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IIpeaucnosue pexakropa nepesoa

[lpeAcTaBienus 4 METO/bl TOYHBIX HAYK M MpPEX/e BCEro XUMUUECKoH TepMo-
Anramiky, §a3uKo-xumuueckol u ocoberHo dpuanueckoll KuneTHKN (B IKPOKOM
CMbICJIe 3TOro ¢J10Ba) npuobperaiT ¢ Kax/IbiM rogoM Bce GoJbliee 3HaYeHMe 1
FEOXMMMH MPUPOJHBIX BOJ, CTAHOBATCS MOIWHBIM CPELCTBOM pell efiMs HayuHbIX
¥ NpHKJa/HbX NpobjeM B HayKax o BOHBIX 060.104Kax 3eMim.

ITa TeH[IGHIMA B PAIBUTUN METOAONOTHYECKOrO annapara Hayk 0 NpupoHbIX
BOJaX HAXOMT OTPaXEHHe B MHOrOUMCJICHHBIX KHUI'GX MOHOIpahu9ecKoro u 0630p-
HOrO THNA i BO MHOXECTBe CTareif, YMCJA0 KOTOPbIX yBEJMUMBAGTCS OYEHb GricTpO
kak B CoBerckom Coip3e, Tak u 3a pybexom. OHaxo B yuebHbiX nocobusx u B
CrpaBouHO-MeTOMYeCKOH IUTepaType ITa TeHGHUUA He HAWA [I0KA AOMKHONO OT-
paxenns. Knura /Ix. Jpusepa B onpefenentoit Mepe BOCHOJHAeT 3ToT npobel, yeM
1 00BACHAETCA ee epeBojl Ha PYCCKHUit A3biK.

[Ipeanaraemyto BHUMAHUI0 YMTATENS KHUTY CleflyeT paccMaTpUBaTh Kak gde-
Oenue 6 usyuenue 1e0TUMUNECKUT npoyeccod 8 npupoOHHLT 6008 B OCHOBHOM Me-
TOAAMM XUMHYECKOH TEPMOMHAMUKY, TEOPUS U NPUIOKEH! KOTOpoit Hauum oTpa-
KEHUe B O/MHHAMUATH U3 MATHAZUATH rAaB KHUMM, B MeHbiell CTenexn MeToqamu
DUMKO-XMMUUECKOH KuHeTHKM (1. 6) 1 eme B MeHblel cTeneHn MeTonaMu Teo-
puu Macconepetoca (He6obime pasfeas Bo 2,4 u 14-ii r'JL); B KHHDE JOCTATOYHO
IMPOKO NpefiCTaB.IeHbl TPaMUMOHHbIE METOAbl M3YYeHHs TIPOLECCOB HA OCHOBE
reoxumudeckoro 6ananca (ri. 7,8,10).

Kuura nocssuena npeumymecrsenno PaccMOTpeHuIo HA YKa3aHHoi OCHOBe
npoueccos, GopMupyiowyx Hab.aioiaeMblit COCTAB NPUPOAHBIX BOJ B HOPMAabHBIX
reorepmobapuyueckux ycaosuax. Ecrectsenno, uro TPU PACCMOTPEHNM STUX TIpolec-
COB MCIIO.Ib3YIOTCS TePMOMHAMUYECKHE, PABMKO-XHMUUECKUE H MATEMATHYECKHE
Mozniean. B nose spenus aBropa Haxomarcs npolecchl, npoTekawuyme B Bogax Mu-
POBOr'o OKeaHa M JOHHBIX 0Ca/IkaX, B 03epax ¥ peKax, B NOA3eMHbIX BOAAX 30HbI
AKTMBHOrO  BOJ0OOMEHA U B KOpe BhIBETPHBAHMSA [OPHBIX nopof. Cnemaamsanus
HaYYHOro M3YYEHMA HAa3BaHHBIX 0GBLEKTOB NPO/BMHY Jach HACTOJbKO, YTO o6beauHe-
Hi€e B O/IHOH KHUT'€ MeTOJ0B HX U3YYeHHs: KaXeTCH Ha Nepsbiil B3NS/ He COBCEeM
OnpaBaHHEM. B peficTBuTeasnocT feno obcrout kax pa3 Haoboport. [lpakTuuec-
KO€ NpHIOXeHNe METO/IOB TOUHBIX HAYK K U3YYEHHK) MeOXHMUUECKIX NpoLeccoB
obxapyxuBaer B U3y4aeMbIX BOJHBIX 00BEKTax Tak MHOro oblero, YTO 3MIHUpK-
deckoe oGobuwenue B.U.Bepuanckoro o emmcTse TIPUPO/HLIX BOA 3eMim, copmy-
JupoBanHoe uM B 1933 r., noayuaer monoamnurensroe NOATBEPKIEHNE HA ITOT pas
C MeToAoorueckoit Touku 3peuns. Kuura /lx. JpuBepa xopomo MITOCTPUpYeT
STY MBICIb #, 4TO 0COGEHHO BaXHO, yOeXaeT BHAMATEALHOrO WMTaTels B TOM,
4TO AJA NJOJOTBOPHOIO M3YUEHHT TeOXUMUYECKIUX NpOLIECCOB, MPOTEKAIONMY,
HanpuMep, B MoA3eMHol ruapochepe, noxesto 3HATb, 4YTO [leJaeTc® B 3TOM Har-
PaBJ€HNM DK UBYUEHUN [IPYTUX BOJHBIX 0GBEKTOB,

-



6 MpeaucnoBeue pepakTopa

Kiura, Kak npasiJio, He JaeT BO3MOXHOCTY OBJAZeTh [0 KOHuA KaKuM-mb0
KOHKPETHBIM METO/0M pelieHus paccMaTpuBaeMoii npobaembi (aBTOp ¥ He CTaBiA
nepej coboli 3afavy HamMCaTh METOMIECKoe PYKOBOJICTBO), UTO ODBACHH €TCH He-
HoMbLMM ee 00beMOM M WHPOKHM KPyroM 3aTPOHYTHIX npobaem. Tem He meHee
yyTaTeAb NOJNYYaET OTYETJMBOE NPE/CTaBleHue O CYWHOCTH METOAA ) 0 BO3MOX-
HEIX 0BJACTSX ero NpUMeHeHns. JToMy CNOCOGCTBYeT TO 06CTORTEJILCTBO, YTO
aBTOp He OrpaHMuMBaeTCs U3N0KeHUeM Teopuit Meroia u $OpMaIM30BaHHOTO ero
BHIPAXEHNT, A IMOCTPUPYET ero NpuMeHeHHe Ha KOHKPETHbIX MpUPOJHBIX 00BEK-
TaX HCCAe0oBATENAMM, TIPe/LIOKUBIIMMI CaMbiil MeTO/l KM ero mompuxamm. Heob-
XoauMyio As 3Toro uHpopMaluio [ix./lpuBep uepnaer U3 KHUL U CTaTedl HIBECTHBIX
uccaenosaredeit (P.appeaca, P.Beprepa u ap.). Ilocienee 00CTOATENLCTRO Ofl-
peflessieT HAYYHOCTD W30 KeH A HHPOPMali # METO/IOB, HECMOTpA Ha TO YTO OHO
[0CTATOYHO 5J1eMERTAPHO |, CAe/IoBATebHO, IOCTYIHO WHPOKOMY KpYTy 4iTaTe:
neit.

PenensupyemMas KHUra IeJMKOM KOMIMAATHBHA, HAYYHOe MMLO 66 ABTOpa
(a eMy IpYHAVIEKAT HECKOILKO' HAYYHO 3HAYMMBIX crareit 10 reoXHMUH PUPOIHbBIX
BOJI) CKA3bBAeTCH TOJIbKO B BbiGope npoGaeM u NpUMepoB iX pemeHus. Bwribop B
1e/IOM CJe/yeT NpPU3HATH yauHbIM, TOCKOJbKY KHAIA OTPAaXAeT COBPEMEHHOe
COCTORHME U3YUEHUA MeoXMMIUECKUX MPOLEeCCOB B aHOA3BIUHBIX CTPAHAX, IIe
3TOMY Y/IefeTCH A0CTaTouHo Goabioe BruManue, KHiura cofepkuT TuaTenbHo
n00GpAHHEI CIIUCOK AMTEepaTyphl Ha aHrMACKOM A3bIKe, B KOTOpO#i paccMaTpy-
BaeMble METO/Ibl i MX TIpUMeHeHHe M3JaraoTcs BecbMa nofpodHo. Coserckue
reoxumuky, naunnas ¢ B,J. Bepuajickoro, BHECI UCKAOWATENLHO Gonbioit BKAAL
B CO3ZIaHMe } Pa3BUTHE PEOXUMHHM KaK Hayku i B 0CODEHHOCTH reOXUMUM NpUPOZ:
HBIX BOJ, & TAKXe B UBYy4YeHUEe reoXMMHUYECKUX NpoLeccoB. K coxanenuio,
Jlx. [lpuBep, TO-BUMMOMY, HE BHAKOM C Hameil orevecTBeHHo! TepaTypoit no reo-
XMMUM  TIPHPOIHBIX BOJ M MEOXMMHUECKUM npolieccam, B KOTOpOIi HallM oTpaxXe-
HUe ¥ MHOPME MEeTOM0JOTMUecKue JOCTUXEHUS COBETCKUX YUeHbIX, SHaUYeHne Ko-
TOPBIX 1S PA3BATHS I'€OXMMIM TIPUPOIHBIX BOA TPYAHO MEPEOUeHUTE. TIpu uTeHnH
KHUMM He cJeayer 3abbiBaTh 06 3TOM.

Kuura . Jpusepa GydeT noje3Ha CTYNEHTaM U TPENO/aBaTe M, MHXKeHe-
paMm ¥ HayuHbIM pabOTHUKAM — TeoloraM, reoXuMiKam, ruAporeooraM, JToo-
ram, BceM, KTO 3aHMMaeTcs U3yyeHneM reoxuMyueckux npolueccos B NPUPOAHBIX
BO/lax.

C.Cmupnos



IIpeaucnosue

XusHb Ha 3emie 3aBucuT oT Bofbl, YeldoBek ucnoib3yeT Boay B pasHoobpas-
HBIX LEJAX — [Jf MUThA M OPOlEeHUs 3emMenb, phibHOro Xo3aficTBa, HHAYCTPUATb-
HBIX MPOLECCOB, TPaHcnopTa u copoca MPOMBILIIEHHBIX 0TX0108, [Ipu Takoit uc-
KJIIOUMTENbHO BAXHON PoJM BOJb B eATEJbHOCTH Yel0BeKa 3aMeTHO OlymaeTcs
HEeCOBEpLIEHCTBO HALMX 3HAHMi 0 npoleccax, onpefensioumX XMMKUIO UCMOJIb3Y e-
Mbix Bo/l. [Touemy, Hanpumep, Boasl Muccucunu uMeloT onpefieileHHblit XuMuuec-
Kuit cocras? [loueMy oH oTimuaercs ot cocrasa Boj Peiina? M nouemy cosesoctsb
Bofbl MupoBoro oxeana He Bbile HabaoaaeMoii B HacTomuee Bpema? Jlerko npen-
CTaBHUTh, YTO B MPOUIJIOM TaKue BOTIPOCHI HE OblAK CTOJb CYLECTBEHHbI, NOCKOJb-
KY [axe Npy HAJIMYMM OTBETOB HA HUX YENOBEK He Mor Obl H3MEHUTb COCTAB BOJ,
Muccucunu uau okeana, O HaKo B HalM [IHM OrPOMHOE BIMAHME UeJOBEKA HA MpH-
pO[Hble CHCTEMBI BIOJHE OCO3HAHO, M CTAN0 OYEBM[HLIM, YTO JK6as NMporpaMma,
Harnpas/ieHHas HAa YMeHblIEeHUe 3TOr0 BJIMAHMS, [JOJKHA OCHOBLIBATHCS HA TMOHK-
MaHi1 KaK MPUPO/HbIX, TAK M UCKYCCTBEHHBIX MPOLECCOB, peryupyomux cocTan
B0/l BO/M3Y MOBEPXHOCTH 3&MJIM.

lleab naHHO} KHMIM COCTOMT B TOM, YTOOBI MOSHAKOMUTH YATATENA C COBpe-
MeHHbIMM TIpe[ICTaBIeHUAMHM 0 Npolieccax, onpeefloluX CoCTaB NPUPOHBIX BOJ,
T.€. BOJ peK, o3ep, Mopeil U 0KeaHOB, a Takxe Herayboko3alerawmux noa3em-
HBIX BOJ. XOT# B KHUI'e PACCMaTPUBAETCH MHOI0 NMPUMEPOB BJMSHUA /IeATENbHOC-
TH YeloBeKa Ha COCTaB BOJ, MJaBHAd ee 3a/laya 3akKiiouaeTcs B TOM, YTobbl mo-
Ka3aTh, Kak AeficTBYOT npupoaHble cucTembl, Takoit moaxos no3soJser gaTh Go-
Jlee BepHY 0 OLIeHKY Mnocje/CTBui JeATelbHOCTH YeloBeKa, TaK Kak Mpouecchl,
npoTeKawle B NPUPOIHBIX CHCTEMaX, YACTO aHaJOrMYHbI MpoueccaM, MMeLmM
MeCTO B 3arpA3HeHHbIX, XM HAPYWEeHHbIX, BOJAX,

Boza sBAsieTcs Takke CYUECTBEHHOl YaCThbI0 reosorudeckoro mkia, Hampu-
Mep, arMoct)epHble BO/bl MPeBpallaloT MPAHHUTHBIE OPO/bl KOHTHHEHTOB B IIIMHY,
ecoK ¥ PacTBOPEHHble BellecTBa U ePeHOCAT UX B OKeaHbl, [e OHM Cly KaT HC-
XO[HBIM MaTep1ajoM Ansi GOpMUPOBAHKA OyAylMX KOHTUHEHTOB. UTOObI MOIyuHTDH
npefcTaBienue 06 9ToM QyHIAMEHTANBHOM iKAe, HEoOX0AMMO NOHATD, KaK Npouc-
XOJMT BHIBETpPUBaHUe TOPHLIX NIOPOJ ¥ KakuM 00pa3oM pacTBODEHHbIE BElecTEa,
BhIHECEHHBIe U3 TPAHUTOB B MPOIECCe BHIBETPUBAHNS, BHOBb CTBHOBATCA COCTaB-
HOlt yacTbI0 TBep/bX (a3 u AalT HAYANO HOBOMY MOKOJEHUI0 MOPHBIX MOPO/L.

B KHUr'e U3J0XeHbl IPEeHMYIEeCTBEHHO KOHKPEeTHbIe CBEJIeHUA O XMMMM NPUPO /-
HBIX BO/l ¥ B MeHblileli Mepe abCTpakTHbIE TeopeTHueckue NpeicTaBleHns, Xumm-
yeckas ¥ MaTeMaTyyeckas MHQOPMALWs [laHa B MPOCTOM BHfle, C TeM 4ToObl KHi-
ra MorJa BbiTb NOHATHON YMTaTeMo, He 0bJajaKmeMy ClelMalbHoli NoAroToBKoM.
["eosoruyeckue TePMUHBI, KOTOPbIE MOTYT OKa3aThCH HE3HAKOMBIMM, obbACHEHD! B
cJoBape. BoabLMHCTBO rJIaB UMET CaMOCTOSTENbHOe 3HaueHue, moaToMy HeoOs-
3aTe]bHO WX YN1aTh N0 TopAaky. 1 Hajgeioch, yTo KHMra Oy/eT nojesHa s Wipo-



8 Mpeancnosue

KOro Kpyra Jml, #3yvaliuX ecTecTBeHHBIe HayKM, U MOCAYXHT XOPOWKUM JONoaHE-
HMEM K CMelManbHBIM KypcaM [d CTYNeHTOB U YYAWMKXCH [0 BONPOCaM HU3KOTeM-
neparypHolt reoXummu.

Pabora sbinoaxena GaarofapscoAelCTBHI0, OKABAHHOMY aBTOPY B PA3HBIX
dopmax ero kojajeramu u Apy3baAMu. 3HAUKTEIbHbIR 06BEM KHMMM COCTABAAKT Ma-
TepHalbl OpUrMHaIbHBIX Hceaenopanuil P.M. I"appeaca, uto xe kacaercs uael ae-
TOpA, TO OHY BOSHMKM noj Goabumm BausuneM X.[. Xoaianja B pesyabrare [iue
TeapHOro cotpyanuyectea. [x.Jl. Bumodd, A.X. Bpaynnay, JI. Jx. Kpoceu,
JIx.Y. Mepdu u P.K. A:Tywlep MpoCMOTpeM BCio pyKonuch. C OT IebHbIMM €€ riaBa-
mu o3sakomuacs P.A. Beprep, [1x.C. [eitsuc, P.M. I"'appeac, X./J. Xomaug,
B.®. Axouc, [x.P. Jlopeuc, P.[x. Marrepcon, Ox.K., Yacromn u Jx. LloGpucr.
Bcem um aBrop Belpaxaer riyGokyio 61arofapHocTb. KHura Hanucasa B OCHOB-
HoM B lliseiiapckom deiepanbHOM MHCTUTYTE BOJHBIX DECYPCOB M KOHTPOJAS BOJ-
Horo 3arpasHesus B [lobenziopde Bo BpeMs roguuHoll HayuHON KOMAHIMPOBKM.
Xorenocs Gbl nobaarogaputs npod. Beprepa llTymma # ero Koater 3a BeIuKo-
AYUHY MODANbHYI0 ¥ MATEPUANBHY 0 TOANEPKKY.

Aw. H. Jpusep



MaBa 1

I'uaporormyeckuit UK

IToutn 80% BOA 3eMHOro mWapa 3akioueHo B okeaHax, 19% — B nopax ropHbix
nopof, 3afieralolux Huxe noBepxHocTH 3emau, 19 cofepxurca B Bule Jbja,
0,0029 — B pekax, peukax, pyubfiX i 03epax U ToJbko okodo 0,0008% — B aTmoc-
depe [125]. Peku u 03epa cOCTaBIRIOT MMIb MALYI0 YACTH THAPOChEpH], OIHAKO
UMPKY AAIMS BOJbI B HUX MPOMCXOMAT C GoJbuioit ckopocThio. Mappesnc u Makkensu
MOJICUMTANM, YTO CyMMapHbifi 06beM PeuHbIX B0/, CTEKAIOLMX eXerolHo B MOpH,
nouTi pasex 00beMy BOJI, 3aKJIOUEHHBIX B peKax i o3epax. ['mupotoruyeckuit
UMKJ npefcTaBafger coboit omcanne nyTeit IBIKEHUA BOJ B 9TUX PA3NHYHBIX 00-
craHoBKax (puc. 1.1 ).

Puc. 1.1 moxHo npeficTaBuTh B Golee abeTpakTHOM Bife, 4TOGH! ClenaTh
MOHATHBIMU HEKOTOpble TEPMMHbI , HCIOJAb3YEeMBIe [PH OMMUCAHUN MeOXMMUYECKHX
uuKioB (puc. 1.2), Ha aTom pucynke kaxjas suefika npegcrasaser coboit pesep-
éyap, T.e. NPOM3BOJbHO BuibpanHbiii 06beM mpocTpakcTBa, codepxaunii onpeje-
JIEHHYI0 MACCY MHTEpecyllero Hac BellecTsa, a CTPeJKaMi NOKa3aH [epeHoc,
WM nomok, BellecTBa Yepe3 5TH pesepsyapbl. KomuecTBo pesepByapos, ncnonb-
3YeMbIX [Nft XapaKTePUCTUKU OTIeNbHOrO LMKIA, [0 HEKOTOpOi CTenenn NpousBo-
AbHO (cp. puc. 1.2 u puc, 1.3) u 3aBucuT OT 3a0auu UCCIeIOBAHMS,

Bpexs np ebvisanus Bellectsa ( B JAHHOM CJyuae BOMIbl) B pe3epByape BBIUMC -
JAeTcs NeJeHneM KoIMuecTsa BellecTBa B pesepByape Ha CKOPOCTh NMPUTOKA 3TO-
r'o BeulecTsa B pe3epsByap. Hanpumep, Bpems npebbiBanum Bofpl B okeane
(em. pue. 1.2) u armocdiepe cocTasaser cooTBET CTBEHHO

13700 . 102
= 3560 ner

(0,36 + 3,5) - 10%® r/roa
"
0,13 . 1020

(3,8 +0,63). 10® 1/ rop

Ecau xomuecTBo BellecTBa B pesepsyape He MEHSETCHA BO BpeMeHHu (T.e. pesep-
Byap HAXO[MMTCHA B CMAYUONAPHOM COCMORANUY), TO BPeMs NpeCblBanus npeacTas-
aser co0oli Cpe/HIo NMPOJ0IKUTENBHOCTD HAXOKIEH!S MOJEKY.l BeleCTBa B pe-
3epByape C MOMEHTa MX MOCTYTAeHus U 10 BbIXoJa U3 pesepeyapa. Ecim xe pe-
3€pByap He HaXOMMTCA B CTALUMOHAPHOM COCTONHUM, TO TEPMUH "Bpems npebbipa-
HUA'" HE COOTBETCTBYET PealbHOCTH, XOTA OH AOBOJBHO YACTO HCMOAB3YeTCs B
Juteparype. B stom cayuae npemouturensnee Tepmun  spems omkauka . Ha

= 0,03 ner = 11 cyr.
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Puc. 1.1.
ATmocdepa,
0,13 x1020
Ocanku, Wcnapenue,
0,89 x10%r/ ron 0,63%1020 -/ rop
O3epa u pekw, 0":’;““' "‘C"ﬂ::ﬂue,
0,3 x 1020 r 3,5x1020r/ ron 3,8x1020 r/rog

MosepxHoCTHLIA W
NOA3EMHBbIA CTOKK,
0,36 %1020 r/rop
i OKeaH,
13700x1020 r

P uc. 1.2. YNpowWeHHan CXeMaTHYecKaR iMarpamMma (A4eHcTan MOfenk) rMAponoruUecko-
rO UMKNa. Y4cneHHbie SHauEHMA fanbl no [appency u Makkenau [ 125 L

npumep, B Glyyae KOrfia OTTOK BelleCTBa U3 pe3epByapa yKe NpekpaTuics, a npu-
TOK BCE ellle NpoJoJKaeres, Bpems OTKIMKA J0/KHO Npe/cTaBaiTh coboil Bpems,
HeobXxoMMoe s TOro, YTodbl KOJIMUECTBO BellecTBa B pe3epByape y/IIBOUIOCh.
Bpems OTKIMKa yKas3biBAET Ha BPEMEHHYIO liKaJy, COrJacHo KOTOpoil KOIMYecTBO
BellecTBa B pesepByape OyleT U3MEHATLCA COOTBETCTBEHHO ¢ H3MEHeHUeM CKOpOC
TH €ro NPUTOKA HJM OTTOKA.

[lpuBerienHas 3Aech MPOCTaA Ayeucmad Modeas OblIA UCTIONL3I0OBAHA A OLleH-
K1 Banasca UMKJIOB MHOTMX BElleCTB B MPUPOJie M MPOrHO3a MOC]EeJCTBU TexHo-
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P W c. 1.3. Ouarpamma Gonee CNoXHOA AYEMCTOH MOLENH MMAPONOrUYBCKOro UHKNA.,

Temneparypa Ha seicote 2000 M
~7°C Bosnyx,
ocBoBoxaeHHbLIA OT Bnarw,
ONYCKaeTCA, HarpesaeTcA
M CTAHOBHUTCA CYXHM

M57ivom enakonn W KOHABHCALMA * Noxpnuewia

naru HEBeTPeHHbIA c
TeNnoro BO3AYXa e~ oxnaxpnaowa; ckgon nonnyg-tropzunun
Temneparypa 20 °C BO3AYX CKNOH

Hoxneean Tens

P u c. 1.4, Oporpatuueckne ocafku 1 foxaesan Tews (no Mpeccy u Cueepy, 1978).

I'eHHOrO BJMAHUA HA NPUPOMHBIE cCUCTEMBI (cM., Hanpumep [128]). B ueaom ecam
AHTPONOreH bl (06yCa0BIeHHbIA [ledTelbHOCTbIO YeJoBeKa) NOTOK BellecTBa cpap-
HUM M0 BeJMUMHE C NPUPOHBIM MOTOKOM, TO ClelyeT 0XUIaTb 3HAYUTEJbHbIX 13-
MeHeHuit B npupoHbix cuctemax. [lpumepom ToMmy ciayxur oborawenne aTmMocd -
bl IBYOKMCbI0 yri/iepojia B pe3syJbTaTe CXUraHus MOpIoUUX UCKOMaeMbix. AHTPOTIO-
reunsiit norok CO, B arMocdepy cymecTBeHHO JONOJAHAET NPUPOIHbIA MOTOK i
ABIAETCS MPUUMHOI NIOCTORKHO NoBbIlaUelicsH KonnenTpawm CO, B armoctepe.
Armocdepa noJyuaer Bofly NpH ee UCHAPEHMH C MOBEPXHOCTH OKEAHOB U B
MeHbllleji CTeNeHu npyu UCNApeRuy BOMbl, HAXOAAWEHAC HA TIOBEPXHOCTH KOHTHHEH-
ToB, Tlpy OXJ@X/jeHuM HACKIEHHOTO BJAr-/ BO31yXa BOJAHON! Nap KOHIEHCHpY-
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Na', mr/n
Cpeannn 3a7.1955— 6.1956

1020

CImr/n
Cpennan 3a 7.1955 —6, 1956

P uc. 1.5. CpenHue coaepxaHun HATPHA W Xfnopa B aTMOChepHbIX OCaaKax Haf TeppuTopHen
CWA (no 0Hre W Yapbu [196]).
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eTcd ¢ obpasoBanueM 06/1aKOB; eCi Kamid BOgbl (MM Abjia) B 06JaKax CTaHOBAT-
ci  AOCTAro4yHO GOJMbuiMK, TO BBINANAET 0XK/b WM CHEr (T.e, ocaiku), Oxaax-
fAenne aTMoc(epsl, Bhi3bIBalolee 0caaku, oObIYHO 06y Ca0BAEHO aauabaTHIecKuM
pacumpeniem BO3/lyxa Npu ero noiseme, Bocxoagmee ABuxenue Bo3gyxa Moxer
GuiTh caeficTBieM KpynHomaciiTabHol UMPKysumMu arMocdepsl (Kak, Hanpumep, B
SKBATOPUAILHOM N0ACE) W/ BbIHYKIEHHOI'0 €0 MOABEMA Ha/l POPHBIM NOSCOM
(puc. 1.4). Tlocrynaenne BaaxHOro BO3yXa C OKeaHa B npubpekHbie ropHble pait-
OHbl 0OLIYHO MPUBOJMT K BhINa/eHUI0 OGHIBHBIX OCAIKOB Ha HABETPEHHBIX CKJOHAX
rop (Hanpumep, B ropax wratos Opero, Bawnnrron, Bpuranckas Konymbus B
Cesepnoil Amepuxe u B ropax Hopseruu u Woraanmu 8 Espone) u CpaBHUTENbHO
HeboALUWMX 00AJKOB HA NPOTUBOMOJOXHBIX CKIOHaX, Ocaaku, obpasylumecs B mo-
NOGHBIX YCIOBUAX, HASBIBAIOTCS 0P01p aPuYecKu My,

COCTAB NOXOEBHX BOA

Hoxnesas Boja He sBAAeTCA uMCTOM H,0, a copepxut pa3soobpasubie pacTso-
petiiibie BeuecTa. Han oxeanamy u BO.mM3u nobepexuii OCHOBHBIM HCTOUHKKOM paCT-
BOPEHHOrO BeiecTBa ABAAKTCA COMM Mopckoit Boabl, Korja Boaxb! pasbusaknres,
Meiaxne Gpularu MOpCKoit Boabl nonazgaT B atMocdepy. Boja ucnapsercs, ocras-
AR5 4aCTHUB! TBEpAbIX a3po3oJelt, KOTOpLI2 NEPEHOCATCS BETPOM [0 TeX Nop, NoKa
OHM HE pacTBOPATCA B aTMocdepHoii Baare, KonuenTpaiyu noHos Hatpus n xJopa
B /loknesbix Bojax Ha Teppuropun ClUIA (puc. 1.3) yKasblBaioT Ha NpMBHOC MOPCKMX
coJeil B npuGpexHble 30HBI CyWM M B MeHblel cTeneny B raybb KOHTUHEHTE.

Cocras pacTBOPEHHHIX BemecTs B [I0XIEBBIX 0CAIKaX BHY TPYMaTEPUKOBBIX
obaacTell CHJILHO OTMYAETCSH OT MX COCTABA B BOJAX OKEAHOB (puc. 1.6). OTHowe-
HUA KOHUEHTpauuit MOHOB KaibLys, MarHud, Kaius, HaTpuA, aMMouus, cyabdara
¥ HUTPATA K KOHIERTPAIy) HOHA XJ10PaA 3HAUUTENLHO NPEBLILAIT COOTBETCTRYIO-
liue oTHOWeHUA B MopcKolt Bofe, [lepeunciennblie KoMnonenTs obpasyiorcs, no-
BU/IUMOMY, 38 CYeT PaCTBOPEHUS YaCTHUI[ MbIIM (ocobenHo Kaabiuit), BbifeneHuit
Pa3oB pacTeHuaiMyM u nousamu (ocobenHo amMmomuii u cyabdar), a Takke 3a cuer
BbIOPOCOB NPOMBILLIEHHBIX TIpempuaTuii (ocobenHo cyabipar u Hurpar). Cxura-
HUE OPIYMX UCKOMAEMBIX CIYXUT HCTOUYHUKOM NPUBHOCA B aTMocepy Goabimx
KOJMYECTB OKUCJIOB Cephl ¥ A30Ta, KOTOpble NPUBOASAT K 06pasoBaHuio B [oxMe-
BbIX BOJaX cepHoli u asoTHol Kucaor (ra. 3).

Cocras Aox/aesbix BoA B ofHOM U Toft Xe MECTHOCTH MOKET CHABHO MEHSTbe
Ci ¢ TeyeHueM BpeMenM. [lepBbie Kaniu JoXAf B HAYANE HEHACTHS OBBIYHO CO-
Aepxar 6oLy YacTb PACTBOPEHHOIO BENECTBE, HAXONALErocs B armocdepe;

B KOHIe HeHAacThbA 0X/]eBas BoJa OTHOCHTEILHO pasbasiena,

FMAPOJNIOrUA

Ilpu BBINaNeH NOXIEBbIX OCAIKOB Ha CyLly C HUMA MOXKET CAYUUTHCH pas-
Hoe (puc, 1.7). YacTb Boaw 3a7epXuBaeTCA B Buje Kameb Ha PacTeHUAxX Wi B
BOPXHUX CJ0SX MOYBbI ¥ BCKODE NOC/e NPeKpamenus J0KIT ucnapsercd, Hekoro-
pail ee uacTb norJouaeTcs KOpHIMI pacTeauit u noaBepraerca ucnapeHiio yepes
JUCTBR — ITOT NpoLecC HasbBaeTc mpaxcnupayued, Tepmun 6anOMpaN CRupayus
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P uc.1.6. OTHOCHTENLHble BECOBLIE CONEPXAHWA KATHOHOB (32 ucknioueruem HT) u anmo-
HOB B MOpCKO# BORe M AOKKeBbix Bopax Helo-Mamnuwupa, CWA (no NaAkency w ap. [227]),

u WeeAuapun (no LIOBpUCTY 1 WTYMMY [352]). Munepanusauun poxpessix BOA o6OUX aHanu-
3ax cocTasnAeT 5,5 — 6,0 Mr/n,

T pancnupaunf ('—J ’?

Mornowerne
KOpHEBOW
cug:EMoa CnabonpoHnuaembiit =

BopHoe 3epkano

P uc. 1.7. MMpUnoBepXHOCTHbIE MMAPONOrHYECKHE NPOUecchl.

03HAYaeT cyMMapHoe ucrnapexue (T.e. ucrnapesue + tpancmupamms). Yactb Bo/bl
MOXeT MPOCAYUBATLCA B MOUBY, I'/le OHA MUTPUDYET JarepalbHO K MOBEepPXHOCTHLIM
BOOOTOKAaM, — 3TOT Npolecc HassiBaeTCcs mympunousenuum CMOKOM — WK XKe
MOXET NpoCauMBaTHCHA BHU3 M COMMHATHCH C MOA3EMHBIMM BOJAMH. Korpa unyt
OUeHb CUAbHBIE MM AIMTENbHBIE IOXAM U UHGHIbTPALMS OKa3hBAeTCH HEJ0CTa-
TouHoli, BOJia CTEKaeT N0 NOBEPXHOCTH 3€MJM B BUJe CKAOH080L0 CMOKA.
Xumuyeckuit cocTaB 0K /IeBoi Boabl MOABEPraeTCs CHJIbHBIM U3MEHEHUAM C
MOMEeHTa ee KOHTaKTa ¢ 3eMHoi moBepxHocTbio. Ellle He JOCTUIHYB 3eMiM, 0XK/]e-
BAT BO/IA MOXET 3aXBaTUTb PACTBODUMBIE BelleCcTBa pacTemiit (puc. 1.8), u Goab~
was Jois ee KucAoTHOCTM Bymer Helirpaimsopana. [1pu npocauwBanuy uepes
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P u c. 1.8. CpaBHEHHE XMMWYECKOrO COCTABA ATMOCHEPHLIX OCAAKOB (CTONBLLI C KPanoM) ¢
€OCTABOM 0CAAKOB, COGPAHHLIX NOR NOKPOBOM NMCTBEHHOrO Neca Ha cesepo-BocToke ClIA
(no Nadkency  ap. [ 227 ).

MOYBEHHY 0 30HY Boja oforamaeTcs pacTBOPUMbIMI KOMIIOHEHTaMi B peaylbTa-
T€ MOJHOr0 MM YACTHYHOrO PACTBOPEHUS MUHEpPAJNoB, a HEKOTOpbIE pAaCTBOpeH-
Hble BellecTBa (ocobeHHO coemuHerns as’oTa u hocdhaTsl) H3BAEKAKTCA U3 BOMbI
pacTenusivi, [louBeHHble OPraHu3Mbl CNOCOGCTBYIOT MEPEXoy PACTBOPUMBIX Op-
TaHMyecKuX coe/lMHeHnii B BOAY, a 9TH COeMHEeHUs YCKOPAKT PasioXeHne MUHe-
panoB. Korpa noxmeii ner, sBanorpascnupauus yanser u3 NOYBbl OYTH YHCTYIO
Bofly, Gaiaronaps yeMy pacTBOpeHHbIe B Heil- BellecTBa, IPUHECEHHBIE JOXeM

MM Xe BbIlIENOYEHHbIe U3 MOYBEHHBIX MUHEDANOB, MOABEPrajoTCH KOHIIeHTpamH

¥ MOTYT JaXe 0CaxJarbcs B BUJe TBepiblx (a3,

[locae npoxoxaenus Bo/bl uepes MOUBEHHYI0 B0OHY M fajee yepes CHCTeMy
NO/A3EMHBIX BOJl KOHLEHTPaUA B HEll opraHnyeckoro BemecTBa 3HAYMTENbHO CHU-
kaerci (BcaescTBYe GakTepualbHOrO PasAoXeHus uim ancopbumu), a KOHUEeHTpa-
M5 3JeMEHTOB, IPUCYTCTBYIUMX B GopMe opraMueckux KoMIaeKcoB (0cobeHHo
Keneso u alomMiHni), yMenbmaerca, KoHUeHTpaMY rIaBHEIX MOHOB IIPK 9TOM, Kak
NMpaBuo, NMOBHIAITCA B pe3yibTaTe peakuuit Mexmy Bojoit u BMemaiome#t ropHofi
nopojioi. Bo/ibl TOBEPXHOCTHBIX IOTOKOB 06BIMHO OTPAXAKT COCTAB HernyGoKo3a-
Jlerani T0J3eMHbIX BOJ; pas’iMuMe Mex/y NOYBEeHHLIMU M TOA3EMHBIMU MM 110~
BEPXHOCTHBIMK BO/laMK nokasaxo B Taba, 1.1.
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Tabnuyal1,XMMHUECKHA COCTAB NOYBEBHHOR (A) (N0 Heonyb-
NUKOBAHHLIM AaHHbIM AWTYyHNnepa 1 [lpuBepa) u peuHo# sop (B)
[241], oToBpanHsIX ¢ NNOWAAM PACNPOCTPAHEHHA. BYN KaHMUECKUX
nopofd Ha ceeepo-3anafde Bakomuura (B mMr/n)

A B A B
Ca 2t 2,5 ] HCO; <5 40
MgZ* 0,7 17 G 120 <2
Na* 3 8,3 Mo 2 <0,005
K* 3 0,5 Bopu - 18 <0,01
$i0, ) 17 pH 5.2 7,5

8 Conepxanne OpraHMueckoro yrnepoaa (8 Mr/n) Kak mMepa
CYMMaPHOro COREepXaHWA B BOAE PACTBOPEBHHbIX OPraHK YecK1x Be-
wecTe. B nouBeHHOW BOAe AHMOHLI OPraHMYecKuX KUCNOT npeob-
nanawT Had APYrHMU BHHOHaMM.

Muorue npouecch! aioT Hayalo pedyHniM BofaM. Korpa Het poxzeit, ypoBeHb
BO/IbI B peKe (ee Mexennvid cmox) mojepiuBaeTcs riaBHbIM 06pa3oM noas3em-
HbIMA BoflaMu., Bo BpeMs MHTEHCUBHBIX [0X[eil u.HenocpeaCTBeHHO NMOCAe HUX Me-
KeHHbIfl cTOoK BO3pacTaeT 3a CuYeT NOYBEHHOIO M CKJIOHOBOI'O CTOKA, a Takxe 3a
cueT BbinajeHus A0X et Ha BoaHyl noBepxHocTb pexu. C BO3pacTaHneM peuHo-
0 CTOKa YacTb BO/bI NOCTYMAeT U3 pycJa B MOPUCThie alliBHalbHbIe OTJA0Xe-
HUR, caaraouye 6epera pexu. IToT npouecc Obi1 HA3BAH NONOAHENUEM 3ANACOE
anmoBanLHbX Bol, Korpaa peunoii crok cauxaercs, Boabl 6eperoBoro annioBus
Bo3BpaanTes B pycao pexku. Tepmun peunod emox obbiuno ynorpebasercs aAns
OllEHKM CyMMapHoro ofvema Bofbl, cTeKalouell ¢ HeKoTopoi niouaam B Bujie
pek uu peuek, OTHOLIEHME BeIMUUHBI PEYHOrO CTOKA K 0BlleMy KOJMuecTBy ocajl-
KOB 3aMETHO BapbMpyeT OT paifoHa K paiioHy ¥ 3aBUCHT OT KJIMMATA, Meoloru 1
pacTuTeabHOCTH. B apuHbiX 06aacTaX 1045 0CAJKOB B,PEUYHOM CTOKE He3Hauy-
TelbHa,

lpupodusie n3MEHEHUS XMMMM BOJHBIX MAcCC, EPEHOCHMBIX peKoil (ecau He
nposBaforcs 3¢dexTsl cMemenus), 0ObIYHO HEBEIUKU 110 CPABHEHHIO C U3MeHe-
HUSIMA, TIPOUCXOAAIMMI B NIOYBEHHO 30HE UM B BOJOHOCHOM MOPU30HTE, ITO
00YC/0BJIEHO OTHOCUTENbHO MaJbiM BpeMeHeM npebbiBatus BO[bl B peKax u ee
HEMNpOJ0KUTEIbHBIM KOHTAKTOM C TBepbiMi dasamu, Habawonaemsle usmene-
HUA CBA3AHBI B OCHOBHOM C GMOJIOTMYECKUMM NPOLECCAMU i KACAKTCSA IIaBHBIM
00pasom GoreHHbIX 2J1eMeHTOB (a30Ta, dochopa u Kanus), KPeMHUS (MUKPOCKO-
MUYECKHE PACTEHUS AUATOMEM W3BJSKAIT U3 BOAbI A GOpMUpPOBaHUSA CBOEro
CKeJIeTa) 1 HeKOTOPbIX MIHKPO3/eMeHTOB, Boabioe BIMARKE HA XUMII0 MHOTHX
PeK OKaskIBAIOT B HACTOALlee BpeMA npomblllieHHbie 1 OmToBbie cToki, Cocras
TOCEIHHX YACTO U3MEHAETCH 10[ AeCTBMEeM OKUCACHUA U OCAXIEH!s, a TakK-
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e BCJe/CTBUE aAcopOLUMu IOHHBIMK OTIOKEHUAMH, 3arpa3HeHne npUBOIUT K
HapyWeHHo IpUpPoHOro Hasanca pexu, MOCKOALKY pa3pylanTed MecTHble B1oTHI,
4TO 0OYCJOBJEHO NPAMBIM BO3AEHCTRMEM AOBATHIX BEMECTB i PACXOIOBAHUEM
KUCIIOpO/Ja Ha pa3JioXeHue OPraHuueckoro BellecTBa.

Monsemisie Bofbl. Ha HekoTOpoil riyGuHe OT NOBEPXHOCTH 3EMIM Mic-
Oble Nopbl, MYCTOTHI UJH OTKPBITHIE TPEUNHbI B MOPHBIX 110po/iax 3aroJHeHbl Bo-
no#t, Jepxaro 1pynmoesiz 600 ecTb NOBEPXHOCTHL pasjela MeX [y MopoiamMy, nopsl
KOTOpBIX LEIUKOM 3anoJHeHbl BOJ0M, H MOPO/IaMy, B KOTOPBIX MOPHl 4ACTHYHO 3a-
HATHI Bo3/yxoM (pic. 1.9). Crporo rosops, 3epkano rpyHTOBHIX BOJ OTHOCHTCS
K CUCTEMaM, B KOTOpPBIX MOPbI MOPO/T A0CTATOUHO BEKU 1A TOr0, uTobH sbdekt
KAMUAIAPHOrO MOJHATUS BO/IBI GbLI HE3HAUMTEIBHBIM; TPOUECC KAMUIIAPHOrO Moj-
HATUSA, HAOMOAAKWMACH B MeKO3EPHUCTBIX MTOPO/iaX, MPUBOUT K noaLeMy BO[bl
Ha HEKOTOpY 0 BbICOTY HAZl HCTUHHBIM 3eDKaloM MPYHTOBBIX BOJI, B CBA3Y C yeM
obpasyercs Kanuiiapnas xaixa. [IpocTpaHCTBO Bbile 3epKaJia PPYHTOBBIX BOJ
npeAcTasaseT coboit 8 a003uY10, UM Kenacvuennyn, 20Ky, a HIKe 3epkana — fipea-
MUNECKY™, NI 30KY HACHUERUR. HepesKo IOYBBl ¥ CONEpXKAIMECS B HUX BOILI
PacCMaTPUBAKTCH Kak OTHeNbHAA CUCTEMA, TaK Kak BIZKHOCTb U XUMHUS BOJ B
TOYBEHHO# 30HE BechbMa H3MeHUKBHLI, a B 6oJee rayBOKMX 30HAX OTHOCHTENILHO
CTabNIbHBL,

[loBe/ienne noa3eMHbIX BOAOHOCHBIX CUCTEM B OCHOBHOM KOHTPOMpYeTcs
: [TIOPUCTOCTHIO M NPOHUIIAEMOCTBIO BMemaolux nopof, Topuemoems ects uyacTb
(mm npouenTHLI 06bem) TOpHO Nopobl, COCTABAAWIMAN ee NoNoe NPOCT paH CTB O,

MosepxHOCTL 3eMnK

MousexHbIA cnol

Mopbl , yaCTHUHO
3anonHeHHbIe 3oHa MHHNBLTPaUMKU
(Bano3Han)

3oHa KanunnApHoro
NOAHATHA

Bopxoe zepkano

38nonHeHHble
BOAOWH 3oHa HACLIWEHHA
(hpeaTnueckan)

o

oL

Puc.1.9. TepmuHonoruueckan XapaKTepucTHKa NpPUNOBEPXHOCTHON 30HbLI nponﬁ{udehux
BOAIOHOCHLIX Nopon, Ay

2-78
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Il ponuyaemocmsy onpejeisieT Mepy CnocoSHOCTH MOPO/bI MPOITYCKATh GO,
O6blunoil emHuMIEH NPOHULAEMOCTH ABASETCH 0apcu; TpoHMLaeMocTb 1 napcu
9KBUBAJEHTHA y/eabHOMY pacxoay dmoupa B 1 cM/ ¢ ¢ BA3KocTbI0 1 oaHTHnyas
npy ruapaBaMueckoM rpamiente 1 arM/ cM. C NpoHMIIAEMOCTBI0 TECHO CBA3AHA
LUOPAsIUNECKAR nPOS0OUMOCTS, KOTOPAS OTIMYAETCSH TeM, UTO ee YUCJIeHHoe
3HayeHue 3aBUCUT OT cBoiicTBa (uiouaa (Boja, ras, HedTh) U OT CBOHCTB cpefbl.
" pybo3eprucThiil HeceMeRTHPOBaHHbI MecUaiuk UMEeT, Kak MpaBuo0, BbiICOKUHe
MOPUCTOCTD M MPOHMLAEMOCTb, TOTOMY YTO MOPbl B HEM KPYIHbIE M coobuaiTcs
Apyr ¢ apyrom. I'mHa MOXET uMerb BbICOKY) MOPUCTOCTb, HO €e MpOHUIae-
MOCTb JI0JKHA ObITh HEe3HAUMTENbHOM, TaK KakK Mopbl HACTOJALKO MaJbl, UTO BoJa
B HMX MOXeT Teyb TOJbKO C Majoil CKOPOCTbIo. JI3BECTHAKM YACTO MMEIOT HU3-
KYI0 [IOPACTOCTb, HO OYeHb BBICOKYIO MPOHULIAEMOCTh, IOTOMY 4TO "Mophl" B HUX
npefcTaBAHoT coboil olbliie KaHalbl pACTBOPEHUS U TpeluHbl, /laxe ussep-
X<HHbIE NIOPO/ibl, TaKKe, KaK MPaHuTbl, MOI'YT UMETh 3HAUYMTENbHY 0 TPOHKIAE-
MOCTb 3a cyer ofpa3oBaHus B HUX TPell4H BbIBETPUBAHMS M OTJeNbHOCTH, B00o-
HOCHbI L0pu3onm npefcTaBiier cobolt BogoHACHILEHHY IO MOPOAY, MOPUCTOCTD

U TIPOHULIAEMOCTD KOTOPO# JOCTATOYHbI 15 TeUeHUs BO/bl K CKBa)uHam, il 0ay-
npoKuyae Mol HA3HIBAKNT MOPOLY, POHALIAEMOCTb KOTOPOH CIMIIKOM MaJa, 4To-
Obi obecnewnTh BUXKEHHe 3HAUMTEbHbIX 0OBEMOB BObl 32 BpeMs, onpejedsie-
Moe HopMamu Bojonorpebaennd. Ognako B MacuTabe reoJIOrH4eCKOro BpeMeHu
10po/bl, paccMaTpuBaeMble Kak MoJyNpoHMliaeMblie, MOrYT NponyckKaTb foJbiume
obbembl BOIbl,

B cayuae ofHopoAHO# npoHKaeMoii mopo/ibl 3epKao IPYHTOBBLIX BOJ B 06-
uieM BUfe oTpaxaer peabed 3emHoii moepxnoctu (puc. 1.10). Pexu, o3epa, uc-
TOUHUKM M BoJloTa npefcTaBaainT coboil MeCTo nepeceveHis 3epKaja I'pyHTOBbIX
BOJ C [HEBHO! NOBEpPXHOCTbIO, Ofracmvio numanus Nias Takoit cuctemsl (T.e, obaac-
ThI0, NJIe BOJA MOCTYNAeT B BOJOHOCHBIA MOPU30HT) ABAAETCH, NO-BUIMMOMY, BCS
nJowass 3a npefenamu pycaa peku. K ofiracmu pasipysnu (1.e. obractu, rie
BOJIOHOCHBIH ropu30HT 06€3BOKUBACTCS) OTHOCHTCH, M0-BUMMOMY, PYCIO PEKH,
Kyfa BO/Ia MOKET CTeKaTh HelloCpe/ICTBEeHHO, a TaKxke NnpuJjerapas K peke niao-
maab, B npe/enax KOTOpPoil KOPHM pacTeHuii MOryT Haxo[MThCH HUXKe 3epkala
CPYHTOBBIX BOJ ¥ pacxofoBaThk NocJe[HIo0 Ha TpaHcmupaunio, Pexu  moryt

O6nacte
NUTaHKA

HHDHUNBTPaUMK
——— Go
EPN ‘9'.9
9"4-0\%
N
8

-—
ol
HanpaBsnenune Yy \
NOA3EMHOr 0

cToKa 5

O6nacte
pa3arpyaku

Pexa
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HCTouHMK

BopoynopHsi# cnod

P uc. 1.11. BOROHOCHbIE FOPHIOHT bl FPYHTOBLIX (GE3HANOPHBIX) M HANOPHBIX BOA.

NOMNMTHIBATD BOJOHOCHBIE MOPH30HTH HA HEKOTOPBIX yYaCTKAX CBOEro MyTH, 0Cco-
GenHo B apuaHBIX 06JaCTAX. YDPOBEHb 3epKaia rpyHTOBbIX BOJl BapbupyeT B 3a-
BUCHMOCTH OT U3MEHEHNA MHTEHCUBHOCTH TMTaHUA (KOHTpPOIMpyeMoi ocamKamu).
B Tex ciyuasx, Korja 3epKano MPYHTOBBIX BOJ HE MOPU3OHTAJbHO, BOJA TEUEeT U3
palioHoB, I'e 3epKalo MPYHTOBLIX BojJ MMeeT Gojee BbICOKHE OTMETKH, B pajioHbl,
rje ero orMeTkM HuXe, CKOpoCcTh TeueHus onpejenseTcs rpajdeHToM 3epKana
I'PYHTOBBIX BOJI ¥ NPOHMI@EMOCTBI0 MOPObl. [BiXeHue MoA3eMHBIX B0/ HEPE/IKO
OYeHb MeJlIeHHOoe, HANpUMED, CKOPOCTh TeYeHUd B IJIaBHOM BOJOHOCHOM I'OPM30HTE
eHTpatbHoil ®aopuast cocrasaser 2—8 m/rop [ 41,

[Ipu yepesoBaHNK NPOHMIIAEMBIX M BOJOYTOPHLIX MOpof co3jawTces boree
cloxsble ycaoeus (puc. 1.11). B Mecrtax, rie BofoHachllleHHble IPOHUIIAEMbIE MO~
pofibl OT/eNAITCS 0T HUXe3aleraoumx 6e3B0HbIX OPO/l HEMPOHUIIAeMbIM Bapbe-
POM, MOXeT obpasoBarbcs 6epr0800Kka. ["OpU3OHT HAROPHHIY, UM APMEIUBHCKUT,
Bo/l oGpasyercs, KOrjia ero KpoBJs KOHTAKTMPYeT C MJAacTOM HerpoHWIaeMoil no-
ponsl, a He ¢ ToJuell 6e3BoJHLIX NpoHULAeMbix nopoi, Ecm nanopuwit BogoHoc-
Hblif TOPU3OHT BCKPBIT CKBAXUHOI, TO BOJA B Hell MOJAHMMETCH Bhille KPOBJM I'o-

bontanupyowan
apTe3naHckan O6nacTtb
cKBaxuna NUTEHMA

O6nacte
NUTaHWA

MNee3aomeTpuueckan
NOBEPXHOCTL

MNponuyaemsie
NecyaHukK

P uc.1.12. ¥YnpoweHHanr cxema apTe3WaHcKoro 6accenHa B CMHKNWHANLHOH CTPYKTYpe.
[Mbe3oMeTpUUecKan NOBEPXHOCTL CHUXAETCRA NPU UCTEYEHUH 3HAUYNTENbHbIX 06LEMOB BOAbI
M3 BOJOHOCHOrO FOPU30HTA,
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pu30HTa. [loBEpXHOCTD, 10 KOTOPO BOJA MOHUMAETCH B Cepui TAKMX CKBAXUH,
HasbiBaeTCs nbe30Mempuy ecxoi nopepxHocToio, [pu ycraHoBaeHnu nociefHed
Bbille 3eMHoit noBepxHocTy (puc. 1.12) Boga cBoDOHO U3IMBAETCH U3 CKBAXKUH,
Apresuanckue BO[Ibl WIYPOKO UCHOAL3YIOTCH /A OpOLIeHus noJeli Bo MHOTHX 4ac-
TAX Mupa. Eciu pacxos Bogbl IpeBbIaeT ecTeCTBeHHOe MMTaHue, TO BOJOHOCHbIH
[OPU3OHT MCTOLAETCH U Mbe30MeTpUUecKast oBEPXHOCTb POrPECCUBHO CHUKE-
eTCH.

THNbL HEMETEOPHBX BOA

Hanboasiias no o6seMy 4acTb BO/l, paclpoCTpaHeHHbIX HA KOHTMHEHTax, nMe-
eT MemeopHoe TPOUCXOXEHNe, T.e. BO/bI MOCTYIUIM U3 arMocdepsl B Bue I0X-
N5 WM CHera B OTHOCHTeJIbHO HeflaBHee reojoruyeckoe speMs. CymecTByoT u
[pyr#e THOb BOJ, KOTOPEIe, XOTs 1 HESHAUMTENbHO, BMAKT HE XUMUIO MOBEPXHOCT-
HEIX BoJ B Jio6ofl MOMEHT BpeMeHH, HO MOryT JaTh 3aMeTHblfl cymmapHblit sddext

B epeHoce PAcTBOPEHHBIX BellecTB B Macmrabe reooryueckoro BpeMeHu.

Ipu obpasoBanuy ocajka Ha [IHe OKeaHa MOPCKas Bojla 3aloJHIeT MeX3epHo-
Bhle mpocTpaHcTBa. Eciu ocajok 3aTeM 3aXopoHAETCH, TO 3aXxBaueHHad UM BoJa
HAs3bIBAETCA KONHemnol Wi cuHreneTHueckoi, OObIUHO Heab3d CKas3aTh, SBASETCH
JM Bofid B Nopax peBHero ocafka Tofi camoii Bojoi, Koropas Oblna 3axBavena
MM B MOMEHT 00pa30BaHus, 03TOMY HCIOJb30BaHNE TePMUHA "KOHHETHBI" He
pekoMeHayeTcs, PopMayuowkoi 6000t HASHIBAIOT BOAY (UACTO COJIEHYW), KOTO-
pas 3akJioueHa B nopax ruyboko3aleraiommx ocajounbix nopof. Menoabsosanue
9TOro TepMUHA HE Tpefnoaaraer reHeTHyeckoro CMbIca,

[Ip1 BHIBETPMBaHMM T'OPHBIX MOPOA 06pa3yioTcd IMHUCTHIE MUHEpAb, Coliep-
Xauue XMMUYECKH CBABAHHYI BOAY. JTH MUHEpabl NpeBpallaTCcs 3aTeM B 0Ca-
[OYHbIE NOPO/ibl, & MOCJIe/HHe MOr'YT Mo /Beprarbcs Bo3/eficTBII0 TeMnepaTyphbl
U [1aBJeHM$, YTO BEJET K NpeBpalleHuio uX B MeTaMopduueckue nopoasl, B apo-
necce MeraMophu3ma BoJoCOJEpXalme NIMHICTHIe MyHepassbl npeBpamanTca B
MeHee r'UIpaTHpoBaHHble (hasbl, a BoJa BhHITeCHAeTCH U3 nopofbl. Takas Boja Ha-
3biBaeTCH Memamopgiutecroi. CoBeplIeHHO O4EBH/HO, UTO B MPOLECCe MUIpalmuu
MeTamopduyeckoii Bobl K 3eMHOlt MOBEpXHOCTY MPONCXOIMT CMelleHle ee ¢ Me-
TEOpPHBIMI BOJAMM, [103TOMY UAEHTHOMIMPOBATL ee TPyAHO. Bo3MokHo, uTo He-
KOTOpbI2 yriekucabie pcTounnku Kamdopauu cojepxar 3HAUMTEJbHYIO [0JI0
Metamopdmeckoit Bogwi [6].

B manTun 3eMim 3akimouena XuMHUECKH CBA3aHHAR BO/A, KOTOpas MepeHo-
CHTCH K 32MHO/ MOBEPXHOCTH B pe3y.JbTaTe BYJKaHUYECKUX nporeccos, BoaMox-
HO, 4TO BYJIKaHM4ecKue rasbl 6a3aibTOBLIX JaB COJEpPXKAT W6 EeRUAbRY 0 BOY, HO
5TO TPY/HO [I0Ka3aTb, TAK KaK BYJKaHM4YECKasd mMarMa oObIYHO 3aXBaTHIBAET BOy
M3 IPYrMX UCTOUHMKOB NpU NobeMe B 3eMHO Kope.

Eme omaum THNOM BojJ, KOTOpbIe MOIYT MOKA3aThCA WHOIO [POMCX0X TEHNS,
ABJASKTCA BOJbI MOPAUNX UCTOYHUKOB U reii3epoB. B JejicTBureasHocTH oHM
NOYTH BCEr/la 0KasblBalOTCA METEOpPHbIMM BOJAMM, HCIbITABLMMY Har peBaHue Ha
KOHTaKTe ¢ ropsuelt nopopoit [ 1011, Mopsune HCTOUHMKN BCTpEYAlOTCA Takke Ha
[lHe 0KeaHoB, 0COGEHHO B OCeBbIX 30HAX cnpemMHra. Boaa STHX MCTOUHMKOB (Mo
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MPOUCXOXIEHMI0 MOPCKAs) HArpeBaeTCH U XMMUUECKH H3MEHAETCA HA KOHTaKTe
¢ ropsuuMy nopogamu (ra. 10).

XUMHYECKHE TEPMWHb B TMAPONOIr UK

Mas ynobeTea nonb30BaHus KHUIOA LeaecoolpasHo farth onpeieleHne HeKo-
TOPLIX TEPMUHOB, Haubolee WUPOKo ynoTpebigeMblX NpU OMUCAHMK XMUMUA TIPUPO-
HBIX BOJ,

Cyxma pacmgopennnix 6ewecms (cyxoit ocrarok) npegcrasager coboit obmee
KOJIMYECTBO TBepAblX BeuecTs (B Mr/ 1), ocraileecs NoCIe NOJHOrO BhinapyBa-
HuA npoGbl BoAbl. B 11€/10M 370 cyMMa BCex pacTBOPEHHEIX MHTPE[JeHTOB, Mpi-
ueM rujpokapbonar npeofpasosal B 9KBUBAIEHTHOE KOIMYECTBO KapGonata, Of-
HAKO BO MHOI'MX Ony0JMKOBAHHBIX aHAIM3AX M3MepeHHbll cyXoli ocTaToK He Bcer-
fla COrJacy eTcs C ero BeJMUMHOl , pACCUMTaHHOH CYMMUPOBAHHEM PACTBOPEHHbIX
KOMIIOHEHTOB, (01en0ocms 03HaYaeT, Mo CYLWeCTBY, TO Xe, YTO M CyMMa pacTBo-
PEeHHBIX BelleCTB, XOTH UCMOJAb3yeMblit B okeaHorpadui Tepmut "cosieHocTb" MMe-
©T HeCKOJbKO BoJiee CJI0XHOe onpefe/eHne,

MTpecuvie Boabl — 9TO NPUpPOHBIE BoJbl ¢ MuHepaim3auueit o 1000 mr/ a,
NpUrOJHbIE NS MUTbA, C0I0KOGambie BOALI HENPUTOOHB! JAS MMTHR K3-3a JOCTaE-
TOYHO BBICOKOH COJEHOCTH, HO OHM 3HAUMTEJLHO MeHee COJeHble, YeM MOpCKas
BOJIa; COJIEHOCTb MX BapbupyeT B npefienax or 1000 zo 20 000 mr/ a, Paccoas —
9TO BO[bI 3HAUNTENLHO Gollee coseHble, Y4eM MOpPCKas Boia.

[1pub.u xeHHOe 3HAYEHHE CONEHOCTH BOMbI MOXHO NOJYUMTh NyTeM H3Mepe-
HUA ee 37exmponpoeoonocmu (W Yoenvkod 3 Aexmponposoonocmu), Inekrpo-
TPOBOJHOCTb €CTb BEeJWUMHA, 06paTHan 5JeKTPUUECKOMY COMPOTHBIEHUIO, U Bl
paxaeTcs B CHMeHCaX M. 00paTHbIX omMax. Yem Boabine HOHOB cogepxuTes B pacT-
BOpe, TeM HUKE ero 3JeKTPHUecKoe CONPOTHBJIEHUE M, SHAYNT, BbILE 51€KTPONpo-
BOJHOCTBs 3JI@KTPONPOBOJHOCTE MOXeT BbiThb TOYHO MEpecunTana Ha COJNEHOCTb
TOMBKO NPY yYeTe BIMAHUSK PA3IMYHBIX HOHOB HA 9.1€KTPONPOBOJHOCTb.

Keemxoemy Bonp onpeniensercs KoHueHTpauMelt HOHOB, KOTOPbIE, pearnpys ¢
HATPUEBBIM MBLIOM, 00pa3yloT HepacTBOPUMEIH 0caioK, O6BIYHO KECTKOCTD Bbi
paxaeTcs B BECOBOM COZiEpXaHuy coJiell, SKBUBANEHTHOM BECOBOMY COJIepKaHKIO
CaCO,, 1.e. (C y4eTOM aTOMHBIX BECOB 3JEMEHTOB)

asxsuBanent CaCO, = 2,5 vr/a Ca + 4,1 mr/ 1 Mg.
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XuMHUYecKHe OCHOBBI

JlAsi IOHMMaHKUS CeoXUMUM TIPUPOJHBIX BOJ HEODXOMMMO HMETb Npe/cTaBieHne
o usuueckoit xumun. B 1anHoll riaBe KpaTko pacCcMAaTpPUBAKTCS HEKOTopble 06-
wue ee noHaTHA. [aa Gonee noJHOrO O3HAKOMJIEHUS C HUMU UUTATENIO ClelyeT
obpaTuTbCa K JUTepaType, YKa3aHHO! B KOHIE rJiaBbl.

EAWHULB UIMEPEHWA U TEPMUHONOI UA

B dusnyeckoii xuMiun KOHIEHTpaLUsA PACTBOPEHHOI'O BellleCTBa B BOJHOM pacT-
Bope OObIYHO BBIDAXAETCHA B MOIAAMNGE €IMHALAX M, T.e, YICJOM Moleil pacTBo-
PEeHHOro BelllecTBa Ha KMJorpamMm pacrsopuTens. OfuH MoJb BelecTea — 370 Mac-
€a, UMCleHHo paBHAs MOJEKYIApHOMY Becy, BbipaXeHHoMY B rpammax. B moaap-
Holr equEMIax M M3MepAloT KOHUEHTPAlMIO B MOJIAX HA JUTP pacTBopa. /lns Goab-
WKHCTBA BOJHBIX PACTBOPOB MOJAIbLHbIE M MOJSAPHBIE e[MHUIIbI, N0 CYUWeCTBY, OH-
HaKOBbl; JUIIb B KOHLEHTPUPOBAHHBIX PACTBOPAX MJIM NPy BHICOKMX TeMepaTypax
pasauue CTAHOBUTCH 3HAUNTENBHBIM,

KoHuenTpaumuu B TBep/AblX pactBopax (MHorja u B JPYruX pacTBopax) B OCHOB-
HOM BBIDAXaKTCA B MOJbHBIX foaAX. MoabHas foas BemecTsa A — 9TO KOJIMYECTBO
MoJeit Ben2cTB4 A B J1060# emuHulle pacTBopa, [eleHHoe Ha obllee wicao Modeit B
3TON eIMHKIIE

I1pu™ep l. Tsepabii pacTBop Ca-MgCO, conepxut 5% Mg. Kaxosa moab-
was nonn MgCO, B pamsoM pactBope?

Mouexy asiprble Beca Mg i CO, paBubl cootBercTBenHo 24 u 60; cienoBareds-
HO, COJEpXaHufA KOMIIOHEHTOB TAKOBbI:

MgCO, - _5(';’:_”“) - 17,5%,

CaCO, = 100 — 17,5 = 82,5%.

OrrocureabHOe uncao moseit MgCO, = ﬁ= 0,21. OTHOCHTENBHOE UMCIO
84
82,5
Modet CaCO, = ——2—_ = 0,825. Moabhas foasn
100
: M
MgCO, = uncao Moseit MgCO, B 0,21 0,20,

uncao moaeit MgCO 4 + uncao moaeit CaCO, 0,21 +0,825
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Takum obpasom, Moabras f1oas MgCO, B naxdHom TBepioM pacTBope pas-
na 0,20,

B reoxuMiu KOHLUEHTpalMK YaCTO BbIPAXATCH B MUUMMOJAX Ha KUJIOrPamMM
(MMoJIb/ KT), KOTOpBIE, 38 UCKJIOUEHHEM KOHIEHTPUPOBAHHBIX PACTBOPOB, M0 CY-
WECTBY, ABJATCH TAKUMMU XKe, KaK MOoJAAbHbIe, U/ BECOBble, €IMHUIIbI, BbipaxXeH-
Hble B MUJJIMOHHBIX (Mm—‘) WM B MMJIMAPIHBIX (MApA~') moasx:

1 Maa—! = lr =1mr/xr=1r/T,
108 p
1 mapa~! =__1.L_ =1 mxr/kr=1wMr/T.
108p

IlepeBo/l KoHIEHTpaMM U3 OJHKX €[UHHUL B [pYTUe MPOM3BOMTCH COrJacHo
paBeHCTBY':

KOHLEHTpaMs B MIH ™' = KOHIEHTpAaIUS B MMOJb/ KI' X MOJEKY.ISpHBbIA Bec.

B dusuueckoil xuMum ¥ reoxuMuu IWMPOKO yNnoTpedIfioTes TepMIHbl Ci Cme-
Ma, 6euecmso (MM XMMUUECKU Bua) u KoMnonenm. CucmeMa npencTasiaser coboit
PpYONy XMMHYECKUX BEleCTB, nojJexaux paccmorpennio. Ecmm, nanpumep, uc-
cleyeTcs pacTBOPEHME KalbuuTa B YUCTOol (MoTuampoBanHoi) Bole, TO peub
uner o cucreme CaCO 3—H20. Korpa B Hee BKJOUeH yriekKucabiil ras, uMeercs
8 By cucrema CaCO, —H 0 —CO,. Tepmun "cucrema" — nousaTHe /10 HEKOTO-
poii creneny abcTpaKTHOE, MOCKOJBKY pealbHblii pacTBOp He ABAAETCH CMeChio
9THX BellecTB. Bewecmso npefcTaBaseT coboil pealbHylo XMMHYECKY 0 CYIIHOCTD:
HoH, MOJEKy.y, TBepabii ocanok u T.4. Hanpuvep, B cucreme CaCO, — H20 -0,
BO3MOKHBl Clemylome Xxumnueckue Buasl (ra. 3): Ca?, co, (o)’

€O, (pacra),HC05 HCO3, COZ5 HY, OH", H,0 punr H.O(rasy CaC0yrg)

M pasiMuHbie KOMIAeKChbl. KoMnonenmy: onpelefaloTCA KaK MPynna TAKUX XHMIUec-
KMX CYWHOCTeH, KOrja Kax/Ioe BelleCTBO CUCTEeMbl MOXHO BbIPA3UTh Kak MPOAYKT
peaKiyu, BKIoYaowei TOIbKO 9TH KOMMOHEHTbI, HO Hi O/MH KOMIOHEHT Hellb3s
BBIPA3UTL KaK MPOJYK1 peakiiu, BKAoyawmed ToIbKo Apyrue KOMIOHeHTbl CHC-
Tembl, [lpyrumi Cl0BaMM, KOMIIOHEHTHI IPeACTaBARIOT coBoi TOT MUHMMYM XMMu-
UecKHX CyuiHocTell, KOTopblil HeobXoMM LIS onpe/ie/ieHus CoCTaBa BCexX BellecTR
cucrembl, B Boipaxenun "cucrema A — B — C" cocraenble yactu A, B u C Bcerga
ABJAIOTCA HAOOPOM KomnoHeHToB. ObbiuHo s06as cucTeMa MoxXeT ObITh oXapakTe-
PM30BaHA HecKobKuMK Habopamu KomronenTos. Hanpumep, B cucreme Ca (]Elt3 -
H ,0 — CO2 eme oHuM HabopoM KomnoHeHToB MoxeT Obith CaO —H 0 —CO,.
MoxHo npuBecTH pasmMyuHbie HAOOPhl KOMIIOHEHTOB,BKIKYAMNEe HOHbI, OJHAKO N0
YCJOBUIO 3eKTPUUYECKOi HedATpaibHoCTH pealbHblX PACTBOPOB Npe/louTHTe bHee
MCMOJb30BATh B KAUecTBe KOMIOHEHTOB HefiTpa/ibHble XUMUYECKUe CYIHOCTH.
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PABHOBECHAR TEPMOOWHAMHUKA

BoabumMECTBO CyXKAeHuii, TPUBOMMMBIX B JaHHON KHUre, Ga3upyloTcs Ha pas-
HOBEeCHOi TepMoJHHaMKKe, T.e. HaA OCHOBAHMKM pacueToB npeanoJiaraeTcs, KaKoit
OynieT naHHas cucTema NMpH JOCTHXEHUM MOJHOr0 XMMUYECKOro paBHoBecus. B
NMPUPOAHBIX CUCTeMax TaKoe paBHOBecHe HAcTynaeT pejko, 0CoOEHHO mpu Ham-
uny Guanoruyeckux npoueccos. Tem He MeHee MOAXO[, NPU KOTOPOM B CUCTeMe
Npeinosa raeTca paBHoBecHe, UMeeT pajl npeumyllecTs. Bo-nepshix, Hepeko
JlocTUraeTcs Xopouee Npud/noKeHne K pealbHOMY COCTOSHMIO cucTeM. Bo-BTo-
pBIX, YKa3biBAETCA HANPaAsIeHue, B KOTOPOM MOIYT NPOUCXOMTh U3MEHEH!s: ec-
1M 9HEPIUs MUBBHE He MOCTYNaeT, CUCTeMbl (B TOM YuC/e U OUOJOrHYecKue) MoryT
M3MEHATBCS TOJIBKO B HaNpaBJleHuu NOCTUXeHus paBHoBecus. B-Tperbux, no pasuo-
BECHOMY COCTOAHUIO MOKHO OUEHUTb CXOpOCmY HPUPOIHBIX NPOUECCOB, TAK Kak,
ueM faibllie CUCTeMa OT PABHOBECHOI'0 COCTOSHUA, TeM ObICTpee OHa CTPEeMUTCS
€ro 10 CTHYb; O/IHAKO BBIYUCIUTL CKOPOCTH peakiuii mo TepMoIMHaAMUYeCKuM [aH-
HbIM MOXHO JUWb B PefiknX cJayyanx.

Cucrema B COCTOSHMU paBHOBeCKs 00JaaeT MUHMMAbHON sHeprueii. Hepas—
HOBECHasA CHCTEMa MOKET CMelllaThCd B CTOPOHY PaBHOBECHs, BbICBOOOXKAaA sHep-
ruto. Mepoit sHeprim cuctem, XapakTepu3yIOWUXCHA TOCTOSHHBIMU Temreparypoi T
U JaBnesuem P, siBlAeTca ceo6o0nar aueprus IMNuGbca G, KOTOpas CBf3aHa C
sHTalbNMell (Tennocofepxanuem) H u snTponueii § ypaBHeHMeM
G=H -T8S,
rge T — Temneparypa no wkaie Kenbsuna, Ecim peakuus nporexaer npu nocro-
AHHBIX Pu T, TO H3MeHenue cBoGoIHOI 3Hepri Oy/ieT onpeaensTses ypaBHeHueM
AG=H -TAS. (2.1)
Korfa cucrema crpevurcs K paBHOBECHI0, BOSMOKHEI BHIJEJIEHUE Tenna, yBeu-
ueHHe IHTPONMM U/ TaKie COUeTaHnd U3MEHEHUs Ten/a U SHTPOIMM, KOTOpbie
NPUBOAAT K YMeHblleHHIo Beanuntbl G. TakuM obpasom, npu camonpon3BoabHbIX
npoueccax AG ABIfeTCA oTpunaTe bHO! BeMuMHoR, @ B paBHOBECHBIX npomec-
cax AG=0.

C Bemuunoit cBoBoHoN sueprun M'dbca G TecHo cBA3aH TuMuYeckui no-
MeNyual y, KOTOpLIN oNpeleNsieTcs ypapHeHueM
aG
on, | ,p "’

1

H; =

rje MHJeKC ¢ yKasbiBaeT Ha i -it KOMIIOHEHT CHCTEMEI, a n — YKMCI0 Modeil 9Toro
KOMIOHeHTa, nocrynawuee 8 cucteMy. Tem caMbiM XUMHUECKHIT TIOTEHIAN Of-
penenserca kak napuMaibHas MoJspHas csobojHas sHeprus 'mG6ca i kak us-
MeHerue cBOOOmO/ SHepruu ['ubbca B nepecyeTe Ha MOJIb KOMIOHEHTA MU JI0-
DaBJieHni HeCKOHEUHO MAoro KOAMYecTBa JAHHOrO KommoHenTa. [ast oaHoKoMIO-
HEHTHOH CHCTeMbl XMMMUECKMil moTeHuuan npeicrasiier coboil ceobogHyi0 SHEp-
riio 'nobea na moab. Ceoboanas sHeprus 'uGbca ecTh IKCMeNCUERAA BENHUMHA,
TOr/ia KaK XUMUUECKuii NoTeHIual — BeJuunHa uumencuanas. ECIM UMeloTCst ABe
CHCTEMBI C M/IEHTHUHBIMM CBOICTBAMM U OJHA U3 HUX BMBoe GoJblla Mo Macce u
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Ma3a A a3a B

———
P T,

Obmen )
KOMMNOHEHTOM |
1

P uc. 2.1, B3aMMoo6MeH KOMMNOHEHTOM MeXAy ABYMA hasamu.

oBBeMy, To coboaHas sHeprus ['uobca B Ooabuedl cucTeme OyleT BABOe Bbille,
yeM B MeHbllell, Ho XMMUYeCcKHe MOTeHIHAIbl BCeX KOMINOHeHTOoB B DoJbuiel 1
Menbiefl cucremax OyayT oauHakoBsl, TemnepaTtypa CJyXUT APYrUM npUMepom
MHTEHCHBHON BeWUMHBL.

ITpy paBHOBECHOM COCYECTBOBAHMM JBYX UM Golee (a3 XMMUUECKUEe MOTek-
IMab KOMIOHEHTOB B CHCTeMe [0JKHBI ObiTh 0/IMHAKOBbIMY BO BCex (aszax. Pac-
CMOTpUM CUCTEMY, oKasaunylo Ha puc. 2.1. Ecmr (y, ), Gombue (u; )g, TO mepe-
HOC KoMnoHenTa ¢ U3 A B B OyJeT cOMpOBOXKIATbCH BbleleHueM SHepruu
(A G oTpuuaTe/bHa) U, Cle/l0BATEIbHO, CUCTEMA He MOXeT ObITE paBHOBECHOM,
Ecmt xe (w; ), pased (w; )p, To mepenocy kommoHenta i u3 A B B cooTser-
CTBYeT HyJeBoe U3MeHeHue G, UTO ABIAETCS KpUTepueM XMMUUECKOro paBHOBe-
cust, ®assl A ¥ B MoryT mnpefcTaBiATh coboii ras — KuikocTb, I'as — TBepAoe
BellecTBO, XKUAKOCTh — KUIKOCTh, KUIKOCTb — TBepAoe BellecTBo WM TBep/oe
BEIECTRO — TBepioe BeiecTso. /L1fl CTEXHOMETPUUECKIX TBEp/IbIX BEIECTB, UMEIONIX
ONpeeeH b Y Hey3MesHbET XMMUUECKIH! COCTAB, MOKET BOZHMKHYTb pobiema onpe-
NeJieHns BeMUMHD! 1 OTEMbHBIX KOMIOHEHTOB, HO NPHHIMIT OCTaeTcs B aijie: B paBHOBeC-
Holl cucTeMe XMMUYECKHit MOTEeHIMA KaX/10ro KOMIOHeHTa 0/MHAKoB BO Beex da-
3ax.

Hakonel, HeoGXoauMo ykas3aThb ellle HA [Be KOHKpeTHbe BeJMUMHBI, Henocpe/-
CTBEHHO CBA3aHHblE ¢ BeauunHoit ceobomnoit snepruy 'nb6ca, — aKTUBHOCTD a U
dyruTHBHOCTb (MM JeTyuecTb) f. AKTUBHOCTb ONpe[esseTcs KaK MAeaim3upoBaH-
Has ( TepMOMHAMUYECKAA) KOHLEHTPALMA M XapakTepusyeT TBEpAYI0 U XUOKYI
tasbl, PyruTHBHOCTD ABARETCH MASANUSHPOBAHHBIM JaBJEHHEM U UCIOJb3yeTcs
1151 XapaKTepUCTHKU ['A30B. YKasaHHble BeJMuMHbl ONpeesnTcs ypaBHeHUAMU

H; u,-°+ RTIn a;, (2 2)
b =u?+ RTInf; :

rie uf’ — XMMMYECKIii TOTEeHIMaN KOMIIOHEHTa { B cmaxdapmuoM cocmoAnuu, R —
(yHuBepcanbuasn) razopas nocrosunan (1,987 . 103 kkan/rpan . mouab), T — ab-
COMOTHAS TeMreparypa. AKTUBHOCTb M GYTUTHBHOCTb 3@BUCAT OT XMMUUECKOI0o
TIOTEHIMAIA |, CJAeJ0BaTe]bHO, 0T cBoDoHOl sHepruu ['ubbea.

CyuecTByeT HECKOJIbKO MOIXO0/0B K ONpe/ieeHnio CTaHAaPTHBIX COCTOAHMHA, 1
BbIDOp OHOrO U3 HUX OMpe/ieNfeTca y10OCTEOM pelleHus [aHHOl npobiembl, a He
KaknMu-11bo TeopeTnueckumy coodpaxenusmu. /l1i TBep/blX pacTBOpPOB, pacT-
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BOPOB [IBYX CMEIMBAIOUMXCS XuaKocTell U A pacméopumers B BOJHBIX pacTBOpax
3a CTaH/JAPTHOE COCTOSHME OObIYHO MPMHUMAETCA YUCTOe BEelleCTBO IIpu TeX Xe
TeMnepaType U [aBJieHuu, YTO U B U3yyaemMoM pacTBope. Hanpumep, /s BOIHBIX
BGeckoneyHo pasbaBaeHHbIX pacTBOPOB

"‘H20=“Hozo mooayg=1

[last pacmeop ennsiz 8euecms B BOHBIX PACTBOPAX UMCTO® PACTBOPEHHOE Be-
ecTso Heynoﬁﬂo NpMEMMATH 33 CTAH[apTHOe COCTOdAHUE, M03TOMY 0OBIYHO MC-
NOJB3YETC Yeaosue GecKoneun010 pasbasienus, COrJIACHO KOTOPOMY AKTUBHOCT
PACTBOPEHHOrO BelleCTBa NPUOIMKASTCA K M0 KOHIEHTPAINA (B MOASIBHBIX €/
HMIAX), KOr/la KOHLEHTPAUuA PACTBOPEHHBIX BU/IOB CTPEMUTCA K HY IO, T.€.

a; - m ,Korjga X m; -0,
Kosguyuenm axmuenocmy y MOXHO Takxke ofMpe/Ie MTh C NOMOWbBIO ypaBHeHus

a.
g , U3 KOTOPOTO BU/IHO, YTO

m.

Y, »1, korga m; -0,

1o aToMy yCJAOBHIO CTAHAAPTHHIM COCTORHHEM SBJISETCA MUNOTETHUECKUi ueanb-
Hblfl 1-MoJaAbHLIH PACTBOP (B 9TOM KOHTEKCTe ueabHbIM PACTBOPOM ABJAETCSH
pacTBOp, B KOTOPOM aKTMBHOCTH PABHBI KOHIERTpammaM). MoxHo ucnoas3osars
TaKXe yCJ0BME IOCTORHCTBA MOHHOM CHibI pacTBOpa

a; »m; ,Korgam; -0, npu Tm; = const,

HO 9TO ycJoBHe 3/iech He obcyxaaeTcd. [Jas razoB GyruTHBHOCTD NpUbIMKaETCH
K napuMajbHOMY [aBJeHWIo, Korja CymMMapHoe JasJjieHue rasa l'lp]dﬁJ]I»Di(ﬂ&TCﬂ K
HYJI0,

KoHcTaHTa paBHOBECHA. VI3BecTHOE Bhipaxemne /i KOHCTAHTH paBHOBE-
CHS peaKuUMy Jerko MOXHO BbIBECTH M3 yPaBHEeHMH XMMUUECKOro noTeHmana u
cBoboznoil sneprum M'ub6eca. PacecmoTpuM peakimio
aA+bB=cC +dD.
W3menenne csoﬁomoﬁ‘anepmn B npolecce peakuyuyu (Ha Moab), AGg, onpefens-
eTCH KaK pasHoCTh MeXy cBoboaHO! sHeprueil NpoJyKToB Peaklu 1 UCXOJHbIX
BelllecTs:
AGR =0 NPOAYKTOB — G MCXOOH bIX
peakumu BewecTs
01O MoxeT ObITh BIPAXEHO Yepe3 XMMUYEecKue NoTeHIMalbl
AGp =cug tdup —ap, —bug,
[Togcrapass B 3TO ypaBHeHMe BeJMUHHBI p U3 ypaBHenud (2.2), moayuaem

AGg = cug + cRTn ag +duf + dRTinap —auf ~aRTina, —bul bRTIn ap,
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Tocae rpynnMpoBKy i NPeoGpa3oBAHUA ypaBHEHUe NPUHUMAET Caejyiowui Bun:

0 0 ac’:-a% a% - af
AGg = cud +dud —aul ~bug + RTla —— 2 _ AGO 4 RyI( G %D}
a® .ab a b
A" @B i
|
(23)

rae AG® — cmandapmuas c60600%aR 3K EPLUR PEAKIMH, T.. U3MeHEHHe CBODOM-
Hoit 9HepruyM npu npespanienus a MoJjeit BemecTBa A u b MoJeit Bemectea B B
¢ Moaeit BemectBa C M d moJeii BemlecTBa D (BCe KOMIIOHEHTHI HAXOAATCS B CTaH-
JIapTHBIX COCTOAHUAX).

[lns paBHOBecHOl cucTeMbl AGR =0, u, clefoBaTebHO,

a" . ad
RTIn & — =—AGO
b
a"]“. aB
Him
0
at. . d _ --AG
RPRNET v

rle Kpaan — KoHCTaHTa paBHoBecus. [locaennss, TakuM obpasoM, cBA3aHa CO
cTaHjaprHoi cBoOO/HOM 9Heprueil peakuun ypaBHEHHEM

—-AG® 0
In KpaBH=JLHMng —-AG
RT 1,364

paBH
CrelloBarelbHO, KOHCTAHTA PABHOBECHA MOXeT ObITh BbIUKCIEHE H2M0CPeCTBEH-
HO 10 ¥3BecTHOl BeJuuuHe cBobo/HOl sHepruy peakiym. CBoOO[HbIe SHEPTUK 00-
PasOBAHUA HEKOTOPbIX COEMHEeHMHA, NpeNCTaBAMIOIMMX HHTEPeC IS8 U3YYeHus npupo/-
HBIX BOJ, NPUBE/EHbl B NPUAOXKEHUH,
I1pu mep 2. Paccunraem npoussesienne pacTBopuMocTy runca npu 25°C,

MCNOJb3YA [JaHHBIe MPUIoKEeHHH,

Koncranra paBroBecus peakumu

CaSO, .- 2HO =Ca?"+ SOZ~+2H,0 pasna

npu 25°C.

a - a . a?
2+ =
Ca SO‘ H20

Kpnu A E
Cas0, - 2H,0
B fiocTarouo pasbanieion pacTeope ay =1, Akmustocts munca CaSO, - 2H,0
2
TAKXe paBHa e[uHMIe, NMOCKOJbKY OH HAaXO[MTCA B CTAHJAPTHOM COCTOS-
HUKM (4McTOE TBepjoe 3euecTso). [TosTomy

K = 3 A
pas = G¢ ot asoi-'lq'“"
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rie Kpp — Npou3Benenne pacTBopuMoCTH runca. CorJacHo MpuI0XeHuio, CTaH-
flapTHEle CBODOHble SHepriu 06pa30BaHMS MCXO/IHBIX BEIECTB U MPIAYKTOB pe-
aKIMU UMEKT CJeflyloliue 3HaueHns (B KKaji/ MoJb):

CaSO4- 2H20 =— 429,36, Ca?t=— 132,35,
H,0=- 56,69, SOi‘= - 177,34,
AGR =- 132,35 - 177,34 — 2 x 56,69 — (— 429,36) = + 6,29,
—AGg
1,364
CrenoBarebHo, NPOU3BEIeHHEe PACTBOPUMOCTH I'Uca KHF' npu 25°C cocrasJs-

er 10 ~461 | lsmenenne K C TemnepaTypoil MoXeT 63ITb BHIYMCIEHO 110 Ypas-
Henuio (2,1)

AG®=AHO® —TAS®,
RTIn K, g, = AH® ~TAS®.

g K w = AL

paBH =

paBH

B nepsoM npub.mxenus MOXHO NPeNOIOKUTb, YTO NIPU Temaeparypax, 6au3-
KuxX K cranjapruoit (25°C), AHO u AS © e 3aBuCAT OT TemnepaTypsi u K, gy MOX-
HO BBIYUCJIHUTD 110 BEJAUYMHAM CBOGOMHBIX YHePruil, NpUBeIeHHbIM B [IPUI0KEHMHU.
[las Gosee TOYHOrO pacueTa WM IKCTPANOAAMA B LIMPOKOM MAasoHe Temnepa-
Typ u3MeHerns AHO u AS9 ¢ TeMIepaTypoi MOryT OhITh OlleHeHbi C TOMOLbIO
TellloeMKocTelt paccMarpuBaembix Belects [ 122].

Onpepenexke cTeneHn HepaBHOBECHOCTH. PaccMoTpum cHoBa peaximio
aA +bB=cC +dD.
Ecau cucrema naxommres B paBHOBecuu, TO
ag - ag

e Kp asH"

(2.4)
a b

5 ap
Ecan ke cucrema HepaBHOBecHa, TO BbIpaXeHue B JeBOi UACTH ypaBHEHMs (2.4),
HashiBaeMoe npoudsedenuen axmusnocmy (IIA) wam npoussedenuenm axmusnocmy
unonoe (IIAW), Korjia B peakuuu yuacTBYIT MOHBI, He PABHO K; agns ECam oTHOWE-
uue [1A/ Kp asn > 1, TO peakiys GyleT UMEeTb TeHEHIMI0 CMemaTbCs BIeBO, ec-
i OHO MeHbllle e[MHUIIE, TO BNPaBo. Pasnble aBTOPBI 11 OLEHKH CTeneHy Hepas-
HOBECHOCTHM CUCTEMbl UCIOIb3YIOT:

1. Ornomenue 1A/ K, 50,  lg (TTA/ Kpapy), PaBHbIE B yCIOBUSX paBHOBe-
CHS COOTBETCTBEHHO E[MHUIE U HYJIO,

2. Bemtuwny RT In (TIA/ Ky, 0,,), nossoasmomyso [ cm. ypasuerue (2.3)] npep-
CTaBUTb M3MEHeH!e CBODOOAHOM SHepriy, CooTBETCTBYyWIlee NpeobpasoBaHuio
1 MoJsi pearenToB B MPOAYKTH! Peakuuu B yCAOBUAX, NP KOTOPBIX ONPEeIsioch
[TA. OGbIuHO 3TH BBIPAXEHHS HCNOALIYIOTCA /IS YCTAHOBJCHHS CTENEHH Tiepechl —
IEHHOCTH MJM HEeHAChIEHHOCTY JaHHOr0 PAcTBOPA OTHOCHTEJLHO TOTO WM MHO-
ro MUHepana.
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Mpu™ep 3. B BogHoM pacTBope akTUBHOCTD Kbl COCTABATET |k 67
aakTuBHOCTL cyabdara — 10—+ 5, HackoabKo pacTBOp HEHAChilleH WK nepe-
ChillleH OTHOCKTEJbHO runca? HackoJbko pacTBOp [0MKeH ObiTh KOHLEHTPUPOBAK-
HBIM HJ pa36aBIeHHbIM A JOCTUKEHNUA PABHOBECHA C IUICOM?

Tpoussenene aktuprocTyt Woros (ITAM) paBHo 10-38:5, 10156 10-5-9,
Tponssenenne pacTBopuMoCTH K (cMm. npumep 2) paBHo 10~%:8", TMockoabky
[1AU menblie Knp, pacTsop Hesachilien.  [lpuBe/iesnbie Bbille BBIpAXEHH# HepaB-
HOBECHOCTY B [JAHHOM CJyuae MMeKT CJeiylolme SHaYeHus:

—5,0
nan_ _ 10 = 10-0.32 _ 0,41 (<1),
Knp 10—4.61

1g TAY _ _ 0,39 (<0),
Knp
RT 1o 1AM

Knp
[Tocaenuit pesyabTaT 03HAYaeT, uTo ecau Obl runc NOABEPrcs pacTBOPEHUIO B
Boze, TO Gulo Obl ocBoGOXeHo 0,53 Kkan sHepruu Ha KaX/blit MOJb pacTBOpe:-
woro runca. [Ipi 9ToM aneprus ocBoboxX/arack 66l MraosenHo. [To Mepe pacTBo-
PeHust TUrnca akTMBHOCTH MOHOB Ca 2y S0 42‘ Bo3pacTam Obl, a BblJEJeHHAR
9HEpIA Ha MOJb PACTBOPAICIIEroCs MUIca CHIKAJach Gl 10 TeX nop, noxa He Joc-
Traa 6bl HY4s (T.€. pacTBOp cTal Obl HACHINEHHBIM OTHOCHTEIBHO runca).
Ha nepsbifl B3rJsA MOKET M0KA3aThCA, UTO A [0CTHXKEIUs pasHOBecus KOoH-

LeHTpams pacTBopa Ao/kHa ObiTh yemuena B 1/0,41 = 2,44 pasa. Opnako ec-

am a _aana o yMHOXMTH Ha 2,44, To Bennwmna [TAN Bospacrer o 10423,
. E

4TO YKas3BIBAET Ha repechbiiente pactBopa, OueBuHO, 4TO 0bIan KOHIEHTPauus
1

pacTBopa /10/kHa ObITh yBeaMyeHa B (2,4!4;)/z =1,56 pasa, uTobbl OH CTaJ PABHO-

BECHBIM C TUTICOM,

=—0,53.

CBA3b MEXOY AKTUBHOCTbK H KOHUEHTPAUMWER

Ecim B pacTBope ABYX BeilecTs A U B oHepruu B3auMO/IeiCTBUA [IBYX MoJe-
KyJ BemecTBa A, WM MOJeKy] BemecTs A 1 B, uy IBYyX MOJeKy. BellecTsa B
0/MHAKOBBI, TO pacTBop OyaeT uieabibiM, C MOMOIbIO CTATHCTHYECKOIO METO/A
MOXKHO OKA3aTh, YTO AKTUBHOCTH BELECTB B U/lea]bHOM pacTBOpe paBHbl UX KOH-
UEHTpaIMAM (IpX YCJAOBMX MCNOAB30BAHKSA COOTBETCTBYONMX CTAHJAPTHBIX COC-
TosHuii ¥ eMHMI KOHIeHTpamm). B peaibibix pacTsopax, 0CoOEHHO B BOJHBIX
pacTBOpax MOHOB, T4 YCJIOBKA He cobawnaiorcs. Mex/y 3apfKeHnbiMi HOHAMM
BO3HMKAET 9JeKTpocTaTHyeckoe B3auMogelicTsie. Kpome Toro, BOKpyr Hux 06-
paszyIoTCA YYACTKM, T/le MOJeKy bl BObl MMEIT CTPYKTYPY, OTIHUHYI0 OT CTPYk-
Typbl UHCT Ot BobI (rMApaTHbIe 000J0uKH). B3aumoeficTBIE MOHOB M YIOPAAO-
YEHHOCTb CTPYKTYpb! BO/BI TO3BOJAIOT pasmmuarh CBOGOJHbIE SHEpruu peabHo-
0 ¥ MeaJbHON0 PACTBOPOB, @ TAKKE OTIMYATH AKTUBHOCTH PACTBOPEHHBIX BE-
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WECTB ¥ pACTBOPUTEJA OT MX KOHLEHTpaiyit Kak cJjejcTBHe CBA3M CBOOOHO
9HEpruM M aKTUBHOCTH. B pacTBopax, MeHee KOHIEHTPHPOBAHHBIX, UeM MopcKas
BOJia, akTUBHOCTB BO/bI OYeHb BJM3Ka K emuuuue (B Mopckoii Bofie oua pasua 0,98).
Inekrpuueckt HefiTpaibhbie PacTBOpeHHbIE BellecTsa (TaKue, Kak [IBYOKUCH yriepo-
fawnw H,Si0,) npubmxaior pacTsop K MJlealbHOMY B BHAYUTEJbHO DoJbuieii Me-
pe, YeM oGuajaniiie 3apaioM DACTEOPEHHBIE YACTHUIDI, MOCKOJIbKY B MEPBOM CJIy-
@€ HeT 31eKTPoCTaTHYeCKOr 0 B3anMofelicTBus. OTHOWEHHE AKTUBHOCTH PAcT-
BOPEHHOTO BEleCTBa K ero KOHUEHTPAIMK HA3LIBACTCH X09@gduuuenmim axmisnoc-
mu. B obuem ciyuae KooshhuIMEHTH aKTUBHOCTH 9JIeKTPUYECKN HeliTpaibHbIX Be-
liecTs B pasbaB/eHHbIX PACTBOPAX BUM3KM K eMHUIE, 4 B KOHUEHTPUPOBAHHBIX Mpe-
BRIUAOT €/pHMly; Nocae/Hee 00yC0BIEHO TeM, YTO B KOHUEHTPUPOBAHHBIX, PACTBO-
pax G0blIas YacTb BO/IbI BXOUT B rujpaTHsie 060J0UKM HOHOB, @ Mahbuias pac-
Xonyercs Ha CoJbBATAlMI0 HeATPANbHbIX yacThll, Kaaddumments aktusHocTy
SHBKI‘])H"IGCKH HeﬁTpaJﬂaHbIX pacTBOpPEHHbIX BelleCTB MOI'_‘yT OBITb BBIUMCAEHBI (10
ypaesesuo [ 261]

y= 100.1+ [ .

Phe ] — woHHas cuia pacTsopa (cM. Hike). B Toit xe pabore nokasaxo, uTo Ko-
sthdutment akrusHoCTH ABYOKHCH yrJepo/ia, pACTBOpeHHo! B MOpCKoii Bosie, coc-
TaBJfeT npumepno 1,12,

AKTHBHOCTH HOHOB. C 1iCTO TepMoMHAMUUECKOH TOUKY 3peHus Kosddu-
UMEHT A<TUBHOCTH OT 1€AbHOr0 HOHA HElb3sl N3MEPUTH 6e3 HeTePMOIMHAMUUECKHX
Mpe/MOJOKENMHA, NPOBEPUTH KOTOPbIE HEBO3MOXHO, B TpuHIMne, 4Tobbl U3MEpUThH
KosdhhummenT akTuBHOCTH, Hanpumep, Nat B pacTBope, Heobx0MMO ompeleauTh,
HACKOJLKO UIMEHUTCA CBOOOJHAS SHEPrMA PACTBODA NpPH UIMEHEHMH KOHLIEHT paLyy
3Toro uona. Omako u3MeHuTh KoHUenTpauuic Na* nesoamoxuo Ges U3MEHeHus
KOHUEHTPAL MK KAaKOro-mb0 aHMOHA MM JpYroro KaTHoHa, [oatomy npmsmmmuans-
HO HEBO3MOXHO YCTaHOBUTb, KAKOe N3MeHeHMe CBODOHO# SHepriu obycaoB.AeHo
Na™, a kakoe Apyrum uonom. TepMomnamuuecku KoppekTHBIE noaxoa 418 onpe-
Aeaerus KodpOUIMEHTOB aKTUBHOCTYH HOHOB 3aK/I0YAETCs B HCIOJIb30BAHUM He
UOHHBIX KoMnonenTos (Na¥, K*, C1-, SO}~ # T./1), @ HeliTpatbHbIX MoseKy.
(NaCl, K,;S 04 # Ap.). Omiako Aast pa3GaBJieHHBIX PACTBOPOB Y0BHEE UCHOMb30-
BaTb KO3 GUIMEHTHl aKTUBHOCTH OTEAbHbIX MOHOB, XOTS OHM TEPMOMHAMUUEC-
K M He Ofpe/ledoTCA TouHo, [LIft KOHIeH TPHpOBaH Hbix PacTBOpoB ylJobHee BMec-
TO MOHOB MCTIONL30BATE 3JIeKTPUYECKH HefiTpablbie BellecTsa,

Teopus lebas—XwKkke nx, Teopusr lebas — X okkensn npejcras-
Aser coboit Mojiellb, KOTOpas MO3BOJRET BBIYKCIUTE KO3 hUIMEHTEl aKTHBHOCTH OT-
ABIBHLIX MOHOB, YYUTHIBAA BIMAHME B3AaMMOACHACTBUT HOHOB HA CBOGO/HY 0 SHepruio,
B vonnbix pacteopax nosoxurensusie nomb UMEIT TeHJEHIMK 06pa30BbIBATL BOK-
Pyr cebst 06.1aKo OTPUIATEbHBIX HOHOB, a OTpULIATEIbHbIE MOHBl — 061aK0 MoJ0XKK-
TeJbHBIX. ECiit Npe/nonoxurs, 4ro noHs S8IR0TCH TOYEUHbIMHM 3apfJaMu, B3au-
MozelicTBIe MeXY HUMM LEeIUKOM INEKTPOCTATUYECKOR, A paclpelleleHne OHOB
BOKpYT" J000r0 HOHA C MPOTHBONOI0KHBIM 3apA/IoM COOTBETCTBYET pacrpejee-
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auio BanbiMana, To MOXHO BbIBECTH YpaBHeHie

lgy =—Az2 T, (2.5)
rje A — KOHCTaHTa, 3aBUCHUIAN TObKO OT PI T, z; — 3apsl AAGHHOTO MOHE,
| — uowsnas cuag pacrsopa. MonHas cuia, paHas 1/2 Em; a?, aBasercs Bew-
4yHOM, OTHOCHTENBHO YaCcTO ynorpebaseMoli B xuMuu pacTBOPOB. Ona oT/mMyaer-
ot T oblell KOHLEHTPAIAM TeM, UTO yuuThiBaeT Gosee BHCOKYIO 3JIeKTpOCTATHYEC-
K10 9HEKTUBHOCTb MHOMOBANEHTHBIX HOHOB. ‘Tak, MOHHAR CUJA O/IHOMOJLILHOrO
pacrsopa NaCl pasna 1, OIHOMOJSABHOrO PACTEOPA Na,S0, — 3, a onHOMOMAL-
noro pactsopa MgS0, — 4, Ypasuenue (2.5) (Kax npocreiimas Gopma ypasHe-
uus Jlebas — XI0KKel®) cnpase/MBo, KOTAA  BeIUuMHa WOHHOM CHJIbI HE NIPEeBbl-
waer 10-2.3,

Tpu BoJee BbICOKUX 3HAYSHUAX yonHoll cuJbl npocTast Moneab Jebas — X10xKe-
15 nepectaer ObITb BEpHOl, NOTOMY UTO B STUX CJyda:Ex Tpebylorcs oueHb BHICOKHE
KOHI[EHTpaLMH AHWOHOB BOKPYT KAX[Or0 KATHOHA ! naoGopor. ¥ pasuenne (2.5) Mo-

XeT ObTh MOZM(HUUMPOBAHO, eCU NPUHATL BO BHUMAHUE KOHEUHbie pasMepbl OHOB;
TOr/A OHO MPHUMET BUJ

= Aziz \/.I_'
1+Ba°\/T1 '

rae B — koHcraHra, 3aBucAllai TOJAbKO OT PuT,a,- TeopeTHyeckas BeJuuuHa
pamMyca OT/e]bHOTO FH/IPATHPOBAHHOIO MOHA. Ha npakTuKe BeMUMHE a, BhIOK-
paercs Taxoil, 4TObl HauAYUWMM 06pa3oM y/I0BAETEOPUTD 3KCrEepPUMEHTAIbHbIM
nanueM. HekoTopble SHauenus napaM2TpoB ypaBHeHuUs Jl26as — Xiokkeas npusese-
Hbl B Tabn  2.1. Ypaenenue (2.6) cnpaBe/auBo [Lid 3HaueHuii MOHHO CHJbI 110
19

Jlnsi Goniee BHICOKMX SHAYEHHH wonHoft cuabl ypastetue (2.6) MOXeT ObITh npe-
0GpasoBaHo BBEleHMeM [IONOJHUTEBHOTO HieHa

— 4z;? \/T

1+Bagy T
rfe C — JIONOJHUTE bHAA KOHCTAHTA [76]; xoTopas noabupaeTcd TeopeTUUeCKU
WM IMOMPHYECKH, T.€, [0 IKCHePUMEHTANBHbIM [AHHBIM, 3HAYEHHe [IONOMHUTelb-
HOro ujeHa B ypasHeHun (2.7) COCTOUT B TOM, 4TO OH npefcKasbiBaeT yBeMuesue
KoM IBEHTOB AKTUBHOCTY (IPH MOBbIUEHMY WOHHOA CUJDI pacTBOPOB C BbICOKMMU
ee JHAUEHUSIMA, UTO COTJIACYETCA C SKCNepuMeHTatbHbIMIA nabmogesuaMA (puc. Z.2).
Bya [339], ucnoab3oBas Bbipaxenue, ananoruunoe ypasuenuio (2.7), npen-
cKas3al pacTBOPMMOCTD DBANOPUTOBbIX MUHEpAIOB B OUEHb Kperkux pacconax.
TNpuBiekas SKCNEPUMAHTAIbHbIE JAHHEIE [0 NPOZThIM CUCTEMaM I BbIUUCIE-
Hyst KOHCTAHTHI G, OH MCTIOAb30BAA Cpefie KodhduumenThl aKTUBHOCTH couei,
a He OT/eJIbHbIX MOHOB.

Onucanue ApyrMx METOJ0B AN pacuera K03 MUIMEHTOB AKTUBHOCTH B KOH-

lgy = (2.6)

lgy =

+Cl1, (2.7)
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Ta6nuua2. 1. NapameTpsl ypasHeHua Neban — XiokkenA npu nasnéquu 1 atm
[ 233, 207]

T, °¢ A B(x 10-8) a,tx 10%) HoH
0,4883  0,3241 2,5 NH
0,4921  0,3249 3,0 K*, a-, no,-
10 0,4960  0,3258 3,5 OH-, HS—, F—
2— .
15 0,5000  0,3262 4,0 5037 PO mPOZ-
+ .
20 0,5042  0,3273 40— 4,5 Na, HCO, u,po;
25 0,5085  0,3281 4,5 coz-
30 0,5130  0,3200 5 St %, Ba?, 52—
40 0,5221  0,3305 6 Ca?f, Fe?' pp2t
50 0,5319  0,3321 8 Mgt
60 0,5425  0,3338 9 HT, A13" pe3+

UEeHTPUPOBAHHBIX PACTBOPAX, T&rMX, KAK CPeIHECOIeBol “MeTo ] U npasuio-Xap-
Hella, 1aHo B JUTEPATYpe, YKA3aHHO! B KOHUE HACTOsAIe! MaaBbl.

ITpuwme p 4. Boluncaurs 1o ypasuemuio (2.6) kosdpumuents akTusHOCTH
Ca?t y SO2~ B pacTBope, paBHOBECHOM OTHOCHTENbHO FUNCA npu 25°C B cuc-
TeMe Ca SO , —H ,0. Kakosa pacTeopuMOCTb IMIca B Boje NPH BBIYUCIEHHBIX

0,21 —
\ NO3

00k BGg Ty

0,001 0,01 0,1 1 10
HoHHanr cuna

P uec. 2.2, MpubnuautensHoe WameHeHue KOS(MPHUUMEHTOB BKTUBHOCTH B 3aBUCHMOCTH OT
WOHHOR cunbl (no Mappency u Kpadety [ 122]),

3-78
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KoadduuuerTax akTueHOCTU? HackoJbKO oHa OTIMYEETCS OT PpAaCTBOPUMOCTH,
PACCUMTAHHOI MPY YCAOBMM, YTO AKTHBHOCTH PABHBI KOHIEHTPALMAM?

Ilpoussenenue pacTBOPUMOCTYU MHICA (CM. Npe/plyliie NpUMepbl) paBHO
104.8', B kauecTse nepsoro npubaKeHus JOMYCTUM, YTO

o "S02-" (10-4-81)% _ 4,95 . 10-3,

1=1/2(495- 109, 4,495.10—3. 4-1,98. 102,
W3 rada. 2.1 Haxomum:

A=0,5085, B=0,3281.107

ag=6-10° panCa?, a,-4.10-8 A SO77
Nopcrapass 9TH 3HAYeHus B ypasHenue (2.6), noayuaem

lg y Ca2" = — 0,224, yCa2t = 0,597,

lgySO;~=— 0,242, yS02-=0,573.

TMoAb3ysaCh THMN NPeIBAPUTEIbHbIMI 3HAYCHUSIMH, MOXHO DoJee TOYHO BhIuKC-
JUTh KOHIEHTPAIlMM KabIsA 1 Ccyibhara u, cledoBaTelbHo, Goee TOUHO OUEHUTDH
MOHHYI0 CHIY:

n 61
(mCa2+ x 0,597) { :n5042_ x 0,573)= 10461,
[10CKOMbKY NpH PACTBOPEHNH THICA m&12 4 [OMKHO GBITH PaBHO msoi_

, Te€s

10*5" Y 2
mop=m o — A 0,847 x 1072,
G S0, 0,597 x 0,573

TO MOHHAA CUJA paBHa

7-3,39. 102
u

- 0,531, 2
V2= S0z = 0,499.

Iy 3HAUEHHS] TOYHEE MpPeIBAPUTENBHBIX OLEHOK M MOTYT ObITh B CBOIO OU€peb
HCNOIb30BANb! (15 elle BoJee TOUHOrO pacuerTa MOHHOM CHJbI M, CAEI0BAT eJIbHO,
enle Bojee TOUHOrO pacuera Kodhhumentos akruskocTu. [Ipouenypa uTepai
MoXeT ObiTh MpOBe/eHa HECKOJIbKO pas C Leblo NoJyueHH s sHaueHuit Koapduim-
SHTOB AKTUBHOCTY C M1060M Kenaemoit MaTemaTiueckoit TousocTbl0. B urore no-
Jy4UM

=4,02. 10-2 = = 5
J ’ 0 ) YCa2+ = 01:’10: YSO 2= 0,475,
4
paGTBOpHMOCTb runca B BoAe B 3TOM Ciaydae COCTaBUT

10--4.51 |/
A 210,10 - 1078 momb/ ke = 1,37 1/ CaSO, = 1,74 r/aCaSO,- H.0.
0,510 - 0,475
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E ¢y npuMHATD, YTO aKTUBHOCTH PABHbI KOHIEHTPALMAM, TO PACTBOPUMOCThL IrUnca
6yner paBHa

(10461 _ 4,95 . 10-3 moan/kr.

970 3HAUEHHE NOUTH PABHO MOJOBUHE 3HAYEHNS, BBIUMCAEHHOTO N0 KOPPEKTHPO-

BaHHBIM aKTuBHOCTAM. TakuMm obpasom, ecau npeHebpedb KosdduiuenTamm ax-

TUBHOCTH, TO B /IaHHOM IIpUMEpe PesyIbTaT NMOJYYUTCH C YABOEHHOH ommubKoi.
OSpasoBanne KoMmnnekco . Onpefieiuy KOMILIEKC KaK pACTBOPEHHOE

BElIECTBO, COCTOMLIEE M3 IByX Uiy OOJbLIErO UKCa MeHee CJIOKHBIX [0 CTPYK-

Type BEIeCTB, KAKM0e U3 KOTOPHIX MOXEeT HaxXO[MThCH B BOAHOM pacTtsope. Ha

mpivep, Al3t oGpasyer KoMIexcsl ¢ PUAPOKCHAbHBIMU HoHamn [Al (OH)z+ , A1 (OH), 7,

G TOpHHbBIMA MOHAMHK ( AIF63—) ¥ MHOTMMM OpranMdeckiMy Beuectsamu. [1pou-

HOCTb KOMILIEKCA OObIUHO BLIpAXAETCA Kowcmanmol yemoiyudocmu, HanpuMmep,

A13* + 40H - - Al (OH),

a
AL(OH)]

KycT = .

4
a a
A3t OH™

YeM Bbille 3HAYeHie KOHCTAHTh YCTONUMBOCTH KoMIiekca, TeM o boaee crabu-
nes. ViHorga B TabaMiax BMECTO KOHCTAHT YCTOWUYMBOCTM MPHUBOJSATCH KOKCMaN-
mbt wecmoiixocmy (KOHCTAHTHI IMCCOLMALVME), ABAANMEcH BeIMuMHaMu, obpaTHbr-
MM KOHCTAHTaM YCTON1MBOCTH.

Kommuiekcnbl yaobro pasiennTts Ha uounvie napsl (Hanpumep, Ca HCO; ]
Ca €03, NaHCO 3 ), KOTOpbIE OOBINHO HMEIOT HeDoJbUIMe 3HAYEHUS KOHCTAHT Yo
TONMBOCTH M MOTYT He BCErjla MPUCYTCTBOBAThH B paCcTBOpe B KauecTBe pealb-
HO CYIIECTBYIOUMX KOMIIOHEHTOB, W HA K0OpOUNAYUONKBLE COEOUN EHUA, KOTOPBIE
MMEKT XOpOlIO BEIPAXEHHYI0 CTPYKTYPY U XapakTepu3ylTcs, KaK NpaBuio, BbICO-
KVMM 3HAUEHUAMM KOHCTAHT YCTONUMBOCTH.

OaHuM U3 pe3ylbTaroB KoMIIeKcoofpa3oBaHus ABAAETCH U3MEHeHe CooT-
HOIICHUE MEX/y aKTMBHOCTBIO U KoHIleHTpaimeil. Hanpumep, coornowenne Mex-

Ay aC‘ a4 M mcm2 + » ycranasqmsaemoe no Teopun /lebas — XOKKens, B IpUCyT-

CTBYM KOMILUIEKCOB KaJblUd MeHAeTCH, MOCKOJbKY BeJWuMHa m P e cooTBer-
Ca
CTBYET 06mIeli KOHLeHT paIMM PACTBOPEHHOr0 KANLIUSE m . Ecom  paccmar-

C‘oﬁu.[
PHUBATb TOJBKO KapGOHaTHble KOMIINIEKCHI, TO

L = +m +m
Coo6u  "ca?* " "canco,t ' CaCOP’

rie CaCO,) — Hesapsxennbil KOMILIEKC B pacTsope, 4 He TBepbiii KapGoHaT
kanenud. Ecau

a + m .
K CABE0S _ CaHCO] Teanco?
GHEOT . .4 s o
2+ - Y . a
Ca HCO, G P rpp T
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"
a 0 m [+I)
i ) Ca CO, CaCOS Y&COSD
CcacO? . 4 ’
3 a - a m
2+ - a
Ca co? ca?t Y2t coz-
TO
a
IRECS. /
HC03 Caz+
m =m 1+ K N +
Cootu .. on2* caHCO; .
CaHCOZ
a ‘
2~ Y.
VIR co; Ca 2t
Ca COY y

CaCOJ

3nauvenue mC‘ 2+ Oypner, TaKuMm obpasoM, MeHblle mc‘oﬁm Ha BeJIUYMHY, KO-
TOpas 3aBUCHUT OT KOHIeHTpalmil ApyryuX MOHOB B 'PacTBOpE. B cucreme kapbo-

HaTa Kaiblus yKa3auHbii 5¢deKT OTHOCHTeIbHO HEBEAUK H3-3a CPABHUTEIbHO
HeBBICOKMX BHAYCHHA KOHCTAHT yCTONUMBOCTH KOMILIeKkCOoB. O/IHako ecau pac-
cMaTpUBaTh TAKMe YCTOHUMBLIE KOMIAEKCh, KAK Al(OH) 7 , To KoHIexTpalus
CBOBOIHOrO MOHA MOXET 0Ka3aThCA HUUTOXKHO MaJ0H N0 CPABHEHUIO C KOHLeHTpa-
uueit KoMnJeKca U NoBefieHne NoCIeHero 6yneT onpeaeniTb XMMUUYECcKUe CBOHCT-
Ba MeTanaa B pac'raope[om., Hanpumep, pasjien 0 pacTBOPUMOCTH Al ((JH)3 B
ra. 5).

Mpumep 5. KoMuiekc C‘aSl{}'iJ (3eXTpUdecK: HeliTpalbHoe PacTBope-
Hoe BemecTBo) uMeer Koucranty ycroiumsoctn 107-32, Kakoe Bansnue okasbi-
BaeT NpUCYTCTBHE B PACTBOPE 3TOrO KOMIIEKCA Ha pacTBOPMMOCTb rumnca?

Ca?*+S02- = CaSOQ,
% 0
CaS0 S

yer T p ’
C!?."" a504_

K

. =

a =K . = .

Cas00 ~ver T G 2t “503_ Kycr - Knp
(TAaK KaK PacTBOP HAXOAWTCSH B PABHOBECHH C [UICOM) =
102.32 5 104,61 = 10-2.29 = 5,0 x 10-3,

Tockonbky CaSO2 — snexrpuueckn HeliTpaibHOE COEMHEHNE, ero KOHIeH-
Tpaims NPUOAM3UTEJLHO PaBHA AKTMBHOCTY. [103TOMY KOHIUEHT pAUUS 3TOr0 KOM-
naekca cocrasaser npumepto 5,0 x 10~ monb/ xr. PacTBOPUMOCTD THIICA, Bbi-
uncnennan B npumepe 4, pasua 10,1 x 10~2 wvoap/ kr, u, caenoparenbHo, HamM-
uye KOMIJIEKCa yBeIuuMBaeT pacTeopuMocThb runca Ha 509 no cpasHeHuio ¢ pacr-
BOpPMMOCTbI0, Habnojaollelica B OTCYTCTBHE KOMILIEKCa.
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B xomniexce Tina KOOPAMHAIMOHHOrO COENMHEHUS 4EHmPaionbil amoM (0OBIY-
HO MOH METalJa) OKpPYXeH HeCKOIbKUMI (B GOJBIMHCTBE CIyYaeB MECTbIo) AU an-
Oaxu. ViMu 0BGbINHO ABARIOTCA AHMOHBI UM HEfiTpAJbHbIE BENIECTA, PACHOOKEHHEIS

* B ONpe/ieNIeHHOM MeoMeTPHYECKOM NopAaKe BOKPYT LeHTpalbHoro aroma. B "unc-
Tom" pacTBope GOJbKHCTBO NMEPEXOJHBIX METALIOB HAXONATCA B OpMe AKBOKOMIN-
nexcos (wanpumep, Cu (H,0) 2*, B xoTOpOM Cu?* — yeHTpanbHbIi aToM, & wecTs
MOJIEKYJ BO/Jbl — JUraHAbl), M "KoMmiekcoobpasoBanue' MOXeT pacCcMaTpuBaTh-
Csl KaK 3aMellleHye HeKOTOPbIX MM BCEX KOOp/MHMPOBAHHBIX MOJEKYJ BOAb! [pYru-
MU U aHaMH,

Eciyu mrang uveer ToAbKo 0fHy CBA3b, MOCPEACTBOM KOTOpO# OH MOXeT
COeMHATLCA C MeTannoM (nanpumep, OH™, NH,, Cl=, F=, H,0), To oH Hasb-
BaeTcd MonoOewmamuviM. HexoTopble MoneKyabl MOTYT ObITH CBA3AHBI C MOHOM
MeTrania Gonee yem oHOH CBABBIO, M TOPJA OHH HASBIBAIOTCSH 7014 0EHMAMN biMY
aurannamu. Hanpumep, uoH okcanarta B coegMHeHuy Tvna
COO\“
|~
Coo~
KOOpMHUPYeTCA C MOHOM MEeTalia Yepe3 [Ba aTomMa KMCJIOpOJa U SBJAeTcs Gu-
JEHTATHbIM JUraHioM. ITHISHIUAMMUH B COEIMHEHNN
CHNH

Merani
CHNH;”

MOXET KOOPAMHMPOBATHCHA C METAJJIOM Yepe3 [IBa aToMa a30Ta, 4 aHMOH STUJEH-

AMaMMHT €TPayKCy CHOMl KU CIOTHI

MeTaJl

«00C, § 00 =*
= N —CHZ_CHZ —N =
—0oc” Neoo—

— C OJHMM MOHOM METalla uepes3 YeTbipe aToMa KMCJAOpPOJa M NBA aToMa as3oTa,
0bpasys WwecTHAEHTaTHbIA Juran/l. 3HaunTebHas YacTb PACTBOPEHHBIX B NPUPOL-
HBIX BOJ@X OPraHyeCKiX BEleCTB (TaK Ha3blBaeMble TYMUHOBBIE KHCAOTH U QY Jb-
BOKMGJOTBI) QYHKIMOHUPYHT B OTHOLIEHUHM MEPEXO/HBIX METANIOB KaK TOJMAeHTaT
Hble aurasabl. KommaeKchbl, BKIOUAKIIME TOJAUISHTATHBIE IUraH ibl, HA3bIBAITCA
zenamuvimu. B 1enom oun Gosee ycrofiunBbl, YeM KOMIJIEKCH C MOHOLEHTATHBIMI
Juraifami. Yem Gosble KOMIIEKCYOUMX FPYM COAEPXAT MOAUEHTATHHIE Ji-
ranjipl, TeM 6ojee ycToRuMBbI KOMIJIEKChbl.

XeraTHble KOMILIEKChl MMPaloT CYIIECTBEHHYIO POdb B XMMUH NepeXolHbIX Me-
T&MI0B 1 HEKOTOPBIX MHOrOBaJeHTHBIX KaToHOB (Hanpumep, Al 3%), comepxaumx-
CA B NpUpOHBIX Bogax. PaccmoTpum obpa3oBaHine KOMIJIeKea, COCTOSWEro us
vona Metaara M v auranpa Li:

M+nl <ML,
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Muaekec n NoKas3biBaerT, 4yTO npu HU3KOM KOHIEHT paluu JUranioB B 3HAYUTEJIbHbBIX
KoJMuecTBax GyayT TpUCYTCTBOBATL TOJbKO KOMILIEKCDI, cojiepXaiue ofiHy-1Be
rpynbl JUradjoB. Xena'mbae JUrad/ibl coaepxar HECKOJbKO KOMILIEKCY WU X TPy
B OJIHO# MoOJIeKye, No3ToMYy BeJMunHa n ecTecTBenHo mana. [1pu couyeraHuu BbICO-
Koro sHauenns Ky., u HU3KOro SHAUCHUA 7 KOMILIEKCh XEJaTHOrO THNA Urpa-
0T BEI.)KHXK) poJb faxe B yCAOBUAX OYEHb HU3KHX KOl-ﬂ.leHTpalIMﬁ MeTanjna U xXeJar-
HOro areHTa.

Mouuas gopMa XelaTHoro arenTa:

—— €00 ™ B npoTusononoxsocrs —COOH
uamn

AN >
: SNH B MPOTUBONONOKHOCTL - =N

MOKET OKasblBaTh BOJbLIOE BIMAHAE HA KOHCTAHTY YCTOHUMBOCTH XEJaTHOro KOMILIEKCa.
[lo 9Toj npuuuHe yCTOHUMBOCTD MHOIHX KOMILIEKCOB paccMaTpuBaeMoro THIA CiLlb -
Ho 3asucut ot pH.

Bee KOMILJIEKCH THIA UOHHBIX Nap KMHETHUeCKH HEeyCTOWWBI, T.€. OHM OBICTPO
06pasyioTcs W paspymanTcs npu “3MeHeHnH cocrasa pacTBopoB. HekoTopble KoM-
MeKChl KOOPAMHALIMOHHOTO THNA TAKKE KUHETHIECKH HeyCTONUMBbI, OZTHAKO Cpelu
HUX BCTPEUAIOTCH M MHEPTHbIE KOMILIEKCHL

KamylwuecA KOHCTaHTbl paBHOBECHA. [lpyrum noaxoaom K npobieme orpe-
[eJennst COOTHOmEHUH Mex 1y aKTHBHOCTBIO ! KOHIeHTpaluei ABISeTCH UCTOJb-
30BaHNe KAWYUUTCA KOWCMAHM PasHosecus. PacCMOTPUM PACTBOp, Haxoaamumitcs
B PABHOBECHMM C KAJIBLUTOM:

CaCO, = Ca?"+COZS

K =4a - a =m . - »
aBH + — m il =
P Ca? (:032 Caggy C0;3 061 Ca 2t YCD’a_ .

Niaexc "obul" yKkasbiBaeT Ha oBllylo aHAIMTHIECKYI0 KOHISHT AL (BKMOUAs
*

KOMILIeKCHbIE (YOpMBI). Y(_‘.32+ n YEOZ“ npeacTaBaAfoT coBOA CmeTuoMempu-

3
weckue KoIPPuylenmsl AKMUEHOCMY , KOTOPbIE CBA3BIBAIOT AKTHBHOCTH OTACJBHBIX
OHOB G MX OOUMMI BHAIMTHUECKUMH KOHLeHTpauuamiu. CrexnoMeTputieckne Koad-
(ULMEHTb! AKTMBHOCTH OTAMUAKTCS OT PACCMOTPEHHBIX BHIIE MOHHBIX KO uIM-
eHTOB AKTHBHOCTY T€M, YTO B NepBbiX yUMTHIBAETCH bdeKT KOMILIeKcoobpaso-
BaHus, & BO BTOPbIX TAKOr0 yuera HeT.

KaXyuascst KoHCTaHTa paBHoBecHi Kp g, BbpaXaeTcs ypaBHeHUeM

K
K7 =m e 7 paBH
PaBH " T Caosu, Cosoﬁm ik e
¥ ol ST
o ay c0§

¥, 1O CYWECTBY, aHajoruwia TepPMO/MHAMUUECKOH KOHCTAHTE PABHOBECHS, HO
15 ee pacyeTa ucnonb3ayTes oblumpe AHATMTHIECKHE KOHUCHTPAIns, A He aKTUBHOCTH.
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BeauuuHa kaxyuefici KOHCTAHTbI pABHOBECHS BKIIQUAET MONPABKY HA COOTHOIe-
Hue aKTMBHOCTelt ¥ KoHIeHTpauuii, a Takxe 3deKTs KoMILIeKCcoo0pa3oBanus.
Kaxyumynocs KOHCTaHTY Heqb3s ONpeleanTb Mo CTAHAAPTHBIM TepMOMHAMUYE CKUM
/1aHHBIM, HO HEPE/IKO MOXHO U3MEDUTh SKCNEePUMEHTANLHO (CM., Hampumep, onpe-
feJeHne meJ0uHOCTH TUTPOBaHUEM B M. 3). ITOT MOAXO/ UCHONb3YeTCs raaBHbIM
06pasoM AJs MOPCKOi BOAbl, NOTOMY YTO B Helt KOHIEHTpallui NIaBHbIX UOHOB (Ko-
TOpble B OCHOBHOM ONpe/lesioT KodMdUIUEHTE aKTUBHOCTH) MOYTH NOCTOSHHDL A
MOCKOJBKY K03(GUIMEHTbl aKTUBHOCTH NIOCTOSHHBI, TO KAXYlMecs KOHCTAHTh paB-
HOBECHs, U3MepeHHbIe OHAX/IbI, MOTYT OHITh MCNOAb30BAHbI NPAKTHYECKH BO BCei
oxeanuueckoit cucreme (cM., Hanpumep [98]). Cocras GoJbuieit yacTu Apyrux
MPUPOMHBIX BOJ BapbUpyeT B TAKOH CTENEeHy, YTo Kaxyllancs KOHCTAHTA PaBHOBe-
Cus, M3MepeHHas [Js Mo6oit B, MpUMEeHMMa [UiA PACYETOB, KacalliuXcd Tolb-
KO 3TO# BOJIbl, MOITOMY yKa3aHHBIA MOAX0] HEe HAXO/UT IMPOKOTO MPUMEHEeHUs.

B nenom Hauboaee ynobubiii pacuer koodhUIMEHTOB aKTUBHOCTH M COCTOAHMA
HaCBILEHUs OTHOCUTEJIbHO TBepabiX da3 3axkinuaeTcsd B IPUMEHEHUH KOMIbiTep-
HBIX IPOrPaMM; 3TOT BOMpPOC ojcyxaaeTcs B ra. 14.

Onooy3uA

b dysus — 3T0 MUrpallMs XMMIYECKOTO BelllecTBa Mofl AeHCTBHEM rpaiueHTa
ero KOHIEHTpaIu (MJm, 6oJiee CTPOro, €ro XMMHUYECKOro MoTeHimana). IToT npo-
Ilece cleayeT oTIMYaTh OT KOH6eKyuy, KoTopas npeacrasiseT coboil nepeHoc Be-
mecTBa npyu GUIMYECKOM Nepemelieniy cpefibi, ero conepxaueii. Maremaruuecku
nubdy3us OMMCHIBAETCS NEpBbIM M BTOPHIM 3aKonamu Puka.

nepBbiii 3akon: | = D grad C wan (B oflHOM Hanpasaewny) J = - D 9C ,
dx
BTOpO#H 3aKoH: :_C = —div J = div (D grad C) wau (B onHOM HanpasBIeHuH)
t
2
&
ot dx?

3xech ] — MOTOK BewecTBa, KOTOpBIi npeacTaBaser coboii ero Maccy, npoxoas
1yio Yepes eJMHAIly MAoWaNK B euHully BpeMeny; C — KOHLIEHTPAlMA B eMHuLax
Macchl Ha eIMHMIy obbema; D — Kosbduument mbdysms; x — auHeilHoe paccTos-
Hue; t — BpeMs; div U grad — BEKTOpHbIE ONMEpaTopbl, ABAANMMECH JAKOHMUHBIM
crnocoboM 0606IeHus 0HOMEPHOTO CIy4as 10 TPEXMEpHOro. 3HaK MiHYC B mep-
BoM 3akoHe ®nka yKasblBaeT Ha TO, 'UTO MOTOK HANMpaBJeH NPOTHBOMNOOXKHO rpajy-
eHTy KoHleHTpauuy. [1epsbiii 3akon ®uKa CAyXUT B OCHOBHOM [ PACUETOB MpH-
MEHUTENbHO K CMAayuoKapHblM cUcTeMaM, B M000H TOYKE KOTOpPBIX KOHIEHTpalyu
He U3MEeHSIoTCH Bo BpeMeHu. Bropoit 3akon npuMensieTcs npexie BCero Aif CUC-
TeM, KOTOpble He HAXOJATCA B CTAIMOHAPHOM COCTOAHMU.

Koadpmumentnl anddy3uu 60JbIIMHCTBA BEWECTB B BOJHOM pacTBOpe Bapbupy-
ot ot 1076 10 105 em2/ ¢ [ 280, 213]. B TeepabiX BelecTBaX OHM 3HAUATENBHO
MeHbllIe YKa3aHHbiX 3Hauennit. JAnddy3us B BoaoiackileHHOM ocaKe OCyecTBIs-
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eTcsl B OCHOBHOM yepe3 mopoByio Bofy. CxopocTb auddysist B 9TOM Cayuae HIKe,
yeM B UMCTOM BOZIE, MOTOMY YTO TIOPUCTOCTb OCA[IKa MeHbie 1, T.e. JacTb miouma-
/1M MIONEpPeYHOro CeyeHus COCTABARIOT TB2p/ble UaCTUIIbI, NPENATCTBYILI1E mddy-
3u, @ NyTH, N0 KOTOPBIM 0JkHO A4ddyH/MpPOBATh BEWecTBo, He NpAMoMHelHble.
I1i HAKTOPHI MOKHO YUECTb, ECAM HCMOAb30BaTh KoI(hUIMEHT adexTuBHON M-
dy3um D”. Beprep [ 20] npuBomT cooTHOWEHME

D’ = Do
82 ‘

re D — kosbdumenT mbdy3un B pACTBOPE,  — NOPHCTOCTb, 8 — KOIPQum-
eHT M3BMJMCTOCTH, PABHBI! OTHOUWIEHNIO dakTMYecKoit MpOTAKEHHOCTH CHHYCOO0G-
passoro nyt mdysun K paccTOSHUI0 MO npsAMoli OT ero Haugaa 10 KOHLa.

[Tpuwme pb. Konuenrpauus Mgt B noposoii Boge MOpCKOro 0CalIKA YMeHb-
waercs amieiino or 1300 Man—' wa ero nosepxuocTu o 1100 man~™" Ha ray-
Gune 1 . [lpuemmasi, u4TO CKOPOCTb CeAMMEHTAUMM paBHA HYJI0 U YTO
e/IMHCTBEHHbIM MpOlUeccoM NepeHoca B cucreme spagercs auddysus, onpese-
JIUTb NIPUTOK M52+ B ocaok. [IpimMenM noprcToCcTb ocaka paBHOR 0,7, xoaddu-
IMenT usBMmcTocTy pasibiM 1,3 u koaddumment mbdysum Mg?" B BogE —
5 x 10-8 cm2/c.

Koaddumment sddexrusnoit mddysnn

b
D’ = =2 2,07 % 10-%,
g2

I"pamuent kouuentpaum paser 200 man—"/ M, wan 8,23 x 10° moab/ 1+ M, wiu
8,23 x 102 momn/ cm® . oM.
aC
ax
-1,70 . 10-'3 moab/cM? - ¢ =—5,38 « 1075 Moab/cM? - roa =
—0,13 Mr/ eMm2 .« pop.
Takum 06pasom, NPUTOK Mg2t B ocanox pasen 0,13 mMr/cm? . ron

Pelenne 3a1au, aHATOTUUHBIX IPUBEEHHOI Bbille, Tpedyer fojee CIOXHBIX
pACueToB, TOCKOILKY Takue HoHbl, kak Mg?®, ne MoryT mdQynmposars camo-
crosrenbho. /I coxpanenus Hajanca 3apsaioB HeoOX0MMo, 4yT06bl KaKo#-1mbo
auHon AMQdyHIMPOBaN B TOM XKe HanpasleHun Ui Jpyroit KaTHOH — B NPOTHEONO-
N0XKHOM HanpaBaenyy. [1pu ManblX KOHIEHTPAIMAX BellecTB B pacTBOPE ITUM Te-
pekpecTHbIM 3ddexkToM MoxHO npeHebpeub, 0HAKO [11A MOHOB C MAKCHMAIBHBIMU
KOHLIEHTPAIMAMI OH MOXeT UrpaTh BaxHyo poab [ 14, 205, 284]. Ewe omia caox-
HOCTb COCTOAT B TOM, UTO B MPUPOAHBIX cucTemax [nbdy3us HOHOB B 0CAIKE COT-
poOBOXJaeTca afcopbipeit Hau PeaKiiMi MOHHOro oDMeHa MeX[y OCaakoM W pact-
popoM. OBumm sddekrom Takux peaxiuii ABIAETCs CHUKEHHE CKOPOCTU MUTpallun

MOHOB TI0 CPpaBHEHUIO C pacyeTHbIMA [l@HHBIMMU, OCHOBAHHBIMU TOJBKO HA Nponecce
ddyaun (ra. 4 n 14),

] =D =—2,07.10%x8,23 . 1072 mMoab/cm? - C=
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Beille 7ACTATOYHO No/pobHO OBl pACCMOTPEH NPOLECC MOAeKYyAaphol Oud-
@ysun , KOraia MOJEKYIbl WM OHBI b yHAMPYIOT B CTATHIECKOH cpefie. C nomo-
1lbI0 TAKNX XE yPABHEHH MOryT BbITb ONMMCaHbI elle [Ba 'BaXHbIX npolecca —
mypGyrenmian Oudgdysun u 1udpodunamuveckar (WM MeTAHUYECKAR) OucnepCua.

Typ6ynenthan audysua. OrpoMHble MACCH NOBEPXHOCTHBIX BOJ, 3a-
KITOUeHHbIE B 03epax i MupoBoM oKeane, HUKoT/1a He DbIBaoT HenoaABUKHbIMU. OHu
HAXOOATCA B HENpephLIBHOM [ABUKEHMM, NpUUeM ABIKeHUe MPOMCXOIMT B BUME TYP-
OyJeHTHbIX, 4 He TaMUHApHBIX NoToKoB. TypOyJeHTHOe nepeMelleHne Boabl He 03-
HauaeT, uTo oHa JBukeTcs ObicTpo. [IpocTo uMeeTca B BUY, UTO CTPYKTYpa Mo-
TOK@ [I0CTATOUHO CJOXKHAS, C MHOMOUKC/IEHHBIMY 3aBuxperuavu. Ecan B Takok
BOIHO# Macce CylmecTByer rpajUeHT KOHLEeHTpalli HEKOTOPBIX BellecTs, TO Mpo-
Ilecc CMelleHus, CBA3AHHbIA C TypOyeHTHBIM TEeueHueM, NPUBOUT K NMepeHocy
PACTBOPEHHOTO BEWIECTBA W3 00JACTH BHICOKOH B 06J12CTh HU3KOH €ro KOHLeHTpa-
MM, Kax ¥ 1Ipu MojeKyaspHoi mmbdys3nn. ITOT mpouecc HasbiBaeTcs TypOyaent-
Hol mddysueii, KoTopas MareMaTH4eCK) BbIpaXaeTcs YPaBHEHUSMU, aHaJIOTMYHbI -
MY ypaBHEHMAM 3aK0HOB PuKa, 3a UCKIKUYEHHeM TOro, UTO KOHCTaHTa D, ABJAK-
wasca Tenepb x03gdiuyuenmonm mypOysenmuol Ougysuu, Ha HECKONLKO NOPAKOB
npeBblmaer Kosddument Moaekyaaproi mdbysm. Kosduument TypoyaenTHOR
audihy3ui MOKET Takke CyLeCTBeHHO W3MEHATLCA B 3ABUCUMOCTU OT HanpasJe-
Hust neperoca. Hanpumep, B cTpatuduimpoBartom o3epe (ri. 12) kosdduiuent
TypbyaenTHO Auddy3un B OPUBOHTANLHOM HANPABAEHUM MOXKET ObITh 3HAUMTE-
JbHO BoJblle, YeM B BEpTUKANLHOM.

Nucnepcun. /ucnepcus — 3TO NPOLECT CMelllenns, MPOUCXOJAUUMA TPK Tpo-
XoXeHnH (Jonaa Yepes nopuctyio cpefy. Ecau niearbubiil mHaukarop (T.e. Be-
1l ecTBO, KOTOpOE He B3auMoJeficTByer ¢ TBepabMiu da3amit, a TOJIbKO NepeHo-
CHTCH pacTBOpUTe]eM) BbicTpo HarHeTaercs (" MIHOBeHHbl# uMnyanc”) B CKBa-
*uny 1 (puc. 2.3), a KOHTPOb 32 ero KOHIeHTpallueli BeleTca B CKBaKUHAX 2 -
4, To U3MeHeHue nocaeHeil Bo BpeMenu OyIeT npuOAN3HT ebHO TAaKUM, KakK rmo-
kasado Ha puc. 2.3. IIpu aTom HabriopaoTea 18a sddexTa: 1) peskuit MK KoH-
LleHTpalyi HIMKaTopa B ckBaxute 1 cranosures AudAy3HOHHBIM (M ero MakcH
MaJbHaA BeqMunHa CHKaerca); 2) MHAMKaTop HabM0aeTcs TAKXe B CKBAXUHAX,
He HaxXo[MUMXCA Henocpe/ICT BeHHO HIXKe TT0 TEYSHNIO NOTOKa OT HAMHEeTaTelbHOH
ckpaxyibl. [lepsuiil oddexr HaspiBaeTCa npodoavroi Oucnepcuei, BTOPoi — no-
nepeunoi. I1pooabHy0 MCIEPCHI0 MOXHO 0OBACHUTE PA3INUHOl CKOPOCTBIO BO-
/bl B BoJee KpYnHbIX U MeHee KPYMHbIX NMopax, pas3iuuHoil [AIMHON NyTH B NOpo-
BhIX CHCTEMAX WIM Pa3JUYHOi CKOPOCTbI0 pacTBOpA B IIEHTPE NOpbl M HA ee Kpa
ax (puc. 2.4). [lonepeunas gucrnepcus MOXeT ObITb BhI3BAHA (JaXe B OTCYTCTBHE
TypOyAEHTHOCTH) CeTbI0 MyTeil Yepes Nopbl UK TPeluHbl B BOAOHOCHOM IOPU30H-
Te (puc. 2.5). [lockoabKy AMcnepcus 3aBUCUT OT TeOMETPUM MOp WU TPelulnH, oHa
06BIUHO pa3/MUHA B PA3HBIX HANpaBjieHUAX. XOT# AMCNEPCUA PacCMaTpPUBAETCs
KauecTBenHo, HET eMHOT0 MHEHHS OTHOCUTENLHO TOTO, YTO OTPAKAOT UHCAOBbIE
3Hauenns D (T.e. KoadduumenTa mcnepcui) B KOHKPETHON cUCTeMe BOJIOHOCHBIX
FOPU30HTOB.
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2.3. CxemaTuueckoe npefcrasnenue addekToB gUCNepcuu,

—pe- MeANeHHan

= MeanewHan

—e BbBICTPAR

NMUHHBIA NYTh
- = = MeaneHHan

KopoTkuA NyTe

P W c. 2.4. XapakTep NpORONbHOA AMCNEPCHM B 32BUCHMOCTH OT CEYEHUA Mop (8), ANUHbI

nyTH

B NopoBoA cucTeme (6) W CKOPOCTH ABWXEHWA B CEpeliHe U Ha Kpaio nopl (8).
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OcHOBHOE HanpaeneHue NOToKa

P W c. 2.5. YnpouweHHaR Mofens nonepedHol AMCNEpCHH; B KaXOAoM NYHKTE, OTMeYeHHOM
YepHOW TOYKOM, NOTOK pa3fenfAeTCcA Ha ABEe YACTH, KaXAaR U3 KOTOPbIX NPH ABUXEHWH OFK -
6aeT NpOTHMBONONOXHbLIE CTOPOHbI 3epHa,

KoHTpOnbHbIE BONPOCH!

Mcnonb3yiiTe naHnble, npuBefeHHble B Npuioxenmn uau Tabmatax. [TpumMure
Temneparypy pasHoi 25°C 1 npenebperure KoMiiekcoobpasoBaHnem (ecu HeT
ApYyrux yxasaHuii).

1. Kaxofi u3 MuHepasoB (TMnc wiu anru/pur) 6ollee ycToiuMB B BOJHOM pacTt-
Bope mpit 25°C?

2. KakoBo kaxyueecs NpoM3BejieHue pacTBOPUMOCTH rurnca B Bofie npyu 25°C?

3. Bouucaure npoussesenue pacrBopumocti runca npu 40°C, Yseanunsa-
eTcA WIM YMeHbIAeTCs PAcTBOPUMOCTL MUIICA C POCTOM TeMIepaTypbl?

4. Kakopa pacTopumocTh BaSO, B Bose? Hackoabko OHa U3MEHHTCH, ec-
JIY TIPE/NOA0KUTD, UTO AKTHBHOCTH, PABHbIe KOHIEHTpaluiM, 3aMEeHeHbl Ha aKTHB-
HOCTH, BbIWCJeHHble 10 ypaBHenuwo [ledas — Xiokkensn?

5. Ecau Boga uMeer xumuueckuii cocras

Na‘t 120 man—! SO2~ 300 man—"
K¥ 15" L= 15"
Ca? 38" HCO; 150 "
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Mg2* 22 "man—! §i0, 21 " man™
SI‘ 2+ 0,8 n PH 7’4 n
TO:

a. KakoBbl 5TH KOHLUEHTpaluu B MMoab/ kr?

6. CymectByer au Gajtanc 3apafioB (T.e. paBHbI JM CYMMbl MOJOXKNTENBHBIX
1 OTpPHLIATENbHBIX 3ap#AJIoB)?

B. Kakosbl koathduiimenThl akTuHoCcTH Sr 2% 1 S0 2~ B Bone?

r. HackobKo BOJA Nepecklllena Wiy HeHacslilena oTHocuTenbHo SrSO &

PEKOMEHOYEMARA NUTEPATYPA

Bemer R.A., 1971. Principles of Chemical Sedimentology. McGraw-ill, New
York, 240 pp.

PaccMoTpenne Borpoca 0 COOTHOLIeHMH aKTHBHOCTH i KOHIEHTpAIM! B NPH-
poEbIX Bojax., OBcyxaerme ypasuenuii mddysun MPUMEHUTENbHO K OPOBLIM BO-
faM 0CafIKOB.

Brownlow A.H., 1979. Geochemistry, Prentice-Hall, Englewood Cliffs, N.J.,
498 pp.

Beefienue B reoxumiio. TepMoMHAMUUECKHE OCHOBBI PACCMOTPEHBI B Il 3.
Garrels R.M. and C.L. Christ, 1965. Solutions, Minerals and Equilibria. Harper&
Row, New York, 450 pp.

[lonyaspHoe BBEeHHE B TEPMOJMHAMUKY HH3KOTeMIIepaTypHLIX MreoXuMuiec-
xux cucteM. Mimeercs pycckuii nepeson: 'appeac P.M. u Kpaiicr Y./1. PacTsopsl,
MuHepansl, pasxosecus. M., "Mup", 1961,

Lerman A.,1979, Geochemical Processes, Wiley-Interscience, New York, 481 pp-

Jlucnepcus u auddysus paceMoTperbl B . 2 1 3.

Stumm W. and J.J. Morgan, 1981. Aquatic Chemistry, 2nd. ed. Wiley-Interscience,
New York, 583 pp.
TlonpobHo paccMoTpera XMMUS PaCTBOPOB NPUMEHHTEIBHO K IPUPO/HBIM BOJAM.
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Kap6onarHas cucreMa
¥ KOHTPOJIb BeymuuH pH

CUCTEMA YIrONNbHOW KAUCNOTHI

Bemuuisl p H Goabmeil yacTy npupoaHBIX BOZ KOHTPOIMPYIOTCA peaKuaMy C
yuacTueM kapOonaTHoOl cucTembl. KapbosaTHas cuctema paccMarpuBaeTcs 37ech
KaK NMpUMep KMCJIOTHO-OCHOBHBIX CHCTEM B LIeJIOM; COOTHOWEH!:, XapaKkTepHble A
KapOOHATHOrO PaBHOBECHS, MOIYT GbIThb C HEKOTOPbIMU H3MEHEHUAMH MCIONb30BAHbI
Ana paBHoBecuit mex/y dopmamu dpochopHoil, cepoBoAOPOAHOH 1 KpeMHEBOH Kiucs
JoT,

Ha xonrakTe ¢ Bogo#i yriekuciit ra3 pactsopsercs B Hefl 1o Tex nop, noka
He HACTYMUT paBHOBecke. B ycuouAx paBHOBecHs KOHUEHTpaus (1u, CTpPOro ro=
BOP#l, aKTHBHOCTb) PACTBOPEHHOM IBYOKMCH yrJepoia NponopijoHalbHa JaBIeHnI0
(uam, Tounee, GyruTHBHOCTH) CO, B rasosoit gase. B yciosuax 3emuoit noBepxs
HOCTH pasHOCTBIO MeXAY NapIMalbibiM - AaBieHneM i ByrUTHBHOCTbBIO MOKHO Mpes
rebpeub. OObIYHO CUNTAIOT, YTO BCS PACTBOPEHHAR [BYOKUCH yrjepoja yXoIuT Ha
obpa3oBaHue yrodbHOl KUCJIOTHI H,CO,. lNosTomy peakumust pacTsOpenus yraeuc
Joro rasa B BoJle UMeeT Bujl

€0, ¢as) + H,0 =H,CO,,

4 koncraunTa pasHoBecus CO, pasha

%H1.CO, 53
KC02 = "}EO'—RHO . ( - )
2 2

B pasbasienibix pacTBOpax aKTMBHOCTS BOMbI a H,0 OueHb G6mm3ka K 1 (B Mopekoit
BOJle ee 3Hauenyue cocrapaser 0,98); B nannom cayuae OTKJOHeHHeM OT 1 MoxHO
npenebpeun . PakTHuecky GOAbWAT YACTH pacTBOpeHHoi IBYOKHCH yriepola Haxo-
mTes B GopMe coabBaTipoBannoit CO 2o @ He B Bujle H,CO,, ofnako B ycaoBusax
PAaBHOBECHA MCTUHHAA XuMUYeckas HopMa pacTBOpeHHON [BYOKMCH yriepoja He
BIMAET Ha PaCCMATPUBAEMOe PaBHOBECHOE COOTHOIeHHe, CunTas, YTo pacTBOpeHHas
ABYOKHMCD yrJepo/ia NOMHOCTbI0 Haxomres B Buae H,CO,, ucnoasayem KOHCTaHTy
paBHOBecHd, oTBeyalouyio sTomy ycaopmio. Torga ypasrenne (3.1) ynpouaercs 10
ypaBHeHuA

K

a - - P . P
H,c0, = "co, “co, (3.2)
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Taxum o6pasoM, KakjoMy SHaueHuio Fog COOTBETCTBYeT ONpe/eleHHoe 3Haues
2
HHe aﬂgcos’ a Kak[oMY SHRUeRHI ay ¢, — Opejlelennoe 3HAYEHNe Pcoz +B

Jureparype BeJuuuHa a Hzcos HepelKo paccmanuBaeTcn KaK COOTBETCTBY lollas

Pco Daxe B OTCYTCTBHE ra3oBoii dasbl.

2 .
Tak kak H2C03 — KHCJIOTa, TO OHA CTPEMUTCH AUCCOLMMPOBATH HA MOHbI

Bojopofia u ruapokapboHara:
+ =
H,CO, =H" + HCO, .
Koncranra papHoBecus 3Toil peakiimm

apt +« GHEC0T
3
Ki= . (3.3)
a
H2C03
["unpokapBoHaTHbIA HOH TAKKE AMCCOLUMUPYET:
HCO; =H"" 5 CO?“,
. 92—
K aH+ aCOS
2= ' (3.4)
“Heco-
3
3uavenust Kcg , K, # K, npusesiensi B Tads. 3.1.
&
Ta6nuua 3.1. KOHCTaHTbI paBHOBECHA ANA KapGOHATHOW CHCTEMbI
(PK = —1g K)
PKco, Pk, pK, PRy 0 PKaney
o]
T,°C [s5,100] [144,145]1 [147] [148] 5™
0 1,12 6,58 10,62 14,93 8,02 8,35 8,39
5 1,19 6,52 10,56 8,09 8,35 8,40
10 1,27 6,47 10,49 8,15 8,36 8,41
15 1,32 6,42 10,43 14,35 8,22 8,37 8,42
20 1,41 6,38 10,38 14,17 8,28 8,39 8,45
25 1,47 6,35 10,33 14,00 8,34 8,42 8,47
30 1,53 6,33 10,29 13,83 8,40 8,45 8,51
40 1,64 6,30 10,22 8,52 8,53 8,59
8,70

50 1,72 6,29 10,17 13,28 8,63 8,63

8 Mo Napcoxy u Bacyanny [216]; obwenpunATbie aHaueHnA, ucnonbayemsle B
HacToAWEA KHure, 6 paccuuTaHbl no AkoBcony U MNaHrMioupy [184]. 3nauenun B
KonoHke 3 paccuwuTansbl 6e3 yyeTa Komnnexkcoobpa3oBaHuA. PacueT Kxam.u no

SKCNEPUMEHTANbHBIM AaHHLIM 38BUCHT OT AonycKaemoR yCTOAYMBOCTH KOMMNEKCOoB

(CaCO,)°wu (CaHCO ™
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W3 ypauenuit (3.3) u (3.4) BuaHoO, uTo oTHOWEHMS A 1,C0, /“HCO‘ U “HCO“/“coz—
sasucaAT ot pH pacreopa. Korga pH npummvaercs 3a uesaancmym nq)emmmym, adcrema
CO, —H,0 ne obcyxpaerca. Hanpumep, utobbl noayunts pH > 7, Heobxommmo
BBECTH KATHOH, oT/muaioumiicst or H*, Ecim B3sTb pactsop, B KOTOPOM CymMMapHas
8KTMBHOCTb kapOoHaTHbIX BewecTB paBHa 10—2 MO0Jb/KI, TO MOXHO BbIUMCIUTH aKe
TUBHOCTb KaX/I0ro U3 HUX B 3aBucHMOCTH oT pH:

10-2=a +a - +@arpg2- -+
H,Cco, * HCO; +9c0?

W3 ypaBuenus (3.3) caegyer

%H.co a4
St pwen = 10"%4. a g+ npu 25°C,
HCO K,

[lperebperas B 1aHHOM cJyyae OuyeHb HU3KUM COMlEpKaAHHEM COZ- u oxpyrass Beau-
umHy K, o 10 &4 noayuaem, uTo npu pH, paBHoM 6,4, akTuBHOCTH H,CO, n HCO;
OynyT OﬂMHaKOBbI

aH2C03 10-6:4
e -

fHCOZ
a a S, |

H,C0, * “HCO; !
aHZCOS &= aHCO; = 0,5 x 10_2 = 10-2'3
[lpu pH, paBHom 5,4,

a =
%% L ITT e,

“HCO; i
a +a - =102
H,C0, * THCO; )

-2 _ 10-2.05
H,CO, =0,9x10"2=10 ’

aHCO; = 0,1x 1072 - 103,
Tor xe pacuer naer npu pH, pasuom 4,4,

a
]

= 10—2.004 =] —4
H,CO, * %Hco; 10

npu pH, paBiom 7,4,

A 10, a _ 107205
H,CO, > THCOj
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u npu pH, pasuom 8,4,
aH=C03=]0_4, aHCO; =1D—-2.004 0

Takum oBpa3oM, ToabKo npi pH, 6auskom K 6,4, oba BemecTBa UMEIT CpaB=
HMMBbie AKTUBHOCTH U, CJe0BaTebHo, KoHuenTpaumi. [lpn pH woke 6 nouru Bce
pacTBOpeHHble KapOboHaTHbIE BELIECTBA HAXOMATCH, 10 CYIECTBY, B dopme H,CO,,
a npu pH Buime 7 — B popme HCOZ .

Ornomenue akTusHocrell nosoB HCOZ # COi' , COTIacHO ypaBHeruio (3.4),
paBHO

“pcoy ay+

a co 5 10—10‘ 33
3

Nlannoe ypapHehye npejcTaBaser coboit TOuHbIl aHajor ypaBHeHWs s

H 2C03/ HCOJ, 32 UCKJIOUEHHeM TOrO, 4o TOUKa nepeceuelus KpuBbixX Ha rpaduxe

(puc. 3.1) cooTBeTCTBYET 3HAYEHiO pH 10,33, a e 6,4. Ilpu pH Brute 10,33 akrus-

HocTb HCO7 GeicTpo ymenbiuaeTcs, a npu pH Hitke 10,33 crToab ke ObicTpo CHUXAeT-

cSl aKTUBHOCTh C023‘. ITH COOTHOIEHHS NOKa3aHbl Ha puc. 3.1. I'padmku Takoro

THNA UHOrJA HasmBawT Ouarpammod Bveppyma. Tak Kak TOUKM nepeceueHus Kpu-

BBIX 3HAUNTENbHO yAaleHbl APYT OT Apyra, Mbl Bnpase npesedpedb C032" npy pace-

emotpenmu napwt H,CO,~ HCO u H,CO, npu paccmorpenun napsi HCOg = O3
3 puc. 8.1 caenyet, yTo B Goablieit YacTH NPUPOAHBIX BOA KOHUGHTPALMA

CO3~ wmana no cpaBHERHIo C oHnenTpaipeit HCO3. JMub B OTZEbHBIX THIAX BOZ,

0BbIYHO CHIbHOMMHEpAIN30BatHbIX, pH npesbiwaer 9.

0 T
I I T | ]OCHOBHOF‘I] I I | T
auanason pH g
NPUPOAHbLIX BOA
\ H,CO, 6,4 nco; 1033 col”
R } i
8
> =
_4 -
| | | | | | I | | |
_61 3 5 7 9 14 13

pH

P uc.3.1. AKTHBHOCTH pasnuuHbiX BEWECTB B KapBoHaTHOW cucTeme B 3aBUCUMOCTH OT
pH npw ycnosuu, uto = CO, = 10~2 r - mone/kr u T = 25°C. AKTMBHOCTH Wonoe HY u OH™
onpepenexs no 3xauennio pH. [Marpamma cnyXuT NPUMEpOM NOCTPOBHUA rpaduka
Boeppyma,
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WENOYHOCTb U KPUBHE TUTPOBAHHA

B npempinymeM pasjee ormedanoch, 4To pacTsopbl mpi pH Goabiie 7 10MKHBL
coflepxaTh KpoMe BOJOpPO/JA U [Ipyrue KaTuoHbl. B sTom mMoxHO ybeauTbes, paceMoTs
peB DalaHC 3JEKTPUYECKUX 3apAMIOB UOHOB. INeKTPOHeHTPaIbHOCTL PACTBOPOB,
03Hayawilas, YTo CyMMa MOJOKMTeIbHbIX 3apA/IOB KATMOHOB PaBHA CyMMe OTpMLa-
TeJbHbIX 3apAL0B aHHOHOB, ABJAETCH OCHOBONOJATAIMUM MPUHIMIOM XUMUM PacT=
BOpOB

Zm;z ;= 0,

rje m — KOHUEHTpAlUA ¥ z — 3apaj (3/eKTPOBaJeHTHOCT) i =I'0 MOHA.
Mas cucremsl H,0 —CO, ypaBHenne Gananca 3apszioB uveeT BAA

mg+=mygco; +2mco2- + MoH- -

[Ip pH = 7 my+ = mou— (KOHCTaHTa MMccoumaumy Bos K passa 10~'* npu
pi p H OH H,0
25°C). Takum obpasom, eciu m WA 2 — UMEET KAKOESIMOO KOHEUHOE 3HAYeHIe,
HCOZ CO3
TO my, HOIKHA COOTBETCTBEHHO 5blTb BbIllle, YeM mqy-, M pacTBop ByleT uMeThb
pH nuxe 7. Ecau B cucremy BBecTH HATPHHA, TO ToJyuMM Cledyiolee ypasHeHHe
GanaHca 3apsaloB:
Mg+ + m +=m ==
H Na HCO; +2mCO§' Fmop—»
TpH 3TOM BeJMUIHA my+ , @ CJeoBaTebHo, i pH MoryT u3MensTbes B 106y

cTopoHy. B 6au3Kux k HefiTpabHbIM pacTBOpax BeIUdUHBI m

Ht? mOH— Hu mep2-
‘lp93Bbl‘iaﬁH0 MaJibl 0 CpaBHEHUIO C BeJIUUNHAMMU MNa

+ U mgon— , NO3TOMY
3
ypaBHeHue GalaHca 3aps/oB ynpouaercs:

"Nat+= MHCOT -

Ofbemuunas ypasuenus (3.2) u (3.3), noayuaem

@yt aHCOS_ =K,- KCOZ' PCOZ

Takum obpasom, npu nocToNHHON BemunHe Pr‘o aKTMBHOCTb MOHA BOJOpOAa
0bpaTHO nponopuuoHaibHa KOHUeHTpalmH rnnpoxapﬁonara. B orcyrcrue mpyrux
AiMOHOB, TaKuX, kak C1~ 4 SO2- , ofwan KoHuenTpauA KATHOHOB (C YYETOM HX
3apsjos) byter npummnre.nbﬁo paBHa KOHUeHTpauuu ruapokapbonara, u caeno-
BaTe b, pH u coslenocTs GoraTeix ruapokapbosaTom Boj ABIAITCS obparHo npo-
NOPIMOHAJBHBIMY BEHMUHHAMMU,

YpasHenue Gajanca 3apajioB MOKeT ObiTh PACIIMPEHO MyTeM BKIIOYEHHS BCeX
PACTBOPEHHBIX BEUIECTB!

Mnat F Mgt 2 Moo 2+t 2mM32++ ...-—-mm-+2m503.. +’"N03‘ +mHCO; +

4-78
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2 =
¥ “Mcoz-""ou~* "gomy - * Mu,si07 * ™Hs-

i mcprauuuecxux anuonos’ * (3.5)
Takue wmonbl, kak Nat, Kt, Ca?t, Mg?*s Cl1=, SO2Z- u NOj3, MOTIyT paccmaTpi-
BaTbCA KaK "Koncepéamusuvie”, Tak Kak MX KOHLUEHTpAIMU HE 3aBMCAT OT U3MeHe-
Huit pH, JaBaeHns #in TeMiepaTyphi (B npejefax u3MeHeHus nocleHux BOM3H no-
BEPXHOCTH 3eMJM M NPU OTCYTCTBMH MPOLECCOB PACTBOPEHNMs UM OCAXIEHU TBep-
avix das). [poueccs komniekcoobpasosanns (ril. 2) He BAMAKT Ha ypaBHeHue Oa-
JaHca 3apsafioB, eciy B HEM UCNOAb3YKTCs obliie aHaIMTHYECKUe KOHLUEHTPAaLMK
BCEX BElleCTB.

YpaBnenue (3.5) MOXHO nepenyucarhb B cle/ywlleM Bule

3 KOHCEpBATUBHbIX KATHOHOB (B 9KBUBAEHTAX) — 2 KOHCEpPBATUBHBLIX AHUOHOB (B
IKBUBAJEHTAX) = _ p—
) mHC03 +mCU§_ +mB(0H): +m’H351 04 + ’"ns- +

F M opranuueckux annonos T Moy— —M e (3.6)

[lpaBas yacTbh ypaBuenus (3.6) npefcrasager coboit ofiuyn weaounocms, KOTOpas
thopMalibHO onpefielseTcs KaK CyMMa SKBUBAJEHTOB OCHOBAHM, TUTPYEMBIX CHlb-
Hbimy Kucaoramu [ 312]. Ecau pH pacTBopa nocteneHHo yMeHblIaeTCH Mpy [os
GaBaeHUK CUAbHON KucaoTel (Hanpumep, HC1), To Bce aHMoHbl B NpaBoii uacTu
ypaBHeHus OyIyT npespamarhcs B 9JeKTpoHeiiTpaibhble dopvb [H,CO,, B(OH) 5,
H,Si0,, H,S, opranmueckie KicIOTHI, H,01. KomuecTso kucioTsl, Heobxomumoe
I8 MOJHOI HefiTpam3aluy pacTeopa, U3MEepUTh HETPYHO (CM. HUKE), & 3TO Mo3~
BOJISIET Jerko onpejeluTh obuly K meJouHocTb. [locKoaBKY uideHbl JeBoil uacTu
ypaBrenns (3.6) e 3aBucar or Puam T, To obuas WeNIOUHOCTh TAKKE He JOJKHA
OT HMX 3aBUCETh i, CJeoBaTebHO, OHA ABAAETCA KOHCEPBATUBHOW BeluunHoii, B
TO Xe Bpems OT/iedbHble Y/eHbl npasoii yacTy ypasHenus (3.6) HeKOHCepBATUBHLI.
Hanpumep, npn usmenctinn T n3MeHseTcd Beaunta K, , a BMecTe ¢ Heit 1t 0THO=
WeHHe my e 0:/”‘(302_ s

B Goabieit uacTu npupoanbiX BoJ KoHLUeHTpauun 6opaTa, ruapocyabguaa, ammo-
HOB erMHeBOﬁ U opranMvyecknx KMCJI0T, HOHOB I'M/IpOKCH.JA U BOJOpO/Ja BeCbMa HU3~
Kie [0 CpaBHEeHHI0 ¢ KOHLeHTpaimaMu rugpokapbonara u kapbonara. B atux ycios
BUAX

+9

WEmNOYHOCTE = mHCOS— 2 cog— .

Bripaxenue ("’HCD- + 2’"(:02- ) npefcTaBaseT coboil KapGokamuy 0 wWeroURoCH b,
3

. 3
B Soabuweil yacTi npupoanbix Bo KapboHaTHAS NEJOUHOCTb OPUBIM3UTENLHO paBe
Ha obueii weaoyHoCTH U, CleloBaTeNbHO, TAKKE ABIAETCSH KOHCEPBATURHON Belu-
uuoil, lllenounocts He 3asucuT or Peo , » IOTOMY UTO STOT KOMIOHEHT HE BXOAUT
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HerocpeJCTBEHHO B ypaBHenue Oallanca 3apsfios. XoTa yseauuenue Pog  BBISH
2
BAET NOBBIIEHHEe m .\, PEAKIMSA UMEET BUJ
3
B .
Co, + H,0 +CO3 =-2 HCO,

Wi
€O, + H,0 = H + HCO; .

B [lepBoOM CJy4Yae BO3pacTaHue WeJOoYHOCTH 33 CUEeT MOBbIIeHUA m cTporo

HCO;
OanaHcUpyeTCs yMEHbIIEHHEM €€ 3a CUET CHUKEeHUH me coz- « Bo BrOpOM cayuae
Bospactanye HCO7 OGanancupyercs yseauuenuem HY, nos'romy oblllee u3MeHeHne
EeJOYHOCTH PABHO HY.JII0.

Cymma pacTBOpeHHbIX kapOoHATHBIX BemecTe (2 CO ,) TaKke npe/crasiier
c000it KOHCePBATUBHY 10 BEJIUUMHY [IPH YCIOBUM, UTO oneu Mek/ly pacTBOPOM M Ias
30B0it hazoit oTcyTcTByeT:

2 €0, = "H,C05 * MHCO; * Mgga=

= CO2 eCTb He YTO MHOe, Kak cymma Bcex dopm okucaenxoro yraepoga. Ona
MOXeT U3MEeHAThCA JHilb npu nobaBJeHun K pacTBOpy UM BbIBEAEHUU U3 HEro
OKHMCJIEHHOIO yriepofia, a Takxe BCJe/ICTBUE OKUCJIUTENbHO~BOCCTAHOBUTEIbHBIX peax=-
l[ﬂﬁ C yyacTueM OpraHuuyeckoro yriepoja, HO Takue peaxkiuu OTHOCATCH K HMHOMY
KJIaccy, HexeJu peakliui, paCCMOTPEHHbIE NPU ONpe/leJenny TOHATHS KOHCE pBATHB=
HblX BelleCTB.

Onpepenenne wWenoYHOCTH THTPOBaHHeM. THTpOBaHME LENOYHOCTH — BAXK~
Has aHa MTHYeCKas Npolejypa B XMMMUYECKOM aHAJIM3e MpUPOAHbIX BOM. [10cKOIbe
Ky KpMBafi THTPOBAHMA MPOJMBAET CBeT Ha cTabuabhocts pH u GydepHocTb pact-
BOpOB, TO €e CJe/lyeT paccMoTpeTh DoJiee [eTalbHo,

3 a A a y a. Mpeanonoxum, 4To Mbl MMeeM B 3akpbiTom cocyde 14 5 x 10-3-
MoasibHOro pactsopa Na,CO, Oe3 rasosoli dasbl; fobasiM B Hero v Ma 1-Moasiibe
Hoit HC1. Kak uameﬁaema pH Np1 U3MEHEeHNH v, CJU NPUHATE, YTO BCE KOa(du=
IMeHTbl aKTUBHOCTH paBHbl e MHULE, rasoBasd (asa He obpasyeTcsa n obumii obbem
0CTaeTCH HeusMeHHbM (1 11)?

