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B xHHre mo MarepHasaMm HCCIe[OBAHHH aBTOPAa H JHTEPaTypPHBIM HCTOYHHKAM CH-
CTeMaTH3HPOBAHBI JaHHBIE N0 52 XHMHYECKHM 3JeMEHTAM B NMOJA3eMHHIX BOJAX OCHOB-
HBIX JaHAWA(QTHEIX 30H 3eMHOTO Wapa; BHepBHe NMPHBeIeHH cpe/lHHe (KJapKoBhie)
coldepXKaHHA ITHX 3JMeMeHTOB AJf BOJ 30HH THNEpPreHesa, KOTOphle COMOCTABJAEHbI
C JaHHBIMH TO PeYHHIM H MOpPCKHM BojaM. JleralbHO paccMOTPeH BOMPOC O PAaBHO-
BECHO-HeDABHOBECHOM XapakTepe CHCTeMbl BOMA — FOPHbie MOPOJIbI, BHIABJIEHA CrElH-
(pHuHOCTL, B3AHMOJEHCTBHA BOALI C AMIOMOCHJIHKATAMH, KOTOpPOE pasBHBAETCH IIPH
YYaCTHH OPraHHYecKoro BelllecTBa W rasos. [loKasaHo, 4To COCTaB BOJBI SIBJSETCH Te-
TEpPOreHHbIM, TAK KaK OjHA 4acTh 3JIEMEHTOB MocTynaer H3 armocdepsl, apyras
4yacTb — H3 OHocepsl H TpeThs — H3 JHTOCheph. BuisBaennl ocHOBHBIE (aKTOpHI,
KOHTPOJHPYIOIlHe XapaKTep Te0XHMHYECKOol cpeflbl, HanpaBJeHHOCTb BbIBETPHBAHHSA
TOPHEIX TOPOJ H YCJIOBHA (JOPMHPOBAHHS XHMHYECKOTO COCTaBa NOJ3eMHBIX BOJ, TPH-
BOJHTCA CXeMa COMOAYHHEHHOCTH OCHOBHBIX MPHPOAHBIX (hakTopos. O6cyxaanTcs
reoXHMHYECKHe acneKThl BHIBETPHBAHHA TOPOMd, coloob6pa3oBanns, (opMHpPOBaHHSA
PasJHYHBIX THNOB NOA3eMHBLIX BOM, BK/IHOUas COMOBbie BOJbLI H BOJBl KOHTHHEHTAJb-
HOTO 3aCOJIeHHS.

PaGorta paccuHTaHa H4a THAPOreOXHMHKOB, THJIPOreo/]0roB, N¢OXHMHKOB, JHTOJO-
roB u reorpagos,
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i IMMPEAHWCJ/IOBHUE i

B nacrosiniee BpeMs BHHMAaHWe reoJioTOB Bce Oosblie H §oJblie
IIPUBJIEKAET 30HA THIEpPreHe3a Kak OJHA M3 CaMblX MHOr000pa3HbIX
H AMHAMHYHBIX 000J104eK 3eMHOH Kopbl. B 3TOH 30He MNPOHCXOAHT
paspylieHde H IepeoT/OXKeHue MHHEpaJoB, 00pa30BaHHEe MHOTHX Me-
CTOPOXKAEHNH IMOJNe3HBIX HCKONAeMBlX, CO3[aHHe 3HAUYUTEJBHOH Macchl
OpraHuueckKoro BellectBa OGuocdephl, KoTopas 3areM paccenBaeTcs H
HAKaNJAHBaeTcs B TOJIle 3eMHOH KOphl, (OpMHPOBAaHHE LIHPOKO HC-
M0Jb3YEeMbIX B HADOJHOM X03fHCTBE Pa3HOOGPA3HBIX MOA3EMHBIX BOZ.
JocraTouHo cKa3aThb, UTO C 30HOM THIEPreHe3a CBA3aHA MOLABJAIONLAS
YacTh TMOJA3EMHBIX TMHTLEBHIX H MPPHTAIlMOHHBIX ‘BOJ, a TaKiKe HEKOTO-
pas 4acTb MHHepPaJTbHbIX H IPOMBIILIEHHBIX.

[lo3nanne mpoleccoB runepreHesa siBASETCS OCHOBOW Ma/bHeIlIero
PasBHTHA TEOPHH OCAJOYHOrO JHTOreHesa, (POPMHPOBANHA KOD BHIBET-
pHBauuf, mnouyBoofGpasoBauus, pa3pabOTKH TeOPHH TIe0XHMHYECKOH
HOABHKHOCTH H AH(depeHHallHH XUMHYCCKHX 3J1€MeHTOB, HX pacces-
HH$S, KOHIEHTPUPOBAHHS M Yy4YacTHsi B IHKJIaX MHTpalnH, GopMHpOBA-
HHSI XMMHYECKOr0 COCTABA MOA3eMHBIX BOJ, pa3padoTKH TeopuH Gopmu-
POBaHHS OPEOJIOB H MOTOKOB PACCETHHA DYAHLIX MECTOPOKIEHHH, SIB-
Jsionlefics OCHOBOH reoxuMuueckux MetonoB nouckos. Ocobyio npod-
JieMy DpeicTaB/sieT TeOXHMHYeCKoe H3ydeHHe npeobpa3oBaHus OpTaHH-
YEeCKOro BelllecTBA M ero yuyactus B opMHpOBaHHH yTis, Topda, GUTY-
. MOB, NMOYBEHHOr0 TyMyca, a TaKxkKe YCTaHOBJeHHEe 3aKOHOMEPHOCTeH
E{\ 00pa30BaHuA H pa3MelleHHd MEeCTOPOMKIAEHHH NO/Ie3HbIX HCKOMAeMBbIX.
ﬁ“: ¥3Ke 3TOT IaJeKO He IOJHBIE NmepeyeHb NpobJeM MoKasbiBaeT BCIO BakK-

. HOCTb M3y4YeHHs 30HbI THIlepreHe3a, Kak OIHOH H3 CAOXKHBIX 000J0YeK
~ Ouocephl, HaubOMee TOJMHO HCMNOJNB3YEMOHl UEIOBEKOM, KOTOPYIO
B. U. Bepnajckufi HaspiBan Hoocdepoii.

N Cpenu NMPHPOAHLIX TEJ, CAAraiolluX 30HY THIeprenesa, ocobas poJb

. MPHHAAJEKHUT [OJ3EMHBIM BOJAM, COCTABJAKIIHM BaxHEHIIYIO 4acTb
~ rujgpocdepbl B Ues0M, KOTOpHE, 10 MuenHio akan. B. M. Bepuasckoro,
. OmpejeNigioT «BCIO XHMHIO 3eMHOI KOPBI B JIOCTYMHOM HalleMy HENo-
CPECTBEHHOMY H3yUeHHK ee 06jacTH. XHMHUYECKHE peakIHH HAVT,
TJIaBHLIM 00pa30M, B BOIZHLIX PACTBOPAaX, XKHIKHX HJIH NMapoodpasHbix,
1 CBOHCTBA pAacTBOPOB 00YCJ/AOBAHBAIOT, B INIaHOH Mepe, TeHe3HC Ban03-
HEIX U (peaTnueckHx MHHepanoB. OHU Ke ONpefeNsioT CPely KH3HH»
{Bepuancknii, 1960, c. 15).

Ilonsemuble BOIBI MpeCTABAAIOT HAHOOMEE AKTHBHYIO 4acTb 30HbLI
- TUmepreHe3a, OHM ONpeNensloT Xapakrep GH3HYECKHX, XHMHYECKHX H
OHOJIOTHUECKHX IIPOLECCOB, MPOTEKAIOMUX B Npejenax 3TOH 30HH, H
BISLIBAIOT B THFAHTCKHX MacliTabax paspylleHHe, MHTPAILHIO, TepPeoT-
JIoKeHHe H HOBOODpa30BaHHe BellecTB, Pa3BHTHe JaHAWA(THLIX U ApY-
. THX TIpoleccoB, a Takxke OHochephl KaK OJHOH M3 BaXHeHIIHX 000J0-
~ HEK 3eMHOH KOpBLL.
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. Hau6omaee noano runeprennble mporecesl Obl1H KaaccHPHIHPOBaHbI
A. E. ®epcmanom, KoTopbiii B 3TO IOHATHE BK/I0YAJ BCe IMPOLECCHI,
NPOHCXOAfAILHEe B HAPYKHBIX yacTax 3eman, 3axBaToiBalolie atMoche-
py, ruapocdepy u HerayGokue caon aurocheps. OH BhIZETHS caenyio-
I1He FEeOXHMHUECKHE THIBI NMPOILECCOB THIepreHe3a: cOGCTBEHHO THIEp-
reHes, mejoreHe3, CHHTeHe3, JHareHes, KaTtareHes, rajorenes, THApoOre-
He3, MexaHoreHes, GuoreHes, TexHoreHes. B mocaeayiouleM NnoHATHE TH-
nepreHesa mofiBepraaoch KPHTHKE, NPe/Iarajnch HOBLIE €r0 BAPHAHTHI,
TEéM He MEHee OHO B OCHOBHOM COXPAaHHJIO IEPBOHAYAMbHBIN CMBIC/.
HMMeHHO TaK NOHHMAIOT H HCHOJbL3YIOT cMbICH 3Toro Tepmuna A. A. Cay-
koB, U. M. T'uns6ypr, H. B. Baccoesuu A. H. Tlepenbman, B. B. Illep-
ouna, A. M. OBUHHHUKOB H Ap.

A. WM. Ilepeapman noayepkHys TepMOAHHAMHYECKHH XapakTep mo-
HATHS 30HQ eunepeexe3a, B KOTOPOH JaBJeHHe H TeMnepaTypa Xapak-
TEPH3YIOTCS 3HAUEHHSAMH, GJH3KHMH K 3HAYEHHSM 3eMHOH NOBEpPXHO-
CTH, TAe TeOXHMHUECKHEe MPOILeCChl COBEpPIIAIOTCS TPH aKTHBHEHIIEM
VUaCTHH XHBOTO BellleCTBA M KHIAKOH Boabl. B TakoM TepMoaHHAMHye-
CKOM CMBICJIe TEPMHH 2unepzexed ynorpedasercs H B JAaHHOH pabore.
BakHelIIHMH COCTABHBIMH YacCTAMH THIEPreHHBIX MPONECCOB SBJAIOT-
csl THApPOTeHe3, GHOreHe3, MejoreHe3, BLIBETPHBAHHE H SIHTEHE3.

3oHa rumepreHe3a — 310 067aCTh JAeHCTBHA NOA3eMHLIX BOJ HH-
(GUALTPALHOHHOrO, pPeXe KOHJEHCALHOHHOTO THIA, TeHEeTHYeCKH CBS-
3aHHBIX ¢ aTMoc(epHBIMH ocagkaMu m mapamu atMmochepsr. Ilo ycro-
BHSIM 3aJIeTaHHsl 3TO B NOAABIAIONEM GOJIBIINHCTBE CJAYYaeB TPYHTO-
BHI€ BOJbl (HamopHble H 6e3HANOPHLIE) H BOJALI THNA BEPXOBOAKH, pexe
apre3naHckue. llocTossHHOE BOCIOJTHEHHE 3aMacoB IOA3EMHBIX BOJ
NPHBOAMT K (QOPMHPOBAHMIO B Npeesax 30HbI THIEpreHe3a akKTHBHOIO
BON0OOMEHa, 3aXBaThIBAlOUlero o06JacTH MECTHOrO APEHHPOBAHHA TOP-
HBIX TIOPOL.

CnenoBatenbHO, 00bEKTOM HCCJIedOBaHHH B JaHHOH paboTte sB-
AA10TCST HHQUIAbTPAUHOHHBIE BOAB PErHOHAJLHOrO PAacHpOCTPpaHEHHs
B TNpeenax 30Hb aKTHBHOrO BOA0OOMEHA, He CBS3aHHBIE C yYaCTKaMH
PYAHBIX TIOJNIE3HBIX HCKOMAeMbIX H AKTHBHOM TEeXHOTeHHOM JdesTesbHO-
CTH ueJ0BeKa.

Kaxkoit e cMblc/l BKJI4AbIBAGTCS B MOHSTHE 2UOPO2EOXUMUS 30HbI
eunepeeresa? He Bpapasicb B JHCKYCCHIO O COIepXaHHH HOBOH Hayu-
HOW Aucuunannsl [udpozeoxumuu, OTMETHM, U4TO NOCTEAHAS, MO MHe-
HHio GogabluuHeTa uceaenosateneil (A, M. Osuyunnukosa, E. B. IToco-
xoBa, A. U. llepeabmana, M. K. 3aiinesa u mp.), uayuaer reoXHMHio
NOA3eMHLIX BOZ H nyTH (GopMupoBanusi X cocrasa. bogblloe BHHMA-
HHe VJeJsieTcsi TaKke «TeM IHHAMHYECKHM B3aHMOCBA35iM, KOTOpbie
CYILECTBYIOT Me¥Jy TFOPHBEIMH nopoaamMu # BoaaMu» (OBUHHHHKOB,
1970, c. 4). Takoit moaxon, OAHAKO, MO HalleMy MHEHHIO, HeCKOJbLKO
CViKaeT LeJdH M 3aJauyd THAPOreOXHMHH, BbITEKalolllHe H3 camoil ee
cyTH. HTo6bl NMOHSTE NYTH (POPMHPOBAHHS XHMHYECKOTro0 COCTaBa mnoi-
3eMHBIX BOJ, HeOOXOAMMO 3HATh MacmTaOBl H HAaNpaBJIeHHOCTh Mpeol-
pa3oBaHHs BOAOH TOPHLIX TOPOJ, OPraHHYECKOrO BeIleCTBA M Ta30B
HJIH, IPYTHMH CJI0BaMH, H3YYHTb PA3BHTHE 3TOH UETHIPEXKOMIOHEHTHOI
CHCTEMbl BO BPEMEHH B PA3JTHUYHBIX TEPMOAHHAMHUECKHX VCIOBHSX 3€M-
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HOit Kopwl. [Tostomy dopmupoBanie MoA3eMHBIX BON TPeNCTABIAETCS
TOJILKO HaCTBIO Te€X PaHAHO3HBIX NPOLECCOB, KOTOPHIE MPOTEKAIOT Ha
Hauei naanere. Mayyas noaseMHuble BOABI, I'HAPOTCOXHMHH TeM CaMbIM
y4acTByeT B NMO3HAHHHM OOGLIHX 3aKOHOMEPHOCTel TMpeo6pa3oBanHus Be-
miecTBa (rOPHBIX MOPOA, OPraHMYecKHX NMPOAYKTOB) B VCIOBHAX 3eM-
HOIl KOpHI.

CkasaHHOe BblllIe MO3BOJSIET YTBEPKAATb, YTO THIPOTEOXHMHSA ue-
pe3 u3yuyeHHe cocraBa H nyTeil (OPMHPOBAHHA MOL3EMHBIX BOJL CHO-
cOOCTBYET NMO3HAHWI0O MHOTHX TeOXMMHYECKHX TMpPOIEecCcOB (BK/IIOUas
pyaoo6pa3oBaHne), MPOTEKAOIUX ¢ yyacTHeM Bojabl. ClieqoBaTeNbHO,
THAPOTeOXHMHS — 3TO HayKa HE TOJBKO O XHMHYECKOM COCTaBE TO/3eM-
HbIX BOJA M MyTAX ero GOpMHPOBAHHSA, HO U TOH TEOXUMHUECKOH POJH,
KOTOPYIO OHH HTPAaIOT B 36MHON Kope.

3ona runepreHesa fBJAAETCA Y4acThio 3eMHOH KOPHI, TIe TeoXxuMHye-
CKasl poJib MOJ3EMHBIX BOJ BhIpaKeHa 0COOEHHO HATJSAHO B TIpolleccax
noYBooOPa30BaHKs, BLIBETPHBAHHS, SMHUTeHe3a, Pa3pVIUICHHT PYIAHbIX
TeJsl, 3acosiennss u T. 4. [lostomy mpeacrapasieTcs, uTo paccMaTpHBae-
Masi 30Ha ABJAseTcsd cBOe0oOpasHOi rHAPOreOXHMHYECKOl CHCTeMOH, moj,
KoTopo#, coraacio A. W. Tlepenbmany, noHumaercs «uacTb 3eMHOH
KOpbl, B KOTOPO# MOj3eMHas BOJAa H BMeHIAIOLIHe NMOPOALI MeXJy co-
00il CBfI3aHBl U B3aUMOOOYCJOBJCHLI, COCTABIAA B COBOKVIHOCTH eJ1H-
Hoe npupoanoe obpasoBanue» (I[lepenbman, 1974, c. 11). Buscuenue
MeXaHM3MOB, KOHTPO/JHPYIOIIHX Pa3BHTHE 3TOH THAPOTeOXHMMHUECKOH
CHCTEMbl, COCTAB/sIeT OCHOBHYIO 1leJb JaHHOH paloTbl.

B coorBeTcTBHH ¢ 3TOH 3ajgaudeil HAM NPEACTOMT BBISICHHTH OCHOB-
Hble MEXaHH3Mbl U IapaMeTphl, ONpejie/slollHe HaNpaBJIeHHOCTh U HH-
TeHCHBHOCTb B3aMMOJEHCTBHS BOLLI ¢ TOPHBIMH NOPOAAMH, ra3aMi H
OpraHHYecKUM BEILeCTBOM, YCTAHOBHTH CONOLYHHEHHOCTb OCHOBHBIX
- (hakTopoB, KOTOpble KOHTPOJHPYIOT COCTaB MOA3eMHLIX BOJ, BCKPLITh
. TIpHYHHBI 00pa3oBaHUsi TOrO WM HHOrO MX COCTaBa, NOKAa3aTb NYTH

~ H3MEHEeHHs! COCTaBa BOJ NMPH HX ABHMKEHHH OT HCTOUHHKOB MHTaHUs (4T-
~ MocdepHble 0caKi) K 00acTAM Pasrpy3kH (pekH), BbISICHHTb CTeNeHb
" HACBILEHHOCTH BOJbl OTHOCHTENBHO aJIOMOCHJIHKATOB, BO3MOMKHOCTb
- 3BOJIIOLHH 3TOK CHCTEMbl BO BPEMeHH, €€ eOXHMHYECKYI0 poab B ¢Gop-
MHPOBAaHHH KOP BbIBETPHBAHHSI Pa3JHYHOTO COCTABA H COOTBETCTBYIO-
~ el reoXHMHYeCKOH 06cTaHOBKH. CaMOCTOATENBHON 1eablo paboThl
- SBJAETCH MOJYUYEHHEe CPeJHUX 3HAYeHHH COAepIKaHuA XHMHUYECKHX 3Je-
- MEHTOB B NOJ3¢MHLIX BO/1aX 30HLI THIEpreHe3sa.
' Boimosninenne nocraB/eHHOH IleH HeBO3MOMXKHO Oe3 pellleHHsi 4acT-
~ HbIX, HO He MeHee BasKHbIX 3ajay, cpejH KOTOPBIX MOXKHO Ha3BaTh cJie-
. Aywooune: 1) ompejeseHHe CPeJHHX COAepKaHHi TJIABHLIX M paccesiH-
HbIX 3J€MEHTOB B MOA3EMHBIX BOJAaX OCHOBHBIX JIAHAIA(THO-KAHMATH-
. HECKHX 30H 3eMHOrO Wapa; 2) oleHKa MOABHIKHOCTH XHMHYECKHX 3JIe-
~ MEHTOB B YCJIOBHSIX PA3/IHYHBIX KJIAacCOB BOJHON MHTpanuH; 3) onpene-
- JIeHHe COOTHOLUEHHS MAacliTaGoB BbLIBETPHBAHHMSA MOJA3EMHBIMH BOJAMH
~ POPHBIX NIOPOJ M MHHepaJH3allHH OPraHHuecKoro Bellecrsa; 4) ycra-
HOBJIeHHEe HCTOYHHKA OCHOBHBIX 3JIeMEHTOB B MOA3eMHEIX BOJAAX, a TaK-
| JKe CTelneHH reTepoOreHHOCTH HX COCTaBa.
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[Mepeyens nocraBJeHHLIX 3aj1ady nokasbiBaer, uto nousitie [udpo-
200XUMUSA 30HbL eunepeeneda BKAOuaer: 1) npobaemy (popmMHpOBaHHS
XHMHUECKOT0 cOCTaBa MOA3EMHBIX BOX H 2) H3yYeHHE OTAEJBHBIX CTO-
POH Pa3BHTHH THIEPTeHHLIX NMPOLECCOB THAPOreOXHMHYECKHMH METO-
gamu. Bropas npobaema spasercs KpaiiHe MHOTOrPaHHON H CAOMKHOH
M 1M03TOMY B paGorte OYIyT HAMeYeHbl TOJBKO HeKOTOpbie MYTH ee BO3-
MoHoro pewennsi. [Tostomy npuBoauMble B paboTe ycpelHeHHbIe TaH-
HbIC MO COCTABY MOJA3€MHBIX BOJ, BeJHYHHAM MOJA3EMHOr0 CTOKA, Mac-
mrabaM BLIBETPHBAHHS H T. M. HeoOXOAMMO paccMaTpPHUBATh TOJbLKO
Kak npub/aiKensble. ABTOP CTaBHT cBOeil 1esbplo pazpaboTath CKopee
MeTOAO0JOTHYECKHH NOAXO0J pelleHHsT 3THX BOIPOCOB, HEMKeNH JaTh
OKOHYATEJbHYIO OLEeHKY MaclTaGoB NMPOsIBJAEHHS NMPHPOJHBIX SBICHHH.

Martepuannl 1 Hanucawus paGoThl HAMHM GBIJIH MOJYYeHBI B MPO-
gecce MHOTOJETHHX THAPOreOXHMHUECKHX HCC/Aef0BAaHHH B paloHAx
3abaiikaabs, ceBepo-zananuoii wactd Cubupckoit ninatdopmel, Kan-
cko-Taceesckoit Bnaguubl, cepepHoii yactn Koawpane-ToMcKol cknan-
yatoil gonnl, Kypamuuckoro xpeora (Cpennsas Asus) u JIuGepuiickoro
mura (3anannas Adpuka). Kpome TOro, MIHPOKO HCMONB30BAHBI MHO-
rouHcJeHHLIE COBETCKHE H 3apy0OerHble JHTEPATYpPHbIE AAHHBIE MO XH-
MHYECKOMY COCTaBY BOJ, TOJy4YeHHble B TOCJEIHHe TOAbl, 0COGEHHO
B CBSI3H ¢ pa3paboTKOH T'HAPOTEOXHMHYECKOTO METOAA IMOHCKOB, a TaK-
e matepuadbl [Ipobaemuoi rugporeoxumuyeckoit JaGopatopun Tom-
CKOro noautrexuudyeckoro uucruryra (no Casino-Anraiickoit n Tomb-
KoawiBanckoit ckaanyateim o6aactam). B pabore ucnospzoBano 6GoJee
25000 xuMHYECKHX AHAJH30B MOA3EMHBIX BOA H3 73 OTHENbHBIX paii-
OHOB BCeX MaTepHKOB (Kpome AHTapKTHAbI) 3¢MHOrO HIapa.

B mpouecce MHOroJIETHHX HCC/IEJ0BAHHH aBTOP MOCTOSHHO MOJB30-
Ba/csl COBeTaMH, TMOJANEPKKOfl H KOHCYJbTAaUHAMH mnpogeccopos
I1. A. Ynomosa u A. M. Opuunnukosa. [Ipu mpoBefenHH TIOJEBHIX HC-
clenoBaHuil, anaau3e Box H odopmieHHH paGOTHl aBTOPY NOMOTAJH
B. B. Oneitnnkos, H. H. Oneitnnkosa, B. B. Agunos, A. A. Jlykun,
H. M. IlIrapuesa, 3. Il. Ba6yposa, E. A. Kypuimesa u ap. llennsie
3aMeuannsi no pykonucu caeraau M. B. T'apmonos, C. P. Kpaiinos,
H. C. Jlomonocos, A. U. Ilepensman, E. B. ITuunexep, H. M. Paccka-
sos, I'. M. Poros, I1. A. Yaonos, B. M. Ilsen, II. &. Ilsenos,
B. B. lllepGuua. Beem mepeunc/ieHHbIM JHIAM aBTOP BbIpaxKaeT CBOIO
HCKPEHHI0K 6/1aro1apHOCTh.



I'JIABA 1

COCTOSHHE, 3AJAYH U METOAbI HU3YYEHHA
FTHAPOTEOXHMHH 30HBI THNEPTEHE3A

[Tpexne uem copMyaHpPOBAThL TEOpeTHUECKHE, METONOJOTHUECKHE W

MpakTHUYEeCKHEe acneKThl paccMaTpHBaeMoH HaMH mnpodJeMbl, Heo6xo-

[ nuMo xota Obl B KpaTkoH (OpMe OCBETHTb COCTOSIHHE M3YUYEeHHOCTH

3TOr0 BOINPOCA, TAK KaK 3TO TMOMOKET Jyulle CKOHIIeHTPHPOBATH BHH-
MaHHe Ha CNOPHbLIX M HepelleHHbIX npobaemax.

§ 1. KPATKHE HCTOPHYECKHE CBEJEHHA

E
k
B

[MpoGaembl reoxuMuu H HOPMHPOBAHHS XMMHYECKOTO COCTaBa MOI-
- 3eMHBIX BOJ H3y4aloTcs AOBOJIBHO AABHO. ITOT BOMpoC NoapoGHO pac-
- cmotper B. M. Bepuanckum (1954) B cBsi3H ¢ M3yueHHEM HM HCTOPHH
| reoxuMmu#u B nenom. MM Bnepeble copMyaHPOBAHO cOlepKaHHEe HOBOH
- OTpac/H 3HaHHH, KOTOPYIO NPHHATO cefiuac HA3bIBATh THAPOreOXHMHEH.
~ On ormerHJ, 9TO cpeaH XHMHYECKHX COeJHHEeHHH 3eMJH BOAA 3aHHU-
. Maer coBeplleHHO ocoboe MoJOMXKEeHHe, W MOAYEPKHYJ, 4TO MPUPOIHbIE
. BOJIbI, paccMaTpHBaeMble KaK MHHepaJbl, SBJASIOTCH CHOKHLIMH JHHA-
MHYECKMMH CHCTEMAaMH, HaXOASUIUMHCS B TeCHOH CBA3H C OKpymalo-
- meft ux cpegoi. [Jdanee B. M. Bepuazckuii ormeuas, 4TO reoxXumusi
. BOJ SIBJISIETCS OJIHOH W3 JKH3HEHHO BaXKHBIX T'€0JIOTHUECKHX mpolJeM,
. TaK KaK OHAa H3yuaeT BOAY, a BOJAA ONpejAe]sieT OCHOBHbie YepThl GHO-
- chepnl, okpyxKaloUell HAC CPelbl, ¢ KOTOPOH BCe JKHBOE HEPas3pbiBHO
~ u 3axkoHoMepuo cBasano. Mneu B. M. Bepuagckoro chirpajn BaxHed-
1IyI0 POJib B CTAHOBJIEHHH HOBOH 00JaCTH 3HAHHA MO TeOXHMHH MOJ-
3€MHBIX BOJ, H €r0 MO TPaBY HA3bIBAIOT OCHOBONOJOKHHKOM THAPOreo-
 XHMHH.

: B. W. Bepuanckuii Bnepsbie 000CHOBAJ MOJOXKeHHe 00 eIHHCTBE
- BCeX THIOB NPHPOJAHBLIX BOJ M Beded 3a @. KnapkoMm crenaj NONLITKY
. JaTh KOJHYECTBEHHYIO XapaKTEePHCTHKY PaclnpOCTPaHeHHs XMMHUYECKHX
. 3JIeMEeHTOB B KaxkaoM u3 nHux. C/efiyeT OTMETHTb, YTO 3TO HANpPABJIEHHE
. PEOXHMHH MOA3eMHBIX BOJA 10 CHX TOP HE MOJNYYHJIO A0CTATOYHOrO pas-
BuTHs. [loaTBepiKaeHHEM 3TOTO CAYXKHUT (AKT OTCYTCTBHS J0 HACTOMA-
| lllero BpeMeHH JAaHHBIX O KJlapKax noaseMuoil ruapochepsl. Croxu-
_ Jlack B HEKOTOPOM poje mapajoKcalbHasi KapTHHA: HMEIOTCH KJAapKH
~ IIs1 BCeX THIOB TMOPOJ, MOYB, PACTEHHH, PEUYHLIX H MOPCKHX BOJ, HO
' OHH OTCYTCTBYIOT AJIf TMOA3EMHBIX BOJ. Takoe MoJOMXKeHHe 3aTPyAHseT
00061eHHe HAKOMJIEHHBIX NaHHbIX, pellleHHe psifla TPaKTHYECKHX BO-
TIpOCcoB H Ge3ycJOBHO 00eHsAeT THAPOreoJOrHio B LeJ0M.

IMocnie ocrosonoaaraomux paor B. M. Bepranckoro navanocs 60-
Jiee JeTajJbHOe H3yYeHHe TeOXHMHH MOJA3eMHBIX BOJ OTAeNbHBIX THIOB.
llpn stom uccienoBatenn ocHOBHOe BHHMAaHHE YAENsJIH He IIHPOKO
PacnpocrpanenHblM BOAAM, @ CKOpee HX K30THUECKHM DA3HOCTSIM: MH-
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H@panbl-lbm, TepPMaJbHbIM, TMPOMBIIIEHHBIM, BOAAM BY/JIKAaHHUYECKHX
obaactell, HedTAHBIX MECTOPOXKAEGHHH, KPENKHUM H CBEPXKPENKHM pac-
comam u 1. 1. [To 3THM BogaM onyOJHKOBAHO 3HAYHTENbHOE YHC/IO pa-
6OT, NPOBOAATCS COBeLlaHHs, YCTPAHBAIOTCS JUCKYCCHH.

Yo kacaercs BOJ PErHoHaJbHOrO pacnpocTpaHeHHs M, B 4aCTHO-
CTH, HHTEPECYIONIHX HAC MPECHBIX BOJ 30HbI AKTHBHOrO BOA00OMeHa,
TO H3YYeHHe HX BEAeTCs 3MH30AHYECKH M TOJbKO B CBA3H C TEMH MJH
HHBIMH MpakTHYeCKHMH norpeGrHocTamMu. Cpenu nocieHux MOXKHO BHI-
JIe/THTh HECKOJIbKO TAKHX HaNpaBJeHHIl.

1. M3yuenne reOXHMHH NMOA3EMHBIX BOJ NMHTHEBOTO BOAOCHAOMKCHHS.
D710 Hampap/eHHe B CBOe BpeMs ObIJI0 HAYATO IOJ PYKOBOACTBOM
B. M. Bepuanckoro, 3atemM npomoJizkeHo nox pykosoactsom A. I1. Bu-
Horpanosa B buoreoxumuueckoit sa6opatropun AH CCCP. B nacros-
llee BpeMsi TakHe padoThHl yalle BCEro MPOBOAATCS CAYKOAMH CaHH-
TapHo# oxpanbl. Biaropaps 3tHM paGoTaM HAKOMJEeHbl 3HAUHTENbHbLIE
JaHHble 10 pacnpocTpaHennio B muTheBuX Bogax I, Br, F, Sr, Fe u np.
B nocaeanue roasl Kpyr aHaJH3HPYEMBIX 3JIeMEHTOB PacHIHPHJICH.

2. T'eoxuMuueCcKOe H3yuyeHHe NMOJA3EMHBIX BOJL B NpOIECcce HApPOTreo-
Jornueckux cbemok. Ilpn nposepennn mocaefHux OOBIMHO OTOHpaeTcs
1 Oojblioe yucsa0 Npod BOJBI, HO aHANHM3 HX 3a DeJIKHM HCKJIOYeHHeM
MPOBOANTCH TOJILKO Ha ILIecTh OCHOBHBIX KoMmmonenToB (Ca?t, Mg?t,
Nat+K+, HCO,~, SO,>, Cl~). Kpome Toro, 3tu ganHsie m10X0 0006-
IawTes M, KaK npasuio, Tepsiores. [103ToMy MOXKHO JHIIb NPHBET-
CTBOBATh, 4T0 B MHOroToMHoM m3ganuu uaporeosornn CCCP cpean
JIPYTHX BONPOCOB MPEANPHHATA NONBITKA 0000UIEHHsT W JaHHBIX 10 XH-
MHUECKOMY COCTAaBY MOA3EMHBLIX BOJ Pa3IHYHOrO TeHEe3Hca.

3. Mayuenne mouBeHHBIX W GOJOTHBIX BOJ B CBH3H ¢ Ipob/aeMaMu
nouBooGpa3oBanusi. B 3TOM HanpaB/eHHH MOXKHO OTMETHTb PabGOTLI
K. K. Tenmpoitua, M. H. Anrunosa-Kaparaesa, B. A. Kosmsl,
H. H. Cxpuinnukosoii, B. B. ITonomapesoir, H. C. CorHukoBoii u ap.
Hwmenno nouBeHuble HCCAENOBAHHSI BIEepPBbHE OOOTATHAH THAPOTEOXH-
MHIO YYeHHEM O KaTHOHHOM OOMEHe, KOTOpOe 3aTeM GhLJIO IepeHeceHo
H Ha Oo/iee ray0OKHe TOPH3OHTH NMOA3eMHBIX BOL.

