEeCKuEe — CBOWCTBA BOJIbI B PAa3IMYHBIX (DA30BBIX COCTOSHUSAX, BOJHBIX
pPacTBOPOB, XUMUYECKHUX 3JIEMEHTOB U COEAUHECHUH U T.1I.;

2) puznueckue — TemIieparypa, JaBjieHUE, PaaguOaKTUBHOCTb,

MarHeTu3M, FpaBUTAUA U JIP.;

3) pusuko-reorpaduueckre — KIMMar, 0COOCHHO OCAJIKU U UCTIAPEHHE, peiibe(], THAPOTIOTHS,
yCJIOBUSI APECHUPOBAHUS U T.1I.;

4) reos0ro-ruIporeoJ0rn4eCcKrne — TEKTOHUKA, MarMaTru3M U MeTaMop(Pusm, (aruanbHOE
CTPOEHHE pa3pe3a, MUHEPATIOTHYECKUM COCTAB MOPOI, PUIBTPALIMOHHBIE CBOMCTBA MOPO/,
TUAPOIUHAMUYECKUE YCIOBUSI, TAJICOTUIPOTECOIOTHS U JIP.;

5) 6uonorunueckue — MUKpodIopa 1 MUKpo(dayHa;

6) aHTPOIIOTCHHBIE.



KoMmiekc 0CHOBHBIX (PAKTOPOB M MPOIECCOB, XapaKTEPHBIX s
paccMarpruBaeMor THAPOTCOIOTHYECKOM CUCTEMBI M ONPEACIISIIOIINAX
€€ T'UIPOreOXUMHUYECKUE XapaAKTEPHUCTUKHA U 3aKOHOMEPHOCTH HUX
M3MEHEHHH, IPUHATO HA3BIBATh YCI0BUAMU (POPMUPOBAHUSL XUMULECKO20
COCTaBa MOA3€MHBIX BO/I.

B Hacrosiiee BpeMsi OTHOCUTEIBHO NTYOOKO MCCIIEIOBAaHA POJIb
(bU3UKO-TeorpapUuIECKUX, T€OJI0OTO-THAPOTCOIOTHYECKUX, HEKOTOPBIX
(uszndeckux (Temieparypa, JaBjieHue) (akTopoB B (POPMHUPOBAHUU
XHMHYECKOT0 COCTaBa MOA3EMHBIX BOJI B PA3JIMYHBIX, B TOM YHCIIE
IyOOKHMX, 4acTIX pa3pes3a. 3a MOCIEAHEE BPeMs MHOIO CAEIaHO B
00JIaCTH U3YUYEHHUS (PHU3UKO-XUMHUUYECKHUX CBOMCTB BOJIbI M IIPUPOIHBIX
PacTBOPOB, POJIM JKMBOT'O BEIIECTBA B MOJI3€MHBIX BOAAX.
OTHOCHUTEIBHO CJIa00 M3YYEHO BIUSHUE (PHU3UYECKUX MOJIEH 3eMIIU
(3JIEKTPUYECKOT0, TPABUTALMOHHOIO, MAarHUTHOTO).



[Ipu THAPOTEOXUMHUYECKUX UCCICAOBAHUSAX UCXOA U3 aHATIA3A PE3YJIBTAaTOB BIUSHUS
pa3IUYHbBIX (PAKTOPOB M NPOIIECCOB HA XUMHUYECKUI COCTaB IIOJ3E€MHBIX BOJ 1
3HAYUMOCTH MX BO3JICHCTBHS Ha HETO BAXKHO ONPEACIUTh CPEAN HUX IJIABHBIC U
BTOPOCTETICHHBIE, TPSAMBIE U KOCBEHHBIE, JICHCTBYIOIIMNE MOCTOSTHHO UJIA BPEMEHHO,
PETMOHAJIBHO WJIH JOKAJIBHO.
DTO SABISETCS HEOOXOAUMOM OCHOBOM JJIsl PEIICHUS BOIIPOCOB I'eHE31Ca MOA3EMHBIX
BOJI, BBISIBIICHUS PETHOHAIBHBIX THAPOTr€OXUMHUYECKUX 3aKOHOMEPHOCTEN, PEILICHUS
MPUKIIAJHBIX THAPOr€OXHMMUYECKHUX 3a7a4 1 ap. BiusHue pa3andHbix (PakTopoB Ha
XMMHYECKHUIN COCTaB MOA3EMHBIX BOJ BhIPAXKACTCS B BOBHUKHOBEHUHM (MJIM HAJTUYUH U
MOCIEAYIOIIEM U3MEHEHUH) pa3HOO0Pa3HOI0, HO B IIEJIOM JOCTAaTOYHO OTPAaHUYECHHOIO
Kpyra OHHUX M T€X K€ THJIPOreOXMMHYECKHUX MPOIECCOB (PacTBOPEHUE U
BBIIIICIaUMBAHNE, TUAPOJIN3, COPOLUs, T Py3usi, HOHHBIA OOMEH, OCAXKICHUE U
KpUCTAJUIM3alMs U Ap.). XapaKTep dTUX IPOLIECCOB, UX HAIIPABICHHOCTh U
MHTEHCUBHOCTh 3aBUCST OT KOHKPETHBIX OCOOCHHOCTEM KaXKI0W TUAPOre0IOrndeCcKom
CHUCTEMHI.
BeIaemsitoT 1B€ 0OCHOBHBIE TPYMIIBI IPOLIECCOB (POPMUPOBAHUS XMMHUYECKOTO
COCTaBa MOJA3EMHBIX BOJ:

"TUIPOTCOXUMUYECKUE;

"TUAPOOHOXMMHYECKHUE — C y4aCTHEM JKHMBOTO BEIIICCTBA.



I'vaporeoxuMuveckue Npouecchl

B xoMIieKce ruApOreOXMMHUYECKUX MPOIECCOB YCIOBHO MOXKHO
BBIJICIIUTD:

1) mpouieccbl 0OMEHa BEIECTBOM BOJAOBMEIIAIOIICH MOPOILI

1 OKPY>KaFOIIEH Cpeabl C pACTBOPOM, B TOM YHCJIEC MTOBBILIAIOIIME
(pacTBOpPEHME U BBINICIAYMBAHUE, 1€COPOIHS, THAPOIN3, KOMILIEKCO-
00pa3oBaHME U Jp.) U MOHMKAIOIIKUE (OCAKACHNE U KPUCTALIA3AIUs,
BBICAJINBAHKE, COPOLIMS U JP.) MUHEPATHU3AIMIO OA3EMHBIX BOJI;

2) IPOLIECCHI KAY€CTBEHHOI'O M KOJIMYECTBEHHOTO MepepacnpeacIcHuUs
BEIIECTBA B CAMUX MPUPOAHBIX pacTBOpax (KOHBEKTUBHBIN U

T Py3nOHHBIN MaCCOIEPEHOC).

CiienyeT 4eTKO MPEACTABIATh C€0€ CONPSKEHHOCTh U B3aMMOCBSI3b
yKa3aHHBIX IIPOLIECCOB M BO3MOKHOCTh MEPEX0/1a OJHOI0 B IPYror npu
TOCTHXKEHUM OIPEACICHHBIX XUMUYECKUX U (DU3UKO-XUMUYECKHUX
KOHCTaHT (IIPOM3BEICHUE PACTBOPUMOCTH, BEIMUYMHA OOMEHHOM
€MKOCTH U JI.).



Pacmeopenue u evtiyenauusanue.

Pacmeopenue 6 cuopozeoxumuy — Mporecc nepeBoa B MOA3EMHbBIE
BOJIbI U3 OKPYKaOIIEH cpebl (TOpHOH HOPO/bI) JTH0O0TO
(MUHEPAJILHOIO, OPraHUYECKOr0, Fa30B PA3JIMYHOIO I€HE3MCca) BEIECTBA
B MOHHOM WJIM MOJIEKYJIsIpHOM (popme. [IpenenbHO BO3MOKHAS
KOHIICHTPAIIKS BEIIECTBA B PACTBOPE MPU HYJICBOW PA3HOCTH
XHMHAYECKUX MOTEHIIUAIOB COOTBETCTBYET HACHIIICHUIO €r0 IPU JAHHBIX
YCIOBHUSX. DTa BEIMYMHA HA3BIBACTCS pacmeopumocmsio (Aas
TPYAHOPACTBOPUMBIX BEIIECTB — HPOU3BEOCHUEM PACMBOPUMOCTIU) T
3aBUCUT KPOME MPHUPOAbI BENIECTBA OT TEMIIEPATYPHhI, JaBICHUS (CIa00)
u coctaBa pactBopa. Hanpumep, npu 10°C (0au3kyro TeMneparypy
MMEIOT TPYHTOBBIC BOABI CPEIHEN MOJIOCHI) U aTMOC(EPHOM JIaBJICHUH B
100 r Boapl pactBOpsiercsa 35,86  NaCl; 0,007 CaCO,; 1,194 1 CO,
(JIypse, 1971).