Havaabnbie ycioBus (nepell Jo6aBaeHueM KUCIOTHI):

Mgt =107%  ZCO,=5x 10~ moab.
YpaBuenue GanaHca 3apajioB MMeeT BU

mNa+=mHC03_ +2mc0§_ +m0H__—mH+

llepen nobasaenuem HC1 Bemuuna m , HUYTOXHO Malla N0 CpaBHeHMIO C ApyTruMy
H

YJeHamu ypaBHeHHs, TIOITOMY

LY
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m

+2m = (3.7)

=m +m o
Nat HCOJ co3- OH

= CO, = ’
2= "y _co,  MHco; * "co}~ (3.8)

Mockoabky pactsop Na ,CO; UMeeT WEJOUHYIO PeaKiyio, MOXHO MPEANoNoKUTE,

4TO m €0, Gyner HeOoablof M0 CPaBHEHMIO C myco; " mcog_ . Torpa
ypaBHenue (3.8) npiumer BUa
2C0,=m +m (3.9)

-_— 22— -
HCOS CO3

Vmuoxas ypapsenye (3.9) Ha 2 u BbIUMTaR €ro U3 ypaBHeHHHA (3.7), nonyuaem
mN +——22C0,_, =-m

a

nco; " Mon- °

[ockoabky m e 2 = CO, (B Monekyse Na ,CO, ABa aToMa Na npuxofsTCs Ha

Co,), To

m =m R W 3.10
HCOZ OH™ ( )
m
H+
Ypasnenye (3.10) Moxer ObiTb BbIBEJEHO M MHTYUTHBHO; B Npolecce npeobpa3oBa-
HMA A000ro KoJauyecTsa CD:— B HCO; TTPOMCXOANT TIOTEPS OJHOTO OTPULTATENBHO-
ro 3apsja Ha Kax/iylo Mojeky.y. [lockoabky pacTBop BCer/ia OCTAeTCs 3JIeKTPUIecKH
HefiTpaabHbiM, HeOOX0MMMO NOCTY e e OO IHHTE NbHOTO OTPUIATELHONO 3api/ia.
E/MHCTBEHHAR /18 9TOM0 BOBMOXHOCTb — 00pa3oBanie r'MpoKcuia, T.e. O[HOT0

uona OH™ na kaxawit von HCO3 , obpasosanubiil 13 coi—.
Ypapnsenue (3.4) npu aKTMBHOCTSX, PABHBIX KOHLEHTPAIMAM, UMEET BUA
m - m
H+ c Og_
L i .-
m
HCOY

Moacrasass B Hero ypashenue (3.10), noayuaem

gt = "coi”
K = . (3.11)

2

TMoncraBass Aajee ypasherue (3.11) B ypaBrenue (3.7), BaxomuM

Kﬂzo 2K2 KH20 KH 0
= + + ©
mNﬂ+ m 2
Ht mH+ my+
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[Tocsie moJcTaHOBKYM YMCJEHHBIX 3HAUEHHH mN ,+ Y KOHCTAHT PABHOBECH, a TAKKE

a
Pellienitsi kBa/IpaTHOrO YPABHEHHA MOTYIHM m . = 10~1®%, 310 o3nauaer, uro pH

. pacTBopa nepe/ jobaBJjenreM B Hero kucaoTs pasen 10,96. [Ipu stom snavenuu pH

‘ TNpe/noJoxeH!e 0 TOM, UTO BeJMYMHOM mH,Cco, B ypaBHeHuM (3.8) moxHo mpene-
Opeub, BIOJHE ONpaB/aHHO,

| Ipu pobasnenun kucaorsl kaTinon HY BoBaekaercs B peakipio, a annon Cl1—

‘ NpPOCTO HakanauaeTcs B pacTBope. JobaBienne v M KUCJIOTHI IPUBOIMT K CJe/yK-
lieMy ypaBHeHuI0 GasiaHca 3apsioB:

m —

m =
Na* €17 "mcog +2m

—-m

| coz- *Tog- g+
|
‘ 1072 =103 v = - .
v mHCO;‘ +2 mcog_ i, T mH+ (3.12)
[locae npeoGpasosanns ypasHenus (3.3) u (3.4) uMeror Bua
Ki» my co, -
m - — S
HCO3 a8 g e
H+
By "Hco;
m el (3.14)
GOz
3 L

[loncrasass ypapnenue (3.13) B ypasxenne (3.14), noayuaem

K, K;*my co,
"cor- = ' . (3.15)
3 m2
H+
Moacranoska B ypasHenue (3.12) ypasrenuii (3.13) u (3.15), a Takxe BblpaxeHus
ans KH o TPUBOMMT K ypaBHEH! 0
2

K 'm 9K. - K. + -
1 H,CO my COo 14
1079 .= i P sanmum—ra $ A 2°73 +_19___m+
m 2 m_. H
Ht mH+ H
(3.16)
a nojcTaHoBKa ypaBHernit (3.13) u (3.15) B ypasHenue (3.8) naer
Ky maco, K, Kyt myco,
5x 10-38 =Ry G0, + + 8 (3.17)
2
mH+ m

H+
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= HCO3
H;CO,q i I |
| | 112
i | I | co~
| | 41
1D l | 5
R e HCO7 N1
_ —4 I II | OH E
H | | |
g | Ic | H8 §
e —5r- | | 5
@ | | 47 &
= I\ S0 2
g ' HCO3 *:* iﬂ b i
= 2 H,CO, 15 3
L] |
o da 8
R
~2
-1
-0
A
1 1 1 ! L 1 1 | 1
3 4 5 6 7 8 9 10 11

pH

P v ¢. 3.2, KpuBaa THTPOBEHWA KMCNOTOMA 5 .90~ 3-MomAnLHOro BoaHoro pacTeopa Na 2C03
(*upHaA nuuuAa ABCD) W rpadux Beeppyma gnA = CO2 =5 .10~ r-mons/Kr. Touka B —
KOHeuHar AnA Cﬂg— , MuHKWA C — obnacTe OTHETNHBOrO 6y epuposanua, D — KOHeuHaR
TOuka rugpokapboHaTa.

Wexawouasn my,Co, npi CyMMMpOBaHUH ypasrennit (3.16) u (3.17), noayuaem

5)(10_3 K:l (1+2K2/m|,1+) ]0_“
. (3.18)

10-3v=10"2% - {FS el U mH"'
mH+ + K, +K1' K2/MH+ mH+

3uauenit m_, MOKHO HEnoCpe/iCTBeHHO nofcTasuTh B ypastedie (3.18) u nocrpours

rpaduk (puc. 3.2). Ha sTom picyHKe nokasaha Takxe marpavma Breppyma, 0 KoTo-
poii "OBOPUIIOCH BbIllE.

KpuBas TUTPOBAHU UMEET ABE TOUKU neperuda, HIu KoK euHbLe moUKU, OTBEYAI0-
mye 3uauenuam pH 8,35 u 4,32. CoorsercTBylOUME ofbeMbl KHCJIOTHl, 3aTpayeHHbe
na TuTpoBanue, pastbl 5 1 10 ma. [lepsas koneuHas TouKa cooTBercTByer n0baB-
JeHMI0 TAKOIO KOTHUECTBA KMCJIOTHI, KoTopoe nepesout sec CO3~ B HCO3,

a BO BTOpOii KOHEUHOH TOUKE Mbl MPEBPATUIM BECH HCOZ (noayuennbiii n3 CO2~)

B H,CO,. Buipaxenue "nepesects secb CO;~ B HCO7 "B nepBblil MOMEHT MOXKET
BBISBATH HEOyMeHNEe, TAK KaK HEeKOTOpoe KOMMUecTBO CO2- ocraercs B pacTBOPE
npu Beex snavenuax pH. YcioBie UCTHHHON SKBUBANEHTHOCTH MUMeeT BU/

m =m
coz- H,C04
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C Touku 3penus Gananca MPOTOHOB eMHiIa COi = IOC emHMIA H2C03 IKBUBAJICHT-
#bl iBym eminuam HCOT, nosromy B nepsoit Koreunofi Touke Bee pacTBopeHHble
kapBosaTHble BellecTBa NpeAcTaB/enbl B AefiCTBUTE IBHOCTH HCO7  Ormernm, yto
Ha puc. 3.2 oTa TOUKA neperuda Ha KPUBOH TUTPOBAHMS COOTBETCTBYET TOUKE Ha

mmarpammve Boeppyma, B koropoit mioas =mich [lo Toit ke npuunte sropas
3

KOHeYHasi TOYKa OTBevaeT ycJA0BUID mH+ =m , OSTOMY BCE pPacTBOpPEHHbIE

HCO7
kapbonatHbie BeecTsa npeacrasiets H,CO .

TIpy BBIMOJAHEHNY XUMMYECKUX AHAMMB0B KOHLEHTPAll KapBOHATHBIX KOMIOHEH-
TOB I WIEJOYHOCTh MOrYT OBITh OnpejlelieHbl THTPOBAHKEM [0 [IBYX KOHEUHbIX TOUEK.
B stux Toukax pH namensercs GuicTpo npu gobasiennn HeGOMbLIMX KOIUYECTB KUCS
JoTHI, IOATOMY ONpefie/leHie SKBUBANEHTHOTO 3HaYeHus pH He npejcTaBaseT Tpyf-
HocTell, ecau He TpebyeTcs BHICOKAR TOUHOCTDb aHan3a. TpalumonHO KOHLeHTpa-
1A KapboHATOB U3MEPANACh TUTPOBAHMEM [0 TOUKHM, B KOTOPOH NPOMCXOIUT
u3MeHenne useta dedoidranenna (pH~ 9), a WelouHOCTH U3MEPANACH THTPOBA=
HUEM JI0 TOUKM, B KOTOPOil U3MeHAeTca LUBeT MeTuaoparxka (pH~ 4). /[las Gosee
TOYHBIX AHAMM30B HCNOJAL3YIT pH=-31eKTpoab! (& He MHOMKATOPHI), U B ITOM Cliy=
Yae BblMEpUMBAETCH BCA KPUBAA TUTPOBAHMA MAM TUTPOBAHME BBINOJIHAETCA [0 TOrO 3Has
yennsa pH, 0 KoTOpOM U3BECTHO, UTO OHO DJMBKO K UCTUHHON KoHeuHo# Touke, /lig
Bosiee Ha/leKHOTO ONpefieleHUA KOHEUHBIX TOUEK NPUMEHAETCS crelualbiblil rpas
duueckuit meron — I'pas-natetka (Gran plot) (312, 96].

[Oast pewenns ypasHernst (3.18) u nocTpoetys rpaduka (puc. 3.2) Heodxommoit
HCX0HO# BemunHOA sBaserca = CO, (3dech 5x 107?). [Toaromy xpusas TurpoBa~
HUA MOXKET CIyKMTb Kak Aas onpefenetus = CO,, Tak M WeJOUHOCTH, UTO JeTalbe
Ho paccmorpeno Jamonaom [ 961, Korpa ussectasl menounocts u = CO 2> MOKHO Bbi
YMCINTb SHauewns P , pH,konuenTpauuu ruspokapbonara u kapbosara B Jw0boit
Touke rpaguxa. TurpoBanue MOKHO HCIONb30BATD /s H3MEPEHU zC0, roabko
B TeX cJyuasx, ec.u HeT obmena ¢ ra3oBoit dasoii (cucrema saxpvima nas obmena
¢ CO,). B nansom npumepe Pc  Bo3pocto Gbl o ~ 10~ at™ B uMcToM pacTBo=
pe Na 2CO3 po ~ 0,15 aT™ B KoHeuHo# Touke. [lpn TUTpOBaHMK B KOHTAKTE C
armocdepoit (PCO = 10~*%) CO, cuayana nocrynaia Ol B pacTBOp U3 aTMOCHex
pbl, @ B KOHLle TUTPpOBaHuA MpdyHauposana Obl U3 pacTBopa B armMochepy. llenou-
HOCTb U3MEPSETCH He3ABUCMMO OT TOr'O, OTKPbITA CMCTEMA WX 3aKpbiTa 115 obMes
nac CO,, no ZCO, Moker ObiTh U3MEPEHa TOIBKO B 3aKPbITOH CHCTEME.

[lpu pH, paBHoM~ 6,4 (puc. 3.2 ), pH pacteopa ¢ goGasjeHHeM KUCJOTH M3Me-
HAETCH oueHb MeaenHo. B 3ot obaacTn 3nauennit pactsop cuabHo 3abydepen
orHocuTeabuo pH. BydephocTs nposiBasercs, ecau NpUCyTCTBYIOT B 3HAUNTENbHbIX
KoMMuecTsax kapOoHaTHble BelecTBa kak ¢ npotoxom (31ech H,CO,), Tak u 6e3
nporoa (3seck HCO7). llpu nobasaerun kucnorsl npotonb coemusiores ¢ HCO3,
obpazys H,CO,, mpu arom obuee uamenerme pH HessaunTebHo, Analornunas 6ydepHocTb
B oTHowenm napet HCO7 /CO3~ npossasercs npu pH okoso 10,3.
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Ilpu BriBOZE ypaBHenna (3.18) u nocrpoennn rpadwka (puc. 3.2) npeanonaranioch,
YTO aKTMBHOCTH M KOHLUEHTPaIMy PaBHbl MeX /1y coboll, XOrsi 910 1 He COBceM BEpHO,
Tem ne menee ypasnensue (3.18) cnpasemBo, ecay selnumHbl K NpecTaBiasiorT co-
ol kaxyumecs (ra. 2), a He TepMO/MHAMUYECKIE KOHCTAHThl paBHOBecud. Kpusas
TUTPOBAHUA MOXeT OblTb, TakuM 06pa30M, MCMONB30BAHA [ ONpe/eJeHUs Kaxy=
1MXCH KOHCTAHT paBHOBECH: B MPUPOMHBIX Bofax, XxorTs gobasienue HCl Moxer He-
CKOJIbKO U3MEHUTb MX 3HaueHus, M3MeHeHHe CTAHOBUTCHA 3aMETHBIM JMIIb B TOM
cJyyae, kor/ia kapboHaTHele BellecTBa ABJAITCA IMABHHIMU GHUOHAMMU B PACTBO-
pe. Jlannoe noJoxeHne UrpaeT BaXHYIO POJb [IPH OMpe/ieleHnt yCToluMBOCTY pas-
JHYHBIX KOMIIEKCOB M CTeNeHH HACHIeHUs BO/Ibl OTHOCHTEIbHO KapOOHATHBIX MUHes
panos. ¥ paBsenue (3.18) MoxHO MOMGUIMPOBATE, YTO NO3BOJMT YUYECTb U3MEHEHUe
obuiero ofwema pacrBopa npu A0GABIEHMM KHCIOTHL,

Ecm kpnBas, nonydyeHHas [pi THTPOBAHMK MPoObl NPUPOAHOH BObI, OTAMYaeT-
cd no hopme OT KPUBOi, COOTBETCTBY Il NMPUBEJEHHOMY Bbllle PACHETY, TO 3TO
MOXET yKashiBATb HA MPUCYTCTBHE HEKOTOPBIX [PYIHX KOMIOHEHTOB, HANpUMEp
OpraHMYeCKMX KUCJIOT, KOTOpble, KAK U3BECTHO, BANAIOT HA WENOYHOCTb. B 0bbly-
HbIX aHa/M3ax WEJOYHOCTh BbIpAKAeTCH, KaK NPaBuio, Yepes yrojbHyl KMCIOTY,

a MpUCYTCTBHE APYTHX BellecTB, OKA3bIBAIMX BIMAHKE HA WIEJOYHOCTD, YACTO He
YUMTHIBAETCH,

PACTBOPMUMOCTb KAPEOHATA KAIbLUMWA

lpencrasienme o pacTBopuMOCTH KapboHATa KAJbLs MOKeT ObiTh MOMyYeHo,
ecau 106aBUTb elle OJHO ypaBHEHNEe K ypPABHEHUsM, MPUBEJEHHBIM B Mpe/bllyLem
pasjeJe /i XapakTepPUCTHKK kapOoHATHBIX cucTeM. [1ponsse/lenus pacTBOPUMOCTH
Ka/blMTa W aparoHUTa Olpe/e]sloTCs ypaBHeHHAMY

K =

-8, 34
Kanby 10

aCBZ+ ’ aco?— npu ZECC,
3

K =107%% mpu 25°C,

apar =% 24" acog_
Lindposrie fannbie 115 ApYTUX TEMIEpaTyp yKasaHsl B Tabd. 3.1. Aparonur —
MeHee yCTOHuNBAA PABHOBMAHOCTb KApBOHATA KAAbUUS NPU JaBJeHuu 1 aT™, n05To
My OH DoJee pacTBOPUM, YeM KaJbLUT.
"appeac u Kpajict [122 ] npuBonaT feranbhble pacueTsl, BKAKYAIIE PACTBO
PUMOCTb KalblUTa, MO3TOMY Hitke OyAyT JaHbl JMIIb HECKOJbKO npumepos. Bob-
WHHCTBO 3a/ay CBOAATCH K COCTaBAEHUIO CUCTEMBI YpaBHenui, yunTbiBaoei yeaosmus

paBHOBecus (Bbipaxenus Aus K co,’ K, K. K H,0 u KKanbu ), ypaBHenue Gasanca

3apAlioB W HeKoTopble [pyrie ycaosus. K nocje/imm oBbio 0THOCHTCH GMKCHPOBAH-
Has BeJMuMHA Pcoz » CJI4 PACCMATPUBALTCS OTKPbITAS CHCTEMa, UMM GuKcHpos
Bannas eanunna 2 CO, , ecam paccMaTpuBaeTcs 3aKkphiTas cMCTeMa. YKasaHs
Haf cucTeMa ypaBHeHWH 0ObIYHO ONMMCHIBAET MPUPOJHYI0 CUCTEMY MOJIHOCTbIO, I
1A noJyyenust otsera TpebyeTcA JMwb ux anrebpanueckoe pelesne,
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[Ipumep 1. Buipasum npoussefieHye pacTBOPUMOCTH KalblMTa Yepe3 aKTHB-
HOCTb THApoKapboHaTa (BMecTo akTHBHOCTU KapGounara) u Poqg
d 2

2y .Co . O e
1% Bt “uco
Koo, =—— , g, - i (3.19), (3.20)
Peo a
2 H,CO,
a - a
H* co3-
K, = “— Kyanw =9¢,2+" 9coz- + (321),(3:22)

a =
HC():‘1

INpeobpaszoBanue ypasenuii (3.20) u (3.21) faer

Ky~ eq co, Ky encoy

Bl "y mesmesoocinages: | - — . (3.23),(329
H* a co?- s

HCO] 4 vt
[Moncrasnss ypasuetve (3.23) B ypaBHeHue (3.24), noJyuaem

3 2

K2* ®hcos
a =
C02- RS e |

K. -

3 1" %H,CO,

[lopcrasue sTo BbipaxeHue B ypasHenue (3.22), uMeeM

K, a?
HCO
3
Kcansy “%ca* k. ’
1" %H,CO
23
W
a . a? . K
ca2+ ~ *HCO; Keanen * %,
= ]
K
a
H2C03 2

WJM NpY MOJCTAHOBKE U3 ypaBHenus (3.19) —

. 2 " e
aca 2+ aHCO; mew K, KC(}Z
= % (3.25)

Pco2 K,

Ypashenue (3.25) uenecoobpasHO NPUMEHATH MPH U3YUYEHUM TIPUPOIHBIX BOJ, MOTO=
My YTO B HUX, KAK W BO MHOrMX [pyrMX NPUPOIHBIX CHCTEMAX, Olpejesioliee
snauenye umeior CO, u HCOJ . Konuenrpamms kapGonara u Bemuuna pH oby-

CJIOBJIEHDbI, KaK MpaBuo, COOEPKaHUAMU YyrJAeKUCIOThl U mz[poxapﬁona'ra, T.€. BE~
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amuunamu Fe Hanpumep, B npolilecce (oTOCHHTE3a COAEpXAHNE

, PMgoo; "
pacrsopenHoit CO, crmkaercs, faarofaps ueMy yBeauuMBaeTCH CTENeHb Hachillle:
U pacTBopa. B TO xe BpeMs Mpouecchl AbIXaHus u aspofHOro pas3JoKeHus opras
HUYECKOro BellecTsa BeJyT K MOBBINIEHUIO COMIePKAHUA pactsopentoit CO, u chu=
KEHUI0 CTeneHM Hachimenus. Peakimio anaspobHOro pasioKeHus i cyJbdaTpeyk-
1y (Pa. 12) MOXHO TIPEACTABUTb B BUJE ypaBHeHus

S02- +2 Cnpr + 2H,0=H,S + 2HCOS ,

raeC opr KOHI|EHTpalys yrieposia B OpranfueckoM BeulecTBe. Takum obpasom,
aHaspobHoe pasjoxeHyue B NPOTHBOMOJIOKHOCTD anspofHOMY yBeJMuMBaeT HachlleH:
HOCTb PACTBOPA OTHOCHTE/IbHO KApOOHATHBIX MUHEPAIOB.

Mpumep 2. Kak U3BMEHAKWTCH SHAUCHUA pH ¥ KOHlleHTpalMs KaJbUus B
[AMCTUIIMPOBAHHOI BOJE, PABHOBECHOH C KalbUUTOM, C M3MEHEeHHEM PCOZ ?

g,co, =Kco, ° Peo, » (3.26)
a . a
H+ =
K, = HEOs | (3.27)
“H,co0,

[peoGpasoBakie ypaBHeHNs (3.27) ¥ NoACTAHOBKA B HET'O ypaBHEHNUs (3.26) pator

K,* Keo," Feo, Wit Wog,
. y K, = Loy (B28) (B20)

a

a
HCOT
3 + a
H HCO]

INpeobpasys ypasuerye (3.29) u MOACTABAAA B HET'O yPABHEHUE (3.28), monyuaem

K" Kp* Kcoz' PC02

“co?-
2
3 BH+

» Kianwy= Gea2t’ aCO"’
3

(3.30), (3.31)
Moncrasus ypashenue (3.30) B ypaBHetue (3.31), nouyunm

% oatt’ Ky * K, “ Koo Bog,
Kianey = ; ; (3.32)
a
t
Ypapuenye bananca 3apia/ioB UMEET cJeAyoumit Bij:

m +2m +2m 3 J 3.33
a got=" " Poy~ (3.33)

Ca2t = THCOZ
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Eciu orpannuuth paccMaTpuBaeMylo obnactb 3navenuamyu pH < 9, To Be MumHbl
L . " ZmCOQ_ B 5TOM ypaBHeHuu OyAyT HeGOJbLIMMY 110 CPABHEHUIO
3

¢ BeIM4MHAMU 2 m (MaJ bIMy BeaMYMHAMK MOXHO npeHebpeub,

caz+ "™HCO;
eciu OHM NpuBaBIAKTCA K 6OJbUIMM BeJMUMHAM UM BHIUMTAIOTCA U3 HUX, B Cly=
yae ke yMHOXeHua Ha Oobliue uncia MCKJAKYEHMe MalbiX BeJIUUHH HeJOMyCTHs
Mo). Torna ypasrenue (3.33) ynpouaercs u npuauMaeT BUJ

zmca2+ = "co- ? (3.34)
3
Hiau
2a a _
Calt _ HCOS
i 2
Y
CaZt Yﬂco;
HJH
¥ 2+
C
ag,2+ =1/2a | el I (3.35)
HCO7 B
HCO;

[Moncrapus ypasnenne (3.28) B ypasHenue (3.35), a noJyueHHsll pe3ybTaT B ypaBe
Henue (3.32), MeeM BhIpaXeHue

1/2'Kl' KCOQ' PC02 K. K2 'KCOI. PC02 YCaz+

Kanby = Y 3 ' ’
aH* g YHcoa"

K

KOTOpoe MpeofpasyeTcs B HCKOMOE COOTHOLEHHE

2, K2 3
a = . - o
ut 002 9K

Kaned * Yucos

I"padwueck 510 cootHomerte (npu 25°C u P= 1 at™) nokasaHo Ha puc. 3.3.
Pacuer KoathhulMeHTOB aKTHBHOCTH MOXET GbITh BHITOJHEH METOIOM urepaiui,
Mcnoab3oBaHHbLIM B npuvepe 4 ri. 2. Kaxoe snauenne Poo  BbluKcAfeTCS npej-

2

BapUTeJbHO; Mbl MCXOJMM U3 NMpPEN0JN0KEeHH A, YT =
P B au P s Yoa2+ YHCO; . [lpu srom
K€ yCJOBUM BHIUMCIAIOTCH KOHUSHTPALMM BCEX BEUECTB, KOTOPble UCI0Jb3y 0TC S
3aTeM /s pacyera Yea2+ W Yhgo- 1O YpasHenuio lebasn — Xiokkeas. Iru 3na-
a
3

YeHU# y MOACTaBAAKTCA 3aTeM B ypaBHeHue (3.36) ans monyuenus Gosee TOUHbIX
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T T T T T T T
80 |- .
75 -
> o
a
70 - il
6,5 I- B 6,5 -
1 1 1 1 1 1 | 1
60— 3 =2 =5 6,05 002 004 0068 008 010
Ig Feo, Peo,

P uc. 3.3 COOTHOWEHHe BenuuuH pH U PCO2 B AMCTHNNMPOBAHHOMA Bofe, PaBHOBECHON

¢ KanbyuToM npu 25°C 1 1 aTM. 3aMeTHO HamexeHne opMbI KPUBOA NpK Buipaxenut P
B norapuPMUUECKHX 3HAUEHHAX. 2

3navenmit pH 1, caegoBaTeNbHO, KOHIEHTPaUMi ADYruX pacTBOPEHHbIX KOMIOHeH
ToB. PacueTsl noBTOPATCA [0 TEX NMOP, NoKa He Oy/yT MoJydyeHb! HalleXHble
pesy/bTaThl.

3navenue Pcol B Goubiliell YaCTH MOBEPXHOCTHBIX BOA Koxebaercs ot 1072

o 1035 atm (B amMoctepe). Boasl ¢ Py B 9TX npe/iesax Npy paBHOBECHH
2

¢ KaJbLUTOM MMeloT snavenns pH B npefenax 7,3 — 8,4, 9mu npefiest pH xapak=
TepHbl 417 Goableli yaCTH MOBEPXHOCTHBIX BOJ; Oosee Hu3Kue 3Hauenus pH xa-
6a100210TCA B BOJAX, HEJOCHILIEHHBIX OTHOCHTEJIBHO KaJbIMTa.

Jasi onpefie erus COOTHOWEHUS MEKAY m . ,, Mt P(;g2 MOXHO BOCIOIb30-

BAThCH CMCTEMOl NpUBe/leHHbIX Bhille ypasHeuuit, Paspems ypasuenue (3.27) va
ypasuenue (3.29), noayunm

a 2
K, 4 HCO3
B 3- ' *§.CO
co 5 vy
[MoacranoBka B 9T0 Bhipaxenue ypasHenuit (3.26) u (3.31) npMBOAUT K ypaBHEHUIO
2
K %nco- * %ca?t
1 a
i 3 ' (330

2 . .
Kxanbu KC02 chz



Kap6oHaTHaa cucTema M KOHTpOnb BenuyuH pH 61

W3 ypasHenus (3.34) umeem

m =2m a - 2m g VY —

HCOj ca?t ' HCO; Ca HCO;
[logcTaHoBKa STHX JAHHBIX U PABEHCTBA a o i T Yoo 2t B ypaBHes
Hue (3.37) AaeT Bbipaxenue

3
K, dme e yga 2+ Yﬁco;
K : .
2 Kuanhu KC02 PC{}2
WK
K, Kkanbu'K002
m. x = Fo, ; (3.38)
4K -

. ve
2” Yeoa2+ YHCQ;
["padgmuecky 9TO COOTHOLIEHKe MOKa3aHo Ha puc. 3.4. MurepecHo ormMeTuTs,

YTO COOTHOLIEHNE MEx [y mCa 2+ M P 0, He/mueitno. Hanpumep, ecau Boja, nas

XOJAWAACH B DABHOBECHU C KaMbiyuToM npu Frg = 0,05 at™ (Touka A na
2

puc. 3.4), cMemmMBaeTcs ¢ BOJOH, Haxopdleiics B PABHOBECHM C KAJBLIATOM TpH
Pco = 0,005 arm (Touka B), To pe3yibTupyiouas Bofa (Touka C Ha TOM ke
2

Nepecbuenne

ca’', mmons / n

- 1 HeHacouwenne N

1 1 1 1 1 | 1
-4 -3 -2 -1 0 0 002 004 006 008 0,0

19 Ao, Feo,
P W C. 3,4, KOHUEHTPALMA KamNbUMA B BOGHOM PACTBOPE, HAXORRWEMCR B PABHOBECHM C
KanbLUUTOM, B 38BHCUMOCTH OT PCO; B cucteme CaCO, —CO, —H,0 npu 25°C u 1 aTm,
3Havenue Touek A, B u C o6uACHAETCA B TekcTe.
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PUCYHKE) #e HAXOMMTCHA B PABHOBECHM C KaJblMToM. B JejicTBuTeabHocTy Boja
HeHaChIllena, ¥ BO3MOKHO pacTBopeHue KaibimTa. B obueM cayyae cMeumenme
[IBYX BOJl, PA3JMUHBIX 10 COCTABY ¥ PABHOBECHBIX C KaJbIJMTOM, [ACT, N0-BM/M=
MOMY, BOJly, HE PABHOBECHYI0 C HUM, KOTOpaA MOXET ObiTh NepechilleHa nin He-
flocHIlleHa B 3aBUCHMOCTH OT cocTaBa cMmemuBaiommxcs Bof [ 294, 342 1. Tlepe-
Cchilierye 0ObIUHO HAbJ/0faeTCs B TEX Clyyasnx, KOoria BOJA C BhICOKHM COZepKa-
HMEM KaJblUsi ¥ HU3KOI 11eJ0UHOCTbI0 CMEeIHBaeTCs ¢ BOOOM, MMeKlen BHICOKY 10
WEJOYHOCT W HU3KOE ColepKanue Kaablius.

[MTpumep 3. Kak BausieT npucyTCTEME PACTBOPEHHOI'O rujipokapbonarta
HATPHMS HA KOHIEHTPALMIO pACTBOPEHHOTO KaJbl1d, HAXOAErocs B paBHOBECHH
C KaJblIUTOM NPy pasamybix daBiexusax CO,?

YpaBHeHus [0 pPeueHus 9TOro BONpoca WASHTHYUHb YPABHEHNAM, NpUBeIeHs
HBIM B NpUMepe 2, 3a UCKJIOUeHeM Toro, UTo ypaBheHue Gasanca 3apafos (Aas
snavenuit pH < 9) nveer Bua

+2mCa2+

m =m
Na* HCOZ

[Toncragass ero B ypasueuue (3.34) u caeflyst Tem ke npeobpa3oBanuam, noay-
yaeM BMecTo ypaBHenus (3.38) ypasueHue

Kl i Kxanbu' KC02
Peo 2 . . (3.39)
2 Yea2+ Tucos

2
m{:a“ (mNa+ +2 mCa“’) =

[Nosyuennoe cooTHomenve rpaduuecky noxa3a110 a puc. 3.5. M3deirox NaHCO,

B PAcTBOpE yMeHblIaeT konuenTpamtio Ca 2*, HaxoAserocs B paBHoOBeCHU c Kalb=
LMTOM . ITOT ()aKT OTPaXKAET XOPOILIO M3BECTHbIA B XMMUHM PACTBOPOB 3ddexT
obuiero uona. B meouHbix paccoax, rie KoHuentpauui Nat oueHb Beuka, KOH=
uenTpauus pacrsopentoro Ca 2% yacto ucuesaime manma (ri. 9).

[Ipumep 4.Kak Bo3saeiicTByeT NpucyTCTBUE PACTBOPEHHOTO XJOPUCTOrO
KaJbliMA HA KOHLEHTPALMIO PACTBOPEHHOrO KaJblius, HAXO/AIIerocs B pABHOBECHH
C KaJblIUTOM, Npy pas3munbix fasienuax CO,?

OcHoBHBIE ypaBHEHUS ONATh T XKe caMble, YTO M B NpuMepe 2, 3a UCK.Joye-
HHEM ypaBHeHus GajaHca 3apf/ioB

2m =m +m 2
Cas* HCO; c1—

[locTynas Tak xe, Kak B mpuMepax 2 1 3, MojayyaeM KOHEUHOE ypaBHeHue

K- KKanbu - KC02

2 _ : ¥ 3
me-¥ =Feo; e ™ kil
2l gat HCOj

mCa 2+ (ZmCa 2+ 7
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5 T 1 T T

Konuentpauma Ca 2", mmons / n

0 1 1 R | 1
0 0,02 0,04 0,06 0,08 0,10

Fea,,aTM

P uc. 3.5. 38BUCHMOCTL KOHUEHTPALMM KanbuMA B BOAHOM PACTBOPE, PABHOBECHOM C
KanbuMTOM, OT Benuuukbl P W copepxamuA Na%t B cucteme Ca CO, —Na,CO,; —CO,—
H,O npu 25°C u 1 atm. 2

Jlannoe cooTHOWEHME MPAQUUECK) TIOKAZAHO HA puc. 3.6. KonleHTpauus kablus, SKB1-
BaJeHTHas KOHUEHTPAUK XIOpHIa, He H3MeHReTCs npu uamenenm P . [lonos-
2

HuTe bHoe KomuecTso Ca?t, cbasascupoBanioe KapOOHATHBIMU BellECTBAMHU, CBi>

3aHo ¢ Py Tak xe, Kak B npocToit kapbonarHoi cucreme Ge3 C1~ nmt Na*.
& 2

[lpuBe nenHble TPy NpUMepa OXBaThIBAKT BCE BOBMOXHbIE BAPHAHTHI, XapaKkTep-
Hble 18 0BbIYHBIX cucTeM mpupoaHeiX Bold. Obmee ypasHeHue Oanasca 3apsiioB

=m +2m +m .
Mg2t  HCO7 co?- c1=

+2

m + +m
a

= + 2mca2+ +2m

K+

m . +m
s02 MHKPOKOMIOHEHTOB

MOXHO TpeICTaBUTD (MCHOPHPYS MUKPOKOMIIOHEHTHI) B CJeflyolleM Bife:

m + m + 2m o, =2 £
Na* K* Mgt ~ Ty msof“ 5 zmca“ B
§e o >
M = +2m

m N -
HCO3 CL')3
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KownuenTpauun Ca 2", MMONb/ N

0 | 1 I 1

0 0,02 0,04 0,06 0,08 0,10
Peo 2 8T™

P W c. 3.6. 3a8BUCMMOCTb KOHLEHTPAUHM KanbuyWA B BOAHOM PacTBOpe, paBHOBECHOM C
KanbuuToM, OT Benuuukbl Fo W KOHUEHTpauHu Cl1~ e cucteme CaCO, —CaCl, -Co,
H,0 npu25°C u1amm.

Ecam Beiyuuna M UMeeT NojoxiTebHoe 3HaYenue, TO OHa COBEPLISHHO aHalo-

ruusa Na* B npumepe 3 u, clefoBaTebHo, e MOKHO NOACTABUTH BMECTO m
a

p ypasnete (3.39). Ecm xe emraia M OTpiiiaTe.bua, 70 OHa OyjieT aHanorMuHa
C1~ B npumepe 4, U €10 MOXHO 3aMEHUTD m - B ypaBHenun (3.40). Mopckas

2

BOJIA CJYXHUT XOPOUIMM NPUMEPOM BOJbl, B KOTOPO# BeduunHa M OTpULATEeIbHA,
HekoTopbie BaXHble COOTHOWEHUS MEX/y OT/AeNbHBIMU BUIAMI KapOoHaTHOM
cHUCTeMBI NoKasaHbl Ha puc. 3.7. [lpu nocTpoenun rpaduka A0MycKaloch, YT ecu

m g4 MeHbIIE e IOYHOCTH, TO pas3muie KomnencupyeTcs uowoM Na ¥, a ecam
a

m . 2+ GoJbllie 1eJ0YHOCTH, TO pasJnyne KoMneHcupyercs noxom Cl ~.
a

ANONOMHUT

Xumuueckas popmyna goaomura — CaMg(CO,) , , a KpHcTaLIUECKas CTpyK=
Typa nonobHa CTPYKTYpe KaablluTa, 33 MCKUeHHeM Toro, uro atomsl Ca u Mg
pacnoJoXenbl B pasauyHbix niockocTax. [lopsaiok pacnojoxenus sTix aToMoB
OT/MYAET AOJOMUT M OT BLICOKOMArHe3MaJIbHOTO KaJblUUTA TOro Xe cocrasa. acs
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P # c. 3.7. CooTHOWeEHMe MeXAy pH, WenouHocTsio,

Foo v conepxaHuem Ca 2+(a Mnu") B BOflax, HacblWeHHbIX Kanb-

UuTOM, NPK 25°C M 1 aTM. KHPHLIE NMHUK COOTBETCTBYIOT DAUHAKOBBLIM SHAYCHHAM Pcoz, TOHKHE NUHHM — OfHHAKOBLIM

KOHUeHTpau1Am Ca ”, a8 NpepLIBUCT aA NMHUA 0603HayaeT KpuBYIO cocTasa, NpH KOTOPOM KOHueﬂTp'auul Ca?t TOUYHO
COOTBETCTBYET WenouHOCTH, MOACHEHHA faHbl B TeKcTe (no Opusepy [ 86]).
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THYHO pasynopAjoyenHoli MomiduKaipei A010MUTA ABJAETCS NPOTOAOIOMUT, KO-
Tophifi 0OBIYHO COAepKUT Golblue Ca u menblie Mg 1O CPaBHEHUIO C TEOPETHYECH
Koii hopmy N10#.

PacTBOpMMOCTb A0JOMUTA MOXET ObITb NpeicTaBJeHa CaeyolnMi ypasHe:
HUAMK:
CaMg(CO,) , =Ca?" + Mg2t +2 CO3~ ,

2

a
2=
Co;

Koon= ®cat aMg”

OTHOCHTEHHO MCTUHHONO 3Hauenus K non CPemM uccefoBaTelieil HeT eIMHOro MHes-
Hitsl, 4TO OBYCJIOBIEHO YCTORIMBOCTBIO MyHEpad NPH HUIKMX TEMIepaTypax. B
nabopaTopHbIX ycaosuax npu 25°C nouTH HEBO3MOKHO BLIPACTUTD KPUCTAIBI [10JOMH=
Td, & pacTBOpsAETCHA OH Me/lIEHHO U K TOMY Xe TOJBbKO B pacTBopax, CUJBHO HEeHa=
ChbIlEHHBIX 110 OTHOWeHU K Hemy. ObuenpunsiToe 3HAUEHHe Knon , cocTaBJlaioluee
okono 10~17, yCTAHOBJEHO MO COCTaBY MOA3EMHBIX BOJI, KOTOpbIE AMHTENbHOE Bpe-
M$ HaXo[UJMCh B [IOJIOMUTOBbIX BOJOHOCHBIX MOPU3OHTEX.

B npupofe [0JOMUT 0DpasyeTcs riapkbii 00pa3oM Mpy M3MEHeH!H KalbuuTa
MJM AparoHUTa MO YPaBHEHUIO

CaMg(CO,), + Ca?* =2CaCO, + Mg**,
AONOMUT KanbuuT

“Mg2+
KKnnbu —pon = _a *
Ca?t

B pactBopax ¢ OTHOEHUEM a Mg”/ @ g4  BRAESs ueM K anou. — pons ACIOMUT
fojee ycToiluus, YeM KaibumT, i HaoGopot. K Kanby. — pon CBA3AHA C Kpon

Y pABHEHHEM
Kpon 1017

KKanbu. —pon = = = = 107°2 = 0,6.

Kanby

Y10 BHAYEHUE OCTATOUHO HEONpPe e HD, HO KATbIMT, NO-BUMMOMY, HEYCTOHUYMB OTHO-

CUTeJbHO JI0JOMUTA B NOBEPXHOCTHBIX BOJAX, B KOTOPbIX OTHOWIEHHE @ 2+/ac -
Mg a

Goubue 1. B cBs3u ¢ 60JblIOH MHEPTHOCTBIO [0JOMUTA KaJbUUT pefiko npeobpasy-
eTcs B A0JOMMT NPM HU3KKX TeMIepaTypax, ecliu TOAbKO OTHOWEHHE a,, 24/ s
g a

e pasio 10 nau Bbiwe.
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B COKOMAIHE3WATIbHBA KANbUKT

Maruuid mMoxer 3amMellaTb KaJblpii B CTPYKTYpe KaJblyuTa. Kaabuut, obpa-
3yumicsa B yCJAOBUAX COBPEMEHHOIO MOPCKOT0 MeJKOBO/b#A, 00bIYHO COAEpPKUT
or 11 go 19 mony, MgCO, u HaspiBaeTcs BEICOKOMArHE3UAIbHbIM. KaabimT, co-
nepxauit 5% nm menbue MgCO,, ornocuTes ¥ Hu3KOMarsesuaabHomy. [1pu pac
CMOTPEHU) yCTORUMBOCTH BHICOKOMArHEe3UAIbHbIX KaAbLMTOB BAXKHO ONpeleuTh,
4TO Mbl IOHAMAEM MoJ yCTORUMBOCTbIO. BCce BhICOKOMAarHiesuabHble KablyThi
HeyCTOHYMBbBI OTHOCHTEJbHO CHCTEMbI HUSKOMArHE3HAJbHBIA KANBUUT + J0JOMUT,
/L8t XiMuM TTIOBEPXHOCTHBIX BOJ 9TO He CTOJb BAXHO, TAK KaK HOJOMUT KHHETHYEC:
K OUEHb MHEPTEH.

PaBHoBecue Mex/ly BbICOKOMarHe3ualbHbiM KaJbLMTOM M PACTBOPOM MOXET
ObITE ONpe/ie/IeHo HA OCHOBE peakiii KaTHOHHOrO ofMeHa M pacTBOpMMOCTH. B ciy-
"lae PABHOBECHOIO KATHOHHOr'0 06MeHa MexX [y BLICOKOMArHe3Ua bHbIM KaJbLUTOM
" PacTBOpOM

Ca*=Ca(D

24
MeCOy (rpepnsin pacreop & kansire) * 3 (Teepmuin pacTeop & kansume) VB »

a
( MgCO3 L gt aMgz+
Mg —Ca * |———

%caCo a
\ 3 Kanbiy ca2+ pomH

B obwewm ciyuae TBepabiit pactBop Ca —Mg-kapGoHaTa B BhicIIel cTeneny He

ujeabHbli, I09TOMY Mei[y OTHOWEHMEM KOHUEHTpaluuii B TBepJoM BellecTBe U

OTHOLIEHNEM KOHUEHTPaUuii B pacTBOpe He MOXeT ObTb NpocToi MuHeliHol 3aBncu=

MocTH. O[HAKO KaX/IoMy KOHKPETHOMY OTHOWEH!IO KOHUEHTPAIMi B PACTBOPE COOT-

BETCTBYeT eMHCTBEHHOE OTHOWIeHMEe KOHLeHTpalMii B TBepioM BellecTBe, a u3Mes

HEHMe OTHOWEHUS B PAcTBOPE MPUBOMMT K ero U3MEeHEHUIO U B TBepJoM BellecTBe.
PaBHoBecue pacTBOPUMOCTH MOXHO BHIDA3UTH Y DABHEHUAMU

Mg, Cay _4)CO; =2 Mg? + (1 -2)Ca?t + COZ-,
a x
. % . (1 =x) Mg“’ i
Knp = aM52+ aCa2+ . acog_ =(_;_C..2_+) @, 2 .acog‘.(?).‘ll)
a

W3mepenue Knp ocloxHseTcs TeM ¢akToM, YT BHICOKOMArHe3HaibHbie KaJbliye
Thl, IOMEleHHbIe B BOAY, CHaYala pacTBOPAITCA KOHMPYSHTHO!, olHaKo Mo Mepe

yBeJMYEeHUA KOHIIEHTpalUuu MOHOB B pacTBOpe pacTBOpeHWe CTaHOBUTCH MHKOHI'pYy=

% Mpu KOHIpYSHTHOM pacTBOpeHWH TBepAoe BelWecTBO pacTBOpPAETCA NONHOCTBID,; HH-
KOHIpY3HTHO@ pacTBOpeHWe UMEeT MEeCcTO B Tex cny4yanAx, KOorpga pacTBOPAETCA NHUlWbL YacTb
TBepaown qJﬂBbl, a HepacTBOPHUBLWARACA ee YacTb OTNIWYAETCA N0 COCTaBy OT NEpBOHAaYanbHOA,
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9HTHBIM. B Mpollecce MHKOHTDY SHTHOrO pacTBOPEHH: HUBKOMArHe3ualbHbifl Kalb
1T OCAXAETCH, & BHICOKOMArHe3Ualbtbli paCTBOPAETCA. Maammep 1 Makkensu
[274] onpe/ie s PacTBOPUMOCTb BHICOKOMArHE3UAMbHBIX KaIbIMTOR, M3Mepas
CKOPOCTb PACTBOpEHHUS, KOr/la OHO ©b1JI0 KOHT'PYIHTHBIM, U SKCTPANOMpYs pe3yib
- 7aTHl Ha BeckoHeuHoe BpeMsf. ITOT MOAXO[ MoABEepres KPUTHKE CO CTOPOHbI Jladona
{2131 u I'appenca u Yoanacra [ 127 1. Vpastenne (3.41) nokaswiaer, 4To A Jio-
60ro KOHKPETHOT'O 3HAYEHNS aMg2 /8, 2+ TPOUSBEEHHE @ . - 8 2-
[0/BKHO OBITH OCTOAHEBIM. PACTBOPUMOCT b BbICOKOMArHE3HAIbHBIX KaJIbl.lM;TOB
YacTO PACCMATPUBAIOT B BUJE YKA3AHHOTO NMPOM3BEAeH!, PaBHoBecHe pacTBo-
PUMOCTH MOXHO PACCMATPUBATD HE3ABUCHMO OT PABHOBECHS KATHOHHOO obmena;
BO MHOT¥X CpeflaX paBHOBecHe PACTBOPUMOCTH YCTAHABMBACTCH SHAUUTENLHO
GhiCTpee, Yem paBHOBeCHe KaToHHoro obmena. Teopus npou3se/ietis pacTsopi:
MOCTM TBEpAIbIX PACTBOPOB paccMoTpeta I'pecercom [136, 1371,

Bepiiep [ 24] ycTanoBii, 4To KAILIUT B yCJAOBUAX PABHOBECHOrO KATUORHOIO
ofiMeHa ¢ MOPCKOH Bo0/ loxeH CONePKaTh MgCO, B mpefienax 2 — T MOJLY.
BhICOKOMArHe3naIbHble KalbluTsl, 06pasyommecs B MOPCKO Bofie, COAEpKAT 0T
11 1o 19% MgCO, w, caefoBaTEbHO, HE COOTBETCTBYIOT PABHOBECHIO KATUOHHOIO
oBMena. Beprep [ 24] obusichun sTo TeM, uTo Mg?* cuabHO ancopéupyeTes no-
BEPXHOCTBK) KPUCTAJLIOB KaJblHTa, ECJi OTHOWEHNE & Mg e cq2+ B PACTEOPR

Goabime 1. B npomecce pocta Kaibuura Mg BXOMT B KPUCTAMIbL, 06pasys BHICOKO-
MarHe3ualbiblil KaJbIuT, KOTOpbI #e HAXOMMTCS B PaBHOBECAOM KATHOHHOM obme=
He C pacTBOPOM, I'ie oH 06pa3oBaics. Topcrencon u [uamvep [322] Takxe npu-
1L K BHIBOJL, YTO BHICOKOMArHe3HaibHbill KalblUT He MOXET ObiTh B PABHOBEC-
HOM KATHOHHOM 0OMeHe C MOPCKO# BOJIOH, 0/HAKO UX BBIBO/p! ocnapusator Jladon
[213] u Mappesc u Yonaact [127], koTopsie yTBEpK/AKT, HTO BBICOKOMArHe3ua b=
fble KaabuuTs (129% MgCOa) B Boapleii Wix MeHblleli CTeNeHy HAXONATCS MOUTH

B paBHOBECH) KATHOHHOO OOMeHa C Mopckoii Bofoit, Bonpoc 9TOT OKOHYATENbHO
ele He pelliet.

NOM3EMHBE U MOBEPXHOCTHBHE BOOM MACCHBOB
KAPBOHATHbX nopon

Y paBHenus, npuse/ieHnble B pacTosmedl riase, SBAROTCS Xopouwei OCHOBOM AR
J3yueHns XMMIM BOJ B BOJAOHOCHBIX M3BECTHAKOBBIX MOPUIOHTAX. Mok aesas Boja
HAXOAMTCS B PABHOBECH) C ATMOCHEPHOI ABYOKUCHIO Yriepo/a, NapluuaibHoe nase
JeHue KOTopoil cocraBaser 10735 atm. 'asbi B nouyBax 00bIYHO COMEPKAT 3HAUM:
reabno doabwe CO,, yem atmocdepa, BCISCTBUE MPOLECCOB [biXaHus 1 pasio-
XeHus opranMueckoro BemecTsa. I1pu npocauMsaniy N0k AeBoil BO/bl Yepes Mousy
conepxanve B et CO, nopbimaeTcs 0OpI4HO [0 SHAUSHUSA Poo. oxono 1077 atm.

[Moysentas CO , CHIBbHO NOBBIACT KOMMUECTBO CaCO,, KOTOpOEe MOKET PacTBo-
puthb Boja. Komuecrso Ca CO , pacTsopentoe B 1 1 npocaunBaiomeics BO/bl, 1,
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clefoBaTebho, KontenTpamys Ca 2+ B BOJe 3aBUCAT OT Ha4albHOH KOHUEHTpalym

CO, u or ckopocti Bocnoauenns CO, Bos nyTem obMeHa ¢ ra3ooit dasof. Ec-
11 CO, ve BocnoJHAeTCA (cHcTeMa 3axpbima [N obMeHa C0, ¢ rasosoii pasoil),
TO KOJMYECTBO KalbliiTa, KOTOPOe MOXeT PacTBOPUTb BOJA, 10 CYWECTBY, JMMUTH-

pyeTcs nepBoHayaibHbiM KOJIMYeCTBOM COZ, Tak KaKk pacTBopeHue [poTekaeT B Co-
OTBETCTBUM C ypaBHEHHEM

CaCO, + H,0 + CO, = Ca®" 4+ 2HCO; .

B omxpemoi nas CO, cucreme PC02 B BOJIe COXpAHAETCS NMOCTOAHHbIM, TAK Kak
yrJeKuc10Ta, pacxolyemas Ha pacTBOpeHHe KalblUTa, BOCMOJHALTCS YIJeKUC10«
Toil, mocTynawmel B cucTeMy u3 ra3osoii dasel, B aToM cayuae pacTsopenue
KaablMTa He JuMuTHpyeTcs Hamuuem CO 23 B YCJOBUAX OTKpBITON CHCTEMBI Kallbs
uMTa OyJeT pacTBOpATHCA BoJblie, YeM B YCJOBUAX 3dKPhITOH CHCTEMBI.
Mpumep 5./AucTuarmposannas Boga npu 25°C pasrosecra ¢ CO,, nap-
umnaabhoe nasjenne koropoit 10~2 atM. CkoabKO KaabLUTa MOXET pacTBOPUTH
Bo/ia B yCJOBUAX: @) 3aKpbiTOi cucTembl (0OMeH CO,_ ¢ ra3oBoii ga3oit orcyTeT=-
Byet) u 06) OTKpbITON CUCTEMBI (PCOZ nocTofHH0)? KakoBo KOHEe4YHOe 3HAaueHue

Pe 0, B 3aKpbiTOi cucreme B ciyuae (a)? Bee koadduiuen Tl aKTUBHOCTH NMPH=

HATb PaBHBIMU €[UHULIE.
Hammmem ypasHeHus paBHoBecus [nsi KapBoHATHON CUCTEMBI

a .
8,60, Ht aaco;
Keo, =——, K- o (3.42), (3.43)
co, 1o,
v “gr " %coz-
7 = - ’ Kmnau‘“caﬂ ' ﬂcog— (3.44), (3.45)
HCOZ

1 ypaBrene OajiaHca 3apsjioB

s +2m gy =mHCO; +2m m.__ .

col= M on-

Ecin xoHeun - K ik
yHoe 3HayeHue pH menblle 9, To M+ ? Mop- 2 ”‘cog- e

Jibl 10 CPaBHEHUIO ¢ 2 m . lonyckas, uTo nepBbIMM BeAMUMHAMU

Um
Ca?t HCO;
MOXHO TipeHebpeub, M BBOAA yCJOBHE a = m,ypaBHeHue Dajanca 3apsijioB NPUHK-
MaeT BUJ

zacah~=“ﬂco;' (3.46)
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B urore noiyyaem MATh ypaBHeHuil ¢ WeCTb0 Hen3BecTHuIMU. /las pewenns cuce
TeMmbl ypaBheHuit B cayyae (0) HeoOxo[uMo elle OHO ypaBHEeHHe

PC02 - Constant = 1072

B ciyuae (a) HeoOXoMMMBbIM yCJOBMEM SBJSETCH COXpaHeHie KapOOHATHBIX BEleCTB,
T.€.

2 CO, = 2 CO, pepaonay += €0, ys pacteopen. Kansi. =
= (mH2C03 )napsonau BT RE T (3.47)

ree (mg, co,)nepsonay — COAEPXaHMe yroabHoll KHCJOTH B BOJE TNepe/l pacTBOpe~

uuem CaCO, (1072 + 10~"4 moab); mc, 2+ — cofepxanme Ca 2t B Monsax 3a

cuer pactsoperns Ca CO, npu ycaosuu, uto va 1 moab Ca CO, npuxomres 1 moib
Ca?* u 1 monb = CO,. Ecan B soipaxennn At = CO, npeneGpeub semuntol

M g2~ » TO ypaBHerue (3.47) npumeT BUA
3

m + -
H,CO, m;{co; (mﬂzcos)nepaonau Yt
KOTOpOe NpeobpasyeTcs B ypaBHeH#ue

(m - =
Hzcoa)nepaonau mHzcoa + mHCO; m o (3.48)

[ns onpefeienus mc OCTAeTCH NPOBECTH pAfl adrebpauueckux npeobpasobanuii.

a 2+
Paspemus ypashenue (3.43) #a ypasHenue (3.44), noayuum
a 2 2
1 HCO3

g aﬂzcoa‘ acog-
[1pu noscratoBke ypasHenuil (3.45), (3.48) u (3.46) noayuum Bbipaxenue

4 3
Kl aCa2+

K
Kanby [ my ZCOS) nepsoway — Mo 2+ ]

KOTOpoe (NpUHMMas, YTo @ = m) npeobpa3yercs B

m3 . K, Kyaney = Ky Keaney * KCD? X
Cas* 4K Mea2+ 4K
2 2
% (PCO ) =0

2 nepBoHau
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Pewas sto kyGuueckoe ypasHenue, nofyyaem

m3 = 3,3539 + 10~ moab = 33,5 mr Ca CO, /kr BogeL
Ca 2+

Ypasnetns Aus cayyas (6) BoiBesensl B npuvepe 2, [loncranoBka cooTseTcTByI0-

X YMCJEHHBIX 3HavyeHuit B ypaprenue (3.38) naer

Mmoot = 1,55+ 10—3 = 155 mr Ca COS‘/Kr BO/IbI,

Taxum obpasom, kommuecrso CaCO,, pacTBOpeHHOE B yC.IOBHSAX OTKPBITO# cHce
Tembl, NpHOIM3UTENbHO B 5 pas Gobile TOrO KOJIMYECTBE, KOTOPOE PAcTBOPAETCH
B YCJOBHAX 3aKpbiTOl cucTeMbl. [IATHKpaTHOR yBeMUYeHNEe HMEET MECTO TOJbKO
npu PC02 = 107%; npu Apyrux 3HaueHus PC 0, 9TO COOTHOllIeHHe BblpaxaeTcs

HHBIMK KO3 DULMEHTAMH,
Yrobbl paccunTaTh KOHEYHOE 3HaueHne Pco B 3akpuIToil cucteme, Heobxo-
2

Aumo npeoBpa3oBaTh ypaBHenue (3.48) u nodctaBuThb ypasheHue (3.46):

m = \m -_ =345' 10_'6-
H,C0, (H24:03,)"mmmm m. 2 =3

Torna u3 ypapserns (3.42) nomyuwm
PC02 = 10749,

Takum obpasom, pacTBopeHue KANblUTA B 3aKPHITOH CHCTEME MPUBEJO K CHIKe-
HUIO PC02 OT CPaBHUTEJbHO BbICOKOro 3Hauenns (107?) go 3mauenus 10—, uto
HUKe BeJMUMHbl, COOTBETCTBYIOUEH paBHOBECHI ¢ aTMochepoi, M3 ypasuenns
(3.43) MOXHO BbIUMCIMTB Takke 3nauenne pH, kotopoe pasHo 8,64; np1 JaHHOM
pH npemonoxenne o ToM, YTO BelMuMHAMU T ® o - B ypaBHe~
Husx Bananca sapazos u Ana = CO, MoxHo npeHeGpeub, Broate crpaBeJMBO,
BeiBoz u3 npimepa 5 cocTOMT B TOM, YTO KOIMYECTBO pacteopetisoro Ca CO,
[Ip1 NpocaunBaHuy BOALI MIABHBIM 00Pa30M 3aBHCUT OT CBAZM MociefHelt ¢ rasosoii
dasoii npu pacTBopenun Munepana (puc. 3.8). llonyuennsie 3nauenns Pc02 B BO-

Alax M3BECTHIKOBBIX BOJOHOCHKIX MOPU3OHTOB MOUTH BCEr/ia Bhille aTMOoChepHbIX
(cM., nanpumep [4, 171, 214]), uto CBU[IETEJIbCTBYET O PACTBOPEHUH TpenMy-
WECTBEHHO B yCJIOBHAX OTKPbITOH cucTembl, [Taammep [ 271] nokasan, uto ocHoss
HOji BOIOHOCHBIfi FOPU30HT ®IOPUIEI (M3BECTHAKOBLI BOIOHOCHBI TOPU30HT, 3ale-
rawoumii #a Gobled yacTi noayocTposa) noyuaer nousentyio CO, ne Toibko B
06JaCTH MATAHUS, HO M HA 3HAUMTENLHOM PACCTOSHUM OT Hee B 30He CTOK@.

B 3akziouenne oTMeTHM, 4T BO/BI H3BECTHSKOBBIX BOJOHOCHBIX TOpU30HTOB
obbiuno copepxar Ca 2t u HCO; B kauecTse raasubix PACTBOpEHHBIX BELIECTB, 1,
KaK NpaBuio, 6IM3KYM K COCTOAHUIO PABHOBECHA C KAJbLMTOM, Kouuenrpauus Ca 2+
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P u c. 3.8. M3MeHeHHe COCTABA BOQHOIO pacTBopa KapGoHaTOB, PABHOBECHOro C Kanbuy-
TOM, B YCNOBMAX 3aKPLITOR MNW OTKPBITOA CUCTEMbI oTHocHTensHo CO . Mcxopuble 3xaue-

HHA Pog - 10~2 u 10~ atm (no Xonnanpy w ap. [171]).
2

(KaK # COJIeHOCTb) 3aBUCHT OT P  BO/bl, KOTOPOE KOHTPOJMPYETCH IAaBHbIM
2

obpasom nousentolt CO, B o6aacTy mTanms. Vickloueruem ABIAIOTCH BOMbI Gonee
rayGOKMX MOPU3OHTOB, PACTBOPEHHbIE BElECTBA KOTOPLIX 0OpasyioTcs 3a cueT
cMewels ¢ BOJAAMM APYroro Mpoucxokfenus 1ubo 3a cueT pacTBOpeHNd runca
MJM TaluTa.

B rabn. 3.2 npuBeeHbl ABa NpuMepa MOA3eMHbIX BO U3BECTHAKOBbIX BO/O
HOCHBIX rOpH30HTOB. [TepBhiil anam3, Xapak Tepusy oyt BOAbl M3BECTHAKOB LEHT
Ta6nuya 3.2, XHMU4YECKHE aHaNU3bI (B Mr/nj nog3eMHbix BoA Kap-

GOHATHbLIX FOPU3OHTOB UEHTpanbHoH ®nopuas! [ 4] n yenTpansbHoi Mencuns-
sanuu [214]

®nopupa [eHCHNbEBAHUA ®nopupa TeHCHNbBaHKA
Ca®¥ 34 83 503~ 2,4 27
Mg2* 5,6 17 C1= 4,5 17
Nat 4,2 8,5 NOT 0,1 38
k¥ 0,5 6,3 Si0 12 -

HCO; 124 279 pH 8,00 7,36
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paabHoit Propuabl, yKaswiBaeT HA TUNXYHOE 1A HUX npeobaafanue KaJblud U
ruppokapbonara. XapakTepHo Takxe HeboJblloe KOMUeCTBO Martus, obpasoBaBiue-
ecs NP1 pacTBOPEHUM MACHEe3HANbHOrO KalblUTa MM A0AOMUTA; COAEPXaHUA [py=
I'MX KOMIOHEHTOB B oblieM He3HaunTeabHnl, [IpucyTcTene kpemuesema B Boje 0by-
CJOBJIEHO, TO-BHIMMOMY, PACTBODEHUEM KPEMHHCTHIX Mukpodroccnmit nopoa. Bona
OYeHb O/M3KA K PABHOBECHIO C KaJBUUTOM NpPH Pc02 okojo 10-*?! atm. Bropoii

aHaJM3 HECKOJbKO OTJHYaeTCH OT NepBoro. Coaepmanus KalblMd U runpoxapﬁoﬁa-
Ta Bblllle, a 3HaueHue pH HUXE, TaK KakK BO[da paBHOBECHA C KaJbLMTOM IpU BoJee

BbICOKOM 3HaueHut P (10 ~%° amm). MckanuuresHo BbCOKoE CofiepKanmue HUTpa-
2

Ta CBUAETEbCTBYET O 3arPABHeHHM MOJ3EMHBIX BOJ CEJbCKOXO3SHCTBeHHbIMI OTX0-
Aamu i xumndeckumy yaoOpenuamu. Jlanrmionp [214 ] npuuwen x BuiBoay, 4TO
NpUCYTCTBUE HUTPATA, Cy.b(ara, XJI0puja, Kaius U HATPUR 0OYCIIOBJIEHO T'JIABHBIM
00pasoM [eATeAbHOCTbI0 Ye0BeKa — COPOCOM CTOUHBIX BO/l, BHECEHUEM XMMUUECs
KX yZoOpeHnii, HCIOIb30BAHKEM COJM B yCJOBUAX rododeda. Ocobenno noJBepxe«
Hbl 3TPASHEHUI0 6/ 3NOBEPXHOCTHEIE BOAOHOCHbIE MOPU3OHTHI KApGOHATHBIX MOPO/,
NOTOMY 4TO BoAa 06bi4HO GHICTPO ABHXETCS Kak B BEPTHKAJbHOM, TaK M B MOPH30H-
TaJbHOM HaNpaBJAEHUAX MO OTHOCHTENbHO WHUPOKUM MOJOCTSIM, & Nopo/sl 061agaior
maloi copbumnornoil cnocobHocThI0.

Monsemusie Boas! B ponoMuTax. XiMiueckoe BhIBETPUBAHME [I0JOMMUTA aHas
JAOrMYHO PACTBOPERMUI0 KANbITA, 33 HCKJIOUEHUEM TOT0, YTO CKOPOCTH PACTBOPEHMS
Aonomura Hinke u nososuna HCO B Boasom pacteope cbanancuposana Mg?t, a
se Ca 2+, JlonoMuT B 0OBIUHBIX yCJOBUAX PacTBOPRETCH KOHI'PY3HTHO. B nopoge,

couep)xameﬁ KaK KaJbliUT, TaK U [10JIOMUT, BOJA B KOHEUHOM cyYeTe [IpUXOIUAT B
paBHOBecHe C oboumu MUHEpalaMi, 1 B 9TOM cJyuae

>~ (0,6 a < a = —8,3
L "7 Tca? co- AR
Ofbiuno paBHOBecHe C 0JOMUTOM yCTAHABIMBAETCSH Me LIGHHO, Kaabuur pacrso-
pseTcs ObicTpee J10J0MUTa, MO3TOMy BOAM3M obaacTell muTanus B cofiepxar
Goabllie KaJblus, Yem maraui. O/lHako 3a BpeMs, HCUMCIsEMOoe ThICAYEIe TUAMM,
MOHHOE OTHONEHHe MArHH /Kadbiyil B BoJle BO3pAacTaeT 0 SHAUSHUS "paBHOBecUa"
(cM., nanpumep [2711]). Tepmun "pasroBecue” 3/1eCh B3AT B KABHIYKK B CBA3M ¢
TEM, UTO, KAK OTMEUEHO Bbillle, paBHOBECHAS PACTBOPUMOCTD AOJOMMTA PACCUMTDI-
BAeTCA N0 aHaIu3aM NMOJA3eMHbIX BOJl, MPHYPOUSHHBIX K J0JOMUTOBbLIM nopo/iam, Ko-
TOPBIE, MO-BH/MMOMY, UMM A0CTATOUHOE BpeMst [IA JOCTHXEHUS PABHOBECHS,

XHUMWA KAPBOHATOE B OKEAHAX

Kapbonarnas cuctema Mopckoii BoABI M3yyalach BecbMa JeTalbHO MHOTMMH
uccaeiopareasmu. s TOYHOrO BHIYMCJICHNA COCTOAHUA HACHILEHUS MOpCKOi
BO/Ibl OTHOCHTEJILHO KaJblIuTa He0DX0AUMO BBECTH OUEHb TOUHbIE [ONMPABKU B CO-
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OTHOWEHHE AKTHBHOCTD/ KOHLIEHTPALMS KM Ke SMIUPHYeCKM HIMEPHTD KaXYUMeci
koncTanTsl pastosecuit [ 98 J. BoabunHcTBO oKeaHorpadoB MCNOAL3Y T BTOPO
N0/XO0[, KOTOpbIfl BMOJHE NPUMEHUM K MOpCKOit BOJIE, TaK KAK COCTAB MJABHBIX
9eMeHTOoB (onpefeasionii B OCHOBHOM K09 GUIMEHTHl AKTUBHOCTH) MOYTH MO=
CTOSHEH.

Bobiias 4acTh NOBEPXHOCTHOM MOPCKO# BO/bI Nepechiliena OTHOCUTENbHO
KalbluTa ,, a riayOuHHEbe BOJbl HEHACKINIEHHbL. [MpuumHbl HEHACHILEHHOCTH 3AKIK-
4AIOTCS B NOBHIIEHHOM JaBJIeHH, OHMAEHHOA TemMnepaType U NOBBIIEHHBIX KOH=
uentpauusax CO, B rayOuHHbIX BOAAX (ra. 10). HabawopaeTcs peskoe H3MeHeHUe
cofiepKaHuf KalbITa B JOHHBIX 0CAMKAX Tuxoro okeana Ha ray6uHe OKOJO
3,5 KM 1 B ocajKax ATJaHTYUeCKOrookeaHa Ha riyouse 5 kM. Huske aTux riy0un
KAJbIMUT NOYUTH OTCYTCTBYET, OTOMY YTO PAKOBHHbI MIAHKTOHA, ONyCKAIWHECH
na Goapluge rayOuHbl, PACTBOPAKTCH paHblue, 4emM MOryT BbITh 3aXopoHeHbl, 'y«
fuHa, Ha KoTOpoil HabM0AaeTCs Pe3Koe CHIKEHHE COAepXanus KaJbLUTa B ocalkax,
wassipaeTcs ayOunod  xapBowamwoii Kommencayuu (T'KK), Tak yTo ero
NOCTYT/IeHHe KOMIIEHCHPYeTC S CKOPOCTbIO pACTBOPEHHA, Ha uexoropoii rayGute
suiwe KK oTMeuaeTcs M3MeHeHde B XapakTepe pacTBOpeHus KalblyTa, HadbiBae:
Moe An3oKAuN0M. Bbille TH3OKMHA KaAbLUTOBbIe PAKOBHHLI (MIH, TOUHEE, HX
TaHIUpH) TIOYTH He HecyT CJeloB pacTBOPeHMH. Huxe am3okauna Gojee TOHKMUE
nasmspu 1 Gosee XpynKue CTPYKTYpbl HCUE3alT, a e MHIIHbIe KaIbUUTOBbIC
nasuupy, oGHApYXUBaeMble B oca/lke, Npe/icTaBleHb! BoJee MaccHBHBIMMU (opmas
Mi, KOTOpble BoJiee yCTORUMBbI K PACTBOPEHIO (MACCHBHBIE NAHIMPH — MOHATHE
OTHOCHTEIBHO®; BCE OHM, N0 CYLIECTBY, MeHbllle 1 MM B MaMeTpe).

B mureparype faBHo 0OCyx/[aeTCH BONPOC O TOM, NPelCTaBIAeT amm 'KK (a
¢ He[ABHKX MMOP U JM30K.MH) Tepexo/l OT NepechilieHHbIX BO/J K HeHACHIMEHHbIM WU
Xe OHA KOHTPOJMPYeTCH KMHeTHUECKIMH (aKTopamiu. Xumudeckue U3MepeHns (CM.,
nanpumep [ 98, 97, 3151]) nokasuiBaioT, YTO NEPEXo/ OT NEPECHIEHHbIX BOA Ha-
faiofaeTcs HA SHAYMTEAbHO MeHbUMX TIy6uHax (BO3MOXHO, HA ray6une 500 m),

a 'KK npefcrasaseT coboit Takywo rJyOuHy, Ha KOTOpOi HeHachllleHue 10CTaTous
HO JJf TOro, 4ToObl pacTBOPEHUe MPOMCXOMI0 ObicTpee 3aXOPOHEHHs B IOHHOM
ocalike. ITOT BHIBOJ NOATBepXaercs JabopaTOPHBIMH OMbITAMU MO PACTBOPEHUIO
kaabipra [ 248] u onbiTamyu B npuponHolt oberanoBke, Koria obpasipl KalbiyTa
ONyCKAMCh B MOPCKYI0 BOY Ha pasiuuHbie riyOuHbl i NPOCJIEKUBAIUCE NPOUC
XOfflMe B HUX NPOLECCH pacTBOpenus wm ocaxaennus [ 268, 15, 173 1. Te u npy-
IMe ONbITHI OKA3BIBAIT, YTO PACTBOPEHME KAJbIUTA MPOMCXOAUT OUeHb Me/NeH:
HO B CJErka HeHachlleHHOo# MOpCKoii Bolle M 3HAUNUTEJIBHO BO3DPACTAET NpU AOCTH-
KeHMH KPUTHYECKOH CTeneHy HeHACHIEHHOCTH (PUC. 3.9).

Aparonut Gojee pacTBOPUM, YeM KalbLUT, NOITOMY OH UMeeT MEeHBIYi0 Iy~
Huny komnexcatyu. [locieanss cocraBiseT HECKOABKO COT METPOB B CceBepHOl
yacTu Tponuueckoro nosca Tuxoro okeana u JOCTHraeT MakcMMyMa (2 — 3 kM) Ha
cesepe ATianTiueckoro okeana [ 16 ]. Takum obpa3om, eIMHCTBEHHbIM 3HAUUTE/Ib-

HBIM KapOOHATHBIM MUHEpAJOM Ily00KOBOIHKIX 0CA/KOB fIBJIAETCA HU3KOMArHEe3u-
AJbHBIA KaJbIUT.
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MpuBEneHHaR CKOPOCTb PacTBOPEHUA

P uc. 3.9, U3meHeHHe CKOPOCTM pacTBOpeHUA KanbuuTta B MOPCKOR Boae ¢ rny6uHoM,
KpuBan 3 xapakTepuayeT pacTBOPUMOCTL B3BELEHHBIX B DKEaHUYecKoH Boge cthepuuec-

KHX HacTuy KanbyuTa (no MNMeTepcoHy {263]), KpUBAA 4 — PACTBOPUMOCTL B3BEWEHHbIX B
OKeaHu4eckon Boge ckenetos GopamuHudep (no Beprepy [15]); KpuBble 7 U 2 paccUWTaHb
Mo 3KCNepUMeHTanbHbIM fanHeiM Mopse u Bepuepa [ 248 17 nokasaxnan va rpaduke ckopocTs
pacTBOpeHHA COOTBETCTBYET CTeneHW HeHaChIWEeHHOCTH BoAbl Ha NIGOA rny6uHe. Monoxe-
HWE NU30KNWHA [AHO Ha OCHOBAHWM UCCNeAoBaHui KepHOB HOHHbIX ocafikos (no BpamneTTy
[43]). I"opusoHTanbHble MacwTabbl KaXAoA Cepur onbITOB NpUBEaeHb ¢ YYETOM COXpaHeHHA
nono6uA hopmMsl kaxpaoi kKpuBo# (no Mopse u Beprepy [ 248 ]).

KUCTIBE BOAM

Boapl, xapaxTepusyoumecs HyleBoit kapboHATHON WEJOUHOCTbIO 1 coflepxas
e cBobOHBIE CUABHBIE KUCJIOTHI (mH+ > mHCO‘ » pH 0bbiuto Hixe 4,5), oTHo-
3
CATCH K KaTeropuy KUCIbIX. Kucbie Bobl BHIBbIBAIOT 9KO0JIOrMUECKHE NPOBIEMB, 0=
TOMY UTO OOJILIIMHCTBO OPraHU3MOB (3a UCKIOYEHMEM HEKOTOPHIX BOAOPOCIei 1
GakTepuit) npucnocobuauck k Bogam, 3abydepeHHbiM KapOoHaTHO# cucTeMoii, 1 He
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NepeHocAT BEIGOKY IO KUCJOTHOCTD, 8 TAKXKe MOTOMY, YTO B yCJIOBHAX BBICOKOH KuC=
JOTHOCTH MOBMAM3Y IOTCH MHOTME TOKCHYHbIE MHKPO3JeMeHThbls

Kucnbie noxan. Kucibie foxau noseasorcs B pesyibrare oboraumeHus 10X e
sbix BoA H,80, u HNO,, obpasyioupxcs npu okucaenmn SO, M OKHCJIOB a30Ta B
atMocdepe. OcroBHBIM HCTOUHUKOM SO, ABASETCH CKUTAHUE TOPIOYMX UCKOMAEMbIX,
a B pafie pailoHoB K 9TOMy f06aBaseTCA NiaBJeHMe CyIbpuaHbX pyl. Okuc/mbi a3o-
Ta 06pasylTcA rJIaBHBIM 06pa30M Npu aBTOMOOUIBHBIX BBIXJIONAX; BHICOKAA Temre-
paTypa B [ABAraTeJ]sX BHYTPEHHErO CropaHus obycJoBAuBaeT OKMCJeHne aTmocdep-
Horo asora. [ox/esbie BO/bl B 00JBIUHHCTBE MPOMBILLIEHHBIX PafOHOB MUpA B Ha~
cToflee BpeMs KUCJble.

KucJble [oXIM BhI3LIBAIOT KOPPO3UI0 U3BECTHAKOBBLIX 3/laHuil U NpeJMeToB UC=
KyCCTBa, HO BO3MOKHOCTb HAHECeHMs MMM 3aMETHOTO 3KOJIOrHYecKoro yiepba
3EBUCUT OT CTENeHN KMCJOTHOCTH BOJ M HelfTpaiu3ylouleli cnocoOHOCTH MOUB U
rpysToB. B OKpeCTHOCTSX HEKOTOPbIX MeTallypruueckux npeanpustuii CesepHoli
AmepHKy PACTHTENBHOCTD MOJHOCThIO YHUUTOKEHA, TAK KaK NOCTYNJeHHe KUCIOT
GbiJ0 OYeHb BLICOKMM /i1 HOPMAJBHOTO QYHKUMOHMpoBanMs nous, Kucable noxmi,
soinajaonme B [lBeiun u3 061aKkoB, HopMUPY OUMXCH HAZ KPYNHBIMK NPOMBILLIEHHbI=
MM paitonamu BeankoOpuranun, MPUIUHAIOT Cepbe3Hbli yuepd pacTHTeIbHOCTH U
NPUBOZAT K CHIKEHUIO MOy Amuii npeckoBoaublx pbib, [Ipuumna yumepba cocTOUT He
TOJBKO B HEOOBIUHO BBICOKO# KMCJIOTHOCTH [0OK/Iei, HO U B TOM, UTO KOpPEHHbIE
NMopo/bl NpeCTaBEHbI PeUMY LIeCTBEHHO rHeficamu, KOTOpbie BbIBETPUBAITCH
oueHb Me/JleHHo. B npoljecce BbIBETPMBAHNS HOHBI BOOpo/JA He moTpedasiorcs
¢ 0CTATOYHOH CKOPOCTBIO, UTO MPUBOAMT K sKoJoruyeckum npobiemam. [loaobubi
o kucaoTHocTH foxku u B lseiiapuu [ 352 1, xoTs oHM NPUHOCAT MeHbIMH KO-
norndeckuit ymep6. ITo obbacHaeTCH, N0-BUIMMOMY, TEM, UTO CPE[M I'OPHLIX M0~
pon lliBefiapuu WHPOKO PACTIPOCTPAHEHbI M3BECTHAKH, U KMUCJIOTHOCTb HefTpaiu-
3yeTcH Npy BHIBETPUBAHMM KalblTa. B oTCyTCTBME TOC/AEHEr0 [0X/eBble BO/bI
MoryT ObITh HefiTpanu3oBansl nouBaMu. B ombiTHoM JecHnuecTse Xabbapa-Bpyx B
Hoto-I'asmoumpe, CIUIA, Brinajaor kucisie J0K1, HO KUCIOTHOCTD HellTpam3yeTcs
noynoit [ 2271, XOT# cpely KOPEHHBIX MOPOJl N3BECTHAKOB HeT. KimmaTuueckue,
BroJIOrHuecKye U reojorudeckue GakTopsl, onpejendommue cnocobHOCTb NOYBLI
HefiTpalM30BaTh KUCIbIe BO/bI, TOYHO ellle He yCcTaHOBJeHbl, KucJbie 10X /ieBbie
BO/Ibl MOTYT TaKkxe 06YCNOBUTD BbilleJauuBaHue KATHMOHOB 1 MU AJMTENLHOM
BO3/IeCTBUN NPUBECTH K CHUKEHUIO MJIOJ0pPOMA NOUB.

Kucnble pyaHHUHble Bofbl. Bojbl, Ipenupyembie MHOMHMU yTOABHBIMY LiaX=
tamu B BocTouHoft uactu CIIA, xapakTepu3y0Tcs NoBbINERHOM KUCAOTHOCTBIO BCJe/l
CTBUE OKMC/EHMs MUPUTE, COJepxKallerocs B yraax. Peakiym okucleHus MOXHO npefs
CTABUTb CTEXUOMETPUUYECKUMI Y PABHEHUAMM

FeS, +3,50, + H,0=Fe® +250}~ +2H',

Fe?* + 0,250, + 2,5 H,0 = Fe(OH), + 2H".
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P uc. 3.10. Cxema GanaHca MeXOy KMUCNOTHOCTLIO U WENOYHOCTBIO KHCNbIX PYAHUYHBIX
Bof (cM. Takxe paboTy Kapyccuo u efnena [ 61]).

INpu 3arpssHenny pek TaKuMy BoAaMu MorubaeT pacTUTeNbHOCTDb Ha ux Oeperax
Ha GOJbIIOM NPOTAKEHMH OcaxjaeTcs TUIPOOKUCH Keaeda. XOTA peakiyn OKuCs
JleHust POTEKaT ¢ yyacTuem Gaktepuit u ABasioTCS AocTaTouHo caoxHbvu [ 306,
313, 330], 6anaHc KHCAOTHOCTH U LEJOYHOCTH MOXHO NPeJCTABUTb B Bi/e NPOCs
Tolt mofieam (puc. 3.10). Joxaesas Boja npocauMBaeTCs uepes NepexpbiBaioiue
OTJOKERMA ¥ CTAHOBUTCH WEJOYHOK 0BBYHO 3a cueT pacTBopens kaibuura [61].
BeJauuuna 1WeJ0YHOCTH ONpefeseTcH PCO2 BOJbl ¥ PACTBOPHMOCTBIO KalblyTa. [Ipu

[BIKEHUHM BOJBI Uepe3 yroJbHble MJAcThl TPOUCXOIUT OKHCAEHHe MipuTa ¢ obpasoBas
HMEM KHCJOTHOCTH, KOTOpas cHauaja HefiTpalu3yeTcs 3a cueT WeJOUHOCTH NoA3eM=
HeIX BoZ. Ecim renepupyemas KMCJIOTHOCTb MpeBhillaeT ePBOHAYANBHY 0 IEJI0YHOCTh
BO/HI, TO BCH WEJOYHOCTh pacxofyeTcs u obpasyerca kucias pyiuuunas soja. Ilpu
[0CTATOYHO BBICOKOM COJEPXKAHUK KUCJIOpO/ia BeJMYiHA IeHepupyeMoil KMCIOTHOCTH
onpejeJsercd KOIMYeCTBOM PEaKIMOHHOCTIOCOBHOr O MUpPUTa B yrilfiX. PeakuMoHHo-
croco0HBIM ABJAETCH JHUllb OYeHb TOHKO3EPHUCTLIH NUpUT, noaTomy obuee colep-
KaHME Cepbl B YIUIAX He MOKET CJYKUTb HAJEKHbIM TOKasaTeleM MNOTEeHIMaIbHO
kucaoTsocTd Bod [ 60 ]. Ciou, noacTHiamue TPEWUHOBATBIE YIOJbHbBIE [11ACTbI,
00bIUHO HEMPOHMLAEMbI, CJe/IOBATebHO, BO/A BLIXOAUT Ha NMOBEPXHOCTb Npex/e,
yeM ycreeT NpuiTH BO B3auMo/eicTBUE ¢ MOPONOH Apyroro THra.

B orcyTcTBie ropHofobbiBaomux paboT KUC.Ible BOAb He CTO/b 0ObIYHBI, TAK
K8K KOJMYECTBO PacTBOPEHHOIO B MOJ3eMHbIX BOJlaX KMCJI0pOJa HeloCTaTOYHO /s
pOAYLMPOBaHKA KMCJIOTHOCTY, NpEeBbILALel e ouHOCTh NoA3eMHEIX Bof, Jlns
reHepaiui KucaoTHOCTH B 1 Moab TpebGyercs npubmisuteanio 1 Moab 0, a noys
BEHHbIE BO/bl CO/IEPKAT, KaK npasuilo, metbue 0,6 MMoJb 02 Ha autp. Ecim umetor
MeCTO ropHofobbiBaume paboTsl, TO BBOMMTCH J0NoJHATEIbHOE KomuecTso O, ,
4 [BIDKEHVe BOJI B cucTeMe yckopaeTcs. OKuCIeHMe yxe He JMMUTHPYETCS IePeHOCOM KHCJIo-
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poja moA3eMHbIMY BOJAMM, OITOMY KHCJIOTHOCTb MOXET NOBBICUTBCH. Bakrepuin,
KOTOpblE YCKOPAIOT peakiyu 06pasoBanust KUCIOTHOCTH, PASBUBAKTCS TOJBKO B
KHMCJ0ii cpefle, TOSTOMY C BO3H}KHOBEHHEM KMCJOTHOCTH ee JajbHeliliee obpaso~
BaHWe HApacTaeT, a BMECTe C TeM ObICTpo pacTeT i MpobieMa KMCJOTHOCTH.

KoHTponbHele Bonpocs

1. Peunas Bofa umeeT caeflyowuit Xumuueckuft coctas (B Man™!):

Nat 11,4 cl- 1,9

K+ 1,56 SO%- 58

Ca2t 24,0 lle nounocts 1,30 Mr « 9kB/ KT
Mg+ 10,0 pH 8,10

Temneparypa 10°C

Boiuycius k03dduipenTsl akTUBHOCTH MOHOB 110 ypaBHeHmo Jebas — Xioks
Keds (rJ. 2), onpefie]uThb: a) ¢ KakuM PCO2 BOJIa HAXOJMTCH B paBHOBecuU? ©) Ha~
CKOJIbKO OHa NepechllieHa WM HeHachllleHa OTHOCHTEJbHO KalbuuTa?

OnpeseawTh npu ycJ0BMs, YTO AKTUBHOCTH PABHbI KOHIIEHTDALMAM,

2. KaxoBa koHUeHTpalys Kalblps B BoJe, PABHOBECHOM C KAAbUMTOM 1pH
P002 = 10~%5 atm u 5°C?

3. Kakoe Ko/M4ecTBO KaJbUNTA BHINAMAET B 0CANOK NPU NIOBbILCHHN TeMIiepas
TYpbl BOMbI (yKa3aHHO# B Bonpoce 2) or 5 fio 25°C npu XMMMYECKOM paBHOBECHH B
YCA0BMAX: &) NOCTOAHHOrO Py ; ©) OTCYTCTBUSA NOTEpH U NOCTYNIEH!A ra30Boi

2

$asbi CO ,? Kakumu Gy syt 3navenns pH n PCO’ B KOHLIe peaKinm Npy ycJioBiu (6)?
4. [lononsenne k BOmpocy 3: HACKOABKO UBMEHUTCH KOJMYECTBO OCAXAEHHOTO
KaJbUWUTa , €CJHU UCIOJIb30BATh Pa3Hble 3HAUEHUS Klm.lhu (rabu. 3.1)?
5. Pactsop 0,01 m Na HCO ; HAXOIMTCHA B PABHOBECHM C KAJLIUTOM Npy
P(:02 = 10! at™ u 25°C. Ckoabko Ca ?* (B Man 1) Oyger B pacTBope u kakum

cradet pH nocJeasero?
6. Pactsop 0,01 m Ca Cl, HaxoIuTCs B paBHOBECHN C KaJbLMTOM npy Pco2 &=

= 10~*% arm 1 25°C. Kakumu npu sTom GyayT Koseumsii pH u conepxanue HCOZ?

7. Kakum fio;ken ObiTh pH B Jyxe 40X IBOH BOIbl Ha KPOBJE N0JIOMUTA TipH
25°C B yCJIOBMAIX XMMHUECKOrO PABHOBECUSA?

8. "HpeanbHpit" n0Xab cOCTOMT M3 unCTOl BOMBI, HaxoAswefics B PaBHOBECHH
¢ CO,, napumanbroe NaBjeHne Kotopoit pasuo 10~>'5 atm, Ha ckolbko MuimMeT-
POB PACTBOPHTCH M3BECTHAK, N0BEPKeHHbIH BO3HCTBHIO YKa3aHHOrO [OKAM, 38
100 set? INpunsTh ocamkm 1 M/Tof, Temnepatypy 25°C, OTKpHITOCTb CHCTEMBI
orHocureabio CO,, naorsocTs Kaabuura 2,7 r/cm?,

9. Ecm 6b1 fox /b (cM. Bonpoc 8) Gbla Kuc/bIf co cBoBoAHON KHCJIOTHOCTBIO
0,1 Mr - 9KkB/Kr, TO CKOJbKO MWLIMMETDOB NOPObl PACTBOPHIOCH Bbl 32 CTONETHE?
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I'ymHuCcTHIE MUHEPAJIHI
H HOHHBIN OOMEH

["mmuMCTHIE MuHepalbl — 3TO TOHKOZEPHUCTHIE KPUCTANLINYECKHe BOAHbIE CH=
JMKAThl CO CaoucTol cTpykTypoit. Oni COCTABAAIOT MMIABHYI0 YACTb MPOAYKTOB
BaanMonelicTBiA Bolla — Nopoja B yclloBuax 3emuolt nosepxuocti. Baarofaps oco-
BeHHOCTAM CBoell CTPYKTYpB! MIMHUCThIE MiHEpAs! SBAATCH 3PeKTUHBHO neftcr-
ByIOWMMH HOHOOGMEHHBIMU MaTepuaiami. B CBA3M ¢ Tem YTO OHM AKTMBHO y4acT-
BYIOT B NpolieCcaXx, Peryaupyloumx XumMuueckuit cocTas IPUPOAHBIX BOA, Heobxo-
Mo AaTh HEKOTOpble Npe/cTaBienus ob uX CTpYKTYpe ¥ XMMHYECKOM COCTaBe.

Tepmun "ramua’ MCHOAb3YeTCA B reooruy An 00o3HaYeHHs pasMepa 3eper
(onpepejeHHOro Mo CKOPOCTH OCAXJEeHUA B Bofe) Menee 2 MKM (uam,, B Oonee pef-
KuX cayuanx, Mesee 4 MkM). HecmoTps Ha To uTO GOABWMHCTBO MPUPOAHBIX MUHEe-
paloB C YKa3aHHbLIM Pa3MepoM 3epeH ABJAITCH MAMHUCTBIMU MIHEpalaMi, a 06b-
llas YACTb cAararux X YacTULl UMeloT pa3Mepsbl, XapakTepHble Aad IJuH, COOT-
BeTCTBHE TEPMUHOB HAKOMM 00pa3’oM HeIb3s NPU3HATH TOUHBIM. [MHuCTasA ppak-
s (pasvep 3epeH) TOUB U 0CAJKOB 00bIYHO COCPKUT HAPAAY C INIMHUCTBIMU M=
HepajzaMu KBapll, MoJeBble WNaThl, OKMCAbl Kele3a u kapbouarsl, a pasvep 3epen
CJIMHKCTBIX MUHEDPanoB, ocoDeHHO KaoJUHUTA U XJopuTa, 4acTo npesBblllaeT 2 MKM,

MHUHEPATIOrMA U COCTAB

Bpycut Mg(OH), w ru66eur Al (OH),. Crporo rosops, Gpycur u rubbeut
He OTHOCATCS K TAMHUCTBIM MUHEpalam, TeM He MEeHee OHU MOCYT CHYXUTb XOpo-
WM oBBbekToM A8 0BCYXKIeHus CTPYKTYP MMMHUCTBIX MiHepaloB. B ocHose obe-
UX CTPYKTYP AexaT CJoll, COCTOSMA U3 IBYX JMCTOB MAOTHOYNIAKOB2HHBIX HADOK=
cul-uoHoB (puc. 4.1), oxTasapuueckue myCTOTbl MEXAY KOTOPbIMY 3aroiHeHbl Ho-
HAMI MArHKA WM amoMuHEKSA. JIMCT MI0THOYNAaKOBAHHBIX MMAPOKCHA-HOHOB (MOHbI
37ech NPUHUMAIOTCH 38 KecTkne cepsl) — STo JUCT, B KOTOPOM HOHbI pacrnofoxke-
Hbl [0 3aKoHY MIoTHelimell ynakosKy, Bo3MoxHo# A1s oaHolt niockoctu. Bropoit
AMCT TLIOTHOYNAKOBAHHBIX MMAPOKCHJI-HOHOB PACTONAraeTCs TaK, YTO ChEepbl BepX-
Hell TIOCKOCTM HAXOAATCH B yraybienusX Mexiy cthepaMu HUKHEN NIOCKOCTH Mo
106HO TOMY, KaK BTOpoil CJ0# TeHHHCHBIX MAueli nexan Obl HA NepBoM clioe (B OT-
CYTCTBHE TAKOro OFpaHMuuTe s, KaKk Kopobka). Mexay JMCTamy IiApOKCHI-MOHOB
MMEIOTCH [BA TUMA MYCTOT: MEeHbIKE — MEMmpa’opuueckue, OKpYXeHHbIe YeThpbMA
IMAPOKCHA-HOHAMM B NOJOKEHUAX, COOTBETCTBYIOMX yriam NpaBiIbHOrO TeTpas
sapa, u 60abwKe — 0kmasdpuuecKue, OKPYKEeHHbIE WECTbI MHAPOKCHI-HOHAMMY 10
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6 B

P uc, 4,1, [OBa nucTa NNOTHOYNAKOBAHHbIX MMAPOKCHN-HOHOB B CTPYKTYpe GPYCHTA W rub-
Goura. @ — NBYXNUCTHBIA CNOA (HUXHMA NUCT 3aTexeH), Bua ceepxy. T u O — cooTeeTcTBEHHO
TeTpasApUYecKan U OKTasOpMYEcKaR No3uyuu; 6 — pacnonoXeHue rMApoOKCHN-HOHOB B Te-
TPasAPUYECKOM NOSHUNK; B — PACTIONOKEHUE MMAPOKCHN-HOHOB B OKTA3APHUECKON NOSHUMH.
Ha dparmedTax 6 M B W Ha NOCNEAYIOWMX PUCYHKAX HOHBI MMAPOKCUNA (M KMCNOPOAa) no-
KasaHbl ANA ACHOCTW B BMAE HEBONbIWKX KPYXKOB, OTAENEHHbLIX APYr OT apyra., MDaKkTuuec-

KA MMAPOKCHNBHBIE  (KMCTIOPORHBIE) OHBI "conpuKacalTcA”, a KaTHoHbl Tuna A13Y u Mg?t
pacnonaraloTcA B NYcTOTaX MEXAY HUMM,

yriam npaBuabHOrO okTasapa (puc. 4.1). B crpykrype Opycura kaxaas okrasg-
puUeckKas No3ulus 3aHATa uoHOM Maruus (puc. 4.2). Takum obpasom, Kaxpiit

uoH Mg?* Koopmuuupyercs mecTblo vosamu OH™, a kaxawii won rumpokcuna —
Tpems uonamu Mg2t, uTo cooTBercTByer dopmyie Mg(OH), . Ecan 6 Al 3+
sameman Mg?*t, o crpykrypa Gpycura Gbiia Obl HeBO3MOXHOM, TAK KAK KOIMUECT-
BO MOMOXKUTENbHBIX 3apA/I0B NPEBLICHI0 Obl KOMMUECTBO OTpHIATENbHbIX, T4 Ipob-
Jema pelaeTcs B CTPyKType rubbcura Tem, YTo Kax[as TpeTbi OKTASApHYEecKast
nycrora ocraeTcs He3auATol (puc. 4.2). B aToM cayuae 3apaibl oKa3bBalOTCA
cbanaHcHpPOBaHHBIMK, @ COCTaBY COOTBeTCTBYeT thopmyaa Al (OH)S. [MiunucTbie
MUHepaJbl, pofcTBentble rubbeuTy, HasbIBAIOTCA JUOKMAZ0PUYECKUMY, TAK KAK
#3 KaXIbiX TPeX OKTA3[APUYECKUX MYyCTOT KATHOHAMM 3aHATH [Be. [IMHuCTbIe M-
Hepasbl, POACTBEHEbIe OpycHTy, HAa3bBAIOTCH mpuoxmasdpuyeckumy. CocTas npu-
pofHbiX THOOCHTOB, no-BUAMMOMY, OJIM30K K HASAIBHOMY; B HMX BOBMOXKHO 3&-
Memenye Hekotoporo KommyecrBa Al3% paFe?®, B crow ouepe/b B Bpycure
BO3MoxX:0 3aMemenue Mg?t wa Fe?t,

6-78
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ruopokcun
(HWXHWA pAN)

Muapoxeun
(BEpPXHHUA pAA)

Mg?2* B BpycuTe,
© BAKAHTHbLIE NO3HUMM
B rubbeuTe

® Mg2*® B BpycuTe,
A13" g rubbeute

rwapokeun

(3 Mg2") anu (2 A3 ¢
BAKAHTHbLIE NO3UUWHK)

Muapokcun

P unc. 4.2. CTpykTypbl GpycuTta W rubbcuTa. a — BUA CNOA CBepXy, NoKaabiBalowwi pacnono-
XEHWe KAaTWOHOB B GpycuTe U BaKaHTHbIX OKTa3[pUYeCKMX No3uuui B ru6bcute ; 6 — cxemaTu-
YecKoe ceueHHUe YacTW CNOA; NoKa3aHHbIe MUAPOKCHN-WOHBI HE NEXAaT, KaK KaTWoHbl, B Of~

HMX W TEX e BepTUKaNbHbIX NMOCKOCTAX,

OrzeabHbie caou GpycuTa niM rubbeuTa yaepKuBaoTcs BMecTe cuaamy Bau-
nep-Baannca, T.e. cuaaMu caaboro NpUTAKEHUs, CYNecTByOmero Mexiy 1obbvu
AByma aroMami (nau caosivi aromoB). [1o cpaBHEHMIO © 3J€KTPOCTATHYECKUMHU
CHIAMK, KOTOpble CBASHIBAIOT HOHbI, Hanpumep, Mg?* u OH— B npefenax kaxzo
ro caos Opycura, cuaa Bau-gep-Baanbca snauntenbno crabee n adpdexTuBHa Ha
Bosiee KOPOTKMX paccTosiHuax. Bpycur u rubbeur oTHOCATCH K O4EHb MAMKUM Mi
Hepajiam, MoToMY YTO CHJbl CLENAEHU MEXY COCEIHUMU CAosiMu BecbMa ciaabbie.

KaonuHuT M popcTBeHHble emy MuHepansl. ['pynna xaoiuxuma. CTpyke

TYpa KAOAMHUTA COCTOMT U3 CJOSA OKTA3APHUECKH KOOPIMHUPOBAHHBIX MOHOB &0
muuud, 6JM3Koro anatora clod rubbeura, n c1oa TETpadAPUUECKH KOOPAMHUPOBAH-
HBIX ATOMOB KpeMHuH (puc. 4.3). MoH kpemaus (Metbmufi no pasmepy, yem Al 37)
HACTOJBKO MaJ 10 CPABHEHUI0 C MOHAMM KMCJOPOAA M TMAPOKCHIA, UTO BaloNHs=
€T TeTpasipuuecKkue MO3ULUHM, AHAIOTHYHbIE 0KAa3aHHbIM Ha puc. 4.1. Monb Kuc-
J0poAa U THAPOKCHIA, 10 CYLECTBY, UMEKIT OMHAKOBBIE Pa3Mepbl, N0ITOMY uepe-
JoBaHNe KMCJIOpOoJa M MMAPOKCHIA He co3fiaer HapyleHuil B reoMeTpun caos Opy-
cur/TuBOCUT NpH YCa0BMH, YTO JEKTpUUECKUe 3apsjbl CTPYKTYph! B enoM chas
JIaHCHPOBAHble

Uneam3upoBannas Gopmyna kaommuura — Al ,Si ,05(0H),, 1 GonbuuHCTBO
MKHEpaJIOB IPYNIL! KAOJAMHUTA, O-BUAUMOMY, OAN3KHM K HAEAIbHOMY COCTaBy (ra-
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OKTaanpuyeckui
cnof

TeTpasapuu4ecKn i
cnow

P u c. 4,3. CTPYKTYypa KaonuHuTa. @ — TeTpasapuueckui cnoi (BuA ceepxy), OTMETUM,
UTO MOHbI KHCNOPOAA B OCHOBAHUM CNORA PACMONOXEHb! N0 3aKOHY NNOTHEAWeR YNaKkoBKu, HO
C HEKOTOpbIMW BaKaHCWAMK; 6 — nonepeyHoe cevyeHWe TETPasfpUYecKoro CnoR; 8 — none-
peuHoe CeveHue CTPYKTYPbl KAONWHUTA, NOKaabliBawwee, YTo KHCNOpoA B BepwhHaXx TeTpa-
30pPOB 3aMellaeT HEeKOTOPLIE FMOPOKCHN-MOHbI B CTPYKTYpe rubbeuTa. 7 — KMCNOPOA B OCHO-
BaHWM TETPasfpoB; 2 — KWCNOPOA B BEpWWHAX TETPAsApOB; 3 — KPEMHUA; 4 — WOHBI KWCNO-
popa, 5 — WOHbI FMAPOKCKNA; 6 — aniOMUHUA, 7 — KPeMHUA,
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JyasuT paceMaTpuBaercs Huke). ENuHMuHbIA cJo#, umeiouit Toamuny okodo 7 A,
flaeT XapaKTepHbifl MUK mudpaKiuu PeHTIeHOBCKUX Jyuell, cooTBeTCTBYLNM 3Ha-
vennio, 6makomy K 7 A. TlociefoBaTe bHbIe CJIOM B CTPYKTYpaX MUHEPaoB 3ol
rpyNmbl CBA3aH MeX [y coboll cunamu Bax-fep-Baaisca. Cnocol nanoxenus cio-
eB onpefeaser obpasoBanne noAuMopdHbIX Momuduxamit KaoauuuTa (B y3KoM
CMBice) — MKKUTA i HakpuTa. [locaefoBaTe bhble COM B CTPYKTYpaX KaoauHiu
T0B, QOPMUPYHIIMXCH B YCIOBUAX 3eMHolt oBepXHocTH , 0OBIYHO He yrnopAfoue-
ubl Tepvom "KaOMMHUT" YACTO MCTOAB3YETCA AAs 0D03HAYEHHA BCEX UNEHOB rpyn-
TBl KAO0JMHUT.

Wneansubit okTasapueckuit (rubbeuToBwii) cliof B CTPYKTYpe KaOIMHUTE HMe-
T, To-BUIUMOMY, HECKOAbKO MeHbiii rOpU3oHTAILHBI pa3Mep, ueM uaeanbHbli
Terpasapudeckuii (kpemnexuciopoAnbif) caoft (puc. 4.4). ITa "HecornacoBaHHOCTL"
MoXeT Bbith KoMreHcupoBaHa fedopmariueli TeTpasipuueckoro cios (B KaoIuHi-

]—— Mep1on NOBTOPAEMOCTH ——‘
8,624

I8

}———napuon NoBTOPAEMOCTH

O © 2 O3 o4

P nc. 4.4, Cxema, NOKasbiBalowan, KaK HeCcornacoBaHHOCTL MEXIY OKTA3APUYECKHUM K
TeTpasApHYECKHM CMOAMH Bbi3biBAET W3rHG peWeTkH, NPUBOARWMA K TPy6UaTOR CTPYKTY-
pe rannyasuTa, 7 — KUCNOpOA; 2 — ruapokcun; 3 — ANIOMUHKWA; 4 — KPeMHUA,
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Te, AMKKUTE M HAKpUTe) Win 0BpasoBanuem u3ruboB cioes U Tpybuarwix dopM ¢
CKTa3ApPUIECKUMN CH0AMHM, oOpameHHbiMi BHYTPb (puc. 4.4). Tpy6uarsie pasno-
BUIHOCTM MMHEDANOB TPYMIbl KAOAMHNTA OOLIYHO HASBIBAIOT 1aMIYAIUMOM, XOTH
CymecTBYeT HeKoTopas MyTaHulla B HOMEHKJIaType, Tak KaK OT/elbHble BUAb ral-
JyasuTa UMeloT AOMOJHUTENbHbIe MOJeKy.Ibl BOAbl M2X/y aliOMOCHINKATHBIMY CJIo-
amu [ 50].

I'pynna cepnexmuna. MyHepansl rpynnbl ceprneHTHHA NPeACTaBAAT coboil
TPUOKTaAPHYeCKMe aHAIOrY KAOJMHUTE, MMEIolue 1ealu3upoBaHuy Gopmyiy
Mg,Si,0,(0H), - Pasanuubie uieHbl rpynmbl CEpHEHTHHA (aHTHIOPUT, XPUBOTHI,
IM3apauT) ABASIOTCH MOMMMOPHBIMI MOMMBHKAIMAMK C H3OTHYTHIMH, TPy6YaTh
MM MM OYeHb MEJKUMM KPUCTANIMTaMK, 00pasyiuMucs B CBA3K C TeM, YTO
iieaibHbiit OpycuToBblil Caioft 3HAaUMTENbHO Godblue HAGAIBHOrO TETPAYAPHYECKO=
ro KpemHeKucliopoliHoro cios. Ilpupomnbie cepnenTunbl 61M3KK K naeanbHOMY Xu-
MUYECKOMY COCTaBY.

T'pynna 7 A-zaopuma (cenmexiopuma). MuHepab! 3Toll rpynmbl Takxe mpy-
Ha/lleXar K TPMOKTAdAPUUECKNM AHANOraM KaoAMHMTa,HO OTIMYAKTCE OT cep-
NEeHTHHOB TeM, UTO B OKTA3PUYECKOM CJI0e 3HAUNTENbHOE KOJIMYeCEBO MarHus
3aMelleHo Kele30M M allMUHNEM, a B TeTpasApHUECKOM CJoe aloMUHMA yacTuy-
HO Bamelllaer KpeMmmit. 3amelenne aromom, GoabwmuM Mo pasmepy, yem atoM Si ,
B TeTpasfipyuecKoM CJIOe U aTOMOM, MEHBIIMM N0 pa3Mepy, YeM atoM Mg, B Oks
Tas/pMYECcKOM CJ0€ CHIXaeT pasiuume ABYX CJ0EB, BCie/ICTBHE Yero Mopdoao-
s KPUCTALIMTBB 06bIuHO NpocTa. ENMHCTBEHHBIM BaXHBIM NpecTaBuTeNeM 9Toll
rpynnsl, 00pasylommumMes B COBPEMEHHbIX NOBEPXHOCTHBIX YCAOBUAX, ABAAETCH
WAMOBKT (U CenTewamo3uT), npubmsurenstas GopMyia KoToporo
Mgy, ; Fe2% Al 0,7)8iy,3Al, ;)04 (OH),, rie cxobKaMit BbifeJeHbl KATHOHbI
OKTa3/IpHYeCKoro 1 TeTpasipHieckoro CJIoeB.

nuHKCTBIe MHHepans! rpynnet 2:1 (Co CTPYKTYpPOR H3 TpeXcnoHbiX
nakeToB). B a1y Goabyio i CIOKHYK IPyNIy BXOAAT CHI0/bI, BEPMHKYIMT, rpyn-
Ma CMeKTUTa (MOHTMOPUJUIOHUTA), MMPOPHIINT, TANLK M PASJIMUHBIE CMEeIAHOCAOH-
Hble Mofmdukamm. B ocHoBe BceX 3THX MMHEDAOB JEXUT CTPYKTYpa M3 ABYX TeT-
pas/ipHueckux (KpeMHEKHCAOPOIHbIX) CJOEB C OJHUM OKTA3/IPHUECKUM CAOEM Mexk-
Ay HumMu. Hanbollee NpoCTbiMy KOHEUHBIMU YJI€HAMI 9TO MPYMNNbl AREAOTCA MPO-
Guammr Al ,Si 0,,(0H),  Tanek Mg;8i,0,,(0H), (puc. 4.5). Ux cTpykTyph!
O/IMHEKOBbI, 32 MCKIIOUEHHeM TOr0, YTO MMPOQUIIUT OTHOCHTCH K AMOKTASApU-
UeCKMM MMHEpalaM, a8 TalbK — K TpuoxTasapuuecknM. Jpyrue ulesbl rpynmi 2:1
MMEIOT 110 CPABHEHUI0 C MUPO(ULINTOM M TANLKOM OJHO MM HECKOABKO CJAeyio-
wux oTauunit (puc. 4.6):

1. 3amewenne Si4* wa Al3* B rerpasapuueckux caosx. ITor npouece Bhi-
3uiBaer obuwmil NeduimT 3apaaa B nakere 2:1, KoMneHCHpyeMblit AOMONHUTEIbHBR
Mi1 KaTHOHAMM, PACTIONAraloWUMUCA MEXIY YKa3aHHbIMYM CJOAMM B TAK HA3LIBAE-
MBIX MEXCJOHHBIX Mo3uMsX. Eciu uucio MeXCAORHBIX KATHOHOB Mo, TO OHM
MOryT y4acTBOBaTh B 0OMeHHBIX peakumsax (cM. Hmke). Ecau ke uX uucao Beamko
(no reomeTpUECKMM YCIOBUAM TAKUM KATHOHOM obbiuuo sBagercs K1), To ob-
MeH 3aTpy/HeH.
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P u c. 4.5. CTpyKTypa nMpodunnuTa W Tanbka, B nMpodUNNUTE OKTa3APHYECKHE NO3HULMH
3aHATE Al, a8 NosuuMM, 0BOSHAUEHHBIE NYHKTUPHLIMK KDYXKaM4, BaKEHTHbL. B Tanbke Bce
OKTasapHUYecKHe No3uuMK 3aHATsl Mg. MUPOGUNNUT W TanbK HE copepXaT KaTUOHOB B MEX-
crnofHbiX MO3WUMAX, U CMOW YAEPXWBAIOTCA BMECTe TONLKO CHnamu Ban-pnep-Baansca. B opy-
FUX FAMHACTBIX MUHEpanax rpynnbl 2 : 1 MEXCNoAHbie NO3WUMKM 3aHATLI KATUOHAMM, 8 B
HEKOTOPbLIX MUHEpanax — MoneKkynami Bofbl. 7 — KHCNoOpoA; 2 — rUAPOKCHN, 3 — KPeMHUH;

4 — Al (nupodmnnuT) WK Mg (Tanek); 5 — BakaHCHA (MHPOMMINKT) UM Mg (Tanbk).

9. 3amemenne Al3* na Mg?* man Fel' B oKTasapuyeckoMm cloe u BXOX-
fenne oOMeHHBIX KATHOHOB B MeXCaoiHble MO3MUMK A KOMIeHCAIMN OTpUIa-
TeJbHOro 3apsaja naxeros 2:1.

3. 3amemenne Al?* ma Fe2t, Fe3* Mg?™ u nonobubie xaTHOHbI B.OKTa
aJpudeckoM cioe win 3amemenne Mg2* 9toro xe caos na Fe?*, Fe3*, Al3*
¥ mofobHble KaTHoHbl, Bananc 3apAfioB B 9TOM Clyyae MOXET NOAAEPkKUBATHCH
M3MeHeHHEM YMCIA MeXCIoMHbIX KATHOHOB 1in obpasoBanuem Bakancui (nosu-
1uii, He BaHATHIX KATHOHAMM) B OKTA3APUUECKOM CllOe.

Tlo uncy KATHOHOB B OKTA3/PUUECKOM CJO€ NPUPOAHbIe MiuHepabl o0bIuHo
OTHOCATCH K [¥= WIM TPHOKTASPUUECKOl hopme 1 He UMEeIOT, KaK NpaBuio, Mpo-
MeKyTOUHBIX OPM, XOTS [JIMHBI [PYIIbl CMEKTUTA HACTOIBKO TOHKO3EPHUCTHI U
TPYAHB! A8 M3YUeHHs, YTO CYUECTBOBAaHUE B HUX NPOMEXYTOUHBIX GopM Heder-
KO /IOKA3aTh WY OTBEPTHYTh.

T'pynna cmexmuma, Tepvus "cMeXTUT" OOBIYHO MCTIOAB3YIOT  [J1A OMUCAHMS IJIMH,
y KoTophix 6a3aibHoe paccrofue (Toamuna nakera 2:1 nuoc Mexcaioiioe npoc-
TpancTBO) mpu 06paboTKe ITUNEHTIMKOeM yBeauuuBaercs o 17 A, Takue MuHe-
palbl TPAMKIMOHHO HA3BIBAIOT MOHTMOPHIIOHUTOM, YTO BBIBIBAET MyTAHUIL, TaK
KAK TepMuH "MOHTMOPHIJIOHHT" HCTIOAb3YeTCH TaKxe And o0o3Hauenus cnemidu-
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31X Mg*)
: 3 9 )
AlpSigOy(OHl, = Xy3(May3Al5 5,3)Si4 0,5 (OH), - nH,0
Mupodunnut BMmecTo lm-'H MOHTMOPUNNOHUT
3

il + 3+

E(X A7)

BmecTo Si*t

X173 Al (Sig_z/3Al3)0,6(0H), - nH,0

BerApennut
1(K* APRY)
BMmecTo Si4*
KA, (Si; Al)O,4 (OH),
MyckoBuT
a
M935i40m(0Hl?
Tanbk
A o a il
3(X Al*T)
BmecTo Sitt

X13Mgy (i3 5/3A11,3)0,6 (OH), - nH, 0
CanoHuT

§|X* AT

smecTo Sit*

X213M33(Si3_1)3A15/3)0,0 (OH); - nH,0
Bepmukynur

1(KAPT)
BmecTo Si**

Fe’* for Mg®*

KMQJ(SiJAnOIO{OH,? (BHSTUT)

dnoronuT

KFey (SiyAlO.o (OH),
AHHUT

6

P uc. 4.6. ConocTaBneHue HEKOTOPbIX 06bIUHLIX AHOKTa3[PHUECKHX (a) u TpHoKTasgpuuec-
KHX (6) NMCTOBLIX CUNUKATOB C NMPOGMNIMTOM M TANbKOM, 3aMEWeHHRA B TeTpasfpuiecKom
€noe NoKasaHbl BePTUKANbHLIMU CTPENKaMK, 8 B OKTa3PUYECKOM — FOPU3OHTANBHbIMK, X
npeacTaBnAeT co6oi cnocobHble K O6MEHY KATHOHLI MEXCNOAHBIX NO3WyYWA (Na+. k¥,
1/2Ca?*, 1/2Mg?* ut..), an-H ,0 — Mexcnofinyio Boay. OHOKTasfpUUeCKMe BEPMUKYNHU-
Tbl fOMKHbI BbITb NOROGHL!I GeRAeNnUTY UnK MOHTMOPHMMNOHKTY, HO C 3aMelleHHeM npuEnu-
3UTENLHO 2/ 3 KaTUOHOB BMecTOo 1/3.
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YecKoro YaeHa rpynnbl cMeKTHTa, Pacumpenue npy AefcTBun TUAEHIMKOAA YKa-
3bIBAET HA CTPYKTYPY, B KOTOPO# KOJNMYECTBO MEXCAONHBIX KATHOHOB COOTBETCTBY=
er 0,2-0,5 emumpt va ofny rpynny 0,4 (OH),. B MoHTMOpuIioRHTE (B y3KOM
cMblcae) OTpULATe/BHE Japsi nosBAfeTcs B pesyibrare 3amemwenus Al3* na
Mg2t B okrasgpuueckom ciaoe nupodniiura. B Oefifeannre (apyrom npeicTasu-
Telle PPYNNBl CMEKTUTA) 3apsi/l NofABAfeTCA B pedyabrate 3aMemenus Si4t wa
Al3% rerpasgpuueckoro ciost nkpoHAINTA, @ B CANOHUTE — B Pe3yJbTare Ta-
Koro ke 3amemenns Si 4% B Terpasipuueckom ciaoe Taibka. Boabwoit anana-
30H Bapuaiuii cocTaBa MUHEpaJoB pYNIbl CMEKTUTA 0DyCI0BIeH BXOX/eHueM pas-
muunbix Koamuects Mg, Al, Fe2?t, Fe3*, Li* u r.o. B okrasgpuuecknit caoii u
samelenneM Si B TeTpasipuueckom cioe Ha Al u, Bo3Moxuo, na Fe3* . Cmek-
TUTH! OBGBLIYHO BCTPEYAIOTCA B BUE MCKIOUUTEIBHO MEJKnX KpucTamion (< 1 mxm),
Mo?TOMY MX WIEHTHOUKAIMA OCYIECTBARETCA MNaBHbiM 00pasoM Ha OCHOBE M3Me-
penust AudipakiMyu peHrreHoBekuX Aydeit [10CKOJIBKY MOYTH HEBO3MOXHO BBIJEIUTH
UMCTHIH CMEKTHUT M3 TOHKO3EPHUCTHIX cMecel! , HA/IeXHBIX JAHHBIX 0 COCTABE CMek-
TUTOB B I0YBAX M 0CAJKaX BECbMa MaJo.

MesxcJoliuble KaTHoHbl B cMeKTHTaX crnocobubl K obmMeny. Ecan raudy nomec-
THTh B pactsop NaCl, To Mexcaoltunivu kaTnonamu OyayT raapHbiM oOpasom uo-
usl Na ™, a ecau B pacreop CaCl, — 7o uonnl Ca?* u 1.4, Pasanunsie opranu-
yeckue Modekyanl (mofobuble ynomuuaBiieMycs Bbllle 3THIEHTIMKOM0) MOTYT TaK=
Xe TNPOHMKATH B MEXCI0iHoe MPOCTPAHCTBO, BbI3bIBas COOTBETCTBYOLNE U3MEHe-
Hust AU paKiui PeHTeHOBCKUX Jyyeil.

B MexeJoiiHOM MpOCTPAHCTBE CMEeKTHTOB NPUCYTCTBYeT o0bIuLO BOAA, KoK
YECTBO KOTOpOH onpefeasercd npupofoil MexcofiHoro KaTuoHa, 3apiioM nakera
2:1 ¥ BJAXHOCTLIO cpeflbl, B KoTopoli HaxoauTes ranma. Korda mexcaofiubii kas
Tion nByxpanenthbit (Mg2* wam Ca 21), npucyrersyior obbiuto ABa cliod Mole-
KyJ Bofbl IPM YCJOBMK, 4TO BAAXHOCTH HE OUeHb HU3Kas. IT0 cooTBETCTBYeT Ga-
3aJbHOMY PACCTOAHUI0 0KOJO 148, Ecau Mexcaofiubiv Katnorom seasercs Na *
TO KOJUYECTBO ME)KCJ'[OﬁHOﬁ BOIAbl MOXET YyBeIUuuBATbLCH MOYTH HEOrpaHMUeHHO,
KOra OTHOCHTENBbHAR BAaXHOCTD I dauwkaercd k 100%, uro npuBoaur K Habyxa-
Hui0 3epeH MuHepana. Habyxanue CMEKTUTOB, HACBILIEHHBIX HATPUEM, UMEET BaX-
Hble paKTiiecKue nociecTsusi. Kcau nousa, cogepkamas CMEKTHTH], HAachlla-
eTcsl HATpUEM, ee MPOHUIIAeMOCTb CHUKAeTCs, & CTPYKTYpa paspyuaercs, 4To
Jlenaer NouBy HempuUrofHoi M8 3emiefedus (koljoudube ceolictea obcyxpaanT-
c# nanee B 370l raase). Bl MIMHBI B BOJOHOCHOM I'OPH30HTE HACKINAKTCH Ha-
TPUEM, POHULIAEMOCTb X, NO-BUANMOMY, CHUXKAETCH. Haﬁyxaﬂne 1 ycajka cMeK-
THTOB MOTYT NPUBECTH K HEYCTONUMBOCTH CKIOHOB M TEM CAMbIM Co3/1aTh npod-
JeMbl B COXpaHeHnu octoBannii coopyxennit. CMexTHTbl, HaChilIeHHbIe Kaluem,

He HabyxaloT B TAKOH CTeneHn, KAK CMeKTHThl, HAchleHHble HAaTpueM, Ho ux Oa-

1
®pakumy pasmepom < 0,1 MKM B NOYBAX W OCaBKAX YACTO COCTOAT MOYTH M3
YHCTOro CMEKTUTAa, HO A0 CMX NOP OCTAETCA HepeweHHbiM BONPOC O TOM, B KaKoW cTe-
NeHW 3TOT TOHKUA MaTepuan MOXeT npeacTaBnATL OCHOBHYIO Maccy CMeKTWTa B ofpasye.
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3albHble PACCTOSHUSA BCe ke Dolee M3MeHUMBEl, UeM Y CMEKTUTOB, HACHIMEHHBIX
Mg2* wan Ca 2%,

Bepmuxyaum, Korpa 3apaj nakera 2:1 Gonbwe 0,5 efusmipl 1a rpynmy
0,,(0H), , 3aexTpocTaTiueckue Cilbl, yaepxuBaLme cion nakera 2:1 B Buje
€[MHOr0 LeJIoro, HACTONILKO BEJUKHM, YTO MEeXNAKeTHOE NPOCTPAHCTBO YXe He Tak
JIerko pacuupsiercsd opraHnueckuMy MoJeKyJamu, a Mexclolibie kaTuoubl obme-
HUBAKTCH HE CTOAb Jerko. Bepmukymurel nveor Gonee Bbicokuii 3apsaa nakeToB
2:1, uem cmekmusi! (npumepro 0,5 — 0,7 epumart va rpynmy O 10(0OH),) 1, cae-
AoBaresbHo, BePMUKYIUT He pacumpsercs o 17 A npu obpaborke STHAEHTIMKO-
JeM. Eciin Mexcioliubiit katon B BepMukyanTe npejcraBied wonoM Mg2t, To
MexXcioiiHoe NPoCTPaHCTBO 00BIYHO COAEPANT /1B CJOR BOMbI, NpH.9ToM Gasaib-
Hoe paccrofnne cocrapiaser npumepHo 14 A. Ecim mexcaoiiubiii katuon npeji-
crasnen uoiom K ¥, 1o Boga Moxer 6bITh BhiTEecHeHa u3 MEKCJI0iiHoro npoc-
TPaHCTBa, YTO NPUBOANT K GasaibHoMy paccroanmio okoao 10 A. Bze makpo-
CKONKYECKNEe KPUCTANIbI BEPMUKYIUTA ABARIOTCH TPUOKTAIIPHUECKUMH; AUOK=
Ta3/\PUYECKMi BEPMUKYIUT BCTPEUAETCH ML B BU/E OUEHb MEJKMX KpUCTal-

J0B B HEKOTOPBIX MoYBAX 1 ocajkaX. B obwem xe cTpykrypa u cBoiicTBa Bepmu-
KYJUTOB OIM3KM K TAKOBBIM Y CMeKTUTOR. Pasmuus obycioBaens Gonee Bhico-
KM 3JeKTPOCTATMYECKHM 3apafioM CHIMKATHOIO KapKaca BePMUKYIuTa, chanancu-
POBaHHbBIM MOBLILIEHHBIM KOJMYECTBOM MEXCJONHBIX KATHOHOB.

I'pynna c100. CtpykTypa oObIUHBIX CIOJ CBA3AHA CO CTPYKTYPAMM MAPOPUi-
JuTa M TalbKa; oHa ofpasyercsd B pe3yJbTaTe 3aMelleHus OJHOrO M3 YeTbipex
uonoB Si 4% na uomni Al 3* B rerpasapuueckom cioe u BXOXAEHUS B MeXCIOfHYI0
no3upo ofiHoro nona K*¥. OraenbHble ciiou B CAKAAX CBA3AHB OTHOCHTEILHO
OoMbIMMI 3TEKTPOCTATHUECKUMY CUIAMY MEXIY OTPULATENbHO 3apAKEeHHBIMY CH-
JMKATHBIMY CAoAMY 1 wotamu Kt mexay mivin. ToaToMy ciofp 3HAUMTEIBHO
TBEpXe TalbKa, He Collepxar Boly B MexcloliHoM npocTpancTse, u wousl Kt
He ofMenuBalTCH B 00BIYHBIX yeaoBuAX. BasanbHoe paccrosinue B Cl0fax cocs
tasaser okono 10 A,

O6bluHad IMoKTaspuueckasn cliofla npejcTaBieHa MyCKOBUTOM
KAL(Si 3AL) 0, ,(0H),, a TpuokTasapuueckue CIobl — GAOrONMUTOM
KMg,(Si;A1)0, ,(OH), n 6uorurom. Mocreanuii anasornuen daoromry, vo Mg?*
B HeM uacTuuno 3amemen Fe?®,

Tepmun "yaaut" Ucnolb3sywT A% 00o3HAUEHUS BCEX MUHEpAJIOB IPYNMbl
CJIoj} C pa3Mepamy YacTHll, aHANOTMUHBIMU pasMepaM IIMHMCTHIX YacTul (< 2 Mkm),
T.€, TAMHACTBIX MIHEPANOB, KOTODbIE MOKA3LIBAIOT DY PEHTreHOCTPYKTYPHOM aHa-
mm3e 6asanpHoe paceroduue 10 A [ 1391, Mamutsl — camble pacnpocTpanensbe B
npupojie MMHUCTBIE MIHEpahl, 0bpa3ylime OCHOBHYIO Maccy ApeBHUX MuH. Vi

1 MpakTuyeckoe onpefieneHne BEPMUKYNUTE OCHOBAHO Ha HabyxaHuu ero B opraHuuec-
Kux kuakocTAx. Habyxanue He 06A3aTeNbHO TOUHO COOTBETCTBYET MEXCNOAHOMY 3apAay,
No3TOMY UMEETCH HEKOTOPOE NEPeKpLITHE B BENUUUHAX MEXCNONHLIX 3apAN0B BEPMUKYNHTOB
W CMEKTHTOB,
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JUThl APEBHUX DMIKH He ABIAKNTCH MAealbHbM MYCKOBUTOM. [1o CPABHEHMIO ¢ HUM
ouy cofepxar Metbiie K u Al u Goabme Si . B nnx oTMeuaercs Takke HeKOTO-
poe Koanmuectso Mg i Fe. BoabumMHCTBO NPUPOAHBIX MIIMTOB MMERT, [10-BUAK-
MOMY, CMewanocaotingo cmpykmypy; B Mobom kpucTaniite okoio 80% cnoer
noa06an c10aM Myckosura u 20% — cmexrura [ 175]. [pencraBasercs, uto raus-
HUCTLIE MHHEPAJIBI, 3AHUMAIOWUE [0 COCTaBy MPOMEKYTOUHOE MONOKEHHE MexK/ay
BEPMUKYJIMTOM U CAI0AaM A, He oBpasyloT CJoeB eHoro Tuna, a GopMupyloT cMe-
ma”ocholuble CTPYKTYpbl C HEKOTOPLIM YKCIOM Clabo3apsixeHubiX cloes (Tuna
CMEeKTHTA), pacnpeJeieHHbIX Cpe/it BblCOKO3apsKeHHbIX ciaces (Tuna cawabl). Tep-
MuH "uaamt" uHOCAA MCToAB3YIT B Doslee y3KoM CMbice ( 10 CPaBHEHMIO C ero
epBOHAYAIBHBIM 3HAYEHUEM. TPMBE/IeHHBIM Bhllle), IpUUeM 3HAUeHHe 2ro y pas-
HBIX ABTOPOB PA3JMUHO.

Taayxonum — 970 oborauweHHas Kele30M Pa3HOBUIHOCT) AAMTa; OH (A
ero NpeleCTBEHHUK — MUHEPAT Co CMemaHocIoliHoi cTpyKTypoil) obpasyercs
B 0CaouHbIX 03CTAHOBKAX, 00bIYHO HA [JHE MOpS.

Xnoput. CTpykTypa XJI0pHTa MoKeT GbiTh NpeCTABISHA KaK CTPYKTYpa
TabKa C [J0NOAHMTENbHbIM OPYCHTOBBIM CAoeM Mexiy nakeramu 2:1 (puc.4.7).
Ero Gazaibkoe paccroanne pasto 14 A, [pupoaHble XJA0puThl COAEPXKAT nepe-
Mennsle Koanuecrsa Al, Fe?®, Fe3™ Bmacto Mg?t u Al,3amemanwero uac-
o Si . OTe/bHBE PA3HOBUAHOCTA XAOPUTA UMElOT cBoy Hassanus [ 80], Ho
oHy 37ech He npuBogATcd. Mpeanusuposannas dopmyaa XJaopura —

(Mg, Fe, Al); (SiAl), 0,4 (OH),* Mg, Al, Fe), (OH); nm

(Mg, Fe, Al); (Si, Al), O, (OH)g, rae aToMel B npefienax Kax/oit 3 ckobox
MOryT COlepXaThei B AKOBIX Npornopiuax, obecneunsanmux batanc 3apsjos
CTPYKTYPBI B LEJOM. McTHHEBIE XJAOPUTH MMEIOT TY Xe XUMituecKylo GopmyJy,
uTo u 7A-xncputbl. [Ipegerasasercd, uro 414 HOpWMHCTBA Pa3HOBIIHOCTEH X.10-
pHTa CTPYKTYpa ¢ MexcaolikbiM pacctosnuem 14A 6olee ycroiiunsa, dem ¢ pace
rrosunem B T A, Xaopursl obpasylorca raaBHbiM 00pasoM B mpolecce AMarenesa
M Hu3KoTeMneparypioro Metamopda3ma. B nHebobumnX KoauyecTBax oHW MOrYT
¢ opMHPOBATLCA B 10YBAX # OCANKAX MOPCKOro JHA.

Cmeuwanocnoiinbie rnWHbl, CTPYKTYpPDl MIMECTBIX MUHEpaRoB rpynmsl 2:1
W XJOpUTA TECHO CBA3AHBI Mekiy coboil (puc. 4.8). He yausurenbHo nosromy,
YTO BCTPEUAOTCH MMHEpAJS €O CTPYKTYpOi, BKIOUAMEH CloM DASIMUHBIX TUIOB.
Kag yke ynoMuHanoch, HEKOTOpPbie KPUCTALIbI OHOBPEMEHHO COJIePKAT CJIOM
CMEKTUTOBOIO M MIIMTOBOrO TUIOS U AANT CMemaHocaoiuni naamr-cvexkTut. Kpo-
Me TOro, Mex/y CJAOSMK CMEKTHTa MOIYT Pacrnoiararbes CTPyKTyphl rubbeura
uni Gpycura, UTo NPHBOIMT K 00pa30BaHMI0 CMEaHoOCI0/HOrO XI0PUT-CMEKTHTE,
Pasmuunble CA0M MOIYT PACTPEAeNaThCH MPOM3BOILHO KM XapaKTepU30B8aThCH
PasIMUHBIMKM TUIAMY YTIOPAAOUEHHOCTH, YTO BATPYAHAET TOYHYIO nieHTH(UKALMi0
CMenaHoCIoMHbIX cTpYKTYp. Hauboaee ycnemnbiM oKasaics MeTo/ MoIeIMpoBaHis,
T.E. COCTABJIEHUA PEHTCEHOCTPYKTYPHBIX AMArpaMM [UIf PAsIMuHbIX CMEewatocIol
HBIX CTPYKTYD C foMotibio IBM 1 cpaBHenus noJyueHHslX Mojeaeil ¢ auarpammamu
npupoauLx Bemects [ 285].
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Terpasnpuueckui cnom

OxTasnpuueckui cnon

TeTpasapuyecKkni cnoh

OKTasapuyeckui cno#

P 1 c. 4.7. CTpykTypa xnoputa. 7 — KHCNOPOA; 2 — MHAPOKCHN; 3 — KpemHHi; 4 — MErHUH,
Keneso, anioMMHWA UMK BaKAHCHA,

CenHONKT M NanbiropcKMT. B cemomTe 1 Naibiropckure (CHHOHMM —
arranyasrur) cioy 2:1 06pasylT He HelpepbiBHLIE MAKETHl, 4 BOJOKHA TOJUMHOMA
B wecTh (CermommT) um yerkipe  (MAABINOPCKUT) KpEMHEKHUCJIOPOAHEIX TeTpasapa
(puc. 4.9). Ux ynpowesnbie Gopmysi coorsercrserto Mg Si 0, s(OH),- 6H,0 u
(Mg, Al, Fe), Si g0,,-nH,0. Cemmomtr MoxeT BCTPEYATHCA B BUJIE UUCTO MATHUEBOH
pPasHoBUJIHOCTH, HO 00JIBIIMHCTBO CENUOIUTOB U BCE NIPUPOJHBbIE MTAJBITOPCKUTEI
CO/IepKaT HEKOTOPOE KONMYECTBO alioMUHUA U OOMEHHBIX KATHOHOB,

KONNOUAHLIE CBOMCTEBA

Korga ramauMcTas yacTMIa THIA CMEKTUTA CYCIEeHAUPOBaHA B BOJE, HEKOTO-
Pble MEXCJOiHble KaTHOHb IEPeX0iiT B PacTBOp, BCACACTBUE YEro CHIMKATHbIH
Kapkac npiuoGperaer orpuIaTelbHbI 3apa u Bokpyr nero obpasyerci auddys-
Hoe obaako karuonos (puc. 4.10), 3apsxkenuas nosepxsHoctsb U AuddysHoe obia-
KO NPOTKBOMNONOKHO 3apAKEHHbIX HOHOB (RPOMUEOUOHNE) HABBIBAKT 080tHbIM CAO-
&M, MoXeT CylecTBOBaTh TAKXe ABOHHON cl0l U3 NOA0XKUTEALHO 3apaXeHHol no-



Cmopa

(06biunan) CMeKTHT Xnoput
Mexcnoii- i
Hble K, (OBMmenHble KATHO= [ nym
Hbl)
no3uymu 173
+
H ,0
TeTpasgpu-
yeckue no- SigAl Si, (B HEKOTOPBIX QO S B
3HUMH pPa3HOBMAOHOCTAX Si_ Al
HACTHUHO A) 2772

OkTasppuuec-  Al, myc-

Al, Fe2t, Fe3t, Mg, AL, Fe
KHe NO3HUMM

KOBMT, Mg
(Mg, Fe),
(6uoTHT)
TonwuHa eau- Pa3HOBMAOHOCTH, 14 A
HUYHOIO CNOR 10A conepxaume H 7
2

O6biuHo 14 A; yee-
nWuuMBaeTcA po 17 A
nog gencTeuem aTu-

neHrnukona
- N e =R e i -~
A I Y 50 4 i
/ . ) \y ) \ '
\_ R — N o7 — N, —7/  Npocrewan KALSij04  NaygAL 2 Mg, si,0,, MggSi 0,y
RPN (OH) T
2 (o) 3 (OH),
2

(MYCKOBHT) (MOHTMOPHNNOHKT)

P W c. 4.8, O6Wan cxema CTPYKTYP FMWHUCTBIX MHHepanos rpynn 2: 1w 2: 2,
Nofo6eH CMEeKTUTY, HO COREPKHT 2/ 3 0OMEHHbLIX KaTHOHOB,
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O1 O ®3 04

P uc. 4.9, CTpyKTYpbl NanbirOpCKUTa/aTTanynbruTa (BBEpXy) U cenonuTa (BHM3y). B
obenx cTPYKTYpax cnou 2 : 1 o6pasyioT UenoyKK, a He HeNpepbIBHble NUCTLI, T — KHCNO-
POA; 2 — FMAPOKCHN; 3 — KPeMHUA; 4 — MarHui Wnu anioMuHKA,

BEPXHOCTH, OKpYXeHHO! 061akoM aHHOHOB. ¥CTOMUMBOCTD KOJIOMIHBIX CYCHeH-
3uit (cM. HUXe) U HOHOOOMEHHBIe CBOHCTBA TBEpAbIX BEECTB TECHO CBA3AHBI C
NoBeeHHeM ABOHHOIO CJI0A.

[TosepxHocTHBIA 3apsty B CMEeKTUTAX 0OYCJOBJIEH 3aMEIIEHUAMMY B CUIMKAT=
HOM Kapkace, Mo3ToMYy OH, KaK NpaBuio, He 3aBUCHT OT BeJuuunbl pH. ¥ Goap-
WHHCTBA APYTUX NPUPO/JHbIX KOJJA0MA0B (Hanpumep, okucios Si, Al, Fe, Mn,
KOJLIOMZAIbHOI'O OPraHiYecKoro selecTBa) NoBepXHOCTHRIN 3aps/l CBA3aH C Uo-
HU3AIMel TBeporo BenecTBa MY ¢ aacopdumelt HA ero NOBEPXHOCTH APYTMX HO-
HoB. Ha noBepxnocTax okcaoB (4 KpafX rAMHMCTHIX YACTHL) MMEIOTCH Takue
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PaccToAHMEe OT NOBEPXHOCTH

P W c. 4.10. YNpOWEeHHan cXxema aneKTpUYecKoro ABOAHOro CNOA, B KOTOPOM U306 bITOYHLIA
OTpHUaTENbHLIA 38pAR Ha NOBEPXHOCTH TBEPAOro Tena KOMNeHcUpYeTcA W36bITOYHOR KOH-
YeHTpauMei KaTHOHOB B pacTBope 6nu3 NOBEPXHOCTH pa3fena TeepAoe Teno — pacTeop.

XUMIYECKHe CPYINbl, KaK
>~ . ~
=Si —0OH n =Al —-OH .
B ouenb KMCISIX pACTBOPAX STH TPYNIbl NPUCOEMMHAIOT NPOTOH M MPEBPalATCA
B [pymbl
+ +

55 =~
,,1-0[-12 " = Al —OH, .
B oueHb 1eN0YHbIX pacTBOpaX OHM, HA0OOPOT, TEPAKT NMPOTOH U MEPEXOAAT B

v . -_— =, —_
G N ), " = Al -0~
[TosToMy obmuMiA 3apsil NOBEPXHOCTH, CoAepxXaled rMAPOKCHIbHbIE IPYIIbl, U3Me-
HfeTcs B 3aBucuMocTy oT pH. B KucABIX pacTsopax OBEPXHOCTb 3apfixaercs no-
N0XUTENbHO, U €8 KaTHOHOOOMEeHHas eMKOoCTh Oy/leT HU3KOH uimM Jaxe Hy.eBof,
ecay HeT cnelMdMUIecKoro XUMIUECKOr'o B3auMOAeHCTBUA MeKlYy KaTHOKAMU U
NoBEepXHOCTHIO, [Ipy 9TOM aHHOHOOOMEHHAS eMKOCTh UMeeT olipe/lelieHHY Beli-

uuHy. B 1iesouHbiX PACTBOPAX MOBEPXHOCTb 3aPSKEHA OTPULATENbHO, 8 aHUOHO-
ofMenHas emkocTb Oyaer HusKoll uau Hyaesol, a kaTHoHooOMeHHas eMKOCTh —
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Tab6nuuya4.1. M30sneKTpUueckie TOUKK (pH) hekoTopsix
npupofHtIx BewecTr [ 264, 221, 187]

S0, (ksapu) 2,0 FeO(OH) (réTuT) 6—7
5i0, (rens) 1,0~2,5 F‘ezoj- n H20 6—90
AIZO3 (KopyHAa) 9,1 MnO, 2
Al ((‘lli)3 (rub6euT) ~9 (pasnuuHble hopmbl)
Ti0, (aHaTa3) 7.2 Kaonuuur ~3,5
Fe304 (MarHeTuT) 8,5 MOH TMOPUNNOHUT <2,6
Fe203 (remaTuT) 5—9 (06biuno

8-7)

3HaunTebHOA. 3navenne pH, npu KoTopoM ofumil 3apsj NOBEPXHOCTH pasel Hyo,
HA3BIBAETCA U303 1ekmputecxot mouxod (Tadn. 4.1). Muorue nepexoHsle MeTaNIb!
¥ HEKOTOpbIe  AHHOHBI, HANPUMEp PoChaT, OTHOCITCH K BEWECTBaM, CHILHO AfICOp-
Supyembim ortciamu (r 13), [pu apcopbumu Takux Bewecrs bananc 3JIeKTpHUEC-
KHX 3apA/loB HA NOBEPXHOCTH UBMEHAETCH, U mouKa #y2e60t0 3apada (TH3), r.o.
pH, nipi KoTOpPOM NOBEPXHOCTHBI 3apsn paseH Hy.o, Oyner oTaMyaTHCH OT H30-
EKTPUIEcKol ToUKM, KoTopas nipefcTaBageT coboii TH3 npu ycaosud, uto emts-
CTBEHHRIMU PEAKIMAMM, BAMAIMMI HA 3aPAJ| IOBEPXHOCTH, ABAACTCA ancopbuus
Wiy JecopBuus nNpoToHOB,

Mapke [ 265] nokasai, uTo H3031€KTPHUECKIE TOUKH AMOMOCKIMKATOR MOryT
OrITh 9€TKO MpejcKasanbl Ha ocHoBaHuM uncaa rpynn SiOH u AlOH na ux noBepx-~
Hocri. Korza Al umeer oxrasgpuueckyio Koopaumamio, M303JEeKTPHUECKaA TOYKA
paBHa 9,2, Korjja Xe /A% HEr'o XapaKTepHa TeTpasipuIecKas KOOpAMHALMSA, H30=
JIeKTpuueckan Touka pasha 6,8. 'pynnsl SiOH umelor usosnexrpuueckyio Touky
1,8. Takum o6pasom, NoBEPXHOCTH AMOMOCHAUKATA C npeobnagauem rpynn SiOH
Gyner uMeTb HU3KYio, a ¢ mpeobaafanuem rpymn AJOH — oTHoCHTEIbHO BBHICOK Y10
M3051EKTPUYECKYI0 TOUKY. 3HaueHIHe HI0IIeKTPUYECKOH TOUKH COCTOUT B TOM, UTO
OHa onpefierser npefle/iti pH, npu KOTOPBIX NOBEPXHOCTL OBJATAET KATHOHO- WM
aoHoobMenHbIvMA - cBOHCTBAMM, A Takke npededs pH, npn koTopbix Moryr obpazo-
BhiBaTbCHA ycmﬁ!msme KOJUIOMAHBbI2 CYCNEeH3 UK.

MBofiHoi cnoi. Crpykrypa nsoiitoro cios Gsina NpeaMeToM MHOrOUUCICH=
HBIX Hceaenosannil, /1ns omcanus pacnpefenenus uoHos B npefenax ABoiHoro
CJ0s1 MMeeTCH HeCKoAbKo MaTemaruuecxux mModeneii [ 336]. B obuux yeprax gsoii-
HOl ciiol coeTouT U3 MoHos, Golee wiu Menee YAepAUBAEMbIX TBep/oil noBepx-
HOCTDIO (Kenodsunnvid Caoi, wam caoit limepna), u mipdysHoro cios (caos IMyu), B
KOTOpOM Holbl cBOGOAHO nepememairca (puc, 4.11). B caoe I"yu konnentpamnus
KaTHOHOB, HE COANAHCHPOBAHHBIX AHHOHAMM, YKCIOHEHIMANHHO CHUKASTCH C yliane-
HMEM OT rpanuiibl HenoABMXHOTO clod, WoHbl mocaeguero YACPKUBAKTCH UuCT
FIEKTPOCTATUYECKHAMIU CHIAMU MK 6.1arofaps oBpasoBAHUI0 KOMILISKCOB C rpyn-
faMi Ha NoBEepXHOCTH TBepAoro rena (ri. 13).
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3NeKTPHYECKHA NOTeHyMan

PBCCTORHWE OT NOBEPXHOCTH

P u ¢. 4.11. Cxema HenoasuxHoro cnor WtepHa 1 auddyanoro cnon Myu.

VerolunBoCTh KOLIOMAHOR CyCTIeH3un 3aBUCUT OT TOJNMUHBI caos ['yn, ko
TOpan onMpeessercs NOTEHUMALoM HA BHewHe# rpanule KenoBUXKHOIO o U [0
HekoTopoli cTenenu — uoHHolt cunoil pacteopa. Korja /iBe uacruipl cOmianTcs,
caoy I'yu a1eKTpocTATHUECKM — OTTAIKMBAKTCH. ITO yAEPKMBAET YACTULbI Ha
paccTofHMM pYr OT Apyra u crnocoberByeT ycToliuusocty cycnenduu. [1pu Bos-
pacranuy #oHHO# cuasl caolt I'yu cxumaercs, npudamxaich K yactulie. Korza sTo
NPOACKOMMT, FNEKTPOCTATHUECKOE OTTANKUBANME, Pa3be/MHALee TACTHIb, CTa=
HOBHTCH HEJOCTATOUHBIM, 4TODbl NPOTUROCTOATL cuiaM Bas-gep-Baainca, mpue
TACUBAKIINAM YACTHILL APYT K JPYLY, M CYCMEH3Hs Tepser CBOi0 yeToiunBocTe, [lo-
9TOMY FIMHUCTBIE MUHEPAIL! 0BbIUHO 0BPa3yT yCToluMBbIE CYCNEeH3HM B NPecHol
Boae U GuokympywT B8 Holee MUHEpPAIN30BAHHbIX PACTBOpAX, TAKMX, KAK MOPCKAs
Boaa. XoTa yeTouMBOCTS KOJLIOMIHOH CYCTIeH3HH B ONpeae/eHHoM Mepe 3aBUCHT
OT MOUHOM CHIBI, MHOMOBAJEHTHbIE KATHOHBI OKA3KBAIOT HA d.1OKYIAIMIO HEMpomnop-
MoHaNbHo Dodee culbHOe Bo3eiicTeue, yeM ofHoBaJeHTHbie, [To 9Toii npuumnne
MHOFOBAJEHTIbIe KATUOHBI YACTO MCIOAb3YIT NMpH BOJONO/r0TUBKE, YT00bl BHI3BATH
§I0KY NAIMI0.

Mem6pannan ¢unsTpayuA. Korja teep/pie 4acTulbl B CHCTEME TJIMHA — BO-
Ja HaxoaAarTcAa B KOMIAKTHOM COCTOSHUM, CJOM F}{H COCe/IHUX 4acTull NepeKphiBaloT
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P uc. 4,12, KonuenTpaumuu kaTuonos C* i aHuoHos C— g fndy3HOM [BOAHOM Cnoe OTAENLHOA
H8CTHUb! (&) W B NOPOBOM NPOCTPAHCTEE MEXAY COMPUKACAIWMMMCA FMMHUCTLIMK YacTHya-
Mi (6). MoKa3aHO, KaK BHHOHLI HCKMIOYAIOTCA M3 Y3KUX nop.

Apyr Apyra. PacTBop B nopax Mexay COCEHUMU 3epHaMi yJeT COCTOATb TOMbe
K0 U3 cjioeB I'yu, U, CleloBaTebHO, alMOHb! #3 NOp GYAY'T NOYTH BhITECHEHb! (puc. 4.12),
B CBA3IU C UeM 3TOT Sh(DeKT HASLIBAIOT dbimECHenIeM anioNos, Koraa na pacrsop
B CHCTEME IHHA — BO/IA HANAraeTcs rpajueHT AaBJeHNHs, MOJIeKy.abl BOb MOTY'T
ABUTATHCA Uepes Mopbl, HO M3-3d BHITECHEHUA aHWOHOB MOHBI NIepeMelIaThCa He Mo-
ryr (3Ta Teopus obcyxaarack B pabore Xauwoy u Konnena [141]). Takum obpa-
30M, rMHa BejeT cebf Kak noJaynpoHuaemas MemGpana, ponyckaomas BoAy u
SallepxuBaiomas Hokbl. Ho riubl He ABASIOTCA Ge3yNpPeunbIMM 1101y IPOHULIAEMbIMI
MeMOpaHami; PasiuyHble HOHbl OHN 3aJepAUBAIOT C PA3HON CTENeHbID st dekTis-
HOCTH, UTO BBI3bIBACT XMMUYECKOe (PPaKIMOHMPOBAHIE NPH MPOXOXASHUM BOb! Ye-
pe3 nopsi [ 202]. Mpennonaraior, uro MemGpansas buabTpams sBAfETCH DAABHBIM
Tpotieccom, onpefielISiolnM COCTaB Bofbl, 3ateramefi B riybokonorpeberHbIX oca-
HAounbix nopopax. OHa 3 deKTHBHA TOIbKO TOr/AA, KOr/aa MEepPBHUHbIE 0CAMKH N0
BEPriiiCh YIIOTHEHMIO, I He UMeeT GOJbIIOro 3HAYEHHS B GAM3NIOBEPXHOCTHBIX yC
MoBUAX (Ha rayGune mMenee 1 km). MemSpannas duabTpamus Moraa 6m NPOABJATLCH
M Ha MeHbLMX IyOuHax, rie pacTBop odeHb pasbaBieH (o3epuble ocanku) u, cle-
RoBaTebHO, cAou 'y pacnpocTpaHsoTCs Jaleko oT YacTHll, HO B TIPUPOJIHBIX Y Co
JAOBUAX ITO HE 00HapykeHo. OTHOCHTEAbHO ONEHKH BAMAHUA MeMOpaHHoii tuabTpa-
Upit Ha XuMuueckilt cocTaB NOA3EMHBIX BO/ B AUTEPATYpPE CyWECTBYIT 6oabuie
pasHoraacus.,

O6meHHan agcop6unA. Bee ramiucroie MuHepasbl 06JalanT B onpe/elek-
HOM CTeneny coCoGHOCTBIO K MOHHOMY 0BGMeHY Noao6Ho HeoauTam, KoJJI0HIHbIM
OKCUrMAPOOKHCAM H MPUPOAHBIM OpPraHUYECKUM COoeMHeHunM. B nousoseneHmu u
Te0JIOTMM EMKOCTh KaruoHHoro obmena (EKO) uacro uamepserca (1, caefoBaTelb-
Ho, onpefensercd) NOrJomennem HoHA aMMoEuA 13 1-MonApHOro pacTsopa anera-
Ta aMMonus npu pH pastom 7,0, XoTs uHOrIA BMecTo NH: UCNOJB3YIOTCA Apy=
r'ue Katuoibl, EMKOCTH KaTHOHHOI'O 06MeHa HEKOTOPBIX BelecTB NpiuBe/ieHsl B Tab.
4.2, EKO rumeMeThiX MIHEpaloB — He oueHb TOYHAR i HagexHas Beanuuna. Kak
o0cyxaanoch B NPeAibIIyeM pasjele, ona N3MEeHAeTCH B 3aBUCHMOCTH OT pH u

7-78
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Tabnuua 4.2. KaTHoHOOOMEH-
Hble @MKOCTH (Mr » 3kB/100 r)
FAMHUCTBIX MUHEPAanoB

CMEKTHTHI 8 — 150
BepMukynuTel 120 — 200
HnnuTe! 10 = 40
KaonuuuT 1-~10
Xnoput < 10

MpUPO/bl MOHOB, 3aHMMaloWNX oOMeHHble no3uliu. Hanpumep, peunas riuna n3
Puo-Amexa B Mekcuke nvena EKO 76 mr. oxs./100 r. Korpa ta ke ruuna 6ui1a
noMellleHa Ha [JBe HejleJu B MOpCKYo Boay, ee EKO cocrasuaa Jmub 66 mr 9xs. /1000
[ 295]. ITo pazmuue He CBUAETEALCTBYET O KAKOM-IHGO CYMECTBEHHOM M3MEeHeln
IUIMHBL, TTO-BUAMMOMY, OHO Gbllo obycaoBiaeHo Tem, uto K*, mornowenubit u3 MOp=
ckoft Bogb! B oGmen Ha Ca 2%, Mepnento samemancs uonom NH;L . B obuwem cay-
uae cJAeAyeT OXUIaTh, YTO KATHOHBI, pacrnojaraioumecs B caoe I'yu, obMeHuBas
oTcA ObICTPO, TOr/A KAK KaTioHbl B caoe llltepua MoryT obMenMBaThes ObicTpee
WM Me[JlIeHHee B 3aBHCUMOCTH OT X CBA3el ¢ noBepXHoCTbI vyacTul. OKMCIH 1
Opraiuueckue BeuecTsa, KoTopbie 00bluHo 06pasylT IIeHK! HA DIMHUCTBIX Yace
tuitax [ 188], uacro uMeloT BRICOKHE EMKOCTH KATHOHHOIO 00MeHa, HO K UX KO-
KpeTHbiM 3HAUEHUAM CJe/lyeT OTHOCUTBCA C OCTOPOXHOCTBIO, TAK K&K NOBEPXHOCT=
Hblil 3apag (4, crenosarensso, EKO) takux Bewects cuasHo 3asucur or pH.

Nonoobmennoe paBHoBecue MeX[y JBYMS OJHOBANEHTHHIMM (MIM ABYMS [ABYX-
BaJEHTHBIMM) KATUOHAMHI MOKeT ObITh MPEICTAB/IEHO YPABHEHNEeM

A-ramna + Bt = B-pauna + A,

@A.rnuna a,t
e s Ry 5 (4.1)
9B rnuna agt
T @, cuwa " 9B rnuna — AKTHBHOCTH A un B na oBMEHHbIX N03MLMsX,

a,t M apt — AKTUBHOCTH MX B PACTBOPE, K, p — KOHCTAHTA HOHOODMEHHOTO paB-
noBecus. Ecau ypasaenue (4.1) namucarh B MOJbHBIX JOJAAX BMECTO aKTUBHOCTEl

B TBepjoii dhase 1 UCNoAL30BATH KOHIIEHTpAlMN BMECTO aKTUBHOCTell B pacTBope,
TO MOJAYYHM

XA-rnm-ua L s

(4.2)

XB-I’I'IHHE Mg+

rje K;B — koagpuyuenm uabupamervrnocmu. ITotT KodIOPUIMEHT He ABARETCA KOH-
CTANTOM, TAK KAK IIONPABKA IIPY 3aMeHe aKTUBHOCTel Ha MOJbHBIE J0JIM U3MEHAeTCH
B 3aBUCHMMOCTH OT oTHomenns A Kk B Ha TBepjoit noBepxtoctH. HekoTopbie aBTo-
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poi [ 298] nosarakor, uto obmen mexay Ca2* u Mg?% Ha MoOBepXHOCTH OMUCH
BaeTcA ypaBHEHHEM

XCa-rnuHa _ K(GC@H P

XMg-I’l‘IHHﬂ

I/e NoKa3arelb CTeneHy p (CBA3AHHBINA C HEMAEANbHBIM NMoBejieHen TBepaoi (aswl
noHooGMenmMKa) cocrapaser npumepso 0,7-0,9.
Ecan A 1 B — eMHCTBEHHbIe KATHOHbI B CUCTEME, TO ypaBHenue (4.2) Moxer

Obirb MEpenMcaHo B BUje

MA-rnuna 5 AT

=Kip
M - ﬂlA+

a,
Mg2+

(4.3)

T-my-rnuna

rie my_ o..o — KOHUeHTpaius A, afcopOHPOBAHHOrO I'NIHHOM (B MI-2KR., KI),
T — EKO raunsl (B Mr - 3kB./Kr) 4 M — cyMMapHas KOHIEHTPaUKsA KATHOHOB B
pacTBope. Eciu KoHuenTpamyy A B pacTBOpe M Ha MOBEPXHOCTH MIMHBI Malbl
1o cpasHenmio ¢ M ¥ T COOTBETCTBEHHO, TO ypaBHenne (4.3) ynpomaercs:

m ) T m, +

A-rnuna AB'_"'{_ L |

HIn

MA.rnuHa Kq-myt, (4.4)

rae K; — noaiuyuenm pacnpedeienus A mexy TBepioit hasoll u pacTBOPOM.
Takum obpa3om, pu HeGONBIIMX CONEPKAHUIX HOHA €ro KOJIMuecTBo, ancopbupo-
BaHHOE HAa HOHOOOMEHHOM BellecTBe, NPAMO NPONOPUMOHANIBHO KOHIUEHTpAIUK HoHA
B pactBope. Koadduupmenr pacnpenenenns HeodbXoaMMo 3HaTh NpU pacuere Mu-
rpalui MUKPOKOMIIOHEHTOB B BOZOHOCHOM ropisonTe, Clefyer oTMeTnTb, uto Ky
ABAfeTCcA QyHKIMeH KOHIEHTPaIMH APYIMX HOHOB B pacTBope M , nosToMy Koad-
tuument pacnpeiesenns, U3MepeHHbl A% KOHKPETHOr'0 MOHA HA MMOBEPXHOCTH JaH-
HO# IIMHBI B IAHHOM pacTBOpe, Helb3s UCMOAb30BAThH [ PAcYeToB B [pyruX pac-
TBOpPAX WJM HA JPYTUX [VMHAX.

B cayuae obMeHa MeX[y O/IHOBAJEHTHbIN W JBYXBAJIEHTHbIM KATHOHAMM ypan-
Henye (4.1) npunuumaer Bun

2A-rauna + C2% = C-ramna + 2 A™,

arc, ac2t
2C rnHHa = KAC - : (4.5)
2% A-rnuna S
rAe a. o .4 — AKTHBHOCTH C Ha noBepxHocTH TBepAoit dasbl, K, . — KOHCTaH-

Ta pasHoBecus. Ecam BMecTo aktusHocTell Ha TBep/oi MOBEPXHOCTH MOCTABUTL
9KBMBAJEHTHbIE JJOJM HOHOB, @ BMECTO AaKTHBHOCTeli B PACTBOPE — KOHIUEHTpALM,
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ypasHenue (4.2) nepefifier B ypaBuenue
1

Xc , Mgt

< B (4.6)
rnuHa AC f

)['2A m1A+

rge K :&c He ABJAETCA UCTHMHHONA KOHCTAHTOM, TAK KaK KO3h(UIMEHTB 8KTUBHOCA
Teit agcopbupoBaHHbIX MOHOB 3aBUCAT OT COCTaBa.

[osiBIeHKe KBAIpATHOrO uieHa B ypaBHeHuu (4.6) uMeer paj BaxHbix mocless
creuit, PaceMoTpum cucremy, B kotopolt Kj = 1, mq2+=1 u my+ = 1, Pewe-
Hue ypapHenus (4.6) npu yciosum, uto X, + X.= 1, npusomur k X, = 0,62 u
Xe = 0,38. Ornowerue KonuenTpanuy C Ha TBepAOA MOBEPXHOCTU K KOHLEHTpaLmK
A (B mr-9kB) pago 0,62. [TpeAnonoxum Teneps, uto pactBop paszdasien B 1000 pas.
Kaxum 6yner orHowenue C Kk A Ha NOBEPXHOCTH IIMHBI, CIM MX OTHOWEHHE B PACT-
BOpe He U3MEeHUI0Ch?

Ipu mocTosuHo# EKO

XC = l Ll XA-
ToacTasass 9TO BhIpaXeHUe M UHCJeHHble 3HauYenns B ypaBuenue (4.6),nonyuaem
1 = XA " I_ ]0—3 B 105
P = L
Xi 10-¢

103X + X, ~1=0, X,=0,03 u X; = 0,97.

BwmecTo XC/ X4 = 0,62 nonyuena BeJuunHa OTHOWEHHHA, paBHAsA 31. lsyxBanenr-
Hblfi KATHOH MOYTY TMOJHOCTBI0 BBITECHUI OJHOBAJEHTHbIA C 06MeHHbIX mo3uti. Orm-
cannbiil addhexT obMeHHOro 3aMelleHus UDPaeT BaXHY poib B npupofe. B mpec-
HbIX (pa3faBJeHHBIX) Bofjax npeofJafawmnM, crocobHBIM K 0OMEeHY KaTHOHOM fBe
AsieTcs Kanplufl (AByXBajeHTHBIA HOH), TOT/A KaK B OKeaHe (COJeHbIX BOAAX) Ta-
KUM KATHOHOM fBAfeTrcs HaTpuit (ofHoBaNeHTHBI! HoH) (Taba. 4.3). ITor addexT

T abnuuya 4.3, KeuBaneHTHLIe A0NK 06MEHHbIX KaTUOHOB (Ge3 H"‘}
ocanka AMB3OHKH ¥ TOrO e OCaAKa B pasHoBecuu ¢ Mopckoh Boon®) [ 208]

xNa"' Xca?t XM52+ X+

Ocanok AME30HKH 0,004 0,80 0,17 0,014
ToT Xe Ocafjlok B paBHOBeCHH
¢ MOPCKO# BOflOH 0,38 0,16 0,38 0,08

&) Tak KaK OKMCNLI M KPAA FMMHACTBLIX YUACTHL MOMYT NONYYaTh W OTAABATE
NpOTOHbI NpH W3MeHeHWAX PH, coanaeTca npotnema B onpepeneHu o6MeHHOro
Ht . Ecnu nocnegnui NpuHATE PABHBIM HYNIO B MMMHAX, HAXONAWWXCA B PaBHO-
BECHH C MOPCKO# BOAOA, TO PEUHAA MWHA AONXHA COEPKaTb SKBHBANEHTHYIO
dpakumio HY, pasmyio 0,17,
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CO3AaJ TaKkxke piaj npoGaeM Mpy olpejesenun oOMEeHHbIX KATHOHOB B [MHAX MOp-
CKMX ocajikoB. Ecan ocazok npombiBaeTcs mucThanMpoBaHol Bonoit 118 yaane-
HusA colepkaleiics B HEM MOPCKO# BoJibl, TO MPoKUCXoAsmee NPH 3TOM pasbaBie-
Hite [IPUBOMT K 3aMEelleHHI0 O/IHOBANSHTHBIX KATHOHOB I'IMHBI [IBYXBAJEHTHLIMK
Karuonamu pacreopa [297].

HoHooOMeHrHble peakip UIPAKT BAXHYI POlb B KOHTPOJE XHMUYECKOrO COC-
TaBa BOABl BCEr/ia, KOr/id OHA HAXOAMTCH B KOHTAKTE C ocagkami. Hanpumep, B
NJacTe ¢ eMKOCTBI KaTuoHHoro oomena 5w oxs./100 r u nopucroctsio 209 (THe
NHYHble 3HAUEHH:) eMKOCTb MOTVIOUeH!s TBepablxX has pasha npumepto 500 mr-9xB.
Ha JMTp oA3eMHO} Boabl. IT0 3HAUMTENBHO BOJbIIE, YEM KOHIIEHTPANMH KATHO-
HOB B MaJOMUHEPAAN30BAHHbIX 0A3EMHbIX BOAAX, MOITOMY CNoCODHEIE K 06MeHy
¥IOHbl OKa3bIBAKT culbHoe SydepHoe Bo3zelicTBie HA COCTAB NOA3EMHBIX BOM.

SAMEANEHWE ABUKEHWA 3ArPA3HANIWMWX KATUOHOB
B NMOA3SEMHbIX BOQAX

Korjia KaTMoHE! NONAJAI0T B MPUNOBEPXHOCTHBIE YCAOBUA BCAEGACTBUE, Has
npuMep, NoA3eMHOr0 3aXOPOHEeHNs CTOYHBIX BOJI, BbilleJauuBaHUA OTXOM0B HA
NOBEPXHOCTH 3eMIH WK N0A3EMHOr0 BhlleJaYMBAHKUA DY/, HA UX NOCAeAYIUYI0
MUrpaLyio Soablioe BAMAHKE OKA3bIBAKT KaTHOHOOGMEHHbIe Npolecchl, Pacs
CMOTpHM, U4TO Npou3oiiieT, ecau noAseMHas Boja, cofepxamas katuon A' u
WlealbHoe (Heancopbupyiolieecsi) BewecTBo B, npoxomT Yepes cloit ocallka, NoKa3aHHbIA
Ha puc. 4.13. Uneanbroe Bemectso GyfieT NPOCTO nepeHoCHTbCA ABwKYWefics Bojol, 1 pac-
TipefieJleHue  ero KOHUEHTpalu 3a BpeMa ¢ OyJeT TakuM, Kak Noka3aHo Ha
puc. 4.13. T'padux npeacrasaser coboli HBOCHYTYIO JMHMIO, YTO CBSI3AHO C IUC~
nepcuedi (M. 2); B oTCyTCTBUE Nnocaenneli oH npecTapaan 6b coboli BEpTHKAIb-
HYKW Junmnio, B ceasyu ¢ Tem, uto katHod At agcopbupyercs Teepaoit dasoi, on
MUTPHPYeT C MeHbuielt ckopocTbio, ueM semecTso B. Ecay nonooOmennas peak-
1us nporexaer ObicTpo u obparumo M KoHueHrpama At mana no cpasrenmio ¢ 06-
well KoHUeHTpanuell KaTHOHOB B PACTBOpe, TO CKOPOCTH NpoABMKeHua "bporra"
<arona At onpeneasercs ypaememnem

AT . S—— 4.7
A T T e/e) K, o

rae V,+ — CKOPOCTb MepeMelenus cpefneii TOukM (MOJOBHHBI BBICOTBI) Ha rpas
duke KouuenTpaiym Karuona A*, V — ckopocTb [BuKeHus Bofbl, p — obbemMHasd
MJOTHOCTh 0CA[KA, ¢— MOPUCTOCTD Ocaka u K, — koaddumment pacnpeiesenms.,
BripaxeHue B 3HaMenarene ypasHenus (4.7) HasbiBaeTca @iaxmopom 3amedrenus,
OH cayxuT 418 npubaKeHHol OLeHKM CKOPOCTH MUTPALMM 3arpASHAILIEro KoM=
nouenta, YpasHenue (4.7) cnpaBe/IMBO TOJBKO B TOM ciyyae, ecly ajicopbimyuon=
Hoe foBefeHue katnoda A ' Moxer GbiTh omiucaHo KoshduIMeHTOM pacnpesee-
HUH, T.e. ecim KoahduIMeHT akTMBHOCTH aficopbupoBanHoro karuona A' He 3a-
BUCHT OT KOJMYECTEA M0C]e[Hero B u3yyaeMblX npegenax Kouuesrpaiyit. Murpa-
wis ?%r u 137Cs B HerayBoKoM necyaHoM BOJOHOCHOM T'OPU3OHTE OT yUACT-
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(dat)p (dg ),
PaccToAnne —

KoHueHTpayuA

P u c. 4.13. 3aBUCMMOCTb OTHOCWTEMNbLHOM (N0 CPaBHEHMIO C NepBOHAYANLHOH) KOHUEHTpa-
uvu aacopbupyemoro sewectea AT W HeaacopGupyemoro BewecTsa B oT pacCTORHKA, npo#-
fesHoro UMK B ocagke. B uaeanbHom cnyvae (dp)./ (d )y = (dp),/(d ), = PaxTop 3a-
S Bh A“J B2 A+)

Ka 9KCIepHMeHTAILHOrO CKAA/MPOBAHUS pajnoakTuBHbIX Bemects [ 183] sums mo
TeyeHu ABIAETCA XOpOoWHM NPHMEpOM 3aMentenns, ITu gsa paauousorona ob-
pasy®T CaMoCTOSrelbHbIe 0peoibl, NPOABUralliMeCs B BOAOHOCHOM FOpPU30HTE

¢ pasmmuHoii ckopoctbio, CkopocTb opeona %Sr cocrasaser 3%, a !37Cs —
okodo 0,39 cxopocTy noasemHolt Boabl, Vamepennas nopucrocts pasua 0,38,
naoTHocTh ocaaka — 1,7 r/em3, a koadduuments pacnpegenenus aai Sr u Cs,
u3MepeHHble B 1a60paTopui ¢ HCNoJb30BaHUEM MaTepHala BOJOHOCHOTO MopH-
30HTA 1 MecTHOl nog3eMuol Bofbi, 6.M3kn coorsercrbentHo k 10 1 100, Toacra-
BUB 9TH 3HAueHHA B ypasHeue (4.7), noayuum dakTopbl 3aMe/LIeHus, pasHbie npi-
MepHo 45 nas °°Sr u 450 uia 137Cs ., Tipenckasanusie GakTopsl 3amejenns B
npe/ieaax TOYHOCTH UCXO/HBIX JAHHBIX COOTBETCTBYIOT HabJoaaeMeIM dakTopam
(33 1 330), M1apHas NpUYMHA pacxoxAeHusd o0yClOBIeHa, N0-BUMMOMY, reTepo-

PeHHOCTHK BOAOHOCHOT'O I'OPH30HTA.
3yauenne p/@ 41 BOJOHOCHBIX MOPH30HTOB

5 no 20, To3TOMY 3amejienye Oyler umeTh 6o buoe BAMAHKE H
PEeHHBIX BellecTs, ecim K 4 He CJIMIIKOM mano. Hanpumep, BeJunta K; nna

NH : , MOJIyyeHHas Npu u3MepeHuu B BOJOHOCHBIX TOPU30HTAX, claraemblX nec-
yaHKKaM1, M3MEeHAeTCH B fpe/iedax ot 2 10 10 (seonybamKoBAHHbIE [IAHHbIE [pu-

Bepa i Mak-Ku), ®akrop 3ame/nenus A1s NH? B ykasansbix rOpU30HTaX 101-
#en Geimh mMexay 16 u 80, ITo o3navaer, HTo NH: B JaHHBIX YCJOBUAX MUTPU-

0OBIUHO JIEXUT B Npefenax oT
a nepeHoc pacTBO-
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P # ¢, 4,14, 3aBUCUMOCTL KOHUEHTPaUMH PACTBOPEHHOrO AMMMAKa B BOAOHOCHOM FOPHU30H=-
Te OT o6bema npowenwed Yepes Hero Boasl. OAMH NOPOBbI 06bEM — 3TO 06BEM BOALI B
nopax 6noka ocafka, NepBOHAYANbHO HACILWEHHOTO WOHOM NH‘}" ; B OAHOPOAHOM OflHOpa3-
MEPHOM BOJIOHOCHOM MOPU30HTE PACCTOAHME B OfIMH NOPOBbLIA 06beM PABHO WHPUHE YKa-
3aHHoro 6noka ocagxa. OrmeTum, YTO nocne NpoXoXaeHuA Yepea ocagok 200 NOPOBLIX
o6kemos BOfbI NH:’ MWIPUPOBan NMWlWb Ha PacCTORHWE, PaBHOE NPUMEPHO 7 NOPOBbIM 06be-
mam. Benuuuubl, HCnonb3oBanHble B pacyeTax, XapakTepHsl ANA BOQOHOCHBIX FOPU3OHTOB
necuannkos Banomunra: EKO = 2,56 mr-axB./100 r, nopucTocTh 0,28, NNOTHOCTL 3epeH
2,6, KOHCTaHTa o6bema 2,43, KOHLEHTPAUMA KATHOHOB B NDA3EMHON BORE 7,4 Mr- aKB./Kr,
nepBOHAYaNbHAR KOHUeHTpauMA NH': B HacbiWweHHOM nopoBom obveme 1000 mnn~!

poBan 6bl 3HAUMTEIbHO MeflJeHilee, Yem Mo3emHas Boja. uavenne K, aas we-
KOTOPHIX TSXelblX METalJI0B B TUIMUHBIX ocafkax npessimaior 100, q'ro CBHUIETe]b-
CTBYET 0 fiBHO BBIP2XEHHOH HEMoIBHKHOCTH STHX METANI0B.

B kauecTBe clefyloumero npuMepa MpeanoaokuM, YT0 Bce 0OMeHHBIe TO3UIMK
B 6J0ke ocanka noarocTbi0 Hackiwalores NHY , a 3atem vepes ocanox asuxercs
noAsemHasn Boja. Kakum byner pacnpeneneuue pacTBopentoro NHY % B BOJOHOC-
HOM FOpPU30HTE B 3aBUCUMOCTH OT KOJMYecTBa Mpoweswel Boabl?