4. Meanopartusublie paGoThl HApPALY C NOYBEHHLIMH MO3BOJHJN H3Y-
YHTh TEOXHMHIO NpoleccoB 3aconenus noaseMmubix Box (B. A. Kosna,
H. HU. Basuneuy, M. I. Banamko, I'. H. Kamenckuii, O. K. Jlaure
H ap.).

5. 3HAYHUTENBLHLIH TOMYOK H3YUCHHIO TEOXHMHH MOJA3EMHLIX BOJ Aaja
paspa0oTKa THAPOTreOXHMHYECKOr0 METOJa MOHCKOB BHAUAJE YPaHOBHIX
MECTOPOMKAEHHI, a 3aTeM M MHOTHX JAPYTHX PYIHLIX MECTOPOMKIEHHIl
(A. W. T'epmanos, A. B. lllep6akos, A. H. Tokapes, A. K. JIncuusis,
A. M. Opununnkos, A. A. Bponckuit, I1. A. Ynonos, E. E. Beansikosa,
C. I1. AaGyn, T. A. Toaesa, C. P. Kpaiinos, C. JI. Illsapues u np.).
Biiaronaps 3tomy HampaBieHnio yjaanock B OGIIHX uepTax H3Y4YHTh
XapakTep pacnpocTpaHeHHs B MOA3EMHBIX BOAAX 30HLI aKTHBHOIO BOJIO-
o6MeHa GOJbIION TPYNNBl TAXKEJbIX METAJJO0B H PaAHOAKTHBHBIX 3Je-
MEHTOB, YTO MO3BOJHIO 3HAYHTEIbHO PACUIHPHThL HAIIK MPEICTABICHHS
0 coctaBe noaseMubiXx BoA. Kerath, wekoropbie ucciaenosartesun (Ad-
6ya, 1972) ouwmbouno mnoaaraioT, YTO pa3BHTHE THPOTeOXHMHH
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| B CCCP ceszano 10abK0 ¢ pa3padoTKOH rHAPOreoXHMHYeCKOT0 MeTona
| moHcKoB.

6. Mayuenne noa3eMHbIX BOJ B CBSI3H C NpoOJeMOil BLIBETPHBAHHS
rOpPHBIX MOPOA H GOPMHPOBAHHS KOP BhIBETPHBAaHHA. JTO HampaBJeHHe
HAYYHbIX HCCAeN0oBaHMA cBA3aHO npexae Bcero ¢ paboramu B. B. ITo-
abiHoBa (1956), KOTopbn“r BBeJl TOHATHE O MOABHIKHOCTH XMMHUYECKHX
| 3MeMeHTOB M CTAAMHHOCTH BbIIlEJAUHBAHHS TMOCJEAHHX H3 aJIOMOCH-
| HKaTHDBIX ropubix nopoia. C umenem B. B. TlonwinoBa cszana u pas-
| paGotka Teopu# 0 GHOTEHHON MPHPOJLEe XHMHYECKOTO BellecTBa NPHPOJL-

| HBIX BOJ, a TaKyKe BO3MOMHOCTH 06pa30BaHHs H3 PACTBOPEHHBIX HOHOB
| FIMHHMCTHIX MHHEpAJIOB MyTeM HX CHHTe3a. Atu u apyrue uaen b. b. [To-
| aptHoBa mosyuuaH jadbeeiimiee passutiHe B paGorax A. WM. Ilepeasn-
~mana (1968, 1972, 1973, 1975), koTopbiii, pa3paGaTbiBasi OCHOBLI T'eD-
XumuH dapgmadTa, MHOTO caesdaa W B HalpaBJIeHHH H3YUEHHS TeOXH-
MHH TOJ3eMHbIX BOA. Tak, LIHPOKO U3BECTHbI ero KOah(HIHEHT 1 Kiac-
" Ccbl BOHOIH MHrpAallHH, YYeHHe O re0XHMHUecKHX Gapbepax, reoXxHMHye-
Kasi KjaccH(pUKalHg 3TeMEeHTOB N0 XapaKTepy HX NOJABHXHOCTH, yue-
He 00 anUreHeTHUeCKHX npoleccax u ap. Muoro caenano B 3170M Ha-
npaBaennu 1 K. M. Jlykamessim (1956, 1963, 1964).

- Bompocsl reoxumMin moa3eMHBIX BOA Bce 0oJee WHPOKO H3yuaioTcs
TIPH HCCIEI0BAHHHM NPOIECCOB BHIBETPHBAHHS H JIHTOTeHe3a B LEJOM.
TlpoBoasiTest Goabline paGoThl N0 SKCNEPHMEHTAJbHOMY MOJe]HpOBa-
g0 npoueccos BoiserpuBanusi (M. W. I'mua6ypr, K. IMeapo u ap.),
BEISICHEHHIO B3aHMOJENCTBHA COCTABAa BOJALI H XapaKTepa IPOJAYKTOB
piBerpuBanns (k. X. ®ec, U. Tapau, I0. 10. Byreasckuit u ap.).
[loslyuenbl aaHHBle N0 MOAYJIO0 MOA3€MHOr0 XHMHUYECKOrO BbIHOCA
(®. A. Makapenko, B. T1. 3sepeB) u T. 1.

B pesyabrare Bcex ITHX HCCAeIOBAHHI THAPOreoXHMusi oboraru-
lach 3HaHHEM XapakTepa MPOIECCOB BBIILENAUYHBAHHS TOPHBIX NMOPOJL,
ICHHJIA OCHOBHbIE (aKTOPLI, KOTOPEIE KOHTPOJHPYIOT NOBEASHHE 3Je-
HTOB B PACTBOPE H Mepexo/] HX B TBepavio da3sy, cTAJNH MoJHee HAIIH
AHHS 0 XHMHYECKOM COCTaBe NMOA3eMHBIX BOJA H 3aKOHOMEPHOCTSX HX
cipesfiesiennss B 3eMuoil kope. Ilox BaAMsIHMEM OCHOBONOJAralouinx
eit B. B. J/lokyyaeBa moJyyHJ0 IHPOKOE Pa3BHTHE YyeHHe O IIHPOT-
i 30HaJIBHOCTH TPYHTOBLIX Box (padors [1. B. Oroukoro, B. C. Hib-
, I'. H. Kameunckoro, O. K. Jlaure, M. B. 'apmonoBa u ap.). dto
eHie CcrnocoGCTBOBAA0 HHUCIIPOBEPIKEHHIO ToOcTyaaTa, chopmy.anpo-
Hnoro eute Ilaunnem Crapmum (I Bek H. 3.), COrJIACHO KOTOpOMY
TAKOBA, KAaKOBLl MOPOAH, 110 KOTOPbLIM OHA MpoTexkaer. Bmecro
o A. M. Ounnnukos (1970) npeanoxua HoBYIO (GOPMYIHPOBKY:
la TAKOBA, KAKOBA reoJIOTHUECKAas HCTOPHS paiiona, B KOTOpOH OHa
AXO/IHTCs, JTyullle OTBEYAIONLYIO COBDEMEHHBIM BO33PEHHUSM.

Sameﬁa 01HOM (OPMYJIHPOBKH MOCTyJarta Ha Apyrylo, fojee mpo-
JECCHBHYIO He BCKPLIIA, OJIHAKO, COOTHOUIEHHSI MEXKAY Te0JOTHYeCKH-
I (CTpyKTypa M cOCTaB MOPOJ) M 30HAJAbHBIMH (KauMar) Gakropamu
MHPOBAaHHsl COCTaBA NMOJA3eMHBIX Boj. Kpome Toro, ocranuce He BHI-
EHHLIMH MEXaHH3MBI, Uepe3 KOTOPLIe MepefaeTcs BJAHAHHE KaxKJI0To
STHX (PaKkTOPOB HA MOA3EMHYIO THApOcepy, a TaKkKe HAa HX COMOA-
HeHHOCTh. [TpakTHyecku ner paboT, MOCBANIEHHBIX NpobiemMe paBHO-




pecHst BOJLbI C aJIOMOCHITHKATAMHM, IHPOKO Pa3BUTBIMH B 3eMHOH Kope.
Cna6o WIH NOUYTH He HCMOJAb3VIOTCS MAHHBIE MO COCTABY TOA3EMHBIX
BOA AJs M3YyUeHHA MaciiTaGoB H HANpPaBJEHHOCTH MpeoGpa3oBaHHSA
BOJIOf MOPOJ W OPraHHYECKHX BellecTs.

Kak cnpasennuBo otmeuaior A, B. Cunoperko u K. H. Jlykaies,
«0CHOBHBIE THApocdepHble Mpollecchl rHmepreHesa — 3po3Hs, pacTBope-
HHe W BbIlleJayiBaHWe, THAPOJH3, FHAPATAIHS H JerHaparanus, Ka-
HMUIIAPHOE TepejiBHKeHHe H Ap. — H3Yy4aloTcs ¢ JAaBHHX IOP, XOTH
MeXaHu3M U crnennHKa HX NPH B3aHMOAEHCTBHH BOAHBLIX PaCTBOPOB
¢ aurochepHbIM H GHOCEPHBIM BEILeCTBOM ellle MaJo uasecTHb» (Cu-
npopenko, Jlykaures, 1971, c. 10). Ente meHee H3BeCTHBI FeOXHMHUYECKHE
0cOOEeHHOCTH MOA3EMHBIX BOJ, CBA3b HX COCTaBa C COCTABOM BMeILalo-
MMX nopoj, GajaHc 3JeMeHTOB B CHCTeMe BOJA — MOP0oJa — OpraHunye-
€KOe BellecTBO, HHTEHCHBHOCTL BBIHOCA H CTENeHb MOJBHKHOCTH XHMH-
YECKHX 3JEMEHTOB B BOJAX, HACHILUIEHHOCTb BOJ OTHOCHTEJNLHO TOPHBIX
nopoa u ap. OTMeuas OTCYTCTBHE YAOBJIETBOPHTEJIbHO pa3paboTaHioi
teopun popmupoBanus nonsemubix Bom, E. B. [locoxoB noguepxusaer,
YTO «HAIIH CBEJACHUST O MHOTHX IH/IPOTeOXHMHYECKHUX Mpoleccax B 3eM-
HOIl KOpe [0BOJIBHO HEOMpPEeNEqeHHbl, H MOITOMY CYIIECTBYIOIIHE TMpei-
CTABJEHHS SIBASIOTCS TPeABAPHTEAbHBIMH HIH yMo3pHTeabHbIME» ([lo-
coxos, 1975, c. 6). [lo6aBum, uTO BCe 3TO BEPHO H AJS YCJIOBHIl 30HLI
runepresesa.

B o6sactu rugporeoxuMuH KpaiHe waJjio ofobmammux pador,
a JJsi BOJl 30HbBI HHTEHCHBHOTO BOXO0OOMEHA OHM NPaKTHYECKH OTCYT-
creyoT. Cpean Tex, KoTopble XO0Ts Obl YaCTHUHO 3aTPATHBAIOT HHTEPE-
cyloliMe HAC BOMPOCH, MOxHO HassaTb paboret [, H. Kamenckoro
(1949, 1951), rae oH coBeplleHHO ClpaBelJHBO 00OCHOBAJ HEOOXOLH-
MOCTh TI0/IPA3/eJeHHs] TPYHTOBLIX BOJ HA BOJbl BbILEJaYHBAHUA 1
KOHTHHEHTaJabHoro 3acotenns, O. A. Anexnna (1970) u C. A. lypoBa
(1961) mo ocnoBam rumpoxumuu, E. B. ITocoxosa (1966, 1969, 1975),
NnocBsilleHHble (POPMHPOBAHUIO OTAEAbHBIX XMMHUECKHX THIIOB MOI3EM-
HBIX BOJ M ruaporeoxumun B nesom, A. M. Opununukosa (1970), xoto-
pLIH DBITAJCS COPMYJHPOBATH OCHOBLI THAPOreOXMMHH Kak HayKH,
b. A. Cronuunesa (1950) u B. M. [IIsena (1973), nocesmennsie opra-
HHYeCKHM coenuHenusM B Boaax, I'. A. Maxkcumosuua (1955), rme
NPpeNpHHSATA MONLITKA AaTh reorpauueckoe pacrpenejeHne XHMHYe-
CKHX THIIOB BOJ Ha 3eMHOM Iuape, pabors [1. A. Vnonosa u ap. (1962),
C. Il. Anoyaa (1969), I'. A. I'onesoit (1968), C. P. Kpaiinosa (1973),
A. B. lllep6akosa u mp. (1974), A. W. I'epmanosa u ap. (1975),
A. K. JIncuusina (1975), A. H. Tokapera u A. B. Illep6akosa (1956).
Haxonel, Heib3s He OTMeTHTb H HHTepecHoit padorsl P. M. Tappeica
u Y. JI. Kpaiicra (1968), xoropasi cnmocoGcTBoBaia GLICTPOMY TIPOHHK-
HOBEHHIO B THAPOTeOXHMHIO METOAOB XHMHYECKOIl TepMOAMHAMHKH.
Cpenu HHOCTPAaHHBIX aBTOPOB HEJb3s He YIOMSHYTh Takke paboTbl
X. Hennepa (Schoeller, 1956), 1. E. Vaiita u ap. (White e.a., 1963),
Hx. 1. Xema (Hem, 1970), ¥. Crymma u k. 1. Moprana (Stumm

and Morgan, 1970), C. IsBuca u P. ne ¥ucra (1970), E. Epukccona |

u B. Kynakacema (Eriksson; Khunakasem, 1968), JIx. Ix. YeGora-
pesa (Chebotarev, 1955) u ap.
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Takum o6pa3oM, KpaTKHii 0630p CYLIECTBYIONEH THAPOTEOXHMHYE-
CKOIl JTMTepaTyphl NMOKA3bIBAET, 4TO HECMOTPS HA HaJHuyMe PSAa HHTe-
; PeCHBIX pa6oT, oTpaKalouHX 3HAYNTENbHbIE YcrexH 31of obaacTu 3Ha-
Jf- HHil, BONPOCHl TEOXHMHH H (POPMHPOBAHHHA XHMHUYECKOTO COCTAaBa MOJI-
| 3eMHBIX BOJI 30Hbl FHIEpreHesa ocTaloTes ¢1abo W3yueHHBIMH. ITO Ka-
. caercsl NMpe¥ie BCEro pPacnpocTpaHeHHA KaK OTAeNbHBIX XHMHUYECKHUX
- 3J1eMEHTOB H (POPM HX MHIpPALUH B BOAAX, TAK H B IeJOM XHMHUYECKHX
'L THIOB BOJ, B 3aBHCHMOCTH OT KOHKPETHBIX reoJoro-janjgmadTHbix yc-
goBuit. OTcyTCTBYET TeopHs, Kotopasi Obl YBS3biBala B eHHOE Len0e
npoueccol GOPMHPOBAHHA XHMHYECKOrO cocTaBa BOJB, NnpeofpasoBa-
~ HUSI TOPHBLIX NOPOJ, OPraHHYECKOro BelllecTBA M Ta30B, T. €. TEOPHS,
~ KoTopas Gbl packpblla OCHOBHblC 32aKOHOMEPHOCTH B3aHMOICHCTBHS W
~ 3BOJIOLMH BO BPeMeHH Bcex cocTasisiommx gauamadra. Jdo cux nop
B pabotax oOLIYHO TOJLKO MEPeUHCaAsoTes (PaKTOpbl, KOTOPbIE BJAHSIOT
. Ha COCTAB NMOA3EMHBIX BOJ, HO MaJ0 BHHMAHMS VAeJNAeTcs MeXaHH3-
~ MaM, KOHTPOJHPYIOLINM B3aHMOCBA3b 3THX (DAKTOPOB M CTEMeHb WX
:n.nmmm{ HA COCTAB MOA3EMHBIX BOJ.

_§2 NMOCTAHOBKA MPOBJIEMbl. CHCTEMA BOJA — AJIIOMOCHJIHKATBI
H OCOBEHHOCTH EE PA3BHTHA

PaGoraMu nepeunc/eHHBIX Bblllle ¥ MHOTHX APYTHX HCCOeLOBaTes el
MOKasano, 4to npodJjema (opMHPOBAHHS XHMHYECKOTO COCTABA TOI-
|3EMHDIX BOJ fB/ISIETCS OJHOM H3 HaHOOJMee CMOKHBIX B THIPOreOOrHH,
TaKk KaK cOCTaB BOJ KOHTPOJHPYETCS MHOrMMH (akTOpamMH M mpoiiec-
camu ([locoxos, 1966). Cpenn nepBbIX MPUMEHHTENBLHO K BepXHEH 30HE
bIUHO HA3BIBAIOT KAUMAT, peibed, THI TOPHBIX NOPOA, HaJHuHe opra-
YECKOr0 BellecTBa H HX MPOM3BOAHbIE (OCAZKH, HCMApeHHe, Temie-
Typa, NPOHHIIAeMOCTb, BOJ0OOMEH H T. 1.), CPedH BTOPHIX — pacTBoO-
HHUe, BblllleayHBanne, oOMeHHble PeakilHH, HCnapHTe bHas KOHIEH-
auusi, cop6uus, cMmemexue, ruapoans 1 1. 1. B To e Bpems cosep-
€HHO OUEBH/HO, YTO H3YUeHHEeM TOJBLKO (PaKTOPOB M NMPOLECCOR HEIb35
PAaCKpPLITL CYWIHOCTb NpoGaeMbl (GOPMHPOBAHUS XMMHUYECKOTO COCTaBa
MOi3eMHbBIX BOJ, TAK KaK B 3TOM CJydae OCTAeTCH HEsCHBIM, B TeueHHe
IKOTO BpeMeHH JefcTBYeT TOT WaM HHOH dakTop nau npouecc. Bejb
Mo no cefGe, HaNpHMEep, PACTBOPEeHHe KAK XMMHUECKHIH Tpolecc Mo-
€T Pas3BHBATHCHA HA NEPBLIX 9Tanax B3aHMOIAEHCTBHSA BOALI C TOPHBIMH
I0pogaMu, HO 3aTeM MO Mepe HachllleHHs pacTBOpPa COOTBETCTBYIO-
UMH COCIHHEHHSIMH OHO MoMKeT mpekpatHTbes. UtoGbl 3TOT mpoiiecc
BO30OHOBHTbCS, HEOOXOAHMO H3MeHeHHe KaKHX-JAH00 VCJAOBHI (co-
aBa pacTBOpa, THMNA BMeNlalollell MOPOALI, TeMIepaTypsl H T. I.).
1o e oTHOCHTCH W K Bblllle/lauyHBaHHI0, KATHOHHOMY OOMEHY H BCeM
Pyrum npoueccam. Ho 3Toit (3BOMIOLHOHHOI) cTOpOHE NPOOAEMBI 10
CIeHEr0 BPEeMeHH YAeaAJI0Ch MaJo BHHMAaHHS.

- CiesoBatenbHo, Halla 3aja4a COCTOHT B TOM, 4TOOBl TIOKA3aTh, MO-
T JIH BOJA B TEYeHHEe BCEro BPeMEHH B3aHMOJAeHCTBOBATH ¢ TOPHBIMA
0laMH HW/H TOJbKO B TeMEHHE YaCcTH BpPeMeHH HAaXO0XJEeHHS B HX
pefenax. Muave rosops, coBnajaer Jqn BpeMs B3aHMOJAEHCTBHS ¢ Bpe-
CHeM KoHTaKTa BOABI ¢ noponoi. Kakue ¢pakTopel KOHTPOAHPYIOT 3TO
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B3aUMOJefiCTBHe, B KAKOM HampaBJeHHH OHO PasBHBAETCS H KakK 3TO
GKa3bIBAeTCH Ha COCTABe IMOJ3eMHBIX BOA. EcrectBenno, uro peuieHne
BCEX. 3THX 3a1a4 BO3MOXKHO TOJbKO NMyTEM YCTAaHOBJICHHSI XapakTepa
paBHOBECHsI BOABI C TOPHBIMH MOPOAAMH H HANPaBJEHHOCTH npeobpa-
sopanua nocaeaHux, [Tosromy HeoO6XOAHMO BBISICHHTh, BO3MOXKHO JH
yCTAHOBJIEHHE TEPMOAHHAMHYECKOrO PaBHOBECHS BOJbl C TEM HJH HHBIM
THIIOM TOPHBIX MOPOJ B YCTOBHAX 30HBI runeprenesa. Ecan paccmarpu-
BaeMO€ PaBHOBEeCHE BO3MOXKHO, TO B TeYeHHE KaKoro BpeMeHH M B Ka-
KHX YCJOBHAX OHO JOCTHraeTcsi, ec/lH HeT, TO Mo4yeMy W 4eM 3710 obyc-
JIOBJIEHO.

[TosicHuM cka3aHHOe HA IPHUMEPE CHCTEMbI BOJA — AJHOMOCHIUKATHI,
HM3pectHo, 4TO mocjaefHHe B 3¢MHOH KOpe 3aHHMAalOT COBEpLIEHHO 0OCO-
©Goe TMOJOKEeHHe He TOJbKO TIOTOMY, YTO OHH M[OJb3YIOTCH HauboJee
LIHPOKHM pacnpocTpaHeHHeM, HO H GJarojgaps cBoeMy ocoOOMY Xapak-
Tepy B3aHMOJIEHCTBUS ¢ MPHPOJAHBIMH BogamH. Jlemno B ToMm, uTO pac-
TBOPEHHE aJIOMOCHIMKATHBIX MHHEpPaJoOB B OTJAHYHE OT KapOOHATOB,
cyab}aToB, XJAOPHI0B HOCHT HHKOHTPYIHTHBIH XapakTep H CONPOBOXK-
naetca o0pasoBaHHeM T[JIHHHCTHIX NMPOAYKTOB, KOTOpPhle B KOpe BhiBe-
TPHBAHHSA CTAHOBATCH 00LEKTOM MeXaHHuYecKoil 3po3nH. Baxkno noa-
YepKHYTb, 4TO [PH 3TOM B NpPHpOAe Bcerja cobJi0oaeTcs HNPHHIHAIL
3JEKTPOHEHTPAJTbHOCTH CHCTEMbl, T. €. KaMJbli KAaTHOH ypaBHOBelUH-
BAaeTCs COOTBETCTBYIONIHM aHHOHOM, YTO MPHBOAUT K OTCYTCTBHIO 3J1€K-
TPHUECKH 3apsSIZKEHHLIX pacTBOPOB. B obecneyeHnn HelTpaabHOCTH IPH-
PO/IHBIX CHCTEM OOJLIIYIO POJb HAPALY C BOLOH HrpaeT YIVIEKHCJIOTa,
KOTOpasi B 3aBHCHMOCTH OT KOHKPETHBIX YCJAOBHH MOXKeT 00pa30BLIBATD
neiitpanpubie (COz Hp0) uam 3apsxkennwe (Ht, HCO3-, CO372) co-
eIXHHEeHHS.

B camoM pese, BbiBETPUBAHHE CHJAHKATOB ¢ 0Opa3oBaHHEM TIJIMH
CONpPOBOXKIAETCS TepexoJoM B pPacTBOP KATHOHOB, 3apsii KOTOPLIX
ypaBHOBelHBaeTcsi 00pasyolleicst TPH 3TOM THAPOKCHIABHOH TpPYMIoi
OH-—. IlpuMepoM 3TOr0 MOZKeT CJYIKHTh PeaKilHs BLIBETPHBAHHA aHOP-
THTa ¢ 00pasoBaHUeM KAOJHHHTA

2Ca[Al;Si,05] +6H,0 = [A14Si;0y9] (OH) g-+2Ca?++40H-,
aapbHuTa ¢ 06pa3oBaHHeM MOHTMOPH/IJIOHHTA
7Na [A[S!gOg] —|—26H20 =3Nag,33A12_333i3,57010 (OH)2+
+10H,Si04+4-6Nat460H-,
KaJ/ineBoil caoael ¢ o6pa3oBanueM rHOOCHTA H T. 1.
2KAl13Si30;0(OH) 2+20H,0 = 3A1,03- 3H,04-2K++-6H,Si04+20H-.
O6pasyiouasicst B pe3yJbTaTe 3THX PeakiMi H APYrHX HM 10100-

HbIX THApokcuapHas rpynna OH— mpexie Bcero BcTymaer BO B3aHMO-
JIeCTBHE C HAXOASALUIHMCS B pacTBope YIVIEKHCJIbIM ra3oM

OH-+4CO;=HCO5.

Koncranta mnpuBeJeHHON  peakuUnH B HOPMAJILHBIX  YCIOBHAX
(25°C) pasha 10°2, nosToMy TNpH Tex NaplHaJbHBIX AaBJIEHHAX Yrie-
KHCJIOTO Ta3a, KOTOphie 00buHO HAOMI0AATCA B NOJA3eMHBIX BOJaX
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[ (10°—10% I1a), comepxanuss HCOz;~ Ha HECKOILKO MATEMATHYECKHX
nopsiikos npesocxoaaT konuedrpauun OH-. ITocuaennee noxrsepxia-
eTCcsl M NPAaKTHYECKHMH JaHHBIMH MO COCTABY INOJ3€MHBIX BOA 30HBI

- runepreHe3a, B Kotopbeix KoHuenrpauns HCO—3 o6eiuno Kogebaercs B

npesenax 10~*—10-2 mosp/n, Torna Kak Kouuentrpauns OH- cocras-

Jset Toabko 1074—10-6 moas/n. Ciaenosatensto, 60JblIas 4acTh 00-

pasylolleicss NpH B3aHMOAEHCTBHH AJIOMOCHIHKATOB C BOJOH MIesou-

HOCTH HeHTpanusyercsa Jaubo yrieKHCJbIM rasoM ¢ 00pas’oBaHHEM

rHapokapbonar-nona, JHO0 APYTHMH KHCIOTAMH oprauuquKoro HITH

HEOPraHHYEeCKOTO NPOUCXOMKICHHS.

Heijitpanusauns o6pasylolieiics npu  paspylUieHHH CHIHKATHHIX

- JIOPOJI UIeJIOYHOCTH — Ba)KHEHIIHH TeOXHMHUYECKHH Npollece, KOTOPHIi

 NIPHBOJHT K CBfI3bIBAHHIO YAaCTH NPOAYKTOB pPeakUHH THAPOJIH3A aJio-

MOCHJIHKAaTOB, a CJel0BaTeJbHO, K HapyLIeHHI0 CTENeHH paBHOBeC-

HOCTH BOABI C 3THMH nopoiaMu. B sroil cBsid3u Bo3HuKaer mnpobJema

APHPO/bl PABHOBECHS pacCMaTPHBAEMOH CHCTEMbl, CTETEHH ee HepaB-

HOBECHOCTH, (paKTopax, KOTOpLIe ee KOHTpoJsupyioT. Ha mannom srame

. HCC/IelOBaHWH HeJLOCTATOYHO 3HATh, YTO BOJAA pas3pyliaer aJioMo-

. CHJIHMKAaThI, BAXKHO HalTH OTBeTH Ha cleayioluiHe BOIPOCHI: BO3MOXKHO

~ Jn xoTd Obl KpAaTKOCPOUYHOE YCTAHOBJEHHE paccMarpHBaeMoro paBHO-

. BecHs W B KaKHX YCJOBHSX, €C/IH HeT, TO B KaKOM HanpaB/eHHH pas-

 BHBAeTCs CHCTeMa, Beeraa Ju ob6pasyercsd OAHH M TOT ¥Ke TJHHHCTBIH

- MHHEpaJ, KaKHMH IapaMeTpaMH ero (JOpMHpOBaHHE KOHTPOJHDYeTCH,

. 10 KaKOH CTemeHH IVIM CTa/JHH MOTYT HAaKalJIHBaThbCA B BOA4aX IMOJ-

KKHble KATHOHBI, YTO C HHMH IPOHCXOIAMT B JalbHeHlleM, KaKoBO

. COOTHOIIEHHE MeX/y 3JeMeHTaMH, TiepexoAsllHMHU B pacTBOp H Ha-

- KanJHBAIONIMMHCSA B NMPOAYKTax BhIBeTpHBaHuA M T. 1. [Tocaenuwuit ua

' 3THX BONPOCOB HMeeT ocoboe 3HaueHHe, TAK KaK €ro pelleHHe OTKpPHI-

:BBET HOBbIe BO3MOXKHOCTH B HCIIOJB30BAHHH MaHHBLIX MO COCTaBy BOJI

I U3yueHHs JHHAMHKH COBPEMEHHBIX INPOLECCOB XHMHYECKOro Bbl-

- BeTPHBAHHS.

- Hpyrasi BaxHasi ocoOGE€HHOCTL paccMaTpHBAaeMOii CHCTeMBLI Boja —

aJIIOMOCHIMKATEl COCTOHT B TOM, YTO OHa pa3BHBaercd NMpH Hemocpei-

CTBEHHOM YYACTHH YIVIEKHCJIOLO rasa, HCTOYHHKOM KOTOPOIO BHICTY-
Taior atmochepa M NpolUeccLl MHHepPaJH3alHH OpPraHHYeCKoro Be-

gectBa. Cie0BaTeNLHO, PACTBOPEHHE AJIOMOCHIHKATOB NPHBOAHT K

'CO37aHHI0 1IEJOYHOr0 pe3epBa, a npeobpa3oBaHHe OPraHHYECKOro Be-

IecTBa — KHCJOTO pe3epBa B BHJAe Pa3HOOOPA3HLIX CJAOKHBIX IO

CTPYKTYpe OPraHHUCCKHX M MHHEpPaJbHLIX (VIJIeKHcJI0Td)  KHCJAOT.

KakoBo xe cooTHomieHHe 3THX ABYX NPOLECCOB B Pas/HYHBIX KJAHMa-

THUECKHX 30HAX, OCTACTCH JH OHO NMOCTOSIHHBIM, KAKHMH (aKTopaMu

KOHTpOIHpYyeTcsi? DTH M MHOTHe APYrue BOMPOCH Takke TpebyloT OT-

BETAa, TAK KakK 6e3 3TOro Heab3sl NMOHATh NMPpHYHH paanooGpaanﬂ reo-

XHMHUECKOi 06CT3HOBKH, 4a 3Ha4YHT H p33H006pa3HH cocTaBa noasem-

HBIX BOJ, NPOAYKTOB BLIBETPHBAHHA H T. /.

~ Haxonen, tpetbs 0co6eHHOCTh B3aHMOIENCTBHS BOJABI ¢  ajiOMO-

CHJAMKATAMH 3aKJIOYaeTcHd B TOM, 4YTO BOJa SABJAAETCHA He TOJBKO akK-

INTOPOM XHMHUYECKHX 3JIE€MEHTOB, MNOKHAAUIHX KPHCTA/JJIHIECKYIO

DeIIETKY MHHepaJioB (KaK 3TO MPOHCXOAHT, HampuMep, NpH pacTBo-
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PeHHH raJjiuTa), HO, KaK BHIHO M3 NPHBEJEHHLIX Bolllie ypaBHEHHI,
OHA YYaCTBYET HEMNOCPeJACTBEHHO B peaKIHH H, pasjarasicb Kak XH-
MHYecKoe coejiHHeHHe, ucuezaer. [loguepkHem, uto maciitabbl HOHHO-
ro pasjomeHHss BOALI fABJASIOTCS BecbMa BHYUIHTEALHEIMH H NMPH  CO-
GTBETCTBYIOUIHX YCJAOBHSAX 3TO MOXKET NPHBECTH K MOJHOMY YHHYTO-
JKeHHMIO BOJIbl KaK XHMHUYECKOTo coeiuHeHus. B camom gene, Jierko
MOJICYHTATh, UTO BhIBeTpHBaHHe | T aHopTHTa ¢ oO6pa3oBaHHEM KaOJH-
uuta tpebyer yuactua okosao 0,2 T Boawl (uau 20% no Becy), a Bl
sBerpuBanue 1 T aapbura no tofi e cxeme — moutd 0,38 T BOAbI, BbI-
BETPHBaHHe MHKPOKJAHHA A0 ruapocaioasl 0,26 T, KaniueBoil  CJIOJH
a0 ru66eura 0,45 1, annbura 1o moHTMmMopwuaaonura 0,26 T, aHoprHTa
10 MoutMopHagdonuta 0,17 T v T. 4, T. e. TpeByeTcs NPHMEpPHO TaKoe
KOJHYECTBO BOJbl, KOTOpOe cnocobHbl coAepxKaTh B cefe MOpoAH B
paaapobieHHOM COCTOSIHHH.