ITpu Temneparype 8,5°C B 100 r Boasl pacTBOpsieTCs

0,193 r CaSO, - 2H,0,

a B HachleHHOM pacTtBope NaCl — yxke 0,678 1.



CKOpOCTbh PaCTBOPEHHUH 3aBUCUT OT IPUPOJILI 1 MUHEPAIbHOU (POPMBI BEIIECTBA, JABJICHHUS,
TEMIIEPATYPBI, CTENICHU JUCIIEPCHOCTH, COCTaBa pacTBopa u Ap. OQHAKO OnpeneIsaeTcs OHa
CKOPOCTBIO CaMOM MEIJICHHOU U1l JaHHBIX YCIOBUM PEAKLIMU — TaK Ha3bIBAEMOU
JTMMUTHUPYIOLIEN CKOPOCTHI0. Hale, roBopsi 0 paCTBOPEHUH, UMEIOT B BUIY IPOLIECC IEPEBOA B
pacTBOp TBEPAOTO BELIECTBA TOPHBIX OPO.
*Pacmeoperue — TOJHOE Pa3pyIICHUE KPUCTALINYECKON I aMOP(PHOH CTPYKTYpbl MUHEPAJIOB.
*Boluyenayusanue — KOMIUIEKC MPOIECCOB, MPUBOAAIINX K U30UPATEIbHOMY BBIBOJY U3 MOPOJIbI
KaKoro-an00, 0ObIYHO HanboJiee paCTBOPUMOTO B JAHHBIX YCIOBHSIX, KOMIIOHEHTA.

Hanpumep, npu onpeaeaeHHbIX YCIOBUIX MOTYT OBITh TIOJIHOCTHIO PACTBOPEHBI TOPHBIE TOPO/IBI,
COCTOSIIME U3 TaKUX MPOCThIX cojeit, kak NaCl, KCI, Na SO, , Na, CO,, CaSO, * 2H,0, CaCO,
U JIp.

B 10 k€ BpeMsi rOpHBIE TOPO/IbI, COAEPKAIIME ATH COJIM B KAYECTBE MPUMECEH, OYIyT
MTOCTEINEHHO BBIIEIAYMBATHCA OA3EMHBIMY Boiamu. Ha nmepBbIx 3Tanax mpoMbIBaHHUS TOPHOM
NOpObl U3 Hee OyAyT HanboJee pacCTBOPUMbIEC COCTMHEHUSI — XJIOPUBI IIETOUYHBIX U IIEI0YHO-
3€MEJIbHBIX METAJIJIOB, 3aT€M CYJIb(AThl U B MOCIEIHIO OYepe/ib HAUMEHEE PACTBOPUMBIE —
KapOOHATHI ¥ CHUTUKATBHI.



[Ipu Hanmuuuu GakTOpOB, CTUMYIUPYIOIINX PACTBOPEHUE, TPYAHOPACTBOPUMBIE KOMIIOHEHTHI
MOT'YT BBIIIEIAYUBATECS HAPSIY C JierkopacTBopuMbivu. Hampumep, nocrymierne CO,
(TepMoMeTaMopPhrUUECKOro, OMOXMMUYECKOTO HJIM HHOTO TEHE3HMCa) CIOCOOCTBYET

PACTBOPEHUIO KAJIBIIUTAa B MOPCKUX KapOOHATHBIX MOPOAAX HAPSAY € CyJabdaTaMu U XJIOPUIAMHU.
B 3aBUCHMOCTH OT CTE€TIEHU MTPOMBITOCTH MOPOJ B 3TOM ClIy4ae MOT'YT (JOPMHUPOBATHCS BOJBI
HCO,—SO 4—C1, HCO,—SO, , SO,—HCO,, HCO, cocrasa (TakoBbl, Hapumep,
KHCJIOBOJICKHE, KEJIIE3HOBOJICKHE, MATUTOPCKUE HAp3aHbl). B MOMOOHBIX ciydasx, KOrja U3BECTEH
pEareHT, yCUJIMBAIOIINAN MPOIECC, TOBOPAT 00 YITIEKUCIOTHOM, CEPHOKHUCIOTHOM
BBIIIIEIaYMBAHUY U JIP.

KoMITIOHEHTBI cocTaBa MOA3EMHBIX BOJ| TPUCYTCTBYIOT B pACTBOPE KaK B BUJE MPOCTHIX YACTHI]
(MOHOB, MOJIEKYI), TAK U B BUJE ACCOLIMATOB MJIM KOMIUIEKCHBIX COCIMHEHNN PA3JIMYHON CTENICHU
CJIO’)KHOCTH.

Hanpumep, B Bojie, copep kaieii cyab(arsl 1 KapOOHATHI Kalblys 1 Maraus, kpome Ca? ', Mg*",
HCO, , CO,*, SO,* 6ynyr npucyrcreosars CaCO,’, MgCO,’ , CaHCO,", MgHCO,", CaSO,’,
MgSO,°.

Oco0eHHO CYIIECTBEHHOE 3HAYCHUE 1T XUMHUUECKOTO COCTaBa MOJA3EMHBIX BOJI UMEIOT
komIuiekchl Fe n Al, psiga MeTaiioB — MUKPOKOMIOHEHTOB, (pocdaros, F~ u mp.



Komnnexcoobpazoearue CTAMYIAPYET NPOLECC PACTBOPECHUH,
IIOCKOJIbKY B IPHUCYTCTBUM AaHMOHOB U KATUOHOB, KOMILIEKCYIOIIUXCS C
KOMIIOHEHTaMH pacTBOPSEMOI0 BEIIECTBA, PACTBOPUMOCTh U CKOPOCTH
PACTBOPEHUS MOCICIHETO YBEIMYMBAKOTCHL.

Brigenenre BeMIECTB U3 MPUPOIHBIX PACTBOPOB B TBEPAYIO (hazy
IPUBOAUT K CHHXKECHMIO MX KOHIIEHTPAIMU B PACTBOPE, N3MECHEHUIO
€ro COCTaBa U SIBJISICTCSI MPUUYUHONM YMEHBILIECHUS ITOPOBOIO
IPOCTPAHCTBA TOPHBIX Mopo. [Ipupoaa sBiIeHNH, BBI3bIBAIOIINX
BBIJICJICHUE TBEPI0M (ha3bl, MOKET OBITH pa3IMYHA. DTO IMPEKAEC BCErO
KOHIICHTPHUPOBAHUE MPUPOIHBIX PACTBOPOB (BILIOTH 10 COCTOSHUS
HACBIIICHHUS ) 32 CYET JOTOIHUTEIBHOIO MOCTYIICHUS BEIIECTBA WU
BBIBOJA U3 CUCTEMBI pACTBOPUTENS — BOMBI, 4 TAKKE HECOBMECTUMOCTD
COCTaBa CMEIIMBAIOIIUXCS TPUPOIHBIX PACTBOPOB.



Pe3ynbrarsl KOHIEHTPHUPOBAHUS 34 CUET MOCTYIIJIEHUST BENIECTBA HAanOOJIee
APKO TIPOSIBIISIFOTCS. B PACTBOPAX, COAEPKAIIUX OTHOCUTEIIBLHO
C1a00PaCTBOPUMBIE COCTUHEHNST — KapOOHAThI KAJIBIIUS U MarHus,

CyJab(aThl KaJablMs, KOHIIEHTPAIIUS HACBIIIEHUS KOTOPBIMHA IPUPOIHBIX BOJI
MOXET OBITh JOCTUTHYTA JIOBOJIBHO OBICTPO B MPOIIECCE B3aUMOICHCTBHUS BOJIBI
M COOTBETCTBYIOIIECH MOPOAbI (M3BECTHSIKA, JOJIOMHUTA, TUIICA, AHTUIPUTA).
OnHako, Kak y»Ke€ TOBOPWIOCH, B YCIIOBUSX CTUMYJISILIUM PACTBOPEHHUS 34 CUET
KOMIIJIEKCOO0pa30BaHusl, MOCTYIJICHHs ra3oB (Hampumep, CO,
OMOXMMHUYECKOTO UM MHOTO FEHE3UCA), a TAKKE NMPU U3MEHEHUH TEMIIEPATYPHI
U JIABJICHUS PACTBOPHUMOCTD PA3JIMYHBIX COEAUHEHUN CYIIECTBEHHO MEHSETCS U
HE COOTBETCTBYET TAKOBOW B IUCTUILIUPOBAHHOM BOJI€. COOTBETCTBEHHO
U3MEHSIOTCS U BEJIMYMHBI KOHIEHTPALUK BEIIECTB, ITPU KOTOPBIX HAUMHAETCS
UX KPUCTAJIA3ALHUS.

bouiblas rpyrra npoueccoB BbIBEICHUS BEIIECTBA U3 MPUPOAHBIX PACTBOPOB B
TBEPAYIO (Pazy CBA3aHa C KOHIIEHTPUPOBAHUEM U MEPEHACHIIIIEHUEM PACTBOPOB
[IPU YAAJICHUN "'PACTBOPUTEINSA', T.€. MOJIEKYJI BOJIbL. B IPUPOJHBIX YCIOBUSIX
3TOT MEXAHU3M MOXKET OBITh PA3JIUYCH:

"ICITAaPEHUE,

"BEIMOPA’KMBAHHUE,

"TUAPOJIU3.