Ecau 3anauy paccMaTpuBaTh Kak OHOMEpHYI M HHOpPUPOBATh AMCNEepCHIo,
TO ee Jerko PeWnTb Ha OCHOBe ypaBHeHns (4.3). B HeKOTOpbIX cHCTemax noazem-
HbIX BOZ afcopbims NH: JOCTATOYHO XOpOWO onmuchiBaercs ypasuenuem [ 90]

7
( INH: )rnuua ”?NH:

—_— = Kr— (4.8)
T- (mNH:) rnuLa L mNH:
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rie ("'N ut )rnuHa — KOHLeHTpaIMs a1copOupOBaAHHbIX MOHOB NH;r (B M 9KB. /KI), -

T - EKO o‘ca,uxa (B Mr-9kB./Kr), M — cymMmapHas KOHIEHTpAIMA KATHOHOB B BOJie

(B M. 2KB./KT); ¥ K — KOHCTAHTa, KOTOPYI0 HeoDX0aMMO Onpefe aTs AAd Kaxuoi cuc-
Tembl 0caZiok — Bojia. [lo ypaBrenuio (4.8) u ypaBHEHHI0 COXpAHEHUA MACChl MOXHO
paccunTathb 3tihekT nepeMelleHs caeylOUMX APYr 3a Apyrom obLemoB Bofbl ue-
pe3 ocajok. PeayibTarsl Takoro pacuera noka3axbi Ha puc. 4.14. Mon NH: M-
rpupyer SHauWiTeNbHO Me/lleHHee, UeM MO3eMHas BOMA, MAaKCUMAIbHAS KOHLEHTDa-
1% ero CHUXaeTcH, a pacnpejel eHne NH: cTaHOBUTCH Bee 6olee TMPDy3UOHHBIM ,
Ecin B pacuete yuecTb BaMAHME JUCTIEPCHH, TO MepeduclieHnblie sodekrs Oyayr eme
Gosee OTUETIMBBLIMK,

HekoTopbkie 3amMeuaHHR K 3aXopoHeHWI cTouHbix Bof. Ha nosenenne ka-
THOHOB MM HeAATpalbHLIX BeUecTB, afcopbupoBaHHbIX MMHUCTHIMU MUHEpalaMu Uiu
OKHCJaMHM KeJe3a ¥ Mapranla, CUJbHO BIMSET PACCMOTPEHHOE Bhille 3aMe/lleHue.
[Tonanas B ocanok, ouu cpasy xe aacopbupyiorcs BOMM3M MecTa cOpoca U OYeHb Mefl-
JIeHHO MUTDHPYIOT BMECTE C [ABMXYWMMHUCS N0A3eMHbIMMA Boaamu. Murpamms, o6yc-
NOBNIeHHas MoJleKyaapHoii auddyaueil, npoucxoauT obsIuHO 3HAUYMTEbHO Me[JeHHee ,
YyeM murpanui ¢ geuxymeiica sonoit. Taxum obpasom, ecau noobHbIe BemecTsa copa:
CHIBAIOTCA B N0PO/IB C BbICOKOH 0OMenHON eMKOCTBIO ¥ HU3KO NPoHKIIAEMOCTEI0 (Ha-
npuMep, HeTPellMHOBATble MMHBI), TO MAJIOBEPOATHO, UTO OHA ‘CMOTYT [AANEKO MH-
rpupoBaTh oT Mecra cbpoca,

Tlpu onenke ancopbUMOHHBIX CBOHCTB MOPOJ NMPUMEHUTENbHO K 3AXOPOHEHMIO
CTOYHBIX BOI BaXHO OCO3HATb, yTo ancopbums — nosBepxHocTHoe ABAeHne. Ecan so-
Aa IBMAETCA N0 OTKPHITEIM TPEUHAM, & He N0 MeJKUM NopaM 1Opod, TO IIOab
nosepxtoct, s¢dexTuBran obMenras eMKOCTb i, caeoBaredbho, 3GheKTHBHbIH]
K, (43 ypasuenuii (4.3) u (4.4)) MOryT 6bITb HUUTOXHO Manbl, B 910M cayuae 3a-
MeJlJIeHe UMeeT 3HauUTelbHo Merbuni sdidekT, yem CAENOBANO OXMIATH HA OCHO-
BaHWK a/lcopd1MOHKbIX CBOACTR pas3apobaeHHO MM M3MenbuerHoit mnopoasl, W3-
MeJbUeHne PhiXJblX NeCcUYaHHKOB, N0-BUIMMOMY, He BJAMAET CYIECTBeHHO Ha UX 06-
menHylo cnocodroctb [ 90], HO u3Mepenne ancopOUMOHHBIX  CBOMCTB pa3upobaen-
HBIX yraeli (neony6.mkoBannbie MaTepuans Jpusepa u Mepdu), caanues u ussep-
JKeHHbIX NopoJd He naeT peanhnoﬁ OLIEHKM 0O XHuaaemMoro 3ameJieHu A 3al"p513Hﬂl01]_udx
BellecTs, cOpOleHHbIX B 5TH Cpe/bl,

Eme ogsa TpyIHOCTb COCTOMT B TOM, YTO JMib Heboabuoe koauecTso "mpob-
NeMHbIX" 0TX0/I0B COIEPKUT TOJAbKO KATHOHBI MIH CHABHO aicopbupyemble BellecT-
Bd. OTXD,IIhl peaxkTopoB GOJ.IBP)KET PaaMoaKTHUBHbIE U30TOMbI B BUjlE dHUOHOB, KOTO-
pbie,o cyluecrsy, He a.ucopﬁupymca. B crokax xumnueckux npennpnﬂmﬁ 06biy-

HO MPUCYTCTBYET HEKOTOPOE KOJMUYECTBO HENOrJOUAaemMblX BEleCTs, a Takke Ju-
raHjioB, KOTOPble MOT'YT 00pa30BbIBATL C KATUOHAMM PAGTBOPA KOMILIEKCHble Coe-
AMHEeHWs, CUJIbHO CHUXaloume aacopbimio kaTuonos. Ewe ogunm caepgcreuem aacopb-
MY M 3ame/lieHHs ABJAeTCH TO, YTO BO/OHOCHbBIH rOpU30HT, 3arpA3HeHHbiil agcop-
61poBaHHBIMH BellecTBAMM, 0YeHb TPYAHO OUMCTHTD M yNAMUTb U3 HEro BarpaA3HU-
TelH.
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KonTponeHble Bonpocsl
1. MuHepal HOHTPOHUT UMEET WieaTM3UpPOBaHHY I thopmyay

+ »y
Na, 35 Fe2 Al 35 Si 5,47 0,4(0H),' n H,0.

K kaxoit u3 rpynn musepanos co crpykTypoii 2:1 on npunantexut? Hsaserca am oy
A= UK TPHOKTASAPUYECKHM?

2. Uzobpasute cTpykTypy xioputa. Kakne cmasM  HyxHo npeobpazoBark u
KaKue arombl 3aMeHNTb, UTOObI 3 HOPMAIbHON CTPYKTYpPhI XJAODUTA MOAYUUTE CTPYK-
Typy TA-xaopura?

3+ Ecam naamt cocrout Ha 80% U3 cJ0eB ugealbHOro MyCKOBMTA M Ha 20% u3
CJ0eB M1ealbHOr0 MOHTMODUJJOHUTA, TO KAKMMHM [O0JKHbI OBITh ero Xumuyec-

Kl cocTaB i eMKOCTb KaTHOHHOTO obmMeHa?

4. Kakum o1xen OBHITh YpoBeHb €MKOCTH KATHOHHOTO 0bMeHa ocajka, co-
Aepxawero 609 monTmopuiionnta, 209 xaommura u 20% uiiura?

5. B cropony Gonee Bbicoknx um 6oJee Hu3Kux 3Havenuit pH goaxuHa cMec-
THTB TOUKY HYJIeBOTO 3apAla OKHCH alioMuuus ancopbuus sa Hell pocdar-nona?

6. 10 r HachlLe HOr0 HATPHEM CMEKTHTA C eMKOCTbIO KATUOHHOTO OOGMeHa,
pasHoii 100 mr-9ks./100 1, cmewmans ¢ 1 1 Bogsi, cogepxameit mo 10 Mas—' Na*

u K ( ApYyrUX KaTHOHOB HeT), Ecau

X+ m gt
K =2 K

m
XNa+ riuHa Na't

TO Kakimyu ByayT koueunie komuentpawm Na® u K* s pacrsope?

7. KosthduimenT pacnpefesenus Metana ¥ Mexy NOB3eMHBIMU BOAMM 1
ocaakom paset 10 (T.e. KoHueHTpamya Ha TBepAoii hase B 10 pa3 Bhime KOHIIEHTpa-
1y B pactsope). Ecan pactBopenuslit M BBoguTca B BoJAOHOCHBIH TOPU30HT, B KO-
TOPOM [IOTHOCTDb 3epeH paBHa 2,6, nopucrocts — 25% u ckopocts Bogst — 30 M/rop,
TO B TeueHue Kakoro BpeMenu M murpupyet ua 100 m?

PEKOMEHOYEMAA NUTEPATYPA

Grim R.E., 1968. Clay Mineralogy, 2nd ed. McGrow-Hill, New York, 596 pp.
YuebHuk no cTpyKTYpam M CBOHCTBAM MIMHUCTBIX MMHEpasioB,
Van Olphen H., 1963. An Introduction to Clay Colloid Chemistry. Wiley-Interscien-
ce, New York, 301 pp.
Anderson M. and Rubin,eds., 1981. Adsorption of Inorganics at the Solid—Liquid
Interface. Ann Arbor Science Publishers, Ann Arbor, Mich.
Cepust coBpemesnnbix crareit no Bonpocam afcopbimm,
Stumm W. and J.J. Morgan, 1981. Aquatic Chemistry, 2nd ed. Wiley-Interscience,
New York, Chap. 10



106 naea 4

Freeze R.A. and J.A. Cherry, 1979. Groundwater. Prentice-Hall, Englewood Cliffs,

N.J., Chap. 9.
Boecropoitee 06CYX/ieHie BONPOCOB 3arpa3HeHis N0OA3EMHbIX BOJ, BKIKUa-

oinee BpeMeHa 3amMelieHn f.



Mhasab

CoOTHOIIEHNA YCTOMYMBOCTH
1 MHHEpa/IbHbIe PaBHOBECHA

CooTHoweHus B3aMMHON YCTOHUMBOCTH MUHEPAJIOB MOIYT (bITh MPEICTABIEHD!
pasaunsIMu criocobamu. HaubGonee npuemiemble noAxo/bl K NOHAMEHUIO IDUPO/IHLIX
BOJIHBIX CHCTEM MOXHO MPelCTaBUTh B BUE caeylmux Bonpocos: 1. fsnsercs m
pacTBOp A NepechllleHHbIM, HEHACKIIEHHbIM WY PABHOBECHBIM OTHOCHTEIBHO MUHe-
pana B? 2. Kakoit u3 musepanos (B uan C) Gosee ycroiuuB B KOHTAKTe ¢ PACTBOPOM
A? 3. Haxoaurcs Ju pactBop A B paBHOBecHd ¢ MuHepaloMm B, eci clieaHbl Heko-
TOpble NPeNoNoXeHus 0 TPeTbeM KOMIOHeHTe, COAepXaHne KOTOpPoro He Gbuio or-
peneaeso?

PABHCBECHAF PACTEQPHMOCTb (KOHMPY3HTHOE PACTBOPEHHE)

TNpocTeiimuM NpUMEpoM YCTAHOBJEH)S PABHOBECHSA MKy MAHEPAIOM U PAcTBO-
DoM siBasiercs pacTBopetne KBapia. [Tpu pH, paBHoM 9,0H0 MoXeT GblTh NpeACTARIE:
HO ypaBHeHueM

Sioz(xaam)+ 2H,0 = H,Si0 (gopu) »

K = 1'10~* npu 25°C (npeanosaraercs, uto ay o = I).

paBH - "”’H‘.Sioéi 70
JlioGoii pactsop (npu 250C), B KoTOpoM ap ¢. o = 1-10—4 r.momw/kr,

Oyder HAXOAUTHCHA B paBHOBecHu ¢ KBapliem. PacrBopbl ¢ 6olee BbICOKMMU 3Has
YEHUAMH @ . gin OyayT nepechilleHHbiMy, a ¢ Gojlee HUBKNMK — HEeHAChIIeHHbl

MU. AHaloryuHble COOTHOWEHHS ClpaBeanBbl i A8 aMop@HOro KpemMHesema, KoH-
cranTa pacTBopuMocTH koroporo paeta 2+ 10-3 mpu 25°C.,

Ipu BhicOKMX 3HaYenusx pH paBHOBecue pacTBOPUMOCTH HECKOJbKO yCAOKH-
ercd, Coepunenve H Si0,, xak v H,CO,, ABasercs kucaoroll, koTopas npu Bbl-
cokux 3navenuax pH anccomumpyer va H,SiO; HZSiOi". CooTrBeTcTBYyIOUME
KOHCTAHThl PABHOBECH A MpejicTaBNeHbl ypaBHeHUIMU

0 = - Py — +
H,i0, = H,8i07 + H7,

L ol B
Z e = 10-%% npu 25°C;
a .
H,Si0,

cO— = ‘02— +

H Si07 = HS8i0— + HT,

1
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pH
P uc,51. AKTHBHOCTH PacCTBOPEHHbIX (OPM KpemHe3ema B paBHOBECHW C KBapuem npu
25°C, ¥upHaR NWHUA COOTBETCTBYET CYMME BKTUBHOCTEN OTaenbHEIX PopM, NYHKTUPHARA —
CYMMapPHOR KOHUEHTPaLMM, HAXORAWEACA B PABHOBECHH C AMOPHHBIM KPEMHE3EBMOM.

®H,si02—-%u*
K,=—m———— = 10117 npu 250C.
%H,si07

CyMmapHasi KOHUEHTPAIWSA PaCTBOPEHHOI'0 KpeMHesemMa ("‘310 )cyM paBHa
CyMMe ero MOHU3MPOBAHHBIX W HEMOHU3MPOBAHHLIX hopm:

(msi0 Joym =™u sio, * ™usiof * ™H,siol-

Ecau npenebpeub koahduimenTamMu akTHBHOCTH, TO

( ) K, Ky X,

Mg =m . —— 1
5i0,'cym H,Si0, G

H

Takum 06pa3oM, ~yMMapHas KOHHEHTpaIMs paCTBOPEHHOTO KPeMHE3eMa B paBHo-

Becuy C KBaplieM MM aMophHbIM KPEMHE3EMOM Pe3Ko BO3pacTaer npy BhICOKMX

3nayennax pH (puc. 5.1). [IpuBenenHoe Bbime ypaBHeH 46 AHANOTHYHO yPaBHEHNUIO

U3 ra. 3

K K,-
ot 1" Ka
2

GH-I- GB+

rae Beauundbl K oTHocATCA K KapbonaTHoli' cucteme.

$co.=m
co,”~ ™H,co,
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Caenyer umeTsb B BUAY, YTO XOTS CyMMapHas KOHLEHTPAUNA PACTBOPEHHOTO
KpeMHeseMa B llelouHbIX BOiaX MOXeT ObiTb BbIZoKol, 3T0 He o3HAYaeT, 4To B
HUX [oaXHa ObITh BhICOKOH M akTHBHOCTE H 4510 ,,mof106H0 TOMY Kak NoBblmens
Haf KOHUEHTpawyus rufpokapbonara uimm kapboHara B Bofe He 03HAYAET BHICOKOrO
suauernsi Prq . Ilpn BhicoKuX 3Hauenusx pH B pacTBope MOryT NpHCYTCTEO-
BaTh TaKKe NoMMMepHble CUTUKATHBIE HOHBI (T.. MOHBI, COEpXKAIINE HECKOIBKO
ATOMOB KPEeMHMA), HO MX ..pUCYTCTBUE HE MIMEHAET 3aMeTHLIM 06pPa30M COOTHO
WeHHA pacTBOPUMOCTH,

[loBeZielne B pacTsope Takoro MuHepana, Kak 6pycut Mg(OH),, moxer GbiTh
npeAcTaBJeHo Ppou3BeleHieM pacTBOPUMOCTH

Mg(OH), = Mg?* + 20H~, 6

- 2
Knp = Gyt

[Mockoawky pH (aH+ ) ABnserca Golee ynobHoll nepementolt, yeM a OH— » YPaB-
Henne (5.1) MoXer GbiTh 3amUcano B UHOM Bufe:

Mg(OH), + 2H* = Mg2* + 2H,0,
2)
aM‘2+ (5-
Kepyo = ag+
= 2 s
(Kspyc = Knp/ KH20 » Tle KHZO — KOHCTaHTa AMCCONUAIMM BOMMI),

PacTBopHMOCTb CHNMKATOB MarHWA. PacTBOpiMOCTb PABIMYHBIX CHINKE-
TOB Martisi MOXHO Mpe/CTaBUTL B Bifle Gojee CAOKHBIX NPOU3BEEHUH PACTBOPH-
MOCTH:

Mg,Si,0,,(0H), + 6H' + 4H,0 = 3Mg?* + 4H Si0,,

TanekK

3 4
w2t fu 0,

Kranu = = (5.3)
aH+
HIn
Qo 24
Ig K = 31g (M8
R Rranex 3R(d%+ )+4IK“H4Si04'
AHanoruuHo s cepnenTHHA:
Me,Si,0,(0H), + 6H* = 3Mg?* + 2H,Si0, + H,0,
CepPNneHTHH
a.3 2% az s
M‘ H,Si0
K = (5.4)

cepn 16
< H+



110 naBa 5

GMKZ"’

2
0H+

lg Kogpn = 3le * 2gay sio,

U 0Js cenuoaura

Mg,Si 0, ,(OH), - 6H,0 + 8H* + H,0 = 4Mg?" + 6H SiO,,

cenuonuT
G Mg2t *9H Si0
KG = 4 4
en z ’ (5.5)
af+
ay 2+
lg Kgon = 4l& ( ; )+ GlgaﬂésiO‘i ’

CoOTHOIEHUA PACTBOPHMOCTH, NpUBe/eHHbe B YpaBHenuax (5.2) — (5.5),
MoryT ObiTh H306paxeHs! B Bi/e NPAMBIX JHHUiA HA rpaduke ¢ KOOpAMHATAMY
lg(aMg2+/ aj+) u lgay g; o (puc. 5.2). Haknons! it onpefessiorcs cre-
XuoMeTpueit peakuuu pac'ﬂfopeuh (T.e. oTHomenueM Mg/Si B MuHepane), a TOY-
Kif Nlepeceyenis — BeauuuHamMi K, Kotopbie MoryT OBITh BHIYKCAEHB U3 CBOGO/-
HBEIX 3uepryii obpasoBaHus MuHepatos. B paBHOBecHn ¢ COOTBETCTBYWLEl TBEp-
Toit dasoil HAXOMMTCA TOJBKO BOfa, COCTaB KOTopoil monajaeT Ha MuMHKI0 270l da-
361, Takum 06pas’oM, Bojia, COCTAB KOTOPOH NpecTaBed Toukoi A (puc. 5.2),
gBJAeTCA HEeHACHILEHHO! OTHOCHTENBHO BCeX paccMaTpuBaeMblx MuHepalos, B
Touke B BOJa pPABHOBECHA C TANBLKOM, HO HE HACHILIEHA MO OTHOWEHN K cep-
NEeHTHHY, CemoJuTy, KBaply 1 amopdHomy Kpemre3emy. B rouke C Bojia nepe-
CHINIGHA 0 OTHOWEHMI0 K TAJAbKY M KBapIly, HO He HAchllleHa M0 OTHOWEHHIO K ce-
MHOAMTY, AMOpPHHOMY KpeMHe3eMy i CeprieHTHHy, 3aMeTM, uTo JMoboi cocras Bo-
[l 3a NpejleJamMu XupHO# JinuY, OrpaHnuuBaloueii ojle pacTBopa, He MOXeT pac-
cMATpUBaThCs Kak PABHOBECHDIH, TAaK KAaK BOAA NEPEChilleHa M0 OTHOWEHHK K off-
HOM MM HecKoJbKuM TBepAbiM hasam, OTMeTuM Takxke, 4TO CENUOJIUT Beerja Aoj-
KeH GbITh MeTacTabuAbHbIM B KoHTaKTe ¢ Bogoi npu 25°C, Tak Kak pacTBOpbI, paB-
HOBecHble C CelHoIUTOM, BCeraa nepechilietbl o OTHOWEHUK K 0fJHON M3 Apyrux
TBepabx das.

PacTeopumMocTk rub6eura, PacrsopumocTs rubdeura Al (OH), ocaoxus-
eTCH TeM, YTO PACTBOPEHHbI ATOMUHMI MOXET CymecTBoBaTh B pa3iuuHbX gop-
Max, U3 KoTopbiX HauGonee Baxmbivu ABIfoTCA Al3*, AI(OH)] u Al (OH)7 .
Kaxaoe U3 aTux BeuecTs npeobiafaer B onpe/lelednbix npefgenax pH, noatomy
pacTBopuMoCTb rubbeuTa He sBagerca npoctoil dynkumedt pH. [pu HuAKUX 3HAYE-
uuax pH npeobaapaer Al3%, u ypaBHenue pacTBOPUMOCTH MMEET BHL

A1(OH), + 3H*= A" + 3H,0,
FA1IT

K = —— .
a Gﬁ-‘-
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P nec. 5.2, COOTHOWEHHA PACTBOPUMOCTH B CHCTEME MgO —Si0, —H,0 npu 25°C. Ceo-
GopHble 3HEPrUM Tanbka W CEpNEHTHHA Haksl No Bpukepy u ap. [43 1, ceo6onnan SHEepruA
cenwonuTa — no KpahcTy u Ap. [63]. O6vAcHeHue cumBonos A, B u C npuBepeHo B TekcTe.

[lpu pH okono 5-6 npeoGaanaer Al (OH); » ¥ YpaBHEHME PAacTBOPUMOCTH MMEeeT
BUJI
AL(OH); + H* = AL(OH)} + H,0,
@ A1(0H);
b T —

a +

H

[Tpn pH Bbime 7 npeobaapaer Al (OH) 4 » ¥ YpaBHeHue pacTBOpMMOCTH Byler
CleaymmMm:

AL(OH), + H,0 = Al(OH); + H*,

K

K, = “A1(0m;' agt .

CymMaphas aKTUBHOCTb PACTBOPEHHOT0 AMOMUHUA (@ Al )CVM paBHa CymMMe aK-
TUBHOCTEH Tpex pacTBopeHHbix GIOPM, @ WMEHHO
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P W C. 5.3. AKTMBHOCTH PacTBOPEHHbIX (POPM ANIOMUHUA B PABHOBECUM C rMBGCUTOM Al (OH)3
npu 25°C, XMpHAA NUHUA COOTBEBTCTBYET CYMME aKTWBHOCTeM oTAensHbix opm no PucMany
w ap. [282]).

(@ deym = @a13* ¥ %xr0m," T %aromy; T
3 K
= Ka‘aH+ + Ky aH++ .
aH+

AKTUBHOCTH 3THX TpeX (hopM B yCJOBLAX paBHOBECH: ¢ rMBBCUTOM XapakTe-
pu3yKTCH AMarpamMmoii, npuseaennol va puc, 5.3. OT™MeTuM, uTo paBHOBECHAR ak-
THBHOCTb (U, CJe[oBaTe/bHO, KOHLUEHTPalMs) alOMHHIA OUeHb Malla, 3a UCKIoue-
HieM CcayyaeB HU3KUX ¥ BblicoKuX 3Hauenuit pH. CywecTByoT Takke KOMIJIEKCH
AL(OH)2* u Al(OH)g , HO mpu JMo0bix pH uX KOHUEHTpalUuu He JOCTUraioT 3Has
uenni, KoTopble Morau Obl 3aMeTHO BANATL HA PACTBOPUMOCTb rubOCHTa.

PacTBopHMOCTb aniomocHnukartos. [losejenue aliOMUHUA He NMO3BOAAET
NpeCTaBUTL PACTBOPUMOCTb ANOMOCHIMKATOB B Takoll xe npoctoli dopme, Kak
CHAMKATOB MarHuf. 34eck HE0OXOAMMO MOCTPOUTH TPEXMEPHYIO Iuarpammy Wiy
HAHECTY M30MUHKM PACTBOPUMOCTH HA [BYXMEPHYK AMarpammy (puc. 5.4). Xa-
PaKTepHo, YTO MPUCYTCTBME KpeMHe3eMa C aKTHBHOCTbI0 Boime 10— crikaer

P W c.5:4. AKTHBHOCTH PACTBOPEHHLIX (POPM aniOMUHWUA B PABHOBECHH C rMGGCHTOM, Kao-
AMHUTOM W NUPODUANKHTOM NpH pasnuuHbix akTuerocTAX H Si0,.
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aKTHBHOCTH paBHoBecHbIX opM Al B pacTsope npu Bcex 3Hauenusx pH. Pap-
HbiM 00pa3s’oM OT AKTMBHOCTH KPeMHe3eMa 3aBUCAT OTHOCHTEJbHbIEe MoN0XKeH!s
JuHuii pactBopuMocTy rubdeura, KaoduHUTA W TMPOPUIINTA, YTO 0OBLACHAETCH
HUXKe.

[ast Dojee caoXHBIX MUHEpaaoB, HanpuMep ainbura Na Al Si,04, Beerna
MOXHO BBIYMCAUTH MPOKU3BEeHNe pacTBOPUMOCTH

NaAlSi,0, + 4H* + 4H,0 = Na* + AL?* + 3H Si0,,

. 2,3
ONaT @A "7y si0,
K =
ne e :
H

Opuaxo Het npocToro crnocoda MokasaTh MoA0GHbIE PABHOBECHBIE COOTHOLIEHUS
rpaduuecku.

Ewe onna TpyasocTb u3yuenus G0AbIIMHCTBA AJIOMOCHIMKATOB COCTOUT B
TOM, YTO CyMMAapHas KOHIIEHTPalMA PACTBOPEHHOIO AMOMUHUA B YCAOBMSAX PaBHO-
Becus 4acTo Kpafue Hu3ka. [l1f TUMMUHBIX NPECHBEIX BOJ KOHIEHTPALMY PACTBO
PEHHOrO AMOMUHUA B PABHOBECHM C KAOIMHUTOM MMM CMEKTMTOM COCTABISIOT
0,1 — 1 mkr/a. [pi Takux ypoBHSIX KOHUEHTpauuii pesybTaThl AHATHTHIECKOro
onpefieeHis aNOMUHUA He TOUHbI, UTO BHOCUT DOJbIINE HEONPeAeIeHHOCT! B
pacueThl PACTBOPUMOCTH.

HWHKOHIPY3HTHOE PACTBOPEHHE U [MATPAMMb YCTOWRYMBOCTH

B cBa31 € Tem, YTO KOHIEHTPALMS PACTBOPEHHONO allOMutis oBbIUHO OuEeHb
HU3Ka, cyllcecTBYET albTepHaTHBHbIA Mo/IXon ANf onMcaHus peakiuit Mexay MuHe-
paiamu. OH COCTOUT B JIONYWEHUH, YTO ATOMUHMIA LIEIMKOM 0CTAeTCA B TBEPABIX
tazax. Jonywenne pasHo3HaYHO TOMY, UTOObB cuuTaTs Al O VHEPTHBIM KOM-
noxerToMm B cMmeicie Tomncona [321) wan npunsite, uro er'o xumnueckuﬁ NoTeH=
IMal KORTPOJIUPYETCH PeakuuaMy B cHCTeMe MuHepald — Bofja. Takoit nogxon
YMeHbIIAeT uMuclio NepeMeHHbIX i AaeT BO3MOKHOCTb U300pa3uTh COOTHOWEHMS
YCTOHUMBOCTH Al HEKOTOPBIX YETHIPEXKOMIIOHEHTHBIX CHCTEM C MOMOLIBI IBYX=
MepHhix AnarpaMm. [Ipu nenoab3osanni 9Toro MeTola Mbl He MOXem Bodblie
OTEpUpOBAaTh OCAX/JEHMEM — PACTBOPeHNeM OJHOrO MUMHEpata, a AoJKHbl pac-
CMaTpUBATh Peakiun MexXay ABymsA munepanamu. Hanpumep,

0,5 A1,Si,0,(0H), + 2,5H,0 = Al(OH), + H,Si0,,
KAONHUHUT ru66euT

K

Kaon, — rué aH4Si04

[lpn aktusHoctsix H 4510, Bblwe onpeeneHHoro 3Hauyenus (npumepHo 10—4-2
npu 25°C) kaoauuut Golee ycroituns, uem rubbeut, a Npu aKTUBHOCTAX HUXKE
9T0ro 3uavenus ycroiunsee rubbeut. OOHAKO HEBO3MOKHO CKA3aTh, HAXOMUT-
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Csi 1M AaHHBI PACTBOP B PABHOBECHM C KAOJIMHUTOM MM rubOCHTOM, €Cau KoH-
LeHTpamud PaCTBOPEHHOT0 AMIOMUHUA HeU3BECTHA.

AHaloruuHoe ypaBHeHne MoxeT ObTh HAKUCAHO A peakimu NMpoduiauT —
KaoduHUT
0,5 Al,Si,0,,(0H), + 2,5H,0 = 0,5Al ,51,0,(0H), + H,SiO0,,

nupoduNNuT KaoOnNWHKUT
= = o []
Kn“p°¢__ kaon = %H,si0, 10 (25°C).

[loyunreanHo cpaBHenne pe3ylbTaToB STOr0 Moaxoda ¢ puc. 5.4. [lpu axTus-
HOCTM KpeMHe3eMa B pacTBope Hike Toll, KoTopas CoOTBETCTBYeT Kn“pmp. e
KOHIeHTpPaLUs allOMUHNA B PABHOBECUM C KAOJMHUTOM HiXe, YeM B paBHOBECUH C ITH-
poduaauToM. Eciu aKTHBHOCTL KpeMHe3ema Bhllle Krmpo:p. _ xaone TO Habawaer-
cs obparHas Kapruha., Koraa akTMBHOCTb KpeMHe3eMa paBHA Knnpocp. — kaon» KOH*
LeHTpalys alloMIHIs, PABHOBECHOrO C 00euMy TBepabiMyu dasamu, oaunakosa. Ta-
KHE e COOTHOWEeHUS BbiIepXUBAIOTCS 15 Naphl KAOJAMHUT — IMOGCUT Mpy aKTUBHOC-
TH KpemHesema, pasHoil Koo o _ “'5?, .

B obuiem cayuae npu M000it 1anHON aKTHBHOCTH KpeMHe3ema Haubojee yCToi-
YMBLIM AJIOMOCHINKATOM OyJeT TOT, KOTOphIl HAXOAUTCH B paBHOBecuu ¢ Haubonee
HU3KOH KoHeHTpammell anovmuaud. 1o MoXHO, HANpUMEp, BUAETb Ha put 5.4, A
AJis napbl MMpoPUIIUT — KaoauuuT. PacTBopenne mipoduamTa MOXHO OMMCATD
YpaBHEeHUeM.

Al;8i,0,4(0H), + TH,0 = (Alpgerg) + 4H,SiO,,

rae (Alg, . g) — cymma Boex dopm Al B pacrsope. Mcnoab30Bante YaCTHBIX
peaxuuii, BKIUAmIX Kax/ayio u3 GopM aloMUHUA B PACTBOPE i NPOTOHBI, BeeT
K wienTyuHOMy 3akmiouennio. [lpn ay ¢ = 10-3 (cm. puc. 5.4, A) akrus-
HOCTb pacTBopeHHbIX Gopm Al B pamf‘useuﬂu ¢ mupoduniuToM (a M)n”pw npu
nobom pH Bbiwe, yeM B paBHOBECUN C KAOJIMHATOM, U, CAeloBaTe/bHO, PeaKius

(Al 2H,5i0, = ALSi,0, (OH), + 4H,0

Pac‘ra)(au)n“pw

AolKHA XapakTepu30BaThes OTpHlAaTebHoi cBoboaHoi aneprueit. Takum obpa-
30M (ecaun MCKMOUNTL Gopmbl (Al pacm)), KOHEeUHAs peaxius

AL,Si,0,,(0H), +5H,0 = Al,8i,0 (OH), + 2H,Si0,

AoJKHA MMEThb OTPUIATEJbHYK CBODO/AHYI SHEPruio U B NMPUHLMIE MOXET Ipo-
TeKaThb CaMoNpou3Bo.abHo. Takoe ke Joruyeckoe NocTpoeHue NpUMeHnMo K Ji0-
Goit nape Munepanos, nokasansxolt na puc. 5.4, A, B, nan C. Pactsop ¢ nausoit
AKTUBHOCTBIO KpeMHe3eMa MoXer ObiTb B paBHOBECHH C JIOOBIM anoMocyanka-
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TOM TIp# COOTBETCTBYIeH aKTHBHOCTH PACTBOPEHHOrO ANOMUHNIA, PaBHOBeCHe
ByfeT MeTacTaGuabHbIM, eCly ATIOMOCHIMKAT He ABasercs Haubonee ycroltun-
BbiM IIpK 9TOH BKTUBHOCTY KpeMHe3ema.

Anafornuubiii MOAXod MOXHO MCNOJNB30BaTh AAf MUHEpaJoB, KOTOpbIe Mo+
MUMO ATIOMHHIKS 1 KpEeMEMsS CoflepXar Apyrue KaTonsl. PaccMoTpuM , Hampis
Mep, peakiu Mex[y napamyu marepatos B cucreve K,0 —Al,0, - Si0, —H,O:

2KALSi,0,,(OH), + 2H* + 3H,0 = 3A1 Si,0,(0H), + K7,

MYCKOBHT KAOMWHUT
ag+ ag+
. _ex _ g
I\‘puu + “-‘h*’ ’ Kumye, — kaon = agt H (5.6)
2KAISi,0, + 2H* + OH,0 = ALSi,0,(0H), + 2K* + 4H,Si0,,
K.n.wnar KABONUHUT
Ry |
K = KTTOHSI0,
paBH = —
af+
aK+ g
K¢.nownar — kaon = agt g aﬂqsiodi (5.7)
KAI1Si,0, +Hr IR0 = 0,6A1,5i ,0, ,(0H), + Kt + H,Si0,,
K.n.wnat nupounnuT
ag+
L A wnaT — nupod a—H+ $ aﬂ4si04 ; (5.8)

3KALSi,0, + 2HY+ 12H,0 = KA1,5i,0,,(0H), + 2K* + 6HSiO0,,

K.n, wnart MYCKOBUT

QK'!'

K = —_—a . : 5.9
K.N.wnat — Mmyc ag+ H45104 ( )

KAIL,Si;0,0(OH), + H* + 9H,0 = 3Al(OH), + K* + 3H,Si0,,
MYCKOBHT rue6euT
aK+

L U

K

MYG. — THG = taj,si0, - (5.10)
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Pwuc. 55 COOTHOWEHHA YyCTORYMBOCTH HEKOTOPBIX MUHEpAnoB B CHCTEME Kzo —Al 203 -
$i0, —H,0 npu 25°C. [aHHble B3ATb! U3 NPHUNCKEHHUA,

Tpusenennsie B ypasrenuax (5.6) — (5.10) xoncranTel paBHOBECUs MOXHO u306pa-
3T B Buje TpAMbIX auHmit Ha rpaduke ¢ xoopauarami lg(a g+ /a gt) #
lgay ¢;0. (puc.5.5). Haknonsl MmEKH onpeieasioTcH crexuoMerpiell peakimit,
a noidxenide MuHMA — YMCASHHBIMY 3HAYEHUAMN KOHCTAHT paBHOBeCHH, KOTOpLIE
MoryT 6bITh OnpeieleHsl HCXOAR U3 CBOGO/HBIX aHepruii obpasoBaHus paccMar-
PUBaeMbIX BellecTs.

TpuBefieHHble Bhlle YPaBHEHUA W JUHIA HA PUC. 5.5 oTpaxawT Jumb Malyio
yacTb BO3MOKHBIX peakipifi, KotTopble Moru ObITh HAMICAHB! 1/ TOrO XK€ nabo-
pa MunepanoB, Hanpumep, He BRIIOUEHA peaKius

KAlSi,0, + H* + TH,0 = AL(OH), + K" + 3H,Si0,,

P ru66cu
K.n.wnar ag+ T

Kfs’.n. wnat — rué P ¥ ai"i‘SiO‘,.

H
9ra rpaHula MoKa3aHa MyHKTUPHOH aunneit Ha puc. 5.6. AHAIMBUPYS PUCYHOK, MOX-
HO 3aMeTuTb, YTO 9TA rpaHuNa J0AXHA ObITh MeTacTabuabHoit. HenocpeacTBEHHO
cripasa OT MyHKTUPHON JMHYY Kaauesbil noJesolt wnar HeycTo#uMB MO OTHOWEHUIO

K MYCKOBUTY MI¥ KAOMMHHTY. A ecau KalueBbiit mojesoli mnart B 3Toi obaacTu Hey-
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Kanuesbii noneso# wnat

lglay+ /@y, +)

66Ut Kaonuuur Mupod unnut

g @y, si0,

P u c. 5,6. CoOTHOWEHUA YCTOAYHBOCTH HEKOTOPbIX MUHEPANOB B CUCTEME K20 - A1203—
5i0, —H,0 npu 25°C, noka3ssiBaowme MeTaCTabHNLHYIO FPaHUUY KaNWeBOro Nonesoro
wnata U rub6cuta M meTacTabunbHble pacluMpeHUA rpaHuy YCTOHYHBOCTH,

CToiuMB, TO Mo0bas rpanMla, BKIOYAIWLAR 3TOT MUHEpal, He MOXeT OuTh CTabHIb-
HOfl. AHajoryuno rubGCHT HeycToHUNB HEMOCPEACTBEHHO CAeBa OT NYHKTUPHON -
HUM, MO3TOMY Ji0Bas rpaHuia, BKIOYawmas rubbeut, 37ech JolxkHa 66T MeTacTa-
OuabHoil. [lofobHble paccyxieHns NPUMEHUMBI K IPYriM BO3MOXHBIM MPaHULaM pac-
CMaTpuBaeMoi CHCTEMBI, 8 TaKxKe NPy pasiMuHOM NPOAOJIKEHMN MPAHUYHBIX JHHM,
MOKa3aHHbIX Ha pUC. 5.5.

3uauenve auHuit n noseit va puc. 5.5 u 5.2 pasauuxo, Ha puc. 5.5 obracts
Ka0MHUTA COOTBETCTBYET COCTABaM PACTBOPE, A KOTOPLIX KAOJIMHUT ABJAAETCH
Haubolee CTAOUIBHEIM 43 80eX MUNEPAN0s, PACCMOMPERNLIT RPU NOCMPO ENUU IMOL
Ouaspammsl, Brionne BepoATHO, UTO CyWeECTBYeT MUHEpan (BO3MOKHO, KAJIHeBbli
Beiinennnt), koropeiit 6yaer Gotee ycrTofiuns, YeM KAOMMHUT, HA YACTH KAOINHU
ToBoro noasi. Kpome Toro, na puc, 5.5 nokasaHs! TOJIBKO MUHEpAIs CHCTEMBI
K,0 —Al,0, -Si0, — H,0. Icim pacTBop, coorsercTByomuii va puc. 5.5 no-
10 KAOJMHUTA, CO/IEPKAUT, HANPUMEp, HATPH, TO KAOIUHUT MOXET OKa3aThCs Hey-
CTOHUUBLIM 110 OTHOWEHUIO K HEKOTOPbIM MiHepanam, collepkaumm natpuit. K cuc-
TemMe MoXHO Jo0aBuTb ellle OfMH KOMIOHEHT (Hanpumep, Na20 ) M IOCTPOUTH Tpex-
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MEpHY10 MarpaMMy Uil HECKOJIbKO ee [IByXMepHbIX CeueHni, CooTBeTCTBYIOWNX
onpefieJeHHofl aKTUBHOCTH OJHONO U3 KOMIOHEHTOB (puc. 5.7). /lig Golbmero unce
Jla KOMIOHEHTOB rpaduueckme NOCTPOEeHMsA CTAHOBATCHA BECHMA CAOKHBIMM,

Jlusmu KBapua 1 amopdHoro kpemHe3ema Ha puc. 5.5 UMEIOT uHOM CMBICH, yeM
ApYrue JuHKY AuarpamMmbl, ITO JMHUM PACTBOPUMOCTH, NOZOCHbIE IUHMAM HA PHC.5.2.
B paBHoBecHu ¢ KBaplieM HAXO[ATCA TOJbKO PACTBOPbI, COCTAB KOTOPLIX MONafaeT
Ha M0 KBapila. PacTBopsl cripasa oT 9Toj JMiH Nepechiliebl 10 OTHOWCHMO K KBapILy,
ClieBa — He Hachlllenbl, TeopeTHuecky Bee PacTBOpB], HAXONAIMECH HA MArDaMMe NpaBee
JHHEMY KBApIA, ABASETCH METACTAOUIBHBIMY, HO NPAKTHYECKM NPH HUBKUX TEMIes
paTypax KBapll KHHETHYECKH HepeakIMOHHOCHoro0eH u pejko ocax/laeTcs uim pace
TBopsieTcd B 3HauuTenbHoll crenedn. Yro kacaercs amMopdHoro KpemMHe3ema, To OH
OcaxlaeTcs M pacTBOPHETCH CPABHUTENbHO ObICTPO, MOATOMY PACTBOPUMOCThL €ro
ABJRETCH BepXHUM npejielloM akTierocT H,Si0, B npupoaubix Bogax.

AnbrepuatuBoit rpatudeckoro MeTo,ua Ha.meTcﬂ BbIUKCIEHNE noxa3amenei
HEPasHos ecROCMY, OCHOBAHHOE HA ypaBHeHuax tuna (5.6) — (5.10) [ 259]. Pac-
CMOTPUM B KaUECTBE [pUMepa peakiuio Mexay KaaMeBbiM NoJeBbIM WNATOM 1 Kao-
JIMHUTOM

KAISi,0, + H + 4,6H,0 = 0,5A1,5i,0, (OH), + K* + 2H Si0,.
OrHowenne akTuBHOCTER () AAA 9TOl peakiyu (ra. 2) pasHo

Ayt
K
O:

2
agt * OH,Si0,,
a nokasare/b HepaBHOBeCHOCTH onpedeasercd Kak lg (0/K), roe K — koHcraHTa
PaBHoBeCH A peakimi. Ko kaommmT 1 Kanmesbilt nosiesoit umar oaMHakoBo yeroiwiBbl B
pacTrBope, T.e. COCTAB pacTBOpa MonafiaeT Ha MPaHMIly KaIMEeBbIH noJeBolt mmnar — Kaouu-
HUT WJKM ee MeTacTabuabHoe nmpofokenne (puc. 5.5), To mokas3aTelb HEpABHOBEC~
HocTH paBeH Hyo. Ecan pactBop pacnosaraercs cieBa oT 3Toll MpaHklbl, MoKas
3arelib HepaBHOBECHOCTH OyJleT oTpuliaTeJbHbIM (KAoauHUT GoJlee ycroluus, yueM
KaaueBhbiil NoJeBolt mnar), a ecau cnpasa — NOMOXUTENbHBIM (KaiueBbli nojeBoi
Jynat ycrofiuusee Kaoaunura). MeTos BelUMCAEHNS NOKA3aTe]d HEPABHOBECHOCTH
MMeeT ABa NpeuMyllecTBa: OH NO3BOJAET KOJIMYECTBEHHO OLEHUTh, HACKOIBLKO COC-
TaB [laHHOI0 PacTBOpa yJaleH OT pABHOBECHOH rpaHullbl, ¥ MOXeT MCHOJb30BaThCs
AN AHAIK3A CHCTeM C J0bbiM KoAHYecTBOM KOMIOHEHTOB, TAK Kak pe3yabTaT He

MomxeH u3obpaxarsea rpadudecku,

Analloruuiible JuarpaMmMbl MOTYT GbITh NOCTPOEHB! [AAf CUCTEM
Na ,0 —Al ,0; —-Si0, —H,0 (puc. 5.8) u Ca0 —A1,0, —Si0, —H,0 (puc. 5.9).
9tu mMarpammbl MeHee 0GOCHOBAHHBI, UeM AMarpaMmbl Aas KaaueBoi cucrembl. CMek-
TUT (MOHTMOPHIJIOHAT) SIBAAETCA BaXHbIM MPUPO/ . bIM COEJIMHEHHEM, HO NPUPOIHbIE
CmeKTHTH 0bbluHo coflepkar Mg n Fe, a cBoboanble 3Heprun o6pasoBaHns YMCTHIX
Ca- w Na-KoHEUHbIX u/lEHOB OLEHHBAIUCH NPEANOIOKUTENbHO. Kpome Toro, npu
25°C, no-BummoMy, ycTounBo Golbioe KOIMYECTBO HATPUEBHIX M KAJIbLUEBbIS
neauToB. Cocras LeoIMTOB #ABJIAETCS NepeMeHHbIM, a CBODOAHbBIE SHEpruu uX
obpa3oBanus u3yuern! caabo, N0ATOMY KoJMYECTBEHHbIE AMarpaMmbl moael ux
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P W c. 5.8. COOTHOWEHHA YCTORYHBOCTH HEKOTOPLIX MuHepanoe B cucTeme Na 0 Al1,0, -
Si0 2 —H ,0 npu 25° C, MNonoxeHWe rpaHuu, BKNIOYAIOWHX CMEKTHT, Heanpeneneuuo, ueonu—

Thl, no-su,qumumy, 6onee cTabunbHbl, Yem ankbuT, B BepXHer 4acTy guarpammbl, HO ceobop-
Hble sHEpruuM HeussecTHul. Maraguut NaSi 0 .(OH) . - n H, O (cunukaT HAaTPUA) yCTaHOBNEH
B CONAHO-LENOYHLIX 03epaX,

YCTORYMBOCTH CTPOUTL TPYAHO. KauecTBEHHO MOAA YCTORYMBOCTH UEOINTOB 3a-
MemmalnT Mods yCTONUMBOCTH AJs0MTA 1 TOMOHTUTA B BEpXHeH uacTu Auarpamm.

PacTBopuMoCTh KalbliTa onpefieaseT BepXHuil npefiell OTHOMEHNS a (2% /af ah
B pUpoAHbIX Bodax. KomOuHalma ypaBHesus u3 ri. 3

Bpa2t: Feng == Kyaney

P c. 5.7. CooTHOweHHA ycToiuuBocTH B cucTeme K,0 —Na 0 —A1,0,-5i0, —H,0

npu 25°C. & — TpexmepHan fvarpamma; 6 — cekuA ANA g a +/“H+ = 4,0; 8 — CexUMA
~ K
anA lg a Ko /a i+ = Ty} Sm— CMBKTUT (HaTpueBblit 6einenmuT), Ph — OMNMNCHT (ueonuT,
a
copepxawui Na u K), KI — kanuesbiit nonesod wnat, Kaol — KaonuHut, An — aHopTuT,

E\b —]BﬂbﬁuT NYHKTUPHER NMHUA — HacbIlyeHHe aMOPDHBIM KpemHeseMom (no Xeccy
1851])
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Puec, 59. Coomomeunn YCTOAYMBOCTH HEKOTOpbIX MuHepanoB B cucteme CaO — Alzo
S:O -H, O npu 25°C. [pyrue ueonuThl, No-BMaMMOMY, Gonee CTabUNbHbI, Y8M NOMOHTHT,

HO caoﬁonnue 3HEPrMl HEW3BECTHbI. [TOPU3OHTANBHbLIE NYHKTUPHbLIE NUHWKW COOTBETCTBYIOT
PacTBOPHMOCTH KanbuuTa Npu yKasanHbix 3HauexnAx Poq .
2

¢ ypaBHeHueM (3.30)

Kco, Ki Ky Feo,

2
3 ag+

NaeT ypaBHeHue
Keo, X1 Ky Feo,
aCa 2t 2 =K
GH+

Kanbly?

KoTopoe npeobpasyercs B ypaBHeHue

8ca?t Kaney

2 . . .
“qt Kc02K1 K, Pcoz

Bemuuubl a2+ /af2+ npu HEKOTOPBIX 3HAUEHUAX Poo . TOKasaHbl Ha puc.5.9.
2
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[lonoxenue MmHMit Ha NpeACTABIEHHBIX 37eCh IMarpamMmax ycTouMBOCTH OueHp
"YBCTBUTEILHO K MOPPEIIHOCTAM B BEJMUMHAX CBOGOHBIX SHEprii. JeficTBuTeabHO,
B cayuasx, KOrja A pacuera 5THX AuarpamM HCHoAb30BaAChH ony6amKoBakHbIe
SHaueHUs CBOGOAHBIX SHepruii (ocHoBaHIIble raaBHLIM 06pa3oM Ha KaJopuMerpuyecs
KiX HabJi0[eHusX), AMarpamMmbl IBHO He COOTBETCTBOBAM HAbM0AeHMAM B npupos-
HbIX CHCTeMaX. ITa HecorJlacoBaHHOCTb oy CI0BleHa YACTHYHO HebodbumMy omud-
Kamif M3MepeHns CBOOO/IHBIX SHepruii o6pa3soBaHns MUHEPAIOB U YACTUYHO TEM, UTO
HEKOTOpbIe MPHPO/iible MUHEpabl (HanpuMep, MOHTMOPUIIOHHT) ABARIOTCH XHMUYEC.
KU CIOKHBIMU U HE MOTYT ObITh aIEKBATHO OXApAKTEePU30BAHHI CBOBOAHOM sHepruei
CBoEro KoHeunoro 4iexa., HeonpefenenHocTs Bo3pacraer Takxe u3-3a TOT'0, YTO
CBOGO/IHbIe SHepruu TBepAbiX a3 3aBUCHT oT pa3MepoB 3epeH i CTeneHyu yrnopsio-
HEHHOCTH CTPYKTYpPB! KpUCTaloB. CBexXeocaxJeHHbli MaTepuan obbiuto Menee ye-
Toltuus (Bosee pacTBopuM), UeM To Xe camoe Coe/yHeHMe B KPYMHBIX KpMCTALIAX C
ynopajfoueHHol# CTpyKTypoit. 3Tor sddexT ocobenno 3ameTen v okicy Xeresa (ra. 11).
Yacro npeanosaranocs, uTo ApHposEbIe Bobl CTPEMATCSH K PABHOBECHIO C COOTBET-
CTBYIOWIMA MIMEUCTBIMU MUHEDAAMH J YTO COCTAB NPUPOIHBIX BOJ MO3TOMY MOXHO
MCnonb30BaTh A pacuera KOHCTAHT PABHOBECHA PsJia MUHEPAJbHBIX nap, Takux,
Kak MUOBCHT — KAOJIUHHT U KAOJMHHT — CMEKTHT. 'pammubl nosedt ycroltumsocTn, no-
JyyeHHble TakuM NMyTeM, BePOsTHO, GoJee TOUHBI, ueM BBIYMCIEHHbIE 110 TEPMOXHMMU-
HECKUM /IaHHbIM, O/HAKO eCTb ONACHOCTb 0KA3aThCA B npefenax TIOPOYHOTO N0rHyec-
KOro Kpyra, Kor/ia paBHOBECHbIC I'DAHULIbI, BbIBE/ICHHbIE U3 TIPHPOMIHBIX MHHEpalb-
HBIX CHCTE@M. MCMIOAB3YIOTCA AN AEMOHCTPAIMM NPUOIKEHUS K PABHOBECHIO B HTHX
Xe cHcTeMax .

[Tpuwep L. [lpeanonoxum, uro HEOlpeNeJeHHOCTh (BO3MOXHAS omubKa)
cranjapTHol cBoBo/Ho# SHepruun obpazoBanus KaoJuHuTA pasna £0,1%. Kakoii
OyZer cooTBeTCTBYIOmAR HeonpeNeNeHHOCTh SHauenns akTusHoctu H,Si0 4 » TIpH
KOTOpoM KaoauHuT U rubOCHT HaxonaTes B papHosecuu? Kakofi 1omxua GuiTh sra
HEONPE/eNeHHOCTb, eC omubKa onpejeneHus CcranflapTHo#t cBoboaHol 9Hepruun
00pasoBaHKA KAOIMHUTA COCTABASET + 19?

CroGosman sHeprus 06pasoBaHMs KAoIHHKTA pasia —905,614 kkan/monn
(cm. npunoxenue). C yueTom owmubKy onpefienenus (:0,1%) ee 3nauenne konet-
Jderca or —906,520 1o —904,708 xxaa/Mous. [loacTanoska 3THUX 3HAYEHMU
B ypaBHeHHe

0,5A1,8i,0,(0H), + 2,5,0 = Al(OH), + H,8i0,,

K = ay o
paBH 1145104

niaer
A6 = 6,220 10 5,311 kxan/moas,

Koasy = or 1064:56 1o 10~ 3. 89,

Takum oGpasom, HeonpegenentocTs onpejenenns aktuBHocTH H 4510, By-
AleT 1exaTb B npefenax ot 2,75-10-5 o 12,9-10-5 (1,65—7,66 Man-1 §i0,),
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410 cooTBetcTByer oumbke B+ 216%. Ecau Xe owndka onpefenenus cBoBOHOM
9HepriM KaolMHUTA paBHa 19, To mpefieabl aKTUBHOCTH KpemMHe3eMa BynyT npu-
GaauTeabto or 10-8 o 10—, T.e. cOCTABAT CeMb MOPAAKOB BeaWuuHbl. OmuG-
Ka onpefelenus B+1% ABHO HepealbHa, HO STOT MPUMEP HAMIAAHO NOKASLIBACT,
4TO OWUOKM B ONpefeleHuH BeJuuuH CBOGONHBIX SHEPrult OKA3LIBAIOT fosbloe
BIMSHYE HA MOJOXeHUe TPAHNIL yCTOAUMBOCTH,

rPACUYECKHUA NOAXOA K NOCTPOEHHK AWAIPAMM
YCTOWYHMBOCTH

B npefsiiymenm pasjede AMarpamMmbl yCTORYUBOCTH CTPOMIMCD CAEAY UMM
obpa3om: HAKJOHb! AuHUi ONPefelsIuch ¢ NOMOUILIO cbanancHpoBaHHEIX peakiui,
B KOTOPBIX COfiepXatue alloMUHUs NPUHUMANOCH HeM3MEHHEIM, A MOAOKEHMUH -
Huit (TOUKH MepeceueHus ¢ oCAMU KOOpAMHAT) HAXO[WIM C MIOMOIIbI0 KOHCTAHT paB-
HOBECHS, BBIUMCIEHHBIX 110 3HAYEHHAM CBOOOAHBIX onepruit. B Aannom paspede no-
Kasan Apyroit noaxoa [125], koropsifl yacTO UCMOAL3YETCH NP OTCYTCTBUN Aak:
HEIX O CBOBOAHBIX SHEpriiX. I1pn TAKOM MOAXOEe HAKJIOHB! MMHKH ONpeeasioTCs
rpatuueckiM MeTOOM, KOTOpbIH IKBUBANEHTEH 3amUCH cOalaHCHpPOBaHHLIX PeaK-
Lyit, 8 TOUKK NepeceueHns OUEeHNBAIOTCA Ha OCHOBAHMK Habofenuit, No-BUAMMO=
My, CTAOMIBHOrO COCYECTBOBAHUA MUHEDATOB B NPUPOMHLIX yCJOBUAX. Tonyua-
0wasca AuarpamMma uveeT oObIUHYI0 dhopmy, cxonuyio ¢ hopmoii AuarpaMvibl yc-
TORUKBOCTH, XOTH TOJIOXEHHe IHNi 1, ClefoBaTelbHo, pa3MepoB noJeit ycroft-
YYBOCTHM HA Helt ABJAITCA TOJNBKO KaueCTBEeHHbIMU. Anajoruusbiii moaxofl 6oL
WUPOKO UCTIONL30BAH NETPOJOraMH, H3Y4aBuMu meramopdiueckue npolecch
(nanpumep, Kopxunckum [ 209]).

Cam TIofX0f, MAToCTpUpyeMbiii Ha mpuMepe cuctembl K ,0 —Al,0, -8i0, -
H,0, saxiwouaercd B Cleaylomem:

1. Brifupaercs 31eMeHT Wi OKUCh, OCTAKLMeCs HeN3MEHHLIMU (uHEpTHLINA
KomroHeHT). Jl1 NPUBOMMEIX Bhille peakmuii 310 00bYHO Al,0, , XoTs BO3MO-
®eH # apyro#t Buibop, nanpumep Si0,.

9. BBIYMCAAIOTCS MOJbHbIE OTHOWEHUA MOABHKHBIX KOMIIOHEHTOB (3pech Kz()‘
u Si0, ) K MHEPTHOMY KOMMOHEHTY B kax 1o/l U3 paccMaTpUBaeMbIX TBep/bIX (a3
(Tabn. 5.1).

3. TlonyueHHble OTHOWEHMS HAHOCATCH Ha rpatuk, Kax nokasa#o Ha puc. 5.10.

4, CoeMuAIOTCA JHHUAMM (ashl, KOTOPHI2, [0 MHEHUIO COCTABUTENH, MOTYT
ycToftuuBo COCYIIeCTBOBAThL B 3a/laHHbIX YCAOBUAX (puc. 5.11). 3ToT 3Tan Hepes-
KO OTpaxaer JIYHOe MHeHHe. Bolbloe npeuMyecTso rpaduyecKoro MeToaa
COCTOMT B TOM, UTO C ero NoMollblo JIerKo HCCJe/oBaTh albTepHaTHBHbIe BEpCitu
(oM. muke). TlpoBefiene CoeMHUTENbHBIX IvHui Ha AMarpavMme SKBUBANEHTHO Npy-
HATHIO PElleHHs O TOM, KaKue U3 rpaHul OyayT crabuipHbIMY, d Kakue — Meracra-
GunbrbIMi. COeMENTEbHbBIE IMHUY He JIOMKHbI IepeceKaThes, Tak Kak 3To MpoTH:
BopeuuT npasuy das.

5. K Kako#l U3 COeIMHUTEIbHbIX JMHNA NPOBOAATCS TePneHaUKY AApbl, KOTOPbIS
COOTBETCTBYIOT HANpaBJeHusaM Ga30BbIX MpaHKil HA AHArpaMve ycTouMBOCTH.

6. CocraBJienie IMarpammbl 3aBepuaeTcs CoefuHeHneM mmHKMi $asoBbIX rpa-
HHMll
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Tabnwuyabs.1. CocTas MUHEpanos, HCNONb3yembli NPU NOCTPORHWM
AuarpaMmbl YCTOAUMBOCTH

MuHepan ®opmyna K,0/AL,0;  §i0,/Al1,0,
I u66euT Al(OH), 0 0
Kaonunut Al zSizos(OH)a 0 2
Mupodunnut Al,Si,0,,(0H), 0 4
MycKoBuT KAlL,Si,0, ,(0H), 0,33 2
Kanuesbld nonesoH

wnart KAISi3ClB 1 8
Kanuesblifl uAnuncuT

(ueonuT) KAlISi,0 1 4

10 Ph@ Ksp @

it Mus @
I o Kaol
ohSit | a | PP LA |
0 1 2 3 4 5 6
Si0, /Al, 0,

P uc. 5.10, paduk cocTaBa MHHEPANOB, PEKOMEHAYEMbIA [INA NOCTPOEHUA [Marpamm YCTO-
unBocTH, Ph — dunnuncur, Ks p — kanueswli nonesoi wnat, Mus — myckoeuT, Gib — ru6-
6cut, Kaol — kaonuuut, Pyr — nupodmnnuT.

TeopeTndeckue oCHOBBI MeTo/[a U3J10KeHbl Hke. B nedom rpaduueckuit me-
TOA He JaeT WHGOPMALMK HU O pa3Mepax pasiuuHbIX nodelt ycrounBocTH, HA O
YMCAeHHBIX 3HaueHuAX ocell koopamuar. OH faeT ToJbKo Tomodoruw. OaHako u3
NpUBEJieHHbIX HUXKe MPUMEpOB CleflyeT, UTO C NOMOIWBI0 TOMOAOIHM U HECKOMLKUX
YHCJIEHHbIX BeAUUMH BO3MOXKHO NOCTPOSHUE J0CTATOUHO MPe/iCTaBUTE IbHbIX [11a«
rpamm.

1 puwmep 2. lonycrum, UTo npu MOCTPOEHUM AMArpaMMmbl, U300paXeHHOH
Ha puc. 5.11, MyCKoBUT U MMPOGUIIMT NPUHATHI 3a yCToWUMBO COCYlleCTByKwMe
MuHepalbl. Kak AoMKHA BRINIAAETh KOHEUYHAs AMarpaMma ycToHunBoCTH?

B arom cayuae BMECTO COEMHATENBHOM MMM MEXTY KalueBbiv IoJIeBbM LMATOM 1
KAOJMHNTOM IPOBOAMTCSH JMHUA, COBAMHANIAS MYCKOBUT 1 mupoduaint. [lockoan
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09}
0,8}

0,7}

05f

K,0/Al,0,

0,41

0,21

0,1

Mnasa b

Ph Ph f Ksp Ksp
T

Gib [ Kaol Kaol [ Pyr
gt Kaol s

-
<
=
-

0,0
0

lg @+ /@, +

1] 2 3 | 4 5 6
Si0,/Al,0,

P uc. 5.11. MeToAuka noCTPOEHUA AMArpamMMbl COOTHOWEHHA YCTORYUBOCTH MUHEpanos B

cucTeme Kzo ‘Alzoa --Si()2 —H,0. O6o3HaueHuA Te Xe, 4To M Ha puc. 5.10. 3ameTbTe
UTO OCEBble NWHWK HA BEPXHEM DHUCYHKE (M, CNefoBaTEeNbHO, HA HHKHEM) HE UMEIOT eaMHOro
macwTaba, Ha HUXKHEM PUCYHKE 1 eQWHMUA MOPU3OHTaNLHON OCH paBHa 2,5 efuHHUUb! BEpTHU-

KanbHoA,

Ig @, sio,
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Ph | Ksp
1,0+ » }
|
B ~
~
\
o [ \
b
3 05
~ ~
¥ B -
Mus
L \ Mus
N ATy 3 Pyr
a Gib J! 'Kaol L) Pyr i |
0 11 2 il 4 5 6
Si0,/Al1,04
Ph
I
§ Ksp
v Mus
g
=
Pyr
Gib Kaol ¥
lg @y, si0,

P uc. 5,12, MocTpoeHue auarpammbl COOTHOWEHHWA YCTOAUMBOCTH MHHEPANOB B CHCTEME
K20 —Al 203 -5i0, - Hzo NpY YCNOBMMK, YTO MYCKOBHT M NUPODMNNKT MOrYT COCYWecTBO -

BaTb NOCTOAHHO, OBO3HAUYEHHA Te Xe, YTO W Ha puc. 5.10.

Ky CoeMHUTe]bHbIE JMHUM He MOTYT NepeceKaThes, HeoOXoAuMo BEIOpaTh oaHy
WM APYrylo JHHKIO, HO He obe JMHUK oJHOBpeMeHHo. [locie npoBelenns coeauHu-
TeNbHbIX JUHIA HAHOCATCH NepreHAKY Ispbl, COeMHEHNE KOTOPHIX AaeT KOHeuHyk
Auarpammy (puc. 5.12).
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Ph | Ksp
1,0+ i 4
- -
<
3 -
(@]
~
¥ 05
0 A 11
0
Si0,/Al; 04
x Mus Kep
8
"K
S
=
Gib
Kaol
Pyr
Ig @y si0,

P uc. 5.13. MNocTpoenue auarpammbl COOTHOWEHWA YCTOWUHBOCTH MUHEpPanoB B cucTeme
K,0 —Al 203 -8i0, - H,0 npu ycnoBeuu, 4TO MYCKOBHT U nupodunnuT 06pasyloT Henpe-

pbiBHbIA PAR TBEpAbIX pacTBOpoB., OGO3HAUEHWA Te Xe, YTO U Ha pUC. 5. 10.
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ITpum ep 3. [lpencraBum, 4To BEIIBHHYTA CMIIOTE3a O CyLIECTBOBAHUM He-
TIpepbIBHO/A Cepuu TBePAbIX PaCTBOPOB MeXy MYCKOBUTOM i MMPOBUIIMTOM, B«
uammeit Kanuepbli Oefifesnnr, KaaeBslli BepMUKYIUT U cMelAHOCOHEE MHHe-
panbl, Kak Gyner Beiriafers KoHeuHas guarpamma ycroitumBocTu?

B aToM cayuae ofiuH U3 MUHEpAloB Ha AMarpamMMe cOCTaBa BMECTO TOUKH
u3o6paxaerca Junneit (puc. 5.13). CoeauHuTenbHble MUK, BKAKOYAKUHE yKa3aH-
HYI0 MiHEepalbHylo da3y, OyAyT B 9TOM clyuae npeicTasieHsl cepueil auHuit, ue-
XO[AWMX U3 TOUEK /A KaJMeBOro NoleBoro WNarTa i KAoJIMHUTA, KOTOpbe MOKa-
3bIBAIOT, YTO 3TH MUHEpalbl MOT'YT COCYUECTBOBATh CO BCEMM MUHepalaMiu yKas
3aHHOI Cepuy TBEPAbIX PacTBOPOB. [lepneH Ky IApbl K Cepuy COeIMHHTEALHBIX
Aynyit 06pasylT HenpephbiBHY0 H30THYTYK JUHUIO, IOITOMY IPaHMIb NoJel yo-
TOYMBOCTH TBEP/BIX PACTBOPOB HAa AMArpaMMe MOJyYaloTcs KPUBOJIMHEHHBIMM.

I1p ume p 4. [locTpouTh KauecTBEeHHYI0 AMarpammy yerofiuuBocTu aas
cucrembl Na ,0 —Al,0, —Si0O, —H,0, BkiouMB Das3bl, MpHBECHHbIE B TG 52,
W MPEANoIOKMB, YTO HHEPTHHIM KOMMOHeHTOM siBasercs Al,0, . Mcnoasaosars
caefyiomyio flonoHuTebtyio uadhopmayu®: 1) pacTBOPUMOCTE KBapla paBHa
1074 H,Si0, , a avopduoro xpemiesema — 10~ " H Si0,; 2) kaommur u anan-
UM MOPYT ycTOHuMBO COCYIIECTBOBATH C KBApLEM, TOr/A Kak CMEKTUT He
Moxer; 3) CMEKTHT MOXeT CTAGHILHO COCYWECTBOBATS C AHANBIMMOM; 4) alb-
OuT, CMEKTHT U MMPOGUAIAT MOTYT YCTOHUHBO COCYMECTBOBATh C aMOPHHBIM
KpeMHe3eMoM; b)) MaraguuT MoxeT cTabMiIbHO COCYLIeCTBOBATh CO CMEKTH-
TOM, ansbuToM 1 dUIITMNCUTOM.

Bo-nepehix, CTPOMTCH uarpamMma MUHEPAJILHONO COCTABA CHCTEMBI M Npo-
BOAATCH COeMHUTE.IbHbIEe IMHAM B COOTBETCTBUM C 3a/ianHol uHdopmanmei
(puc. 5.14). MposoasTes Takke HEKOTOPBIE COEMMHUTENbHbIE AMHMM, /1S KOTOPHIX
Her alpTepHaTuBbl. HaMeualoTcs nanpasieHus neprnesfukyaspos. $aswl, He co-

Tab6nwuuya 5,2, CocTaB MUHepanoB AnA npumepa 42

Munepan ®opmyna Na,0/A1,0; Si0,/Al,0,
u66euT (Gib) Al(OH)3 0 0
Kaonuaut (Kaol) Al1,5i,04(0H), 0 2
Mupodunnut (Pyr) Al,5i,0,,(0H), 0 4
HaTpuesbiA CMEKTUT

(Sm) Nay 53415 33815 70,4(0H), 0,14 3,14
Ananbyum (An) Na AlSi 206 1 4
HaTpuesbli dunnun-

cuT (Ph) NaZAIZSiSOH 1 5
Ansbut (Ab) Na AlSi, 0 1 [}
Mar.anuut (Mag) NaSi,0,,(0H), - -

8 Monekynel BoAbl B hopMmynax onyueHsl (ANA YNPOWEHHA).

9-78
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g X, B

0,9
08
0,7
06

0,5

Na, O/Al, 0,

0,4

03
02

01

N+8
N+8B
N+T
N+ 6
N+5
N+4
N+3
N+ 2

N+1

Mnaea b

An | Ph | Ab
| |
~
~
~ : N
N~
\ Sm
s
\ /
Gib | Kaol ! Pyr i A
i 31 4 5 6
Si0, /Al 04

Gib

lg @

H4Si04

P u c.5.14, MocTpoexre AMarpaMmbl COOTHOWEHWA YCTORYMBOCTH MUHepanoB B cucTeme Na 0 —
Al,0, -Si0, —H,0, yROBNETBOPAIOWEE NEPEUUCIIEHHBIM YCTIOBUAM, OBO3HAUEHHA Te Xe,
YTO M B TabN, 5.2. Ha HWKHEM PUCYHKE eOMHHYHbIMK eNeHWAMM pasmeyeHa BepTuKaneHan
ocb; abconoTHble Yicna (T.e, N) HeussecTHbl 6e3 PaKTHUECKUX AAHHBIX,
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nepkaumye Al,O; , He moryT GBITH OTPaXeHbl HA AUArpaMMe COCTaBa, MOITOMY
KBapll, aMop@Hblil KpeMHe3eM M MaraluuT Ha 3TOil CTAAMH UrHOPUDYIOTCH.

Bo-BTOpBIX, HENOCPEJCTBEHHO MO/ IMarpamMmoil MiHHepalbHOro COCTaBa CTPOUT-
cA Avarpamma ycroltunsoctu MuHepanos. Ha Heit npoBoaarcs muun KBapua u aMmopd-
HOT'0 KpeMHe3ema.

B-TpeTbux, Ha AMArpamMMy yCTOHUMBOCTH NEpPeHOCATCS MPaHHilbl noaei ycroitun-
BOCTH M MOJOXEHMe UX KOpPPEKTHpYeTCs o TeX nop, noka e Oyjer molyyeHa BCH
AyarpamMma, COOTBETCTBY0mas UCXOAHBIM [aHHBIM.

B-ueTBepThIX, C YUETOM MCXOMIHBIX IAHHBIX HAHOCUTCS JMHMA PACTBOPUMOCTH
Marajyura, yCTOHUMBOCTE KOTOPOro onpejenseTcd Mo MpoCTOMY paBHOBECUI0 pacT-
BOpUMOCTH, T0J00HOMY PaBHOBECHAM CUJIMKATOB MArHus (puc. 5.2):

NaSi,0,,(OH),+ H* + 12H,0 = Na* + THSi0,,

a +
K :L v al .
Mar o H,8i0, °
H
aNa+
lg KMarz lg (a—-l—-_) + Tga H,Si0, *

H

Takum obpasom, Ha puc. 5.14 pactBopuMocTb Maraiuura OygeT npefcrapie-
Ha npamMoit Jurmedi ¢ HaklonoM —T7. [lockoabKy naxnbie o 3Hauennu K.  oTcyT-
CTBYIOT, MOJOXeHue ITOH IMHUK CMellaeTcs 0 TeX Nop, NMoKa oHo He Oyfer coot-
BeTCTBOBATH UMEKUIMMCHA CBeJleHMsIM 0 COCYlUleCTBOBAHMM MHHEpaloB.

OpnHako, Mpekie ueM HaHeCTH JUMHKI0 MarafuuTa, HeobXomMo onpeleMThb
oTHOCHTEbHBI MaciTab Mo NropU30HTANbHOA U BEPTHKAAbHOA 0CAM KOOPAMHAT.
Ha mnarpamme cocrasa (puc. 5.14) ofsa euuuIa no ropu3oHTalIbHOA ocu coor-
BeTCTBYeT NATH €JMHUIIAM 110 BePTHKalbHONH (cooTHowenue 1:5 Bhibpano Toib-

Ko pau yioberea). Ecan no BeprukaisHoit ocu Auarpammbl yeToRUMBOCTH Ha-
HecTH Beauuuny lg (a fqa +/a %l+ ), To coorHouenne 1:5 Gbiio Obl BEIlEpKaHO (KBaA-
parubiit unen obycaosien nByms aromamu Hatpus B Na,0). Ho nockoasky no
BepTHKalbHO! OCH HAHOCUTCSH lg(uNa + /ayt), To BepTMKaIbHbI MacuTab ymeHb
waercs BIBoe, U eMHMIA [0 BepTUKANLHOH! ocU Tenmepb cooTBeTCTBYeT 2,5 efln-
HUIB! 10 Topu3oHTANLHOM. Takum obpa3oM ycTaHasiuBaeTCs AJMHA OTPE3KOB HA
BepTHKANbHON 0CH, HO OTMETKM MX HE UMElT abCOMOTHBIX 3HAYeHHd, TaK KaK He
Opina Aana undopMalls, KOTOpas Mo3BoJyAa Obl ONPEAeInTh MOJoKeH!ne HyleBoil
TOYKH.

[warpamma ycroiunBocTH Ha puc. 5.14 mocTpoena B oTCYyTCTBUE. AAHHBIX O
cBOOOHBIX SHEPrusX, 33 HCKIKUeHneM pacTBOPUMOCTH ABYX fopM KpeMHesema.
Unrarenu Moryt yoeauThes, 4To KONMIECTBO BOSMOXHBIX Bapuanyii Becbma orpa-
Huuento. CiefloBarenbHo, uTobbl MOAYUUTH MOMYKOIMUECTBEHHYI0 AnarpaMmy, Tpe-
Byercs COBCeM HEMHOIO UMCJOBBIX [AHHBIX, IPUYEM YCTAHOBIEHO, UTO A5 MHO-
rUX nedeil oueHb MoJe3Hbl i KauecTBEeHHble JuarpaMMhl.
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TeopeTuueckoe o6ocHosanHe. llein sToro pasjena COCTOMT B TeopeTi-
YecKoM 0DOCHOBAHIUK U3JOKEHHOro MeToAa Haubolee NPOCTHIM myTeM, T.e. Ge3
NpHBefieHus CTPOTUX /I0KAa3aTelbCTB, UMEIOWNXCsl B APYruX paborax.

PaccMoTpuM peakimio Mexay munepaiamy A, B, C u A, By C, raeC -
UHepTHLIA KOMMOKeHT (@, b, x Wy MOTYT He ObiTh HeJbiMH yucaaMu),

A, B, C =AxB},C + (a lx)A+ (b —y)B.

Ir0 chasaHCHPOBAHHAS XMMUUECKas peakims, B KoTopoit (a —x) u (b —y) Moryr
ObITh MONOKUTEILHEIMA UM OTPULIATENLHBIMUA i He 00S3aTeNbHO UeJbIMU YHCAAMU

= & b
Kpaaa_ A(a JC)“B( v,

lg Kpaan = (@ —x)«lga, + (b -y) lgay
UK nocie npeobpas’oBaHui

b~ 1
lgaA=___....L_.lgaB+
a —x a-—x

dg K (5.11)

pasH”

Ypaeuenue (5.11) moXer GblTb NOKa3aHO HA rpaduke ¢ KoopAuHATAMU g a,
lg ap Kak npMas JMHMSA C HAKIOHOM —(b —v) /(a —x).

Ha rpaduke cocrasa (puc. 5.15) rpaaueHT JMHUM, KOTOpAs COEAMHACT TOUKI,
npeacTasasiomue coboil cocrasbl AByX $as, paseH (a —x) /(b —v). lpoussesenne
5TOro TPaAMeHTa i rpajueHTa rpanib Gasel pasuo —1 (npu ycaoBiu, UTO Coe-
HUTeNbHAS MHUA NepreH uKy1spHa rpanuiie ¢pasbl).

B namem npumepe C coorsercrsyer Al,0,, B -Si0,, A —K,0. Bemnuu-
Ha lg °K20 MoxeT GbiTh Bbipaxena B Qopme 3aucumocty ot lg(ay+/agt),
4T0 BUHO U3 peaKumu

K,0 + 2H,0= 2Kt + 20H-,
(a, b)

MpapuenT
la —x)
b—y)

A/C —

(x, ¥

B/C —=

P uc, 5.15. [padmk cocTasa M1MHepanos AaBbC W A,ayc.
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2 0 Detely
K B aK+ a0g—
paeH o !
K,0
I Ki‘flzo-af(+
- O S
k0" x okt To0E- T ——
pasH paen %H*

rie Ky o — KOHCTaHTa AMCCOUMAIMH BOJbI,
2

KI'21 0 ¥ %
a a

’ + g} X} = x+ vog (X

Kpaau ay+ ay+

lg a

= Iﬂ
KZD

Tem cambiv BMecTo Beauuutibl Ig @y Moxer ObiTh B3ATO 3Hauenye

lg(ay+ /ay+) npu ycioBuu COOTBETCTBYIONIEr0 YHCIEHHOrO rpeobpasoBaHud wKa-
1bl, [lockoabKy Touka nepecevenus X B KaUeCTBEHHOM MOAXOJE He UCMOAL3YeTcH,
eMHCTBeHHoe Npeobpas3oBanie, KOTopoe cleflyer cielaTh, — 3TO 3aMeHa noj-e/li-
Hupl WKam lg “KIO Ha epHully wKams lg(a g+ /ag+ ).

KOHTpONbLHbI® BONPOCHI

Hexoanbie yeaoBus: ¢t = 25°C, gaBaenue 1 arM. Kosdduimentsl akTHBHOCTH
NpUHMMAIOTCA paBHBIMK efuuue. Mcnoabaylores snavyenus cBobo/IHbIX sHeprul u3
NIPUAOXKEHNS,

1. BHluMCaHTb CyMMapHY10 KOHUEHTPaluid PACTBOPEHHOr0 KpeMHes3emMa (B MiH—!
Si0,) B paBHOBecHu C KBapuem rnpu pH 9,0; 10,0; 11,0,

2. B pacTBope onpe/ieiena KoHIEHTpalMs KpemHe3ema, pasHas 200 man—" 5i0,

npu pH 10,0. Ouennrs akrusHocts H Si0, B pactBope. flsasercs au pacTsop ne-
pechlmeHHbIM N0 OTHOWEHHIO K KBaply u amopdHoMy KpemHesemy?

3. Boiuncanrs aktustocts H,Si0,, npu KoTopo# TalbK, CepneHTHH U BoAHbI
pacTBop HaXogATCH B PABHOBECHM.

4. AkmueHocTs Mg?* B Mopckoit Bozie pasua 10—1+ 87, [Ipu kakom 3HaueHun
PH Mopckas Boaa, amopdubifl kpemiiesem i cenuoaut OyLyT HAXOANTLCS B pABHO-
Becuu?

5. Mopckas Boga umeer aktusHocts Mg2* 10—+ 87 npy pH 8,2. Tpy kakofi
KOHIEHTpaIMH PaCTBOPEHHOI0 KpemMHe3ema (B MaH—! 5i0,) mopckas Boga Gynser
HACblIEHa MO0 OTHOWEHUI K CenmuoauTy?

6. OnpeneauTs cymmapHyle KOHIEHTDALMK PACTBOPEHHOrO ANOMUHNA B PaB-
HOBECHM C KAOMMHUTOM B Bofte, cofiepxawed 20 mau—! Si0,, npu pH 7,5, Kax
Beayko pasinuue pesynbTaToB [pU UCIOIb30BAHHKM B pacuerax ABYX pa3HbiX 3Ha-
yenuit cBobonHoM aHeprun obpasoBanua KaoauHnTa?

7. OnpepeanTs CyMMapHyl0 KOHIEHTDALMIO PACTBOPEHHOrO ANIOMUHUSA B PaB«
HOBeCHH C aabGuToM B Boje, coflepxaueii no 20 Mas~ Si0, u Na*, npu pH 17,5.
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3navenue cBoGoHON sHeprin ansbura oM. B npuioxetnu (cepaka 10) [157). Ka-
Kot Munepal Golee ycToluuB B 970l Bofie, anbOUT UK KAOJMHUT?

8. MlocTponTs AMarpamvisl, COOTBETCTBYIOIIME AMArpaMMam puc. 5.5, UCHolb
ays (cM. mpuioXeHue): a) Aanuble #3 paborsl Bapuca i Ap. [10); 6) manmble us
paborsi Bapuca u Ap. [11]. Ha ocroBanuy xax/ioii 3 AnarpaMm OTBETHTb, KAKO-
Ba: B) Konnenrpamus H Si0, (B mMan—! 5i0,), npu KoTOpO# KaoMHUT M rUGOCHT
HAXoJATCH B paBHoBecnn, r) KOHNeHTpauus Kaaus (B Man—) 8 soge mpu pH 7,0,
PaBHOBECHOH C MYCKOBUTOM 1 KAOIMHUTOM?

9. MoBTOPUTH pemenne npuMepa 4, ucnoassys B veM Si0, B kauecTse uHepr-
HOro KOMMNoHenTa, a lga Al 0 Kak Iropu30HTaNbHYI0 OCb xoopﬂHHaT HA Aua-
rpamMe ycroliumBocTi,
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Kuneruka

B npemwlaymix raaBax pacCMOTpeHbl XMMHUECKHe PABHOBECHA, HO He YKa3aHbl
MyTH, MO KOTOPEIM CUCTEMA MPUOAMKAETCA K PABHOBECHIO, H CKODOCTH TAKOro Mpub-
Iykenus. 3T Bonpockl 06CyX1AOTCA B JaHHOK TiaBe, XOTA cpaldy ke clefyer 3a
METHTb, UTO HAWM NOBHAHKA KHHETUKM GOJBIMHCTBA [EOXUMUUECKHUX NPOLeCCOoB
OYeHb Hemoibl,

Tomorennod HaShHIBAETCA Peakiys, B KOTOPOH NPUHUMAIOT YYacTHe BellecTBa
ToAbKO 0AHOH a3kl (rasoobpaskHoil, kuikoll uim Teepnoi). emeporennas peaxiys
BKIOYaeT ABe (asbl uan Goaee, Hanpumep TBEpAoe BelecTBo ¥ pacTBop. Boabwus-
CTBO peakuuii, NpeficTaBAOMMUX HHTEPEeC 1A MeOXUMHUKOB, SRISKTCH MeTeporeHHb:
M. O KMHEeTHKe MOMOreHHBIX peakiuit U3BEeCTHO 3HAUNMTENbHO GoJblue, YeM 0 KiHe-
THKE MeTeporeHHbIX. [uHeTuka reTeporeHHbIX peakiinii kpailHe uyBCTEMTEIBHA K pUpo/e
NoBepxHoCTH TBepaoi hadbk XapakTep n yacToTa AeeKTOB B CTPYKTYPE KPUCTALIOB, a
TakKe He3HAYMTelbHbe TMPUMECH MOCYT CYUeCTBEHHO YBEeJWuYnBaTbh MK
YMeHbllaTh CKOPOCTH Peakimil, 4To co3/aeTr 3aTpy/AHeHUs B IPUMEHEHUH MPOCTHIX
MoZedelt u3yuaembix npoueccos. [loutu Bce peakuyu, kak roMoreHtble, TaK 1 re-
TeporexHble, COCTOAT U3 HeCKoabKux cryneneit. Hanpumep, npu pactBopenun xajib
UKTA TAKMMU CTYNEHAMH MoryT ObiTh oTfenenye uosos Ca 2t y COz— OT MoBepx-
HocTH Kpuctania, uddysus novos Ca’* u COZ= or TBepnolt nonepxuoc-ru B
raybb pactsopa, npespaileHie COz"‘ B HCO_;" w H,CO, B HCO7 , a rakxe
pacTBOpEHMe U ruapaTalps raaooﬁpaauoﬁ CO,. Oﬁbmﬂo o.uﬂa u3 CTyneHeﬁ peak-
Uiy NpoTeKaeT SHAYUTENbHO Me/leHHee IpYruX, U CKOPOCTh HMeHHo 9Tol cryme-
Hi onpefensier CKOpoCcTh Beel peakimm. Takum o6pa3oM, Korga onuchiBAETCH K-
HeTHKa peakiy B LeJOM — 370, 10 CyleCTBY, oONMcaHne camoil MeflenHo# cTymne-
HU peakIuu.

Mopadox peakmun — 970 BbIpaXeHue 3aBHCHMOCTH CKOPOCTH PEaKUU OT KOHe
LieHTpalyii yuacTBylowyX B Hell BemwecTs, PaccMoTpuM, Hanpumep, peaximuio

A+ B AB.

Ecau ckopocts peakuun nponopimonaibsa KOHUEHTpawH A, T0 9T0 peaxims nep
BOro nopsiaka 0THOCUTENbHO A. Eciu ckopocTh He 3aBHCHT OT KOHUeHTpamm A —
'rro peakius Hy 1eBoro nopaaka orHocuTeabHo A. Ecau ckopoctb mponopipoHaibHa
m} = 3T0 peaKiys BTOporo NOpsika OTHOCHTEIbHO A ¥ T.1. Ecay CKOpOCTh peak-
Lym MponopiMoHaibHa KoHIeHTpaii oGouX BemecTs A u B, To B oBuem 310 peak-
Uus Broporo nopsaxa, Ho OHa ABAAETCH peakuueit Nepsoro nopaiaka oTHOCHTENbHO
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0,250

0,125

OcTaBwanCA YaCTb MCXOAHOr0O KONW4YecTBa
o
g

Bpewmn (nepuoabl nonypacnaga)

P #c.6.1. KpMBaA sKCNOHEHUMANLHOrO pacnafa, NpeAcTasnAIoWAR peakumio Nepeoro
nopAAKa.

A u B. Ipumepom peaxuuy nepsoro nopsaaka MoKeT ClLyXUThb PALHOAKTHBHbIA pac-
najl; KOIMYECTBO PANMOAKTHBHONO 3MeMEeHTd, PAacnajanmerocs B eMHily BpeMe-
Hi, MPOTOPLMUOHANLHO KOJAMUECTBY PUCYTCTBYOWEro BelecTsa:

dM
Cdr
rie M — Koau4yecTBO (MM KOHLEHTpAlus) palMOaKTUBHOIO 3JEMeHTa, t— Bpems,
k — xoHcTaHTa cKopocTu (KoHCTawTa pacnana). Ypasxemue (6.1) npeobpasyercd B

M
i = — kdt, nHTErpUpOBaHME KOTOPOro JdeT

M= Mye ¢, (6.2)

= kM, (6.1)

rae My — xoaMuecTBo (KOHUEHTPAIMA) BewecTBa B MoMeHT Bpemenn ¢ =0. Ypas-
Henue (6.2) ABAsieTca BblpaXeHMeM SKCMNOHEHIMANLHOTO pacnala, NoKa3aHHoro Ha
puc. 6.1, ITo ypaBHenue CaykuT TAKKE OCHOBON MoHATHA nepuoda noaypacnada,
Korna noaobxna nepsoHayalbHOr0 KOJMYECTBA 3JeMeHTa pacnartace, M = 1/2 My
[loacrasiss aTo 3HaveHue B ypasuenue (6.2), nonyuaem

1/2 = c_kzl/z, 9= ek‘yz c/ _ In2

? 1y:2 k
rie ¢y, — NEepUOJ noaypacnaia paioakTUBHOIO MeMeHTa. [lepuoa noaypacna-
Aa, TakuM obpasoM, — 9TO KOHCTAHTA, He 3aBUCAlAs OT MO. B kaxaslit nepuon
nodypacrnaja noaoBuHa OCTaBllerocs 3leMenTa nojsepraercs pacnany. [locae
nepBoro Mepuo/a noJypacnaia OCTAHeTCA NOJOBMHA HCXOAHOIO KOAHYECTBa, M0C-
lie IByX [1epHOJIOB — OJHA YeTBEepTh, NOCAEe TPEX — O/JHA BOCHMAA M T.O. (puc. 6.1).
[aa mobojt peakuuu HenepBoro NopsAnka BpeMs, HeobXofuMoe aA ylaieHus noao-

]
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BUHBI HCXO/IHOrO KOAKYECTBA BelllecTsa, OyAeT 3aBUCETh OT UCXOHOMO KOMMUecT-
Ba, M B 3TOM Cayyae MOHATHE Mepuoia Moaypacnala CTaHoBUTCH GeCrone3HbIM,
Cxopocty 60MbIIMHCTBA NPOLECCOB NPUBINKEHHO NONUMHAOTCH YPaBHEHHIO

Appennyca:
ckopoctb = A exp ~BE ; (6.3)
RT

rae R — rasosas nocrosnHas; T — abconTHas Temneparypa; A — Mpea3KCIoHeH-
UMaNbHblii MHOKHTENb, KOTOPbI 1% NPOCTHIX CHCTEM MOXET ObiTh PACCUATAH METO-
Aamu CTaTUCTHUUYECKON MEXaHUKH, @ 4] CIOKHBIX ero Jyume NPUHUMATD KaK SMITH-
puUecKyw KoHcranry; AE — sneprus akrubauuu. Korga pearupyioume BemecTsa
npeBpamanTea B NPOAYKThl peakiyu, oHn 00bIYHO MPOXOAAT Yepe3 HeKOTOPYK Mpo-
MeXyTouHy®w cramio ¢ Gonee BbicOKOH sHeprueil, yeM ux nepBoHaYanbHas Hep-
rust. JHEprusd aKTUBALMYU MOXeT GBITh MPEACTaBieHa KaK Pa3HOCTh MEeXIy IHEepri-
el nepBoHaYaJbHOI'0 COCTOAHMA ¥ MAKCHMAlbHOA AHEpruedt MpoMexXyTouHoOro co-
cromms Paccmorpim, Hanpumep, npeobpasoBaHue BbICOKOMAHE3UANBHOTO Kalb-
uuTa B foaomur. [1af Toro urobbl HOHBI KAIbLUMA M MArHKS PACT0JI0KUINCH COOTBET-
CTBEHHO CTPYKTYpPe A0JOMUTA, OHN [OJNKHbI OKUHYTH CBOM Kpuctadiorpadudec-
Kue MO3ULMK U Nepepacnpe/elnTbCsl B KpUCTalIMYecKoi CTpyKType. IToT mpouecc
uMeeT BbICOKYI0 SHEPriui0 aKTMBALMM M, Cle10oBaTelbHO, NPH HU3KUX TeMneparypax
Gyner MennennbiM, Bennunna AE MoXer uHOrAa MCHOJb30BATHCS KAK MOKa3aTelnb
TMpUpPO/bl TIPOLECCOB, KOHTPOIKPYIIMX CKOPOCTH peakimil,

HYKNEAUHUA

Hyxneaiys — aTo obpasosaime HOBOH (hadbi;.pacavarpuBaeMbiil 3ech Mpoece
3aknodaercd B obnasosanuu TBep/oi (asbl u3 pacrBopa. Ecau HykKneychl Bo3mka-
0T B CamMOM pacTBope, To 00pas’oBaHie MX HA3LIBAETCH MOMOIEHHBIM, SCIH Xe OHX
0Bpa3yloTCs HAa KOHTAKTe C Kakei-1ubo noBepXHoCThI0 (06BIUHO APYIUM TBEpabiM
BellleCTBOM), TO — I'eTeporeHHbIM,

Hykaeyco! noaBasmorcs B Bude Heboabmux yacrui. [locienmme uMenT oueHb
GoaBiYI0 IOBEPXHOCTH M0 CPABHEHMIO C 00BEMOM, U NIOBEpXHOCTHAA cBobonHAS JHEp-
A CocTaBlfer 3HAUMTEbHYI0 YacTb obwel ceobonnoi sHepruy yactHubl. INockolb-
Ky MOBEpXHOCTHaA cBOOOHAR SHEPrUs B BOAHBIX CHCTEMAX Beeraa noloXuTelbHa,
HeDOJbIINE YACTULBI BCerla MeHee YCToiuMBhL U, CleoBaTeabHo, 601ee pacTBopu-
Mbl, YeM Yactuubl Gonbinx pa3smepos.

JHauenne NOBEPXHOCT HOW 3HEpriK nokasako B pabore Mak-JIuna [238] noBoas-
HO MPOCTHIM M OCTPOYMHBbIM criocoboM., PaccmoTpum chepuueckuii nykieyc ¢ paauy-
com r. Eciau pactsop nepechiien oTHocuTeNbHO (a3l Hykieamuu Ha AG B pacue-
Te Ha Kybuueckuii cantumerp TBepaoit dasel (ra. 2), a sHeprus NOBEPXHOCTH pas-
Aela MeXay TBeplol ha3oit u pacTBOPOM COCTABASET y HA KBAIpaTHbIA CAHTHMETD,
To 3Heprus W, cBA3aHHAA C HyKJeycoM, paBHa
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+

=

(=]

O6wan cBOGOAHAR IHEPIrUA, W

Paguyc yactuuysi, I

P ¥ c. 6.2, 3aBMCcMMOCTL cBOGOOHOA sHepruM HeGonbwoi ciepuyeckod YacTUybl OT ee pa-
Auyca.

W=4nr?y —4/3 nriAG. (6.4)
3HepruA no- BbicBoGoXaaemMan

BEPXHOCTH cBobofiHan

paspena SHEPruA

3aBncumoctb Bennunubl W OT r CXeMatuuyeckyu MoKas’aHa HA puc. 6.2,
B GonbmuuCTBe Cayyaes npu HyKieauuu HeoOXOZMMO NPEeoJoieTb SHepreTu-

yeckuii Gapeep ¢ MakcumanbHoll sneprueit W, . /luddepemmpyn ypasseme (6.4)
no r ( Ipu KOTOPOM I MoNyuYeHns MakcuMyMma npefnoaaraercs, uro dW/dr = 0)

1 mpeobpazys ero, noayyaem

g = J8my?
TV e

Cornacho ypaBrennio (6.3), ckopocTh HyKIeammy JoaKHA ObITh paBHa

¥i 16my>
ckopocTb = Aexp [——| = A =0y
: ( RT) o ( 3AGIRT

rie A — koncranra, R — rasosas nocrosuuadn, T — abcomomasn revmeparypa. Cko-
poCTh HyKIealpu, ClefoBaTelbHo, KpaitHe uyBCTEITeNbHA K SHeprM NOBEPXHOCTH pas-
nena a3, Ha puc. 6.3 rokasaso Bpems ofHON HyKJIealm rpu GHUKCMPOBAHHBIX 3HAYE-
HMAX Apyrux daxropos. M3meHenue 3Havyemis y Ha 509 cooTBercreyer usMeHe-
mmio Bpement ot 10~ ¢ fo Bo3pacra 3emau. MAs ApyruM nyTeM, yurem, 4To CY-
WeCTBYET NOYTH eIUHCTBEHHOE COOTHOWEHHe MeXAy y M AG, Mph KOTOPOM Hy-
KNeauus IpOMCXOIUT C HEKOTOPO# KoHEuHoH CKOpoCThio (pUc. 6.4).
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PHc, 6.3, BnuAHue sHepruM NOBEPXHOCTH pasfena Ha BpeMA OAHOM HYKNeaUWH NP1 NocTOo-
AHHOM cTenenu nepechbienuA (no Mak-Muny [238 ).

= 10T o
3 2
‘g’, 3HepruA TBepAbIX
3 noBepxHoCTen
=10 ™3 @
© | HepruA 06bIYHOA <
5 rpaHuybl 3epHa 2
= Cr
9 BHepryA ABOAHWKOBAHWA *qs\ \o
S 4g2|1 B anomasmm A% <
= T 3HepruR o6pasoBaHuA +$‘°
g HOpManLHOro <)
] | ABOAHKKOBOr O
3 | wea
3 10
c
o<
= SHepruA ABOAHMKOBAHHMA
2 B rpacdure
& 10 1 | | | |
1 10 102 103 104 108

AG, xan/mons

P #c.6.4, CoOTHOWEHME MEXDY U3MeHeHneM cBoBopHOM sHepriun AG W aHepruei nosepx-
HOCTW pa3fena y ANA OAHOR HyKneauuu B cekyHay W 8 5-10° net (no Mak-Nuuy [ 238 ).

Jlns reoXMMUUYECKMX HeclefoBanuit 3To 03HAYAeT, YTO NpU HU3KUX CTeneHax
rnepechllieHdst HyKIealus MOKXeT MMeTh MECTo Jullb B Clyyasx, KOrja CyuecTsy-
eT BO3MOXHOCTb CHIXEHUS SHepriy N0BEepXHoCTH pasfena $as. 3To ocymecTas-
ercs 06bIYHO TIPY HYKJIealMyu Ha KOHTaKTe ¢ Kakoi-aubo Apyro# Teeproit dasolt, B
ueane Tam, rie UMeeTcs HeKoTopoe Nofodue aToMHBIX CTPYKTYp ABYX das. B ia-
GopaTopHbIX ONMBITAX HyKJeauus oObIUHO POMCXOAUT HA CTEHKAX PEAKLMOHHOrO CO-
Cy/la Wi Ha TBLIEBUAHBIX CYCNEeH3POBaHHBIX YaCTHIAX, UTO AeNaeT Pesy/ibTarhbl



140 Mnaea 6

OMBITOB MO HyKIealuyu B Bhicwefl cTenem HeBocHpou3BoAMMbIMK, Boobie 1as kax-
J0W CTerneny nepechilleHHs MOXKHO Mpeficka3aTb, Gyaer A1 CKOpoCTb HYKJIeauuu Bbl-
cokoi nm 6au3KoM K HYMO, HO pelKo yaaeTcsd caelarh 6oJee TOYHLIE MPOrHO3bI,

PACTBOPEHHE U POCT

CKOpOCTb pacTBOpeHns WM PoCcTa TBeploil ha3mkl B HeopramMuecKol reoximmm
06bIYHO KOHTPOJIMPYETCHA TPeMsi THIIaMu MpoLeccoB (puc. 6.5):

1. Peakimeli Ha noOBEpXHOCTH 3€peH MHHEPAIOB, B TUMMYHOM cJydyae oTae-
JeHHeM A NpucoeMHelneM YACTUIl HA OBEpXHOCTH MUHepala {KuHeTudeckui
KOHTPOJb)s Kor/ia peakuus Ha MoBepXHOCTH KOHTPOJIMPYET CKOPOCTb BCErO Mpoe
llecca, KOHUEHTpalMi PAcTBOPEHHbIX BellleCTB B HenocpellcTBeHHo# 6ansocTy
oT 3epeH OyAyT TAKUMKM XKe, KAK M B OCTalbHO# Macce pacTBopa (pucs 6.6,a)

2, lMepenocom (0dbbiuno auddy3neil) HOHOB UM MoJeKyl B pacTBOpe K 0=
BEPXHOCTH 3epeH iy oT Hee (BHewHeM ddy3uonHbIA KOoHTpOab)e B 5TOM Ciliy=
Yae pacTBOp MO COCENCTBY ¢ TBepAoi hazok 6yler HaXoAUTbeA B BOMbLIOM MM
MeHblleM PaBHOBECHM ¢ NochieflHell, a B caMoM pacTBope 6yaer cyllecTBOBAThH
rpafuenT KonlenTpallun (pucs 6+6,6).

3. Auddysueit HoHOB MM MOJEKY Yeped caoi TBepAbIX NPOAYKTOB peak-
MK MM Yepe3 cloit YacTHUHO M3MEeHEHHOTo MepBUYHOro MuHepana. Jdas Muorux
Ueneil 9TOT mpollecc MOXET PACCMATPUBATLCS KAK KOHTPOJAUPYEMBIH CKOpPOCTBIO
peakiuy Ha Mexda3oBoli rpanulle; OH BeoeT K OAHOPOAHOMY COCTaBY pacTsopa
(pce Ba6ya)

MoXer MMeTb MecTo Takke CMelaHHas KHHETUKA (KOHTPOAb YACTHUHO [ud-
(y3uOHHBIH, YACTHUHO KMHETHYeCkuit, puc. 6.6, 6), HO, KaK NpaBuIo, JOMUHMDY-
eT OJMH U3 IByX BUJOB KOHTPOJAA, BTOPbIM Xe MOXHO NpeHedpeyn.

Me XaHH3MBbl NOBEpXHOCTHLIX peakyui. [Ipu HU3KoOM cTenemnn HeHacbIEH-
HOCTH (MepechllieHHOCTH) pacTBOPA CKOPOCTH PACTBOPEHUS H POCTA KPUCTALIOB
4acTo KOHTPOJMPYIOT CA MUKpopebedoM noBepXHoeT Mubepana. Ilocaenusns obbu-
Ho BKMoyaer "crynesbku’ u "3yOum" (puc. 6.7). ATombl, 0Gpa3youMe CTYNEeHbKY,

Bnwnanosepx-
PacTeop  HOCTHbIA Munepan

)

P u c. 6.5. Cxema B3aumOneACTBUA MWHepana ¢ pacTBopom, llarom, onpepenAiowmMM CKO-
pocTb npoyecca, MOryT 6biTh peakuMA Ha NOBEepXHOCTH MuHepana, AMddy3uA yepes cnoft
TBEpAoro ocafka Ha NOBEPXHOCTH 3epeH unu AuddysuA B pacTeope.

aKuMA

P
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Cpasn [~

C Macch pacTeopa

PaccToAHWe oT NoBEpPXHOCTH TBepno# hasbl

a KOHTpONL CO CTOPOHbI peaKy1H

Cpaln

Cumu pacTeopa

PaccTorHWe oT noBepxHOCTH TBEpPROR da3bl
6 Ovdhdy3MOoHHBIA KOHTpONL

(TT

e \

Mmaccel pacteopa [

PaccToAHWe 0T NoBEepXHOCTH TBepnon haab
8 CMewaHHbiA KOHTpONs

P uc.6.6. Pacnpenenexne B pacTBOpe KOHUEHTPALWK KOMMNOHEHTA C, BbigenAeMoro npu
pacTBopeHuu TBepAok daskl, Ecnu Wwarom, KOHTPONUPYIOWNM CKOPOCTE npouyecca, ABNAET-
CR peakuuA Ha NOBEPXHOCTH, BKaloualowan auddyauio yepes TeepabIf CNOA, TO KOHUEHTPE-
U4A B pacTBope GyNeT NOCTOAHHOA (a), ECNM Wwarom, KOHTPONUPYIOWMWM CKOPOCTh, ABNAET-
CA AMdPQY3SHA B pacTeope, TO KOHUEHTPALMA B PACTBOPE PAOOM C TBepaod NOBEePXHOCTbIO
GyneT paBHoBecHa ¢ Teeppo# asoR (6). Ecnu ckopocTs npouecca KOHTPONUPYETCA U peax-
uueR, u apuddysuéi, To B pacTeope GyneT HabNOAATLCA rpagueHT KOHUEHTPaUMH, HO B
pacTeope 6nu3 TBEpROro Tena KOHUBHTPAUMA HUXEe PABHOBECHOW BENMuMHbI (no Bepuepy [25]).

obaanaior 6onee BbicOKo# aHepruedi, uem aToMbi POBHOM NOBEDXHOCTH, TAK KAk
OHM UMeIOT J1Be "MI0oCKoCTH", 06palleHHble B CTOPOHY PACTBOPA, BMECTO OfiHO.
Arombl 3y6ua obaagaioT eme Goxee BHICOKOIH 3Heprueli, Tak kax y HUX TpK "naoc-
Kocty" obpauenbl K pacreopy. B npouecce pacrsopenns arombl ¢ Hauboxee BHICO-
Koli 3Heprueii OTAEMOTCH OT NOBepXHOCTH GbicTpee, TakuM 0bpasoM, IpK HU3KUX
CTENeHAX HEeHACHIIEHHOCTH aTOMBI 3yGIOB PACTBOPSIOTCS, BbI3bIBAS FOPUIOHTAND-
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P 1 c.6.7. Mogens noBepXHOCTW KpucTanna, MNNKCTPUPYIOWAR CTYNeHbKY W 3y6ey. Kax-
Ablf KYGUK COOTBETCTBYET MONeKyne, aToMy MW nape MoHoB (no BepHepy u Mopae [ 29 ]).

HYI0 MUrpaipio 3y6ua Boab cTynenbku. Koria syben nocruraer kpas Kpucrai-
na, nonxen "obpasoBarbea™ HOBBIA 3yDell, a Korja UCUe3aeT CTYNEHbKA, J0MK-
Ha NMOABUTBCSA HOBAs CTyneHbka. CleloBaTelbHO, CKOPOCTb PACTBOPEHHA MOXeT
KOHTPOAMPOBATLCHA CKOPOCTHI0 "3apoxiema’ 3y61os u crynenek. [Ipu pocre Kpuc-
Taina Habaonaercs odpaTHblit nponecc. HoBble yacTuibl Kpucraina obpa3yoTcs B
TexX TouKaxX, rie oHu UMEKT MakCHMalbHYO MJIOWAlb NOBEPXHOCTH, ODLY0 ¢ CY-
MEecTBYIONMM KPUCTANLIOM, 3YOubl umMeloT Tpu obume "miockocTu", CTYNeHbKu —
liBe, @ poBHbIE OBEPXHOCTH — TOJBKD oAHY. [loaToMy pocT 0BbluHO MpoucxoouT Ha
3ybuak, u CKOpOCTh pocTa MOXeT ObiTh OrpaHHiyeHa CKOPOCTHI0 3apOKIEHUSA HOBBIX
3y6110B U CTyNEeHeK.

Kpucranabl peiko UMEIOT WIEAlbHYK CTPYKTYPY, NOKA3aHHYH0 HA puc. 6.7. Crpyk-
Typa UX 06bluto coflepXut gedexTbl, ocobenHo Oucroxayuu, B KOTOPHIX O/HA YACTh
KpUCTanna CMelleHa OTHOCHTeAbHO Apyroi, Ocobblit THI AUCAOKALUK, HASbIBAEMBIA
sunmogol Oucaokayuetd (puc. 6.8), coanaer crynexbKy, KOTOpas MOXET PaCIpOCTpa:
HATHCS HENpepbiBHO B npollecce PacTBOPEHUs WM POCTA KPUCTALIA, TaK YT0 MelieH:
Hblii IPOIECC 3apokieHns HOBOM CTyneHsku He HykeH, CKopoCTb pacTBOpeRus uiu
poCTa M MMHepala B 9TOM Cllyyae YYBCTBATEbHA K YACTY M THITY MMEOUmMXCs IMCAoKal it

B cBs3u ¢ TeM, uTo 3y6ibl XapaKTepu3yTCH BLICOKON MOBEPXHOCTHOM 3Hepry-
€ii, Ha HUX MHTEHCUBHO a1copOupYITCA YacTuIbl U3 pacTBopa. AncopdupoBaHHble
4acTuubl MoryT “6J0KupoBATE" W MMMOOWIMZ0BATH 3Y0Ell, UTO OKa3hBaeT Goblloe
BJIWAHME HA CKOPOCTb PACTBOPEHUH MMM pocTa. Takue YaCTMIbl HA3LIBAITCH UKL U-
Gumopamu wan noseprrocmusiMy A0amu, Hanpumep, pacTBopennbiii octar aaxe
Tp1 OUYEeHb HU3KMX KOHIEHTPAIMAX (HECKOMbKO MKMOJb /Kr) Bhi3biIBAET 3aMeTHoe
CHUXEHHe CKOPOCTH PACTBOPEHUH KalblMTa B Mopckoit Boge [ 29]. Pacnpeneneme
doctara B okeanax MoXeT B 3HAYMTENbHON CTENeHM KOHTPOJIMPOBATH MOAOKEHHE
AU30KIMHA (T1.3).
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PacTeopeHne ——s
= o ——

Poct ——

Puc. 6.8. HnniocTpaymA GeckoHeuHoro PacnpoCcTpaHeHuA CNUPanbHOR CTYneHLKM (obpa-
30BaHHOW 3a CYeT BUHTOBO#M AHCMOKALMM ) B NPOLIECCE PACTBOPEHUA MW pocTa KpucTanna,

Auddysnonusii KoHTpons. Bonpoc o Tom, KOHTpoAupyer Ju auddysus B
PacTBope CKOpOCTb NMPOLECCa, MOXHO BbIACHUTh CAELYIOUMM obpazom [25]:

l. Cxopocrs, oxunaemas ua OCHOBaHHY MdPY3HOHHOIO KOHTPOMS, MOXET Gblrb
NpUOAMKEHHO BbIUMCIEHA M CONOCTARMCHA ¢ HabmoAaEMOii CkopocTblo. Ecau nocuen-
HA MHOT'O HiXe, MM(pQy3ua B pacTBope He KOHTPOJMpYeT CKOPOCTh Npolecca.

2. Koraa ckopocts KOHTpoJupyerca auddysueii, nepememmsanmne pacrsopa
AOIKHO YBENHUMBATH CKOPOCTb peakumuu. Ecay xe CKOPOCTH KOHTPOJIUPYETCH T0-
BEpXHOCTHOM peaxumedl, To nepememupanmne PacTBOpa He 0Ka3blBAET HA Hee BIUS-
HUA,

3. Ecau ckopocrb usMepena TIPU Pa3ANUHBIX TEMIEPATYpPaX, TO MOXET BbiTh
Borcaena AE. [luddysnonnbie npoueccsl B BomHbIX PacTBOpax UMET Xapak-
TEpHbIe HU3KKMe SHauYewna AL, pasHble MpUMepHO 5 KKan/Molb.

4. Korzia ckopocTh pacTBoperns KpHCTanIMuecKoro 3€pHa KOHTpoAUpyeTCcH
muddy3ueit, 3epHo cTanoBuTCH OKpYTJIBIM ¥ PACTBODEHME MPOMCXOAUT Bojee uau
MeHee 0JMHAKOBO N0 Beeil moBepXuoctu, Eciu xe oxa KOHTPOJIMpPYETCH NOBEpXHOCT-
HOii peakimelf, To pacreopemne u30MpaTeabHo: BOKpYr AedeKToB KpucTaina obpa-
SYIOTCR AMKH TPABAGHHS, PAIIMUHbIe KPHCTALIOrpadHyeckye NOBEPXHOCTH PACTBO-
PAOTCA € PasHOi CKOPOCTBIO U obmero OKpYTAeH!s 3epeH He HabawaaeTcd,

Tpynto nposecrn rpamuy Mexy KOHTPOJIEM CKOPOCTH 3a CYET OTAeNeHus
UM NPUCOEMHEHNS HOHOB HA NNBEPXHOCTH KPUCTALIA (KOHTPO.Ib MCTHHHO! MOBEpX-
HOCTHOM peakipteit) u XonrposeM a3a cuer Auddysun uepes NIOBEePXHOCTHBIA caoii,
uro Oyner BUAHO U3 0BCYXICHMA U3MEHeHHS NOJIEBOTO WIaTa, NPUBEIeHHOT0 HU-
xe,

Buonoruueckne npoueccs: rakxe KOHTPOMPYIOT CKOPOCTH HEKOTOPBIX BaKHBIX
TEOXUMUYECKUX peakimit (cM. , Hanpumep, paGoTsl [306, 22]). Hekoropeie acnek-
Thi BUONOTHYECKH KOHTPOIUPYEMBIX peakmmii obcyxgaiorcs B MocAEeIYIOIKUX riasax.,
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PACTBOPEHHWE KANBUWUTA B MOPCKOW BOQE

KuHeTuKa pacTBOpeHus KalblMTa B MOPCKO/ Boje paccMorpena B paborax
Mopse u Beprepa [248, 29, 246, 247] ¢ noMolibio 0CTPOYMHOTO MeToAa /15 110/-
[lepXaHus NOCTOSHHOM CTenem HeHachileHHoCTH. [lopomok Kanbimra noMeman-
Csi B MCKYCCTBeHHYI0 MOpCKylo Bofly, pH koTopoit konTpoaupoBancs Takum obpa-
30M, UTOGbI COYPAHSAACH ONpPEJeleHHas CTeleHb HeHACKIEHHOCTH, DY KMo
poBanye GI0PETKM C KUCIOTOH KOHTPOIUPOBANOCH BOJIOPO/IHBIM 3JIEKTPOAIOM, Ha-
XoAAULMMCA B HCKYyCCTBEeHHO# Mopcko#t Boge. [lpu pacrBopemy kaibuura pH pact-
Bopa MMeeT TeHJeHIio nosbimarsbcs. Ho xak Toabko pH Haumual Bospacrarhb, as-
TOMAaTUHUYECKH ,U.OGHBJIHJIEI.C]: KACJOoTA AN NoJAepXKaHus ero Ha [eppoHa4albHOM
ypoBHe. ITO B CBOIO OUepeah COXPaHSIO HeM3MEHHOM CTENeHb HeHACHIeHHOCTH
(npu ycaoBuu, uro Koauuectso Ca 2+ | npubaBasBuieecs Npi PacTBOPEHUH Kalb-
1wTa, GBUI0 HEBOABIIMM N0 CpaBHeHMi0 ¢ KoayectBom Ca?* | yxe Haxoausumm-
c® B MopcKoli Bofie), O6beM AobaBIenHol KUCAOTHI (perucTpupyommniics aBTomMaru-
yecku) OB CTPOro FKBUBATEHTEH KONMYECTBY PACTBOPEHHOrO KANbLUMTA. 3aBUCH-
MOCTb CKOPOCTH PACTBOPEHUS OT CTENeH! HEeHACHIIEHHOCTH NoKa3aHa Ha puc. 6.9,

Bepuep u Mop3e [ 201 npeanonoxuau, uro yuacrku 1-3 na puc. 6.9 coorser-
CTBYIOT Pa3NMUHBIM MEXaHU3MaM PACTBOPEHUs , CleloBaTelbHO, PA3HBIM NpoLec-
caM, KoHTpoaupyloumM ckopoctb. Ha yuacrke 1 ckopocrs Gbila GaM3Ka K SHAUEHIIO,
BbIUMCAEHHOMY MCXOAS U3 TPEANoJoXeHus, Yro peakiud KOHTpoMpyercs mdcysueit
B pacTBope. ITo HabM01aeTCH TONbKO Npu KpajiHe BHICOKMX CTENeHAX HeHAChlueH-

CKopoCTe —=
w

Bcraseka

CxopocTs

ApH =

—

b ApH ——
P uec, 6.9. CxemaTuueckui rpaduk 3aBHCMMOCTH CKOPOCTH PACTBOPEHWA KanbyuTa oT
ApH (pa3sHocTu Mexay UCTHHOW BennuuHOW pH pacTBopa M 3wauesnem pH B yCnoBuAX pas-
HOBECHA pacTBopa C KanbuuToMm), Yem menbwe A pH, Tem Gnuxe pacTBOp K pABHOBECHIO C
Kanbyutom, BcTaBka — yBenuuexwHas 4acTb o6nacTv B6NM3W pasHOBECHA, MOKa3biBaKwWan
ABHO BblpaXXeHHOe OTCYTCTBHE HEeNpPepLIBHOCTH, KOTOPOE HAa OCHOBHOM rpadMKke TEepARETCA,
3uaueHue yuacTkos 1 — 3 o6cyxaaeTca B TekcTe (no BepHepy u Mop3e [29]).
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HOCTH, COOTBeTCTBYIIMX 3HauenuaM pH menee 4. Takue ycnosus B puposie BCTpe-
yaTcH peako. [1pu MeHee BbICOKMX CTENeHAX HeHAChIl|eHHOCTH NPOLeccoy, KOH-
TPOAUPYIOIMM CKOPOCTh, Oblia peaxiys Ha MoBEepXHOCTM Kpucraina, Ha yuactke 2,
Hauboaee 6IM3KOM K HACHIEHHIO, CKOPOCTh, TMO-BUAMMOMY, KOHTPOJMPOBANAChH OT-
[eleHueM HOHOB OT 3yOLOB B MOHOMOJAEKYIAPHBIX CTYNEHbKAX HA MOBEPXHOCTH
Kpucrania. 3y6upl 0TAMYATCH BRICOKOH noBepXHOCTHO! 3Hepruell, moaToMy Ha HuX
MoryT a7copbupoBaThCH NpUMecH U3 pacTsopa, ncoberHo oprodocdarHblii HOH.
[Tpu ancopbimm nocyelsero sydell UMMobIIM3Yercs, U pacTBOPeHNe Ha HeM Mpexpaiua-
ercs. Ha yuacrke 3 ckopocTh pacTBOpenms KalbllTa OKa3alach BeChbMa UyBCTBUTEb -
HO# K HMYTOXHO MATbM KoHllerTpausm dochara s pacrsope. Ha yuacrke 2 ckopocTb
pacTBOpeHUs 3aBUcena (Haps/ly CO CTEeneHbio HeHackllleHHocTH) ot Fp 0, ¥ (nan)
pH. Bepuep 1 Mop3e He MpelAoKuMM KAKoro-1mbo MexaHu3Ma pACTBOPEHN: Ha 3TOM
yuacTKe, XOTS CUMTAMM, UTO 3/1eCh MOXeT UMeTb 3Hauenue ancopbms HT wa no-
BerHOGTH KpUcCTaijia.

[lnammep u Yuran [274] u3yuanm KMHETHKY pAcTBOPEHAA KAIbIMTA B BOJE,
nacoimensoit CO,, npu 25°C v npuman K BbiBofiaM, B o0wuX Yeprax GIM3KuM K
BhiBoflam Bepuepa u Mopse, CkopocTb pacTBOpeHus KOHTPOIMPOBANach NOBepX-
HOCTHOM peaxumeit, a ve auddysueli; koraa pacTsop 6bl1 144eK OT paBHOBECHA C
KaasiuToM (yuacrok 2 no Beprepy u Mop3e), ckopoCTh pacTBOPEH!S OTHOCUTEMNb-
Ho Ca 2% ymena Bropoit nopsiox, a Korja pacTeop Hbl1 6IM30K K pABHOBECHIO
(yuacrok 3 no Beprepy u Mop3e) — no-BuumMomy, 4eTBepThili nopsaIok.

W3 npusefienHoro Bhlme 06CYXAEHUA O4YeBH/IHbl BA BaKHbIX BbIBO/IA:

1. Jlaxe [as Takofl OTHOCUTEJLHO NMPOCTON CUCTEMbI, KAK KATBIMT B BOJle,
COOTHOWEHUE MEXY CTEeleHbl0 HeHACHINEHHOCTH U CKOPOCThI PACTBODEHUS He
Apasercd, Boobule roBops, MPOCTHIM,

2, CKopocTb pacTBOPEHHA MOXKET 3aBHCeTb HE TOJbKO OT CTelleH! HeHachl-
WEeHHOCTH, HO M OT psla ApyruX GakTopos, cpelu KOTOpbIX B JAHHOM Clyyae Bax-
Hbl KoHuenTpamma docdara u P 0,°

HeobxoauMo UMeTh B By 3TH CJA0XKHOCTM, TAK KaK HEKOTOpble aBTopbl onyh-
JIUKOBAJIM MaTeMaTHUYecKue MoJlen MpUPOAHBIX BOAHBIX CHCTEM, B KOTOPLIX KMHE-
THK2 OCAXIEHAA U PACTBOPEHMA NPUHMMANACH JuHeAHON Mo OTHOWEmMIO K CTemeHu
nepechille A KM HeHACHILEHHOCTH (cM, T, 14),

POCT KPUCTANNOB KANbLUHUTA U APAITOHHUTA
B MOPCKOW BOAE

KuHeTHka pocTa KpHCTAMI0B KAIbLMTa i AparoHATa B MOpCKoii BoAe Oblia
uccaenosana Bepuepom [24]. NaaBHolt nedbio ero paborsl Gbiia MOMBITKA OTBE-
TUTH HA BOTPOC, NOYEMY B COBPEMEHHBIX MOPCKUX ocafikax 00pas3yloTcs aparoHuT
¥ BbICOKOMArHE3NATb I KalbiMT, a He HU3KoMarHe3uaabHelil kansuyr. Texunka
akcrepuventa Obia Takod ke, xak y Mop3e u Beprepa (cm. mpeabifyumii pas-
llen), 3a UCKIOUeHHeM TOro, YTO PacTBOp NepBoHAYANLHO ObLT MepechilleHHbIM
W BMeCTo KucioThl fobasisnock ocxosanue (pacrBop NaOH wm Na ,CO,), uro-
6l noAsepkuBarh nepechimenue no mepe ocaxaenus CaCO,. B peaxuuontom
cocyne Bceraa npucyrcreosal Teepablii CaCO, (HM3KOMAr He3UaNbHbIH KalbLMT

10-78
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P u c. 6.10. 3aBUCUMOCTb CKOPOCTH POCTa aparoHuTa (B NPOM3BONbHbIX eUHWUax) oT cTe-
NeHW nepechileHMA OTHOCHTENEHO aparoHuTa, £ — Npou3BeneHHe aKTUBHOCTEH HOHOB /Kapar;
MOpCKaA BOAA— MCKyCCTBEHHAaA MOPCKaA Bofa; Mopckan Bofa 6es Mg — uckyccTeeqHan mop-
CKaR BORA TaKoM e MOHHOR CWNbl, HO He coaepxawan marHui(no Bepuepy [:23 ]).

WM @PAINOHNT); CaefloBaTelbHO , U3yuanach KHHETHKA POCTA KPUCTANNOB, 4 HE Ki-
HeTHKd HyKAeai.

CkopocTb poCTa KpMCTANIOB aparo¥MTa B HODMalbHOH U MCKyccTBEHHOH be3-
MarmiMeBoit Mopckofi Bojie nokasaHa Ha puc. 6,10, Cxopocts SbicTpo Bo3pacrana
TIpM YBeJAUHEeHMM Mepechillelus i He 3aBucena oT KoHueHrpammu Mg H Pco
(mpu nocTosHHON CTEeneHy nepechile ns). ?

CkopoCTh poCcTa KAJBIMTA, HANPOTUB, OKA3aiach UyBCTBUTEIbHOM K KOHIEH-
TpauuM Maruus B pacrsope (puc. 6.11). Besakuit pas, Korjaa KouuesTpamma MarHus
B MCKYCCTBEHHO MOpCKOJ Bo/le MpeBblmana npuMepHo 3 MMOJIB /KT (5% ee HOpMals-
HO# BEJIMYMHBI B MOPCKO# BOJE), CKOPOCTb POCTA KPUCTALIOB KANIbIMTA CHUKAIACH,
3nauenne 3 MMolb /Kr He ABAAeTCA "KpUTHUECKUM'', JKCIIepUMEHTANbHbIe JaHHbIe
Bepuepa nokasbipaior, uTo npu cofepxanm vona Mg2t (3 mvionb/kr) ne nabmosia-
eTCA CHUKEHUS CKOPOCTH M0 CPaBHEHMIO ¢ DesMarHmepoi MOpCKo# Bojlol, pn cojlep-
kanmu 6 MMoJIb/Kr ckopocTh chukaercd Ha 20%, a npu 48 MMOJBL/KI POCT Kalb-
IMTa NpeKpamaeTcs (Bo BCeX CIyyasX CTeneHb Nepechlile i oluHaKoBa).

YMeHblneHe CKOPOCTH 3aBUCUT, TIO-BUAMMOMY, OT OTHOUIEHUS Mg2* /Ca 2t
B pacTBOpe B [IONOAHEHHe K abcoMi0THOM KOHUEHTpatmm Mgz » XOTS IaHHbIX 110
ITOMY TOBOAY B AMTEpAType He berpeyaercs. [Ipu naHHO# cTeney nepechlexus
CKOPOCTb POCTA KadbLUTa B HOPMabHON MOPCKOi Bojie 3HAUMTEIBHO HUXKe, YeMm
B OesMarsuesoit. JIpyrumu ciosamu, 4% pocTa KpUCTALIOB KAIbIMTA C KOHEY-
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19 Q kanwuura
Puc,6.11. 3aBUCMMOCTE CKOPOCTH POCTA KANbUMTE (B NPOM3BOMBHLIX EAWHULAX) OT cTene-

HW NepechlWeHHA OTHOCUTENbHO KanbuMTa. £ — NpOW3BEaeHHe aKTUBHOCTEN HOHOB / Kxanhu-
Cumeonsl Tak1e e, Kak Ha puc. 6.10 (no Bepxepy [23]}

HOM CKOpOCThi0 B npucyrersm Mg?* rpebyerosn Gonee Bbicokas creneHs nepechi-
LeHNs, YeM B €ro OTCYTCTBUE,

ITi IPOCTBIE KMHETHUECKUE IKCIePUMEHTH OGBACHSIOT, IOYeMy B MOPCKHX
ocajikax Tak obblyen aparosut. [Ipexae yem mMopckas Bofa CTaHeT JOCTATOYHO
nepecbileHHoi, Yrobbl obecneuw s oCax/ieue KalblUTa ¢ KOHeYHON CKOpPOCThIO, OHA
OKA3LIBAETCH NEPEChIIEHHOM M0 OTHOWEHMIO K apromury. [JoCKoIbKY poCTy KpUCTALIOB
aparoHuTa He Mewaer npucyrcreue Mg?t, aparomMT Moxer ocaxaarbes 6ecrpe-
nArcTeeHHo. B npecubix sonax orsomene Mg2t /Ca 2t oBbiuno mixe emummmbl,
Ocaxneme KalbluTa HE NOJABISETCH, 03TOMY o0bpa3yercs, Kak npammo HU3KO-
MarHe3ualbHblil KAlbUuT, & He AparoHAT,

Coraacno Bepuepy, npuumioit nofaBtews pocTa KalblMTa ABASETCS ANCOP6-
s noros Mg?* Ha ero noBepxsocTH, yekopsiomas obpa3sopanne BhlCOKOMArHe-
3HATBHOID KATpIMTA (PaHee 3To npeanoioxenie 6bi1o Boickasano Bumoddom u
Dajidom [31]). MoHbl HA NOBEPXHOCTH KPUCTANNA HAXOLATCH B MOHOODMEHHOM pas-
HOBECHM C HOHAMU B pacTsope (M. 4), a pasHOBecHoe pacrnpefenenie Mg2t u
Ca?t MekIy MOBEpXHOCTHbIMM YYACTKAMH pacTBopoM MOXeT ObiTb COBEpHIEHHO
UHBIM, YeM Mex/[y OCHOBHOI Maccolt TBepaioro BemecTsa u pacteopoM. [pu oTHO-
wemn  Mg?* /Ca 2t B pacrBope, npesbimalomeM eHuLy, HaKTHIECKH BCE TO-
BepXHoCTHble yuacTky 3auarel Mg?*. Ilo Mepe pocra kpucrania KalbIMTa YacTs
ancopbuposannoro Mg?* okasbiBarach B ero CTpyKType, 06pasys BHICOKOMArHe-
3UaNbHBIA KaNbIMT (KAIbIUT, OCAXIEHHBIA OMBITHBIM TyTeM H3 MOPCKOI BO/Ibl, cofep-
®ar ot 7 go 10 mon.% Mg). Bricokomarnesualbbifi KalbuuT TepMoIMHAMUYECKH
Obl1 MeHee ycroifuns, YeM HU3KOMAarHe3HaibHbii, cleloBaTelbHo, OH ObLI Bodee
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pacTBOPUMBIM, ¥ IR ero pocra TpeboBanad 6ojee BHICOKas CTeneHb nepechlue-
usi, yeM Aag pocra weroro CaCO,,

Fro obwACHEHMe XOpollO COracyeTcd & MMElOIMMUCH JaHibiM1, HO (KaK YTIOMMHAI0rh
B 2, 3) B HAcTosllee BpeMs HMEETCH HEKOTOPOe COOTBETCTBUE MEeXIy yCToiuM-
BOCTbIO ¥ PACTBOPUMOCTBI0 BHICOKOMArHe3ualbHbIX KalbUMTOB,

O6pasosanne MeTacTabunbHbix das. Ocaxienie aparoHUTA U BbICOKOMAr-
HEe3UAIbHOrO KAlblMTa — ABa MPUMMEpPa WHPOKO PACIHPOCTPAHEHHbIX ABAeH!i B reo-
xummn. Korzia poct uau obpasoBaHye 3apofbia TEpMOAMHAMMYECKH YCToRUMBOR
(hasel ABATOTCA KMHETHUECKM 3aMe/lIeHHbIMY, BMECTO Hee MoxXeT obpasoBaTbcs
da3a, TepMOZMEAMIUECKH MeHee YCTOAUMBER, HO KMHEeTHUeCKH Doaee MOABMKHA.
TpumepoM MuHepanta, obpa3oBamie KOTOPOro KMHETHUeCK) 3aMe/lJIeHo, MOKeT
6biTh KBapl (ri. 5). B ra. 5 ynomunanocs, 4o B YCI0BUAX 3eMHo# NoBepxHOCTH
CenMoINT HEeYCTOHUYMB 1O OTHOWEHHIO K APYrMM cuaukaram marius, [Ipuuwmea To-
ro, YTo CeMMOJMT BCe Xe BCTpevaeTcs B NMpupofie, 3aKiioyaercs B ero 6bicrpoM
ocaxgeHuu Jake n3 caabonepechllleHHbIX pacTBopoB. TalbK U CEepneHTHH, Ha-
TPOTHB, OCAXAAOTCH MEIISHHO, MOTOMY OHI He 00pasylTCs CTO/b Jerko npy
HU3KUX TeMIeparypax, XoTs TepMOJHHAMUYECKH OHM, BOSMOXHO, # ycTofiuMBee
Cen1onTa,

AMopdubie (asbl Bcerfia TepMoAMHAMIYECKH HeYCTOHUMBBI OTHOCHTEIbHO
Kpucratadeckux $as, Ho KuneTHueckyu om obbiuHo Gosee nomBuxHbL 13 pacrso-
pa uacTo ocaxnaiorcs Takue amopdubie dassi, kak Fe(OH),, Al(OH), u ano-
dan (amopdubiif sxBuBanent kaoanuuTa)., Co BpeMeHeM 3TH HeycToHuMBbIe coe-
nureHus npeodpasyorcs B 6onee ycroitunsbie KpUcTasIndeckne dasbl,

PACTBOPEHUWE CUNTHKATOB MATHHA

Jlbionc u ap. [ 229 ] usyuanu pacTBopenue cepreHTHHA Mg,Si,0 s(OH) , , Gop-
crepura Mg, S5i0,, u secramra MgSi0; B mcmampoBanHoil Bole, pu a-rom Kesnaemas uc:
xoanasi Besvanna pH (B npegenax 1,5 — 9,6) cosnasanach fobasieem HNO, uwm KOH. Ye-
pe3 onpejeneHHble NPOMeXYTKH BpeMeHH (o naTu Anell) usMepaiuch GKOpOCTb
HakonaeHus B pacteope MgZtu Si0, u pH. MiasubiMu pesyabraramu nabaofe-
Huit ObLIM:

1. Koraa Musepan nomelaics B paGTBop, TIPOMCX0AMA GhICTphIf MOBEPXHOCT-
ool o6men 2HY Ha Mg?*t, OGMen 3akanuuBancs yepe3 HECKOJbKO MMHYT, @ YHC-
10 0OMeHMBaeMbIX HOHOB COOTBETCTBOBAJO GO BOKPYr KaX/I0ro 3epHa, He Ipe-
BLINEBUIEMY [0 TOJNWMHE OJHY 3JEeMEeHTapHylo A4eitky.

2. [locse nepBOHAYANBLHOTO IOBEPXHOCTHOrO 0OMEHa KOMM4YecTBa PACTBOpPEH-
Hbix Mg2* u Si0, cramm nponoplMoHATLHE KOPHIO KBaJpaTHOMY 13 speMenu, Ta-
Koe NoBeJeHue OTBeYaeT napaloiuveckomy KuKemuuecxoMy 3axoHy, KOTOPbIA Bbie
paxaercs ypaBHeHUAMU

= V2 0
OM52+ = kygt t Ofy 2t

. V24 00
Osiq, = ksio,*  * ¥sio,

rae () — KoIMYecTBO BellecTBa B PACTBOpE 3a BpeMs ¢, k — KOHCTAHTA CKOPOCTH,



KuHetnka 149

@0~ skcrpanoaupobannas seauuna Q npu ¢ = 0, 3uavenne (0 coormercreyer
KoJM4YeCTBY BellecTBa, BbijelnBueMycs B Npolecce NoBepXHOCTHOIO o6MeHa,

3. Mg?* Bbuleasncse pacrsop 3naunTelbHo GuicTpee Si0, , noatomy TBep-
Aas ¢asa, no-suumMoMy, oboramanacs Si0, no cpaBHeHHIO C MCXOAHLIM COCTABOM
cunmkara Maraua, Oborauennsit kpeMaesemoM (uan obenHeHHbll Marmmem) cioi,
BepofTHO, 06pa3soBbiBaICA BOKDYT KaxIoro 3epHa.

4, B cunbrokuciom pacrsope (pH = 1,65) ckopocTb pacTBopeHus noauuHseT-
cs IuHeliHoMy, a He napafoJMyYecKoMy 3aKOoHY:

Oygzt = kygt + Ofg2* -

3uauemte napabolMyeckoro KHHETHYEeCKOro 3aK0OHa ABUAOCH NPeIMEeTOM pas-
JIWYHOM MHTEpnperammMu (CM. HMXKe pasfen o nojesoM mnare). [lo Mrermio Jlpoca u
Apyrux uccaenoparedeli, napaboauueckuii 3akoH Obll CleCTBHEM TOTO, YTO CKO-
pocTh Mpolecca onpefeasiack Auddysueii B Teepaoit dase, kak 310 paHee mpef-
nonaran Yoanact [349]. dtv uccaenoBaTenu npeatokuiu ABa pasinuHbIX Mexa-
HM3Ma, KaXblil U3 KOTOpbIX COOTBETCTBOBAN 3KCIEPUMEHTANBHbIM AaHHbiMs Cos
IJIACHO TIepBomy MEXaHu3My, BHemHui clo#l MUHEpATbHOrO 3epHA YACTHUHO U3-
MeHSeTCH, pUYeM CTeNeHb H3MEHeH!nA MaKCHMalbHa HA MOBEPXHOCTH U yMeHbIa-
ercs ¢ raybusoit. Juddysua ocymecTaseTcs Yepes YaCTHUHO MSMEHEHHYIO 30HY,
Coraacuo Bropomy MexaHu3amy, Auddysus npoucxoaur B ocoboil ogHopoaHo# BhI-
mejouHolt  hase, KoTopasi ofpasyer TOHKWI Cl0i BOKDYT Kaxioro 3epHa.

MexaHn3m 1. Ecau noBepXHOCTb MUHEpala paccMaTpUBaTh KakK MIOCKYIO Mo-
Ayorpamnuentyo naactuuy (puc. 6.12) u npenebpeus nonepeunsivi sdexrav (rs 2), |
TO, WHTErpUpY s Bropofi 3akoH Auddy3un duxa (ra. 2) , nonyuaem

- x
Cix, ey = (G —C,)erf [ W], (6.5)
Munepan

C:j
g )
5 s
8 5
3 2
z =
8 g

3

¥

P uc,6.12, CxemaTuueckue npodwuni koHuenTpausm Mg?™ B cunukate maruua, pacTeoph-
IOWeMCA N0 NepBOMY MeXaHH3My (YACTHYHO WIMEeHeHHbIA NepBuUHbIA MuHepan) (no Jlblocy
“ ap. [220]).
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roe C(,. ;) — KOHUEHTpaIMs antpyHIMpYOWUX YacTHI] (31eCh Mg2*) B TBepnoit
dase Ha paccTOSHMM x OT NOBEPXHOCTU B MOMEHT BpeMeHu t, C; — ucxolHas
Konmenrpas Mg2® B TBepuoit dase, C, — konuenrpams Mg?* Ha noBepxioc-
i TBepiofi asbl Ha rpauuie ¢ BoAHo# pasoi, D — koadhduiment muddysuu, erf —
dynkims ommbox Maycca.

[pafvenT KOHUEHTpaluK nojyyaem, mutdeperupya ypasuerue (6.5) no

3 % =0 (-xz ) ) (6.6)
ax (nDt)”2 4Dt

Ha nosepxsocty Teepaoit dasel x = 0, u ypasrenue (6.6) ynpomaercs:
Ic ey mly
x /*=0 @Dy "

lorok MarHust B pacTBop (— J) MOXHO BBIYMCAMTD MO MPAIUEHTY KOHLEHTpalyy
Ha MOBEpXHOCTH (10 MepBoMy 3akoHy Puka):

_]:D_@i

dx
Cymmaproe Koauuectso Mg?* (Ha eauHMIy nuaomau NoBEpXHOCTH MUHEpana),
MoCTyMMBIGEe B pacTBop BeaencTeue AMpdysum (), paBHO BpEeMeHHOMY MHTerpa-
1y o Aucdy3noHHOr 0 MOTOKA Yepe3 MOBEPXHOCTh!

t
e=/02C .4 =2(-c,) D_‘)V2= const- V%,

0 dx = * m
CrefoBaTelbHo, NpeAnoiokenue ob yEeluueHuy YacTHIHo BhIlIENOYEHHON NoBepX-
HOCTHOI 30HBI coraacyeTcs ¢ napaboAMYecKuM KUHEeTHUIECKUM 3aKOHOM.

Mexauusm 2. Mogeas, Bkmouawman o6ocobieHnblf BhlllleoYeHHbIH Cl0H,
nokasana Ha puc. 6.13, [No Mepe Toro Kak npoucXomuT paCTBOPEHHe, MpaHula
MeXIy 3THM CJOEM M MUHEpPANOM CMellaeTcs BIPaBo M TOMLMHA CIOA PACTeT.
Ecay Konmedrpamus mMboyHIMpYOMMX YacTUL| B BbIlleIOUEHHOM ClIoe Mala 1o
CpaBHEHMIO C MX KOHLeHTpalMel B MyHepaie 1 pACTBOPEHNE POTEKAET HE OYEHb
6BiCTpO, TO IPAIMEHTH KOHIEHTpammt B cloe Gyayr auneitnbivi. Co Bpemenem
(c pocToM TOMWMHE! COA) rpamuenTs OyAyT yMeHbmarbcd. [Ipeanonaraerca, uTo
KOHUEHTpALM) HAa TPAHMIAX Bbliledoyennoro ciod (€, u C,) ABAAOTCA NOCTOAH-
HBIMM BCIECTBUE PABHOBECUA CO CMEeXHBIMU (asamu.

CxopocTb 06pa30oBaHus BbILIENOUEHHOTO CJOA HA eIMEMILY NAoWaAM TBepLoi
dassl R, paBHA M MPOTHBONONOKHA NOTOKY AMDGYHIMpYIOmMUX yacTui (— J):
o D(Cb - Cs)

l

rae [ —To/umMHA BbilleNOYEHHOTO caod. Ecau p — aKBUBaASHTHAA KOHIEHTpaIms

Ry=~1 ; (6.7)
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<« BbillenoyeHHbIi cnof ; Munepan

2 l g

Z 1ty |

v U

2 1
g P

7 &
&V o
g v s
= [ s
3 [ =
z g
g v 5
al Fil

7 -

7 5

7 v

P u c.6.13. CxemaTHueckue npodunu KoHUEHTpauum MgH B CUNMKATE MarHuWA, pacTBopA-
IOLEMCA N0 BTOPOMY MEXaHW3MY (YBenWdeHue TOMWWHbI NPOAYLHpYemoro cnoR) (no Nblocy
u ap. [22g]).

AudyHAKMPYIOUPX YACTHI], PACXOYeMbIX Ha obpa3oBanue BhILEJIOYEHHOTO GO,
TO
RA = j—i-' )

dt

uro B KoMOuHauuu ¢ ypassenueM (6.7) naer
a1 D(C, -C,)

. (6.8)
dt pl

WUnterpupys ypasuensue (6.8) no BpeMeny, noayuaeM TONWMHY BEILEJNOHEHHOrO CJOA
B MOMEHT BpeMeHH t:
12 2D(Cy—Cy )

p

KommecTtBo MubdyHmpyomMX B pacTBOP YACTHL () PaBHO MX KOJIMYECTBY, H3pac-
X0[loBaHHOMY Ha oOpa3oBaHyue BbIEeNOUEeHHOr0 CJOH, UK

Q=1p=[2D(C, -C, )p1V2tV2= const - t¥2,

Taxum 06pa3om, Mojiedb "BbilIEAOYEHHOr0 Clos" TAKKE coraacyercs ¢ napabo-
JIMUECKHM KMHETHUECKHM 32KOHOM.

Jluuelinblil KMHETHYECKUH 3aKoH, AeficTBylomnit pu EU3KNX 3Hauenuax pH,
bl MHTEpNpeTHpOBaH JIbIOCOM U [p. [229] kak caefcTBie NOCTHXKEHHs Bblllenao-
YeHHBIM CI0eM TOCTONHHON TOMIMHB, IpH KoTopoit ero BremHui kpalt pacTBOpsAs-
s ¢ Takoil Ke CKOpOCThIO, C Kakoli nepememalncs BHyTpeHHuil kpafi B pesyabTa-
Te Auddysun.

Crarbs Jlbioca u ap. | 229] SEAfeTcA NpUMEpOM TOro, Kak MOXeT GhiTh Bblfc
HeH MeXaHi3M, KOHTpoAupYoiui CKopocTb PACTBOPEHHS N0 CKOPOCTU MORBJIEHUA
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yacTuy B pacTBope. OTMeTHM, UTO [IBA COBEPIIEHHO PA3HbIX MeXaHu3Ma, OCHOBAH-
Hble Ha Auddy3un Yepes MOBEPXHOCTHBIA CoH, COrAacylTes C 9KCNEepHMEHTaNb b
My AanHbIMM. MIMETCH, BEPOATHO, M [Apyrie MeXaHu3mbl (uro Gyaer nokasano B
CaeflyiomeM pasjene), KOTOpble OCHOBAHb HA MOCTENEHHOM yJaleHuy BbICOKOpacT-
BOPMMOT'0 TOHKOI'O Marepuala i Takke COOTBeTCTBYKT HabliofaeMbiM ABJIEHUAM,

MIMEHEHHWE NONEBLHX WUNATOB

W3MeHenne noJesbX WIATOB BO BCEX PACTBOPAX, KPOME CHJIbHOKHUCJBIX, B
JfeTcs MpoUeccoM UHKOHTPYAHTHBIM, MPUBOAAWMM K oOpasoBanuio oborai2HHOro
ANOMUHMEM BTOPUYHOIO MaTepuaia. ITo YCIOKHAST MHTEPNPETALMK ero KMHETHKH.
Tpobuema uayuantacs pifom uccieopareieil, ¥ BeCbMa NOYYHTENbHO PACCMOTPETh,
KaK COBEpUIeHHO pasHble MOAeIN MOTYT MCNOJb30BAThCA A5 00BACHeHN s J0BOJIBHO
CXOJHBIX JAHHBIX.

Pasnoxete noaeBoro wnara n3ydaloch Npu BISKAX TEMIEPATYPax MyTem Herpepbib-
HOMO y/laleHust BLIIeNIOuMXCA B PACTBOP MOHOB ¢ nomolbio mamsa [ 73, 1231, Onbr noka-
3a.1, YTO pasIMuHble KOMIOHEHTb! MOJEBbIX WNATOR MePeXoAT B PACTBOP C pasHbi-
Mit CKopocTsmM, a oTHomenne SiO,/Al ,0, B ocTaTouHOM MaTepuale 3aBUCHT OT
pH. Asrope! HCCaeoBanKi UM K BHIBOAY, YTO CKOPOCTb M3MEHEHUA KOHTPOIUPO-
Baach CKopocTbio Auddysun uepes caolt ocraTouHoro Marepuasa.

Yonnacr [ 349] usyuan npu KoMHATHOI TeMnepaType CKOpPOCTb BHIIENEHHS OKM-
Ceil KpeMHuA 1 AMOMUHMS M3 TOHKOU3MENLYEHHOrO KalieBoro NoJesoro mnara, cyce
nenpposanHoro B 3abydepentbix pactsopax ¢ pH or 4 fo 10. Hekoropbie ero pe-
3yJbTaThl oKa3aubl Ha puc. 6.14. Ilpn 3navennax pH ebime 6 KoauuecTBo oKuCH
alioMMHUA B pacTBope Oblio Bcerda mMebiie 1 Mr/Kr u He Morio GbITh TOYHO ompe-
Aeneno. Bo Bcex pacTBopax, KpoMe CHABHOKHCIBIX, KOHLEHTPALMA OKMCH alloMUHMS
ObICTPO 0CTHI'aau HEBBICOKOrO IIOCTOAHHOrO 3HaueHns. KoHuenTpanus KpemMuesema
B pacTBope BO3pacrala B Teuenue 6osee npolo/KMTENLHONO NEpUo/a BpeMeHH i,
no-BuAumomy, AocTUrala MakcuMyma, KOTOpbli ouTH HE 3aBMCEN 0T KOJMUecTBa
CYCHNeHAupoBaHHOro 1noJieBoro wnara. e poCTOM KoJu4yecTBa M0JeBoro wnaTa s pacr-
Bope Bo3pacTaja M CKOPOCTb BbijleleHus KpeMHe3ema, HO ero KOHeUHas KoHIeHTpas
M5 He HIMEHANACh.

Yoanact ueTepnpeTipoBal CBOM pe3yabTarhl, npeanoaaras:

1. Bricrphiit noBepxHocThbii obven HY na KT,

2. Poet ocrartoutoro cios amoptdHoro Al (OH); u mensennywo auddysuio ye-
pe3 Hero KaTuoHOB U KpeMHe3eMa. '

3. ¥ nanenue kpemHesema u3 pacTBopa nyTem obpasoBaHus aMopdiHoro anio-
MOCHIKKaTa, BOSMOKHO MHAPATHPOBAHHOIO M CXO/HOMO G KAaoJIMHUTOM MaTepuala
Al ,5i,0, (OH), - n H,0.

Maremaruueckuil BbIBo/I MOA€H, CleNaHHbli Yoanacrom, Obin aHATOrMYEH Bhie
Bofly, o0cyk/iaBuieMycsi B pa3/ielie 0 paCTBOPEHHU CUIMKATOB Maruus (MeXaHusm 2).
Ilepenoc kpemyesema B pacTBOp uepe3 pacTyunit BulllesoueHHbli cllofi Bbipaxalics
YpABHEHNeM
C = const * tV2, (6.9)
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KoHueHTpauuRn, mMr/n

20 50 100 150
BpemA, u
P uc.6.14. M3MEHEHHE KOHUEHTPaLHH KpemHesema co Bpemexem npu pH, paBHOM 4 u 6,
B ONbITAX NO PacTBOPEHWID NONEBOro WnaTa, KOraa ero copepkawue cocTasnAno 5% (no
Yonnacty [ 3491).

rge C — KOHIEHTpalms KpeMHe3ema B pacTBope B MOMeHT Bpemenn ¢. [udde-
penumpys ypastenwe (6.9), noayuaem

s ageps, (6.10)
dt

rae k, — Koncranra ckopocTi. Eciu KpemHesem y/Jansiacs 3 pacTsopa u 3a
cuer obpasoBaHus BTOpUYHO#A TBep/oil daswl, To ypapsenne (6.10) nonxue ObiTh
npeobpa3’oBato ¢ yYeTOM 3TOrO npollecca. ¥olaacT Npernolokul, YT0O MeXaHn3m
yAanenus KpeMHesema CBA3aH ¢ peakiupeit

H,Si0, pacre) + Al(OH); = 1/2 Al 8,0, (OH), amopgy * 5/2 H,0.

Coraacuo Yoanacry, ckopoctb ynanenus H,SiO, u3 pacrsopa goaxua ObiThb mpo-
nopl4oHaibHa npesbimeniio konuentpau H Si0, nap Toli, koropas pasHoBecHa

¢ amopdubiM CHIMKATOM — Cp oy (Cpqgy — KoHUenTpams H,SiO, , npu xoro-
poit Al (OH)3 u Al 2SiZOS(Oﬁ)4 (amopg) HAXOAATCA B paBHoBecuu). [lns nponecca
yhanexus

dC

o = = ky(C — Cpapn) 6.11)
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P u c.6.15. TeopeTHieckue KpHBbie BbIAENEHHA KpeMHesema W3 Nonesoro wnaTta B cpae-
HEHMH C BKCMEPUMEHTAMNbHLIMY TOUKaMK (N0 YonnacTy [349]).

rie k, — koncranta. KomGunupys ypasuenus (6.10) n (6.11), noayuyaem

ac__ . ., 5
3T ki* 12 =k, (C-C
Jr0 ypaBHeHye Obiio NOABEPrHYTO rpadguueckoMy UHTErpupoBanuio, B X0e KOTo-
poro Beluumtbl k, M k, 10AOMPAIUCH TAKUM obpa3oM, 4Tobbl laTh Haudyumee
npubMKenyue K SKCIEpHMEHTANbHbIM JaHHBIM, FKCTIepHMEHTANbHbIE AAHHbIe U Teo-
peTMyeckue KpmBhle npupejensl Ha puc. 6.15.

Xearecou [ 154] npeftokun A1 oBbACHeHUs AaHHBIX Yoanacra albTepHaTHB-
Hy10 Moflesb, BmecTo noabona ofiHoll xpusoil k cucTeMe TOYEK, KaK 3TO Aelal Youn-
nacT, oH crTpoud rpaduk KoulleHTpauii KpeMHe3emMa B 3aBUCHMOCTH OT t¥2 1 no-
Ayual Ha HeM cepuio npaMoMHelubX oTpe3kos (puc. 6.16). Xearecon [ 154] npep-
T0JOXUI, YTO €/MHCTBEHHbIM MPOUECCOM, KOHTPOIMPYIOLMM CKOPOETH npoleccea,
Gbiia Aubbysus yepes Bropuurbiil caoii. PacTsop Bce Bpems Obll B paBHOBECHH
co BropuuHbiMU has3amu, 8 U3MEHeHUs HAKIOHA KMHEeTHUECKUX rpadMKoB CoOTBET-
CTBOBAIM n3MeHeHusM B camoii Bropuunoii ¢ase, CneloBareabHo, Ha puc. 6.16
otpe3ok AB npeacrasasa cobolt GhicTphiit nopepxHocTHBIA 0GMEH, 0TPe30K BC -
ocaxienue rubGenra, CD — peaxmio mexay ru6beurom n H,Si0, c obpasopa-
mien KaoduuuTa. Jas obbacHems orpeskos C'D” v D’E npeanosaraiock o6
pasoBanue Apyrux a3, Takux; KakK KaJueBbifl eoduT U KalueBas cJioa.

Mauec [ 260], ucnoab3ys naHHble o NPUPOHBIX BOJHBIX CHCTEMAX U pesylb-
Tarthl sKkcnepuMenTos Younacra, paspaboTan Mofielb, B KOTOPOi npolieccami,
KOHTPOJIUPYIOLIMMY CKOPOCTB Tpoliecca, Obln Anddysus uepes HapylleHHbI# BHell-

paau)'
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P u c. 6,76, OaHHblz Yonnacta 0 BbifeneHud KpemHesema u3 nonesoro wnara, npeg=

CTaBneHHble B Bufe PYHKUMM KOPHA KBaOpaTHOr0 U3 BpemeHu. Byksbl 3 TouKax Hapyuwe=
HWA HenpepbiBHOCTH 0OBLACHAIOTCA B TeKcTe (no XenrecoHy [ 154)).

Huit kpail Kpucraiia noleBoro mnara (anajtoruuno Mexamsmy I Jlbioca u ap. [229))
1 paBHOBECHEe Mex/y pacTBOpoM i aMopdHbIM reflem alloMOCHIMKATA, COCTAB KO-
TOpOT0 U3MeHAICH B 3aBUCUMOCTH oT pH.

Bysenbepr u Kaemercu [ 57) npoBesn cepuio ofbiToB Mo M3MEPEHMI0 pasiiy-
HBIX MOJEBBIX WNATOB B AMCTUIAMPOBAHHON Boje mpu PCO ,pasiom 1 aTm. Ouu
BbIJIEIUIM YeThipe CTajMK MpoLecca U3MeHeHUs: 2

1. BricTpblit noBepXHOCTHBIA 0GMEH KATHOHOB HA HOHbI BO/IOPOAA, TPOJIOIKa-
0umiAes 0KoJo ofHOA MUHYTHL

2. Boijleslenme B pacTBOp GoJbIMX KOJIMYECTB KATHOHOB U KpemHesema, [Tpo-
J0JKMTENBHOCTD 3TOM CTAAMKM cocTaBasla npuMepHo 50 U A% KATHOHOB U KoJe-
fanack ot 1,5 u (anpbut) fo 100 4 u Gonee (anoptur) Ans Kpemuesema. Boiesne-
Hie PACTBOPEHHDbIX YACTUI] HE COOTBETCTBOBANO KAKOMY=JMBO NPOCTOMY KHHETH-
YeCKOMY YPaBHEHMIO, UTO CBABAHO, MO-BUAMMOMY, C DBICTPBIM H3MEHeHUeM co-
crasa pacrsopa (ocobenno ero pH).

3. Cramus npoflofkuTelbHOCTBIO okolo 19 cyT, B npoecce koTopoii Bhiee-
Hife BCeX YaCTHIL NOJUMHANOCH NapabouyeckoMy KHHeTHUECKOMY 3akoHy. ABTo-
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Pbl AHTEPNIPETUPOBAN N €€ KaK CJE[CTBUE KOHTPOA CKOPOCTU 3a CUeT oubdys3un
yepe3 pacTyuuil cloi NpoAyKTOB peakimi.

4, Cranus, Npo/loJXABLAACH [0 KOHNA 9KCIepUMEHTOB, B KOTODO Bbifele-
Hye BCeX UaCTHI| MOAYMHANOCH JMHEliHOMY KuHeTHuecKoMy 3akoHy. [lis nee Gblio
npetoxeno 06bACHEHHE, COracHO KOTOpOMY CJO TIPOAYKTOB peakuyy JoCTUr
nocTofHHOM TOMUMHBI, @ ero paspyicHue u obpa3oBanHe MPOUCXOIUIM C OAUHAKO-
BO} CKOPOCTBIO.

B ofcyxaaBumxcs Bhile UCCAEA0BAHUAX eMHCTBEHHbIM 10KA3aTelbCTBOM Cy-
1leCTBOBAHNSA IOBEPXHOCTHONO CJ0S MPOAYKTOB Peakiui niy YaCTHYHO BbllleN0YeH-
HOr0 MEepBUYHOTO MuHEpana Gblla CKOPOCTb MOABJEHUA PACTBOPEHHDIX YaCTHI| B
pacrBope. [letposuy u Ap. [ 269), Beprep u Xoanpen [ 27, 28] uccrenosanm nosepx-
HOCTb NIONIEBHIX WNATOB (OABEPraBWMXCH UCKYCCTBEHHOMY Wi NPUPOAHOMY Bhile-
JAUMBAHKIO) C MIOMOIIBI0 CKAHMPYIWEro 2J1eKTPOHHOrO MUKPOCKONA M PEHTTeHOBCKOM
hoTosaeKTpoHHOM cnekTpockomiu. [locienHss npefHasHayeHa crnelualbHo A8 u3y-
YeHHs XMMHUUYECKOr0 COCTaBa MOBEPXHOCTHBIX CJ0EB TBepAbiX Tel. ITH uccie1oBaHus
foka3au, YT BTOpHUHble clou, npeanodaraemble Yoanacrom [ 349] u Xeareconom
[154],  obennennnit caofi Taueca [260] e cymectsyior. [lo-BumMMOMY, HET Xy
MIUYECKOT0 PasInuni Mex[ly MoBepXHOCTbI) U3MEHEHHOrO MOJeBOro WiaTa u ero
BHyTpentelt yacrbio. Ecan noBepxHocTHbI caoit, pasauualomuiics o cocrasy, Bee-Ta-
K1 CyIllecTBYET, TO ero TOMUMHA HE MOXET PBBbIATh HECKOIbKHX [eCATKOB aHm
cTpeM #, ClefoBaTebHo, OH ByleT CAMMKOM TOHKMM, YTOObl KOHTPOAUPOBATDL KUHE-
THMKY BbleNessisl MOHOB 1 KpevHeseMas /[lanible 3MeKTPoHHONA MUKDPOCKONMM MOATBEp-
JMIM OTCYTCTBUE KAKMX=IuO0 BUIMMBIX CJOEE BTOPUUHOTO BEUIECTBA.

Xoaznpen u Bepuep [ 168] nam opyroe skcrnepumenTalibHoe NMOATBEPX/EHHE TO
My, uTo napabomnmueckuii KHHETHYECKMA 3aKOH PACTBOPEHMS MOJEBhIX WINATOB Ke
6611 caencTeneM Anddy3umu uepe3 cioli npoJykToB peakiuu. OHM Mokasalu, YTo
npolleflypa M3MeJbueH!s, HCoAb30BanHas B Gollee pAHHUX SKCIEPUMEHTAX, NPUBO-
muaa K 06pa3oBanuio GOJbIOTO KOIMYECTBa OYeHb Meakux yacTull (menee 1 MKM).
Eclix 91 YacTHIB yAaasiucs (npoceusanieM, npombiBanueM i Tpasiennem HE),
To napaGoJuyeckuii KnHeTHYecKui 3aKoH He uMea MecTa. PacTBOpeHue mpoucxo-
[nl0 No JuHelfiHOMY KMHETHUECKOMY 3aKOHY B TeYeHWe BCero BpeMeHu HccieloBa-
uiit, Oyenb MeJkyue YacTHIbl MeHee yCToluuBh 1, clejoBarelbHo, Dolee pacTBo-
puMbl, uem Golbluie, TaK KaK NOBEPXHOCTHAS SHEPrus MalbiX YACTHI COCTABJAET
3HauMTENbHYKH YacTb CyMMapHoii cBo6oHOM 3HepruM Beex yacTul (B yacTiuax pas-
mepom Gostee 1 MKM BKJaJl OBEPXHOCTHON 3Hepruy B oblllylo cBOGOAHYI0 IHEpriio
yacTHik 00bluHO HUuTOXeH). [1oaToMy B onbiTax MeJKHe YacTUlbl PACTBOPATCH
GhicTpee, 1 KOrja OHM Mcue3awT, ofuas CKOpoCTh paCTBOPEHHA CHIKAETCH; TaKuM
06pa3oM, CKODOCTh M3MEHEeH!s H3MEeNbYeHHOrO MOJEBOro WiaTa AoJKHA CHIKATb
C#i CO BpeMeHeM, XOTs Noka3aTelb CTenenu, pasHbii ool BTOpo#, KolMuecTBek-
Horo obnsicHeHus mo 3Toll Moelu He MOJIyUNI.

YyacTk1 KpHcTania, Te CIPYKTYPa MoBepXHOCTH Hapylena (nanpumep, cio
Kaipn), Takke obaanaiT Gonee Bhicokolt sHeprueit u, ciefoBaTeinbHo, Golee BHICO-
Koit pacTBOPMMOCTBIO, YeM OCHOBHAR macca Kpucralia. Takne yuacTKu MOryT no-
CTeneHHo YAANATLHCH Np) PACTBOPEHNMH, UTO TAKXKE MPUBOMMT K HeduHelHoH KuHeTH-
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xe. Bepnep u Xoaapen [27, 28] nokazanm, uTo pacTBopeHye MoNeBbIX WNATOR B
npupo/HbIX noysax u pacrsopax HF —H, SO, B aaGopatopubix ycaosusx npuseso
K 00pasoBaHii0 XOpowo PasAuYMMBIX AMOK TPABJIEHUA, CBA3AHHBIX, NIO-BUAMMOMY,
C AMCAOKALMAMM MCXOMHBIX MOAEBBIX WMATOB.

Xors Bepnep u Xoaapen ycnewso obnsicaumm mabmoaemyio cxOpoCmMy pacT-
BOpEHNs CHIMKATOB, OJHAKO MPEe/IOKEHHbI UMK MeXaHU3M He JaeT MpAMOoro obbice
HeHns cmeTuomempuu peakiyit, B sxcnepumentax Bysenbepra u Knemencu [ 57],

a Takxe Jlbioca u ap. [ 229] kaTionb! MoABAAIMCH B pacTBOpe C Godee BHICOKOH
CKOPOCTDI0, 4eM KpemHe3eM. ITo 03HAYAeT, UTO IAe-TO JOJKeH CYIeCTBOBATh 060~
raimenHbifi KpeMHe3eMoM ocTaTounblit Matepual. [locKoAbKy ocaxiente 0G0raleHHoN
KpemHesemoM (asbl npyu TAKMX HU3KUX ero KOHLEHTpalysX Bps/l JM BOBMOKHO, [0-EH-
Iumomy, HeT bosee yAoBIeTBOPUTENBHOrO 0OBACHEHHS, YEM CYIeCTBOBAHKE He-
Koero o6e/HEeHHOr0 KATHOHAMH CJIOS Ha MepBUYHbIX 3epHax. OfHako, ecay Takoit
CJaoli cywecTByeT, 3T0 He 03HayaeT, yTo Auddy3us yepe3 Hero JoJKHA KOHTpO=
JMpoBaTh CKOPOCTH MpoLecca.

KOHTpONbHbIE BONPOCHI

1. BoiBeTe ypaBHenns AAf BHIUHCIEHHS BpeMeHH, HeoOXOMMOro Mis yMeHb-
WeHNA NepBoHAYaIbHOrO KolyecTsa sewectsa M, Ha 50%, ecin KuseTuka yaane-
HusA ABAAETCH: 8) KMHeTUKON HYJeBOro MopsaAKa Mo OTHOWEHUID K BemecTBy; 6) Ku-
HeTHKol BTOpOro MopAaKa fo OTHOWEHMIO K BENecTBY.

2. llokaxure MaTeMaTHIECKH, YTO KOHTPOJIb CKOPOCTH 3a Cuer mmbdysun ye-
pe3 caoii ¢ nocrosHHo# ToaumHOM Beller K JnHeiiHoMy KnHeTHuecKoMy 3akony. 06
CYAUTE NpeanoloxXeHus, KOTOpbIE NP1 3TOM BblIM CAeAaHbl.

3. llepeuncanre HekoTopble clyuan (MHble, Yem yNoMAHYTHE B raase), Koraa
B NPUPOAHBIX yCNOBUIX 00pasyloTc: MeracTabuibibie, a te ycToliuusbie TBepble
hasbl, Moxere 1u Bbl BHIABMHYTH KaKyio-1u60 MoAelb 115 STHX CIyyaes?
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BriBeTpHBaHHe H XUMHS BOL.
L ITpyuiss

NoYBOOBEPA30BAHME

Xumiueckuil cocras Hoablie yacT NOBEPXHOCTHBIX M MOJ3EMHbIX BOJ ABJAET-
Cs pe3yabTaToM B3auUMOfleficTBis JOXAeBbIX BOJ G MOPoAamit 6.1M3 MOBEpXHOCTH
SeMi 1 ocoberHo B nousenHol 3oxe. [lousoobpa3oBanue npejcrabifer cobolt
ype3Bbluaitno caoxHbifl npolece, BKAOuawWuii yyacTie pacrenuif, XUBOTHBIX, MHUK-
POOPraHu3MOB i HEOPraHWYeCKHX NpoLeccos; 3Aech AaeTCH Jillb OueHb KpaTKui
ero 0630p.

[TouBbl MOXHO MOApa3/ielUTh HA [Be IJaBHble KAaTeropuu Ha OCHOBE IyMM/HO-
CTI/apuaHOCTH Ccpefibl, B KoTopoil onn oGpasyoTcs (puc. 7.1). Tam, rae Baaru fo-
CTATOYHO, Kalbluii, BEIcBODOXAAOUMACS U3 NepBUYHBIX MUHEDAJIOB, NepPexoIuT B
pacrBop. [Tousbi, He colepkaiie kKapboHAT Kalbys B cocTase TBepoli dassi,
o6biuno oforaueHnsl aJlOMHHAEM | Xele30M, B CBA3M C UeM HA3bIBAOTCH KpacHo3e-
MaMmi uin nedansdepusimu nousamu (mefl-nousa nawoce Al u Fe). B MeHee BIaxHbIX
KIMMATHYECKUX 30HAX, I'ie BJary HellocTaTouyHo 1A yAaleHus BCEero Kaibliusd, B
nousesHoit 30He MPOMCXOUT ocax/eHue kapboHara Kalbuus, a obpasymecs npu
9TOM TIOUBbI HA3HIBAIOTCH nedokarvusimu. Hepelko kapboHaT Kaiblus obpasyer
CTAXEeHNHs, Ha3bIBaeMble KarvKpemamu wi xaiude, B obuem, yem 3acyumsee Kiu-
Mar, Tem DIuke KalbKpeThl K nosepxsocTy 3emun. [Toussi BocTounoit uactu Cesep-
nolt Amepuku u 3anaauolt Esponbl cesepree AJbi SBASIOTCH B OCHOBHOM nefaibdep-
HbIMM, TOT/la Kak nousbl Bemxix Papmm u woro-sanamyoit uacti CIIA — npeumymecr-

BEHHO nejoKalbHbIMHU.
B yMepeHHOBJaXHbIX KIMMaTHYeCKUX 30HaX nousam oObIYHO CBOWCTBEHHBL Xa-~

pakTepHble ropu30HTH (puc. 7.2). HenocpefcTBEHHO NOA MOBEPXHOCTHLIM CJl0eM,
AKKyMyJMpYIOIMM Opranuueckoe BemecTso (ropu3ont O), sexur rpybosepructoiii
cJ0it, U3 KOTOPOro Bbillje0UYEHbI Kele30 U anoMunnit (ropuzonT A). Huxe ropu-
30HTA A PAcmoJoXeH Cloi, B KOTOPOM Xele30 U alioMuHuil HaKanIMBalTCs B Bile
TOHKO3EPHUCTHIX cJab0OKpUCTANIM30BaHHbIX THAPOOKMCIOB WJH  [JMHUCTbIX
MuHepalop (ropusont B). [loa ropu3onTomM B 3alerawT 4YacTHYHO u3Me-
HeHHble KOpeHHble nopoAbl, obpasyiouue ropu3onT C. [Ipoueccom, npu
KOTOPOM aliomuumil U kele30 B dopme oprannyecknx (0coGeHHO OKcalaTHBIX)
kommnaekcos [ 135] ynanaorca u3 ropusonta A, Apifercs, no-BUAMMOMY, PacTBO-
penre. Ocax/ieHne 9THX SJIEMEHTOB B ropu3oHTe B MeHee u3yueHo; OHO, MO-BU/lit =
MOMY, 0BYCJI0BIEHO [ecTpyKiMell OpraHMyecknX KoMILIeKcyouux arenros 6akie-
puaMU. B Tponuueckux BAAKHBIX KIUMATHUECKMX 30HAX HAKOMJeHUe OpraHuyecko-



| I MepanbdepHble

MNepanthepHbie .-I MNepokansHbie |
Mogaon MNpepuA KawTanoBan Tponuueckui NaTepuThan
nousa YepHoaem _ noysa
MonApHan Bypan MNousa KawTtanosan T ponuueckui
nyCTbIHA nousa YepHoaem NyCTbHKA  nousa KpacHo3em
Y557 =
I MoABnewue | —
Menwee  KapGoHaToE | hgunue Hakonnenue
HHTEeHCcHBHOE HHTEHCHBHOe KapGoHaToBs runcau conu
BbIWENayWBaHHe BbllenaunBaHie YBenuuenne CHHXeHue YBenuuexue
" cogepxaHH1A caonepxaWuna conepxanua
Mepaneii OpraHu4eckoro OPrawMYeckoro  opraHMuecKoro
FpyHT BéwecTea BewecrTea BeuwecTea

P uc. 7.1. CxemaTuueckoe u306paXeHHe THNMUHBIX NOUB no paspesy OT nonca K aKea-
Topy [2571.
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MoyserHble
rOpU30HThI

Mopu3onT 0

[TOPH3OHT A
(30Ha BbWEnayMBaH 1A )

MopusonT B
(MnnoBKanbHan 30Ha)

Mopu3onT C
(4acTHUYHO
paspylwenHble H
HEeU3IMEHEHHbIE
KOpeHHble Nopoabl)

P W c. 7.2. MOYBEHHbLIE FOPU3OHTBLI B YCNOBUAX YMEPEHHOTO MYMHOHOMO Knimara,

ro BellecTBa Bbipaxeno clabee, a BbllieJayuBaiue HACTOJILKO MHTEHCUBHO, UTO
pacTBOpseTcs M BBIHOCKTCSH U3 NMOUBHI kBapll. B uTore obpasyercs roysa, COCTO-
AAfA B OCHOBHOM M3 FWAPOOKKCJIOB Xene3a u amomunns. Ecau Takas nousa copep-
KUT OTHOCHTEIBLHO MAo XeJe3a, OHa Ha3biBaeTch GoKcUTHOH, B APYIUX cayuasx —
JaTepuTHo.