EcTecTBeHHO BO3HHMKAIOT BONPOCHI: B KAaKHX Macuitabax NpoHCXo-
IUT pasjoxeHHe BOJbl, KAKOE 3TO HMEeT TeOXHMHYEeCKOoe 3HaueHHe,
YTO TMPOMCXOJAHT B JaJjbHeiilieM ¢ THAPOKcHABHON rpymmoii OH-,
BKJwouas caszannyio B ¢opmy HCO;~, u 7. 1. Bce 3to, B cBoio
ouepeib, TpeGyer 3HaHMs JHHAMHKH Pa3BHTHSI COBPEMEHHBIX Ipollec-
COB B 30HE rHIepreHe3a, MacmTaboB HX NMPOABJIEHHS.

Takum ob6pa3om, cHcTeMa BOJa — AJOMOCHJIHKATH  XapaKTepH-
gyeTcda pAAOM crneudduueckux ocobeHHOCTeH, ee pa3BHTHE MPOHCXO-
JHT He H30JHPOBAHHO OT APYIrHX BaKHEHIIMX KOMIOHEHTOB JlaHA-
mwagTa — ra3op H OPraHHYeCKOro BelllecTBa, & B TECHOH € HHMH
p3aumoceasH. ITostomy nosHanue 31oil cucreMbl He MOxeT ObITh MJ0-
NOTBOPHEIM Oe3 H3yueHHsi BCeH COBOKYNHOCTH SIBJEHHH H TIPOLECCOB,
NMOHHMAaHHUs 3BOJIIOLHH 9TOH CHCTEMbI BO BpEMEHH.

[losTomy BaKHO BBIBJATL HE TOJLKO T€ W/AH HHbIE OT/e/bHbIE
(hakTopLl M TIpOllecch, ropasjio BaxHee pas3obpaThbcs, KAK MpPOTeKaeT
npoluecc B CBOeHl COBOKYINHOCTH H KakK OH pa3BHBaeTcsd BO BpeMeHH.
Bcee 3ro, B cBOIO ouepenb, TpebyeT yVCTAaHOBJEHHS MeXaHH3Ma B3aHMMO-
aeficTBHa (aKTOpPoB M TpoueccoB. [IpYrHMH CJIOBAMH, NPH H3YUYEHHH
B3aUMOAEHCTBHA BOJABI C FOPHBIMH MOPOAAMH, KaK M JIOOBIX APVIHX
NPUPOAHLIX ABJEHHH, HEOOXOAUMO «BBIACHHTH OCHORY B3aHMOJe-
CTBHA WX, HAHTH OAHH OOIIMH HCTOYHHK [BHMKeHHsI H Pa3BHTHA IMPO-
necca» (lleenos, 1968, c. 36). CaenoBarteabHO, HELOCTATOYHO
yKas3aTb Ha XapakTep B3anMOJeHCTBHA BOJbl C TOPHBIMH IOPOAAMH,
OpPraHHYeCcKHM BELIeCTBOM M ra3aMi, a HeoOXOAHMO HAHTH MPHUHHEL
storo B3anmozeiicteus. [locaennee MOXKHO NOHATH TOJMBKO B TOM Cily-
vae, ecJH caMoO B3aHMOJleHCTBHE paccMaTpHBAaTh Kak 4YacTe Goaee
CJOMHOH CHCTeMBI, BKJMOUAIOIledl Macco- H 3HeprooOMeH C BHellHeH
cpenoit. [1puuemM B cuay TOro, UTO 3HEPro- H MaccoobMeH pa3BHBaA-
I0TCSl BO BpEMeHH, CHCTEMY BOJd — ropHas MNOpPojia — OpPraHHYecKoe
BEILIECTBO — ra3bl TaKiKe MOMXKHO MOHATH TOJBKO B €€ BpPeMEHHOM
acnexTe.

EcrecTBenio, yTo mocras/enHbie B paboTe HOBHe 3a1add He MOTYT
OLITh pelleHbl NPH H3YYEHHH THAPOreOXHMHH KaKoi-1n6o OAHON  Or-
PaHHYEHHOH TeppHTOPHM XOTs Obl yiKe IMOTOMY, YTO B 3TOM CcJyyae
PEernoHa/bHbie GakTOphl H MpoLecchl MOryT GuiTh He 3aMedeHbl. UToGu:
14



BLISICHUTL BJHSIHHE TOCJAe[HHX, HE0OX0AHMO HCCJAeN0BaTh NPOLECCH
B PasMYHLIX K/JIHMATHYECKHX YCJAOBHAX H JaHAWA(PTHHIX 30HaX.

Ato ycaoBHe, B CBOIO Ouepedb, TpeGyeT HCNOJL30OBAHHA PABHO-
IEHHOTrO M0 Ka4yecTBY (aKTHYECKOro MaTepHajaa H3 pPas3JHYHLIX pe-
ruoHoB. K coxaneHuio, B Hacrosillee BpeMs B JIHTepaType OTCYT-
CTBYIOT 0006IIeHHbIe AaHHBIE N0 COCTaBY MOA3EMHbLIX BOJA Pa3IHYHBIX
JanamapTHO-KIHMaTHUeCKHX 30H. ITosroMy HaMm MPHULIOCH BKJ/IOYHTD
B OObeKT CBOMX HCC/IEJOBAHHH M pelleHHe 3TOH 3aaauH, IS 4ero
norpebosajiocs obobuienne GoJbliell 4acTH HMEIOLErocsi MarepHaJa
0o eIMHONi MEeTOJOMIOTHH, K ONHCAHHIO KOTOPOH MBI H TEepexojanM.
A 370, B CBOIO OuYepedb, 1aJ0O HAM BO3MOMKHOCTHL IIOJIYYHTH CpelHHE
JlaHHble 110 COCTABY MOJI3eMHBIX BOJ 30HBI THNEpreHe3a B IIEJOM.

§ 3. OCOBEHHOCTH METOJAHWKH HCCJEJOBAHHH

- B coorBercTBHE ¢ mMOCTaBAGHHBIMH 3aJauaMH [0 BLISCHEHHID 0CO-
| GeHuHocrell 3BOJIIOUMH 30HLI THIEpreHe3a, KakK TI'HAPOre0XHMHUYECKOH
| cucrembl, Obiia paspaboTaHa M COOTBETCTBYIOLLASI MeTOJHKa HccCie-
| noBaHui, KoTOopas CKJajbiBaercs B OCHOBHOM H3 JIBYX 3TaMoB:
.' 1) noaeBnix HccaegoBaHuit W 2) o6paboTKH  MOJVYEHHBIX JaHHBIX.
{ [loneBble HccenoBaHWS TPOBOAMJAHCHL HaMmi HauuHasg ¢ 1958 r.

BioTL A0 1972 r. EctecTBenHo, uTO 3a CTOJb JAJHTENLHBIH NpOMEXKY-
| 10K BpeMeHH JeTaju paGoT BO MHOTOM H3MEHSJIHCh, HO PHHIHILI

HeeJle/loBan|i coxpaHsauch. [Togpo6Ho MeToaHKa H3y4eHHs XHMH-
[ YeCcKOro cOoCTaBa INOA3EMHBIX BOJ H3JI0XKEeHa B ClelHalbHoi padore
- (Meroanueckoe pYKOBOJCTRO..., 1973). Iloatomy 3aech noauepkHeM
. JIHIIB, YTO TIPH HCCAeJOBAHHAX IMOJA3EMHBIX BOJ HM3YYaJHCh TakmKe
. IPOJIYKTH BHIBETPHBAHHS TOPHBIX MOPOX, pasjiuuHbBle HOBOOOpasoBa-

HHs, MouBbl, Kopel BuiBeTpuBanus ([IBapues, 1963, 1965, 1975,
- 1975;, 1976, 1976;). DT0 NO3BOJHIO TECHO VBA3LIBATL 0OCOOEHHOCTH
' TEOXHMHH NOJA3E€MHBIX BOJ C COOTBETCTBYIOUIHMH MPOJAYKTAMH BbIBET-
pHBaHHS.

‘[TopsemHEIE BOAB AHAJH3HPOBAJHCH PA3AHYHBIMH METOAaMH: XH-
MHYECKHM, CNEKTPaJbHbIM, MOJsporpadHIecKuM, aToMHO-abcop6IHOH-
HBIM, mJaMeHHO-(GoTOMeTpHuecKHM. DOgabiias wacTh TsKeJbIX MeTal-
JIOB onpejesasiack METOAOM COOCAXKAEHHS C THAPOOKHCHIO aMIOMUHHS
U NOCJEAYIONIMM aHAJH30M Ocajka CNeKTpaJbHBIM MeTofoM (Yaonos,
Ouyppnenok, ITapuaos, 1962). Ilpu sToM cojepiKaHHs 3HAYHTE/b-
Hoi#t yactn MetammoB (Cu, Zn, Pb, As, Ni, Mo u 1p.) xoutposn-
 POBAJHCL XHMHYECKHM HJH CMEKTPaJdbHBIM METOAaMH MyTeM MoJy4e-
HHSI CYXOTO OCTAaTKa. 30J0TO M CypbMa ONpelesJiHCh TOoJsporpa-
(huYeCKHM MeTOAOM; JHTHI, pyOUIHil, CTPOHUHH, KaJHii H HATPHH —
TaaMeHHO-()OTOMeTPHUECKHM; KpPeMHUH, aJIOMHHHH, eae3o, a Takke
‘OCHOBHBIE KOMIOHEHTHI BOJLI — XHMHYECKHM MOyTeM [0 H3BECTHBLIM
Meronukam (Peanukos, Myaunkosckas, Cokonos, 1970).

[TocraBieHHBle BhILle 3ajaul He MOLIH OBIThH peileHb Ge3 IIHPO-
KOTO HCIOJL30BAHHA TAaK¥Ke JuTepaTypHbX aanubiX. [Ipu orbope moc-
Jie/IHHX TMPEHMYILecTBO OTAaBaJoch cjaedylomum paboram: 1) Tewm,
B KOTOPHLIX NPHBOAATCS AHAJH3LI MOJA3EeMHHIX BOA C VKasaHHeM KOH-

15




KPETHBIX TreoJorHyecKnx, rHApOreJorHyecknx, JaHamadTHBIX H ApY-
FHX YCJOBHi1; 2) NpPH NMPOYHX PABHBIX YCAOBHAX HENOJb30BAJHCH Te
JdaHHble, B KOTOpPEIX urypupyer GoJibilee 4HCA0 aHAJUIHDYEMBIX 3Je-
MEHTOB (eCTecTBeHHO, €c/H aHa/H3 NMPOBOAHJCA HaAeKHBIMH, XOPOIIO
onpo6OBaHHEIMH MeTOZaMH); 3) ocoboe BHHMaHHe VIeJsJ0Ch TeM
pabotam, TAe MPOBOAHTCH COMOCTaBJEHHE COCTAaBa BOJAL € OCOOeH-
HOCTAMH TEOXHMHH JaHamadToB, Pa3sBHTHEM COBPEMEHHHIX KOP BbI-
BeTpPHBAHHA, BHIACHACTCA paBHOBECHe BOABI € TOPHBIMH TOpOJa-
MH M T. L.

B cBssu ¢ #cnonb3oBanHeM AaHHBIX MHOTHX Jadoparopuit mepei
HAMH BO3HHKJAa H npobjiemMa CONOCTABHMOCTH NPHMEHAEMBbIX METOJ0B
aHaausa. B 3TOM OTHOIIEHHH MBI MOXeM OTMETHTb, YTO BCe MaKpo-
KoMnoHeHTHl, a Takxe Fe, Al, Si, Mn, Br, I, B, Sr, F, P u U ananu-
3MPYIOTCS 'BO BCEM MHpe TPAaKTHYECKH OJHHMH OOIIEeNpH3HAHHEIMH
HAH GJH3KHMH 110 TOYHOCTH MeTOAaMH, H3JOMKEHHLIMH B CHEeIHANbHBIX
pykosoacrsax (Pesnuxos, Myankosckas, Coxosmos, 1970), w mocro-
BEPHOCTb TAKHX AaHHBIX COMHEHHH He BbI3bIBaeT. UTO Kacaercs MHK-
POKOMIIOHEHTOB, TO HX aHaJH3 ABJsfeTcHd 10 CHX TOP He Bceria Tou-
HbIM, XOTSl AJS ITOTO H NPHMEHSIIOTCS COBPeMeHHble MeTObl, BKJIO-
uas nonsporpaHio, atoMHyio abcopOuHio, HeATPOHHYIO aKTHBALHIO,
pagnoxumuto. Ilosromy B nanHoii paGoTe MBI HCNOABL30BANH TOJbKO
JaHHBlE, TOJYYeHHble B H3BECTHBIX I[EHTPAX MO H3YUEHHI0 TeOXHUMHHU
nogsemubix Bog. B CCCP—sro BCETHHTEO, BCETEH, MTY,
JITY, TIIH, I'nmapoxumHyeckHii HHCTUTYT W Jp., 3a pyOeKoM — OT-
nenapHble aaGopatopun CIIA, Kananw, Auranu, ®pannun, Isennn
H fnonun. Jlanuble, JOCTOBEPHOCTh KOTOPBIX TIO TeM HJIH HHBIM COOO-
payKeHHSM BHISIBIBAJIA COMHEHHE, BO BHHMAHHH He TPHHHMAJHCD.

Conep:anue OpraHuyeckoro BellecTBAa B BOJAax B GOJBIIHHCTBE
clyyaeB BbIPaKajoch yepe3 OKHCAAeMOCTb. ABTop ornaer cebe OT-
yeT B TOM, YTO 3TOT MapaMeTp He Bcerja SBJAeTCH TOYHBIM, HO TIpH
PEerHOHAJbLHBIX TIOCTPOEHHAX OH He MOXeT MPHBOJHTL K TpPHHIH-
NnHadbHBIM OomHOKaM. JTO yTBepKaeHHe GasHpyeTcs Ha IKCTEPHMEH-
TadbHblX AaHHbIX A. B. Maasueroit u ap. (1975 r.), xoropele moka-
3aau (taba. 1), uto B OJHOPOAHBIX (H3HKO-TeorpadHUecKHX Veao-

' Ta6auna 1

CooTHOWeHHe MeW/IY BelHYHHAMH NepMaHraHATHOH OKHUCIAEMOCTH
H CONepIKaHWs OPraHHYecKoro yriepona B peunnix sogax CCCP

(0] G
Homepa [Unporusie sous (I—I1V) 1 THOH REDM LR
301 BepTHKAAbHON moscHoeTH (V, V1)
H nosicos
noaoBoibe MeKeHb cpexHee
I Tyunpa, necoryuapa, taiira u cvemannsie| 1,15 1,01 1,05
neca
[ [LInpokoaucTBennLle Aeca W J1eCoCTelb 1,06 0,89 0,94
I Crenn 0,91 0,77 0,82
v IMoaynyeTuiis H nycThiHA — 00T
W' Tynipo-raexusie U aeco-n1yronbie 1,04 0,77 0,85
VI Cy6Tponuueckue u nycrhinibie - — 0,70

16



BHAX OTHOLIEHHE MEKAY BeJHYHHOH nepMaHralaTHOll OKHC/ASEMOCTH
H cojaepxaHHeM OPraHHYecKoro yrJjepoja H3MeHsieTcs B CpaBHH-
TeJbHO Y3KHX NpeaeJaXx H MO3TOMY NepBHIl mMapaMerp MOMKeT ObiThb
HCNONL30BaH /11 NPHMEPHOTO oTmpefeneHHs BToporo. B oTaennHbIX
cay4yasix B BOJaxX ONpeAesijioch cojepikanue HenocpeacTBeHHO Copr.
Kamx el Takoit cayuait B pafoTe nojuyepkuBaeTcss 0cofo.

Caenyer ocobo noauepkHyTb, UTO Copr H OKHCJISIEMOCTb XapakTe-
PH3YIOT cO/epiKaHHe TOJLKO TAdK Ha3blBAEMbIX HEJeTYHHX COCTaBJISIIO-
IMX OPraHUYecKoro BelllecTBa, B TO BpeMsi KaK B IPYHTOBLIX BOJAAax,
no paHaeiMm B. M. [gena (1973), npeobaajator Jeryyue HX pas-
HocTH. [IpuBoAMMBEIe HHMIKe cpefiHWe AaHHBIE NO KOHIEHTpallHH opra-
HHYECKOro BellecTBA XapaKTepPH3VIOT MO3TOMY He IOJTHOe ero cojep-
JKaHHe B BOJAAX, 4 TOJBKO YAaCTHUHOE, OTPAKaeMoe MOHATHEM TepMHHA
Copr B KJ1ACCHYECKOM CMBICJIE.

Iupokoe HcnoJb30BaHHE JHTEPATYPHBIX HCTOYHHKOB, B KOTOPBIX,
KaK TpaBHJIO, OTCYTCTBYIOT NepBHYHbIE aHaJH3bl TOA3EMHBLIX BOL H
HNPHBOAATCS JHUIIL 0006IIeHHbIE CpelHHe, pexe MoJaJbHbBle WJIH Tpe-
JeJbHBIE  COJAEPIKaHHs, a TakikKe HepaBHOMepHas OXapaKTepH30-
BAHHOCThL BCEX TEOXHMHUECKHX 30H HMEIIIMMHCS B HalleM pacroops-
JKEHHH JAHHEIMH He NO3BOJHJIH IPOBECTH CTPOrYyI0 CTATHCTHYECKYIO
06pabGoTKy ¢ omnpejeneHHeM MOJAJbHBIX 3HAYEHHH W JUCIEPCHH pac-
npejenennd 3JeMeHTOB B BOAAX, XOTS 3TO H NPeICTaB/seTcs HHTepec-

y HbM. TlosToMy MBI OrpaHHYHAHCH pacyeToM JHUIL CcpeaHeapHpMeTH-
S YeCKHX 3HA4eHHii, T. e. NPHEMOM, KOTOPBIH 10 CHX [Op TpPHMeHSJICS
SNpH oleHKe KJAapKoBuiX 3nauennit (Bunorpamos, 1962). [lpu stom
tp CHJIY TOTO, YTO NPOOBI ¢ «yparaHHBIMH» CONEPKAHHAMH TeX HJ/H
HHBIX 3J1€MEHTOB OKa3BIBAIOT PE3KO HCKaxKalollee BIAHSHHE HA cpejlHee
cojpepxanue, NPOBOJAWJICS TuUlAaTeAbLHLIE o0T6op mpob, oTpaxKaroulHX
TOJILKO PEerHoHaJbHble 3aKOHOMEPHOCTH M3MEHEeHHs cocTaBa MOJ3eM-
HBIX BO/. B pacuer He BKJOYa/JdHCh BOJIBI, CBA3aHHBIE C PYAHBIMH Me-
CTOPOMK/IEHHSIMH WJH MOJBepIKEeHHLIe BJAHAHHIO KaKHX-JIHOO JOKalb-
HBIX NpolleccoB (cMelleHHe ¢ ryyOHHHBIMH BOZAMH HHOTO TreHesdHca,
BJIHSIHHE MPOH3BOACTBEHHOH [esTeJbHOCTH dYejqoBeka M T. A.). Cue-
J10BaTe/NbHO, YUYHTHIBAJHCHL TOJNbKO BOALI pernoHaasHoro (oHa, a Bce
3K30THYECKHE HMX Pa3HOCTH HCK/IIYAJHCh H3 PACCMOTPCHHS.

Jpyrue MetoAbl 06pafOTKH MOJMYYEHHBIX AAaHHBIX, BKJIOYag Tep-
MOJMHAMHYECKHE pacyeThl, pacueThl COOTHOLICHHA BEHOCA H HAKOI-
JIeHHsT XHMHUYECKHX 3JEeMEeHTOB B Mpollecce BLIBETPHBAHHSA aJIOMOCH/IH-
KAaTOB, OnpejejeHHs MOABHKHOCTH XHMHUYECKHX 3JeMeHTOB M T. H.,—

| IpHBEJeHL B COOTBETCTBYIONILHX rsiaBax paGotbl. OcraHoBumcs

NO3TOMY €Lle TOJBKO Ha OJHOM MeTOIHYeCKOM BOMpPOCe, a MMEHHO Ha
IPHHIHNE CHCTEMATH3alHH KOHKPETHBIX aHaJH30B [OA3EMHBIX BOA.
B ocHOBY cHcTeMaTH3alMK MHOTOUHCJIEHHBIX AAHHBIX MBI [0J0O-

| JKHJH TIPHHIHI 30HAJBHOCTH IIOA3eMHBIX BOJA 30HB THOEpreHesa.
 Bi6op nWMeHHO 3TOro NpHHUMNA AHKTOBAJICs 10 KpaiiHeil mepe Tpems
| npuupHaMu: 1) paccMaTpHBaeMble HaMH BO/JbI PEerHOHAaJbLHOrO pace
| IPOCTPAHEHHS 30HAJLHBI H MO3TOMY HX COCTAB B Npejetax  OAHHX .H
| TeX Ke NMopoj fABJAseTca KpakHe pasHooGpasHbiM; 2) B COOTBETCTBHIL
| C pa3BuBaeMoil HaMH B JaHHOii paboTe KoHUeNUHeill cocTap MON-
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3eMHBIX BOJ ONpejeJsieTcsi He CTOJBKO THIOM FOPHBIX MOPOM, CKOJNBKO:
HaNpaB/JAeHHOCTbIO NpeoGpa30BaHHA IOCHEJHHX, KOTOPOe TaKMe sB-
JISIeTCH 30HAJbHBIM; 3) NONBITKH CHCTEMAaTH3HPOBATb COCTAB BOJL IO
THIY BOJAOBMELlAIOIIHX MOPOJ HMEJH MeCcTo HeoJHOKpaTHo, HO
OKOHYHJAHCL Oeape3ysabrTaTHo. [IpuMepoM MOMKET CiayKUTh H3BeCTHast
pabora JI. E. ¥Yiita u ap. (White e. a., 1963).

B cooTBeTcTBMH ¢ MPHHIMIOM 30HAJBHOCTH HAMHM OT/eNbHO pac-
CMaTpPHBAIOTCA BOABl IPOBHHUHA: l) ¢ pasBHTHEM MHOTOJeTHer
MEep3J0Thl; 2) TPONHYECKOro H cyGTPOMHYECKOTO KJAHMATa; 3) TOpPHBIX
obs1acteit; 4) yMepeHHO BJaXHOro KJHMaTa M 5) KOHTHHEHTAJbHOIO
(apuaHoro) kaumara. B mpezenax Kaxkaoi H3 BblAeJeHHBLIX TPOBHH-
LAl cHCTeMaTH3alHs BOJ TPOBOAHJACH N0 OCHOBHBIM THIAM JaH[-
magros. Bo u3bexanne rpyOuIXx OmHOOK BOAB KaKjoH H3 JaHI-
mwapTHBIX 30H OBIJIH OXapaKTepH30BaHbl MO KpaliHeHd Mmepe mo Tpew,
ualle MNATH-IIECTH KAKHMH-AH00 NYHKTaMHu 3eMHoro mapa (puc. 1).
Bpliu yuTeHbl TakKuM jKe IyTeM JaHHBIe W [0 pacrpejieleHdio OoT-
JeNBHBIX (eIHHHYHBIX) XHMHUYECKHX 3JIEMEHTOB B I0OJA3eMHBLIX BOJAAX.

B npejenax oraenpHO B3ATOr0 HeGOJBLIOrO padoHa, MO KOTOPOMY
HMEJIHCh JaHHBe MO COCTABY NOJA3eMHBIX BOJ, CHCTEMAaTH3amUd MO-
CJAeAHHX NPOBOAMJACH 1O THIY BoAoBMellaiouiux mopoa. Caenosa-
TeJIbHO, 061as cxema o6pabOTKH AAHHBLIX M MOJYYeHHS CPeIHHX 3Ha-
yeHHil, XapaKTepHayiolMX COCTAB BOJ OTAeJbHLIX paioHOB, peruo-
HOB, JAHAWAPTHBEIX 30H ¥ T. A., BEINISAJAHT CJOeAyIOIAM obpasom:
cpelHee H3 OTAEJbHBIX AHAJM30B TOA3EMHBIX BOJ OJHOrO THIA BOLO-
BMEILIAOUINX NOpoJA—-Cpeanee A pafioHa—-cpejnnee A JaHamadT-
HOH 30HBI—CpejHee /I THAPOTeOJOTHUECKOH NPOBHHIHH—-CpelHee
JLNA NOA3EMHBIX BOJL 30HBI THIIEpreHesa.

B 3akaioueHHe OTMETHM, 4To B paboTe HA3BaHHA XHMHYECKHX
THNOB BOJ TPHBOASTCA B COOTBETCTBHH C PEeKOMEHAAUHAMH
C. A. lllykapeBa, M. I'. KypsoBa u ap., T. €. B Ha3BaHHM aHHOHHI H
KATHOHBI ¢ OOJBIIHM cO/LepKaHHEM MpPeIlecTBYIOT COOTBETCTBEHHO
aHNOHAM W KaTHOHAM C MeHBIIHM copepxanueM. Taxko#l mpHHUHN
Ha3BaHHs BOJ, Kak u3BecTHo, 3akpemyen [OCTom 13273—73 «Boawn
MHHepadbHble, NHTheBHE, JeuyebHBe H JeueGHO-CTONOBLIE». ITO XKe
KacaeTcss W Ha3BaHWs CyJb(aTHBIX, THAPOKAPOOHATHHIX W JIPYIHX TH-
MOB, KOTOPOE NPHCBAHBAETCHd BOAAM, €CJH B HHUX cogepKaHHe ADPYTHX
aHHOHOB He npeBbiuaer 25 Mr-sks-%. Haspauus Box no kKatuonam
TAKXKe COOTBETCTBYIOT 3THM KPHTEPHSM.
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TEOXHMHA NMOA3EMHBIX BOJ NMPOBHHLHH
MHOTOJIETHEMEP3JIbIX MOPOJL

Mepanas 3oHa 3eMJ/H OXBAThIBAET OGILIMPHLIE MPOCTPAHCTBA CYIIH,
BK/Il04ass AHTapKTHAY, CeBEPO-BOCTOYHYI0O uacTh Esponsl, 60blIyIO
yacTh CuGupH, mouTH BCio AJIACKY, 3HAYMTENbHYI0 uvacth Kanausl,
apKTHueckne ocTpoBa, I'penmnanauio. BeTpeuaercst oHa Takke B Bbl-
COKOTOPHBIX 06/1aCTAX BCEX KOHTHHEHTOB, BKJIOYas Aaxe 30HLI TPO-
NHYECKOTO MOosCa.

B npexmemrax cymus 3eMHOro luapa MepaJas 30Ha 3aHHMaer
35 MaH. KM%, wau npumepHo 24%. M3 Hux B ceBepHOM MNOJyLIApHH
HaXOAHTCA OKOJO 22 MJaH. KM2, a B 10kHOM — 13 mun. kM2, Ecau xe
BHIOPOCHTL H3  pacuera  Jel0Bbie  KOHTHHeHTHl — ['peHaanauio
(2,17 man. km?) u Autapkruay (12,98 man. kM?), TO MPOLEHT CYIIH,
3aHATOH Mep3qoToil, ymenwuTes no 13,7% (Black, 1954).

B CCCP, no nocneanum paunsim M. A. Hekpacosa (1970), Tonsko
cybaspanpHasi ~ KPHOJHTO30HA  paclpocTpaHeHa  Ha  IJIOLIAJH
10,98 man. km?, uto cocraBaser 49,1% teppuropun. OxHako nJaolaAb
.cOOCTBEHHO MEp3JI0H 30HHEI 32 BLIYETOM TAJHKOB 3HAYHTEIbHO MEHbIIE
H cocrasaser 7,66 man. km?, uan 34,1% or reppuropun CCCP. Cie-
NOBATENbLHO, TaJHKH B  [pefedax  KPHOJHTO30HBI  3aHHMAlOT
3,32 mun. kM2, OcrpoBHas Mep3aoTa NPOTSICHBAETCS 3HAUYHTENLHO
1oxHee teppuropun CCCP u 3anumaer 40% ceBepuoit wactu Mown-
TOJIHH.

[TonsemHble BOAB 30HBI KPHOTEHe3a HAaMM H3yYaaHCh B Npelenax
ceBepo-3anaguoil wactn CHOHpcKoH maatdopmbl B GacceitHax pek
Cesepnoii, Kypeiiku, ®oxunoii, Kymnom6s, Hopuaku. Paiion orHo-
CHTCSl K 30HEe CILIOIIHOTO PAasBHTHS MHOTOJETHell Mep3JoTH, Xapak-
TepH3yeTcs HaJHYHeM TYHIPOBBIX H CeBepO-TaeXKHHIX JaHAmwadToB H
MOJKET paccMaTpPHBATHCA KaK THINHYHBI.

§ 1. OCOBEHHOCTH PACNPOCTPAHEHHUS H 3AJIETAHHUSA
NMOA3EMHBIX BOJ HA CEBEPO-3ANAIE
CHBHUPCKON MJIAT®OPMbI

Hccnenopanumpii paiiod oxpaTeiBaer 3anajanylo yacts Cpenne-Cu-
GHPCKOrO MJOCKOTOPhs ¢ aGcosioTHLIMH oTMerKamMu Ao 500 M, mpex-
CTABJEHHOIO CTOJIOBBIMH TOpPaMH, pasfeeHHBIMH  JIe/JHHKOBLIMH
yacto 3abogoueHHbIME JAoJuHaMH. CeBepHas 4acTb paHOHa pacnoJo-
JKeHa B 30He TYH/PH, I0JKHas— B TOJA30HE CEBEpPHOMH Talru.

Kaumar paiiona oTHOCHTCS K [EPEXOAHOMY OT KOHTHHEHTAJILHOrO
K YHCTO NOJIAPHOMY CO CPeJHEerofloBHIMH TeMmnepaTtypamu oT—7,6
ao— 12,1°C. CpexnHee KOJHYECTBO OCANKOB, GOJIbILAS 4aCTh H3 KO-
TOPLIX BbiMagaer JeroM, cocrasaser 350—450 mMm/rox (Mo AaHHBIM
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mereocTaHuuu B r. Hopuascke). I1pn npubamxenun Kk ropam [lyro-
paHa KOJIH4eCTBO OCa/IKOB VBEJHYHBAETCS.

KopoTkoe seTo n HH3KHe TeMmmepaTypbl OGYCAOBJAHBAIT He6OJb-
Loe HcrnapeHHe ocajikKoB, a cJeJ0BaTeJHbO, M BbICOKOe 3HauYeHHe
K03 (puuueHtoB croka. Hecmorpsa na 10, uTo GOJbLIAS yacThb CTOKA
coBepiiaeTcsi B (opMe MNOBEPXHOCTHOrO W KO3 (HIUHEHT TNO0A3eMHOro
cToKa cocTtaBaser Toabko 10—15%, pexe 20—25%, B abeoaoTHOM
3HAUEHHH BEeJHYHHA €ero, Mo HauuM pacdetam, jpoctiraer B Ho-
pHJIbCKOM paiioHe 4 a/c-km?, a B apyrux — 2,5—3,2 n/c-xm2. Bawus-
KHe K 3THM Uudpe npuBoaarcs u B Mmonorpadpuu bB. WM. Kyneaunna
(IToxsemHblil cTOK. . ., 1966).

@QopMHPOBAaHHIO AKTHBHOTO CTOKa, HaGJI0JaeMOro B AesiTeJbHOM
cJjoe, crnoco0CTByeT Hajanyue Mepsnorhl. [lo gonMHamM npaKTHYECKH
BCeX peK pa3BHTHl TaJaukH. Temneparypa MepaablX TMOpOJ J0OCTHraeT
munyc 6,7° C.

B reosoruueckoM CcTpoeHHMH paifioHa MCCJAENOBAHHH IPHHHMAIOT
V4yacTHe PAa3HOBO3pPACTHbIE H Pa3/HUHbIE MO COCTABY MOPOILI, J0OCTA-
TOYHO UYETKO MojpasiensiolliHecs Ha LIecTb KoMmjaekcoB: 1) addy-
3HBHO-OCaJ04Hble OOpasoBaHHa JokeMmOpus; 2) xkapboHaTHO-TEpPpH-
reinble o6pasoBaHus (€,—0;): H3BeCTHsIKH, NeCYAHHKH, ApPTHIJHTHI,
ajleBPOJIMTH; 3) MOPCKHE H JaryHHO-MOpcKHe otaoxeHHs (S;—C,)
Kap6oHATHO-TEPPHTEHHOT0 cocTaBa C MPOCAOSIMH  MepreJeil, THIICOB
H Kpacnouseto (D); 4) nmecuaHo-yraucThle 06pa3oBaHHS TYHTYCCKOH
cepun (C;—Ps2); 5) KoMmmiekc ocHOBHEIX 3¢ (y3HBOB TpHaca: Ga3alb-
Thbl, Tydonecuanuky, 1nabassl u T. 4. U 6) UeTBepTHYHBIE OTJIOXKEHHS
pPasjIHYHOTO reHe3uca.

XapakTepHoit 0COOEHHOCTBIO TEOJOrHH 3TOr0 perdoHa ABJsSeTCS
IIMPOKeE Pa3BHTHe CHOMPCKHUX TpallloB — HHTPY3HBHHIX 0OpasoBa-
HHIl OCHOBHOIO COCTaBa, KOTOpPHIE NPOPHIBAIOT BCe OCA/L0UHBIE MOPOBL,
HauHHasi ¢ OPJAOBHKA H KOHuas 3(¢y3HBHOH TOJLIEH TpHAca; OCO-
6eHHO IIHPOKO OHH PACHPOCTPaHeHbl B OTJOMXKEHHAX JeBOHA, KapOoHa
H IIEpMH.