Hcnapenue — oJIMH U3 BAXHEUIINX NPOLIECCOB (POPMUPOBAHUSI XUMHUUYECKOTO COCTaBa
IPYHTOBBIX BOJI B apUIAHBIX 00JIACTSIX, I7I€ OHO BBI3HIBAET KOHTUHEHTAIBLHOE 3aCOJICHHUE.
['maporeoXuMuYeCcKue CIEACTBUS UCIAPUTEIbHBIX MPOLIECCOB OMPEAEISAIOTCI COCTABOM
UCXoHOU BoApbl. [1o monenmn Xapan—O3rcerepa, KOTopas OCHOBaHA Ha KOHIIEIIIIMYA XUMHAYECKOTO
pazzieNieHus], IPEANnoaaraeTcs, YTo MPU OCAXKIECHUM U3 PACTBOpPA OMHAPHON COJIM O] BIUSIHUEM
UCIIAPEHUS B PACTBOPE YBEIUYUBAETCS COJIEPKAHUE HOHA, IPUCYTCTBOBABIIIETO B HEM
M3Ha4YaJIbHO B 00JIe€ BHICOKON OTHOCUTEIHLHOM KOHIICHTPAIIUHU, U CHUXKAETCS COJIEPKAHUE

MOHA, MPUCYTCTBOBABIIETO B OTHOCUTEILHO MEHBILIEH KOHIEHTPAIUH.

Hcxons 3 3TOro npu UCMapeHur rPyHTOBBIX BOJ, XapaKTEPU3YIOIIUXCSI COOTHOIIEHUEM (MMOJIb)
HCO," + 2CO32' >2Ca’", o Mepe 10CTHKEHUS TIPOM3BEICHUS PACTBOPUMOCTH M OCaKICHUS
KaJbIUTa, a TAKXKE, BO3MOXKHO, cenmonura MgSi,O, (OH), u nonomura, cocras pacTsopa
JOJDKEH TpaHC(OPMHUPOBATHCS B MIEIOYHOM, THAPOKAPOOHATHBIN HATPUEBBIM C 00JIEe BHICOKOM,
YeM UCXO/IHAsl, MUHEpaIn3aluei.

Takum oOpazoM 00pa3yroTcsi TPyHTOBBIE BOABI COAOBOTO cocTapa. JlanbpHelmas Tpanchopmanus
COCTaBa MPOUCXOJUT 3a CUET BbIMAACHUS B 0CaAO0K rurica. [Ipu 3ToM ecinu KoHUEHTpauus
KaJIbIIUS, OCTABIIIETOCS MOCJIE OCAXKIACHUS KaJIblIUTa, HUKE, YeM KOHIIEHTpallUsl Cyib(ar-uoHa,
B COCTaBE pacTBOpa OyayT MpeodiiaaTh cyab(aThl U XJIOPUAbl HATPUSI U MAarHus, €CJIU BBIIIE —
paccou OyJIeT ColiepKaTh XJIOPUJIbl HATPUS, KAIbIUA U Maraus. Tak popMUpyIOTCS ITUPOKO
pacrnpoCTpaHEHHBIE THAPOKAPOOHATHO-CYIb(haTHbBIC, CYIh()ATHO-XJTOPUIHBIC U XJTOPUIHBIC
HaTPHEBBIC 1 MAarHUEBO-HATPHUEBBIC BOALI ¢ MuHEepanmu3aiueit 7o 10 r/n u 6onee. I1pu
coorHomennn HCO, + 2CO32+ < 2C a*" pacTBOp nocie 0caxaeHUs Kalbl1Ta
TpaHCHOPMUPYETCS B MMOYTH HEUTPaATIbHBIN CYIb(aTHBIN U XJIOPHUIHBIN 00JI€€ BHICOKOH
MUHEpaIU3aIU C TIOCIASAYIONICH ele OoMbIel ero KOHIEHTPaIueH.



NHOM CTaIMHHOCTBIO XapaKTEPU3YETCA MIPOLIECC UCTITAPEHNUS MOPCKUX BOJ, TAK
Ha3bIBAEMBIN 2anoceHe3 — (OPMUPOBAHNE TAUTOTEHHBIX OCAJIKOB B MPOIIECCE
KOHIIEHTPHUPOBAHUS paCCOJIOB IO/ BIUSHUEM HCHAPEHUS B OTKPBITHIX OacCceiHax.
HecMoTps Ha TO 4TO rajgoreHes — 3To MPOIECC, MMPOUCXOAAIAN HA ITIOBEPXHOCTH
3eMJIM (B JIaryHaX, COJICHBIX 03€pax, JJUMaHax | JIp.), OH MPEICTABIISIET
MPUHLIUIIHAIIBHBIN UHTEPEC ISl TUAPOTCOXUMU U, IOCKOJIIbKY UMEHHO MPOLECCAMU T1a-
JeorajioreHesa 1 nocjaeaypllei Metamopduzanuei ¢ O0JbIION J01ei BEpOITHOCTH
MOXET OBITh 00BSCHEH T€HE3UC COCTaBa INTyOOKO3aJIeratoIux
BBICOKOMUHEPAIIN30BAHHBIX MMOI3EMHBIX BO/I.

["anorenes xapakTepusyeTcsi CTaIMMHOCTBIO, KOTOPAS ONPEACIISIETCA PACTBOPUMOCTHIO
pa3IMYHBIX COEAUHEHUN. Hanmprumep, B Mpo1ecce KOHIEHTPUPOBAHUS MOPCKOU BO/IbI
[P JOCTUKEHUM OIPEACIICHHBIX BEJIMYMH €€ MUHEPATU3ALUN TTOCIEN0BATEIIBHO
BBINAJIAOT B 0CaA0K KapOOHAThI, THIIC, TaIUT, arcoMuT (MgSO Y HZO) , CHJIbBUH
(KC1), kapaammur (KC1 « MgCl, « 6H,0) , butmopur (MgCl, » 6H,0 ).

[Ipu 5TOM OCTaTOUYHBIN PACTBOP BCE 00JI€€ KOHIIEHTPUPYETCA 3a CUET COJIEH ¢ Ooiee
BBICOKOW pacTBOpUMOCTHIO. Ha nmocneanei (Tak Ha3pIBa€MOM SBTOHHUYECKON) CTaIUU
KOHLEHTPUPOBAHUS MOPCKOM BOABI PACCOJI UMEET XIJIOPUIHBIA MArHUEBBIA COCTAB U
MUHepanu3anuio oosee 440 r/.



Kpuoeennoe konyenmpuposanue (8vimopasxcusanue) — Mpouecc, XapaKTePHbIN JIJIs TOA3EMHBIX
BOJI 30HBI Pa3BUTHS MEP3JIOTHI, 0OCOOCHHO B CJI0€ CE30HHOTO MPOMEpP3aHUsI—IIPOTAUBAHUS.
MeHee 3aMeTHBI MPOSIBJICHHS €T0 B HEMEP3JIOTHBIX pailoHaX MPU CE30HHOM MPOMEP3AHUHU.
CocrtaB c1abOMUHEPaTN30BaHHBIX TPYHTOBBIX BOJ TYHAPOBOWH TaeKHOM 30H YaCTO
OTIPEIENACTCS COMCPKAHNEM 3HAYUTENBHBIX KommuecTs (10 80 mr/i u 6onee) H,SiO, B uCTHHHO
pPacTBOPEHHOW U YaCTUYHO KOoJuIouIHOM popMme. ['eHe3uc ee cBsizaH ¢ mpoieccamu
BBIMOPaXUBAHUS BOJ U3 MOPOJI, KOTOPBIE CITIOCOOCTBYIOT MEPEBOY YPE3BbIYANHO
TPYIHOPACTBOPUMBIX KpHCTAITHIECKUX (hopm Si0O, B Boiee pacTBOPUMYIO — aMOPhHYIO.
[losTromy, B yactHoCTH, conepkanue H,SiO, B ipobax, 0TOOpaHHBIX B HAYAIIE JICTA, B TIEPHOJL
MHTEHCUBHOIO TasiHUSA, CYIIECTBEHHO BHIIIE, YeM B 00Jiee MO3HUX ITPOOax.