B ne/lokalbHbIX MoyBax npoliecckl nouBoodpa3oBatus XapakTepu3ynTcs Me-
Hee MHTEHCMBHBIM Bbllle]aunBanieM, B CBA3K ¢ YeM HablwiaertcH bonee claboe
pasBuTHe nousennoro npo¢uis. Taxue nouBbl 0ObIYHO kJaccubuuupylores no usery
(puc. 7.1), KoTopelit onpeflesiseTcs B OCHOBHOM KOJIMUECTBOM OpraHiueckoro ne-
llecTBa B M0YBe, @ B OUEHb APUAHBIX YCJOBMAX — MPUCYTCTBUEM DACTBOPUMBIX
codneit.

Tun nousbl, 06pa3yoUMiC B IaHHOM KJUMaTe, CUIBHO 33ABUCUT OT MPUPOAHI
KOPEHHBIX Nopo/, peabeda, pACTUTEJbHOCTY i BpEMEHH, B TEUEHHE KOTOPOro
npoTexan npoliecc nousoobpasosanui. Biusnne HEKOTOPbIX M3 9THX (PaKTOPOB pac-
CMaTpuBaeTcs B I'l. 8 B CBA3M C MX BO3/lEHCTBHEM Ha XMMUUecKui cocTas Bo/bi.

[py reoXuMHYECKOM H3YUeH!H NOBEPXHOCTHLIX BO/, 0OBIYHO He yuMTbIBalach
CJOKHOCTb MOYBeHHO! 30Hbl. Bee, uro ofbiuHO [eatoch, — 9T0 yCTaHaB.IMBaICH
THn peakiuil, KOTopble A0MKHbI GbLAM NPOUCXOAUTL MeXaY Bodoii u nopofoi, Ge3
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Kakoro-mbo ynoMMHaHUA 0 MecTax ux Jokammsauui. B nanrerelimem Mol yBumnm,
YTO peakiyfy B MOYBAX U BOJAOHOCHBIX MOPU3OHTAX OJMHAKOBO BAXHBI 10 CBOEMY
BIMAHUIO HA COCTAB NMPUPOAHBIX 30H. Kak ynomuuaiock B ria. 3, cnemiduyeckum
NpO/lyKTOM GHOJIOrUUECKOl aKTUBHOCTH B NOYBe ABNASTCH ABYOKMChH Yriepoda, Ko-
TOpas BHOCHTCH B MOYBEHHYI0 aTMocdepy B pe3y.bTaTe peclupauyu pactenult u
KusnesesreapHocTy bakrepuil. [losToMy Bofbl, MpocauMBaIOIKECs Yepes NouBy,
conepxar obbuno B 10 — 100 pa3 Goabuie pacTBOperHOM ABYOKMCH yriepoaa, yeM
floxJeBble BOAbL. ITa JBYOKUCH yriepoja i ABAAETCH UCTOUHUKOM KMCJOTHOCTH
Aas 6ONbINMHCTBA peaklyit BLIBETPUBAHMS.

PACCMOTPEHME HA OCHOBE GANTAHCA MACC

Pacuer Gananca macc — 310 He Golee ueM Gananc, yUUTHIBAOWMI HCTOUHMKY
ToCTYNAeHUA B BOAY PAacTBOpeHHbIX KomnonenToB. Obllee ypaBHeHWe A/ MoBepX-
HOCTHBIX BOJl UMEeT BuA:

nopofAa + noctynienue u3 armocdepsl =
= U3MeHeHHas Nopo/la + PacTBOp.

IMocrynnenue u3 aT™Moctepsl BKIOYAET BOAY, ABYOKUCH yriepolia, KHCAopod i
pasiuuHble pacTBOpeHHble B Bode BellecTsa. M3 aTMocteps! BrnaalT Takxe
cyxve BellecTsa, 6oJblas YACTb KOTOPhIX GLICTPO pacTBOPAETCH MOCJeAY UMM
noxzaeM. Coctas foxAeBofi Bodbl 0ueHb pasHooOpaseH. SHauMTeIbHAS YACTh
coflepkaupxca B Hell conelt nocrynaer 13 okeana B opMe MeKIX yacTull, oGpasyio-
wuxcs u3 Oprsr Mopekoit Bogwl. Jpyrie KOMNOHEHTH! npuobperaloTcs npu B3au-
MofleficTBIM ¢ TBepAbIMYU YacTHUAaMK B aTMocdepe, a HalMuMe coeaunenuit cepsl
1 8307 YacTo CBA3AHO ¢ aTMochepHbMi 3arpasHeHuamMy (ra. 1). B spauwTellbe
HOM YaCTH MPHUPO/HLIX BO/J KOJIMYECTBO BEleCTBa, NOCTYNamlee ¢ LoKIAMH, He-
BEJUKO M0 CPAaBHEHMIO C ero MocTyJeHHeM npu B3aumofelicTun ¢ nopofamiu.

I'1aBHas UeJb JaHHOro pasfiela COCTOUT B TOM, UTODBI MOKA3aTh, KAK Xu-
MHYECKMIi COCTAR MOBEPXHOCTHBIX i MOI3EMHBIX BOJ MOXeT GbITh CBA3AH C Onpe =
lleleHHBIMY peaklmaMu u3Menenns nopof. HekoTopble npumMepsl BecbMa oueBUAHbI;
BbICOKHE KOHLEHTpalyi HAaTpPUA 1 XJAopa 0BbIUHO MOKHO CBA3ATh C PACTBOPEHHEM
ramra Na Cl. BbicoKue KOHUSHTpALMM Kalblud 1 cyibdaTta o0bACHUTE CloXKHee.
Onn MoryT Bo3HMKaTb Npu pacTeopenun runca Ca SO 4+ 2H,0 um asrugpura
CaSO4:

CaSO, - H,0 = Ca " + SO~ +2H,0

nubo npu okucaenun nupura FeS M PACTBODEHMH KaabluTa:
FeS, + 3,750, + 3,5H,0 = Fe (OH), + 4 H" + 2503~,
4H'+2CaCO, =2Ca® +2H,CO,.

II-78
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Her cnocoboB (32 UCKIOUEHKHEM, BEPOATHO, U3y4YeHUs U30TONOB Cephl) pa3rpaHu-
YeHUs ITUX AJbTEpPHATUBHBIX nyTeil B3 uccJefloBaHus COOTBETCTBYHLUX NOPOL.
lappenc u Makxensu [ 124] geralibHo u3yunin BONPOC O MPOMCXOKAEHNH Pac-
TBOPEHHBIX BELIECTB B BOAaX HEKOTOPhIX HCTOuHMKOB Cheppa-Hépanb (Kamdop-
His  Hepala), KOTOpble WHpoKo anamm3upoBamick ®erom u ap. [110]. Ue-
TOUHMKY BBIXOAMJM M3 TPaHUTHBIX MOPOJ, BAPbUPYIOWMX MO COCTABYy OT KBap-
UeBbIX [MOPUTOB [0 KBAapLUEBBIX MHUKDOKJMHOBBIX I'HeficoB (0ObfAcHeHMe Ha3Bpa-
HUil MMHEpaJOB M 1Opo4 jlano B caoBape). [lpeobaafaioiuMu MuUHEpaJdamu
OblM TI0JIeBble WNATH 1 KBapll, aklecCopHbiMK — poroBas oOMaHka M OMOTHT.
OTMeuanich MpUMEpHO OJIMHAKOBAS PACTIPOCTPAHEHHOCTb KaJ4eBOro noJeBoro
IINATA ¥ MJArKMoKAas3a; Cpeiy MJIArHOKIa30B AONMHMpoBald anaesuH. Kaoauuut Gbin
UAeHTHULMPOBAH KAK IJABHBIA NPOAYKT H3MEHeHNA NepBUUHBIX MHHEPAIOB, |,
XoTA HabMofaMCh Apyrie BTOPUYHBIE MUHEpa/bl, OCHOBHAA MAcca 0CTATOYHOrO
mMaTepuala uMesa XumMmudeckuit cocTas, BIM3KUA K cOCTABy KaoJMHUTA.
Bpemennbie (cyuecTByomyue ToAbKO YaCTh roAa) i MOCTOAHHbIE MCTOUHUKM
9TOro paifosa paccMaTpuBaluCh He3aBUCHMO Jpyr oT Apyra (raba. 7.1). ¥V spe-

Tabnuuya7.1l. CpegHui XuMHUUYECKUI COCTaB BO[ BPEMEHHbLIX W NOCTOAH-
HbIX HCTOUHMKOB Cbeppa-Hesagbl (no ["appency W MakkeHau [124]. C paspe-
WeHHA AMEPHKEHCKOro XMMHYecKoro obwecTsa)

KomMnoHeHT BpemeHHble HCTOYHUKK MOCTOAHHbBIE HCTOYHHKHK

- = 4
MNH ! MonansHocTs x 104 mnk 1 MOnANbHOCTL X 10

8i0, 16,4 2,73 24,6 4,1
Al 0,03 - 0,018 =
Fe 0,03 - 0,031 3
Ca 3,1 0,78 10,4 2,6
Mg 0,70 0,29 1,70 0,71
Na 3,03 1,34 5,95 2,59
K 1,09 0,28 1,57 0,40
HCO, 20,0 3,28 54,6 8,95
S0, 1,00 0,10 2,38 0,25
cl 0,50 0,14 1,06 0,30
F 0,07 - 0,09 -
NO, 0,02 - 0,28 -

O6wan MuHepanu-

3aumnA 36,0 750
pH 6,2 6,82

a
CpepHee 3HaueHWe.
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Tabnuya 7.2. PEKOHCTPYKUMA MuHepanos, GOPMUPYIOWMX XHMHYECKKH COCTaB Bog
BPEMEHHbIX HCTOYHUKOB Cbep&-HBB&nbla (no Mappency U MakkeH3u [124], ¢ paspewe-
HWUA AMEpHKaHCKOro XuMu4eckoro obuecTea)

Peakuun (Kosddu- Na® CaZt Mg?t i+ HCO7 S$0%™ €17 si0, MpoaykTsi
UMeHTBI X 107) (Monb/n x
x 104

MepBUYHLIE KOH-
UEHTpaUWH B
BOAAX UCTOY-
HUKOB 1,34 0,78 0,29 0,28 3,28 0,10 0,14 2,73
MuHYC KOHueHTpa-
UMK B CHEroBoM
Boge 1,10 0,68 0,22 0,20 3,10 - - 2,70 MocTtynne-
HHE U3 no-
poab!
O6paTHbIA nepesof
KaonuHiTa B nna-
ruoKknas
KaonuHuT MuHyc nnarvokna3a
1,23A125i205(0H)4+
+1,10Na™ + 0,68 Ca 2+ 4
+2,44 HCO'; +
+2,20 SiC)2 0,00 0,00 0,22 0,20 0,64 0,00 0,00 0,50 1,77 Na
c

0,62
30,38

noneson

Mnarvoknas Lipay

1,77 Na C

0,62%0,38
Alj 355156205+
ks 2,44C02+ 3,67 H20
O6paTHbIA nepesoq
KaonuHuTa B 6Uo-
T™T
KaonuHuT MWHYC BHOTHT

0,037 A1,Si,04(0H) , +
+0,073K" + 0,22 MgZt+

+0,15Si02+0,51HC03_:
=0,073 0,00 0,00 0,00 0,13 0,13 0,00 0,00 0,35 0,073 61OTHT

BHoTUT

KMg, Al 5i,0, ,(OH) ,+

+0,51C0, +0,28H,0

O6paTHbiit nepeson MWHYC Kanwesbli Nonesow wnat
KaonMHMTA B Ka-
nWeBsl noneso# wnaT
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Peakun (coadu- Na®  ca?t mg2t Kt HCO; so0i~ CI™ Si0, MpoaykTsl
umenThl x 10%) (Monb/N x
x 104)

0,085 Al 251205(01-1)4 +
+0,13K" +0,13HCO] +
+ 0,26 Si(}2 = 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,12 0,13 Kanue-
Bblf noneso#
wnart
KanweBblfA none-
BOA wnar
0,13KAISi308 +
+ (J,13C02 +0,195H,0

& KOHUEHTpaukK B Monb/N x 104,

MEHHBIX UCTOUHUKOB pacueTHoe P COCTaBILIO 10—+ aT™, uTO yKa3bIBAET Ha

2

NoYBeHHYIO 6MOTY KaK AOMOAHKTE bHbI HCTOUHMK Co, B nousenHolt aTMocdepe.

TocTosHHEbIe UCTOUHMKM UM MPUMEpHO TaKyIo Xe ECOZ, 4TO U BpeMeHHble, HO

Bosee HU3KHMe 3HAUEHUS Py B CBA3M C TeM, 4TO B Xofe peaxuuil BLIBETPUBAHUA
2

6uito npespaiiero 8 HCOY Goabiee Koa4eCcTso nepeonauanstoit H,CO,.

BpemeHHble HCTOUHMKH, | ['appeic 1 Maxkensu [ 124] npousBseJu pacuer,
4ro6Hl TOKA3aTb, UTO TPOUCXOX/IEHWEe PACTBOPEHHBIX KOMIMOHEHTOB B BO/le
BPEMEHHBIX MCTOUHAKOB MOXHO OGBACHUTD PeaKiyiimi HoxleBoit Bojibl, cofepxka-
weit CO ,» © 1T HOKI330BbIM [OJeBbIM WNATOM ¥ C HeDOAbLIMM KOAKUeCTBOM 61o-
THTa 1 KaTHeBoro nojesoro mmara (Taba.7.2). Cravana KaTHOHLI i aHUOHBI, CO-
nepxasusecs B CHerosoil Bojie, BHIUMTAUCH U3 DACTBOPEHHbIX BelecTs Bo/bl
HCTOYHUKOB, UTOGHI ONpeeduThb NOCTYIIEHHe KOMIOHEHTOB U3 NOPOA. 3arem B
cofllepxaHue HCO; BBOAMAUCH HeOoJbLIMe NOMPaBKH A MONYUEHNA TOUHOTO
fananca 3apafos. llocie sTOr0 COAEpkKaHuA Na*, Ca 2%, HC(J; u Si0, sbumTa-
JUCh B MPOMOPLHMAX, HEOGXOAMMBIX Alst 0GPATHOrO MepeBoAd KAOJMHUTA B MJAArUo-
K13 ¢ uenodbaopaimem scero Na* u Ca 2*, Paccunranusiff cocTas niarioxiasa
oKa3aICH aHANOrMMUHBIM COCTaBY MIArHOKAa3a, HAbMoAaeMOMy B MOpOfaX. Janee,
Bech Mg?" u cooTseTcTBYyMOUE KOIMUECTBA K*, HCO3 ¥ Si0, BHUMTAMNCE, UTO ~
6l nepeBecT KaoJuuuT B Guorut. OcTaBunec neGoabume komuecrsa K, HCOZ
u Si0 , OBl UCTIOAB30BARI 1A fepecueTa KaoJMHITA Ha Kaiuesbill nonesoi wnar.
Oxofo 4% MCXOAHOTO KOMMYECTBa SiO2 0CTAMCh HEODBACHEHHBIMM, YTO HAXOOUT-
csi B npefiedax oumbKyu aHAIMTHYECKHX OnpeeeHH i.
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Banauc comeics HaCTOJNbLKO XOpOLIO, YTO HE MPUXOAUTCA COMHEBATLCH B TOM,
4T0 BhIOpAHHBIE PEAKIM BbIBETPUBAHNA PealiCTHYECK! BOCIPOUSBOLAT MPUPOL-
Hylo cuctemy. MoxHo cenars caenywoumue obue BHIBOIbL:

1. Peaxwyu BbiBeTpUBaHUA, NMpiBeeHnble B Tabl. 7.2, PakTHuecku yunThiBa-
10T Bech pacTBopenubiit Si0 . CaeoBarebHo, HCTOUHHKOM MOCJAEHEro fAB.seT-
cf paspylleHne CUIMKATOB, & He pacTBOpPeHMe KBaplia.

2. Oxono 80% xomMmoHeHTOB, 3aMMCTBOBAHHBIX U3 MOPOJI, MOCTYNALT B Pe3yb-
TaTe paspylleHus ToJbKO Miaruokiasa. [axe ecin B nopoJax MHOO KalMeBOro
NMoJeBoro unara, paspyliesue ero HeBeJuko. B mesoM oueBHHO, YTO MUHEPATBI
Mopof, BeiBeTpuUBaiouMecs Haubosee Jerko, COCTABAAIT HENpONOPLMOHAILHO
G0JBWYI0 YACTb COCTABA BOA MCTOUHMKOB M pek. Takie MUHepaisl, Kak Ksapll u
KanueBbift nonesoli wnar, HaKanaMBalTCA B BUJle TBEPAbIX OCTATKOB U CO Bpeme-
HeM yJansioTcs dusuveckoil sposueil.

MocToAHHBIE HCTOUHMKHK. | [TocTosHEbIE HeTouHMKK (Tabl. 7.1) npeAcraBas-
10T coboilt Boasl Gosee raybokoll MpKyAALKMK, KOTOPBIE AJMUTENbHOEe BPeMs HAX0-
[UIMCh B KOHTAKTE C nopojami. ITi BoAbl Oblin MeHee KMCJBIMU, Tak KaK 3Hauu-
TeJ]bHaR YacTb nepsoxayaibHoil H,CO, B xode peakiyii c nopojamu npeepati-
1ach B HCO; . Onn xapakTepu3oBamich 0ollee BBICOKUMY KOHUEHTPAIMAMA OHOB I
pacTBOPEHHOT'0 KpeMHe3eMa, YeM BOJbl BpeMEeHHbIX HCTOUHMKOB. MHTYNTHBHO MOX-
HO OXMJATh, YTO B pasHbIX cpefax [A0JKHbI MPOTeKaTb pa3Hble peakli BbIBETPHU-
BaHuA. IT0 pasiuuine CTAHOBUTCH OUEBM/IHBIM, €CIU BLIYECTh COCTAR BO/l BpEMeH-
HBIX UCTOYHMKOB U3 COCTABA BOJ MOCTORHHEIX UCTOUYHKMKOB (Taba. 7.3). OTHomenne
Si0 g K Na™ B pasHocTs 68110 0k00 1 @ 1, TOP/A KaK B BOJAX BPEMEHHBIX UCTOY-
HUKOB — mpumMepHo 2 : 1. B cBa3u ¢ TeM, uTO npy U3MEHeHMH MJIarnokaasa o Kao-
IMHUTA B pacTBop nepexoAar Si0 4 Na* B orHomenmu 2 : 1 1 yro MIATMOKNA3 ABIS
eTcH elMHCTBEHHBIM pealbHbiM HeTouHnkom Nat, TBepibie MpoAyKTHI BbBETpUBA-
HUA 3[eChb [0MKHBI OBITh UHBIMM, YeM KaoiunuT. B nanHom ciydae nauboiee Be-

Tabnuuya 7.3, BnuAxue 6onee rny6OKOH UMPKYNAUMK HA COCTAB BOA MCTOYHMKOB
Cbeppa-Hesanua (no Mappency u Maxkenau [ 124], ¢ paspelweHHA AMEPUKAHCKOrO Xu-
Muueckoro obuecTsa)

$i0, ca® g™ Na* K" HCO; soi cIT
MOCTORHHbLIE HCTOYHUKK 4,10 260 0,71 2,59 0,40 8,95 0,25 0,30
BpeMeHHbIe UCTOUHUKK 2,73 0,78 0,29 134 0,28 3,28 0,10 0,14
Npupawetue 1,37 1,82 0,42 1,25 0,12 5,67 0,15 0,186

. PeaynbTaTbl aHANW308 nNpegcTaBneHbl CPEAHWMM 3HAUEHHAMM (MONb/N X 104}.
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pOATEH MMHUCTBI MUHEPAN TUMA CMEKTUTA (UK MOHTMOpMINOHNTA ). PeKoHeT-
PYKLMS COCTaBa BOJ| MOCTOMHHLIX HCTOUHNKOB, BbiNoAHeHHas ["appeicom u Makken-
a3y, npusefiesa B Taba. 7.4. [Tosbuuenie konuenrpamm C17 u SOi‘ paccmarpu-
BANOCH KAk pe3yabTaT pacTeoperis coorsercrsento NaCl n CaSO 4 [Tockoabky
KOHLUEHTpalyK 0Ll HEeBLICOKMMM, BHIGOD pacTBopsiomelics gasbi He cTal npejiMe-
TOM mocleyioumx pacuetoB, [lna obpaTHoro nepesofa KaoaMHUTA B DUOTHT ObLim
yenoab3osanst Mg2* u K. OcraBmeecs koanuecTso Na* 0Ka3anoch paBHbIM Ko-
anuectsy Si0,, nosToMy Kpemnedem GblI NPOTNIOPLMOHAIBHO pas3/iedeH s PEKOH-
CTPYKLMA KAOJMHNTA B MAAruoKJIas , ¢ 0fHOM CTOPOHbI, U CMEKTHTA B MIArHoK/Ia3 —
¢ apyroit. Mcnonb3osanublil mpu 9TOM cocTas niaruokjasa Obll TakuMm ke, UTo 1
MoJIyueRHbli 0 COCTaBy BOMIbI BPEMEHHBIX UCTOUHUKOB, @ A1 CMeKTHTa Obla BbIO-
paH cocTaB Kadblesoro Oeiiiesmmra. [IMHO3EMUCTbIE CMEKTHTBI, TO-BUANMOMY,
npeobJajaoT B yCJIOBUAX BHIBETPHBAHNKS, @ OOMEHHbIe UX MO3ULUK B CTOJb Malo-
MMHEepaIN30BaAHHLIX BOJAX JOMKHbI 3aHMMATh rJaBHbM obpasom uoHbl Ca 2 Tlo-
cJle Bcex onepaluii ocramuch 3HauuTebHble KoauyecTsa Ca il HCOZ, xoro-
pble Gblan CBA3aHbI C HEBOJBUIMM COMlepXKanueM KapboHATHbIX MitHepaioB, obora =
WaBIIMX BOAbl B XOJe UMPKYIALMN.

Bananc macc B BoJaX NMOCTOSHHBIX UCTOYHMKOB MeHee yAOBJeTBOPUTEIEH,
uyem B Bofiax BpementbiX. CaS0, He kaxeTcs A0CTATOUHO HANEKHBIM UCTOUHM-
KOM SO:". 1 OCTaeTCH HeBbIACHEHHBIM, HMeJI0Ch Ji B MOpojlaX HeodXoauMoe Ko-
auyectso Ca CO,. TMpo6aema CaCO, moxer GbiTh OTYACTH CAEICTBUEM H3IHLIHE-
r'o yNpOUEHNs COCTABA MUHEPAIoB, 0CODeHHO cMeKTUTa M ODuoTHTA, 8 OTYAacTH —
cJefCTBIEM BhINaJeHns KpeMHe3ema B 0CaJoK B Mepuoibl ncnapesus (ni. 4). Tem
He MeHee pacueThl 6aJaHca Mace HCHO MOKA3bIBAIOT, YTO NP MPOACIKUTEILHOM
KOHTA@KTe BO/BI C MOopofoil obpa3yeTcs BemecTBo, UMewilee 6oee BHICOKOE, YeM
y KaoJuuuTa, oTHoweHue Si/Al, 1 uTO 9TUM BElECTBOM, NO-BUAMMOMY, ABIAETCH
YJleH Cpynnbl CMEKTUTA.

Iappedc [121] ncnoas3oBan ToT MoAxoA Aud 00bACHEHHA COCTABA MNOA3EM-
HBIX BOJ, MPUYPOUEHHBIX K U3BEPKEHHBIM NOpoAaM [pyrux Tvnos. /s awoboii KoH-
KpeTHol peakuyuy BHBETPUBAHNA MUHEDAIOB MOKHO MPEiCKa3aTb COOTHOUEHHe
pacTBOEHHBIX BellecTs B Bofle, obpasylouyxcs B pesyabrare AanHoii peakim. Ha-
npuMep, alb0uUT, MpeBpallaich B Npollecce BHIBETPUBAHKA B KAOJIMHUT

2NaA15i308 +11H,0 + 2(302 ~ MzSizOs(Oqu +2Na® + ZHCO; +4H,Si0,,

aabouT + KAOJMHUT

I
TepMuH "cMekTUT" ANA HaByXalwuX MUHACTBIX MHWHEpanos rpynnsl 2 : 1 npeano-
UTUTENbLHEee TepPMWHA "MOHTMOPUNNOHKT". MHOrMe aBTopbl (B TOM uYicne ["appenc u Mak-
KEH3W) HCNONb30BanU TEPMUH "MOHTMOPUANOHUT" B GONee WHWpoKom cmeicne (rn. 4),



BoiseTpueaHue u xumua sof. 1. MpuHumns:

167

Ta6nuuya 7.4, PEKOHCTPYKUWA peakynH BblBETPUBAHWA Npu Gonee rnyboKoH yHPKY-
NAUMM, UCTOUHKKK Ceeppa-Hesagbl (no Mappency W MakkeHnsu [ 124], ¢ paspewenun

AMEPHKAHCKOro XMMuueckoro obwecTsa)

PeakuMn (KO3(Pu-
UMEHTbI % 104)

HNameHen =
Hblé MUHE-

Nat ca? wmg?t xt HCO; soi” €1~ sip, Panbiunpo-

2 AYKTbI

(Monb/n X
104

HcxoaHbie KOHUEHTpa-

UMM (I'IOCTOFIHHUB

HCTOYHHKH MHHYC

BPeMEeHHble MCTOY-

HHKHK) 1,26 1,82 0,42 0,12 5,67
Ynanenue Ca 2
=s02"wNat=cl” 1,00 1,67 042 0,12 567
KoppekuuA Hr.o; =
= CYMMaPpHbIA 3NeKT=

PHUYECKHA 3apAa

KaTHMOHOB 1,09 167 042 0,12 5,39 0,00 0,00

O6paTHbii nepeson
KaonuHuTa B 6uo-
THT
0,07 Al 2 51205 (0[1)4+
+0,42Mg*t + 0,14 K" +
+0,285i 0, + 0,98HCO; =
= 0,14KMgAlSi 0,4t OH) 5+
+0,SBCO2 + 0,49 H20 1,09 1,67 0,00 0,02 4,41

O6paTHblit nepeson
KaonwWHKWTa B Nnaruvo-
Knas

0,26 A12$i205(011) at

+0,235Na " + 0,144Ca "+

+0,475i0, + 0,52 HCO; =

=0,38Na, ., Cay 3

x Al 1,355i2,52 0g +0,52C0,+
+0,78 Hzo 0,8 1,53 0,00 0,00 3,89

X

0,15 0,16

0,00 0,00

0,00 0,00

0,00 0,00

1,37

1,09 0,14 61o-
TWT 0,07
KAONUHUT

0,62 0,38 nna-
ruoknas
0,26 Kao-
NUHKAT
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Peakusn (kospdum- Na'  Ca?* Mg?t K* HCOr;s0%~ €17 SiO, Mavenen-

enTbl x 104) Hble MUHe-
panel U npo-
AyKThl
(Monb/n x
10%)

O6paTHbId nepeson
cMeKTuTa B nna-
ruoKknas

0,81Cag 1741, 33

Si 3, 61,an(OH) +.

+0,85Na’ +0,38 Ca2t
+0,615i0, + 1,62HCO; =
-11377\13 0,62%%0,38"
X 1,38 2‘Mos+1 82(:0 +
+1,62H,0 0,00 1,15 ‘0,00 0,00 2,27 0,00 0,00 0,01 1,37nnaruo-
Kna3s
0,81 cmekTuT
Ocaxpexue Ca CO3
1,16 Ca 2" + 2,30 11CO} =
=1,16 CaCO, + 1,15C0, +
+1,18H,0 0,00 000 000 000 —-003 0,00 000 001 1,15 KanbuuT

a
KoHueHTpauuu B Monb/n X 104.

HoJXeH cTarb ucTounnkom Na ™, HCO; " H“SiO4 B oTHomenun 1 : 1 : 2. Ilpe-
Bpalliemye anbouTa B cMekTut (Na -Gefiie uT) npu BHIBETPHUBAHMUN
2,33NaAlSi 0, + 8,84H,0 + 2C0, =

ansour

o it .
“Nag oAl 3;Siy (10,((OH), + 2Na* + 2HCO | +3,32 H Si0,

CMEKTHT
[OMKHO OHITh ncrounnkom Na ™, HCO; u H,5i0, v oTHOWeH!H 1:1:1,66. Anano-

FUYHBIE PACYeThl BOSMOKHDL H /18 IPyTUX MUHEpalos, NpeBpalaiolixcs npyu BbseT-
pUBaHUM B KAOMHUT iy GefiesimT, a pesyabTarbl MOryT ObITh MOKA3aHbI rpabu-
uyecKM HeckodbKumu crnocobamu  (puc. 7.3 u 7.4).



BoiBeTpuBaHue U XMMUA BOA. |. MpuHUMNLI 169

Si0, catt
Kanuesbli KanbuuT _
noneso# K" | HCOj3
wnat ‘
' HCOy
| Si0,
Sio, =
Harpuesbli " Na
:;Tas-raon - Buotut ] Mg**
HCO3 =
{ansuuessir. | Gat* l HCO;
nonesoA
wnar HCO3
Si0,
Si0, Na*
Porosan

ca*’ obmanka | |C3""
Mupokcen P .

Mg Mg

HCO3 HCO3

P uc. 7.3. PacuyeTHbl cocTaB Bof, qDPMMPYIOWMHACA NPY USMEHEHNH DAINHUHLIX CUNUKETHBIX
MuHepanoB Ao KaonuHuTa. CocTae gaH B MONbHbIX OTHOWEHWAX PACTBOPEHHbIX BEWEeCTB K
HCO3. KaneyuT nokasan B cBA3M C Tem, YTO cOCTaB BOAbI, O6YCNOBNEHHEIA H3MEHEHHEM
aHOpTHTa A0 KAONWHUTA, aHANOrMYeH COCTaBY, BOSHWKAOLLEMY NPH HENOCPENCTBEHHOM PacTeo-
peHuu Kanbywta., CocTasbl 6UoTHTA, POroBOA 06MaHKK W NMPOKCEHa BbiGpaHbl Takum obpa-
30M, 4TOBbI OHKW NPEACTABNANK COCTABLI THNMUHLIX W3BEPXKeHHbIX nopofd (no Mappency [121 ).

Cocras Bofbl, obpasylowuiics npu H3MeHeHUM NOpofisl, npeacTabaser cobol
CYMMY pe3yibTaToB OT/eJbHbIX peaklyil sbBeTpiamis. B 6aaronpusTHb clyuasx
MOKHO PaCCUMTATH yuacTHe OTHe]bHBIX peakimi B hopMHpOBaHMM COCTABA KOHK-
peTtHo#i Bofbl (puc. 7.5). IToT noaxon obbiuHO Hea(heKTUBEeH TaM, Iile NpUcyTCT-
ByeT 60JblIOE KOANUECTBO HCXOAHBIX MUHEepaloB (Hanpumep, B paiionax pacnpocT-
paHeHus HU3KO- i cpeJHeMeTaMop(dM30BaHHbIX NMOPO/) UM I'le B BoJe OTMeYaeT-
c#l BBICOKOE COfiepXaHue cyIb(paToB MM XJI0PUIOB,

Tapmu [ 316] ucroab30Ba aHaIOrKUHbIA MOAXOM A8 XapAKTEPUCTUKH PeXi-
MOB BLIBETNUMBAHMA B PasIMUHBIX KaumaTuueckux paitonax. On cpesan crenyiouue
NpearnoJo KeHu f:

1. TlouTs BCe MOHBI, MPUCYTCTBYWLHE B BoJaX TPAHUTHBIX MOPO, MOCTYNaloT
3a CYET BhlBeTpUBAHMSA KAJIMEBOr0 MOJEBOro Wnara, niaruokiasa u buorura.

2. Bee wonst K*, Na*t 1 Ca 2%, pricBoBoxaaioumecs npu pa3pylieHus MuHepa-
10B, MEPEXONAT B PACTBOP.
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T T T
AnbbuT & )
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b 10,0 .
7,0 -
Onuroknas a Puonut a
50 B AHQE3HT & 7
e baszansT
al paHHTHbIE NOpOAbI
o Ouopur
> 3,0 o Ma66po ‘I
* x CHeHHT
8
AHAB3MH *a
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o
=
g
F 2 10
5
Na6pagop g 07
4 1
]
3 o5
BuTOBHHT 03
1 1

1,0 3,0 10
MonsHoe oTHOweHue HCOE /HySi 04

P W C. 7.4, 38BMCMMOCTb MONbHLIX OTHOWeHWA Nat k Ca 2+ w HCOZ « H,5i0, anA 8o,
NPHYPOUEHHBIX K PA3NMUHBIM THNEM M3BEPXEHHbIX NOPOA. COCTaBbI NONEBbIX WNATOB, COOT-
BeTcTBYIOWWe oTHOWeHWAM Nat/ Ca 2+ ya opauHaTe, roKasaHbl cneBa, AHanu3bl BOA Ha
AMarpamme PAcMONAraloTCA B OCHOBHOM MEX[y TeOPeTHYECKUMH KpUBLIMH BOA, COCTaB
KOTOPbIX FEHEeTUYECKN CBR3aH, C OBHOW CTOPOHBI, C U3MEHEHHEM NNArWOKNA3a 10 KAOMMHM-
Ta, 8 C APYrof — C W3MEHEHHEM nnaruoknasa A0 CMEKTUTA (Kanbuwesoro GefRennuTa).
CTpenka yKkasbiBaeT Ha aHanW3bl BOf PHONMTOB W 6a3aNbTOB, KOTOPbIE GbiNK HCNONL30BaHbI
B pacueTax, MNnioCTpUpYeMbIX Ha puc. 7.5. (no Mappency [121]).

3. Becn ALO, BhicBobOXIalomuUiics Mpu paspylieHy MuHepaJios, guxkcupyer-
cfl BO BTOPUYHBIX MUHEpalax.

4, Yacre Si0 ,» BBUICIAIONEr0CH NP PAspyUIeHii MUHEPAIOB, NePeXouT B pact-
BOp, @ YacTh UKCUPYeTCH BO BTOPUUHBIX MuHepanax. [loas 3aduKcHpoBanHoro
KpeMHe3eMa XapakTepu3yeT TUM obpasyemMoro BTOPUYHOTO MMIMHMCTOrO MUHepala
1, CJeloBaTeAbHO, NPUPO/lY peakiuy BhIBETPUBAHUA.

Cocras moJeBblX WNATOB, BhipaxeHHbli B GopMe OKUCIOB:

Kamuessiit nosesoli umar K,0  ALO,  6Si0,

Anbbur Na O Al O, 6Si0,
AnopTHT CaO AlLO, 23i0,
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Hb
Or
Ab 0,50
An 0,15 an
Hb 0,30
Or 0,05
Hb
NaCl
Ab
Ab
Ab
An
Hb |
5 5 5 NaCl | )
Si0, Na*  ca®t  mg* KritiHeey o | soF
Puonur
Ab 0,05 Py
An 0,20
Bi 0,25
Py 0,50
Ab
An
Ab
ke Py Py
NaCl Bi L
G . al
Bi =5 An Bi T ey
sio, e o o oK - HgeR 6T 90T
BasanbT

P uc. 7.5, PeKoHCTPYKUHA XHMUUECKOrO cocTasa BOJ, NPUYPOHEHHBIX K puonuTam 1 6asans-
Tam, nyTem KomMGHHauMKM COCTaBNAIOWWX, DOPMUPYIOWHXCA NPH UBMEHEHWHM OTHENBHLIX MUHE-
panoB A0 KAONWHUTA. STH PEKOHCTPYKLMKH He BCErAa YUYMTLIBAIOT MUHepans!, PaKkTUYECKH
MOABEPr WHECA BLIBETPUBAHWIO, HO OHM NPUEMNEMbI, TAK KaKk BKMIOYAKT THNMUHbIE NOPOALI H
YUHTBIBAIOT OTHOCUTENbHYIO PEAKUMOHHYI0 CNOCOBHOCTE PasHbiX MUHEPanoB, Ab — anu6uT,
An — aHopTuT, Or — KanueBbli nonesoi wnat, Bi — 6WOTUT, Hb — porosan obmaHka, Py —

nupokceH (no Mappency [121]).



172 naea 7

Paspyuiesye OfIHOrO 43 -9THX MOJEBLIX UIMATOB MPUBOMUT K BhICBOBOXKIEHHIO
K,0, Na O u CaO cpasaurensio ¢ ALO, B OTHOWEHUH 1:1. K,0 uNa,0
ByayT BHUEAATHCH cpaBHMTelbHO ¢ Si0, B oTHOWEHUH 1:6, a CaO — B oTHole-
wn 1: 2. CrexvoMeTpus paspymenus DUOTHTA, N0 CYWECTBY, TAKAA Ke, UT0 U
KalMeBoro fnoJesoro mmnara. B aiboit cMecn STHX Tpex IOJEBbIX WMATOB U B
fuoruTe

Si0 =6K. 0 +6Na_ 0O +2Ca0

2 (BbiCB) 27 (BbiCB) 2 7 (BbiCB) (ebicB)’

AlLO, (BbicB) ~ Kzo(blca) +Na ZO(BHC) +Ca0gyicay

M3 npuBe/ieHHbIX Bbilie MPeANoloxeHuit clefyer, 4To BCE KOMMYECTBO BhICBO-
Goxnatoumxcs K,0, Na 0 # Ca 0 byger nepexo/iuTb B PACTBOP, @ BECH BLICBO-
Goxnatomuiics ALO ; Gyner ¢uxcupoBaThCH BO BTOPUUHBIX MUHEpAAaX. Si0, or-
YACTH MOCTYNAT B PAcTBOP, & OTHACTH 3aduKCHpyeTC.

Si0,guice) = Si0, (puke) * Si0, (pacte)?

$i0 2(PuKke) ~ Si0, (BBICB) -Si0, (pacTe) =
= 6K,0 pacrs) + 6N,0pacre) *+

+2€a0 pgorg) = S0, pacre)”

Oruowenue Si0 , K Al,0, BO BTOPUYHBIX MPOAYKTAX B STOM cliydyae paBHO

Si0

2 (Pukc) B
Al203 (duKc)
i K‘zo(pamrla) * 6NazO(pac'ra) +2Ca 0(pac1'a) - Sioz (pacTe)
Kzo(pac'ra) N Nazo(pacfa) * Cao(pacra)

Taxum o6pa3oM, OTHOWEHUE SiOz/MzO3 B NpOAYKTaX BHIBETPUBAHUA MOKHO yC-
TAHOBUTb N0 COCTABY BOABL ITOT NMOAXOA Gbia MCMONL30BAH NPH M3YueHuu  CepHit
BO/ #3 rpanuTHBIX nopoa Adpuxu, Ppaximm 1 Hopserun (puc. 7.6).

TMonxon Tapau nOaeT yAOBIETBOPUTEJbHOE KAueCTBEHHOe COOTBETCTBUE MEX-
Ny CAMBKCTHIMK MUHEpaNaMi, NPeACKA3aHHbIMY 10 COCTABY BOAL, i MUHEpalamu,
peaibHo HabJOaeMBIMK B NOYBAX, ocobenHo ¢ TeHAeHlUuei K DoKCUTH3ALMK
(B Tponukax). Mmeercs, 0AHAKO, HECKOJLKO orpaHuuenuii.

1. BropuuHble CMEKTUThHI COAEPKAT HAPALY C Al u Si ppyrue kaTHombl. ITO
He [10JHO CO3AaBaTh 60MbOoN KoIMUeCTBEHHOM NPOGIeMb, TaK Kak Al 00bIuHO fiB-
1SeTCH FIABHBIM OKTASAPUUECKUM KATHOHOM CMEKTUTOB, ODPasyiOUMXCH My BbIBeT-
pUBAHMMU.

2. VICTOUHMKOM PAcTBOPEHHBIX BEUleCTB MOTYT GBITh He TOJbLKO M0JeBble WNAaThI
u 6MOTHT, HO W pyrie MUHepaibl.
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6N2,0 + 6K,0 + 2Ca0 — §i0,

|
T

Na,0 + K,0 + Ca0

I
LX)
T

LlexTpanbHbii mMaccus
Kopxoro (cyxoR ceaow)
(Bnammuifi ce3som)

Maparackap
(BbicoKOrOpHOE
nnaro)

AncpaHc (A)
Bpetans
Kopcuka
Caxapa

AnspaHc (@)

Kopxoro

Hopeerua
Boreaw
Ceneran

§

P 1 c. 7.6. UameHeHHe monApHOro oTHOweHKA (6 Na ,0+6K,0+2Ca0~S5i0,)/(Na,0+
+ K,O + Ca Q) B Bopax, nNpuypouEHHBIX K FrPaHUTHEIM nopogam oT Hopeerud Ao Maparacka-
pa. KpueaR A nocTpoeHa no HeoBpaboTaHHbIM AaHHLIM, & KpueaA B — ¢ yueTom nonpasok
Ha CONK, NOCTYNMBLHE M3 aTMocteps! ( no Tapau [ 316 ]).

3. Ucnapense, ocofeHHO B apUIHLIX KIMMATHUECKUX 30HAX, MOKET BhI3BAThH
ocax/eHne KalblUuTa UM KpemHesema (ri. 9). Ecau npu sTom kako#-nnbo Munepan
obpasyeTcs B 3HAUUTEJbHBIX KOJMUECTBAX, TO NPEANOI0XKEeH! A, HA KOTOpBIX 6a3u-
poBa/UCh pacyeThl, NepecTaloT ObITh MPaBUABHBIMM, @ BBIBOJLI — JOCTOBEPHBIMA.

[Tpu pacemorpenun Meropa BanaHca Macc He YNOMUHANOCH 0 OHOMOrHYECKUX
npoueccax. Ecan Gnora Haxoourcsa B CTAUMOHADPHOM COCTOSIHUM, T.6. MAcca BHOBbL
obpasyomelics GuoTHl cTPOro cHanaHCUpoBaHA NMOJHLIM Pas3J0KEHUEeM paHee cy-
llecTBOBaBIIell pacTUTENLHOCTH, TO G1OJOrHYEeCKHe MPOLECCH HEe CONPOBOKXKAAITCA
Bblfle/ieneM uay norpebienneM Kakoro-mbo sieMeHTa M B pacuerax OalaHca
Macc uMMi MoxkHO npeHebpeub. Ofnako B peajbHOM Mupe GuoTa HMKOrJa He Haxo-
AMTCH B CTAUMOHADHOM COCTORHUK, ocobenHo ecau nepuop Habaofeuuit kparok.
Buora BimseT, no-BuIMMOMY , Ha COZEPKAHKE TEX JEMEHTOB, KOTOPHIE AKTUBHO
KOHUEHTPUPYIOTCA pacTeHuAMU (a3oT B GopMe HUTpaTa U ammuaka, Gocdarsl, Ka-
auit); B 03epax Kalblit MOXeT ynalaTbes B Bule KapboHaTa, a KpeMHe3eM Morio-
warbes AuaToMesMu (MUKPOCKOMUUECKUMM PACTEHMAMM, COCTOSUMMU U3 TBEpAOro
amopduoro kpemuesema). OTHOCHTeIbHOE 3HAUEHME HEOPIAHHYECKHX U GHOJOrU-
YecKnx nporeccos B banance Macc BapbipyeT B 3aBUCUMOCTH OT KOHKpeTHo cpe-
ABl M pacCMaTpuBaeMbiX sJ1emenToB. OObIYHO Grolorvyeckie NpoLeccsl. He TIPHHU-
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MalMch BO BHUMaHME NP M3YUeHMH TIABHBIX DJ1eMEeHTOB B 00CTaHOBKAaX, HE HApy-
[IEHHBIX CelbCKOX03ANCTREHHbIMU MY KpyMHoMacTabHbIMU JeCO3aroTOBUTe b=
HbiMU paboTamu.

TEPMOOAWHAMHUYECKOE PACCMOTPEHHUE

B srom pasfielle aHAMM3MPYIOTCH XMMUUECKHE DABHOBECHA MeX/y MUHepatamiu
# PMPOJHBIMI BOJIAMY i [IeaeTCs NONbITKA OLEHUTb, HACKOILKO NPUPO/ARbIE BOALI

MOTYT paccMaTpuBaThCs Kak paBHOBECHBIE cucTembl. HauneM ¢ peakiyu Kalueso-
0 MoJeBoro mnara u Bofbl. Xearecow u Ap. [ 155] nomommm k aToit npobieme Kak
K MpUMepy KCnoJb3oBatus obuMX ypaBHenuil, BbIBeJeHHbIX XelreCoHoM [151], pas
HeobpatiMoro Macconepetoca. ['1aBHoe NpeAnooxeHue, Ha KOTOPOM OCHOBbIBA-
IMCh PAcyeThl, COCTOANO B TOM, UTO MeK/y PACTBOPOM M BTOPUUHBLIMU MUHepana-
Mt HerpepbIBHO MOJIePAUBACTCH XMMUUECcKoe paBHoecke. [Ipenoraranoch Tak-
Xe, UTO MPOMYKTAMU U3MEHeHUs MUHEpaloB ABIOTCH onpejeleHHble TBepable (da-
36l ¢ BMKCHPOBAHHBIM cocTaBoM. Bollee mpocToe (XoTA U MeHee obuee) peuexHue
BOMpOCA COCTOMT B MOCJe/0BATeIbHOM pacTBOPEHNH B [AUCTHIIMPOBAHHO! Bofle
HeGOABIIMX KOAMYECTB KalieBoro Molesoro Wnara, npuueM nocie Kaxioro ero 1o-
GasleHnsa cHCTeMa MPUXOAuIa B COCTOSIHAE XMMUYECKOro pasHoBecus. [Ipoucxons-
e B CHCTeMe XMMUUYECKHe M3MEeHeH!s MOryT ObiTh HArJAAHO MOKa3aHh! HA uar-
pamme ycroftunsocTu, obcyxnasmefica B ra. 5 (puc. 7.7).

CrauaJa noJieBoit mnat J0JXeH NOJHOCThI0 PACTBOPUTHCH:

KAI.SiSOB +8H,0= K* + AL(OH) aF 3H,S5i0,.

B kaxofi-To MomeHT (Touka A Ha puc. 7.7) pacTBOp CTaHET HACLIMEHHbIM M0 OTHO-
LeHHIo K TUBOCUTY, 1 Kaauesblii noJesofi wnar npeBpaTUTcA B rUOOCUT:

KAISi,0, +8H,0 = AI(OH), + K" + OH™ + 3H Si0,.

BriceoGoxaenue K*, OH™u H 510 BHI30BET M3MEHEeHHe CocTaBa pacTBopa Ha
orpeske AB. B Touke B pacTBop JIOGTHFH&T pasHoBecua ¢ kaomuurom. Cocras
pacTBOpa He MOXeT BhifiTi 3a mpefiebi Mo ycrofiunsocTy rubbeuTa, noka noc-
Jelunit ocTAeTCH B CHCTEMe, MOITOMY AalbHeilllee JobaBieHHe KaJIMEBOro noie-
BOrO IMaTa [0JKHO MPUBECTH K Peakiyy ¢ paHee o6pa30BanHbiM HOOCHTOM, npo-
[YKTOM KOTOpO# ABIAAETCA KAOMMHUT:

. + -
2KAISi 0, + 4A1(OH), + H,0 =¥A1,5i,0,(0H) , + 2K" + 20H~

[pyroft ananu3 5Toil peakiyi COCTOUT B TOM, UTO PACCMATPUBAGTCH peak-
IM# KAJMeBOro MOJeBOro WMaTa ¢ BofoH, COMpoBOX/AAOMAACH BRICBOOOXKIEHUEM
oo i H Si0,. [TockolbKy KOHUEHTpALMA H,Si0, B pacTBOpe He MOXeT yBeln-
4uBaTHCS B npncy'rc'rmm rubbcura, ocxaoﬁoxnalomaacﬂ H,Si0, Gyner pacxosio-
BaThCA HA npespauenne rubocura B kaoauuut. Coctas pac'raopa HOJKEH u3Me-
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P uc.7.7. Bo3aMoxHble TeOopeTUUECKWE BaPHAHTHI H3MEHEHWA COCTaBa PacTBOpa NpW peak-
UMM Kanuesoro Nonesoro wnata ¢ BoAoA. Yucna Ha BepTMKANbHOW OCH HAMEPEHHO He Npo-
CTaBneHbl, TAK Kak pacnonoxenue petanei Ha AWarpaMme B 3HAYUTENBHON CTENeHW 3aBu -
CHT OT NPHHATBIX BENWYHH CBOBONHOA 3HEPruM, a HafeXHbIX QOBOMOB B NONb3Y KAKOrO=NK-
60 ux BeiGopa HET. M3MeHeHWe cocTaBa pacTBopa, OoTBeuawwee nuHun AF, paccMaTpu-
BaeTcA B TeKcTe, a nuHui A°F* n A*°F** nexaT B npegenax HeonpeOeneHHoCcTH CYWwecT-
BY IOWMX [aHHbIX 0 CBOGOOHBIX aHEPrHAX,

HATHCH BAOAb MpaHMLbl yeToMunBocTH rubbenT — kaoauuut, noka He GyneT ucnoanb-
30BaH Bech rubbeut (Touka C). Araau3 puc. 7.7 HABOAUT HA MBICJB O TOM, YTO
KoauuecTBo rubboura, obpasosaslieecs Ha AJMHHOM oTpeske AB, He MoxeT

6bITh M3pacxofoBano Ha kopoTKom oTpeske BC. Onnako Ha rpaduke B norapud-
MUYECKHX KOOPAMHATAX JAJUHBI OTPE3KOB Helb3s CPABHMBATH CTOb MPOCTbM 00pa-
30oM. B Touke C rubbeura yxe HeT, ¥ pacTBOp He yAepxuBaeTcs B M0Je ero yc-
roftuiteocTi. C 9TOr0 MOMEHTa KaJMeBbii noJieBoil WnaT npeppauaeTcsd B K0~
HUT B COOTBETCTBUM C peakiyei

2KAISi 0, + 11H,0 = ALSi,0 (OH),, + 2K 4+ 200 4 4H Si0, .
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B cBs3u ¢ noassiv sbiceoboxaennem KT, OH™ u H 4Sit’.) 4 COCTaB pacTsopa fioJ-
KeH M3MeHATHLCH 110 AMaroHau yepe3 noje ycroiunocty kaomuura. JlansHeit-
LMe M3MeHeHMd pelanliM obpas’oM 3aBUCAT OT BeaUUMH cBODOAHBIX SHEprui,
MCMoJb3yeMbIX B pacueTe Nnoioxexus rpanull nonelt ycroftuusocy va puc. 7.7,
Eciu Bemuunbl cBoOOAHBIX SHeprud COOTBETCTBYIOT UCIOJb30BAHHEIM NpPY MPo-

BEJGHNH CIUIOMHBIX JMHWA, TO COCTAR pacTBOpa NepecedeT I'paHully nojeil ycroii-

UMBOCTH KAOJMHUT — MyckoBuT B Touke D, C aToro MoMeHTa peakuus NpuHUMa-
eT Bl

KAISi 0, + Al Si,0,(OH), + 3H,0 = KALSi 0, ((OH),, + 2H Si0,.

9ra peaklus aHANOMHYHA PEAKLMM HA rpaHuile KAoAMHUT — rubbeuT, u cocras
pacrsopa GyfeT U3MEHATHCH BOMb MPaHULbl KAOMHHUT — MYCKOBUT [10 TeX Mop,
noxa He u3pacxofyercs Bech kaoauuut (Touka K ). INocie aroro kamuesslit node-
Bo#l wnar 6yaeT npeBpaliaThCA B MyCKOBUT:

. . + - .
3KAISi 0, + 14H,0 = KALSi 0, (OH) , + 2K* + 20H™+ 6 H Si0,.

CocraB pacTsopa JoJKeH nepeMemnatbes B Touky F. B rouke F pacrsop okaxer-
cfl B paBHOBECHH C KAMMeBbIM M0JeBhIM IIMATOM, U falibHeflume peakium cTauyT
HEBO3MOXHBI. ENMHCTBEHHBIM BTOPHYHBIM MiHepaIoM B 3ToH Touke JOMKeH
BBITh MYCKOBMT.

Tpy HECKOMbKO MHbIX 3HAUEHMSX CBODOMHBIX SHepruil paccMarpuBaembix (a3
(B npefieaax HeonpeeNeHHOCTH CYINECTBYOWUX BeJIUUMH) COCTAB PACTBOPA MOXKET
AOCTUrHYTH TpoliHol Touku P, npexie yeM ucrnoJb3yercs BeCh KaOJMHUT, UK
nepeceyb rpaHully KAOJMHAT — KanueBblit moleBof wWnaT, MUHYS NoJe MYCKOBUTA.

B npupoHbIX cucTemax nouti sceraa npucyrcrsyer CO ,» MO9TOMY BMECTO
OH™ Bo3mukaer uon HCOZ:

OH™ + C02 = HCO,.

1o orpannunBaeT yseadenne pH, ceasaHHoe ¢ U3MEHEHHEM [0JEeBOro unara, no-
5TOMY COCTAB PACTBOPA HA pUC. 7.7 [OJKEH, BEPOATHO, COOTBETCTBOBATDL MyHKTHD-
ot mumm AF ",

WU3menerne ansbura (Npu TEX Xe NpefllioN0xKennsX) NPOMCXOAUT aHAN0rMYHbIM
obpa3om B foasx ycrolunsocTs rudbeura u kaoamuuTa (puc. 7.8). JIuHuR u3MeHe-
Husl nofoMIeT K rpaHulle KAOAMHUT — CMEKTHT (NOJOXEHMe | HaKJOH KOTopoli 3aBu-
CHT OT coctaBa i cBOOOAHON SHepruu, BHIOpAHHON AN% CMEKTHTa), a 3aTeM nepe-
cever noje ycroituuocTi cMekTura. OnpefledeHie cocTapa i cBoGoaHOM sHeprum
"eMekTuTa", UCNOJL3YEMEIX B pacueTe, MpodJeMaTH4Ho, TaK KaK Npupo/iHble CMeK-
TUThl UMEIOT epeMetHiit cocTas i peaxo npubaMAKanTcs K niealu3upoBaHHOMYy
cocTasy, KOTOpBIA Menoab3yercs npu pacuyerax. Bee, uTo Mbl MOXeM ClelaTb, —
9710 nofobpars runorernyeckuli cocras n cBOOOAHYI0 SHEPIUI0 TAKUM obpa3om,
yTobul paccuntanHoe nobBejenne Hawel uaea m3upoBantoil hassl BO3MOKHO Ty~
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P uc. 7.8. MpeackasaHHoe uameHeHue cocTasa pacTBopa B Xofe peakyuu anbbuTa Cc Bo-
Ro# npu 25°C (no Xenrecoy u ap. [ 155]). Opyrue ueonuTsl, no-euaumomy, Gonee ycToM-
YMBLIE, YEM BHAMLUWAM, NPH BLICOKMX BKTUBHOCTAX KPEMHE3eMa, HO ANA HUX OTCYTCTBYIOT
AaHHble 0 CBOBOAHLIX 3HEPruAX,

ule COOTBETCTBOBANO MOBEEHMI0 CMEKTHTOB B MPUPOJHLIX cucTemax. Msmenenue
COCT@Ba pacTBOpa, MO-BUANMOMY, JOCTUTHET JUHMKM HACHILEHHS amMmopdHOro Kpem-
He3ema u 3aTeM MoilleT BBEPX BAOJb 3TOf JIMHUKM, B N0Je YCTONUMBOCTH HeoauTa
nmm anbbura. Janbreiiue pacueTsl He HMEIOT CMBICAA, TAK Kak JeTalbHble COoT-
HOWEHNS YCTORUUBOCTY MeXIY albOUTOM, CMEKTUTOM M PAsIHUHBIMK LUEOIUTAMMU
B /IOCTATOUHO! CTeneHy He U3BECTHHL. B NpupoaHsIX yCIOBUAX BEPXHUM Mpeelom
noabemMa JHH!M HACKIIEHHONO pPacTBOpa amopdHOro KpemueseMa OyaeT, no-Buiu-
MOMY, PACTBOPMMOCTH KapBoHara HATPUA.

EcJau npupofible CHCTEMBI COOTBETCTBYIOT MOJEMM, TO MOXHO OXKMAATh, UTO
BO/Ibl, HAXO[MBIIMECS B KOHTAKTE C U3BEDXEHHBIMK MOPOAAMU HENpOodoNXUTEIbHOE
BpeMHd, Ha [MarpaMme C OCAMU lg(aM+ /aH+) ulg aI!4Si04 OKAXYTCA B JeBoil,

HIKHe/ ee yacTy, a NpOJyKTOM BhIBETpUBAHMA DyleT rubbCUT uli KAaOAMHUT.

IZ-78
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C yBeqnueremM BpeMeHH KOHTAKTa M3MeHeHue COCTaBa BO/bl Ha AMarpamme [0JK-
HO WATK MO [MArOHAIN Yepes MPAHKIY KAOAMHUT — cMeKTUT. [Ipy JaibHeiem u3-
MeHeHH cocTasa obpa3yeTcs CMEKTHT, a He KaoluHuT. [leranbHoe KolMyecTBeH-
HOE OMMCaHMe 3ToM MoJeu IPUMEHUTEIbHO K BHIBETPUBAHMIO mopof Aajm Ppuu
[114] u ®pur u Tapaum [ 115].

Cocras Boa ucrounmkor Cheppa-Hesajpl, uayuasmmiics Perom u ap. [110]
u [appeacom u Makkensu [ 124], no-suaumoMy, Xopouio COrIacyeTcs ¢ npeficka-
3anHbM. [IpiBefieHnbie Bhlle paccyxAeHnd, OCHOBaHHble Ha banaHce macc, Moka-
3a/y, UTO KpaTKoe B3auMofieficTBie, OTpaXeHUeM KOTOPOro fBJAIOTCH BPEMEHHbIe
UCTOUHUKM, NPUBOMUT K 0OpA30BAHMI0 O/IHOrO KAOIMHMTA, TOrAa Kak bouee npo-
JoJKUTeNbHOe B3anmojelicTBye, Halme/uee OTPaKeHHe B TOCTOAHHBIX HCTOUHUKEX,
3apepiiaercs obpa3oBaHKenM KaK KaoMMHUTA, TAK M cMekTuTa. ['appenc n Makkesn-
31 NPOBEPUIN MUMOTE3Y O KOHTPOIUpYIOllelt poJu paBHOBECH T, PACCMOTPEB peak-
110
3Cag 4 AL, (,Siy 130,4(0H) , +2 H"+7TH,0=

emexkuT (Ca -Beiinennur)
= TALSi, 0 (OH) , + Ca ** + 8Si0
Kao JMHUT

2 (soan)’

Ansa KOTOpOﬁ nokasaTteleM COCTOSAHUA ABAAETCH OTHOLIEeHHe

8
Qea? " Rgg

2
-l . N
aZ

Ht

Bopbl, HaXoAsuuecs B paBHOBECHA C KAOIMHHTOM M CMEKTHTOM, AOJKHbI 0DJ1aaTh
MOCTOSHHON BeMUMHON 9TOr0 OTHOWEHUS, paBHoi KoHcTanTe paHoBecus. Bojpr,
HACHIIIEHHbBIE OTHOCHTEILHO KAOAMHUTA, HO HE HACHILUEHHbIE OTHOCHTENbHO CMeK-
TUTA, A0JKHBl KMETh MEeHbIIYI0 BEIMUHHY 9TOr0 OTHOIWEHUH, YeM KOHCTAHTa paB-
HoBecus. VCTHHHBIE 3HAUSHUS BEIUUMHBI OTHOWEHUS A4 BoJ MCTouHMKOB Cbheppa-
HeBazpl nokasansl Ha puc. 7.9. Ecau Obl eIHCTBEHHBIM NPOLECCOM B 3aKPLITOH
cucreme (¢ nocrosrHoid = CO,) Obul npolece U3MeHeHns 10 KAOIMHUTA, TO ‘TOY-
ki pacnojaramcs 6s1 8ooab auamu ABC. Ecin Obl paBHOBecHe N0/1epPXUBAIOCH
0[HOBPEMEHHO C KAOJMHMTOM K CMEKTHTOM (Korjla CMeKTUT ycTofiuus), To Tou-
Ki pacrnogaramcs Obl Bioas auaun ABD. Pasbpoc Touek Ha puc. 7.9 10BOJbHO
snaunTeden. Mappenc u Makkensu npuilin K clelyoneMy 3aKIueHuio.

Hecmorps Ha pa3bpoc, ACHO, 4TO BpeMeHHble UCTOUHHKM npeobpasyior mode-
BO/i WMAT NpeMMyUIeCTBEHHO B KAOAMHUT M YTO MHOTHE NOCTOSHHBIE HCTOUHUKY
(XOTH OHM DBOMIOUMOHUPYIOT B CTOPOHY 00pa30BaHMsA KAOJIMHNTA) HMEKT COCTaB,
CBUOETe]bCTBYIONNA 0 3ailepKKe 3BOMIOUMN B YKA3AHHOM HANPABJEHUA U O BO3-
MOXHOCTY KOHTPOS Ha ocHoBe paBHosecus ¢ obeumu dasamm.
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P uc, 7.9. 3aBUCHMOCTb noKasaTenA COCTOAHMA peakuuu KanbuveBbli GedfennuT — Kao-
NUHUT OT KOHUEHTpauun Na B BOAaX UCcTOYHMKOB Cheppa-Hesagbl, CTpenka ABC cooTBert-
CTBYeT 3BOMIOUWK cocTasa BOAbl, BbIUUCNEHHONO ANA PeaKkuywd M3MEHeHUA NNaruoknasa

(Nam“ Cau'“) 00 KAOMWHWTA B 3aKPbLITOM CHCTEME C MCXOAHOM KoHUEeHTpayHWeH pac TBopeH-

Hoit CO, 0,0008 mone/n, Ctpenka ABD npefcTaBnAeT coboi OXMOAEMYI0 3BOMIOLMI0 COCTa-
Ba BOAbI, ECNM OHA KOHTPONUPYETCA ABYX(a3HBLIM PABHOBECHEM KAONUHUT — CMEKTUT (no
appency u Makxenau [ 124 ]).

Ecau 310 Bepho (4To ciejyeT paccMarpiuBaTh TOJAbKO KaK NpeABapuTebHoe
3aKll0YeHue), To BepXHue npejelbl ColepkaHia KpeMHe3eMa BO MHOTUX [PUPOLd~
HBIX BOJaX, AaJexux OT HachlleHus amophHbiM kpemaesemom (115 mar~—t), Mo-
I'YT HA/IeXKHO KOHTPOJIUPOBATHLCSH PABHOBECHEM MeXly BOAO/ M pasiuuyHbIMU CUJIH-
KaTHbIMU asamu. ITo, KOHEUHO, He 03HAUAET, UTO KOHTPOIMDYIOLKE TBEp/ble
(hasbl XOpOmIO OKPHCTALIM30BAHB U NPECTABAAIT cobOli Jerko AMarHoCTUpyeMble
BelllecTBa, 0/[IHAKO CYLleCTByeT olnpe/elleRHas B3aMMOCBA3b Mexdy BOAaMU U
TBep/biMK amoMocuankaTami. [locaeiine Kk ToMy ke 3aMeTHO OTAMYAIOTCH JIpyr
OT [ipyra fo cocraBy, KOTOPLIi He ABIAETCSH OTPAXeHHeM TOJbKO MPOrpeccupyio-
et agcopOuym 1 U3MeHeHuH, conyTCTBYIONIMX M3MEHEHN cocTaBa BO/bL

[Mappeuc [ 121] vanec Ha cxoanbiil rpaduk GoJblioe YUCIO TOUEK, NPE/CTaB-
Agoumx coboit omyOauKoBaHHbIE pe3yAbTATh! aHANM3a BOJ, NPUYPOUEHHBIX K MOPO-



180 Mnasa 7

—5 T T
s =
a
‘: —10F =
®
o o ' R f o ®
g & & 4 04 ™
> 151 = =a om a S
r:\: 50 & t}r ﬁ% a A
&8
A
:: O, % A <
38 s B 4 " ® BasaneT
S’ —o0f 24 8 AHpesuT =
- zé 8 A Puonut
52 a [panuT
O OuopuT
—26 ' ;
0 100 200 300

HCO3, wak™"

P wuc. 7.10. 3aBHCMMOCTE Norapudmos nokasaTeneh COCTORHWA PEBKUMM  (NOKASBIBAIOWMX
CTeneHs PeaKuM1) KAONWHAT — CMEKTHT OT KOHUEHTpauuH HCO; ANA BOf, NPUYPOUEHHBIX K
pasnNUuHbIM W3BEPXEeHHLIM NopoAam, BepxHui npuGnusuTensHo rOpPU3OHTaNbHbIA PAA TOYEK
OTpaXKaeT KOHTPOMb PeaKuud 3a CUeT PaBHOBECHA C KAOMMHWTOM M CMEKTHTOM. CTtpenka no-
kaabiBaeT nonoxexHue nuuun BD Ha puc, 7.9.

[1aM pa3.MuHOro AMTONOrHYECKOro CoCTasa, 1 noJyuni Golee ybeaurelbHylo Kap-
tuny (puc. 7.10). CyTb ufieu B TOM, YTO rPaHMLA KAOIMHAT — CMEKTUT fBJSETCH
npefieioM AJIS COCTaBa 3HAUMTEAbHON YacTi Npupoarsx BoA. OnHako cieayer oT-
METUTDb, YTO MOJAOXeHHe IToll rpaHuLbl i, CJleJ10BaTeIbHO, CBOOO/IHAA JHEPrUs
06pa3oBaHus CMEKTHUTA JOrMUecKH YCTAHOBIEHB! 10 paclpe/ieielio ToUeK Ha
rpaduxax Tuna nokas’asubix Ha puc. 7.9 u 7.10.

Asrop [ 83] nokasau, 4TO TOUKM, XapaKTepU3YiolKe COCTAB 3HAUUTENbHOH
yacTH BOA u3 paifonos pacnpocTpanenus ane3nTos B Mekcike, pacnoiaranrcs
Ha [uarpaMMe oueHb GaM3KO K rpaHiile YCTOMUMBOCTH KAOAMHAT — CMEKTUT
(puc. 7.11). Pexa, anamm3y Bofibl KOTOPO# COOTBETCTBYET TOUKA HUKe Ha3BaHHoI
rpamiip!, HaxoauTcs B obaacTu 6olee HHTEHCHBHBIX moxaeit, rae KaoAMHUT ABIA-
eTCH MIaBHBIM MIMHUCTHIM MuHepaltom nous. [Ipobsl Boj, nonajaouye B noje
yeroliunsocTyt cMeKTUTa (BO3MOXHO, LeouTa), ObliM BIATH U3 HCTOUHUKOB, Ape-
HMPYIOUMX POPU3OHT BEICOKOTIOPUCTHIX U PEAKIMOHHOCTIOCOOHBIX BY IKAHMYECKMX
nennos. Jpyrue npuMepsl TepMOAMHAMUYECKOr O MOAX0/la PACCMATPUBAKTCH B
ri. 8.

Mauec [ 259, 260] ucnoas30Ban Al W3yYeHHs DPABHOBECHOCTM U HEPABHO-
BECHOCTH NOA3EMHbIX BOJ MPAHMTHBIX MACCABOB HECKOIbKO MHOM noaxon. /las
BhIpaXeHus CBOMX pe3y]bTaToB OH BBeJ NMoKa3aTelb HEPABHOBECHOCTH I, KOTopHIi
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P uec. 7,11, CocTassl Bop 6accefina Puo-Ameka, Mekcuka, HaBHECEHHbIE HA OMArPAMMY YC-

TOAUMBOCTH cucTemsl Na 0 —K,0 — A0, ~S5i0, —H,0, nocTpoennyio anA lg(a K"'/a

)
([165]; no Opusepy [83]). gt

npeAcrapaser coboit Jorapudm OTHOWEHKA NMOKA3aTeds COCTOAHMSA peakiym Q K

KOHCTaHTe paBHOBecU# Ko, panHolt peakiyu. PaccMoTpum, Hanpumep, peakiuio
npeBpalienus albbuTa B KAOIMHUT:

NaAlSi 0, + 2 o 4,5H,0 = 0,5A1,Si ,0,(0H) , +Nat & 2H,Si0,.

Qu Kp“" OIpe/leITOTCA BhIPAKEHHEM

aZ ..
11451()4

a
Na*

aH i
a rokasarellb HepaBHOBECHOCTH peakluu anpbur — kaoamHut [

ansb, — kaon
BbIpaXaeTcs cJefylmyuM obpasom:
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Ananoruyssiil oKa3aTelb HEPABHOBECHOCTH MOXKHO BBIUMCIMTH a5 J1060i napsl
MUHepanoB. ITOT NOKasaTelb MOXHO PACCMATPHBATD KaK KOJIMYECTBEHHYI0 Xapak-
TEPUCTUKY YAANEHHOCTH COCTABA BO/bI OT OMpe/elenHoll rpaHulibl yCTORUMBOCTH
Ha Auarpammax, nofoOHbIX H300paxeHHbIM Ha PHC. 7.7 u 7.8. JonoanurebHbiM
NPeUMyIIecTBOM N0Ka3aTelsl ABAfeTCH BOSMOKHOCTb HCNONL30BAHISA €ro B MHOTO-
KOMIIOHEHTHBIX CHCTEMax, KOTOpble Helb3s HarlflHo H300pasuThb Ha JABYXMepHo#
mmarpamme. HellocTaTok TAKOro MOAX0AA COCTOUT B TOM, YTO OH [I0/DKEH OCHOBbI-
BATHCA Ha ONpe/eeHHBIX MpenoloKeHHax, Kacalomuxes CTeXHoMeTpHH peaxuii
# TEPMO/IMHAMMYECKUX JaHHBIX, YTO UCKII0UAET BO3MOKHOCTD yueTa Heolpe/ieeH-
HocTell, CBOCTBEHHBIX 1 CTEXMOMETPHH, 1 3HAUeHNAM CBODOAHOM SHEprii.

Pacnpefiefenue nokasatedell HepaBHOBECHOCTH A5 BoJ Boremckoro maccu-
pa B UexoC/I0BaKuM (3alITPUXOBAHHEIE yYacTKH) U APYrMX paioHOB MUpa MOKA3AHO
Ha puc. 7.12. TMavec paccMaTpupall 3uauenus nokasaredeil HepaBHOBECHOCTH Me-
nee +0,5 Kak cBMeTEAbCTBO paBHOBecUs, a bojiee BHICOKHME — KAK 3HAUMTEJbHbIe
OTKJOHEeHus 0T paBHoBecus. [TouTn Bce nokasares [1f MUHEDAIbHBIX 3D AHOPTUT —
1 anbbUT — rAMHMCTbIE MUHEpabl Oblin OTPULATEAbHBIMY, UTO yKa3biBaeT Ha He-
YCTOYMBOCT IIAMMOKAA30BbIX NOJEBbIX WNATOB N0 CPABHEHMIO C MIMHUCTBIMI M-
Hepaiamy. [lapsl kanueBblii noJeBoH WNAT — KAOIMHUT ¥ KaJneBblil MoJeBoii wnar —
JILIAT ZOBOJBHO GAM3KY K paBHOBecHio, I'BBCHT M MAAMT ODBIYHO HEyCTOHuMBEI OT-
HocHTeJbHO KaoaunuTa. HekoTopble BOJbi paBHOBECHBI OTHOCHTEbHO KalbLMTa,
npyrue xe He HachuieHbl. [IpuMepHO NOJIOBHMEA BOA, MO-BUAMMOMY, HAXOMUTCH B
paBHoBecwi ¢ kaoauuuToM nauoc Na- uin Ca- cMekTHT.

[peAcTaBAReTCS, UTO COCTAB MHOIMX MPUPOAHBIX BOA MPUGIMIUTENLHO COOT-
BETCTBYeT COCTABY, KOTODBIi CAelyeT OXWAATh, NCXOAR U3 paBHOBECHS CO BTOPHY-
HBIMM TJMHUCTHIMU MuHepaliamu. Bojibl peliko AOCTUrAI0T PABHOBECUSA C MEpPBUUHbI-
MJ MUHEpaNaMy W3BEPXKEHHBIX MOPOf, 38 UCKIIK YeHHeM, MOXeT OBITb, Kaluesoro
noJesoro wnara. HeoBOCHOBAHHO 0XMAATh yCT@HOBAEHUS MOJHOrO paBHOBECHA
Mex/y BTOPWYHBIMI [IMHUCTHIMY MUHEpalaMy i pacTsopoM. Ecan rIMHACTDI] MUt~
Hepan obpa3yeTcsa ¢ KOHe4HOH CKOPOCTbI0, TO MO OTHOWEHHUIO K HeMY Tpebyercs
HeKoTOpas crenexb nepechimenus. Xors pH peunbix BOJ BapbUPYET B TEUESHHE Cy-
TOK BCAEACTBMe MpOUeccoB HOTOCKHTE3a M pa3okeHusd, He Clelyer AyMaTb, 4To
[IHeM CMeKTHT 00pa3yeTcs i3 KaOJMHUTE, & HOUbIO NocAe/ i NepexouT B CMeK-
Tut. HeobXomuMo 0Co3HATb TAKke, YTO cyllecTByeT OoJblas HeonpeieleHiocTb
B YCTAHOBJEHUH TOUHOTO MOJOXEHUS MPaHMLbl yCTOHUMBOCTH KAOAUHUT — CMEKTHT,
a NpeanoioXeHue O HAIMYUM PABHOBECUA B NMPUPOAHBIX CUCTEMAX CYIIECTBEHHO
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P ue, 7.12. Pacnpepenen1e nokasaTenef HepaBHOBECHOCTH ANA CHCTEeM, COCTORWMKX H3
MoA3eMHbIX BOA, ABYX aniOMOCHNWKATOB, ru66cuTa UM KanbyuTa, CTPenku nokasuiBaloT
PaBHOBECHbIE BEMTHYHHBI, 8 CHMBONbI N0 06eMM WX CTOpPOHEM — YcTOAUMBLIe dasbl, ab —
ansbuT, kf — kanueBbld nonesol wnat, an — BHOPTHT, k — KAONMHMUT, il — WnAUT, nm—
HaTPUEBLIA CMEKTUT, Ccm— KanbuMeBbii CMEKTHT, g — FUBBCHT, ¢ — KanbuyuT, sol — pacT-
BOp. 3aWTPUXOBAHHLIE KONOHKW NPEACTABNAKT co6oit BoALl Boremckoro mMaccusa B Yexocno-
Bakuu ( no Mavecy [259]).

BaMAET Ha Bbibop "BepHoro" mosoxenus rpanuubl. Hakowel], kak 6bl10 ycTaxoBJe-
HO B I'll. 5, BaKkTHYEeCKH HEBO3MOXHO onpelie/yuTh, HaXOMTCa JM JaHHBIA aloMo-

CHIMKAT B paBHOBeCHU C aaHHOM BojoM, ecau TouHo He u3BeCTHO, COMePXUTCHA JH
B BOJle pacTBOpeHHbIH anoMunuii,
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CTATUCTHUMECKOE PACCMOTPEHMUE

Tperbum noAxodom npu M3yueHuH XHMHUYECKOrO COCTABA NPUDPOIHBIX BOJ
ABIAETCSH UCC/Iel0OBaHNe CTATHCTUYECKNX CBA3e MexXy pacTBOpeHHbIMK B BOjlax
KOMIMOHEeHTAMM U TAKUMK NapamMeTpamy cpeibl, Kak JMTOAOTHA, KIUMaT, peibed,
nacesenue. CTaTucTHYECKas CBA3b He yCTAHABIMBAET KAKUX-IMOO MpPUUMHHO-CJE/-
CTBEHHbIX COOTHOMIEHH, HO OHA YAaCcTO MPeACTaBAfeT [aHHbIE TakuM oBpa3oM, uTo
NOABAAETCA BOBMOXHOCTb C/ie/iaTh BhIBO/bI 0 HAJNMUMK TAKMX CooTHoWeHM. Pac-
CMOTPHM TPOCTO# NpUMep: MHOrOUUCeHHbIe aHATM3bI PEUHBIX BOJI HeKoero pail-
OHA MOIYT yKa3hlBaTh Ha CHJIbHYI0 CBA3b Ca 2% i SOi'.. Bo3moxubiit BEBOJ Co-
CTOMT B TOM, 4TO 00a MOHA MeHETUUECKHM CBABAHBI C OJHMM U TeM Xe MCTOUHH —
KOM — Tuncom. BeiBoa aToT Moxer okasatbes ommbOuHEM, TAaK Kak MUPHUT, ac-
colpMpylouMics ¢ kalbuyuToM, AaeT Takoi xe sddekt. Oarako eciu reorpadu-
Yeckoe pacnpocTpaHeHue BOJ C BLICOKMM cojepxannem Ca #t i SOi‘ X0pOLIo
KOppeaupyeTcs ¢ reolornyeckumy o6pas’oBanuaMit, COAEpKaMMHU TUIC, TO Npu-
YMHHO-CJE/CTBEHHO® COOTHOUIEHHE MOXET CUMTAThCS (XOTA U He De3yCloBHo )
YCTaHOBJIEHHBIM.

Omucansblii Bblle THIT CBA3M MOXHO OGHADYXHTb NMPU BHUMATEIbHOM M3yye-
HUM BHANMTHYECKUX JAHHBIX UM Ke ero MOXHO MOKA3aTh CTATHCTMYECKH HA OC-
HOBE MPOCTOr0 XOpperiyuonnoL0 anaiusa,B noclennem clyyae BHUMCAAIOTCS
KOS PUIMERTHl KOppeaaluy A8 BCeX BO3MOXHBIX Nap NepeMenHbIX (He TOJbKO
AN XMMUUECKMX NePEMEHHbIX, HO U [UIS TaKUX reoJorMyeckux NepeMeHHblX, Kak
cofiepxauie (8 %) runca B BolocbopHom Gacceline). KoathduupenT koppeasimn
BBIPAXAET YMC/IEHHO CTeNeHb CTATUCTUYEecKOit CBABH [BYX NepemMeHHbX. Beanuuna
+1 o3Hauaer, uTo /iBe NepemMeHHble UEANLHO Koppeaupylresd; Beduunna 0 ceuge-
TeJbCTBYET O NOJHOM OTCYTCTBUM KOpPpeaAlyu (T.e. O MoJHOH He3aBUCHMOCTH
nepemMenHblx); BeanuuHa —1 ykashiBaeT Ha WealbHYK OTPUUATENbHYIO KOppens-
1Mi0 (yBeJMueHnIo O[HOi NepeMeHHOlt COOTBETCTBYeT ymeHblleHue Apyroi). Byner
au ko3bduimenT koppensnuuu, abCONOTHAR BEJUUMHA KOTOPOT'O MEHbIlle eIuHIIpb,
CTATUCTHYECKH SHAUMMBM WIH HET, BaBHCHT OT NPUpOJIbl  /IAHKHbIX; He cyllecTryeT of-
ero npou3BOAbHOrO 3Havenns (nanpumep, 0,5), Bbile KOTOPOro Koppeasuus 3Ha-
uuMa, a HiKe HeT.

Wurepnperaima faHHbLIX BOBMOXHA TAKXKe C MOMOWbBIO MKOXECMEeHHOLO pet-
peccusnoro anaiusa, Momenb MHOXeCTBEHHOH per:.eccum mpednoJaraer, 4To
3a6uUCUMAR nepemennas Y (HanpuMep, KOHLEHTpALMS SOi' B peunoit Bojie) ABAS-
eTcs QyHKUMeH HECKOJIBKNX Ne3asUCUMBEL NepeMennbls Xy X, X,, ... (danpu-
Mep, cofiepxanua (B %) runcoHocHsIx nopoj B BoflocGopHom Gaccelise, KoauyecT-
Ba 0CA/KOB, MJIOTHOCTH Hacelenns). B clyuyae Tpex HE3aBMCUMBIX MepeMeHHbIX

Y=a +E)X1 +(:X2+dX3,
rie a, b, ¢ ud — kKoadduienTsl, onpefleisemsle N0 UMeIMMCs Jaubiv. [Ipo-

rpamMmMa MHOXECTBeHHON perpeccuu CBOAMTCSH K BbIUMCJIEHHIO "Haudyumux" oLeHOK
3HaveHuit a, b, ¢ 1 d ¥ HOpMaNM3AWMK ITUX Ko3bduimenTos 18 yCTaHOBIEHAHA
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LoJu Aucnepcuu 3aBMcvOii nepemennoii, "oObAcHAeMoll" BIusHMeM Kax ol He3aBy-
cumMolt nepementof. Ecau Meky 3aBUCHMBIMH 1 HE3ABUCUMBIMM IEPEMEHHBIMU
npenoJaraeTcs HeJiHelHoe COOTHOleHHe, TO 3aBUCHMbIe NIePeMeHHble 0 BhIYUC-
JeHHs MHOXKeCTBeHHON perpeccun moryT ObiTh npeobpasoBanbl (HanpuMmep, B Jora-
pudMbl).

B reoxumun naubosee WMPoOKoO UCIOIb3yeTcs R-MeTof HakTOPHOro aHaIM3a,
ocobeHHO B Clyuasx, Korja Mex/y nepeMeHHbIMU He MOTYT NMpeAnoJaraTbcs Ka-
kue-mbo coornomenus. [lpeBocxosnoe uanoxenyue GakTopHOro aHaiu3a npumMe-
HUTeJBHO K reoxnMuueckum npobaemam aam Knosan [ 208] u Mopeckor u ap.
[195]. Ocnoexoit ueasio R-meToia hakToOpHOro aHalu3a ABJIAETCH HAXOX[EHHe Ta-
Koro Hebolbioro no Koauyectsy Habopa "dakTopos”, koTopble "obbAcCHSKT" AKc-
nepcuio Goabworo uxcla aHaIMTHIECKHX JaHHbIX. [Ipeanonoxum, uTo y HAcC ecTh
MaTpuia [aHHbIX, coflepxauas N nepeMeHHbIX (Hanpumep, KOHIIGHTpALMK pacTBo-
PEHHBIX UM CYCNeHAMPOBaHHBIX BellecTB, PACXOA0B U T.0.), onpe/le/ieHHbIX B n
obpa3uax MpeinoJoxuTe/bHO U3 pas3Hbix MecT. (McXodubie JaHHble MHOTA nepe-
BOAAT B Jorapudmudeckyo dopmy, YTobbl BKIOUATH UX B niporpammy dakTopHO-
ro aHalu3a; TEOpPeTHUYECKU 3TO XeJaTelbHO B TeX clydyasx, Korja NepBuuHble
[aHHble HMelOT JOrHopMaibHOe, a He HopMalbHOe pacrpe[iefieHue, Kak 9T0 4acTo
OblBaeT ¢ reoXMMMYECKUMM JaHHBIMU 1 JAHHLIMU O [IPYTUX TPUPOJHBIX ABJEHHAX).
Marputia fanHbIX MMeeT caeayiomyo gopmy:

O6pasey 1 O6pasey 2 ... O6pasey n
MepemennHan 1 dl,l dl,z dl.n
NepemenHan 2 dz,l dz,z dz, .
MNepemernan 3 dz,: da,z ds'n
MNepemennan N dN' " dN, 2 dnon
3nech d; , MOXeT, Hanpuvep, Mpe/CTaBAATb KOHUEHTpalio Na™ (nepemennas 1)

B oﬁpasu'e 2uT.4.

B obmwem ciyuae nepemenHble B TaKo# rpynne [aHHbiX B3aUMHO KOpPpeanpyrT-
cs, HO STY KOppeJsluuio TPyAHO 0OHApY UTb, 4 CaMi [aHHble TPYAHO UHTepnpeTH-
posarb. lleabio R-meTosia dhakTopHOro aHaau3a fABASETCH COKpalleHne nepeMet-
HBIX 10 MeHblero yucaa "$akTopoB'", KOTOpHE B AaibHeilleM MOryT BHTb UHTEp-
nperuposanbl. Pakropsl (Tepmun "dakrop" 3/eck Ucnolb3yeTcs B CTPOroM Mare-
MaTHYeCKOM CMbIC]e; OH He UMeeT cMbic/a mpuunHHoro Gaxkropa) oObeUHIIOT B
O[HY IpyMny Koppeaupyemble epeMeHHble, U, €Cly OHU NoAaloTcs HHTeprnpera-
My, 3TO 03HAYAET, YTO OHM MOrYT OBITH MPAMO WM KOCBEHHO CBA3AHBI C HEKOTO-
PbIM oTpe/eeHHbIM UCTOYHUKOM WM TIPOLEeCcCOoM.
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PaccMoTpeHue MaTeMaTHUeCKUX OCHOB HAKTOPHOTO aHaM3a He BXOIWT B 3a-
fauy Hawel kuuru. 3neck gaeTcd JMUWb camoe KpaTKoe MX 3JoxeHue, a Ans 6o-
fee [AeTANbHOr0 O3HAKOMJEH!HA C HUMU UMTATe]b [0/KeH 06paTuThes K yMoMsAHy-
ThiM Bhie paboram. [Ipexae Bcero nepemMeHHble CTaHIaPTU3YIOTCA B COOTBETCT-
BHM C BHIDAXEHHEM

gl
]

rjie d'. " S‘. — COOTBETCTBEHHO cpejHee apHQ)MBTM‘lBCKOB W cTaHfapTHOe OTKJIOHe-

HHUE BCeX d‘., ., j =-1, n. Tocxe sroro npeobpasoBanus cpelHee apudmMeTHuecKoe
Kaxno# npeoépaaoaaﬂﬂoﬁ nepeMeHHOi CTaHOBUTCA paBHbIM HYMI0, & CTaHAapTHOe
oTkJoHenue — 1. 3arem mporpamMma R-meroja fakTopHoro aHanu3a (A1) Hee Bcer-
fia TpebyeTcsd KOMNbIOTEp) BhIpaXaeT CTAHNAPTH30BaHHbe NepeMeHHbie yepes k
(pakTopoB (unciio k, KOTOpoe 0OBIYHO BHAUMTENBHO MEHbIE n, BbIOUpaeTCs, Kak
NPABWIIO, JULOM, Be/ylMM HCCAedoBaHue):

]
i

L1'1-7f1+[.1,2--f2+... +L1.h- f,+e,

zz=Lz,1'f1+Lz.z'fz+"'+Lz.k'fh+°’z

zN=LN, i f1+LN'2- f2+... +LN. X ° fh+eN,

roe f 1 f gy see = dakTopbl, fBAAOWMEcH obWKMMU 1A BCeX epeMeHHbIX, e
(na3biBaeMblil pHoraa eMHNYHBIM GaKTOpPOM) XapakTepusyeT Ty HaCTh AUCIepCHH
Kaxzoro z, Koropas He obwscuserca obummu daxropamu. MaTemaTuyecku mpu

k =n, T.e. KOrja uMeeTcH CTOAbKO GakTopos, cKoJbko 00pa3ioB, e Oyler paBHa
Hymo. O6bHO BhIOMpAETCH Takoe 3HAYeHMe k, KOTOpPOe 3HAUHTEBHO MeHblle n;

B 9TOM CJyyae 3HaueHue e ABIAETCSH Mepoii Toro, HACKOALKO XOPOLIO HJK IIOXO
Kaxaas nepeMeHHas omichiBaeTcH pafoM Beidpanubix dakTopoB. Kosdduiment

L,.' j HasblBaeTCs narpy3skoli akTopa j oTHoCUTeNbHO nepemenHol i. Harpysku,
Takum obpasoM, ABAAIOTCA Mepolt cBA3K Kax/oro dakTopa ¢ AaHHO! nepemeHHOMH,
YycaeHHBle MX SHAUEHMA MOrYT U3MEeHAThCA B npefeaax oT +1 Ao —1. Ecau ase Ha-
IPY3KM OTHOCHTEJBHO OJHOrO U TOro Xe $aKTopa UMelT OAUHAKOBbI! 3HaK, TO ne-
pemMenHble KOpPeaupyloTes NOJOXUTEbHO; eC/M Ke OHM MMEIOT pasHble 3HaKM, Me-
peMeHHbIe KOppeJMpylTes OTpiliaTe bHO. 3HaK Harpysku (T.e. "+" win "=") 3ua-
yeHHs He UMeer.

Maremariuecku BeiGop rpynnsl GaxTopoB He ABAAETCH eMHCTBEHHO BO3MOXK-
HBIM, NO9TOMY KOMIbloTepy HeobXoauMo 3alaTh HEKOTOpPbIe KpUTepui Adf BeIYHC-
nenus "onTuManbHoi" rpynnbl. Meton BbiGopa (akTopoB B COOTBETCTBUM C 3a/1aH-
HBIM KpiTepueM HasbiBaeTcs épawenuex, Haubosee yacTo ucnoab3yemoe BapiMak-
CHOE BpalleHne BefleT K MOJYyYeHHI0 MPYNIbl HeKOPPeMPOBAKHBIX (OPTOrOHANBHbIX)
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(akToOpoB, B KOTOPBIX Kax/[af nepeMeHHas uMeeT BbICOKHE HArpy3Ku OTHOCUTEb-
HO OfIHUX (AKTOPOB U HACPY3KH, DIAM3KKE K HYJI0, OTHOCUTENbLHO APYruX. Mibie
KPUTEPHH ONTUMMBAINMNA MOT'YT MPUBECTH K PA3JMUHBIM OPTOrOHAIBHBIM [pyMnam
(aKTOPOB U K HEOPTOrOHAJBHBIM, T.e. K OUa10KATbHbIM 6P AW EHUAM, B KOTOPBIX
thakTophl camu Koppelupylres. [lonbiTka MCnBITATh pasiuyHble BpallleHHs UMeeT
uenb HaliTu "uHTEpNpeTHpyemylo" rpynmy GakTopos, XOTH NOHATHE "MHTEpIpeTH-
pyemsifi hakTop" 10BOJbHO CyOBEKTHBHO.

Mepa TOro, HACKOJBKO XOpPOMUIO AUCNepCHs KOHKPeTHOH nepemenHoit onuchiBa-
eTCH KOHKpeTHO! rpynmofi hakTopoB, Ha3bIBAGTCH KOMMYNAALHOCMYIO, KOTOPAS LIS
i-Toit nepemenHoit onpenenﬂe'rcﬁ BblpaxeHuem

KOMMYHaJbHOCTh = Z L; '
i=1
9710 Ta yacTb Mcnepam i-Toit nepemesHol, KoTopas obbsAcHAeTCHA BhIOpaHHbIMKU &
(akropamu. B ugeannHom cayyae KOMMYHAIbHOCTH /Ui BCeX NMepeMeHHbIX [0JK-
Hbl ObiTh Oan3kyn Kk 1. Ecan daxropHsil anaius npowen ycneuwto, To k 6yter xe-
GoJabuM, KOMMyHaABbHOCTD DoJbuo#, a dakTopsl OyAyT Jerko conocTaBIiThCs ©
KOHKPETHBIMM UCTOUHMKAMY UJM Mpolleccami.

PaccmoTpum rynotermueckuit npumep, nokassisaiommi, kax R-Metof dakTop-
HOro anaiu3a Moxer paborars npakTuuecku. [Ipeanoioxum, 4ro y Hac ects 100
ananu30B npob BoJbl U3 KOHKpeTHOro paliona, Kax/biit M3 KOTOPHIX COAEPKUT AaH-
uele o 15 snemenrax. Jdonycrum, uto coctas BoA 00yc/0BAeH TpeMs UCTOUHMKAMI:
BhIBETPUBAHMEM ['PAHUTHBIX TOPOl, BhIBETPUBAHMEM SBANOPUTOB M BbIBETPUBAHUEM
nonomutos. Crefosarelbo, kaxaas u3 100 npob gomxsa npeAcTae1aTh cobolt
CMeCh BOJ M3 STHX TPeX UCTOYHMKOB, U BClo mucnepcuio fanubix 100 anamsor mox-
HO 0BBACHUTL CMelleHHeM BOJ B pas3HbIX npomnopimax. Eciu k oTum faHHBIM npu-
MeHHTb R-MeTon GakTopHOro aHaln3a, TO BhIABATCH Tpu dakTopa, KoTopble obyc-
JOBJMBAIOT BCIO [AMCTEPCHI0 HCXOAHBIX AaHHbIX. OmMH 13 PakTopoB M0MXKEeH HMeThb
BHICOKHME HArpysku oTHocuTelbHo Cl1™ # SO:", HyneBbie HAarpysku fus Si0,, HCOZ,
K+ 1 Mg?* u npoviexyrounsie i1 Na * u Ca 2+, Bropoit daxrop flomken uveTb BBICOKH®
ﬂarpyaxu nas Mg2*, nyzesbie gas K*, Na*, Cl5 SO2~ u Si0, u npomexyrounbie
aas.Ca 2y HCO Tperuit hakTop JoJKeH UMeTh BhICOKMe HArpysku Aus Si0, u
K*, HyaeBbie anst C1= u SO2- u npomexyrounsie Ans Ca 2*, Mg?; Na*u HCO
9ru daxTophl JEerko uu'repnpe'rupymcs C TOUKHM 3PEHUf yKa3aHHbIX Tpex MCTO'J.HH-
koB. Ecayu HauaTh MMEHHO C BHAJUTHYECKMX [IAHHBIX, TO Ha OCHOBE (aKTOPHOro aHa-
J¥3a MOXHO MPOBECTH Mpe/iBapUTelbHYI0 UAeHTU(MKALMIO HCTOUHMKOB, HO Npex/e
yeM c/leJaTh OKOHYATeNbHble BhIBOAK, He0OX0oMMO, MO-BUAMMOMY, MPOBEPUTH CO-
OTBETCTBME pacmpe/elieHus cocTasa BoJ C reoJoruyeckoil kaproi.

B pealbHbIX CUTYAUMAX TpeMs hakTopaMu HeBO3MOXHO 00BACHATH BCI AuC-
nepcHio AaHHbIX. MOXHO ML HAEATHLCS, UTO HECKOIbKO (PAKTOPOB, KOTOPHIX 3HA-
YUTe bHO MeHblle, YeM NepeMeHHbIX, oobscusor 90% mcnepeun.  Ocranbrbie 109
MoryT GbiTbh UrHOpUpoBaHb! Kak "mym", O6biuHO (akTopsl, 00bICHIOWLME 3HAUH-
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TeAbHYH [0MI0 AUCHEePCHH, MOXHO CBA3ATb C KOHKDPETHbIMM UCTOUHUKAMM UMM TIpo-
neccamu. PakTopsl, KoTOphle 0OLACHANT JKHLL MANYIO JOMNIO AUCMEPCHH, KaK Mpa-
BIJIO, HE HMelT ABHON CBA3M C MAEHTUMIMPYEMBIMI HCTOYHMKAMM MIM TPOLEC-
cami. )

Q-MeTo/, HakTOpHOrO AHANN3A MATEMATHYECKH NoJobeH R-MeTOofy, HO ero
NPUMENSIT 18 H3YyYeHns cooTHoWeHui Mexay ofpasiiamu, a He MeX1y Nepemen-
HBIMM. Q-METO/ YacTO UCTOAB3YeTCH B CeMMEHTOJOTHH i BHAUMTENbHO pexe
TpA M3YUEHMH XMMHYECKOr0 COCTaBa BO/.

[lpumeps! CTaTHCTHUECKOIO MOAXOAA IPUMEHTENbHO K TIPUPOAHBIM CUCTEMAM
paccmarpuBalorcs B ri. 8.
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BriBeTpuBanme u xumus Bog.
IL. ITprmepsr

B ﬂaHHOﬁ rjape CyMMHUDYIOTCH MO JUTEpaTypHbIM JaHHbIM pe3yabTaThi papga
ucclefiopannii 1 lenacTcs NOMLITKA yBAZATH MX C MPUHLMTIAMH, PACCMOTPEHHBIMM
B ra. 7. Kaxnoe onucanue uccieoBannit conpoBoXIaeTCA HECKONbKAMIU IJIaBHbI-
Mi BeIBoJamy, a obuuit 0630p Marepuanos npe/icTaBleH B KOHIE MaBhl.

CACTEMA AMA30HKH, EPA3UIUA

Cucrema Ama3sonku 6bi1a obcrosTensHo u3yuena 'ub6oom [ 129, 130, 131].
B cratee [ 129] on uccaegoBan dakTopbl, KOHTPOJUPYIME CONEHOCTb, @ TAKXKE
KOHI[EHTpaII0 i COCTaB B3BelleHHbIX BellleCTB B Bo/laX 3Tofl peunoit cucremsl,
Amasonka — kpynHefias peka 3eMHOrO wapa, Hecyuas B oKeaHs! npubausure.ln-
Ho 18% obuero croka. OHa nmouTy He NOABEepXKEHA BIMAHUIO EATEILHOCTH YeloBe-
ka. B npenenax facceiiia KIMMar MeHAETCH OT CBOACTBEHHOIO TPOMMYECKAM
BJAXHbIM JecaMm 10 apkTHueckux rop. ['ubbc ucnoab3osan MHOKECTBEHHBIH pe-
rpeccusHbifl 1 KOppPeasIMOHHbIA aHAMM3bl LA YCTAHOBIEHUA CBA3M MeX/y cole-
HOCTBIO 1 B3BelleHHbIMU BemecTBaMu Bof, 16 MPUTOKOB U EBATHIO napaMeTpamu
npupofiHofi cpefb: peabedom, TeMnepaTypoil, 0caAKaMi, OTHOCUTEbHEIM PAC-
NpocTpaHeHneM BeYHO3eJeHO/ UPOKOIMCTBEHHON PACTUTENbHOCTH, & Takke
NATbIO reojoruyeckumu napaMerpamu. C TOUKM 3peHns CTATUCTHKHA Oblio bl
KenaTeabHo uMeTh Goee 16 06LeKTOB, TeM He MeHee pe3ylbTaThl BechMa I10-
KasaTelbHbl. T8% Aucnepcun coleHocTu obycloBieHbl pelbedom, 4% — Hamuu-
€M OCHOBHBIX MOPOJl B BEPXOBbAX MPUTOKOB U 3% — KOMOUHUPOBAHHLIM BAMAHUEM
apyrux cemu dakropos. Ha npeobaapaiouee 3nauenue peabeda ykassBawoT
umelomyecs Aaxubie (puc. 8.1). Cpefinen3senieHHas CoONEHOCTb BO/bl BOCHMHU TPO-
MUYECKMX PeK cocTaBuia Beerg 6 mr/i, Tak 4uTo, no CywecTBy, B HU3MEHHOH 06-
JlacTy npoucxofuT pasbasienne pacTBOPEHHBIX BEUECTB, MOCTYNANMKX ¢ AHA.
[pubansurensro 869% pacTeopensbix coselt B ycrbe Amasonku (36 mr/a) nocry-
nawr ¢ 129 obmei niowamm 6accelna, KoTopbie NPUXOAATCS HA FOPHYIO 06JACTH
Auz. 829 B3BelleHHbIX 0CA/KOB B yCTbe AMA30HKM NOCTYIAT ¢ TeX xe 129
naomanu baccelina.

Wccaenosanne Mib6ca MILTIOCTPUPYET HEKOTOPHBIE OCHOBHBIE TIPUHIIMIIbI:

1. Ecau cBexas nopofia He nofiepraeTca HM3nYECKOMy BHIBETPUBAHUIO, TO
"IMHYECKOe BhIBeTpUBAHWE CTAHOBUTCH OYeHb Me[eHHbIM. Baxuoe pasinume
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P v c. 8.1. U3ameHeHHe coneHoCcTH Bof, AMa30HKH W ee NPMTOKOB C yAaneHHem OT OKeaHa.
A — CONeHOCTb BOMb!I B MMABHOM PYCNe peKu; CBETNbie KPYXKH — CONEHOCTb BOR NPUTOKOB
B CYXOW Ce30H rofia, TeMHBLIE KDYXKW — TO Xe Bo BnawHbid ceaoH ropa (no Mu66ey [ 1291,
npeacTaBneHo AMepHKaHCKMM FeonorMYyeckKum obecTeom).

Mexay AHgamu u Hu3MeHHOM yacThio Bacceiina cocTouT B TOM, uTO B AHflax
tu3nyeckas Spo3u A NOCTOAHHO y/AaJAeT TBepAble OCTATOUHbIE NPOAYKTHI BbIBET-
puBaHus, obHAXas CBEXYIO MOPOAy AJs XMMuUuecKoro Bo3feficTsud. Ha nusmen-
HOCTSAX MOLHBIHA cloft BTopuyHOro MaTepuala (mpeumyniecTBeHHO MHOOCUT 1 Kao-
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AMHUT) 3PeKTUBHO N30 MpYeT KopeHHbie MOPOAEl OT NPOHUKHOBEHUA [J0XAEeBbIX
Bo/l. 10 mpocToe obbAcHeHHe MoxeT ObTh OCIOXHEeHO HeJlaBHUM OTKpbITHeM 3Ha-
YUTENbHBIX NPOABJIEHUH 9BANOPUTOB B BHICOKOrOPHBIX paiioHaX.

2. B o6racTax ¢ GOJbUNM KOJIMYECTBOM 0CAJKOB PeuHbie BO/bl 0OBIUHO OYeHb
paaﬁas.’lenb}: 0TYACTH NOTOMY, YTO BOAA [ABUKETCH M0 CUCTeMe BOJOTONOB CTOJb
BhiCTpO, UTO NMeeT Malo BPeMEeHH /1A pearnpoBanus ¢ nopojloi, 0TyacTy xe mo-
TOMY, YTO MJowasy ¢ GoJbUHMM KOJMUECTBOM [0X[ell MMeIOT MIOTHEI NMOKPOB pac-
TUTENbHOCTH, KOTOpbIi MPenATcTByeT y/AaleHuio NPOAYKTOB BbIBETPHBAHU .

CHCTEMA PEKW MAKKEH3H, KAHAOA

Puaep u ap. [281] n3yunin dakTopsl, perympyioliue HeopraHuyeckui coc-
TaB NoBepXHOCTHBIX BoA B Dacceiine Makkenan. Kak u Amasonka, Makken3u ape-
uupyer GOJbLIYI uACTb KOHTMHEHTA U NPOTEKaeT [0 KOHTPACTHPYOUUM
B (hM3MKO-reorpaduieckoM OTHOWEHUH NPOBUHIMAM, BKIoyawuum CKaaucTbie ro-
phl Ha 3anafle 1 Kanapckuit umr sa Bocroke. Boaw u3 101 nynkra Gbiiu npoana-
JM3KpoBaHbl Ha 22 rJIaBHBIX W BTOPOCTENEHHbIX HeOPraHUYeCKuX KOMIIOHEHTOB,
yTo oBecneunBaeT 3HAUNTENbHO Bolbiee YHCAO0 aHHBIX, YeM Menoab3osal ['uboc
npu U3yuernn AMa3oHKM.

Vcnoab3osanHkiit mogxon 6b11 cTporo craTucTuueckuM. Ilpexie Bcero Gb1am
HoKIoueHbl Tpoba ¢ BEICOKOH CONEHOCTBIO BO/IBI i BOCEMb MUKPOSI@MEHTOB, KOTO-
phie He NoKa3alu HOpMalbHOe MK JOrHopMalbHoe pacnpefedenne. Ocralbibie
14 nepeveHnAIX B Buile KoHleHTpamyit Gbuim npeobpasoBaibl B AOrapudMBbl i MO/~
Beprauch Q- 1 R-vMeTofam dakTopHoro aHanusa. Q-MeToA (Hapfdy c [pyrumu
0coBeHHOCTAMM) He Tnokas3al Kakol-mbo 3aMeTHON rpynnMpoBKK JaHHBIX, i MO3TO-
My MOAXOAALMM oKasalcs R-MeTo/l.

R-MeTO[IOM yCTAaHOBAEHO, uTo ceMb (akTopos oTseTcTBenHs 3a 91% Aucnep-
e (Taba. 8.1). Pakropel nokasaus! B Bufe auarpammel a puc. 8.2. [Ipamoyroae-
Hile Aueliki npejcrapafioT GakTopel, a cpefAHAT MMHKA obpasyeT HyleBylo OTMeT-
Ky A18 nepemennbix. TOUKM y BepuMH fueek n300paxalT BbICOKUE MONOKUTENb-
HEle HACDY3KM, @ TOUKH Y OCHOBaHUs — BbICOKME OTPHLATebHble HAarpy3Ku.

®akrop 1 npefcTaln MPOAYKTHI BHIBETPUBAHNA KAPOOHATHbIX MOPOA U ac-
coummpyiomerocs ¢ Hiuvu runca. Pakrop 2, KOTOPHI, N0 CyLECTBY, ABAAETCS
K—B-dakropom ¢ yMepeHHbIMU Harpy3kamu Aas Na u F, npeficTasiil BbBeTpH-
BaHKe WIIATA B MIMHACTHIX ciaxnax. ®axrop 3, asasoumiics, no cywecTsy, dak-
TOPOM KpemHe3ema, He UMeJ NpocToro odbscHenus. Ox He MpeacTaBAfl KpeMHK-
CThIe MOPOfibl, HO MO NPEACTABAATH MOPO/ibl, COAePKallMe JerkopacTBopuMbii
KpemHe3eM, Wi Boflbl POpAUNX UCTouHMKOB. PakTop 4, HArpY3Ka KOTOPOrO COCTO-
AJa Jumb B opraiudeckom PO 4 He ObL1 CBA3AH C MeoJOrHUYeCcKUM HCTOUHMKOM.
dakrop 5, KoTopwiit GbL1, MO cymecTsy, Fe — B-dakropom ¢ Mauoii Harpyskoi
nast Na, MHTEpnpeTMpoBaici Kak BhIBeTpuBaHue raaykonura. Pakrop 6 Obia
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Ta6nuuya 8.1, DaKTOpHAR MATPHLUAE XHMHUYECKHX AaHHBIX 0 100 npobax NoBepXHOCT=-
HblX Bof 6accefna peku MakkeHsu, Kaua,naa, ONA aHanu3a R-MeTofoM C KpMTEpHEM
"papumarc" [ 281]

MNepemen- ®DakTop KomMmy-
HanR HAaNLHOCTL
1 2 3 4 5 6 i
Na 0,335 0,517 0,057 —0,008 0,300 0,613 -—0,054 0,852
K 0,082 0,970 -0,645 0,105 0,091 0,253 0,041 0,922
Mg 0,921 0,064 0,019 0,007 -0,088 0,111 0,176 0,901
Ca 0,936 0,143 0,055 0,056 0,069 0,012 0,163 0,933
Sr 0,887 —0,062 0,125 0,089 0,091 0,278 —0,013 0,889
B 0,180 0,643 -0,078 - 0,010 0,647 0,179 0,055 0,906
Fe -0,142 0,125 0,190 0,179 0,911 0,023 0,018 0,934
U 0,575 0,030 0,055 0,080 0,024 -0,008 0,784 0,956
Si()2 0,198 -0,059 0,937 0,022 0,148 0,099 0,030 0,954
F 0,673 0,405 —0,164 —0,079 0,205 0,331 -0,047 0,804
Cl 0,090 0,251 -0,126 0,005 -=0,014 0,935 0,037 0,962
H(‘.O3 0,889 0,117 0,230 0,016 -0,068 -0,142 0,118 0,896
SO4 0,699 0,147 -0,258 0,080 0,151 0,354 0,378 0,875
P04 (opr) 0,062 0,071 0,022 0,978 0,148 0,013 0,040 0,990

[onA gucnepcuu (B %), o6ycnoenesHan hakTopomM
34,17 13,03 7,93 7,37 10,56 12,16 6,03
HakonnesHan AONA OMcnepcud (B %)
34,17 47,20 55,13 62,50 73,06 85,22 91,25

a
3HAUMMbIE HArpY3KH BbIAENEHb! KYPCHBOM.

Na — Cl-dakTopoM M MHTEpNpPeTHPOBAJICH KaK PACTBOPEHHE IBAMOPUTOB HA TIy-
oune. Pakrop 7 umen Bricokylo Harpy3ky aaa U, Ho, no-suaumomy, He Obli npo-
CTPaHCTBEHHO CBA3AH C U3BECTHLIM YPAHOBLIM OpY/eHeHUEeM.

Bropoii anam3 R-meTonoM Gbi1 BEINOJHEH C KCNodb30BatuemM GakTopos
npe/lliecTBYIEro aHaln3a R-METOA0M 1 HEKOTOPBIX NapamMeTpoB NPUPOLHOH
cpenb! (taba. 8.2, puc. 8.3). ®Paxrop 1 fABHO yka3biBal HA TO, YTO B3BelUEHHbIA
matepual, MyTHOCTb U opranuueckuit PO, 0Kas3anuch cHlbHOKOPPEIMPOBAHHbI-
M, YTO He y/MBUTEbHO, Tak Kak opraunueckuii PO, 6uu1 usmepen B HeduabTpo-
paHubIX npobax. Paxropbt 2 u 6 MHTEpPNpPETHPOBAIMCE KAK MPOAYKTH BHIBETpUBA-
HUA TAMHUCTBIX CaHleB MeloBoro Bo3pacta, dakropnt 3, 4 u 9 — Kak nokasareiu
TOr0, YTO COJEHOCTH B HOJbLIOH Mepe KOHTPOAMPOBANACH JBANOpuTaMu M KapboHar-
HBIMU MUHepanaMu.
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1 2 3 4 5 6 7
+1,0
CaMg K Sio, PQ, (org) Fe Cl
SrHCO.
rHC 2 U
S%,F B B Na
Na
E
Na
& Na SO, F b
© HCO, F SrK
2 .
©
T
SO,
—1,0

P uc. 8.2. Ipaduueckoe usobpaxeHue $aKTopoB, NONyuYeHHbIX R-MeTonoM dakTOpHOrO aHa-
N13a ¢ KpUTepHem "BapuMaKC", AHHBIX O XUMHYECKOM COCTaBe 100 npo6 noBepXHOCTHbIX Bog
Gaccefina peku Makkensn, Kanaga (no Puaepy v ap. [ 281]).

Tabnuuya 8.2, PakTopHAA MaTPHUa PHIMYECKHX CBOACTE ANA aHanu3a R-MeTogoMm ¢
KpuTepuem "sapumaxc"” M (baKTOpHbie CTPOKK AnA 94 npob noBepxHOCTHLIX Bog baccefHa
peku Makkenau, Kanaga? | 281 ]

Mepemen- DakTop Kommy-

HaR Hanb-
1 2 3 4 5 8 7 8 HOCTh

ekTponpe-

BogHocTe  —0,182 0,048 —0,779 0,492 —0,072 —0,073 0,017 0,033 —0,196 0,935

pH 0,087 —0,001 -0,025 0,057 0,120 0,066 —0,065 0,970 0,036 0,979

LseT 0,247 0,475 —0,099 0,019 0,199 —0,720 —0,012 0,085 —0,162 0,889

MyTHOCTE 0,924 —0,108 0,078 —0,025 0,003 —0,001 0,164 0,025 -0,150 0,922

Basewen-

Hble Be-

wecrea 0,827 0,038 0,269 0,006 0,022 —0,010 0,225 0,188 —0,215 0,891

Pacxog 0,326 —0,161 0,258 —0,382 0,338 0,594 —0,035 —0,012 —0,181 0,845

sH1% 0(sMOW)
~0,03 0,796 0,190 0,086 —0,140 —0,230 —0,254 —0,042 —0,210 0,861

13-78
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Mpogonmxenne Tabn. 8.2.

Mepemer- hakTop Kommy-
Han Hanb-

1 2 3 4 5 6 7 8 9 HECTE
SBanopuTsl
(B %) —0,086 —0,107 —0,976 0,064 0,011 —0,073 —-0,031 0,032 —0,171 0,898
MarmaTuue-
CKWe U MeTa-
Mopdprueckue
nopoae! (B %:}—0,076 —0,155 -0,004 —0,835 —0,187 0,289 —0,107 —0,004 —0,156 0,881
®akTop 1
(Ca-Mg-Sr-
HC03) -0,073 —0,090 -0,289 0,880 —0,024 0,139 —0,071 0,045 —0,071 0,904
®akTop 2
(K-B) -0,078 0,93 -0,068 0,113 0,084 —0,008 0,100 0,018 0,143 0,938
®akTop 3
(SiOZ) 0,007 —-0,021 0,047 0,097 0,964 -0,034 0,010 0,129 —0,033 0,961
dakTop 4
(opraHunues-
CKHH POd) 0,857 0,083 —0,106 —-0,055 0,086, 0,050 -0,201—-0,095 0,260 0,881
®akTOop 5
(Fe- B) 0,035 —0,009 —0,016 —0,016 0,003 0,95 0,032 0,114 0,009 0,931
DakTop 6
(Na-Cl) -—0,124 —0,035 0,372 0,083 —0,056 0,057 0,014 0,069 0,85 0,906
®aKTop 7
(U—SO4) 0,113 —-0,081 0,007 0,034 0,008 0,015 0,959 —-0,060 —0,010 0,944
Oona guo-
nepcuu
(B %), 0by-
CnoBNeHHan
thakTopoMm 15,84 11,47 11,74 11,93 7,37 12,2r 7,10 6,48 6,82
Hakonnex-
HaR AonA
AMCNepCHH
(8 %) 15,84 27,31 39,05 50,98 58,35 70,62 77,72 84,20 91,02

v 3HaYvMMble Harpy3Ku BbleneHbl KYpCHBOM.

Crarbs Puiiepa u Ap. WIMOCTPUPYET MHOrME NPeMMyLIecTBa i He[loCTaTKi CTa-
THCTHYECKOrO TofXoAa. ObbeM JaHHbIX, Hcnoan3oBanabii npu nayuerny (101 npoba,
22 XMMHUECKHe TIePeMeHHbIe, HECKOIBKO IeolorHyecKnX NepemMeHHbiX), HOBOSMOX-
Ho 6b110 Bbl 0bpaBorarh Ge3 Takoro noaxofa. Pakropsl, oGHAPYKEHHbIE AHAMM3OM,
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P 1 c. 8.3, ["padmueckoe n3obpaxeHue HakTOPOB W3 (PAKTOPHOA MATPHUULI (PUIHUECKUX CBOWCTB, NonyueHHoM R-mMeTofiom c
KpUTEpHeMm "gapumakc”, ¥ (HaKTOpPOB W3 NPEAWecTBYIOWero aHanu3a R-MeTofloM (no Punepy v gp. [281]). .~ i i
BogHOCTb, BM — B3BeweHHblA maTtepuan; Ssan — 3BanopuTel; (Mar + MeT) — MarmaTuuyeckue u MeTamopgmueckue nopoasl,



196 Mnaea 8

B GOJBIMHCTBE CBOEM CJMIIKOM CJOXHBIE, YT00bI OBITL YCTAHOBIEHHBIMM MIPH TIPO-
cTOM npocMmoTpe AanubX. OHAKO NpH CTATHCTUYECKOM M3YUEHIH MOXKHO Haltti cBA-
31 TOABKO MEX/y napamMeTpami, BbiOpaHHbIMM B KAueCTBe UCXO[HbIX; B JAHHOM
cayuae 570 Gbliy aHAIM3bI BOA M AuToN0rUA. Peabed, nanpiumep, He OblI BKIOYEH,
1109TOMY BBIBOZL PHiepa 0 TOM, YTO COMEHOCTb KOHTPOIMPOBANACh auTolorued, a

He peabedom, B AeficTeuTeabHoCTH He 0DocHOBaH. JlnTodorus  pelbed Ha U3yueH-
Hoft muowau BB Xopoio CKOppelupoBakbl. Buoloruueckie npouecch MOryT oka-
3bIBATH CHIbHOE BAMAHKE HA KOHIeHTpamu Si0,, K i MUKpOIIEMEHTOB, & OKUCIH-
Te/IbHO-BOCCTAHOBUTE IHEIE TIPOLIECCH B PeKe MOryT ObiTh 3HaUMTeIbHO Dolee Bax-
HBIMY B KOHTpoJe Konuentpauuii Fe, uem ucxonnas nopofa. Iro se Obiio obuapy-
eHO BTOpbIM (JAKTOPHBIM AHANU30M, MOTOMY YTO B KAUECTBE MCXOIHBIX HE HCMOJb-
30BaliCh COOTBETCTRYIOUME NPUPO/Hbe MapaMeTpbl. B cymHoCTH HEBO3MOXHO
BKAIOUATH KOJIMUECTBEHHYI0 MH(POPMAIMIO 0 BCEX, BO3MOXHO, 3HAYMMBIX NPUPO/I-
HEIX MTApaMeTpax B TAKoro pofa uccielopanue. Hakowell, ncCIeloBaHME NOKASbI-
BaeT, YTO XOTH AHAIM3 ycTaHaBlusaeT (akTopsl Golee uin Menee 06bEKTHBHO,
WHTEpNpeTaLus NocHe/ X KaK [efcTBATeNbHO KOHTPOAMPYIOUUX NPOUECCH! ABs-
ercs BecbMa CyOBeKTHBHO.

ONBTHOE NECHUYECTBO XABEAPA-EPYK, HbH-I 3MMNWHP

OnbiTHoe Jecunuectso Xabbapa-Bpyk, pacnosoxettoe B Beabix ropax Hbio-
I"smnumpa Ha cesepo-Bocroke CIUIA, ObuI0 MECTOM AeTalbHBIX IKOIOrHUECKHX
uceaeliosanuit sa nporsxennu 6olee fecaru aet [ 227]. BnepBbie codpanb! obmmp-
Hble [aHHble 33 CTOMb AMMTe bHbiH nepuoa BpeMenn. OJHUM 13 BaXHBIX BLIBOJOB
u3yuenus XabGapi-Bpyka fBagercs To, uTo uacToe onpoboBaHue B TeueHue 10J-
roro BpemMenu HeobXo4uMo [1f Opesielenns reoXumMuueckoro baanca c oo
CTeNneHblo 1ocToBepHOCTH. TlocTyNeHHe PACTBOPEHHbIX BEUleCTB U3 aTMOchephl
1 BHIHOC B TIOBEPXHOCTHOM CTOKE MEHHIOTCH BO BPEMEHH, OITOMY e/MHUYIAA Npo-
fa uan faxe npobbi, oTobpanHble B TeUeHue OJHOr0 rOJ0BOro LMKIA, HE MOTYT
GbITh NPECTABHTENbHbIMH B KAYECTBE /J0JIrOBPEMEHHBIX CPe/HuX SHaueHN .

Jloxmu B NecunuecTBe Xab6api-Bpyk asasorcs kucasivu co cpedanm pH 4,1,
a unoraa fo 3,0. Xumudeckn (raba. 8.3) OHM COCTOST U3 PACTBOPEHHBIX CEpHOM
1 a30THOM KHCJOT C HU3KMM CoZlepXanuemM Apyrux codeil. Kuciaorsl npefcrasis-
{0T oGO pe3yabTaT MPOMBILLIEHHOrO 3arpA3HeHHs, HECMOTPA Ha TO YTO JIeCHH-
YeCTBO HAXOAMTCH B paiione, JOCTATOUHO yAANEHHOM OT KAKHX-IMOO KPYMHbIX
UHIyCTpUAIbHBIX HeHTpoB. OKUCIbI Cephl M a30Ta MOTYT NepeHOCHTbCSA B aTMOC-
(epe Ha 3HAUUTEbHbIE PACCTOSHKA, MOITOMY AOKIAN HA foublieil yacTi BOCTOKA
(CllIA » Kanabl B HAcTOdlllee BpeMi KUCJble.

Bofbl, cTexaoume ¢ Tepputopuu Jdechiuecrsa Xabbapa-Bpyk B Bulle nosepx-
HOCTHOTO CTOKA, MPecTABAOT cobofi pa3baBieHible PacTBOPbI CylbdaTa Kalb-
1us C HeBLICOKMMM KoRlenTpammsamvu Na, Mg u Al (taba. 8.3). Kucaas noxnesas
BOjla HefiTpanu3yeTcsd HACTONBKO, YTO CBODOJHAR MUHEDAIbHAA KHCAOTHOCTb OT-
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Ta6bnuuya 8.3. CpeaHWe KOHUEHTPaUMKX pacTBOPEHHbLIX BEWecTs
B Bogax aTMoc(pepHbIX OCAAKOB M NOBEPXHOCTHOMO CTOKA C HeHapy-
WeHHbIX Bogopasaencs, Xa66apa-Bpyk, Hb - amMnwup [227]

ATMocPepHble oCagKu MoBEepXHOCTHbIA CTOK

Mr/n MKMONb /N Mr/n MKMONb /N

Ca?t 0,17 4,2 1,65 41
Mgt 0,05 2,1 0,38 15,6
K 0,07 1,8 0,23 5,9
Nat n,12 5,2 0.88 38
AL - . 0,23 8,5
NH'; 0,22 12,2 0,04 a9
ut 0,074 74 0,013 12,6
soi— 2,87 29,9 6,23 64,9
NOy 1,43 23,1 1,93 31,1
cl~- 0,51 14,4 0,54 15,2
HCO] = = 1,82 26,6
Si0 = s 4,43 73,8

cyrerByer. Bemruuna pH 6au3ka K 5, 8 KOHUeHTpalus HCO; MpeBbllaeT KOHLEeH-
rpamio H*, Hefirpainaaima npoucXouT B OCHOBHOM B MOMEHT, KOr/ia [I0X/lb No-
najaeT Ha JUCThA M BeTBU JecHoil kpousl (puc. 1.8), olHako KaTHOHBI, 3aMellaioune
H*, 1oMXHbI BBITH M3BAEUEeHbl B KOHEUHOM CHeTe U3 MOpo/l, 3ateraioumx wike. 0T-
MeTHMM, UTO BOJbl OueHb pa3daBJeHbl; KOHIEHTPALMU KATHOHOB i KpemMHe3eMa Coc-
TaBIAOT Beero okolo.209 TakoBbix B ycrounukax Cheppa-HeBsalbl, paccMoTpeH -
HBIX B I'M. 7. BOBMOXHO, 4TO KOHTAKT Mex[y nocrynaioueii Bogoil u cBexeii nopo-
[10#i BbL1 OTHOCHTENBHO KOPOTKMM.

Pacuer XMMHYECKOrO BBIBETPHBAHMA MPOBOIMIICH 110 PA3HOCTH MeX/y BEIHOCOM
peKami M MOCTYMJAeHueM ¢ aTMoc(hepHBIMI 0Ca/lKaMu. JonoaunTenbubiil uien 6uia
BBe/leH B pacueT /1A yueTa yseluuenns Guomacchl .1ecHoit cuctembl. Jlec na mio-
waay JecHnuecTsa Obll BhpybJeH TpuMepHO 3a 55 JeT 0 HAuala ucciaefoBaHni,

a Guomacca, no JaHHLIM HabJwleHui, yBeluuuBalach U B Nepuoil UCCleloBaHuil.
Bhio yeTaHOBJAEHO, UTO KATHOHEI, Bolle/llMe B cocTaB GuoMacchl, SKBHBATEHTHbI
579 KATHOHOB, BHIHECEHHBIX TOBEPXHOCTHBIM CTOKOM. Pacuer balaHca XMMUYECKO-
ro BuiBeTpuBanus (Tabu. 8.4) BKIOUAET Mepexoj 1eMeHTOB U3 Nopoj B Guomaccy,
a TaKxe Mepexo/ 3eMeHTOB U3 MOPOJ B BOJHbIE MOTOKH.

3ameuaTenbHO/ 0CODEHHOCTBI0 PACCUMTAHHO!N peakiiuy BHIBETPUBAHNA ABIAET-
cs n3bupaTelbHasn 110Teps KaibluA. KopeHHble Mopo/ibl Ha MOWAAM JeCHUYecTsa
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Ta6nwuya 8.4 MOROBOK GanaHc BeIBETPUBAHKA ANA Bopopasfena Xatbapa-Bpyk [227]

MepeHeceHHbid  BrnodeHHbln  Bcero PacnpocTpaHeH- OTHOCHTENb-
B noaepxuocmoM B GMDMSCCY, T/KM2 Hbl# B KODEHHOF‘ HaA CKOpPOCThb
cToke, T/kmZ 8 T/km > nopogne, % Bbmocag

a2 1,16 0,95 2,11 1,4 100

Mgt 0,26 0,09 0,35 1.1 21

Nat 0,56 0,02 0,58 1,6 24

K 0,10 0,61 0,71 2,9 16

A 0,19 0 0,19 8,3

8i0 3,85 0 3,85 66

B MeTpuUecKHe TOHHbLI HAa KBaApaTHbIA KUNOMETP. b MpoUEHTHO® KONWUYECTBO Kamnoro
3NeMeHTa, COepXalweroch B NOPOAE U BLIHOCUMOIO NpH BbIBETPUBAHUH, NPUBBAEHO K
Ca2+ — 100%. MCTOUHMKOM MOHOB MOXET BbiTh BHIBETPUBaHWE NEQHWKOBOK MOpeHbI, 8 He
KOPEHHOM NOPOfAble

Npe/CTABIeHbl MPAHATAMH, CHIBHOMETaMOp(M30BAHHEIMU NOPOJAMHU i JIe/IHHKOBOH
MopeHoil. Bo3MOKHO, UTO HESHAYMTEMbHOe KOJIMUECTBO KaIblUTa, HaXOAseecs B
9TMX Mopofax (Mopena?), BHIBETPHBAETCH HEMPOMNOPLUMOHAILHO ero ColepKaHuio.
Bricokas seanunaa oTHomenusa Ca k Na uckiiouaeT BblBETPHBAHHE MJArHOKIA30-
BOTO 10JIeBoro umara ¢ 00pa3oBaHMeM INIMHUCTHIX MUHEPANOB KAK pealbHoro uc=
Tounuka pacreopentoro Ca 2, Briceoboxaenne K HeoGbluno Beamko no cpasie-
HUIO C [IPYTUMI KaTHOHaM#. IT0 MOXeT ObTh CAe[CTBUEM HETOYHOCTH B OLEHKe
KoauuecTsa K, BXOJIfllEro B cocTaB yBelnuuBaionelics GHoMacchl, nin MOKeT
yKa3blBaTh Ha TO, YTO TaM, rje (usnyeckas Spo3usd MMHMUMANbHA, Kaauesblit no-
neBofi mwnar npespanlaeTcd B UMHbL.

MOHA-EPAHY, M3PUNEHN

Bpuxep u ap. [48], Kausc u ap. [67] Bomoanuam npuxo/uo-pacxo/ibii ana-
13 Heboabuore 3aleceHHoro pojopasfena r Mopuienie. Kopennble nopoasl npef-
CTaBMeHbl MIMHUCTHIMY CAAHNAMH, B KOTOPBIX MNIABHBIMU MUHEpataMi ABJIAKTCA
KBapl, MAArUOK1a3, MYCKOBHT, GUOTHT U CTaBPOIUT. B MexypeubsX KOpeHHbIe
MOPOIB! MOKPHITH! CJOEM CAlpoIuTa MOUWHOCTHIO OT 12 o 25 m.

B orcyTcTBue HapyuieHui, BHI3BAHHLIX A€ATEIbHOCTbIO YeJOBEeKa, nepemeile -
H{e B3BelleHHOTo MaTepuaia pexamu OblIo HeBeIUKO M COCTaBUIO B CpelHeM
6,7 vr/xr, nom 0,85 r/km2+ ro. Bomoc ocazkos u3 HebGoabuoi uacTu bacceiina,
HapylleHHoro mpokaajxoit noa3emuoro Tpybonposoja, okasaics B 38 pa3 Goabite.
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[lorepxuocTHbiit cTok Gacceiina cocrasan 19% nocrynamux arMochepHbix
ocankos; 38% pacTBOPEHHLIX BEWeCTB B BO/laX MOBEPXHOCTHOrO cTOKA GopmMupo-
Balich K3 ocaflounblx nopof. Cyabdar, Golbueil yacTbio npommmneaﬂoro npo-,
HCXOX/IeHNS, OBLT MpeobiajaiouM aHuosoM B aTMocdeprbix ocagkax; H' u Ca
OblJIM TJABHBIMU KATMOHAMU.

KoHI[eHTpalya pacTBOPEHHbIX TBEPAbIX BEIWECTB B BOIHbIX MOTOKAX BAPbUPO-
pana po spemenn. Ona Gbina nHanbosee Hu3Koi 3umoil n panneit BecHolt u Haupbic-
meit nerom u panHeil ocenbl0, CoriacHo npeiloxeHHoMy o0bACHEHHIO, BO3pacTaB-
was 6uoJorHyeckas aKTMBHOCTD B JIeTHee BpeMs mosblala KoHuexrTpaumio CO 5
B MouBeHHo# Boje, npuBoAa K Oojee DuicTpoMy BhIBeTpHBaHuio. KpaTkopemennoe
yBeanuenne K*, Ca ?* i HCOJ ocetbio 0BBACHANOCH HX BRICBOGOX/IEHEM U3 BHOBD
onasiieil mMcTBbl. XUMUA BOAHOTO CTOK@ BO BpeMs MaBo/Ika OTIuyalach OT XMMMUK
MexenHoro croka. Konuenrpamm K"y Ca 2+ Bpum Gosiee BBICOKIMM, A KpeMHesema
1 runpokapboHaTa — MeHee BBICOKMMY, UTo 00BACHANOCH BhileJauuBaHueM pacTBo-
pUMBIX cojelt U3 JlepeBbeB, IUCTBEHHOM MOJCTHIKKA U MOUBEHHOr'0 IOPU30HTA A.

AHAIN3B! DIMEMCTHIX MMHEPAJIOB CANpOIUTA MOKa3a/|, YTO MAArkoKaassl Obliu
U3MeHeHb! [0 KaoMHUTA, KOTOpbill uHoraa npespawanci B rubdeut. Buotur name-
HANCH ¢ 0Opa3oBaHMeM BEpPMUKYJIUTA, KOTOPbI OTUACTH NPeBpamalics B KAOIMHNT.
MyckosuT ocTasajcs NOBCEMeCTHO B MOYBEHHOM paspese, HO, MO-BAAMMOMY, Tak-
*e Me/llleHHo npeobpa3oBbiBaiCH B wiut ! M KaoIMEUT. M3MeHenne KaoIMHUTA /10
riubbeura Gbil0 cBA3AHO C KBApI-MOAEBONITATOBBIMY KUJIAMH B CAaHLAX, KOTopble,
BEPOATHO, CAYXUIN JerKONPOHMIAeMbIMY KaHanamu Als POCRUMBAIOLIMXCH BO/L.

XuMH3M IOBEPXHOCTHOTO CTOKA GBI COMOCTABMEH CO CrelubMuecKnmMi peaxim-
AMM BBIBETPUBAHNA TyTeM Mpolejypsl, cXodHol ¢ omicannoi Mappeacom n Makken-
au [124). Tlocze nonpasky Ha arvmocdepibie noctynienus sech Na™ i pech Ca 2+
ObIIM OTHECEHB! K NpeBpallleHHi0 MIarnoKia3a B KaOAMHUT:

Na, ,Cag AL ooSiy o O+ 3,T3H,0 + 1,221,CO,

= 0,61A1,8i,0 (OH) , + 1,56 H,SiO, + 0,78Na* + 0,22 Ca ** + 1,22 HCOS.

Nlanee, Mg2* 6bi1 OTHECEH K [1BYM peaKLusM:

OUOTHT - BEPMUKYAUT®
3K (Mg, Fe )AL,Si 0, (OH), + 24H,0 + 18H,CO, =

= 2(Mg,Fe ) Al §i,0,,(OH), - 8H,0 + 6K+ + 3Mg?* + 3Fe2* +

+8H ,Si0, + 18HCO;

1
TepMuH "wnnut" (rn, 4) ynoTpeGnAETCA 30eck ANA MaTep1ana rNMHHCTON pasMepHo-
. i o
CTH, KOTOpbIA AAET OTUETNMBLIA NUK AUPPAKUMM PEHTIEHOBCKUX NyYer BuICOTOM okono 10 A,
3T0 HE CBUOETeNbCTBYET O CreyuPHUecKOM XMMHUECKOM COCTABE,
2 5
BepMHKYNUT npencTaened (GOpMYNoW, NpUBEAEHHONM B OpUruHanbHoi ctaTtee [ 671,
OHa He COOTBETCTBYET TOYHO (hOpMYyne BEpPMWKYNWTA, NPEeacTaBNeHHoH B rn ., 4,
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BEPMUKYJIUT - KAOJMHUT
2(Mg,Fe,) ALSi 0, (OH) , - 8H,0 + 241,CO, + 811,0 =
= 3ALSi,0,(OH), + AMg™"'+ 6Fe?" + 4H Si0, + 20H,0 + 24HCOy.

CooTHomenns AByX peakiiii GblM coraacoBaHsbl 445 ycTaHoBAeHus Gananca K,
Haxonen, ocrasumiics kpemre3eM GblI OTHECEH K NPEBpAlEHMI0 KAOIMHUTA B IHE-
Geur:

ALSi .0 (OH), + 5 H,0 =2 Al (OH), + 2H,SiO,.

[lpeBpaiennem ABYX MepBUYHBIX MUHEPAIOB (NJ1aruoknasa u 6uotura) B Tpu
BTOPUYHBIX (BEPMUKYJIUT, KAOJIMHUT U rUOOCHT) MOXHO ODBACHUTH HANW IKEe BCEX
CJ@BHBIX pacTBOpeHHbIX BuAos (Taba. 8.5.).

Wayuenne sofopasfesna [lowi-Bpauy, no-suanMomy, yAoBIETBOpPHET BCeM
npuHIMNaM, yerasosrenHbiv [Mappencom u Makkensu [ 124] B Coeppa-Hesape. Ha
[uarpaMme ycTofuMBocTH MUHEpAJIOB 9T BO/bl MONAAAIOT B MOJAe YCTONIMBOCTH

Ta6nuua 8.5. PacueT 6ananca macc gnA Bofopasfena Mowa-Bpaxy, Mapunenn® [67]

Nat K ca®t mg2t HCO; S0, €I~ SO%”

MOBEPXHOCTHBIA CTOK +

+ cTaTtuyeckve sana-

chbl 4,74 398 4,45 217 31,8 24,6 6,30 17,8
ATMOC(PepHble ocagKu 2,13 168 3,16 1,04 3.2 1,0 6,30 17.8
Pa3HocTk (nocTynnexHue

W3 nopopg) 261 230 1,29 1,13 28,6 23,6 0 0
Mepexopn onuroknasa s

KEBONUHKUT 2,61 1,29 10,9 13,8
OcTaTok 0 2,30 0 1,13 1T 9,8 0 0
Mepexop 6uoTuTa B

BEPMHKYNHT 2,30 0,72 7.2 4,7
OcraTok 0 0 0 0,41 10,5 5.1 0 0
Mepexop BEPMUKYNUTE B

KaONWHHUT 0,41 10,5 1,4
OcraTtok 0 0 0 0 0 37 0 0
Mepexon KaonuHuTa B

rub6euT 3,7
OcraTok 0 0 0 0 0 0 0 0

a EnWHWybI BbipaxeHbl B Kr/ra « rof.
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Kao/MHuTA BOIM3M rpaniiibl rud0CKHTa, YT0 XOPOILO COMIACYeTCs ¢ HabJKAaeMbIMi peaKis-
wu MuHepanos. Xors Gatanc mace mor Obith paccunTan 6e3 kakin-mwbo mpoTHBopeunii ¢
HA3BaHHbIMN NPUHLMIIAMM, YMECTHO Npejocreperaioliee saveldenue. banakc mace cocras-
JscA ¢ UCNOMb30BaAHKEM WAEAIM3HPOBAHHBIX COCTABOB MUHEPAJIOB, Y /LA ero Bhi-
noaxetns Heobxoaumo nopobpaTh onpefeneHHble COOTHOMEHNA MUHEpaioB. Bruio 6wl
HHTEPEeCHO CPaBHUTh BaN0BOH XuMuyeckult cocTas canpoanTa ¢ cocTaBoM, npe-
CKa3aHHbIM pacuyeTamu, Wiy coCTaBuUTh OalaHc Macc Ha OCHOBe BaJOBOIO COCTaBa
canpoauTa. [lpu Takom pacuere MeHblie MepeMeHHbIX, KOTOphIe MOXHO H3MEHUThb
AR NOMYYeHUs Xopoieil CX0ANMOCTH, U OH MOXeT UMETh NMPOTHBOPEUMS, MOKA3bIBa-
lolKe, YTo reoXuMuyeckie npouecchl OoJiee cloxHbL, YeM M00ad U3 mpeioxeHHbIX
NpoCThIX Mojleliel BEIBETpUBAHNA,

KACKAQOHBIE TOPbl, BAWWHI TOH

Peitnonac n Jxoucon [ 286] u Peimonnc [ 284] neranbio uayunim XuMuueckoe
BbIBETpUBAHKE B yMepeHHoi nefnukoBoil obcranoBke Ha Heboabioi nuomam ce-
BepHoit yactu Kackaasbix rop B wrare Baumurron. M3yuensas niomans uMena
cpeauioio abcomoTHyio Bbicoty 1970 M u 6blna, 0o cywecTsy, JIumeHa BU3yalbHO
HabnonaemMoit 6uonornueckoit akTueHocTH. CpeHeronoBoe KOMMUYecTso arMocdep-
HBIX 0CafIKOB OblI0 OYeHb BHICOKMM, npubmsutensto 384 cm/roa. Kopenubie mo-

. POAbl MpefiCT:BJIEHbl MUIMATUTAMHI, META/MOPUTaMH, KBAPLEBbIMU TUOPUTAMM,
HasaibToBBIMK U JaMnpodmpoBbiMy falikamy (Ha3BaHUA MOPOJ 06bACHEHb! B TOJKO-
BOM cJioBape).

Boabl Ha naomaau 6pum pasbasaennl (Tabi. 8.6) U colepxaam B cpelHem
0K0J0 15 MI/1 pacTBOPEHHBIX BEWecTB; M3 KATHOHOB JOMUHMPOBAM Kalbimii
u maruui. Xors Bolb! Ol pasbapienbl, JoxAeBbie ocajiku ObLIM CTOJb OOMJIbHbI,
uTo 6OJbIIOE KOJMUYECTBO BEllECTB BHIHOCHIOCH B pacTBope. $akTuuecku CKOPOCTH
XUMHUYECKOro BblBBTpHBaHHH, BblpaXeHHasd B Bu/le Macchl, yﬂ.ﬂ-‘leHHOﬁ B pacTBopeH-
HOM BH/lE€ C eIMHMIIBI IIoWanu B roj, Oblia nourn B ABa pasa Goubue cpeaxeli
ckopocTH a8 CeBepo-AMepHKaHCKOTO KOHTHMHEHTE,

DopMMpoBaIMCH TPU PA3AHYHBIX THUNA MAMHUCTHIX MHHEPANQB, KaXAbli u3 KoTo-
pbIX GbL1 CBH3aH ¢ ONpeJeleHHbM TUIIOM Mopof. BepMukyIuT i cMelaHocIoMHbIi
BEPMHUKYIUT-(A0OronuT hopMupoBaica Ha QIOronuTOBbLIX ClaHlax, CanoHut (i, 4) —
Ha Jamnpodmpax, a riamea, GopMUpoBaBIIAACA HA KBAPLUEBOM MMOpHTe, OhLIA N0 JAHHBIM
PEHTTEeHOMETPIM B 3HAUMTe.bHOM crenenn amopdroi ¢ Hebomolt npumechio BepMUKy.mTa,
rubbeura u Jenupokpokuta (FeQ - OH). Mmua, obpasosasmasics Ha KBapleBoM
AnOpHTe, MO XHMUYECKOMY cocTaBy npefcTaBisfia cobolt xene3uctsiil Gokcur.

Wurepecto paccMoTpeTh, Kak JanHbie 3Tofi HeoObiuHol 0BCTaHOBKN coraacy-
0TCA C MPUHIMIAMM, PACCMOTPEHHBIMY B . 7. Ha nuarpamme ycroitunBocTi

2
lglag, 2+ /ag+) = 1ga . (puc. 8.4) Bce Touku nomafaior B noJe ru6GemnTa
a H H45104
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Tadnuuya 8.6, XHMHUYECKHE GHANU3bI (B MIr/N) PEUHbIX M 03EPHbIX BOA padoHa KKHbIX
KackagHblX rop (Aa@HHble PeiHonaca 1 [DKOHCOHa [ 286]), 3a ucknioueHuem aHanusos, B Ko-
TOpbIX KpeMHe3eM He onpefenfAnch

Mpoba ol HOOZ 503~ QTR gt Nt ¢t si0,
Bofbl, BbiTEKAWHE 3 KBApUEBbLIX AHOPHTOB
1 23 4.9 7.7 0,56 0,48 0,30 5,1
2 11,7 2,1 3,2 0,47 0,45 0,80 28
3 2,9 5 | 1,04 0,10 0,25 0,28 2,0
Bofbl, BbITEKA KWME U3 MUMMATUTOB W KBapLEBbLIX OUOPUTOB
4 6,5 1,9 1,2 0,1 1,02 0,06 0,23 <0,2
5 6,6 2,3 1,1 0,1 0,92 0,10 0,07 0,20 <0,2
6 6,6 3,2 1,3 0,08 1,32 0,06 0,27 <0,2
T 6,9 3,8 1,4 0,09 1,36 0,20 0,14 0,34 0,5
8 6,9 5,4 1,3 0,06 168 0,24 0,16 031 0,7
Bogbl, BEITEKAKOWWE U3 METAOUOPUTOB (3eNEeHOKaMEHHbIX NOPOA)
9 7,3 22 4,5 0,2 85 0,76 0,71 5,0
10 7.3 20 4,7 0,3 83 0,75 0,35 4,9
13 4,9 2.1 2,10 0,11 0,28 0,20 1,1
Bogkl, BbiTEKAWWE U3 MUTMaTHTOB
16 - 6,1 7 %9 | 0,08 1,90 0,23 0,14 0,55 1,2
17 6,7 3,9 11 0,07 1,06 0,12 0,08 0,85 0,4
20 2,9 i 2 1,06 0,13 1,08 .03
21 1,7 0,25 0,04 0,03 0,20 <0,2
22 5,9 1,8 20 0,18 0,24 060 1,9
Bopbl, BbITEKAIOWWE W3 MHUIMATUTOB M 3€NEHOKaMEHHbLIX NOpPoA
26 22 5,4 690,78 0,72 14854

Bonb! lxHOro KackagHoro o3epa, BhITEKAIOWMWE U3 KBapLeBLIX AHOPUTOB, MUrMaTUTOB U
3eNEHOKAaMEHHbIX NOpPoR

39 7,2 9,6 2,0 0,3 33 0,23 0,72 1.8
40 7,3 8,4 2,2 0,08 2,7 043 0,23 0,71 14
42 i 9,2 2,5 0,25 3,0 039 0,20 088 15
43 7.1 9,2 2,0 0,3 26 055 024 0,768 1,2
45 Ty 8,1 2,1 0,15 28 03 02 066 1,3
48 8,8 20 2,56 0,3 4,7 1,01 1,32 1,43 5,7
49 7.4 2,6 0,3 23 053 0,29 062 1,8
50 15 2,6 0,3 45 052 0,36 0,56 23
51 19 4,0 0,3 6,1 0,61 0,554 0,55 3,7

8 SKBUBANEHTHAA CYMMAa OBYXBANeHTHbIX KATUOHOB, BbIpaXeHHaRA B Mmr/n Ca,




BoiBeTpuBaHue W xumuA Boa. |1. Mpumepsl 203

14
(0]
12
i CMeKTUT
s
Fo
% 10} G2
o
S @0
= O]
bl
8 b
T ME6CUT Kaonuuut
6 | 1 1
—6 -5 —4 -3 =2
9 @y si0,

P v 5. 8.4, Mpobbl BOA U3 NeAHKKoBoro paioHa KkHbIX KackagHbix rop (no Pe#nonacy u

[IKOHCOHY [286]), HaHECeHHbIe Ha AWarpamMmy yCcTOMYMBOCTH 1g(ac 2+/u ) = Ig ag S:O
MoNoBUHBLI KPYXKKOB — COAEPKaHHA KpemHe3ema HWKe npefena YyBcTBUTENLHOCTH auanum_
yeckoro MeTopa (0,2 mMr/n).

WM KAOJMHKUTA. FTO COOTBETCTBYET HabJIoleHsaM, CorlacHO KOTOPbIM IIMHA, 06-
pasoBsaBlafic Ha KBapLeBoM AMOpUTe W MeTaduopure, Gbuia rubbeuTeonepxammum
xelesucTbv GokcuroM. OHAKO BEPMUKYIUT M CANoHUT, (HOPMUPOBABIIMECH HA
ApYrHX JUTOJI0rMYECKUX PA3HOCTHAX, ABHO HEpaBHOBECHDI ¢ Bofoi. XoTa aad kax-
JI0T0 K3 9THX MUHEpAJoB HeT HaJleXHbIX JaHHbIX o cBobosHolt SHeprun ux obpaso-
BaHK, MHOIOUKCJIEHHbIe CBU/EeTebCTBA YKA3hIBAOT HA TO, UTO 002 OHYM uMeau Ol
CoOTHOWEHUA yoToluuBoCTH, nofobuble belinenmTy (CMGKTMTy WX MOHTMODUILIO-
HUTY), HO TIpPH YCJIOBMM BHICOKOrO OTHOIUIEHUA aM 24 /o g+ B pacreope. Bepmuky-
IUT, BEPOATHO, obpasyeTcs B pe3yJbTaTe C1860F0 HaMeHEHNS daoromira. Fru asa
MUHepala TecHO CBA3aHbl MexAy coboil (ri. 4), 1 BEPMUKYJIUT HE ABASETCH KaKuM-
1160 "HOBBIM'' MUHEPAIOM B TOM ke cMbice, uTo M rubbeut. OH MoxeT paccmar-
puBaThCH, KaK YacTUUHO Bbiegouennblit duoronur. OBpasoBanue canonura orpa-
KaeT, BEPOATHO, aHaloruyHbli npolecc, xors PeliHolic He npuBoMT yGeaureb-
HbIX [lokasaTeabeTs. Kaouanuur He Obwun obnapyxen Hi B ofiHom obpaste. HeGomb-
wxe ero KOJMYecTBa MOrIM 0CTATbCH He3aMeUYeHHbIMU, HO ACHO, YTO OH He r/aB-
HbIA NPOAYKT U3MEHEHU S,

Pacuers! 6ananca Macc MOryT ObiTh MCNOJb30BaHbl A4 MOLYUeHUA KAYSCTBEH-
HOrO npefcraBileHns 0 peaklMAX BbiBeTPHBAHNA, HECMOTPS H& TO YTO, MO UME-
IUMCS JaHHBIM, HEJb3§ CO3/1aTh TMOJHYI0 KauecTBeHHYI Mojelb. Ocpe/lHeHHble
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Ta6nuya 8.7. XMMWYECKHit cocTas (B Mr/n) sofbl I0kHoro KackagHoro ozepa [ 286]

Ca Mg Na K HCO SO Cl SiOz

3 4
CocTaB 03epHOA BOAbI 3,61 0,54 0,41 0,79 11,7 256 0,25 2,38
[oxnesan ¥ cCHerosan Bopa 0,06 0,01 0,08 0,05 a a a a
PasHoCTb (M3 Nopop) 345 053 032 074 11,77 25 02 2,3°

a

AHaNK3bl AHWOHOB W KpeMHe3ema B BOfax aTMOC(PepHbIX 0CafKoB He Gbinu npeacTas-
nexbl. Beck C1 ™~ w aHauwTensHan yacTe SO~ pgnA pacyeTa 6anaHca 3apAROB GbiNU NPUHA-
Thl KAK NOCTYNWBLIME U3 BTMOC(EepHbIX 0CaaKos,

anamm3bl ojsl xuoro Kackaisoro o3epa, CKOppeKTHpPOBaHHbIE HA aTMochepHbIi
npuBHOC, NpuBefeHb! B Taba. 8.7.

Ecan caenonats Meroiy Mappeaca u Makkensu [ 124], o Becs Ca ** u Bech
Na* 1o/xHbl ObITH OTHECEHE K NPEBpalleHUIo T1arMoK1a3a B KaoIMHUT:

’ +
I'GSN”u,lscao.ssAll.ssS‘z,1sos +2H+1,62H,0 =

= ALSi,0,(0H) , + 0,16Na* + 0,92Ca*" + 0,310 §iO0,.
Xora oTa peakuys moria 6bl 06BACHUTL MPUCYTCTBUE BOMBIIMHCTBA PACTBOPEHHbIX
BENeCTB, OHA BCe Xe He PealMCTHUHA, MOTOMY YTO NAAaruoKIas AomxeH Obin Obl
UMeTb cocTaB An g, YTO HEBOSMOXHO /1A IOPO/l YKA3AHHOTO COCTaBA, & KAOMMHHT
HE CO/IePKUTCA B GOMbIIMX KOJMYECTBAX B MPOyKTaX BhiBeTpUBaHKHA. Ecum B Ka-
yecTRe BTOpHYHOrO MuHepana bepercs rubbeut, a He KaOJIMHUT, TO BOAA COMep-
XUT CAMIIKOM MaJo KpemHesema /s yAoBieTBopuTebHOro Gananca. Ecan npen-
oJaraeTcs, 4To MMpoKceHd M amdudon — riaasubie uerounuky Ca 2+, 1o BOfiA CO-
fepxuT cauukoM Mano Mg?* u kpeMHesema s yloBJAeTBOpUTEAbHOrO bananca.
B03MOXHEIM pelieHueM BONpoca ABAAETCS NpUBJIEUEHHe Peakiui BbiBeTPHBaHNM,
KoTopas conpoBox/jaercs norpedienneM KpemMHesema u Mg?*, nanpumep rumore-
Tiueckoe mpespailenie $HIoronuTa B BEPMUKY T :
5 2+ 1 . -
0,7 KMg3A15130m(0H)2 +1,25Mg™" + ,2H45104 =
noronuT
0 + +
= Mgo,SSMS3MD,Tb‘3,3U10(OH) ,+ 1,8H" + 0,7K" + 1,2H,0.
BEPMHKYNUT
Torza moxHo Obl0 Obl HaMMCaTh peakiue
a (baoronur) + 6 (nraruokias) + ¢ (mupokcen) + H ;0 +C0, =
= d (BepMuKymMT) + e (rubOcHT) + (pacTBOpeHHbIe BellecTsa)

} MOAYYMTh YAOBIETBOPUTENbHHIA Oananc Macc. Onnako pe3yJbTar, BepoATHO, He
umed Gbl 6oabIIOro gu3KHYecKoro cMbicaa. ['mO0CHT 1 BEPMUKY AUT thopmupyTCH
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HA Pa3IMUHBIX MOPOARAX, A OUeBMIHOrO criocoba meperoca KpeMuesema u Mg u3
ofiHoit mopofB! B Apyrywo HeT. Mcnoap3oBanHas uieanbsan Gopmyaa BepMUKYIUTa
eflBa 1u npefdcrasaser obpasyionmilcs MuHEpad, Tak Kak uucTaf Boja (Be3 Mg2+
] Si02), no-BUANMOMY, HecrocoOHa npeobpa3oBaTh Npu BhIBeTpUBaHUKU (GIOrommuT

B BepMUKYAUT. [IpeanosoxuTenbHo, pealibtblit BepMUKyIUT cofepxur Gombue Al ;
€CJli 3TO TaK, TO BhIBETpUBaHME (hioromira ¢ 00pas’oBaHueM BEPMUKYIMTA pUBE~
JeT K 6bHO0CY KpeMHe3eMa U Mg2+, a B 3TOM CJlyyae He/b3# pemuTb obume Bompo-
chl yuera Kpemuesema u Mg?* B 6anance macc.

Yro xe npeacrasiser coboii AeficTBUTENbHBI HCTOUHUK PACTBOPEHHBIX MHIpe-
IueHToB? YMo3puTebHbI oTBET, NpeanoJaranuuii, uTo Kaiblmii nocTynaeT He u3
cJefloB KaJblMTa B KOPEHHOM nopojle, CBOAUTCSH K TOMY, UTO Mbl BUIMM MPU3HAKU
cJaboro u3MeHeHUs NepBUYHBIX MUHEPAJIOB, a B HA/leXKHO onpe/ielfeMbIX BTOPHY-
HBIX hasax HeoOxoauMocTH HeT. JroT Bompoc oTyacTtu Ol obcyxieH B ri. 6.
Jsioc u ap. [229] nokasaau, uto Koraa Mg-CuIuKaThl NOABEPraluch paCTBOPEHNIO,
Mg?* nepexomua B pacTBOp 3HAUUTENbHO OBICTpee, UeM KpeMHe3eM, H, Mo-BHAUMO-
My, boraras kpemHe3eMoM 30Ha (opMupoBaiach BOKpYr NepBMYHOrO 3epHa. By-
senbepr n Knemencu [ 57] npogemoncTpupoBam analoruuneiit ahdekt npu usmene-
HHMHU MOJIeBLIX WnaToB. MOXHO OXulaTh, YTO B JeJHHKOBoH o6cTanoBke dM3KuecKasn
9po3usA MPOUCXOIUT HACTOJIBKO OBICTPO, YTO BHIBETPUBAHUIO MOCTOSHHO MOABEpra-
I0TCA CBeXUEe MUHEpalbHEIe 3epHa, N0STOMY epBUYHOE U3MEHEeHHe CBEXHX MoBepX-
HOCTei OKa3biBaeT CHibHOe BJMAHHE HA XHMMI0 BOAbl. MOXHO NPeAnoloXUTb, YTO
B MeHee 3KcTpeMalpHo# obcranoBke Cheppa-Hesaib! cBexue NOBEPXHOCTH MUHE-
palos He obpa3ylTcs ¢ Tako# GoJbILIOH CKOPOCTLIO, MOSTOMY AOMUHUDPYIOUWMUM TTPO-
LeccoM, onpelelsioluM XuMII0 BO/Ibl, ABAAETCA CTeXHOMeTpUUYecKoe npespalleHue
NoJeBbIX WMNAaToB ¥ OMOTUTA B MMHUCTHIE MUHEpabl.

Wrak, usyuenue poiBeTpuBanusd B KackalHbix ropax noxassiBaer, 4To:

1. Xumuueckoe BbiBeTpUBaHKe [axe B Je[HKoBo# obcTanoBKe MOXeT ObiTh
ObicTpbiM. Baxubivu ero dakTopamu ABISIOTCH BBICOKAS CKOPOCTb (u3nueckoi
9pO3uH, NPUBOAALLAH K MOCTOSHHOMY OOHOBIESHMIO TOBEPXHOCTH KOPEHHKIX TIOPOI,
¥ OYeHb 0OJibLIOe Iol0BOe KOJANYECTBO aTMOCHEpHBIX 0CaKOB.

2. Hexoropbie BTOpHYHbIE NPOAYKTHI HAXOAATCH, MO-BUAMMOMY, B XHMHUBCKOM
PaBHOBECHH C BOJaMM, B KOTOpBIX oHU obpasyworcs. [pyrue xe Her.

3. XuMmnyeckue peakiuu, 1alolie HAYAIO PACTBOPEHHBIM BellecTBaM B 5ol
00CTaHOBKe, He OrpaHu4YMBaloTCH TOJbKO 06pa30BaHKeM XOPOIIO ONpe/eNsieMbX
CIMHHCTBIX MUHEPAJIOB,

CUCTEMA PEKH PHO-TAHAMA, NY3PTO-PUKO

Hopron [ 254] usyuan xumMuio BoJ i MUHEPANOrii0 OCAIKOB B CHCTEME PEKH
Puo-Tanama sbansu ceeeporo nobepexba [Tyspro-Puko. Koperuei2 noposs! co-
CTOAMM U3 MHTPY3Mi KBAPLUEBbIX AMOPUTOB M AHJE3UTOBLIX JaB, UCIBITABIIMX UHTEH-
CUBHOE M'MpoTepMalibHoe u3MeHenue. OGcTaHoBKA BHIBETPUBAHKS XdpaKTepH30Ba-
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nach obMABHEIME aTMocheprbiMu ocankami (200 cM/roa), HEBLICOKUM pelbedom
(200 — 400 v HAJ ypoBHeM MOpS#), HE3peJbiM M0uB000pa3oBaHMEM U PeUHOH 3pO3H-
efi, nocTaroutofl Ans oOHAXeHHH KOPEHHBIX MOPOL. AnanuTuueckue [aHHbIE NMpHU-
pejeHnbl B Taba. 8.8.

HopToH cyMMUpOBal OCHOBHbIE TOJOKEHHH, 3 KOTOPBIX OH MCXO[MA NpH UH-
TepupeTali aHalu30B, Cle/ylummM obpasom:

M3MEHEHHA XUMHYECKOrO COCTABA BOQ MCTOUHMKOB, NPHTOKOB PWHO-TaHaMbl W caMmoi
peKM OTpaXaloT B3aMMOJEACTBUA B CHCTEME BOAA — NOPOAA B NPOLECCE BLIBETPUBAHUA,
OKMCNEHUE OPraHWYECKUX BEWECTB U CYNb(MAOB reHepUPYET KUCNbie BOAbI C OTHOCHTENL-
HO HUBKWMH KOHLEHTPAUMAMM KanbuMA, MarHuA W KanA, 3T BOAbl B3aUMOREBACTBYIOT C No=
POROOGPASYIOLIMMH MUHEPANAMM B NOYBEHHOMA M PEUYHOR CPEAax W 0CaXAAKT ruG6CHT, Kao-
NUHKT W MOHTMOPHNMOHUT = KaK PesynbTupYlowMe Qasbl, COCTAB BOA ONMPeRenfeT Xop peax-
UHH. KOTOpbIE HANPaBNEHbl K PABHOBECHIO C HNOBLIMM B3BECAMM peK.

Cuenys metoay I"appenca u Makkensu [ 124], Hopros onpe/ieami KOHCTaHTy
paBHOBECHS ANs PeaKiMi CMEKTUT — KaOJMHHUT:

: +
6Caonstlz.ass'a.mOm(OH) ,+2H +28H 0=

Ca= CMEKTUT (6eigennuT)
= TALSi,0,(OH) , + Ca?*+ 8H Si0,,

2= 206
KaONHHKT

8
K= a’caZ+ ' aH45i04
5 %
a
H+

Jlorapudm 3TOr0 OTHOLIEHUA B 3@BHCHMOCTH OT KOHUEHTpaLMH Na™t (oBmmit no-
KazaTelb Xofia peakluu) nokasan rpaduyecky Ha puc. 8.5. Hopron peumu, uto Hau-
Ayumum  3HauenneM lg K sBASeTCA BHAUEHHE —-18,4 + 0,8, T.e. HECKOJbKO MeHb-
wee, ueM npusefentoe B paborax Mappenca u Makkensu [124] u Xearecona [152].
Bmusuue pasinuHoro sxauenus K ua Gojee u3BeCcTHHIX AuarpamMmax yeroituyBocTH
nokasaHo Ha puc. 8.6.

Hopros npose. pAjl APYruX MHTEpecHslx nabmofiernit: puc. 8.7 nokasniBaer,
4TO ¢ yBeJMUeHMeM pacXoa peku (BHU3 MO TEUEHWIO B noboe JaHHOe BpeMmf, HO He-
3aBHCHMO OT BpPeMeHH) 3HaueHue Ig(fzCia " a}i) Takxe nopbiuaerca. Hopron cum-
Taj] 9T0 CAefCTBUEM B3aumMofeiicTBia MeXLy peuHoit BO/OI i ee JoXeM WU B3Be-
LWeHHBIM MaTepyajioM. 3aBUCHMOCTb Jorapu{moB oTHoweHHi AKTUBHOCTEH MOHOB B
BOZlax, MOKA3aHHAA HA AuarpamMme lg(aCa ol aj J-lg (aNa wfa - ), omuchiBa-
eTca npavoli ammwedl ¢ wakiomom 2 : 1 (puc. 8.8), a Ha mMarpamme
lgla, g4 /ag) - lg(@, /al:+) — nuEneit ¢ nakaonom 1 : 1 (puc, 8.9). "Jlu-
HUM COBNAJAKT C TEopeTHUeckuM HanpapJeHueM B XOfle peakimu U3MeHeHUA cocTa-
Ba pacTBOpa, KOTOpOE CAeflyeT OXuAaTh /s KMCJIOro pacTBopa, MMeBllero BHaua-

] TepMuH MOHTMODHIMOHKHT B 3TOM KOHTEKCTE 3KBUBANEHTEH TepMHHY CMEeKTHT.
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Tab6nuuya 8.8. XuMHUECKWe aHanu3bl (B Mr/n) BogHbIX Npob 3 Bacceia pe-
ku Puo-Tanama? ([ 254 1; ananutuiu Boanun u Xewapuke)

207

e + + 2+ 2+

npoos @ K Ca Mg §i0, SO, pH HCO, H,CO,

1 48 07 60 34 18 12 69 25 8

2 20 1,0 10,5 4,6 22 I8 6,75 32 14

3 70 15 12,0 5,5 35 19 688 44 13

4 85 09 8,0 6,1 26 S8 695 23 6

5 44 06 4,5 438 % 4 658 10 7

6 3flemmaily 30 40 15 4 5,90 518

7 75 1,1 15,0 50 3109 665 15 13

8 49 0,6 7,0 4.5 19 40 6,20 B 6

9 75 1,6 12,0 5,6 27 13 678 44 19
10 65 10 16,5 7,4 21 73 675 12 6
" 250 22 1250 26 33 303 780 68 3
12 55 09 10,0 5,7 23 48 695 15 4
15 75 11 12,0 5,0 25 30 6,60 28 17
16 b 130 5,8 2 7l 715 6l 12
17 60 08 9,0 43 19 60 668 20 10
18 75 22 6,0 10,4 24 95 3,70 0 0
19 46 03 0,9 29 13 43 3,85 0 0
20 46 04 3,0 3,5 13 3l 4,30 0 2
21 5518 10,0 54 24 40 578 18 8
2 6,5 . 10 8,6 4,2 27 12 668 32 17
23 50 09 8,0 50 16 37 688 14 4
24 55 07 0,7 50 17 4 6,38 4 4
25 8s 12 110 5,0 30 16 69 42 13
26 75 09 9,8 48 24 26 678 26 11
27 55 10 9,3 5,4 20 38 668 15 8
28 7510 8,6 49 26 20 685 28 10
29 163 1,6 1900 41 2 512 765 54 2
30 65. .16 11,0 47 27 20 678 33 14
3l 80 16 11,5 50 26 18 700 46 11
EP) 80 16 11,0 3,1 33 10 688 4l 13
33 395 olS 47 2,6 13 12 680 3 9
34 46 07 6,2 32 18 15 AL | 6
35 34 06 35 23 14 16 6,80 19 8
36 48 09 9,0 5,3 17 9 685 38 15
37 41 =107 24 22 10 12 6,95 14 3
38 47 - 06 42 17,8 21 124 3,55 0 0
39 30 25 13 1,0 5 12 5,45 1 9
40 95 02 11,5 2,8 3 7 7,35 54 8
41 7,0 1,4 9,8 34 19 9 6,85 13 14
42 65 08 10,0 54 27 12 7,28 52 8
43 50 08 9,8 2,8 18 14 6,98 18 6
44 35 05 0,6 1,1 9 14 475 0 2
45 54 11 9,4 59 23 15 6,90 35 12
46 3,0 02 55,0 1,2 2 13 7,60 144 6

T 0,2 mnu ! Bo BCex npobax; C1 < 10 Mnu_l; Fe< qo02 Mnu"l, 3a uc-

KnioueHuem npobbl Ne 38, B KoTopo# Fe =45 mnu—!, Cu < 0,002 mni—L. Temnepa-

Typa Bofbl No NoneBbIM 3amepam cocTasnAeT B cpefHem 25 +1°C,
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P u c. 8.5. 3aBUCHMOCTbL OTHOWEHWA BKTUBHOCTEH KAONWHWTA U CMeKTuTa (BergennuTa) ot
KoHueHTpauuu Nat B Bogubix npobax cucTembl peku Puo-TaHama, XupHaR NUHWA — KOH-
CTaHTa paBHOBECHA, NPeanoXeHHan HopToHOM, NYHKTUPHAR NWHWA — 3Hauyenwe no [ appen-
cy ¥ MaKkkeHau [124]. CumBonamu 0603HaueHsl MUHEpankl B3BEWEHHOrO MaTepHana (no
HopTony [ 254]).

e HU3KHe KOHUEHTpAlM KaJbls, MarHus i HaTpu#, a BIOCIeJCTBUM (pH B3an-
mofleficTBUM ¢ nopojamMu) NMoJyuMBIIero ITH KATHOHBI B PABHBIX MOJAPHBIX KOHLEHT-
pammsx [ 152, 153]1".