3o0Ha aKTHBHOTO BojooGMeHa B paiioHe Hccael0BAaHUE MpeJCcTaB-
JieHa NPeHMYLIeCTBEHHO HaJAMep3JIOTHLIMH BOJAMH H BOJAaMH 0O6LIMp-
HBIX TA/JHKOBBIX 30H, Pa3BHTHIX MO AOJHHAM PeK H TOJBKO YacTHUHO
noaMepaaoTHeiMiH BopaMHu. [locienHHe, Kak MpaBHIO, XapakTepH-
3VIOTCS TOBHIIEHHOH MHHepaJH3allHel, CJ0XKHBEIM XHMHYECKHM COCTa-
BOM H cJa0o CBfI3aHLl C 30HOH runepreHesa. B GoJjiee riyGOKHX rOpH-
30HTaX BCTpevaloTcsi ceinMeHtauuonusie Boanl (UIsapues, 1962),
KOTOpHI€ HAMH He paccMaTpHBAIOTCS.

HanmepaioTHble BOAb HJIH BOABI JEATEIBHOTO CJIOf, 3aleraoline
HEIOCPeACTBEHHO HAa MHOTOJETHEMEp3JIHX NMOpoAax, ABJAKIUIHXCS BO-
J0y1nopoM, 00/1aZaioT HeMOCTOSHHBIM PEeXHMOM, GOJAbLUIYIO YacTh roaa
HAXOAATCH B TBePJAOM COCTOSIHHH, Nepel 3aMep3aHHeM MoOryT ObiTb
HanopHbiMH. VICTOUHHKAaMH MHTaHHSA HX ABJAIOTCA aTMoc(epHbie ocal-
KH, a TaKyKe BOJAB TasiHHs Mepa/bix nmopox. ITociennee oGCTOATENb-
CTBO NPHBOJHT K TOMY, 4TO JAEATENbHBIH CJIOi Ja)e Ha Xopowo Ape-
HHDYEMbIX CKJOHAX XapaKTepH3yeTCs MOBLIIIEHHOH BJaMKHOCTBIO

21



NPaKTHYECKH B TeueHHe BCEro JETHEro Cesoma. Heray6okoe 3aaera-
HHe MOA3eMHbLIX BOJ NMPHBOANT K HX TECHOM CBSI3H C MOYBEHHBIM rOpH-
30HTOM.

PoAHMKH AAHHOTO THIIA BOJ NPHYpPOUYEHBl OOJbLLIEH YacTblo K MOJ-
HOXKHIO CKJOHOB, TJl€ NPOHCXOAHT BHIKJIHHHBAaHHE BOAOHOCHBIX [OpH-
aonToB. OHH, Kak NpaBHIO0, HHCXOASIIEro THNA M OuYelb PEAKO MOTYT
OBITH BOCXOASIIMMH B pe3yJbTaTe MeCcTHOro Hanopa. Mcrounuku ce-
30HHBIE, OTJnyYaloTess HeboablMM pacxofoMm  (o6biuio Menee | J/c,
peako xo 3 aj/c). Temnepatypa ux, kak mpasujo, Humxe 5°C, vauie
1—3°C. B OCHOBHOM 3TO NOPOBBIE BOABLI 3JI0OBHAJLHO-1ETIOBHAILHBIX
OTJIOMKEHHH MW TPElUlHHHbIE BO/bI KOPEHHLIX MOPO/I.

Magoae6GuTHble POAHHKH HaaMmep3JoTHelX Box (menee 0,1 afc),
a TaKkKe MOUYayKHHbl, HCTOYHHKH NPOTAHBAHHA M JPYyTHe BCTPeyaloTest
[IpaKTHYeCKH IO BCEMY CKJOHY BIJIOTh A0 BOLOPa3[esioB, rle Npeol-
Jajlal0T TaK Ha3biBaeMble HCTOUHHMKM BepmiuH. VX Hananume o6vcioB-
JeHO B OCHOBHOM TasfiHHEM MHOrOQJIETHEMEP3JBIX NOPOA B NEPBYIO THO-
JOBHHY Jeta. M3yuenHe TakuX POAHHKOB IpejcTaB/sieT OOJBLION Treo-
XHMHUYECKHH HHTepec, TaK KaK COCTAaB 3THX BOJ MNOJHOCTbIO 3aBHCHT
OT JIOKAaJbHBIX Ie0JOTHYeCKHX M JAHAWAQTHBIX yCJOBHHA H OTpaxKaer
HavyaJbHble cTajuH GOPMHPOBAHHS XHMHUYECKOro cocraBa BoA. MmeHHO
N0 COCTaBY STHX BOJ MOMKHO CYIHTh O BJIHAHHH NpOIECCOB, NpPOTe-
Kalouux B Toqule Mepansx nopox (Lsapues, 1963).

[To woHHOMY cocTaBy HaAMep3J/OTHBIE BOABl NMPEHMYLLECTBEHHO OT-
HOCATCA K THAPOKapOOHATHBIM HATPHEBO-KaJbIHEBBIM WJH KaJibllHe-
BO-HATPHEBHIM ¢ oOLled MHHepagnsauneii Menpmie | r/a. B npenenax
KapOoHAaTHEIX OTJIOMKEHHI pa3BHTH THAPOKapOOHATHHIE KaJlbIHEBO-
MariMeBble, a B npejaelax KapOoOHATHO-THICOHOCHLIX — cy/abdaTHO-
KaJbllHEeBbie BOJALI C MOBBLIUIEHHOH MHHepaJusauued, T. e. B npeienax
OTHOCHTEJIBHO JEerkOpacTBOPUMBEIX NMOPOJA COCTAB BOJI OTpaKaer Cco-
cTaB MnocaefiHHX. B mnpeaenax yrieHOCHBIX OT/IOMKeHHH BOABI  60Jib-
IIeH 4YacTbl0 THAPOKAPOOHATHO-KAJbLHEBbIE, pexe HaTPHEBO-KaJb-
1lMeBLe, a B npenaenax 3d@y3uBHO-TY(POreHHOH TOJMILH — rHApPOKap-
foHaTHble KaJbllHeBO-MarHHeBble HJH MarHHeBO-KaJblHeBHIe.

Ha yyacTkax pa3BHTHA IIHPOKHX JEAHHKOBHIX JOJHH H POBHBIX
n1aToo6pasHbIX CTOJMOBBIX FOp uacTo HabJopatores sBaeHdst 3a6o-
JlaunBaHus, o6yCNOB/JACHHbIE CAa0BIM CTOKOM BOJbLI, HAJHYHEM Ha He-
6oablol rayGHHE MJA0X0 MPOHHIIAEMBIX MEP3JBbIX MOpoa H HeGOJbIIHM
ucnapenHeM. B 3THX VCIOBHAX cpe/lH H30JHPOBAHHBIX KOYEK H CYXHX
y4acTKoB TOP(SIHHKOB BCTpedaroTcs HeOOJbllIHE 03epKH, OKHA CTOSI-
ueil BOJABI HJAM NPOCTO ¢J0H TopdsHO-T/eeBOil NOACTHIKH, CHIBHO
HACHIIIEHHOH BOJOH. 31ech POAHHKH B OOGLIENPHHATOM NOHHMaHHT
BCTPEUAIOTCS PEKO, TOABKO 1o GopTaM pek H peyek, APEHHPYIOULHX
3TH GojioTa. B ocHOBHOM iKe 3TO OKHa cTOfiYeli BOJBl, H3 KOTOPHIX
i orbupannce npo6ul. Cpean Takux 3a00A0YEHHBIX YY4CTKOB 4acTo
BCTPEUAIOTCA 3apacraiolilHe o3epa 3HauyHTeJbHLIX pa3mepoB. [Ipume-
pPOM TAKHX YUACTKOB SBJSAIOTCA: HONHHE p. EHHces, HUKHEro TeueHHsi
pek Kymiom63, Cyxapuxu, Kypefiku u ap. B reoxumuyeckoMm o0THO-
WeHHH BOJALI 3a00JOYEHHbLIX YYacTKOB OTJHYAlOTEs pajloM ocobeH-
HOCTell M TMO3TOMY HaMH paccMaTpHBawTcs orieasHo. Ilo coctaBy 310
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NPeHMYIecTBeHHO MpecHble TrHApoKapboHATHBIE HATPHEBO-KaJblHe-
Bble BOJIbI, OTJHYAMOLHecs NoHHKeHHbIM 3HauenneM pH u Eh.

Jlo/inHbl PeK Ha OTAeJbHbIX YYacTKax 3anojHensl KPYnHo06.10-
MOYHBIMH, XOpPOLIO NPOHHIAEMBIMH AJJIOBHAJNBHBIMH HAH  JEeAHHKO-
BHIMH OTJIOKEHHSAMH, IepeMeXarllHMHCA ¢ MNPAKTHYECKH HEeNpOHH-
naeMeiMi ranHaMmu. Takue oTaoxeHus coGupalT 60JblIoe  KOJH-
YECTBO BO/bI C OKPYKAIOUIHX CK/JIOHOB H PACHONOXKEHHBIX BBIIIE YYacT-
KOB 10JiMH pek. B 3Tux ycaoBusx (OPpMHUPYIOTCA MOLLHBIE TAJHKOBHIE
30HBI, lpejCcTaB/IeHHble JHG0 CKBO3HEIMH, JHOO HaAMEpP3/JOTHBIMH Ta-
JHKaMH, K KOTOPBIM TPHYPOYEHH UYaCcTO BLICOKOHATOPHLIE BOJHL
B o6aactix pasrpy3kH TaKHX BOJ (OPMHDPYIOTCA MAacCCOBEIE BBIXOJbI
PYCJOBLIX, TEPPacOBBIX, NPHPYCJAOBbIX M JAPYIHX POAHHKOB, OTIHYAIO-
muxcsi GoapwiuMu aeburamu (a0 50 s/c), HeGoALLUIOH MHHEpaaH3a-
uuedt (mo 0,5 r/n) u Bbicokumu 3nauveHusmu pH (7,8—8,4). Ckeaxu-
HBI, BCKPHIBAWOLLHE TAKHe BOABI, 4aCTO (DOHTAHUPYIOT.

OnucaHHBl THN BOJ BCKPHIT CKBa)KHHAMH, HanpuMmep, B JOJHHAX
pek Epranak, Hopuaka, Taanax u apyrux mecrax. Takue Boabl OT-
HOCATCA K BO/aM TaJHKOB ¢ HaaMepsJoTHhM nurtanueMm (IIIBapues,
1962). D11 TaJHKH MOTYT GBITH CKBO3HLIMH, Ha/- HWJIH MOAMEP3JOTHBI-
M. OaHaKo M B TOCJAEAHEM cJydae OHH OTHOCATCST K 30HE HHTEH-
CHBHOTO BojJ00OMeHa.

Taxum o6pasoMm, 0 YCJIOBHSIM 3aJeTaHHA B paiioHe HcCJael0BaHH
H3YUYeHHbIe BOALI MOXKHO MOAPa3AeTHTh HA HECKOJIbKO THIOB:

1) HagMeps/oTHBIE:

a) pacuJieHeHHBIX paHoHOB (BOABLI TECHO CBA3aHbI € KOPEHHBIMH
NnopojaMHu),

6) paBHHHHBIX paiioloB (3a060J0UeHHbIE MJIOULAIH);

2) BOAB TaJHKOB (CKBO3HBIX M Ha/JMEpP3JIOTHBIX), 3aJeralouiHx
NpeHMyLIeCTBEHHO B YETBEPTHYHLIX XOPOIIO MPOHHIAEMBIX OTJIOXKe-
uuax. MectamMi 3TH BOAB MOTYT OBITh MOMA- HJAH MeXKMep3JO0THHIMH;

3) nmoaMep3JoTHBIE BOABL KOPEHHBIX MOPOA:

a) 30HBI AKTHBHOTO BOJ00OMeHa,

6) 30HBI 3aMelJeHHOro BogooOMena.

Hau6oJsee mojHo B jajbHelllieM ONHCHIBAETCH T€OXHMHS TOA3eM-
HbIX BOJ MepPBLIX ABYX THIOB, Kak Haubojee TECHO CBSI3AHHBIX C 30-
HOil runeprene3a. bBojee moapo6GHO BOMPOC O B3aAUMOAGHCTBHH TNOJ-
3eMHBIX BOJ C Mep3JLIMH IIOPOAAMH H YCJIOBHA HX 3ajieranus Ha o6-
UIHPHOM MaTepHale BCell KpHoauTo30HB paccMorpen H. A. Beas-

munoit (1970).

§ 2. XHMHYECKHH COCTAB NOJA3EMHBIX BOI

INpusenennble Bbille KpaTKHe cBeAeHHss 00 0O0LieM XHMHYECKOM
coCTaBe NOA3eMHBIX BOJ MOKA3bIBAIOT, 4TO OH JOCTAaTOUHO pasHoobpa-
3eH M 3aBHCHT HE TOJLKO OT THIA BMEMAoUHX INOPOJA, HO H OT TO#H
reoXHMHuyeckoii 06CTAaHOBKH, KoTopasi Hab/i0AaeTcss B KOHKPeTHRIX yc-
JoBusnx. Urobu moJsHee pasobpaThCst B TeX Npolleccax, KOTOpble NpH-
BOAAT K (OPMHPOBAHHIO Pa3sHOOOPa3HBIX 1O COCTABY BOJ, paccMoOT-
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pHM NOC/€10BaTe/]IbHO H3MEHeHHe HX cocTaBa, HauHHas ¢ HCTOYHH-
KOB HX MTHTaHHs — aTMOC(epHbIX 0CaKOB.

Xumuueckuii coctaB atMocdepHBIX 0CaJKOB NpuBelieH B Tala. 2,
H3 KOTOPOMH BH/HO, 4TO 3TO YJbTpamnpecHble ruipokapOoHATHLIE BOIbI
¢ 'MHHepaJu3aiueil, Kak npapnio, Menee 50 mr/a. Baxuo noauepkuyTs,
UTO COCTAB HOJKIEBBIX BOJ OTJHYAETCA OT COCTaBa CHera, KOTOpbIii
COXpaHHJICHA B 3allHIIEHHHIX OT COJTHIA MeCTax H $BJAAETCH MHOro-
getHuM. CocTaB CHEXKHHKOB OTJIHYAETCS I1eJOYHOil peakiueil, MOBHI-
LIeHHOH KOHIEeHTpanHeHd OKHCHOro JKe/je3a, HOHA aMMOHHH, KaJblHus,
obueit MHHepaJau3alUHH W pAla TAKENBIX MeT4aJJIoB, N0 COCTaBy —
3T0 ruApokapGoOHAaTHBIE KaJblHeBO-HAaTPHeBbie BOALL JloxaeBble ocal-
KH XapakTepHaylorcs claboKHCIOH cpefo#, ruApokapboHaTHO-HATpHE-
BbIM COCTABOM, NMOHHXKEHHEIM 3HadeHHeM oOOIleH MHHepaaH3alHH W He-
KOTOpPBIX MHKPOKOMIOHEeHTOB. Bce 3T0 cBHIETENLCTBYET O TOM, HTO
COCTAB CHEXHHKOB He [OJHOCTBIO OTpaxKaeT cocTaB aTMocdepHbiX
OCaJKOB, a SIBJSIeTCs] M3MeHeHHHIM, BHAHMO, B Pe3yJbTaTe 4acTHYHOTO
pactBoperHs atMo(epHofi MbLIH, YTO BeleT K pocTy obuleii MHHepa/u-
3anun. Henn3st He o6paTuTh BHHMaHHE H HA TO OOCTOATENLCTBO, UTO

Ta6amua 2
XHMHYeCKHH cocTaB aTmochepHbIX ocaiikos

Enh Homepa npof Cpeanuit cocras
Komnonentn HEI

;::5; 104 132 482 564 631 cHera | n0mAA
pH — 7.8 8,0 6,4 6,7 — 7.9 6,6
HCO,"- Mr/a 43 37 12 24 12 40 16,3
Cl- p 14 7.1 3,6 7.1 3,6 10,5 4.8
SOz2- 5 0,0 | 10 0,2 0,5 0,5 5,0 0,4
CO 2~ i 6,0 6,0 0,0 0,0 0,0 6,0 0,0
NatJ-K+ = 7.6 6,2 2ol 8.8 4.4 6,9 4.6
Cazt . 15 10 4.0 0,0 120" I 12 1.9
Mgt 2 0,0 0,0 0.0 2.4 0.5 0,0 0,9
NH,* % 310 7.8 0,2 0,4 0,1 5,4 0.2
Cymma . 90 86 22 43 22 96 29
CO, (cB.) J — 6,6 == 8.8 o o —
PCO, INa 101.7 1014 1020 1023 — 1015 102.5
Zn MKT/ 11 11 10 3.0 3,0 = 10 3.0
Mn i 4.5 3,0 5,0 3,0 — 3.7 4,0
Cr * 2.0 3,0 3.0 1.5 — 2,5 2.2
Cu N 22 3,0 1.5 0,5 — 2.6 1,0
Ti 3 i 1,0 1.6 0.5 — 1,0 1,0
A" t 171 0.5 15 0,5 — 0,8 1,0
Pb £ 1 1,0 0,5 0,1 — 76 0,3
Ni s 11 0,5 0,3 0.2 — 0.8 0,2
Bun ocankos = Cuer | Cuer | Jowas| dowan| dowas| Cuer | Howap
Jara or6opa - 10/8 | 15/8 | 13/8 119 13/7 — —

1960 r. [ 1960 r. | 1961 1961 r. | 1962 1.
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JKHAKHEe aTMocdepHble 0CAa/JKH XapaKTepH3YIOTCH MOBLILLEHHBIMH 110
CpaBHEHHIO CO CHEHHKaMH TaplHaJdbHbIMH A4aBJACHHAMH VIJIGKHCJIOTO
rasd. BH,IIHMO npoMopazxHuBaHnHue CHEKHHKOB B TeUEeHHEe AJHTEJbHOMH
UMbl CrocOGCTBYET BBILeJNeHHI0 B aTvocdepy cBOOOAHOH yroJbHOl
KHCJOTHL, TaplHalbHoe JAaBjeHHe KOTOPOH mo3ITOMy ocTaeTcs OJH3KHM
Kk atmochepHomy. [Tepeunciaennble 0coGeHHOCTH cOCTaBa KHAKHX H
TBEP/AbIX aTMochepHBIX OCaJKOB HeoOXOAMMO YUHMTHIBATH [IPH  pac-
CMOTpeHnn ocobeHHocTeli (QopMHPOBAHHA COCTaBa HAAMEP3JOTHBIX
BO/1.

Bomanawowue armocdepHble ocaiki npexae BCEro CONPHKAca-
IOTCSl ¢ TOPH3OHTOM T0OYB, KOTOPBIH XapakTepHuayeTcs CBoeoOpasHoil
reoxnMuueckoil obcraHoBkoi. HanmepanaoTHbie BOABI NPaKTHYECKH
NMOBCEMECTHO CBA3aHBI B TOH HJIM HHOMl Mepe C MOYBaMH, MO3TOMY OCO-
O€HHO BayKHO BLIACHHTb, B KAKOM HANpaBJIeHHH H3MeHSAETCH COCTaB
BO/I 1IPH HX B3aHMOJ/ICHCTBHHA C NMOCJAEIHHMH.

[TouBenHble BOABI HEMOCPeJCTBEHHO B paiioHe HAIIHX HCC/IeL0Ba-
Huit 6oin u3yuensl B. B. MBanowm (1970). [Tosnyuenubie um aaH-
Hele npuBefeHbl B Taba. 3. Clenyer MOAYEPKHYTh, YTO H3YUEHHBIE MM
nouBeHHEle TOPH3OHTHl pacnojioxensl B Oaccedine p. [Iacuns Gana
yetbst p. Aransl, rae pa3BHTH MJIEHCTOLEHOBHIE OTIOXKeHHS Gopeasb-
HOIl MOPCKOH TpPaHCrpeccHH, KOTOPHE OKasajHu onpejaejeHHOe BJIHd-
HHe Ha COCTaB NOPOBBIX pacTBopoB. B pajfioHe mamiux HccaeioBaHHMH
HEeNpoOMbITHIE MOPCKHE OTJO0MKeHHsT ciabo pacnpocTpaHeHHl H B 3TOM
CMBbIC/Ie H3yueHHBble NMOYBEHHBIE PACTBOPHI He SBJSIOTCA THIHYHBIMH,
ocobeHHO TO cofep:KaHHO XJaopa. HecmoTpss Ha 3TO HANpaBJEHHOCTh
H3MEHeHHs COCTaBa TMOYBEHHBIX BOJ TIPOCJENKHBAETCH JOCTATOYHO
YETKO.

Mayuennble nmouBbl NepBOTO, BTOPOIO H YETBEPTOTO y4acTKOB (pas-
pesnr 251, 253, 258) oTHOCATCH K MOATHNY TYHADPOBBIX TJIE€BLIX MEpP3-
JIOTHBIX, a TpeTbero yyactka (paspes 257) —k noarumy GoJOTHO-
TYHAPOBBIX Mep3JoTHHIX. JIJf cocTaBa Bcex IOYBEHHBIX pacTBOPOB
XapakTepHO 3HAYHTENbLHOE COjeprKaHHe XJOp-HOHA, 4TO, KaK Npeano-
aaraer B. B. MBanos, o6yc/ioB/eHO COCTABOM MOJACTH/IAIOUIUX MOPOJ.
JloKa3aTeqlbCTBOM 3TOMY CJAYKHT (aKT YBEJHYEHHS CONepiKaHHA
XJopa B pactBope ¢ rayounoii. BHIHMO ¢ BOCXOAAIIHMH TOKaMH
BJI2JKHOCTH K MOBEPXHOCTH JAeATeJbHOTO CJOA MHIPHPYeT B JAaHHOM
cjly4ae MPeHMYLIeCTBEHHO XJIOP.

CoseprkaHHe B NMOYBEHHOM pacTBOpe ILIeJOYHO3eMEeJLHBIX 3JeMeH-
TOB XapaKTepH3yeTcs PaBHBEIM MPHCYTCTBHEM MArHHs H KaJblHs HIH
B SKBHBAJEHTHOM BbIDAXKEHHH Jayke mpeobjajaHHeM TepBoro. 3Ha-
YHTeJbHEIX KOJeOaHHH COJepiKaHHfA THX KATHOHOB BO BpPEMeHH He
obHapyxeno. OQHOKpaTHOe Olpe/lelieHHe HATPHA M KaJHd INOKasaJo,
YTO COJepIKaHHe KaxI0ro M3 HHX cocraBaser B cpeaHem 10 mr/i.
Bonee Broicoknm (40 Mr/m) comepikaHHe HAaTPHH OKa3aJoch B TJIeeBOM
rOpH30HTE MOUYB GYyrpoBaTHIX TYHAD (paspes 253).

Kouunentpauus nonoB SiO; B noyseHHbX pactsopax KoJebaercs
oT HeckoabKux g0 30 Mr/a, a uaMeHeHHe ee BO BpeMeHu He obuapy-

- JKHBAET YeTKHX 3akoHoMepHocreil. C ray6uHOIl coaepxKaHHe KpeM-

He3eMa pesKo mnajaert. Baxkno OﬁpaTlin TdKXKe BHHMaAHHE Ha BbICO-
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TaGbaunnma 3
CO}!,C]J)K&HHE JIEMEHTOB B MNOYBEHHBIX pacTBOpax *, Ml‘,fJI
T,
Tan Tynaps ;:g;:ga Meg;l;ag;:luﬂ'mu ()J'lr)!r.’-?:;)';n o] e mg't HCO3~ cL” pH Pco,: Ma

npob, cm
Matnkcras wawo- | 251 IMarno 0—10 51,0 22 6 109,5 88.8 12,8 6.8 102
NOAHroOHaJdbHAR 20—40 47,2 215 136,6 71,8 18,6 7.0 107!
JlowGuua 0—10 24 8 358 67.5 37 .4 79 6,2 1033
20—40 31,2 11,0 69,7 44.6 9,2 6,1 1037
Mepaabiit caoii 120—130 | 120,0 72,8 2928 175,7 0.5 7.3 10*!
Maruucras 6yrop- | 253 | Martno na 6yrpe | 0—10 45,1 19.6 119,9 87.1 0,4 6,3 1037
KoBaTas 20—40 54,2 28,8 124.4 | 1024 1.9 6.7 10%3
JlowGuna 0—10 29.6 20.3 95.6 50,6 6.7 6.6 1033
20—40 35.7 29.6 97.0 64,4 7.0 6.6 10*2
Mepanniit caoit 120—130 | 104,0 61,8 251.9 225,1 0,0 6,8 10%5
IaockoGyrpucras 257 | MNomuxkenue 0—10 16,0 9,7 45,9 297 8.0 6,0 106
20—40 47.9 | 18,7 | 137.7 | 102,8 6,2 6.4 1037
Mep3asiii caoii 90—100 | 112,0 33,6 177 .6 87,5 25,0 7.5 TQEe
IaTHHCTas HaHO- 258 ITatHo 0—10 46,1 22,0 158.,6 65,9 20,6 6,8 1033
NOAHTOHANbHAS 20—40 40,0 25,8 151,9 97.7 177 6.9 1032
Mepaauit caoii | 150—170 [ 95,0 67.2 287.3 | 135.4 10,0 2.2 10}2
JlomGuua 0—10 15.5 9.8 49,0 18,2 8.5 6,2 1034
20—40 35.8 18,5 93.8 85,4 13,0 6.7 1032
Mepanuit crofi | 130—140 | 87,8 46,3 2580 | 183.6 80 T, 10*!

* Cpe.‘uiee H3 Tpex-nATH Qnpeaeennil, [poBEIEHHLIX B Pa3AHuHbIe MECHLUb JCTHErQ NepHoaa,




KHe KOHUEHTpPAUMH TaplHaabHOro JAaBjeHHs  YIVIEKHCJIOTO rasa
(eMm. Taba. 3).

[loayuenusie B. B. MUBanoBboIM gaHHble CBHAETEJILCTBYIOT O TOM,
YTO yiKe B npejeaax ryMycoBOro FOPH30HTa IOYB MPOHCXOAHT PE3Koe
H3MeHeHHe COCTaBa BbIMAJAIOMHX aTMOC(epHBIX 0CaiKoB, 00YCJOB-
JeHHOe B3aHMOJeHCTBHEM 3THX ABYX HanboJee aKTHBHBIX COCTABJSAIO-
unX aanamadra. 1o U3IMEHeHHe BBIPAKAETCs Nperje BCero B pes-
KoM oforailleHHH BOJ KaJbliHeM, MaruueM, KpemHueM, xJjopom. Oco-
6eHl0 BaXHO NOAYEPKHYTh OTHOCHTE/JBHO BLICOKOE oOOrallleHHe BOJ
KpeMHe3eMOM, MTO CBHIETEeNbCTBYET O IVIYOOKOM TeOXHMHYECKOM Mpe-
o0pasoBaHHH MHHepaJdbHOH cocrasisiouleil nmous. [Ipuuem sro npeo6-
pasoBanie HauOoJiee AaKTHBHO [POTEKAaeT B BEPXHHX TOPH30HTaX
MOYB, B ROJAAX KOTOPHIX MO3TOMY H Habuojalorcs HaubGojee BLICOKHE
KonneHTpaunu kpeMmuus. C ray6uHoil coepiaHHs NMOC/eAHEro YMeHb-
waiores. Buaumo, 370 cBA3aHO € TeM, YTO YacTh KpeMHe3eMa y4dacT-
BYET B HOBOCHHTE3e BTOPHUYHLIX TVIHH.

O peskoMm H3MeHEHHH COCTaBa CBOGOJIHBIX TOA3EMHBIX BOJ YyXKe
B npejesax MOYBEHHOTO TOPH30HTA CBHIETENLCTBYIOT JAaHHbIE, MOJY-
YyeHHble HAMH MPH H3YYeHHH HaJMep3JOTHbHX BOL BOJOPasiebHbIX
yuacTkoB. Kak paHee oTMeuanoch, AefiTebHBLIH CJOH BOJOPasiensb-
HLIX TIPOCTPAHCTB $BJASETCA HOCTATOYHO OOGBOJHEHHBIM BCJIEACTBHE
TIPOTPEeCCHPYIONEro TagHUA Mep3JOTH B TeYeHHe JIeTHero TmepHoaad.
OGpa3syiouiHecs NpH 3TOM BOABI HAaXOJAATCH B TecHeifllleM KOHTaKTe
0/IHOBPEMEHHO C NOYBAMH M MNOACTHJIAIOUMMH TOPHBIMH [OPOJaMH.

XapakrepHoit 0cOGEHHOCTbIO TAKHX BOA BHe KapOOHaTHBIX MOPOJ
sIBAAETCH HX cJaaboKHCAB H OKHCAHTeabHBIH xapaktep (pH o6niuHO
6,0—6,8; Eh>0,3B). Oxnoii w3 TPHUHH 3TOrO SIBASETCA pPasIoKeHHe
PACTHTEJBHBIX OCTATKOB ¢ oOGpa3oBaHWeM opraHHueckHx KHcaoT. Tak,
JI. A. Tpuminna u H. Y. Topoposa (1970), wusyyas (¢pakuHOHHBIIH
cocraB rymyca nouys TaHMBIPCKOH TYHIApPHI, T. €. paifloHa HAIIHX HC-
CJIe/IoBaHU, TPHUIIH K BHIBOAY, YTO Npolecchl TyMycooOpa3oBaHHSA
B TYH/APOBBIX TIOYBAX OCTAHAB/IHBAIOTCH Ha HauyaJbHBIX CTaiHAX (op-
MHPOBaHHA CHelH(HYECKHX TyMycoBhiX BeulecTB. IHuskas Guonoru-
YyecKkass aKTHBHOCTH MOUBeHHOH MHKPO(MJOpPH, 34TOPMOXKEHHBIH TIPO-
1ecc MHHepa/Ju3aluH OPraHHYeCcKHX OCTaTKOB, ocjlalbJieHHble Mpouec-
Chbl KOHJAEHCAUHH H TIONHMEPH3alHH OPraHHYECKHX BellecTB B TYHI-
POBBHIX TOYBAaX OOYCJOBJIHBAIOT (ODMHDOBaHHE TIyMyca TMpeHMylle-
CTBEHHO (PYJBBOKHCJIOTHOTO COCTABA H, BEPOATHO, TPHMHTHBHOTO CTPOE-
HHSI.

[Tpu 3TOM uYacTh OPraHMYECKOTO BelllecTBa pPacTBOPAETCH B MOA-
3eMHBIX BOJAX, YTO MOATBEPIKIAETCH NMOBBHINEHHOH OKHCIAEMOCThIO H
mounxKeHHbiM 3HauenuneM pH. B onpeneneHHBIX yC/I0BHAX YacThb opra-
HHYECKOTO BelIecTBa, BHAHMO, M0O/BepraeTcsi OKHCIEHHIO CBOGOJHBIM
KHCJOPOAOM, MOBHIIIEHHbIE KOHIEHTPAaluH KOTOporo B Bojaax o6y-
CJIOBJIEHH WX HA3KOM TeMmmepatypoil. BeaencTeue 31oro B Bojax BOMAO-
pasienos MOAJEpPKHBAIOTCH NOBLIIEHHbIE 3HAYEHHA NaplUHaJbHOTO
JlABJIEHUsI YIJEKHCIOTO rasa, KOTOpble, 10 HalllHM pacyeram, KakK npa-
Bujo, cocrapasitor 103—102° ITa, 1. e. Buimie, ueM B aTMocdepHBIX
ocajnkax ([Isapues, [lybennn, 1973).
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TaGauuwa 4
Cymma | Pco, Ma

39.9

61,8
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149
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XHMHUYECKHH COCTAB 110J3EMHbIX BOL B npejaeaax MaccMBa OCHOBHBIX TIOPOJ, MI'/J!

Feomopdonornyeckoe
HOJ0KEHHE POAHHKA

Bonopasnen

263 | Huwussl yacTh CKJOHA

259 | BepxHsa wacTh CKJAOHa
267 | loanua

Homep
npobul
262

HaxkansmBaomasics B JeTHHI nepHox
VIJIEKHCI0Ta 3HMOIl MPH NPOMEpP3aHHH MOYB
BHIHMO YJeTyuHBaercs B atrmocdepy, Tem
caMblM Hapyluas YCTAHOBHBIIEECS TepMo-
JHHAMHYECKOe paBHOBECHE B paCcTBOpax.
[loaTBepxaeHHeM 3TOMY CJAYKHT HeLaBHO
ycranoaenueft  II. k. Kouuem u
Hx, Ix. Keanaem (Coyne, Kelly, 1971)
thakr Boigesenns u3 noys Ceseproit Ansacku
NpPH UX TMTPOMOPAKHBAHHH OTPOMHOTO KOJIH-
yectBa COj, kKoTtopoe coctaBuao or 0,1 mo
20 MJ/r NOYBHI.