CoBMeCTHOE BO3/ICICTBHE MPOIIECCOB UCTIAPEHUS U BBIMOPAKUBAHUS Ha COCTAB MPUPOAHBIX
pPacTBOPOB MOXKHO HAOJIIO/IaTh HA MIOBEPXHOCTSIX MHOTOJICTHUX HaJleAeH, TJ€ CKaIJIUBACTCA
O€JIbIH, KENTOBAThIN, CEPOBATHIN MOPOIIKOOOPA3HBIN HAJIET COJIEH — HAUMEHEE PACTBOPUMBIX
B IIPUPOJIHBIX BOJIAX JaHHOTO perroHa coexunenuii (Si0, ; CaCO, ; CaSO, « 2H,0) .

Kpome Toro, mpu KpuOreHHOM KOHIIEHTPUPOBAHUHU PACTBOPA BMECTE C 00pa30BaHUEM JibJa
IPOUCXOIUT POpMHUPOBAHUE TBEPJOH (ha3bl TEX COCTUHEHUHN, TPOU3BEICHUE PACTBOPUMOCTH
KOTOPBIX IOCTUTAETCS MIPU JaHHOM TeMmeparype. M3 npecHbIX BOJI BBINAIAIOT B 0CAI0K
CHUJTMKATHI M KapOOHATHI KaJIbIIHs, 3aTEM MarHMs, U3 COJICHBIX — CYIb(aThl KAIbIUS U HATPHSL.
Takum oOpazoM, B pacTBOpe HAUMHAIOT MIPE00IIa1aTh THAPOKAPOOHATHI HATPHUS (COAOBBIC
IOJIMEP3JI0THBIC BOJIBI), CYNIb(haThl M XJIOPUILI Maraus 1 HaTpus. Kpome Toro, ycTaHOBIICHO,
YTO Tajias Boja o01agaeT 0ojiee BRICOKOM PaCTBOPSIOIICH aKTUBHOCTBIO.



Bovicanusanue — mpornecc BbIBEACHUS KOMIIOHEHTA U3 pacTBOpa MpHU
CMEILIEHUN €r0 C APYTMM PACTBOPOM, COAEPKAIIMM OJHOMMEHHBIN HOH.
Harnpumep, npu CMEIMEHUN PAaCTBOPOB, COACPKAIIMUX XIIOPHUIbI
IEJIOYHBIX U IIEJIOYHO3eMENIbHBIX MeTal1oB, NaCl MoKeT BbIllagaTh B
0CaJIOK IPH KOHIIEHTPALIMHA B PACTBOPE, 3HAYUTEIILHO MEHBIIIEH, YEM
KOHIICHTPAIMs €T0 HACBIIECHUSA ITPU JAHHBIX TEMIIEPATYPE U TaBJICHUU
B IMCTUJIMPOBAHHOM Boje. TakuM 00pa3oM, BHICAIMBAHUE MOYKHO
paccMarpuBaTh Kak MPOIECC, CIOCOOCTBYIOIIMNA OCAKICHUIO BEIIECTBA
M3 pacTBOpA.

BaXHbIM CJIEICTBUEM PACCMOTPEHHBIX, A TAKKE HEKOTOPBIX APYTHUX
IIPOIIECCOB BBIBOJIA BEIIECTB U3 MOA3EMHBIX PACTBOPOB ABJISICTCS

(b OpMHUPOBAHKE B TOJIIIE TOPHBIX MOPO]I TAK HA3bIBAEMBIX
2eOXUMUYECKUX Oapbep08 — YUACTKOB KOHILICHTPAIIUM T€X WU UHBIX
3JIEMEHTOB, MAPKUPYIOIIUX 30HBI KOHTAKTa MEXKIY Y4aCTKaMH pa3pesa C
Pa3JIMYHBIMU F'€OXUMHUYECKUMHU U THAPOTr€OXUMHUYECCKUMU YCIOBUSIMU.



CopbyuonHnvle npoyeccsbt TEPMOJUHAMUYECKU 00YCIOBIICHBI
CTPEMJICHUEM CUCTEMbI K MUHUMYMY SHEPIMH CBOOOIHOM MOBEPXHOCTHU
Y BBIPA’KAIOTCSI B KOMIICHCAILIMK COPOMPYEMBIMH U3 PACTBOPA
KOMIIOHCHTaMH HEHACBHIIICHHBIX BAJICHTHBIX CBA3€M TBEPAOH (ha3bl C
0o0pa3oBaHKMEM HOBOI'O BEIIECTBA (xemocopbyus) Uiand ¢ COXpaHECHUEM
XMMHYECKOM MHIUBUIYAIbHOCTH COpOEHTa U copOara (guzuueckas
copbyus).

JI1 hu3nyeckor COpOIMU XapaKTEPHO YCTAHOBICHUE JUHAMUYECKOIO
PaBHOBECHSI MEXK Y MpolleccaMu aJcopOIMH U I€COPOIINH, TaK
Ha3bIBA€MOE COPOIIMOHHOE PABHOBECHE, KOTOPOE MPH HEM3MEHHBIX
yCIOBHUSX (TeMIiepaTypa, JaBieHHEe, KOHLIEHTPAIIUI PacTBOPa) MOXKET
CYIIECTBOBATh CKOJIb YTOJHO JOJI0. XeMOCOPOLUS B OTIAUYHE OT
(bHu3nYECKOM, KaK MpaBUI0, HeoOpaTUMa.



Macmitadbl COpOIMOHHBIX MPOIECCOB KPOME MPUPOIBI (3apsiaa,
paJnyca MOHA U JIp.) BEIIECTBA ONPEACIISIIOTCS BEIUUYNHON TOBEPXHOCTH
pazaena (a3, HOATOMY HAWITYYIIMMH COPOIIMOHHBIMUA CBOMCTBAMU
XapaKTEPU3YIOTCS BBICOKOUCIIEPCHBIE MOPO/Ibl, MUHEPAJILHBIC 1
OPraHUYECKHUE KOJUTOUABI. DTO MPEXKAE BCETO NIMHUCTHIE MUHEPAJIBI:
KAOJIMHUT, TAJJTya3uT, MOHTMOPHJIJIOHUT U APYTHE; CBEKEOCAKICHHBIC
KOJUIOMIHBIE OCAJIKW, HAIIpPUMEP TUIAPOOKKCH JKeJle3a, aTFOMUHUA,

reJIM KPEMHHUEBOM KHCIIOThI; OPraHUYECKHE KOJUIOU b, [NIABHBIM
00pa3oM ryMmyc. boJIbIIIMHCTBO YKa3aHHBIX BEIIECTB XapaKTEPU3YIOTCS
OTpHULIATEIbHBIM 3apsJI0OM YaCTHII U, CJIE€I0BATEIIbHO, COPOUPYIOT
KaTHOHBI.

CopO1usi aHHOHOB BO3MOXKHA, HO M3y4eHa cl1a00. M3BecTHO, 4TO
COpOMpOBaTh AaHMOHBI MOT'YT HEKOTOPhIE INIMHUCThIC MUHEPAIII,

anatuT U gpyrue @ocdarsl (ipu t> 100°C), moneBbIe MIIIAThI, CIFOIHI.
Kpome Toro, B KOHTaKTE ¢ KOHIICHTPUPOBAHHBIMU XJIOPHIHBIMU
pPacTBOpAMH TJIMHBI MOTYT UMETh HE OTPHULIATEIbHBIN, a TTOJI0KUTEIbHBIN
3apsi]l M COpOUPOBATh TaKKE aHUOHKI, Kak B, J, F.



CopO1oHHas CIIOCOOHOCTH (MJIM SHEPTUS MOTJIONIEHUS ) KATUOHOB TEM BBIIIEC, YEM
HIDKE UX SHEprud ruaparanuu. [loaToMy no copOIIMOHHOM CIIOCOOHOCTH KaTHOHBI
obpasyror crenyrommue pazbl (mo K.K. Fexpoiiny ) : Li" <Na"<H"<NH,<K";
Mg2+< C a2t <SP2* < Ba2' : AP < Fe3* :

a JIId Pa3HO3apsIHBIX KaTHOHOB: Me' < Me?" < Me’", T.e.

YeM MEHBIIIE 3apsijl KaTHOHA, TEM Xy»Ke OH copoupyeTrcs. OQHaKo CIEAyeT OTMETHUTD,
YTO CYyIIECTBYIOT OTKJIOHEHHS OT YKa3aHHOW 3aKOHOMEPHOCTH, CBSI3aHHBIE,
[IO-BUJUMOMY, C SIBICHUEM CEJICKTUBHOCTH PA3JIMYHBIX BEIIECTB K COPOLIMU OHOTO 1
TOT'O K€ KaTHOHa.

CopOI1MOHHBIE MPOIECCHI MOTYT OKa3bIBATh CYIIIECTBEHHOE BIMSIHUE HA XUMUYECKUI
COCTaB MOA3EMHBIX BOJ, 0OCOOCHHO CBSI3aHHBIX C BRICOKOAUCIIEPCHBIMU MOPOJIAMHU,
CHIDKas (COpOIrs) UiId YBEJINYMBas (1eCOpOIIMs) MUHEPATHU3ALMIO U B HEKOTOPBIX
ciayy4asx BenuuuHy pH.