HopToH METEpNpeT#poBal CBOU JaHHbIE HA OCHOBE TeopeTHUecKHX Mojienel
Xearecosa, KOTOpHIE OCHOB2!ibl HA NMPE/NON0XeH!UH, UTO PACTBOP COXPAHSBST XHMH-
yeckoe paBHoBecHe co Bropuusbivu dasamu. Takum oGpa3om, cOCTaBhl BOJ MO-
YT GBITH KCMOABL30BAHbI LA ONpe/ieeHis NOJOXKEeHUs MPaHulibl yCToHuMBOCTH Kao-
AMHAT — cMeKTHT. JIOrMYHO, YTO rpaHuiibl, paccunTanyble HopToHoM, NOJKHBL OTAH-
4yaThCA OT IPaHMIl, yeTaHoBlenubix ["appeacom u Makkensu [ 124], Tak kak cocras
NPUPOMLHBLIX CMEKTUTOB [IMPOKO Bapbupyet. OIHAKO HET pealibHOro CBU/eTelbCTBa
TOr0, YTO BOAHI JAeficTBUTeIbHO HAXOAATCHA B paBHOBECUM CO cMmekTuToM. U3 puc. 8.5
BU/HO, YTO BOJBI HE JOCTUIM ropu3oHTaIbHOM anumy ocu. Hopron obsscHser aTo
TeM, YTO MOCKOJIbKY CMEKTHT M KAOJIMHHT MPUCYTCTBYKT BO B3BELIEHHOM MaTepua-
7e, BOIBI [OMKHBI ObITh B paBHOBECHN ¢ 0BoMMYM MUHEpalamu. FTo JonyleHue Bech-
Ma COMHUTeNbHO. B3pemenntlit MaTepual AMa30HKK B €€ YCTbe COAEePXKUT, Hanpu -
Mep, MHOIO CMeKTHTa, WimMTa i kaoauura [129], xoTs cocras BOJbI HAXOANTCS
B M0JIe YCTOAUMBOCTH KAOIMEUTA JaleKo OT MPAaHMIl CMeKTHTa M niuTa. Ecan Boaw
AMA30HKHK i ee B3BellleHHbifi MaTepual He MOTIM AOCTUIHYTh PaBHOBECH: 3a BpeMs
X TpaH3uTa o AHA [0 ATAAHTHUECKOro OKeaHa, TO HeT, No-BUAMMOMY, OCHOBaHMI
OAUIATH YCTAHOBIGHHA PABHOBECHS B X0/ OLICTPOrO TPaH3UTA N0 KOPOTKOH peke.
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P uc. 8.6. HaHnble o cucTeme peku Puo-TaHama Ha AvarpamMme aKkTMBHOCTEHA ANA cuCTembl
Ca0 ~ Al 0, —5i0, —H,0 npu 25°C. MonA ycToMuMBOCTH Aansl no Xenrecony [152],
MYyHKTUPHAA NMHUA OCHOBAHA HA 3HAYEHWAX K, npeanoxexHuix HopToHOM, YepHbie KPYXKW
03Ha4alT, 4To NPo6bl OCaaKOB CBA3AHLI C BOAOM, cofepXaBwed CMeKTUT M KAONUHMT (no
HopTony [ 254 J).

AJbTEepHATHBHO MOXHO J10Ka3bIBATH, UTO DEKM CO B3BECAMM CMEKTHTA M KAOMMHMTA
ABISIOTCS MPOAYKTAMY KAKOro-nbo pexuma U3MEHeH!H, Npyu KOTOPOM KAOMMHUT U
CMeKTUT POPMHUPYIOTCSH cOBMecTHO. O/IHako MPaKTHUECKH HEeBO3MOXHO HaliTi nousy,
B KOTOpo#t 0ba MuHepana oSpasosbBamich Gbl BMecTe. [louBbl, pa3BHTHIe HA MarMa-
THYECKUX nopo/iax, o6bIuHO COAEepXKaT TOABKO OfMH HOBOOOPa30BAKHBI IIMHKCTHIH
Mutepan (cM., Hanpumep, pabory Jpusepa [83]). Mpu dopmuposarun e onuoro,

& HeCKOJbKMX NHHUCTBIX MUHEPANoB 00bluHO HAblNaeTCA BepTUKAIbHAS 30HAIb-
HOCTb C KABOJMHATOM B BepXHeil # cmexrutom B HWxHell uactu paspesa. CMelnenue

14-78
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P w1 c. 8.7. 3aBMCMMOCTb COCTaBa BOAHLIX Npo6 OT pa3mepoB peyeKk cUcTemsl PHO-TaHama.
Mpo6bl, coBAMHEHHbIE NMHWAMK, OTOGPAHBI NO Te4YeHUIO OAHOM U TOM xe peyku. Hanpumep,

npoba 38 OTHOCHUTCA K HCTOYHWKY B BEPXOBbE peuyku, a npoba 8 — K yCTbio TOM Xe peuku
(no HopTony [254]).

BOfbl, PABHOBECHO/ C KAONMHUTOM, C BOJO, paBHOBECHO# CO CMEKTUTOM, He MpHBe-
AeT B IeJoM K 00pa30BaHuI0 BO[bl, pABHOBECHON OTHOCHTENbHO 00eux das.

Mlns puc. 8.7. BO3MOKHBI 1 Apyrue o0vsicHenus, HopToH NosicHseT, 4TO peax-
Uy BO BpeM# TpaH3uTa 00yCIOBIMBAET PasIMuusl B XMMHUM BOJ MaJbIX PYUbeB B HC-
Tokax i Gollee KpYNMHbIX peyeK B HUXKHEH Mo TeueHuio yacTH peuHoit cucrembl. B 06-
lieM cayuae peyka ¢ MajibiM PAcXO[loM He MPOCTO MpeBpamaeTcd B peuky ¢ 6oabmum
pacxofom. [lomkubl GriTh MoNoAReHUs BOJOH U3 ApyruX HCTOUHMKOB. Bo MHOrux cuc-
TeMax pek, Hanpumep Amasonku [ 129] u Puo-Amexa [ 83], Boan! ucTokoB Gollee Mu-
Hepaiu30Banbl, YeM BOAbl BOJU3K YCTHEB, M010MY UTO NPUTOKM HECYT MEHee MUHe-
paliu30BaHHbie: BOJBI, YeM HCTOKH rIaBHOK pekn. BO3MOXHO, UTO [OMONHHTEIbHAS
BOfla, nocTynaomas B peuku cuctembl Puo-Tanama 3a cueT CpyHTOBBIX BOJ. UM U3
TNPUTOKOB, BoJlee KOHIEHTPHpOBAHHAS, YeM WCTOYHMKM B BEpXOBbAX peyek. ITo, Bepo-
ATHO, ONpeflefseT HabMOAaeMyl0 CBA3L MeX/1y PAcXolOM ¥ XMMHUECKHM COCTABOM.

MoxHO Takxke npelloKUTh albTepHATHBHOE 00bAcHeHHe A4 puc. 8.8 u 8.9.
Paccmotpum pasrorecue nonsoro obmena mexiy peunoit Boflol u B3BelleHHbIMMU
B Hell raunamu (ra. 4):

a a
2+
Ca
Sl = K
.= BOfibl a FNHHbI
Mgz"' M82+

Ca? . @®.1)
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P u c. 8.8. [lanHbie 0 cucTeme pekn Puo-TaHama, NOKa3aHHbIe Ha WarpaMme aKTHBHOCTeN
uoHoB B cucteme CaO —Na 20 —Al 2O3 -8i0, —H20 npu 25°C 1 npeanonaraeMof Benuuu-
Headp cig = 10"3""" . UepHble KpyXKH — npobbl ocafka, CBA3aHHble C BOAOH, cofepxaBien
4 4

KAONUHUT W CMEKTUT (no HopTony [254]).

Ecau KoIMyecTBO MOHOB 0OMEHHOIO KOMILIEKCA MHbI, OTHECeHHOe Ha JUTD BOAbI,
BEMHKO B CPAaBHEHMM G KOJMYECTBOM MOHOB B DACTBOpE, TO MpaBas YacTb ypaBHEHUT
(8.1) Byzer KoHcTauTojlt C:

a cat
S T =C a = = a -
» Ca2+ Cc Mgz+

a Boab!

Mg 2+
Tpu fienervn obeux vacTell ypaBHens va a 2, monyuaem

a a
Cez+ ME2+
L E RS
al a .+
4qt H
Wi
a a
ik TN e 0
gt —— ] =g +lg} 72
a ut



212 nasa 8

12—
Y
o]
Ca - CMeKTHUT -
10k KaonuHuT %ﬁ,
N+I 8
g <
& =
: 3
Y | 3
2 o
=
4l
2 I I 1 | !
2 4 6 8 10 12

lg @24/ @

P u c. 8.9. [laHHble 0 cUcTeMe peku PHo-TaHnama, NOKa3aHHbIe Ha AMarpamMe aKkTHBHOCTeR

uoHoe B cucteme CaO —MgO — A1 0, —8i0, —H,0 npu 25°C u npeanonaraemMon Benu-

M Gy o = 1072+7%, D6oaHauenuA: Te Ke, 4TO U Ha puc. 8.8 (no HopTouy [254)).
3PNy

Fro ypaBHeHue COOTBETCTBYET IuHMM C HakJoHom 1 : 1 Ha puc. 8.9.
[pu obmene Kalbuua HA HATDUI U3 ypaBHeHus (4.5) uMeem

a a 1
(far) - [eca

|~ . i 8.2)
\ aNa+ BOA b \ xat NHHBI

Ecau KoHleHTpalms MOHOB 0OMEHHOr0 KOMILIeKca CHOBA BelMKa 110 CPABHeHUK ¢
KOHIleHTpalmel B pacTBOpe, TO npaBad yacTb ypaBHenus (8.2) Oyaer nocTosHHOlM:

a . 2

Ca

az_._.+ = C, G,Ca2+ = C'-aNa+l

Na

2 /a

/aCa 2n al\‘a+ aCa2+\ 1 Na™t
o =C 7 y T =‘-lgC+2g—'---a ’
“ut Eot "yt g

YTO COOTBETCTBYET Ha puc. 8.8 auuuu ¢ HakaoHom 2 : 1,
Mbl He cTpeMuMcs B HacTosmeM obcyxIeHun aTb KPUTMYECKYIO OUBHKY OTAeb-
HBIX TEOPETHUECKHX MOAX0/I0B My obecrnedyuTs "KoppeKTHY" MHTepnpeTaimio AaH-
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HbIX. B JaHHOM cllyyae MBI IPOCTO HE 3HAeM, Kakas MHTepnpeTaluus sBifeTcH rpa-
BHJIBHOI, HO BaXHO NMOKa3aTh, YTO 0OBIYHO HET e[IMHO MHTepnpeTalun NpoleccoB,
KOHTPOJMPYIOWMX XUMHIO BOMIB! lake HA HeDOMbUIMX XOpOIIO U3YUYEHHBIX MIomaafX.

ropbl 36CAPOKA, BAHOMMHI

Muanep u dpusep [241] u3yunau xumuueckoe BhBeTpuBaHKe B Gacceltne pexu
Hopr-®opk — npuroka peku lllomoyn B ceBepo-3anafsom Bafiomnure. Kopenubie mno-
poab! npejcTaseHbl By IKaHUYeCKUMK aHflesuTamu , peibed cuibHOpaculieHeHHbIH
(abcomorHele BbicoTh! oT 1760 o 3700 M), cpefHerofoBas Tem leparypa Bo3ayxa
7°C, cpefiHerofjoBoe KoluyecTso arMochepurix ocaakos 40 — 50 cm. ["nasubiM
CJMHIUCTBIM MMHEpPAJIOM BCeX onpoSOBaHHLIX TOYB 0KA3alCH CMEKTHT; Cle/bl Kaoau-
HuTa OBLM HafileHbl B HEKOTODBIX MOYBAaX Ha MIomajsax, rie KoauyecTsa arMocdep-
HBIX 0CA[IKOB HECKOJbKO Bhllle CPeIHHX YpOBHell, a cle/bl HaImMTa 1 XJI0puTa 6buIm
obHapyXeHbl B HECKOMbKMX 00pasiax u3 pasJuunblX yacreli bacceiina.

Harpuit u kalbipii B peunbIX Bofax OblIM MIaBHBIMM KATHOHAMM, @ MUAPOKap-
BOHAT — rJIaBHbIM aHUOHOM. Ce30HHbIE H3MEHeHHA COCTABA BOJ| NOBEPXHOCTHOTO
cToKa noka3ausl Ha puc. 8.10. KonuexTpammu BceX MOHOB, 3a HCKIKYEHNeM Kalusd,
CHIXAIOTCH B Nepuoll BeceHHero croka. Kamuit kourpoanposalcs, oueBmiHO, Bbile-
JaunBaHneM opraiuyeckoro martepuana. CKopocTb Xumiueckol denynamm B 6ac-
ceiiie cocraaana 18 T/km? « rofl, uTo Hixe 3HaveHuit B Uesom Has Cepeproit
Amepuk# (33 T/km 2, rog; [125]) u 3HaunTelbHO HUKe 3HAUEHHH, NPHBEIEHHbIX
Peitnonncom u [xoHCOHOM 118 ceBepHoit yacTu Kackaiubix rop. Ilepsonpuunnoit
OTHOCHTEJbLHO HU3KOH CKOPOCTH SBJIAETCSH, MO-BUANMOMY, CPABHUTEN6HO HEOO0b-
10e KOJIMYECTBO [0X/AEBbIX 0CA/IKOB.

Xumnueckuit cocras Bo pekn Hopt-Popk u ee npuTokoB nokasax Ha rpaduxe
B koopAunarax lgla - 2% /a §+) u lga H,Si0, (puc. 8.11). Tpobsl, oTobpaunsie B

JexaOpe, Korjia PacXo/l HaMMeHbIItH 1 BoAa MOCTyNaeT U3 NMoA3eMHofl cucTeMBbl, Ha-
xolsiTca B mojle cMekTuta. [Ipobei, orobpaHHble B Mae, T.e. NpH MAKCHMAIbHOM
MOBEPXHOCTHOM CTOKe, HAXOAATCH B noje kaoaunuta. [Tpobbl Apyrux spemeH roia
00pasyloT HenmpephIBHYIO noJiocy Mexay AByMs skcrpemymamu. 'paHuna ycroituu-
BOCTHM KAOJMHUT — CMEKTHT, BUIMMO, He BauseT kakum-inbo obpasom Ha pacrpe-
feJerne Touek. [[pUMeyaTesbHO OTHOCHTEIbHOE TOCTOAHCTBO AKTHBHOCTH KpeMHe-
KUCJOTHI, YTO COOTBETCTBYeT Habaogenusm [laueca [ 260, 261 ]. Muniep u [pusep
NperoJoXKIM , YTO COCTABEI B Mpejellax nois yeToRUMBOCTH KaoJauHuTa 0Dycaos-
Jenbl pa3baBieHneM OTHOCHTENbHO KOHUEHTPUPOBAHHBIX MOA3EMHBIX BOJ TAIBIMK
cHeroBbiMi Bofamu. OHYM MOABITOXKIAN CBOM NpeACTaBJEH!S O KOHTPOIUpYIOWe
pOJM XUMHUECKHX paBHOBecHil clefywoummM obpasom:

He caefyer oxdaTh XMMHUECKOrO pABHOBECHS MeX/1y PACTBOPOM U TBep-
abivu hasamu B OTKpBITON cHcTeMe, yepe3 KoTopyio OBICTpO MpoTekaeT BoAa.
Bonee peanbublii nozxo/ 3akao4yaeTcs B TOM, 4To0bl CBA3aTh XMMUIO BOIBI C KiHE-
THKOH pacTBopeHus nepBuuHBIX ha3 1 ¢ KuHeTHKOH ocaxaenns BTOPUUHBIX da3 (cp.
¢ npefcrasienuamu [Naveca [260, 261]). B nacTosmee BpeMs HET A0CTATOYHBIX
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P u c, 8.10. Ce30HHOE M3MEHEHHE CPEelHEro0 XMMUYECKOro cocTana noae{)xnocmux sop 6ac-
cedna peku HopT-Bopk — npuToka peku Wowoyw (no Munnepy v [pusepy 241 ]).

[AHHBIX [Jf KOJMUECTBEHHOrO MPUMEHEeH!sl STOro NoAXo/a npyu N3yYeHuH BHIBETPHU-
panus B 6acceiine pexn Hopr-Popk.

[MonbiTKM paccuuTaTh OanaHc Macc [As npouecca BHBETPUBAHUSA MOPOAUIHA
Hoeylo npobaemy. Copepxkanne MgO B rumancToil Ppakuyyu nous G110 3HAUMTE b=
HO BHIE, YeMm B KopeHnoit nopoje (raba. 8.9). Taknm 0Bpasom, Ha OCHOEAHUH
1060ro 060CHOBAHHOTO AONYLEHHH, TAKOr0,-KaK coxpanerne Al O, MOXHO CuM-
TaTh, 4TO 1A NPEBpAlIEHNA MATEPUHCKOH MOPO/bl B MOUBY HEOOXOAUM BHElIHN i
McTounnk Mg. Muisep u /lpuBep npelnoJoxuiu, uTO KOJMUECTBEHHO Bax-
HbiM [IpOlieCcCOM BbiBETPUBAHU A OblJI0 He3HAuUNTelbHOe U3MeHeHne BoabumMx
00beMoB ane3uTa, B Xo/e KoToporo He o6pa3oBbi3alcs HI OJMH MAEHTUQUIMPY-
eMbifl PIMEKCTHIL MUHEpa; MMEHHO 9TOT Mpollecc UMeJ MecTo, & He obpasoBanie
FIMHACTBIX MUHEpaJoB B nouseHHoli 3oue. [loATBepk/enuem STOMY ClyxaT HabMIO-
[eHusl, COrJIACHO KOTOpbIM Bee 00pasibl nopoll, 0ToOpaHHbie B NOHIKEHUAX pelbe-
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P uc, 8.11, CocTtaB BoAHbIX Npob peku HopT-MOPK — npuToka peku LowoyH Ha Anarpamme
ycToAuMBocTH AnA cucTemsl Ca O — Al 2O3 -5i0, —- HZO np1 25 ¥ 7°C (NYHKTHPHAR NHHKA),
YepHble KPYXKH — AHBapb, CBETNLIE KPYXKU — MapT, YepHbie KBaapaTbl — Ma#, ceeTnble
KBAAPATH — WIONb, YEPHbIE TPEYrONbHUKK — OKTAGPL, CBETNbIE TPeYrONbHUKK — Aexabpe (no
Munnepy 1 Opueepy [241]).

¢a, B TOM uncIe KepH AIMHON 3 M 3 cKkBaxuHbl HA AHe 20-MeTpoBoit dopox ol
BBIEMKH, CBUIETENbCTBOBAMM 00 N3MEeHeHHH Kele30Marie3ualbHbiX MUHepalioB.
BanoBoit aamm3 caabousmenennoil nopoasl nokasal, uro cofepxanue MgO u CaO
TIOHMXKEHO, & Coflepkame o0lLero xeJle3a CPaBHUMO C TAKOBbIM cBexelt nopoibl (TablL. 8.10).
BricTpas (usnueckas S5po3is, MO-BHAMMOMY, yAaisaa GoraThiil MoAeBbIM WNATOM



Tabnuya 8.9. XuMHuUeCKue aHanu3sbi (B %, 683 BOfbl) HEHIMEHEHHOW NOPOAbl U NOBEPXHOCTHBLIX
noue u3 6accefHa pexkn HopT-®apk — npuToka peku Wowoyw [ 241]

(1) (2) (3)

"pynna nopoj ¢ gHeB- Banosan npo6a noYs TNUHMCTaR dpaky1A PasHocTb
HOH noaepzmor.'rua (10 o6pasyo.) nous (24 oGpasua)
(19 o6paszyos)

CpegHee CpepHee Cpegnee

3HaueHWe co 3JHaueHue co 3nauene CO (2)—(1) (3)=(1)
SiO2 55,9 2,72 57,0 3,87 52,9 2,16 +1,5 (3%) —2,6 (5%)
Mz(),j6 17.5 0,84 16,6 0,49 17,3 5,77 —0,9 (5%) —0,2(1%)
F‘ezO3 7,88 112 8,79 1,13 15,3 2,74 +0,9 (12%) +7,4 (94%)
MgO 4,30 1,16 4,89 1,29 9,03 3,49 +0,6 (14%) +4,73(110%)
CaO 6,90 1,03 6,69 1,61 2,15 1,34 —0,21(3%) —4,75 (69%)
Na,0 3,38 0,45 2,95 0,51 0,48 0,25 —0,43(13%) —2,9(86%)
K20 3,00 0,79 2,06 0,33 177 0,65 —0,94 (31%) —1,23 (41%)
Ti 02 0,91 0,13 0,86 0,13 0,92 0,29 —0,04 (4%) +0,02 (2%)

& Mo Hencowy # Mupcy [ 252] u NpocTke (HeonybnuKoBaHHbIE faHHbIE). 6 Obuwee xene3o B Buae F"zos'
CO —cTaHaapTHOe OTKNOHEeHHe,




BuiBeTpuBaHune u xumuA Boa. ||. Mpumepsi 217

Tab6nuuya 8.10. XuMHUECKHE aHaNU3bl (B %) CBEXWX U CNabOM3MEHEHHLIX AHOe3UTOB
U3 GacceiHa peku HopT-Dopk — npuToKa pekw lWowoyH | 241],

AHENM3 LI FPYNNLI NOPOA C  pynna NopoA W3 NoBepXHo-
[HEBHOM NOBEPXHOCTH, Bbi- CTHbIX OBHAXKEHWHA, AAHHOE
nonHexHsle USGS? uccnepoBanue (11 05pa3yos)
(19 o6pasyos)

Cpenxee co Cpenxee co Pashuua

3HAYeHWe 3HAYEHHE
SiO2 55,9 2,72 59,9 3,15 +4,0 (7%)
A12036 17,5 0,84 18,3 0,99 —1,2 (7%)
Fe 0, 7,88 1,12 6,9 1,39 —0,98 (13%)
MgO 4,30 1,16 3,24 1,08 —1,06 (25%)
CaO 6,90 1,03 6,37 1,09 —0,53 (8%)
Na,0 3,38 0,45 3,92 0,68 +0,54 (16%)
K,0 3, 0,79 2,59 1,16 —0,41 (14%)
TiO, 0,91 0,13 0,71 0,19 —0,20 (22%)

" Mo HencoHy u Mupcy [ 252] u MpocTke (HeonyBnukoBaHHbIE aHHbIe), 8 Obuwee xene-
30 B BUe Fez()s. CO —cTaHpapTHOE OTKNOHeHue,

marepual, 3aHoBO ODHaXas KOpeHHy nopoay u obecrneuusas npojoJKeHHe npolec-
COB BbIBETPUBAHNU .

MatHoe MccleoBaHME OTHOCHTCH K UMCIY HEMHOTHMX, KOT/la COCTAB MpO/yK-
TOB BbiBeTpuBaHus Obll onpefienen bakTuuecky, a He npejnoloxdrenbHo. Cie-
Ays mpouefiype cocrasienus 6ananca mace [ 124], npouecc BhiBeTpMBaHUS MOXHO
BBIPa3UTh YpaBHEHHEM

Nay (Ca, Al Si, O, +2,69H,0+1,25C0,=

nnarvoknas

= 0,18Al,8i,0,(OH), +0, 22Ca 14 g7 7, 33040(0H) , +

KAONWHUT CMEKTHUT

+0,6Na*t +0,32Ca % + 1,2HCO7 + 0,63H SiO,.

Takum 06pasoM, 4Tobbl focTHub Gananca 11s Na*, Ca 2¥ u H 510, kaomHuT

W CMEKTHT J0JKHBI OblaM 06pa303a'rbca B [1OYTH OJMHAKOBBIX MOJISIDHBIX KOJIKYECT-
Bax. IT0 NoKas3biBaeT, YTo XOTA pacuer HajaHca MAcC C MCNOJAb30BAHUEM UAeAH-
3UpPOBAHHBIX COCTABOB MHHEPAJOB U MOXeT AaTb y}IOBJIeTBOPI‘iTeJIbelﬁ pe3yJbTar,
noceHiii MOXeT He COOTBETCTBOBATHb AOCTATOUHO OJIU3KO TOMY, KoTOpbI aefi-
CTBUTEJBHO HMEET MecTO B MpHpoOe.
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Wnrepeco cpaBHuTh MccaefoBakiue Muiiepa u [pusepa ¢ pesyibraramu pa-
Gorsl Hoprona [ 254]. /Jlanubie Kakioro ucciefoBatns GbIIM N0UTH ONMHAKOBBIMH,
HO HHTEpNpeTalmn BecbMa pasinuibl. HopTOH HHTEpHpeTHpoBal CBOU JaHHbIe B
pamMkax KOHKDPeTHO# TeopeTuyeckoil Mofeau, TorAa kak Muiiep u Jpusep He Be-
pHIM B BO3MOXHOCTb PeaNHCTHUECKOrO ONMCAHNS NIPUPOAHOH CHCTEMBI C NOMOLIBIO
Kako#-aubo cymectsyollell Teopetuueckoil Mojean. Pasinune B nofxoAax Harasa-
HO CBU/JIETeJbCTBYET 0 TOM, KaK OrpaHHUYeHHbl HAM 3HAHMA O JeTalsax B3aumo/eii-
CTBUA B CUCTEM: BOA — [0PO/la NpH BbIBETPHBAHKM,

B npouecce paccmatpusaeMoro uccienosanus Muanep u [lpusep [ 242] usy-
ui Xummueckue u3menenns B 6acceline pexu Hopr-®opk Bo Bpems JMBHSA U 10-
clie Hero. Boinagenue 0ox/a4 BbI3LIBAET He TOJbKO pasbapienue BOJ MeXEHHOrO
croka. B Teuenne nepehix yacos IMBHA COMEHOCTD BO/BI (BHIpAXEHHAN yaeJbHOl
2JIeKTPONPOBOAHOCTDI0) AeficTBUTeAbHO Bo3pacTana (puc. 8.12), Bo3Bpauenne xe
K TIepBOHAYAIbHOMY 3HAYEHNIO ObLI0 HeMmpoCThIM. M3MeHeHne OTAeAbHEIX pacTBO-
PeHHbIX MHI'Pe/IMEHTOB NOKa3aHo Ha puc. §.13.

B KauecTBe cpejicTBa MHTEpPNpeTALyH TPEHIOB, NOKA3AHHEIX HA puc. §.13,
Muazep u [lpusep ucnonb3osanu R-metoq dakTopHoro anammsa. [lannsie o [1Byx
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YRENLHOW 3neKTPONpoBOAHOCTH (NpPeacTaBnAWen CONEHOCTL) ANA NMBHEBOIr0 CTOKA, peKa
HopT-®opk (nputok pexu LWowoyH). Yucna y KPYXKOB — BpemA onpoGOBaHKA (B Yacax) nocne Haua-
na nueHA (nNo Munnepy u [pusepy [242], NpeacTaBneHo AMEPUKEHCKHM Meonoruyeckum
obuwecTsom).
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PHKBHCKHMM reonoruyeckum obuecTBom).
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Ta6nuuya 8.11, ®akTopHan MaTpyua ANA aHani3a R-METOQOM nepeoro
KOMMOHEHTA NWBHEBOro cToka, 6acceiH pexu HopT-PopK — NPUTOKA peKH
WowoyH ([ 242], ¢ paspeweHiA AMEpPUKAHCKOrO reonorkyeckoro obwecTea)

®akTop® KoMMyHank-
" 5 a HOCTb

Ca 0,703 0,582 - 0,981
Mg 0,715 - 0,571 0,982
Na 0,868 - - 0,985
K - -0,849° - 0,945
Sili)2 0,429 - 0,668 0,675
HCOa 0,774 0,465 0,409 0,984
YpoBeHb Bofbl - -0,939 — 0,978
LonnA gucnepcuum (B %),

ofycnoenenHan (ax-

TOpoM 41 37 20
HakonnenHanA gonA

aMcnepcuu (B %) 41 78 98

¢ MakTopHbe Harpy3ku < 0,4 onyweHsl, 6 OucnepcuA KanuA, o6ycnoBnex-
HaR (pakTopoMm 2, coctaenAeT (—0,849)" = 0,72, unu 72%.

KOMIIOHEHTAX MOBEPXHOCTHOrO CTOKA, BBI3BAHHOIO JMBHEM (MOBbILEHHE U TOHK-
KeHue ypoBHA BO/bl), Obum 0bpaboTanbl oTAeabHO. Mrorosble dhakTopHble MaTpu-
16l nokasanbl B Taba. 8.11 1 8.12.

Jlnst neproro kommonenTa daxrop | Gbul npecTaBien YMEPEHHO BbICOKMMI Harpy3-
kamu aas Na™, HCOJ, Mgt u Ca **. 310 0OBACHANOCH HAIHYHEM XOPOLIO PACT-
BOPMMOTO MaTepuala, KOTopbiil mepsbiv 1 Haubolee Jerko BhilleNauuBalcs U3 noy-
Bbl. HemocTosHHO yBAAXHEHHbIe NOYBH! 0OBIUHO COMIEPXKAT COJM, KOTOpble popmu-
PYIOTCH B OUBEHHOI 30HE MY UCnaperuu BoAbl, cofepkaulsii nonsl. Koraa noxne-
Bas BOJa MPOHMKAET B MOYBEHHYO 30HY, TH COJH PACTBOPSIOTCH U BLIMBIBAKOTCS .
JlerkopacTBopuMBle COMM MOTYT TakX e BHICBODOXAATHCS MHUKIMMU PACTEHUAMM.
Harpyska [5 ypoBHs Bobl Obiia, 10 CymecTsy, HylIeBoH, UTo CBUAETENLCTBYET
06 oTcyTCTBUM CBA3M MeXily dakropom 1 u pasbasienuem foxaeBoi B0,

DaxTop 2 nMepBoro KOMIMOHEeHTA Obll NpefcTaBies BEICOKMMHU OTPULATebHb-
Mi HArpy3Kami [UIR YPOBHA BOAK ¥ Kalus ¥ yMepeHHbiMu Harpyskamu A Ca ¥
# HCO;~. KonuenTpauus xamms, B OTJAHYME OT APYTUX PACTBOPEHHHIX BElECTB,
yBeMuMBaNach ¢ NOBbILEHKEM pycloBoro croka. Kamuii u B MeHblueii crenenu
Kanbimit n rugpokapboHaT BhILenauynBaloTCH, NO-BUAMMOMY, H3 OpPraHuyecKkoro
marepuana. Jaiikenc u ap. [227] yeranosuam, uto kammi Jerko BbilleauuBaer-
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Tabnwuwya 8.12. ®dakTopHaA MaTpuua ANA aHANW3a R-METOLOM BTOpOro
KOMNOHEHTA NMBHEBOro CToKa, 6acceiH peku HopT-Popk — NPUTOKE PeKu
Wowoyn ([242], ¢ paspewennn Amepukanckoro reonoruueckoro obwecTsa)

a

®akTop KomMmyHans-
HOCTb
1 2 3

Ca 0,914 - - 0,964
Mg 0,567 0,761 =L i 0,911
Na 0,913 - - 0,949
K - - 0,742 0,626
SiO2 - 0,797 - 0,743
HCO, 0,925 - - 0,923
YpoBeHb BoAb! —0,931 - 0,245 0,977
OonA gucnepcuu (B %),

o6ycnoBnenHan

thakTopom 59 22 13
HakonnesHan gonA guc-

nepcuu (8 %) 59 81 94

a
DakTopHble Harpyaku < 0,4 ANA XUMHUUYECKMX BEWECTS ONYLWeHsb!,

CH U3 TAKOro Marepuana, KaK JUCTbs, MblAbl@ ¥ HACEKOMbIE, HA BOJOPA3/enbHOM
yuacTke Jecnuuectsa Xabbapa-Bpyk, a Kause u ap. [ 67] npu uccaegosanusx B
pafione lMong-Bpany nabmojan, uTo rHMeHiMe JMCTHER [IPUBOINT K KPaTKOBpeMeH-
HOMY BO3pacTaHui0 KOHUEHTpAluH Kaablisd, Kaaus u rudpokapboHara.

PaxTop 3 nepeoro KOMNOHEHTa Obli NMpeCTaBJeH yMEPEHHbIMU HATPY3KaAMK [
KpeMHe3eMa, Maruua u rufipokapbonara. 310 0bbACHANOCH H3OMPATENbHBIM BBIBETPH-
BaHueM xeJle3loMarHe3ualbHbiX MUHEpPAI0B, KOTOpOe paccMarpuBaJoCh Bbllle.

®akrop 1 BTOpOro KoMINoHeHTa JMBHEBOI'O CTOKA, OTBETCTBEHHHIH 3a 59% 06-
iueﬁ AucnepcHH, ObL1 npejcTaBlieH BbICOKMMHU MOJOXUTEJbHbIMUA HACPY3KaMK AJHA
rugpokapbonara, Kalblys # HATPUSA, BBICOKOH oTpullaTenbHoll HArpy3Kkoi fas ypos-
HS BOJABI i YMepeHHo/ noJoxuTeabHol Harpyskoii ans maraud. Iror dakrop obbac-
HANCH MPOCTHIM pa3baBleHHeM MeXeHHOro CToKa oxkAeBoit Bonoi. Pakrop 2 un-
TepnpeTHpoBAlCH TakK Xe, Kak dhakTop 3 mepBoro KommnoxenTa, a akrop 3 — Kak
takTop 2 NEpBOr0 KOMIIOHEHTa,

Takum obpasom, fox[eBas Boja BbI3bIBAET HenpocToe pasbapieHue MexeH-
HOTO CTOK&, H U3MEHEeHNe ee XMMHUECKOr0o COCTABA BO BpeMi MMBHA MOXeT ObiTh
MCMOJIb30BAHO s moayderns nHdopMaiuy o npolleccax, NpoTeKaUUX B 30He Bbl -
BeTpuBaHudA. 3Ta KOHIUENIMA Ncroab3oBana 6oJee HcUepnbIBaNE B CledyoleM
npumMepe.
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PEKA MATTON, KANNKW®OPHHWA

Xumus pexu Marron B ceBepoit Kamdopuun n3yuanach Kennean [ 199] u Kewu-
nem 1 Maabkoasmom [200]; raasnoit 3agaveit sTux uccaegopanuii Hvina uiTepnpe-
Talms u3MeHeHuii cocTaa Bofbl BO BpEMEH! W B 3aBUCMMOCTH OT pacxofa. Mccae-
nyemeiii bacceiin umen niomanb 620 km 2, cpenmiolo abeonoTHYO BhicoTy 460 M 1
CpelHero/loBoe KOAWYecTBO 0CA/KoB 234 cM/TO/l; B HEM OTCYTCTBOBANM KPYMHbIE
naceeHHble MYHKTHI 1 MPOMBIlTEHHbe 06beKThl, Koppennble nopoabl 6biau npef-
CTABJeHb! MPeMMYIIeCTBEHHO IPayBakKami, MecyaHnkamu, aleBpoauTamMmi u riuHd-
cThIMH clanuamy. OTHOCHTENBHAS HEPOHHLIAEMOCTL M0POf 00YCAOBHIA OTCYTCT-
Bie KpYMTHOTO pe3epsyapa NMOA3eMHbIX BOA AAf MO//lepXkaHii PeYHOro CTOKa B 3a-
CyuLIMBOE BpeMs rofia.

Pacnpefesenue [OX/IEBHIX 0CAIKOB Ha NJOWANN DblIO OTUETIHBO Ce30HHbIM.
OcHoBHAS Macca X BbNaata Mexay HosbpeM M MapToM, oueHb HeDom  oe Ko-
JMYecTBO Aokaell npiuxoauiock Ha Mail — Korel okTAOpA. [loBepXHOCTHEIN CTOK
6B11 TECHO CBA3AH C 0CAAKAMU M BapbupoBal oT ~ 1 M3/ ¢ paneil ocenbio 10
1000 m3/c uan Bosee B cepefmue 3umMbl. V3MeHeHne KOHLEHTpaUMH OTAENbHEIX
BellecTs Kak [0 Ce30HaM, TaK U BO Bpems OT/el]bHbIX JMBHell HCMoAb30BaN0Ch
15 06bACHEHNA MeOXMMUUECKHX NPOLecCcoB, KOHTPOMMPYIIIMX pacnpeseienie
Kax/J0ro pacTBOPEHHOrO BellleCTBa.

B zetHufi ceson pacTBOpHMEIE COMM ATMOC(HEPHBIX 0CANKOB U COM, GOpasylo-
HHecs npy pasJoXeHnu OpraHMyecKoro BellecTBa, HAKANIUBAIOTCH B 3eMHOM mpH-
MOBEpPXHOCTHOM 30He. ITH Colit BHOCATCH B NOYBY HEOOMbUIMMIL AOKAAMY B HAYa-
e 0CeHH, a Kax/blil TuBeHb BHIMbIBAET HEKOTOpble M3 HUX B peky. [lo3axee, B f0-
XIJUBLI CE30H, 9TH COJM MOJHOCTBIO BHIHOCATCH U3 MOUBbI If YK€ HE BIUAIOT HA
XMMHI0 peunbx Bof. Takum obpasom, 014 Xaopuia U cylbgara B pacTBOPEHHBIX
coJfix HauboJee BLICOKAf HA paHHeil cTalun cesona Aox/2#, a Aoas ruapokapbo-
HaTa u KpemHesema Haubolee BHICOKas B KoHUe sToro ce3ona. Kauii coxpausier
OTHOCUTE/BHO MOCTOAHHYI0 KOHIEHTPAIMIO He3aBUCHMO OT pacxofa. Pasnarasumit-
¢Sl OpranMueckuit MaTepual, mo-BUAMMOMY, CIYXII HCTOUHUKOM Jerko Bhbilleraun-
3AeMoro Kaams.

K xonuy ce3ona foxiei 60 — 80% ocalkos cTekalu B BU/E NOBEPXHOCTHOIO
peuroro cToka 3a 24 . OflHako KOHUEHTpalys KpemHes3ema B PeuHoil BO/le He CHi-
Kanach Oogbuie yem Ha 409, a KoHlUeHTpalKA Kaablyua ocTaBalach DoJsee BBICOKOH,
ueM clefloBaio Obl 0XuAaTh HA OCHOBe MpocToro pa3baBienud MexeHHOrO CTOKa
noxeBoil poflofi. OTHOCUTELHO BHICOKME KOHLEHTpPAalMy KpeMHe3eMa U KaJblui
03HAUAIOT, UTO [OKAEBbIe BO/Ibl J0KHbI GBLIN XiMUUECKM BO3NEHCTBOBAThL HA N0Y-
BY, Npex/e uem 10CTHUb pek. Pes3ylibTarThl IKCNEPUMEHTOB MO Bbillle1aunBaHuI0
u npocThle pacuersl Kennegn u Maibkoabma noKas3alu, 4To Mo Menbueli mepe 50%
0Ca/lKoB BO BpeMs JMBHA IOJKHBEI MPOCOUNTLCH Yepes NouBY, Mpex/e YeM /I0CTHYb
peKu, 1 UTO NMoYBA J0JKHA BbIIENAUNBATHCS HA MIyOHHY HECKOJIBKO CAHTUMETDOB.
Kenne/un 1 MaibKoJdbM UCHONb30BAIN TEPMUH Oviempbid A0UEEuNbIL CMOX A 0K/ |e-
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PeuHoro moToka AnA peku MatTon,

Puec, 8,14, KoHyentyansHan Mofenb HCTOUYHMKOB NMTaHUA

Kanucophua (no Kennenn u Manskonbmy [ 200])
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B0 BOJIBI, KOTOPAR MH(UABTPYETCH JMlllb HA HEVOJbIIYIO PAYOUHY U NPOABAAETCA

B BUfle IOBEPXHOCTHOTO CTOKA B mpejefax 24 u. 3amednennviil noueenubll cmox —
370 N0X/eBad Boja, KOTopad npoHuKaeT Ha O0abuylo rayGuHy (HO He o 3epkaia
FPYHTOBBIX BOJ) M BHIXO/UT HA TOBEPXHOCTD Yepe3 BoabmMil MPOMEKYTOK BpeMeHH.
Kenneau u MalbkoJbM nojaralu, 4To Ha panreli cTaguu ce3oHa noxaelt cTok co-
CTOAN NIPEeHMYIECTBEHHO U3 GHICTPOro NOYBEHHOTO U MOBEPXHOCTHOrO CTOKOB. K
KOHI[y Ce30Ha Of MO/JepKMBAICH 3aMe/lIeHHBIM NOYBEHHEIM CTOKOM i TOJLKO B
Mepuofl CYXoro ce30Ha CTaHOBUICH NPUTOKOM, KOTOpBIf MMTaMM Noj3eMHbIe BOAbI
(puc. 8.14).

Crarbd Kennemu u MajibpkoabMa nokasbipaeT, YTO U3MeHeHHe XMMUUEeCKoro
COCTABA BOJ MOXKHO MCMOAb30BaTh 1 OLUEHKH MX JABIKEHUA Du3 3eMHoli noBepx-
nocTit. Menoab3oBanie n30TOMNO0B KMcIopofia Aas noayyenus nonobuoi undopma-
u paccmarpusaercs B ri. 15.

BOMb YNbTPAMAGUYECKKWX NOPOA

Yabrpamaguueckne (11K yAbTPAOCHOBHbIE) MOPO/bl COCTOAT IMaBHbIM obpa-
30M U3 cuamkaTos maruus — dopcrepura (Mg Si0 ) u sucraTura (MgSi0,) . o-
JleBbie WNATHl i KBApIl ABIAOTCA BTOPOCTENEHHBIMM WM OTCYTCTBYIOT. BuoiBeTpu-
Balye ITUX MOPO] OTAHYAETCSH OT BBIBETPUBAHUA APYTMX MArMaTHUECKIX II0PO/ U3- -
3a pasauuuit B BAIOBOM XHMUUECKOM COCTaBe M u3-3a TOro, uTo $hOpCTepuT U HC-
TaTHT OBICTPO pearupyioT ¢ Bofoil.

Bapuc u ap. [9,11]1 n Bapuc u O’Heiin [ 8] u3yuanu xvMMuIO BOJHBIX UCTOUHM-
KOB, CBA3AHHBIX G yJIbTPAOCHOBHbIMU Nopofamy B Kamdopiuu u Apyrux 4acTax
Mupa. M30TONHbIe aHAMM3b! IOKA3AMM, YTO UCTOUHUKY NOBCEMECTHO MMTAMMCH METe-
OpHBIVM BOJAM, TIOITOMY HX HeODbHbI xuvmuecknit coctap Opit 00ycaoBleH B3anmMo-
feficTBieM C YJAbTPAOCHOBHBIMM Mopofau 0au3 3emuoii noepxHocTi. Boasl boib-
LIMHCTBA UCTOUHUKOB Oblau ruapokapboHaTHO-Markuesoro Tuna (rada. 8.13, nepsas
KoJoHKa). Bricokasn MuHepaIM3alma cpiasana ¢ BLICOKO# peakLuonHoit crnocodHoCTbIo
BLIBETPUBAIMXCS MUHEPATIOB, a Npeobiajjatie MarHus COOTBETCTBYET XiMUuec-
KOMY ¥ MUHEPAIbHOMY COCTABY NOPO/bI.

Bo/lbl HEKOTOPbIX MCTOYHUKOB MPUHAJNEKAM K COBEPLISHHO ApyroMy Xumuuec-
xomy Tuny (taba. 8.13, Bropas Kodouka). OTIHUHTEALHBIMI cBoiicTBaMu 9TUX BOJ
6l Bhicokas semunna pH (11 = 12), coflepxanme kapOOHATHbIX BEWECTB HUKE
npe/ela YyBCTBUTEALHOCTH dHAINTHUECKOrO METOAA i HIt3KUE COAeDKAHUA MATHU
1 KpemHe3ema. Boflbl npefcTaBsim, Mo CylecTsy, pasbaBieHHble pacTBOPbI MHIPO-
oKueH Kalbiyd. Onn OblIy nepechilienst o otHowenmio k Opycury Mg(OH) ,, cepnes-
TuHy Mg 3Si20 s(OH) o HOnCUAy CaMgSi, 0, HO He Hachillenbi O OTHOLICHUIO K
thopcreputy u sHcratuty. Bapuc u O'Heiin nokasamm, 4To Ca — OH-Boabl Moram
obpasosarhcs npu s3auvopeiicrsuu Mg — HCO ;-Boa © yanTpamaduyeckoil nopofoi
BHe KonTakTa ee ¢ armocepoit. PacTBopenue CHIMKATOB Maris CONpPOBOXAAETCA
norpebaennem HY 1 nosbimenem pHl. Iro sBasercs npuunHoit ocaxaenns kapboua-
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Tat6nuuya 8.13. CpeaHne cocTasbl (B8 Mr/n) BOA MCTOYHUKOB
M3 yNbTpaoCHOBHbIX NOPOA 3anagHoW YacTu CIUA (cpeaHue 3Ha-
UYEHWA KOMNOHEHTOB cM, B paboTe BapHca U O’Helina [a])

Mg — HCOB—BOLIH Ca — OH-Bogb!

pH 8,6 11,7
ca? 7.9 43
Mgt 128 0,23
Nat 7,2 33
K 0,7 1,3
Gl 12 39

S 0;’-" 1 0,4
HCO; 656 0
coi— a3 0
OH™ 0,1 53
810,06 19 3,0

TOB Ka/JblMf i Mariu, NpoloJKalowerocs A0 Tex 1nop, Noxa BCe NepBoHaYalbHO
NpUCyTCTBOBaBLIKE KapDoHaTHble BelleCTBa He NepeiinyT B TBEp/0e COCTOfAHME, a
cBoBoaubIi FUAPOKCHJI NOCTeNeHHO He CTAHeT IJaBHbIM KOMIOHEHTOM pacrBopa
Mg,Si0, + 2H,0 = 2Mg** + 40H~+ Si 0, ;
(BOAH)
PacTBop cTaHOBUTCH NEPechilleHHbIM (10 OTHOWEHIIO K OpycuTy 1 cepreHTuHy,
1 9TH MHHepalbl ocaxaanTes:

Mg** + 20H~ = Mg (OH) -

3Mg?* + 6OH~+ 2Si0 = Mg,Si,0,(0H) , +H,0.
(8onw)

Ocax ienne 6pycura u ceprnenTiuna NOAAEpANBAET KOHUEHTPAUMM MATHUA U KpeMHe-
3ema Ha Hu3kom yposwe. HeGoabume koauuecTBa Kaldbiyis, HAXOAMMECH nepBoHa-
HYalbHO B SHCTATUTE, He J0pasyloT BTOpUUHBIX (a3 (PUIAPOOKUCIBL i CUAMKATH KAlb-
47 Gojlee PACTBOPUMBI, UeM MX MarHesnalbHble 9KBUBANEHTHI), MOITOMY KaabLii
ABIAETCA IMABHBIM KATMOHOM pacTBopa.

Ca — OH-CTOUHMKM ABAAOTCS OHUM U3 HEMHOIHX NpHUMEpOB MOJHOro noTped-
aenua CO 7 Y OCaXIeHnd ero B Buie Kapbonatos B uuduabrpylomelicn Boge. B Ta-
KUX NOpO/iax, KaK CPaHNT, NepsiuuHble MHHEpAIbl DEArMPYIOT 3HAUMTELHO Me 11 H-
tiee it ruapokapOoHaT ocTaeTcs raaBHBIM AHHOHOM B obpasyouefics Boje.

I5-78
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PEWH

Peiin Tewer nmo oanoit u3 HauboJlee MHIYCTPHANBHBIX M TYCTO HACEJIEHHBIX 00-
aacreii Mupa. Ero riaBHbie HCTOKK HAXOAATCH B MaloHaceJenHbix lliBeiiuapekux
Anbnax, u Tam, rie oH nokuiaer Aabmbl, cocTas ero Bof (raba. 8.14, nepsas ko-
JOHK&) THIIMYEeH A5 NOA3eMHBIX i MOBEPXHOCTHBIX BOJl B KApOOHATHBIX ropoaax
(ra. 3). MiaBHble MOHBI NpPeCTaBIeHb! KalblueM i ruapokapbonarom, obpasyiomuiu-
MMCH [pH PACTBOPEHUHM U3BECTHAKOB, B MEHbIIUX KOJIMYECTBAX NPUCYTCTBYIOT Mar-
HUit (M3 [0JIOMUTOB) ¥ Cyabdhar (13 runca nau anruaputa). Bona naxoaurcs npub-
AU3UTEJbHO B PABHOBECHM C KAIbIMTOM i UMeeT napuuaibHoe P, 0oKoJo 10~3+0

(rounoe 3Hauetue P ¥ CTeNeHb HACHIIEHUA MEHAIOTCH 10 ce3odam roza).Tam,

rie Peiin nepecekaer Fpa}muy ®PI" u Moananauu, KOHLUEHTpALWMI BCeX PACTBOPEH-
HBIX BEIleCTB CTAHOBATCH BhIIE WM 3HAYMTENLHO Bbile (Tab. §.14, BTopas KoJIOH-
ka). obpuer u Wrymm [ 353] nbiraauch BBIUNCAUTD, KAKas JOIA yBeIUUelnst KOH-
ueHTpaimii bblla AHTPONOreHHo, HCNOIb3YS [J4 STOM0 CTATUCTHYECKMI MOAX0]
[ 78] u ucropuueckywo teronuch. CraTucTuueckuii moaxo/l No3B0JsAI PACCMOTPETh
U3MeHeHNs! KOHIeHTpaluil pacTBOPEHHBIX BelleCTB B 3aBUCHMOCTH OT pacXofia u
MHTEpPeTHPOBATb Pe3ybTaThl NP YCIAOBUHA, YTO:

1. AHTpONOreHHble UCTOUHUKH MOCTABIAIOT [10BOJIBHO MOCTOAHHOE KONMYECTBO
BelIeCTB B eMHKLYy BpEMEHH HE3aBMCUMO OT pacxofa.

2. B ecTeCTBEHHBIX MCTOUHMKAX KOHIEHTPALMM JOBOJLHO MOCTOAHHBI, MOITOMY
KOJMYECTBO BelUleCTB, NepeHocuMOoe B eIMHUIYY BpeMeHN, yBeJHUMBaeTcs ¢ MoBbille=
HUeM pacxoja.

Tabnuua 8.14. CocTas (B Mr/n) Bogbl PeidHa B MecTax ero BbiXxoga u3
liseryapckux Anbn (A) u nepecedeHuA rpanuys PP u Connavauu (B) [353]

A B A B
Ga 40,7 83,6  Copra 0,54 6,24
Mg>t 7.2 108 PO~ 0,037 0,90
Na* 1.4 98,7  NHj 0,042 1,53
5 1.2 7.4 Ingg 0,012 0,19
!-IC;Z'__3 113,5 152,5 Cuggy, 0,004 0,023
s0; 38,0 778 Pbygy 0,003 0,025
(o i 107 1782 Cdyg <0,001 0,003
NOy 1,9 14,3

si0, 3,7 5,5

a . : .
PacTBOPEHHbI! OPraHWyecKui yrnepon, BblpaxeHHbld 8 Mr/n C.
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HUCTOYHHK 3arpA3HeHun

¢ (KOHUBHTPaUHA ) —

b (ecTecTBeHHbI# HCTOUHNK)

}

Q (pacxop) —

P u c. 8,15. TeopeTUYeckan 3aBUCUMOCTb KOHUEHTPALMH PACTBOPEHHOrO BewecTsa oT
pacxofia pekd OnA BEWEeCTB, COAepXaHWA KOTopblXx 00ycnoBnexbl 3arpA3HeHeM, A — aHTpo-
noreHHoe NocTynneHWe 8 eAuHuuy Bpemenn (no Oedsucy v LioGpucTy [TB]).

Eciu ¢ — KoHUeHTpalmsa JaHHOro pacTBOPEHHOrO BellecTBa, b — ero ecrect-
seHnas ("dQonopasn') KOHIeHTpaus, 4 — ero aHTPONOrEHHOE MOCTYILIEHNE B eHHN-
11y BpeMeHn, Q — pacxo/ peki B eJMHULY BPEMEHH, TO B MEANBHOM Clyyae ¢ [0MTK-
HO onuchIBATbHCH YpaBHEHMEeM

4
Q

KoTopoe rpaduuecku nokasaso #a puc. 8.15, Hekoropsie pacTpopeHusle BemecTsa

+b,

c'=

JI0CTATOMHN Xoneun cooTReTrTRVIOT ATl 3apucuMocTy (puc. 8.16), a Bemnunna b,
.0, (hoHOBOE 3HAuYeHHe, MOKeT BHITh ycTaHoBJEHa N0 MapaMeTpam, JAalolluM Hau-
AYULYIO TMHUIO PerpeccHu.

lMepsble xumuueckne anatu3el Bofl Peiina orrocares x 1854 r., uro obecneun-
BAET 0OBLEKTHBHYIO OLIEHKY COCTABA UX ABHBIX SJEMEHTOR 0 CUIBHONO MPOMBILL-
JeHHoro 3arpA3nenns. Kak craTucTudeckue, Tak u MCTOpUUECKHE [aHHble NOKA3bl-
BaloT, 4uro Gosee 90% matpus u XJopuia B HM30BbAX Peiina sBAsOTCA aHTpONOreH-
ubivit. HoBpuet u liTymm npuiusin K BHIBO/Y, YTO /IMHCTBEHHBIMH PACTBOPEHHBIMI
BellecTBaMy, He CUIbHO NOABEPKEHHbIMI BIMAHUIO AeATebHOCTH Yel0BeKa, RBf-
10TCA KpemHe3eMm U ruapokapbonar (puc. 8.17).
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P uc, 8,18, 3aBUCHMOCTL KOHLEHTpauMu xnopuaa B Pedne y BasenA, WseAuapuA, ot pac-
Xopa, 8 Takxe "Haunyuwan" KpMBanA perpeccuu, COOTBETCTBYIOWAR MOAENH, PACCMOTPEH-
HoM B TekcTe (no LlobpucTy u WTYMMY, B nevaTw).

H,5i04

100 =
HCO3

-J
w

25

CospemeHHan KoHueHTpauua, %
(4]
[=]

Na* cl— NH}

0

P v c. 8.17. BbluMcnexHble "NpUpogHbIE" KOHUEHTPayMM PACTBOPEHHBIX BEWECTE B HWXHEM
TeueHuu PelHa, BbIPaXEeHHbIe B NPOLESHTAX OT KOHUEHTPALWHA, HblHe Habnopaembix 6nu3 rpa-
Huybl DPT u Monnaupuu (no LieGpueTy W WTYMMY, B nedaTh). 3ameTum, UTO OYEHb HEMHOrWe
BelecTsa B rNaBHOM pycne He NoaBEeprNMChb BNMAHUIO AEATENLHOCTH Yenoseka.
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BbiBOL bl

TepMogHHaMHYECKHH KOHTpONL 06pa30BaHHA MMHHHCTLIX MUHEpPanos.
ObpasoBanne rIMHUCTHIX MUHEPAJIOB NPH BLIBETPUBAHMN HAXOANTCA 0OBIYHO B Ka-
YECTBEHHOM COOTBETCTBUU C TEPMOJMHAMUUECKHM Mporao3om. ['mbbeut dopmupy-
eTca TaM, rje BoAbl CHIbHO pa3baBlebl, KAOIMHUT — B MAJOMiHepaln30BaHHbIX
BOflaX, & CMEKTUT — B DoJlee MUHEPAIU30BAHHBIX PACTBOPAX. XUMUA MPUPOLHBIX
BOJl TECHO CBfA3aHa C [0X[eBoil Bo/lofl, mOSTOMY pacrpefe/ieHue NoYBEHHbLIX MIu-
HUCTBIX MMHEDAJOB TAKXE TeCHO CBH3aHo ¢ aTMochepunivMu ocaikamu (puc. 8.18).
Wekaouenue 13 5TOro MpaBuia cOCTABAANT Takue MUHepalbl, KaK BEPMUKYIUT U
WIIMT, KoTopble obbiuno obpa3yloTes B pesyibraTe claboro u3MeHeHus paHee cy-
wecTBOBaBIIMX (a3 (cawa), a He ABIAMIOTCS COBEplleHHO HOBbIMK (asamu. Xors
Mex/y TUNOM TVIMHUCTOrO MuUHepaJaa u Xumuei BO/Jbl Haﬁmonae'rcﬁ KayeCTBeHHOe
COOTEETCTBHE, He SCHO, B KAKOif cTeneHy cocTaBbl MPMpoAHblx BoM 3abydepens
cocyumecTBOBanKeM [ABYyX MNMHMCTLIX MUHEDaJJoB, TAKUX, KaK KaOJUHUT U CMEKTHUT.

MaxTopk! oKpy*awwedn cpenbl ¥ XWMUA BofA. ' Huke Mbl nonbitaemcs cie-
JaTh HEKOTOpble 000BLEHN 0 CBA3H XUMUUECKOrO COCTABa BO/l M Pas/MuHbIX dak-
TOpOB OKpy#aloulell cpeabl. B AanHoMm cayuae, Kak u B SoabumucTBe 0Gobwenmi,
MMeeTCH PAA MCKIIOUeHUA, 1pu 5TOM 0CODEHHO TPYAHO Cle]aTh BLIBOABI 0 TOM, Ka-
Kol n3 Heckodbkux (akTopos Oyaer Haubolee 3HAUMMBIM B KOHKPETHOMH cuTyamu.

Tun vopuoi nopodsi, Boflbl MArMaTHYECKNX M METaMODP(UUECKHUX MOPOJ OTHO-
cuTelbHo pa3basiensl (MuHepatusamms, Kak npaeuio, menee 500 mr/a, uacro me-
wee 100 Mr/a) u colepkar B kauecTse INIABHOIO aHMOHA MuApokapboHAT, a rias—
HbIX KATUOHOB — HATpuil 1 Katblmi. MuKpOSEPHUCTHIE ¥ CTEKIOBATHIE OPO/bl Bhi-
BeTpupaloTcA ObiCTpee U, ClelloBaTebHO, POAYIMPYIOT Oolee MUHEPATH30BAH-
Hble BO/Ibl, YeM rpybosepuucTsie nopoanl. OcHOBHbIE MOpoabl (Da3aiabTl, rabopo,
am@uboantel) uMeKT TenaeHIMI0 K obpasoBannio GoJlee KOHUEHTPUPOBAHHBIX BO C
6oee Bhicaxumu orrowenuavu Ca 2*/Na*t n Mg?*/Ca 2* no cpassenmio ¢ Tako-
BBIMU Y KMCJABIX MOPO/ (rpanuToB, puoanTor). [locTynienne pacTBopeHHbIX Be-
WEeCTB U3 arMochepsl B CiibHO pasbaBieHHble Bo/bl MArMATHUECKHX NIOPO/l MOXET
OBITb CTOMb K€ 3HAYMTEbHbIM, KAK M OCTYILIEHHe U3 BbiBeTpUBAEMbIX nopof. Be-
mecTsa B Takux Bofax (Xabbapa-Bpyk, Kackaanbie ropsl # Ap.), nolyyaembie u3
BbIBETPUBAEMbIX MIOPOJ, YACTO WMEIOT BhicOKMe oTHomerua Ca 2t /Na*t u Ca 3+/Si02,
I"JIaBHbIM HCTOUHMKOM PACTBOPEHHBIX BEIIECTB B 9TUX BOAAX HEe MoxeT ObiTh npeobpa-
30BaHue MoJeBoro WnaTa B XOpollo AMACHOCTUPYEMbIi MIMHUCTBIA MUHEpa; HCTHH-
Haf NpUpojia peaklMi BHIBETPMBAHKA HE YCTAHOBIEHA.

EAMHCTBEHHO 3HAUMMBIMKU PACTBOPEHHBIMI KOMIIOHEHTAMM BO/ H3BECTHAKOB 1
[ONOMUTOB FBIMOTCA Kaablui, Maruuit u rugpoxapbosar, XoTa 06bIUHO NPUCYTCTBY-
eT 1 cyibdar, CBA3AHHBIA C OKMCJEHHEM MAPUTA WM C ACCOLMMPYIOUMMCS THIICOM.
MuHepauyu3aims IMMUTHPYETCHA PACTBOPUMOCTBI0 KaphoHATHBIX MUHEpaIoB B BOJE,
oboratleHHoit COZ NOYBEHHO 30HbL. MuHepaiu3auus Bof cocTaBifer OOBIYHO
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P uc.8.18. COCTaB FMMHUCTLIX MMHEPANOB B MOBEPXHOCTHBIX CNOAX OCTATOUHBIX NOYE,
(OPMUPYIOLIMXCA HA KHCNbIX (8) ¥ OCHOBHBIX (0) MarmaTHyeckux nopopax KanudopHuu (no
Bapwany [12]).

100 — 600 mr/n. VI3BeCTHAKM BbiBeTpUBAOTCA DBICTPEE MArmMaTHUECKUX MOPOL,
MO9TOMY BO/Jbl H3BECTHAKOB B cpe/iieM OoJjee MitHepaiu30BaHbl, YeM BOADI Mar-
MaTHye CKUX Mopofl.
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Cpel KpeMHHCTBIX 0BJ0MOYHBIX NOPOA MOBEIeHMe apKo30B noJodHo nosee-
MO rpasuToB. [lecuanikm u 0coBEHHO MIMHKCTHIE CAAHLEBI BelyT ceba 3HauMTeNb-
HO caoxnee. Haubosee pacnpocTpasenHble MuHepaibl B FIMHACTBIX CJAHIAX — 11-
JUT M KBAPL, — OTHOCHTEJIbHO CJAA00AKTHBHLI B 30HEe BLIBETPUBAHUA, M UX 014 B
XAMUYECKOM CTOK® CPaBHUTeJbHO HeBeauka. I IHucTble caaulbl oBBIYHO cofep-
KaT MUPUT, KOTOPHI Nocie OKUCJEHUA OCTABseT B PACTROP cyibdar, a Takxe
KaabuuT, ABAAIOWMNACH MCTOUHUKOM Kalbls. Boabi MMHUCTBIX CIAHIEB YacTo Co-
Aepxar Xnop U Hatpuil. [TocielHue, Kak noraraloT, reHeTHUECK CBA3AHM ¢ Mopc-
Koit Bofiofi, norpebenHoli B rIMHUCTHIX caanmax MpH UX OTJAOXeHun, Ho dopma, B
KOTOPO# 3TH MOHBI COflepXATCA B MIMHUCTHIX CAAHLAX, HeM3pecTHa. Takum obpa-
30M, BOABI MMIMHUCTLIX CAAHLEB BECbMA H3MEHUHBLI N0 cocTasy. OHu 0BbIYHO CO-
AEPXAT B KAUECTBE NIABHBIX AHUOHOB CyJbGaT uiu XJopujl n OTIUUAITCH Bolee
HU3KHUM OTHOIEHHEM KpeMHe3eM/CyMMa KaTHOHOB M0 CPABHEHMIO C BOAAMM Mar-
MaTiHuecknx nopod. Crenexs MUHEpaIu3alii cuibHO BapbUpyer.

dsanoputsl "BhiBeTpHBAIOTCR" B NpoLECCe 0BLIYHOrD PacTBOPeHUs U MOT'yT
AaTh HAYAT0 BOAAM C O4eHb BLICOKOH COEHOCTBIO. B THIUUHBIX CayuasX riaBHbi-
MIt QHWOHAMMU ABAAIOTCS CyIb(AT M/WiM XNOPUNL, A KATHOHAMH — HATPHIA U Kalblyi,
X0T# NOCAe/lHnit MOXeT BapbupOBATh B 3aBUCUMOCTH OT MPUPOALL spanopura. Bo
BAAKHLIX KTMMATAX 3BanopuThl 6113 3eMHOi noBepXHOCTH f0Jroe Bpems He Co-
XPaHAOTCH, NOSTOMY MUHEPAIM3ALMSA MOBEDXHOCTHBIX BOJl, KAK MPABUJIO0, HEBLICO-
ka. B apuaHbIX KIMMaTax coleHble Bojbl, 0Bpasyloumecs Npyu PaCTBOPEHMH SBANO-
pUTOB, TIpeicTaBJal0T coboii obbiuHoe ABlenHue.

BhiCokHe KOHLEHTpaluuu pacTBOPEHHOro Cylbdara MoryT GhiTh Takke obyc—
J0BJeHbl BHIBETPUBAHUEM CYab(MAHBIX MUHEDAJOB B 30HAX OpYIeHeHUs U B HEKO-
TOPhIX MarmaTH4YeckKuX nopofax.

Peavegd, C nosbiennem peibeda CKOPOCTb XMMUYECKOTO BBIBETPUBAHNS
00bIuHO BO3pacTaeT. ITo 06ycJOBIEHO NMpexie BCero yeuleH#eMm buasuueckoit 3po-
3uM, KoTOpas 0OHaXaeT CBeXue NOpOAb! 15 BhBeTpUBAHUS. OUEHUTb POdb OJHOrO
peabeda uacTo He yAaeTcs, MOTOMY YTO Pa3iMuus B HEM HEpe/KO COYETAKTCH C
pasiuunem THUNOB MOPOA, KIMMATA M PACTUTe]bHOCTH.

Eaumam, C yBeauuenuem /0KIAEBBIX 0CANKOB MUHEpaTM3aLs MOBEPXHOCTHLIX
BOJ NMOHMKAETCHA, OAHAKO 00las Macca pacTBOPEHHEIX BEUeCTB, NepeHeceHHbIX 3a
€MHNIly BpemMeHy, Bo3pacTaeT. B Lelom cHukeHne N0XKAEBLIX 0CAIKOB yBEIMUM-
BaeT Bpemsi KOHTAaKTa BO/| C Mnopofamu, u ucnapenne (ri. 9) cranosurcs 6olee 3na-
YUTEJbHbIM.

Temneparypa cama no cefe urpaer, no-BUIMMOMY, MEHee 3HAYHTEIBHYIO poib,
em [pyrue nepeMeHHble, Npi YCJI0BUK, YTO MPUCYTCTBYET xMAKad dasa. Peaxiuy
BBIBETPUBAHHA MPOTEKAKT GhICTPee Npy NOBBIIEHHbIX TEMIEpaTypax, HO 3T0 BO
MHOIUX Cpeflax KOMIeHCHpyeTcd TeM, uTo dusnyeckad 5po3ud, obHa)aomas Heus-
MEHEeHHbIe KOpeHHble Nopo/kl, HieT GbicTpee npu Golee HUIKUX TemmepaTypax uiu
Ha Goabunx abcomOTHBIX BHICOTAX, T.e. npu 6olee HU3KUX TeMrneparypax.
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Pacmumenvruocms, BosnelicTsie pacTUTEIbHOCTH JOCTATOUHO CJAOXHO, GO
0HO HBHO 3@BMCUT OT KIMMaTa, Tuna nopof u peibeda. C oaxoli cTopousl, pacTy-
TeJbHOCTb nocTasiser B nousy CO, u opraHMyeckne KUCAOTHI, NOBBIAILINE CKO-
POCTh XMMUYECKOT'0 BhIBETPUBAHUSA, C [APYro# — cTabuImM3upyeT MouBy M Npensr-
crByer dusuueckoil sposun. CBexasn nopoja B nocie[HeM ¢ Tyyae He 0DHAKAETCH
HA MOBEPXHOCTH, YCTAHABAMBAETCH HENPOAONKUTENbHbIA KOHTAKT MEXIY A0KIeBOi
Bofoit u HensMenenHo# Mopo/lofl 1 CKOPOCTH XMMUYECKOr0 BHIBETPUBAHUA CHUXAET-
cil. YHHUTOXeHHe JecOB NPUBO/UT K MOBBILEHNI0 MUHEPAN3ALUM TOBEPXHOCTHBIX
BOA, TOT e 3deKT [ocTUraeTcH NPy KOJOHU3AIUMM paCTeHUAMU MaolEalei, patee
HE MMEeBUIHX PACTUTENbHOCTH, TAKHX, KAK JABOBble MOTOKM.

Bpems. Bpems B cMbIC/e NpoJ0KHTEIBHOCTH KOHTAKTa Mekly Nopodoli u Bo-
loit ABNAETCH, NO-BUAMMOMY, BaxHelweil nepemennoil, onpejeasouei XuMuio cTo-
Kd B 30HaX pa3sBUTUS MarMaTH4eckux 1Mopoi, HO BpeMA KOHTAKTa camo no cebe 3a-
BUCHT OT [IpyriX NapameTpoB OKpyxaiomei cpeinl. O6uibHbe 0cafku BeAyT K Obl-
CTPOMY CTOKY BOJIbl i HENpOJOJAXNTEIbHOMY BPEMEeHM KOHTaKTa. BaxHoe 3HaueHue
UMeeT Takke MoKadbHbIA ApeHax; XOpouwo ApeHupyemMble MIO0WaAN XapaKTepu3yloT-
Csl KpaTKNM BPEMEHEM KOHTAKTa, M G 3TUM CBA3aHa TeHJeHLWs 00pasoBaHua Kao-
JMHUTOBbBIX MMOYB; OnaﬁoﬂpEHprEMble naomajam umeroT bosee OJUTeJlbHble KOHTakK-
Tbi, YTO NPUBOMT K 00PAsOBaHMI0 CMEKTUTA B KAUeCTBE MNIMHICTOrO MMHEepaa nous. J¢-
deKT MPOHMIIAEMOCTY NOPO/L He MPOCT. KCJM MPOHMIAEMOCTD BICOKAS, TO BPEMSA KOHTAK-
T4 B Ba/l03HO/ 30He MOKeT GbiTh KPaTKUM, MOTOMY YTO MOpoja Aperupyercs OblcT-
PO, HO 9TO BpeM#A MOXET OBITb KPaTKUM WM AIATENbHBIM B CHCTEMe M0A3eMHbIX
BO/, YTO 3aBUCHT OT MECTHBLIX rufipoJoruuecknx ycaosuil. Ecau nponutuaemocts
HU3KaA, TO MHUAbTPaLMA MoxeT ObiTh claboif, a KoHTaKT Mexay Bolol u KopeH-
HOM MOpo/l0#l — HeNpoLOIKUTEIbHbIM,

Pacture/ibiocTs, cTabuan3upys nousy, yBelMyMBaeT BPeMA KOHTAKTA HAYAb-
HBIX MPOYKTOB BbIBETPUBAHUA C JoxkIeBoii Bogoi. Cie/loBaTelbHO, HA 3aleceHHbIX
rowanax 6yger obpa3oBhBATLCH KaoauHaT (Mau rubbeur). Ecan xe BHauale
chopmupoBaici CMEKTHT, TO OH OyleT B nouBe BbllelauuBaTbes ¢ obpasoBannem
KaoamunTa. PacTiTe bHOCTb UrpaeT, KoHeuHo, foliee akTHBHYIO pOIb, YTO BbIpa-
KAETCH, B YACTHOCTH, B 00pa3’oBaHnM KHCI0H MUKpOCpe/ibl BOKPYT KOpElKoB. B
OTCYTCTBUE pACTUTE]IbHOCTH NepBoHavaibHo 0bpa3oBaHHbIil cMekTHT GBI Obl, Be-
pOATHO, SPOANPOBAH, IPEX/e YeM PEBPATHTLCA R KAOJIMHUT.

O63opHan 3apauva. {loayunre XMMUUECKNe AHATM3b BOJ U3 Bamero paiiona.
MonbiTalirech YCTAHOBUTL BEPOATHbIE HCTOUHNUKM PACTBOPEHHBIX WHIDEMEHTOB U
OLEHUTe, B KAKO/ cTenenu paBHOBecHe (BKIAIOUas TBep/ble Gaskl) MOKET BAMATH
Ha XUMUUeCKuit cocTas 9THX BO[.

PEKOMEHDYEMAR NMTEPATYPA

YuraTe o HACTOATEALHO peKOMeHAyeTCd U3YUUTb nyﬁﬂmxauuu, npuBe/leHHble
B 9TO/ rnaBe. Ole"Ml-laJleble CTaTbi COAEpXAT 3HAUUTEbHO r)O.ilhI.l[)’lO HH(bOpMa-
110, YeM npeicTaBlieHdbie 3[eCb KpaTKue obobulenud.
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Hcnapenue u coseHbIe BOABI

Wecnapenue SRASETCA DJABHbIM NMPOLECCOM IU/IPOJIOrHYECKoro 1iKaa, 13 noxne-
BbIX BOJl, KOTOpbIE BBINAJAIOT HA KOHTMHEHTbI, GJee MoJ0oBHHb BO3BPAILAETCS B aTMOC:
(epy myrTeM npAMOro UCHpaBACHUS WK TPaHCIMpapm pacrennsvi. O6umii adbexTt ucr-
napeHis COCTOMT B yianen 13 pacTsopa wictoii HyO, nosromy koHneHTpamm Boex
PACTBOPEHHBIX KOMIIOHEHTOB BO3DACTaIOT, XOT# UCIPABJIEHAE [POUCXOMT BO BCEX KI-
METHUECKUX 30HAX, OHAKO TONbKO B OTHOCATEJIbHO ADUIHBIX YOIOBUAX KOHIEHTpaps
PACTBOPEHHBIX BEWECTB CTAaHOBUTCA IaBHbIM GaKTopoM, KOHTPOJMPYIOUNM COCTaB
Bo/bl. OCHOBHBIE MPUHII UMb 9BOMIOLMM PACCOJOB, HE CBA3AHHLIX MEHETUYECKH C MOp-
ckoit Bonoil, nanoxenn xoncom [191]. 3Tu npuHupmb! Gblt paclmpensl 1 nepe-
Be/leHbl Ha KoauuecTBeHnyio ocHosy ["appesicom u Makkensn [124] u Xapam u re-
tepom [ 143].

MCNAPEHHE BOJl UICTOYHUKOB CEEPPA-HEBA[DI

IMappesc u Makkenzu [124] paccunram, uTo 1OJKHO NPOU3OITH C BoOH uc-
rounuKoB Cbeppa- Hesaznl (ra. 7) npu ee nporpeccuBHOM Beinapusauuu. B pacue-
Tax Mpejnofaraioch, YTo:

1. lMopnepxuBamce NOCTORHHBIMHU PC02 = 10 —%:5arm u Temneparypa, pas-

nas 25°C.,

2. Besikuii pa3, Korja Bofla CTaHOBUJACH HACKINEHHOH N0 OTHOMEHNUIO K TBep-
no# dase, sra (asa ocaxjalach U pacTsop 0CTABaAICH PABHOBECHBIM C Hel.

3. OrcyTcTBOBaMM peaKl i BoAbl ¢ KAKUMU-MGO CyCreHMpOBaHHBIMHA 0Cal-
Kamu WM ¢ okpyxaiomeii cpefoii, 3a nckawouenuem norepu CO, u H, O,

Taxum 06pasom, pacueTbl BOCIPOM3BOAT TO, YTO MOrJ0 Obl Mpou30iiTH, ecau
6u1 peku Cheppa-Hepasinl nonam B ofun U3 apuanbix Hacceitios Hepagibl.

Pesyabrars pacueros npusedensl Ha puc. 9.1, ¥Yxe nocae HeGoaboro ucna-
peHUd [I0/KHO HauyaTbed ocax/eHne KaabluuTa. [Ipu faibBeiieM ucnaperuy ocax-
fenne KaabipTa 6y/eT Mpofo/XaThbes /10 TeX NMop, MoKa U3 pacTBopa He HCYesHeT
nouT eech Kaabimii, CornacHo pacuetam, crefiyonmm Oy eT 0CAKIATHCSA CEnMONUT,
npeacrasiaenHbifi dopmynoli MgSi;04( OH), . TeopeTnuecku L0AOMUT JOJKEH OCAX-
[aTbCs panblle Cemuoaura, Ho B CBA3W G TeM, YTO CKOPOCTb OCAX/EHUS [10J0MUTA
OueHb HU3Kas [10 CPABHEHMI) CO CKOPOCTHIO OcaxeHus cemnoaura, ['appeac u Mak-
KEH3M MpUILIY K BBIBOY, uTo GoJee pealbHo Bhinalenue cennoanta. Ocakienne
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P u e, 9.1. PeasyneTaThl pacueTos no BbiNapuBaHWI0 BOf UCTOUHUKOB Cbeppa-Hesaasl npu
25°C u P = 107>% (no Mappency u Makkenau [ 124]),
2
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CenMoaMTa IpUBE/eT K yralenuio u3 pacrteopa Mg?+ u S i0, o K cHMXenno we-
J0ouHoCTH (cofepxanue ruapoKapbOHATHOrO MM KapbOHATHOroO MoHAY:

Mg?* + 3H,Si0, + 2HCO 3 =MgSiz0s(OH); + 6H,0 + 2CO,. (9.1

Ocaxnenne By/ieT NpoJACAKATHCS, 10KA He U3pACXOAyeTcs nouth Bech Mg 2+, lann-
Heifllee ucnapenne BhI30BET ocax/eHne amMopdHoro Kpemuesema. Kakue-méo co-
a K+ um Na + B paccmaTpuBaeMblX yCIOBHAX BbINAAaTh He cMoryT. [Ipy ocax-
NeHny KaJbluTa i cenuoanTa BeanuuHa pH ocraeTcs OTHOCHTEJbHO MOCTOAHHOM,
a 3areM ycToliuuBo Bo3pacTaer 10 3Hauenus, 6au3koro K 10. Koneunsim pesy.n-
TATOM BhillapuBaHua (Koraa soja ckoHll entpupyerca B 1000 pas) nomxeH 6biTh
CHIbHOLIEN0UHOH paccot Kapbonara narpus, CocTas paccolos, MOJyUeHHEI B pe-
3yJbTaTe pacyeros, B oOLMX uepTax NpoABALET CXOACTBO C NMPUPOIHBIMU BOLAMM
HEKOTOpbIX collenbix o3ep 3anannoi yactn ClIA. Tem cambim noarBepxpaercs,
4T OPMUpOBAHHE XMMHUECKOr0 COCTABa BOJ ITHX 03€pP MOXET GbITh 00bsACHEHO
NPOCTBIM Bbill@PUBaHUEM MaJlOMUHepalu30BaHHbIX BOJ MCTOYHMKOB, 0OCTAB KOTO-
PbIX KOHTPOJIMPYETCH peakumaMy Mex/y [ox/1eBoi BONo# U U3BEpKEHHEIMU NOPO-
AaMu.

XUMHYECKOE PA3[IENEHKME U MODENb
XAFJIM — ArCTEPA

Urobbl oxBaTHTL GoJee WMPOKMii AMana3oH HAYAIBHBIX COCTABOB BOJ, NOJBEp-
raioumxca ucnapennio, Xapm u 3rerep [ 143] o6obumimt pacuernyo npouenypy [Map-
peaca u Maxkensu. Hanbosee BaxHON coCTaBHOM 4ACTbI0 WX MOJEaN SARAAETCA KOH-
LeNIMa TUMULECK0rL) pasderenud. PaccMoTpyuM paptioBecHbill ¢ runcoM pacTsop,

B KOTOPOM M .24 = m = ¥ [Tpu BRINapuBamuu 9TOr0 pacTropa runc byper

4
0CaXIaTbCs, HO B CBA3M C T€M, YTO COOTHOWEHHE HOHOB Kalbl[Us 1 Cyab(ara B
pacTBope u TBepAoil dasze oAuHAKOBO, €r0 BEJUUMHA B PACTBOpE B Ipolecce HCha-
peuns uamenarbcs He Oyaer. Tenepb paccMoTpuM pacTBop, TaKke paBHOBECHHIH

C I'MIICOM, HO B KOTOPOM mc gy = 2 mso2 _ « Ecim npenebpeub xoahduienTa-
a
4

MU aKTMBHOCTH ¥ NPUHATB, YTO NPOU3BE/EHHe PACTBOPUMOCTH rumnca pasho 10 =461,
TO

-3 -3
m.ae =01 107, = F.50 . 109

m
§02-
JonycTim, uTe Mbl BbiTapiBaeM 9TOT PacTBOP /10 TeX 10p, I0Ka Macca ocTablleii-
cs BoAbl He Oy/er papHa 1/n ee neppoHAYaibHOl BeaMuMHBl (n — AKTOD KOHLEeHT-
puposanus). [Ipn arom Gyger ocaxieHo y Moaeit runca Ha KUIorpaMm MCXOHO M
Bojbl. Konuentpawm Ca®* u SOZ- cranyr pasubiMi
m gy = n(101 1072~ y), (9.2)
=n(3,60 . 10-3 —y). (9.3)

4
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P u c. 9.2. W3ameHenne koHueHTpauui Ca Wy 503" B npouecce BbINApUBaHUA pacTBopa,

PaBHOBECHOrO C FMNCOM, NPH HAYANEHOM YCNOBUK m =2m (NONpaBKKH Ha aKTHB-
Cat $0%=

HOCTb MrHOPUPOBAMNKCH), 4

EcJu pacTBOp HAXOAMTCA B PABHOBECHM C TMICOM, TO
Knp ~10-%%'=n2(7,01. 103 —y)(3,50. 103) —y).

Tpy 11060M 3HAYEHUH . ITO KBAJPATHOE ypaABHEHHE MOXKET ObITh PeleHo OTHOCH-
TelbHo y. [loacTaHoBKa 3 Toil Beauuntsl B ypapuenns (9.2) u (9.3) npuBoaut X no-
JyyeHnK COOTBETCTBYIOIUX KoHIeRTpauuit Ca 2+ 1 S02- | Pesyabrarhi pacueToB
noxkasansl Ha puc. 9.2. VI3 HUX cieayeT BaxHOe 3aKJIOUYEHNE O TOM, UTO Ca?+
(npucyTeTByoWKi B Gojee BbICOKOH OTHOCHTEbHOT KOHII eHTpalMi ) HaKariupaer-
cs B pacteope, a SO%~  (upucyrereyiomuii B Gosee Hu3Koi OTHOCHTENBLHON KOH-
LleHTpalji) yAAIfeTcs, 0Ka ero KOHUeHTpalyua He CTaHeT Mcue3aille Maia. Ecan
BBl Mbl HAUAIM C yCJOBUA, UTO e =2 PSP T0 pacueT Obla Obl UASHTHY-

2-
04
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HbIM, 33 CKIIIOUEHHEM TOr0, YTO B PACTBOPE HaKarMBaics Obl CyIbOaTHbl HOH,
TOrJa KaK KOHLIEHTPAlMs KaJblMa cTana Obl cuesaiome MaJa.

TlpyBeiernbli Bbllle pacueT ABARETCS MAIOCTpalKel oblero npuuIMna; 6ca-
Kutl pa3, x010a 6 npoyecce ucnapenua ocaxdaenca Gunaprar conv u 3 fexmuanoe
OMKOULEHUE DBYT UOKOE 6 COMU OMAUYAENMER OM OMHOWENUR KONUEHMP QUUT IMUT UONHO8
6 pacmeope, Oarveluee ucnapenue Gydem npueodums K Y6 eaunennio codepranus
UONa, NpucymemeyoUeL0 6 pacmeope 6 Goaee 6vicokol omHOCUMERBROU KON YeHmp a-
Yk, U K CHUNENUIO COOEPHAHUA UONE, NPUCYNCMEYWEL0 & G00ee HUSKOT omHocy-
meavnod Konyenmpayuu (TepmuH " apdeKTUBHOE OTHOWEHKE" UCHOJb30BAH BMECTO
TepMuHa "oTHOWeHue" , YTOGH! OXBATHTH TaKMe COMM, KaK KapOoHAThI, rjie MOH B
repiofi fase (COZ=)moxer ObiTh MHBIM, YeM B pacreope {HCO 3); ©M. Huxe ).
OcHosHas naes XMMUUECKOro pas/e/ieHis 3aKI0yaeTc B TOM, UTO M3 JBYX HOHOB,
KOTOpbI€ BXOAAT B COCTAB COJM, OCAxAaoueiics B npollecce McnapeHus, oguH Gy-
[eT HaKanIMBaTbCH, & KOHUEeHTpalus APYroro CTaHeT 0YeHb HU3KOM,

Mopeab Xapau — 9rcrepa uHTEpNpeTHPYET XMMUHECKMiT cocTas Bol, nosipep-
ralomMXCs HCIapeHuio, Yepes NoCaeI0BaTeNbHOCTh XUMUIECKHX pas/eneHuit
(puc. 9.3). Moutn Bo BCEX NPMPOIHBIX BOAAX NEPBBIM OCAKAAOUMMCS MUHEDAIOM,
U, CJefoBaTe bHO, BhI3HIBAKIIMM [epBoe XMMUYECKOe pasjieleHne ABIAETCA Kalb-
wt, lanbreitwee nopesente pacTBopa 3aBUCUT OT TOTO, ByAET MM KOHUEHTpaLus
Kaiblus (B 9KBUBANEHTAX) GoJblle Wi MeHble KapGoHaTHOM MenouHocTy (B SKBH-

BaneHTax), T.e. Gyrer m 2m GoJblle MM MeHblle, yeM (m B
Ca?tcym HCOSCVM

+ 2m 02 ); e uHAEKC "cym " 03HAuAET CyMMAapHyio aHAINTUYECKYI0 KOH-
CO; cym
3

uenTpawio. B Bofle, pacrBopetnble BewecTBa KOTOPOil NOMHOCTHIO 06YCA0BIEHb!
armoceproit CO, u pacTBopennem KalbiTa, ypashenue 6ananca 3apaios (ra. 3)
MMEeT BU

2m +m &

=m + 2m .
Ca?t Ht HCO 3 cod- M on-
Ecan semunsnbl m U m HUYTOXHO MaJbl, TO
Ht OH —
2m =m + 2m . 9 4
Ca?*  HCOG co2- W

Beinapusanie Takoii Boasl npuseser x ocaxaernio CaCO, , no Hakonenne Ca 2+
OTHOCHTEJILHO 1eN0UHoCTH (nau Haobopot) Habawaarbes He Gyner (ecan pasHope-
Cie C KaJbLUTOM M arMocgepoil OyleT noaaepxuBaThCs, COCTAB BOJL B NpoLiec-
ce BbiNapnBatins He usmenurcs). Takum obpasom, ypasrenue (9.4) onpepgenser
"TouKy paBHOBeCHA" XMMUYeCKoro pasfeaenus. Ecan B kakom-16o pacTsope Kpi-
Tepuil, BelpaxeHtblil ypasnenneM (9.4), He BbllepxUBaeTCH, TO NPH HCnaperuy Gy-
ler Bo3pacrarb KoHlleHrpauus Ca 2w wenousocTb.

Ecau KOHUEHTpaLMA Kalblisl MeHble WeJ0UHOCTH, TO [IPH BhINAPUBAHMH [10U-
TH Bech Kaablmii byneT ynanen 3 pacTsopa M pacTop NpuodpeTeT TeHASHIMI0 K
nepexofy B le04Ho# KapboHaTHbiit paccoa (Bapuant I, puc. 9.3). U maobopor, Kor-
Aa KoHUeHTpaius Kalbliys GoJblue WeJ0UHOCTH, U3 pacTBopa OyayT mouTH noa-



Na, Ca, Mg, HCO,, SO, CI

OcaxaeHue Kanbuuta

2/M .2+ WENOUHOCTH WenouHocTb > 2M 2+

Na, Ca, Mg, SO,, CI Na, Mg, CO,, SO,, CI

QcaxaeHne runca

mg 2+ >m5037 msoz— >mc=2+ 2mM°2+>menotmocm

Ocaxgenue cenvonuta

Na, Ca, Mg, CI Na, Mg, SO,4, CI Na, Mg, SO,, CI

Na, CO5, 50, CI

Homepa 24, 25, 15, 21 Homepa 1 — 3, 11, 19, 26, 27,
MepTBOE MOpE, MOPCKHE 3BanOpUTbI

Homepa 4 — 10, 12 — 14,
17, 18, 20, 23, o3epo
Maragum

P 1 ¢, 9.3, HekoTopble BO3MOXHbLIE BAPHAHTbI MOAENM BbinapHBaHWA NpUpoaHbIX BOA (MO

Xappu u 3rctepy [143], ¢ U3MEHEHWAMM), Yucna COOTBETCTBYIOT aHaNM3aM, NPUBELEHHbIM
8 Tabn, 9.1. OHW NOKA3bLIBAIOT, KAK 3TW pe3ynbTaThl MOTYT MHTEPNPETMPOBATHLCA MO nepeo-
HauaneHoH Mopenu Xapgu — 3rcTepa. 30 He 03HayYaeT, YTO B AENCTBUTENBHOCTH NPOoLEeccs!

B Ka¥[OM 03epe TOYHO COOTBETCTBYIOT MOAENH,
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HOCTBIO yaneHbl KapboHaTHble (hOpMbI 4 PACTBOP NPUODPETET TEH/IEHIMIO K IIepexo-
Ay B TIOUTH HEHTpaAIbHIH CyAbGATHBIK M XAOPHAHLIH pacco (Bapuant II, puc. 9.3).
B cayuae sapuanta I ouepesnoe xumuueckoe pasielenme Gy/leT BbI3BAHO OCAX-
flemteM cemtoanTta. Xapau u drerep UCIOIb30BaMM BCAel 34 ["appeacoM u Max-
KeH3H B CBOEi lepBOHAYaIbHOM MOJIeNM CeMMOINT, a He [10JOMMT B KAyecTse ta-
3bl, oborauexnoi maruem. OOl 13 npuuns Takoro Bbibopa 6b110 TO, YTO MX mpor-
pamma Aas pacuetos Ha IBM He BK.ouana Takue gBofiHbie COJM, KaK [10JOMMT.
Ocaxnenue cemsonnra (ypaserne 9.1) u COOTBETCTBYIOIee XMMIUeCKoe pasjee-
Hite BKJOualoT Tpi Gopmbl, a umenno Mg2+, HCO; y H, S; 0, . MNpakrnyeckyu

BaXHbIM KpUTEpHeM sBisercs, Gyner au 2mM P DoJbliie W MeHblue KapboHar-
g~ o6y

HO#t e loYHOCTH, OcTalelica Mocae ocaxaeHus Kanblura. Ecim konnenrpaiys
Marhus (B 9KBUBAJIEHTAX) MeHblle ocTaollelcd meaousocTH (Bapuanr III), To Bona
CTaHeT KapOOHATHBIM WEN0UHbIM paccoioM. Bapuant I u caenyoumii 3a wum sa-
puant Il ectb caencrsue npeanosoxemnii Mappeaca i Makkensu (cM. Bbiue).
Ecan konuenTpaiys maraua Goablie ocraomeiics welounocTy (BapuanT IV), TO
PacTBOp B KOHLE KOHIOB CTAHET CYAb(ATHBIM UM XJIOPHAHBIM DACCOJOM, HE Co-
Aepxkayum KapboHaTa.

B sapuanre II caefyiomim, BeposTHee Beero, GyaeT ocax/eHne UICa, Bh3bi-
Ballllee xiniieckoe pasfeJeHne, KoTopoe yxe obcyxnatoch. Ecau konuenrpa-
s Ca?t, ocTawilerocs nocie ocarieHns KaJbli#Ta, Bhille KOHUeHTpaum SO 3~
(BapuanT V), To KoHeuHblii paccoa Gyner coflepxarb B KauecTBe 1aBHbIX PacTBO-
PeHHbIX BellecTs Xaopu/ibl Na, Ca u Mg . Ecan Bhlie xoHUeHTpauys SO%- (papu-
anr V1), 7o KoHeunbli paccoa Gy/leT COCTOATb U3 XJAOPHOB M CyJIb(ATOB, B KOTO-
PbIX JIaBHBIMM KaTHoHamu OyayT Harpuit u marumit. [TpuMeps: npupoanbix pacco-
J0B, MPUO/IKEHHO MITIOCTPUPYIOLIKE PA3/IMUHble yTH 3BOIOLMH, JaHb HA puc. 9.3,
@ HeKOTOpble pe3y/bTaThl XMMUYECKoro aHam3a — B Tabua. 9.1. Hauboiee pax-
Hble BbIBOAb! X KOTOPBIM MOXHO npuiity, caenys mogeau Xapam — Ircrepa, co-
CTOAT B TOM, “YTO PACCOJIbI AOJIKHBI ObITh XMMUYECKH NPOCTHIMH, COAEPKAUNMI B
KaueCTBe IaBHbIX COCTABHbIX yacTeil MMlb HECKOABKO HOHOB, ¥ UTO COCTAB KO-
HEUHOrO paccoJa oNpelesercs CoCTaBoOM Toll MaloMUHepaaH30BanHol BOb, U3
KOTOpOif 3TOT paccou obpasyercs.

Bosee cioxnasn Moeab, ockopaunas Ha npunipmnax Xap/ i Jrcrepa [ 143],
Guina npeanoxena Jpyou u ap. 194) u Anb-Zpy6u u ap. [ 1]

MOOAUTUKALKA MOJENWA XAPOU — 3rCTEPA

Mogeub, npeacrasaeHHan Bole, ABAAETCSH, QUEBHAHO, CHALHEIM yNpollexnem
pealtbHoro Mupa. 3aech Mbi 0GCY/MM HEKOTOpHE BaXHbIE TIPOLECCHI, KOTOpble He
Obln yuTeHBI NepsoliatiaibLoil MOJeblo, 8 3aTeM paceMOTPHM KOHKDeTHbIe IpH-
Mepbl IPUPOJHBIX CHCTEM.

O6pasosanue kap6oHaTta marwuA. O0a pacCMOTPEHHBIX Bhile pacuera npu-
HUMAIOT B KauecTBe IJaBHOro (GakTopa, KOHTPOIUPYIOWEro KOHIEHTPALMIO MArHUs
B pacTBope, obpasoBatie cemoanTa, XoTs CENMoIMT B HEKOTOPBIX CJyYasx ¥ Bhbi-
TNOJHAET 3Ty Pofib, Hanbosee oObIUHBIMUM NPUPOAHBIMU GasamMu, COAEPKALMMY Mar-



Ta6nuya 9.1. AHaN3bI paccoNos M3 COMeHbIX 03ep 3anaaHoi yacTu CesepHoi Avepukn 26 (Mr/kr) [ 105]

1 2 3 4 5 8 9 10 1 12 13 14
Kamnync- Backy-  XoT-ledik fMesop- Coyn- XapHu- Cammep- Ankanu- 3#6epT- Cepnpafia- [pe#r- Xowu- MMupa-  YuHHe-
Nedk e 7, TNeik N 1, Bawunr«<Neik, ek, Bannu, nNefk, Bannmu, Cont-' Ne#k, mup- MYKKa=~
Bputan Bputan- TOH BawuHr- Bawun=OperoH Operou Operon Operox Kanudop- INedxk, Kanu- Teik, TNefik,
cKan ckaf Ko- TOH TOH HUA 0Ta tdopHuA Heeapa Hesapja
Konym6ua nyméur
§i0 — — 2 1ol 542 645 36 48 55 14 1
Ca cn® 640 3 39 £ e 1 i — 10 42
Mg 34 900 42400 22 838 20 23 — — 31 7,200 — 113 4,5
Na 10 900 13 660 7337 5360 12 500 117 000 119 000 4090 83 600 18 300 1630 41350
K 1570 891 } 8 850 3890 11 4070 1630 134
HCOg 2 400 3020 6296 6090/ 12270 2510 — 1410 251 5490 1390 744
CO, —_ — — 31020 5130 91 400 60 300 664 — 8020 - 128
504 160800 195710 103 680 2180 6020 46 300 9230 900 16 400 12 100 264 918
Cl 200 1690 1 668 1360 4 680 45700 115000 4110 140 000 9 680 1960 5290
'M'a 209000 258000 143000 18000 40700 314 000 309 000 10 600 254 000 52 900 5510 11 100
pH 10,1 98 9,2 7,4 9,7 8,7
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15 16 17 18 19 20 21 22 23 24 25 26 27
Kapcou- Poypac- Mowo-  [un- CanuH-  Oysuc-  Oec- Cepns- Copa- Bpwo- Kapuc- [aubu-  Contom-
Cuuk, Mapw,  [lefik,  Cnpunrc- Bannw, flefx, Bannu, Mefx, Nedk, 1O  fedk, sk, Cw,

Heeapa, Hesapa Kanu- ek, Kanu- Kanu- Kanu- Kanu- Kanu- ﬁg: x Kanu-  Kanu-  Kanu-
dopHuA  Kanu- dopHuA  PopuuR  GOpHUA dopHUA  OPHUR Kanw, POPHHA GODHWA  dopHuA
Sopuns PopHHA

5i0, 19 142 14 36 299 s £ = - 20,8
Ca 261 17 4,5 3,1 286 43 - 16 — 43296 4504 325 505

Mg 129 0,5 34 1,2 552 21 150 — 1061 412 108 581

Na 56 800 3680 21 500 111000 103 000 81398 109318 110000 114213 57365 22603 137580 6 249

K 3240 102 1170 19 500 4 830 3462 4043 26 000 Cn 329 1038 — 112
HCOg4 322 23 5410 9 360 614 } 52 463 — — — — - cn 232
COy4 — 648 10 300 22 000 — 27100 12053 - — — —

504 786 2 590 7380 57 100 22 900 21220 44356 46000 52 026 223 280 13397 4139

Cl 88 900 3070 13 500 119 000 150 000 53040 140196 121000 124618 172933 44764 119789 9033

MB 152000 10400 56600 335000 282360 213700 299500 336000 305137 279150 73600 271200 20900
oH 7,8 9,5 9,6 7,35

8 Xumuueckui COCTAB 3THX BOR Ha puc. 9.3 WHTEpPNpPeTHPOBaH C TOYKH 3PeHHA

nepeoHavansHOA mofienn Xapau — 3rctepa, ¥ Cn — cnefsl, © M — o6wan MuHepan13auuA,
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Huit, O-BUAMMOMY, ABAAIOTCA oforauentblit Marmem cvextur [ 192, 118], xomo-
MUT UM BBICOKOMArHesuaibhblii kaablut. CrexuomeTpus obpasosanus Mg-cvex-
TUTA aHANOrUUHA CTeXHoMeTpuu obpasopanus cenvoanta. Ecau paccMorpers pe-
aKum

Mg** + ZHCO7 + 3H,SiO, = MgSi; 04 (OH); + 2CO, + 6H,0

" cenvonuT
Mg?++ 2HCO7 4 CaCO, = CaMg(COy),+ CO, + H,0,
AONOMMUT

TO MOXHO 3aMETUTb, YTO PE3YJbTATsl UX QueHb CXOfHbl. B oboux cayuasx ocax-
AeHii0 G1aronpUATCTBYET yBeJMueHne NeJ0YHOCTH, OIMHAKOBO 1 OTHoWeHe Mg 2+
K ypaasemoit wenounocti. Takum ofpasom, ¢ TOUKM 3PEHUs XUMUUECKOro passe-
JEeHNA He UMeeT 3HaueHusd, yaaaserca qu Mg+ B dopme kapboHara uam cyamukara,

[Tocaennee obeTosirenbeTBO npHobperaeT CyllecTBeHHOe 3HaueHne, Koraa
AOJOMUTHIALMA NPoUcXoauT Be3 n30ITKa 1eN0UHOCTH:

2Cz?:C08 4 Mg2+ CaMg(CO Yo+ Cadt,

B arux ycnosusx Ca?+ moxker HaKaluMBaTeCs B PACTBOPE MM OCAKAATLCS B dop-
me runca. B oboux ciyuasx KoHeuHbl# pe3yabTar, oueBnaHo, Byger oTIMyYaTbHCA
OT Npe/ICKA3aHHOrO Mo nepBoHauanbol Mosem Xapmn — Irerepa. drcrep u Xapau
[ 105] neraabHo obeyanau, Kak Jo/xHA GBITh M3MeHeHa 06was Mojieb, YToDb
BKJIQUATb KaK BbICOKOMarHesuaibHblif KalbLUUT, TaK U JOJOMMT.

BoccranoBnenue cynshatos. Boccranosienue cyabdara 1o cyabGuaHbx
(opm sBIAETCH JONOJHUTENbHBIM NPOLECCOM, NPUBOJALMM K YAAIEHHIO CyIbba-
TOB U3 NPUPOJIHBLIX BoA. B pacconax 10BOJbHO Jerko BOSHUKAIOT GECKUCIOpO/IHble
ycaopus (na. 12), Tak KaK pacTBOPHMOCTb KHCJOPO/A B BOJE CHMUAKAETCA C POCTOM
coaetocT. BoceraHosaenue cyabdaros MoxeT BbITh NpeCTABIEHO ypaBHEHUEM

8505~ + 2Fe, 04 + 15(C) + TH,0 = 4FeS, + 14HCD 3 + CO%

rje (C) — opramuueckuii yraepos, Fe 5 0,-pearupyiolite MuHepain xeae3a B 0Caji-
Kax, C KOTOpbIMU BO/a HAXOAUTCH B KoHTakTe, Obwmii addekT peakuun cocTouT
B "npespawenun” SO}~ B sksusanentroe komuecrso HCO 3 u CO 2, Xoropuie
MOrYT ocaxjaarbcsd B GopMe KapboHATOB Kaablis UaM MarHus Jubo HakanmBa-
ThCA B pacTBOpe. Pesyabrar npollecca yaauno WAMOCTPUPYETCS CpABHEHNEM Xi-
MHUYECKOI'0 COCTaBa BO/bI JBYX 3BaNOPUTOBLIX DacceiHoB, MPUMBIKAONKX K 03e-

py Yan B Adpuke [ 105, 1071, Omm 13 Gacceiiios conepkan Wenounoit Na — CO -
paccoa, apyroi — Banakuii K nelfrpanbuomy Na — Cl — 50, -paccou, Ucrounyk
BO/IbI 11151 060MX DacCeiiHoB bl B CYIWHOCTY OJHUM M TeM ke, OJHAKO B nepeom
CJy4ae MPOMCXOANI0 BOCCTAHOB/eHUe CYIbGATOB B XO/€ NOA3EMHOI0 CTOKA M3
03e}ii, @ BO BTOPOM OHO OTCYTCTBOBAJIO0.

Boccranopaenuem cyibharos 06bACHANTCA HEOKUIAHHO HASKIE UX KOHLEHT-

['alin B HEKOTOPBIX BoJlax, a TaKxe Heboabume 1o CpaBHEHUI0 ¢ NpejCKa3aHHbl-
"1 KOMMUECTBA CYb(aTHbIX MUHEPANOB B 0CAKAX MHOTYMX ADEBHUX COJEHbIX 038p.
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HMonHsid o6men  apgcopbunA. Korpa Bosja teuer B nopucroit cpene (oca-
JI0K MJIM TI0POJa), MeX /1y MOHaMH BoJbl M HOHAMM, aNCOPOMPOBAHHEIMU Cpe/oi, npouc-
xofaT obMeHHble peaklyu. Helirpaibubie dopmbi (a uvenno H, Si0,) u naxe
cyabdarHblii MOH MOTYT Takxe aJcopbupoBaThCA Ha NOBEPXHOCTH TBEPAbIX Tel.
KarnonoobmMeHHble eMKOCTH BOJBIIKHCTBA OCAIKOB M NOpOJ] ABAAIOTCH JOCTATOYHU
DoJbMMK, 4TO0bI 0KA3bIBATH 3HAYMTENbHOE BIMAHME HA COCTaB QUALTPYIOUMXCH
yepes HUX BO[.

["1aBHBIM MOHOM, Ha COfepXaHue KOTOPOro 0COBEHHO CHIbHO BAMAIT 0OMeH-
HblE peaklyu, ABifeTcs Kami. 3a UCKIUeHHeM oueHb BbICOKMX KOHUEHTpauuii,
Kaauii He ocaxaeTcs B BUJe Kakoi-mbo colu, a pacuersl, nogobHble ONMMCaHHbIM
suiwe [ 124, 143], nokaswpiBaoT, uTo Kaumil, KaK ¥ HATPUI, 0JKEH B NpoLecce ucna-
PeHHs MPOCTO HAaKalMBarbes B pacTBope. O[HAKO NPAKTUYECKH B COJIEHBIX BO-
nax Kauuii noury Beerfia obe/lHeH no cpasHeHuio ¢ HatpueM. Jrcrep u JkoHe
[ 106] nokazam1, uTo Takoe obenHeHue HabI0OAANOCH TONBKO B TEX: Clydyasx, Kor-
[a BOJa NPOTEeKaaa HUKe MOBEPXHOCTH 3eMM (HO He B camMoM o3epe), U ybeau-
TeJbHO [0Ka3ay, 4To yjaleHie Kaluf CBA3aHO ¢ copbipeil Ha KpUNTOKPUCT A=
YecK1X OBEPXHOCTAX WM C MOHHBIM obmeHoM. Ecan ocanok, B KoTopom obMeH-
HBble TOBMIMH 3AHATH B OCHOBHOM Ca®t, IOMECTUTb B OTHOCHTEILHO CONEHYI0 BO-
[y, TO OIHOBAJIEHTHbIE HOHBI 10JIKHbI BHITECHATD ABYXBaJeHTHbIH Kanbipii (T 4).
B nonooGMeHHbIX peakiyax, BKIYAIMX [IMHUCTbIe MUHEDab! M LeQIHThl, HOH
KaJusd TorJoaeTes 3HauuTe/bHO CHlbHee HOHA HAaTpus, UTO M IIPUBOJMT K yaa-
JIeHNI0 Kaaus U3 pacTsopd. Kaubuuid, BoiieasemMblii B nponecce o6MeHa, BEPOSTHO,
ocaxjaeTcs B Toil xe cpene B Gopme kapbonara. C caMoro Hauana oGMeHuBae-
MbIM K&TMOHOM 4aCTO SBJNETCH KaJjbluil, TOTOMY UTO MHOTMe paiioHbl, KOTOphIE
ceffuac OTHOCATCH K apuaHbIM, B NepUoj] Mo3aHero mieficTolesa Haxommch B 00-
JaacTu 6oaee BaaxHoro kaumara. Boasl Torga 6bnum MeHee MHHepaaM30BaHHBIMM,
a MoHOOOMEHHBI® Cpe/ibl CTPEMUANCH NMOTJIOTHTE U3 ITUX BOL B KAYECTBE OCHOBHO-
ro obMeHnBaemoro Katuona Kaiabimit, Buosoruyeckoe norpebaenue Takxe Moxer
NPUBOIMTE K yAaJeHUIO Katus U3 BOJ, HO B peryJMpOBAHUM KOHUEHTPAMK KAIUs B
COJIeHbIX BOJlaX OHO,), MO-BUIMMOMY, BCE Xe MeHee BaXHO, YeM afcopOuus U MOH-
Hblil 0OMeH.

Liuknbl BnaxHbIX U CYXWX nepuopos. Mozeian Xapam — Jrcrepa ocHoBaHa
Ha NPe/NoJ0Xe !, YTO MaJOMMHePaM30BaHHas BOJa, NoNafanias B apuiHbii
Gaccelin, noJBepraeTcs HeNpepbIBHOMY MCIAPEHMIO, NI0KA He NPeBPATUTCS B KOH-
LleHTpUpoBanHblit paccoa. OfHaKo B MpUpoJe Hepe/lKo BCTPeYAlTC s NOJHOe Bhillaph-
BaHue BO/bl M OCaX/eHue BCeX PACTBOPEHHbIX BelleCTB B TeUeHHEe CyXoro nepuo-
Aa C nocJeaylomnM YacTHUHbIM pacTBePEeHneM ITUX BellleCTB BO BAXHbIHA nepuom.
Bopa, noasepraiomasncs nenapesuio, 4acTo HaXoauTCs B MOPaX alIBUAIbHBIX OT-
JOKEHUH HIM B Bijle HerayboKMX MPYHTOBBIX BOJ, @ He SBJNETCS BOAOH OTKDLITO-
ro osepa. Ecan B nauane nponecca Boja Gbi1a yxe colieHol, To ocaxjaommuecs
COJIM MOT'YT 06pa30BaTh KPUCTALIMYECKIEe KODKU U BBILBETH HA NOBEPXHOCTH 3eM-
1. Eciu ona Gbi1a oTHOCHTEAbHO pasbaBieHHOM, COMM MOTYT OCAX/AThbCA HEmoc-
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P W cC. 9.4, PeaynoTaTsl ONbITA, MMHTHPYIOWEro LMKN HCnapeHue — pacTeopenne, Bonbwoh
06bem AoMNeB0i BoAbl #3 paiioHa Tunc-Mapw, Hesana, ¢ fo6askamu conei Gbin BbINApeH Ha WCTOM
KBapueBom necke. Mecok 3aTem 6bin o6paboTaH NocneaoBaTeNbHO HecKoNbKUMKM 0Gbemamu
[MCTUNNMPOBaHHOH BOAL!, @ BeWwecTsa, Nepewenwu1e B BOAY, NPOAHANHAWPOBaHbI, M patuk
NOKA3bLIBAET NPOLEHTHOE CONEPKaHUE W3BNEUeHHbIX 3a ONpeAeneHHoe BpEMA BelecTs oT
WX MCXOMHBIX KONWYECTB, 38 B Y KOHTAKTa C AMCTUNNWPOBAHHOA BOAOH pacTBOpPUNach NHllb
HeBONbIWAR YacTb KpeMHesema, KanbiuA, MarHuA 1 ruapokapboHata (no [puepy u CMUTY

[e1]).

PefCTBeHHO MO/l MOBEPXHOCTHI 3eMJM UM B 30He KamWLIApHLIX BOJ HAJ 3epKaJoM
IPYHTOBbIX BOJ, eCJH noceHee 61M3K0 K MOBEPXHOCTU.

Ha cramum ucnaperus Bce pacTBOpPEHHbIE B BOJe BelleCTBA OCAXAAOTCH KaK
TBepAbie (asbl NPUMEPHO B TOM MOPSKE , KOTOpPbIA NPeyCcMOTPeH MO/JEIbIO
Xapmu — 9rcrepa. Ha cragum nocaeyomero pacTBOPeHUs XOpolo pacTBOPUMBIE
MuUHepalbl (Takue, KaK COJM HAaTpus) NepexojsT B pacTBop ObICTPO, TOr/a Kak Me-
Hee pacTBOPMMBIE (IMIC, KAIbIMT i 0CODEHHO KpeMHeseM) — MelneHHo (puc. 9.4).
KoHeuHbiM pesyibTaroM IMKJa UcnapeHine — pacTBopeHue ABJAAeTcs Boja, KOTopas
OYTH MOJHOCTBI BKIIOUAET BCE MOHBI, OCaX/JaKuMecs B opme BbICOKOPACTBODH-
MbIX COJIeii, HO TepsieT 4acTb MOHOB, OCaXKIAKNIMXCHA B (OpMe MeHee DACTBODU-
MbIX coeluHennii. XuMUuecKuif cocTaB KOHEYHOr0 pacTBOpPa KOHTPOJAUPYETCH Kuke-
muxoti pacTBOPEHUN OCAX[EHHBIX (a3, a He B CTPOroM COOTBETCTEMM C MX pacTBOpPW
MocTsAMU. Boibl, o6pasywiuecs B pesyibTaTe TakuxX UMKIOB, MOrYT ObITh CHJABHO
HEHACHIUEHHBIMU OTHOCHTEbHO IHica, aMopdHOro KpeMHe3ema U Cemio/IuTa, XOTs
MCXOJHAS BOJa [PM MCHapeHuy SIBHO Tepsaa KaJblyii, cyabdar, KpemMHe3eM U mar-
Hiil. Iror mpouecc obcyxaaeTca HUKe B OHOM U3 IIPUMEPOB [JaHHOM IJiaBbl.
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NPUMEPbI

Bacceim o3epa Maramm, KenuA. Ozepo Mara/u — 9T0 COJfIHO-1EI0UHOE 03€p0
B noaune Bocrouno-Adpukanckoro pudra, Béasuyo uacts Bpemeny "o03epo™ mok-
pbiTo TBepaoil Tporol Na ,CO, « NaHCO4+ 2 Hy O ¢ HeGoablmMMK yXaMu Bofbl
63 Geperos, riie BHIXOAAT MCTOUHNMKN. Henocpescreento noa ceoeii nopepxHoCTLHIO
TPOHA COZIEPAUT NOPOBbIe PACCOJbl, KOTOPbIE M NPUHUMAIOTCS 38 03€pHble PACCO.ibls
Iuapoxumus baccelina Maramm 6eia feransio usyuetna Ircrepom [104] i dxon-
coM i ap. [194],

Osepo pacnoJioxeHo B Haubosee HI3KOM yacTy JoJuusl pudTa, rjie TemMneparypbl
BBICOKME, @ 0CAJKOB OUeHb Malo M3-3a SKPaHUPYLero BIMAHUS OKPYXaIOWKX Bbl-
coT. KopeHHble Mopo/ibl B JoJMHe pUdTa CAOKEHb MPeHMYlIECTBEHHO BYIKAHOMeH-
HBIMM TPaXUTaMH, a MPUMBIKAKUIMX BbICOT — FpaHuTaMu. [ JIaBHbifi HCTOUYHUK BOMbI
aas bacceitia o3epa Maram — goxau, Bemajawuie B ropax. Tam B Teuenue Bce-
r'o roja TeKyT peukH, BOfa KOTOpPbIX MEHEe MUHEPATN30BaHA 110 CpaBHEHHIO ¢ Bo-
noit ucrounnkos Creppa-Hesanwl (ra. 7). Korga Boaa crekaer no obpbiBam B [10-
JUHY pudTa, OHA OBICTPO KOHL eHTpUpyeTcs DJarojaps UCNapeHuo, a ¥ OCHOBaHuA
00pBHIEOB HCYE3aeT B ALMOBAAIbHBIX OTJI0KEeHUAX. HenpepblBHOro NOBEPXHOCTHOrO
croka B 03epo Maragu ner. [lporekas uepe3 allOBHAIbHBIE OTJI0XEHNS, BOAA CTa-
HoBUTCH elle Goee KOHLUEHTPUPOBAHHOM 3a cueT ucnapenus. Juwb yacts ee onyc-
KaeTcs 10 raybuH, N0CTATOYHBIX A1 ee Harpesa (reoTepMuyeckKuit rpagueHT B
moJuHe pudTa 0ueHb BbICOK). Boja BHOBb BBIXOOMT Ha MOBEPXHOCTb B Bije MCTOY-
HMKOB y Deperos 03epa. 3[lech 0HA UMEET yXe BbICOKYI0 KOHLUeHTpalmio coJel
(raba. 9.2). Jpurasice uepes "o3epo", Kak nopoB.iil paccoa B TBepao TpoHe, BOAA
nojsepraercd JalbHefllieMy UCTAPUTEIbHOMY KOHIEHTPHPOBAHMIO.

Wceaenys xummuueckuii cocras pos, Irerep [ 104) u Ixonc u mp. [194] Bbib-
pam Aasi geMoHcTpauuu sddexra ucnapesus XJAopuaHsiit uoH. [poncxoxaesne xJo-
PUIOB B 9TOi cucTeMe, NO-BUAMMOMY, NMOJHOCTBI0 CBA3AHO C [OXIEBOil BoJoik
[TocKobKy Xa0puAbl HE MOCTYNAKT M He YAANAOTCA B 3AMETHBIX KoJuuecTBax Haa-
rofaps UX B3auMofleficTBHIO C IopoJamMu M He ocaxaanTcd B Gopme codel, moka
BO/Ja He JOCTUMHET OuYeHb BBICOKOH COJEHOCTH, UX KOHIeHTpALUA B BOle ABJIAETCH
MHIMKATOPOM CTEIeHH BHINapUBaHuf, HAWIHAS C MOMEHTa BbinajeHus foxas. Ecam
KOHLeHTpawio aoboro Apyroro nona (Hanpumep, Hatpus, puc. 9.5) HanecT Ha
AMarpammy B Bufle QYHKIMU KOHUEHTpalky XJA0pHaa, TO MOXeT ObiTb BbifCHEHO, B
Kakix pa3mepax KOHUEHTpAlWs UOHA KOHTPOIMPYETCH NPOLeCcCoM UCnapeHis.
Bupna Takxke cTerneHb BJIMSHKMS APYrUX NpolleccoB Ha ero KoHuenTpauuo. Ha aua-
rpamme B JorapudMuueckux KoopAMHaTax TOUKH, COOTBETCTBYIOWME [POrpeceHB-
HOMy BBIMApMBaHMIO BO/bI, NOUKHBI JOKUTbCHA Ha JUMHUIO, MPOXOAALIYIO NOJ YTIOM
45°, He3aBUCHMO OT UCXOJHOrO COOTHOWEHUS KOHIEHTpAliA HAHOCHMMLIX HA [uar-
PamMy MOHOB.

/arpamma 3aBUCMMOCTHM KOHLIEHTPALMM HATPUA OT KOHLUEHTPAIMM XJA0puaa
(puc. 9.5) nokasbiBaer, uro GOALLWMHCTBO TOYEK J0KATCA BOJIM3N JMHMHM, UMEI0-
et HakaoH 45°, NpU U3MEHeHUH KOHLEHTPAlMKM Ha YeThipe nopsika. B orHocuTes-
HO MaJOMUHEpaM30BAHHLIX BOJAX HACODHBIX peuyek KOHUEHTpAalus HATpUA BO3pac-



Tabnuua 9.2. XuMHyeckui cocTae BoA (Mr/ Kr) cucTembl 03epa Maraau [194]

Na K Ca HCO,4 Co,4 S0, C1 510, pH
Pyubu Ha CKNOHAX KOTNOBWHbi 19 5 9,6 74 - 11 8,8 30 7.6
(cpennui cocTas)
I"opAYMe MCTOUHKKHM ( t> 50°C) 11400 204 a 12800 4180 171 5430 87 9,3
(cpennui cocTas)
Tennbie HCTOYHHUKH 10400 122 " 7680 5560 197 5 300 64 9,7
(t < 50°C)
(cpennui cocTas)
MnaBHoe 03epo, NOBEPXHOCTHbIE 106 000 1580 " 5000 83600 1680 64 500 819 10,5

pacconsl (cpeaHuA cocTas)

2Huxe npepena o6HapyXeHHA
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Puc. 9.5. KoHueHTpauuu HaTpUA M XNOPWAOB B Bogax pafona o3epa Maragu (no Srcrepy
u Xapou [ 105]).

TAeT ObICTPee KOHLEHTpAlMK XJOpu/a, CBUETeNbCTBYs O BIMAHUM BbIBETPUBAHUA
10/€BOrO WNara, TOr/Aa Kax Npi ouyeHb BbICOKMX KOHUEHTpalusx ObicTpee Bo3pac-
TaeT COMepKaHne XA0pu/ia B CBA3U C Ocax/eHueM HaTpus B hopme TpoHbl. Mexay
STUMH KpaHAMA MO3MIMAMN KOHLEHTPAIMA HATPUA, MO-BUANMOMY, KOHTPOJUDYeET-
Csl POCTHIM MCHAPUTEbHBIM KOHIIEHTPUPOBAHUEM,

Kauabuuit u maruuit seayr ce6s rak, Kak 910 NpeAcKas’aHo Mofedbio Xapam —
Ircrepa. B Bojax ManoMMHEPATU30BAHHbIX HATOPHBIX PpeueK OHM COCTABASIOT IMIAB-
Hyl0 QPaKIpio KATHOHOB (B Bojle HEKOTOpbIX peyek Gosee 50%). Koraa konuentpa-
15 YJIOPUZIOB BO3PAcTaeT, KOHIEHTPAIMH! Kabi}s ¥ MAarHUs CHUKATCA M B HCTOY-
HIKaX BOKPYT o3epa Mara BbiXoaaT 3a npe/iebl aHAIMTHYECKOTO OGHApY KeHns
(npumepHo 1 mr/xr). B Haropubix peukax

2m <m + 2m
Ca2t HCO 3 cog—
H
2m + 2m ]

<m +2m
Ca?t Mg 2+ HCO 5 coz=



248 naesa 9

4 T T T T
//
//
S 5%
3 // 'r —
. “
" / "’
= 7
3 2 e
# a*
e /
A //
58 4 o
£ #
{en // *
8 11 se ® —
I 7z
E w/ °
= ° 3 %
\. oo
o® i
[ ]
] ] | |
0 1 2 3

| o X
g mg,-, Mr3KB. /KT

Puc. 9.6. KapbonaThble GopMbl W XNOpuabl B BoAax pakona o3epa Maranu. MNyHKTHpHaR
NUHUA C HAKNOHOM 45° COOTBETCTBYET NOMOXEHHI0 TOYEK, OXHAAEMOMY NPU NPOCTOM Hcna-
penun (no drcTepy w Xapau [91)).

1n03TOMYy NpefnoaaraeTcd, YTo Kaibiuit ocaxnaercs B Gopme kapbonara, a mar-
Huit — B opMe KapboHaTa UM CUIMKATA.

Kap6onathble GopMbl yLalsioTCs U3 PACTBOPA NPU BCEX KOHLEHTPaUMAX
(puc. 9.6). Ha pasnix crammsax yJaneHue NPOMCXOMMT MJaBHBIM 0Dpa3oM 3a cuer
ocax/ienns KapOoHaTa Kaablus 1 kapboHara uaM cuaukara maruus. Ha npomexy-
TOHBIX CTaMAX HCO 7 nepexomur B CO3™ B COOTBETCTBUN C BO3DACTAIOWUMY
seanunnavn pH. [lpu arom repserca CO, =

2HCO 5 - CO2- + H,0 + CO, |
Ha KOHEUHBIX CTAUAX B NPOUecce 0CAXIEHUS TPOHbI M3 PACTBOPE YAAIAOTCH Kak
CO2-, rak u HCO7 =

3Na*+ CO2- + HCOG + 2H,0 = Na,CO, - NaHCO, - 2H,O.
TpoHa
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P v ¢, 9.7. Kamwi 1 xnopuga B Bofiax paiona o3epa Marafi. U3meHeHue HaKnoHa npu KoHe
ueHTpaywn C1~ oxkono 100 mr. aKB./Kr cOOTBETCTBYET nepexofy NOA3eMHbIX pACCONOB

B pacconb! 03epa (N0 3rcTepy W Xapau [o1 ]).

IMoBenenye Kams 1 KpeMHe3eMa SBJIReTCH ouelb cxoHbM (puc. 9.7 u 9.8).
Kanuit yzansercs us pacTBopa, BepoaTHO, B pesyibTare KaTHOHHOro oGMeHna, Kor-
Ja Boja TeyeT HMXe IIOBEPXHOCTH 3eMJM, a 3aTeM ero KoHLeHTpalus BO3pacTaer,
KaK ¥ clleJyeT oxuiarb B paccojax o3epa. KoHlueHTpaums kpemHedema B Malo-
MUHepaJu30BaHHbIX BOAAX FOp OTHOCHTEJbHO OMQUOPBSHB; OHa oCcTaeTCd NpUMepHO

| T i T
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P u c. 9.8. Kpemneaem u xnopugbl B Bogax pafoHa o3epa Maragu, CHOBa OTMETHUM, YTO
M3MEeHEeHWe HaknoHa HabnipaeTcA Npu nepexofe Nog3eMHbLIX pacconoB B pacconsl 03epa

(no arcTepy v Xapau [91]).
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P uc.9.9. CynedaThbl U XNOpUALI B BoAax M3 padona o3epa Maranu, MYHKTUPHAR NUHUA
C HAKNOHOM B 45° COOTBETCTBYET NMONOXEHWKD TOYEK, OXMAAEMOMY MpU NPOCTOM WUCNapeHun
(no Doucy W ap. [194], ¢ namenennAmu ).

noctosanHoit (50 Mr/kr) Bo Bpems Noi3eMHOl Gasbl 9B COCTaBA BO/IbI, A B
03epHBIX PACCOJaX yBeIMUMBABTCS HECKOIbKO ME//ieHHee, YeM KOHUSHTPalyui XJ10pH-
noe. [ToTepio kpemHesemMa B 2Ty §1a3y MOKHO NPEACTABHTL KaK pe3y]bTaT ocax-
fenus aMopdHOro KpeMHe3ema, oJHako foaee BEPOATHLIMU ee MeXaHu3Mamu sB-
ASIOTCA ancopbimMs M IMKIMUecKoe ucnapesne — pacTeopenue. [loreps xpemHese-
Ma 03epHbIMH paccoami MoxeT ObiTh pesyJbTaroM 00pasoBaHU#A UeOIMTOB MU
maragmra NaSi, 0, (OH), 160 xe pesyabrarom ancopbipm. OTMeTHM, uTO B
1eA0UHBIX PAccoJaX MOTYT BCTpeyaThes OUeHb BHICOKME KOHLEHTpallifi KpeMHe-
3ema (ra. 5).

CyJab®ar NporpeccuBHO yAalfeTcs U3 BOAbl HA BCEX CTaUAX 3BOJIOIMM pac-
cona (puc. 9.9). B pacconax o3epa npollecc yialeHus SBHO CBA3AH 0 BOCCTAHOB-
aenueM cyibdaros. B meree MUHEPAIM30BARHbIX BOAAX yAaleH|e CyibdaTos He
tuxcuposanocs; Jxonc u ap. [ 194] npeanoaarawT, YTo BO3MOKHBI KaK ancopoums,
TaK M BOCCTAHOBJEH!E,

Jlnarpammbl B A0rapuiMUYeCKUX KOOPMHATAX, HCIIOIb30BAHbIE BBILE, AAI0T
HECKOJLKO MCKaKEeHHOe NpecTasleHue o npefele, 10 KOTOPOIC CHUKAIOTCS KOH-
L|eHTpAIMM Pa3IMuHbIX MOHOB B PACTBOPE B Mpolecce 3BOJIOLIHM Paccoa. 3a uck.o-
yeHHeM HATPUA I XJA0pUfa, COAepKaHus APyriX MIABHBIX MOHOB, NPUCY TCTBYIOUMX
B BO/le HCTOUHIKOB BOKpYI' 03epa Maramm, npecTaBisior Jullb Maayio 100 UX
COfep# AU B MaJlOMUHEepaIM30BaHHbIX BO/IAX HArOPHBIX peueK (puc. 9.10).
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MoBepxHoCTHbIE Manomuxepanu3oBaHHan Conexan nofsemHan  Pacconsi 03epa
pYusH (Cpeamui noasemHan Boaa BOAla MOPAYKX OCTATOUHO-
cocTas) Konoayes Haonst MCTOUHMKOB HAONBI  HACbIWeHHbie
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P nec. 9.10. MNpoueHT pacTBOPEHHbIX BEWecTs B ManoMWHEPan430BAHHOM NPUTOKE, KOTO-
pble YAANAIOTCA HA pa3nuuHbIX CTAAMAX WCnapeHuA B cucTeme o3epa Maragu (no Oxok-
cy u ap. [194]).

Mna#nA Tunc-Mapw, HeBapa. Tuac-Mapw — aro naaita (Typkmenckoe "rakbip”.
—llpun. nepes.),naxoaauascs B 3aMKHyToM Gacceitne B 3anajnoii Hepane. Ona
MoXoka Ha 03epo Maraam B TOM OTHOWIEHMM, YTO HAXONUTCH B paiioHe MHTEHCUB-
HOT'O WCIIApeHNs 1 JeXUT Ha N3BEpKEHHBIX Nopojax, HO OT/HUaeTcd 10 pa3Mepam
(Tuac-Mapu MHOrO MeHbIle) M, 4TO Camoe I'J1aBHOe, 110 M'MAPOJOrHYECKOMY PexXu-
my. B cayuae ozepa Maraau maiomiuHepaiu3oBanHble BOJb! I'yMUHOM 30HLI Mop
CTeKalT B apuiHylo Hu3uHy, Toraa kak y Tunc-Mapw apuanbiM siBaseTcH Becb Bo-
pocbopubiii 6acceiin, McTounnk Bojbl — TOABKO TOXKMWM U CHeronajisl B camMoM bHac-
ceitue. Kpome Toro, B 6acceiine Tuac-Mapu, BepoarHo, oTcyrcTByer ruyGUHHAs
1 MPKYASLHS TI0/J3EMHBIX BOJl U COBEpIIEHHO HeT IOpAYMX UCTQUHUKOB. XuMUueckui
cocras BoJ UCTOUHKKOB B Gacceiine Tuac-Mapu neab3a o6bACHUTL NpocTOil 9BO-
Jolpeit BOAb 0T e/IMHOr0 MAIOMUHEPEIM30BAHHONO HCTOUHUKA [I0 KOHIEHTPAPOBaH-
HOrO paccoda, Kak B cayuae osepa Maragu.

Xumuueckuii cocras Boa ucrounnkos B Hacceiine Tuac-Mapm n3yuanca Cvu-
rom u Jpusepom [ 307]. Ouu pasgemmau MCTOUHWKK HA TPU FPYNIBL B 3aBUCHMOCTH
OT MX COJEHOCTH ¥ MECTOHAXO0X/eHU:

1. VcTounuky ¢ ManoMHHEepaIn30BaHHbIMU BOAAMM, BBHIXOASIME HA OTHOCH
TebHO BOJbIIMX BHICOTAX K Iy OT nJiaiin (cBeTable TpeyroibHiuKu Ha puc, 9.11 —
9,13).

2. McrouHMky ¢ BOJIamMy NPOMEXYTOYHO/ COJIEHOCTH, C KOTOPbIMY CBA3aHa
cyanGuIHAT MUHEPAIM3alMs K CeBepy OT MJaifn (CBeT/ble KPyXKM Ha PUCYHKAX).
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P uc, 9.11. KoHuyenTpauuu cynedaToB ¥ XNOpPWAOE B BORAX MCTOUHMKOB BaccedHa Tunc-Mapu.
XupHaA NWHWR COOTBETCTBYET cocTaBy, NpefcKkasaHHOMY Ha OCHOBE NpocToro BbinapuBa-
HWA cHera, TOHKWe NUHUK CBRA3bLIBAIOT pe3yneTaThbl ANA OOHUX U TexX e UCTOYHHUKOB, NOoMy4eH-
Hble NeToM (GonbluMe KpYxKu) H 3uMoi, O6bACHEHHe CUMBONOB AaHO B TeKcTe (no CMATY

u Opueepy [307]).

3. McTo4HMKM C BOA@MHM OTHOCHTEJbHO BbICOKOH KOHLEHTpauuu BOMM3K camoi
naaiin (cBeTable KBagpaTh) i no nepudiepuyt ai0BUAILHBIX OTJO0XKEH!A BOKPYT
naai (TeMHble TPeyrodbHUKK U KPYKKH).

CooTHOLIEHMEe MeX/y KOHLUEeHTpauMaMy cyab(aToB M XI0pHI0B B BOJAX MCTOY-
HUKOB M MECTHBbIX 0Ca/IKoB npejcrasieHo Ha puc. 9.11. Conepxanne cyabdaros
B BOJaX MaJOMHHEPAIM30BAHHBIX HCTOUHUKOB 0AM3KO K TOMY, KOTOPOE MOKHO Obi-
JI0 OXKUATh IIPU NIPOCTOM BblllapUBAHKK CHera UJau JIO)K,D.BBOﬁ BO/bl. B BOJax uc-
TOUHUKOB [POMEKYTOUHOT COJEHOCTH NPOABAAETCH ABHASA CBA3b C BhIBETPUBAHKEM
cyabguAoB:

2FeS, + 7,60, + 4H,0 = Fe,0, + 8H* + 4503~

JeTouHMKM ¢ KOHLIEHTPUpOBAHHBIMU BOaMi B [AeHCTBUTEJbHOCTH OOeDXKAT CyJib-
GhaToB Menvue, YeM CAe0Bal0 Gbl 0XUAATH NpH MPOCTOM MUCIApeHHH cHera Miu
HoxzeBoit Boabl. [loreps cyabdaros, kasanoch Obl, Moria ObiTh 06bsACHeHa (B CO-
OTBETCTBUM C Mojedbio Xapm — JrcTepa) ocakleHueM FUNca, 0HaKo BCe BOAHI
MCTQUHMKOB ABJAITCH B 00JbLIONA CTENEHH HeNaAchluyennbiMy 10 OTHOUIEHNIO K THIl-
cy. Cvur 1 [IpuBep Aas oObACHEHMS 9T0i Kaxylieiics aHOMamMy NPUBACKIN L MKIH-
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Yeckiue YBIAKHEHUA U BbICHIXaHMA. Korja 1ox /b BhiMafaer B TAKOM apuOHOM
paione, kak 6accei Tuac-Mapuw, on ypraxHseT semmo Ha rayGuuy menee 1 m. Toc-
Je 0K BOJa HCapAercs, OCTABIAR B Bu/le TBep/1oil $assl Bce pacTBOpeHHbIe
COJit, COMepXallMecs Kak B camoif 0XAeBoit Boje, Tak i Mepele/ume B pacTBop

B pesy.ibTaTe B3aUMofelcTBuA ee ¢ nopoaamu. OveHb pedko cayyalTes IMBHM,
AOCTATOYHO MHTEHCHBHbIE, YTOObI BOAA NPOCAUMIACch Yepe3 NOYBEHHYK 30HY U Ha-
yala NoAmUTHIBATh TPYHTOBbIE BoAbl. [Ipocaunpaiomancs soja GyLeT noJHOCTLIO
pacTBOPATH BCE BbICOKOpacTBOpUMbIE coam (Takue, kak NaCl), HO aumb yacTHy-
HO — OrpaHM4eHHO PACTBOPUMBIE cOJM THNA runca, Takum obpasom, sola, nMTawWasn
TpyHTOBble BoAbl, Oyner kasarhcsa obeanennoil cy1b(aroM N0 CPaBHEHNIO C XJIOpK-
Jom u GylleT HeHACHIIEHHOM 0 OTHOWEHUIO K MUIICY, TAK KaK BPeMA KOHTaKTa I'I-
ca c BO/I0#i OblIO HeJOCTATOUHBIM /ifl YyCTAHORIEHHS PABHOBECHS MEKILY HUMHU,
/pusep u Cvnt [91] Bocnpouspemt aroT npoliece B J1adoparopibx yeiopmsix. Ouenb
CXO/IHbIH MeXaHW3M HabnaaeTcs pyu PacTBOPEHUH CoJlel, OCaxXIeHHBIX B 30HEe
KanuIApHBIX BOA HaJ 3epKaloM rpyHToBhx BoA. Koraa sro npoucxomut 6amsko
OT NOBEPXHOCTH 3eM/H, BOAA, MOJHNMaeMas KanuIIApHEIMY CUAAMY BhIllE 3epKana
IPYHTOBbIX B0/, Oy/leT HCMapATbCA M OCAX/IATH COJM, JAKEe eciu TPYHTOBbE BOLBI
cami 1o cebe He HACHIEHBl MO OTHOWeEHMIO K 3TuM coaaM [ 159]. Ecau 911 coan
BbilllelauMBaITCA NpocaunBamlelics BoAoH, TO X10pi/b pacTBopAlTCs GBICTPO,

4 I'MIIC ME/LIEHHO, YTO NMPUBOIMT K pe3y.bTary, obcyxiasuieMycs hime. Orme-
THM, YTO Npo0bl BAAKHOIO ce3ona (puc. 9.11) coepxar MeHbule XA0pHI0B 1 HOIB-
we cyJabdaros, yem npobbl CyXOro Ce30Ha, YTO M GJEOBAI0 0XUJATh HA OCHOBE
MexaHn3Ma ucnapense — pacTBopeHte.

Ha narpamme 3aBiucHMOCTM KOHUEHTpaUMH HATPUA OT KOHLUEHTpaLWM XJAopuaa
(puc. 9.12) amuua mon yraom 45°, npoxojisuan Yepes TOUKM, COOTBETCTBYIONNE
MCTOUHMKAM C KOHUSHTPHPOBAHHON BOMOM, 0HOBPEMEHHO MPOXOJMT i Uepes TOUKY
(41 06418CTb, yUMTRIBAIOMYIO AHAMUTHYECKHE NOMPEIHOCTH), COOTBETCTBYIONYIO
cueronany. Takum obpasom, HaTpuil B KOHLEHTPUPOBAHHBIX BOJAX MOI GOHITH
TOJHOCTbIO NpHOOPeTeH 3a cuer 4oXAs i cHera 6e3 3aMeTHOr0 y4acTHs BhIBETpH-
Baoumxes nopo. Touky, NpeicTaBafoLMe HCTOUHUKY C MaJOMUHEPaIA30BAHHBIMU
BoJiaMi (pacroioxenHble Ha DoJee BHICOKMX OTMeTKax peJbeda, rjie ocaakos 60.b-
we), Jexar Bbllle JUHUA C YKAOHOM 45°, 4To CBUIETE]bCTBYET O MOCTYILASHMH HaT+
pis U3 BhiBETpUBAKllErocs nojesoro mnara. OnHako B 6acceiiHe B uesoM 019 HaT-
pit#i, obpasyolerocs Np1 BeIBETPUBAHUM MOPHBIX MIOPOJ], OYEHb Mala 10 CPaBHEHHIO
C ero NocTylleHneM U3 arMocdepbl, IT0, BEPOATHO, ABISETCH CAELCTBMEM aKKy-
MyAflMK coJelt BOM3M noBepxHocTH 3eMa. Korja BbiagaeT goxab, ero Boia
OLICTPO PacTBOpSET COJM, B TOM UHCJe HeKoTophie KapboHarsi. Beauuna pH u
co/iepXkaHie KaTHOHOB B Hell ObICTpO BO3pacTawT, CHIKad ee "arpeccusHoCTh",
[I03TOMY BBIBETDMBaAHNE CHIMKATOB CHJbHO 3aMe/ll1feTCH.

Kpemuesem faeT KapTHHY, PeOMETPHUECKH CXOAHYI0 C KAPTUHON 18 HATpus
(puc. 9.13). B ucrounMkax ¢ MalOMIHEDATUIOBAHHLIMA BOJAMH KOHLEHTDALUS
Si0, sHauuTe]bHO Bhille, ueM GJELOBANO Obl OXMAATH MPH POCTOM MCIAPEHNHH
NOX[fA U CHEra, uTo yKasbiBaeT Ha 3ddeKT BhiBeTpHBanus nopoa. Oanako B ucTou-
HMKaxX C KOHLUEHTPMPOBAHHLIMYM BOJAMM KOHIEHTPAIMK KpemHe3eMa SHaulTelbHOo



254 nasa 9

0,5

Ig m,,+, MMONb

—2,0 I I I I | L 1
20 -15 -—10 -—05 0,0 0,5 1,0 1,5

lg m MMONb

o
P Wc. 9.12. KOHUEHTPALWW HATPHA W XNOPMAA B BORax HCToWwMKoB Gacceia Tunc-Mapui.
MpAMER NUHWA, UMEIOWAR HAKNOH 45°, ABNAGTCA OMHOBPEMEHHO NWHWER Haunyuwero cooT-
BETCTBWA KOHLEHTPUPOBAHHBIM BOfAM. CHMBONLI Te e, Y4TO W Ha puc. 9.11 (no CMUTY H
Apweepy [307 ]).

HIXe, YeM OXHIaeMble, HCXOAS U3 MPOCTOro UCIApeHus J0KEBbIX U CHErOBbIX BO/.
Bee BO[Ibl CHIBHO He HACHILEHb! 10 OTHOWEHHI0 K aMopdHOMY KpeMHe3eMy M Moy
TH BCe — 0 OTHOWEHUIO K cemuoauty. [Ipeanonaraercs, uTo KpeMHe3eM, Ocax/ar0-
uptfics IpM MCIapeHuy Bofbl, HA CTAIMK NOCJeAyIero yBlaXHEHUS BHOBb He pacT-
sopsieTcs (cp. ¢ puc. 9.4).

Ecau CUMTaTh, YTO BCE XA0PUIb! B BOJlAX MCTOUHMKOB 3aMMCTBOBaHbI U3 aT-
Moctepsl, TO KOHLEHTpalMy Kalbljisl, Markus, Kaiisi i BeJuMHa eJouHOCTH B
KOHIIGHTPMPOBAHHDBIX BOlaX OYAYT HIKE 0XMAAaeMbiX MpH NPOCTOM MCNAPEHMH AOK-
45 v chera. Takum 06pa3oM, BAMAHME BHIBETPUBAHUA MOPHBIX MOPO/ HA XMMUUEC~
Kiit cocras Boj McTounMKoB B Oacceiine Tuac-Mapm sBaseTcs MUHUMATbHBIM,

BCe PACTBOpEHHbIE BEleCTBa B KOHUEHTPHPOBAHHBIX BO/IAX MCTOUHUKOB MOTYT
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P uec. 9.13. KoHyeHTpauuu KpemHe3emMa M Xnopuaa B BogaxX MCTOYHMKOB BaccedHa Tunc-
Mapw. MpAMaRA NUHUA, UMEIOWAA HAKNOH 45°, NPOXOAMT Yepes TOYKY, COOTBETCTBYIOWY 0
cHery, CMMBOMbI Te ke, YTo u Ha puc, 9.11 (no Cmuty u Opusepy [ 307 ]).

NpOMCXOANTb U3 aTrmocdepbi. Hanbosee BaxHbIM NPOLECCOM, KOHTPOJMPYIOWUM Xu-
MUUECKU COCTaB BOMbl, ABAAETCH, [0-BUAMMOMY, HCIAPeHUe, PUBOJIALIeE K 0CaX -
AeHuI0 coell, 3a KOTOPbIM CJeflyeT UX 4acTHUHOEe PACTBOPEHHE.

MCNAPEHHME MOPCKOH BOObI

Venapenue mMopckoit BOJbl IMPOKO U3YYanoch Kak reooramMi, Tak M XMMHKa-
MU FJIaBHBEIM 00pas’om Aas TOro, uTodbl NOHATH NPOMCXOXAEHUE IPEeBHUX MeCTOPOX-
nenuit com. Paccoabl, obpasyiomuecs Npi HEMOCPeICTBEHHOM BbillapUBaHyu MOPC-
Kol Boflbl, B COBpEMEHHOM MUpe nopasutelsHo pejku. OCHOBHAA Noc/eloBareb-
HOCTb MUHEPAJIOB, OCAX/AUNXCH NPY BhTAPUBAHUM MOPCKO# BO/bI, OnmMCEHA Ycur-
o eie & 1849 r. [331] (puc. 9.14). OnbiTel Yeurauo Oblau noBTOpeHbl MHOTO pas3
TMOYTH C O/IHUM M TEM Ke pe3yJbTaToM, U XOTH OCax/eHne He NPOMCXOAUT cpasy, Kak
TOJBKO 0CTUraeTcs HackileHue, "npomax”, no-BUMMOMY, ObIBAET 3HAUNTEABHBIM
TOJBKO /117 KapGOHATHBIX MUHEDAJIOB i runca. Miamenenve cocrasa pactsopa u
NOC/e0BATENBLHOCTD OCAXIAOMUXCH MUHEPaIoB OblM TAKXEe TeOPeTHUYECKH Paccum-
Taubl Xapsu u Ap. [150].

[ToBepxHoCcTHAS MOpCKas BOAa, 33 MCKIOUEHeM NOJNAPHbIX paioHoB, nepechl-
l[eHa OTHOCUTEbHO KalblMTa i aparoHUTa, M09TOMY KapOoHAT KalblMsi HAauMHaeT
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P uc, 9,14, KonuuecTsa conef, OCEXAAIOWMECA NPy BbinapuBaniu 1 N MOPCKOH BOALI. 3Ha-
YeHUA, NOKAa3aHHbLIE NYHKTUPOM CrnpaBsa, BblYMCNEHb! HA OCHOBE KOHLIEHTPauWA BEWwecTs,
OCTaKWKXCA B pacTBOPE B KOHYE ONbITa (AaHHBIE YCHrnuo [331], npeacTaeneHHble B BUAe
Ta6nuy CrioapTom [309]).

ocax/laThcA BCKOpe IocJe Hauana ucnapeus. B cBaA3u ¢ Tem YTO KOHUEeHTpauus
KaJbllis (B 9KBMBaJEHTaX) B MOPCKOJ BOJleé MHOI'O Bbille ejJ04YHOCTH, OCaxX/eHue
Kapﬁoﬂa'ra Kajibpla yCcTpaHfieT MouTH BCI0 LI€JQYHOCTD, a Kaﬂblmﬁ HaxkarnJuBaeTcs
B ocranmemcs pactsope. [locae Toro kak npu ucnapenuy yiansercs 80% sosp!

(4 ocax1ATCH NouTH Bee KAapbOHATH), HAUMHAET OCAXATbCA PUNC (CTeNeHb Bhina-
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puBanus , Tpebyolancs A48 0CAK/AEHUS TUNICA, CHILHO 3aBUOUT OT yCJoBMil 9KC-
nepumenta; [losusk [ 278] saweu, yTo ocax/eHue runca NPOMCXOT, KOrAa Hak-
TOp KOHLEHTPUPOBAHUSA CTAHOBUTCSH paBHbIM 3,35, a He 5). Konlenrpamys cymdara

B MOPCKOIi BO/le 3HAUMTEJIBHO BHIlE KOHIEHTpalyMu KaJbluid, TOSTOMY Ocax/eHue
runca NpUBOJMT K YAAJNEHHI0 U3 PACTBOPa MOYTH BCEro KaJblsi, TOra KaK KOH-
uenTpaima cyabdara sospacraert. [locae ucnapenns 90% Boaw (v nocae Toro, Kak
GoJbilas YacTh Kaablis yialeHa B GopMe rUnca) HauMHaeT oCakAaTbCs raiuT

Na Cl , BbIBOJA U3 pacTBOpa 3HAauWMTENbHYl0 yacTb HaTpus. [locae norepu 95% Boaw
HAUMHAETCH OCaxX/eH!e XJOpUAOB U cyibbaror Maruus u kams. Ha aroii cragum
moxeT obpasoBarbc Goablioe KOIMYeCTBO Pa3 MuHbIX coJiefl B 3aBMCUMOCTH OT
TEMNepaTyphl M (YTO OuYeHb BAKHO) BO3MOXHLI Peakly paccojoB ¢ paHee 0cax-
[eHHbIMU COMfMM. MHOrMe acnekThl MecTopoxaennit coneit GblM paccMoTpeHs!
Bpeiiuem [ 42], a TepmomMHaMuyeckie pacuyeThl NPUMEHUTENLHO K QUEHb KPEMKHM
pacconam — Bynom [351].

Ce6xu Mepcupckoro sanuea. BeposiTHo, HauboJiee U3yUEHHBIM NPUMEPOM
COBPEMEHHOT0 NIPHPOJIHOTO MCIapeHus MOPCKOH Bojibl ABAseTcA npubpexnas ced-
xa BOam3u Aby-/labu B Iepcunckom 3amse (puc. 9.15). pubpexavie cebxu —
370 ODLKPHbIE MIAIAM, pacnojaraouuecs Bbille ypoBHA Haubojee BbICOKMX Mpu-

FZ73 <200m /
Bl ce5xa B

P uc, 9.15. Pacnonoxenue cebx MepcuAackoro 3anuea (no Natrepcony U KuHcmany [266]).

I7-78
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MopnaryHHan rpA3b

7 qyT CUGMEHTHPOBEHHbIA CROA ruNGa|

9 dyr - T

HacblwenHbie BOROA

NNeACToUeHOBLIE NeCKH
40 pyT

MHOUeHOBbLIE 3BANOPHTOBLIE NOPOALI
Cesep 1or

P W c. 9.16. CxemaTuueckoe ceuenue ce6xu Mepcuackoro sanusa BG6nH3M AGy-Oabu (no
Batnepy [58]).

JMBOB, KOTOpble NOABUINCE B peaylbTaTe CellMMeHTalli KaphOHATOB 1 OTHOCH-
TeJbHOI0 CHUXEHNUs ypORHA Mops. BhiCOTHOE MoJ0XeHne NOBepXHOCTH CebXH KOHT-
POIMPYETCH 3ePKaloM FPYHTOBBIX BOJ, KOTOPOE HAXOMTCH HA riyOuHe, He Ipe-
soiaomedt 1 — 1,5 M or nosepxsocTy 3emin. Koraa sepkano rpyHTOBBIX BOJ 3a@-
JeraeT Ha yka3aHHoii ruybuHe, 970 03Hauaer, YTO MOBEPXHOCTh [1OCTUIJA Aede
JISIAOHHOrO PABHOBECHS, IIPU KOTOPOM KAIM/IAPHAS BJATA y/EpKMBAeT 3epHa y roBep-
XHOCTH 3eMJM OT BbiJyBaHUsA I'OCNOACTBYIOLMMY BeTpamMu, AyIOIKMI C MOPS Ha
cymy. Xumuueckuii CocTap rpyHTOBbIX BOA cebxu M hopMUpOBaHUe IUAreHeTHUeC-
KiX KapOOHaTHbIX W SBANOPUTOBLIX MuHepanor obcyxiamenb Kuncmanom [204, 2051,
Baraepom [ 58] n Marrepcotom 1 Kinemanowm [ 266]. Monzeminie Bofbl cebxu re-
HeTHYEeCK! MOKHO CBA3ATh C ABYyMSA MCTOuHMKamu {Puc, 9.16): MOPCKO# Booi, Ko-
TOPYIO HAMOHAKT HA NOBEPXHOCTh Ce0XM CHAbHbIE BETPbl C MODH, M IPYHTOBBIMHU
BOJlaMK, KOTOpble ABHAKYTCA CO CTOPOHBI KOHTHHEHTAJAbHOI cymu K Beperosoii yac-
T cebxu. 3/1ech 06CYKAAETCA TOIbKO 3BOJOIKSA PACCONO0B, MEHETUUECKH CBS3aH-
HBIX C MOPCKO# BO0#, B yca1oBUX cebxu.

K orkpsiToit Mopekofi aaryse npuMbikaeT NpuMBHAs 30HA, WHPHHA KOTOPOH
06B14HO He npesbiuaer 1 kM. OHa peryaspHO 3aTONAAETCH MPUIMBHBIMA BOAAMHU 1
NOKPBITA KOBPOM U3 KUBLIX CHHE-3elieHbIX Bofopocieil, B npuGpexubix ocamkax
1 BOJIOPOCJAX NPUJIMBHOMN 30HBI BCTpeUYanTCH Kpucralibl runca. C yaaiesuem oT
NpUAMBHON 30HbBI B T/y0b CyWH MUNC HA MOBEPXHOCTH Ocajka HabawoJaeTcd yxe B
13061aMK, 0CAIOK CTAHOBUTCH 0JOMHTU3HMPOBAHHDIM, @ 3aTeM NPOrpeccMBHO BO3-
pacraer xoauuecTBo aHruaputa CaSO, , Toraa kak cojepxaHue IHICa CHIKAETCH.
Ha nopepxnocTy 3emau BerpeyvaoTcs SemMepHble 0bpa’oBais MalMTa, HO Noc-
TOSHHAA aKkKyMyJIAMA MaJMTa (41 PaCTBOPUMBIX coJielf KamMsa U MarHus) OTCYTCTBYer,

Iri HABMOJEHUS COBNAAAIT C MPOCTHIMM NPeACTABIEHUAMM 0 XHMUM HCIIapH-
TeJbHOr0 KOHUEHTpupoBaHus Mo pckoii Boabl. Kak u cleloBano oxuiaTb, FUIC B
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P u c.9.17. 3aBucumocTb oTHowenna Mgt/ Ca?" or KOHUeHTpauuu Mg B Bofe cebxu

B6nu3n AGy-[abu (no Batnepy [58 J).

3BANOpPUTOBO} N0C/E/10BATeIbHOCTH ocaxaaeTca pato. Ocaxaenue runca npuBo-
[MT K YAAIEHHI0 U3 BOJbI Kaabl|iA, uTo yBejuunBaer orHomenue Mg / Ca (puc. 9.17).
Korpa 3ro oTHomenne npesbiwaer 3Hauekne, Oin3koe K 6, kapboHar Kaiblms

(e dopme aparouuTa) B ocajike NpeBpallaeTci B 10J0OMUT B COOTBETCTBUM C ypaB-

HeHnem
2CaCO4 + Mg?+ = CaMg(CO,), + Ca?*.

Kaubimii,. BeicBoGoXatomuiics B npolecce J0JOMUTH3AIMN, 0CAXKIAETCA B BUle
runca. Obpasopanue aHrugpuTa 3a cuUeT MUNCca ABIAETCH CJeNCTBUEeM BbICOKMX CO-
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P uc, 9,18. COOTHOWEHWE YCTOAUNBOCTH MHNC — BHFUAPHT (no Xappu [142]}.

JeHOCTH # TEeMIEepaTyphl PaccooB B npubpexuoit uacTu cebxu. CooTHOWEHNE run-
ca M aHruapura onuchbiBaeTci peal(m&eﬁ
CaSO, . 2H,0 = CaSO, + 2H,0,

runc aHFUAPHT

K _ad

paBH "H2 g °

AKTHBHOCTb BO/bl B YCJOBHAX PABHOBECHS TMIC — AHTMAPUT MOKas3aHa Ha puc. 9.18.
Paccounl u3 BHyTpeHHelt yacTu cebXu MonajaoT B Npefedbi Nos yCTo#uMBOCTH
AHTMAPUTA, YTO COOTBETCTBYET MUHEDANOTHYECKUM HabaoneHuamM, AKTUBHOCTD BO-
[1bl B KOHIIEHTPUPOBAHHbLIX paccojax 3HauUMTeNbHO MEeHblle eIWHHUIbl.

OrcyTcTBUe aKKyMyaaluyu ramra u 60j1ee pacTBOPUMBIX COJell Ha NepBbiii
BArAA[ Kaxercs yauBuTe bHbIM. Paccoabl Ha boabell yacTyu cebXu HachllleHb! oT-
HOCHTEJNbHO TalnTa, Mo9ToMy MOXHO GblI0 Obl 0XU/]aTh, YTO OH OyleT HakanuBa-
thes. OIHMM U3 BO3MOXHBIX 00bAcHeHult 9Toro dakra ABAsETCH TO, YTO, Korja ceb-
Xa 3a1MBaeTcs MOpCKO# W/Mam 10XeBoil Boflo# Bo BpeMs ITOPMOB, BeCh MajluT
BHOBb pacTBopsiercs. Jpyroe ofbacuenue (Kuncman [ 206]) cessano ¢ armocdep-
Hoji Baaroit. Kak yxe ynoMuHanoch, aKTUBHOCTb BO/bl B PACCOJIAX CHUXKAETCH C
yBeJnyeHiHeM HX COJEHOCTH. AKTMBHOCTb BO/IbI B PACCOJE YMCIEHHO paBHa OTHOCH-
TeJbHOM BAAXHOCTH aTMochephl, KoTopasd Gbiia Gkl B paBHOBECHH ¢ paccoaoM. Jas
NPOCTOr0 MCTIapeHns MOPCKOit BO/Ibl paBHOBECHAN OTHOCHTEIbHASA BJAKHOCTD B Ha-
yale 0CaXeHUs runca cocTasuaa 6u1 93Y%, B Hauane ocaxnenus ramra — 76%, a
conell kamma ¥ Marama — 679 wm mmxe P (puc, 9.19). Ecam armocdephas Baax-
HOCTb Bblllle BJAXHOCTH, PABHOBECHO! C [aHHbBIM PaccoJoM, TO UcnapeHue HeBO3MOX-
Ho. Hanporup, Boaa u3 arMocdeps Gyfer pasbarasTb paccon. Cebxu [lepcuncko-

) Tounsle BenHuMHbI HeobXoaumMbl TONLKO B TOM cnyuyae, ecny paccon 4 armocdepa
WMEIOT OfIHHAKOBYI0 TemnepaTypy [ 3as].
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P uc. 9.19. AKTHBHOCTb BOAbI @ H,0 B MOpPCKMX PAacCOonax, NOABEPrallWMXCA BbiNapUBaHHIo,

OTHOCHTENbHAA BNEXHOCTL aTMocdepbl B paBHOBECUW C PACCONOM — 3TO aKTWBHOCTL BOAb!,
BblpaxeHHan B npoyeHTax (no KuHcmaHy [206]).

ro 3alMBa Pacho/iokekbl B HENOCpPeCTBEHHOM HAM30CTH OT ero OTKPHITHIX BOA, 8
BeTep HanparJeH B OCHOBHOM B CTOpOHY Depera. O6blunas JHeBHaA BAAXHOCTb
Bo3/yXa cocrapaser 34 — 45%, Ho No HouaMm OHa, KaK NPaBUJIO, Bhille 90% u uac-

to pocturaer 100 9% [206). Takum 06pasom, NOBEPXHOCTHbIE 00pa30BaHUA raIMTa
(1 GoJee pacTBOPMMBIX CoJelf) 0 HOYAM [I0J/DKHBI NMOTJIOWATh BJAry U3 aTrMoc~
depbl 1 pacTBopsThCs, CllefloBaTelbHo, BEpXHUi Npefiell CONeHOCTH PaccoIoB

cebxu 06yCJOBIeH BAAXHOCTbI0 arMocdephl. EcTecTBenHbIM caelcTBueM 9Toi Teo-
pMM SBASIETCS TO, UTO AUt i HoJlee pACTBOPUMbIE COMM MOMYT HAKAIMBATLCH TO/b-
KO B Cpefie C OTHOCUTEeJbHO HU3KOH BAAXHOCTBIO armMocdieph,

CONEHLIE SOPMALUMWOHHBIE (NNTACTOBBE) BOOH

Bogpi B nopax ocafiouHbiX MOpoj, 3aleraioumux Ha 6oabiuix riybuHax, 4acro
ABAAIOTCA coneHbiMi. Takue Bobl 06BLIYHO BCTpEUAOTCS Ny NoucKax Hedru, B
CBA3Y C YeM MX YacTO HashBaloT wefmanvimu paccoramu. CocTas U CONEHOCTD
TaKux Boj BapbupyioT B wupoxux npefenax [ 339]1. Xuruow u ap. [ 167] nokasam,
4TO cpenneB3pewentbiii o 06veMy cocTas popmaloRHbIX Boji 3anajHo-Kanancko-
ro ceaMMeHTaLMOHHOro Gacceitna nofoben cocrasy Mopckoit Boasl, ['1asHble pas-
JMUMA COCTOAT B HECKOJLKO NOBBIlIeHHBIX KOHUeHTpaimsax Na u Cl, 3HAUMTENbHO
Ganee Bhicoiux —Ca 1 Bosee Hu3KuxX KoHuenTpamsx Mg u SO, cpeanero cocraea
PACCOJI0B 10 CPaBHEHUIO C MOPCKOi Bofolk, Anamusel Aefirepus u 80 (ra 15) Tex
%€ PaccoJOB CBU/IETEeNbCTBYIOT O TOM, UTO OHM SBASIOTCH CMeCsMH MOpeKofi U
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MeTeopHoii Boj B pasmnunbix npornopimax [ 166]. Xuruon u ap. npeanonoxuam, uro
dopmalonnble BOAbI NepBoHaualbHO OblaM MOPCKUMM BOJAMM, NOrpPedeHHbIMA B
npoliecce 06pa3oBanus ocankoB. Béabwas yacTb nepeoHauaIbHON BO/IBI MO3/HEe
Orlia 3aMellleHa MeTeopHoit Bojlofl, HO pacTBOpeHHble B Hell BelecTsa 0CTalCh
raaBHbIM 0Bpa3omM Gaaroaaps memOpasnoit duabTpamm (ri. 4). Hapsay ¢ memo-
panHoii guabTpalmed, coraacko XHTYOHY U [Ip., MOIIM HI'PATh BAXHYIO pOJb Cle-
Oylolue MpolLieceh:

1. PacrBopenie raaTta. ¥Beanuenue cojepxannii Na u Cl no cpaBHeHnio c
TAKOBbIMU B MODCKO# BOJle 0DBACHANOCH PACTBOpPEHUEM IaiuTa MOPCKAX 3Baro-
puros. Pacnpenenenue kontenTpaiuii Na u Cl B GopMaIMOHHBIX BOAAX XOpouIO COr-
JacyeTcs C yCTAHOBJEHHLIM paclpe/ieenneM 3sanopuroB. PacTeopenne saro-
puroB 1 MemOpanHas GuJbTpalMA, NO-BHAMMOMY, ABJAIOTCH I'IABHbIMU NPUUYMHA-
MU BBICOKO# cojieHocTH (hopMalpOHHBIX BOM.

2. JonovuTn3ams. Boicokue konuentpaunyu Ca u mu3kue Mg no cpasHenuio ¢
TAKOEBIMH MONCKO# BO/JBI SIBASIOTCA 0buefi ueproit opmatmonibx Bol. Muorue
ABTOpb! OOBLACHAM OTO JOJOMUTH3ALNEN paHee OCAXIEHHOr0 KalblMTa (oTHOWE-
Hue Mg 2+ /Ca2t s cocymecTBYOWMX KAIbLMTA 1 0JOMUTA CHUXAETCH C yBe-
JuueHneM TemnepaTyphi), Ho Xurdon u ap. [ 167] nokasanm, uto craTucTiyeckoe
cooTHOWeHne Mexay KonuenTpaimamu Ca u Mg He OblIO NPOCTBIM, T.€s JOJOMH-
TU3aIMA He Oblia eMECTBEHHBIM NPOLIECCOM, YYaCTBYIIMM B STOM paclpeseneHiy,

3. BakrepuaibHoe BoccTaHoBJeHue cy/lbdaror. B dopmaimonHbiX BoAAX, Kak
npaBuio, HabI0ATCA OTHOCUTEIBHO HU3KHE KOHIEHTpaly cyib(aroB (MMeer-
Cst M MHOT'O MCKAKUeHnii), yro o0blHO 00bACHAETCS MX BOCCTAHOB/EHAEM (ML 12).
Opnako XuTUOH U [ip. OTBeprawT 910 00bACHeHue, Tak Kak colepxaute H,S B
BOJIE M .COMYTCTRYWIEM efi ra3e He COOTBETCTBYeT IOTEPAHHbIM (OTHOCHTEJIbHO MOp-
cKoit Bogibl) cyibdaram. OfHako 9Tu aBTOpPbl He pacCMarpUBai BO3MOXHUCTb,
npy KOTOpOJi NOTepAHHAS Cepa MOKEeT Haxo[MTbes He B Bule H, S, a B Buie mupura.

4, Ocaxjenne auruapura. Pacrsopumoctb auruapura CaSO, cauxaercs ¢
POCTOM TeMneparyphbl, a TeMIIepaTypa ecTeCTBEHHO yBeIMuUBAETCH C DayGUuHOM,
CoueTanue BbICOKMX KOHLEHTpalyii Kaiblis i NOBbIIEHHbIX TeMIepaTyp MoXer
NPUBECTY K OCAXIEHMI0 aHIpuTa. BrionHe BeposaTHO, 4TO B yAaJeHun cyabdara
U3 pacTBopa CyllecTBeHHOe 3HAYeH:He UMeeT Kak BOCCTAHOBJIeH!e Cyibharos,

TaK W OCaXJeHe aHrupuTa.

5. /luareneTuyeckue peaxiuu CHIMKATOB. YBeluueHne TemMineparypbl B CBA3M
© 3aXopOHEeHNHeM BhI3bIBAET PA3JuuHble JHareHeTiueckue peakiy, U3 KOTopbiX
Hanbogaee BaXHbIMH, I0-BUAMMOMY, ABJIAKTCA NpeBpalelie MIMHUCTHIX MUHepa-
/OB TUIIA CMEKTUTA B UIIMT 1 obpasopanye xaopura [ 176]. 3tu peaximn, Hecom-
HEHHO, RIMAT HA cocTap (HOPMALMOHHBIX BOJl, & TAKKE BbICBODOKIAIT BHYTpH-
cuoliyio Boy cMeKTHTa, OJHAKO oblilee X Bo3/eficTBUe Ha XUMMUeCKUii cocTan
BOJ B HACTOSlee BpeMs HE0CTATOYHO fACHO. ¥ anenue u3 pacrropa Mg oObsACHs:-
ercs o0pa30BaHMeM [MareHeTHYeCKOro XJIOpUTa.

6. Katuouuslit o6men. Mamenenns cocrasa Guiona 4 TeMIepaTypbl Bhi3bIBaOT
nepepacrnpe/ie/ielie HOHOB MeX/y PacTBOPOM U TIMHUCTHIMY MUHEpanamu i OKUC-
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Jamy (ri. 4). Yeeanvenue kouuentpaiuu Ca B opMalMOHHBIX BOJaX CRA3bIBANOCH
otyacTi ¢ 3amelienuem Ca?* , morsomenHoro Teepoit dazoii, na Nat,

7. Peakuuu ¢ yyacTiem opraHiueckoro BelllecTBa (IOMUMO BOCCTaHOBJIEHUS
cyabdaror). Xuryos i Ap. [ 167] ve orMeTH M Kakux-1mbo GAKTOR, KOTOPbIE MOKHO
Obij0 6b1 0OBACHUTL peakuuAMM, BKAOYAIIUMUA OPraHiuecKoe BelecTro, HO UX
McclefoBaHus He npejycMaTpuBau u3yyenue 3Toro acnekra, Hedrsauvie paccobi
yacro cojiepxar boJbline KoJaMuecTBa Opraiuyeckux aHuoHOE [344], obpasyoummx-
sl B Ipollecce W3MeHeHUs OpraHiYecKoro BeliecTBa.

Taxum oBpa3om, colexble GopMalMOHHble BOJb XApAKTEPUSYITCH WHPOKUM
AManas’oHoM XUMHUYECKOr0 COCTaBa, OTPaXalollero BIKAHNE GOJbLIOro wicha pas-
JIMUHBIX XUMUYECKUX NPOLEeccoB, ["1aBHbIMK MPUUMHAMYU POABIEHUA BBICOKMX CO-
JeHocTell ABAAIOTCA PACTBOPEHHE 9BANOPUTOR U MemGpanHas QuabTpauus (3Have-
HKUe KoTopoit Bce ke ocnapuBaercs). MxX HaxoxaeHue B NayGOKUX ClOAX, BEpOsT-
HO, CBSI3@HO TAKXe C TeM, YTO IIOTHbe PACTBOPbI MMEIOT TeHJEHIMIO OyCKaThCs
BHU3, BHITECHAS NPU 9TOM MeHee ILIOTHbIE PACTBOPHI K NIOBEPXHOCTH 3eMJH,

BHBO b

Cocras Haubosee COMEHBIX PACCOJIOB Ha 3eMHO/ OBEPXHOCTH MOXeT ObITh
oOBbsiCHeH ucnapeHeM maloMuHepaam3oBanubix Bof. Obuwas TenaeHUus And HATPUs
COCTOMT B yBelMUYEHUH ero COJepkaHus 10 CPaBHeHMIO C [PYriMMu KATHOHAMM 10
KpaitHeil Mepe Ha paHHMX cTauAx ucnapenus. CocTas MaloMUHepaIM30BaHHbIX BO/
(noTeHUMANbHLIX NPe/lleCTBEHHUKOB paccoos) obcykpaancs B ri. 7 u 8. Paccoan
KapGoHATHO-HATPUEBOr0 TUIA, NO-BUAMMOMY, 06pas3ylTCa U3 BOJ, NPUYpPOUEHHbIX
K obaacTy 3aneranna M3BepKeHHbIX UM BhICOKOMeTaMopdu3oBaHHbIX nopoj. B
TaKuX Bojax
MHCO; = My ++ Mg+ ¥ 2 Meoa2+ T 2mMg'«’+
1, clefloBaTebHo,

m >2m +2m

HCO 3 Ca it Mg 2+
YyTo ABASETCH I'Ja BHbIM yCJoBieM HOpMUPOBAHMS WENOYHBIX paccoioB, Paccodn,
oboraieHHbie cyibgaramu, odbiuHo obpasyloTes U3 BoJl, MpUYPOUYeHHbiX Kk obaac-
TH 3aJeraHns 0CaJouHbIX MOPOJ MM MOPCKMX 9BanopuToB. Mopckue aBanopuTbi
NOCTaBJSIOT CyAbharsl U3 TUNCa, a NIMHKCThIe CAaHIbl — 34 CYET OKMCJIEeHUS
nupuTa. [pi 5TOM HM ClaHIpb], HY SBANOPUTHI B NPOLECCE BHIEETPUBAHUSA CUIMKATOR He
nator rupokapborara, CoseHble 03epa 4acTo BCTpeyaloTcs B facceiiHax, KoTopsle co-
[epXar IBANOPUTHI IPEXHUX CoJeHbIX o3ep. [loBTOpHbI KA 3 THX Golee CTapbIX
9BAOPUTOB MOKET CTATh MIABHBIM (AKTOPOM, KOHTPOMMPYIOIMM XMMUYECKUi coc-
TaB BOJ W YACTO NPUBOAAUMM K 00pasoBaHMI0 XJOPUIHBIX PACCOJIOB.