[Ipn aBHKeHWH BOIALI BHH3 MO CKJOHY,
T. €. 10 Meépe YBeJHYeHHS ee KOHTaKTa C
rOpHBIMH Tmopopamu, 3Hauenue pH, comep-
AMaHHWEe Kajbllusi M HATPHs BO3pacrawor, co-
JAepKaHue e KpeMHHsi M BequunHa Peo ,
Hao00pOT, HeCKOJAbKO yMeHbIaloTes (TadJ.
4). Cnenyer MoAuepKHYTh, 4YTO OTMEUYEHHASH
30HAJBHOCTb XapaKkTepHa VIHIUL JJf IPyH-
TOBBIX BOJZ H TPOCJEKHBAETCH TOJBKO TpH
H3yueHHH pojAHHKOB. a5 pyubeB, HMelo-
IIHX NHTAHHE 3a CYET TasiAHsl CHeXKHHKOB,
yKazaHHasi 3aKOHOMEPHOCTh He Xapak-
TepHa.

Eule Goabuiine H3MeHeHHS B COCTABE BOJL
nabaogaloTes B HanpapleHHH OT BOAOpAa3-
NeJIOB K JIOMTHHAM P€K, €CJH B MOCAeIHHX
pPas3BUTHl TAJHKH. XapaKTepHBIM NPHMepOM
sipnsiercs goauHa p. Eprasak B pafione
r. Hopnaecka. 3xech Ha CKJIOHAX AOJHHBI
ECTPEUAIOTCSl yJAbTpanpecHsie caaboKHCIbe
BOIBI, V TOMHOMKHS — HeHTpaJbHEe C He-
CKOJMbKO Ooabliefi MHHepaausauueii (ao
160 wmr/n), B poauHe — caabollenoylbie
(pH mo 8,0) ¢ munepanusauneii o 250 mr/a
(puc. 2). M sto, Kak npaBuJo, XapakTepHO
A1 Bcex Oe3 HCKIAKUYEHHS CKJIOHOB B mpe-
Jenax aTMOCHIMKATHBIX MOPOL.

Takum oGpasoMm, B npepesax OAHHX H
TeX JKe aJIOMOCHAHKATHBIX NMOPOL HabaI0-
JlaeTcsl H3MEHEeHHe COCTaBa HaJAMEep3J0THbLIX
BOJ 10 Mepe YBeJHUYEeHHS BPEMEHH COMpH-
KOCHOBEHHSI C TOpPHBIMH TIOPOAAMH: 4YeM
INJUTeJbHee BPEMS KOHTAKTa, TeM Bbille
MHHEepaJu3alusi BOJAbI M ee UIeJ0YHOCTb.
PaccMoTpuM coctaB IPyHTOBBIX BOZ € yue-
TOM KOHKDETHON reoXHMHUeckoil 06CTaHOB-
KH.



[logseMHBle BOAB OKHCAHTEJABbHONH FrEOXHMHYECKOIT
0o6CTAHOBKH paclpoCTPaHEeHbl NPEHMYIIECTBEHHO B pacy/IeHEHHbIX
XOpOIIO ApeHHpyeMbIX y4yacTkax. MX mojapoGHas xWMuuecKas Xapak-
TePHCTHKA NpejacTaBjeHa B Tabu. 5. M3 npHBeleHHbIX NaHHBIX BHIHO,
4TO 110 COAEPXKaHHIO OCHOBHBIX XHMHYECKHX 3JeMEeHTOB i o6llell MHHe-

Wﬁ [—!6 Fﬁ? ELEL

Puc. 2. Hanpasaensocrs H3Menennss pH » oOuweil munepanusauMm noasemMumx soj B Oaccefine

p. Epranax.
I — rpyGooGaoMoutble JeAHHKOBbE 06pasoBains; 2 — NPOCJaoH. JEAHHKOBHIX IAHH; 3 — pasHool-
pasHele Tpanmel; 4 — rpaHulla MHOroJleTHeill MepanoTel; 5 — ypoBeHh MNOA3EMHBIX BOA; 6 — Ha-

npapjieHHe JBHMKEHHS NOA3eMHBIX BOA; 7 — QOHTAHHPYIOULHe CKBa)KHHbI; § — POAHHKH (cnpasa —
seanyuna pH, caesa — obuias muHepaiH3auus, \m‘:)

paju3aiui Pe3Ko BBHIAEJNAIOTCS TOAbLKO BOJABI THIICOHOCHBLIX H B MeHb-
nieil creneHd KapOoHaTHHIX OTJoXKeHHH. BoAbl Bcex ApyrHX BoJOHOC-
HBIX KOMIJIEKCOB TTOXOXKH Mexay co0oil Kak Imo cymMMme coJjieff, TaK o
M0 CONAEp:KAHHI0 OCHOBHBIX KoMmoHenToB. HeGoabiiloe oTanuue co-
CTOUT JIHIIb B TOM, YTO B BOJAaX MarMaTHYeCKHX TOPOA HECKOJIbKO
BO3pacTaeT coJepiKaHHe KPeMHHA U cyadb(aT-HoHA.

Oco6enHo caeiyeT OCTAHOBHTHCS Ha NOBEIEHHH KPEeMHHS, TAK Kak
cylllecTByeT MHEHHe O TOM, YTO B CEeBEPHHIX palioHax CcoJepiKaHHT
9TOro 3JieMeHTa B BOAaX HACTOJBKO BEICOKH, UTO OH MOMKeT mpeol-
JajaTth Haja APYTHMH HOHAMH H HAa 3TOM OCHOBAaHHH B TYHADOBOIl 30HE
BbIEISIeTCS] NIPOBHHLIHS KPeMHHCTHIX (CHAHKaTHEIX) BoA (Makcumo-
Buu, 1955). [IpuBenenHtle B TabJ. 5 JaHHBEIE NOKA3HIBAIOT, UYTO B Cpel-
HeM JOJs KpeMHe3eMa cpeil JPYTHX aHHOHOB He npesbimaer 109%,
T. €. OHA, KaK npaBu/o, HesHauuTenpHa. OfHAaKo B OTAEJBHBIX CJY-
yasix CoOJeprKaHHus KPeMHHS AeHCTBHTE/bHO Pe3Ko BO3pacTaioT H J10-
MHHHPYIOT Hajl BCeMH APYTHMH aHHOHAaMH, KpOMe THAPOKapB6oHATHOTO,
T. €. TAKHE BOJbI 10 COCTABY CTAHOBATCA THAPOKapPOOHATHO-KpeM-
HHCcTHIMH (Taba. 6). BaxkHo mogYepKHYThb, YTO B OCHOBHOM 3TO ciabo-
KHCJble, Ma/JOMHHEepa/aH30BaHHEIe BOLBI, 3aJIeraloT Ha BOJAOpPa3felb-
HBIX NPOCTPAHCTBAX M TECHO CBASAHBI C TOYBEHHHIMH TI'OPH3OHTAMH.
Kucsas cpeja Boa M noBbllieHHBle NapuHalibHble 1aBJeHHS yrJeKHC-
JOro rasa He cnocoOCTBYIOT HaKOMJIeHHIO ruapokapbonar-uoHa. Ecan
NPH 3TOM OTCYTCTBYIOT B 3HAUHTEJNBHBIX KOJHUECTBAX XJIOD-HOH W
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XHMHUECKHIT COCTAB MOJ3EMHBIX BOJ OKHC/AHTEJIbHOH

Boau kapOOHATHHIX

Boaw kapGouartHo-
FHMICOHOCHBIX

Boaw necyano-

(OTAOHKE HHH OTAOKEHHI YrAeHOCHOM TOJIILH
Komnonewnrst Exsmimil
HIMEPEHHT | L henenn npeaes npeaeb
colepra- cpeinee coaepKa- cpeanee coaepka- cpelnee
HHH HHA HHit

pH oo 7.1-8.0 7.4 | 7,078 7.5 | 6,4—7,4 6,9
HCO,- Mr/a 171—439 [295 122256 | 183 49—232 | 103
Cle " 35—49.6| 12,4 | 7.0-57 | 14,5 | 3,5—71 | 15,0
S0, i 0,0—-8,0 0,0 50—1100| 555 0,0—40 12,9
Ca2t 3 2490 43,5 35—660 | 234 6,0—40 19,
Mg+ 3 15,6—63 33,2 |0,0—146 | 17,3 | 0,5—19 o7
Nat ; 0,0—20,7] 8,2 |0,0—172| 42,4 | 0,025 14,8
NH,* u 0,2—4.5 20 10,442 2,56(0,1—7.0 2,08
K+ . 0,0—6,15 0,8 |0,0—12,4 2,6 | 0,0—4.,0 1,4
Fedt N 0,0—0,5 0,211 0,0-0,3 0,111 0,0-0,5 0,2
Fe2+ ,, - 0,0 — —- 0,0—0,2 0,0
CO, (cB.) » 8,8—35,2| 17,0 | 4,088 13,4 | 8,8—28,0[ 15,3
OKHCAAEMOCTh MrQq/a | 2,0—9,6 6.8 — — 5,3—22.3 12,8
Si0, MF/ & 1,0—-10,0 4,78]| 1,0—20,0] 4,82| 2,0—40,0[ 12,4
Al % 0,05—3,5 0,2210,04—2,8 0,28(0,1—0,9 0,34
Cymma Y 321—613 | 403 312—2695| 1045 91—250 | 171
Zn mkr/n | 3,0—30,0] 13,5 | 0,4—10,0 4,0 [ 1,0—20,0] 7.9
Mn % 1,0—250 8.8 |05—10,0f 3.2 |1,0-80,00 9.8
Cu o 0,5—-9,0 40 10,14,0 1,211 0,5—5.0 2.8
Ba = - 3.0 — — — —
Zr = 0,0—18,0f 2,0 - — 0,0=15.00 1,7
Sb g 0,1-5.0 1.8 - — 0,0—15 1,5
Cr £ 0,5—5,0 1,0 | 0,1—3,0 0,6 10,1-5,0 1,9
Ti A 0,1—6,0 0,67 (0,05—3,0 0,5 [0,3-15,0 2,5
Sn ) — 0.5 — — = 0.3
Ni 7 0,1—2,0 0,45| 0,1—2,0 0,3 10,1—3,0 1,4
Pb s 0,05—0,5 0,2210,01—0,3 0,12(0,01—0,8 0,45
Co . 0,0—1,5 0,2 — — — —
Ag = 0,05—0,3 0,12(0,01—0,5 0,07 10,05—0,2 0,13
Vv | 0,0—1,5 0,1 — — 0,0-3,0 0,8
Ga = — — — — 0,0—0,6 0,27
Sc » —_ = — — 0,0—-0,2 0,05
Be . e — — — — 0,04
Yucao aHaausoB 68 35 227

(‘y.!th)BT-'HOH, TO TaKHe BOJBI CTAHOBATCH

CTBIMH.

ruaApokap6oHaTHO-KPEeMHH-

JI106ONBITHO TakiKe, YTO 3TH KPEMHHCTbie BOJAbl B OOJbIIHHCTBE

‘CiayuaeB SABJSIOTCSHA

npuxoantes Bce 100% katHoHHOro cocraBa (cM. Tabua. 6).

I‘I‘l,[lpOKapGOHaTHO-HanHEBHMH, TaK KaK 4acTo
KaJblUHWil H MarHuii B HUX OTCYTCTBYIOT TIOJIHOCTBID H HaA MO0JI0 HATPHA

Baxuno u

‘TO, 4TO 3TH BOJBl TECHO CBA3aHBE C NOYBAMH, T. €. NMPEACTABASIOT CO-
00i NpOAYKT Hanbosnee paHHe#d craauu MeTamoppu3anum armocdep-
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TaGauuga 5

Boaw 0CHOBHBX Boanl oCHOBHBIX Boaw uerseprHuHbIX 06paso-
sppyansos HHTPY3HBOB BaHHH PASAHYHOrO reHesuca
cogg;:::fﬁm cpelnee co:g;j::ruﬁ cpenuee m'}gﬁifa"ﬂn cpeauee
6,7—7,6 T 6,0—7.,3 6,8 6,5—7.,5 .2
61—122 88 24183 43,3 45—210 121
3,5—15,6 9,4 7,0—65 10,9 3,5—10 7.0
0,0—110 27,0 0,0—50 17,5 0,0—10 0,0
8,0—60 24 6 0,0—50 13,2 4,0—30 16,5
1,2—-32,5 13,2 0,0—14 5,0 2,5—20 6,3
- 0,0—41,0 10,9 0,0—38 6,4 2,6—25 14,4
0,1—6,0 2.7 0,2—-3,0 1.2 0,5—6,0 3,2
F 0,048 0.9 0,0—6,2 1.2 0,0—1.,9 Fi2
0.0—0,8 0,22 0,0—0,6 0.26 0,0—0.3 0.15
— 0,0 — 0,0 0,0—0,1 0,0
4,0—08,0 9.5 4,0—-31,0 14,2 8,8—18.4 12,3
4,0—10,3 6,2 2,5—10,3 5,6 4,3—17,6 12,5
2,0-35,0 10,3 1,56—30,0 13,5 1,0—25,0 9.7
0,05—1,5 0,41 0,07—2,3 0,52 0,587 1,1
9,0—325 174 45—250 105 60—290 177
1,6—80 9.0 1,5—60,0 11,5 1,5—15,0 8,5
3,0—50 8,3 3,0—50,0 10,3 3,0—18,0 12,5
0,5—9, 25 0,5—15,0 3.6 0,5—5,0 3.1
0,0—15,0 5,0 0.0—30,0 6.0 b: 3.0
0,0—15,0 3,0 — 1,0 - <1,0
0,0—15,0 1,0 0,0—-3.,0 1,0 0,1-3.,0 I
0,5-8,0 1,5 0,5—10,0 2.0 0,5-3,0 i1.3
0,3—10,0 1,6 0,5—60,0 3.5 0,5—3.0 1,5
| = 0,3 — 0,3 — 0,3
0,5—20,0 1.5 0,5—20,0 12 0,1—1.,5 0,80
0,05—1,0 0,32 0,05—1,0 0,48 0,05—3,0 0,37
0,0—4,0 1,0 0,0—10,0 1,06 — e L
0,05—0,5 0,08 0,05—1,0 0,10 0,01—0,25 0,08
{ 0,040 1,3 0,0—8,0 1,0 — <1,0
— <0,05 0,01—0,3 0,06 . 0,001—1,5 <0,1
150 123 38

HBIX OCajKoB. B naipHeiiuieM nouBeHHBble BOAB, B3aHMOAEHCTBYS C
'BMEILLAIUIHME TOPOAaMH, 060ramaiTcs Npexae BCEro KalblHeM H B
npeiesax aJlOMOCHAHKATHBIX MOPOJA CTAHOBATCA THAPOKapOGOHATHO-
a/ibllHeBO-HATPHEBLIMH, NIPH HaJHYHH B MOPOAAX CYJIbGHLOB — CyJb-
GbaTHLIME, B TIpejesax THAPOTePMAaJIbHO H3MEHEHHBIX TIOPOJ — XJOPH/-
‘HbiMH (pHC. 3).

B npesesax XMMHUECKM AKTHBHBIX NMOPOJA, K KOTOPEIM B MEPBYIO
oyepeanL otHocATcs KapGonartHele, GOPMHPOBAHHE XHMHYECKOTO CO-
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XuMHueCKHil COCTAB HEKOTOPBIX THAPOKAPGOHATHO-KPEMHHCTBIX BOL, Mr/d

Ta6anna 6

E’,?é“ﬁ.f? rﬁ;:%;r-u "“ﬁn“;ﬂ,'.ﬁ't?"" si0, | NH" | CO, (cn) | HCO,™| €1= | 502+ | Cat | Mg+ | NatrK+ ﬁ%ﬁ Pgo, Ma| pH
14 | Poauuxk Jloneputet 18,4 | 6,0 22 |370(106] 80| — | — | 24.4 | 80,0 1024 | 7,0
17 . ; 13,5 3,0 22 |240(106]200| — | — [ 258 | 70,4 10 | 6,8
20 g : 19,81 0,7 44 (40| 7,1 — [6,0 | — | 23,0 [ 851 1022 | 7.4
on| . TMecuannkn nejlrof 12 |490(106| — |60| — | 253 [ 9.9 102 | 6.4
49 ; Fa66po-nuadaau | 14,0 | 0,7 44 |490| 71| — | 40| 1,2 16,1 | 774 1046 | 8,0
412 . . 12102 | 88 |[244]| 71| — | —| — | 138 | 453 10%° | 6,8

207 | Pyueii Jloaeputsl 21,3 | 1,5 B8 1386 71| — 12064 — | 161 | 618 10%° | 6,4

216 | Pommnxk . 16,7 | 2.0 44 t2u4| 7211 — | =| —| 188 | 458 10 | -6,4

516 | Kanew l'a66po 24,3 0,7 88 Lss6) 7112060 —| 27 | 8.0 10*® | 6,2

237 | Ponunxk [Mecuanuxu 189 1,0 1309 3051 14,2 alo o fes 23.0 7l 1029 6.4

262 Kanasa | lab66po-auabasnl | 14,5 [ 1,5 17,6 18.3.| 7.1} 40 S T 6,9 39.9 103:0 6,2




cTaBa BO/J OOYCJOBJEHO NpexK/e BCero BAHAHHEM BMEULAIoUHX TOpo/l.
- Tax, B npejgenax KapGOHATHO-THICOHOCHBIX TOJIIL BOAbI SABJASIOTCS
cyabhaTHO-KAaJAbIIHEBLIMH, @ B npejaedax KapOOHATHBIX — HAPOKap-
- OOHATHBLIMH  KaJbLHEBO-MAarHHeBLIMH HJH  MarHHeBO-KaJbIlHEeBLIMH.
~ HurepecHo, uto nocjaeiHuii THI Bojx npeobJajgaeT Hai HepBHIM H CpPel-

=
LG i

Na

Puc. 3. Capoennas nuarpamma C. A, JlypoBa ¢ HaHeCeHHeM [AHHBIX N0 COCTABY BOA MecHaHo-
yraeHocHbiX (/) M marmatudeckux (2) mopoa

HHil cOoCcTaB BOJ KapOOHATHBIX TOJIL SBJSETCHs THIPOKapOOHATHBIM
- MaruHeBo-KaJaplHeBbiM (cM. Ta6a. 5). Takoe nogdoxKeHHe BpAL JH
MOXKHO OOBSCHHTb BJAHAHHMEM TOJbKO BMEIAIOIIHX TIOPOA, Tak Kak
layke B JOJOMHTE 9KBHBAJEHTHOE OTHOLIEHHEe KaJblHs K MarHuio pas-
HO eIHHHIE, 8 B CpelHeM B KapOOHATHHIX MOPOAAax MEHbIE eAHHHILBI.
BunnMo uacTh KaJblHA y4yacTByeT B OOMEHHBIX PeaKIHAX C HAaTPHEM
104B, aKTHBHEe IOIVIOILAETCH PACTHTENLHOCTBLIO HJAH MHKPOOPTaHu3-
mami. Henw3ds takike cOpacniBaTh co cuetra M fABJAEHHH mNepuojH-
YEeCKOTO MPOMOpPaKHBAHHSI BOJ HEATENBHOr0 €J10f, KOTOPOE MPHBOIHT
K Oca)/eHHui0o KapOOHATOB KaJjblus H HAKONJIEHHIO B pacTBOpe Kap-
6ounatos maruust (Baacos, [1asnosa, 1969).

Taxkum o6pasom, y:e B npeiesjax NOYBEHHOr0 OPH3OHTA IPOMC-
XOIHT CYLIECTBEHHOE H3MEHEHHe XHMHYECKOro COCTaBa MOA3eMHBIX
BOJI, NpHBO/Asillee K (POPMHPOBAHHIO PA3JIHUYHBIX XHMHUECKHX HX TH-
OB, KOTOpLIE, QUALTPYACH B MOACTHJIAIOLLIHE TIOPOALI, H3MEHAIOTCH He
O/IHOTHIIHO, @ B 3aBHCHMOCTH OT CBOEro NepBOHAYaJLHOTO cOcTaBa H
3 3ax. 425 33




cOCTaBa BMelllalomuX nopoji. Boablloe BAHAHHE Ha COCTAB BOJ OKa-
3LIBAIOT U A/IOMOCHINKATHLIE TOPHLIE NOPO/LbI.

MHEKPOKOMIOHEHTHBI COCTaB OCHOBHBIX THIIOB BOJA Tpe/JCTaBJeH
B TabJ. 5, H3 KOTOPOH cJeayeT, YTO Pe3KHX Pa3JH4yHH B HX cO/epKa-
HUH He HaGalonaercs. CpeaHue cojepiKaHHA H3MeHsloTcs He OoJee
UeM B HECKOJILKO pa3 mno BceM 3jeMenrtaM. HMckalouenne cocraBiasior
TOJIBKO BOABI KapOOHATHO-THICOHOCHOH TOJIIIH, KOTOpbie HECMOTPS Ha
NOBHIIEHHYI0 O6IIYI0 HX MHHepaJ/H3alHio, CoAepxkaT MHHHMAaJbHbIE
KOHI[EHTPAIIHH MHKPOKOMIIOHEHTOB. D10 00CTOATEILCTBO JHUIHHHA pas
nojuepkuBaeT (akT CBSI3H COCTaBa BOJ C COCTABOM BOJOBMeEIIAIOINX
NOpPOJ.

Bonw raeeBoli reoxuMuHuYeckKkoili oOCTaHOBKH pac-
npocTpanenbl B pafioHax co cjaaGopacusieHeHHbiM pedibedoM (L0aHHbI
PEK, POBHEIE BOJAOPa3/ie/bHEIE TPOCTPAHCTBA, NVIOCKHE CTOTOBBIE TOPHI)
Il Ha y4acTKaxX Pa3BHTHH CJAAGONMPOHHIAeMBIX Topod (raHHB, TOPd,
cyrauuky). Cirabobiii MOBEePXHOCTHBIH CTOK, HebGoJbllloe HCHapeHHe W
Ha/luyHe MHOTOJIETHEMEepP3JbiX NMOPOA NPHBOAAT B 3THX YCAOBHAX K
pasJHYHON CcTeneHH 3a60J0YEHHOCTH TeppHTOpHH. DBojoTHBIE BOABI
X4paKTepH3YIOTCsi HEBHICOKOH ~MHHepa/aH3aluHed, ruapokapOOHaTHBIM
COCTABOM, TOHHMKEHHLIM 3HaueHueM pH, noBLIlIeHHBIM CcOJepKaHHEM
OpPraHHYeCKHX BelleCTB, 3aKHCHOTO JKejle3a H HEKOTOPHIX MHKPOKOM-
nonentos (radéa. 7).

B Taxkux yc/J0BHSX IIHPOKO Pa3BHTLI NPOIECCH OIJIeeHHs, KOTOphIE,
no A. . Ilepeabmany, npeacraBisiior co6oil «BOCCTAHOBHTEIbHbBIE
NMpoIeccH, NpoTeKalomue 6e3 y4acTHsi CepoBOAOPOAA W NMPHBOASIIHE
K 00pasoBaHHIO MOPOJA, HIOB, NOYB CH30IH, 3ejeHoli, roayGoBaToii H
NATHHCTOH (OXpHCTO-cH30fT W T. A.) oKpacok» ([lepeanman, 1968,
c. 197). Ilponeccr oraeenns o6ycJOBJeHB BOJAMH, HE COAepIKalllH-
MH CBOOGOJHOrO KHCJAOPOAAa H CHOCOGHLIMH BOCCTAHABAHBATH TpPeX-
BaJIeHTHOE JKesle30. B 3THX yCJOBHSIX pPasBHBAIOTCH aHaspobHBle Gak-
TEPHH, KOTOPHIE B Npolecce ABHKeHHS OTHHMAOT HeoOXoAHMEI HM
KHCJIOPOJ ¥ MHHepaJbHHIX COeJAHHeHHH, 00ycJ/OBANHBAsS BOCCTAHOBJeE-
HHe MOCMeJHHX, H BLIACJSAIOT TAKHE ra3bl, KAK YIJEKHCIBIA H MeTa-
HOBBIH, UTO CcrMOCOGCTBYET CO3JaHHIO HepaBHOBecHO# ofcraHoBku. JKe-
Je30 H MapraHell NepexoisiT B ABYXBAJIEHTHYIO (OPMY H TO3TOMY Jer-
Ko Murpupyior. CojepmKanue 3aKHCHOrO XeJle3a B TaKWXx BOjax, 10
Hal|M onpeneneHnsm, nocruraer 5—10 mr/a.

Ha okucanrtensnoMm 6Gapbepe B 3THX YCJAOBHSIX 06pasylTCA THAPO-
OKHCJILI JKesle3a W MapraHia, Ha ApyruX OGapbepax— rIHHHCTBIE MH-
Hepamdbl (BKJOuas B OTAEAbHBIX CJyuasix IVIAYKOHHT M BHBHAHUT), Op-
raHo-MHHepa/bHble coeluHeHHss. MHorve W3 3THX MHHEPaJOB HAaxo-
aaTea B (hopMe KOJMJIOHA0B H COPOHPYIOT 3HAUHTEbHblE KOJHYECTBA
MHKPOKOMIOHEHTOB.

OcHOBHBIMH (paKTOpaMH, ONpPeeNAIONINMHE XHMHUYECKHIl COCTaB
G0JIOTHBIX BOJ, SIBASIOTCA Pa3JOMKeHHEe PACTHTEJbLHBIX OCTATKOB, JKH3-
HeleATeJbHOCTh MHKPOOPTAHH3MOB W B MeHbIUell cTeneHd paspyiie-.
HHe ropHeix mopoa. Ocobasi poib NPH 3TOM NPHHAANEKHT KapOOHAT-
HBIM NOPOAAM, KOTOPEIE HEHTPaIHSYIOT OpraHH4YecKHe KHCJIOTH H dop-
MHPYVIOT Jaxe B 6ojotax caabomenounyio cperyv. Coctas BOX B 3TOM
34



Ta6anua 7
XapaktepucTuka raeesnix Boj (GonoTHeiX) cesepo-3amaga Cubupckoit naatdopmbi

Boaw HekapOoRATHLIX boaoTHele BOAB B Mpeierax
B aneti nopoa KapOoHaTHBIX MOpoiL
Komnonentsl H3amepe-
L npeienasi npeieast
coaepHannit cpeanee conepaanni cpeinee
— 4,869 6,0 6,2—7.4 6,9
ME 2 24—135 60,5 36—390 89,0
i 3,5—35,5 10,3 7,1—49,7 7.9
. 0,0-8,0 0,71 0,0—0,0 0,0
N 4,6—25,3 15,3 0,0—25 11,0
4 0,0—36 8.6 0,0—68 12,0
,. 0,015 2,44 0,0—42 9,0
3 0,2—7,0 3,32 1,0—-7,0 3.18
i 0,06,5 0,47 0,0—4.0 0,16
" 0,0—2,0 0.3 [ 0,1—1.8 0,44
mrQs/a 11,1—43,9 25,1 7,2—27,1 21 .4
Mr/a 8,8—30,5 14,5 4,4—-35,2 15,6
- 1,5—25,0 5,78 1,8—10,0 4,07
» 0,05—1,8 0,27 0,07—0,86 0,18
& 33—254 98,7 57—375 128
MK/ 5—100 25,3 5,0—60 16,7
. 1 5,65 1,020 3.9
3 1,6—25 5,28 1,5—10,0 3.6
. 1,0—18 4,46 1,0—10 2.3
i 0.5—8,0 1,95 0.5—5,0 1.7
" 0,5—6.0 1,75 0,1—2,0 0,87
5 0,5—4,0 1,54 0.5—6,0 2.1
. — =10 — <1:0
. 0,1-6,0 0,91 0,1—6,0 1,5
. 0,1—2,0 0,83 0,1—1,5 0,46
" 1,0-3,0 0,75 0,5—5,0 0,9
¥ 0,05—1,0 0,41 0,06—1,5 0,51
p . <0,3 — <0,3
= — — — =F.0
- S <0,1 i i)
5 - - - <0,3
" 0,01—0,3 0,08 0,01—-0,1 0,05
- 0,01—0,2 0,05 0,01—0,3 0,07
Hucao aHaausos l 78 49

Cayyae THAPOKapGOHATHLIH MarHHeBo-Kajibuuesbiil. [lostomy Hamu
B TabJ. 7 OTAeNbHO MOKa3aH cocTaB GOMIOTHEIX BOJA B 3aBHCHMOCTH OT
HX CBA3H ¢ Kap6oHaTHHIMH nopogaMu. HeakTuBHble B XHMHueCKOM
OTHOIIEHHH IOPOABI OKA3bIBAIOT MeHbllee BJIHAHHE HA COCTaB GoJ0T-
HEIX BOJ H 103TOMY NMPAKTHYECKH HE3aBHCHMO OT COCTaBa MOJACTHJAIO-
LHX TIOPOJ paccMaTpPHBAEMble BOJABI ABJAIOTCH IHAPOKapOOHATHBIMH
HaTpueBO-KaJbllHeBbIMH ¢ ofllel MuHepaan3auued mempie 100 mr/a.
Taknm oGpasom, Hec/aeyeMblit PerHon XapakTepH3yercss HaaudH-
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eM pa3H006p33Hux N0 XHMHYECKOMY H ra3oBoMy COCTaBY MNMOJA3€MHDBIX
BoA. 1o pasHoobGpasne o6yc/JOBJACHO Pa3JHuHLIM - BJHAHHEM Ha OT-
Je/IbHBIX yyacTKax GHOJIOTHYECKHX (HHTEHCHBHOCTH 06pa3oBaHHs M
pasJyioxKeHHs: OpraHHKH, 3aTOpQOBAaHHOCTL), TeoJOrHYecKHx (cocTaB
Nopoj), TrHAPOTenJOTHUECKHX (MHTEHCHBHOCTh BoAooOMeHa, 3abo-

JIOYEHHOCTH) H TEOKPHOJOTHYECKHX (BbIMOpaKHBaHie, BOCXOAANLAS
MHTpauusa) (hakTopos.

§ 3. TEOXHMHA NOJA3EMHBIX BOJ JAPYrux PAHOHOB
KPHOJIHTO30HBIL.
CPEAHHE COJAEPXAHHSA XUMHUYECKHX 3JIEMEHTOB B BOJAX

OrmeueHHOe BhIlle pa3Hoo0pasie XHMHYECKOTO COCTaBa MOJI3EM-
HBIX BOJ B Npejenax OAHOTO paioHa HOCHT JOKAJbHBIH XapakTep Tak
KaK B PerHOHaJbLHOM IJ1aHe, eC/lH He CUHTATh BJAHSHHS JErkopacTBo-
PHMBIX THICOHOCHBIX H Kap6oHATHBLIX NMOPOA, COCTAB BOJ H3MEHSETCs
He3HauyuTeJbHO (cM. Taba. 6 u 7). Qopmupyiouuecs 31ech BOALI  SIB-
JAIOTCH VJAbTPANpPecHbIMH H TPecHbIMH ¢ MHHepaJu3alHeid MeHee
350 mr/m, cnaboKHCABIMH H HeHTpaJbHBIMH, peke c/Jaab0HleTouHbIMH,
NpeUMYIIeCTBeHHO  THAPOKapOOHATHBIMH KaJlbIlHeBO-HATPHEBBIMH.
B nmpenenax anoMOCHAHKATHLIX MOpoJ Haubogdee NpecHble BOALL (Gop-
MupyloTcs B 00JacTaX NMHTaHHA Ha BoJAopasjenax, Haubojee MHHe-
paJu30BaHHBIe H LIEJI0YHbIE — B 00GJIAaCTAX PasTpy3kH (IOJTHHAX pPekK)
H OCOOEHHO B TOM cJlyyae, €C/IH B JIOJHHAX PAa3BHTH TaJHKH, CNO-
COOCTBYIONIHE OTHOCHTEJNBHO TAYGOKOMY 3aJjeraHnio BOABI H TeM ca-
MBIM O0Nee JJIHTEJBHOMY KOHTAKTHPOBAaHHIO BOJAbl € ITOPOAaMH.