OueBUIHO, YTO UBMEHEHHMS B COCTABE MOJA3EMHBIX BOJI MO/ BIMSIHUEM COPOLIMHU
Han00JIEE 3HAYUTEIbHBI B CITy4YasiX HApYILICHUS CyIIECTBYIOIIETO B CUCTEME
BOJIa—II0pOJia COPOIIMOHHOTO paBHOBECHS (HapuMep, Py N3MEHEHUH
TUIPOIMHAMUYCCKHUX HIIH THAPOTCOXUMHUUYSCKHUX YCIIOBHN) B 3aTyXalo0T 110 Mepe
HACBIIIECHUS COPOIIMOHHOM €MKOCTH HOpoAbl. IIporHo3 copOLIMOHHBIX MPOIECCOB UMEET
BAKHOE 3HAYCHHUE ITPH OLICHKE BO3MOKHOCTEH "'CaMOOYHIICHHUS'" 3arpsi3HEHHBIX
MOA3EMHBIX BOJ IIpU (DHIIBTPALIMU YepPEe3 BEICOKOAUCIICPCHBIC MOPOIHI.



Honnwit 06mern — npoliecc, TECHO CBSI3aHHBIN ¢ copOLKeil U 00yCIOBICHHBIN pa3anyueM
XUMUYECKUX MTOTEHIIMAIIOB HOHOB pacTBOpa U TBEPAOM (asbl ¢ aicOPOMPOBAHHBIMU €0 HOHAMH.
KonnuecTBo ancopOrpoBaHHBIX MOHOB (Ha MOBEPXHOCTH U B MEXKIIAKETHBIX MTPOCTPAHCTBAX
IJIMHUCTBIX MUHEPAJIOB), BhIpa’keHHOE B MI-3KB/100 T cyxoif mopobl uiu B % OT Beca CyXoro
BEIIIECTBA, HA3BIBAKOT EMKOCTBIO MOITIOMICHUA. B 3aBUCMMOCTH OT KaU€CTBEHHOTO COCTaBa
(3HEpruM MOmIONIEHHUSI) aICOPOUPOBAHHBIX MOHOB, BEIMUYMHBI EMKOCTH MOTJIOIIECHUS TTOPOIBI, a
TaK)X€ OT COCTaBa M KOHIIEHTPAIIMU KOMIIOHEHTOB PACTBOpa COCTaB OOMEHHBIX MOHOB (TakK
Ha3bIBA€MbIM TOTJIOIICHHBIM I HOHOOOMEHHBIN KOMILJIEKC) OJHOM U TOM K€ IMOPOIAbI MOXKET
OBITh pa3IMYHBIM. B 00111eM cilydae peakiiui 0OMeHa UayT CaMOIIPOU3BOJIBHO B CTOPOHY
BBITECHEHHUS HUOHOB C HU3KOW SHEPruei MOmIONIEHNs HOHAMU ¢ 00Jiee BRICOKOW dHEpruei
noromenys. Tak, I KaTHOHOB B COOTBETCTBUH ¢ «psaxamu enpoiina» Al° *pacteopa
JIOJKEH BBITECHATH agcopbuposannslie Ca’ ™, Mg?* | K™ ; Ca®" pacTBopa — COOTBETCTBEHHO
Mg?*, K", Na*; Mg®* pacteopa — K*, Na™ .

Taknm 06pasom, npu uHUIbTpanuu npecHbix HCO,—Ca Box B TOJIITy 3aCONEHHBIX [IHH
BO3MOYKHBI 1epexo Na ~ B pacTBoOp U (pOpMUpPOBAHHE HCO, — Na Box.

[TornomeHHbIi KOMIUIEKC IJIMH MPU 3TOM 000TaIaeTcsi KaablUeM:

Ca* (p-p) + 2Na* (mx.) <« 2Na ™ (p-p) + Ca*" (.x.).



OueBUIHO, YTO MPOILIECCHI HOHHOTO 0OMEHA JIOJKHBI OBITH HAN0O0JIE€€ Pa3BUTHI B CAMOM
BEPXHEN YaCTHU TMAPOTECOJIOTHYECKOTO pa3pesa, rie MOHOOOMEHHAs CIIOCOOHOCTh
TOPHBIX TTOPOJ MOCTOSIHHO MOJIEPKUBACTCSA M BO30OOHOBIISIETCA Oj1aroaaps mpoieccam
MEXaHUYECKOI0 M XMMHUYECKOI0 BHIBETPUBAHUS, CIIOCOOCTBYIOIIMM JAUCIIEPTraliiu

1 KOJII0M1000pa3zoBanuto. Kpome Toro, /jist 310 30HbI (CBOOOHOIO BOJOOOMEHA)
XapaKTEePHbI CIIA00MHUHEPAITM30BAHHBIC BOJIbI, KOHIIEHTPAIMSI KOMIIOHEHTOB B KOTOPBIX
COM3MEpPHUMA C EMKOCTBIO ITOMIOIICHUS TOPHBIX TOPoA. MUHEpalibl IIIMH B 3TUX
YCJIOBUAX HECYT OTPULIATEIBHBIN 3apsiJl, YTO CTUMYJIUPYET OOMEH KaTnoHOB. ClienyeT
OTMETHUTbh, YTO UMEHHO JIJIsl ’TOM 30HBI Ha yYaCTKaxX pa3rpy3KH, B OOJOTHBIX
naHama@Tax U B yCJIOBHUSX IPOMBIIIJIEHHOTO 3arpsi3HEHUS XapaKTEPHbI MPOIECChI
00pa30BaHMs CBEKUX KOJJIOMIHBIX OCAJIKOB, B IIEPBYIO OUEPEIb THAPOOKHUCH KeETe3a,
aJIOMUHUSI, MApraHiia, a B MEP3JI0THBIX JJaHAIa(TaxX, KPOME TOTO, relisi KpEMHUEBON
kucaoThl. [To C P . KpaiiHeBy, ruIpOOKHCIIBI B IIEJIOYHOM Cpeie COPOUPYIOT KAaTUOHBI, a
B KHCJIOM — QHUOHBI U, CIIE0BATEILHO, MOTYT CIIOCOOCTBOBAaTh KAK aHUOHHOMY,

TaK U KATHOHHOMY OOMEHY.

B npupoHbIX yCIOBHUSX MPOLIECC MOHHOTO 0OMEHA B YMCTOM BHUE HAOIIOAAETCS
CPaBHUTEIBHO PEAKO, OOBIMHO OH COMPSIAKEH C APYTUMU (COPOITMOHHBIMU,

1 Gy3nOHHBIMH, OCMOTHYCCKAMU) IIPOIIECCAMU, XapaKTEPHBIMH IS
C1a00MPOHUIIAEMBIX HOPO/I.



[ uoponuz. OCoOOEHHOCTBIO PACTBOPEHUS HEKOTOPBIX MPUPOTHBIX
MUHEPAIBHBIX COCIMHEHUN, U B YACTHOCTHU TAKUX IIUPOKO
pacnpOCTPaHEHHBIX, KaK CUJIMKATHI, SIBISETCS (POPMUPOBAHUE HA
PACTBOPSIOIIEHCSA TOBEPXHOCTH TNIEHKU BTOPUYHBIX PYIHOPACTBOPUMBIX
COCIMHECHUH (TaK Ha3bIBAEMOW MHKOHTPYIHTHOW 000JIOUKH),
NPENsATCTBYIONMICH AajdbHEUIIEMY pacTBOopeHnt0. Hanbonee
PACIIPOCTPAHECHHBIM IPUPOIHBIM MPOLIECCOM, JIJISI KOTOPOT'O 3TO
XapAKTEPHO, SIBJIISIETCSA TUAPOIIN3 CUITMKATHBIX U AJTFOMOCUIINKATHBIX
MHUHEPAJIIOB. DTOT MPOLIECC UMEET BAXKHEUIIIEE 3HAYECHUE IS
(bOpMHUPOBaHHUS KOPbI BBIBETPUBAHUS KPHUCTAIUNIMYECKUX MMOPOJI K COCTABA
TPEIIMHHBIX BOJI TOPHO-CKJIAYaThIX 00JaCTEel THAPOre0I0rnY€CKUX
MaCCHUBOB. | aposin3 — peakuus

mexy nonamMu H™ 1 OH™ Bogsl 1 moHam# (3JIEMEHTAMM, aCCOLIMATAMH)
PacTBOPSIEMOTO0 MUHEPAIHLHOI'O BEIIECTBA C 00Opa30BaHUEM
CI1a00MCCOMUPYIOIINX COCIMHEHUN 1 N3MEeHEeHnEM pH npupoaHbIX
PacTBOPOB.