3nauenne ANA MppHrayuu.licnoab30BanKe BoAbl A4 UPPUrallMi BCErja cornpo-
BOX/@eTCH UCliapeHnemM M 00bIUHO MPMBOJUT Kak K abCo0THOMY, TaK M K OTHOCH-
TeIbHOMY YBEIMUEHMI0 KOHII eHTPALl UM HATPHS BHU3 N0 TeueHuo. [1py BHICOKUX KOH-
LIEHTpALMAX HATPUA BOJA CTAHOBUTCY HENPUIOAHOM 1S MPPUralMM, NOSTOMY SKCTEH-
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CHBHOE OpolleHKe B BepXHeli uacT peuHoli cHCTeMbl MOXET cielaTh Hes(pdeKTus-
HOMl M/ HEBO3MOXKHOM MPPUralli0 B HUXHelt YacTu cucTembl, XOPOWHM NPUMEPOM
970t MpobIeMbl MOKET CAYXMTb cUTyalMs BAoJb peku Kosopano.

3HaunuTelbHAA YACTb BO/bl, HCNOAb3YyeMas s uppuraiuy, GbcTpo Henapsercs
B arMocgepy, BhI3biBad OCaxXeHHe coleil /MM yBeauueHne CoNEHOCTH i colep-
KaHus HAaTpus B MouBeHHO} Baare. [lpodonkuTelbHOe yBelHUeHne CONeHOCTH
B pe3yJbTaTe 3TOro npoliecca CHUAAeT MI0A0pOAUe I10YB, NOSTOMY HeOoOXOAMMBI
3HAauMTelbHble 00BeMbl BOJbl, YT0Ob BbIMBITH COJIM HA IJiyGuHy, IpeBbilialollyio
raybuiy Kophelt pacretmii, Takm obpasom, Bopbba ¢ 3acoietem TpedyeT OQIbumx 0bbe-
MOB MPpUIalAOHHON BOJbl, HO 3TO MOXET CO3/aTh NpobJemMy 3acojioHeHMA Hernybo-
KUX TPYHTOBLIX BOJ MM HAXOAAWMXCS NOOIMBOCTH OBEPXHOCTHBIX BO/.
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Oxkeansl

leoxyminst okeaHoB ABAAETCS DOMBIIMM M CJAOXKHBIM NPEIMETOM HCCAE10BaHMi,
B 570/l rnaBe Mbl MOXeM 3aTPOHYTh JMllb HEKOTOPbIE €€ acleKkThl 1 06paTuTh BHH-
MaHue Ha npolecchl, peryupylolMe XuMiuueckuii cocras Mopckoii Boasl. /Ipyrue
acneKkThl MOPCKo# reoxumii 0bCYKIANTCA B pEKOMEHAyeMOii HiKe JuTeparype.

UHPKYNAUMKA

Boxbl okeana MoxHo nogpasfeunts (puc. 10.1) Ha Boab rayGunHo# 30HBI, Ko-
Topas BKayaer 809 obbeMa okeaHOB, BO/IbI MOBEPXHOCTHOJ 30HLI, BKAKYawLed
0KoJ0 2%, ¥ BOJbl 30HbI MUMKHOKAMHA (MM TEPMOKIMHA), pACOIoKeHHOR Mexay Hu-
Mi i BKJtovawwmeit okono 18% obvema okeanos. [1ybuntble Bo/ibl yMBUTENLHO 0]l
Ho0bpasHsl no Temneparype (6au3koit x 3°C) u conenocru (puc. 10.2). [NoBepxuoct-
Hble BoJbl GoJee 3MEHUNMBE 10 TeMIepaType 1 COJNEHOCTH U 3HAUMTEeNbHO Tellee,
yeMm raybuHHble (MX cpeauss Temneparypa pasHa 18°C). Taxum obpasom, okeatsl
ycToiunBo cTparuULMpOBaHbl, pUyeM Tellble ¢ Maloi IJIOTHOCTbLI0 BO/IbI PACHo-
JarawTcs Ha XOJo[HbIX Bodax, M3-3a aroit yeroitunsoit ctpatnduxammu cMemenne
TEMJBIX TOBEPXHOCTHLIX M TIYBUHHBIX BOJ MPOUCXOOUT JUlb B HE3HAUMTEMbHOM
crenenu. upkyasipsa raybuHHBIX BOJ CBA3aHA C TeM, UTO [OBEPXHOCTHbIE BOJbI Ne-
peMelanTcA K 1oa0cam, OXAaxAaloTcs U Norpyxawtcs Ha raybuny. B Araantu-
YeCcKOM OKeaHe MorpyxeHue MMeeT MeCTO Kak Ha ceBepe, Tak U Ha wre. B Tuxom
1 Wmuiickom okeanax morpyxeHiue npuypoueHo rJaBHbiM 06pasoM K ory. Komnen-
calys Bo/Jl, NOrpykKaWMUXcs Y Noacos, focTuraercs odumm 1MpdysuoHHbIM BO3-
Bparom CAyOMHHBIX BO/J B 30HY NUKHOKJIMHA, & U3 Hee B MOBEPXHOCTHYK 30Hy. Cko-
POCTb LMPKYJsALMA rayGUHHBIX BOA Takosa, uTo Tpebyerca okono 1000 er [ 511 nas
COBEpIIEHUS MOJHOTO UMKJA OT NOCpPYAEeHus BOA Y NON0OCOB, UMPKYIALMY HX B IIy-
OuHHOI 30HEe U [0 BO3BpAalleHUs K MoBepxHocTH. [losToMy yesoBeyeckas feATelb-
HocTb (Hanpumep, nocrynienne CO, npu cxuranmy MCKoNaemoro TOIMBA WM pa-
IMOAKTMBHEIX BellecTB Ipu ucibiTanuu 6omb), roobuie rosops, Bo3eiicTByer Tolb-
KO Ha [I0BEpXHOCTHYI 30HY okeaHna. [lorpebyercs okoio 1000 zer, urobbl 910 BIM-
siHME NPOABMJIOCH B riy6uHHOM 30He B 1esoM, [loBepxHOCTHAS 30HA HMEET /10BOJIb-
HO CJAOKHYK CHCTeMy TeueHuil (KOHTpoIMpyeMyio BeTpamy U Bpauetnem 3eman),
KOTOpas MOYTH He 3ABUCUT OT UMPKYAAMM MAyOGMHHBIX BO.

B Hacrosillee BpeMs OKeaHbl POCTUPAIOTCH B CEBEPHOM U I0KHOM HarpasJieHn-
AX NOYTH OT MNoJioca Ao nogwoca. [Toasphble peruonsl ceftuac ABASIOTCH OTHOCUTENb-
HO XOJIO/HBIMU 0018CTAMU € NIOCTOAHHBIM Je/IOBbIM NOKpoBOM. B reanornyeckom
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CpeaHAA

MoeepxHocTHaR Temnepartypa
30Ha 18 °Cc
O T T T
E 1+ 30Ha NUKHOKNKWHA =
$ i
g ‘ |
: ny6WHHaR 30Ha
= 4 ; .
CpenHAA Temnepatypa 3,5 °C
4 1 1 1 1 1 | 1 1 | | ]
60° 30° 0° 30° 60°
Cesep WupoTa or

P u ¢. 10.1. CxemaTuuyecKan guarpaMma CNOMCTON CTPYKTYpbl OKEaHa W OTHOCHTENbHOro
obsemMa KaXaod 30HbL!, 3ameTkTe, YTD "rnyGuHHAR" 30Ha BONKU3M NOMIOCOB NOAXOMMT K NoBepx-

nocTH (no Mpocey [140]).
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Touka TaAHKA NbAa
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ConeHocTb, M/Kr
P u c. 10.2. O6nacTH pacnpocTpaHeHnA TemnepaTypbl U CONEHOCTH B OTKPbITOM OKeaHe,
3awTpuxoBanHan obnacTe BknioyaeT 75% OKeaHcKoM Boab! (No MoHTromepu [243]u Mpoc-
cy [140]).

NpOILIOM KOHTMHEHTB M OKeaHbl UMeJU Hible KOHGUrypaluu, U pasiuuus Temnepa-
Typhl MEX/Y NOJIOCAMU M SKBATOPOM Obli B 06llemM MeHbllle, YeM B Halle Bpems,
Takum 06pa3oM, MaloBepoOATHO, UTo0bl IMPKYAAUMS BOJ raybuHHO 30HB!I Koraa-
aubo npouexomaa ObicTpee, yem cefluac, M, HANPOTHE, PO3MOKHO, UTO BpeMeHaMu
oHa Obiaa DoJee 3aMe/JIeHHO M,
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Acrtyapuu. Jcryapuit onpeneaserca [ 59] kak "nony3amkuyras npubpexnasn
Macca BO/Ibl, KOTopas MMeeT CBODO/HYI0 CBA3b C OTKPHITHIM MOPEM U B Npefie-
Jax KoTopoil Mopckas Bojla 3aMeTHo pa30aB/ifeTcs NMPecHLIMU BOJAMM, NOCTYIAI-
ummi ¢ cymn™, ScTyapun ABASIOTCH NPEJMETOM NOCTOSHHONO BHUMAHUA, TAK Kak
BNajawime B HUX PEKH YacTO 3arpa3HeHbl ObITORLIMU U MPOU3BOJCTBEHHBIMU OTXO0-
namu. JlonoaHuTelbEble 3arpsa3HeHus BHOCATCS HaceIeHHBIMHU IYHKTaMH 1 pe/-
MPUATHAMNM, PACNONOXEHHbIMU B/IOJL caMuX acTyapueB. Cpena acryapus Heobxo-
JMMa MHOI'MM MOPCKMM OpPraHM3MaM Hd ONpejieJeHHOM STane MX XU3HEHHOro LMK-
13, NO3TOMY 3arpA3HeHne SCTyapus MOXeT UMeTb JaleKo UIyliue 9KONOrHYecKue
NOCAeCTBUA,

lnpkyasiuma BoAb B 3CTyapuy onpejensercs pejbedom AHA, NPUIMBHbIMK Te-
ueHMAMU 1 00beMOM CTOKa npecHoit Bojbl. Pasmnuaor HECKOIbKO OCHOBHBIX TH-
noB uupkyasumu (puc. 10.3). B scryapun sepmukxarvnoro cmeuenus KOHTYphl pas-
HoO¥ coneHocTy Gosee UM MeHee BEPTHKAJbHbI, & COJNEHOCTh NPOrPECCUBHO yBe-
JMUMBAETCH BAOJb [IMHHON ock scTyapus. B caafiocmpamuuyuposannom scTyapun
0[], CJ1oeM MeHee MUHepaJIu30BaHHO BO/bI HAXOAUTCH CJoM Gojee MUHEpaIM30BaH-
Hoit Boabl. B cnoii Menee munepanM3oBaHHoil Bo/Ibl HeNpepheiBHO nocTynaer Goaee
MHHEpaIU30BaHHas BOJa; 5TO BhI3bIBAET TEUEHWEe COJIeHOH BO/Ibl B CTOPOHY CYLUH,
uT00bl BOCIOJIHUTh COJIEHLIE BO[bI, TIepeTeKaiolue B BepxHuii cioil. Cvewenne mex-
ay CJI0AMH JOCTATOYHO [JA NOARJEHUA 'PAJUEeHTOB COJEHOCTH KakK B BEpXHEM, Tak
¥ B HIXHeM cloe, B evicokoempamuguyupos annonm 3cTyapun cMelleHne Mexiy
Cl0sIMM BhIpaxeHo caabee. ColleHOCTb HUKHEro CJOA MOYTH NOCTOSHHA M paBHA
COJIEHOCTH OKeaHa, TOr/Ja Kak COJeHOCTb BepXHero CJos NporpeccMBHO BO3pacraer
B HanpaBJeHny K OKeaHy Kak C/le/ICTBMe 3aXBaTa COJEHOi BOJbl BEPXHUM CIOEM.
3nech TaKke UMEeTCs TEUYEHUEe BOJIbl HIXHErO CJof B CTOPOHY CYIIM, KOMIEHCUPYI0-
mee NoTeplo coJieHoll BoAb! pU CMellenun ¢ npecHol. B scryapuu coaes010 xauna
cojeHas Boja obpasyer KJIMHOBHAHYIO MPU3MY NOJ MeHee ILIOTHOH cTekawuleil ¢
cyum npecHofi Bofioft. J1 cHOBa BO3HMKAeT TeueHie COJNEHBIX BOJ B CTOPOHY CYIuM,
yTo6H! cHanaHCHpOBAaTh NOTEPI0 COJeHOl BoAbl B BepXHeM caoe. Tum uMpKy.1simu
B 9CTYapui MOXeT M3MEHAThCS B 3aBUCMMOCTH OT PeXMMa PeuHOro cToka. lis
9CTyapuA BIIOJIHE 0ObIUHbIM ABJIAETCA NEPeXo/l OT BEPTHKAIbHOIO CMelleH!s B re-
PHOJI BBICOKOI'O CTOKA K CTpaTH(uKaipii npi HH3KOM CTOKE.

[lepexop or npecHoil BO/bI K COJeHoli BhI3bIBAET Pu3HUECKHUe i XUMHUeCKHe
M3MeHeH|s pacTBOPEHHBIX i CYCIeH3MPOBAHHBIX BellecTs pek. 113 gusnyeckux
npolieccos Hauboaee BAXHBIM SBJAETCH QIOKY/AMMs, ['IMHnCTbIE MUHEpaL], Opra-
HUYECKoe BelllecTBO M KOoJUIoW/IHbIe THADOOKUCIbI Kele3a U alioMuius, obpasyio-
1Me YCTORUMBbIE CYCIIEH3MN B MPECHOH Bojle, CKAOHHB K GuioKyasmu (1. 4) u
BhinaneHuio u3 mopekoit sosbt [ 303, 41]. Korga xaombs BbNafaioT B CTpaTHhUIM-
poBaHHOM 3CTyapuy (BK/IKUAs scTyapuil coneBoro KiHa), OHY NepeMellaloTes
NPULOHHBIM TeUYeHneM MOPCKOH BOJIbl B CTOPOHY CyIy M, TakuM 06pasoM, MMeiT
TeH/IeHIMI0 HAKaNIMBATLCA B 9CTYapi, a He BhHOCUTbCA B Mope. Ecan ocanku
CTOYHBIX BOJl, OTBa/bI 3eMJeUepNaloK 1 Apyriue TBep/ble 0TX0Mbl CKAQMPY0TCH
3a npefeJamMy yCTbs ICTyapus, TO HEKOTOPAA UX YACTb MOKET MONACTb C IPHIOH-
HbIMY TeuyeHusMy coea B scTyapuit. Bopa [ 34] duxcuposan nepesoc raxkux ma-
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P uc.10.3. TunuuHble npotWnK CONEHOCTb — rNy6UHAa B 3CTYapHH BEPTHKANBHOrO CMe-
weHuA (&), cnabocTpaTutuumpoBanHoMm (G), BbLICOKOCTPATH(HUUMPOBAHHOM (B8), C CONEeBbIM
KNMHOM (). KOHTYpbI cnpasa — COneHocTb (B r/ Kr); MBC — noBepxHoCTE (no MukapAy [270]).

Tepuaios BBepx o acryapuio Temsnl (Aurams). B KoanonaHbIX BelecTsax, noj-
Bepraiumxcs QAOKyIAIMI B SCTyaphH, COAEPKUTCA BOMbIIAA YaCTb THKEIbIX
METaJLIOR KaK NPUPOAHOro, TaK i TEXHOreHHOro NPOMCXOXIeHHH, epeHOCHMBIX
pekoit, Ocaiki 3CTyapusi 4aCTO COAEPXAT BHICOKUE KOHUEHTPAUMH THAKEIbIX MeTal-
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a08B (ocobendo Cd, Cr, Cu, Pb, Zn), uTo MoXeT nosfeus 3a coboii TOKCHYHOCTL:
Cpeflbl, ONACHYI0 /15 KUBbIX OPraHM3MOB. 3aXOpoHEHHe OpraHMyecKoro RellecTBa
B 1ipejienax scryapus o6bIHO JesaeT ocajiku aHaspobubivu (M. 12), a B cayyae
CUIbHOrO 3arpA3HeHUs anaspobHoii 1, Cle10BaTeNbHO, TOKCHYHONR 11 BCeX Bbic-
nx MOPCKMX OPr'a8HU3MOB MOXET CTaTh HUKHAS YacTh BOJHOM TOJLM.

Xunvmueckue BaaumMoIeiicTBIs Mexly 0CAIKOM i BOLOH B SCTYapHi H3YUeHbl elle He-
AocrarouHo. Hexoropbie BeilecTsa, HarpiMep OpralHUeCKe COeMHEHN 1 TH/POOKMCIIb]
Kesie3a ¥ aOMUHNS, KOTOpbIe B PEUHO Bojie ONpe/IelsioTCs BHAIMTHYECKH KAK PAacTBO-
peHHbie (T.e. MpoXo/sue yepe3 MemOpanubiit GuabTp ¢ nopamu 0,45 mMkm), hak-
THYECKH ABAAKTCH TOHKUMH KONIOMAAMHU, FTH KOMIOM/E! QUIOKYIMPYIOT M OCAK 18-
lotes B actyapmi [41]. Ecan Bopa pexu focrarayto Kucaas, 4Tobbi cofepkats
BbICOKHE KOHIEHTPAIMM Ke/ie3a B $OpMe UCTHHHOrO PAcTBOpA, TO B SCTYapui
OHO BbIIAJAeT, BEPOSATHO, B Bule rupookucios [70]. Hekoropsie paccesmnbie
2JeMeHTbl, 8AcopGupOBaHHbIe TBePALIMHM YACTHIAMI DEUHBIX OCAIKOB, MOTYT ObITh
BbITECHEHbl B PACTBOP MOHAMH, CO/IepXalMMUCH B MOPCKO#i Bojie B Golee BLICOKUX
konuenrpauusx [203, 329]. Peaxiyuu karnonHoro obMeHa Ha MAMHAX, BKAKYAIO-
lije rJaaBHble MOHbI, PACCMATPUBAIOTCA B 9T0i raase u B . 4. Kpemuesem B sc-
Tyapui, BEPOATHO, SKCTPArupyeTCs U3 pacTBopa yTeM aacopbimm Ha rIKMHAX,
O[IHAKO OTHOCHTEJbHO KOIMYECTBEHHOro 3HaueHus 31oi peaxuyu [ 2] Her emunoro
MHEHHH,

COCTABE MOPCKOW BOAbN

Cpenuuit cocras Mopekoii Bobl npusefien B Taba. 10.1. B ueasx obcyxaenus
PacTBOpEHHbIE BellecTBa MOryT ObiTh MoapasieneHsl Ha KOKCED 6 amuaHble KOMIIO-
Hentbi (Na*, K*, Mg 2+, Ca?*, Cl—, SO 2-, Gopar) u nexoncepsanuansie
(pacrBopentbie O, u CO,, docoar, HuTpar, pacTBopeHHbil KpeMHeseM, pacTBo-
PEHHbIf yraepo/l OpraHuyeckux Coe/MHeHHH, paccesHHbe S1eMeHTbl, IeJ0UYHOCT ).
OrHowenue KOHUEHTPAIMit KOHCEPBATUBHBIX KOMIOHEHTOB K KOHIEHTpAIH XJ10pK-
Ia B OTKPBITOM OKeaHe [I0BCeMeCTHO O/IMHaKkoBo. CyMmapHas COJeHOCTh MOXeET
M3MEHATLCHA BCAE/ICTBYUE N0TepH K Jobarienns BO/Ibl B TaKUX [poleccax, Kax
ucnapetie U Bhiajiesne J0XAA WM 3aMep3akie M TasHie JbAa, HO 3TH Npolec-
CBl Hié BUSIOT Ha OTHOCHTEJIbHblEe KOHLIPHTPAIMM PACTBOPEHHbIX BellecTB, B 10 ke Bpemsa
KOHIIEHTPALMY HEKOHCEPBATHEHbIX KOMIOHEHTOR 3HAYHTE/LHO M3MEHSIOTCA B pe-
lenax OKeaHa, riapHbiM 06pasoM BCaeACTEHe BHONOrUYECKMX NPOIECCoB, Kambipmii
BKJlOYeH B rpynny KOHCEepBaTHBHBIX BelWecTR, XOTa U HabaoaawTes Hebolblume u3-
meHexms orHowenms Ca? /Cl—, Bee ruaptbie #0Hb MOPCKOit BO/IbI OTHECEHb! K KOHCERE-
TUBHBIM, TaK KakK CKOPOCTb, C KOTOPOH OHM yAalsfiOTCH M3 MOPCKOH BOMp!, Maja no
CpaBHEHNI0 CO CKOPOCTbI0 CMellenns BOA B npejenax okeaHuuyecKux HacceiiHor.

HekoHcepBaTHBHble anemeHThl. Pacipe/ielesne MHOMMX HEKOHCEDBATHE-
HbIX KOMIIOHEHTOB B Toaue BoAbl (puc. 10.4) xapakrepusyercs Goabmumm cxos-
CTBOM, KOTOpOe 00bACHAETCHA B OCHOBHOM BHojoruueckumyu npotieccami. B no-
BEPXHOCTHBIX CJ0AX OKeaHa, MPOCBEYNBAEMbIX COJHEYHBIM CBETOM, pa3sBUBAlOTCH
Opraui3mbl (GUTOMNAHKTOH), YYaCTBYOUMEe B (DOTOCUHTESE M HCTIOAb3YIOLINE MU-
HepaJlbHble KOMNOHeHTH Bofbl (docdar, nuTpar, a Anf HEKOTOPbIX OpraHM3MOB



Ta6nuua 10.1. CocTaB MOpPCKOA BOAL! [ 288, 346, 45 v gpyrue MCTOUHMKH]

I nasH efwmne HOHbI M MUTATENMLHbI@ BEWecTsa ( M-/ Kr)

Xnopug 19 350
Hatpui 10760
Cynedar 2710
Maruui 1290
Kanbumi 411
Kanui 399
MmppoxapboHaT 142
Bpomup 67

‘Crpouuun 8

MHKpO3 nemeHThbl (MK K
1

NuTuA 180
Bepunnui 8 10~
AN IOMHHHRA 2
CraHaui 6. 10
TuTtaH 1
BaHagui 2

Xpom 0,3
Mapraney 0,2
Xeneso 2
KobanbT 0,05
Hukens 0,6
Menb 0,5
LinHk 2
Cannui 0,03

[ epmaHui 0,05
MbIWbAK 4

Cenex 0,2
Py6uaui 120

WTTpHil 1+ 102

Bop

®Topua

KpemHesem

Oy

NO,

PO,

PacTBOpeHHbI
OpraHuyecku yrnepog

LIMpKOHK#A
Huobu#
MonubpeH
Cepebpo
Kagmui
Onoso
Cypbma
Hon
Lieaunn
Bapui
Pepkue 3emnu
Bonbdpam
3onoTo
PTyTE
Tannui
Cerrey
BucmyT
Pagui
Ypax

4,5

1,3

0,5=10
0,1=6
0,005 — 2
0,001 — 0,05

0,3~ 2 (kak C

0,03
0,01
10
0,04
0,05
0,01
0,2

0,4

102~ 105
0,1
4198
0,03

0,01

0,03

0,02

1. 107
83

opr )
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P wnc. 10.4. Npodunu kucnopopa, Gocdara, kpemHeaema, MeaH M KAAMUA N0 [AHHLIM
GEOSECS, cTaHuun 226, u HuKenA, cTaHuMA 204 (no Bodno, Wunatepy U damonay [40];
Bofnio u ap. [39]; Wunatepy u ap. [300]). PacTyww# duronnankTow B NOBEPXHOCTHbIX
CNOAX NpoayuupyeT O, W CHUKaeT cofiepanue B Bofe GHOrEHHLIX SNEMEHTOB U paccenH-
HBIX MeTannos, Mpouecckl pasnoXeHUA HUKE BOTHUYECKON 30HBI CONpoBOXAATCA NOTpet-
neHuem 02 W NepexooM B BORY GHOreHHBIX ANEMEHTOB M PACCEAHHBIX MeTannos. Mpoduns
MEQM1 YKa3biBAGT Ha HANKHYME 88 HCTOUHMKOB Y CaMOW NOBEPXHOCTH (ATMOCHEpHbIM nepeHoc)
W B Ocapkax. 3aMeTbTe, UTO KOHUEHTPaLUM KpaiHe HUaKue (1 HMonb/ kr = 50+ 1078 mnH?),
CkobkK ykasblBaloT Ha npeanonaraemMoe 3arpAsHeHue,

Kpemie3em). B npollecce pocra huTONNAHKTOH IKCTPArMpyeT U3 BOJbl MHOIMe
paccesiiible 3/1eMeHTbl, B CBA3M C YeM NOBEPXHOCTHBIE CJOM OTHOCHTEJIbHO 00ef-
HEHB PACCeAHHBIMY M GHOreHHbIMI SleMeHTaMd, PUTOMIAHKTOH ABASETCH HAua-
JIOM NUIEBOH Leny MOpSA; OH — OCHOBHOM MCTOUHMK MMM 45t Beex Bauee KpPYTMHBIX
OpraHM3MoB OTKphITOro okeana. Mimeercs Goblioe KQIMYECTBO LMKIOB Opraky-
4eCKOro BelleCcTBa M CBA3AHHBIX C HUM PACCESHHBIX JNEMEHTOB C yyacTHeM diopbl
u QayHbl IOBEPXHOCTHBIX CloeB. Kpome 9mux k0B cymectsyer u HANpPABJEHHbI
MOTOK OpraHHyeckoro BeuecTsa 0coboro poaa — MepTBLIX OPraHu3MOB, NeJler
 Tefls, TIOCpyKaOWMXCA B Gonee raybokue caou. Iorpyxawmmecs opraiueckue
BelllecTEa COAEPAAT MITaTebHbie BElIeCTBA M PACCESHHbIe NeMeHTb, KOTopbie patiee Gbl-
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JBA TIPMYPOUEHbI K OBEPXHOCTHbIM CJlosiMs Korjia omm BeliecTBa ONyCKAIOTCS B TOME BO-
[Ibl ¥ OKE3HIBAIOTCH Ha NOBEPXHOCTH [IOHHBIX OCA/IKOR, OHM NO/BEpraioTcs faKrepuaibHOMY
pasaoxernio, [Tpu 9ToM opramyueckuit yriepoA npespailaercs B CO,, a nurpars,
docdarsl 1 paccesHHHble S1eMeHThl BbA0TCH B BOAY. CkeJieTbl U3 KpemHeseMa
(nanpumep, AMaToMedl W pamuoAsipuit) TAKxKe MOTYT PACTBOPATHCH, BbicBoBOX1as
kpemueseM. O6umit sddexT pasnoxenus COCTOUT B oborauenuy riyOuHHblX BOA
CO, , hocarom, HATPATOM, KPeMHE3EMOM i GOJIBIIMHCTBOM PACCEAHHbIX SAeMeH-
TOB 1 B 0OEIHEHNU MX KMGIOPOJOM 110 CPABHEHMIO C NOBEPXHOCTHBIMK BOLAM. Hawu-
Hoapan Grosoruueckasn npoAyKTHBHOCTh HabawaaeTca TaM, rie rayOuHHbBIe BOABI
[OAHUMAKOTCA B OCBEIIEHHYI0 30HY, MPUHOCH MUTaTebHbe BEllecTBa, HeOOXoMMbIe
nas orocunresa. CooTHoueHue CKOpoCTeil LMPKY Af1My BOJ OKeaHa u tuoaoruuec-
KOfi IPOAYKTUBHOCTH TAKOBO, 4YTO B OTKPHITOM OKeane KUC.I0pojid, NPUHOCUMOro

B rJyOMHHYI0 30HY BOJO#, KOTOpas OMYCKAETCH y NOJIOCOR, Golee yeM [JOCTATOUHO
/115 OKMCJEHUA OpraHMyeckoro BellecTsa, Najaiolero CBepxy; nosromy rayGuHHBIE
BO/Ibl 0BLIYHO COZlepKAT CBOGOMHKIH Kiciopod. B pajionax ouenb PLICOKOH noBepx-
HOCTHOM 6MOJOrHYECKo# NPOLYKTHBHOCTH CJOM BO/bl, PACIOOXeHHbIe HIKe oCBe-
L1eHHOM 30HbI, MOT'YT NOJAYUYATh TAK MHOI0 BbIAJAIIEr0 OpraHiyeckoro BelecT-
Ba, UTO PAcXoayeTcs Bech Kucaopof. Beckicopo/ubie BOAL MOTYT BCTPEYaThes
rTakxke B Tex Gaccelinax, rae peabed AHa MewaeT UWMPKYAALMA M, CJIEA0BATEIbHO,
MONOJIHEHHI0 KUCA0poAd. ITa Tema noJpodHO paceMOTpeHa B Il 12,

OBt Ganac GoNbIMHCTBA PACCEAHHbIX 3]IEMEHTOB U3yueH caabo. Iru ne-
MeHTHI TIONAAAI0T B MOPCKYI0 BOAY C PeYHbIM CTOKOM KaK B opMe pacTBOPEHHbIX,
TaK ¥ 1ecopbupOBaHHbIX 0CANKAMH BElleCTB, a B HEKOTOPbIX CAYHasX U U3 aTMoc-
depbl. Onu MoryT ObITb MODIIN3OBAHB B BOCCTAHOBUTEJBHOM cpefle 0Ca/lkoB
(ra. 13) u, Haxkowell, MOT'YT BbllleJauiBaTbCcs U3 6a3aibTOB ripOTEpMATbHBIMI
pacTBOpamit B 30HAX CNIpeuHra (CM. Huxe). Yaanexue paccesHHblX 1eMeHTOB
U3 BOJ OCYIECTBJSETCA 38 CueT ajcopbipy Ha OKMCJaX xeaesa i mapraiia (xo-
TOpbIe CYWECTBYIOT Ha 60/bWNX NA0MANAX AHA OTKPLITOro OKeaHa B dopme cra-
KeHWil, HasbiBAEMbIX Map?l GHUOEBLMU KOHKD EYURMIL ), ancopblui Ha MAKHAX U 3axo-
DOHEH!s B OPraHiyeckoM BellecTse, KOTOpoe B JaJbHefliem pasjaraeTcs He NoJj-
Hocrbio, Tlpoliecchl, NPUBOAALINE B KOHEUHOM GYeTe K yAaleHul0 pACCeAHHbIX 3ae-
MEHTOB M3 oKeana (HanpuMep, BKJIKYeHHe B COCTAB MapraHioBbIX KOHKpelwmit), Mo-
YT CYWECTBEHHO OTIMYATLCS OT MPOLECCOB, KOHTPOMPYIOMMX PACTpeNeeHie nx
KOHLEHTpalMii B OkeaHe (TUI{4Hble fuooruueckie IMKIb). Kuneruueckas mo-
[edb, OTpaXalouas u3MeHeHne KoHUeHTpauyit pacCesHHbIX JNeMEHTOB B CBA3M C
GroJorHueckumi ikaamy, fana Bpokepom [ 521

KoHcepBaTuBHbie anemeHTbl. B TeueHie NpoOAOIKUTENLHOTO BpeMeHN
CUMTANOCH, YTO TJaBHBIE S1eMeHThl, 0COOEHHO HaTpuil U XJI0p, NPOCTO AKKYMYyIu-
pyiorcs B okease. Cyuecrsosano yoex/enue, 4To YicTai BoAA, ucnapsomasncs
C NMOBEPXHOCTY OKeana i Bbinajaouas B BUje NOX/s Ha cyuy, Bbillelaunsana
MOHBI ¥ BO3BpALlANach C HUMU B OKeaH. "CoaeHocTb" okeana, Takum obpasoMm,
npejcTaBsIach KAk CyMMa coJieft, CMBITHIX C KOHTHHEHTOB C Hauala MCTOpHH 3eM-
. Iamyna Danneit 8 1715 r. npuimen K BbIBOJY, YTO STOT APUHUMI MOKET ObITh
MCIIOb30BAN A Onpe/ieJeHis BO3PACcTa OKeaHoB U, ClejoBare.bHo, 3emamn. dxo-
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Tabnuua 10.2. BeiHoc pexKaMH pacTBOPEeHHbIX BeWecTs B OKeaH

KoHueHTpauua Macca sewecTsa, KoHueHT- Macca sewecT- Bpemna Bbl-

B cpenueﬁ BHOCHUMAER pauua Ba B OKea- HOCa peka-
peyHoi Bope paKamu 6 B OKea- He, r® MW Macchl
(Mr/kr) @ (r/rop) He, Mr/Kr BellecTea,
paBHo# ero
macce B
oKeaHe,
MNH, neT
Na®  5,15(7,2) 1,93 104 10760 145 - 1020 75
K+ 1,3 (1,4) 0,49+ 1014 309 5,4 -1020 11
Ca?t 13,4 (14,7) 5,01. 1014 412 56 - 1020 1,1
Mg?t 3,35 (3,65) 1,25. 1014 1204 q7,5. 10% 14
Cl—  5,75(8,25) 2,15+ 104 19350 281 + 1020 120
SO~ 8,25(11,5) 3,09. 10 2712 a7 - 1020 12
HCO; 52(53) 19,5 - 1014 145 2,0 - 1020 0,10
Si0, 10,4 (10,4) 3,80. 10 6,2 0,08 10% 0,02
H,0 0,374+ 10%° 1,35+ 1024 0,036

8 NoMen6eky [ 240]. Mepsoe uncno — "NPUPOAHAR™ BenUuMHA, YMCNO B CKOBKAX BKMIC-
uUaeT [ONI0 BEWECTBA, CBA3AHHYI0 C AEATENLHOCTLIO YenoBeKa. [NA PACUETOB B APYFMX Ko-
NOHK&X HCMONb30BAaH "MPHPORHBIA™ BuiHOC, © OcHoBaHa Ha oblem peurom croke H 20, pas-
I['lOM (]).374 - 10% r/rog [240]. B Ochosana Ha Macce okeackoi soabl, pasHoi 1,35 - 10 24r

125).

au [ 190) mpouspen Takue pacueThbl i Haled, YTO BO3PACT 3eMJM COCTaBseT
80—90 Man.zeT.

Opnxako noclenywoume ycnelsble HCCle0Bauus Bo3pacTa 3eMm 1 Xumiuec-
KOro COCTaBa BO/ PeK, BNajaoliX B OKeaH, M0Ka3auu, YTo MHEHHe O MpOCTOi aK-
KymyJadliun codeii Obl10 HesepHbiM. Bpems, Tpebyiomeecs, uTobbl pexkyu Bcero mMu-
pa BHEC/M B OKeaHbl KOMMYECTRO KAXI0ro raBHOr0 PACTROPEHHOIO BelleCTra, PABHOe
er'o COBpeMeHHOMY Cojepxannio B okeanax (Taba. 10.2), okasajioch MHOrO MeHb-
e, YeM BO3PACT OKeaHOB (paBHblit N0 Menblielt mepe 3 « 10° ser), npuuem aro
pasanuse u3MeHsieTcs OT JMeMeHTa K aiemenTy. Eciu npeanonoxurs, 4To cKo-
pOCTb BbIHOCA peKaMi pacTBOPEHHBIX BEUECTB B 0KeaH Bcer/a Gblia cpaBHumMa
C COBpeMeHHoil, TO 9T0 03HAYAET, YTO PACTBODEHHbIE BELIeCTBa, HAXOAsUMecs
B HacTosllee BpeMs B BOJaX OKeaHa, COCTaBJAIT il MALY0 JOJI0 UX CyMMap-
HbIX KOJMUECTB, BhiHECEHHbIX B OKeaH 3a reojoruyeckoe Bpems. Takum obpasom,
pacTBOpeHHble BellecTBa A0JKHbI B CpeHeM YyAaliTbCA U3 OKeaHa [0YTH ¢ TaKoi
Ke CKOPOCTbI0, G KAKo# OHM BHOGATCH peKamu.

Kakoe 3nauenye umeloT uncia B raba. 10.2? INocaesuas KoaoHKa NModyyeHa
JleJleHMeM CyMMapHOT'o KOJIMYeCTBa BelleCTB, HaxXoAAUMXCH B OKeaHe, Ha nX KoJu-

I8-78
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Ta6bnuua 10.3. Bpemena npeGbiBaHMA C NONpaBKo# Ha

BKTIaR WMKMueckux canei: 1 — no Xonnaway [ 170, Ta6n. 4. 15}; 2 — no Mappency u Makkenau
125, Tabn. 4.8 u 4.9

HcnpaenexHsiit cocTas Bpemn npe6biBaHuA,
peuYHon BOAbLI, Mr/Kr MnNH. net
1 2 1 2

Nat 4,8 4,3 68 108
K+ 2 2,0 6,1 6,8
Cadt 15 15,6 0,84 1,23
Mg2t 4 3.9 10 14,3
cr= 5,7 3,65 103 230
503 6,7 11 12,3 10,1
HCO 3 238) 61 0,2:a) 0,1
$i0, 13 13,3 0,015 0,02

8) Benuuuna Xonnawpa npeAcTaBnAeT TONbKO KapboHaTHbIE BelwecTBa, BbiWenoueH-
Hbie W3 NopofA. Benuunna appenca 1 MakkeH3u yuuTbiBaeT Takxe rugpokapbonarT,
obpasoBaBwHACA 3a cyeT aTMmoctepHoid CO,,,

4yeCTBO, BHOCHMOE B OKeaH 3a rof. Ecau okeaH HAXOOUTCS ¢ TOYKK 3peHus XUMH-
YECKOr'0o COCTaBa B CMAUUONAPHOM COCMOAHUYU, T.€s eCJIA KOHLEHTpaluu pacTBOpeH-
HbIX BellleCTB He U3MeHATCH CO BpeMeHeM, TO BblpaxeHue

KOJMYECTEO BeilecTBa, haxoiflleeci B OKeaHne

KOJM4YecTBO BellecTsa, nocrynawilee 3a raj

npejcrasaser coboil 6pema npelvie anus PacCMaTPUBAEMOr0 BEIIECTBA B OKedHe
(ra. 1), Bpems npebrnianns — 910 cpe/liee BpeMs#, KOTOpOe aToM IPOBOJUT B OKea-
HE C MOMEHTAa [HOoCTYIIEHHA 10 ero yAajeHds U3 OKeaHa B Xofle JoObIX MpoleccoB.
Kpome cymmaproro Bpemetn npebbiBanis, yuMTHIBAOWEr0 BCe BO3MOKHbIE HCTOY-
HUKKM 3JemMeHTa, MOXKHO I‘OBODMTI:: 0 BpemMeHu l'lpeﬁb]BaHHH 3JeMeHTa, npoﬂcxonﬂme—
r'0 U3 HEeKOTOPOro KOHKpeTHoro ucrounnka. Hanpumep, Bo Bpemena npebbipanng,
npuse/lentbie B Taga. 10.3, BHecena nonpaska Ha TaK HasblBaeMble yuKIuYecKue
coau, T.e. MOPCKHe COJM, NocTynaoliue B arMocdepy B BiAe asposoJeil ¢ nopepx-
HOCTY OKeaua (BeposTHO, 3@ CYEeT McnapeHus Kanejek BOAAHEIX Opwiar), a sarem
BhiNaZalye ¢ JoKAAMHY Hal KoHTuHeHTamy (rua. 1). B cBA3# ¢ Tem uTo STH COIM
He CBA3AHbI ¢ BhIBETPUBAHMEM :10pOJ, uX yAobHee paccMarpuBaTth oTjelbHo. Ta-
KM obpasom, B Tada. 10.3 BpemeHa npebuiBaus OTHOCATCS TOJbBKO K pACTBO) EH-
HEIM BelllecTBaM, 00pasylouuMcs NpU BbIBETPUBAHUM HA KOHTHHEHTAX.

Bpemena npefbBatisi 91eMeHTOB B MOPCKO# BoJie cH/IbHO pasmyaiorcs. Hanpu-
Mep, HaTpuit uMeeT Bpem# npebpisanus okoao 100 mMaH. set, Kaabuuii — Okoso
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1 MaH. ner, kpemuesem — npumepho 0,02 man. Aer. Mpuunna pasauunii oueBuana:
KpemHeseM 3QQEeKTUBHO yAanieTcs u3 MOPCKOoi BOJbl [MaTOMOBLIMU BOJOPOCAAM,
CHUAAH0IMMI KOHLIEHTPAIMI0 KpemMHe3eMa [0 BeJUwiHbl MeHee 1 Man —! ; kanbuuii
3aMeTHO yJalfeTcs opraHuaMamu, GopMUPYIOUMMY CKeleThl U3 KapboHara Kalblus,
TOr/l@ Kak Jibble Mpolerchl yaaleHus HaTpis ABJSIOTCS 0ueHb HedhheKTHBHBIMK

M MOTYT CHU3UTL 3alackl HATPUA TOJLKO MOCJ]E TOrO, KAK ero KOHLeHTpals
BO3pacrer /10 Hab/o/anluxcs cefiuac Bhicokux 3Hauenuit. B obuem ke spems npe-
ObIBaHUA KaX/0ro 3IeMeHTa ¥ ero KOHUeHTpalus B MOPCKOi Bojie ABASIOTCS HOJb-
e QyHKiMeit npouecca yaieHus NeMeHTa U3 Bo/bl, UeM CKOPOCTH ero MoCTyIl/e-
Hust. KonuenTpamym HaTpus, Kaiblys ¥ KpeMHe3eMa B peuHoii Bofe GIMBKH [0 CBO-
uM 3Havenusm (raba. 10.2), a cymecrsenble pazamuus Mex1y HUMH B MOPCKOI
BOJle CBA3aHBI ¢ HEO[MHAKOBOH CKOPOCTHIO MX YAaleHus U3 OKeaHa.

Bpemena npe6bianns yka3siBaT Ha MacuTabbl BpeMeHH, KOTOpble XapakTe-
PU3YIOT BEPOATHYI CKOPOCTb U3MeHEeL.1f KOHUEHTPALMM KAX/0ro eMeHTa B CooT-
BEeTCTBMI C U3MEHEHUeM CKOpoCTeil ux nocrynnenns um ynaienus. /[as xoncepea-
THBHBIX BellEeCTB MacWTadbl Bpemeny ouyenb Hoabume. Ecau, HanpuMep, ueroseyect-
BY yAauaoch Obl yABOMTH IOAMYHOE MOCTYILIEHUe HATPUA B OKeaH, a CKOpOCTh ero
yAaleHus ocranach Obl HeM3MeHHOM, To norpeboranock Gb1 100 Man. Jer, uToGLI
KOHLEHTpalsA HaTpUs B OKeale yBeJuuuiach BAsoe. Bpemena npeduiBanus koHcep-
BaTHBHBIX BELIECTB 3HAUMTENbHO Bhbile "BpeMeHn cMellenns” Boj okeana (0K0J0
1000 zer), no3ToMy He yAMBHTEbHO, YTO OTHOCHTEJBHBIE KOHUEHTPAIMM STHX Be-
11eCTB O/IHOPOHbI BO BCEX OKeaHdeckuX Hacceilaxs

NPOLUECCH YOANEHWA rNABHbWX PACTBOPEHHbX BEWECTB

B npeasiaymenm pasnese 6bia cAeaan BHIBOA O TOM, UTO NMPOLECE yAaneHns Kax-
AOro BelllecTBa U3 MOPCKOIt BO/Ibl B KOHEYHOM CYeTe KOHTPOJMPYET KOHLEHTpAIUIo
3TOro BellecTsa B 9T0il Boje. PaccmoTpum npollecchi yaanenns 6oee nopo6ro,
XOTH CJIeyeT OTMEeTHTh, UTO MHOMME MX ACHeKTHl M3y4eHsl HeJocTaraudo. JeTann-
Hoe oficyk/lenue 3THX BONPOCOB, NPUBO/MAILEE HEPEAKO K COBEpLISHHO pa3sHbIM 38K-
JIOYEHHAM, MOKHO HaliTi B padorax Cuanena [ 304], Makkeusyu u Mappeaca [ 231],
Apusepa [87], Meiinapaa [ 2361, Yoxepu u Cmmma [348], Xoananza [ 170],

BxowpeHHe B cocTas ocaakos. Houusid oGxen. OGMeHHble TOSUIMN CIHHIC-

, ThIX MUHEpAIoB B NPECHO! BOJe 3auATh riaBHbLIM 00pasoM Kaabipem. Korza aru
TJIMHB] IONAZIAI0T B MOPCKYI0 BOAY, Kalbliil 3aMellaeTcs HATpUeM, KaiMeM M Mar-
Hnem (rada. 10.4). CaenoBarenbho, obumit abgekT HOHHOrO 06MeHa CoCTONT B
YAANeHHH HATPUSA, KU U Martus U3 MOPCKOH BOJbI M NMOCTYIIEHUN B Hee KalbIys.
OuemnBas KOJIMYECTBO U OGMEHHYI0 EMKOCTh OCAAKOB, EXEr0/lHO BHHOCUMBIX B
OKeaH, MOXHO NPUIHTK K BBIBOAY, YTO MOHHBI 06MeH sRageTcH, no-BUAMMOMY, Bax-
HBIM IpolleccoM B ofuiem Ganakce HAaTpus M, ObITb MOXET, KAJUH, HO HE BAMFET
3aMeTHbIM obpasoM Ha banaHc martus,

Otpasoeanue wapGonamos. OGpasosanme kapbonara Kalbls, I'JaBHBIM 00pa-
S0M B BU[IE CKEJIETOB IIaHKTOHA (Hanpumep, topa-muindep 1 koxkomrodopus),
TIPUBO/IAT, NO-BUAMMOMY, K y/lalleHnio BCero Kaibliys, OCTYNANIEro B pacTBOPeH-
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Ta6nuua 10.4. U3MeHeHHe OGMEHHbIX KATMOHOB NPH NOCTYNNEHUH PeYHbLIX FNHUH
& mopekyio Bopy &) [207]

CpeaHAR aKBuBanenT- HameHeHne Obuwee ynanexue [lpoueHT
HanA gonA SKBUBANEHTHOMR W3 OKeaHa , nocrynne-
B peuHoi B MOPCKOR o r/rcma) ::: il
Bofle Bofe

Nat = 0,04 0,47 +0,43 0,45+ 104  20,5(30)")

Kt 0,01 0,06 + 0,05 0,09. 0% 13

ca®* 0,60 0,16 - 0,44 -04 -104 g

Mg?+* 0,28 0,32 + 0,07 0,04 - 1014 3

it 0,10 0 -0,10

8) 3uak "+" oaHauaeT nornowekwe rnuHoi. 0) eBuBanenTHaR ponA ~ sTO
YacTb Bcex OBMEeHHbIX NO3ULMA, 3AHATAR ABHHBIM KATHOHOM. B) NpegnonarawTcA
NOCTYNNeHWe CyCneHaMpOBaHHOrO OCAfKa B KONHYecTse 183+ 10 r/rog w
MKOCTb KaTHOHHOIO NOrMOWEeHHA, pasHan 25 Mr - 3ke/100 r. ) BenuunHa B CKOG-
Kax flaHa C NONPaBKOA Ha UMKNUUEeCKWe ConM.

HOM ¥ afcop0ipoBaHHOM COCTOfHUM C BOJAMM PeK, a TaKKe NpH H3MeHeH!H! cybax-
BaJbHBIX 6233J1bTOB (CM. HUXe). B felicTBuTeIbHOCTH NMpOAYLMpOBalie kapboHaTa
Ka/bIM MIAHKTOHOM MHOT'O Bbille, YeM [O/I0Bble ero NOCTYIJeH!s B OKeaH [53].
3HauuTebHaf 08 KapboHaTa Kajblus, oOpasywierocs B MOBEPXHOCTHBIX CHOAX,
dopmupyeTcs 3a cueT KapboHnara, pacTBOpAUErocH B rnyﬁmim;:x BOjAax, rje TemM-
neparypa HUxXe, [aBjieHue Bbille ¥ KOHUEHTpalui pacTBOPEHHOr 0 CO, (3a cuer pas-
JArauerocs OpraiMyeckoro BellecTBa) Bhille, YeM B MOBEPXHOCTHLIX CJOSX

(ra. 3). Iay6usa, Ha KOTOPOH CKOPOCTH PACTBOPEHUR KAIbIMTA CTAHOBUTCA paBHO
CKOPOCTH €r0 NIOCTYILIeH!s CBEpXY, HA3bIBaeTCs 2.ay0unol xapbonamuotl xoMnenca-
wiu (TKK). Bpokep [ 53] yreepxaaer, uro ['KK o0bIUHO KOHTpPOIMpYETCH OTHOWE-
HMeM CKODOCTH TIPOAYLMPOBAHKS KalbUMTa IaHKTOHOM (JMMUTHDYeMOl B CBOIO
ouepe/lb HauMuueM OMOreHHbIX BelecTB) K CKOPOCTH NOCTYNAeH!: KalbIMa U Iiapo-
xapGonara ¢ peunoit ooit. Ecim 910 oTHOWEHKE BEIUKO, SHAUUTEIbHAS YaCTh
oBpasyomerocs kapboHaTa KaJblis 10JKHA PaCTBOPATHCSA, UTOObI NO/AEpkUBATH
HanaHc Mexay NoCTyIeHHeM U ylaleHneM Kamibips i KaphoHATHbIX HOHOB, NOSTOMY
KK nonxsa 6biTh HeGoabmoii, Ecam oTHOWeHe ABAASTCA HUIKUM, NPUGIIKA0MUM-
cs k 12 1, To 19 NOMALepXamAf pABHOBECHA  MEX/ly NOCTYMIeHNeM U yAaleHnem
3HawiyelbHas yacTb obpasyomeroc KapboHaTa KaJblius He [0JKHA PaCTBOPATHCH
u I'KK Gynmer 6aabmoit.

Kapbouar xanbijsi, obpasosaBumiics B MOPCKO# Bojle, COlEPKUT NepeMeHHble
KOJMuecTBa Marauf. KalbUUToBble NaHUMpH NeJarMyeckuX OpraHu3MoB, KOTOphie B
KOJMYECTBEHHOM OTHOWeHMM ABJAAITCA HauboJee BaXHbIMU B KapOOHATHOM ocajike,
conepxkar Toabko okoso 0,6% MgCO,, nosromy obpasoBatie KapGoHaToB B obueM
MOXEeT YAAJUTb TOJLKO 0K0JO 6 % Maruus, NpMHOCHMOro pekamy B OKeaH [871.
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O6pasosanue onara u Kpemuucmuis cianyes. Hekoropsie oprauuamMel MIaHKTOHA,
0cobeHHO AMaTOMel M PajoJApHM, CTPOSAT CBOM CKeJeThl U3 ONajloBoro (amMopgHo-
ro) KkpemHesema. XoTa 3HAUMTeJbHAR YACTH ONaJa, 00pasyluerocs B NOBEPXHOCT-
HbIX CJIOSX OKeaHa, BHOBb pacTBopAeTcs B OoJee raybokux Bojax Mau mo kpaliuei
Mepe [io norpebenns ocalka, KpeMHUCThIe CKeJieThbl Takxke GopMUpyloT ocaky (Ha-
3blBaeMble KPEMHUCTBIM MJIOM) I BXOAAT B OCAJKM APYruX TuioB. KpemuucTbie
Wikl py norpeberun Ha Heboabume rayouHb (0OBIYHO HECKOJALKO COT METpPOB) Mof-
BepraiTes nepekpucTalImM3alyy ¢ o6pa3oBaHieM KDEMHUCTHIX CJAAHILEB — TBepablX
T0poZl, COCTOMUMX M3 MUKPOKPUCTALIIUECKOro KpemHeseMa. [lo Bompocy o ToM,
MOXeT J¥ 3aXOpoHeHHe ONaloBoro KpemHe3ema cOalaHCHMPOBATh BeCh PACTBOPEH-
Hbifl KpeMHe3eM, NMoCTynalnit B oKeaH, HeT eauHoro MHeuus. Youanact [ 350] cum-
Taer, 4YTO norpedeHHbll KpeMHe3eM COCTaBJAfeT JUlb HeGOblly0 YacTh ero noc-
TYIUIEHUA, U, CJe/l0BATe/bHO, I'IaBHbIM MPOLECCOM ero yAaleHus N0JKHB ObiTh
peakiyi ¢ ranHamu. Ha ocHopauuu Gosee nosauedi nudopmaimu o pacnpefenennm
KPEeMHMCTHIX CJaklieB B KePHAX CKBaxiH, NpoOYPEeHHbIX N0 Nporpamme riayboKoBOL-
Horo mopckoro Gypenus ¢ Gopra cymna "I'iomap Yeanenmkep”, Meitnapn [ 236]
npuiien K BLIBOAY, YT NorpedeHHbll onanosbiil KpeMueseM OalaHCHpYeT BeCh pey-
HO# CTOK pacTBOpeHHOro Kpemuesema. Mudopmaimu o koamyecTse KpeMuesema,
norpebentoro ¢ 06/10MOYHEIMI 0CAKAMHU, HEIOCTATOYHO; BIOJIHE BOIMOXHO, UTO
BeCb MOCTYNaoNMi ¢ peuHbIMI BOJaMi KpeMHe3eM y[alisieTcs B Bufe onajd, HO HeT
YBEPEHHOCTH, YTO 9TO e[MHCTBEeHHbI BaxXHbI Ipollece ero yaaleHns.

Bocemanosaenue cyavgamos. B ocankax, cogepxamyx IocTaTauHbe KOJMYECT-
Ba OPraHMuecKoro BellecTBa, aHaspobHble HakTepun BOCCTAHABIMBAIT Cyibdar-
HbI® MOHBI OPOBLIX BOA A0 CYbGMAHBIX thopm (rie 12). Cymtuspt 06biuno pearupy-
10T C XeJe30CoepKauMy MiHepalami ocajka ¢ 06pasoBaHueM pasJuuHbIX

CyabQH/I0B XeJie3a, KOTOpoe MOCTENEHHO TpasCdOPMUPYIOTC B IMADUT FeS,. O6utyio
PeaKiMi MOXHO NpeJCTaBUTh ypaBHEHNeM:

2Fe;04+ 850%™ + 15(€) + TH, 0 = 4Fe$, + 14HCOZ + CO2- ,

rae (C) — oprasnyeckoe BellecTBO, pacxojyemoe Ha npoleccs MeTabomama. Cie-
LoBaTeJibHO, Cyb(aTpeayKius yaaifer cyibdars u3 NOpPOBLIX BoJ 0CAdKa, YTO
IPUBOIMT K BO3HMKHOBEHUIO I'DAMEHTa KOHUEeHTpalyy cyabdaTos u Kk mbdysun
MX B 0CAIOK M3 MOPCKO# Bojpl. ITOT Npolece AeTanbHo pacemorpeny Bepuep [21]
u MNoabaxabep u Kanaan [ 134]. B Hacrosiee Bpems BOCCTaHOBJEHMe CyAbbaros,
NO-BUMMOMY, SIBASIETCH €HCTBEHHbIM BaXHbIM MPOLECCOM, 3a CYET KOTOPOro
-CEpPa BKANYAETCH B COCTAB 0CAJKOB, XOTH, KaK 0Ka3aloCh, OHO KOMNEHcHpyeT
TOJLKO K010 6% coBpemenHoro nocryriens cyabaros ¢ peuHbMi Bogavi [21],
Tam, rae B MOpCKUX 0CA/KaX LIPOMCXOIUT BOCCTAHOBAEHHE CYIb(AToB, 06bIY-

Ho Habuioaaercs norJouenne ocaakom Maruus [ 84, 851, Tounbiii MEXaHU3M 3TOro
NOTIOleH!s He FhifcHeH. /[puBep nepBoHAYAILHO NpeaoN0KUI, UTO KEJe30 IKC-
Tpar¥pyeTcH U3 MHUCTBIX MUHEPAoB ¢ 06pasoBatueM NupuTa, a Markuii save-
laeT kele30 B pelleTke NIMHUCTEIX Mubepatos. [loakosun [302] # Bumodd u
ap. [ 32] cunraor, yro Markuii aacopdupyerca Ha OGMEHHBIX TO3MIMAX JMH,
KoTopbie Gbiam "1e610KMpoBaHLI" NPH BOCCTAHOBAEHUH NOKphiBaoUe 1X naevKu
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okuen kenesa, Neanep-Kennan u Poseucon [ 158 | npeanoaaraior, uro B pesy.abrare
9KCTPAKIMHM Kele3a U3 MIMHKCTHIX MuHepaios obpasyercs amopdtiblit ocTaTok,
KOTOpHIf 3aTeM KpucTanusyercs npu yuactun maruus. OHako kakiM Obl Hit Obla
MeXaHU3M MOrJIoleHs Mariis 0caikoM, B KOTOPOM MPOUCXOJMT BOCCTAHOBJIEHHE
cyabdaros, no muenuio Ipusepa E87], sror npouece mMoxer yramTh He Sojnee 24%
MarHus, MOCTYNAWIEero ¢ peutbiM CTOKOM.

06pasosanue 38anopumos. Konmuectso GopMUpYOIIMXCH B HACTOsIEe BpeMs
SBANOPUTOBEIX MUHEPAJOB QYeHb Malo 10 CPABHEHMIO C KOIMYeCTBAMH JaBHblX
HOHOB, CHOCHMBIX B Mope pekamu, OJJHaKko B reo/IorMyeckoM npouiom obpasosa-
Hi{e SBANOPUTOB NPE/ICTARIANO0 COOOH CYLIECTBEHHbI MEXaHU3M yIanetus u3 MOpCKO# BO-
[bl HATPHA, XA0pHaa, cybdara u, BEPOATHO, KaibiMs, 3HAYAMOCTDH ITOrO Ipo-
llecca B Kax/biii MOMEHT BpeMeHH ofpeiesnach B NepBylo ouepellb Haawem Gia-
FONPHATHBIX M0 peabedy OacceitHoB B cybTpomueckux wuuporax, Ecm rakoi bac-
cefil cymecTBOBal, TO CKOPOCTb OCAX/eHUs coneii Moraa ObiTh HCKIUUTENbHO
BHICOKOH, TAK 4TO B MO/ yAali10Ch 3HAUNTeIbHO GoJblle HATPUA, XA0W/1a U Cylb-
thara, ueM NPUHOCHAOCH PeKamu, IT0 MOrJO ObiTh MPHUIHOH WMPOKOro BapbupoBa-
HUS COJIEHOCTH OKeaHa, HO CJeflyeT OMHUTb, YTO BpeMeHa npe0biBatus Kak Har-
pis, TAK ¥ XA0pHAA N0 NOPAAKY BeauwiHbl pastbl 100 MaH, 1eT, noIroMy 9sanopu-
ToBble Baccelilbl 1oMXKHbI O AeficTBOBaTh JIMTENbHOE BpeMs, YTOObl OKas3aTh
3aMeTHOe BIMSHAE Ha COJeHOCTh, UTo xe Kacaercs Bpemeny npebbiBauns cyibda-
T4, TO OHO COCTABJASET TOILKO 0KOnO 10 miH. JeT, Mo3roMy npepbiBabiieecs qop-
MIpOBaiie SBANOPHTOB MOIJIO BbI3BATh BHAUYATEbHbIE N3MEHEHUS CONepkaHns
cyabdara B Mopckoii BoJe.

Xopoum NpuMepoM NpephBUCTOr0 06pasoBaHusi SBANOPUTOB fBJIsETCA Gac-
ceitn Cpeausemuoro. Mops. B nacrosulee spems obpasopanue B HeM SBANOPUTOB
1e HabaoaaeTcs, HO B MO3/IHEM MuolleHe (MpuMepHo 6 MaH. JeT Hasan) MpKyas-
wAst Bojibi yepes IubpanTapckuii npoaue Gbina OrpaHHyeHHOH, i MOLIHbIE CJOU CO-
Jeit (rumca u raaura) GOPMUPOBANMCH HA MIOWAAAX, 0GPA3YLUX JHO COBPEMEH-
Horo CpemnsemHoro mopsi, O6pasopanue colleil cpasy xe NPeKpaTiioCh, Kak Tolb-
KO BHOBb yCTAHOBHAACh OTKPHITAA CBA3L ¢ ATJanTHyeckum okearom [ 178].

Ecan HCKIIOUMTh IMKAMUECKHe COH, TO OKashiBaercsd, UTO NNiaBHas 4acTb XJ0-
DHIOB, BHOCHMbIX B MOPE PeKaMi, 0Cax/Jajach B e0Joruyeckom NpouioM B Buie
raaura ssanopuToBbix Gopmammii [ 228, 231]. B cpennem, BUAMMO, OKOJO MOJIOBY-
HbI CyIb$)aToB, BHOCHMBIX PEKAMU, B KOHEUHOM CUeTe yIalaloch B BHJe runca 1
0KOJIO TIOJIOBUHBI — B BUZe MUpuTa. MccieoBatne #30Tonos cepbl (ria. 15) nokasmi-
BAET, YTO 9T0 COOTHOWEHNEe B Me0JOrHUecKoM MPOULIOM CHILHO BapbUpOBaio.

3azoponenue nopogns 600. PacTBOPEHHbIE BEWECTBA NOPOBbIX BO/, KOTOpble
3aXBATHIBAIOTCA OCAJKAMM TPH IOCTATOUHO IJyOOKOM 3aXOpPOHEHUH NOC]E/HUX,
TepsioT AMhdy3MOHHYI0 CBA3bL ¢ MOPCKOH BOJOH M MOrYT paccMarpuBaThCst Kak
BellecTBa, yAaleHHble 3 oKeaHa. Ec/m npeanojokuTh, YTO NOPUCTOCTL 0CAKA
cocrasaser 30% [170] u uro noposbie BObI BHAUANE MMEIOT COCTAB HOPMAIbHO
MOpCKO# BOAB, TO MOKHO BBIUMC/IMT KOMMUECTBO KAXKAOMO yIaleHHOr0 KOMIOHEH-
ra (raba. 10.5) . 3Tv KoJMYecTBA OTHOCUTEJIBHO HEBEJMKY, 38 UCKIOUEHUEM HATPHS
1 xa0pua. Pesy bTaThl 115 HATPUs M XJAOpMAA ClefyeT MHTepnpeTHpoBaTh C 0CTo-
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Tabnuua 10.5. Bo3MOXHOE yganeHMe HOHOB M3 Mopc-
KOW BOfb! NpW 3aXOPOHEHKU NOPOBLIX BOA

Ynanaemeie konudecT- "opoBo# peuHo# CToK,
Ba, r/rog - 1014 %
Nat 0,414 19(29)2)
K+ 0,015 2,3
Ca2t 0,016 0,3
Mg 2+ 0,050 4,0
(o) Lo 0,744 29(46) @)
so3- 0,104 3,1
HCO 3 0,006 0,03
5i0, 0,0002 0,008
a)

BenwuuHbl B ckobKax npeacTasnAlT BbIHOC pacT -
BOpeHHbIX BelecTB peYyHbiMH BOjaMKM C NONPaBKOW Ha
UMKNH4YeCKHe Conu.

POXHOCTbBIO, TAK KAaK 3axBaueHHas BO/la B KOHEUHOM CueTe [10JKHA BO3BPaTUTLCA
Ha 3eMHYI0 NOBEPXHOCTb. Ecau noposble BOAbl MOKUAAT OCAKM HUKE YPOBHSA
MOp$, TO HaualbHOe yaanenne OyleT paBHO HYJIO, TAK YTO 3aXOpOHeHNe NOpoBoit
BO/bl HE BbI3OBET yJaJieHus paCTBOPEHHbIX BelleCTB k3 OKeaHa. Ecau nopoBbie BO-
bl IOKKMJAIT oca/KM HA KOHTUHEHTAaxX, TO TPYJHO NPOBECTH pasjuuue Mexay pacr-
BOPEHHBIMI KOMIIOHEHTAMHM MOPOBbIX BOJ ¥ LMKJIMYECKUMI COJISIMU, KOTOpLIE He yul-
ThiBAJIMCH [1PY aHaIU3e PEeYHOr'0 BhIHOCA B OKeaHbl [IpU COCTaBJIeHUH banaHca coneii
okeaHcKo# Bofibl. [lpa pa3sInMuHbIX CKOPPEKTUPOBAHHBIX COCTABOB PEUHON BOALI B
taba, 10.3 oTpaxalT Ty HeonpeleleHHOCTb, KOTOpas BO3HUKAET IPH OLEHKE UCTOY-
HMKA XJOPUIOR B PeYHOil Boje.

B npuenennom Bhllle 06cy:k/IeHM IPeAIONAraloch, YTo KOr/a NopoBble BO-

Aibl BO3BPAIAIOTCA HA NMOBEPXHOCThL, OHW MMEIOT TOT Xe COCTaB, UTO M MOpCKas
BOfiZ. ITO MaNOBEPOATHO, TAK KaK OYEBM/IHO, YTO [MareHeTHYecKue peaxiyu co-
NPOBOXAIOTCA U3BJEYEHNEM K3 BOJ, KaJusi, MarHus u cyibdara, XoTs KoJuuecTsa
M3BJEUEHHBIX IPY TOM SJIEMEHTOB OTHOCUTEJbHO Malibl. MaloBeposTHO, YTOOb!
XJOpHIbl H3BJEKaMICh U3 NOPOBLIX BOJ B 3HAUMTENbHBIX KOJMUYecTBaxX, HO He SCHO,

- UTO NPOHCXOJUT C HaTpueM. Korja nopoesie BO/bI BO3BpAlAOTCSA HA NI0BEPXHOCTh
3eMau, B PACTBOpe [0JikeH BhiTh Hekuit KaTHOH, KOTOpbIf ypABHOBEIMBAET XJODH-
Abls Ecam 9TMM KaTHOHOM SIBASleTCA HATpuil, TO 3aXOpOHeH!e NOPOBHIX BO, 11O
CYWeCTBY, He OKaXeT BJMAHMA Ha y[ajleHhe UOHOB U3 MOpPcKo# Boabl. OHAKO Kalb-
IMit MOXeT YacTU4HO 3aMellaTh HAaTpuil, HanpuMep BeJeJCTBHe anbbuTH3almy
NoJIeBBIX WIATOB B 30He cy6Aykiyn. B aToM cayuae fomkus Habmogarbes yaa-
JeHne HaTPUR U KaK CIE/ICTBUE YCIoxHeHue UnKIoB Kanbims u CO, ,
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Mpouyeccel, NPOTHBONONOXHKbIE BbiBeTpHBaHH. Tenepb cymmupyem sdidex-
Thl BCEX NPOLECcCoB yiatenus, obcyknasuuxcs soiwe (Taba. 10,6), u paccmorpum
6ananc CO, , Itu npolleccsbl, BO3MOXHO, 00YCJOBIMBAKT Bech UM NOYTH BECh BHIHOC
peuHbIMM BOJ@MH XJOPH/OB, KaiblMs, HATPUSA U, MOXeT ObiTb, Cyabdara (He fCHO,
MOXHO JIM CKOPOCTb COBpPEMEHHOro 00pasoBaHus NUPUTa SKCTPAIOJIMPOBATh HA r'eo-
Joruyeckoe npouwioe). OHaKo ¢ ITIMK NPOLIECCaMU Helb3fl CBA3ATh BECh BBIHOC Kayms,
marsus 1 rugpokapbonara. Bananc nociegtero cocTaBuTb 0COBEHHO TPYAHO, TAK
Kak OH npefcrapiser coboit Gananc npoTOHOB. JIOrHYECKH MOKHO yCTAHOBUTh, UTO
JIOJKEH CyllecTBOBaTh HeKuit npouecc, obecneuuBalouuii MOCTYIJEHNE MPOTOHOB
aas nepesosa HCO3 , npunocumoro B okeawbl pexamu, B-CO, armoctepsi. Bo-nep-
BbIX, ECJJ TAKO} Npollece He CYLeCTBOBAN, TO LIEJOYHOCTb OKeaHNYecKoi Bo/bl
fo/kHA Gblia BO3pACTaTh M OKeaH NpeBpaTHICs Obl B IEJ0YHO-COJAAHOE 03epo, Kak
910 OBlI0 Nokasauno BT 9 [ 69, 231]. Bo-BTOpHIX, BHIBETPHEAHKE CHIMKATOB, HAIPHMEp

2NaAlSi 04 + 11H, 0 + 2CO,4 = ALSi, 05 (OH), + 2Na* + 2HCO7 +H,SiO,,
ansbuT KBONHHHUT

npuoauT K yaaremuio CO, u3 armocdepsi. Ecam 651 CO, He Bo3Bpamaiach B ar-

mocdepy, To ee 3anachl B Helt Oblm Obl GHICTPO U3pacXofoBaHbl i 0GpasoBanue -

poKaphoiATOB B pe3yJbTare BbIBETPHBAHUSA NMpeKparuaoch Obl. ITH paccyxieHus

apupean Maxkenau u I"appesca [ 231] k BblBOAY, 4TO B OKeane MPOTEKAIOT peaxluy,

NPOTHBONOJIOKHbIE BHIBETPHBAHMIO. B KayecTBe NpuMepa OHK NPe/I0KUI Clelyo-

wylo peaKiuie:

pentrexoavopdubm amomockakar + HCOZ + Si0, + kaTuonsl = KaTvoH

anomocumkara +CO, + Hy O,

Ta6nuua 10.6. YaaneHue pacTBOPEHHbIX BEWECTB ¥3 OKeaHa C NOMOLWLIO pac-
CMOTPEHHbIX Bblle NPOLECCoB ( B NPOUEHTaX OT MX NOCTYNNeHWA B OKeaH C
peyYHbIMKM BOAAMKM) C NONPABKOW Ha UMKNHYECKHE CONK

MoHHblii  OBpasosauve BoccTaHosne- O6Gpa3oeanwe MopoBbie Cymma
ofmeH Kap6oHara HHe cynstaTa 2BanopuToB BOAbI

Na* 30 0 0 35 29 94
K+ 13 0 0 0 2 15
Ca?t -8 94 0 14 0 100
Mg 2 3 6 24 0 4 37
2 0 (] 0 54 46 100
so?- o 0 6(7) 50(7) 3 59
HCOZ  28) T =12 ] 0 66

a
)I'Ipennonaramca, uTo o6MmeHHbId HY nepesoput HCO 3 BCOy.
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XOTH HeT ANPUOPHON MPUUMHBI, MOYEeMy ANIOMOCHIMKAT H0JKeH GbiTb PeHTreHoamopd»
HbiM. Tepmin "Tipoliece, npoTHBONOIOKHLI BhiBeTpUBaHKI" 31eCh HCNOb3YRTCS
aas obosHaueHns Joboro npouecca, KOTOpbif yaanfier KaTHoHb! U3 MOPCKOH BO/IbI
u npeBpallaeT KpuBarenTHoe koauyectso HCO 3 B CO, .

[Ipexne uem npofokUTL 0GCYKIEHWE [JaHHOrO BOMpoca, HeobXoauMMo OTMe-
TUTb, YTO ITOT Npoliecc He 06A3aTeNbHO [0JkeH GbiTh OfHOCTYNeHuYaTEM. Paceyor-
PUM, HanpuUmep, Npoliecchr:

(1amenenne Hazaibra)
1. CBexuit 6azanbt + 2K+ = usMeHnennwiit 6azanst + Ca2+ .,
(ocaxenne kapbonarTos)
2. Ca? + 2HCO, - CaCO, + H, 0+ CO, .
(mMeTamopdusm)
3. CaCO, + Si0, = Ca-cuamxar + CO, .

CyMMuUpoBaHUe 9THX [POLeCCOB JaeT:
ceexuit 6azarbt + 2K+ + 2HCO = usmenennbiit 6azanbt + Ca-cumkar + 2C0, .

Ir0 ypaBHeHNe COOTBETCTBYET CTEXMOMETDIH, HeoOXoIuMOi i peakiyu, npo-
THROIOJIOKHOH BBIBETPUBAHMIO, aXe eciy npoliecc 1 npoTexkaer B 30He CNpeIuHra,
npoliecc 2 — B npejiefax KOHTHHEHTalbHOro We.bda, a npoliecc 3 — B 30He cyb-
AYKIWH,

Mpoyecen, npomusonoroxnvie eviéempuéanuio, 6 ocaonaz. Cunnen [ 304] npep-
NOJOXMJ, YTO COCTAB MOPCKOI BO/IbI peryMpyeTcs XMMUYECKUM PABHOBECHEM MEeX-
[y oObIUHBIMU MHHEpaJIaMi MOPCKMX 0CaJKOB. PacemoTpum, HanpuMep, peakiuyio

KAl k] SisO]o(OH)g + H+ % 3/2 H20 - 3/2A12 Si205(DH)‘ + K+ ]
UNNKT KaOnUHUT

Knnn. — kaon. = aK+ /“H+ G

CoBMeCTHOEe HaxoxX/[eHUe WATUTA U KA0JUHUTA B COCTOSHUM paBHOBeCH#, NMO-BUAUMO-

MY, q]HKCpreT BeJMYMHY OTHOLIEHUA aK+'/aH+ Ha CTporo onpejeeHHoM ypoBHE .

AHAMOMMYHO COCYLIEeCTBOBaHNE KaoJMHUTa, CMEeKTUTa U KBaplia, BepoaTHO, QUKCH-
pyer BeJMuMHY OTHOLIEeHUH a N +‘/ G COCYIECTBOBAHIe Ka0IMHNTA, XJIOpUTa
a

W KBapua — BeJIMUYMHY OTHOLIEHUA a H Ty CJ]eJIOBaTEJIbHO, B3alMHble

Mg+ / a; ¥
COOTHOIEeH!S BCeX KaTuoHoB OyayT, no-BUIMMoMy, GUKCUPOBAHHBY, eIMHCTBEeHHO
HeolnpeeneHHo BeaMunHoit Oy/leT cymMma KOHUeHTpalwii Bcex KaTuoHoB, KoTopas
NpenoJoX1TEebHO onpeleiseTca KoHleHTpaimeit xaopugos. Habmonaemele coot-
HOWEHUA AKTHBHOCTH PA3MUHBIX KATHOHOB MOPCKOi BO/IbI 0Ka3aluch OYeHb Gau3-
KMMM K [Ipe/ICKa3aHHbM PABHOBECHBIM BeJMYMHAM, XOTH CAMM PaBHOBECHbIE BeJu-
UMHbl YCTAHOBJEHbl He OYeHb TQYHO,

Mopens Cuagena Oblia yloBASTBOPHTEILHON B TOM CMbICIE, YTO OHA JaBala
npocToe U noJHoe obbACHEHue cocTaBy MOpCKoit Boibl, TpeboBauns npoleccos,
POTHBONONOKHBIX BbIBETPUBAHUI, YIOBJAETBOPSANCH NPEBpalleHeM KaolnHuTa B
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rIMHY THNA WimMTa n xiopura. K coxanenuio, dakrsl, noiyvensne ¢ 1961 r., no-
Ka3aiu, 4To B OOlUeM clyyae IJIMHMCTbIE MUHEPAJbl B MOPCKO Cpejg ABASOTCS
yIMBHTENbHO MHEPTHLIMU M UTO peaklyu, nocTyuposantbie ChiletoM, daktiyec-
K oTcyTeTByOT. Makkensu u Mappenc [231] npeanonoxuim, 4To B UAIUT, CMEKTUT
¥ XJOpUT NIPeRpalaeTcs He KaoIuHUT, a amMopGHbii aniioMOCHIMKATHBI! MaTepual.
OzHaKo, HecMOTps Ha To yTo aBrop 9ro# kuury [84] Hawen HekoTOpOe nMoATBEpX-
JieH1e NporpeccHBHOrNO MCUe3HoBeHUs aMopHOro Marepuana B 0CaJkax, B MHOIO-
UMGAEHHBIX MCCIeJOBAHUAX HE YAAN0Ch [0Ka3aTh CIPaBeMBOCTb TOMO WM WHOIO
MeXaHU3Ma.

XoTs B 0Ca/lKax UMelTCs HellByCMbICAEeHHbIe pUMepsl ' peakLmii, NpOTHBOMON0X-
HbIX BHIBETpUBAaHUIO", KaK, Banpumep, o6pa3opanie riayKkOHUTa, HOHTPOHUTA, CMe-
IAHOCOMHBIX MIMH, 180 MTOB 1 NoaeBbix mnaros [289], TeM He MeHee oxazanoch,
yTo ofpasoBanue ayTUI'eHHbIX MUHEPAIoB B MOPCKMX 0Ca[KaX COOTBETCTBYeT JMLIb
HeBOAbIIOMN YACTH MOCTYILIEHUS IIABHBIX HOHOB C PEUHBIM € TOKOM. [lonoJnuTebHbe
[I0Ka3aTebcTBA BbITEKAIOT U3 CPABHEHHS KOJMYECTBEHHOH XMMUM MOPCKUX OCAIKOB
) cyclieHMpoBantoro Marepuania pex. Ecam K+ u Mg 2+ saxparwiBaioTos ocall-
kamu, To cogepxanni K,0 u MgO B Mopckux ocafxax [A0MxHbl ObITh Bbille,
yem B ocajKax pek. HajexHbiX JaHHbIX MaJo, HO OHM NOKA3LIBAKT, UTO 3HAYNTE/b-
Horo norJouenus Mg 2+ MopckumMu ocaakamy He npoucxomut [87].

Onpenenenye cocTasa NOPOBBIX BOJ MOPCKMX 0CAJKOB HABOIMT HA MBICIb, 4TO
HEKOTOpbIe NPOLeCChl, MPOTHBONON0KHbBIE BLBETPUBAHMIO, UMEKT MecTo. B Muuys-
lIMe To/bl TAKUE onpeeneHus ObIIM He COBCEM HaleXHbIMU 13-3a MpOLeaypHbIX
norpémsocTeli, KOTOpble BO3HUKAIM, KO/ 0CafioK B Bif/ie KepHa NoJAHUMAICS Ha
NoBEpXHOCTD U NojiBepraics ornpeccosbiBanmio. Ceitnc [ 296] axerparuposan Bony,
MCIOJb3Y s TeXHUKY 0TOO0pa in situ, JMIIEHHYI0 HEJOCTATKOB Mpe/biAylX paboT.
Ero pesyabTarhl NOKa3kBAKT, YTO NOPOBbie BOAbI B Bepxueii 1-meTpoBoii uacTu
paspesa OCaTKoB cucTeMaTHueckyu obeanenbl K+ u Mg2+ u oGoraumens Ca 2+ ,

Na* n HCO7,. 9ro o3navaer, yro K* u Mg 2* nornomaorcs TBepaoit dpasoit
ocalka u yTo onyu AudOyHIMPYIOT B 0CAJ0K M3 PACTOJOKEHHO Bhille MacChl OKee:F
ckoit Boabl. Hannyuume oueHKn 1uddy3uOHHBIX OTOKOB, BhiukcieHHble Ceilncom

10 IpajMenTam KOHIEHTpAly 3MeMeHTOB B I0POBLIX BOjAX, NpuBefensl B Tada. 10.7.
Xors HCO™, muchdpynmpoBan u3 ocaaka, norok HCO; 6bia MeHblue, yeM NOTOK
Ca?+, nosromy ecam 661 Ca2* B koHeuHom cuere ocaxjancs B uge CaCo, ,

TO 3TO NOBJAEKA0 Obl 33 cobolt fonoHuTenbHoe K puddy3un norpebaetne HCO'_;

U3 0CAIKOB.

Pesyabrarsl Ceilnca Haxogarcs B SBHOM NPOTMBOPEYMM C XMMUUECKMM COC-
rasoM ocafkoB, Ecim Mg 2+ muddysmpyer B ocanok, To Ha raybune nociefnmii
HoJxeH cofiepxarb 6osbwe Mg, yem BepxHuii cioit ocaaka MOIHOCTbIO HECKOIbKO

cantumerpoB. OxuiaeMoe yBeJuyeHne KOHIleHTpaly He NOATBEePAUIOCh, W NPOTH=
BOpeune B HACTO flllee BpeMA ocTaeTcs HepaspelleHHbIM.
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Ta6nuuya 10.7. OUpPDY3HOHHEE NOTOKH
yepes 10BEpPXHOCTL pasfena ocafoK —
BOfAa, BLIUUCNEHHLIE NO COCTABY NOPOBLIX Bof B ocagKax a) [ 206]

Motok, PeuHo# npueHoc,
r/rop - 1014 %

A B A B
' Nat - 0,6 - 1,0 - 30 - 48
Mg 2+ 0,8 1,3 60 94
Ca?t -—1,9 -25 —~ 40 - 52
K* 0,6 0,8 84 105
HCOy; —48 =57 - 24 - 28

ﬁl)Jilsla pANa uMp oTpaxawT ABa pasHbIX cnocoba
3KCTpanonAUKWK rpafMeHTOB coCcTaBa NopoBbIX BOA K
NoOBepXHOCTH pa3pena 0cafok — Bofa. MonoXuTenbHbie
BENMUMHbl YKa3bIBaloT Ha AM(dY3nI0 B 0CaN0K.

Hu3koTemnepaTypHoe HameHenue 6asanbToB. BasaibThl, KoHTaKTHDYIO-
upe ¢ 00bIYHOH MOPCKO# BO/ION NPM HU3KUX TeMIepaTypax, NOABEpralnTCs HaMe-
HEHUAM, KOTOpble NPOABIAITCA B MOMOWEHHM UMM KAIUs U TIOTepe Kaiblus, Kpem-
Hesema 1 0Obiuno markms [320]. Ecau uMpKyasims MOPCKOfi Bo/Ibl Orpaliyenna, o
pH B pesyibTare peakumii usMeHeHns 6a3aibTOB BO3PACTAET, i 6A3AILTH MOTYT
norjouars Maruui, a ne pbigensTsb ero [88]. B Taba, 10.8 nokasan sbdekr Bo3-
pacTaiolero u3MeHeHus cyOaKkBalbHEIX 6a3aibTOB, BHIMMCIEHHbIH, HCXOAS U3 npej-
NOJOXEHUs, YTo 00beM H3MEHEHHbIX a3albTOB OCTAETCH TAKUM Xe, KaK Yy Heus-
MeHeHHO# nopogbl. TpyAHO OUEHUTb JUlb, HACKOJBKO WHPOKO PACTPOCTPAHEHO B
OKeaHe HMU3KOTemneparypHoe u3meHeHue H6asaibroB. Miosenbaxc u Kaeliron
[ 250] cunralor, 4TO OHO SBASETCS HEJOCTATOUHBIM JUI OKa3aHus 3aMeTHOro BJMs-
His Ha Gananc raasHbIX MOHOB. B To ke Bpems pacuern Mejinapaa [ 2361, Baoxa
u Bumodda [ 33], a Takke HalMuMe 3HAUMTEALHOrO HASKOTEMIEPATYPHOTO H3Me-
Henud GasanbTos, pa3bypenrbix 1o [porpaMme riy6oKOBOAHOrO MOPCKOTO Oype-
HUA, NOATBEPIUIN, UTO HN3KOTEeMMeparypHoe u3MeHelne Ha3albTOB MOXeT GhITh
IJIaBHBIM NPOLIECCOM yAaleHus Kaums u3-okeana. Hecko/bko CJIOB 10 noBoay pacuer-
HBIX BeMUuR: eca cofepxanue K, O p 6asaibre ypeanuupaercs na 29 (T.e. or
0,2 no 2,29%) B Xone M3MEHEHHs, TO HEOBXCMMO TONHOE H3MEHEHUE ero CJIoR ToJj-
umnoi 500 M, urobel cHanaHcHpoBaTh NOCTYIIEHHe KAIMA C peuHoii Ponoi (npu
9TOM Mpe/noJjaraercs, YTo CKOpoCcTh 00pa30BaHusa OKeaHWYecKoi Kopbl COCTaBAseT
2,5 - 101° cm 2 /ron). sMeHenne Takoro Gaos A0NKHO MPUBECTH K BOJBUIOMY
JONOJHUTEIbHOMY MOCTVILIEHUIO KaJabliusd, KpemHesema U, BepoATHO, Mariui. Boin
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Ta6nuua 10.8. UameHeHne Macchl okucnos (r/100 cm?3)
B 6asanbTax, NOABEPriMXCA HU3KOTEMNePaTYPHbIM HaMe-
HEHHAM, N0 CPaBHeHuIo co ceexed nopogoi @) [320]

16) 2B) 3r) 4h)
§i0, -6,5 —-10,7 =220 =—18,4
Al,0, + 3,8 - 18 =31 =287
FeO® + 4,4 -03 . 31 =59
Mg O - 7.8 -80 -~ 84 - 14
CaO -36 ==l —-248 -~ 43
Na,0 +1,4 +0,5 - 1,7 = 07
K,0 +0,3 +04 *t 43 4+ 19
H, 0 +22 +76 +t240 4 97
TiO, -077 +066 t+ 020 - 0,33
MnO +0,02 =002 =011 — 008
P,0, +0,45 +0,01 + 0,08 H.o

8) " _ nocTynnenwe, "—" — noTep. 6) CnaGouameren- -
HaRA BHYTPEHHARA YACTb CYGAKBanLHOW NOAYWEeUHOH nasbl; BO3=
pacT meHee 10 MnH. neT. B) HameHeHHaR BHYTPEHHAR 4acTb
cy6aKkeanbHOM NOAYWeYHO M NaBkl; BospacT meHee 10 MnH. neT.
) QueHb CHNLHOW3MEHEHHAR nasa; Bo3pacT 80 MAH. neT.
R) HU3MeHeHHaA BHYTPEHHAR YacTb NaBoBOro NOTOKA; DSDP,
pefic 2, ctaHuMA 10; sospacT 16 mnk. net. ®) CymmapHoe
weneso B opme FeO. H.0 — He onpepnenAnocs-

HaiiIeHsl JoKaJlbHblE [I0WAM U3MeHeHHbIX 0a3aJbToB, B KOTOPbIX COepxanue

K, O nocrurano 6% [82]. Ecau Takue niomamy pacnpocTpaHeHbl WHPOKO, TO OHU

[I0JIXHBI UCPATh BAXHYI0 POJb B yAAJeHUH Kalus U3 MOPCKOH BO/BI.
BricOKOTeMnepaTypHoe H3MeHeHHe 6a3anbToB. XOT# yXKe U3BECTHO,

YTO FUAPOTepMalbhbie ! PACTBODHI MOCTYNAKT B OKeaH B LEHTPAX Crpe/MHra

[ 35, 36, T1], BeposTHbie pa3Mepbl CHIPOTEPMAIbHOM IMPKYAAIN OblIM OCO3HAHDI

[ 348] ToabKo mocie co3jaHus KoJAMuecTBEHHbIX Mojedeil pacnpe/eeris TenjJoBoro

noToka B lenTpax crpeuira B cepemuie 1970-x rogos. CranpaprHas TeXHMKA

M3YUeHMs TEIIOBbIX NOTOKOB CBOMTCHA K M3MepeHHio CKOPOCTH KOHIYKTUBHOIO

TEILIOBOro NepeHoca B 3eMHOl Kope. X0T# BeJuuuHbl U3MEPEHHBIX TellIoBbIX 10To-

KOB B IIeHTpaX CIpeMHra OKa3alucCh BHICOKHMM, OHY COCTABISIOT JHIIb MAIyl0 4acTb

BeJUUMH, KOTOpbe [0JKHLI Habloarbes corjaco reodusuueckum pacueram. Pac-

o TepmuH "FUapoTepManbHeIA " 3Aeck MCNONL3YETCA TOMbKO ANA 0B03HAYEHHA Tem-
nepaTypsl, NPeBLILaloWed TemnepaTtypy oKpyxalolei cpefibl, ¥ He npeanonaraeT Hanu-
YMA ONpefeneHHoro HCTONHKKE.
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XOX[EHHE MOXeT ObiTb 00BACHEHO, eC/U JONMYCTHTD, YTO TEMI0 NepeHOCHTCA U3
LIeHTPOB CIpeJMHIa He TOJhKO KOHAYKTUBHO, HO M QU3MUYECKUM JBUKEeHHeM Har-
perbix Bof. Takum o6pasom, xos0Has MOPCKas Bo/Ja NIOCTYNaeT B Hefpa Ha duan-
rax UeHTpa Crnpe[MHra, HarpeBaeTcs Npi KOHTAKTe ee ¢ ropAuimy Basaibravu 1
BBIXOMT BOMM3M OCEBOIi JMHMY LeHTpa cnpe/unra. B coorsercrsun ¢ pacueramu
TEIIOBOr0 MOTOKA 00beM BO/Ibl, MPKYIMPYIOLMNii B IEHTPAX CIpeJMHra, UMeeT Be-
mayy or 1 g0 10 « 10'7 r/rogt, a ruayGuka NPOHNKHOBEHNS WMPKyYMpyIowed Bojbl
paBsHa — [0 NOPAAKY BEJIUUMHBI — 5 KM,

Bo Bpema KoHTaKTa MOPCKO# BOfbl C IopsuMM GasanbToM POMCXO/IAT YUMMUYECKHe peak-
MY, CMISBHO M3MeHsIoLMe cocTap Boabl. Hawm npeacTanneHus of 9THX peakimax
OCHOBaHbl Ha 1a00pPaTOPHBIX JKCHEPUMEHTAX, B KOTOPbIX 6a3a]bT HAarpeBasicd CoB-
MecTHO ¢ Mopckoit Bopoit [ 30, 249], Ha HenocpeAcTBeHHOM OnpoGoBanMy CyDaKBab-
HbIX MOpSAYMX UCTOUHMKOB BOMM3HM ["ananarocckoro uentpa cnpeausra u Bocrouso-
'Tuxookeanckoro noausTua [72, 99] u Ha onpoboBaHuy reoTepMAILHEIX BOJL NOMY-
ocrposa Pelikbsnec  Mcaanmm, xoropbie o6pasyloTcs npu B3anMoaeiicTBiu rops-
yero DasanbTa ¢ Mopekolt Bogoit [323]. Jeraau peaximit 3amMeTHO BapbupyioT B
3aBHCHMOCTY OT TeMIepaTypbl i COOTHOLEHUS BOa,/Topoaa; Boobile xe MarHui
yAaasercs U3 pacTBopa, obpasys CMeKTUT I XJOPUT, CyiabdaTsl yAaasoTes, o6-
pasys aurugpur (CaS0 ) mam mupuT , a Kanbiwit, Kaauii, KpemMHeseM, xeaeso u
Apyrie nepexoiHbie MeTallbl nepexoasT u3 6asanbra B pacteop (puc. 10.5). Ba-
3aJbT [OrJOlAaeT TaKXe OTHOCHTEbHO HeGoJbliie KoJIMuecTBa Harpus. Xoaaans
[170] serwmcaun Baustme mupkyasim 1+ 1017 r/rox mMopekofi Boab! yepes HeHTp
Clpe[MHra Ha ee xuMuueckuii cocras (Taba. 10.9), npeanonoxus, 4To n3meHenne
noc.exero 6610 TAKMM Xe, Kak B 1abopaTopHbIX onbitax. 3aMoua u ap. [ 99] shi-
TNOJHMMA aHaxoriynble pacuersl (raba. 10.9), uexons U3 cocraBa ropawAX HCTOUHMKOR
octpoeos ["ananaroc 1 obiero BLIYMCIEHHOrO TENIOBOrO NepeHoca yTeM KOHBEeK-
iy, OBa pacyera B OCHOBHOM COBIAJAIT: BHICOKOTEMIEPATYPHOE H3MeHeHHe Dasal-
T8, NO-BUAMMOMY, SBIAETCH NAABHBIM  NPOLECCOM, YIANAWAM U3 OKeaua Mar-
Huii 1 cyabdar, M, BUAMMO, ofeceuuBaeT NOCTYIIeHHe KalMi B OKeal B KOJIuYecT-
Be, COpa3MepHOM C ero MOCTYIJIEHUEM C PeuHbMi Bodavits Takum obpasom, npobaema
yAaJenus marnus Oblia paspelleHa, oJHaKo npobiema yaaleHus Kaus eie 6oablie
OCJ0XHUIACH.

VieTuunble pasMepb! BHICOKOTEMNEpaTypHbIX M3MeHeHu fi B HacToslilee BpeMs He
usBectubl. Xambpuc u Tomncon [ 179] ormernam, uro HazarbThl, B KOTOPHIX HaBAI0-
Aal0TCA NOCTYMPOBAHHEIE H3MEeHeHus, B OKeaHe pacipoCTpaHeHbl umpoko, O/Hako
HEeT KOJMYECTBEHHOrO NpefcTarjenus o6 uX u3obuamu, a KalblMeBo-cyabdaTHbie
MMHEpaJbl, KOTOpbIe [0/KHbl OBbITh 0OBIUHBIMY B U3MEHEHHBIX Ga3anbTax, npucyT-
CTBYOT B HMX peako [92].

B nacrosuee Bpems HEBO3MOXKHO KOJIMYECTBEHHO OLEHUTDb BAMAHME HU3KO- U
BBICOKOTEMIIepaTypHOro u3Menenus 6a3albToB Ha COCTaB MOpCKoil Bozsl. Hekoro-
pbié aBTOPbl pACCMATPUBAIOT OTpe/lefeHHble YXCIORble 3HaueHnd Kak CleJCTBUe
3THX NMPOLECCOB i MPOLECCOB B 0cajKax, uTo obecneunsaeT HajiaHc Npuxola U pac-
X0/la BCeX IMiaBHBIX PaCTBOPEHHbIX BellecTB Mopckoii soani [ 149, 236, 348], onnako
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P u c. 10.5. M3meHeHue cocTaBa MOPCKOA BOALI Npu ee HarpeBaHuu ¢ 6a3anbTom Npu
paType 200°C u maBnenuu 500 Gap (no Buwoddy u Oukcony [30]).

T abnuua 10.9.¥Ynanexve rnaBHbIX KOMNOHEHTOB MODPCKOW BOALI NpH ee B3au-
MOMEACTBUK C MOPAYMMK GasanbTamK B UEHTpax crnpeguHra

OueHKka no gadHbiM nabopaTophbix OueHKa No AaHHbIM W3YUYEHWA

skcnepumenTos [ 170

FOPAYNX HCTOUHHKOB OCTPOBOB
ananaroc [99)

KonuyecTBo MNpoueHT Konuyecteo MpoueHT
YABNEeHHOro BEeWecT- peyHor o yaaneHHoro peyHora
pa, r/ron - 10  BbHoca® BewecTea, BbiHoca 8)
r/roa - 1014
Na* 1,0 16(24)5) ? ?
K+ —0,9 -~ 100 - 0,5 — 65
Cat -1,2 == §T Or—-08po— 1,7 Or— 18 po — 36
Mg 2+ 1,3 68 1,9 145
s02- 2,5 50 3,6 103
$i0, - 086 - 15 -1,9 — 48

8) pacxoxpeHne MexXay OLEHKaMM, Bblp@XeHHbIMH B NPOLEHTAX, BbI3BAHO
MCMNONL30BAHMEM WX BBTOPAMH PasHbix BenuuuH obWero CTOKa peK B OKeaH.
6) Yucno B ckoBKax CKOPPEKTUPOBAHO C YYETOM LUMKIMUECKWX coned,
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TPyAHO CKa3aTb, HACKOJbKO pealibHbl 3TH YHCJa. Xors CyuecTByeT MHOI'O Heotpe-
JeJleHHOCTel, TeM He MeHee BNoJHe BEpOATHO, YTO HU3KOTEeMIlepaTypHoe U3MeHe-
HKHe ABJAETCH I'JaBHbIM MeXaHM3MOM yAaleHus Kalus, a8 BbICOKOTemIeparypHoe —
Mariu.
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OKHC/IUTE/ILHO -
BOCCTAHOBHTE/IGHbIE PaBHOBECHS

BoJbWKHCTRO XUMUUECKUX peakimi, 0bcykaaBuuxcs Bbile (pacTBOpeHue
KapGOHATOB, BbIBETPUBAHME CUIMKATOB), OTHOCKIACE K KMCJOTHO-OCHOBHBIM TIPO-
lleccaM, T.e. TpolieccaM, BKIKYAKIMM NepeHoc NpoToHOB. Tenepb Mbl pacCMOT-
puM [pyrofi 6oablo# KAACT peaKuuii, B KOTOPbIX OCYLECTBAAETCH NEePeHoc ek~
TpoHoB. OKMCIMTENbHO-BOCCTAHOBUT &/bHbIE (waM pefoKe-) peakuun MoryT GbITh
NpefcTaBIeHbl KAk peaKiyy, BKIoUaillie Nepenoc K1eIopoaa, Hanpumep:

2Fe,0, +1/20, = 3R 0,

2Fe?* +1/20, + 20 = 2Fe3* + H,0.

O Xe MOryT GbiTh NPE/CTABIEHb KAK PEaKliy C NepeHoCoM IJIeKTPOHOB:
2Fe,0, + H,0 =3Fe 0+ 2H" + 2¢ (11.1)

Fe2t - Fe3t + ¢ (11.2)
rie e — 2J1eKTpoH. B xumMuu pacTBOpPOB pefloKC-peaxiiui yaobHee paccMarpiu-
BaTh KAK NepeHoc 91eKTpoHoB. Bo MHOTME pe/loKC-peakiyi MOJeKY.IApHbI Kic-
JOpOJL TPSIMO HE BXOMT, HO Jaxe TaM, I'ie MOJEKYIAPHbIA KUCAOPO[, BKIIOUEH,
OBBIUHO MMEITCH KuHeTHueckue npobiemMbl, KOTOPLIE OCIOKH AT UCOAb30BE
Hie AKTHBHOCTH KUCJOPO/IA B KAYECTBE TePMOMHAMUYECKOH nepeMeHHolt. Onua-
KO TIpM MOBBIlIEHHBIX TEMIEPaTypax U AaBJIeHnsX TepMOAHHAMIYECK)e yHKIny,
BKII0UAKILME NEKTPOHbI, Hedb3s ONpeeuTh C J0CTATGUHO! TOUHOCTbIO, U by-
PUTMBHOCTb KUCJIOPOAA B 3TOM Clyuae okaxercs Gojee y1o0HOH nepemMeHHOiA.

Ypasrenus (11.1) u (11.2) He npeacTaBisioT CoGO/ NOJHBIE XMMIYECKHE peak-
uun. B BonHOM pacrBope He CyuecTBYeT CBODOJHBIX 21EKTPOHOB, NOSTOMY [0J-
KHA MMETb MECTO JIONO.IHMTEbHAA PeaKlyus, B KOTOPOi 31eKTPOHbl NOTPeGAsiT-
cf WM ocBobokaatTcd. PaceMoTpuM, HanpuMep, BoccTadoBiedye Fe 3* opramu-
YecKuM BellecTBOM (npefcrasiesnbiv cumeosom (C)):

4Fe3* + (C) + 2H,0 = 4Fe?* + CO, + 4H™. (11.3)

Vpasnenne (11.3) aBasercs c6anaHcHpoBaHHOH pefloke-peakiuell, B KOTOPOH B
ABHOM dopMe HEe MOKA3aHbl Hi 3AeKTPOHbI, HU MOJNEKYIAPHBIA KuGA0pod. 3TO ypas-
HeHne MoxeT ObiTh pasbuTo HA IBE NOAYpeaxyuu, OIHA U3 KOTOPLIX COAEPKUT
TOJbKO Xe1e30, Apyras — ToJAbKO yriepoa:

4Fe3t + 4é = 4Fe?t,
(C) + 2H,0 = CO, + 4H* + 4.
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T
H3 (ras) NPH
-—

— p=1arm

PacTeop H+
NPH &+ = 1

\Marannuuocxn Pt,
NOKPLITAR TOHKO=
[ucnepcHoR Pt

P ue. 11,1, CraHpapTHbiil BOROpOAHbif aneKkTpon.

Ha ocHose cranzaprioro Bogopomoro 3JeKTpo/a OblIa MPUHATA TEepMOIMHAMU-

YecKad KOHBeHIMs, M03BoJA0uasn paccMaTpuBaTk -AXIYI0 U3 noaypeakuuit B om-
NeJbHOCTH.

CTAHOAPTHHA BOOOPOAHLA 3NEKTPOA U TEPMOAWHAMUYEC.
KHWE KOHBEKLMWH!
Cranapribit Bogopoamsiit saexrpon (CBI) cocromt i3 TOHKOUCITIEPCHOM TIATHHDI
B KOHTAKTE C pacTBOPOM, COJepXallMm BOJOPOIHbIE HOHBI TIPH KX aKTUBHOCTH, pas-
Hoit eMHMIle, U C ra3006PasHbIM BOOPOIOM npu fasnennn 1 at, o Beeii cucte-
Me (puc. 11.1) nopnepxusaercs Temneparypa 25°C, l1asiavyenme miaTuibl cocTouT
B TOM, 4TOGbl CO3[1aBATh SJEKTPHYECKMil KOHTAKT M KATAIUTHYECKH YCKOpPATB yCTa-
HORIEH!E DABHOBECUA MEX/y NpYrumMu BemecTBaMu. TepMoIMHAMUUYECKHE KOHBEH-
Ly, oTHocAmmecs k CB9J, sakmoualores B caemyomenm:
1. PasHocTb asiekTpuuecknx noresmmanos MEXy, METANLIMYECKMM INEKTPOIOM
M PaCTBOPOM NMPUHUMAETCH PABHOM Hy.Iio.
2. CranaapThas coGoHasn SHeprus obpasoBaHuA MPOTOHA B pacTBoOpe npu-
HUMaeTcs paBHOi Hy.TI0.
3. Crannapruas cobomias SHeprud o0pasoBaHus SJMeKTPoHA B pacrsope
NPHHUMAETCH PaBHOM’ HY.JII0.
CyWHOCTb 9TUX KOHBEHIMH COCTOUT B PUCBOEH MM NPOM3BOJbHbIX 3HAYEHUI
BEJMUHAM, KOTOpbIe B MPMHUMIE HE MOTYT OBITb H3MepeHbl. OIHAKO, KaK TOlb-
KO 3T0 CAieNano, NoABIAETCA OnpefeNentas WwKaia, no KOTOpPO# MOTYT GbiTh M3-
MepeHbl CBOOOIHBIE SHEPriM IpYrUX UOHOB pacrsopa. Xoj paccyxneuuii 31ech

L Mexq yH apogH ble cornawesnn, — [1pum. nepes.

I19-78
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P uc. 11,2, OKUCNHTENLHO-BOCCTAHOBUTENbHAA AYeiika, obcyxaaeman B TeKCTe.

@HaIoTHYeH MPOM3BOJBHOMY MPENoJ0KeHUI0, YTO CTaHJapTHbie CBODOHbIE SHep-
ruy 06pa3’oBaHia 31eMEeHTOB B UX CTAHAAPTHBIX COCTOSHUAX PABHEI HYJIIO.

PacemoTpuM saexrpoxumiueckyio sueliky, nokasasuyio Ha puc. 11.2, koro-
pas COCTOMT U3 [BYX noaysadyeek A u B, coemHeHHbIX colieBbIM MocToM. Code-
BOit MOCT — 9T0 pacTBop coau, Takoi, kak KCl, ocymecrsasommii sanekrpuyec-
Kiii KOHTAKT MeX/ly ABYMA noayauefixamu. [IpemnonoxumM Ha BpeMs, 4TO coJeBoii
MocT Befler cebs 1lealbHo, T.e. AeficTBYeT TOJBKO Kak NPOBOIHUK SAE€KTPUUECT-
Ba.

B noaysueiike A naaTMHOBasA MPOROJOKA ABIAETCH MHEPTHBIM NOCPEIHUKOM
Ans nepefau 3JeKTPOHOB B PACTBOP WM U3 PACTBOpPA. XMMUYECKas peakuus Ha
3JeKTpofie MoXeT ObITh Npe/icTaBleHa ypaBHEHnem

Fe2ta= Fedt 4 4 Ly

Ecau 9ra peakius npoTekaer cilesa HANPaBO, TO IIATUHOBAS MPOBOJOKA OJKHA
yIoansTh 3MeKTpoHsl U3 noaysueiiku A. Ecan ona uger cnpasa Haneso, TO NpoBo-
JIOKA JOJUKHA NOCTABIATL 3J1eKTpoHbl pacTBopy. Ecau npoojoka He cBA3aHa ¢
UCTOUHMKOM WU NOTpedUTeIeM 3JIeKTPOHOB, TO B SIBHOM BHAE PEaKIMi MOXeT

He ObiTh, HO NPOBOIOKA NMPUOBPETET INEKTPUUECKMi IOTEHIMAL, OTPAKAIWMI TeH-
A eHIuo 3JIEKTPOHOB TNMOKKAaTh pacTBOp. € NOMOUILIO onpe/leJleHHOr0 YCJA0BUS Mbl
MOXEM NPEeACTaBUTh 3Ty TEHJESHLMIO B Bile "akTUBHOCTH 3AEKTPOHOB" a,- B
pacTeope. AKTHBHOCTb JIEKTPOHOB HE COOTBETCTBYET KOHUEHTPAMM, KAK B Cay -
uide DOJbIMHCTBA PACTBOPEHHBIX  BeUIECTB; OHA ABIAETCH TOJLKO TeHAeHumeit
(KoTOpas MoKeT paccMarpuBaTLOA KAK GHAJIOr JaBIEHMS) CHCTEMB! IOCTABIATh
IJEKTPOHBI M0B0MY MX aKIenTopy (31eKTPoy WM XuMuueckKoii cucreme). Yeno-
Bisl, UCTIOAb30BAHHbIE 115 ONpeaesedus aKTUBHOCTH 9J1eKTPOHOB, OyAYT BBIMf-
AeTh MeHee MPOU3BOJIBHbIMY, ECai 0CO3HATH, YTO B PEJOKC-TIpollecce HeT 0/HO-
CTOPOHHEro BbIleJeHns HaIu noTpebierna snekrpoHoB. Jlobas "ouubka", BBeneH-
Has TAKUMU NPENoN0KEeHUsIMUA B O[IHON MONOBUHE PE/IOKC-CHCTeMBl, ByaeT B Tou-
HOCTH moraiieHa npoleccamy B Ipyroii nojJoBUHE CHCTEMEL
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Jlnst ypaBrenus (11.4) MOXHO HAMMCATD BblpameHUe KOHCTAHTBI pABHOBECHS:

X ¢ Gpedt* @,-
paBH

a
Fe2t

Uin albTepHaTHUBHO

a
Fe?t

b= Kpaau

a
Fe3+

AKTUBHOCTb 3JeKTPOHOB, TaKuM 00pa3oM, NponopuuoHaibHa OTHOWEHUI0 AKTUB-
HOCTH BOCCTAHOBJEHHOr0 BelleCTBa K AKTUBHOCTM OKMCIEHHOrO BellecTBa.
PaccMoTpuM Tenepb noaysueiiky B Ha puc. 11.2. E€ peaxumeii sBasercs

/M, =0+ e

Kak 1 B noaysueiike A, HanpapJeHyue, B KOTOPOM IPOTEKAET PeaKiys, 3aBUCUT OT
TOro, BHICTYNAET JM MIATHHA KAK UCTOUHMK WM KaK MoTpebuTenb S1eKTPOHOB.
Ecay npoBoioKa 9JEKTPUYecK: H30JIMPOBaHA, MOKET He IPOMCXOJUTb HH TOrO,

HY [Pyroro, HO OHA NpPUODPETeT SAeKTPUUECKHil NOTEHHAN, KOHTPOJIUPYeMbiii OT-
HOCHTE/bHBIMI AKTUMBHOCTSAMHM OKMCJAEHHOTO M BOCCTAHOB/IEHHOro BewecTs. Mbl Mo-
’KeM CHOBA NPeCTaBUTh STO B BH/Ee AKTUBHOCTH HNEKTPOHOB M HAMmMcarh ypasHe-
HMe KOHCTAHTbl paBHOBECUI:

ﬂ+-a_

e
P
H2

Kcga=

Coraacto konserm 8 CBY @ _= 1. 9o coracyercs ¢ onpejeeHuem CBI
KOHBEHIIMAMY, 110 KOTOPbIM CTaHIapTHble cBoBoble sHeprui obpasopanns HY
M €~ paBHbl HYJIO,

PaccMoTpum Tenepb cucteMmy Ha puc. 11.2 B nenom. Ecan Bbikiiuarens S
3aMKHYT, TO SJEKTPOHBI OyAyT ABUMaThCA U3 PACTBOpA C Hojee BBICOKOH AKTHB-
HOCTBIO 3JEKTPOHOB K pacTBopy C BoJiee HU3KON UX aKTUBHOCTbIO. Ineprus Gyaer
BblIeNATbCH MIABHBIM 0BpasoM B dopme Terna Ha conporusaeHind R. Obuiee ypas-
HEHWe peakiu NPUMET BHJ|

Fed3t + 1/2 H, = Fe2t + gt

Hanpagjenue peakiyu GyleT 3aBUCETh OT TOrO, B KAaKOf U3 NoJysueeK Bbille ak-
TUBHOCTb 3JIEKTPOHOB.

ECJM BHIKIOYATENb S PA3OMKHYT, MEPEeH0C 31eKTPOHOB U3 0JHOM noaysuei-
KW B ApYTyi NpoucXouThb He Oyaer. BoabTMerp V 3aperucrTpupyer Mexiy AByMms
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9JIEKTPO/JaM) PasHOCTb MOTeHnuanoB E. [lockoabky Mo KOHBEHUMM NOTEHLHal
CB3 paBeH Hyaw, E ABAfETCH MOTEHMAIOM 3JeKTPO/a B noaysueiike A. I10T no-
Texlua] HasbiBaercs BeauuuHoit Eh pacreopa. B Hem cumBoa h oTpaxaer ToT
aKT, UTO MOTEHIMAN U3MEPEH (W1u BHIPAXKEH) N OTHOWEHNIO K CTaHAapTHOMY BO-
AOpomHOMY 3JeKTpody. Eh MOXeT ObiTh NOJOXUTEIbHBIM UM OTPUIATJbHbBIM B
3aBMCUMOCTHU OT TOro, OyeT /M aKTMBHOCTb 3]1eKTPOHOB B PACTBOPE A Bhille AU
Huxe ux aktusHocty B CBJ. [lo KoHBeHM Eh cuMTAETCH NMONOXUTEJNbHBIM, €CIH
AKTUBHOCTBL 9M€KTPOHOB B noaysuelike A menvue, yem s CB3,

AKTHMBHOCTb 3/1€KTPOHOB B pacTBope ( M, CleJoBaTe/bHO, ero pejlokc-ypo-
BeHb), TakuMm obpasoM, Moxer ObITh Boipaxena B BoabTax (Eh) uiu B efumuiiax

AKTMBHOCTH 3JEKTPOHOB (a _). ¥ 106HO BblpakaTh aKTUBHOCTb 1€KTPOHOB B (op-
e

Me pe (=—lg ﬂe_\ no ananoruu ¢ pH (—lg aH+). Eh 1 pe cBA3aHbl ypaBHEHKEM

pe=—F ___ Eh,

2,303 PT
rae F — nocrosnnas ®apanes (23,06 xxkan/B « r - 9KB., — eIuHMIA, COMIACOBAH-
Has ¢ pyrMMH MCIoAb3yeMbIMK 3[ech eiunuuamyu), R — rasopas nocTosHHas
(1,987 10— kkan/rpan - Moxs), T — abcomoTHas Temneparypa, 2,303 — koad-
duiMenT NepeBoa HATYpanbHbIX JorapudMos B fecatiunble. [lpu 25°C pe =
=169 Eh u Eh = 0,059 pe.

Wcnons3oBasue Eh B KauecTBe nepeMeHHON Benuunkbl. PaccMoTpyuM CHOBA peak-
o Fe?+ + 1/2H, = Fe?+ + H*. Coraacko ypasuemio (2.3),

a . a
B 5 Fe2+ Ht
AGpeaKuuu =AGY + RTIn u——;-;-— .
Fed+ H
B cas3u ¢ TeM, uTo aH+= PH= - [
& aF°2+
AG”“LW ~AG°RTIn T (1L5)

Fe &+

W3 ocHoB anekTpoxummy caepyer, uto Eh u cobonnas sHeprus ['mbbca cBA3aHb]
ypaBHeHueM

AG=-nFEhL, (11.6)
rfie n — YACJO IeKTPOHOB, yUacTBylUMX B peakuyy, F — nocrosunas Papanes.
3nax Eh ycTanaBIBaeTcs B COOTBETCTBUU C KOHEeHuuell, YpaBHenue (11.6) BepHo
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TOJLKO B TOM Clyyae, KOTa B BAIMCH NOypeakliy SIeKTPOHbI PACTIOI0KEHb! B Npa-
BOJi uacTH ypaBHEH!.
Jenenue ypaBuenus (11.5) na — nF gaer

- - XK'GO
. &G RT [ 8gas

nF nF nF .

[Noncrasnas B Hero ypasneve (11.6), nonyuaem

Ehe £0- L 1) “Fe®

nF a
Fed+

roe E° — cmandapmuoi 3 nexmpoonviii nomenyuan. Iro Eh , Koropsifi 6yner umers
suelika, eclu Bce yyacTBylllde B peakiyy BellecTsa (3/1ech Fe2+ u Fe?+) naxo-
OATCH B UX CTAHAAPTHBIX COCTOAHUAX, T.¢. 00JaNaT aKTUBHOCTAMM, DABHBIMA elI4-
Huue. Tabmlbl cTaHIapTHBIX IEKTPOJHBIX OTEHIMANOB NpUBeJeHbl B IMTepaType;
MX 3HAUEeHHs MOI'YT ObITh TAKXKE JIEerKO BhIUKCIEHbl M3 CTAHNAPTHBIX CBOBOHBIX
suepruii obpazoBanns coeguHenuit 1 nonoe. Ypasrenue (11.7) MoxHO nepenucarb

B BHe

Eh=EO® 4+

(1L7)

2,303R T g i Y

nF a
Fe 2+

uam npu 256°C

a
F 3+
0,059 1g] b
n

Eh=E%+
a Fe?+
JIro ypaBHeHUe MOXeT ObiTb PACIpOCTpaHEHO Ha J06YI0 PEOKC-Peakluio pH
25°0C;
En-E°4 3050 4
n [IPOM3Be/IeH!e aKTHBHOCTH BOCCTAHOBJEHHbIX
Gopm

OHO MCMOJb3yeTCs B pacyeTax yalle ApyruX ypaBHeHui.

Paccmorpum, nanpumep, pegokc-napy SO i" - H,S. las noaypeakimy c
3JeKTPOHaMU B NpaBoit yacTu

HyS + 4H;0=50%~ + 8e~ + 10H*.

Ypasuenue Eh (25°C) umeer Bua

npon3Be/ieie aKTHBHOCTH OKMCAEHHbIX GopM

ﬂ‘502- ' al}(:’r
JEh=E0. 0099 4ot e — ) (11,8)
8 a *at

H,s Hy0
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Juauene EO MoxeT GbiTh BHIYACJEHO U3 BeMUuMH CBOGOAHBIX SHEpruii B MpuioKe-
HUM'

Eo- =1 (AG° ., -AG®° - 44G° )
[ -
nF 50Y H,s Hy0

i SR e " N

. 23,06

Wcnonb3oBaHHe pe B KauecTBe NepemMeHHOH BenHUHHbI. Xoy paccyx/ienui
B cJyuae pe aHanoruuet, Ho 6ojee MPOCT. Paccmorpum cucremy 13 nouos Fe 2+

U Fedt:

Fed+ ;+ e — = Fe2t (11.9)
(mpy MCNIOAb30BAHUK pe B KAuecTse nepeMeHHoi He MMeeT 3HAYEHNHR, B KaKyl0 4acTb
peaxiuy BKJIOUeHbl 9J1eKTPOHBI).

K ®Fea+ 1 =0 CFed+
RN 5 it e b paBH
a o a a a
Fe 2t & e~ Fe 2~
a

Fed+t

pe = ngpsaH + lg : s (11.10)
Fe 2t

rae K papy — KOHCTAHTA PABHOBECHA peakipy (11.9), Ona Moxer ObiTb BbIUMCIE-
HA U3 CTAHAAPTHLIX CBOOOIHBIX SHEPrUit B MPUAOKEHHH:

= 0 Qo o _
RT In K g, = AGL 2y - AGE 44 =~ 17,78 (AGL -=0),
orkyna lg K yay = 13,04 1, caenosarebHo,
¢ Fed+ \
—_
a
Fe 2*‘/

B obwem Buje Aaf peakiin
oKucaennble GOpMbl + ne” = BOCCTAHOBJEHHbI® thopmbi

pe = 13,04 + lg

npou3BeeHie aKTHBHOCTH OKHCJIEHHBIX dopm

.

npousBe/ieHie aKTUBHOCTH BOCCTAHOBIEHHBIX
thopm

n

1 1
pe__ngpaeu i :15\

Jlns peaklyy BocCTaHOBAEHNS Cyabdara
S02- . 8¢~ + 10H*=H,S + 4H,0 (11:11)

fo gt
P°=%—anpan+‘]§—lgk—ng————i '

a
H
rae 28

0 w0 w0
«RTInK :AGHQS i 4AGH20 -AGS_02_ :

paBH
4
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Onpenenesue pe U Eh no pepokc-napam. [Ipuse/ietnbie Bbllie PacCykAeHUs
GhlJM OCHOBAHBI HA 2JEKTPOXMMUUECKOi fuelike, nokasauHoit Ha puc. 11,2, koTopas
BK/0UAeT MJIaTHHOBYIO MPOBOJOKY M CTaHapTHbIi BogopoAublil anekrpon. Onu 6bian
HeoBX0omMel As TOro, yTobbl MOHATH CYWHOCTb pe U Eh . Ho aKkTUBHOCTL 31eKTpo-
HOB B pacTBope A Oy/Jer odHoii u Toii KXe He3aBHCUMO OT TOro, NPUCYTCTBYKOT Nia-
TiHOBHI 21ekTpod # CB3 uau Her.pe u Eh fBASIOTCA BNoJHE ONpeeJeHHbIMM BeJu-
YMHAMM BCAKMI pa3, Korja oba uieHa pejloKc-Mapbl IpUCYTCTBYIOT BMECTe B pacT-
BOpe iIM B KOHTaKTe ¢ HiM. B nioBom pacTBope, conepxkaiiem nonbl Fe 2+ u Fe 34,
pe u Eh onpenensiorcs ypasienuamu (11.10) u (11.7). B mobom pactsope, cofepxa-
1eM cyIbgaThl ¥ cepoBoaopol, pe # Eh onpeaensiorcs ypasHennamu (11.11) u
(11.8). Penokc-peawanm, onpefeasionye pe u Eh, MoryT Briouath TBep/bie (hasel,
Hanpumep

2F22+ 4 3H20=F‘3203 +6H+ + 28._,

6 aﬁ
Ht 1 +
EhwE0 4+ BT 3 — ) pe=]§15KpaH+2—ls Lz
ZF aFGQ'I' aF62+

YTo cayunTcd, ecau pacTBop GyleT coaepxars Gonee 0HON peloKc-naphl, Ha-
npivep Fe 3+, Fe?t, 802~ y H,S? Kaxgan napa OyaeT onpejieisTh CBOe 3Haue-
uye pe (uau Eh), HO 9TH /IBe BEJAHUHHBI MOTYT OKA3aTbCs HEOMHAKOBbIMM. Ecau
CHCTEeMA HAXOAUTCA B XMMUYECKOM PABHOBECHH, [BE BEJUUMHbI [0JIKHbI ObITh MAEH-
THUHBIMM, HO CJM HET PABHOBECUS Kaxoi u3 hopM co Bcemu Apyriumu Gopmamu
(curyaums, o6bluHas B IPUPO/IE), TO ITH BeAMuMHbl OyAyT pasinyaThCs. Ecnu ne
gce pedoKc-napsi NaTOO0AMCA 8 pasnosecuu, nerv3a 1osopums o "pe (Eh) pacmeopa”.
MoxHo roBoputh Juib o pe (Eh), onpegeaseMom oTiebHol napoii B pacTBope,

1o ownBouHo mpumMchiBaTh 970 pe (Eh) pacTBopy B lenom 6e3 TuarenbHoro o6oc-
HOBaHMA TAKOro Wara.

H3IMEPEHHME Eh

Tpemuecrsyoee 06CYyX1eHUe MOrI0 CO3/AaTh Brevarienue, 4ro peanunna Eh
MOKeT GhITh BCerJa U3MepeHa, ecly MIaTHHOBYI0 NPOBOJOKY NOTPY3UTH B U3yuae-
Mblit pACTBOp M CPABHUTD MOJYYEHHBIH PY 9TOM MOTEHLAl C NOTeHIHAI0M CB3 Y,
310 CIpaBeiIMBO TOJILKO B TOM Clyyae, KOrja peloKc-peakijs Ha NOBepXHOCTH
NAaTHHbI TpoTekaeT GbICTPO U 06PATMMO M KOr/Ja 3JeKTPOJ UyBCTBUTENEH K 0T/elb-
HOji pefokc-nape, a He K Mpolleccy, BKIYawuleMy ABe i bojee peJoKc-napbl, He
HAXOJAAIIMecs BO B3AUMHOM PABHOBECHH. ITH BOMpPOCHI AeTalbHo obcyxienbl llTymmom
1 Mopranom [ 312]. BooGue, niaruHoBbf 31€KTPO/ JOCTATOUHO YyBCTBUTEIEH JMILb
K HECKOJbKMM PeoKe-TIapaM, BaxHbIM C TQUKM 3penis npupoansix Bod. [pumepamu
CHCTEM, K KOTOPbIM 3JIEKTPO]l | HEUYBCTBUTEEH, ABAAITCA 02/H20, Soi— /H2 S,

1

)npaKTuuecxn CB3 nouTH HUKOrAa He NpUMEeHAETCA. BMECTO Hero Ucnonb3yeTcA
3NEKTPOfl CPaBHEHUA (KanoMenbHbIA WNKM xNop-cepebpAHbIi ), NOTeHUMan KOTOPoro No oT-
HoweHHio K CB3 uaBecTeH.
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CO,/CH,, NO; /N,, N,/NH} u nourn Bce peakiyu, BKIOUaioHe TBEpAble (asbl.
B npupoanbix Bogax oObluHbIMK ABJTIOTCA CMEllaHHbIe MOTEeHLMAbI, NoJy4aiolnecs

B pe3yibTare KoMOMHALMK NOTEHLMAN0B ABYX pa3iMuHbiX pefokc-cucTem. Hanpu-
Mep, B pacTBope, cofepxatleM Fe?* yu pacTBopeHHbIl KCAOPO/, MOIYT UMETH MeC-
TO peaxuuu

Fe2t 5 Fedt + e~

w 1/40, + e~ + H* > 1/2H,0,

9Ty [Be peaklyy MO3BOJMIM Obl MOJYUUTh Ha IIATHHOBOM JEKTPOJe HEeKYIo BeJuul-
HYy NOTeHIMaJa, HO 9Ta BedyurHa He uMeJa Obl cMbicaa LU Kaxaoi U3 OTAENbHbIX
pe/ioKc-nap.

B orHocuTenbHO OKKCJEeHHbIX Bojax 3HaueHus Eh, usMepeHHbie ¢ NoMoulblo
IIaTUHOBOT'O 3JMeKTPo/ia, PeIko MOryT ObiTh OTHeCeHbl K KOHKPeTHOl pefokc-nape
¥ peiKo NpeicTaBAsioT LUeHHOCTb A5 KOJIMYeCTBeHHO! MHTepIpeTatyu XUMMHH Npu-
poAHbIX Bof. B Bofiax ke u3 ciibHO BOCCTAHORJEHHOM cpefibl BellecTpa, K KOTOPbIM
9J1€KTPO/l UyBCTBUTEJEH, YACTO [PUCYTCTBYIOT B CAMIIKOM MaJbIX KOJMYECTBAX,
yTo6bl u3Mepenus Eh Gblan HagexHsiMu. B cuibio BoccTaHoBAeHHBIX Bogax 60.b-
110e BHUMaHUE JOJKHO ObiTh yAeneHo ToMy, 4Tobbl M36exaTh KOHTAKTA C BO3AYXOM
[0 W3MepeHuil uau B UX Mpolecce.

Bpex [ 44] npeanonoxui, uro Hanbojee TouHble pe3yabTarhl u3Meperus Eh
MOTYT BBITh HOJyYeHb! [PH UCMOAbIOBAHMM YPasHOE8 cuudawu el ayeitku, [lo sTomy
MeTofly HeboabliomMy 06beMy pacTsopa, cojlepxaulero pefokc-napy (Hanpumep, ¢ep-
puimany/ heppolani), 1anT BO3MOKHOCTD NpHiTH B TeYeHue HEKOTOPOro Bpe-
MeHH B 3JEKTPOXMMUYECKOe paBHOBeCHe C MCCJelyeMblM PACTBOPOM, [OCI]e Yero
u3mepsiercs Eh 310ii pefokc-napbl ¢ NOMOLIbIO IIATHHOBOT'O 2JeKTpoja. 3ToT
cnoco® B MOPCKMX BOAax, no-Buaumomy, Oollee pe3yibTaruBeH, 4em MpOCTO Iaa-
THUHOBASA NPOBOJIOKA, HO HEJIb3H 0XU/ATH CYUeCTBORAHUSA Aueliku, uyBCTBUTEIbHOM
k TaKoji pejokc-nape, kak SO5~ /H,S, y KOTOpPO# CKOPOCTh B3aiMHBIX NpeBpa-
ueHuit Mexay AByms opmMamMi UCKAUMTENbHO HU3KAs.

TMpu ucnoan3osanuyu Tepmuna "Eh" BaxHO fesarh pasiuyue Mexay BeuuuHol,
KOTOpas U3MEepHeTCs C [OMOUbI0 MIATUHOBOrO 9JeKTPO/a, U BeIMuMHOM, BhluMCIs-
eMofif o aKTHBHOCTAM peflokc-napbl. B aroit kHure Eh ucnoabayerca B nocieHem
cMbiClie; OH NPUHAMAaeTcs 3a TepMOoIMHAMUYECKYI0 NepeMeHHyl0, KoTopas B obuem
clyuae He MOXeT ObITh npsAmMo u3mepeHa. PaxTuueckn Hanbonee BaXHBIM CHOCOGOM
"uamepenna” Eh siBaserca onpejeienne cojepxaiua oboux YJIeHOB TAKUX PEJOKC-
nap, Kak Gopmbi xene3a, Gopmbl cephl, GopmMbl MUKPOIJIEMEHTOB (Hanpumep,
mbimbska) [ 62].

OWATPAMMbBl pe —pH u Eh — pH

ITi aMarpamMmbl ABAAIOTCH YAOOHBIM CIOCOO0M H300paKEHUs COOTHOLIEHHH
YCTOHYMPOCTH, BKJIOYAIONMX pefokc-peakipm.  OHM NOKa3biBaAOT CTPOro PABHOBECHbIE
COOTHOIEHUS, 109TOMY CJlellyeT BCer[a MOMHATb, YTO B NPUPOAHBIX BOAAX UACTO
BCTPEUAITCHA OTK/IOHEH!s 0T paBHoBecus. [lpuBeenHble 30ech NpUMeps! B3ATH B
ocHoBHOM u3 pabors "appeaca u Kpaiicra [ 122],
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Cuctema Fe —0 —H,0. Tpumep 1. Tloctpoum gmarpamMmy ¢ KoopauHa-

Tavy pe u pH aas cinereml Fe-O-H,0 mpu 25°C u P =1arw, Bruowss B tee O

2
Hz(raa)v“zo(mnnx)-Fe Bt Fe, 04 u Fe, 0,

Cuauana paccMOTpUM ycTo#uMBOCT *uaKo#H Bofbl. Ipy oueHb BhICOKOM pe
nasaenue O, B pasHOBecyn ¢ xuaKol Bogoi Gyaer npesbiats 1 arm, a npu ouelb
HU3KOM pe JaBleHie BOJOpO/a B paBHOBecHM C BO[Oi Oyjer npesbiiath 1 at™.
[lockoabKy Hac HHTEpecyeT TOJILKO Cpefa, Iie BoJa yCTOHuMBa NPH CyMMapHOM
faBJenny, paBioM 1 aTM, 57a yCTOHUMBOCTD ONpefeseT MHTepecylulylo Hac
ob.actb pe—pH.

Bepxuuii npesienn ycroitunBocT! BOAbI onpeeaserca peaxiyeii
1/203(,.33, +2e¢~ +2H* = H,0,

2(ra3),

Hy0
K — e
pasH = .
P% ., g2 | g2
0 e~ Ht

2
B cBazu ¢ Tem 4To a,HzO = 1 (wicras Boia B CTAHIAPTHOM COCTOSHIN),

ngpaaH = 1/215P02+ Z2pe + 2pH,
pe= 1/218Kpaau * 1/418P02 - pH, (11.12)

Acgeaxuuu - AG‘ﬁz 0 == 56,69 (mpyrue craHmapTHble CBOGOIHbIE SHepriM 00pasoBaHUs
paBibl Hy10),
gk AChoaum_ _ 50,69 _ 415,
B e e '
2,303RT 1,364
s Py = 1 (Bepxemit npegea ycrojiunsoctu Bognl) lg Pg = 0, nosromy
o, 2 glo,

pe = 20,78 — pH.
['padmuecku 310 ypasHenne B koop/uuarax pe u pH uzobpaxaercs npamoii au-
Huedi ¢ HakaoHoM, paBHbiM —1 (puc. 11.3). ITo ypasrenuio (11,12) nocrpoum Jmmmu
paBHbIX Poz » lapaJjlie/ibHble JMHUM, COOTBETCTBYIOeH P02= 1 arm. Ormerum
GbiCTpOe U3MeHeHne PO2 NIpU [ABMXEHMH OT JMHMM, OTBeualiei Po9 = 1 (puc. 11.3).
Jlunus, coorpercTByllasn 1"02 = 0,2 aT™, JexuT HepasauuumMo OJU3KO OT JUHUM,
COOTBETCTBYWLIEN P02 = 1arm.
Huxuuit npesen ycroftunBocTy Boabl onpefieasercs peakiyeii
Ht+e= = 1/2H

ph
HZ

2 (ras),
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16 %, = 19+ f,= 107"

P wc. 11.3. INunuu paBHbIX neTyyecTel Kucnopoga W BOAOPOAa B 3aBMCMMOCTH OT pe
v pH npu 25°C.

]'SKpaaH =1/2 IBPHz*' pe + pH .

Tak kak G2 K

peakuuu ~ 0, lg
pe=1/21g PH2 - pH.
W croBa noayuenHoe ypaBHeHue u3o0paxaercs NpAMOH JuHMel ¢ HAKIOHOM, paBHbEIM

-1 .Hldlﬂﬂ’l, COOTBETCTBYLINEe MOCTOAHHDIM PH : 6yﬂyT napaiie/bHbl 3Toi JuHUM;
HEKOTOpble npuMephl fans! Ha puc. 11.3. Ha HiRHEM npefiese yCTONUMBOCTU BO[bI

Py,=1, 1gPy, =0, mosromy pe = —pH.

paBH — 0,

Teneps pacecmorpum rpanuiy Fe, 0, —Fe 30,
3Fe 04 + 2¢~+ 2H+ = 2Fe, 0, + H,0,

1
Kpaan = 7

a2 a?
e~ ol

lg KpaEH =2pe + 2pH,
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pe=1/21gK qq, — pH.

Yra rpanuua Takxe Gyaer npamMoit mHKeli C HakJoHOM, paBibiM —1. Touka nepece-
YeHWS C 6ChbI0 OpAMHAT 3a/aeTcs BeanunHol K paeh

AG oakunm=28GFe, 0, + ACh 0 — 3AG Fe,0, == 137,

lgK = +45,41,

VpaBHeHue, onpezesioliee MPaHuIy, TAKUM 00pasoM, UMeeT BUA

pe = 2,70 — pH.

9ra rpanuua nzobpaxena Ha puc. 11.4.

Caenywomeii paccmorpum rpanmty Fe 3+ — Fe, O,

Fe,0, + 6H* = 2Fe®t + 3H,0,

paBH

B8+
S L S
aﬁ
H+
lgK paen = 21ga ., + 6pH. (11.13)

Bemuuna pe B 9TO ypaBHeHMe He BXOJMT, 109TOMY NpamMua Ha auarpamme ¢
koopIuHaTamy pe u pH npe/crapiena BepTUKAIbHOM npsmoii menedt, Ho npexpe
1eM ee [MpoBecTy (T.e, NPeCTaBUTb TPAHUILY MEX[y "pacrsopennoii” u "Hepact-
BopenHoii" dbopmamu), HeobxomMo cleaTb IPOX3BOJbHBIA BEIGOD 3HAYEHHSA

a FadF B KauecTBe aKTMBHOCTHM pacTBOpPeHHOi GopMbl 0ObIUHO PHHUMAETCH Be-

anuuHa, pasnas 10— [ 122].
JNas uamocTpaiyy sgdexra, CBA3aHHOro C BHIGOPOM a £ 347 HA PHC, 11.4 no-

Kas3aHbl TAKXKe paHulibl, COOTBETCTBRYlIHE & ot ™ 10 2 u 10 -9, C eanunxoi
[
a - 108 ypasuenue (11.13) npunnmaer Bua
Fe 3+
pH= 1/61gK

Tak kak 1gK ;qg, = — 2,23 (3 Beanwn cBoBOHbIX SHEPTHif), rpaHulbl, COOTBET-

pasn + 2

CTBylOlIME aF i = 10~ u 10 -3, nexar B oGaactu pH < 2,0, T.e. BbixOAAT 32
e

npe/ieJibl avarpavmbl Ha puce 11,4, Ppannna aasa o =10 % CoOTBETCTBYET
pH = 2,63; oHa nokasana Ha PUCYHKe. A
['panmua mexay Fe 3+ u Fe 2% naercs ypasHeHnem

Fe3t4e =Fe2+t ,

aFe"H'

Kpaan“‘“ -
a

Fedt o
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N
s &2
i < \\5’0\3 Fe, 0,
b g ]
P
g 4 \'t~, \\ —
O~
[ Fe?* e, N b
ok LY ~
% S .
f - ~N N -
A= 2 \__'---- \\ i
= \ ~ .
-8}
B Fez 0,4
-12 | | 1 | 1 | | 1
2 3 4 5 6 7 8 9 10 n
pH

P u c. 11.4. Ouarpamma pe — pH p.hﬂ cucTembl Fe —0 —H20 npu 25°C. Cnnowkbie NuH1KM

COOTBETCTBYIOT FPaHHLAM ANA & - 1075 rpanvua Fe O, —Fe3" pnaa =107"°
Fe2t 273 Fe3t
ApOXoAMT npu pH< 2, 8
a

Fe2+ ? oI+
pe=lgK japy — lg( —— |= 13,04 - 1g| ——— -

e a

Fe & Fe ¥

B cBA3M C TeM, UTO NoJA0KeHHe rpaHuibl He 3asucuT oT pH, oHa JomkHA u3o6pa-

aThCA MOPU3OHTaNbHON MuHKei. YroGbl NpoBecTH STy rpaHuily, Mbl J0JKHb AATH
a

onpefeJeHHOe 3HaYeHHe OTHOWEHHIO Fe? +_/ a Fe+® OGBIYHO B TAKMUX CAyvasx

OHO TIPMHMMAETCS PABHbIM EIMHIILe, HO NPH 9TOM HYXHO NOMHWUTD, UTO Bhille 370l
PAHMIBI MOTYT HabMOAATHCA «OTMUAIOUNECS OT HyJf KoHlleHTpaMM  Fe **, a Hike
ee — KoHlleHTpaiyy Fe .

lpamtua Fe, 0, - Fe?* BbUACISETCS U3 ypaBHeHUs

Fe,0, + 26~ + 6H* = 2Fe 2+ + 3H,0,

2
a
Fe?t
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pe = I/ZIE;KpaaH - lgaFc2+ — 3pH. (11.14)

3ech MBI CHOBA [I0JUKHB] BhIOpaTh 3HaueHne a , 4TOGbI IPECTABUTD IPAHMILY

Fe 24
MeXy pacTBopeHHOl u HepacTBopenHoli dopmami, Ecan mbi Buibepem Takyio xe

BeJUUMHY, YTO M [J4 a y TO Ham He HYXHO BbIYUCIATD Kpaau .
e

I'pamiia Fe, 0, —Fe **snusercs npavoit umeli ¢ HAKIOHOM, pasibiM — 3(ypaBHerye
(11.14)), npoxopsueii yepe3 Touky nepeceuerus rpaHul] Fe,05—Fe®t i Fedt-Fe2,

Felt

[Tpu arom, oaHako, Hemaoxo Oblao 6bl BHIYMCIUTD KNBH ! IPOB@PUTH, Npoiiner am
HOBas I'DAHMIA yepe3 TOUKY NepeceueHus AByX ApyruX. Ecam Tpu rpamuiel ve scrpe-
TATCSA B OJHOM TOUKe, 3T0 OyeT CBUETebCTBOBATh 00 apudMeTHyeckoi ownbKe.
HeroutocTy B BeinuuHax cBoGOIHBIX 3Hepruii npusean Obl K OWKOOYHOMY MOJIOKE-
HUI0 TOUKH [epeceyenus, HO TOUKA B J1000M cayuae [0JkHA ObITh OfHA

I'panyiia Fe,0, — Fe ?* BbUMCARETCA U3 PeAKLUK

Fe,0,+2e¢~ +8H* = 3Fe?+ + 4H,0,

pe=1/21gK oq, _3‘/215011‘.:2*' — 4pH.

3peck BHOBb HeT 0CTPOi HeobxoMMOCTH B BhiuMCAeHMM Koo , TaK Kak rpaumua
JI0IKHA BbITH MPAMOj MMHKMeli C HAKJOHOM, PAaBHbIM — 4, U NIPOXOJUTH Yepe3 Tau-
Ky nepeceuenus rpaunl Fe,0, — Fe ** 1 Fe,0, — Fey0, .

3 puc. 11.4 MoxHo cienarsb BbiBog, uto Fe®t aBasercs npeoSianaoumed dop-
Moit TOIBKO B Kpajiie KMCIBIX OKUCIMTEbHbIX YCJOBUAX, TakHX, KOTOpbie BCTpe-
Yal0TCH B ApeHaXHbIX BOAAX PyIHMKOB. B menouHoil cpene xene3o A0kHO ObiTh
HepacTBOPMMBIM NpH JI00bIX 3HAYEHUSAX pe; B HefirpaibHol U caabokicaoi cpeaax
Xeae30 [0JKHO ObITh HEPACTBOPMMBIM B OKUCAUTEJbHbIX YCIOBUAX M PACTBOPUMBIM
(B dopme Fe 2+) B BOCCTAHOBUT@JbHBIX YCIOBUAX,

lMpumep 2. Kak u3MenuTcs AMarpamma, eclu Cpelt OKUCHBIX MUHEPAIoB KeJe-
3a Habaonaerca amopduasn Fe(OH), smecto Fe,04?

YpaBHeHusi A5 pa3 MuHbIX FPAHUL B 3TOM cJayyae OyAyT NouTH TakuMu xe,
HO BeJWWMHbl Kp oo, Ana rpanull, Briouaioumx FegOq, GyayT HECKOALKO MHBIMK,
OTpaXaWIMMK MeHblylo yeroftunocTs Fe(OH) ;. Jru rpanuis OyayT umersb Te
K@ HAKJOHBI, 4TO ¥ Ha puc. 11.4, HO [Ipyrue TOUKM NepeceyeHus.

Paccemotpum rpanniy Fe(OH); — Fe g 04

3Fe(OH), + H* + ¢ ~=Fe, 0, + 5H,0,

pe=lg Kp““ —pH.
3 BeauuMH CBODO/HLIX SHEPrUH B MPUJIOKEHUH
lgK japn =+ 17,25,

!

pas
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P c. 11.5. fuarpamma pe —pH anA cuctems Fe —0 —H, 0 npu 25°C c amopdmoi
Fe(OH) 3 BMECTO remMaTuTa, MYHKTUPHBIE MMHUK — FPaHUL bI, BKMOUAIWHE rUNoTeTHYeC-
KUA HEYNOPAROYEHHbIA MarHETUT, KOTOpbIA Ha 10 Kkan/Monb MeHee YCTOWUMB, Yem
MarHeTUT. TOueUHbIE NMHWKM, BKNIOUaIOWMe MemMaTHT, — FPaHHiibl, CKOMMPOBaHHLIE C

puc. 11.4. Ipanulybl TBepAce BEWecTBO/ pacTBOP NOCTPOEHbI ANA aKTWBHOCTEW PACTBOPEH-
Hbix hopM, paBHbix 107°.

pe = 17,25 — pH.

Ha puc. 11.5 9Ta rpamuua nokasaxa criowHoi amedl. /mi rpamini Fe(OH) =T
Fe(OH), + 30" = Fe®t + 3H,0,

ngpaau = lgaFe a4 + 3pH.

M3 Bemuin cBoGonubiX sHepruit IgK pasH = 3,73, nosromy aas aFea b —10~5pH=324,

Kak To/bKo 91U [iBe IpaHulibl IPoBe/ieHbl, MOKHO yOe[MTHCH, UTO E[MHCTBEHHEIM
nyTeM oObeMHEHUs HOBbIX Mpanull ¢ rpamitiamy Fe 3 —-Fe?t n Fe,0, —Fe 2% (ko-

Topble B HEU3MEHHOM Bi/le IEPEeHOCATCA ¢ prc. 11.4) ABAACTCH YCTaHORJEHMe Ipati-
bl Fe 3+ — Feaoi':

3Fe** + e~ + 41,0= Fey0, + 8HT,
pe = IngaBH + 3lgaF= s+ + SpH.
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Boiuncassn ISKpaau U nofcTapasA @ o, = 10 =* , noayuaem
e

pe=- 11,95+ 8 pH.

U3 pesyabtupyloweii narpammbl (pic. 11.5) BuaHo, uto addekr 3ametbi Gonee
yeroitunsoit gasel Fe, 0, Ha menee ycroiiunsyio Fe(OH), COCTOMT B 3HauMTEIbHOM
YMEHbIIEHIHH 05 YCTORUMBOCTY THIPOOKUCH Kesle3a M0 CPABHEHHMIO C NIoJIeM YCTOj-
UMBOCTH €T0 OKMCH. IT0 I0BOJLHO yTPUPOBAHHBIA IPUMED BJMAHUSA BIGOpA pasany-
HbIX BeJUUNH CBOGOJHOM sHeprun paccmarpubaemoii dasbl Ha auarpamMmbl ycTolum-
BOCTH.

B pacuerax, CBA3aHHbIX C NPUPO/IHbIMH BOJHBIMYA CHCTEMAaMM, BEDOSTHO, Cle/ly-
€T MCMO0Jb30BaTh BeMuiHy CBODOJHON 3HEpruu F‘e._,Oa (remarura), paccmarpupas
pacmgopenue SBHO KPUCTALAMUECKOrO MeMATHTa, | BEJMuMHy cBOBOHO/ SHeprum
Fe(OH),, pacemarpusan ocaxdenue okucu kelesa, Tak Kak NepBoHAvaIbHbIA ee
0Ca0K, No-BUANMOMY , ABAAeTcA amopdubiM. Ecau Hamu pacemarpupaeTcs ocak-
fleHHe, TO HelpMeMJIEMO HCNOIb30Bakue BeMUMHBI CBOBOHOH SHepruu MarieTura,
KOTOpasi COOTBETCTBYET XOpOWO OKpUCTaNM30BanHoi dase. dannbie 06 ycroliun-
BOCT# amMopdHOro 3KBHBaJEHTA MarHeTuTa OTCYTCTBYIOT; UACTO MUIIOTETHYeCKH
TNpUMep TOro, Kak BJMSET yMeHblleHHe CBODOHOM SHepruu MarHeTuTa Ha
10 kxan/Moab, nokasan ua puc. 11.5 (mynkruphble aummm). [oge yeroluupocty
MarHETHTA [PY 9TOM CMIbHO yMeHbliaercs, a noas Fe(OH), u Fe?* coorBercraen-
HO YBEJIMYMBAIOTC,

Cucrema Fe —0 —H,0-CO,. llpunep 3. Kak noBmser na parpammy
(puc. 11.4) Braouenue KapﬁOHa'l‘Hblx thopm npu ycaosum, uTo: a) Pog = 1 arwm;

6) Pcoz =102 atm; B) 2CO, = 102 m?
Korpaa B cucremy nobasasercs CO,, nonxua GHITH paccMorpena dasa cuje-
pura FeCO,, Mpannua Fe *t — FeCO, naercs peaxiueit

FeCO, + 2H*=Fe2++H,0 + CO,,

a o B
Fe 2+ CO‘J

K

paBH ~ 22
H+

ngp&BH = lgﬂFe o + ]‘gPC02 + 2pH-

[loacranoBka a - 10"%ulg Kpaaa = 7,51 (43 Beanunn cBoboHbIX aHepruit)

Fe2+
naet s P, - 1 pH =6,76 1 z1s Po, = 10-2 pH = 8,26. Tlocrpoetne X rpanuil Ha Ma-

rpavve ¢ Koopmmaravu pe i pH (pue. 11.6) nokasbsaer, yTo HeoGXomimo apenenetve Tpamr
bl FeCO, —Fe,0, npu PCO =1 arm i rpanmtbl FeCO, —Fe O, npu PCD

= 102 arm. ()npeﬂeﬂﬂ}(,mue MX ypaBueH}m
Fe 0, + 2%+ 2H" + 2C0, = 2FeCO, + H,0,

FeBO‘ +2e +2H" & 3C02 - 3FeC03 4 HZO'
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P uc. 11.6. Ouarpamma pe —pH AnA cuctemsl Fe —0 —H,0 —CO0, (25°C) npw ycnosum,
uro PC02 =1 (cnnowxble NUHKK) W Pc02= 10~ (nyHkTUpHbIE MuHuM). T PaHuubl TBEpAOe

SeliecTBo/ PACTBOP NOCTPOBHLI ANA G ., = AT %
e

W3 apam3a 9TMX ypaBHetuil caejyer, uTo obe rpaHilipl Ha muarpaMme GyAyT npep-
CTaRJEHbl NPAMBIMA JMHUAMU C HAKJOHOM, PaABHbIM = 1. W chopa Her peabHoil Heob-
XO[MMOCTH B BbIUMCJIEHUN KOHCTAHT PABHOBECHH, TaK KaK rpaHuiibl J0/KHBI TPOX0-
IUTh Yepe3 TOYKM nepeceyeHus rpaHill Fe,04 - Fe 2t y Fe 2+ - FeCO,4 (Pcg 2=])

nFe 0, —Fe?" u Fe #+ _FeCO, (PC02= 10 —2) coorsercTBerHo (puc. 11.6).
Cayuas ¢ NOCTOSHHOH BeIuMHOM 3CO, HeCKOBbKO Caoxiee. MoXHO onpe/e uiTh

rpamuty Fe -+ —FeCO, B gopve ypaBHeHus

Fe2++ HCO; = FeCOy + H* 4

a
3
Kpaau = H

a e a
Fe2+ HCO 3

H=-1gK, .o —1 _
5 E%pasn ~ 184 g 2+ lgaHCO_a'
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-6
Ecim npeioJoxuTb, 4ro aHCO; =3C0,=10"2u @0t = 10, To pH = 7,64
Ipyn atom 3naverun pH npesnonoxenue o ToM, uro KapbonaTHble GOPMbI npes-
cTapaenbl mouTy noaHocThbio nosom HCO3 , cosepumento cnpaseameo (na. 3). Mol
NpeanoNoXnn TaKxke, 4To aHCO =Mye 0_.0mu6xa OT TAKOro NpeanoJoXeHns Ipu
3 "3

pacuete pH st paceMaTpuBaeMoro TMna Auarpammbl pe — pH HesHaudTebHA.

Ipamniia Fe?t — FeCO,( = CO,= 10 ~*) nepecexaer rpauuiy Fe * ~ Fe, 0,
Hke rpauuuel Fe, 0, —Fe 30, . [losToMy HeoOX0MMMO BHIUMCIHTL MPAHUILY
FeCO, —Fe,0,"

Fe,0, + 2H* + 2¢ = + 3CO, = 3FeCO, + H,0,

ngpaBH = 2pH + 2pe — 31£Pco2v

pe = 1/218 KpaBH - pH = 3/213Pc02. (1]-]5)
Ecin npenebpeus koadduuuenTaMyu aKkTHEHOCTH, TO MOXHO BbIPA3UTh PCO2 yepes

2C0, u3 coorHomerus (. 3):

2C0, =m +m Bl e =
H,COo, HCO 7 CO 3~
K, K. K,
=K . P 1+ +
CO; Coz a a?
W HY H*
ZC0,

Pco, =

Kcoz(1+K1/aH++K1- K2-/al_2!+)

[MoacraBass 2To Pcoz B ypasHenue (11.15), noayuaem
K K.. K

pe = 1/2 1gK 0p, — pH + 3/21g3C0; - 3/2 IgKco, \1+ b L v il 12§
a

a2
HT Ht

CoorHomenne Mex/y pe u pH sBHO HeauHeliHoe; rpanulia oTa nokasasa ua puc. 117,

Ecau sadukcuposana 2CO, , a ne P, » T0 mpu BhICOKIX 3nauenix pH oxucu
craHoesaTcs 6oJee ycToluMBEIMY 0 cpaBHenuio ¢ Kapboxarami, B obuem Bige oTHO-
CMTeNbHAs yCTOWUMBOCTb KapbGOHATOB N0 CPABHEHMIO C OKUCAMM M MM/POOKMCAMU
(pM OIMHAKOBOM OKUCIUTEJLHOM COCTOSHMM) MOXeT OhTh PacCMOTpeHa B opme
ypasHeHu# Tuna

MO + H,0 + CO%~ = MCO, + 20H
WK

M(OH), + CO%~ = MCO, + 2 OH~— -

20-78
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P uec. 11.7. Nuarpamma pe —pH anA cuctembl Fe —0 —H,0 —CO, (257C) npW YCNOBHH,
yto = Cu2 =i IpaHuubl TBEPAOE BeWecTBO/ pacTBOp NOCTPOEHSE! ANA @ o =105
e

Nas oboux ypasHesuit

a
=
g e ® 5
82
OH —

N3 ypasuenus (3.30)

K

K,-Ky+Kco,* Pco
2 2

a S
o= 52
Ht
TMocae noacTanosky K Bgh ™ B Bpn - u npeobpasoBanud NoTy4aem
K- Ky-K - P
acog— 1* 8g- Rco, " o,
2 - 2
a K
OH— H;0
TaxkuMm 06pasom, Ipu NOCTOAHHOM Pc02 OTHOWEHHE @ .\ / a?m_ Oy/leT MocTosH-
3
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HbiM M Heszasucumbiv oT pH. OfiHako B Tom ciydyae, Kor/a NOCTOAHHOH ABJASETCH
3CO, (ane PC02 ), a co 2 He Moxer M3MEHATLCA He3aBUCMMO oT pH, Mosrtomy ¢

yBel4eHnem pH agu_ yBeluuBaeTCH 3HAUUTe/bHee, YeM a c W OKMCH W TU-

God
0 3
DOOKICH CTaHOBATCH Oojiee yeTolunsbiMu, Yem KapOoHaThl, [lo Tem ke nputmtan upi
BhicoKMX 3Hauyemuax pH cumikarst Fe (I1) 6ymyr ycroiiuisee kapbonaros, ecim

= CO, nocTosHHa; HO UX OTHOCHTE/IbHAA yCTOMWMBOCTb He Oyder 3aBuceTh or pH
npH NoCTORHHOM P co,* [1pu npou3BOJLHBIX 3HAYEHUAX Pc02 HaHsio0
4

MOryT GhITh Gosee yCTOMUMBBIMI KaK KapOoHaThl, Tak i cuimkarsi Fe(ll). st kaokoi

BeJHUMHDI @ H,sio, HMeercH ©/IMHCTBEHHOEe 3HAYEHNE Pcoz ; TIpM KoTopom obe dasbl

MOT'YT ObITb YCTOHUMBbI OHOBPEMEHHO.

Bocemanosnenue CO,. [/lo cux nop He paccMaTpUBAIICh PeOKC-peaKiiu, BKI0-
yatoupe CO, , Mpn nuzkux suavennsax pe CO, Moxer ObiTh BOCCTAHOB/EHA /0 rpa-
duTa, OKNCH yraepoia uan Merana., PaccMOTpUM B KauecTBe NpuMepa aBieHne Me-
rana B pasHoBeciu ¢ CO,( PCOQ = 1 arm) kak dysximio pe u ph:

CO, +8Be™ +8H+=CH, 1+ 24,0,
IEKpaaH =ISPCH‘ -lg PCO2 + 8pe + 8pll.

Boiuncaenue 1gK ... n nojcranoBka P = 1 arm jgaior
2

pas
pe = 2,86 — ],/BlgPCH4 - pH.

Iy COOTHOUIEHA NoKas3anb Ha puc. 11.8. Korpa pe npub.uokaercs K HIKHEMY npe-
Jeay yctoltuusocty Boabl, faraenne CH, B passoBecun ¢ CO, cranoButcs ouenb
BhIcOKMM. OZIHAKO HyKHO NOMHUTb, 4YTo oOpasopanye mMerana npu 25°C ocymecrsii-
eTcsl TOMBKO C [OMOIIbI0 MUKPOOPIaHH3MOB 4 00bIUHO He JOCTUraeT paBHOBECHOr'O
COCTOAHMA,

Cuctema Fe—0—-H,0 —S. Mlpunep 4. Kak Moryr ObiTh yuTeHbl Ha Auarpamme
¢ xoopanaramy pe 1 pH ycroitunsoctn coeaunenmii cepbl i cyabduioB kenes3a?

Ieppas npobaema 3akMouaeTcs B BoOOpE NePeMEHHOM il ormmMcai CyMMapHO#
AKTUBHOCTH MJM KOHLEHTpawm dopm cepbls [Ipn BHICOKMX 3HAUECHUSX pe BCA cepa
yier HAXOOUTbCA B GopMe Cybdara, Npu HU3KUX — B GopMe cyabduios. B cay-
yae NPOMEXYTOUHBIX 3HAUeHMi pe BaxHOi QopMoii MOXkeT cTaTh 3leMenTapHas
cepa (puc. 11.9). Taxum obpasom, npujatue aKTUBHOCTH m0boit U3 GopM NoCTOoAH-
HOrO 3HAUeHUs BO BceM auanas’ose pe — pH He AB/IsSeTcCA yIOBAETBOPUTEILHbIM pe-
wesnieM, Jyunm pewetnem OyerT QukcHposarie onpe/ejeHHol BemuiHbl
25(=aso - *%Hs0 *OH,s+ CHS -+ 8ga_ ). Ecan onpegeaena ZS, 10

2
4

BeJuuuHb! pe 1 pH oHO3HAUHO ONpe/eifT PABHOBECHYI0 aKTHBHOCTD Kauk/10i oT/elb-
Hoit gopmbl cepsl. XoTs CylleCTByeT MHOIO PYTUX OKCUKUGIOT W 8HMOHOB Cepbl
(Takux, Kak cyib(ur, THoCYIbGAT, IUTHOHUT U Tollo), COMHUTENBHO, UTOOH! Jt0bas

13 X dopm bbiia yeroitunpoit npu 25°C u 1 aTm.
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B =
2 4+ -
L.P =
CH¢ Pasyg,
0 Becuy o co g
1 at™ N
—4 1000 atT™ B

1000000 ™™

—12 | | 1 | | | | |
2 3 4 5 6 i 8 9 10 1"

pH

P uc. 11.8. 3aBUCMMOCTb AaBNEHWA MeTaHa B paBHOBECHH C co 2(PCO =1 aT™) npu
26°C ot pe u pH. 2

[Mpamnipl Ha puc. 11.9 BoiunCIeHb! 3 CASLYIOUNX ypaBHeHu .
Ipanuna H,S —SO% ¢

SOﬁ_ 4 Be+ 10H+ = HZ,S + 4H,0,

T
K Sk
lg paBH = lg + 8pe+ 10 pH.
a
s0%2-
[puHMMas oTHOWEHHE PaBHbIM 1 M BBIMMCAAA C OMOLIBIO [AHHBIX NPUIOKEHUS BEJU-

unny lgK nojy4yaem

pasH #
pe = 5,13 — 5/4 pH.

Ipanuya HS— — S0%~ =
SO%~ +.8e~ + 9H+ =HS— + 4H,0,

- ags-
lgl\paan = lg| —— |+ 8pe + 9pH.

a 9.
L. SO 1 =
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8 |
L S0 -
g af .
- o ]
or —
H,S
—al |
by =7 Hs
_8_
—17 | 1 ! 1 1 1 | L
2 3 4 5 6 7 8 9 10 1
pH

P uc. 11.9. 3aBucMMocTb nonedl yCTOAYUBOCTM pacTBOpeHHbIx Gopm cepbl U TBepaoh
aneMeHTapHo# cepbl (25 = 1072) ot pe u pH. C u3MeHeHHEM S U3MEHAIOT CBOE NonoXe-
HHE TONLKO rpanMubl 3nemeHTapHoR cepbl, HS 0: u S 7~ B puanasone pH, ucnonb3osaH-
HOM Ha Auarpamme, He ABNAIOTCA npeobnanalowmmi hopmamu,

[puauman oTHowenne pasibiM 1 M BbIUKCAASA lgKpagy » NONyuaem
pe=4,25-9/8 pH.
lpanuya H,§ _HS —
H,§ ~H*+HS — ,

ays -
ngpaBH = lg| — |- pH.

a H 25
1 cuosa, npunumas, uto oTHolmenue papuo 1, u Buiuncias lgK pagy » M0IYYAEM
pH = 7,00,
lpexne yem BbIUKMCIUTH IPaHulbl, BKIKYAOUE TBEPAY0 MeMenTapHylo ce-

py (nan moboii cyangua), HeobxoauMo npuaaTh onpejeieHtoe 3nayenne Z S. 3aech
B KauecTBe npuMepa Mul uenoab3yem =S = 10 2. Boiue rpanuipl SO”;’ ZH5S
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(ws HS =) w4y BeA pacTBOpeHHan cepa oyuter B dopme cyabhuara, T.e.
a i 10 2. Huke 9roit rpamuust npu pH < T,0 ay g = 10 2. Jru ynpouaio-
- 2
4
Wie NPeANoI0KeHIA Helbh3i CI0Ab30BATh TOILKO B Henocpe/cTBeHHol Bim3ocTy
K rpaHuiiam,
Ipanuna SO~ 0

5{)%“ + 6e— + BHY :STE + 4H,0,

]Bh'paan = 6pe + 8pH — lgaso.i_ .

[bacragaan a " = 10-2 u Boluncaga ngpaaﬁ , oy uaemM

| .
04

pe=5,71— 4/3pH.

Ha aroii rpanuie aKTiBHOCTh PACTBOPEHHbIX hopM cephi B paBHOBECUH C TBEP/OH
cepoii pasna 10 =2, Hike rpauilibl paBHOBECHbIE AKTHBHOCTH dopm cepbl MeHblle
10-2, TlosroMy, KOrja BeIuunHa, Boibpauias s =S, cHuxaercsd, pasmep 1o
YCTOHUMBOCTH TBEPIOH Cepbl yMEHbIIACTCH.

I'panuya S — H,S-

S, +2e—+2H+=H,8,

Te
l‘ngBBH = Igauzs + 2pe + 2pH.

Mojcrasas @y o = 1072 ¥ BbIYMCAHH ngpasH , oayuaem

28
pe = 3,40 — pH.

Yrobbl pewnTh, TIe 9TH ABe rPpaHuibl CobIOTCH € rpamuedt SO%~ _H, 8
{puc. 11.9), HeobxoauMbl, Ka3aloch fpl, Hosee TOUHble PAcUeThbl, B KOTOPbIX yui-
TRIBAETCH, YTO =S CAAraercsd Kak U3 H,S, rak nu3 SO 2= . Ojnaxo Ha puc. 119
peayabTaThi HoJee TOUHbIX PACYeToB MouTH HEOTAMYMMbI OT PE3yIbTaToB, OCHO=
BanIBIX Ha npejonoxen, uro =8 = 802" wau =S = H, S.

Moas ycroiunsoctu HSO7 u S~ naxoasrcs 3a npenenami uanasona pH,
floKasasHoro na puc. 11.9.

Ipamnua cyabpar — cylbdui apasercd, 110-BHIMMOMY, Hanbosee BaKHON U3
BCEX PELOKC-T'PAHMI] B XMMIUU MPUPOIHBIX BOA. Jlag MHOPMX NEPEeXO/HbIX METALI0B
OHA llpefcTaBifer (npuBIKEHHO) JMHUI0, PAsATIOuyI0 061aCTh, T/IE YCTOHUMBDI
OKUCJbl, KApDOHATH! UM PACTBOPEHHBIE NOHbI, U obJaacTh, I ycToiunBbl Hepact-
gopuMble cyabdM/p (npeanonaraeTcs, YTo B pacTBoOpe TIPUCYTCTBYET HEKOTOpOE
KoJuuecTBo cepbl). Hauano BoccTaHoBACHAA cybhaToB oKasbiBaeT 00UbLIOe BKH-
Hue 1 Ha DMOJIONHUECKUe CUCTEMDb.

Bepxinii npesies yCTORUMBOCTI IMPUTA ONpeAeIAeTCs rpaHuamMi Mexy
FeS, u Fe?" nm Fe, 04, Cyabduan kenesa 0CAANAOTCH LIPU Kpaile HAIKMX
KOHLERTPALMAX PACTBOPEHHbIX CYJb UHbIX diopM, MO3TOMY Mbl AOMXKIb! IPUHATE,
uTo BepXHuil npeJen yCTORUHBOCTI MPATA HA PUC. 11.9 nexuT Bullle rpaHulibl
cyibdar — cyibgua. Ecan 910 BepHo, TO HA BEPXUEM fipejiede yCTOMUMBOCTH Mi-
pura asoﬂm 229,
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Ipawuya Fe* ~FeS,
2503_+ Fe?t+ 16H+ + 14¢ — = FeS, + 8H»0,

ngpHBH =~ 2lga s 2~ lgaFc2+ + 16 pH + 14 pe.
4

- = -8
Moacrapans “8024 =107 * ape2+ = 107° v Bbtameann IgK oo, , noayuaem

pe = 5,41 — 8/TpH.
I'panuya Fe, 04 — FeS,

Fe,0, + 450% + 38H* + 30e~ = 2FeS,+ 19H, 0,

ngpaBH == ‘“gasoﬁ_ + 38 pH + 30 pe.
02- — 10~ 2 u Bbluncasnd 1lgK
pe = 6,24 — 38/30 pH.

Fru rpannipsl uzobpakensl Ha puc. 11,10,

[loacrasans a pagy s MOAYUaEM

20 T T | PR & T T T

P wuc.11,10. Ouarpamma pe —pH anA cuctemsl Fe —0 —H ,0— $(25°C)npu ycnoeuy. 4TO
28 =107, I panuysl TBepROe BEWeECTBO/ PACTBOP NOCTPORHL! ANA & P BT 1070, NynkTHp-

HBIMW NMHUAMM NOKa3aHo pacnpenenesie GopM cepbl, CKOMWpoBaHHoe ¢ puc. 11.9.
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Cepa B MpuTe HaxomuTed B 6oJee BhICOKOM QOPMAILHOM OKUCIUTENbHOM COC-

TosHuu, uem cepa B H, S wau FeS. Takum obpasom, B 061acTi HU3KMX SHAUEHNH
pe MMPUT CTAHOBUTCA HEYCTOHUMBBIM [0 OTHOWEHHUIO K Fe?t npu mu3kux suadenusnx phl:

FeS,+ 4H*+ 2¢ = = Fe 2+ + 2,8 (11.16)

1 HEYCTOHUMBEIM 110 OTHOUIEHNO K FeS npu Bbicokux sHavennsx pH:
FeS, + Hf +2¢ ~ =FeS + HS™ . (11.17)

pannusl, coorercrayiouyte ypastenuam (11.16) u (11.17), noxasaubi na puc. 11,10,
Mpu =S (10-2), ucnonb3oBaHHOl A1 TOCTPOEHUS AMArpaMMbl, HIKHIE Npe/iellbl
yCTOHUMBOCTH MAPUTA NIPECTABIAOTCHA HECYIECTBEHHbIMU, HO Koraa =S yMmeHbuia-
ercs, noje yCTOHUMBOCTY [MPUTA CYKaeTcs, U 9TH Mpanilibl 0Ka3biBal0TCH B pe-
Jeaax pe — pH, 6osee THIMUHBIX 45 NPUPOJHBIX BO/.

Korza B npupo/HbIX Boaax obpasyercs cyibGunblil MiHepal xelesa, nepsoi
Bhinajaouei gasofi o6bluio ABAsSETCs HeycToluuBbii MoHoCyabduA [ 191, Iror mo-
HOCYJb BBICTPO OKUCIAETCH 10 MUPUTA, U HMEHHO MUPUT SIBJAETCH OOBIUHBIM
cyb(GUIOM Kele3a, BCTPEUalliMMCca Kak B COBPEMEHHBIX 0Ca/Kax, Tak i B IPeBHHX
ocajIouHbIX Nopojax. Mapkasur — MuHepal TOro Xe XMMUYeCKoro cocrasa, 4To U
NUPHUT, KO APYrofl KpucTalmyeckoi cTpyKTypbl, [Ipuunibl, 110 KOTOPBIM MApKa3UT
uHoraa obpasyercs BMECTO IMPUTA, He BLISCHEHBI

Mbi Moram 6bl K cicTeMe Fe =0 —S 106aBuTh Apyrue KOMIOHEHTH! (Hampu-
mep, CO,) u nocrpontsh auarpammy, nokasaruyk Ha puc. 11.11, Ho rakue anar-
paMMBbl CKOpee YCIOKHAT, YeM YNpoLaioT MHTeprpeTalyio XMMUKI IIPUPOJHBIX BO/.
B ce#asu ¢ Tem, uro obe dassl — cyabdua u kapboHaT Kejlesa HA aMarpamme
pe — pH BBICTYNAT Kak cyllecTBeHnble ycTofiunBble $askl, X5 foJukHA ObITh 3a-
(UKCHpOBAHA NPY QUEHDb HU3KOM 3Havuenwd, a Poo  (nam = CO,) — npit BEICOKOM,
Jl1% npUpo/MEIX cHCTeM OBBIYHO Npolle U pealibHee pACCMATpUBATh /Ba Clyyas:

1) cepa NpUCYTCTBYET B PACTBOPE, B 3TOM Clyyae YMECTHO MCHO0JAb30BaHNHE TAKOH
amarpammel, kak za puc. 11,105 2) cepa orcyrcreyer, 3iech Gollee MOAXOAAT TaKue
Jnirpammel, kak Ha puc. 11,6 wm 11.7.