OtmeuenHble ocobeHHOCTH cocTtaBa BoA Hopuiabckoro paiiona xa-
pPAKTEPHBl H [/J5 APYTHX PErHOHOB KPHOJNHTO30HBL. Tak, Mo AaHHBIM
H. I'. y6enuna (1971) u M. E. Koposesa (1973), B ceBepHoit uactn
Enncefickoro kpsaxa pesko npeobaajnaior cjlaboKHCABE THAPO-
KapboHaTHble KaJblHeBble BOABI ¢ obuell MuHepanusauued 0,05—
0,5 r/a. YBeanuenne MHHepaJH3alHH NPOHCXOAHT OT obiaacTeii mnuTa-
HHS K YY4acTKaM aKKyMVJSILHH M PasTpy3KH MoJA3eMHbIX BoA. Mens-
UM pacTpoCTPaHeHHeM MOJAbL3YIOTCH TrHIpoKapOoHAaTHbIE HATPHEBbIE
BOAB ¢ MHHepaaudaumei okono 0,1 r/a. [Ipuypoueusr oHH. MpeHmMy-
IIeCTBEHHO K Hanbojee BO3BLILIEHHBIM YYACTKaM, CJAOKEHHBIM Tep-
PHTeHHBIMH H TpaHHTOHMAHBIMH nopoaamu. CyabdaTHble H XJAOpHAHbIE
BOJIBI ¢ MHHepaJu3auuei Gosee | r/1 orpaHH4eHHO PaclpOCTPAHEHBLI H
CBfI3aHbI ¢ KPACHOIBETHHIMH 3aTHNCOBAHHBIMH H 3aCOJIEHHBIMH OTJIO-
Kenuamu kem6Gpus. [IpeoGiaganne MaJloaKTHBHBIX CHJIHKATHBIX MOPOJI
H MHTEHCHBHBI BOJA00OMeH crnocoOCTBYIOT (POPMHPOBAHHIO NPECHBIX H
VJALTPANpPecHsIX BOA, XapakKTepHuIX Adsi 3Toro perwona (tabua. 8).

B oro-zanannom 3abajfikaabe JeTajbHble THAPOTEOXH-
MHYeCKHe HceaefoBaHus npopoauauck [1. A. YaozoBeiM npu yuactuu
aBTopa B Gacceiinax pex Kyuaseit u Acakan (¥aoaos u ap., 1962).
PaspuTble 31ech BOABI OWIMYAIOTCH HH3KOH MHHepaausaluei, npe-
HMYIIECTBEHHO THAPOKAPOOHATHBLIM HATPHEBO-KA/JbIHEBBHIM COCTABOM
n pH menpue 7,0 (cm. Ta6a. 8). [lnsg HHX xapakTepHa 4eTKas 3aBH-
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Tabauma 8

XHMHYECKHHl COCTAB NOJA3EMHBIX BOA OTAE/AbHBIX PAHOHOB NMPOBHHIUHH
C PasBHTHEM MHOTOJETHEH Mep3JoTbl, Mr/a

Cubupckas | Ewuceil- | 3.645- | Baccen | Baccedin IOxoH,
Komnounenrs: naatdop- CKH Kalbe p. Mas | p. Oaenex | AMCKA | Kanana
Ma Kpax
6,9 6.8 6,7 6.8 7.6 6,8 6.9
8 118 96.3 87.0 176 160 108 33.8
8.3 2,5 129 6.5 8.3 13,3 5.9
10,9 6,8 4.6 1.0 5,6 11,4| 3,5
0,10 — Q.65 — == 0,93 0,75
0,1 0,12 0,4 0,1 0.3 0,1] 0,08
16,9 20,1 8,2 39,0 35,8 28,9 | 10,2
6,1 9.9 10,8 2.4 27,9 9] 5,1
g9 5,3 3.3 16,0 6,4 7.4 2,3
0,7 -2 1.8 — — 1,4 0,6
9:2 10,3 15.8 6.6 6.5 1287 °6.2
0,29 0,13 0,30 0,03 1,25 — 0,08
0,38 0,35 0,18 0.3 0.4 0.34 0,056
2.5 0.4 — — — — 0.2
182 147 118 241 242 187 64
Yucao ananusos 150 2500 320 45 43 22 41

HMOCTb COCTaBa BOJ OT THNa BMellalollHX mopoi. B nmpegenax rpa-
THHIX MacCHBOB oco0eHHO Ha BoJOpasjenax BeTpeuaioTces caabokHc-
e (pH 5,8—6,8) ruapokapbonaTHbele HaTpHeBbie BOALI ¢ MHHepaJH-
auneii medee 100 mr/m. BHu3 no ckjaoHam pH Bomx M HX MHHepasH-
IIHSl HEeCKOJBKO Bo3pacTraloT. B npeaenax pasBuTHA ocajouyHO-MeTa-
MOp(HYECKHX MecuaHHKOB H poroBHKoB pH Boxa, kak mnpasuio, 60/b-
ie 7,0 (zocturaer 7,8), cocTaB HX THIPOKapOOHATHBIH KaJbIHEBO-
atpHeBblil. MuHepaausauus Goabiwe 100 Mr/a, Ho He npesbIaeT
0 mr/an. Ha yuacTtkax passuTusi cyJb(GHIHOH MHHEpaJH3alHH B BO-
1axX OTMeYaloTCsl MOBHIIEHHbIE KOHIIEHTPAUHH CyJab(ar- H XJOP-HOHOB.
ITonzemubie Boaw  pacujeHeHHoro OmMHHHcKo-Maiickoro
naockoropbsa (HOx. SIkyTus) npuypouensl K KapGOHATHBIM H Tep-
PHreHHBIM OTJIOXKEHHAM BEPXHEeNpOTepO30HCKOro H KeMOPHHCKOro BO3-
pacra, pexe K MaJOMOIIHLIM ueTBePTHYHBIM OTJoKeHHaAM (Backos,
KaumoB, 1972). CoctaB BOA B OCHOBHOM THAPOKapOOHATHBIH KaJjb-
LHEeBO-MarHueBbii H TOJBKO B Tpejleiax MarMaTHYeCKHX MOPOJ OCHOB-
KOTO COCTaBa BCTPeYaloTcss BOALL  CyJabaTHo-rHApPOKapOOHATHBIE
MarnneBo-KasblueBble. O6llas MHHepaan3allHa BOA OOBIYHO MeHblle
0,5 r/a u cocrasaser yame 0,1—0,3 r/a. Kuciopoano-asoTHblil cocTas
pacTBopeHHBIX ra3oB, Hu3kue 3nadenuss He/Ar, orcyrcTBHe anaspob-
HBIX cyJ/b(aT-BOCCTAHABIHBAIOUIHX H a3POOHBIX, OKHC/AAOIIHX VIJe-
BOIOpO/AL!, Tpynn GakTepHil, HHTEHCHBHOE pa3BHTHe CanpoduTOB —
BCe 3TO CBH/ETEJLCTBYET O (DOPMHPOBAHHH BOA B XOPOLIO NPOMBITHIX

37



Nopojiax B npezaegax 30HH cBOGOAHOTO BoAoOOMEHA, MOULHOCTH KOTO-
poii cocrasasier, no sakawouennio E. A. Backosa u I'. i. Knumosa, ne
menee 400-—-500 M. CpeaHuii XMMHUeCKHHl COCTAB BOJ HpHBEIEH
B Taba. 8. Bausknil K paccMOTPeHHOMY MHKPO- H  MaKpPOKOMIIOHEHT-
HBIl COCTAB MOA3EMHBIX BOJ 30HBI AKTHBHOTO BOJ0OGMEHa OTAENbHBIX
paiionoB Slkvrum npusoaurcs B paborax M. H. Kocoaanosoir (1963),
I'. A. Toncrukosa (1969), M. B. Huxurunoir (1973), B. Il. Boakosoi
(1971), H. T1. Auucumonoit (1971) u ap.

XHMHYECKHH cocTaB moA3eMHEIXx Bojd Auasgcku n Kawnaaw
H3yyeH Kpaiine ciatGo. Bo BCAKOM ciyuae B HMelOULeficsi CBOLHOH pa-
6ore (Permairost e. a., 1955) mosHble aHagu3bl NOA3EMHBIX BOL OT-
cyrerBylor. [TosroMy HaM yaaJoch HCNOJAb30BaTb TOJBKO padoTy
E. V. Jlopa (Lohr, 1957), B kotopoii npuBoanTcss hakTHuecKHil Ma-
TepuaJ 10 NMUTBEBHIM BOAaM AJISICKH, IaHHBIE 10 CEBepHBIM palioHaM
Kanaagm (Ground water..., 1967) u paGoret P. VY. Boina wu ap.
(Boyle e. a., 1956; Hydrogeochemical methods..., 1971), B KoTOpBIX
HMEIOTCS OT/Je bHble AHAJMH3Bl HAAMEP3JOTHHIX BoA nposuHuuu OKoH.
Kpowme Toro, uacts anaamusoB HaM qio6e3Ho npexcrasiaena P. Aama-
HOM. DTH AaHibie B 06061leHHOM BHIe NpHBeLeHB B Tal0Jl. 8.

[IpuBeneHHasi KpaTKas XapaKTepHCTHKA TIeOXHMHYECKHX ocobeH-
HOCTeil MOA3eMHBIX BOJA 30HBI THNEpPTeHe3a OTAENbHBIX PAaHOHOB KPHO-
JIATO30HBI MOKAa3bIBAET, YTO 3TO TPEHMYINECTBEHHO VJbTpampecHbie
W TIpecHble BOABI pPa3Ho06pa3HOro, B OCHOBHOM TFHAPOKapGOHATHOTO
KaJ/bllHEeBO-HATPHEBOTO cocTaBa ¢ MuHepaausauueir , Menniue 0,5 r/u.
Heranu coctaBa 3THX BOJ ONpPEJeNSIOTCA HHTEHCHBHOCTBIO B0O1006-
MEHa, COCTaBOM BMeIAOMHX MMOPOA, MeTaJJIOTeHHUYeCKHMH ocoGeH-
HOCTSIMH pailoHa, HHTEHCHBHOCTbIO OHOJOrHYECKHX IPOLECCOB, THIOM
pasBHTLIX MOYB W BJAHAHHEM [POLECCOB KPHOTeHe3a, B YacTHOCTH,
NepHOAHYECKHM TPOMEpP3aHHeM M OTTAHBAHMEM JESTEeJBHOTO CJOf,
BLIMOpaXKHBalHeM BOJ B MecTax HX pAasrpys3kd B 3UMHHI NepHOL,
MHrpauHeil BJarH B BepXHeif yYacTH MHOTOJETHEMep3JblX MOpod H
JApPYruMH npoueccamu. PasanuyHoe coyeranne 3THX (JaKTOPOB M Mpo-
11eCCOB B KOHKPETHBIX YCJIOBHAX ONpeiessieT TOT HJH HHOH cocTaB H
cTeneHb MUHEpaaH3allHH MOA3EMHLIX BOJ.

Cpenu nepeuucieHHBIX ¢GakTOpoB ocobasi posiib MNPHHA/JIEKHT HH-
TEHCHBHOCTH BoZooOMeHa, KOTOpBIH OmpenejsieT CYMMY coJjeif B
pacteope: yem OoJbine BoaooOMeH (Baarmiickmit wut, Karanckuii
mut, Exncefickuit KpsixK), TeM HHKe MHUHEpaJH3alHs MOA3eMHEIX BOJ.
B ycnoBuAX oaHHAKOBOrO BoAOOOMEHa H OJHOIO THMA MOPOA CyMMa
MHHEpaJABHHEX COJefl B pacTBope onpelefsieTcss BpeMeHeM CONPHKOC-
HOBeHHs BOLBI C TOPHBIMH nopoaamu. MMeuHo mo stoii HKH‘]HHG Ha-
Gaionaercs, oTMeuaeMasi MHOTHMH HccaegoBartedsimp  (AnncumoBa,
1971; Bcesoaomxckas, 1973; Huxkutunra, 1973; u ap.), 3axoHo-
MEpPHOCTh YBEeJHYEHHS CTEeMeHH MHHepaJH3alHH MOA3eMHBIX BOJ TPH
JIBHJKEHHH OT BOAOPA3JIeNIOB K NMOJHOXKHIO CKJIOHOB.

Ha done 3THX pernoHaabHo AeficTBYIOMIHX (AKTOPOB B OTAEJALHBIX
MecTax OKasblBAIOT BJHSHHE JOKAaJbHbe Npoueccsl H (PakTophl, K KO-
TOPLIM OTHOCATCS: |) KOHTHHeHTaJpHOE 3acosieHHe (OTaeqabHBIE paiio-
upl SkyTHn n 3abaiikaaps); 2) cMeureHne HHGHABTPAUNOHHBIX BOJL
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¢ CeANMEHTALHOHHBIMH, BO3POMXKIACHHBIMH HJIH HHQWILTPAIHOHHBIMH
yrami G6onee ray6oOKOro 3aneranusi; 3) BAHAHHE PYAHBIX T
|) TexHOreHHas JAeATeNbHOCTh yesoBeka. Boxawl, GopMupyiolIHecs mojL
CTBHEM TaKHX JOKaJbHbIX (PAKTOPOB, HAaMH He paccMaTpHBa-
csl.

HeGoabmne xoneGanusi obilell MHHEPANH3AUHH TNOA3eMHBIX BOJ
J)ErHOHANLHOTO PACPOCTPAHEHHS pacCMaTPHBAEMOli NPOBHHIMUH (CM.
a6/1. 8) 1M03BOJSIOT PacCYHTATh CPeIHHIi COCTAB 3THX BOA OT/AEIBHO
5l 30H TYHApLI u ceBepHOil Tafirn (ta6a. 9). IIpn cocrasaenun 3ToN
abaHIbl KpOMe HAWINX JAaHHBIX H yXKe YIOMHHABIIHXCS HCTOUHHKOB
CNOJMb30Balbl  MaTepHaJabl 10 cocTaBy BOA Bepxue-Apmauckoro
Hona Marananckoit o6nactn (Kysnenos, 1969), 3anaavoii uactu
6upckoii naardopmsr (LBapues, Ily6enun, 1973), SAuno-Omosoii-
oro Mexaypeubsi (Ymmxosa, 1974), Koasckoro moayocrposa (AmnTo-
, 1964; Iluthena, 1962, 1963), Taexubix paiionos Bocrounoii Cu-
pu (Jlanuua, 1967; Tuxonosa, lllpamko, 1966), a Takxke nekoTropuie
)6o6maionine paborsl (I'muabypr, Kabanosa, 1960; Kpaiinos, 1973;
[epmanos, 1963; Ynonos u ap., 1962).

. O6umiee unci0 aHaAH30B, KOTOPOE HCMNOABL30BAHO TPH  pacyere
CPeHHX 3HAYEHHH, TaKiKe npuBeieHo B Taba. 9. Jlas GoJpLIHHCTBA
€MEeHTOB OHO 3HaunTeJbHo OoJapwe 100, a B pane cavuaes U Goablie
00, nocturasi B oraeabHBIX cayyasx 9800. ITo naetr ocHoOBaHHe
HTATh, YTO TIpHBeleHHble UH(PH B Hanbodee obuiell (opme orTpa-
XKaloT CPeAHMI COCTAB IOA3E€MHBIX BOJ NMPOBHHUHH MHOTOJETHEMEp3-
AbIX nopon. Mckaiouenne cocTaBiasioT #oa, HuoOHHA, HTTepOuil, TopHIl
H 30JI0TO, CPeIHHEe COAep:KaHHs KOTOPLIX PACCUHTAHBLI MO HEGOIBLIIOMY
HHCJy aHaJH30B BOJ, OTOOPAaHHHIX, KPOMe TOTO, Ha OrpaHHYeHHBIX
V101118 151X,

[Moayyennpie naHHbBle NMOKA3bIBAIOT, YTO NOJA3€MHbIe BOALI PErHo-
HAJLHOTO PacnpocTpaHeHHs NPOBHHIMH MHOTOJETHEl MEep3JOTHl fAB-
AI0TCA CAa00KHCABIMH, VJLTPANpPeCHBIMH, TIPEHMYIIeCTBEHHO TH/IpPOo-
KapOOHATHLIMH  KaJblHEBO-MarHueBBIMH, OGOraThiMi  OpPraHHYecKuM
BenlecTBoM. ITocnennee aB/isgercs kpafine BaxHOH 0COGEHHOCTLIO, OI-
pejlesaionieil HX reoxuMuueckylo cnenuguky. I[To nanuwm M. B. Hu-
tuHo#i (1973), B o6lueil cyMMe pacTBOPEHHHIX coJell OpraHuuecKue
JeTyuue H Hejeryulie Beuiectsa cocrasasior 10—75%, 1. e. comepxa-
HHe OpraHHYecKuX KHCJOT B BOJE TIPEBLILIAET cOolepzKaHle MHHepaJb-
HBIX BemecTB U jgocthraer 25—40 mr/a B nepecuetre Ha Copr. Baxkno
H TO, 4TO B COCTaBe HeJeTYYHX COeIHHeHHI OpTraHuuYeCKHX BelecTB
00/IbLIOE MECTO TIPHHAMIEKHT (PYJbBOKHCJIOTAM, KOTOPHIE COCTABJA-
or 1o 80% o6mero KoanuecTBa OPraHHYECKHX KHCIOT. PyJabBOKHC-
Jotel B 5—10 pa3 npeo6iagalor Hajg TYMHHOBBIME COeIHHEHHSMH.
BCce 3TO pe3yibTAT ONpelesIeHHbIX KJAHMAaTHYeCKHX YCJI0BHH (HH3KHe
[eMIepaTyphl), OTHOCHTEABLHO cjgaboro BojgooOMeHa, TECHOH CBA3H
BOJbI ¢ TIOYBAMH H, YTO OCOGEHHO BaXKHO, OTHOCHTeJILHO cjaaboro
HENPOJOKHTEIBHOTO B3aUMO/IEACTBHS BOJABI ¢ TOPHBIMH  MOPOJAMH,
ONpeaensoniero HeGoabiloe cojlepixKanne MHHEPaJbHbIX BellecTB.

£3
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Ta6auuwa 9
Cpennuit XMMHYECKHH COCTAB MOA3eMHBIX BOL MNPOBHHUHH MHOTOJETHEH MEpP3a0Th

Jlannad e

A En- Mposumuma B ueaoum

Komnonen- | Huisl TYHAPOSLIC ceBepoTaekHble

Thi H3Mme- E ; '
el e peanee a H:!‘J'I’;«I:.E::)B cpeanee au:xl.:r(l‘:a%B cpeaee an :.!1?:;:)3
pH — 6,54 272 6,82 7383 6,68 7655
HCO,- mr/a| 61,8 272 137,1 7383 98.8 7655
S0,.2" L 6,50 272 5,26 7383 5,88 7655
Cl- y 5.25 272 5,91 7383 5.58 7655
NO," 2 0,84 105 0,38 428 0,61 533
= p (i 53 0,21 259 0,19 405
NO,~ d = — 0,03 150 0,03 150
Ca*+ : 15,6 272 26,0 7383 20,8 7655
Na+ [ 6,13 272 12,8 7383 9,46 7655
Mg+ ; 5,37 272 7,35 7383 6,36 7655
K+ i 1,08 85 120 1805 1,15 1890
NH,* = 0,22 60 135 785 0,79 845
Si0, : 7,60 85 i b 1265 9,63 1350
Cymma £ 100,2 272 209,3 7383 159,0 7655
CChi(es)] . 14,0 170 10,8 341 12,4 511
opr s 1027 80 9.3 115 10,0 195
Al MmKr/al 160 86 440 310 300 396
Fe ’ 200 250 380 5150 290 5400
Zn 23,0 360 31,8 9440 27 4 9800
p i 26,5 33 20,7 46 24 1 79
Sr ® 21.3 340 26.3 5150 23.8 5490
Mn . 12,3 340 17.9 5150 15,1 5490
B i - — 10,9 81 10,0 81
Ba A 10,0 360 9,10 9440 9,55 9800
Li i 3,97 11 6,09 784 5,03 795
Ti ‘. 2.34 360 | 4.64 9440 3,99 9800
Cu 3 1,70 360 2 98 9440 2,34 9800
Cr 252 360 2,16 0440 2,34 9800
Sb ke — e 1,93 3510 1,93 3510
Ni X 1,91 360 1,63 9440 ) piiizg 9800
Pb ; 1,88 360 1,16 9440 1,52 9800
Rb i 1,53 11 1,47 T2 1,50 83
Zr 4 0,68 360 1,28 9440 0,98 9800
As 4 0,73 360 0,99 9440 0,86 9800
I f —_ —_ =0,75 35 =075 35
Mo ; 0,64 360 0.92 9440 0.78 9800
Vv g 0,50 360 0,88 9440 0,69 9800
Nb : 0,54 9 — 28 0,54 9
Ga < 0,35 27 0,49 156 0,42 183
Sn E 0,22 360 0,50 9440 0,36 9800
U - 0,30 132 0,34 428 0,32 560
Co p 0,40 360 0,24 9440 0:32 9800
Ag p 0,21 360 0,37 9440 0,29 9800
Yb i - — 0,23 15 0,23 15
Th e 0,07 23 — - 0,07 23
Sc . L — 0,05 87 0,05 87
Be : 0,02 360 0,04 3150 0,03 3510
Au . — — <0,012 15 <0,012 15
dopmyaa Kyp- | M, C77Cl12 S}l T C89 CI7 S.Jf e C84CI19 57
a0Ba¥® " Cad2 Mg30 Nal8| ;*""Ca52 Mg25Na23| " Cab2 Mg27 Na2l

* 3aecr n panee C coorsercrayer HCO,=, S — S0Oz2-.
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§ 4 MICTOYHHKH XHUMHYECKHX IJEMEHTOB NOA3EMHbBLIX BOJ

. XuMHYecKHil cOCTaB MOA3EMHLIX BOJA CKJAaJbIBaeTcs H3 coJeil, npu-
[OCHMBIX aTMOChEePHBIMH OCAJKaMH, 3JIEMEHTOB, BbilleJauHBaeMbiX
BMellaIoIUX NOPOd, OYB M PACTHTEJbHBIX OCTATKOB, 4 TaKxke
HOB, CHHTE3MPOBAHHBIX M3 BOJBLI H YIJIEKHCJI0TO rasa. Baxkuo mo-
oMy pasofpaTbCsl, B KAKHX COOTHOLIEHHsX o0oralllalor BOAY BCe
u cocrasasiomune. Haunem ¢ atmochepHbix ocaakoB. Paccmorpum
BausHue Ha npumepe Hopuabckoro paiiona.

CpaBuuBas aauusle Taba. 2 U 5, HETPYAHO 3aMETHTb, UTO J0OJS
TMOChepHBIX 0CajKOB B 0OLIEM COCTaBe MOJA3EMHBIX BOJ, €CJH
AHTL 10 cyMMe codsieli, koqaebaercsi ot 27 (BOJALI OCHOBHBIX HHTPY-
BoB) 10 2,7% (Boab KapGOHATHO-THNICOHOCHBIX OTJOMKeHHi). Ecan
TOMY 7Ke yuYecTb HEeKOTOpPOe KOHLEHTPHPOBAHHE XHMHUYECKHX 3.Je-
MEHTOB BCJELCTBHE HCIApeHHs Bbillajaloulux arMocepHblX ocaji-
KOB *, To f0as1 aTMocdepHOi cocTaB/siolleli XHMHYECKOro CTOKd B
efenax aJIOMOCHIHKATHLIX NMOpoj (mpH cymme codeir 150 mr/a)
Bospacrer 10 30—35%, a B mnpexenax KapGOHATHLIX MOPOA —
8—10%.

[To panubim B. I1. Boakosoit (1972), cpeausass muHepaansannsi at-
MocdepHbix ocaakos Juo-Uuaurupekoro paiiona fxytun no 44 aua-
iu3am cocrapaser 20,0 Mr/a, a MuHepaJH3auus [OA3eMHbLIX BOJI, 10
laHHLIM TOro ke aBropa (Boakosa, 1971), B cocennem paiione B mpe-
ieJax aJiOMOCHIMKAaTHBIX MopoA kKoaebGaerca or 0,1 mo 0,2 r/a, uro
AKXKE C YUeTOM HCIapHTeIbHOH KOHUeHTpauuu npubaHKaer J0J10
iTMochephbix coqeit Kk 20—40%. Ilostomy uudpa 30—35% B cpen-
M, BHIHMO, NPaBH/IBHO OTpa:KaeT [A0Ji0 aTMmocepHbplx coJei B
20CTaBe [M0A3eMHBIX BOL PACCMAaTPHBAEMOH NMPOBHHIIHH.

~ JIlpyruM BaxKHbIM HCTOYHMKOM coOJiefl NMOA3eMHbIX BOJA SABJACTCH
DPpraHHYecKoe BeLLeCTBO MOYBEHHOro FOPH30HTA, Yepe3 KOTOPhIH npo-
aunBaloTca atmocdepuole ocaiku. [lpekae uem paccMoTpeTs poJb
Toro Gakrtopa, HaANOMHHM, YTO B GHOJOTHYECKOM KPYrosopoTe yda-
BYIOT [PAKTHYECKH BCE XHMHUYECKHe 3JIeMeHTbl M Npesk/le BCero Boa-
WiuHble W BoAHble MHrpantol ([Tepeabman, 1966). Opranuveckoe
11eCTBO, CHHTE3HPYSCh M3 BOABI M YIJIEKHCJIOro rasa, depes3 Kopiie-
10 CHCTEMY MOTJIOIIAeT H MHOTHe JAPYTHE 3JeMEHThl, H Npexae BCero
430, xJ0p, cepy, 6op, pocdhop, 6pom u Apyrue, obaanaloIHE BHICOKOI
Mo HabiHocThlo. Tlpoiias 6uosoruuecKHil UK/, 3TH 3JEMeHTBHl BMecTe
| OnajoM NMonajaloT B MNOYBY M NPH MHHEPAJIH3AUWH, TYMHQHKaUHH H
)ACTBOPEHHI OPTaHHYeCKOro BelllecTBa MepexoddT B il0A3€MHbIe BOJLL.
Kakoe e KOJHYECTBO 3JE€MEHTOB [OJY4YaioT [O/J3eMHbIe BOABI
akum nyteMm. OTBETHTH HA 3TOT BONPOC HE MPOCTO H NO3TOMY  3/€Ch
[0KHO HAMETHTL JIHLIL CXEMY pelleHHsi nocTaBjeHHoii 3ajayn. Kak
b0 nokasano B raase I, non HCO;~ obpasyerca 3a cuer yriekuc-
loro ra3a u ruApokcHabHoil rpynnet OH-. Ecaun  yuects, uto mnap-

. * Tounas BeJHYHHA HCTAPEHHs MOJA3EMHLIX BOJ HEH3BECTHA, HO OHA 3HAYHTE/LHO
lbue ofulero HCNapeHusi, JOCTHTAoUlero B paitowe nccaefosanmii 600/, cymmsi
Ca/IKOB.
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HHaJbHOE JaBJeHHe YIJEKHCJI0T0o rasa B MOA3€MHBIX BOJax 3Hauu-
TeJbHO BHINE, YeM B Bo3ayxe (cMm. taba. 2, 3, 4), T0 CTaAHOBHTCH Oue-
BHIAHbLIM, YTO OCHOBHBIM HCTOYHHKOM YIJVIEKHCJIOTO rasa, CBfI3biBaeMoOro
B non HCOj;~, siBasiercs opraHnueckoe BemectBo. [locimennee aoka-
3LIBaeTCsl H CHelHa bHLIMH FeOXHMHUECKHMH H H30TOIHBIMH HCC/e10-
Banusimu (Rightmire, Hanshaw, 1973, Harmon e. a., 1975). 3nasn
nosromy cozepxanne B Bogxax HCO-3 u apyrux mnpoH3BOAHBIX
YrOJBHOH KHCJIOTHI, HETPYAHO PaccHHTaTh A0MI0 OPraHHYECKOro Be-
IecTBa, MHHEpaJH3alUHsi KOTOPOro MNpuBena K 00Pa3oBaHHIO YTOJbL-
HOfl KHCJOTBl H ee NPOH3BOAHBIX, [losyuennsie peayianTaThl NpHBele-
Hbl B Ta6a. 10. Cienyer oTMeTHTB, YTO B ¢jyyae KapOGOHATHBIX MOPOI,
paspyllieHHe KOTOPBEIX NMPOTEKaeT 1o peakiHu

CaCO3+H;0+4CO,=Ca**+2HCO;,

TOJbKO NoJoBiHa obGpasyoumuxes noHos HCO; umeer GuOreHHYIO
NPHPOAY, 4TO u vuyTeHo B Tabu. 10.

TaGbauuwa 10

Jloasi MHHEPAJM3OBAHHOTO OPraHHYeCKOro BelecTBa,
yyacTBywuero B 06pa3oBAHHH PACTBOPEHHOH YrOJAbHOW KHCJIOTBI
M ee npousBonHbix (Ha npumepe Boa Hopuabckoro paiiona)

1
Coaepwanne HCO,-, = & T = v
wr/a 5 & &F 2 |gz¥
g - = ) By | =252
' s Tee 1o | 25| B |35 | £ [3E¢
- = = ou
Tun Box 2 & e = RGO - B lges
= == O a = = Ezagy =9 Bsa
a a3 i g 2% |$Z.%| EE |28°
= 2o o3 £5 e |Em2il 28 |E®o
s | En | §B = | 5% |3g=3| 28 |23%
= {88 | =5 | 88 | 38 | gg |38%E| 2% |222
a =a =T o 2 ¥a 25 |=REF| BEE |=&8
Boust ocHoBHuix| 6,8 [ 43,3 | 16,3 |127.0| 27,2 3.0 55| 450 | 1,22
HHTPY3HBOB
Boaw kap6onatnuix | 7,4 | 295 | 16,3 | 139 | 43,1 | 2,0 12,2 | 450 | 2,7
Opox

[IpuBeneHHble JaHHKEE y6exK1al0T HAC B TOM, 4TO [POLEHT MHHEpa-
JIN30BAHHOTO OPraHHYecKOro BellecTBa, YYAaCTBYIOULEro B MOA3EMHOM
XHMHUECKOM CTOKe, SIBJSeTCs 110 CPaBHEHHIO C €XeroJgHof ero Inpo-
JAyKipeil KpaiiHe He3HAYHTEeJbHBIM H HE MpPeBbIIIAaeT HECKOJBKHX MpPO-
LEHTOB, T. €. B 3TOM ilJlaHe MBI HMeeM HeHCcUYepnaeMblii HCTOYHHK yriie-
Kucaoro rasza. Ecam naxke npu6aBHTb K 3TOMY, YTO BOJLI TIOBEpX-
HOCTHOTO CTOKa BHIHOCAT B 2—3 pa3a 0oJiblile MHHEPa/JH30BAHHBIX Op-
raHHYECKHX BEMIEeCTB, YeM IoJ3eMHble (YTO 3aBeJOMO 3aBLIIIEHO0), TO
H B 3TOM cJyuae HckoMas nHgpa He npesbicHT 10%.