B cucreme, coaeprkalineii aHMOHbI CIa0bIX KUCIIOT (H3SiO e CO32',
HCO3' , HS™ ) 1 kaTHOHBI CUJIBHBIX OCHOBAHMUM, UAET THAPOJIN3 AaHUOHOB
CO CBS3bIBAHUEM IPOTOHA. Hampumep:

HCO, + H,0 «> HCO, + H" + OH +» H,CO, + OH"

HS "+ H,O < HS + H + OH « H, S+ OH.".

[Ipu 3ToM pH pactBOpa noBeIIaeTCA.

['maposin3 KaTHOHOB MPOUCXOIUT, €CIIM B PACTBOPE IMTPUCYTCTBYIOT
AHUOHBI CUJIBHBIX KMCJIOT, SJIEMEHTHI, 00pa3yolrue TPyAHOPACTBOPHUMEBIEC
TUJIPOOKHUCH, UJIM KaTHOHBI — CUJIbHBIE KOMILIEKCOOOpa30BaTeIn

(Fe’™, A1°):

Fe’*+3 H,0 < Fe’" +3H" + 30H < Fe(OH), F3H".

pH pacTBopa nmoHmxaercs.



B ipupoAHBIX YCIOBUSIX W30IAPOBAHHBIE MPOIECCHI THAPOIN3a
KaTMOHOB U aHHOHOB HAOJIOAAIOTCS YPE3BbIYAMHO PEIKO, ITOCKOIBKY
IPUPOJIHBIE PACTBOPHI OOBIYHO MHOTOKOMIIOHEHTHBI M COJIEP>KaT aHHOHBI
KaK CIa0bIX, TaK U CUJIbHBIX OCHOBAHUM 1 PA3JIMYHbIC KATUOHBI.
VYKa3aHHBIE BBIIIE PEAKIIAM ITPOTEKAOT OJJTHOBPEMEHHO, U pH pacTtBOpa
ONPENCIACTCS B KOHEYHOM CUETE COOTHOIIIEHUEM KOHCTAHT
JIYCCOLMALIMKA BHOBb OOpa30BaHHBIX KUCIOT U OCHOBAHUH.
AJTFOMOCHUJIMKAaTHBIE MUHEPAJIBI B IIPOLIECCE THAPOJIN3a MEJICHHO
pazjararoTcs BoAoM ¢ 00pa30BaHUEM BTOPUYHBIX TJIMHUCTHIX MUHEPAJIOB
(KaOJIMHWUTA, MOHTMOPWJJIOHUTA U JIp.), IPUYEM IO MEpE 00pa3oBaHUs
MHKOHTPYSHTHOM 000JIOUKH MPOIIECC MOCTEIEHHO 3aryXacT. B
PUPOAHBIX YCIOBHUAX B 30HE THIIEPTreHe3a JAITBHEUIIIEE PACTBOPEHUE
MOYKET IIPOUCXOAUTH TOJIBKO IPU YAAJICHUH 000JI0YKH MEXaHUYECKUM
MyTEM WJIA B IPOLIECCE CONPSIKECHHBIX XUMHAYECKUX PEAKIIHH.



Jughghyzus 6 cuopoceoxumuu — 3TO IPOLIECC MEepepacpeiCICHUS BEIIECTBA B
PUPOIHBIX PACTBOPaAX MM B CUCTEME ""BOa—TIOpOa« MO/ BIUSHUEM
rpajiieHTa XMMUYECKOTo MoTeHIMana. [Ipyu Hanu4uu B CJIOUCTOM CUCTEME
Pa3HOCTH XUMHUYECKUX MOTEHIIMATIOB KAKOTO-JIMO0 KOMIIOHEHTA (Harpumep,
paznuuue coaepxkannit C1° B BOOHOCHBIX ropu3oHTax [ u II, pa3zmeneHHbIx
IJIMHUCTBHIM CJI0€M) BO3HUKAET HalpaBiIeHHbIN AU (PY3HOHHBIN TOTOK Yepe3
pa3IeIIsIIoIIMi CJI0M IIMH U3 ropu3oHTa I ¢ 00Jiee BHICOKMM XHUMHUYECKUM
MOTEHIIMAJIOM 3TOTO KOMIIOHEHTAa K TOPU30HTY Il ¢ MEHBIIIUM €r0 3HAYCHHUEM.
B BOJIOHOCHBIX M CJIA00MPOHUIIAEMBIX OTJIOKEHUSIX, TPAaHUYAIIHX C
rajJOreHHBIMHU TOJIIIAMHM, TAK)KE CYIIECTBYIOT I'PaAUEHThl XUMUYECKUX
MOTEHITMAJIOB U, CJIeI0BaTEIbHO, MM Py3MOHHbIE NOTOKHU. [IprBecHHBIE
CXEMBI SBJIAIOTCS €/Ba JIU HE CAMBbIMU TUITUYHBIMU IIPUMEpPaMHU

a1 hy3MOHHBIX TPOIIECCOB B MPUPOIHBIX THAPOTCOXMMHUYECKUX CUCTEMAX.
HexoTopsie uccienoBarein cuuTaroT Auddy3uro onpeaesroiiuM IPoIeccoM B
(dbopMHUpPOBaHUH COCTaBa NTYOOKUX BHICOKOMUHEPAIN30BAHHBIX BO/I,
T€HETUYECKH CBS3bIBas UX C JPEBHUMM TaJIOTEHHBIMH TOJIIIAMH.



B ruaporeoxuMmnyeCcKon JUTEPATYPE YaCTO BCTPEYAETCA TEPMUH
"oughyzuonnoe sviuienavusanue”, 1o KOTOPLIM NOHUMAIOT OUGhy3uro
KOMITOHEHTA U3 TTOPOBBIX PACTBOPOB INIMHUCTHIX MOPO/I O] BIUSIHUEM
rpagdeHTa KoueHTpauui. Jnddy3noHHOE BhIICIaYMBAaHUE TJIMH
BO3MOYKHO B T€X CJIy4asix, KOrja rpaJIu€HT KOHIICHTpaLui 00yCIIOBJICH
MEHBIIIUM COACPKAHUEM KOMIIOHEHTAa B KOHBEKTUBHOM MOTOKE, T.€. B
BOJIOHOCHOM TOPU30HTE, KOHTAKTUPYIOIIEM C [TIMHAMM, UJIA B
MaKpomnopax caMux INIuH. Takum 00pa3oM, 3a cHeT TUPPy3ur MOKET
MPOUCXOJNUTH PACCOJICHUE INIMH C U3MEHEHHUEM COCTaBa UX
MOMIOIIEHHOI0 KOMILIEKCa. BO3MOXXeH u 00paTHBIN IIPOIECC —

1 Py3n0OHHOE 3aCOJICHUE TJIMH, XapaKTepHOE ISl apUIHBIX 00JIacTEeM.
B nipupoiHbIX yCI0BUSIX AUP y3Usi OOBIYHO SIBJISETCS COCTABHOM
YaCThIO CII0KHOTO KOMILJIEKCA TUAPOTr€OXUMHUYSCKHUX IIPOIISCCOB B
CIa0OMPOHUIIAEMBIX MTOPOJIaX, 3aBUCAIINX TAKKE OT 0COOCHHOCTEH
TUAPOAMHAMUYECKUX YCIOBUM (COOTHOIICHUS (DMIBTPAIIN U

i@ dy3un) npu nporecce "mepeTeKkanus’.



JI711 OLleHKH OTHOCHUTEIBbHOM POJIM KOHBEKTUBHOU U JU(D(HY3HMOHHOM
COCTaBJISIIONINX MOTOKA IpUMEHSIOT uyncio Ilekie (Pe):

Vi
D

Pe =

rae V— ckopocmwv hunempayuu, cm/c; | — paccmosinue, cm,

D — xoagppuyuenm ougpghyzuu, XapakTepu3yronui CiocoOOHOCTh BEIECTBA K
POHUKHOBEHHIO TU(P(DY3MOHHBIM ITYyTEM B HHYIO HEMOJIBMIKHYIO CpEly U
NpeCTaBISAIONHNA co00l (pU3NYECKYI0 KOHCTAHTY, CM2/C.

Cuwurarot, uto npu Pe < 0,05 pacnpenenenne KOMIIOHEHTA B CUCTEME
ONPEEIISIETCS TOJIBKO MOJICKYJIIPHON 1 y3ueH,

pu Pe > 10 — TOJNBKO KOHBEKIIUEN.