Auarpammel Eh — pH. Paccyxienus n ypaBHenns Npy HOCTPOGHUM Anarpamm
Eh —pH ouenb cxozHbl ¢ TakoBbIMK 118 auarpamm pe — pH. Onu geralbHO paccMoT-
penb ['appeacom u Kpaiicrom [122] 1 3nech He obcykaaoTes, /luarpammel aru
JM/IEHTHYEBI, 33 MCKIOUEeHeM WKalbl Ha BEPTHKAIbHOM ocH, KOTOpas U3MEHSeTcs
B COOTBETCTEMM C ypaBHEHHEM

Bie L .56,

2,303 F
yT0 OTMeualioch Bbiue B 9rofi raase. Mpu 25°C
Fh = 0,059 pe.

Yru [iBe WKalbl cpasuBaioTes rpaguuecky na puc. 11.12. Opun u3 1He/locTaTKoB Ne-
noap3osannd Eh B KauecTse NnepeMeHHO# COCTOUT B TOM, UTO HAKJIOHbLI MpaHull pas-
AKuHbIX 1oaeit yerofunBocty 3asucaT ot T, yero yiaercsa uabexarb B clyuyae,
Koraa nepeMeHHoﬁ SABAAETCH Pe.
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P uc. 11.11. CooTHoweHuA ycToAunBOCTH B cucTeme Fe —0 —H,0 — 5 -Co, (25°C)
npu yenoswuu, uto 25 = 1079, 2CO, = 10° (no Mappency u Kpaiicty [122]).
NAPUMANBHOE OABNEHWE U ®YTMTUBHOCTL. OUAI P AMMbI
@YrMTUBHOCTEW

Kax ynomuHanock B Hauale I/iasbl, B KAUeCTBe MHIMKATOPA PELOKC-yCA0BMil
BMECTO pe MOKHO UCMO0Jb30BaTh aKTHBHOCTL Kucaopoaa. Ee yioGHee bipaxarb
yepe3 QyrUTHBHOCTL KMcaopofia B radopoit Gase, ¢ kotopoil pacrsop naxoaurcs
B paBHoBecHU. PyruTUBHOCTb UMCIEHHO BbIPAXAETCH TAK XKe, KaK napiualbHoe
AsriaeHne, XoTs COMHUTEbHO, YToDbI napimalibhoe Aapnenue B 10-8 arm 6buio
Gonee peaibHoil gu3uueckoil BeanunHoit,

lpumep 5. Mocrpontsb auarpammbl yeroifunsoctu Ans cucremsl Fe—0—CO, —H, (
MCHOAb3Y s B KAUECTBE MHIMKATOpA pe/loKc-ycloBuil lg fo,, .
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T—-05
=10 P uc. 11.12. CpaeHenue wkan pe u Eh npn 25°C.

IIMeeTcs HeCKOJILKO BOIMOKHBIX BAPHAHTOR BRIOOPA BTOPO OCH; Mbl [IPONI-
JoeTpupyem 3/lech uenoabsosanye pH i lgfo Yo HKBUBAJEHTHO NPOBEICHAI) ceve-

il yepes Tpexvephble MarpavMMbl ¢ 0CHaMI 1g fo g fr(l u ph.
Ipanuye  FegOg —Feg Oyt 2
3Fe,0, = 2Fey0, + 1/20,,

Kpasu &= féiz'

Igf02 = 2lgKoqay = ~72,31 (u3 seanunn croboinbix sneprui). « Mpanua Fey 04 —Fe ¥
['panuya Fe 0, — Fe?t:

Fe,04 + 4 = 2Fe 2t 2 HZO +1/20, ,

1ngﬂBH =2lga Fe 2+ i3 1/2181'02 + 4pH.

Feau Mbl 1laM BeJHHHHE @
Fe2+

opuuaramu lgf 0," pH 5oayusam IPAMYIO JBEHKIC ¢ HAKIOHOM, PABIbLIM ~ ~8 (oue. 11.13), w

onpejeleHnoe 3HauyeHue, TO HA JAuarpaMme ¢ Ko-

Ha auarpamme ¢ xoop;mua"ramm lgfo — lef 0, — roprsonTanbiylo o (puo, 11.14)
I'panuya FeCO, — Fe '

FeCO, + 2H* = Fe?*+ H,0 + CO,,

ngp“H =lga b 1gf(;02 + 2 pH.

Ha pue, 11,13 u 11.14 oaromy ypaBHeHuio COOTBETCTBYIOT BEPIiKaIbHbIe JINHINA.
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Fe, 04

Ig

—60 - -

Fe?*
/////f////////
(FeCO3, Ao, = 1;/

LY

Fe;0,

: i
i fy =1 FeCO;, A, = 107° :

1 1 1 L 1 1 1 1
2 3 4 5 6 7 8 9 10 1"

pH

P uc., 11,13, 3aBUCKMOCTb COOTHOWEHMH YCTOHYMBOCTH B cucTeme Fe —0 -H,0 -CO,
npu 25°C ot lg fO 1 pH. 3awTpuxosaHHaA obnacTe — none ycToWYMBOCTH CHAEPUTA NPW
2

Pc Q= 1 at™m, 06NacTk C TOUKAMH — NONe YCTONYMBOCTH CHABPHTA NpH PC02 =10~ atm,
"panuubl TBepaoe EelwecTsBo/ pacTBOP NOCTPOEHbI ANA a ot = 10-“'

[paruyaFe,0, — FeCOy

Fey0,4+2 CO, = 2FeCOy4 + 1/20,,

IBKpaBH =1/2 [gfo2 -2 Igf(:oz'

1gf02 - 218Kpasn + 4lg fCO2 ]

970 COOTBETCTBYET JMHUM C HAKIOHOM, paBHbiM + 4, Ha puc. 11,14 u (ecam noajep-
AKUBATD fc02 Ha NOCTOAHHOM YPOBHE) MOPU3BOHTANLHOM JauHMK Ha puc, 11,13,

pyrue rpanuipl, BXoJdlMe B 10JHbE AMAMPAMMB, MOCYT ObITh BHIYNCIEHDI
Takum ke nyrem. [uarpamma, anantornunas npusenento# na puc, 11,13, moxer
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Fe, 04

lg fo,

—50 |- pH5

FeCO,

I9 feo,

P uc. 11,14, 3aBHCMMOCTb COOTHOWEHMA YCTOAUMBOCTH B cucTeme Fe —0 -H,0 -Co,
npu 25°C ot lg fo_w lg fog . 3aTeHeHHbie obnacTu — nonA ycToiuusocTu Fe2t (¢ aktne-
2 2

HOCTAMM, npeBbiwatouymMi 10~%) npu paaniuHbix 3HauennAx pH.

GbITh OCTPOEHA C MOMOIIBI0 MET0/Ia, ONMMMCAHHOTO B NpUMepe 3, ecau MpenoNoKHTh,
YTO NOCTOSHHON ABAAETCH He fcos a8 ZC0,,

Puc. 11.13 B cymuocTi aueHb noxox Ha puc. 11.6: HaKNOHbI HEKOTOPHIX rpaHMy-
HbIX AMHKI pasaMyaoTcs, HoO OCHOBHASA TONOJIOTHMA MarpamMM OCTAeTcs OJHOM U Toil
Xe. ITO M Hey[MBUTeNbHO, TaK Kak oba Turna [Marpamm SBITIOTCS JMllb yIoOHbIMK
rpaguueckumy cnocobamm n3o6paxenna JaHHbIX 0 cBOGOIHBIX SHEprusiX. CooTHo-
WeHns yCTOHUMBOCTH He 3aBUCAT OT TOr0, KaKue NepeMeHHbIe UCIOAb30BaHbl B
KauecTBe PefloKC-0ceil, 1 s ciCTeM, HaXoAMXCA B PABHOBECHH, HHTEPIpeTals,
npoBe/leHHas Ha OCHOBe AMarpaMMbl OJHOTO THNA, CTOJb Xe XOpOoLO MOXeT GbiTb
cle]iaHa Ha OCHOBE JMarpamMbl pyroro Tuma.

B nannoii riase mbl oKasaim, Kak CTPOMTH AMArPAMMbl YCTOHUMBOCTH CaMo-
ro obilero Buja /115 pe/lokc-peakiyii B mpupoanbix Bofax. [Ipumenenne arux auar-
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pamm OyjleT paccMOTpeHo B Apyrux raasax. liMeerca MHOrO Bo3MoxHOCTeil Bbl-
Gopa oceii 113 aMarpaMm ycTo#uMBOCTH, U NPU PelleHn HEKOTOPBIX YACTHBIX 1pob-
JeM Bymsi HauboJiee N0Je3HbBIMU OCAMM MOT'YT OKa3aTbes coBceM He pe (i Eh)
u pH. Bo MHOrux cpezax, Hanpumep B M0J3eMHbIX BOAaX KOHKPETHOr'O BOLOHOC~
HOI'O I'OPM3OHTA WM B NIOPOBBIX BONAX MOPCKUX 0CA/KOB, BemtwiHbl pH noutu noc-
TOSHb], TO3TOMY UMEET CMBIC! CTPOUT MArpamMMbl ¢ (MKCHpOBaHHbIVI 3Haveusvu pH,
a B KauecTBe OCell UCNoAb30BaTh Jpyrie NepemMeHnble (Hanpumep, lg fco

Z5, lga _p ) Taxue auarpaMmbl MOXHO Jerko MOCTPOUTb HA OCHOBE T0r0 Ke

obuiero nonxona, KOTOpBIi MCINoAb30BaICH IPY NOCTpPOeHUy auarpamm pe— pH.
Hakorel, HeoOX0OAMMO NOAYEPKHYTh, UTO AUArpaMMbl, PACCMOTPEHHbIE BHILE,
oTofpa)aoT TOJIbKO paBHOBECHbE COOTHOWEHUA, [1o/HOe paBHOBECHE Mexy pe-
[IOKC-CUCTeMaMy B MPUPO/HBIX BO/IAX ABIAETCSA CKOPee MCKAIYEHHEeM, YeM mpa-
BuaoM. [lnarpammel yeToiuuBoCTH OueHb NOMAe3HbI, 0COBEHHO [JIf NOJIYKOANYecT-
BeHHOH MHTepnperalmy, 0HAKO CJeAYeT YUUTHIBATD M UX OrPaHHUEHHOCTb,

KoHTponbHble Bonpoch!

lcnoab3yiire 3navenns cBOOOMHLIX SHEPruit U3 NPUIOKEHHS, IPUHAB TeMIle-
parypy pasuoit 25°C.
1. INosepxuocTHbIi ca0li MOpekoil Boawl umeer pH = 8,2, Tpucyrerpyior cae-
[iylolpe pejoKG -llapht:
a) O, npu Pg, = 0,21 atv u Bona;

0) N, npu PN2 = 0,76 atm u NO7 C KoHUeHtpauueii 4 - 10 ~5m;;
B) CO, npu P002 =3. 10~ at™m H-CH4 npu PCH4 =15..10 % atm.

Kakyw sennunny pe onpejelsieT kaxjas napa? fBasiorcs i oHM OMHAKO-
BBIMU?

Tloctpoiite none ycroitwsoctn dasmra FeSiO, na puc. 11.4, npeanoaa-
ras:

a) paeHoBecHe C aMOpP(HBIM KpeMHe3eMoM;

6) paBHOBecHe C KBapieM,

Korza B coBpeMeHHBIX 0CaiKaxX MPOUCXOIUT BOCCTAHOBJEHHE CY.Ib(aTos,
TO YacTo NepBbIMU U3 CYIb(UAHBIX MUHEpanoB o0pa3yuTcs MaKKMHABUT
FeS u rpeiirut Fe,S, . [lepeueprure puc. 11.10, paccMarpusas Kaxiyio
13 3rux ¢as Bmecro mupura. Kak Beqmko pasiuume pesyabTaToB B 3aBU-
CHMOCTH OT TOT'0, KOTODbIi H3 CyAb(UA0B Xene3a Obll BhIOpaH?
[locrpoitre nuarpamMmy ¢ koopmuaramu pe u pH na cucremst

Mn —0-H,0-CO, —Si0,, paccmarpuBas Mn?* u dasm MnO, (6upreccur),
Mu,0,, MnzO,, Mn(OH), (mpoxpour), MnCOg, MnSiO; 1 npeanonaras,
4TO:

a) orcyrersyer Si0, wm COyj;

0) PCOZ = 1 arm, SiO, oTcyrcrByer;

2

(%]

4

B) Pco, = 10~ arm, Si0, orcyrcreyer;
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6

7.

8.

Mnaea 11

r) eosa paeHoBecHa ¢ kBapliem, CO, orcyrcrsyer;
[1) BoAa paBHOBeCHA ¢ amopdHbIM KpeMHEe3eMoM, C()2 OTCYTCTBYeT.
(mpi AocTarouHoM HaGope UBETHbIX Kapanjauleii Bce 3TH Cayyau MOryT

‘GbITh MOKA3aHbl Ha OIHO# Auarpamme).

Toctpoiire auarpammy ¢ Koopauuatamy f oy pH, ucnoabsys te xe dasbi
1 TNpefnoJoxeHds, uTo U B Borpoce 4, :

IMocTpoiire mtarpamMmy ¢ KoopmHatamu fo 1 fco. OV CHCTEMBI, NpUBe-
[eHHoli B Bonpoce 4, npeinoaaras, 4ro er?vlﬂeaem r‘i:rrcy':rc'rByefr U uTO!

a) pu=5; 6) pH="T; B) pH= 8.

Hoaxen i 6T MnS BaxHoi dhasoit copementbix ocagkos? OGocuyiire
BallK 10BO/Ibls

CpaBhuTe [uarpammsl ¢ Koopmuaaramy pe u pH aas Fe-cucrem B Texcre

¢ quarpammoit st Mn-cucTeM B Bonpoce 4. MoGuan3alus Kakoro siemet-
Ta, No BalleMy MHEHU0, Mpou3oiifeT nepsoii, ecin ycloBUA CTAaHYT BOC-
craHoBuTebHBIMU? [Lcan MopcKkas Boja Oy/leT 3axBayeHa 0CajlKoM BMecTe
C OpraHuyecKiM BELIECTBOM, TO KaKue U3MeHEeHUs KOHUEHTpaupil Bbl 10Jik-
HBl 0XMAATh NPU NPOTPECCHBHOM CHIKEHNMM pe: a) 1ad Xelesa; 0) aas
mapranua?

PEKOMEHOYEMAR NMUTEPATYPA

Garrels R.M. and C.L. Christ, 1965. Solutions, Minerals and Equilibria. Harper &
Row, Néw York, Chaps. 5, 6, and 7.

Stumm W. and J.]. Morgan, 1981, Aquatic Chemistry, 2nd ed. Wiley-Interscience,
New York, Chap. 7.
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‘OKucIeHHe — BOCCTAHOBJ/ICHHE
B IPHPO/THBIX YCIOBHAX,

Penokc yclosus B pexkax, o3epax 1 OkeaHe KOHTPOIUPYKTCH IMaBHbIM obpa-
30M thorocuiTe30M 1 HakTepuanbHbIM pasIoKeHHeM OpPraHMuecKoro BellecTBa.,

@®OTOCHHTE3

Porocunres — 370 Mpoliece, MpH KOTOPOM ABYOKKCH Yriepoaa (koTopas MoXer
obpa3oBarbcs U3 HCO; ) mpeBpaiaeTcd B OPraHMuecKoe BemecTBO U KUCIO-

poa:
+0,. (12.1)

COZ CONHeuHbIA CBET _ Copr
Mpn borocunrese sueprus Coanna nenoas3yercs aas oGpasoBamms u3 yoroiuu-
Boro coepuuenna CO, coeaunennit (oprannueckoro BemecTsa u K1CJI0poaa), Ko-
TOpble NPy UX COBMECTHOM MPUCYTCTBUM ABIANTCH HeycToHunsbIMM. B orcyTer-
Bite QoTOCHNTE3A KUCIOpof armMochephbl HENPEPbIBHO PACXONOBANCH Ol HA OKHC-
JeHie OpraHiiecKoro BelwecTsa A0 MoIHOro cyesHoBerus csobooro O,

[ 126, 1701,

B nponecce dorocunTe3a yuacTBYOT He TOIBKO YIMIEPOA i kucdopoll. Pac-
TeHHAM TpedywTcs Takke coeHenus asora, Gocdopa u MHOrME paccesHHble
3JeMeHTbl, PacTenns (B BOJHBIX cucTeMax B NEPBYI0 oYepellb MUKpPOCKOMMYECKUe
BoZopocJau) OyAyT pacTy U pasMHOKATHCH /10 TeX 10p, NoKA He HCMOAb3YIOT Bee
uMewlecs ochaTsl uam HUTPaTH, NocAe yero (oTocuHTe3 npekpatutcd. B
He3arpa3HeHHbIX NpecHbiX BoAax JNMUTHPYIOMNMI MUTATENLHBIMU BelleCTBAMY
00biuto fABasoTcH docdaThl, B 3arpa3HEHHbIX BoJAX HOTOCHHTES B HEKOTOpbIX
Cayuasx JMMUTUPYETCS HUTparamy, VIHOra Ha KOPOTKOE BpeMs JUMUTHpYION M-
My MOrYT CTaTh HEKOTODHE DACCEAHHbIE 3JEMEeHTbl, HO TO CAYuaeTcs peKo.
DoTocHHTES B KOHEUHOM CYeTe ABJAAETCH MCTOUHMKOM MHILH A BCex oprasus-
MOB MOBEPXHOCTHLIX BOJ.

Cocras opranMueckoro BewecTsa MIAHKTOHA oNpefeAfeTcs npubankenHol
dopmyaoii C 0sH2630110N16P; [ 2801, nosromy dorocunres moxer 6uith npes-
crapieH Gojee CIOXHBIM ypaBHEHHEM 110 CPABHEHMIO C ypapHennem (12,1):

106 CO, + 16 NO; + HPO;~ + 122H,0 + 18H* + (Mukposisementsi,

aneprusi) = Co6 Hyg; 0,49 NPy + 1380, (12.2)
BOZIOPO CliA
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¥ paBuenue (12.2) waniocTpupyer orpoMHoe 3HaUeHHe docdara B yraepoaHo-Kuc-
nopofiom balance BOJl, 0COGEHHO O3EPHBIX. Kaxmmit atom doctopa (8 hopme
hochara), Jo6apAenHblt B TOBEPXHOCTHYI0 BOAY, criocobeTByeT duKkcaumu B opra-
Hueckom BemectBe 106 aTOMOB Yraepojia, # KOrAa Oprasueckoe BeuecTso, ob-
pa3oBaBWeecs NpU YUACTHH OIHOr0 aToMa dochopa, pacnajaercd, OHO CTAHOBHT-
¢l N@TeRmATpHbEIM noTpebuTenem 138 Monekyl KHCJIopoaa.

ObXAHHE W PA3NIOXKEHHE

IloKa uMeeTcs CBOLOMHBIA Kucaopos, obumit pesyabTaT AblXanud U pasloXeHus
no cymecTsy obpaTen QoToCHHTESY:

CyogHg30110N16 Py + 1380,=

106 263

= 106 CO, + 16NOy + HPO}™ + 122H,0 + 18H".

Yraepop Bhigessiercs 8 opve CO, , opraHnyecky ceA3aHHbiil asor — B dopme
NO7, oprasMyecku cBA3anHbil poctop — B Gopme HPO}- . Buipenenne CO,
BleueT 3a coboit yBemMueHne PC02 , cliefoBarelbHo, cHuxerue pH.

Korna MoJeKyJApHoro KMCJIOPGAa HET WA KOrjia O U3pacXo/oBaH, pasioxe-
Hie OPraHMuecKoro BellecTBa NPOAoIKAeTCA B Bijle Cepuu peakiuit, KoTopble oT-
paxaloT nocaeflorarelbHoe CHiXemte yposHel pe (puc. 12.1). Hanboaee BaxubiMu
U3 HUX SBAATCA peakimm:

1. Jlennrpuduxama. B npouecce cuoxHolt cepun stux peaxuuli 6akrepun nc-
MoABL3YIOT Alf OKUCIeHus opranuueckoro sewectsa 10 CO, KucIOpOA HATPATHBIX

15

— 0,/H,0
— NO3 /N,
10
-{NO3 /NH; )
5 -
V]
a
0 -
| SO3 /H,S
—5 CO,/CH, Peaku1u
MEHTaUHKH
| H,0/H, Pep M
_10 =

P ue, 121, nphﬁnumeuuue 3HaueHuA pe, COOTBETCTBYOWHE Pa3niUUHBIM PEAOKC-PeakuMaM B
sonax npu pH = 7 u 25°C.
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uonoB., Crexuomerpus CYMMapHO# peakuuyu uMeet Bua
s +
2,5C°pr + 2N03 + 2H* = N2 & 2,5(102 + HEO.

Poab aToit peaxkmm cocrour B npespamennu HUTpaTa (BAKHOrO MUTATENbHOrO Be-
WecTpa) B OMOJOTLYECKN MHEPTHBIH MoaeKyAapHbil a30T, KOTOPHIt ABIAETCH BaX-

HOM cocTaBHOM Yactbio Halanca MUTATELHBIX BEWECTB 03€ep M peK.

2. Pa3noxenue aMUHOKUCAOT., AMUHOKHCIOTH! ABASIOTCS COCTABHOI YacThio
NpOTeuHoB. B anaspoGHbiX yCIOBUAX OHM PA3NATAITCH B COOTBETCTBUN G peaxpy-
eit
[ amunokucaora) = [ coeaunenus 6e3 asora) + NH 3
NH, pearupyer ¢ obpasoBannem NH

NH; + H,0 + CO,= NH} + HCO7,

Bbi3biBad nosblmenue pH. Bospacranue pH moxer Br3Bath ocaxaenme Ka/lbIus
B (opme kapOonara uau Mblla (KaibimueBoll comy *upHoii kucaorsl) [ 18, 20), uro
MOAET UMeTh 3HaueHne npu oOpaBOBaHMM KOHKpeyii.

3. Boccranosnenne cyasharos, Ito peaxiyu, B KOTOpblX GaKTepun ucnoan-
SYIOT KuCIOPO/ CY.IbGaTHBIX MOHOB R OKHCIEHHS OPraHNYecKoro BelecTBa Io
CO,, obpasys B kauecTse M0GOYHBIX NPOAYKTOB Cyldbduinbie dhopmbl, Crexuomer-
pusi 3TOM peakmu:

SO7=+2Cy,. + 2H,0 =HS + 2HCO; -

Ecay pH Boas! Bhiwe 7, o6pasyercs raasubiv obpasom HS -, a B npucyroremm Jio-
Obix COCOBHBIX K peakimaM coeluHenuil xelesa cyanguanbie GopMer Gymyr pea-
THpoBaTh C HUMH, 00pasys TeepAble cyabduas, Umeercs Muoro clelCTBUA Boc-
cTanoBaenus cytbharos. H S n1s 6omsmunctea OpraHu3MoB SBJAETCSH BbICOKO-
TOKCUYHBIM BELIECTBOM, CHILHO BIMAKWMM HA daopy u hayny fanHoi cpefnl. [Ipes-
pallenne OKMCI0B Keae3a B CYabGuiibl 06bIYHO BHISHIBAET U3MEHEHHe BeTa OT
KpacHoro uJin KOpUYHEBOI'o [0 YepHoro uiu ceporo. Te BemecTsa (nanpumep, Ta-
Keuable Meranibl u Gocdathbiit o), KoTopble Gbinm ancopbupoBaHbl Ha OKCHIMAPO-
okucu Fe (III) (ra. 13), OynyT BhIIEAATHCA B pacTBop, NP1 3TOM MHOTHME TSXeJble
Meralisl (sanpumep, Cu, Zn, Mo, Pb, Hg) , KoTOpElEe B OKUCAGHHBIX BolaX Gbiiu
OTHOCHTEJBHO pAacTBOPUMBIMM (IIpH yCa0BHM, uTo pH He ouens BBICOK), B IpHCYT-
CTBUM PACTBOPEHHBIX CYIL(UIOB CTAHOBATCH OYEHR c1abopacTBOPUMBIMK (KaK CYJlb-
buawi).

4. ®epmentamusa. U3sectHo MHoro bakTepuanbhbiX peakmi GepmenTamyu THNA
Opramyeckoe coejMHeHne A = opraiuueckoe coellunenue B + CO2 -

KOTOpBIE MOTYT MPOMCXO/UTh NPH PA3AMYHbIX 3HAYEHUAX Pe B 3ABUCHMOCTH OT KOH-
KPeTHbIX OpraHnyeckuX BemecTs, yyacTeylwuX B peakmu. Camolt npocrefimeii u
oaHoi 13 Hauboslee BakHBIX peakiyit 9TOro Tiuna SBASETCH o0pasoBaHue MeraHa:

Copr T 2H,0 = €O, * CH,,

<I-78
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PasnoBecHoe 3nauenue pe 3Toil peakljuy nokasaxo Ha puc. 12 1. [lpyrue peax-
my GepMeHTalMK MOTYT TPOTEKaTh npu ele Oojee HU3KUX BHAUEHUAX pe BIIOTh
fo rpammsr H,/H,0.

Bcee peakimu aiaspobHoro pasjokeHus NpoTexkawT ¢ yuactueM GaxTtepuit, Ko-
TOpble UCMOAL3YIOT UX KaK UCTOUHMK aHepruu. [lockoabky Gaxrepuu nonydyanT sHep-
U0 34 cueT peakimil, UX QYHKIMA B CYLIHOCTH COCTOUT B TOM, UTOOB KATAIM3U-
pOBATH NpeBpalleHie TepMOoNHAMUUECK! HeycTounBRIX cucteM B Bolee ycroii-
uysble. B obuem ciyuae B kaxoit peakuun yyactsyer cBoli cnemmduueckudt tum
GaxTepuil, a peaxkiyy MpoTeKalT B CTpOroil nocleloBarelbHOCTH, IPU 3TOM paHb-
e Bcero NPOTEKAT peakimu, fAawmmie bakrepusim Haunboabmyo sxepruio. Hampnu-
Mep, CylbdarpenyKuus He MOXeT MPOMCXOAUTh, NOKA He N3pacXoloBaH Bech MoJe-
KyJApHbIf KUCAOPOL, & IeHepalys MeTaHa — noka He W3pacXo/loBaHbl BCe cyibda-
Thbl.

PENOKC-BY®EPHOCTb

Hapsany ¢ pe (peAoKc-ypoBHEM WM pelOKC~-MHTEHCHBHOCTBIO) CYIECTBYeT Mo-
Hatue pedoxc-Oydepwocmu (uau pedoxc-emxocmu). Cucrema sBasercs 3abydepes-
Hol OTHOCUTENBHO PEJoKC-TPOLECCOB, eClu B Hell NpUcyTCTBYIOT CoelMHEHUs, Clo-
cobHble OKUCAATHCH UM BOCCTAHABAMBATHLCH, UTO NPEnATCTBYET 3HAUYMTENb-
HBIM UBMEHeHUAM pe npyu AodaBieHuu HEDONBINX KOAUUECTB CUABHO OKMCIAIOMMX
nau BocCTaHaBAMBalomuX arentoB. Ha puc. 12.2 cxemaTuuecku mokasaHo, Kak Mo-

15 T T T T
0, = H,0
10+ .
5 -
1]
o
o+ =
S03™ - H,S e
— P,
—5 -""'?:f."”.f_ 4
—
| 4 | |
0 1 2 3 4 5

Konv4yecTBO npopearvposaswero
OpraHMyeckc: v BewecTsa,Mmmons C/n Hzo

P uc. 12.2. WameneHne pe npecHof Boab (MCXogHble cofepXaHuA Oz= 10mr/n, SOi_:

=96 MI/N) B 3aBUCHMOCTH OT KONWYECTBA PasnoXUBWEroCA opranuyeckoro sewectsa (C).
Peakuuu, Bknouyawue coefMHEHHRA a30Ta, COINAOT ML HEBONBLYIO 6YDEPHOCTL MEX-

Ay yposHAmM O,/ H,0 505’;‘/ H, 5. 34auenue pH npennonaraeTca NOCTORHHBIM, PABHbIM 7,0,
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Ker U3MEeHATLCH Pe NpH pasloKeHH! OPraHuiecKoro BellecTsa B 00bluHON noBepx-
HocTHO# BoJte. [peanosaraercs, uTo Boja nepsonayalinio Gblia B paBHOBECHN C
armocteprsiv O, , HO JIONONHUTEAbHOE OCTYIIEHHE KHCAOPOa B npolecce pas-
JloXKeHUs OpraHnyecKoro BellecTBa OTCYTCTBOBAJO

Iloka ecth cBoGoAHbIl KHCIOPO, BEAMUMHA pe ocTaeTcs Bhicokol, B anre-
parype 0TMeUalTCs pacXoxX/JeHus Mo NoBody "BepHoro" 3HAYEHHS pe BO/bI, CO-
Aepxauedi kucaopol. [olHoe BoccTaHoBNeHHe KMCIopoda

0, +4H* + 4e~=2H,0 (pe= 13,8 mpu pH = 7) (12.3)

Mo CYWecTBY MPOMCXOAMT HEe B Bi/ie OJHOA CTYNerM, a Kak /JBe oTHelbHble peak-
Mu:

0,+2HY+ 2~ =H,0, (pe= 4,5 mpepH=T) (12.4)
"
H,0, % 20" + 2e—= TH, 0. (12.5)

Bpex [44] nokasan, uro peakuus (12.5) nporekaer 3HaUNTEAbHO MeLICHHEE peak-
min (12.4) 1 uTO pe B OCHOBHOM KOHTPOJMpYeTCH mocaenHeit, CaenoBarensho, 3g-
exTiBHAS BeAyuMHA e B Bode, comepxkameli kuciopoa, npu pH = 7 goaxua GbiTh
paena 4,5, a He 13,8, kak 910 clenyer u3 ypasuenus (12.3). Wrymm [ 310) e co-
rjacujci ¢ aTum, OTMETHUB, UTO O[HU [pupojHble pBJlOKO'CMCTBMbI BeayT cebs TaK,
Kak OyaTo Okl Beauuuny pe onpefiedsia peakimms (12.3), a Apyrue — peakimsa (12.4).
Wrymm npumen K BHIBOAY, YTO MCNOAb30BAHME OIHOTO 3HAYLHNS pe Aas Npupoj-
HO¥ BOJIBI, COllepxallef KUCIOPOA, JMIIEHO CMbICJA, TaK KAk pasiiuuHbie peloKc-na-
Pbl B BOZAX HEe HAXOAATCHA B paBHOBECHH APYr ¢ ApYroM. [TocKoAbKY Heab3s yeTano-
BUTH OHO SHAUEHNE pe ANA BCeX Pe/OKC-CHCTEM, TO, BepOATHO, Jydlle XapaxkTepu-
30BATb 3HAYEHUE pe TepMMHOM "BbicoKoe" 6e3 ero TouHoro 1MpoBoro 3HAYEHNS.
[lns neneit xe obuero 00CyXIeHUs JOrMuHO UCHONB30BATL KOHKPETHYK BeJUYuHY
pe, onpeeasemyio napoit O ,/H,0, kak u m06oii fpyroil penoxc-napoi,

Kak Toabko Bech kucaopon uspacxoposan, pe Pe3Ko yMeHblIaeTcs [0 Beau-
“MH, TIPU KOTOPhIX HAYMHACTCH BOCCTAHOBJEHMe CyIbdhaToB (comepxamnne HuTpa-
TOB B BoJlax 00bIYHO CJIMWKOM Mato, YTOGHI OeHnTpuduKalyMa MorJa co3haTh 3a-
MerHylo 6ydeprocTs). Ha aTolt cragum Beanuuna peé OCTaeTCH NoYTH MOCTOAHHOM,
noKa He Oy[yT BocCTaHOBJEHKI BCe cyAb(arsl, a 3aTeM MeLIeHHo CHMXAeTCH, TaKk
KaK NpoTexkaloT pasiuynbie peakuun Gepmentamu. Creayer OoXuflaTh, YTO 3Haue-
HUH pe B PUPOAHBIX BOAAX B OCHOBHOM COOTBETCTBYIOT 3abydepeHHbIM cocTos-
HUAM, TAK KaK He3aby(epenHbie COCTOAMUA HEyCTOHUUBDY; N0Bble CJiefibl KHCJI0-
POAiA MIH PEAKIUOHHOCTIOCOBHOr0 OPraHHuecKoro BelecTBa NOJKHE CABUCATH pe
ot He3abydepeHnbx 3Havenuii 1o 3abygepennbix. EnuHcTBeHHBIM MeCTOM, rje
MOXHO OXuflaTh Coxpaneue "He3abydepennoro” pe, sBasercs obaactb, B KOTO-
poit pe KoHTpoMMpYeTcs mipdysuet Mexny anaspoGHoit Boloii (Hanpumep, nopo-
Boit BoZloft ocazikoB) u aspobHoi (nanpumep, cofepkameit 0, Bojioit o3epa wan
OKe aHa).
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Puc. 12.3. M3MeHeHWe pe NpecHoi BOAbl B KOHTAKTE C 0CEAKOM B 3aBUCUMOCTH OT KOnu-
YecTBa PA3NOMMBIWErOCA OPraHWYecKoro BewecTea, [nuHb! pasnuuHbix rOPU30HTANBHBIX
YUACTKOB ABMAIOTCA NPOM3BONBHBIMK 1 38BUCAT OT KOMWUECTB YHACTBYIOWUX B PEAKLMH TBep-
nbiX Ba3. 3nauenve pH npepnonaraeTCA NOCTORHHLIM W PABHBIM 7,0.

Jlo cux Mop Mbl PACCMATPUBAIY TOJHKO PE/IOKC~-peaKiuy, BKAUAoWHe opra-
HUYECKOe BElleCTBO M PACTBOPEHHBIE BelmecTBa BoA. B noA3eMHbIX Boaax 1 Bo-
[laX, HAXOMAUMXCH B KOHTAKTE C 0CAJKAMM, PEJIOKC-DeakIpi C y1acTueM TBep-
noit hassl MoryT Takke 3abybepuposars pe. Puc. 12.3 nokastiBaer, Kak MOX-

HO BHIOW3MEHHTb puc. 12,2, uToDbI OTPASUT Ha HeM Takue peakiw. [Iporsxen-
HOCTb TOPUBOHTAIbHBIX YUACTKOB H& PUC. 12.3 npou3BoabHAf, TAK KAK TPY/AHO NATh
o6oblakyl KapTHHY pacipefeieHus 1 peakiMonHoH cnocobHOCTY OT/eJbHbIX
MUHEpAoB B ocalKax.

Hexoropble nocieficTBus OaKTepHatbHOrO Pa3IoXeHns opraHnieckoro se-
lecTBa B MOPCKMX 0CAJKax NMokasaHsl Ha puc. 12.4 1 12.5. Ha puc, 12.4 npuse-
[ieHbl poduM PACTBOPEHHBIX HUTPATa, MApraHila 1 Xelesa B KepHe U3 BOCTOU:
Holt yacTu sxsaropuaibrod Araantuku [117]. [epebivu BOCCTAHABIMBAITCA
HUTpATH (CTAMMA NeHUTpuuKalpu), 3aTeM NPOUCXOIUT BOCCTAHOBACHHE OKIC-
fos Mapranna o Mn2*, noce uero BOCCTaHABAMBAIOTCS OKUCBI Keje3a 10 Fel™,
Boccrasoslenie cylbhaToB B #3yuaeMoM KepHe He Hab.o/1a10ch (cyabharpesnyk-
145, NO-BUKMOMY, Nponcxomuia wa 6oapwed raybune), Yro COOTBETCTBYET OT-
HOCHTENbHO HM3KOMY COZIEpXaHMIo OpraHuyecKoro BemecTBa B ocalxe. Ha
puc. 12.5 nokasan xumudeckuii cocTaB MOPOBBIX BOJ KEPHA (conmepxaiero MHO-
0 OpraEyyeckoro BelecTsa) u3 npubpexnoi 3oHb! Ceseprofi Kapoaunbi [ 2341,
Ha raybuse fo 40 cm cyabdaThl 6111 MOAHOCTEI0 BOCCTAHOBICHE! [0 cyabgu-
noB, B 6oaee ray6OKIUX YACTAX KEpHA MPOMCXOAMIA PeHepalud MeTana (uacTuu-
Hoe CoBnajeHue 30Hbl ¢ cyAbHarami 1 30Hb C METaHOM 00BACHAETCA BEPTHKAIL-
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v W c. 12,4, Npodunu HuTpaTa, Mapraxua 1 xenesa B NOPOBLIX BoOaX OOHAOr0 OCagKa
BOCTOUHONM YACTU IKBATOPHANLHOA ATNaHTHKK (no ®ponuxy u ap. [ 117 ).
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P u ¢, 12,5, Npotuny pacTBOpPEHHbLIX BEWeCTB B NOPOBLIX BOfax AOHHOIO OCapKa scTyapuA
CesepHoi Kaponuubl (no Maprency u Monsaxabepy [234 ]).
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HbIM nepesocoM Merana). Bhicokue KoHuenTpamy ammuaka i gocdara uao-
CTPUPYIT BHICBODOXK |eie HEOPraHHYEeCKX MUT2TeNbHbIX BEIECTB; KOTOpoe Co-
NpoBOA/aeT pasiokeHde opranuueckoro semectsa. [poduan ceujeTeIbCTBY-
10T, YTO MATATEAbHBE SJemMenThl AubdyHIupyioT BBEpPX, B NpUAOHHBI cloft Boabl.
XoT# BOCCTAHABJMBAIOIMM areHTOM B MPUPONHBIX BoAAX 0OBIUHO ABASETCH
OpraHMyecKoe BelleCTBO, CHIWKEHUe pe MOKeT ObiTh BbI3BAHO TAKKE OKUCICHUEM
MuHepalioB, coflepxammx sakucioe Fe nin BoccranoBienHbie QopMbl cepbl. Pac-
TBOpHI, BbiTEKaloue U3 6a3a1bTOB B OKEAHCKUX IEHTPAX CNpeJUHrad, XapakTepu-
3yI0TCS BHICOKMMM KOHIEHTPAIMAMYU PACTBOPEHHOrO Kele3a U Maprala, a uior[a
BbICOKMMM KOHIEHTpAImAMY cyabhuaos, [1peanoloXnTeNbHO 3T pacTBOpbl ABAS-
10TCS MOPCKOIt BOfloif, pe KoTopoii Obll CHUAEH 3@ CUET PeaKIuy 3aKMCHOTO Kele-
3a B HasanpTax. Ha cymwe u3 BoJbl HEKOTOPBIX HCTOYHUKOB, BBIXOAAWMX U3 yAbTpE-
OCHOBHBIX NOPOA (OPO/, COCTOMIMX rIABHbM 06padom u3 cuaukaro Mg u Fe),
BhIeAAI0TCH NY3blpbKu ra3006pasHoro BOAOPOAA, UTO ABIAETCHA pe3ylbTATOM BOC-
cTAHOBAEHHs BOMB MUHEpalaMu 3aKMCcHOro Kenesa [ 101,

03EPA

Pefokc-ycloBUs B 03epax onpefensiores falancoM Mex/y pacnagom opra-
HU4YecKOro BellecTBa U NOCTYIJIEHHEM KUCIOPOa 3a cueT LMPKY/IAUMM Ui BEpTH-
KalbHOTO epeMennBanns Bo/bl. [IMpKyAfIMA B o3epax SBISETCH rIaBHbIM obpa-
30M clelCTBUEM HEOANHaKoBO# mioTHOCTH BOAB, oOycloBiennoi He-
ofiiakoBoii TemepaTypoil. 3aBucHMOCTb MIIOTHOCTH YMCTOH BOAbI OT Temnepary-
pbl Mokasana Ha puc. 12,6, OTMeTHM, 4To MakcumalbHas MIOTHOCTH HabaoAaer-
cq nipu 4°C, a ne npu 0°C. Tunuunoe pacnpejiefenie TemnepaTyphl B JeTHui ne-
PHOJL B 03epe, HAXOAALEMCH B 30He YMEPEeHHOo KIMMara, NoKa3aHo Ha puc. 12,7
(o3epa TpOMMUecKoil 30Hbl PACCMATPUBAITCS Huxke). Bepxauit caolt, ui anusum-
Huow, IO/ Bo3eiicTBMEeM CcolHeuHol pauaiym sBaseTcs TenubiM, Temneparypa
B npe/lenax 3MiIMMHEKOHA 10BOJBHO I0CTOAHHA, TAK KAK MOBEPXHOCTHAN 30Ha 0.+
BepKeHa BOJHOBOMY nepeMenBannio. HenocpeACTBEHHO Mojl MUAUMHUOHOM pac-
[ONOKEH MemaluMuuLon, WK 304a mepmoxauna — 06AacTb, B KOTOpPOH Temmepary-
pa GbicTpo ymenbuaerca ¢ naybunoii. Hike MeTaiuMuiona HaXoAUTCH 1 unouM-
HuoW — MAacca O/MHAKOBO X0J0AHO! Bo/Abl. B peanbHbIX 03epax 9Ta KapTHHA MO-
®eT BbiTh OCIOXHEHA HaaMuueM AByX u Dojee MeTaMMHHOHOB, & QUEHb MelKHe
03epa U Mpy/ibl COCTOAT TOALKO U3 OJHOrO SMMAiMEMOHE. CHTYalus, NOKa3aHHAT
Ha puc. 12.7, cooTBeTCTBYET yeroituypoit crpartudukamu. B Tom cayuae, Korja
TenJas Bofa Maloil MIOTHOCTH JEKUT HaJl X0JI0HOA BOJO BHICOKOH NIOTHOCTH,
cMemenne ¥ 0OMeH pacTBOPEHHbIMU BemecTBaMu MeX/1y MMIMMHIOHOM U MUMo-
JUMHMOHOM BanyﬂHBHbL

B KoHlle JeTa TeMnepaTypa MMMMHIOHa HaunHaeT CHWkaTheA. Koraa oxa
[OCTUraeT Beluuntbl, 6AM3KoH K TeMnepaType MUNOIMMHHOHA (0KOJIO 4°C B ray-
Bokix 03epax KAMMATHYECKOrO [0ACA C X0JO/IHOH 31MOi), KOHTPACT MIOTHOCTH
Mek/y FMMIMMHAOHOM M CUIOJMMEMOHOM Hcue3aeT, [lTopmbl iy Aaxe oObIuHbe
BeTpbl BHI3HIBAIOT N10HOE CMeleHHe STATMMIMONA 1 NUIOJHMHHOHA (3TO cobbiTHe
HasbIRAKT 0cenuuM 60000Gmenon). Ecan TeMneparypa noBepXHocTHO! BoAbl CTa-
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Ta6nwuuya 12.1. KoHueHTpauuA pacTBOPEHHOr 0 KHCNOpopRa 8 Bofe, paBHoBec-  —
HoMl ¢ BO3RYXOM, Npu oblyem aasnenuu 1 atm [ 326)

TemnepaTypa, Kucnopon, TemnepaTtypa, Kucnopon,
% mr/n el mr/n
0 14,16 18 9,18
1 13,77 19 9,01
2 13,40 20 8,84
B 13,05 21 8,68
4 12,70 22 8,53
5 12,37 23 8,38
€ 12,06 24 8,25
7 11,76 25 8,11
8 11,47 26 7,99
9 11,19 27 7,86
10 10,92 28 7.75
11 10,67 2 7.64
12 10,43 30 7.53
13 10,20 31 7,42
14 9,98 32 7,32
15 9,76 33 ) 7,22
16 9,56 34 7.13
17 9,37 35 7,04

Her elle Bonee HU3KOM, TO MOXET CHOBA BOSHUKHYTH yCTuHuMBas CTpaTHUKA-
1us, pu KoTopoit Bofa (u ae) ¢ remnepatypoii okono 0°C nexur nosepx Boiee
nnoTHOM BoAbl ¢ Temnepatypoit 4°C. Ira crpaTdmKanus HAPYWASTCH K Becen-
#em 600oo0Mene, KO/l IOBEPXHOCTHBIE CJON CHOBA mporpesawrces o 4°C.

Bo Bpems BoloobveHa cojlepKaHue pacTBOPEHHOrO KMCJI0POAa BO BCEM 03e-
pe B OCHOBHOM onpe/lesercs paBHOBECHeM ¢ KiCJopofom armocdepbi (taba. 12.1).
Korpa B o3epe Bo3HuKkaeT cTpaTuukalmsa, colepxanue Kuciopoa B BoJe rumno-
JUMHMOHA YCTOHUMBO CHUXAETCS BCJECTRHE PA3N0KEHNA OPraHMueckoro BellecTra, Bhila
Aawmero u3 amiaumunona. CTaHeT M MUMOAMMHNOH aHA9POBHBIM, 3ABUCUT OT
CyMMapHOT0 KOJMYecTBa OPraHfuecKoro BewecTsa, MocTynaliero B Hero B ne-
puon crparndukanmu. KoImuecTso opraHueckoro BeNecTsa, MpoAyuipyemMoro B
IMUIUMHAOHE, KOHTPOAKUDYETCS MaBHbIM 00pasoM HaliuneM HeopraHuuecKuX M-
TaTeJbHbIX BellecTs, ocobenno docdaron

Oaurompoginoe 03epo — 9T0 03€po, B KOTOPOM NOCTYILIEHKE INTATEILHBIX Be-
WeCcTB HE3HAYHTEAbHO, 03TOMY NMPOAYKTUBHOCTh JOTOCHHTE3A Mala M BoJa Co-
JepKnT KucIopoa Ha BeeX raybunax. B sempoginom o3epe, nanporus, nocrynie-
HUE NMUTATENbHBIX BEIIeCTB BHICOKOE, & 3TO Be/IeT K BLICOKON NpOAYKTHBHOCTH
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P uc. 12.8. WMpeanusupoBaHHoe pacnpefeneHWe TemnepaTypbl U pacTBOPEHHOrO KWcnopoda

B ONMroTpotHOM M aBTPODHOM O3epax, YBeNnuUeHWe KOHUBHTPauuH 0 ¢ rny6uHoA B onuro-
TpothHomM 03epe neTom obycnoeneHo Bonee BbICOKOH paCTBODMMOCTbIO 0 npu 6onee HU3KKX
TemnepaTypax (no Beuenio [338]).

drorocunTesa i anaspobHLIM YCA0BHAM runomMaiona (puc. 12.8). B oaurorpod-
HOM 03epe BeJMuuHbl pe I'UMNONUMHUOHA COXPAHAITCA BICOKHMM, @ B 9BTPOHOM
OHUM CHUAKAKTCH ¢ rAyOuHoit 1 Bo BpeMeHH, HAYMHAN C MOMEHTa YCTAHOBJACHNUS CTpa-
udmkaum, [Ipu BofooOmene B 3BTpohHOM 03epe CepoOBOJOPO/ U IPYrHe TOKCHY-
Hble COBJMHEHUS MOI'YT fepeMellBaThbC B SMAINMHMOHE W BbI3bIBaTh TUbEb
AUBYIIHX Tam pbid (3amopbi).

3arpastenns MoryT BAMATH Ha GanraHc KUCAOpoJa B 03epax B pe3ydbTare fo-
najanusi B BO/ly PeakuuoHHOCNocoDHOro OpraHMueckoro Marepuana, MUTaTelbHblx
BemecTs (fochara u uuTpaTa) Uan Jpyrux XMMUUECKUX BEUIECTB (HAnpuMmep, T
KelblX MeTAIOB U CTOMKUX OpraHMdecKux coeunenuil), B3auMoaeficTByomnx ¢
Ouosoruueckumy ciucremamu ozepa. Onpesiefierne opranMuecKkux 3arpasHeHnii B
CTOYHBIX BO/JAX 0DblYHO NPOUBBOAAT, U3MeDHR Guolotuneckoe nompeliente Kue-
aopoda (BIIK) u zumuveckoe nompedaenue xucropoda (XIK). BIIK onpenensercs
pasfaBaennem npobbl BOoHA, coaepxaweii pacTBopeHHblil KMCAOPO/, BbIIEPKUBAHUEN
ee B Temaore npu 20°C B Teuenne 5 cyT M M3MepeHHeM KOAMYECTBA N3PACcXONoBaH-
Horo Kucaopoda. BIIK nokasbieaer, cKOJIbKO KUCIOPOJA PacXodyerTcs Ha nmpaMoe
ero norpebaenye KOHKPETHbIM KHcTouHMKoM 3arpa3tenns. XI1K onpedeasercs no ko-
JMYECTBY CUIbHOrO OKUCAUTENd (DuxpoMarTa Kanus), M3pacXo0BAHHOTQ HA OKKC fie-
Hie oprafuyeckux Benects Bojbl. OHo ABAfeTcs npubinkennoll Mepoll cyMMapHoil
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KOHHEeHT palpn oprann‘iecmx BellecTB B BO/le, BKAKYAKIKX KAK aKTUBHble, TAK U
Guosoruueckn ycroftuusnie coefunenus. XI1K — nokasareab GoJee BoCHpou3BOAu-
Mulit u Gonee ynobunii, yem BIIK, no BIIK npenckasbiaer no*rpeﬁfneuue KUCJIOpO-
na B ladHoii 06CTAHOBKE, MO-BUAUMOMY, Jydlle,

Tpauimonnble criocodsl o6paboTky crounblx BoA chukawT BIIK u XI1K 1o 3na-
uyTeNbHBIX YPOBHe#, HO OHM OTHOCHTENRHO HeshheKTHBHb npu yaateHun Gocdara
W coeMuHenuit a3oTa. 3aMeTHAA YAcTb STUX MUTATEJbHBIX BEUECTB B NMOBEPXHOCT-
HBIX BOJAX BHOCHTCH 3 cuer celbekoxo3sficTennbix ynodpermit Taxim obpasom, naubo-
Jlee BAXHBIA NYTh, N0 KOTOPOMY 3arpfA3HEHHA BAMAIOT HA 03epa, COCTOMT B yBeau-
YeHuy CHADXEeHMA SMUIMMHMOHA MITATe]bHbIMY BelmecTBamu, ocobenno docharom.
Copepxanme docara B CTOUHBIX BoAdX BHAUNTENBHO CHUIUIOCH, KOM/A B KOHIE
1960-x roaoB Oblii YMeHbIIEHbl UX KOHIIEHTpalMM B KOMMEPUYeCKHX NeTepreHTax u
yayumeHs MeTolbl yaanerus Gocdaror U3 CTOUHBIX BOJ.

Korza omrorpodtoe 03epo B pe3ylbTaTe 3arpA3HeHus CTAHOBUTCA IBTPOdHbIM,
9TOT Mporece TpYAHo chelaTh oOpaTuMbiM. MoxHO Jymars, uTo B 9BTPoQHOM 03epe
HepasNoKUBlIEECH opraHMyeckoe BemecTso Oy/leT oTAAraThCs BMECTE C 0CalKaMu
1 TakuM obpazom BeiBoAUTE Gocdop u3 ozeproit Bompi. XoTa 3TO M nponcxoauT, -
deKT 9TOT NoJaBIReTCH BeleJCTBIe BOCCTaHoBAeHuA coeunenyii Fe (IIT), Omcnbl
Keaesa culbHO afcopbupyloT docdarsl, a, Korja oHM BoccTaHaBImBawTeH [0 F e?
FeS, nam FeCO,, folbume kolmuecTsa ¢ocdaTon BeICBOBOKAANTCH B pacTBOP
[ 345). Takum obpa3om, Korja o3epo BlepBble CTaHOBUTCHA 3BTpodHbIM, docdaTbl
MepexoAaT U3 ocajKka B MUMOIMMHIOH, & BO BpeMs BolooOMeHa J0noMHUTeAbHble
KoluuecTBa (ochaToB MOCTYNAKT B 3nuamMuioH. M3bbiTounoe nocrynienne docda-
TOB NPUBOAMT K ycyrybaewnio npobaembl sBTpoduKamyu.

[lupxyasima B TPONMYECKHX 03epax MeHee BbIDAKEHA, YeM B o3epax, rjie osa
KOHTPOJAMPYETCH CE30HHBIMYU KolebauusiMi TemnepaTypsl, Bo MHOMHX TpONMYECKUX
03epax pasHulia HOUHBIX M JHEBHBIX TeMIepaTyp AOCTATOUHA AN TOro, 4To0b! Bhi3bi-
BATb YacThle NpPoLecch NepeMenMBanns 1 TeM GambiM NMPensiTcTBoBaTh CTparudu-
xamy, TepmalbHas CTpaTUPUKAIUA MOKET OCYeCTBIAATLCH B HEODLIUHO X0J0/-
HBble Mepuo/bl, Koraa fopMupyeTcs Macca X0M0AHOH Bo/lbl, @ Ha/l Hell ycTaHaBlu-
BAeTCH NOCTOSHEBI smtumunon CymecTByeT u xumuueckas crpatuduxamms. Ona
BeTpeuaeTcs TaM, rle Bofa ¢ volee BhICOKOH ColeHocTbio, obpasoBasuadcs B 3a-
CYNIMBBIA NEPHO WM 3@ CueT pACTBOPeHMA coleli Ha AHe o3epa, HAXOIUTCH Moj
MeHee CoJeHol nosepxHocTHO! Bofo#. Takad Xxumuueckasn cTparuukalus MoXer
COXpPaHATHCA MHOTHE TOfibl.

OKEAH

Oxean oT/HyaeTcs OT 03ep He ToJbko pasmepamu. "Bogoobmen" B Hem ABASA-
ercsl HellpepbiBHEIM, TAK KaK X0JO0[HAsA MOBEPXHOCTHAA BOJA NOrpyXaercd Ha riuy-
Oudy ¥ MOJIOCOB, MPOXOAMT Yepes3 riyOHHHYI 30HY ¥ BO3BDAIIAETCH HA MOBEPXHOCTb
(ra. 10). Pacnpenefenue nurarefbHBIX BeuecTs (1, cleoBarelbHo, GOTOCHHTES)

B OKeaHe KOHTPOIMPYeTCs NOuTH NOJIHOCTBIO pereHepalyeli 3TUX BemecTs B BOAHOM
ToJlle ¥ UX nepepacipefeNenueM B XoJe IMPKYASimyu BOJbl, TOMAA Kak B 03epax
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P uc. 12.9. GxemaTuueckoe pacnpepenexue O, rny6uHoi B okeaHe, KpuBaA A — paioH
cpedHel NoBepXHOCTHOA NPOAYKTUBHOCTH, KpUBaR B — paioH OYeHb BbICOKOH NOBEPX=
HOCTHOW NPOAYKTUBHOCTH.

010 BoJblle KOHTPOIMPYETCH NOCTYNIEHHEM MMTATeAbHbIX BEWeCTE C BOAHBIM CTO-
KoM, uem nponeccami B CamoM o3epe (XOTA UMEITCHA M UCKIOUeHHs U3 IToro npa-
BiJIa).

" Tummunkic npoduin pacTBOPeHHOrO KUCIOpO/lA B OKeaHe MoKa3aHsl HA puc, 12,9
IosepxnocThas 30Ha B pesyisrare hoTOCHHTE3a M 0OMeHa C armocepoii cofep-
AUT MHOFO KHCaopoAa. Huke 9Toil 30HbI pacniofloXeHa 308a MUNUMATsHO010 codep-
Hanua Kucaopoda. ITo rayOuHHbIA MHTEPBAT, I/le 3HAUNTEABHAR YACTD oprasnyec-
KOro BelecTsa, onyCcKalowancs U3 NoBepXHOCTHON 30HHI, NolBepraeTcs pasioke-
o, B Goabwedt uacTu okeana pa3raraiomerocs oprannyeckoro BemecTsa Hejlo-
CTaToYHO Af NoTpedAenns BCero KHCA0po/a B 30He MIHHUMYMA, OITOMY B EJOM
BO/b! OCTAKOTCA a3pobubiMi. JIwe B pafionax CKIOUMTENbHO BBICOKOH TPOIyKTHS-
HocTy (r/ie BOCXO/IAllNe TeYeHHs BO3BPAIAIOT MMTAaTelbHble BemecTBa Ha TOBEpX-
HOCTb) 30HA MMHMMYMa MOXET CTaTh aHa3pobHOH. [IyGuHHAR BOLA HUKEe BOHbI
MUHUMAILHOrO COAepXaHus KuCA0poia obbluHo Xopomo aspupoBana., OCHoBHAas
4acTh JIEFKO pasnaraiolleroci Opranuueckoro BemecTBa oBEepPXHOCTHONH 30HB Yo-
neBaeT UCUEHYTh 10 TOro, KaK JOCTHraeT riyGuHHol 30HbI, A KHCJIOPOH nocaes-
Hell IOCTORHHO MONOAHAETCA 32 CUET BO/bI, ONycKawumelcs Y 1oJi0coB,

Auaspobible Gacceiinb B okeare oBpasylTes B TeX MecTax, rie UMeioTces
NpenATCTBUS AN UMPKYAAN TAyOuHHOM Bo/Ibl, @ NOBEPXHOCTHAS NPOLYKTHBHOCTD
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MosepxHOCTE MOPA

BbiCOKAA NOBEPXHOCTHAA NPOAYKTHBHOCTL

MnyBuxa nopora 8 Bonbwoe
30H8 MHHHMYMAE (Z)2 nocTynnex1e
OpraHH4yeckoro

Beuwecrea

Nopor,
Or pAHHYHBAK WHA
UMPKYNALUHIO

AnaspobHan cpepa

P uc. 12.10. CxemaTHyeckan WnnicTpauMa ycnosuHi, HeoOGXORUMbLIX ANA NOABNEHWA aHa-
spo6Horo Gaccefina B oxeane,

BhicoKa (Hanpumep, baccefin Kapuako B6am3u Benecysanl), Takue Gacceiinbl Bcer-
Ia MMelT NOJBO/IHbIE MOPOry HA YPOBHE 30HB MUHUMAJBLHOTO CO/IePXKaHUs KUCJo-
pona (puc. 12,10). B Gonee raybokux clofx cuabxerne Jerko pasnaraiommmes
OpraHMuecKHM BEWecTBOM HACTOMBKO 3aMeJIIeHHO, YTO laxe 3aKpbiThie Hacceii-
HBl ¢ Madoll Kaxymelics pkyasipedl ocralorcs aspobHbIMK. AHaspobHble yCio-
BUS MOTYT BO3HMKHYThb Takxe B bacceiinax tuna Yeproro Mops uiu B ¢bopaax
CeBepHoli Esponbl u CeBephoii AMepukn B MecTax, rje Clofi OTHOCHTEJBHO npec-
Holt (C HU3KOW CoMeHoCTh0 ) BO[bl OTAENSIeT MAaccy MOPCKO/ BOIbl C HOpPMalbHON
COJEHOCTHI0 OT KOHTAKTa ¢ arMocdepoil i oTKpbiTHIM okeaHoM (puc, 12.11).

Ocazxu aHaspobubix 6accelinoB obbiunO uepHble 1 oforamenbl OpraHiyecKuM
BemecTBOM M cyAbduiamu xkede3a. /las HUX XapakTepHa roduyHas CJIOMCTOCTb,
06yc0BIeHHas CEe30HHBIM BapbUPOBAHMEM MOCTYMAEHUS TEPPUIEHHOT'0 MaTeph-
ala ¢ CymM WM MpOAYUMpPOBAHKSA KANbIMTOBBIX CKeJeTOB NIaHKToHa. ToHkas
CJOMCTOCTb OCA[KOB COXPAHAETCH, Tak Kak pollue W 3aphiBaliuecs B wibl op-
raEn3Mbl, KOTOpble, KaK MpaBuio, B3PHIXAAIOT X B3MYUMBAKT AOHHBIE MOPCKHE
0cajK, He MOC'YT XMTh B cpefax, rfie NpUIoHHbIEe BoAbl aHaspobHbie.

Xors anaspobHble YCI0BKA B COOCTBEHHO MOPCKOH Bofle pefiki, OHM OOBIYHbI
[L1s TIOPOBBIX BoJ NMpubpexHbIX MOpCKUX ocafikoB. [locse obpasosanus ocafka co-

BonbwoR nputox
NpecHoR Boawl

Yposexb mopa
T ChoA BOAB C HA3KOA CONBHOCTHLIO,
_83p0GHLIA, C POTOCHHTEIOM __
AnaspobHan sopna
C HOpPMEaNbHOR
CONeHOCTLI0

OTKPBITHIA
oKeaH

MenkosopHbiA
nopor (oBeiuHo
meHee 200 M)

P uc,12.11. CxemaTHYeckaR unniocTpauuA anaspoGHoro GacceiHa Tuna Puopha. Opranu-
Yeckoe BEWeECTBO, NPOAYUMPYEMOE B NOBEPXHOCTHOR 30HE C HW3KOA CONEHOCTLIO, OcaxaaeT-
CA B rny60KOA 30He W pacnagaeTcA.
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Jlepxaleecs B HEM OpraHMyeckoe BellecTBo padJaraercd, norpebass Kuciopol,

a 3aTeM cyJbdarsl 10poBoit Bkl Mexamu3m, KOHTpomMpylomuii peoKe-yCIoByA

B MOPOBBIX BOAAX, cioxen [22). On 3aBucut ruiasubiM o0pasom OT KOIHYECTBA
OpraHMuecKoro BewecTsa, norpebeHHoro B ocafike,  OT CKOPOCTH CeAuMeHTalmM.
Mocaenuasa ocobeHHo BaXHa, TAK KaK onpefielfseT BpemMs, B TeUeHHe KOToporo op-
raHMuecKoe BeleCTBO MOXeT MoJBepraThCA pasiokeHuio B Boje, collepkaiiel Kuc-
Aopof, BOAK3M IPaHUIbl 0CAI0K — BOMd UK B CAMOM 0Ca/Ke. B obuwem cayuae no-
poBble BO/Ibl NPUOPEXHLIX 0CAMKOB ABAROTCH AHAIPOOHBIMM, TAK KAK CKOPOCTD Ceau-
MEHTAUMH MOCAe[HUX BBICOKA, & B OTHOCHTENBHO MEJKNX BOJjax OpraiMyecKkoe Be-
IeCTRBO HE yclesaeT pa3JoXMThCA B BOAHON Tolle U3-3a HEIOCTATKA BPEMEHH.
TpubpeXHble TeppUreHHble 0CAAKH TMOA HIKHEH rpanuiell BOIH 0DbIYHO UMEIT Yep-
Hbift, 3eJenbil nau cepblit 4BeT M cofepxaT muput. C yAalenneM OT KOHTMHEHTOB
(Bo3pacTanue rAyOuHbI, CHUXEHUe CKOPOCTH CeMMEHTalyu) ocaiku BOJIu3) rpa-
HUIB 0CANOK — Bofa SIBAAWNTCS OKHCJAEHHBIMM, & Tay0xe nepexofiT B BOCCTAHOB
nennsie [ 230]. B Hanpasienuy K LeHTpaM okeaHckux baccefiHoB, BAamM oT KOHTH-
HEHTOB, MOPOBble BofIbl BCell ToJM 0CAAKOB, NO-BUIUMOMY, XAPaKTepu3ylTcs
OKUCANTENBHBIMH YCIOBUAMMU,

MNOM3EMHBIE BO bl

Pel0KC-ypOBHHM MOJ3EMHBIX BO/ ONMPEAEMI0TCA B OCHOBHOM OTHOCHTEILHBIMU
CKOPOCTAMM NIOCTYIJEHMA KICJOPOAA 33 CUeT ero WMPKYAAuMu u moTpebaenus mpi
fakTepualbHOM PA3JIOKEHNH OPraHMueckoro BewecTsa (a HHOrd NPU OKUCeH!H
cyIbduI0B win CUIMKATOR i KapboHAaTOB Xede34). B npupolibiX cucremMax Hau-
DoJlee BAXHbIMYA EPEMEHHbIMU ABISAOTCH:

1. Conepxamte Kuclopoja B MEuIbTpammonnbx Bofax. [ocaeanme nocryna-
0T B BOJOHOCHBI MOPU3OHT N0 TpewuHaM oOHaXEeHHBIX Mopoj UK Yepes NoyBhl,
BoraThle OpraHMuECKMM BewecTsoM. B nepBoM cayuae uHGUIAbTpaIBOHHAs Boja
oboramena KUCAOPOIOM i XapakTepusyercs 3HaunTe bHo! pelokc-0ydhepHoil em-
KOCTbIO 1 BHICOKHMY 3HAYEHMSAMYU pe, BO BTOPOM — OHA MoxeT ObiTh aHaspobHO#
npy MoCTYNAEHUH B BOJOHOCHDIH ropU3onT; e/lBa M eif CBOHCTBeHHb 3HAUMTEe b
nas pefokc-OydepHas eMKOCTb U BHICOKME 3HAYEHHS pe.

2. Pacnpefiefienne u peakiMoHHas crnoco0HOCTb OpPraHiyecKkoro BeilecTsa u
ApYrHuX NOTEeHIMANbHbIX BOCCTAHOBUTENe! B BOLOHOCHOM ropudotTe. BojjoHockble
rOpU3OHTHI OUE€Hb HEOAHOPOAHbI B OTHOWEHHM KOJIMYECTBA IPHCYTCTBYIOMEro B HUX
OpraHMueckoro BewecTsa i, Yro 0coGeHHo BAXHO, Ero PeAKIMOHHON crnocoGHOCTH.
Opranuyeckoe BeleCTBO 0CAJ0UHbIX 0PO/ 0ObIYHO ABIAETCH YCTOAUMBEIM, T.e.
TpyaHo NofamuMes yriuansaumm 6akrepuamu. OHo yerofiuuBo motomy, uTo, Bo-
nepBbiX, Jerye yCBaBaeMble KOMIOHEHTE YXKe MCMOb30BaHb! i, BO-BTOPLIX, Mo
BHIIEHHBe TEeMIepaTypbl 1 JaBleHds NepeBo/IfiT NepBiyHble OPraHtyeckue coefi
Henns B QopMbl, KoTophle GakTepuaMi ucnoab3ywres ¢ Tpyiom. Ha onpesenen-
HoM 9Tane cBoell ueTopun GoAbIMHCTBO OCALOYHBIX MOPOA (1, CJeNoBaTeNbHO, BO
[OHOCHBIX POpH30HTOB) GbiK norpebensbl noa Towedi Golee MOJOABIX NOPOA U NOf-
BepriMch B TOM Wam uHOM cTenenn BO3LEHCTBHUIO MOBLIEHHbIX TEMIEpaTyp 1 fas-
Nenuit. Hanpumep, yroab (opraiudeckoe BemecTso), kasatock Obl, JolXeH BocCTa:
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P Hc. 12,12, HekoTopble BO3MOXHBIE CHCTEMBI, CO3AAIOWNE PEAOKC-6YDEpPHOCTL NOAIEMH bIX
B0A. paHUubl TBEPACE BewecTBo/ pacTBOP NPOBEAeHbl ANA aKTHBHOCTH PACTBOPEHHOrD Be-
wecTtea, paBHoA 109,

HaBAMBaTh CYAbGaThl NoA3eMHbIX BOA YroJbHOrO IMIACTA, OJHAKO 3T BOJbl YACTO
MMelT BBICOKHE CofepXaHud cylb$aToB M MHOP/AA B HUX HET M ClelloB pacTBOPEHHO=
ro cyanduna. Cyasdarpenyuupyiomwne bakTepun HecrnocobHbl MCNOJb30BATh Opras
HUUeCKMe COeMMHeHus, oObiunble 4As yrieii, no3ToMy BOCCTaHOBJAEHNUE CYabdaros
B BoJlaX yroJbHblX (1acToB 00bIYHO NpOTEKaeT MeLleHHO.

3. Pacnpesnenenye BemecTs crnocobHo co3nats pefokc-0ydepHocTb BoAOHOC
HOro ropu3sodra. B nofzeMHbIx Bojax Macchl BellecTB, cnoCcoOHBIX MOTEHIHAIBHO
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P uc, 12.13. Monoxexne pefoKkc-ypoBHeNH, PACCMOTPEHHbIX B TEKCTE.

co3fiath pefokc-BydepHocTs, Hanpumep MnO,, Fe(OH)s, Fe,0,, na efummy 06w

ema To[i3eMHol BO/Ibl UACTO BeJUKH, 8 PeaKIuH, MMellie TeHASHIMIO CHUXATD pe,
ABAATCA 00BIYHO MefJenHbiMU. [ToaToMy pefoKc-ypoBHM NOA3EMHBIX BOJ YACTO
COOTBETCTBYKOT BeWuHHaM pe, 3a/asaeMbiM pefiokc-napamu Mn2*/Mn0,,Fe?*/Fe(OH),
um Fe2*/Fe,0, (puc. 12.12).

4. CkopoCTb LMPKY.IAMK TOA3EMHBIX Bod, B cBA3u ¢ TeM, uro Gakrepuanbhble
peaxiptu, MMeiollue TeH/IEHIMH CHUXATH pe, NPOTeKaloT Me/LIeHHO, BeluuyHa pe aH-
HOM BO/IbI OYeHb CUIHHO 3aBUCHT OT BpeMeHU MpedbiBanus nocleHel B BOJOHOCHOM Topi
30HTe. Bpems npebbiBamia B ¢BOI0 04epelb OnpelelfeTcsl CKOPOCTBIO BOMIbl 1 "poT skeH-
HOCTbI0" BOJOHOCHOr0 MOPU30HTA OT 00JacTi muTaHus Ao 06JacTH pasrpys3ku. B ob-
weM cJayuae yeM Oodblie Bpems npebbiBanus, TEM HUXKe KOHEUHOE 3HAUYEHHE pe.

Tpynano cnenath Kakue:u6o BHIBOJLI O PEOKC-YCJIOBUSAX MOA3EMHBIX BOM, TAK
Kax Bce nepeunciennble Bble GakTopbl B pasHblX MecTax pasinunbl, Eciu noasem-
Has BoJla coJlepxuT cBoboHbIA KucJopos (ypoBens 1 Ha puc, 12.13), To mbo Bpe-
Ms ee npebbIBaHUA B BOJIOHOCHOM T'OPU30HTE OBLIO KPATKMM, Inb0 BOAOHOCHBIA o~
PHU3OHT He CojepAal UCNnoJbayeMoro npu Meraboau3Me OpraHnyecKoro BELIECTBa.
OrcyrcTBHe opraHMueckoro BemecTBa MoXer ObiTb YHACAENOBAHO OT BPEMEHH, KOr=
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[la OTJAraluCh NOpObl, CAaralommue BoAOHOCHbIA NOPUBOHT, AU Xe OHO — PEe3y.b-
TaT yAAleHHs MMEBIeroc B CaMOM Hauaje OpraHMueckoro BemecTBa AMUTebHO
PUALTPYIOWMMUCH TIOA3EMHBIMU BOAAMH, COASPAANUMU KIUCAOPOA. Aspobubie Hak-
TepuM MoryT ucnoab3oparhb Goree WMPOKMii CTIEKTp OPraHMUecKuX CoeluHenui, yem
cyabbarpeaympyomue. BoabIMHCTBO MOA3EMHDBIX BOZ, MO-BUIMMOMY, OTHOCATCH
K ypoHi 2 Ha puc. 12.13. Boaa He cofiepxut cBOGOAHOrO KHCAOpOAa, HO B Heil He
pabaojaeTcs u 3aMeTHol CylbdhaTpenyKiui. 3TOT pelokc-ypoeeHb He ABIAETCH
NpenATCTBHEM TPY UCNIOAB30BARMY BOA A5 GuiToBOro BoJocHAOKeHUs, XOTs BbICO-
xue (1 mae~! u Goable) KOHIEHTPANMM PACTBOPEHHOrO Xee3a uii Mapraina cos-
naoT MEoraa npobaemy. [loi3emubie Bofbl yposhs 3 (3abydepentbie cyabdarpe-
nykuuedt) obbIuHbl TAM, I'/ie BpeMs fpeObIBaHUA BEJAUKO UM /i€ NIPUCYTCTBYET MHO-
r'0 peakIMOHHOCNOCOGHOI0 OpraHiyeckoro BemecTsa. Bricokue xoHUeHTpamm
cyabhuAoB AeAAOT 3TH BO/bI HEMPUIOAHBIMU A5 neaeft GbiTOBOrO BOAOCHAOKEHUA,
Xorst BoJbl ypoBHA 4, DACTIONArAKIEroca HUXe rpanuipbl cyasdar/cyandui, obbiu-
Hbl A5 COBPEMEHHbIX MI0B, OHM OTHOCMTEJBHO Peliki B BOAOHOCHBIX MOPU3OHTAX,
KoTophle 0DbIYHO cAaralTCs APEBHUMH NOpoAamH. OpraHueckoe BellecTBo Ipes-
HUX NOpOfL (33 UCKIIOUEHHEM HeTH) ucnoab3yeTcA HaKTepHAMA HACTONbKO Mel:
NeHHo, 4To TpebyloTCA MHOrMe THiCAUeNeT!Hs, YTo0bl ObliM BOCCTAHOBIEHB! BCE
cyabtharsl ¥ BeIWuuHbl pe JOCTUMM OUEHb HUSKUX 3Hauenui.

WuduneTpayHoHHble GPOHTaNLHBIE MECTOPOXAEHHA ypaHa. Hekoropsie
py/Hble MecTopoXAieHus, 0cobeHHo MHUILTPAIMORHbIE MECTOPOX/IeHNH ypata C
nepeMellaloMes GPOHTOM, ABAAKTCH CASACTBUEM pefiokc-peakumii B Mof{3eMHBIX
Boflax. Ecim KucaopoZcofepXailas BoAa HAUMHAST IBUMATHCA MO BOAOHOCHOMY ro-
PU3OHTY, B KOTOPOM NIEPBOHAYAIbHO CYUECTBOBAM BOCCTAHOBUTEbHbIE MpoLieC:
CBI, TO MEX[Y OKHCIUTEJbHOH 1 BOCCTaHOBHUTENbHON oBcranoBkamu MoxeT obpa-
30BaThCA penokc-gpout (pic. 12.14). 3roT QponT OyAeT nepeMemarses B Hanpas-
Nenuy ABWKeHus BoAbl, HO CO 3HAYMTENbHO MeHbliell CKopoCThiO, YeM BoAa. Cxo-
pocThb ABKkeHus GponTa onpelenseTc CrocodHOCTBI0 BOJOHOCHOI'O MOPH30HTA
{ocobeHHo COMGPKAIMMEA B HEM OPraHHYeCKUM BemecTBoM) MoTpedaaTs KUCAo
poa. Ecian Tunnusblit BO/JOHOCHEI MOPU30OHT B 0CAJOUHbIX MOPOJAX COAEpXal 1%
PeaKkIMOHHOCTOCo6HOr0 OpraHHieckoro yriepoaa, a nof3eMHas soga — 10 mr/a
pacteopensoro 0,, To, COMVIACHO pacuery, (ponT Jolken Murpuposars B 13 000

OKHWCNEHHAR 30Ha:

Fe B gopme F%G;.

[BWxeHne soabl OpraHvWuyeckoe Be-
30HA BLICOKOA KOH- WECTBO OKWCNEHO,

ueHTpauuu U u ap- YPaH W Ap. Beiweno=
YeHbl

BoccTaHoBneHHaR 30Ma;
Fe popme FeS =
OpraHuyeckoe Bemecr-{
B0, paccenHHbid U w ap.

P uc, 12.14. Wpeani3upoBaHHOe ceueHue Yepes WHOUNETPaUMOHHOE (PPOHTANBHOE MECTO-
poXKOEHHE YpaHa B BOAOHOCHOM rOPU3OHTE, CNaraemomM MECUaHHKaMH.,
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Pa3 Mellnennee, uem Bopaa, Ypan (ra. 13) HEKOTOpble Apyrue s1eMenTh (ocoben-
HO CeneH, MblmbAK 1 Moaubaen) HEPACTBOPHMEI B BOCCTAHOBUTEIbHBIX YcJoBusax

M PacTBOPHMBI B OKUCAUTENbHbIX, Tpu npoasmkenuy (poHTa OKNMCHEHMS ni0Gble u3
ITUX SNEMEHTOB, NpUCYTCTBYIOmKE B BOMOHOCHOM ropu3onTe, pacreopsores, Jpy-
Kyumecs noi3eMHble Bop TepeHocAT ux Yepes tbpour s BOCCTaHOBHTeNbHY 0 cpeay,
T'/le OHu cpasy Xe cHoBa ocaxgalorcs, Taxmm o6paszom YpaH, colepxaBumitca po
BeeM Bo/loHocHOM ropusonte 10 TpoxoXaennst Gporra uan nepenecenuni U3 Jpyrux
uacreif cucTemsl noasemupix BOJ, KOHUEHTpupyercs B Henocpe/creentoi 6auzocTy
K ponTy, Yo Co3maer BO3MOXHOCTb SKOHOMUYecKy BBIrOAHO# ero fobbluy,

BbhBO[ bi

1. Penoke-ycaosus s NPUPOIHBIX BOAaX 0BbIukg onpefensorca 6aiancom mex-
Ay nocrynaennem KMCIopoAa u3 arMocdeps 1 ero norpebienuem npy MHUKpoOuoa0-
TUYECKOM pa3noXeHnu opramiyeckoro BelllecTsa,

2. Ilocae norpebrenys Bcero ceobognoro KHCI0poJa 3HaveHue pe nporpeccus-
HO CHUXaeTcs B pesyabrare Brosnornyeckux Peakuuii, cpeau koropbix Haubonee
BaXHBIMI ABASKTCH peakuuy BOCCTaHOBAEHUS Cyabtharos y bepmenTamm,

- B o3epax u okeane NpoaylpoBasue OPraHMYecKoro BewecTRa (1, TAKUM 06~
Pa3soM, nocaenyomee norpeSienue KiCl0poaa) KoHTpoMMpyeTCes riaBkbIM obpasom
HAIMYMEM HeOPraHMuEeCKHX mUTaTelbHbIX BellecTs — docara u HUTpara.

4. Uamenenns pe OKa3biBalT boabwoe Biausume na PAacTBopUMoOCTS M, caeopas
TeIbHO, NO/BUXHOCTL MHOMMX MeTallop,
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MuxposieMeHTEI

PaccesiHible 3JeMeHTbl, HIN MUKPO3JIEeMEHTbl, — 9TO 3JeMeHTbl, KOTOpbie 0bbIu-
HO TIPUCYTCTBYIOT B BOJAX B KOJMUECTBAX, HE NpeBblnaiolux 1 mr/a. B npusimne
TaKoe ompefieJenne OXBATHIBAET, 3a HCKIOUeHNeM I0KMHbl 31eMEeHTOB, BCIO NepHo-
IMYECKYI0 CUCTEeMY, HO B 9T0fl IiaBe paccMaTpUBAOTCA MIABHBIM obpa3oM meTal-
Abl 1 MeTaLIoN/b! (TaKne, KAk MbIIbAK 1 celeH), uMenmue 6oablioe reoXxumMudecs
Koe MM 9KOHOMHUECKoe 3HaueHne, 37ech clelaHna nolbiTKa OTBETUTb Ha BOMPOC!
noyeMy Janublit 91eMeHT MMeeT UMEeHHO TY KOHIEHTpaliio, KOTopas Habmoaaercs
8 nanpoit Bone? Ecam Mbl monydum HA HEro oreer, TO OyleM B COCTORHWM npef:
cKas3arb nocjaelcTBusd TaKoi JeaTelbHOCTH YeloBeKa, Kak 3axXopoHeHue MpoMblii-
J€HHBIX CTOKOB W/ paspaﬁoTKa noJie3HbIX UCKonaemMblX. Muorue 3JeMeHTbl, Ha-
npuMep celel 1 MOJHO/IeH, B HEOOMBIWMX KOMMUECTBAX HeOOXOAMMB! NS Guono-
ruyeckux cucrem. [losumanne oB6CTOATENBCTB, KOTOPbIE LeJaloT 3T SJ1eMeHTbI Helo-
CTYNHBIMY, WHOTAA ABAfETCS Takoi ke BaxHoll mpobaemoil, Kak u u3yuenne ciy-
yAeB MX TOKCUUHBIX KoHIenTpaiwit, HexoTopble py/lible MECTOPOXAeHUs (Hanpu-
Mep, ypaHoBble, paccMaTpusaembie B ril. 12) oGpa3yloTcs B yCIOBUAX, KOTAA dle-
MeHT, Haxofauuiics B pacTBope B Bulle clefoB, SKCTparupyerci u3 noclaelnero
B MpefiejaX orpaHHueHHoro y4acTKa. Yrobul pasobpaThes B TAKHX MECTOPOXAEHUAX,
a CileloBaTeNbHo, M MCKATh WX, HeolXoAuMo 3HATH (aKTOophl, KOHTPOJIMPYIOWNE pac-
TBOpeHue, IepeHoc u ocax/ieHne KOHKpeTHbIX 3JIeMEeHTOB.

UCTOYHUKH MUKPOINEMEHTOB

Paccesunble 21eMeHThl MeHeTHUecK MoryT ObiTh CBA3aHbl C BbIBETPUBAHUEM
NopoA HaK ke, B GolbliuX Macuradax, MOCYT NonaaTs B armocdepy u ruipocdepy
B pesyabTare [AeATEIbHOCTH YenoBeka. Cpe/iHie KOHIEHTpAIM) pi/ia pacCesHHbIX
9]eMeHTOB B Opofiax U Bojax npuBefiensl B Tadl. 13.1. Jlist HEeKOTOpbIX SJEMEHTOR
HATEXHBIX AHAIMTUYECKUX [JAHHBIX HEMHOTO, NIO3TOMY NPUBEEHHbIe YiC/A A0MKHbI
PACCMATPUBATHCS TOJNBKO KaK KaUeCTBEHHbIE NOKA3aTel.

Byaer 1u lanublif paccesHHbli 31€eMeHT NepexofuTh B pacTBOp B XOAe BbIBET-
pHBaHUS, 3AaBUCHT OT MifHepaia, C KOTOPbIM CBR3AH SJEMEeHT, i OT HHTeHCUBHOCTH
xumuueckoro Beizerpusanus [ 148, 212]. Muorue paccesiHHbie 3JeMEHTbI MOJEBbIX
IMIATOB WM 0BBIUHBIX Kele30MarHe3ualbHblX MUHepaloB 3aMelaloTcs Helerko.
OfHu M3 HUX HAXOAATCH B XMMUUECKH CTOHKUX AKIECCOPHbIX MuHepalaX, MoGoOHBIX
IMPKOHY, ANATHTY UMY MOHAMKTY, ApYryue BXOAST B COCTAB cyabduaos, Koropble
BHICTPO BHIBETPUBAIOTCH TOMLKO B BOJAX, COAepXaiyX KHCI0pol. Yeroituusble Mu-
Hepalbl P BBIBETP*PaHWM OOBIYHO HE HIMEHSIOTCH, 32 MCKIIOHEeHueM Cayuaes, kor
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Aa BblBeTPUBAHUE TIPOTEKALT UCKIIOUMTE. [hHO HHTEeHeuBHO (00pa3oBanue rubbeura),
a MX U3MEHEH!:A B TAKMX CAyuasX He BelyT K HOopMUPOBAHMIO BBICOKMX KOHIEHTpas
Iyit 5J1emMeHTOB B Bojlax (Kor/a BblBeTpPUBAHME HHTEHCUBHO, MPOIECCH pa3zbaBie-
HUA NPENATCTBYIOT KOHUEHTPUPOBAHKIO 3JeMeHToB). B Mecrax, riie BblCOKUue KoH-
LeHTpaluuu UMelT MHOTHE 3JIeMeHThl (Cle/loBaTelbHo, BO MHOIMX pPYAHBIX MECTO=
POXJeH!AX), MeTallbl HaXoAATCA B Bule CyAbOUAHBIX MUHEDPAIOR (HANpUMEp, CYJb-
Guabl Mewm, muHKa, Moaubiena, cepebpa, pryTH, CBUHIA), TIOCAEHKE Xe YACTO CO-
AepkaT CeleH, MblbAK, Kaamiil. B cBa3u ¢ TeM, 4To cyabhuasl BeBETpUBATCS
BricTpo, Takue py/HEle MeCTOPOX/EeH!A MOrYT AaBATh HAYANO JOoKaibHOMY obora-
WeHUI0 BO/I PACTBOPEHHBIMU MUKpOSIeMenTavis OHMM M3 ACIEKTOB 1 e0TUMUNECKUT
nouck0é ABNAETCH UCMOJb30BAHNE MHKDOIJIEMEHTOB NPUPO/JHLIX BOA As obHapy-
KEHUA PYIHBIX MEeCTOPOXIeHuH,

Yenosek BBOAUT MUKpODJIeMeHTbl B ruapocdiepy pasHbivi myTsvie. Jlpn camramm mc-
KOMaemMoro ToJMBa i IaRIeHtst pyA MeTallbl nonajaioT B arMocdepy, OTKYIA NPUBHO-
CATCSA OKIAMU B [I0BEPXHOCTHBIE BOfibl C OLITOBEIVM 1 MPOMBIILIEHHBIMY CTOKAMA MeTall
Jibl IOCTYNAT HenocpeAcTBeHHo B rupocdepy. Paspaborka pyansix mMecTopoxienuit
MOXeT CONPOBOXIaThCH BbICBODOXIEHHEM METaIOB, TAK KaK NepBOHAYAIbHO He-
npoHullaemble MOpo/ibl ApobATCA U B3aumMoelcTBYIOT npU 9ToM ¢ BoAo#, a cyabdmia-
coflepxXaliue nopojbl, BCTYNAWUIME B KOHTAKT C KUCIOPOJOM, BLICTPO U3MEHATCH
u pacTBopfoTcA [loa3emHuoe 3axopoHenne TOKCHUHBIX OTX0[0B, B TOM YHACJe pa=
IMOAKTUBHbIX, MOTEHIMATBbHO cocoBCTBYET NOCTYIASHHI0 MHOMMX BellecTB B Mo/~
3eMHble BO/bl, & C NOCAEJHMMU U B MTOBEPXHOCTHLIE BO/Ibls HOCTYI'[JTBH}!G MUKpPO=-
9JeMeHTOB BO MHOTME peKu U 03epa B PesyibTaTe JeATelbHOCTH YeJOBeKa BO MHO-
r'o pas npeBblllaeT X MOCTYIAEHHEe 3a cueT npupofubix npoueccos [ 311, 256]; na-
Ke [ OKeaHoB 3arpsa3Hmomas 1eaTelbHOCTh YeloBeka sHauuTesua [ 119].

Boicokie KoHIEHTpaMH MUKPOJIEMEHTOB He3aBUCHMO OT MX MCTOYHMKA 0ObIY-
HO He MOryT NepeHOCUThCA B BOJHbIX cucTemMax B Bufie Merasios. llens aroit raas
Bbl — paCCMOTPEHHE HEKOTOPBIX NPOLECCOB, peryiupylmuX KoHIeHTpaluy paccest-
HbIX 3JIeMeHTOB B NpPUpPO/HbIX BOAAX.

XMMHYECKHUE ®OPMbl 3JIEMEHTOB

Ans mobwlX pacueToB, BKIOYAKMMX XUMUUECKHe DPABHOBecHs, afcopbimio uim
OLEHKY TOKCHYHOCTM, HeoDX0MMO 3HATH, B KaKoi Xumuueckoil opme 31eMeHT Ha-
Xofurcs B pacTBope. Hanpumep, B ra. § obcyxaanace pacTBOpUMOCTb nubdcura B
3aBUCUMOCTH OT QopMbl amomMuuus — Al 3%, Al (OH) ;r, Al(OH)7 (puc. 13.1). Ecm
BBl Mbl IPUESM, UTO BECh PACTBOPEHHBIR amovummil saxomres B dopme Al 3%, To Mb1,
BepoATHO, cielam Obl BHBOJ, YTO GOABIMHCTBO MEJN0oUHbIX PACTBOPOB PesKo me-
pechilllenbl o OTHOWeHUI0 K rubbeuty, 1 Tem cambiM npoasuan 661 Heraybokoe
NoHMMAaHNE TIPOlECcCOB, PeryIMpyiouuX KOHIeHTpaly pacTBOPEHHOr0 ANIOMUHNS,

Pacteopenuniii ypan npefcrasaser coboit Gonee croxusii npumep [ 174, 215].
Ecnu mbl pacemarpusaenm npoctyio cucremy U —0 —H,0, 7o nonyuaem npu pa3-
JMuHbIX 3Hauennsax pe u pH npeobaanaswume hopmbl, nokazauusie va puc. 13.2. Mpu
Nobasnennu k ciucreme CO, crasoBATCH yCTOHUMBBIMY pasinyHble KapOOHATHHIE



T abnuuya. 13.1. TUNHuHbe KOHUEHTPAUMH HEKOTOPLIX SNEMEHTOB B MopHbIX NopoAax (Mmr/xr (Mﬂrl-l))v

pexax u oxeanax (mkr/kr (mnpn~)) [328, 235 u ap.)

Mecuaxu-

H3asecT-

paHuT BasansT Cnaxusl - HAKH Pei OxeaHbl
NutuhA 30 17 66 15 5 10 170
Bepunnui 3 1 3 0,006
Bop 10 5 100 35 20 20 4450
@Top 800 400 740 270 330 100 1300
ANQOMHHN A Muoro Muoro Muoro Muoro 4200 50 1
CraHmi 10 30 13 1 1 0,004 0,0004
TuTaH Muoro MHoro Muoro MHoro 400 10 1
Banaauit 50 250 130 20 20 1 2
Xpom 10 170 90 35 11 1 0,2
MapraHey 450 1500 850 50 1100 8 0,2
¥Xeneso MHoro Muoro Muoro Muoro MHoro 40 2
KobanbT 4 48 19 0,3 0,1 0,2 0,05
Hukens 10 130 68 2 20 2 0,5
Mefb 20 87 45 2 4 7 0,5
UmnHk 50 105 95 16 20 30 2
annui 17 17 19 12 4 0.1 0,03
M epmanun it 1 1 2 1 0.2 0,06
MBiwsAK 2 2 13 1 1 2 3
Cenex 0,05 0,05 0,6 0,05 09 0,2 0,1
Bpom 4 4 4 1 6 20 67300
P younmi 150 130 140 60 3 1 120
CTPOHUMA 250 465 300 20 600 60 8100
UTTPHA 40 25 35 10 4 0,07 0,001
UunpKoHH i 150 140 160 220 20 0,03
Monu6aeH 1 1,5 2,6 0,2 04 0,5 10
Cepebpo 0,04 0,1 0,07 0,3 0,04
Kaamua 0,13 0,2 0,3 0,03 0,05
Cypbma 0,2 0,1 1 04 0,3 1 03



Mpoponxexue Tabnuubl 13.1.

“on 0,5 0,5 2 1 1 7 64
Uesun 3 1 6 6 6 0,03 0,3
Bapui 600 330 580 10 50 10
Pente 3emnu  0,5-70 1-80 1-80 0,05-15 0,05-8 0,001-0,1 0,001
Bonbhpam 1,7 0,7 1,8 1,6 0,6 0,03 <0,001
3onoTo 0,002 0,002 0,005 0,006 0,006 0,002 0,004
PTyTb 0,03 0,01 0,4 0,03 0,04 0,07 0,03
Tannuh 1,5 0,2 1,4 0,8 <0,01
Cenney 17 6 20 7 9 1 0,03
Topui 14 2,7 12 55 2 0,1 <0,0005

YpaH 3 1 4 . 2 0,1 33
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P uec, 13.1. AKTMBHOCTH pPacTBOpeHHbIX Gopm Al B paBHOBECHH C rub6cuTom npu 25°C
(¥a rn. 5). XMpHaA NMHUA COOTBETCTBYET CYMME OTAENbHBIX aKkTMBHOCTER,

dopmbl (puc. 13.3). B obbiutoit MOABEMHOM 1K IOBEPXHOCTHOM BOJE MOIYT UMETh
Goapmoe 3naverne hocharubie, hropuinbie  cybhaTHbe KOMIIEKCh ypana (puc. 13.4).
TNpucyrcTBie KapdoHaTHBIX 1 docaTHbIX KOMILIEKCOB [IPUBOJUT K 3HAYUTEILHOMY
yBedueHHIc CyMMAapHO# KOHUEHTpallii PaCTBOPEHHOrO ypana (B pABHOBECUHM C MM+
Hepalamy ypaHa) Mo CpaBHEeHUIo ¢ Beckapbonarholi 1 ecdocdaruoit Boaamu. Yro-

bl PACCYMTATL KOHUEHTPAUMI) PACTBOPEHHONO MeTalla B PABHOBECHH © TBepAoi
hazofi, HEOOXOIMMO 3HATH KOHUEHTPAMI BCEX MOTEHIMANBHO KOMIIEKCYIOMIXCA
AreHToB ¥ KOHCTAHTH yCTOMUMBOCTM PA3IMUHBIX BO3MOKHLIX KOMIISKCOB (i 2).

OpraHHyeckoe BeuwecTso 1 o6pasoBaHue KOMNNEKCOB. Buiuucants sg-
dexT KOMILIeKcooDpasoBanua A1 TAKUX MPOCTHIX HEOPraHMIECKUX AUCAH/I0B, KaK
OH- Cl= SO2—, xapboxaruble 1 toctarksie Gopmnl (ri. 14), B npunie He
cocraBafer coboft TPyAHOCTH, XOTH YCTOHUMBOCTH MHOTHX KOMIIEK=
COB M3BECTHb! HEJOCTATOYHO XOPOWO, 3HAUNTENBHO CIOKHEE OLEeHKA 00pa30BaMs
KOMILIEKCOB C OpranMueckuni Juraniamu. PacTBopernoe opraHfieckoe Beilect-
BO NPUPOIHBIX BOJl BKIOUAET WHPOKHH Kpyr coe/MHenui, MHOI'Me U3 KOTOPbIX elle
HelOoCTATOUHO XOpOlo OXapaKTep3osakbl, [loaTomy UM TPY/AHO MPUCBOMTL KOH-
crasTy yeToluBocTH, KoTopas umesna Obl obuyio npnmeﬁnmoc'rh. ObpasoBanue
KOMIUIEKCOB € OPraHWYeckuM BellecTBoM 6o/ee BakKHO LISl IPECHBIX BOA, YeM 11
OKeatoB. B pekax pacTBopeHHoe OPraHMueckoe BelEecTBO HaXoauTCH 00BIUHO B BO-
Jlee BLICOKMX KOHIGHTPALMAX, UM B OKeaHaX, 1 (aAKTHUeCKH MOKET "' hIOKY AMPO-
BaTh" MpH [OCTYIIEHIH PEUHbIX BOJl B OKeaH [ 303]. Kpome Toro, Heopraiueckue
AMran/bl, KOHKYpUpYIouMe ¢ Opramueckumy npu GopMUpOBAHMU KOMILIEKCOB, B
MopcKoli BoAe HaxolATCA B 3HauMTENbHO Gonee BBICOKOM KOHILEHTpalMK, YeM B ped-
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P uc. 13.2. Pacnpepenenve pacTeopesHbix Gopm ypana B cucteme U —0 —H,0 npu 25°C
(no Nanrmioupy [ 215 ]).

Hofl. B caaBomuuepanusoBanuoil peutoit Bone, 6oraroil opranuueckum BeuecTBoM,
PACTBOpPEHHOE Xele30, No-BUAMMOMY, HAXOAUTCH NPEUMYIECTBEHHO B QlopMe opra-
nnueckux Kommaexcos [ 13, 303). Kpom n loakosun [ 211] nokasanu, uro npeobia-
Nawmas YacTh Xele3d, PACTBOPEHHOrO B MOPOBbIX BOJAX AHAPOOHBIX MOPCKHX
0CaKOB, MpefcTaBiena oprauuueckumi Komiexkcamu. Coraacro 'nau u ap. [133],
B HEKOTOpLIX BooeMax mtara Mau menb, cBMHEl u XeJe30 (HO He Kaamuit) HaxoasT-
cfl JaBHbIM 00pasoM B JopMe OpraHMuecKnx KOMIIEKCOB.

HauGogee uacto onpelelfieMbiMi4 XapakTepUCTUKAMY OPraHHuecKoro BellecTBa B
BOJAX SBASIOTCA PACTBOpeHHbIit opramueckuit yraepos (POY) u cymvapHblii oprammyeckuit
yraepon (COY). Pazmue mexly pacTBOPEHHbIM OPraHdueckiM BellleCTBOM U OpraHie
YeCKMMHU B3BECAMH 10BOJbHO YCIOBHO; Marepual, npoXoaauui yepes GuibTp pas-
mepom 0,45 MKM, 0OBIUHO OTHOCHAT K PACTBOPEHHBIM BellleCTBaM, & ocTanmuics —

K B3BemeHnbiM ; pasmep 0,456 MKM He COOTBETCTBYeT Hi OIHOMY M3BECTHOMY CKay-
Ky B pasMepax YacTull NpUpOIHOr0 OpraHueckoro Bemectsa, Beanunna COY B Bo-
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P v c. 13.3. Pacnpepgenenue pac'raopenuux topm ypana B cucteme U —0 —H .0 - CO
npu 25°C NpW YCNOBMM, YTO CO = 1077 at™ (no Nanrmionpy [ 215]).

e Mrceucumy konebaetcs B npelenax 6—33 mr/ i, B Boge pekn Koaymbus — 2—5mr/ 1,
a B HEKOTOPBIX peKax, Apennpywumx 6onota wrara [lxopaxus, oHa npesblnaeT
100 mr/a [283]. Boant cranoBATCA 3aMETHO OKpAWEHHBIMI (KeaThIMU MM KOpHY-
nesbivu) nipn COY okodto 20 mr/a u Bhime [ 2831,

KoHuenTpaumy pacTBOpeHHOro OPraHnyeckoro yriepoja B MouBeHHbX Bojax
oBblusn MHOTO Bbille, YEM B pekax u o3epax. Hanpumep, B nousax, gopMupyiommx-
€A Ha ByJKaHMyeckoM nemde B wrare Baitomunr, no Aasseiv Anrynnepa u [Ipusepa
(neonybiukoBanubie Marepuanbl), POY BapbupoBan B BojaX, M3BJEUEHHBIX U3 MOYB
orcacbipanuem, B npegeaax 70-300 mr yraepona na autp. Konuenrpamuu xelesa
B 9THX Bojax Bapbmpoeain ot 1 go 5 mr/a, a anomunns — or 0,5 o 7 mr/a. Opra-
HUYeCcKoe BellecTBO Urpano 60Jlbllly!0 poJb B BbIBETPUBAHUK [eN1a KAK BCAeCTBHE
oﬁpaaoaaﬂuﬁ KOMIIJIEKCOB XeJje3a U ajllMUHUSA, TAK U BCAeJICTBHEe CcOXpaHeHUd 3Ha-
yenus pH Ha OTHOCHTEJBHO HU3KOM ypoBHe (0KoJo 5).
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P uc, 13,4, Pacnpegenexve KOMNNEKCOB ypaHuna (ypaHun (UOi"’) — OKucnexHan Gopma

pacTBOPEHHOro ypaHa) B aaaucumocni or pH ANA HEKOTOPBLIX TUNWUHLIX KOHLUEHTPaUWH NuraH-
0B B NOASEMHbLIX BOAax. PC02 =107"", 3F = 0,3 mau~?, C1 = 10 mmw—t, S0, = 100 M,

PO, = 0,1 MnH™, Si0, = 30 Mnu~! (1o Tpunatw [325]).

Paccoabl Hed TAHBIX MECTOPOKEHHH YACTO XapakTepU3YIOTCH OUeHb BBICOKUMU
(npessimatonpmu 1000 Mr yraepoaa na aurp) cofepkanuamu POY, raasHblit Bkaaa
B KoTopble BHoCAT Hebolbuye atudaryueckue aHuoHsl, auerar u nponuonar [ 344].

TepMutbl 1yMun0evie Kucioms W @yave0Kucioms HCNOALIYIOTCH 0COGEHHO
YAacTo B NOYBOBelleHUU NMpU ONMCaHuu paGTBOpeHHbIX opraﬂw{ecmx BelecTs Nnoys
1 Bof. ITH TepMuHbI IEpBoHAYANBHO GblIM BBE/IeHb HA OCHOBE MpoLeyphl noayie-
HusA BBITSRKM U3 nous. [Ipu oGpaborke noussl 0,3 5. NaOH rymusoBsie u GyibBo-
KMCIOTH! pacTBOpAANCh, Ty 4acTb BemecTsa, KOTopas nocie MoAKUCIeHUA BhITAK-
Ky BbiNala B OCA/0K, HA3BAMM I'YMUHOBbIMM KMCJAOTAMM, @ OCTABLIYIOCH B PACTBO=
pe — dyapBokucaorami [ 811, ITpn u3yueHnn npupofHbIX BOJ 3TO PABANUME YACTO
MI'HOPHPOBANOCh, M TEPMHH "TYMHHOBbIE KUCAOTH" Miu "'ryMuHOBLIE BemecTna'
CTaJ MCIOJAb30BATHCS A BCEX DACTBOPEHHBIX CoeluHeHuil ¢ BEICOKMMU MoJeKy-
AApHbIMU Becamu. Cpeunii MoleKyIApHEIf Bec ryMUHOBBIX BewecTs B peuHol Bo-
ne pasen 1269 [ 283], a orzensusix ¢pakiui, BblIeNEHHBIX C MOMOLIBIO XPOMATO=
rpadum, — 528—3095. XumMuueckn ryMMHOBbIE KHCJOTH NPEACTABIAT coboll rias-
HbIM 06pasoM BBICOKOMOJIEKYAAPHBIE MONMMEpE! ¢ BOJbLMM YHCIOM KapBoKCHIb:
HbIX M (heHoabHbIX QyHKIMOHANBHBIX rpynn. Heboabmue opramnyeckue MoJeky/bl —
okcanars! [ 137], dopmueTsl u aerars (HeonybaukoBaHHble JaHHble AHTYUAepa
u [lpuepa) — HaiileHbl B MOYBEHHBIX BOJAX B KOHLEHTPAUUAX, NPEBbINAIWIX 1 Man—,
To-BiaMMoMY, oty GbICTPO MCMOJAB3YIOTCS OpraHn3MaMit, MOATOMY MX KOHIEeHTpa-
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1M B PeKax i o3epax oueHb HM3KM. ITo obobuenne He OTHOCHTCA K CTOUHBIM BOJaM,
T[le MOryT NPUCYTCTBOBATH B BOJBUIMX KOJMMUECTBAX JErkie OpraHHyeckue MoJeKy-
Jbl, HE paspymaemble OaKTEpPUAMU, HANPUMED XJIOPNPOUIBO/HBIE Y IEBOLOPOAOB.
[lpucyTcTene B pacTBOpe OPraHUYecKux JUCaH/IoB TakXe BHOCUT W3MEeHeHus
B @/COPOiME) PACCEeAHHbIX METAIOB HA OKUCAX U [IOBEPXHOCTH CHIMKATOB (CM.
Hike). Ecan non Merania B pactsope CHIBHO 3aKOMILIEKCOBAH, €ro aacopouus
MoXer OBITb NofjaB/eHa, HO B HEKOTOPBIX CHCTEMAX OHA B JeHCTBUTENLHOCTH [d-
Ke yBelnuuBaeTcd 3a cuer o0pasoBaHuA TPOHHBIX MeTal- U aH-NoBepXHOCT-
neix kommiekcos [ 77, 381, B obuem xe ofpazoBanue opraHMuecKuX KOMLIeK:
COB UrpaeT GoJblyl0 Pob B XMMUUECKOM MOBEJEHHN HEKOTOPLIX PACCEesHHBIX
3JEMEHTOB B BOAAX, HO 9TO fBJIEHHE TPY/IHO OUEHMTb KOJMUECTBEHHO M3-3d He-
AOCTATOMHON U3YUEHHOCTH TYMUHOBBIX BCUlECTB.

KOHTPONIUPYWWAR PONb PABHOBECHOH PACTBOPHUMOCTH

[Tpocreiiuum npolieccom, KOTOPsI MOXET PeryAupoBaTh KOHISHTPALUIO PaCc-
CesHHOro 3JemeHTa B pacTBope, ABJRETCH paBHOBecHe ¢ TBep/ol dasoil, cotep-
Aauiefl IT0T s1emMeHT B KauecTse rIaBHOro KomnonenTa. Hanpumep, /Ixokc u ap.
[ 193] nokasamm, 4TO KOHUEHTPALMA PACTBOPEHHOrO AMOMUKMSA B OMHON 13 pex Ka-
ABYOPHUI MOJHOCTBI COOTBETCTBYET PaBHOBECHIO C KAOIMHHTOM, a KOHIleHTpauma
PacTBOPEHHOr0 Xele3a B ToM Ke obpaslie — paBHOBECHK ¢ amMopbHoil Fe(OH),.
Jlu u ap. [ 226) wamau, uro KOHIEHTpalyA pacTBOPEHHOro MapraHia B opoBoit
BO/Ie MOPCKOro ocaka BHauale yBeqMuuBaiach ¢ raybuuoil, Tak Kak nponcxou-
Jo BoccranoBnenne Mn0O, . a 3arem BbIPaBHANACH 10 BeAMUMHbI, COOTBETCTBYI0-
el pacTBOPUMOCTH POJOXPO3UTA MnCO,. Imezpeon [102] u Imepcon u Yunmep
[ 103] nokazanm, uro npousBeneHUE AKTHBHOCTEN MOHOB (TTAI)

MAH = “2'32"'“1302"

B TIOPOBBIX BOAAX aHaASPOOHDBIX 0cankoB U3 o3epa B |lBeliapuu Gbllo ouenb Ga3KIM
K TIpon3Be/eruio pacTBopuMocTy BiBuamnTa — Fe (PO ,),* 81,0 (puc. 13.5), u,
CJeJ0BATeNbHO, [IaBHbIM (akTOPOM, KOHTPOIMPYIOIAM COAepAaHne Xenesa u poce
dopa B BoAe, Gblia pACTBOPUMOCTb BUBMAHUTA. ITU BOAB! GBI OUEHb CUIABHO nepe-
CBILIEHE! B OTHOWeHM mputa FeS , n cugepura FeCO 33 PAacTBOPUMOCTb 3TUX MH=
Hepasos, Mo-BHAMMOMY, He OKa3hIBaJa 3HAUNTEILHOrO BAMAHUA HA COCTAB MopoBoit
BOfibl.

Korga snement naxoaurcs B TBep/ioft hase B COCTOAHMM OKMCICHUS, OTIHYE-
WIIErocs OT TAKOBOro B pacTBope (Hanpumep, Fe?* —Fe, 03, Mn2t — Mn0O,,
Cu?* —Cu,0), "npoussesienne pacTBOpUMOCT" AOIKHO BKIOYATH Pe MAM KaKyio
JAubo Apyryw peaoKC-napy. Haﬂpumep,

Fe,0, +6H* + 2¢~ = 2Fe2* +3H.0,

- A a,%.c;w
pagH P 5
aH+-a -
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P wc. 13.5. Mpou3BefeHue aKkTUBHOCTEN E j
WoHoB a a2 B NOpOBbIX Bopax 5 N
Fe' P03~ w 40 @
X
ABYX KEPHOB (CBETNbIE U TEMHBIE KPYXKKH) é e |0
o3epa [ pefiden (liBefyapuA) NO CPaABHEHHIO & |
C NPOW3BEEHWEM PACTBOPUMOCTH BUBHEHW- 50— L
Ta (boctata wenesa) (no Teccexosy [319] °
W Hpuary [255]; cm. Taixe paGoty Smep- A B
cona [102]). gobl—L 1 1

YroBB! ONpeAeInTh, HAXOMMTCS I PACTEOp B paBHoBecHn ¢ Fe,0, , HeoDXoAuMo
3uath pe. B CBASM C TeM, UTO 3HAUEHHe pe pefiko MoKeT ObiTh Olipe/ieeHo Tou=
Ho (ra. 11), cToab e PeKo MOXHO NMpOBEpUTb, HAXONUTCH JM TaKasd cucTema B
parosecuit. Xem [ 162] oBowean 3ty npobaemy, Npeanoiokus, YTo B yMEPEHHO
BOCCTAHOBUTENBHBIX YCIOBMAX, T/IE elle He POUCXOUT BOCCTAHOBAEHU: Cyabda-
ToB, BeluMHa pe S3(HeKTHBHO KOHTPOIMPYETCA PABHOBECHEM MeXay aMopdHoi
ruapookuchbio Fe (II1) u pacrsopennoit Gopmoii Fe(Il):

Fe(OH); + e~ +3H* = Fe2™ +3H,0,

ap_ 2+
F
Kpasrl: . 3
ae_-ai"{+
aj+
a,— = Kpaen Ty
Fe?

Takum 06pasoM, M06YI0 PESOKC-Peakipio MOXHO 3alMCaTh C yYacTHeM B KauecTse
pearentos Fe2®, Fe(OH), u H* Bmecto aaekrponoB. Hanpumep, paprosecue
mexgy Cu?* u Cu,0 Moker ObITh 3amMCAHO TAK:

2Cud* .+ Qe+ H,0.= Cn,0 +2HY,
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WM, UCNOJAb3YA YpaBHEHUE 1A Xele3a,
2Cu?* + 2Fe?* + TH,0 = Cu,0 + 2Fe(OH), + BH',
8
GH-P

Kpaau =

al 2+.ad 2+

2
Cu e
Ecan xonleHTpalus pacTBOpeHHO! Meu KOHTpoaupyercs pasHoBecuem ¢ Cu ;0
(xynpuT), To Mpou3Be/ienie aKTHBHOCTE!

aﬁq.
aé“2+-a%-e2+

fonxHo GBITh KoHCTaHTO!. XeM BHIBe aHaloruuHble ypaBHemus aas nap Agt/Ag
u Cr?2*/Cr (OH),. Ceiluac ewe Mano NaHHbIX, YTOOLI NPOBEPHTD ITOT METOf, XOTA
Xem i yTBEpK/al, YTO TAKKHE PElOKC-PABHOBECHS BCE Xe MOTYT OOBACHUTH Hae
0gioaaeMble KOHIIHTPAIWMH BCEX TPEX METAIIOB.

PasHoBecHble PAaCTBOPUMOCTH ONPEIENSIOT BEPXHUE MpPe/iebl KOHIeHT patuit
PACTBOPEHHBIX PACCeAHHBIX MeTatoB. /s Boabl HeoObIUHO NepeckiLeHye no oT-
HOWEHHI0 K TBepAoli dase Goree yem Ha TpU MOpAIKA BeJuuuHbl (Korga Habuwonaes
Mas KOHLEHTpalus npesbimaeT pasHosecHyw Gotee uem B 1000 pas). Xors dax-
Top, pasubiit 1000, MoxeT nokasaTbes CAMIKOM BBICOKUM, OCA[KHM MO CBOMM pacte
BODMMOCTAM HEepeJKo CUJAbHO PasiIMyaTCA B 3aBUCHMOCTH OT COBEDIIEHCTBA UK
nedekTHOCTH KPUCTALMUECKOH pelleTkn MUHEPAIOB, a Pe YacTo OnpefleifeTcs HeTOUHO,
No3TOMY HeonpeJeleHHOCTD B npejenax ¢axropa 1000 se Tak yx cymecrseHna
Ans uededt uHTepnperamu (o6paTuTe BHUMAHME HA PACMOJIOXEHNE KOHTYPOB pacT-
BopeHHOro Xele3a Ha puc. 13.6). Kpome Toro, daxrop, pasusiii 1000, saserca
KpaliHOCTbI0; B GOMBbIIMHCTBE CHCTEM OCAXIEHWe MPOUCXOMMT [pH SHAUMTENbHO
Goaee HU3KoM cTenenn nepeckienns. B Tex clyvasx, korga HabmogawTcs Goab
wKe Kaxyluuecs nepechilienus, HanpumMep HeCKOAbKO MAH—! XeJe3a B Helirpaip-
Hoil Bofie, Cojlepxalleil Kucaopofl uau cyabdus, 3To obbiuHo 03HAuaer, uTo Gop-
MBI HAXOKIEHMA 3JeMeHTa (3[ech Keaflesa) ycTaHoBIeHb HeBepHo. Keseso moxer
HaXouThCA B Bolle B QopMe KOMMJIEKCOB (BO3MOXHO, OPFrAaHMYECKHUX), MO3ToMY,
XOT# CyMMapHas KOHI|EHTpAIMsA Xele3a sSBJiseTcs BbICOKOH, akTuBHocTh Fel?t
u/uau Fe3* moxer GbiTh HU3KOM, @ Boga — He ocobeHHO nepechimenHol.

PasHoBecust paCTBOPUMOCTH ONPEleSOT BepXHie npefelbl aKTHBHOCTEH pac-
TBOPEHHBIX BEmEeCTs, Ho oHM 00LIUKO He onpejeasioT HUXHKe npelensl. Hanpumep,
Mbl rOBOpUM, uTO pacTsopiuMocTe MnCO3 onpenenuna sepxuuii mpejen KoHueHTpa-
iy Maprasua B JaHHOW Bofe, HO MnCO MoxeT ObiTb 3bdeKTMBHEIM npu onpene-
JeHuy npefena TOJbKO TOrAAa, Korja MnCO HAaxXo[MTCs BO B3auMoelCcTBUM C Bo=
fno#t u pacTBopAeTcA A0CTATOYHO BHICTPO. MnCO HE OTHOCUTCSH K WMPOKO pac-
POCTPAHEHHbIM. MUHEpaNaMm, 03ToMy, Boobue rom)pa €ro pacTBOPEHHe MOXeT
He TPOUCXOMTh, M OH He By/leT MMeTb 3HAYEHUS B KauyecTBe HIKHEro npegera
KOHUEHTpaluii pacTBOPEHHOIO MapraHia.
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Ouarpamme! pe — pH. narpammel pe — pH 1 nofo6HBle UM ABIAIOTCS Ipas
duueckuM crnocoboM uzobpakern A MEGOPMALMHM O PABHOBECHO! PACTBOPUMOCTH.
[Ipu ux MCHOAB30BAHMN /15 MHTEPNPETALMM NPOLIeCCOB B NPUPOAHBIX BOJAX Mpel-
noJjaraercs, YTo PaBHOBECUA PACTBOPUMOCTH ABJAITCH BaXHBIM KOHTPOAUPYIO=
wum daxTopoM. PaceMoTpuM /IBa pMMepa MCMoib30BaHUA TAakuX Anarpamu, [ua-
rpammbl THNE Eh — pH 18 MHOrMX 318MEHTOB, UMEIIIUX MeoXHM IUeCKoe 3Ha-
yenne, Gblm NpeAcTaBieHs U obcyxienbl B pabore ["appenca u Kpaiicra [ 122].

PacrBopiMOCTH HEKOTOPHIX MUHEPAIOB KeJe3a B 3aBucumMocTy or pe u pH
nokaszaubl Ha puc. 13.6 u 13.7. B Bojax, cogepkammx KUC.IOpOA, ClelyeT oXKiu=
AaTb HU3KME KOHUEHTpaluu pacTBOpeHHOr'O XeJje3a B HeﬁTpanb:{b]x U eJoUYHbIX

Fel(OH),

PacTeopeHHbie hopmbi

’.—

—10,
2
pH

P uc. 13.6. KouTypbl PopM pacTBOPEHHOrO Xenesa B 3aBUCMMOCTH OT pe W pH, Mpegnona-
raeTcA, 4To PC02 =107 atm, =5 = 1072 m, CNNOWHbIE NUHHK B HIKEEA YACTH AMarpam-

Mbl NPOBEAeHbLI ANA NUPUTA, NYHKTUPHbLIE NMHWM M CKOBKW — ANA MaKKKHaBWTa, B onbiTax (W,
No-BHAUMOMY, B NPUPOAE) MEKKHHABUT UNM ero amopdPHLIi sKkBuBaNeHT oOkIYHO ABNAETCA
nepebiM cynsMuaoM, BbINafalwum B 0CAA0K B NOYTH HeWTpansHOA cpege; npu pH Huxe 6,5
nepebiM 06pasyoWMMCA cynbOUOOM RBNAETCA NMHUPHT, O0BbIYHO B CMECH C MaKKMHABWTOM (N0
Bepuepy [17], Pukapny [287], Pobeptey v mp. [290]).
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P W c. 13.7. KOHTYpbl BKTHBHOCTH PAECTBOPEHHOrD XEnesa B 3aBUCHMOCTH OT pe W pH,
PC02 =107 aT™M, pacTBOpeHHble PopMbl Cepbl OTCYTCTBYIOT,

YCJUOBUAX M BBICOKME — B CHIBHOKUCIOH cpefie. B o6biunoM Auanasone pH npu-
poanbiX Bof (5—9) MoxHO oXuaaTh yBeaudenue KOHIIeHTpalluK Xeje3a B BOCCTa-
HOBUTEJILHBIX YCIOBUAX, MOKA PEJIOKC-YPOBEHb HE [IOCTHIHET YPOBHS, 38 KOTOPbIM
HauMHAETCH BOCCTAHOBIAEHWe cylbdaros. Ecan B Bole HAXOMTCH pacTBOpEeHHARA
Cepa B pasHbiX opMax, TO B.CUIBHO BOCCTAHOBUTEIbHBIX YCIOBHAX KOHIIEHTpa-
L pacTBOPEHHOTO *KeAe3a J0JKHb! ObITh HUBKUMM NPH BCEX OBBIYHBIX 3HAYE-
HUAX pH; ecau cepbl HET, MOKHO OXM/ATh, UTO KOHUSHTPAIMU Kele3a KOHTPOJIH=
pytorca pacTBopumocTeio FeCO 3+ Ilpu BoicokMx 3nauennsx pH KOHIeHTpaluu
AoKHB! ObITH HUSKMMM, @ K HU3KUX PH — Bhicokumu (puc. 13.7).

Taxum obpasom, npu B3auMozelicTBum caaboMurepat3oBanHoi BOIB ¢ 0ca/
KOM, COlepXauuM OpraHuueckoe BelecTBo, JoMKHA HADJIOAATHCA TAKad noclelo-
BaTelbHOCTb: BHAua/e KOHUEHTpalMA Kene3a Jo/kHa 6biTh HU3KOM, a 3aTem ona
MpOrpecCuBHO BO3PACTAeT, MOKA He HAYHETCH Cyab(aTpedyKims, npu KoTopoit co-
Aepxauie Xeles3a 3aMeTHO CHUXAEeTCH; ec/n Bee CyJlbdarhl H3PAcXo/loBaHbl (npe-
Bpauenbl B CyIbufpl Keles3a), To KOHIEHTpaLusA *ele3a J0/0KHA BHOBb YBe.iH=
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UyTHCS 10 3HAYEHHA, COOTBETCTBYWIEro papHosecuio ¢ FeCO 3+ Takas nocaeso-
BaTeJbHOCTb MOXET NPOTEeKaTh BO BpeMeH! B 0JJHOM MecTe, HanpuMep, Korja
3axopoHEeHHad NMopoBas Bofla pearupyer ¢ BMellawiiuM ee oCcaiKoM; OHA MOXeT
ObiTh Takke QyHKUMed paccTofHuA, Korja Boja, cofep:kKaBluad BHaYale pacTBOPEHs
HBIft KMCJOpO[, ABUXEeTCH M0 BOJOHOCHOMY POPM3OHTY, COJepXalleMy opraHuuec-
Koe BellecTBO.

Kauecrsenno xaie30 BefeT cedf B COOTBETCTBUM C ITUMM NMPEACKABAHUAMMU
fake B CJy4asx, KOrja Mbl He YBEPEHBl, KAKyl0 OKICh/'MAPOOKHCH Xelae3a che/ly-
eT KCI0Ab30BaTh B pacuerax, a nepeoHavaibHo obpasoBaBuuiics cyabdun peaxko
npeacrabBJet OAHUM MUPUTOM.

Hanbonee obbluHBIMK UCKIYEHUAMY ABJAITCA CAyYau, Korja xeje30 3aKom-
IJIEKCOBAHO OPraHuyeCcKuMU MOJNEKY1aMU WM Koraa KoJJIOMAHAS OKUCh Kele3a B
nporecce asam3a ounboyHo NpUHUMAETCs 33 pacTBOPEHHOE BellecTBOo.

[Neoxumus xele3a oUYeHb XOpowo yoBleTBopAeT TpeboBaHUAM UHTEpnpeTalun
Ha ocHoBe JuarpamM pe — pH. ®askl, umenime Golblioe 3HaUeHKHe U Colepxallne

156
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P uc.13.8. ¥YnpowenHan guarpamma pe — pH AnA cuctembl U — 0 —H

. —CO, npu 25°C u
g, =107 :

0
aTM, NoKasbiBawwan NonA YCTOAYUBOCTH MAEENbHOrO TBB%HOFD YpaHuHHTEa K

pacTBOpeHHbIX POPM ypaHuna. I paHuubl pacCTBOPUMOCTH npoBefieHbl AnA 10™° m  pacTBOpeHHO-

ro ypana (no INaxrmionpy [ 215 ], c usmenenuAmu),
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-

pH

P uc.13.9. YnpowexHan guarpamma pe —pH anA cuctemsl U —0 — H,0 -CO, -V -
~K,0npn 25°C nPcoz =10~2at™. KT = 102 m, V = 107% m. I panuybl pacTBOPHMOCTH

npoBefieHbl ANA 10‘6 m pacTBOPEHHOro ypaxa (no flaurmioupy [215], C USMEHEHUAMM).

KeJeso, He COJAepXkar ApyruX MeTalloB, UTo yCloxHuIo Obl pacuersl pacTBOpK-
mocTu. KpoMe Toro, oxucabl # cyibduibl Keaesa nouTH noBCEMECTHO PaclpocTpa-
HEeHbl 8 0CAJKaX U Nopojax.

YpaH aBAseTcH ApYTHM 3JeMEHTOM, NMoBefieHne KOToporo B npupose Oblio yc-
NelHo HHTEpNPeTHPOBAaHOo ¢ TIoMolblo AuarpaMv Eh — pH, ananoriunbix auarpam-
mam pe — pH [ 174, 215]. Kak yxe ynomuxaniocs, ypaH obpasyer ycroiuuBble Kome
NAeKChl CO MHOIMMM YACTO BCTPEUAOIUMUCE AUraH/iaMu, NodToMY JeTaly Marpamm
pe — pH cuabHefuuM 06pa3oM 3aBHCAT OT NPeANnoJoXenuii 0 BOSMOKHBIX KOMILIEK=
cyoumx arenrax. [lpu cocraBaenmu puc. 13.8 npeanonaranochs, urto PCO; = 10-2arw,
a docdarsl, Gropuas! U cyiabbhars oTCYyTCTBYIOT. HAa OCHOBaHMM STOI0 PUCYHKA MOXK=
0 MPE/INONAraTh, YTO YpaH B OKUCIHTENbHbIX YCIOBUSX Oy[eT HaXo[AMTbCH B pacTBo-
pe nipu Beex pH, @ B BOCCTAHOBUTENbHbIX YCIOBUAX OH HEPACTBOPUM, 38 UCKA0Ye-
HueM Kpaiinux 3uavenuit pH. IT0 npumMepHO COOTBETCTBYET MOBEJEHUIO ypaHa B 1pi-
pofie 1 0DBACHAET CylecTBoBaHue PPoHTANbHbIX MHQUALTPALMOHHBIX YPAHOBBIX MECTO=
poxaenuit, ynomuuasuwuxes B ri. 12, Texuuka nobbluy ypasa, BBe/leHHas B PAKTUKY B
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koHue 1970-x rofos, BkIouAeT BbllleJauuBanue in situ. B BofoHocHwI ropusonr, co-
flepxaiiuii MuHepalbl ypaHa, 3aKauMBaeTCcs PacTBOP MEPeKUCH BoAopola (OKuCIUTeb)
1 xapbonara uau Oukapbonara amMMoHus (KommnaekcoobpasoBarens). ¥Ypanconepxka-
liMe MUHepabl PACTBOPAKTCA, & PACTBOP OTKAUMBAETCA /I TEXHOJIOrHYECcKol nepe-
paboTKM B HA3EMHBIX COOPYXKEHM AXa

PacTBopuMOCTb ypaHa Kpaiise uyBcTBUTeNbHA K cleflaM Banamusi. Ecau B pact-
Bope npucytcreyer gaxe 0,1 mr/1 Banaaus, To ypaH CTaHOBUTCH HEpacTBOPUMBIM
NpH BeeX peloKc-ycaoBuAx B Auanasone pH or 4 o 8 (puc. 13.9). Ecan B Boge npu-
CYTCTBYET Kakoe-1nbo KOIMYECTBO BaHA/uA, €ro KOHUEHTPALus CTAHOBUTCH N0 MEHb=
weil Mepe Takoll xe paxHoll nepemexsofl, kak pe u pH. B aTux ycjosusx npocras
Auarpamma pe — pH Godlbie He MOXeT cayxuTh agekpatHolt ocHoBoit ans obcyk-
IeHUs PACTBOPMMOCTH YpaHa.

Ypas BIAAETCH OTAMUHBIM NPUMEPOM, MITIOCTPHPYIOLMM 3HAYEHHE [MArpaMM
pe — pH Aas KauecTBenHol uuTepnperamuu. XoTd TOUHbIE NOJNOKEHHS MPAHMI] PACTBO-
PUMOCTH UYBCTBUTEBHB! K MIPE/NONOKEHUSM, C/IeNaHHbIM B OTHOWEHHH KOHUEHTpa-
Unik KOMIJIeKCYIIWNUX  AreHToB, oblyue YepThl AHArpaMMbl — PACTBOPUMOCTD B
OKMCIUTENbHBIX YCJOBUAX (ECHM HET BaHAMMS) M HEPACTBOPUMOCTbL B BOCCTAHOBH«
TeJlbHbIX — ABAAIOTCA JOCTATOUHBIMU 15 0BUEro NOHUMAHKA NOBEeJeH!s YpaHa B MpH-
POJHBIX BO/AAX.

KOHTPONHPYKRWHWE ®AKTOPH — ADCOPELUA U COOCAKDEHHWE

KonuenTpaiun paccesiHHbIX 91eMEHTOB B MPUPOJHbIX BOJAX YACTO SHAUNTENb
HO HiXe TeX, KoTopble clefoBalo Obl 0XuIaTh HA OCHOBAHUK PACUETOB paBHOBEC-
Ho# PacTBOPUMOCTH MAM UX MOCTYNNSHUS B BOAY U3 pasJuuHbIX UCTOUHWKOB., Hau-
Gollee obwedl npuuMHON X HUBKMX KOHLEHTpaluit ABafeTcA ajcopbuus 2IeM2HTOB
Ha TBepjoi dase.

Ancop6ims npoucXoauT, KOraa pacTBOPEHHbIH HOH WM MOJEKyIa NPHCOeIMHS-
0TCS K OBEPXHOCTH paHee cyllecTBoBaBmeli TBepAoit das3wl. Coocaxienne — 9To
BKJIOYEHHEe pacTBOPEHHbIX 3JEeMEHTOB B KauecTBe BTOPOCTENEHHOr0 KOMIOHEeHTa
B TBepaylo Ga3y B MomenT ee ocaxfenns. Hanpumep, ecam cyashar nofasaser-
Cfl K pacTBopy, colepxaumemy Oapuil u cleab paaus, To ocaxaarbcs Gymer cyib-
dar Oapus, BrIouanwuii B cBolt cocras panuil, B pesyasrare uero pammuil shdek-
THBHO yIalieTcs u3 pacTBopa. IT0 — coocaxfienne. C Apyrol cToponsl, ecau
TBep/blit cyabdar Gapus no6aBuTL B pacTBOp, colepxammii pamuil, To HekoTopas
uacTb pajus Oyaer ynaldena n3 pactsopa Gaaroaaps afcopbuyuM Ha MOBEPXHOCTH
cyabdara Gapus. B npupoanbix cucremax, BKIOYAWUMX BOJHEIE OKMCL Maprad-
a 1 Xenesa, YUACTO HEBO3MOKHO MPOBECTH pasmuune Mexay ancopbumedt u coo-
cax/esuem, 1 Tepmun "afcopbima’ um "copbuua" MHOrAA HCTOAB3YeTCS CRO-
Boano kak obwvemaanwy oba nponecca.

AfcopOuus nepexolHsIX METALIOB HA OKMCIAX U MHAPOOKUCAAX (0COBEHHO a0
MUHNH, Kele3a i Mapranija) Obl1a JeTalbHo H3yYeHa XHMUKAMY, HCCAEYIONIMHU
TNOBEPXHOCTHBlE ABJeHus. [aBHble pesyabrarsl HabawAenuil cocTodT B cledyio-
WeM: npi OYeHb HUBKMX 3Hauenusax pH agcopbummu noutn ner, npy BHICOKMX — Bce
KaTHOHB! CUIbHO aflcopbupytores. /Ins Kaknoro KaTHoHa u B MeHblel cTenenu
Ans Kaxporo cyberpara umMeercs [OBOAbHO y3Kuil Auanason pH, B koTopom Ha-

<3-78
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P nc. 13.10. 3KcnepuMeHTanbHbie QaHHbIe W pacueTHbIe KpuBble anA agcopbuuu meTtan-
nos Ha Si0, (no Owxefmcy u Xunu [185]).

OJioiaeTcs nepexo/ OT MOYTH MOJIHONO OTCYTCTBUS aCOPBIMH K NOYTH MOAHOR
apcopbumu (puc. 13.10), Ito sBaenue Gbilo 06BACHEHO HA OCHOBE ABYX PA3IMYHBIX
Mexannsmos. [xeltmc u Xum [ 186] npeasnoxuau mofens, coraacko Koropoit 3a-
umollelicTBre Mex/y aacopOupyemMbiM BEUIECTBOM U MOBEPXHOCTBI GBIIO NOUTH
YMCTO BJeKTpocTaTnieckuM. Beauunna pH, npu xoropo#t agcopbums cranosuTca
3HauNTENbHOM, M0 MX MHeHMI0, 3To pH, Npi KOTOPOM KaTHOHbI pacTBOpa NMoaBep-
ranTcd MUAPOAN3Y ¢ 00pa30BaHHeM H/IPOKCOKOMILIEKCOB:

M2*+ H,0 = MOH)* + H*.

Brina BoigBuHyTA runoresa, uTo rugpaTHas obolouka Karnona M2t mMewaer ap
copbmy; nocie ruApoau3a HOH yXe He UMeeT Takol CuIbHO ylepiuBaemoii rufe
paTHo# 000/104KK 1 MOXeT aacopbupoBaThed,

B npotusonosoxuocTs 91oit Mopemt Moaens lkuaepa — [lirymma (obobientas B pa-
Gore lWmianepa [ 299]) ocHoBaua Ha runorese, COrIacHo KOTOPOH KOMILIEKCH 06-
PasyloTCs Ha NMOBEPXHOCTH OKMCJA, KAK 3TO noka3aHo Ha puc. 13.11. ¥ uux ape
CopOIpist MOUTH AaHATOrMYHA KOMIIEKCO00pa30BaAHMIO B PACTBOPE M MOKET OMUCHI
BaTbCS OJMHAKOBbLIMY ypaBHeHnAMu. Yocrona u Xoa [ 336] noxazanu, uro cymect-
BylolMe 3KCnepuMeHTalbHble JaHHble COrJacylTcs ¢ o6enMyu MoJelsIMU U He Mo-
T'YT OTBETUTb Ha BOMPOC, KaKas U3 HUX ABJAfeTcA "npasulbHol.

Apncop6uMa BOAHBIMK. OKMCNaMK MapraHua W wenesa. Bomubie okucisl
Mapraiia 1 keJjesa MouTH NOBCeMECTHO PACNpOCTPaHeHk! B I0YBAX U 0CANKAX,
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P uc, 13.11. KoopAuHauMoHHble ABNEHUA Ha NOBEPXHOCTH pasfena okucen — Bopa, a —
MOH MeTanna KOOPAWHUPYETCA C OAHMM aTOMOM KWCNOPOAa HAa NOBEPXHOCTH, 3aMellan OfUH
NPOTOH ; 6 — HOH MeTanna KOOPAMHUPYETCA C ABYMA BTOMAMM KWCNOPOMA Ha NOBEPXHOCTH,
3aMellan 0Ba NPOTOHA; B —NOBEPXHOCTHbIE MMOPOKCHNLI 3aMelLUeHbl BHUOHAMM PacTBopa;

r, A — B ancopbuMoHHbIA Npouecc BKNIOYAIOTCA NOMWMO NOBEPXHOCTHbIX MMAPOKCHIBHbIX
rpynn nurakasl Apyrux Tunos (no Wuuanepy [299]).

€CJIf YCIOBUA He ABIAIOTCH CHJIbHO BOCCTAHOBUTENbHBIMU. OHM BCTPEYAKTCH B BH-
fle TIIEHOK HA 3epHaX CUJIMKATOB U B BU/E [MCKDETHBIX 3€peH MUHEepaloB-0KUCIOB.
Bonnas oxuch xenesa uacto amopdHa, XoTs B [IpeBHUX 0CA0UHBIX TTOPOAAX, KO-
HEUHO, CYIeCTBYIT XOPOWO OKPHCTANM30BAHAbIE OKMCHBI2 MUHEpaIbl kele3a. Map-
ragerl 0GbIMHO NPUCYTCTBYET B Bufie CAa000KPUCTANIMOBAHHOTO Gupueccura (0Go-
3HAYAEMOro TaK Xe, kax 5-MaoO, wm T-A MaH"aHUT) U1 TOAOPOKUTA (lﬂ-A MaHra-
HuT). ITH Gassl cofepkar MEHblI]E Kicaopoja, yem upeanbuai MnO, (o6buHO Mexk-
oy MoO , ¢ uMnO, o.),# MOTYT BKAIOYATL ApYrie KATHOHBI Kak qach ceoeft cTpyk-
Typhl. Bofiuble OKHCIbI Maprasua 1 kelesa sSBAsOTCA YpesBblyaiiHo TOHKO3epHUC-
ThIMH, I03TOMY OHI MMEKT Golbwyio niomab noBepxuoctu (okono 200 mM3/r),
Bonsble 0KuC/BI Maprania XapakTepusylTcs Kpaiive Bbcokol afcopbmiok-
HOM eMKOCTbI0 H BbICOKMM aACOPGIMOHHBIM CPOJICTBOM K TAXeJbiM MeraliaM. Map-
raHlesble KeIBaKi — 9TO KOHKpelM OKUCJOB MapraHua u xejesa, DACTYuMe Ha
nie okeana. O ofikiyHo codepxatr npumepo no 0,5% Menw, mikens u kobaibra,



356 nasa 13

KoTopble 9KCTPArMpyIOTesA U3 MOPCKofl BOb! KaK 3a CUeT COOCEX/AeHUs, Tak U ans
copbumm. Cofepikanie SKCTparupyemMbix MeTalloB B MOPCKOH BoJe COCTABIAET OKo=
a0 0,1 mkr/kr. Xorsi KOHUEHTpALMK NepeuucleHHbIX MeTalloB y [8a, rjle obpasy-
I0TCA KOHKpeIMH, MoryT OBITb Bbille, UeM B OCTAILHON Macce BOABI, 3TO COMOCTAB-
Jenve fBJAgeTcs Yopomeft uamocTpammeit uckIoUMTENbHOR CIOCOBHOCTH OKUCIOB
Maprasua i Xele3a yJalaTh TAxXelble Meralibl u3 pactsopa. [xetue [ 188] o6ob-
Uua duTepaTypHble [JaHHbie O PAclpejeleHu PACCeRHHbIX 3JeMEHTOB B NouBax u
ocafKax ¥ npumel K BBIBOAY, YTO HauboJee BAKHBIM IPOLECCOM, KOHTPOAUDYIOWHM
MX KOHIEHTPALMK, ABJAAETCA afcopluyua TBepAbIMU OKMCIAMM Kelesa U Maprasia
¥ TBepABIM opramueckum BemectBoM. Cyapec u Jlaurmionp [ 314] orvernm, uro
Co,Ni, Cu, Zn, Pb, Ag u Cd B nousax [lescuibBauuu NpUCYTCTBYIOT TIABHBIM
oBpa3oM B hase OKMCAOB Mapratua u kexesa. Munc u ap. [ 239] mokazaau, uro
69Co u akTunuanl 238Pu, 241Am u 244Cm B ocagkax BOKpYI MECT XpaHeHus OT-
XONOB fAepHbIX PEAKTOPOB HAXOAATCH B BH/le BEllecTB, aAcopbupoBaHHbIX OKUC
Jlamu Maprasla.

Moprasu 1 WTymm [ 245]) mokasanm, YTo CHHTETHUECKHH BoI\y‘[nO2 (6m3Kuit K
NpupoAHOMY GMpHECCUTY) UMeeT TOUKY Hyaesoro 3apsza (ra. 4) npu pH = 2,0,
ecii OTCYTCTBYIOT ajficopbuposannble uoubl nomumo H™ u OH-. Ilpu Gosee Bbi-
coxux 3navenuax pH 8-MnO, sapsxaercs OTpUllATEdbHO U NpUOOpETAET KATH=
0HOOOMEHHYI0 eMKOCTb, KOTOopas yBeliuuuBaeTcs ¢ pocTomM pH, uro u ciefoba-

10 OXKJATH 15 OKUCJA, IOBEPXHOCTHLI 3apal KOTOpPOro KOHTPOJAMPYETCH MoTes
peft nam  npuobpeTeHneM HDOTOHOB. 8-MnO, cunto agcopbupyer Mn, npmeM npu
aficopOupy 0AHOr0 MOJIA Mn2* BhicBOBOX@erca mpumepHo ofud Moib HY. B me-
nounolt cpeae npu u3dsirke 0,5 Moab Ma2* Ha Moan MnO, emkocts 8-MaO B g
Howerun Mn2* kpaiine Bbicoka. Ancopbuua Zn2*t auanoruqua agcopbmym  Mn2*
Mg2* 1 Ca?* Takxe agcopbupylorcs, XoTs B MeHbuwei creneny, yem Mn?* mm
Zn?t,

Meppeit [ 251], npoussonusmmii 0630p afcopbimonnblX cBoficrs §-MnQ,, no-
Kasal 3HauUMTeNbHyI0 ancopbipio TAXKe blX METALIOB B TOUKE HyJeBOro 3apsia,
J0Ka3aB TeM CaMbiM, UTO HAPALY C SJeKTPOCTATHYECKMMH CUIaMi B a1COopOIMOH-
HOM TIpollecce yuacTBYIOT creuuduueckie Xummuesgue ciasl. OH oT™MeTII, 4To
TNPOLECC 3T0T B 3HAUUTENbHON cTenenn HeobpaTiM, U NpefNokul  caedyrurmi
MeXaHusMm agcopbumin:

| l
~Mn-0H? + M2*= -I\I’ln—OM+ 8

KOTOpbIf 0OBACHSET CTexHoMeTpui0, o0HapyKerHylo Moprasom i llTymmom. Xem [163]
A0Ka3blBaJ, YTO Npolecc MorJomeHus Ha OKMcaax mapraiia Helb3d paCCManHBﬂTb
KaK npoctyio ancopbunio, [lornolenue, BepoaTHO, BKIKOYALT Takke Qa3’oBble re-
pexobl OKMCAOB MApraHia i KAaTaln3 pelloKc-peakiiit ocpeficTBOM CHCTEMb! Mn2*
okuced — Mn.

Tam, rfie KOHIEHTpallMi PACCesHHBIX 3JEMEeHTOB KOHTPOJIUPYHTCH afcopbiyuei
Ha okucJax mapraHua u XKeJe3a, MOXHO OXKAaTb, YTO KOHUEeHTpaLyu PACTBOpPEHHbIX
BellecTB 3aBucAT oT BeauuuH pe u pH. Ecan okucn pacTsopfioTCs BCJedCTBHE BOC~
craHoBieHNns, TO Bee afcopbupopanHbie MeTallbl BhicBoGoxk1aloTeA. O MOryT Has
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XOUTbCA B PACTBOPE WM OCAXAATHCHA B Bufe Apyrux (a3, Hanpumep cyabduaoB.
OTpuiaTeabHbli IOBEPXHOCTHbIM 3apsiA OKMCJIOB MapraHla i xKejae3a BO3pacTaer ¢
yeemyuenvem pH. [1pi BeicokuX 3Hauennax pH mMeranis CHibHG afCcopSHpyOTCH.
10 0GBACHAET, MOUEMY B LIeJ0UHbIX MOYBAX YacTo HabaoaeTcs fedUIMT TeX pace
CefiHHbIX NEMEHTOB, KOTOpble HeoOXOAUME! PACTEHUAM.

OkuC/IBl Mapradlia 1 xele3a UCnoab3YHTCca B KauecTBe MorioTuTedeil mpu
OUMCTKE CTOYHBIX BOM M MOTYT UIPaTh BAXHYK poJb B 3aMelJeHuit MUTPauun 3a-
rpa3uuTelell (B TOM UiCIe HEKOTOPbIX pajMOHYKIMA0B) HIKE NOBEPXHOCTH 3EMIU
(ra. 4). Mpu naanspoBaHuy NOA3EMHOT0 3aXOPOHEHUA OTXOJ0B clelyer npeaycmar:
DUBATH NOJEPKaHUe BHICOKMX Beduuun pe u pH, HeobxoAumeIX 1ai onTuMaibHOM
azcopbiym.

Xors sbdexTsl afcopblmu HA OKHCIax Mapraia u xeaesa MoryT ObITb npef-
cKasaibl KAuecTBEeHHO, HeoOpaTuMOCTb afcopOLMy U YYBCTBUTEIBHOCTD €€ K i3«
MeHenuaM pe u pll AenalnT KoIuyecTBeHHOe MOlelMpoBaHie BAMAHUS aacopOium
Ha XMMMYECKui cocTaB BOJ OYeHb TPYAHBIM.

Apcopbuua Ha cunukaTax. KatmonoobmMeHnHble peakiyy Ha FIMHUCTBIX My~
Hepanax i UeoauTax (M. 4) TaKkKe MOTYT NOAAepXMBaTh KOHLUEHTPALMY Paccest-
HBIX 9J1eMEeHTOB HA HU3KUX YPOBHAX. MHTYNTUBHO TPYAHO OXMAATH, YTO ITH NpPO+
Llecchl MOT'YT UMETh CYUIECTBEHHOE 3HAYEHHE, TAaK KaK riaaBHble KaTHoHbl (Ca 2,
Mg2t, Na*, K*) nomxmbl KOHKYpUPOBATHL C PACCEAHHBIMM MeTallaMy 3a afcop-
uMoHHEble Mo3uimy TBeploil Gasel u BeITeCHATH 3TH MeTalisl 8 pacTBop. OaHako
M36MpPaTeNLHOCTL MOHOODMEHHOIO MATepHala K aHHOMY MOHY MOXeT ObiTh TaKoit
BBICOKO#, UTO MOH ByAeT yAanfiTbCA U3 pacTBOpa, AAaXe ec/]y OH HAXOMUTCHA B QUeHb
HUIKUX KOHUEHTpayax.

Xem [ 161] uzyuun ancopbimio cBuHua Ha raaayasure. Ox nokasan (puc. 13.12),
YTO MOHOOOMEHHbIe paBHOBECHA, BKIKUAKLNE MallyasuT 1 KOHb 00bIUHO npecHoil
BOZbl, JOMKHbI CHUKATH KOHUEHTPALMM CBHHIA B PACTEOPE 40 Belu4udd, KOTOpPbI2
3HAUMTENBHO HIKe OXuaembiX 41 ycaosuit pasHoBecus ¢ PbCO 3+ Yccnenosanuit
a,uccpﬁmm paccesiHHbIX 3JIeMeHTOB Ha rJiuHax ele HeloCTaTo4yHo, yTobb! hejaTb
obobwenns. [lo-BUAMMOMY, B OKUCIUTEIbHBIX yCAOBUAX aJcopbiua HA OKUCAX Map-
raiua 1 xenesa sBasercs 6olee BaXHO.

Hekotopble 1eo NThH MPoABAAI0T BHICOKYI0 H3DMPATENbHOCTL MO OTHOWEHHID
K OTJeJbHbIM KaTHOHAM, HanpuMep kaTuosam Oapua u ammonud. /las npupoaHbIX
CHCTEM 370, BEPOATHO, He uMeeT DOJbIOro 3HAYEHUH, TAK KaK LEeOJdUThl B MPUpo~
e pacnpocTpanesbl Majdo. OfHaKko ucnolb30Batue eoauToB A1 HMMoOUIMBaIMK
onpefle/leHHbIX 3JeMEeHTOB MMeeT Doblioe 3HaYeHue I8 o6paboTKi CTOKOB.

Ancop6uMA Ha TBepaoM OpraHMyeckoM BewecTse. Opraxiueckoe BelecT-
BO, C KOTOpPbIM KOHTAKTHPYIOT NPUPO/HbIe BO/bl, BAPLUPYET OT OTHOCHTENbHO He=
GoMbIWKX PACTBOPUMBIX MOJEKY. /10 HEPACTBOPUMBIX MOJMMEPHBIX MaTepUaloB Ti=
na yras u aepesa. Opramtueckoe BewecTBo 00bIYHO CHABHO B3aumolleficTByeT.c
paccesHHbI Vi MEeTan1aMi, BepoATHO 00pa3ys C HUMM KOMIJIEKChl XeJaTHOro Ti«
na. Takum obpas3oM, odpa3oBaHue KOMIJIEKCOB C PACTBOPEHHBIM OPraHnYecKuM
BEelleCTBOM MOXET CONPOBOXAATHCA HEOXHJAHHO BbICOKMMU COAEPKAHUAMU Me=
TaJJIOB B PACTBOpE, & C TBep/biM — yAaleHueM veTalloB U3 pacTeopa. Pexu,
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P u c. 13.12. 3aBUCMMOCTEL KOHUEHTpPaUWM CBWHUA B pacTBope OT agcopbuuu ero Ha ran-
nyasuTe. MpeanonaraeTcA, YTo B pacTBOp, cogepkawui no 10~ m Na" v Ca’" u pasnuu-
Hble KONW4ecTBa rMuHbl, AobasneHo 107°m/n ceuHua. KowTypel npeacTaenaioT coboi pas-
HOBECHbIe KOHUeHTpauuu CBMHUA NPW pa3nu4HbIX KOHUEHTpPaUWAX MuH. KOHHGHTDELI.HM rNUH
BblpaXeHsl B AMHWLAX WX BMKOCTEeR KaTMOoHHOro obmena (Mone/n pacteopa). MyHKTHUpHAR
NWHWA COOTBETCTBYET paBHOBecHoM pacTBopumocTh Pb CO3 (no Xemy [176]).

Apermpytone Gosora wrara Jxopaaus (MHOMO PACTBOPEHHOrO OPraHnURCKOT0 BEIeCTRa),
Collepxar paCTBOPEHHOMO Kele3a Tak Ke MHOrO, Kaxk Kams wiu maraua [ 13), torna
KaK Mo/i3eMHble BO/Ibl YroJbHbIX NAacToB B WwraTe BafioMuur (MHOro TBepfioro opras
HHUECKOr0 BelecTBa) COepXKaT MCKIKYMTEIbHO HU3KUE KOHIIEHTPALMH PACCesHHbIX
merannos [ 93]

B Hacrofwee Bpems feTann afcopbimy pacCesHHbIX MeTalloB Ha TBEPOM op-
I'aHUYecKoM BellecTBe U3YUeHbl TaK Mallo, YTO HUKAKUX TOYHBIX KOJANYECTBEHHBIX
npefckasanuii leaaTb Noka HeJlb3s.

MNOrNOWEHHWE XWBHMHA OPI AHU3IMAMH

Muorue paccesnsble sJ1eMeHTH HeoOX0[MMb B OYeHb MAIbIX KOJMUecTBax
Ains pocta pacTenuit 1 XuBoTHbIX. Opramambl coCobHbI 9KCTPATHPOBATL 9TH HJe-
MelTbi U3 BOfbl, B KOTOPOl oHM COfepkaTcsd B OUeHb HU3KUX KOHIeHTpampsx, B ra. 10
OTMEUalloCh, YTO MIaBHbIMU GaKkTopami, KOHTPOJIUPYIOWIUMY pacrpelielenue pac-
CesiHHbIX 9JEeMEeHTOB B oKeaHe, ABISIOTCA MOMVOWEHUe UX KUBBIMU Opragu3mamiu
1 nozaejyiomee BoijlelleHne Npu pas’iokeHun Nocie HUX.

Tpyano clenars obobuenye o pon GHONOMMUECKOrO MOMIOWEHHS B KOHTpoJe
KOHLEHTPaIMil pacCesHHbIX 91eMeHTOB B NPUPOAHLIX BojaxX. [lif 2J1eMeHTOB, UCTOMNb
3yeMblX opraHu3mMamu B OTHOCHTedbHO Godblumx KoauvecTBax (asor, docdop, MHOr
fla yriepof, Kanui, kpemHesem), OUOJOTMYECKHe MPollecehl B IOBEPXHOCTHHIX
BO/laX 4acTo ABAANTCA AOMUHMDYIOUUM KOHTPOJABLHBIM (akTopoM. /st s1eMeHToB
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MCNoab3yeMbIX B cleloBbiX KoauuecTsax (Mn, Cu, Ni, Mo, Se), noruowmenue op-
raHM3MaMi, BEPOATHO, 3HAUUTENBHO BINAET HA KOHUEHTPALMM JIEMEHTOB B PacT-
BOpax TOJBKO B Cpefiax, rjie 9T KOHIEeHTpauuu Booblle ABIATCA HU3KUMHK. B cpe-
Aax, e X KOHLUEHTPaluuy BbICOKH, HANpMMep B 3arpA3HEHHBIX Ue]OBEKOM BOJAX,
KOAMUECTBA 3JEMEHTOB, yialfemble OpraHu3Mami, no-BUAUMOMY, HESHAUUTENLHBI
N0 CPABHEHMIO C MX KOAWYECTBAMM B pACTBOpPE WM KOJMUeCcTBaMH, ylalfeMbiMu

npoueccamy afcopbimi.

BHBO Obl

1. /las onenky noBefleHna M06Oro paccesHHOro 3JEMeHTa B MPUPOJHbIX Bo-
nax HeoOX0[MMO 3HaTh, B KaKoli XuMuueckoit dopme 2JeMeHT HAXOAUTCH B [aH-
HOJ Bofle. AHOMAJIbHO‘BLICOKME KOHIEHTpAIMH SJIEeMEHTOB 4acTo 06yCJoBAeHb!
HaJM4uMeM B PacTBOpE yCTOHUMBbHIX KOMIIEKCOB.

2. PactBopumocTb a3, cojlepXammx 2JeMeHThl B KauecTBe IIAaBHOH coce
rasasomelt yacty (06bluHO OKUCH/ TUAPOOKUCH, KapboHaT 1K cyabduf), onpe-
Nenser obuuit Bepxuuit npejell KOHUEHTpaALMM JaHHONO 3JEMEHTa B PACTBOpE.

3. Ancopbuus, ocobeHHo Ha OKMCIAX Maprasla u xele3a, No-BUAMMOMY, B~
Asercs Hanbollee BaXHbIM NPONECCOM, MOAEPXKUBAIIINAM KOHIEHTPALMK PACCesHs
HBIX 5JEMEeHTOB Ha YPOBHAX 3HaunTelbHo Golee HU3KUX, YeM npelCKa3aHHbIe pace
yeTamyu paBHOBECHO! pacteopumocTd. B uelom afcopbuus s1emMeHToB, Haxols-
wuxcs B pacTBope B GopMe KartuoHoB, Gonee BepoATHA, ueM afcopOips aHMOHOB.
BaxHbiM UCKII0deHHeM ABAATCA GocharHbie annoHbl, cuibio aicopbupywommuecs
Ha OKCHIMAPOOKMCIAX Xele3a. .
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MareMmaTu4yeckue
M YMCJIEHHBIE MOJe/IU

B npepiymx raasax obcyxnammce pasinuHble NPONECcChl, BIAMAKWME HA X
MuuecKuii cocTaB npupo/HbIX Bod. B arofi ruase pacemarpusanTes MeToas! Ko
UECTBEHHOr0 "00BACHEHUA" XHMHUECKOr0 COCTaBa BO/IbI C NOMOWbI0 MofaeJel, oc-
HOBAHHBIX Ha KOMIbIOTEPHOM! TexHuke. Mcnoab3oBanye KOMIBIOTEPOB 418 paboTh!
TAKOrO THMA ABASETCH BEChMa CYWECTBEHHBIM, TAK KAK HeoOXoMMMoe [ Hee Bpe-
M#A MOXeT NpenfiTCTBOBAThL ee npoBefiennio. Boaswofl nurepec k satum Moge.iam
B NoCae/Hue robl Gbl1 YaCTHYHO BBI3BAH HEOGXOAMMOCTBI0 KOAMYECTBEHHOrO Npors
HO32 BO3/IefiCTBUA i MOSASACTBUI PasIUUHBIX HANPABTeHHH NesTelbHOCTH YeloBeKa.

NPOrPAMMb, YYATHBANWKHE ®OPMbl HAXOXIEHHUR
W COCTOAHKUA HACHIUEHUA

i nporpammbl, nanpuvep WATEQ [ 327], WATEQF [ 275), WATEQ 2 [ 5],
WATSPEC [341], SOLMNEQ [201], REDEQL ([ 244], MINEQL [ 337], EQUIL[ 114]
u SIAS [108], ucnoabayiorT B KauecTBe BXOAHbIX IaHHBIX Pe3yAbTAaThl AHAIN3A BOH
B BUJle aHAIUTHYECKIX KOHUEHTPALMA PACTBOpEHHbIX BewmecTs, Temneparypy, pH u
B OnpeflesieHHoil Mepe BeJMUnHy pe; OHM PACCHHTHIBAKT:

1) dopmbl Haxoxaerust — KOHUEHTPALMA PEAlbHO CYWMECTBY UMK B pacTtsope
XuMnueckux Bullos (dopm), Hanpumep Caczgoﬁ, Ca HCO;, CaCO_,? U Tolle;

2) akuBHOCTH U KOIQDUIMEHTH AKTUBHOCTH DACTBOPEHHBIX REIECTB;

3) CoCTOfIHME HACDILIEHHOCTH PACTBOPA 110 OTHOWEHUI0 K PA3AMUHBIM TBED/IbIM
dazam.

Hexoropsie nporpammel ekaouaiT Takke afcopbiio va TBepakx dazax, a
HEKOTOphle — BbIUMCIEHHe COCTABA PACTBOPA N0CAE OCAXACHUA TeX TBepabix (a3,
B OTHOWEHUN KOTOPBIX PACTBOP ObiJ MePEeCHIeHHbIM,

XoTH B Nputipie pacyersi GOpM HAXOKIEHU i CTENeHH HACKIeHHOCTH AR/
10TCA NPOCTbIMM, UX NPOBE/IEHNE [ MHOTOKOMIIOHEHTHLIX cucTeM Hanbolaee IKo-
HOMMYHBIM MyTeM (B CMbIC/]E MAIKHAOIO BpeMeHy) npeacTariter coboll AoBOIb-
HO CAoXHY10 npobaemy. BoabwuucTBo nporpamm (kanpumep, WATEQ 1 SOLMNEQ)
NpeCTaBARI0T COGOH MATPHLY UMUTALMOHHBIX YpaBHeHHH, BKIOYAIOWYI [0 O[HO-
MY YpaBHeHII0 L1st KaX 10/l KOHCTAHTbI PABHOBECHS 1 S/l ypaBHEHUi COXpaHeHna
(banakca) Macchl, u AIrOPUTM peluelns ypasHesyit MeTofom urepamit. Tunuumbiv
YpaBH¢HMEM paBHOBeCHH ABJASETCH

ac aHC 0;r

CallcO} = —————
‘ZCu“-“Hco;

K
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a ypaBHeHMeM Dajanca Macc

Meatt ey = Mottt "’Ca}[CO;L + mCaCO:P ¥ mCaSOE o

Bee nporpamMsl HCNIOAB3YI0T 0/HO U3 pacuMperHblx ypasHenuit Jlebas — Xiok-
Kedsi 15 pacuera KodQQUIMeHToB ak THBHOCTH,

Hopacrpom u Ap. [253] npoBeau cpaBHeHue CymecTBYIOMMUX MPOrpaMM C He-
CKOJBKMX TOUEK 3peHusi (XOTH 0CTAeTCs Mojl BOMPOCOM, HRCKOJbKO 000CHOBAHHBIM
MoxeT ObITh CpaBHEHUE MPOrpPAMM Pa3/UUHON CJA0KHOCTH, NPeAHABHAYEHHBIX A5
pasubx uedeit). YacTbio 9Toro u3yuenua Gbla pacuer no kax ol nporpamMme opm
HAXOKIEHNs M CTENeHn HACHIIEHHOCTY B ABYX TECTOBHIX npuMepax ('rumudnas’
peuHas ¥ MOpCKas BoJa) M CPABHEHME MOJYYEHHbIX pesyibTaros. CooTBeTcTBHE
15 CAaBHBIX 2JEMEHTOB OKA3a0Ch A0BOJIBHO XOPOIMM, a [1f PACCEAHHBIX — M0+
XuM, 0coDeHHO Mpy OlleHKe HACHIEeHHOCTH. Pacxoxenue pesyibTaToB Mo pasiuu-
HBIM NporpamMmMam o0y CJI0BIeHO MIaBHbIM obpa3om ABYMS IPUYHHAMM:

1. Pazauuue uexogubix aaxHbiX. CranjaprHble cBo0oHBEe 9HEPruM TBEpAbIX
i paCTBOpEHHbIX BellecTB pasinyalTCs, TaK KaK pasHble aBTopbl UCMOJAb30BaIM
BeJMYMHB! U3 PABIMUHBIX JUTEPATYPHBIX UCTOYHMKOB., Pe3ybrarhl pacueToB Aaxse
no camolt coBpemMeHHO/ nporpamMMe He MOT'YT ObiTh DoJee TOUHbIMHK, UEM TepMO-
OMHAMHYECKHE [aHHble, Jekalye B UX OCHOBe, a CBODOJHbIe SHEPrii MHOTMX pace
CManHB&BMbIX BellecTB gleHeHhl HeJOCTAaTOYHO TOYHO.

2. Cnocobbl onpejie/eHna BeJWUMH pe B pas’HbiX nporpaMmax pasauuHbl, a,
KaK Obl10 nokasaxo B ra. 11, pacTBOPUMOCTH TAKUX MUHEpaloB, kak Fe,0,,
FeS, u MnO, , cuabho 3aBucAt or 3navenuit pe, Onpefesenne pe ABAsETCH
OJHMM M3 MIABHBIX NPEnsTCTBUi HA TYTH K KOJIMUECTBEHHOMY NPOTHO3Y KOHIeH-
Tpaluii paccesHHbIX 3J1eMeHTOB B NPUPOIHBIX BOAAX.

Bcee nporpanmmbl, paccMaTpuBaloie peakln MUHepaios ¢ BooH, 10IKHbI
BKJKUATh onpefiefenue GopM HAXOXIEHNs 3J€MEeHTOB M HACHINIEHHOCTH KakK yace
i Gosee WUpPoKoit porpaMmsl.,

PEAKLUWMU B OJHOPOOHOW HEKOHBEKTUBHOW CPEJIE

JTu nporpamMmbl, u3 KoTopbix Hauboree usBecTHol aBaserca PATHI [156],
]'Ipe)JGKaBb]BaIOT nocJjefioBaTreJbHOE U3MEeHeHue cocTaBa pacTBOpa B npouecce ero
peaxkimyu ¢ MUHepaloM (MM HEeCKOJIbKUMI MUHEpaaMu) uiu B npolneccax, nofob-
HBIX MCIIApeHui0 pacTBopa. B ciyyae peakimn MuHepaia c BoAoi obuuit noaxon
CBOJMTCSH K CIeflyllemy:

1. Masoe yBeanueHue /1o pacTBOpAWIIErocs MUHepana.

2. l'lpmaepka nporpamMmbl BbIYKUCJIEHUA CbOpM Haxoxaenusa 3JeMeHTOB U HACbl=-
1EHHOCTH, €CJAN PACTEOP NMEepechiljed OTHOCUTE]BHO OZIHON N3 TBep/nX das.

3. Ecam pacTsop nepechiijen no oTHomeHuo Kk TBepavit gase, To oHa ocax/a-
€TCA B KOJIMYECTBAX, HeoDXOMMMBIX A5 OCTMXKEHUA DABHOBECHA PAcTBOpa C 3TOH
dazoit. Ecan pacTBop nepechiiien oTHOCHTENBHO HECKObKUX (a3, T0 BCe OHU
0CAXJAKOTCHA; ECAy PACTBOP CTAHOBUTCA HEHACHIIEHHLIM TI0 OTHOWEHU0 K dase, Ko-
Topas Ao 2TOro ocaxjalach, To JTa da3a BHOBb pacTBoOpsercH, noka He Oyier fo-
ACTUTHYTO pa.BHOBBCHe.
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Puc. 14.1. KoHueHTpauuu (m) BewecTs B BOAHOW (ha3e (CNOWHLIE NMHWK) U KONMYecTBa
(monb/ kr H,0) pacnaswerocA nonesoro wnata i o6pa3soBaBWMXCA MUHEPANoB (NYHKTHPHbIe
NUHKWK ) NPU B3aWMOAEACTBMK KanKeBOro NONEBOro wnata ¢ Bofaod npu 25°C u naBneHuu

1 atm. AGcupcca npeficTaBnAeT coGoi YKCNO Moned pacnaBwerocA NONeBoro wnaTa Ha 1 Kr
Hzo, ByKBbI COOTBETCTBYIOT TOUKAM, NOKA3aHHLIM Ha puc. 14.2 (no Xenrecowy v ap. [155]).
KNnw — Kanweeblf nonesoM wnar.

4. Urepammonnas npoliefypa obecneynBaer A0CTHKEHHE paBHOBECUs pacTBO-
pa co BCeMu TBepAbIMI NPOAYKTAMU peakluy [0 TOro, Kak [ojBepraercs pacTBo-
PEeHII0 Cleyllas NopLus NepBUYHOro MiHepaJa.,

[Ipoueslypa, uMuTHpyIOmMAan KcnapeHue, Ta xe camas, ¢ Toil Juub pasuuie,
uTO B 9TOM CJyYae BOJA YJaJfAeTCs U3 CUCTEMbl MalbiMM MOPUMAMHM, & NPH PACTBO-
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P uc. 14.2. W3MeHenue cocTasa pacTeopa (ABCDE) B npoyecce peakuuu Kan1esoro none-
BOrO WNAaTa ¢ BOAOW, H306paXEeHHOE Ha Anarpamme yCTOHUMBOCTH MWHEpanos (no Xenreco-
ny v ap. [151).

peHMIt MiHepaa o A06aBIAETCA B CUCTEMY MaIbIMU nopmusiMu. Brluncnesnsiit coc
TaB PACTBODE, PEArupYIOIero C KaIMeBbIM NOJEBhM WIATOM, oKasai Ha puc. 14.1
u 14.2. Maremaruueckas gopma nporpaMmbl PATHI Bhi3biBaeT 3aTpyAHEHMS TDH
ee UCTONb30BAHUM B HEKOTODBIX CAyuafx [ 253]. Tpu Gonee no3Hue MPOrpamMmbl —
EQ6 [ 347], MIX2 [276], FHREEQE [ 263], BBINOMHAIOMHUE PACYETHI TAKOTO Xe Th=
11, UMEIOT MHYI0 MaTeMaTyyecKylo OCHOBY M MOL'YT ycrnons3oBathes TaM, rae PATHI
HerHI‘O,I.IHa. ﬂeTaﬁbe!e mMoleau BblBeTpHBaHHﬂ, OCHOBAHHbIE HA NoAxole, UCIOoJb-
soassom B PATHI, paspaboram ®pun [ 114], @yitak u ap. [ 1771, Tapau 1 Iak
(3171

[IpMMEHUMOCTb TAKUX NPOrpamMM K U3yUeHHI0 MPUPOAHbIX BOJl B onpe/eneHHon
Mepe orpaﬂuqusae'r HPEJJ.HDJIO)KGHHG 0 MOJHOM paBHOBeCHH Mexay paCTBOp()M n
npofykTami peakiym. B HekoTopbix cpeaax (BHICOKME TeMIepaTypbl, kapboHaTHbe
BOJOHOCHBIE FOPM3OHTHI) 9TO OrpaHuyeHue, Mo-BHIMMOMY, He ABIAAETCH CepbesHbIM,
HO B CpeJiaX, BKAIOUAKUMX BHIBETPUBAHNE, 1 B CUIMKATHBIX BOAOHOCHBIX FOPUB0H=
Tax nporpaMMbl He Bcer/la BepHO ﬂpEﬂCKﬂBblBaiOT TOy HYTO Haﬁmo,uae'rca B npupoje.



364 Mnaea 14

PEAKUWA B HEOOHOPOOHOW HEMNOABUXHO W W/UNKU
KOHBEKTUBHOW CPEJE

HeoaxopoisocTb cpelbl 03HAYAET, UTO KOHIEHTPAIM PACTBOPEHHbIX BellecTB
M3MeHATCA OT MecTa K Mecty. KonBeklua (B nanHoll pabore) o3navaer, yro
pacTBop [ABMXETCH M0 OTHOWEHUI K TBepioi dhaze. HeonHopoiEoCTh 03Hauaer,
uTO HeobXoaMMo paccmarpuBath mMddhysnio 1 mUcnepcuio (eciH KOHBEKTUBHOE
MBIXEeHHEe 3HAUUTENbHO), & 3TO BleueT 3a coboil HeobXoMMOCTb yueTa BpeMeHn
npu pacuerax. Bee Marematuueckue GopMyIMpoBKH STHUX TIPOLECCOB OCHOBAHMI
Ha MpocToM ypaBHBHI’lH COXPEHEHHﬂ Macchl, KoTopoe Aas OﬂHOPEGMSPHOFO Cly=
uas umeet Gopmy
de; dlc; dej

——— —_— =

dat dx? * dx

g (14.1)

rie e; — KOHUEHTpawus i -ro Bemectsa, D — koshdumment muddy3uu uimn uce
nepcuu, u, — CKOPOCTb ABMKEHMS XUAKOCTH B HanpaBJeHun x, | (obcykmaemble
HuXe) — NpUpalleHue Wik NoTeps BEWecTsa B NPOLECce NPAKINU, ¥ — DACCTOsM-
Hue, ¢ — Bpems. YpaBHeHue CBH/IETEIbCTBYET 0 TOM, YTO U3MEHEHUe KOHIeHTpa-
MK BO BpEMeHM B KaX/0M NPOCTPAHCTBEHHO OrpaHuYeHHOM obbeMe pasHo ee
U3MeHEeHHI0 BeaeicTBue aubdy3un M Menepeun nioc y3Menerve 6aarogapsa
KOHBEKIMM (€C/i KOHUEHTpalMs U3MeHSeTCA B HANpaBJIeHU! JBUXEHNS, TO [ABU-
XeHne Bolbl CKa3biBaeTCA B TOM, UTO OHO NEPeHOCUT BOJY C HEOJMHAKOBOH KoHe
UeHTpaLueil B 0y 1 TY Xe TOYKY Cpefbl) MII0C U3MEHEHHs BCASACTBHE peaKs
1mit.