Takum obGpasowm, B npeaenax a/JIOMOCHJAHKAaTHBIX nmopoi B Hopuin-
CKOM paione TOJbKO B I10A3€MHOM CTOKe B BiHJ€ KOHEYHBIX MPOAYK-
TOB MHHepaJaH3allid YYacTByeT opHeHTHpoBouHo 6 T/rox-kM? opra-
HHYECKOTO BeulecTBa, PAa3pyHIEHHE KOTOPOrO MOCTABJAET B PacTBOD. .
HCXOAs U3 cpennux uudp eéro cocraa (Poamn, Basunesnu, 1965),
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80 mr/n Ca; 1,8 K u Na; 1,2 Si; 042P;03S u 1.1 Ecau xe
ygecTh, 4To Aajeko He Bech OGuoreHHnlii COp yyacrByeT B CTOKe, Tak
(4K OH B 3HAYHTEJbHBIX KOJIHYECTBAX BHAeAseTcss B artMmocdepy
Coyne Kelly, 1971), a TakXKe To, YTO OrpOMHOe KOJIHYECTBO Opra-
HHUECKOro BelllecTBa 0Opa3yloT pasjuyHble PAacTBOPHMBIE INPOAYKTHI
KpoMe TOro, NpH TyMH(pHKalHH YacTh 9JEMEHTOB [IeDexXoiHT B
pACTBOD, CTAHOBHUTCH OYEBHAHOH MCKJIIYHTEIbHAH pOJb OpraHu-
[eCKOTO BellleCTBa B O0OTalleHHH NOA3EMHBIX BOJ XHMHYECKHMH 3Je-
yentamu. Cozlaercs Bheuar/eHne, UTO NMOLABJAIONIAS YacTh 3JeMeH-
0B, 06GHApYKHBAeMbIX B BOJAAX, NPOILIA UK GHOJOTHIECKOTO KPYro-
jopora. MuTepecHoii B stoM ornowenun sisaserca paGora E. M. Hay-
oBa u M. I'. Hopyns (1973), B KoTOpoii aBTOPLI Ha OCHOBe H3yue-
Sl IH3HMETPHUYECKHX BOJX H BOJHBIX BBHITAXKEK H3 MEP3JOTHHX TaeK-
x mous Cepepnoii Skytun, KoaviMber 1 UyKOTKH NpHXOAAT K Bbl-
Iy O TOM, YTO OCHOBHLIM HCTOYHHMKOM JIETKOMOABHJKHBIX COE€I1HHEe-
B BOAAX ABJAAETCH OpraHHYyecKas COCTaBJAAIlAA NOYB.
Takum obpas3om, poJib KHBOH MaTepHH OKasbiBAETCH HCKJIIOUYH-
[eJIbHO BBLICOKOH M COCTOHT B TOM, 4YTO OHA TEPeBOAHT 3JEMEHTHl B
I0ABHAHYI0 (OPMY, CKOHIIEHTPHPOBAHHYI0 y MOBEPXHOCTH 3eMJIH.
losTomy aTMocdepHble OCajiKH, yXKe B NepBble MOMEHTH CONPHKOC-
HOBEHHA C [OYBaMH, BLILIEJAYHBAIOT H3 HHX GHOTeHHBIE JIeMEHTHI,
popmupys cBoeoGpasnbiii COCTAB MOYBEHHLIX BOJL.
. IlpusnaBas BaxueHlWIYI0O poJb OPraHHYeCKOro BellecTBa Kak
[CTOYHHKA MOIBHKHBIX 3J€MEHTOB, HeJlb3sl 0JHAKO 3a0BIBaTh, YTO OHO
e TOJbKO paspyliaercsi, Ho B eme OoJpIHX MacumTabax dopmupy-
STCH B 3THX Ke ycaoBHsX. Tak, mo aanusiM JI. E. Poanna m H. H. Ba-
miaesnu (1965), npupoct n onag opraHHYECKHX BeLIECTB COCTABJSIOT
OTBETCTBEHHO (1i/ra): apkTHueckas TyHapa 10 u 9,5; KycrapHHukKo-
tynapa 23,8 u 22,7; necoryuapa 56,0 u 53,1; runnosoe 060J0TO
janaanoit Cnoupn 41,0 n 32,0. CnenoBaresnbHO, nNPHPOCT OpPTaHH-
IeCKOH Macchl BCIOJly NMpeBHILIAeT OMnaj, NO03TOMY KOJHYeCTBO 3JeMeH-
B, NOTJIONIA€MBIX KOPDHEBOH CHCTeMOH H3 BOJ, NPEeBHIIIAeT AX OCBO-
MKIAeMOe KOJHUYECTBO. JTO OBGCTOATENLCTBO HMMeeT KpaiiHe BaikHoe
Hauenne, TaK KaK O/HO3HAYHO CBH/ETEJLCTBYET O TOM, uTO B 00lleM
aHce OpraHHYecKoe BelleCTBO MOMKET MOCTaBJsATh B TIOA3eMHbIE
bl B H30BITOUHOM KOJHYECTBE TOJbKO T€ JE€MEeHTH, KOTOpble 3a-
CTBYIOTCS MM M3 aTMocdephl, T. €. BO3AYIIHEIE MHIPAHTHI: KHCJO-
D/, YIJIepo/l, a3oT H Jp.
. ChnenoBaTeabHO, HeoOXOAHMO pas/HuaTh ABa acnekrTa, omnpeje-
MIOIHX POJIb OPraHnyeckoro BelllecTBa: 1) B KOJHYECTBEHHOM OTHO-
lleHH) OpraHHYecKoe BelIeCTBO He SIBJASETCS HCTOYHHKOM XHMHYECKHX
WIEMEHTOB, KpOMe BO3JAVIIHBIX MHIPaHTOB, TaK Kak, BO-NEpBLIX,
facmTabbl ero o0pa30BaHHs NpPeBHINAIOT ONaja H, BO-BTOPLIX, He BCH
JEMepliasi ero 4acTh NOJHOCTBbIO pasniaraercs B Jadamadre u, noz-
Jeprasick MEXaHHYeCKOoH H XHMHUYECKOH 3PO3HH, YACTHUHNO YXOAHT 3a
peaenn nauamadTa B Mopsi, osepa u 6GoJsoTa, yHOCA ¢ coDoil H XH-
MHyecKle 3jeMeHTh; 2) 00Jbliag YacTh XHMHYECKHX 3JeMeHTOB
Ipekjie yeM NONacTb B NOJA3eMHble TPAaBHTAIHOHHBIE BOAB Y4acTBYeT
| GHONIOTHYECKOM KDYTOBOPOTE, HEPEJKO CBA3LIBAETCH B KOMIIEKCHEIE

43



OpPraHo-MHHEpaJbHEIe COGXHHEHHS, MNOBBILAIOIHE CTA6GHABLHOCTL H
MHTPAIHOHHYIO CMOCOGHOCTh MHOIHX H3 HHX H CHOCOGCTBYIOUIHE TeM
CAMbIM HX NPOHHKHOBEHHIO B rJy0O0KHe BOLoHOCHBIE TOpH30HTH. [eo-
XHMHUECKYIO POJib BTOPOro acmekta npeoGpas3oBaHusi OPraHHYEcKOro
BEILeCTBA TPYAHO MEePEOleHHTb.

B nacrosiniee Bpems ie paspaGoTaHbl KPHTEPHH, KOTOpbie Ol
NO3BOJIMJIH ONPELesTh, KaKasi 4acTh XUMHYECKHX 3JIEMEHTOB MpOILIa
OHOJIOTHUYeCKHH LMKJ, a Kakas Nnepelljia B pacTBOP HENOCPEACTBEHHO
H3 TOpHHX MOPoA. ITO 3ajava JAajbHeHIIHX wHccaenosanuii. OpHako,
YUHTBIBAsi H3J0XKEHHOe Bbillle, HAMH NPHHHMAETCH, 4TO BCE XHMH-
yeckHe 3JeMeHTbl, KpOMe BO3AYUIHbIX MHTPAHTOB, HE3ABHCHMO OT TOTO,
YYaCTBOBAJM OHH WM HeT B OHOJOrHYECKOM KPYrOBOpOTE, B MOA3EM-
Hble BOJAbLI NMOMAJH M3 TOPHBIX TOPOJ, T. €. HMEIOT JHTOTeHHYIO MpPH-
poay.

Cpeal BO3AYIIHBIX MHUTPAHTOB NePBOCTENeHHAasi PoJib TMpHHAIJE-
KHT YrJaepoay, KOTOpbiii o0pasyeT ILHPOKO HpeiAcTaBjaeHHBIE B BOAAX
VIOJbHYIO H PasiHyHLIe OpraHHYeckne KHCJIOTHI, 00pasylollHe THAPO-
reHHO-0MOreHHYI0  COCTABJSAIOULYI0O CYMMBI  3JjeMmeliToB. Herpyano
BHAETH, 4TO B 00lleM cOCTaBe PAacTBOPEHHLIX coJell (ecMm. Taba. 8) Ha
aoaio roabko HCO3~ npuxoaurcs or 53 o 73%, B cpeanem 61% mns
BoA TyHApHl M 66Y nas Box ceBepHoil Tafirm (cm. Taba. 9). Ecan
vuects Aoaio HCOs~, noctynaiomyio u3 arMocdepsl H B pe3ybTaTe
paspyuieHns KapOOHATHBIX MOPOJ], TO ABe MOCJACAHHE UH(PB YMeHb-
mwares 10 34 u 42% coorBeTcTBEHHO.

CuleioBaTe/IbHO, MOJHAS COJEHOCTh MOJA3EMHBIX BOJL CKIajAbIBaeTcs
n3 30—35% coaeii armoedepHoro npoucxoxmaeHus, 35—409
AHMOHOB  THApoOreHHo-GHOTeHHOH  npupoasl u  25—35% KatHo-
HOB, 3aHMCTBOBAHHLIX M3 TOpHBIX nmopoi. Kpome Toro, rujiporeHto-
GHOreHHasi COCTaBJAAIIAR B BOJAX [peACTaBjieHa HeJHCCOIHHPOBaH-
HOWl YrONILHOH KHCJAOTOH, B OTAeNbHBIX caydasx annoHoMm COz?—, pas-
HOOOGPA3HBIMH  OpraHHYeCKHMHM KHCJOTaMH, BHIPAXKEHHLIMH uvepes
Copr H/JIH OKHC/JSI@MOCTb, H B HE3HAUHTEJAbHON CTENeHH OKHCJAAMH
asora. Yuer Bcex 3THX (opM HeoOXOAHM Npu pacuere 00bLEMOB Opra-
HIYECKOro BelecTBa, BHIHOCHMBIX MOA3eMHBIMH BOAaMH B pPasiuqHOIl
¢dopme. Tak, NpHHAB cpeiHee 3HadeHue okucasgemoctd Boa B Ho-
pHAbCKOM paiioHe paBubiM 12,7 mr/a (cM. taGa. 5), HerpyaHo pac-
CUHTATH, YTO MOJ3EeMHLIE BOJbl BBHIHOCAT BMECTeé CO  CTOKOM
6,6 t/rom-kM? oprannuyeckoro Beulectsa. Enle OoJdee BHYIIHTEJILHAS
uidpa BHIHOCA BOJAMH OPraHHYeCKHX KHCJIOT XapaktepHa Aas Asjan-
CKOTO HAaropbs, rjle paccuntanuoe namu, no aauuvim M. B. Hukuru-
Hoit (1973), cpenunee snauenne Copr, BKJAlOUas JieTyuHe COETHHEHHS.
cocrasuao 25,34 mr/a, uto npu MoJyJe MNOA3eMHOrC CToKa 2,5 Jajc-km?
(IMoxsemusiii cToK. .., 1966) sksuansentHo suiocy 10,8 r/rogXkm’
opraiudeckoro pelllecTsa.

O6o6uennsie gannbie o Macutabax BblIHOCA NMOA3EMHBIMH BOAamll
OpPraHHYecKHX BellecTB B pasauuHbix (opmax npusejneHsl B Taba. 11,
KoTopasi moatsepxkaaer smmupuueckuit Beisox  A. M. Ilepeabmana
(1966) o ToMm, uTo B ceBePHbIX TAeMKHBIX JaHAlIA(Tax IPOIECCH MH- '
HepaJH3anuu W TyMHQHUKANHH OPraHHYECKHX BEUleCTB upe3Bbluaiio
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TaGauma 11

MacwTadbl BbIHOCA NOA3EMHBIMH BOJAMH NMPOH3BOMAHBIX
OPraHHYecKOro BellecTBA B PasjiuuHbix (opmax

Buinoc, 1/roa-km?
Komnonenru Cesepas
Tynapa Taira
lunpoxapbonat-non 1,6 4,5
¥roasHas kucaora 3.5 8.8
Opraanueckne CoeqHHeHHs (HeaeTyuue) 2.8 3.2
Cymma 7.9 16.5
Jloass or ofmeil OGHONOTHYECKOH NPOAYKTHBHOCTH, % 4.9 3.2
‘Moayab NOA3EMHOr0 CTOKa, J/C-Km? 0,525 1.0-3.0

ocaabiens. B To e Bpemsi ociabjieHsl M mpoiecckl o0Opa3oBaHus
BOJOPAcTBOPHMbIX OpraHHyeckux coeanHenuii. Bce 3Tt0 cBHIETeNB-
CTBYET B LeMoM O MelJeHHOM npeo6pasoBaHHH CBeXero omnajga, uToO
006ycaoBjaeHo obuwum geduuntom Tensa. CiaeiacrBueM 3TOro siBJAsieTcst
BHICOKAsi TOPMAHHCTOCTE H TPYGOTYMYCHOCTH OpPraHo-aKKYMYJSITHB-
HBEIX TOPH30HTOB MOYB — yepTa, KoTopad, no muexHo B. O. Tapryabs-
"Ha (1971), sBasercs o6ulell 415 BCeX MOUYB XOJOAHBIX TYMHIHBIX 006-
- sacreit. O Herny6okoM npeo6Gpa3oBaHHH NOUBCHHONH OPraHHKH B 3THX
YCJIOBHSIX cBHAeTeabCTBYIOT M aauubie JI. A. Ipumnnoit u H. HU. To-
Aoposoil (1970), koTtopele ynOMHHAJHCh HAMH B HauaJe 3TOi  IVIaBLL
Takum obGpasom, pe3yAbTaThl HAPOTEOXHMHYECKHX HCCJIeT0BaHM
 TI03BOJIAIIOT 3aKJIOUUTh, YTO TOJBKO He3HAUMTeJNbHAasl yacTb 006pasyio-
HIerocsi OPraHHYecKOro BEUIECTBA BLIHOCHTCS MOJA3eMHBIMH (H Bepo-
ATHO NOBEPXHOCTHLIMH) BOJAaMH 3a ITpejesbl COBPeMeHHOTro Janamad-
Ta. Boabias wacTh ero HaKamJuBaeTcss B nousax 6e3 raybokoro xu-
 MHYecKOTo npeofpasoBalnsg W Ha ydacTKax caaboro BogoofMeHa mpH-
- BOAHT K 3aTOpP(OBAHHOCTH, a CJeN0BATENbHO, H 3a00/J0YEHHOCTH Tep-
putopuu. Ha yuactkax c pacu/ieHeHHBIM pedbe)OM 3ITOr0 He TPOMHC-
XOJHT, TaK KaK MacuitTabbl MexaHHUecKoH 3po3HH oka3dwuBaloTca Golee
BLICOKHMH, 4yeM MacimTabbl GHOJOTHUECKHX H XHMHUYECKHX MPOLECcCoB
BMecTe B3ATHIX WJIH, MO KpaiHeii Mepe, COBNALAIT C MOCAEAHHMH.

[TepeiineM K paccMOTPEHHIO POJH JHTOreHHOf cocTaBJsiollei CTo-
Ka, NpejACcTaBJAeHHON B OCHOBHOM KaTHOHAMH NOJA3eMHBIX BOA M  Heii-
- TpanapHbIMH coeanHeHusimu tuna SiO,. 3Has colepkaHue B BOAAX
BCeX 3JEMEHTOB, BBIHOCHMBIX H3 MOPOA, H MOAVIb MOA3EMHOIO XH-
. MHYECKOI0 CTOKd, HETPYIAHO paccunTaTh MOAYJb [OA3EMHOr0 XHMH-
YecKoro BbiHOcA., Tak, HCMNOJAb3Ys AaHHBe TabJa. D, HAMH pacCYHTAHO,
YTO CyMMapHbiii 00beM BBIHOCHMBIX H3 HeKapOOHATHBIX MOPOA  3Je-
mentos B Hopuiabckom paiione cocrasaser 0,234 r/c-km?,  uan
- 7,36 t/roa-km? (Lllsapues, 1976;). Cpean paccMaTpHBaeMoro THIA
. NOpOJ HAUMEHDIIHH BBEIHOC XapaKTepeH I HHTPY3HBHLIX MOPOJL OC-
. HOBHOrO cocTaBa W coctasasier 5,3 T/rox-km% DQ@y3HBH OCHOBHOTO
COCTaBa W MeCcuYaHo-yTJIeHOCHBE OTJA0MKEeHHs Xapakrepusyiorca 6aus-
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KHMH BeJHYHHAMH BbIHOCA mopsaka 7,5 t/ron-km?. B 1Ba pasa Gouan-
weit (15 t/roa-Km?) 3Ta BeJHuYHHA SABJAAETCH AJ8 KapOOHATHBIX MOPOJ
H NMOYTH B BoceMb pa3 (56 T/rom-KM2) — ansi  KapOOHATHO-THIICOHOC-
HBIX.

Heckonpko Gogee HH3KHe 3HAYEHHS CTOKA MOJYYEHBI JIIS VCIOBHH
Enuceiickoro kxpsizka, B Npelesax KOTOPOTO CYMMapHHIA 06beM BEI-
Hoca cocrasaser 0,121 r/c-kM?, uau 3,8 T/roa-km? JlanHble BHHOCA
M0 OTJAEeJbHBIM THIAM MOPOJ OTCYTCTBYIOT, OAHAKO MOYKHO Mpeino-
JIOXKHTh, YTO OH SIBJSIETCS MHHHMAaJbHBIM Y KPUCTAJJHYECKHX CJaH-
nes, H paseH, BuauMo, 3,0—3,5 T/ron-km?, u Gojee BHICOKHM y Tpa-
HHTOB, OPHEHTHPOBOUHO 4,5—5,0 T/rox - kM2,

Takum 06pa3oM, MO0 HHTEHCHBHOCTH COBPEMEHHOTO BLIHOCA XHMH-
YeCKHX 3JeMEHTOB U3 TOPHLIX MOPOA B 30HE TIHNepreHesa 3amagHoi
yactn CHOHPCKON NJaT@OpMbl HX MOXKHO PaCHOJOMKHTL B C/A€LYIOULHIT
psill B Bo3pacraiolleM nopsake (B ckoOkax o6beM paspyliaeMblx I0-
poa, T/rof-KM?): KpHCTanJHuyecKHe caaHUbl H rHedicnl  (3,0—3,5), oc-
HOBHBIe MHTPY3HuBH (4,0—4,5), rpauntsl (4,5—5,0), ocHOBHEE 3ddy-
3UBBI H TecyaHo-yrieHocHue oOpasoBanus (6,5—7,0), kapGonaTh
(14—15), xap6onaTtHo-runconocHule ornoxenns (50—60).

B cpeaneM 115 aJiOMOCHIHKATHBIX NMOPOJA KPHOJIHTO30HLI BBIHOC
XHMHYECKHX 3JIEMEeHTOB SBJSieTCS HEeBBICOKHM H  COCTaBJfeT 1%
TYHAPLI H ceBepHoii Taiiru coorBercTBenHo 0,046 u 0,121 r/c-km? uan
1,5 u 3,8 t/frox- kM2
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TJIABA III

TEOXHMHS NOJA3EMHbBIX BOJ MNPOBHHLLHH
TPONMHYECKOIo M CYBTPONMHYECKOIO KJIMMATA

Tponnueckue o6aacTH NPOTATHBAKTCH IMHPOKOH MOJOCOH BAOAb
skBatopa B Adpuke, FOxnoii u MOro-Bocrounoii Asun, llenrpansHoit
# lOxnoit Amepuke, ABcrpaanu u Okeannn. M3oGunne temna B 3Toift
30He coueraeTcs ¢ H300HAHEM OcCajgKoB, uTO ofecmedHBaeT BO3-
MOKHOCTL HHTEHCHBHOTNO pa3BHTHS OOJLIIHHCTBA TEOXHMHYECKHX
mpoueccos. Kaumar 3nech subo BAaXKHBIA  3KBATOPHAJBHBIH, JHOO
TPONHYECKHH C YeTKO BBIPaXKeHHBIMH JBYMS Ce30HAMH TO/a — CYXHM
¥ J0XAAHBLIM. [lepBEIil THI KJAHMAaTa ONpeIessieT Pa3BHTHE BJAMKHEBIX

. TPONHYECKHX JecoB (ru/ieu), a BTOPOil — TPABSHHCTOH TPONMHYECKOIT

CABAHHEL

[Tojx3emHBIe BOAbI TPONMHYECKOI 30HB HaMH HM3y4&JHCh Ha TeppH-
Topun I'sunen (LBapues, 1971, 1972). Kpome Toro, OBLIH HCNOJIB30-
BaHB MHOTOUYHC/JIEHHBIE ONYGIHKOBaHHLIE PA0OTHl MO cocefHHM ¢ ['BH-
Heell TepPHTOPHAM, 4TO TO3BOJWIO HAM B CBOHX HCC/AEIOBAHHAX ONHU-
PAThCSA Ha JAaHHble MO TEOXHMHM NOA3eMHBIX BOZ OOLIMPHOIO PErHoHa
Sananuoit Agpukn.

Kanmar 3amansoii A¢puxu mojpasjensercs Ha ABa THma: 1) 3K-
BATOpPHAJMbLHBIA TBHHEHACKHH, OXBaThHBaloIHH mobepexnve ['BuHeiickoro
3a/MBa, H 2) TPOMUYECKHH CyAaHCKHI, 3aHHMalOUIHH BHYTPeHHHe KOH-
THHEHTAJAbHBEIE 0OJACTH PerHoHa. DKBATOPHAJLHEIN THI KJHMAaTa Xxa-

. pakTepH3yeTCs HaJH4dMeM OOJBLIOTO KOJHYecTBa ocaakoB (2000—

4800 mwm/roxm, puc. 4), BHIALAIONHX MOYTH KPYTJIOTOAHYHO, TOCTOSAH-
HO BBHICOKOH BJaxHOCTbI0O Bo3ayxa (80—100%) u HeckoabKO TNOHH-
HKEeHHBIMH Cpe/HeroJOBEIMH TeMmepaTypamu (24—27°C). Yucao aueit
B rojiy, B TeYeHHE KOTOPHIX BHMAAaloT ocaakH, gocturaer 200 u He
onyckaerca Huxe 120. Cyxofi ce3oH NOITOMY SIBJAsIETCS KOPOTKHM
(1,5—2 mecsna) ¥ BEIpa)KeH HEUYETKO: B 3TOT MepPHOJ OCAAKH, XOTH
H MeHee HHTEHCHBHO, [IPOJOJZKAOT BHINAaZaTh. Bce 3To crocoGeTByeT

. Pa3BHTHIO 30HBI BAAXKHBIX TPOMHYECKHX JeCOB (THJEH), MOKPHIBAIOIIHX
. y3Koil noJocoii mouyTH Bce mobepexne ['BHHeiickoro sajusa (puc. 5).

O6uaue BJIATH H TEMJIA ONMPEAEJSIOT GLICTPHI POCT paCcTeHHH, 0TCI0Aa
HCKJIOUNTeJLHAs TycTOoTa Jeca, ofHIne BHAOB JPEBECHOH H Tpass-

| HHCTOJi pacTHTeNbHOCTH. Jleca 3T o6JanaloT HaHBBEICIIEH Ha 3eMJe

GHOJIOrHYeCKOll  TPOAYKTHBHOCTLIO,  COCTABJAIOIIEH B CPedHEM
3250 t/ron-km? (Ilepeanman, 1966).
Tponuueckuii THO KJuMaTa OTJHuYaeTcs OOJiee BHICOKHMM CpefHe-

" ronoBwMH Temmneparypamu (27—29°C), GoapuiumM. pasMaxoM HX KO-

Jebanuii B TeueHHe roaa, MeHbIIEH BJIaxHOCTHIO BO3AYyXa H MEHbIIHM
KosnuecTBOM ocankoB: 750—2000 mm/rox B 3one caBanH #n 200—

. 750 mMm/roa B 3oHe creneit (cm. puc. 4 u 5). Yucao jaueii B rony, Koria

BEIMAAIOT OCAIKH, B 30He caBaHH cocrasaser 50—120, a B 30He
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creneii Toibko 20—50. Pacnpegenenne ocaikoB B TeueHHe roja
BeCbMa HepaBHOMepHOe, NO3TOMY 0/ 3[eCh JAeJIHTCS Ha JBd YETKO
BLIpaKEeHHLIX Ce30Ha: BJAaKHBIH, AJANIMIACA B 30He caBaHH ¢ Mas Mo
OKTAGPb, B TeueHHe KOTOPOro BHIMAJ4eT Bce TrO10BOe KOJHUECTBO
0Ca/KOB, 4acTO B BH/e TPONHYECKHX JIHBHEH, H CyXoH — ¢ Hoabpsa no

Puc. 4. Cpeaneronosoe pac-

npeaeaeHne aTMochepHbix

OCAlKOB HA TeppuTOpHH 3a-
naaHoii AQpHrH, MM/ rox

Maif, Koraa ocaikKH OTCYTCTBYIOT, a TeMmepaTypa Bo3ayXa MOJHHU-
maercs 10 40°C u GoJaee. B 30He crenmeii cyxoil ce3oH siBJsieTCs elile
foJiee JVIHHHBIM H :KapkuM. Bo BaaKHBIH nepuon roja caBania To-
KpbiBaeTcs MNbILIHON TPaBAHON PacTHTENLHOCTEIO, CPeiH KOTOPOH pe3ako
npeofJajsaer cJOHOBas TpaBa, AOCTHUraiollas H-MeTPOBOil  BLICOTHI
B cyxoii ce30H TpaBsiHOH MOKPOB THOHET M CaBaHHA NpeBpallaeTcd B
KOpPHYHEBYIO mycTbiHio. BHoJorudyeckas mpojyKTHBHOCTb CaBaHH Bbi-
cOKasg M CcOCTaBJsieT, HanpuMep, Aaa = TepputopHu  [aHbl
1200 t/roa-km? (Ponun, Basunesuu, 1965).

B reoMopgosioriueckoMm oTHOUeHHH TeppuTopusi 3anaaxoii Adpu-
KH XapaKTepHu3VeTcsi HaJHUHeM HEeCKOJBbKHX [APEBHHX [EHEeNJeHH3H-
poBaHHBIX nmoBepxHocteii. CorsiacHo o6obmaiouieii pa6ore M. H. Oaeii-
nukosa (1973), B KoTopoil npoanaaM3HpoOBAHLI Bce OmMyGJHKOBAHHBIE
paGoTsl MO 3TOMYy OOIIHMPHOMY peruoHy, Ha TeppHTOpHHM lora Mauu,
LHeHTpaJbHOl U BocTouHOH yactu I'eunen, Boctoka Coeppa-/leone, ce-
Bepa JluGepun u cesepa Bepera Crnonoroit KocTn Bhien10TCA yeThipe
VPOBHSI BBIPOBHEHHEIX MOBEPXHOCTEH, MMEIOIHUX CcJelVIollHe CcpelHHe
H Kpaiihiue BwicoTel (M): 1600 (1400—1900); 1300 (1100—1400);
800 (600—1000); 500 (300—700). ITo naHHBIM PA3JHYHBIX AaBTOPOB,
BO3PAcT 3THX NOBEPXHOCTEH COOTBETCTBEHHO ONpee/sieTcss Kak roHji-
BAHCKHII (0BEpXHEMe/NOBOM), TOCAeroHABaHCKHI (BepxHeMmea0BoH),
appuKaHckuit (cpenHe’oneHOBLIl) W naHouenoBud. [IBe Gojee BhICO-
KHe MOBEPXHOCTH COXPAHHIHCH TOJNBKO Ha HeOOJbUIHX MJolaxsax
BO/OPa3/e/oB, ABe APYrie — NPOCAeKHBAIOTCA B TOH WIAW HHOII Mepe
M0 BCEMY PErHOHY.

Kpome yKa3aHHbIX JpeBHHX nmoBepxHOCTell Ha GoJee HH3KHX OT-
METKaX IIHPOKO Pa3BHTBIMH 3JEMEeHTaMH reoMop@oJornyeckoro JaHi-
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wadpra B 3anaanoii Appuke ABIAIOTCH MOJOJABIE [eAMMEHTH — rJa-
CHCbI, MPHBA3AHHbIE K YPOBHAM 4YeTBePTHUHBIX Teppac, HMEUIHX
BO3PACT OT HHKHEMJEHCTONEHOBOrO 10  BepXHenJaefcToLeHOBOro.
- [Tosromy M. H. OaefinuKOB coBepieHHO cnpaBeiJHBO OTMEYAeT, YTO
«ABHO TOJJIEKHT NepecMoTpy Kapra KuHra, Ha KOTOpo# noBepXHOCTH

&

e "
XK n i o xk EAH

Puc. 5. Jlanamadruble 3086 3anagnoin AQPHKH.
I — paamnpe geca (ruaes); Il — peipyOnennsie aeca; [1] — capanna; [V —crens

YeTBEPTHYHOrO IHKJIA NMOKasaHel B 3anajHoil Adpuke JHULIL V3KHMUN
- nmoJocaMM BAOJMbL rAaBHbX pek» (Oaefirukor, 1973, c. 149).
' B uenrpe I'BiiHen Bo3BBIlIAeTCs caMoe BLICOKOe B 3amagHoit Adpu-
ke maato Pyra-Ixkannon (1300—1500 m), cayxkauiee cBOEro poaa
BojaoHanopHoi Gawmnell aas Beed 3anannoil Adpuxu. HMmeuno snecn
Oepyr csoe HauaJio KpynHeiilue peku sroro paiiona: Cemneran, I'am-
6usi, npurokn Hurepa, Tomune, Koukype u ap. 31ech Ke pacnoJa-
raetcss M o0JacTh MUTAHWSA s GOJBHINHCTBA BOJOHOCHBIX KOMILJIEK-
- COB.
I'eonoruueckoe cTpoeHue OMHCHIBAEMOTO pEerdoHa  Olpe/esieTcs
- HaauuneM apeBHero JInGepuiicKOro mIHTd, CJOMKEHHOTO apXeHCKHMH
H HHMKHENPOTEPO30HCKHMH CHILHOMETAMOP(H3OBAHHEIMH TOPOAAMH:
rHeficaMu, rpanuTO-rHeficaMH, CHIOJHCTBIMH CJAaHIAMH, TPOPBAHHBIMH
 MHOTOYHCJEHHBIMH HHTpPY3HsaMH rpaHuToB. Ha ceBepe H BOCTOKe pe-
FHOHa VKAa3aHHBIH IIHT NepekpHT 6Gojee TMO3AHHMH NJIATHOPMEHHBIMH
- 06pa3oBaHHSAMH BepXHero nporepo3os, HHpaxkeMOpHs H InaJeo30d,
cpeaH KOTOPLIX LIMPOKO pPacnpocTpaHeHbl HHTPY3HH OCHOBHBIX MOPOIL.
S1u naardopMennbie 00pasoBaHHA NpeACTaBJeHbl CJAaHILaMH, apruj-
JAUTAMH, AJ€BPOJHTAMH H IeCYaHHKAMH Pa3JHUHON CTENeHH MeTaMop-
- ¢uama. Mecrtamu oHu 00OpasylOT CHHKJAWHAAbHBIE CTPYKTYPBI, UEHT-
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pajibHasg YacTb KOTOPLIX CJOKeHA OPAOBHKCKHMH, CHJIYPHHCKHMH H
MECTaMH JEeBOHCKHMH TVIHHHCTBIMH CJAHIAMH H MecYaHHKaMH.

XapakrepHoit 0COGEHHOCTBIO FeOJIOTHH PacCMaTPHBAEMOro PerHoHa
ABAseTCA IIHPOKOE Pa3BHTHE JIATEPUTHHIX KOP  BHIBETPHBAHMHA,
MOULIHOCTL KOTOPHIX B OTAeJbHBIX Mectax npeBsimaer 100 m. Cambiii
BePXHHH TOPH3OHT 3THX KOP MPEACTABJEH CBOCOOPA3HBIMH JIATEPHT-
HbIMH oBpa3oBaHusMH HeGOJBIION MOmHOCTH (5—12 M) HaseiBaeMHI-
MH KHpacoil. Jta nocJeAHss NPeACTaB/sAeT OOBIUHO KeJe3HCThe HIH
JKeJe3HCTO-TAHHO3eMHCThIe MOPOAbl CHILHOMOPHCTOH H  KaBepHO3HOIH
(KOHKpenHOHHO#H) CcTPYKTYypHl. Boablne pasMepsl OTKPHITHIX KaBepH
(uacro Goable 1 cM) AenalOT 3TOT TOPH3OHT KOPbl MCKJIIOUHTENLHO
BOJONPOHHIIAEMbIM H HTPAIONIHM BaXkHYIO PoJib B (POPMHPOBAHHH IOA-
3eMHOTO CTOKA.

Hmxe no paspesy kupaca NOACTHJIAETCS MOILHONH 30HOH CTPYKTVD-
HBIX OXP, NpeAcTaBJeHHBX JAHOO OKWCAaMH H THIPOOKHCIAMH Kejae3a
(Ha OCHOBHBIX H YJbTPAOCHOBHBLIX NMOpOJAx), JHOG0 GOKCHTOBBIMH IVIH-
HaMu (Ha TpaHHTax M MeTamop(HUecKHX ciaaHuax). Enie HuXKe CTPyK-
TYpPHBIE OXPHI NOCTENEHHO NepexoAdaT B c/1abOBLIBeTpeJLIe Pa3HOCTH
coOTBeTCTBYIOMHUX nopoa (Muxainos, 1968; [sapues, 1976,). TI'opu-
30HT CTPYKTYPHBIX OXp, AocTHrawoiiuii no wmommuocra 100 M, mnpex-
crapjser coboil TPaKTHYeCKH BOAOYNOp, 3aTPyAHAOIIHI NHTaHHE
HHKeJeKalllix BOJIOHOCHBIX TOPH3OHTOB aTMOC(epHBIMH OCadKaMH.

ITonzemuble BoAw 3anannoii AQpHKH H3yueHbl KpaiiHe HemocTa-
ToyHo. CBoaHble paGoTh MPAKTHYECKH OTCYTCTBYIOT. MoXKHO Ha3BaTh
aub Heboawinyio paGory JIxk. Apmam6o (Arschambault, 1960), B ko-
TOPOH TIOABOASITCS HEKOTOPBIE HTOTH THAPOTeOJOTHUYECKHX HCC/e10Ba-
HHH 3TOro obuIHpHOro perHoHa. PaccMOTpHM MO3TOMY chnelH(HKY yc-
JIOBUJl MATaHHA, PaclpPOCTPaHeHHs H 3ajJeraHHs TMOA3eMHBIX BOA Ha
npaMepe TeppHTOpHH ['BHHeH, rje HCC/JAelA0BAHHA NPOBOAHIHCH HAMH
auuno (IIsapues, 1971).