[IpoMeKyTOYHBIE 3HAUCHUS XapAKTEPU3YIOT KOHBEKTUBHO-IU((PY3MOHHBIN
nepeHoc. O4eBUAHO, YTO (POPMHUPOBAHNE XMMHUUYECKOIO COCTaBa I10J3€MHbBIX
BOJI [NIABHBIM 00pa30oM 110/ BIUSHUEM AU(P(PY3HOHHBIX IIPOIECCOB XapaKTEPHO
JUIS1 DJIEMEHTOB THAPOTE€0JIOTMYECKOI0 pa3pe3a ¢ «MaJIbIMU» CKOPOCTIMHU
JBMKEHHMS TTOJ3EMHBIX BOJ (30HA 3aTPYAHEHHOTO BOJIOOOMEHA, INIMHUCTHIC
TOJIIIIH, TaJOTCHHBIC TTOPOIBI U JP. ).



I'uapoduoxumMmuYecKue nNpouecchl

AKTHBHAas )KU3HEACATEIBHOCTh MUKPOOPTaHU3MOB B MOJA3EMHBIX BOJAX — OJMH U3 BAXKHEUIIINX
(dbakTopoB (POPMUPOBAHUS UX XMMUUYECKOTO cOocTaBa. B HacTosiiee BpeMsi yCTaHOBJIEHA OOJIbIIIasT
POJIb )KMBOTO BEILIECTBA B OOIIEM KPYTOBOPOTE XMMUUYECKUX AIEMEHTOB, 0COOECHHO yanepooa,
asoma, dcenesa, cepul, hochopa, KpemMHus, Kaausl.

B nukiie pazButus (B mpoiieccax (poTro- ¥ XeMOCUHTE3a) )KUBbIE OPTaHU3MBbI (B TOM YHCIIE
MHUKPOOPTraHU3MbI) U PACTEHHS] CHHTE3UPYIOT N3 MUHEPAJIbHBIX BEIIECTB OPTaHUYECKHUE.
[Tocnennue npu pa3pyuieHMd 1 OTMUPAHUM KUBOTO BEILIECTBA CHOBA MUHEPAIU3YIOTCS, YTO
TaKXe MPOUCXOJUT C YHaCTUEM MUKPOOPraHu3MOB. [I0CKOIBKY BCE 3TH MPOIIECCHI
NPUHIUNHNATBEHO BO3MOXHBI TOJIBKO B MPUCYTCTBUU BOJIbI, B THUAPOCHEpe OHU PacpOCTPAHECHbI
PaKTUYECKU BCIOAY, I7I€ TEPMOOAPUUECKUE U KOHIICHTPAILIMOHHBIE YCIOBUS JOMYCKAIOT
BO3MOXKHOCTb CYILIECTBOBAHMS U Pa3BUTHUS )KUBOTO BEIIECTBA. DHEPTUIO, HEOOXOAUMYIO JIJIs
KUZHEIEATEIbHOCTH, MUKPOOPTAaHU3MBbI MIOJIYYalOT B MPOLIECCE EPEHOCA ANEKTPOHOB OT
BEILECTB C OOJIBIIIEH 3JIEKTPOOTPULIATEILHOCTHIO K BEIIECTBAM C MEHBIIIUMU €€ BeJIMUYMHAMU TIPU
AKTUBHOM y4acTUH ()E€pPMEHTOB, PA3IMYHBIX JJIsl Pa3HbIX BUJIOB OakTepuil. @epMEHTHI
KaTaJIM3UPYIOT 3TU PEaKIUH, 00eryasi BO3SMOKHOCTh XMMHUYECKOTO KOHTAKTa (IepeHoca
AIIEKTPOHA) MeX 1y HUMU. C TOMOIIIbIO CBOEH (hepMEHTAaTUBHON CUCTEMbI MUKPOOPTaHU3MbI
CIIOCOOHBI BO MHOTO Pa3 YCKOPSITh OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE PEAKIIUN B CUCTEME
"Boma—iiopoaa". Kpome Toro, HemocpeACTBEHHOE BO3JAECUCTBUE HA T€OJIOTMUECKYIO CPEIY
BOOOIIE 1 Ha (POPMUPOBAHNE XUMHYECKOTO COCTaBa MOA3EMHBIX BOJ B YACTHOCTH OKa3bIBAIOT
POIYKTHI )KU3HEACATEIIHHOCTH )KMBOTO BEIIECTBA, 0COOCHHO TaKME XMMHYECKH aKTUBHBIE, KaK
CO,,H,S,H,, O,

Haubosee BaXKHbIMM OMOXMMHUYECKUMU MPOLIECCAMU B TIOJI3EMHBIX BOJIaX SIBJSIOTCS OMOTCHHAas
renepanust CO,, cynbpoduranus u cynbharpenyKius, HATpPUOUKALUS U JEHUTPUPUKALHAS,
METaHO00Da30BaHMeE. BOAODOIDEIVKIIN.



buozennasn zenepayus CO,— Hanboiee MHUPOKO PacPOCTPAHCHHbIN
OMOXMMHWYECKUI MPOIECC, HEMOCPEACTBEHHO BIUSIONIMA HA XUMUYECKUN
COCTaB MOJA3€MHBIX BOJI. [Ipu 11000M M3MEHEHUH COAEpKaHMS CO2 —
noTpeOIeHnN (WA BBIJCICHUN) €70 dKUBBIM BEIIECTBOM — MPOUCXOJIUT CIABUT
PaBHOBECHS PEAKIINI MPOTOHUPOBAHUS U COOTBETCTBEHHO YMEHbIIACTCS (A
yBEIHUUNBAETCs) coaepxanre H' u HCO;" ,1.e. IpOUCXOUT NO/IICTaYUBAHNEC
(WJIM TTIOAKUCIICHUE) MPUPOTHOTO pacTBopa. [Ipr 3TOM co3matoTCst yCIOBUS IS
BoimageHus CaCoO, , CaMg(CO,), B ocamok uim, HA000pOT, IS UX
pacTBOPEHUS.

MMEHHO C 3TUMH IIPOIECCAMH, KaK MTPABUIIO, CBA3aHA KAJIBIIUTU3AIINS

10 TPEIMHAM, CTOJIb XapaKTepHas 11 OOOTal€HHBIX OPraHuYeCKUM
BEIIIECTBOM CPE/I: KayCTOOMOIUTOB, ONTYMUHO3HBIX TEPPUTEHHBIX MOPO/I,

30H KOHTAKTOB C HE()TEra30BbIMHU 3aJICKaMH B YCIIOBUAX 3aTPYIHEHHOTO
BOJ0OOMEHA.

[Ipomeccrr reneparin Oonmbiux KomudecTs CO, MHUPOKO pa3BUTHI MPH
MHUKPOOMOJIOTUYECKOM PA3PYILICHUN OPTaHUYECKUX BEIIECTB HEPTSIHOIO

psia IpU HAJIMYUU YCIOBHUH JIJISI pa3BUTHS a3pO0OHOM (PIIOpHI

(MeTaH- WKW NPONAHOKUCIISIONINX OaKTEepHil).



BaxxHoe 3HaueHue B GOPMUPOBAHUN T€OXUMUYECKUX U THAPOrCOXUMHUUECKUX YCIOBUM UMEIOT
cynvghogurayus, T.€. OKUCICHUE AIEMEHTAPHOW U BOCCTAHOBIIEHHOU (hopm cepsl 10 SO 42' —
THOHOBBIMHU, IyPITYPHBIMU U cepoOaKTepusiMu (a3poOHBIMU U aHA3POOHBIMU), U
cyrbghampedyKkyuss — BOCCTAHOBIICHUE SIICMEHTAPHON U OKUCIICHHOW (hopm cepbl 10 H, S
OaxTepusamu poaa Desulfovebrio u op. ITu npoiiecchl MPEACTABISIOT COOOM BaXKHEUIIINE ITAIbI
KpyroBopota cepsl B mpupoje. [Iponecc cynbhodukannn cepoOakTEpusIMU XapaKTepeH AJIsl
a’pOOHBIX yclIoBHIl. OH MPOUCXOAUT MO CXEME:
2H S+ 0, —2H,0 + S, + 65 kkan,
S,+30,+2H,0— 2H,SO, + 283 kxa.
OO6pa3yrolasicsi Ha MPOMEXYTOYHOM dTalle Cepa HAKAIJIMBAETCS B KJIIETKAaX CepoOaKTepuil u
3aTeM OKHUCISIETCS IO CEPHOU KUCIIOTHI. [Ipy HanM4Ymy B CUCTEME KaJIbIIHASI BO3MOKHO
IpOAYLIMPOBAHUE TUIICA.
Muxkpoopranusmsel u3 poga Thiobacillus He HaKarIMBAIOT CEPY B KJIETKaX, B OCTAJILHOM MPOLIECC
UJIET aHAJIOTMYHO PACCMOTPEHHOMY C 00Opa30BaHUEM arpeCCUBHBIX MO OTHOIIEHHUIO K
BOCCTaHOBJIEHHOM cepe coenuHeHnii. Hanpumep, nipu xu3HeAesTeNbHOCTH Th. ferrooxidans
oOpazyercs cynb(har OKHCH Kejie3a, KOTOPbIMA B CBOIO OUEPE/Ib SABJISIETCS CHIIbHBIM OKUCIUTEIIEM
Cy/b(UJI0B:
2FeS, + 7,50, + H,0 — Fe (SO,), + H,SO, .
JIaHHBIN TPOIIECC MMPOKO PacHpOCTPaHEH B paioHaX CynbPuaHbIX MecTopoxaeHuii. H.H.
JISATMKOBOM yCTAHOBIJIEHO, UTO OH YCKOpseT okuciieHue cynbbuaoB B 10—30 pas. IIpu sTom
POUCXOAUT KOHIICHTPUPOBAHUE METAJIJIOB B paCTBOPHUMOM (hOpMe B KUCIIBIX PYTHUYHBIX
BOJAaX — SIBJICHUE, YK€ UCTIOJIB3YIOIICECs ISl U3BICUCHUS METAJIOB U3 OCHBIX Py B
IIPOMBIIICHHBIX IETISX.