Boabumnerso 3aTpyanennit B Mofeasnx obcyxiaeMoro 3jlech THna -(mepenoc
naoC peaxuust) CBA3aHLI ¢ uleHoM J, KoTopblil MHOra pasfesioT Ha [Ba YAeHa:
MCTOUHMK M CTOK BemecTBa. Ynen J 1o/keH BKINIATh MATEMATHUECKHE BhIpaKe-
HHA JJA BCEX IIPOLeCcCoB, BbI3bIBAMMUX yAakeHHe KOMIOHEHTA { M3 BO/bl MK
ero nocryniesue B Bolly. Popma sux Bbipaxenuit loaxua 6biTh Tako#, UTO6LI
MOXHO ObllI0 MHTErpupoBaTh ModyuenHoe Auddepenuyanbhoe ypaBHerue 3a Jlo-
NycTiMOe pacueTHoe BpeMiA Ha KoMIbioTepe. [IpuMepamyu npoueccos, A1s KOTo-
PbiX MOXHO COPMYJIMPOBATD yAOBIETBOPUTEAbHble BHIpAXenns A1 /, ABIAOTCS:

1. PaguoakTuBHbBIf pacnas.

2. ApcopbimMoHHble paBHOBECHH, BKAKYAWIIME HOHHbI 0OMeH.

3. XuMuueckoe paBHOBECHE C NIPOCTHIMU TBEPAbLIMA (hasamMu  (HAnpuMep, Kaib-

LMTOM WJM TUIICOM).

4. [lpocTbie KMHETHUECKUE BbIpAKEHUS [ CKOPOCTH OCAKIEHUS UM PACTBO

penus TBepilofl hasbl B 3aBUCHMOCTH OT COCTABA PACTBOpA.

[lpexne ueM npucTynuTb K 00CYK/IEHNI0 OTAENbHBIX NPUMEPOB, HeoBX0AUMMO
OTMETHUTh, YTO CAelaHHbl2 NpPe/noJoXeHus OrpaHHuMBAT MpudIMKenue, ¢ KoTo-
PbIM WCIeHHbIe MOAEM MOTYT ENPOKCHMUPOBATL HEKOTOPHIE ACTIEKTH XAMUUECKOi Spouioe
1y MpUpo/HbIX Bol. B npempiaywnx raaeax 6blao noka3aHo, YTO MPUPO/HbIE CHCe
TeMbl He Beerja ABifTCH XUMUYECKH paBHOBECHBIMU, & B I, 6 Obi1 cpenad BbIBOf,
YTO KMHETHKA NMPOLECCOB PACTBOPEHHA M OCAXICHUA UACTO HE MOMLAETCH OMiMCas
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HIIO C NMOMOIIBIC NPOCTHIX ypaBHeHui. Okazanochk, UTo 0COBEHHO TPYAHO HaiiTH crio-
cod MaTemMaTHYecKoro BbIDAXEHUA ueHa |, KoTopblii aneKBaTHO onuckiBa bl pe-
AOKC-peaKiy B NOA3eMHbIX BOJAX, €CJH pe He onpe/lelfieTcs MpoM3BOJBHO KAK
(hYHKUNHA TPOCTPAHCTBA 1 BPEMEHH JUIIOM, HCIIOAL3Y MMM NporpamMmy.

MopoBbie BoAbl 0CcapKoB. XumMuueckuii CoCTaB NOPOBLIX Bl OCAJKOB Ha [IHe
OKeaHa WM 03epa (Ho He OCANOUHBIX MOPOJ CYWHM) BAXHO 3HATH MO ABYM MpUIMHAM:

1. O6Men pacTBOpeHHbIMH BemecTBaMu MexX/ly ocajKaMu i pUIOHHON Bofol
OCYIWECTBIRETCA Yepe3 nopoBble BoAbl. [10TOK rIaBHBIX 3JEMEHTOB B 0CALOK WIM U3
Hero (ra. 10) MoxeT oka3aThesa BAXHbIM HAKTOPOM, KOHTPOIMPYIOLMM COCTAB Mop+
CKoit BO/Ib, @ MOTOK MUTATENbHBIX BEWECTB 13 03epHbIX OCAMKOB — CYIeCTBEHHbIM
(hakropom (opMupoBanus Tpouueckoro cocToRnuA (GHolorHULCKaR TIPOJYK TUBHOCThH
U pacnpellefienue Kuciopoja) ozep (ra. 12).

2, KoanvecTsa G0AbIIMHCTBA 3.1EMEHTOB B NOPOBLIX BOJAX 0CALKA MaJbl 110
CPaBHEHMI0 ¢ MX KOJMYECTBAMA B TBepAblx da3ax, MoIToMy U3MEHEHUA COCTABa Mo-
POBbIX BOJl BCIEACTBUE peakuuii Goaee 3HaUMTEAbHbl, YeM COOTBETCTBYIOIIME H3Me-
HeHnst TBEp/bX Gas, B cBA3N C 5TMM HEpasAMUMMO Malble H3MEHeHUs TRepbiX Tel
MoryT OhiTh Onpe/lesieHbl 110 U3MEHEHHI0 CoCcTaBa oPoBoil BOMbI.

Tlpexzie uem nepeiiTi K 06CYkACHMIO KOTHUSCTBEHHBIX Mofedeii, paccMoTpuM
OuEeHb NPOCThIE CTalfOHApHble COCTOAHMS (pic. 14.3). Tepmun "crammonapuoe”
3[eCh 03HAYAET, YTO KOHUGHTPAIMY HA [AHHOM ray6uHe HUKS NOBEpPXHOCTH pasfies
Ja 0cajiok — Boja He U3MEHAKTCA co BpemeneM; obobujeHns SHAUNTEbHO Jerye
NPOM3BOAUTH HA CTALOHAPHBIX CHCTEMAX, YeM HA HEeCTaLMOHApHBIX, Ecau B cuc-
TeMe, HaXoAAWEHCE B CTAUMOHAPHOM COCTORHMU, KOHUEHTDALUA HEKORro BElecT-
Ba KOHTpoMmpyeTca mbbysuelt Mexay "neroumkom™ i "crokom™ U ec PO TRIEHIS Kok
Bekliy M peaklii HesHaWTeNbHbl, a OPUCTOCTh MOCTORHAA, TO IPALUESHT KOHLEHTDa-
u Oyer auneltbivM (puc. 14.3, ). TIpou3BOACTBO BEWECTBA B CHCTEME (BCaem
CTBME PeaKiji) Ui BIKEeHHe Bobl BBEpX BBISBIBAIOT W3rub mumt rpadmka BBEpX
(BbinyKJas KpuBas); yAaleHue BewlecTsa B NPOLECCe DEAKIMH, ABUKEHUE BObl
BHU3 WIN CHIDKEHME NOPUCTOCTH C riyOuHOM BBIBLIBAIT M3ruG Juuuu rpaduka BEM3
(BornyTas kpusas)., Hainame mMakcumyma KOHUEHTpALMK B CTalMoHapHoll cicreme
MOXET 03HayaTsh TOJbKO NPOH3BOACTBO BeleCTBa B NPOLECCE PeaKiuy, a M AHu-
Myma — TJbKO NorJoujeHne BellecTsa B xoe peakimn, OaHo# U3 neneil MaTemMa-
THYECKOro MoJlepoBanua ABNAeTCA Takoe pasfenenue mubdysun, peakipu u
KOHBEKIIMM 110 UX OTHOCHTENbHOMY 3HAYEHHI), YTOOb MOXKHO BbLIO KOJIUUECTBEH-

HO OIIEHUTBL peakliy M MOTOKM.

B HekoTopbix cayuasx npobiema 0BoJbHO IPOCTa: CBOMCTBA 0CAAKA H3Me
HAOTCH B BEPTUKANBHOM HANPABIEHUH 3HAYNTE]BHO ObICTpEe, YeM B MOPU3OHTA b
HOM, @ 3T0 MO3BOJAET UCIOJL30BATL 0/lHOMEpIble MoAeu, KoHBeKs obbiyHo
JBIASTCH CIEJCTBUEM TOIbKO 00pa30BAHUS OCAKA M €ro YIJIOTHeHHS, & CHCTEMY
{ocanxu ¥ MopoBhle BO/Ib) OTHOCHTENLHO NErko onpoboBaTh [A NOJYYEHUS 0=
CTATOUHBIX MCXOAHBIX AAHHBIX s MoAeupoBanii. HecMoTps Ha oTy Kakywynocs
TIPOCTOTY, MOAGIH, UCIONb3YEMbIe LA OMUCAHUT XUMHYECKOr0 COCTABA I TNOPOBBLIX
B0, OKA3aIMCh MATeMaTHYeCKH CAOKHBIMU (CM., Hanpimep, padots! [ 20, 22, 23,
26, 223, 224, 180, 237, 218]), u snech MoXeT GhITh Nana TOJbKO KpaTKas uxX Xae
PaKTepUCTHKA.
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P u c. 14.3. MHTepnpeTauvA npocuned NnopoBbIX BOQ Ha OCHOBe MOAENH ANA CTaLMOHAPHO-
ro COCTOAHWA. @ — NUHERHbIA rpagueHT mMaxay A U B (Haubonee npocTanA Mogens): NnocTo-
AHHAA NOPUCTOCTb, HET KOHBEKUMU M XMMUUECKUX peakuui:, 6 — npodmnb, M30rHYTbIA

BHU3 (Haubonee npocTan Mofens): NornoweHue sBewecTsa mexay A U B, unu asuxexue Bo-
Abl BHH3, UNK CHUXKEHWE NOPUCTOCTHU C rMYBMHOW; B — NPOdMNL, M3OrHYTLIA BBEpPX (Haubo-
nee npocTaA MOfenb): BbiieneHne BewecTBa Mexay A v B unu ABMXeHWe BOfbl BBEpX;

r — MBKCMMYM KOHUeHTpauuu (ABC) o3HauaeT BbijeneHue BewecTsa, MMHUMYM (A°B°C”) —
nornoweHWe eewecTsa,

Cedumenmayus u yniomuenue. OBbIUHO 32 HAYANO KOOPMHAT NPUHUMAKT [0
BEpPXHOCTb pa3fieNa ocallok — Boja My HeKYo MUKCUPOBaHHYI0 IMyOuHY HIKe 3TOi.
nosepxHocTH. MHOTHE XMMHUYECKHEe CBOMCTBA ocajka Ha NaHHOM PACCTOAHWUM OT [0~
BEpPXHOCTH pasfiea He U3MeHT0TCA co BpemeHeM (puc. 14.4), nostomy ucnodb3o-
BaHue TaKoit CHCTEeMBI KOOpAMHAT M03BoJAsAET ¢ GolbunM yAoOCTEOM NpUMEHATH
MofleJun cTalyoHapHoro cocroauusi. HelocraTkom Taxoll cucremMbl oTcuera ABJIAET-
C# TO, YTO OCA/JKU Y NOPOBbie BO/bl HEMPephIBHO KOHBEKTHBHO MEepeMelanTes B
BepTUKAJIbHOM HANpAB/JeHWH, TaK KaKk Haualo KOOpAMHAT IABMXETCH BBEpPX OTHOCH-
TelbHO (PUKCHPOBAHHOTO CJOA 0CAAKA. ITY KOHBEKLMI0 YACTO HASHIBAKT nCesoo-
Koxéexyued, Tak Kak oHa obycJosleHa UCKYCCTBEHHBIM BbIGOPOM CHCTEMb N0/
BUAHbBIX KOOpAMHAT. ' -

Korna ocanox 3axoponsercs, on ynaornaercd. CIeACTBUAMU ITUX IIpoLiecs
COB ABJANTCH:
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BpemA t, Bpemna t,
KoHyenTpayua ¢ KoHueHTpauuR c
c c
1 1

>

X p=———

ToT we cnon—

Mny6uHa B ocanke, x
nybuna B ocanke, x

P uc. 14.4. CxemaTuyeckoe u306paxeHHe CTAUHOHAPHOro fMareHesa. 3aMeTwTe, UTO Ha

RaHHOM rNyGHHE x | KOHUEHTPaUMA PACTBOPEHHOrO BEWECTBA U NOPUCTOCTL HE M3MEHAIOTCA
CO BpeMeHEeM, TOrfla KaK KOHLUEHTPauMA W NOPUCTOCTL B Npefenax OQHOro W TOro Xe coA
M3MEHRIOTCA, 8CMU CKOPOCTh CepMMENHTaLMM He paBHa Hyno (no Bepuepy [20]).

1. CkopocTb NCeBIOKOHBEKIMH U3MEHSIETCS B 3aBUCHMOCTH OT DAyOHHBI Hif=
Xe TOBepXHOCTH pasjelia 0caflok — Boja.

2. TNopucrocTs u, caefosaTensto, 3bdekTuBHbI Koaddument Py sun
YMEHbIATCH ¢ rIybuHoi,

3. Bona, orxaras npu yniIoTHEHUH, ABUXETCS N0 0CAIKY BBEpX, BHI3bIBAA
"peaibHyl0" KOHBEKIMIO B [IONOJHEHKe K IICEeBJOKOHBeKHMH. B obmem caydae mno-
PUCTOCTb YMeHbIaeTcs [0 HeKOTOPO# OTHOCHTENbHO NMOCTOAHHOW BeMMuMHbI HA
CpaBHUTENbHO Heboabmux raybounax (puc. 14.5). Boga, oTxaras u3 clos ocagka
NP NOTpYXeHun ero Ha.Goabliylo ~IyOHHY, yXKe He MOXEeT NpocaunBaThed ye-
pu3 0CaIKy TOJBKO BBEDX (OHA TeUeT JaTepalbHo N0 NMecYaHbIM CIOAM U 3afep-
AUBAETCH HETPOHNLIAEMbIMI COAMHM), IOITOMY TIpM M3YUEHHH BepxHell yacTu pas-
pesa ocallkoB ee MOXHO He NPMHUMATh BO BHUMAHKE.

Ecau BeJuuity NopuCTOCTH B KOHIe YNIOTHEHUS ocanka 06o3HaunTh Yepes
®,,» @ CKOPOCTb (NCEB/0) KOHBEKIMK YIIOTHEHHOrO CloA uepe3 U, , TO CKo-
poCTb KOHBEKIMM Bofibl U/ M nopuctTocTs ¢ OynyT CBA3aHbl ypaBHeHueMm

= - 7
] U P oo bx .
KoHBEKTUBHAA CKOPOCTH TBEpAbIX yacTull [/, [gaeTcs ypasHeHMEM

(1-¢)U, = (1-¢,)U,.

"Peaibhasn" cKOpOCTb KOHBEKIMM TAK HA3KA, YTO Aucnepcus (M. 2) ABasercs
HUYTOXKHO MaJoi 1o CPaBHeHUIO ¢ MoJeKyaspHoi nuddysuei.

Mopucmocmy, uasusucmocmsy u OugPysua, Cxopocts Aubdysun pacTBopeHHbIX
BellecTB B 0CAJKaX MeHblle, YeM B Bojle, TAK KaK (axe B OTCYTCTBUE peaximi)
uacTh MONEpPeYHoro CEUeHUs 0CajKa 3aHATa TBepAbiMu 3epHami (dddexT nopuce
TOCTH), & AMPDYIUA TPOUCXOAUT HE TIO MPAMOI JINMHIK, & TI0 KPUBHIM, OrHBAKLIKM



368 nasa 14

MnybwHa B ocapke, M
8
o
T

&

o

=]
T

500 —

800 1 2 1 | |
0,3 0,4 0,5 0,6 0,7

MNopuctocTe P cm3/cm3d

P u c. 14.5. 3aBHCMMOCTb NOPUCTOCTH OKEAHWUECKMX OCAAKOB OT rnybuubl (no flepmany
[224]).

sepHa ocajka. Bepuep [20] ucnoabsoral Tepmun udsuiucmocmy 8 1R OTHO-
LWeHHs JMHBI CHHYCO06pasHoTo nyTH AMGGYHAMPYOWMX YACTHI K NPAMOAMHelHo-
MY PaccTOSIHUIO . MeX[y HaualbHol 1 KoHeunoli ero Toukamu. Ecau obosnauntsb
u3MepenHblil kKoadduiment auddys3uu Hepearnpyloumero seiecrsa B ocajKe ve-
pe3 D , ero Beauuuny B cBobojHoM pacrsope uepe3 D, a nopuctocTsb uepe3
¢, T0, cornacHo Bepuepy [20],

D= Dy 2.

62
TNopucToCTb M H3BUAUCTOCTb BAMSIOT HA 3JEKTPONPOBOAHOCTH BOAOHACHIIEHHOTO
ocaaKa TIOUTH TAK Xe, Kak Ha koahdumment ubdysun. Ecm €, — saekTponpo-
BO/HOCTD BOJOHACHIEHHOro 0caaka, a C,~ 91eKTPONpOBOAHOCTb NOPoBOH BObI,
To, coraacko Manxefimy u Yorepmany [232],

w
Beamunmna C,/C,, uasbiBaeTcd dopmayuornsiy Gaxmoposs Ilo lannbiv u3Mepenni,
BRITOMHEHHbIX ManreiMom n Yorepmanom [232] na obpasuax rayGoKOBOAHBIX ocaj-
KoB, 9T0T bakrop Bapbupyer B npefenax 1,6 — 13,6. Taxum obpa3om, spdexTus-
Hbiit koo GduibienT ddy3un PACTBOPEHHONO BEllleCTEa B ocallKe (B OTCYTCTEUS ancopbLum)
foaxen 6bith B 1,6 — 13,6 pa3 Menbiue, 4yeM B CBODOJAHOM PACTBOpE.
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Pasnosecue Gvicmporo oGmena, o PaBHOBECHE YACTO PACCMATPUBAETCH OTAebe
HO OT JApyrux "peaklMOHHbIX Y1eHOB" B YpaBHenuu Garanca Macc, Tak Kak maremas
THYECKH OHO JIerko oObeuusiercs ¢ Mbdy3MoHHBIM YleHoM, Pacemorpim ancopbipio
BEIIeCTBa, pacrnpe/lelleHe KoToporo MoxeT GbITh onucano ypaBHeHnem
e = Ko,
e ¢ — KOHUHTpAIA BellleCTBA B PacTBOpe, & — KOHUEHTpaWMs afcopbipoBanko-
I'0 BellecTsa, BbIpaxeHHas B MOIAX HA IATP NOPOBOro pacrsopa, K — xosddumuenr
pacnpenenesns (ri. 4). Ecau cymmaphoe KoamuecTBo BelecTBa (a1copbipoBanHos
T'0 M HAXOAAWEroCH B PACTBOPE) NOCTOAHHO, TO CKOPOCTb H3MEHEHHH ero KOHI[eH=
Tpallui B 1I0pOBoOit Bofle BeaeacTBHe agcopbuuu Gyner PaBHA U MPOTUBOMOJIONKHA 110
SHaKY CKOPOCTH M3MeHeH!s KOHLeHTPaluu Ha TBepoit nosepxsoct. [lis Gricrpo-
ro HoHHoro obmeHa

Kt?c =_a_E'_-.
at dt

Ecau suddysns u uonnmii o6Men ssasiores €[MHCTBEHHBIMHU NIPOLIeCCaMH, BIMSIC-
MM Ha c, TO ypasren4e (14.1) nepeiiner B ypasuenue

§L=D62c _ & zDa%_Kac
ot d x? dt 9 x* ar '

Koropoe npeobpasyercs B

de __D 9% (14.2)
at 1+K gx2

Takum obpasom, BMusAHKe aacopbIMM UM HOHHOTO OOMeHa CBOJUTCSH K CHY=
*ernio dbdexTuBHol ckopoeTn Ambdy3mm. Ecan K BBICOK, TO CKOPOCTb MAIpa-
K 1o Mexauu3my Muddysmn Gyner ouenb uuzkoi. B ri. 4 6uino NnoKas’aHo, YTo
aficopbus 3aMe/l1ieT NepeHoC PacTBOPEHHBIX BENIeCTs KOHBeKUKel; Tenepb Mbl
BiMM, YTO 3amMelllleHne TaKkoro Xe TMNA BAMAET U Ha nepexoc auddysnei, lns
omucanus Mmdysun B ocalkax Hepeako MCNOAL3YIOT 3 Murupuyecrut koagguyuenn
Ougysun D, :

D = D = DO 9

A S

1L +K 82(1+ K)

Ypashenue (14.2) MoXHo 060BIUTL Ha cayual, Koraa peakuus ancopdumu/ necopt-
Ly omichiBaercs Gosee CAOXHBIM YpABHEHHEM, YeM 3aKoH NpocTOro JAuHeliHoro
paclipelleleHus, u KOria ¢ He ARAAETCA BelMUMHON noctosHHoi. Ecau 3akon
pacnpefielenns BhlpaxaeTcs ypaBHenueM ¢ = f (c), rae f(e) — Hekas dynkuus
¢, To ypastenue (14.2), coraacuo Bepuepy [ 23], nepexomr s YpaBHeHHe

d (pc)
P = 1(e) dle Dde/ax) :
dt dx

ree I(e)=[1+df(c)/de]-! » @ D Brauouaer addext ussmamcTocTH (1o He a/l-
copbuuu),

24-78
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Eunemunecxoe ypasuenue nepsoio nopadxa, Jepman [ 223] ucnoassosan npoc-
TOe KMHETHUECKOe YpaBHeHUe NepBoro nopsiaka (ra.6) ans onucanis npoussBoicTBa
U yanenns BellecTBa NMPU peaklyi ocaxieHus/ pacTBOpPeHn:

CKOPOCTb MPOM3BOACTBA = 1‘1(65, y = C) nas C_" 1 »IC,
CKOpPOCTb yAanewus = — k&, (C -Cs,2 Yaus € > Cs' 2

rae C, ; — KOHUEHTPAMAR B paBHOBECHM C pacrsopsiomeiics dasoit, C; , -
KOHIIEHTDAIMA B PABHOB2CHY ¢ ocaxjaicmeiics dasol, k, u k, — KoHCTaHTHI
ckopoeti (Cg , u Cg , TNPUHUMANKCH BEJMUMHAMK MOCTOAHHBIMI B KaX/0M cic-
TemMe 0CAIOK — BO/d, HO OHM MOTYT ObiTh MHBIMU, YeM B KMHETHYECKOM YpaBHEHUH
nepBoro nopsjka. Hanpumep, KoHHeHTpalus KalblMa B PABHOBECHHM C KAJIbLUTOM
He ABAfeTcd NocTofAHHOH, ecan pH u meioYHoCTh HenocToRHHbI). Ynenb, xapakre-
pU3YKIIKe NOCTYIKIeHNe i ylaJeHue BellecTBa, MOryT ObiTh 00beIMHenbl, YTO JaeT

cKopocTb u3Menenus = ky (€, | — C) — k,(C -Cs, 2} = — kg +k)C +
(k) Cs  t kG, 5) = KC -]
Takum obpasoM, YeTbipe napamerpa B UCXO/JHOM ypaBHenuu DanaHca cBefie-
Hpl K 1ByM (& u ] ). Ypaeuenue (14.1) Tenepsb nepexour B

aC _ azc 6',3
—_— = u

dt dx? dx
Ecau ¢ H D He 3aBucHAT OT I"leﬁld}ﬂ:l W npeanofaraeTci cTalMoOHapHOe COCTOdA-
uue (de /dt = 0), o ypassesue (14.3) Moxer ObITb NPOMHTErPUPOBAHO AHAIUTH=
qecki. Bemwunnbl & u | moxHo nojoOparb Tak, uToObl OHM JaBany Hauayduee
npubauKenne K pesyapTaram u3mepenuit. Jlepman nokasal, uTo KpuBble, MOMyYeHs
Hble Ha ocHoBe ypaBHenns (14.3), MpoXoJAT yepes TOYKH, OTpaXaioume aHaiuTm-
ueckue ganubie o Si0,, Ca2*, Mg?* u NH}, pacrsopennbix B noposbiX Bojiax
HECKOILKUX KepHoB, oTobpaHubix 1o [lpoexty raybokooasoro Gypenns (DSDP).
Beanuussl & u ] [ns pasinuHbX BewecTs ObIM HCNOAb30BaHbl, YTOGH BbIABUThH
npupoAy KOHTpoJupylomeii peakmy; Hanpumep, pashble Beanunubl [ aas Ca 24

" Mg2+ [103BOJAIOT NMPeAnolarars, YTo Mpoleccom, yaalsiouum odba uoHa B /1aH-
HOM Kepte, Obl1o obpasoBanue 1010MUTa.

Oprasnueckoe BelecTBO BEPXHUX CJ0eB 0CaAKoB oDblyHO NoJBepraeTcs aHa-
9pobHOMY pa3/lokeHulo, NpoTeKaKeMy ¢ norpediesuemM cyisdaTos U BbigeJe-
nuem ammonud, Goctara, ruapokapbonara u ceposolopoda. Bepuep [22] u Tor
u Jlepmasn [ 324] nposean MoaeanpoBaune pesylbTUPYIOWEro U3MEHEHUA XUMUUeC~
KOro cocTtasa MopoBbIX BOI, UCX0ad U3 npeanoloxeHus, YTO pasJoxeHue opra=
HUYECKOr'0 BelllecTBa cllellyeT KMHeTHYECKOMY YPaBHeHUo NepBoro nopsa/ika:

— ke + 1. (14.3)

98 e (14.4)
dt

rie G — KOHUEeHTpalMA PeakiHOHHOCNOCODHOTO Opraiuieckoro BellecTsa B ocals
Ke, k — KoHcTauTa ckopoctu. MaTerpupys ypasnenue (14.4), noayuaem
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G= Gyekt, (14.5)

rpe Gy — KOHHEHTpAIMA peaKIMoHHOCNIoco0HOro BelmecTsa B CAMOM BEpXHEM
caoe ocaaka. Ecau ckopocts cefumentauuu U, MoCcTosHHA, TO BO3pACT CA0d
ocajka Ha raybuHe x HUKe NOBEPXHOCTH pasjena ocaflok — Boja paseH x/ U, .
[loncranosKa aTolt BeqnuuHbl BMecTo ¢ B ypasHnenue (14.5) naer pacnpenese-
Hie PeaKHMOHHOCMOCODHOr0 OPraHuyecKoro BemecTBa B 3aBUCUMOCTH OT Ty-

OuHbI: / \
—_—f %

G= Gy exp ;k‘_ v (14.6)

\ )
Takum 06pa3oM, KOHIEHTPAIUA PeakiMOHHOCTOCOOHOrO OPraHnieckoro seiecT-
Ba B ocafKe M, CleoBATe/bH0, CKOPOCTb €0 PaBIOKeHUs J0MKHbI IKCIOHEHIH=
albHO CHUAKATHCA ¢ raybunoil. Ckopocrs npoussoacTea P () ammuaxa, Gocha-
T4, riApokapboHaTa i CepoBoJopoia Mpe/noaaraeTca nponopluoHalbHO ckopoc-
TH Pa3J0KEHUA OPraHMYecKoro BelecTsa, a U3 3Toro Cleyer /i Kaxaoro e-

HiecTsa
— k%
L

Py = K;i Gy exp i i
\ s /

rie K; u k; — xoncranThl ckopocti. Ypasuenne (14.7) MoXHO nepenicars B
BUZE

P(%)

rae /*= K, Gy wu P = k;x/Ug . Ypasuenne (14.8) MoxHo noAcTaButb B
ypasuenye (14.3), uto Aaer obuiee ypapHenue [ CTAUMOHAPHOTO COCTOAHUIA
(cp. ¢ ypaBrenuem Tora u Jlepmana [ 324]):
PR e

dx? dx
Tor u Jlepman npefnonaran, yro D n ¢ HE3aBUCUMbL 0T riyOuibl, 1 noA0K-
pam napamerpbl k, I, J* n B Takum obpasom, uTodbi OHU HaniyulumM obpas
30M yAOBAETBOPAMM JAHHBIM KaK [0 AIuHHBIM kepHam (ITpoekra riyboKoBo/iHO
ro Gypenus), Tak u 10 KOPOTKUM KEPHAM, NOJIyHYeHHbIM U3 BOCCTAHOBUTEAbHOH
MeJIKOBOﬂHOﬁ cpefbl ( [JA KQKI0ro KepHa BbldMCAAAACh CBOA rpylna napaMer=
poB). CooTBeTCTBHE MEK/IY PACYULTHBIMU KPHUBBIMM W HATYDHBIMI JAHHBIMM OKa«
3A10Ch NPEBOCXO/IHbIM U YKA3BIBAAO HA TO, YT MOJE]b NPUemMieMo oluchiBaeT
MPUPOAHYI0 CHCTEMY.

Korga Ats ofiHONO ypaBHEeHUs TPUXOAUTCH MoAOMpaTh 3HaUeHNs HeCKOb=

KX NapavMeTpos, 4Tolbl MOYyuHTh HaMAyulee MpUOMCKeHue K 9KCIepuMenTalb:
HbIM laHHbIM, BCEM/IA OCTAETCH HEKOTOPOe COMHEeHue, AefCTBUTENbHO i npej-
N0JI0KEHMH, CAENaHHbIe MPU MATEMATHYeCKoil paspaboTke (HanpuMmep, KUHETH-
KA NepBoro NopsjKka, NoCTORHHAA TOPUCTOCTD), PealbHo OTPAKAKT PUPOAHbIE
npoliecchl. Jaxe eciu npeinofoxerus CoBepmeHHo onboUHbl, MOXHO NOA0
Hparh napaMerpsl, Aaluise, No-BUAKMOMY, Xopomee npublkeHne K 9KCnepu-

(14.7)

= JEa=i (14.8)

— ket ] +I*eP% =0.
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MeHTalbHBIM JanHbiM. Tora BeiBo/Jb HA OCHOBE TAKOH MOJENN 0 PeaKiuaxX u
noToKax MoryT 6biTh ommubounbiMu. Tlo Mepe pacuupenis HaWnX 3HaHMA O Ki-
HeTHKe NoABASeTcs BO3MOKHOCTb CHUBUTH KOJMYeCTBO NoabupaeMbix napamer-
OB H, CJe/I0BATE]bHO, IPHOBPECTH YBEPEHHOCTh, YTO MOeb ABIAETCA poaluc.
THYECKUM OMMCAHMEM TPUPOLHOH cucTeMmbl.

Modeau 014 wecmayuonapko10 cocmoinus, B npuMepax, NPUBEEHHBIX BbIlE,
paccMaTpuBaluCh pewenns ypapHerns (14.1) ToldbKo 1A CTAIMOHAPHBIX CHCTEM.
Mozean 1 CTAUMOHAPHOTO COCTOAHUSA OGHIUHO A[leKBATHO OMUCHIBAIOT TAKKE Nph-
POJIEbIe MPOLECCHl, KaK AMarenes, Ho ABHO He MOAXOAAT LA ONUCAHUA Hempoioi-
KUTEJBHBEIX M3MeHeHui, CBA3AHHbIX ¢ 1eATeJbHOCTbI0 YeloBeKa, 0COBeHHO C 3a-
XOpOHEHMEM IPOMbIILIEHHBIX CTOKOB « [ludipepenialbhble ypasHeHns, ON1ChIBaio:
1j}e HEeKOTOopble HeCTAIMOHAPHBIe CHCTEMB], MOXHO NPOMHTErPHPOBATL AHANUTH-
uecky [ 222, 180, 218], Ho ofbluHO 3TU ypaBHeHNs GbIBAKT CAMIIKOM CJAOKHBIMI,
M 78 MX pemenns Tpedyerca HCHONb30BAHKE YMCIEHHBIX METO/I0B, HANPUMEp Me-
ToJa KOHeUHbIX pasHocreil,

WrdunsTpaunA Yepes HeHacbiweHHbie nouskl. Jlart u ap. [95] omcanu
Cepuio IPOrpaMM, MMHTHPYIOLIMX (H3MUecKue NPOLecCh ABMKEHUA i XHMUIECKYI0
9BOJIOIMI0 EO/b B HEHACINeHHbIX nousax. [Iporpammel Gbiau npejHa3Hauenbl A8
BO3[leMBAEMBIX TI0YB B OTHOCUTENBHO 3acymauBhix paionax sanamnoit yactu CIlIA;
MX [PUMEHUMOCTb K [ADYTHM CpejlaM B JOCTAaTOuHOM cTenexyu He npoBepanack. Beo-
IMMble JlaHHble, KOTopbie TpebyloTes [ NporpaMmel, Mojeampyomell nBikenme
BOJIbl, BKJIYAKT Pu3NuecKie CBofCTBA MOUBH TUNA NOPUCTOCTU i NPOHULAEMOC-
T, pacnpeneienye kopHeli B nousenHoit 3one, norpebienue BoAbl OTAENbHBIMY
pacTeHnsMy, NepBoHAYAJbHOE pACTIpe/ie]eie BAark B nouse y nocaefyuee ee
NOCTYILIEHME 3a CUET OCAJKOB MM noausos. Ha ocHoBanmu 3toit uHpopmaimy u
001IEro YpaBHeHs! TeueH s KUIKocTel MOXHO MMATUPOBATH BEPTHKATbHOE NHAKEeH1e Bo-
[bl uepe3 nouBy. MCKIOUNTEbHO BaXHBIM ABIAETCA BAUSHME TPAHCTUpaimy (y/ia-
Nenye Bo/ibl PACTEHUAMH U3 IOUBbI HIKEe YPOBHSA 3eMilu), 0ITOMY, BEpPOATHO, Oec
CMBICAEHHO MOJIeJMpOBaTh XMMUUECKIH COCTaB NOYBEHHO: BOJB B CYXOM KAHMa-
Te Be3 Takoil mporpamMmel.

Xumuueckas Moflelb PACCMaTpUBAeT NPOoUecChl TUCTIePCHH U KATHOHHOTO 0b-
MeHa, YCTAHOBIHHE DABHOBECUA C KAJIbIMTOM, BOSMOXHOE OCAX[EHNe Iuca,
B3aMMHbIe TIPEBpAllenns: coefuneruii a30Ta 1 norJolWeHne CoefMHEHNH a30Ta Kop-
HAMu pacrennit, Cnoco paccMOTpeHns Kaxioro npoliecca B MporpamMme 3aBHCHT
OT npe/noiaraeMoii CKOPOCTH NPOLECCa N0 CPABHEHMI0 CO CKOPOCTBIO [IBUAKEHUH
BO/Ibl Uepe3 MoyBy:

1. leuxenue Bofb! npefnonaraeTcs OhICTPHIM N0 CPABHEHUIO C MOJEKYJIsip-
Hoft muddysueit. [Tosromy Monekyldspraas muhdysus urHOpUpyeTCH, HO Acrep-
cus (ra. 1) pacemarpusaercs.

2. KaruonHnlit o6men, ycTaHoBJIeHHe paBHOBECHS C KalbLMTOM U ocaxie-
Hue runca (eciyu pacTBOp CTAHOBATCH NEpEechilleHHbIM) npefnoJaranTces ObiCTphl-
M 110 CPABHEHMIO CO CKOPOCTBIO [IBMkeHus Bobl. Bce 9TH mpollecehl onuchiBaoT-
Cfl YpaBHEHUAMMU XMMUYECKOro PaBHOBECHS.

3. Tpancdopmaius coeflMHennit a3oTa npejnolaraeTcs MeeHHol no cpas-
HEHHIO CO CKOPOCTBIO [BIXeHUA BOAbl. ITH MpOLECcChl ONMChiBAOTCH IMIMpHYEC-
KUMU KHHeTH4YeCKMMH YpaBHeHMAMU,
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4, lorJomenne coeuHeHni a30Ta KOPHAMHN NPEMIION0KUTENbHO IPONOPLMO-
HalbHO KOAWYECTBY KopHell B nouBe MM MOrIOWEHMIO Bo/Ibl KOPHAMM pacTenuii.

JTa OTHOCHTEIbHO TpoCTas MOJelb JOBOJABHO YCNewHo npejckasana cocTas
noysenHoit Baaru B 3anafuoi uactu CIUIA. [lo-Buaumomy, JOMUHUPYIOUINMU PO
Ieccami, KOTOphle KOHTPOJMPYIOT COCTAB [aBHBIX 5]eMEeHTOB B NoUBEHHOH BJa-:
re, ABAAOTCA KATHOHHBIA 0OMEH, PAEHOBECHE C KalbIMTOM M TUIICOM 1 9BANoTpaHc-
mpaums. Bausuue Golee CIOKHBIX MPOLECCOB (HANpPUMEDP, BHIBETPUBAHUS CHIMKa-
TOB MM PEAOKC~peaxuuii, BKIOUAMUX Kelde30 U Cepy) Ha coCTaB Bofibl B TeX
No4Bax, KOTOpble U3YYaluch C MOMOUIBI0 TPOrPaMMbl, CPABHUTENBHO HEBEIUKO.

XuMuueckuii cocTaB gBHXYwWweicA nog3emHo Bopbl. /lia orobpakenus
pasAMuHEIX ACNEKTOB XUMMH MOA3EMHBIX BOJ ObI0 HAMMCAHO GOJBLOE YHCIO Mpor=
pamv. HekoTopble U3 paccMOTpPeHHBIX npobJem Ol OTHOCHTENBHO TPOCThIMI,
HanpuMep MUrpalMs PACCeSHHbIX PajMOAKTUBHBIX 31€MEHTOB, KOHIEHTPAIMA KO-
TOpBIX KOHTPOAMPYETCH TOILKO ajcopbumedi u Aucnepcued, Toria kax Apyrue Obi-
/1 HAMpABJeHbl HA UMUTALMIO PACMpe/leJeHsA [IABHBIX 5JeMeHTOB B perionalb-"
HBIX BOJOHOCHBIX ropu3oHTax. HekoTophle Moienn orpaHMuuBaloTCs ONUCAHKEM
Macconeperoca (uAenTHdUKaMA 1 KoandecTBenHas oienka [ 276, 271]) uau spe-
MeneM # ckopocTsiMu peakipit [ 64].

Tak Kak B HACTosllee BPpeMA HET npuemJemMoil Mo/lesn Js ONUCAHMS XUMit=
yeckofl 3BOMOIMM MOA3EMHBIX BO/L B HeKapbOHATHbIX BOJOHOCHBIX MOPH3OHTAX,
PAccMOTPUM B KOHNENTYAJIbHOM ACNeKTe, KAk MOXHO CO3/iaTh Takylo MoJelb H Ka-
Kas uubopmaima HeoOXoMUMa B KaYeCTBe BXO/HbIX [aHHbiX. Takas Mofledb AOJKHA,
BUMMO, ' 00bsicHUTL" HAbJIKIaeMbld COCTAB MOA3EMHbIX BOJ U NpEe/iCKa3aTh BJMA=
HMe JefTeJbHOCTH YedoBeka (Hanpumep ,.paspaboTkyu Heflp Uiy MeJlUOpaTUBHBIX pa-
HoT) Ha KauecTRO BOABI, 11pi paspaboTke TAKOH XMMUUECKOH MoJeau obbiuHO npefi
NoJaraeTcs, YTo TUAPOJIOrHA CHCTeMbl — HANpaBleHus MOTOKOB M MX CKOPOCTH BO
BCEeX TOYKAX BOJOHOCHOTO MOPUBOHTA — M3BECTHA, 0/IHAKO MpPe/noaokeHue 3T0 Mo=
XeT 0Ka3aTbCH CAMMKOM ONTUMUCTHUHBIM,

Tleppas rpynna npoleccoB, KOTOpble HeodX0AMMO PACCMOTPEThb, — 3TO Mpo-
llecchl, MPOMCXOAAINME B [IOYBEHHO 30He B mpefelax o01acTi MMTaHud noA3eMHbIX
Boj (cumBoa A na puc. 14.6). MozeaupoBanue npolieccoB B NOYBEHHON 30HE 06CY k-
naloch B MpedblAyleM pasjele, HO WKala BpEMEeHH B Mo/JeJy NOA3eMHBIX BoJ (oT
HecaTuaeTuit 10 THICAY JeT) OTAMYAETCH OT BPEMEHHOM WKaibl Mofeau 1A No4YBeH-
Ho#i Biary (Iuu — rodsl). Xumuueckult cocTap EQUIbBTPALMOHHBIX BOJ HUXE M0YBEH=
HOJt 30HBI 3aBMCHT OT KOJMYECTBA U pachpejenenns arMoc(apHbiX ocalkoB, ocoben-
HO B YCJOBMAX OTHOCHTEIbHO 3aCYLIMBbIX KAMMATOB, Ha Meauopupyembix 3eMisx

Puc, 14.6. WReanuaupoBaHHbli HANOPHLIA BOAOHOCHLIA FOPUM30HT, 3HaueHWe cuMeonos A—
-D cm. B TekcTe.
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114 npefckas’anus Hyyuero CoCTasa NOA3EMHBIX BOJL MOXHO HCTIONL30BATD KAaKUe-TO
cpe/iHie UKCcaa, OIHAKO BOHMKAKT pealbHbie TPYAHOCTH NPU HCNOJAb30BAHUH TAKUX
CpeJHIX Unce ANS UHTepnpeTamyu XumMiuy "cTapoil’ Bo/bl BOlOHOCHOTO ropU30HTa,
TAK-KAK B MoCJe/lHite COTHM JeT NPOM301WIM 3aMeTHble U3MeHenus KimMara. B nac-
Toflllee BpeMs efIBa JY eCTb CMBIC] B MONBITKE MOJIEJIHPOBATDL BCKO SBOMOIHIC MO
3eMHBIX BOJl, KOTOpbIE HAXOMUINCH Ha MOBEPXHOCTH 3eMiu Thicsuw Jet nasad. Bo-
Jlee pealucTHYeH MOJX0l, MPH KOTOPOM MOJEIUPYeTCH H3MEHEHHEe XUMUUYECKOro
cocTasa BoMbl MeX/y AByMs TOYKamu BOJOHOCHOro ropusoHTa (Hanpumep, C u D
Ha puc. 14.6), rjie u3MeHeHus ABIANOTCH, NO-BUIUMOMY, CIECTBUEM DeaKIMil B
npefienax BOJAOHOCHOrO FOPU3OHTA, A He BapbupoBaHus Kamarta. B xumiueckoi
Moflei Mbi BBIHY/IeHbBl HCXO[UTh U3 NpeanoloXkeHus, YTo Boja B Touke D BO Bpe-
M3 CBOEro HaxoxjeHus B Touke C uMela npubIUBUTENLHO TOT K€ COCTaB, UTO U
Boja B Touke C B Hacrosmee BpeMd. MoXer okasarbcd, YTO NpeaAnoloxeHue 510
MpoBepPUTH Hellb3§, TaK Kak HeJb3d OUeHUTb U3MeHeHus B XHMHH HH(&JHJIpryEOHJHX-
ca BoJ 3a MUHyBIIee BpeMd.

B obaactu nuranus B HeoOXoauMo MojeaupoBaTh [Ba napamerpa, a MMeHHO
KOHIIEHTPALMH PACTBOPEHHOTO KUCJAOPOAa U yriekuciorhl. CoaepXkanus STHX ra-
30B B NoyYBeHHO! Bjare 3aMeTHO BApbUpYIOT, M KaX/blil U3 HUX MoXeT oOMeHH-
BaThCH C ra3oBoil Gasoil Yepe3 HeHACHIIEHHYI 30HY. Yuer rasoBoro ofMeHa
He ocoDeHHO HYXeH py MoJieaupoBannu npoueccos Ha mytn or C x D, Ho conep-
XaHWe PACTBOPEHHOrO KMCJOPOJA 1 ero NepeHoc oKaswiBaiTcd AByMs Haubolee
CYIleCTBEHHBIMH TapaMeTPaMit TIpH MPOrHO3e XMMM BOJL HA YYaCTKax peKiamaimm
T'OPHBbIX OTBAJN0B.

B npefieaax BolOHOCHOT'O TOPH30HTA MOXKHO MIEHTUHUIMPOBATH HECKOABKO NpPO-
11eccoB, KoTopble HeobXoAMMo BBECTH B MOJElb!

1. KaTuounniii o6MeH, KoTopblil ABASETCH BAKHBIM [J5 BCEX CHIMKATHBLIX BOJO-
HOCHBIX TOpu30HTOB. OH MOKET MOJeNMPOBATHCH MPOCTHIMU YPABHEHUAMU paBHOBe-
cufl, A5 KOTOPbIX HCXO/HbIMKM AHHBIMY CAYXar:

a) pacnpejleJenne KaTHoHooOMeHHOM eMKOCTH B BOAOHOCHOM TMOPU3OHTE;

6) cocras crocobHbIX K 0OMeHY MOHOB BO BCex TOUYKaX BOJOHOCHOIO MOPU3OHTE;

B} HAGOp KOHCTAHT OOMEHHOro PABHOBECUS WK ypaBHeHuii.

2. PacTBopenye  ocakfienne Kaiblyra u runca (uiu 106ofl Gonee pacTBopH=
Moit coau). Haubolsee npuemiaembiM npubinkennem Ana GoibunHCTEA Uelell ABIAET-
sl NIpeAnoJoXenie, YTo PACTBOPBHNE U OCAK/EHNE IPOMCXOAAT GhICTPO NO CpaBHe~
HUMI0 C IBJKeHUeM BOJbl, T.e. YTO A060# U3 9TUX MuHepaloB GhICTPO pacTBOpAeTcH
B HeHACHILEHHbIX BoJax 1 ObICTpo ocaxiaercd B mepechimennbix. Tpebylomuecs mpu
9TOM /l@HHble BKIOYAIT CBEJeHUA o pacnpelleleHny KalbluTa, TUIca 1 Apyrux pact-
BOPUMBIX COJIeH B BOJJOHOCHOM T'OPU3BOHTE.

3. PactBopenue M ocaxjeHue fojJoMuTa. B CBA3M C TEM, UTO LOJOMUT MPUXOAMT
B paBHOBecHe C BOMoi oueHb Me[leHHO, HeoOX0MMbl KMHeTHYECKHE YPAaBHEeHUS KaK
LIS ero pacTBOpEeHHs, TaK u Aaa ocaxaenns. Heobxoaumbimu [asi MOJIEN TaHHBIMU
ABJAOTCS pacnpeleleHye B BOJIOHOCHOM I'OPU30HTE LOJOMUTA M COOTBETCTBYHOIINE
KMHeTUYECKHe ypaBHeHus.

4. OxucieHue nupuTa, opramuyeckoro BewecTsa u xenesa ([I) B cHIMKATHBIX
u Kapbonarnbix MuHepanax. Ceobofublii Kncaopo HHPUILTPALMOHHBIX BO/L MOXeT
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norpebasiThCA Npu OKUCAEHUN MUPUTA, HIM OPIaHMYEeCKOro BewecTRa, uin (4To Me-
Hee 00biuHO) *efe3a (II) B apyrnx munepanax. HeobXoaumbeimMy 14s Mojenu [
HBIMH ABJAAKTCH:

a) cojlepxanne KMclopoia B MHQUIbTPAUMOHHBIX BOJAX C YYeToM ero obmeHa
B ra3oBoi ¢aze;

6) pacnpefenenue nupuTa 1 Apyrux munepanos Fe (I[) B BOOOHOCHOM ropu-
30HTE;

B) pacnpejielienie B BOJOHOCHOM MOPU30HTE OpraHuYeckoro BEmecTBa 1 ero
peakLUoHHAA CNoCOBHOCT;

) KHHETHYECKUE YpaBHeHUs [/ OKHCIeHMA MUpUTA U JpyruX MuHepaios Fe
(I1), a TaKxe pa3AUUHBIX THIOB OpraHuyeckoro semectsa, CymecTBYOT [aHHble
06 oxucaenun maputa [ 306] , Ho COBEpLIEHHO OTCYTCTBYIOT CBEeHHs N0 KUHETH=
K€ OKUCJIeH!A OPraHuyeckoro BemecTsa B ocalouHbX MopoJax.

5. Boccranosienne okuc/oB Maprasiia, NPOMCXOAALIEe T10CIe BOCCTAHOBIE=
HUA OKMCJIOB Xele3a. ITa cTyneHb ABIAETCH Upe3Bbluaiino BaxHol A1s npedcka=
3aHKA pacnpefelienns paccesHHblX sAemMeHToB. Tpebyouuecs naHnblie — 3TO pace
nipefieJieHue OKMCJIOB Mapraslia 1 Xeje3a u paclpefleleHie peakiMoHHOCNOCOBHOrO
opranuyecKkoro BeljecTsa (BOCCTaHABAMBAOWIEr0 areHTa).

6. Boccranosnenie cyibharoB o cyabduanbx GopM peakiuoHHOCTIOCOOHbIM
OpraHMyeckuM BellecTBOM. JTa CTyNeHb oKasbiBaeT 60Jbiioe BIMSHUE HA COCTAB
KaK IJIaBHBIX, TaK ¥ PACCesHHbIX 31eMeHTOB, HO ee 0CODEHHO TpY[IHO MO/elupoBaTh
AnS MOA3EMHbIX BO/. |lapameTpoM, KOHTPOIMPYIOLIMM CKOPOCTh, NO~BUIUMOMY, SB=
NAeTCA HalUuMe MalblX OPraHMYecKHX MOJIeKYl, KOTopble MOTYT UCHOJb30BATHCH
cyastharpeayuupylomumy OakTepusiMu, Hammue MaibiX MOJeKyl 3aBUCHT B CBOIO
ouepefib OT pacmnaja GoJbmuX MoJAeKya, MPOUCXOAAWEero ¢ yyacTHeM Apyrux Gak-
Tepuif, @ CKOpoCTb 9TOr0 pacnaja Hen3secTHa, Cylb(aThl 4ACTO NPUCYTCTBYIT B
NoA3eMHbIX BOJaX, HAXOAAWMXCA B TeUeHue ThicAYyeleTull B KOHTAKTE © yrieM, uTo
CBUIIETEJIbCTBYET 0 Me/lJIeHHOM YCTAHOBAeHUH Pe/IOKC-PAaBHOBECHS B 3TOM Cly-
yae. HeobxomMeiMu [UIA MoJely JaHHbIMU 3[lecb, To-BUAMMoMY, ByayT pacnpes
llejleue pasiuuHbIX TUMOB OPraHuyeckoro BelecTBa (CJAedyeT TakXe olpefe-
JUTb, U3 YEro COCTOUT OTHOCAWMACA K Aeny "tun") B BOJOHOCHOM T'OPM3OHTE W
COOTBETCTBYIOWHE KMHETHUECKUE YpaBHEHUS peakiuii.

7. U3Menenne cUINKATHBIX MUHEpAIoB, 0CODEHHO MosieBbIX wrnaToB u Guorura
(ra. 6—8). Hauanbubie ctaun u3Menennii MoryT GbITh OMMCaHbl KUHETHUECKUMHU
YpaBHEHUAMHM peakiuii, oCHoBaHHbIMK Ha AabopaTopubix ombitax [ 57]. MNo3auue
CTazuu MOXHO MOeIUPOBATh, UCXO/S U3 NMpPeinoJoXeHs O HAIMYNK paBHOBECHI
Mex[y BTopuuHbiMU ha3aMu. HecMoTpsl HA TO UTO MMEKTCS HEKOTOphle COMHE-
HU#, [0 KAKOM CTeneHu Takue PABHOBECHS KOHTPOJMDYIOT cOCTaB BoAbl (ri. 8),
paBHOBECHAA Moflelb, Mo-BUAMMOMY, Npe/icKasbiBaeT XMMUIEeCKuit cocTas ¢ npuem-
NeMbIM PUOIIKEHHEM,

Omcankas Bolme Mojels MoXeT B npurimne "obvacuuTs" nabaogaemblit xumu-
ueckuit cocTap noaseMHoli BOMIbI U NpeACKa3aTh XMMHUIO NOA3EMHBIX BOJ B Oy/1y-
eM, OTpaxKalomylo AesTelbHOCTh YeloBeKa Takoro THNA, Kak ropHeie paspabor-
K¥ ¥ MeJuopalus, 3Hauenne pasJiuHbIX MPOIeccoB 3aBucuUT oT ocobennocreli pacs
CMarpuBaeMoro BOIOHOCHOrO Mopu30oHTa. B HEKOTOpbIX ropu3oHTax, ocoBEeHHO Tex,
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rie Bpems npedbBaHus BObl ABAAETCA KOPOTKMM, MOXHO npeHebpeus peJoKc-npu-
ueccamit. Bo MHOrMX BOJAOHOCHBIX MOpPU3OHTAX, CJArAEMbIX OCaJOYHbIMU NOpOAaMH,
MoXHo TpeHebpeyb U3MeHeHMeM CUINKaToB. XoTs Bbiwe Obiai OTMEUeHbl HEKOTO-
peie npobelibl B HAWEM MOHUMAHUKM XMM UM JBMKYIIMXCS NOA3EMHBIX BOJ, 0/IHAKO B
HacTosfmee BpeMs Doabiuas ucciefoBaTelbcKkas pabora HanpaBieHa Ha [ojdyyeHne
KOJIMUeCTBEHHBIX COOTHOWeH M,

C maremariueckoit TOUKM 3peHusi ypaBHeHUs, cocTaBleHHble [ BeeX obeyx-
NaBlKXCS Bbllle NpoLeccoB, AOKHD ObITh BKAOUeHbl B uleH | ypaBHenus (14.1).
[Noayuentoe nuddepeHnyualbHoe ypaBHEHHE MOXHO 3aTeM NPOMHTErPUPOBATE UMC~
JeHHbIMA METOJaMMU.

0bcykenne Xumuueckoit Moaean Lis MOA3EMHbIX Bof, GblI0 COCPEAOTOUEHO
Ha TJaBHbIX JeMeHTaX, Tak Kak Hawu 3HaHus o npolleccax, KOHTPOJIUPYIWUX pac-
mpefeleHie 9THX 3JeMeHTOB, 3HaulTeJbHO NPeBblAlT 3HaHMA O MpolieccaX, KoH-
TPOAMPYIOIUX PACTIPe/lelieHie PACCEeAHHbIX 31eMeHToB. [is NIaBHBIX 3JeMeHTOB
Mbl MOXEM C JOCTATOYHO! YBEpPeHHOCTHK BbIAEIUTH Npoliecchl, Kak Haubouee cy-
lecTBEHHble, U UAEHTHDHIMPOBaTh onpeeieHHble [aHHble, HeoOXoMMbIe s pas-
paboTku KoauuecTBeHHol Moaeau. OTHOCHTEbHO GOJbIMHCTBA PACCESAHHBIX 36
MEHTOB Mbl 3HAUMTENBHO MeHee 0CBeJoMJeHbl KaK 06 X MCTOUYHMKAX, TAK U 0 Me-
XaHWU3MaX, KOHTPOJIUPYIINX uX pacnpejedenue. o Tex nop noka Mol He y3HaeM
3HauuTeNbHO Oolble 0 TeX M [ApPYruX, BEPOATHO, HEONPABAAHHO MOBOPHTD O BIOJ-
He npuemieMoii KoauuecTBeHHOMA Mogean,
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HN3oTomnl

M30ToNBE KAKJ0r0 SJeMeNnTa CofepkaT OJHO i TO Xe YHCIO0 NPOTOHOB B aTOM-
HBIX A/pax, Ho pasHoe uncJo Hefirponos, Takum oGpasom, OHY UMEIOT OMH ¥ TOT
e aTOMHbIfi HOMep, HO pa3iMuHble aToMHble Beca. Kuciopod, Hanpumep, Cyuecr-
syer B dopme 160, 0 y (8 oueHb MabIX Koauuecrsax) 70 ¢ aTOMHBIMU BECaMH ,
CooTBeTCTBeHHO paBHbiMy 16, 18 n 17, M30oTOMB! HA3LIBAKTCA cmabu eHbiMY, ecin
OHM HE BXOZAT B Kakylo=-1ubo MpMpoAHYyl0 CXemy paauMoak TUBHOT'O pacnaja, paduo-
AXMUSHbLMU, ECIA OHU MOABEPraloTC PAAMOAKTUBHOMY PAcTally, u PaduotennbiMi,
ecan onn 00pasywTCH NMpU PajMOAKTUBHOM pacnaje, HO CaMy He pacnajalTci. Pa-
AMOAKTUBHBIE U30TOIL! UCTIOJB3YI0TCH IJIaBHBIM 06pa3oM /A onpe/e/ieHus BO3pacTa.
CrabuibHble M30TONLI UCHOAB3YITCH [PU UCCeloBaHMy MeHe3uca Bo/bl MK NpoLec
c0B, KOTOpbIE BO3/IeficTBOBAM HA BOJYy C MOMeHTa ee "opmupopanui" (HanpuMep,
CO BpeMeHy ee  BXOX/eHuA B BOJOHOCHBIA ropu3onT). Paauorennbie u30TOMbI Npu=
MEHAIOTCA TIPU M3yueHun BO/bl 3HAUMTENbHO pexe; B Me0JOrMi OHY HCIONb3YOTCH
KaK IIpy ofpe/ie/ieHii BO3pacTa, Tak U Npu UCCJe/IOBAHIM NPOMCXOKIBHUS OO
M NpOLECCOoB, B HHX NPOTEKAlLMX.

CTABM/IBHBE U30TOMb

XumMiueckue cBOACTBA 2JEMEHTOB ONpefieaioTca X aTOMHIIM HOMEDOM, M03To«
My XMMUYECKOe ToBe/leHHe Das3Ju4HbIX U30TOMOB O/HOro i TOrO Xe 3JeMEeHTa NMOYTH
uaenTuuHo. OHAKO UMEKTCS oyeHb Malble pa3Juuusl, CBA3AHHbIE UCKIIOUUTENbHO C
PAsIMYMAMM B MACCAX. ITH Pasinyus 3HAUMTENbHBI TOIBKO Y M30TONOB Hauboee Jer-
KMX 9JEeMEHTOB, ¥ KOTOPHIX PasHUIA B MAaccax cocTaBJfeT 3aMeTHYK [0/ 0T CyM=-
mapHoi Macchl aToma. Pasinuuns B Maccax BRISBIBAIOT B NPUPOIHBIX YCJIOBMAX 430+
monnoe i pakyuonuposarue. Ppakunonuposanuenm ABaseTcs Joboi nporecc, KOTOpBIit
MPUBOUT K N3MEHEHUI0 COOTHOWEHNS H30TOIOB B OT/AENbHBIX (a3aX MM peruonax.
Hanpumep, oTHomenne %0 /180 B pox/eBofi Bofe OTIMYAETCH OT STOrO OTHOWEHHS
B BOJe OKeaHa, a OHO B CBOI oyepe/lb OTJHYAETCA OT aHaJOrMUYHOrO OTHOWEHUS B
kapbOHATHBIX paKOBMHAX, 00pasylUMXCA B OKeaHe.

Ornomenue 80/ 'S0 p npupoge B cpefuem cocrasiger okodo 1: 500, Mcnoab3o-
BaTh abCOJIOTHBIE M30TOMHBIE OTHOWEHUN He oYeHb y/JA00HO, MO3TOMY BMECTO HHX
MCTOAB3Y T YCAOBHbI 3nak § (leabra). [na kucaopoaa, Hanpumep, 520 onpepes~



378 Mnaga 15

eTcs ypacHeHHeM
{130-/ lE'O)oﬁpaae:.g - (#0/ 1ﬁo)cnam:;apr

(130/ 160)

5180 = - 1000,

cTaHnapT

rae §180 — oTHOCHTe/BbHOE OTKJOHEeHue (B NpoMuiie, /o ) OTHOLIEHUS U3OTONOB

B npobe oT uX oTHowenus B cranjapre. Jas O HOpMaJbHLIM CTaHAAPTOM ABASETCH
craHfapT cpedHeokeanuueckoit Boas SMOW 1. [lpakTuuecku B kaxoit 1abopaTopuu
umeeTcA cBol cobcTBenHbI cranfapT uim Habop craniapTos, NPUBEJEHHBIX B COOT-
BeTcTBHe co Wwkaoi SMOW. B npouecce usMepeHuii npousBOAAT Npy NOMOLIM MACC-
CTIeKTpOMeTpa CpaBHeHue u3oronnoro orwowenus 0/ 160 npob 1 Jaboparopuoro
cTaHjapra M pesyJbTaThi nepeBoaaT B wkany SMOW. Mzoronsl kncaopoga kapbonar-
HBIX MHHEpaJoB BblpaxaioT obeiuno B wkale PDB, srajonom koropo# ABasercs He
SMOW, a mopckoit kaapuut (6enemuut u3 bopmaipu [u=/lu, Wxuas Kapoauna). lka-
Ja PDB fna B0 cejtuac ncnoib3yeTcs TOJBKO B NaJeOKIMMATHIECKUX HCCAe/0Ba-
Husix, Ornowenns ¥C/2C oBo3uavaiorcs cuvBosom §13C, crangaprom cayxur PDB
KallblTa, a oTHOWERMA S /325 oBo3HAYAIOTCA CHMBOJOM 534S (cTaHIapTOM B 5TOM
cJayyae CJyXUT cepa TpouauTa U3 Mereopura Kanbon-/laiibio).

Mpoueccs! HpakynoHupoBanuA. PpakinoHupoBanie MOXET BbI3bIBATHCH XUMI~
YecKuMHU Mpolleccamy, TaKUMHU, KK peakiua mMexly Teep/loil dasoit 1 pacTBOpoM,
nan Gu3MUECKUMK Npolleccami, nofodubiMU Henapenuio u uddy3un. Buosormueckue
npoliecchl MOXHO PACCMaTpUBATh KaK 0COObIe NPOABJEHUS XUMUUECKUX 1 hU3Nyec-
KX NpOLECCOoB.

Pasnogecnvie Tumuveckue npoyecco. Pacemorpum obmern B0 mexay Bofiolt u
okucbio yraepoda (CO B3sTa pau NpoCTOTH; Te Ke NPUHIMILI npuMennmsl k CO, u
CaCO,):

H,*0 + C*¥0 - H,'"0 + C*0,

a .
K g clo “Hzmo
paBH = . (15.1)
8 150" aH2‘30

TlockoabKy KO3 ®UIMEHTR aKTHBHOCTH A5 KAXA0I0 W30TONA OIMHAKOBBI, TO

(150/ lﬁo)c 0
Kpaan il A ) (15.2)
18 16
(12090 H,0
rie KmmH HasviBaercs gaxmopom @paxyuonuposanus  oOBIUHO U3OBPAKAETCH CH-

1
SMOW — akpouum, cocTaBnenHbif W3 nepBbix BYKB NOHATHA "cTanfapTHaA cpeaHAR
OKeaHW4YecKan BOAa" Npu ero HanMCaHuu Ha aHrNUACKOM A3biKe,
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BoJOM a. Kor/ia pearnpyioue BellecTBa WK NPOAYKTH PeaKijii ColepKar Soabie
O/IHOT0 ATOMa KHCAOpOfia (HanpuMep, COZ), Kpaa" MOXHO 3allUCATDb NOo~PasHOMY.
PakTop PpaKUMOHNPOBAHNA @ — DTO BCEr/a U3OTONHOE OTHOMIEHHE B O/HOM COeM-
HenyH, JeJeHHOe Ha 3TO Xe U30TONHOe OTHOUIEHHE B APYTOM COe/MHEH!H,

Eci XUMHIeCKoe NoBeleHue [ABYX H30TOINOB MAERTHUHO, 3Hauenne AG® B ypaB-
wenuu (15.1) GyfeT paBHO HYNIO, @ a — ©AMHULE. Ofnako B CBA3M C TEM, UTO SHEp-
run KoJebauuit MOJIeKyl KBanToBakbl, sHepriua cesidn C — 80 HecKoabKO oT/ya:
ercs ot sHepruy cBasu C— 160, a sneprus caasu H —*%0 ormuaercs or sHepriu
ceasu H — 190, Pasanune snepruii ceasu C —0 HECKOJBKO MeHblue, 4eM SHeprih
ceasu H —0, 1, ciefoBarelbHo, obuias cobojHas SHePria cMCTeMbl MUHMMAIbHA,
xorza orromenne 20/ 0 B CO necko.bko Bhilre, yem B H,0. IT0 03Havaer, 4To
A G° B ypaBuernm (15.1) umeer HeOoJbluy 0 OTPUUATEBHYIO BEJUUHHY, & o HECKOJIb~
K0 GoJblle eaMHub! (475 mapbl kaabuur — Boja npu 25°C « = 1,028). Takum obpa-
30M, Korga CO (11 KaJblMT) HAXO[MTCS B W3OTONHOM PABHOBECHH C Bozoit, CO
(n4 KaJbuT) Hemuoro oforamena 80 no cpasHeHHIO © BOMIOH MM, UCTIOAB3YS
0ObIUHbI KaproH, H30TONHO Tikenee. [Ipi BospacTanuy TeMnepaTypbl BeMdIHA o
Beex peakuuit u3oTonHoro obMena npubdankaeTcs K eMHUIE, T.e. dpakuporpoBa-
Hife YBeIMUUBAETCH NPY CHIDKEHUH TeMNepaTypbl.

Mpyu ucnoab3obanm obosnavenus 5 ypastenue (15.2) (B CBA3M C TeM, UTO «
6au3ka K emuuutle) npuobperaeTt BUl

5180: :5"‘0H:0 + A, (15.3)

rae A= 1000 ln « = (1 —«) - 1000. [1pu Bo3pacTanuyu Temneparypbi Bejuunta A
npubawxaeTcs K Hy 10, XoTd B IPUHIMIE o U A MOTYT ObITb BHIUKC/I@HEI METOAAMU
craTueTuueckoi mMexanuky [ 371, owmbku pacyera fenaiwT 9TOT NyTh DecnolesHbIM,
PakTopsl GPaKUMOHKPOBAKNS, UCTIOIb3YEMbIE B TEOXUMIH, ONPe/IeJSOTCA IKCMepuMer
TaJbHO UM BEIYMCASIOTCS N0 JAHHBIM, OTHOCAUMMCS K MPUPOJHBIM CHCTEMAM, KOTOpblE
10 NpeAnoaoKennio HaXoAATCsA B W30TONHOM PaBHOBECHH. YpaBHeuue (15.3) asasercs
0CHOBOI NPUMEHEHHA H30TOINOB Jif U3MepeHns TemnepaTyp (obeykAaemMoro Huxe

B 9T0# raase). Ecau u30TONHbE COCTABB! ABYX COCYUECTBYIONMX COeMMHe ! u3=
BECTHBI, TO MOKHO BHIUMCJMTE 3HAueHHe A u oleHnTb Temnepatypy [ 1131, npu ko~
Topoii dpaKLMOnMpPOBAHIKe MEXKAY ABYMA coe/MHeHuaAMH Oy/leT HMETh BeJMuMHY,
paBHy 0 HalileHHOMY 3HauYeHuto A.

Hepasnosecuvie Tumudeckue npoyeccesi, Boille npenoaraioch, 4To Mex iy
paccMaTpuBaeMbliMu coe/IMHeHUAMM CylleCTBYeT U30TONHOE PABHOBECHE. 310
00bIyHO CTIPABeIMBO A4S 0Ca/KOB, BbINAJAOLIMX U3 PACTBOPA KaK MPOAYKThI HEOp
raHMyecKux TMpoLeccoB, HO YACTO He onpaBiblBaeTCH A peakiunil, BKIYaommx
fyoJornueckine cucTembl. Kora pasHoBecue oTCyTCTBYET, Npolect (pakiuoHu=
pOBaHMs U3OTONOB HASBIBAETCH KumemuyeckuM usomonnvim sfgexmom, CyumocTs
370ro sddexra 3aKauaeTcA B cAelyloueM: cuila XuMUYeckol UBA3H, H3Mepsemas
sneprueft, koTopas fo/kHa ObiTh 3aTpayeHa s paspbiBa CBA3M, Y PASHBIX U30TC-
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MOB pas./MyHa U3-3a pasiuuus cnocobos kosedanus mosexy . B CO,,nanpuvep,
ceasb 2C -0 cuaabee, yuem ca3p 13C —0 (2C spaserca oOLIYHBIM M30TONOM
yraepoia; ¥C — crabuabtbifi #30ToN, O/IMH ATOM KOTOPOro NPUXOUTCS B cpell-
Hem Ha 90 atomos '2C). B xumuueckoii peakimu, B Xo/ie koTopoit paspbiBaertcs
ceas3p C — O (nanpumep, B npoliecce GoTOCHHTE3A), SHEPrist akTHBAL (K. 6)
Beell peakimu onpefieseTcs riaBHbiM obpasom SHeprued, HeooxXoMuMoi Aas pag-
puisa caA3n C — 0. CiegopaTelbHo, SHEpris akTHBAIMA Peaklyi HUKe /115 CBfr
3eit C ~0, uem as ceaseit **C —0. Ckopocrb peaxunu cssana c JHepriel k-
TUBALMK ypaBuennem Appemnyca (ypasietue (6.3)):

)e

SHepruA akTHBauHH

RT

ckopocTe=A - exp (—

Takum obpasom, Moseky bl co cBa3sMH 12C _ 0 GyayT pearuposaTtb GnicTpee,
ueM co cpasamu G — 0. Opramnueckue euecTsa, NPOU3BO/UMBIE B Tpoliecce
thorocuntesa, Gyayr oborauens 2C (r.e. Oy/yT U30TONMMYECKH Jerye) Mo cpaBhes
Huio ¢ ux ucrounmkom CO, . Hanpimep, B okeanax pacTBopenHbie dopmer CO, nme-
101 §B3C = 0%%0, Torma kak MOPCKOe OpraHiueckoe BelllecTBO (MIaBHbM 0bpas
30M hMTONJAHKTOH) XapakTepusyercs Beuuntoit 53C okono — 20 °%,. Kunerus
UecKuil u30ToNHbI sddekT Hanbolee BakeH B peakiMAX, BKINYAIOWMX U30TOIHOE
(pakuMOHMpOBAHME YIIepoja i Cepbl, XMMHA KOTOPBIX NpU HUIKUX TeMIepaTypax
onpejiendercs Guosornueckumu npotleccamu. Hanpasaenne sddekra sceraa rako-
BO, 4TO MPUBOJMT K OGOrallleHnio JeTKMMM H30TONAMM NPO/YKTOB peakiiuy, Torja
KaK Beduduna shdexra moxer ObiTh pasmmusoil, B paBHosechbIx nponeccax tdpax-
UMOHNPOBAHME M30TONOB MEKAY ABYMSA COe[MHEHNSIMU DU JaHHOH Temnepatype
SBJACTCHA MOCTOAHHBIM, B HEPABHOBECHBIX NPOLECCAX CTelleHb (paKIMORMPOBaNHs
MOXET 3aBUCETb OT CKOPOCTH peaKiyu, TeMnepaTypsl u Apyrux GakTopos cpefbl,

Quauvecxue npoyeces. DpakUMOHNPOBAHME HIOTONOB MOKET BbI3bIBATHCA U
husnuecknmn npoteccami. Haubosee BakHbIM U3 HuX B NPUPOJHBIX YCJIOBUAX
ABAAETCSA (PAKUMOHMPOBAHME MEX/Y XUAKOCTBIO M MAPOM MpH UCTIADEHMH U KOH~
Aencawn. [laBienne napa Bojbl, cofepkatieil jerkue M30Toms (*H u 160), BHIIIE,
eM BO/bl, cofiepkaiei GoJee Taxelble H30TONb — Aefirepuii (D) u BQ, Koraa
AWAKAR BOJA HAXOMMTCA B COCTOSHAM PABHOBECHA CO CBOMM NAPOM, MOCJ]eIHui
usoTOmMYECKy Nerye kak B otowerun D/H, tak u %0/ 0, uem xmuaxocts, u,
ClIe[loBaTebHo, nap B arMochepe U30TOMMYECKH Jerie, YeM BOJA B OKeaHe.

Ecam ucnapeune nporekaer 6uictpo, paKIMORKPOBaHKE MEX/TY KHIKOCTBIO 1
f1apoM Bhbllle, YeM B paBHOBECHBIX yC.10B#sX. [Tpuumnoii kuneTmueckoro abdexra
ABJAIOTCA, BEPOATHO, PASIMUHbIe CKOPOCTH M(OY3UM JErKuX i TAKEAbIX H30TONOB
K noBepxuocTH xugxoctu [ 75 ].

180,10 u D/H. OcroBHBIMI CTaBHIbABIMI W30TONAMU KMCJI0pO/a ABIAIOTCS
%0 u 80, a Bonopoaa — *H(nporuii) ’H, HasbiBaembiil nefiepiem u oBBIuHO
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oBo3nayaembiil cumsoaom D. B ruapocgepe conepasres npumepto 1 arom D na
6700 aromon H. O Tpurun 3H (pa/uoakTusHoM u3oTorne Bo/0pojia) peub noler
HUXKe, B CONTBETCTBYOIIEM pasfele.,

WzoTonnbrit cocTaB MOPCKOH BOMIbI 1O OMpe/ieIeHnio WKabl SVMOW xapaxTepu-
3yeTcsi Hy ICERMU BeauiHamMu 5180 u 5D. BapbupoBanue ux B Oxeauc HesHaun-
TeJbHO, 3a UCKII0UeHneM MeCT G GObLINMH TPUTOKAMH MpecHoil BO/bi,

H emounux 600, Koria Bojiasoit nap obpasyeTcs Npu MCTAPeHuH MOPCKOi Bo-
Ibi, OH UMEET M30TolHbli cocTas okoao — 80 ° /o nas 8D u okodo — 9%, A
§ %0, ®paxIOHUPOBAHIE HEMHOTO BO3DACTHET, KOr/Ad HCIIApeHie MPOUCXOANT
Mpy HU3KUX Temreparypax. [Ipu KOH/CHCAIU BOARKOI0 Napa B 0K /eBYI0 BOAY
(pakumMoHupoBante uMeeT obpaTHoe HAMpAB.EHNE, T.L. NPOTEKAeT ¢ obpa3osanueM
KUIKoCTH u3oTOMMuecku Goee Takelnol, yem nap. Takum obpasom, B HaYae
Nlox/d, 06pa3oBaBIIEr0GA U3 APOB BObl OKeana, ero M30TOMHBIA COCTAB COOTBET«
cteyer BeduuyHan 5D u 5180, GIM3KUM K HYJI0, TAK KAK thpak LMOHUpPOBAHYE B
1poliecce HCNAPEeHs MOYTH B TOYHOCTH COOTBETCTBYET obpaTHOMYy (pak LMOHUPO-
BAHMIO MIPY KOH/IGHCAIMMN,.

Ho ecam foxab ¢ 8'%0 = 0°/,, obpasyeTcs u3 napos, umewuwux 580 -

= — 90, To 180 ponken celeKTHBHO yAakstbes u3 dasw napa. [lpn nocienyio-
ilem BhinafeHn 1oxAa 5180 napa 6yper npuobperaTh Bee Goabwme — no abeonwor-
1Ol BelMuMHe — OTpUliaTelbHble 3Hayehns, B CBsi3HM C TeM, YTO pasinune Mexay
napoM ¥ 10X AeBoi Bofloft Bce BpeM#A 0CTAeTCs Ha ypPOBHE OKOJO 9°/00 , DOXKAb CO
speMetiem OyleT Bce GoJee JErKUM B OTHOWCHUU 5180, AxanornusbiM obpasom
ueT GpakKUMOHMPOBAHUE M3OTONOB BOLOPO/, [03TOMY AOKAb CTAHOBUTCA NOCTE-
[eHHO Bee Bojee AerkuM Kak B oTHomenuu 8D, rak u §'80 no mMepe ynanenus ot
CROBIO OKeaHCKoro ueTounuka. Bemunnp 5D u 520 B armMocepHbX ocalkax i,
ClleNlopaTelbHO, B MPECHBIX BOAX OOBIHO paclofaranTcs BO.AU3M NPAMOA IMHUK
5D = 8580 + 10, nokasanxoii va puc. 15.1. [lonoxenne ToukH, COOTBETCTBY oIl
KOHKPETHOMY JI0K/I0, OTHOCHTENbHO STON JMHUA (Aunuu Memeopusia 600), 3ABUCUT
rJaBHbIM 06pa30M OT KOM4YecTBA OCa/KOoB, KOTOPHIE BHITAM CO BPEMeHH, KOraa
BO3/IylIHAS Macca MOKMHYJa OKeaH, 10 BpeMeHH [JaHHOr0 JI0K A, B obuewm,

10X b cTaHoBuTCS Bee Jerue no D u 5180 no mepe yjanenus oT nobepexbi B
ray6b cTpansl (puc. 15.2) 1 OT 3KBaTOpa B HANPABJEHUN K [10JI0CAM. Wsoromy=
yecky Hanbolee Jerkue aTMochepHbie ocalky NPUYPOUEHB K NOJIOCAM, TaKk Kak
[oYTH BCe NAph BO/bl, IEPBOHAUANBHO HAXOAMBIIKECS B BO3/yXe, Oblat y/aeHb!

B BuJle 0CA/IKOB paHbllie, YeM BO3/yX AOCTHI MOJSPHbIX paioHOB.

Jlast uieHTHGMKALMM BEPOATHONO UCTOUHMKA MOA3EMHBIX BOJI MOXHO MCTOb-
308aTh Aanspe o 5D u 580 B coueranuu ¢ puc. 15.1. Tlpu nuskux Temnepary -
pax Ha BeanuuHy 5D 0OBIUHO He BIMAT PEaKIyy C BeWecTBOM BOAOHOCHOMO ro-
pusonTa. B cBoio ouepenp na 580 npu HU3KMX TeMMepaTypax He BAMAKT peaxluu
C CHIMKATaMK B TeUeHue KOPOTKMX NepuoloB BpeMenn (Mexee 1 MIH. 7eT), HO
obmet ¢ CaCO, u3BECTHAKOB MOXKET BHI3BATH 3HAUNTENbHDI C/BUM Be UMK
5180 B cropony yraxeaenus [66 1. ClefoBarenbio, eciu TOUKa, 0TODpaKAILAH
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P u c. 15.1, Uamenenun KOHUeHTpauui AedtepuA u B0 g peKax, o3epax, AOXAeBbiX BoAax
u B cHery (no Kpefiry [ 74 ).

N30TOIHbIM COLTEB HEKOH NOA3eMHOM BOAB, HAXOIMTCH BOAM3M JNMHUK MEeTeOpHbIX
B0/ (pucC. 15.1) 1 0pu 9TOM B NOJNOKEHMH, AHAIOTMYHOM MOJOKEHUIO TOUKH 5
COBpeMeHHbBIX aTMOCHEepHBIX 0ca/KoB B JAHHOM pafioHe, To BOJA MOYTH onpeje.ieH=
HO UMeeT MEeTeOpHOe Npoucxoxetiue, e ona nveer Ty ke Beauunny 5D, uto
1 MECTHBIE 0CA/KH, HO HECKOJIBKO TsKeJiee 10 oTHOmeH k § 80, To Boaa, BeposT-
10, METEOPHAR 10 NPOUCXOKACHUI, HO M3MeHeHa OAAroapsa OUMEHY C KaJbLUTOM.
W nakonen, ecam Touka, oTBeuawmas Hccielyemoit Boje Ha rpaduke, pacnoia-
raercs BOIM3Y TOUKM [I1S MOPCKOI BOJIbl, @ N0CJAe/HAL HAXOMUTCA BAMM OT TOYEK,
0TOOpaKalonX MecTHbIe 0CaKK, TO OHA HE MOXEeT PACCMATPUBATBCH KAaK MeTe
OpHas 1, BO3MOXHO, ABIAETCA KOHHETHOM. B cBA3M ¢ nepemMellennemM KauMaTuiecs
Kux 30H ocakn Bo Bpems mieiictouera (ot 10000 mo 2 000 000 et nasan) u B
TPEeTHYHBIA NEPUO/1 (Bpemsa Mepe MeiCToeHoM) OTIMYAMCH KIMYECKH 110 H30-
TONHOMY COCTaBY OT coBpemeHnbiX. Takum obpasom, H30TONBI MOTYT NOKA3LIBAT,
4TO MCCe/lyemasi BOJa 10 MPOMCXOK IGHNI0 MeTeopHzs, Ho o0pas’oBajiach B reoJo-
"'MYeCKOoM TIPOouLJIOM .

Xora 30TONHBIA COCTAB OCAAKOB ONpe/eJenHoro paiiota NpUMEpHO NOCTOos:
HeH, OH Bapbupyer M0 Ce30HAM M B PASHBLIX JUBHEBHIX JOXIAX. [Ipuunasl us3mene-
Hi CBA3AHBL C pasIMUHON MCTOpKEH BOBZYIIHBIX Macc, C HeO/[MHAKOBBIMK TeMIle-
paTypamu aTMocdepsl U ¢ pasHOit CTeNeHbI0 MenaneHus JOXAEBbIX Kanedb BO
BpeMms# MX Najlenns. IT0 BApbUPOBAHUE MOKHO UCIOAb30BATE /s MAEHTUDUKA K
ce3oHa Hauboabuero NUTAHKA NOA3EMHDBIX BO/, X OHO GbLIO HCMOAb30BAHO AN
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o« H
© yc.15.2. WU30NMHUM KOHUEHTpauuu 5D u cooTBeTcTBYloWKX 3nadeHnit 5180 ( B ckobkax)
MeTeopHbiX Bofax CeBepHoll AMEpHKH (Mo AanHBIM W3 paboTsi Wennappa v ap. [ 301 ).

BbifBJEHIA HCTOYHUKA OBEPXHOCTHOIO CTOKA, CBA3AHHOIO C OT/leAbHbIMU JIMB«
HAMM.

[pn n3yuenun BofocOboproro dananca peku Yuicon-Kpuk B Manurobe (Ka-
Haga) ®pit u ap. [ 115] yeranosuin, 4To MecTHble MOA3EMHbIE BO/bI U MeXeHHbI
crok pexu umelr 520 = — 14,5°%,, . B asrycre 1973 r. npoume. JuBeHb, N30
TONHBI COCTAB KOTOPOro Obla 6m30K kK — 19°/00 « [I3Menenne HM30TONHOMO COC-
TasBa BOJ [I0BEPXHOCTHONO CTOKA BO BPEMS JMBHA Moka3aHo Ha puc. 15.3. Ito
M3MeHEeHUe MOXHO N300pasuTh B BUE MOJe/M cMellelns, B KOTOpOoi CTOK pacemar-
puBaeTcs kak cMech AoxJeBoil Bobt (50 = —19°/0 ) u Bo/pl, HaXoMMBlIEHCS B
bacceline no ausnsa (6§80 = —14,5° /00 ). Ha ocnose sroro npeanonoxenns Obiio
Hajileno, YTO CTOK BO BPeMs JIMBHA COCTOAN B OCHOBHOM U3 AOJMBHEBOH BOpbI
(puc. 15.4), a ne u3 Boawl, NOCTyNUBIIElH B Hacceiln B xone ausus. [TonobHyo MHbOP-
Matpio TPY/AHO NOJYYUTb C MOMOLWbBI0 (M3MUeCcKUX u3Mepenuit, Torza kaxk 580, ap-
JsOIBCA CBOMCTBOM CamMoit Bojibl, MOXIO MHTEpIPETHPOBATh C MeHblell Heonpe/e-
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P u c. 15.3. H3meHeHHe KonuuecTBa 0CAAKOB (CAMaR HWKHAR KPUBaA ), pacxopa BOAbLI U
580 B NOBEPXHOCTHOM CTOKE BO BPEeMA NUBHA B Bofoc6opHoM GacceiHe peku Yuncou-Kpuk (no ®puuy

wpp. [115]).
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500 CyMmapHbii pacxof pyubA
(pacxofl y NNOTHHbI)

400
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c
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P uc, 15.4. Ctok YuUncoH-KpuK, pacuneHeHHsI# Ha [OXAeBYI0 BOaY M AONMBHEBOW CTOK No
AannbM no 180, MYHKTUPHAA MMHKA NOKA3bLIBAET, KaK CKa3bliBaIOTCA PasNMuHLIe NMpeanonoxe-
HUA 06 U30TONHOM COCTaBe AONWBHEBOH Bodkl (N0 Ppuuy u ap. [115]).

JIeHHOCTbI0, YeM KOHUEHTPALMM OT/JeJbHeIX PACTBOPEHHbIX BEIIeCTB, UCTOUHMK
KOTOPhLIX He Bnoaxe ficed. VlurepecHo, 4To BHIBOA U3 3TOMO UCCIEA0BAHUA: OCHOB=
Haf Macca JIMBHeBOI'0 TIOBePXHOCTHOI'O CTOKA — He JoX[eBas Bola, cTexkaluas
1o MOBEPXHOCTH 3eMJi, — aHajoruueH soiBofly Kennem u Manbkoasma [200],
cllelaHHoOMY TO JIlaHHBIM XMMMUYECKUX ucclefoBanuii (ri. 8).

Bo MHOIMX TepMalbHBIX (ropaunx ) BOfaX Colepkanue JeHTepus Takoe xe, Kak
B MeCTHBIX ocajlkax, Torfa kak &80 rsxelee, uem B ocaikax (puc. 15.5). Ilo
ITUM [aHHBIM MOKHO ClIeJaTh BHIBOJ, YTO BO/IbI MMEKT METEOPHOe NMPOUCXOXKAeHNne,
Ho ux 580 caBUHYT BCJIEACTBYHE M30OTONHOMO oOmena ¢ nopogamu. [lpuunna capura
580, a ne 8D cOCTOMT B TOM, 4TO NMOPOAbI COAEPKAT MHOIO KMCJAOPOJA U OYeHb
Malo BoZopoaa. B BoaoHaceimentoi nopose 509 ~ (uaun Gojee) Bcero kucaopoaa
CHCTeMbl HaXO/MTCS B Camoii nopofie, a NOYTH BECh BO/IOPOJL CUCTEMBI — B BOJle.
B peakiyu u3orondoro obMena obilas Macea Kax/ioro M30TONA OCTAETCA HEM3MEeH-
Hojt. B reotepmalbHoil cucTeme HexoTopoe Koanyectso 180 nepexouT 13 nopofs
B BOJIy, @ HeKoTopoe KoyecTso 0 — 3 Boaw B noposy. [Topoaa cranosuTes
M30TONUUECKH Jerde, a Bojla — N30Tomnuecky Tsxeleil. OHako B nopose Tak maso
BOJIOPO/A, UTO HUKaKKue n3meHnenus 5D nopoasl He MoryT ObITh IOCTATOYHO 3HA-
unTebHbiMK, 4T0Ob! chajancHpoBaTh cylecTBentoe u3menenne 5D Boawl. Kaefiron
u ap. [66] va ochoBaHuy ana OrHUHBIX PACCYK ACHUA NPUIIM K 3AKAOUEHHIO, 4TO
BO/la pacco/loB HEKOTOPbIX HedsibX MEeCTOPOX AeHHH UMEeeT MeTeopHoe Nponcs
xoxzenne. Bemuuns nx 8D Gpian cxonpst ¢ 5D coBpeMeHHBIX (B HEKOTOPHIX Cly=
yasXx eicTOUeHOBbIX) NOBEPXHOCTHBIX BOJ PaiioHOB 9TUX MECTOPOX/EHH!i, a Be/u-
unnbl 5180 o0blunO TAKENeE, YEM COBPEMEHHBIE [I0BEPXHOCTHBIE BO/b! YKd3aH-

HbIX paﬁonoa, YTO MHTEPIPeTHPOBAIOCH KaK pes3yabTaT U30TOIHOro obmena c
KaJbIIMTOM HU3BECTHAKOB,

<o='18
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5'%0
P W c. 15.5. 3HauenuA 5D u 580 B obpasuax TepmanbHbiX (CBETNbIE KPYXKM) U MECTHBIX
METEOPHLIX BOf (TEMHbIE KPYXKH) PRAA pafioHos (no 3nnucy u Maxony [101]).

Bsaumodeicmsue 600a — nopoda. Bolie ylHOMUHAIOCH, UTO B3anMoeicT-
Bie Mexy MeTeopHoii BoAoi U U3BeCTHAKOM 00bIYHO BbI3BIBAET yBeMUEHUe
5180 Bo/bl. V3BecTHAKK QOPMUPOBAIUCH, KK MPABUJIO, B YCIOBUIX NPUOMBUTE b
HOrO 30TOIMHOrO PABHOBECHA C MOPCKO Bo/oit npyu Temneparypax minke 20°C.
Mereopubie Bobl uMelor 580 Hike, uem Mopckas BOJa, & TEMIEPATY pbl BOJI0>
HOCHBIX TOPUB0OHTOB YACTO MPEBbIAKT NepBoHAYalbHY0 TeMnepaTypy obpaso-
BaHMA M3BeCTHsAKA., B pesyabrare pasuuip 8 §¥0 u Temneparypbl NepekpucTa-
JU3ALMA KAJIbLUUTA B BOJOHOCHOM NOpU30HTE NpUBOMT K Nepexoy 60 B xanbuur,
a 80 B BoAy. Beanunua capura 520 Bobl 3aBHCHT NOMUMO TeMnepaTypbl U nep-
BOHAYaNbHOrO M30TOMHOrC cocTaBa OT COOTHOLEHWS Macc BO[bl U peaKuMOHH()“
cnocobHoro Kajbimra. Ecam Boa ABMXeTCH 110 BOIOHOCHOMY Topu30HTY GhicTpo,
T0 5¢QdeKTHBHOE COOTHOUEHHE BO/bI H KaabluTa Oy/leT, No-BUIMMOMY, BLICOKUM,
nostoMy casur 5' O Boapl goaxen Obith Huskum, W naobopor, ecan Boda nouTH
Heno/IBIkHA, 3¢ QeKTHBHOE OTHOWEHHe BO/a,/ opoa OyleT HU3KNM, @ N30T ONHbIi
casur 0 Bofibl, BepoaTHo, Dolee 3HAUUTEILHBIM

Koraa u3oTonublii 06MeH NPOHCXOUT MEeX/ly CHIMKATAMK 1 BOJIOA NP HU3-
KHX TemIlepaTypax, BMECTO NepeKpucTalIM3alMy BaxHoe 3HaueHue npuodperaer
lipespalliesue ofiHoi TBep/oit dassl B Apyryio. Paccmorpum BOAY B NOpax Mopoibl,
cofepxatieit B cBoeM cocrase nojesoit umar. Ecim nosesoil wnar e nojsepraers
Cst UBMEHeHHI0, 5180 pom Takxke He nsMensercs. B Tom cayuae, Korfia ot npess
pamaercs B MJIMHUCTBIA MUHepad, noceuuit GopMupyeTca npu Haluuuu U30TOm=
HOI'O PABHOBECHS C BOJIOH, a 9T0 BJeuer 3a coboii casur 5§20 Bojbl, Bemnuuny
9TOr0 C/IBMMA MHOI/JA MOXKHO MCTIONB30BATH [JIsl OLeHKH MoJHOTH peaximu, Ha-
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50 no wkane SMOW, %o
P uc. 15,8, 5%0 nopossix Bog co cTaHuuu 323 MNpoekTa rny6OKOBOAHOrD MOPCKOro Gype-
HUA, O6Wee CHUKeHWe aHauenun 580 (nnowafs MeXAY KpUBOH W NWHWeH rnybuHHOW Boab!
THX0ro oKeaHa) MOXHO MCNONb30BaTh ANA OUEHKW UMEBLWEH MecTo peakuu (no Nopewcy
wap. [220]).

npumep, B KepHe ocalka, oTobpantoro no [lpoek iy riayBoKuso/HOr0 MOPCKOro
Oypennus BOM3u AHTAPKTHIDBL, 5% O NOpoBbiX BOJ cHWkKajach ¢ raybuHoi (puc. 15.6).
Jlopetic u Ap. [220] nokasam, 4To 910 obelnenne ObLIO CBA3AHO C NpeBpaleHHEM
ByJKanudeckoro Martepuana (520 or + 6 a0 + 10°/c ) B cMekTHT (5180 0T + 20

R0+ 25°/00 ) M uTO M3MeEHEHUE ByKAHOPEHHOIO OCHOBAHMS OCAKOB BHECO CBOK
flofio B CHKerre 80 nopopbiX BO/L.

B 30Hax BbiBeTpUBAHUS OTHOMEHME MACCHI BObl K M3MEHeHHOi 1opo/e oBsIuHO
BeJMKo (oA Maccoli BOAbI B 9TOM KOHTEKCTE NOHMMAETCH CYyMMApPHOE KOMHUeCTBO
BO/IbI, NPOTEKAKLEN yepe3 30Hy BhIBETPUBAHUSA, a He ee KOJMUECTBO B JAHHBIA MO«
MEHT), NO3TOMY [JMHMCTbie MUHEPAJbl M MHAPOOKHUCIL, 00pasyiuecs B npouec-
Ce BbIBETPUBAHUSA, OOBINHO HAXOASITCH B U3OTONHOM PABHOBECHM C MECTHOH MeTeop-
Hoil Bojoit [ 219 1.
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¥ zomonnad 1eomepmomempus, Koraa fsa KUCIOpPO/JCOepKaluX COeIMHEeH!s
HAXOIATCH B M30TOMHOM PABHOBECHM, (QPAKIMOHKPOBAHUE Mex /Iy HUMM (A) smaserci
TOJbKO QyHKUMEH Temneparypbi:

5180, =820_ ;4.

Ecan A u B — 1Ba Musepana, KoTopele 00pa30Ba/mch COBMECTHO B yCJOBUAX U30-
TONHOr'O PABHOBECHA M €CJM HU OJMH U3 HUX HE MOABEpralici nocJe/youemMy n3os
TonHomy oOMeHy, TO u3mepetne 580, 1§80, no3ponser onpele T PABHOBEC~
Hy10 Temnepatypy. [pu 3ToM He HYXHO HUYEro 3HATh 0 duioiie, U3 KoTopore oGpas
30BAMMCH MUHEPA bl

B HM3KOTEMIEpaTypHbIX Cpejax (IOYBbl, OKeaHnbl, OObIYHbIE BOJAOHOCHBIE TOpit-
3OHTHI) ONIHORNAMEHHOe oDpa3oBanue ABYX MMHEPAOB B yCJAOBMAX M30TOMHOIO X
‘pasuosecm — sABJenue peakoe, Haubonee yacto obpasywumMmes MUHEPATOM 5Be
AseTcs KaabiuT. [Ipy HeoprammuecKoM ocaXeH Kanbiyrr 0ObIYHO HAXOMTCA B H3OTOM=
HOM paBHOBECHM C PACTBOPOM. Korjla oH ocax/JaeTcs OpraHM3Mamiu, OH MHOT A
MOXeT HAXO[UThCH B PABHOBECUM C PACTBOPOM, @ B ApYIuX ClyyafX HET — B 3a-
BHCUMOCTH OT (U3MONOrNK OPranu3MoB, YUacTBy OIMX B 9ToM npouecce. Kapbo-
HaTbl, 06pasyiolMe paKoBMHBI, BKJIOYANTCH, KK MPABKIO, B HU3KHOJIOTHUECKUE
npouecchl paHblie, YeM OHM OCax[1alOTCH B BM[E KaJblIUTa, [I03TOMY HE yIUBU~
TeJbHO, YTO CAMM 3TH MPOLECCH MHOM/A BbI3bIBAKT (GpakuuoHUpoBaHie.,

Korfa xaablur ocax/JaeTcs B OKeaHe, OJHOBPEMEHHO C HUM HEe MPOUCXOIUT
OC&X JeHUs COIY TCTBY WILMX MUHEPaJOB, HAXOAAWMXCA B U30TOMNHOM PABHOBECHY
¢ Toit Xe camoil BO/I0# (NONLITKM MCMOJIb30BATH B KAYECTBE BTOPOI0 MMHEpAJA
KpemHe3eM 1 docarsl okasamch Gesycnemnsivi). Boabuoe uncno "naseoreme-
parypubix" uamepenuii Obiio c/lesaHo Ha ocHose onpefenenns 580 peBHux Kab-
LWATOBBIX PAKOBMH (O[HA $asa) u npeanosaraeMoi Beuutbl & 80 MOPCKO#l BO/Ibl
(npyras dasa). Ha sToii ocHoBe Obliy 0MyO0JIMKOBAHBI KPUBBIE, MOKA3bIBAIOLINE
M3MEHeHUs TeMIIepaTypbl OKeaHa Ha NPOTAKEHUM JeCATKOB MUJLIMOHOB JeT,

OcHoBHOl HCTOYHUK HEONpPeJEeNeHHOCTH B 9TOM MOJIX0/e — U30TONHLIA COCTaB
ApeBHEH Mopckoi Bofel, Beie B 3T0it raaBe ykassiBaloch, uyTo aTmMochepHsie
OcajKu B MOJAPHBIX pailonax u3oTonuuecku ouenb jgerkue (mu3kue §180). Jleasusie
TOKPOBbI NPOCTO AKKyMy IMPOBAY aTMOCHepHbie 0CaJKH, i NO3TOMY OHH Npe/s
cTaBaAlT coboilt 6oabiy 0 Maccy U3oTONMMUECKU Jerkoit Boasl. M3oTonusil cocras
Beell ruapocdepsl NOCTOAHEH UM U3MEHSETCH BO BPEMEHH OUeHb Me/lieHHo, [lo-
9TOMY Npy Haaumy DoJbINX JedAHbIX IOKPOBOB MOPCKas BOAA JI0JKHA OblTh M30~
Tomyecku bolee Taxesoit, M3yuyenie H30TONMHOrO cocTaBA PAKOBUH MOKa3hIBaeT,
YTO BO BpeMs JEHUKOBbIX MaKCUMyMOB BeJuuntbl 5180 Boiwe, yem BO BpeMs Jefl-
HUKOBBIX MUHUMYMOB, ITO MOXKHO 0OBLACHUTH CJie/ly IUIUM:

1. M3oronusiii cocTas Mopckoli BO/Ibl MOCTORHEH, HO TeMIIepaTypbl ke (abco
JI0THAR BEIMYMHA A yBEIMUMBAETCH IPU CHIKEHWH TeMrepaTypbl).

2. TemnepaTypa MOpCKOi BO/Ibl IOCTOSIHHE, HO H3OTONHbI €€ cocTa U3MeHs-
ercs U3-3a nepexofa 0 B JeJsHbIe NOKPOBLI,
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3. Bo3moxHa KoMOUHAIMSA ABYX yKasaHHbIX a(hdeKToB.

Ceiiuac obuenpu3nano, uTo cylecrsents oba shdekra, oAHaKO OTMEUALTCH
HEKOTOPAS HeCOrJACOBAHHOCTb MHEeHMiA 00 OTHOCHTEJbHOMH 3HAUNMOCTI KaXA0ro
13 Hux. Her yBepeHHOCTH, UTO B TeyeHue Npo/lo/KHTEbHbIX Nepiojos Bpemeni,
Korja oJejeHeine GblJ0 OTHOCHTEIbHO HebOIbLIMM, H3OTON LI COCTaB MOPCKOi
BO/bI OCTABAJCA NIOCTOAHHbIM, VI30TONHbIA cocTap ruapocdepl, NO-BUIMMOMY,
KOHTpOAMpyeTCs GalaHcoM HU3KO- i BHICOKOTEMIIEPATYPHBIX peakiiuil B ueHTpax
Clipe/IMHTa OKeaHWIeckoro Axa (cM. rik. 10) u peakimii MeTamopdusma B 30HaX
cybaykmwm (neonydamkosanbie sannbie Jopenca). He coscem sacHo, Oblan M oT-
HOCHTE IbHbie CKOPOCTH 9THX NPOLECCOB M, CJe/oBaTebHO, H3OTOMNHbIA COCTaB
MOpCKO#i BO/Ibl TOCTORHHBIMM BO BpeMeHM.

13c/12¢, Bemuuna 58 C pacTBopeHHbIX (opM KapOOHATHON cucTeMbl (raaBs
e oBpasom HCOT ) B okeane 6auska k 0°/%0 , a atmocepnoit CO, — —7%o0.
dorocunTes BHidbiBaeT (pakuuonnposanne B npefesax 15 — 20%%o , Tak uTO
cpeaHas 513C Mopckoro naskToHa 61M3Ka K —20°/46, @ HA3EMHBIX PACTEHMHA —

K —25%/00 . dan CO , B TIOUBEHHOM BO3/yXe (B OCHOBHOM BuoreHHoi) xapakTepHa
Bemunsa 0koi0 —20°/4 .. §3C MeTeopHsIX BOJ 0OLIYHO UMEeT OTPUIATENbHbIA
3HAK, HO €e BeJWYUHA B pasHbix npobax padmuna. Kapbonarhbie MuHepaisl, 0Opa-
30BaBlIMECH B OKeaHax, UMelT 3Hauyenna §13C, Dan3kue K Hy 0,

Bemuuna 513C B noaseMubx Bojax onpefelsercs §3C unbuIbTpAIMORHBIX
BOJ, @ TAKKE MoJyuenieM Wiy norepeil yrieposa Bo Bpems [BIAEHHA BOJbI MO BO-
[IOHOCHOMY ropu3onTy.  VMeeTcs HECKOJbKO BO3MOXHBIX MCTOYHMKOB yriepola:

1. PacTBopenue KaJbluTa, aparoHnTa 1 [10JOMUTa H3BECTHAKOB, KOTOpOE
conposokAaeTcst oboralienueM Bo/lbl OTHOCHTENBHO THKEbIM YT IepoAoM.

9. OkucJenre OpraHuueckoro BeulecTsa, NpuBo/dllee K NOCTYNJASHUIO B BOAY
OTHOCUTEJbHO JEerkoro yrieposia.

3. lepenoc rasoobpasnoit CO, u3 nousentoii armocdepi, KOTOpbIH TaKke cro-
cobereyeT oboralesuio OTHOCHTENbHO JerKuM yrieposioM.

Bojla MOXeT yTpauMsBaTh yrJepo/l npu ocaxJexun KapboHAaTHbIX MUHEDPaJoB
uau npu notepe rasoodpasuoii CO . McueprnbiBailomee obcyk/aenye NpOUECCOB, BIHA
joupex  Ha 513C noa3eMHbIX BOJ, npoBedeHo B pabote Yuram u Ap. [343 1. [Tnammep
[ 2711 #ciloab30BaN XUMIHECKHE H H30TOMHBIE AaHAbe 118 uleHTH KA peaxuuii,
‘onpefeasomuX XMMUYECKY 10 3BOIOLIO BO/bl BO PJI0pUICKOM BOJIOHOCHOM ropH-
30HTE, U 0c000 nokasal, yro CO, nousenuoil 3016l MUTPUpPYET Yepes Balo3Hyw
30HY B NOA3eMHbIE BO/bl.

B ocrosroM & 1¥3C uenoab3yercs A8 uaeHTUDUKALMN HCTOUHUKOB YIJepo/a;
OH 0cODEHHO 1leHeH, KOrla HYKHO NPOBECTH pas3inyue Mex[y yriepoioM, Npouc=
XOARUIMM U3 OPraHHuecKOro BeleCTsa (JerkuM), ¥ yraepoaom KapOoHAaTHbIX
MuHepaoB (TskelsiM). M30Tonbl yraepoia oueHb noJe3Hbl Takxke [P BbIACHEHNN
NpPOMCXOXAeHUS BTOPUYHBIX KApOOHATHBIX Mutepanos. Oy HE HCNOAB3YOTCA
Tpy onpe/eleHuy TeMNepaTypsl, TaK KaxK B [pupoje HeT COOTBETCTBYIWEro paBHO=
BeCHOro (paKkLMOHUPOBAHN.
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#5 /%28, Haubonee 3HaunTe bHOE NpUPOAHOE (PAKIMOHUDPOBAHUE CEpPBl HMEET
MEeCTO MeX [y OKMcIennoii {cyabdar) u BoccranoBnenHolt (H,S, cyashunubie mute~
paabl) cepoii. ITO dpakIMOHMPOBAHKE ABAAETCH NPUMEPOM KUHETHYECKOro M30TOM-
Horo 9{ekTa B CAOKHBIX, MHOPOCTYIEHUATHIX OHOMOrMueckiX nponeccax. Beauma
A U3MeHseTca B 3aBUCUMOCTH OT CKOpOCTH BOCCTalOBJEHUA Cyﬁbq)aTOB U pa3any-
neix Guoxumuueckux dakropos [ 197]. Cynstdar B coBpementoll Mopekoii Bose
imeer 5%5 okoa0 +20%%0 ; §%S nupura B coBpEMEHHBIX MOPCKUX OCAIKAX U3Me-
HReTCHA B IUMPOKUX Npejieax, ot + 4 1o —35°/ 0o [134]. Aror mmanason vacTmino
obbacHAeTCA U3MeHenreM (akTopa (paKkIMOHUPOBAHNUS, A YACTUYHO TeM, WO IUpUT
He obpasyeTcs B HOpMaJbHOI Mopckoit Bozle. On dopmipyeTcs U3 MopoBbiX BoJ
/TOHHBIX 0CANIKOB, B KOTOphIX 535 cyab(haTor nporpeccHBHO Bo3pacTaeT no Mepe
usbupareabHoro nepexosia S g reepayio dasy.

Mzoronbl cepbl yalle UCNoAb3YTCH NPH U3YUYEHUN MTPOUCXOXK/IEHHSA PACTBOPOB,
M3 KOTOPBIX B MPOLILIOM OCAKJANNCh CY IbU/HbIe UM CYIbhATHbIE MUHEPALI, 1
peke Npu uccle/loBannu copeMednbix od. Hanpumep, §#S runca, obpasopasue~
roca U3 Mopckoit Boapl B munysume 600 MaH. JeT uan Hojee, 3Haunrelblo BApbUpY-
eT, 4TO YKas3piBaeT Ha u3MeHenne 534S  cyabharos Mopckoil Bofbl. ITo Npeanoaos
KUTEJBHO O3HAYAET, YTO COOTHOlIEHNE Cepbl, ylalaBueiics B popme cyibdhaToB u
MUpUTa, CUCTeMaTHUECKH N3MEHAN0Ch, OKA3bIBAs BaXHOEe BO3eiicTBYe Ha bananc
kucJopoaa [ 126, 169, 65]. B sacrosuee Bpems HCNOb30BAHUE U3OTONOB CEPbl UMEET
HauBoJbliee 3HAUEHUE, BEPOATHO, IPU YCTAHOBIEHNM MEHE3UCA MHAPOTEePMabHBIX
PyJHbBIX MECTODPOKIEHUH,

[lpu nccaenoBanun coBpementbiX BoA 534S MOXHO UCIIONB30BATL IR PACTIOBHA-
BaHuf pas3JuyHblX MCTOUHMKOB cepbl, Oy/Ib TO MOpCKas COJb WK aTMocdepHoe 3a-
r'pA3HeHKe J0xeBoi BoAbl [ 198 ], HCTOUHMKI NMUTAHNA UM SaCDSBHEHNA NION3EMHBIX
Boa [172 ], Oanako B rUAPOJIOrHUECKUX HCCAeIOBAHUSX H3OTONBL CEpbl MCTIOAb3Y 10T
CHl pe/lko.

15N/M™N., AtvocdepHblil 30T COAEPKUT 0KOJO OfIHOTO ATOME CTAOUILHOIO H30=
Tona '*N na 273 aroma N, llponecchl (pakiumonnpopanus a30Ta NPOUCXOJAT B Xo-
Ae pa3IUUHBIX ODMOXMMUYECKUX peakimil, BKIOYAKIMX a30T; OHM CIOKHBI M HEoCTaroy-
Ho u3yuetsl { 308]. ¥3oronbl a3ora Gblan UCMOAb30BAHB A8 MASHTHOUKALMK
ero UCTOYHNKOB, OCODEHHO AHTPONONEHHBIX, B [IPMPOJIHBIX BOAaX (Hanpumep,
pabora Kpeiitaepa u /bkonca [210]). MnrepnpeTamms noayyensbix npi s1om
Pe3yJbTAaTOB B ONpefie]leHHoll Mepe NpOTHBOPEUUBA.,

PAOWUOAKTUBHBLIE U30TOMBI

Kunerika paimoakTupHoro pacnaja n npeicTapJenne o Nepuo/e Nodypacnas
na obcykaanuch B ri. 6.

TputuA. Tpuruit (3H nm T) umeer nepuoa nosypacnana 12,3 roga. B ecrect-
BeHHbIX yCJ0BUAX oH 0bpasyercs B atmocdepe MpU B3auMOIEACTBHH KOCMUYECKIX
JAyyelt ¢ a30TOM i KHCJAOPOAOM, HO 3HAUNTE.IbHO Golee CyLIeCTBEHHbIM s poBes
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[leHHBIX B HACTOSIEE BpeMs UCCAe/loBaHuil HCTOUHUKOM TPUTHA ABUIMCEH UCTIBITAHNA
TepMOosA JePHOro OpyXus B aTMocepe B Mepuos ¢ 1952 no 1969 r. EcTecTBentoe

(" noBomGoBoe") colepxaHue TPUTUR B A0KIEBOH BoJe COCTABAAIO OKONO 10 TE (omna
TE (rpurnesas efunuya) = 1 atom T na 108 atomoB H). Uucio 910 He OueHb TOUHO,
TaK KaK [0 Hauaja uembiTanuii 6ui10 npose/eso Mado uamepenuit, B 1960-e roast
cojlepxaHie TPUTUA B I0K/eBO Bojle BO3POCJIO [0 BeJIHMH, MPeBbIlaiouix 10:TE,
a ceituac oObiuno naxozures B npefeaax 50 — 100 TE.

XuMuuecKe NPolecchl He3HAUMTE IbHO BJMAIOT HA CO/epKaHie TPUTUSA B MOJ-
3JeMmHubiX BoJax. Hanbosee BaxHBIM HCMOJNb30BAHNEM TPUTHS B TEOXUMUUECKMX
HCC e 10BN ABJAETCA pasrpaHMuente BO/l , NPOHUKIINX B BOAOHOCHBIH MOPUSOHT
no 1953 r. (zobomOosas Boja) M HAXOAMBIIMXCH B KOHTAKTe C aTmocdepoit nocle
1953 r. Jobombosas Boa He CONEPKMUT TPUTHI B KOJMYECTBAX, 0DHApYKMBAEMBIX C
[1OMOIlbI0 0BLIYHEIX METO/I0B; CO/lepXaHue ero B Bofax, o0pa30BaBUmMXcs noce
1953 r., Bbicoko. Tak Kak WCTOYHMK TPUTHA HEe e[MHCTBEHHbI, a ero cyAbda npu
BO3BMOKHOM CMENEeHUH BOI He SICHA, TO TPUTHI He MCNOAb3yeTcd B KAYECTBE
CTAHJAPTHOrO METO/la ONpe/elieHus BO3pacTa.

CgolicTBa TpuTUs [EJAT ero NoJe3HbIM [P/ M3YUeHul CMelle s BoJ B Bepx-
nyx caosx okeana [293]1 u B ozepax [ 182 ]. Hanpumep, no fannbiv Mmboznena u Ap.,
BepTHKAAbHOe pacnpeielenye Tputus B o3epe Taxo b0 NOYTH OAHOPOAHBIM, YTO
yKasblpaeT Ha noaubifi BOA0OOMEH ¥ CMeller|e, UMEeBIIe MecTo He3afoaro Ao
or6opa npob.

14, MopoGHo TpuTHio pamoyraepofl obpasyercs B atMocdepe npu B3anMofeli
CTBMM KOCMUYECKHX Jyyeil ¢ a30TOM; OH TAKXKe MOABUICH B BOJbIKX KOJIUUECTBAX
Mocde NCIbITAHUA AAEpHOro OpyXus. B oranume or Tputua *C umeer nepuos no-
Jypacnaza 5730 Jet, uTO NO3BOJAET ONpeeATH BO3pact BoA Ko 50000 ser. O6pa-
3opapmmiics B atvoctepe #C mepeHocHTCs OCA/KaMK HA 3EMHYI0 OBEPXHOCTb,
rie prauaeTcs B Guomaccy uu nonafaeT B BOAHYI Maccy 03ep, OKeaHa i Mo/
semubx o, “C noisepraetcs paanoak THBHOMY pacnafly (Ao '*N), noatomy nocs
fe ero u3oasmuH o1 armoctepsl koauuecTso ¥C cHUKAETCS CO BpEMEHEM B COOT=
BETCTBUU C ypaBHeHneM

(uc)t o (140)0' e-hks,

rie (“C), — cosepxatte '*C B MOMEHT BpeMeH ¢, (*C), — ero coaepxanye B
HauabHbIH MOMEHT ¢ = 0, k — KOHCTAHTA pacliaja, CBA3AHHAA C NEepUoAOM Moay=
pacnaja T,, ypaBhenueMm

fio i 1B

# k
Jlast onpeneienns BPEMEHH, MEHYBIIETO C MOMEHTA, KOrjia BOJa HAXo[umlach nocie/-
Huit pa3 B KOHTAKTe C arMoctepoil, HeoOXomuMo 3HaTh KontenTpamuio (*C)o-
I10 cojlepKanie onpejelseTcs No FoAMUHbIM KOJblUAM epeBbeB Mld nocJe/:
uux 7000 net. B cBA3u ¢ TeM uTO HET TOYHOT'O MeTOJA AlsA OLEHKH colep=
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wanus “C npn Bospacre Gosiee 7 000 AeT, 06bIUHO NPOUBBOABHO €r0 NPUHIMA 0T
3a Beanunny nocroanuyio, Tak BosHukAa wkana spement "B rogax 4C", KoTo
Pble MOTYT OTJMUATLCSH OT ACTPOHOMUYECKUX [T,

Cropocmy mewenus nodsemuniz 600, Wmeorcs HEKOTOpbIE 0CJOKHEeHHSA B M0«
sefiennn *C BO Bpemst MUTAHUA MO/I3eMHBIX BOA, N0STOMY "abCoNOTHBIR" po3pacT
focJeHuX e MOXeT ObiTh onpesienen anexno. OHako ecau KoHuenTpawys 4C
U3Mepena B HECKOABbKUX TOYKAX M0 JMAMK TOXa B MpefieaX 0JHOro BOLOHOCHOID
POPU30HTA, TO MOXKHO ONpe/IeJUTh PASHHMLY B BO3PACTE Mex/y TOUKAMHU M, Cle-
AloBaTenbHO, CKOpocTh Teyenns, Oanako pacTBopenie KapGOHATHBIX MUHEpAIOB
Wi OKMCJeHHE OPraHWyeckoro BENecTsa B NpeeNax BOJOHOCHOrO MOPU3OHTA
Moxer "cocTapuTh" uamt "yMepTBuTL" (CHEeJaTh Heornpe 1eJUMbIM “C) yraepoj Bo-
Abl, YTO BEJET K 3aBbllleHlo ee Bo3pacTa. [locTynienve yraepoma u3 stux ucrous
HUKOB HHOI'/I2 MOKHO OLEHUTB [0 Pe3yJbTaTy uamepenus BC /12C 1 XuMuuecKum
Aantbiv [ 340, 343 ], nocse wero MoxHO Biiecrn nomnpaskit. Apyrum ociroxnennem
ABAAeTCH cMewenne Bof. Huskoe cotepxanne 4C Moxer o3nauars, Uro Mbl uMeem
AeJio ¢ OTHOCHTEbLHO "CTapoit" BO/oi uan UTo oHa ABJAETCH CMECHK OTHOCUTE Nb-
Ho "Modozoi" u "Meprroil” Bonb Jannbie usmepeniii 1C MOXHO HHTepIPETMPORATS
KaK nokas3aTelb BO3pACTa BO/l TOJbKO Tam, Ijle CMelleHne He3HAYNTe bHO,

Hupry rayus 6 oxeanaz. B ra, 10 ynommsanocs, 4o BPEMS LMPKY JALMK WK
"nepemewunBanua” B okeanax cocrtapager okoio 1000 zer. Jra uudpa ocHoBana
Ha u3mepenisx konuentpaunu *C. *C HenocpesicTsento nponnkaeT u3 atMoche
pbt B MOBEPXHOCTHbIE CJA0M Bobl. Kora Boja norpykaercs y MOJICOB Ha riybu~
Hy, OHA U30JMpyeTCH OT aTMOC(epsbl, a KoHUeHTpaua “C B neit co BpEMEHeM [0C-
CTeneHHo yMetbliaeTcs, Takum 00pasom, MOKHO BHIMUCIUTBL BpeMd, MUHYBILEE C
MOMeHTa, KOr/ia laHHas Macca BOAbl B Noc.ie/iuil pas Gbila B KOHTaKTe C MoBepx-
HOCTbI0 OKeaHa, XOTH HHTEpNpeTalua JaHHbIX u3Meperna “C ocloxuseTcs cme-
liensenm B CaMoM OKeaHe | NEPeHOCOM  yriepo/ia NajaiolMi TBEPAbIMH YacTye
UaMH. ITH BONPOCH! JeTalbHo 00CYKAEHb! B pabore Bpokepa [ 53].

Papos-222. Pacnajl ypana u ropust /10 CBMHIA SBASETCS O4HUM U3 Hanbojee
IIMpOKO MCMONL3YeMbIX B Me0JIOrii MeTO/I0B  ONpe/ieleHs BO3PACTa, HO OH He-
TMOCPEACTBEHHO HenpuMerum B ruapoaoriu. OHaKo NPu U3yueHHH NPUPOAHBIX BOZ,
0co0eHHO OKeaHOrpapuueckoM, OblIM MCTIONb30BAHb HEKOTOpbIe NMPOMEXY TOUHbIe
NpoAyKTbl pacna/ia. OmH 13 npuMepoB — HCIOAb30BaHE palona-222 A1 U3y YeHHs|
TypOy nenTHON Auddysnu B okeane [ 54 ] u ozepax [ 1811, Pamons222 nolyyaercs
NMpu pacnajie pama-226, KOTOpLI B CBOKW oyepelb ABJAETCH NPOAYKTOM pacnaja
ypana-238. Panon~222 — 570 ras, u koraa ou obpasyercs B ocajike, To MbhyHIe
PyeT B pacrolokennyio swie Boay. On  umeeT nepuoy noypacnaia 3,8 cyT, no
STOMYy €ro KOHLUEHTPALMA CHUKALTCH C yAalenueM oT ocajka. [Tpodunas pasona-222
Hall 0CaZkOM 3aBUCUT OT CKOPOCTH, C KOTOPOt OH NIEPEHOCHTCA B Boje BBEDX T10~
cpedcTBOM TypOynenTHOl Auddy3m. Ecin CKopocTb TypOyJenTHol Amddysun mana,
TO Mpodub NpUKMMAETCH K OCAMKY; NPy DOJbLIOH CKOPOCTH pa/ioH, Mpexje uem
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McuesHyTh, Oy/eT nepeHecen oT ocajka Ha GoJbline paccTosims. 3uams ckopocreit
nepenoca BO/M3M I0OBEPXHOCTH OCA[KA BAXHBI B CBA3N C TEM, UI0 FIUMU CKODOCTS
My Onpelelsercs CKOPOCTb MOCTYIJIEH!s UTATEbHbIX ¥ APYTHX BelllecTs U3 oCalt:
Ka B BOJY.
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Mpunomenue
CrannaptHoe cocrosmue (25°C,1at™m).
TepMmoaunamMuyeckue JaHHbIE IS
HEKOTOpBIX Haubosee
PacpuCTPaHEHHBIX BEILIECTB

i JanHble Oblau BbiOpaHbl U3 PA3JIMUHBIX JUTEPATYPHbIX HCTOYHUKOB, M MX
[I0OCTOBEPHOCTD /LIS Pa3HbIX BellecTB HeoanHakoBa. OHi He BblAM MOJHOCTHIO NMpoBe-
peHbl Ha COrJIaCOBAHHOCTh, 03TOMY UMTATE.b JOJKEH OUEHNTb HA/eKHOCTb Meps
BOHA4YaJbHbIX MCTOYHUKOB, npe)me yem MCIOoJb30BaTh [JaHHble A8 Pelenns cepbes~
Hbix npobaem, [Ipobiemy coraacoBanHOCTH MOKHO NPOMIIICCTPUPOBATD CAEAYIO-
M oﬁpaaom: eCJI1 pacTBOPUMOCTDb KBaplida M KOHCTaHThl AMCCOlMalnn Kp&‘MHEBOﬁ
KMCJIOTHI ONpe/ieietbl TO4HO, TO cBoboanbie sHeprim H Si0,, H,Si0; WH,Si0}~
MoryT ObiTh OUEHb TOYHO BbIUKC/EHBI 0 CBODO/IHBIM JHEPIUAM KBApLA U BO/IbI
(umenHo Tax onpe/ienedbl ceobo/lubie sHepruu 9THX BellecTs). [lpeanonoxum,
0JIHAKO, 4TO noJjyueHa Gojee TOYHAA M HECKOJbKO OTJMuaKLIAfcs Belnunna csobo/s
HO# sHepruy kBapua. Ecan 9Ty HOBY BenuiHy MCIOAb30BATH B COUETAHMN CO CTa
poiny Bemunnamu s H . Si0,, H S0 uH,Si0%", 1o repmommamuueckue fat-
Hble He Oy/yT corJacoBaHbl ¢ IaHHbIMY 110 pacTBopumocTH. [TosToMy BemunHbl cBO-
60,!1!1[)1)( BHEpl"Hﬁ paGTBOPGH]IbIX BelleCcTB [J0/KHbl ObITh U3MEHEeHbl B COOTBE TCTBUM
C HOBO# BeJmunHOM [ kBapua. [lockoabKy B IMTepaType HenpepbiBHO MOABIAIT-
Csl HOBble TEPMOIMHAMUYECKHNE /laHHble A5 OT/elbHbIX BEIIECTB, COrJACcOBAHHOCTL
Mex Iy HUMU MOXeT ObiTh MpobiaeMaTuyHoi.

Eausuibl, MCnoab3yemsle 3/lech, OCHOBAHBI HA KAJOPHAX U CTAHIAPTHOM COCTO-
Anmn (25°C, 1 at™), TaK Kak 9Ta CHCTEeMa Yaue BCEro UCIOob3yeTes B MeOXHMHH,
B nocaeanmx my GaMKaMaX B KauecTse e/UHNIbL SHePrHU MHOTA HCTIOAb3yeTCA
Akoyab (1 kan = 4,1840 /lx), a cranzapTioe cocTosHMe onpefleisercs kak 1 6ap
nan 105 Tla (1 arm = 1,01325 Gap = 101325 [la).

[lansbie 0 CBOBOMIHBIX SHEPIUAX MHOIMX BEUIECTB, UMEIOUKECH B JuTepartype,
3/lech He npuse/iennl. Kpome roro, cywecrsyer meron [ 318 ] ans ouenku cpobose
HbIX 9Hepritit ['nbOca M0BkIX CAOMCTHIX CHAMKATOB (MIMHUCTHIX MUHEpaJoB) 10 HX
XMMHUYECKOMY COCTaBY.

/lannoe npunoxenue nepe/ camoii nyBaMKaIMEHR KHUTH NOIBEPT10CH HEKOTO-
pomy nepecMmorpy, BCJEJCTBIe Yero B pajle cayuyaes "Jyuwne' 3uavenus, npuses
[leHHble B NpUJA0XKEeHUH, OTAMYAKOTCH OT 3Ela‘-IBHMﬁ, UCIIOJb30BAHHBIX B TEKCTE,.
Ilocaennme B npuaOKeHnH 3akJl04eHbl B CKOBKH,



Mpunoxkexue
AGy, AHE, 52 P
BewecTteo KKan/ Monk KKan/ Mone  Kan/ Mone - rpag ":'Io
rass!
CH, (meTaH) =12,13 —17,88 44,49 1
co —32,78 —26,42 47,22 1
CO, —94,25 —94,05 51,07 2
H:O(ra3) —54,63 —57,80 45,10 1
25 —8,02 —4.93 49,16 1
NH; —3,94 ~=11,02 45,97 1
SO, —88,69 —94,58 61,34 1
S0, —71,75 —70,94 59,30 1
XHAKOCTH,
H.0 —56,69 —68,32 16,71 2
Pacreoperkbie BewecTea (HOHbI)
Al =116, —127 —76,9 1
—116,97 —126,91 —173,61 15
Al(OH); —216,1 3
Al(OH)** —165,9 1
Al(OH); =313 3
Ba?* —134,02 —128,50 23 4
Ca?* —132,30 —129,74 —12,7 4
(—132,35)
Ca(OH)* —171,72 3
CaHCO3; —274,38 3
CaCOj —262,93 5
CaSO% —312,84 5
CaHPOY —397,53 6
H,CO4 —148,94 —167,22 44,8 1
HCO; —140,26 —165,39 21,8 1
[8:6. 15 —126,17 —161,84 —13,6 1
Cl- —31,38 —39,93 13,56 2
F- —67,34 —80,15 =315 4
HF*® —71,68 —176,97 22,09 -
Fe*t —18,85 =213 -329 7
(—20,3)
Fe(OH)* —66,3 =T1,6 =7 7
(—64,2)
Fe(OH); —147,0 7
Fe¥t -1,1 =116 —75,5 7
(—2,52)
Fe(OH)** —54,83 —69.5 —34 i
Fe(OH); —104,7 7
FeCl?* —34,4 —43,1 =27 T
HFeO; =90,3 7§
K* —67,51 —60,27 24,15 2
KSO; —246,11 8

395
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AGr AH i UcTou-
BeuwecTso KKan/ mMonk KKan/ Monk Kan/ Monb - Fpal  wyk
Mg?* —108,7 —111,58 —33,0 4
MgOH* —149,8 4
MgsSO? —289,2 5
MgCO4 —239,6 5
MgHPO? —373,7 5
MgHCO} —250,6 5
Mn?* —54,5 —52,8 =T T
MnOH* —96,8 -107,7 —4 7
Mn(OH); —-177,9 7
MnO7 —106,9 —129,4 457 7
NH; —18,97 —31,67 27.1 1
NH,OH® —63,04 —87,51 433 1
NO; -89 —25,0 33,5 1
NO; —26,61 —49,56 350 1
Na* —62,59 —57,43 13,96 2
NaHCOj —202,56 8
NaCOj; —190,54 8
NaSO; —241,38 5
OH- —37,60 —54,98 —2,56 2
H3PO, (wmax) —273,10 —307,92 37,8 1
H.PO; —260,17 —309,82 21,6 1
HPO{~ —260,34 —308,83 —8,0 1
PO3- —243,5 —305,3 —53 1
HaS (xunk) —6,66 —89.5 29 1
(—6,54)
HS- 2,88 —4,2 15,0 1
(3,01)
s 20,5 7,9 —3,5 1
(21,96)
HSO; —126,15 —149,67 334 1
S0} —116,3 —151,9 -7 1
HSO; —180,69 —212,08 31,5 1
(—179,94)
S03 —177,97 —-217,32 4,8 1
(—177,34)
H.,Si0, —312,6 —348,3 451 9
H,SiO; —299,1 —342,1 20,7 9
HjS8i0% —283,1 9
Sr¥ —-133,711 —130,45 -1.8 4
OKHCIIbl M rHAPOOKHCNB!
Al;O; (vopyHn) —374,82 —397,14 12,18 10
—378,16 —400,50 12,17 11
AlO(OH) (6&mT) '=217,25 —235,08 11,58 10
—219,50 —237,34 11,58 11
AIO(OH) (awacnop) —218,40 ~237,17 843 10
—220,36 —239,15 8,43 11
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& 97 i &% McTo
BewecTso KKan/ Monb  KKan/ monb Kan/ Monb « rpad .. &+
Al(OH); (ru66cwT) —276,17 —309,07 16,75 10
—276,03 —309,07 16,36 11
Ca(OH);z (nopTnanamT) —214,72 —235,68 20,03 11
Fe(OH). —116,3 —136,0 21 7
FesOy (marnetur) —242,57 —267,25 34,83 10
—242,01 —266,66 34,93 11
Fe,0; (rematuT) —178,16 —197,72 20,94 10
—=1T151 —197,09 20,89 11
FeO(OH) (rérut) —116,77 —133,68 14,43 11
Fe(OH)s amoptubift —166,5 —196,7 25,5 7
(—166,0)
MgO (nepuinas) —136,09 —143,80 6,44 10
Mg(OH); (6pycur) —199,65 —221,39 15,09 10
MnO; (nuponioauT) —1112 —124,3 12,68 11
MnO; (6upHeccHT) —108,3 12
MnzO; (6MKCOHHT) —210,6 —229,2 26,4 11
Mn3O, (raycmasuT) —306,6 —331,7 36,8 11
MnO(OH) (maHraHuT) —133,3 12
Mn(OH)z (npoxpouT) —147,34 12
Si0; (keapu) —204,65 —217,65 9,88 10
—204,66 —217,66 9,91 11
SiO; amopdHbiA —202,89 —214,57 11,34 10
Kap6owaTel
CaCOj (xanbumT) —270,10 —288,77 22,15 10
—269,80 —288,57 21,92 11
CaCOy; (aparoHuT) —269,88 —288,72 21,56 10
—269,55 —288,58 21,03 11
MgCO; (marHesuT) —245,66 —265,63 15,70 10
—246,05 —266,08 15,56 11
CaMg(COj3)z (nonomuT) —517,98 —556,85 37,09 10
—516,65 —555,56 37,09 11
FeCO; (cuneput) —159,34 —176,14 25,1 11
(—161,1)
MnCO; (ponoxpo3uT) —195,0 —212,5 239 11
SrCOj; (CTPOHUMEHHT) 2719 —291.3 232 11
BaCOj (BuTepuT) —270,6 —289.4 26,8 11
NaHCO; (HaxwonuT) —203,6 —226.5 244 8
NaHCOj;:Na;CO;- 2H,0 —570,4 8
(Tpowa)
CynegpHasi
FeS; (nupuT) —38,3 —41,0 12,65 11
FeS (nuppoTum, TPOMNMT) —24,22 —24,13 14,42 11
(—24,3)
FeS (makwHaBuT) —-223 5
FeS amoptHbii —-21,3 5

397
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AGy, i ok McTo
Y
BewecTeo KKan/ Monb  KKan/Monb  Kan’ Monb « MPaR .
FesS, (rpearut) —69,4 5
MnS (anabangmn) —52,1 =351,1 18,69 11
Cynstpats!
CaSO, (aHruppuT) —315,89 —342,8 255 11
CaSO,-2H;0 (runc) —429,54 —483,42 46,40 11
SrS0, (uenectun) —320,5 —347,3 28,2 11
BaSO, (6apur) —325,6 —352,1 31,6 11
N2a,SO, (TeHapauT) —303,5 —331,7 35,75 11
Na;SO,- 10Hz0 (mupabunur)  —871,5 —1034,2 141,5 11
Docparsi
Cas(PO,);OH —1514,9 —1606,5 93,3 11
(FMOPOKCHNANATHT)
FePO,-2H;0 (wtpeurur) —397,45 —451,3 40,9 11
X nopuas!
NaCl (ranuT) —91,83 —98,29 17,24 11
KCl (cunoemH) —97,65 —104,32 19,74 11
Cunukatsi
Fe,8i0; (tasnuT) —330,23 —354,12 35,45 10
Mg,SiO, (dopcTepuT) —491,56 —520,00 22,75 10
FeSiO; (deppocunur) —267,16 —285,63 22,6 10
MgSiO; (ancTaTuT) —348,93 —369,69 16,2 10
CaMg(8iOs)2 (anoncun) —724,00 —1765,60 342 10
Mg;Sis022(0OH), —2715,43 —2888,75 128,6 10
(aHTOBUNNKT)
CayMg;Si3042(0H), —2770,69 —2944 48 131,19 10
(TpemonuT)
KAISi;05 (kanuessin —895,37 —949,19 51,13 10
nonesod wnar) —894,44 —948,30 51,20 11
NaA|lSi;Og(anssuT) —886,31 —939,68 49,51 10
—887,12 —940,52 49,57 11
CaAl,8i,05 (aHopTuT) —954,3 —1007,77 49,1 10
—960,15 —1014,11 47,63 11
NaAlSi;Og - H2O (anansunm) —738,10 —790,19 56,0 10
—738,94 —791,07 56,03 11
CaAl;8i,0;2°4H0 —1597,04 —1728,88 116,1 10
(NOMOHTHT)
CaAl;8i,0;2-2H,0 —1447,65 —=1579,55 105,1 10
(BaRpawuT)
Al,Si;05(OH), (keonuHuT) —905,61 —982,22 48,53 10
—908,07 —984,73 48,53 11
Al,Si,05(0H), (rannyasur) —903,61 —980,28 48,52 11
Mg;Si;O5(OH), (cepnenTin) —964,87 —1043,12 52,9 10
Al3Si,0,5(OH), —1256,00 —1345,31 57,2 10

(NHPOMANKT)
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A Gf y AH; ’ 5°, Horon:
Beuwecreo KKan/ Mone Kkan/ monb kan/ monb « rpag o
—1259,41 —1348,78 57,22 11
MgsS1,010(OH); (TaneK) —1320,19 —1410,92 62,34 10
KAl;3Si30,6(0OH); —1336,30 —1427,41 68,8 10
(MYCKOBMT) —1338,59 —1428,48 73,23 11
NaAl;Si30,0(OH)2 —1326,01 —1416,96 66,4 10
(nBaparoHKT)
KMggAlSi;Om(OH), —1396,19 —1488,07 76,1 10
(gnoronuT)
KFesAlSis010(0H)2 —1147,16 —1232,20 95,2 10
(@aHHHUT)
Mg,Al,Si;Om(OH). —1961,70 —2116,96 111,2 10
(XNOPHT (KMHOXNOP))
Mg.Si,Ols(OH), -6Hz0 =2211,19 —241 8,(1) 146,6 10
(cennonuT)
Nag 33Al3358i367010(0H)s  —1277,76 13
(HaTpHessiA GeAnennuT)
Cage7Alz 'aasia_.TO,o(OH)g —1279,24 13
(kanbynessii GeRAnennuT)
NaSi;O;3(OH); (maraguut)  — 1589,85 14
MnSiO; (POROHKT) —297,1 =3153 24,5 11
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TonkoBeIN cI0Baph
re0/IOTHYECKHX TEPMHHOB

Anesponut - cuemenTHpoBanuas nopofa, HanboJiee KpynHbie 3epHa KOTOPO#
UMEIOT pasmeps! uancThix yactun (ot 0,002 — 0,004 1o 0,08 mm).
AnbGur — HAaTpHeBbI KOHeUHbl uJeH U30MOPPHOro pAAa NAarnoKaa~

308, dopmyaa Na A18i,0,. OBbiunbiit MUHEpaa rpaHUTHBIX
U MeTaMopUUECKHX MOPO/I.

AMbuGONHT  — B LEJIOM CHILHOMETaMOPhI30BAHHAS NIOPOJiA C BHICOKUM MpOLeHT=
HBIM coflepkanneM ampuboia, obeuno porosoit obmanku, AMdu-
BoamThl YACTO NpecTaBAs T coboit MeTaMopdn3oBaHHEe Hadaibe
Thl.

Amdubonsl  — rpynna xele30MariesuadbHblX MEHEPANOB MATMATHIECKHX
T1OpoA cpe/lHero cocTasa (THNA [IMOPUTOB M AHTE3HTOB), & TdK~
*e MeTamopduueckix nopod. Xumudeckas dopmyia
A, _;B5(Si, Al), O, (OH), , rie A —B ocHoBHOM Mg, Fe?*,
Ca uin Na, B — npeumyuectsenso Mg, Fe?*, Fe3t, Al, Muo-
TitM MUHepaJaM 9To# IPyNMbl NPUCBOeHs! COGCTBEHHbIE HAZBAHNS;
Haubonee u3BeCTHbI! NpeacTaBuTe b — poroBas obManKa,

AHanbyum — MHHEpa. rpylibl UeoUTOB, NpUbAU3UTEbHAS (HopMy.Ia
NaAlSi Of * H,0. U3 kaTnoHos ananbuum conepxur mub Na
1 XapakTepu3yeTcs [0 CPaBHEHUI C APYyTUMM LEOMUTAMU HU3KMM
3HaueHueM oTHoweHus Si/Al, HeBLICOKHM COnepXaHHEM H20 "
BBICOKO! TepMuyeckoit yerolftuneocTsio,

AHpesun = Cpe/Huit YeH u3oMopbHOro psata NJarKoK.Ia3os, cofepxaHue
anbbuToBolt cocrasasnomelt 70 — 509, anopTurosoit 30 — 509,
AnpesuT — ByJK&HMYECKad MOPoJa CpeAHero cocrasa (N0 XUMHYECKOMY

COCTABY NMPOMEXYTOUHAS MEXIY PUOJIATOM M basanbrom), obpiuHO
cocrosllas U3 nJarnoknasa (anjesunta) u 1bo porosolt obmanku u
Guorura, mbo nupoxcena, Axfesut — TOHKO3ePHUCTHIN aHasor

IUOpUTA,
AHOPTHT — KaJblLUeBbif KOHeuHnl uleH M30MOPGHOro pAja NIarHOKJIA30BRIX
noJeBbIX wnaros, gopmyna Ca Al 291 ,0,.
AnaTturel —Tpylna MUHepa.oB, COCTORNX B OCHOBHOM 43 docdaTa Kabiuus

Y HeKOTOpLIX JIpyruX anvnoHos, hopmyaa Ca, (PO,), (F, CI, OH,
1/2C0,). Anarur - obblusnbif aKLeCCOpPHLI MUHEpa MPaHHTHBIX

26=78
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NOPOA ¥ XapaKTepHblil MUHEpan KocTHoit U 3y0Hoit Tkaneit. YacTto

COMEPKUT B Bi/le BKIIOUEHUH KDy HbIe KATHOHEI, HANPUMEp ypa-
HUJI.

ApK03 (apKo30--TeCcuaHnk, coflepkaumit 25% u Oojee TOJEBLIX WNATOB.

BblA MECHaHHWK [IpoyKT paspyweHus FPanuTHBIX NOPOMl.

basaneT — ByJKaHuueckas (MeJKO3epHUCTas MarMaTHieckas) nopoaa,
COCTORAIAN 13 KAJBUMEBOrO MIArMOKIA3a 1 nipokcena. [pe-
UMY ECTBEHHO TeMHOOKDAeHHAA 1 NOYTH e/IMHCTBeHHAN By JKa«
HUuecKas nopoja, obpasylouascs Ha AHe OkeaHCKux GacceifHos.

Buotut — obbIKHOBEHHAs TeMHas caiona, hopmyia KMg, Fe?t) jAlSi ;0,,(0H),
(ra. 4).

Baposublii  — Haxoasmmiics Bhllie 3epKala FPyHTOBBIX BOA (Pl 1).

Bynkanude- — MarMaTHueckue TNOpojbl, 3ACTHIBUIME HA MOBEPXHOCTH

cKWe nopofbl  seman win BOaM3M Hee. Beaeacteue OGblCTpOro  oXaakae
HUA OHI OOBLIUHO MeJKO3epHUCTHIe (N0 KpaiiHeji Mepe JacTHuHO).

a66po — KpynHo3epHUCTas MarMartuueckas (rayOunnas) nopoja, CoCTow-
as B OCHOBHOM M3 KalbLUeBoro MJArMoKjasa U MiMpokceHa.
KpynsosepuucTolit ananor basanbra.

IeoTepMuuec-—CTeleHb TOBBILEHAS TeMIeparypbl ¢ riayounoll B 3eMHBIX

kWi rpagMenT Henpax. Tunuunble ero 3HaueHus B OJM3N0BEpXHOCTHOM
3one cocTaBasior ot 2 g0 3°C na 100 M.

I AMHHCTBIA  — clloMcTas 0Caounas Mopojd, COCTOsNAf W3 0DJOMOUHbIX:

cnadely YACTUI CAMHUCTON pa3MepHOCTH (MeHee Yem 2 uam 4 Mxm).
TepMut HPOKO HCNOAb3YeTCs AaA 0D03HaUEHUA M0DbIX NOPOJ
WK 0Ca/KOB, COJepKAallMX MPEeUMy LIGCTBEHHO 3epHa yKa3aHH Ol
pasMepHOCTH; HEPeIKO CUMTAIOT, UTO 3TH 3epHa ABJAITCA M=
HUCTHIMU MUHEpalaMi, & He TOHKO3ePHUCThIMU KapboHaTamu.

I HeWc — rpybosepuucTan MeTamoppuueckas nopoia, pasiMubbie MUHEpas
Abl KoTopoii B BoJbuieit nin Menbluedl creney odocobieHbl B i
de noJdoc u JuH3, [lo MunepaibHoMy M XUMHUECKOMY COCTEBY
rHeficsl HepeKo OIM3KKM K [PannTaM.

I panuT — rpy0osephicTas Marmatuueckas (rayOunnas) nopo/a, cocTos~
1A U3 KAMeBOro nojeporo mnara i kpapiua. TepMuH ucnoabsys
eTCA TaKkxe B KaueCTBe obuero Hamveopanus Jwboit creT10-
OKpallieHHoit rpy6o3epHUCTON H3BC | A cHHOR nopo/st. I'pannram
CBOACTBEHHBI BHICOKKE COJepKaniti KpeMHe3emMa U Kausa 1 Hu3-
Kie — Kelesa, Marius 1 Kajiblps. 1

payBakka  — pasHOBHIHOCTDb MECYAHUKA, XAPAKTEPU3Yy0IafCa CKOMJIeHHEM

HEOTCOPTUPOBAHKLIX 3epeH KBaplid, [0JeBoro wnara i 06J10MKoB
TOPHbIX NOPOJ B TIMHUCTOH Macce.
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M aiika — NJIaCTHROOOpasHOe TeJ0 MHTPY3MBHOM NOPO/Ibl, CeKylIee CTpyK=
TYpy BMelawmmx nopoj uau ropusiii Macceus. [aitku obbiyHo
00pasyloTcs B pesybraTe BHePeHNs PACIAABIEHHON Mopo/p
B OTKDBITbl@ TPEellHbl,

Oetpur — 0DJOMOYHBIA MaTepual, 0caiky 1 Nopolsl, 0bpasyiolnecs Tpu
Nepenoce TBepAbIX YAaCTH| patee CyWECTBOBABIIMX MOPO,
[IpoTHBONOCTABAAETCA XEMOMEHHLIM MM GUOrEHHBIM 0CAKAM.

HOuarenes — (usmueckue 1 XMMHIECKUe MPOLECCH, BO3AeHCTBYIONME Ha oca/es
Kif M 0CaJlouHble MOPO/ibl 1ocae X 06pa30BaHis, 3a HCKIOYeHHeM
MpoLeccoB, KOTOPbIE NPOMCXOAAT NPH AOCTATOUHO BBHICOKOR Tems
nepaTtype u 0JKHBI pacCMaTpuBaThCs Kak MeTaMophuyeckue.,

Ouopur — rpy6osephicras MarmaTideckas (rJyOuHHAs) NOpoaa, COCTORMmAs
riaBHbiM 00pa3oM M3 NAArMoK/IA3a (aHAesuHa), a Takke porosoit
obmatkm, Grotura um nupokcena. uopur — nopoja cpejHero
cocTaBa, NpOMEeXyTOUHAA MexX/y rpauuTom i rabopo. Ilpu 3naum-
TeJbHOM CO/lepXanii KBaplia Nopo/la HA3bIBAEeTCS KBaplps
BbIM [IMOPUTOM.

¥Menesomarue- —obuiee HA3BAHKE TEMHOLBETHbIX MHUHEpPAJIOB C BBICOKMM

3uaneHble MH-  conepxannem Fe u Mg, Tunuunbie Fe—Mg- MUHEpaJbl —

Hepansi MTUPOKCEHBI, poroBas obmManka, 0JMBUH, OMOTHT.

3ona cy6ayKumMK — 30Ha noanBuranusi  odnoro GJoka BHeliHe# 060104YKK 3eMHol
KOpbI MO/ Apyroil u noraomenus ero ManTueli,

Ussepkennan —rnoposa, 00pa30BaBUAACH Npy 3aTBEpASBAHUY CHAMKATHOMO
nopopa pacnuasa,

Keapyeswit  — AMOPUT CO 3HAUNTEbHBIM COlepXanueM KBapua. ' pannruas (B

AWopHT WHPOKOM CMBIC/Ie) NOpoAa, COAepXallas MIarKoKIas B KayecTBe
IJ1aBHOrO MOJEBOro wWhnara,

KBapuesbid  — MonmonNT CO IHAUWMTENBHBIM cofiepkanuem kapua. B wmupokom

MOHUOHHT CMbIC/e MPAHUTHAR [OPOJIA C NMPUMEPHO OJMHAKOBBIM COnepKaHuem

KaJIMeBOro noJieBoro Wnara y mIarHokaasa.
Ksapu-Mukpo- - nosocuarasn CiIBHOMeTAaMOP(hU30BaHHAR TIOPOAA C KBApleM i

KNHHOBbI# MUKPOKJIUHOM (KaJIHEBBIM NOJMEBbIM WIATOM) B KAYECTBE [JIABHbIX
rHefic MUHEepaoB.
Kucnan Marma-  — niopoia ¢ BbICOKUM cofepKanueM (Gobiie 6 %) Si0, . Mo cocra-

THUeCKaA MOpOAa By G.m3Ka K TPAHUTY (B WMPOKOM CMBICIe),

KonHeTHan Bopa — Bo/la,  3axBaueHHas 0CAIOUHBIMK fopo/lamMi BO BpeMs UX OTJio-
Xenua (ra. 1),

KpemuucTblh  — niortnas kpemuucras nopoja, cocrosfiias U3 MUKpPOKPUCTATIMYEC-

cnaHey (po- KOro kpemuesema (00bluHo kBapua). O6bluno dopmupyerca npu

rosuk,"4ept") anarenese GuorenHoro kpemuesema, pexe U3 MaramuTa, oTJi0-
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#KeHuit ropAYMX MCTOUHMKOB MM — B NOpo/ax JokemOpus — u3
HeOPraHWUeCK!X OCAMKOB Kpemie3eMd.

Namnpotup  — u3BepikeHHas NOpoOAa CO cBoeobpasHoit CTpyKTypoil, 3aierato-
was B BuAe Aaek. Mmeer obbiuto Bhicokoe conepxkanne K,0 u s
KauecTBe rJaBHBIX MUHEpaloB OMOTHT, POFOBY 0 OOMAHKY M

NMPOKCEH.

NenWROKPOKKT — YacTo BCTpeyaluuiics Munepal BoaHofi OKuCH KeJjes3a,
dopmyaa FeO(OH) .

NonioHTHT — KaJbIMEeBbli LEOJNT C MAean31poBaHHON dhopmy Joit

CaAl,Si,0,, + 4H,0 (B NPUPOAHBIX JOMOHTATAX OTHOLIGHNE
Si /Al cuibHo Bapbupyer), Menoab3opal B KauecTse npumMepa
KaJbIMEBOT0 Le0UTa B M. 5, TaK KaK W3BecTHA BeJuuuHa CBO-
HoaHoi sHeprun ero obpas’oBaHui.

Maraguur — munepas, cumkar atpus NaSi 0, (OH) ,+ nH,0, oGpasyioutiica
B COJAHO~IEI0UHLIX 03epax, [1pu anarenese MarauuT npespauiacts
s B KPEeMRMCTHI caaken co croeobpasHoil CTPYKTYpoii NoBepxHoC~

TH.

Madjuyeckan — usBepkennas (0ObIYHO TeMHOOKpalleHHas) 10poaa, CoCTos-

nopopa mas rJaaBHbIM OGPESOM U3 KeJe3oMarie3nalbHbiX MUHEDAJIoB.
[pubaManTebiO SKBUBAJEHTHA OCHOBHOA NOpoje.

MeTagMopHT — MeTamMopdhu30BaHHblil AMOPUT (MM NOPOJA CXOHOrO COCTABA,

MeTamMophu3oBaHHAR /10 TAKOH CTenetu, YTo MepBidHy o Nopo-
[y HEb3§ OTMYATH OT JHOPUTA).

MeTamop@duye- _ noposa, o6pasoBaBancs u3 Apyroit panee cymecrsopasie

CKaRA nopopa nopoas! (ocapouHoil, MarMaTMueckoi uam meramophuyec-
Koif) mop peficTBuem Tenna, AaBIEHMA N CKANLIBAKOUMX
Hanpsxenni. Cmynens Meramopduueckoil mopoabl Npu-
GAMBHTEJbHO COOTBETCTBYeT Temieparype Meramopbusma.
Topoypt HU3KOH cTyneny MeTamopdusma COAEpXaT BOAHbIE M-
HepaJbl THNA CAIObl i XAOPUTA, MOPO/bl BHICOKOH CTYNEHH Yace
TO UMEIT MUHEepANbHbIH COCTaB, aHANOTMUHBIA COCTaBY U3BEPKEH-
HbIX TOPOfi.

Murmarut — nopoja, COCTOALIAA M3 TOHKMX Yepe/lyOWuXCA C0es N0PoA
PPaHUTHOrO U METAMOPQUIECKOro TUMOB. Moraa BbITh MeTa-
mopuueckoit nopo/ioii, noAsepriueics YaCTUUHOMY pacilias-
JeHUI0, WM TIOPOJIOH, B KOTOPYI0 BHEAPUACA IPAHUTHbIH pacrias.

MUKPOKNMH  — PasHOBHJHOCTb KAMEBOrO MOJEBOrO wiaTa (KA1Si ;04) c Bbi
COKOYMOpA/loueHHOi CTPyKTYy poft, cOOTBETCTBY ouei obpasosa-
HUI0 DM OTHOCHTENbHO HH3KMX TeMIeparypax.

MonayuT — docthaTHblil MUHEpal C BHICOKMM COfIEPXAHNEM DEKO3eMe b
HBIX 3JeMeHTOB U Topusi, bopmysa (Ce, La, Th)PO . /losoar
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H#0 OOBIUHBI AKLECCOPHDI MUHEpA I'PaHUTON/HbIX 0P/ 1 ocaj

KOB, 06pa30BaBMMXCH U3 0GJIOMKOB TAKUX NOPOZ.

MoOHUOHHT — rpybo3epHicTan MarMaTHieckasn (raybunnas) nopoa, cocTos:
Was W3 MpUBAMBUTENBHO PaBHbIX KOMMUECTB KaJMeBOTO NOJEROr0
WnaTa ¥ NJAArMoKJasa M cofepxauas npumecu poroeoil 00MaH=
i s GuotuTa, [IpoMexyTouHas Mex/y AMOPUTOM i CHEHUTOM.
Tpy BHICOKOM COflepXKaHMi KBApLa Ha3pBAeTCH KBApLEBbIM MOH-
IOHUTOM.

Onusun — munepaa cocrasa (Mg, Fe)25i04, oBblyHbIi 117 OCHOBHBIX U
yAbTPAOCHOBHLIX MOPOH.

OcHOBHbI@ NO- —obuiee Ha3BaHHe W3IBEPXKEHHbIX NOPOA C OTHOCUTENbHO

popk! (6a3WTBl)  HEBLICOKIM COAEPKAHUEM kpemnesema (menee 50 — 55%)
A OTHOCHTENBHO BHICOKO! KonnenTpaimeit Mg, Fe, Ca. Umemnr
TeMRY0 oKpacky. Basaibr u rab0po — 00bluHblE OCHOBHbIE TIO>

PO[ible

Menaruyeckue — opraiuambl, ofMTapuMe B OKeane W HENOCPEACTBEHHO

OpraHHW3me! 4e cBa3anuble ¢ Ao uau Oeperom. /[las opraui3mos,
YIIOMMHAEMbBIX B TEKCTE, ITOT TEPMUH B oblem 9KBUBaJEHTEH
MAAHKTOHY .

MenuToBbIA  — caaHen (CMAbHO ClaHueBaTas, CHOAMCTAR meTtamopduyec-

cnaxey kas mopoja), obpasywuuica npu meTamopdusme MelKo3ep-

HUCTOf 0CaIouHON MOpo/bl (CJaHIeBaToH K cJoucToil ynioT=
HEHHOM TJMHbl).

Mec4aHuk _ obJioMouHas 0CAN0YHAS TOpO/Jd, CJOKEHHasA NPeuMyeCTBEHHO
3epHaMu necuasoit pasmepuoctu (0,06 — 2 MM B MameTpe).
CoCTOMT B OCHOBHOM U3 KBapua C [epeMeHHBIMIA KOIMUecTsa~
M TI0JEBOr0 mrara. [lecyaunky yacTo CleMeHTUPOBAHB! Kallb=
LMTOM WM KPeMHE3EeMOM.

MupoKceHsl — I'pynna MUHEpaJoB C obuteit popmynoit ABSi, 0. B opmonupoxce-
war (sucrarut, runepcrer) A u B npeacraBJieHbl Boabluei
yacTbio Mg # Fe. B ofbiutbix Kaunonupoxcenar (mmoncun,
asruT) A ossayaer riasHbiM obpasom Ca, a B —Mg, Fe, Al,
Ti. CyuwecTBylT TaKxe ApyTr¥e pasHOBUAHOCTH. [Iupoxkcenb
ocofeHHO XapaKTepHsl 143 OCHOBHBIX U3BEPKEHHbIX OpO/.

MnarMoknasel — rpynna MuHepalios, 00pasyunx Cepuio TBEpsX pacTBOPOB
or arsbura (Ab, NaAlSi,0,) o anopmira (An, CaAl,Si,0,)
Haspanna musepanam (aasbut, Ab g, _gos OIUIOKIAS,
Aby, o annesuu, Ab, _; 4a0panop, Ab g _ OUTOBHHUT,
Ab . _ o5 BHOPTUT, Ab ;) _,, T/le UHCIA COOTBETCTBYIOT Npo~
LEHTHOMY CO/IepXanuio aibOUTa B TBEP/JOM PacTBOpe) AaioTCs
B 3aBMCUMOCTU OT COIEPKAHMA AHOPTUTA, BbIPAKEHHOTO B MpPO=
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LleHTax B npeflenax cepui. Kaabiyessie passocty (An > 50%)
BCTPEYaloTCA B OCHOBHBIX H3BEPKEHHbIX 0POJAX; HATPUEBblE
pasioctit (Ab > 50%) oBbiunbl B rpanuTax u MeTamopuIecKix
nopojax,

— OTPe30K reoNoTHYECKOro BpeMeHy, npelecTsyouuii coBpeMens
HOIt reoorueckoit snoxe (rosoueny) u coorsercsyiomui npu=
0JM3UTEIBHO Je/IHiKoBOMY Nepuoty — ot 10 Thic, a0 2 MJH, Jer
Ha3a/l.

— Marmaruyeckue nopodbl, GopmupywimMecis Ha Goubllof
raybune or 3emuolt nosepxnoctu. [MOCKOABKY 5TU M0-

PO/Ibl KPUCTANIM3Y OTCH MeJJNeHHO, OHU ABJASIOTCS rpy 6o3ephuce
ThIMHU ([OJIHOKPUCTANIUYECKUMH).

— TMouBa, 06pasyioianca B X010/HOM IyMHHOM KAMMaTe i Xapaks
TEPUIYIOLEACH OTCYTCTBUEM Kededa M allOMHHUA B BepXHeil
YACTH NMOYBEHHOIO paspesd.

~ Hanbojee pacnpocTpaHennas rpynna MUHEpaNoB 3eMHOH Ko-
pbl. OBbIYHO NO/PAB/EIAIOTCH HA WEIOYHbIE MOJEBbIE WNATH —
KAlSi 0, (oprokaas, mukpoxkmmu) i Na AlSi,0, (anbbur) — u
TIATHOK Ia3bl — CEPUI0 TBEP/bIX PACTBOPOB MeX My aibbuTom
NaAlSi O, # anopturom Ca Al 251,0,. Cepus TBepasix pacTsos
POB BCTPEUACTCA TAKKE B UENOUHBIX MOJEBBIX WINATaX NPy Bbis
COKMX Temneparypax (ByJKkaHM4ecKue Nopo/sl); 37ech obpa3zyior-
Cfl MMHEpaJbl CAHUMH (B OCHOBHOM Kaumesblif) 1 aHoprokaas
(naTpueBo~kauesmiit),

— MeJIKO3epHUCTasA BY.KaHHYecKas M0poja, 1o XUMUYECKOMY COa
CTaBy dKBMBANEHTHAA DAHATY.

— HauboJee pacnpocTpanenHbli Mukepan amubonoBoit rpynms
B MarmMaTuieckux i CHIbHOMETaMOPOU3OBAHHBIX NOPOJAX,
lpubamsureashas dopmyia (Ca, Na),(Mg, Fe, Al, Ti )

(Si, Al),0,,(OH, F),.

OCTATOUHLIH CJ10it M Macca BuBeTpeoi nopo/bl, 06b14HO cos
CTOAWME U3 PIMHUCTBIX MUHEPAJOB i/ M okuc.ios Al u Fe, a
TAKKe U3 yCTOHUMBLIX K BBIBETPUBAHMIO MUHEPAJIOB NepBHYHOIM
Mopo/bl,

— rpyGo3sepHucTas n3sepxennas (raybunnas) nopoga, cocrosmas
TIpEMMY IeCTBEHHO U3 KaJIMEeBOro MOJEBOro WNaTa ¢ TNpUMechlo
poroBoit o6Manku uau buorura,

— MuHepa., obulqHbIi A5 cHAbHOMEeTAaMOpdH30RaHHBIX nopoz;

HhealMsupopantan popmysa Fe?*Al Si ,0, (OH),.

— HECOpTUPOBAlHbIE, HECTPATHULMPOBAHHbIE 0Bpa3OBaHKS
JIeIHUKOB,
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Tpaxur — MeJKo3epHHCTas UiBepiKenHas (ByJkanuyeckad) nopoda, COCTOs
1ast peUMyleCTBeHHO U3 1eJouHoro (6oraroro kamenm) noJ1esoro
WraTa ¢ npuMechio porosoil obmanky nan Guotura. Ibdy3uBHbI
aHaJlor CHeHUTa.

Y nbTpaocHoB- — Marmaruueckue Mopojbl, cojepiaume MeHee 459

Hble NOpoAbl cymmaptoro Si0,, CocToAT B OCHOBHOM U3 XeJle30MarHesualib
HbIX MUHEPAJIOB (0JMBMHA, MPOKCEHA) U MHOrMA Cconepxar Hebo/b
1IMe KOJMUECTBa NOJEBOr0 WNaTa Wiy KBapla.

Denb3uToBaR — obmee HA3BAHME CBETJOOKDALIEHHBIX MOPOA, COCTOMWYX

nogpoga 0ObIUHO U3 [10JIEBBIX WHATOB M/ WM KBAPLA.

DunnuncuT — MUHepaJ CpyNbl Le0JUTOB C PasJuyHbIMM 3HAUEHUAMH OTHOWEHUS
Si/Al, oObluHO C KaJAMeM ¥ HATPUEM B KayecTBe JaBHbIX KATHO~
Hoe. PopMupyeTcs B OKeaHHUECKMX OCaaKax Npu UBMEeHEeHUU By
KaHUYecKoro MaTepuaJia.

Dpeatnueckui — HaxoJsUMca HuXe 3epkaja CpPyHTOBbIX BOA (I 1).

Uentp — Teppuropus (00blYHO CpeuHHO-OKeanwyeckuit xpeber), B mpe-
CrnpepMKra Jlelax KoTopoii obpasyeTcs HOBoe BEIECTBO 38MHOH KOpbI 110
Mepe pasgBuranns 0J10Kos BHewHed 06010uKy 3eman.

rpynna BOOHBIX aJIOMOCHIMKATHBIX MUHEPANOB, KOTOpbIE 110 XK=
MUYECKOMY COCTaBY COOTBETCTBY T MOJEBbIM UIATAM, COAep~
KAT BOJly M KPEMHE3eM WM He cojepxar nocJennit. Hekoro-
pbie IEOJUTHI UMET BbICOKYI KATHOHOOOMEHHYI0 eMKOCTb.
Otieabhbie BU/B UCHOAL3Y OTCH B NPOMBILIEHHOCTY KK MOJes
Ky JJApHbIE CUTA.

UeonuTsl

UupkoH

mMunepas, hopmyaa ZrSiO 4+ 00BbIUHO BCTpeyaeTcs Kak akuecs
COpHbI MUHEpaJ B PPAHUTHDBIX MOPOJAxX U B oca/kax, obpasoBap-
WUXCA TP UX paspylleHnH.

Yeprosem uepHas (M13~3a OpPra’HMyecKkoro BeulecTsa) noysa, colepxallasn

CaCO, u obpa3soBaBuiascs B yCJAOBUSX XOJIOAHOTO /10 yMepeHs
HO 38CYULIMBOrO KAMMATA.

3sanoput — ocajlouHas nopoja, claraeMas MUHepalamu, KOTOpble 0CaXAaKTs
cs npyn ucrnapemiu Bofbl. BoabuiukeTeo sBanopuros obpasosamch

Mpy UCTIAPEHU MOPCKOit BO/Ibl M B KAYECTBE IJIABHBIX MUHEpas
JIOB COJepXKar runc u raaut (ra.9).
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yunnu (Willey) 263, 345, 428

yvuncou (Wilson) 270, 428
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Yup (Weare) 416
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Wymm (Schum) 428
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Bpemr npebbiBaxuA 9, 16, 274 — 275
BpeMA Kak (pakTop KOHTPONA BbiBETpUBE
HWA 232
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TOpAYME HCTOUHHUKH
ycToAuWBbIe n3oTonbl 385 — 386

rwnc:
KaK UCTOUHWK pacTBOPEHHLIX
Bofie BelwecTs 72
ocaxaeHue 235 — 237
pacTsopumocTb 28 — 30, 33 — 35,
36
COOTHOWEHWe YCTOHUYHBOCTH TUNc —
aHruapuT 260
naykoHuT 90
I MHHCT ble MUHEepansl, onpeaenenve 80
opAuMe UCTOuHMKM 20, 385 — 386
[paH-naneTka, rpadmueckui meTof 55
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pagWoaKTWBHble 390 — 395
ctabunbhblie 377 — 390
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H3oTonkl cepsl 390

M3oTonel yrnepopa 389, 391 — 392

W30sneKkTpuyeckan Touka 95

UnnuT, onpepenenve 89 — 90

HHrubuTopbl 142
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KaTUOHHBbIA 06MeH:
B rnMHax Mopckux ocapkos 100 — 101,
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KnumaT kak GaKkTop, KOHTPONUpYowMA
npouecce! BbiBeTpuBanuA 230 — 231

Konnougsl 91, 93 — 96

KOMNOHeHTBI XWMHYeCcKWe 24

KOHrpyaHTHOe pacTBopeHHe 67

KowHeTHan Bopa 20
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3NeKTPUUYECKH HeHTpanbHbiX BEWecTs
30 - 31

KoapduuenT nabupaTtensHoctu 99
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aKkTUBHOCTb 31
puccoumaumA 107 — 109

Nateput 160
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201 — 205
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W3MeHeHHR 218 — 224

NusoknuH 74 — 75

Maranu, 03. 245 — 251

Maraguut 121, 129
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MaKkuHaBuT 348
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MapkasuT 312
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MeXeHHbIA cTok 16
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MeTacTabunbHble rpasuusl 117 — 118
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140 — 142

MukposnemeHTsl 338 — 350
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Mopckan Bofa:
ucnapexve 255 — 261
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HEKOHCEepPBATHBHbIE 3NeMeHTbl 269 —
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145 — 148
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357
OxcanaT 37, 158, 345
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342 — 346
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pe 292 — 294
B OKMCNEeHHbIX Bofax 322 — 324
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Mepcuackui 3anue 257 — 261
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Mbe3oMeTpuueckan noBepxHocTb 20
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KaK haKTop, KOHTPONUPYIOWMUA KOH-
LUEHTPaUUW MUKPOSNEeMeHTOB 346 —
353
npu BbiBeTpUBaHun 174 — 183
KackafHble ropsl 203 — 204
Puo-Takama 205 — 213
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137
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aficopbuua Mu — Fe-okucnamu 356 —
357
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Papow-222 392 — 393
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Pasnoxexne opraHuyeckoro sellecTea
320 — 322, 324 — 328

PacTBopeHHbIH OpraHMYeckui yrnepon
(POY) 343 — 346

PacTuTensHocTs, CM. Takxe Opranuyec-
KOe BelecTBo
Kak (baKTop, KOHTPONUPYIOWUA BbIBET-
puBaHWe 232

Peakuuu nepBoro nopAaka 135 — 136

Peakuuu u BoluMCNIMTENbHbIE NPOrpaMMel

361 — 364
PelkbAnec, n-os, reoTepmManbHble BOAbl
285

Pe#n, p. 226 — 228

Penbed, KOHTpoNk BuiBeTpuBaHUA 189 —
191, 196, 205, 231
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u3MeHeHWe cocTasa 16, 208 — 210
C@30HHble U3MEeHeHWA cocTaBa 198 —
199, 213 — 214, 222 — 224
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Puo-Amexa, p. 181, 210
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Canonut 87, 88, 201 — 205

Cebxa 257 — 261
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ocaxfexue npu ucnapenuu 233, 239
pacTeopumocTe 110 — 111
CTPYKTypa W cocTae 91, 93
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CepneHTuH:
KUHETHKa pacTeopeHuA 148 — 152
pacteopumocTe 109 — 111
CTPYKTYpa W cocTaB 85

CunuKaTbl MarHua:
W COCTaB NOA3eMHbIX BOA 224 — 225
KWHETHKA pacTBOpeHHA 148 — 152
pacTBopuMocTb 109 — 110

CknoHoBbiA cTOK 14, 223, 383 — 385

CMEeKTUT, CTPYKTypa U cocTaB 86 — 89

CmelwaHocNoAHble rAMHbl 90

Conexnocte 21

ConoHoBaTbie BOAbl 21

Coocaxpenne 353

CpeAn3eMHOEe MOpe, MHOLIEHOBbIE 3Bano-
puTHl 278

CraHpapTHOe COCTOAHWe 26 — 27, 394

CTaHfapTHbIA BOQOPOAHbIA aneKTpoA
289 — 293, 295

CraTucTHYeckoe paccMoTpeHue 184 —
188, 189 — 196
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"CTyneHbK1" Ha NOBEPXHOCTH KpUcTan-
na 140 — 142

CyMma pacTBOpeHHbIX BelecTe 21

CymmapHbifi opranvueckui yrnepon (COY)

343 — 346

Coeppa-HeBafa, UCTOYHHUKK 162 — 167,
178 — 179, 205

Tanek:

pacTeopumocTe 109 — 110
CTpykTypa B85 — 86
TeTpasgpuyeckue no3uumu 80, 85 — 86
TepmoOMHaMHYECKOE paccMoTpeHue 174 —
183, 229
Tunc-Mapw 251 — 255
Touka Hynesoro 3apAfa 95
TpaHcnupauua 13
T pHOKTaaaApUHECKHEe rMUHUCTbIE MUHEpanb!
81
TputuA 390 — 391

Yronesas kucnoTa, AMccouMauyun 46 — 48

Yuncon-Kpuk 383 — 385

YneTpamauyeckue nopofbl 224 — 225,
326

YnnoTHeHe ocafkoB 366 — 368

YpaHu:
MHPUNETPaUMOHHbIE (POHTaNbHLIE
MecTopoxaeHuA 336 — 337
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pacTBOpUMOCTb 339, 342, 343, 345

DakTopHbiit avanus 185 — 188
cucTema peku Makkenauw 189 — 196
HopT-®opK, p. Wowoys 218 — 221
®epmeHTayMA 321 — 322
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DopmauuoHHble BoAbl 20, 261 — 263

DopMauynoHHbIA hakTop 368
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DyruTHBHOCTE 26 7
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®ynbBOKMCNOTEl 345 — 346
®eopasl 332 — 333
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329 — 330
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erpu;r:
7A 85
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