B npouecce cynbdodukanuu nouuxkaercs pH npupoaHbIx pacTBOPOB, B HUX BO3PACTAET
coaepxkanue SO 42'. Kpowme Toro, obpasyromasicst H,SO, arpeccMBHO BO3IEHCTBYET Ha
KapOOHAaTHBIE, CUJIMKATHBIE, A TFOMOCUIMKATHBIC MTOPO/IbI, CHOCOOCTBYSI MX PA3JI0KEHUIO U
pacTBOpPEHUIO, 000TAIIEHUIO TTOA3EMHBIX BOJ| YIIIEKHUCIOTOM, Cylib(aTOM OKHCH Kejie3a,
OpraHU4€CKUMH KHCIOTAMMU.
[Iponecc cyrvgpampedykyuu BO3MOKEH JIUIIb B aHAYPOOHBIX YCIOBUSAX U 3aKIIOYACTCS B
BOCCTaHOBJIEHUU OKHUCJIEHHBIX opm cepsl (SO 42') no H,S anaspoOHbIMu
cynb(harpeyupyronMu 0akTepusiMu. M3BeCTHO, YTO YUCTO XUMHUYECKOE PA3I0KECHHE
Cy/b(}aToB MO BIUSHUEM TEMIIEPATypbl U JABJICHUS B Mpeeaax J0CTYIMHOU U3yYeHUIO YacTH
paspesa auToc(epsl U3-3a OUEHb BHICOKON SHEPIUU CBA3W KUCIOpoAa U cephl B HoHE SO 42' MOXKET
POUCXOJIUTH JIUIIIb B BBICOKOTEMIIEPATYPHBIX YCIOBUAX (0OOJbIINE TITyOUHBI, pAOHBI
COBPEMEHHOTO BYJIKAaHH3MA).
Opnako cynb(harpeayupyronme 06akTepru ¢ TOMOIIbIO (PEPMEHTOB CITIOCOOHBI pa30PBaTh ATY
CBA3b, HCIIOJIB3YS JJIs1 3TOr0 SHEPTHUI0 OKUCIICHUS BOAOPO/Ia WM OPraHUYE€CKOro BeniecTra. B
3aBUCUMOCTH OT MCIOJIb30BaHMS B KQUE€CTBE HYHEPreTUYECKOI0 Marepuralia ra3o00pa3Horo
Bofopona (H, ) nin opraHnveckoro BeImecTsa MoA3eMHbBIX BOJ U TOPHBIX TTOPO/ (Copr.)
BBIJICIISIIOT a8mMompouyto u cemepompoghuyio cyibpaTpeayKIuo:

SO42' +4H, = S* + 4H,0 ;

SO,* +2C =S*+2CO,.

[Iporniecc cynbdarpenyKiuu MoKeT UATH TTpu TemnepaTrypax ot 0—2 no 70—80°C u umeet
Ba)KHEHIIICe 3HAYCHHE 11 (OPMUPOBAHKS XUMHUYECKOTO COCTaBa IUIACTOBBIX BOJ apPTE3UAHCKUX
11aT(OPMEHHBIX M MEXXTOPHBIX 0ACCEHHOB.



Cynvghampeodykuyusi 00yCIOBIUBACT CPa3y HECKOJIBKO
TUJIPOT€OXUMHUYECKUX CICICTBUN: TEHEPUPYIOTCS 3HAYUTEIIHHBIC
KOJIM4Y€eCTBa (0T MUJLIUTpaMMOB 10 1—4 1/11) cepoBogopoaa

(S* + 2H,0=H,S + 20H" ) — 0mHOr0 13 B)XHCUIIINX MOTCHIIUA
3aJ]al0MIMX BemeCTB. [Ipu 3TOM CO371at0TCS BOCCTAHOBUTEIBHBIE YCIOBUS
(Eh 300 MB 1 MmeHee) u BelllafaroT B 0cagok B BuAe cyiabpuaoB Fe, Cu,
Pb u ap. IloBeimienue pH cpeapl NpuBOIUT K CMEIIEHUIO KapOOHATHBIX
PAaBHOBECHUH B CTOPOHY CO32', CJICICTBUEM YETO SIBJISIETCA OCAXKICHUE
CaCo,.

[Ipu aBTOTpO(DHON CYIb(MATPEAYKIIUN BBIACISICTCS 3HAYUTEIBHOE,
BILUIOTH JO NEPECHIECHUS, KOJIMYECTBO YINIEKHUCIIOTHI, KOTOpas npu
Hanndnu B Bogax Ca*" u Mg”" ctuMynupyer ocakaeHne KapOOHATOB
3THUX AJEMEHTOB. 3a CUET PEAYKIMH CYJIb(PATOB U OCAKIACHUS
KapOOHATOB KaJbIMsl 1 MAarHUSI MOT'YT IMPOUCXOJIUTh CYIIIECTBEHHOE
CHH>KEHME MUHEPAJIM3alliH MOJI3E€MHBIX BOJ ¥ CMEHA JIOMUHUPYIOIIAX
HNOHOB.



[Iponecc Humpughuxayuu TPOUCXOANT B TOUBEHHBIX BOJIaX U SBIISICTCS BAXKHEHIITAM 3TAIIOM
oOpa3oBaHUs HUTPATOB, HECOOXOAMMBIX PACTCHHSAM, B KPYTOBOPOTE a30Ta.

[Ipornecc denumpughuxayuu XapaxkTepeH Iyl BOCCTAHOBUTEIIBPHBIX YCIOBUN (HAIpUMeED,
rTyOOKHMX YacTeil apTe3naHCKUX CTPYKTYP) M 3aKITI0YACTCS B BOCCTAHOBICHUN OaKTEPHAMHU
HUTPATOB C TTOMOIIBIO0 PEPMEHTOB YePE3 HUTPHUTHI, THAPOKCUIIAMIH M 3aKHCh a30Ta J0
CBOOOJHOI'O a30Ta:

4NO, +5C — 2CO,> +3 CO, 1 + 2N,

JIOHOPOM BIEKTPOHOB SIBIISIETCSA OPraHUUYECKOE BELIECTBO, AKLENITOPOM — KUCIIOPOI HUTPATOB.
Kak noka3ssiBaeT cxema, OHHOBPEMEHHO CHHTE3UPYIOTCS 3HAYUTEIIbHBIE KOJTMYECTBA
YIIEKUCIIOTHI. J{J1a mTyOoKuX yacTel miaaT(OpMEHHbBIX U MEKTOPHBIX apTE3UAHCKUX CTPYKTYP
XapaKTEPEH TaKkKe MPOoIIECC METaHOOOPa30BaHUSI, OCYIIECTBISIEMbIA METAHOOPA3YIOIIUMHU
OaKTEpHUAMHU 32 CUET PA3JIOKEHUS KUPHBIX KUCIIOT, @ TAKXKE BOJOPOJIA U YITIEKUCIIOTHI.

W HakoHell, clieyeT NOIYEPKHYTh 0COOYIO POJib OMOXUMHUYECKHUX MPOIECCOB B MOA3EMHBIX
BOJIaX, 3aKJIIOYAIONIYIOCS B CTUMYJISIIIUM U YCKOPEHUH MPOIIECCOB KOMILIEKCOOOpa30BaHus,
KOTOPBIE LIUPOKO PACIIPOCTPAHEHBI B IPUPOLE.

C ydactrneM MUKPOOPTraHU3MOB IPOUCXOIUT PA3JIOKEHUE TPYAHOPACTBOPUMBIX OPraHNYECKUX
COCAMHECHUH U MEPEBO UX B PACTBOP B (hOpME pa3IUUHBIX OPTraHUYSCKUX KUCIOT (TYMHUHOBOM,
s0JI0YHOM, 11aBEJICBOM, BUHHOM U JIp.), 00pa3yIomMuX OTHOCUTEIBHO XOPOIIIO PaCTBOPUMBIC
KOMILIEKCHI co MHOruMHU MeTaiiamu (Fe, Al , Zn , Pb u ap.).