§ 1. THAPOTEOJIOTHMECKHE OCOBEHHOCTH
TEPPHTOPHH TBHHEH

B rumporeosioriueckoM OTHOLIEHHH TeppHTOpHs ['BHHeH MoKer
OBITH OXapaKTepH30BaHa KaK CJAO0XKHAA BOJOHANOPHAS CHCTEMa MacCH-
BOB TPEIHHOBATHIX NMOPOJ C YeXJOM OCAJOYHBEIX OTJOKEHHH, 3aKIIIo-
yaomux cyb6apre3uaHckHe u apre3naHckue Boabl. [locieanne mnoka
eme BecbMa ciaabo uayuensl (LlIeapues, 1971) u ux paccmoTrpeHue BhI-
XOJIMT 3a paMKHu naHHo# paGorel. OcTaHOBHMCS NMOITOMY JHIIL HA Xa-
PaKkTepHCTHKE BOJ 30HLI THIIEpPreHesa.

B npenenax 3T0it 30HBI A0CTATOUHO YETKO MO YCJAOBHAM 3aJjerdHus
BRIIEJIAIOTCSA [Ba THNA BOJ: BEPXOBOJKA, NPHYpPOYEHHAHd K TOPH3OHTY
KHPachl, H TPVHTOBBIE BOJABI KOPH BLIBETPHBAHHS, AJIOBHAJbLHBIX OT-
JIOXKEHHH W BepxXHell TPEIIHHOBATOH 30HH KOPeHHHIX mopoia (pHc. 6).

BepxoBojika B 30He caBaHH CYIIECTBYET TOJLKO B TeUeHHe BJaxK-
HOTO Nepuojia roja i Heue3daeT ¢ HACTYNJIEHHEM CYXOro Cce3oHa, 4TO
NOATBEPKIAETCS H3YUeHHEM YPOBHS, MOJA3EMHBIX BOA B mypdax, cKsa-
KHHAX H PEKHMA COOTBETCTBYIOMIHX poAHHKOB. B secioii sone I'BHHEn
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MOCTOSIHHO BJAMKHBIH KJANMAT CHOCOGCTBYET COXpPaHEelHi BePXOBOAKIN
‘Ha caabonpoHHl@eMbiX (IVIMHHCTBIX) TMOPOAAX B TeueHHe BCEro rojd.
~ ['pynrossie Boabl B I'BHHee NmpHypouyeHBL. B OCHOBHOM K HHKHHM
TPELLHHOBATBHIM 301aM KOPbl BBIBETPHBAHHS HJH aJJIOBHAJBHHIM OT-
JIOXKEHHSIM peuHBIX 104HH. B mepBom cayuae, OGuaronaps MouiHoME
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Puc. 6. CxeMa NHTAHHA, PACTIDOCTPAHEHHA H' PASrPY3KH NOA3EMHBMX BOJ.

| — Kupaca, BKJIOYAIOUAS BEPXOBOAKY; 2 — JKENEIHCTO-TARMHCTHE o0PA3OBaHHS KODPB BHIBETH-

BaHHA; J — KOpeHHble NMOPOXL; 4 — YPOBeHb BEPXOBOAKH; 5 — YPOBeHb TIDYHTOBbIX BOA; 6 —

MECTa OCHOBHOrO NMHTAHHH# H PAa3rPY3KH IPYHTOBHIX BoJ; 7 — HANpaBJeHHe ABHIKEHHS TPYHTOBLIX

BOJA; & — mocTosinHO AeficTBYIONIHE HCTOMHHKM TPYHTOBBIX BOA;. 9 — Ce30HHO-AeHCTBYIOULHe HCTOY-
HHKH BEPXOBOAKH

- MOKPBIIKE TVIHHUCTLIX 0Opa3oBaHMil, MHTAHHE W Pasrpy3Ka TPYHTOBHIX
BOJ 3arpyaHenbl. [Jy6uHa 3ameraHus HX B CyXoil ce30H Ha meHenJe-
HH3HPOBaHBIX y4acTKaX, Kak npasuao, npesbinaer 20—30 M, gocturas
uHoraa 50 M. ITosroMy nocTosiHHO AefiCTBYIOIHE POAHHKH T'PYHTOBBIX
BOJ 3TOTC THMA BCTPEYaloTCs OTHOCHTENLHO PeAKO H NOJb3YIOTCH
HCKJIIOUHTENBHOH TMONYJsPHOCTBIO Y MECTHOTO HaceJeHHs.

YKkazanHble 0cOGEHHOCTH MHTAHWSA H Pa3TPy3Kd MOJ3EMHBIX BOJL
I'BuHen onpenejsiioT H XapakTep MOA3eMHOTO CTOKA, KOTOPBIH CKJa/lbl-
BAaeTCs M3 JABYX 4YacTel: BOJ BePXOBOIKH HJIH CE3CHHOTO TPYHTOBOTO:
NUTAaHHA W TPYHTOBBIX BOJ HJH TMOCTOSIHHOTO [I'PYHTOBOIO MHTAHHA.
ITepBasi cocraBasiomas ¢cToka HaMu Gbl1a onpeaeneHa Ha ruaporpade
no Meroay ®. A. MakapeHko, TaK Kak BOJB BEPXOBOJKH HE CBA3aHBI
THAPaBJIHYECKH ¢ peKoii, a Bropas — no metony b. H. Kynenuna.

Jlanuble 10 MHOTOJIETHEMY CTOKY HeKOTOPHIX pek I'BuueH, mdiobesto
npeacraBieHHble HAM HALHOHAJLHBIM yhpaBaenuem ['opHOH CayKOBI
['BuHen, nokasaun Ha puc. 7, a KO3(pPHAUACHTHl NOA3€MHOTO MHTAHNS H
MOJYJIH NI0/I3¢MHOI'O CTOKA, pacCYHTAHHBIE HaMH, B TabJ1. 12.

IIpuBesennble 1aHHBIE NOKA3BIBAIOT, UYTO MOI3E€MHBIN CTOK CcOCTaB-
- asiet 6ogee 50% ot ofuiero cToka, HO ero OCHOBHAS YACTh NPHXOAHTCH
Ha Ce30HHOE TPYHTOBOE MHTAHHE, T. €. CBA3aHA C BOAAMH 30HbI a’pa-
IIHH MJTH BEPXOBOAKH. B TO XKe BpeMs Mo/I3eMHbIH CTOK, 06YC/I0BACHHBIIT
IPYHTOBBIMH BOJIaMH, COCTaBJIsieT BCero Jaumb HemHorum Gomee 10%
oT OOIIero CTOKa, XOTsi B aOCOJIOTHOM 3HAYEHHH M JIOCTHTAeT 3HauH-
TeabHbiX BesnuuH (6 J/c-km?). Bauskne 3madeHns NoJA3eMHOTO CTOKA
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JUJIi paccMaTpHBaeMoil  TeppHTOPHH  NpHBOAATCA W B pabore
M. H. JlbBoBuua (1974).

HaubGoJsblliee 3HauYeHHe CTOKA XapaKTepHO AJf XOJMHCTOH 4YacTH
I'sunen (mpubpexusie pafions n niaato @yra-/[)KaaloH) H  yMeHbIIa-
€TcA B paioHax pa3puTHs neHensenoB (Bepxusis ['Bumes). Ywmenbiue-
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Puc. 7. Pacuaenenne ruaporpados nexkoTopuix pek I'sMues.
I — noBepxXHOCTHLIA cToK; 2 — HerayGokuil moasemuwbiit crox; § — rayGokuit  noasemunil  crok

HHE TMOA3EMHOTO CTOKAa NMPH 3TOM POHMCXO/AUT B OCHOBHOM 33 CYET €ro
Ce30HHOII cocTaBasioleil, Toria Kak rJayOHHHAs ero 4acTh OCTaercs B
npegenax 2—3 a/c-km? Ilpu nepexone u3 30HHI CaBallH B 30HY BJaXK-
HEIX JlecoB, no aasHeM JK. Pyxepu (Rougérie, 1960), koadpdunnent
CTOKa yMEHLIIAeTcsl MOYTH B /1B pasa. DTO HA MepBLIi B3IV CTpaH-
HOe siBJieHHe OOBSCHAETCS TYCTOH 3aJeCeHHOCTbI0 H PaBHHHHOCTBLIO
TEPPHTOPHH, a TaKikKe HAJHYHEM TVIHHHCTLIX NMPOAYKTCB BHIBETPHBAHNSA,
3aTPYAHSAOUIHX CTOK H CNOCOOCTBYIOUIHX HCTMAPeHHIO H 0COOEHHO TpaH-
CIHpalUMH BOABI pacteHuaMu. MMeHHO Mo3TOMY Ko3(D(PHUHEHT CTOKa
peK, TeKYIIHX M3 30HLI CABAHH B 30HY JIECOB pPE3KO YyMeHbllaercs.
BaxHo nopuepkuyTs H TOT (aKT, YTO B HCCJAEAYEMOM perHoHe Moj3eM-
HHIl CTOK npeobGaanaer Hajx noBepXxHocTHHIM. Ho ecan B 3oHe caBaHH
npeobiajanne SIBASETCS HE3HAUHTENBHBIM: KOI((HIHEHT MOA3EMHOr0
nutanus pasen 50—60%, To B,JdecHON 30He oH yKe pocruraer 85%,
T. e. Gosiee 3/4 cToka npejeTaBIeHO MOA3EMHLIM.
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Ta6auma 12
XapakTepHCTHKA 3/1EMeHTOB CTOKAa HEKOTOPbIX peKk I'BuHeH
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Muuo r. Kaukan | 9900[212,7 |1749(21,1|38,7|48,13|11,51|10,3| 2,5
Huannan r. Bapo |12600[266,6 |2178(22,5]|32,4|41,78/10,83 8,8] 3,0
Cawmy Ipana-lliot 934{ 33,6 |2800(35,0|39,4,51,46| 8,40 17,9| 2,9
) (Bononan)
Muuno r. Koucaun- | 1000 33,5 | 2796 | 33,5|37,6|45,48(18,02/15,2| 6,0
KOpo !
Hurep r. Kypyca | 18000[260,4 | 1608 |14,5]|28,5|35,24 13.53| 44127

Takum o6pasom, KHpaca B TPONHYECKHX CTpaHax Hrpaer poJp Oy-
depa, KOTOPLIH clepKHBAET HHTEHCHBHLIH MOTOK TPONHYECKHX JHBHEH,
NOTJIONLAeT ero H 3aTeM MOCTENeHHO NMHTAeT UM PeKH M YaCTHYHO TPYH-
TOBLIE BO/bL, cnocoGCTBYS (POPMHPOBAHHIO B 30He caBaHH HerayboKoro
noaseMHoro croka. OTCYTCTBHe KHpachl B 30He JecOB u 0ojiee  paBHO-
MepHOe BhNajeHHe 0CajAKOB B TedeHHe rojla NMPHBOJAHT K YBeJHYEHHIO
pOJIH TPYHTOBOTO NMHTAHASA.

CyieroBaTe/IbHO, HECMOTPA Ha GOJLUIOE KOJMHYECTBO AaTMochepHbIX
0Ca/JKOB H 3HauyHTeJbHble BeJIHYMHBI MOAYJEH M0A3eMHOr0 CTOKA
(20 a/c-xkm? u Gosee), pasrpyska MOA3EMHBIX BOJA NMPOHCXOAHT TJaB-
HBIM 06Pa3oM B 30HEe a3palllyi H TOJbKO BO BJAAXKHLIH TNepHoJ roja.
Pacxonsl pex I'Bunen B cyxoil ce30H pe3Ko COKpallaioTes, a GOJbIIHH-
CTBO HCTOYHHMKOB HCUE3aeT yiKe B HAudJe 3TOro ce3oHa.

Cuneanyer takxe o0paTHThp BHUMaHHe Ha BeCcbMa BLICOKVIO TeMmrepa-
TYpY IPYHTOBbIX BoA I'BHHeH, Kak MpaBuio, MPEeBLIAIONLYIO0 CPelHero-
NOBYIO TeMmmepaTypy Bosayxa. Tak, mo gnauubiM Apmam6o (Arscham-
bault, 1960), cpennerojoBas Temnepatypa Boasl B r. KoHakpn Ha ray-
6une 0,3 M cocraBaser 29,7° C npu cpeiHerofo0BOil TeMmepaTtype BO3-
ayxa 26,3°C, 1. e. pasauuna temneparyp aocruraer 3,4° C. dtor dakr,
H3BECTHEI JaBHO /51 TPONHYECKHX CTPAH, OOBSCHAETCH aKKyMyJis-
HHeill JKeJe3HCTBIMH MOPOLaMH KHPACH GOJbUINX KOJHYECTB COJHEYHOH
3HEPTHH B TeueHHe KPYIJIOro roja ¢ nocjejaylomleii nepenaveil ee noji-
3eMHBIM BO/JaM.

§ 2. TEOXMMHSA NMOJA3EMHBIX BOJ 3ANAJLHOH A®PHKH

PasHoobpa3ue KIMMATHYECKHX W JaHAWAa(THBIX ycaoBHH 3anaj-
Hoit Adpuku Tpebyer AHddepeHUHPOBAHHOrO MOAXOAA K paccMoTpe-
HHIO BOMPOCOB TEOXHMHH NOA3eMHBIX BOA. OcCTaHOBHMCH MO3TOMY Ha
XapaKTepHCTHKE MOA3eMHBEIX BOA OTAeNbHBIX perHoHos. Takoi mnoa-
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XOA AHKTYEeTCH TeM, 4TO HCCJe0BaHHS NMPOBOAMINCL HA OTHOCHTEBLHO
HeOOJBIIHX MJIOLIAASX, a TaKkMKe OTCYTCTBHEeM JAaHHbIX 1as GOJbliei
Y4AaCTH TEPPHTOPHH.

3anagunaa uwacte I'Buuewn Paifion  uccaenoBaHuil oTHO-
CHTCS K TaK Ha3blBaeMOH XOJMHCTOH uwacTH I'BuHeH, pacmoJoxeHHOIR

r BHHES
BEHCAY
w

Tom

Pue. 8. Cxematuvweckas xapra paiio-
Ha Hccaexosannii B Meunee
(TouKH Ha Kapre — mecto oTlopa -
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e o] OKHHANA i, 2 s
s 8y S
¥ 3
s

.2 A
4+ KOHRKPH
j#- CLEPPA-

: AEOHE

ﬂ\%ﬁj} KOHAKPH
?5 zﬂ

Mexay nobepexbeM ATJAaHTHYECKOTO OKeaHa H TOPHBIM  MacCHBOM
®yra-/I:xkannon (puc. 8). Boasuoe komuuectso ocaakos (1900—
4500 mM/ron), HaJMHYHE YeTKO BBHIPAXKEHHOrO CYXOro Ce30Hd, XOJIMH-
CTHIl penbed cnocoOGCTBYIOT (OPMHPOBAHWIO aKTHBHOTO cTOKa (Koad-
¢duniest croka aocturaer 40%), G0abwas yacTh KOTOPOro MPHXO-
auTcs Ha HerayOGokuil noxsemHuifi ctok (cM. taba. 12). Passuthio
nocjegHero cnocoGCTBYeT IHPOKOe pacnpocTpaHeHHe KHPacH.

Boposmemaroniue nopojbl H3VUEHHBIX HAMH TPYHTOBBIX BOJ Tpei-
cTaBJeHnl JH60o MowHo# (10 100 M) maTepuTHOli KOpoil BbIBETpHBA-
HHSA, c(OpPMHpOBaHHOII Ha AYHHTax W HededHHOBBIX CHeHHTax, JHbo
cia0oBBHIBETPeILIMH KBApPLEBHIMH IllecYaHHKaMH M pee TPaHHTO-
rHeiicaMy. ['€OXHMHS H MHHEpaJOrHs YKa3aHHHIX KOpP BHIBETPHBaHHSA
jeTaqbHO onHcaHa B paborax B. M. Muxaitnosa (1968) u C. JI. IlIBap-
nesa (1976,).

B reoxumMHuYecKoM OTHOLIEHHH CrHelHPHICCKOH 0COOeHHOCTbIO
FPYHTOBLIX BOJ H3YYEHHOTO paiiona ABJAETCHd HX HOCTATOYHO KHCJEI
xapakrep (ra6a. 13). 3nauenne pH 3THX BOA, KaKk npaBHJO, He Ipe-
Bhmaer 6,0, a sauacryio u 5,0, mounxkasce o 4,5. [IpHueM ykasaHHbIe
HHM3KHe 3HavyeHusi pH xapakTepHsl AJdsi BOJ, UMPKYJHPYIOIIHX B pas-
JHYHBIX TOPHBIX NOPOAAX, 3a HCKJYeHHeM KapOGoHaTHmX, rae pH
BOJ pe3Ko Bo3pacTaer M npeBnimaer- o6eruno 7,0. C  yBennueHHeM
ray6uner pH Boa uamensierca HeswauurenwHo. I[To kpafined Mepe,
3TO BEPHO AJsi MEPBHEIX JeCATKOBR METPOB, T. €. /ISt 30HEF HHTEHCHB-
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TaGauua 13
Cpennuft coctas rpyHTosbix Boj [BHHeH*

Boaosvemanume’ nopois
: Exmeuss | Cpen- | Atmocdep-
KoMnonesTtn uaMeperus | AeaeInc- nedean- KBapuessie | rpaunro- iHee Hble
THIE. AATE- HOBHE | mocygnukn rieficht OcaxkH
pHTHI CHEHHTH

H — 5,6 5.3 5,4 5,5 5,4 6,4

CO;- Mr/ A 27,0 19,4 31,2 33,5 ali8 122
Lo g 5, 23,7 251 4.6 4,2 19,7 3,6
S0O2 - 0,0 0,7 0,14 — 0. 27 0,0
Na++K+ .. 231 18,9 15,0 14,6 17,9 6.9
Ca¥t 5 1,8 0,5 0,3 0.7 0.9 0,2
Mg** - 0,3 0.5 0,3 0,15 0,3 0,0
S0, g 3,4 4,0 4 4 — 3.7 —
Cymma > 75,6 66,3 56,5 53,4 64,0 229
CO, (cr.) - .7 21,0 12,7 13,3 14,5 —
Al 3 0,22 0,29 — —_ 0,26 —
Fe = 0,11 0,07 0,14 0,03 0,09 —
Zn MK[/ 1 26,3 29,5 32,5 37,3 29,9 —
Ba % 3.9 4.9 5,6 22,2 6,8 —
Mo = 2.8 — — — 2.7 —
Ti % 1,1 2.9 4.6 4,3 2.6 —
Mn » L 2:3 0,4 5,1 1,8 -
Ni . 1.5 1,4 1.3 —_ 1,4 —
Cu » 0.6 0.4 2.6 4.7 1,3 —
Ag . 0,2 0,1 0,2 0.2 0,19 —
Temneparypa °C 27 .4 26,8 26,4 — 26,8 —
Yucno ana+ Ly 11 8 10 3 32 3

JH30B i

* Mcxomiue Manuwe onyGaukoBanst B paGore ([lpapues, 1972),

HOTO BLIBETPHBAHHA H BhilllesaunBaHus. B teuenue roga pH Box m3-
MeHsieTcs TakikKe He3HaunteapHo ([IIBapues, 1972).

Hakonen, cneayer ormeTuTh, uTo BesanunHa pH rpyHTOBHIX BoZ,
KaK NpaBHJIO, HHXKE COOTBETCTBYIOIIeil BeJHYHHB aTMochepHBIX ocal-
KOB, KOTOpPHIE B TeYeHHE BJIAXKHOTO ce3oHa Goabliefl YacThI0 HMEKoT
pH Brme 6,0 (cm. Ta6a. 13).

Takum o6pasom, arMocdepHble ocalKu NMPH HHQHIBTPAUHH uepes
30HY aspalliy H3MEHAT BelnuuHy pH B MeHBIIyIO CTOPOHY, a He B
GoJBIIYIO, KaK 3TO OGBIYHO OBIBAeT NPH B3aHMOJEHCTBHH BOABI C rop-
HBIMH nopoaamu. [IpHuHHA 3TOro siBjeHHsi KPOeTCs B BHICOKOM 3Ha-
yeHuH napuuaneHbix Aasnaennit CO,, nocruratoomnx 104 1 1axe 104° [1a
(Ilsapues, 1972). Ilocnennee BO3MOMKHO JHIIbL TMPH MOCTOSHHOM
GaKkTepHaNbHOM pPas/ioXeHHH OpraHHYecKHX BelllecTB B [OYBe, 4TO
JOCTHTAETCcsl, B CBOIO Ouepelb, HAMMYHEM Ype3BHUAfHO OOHJIBHBEIX
aTMocdiepHBIX 0CaIKOB H JKAPKOTO KJIHMATa.
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Tak, no nanupim P. Mensena (Maignien, 1958), 100 r noussbl Hc-
caeoBaHHOro Hamu paifiona Beiaensior 60—100 mr CO, B Teuenne
7 AHeH, uTo CcnOCOGCTBYET MOAJAEPIKAHUIO MOCTOSIHHOTO — BBICOKOTO
napuuansHoro gasiaenus CO; B nouse.

Poabp nouB 3ak/iouaeTcss He TOJIBKO B CO3JaHHH BBICOKHX Mapliu-
aJlbHBIX [1aBJ€HHH YTJEKHC/JI0ro Tasa, Ho M oGorauleHHy MoA3eMHbIX
BOJA HOHAMH BOZOPOJA, MCTOYHHKOM KOTOPLIX, MO HamieMy MHEHHIO,
ABJSIETCS OpraHHyeckoe BelllecTBo nouB. Kak u3BecTHO, npH B3aumo-
AeHCTBHH TOCJEJHEr0o ¢ MeTa/JlaMH ¢ o0Gpa3oBaHHeM BHYTPH-
KOMIIJIEKCHBIX COeAMHeHHi BBIZENSIOTCS HOHLI BOLOPO/A, BCJEICTBHE
uero BO3MOXKHO MoHHxenHe pH noasemubix Box. B 310l  cBa3m  WH-
TepecHo OTMETHTh, YTO HA yYacTKax, rle MouBsl 3poaHposansl, pH Box
3HAYHTEJbHO BhIe W npubamxkaerca Kk pH arMmocdepHbix ocankos.
C 3THM e, MO HalleMy MHeHHIO, CBA3aHO HECKOJBKO TMOBBIIIEHHOE
snauendne pH BoJ KOpbl BHIBETPHBAHHS B TeueHHE CYXOro Ce30H4.

Hamenenne pH rpyHTOBBIX BOJA OnpelefsieT B 3HAYHTENBLHOH Mepe
noBeJleHHe MHOTHX XHMHYECKHX 3JeMeHTOB. B wacTHOCTH, 3TO Kaca-
eTCsl XKeJle3a, aJIOMHHHS H KPeMHHs, TeOXHMHUYEeCKHe 0CODEeHHOCTH KO-
TOPBIX BO MHOTOM OMNpeAesilOT XapaKTep H HanpabjieHHe NPOLECcCOoB
JaTepHTHOrO BeIBeTpHUBaHusl. [ToaToMy OcTaHOBHMCH Ha paccMOTpPeHHH
THAPOTEOXHMHH 3THX 3JEMEHTOB HecKoJbKo noapobHee. C 3Toii 1e/bio
ONpEeJeTHM COOTHOLlIeHHe AaKTHBHOCTEH pasaudHbiX (GopM MHrpaluH
9THX 3JE€MEHTOB, HCXOAS M3 PABHOBECHLIX KOHLEHTPALHH HOHOB C CO-
OTBETCTBYIOUIHMH HX MHHEpaJaMH.

OcHOBHBHIMH MHHepalaMH JKejle3a B KOpPe BLIBETPHBAHHS  MOJY-
octpoBa KaayMm, rae Hamu H3y4anacs cOCTaB BOJ JKEJAE3UCTLIX JaTe-
putos, asasiores rematut (20% no Becy), rérut u ruaporérur. [Ipo-
Be/leHHBIe PacyeThl PABHOBECHS! BOJBI € 3THMH MHHEpajJamH No MeTo-
auke P. M. Tappenca u Y. JI. Kpaijicra (1968) nossoasior caenath
HECKOJIbKO HHTepecHbIX BLIBOAOB (Tabu. 14).

Bo-nepBuiX, npu HabaiogaeMblx 3navennsix pH nanGospiuefi  ax-
THBHOCTBIO OGJaanaer wmon Fe(OH)?+. CnenoBaTenbHO, H3 NPHBELEH-
HLIX BO3MOXKHBIX (POPM MHTIpauUHH KejJe3a HMEHHO 3TOMY HOHY Halo
oTaath npejanourenue. Bo-BTOpLIX, aKTHBHOCTL HOHOB JKesle3a Ha

Tabanua 4

PaccuuTaHHble BEeIHYMHbI AKTHBHOCTEH Jeje3a B Bole
B pPaBHOBECHH C réTHTOM H reMaTHTOM

rérar ) Fematnt
Hount xeneaa
pH 4.5 ptl 6.3 pH 4.5 pH 6.3
Fe:H- lO'h"ﬁlI 10=14,06 |\0-|.1","..' 10"""”'-'
Fe(OH)2+ 10-6,59 10~10,19 10=12:15 10-15,7%
Fe(OH)2+ 10-20,23 10~27,48 10-12.34 101414

NMpumewanne Cpeanna nabaogaeMas aKTHBHOCTL Kedeia B PacTBope COCTaBJANET
10-5,7 moab/a.
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HEeCKOJbKO NOPANAKOB Bbille MPH PABHOBECHH MX C THAPOOKHCHIO iKe-
Je3a, 0HAKO H 3TO coeiuHeHHe He obecneuHBaeT (aKTHYECKH HabJI0-
AaeMmoii aktusHocTH. Pacuetnas BennunHa aktHBHoctH HoHna Fe(OH)?
NOUTH Ha LeJblH MOPANOK HHMKe (akTHYecKn Hab/iolaeMbiX 3HAYECHHIL.
Takoe nomoxenne MOKHO OOBACHHTL TOJBKO HAJHUYHEM HONOJHHTEND-
HOrO MCTOYHHKA MOHOB JKege3a, obecneunBaloulero GOJAbUIVIO HX
akTHBHOCTL. COBepIIeHHo OYeBHIHO, UTO TAKHM HCTOYHHKOM HE MOTVT
SBHTHCSA NMOIACTHJIAIONIHE Y/IBTPAOCHOBHEIE MOPO/BL, NMPH BHIBETPHBAHHH
KOTOPBIX B JaHHOM KOHKDeTHOM cayuae o6pa3yeTcsi 'EéTHT, THAPOTETUT
i reMaTHT, TaK Kak 3aKHCHOe jKese30, oOpasyiouieecs NPH BbIBETPH-
BaHHH NEPBHYHBIX MHHEPAJOB, OKHCJAAAChL, BbiMajaeT B BHAE THAPO-
OKHCH H3 pacTROpa, KOTOpasi, Kak Mbl BH/eNH, oOecrneyHBaeT aKTHB-
HOCTh KeJe3a B pacTBOpe HuiKe (pakTHyecKu Habuwonaemoir. Kpome
TOr0, HAMH HCCJIeJ0BAJHCh BOJIbl XKeJEe3HCThIX JATEePHTOB B VCJIOBHSX,
NPAaKTHYECKH HCKIIOYAIOMIHX HX CONPHKOCHOBEHHE C HEeBBIBETPEJbIMH
NopolamMu, 4TO NpeanoJaraer HajJHuHWe APYrOTo HCTOUHHKA JKeJjesa,
KpoMe KOpPeHHBIX TIOPOJL.

Takum AOMNOMHHTENLHBIM HCTOYHHKOM 3KeJe3a TPYHTOBLIX BOJ MO-
ryT ObiTh JaTepHTHLIE MOYBLI, NMPOXO/S Yepe3 KOoTophie aTMocdepHbe
OCajlKH pacTBOPAIOT OpraHO-MHHepaJbHBEIE COefHHeHHsi Kene3a. [loc-
JelHee, HAXOAfNCh ye B PACTBOPE B BHAE KOMIIJIEKCHBIX OPraHo-MH-
HepaJbHbIX COeJAMHEHHII H Monajaas B TPYHTOBbLIE BOJABI, MOMKET MHIPH-
poBaTh Ha 3HauyuTeJbHble paccrosiuus. [lpm paspyulenun ke 3THX
KOMIIJIEKCHBIX COeIHHEHHil OHO BbiMajaeT W3 pacTBOpa [0 aKTHB-
HOCTH, obecrneunBalolleii paBHOBeCHe ¢ TETHTOM HJH JHAMOHHTOM, YTO
1 OTMeuaeTcd B psje Touek HabJwjaeHuii. Brickazauuble coobpake-
HHS O POJIH MOYB B MOOHJAH3AIMH NMOJABHAKHOCTH Keje3a XOpOoUIo COo-
[JIACYIOTCA C BBIBOAA4MH MOYBOBEJOB O BLICOKOH MHIPAlHOHHOH CIO-
cobHoCTH Kese3a B 3THX yeaosusx (D'Hoor, 1954).

Paccuntannas anajsorndipiM o6pa3oM AaKTHBHOCTL alIOMHHHS B
pacTBope B paBHOBecHH ¢ THOGCHTOM H KAOJHHHTOM TaKiKe OKas3alacb
Ha [eJbiX TPH NMOpAAKa HHiKe (pakTHYecku Halmomaemodn (rada. 15),
4YTO H B 3TOM CJyyae 3acTaBJsieT NpeAnoaaraTh BeAYILYIO pOJb M0OYB
B 06OralieHHH TPYHTOBEIX BOJA 3THM 3J€MEHTOM H €ro MHrpaluio B
BHE KOMIJIGKCHBIX OpPraHo-MHHepa/JbHbIX coefnHenuii. Ilpu paspy-

Ta6auuga 15

PaccuHTanHbie BeJIHYHHBI AKTHBHOCTEeH HOHOB aNOMHHHS B pacTsope
B PABHOBECHH C rH66CHTOM H KAOJHHHTOM

'n6éeur Kaoauuut
Moun azoMuuus
pH 4.5 pH 6,0 pH 4.5 pH 6,3
Als+ 10778 107123 10-8.3 10-12.%
AlO. 10-10 1088 10-10,83 10-9.13

Mpusmeuauune Cpeannas dakruueckas aktupiocts Al=10—-49 wmons/n; npunartas npu
pacYetax akTHBHOCTH HiSiO,=10—417 moan/a.
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HIEHHH TOCJeIHHX, BHAUMO, 1 06pasyercd THOGCHT HJIH KaOJAHHHT B 34-
BHCHMOCTH OT KOHIIEHTPAUHH KPEeMHHS B pacmBope. B 37Toii cBA3H HH-
TEpPecHO OTMeTHTh, YTO COJAep:KaHHe KPeMHHH B BOAAX KoJebiaercs B
npefenax, NONYCKalOUHX BO3MOKHOCTh 06pa3oBaHHs KaK KaoJHHHTE,
Tak ¥ ru66cura (puc. 9), uTO M cOOTBETCTBYET HalbaloaaeMbIM bakTaM
(Ilsapues, 1976;).

2
Kaorurum
L=l . . .
= o. ..o.
7 ..‘. ". Puc. 9. Conepranua KpPeMHHR B TrPYHTOBBIX
F i » Bojax TEBAHEH, HAHECEHHbIC HA JHATPAMMY
T b Q| coorHomenHs memay ruGOCHTOM, KAOAHHM-
— 5k ° & | Tom u pacteopom mpu 25°C, 10° Ma n
- S lg{AlIH+]=—5
v 9
7k (udbcum §f
1 L 1 1

[Ipexae yem caeiaTh OKOHYATeNbHBIE BHIBOARL 00 veaoBHAX obpa-
30Banus rH66GcHTa H KaoJHHHTA, PACCMOTPHM BO3MOAHBIE HCTOUHHKH
KPeMHHs B NOA3€MHBIX BOAaX, CPaBHHB PaBHOBECHBIE €I0 aKTHBHOCTH
¢ pakTHYECKHMH. .

OcHOBHBIMH MHHepaJaMH — HCTOYHHKAMH KpeMHHs B paiioHe wc-
C/leflOBaHHi ABAAIOTCA TOJEBble IINAThl H CJAIOAL, KOTOpBIE NPH BbI-
BETPHBAHHH ¢ 0OOpPa30BAHHEM KAOJHHHUTA TPHBOAAT K 0O0OralieHHio
pactBopa kpeMHHeBONl Kuciaorodl. [IpuHSB aKTHBHOCTE HOHA Kalns
paBroit 10389 (5 mr/xn), naiizeM, 4To paBHOBeCHAasI aKTHBHOCTH KpeM-
HHA B pactBope paBHa cooTBercTBeHHo mpu pH 5,0 naa kanueBoro
nonesoro mmara 10-2% nas xanueBodt camioas 107257y aas Kaosn-
Hura 10~47. dakTHuecKas jKe aKTHBHOCTb KPEMHHS B BOJAX He Tpe-
Bhimaer 10-5% (cm. puc. 9), T. €. MOUTH Ha TPH MOpPAAKAa HHNKE aK-
THBHOCTH DAaBHOBECHOH € MOJIEBBIMH INaTaMH, HO GJH3Ka K Tako-
BO# ¢ kaosnHuToM. Clle10BaTeNbHO, NOA3eMHble BOIBI N0 COAEPIKAHHIO
KPeMHHSI He HACHIIIeHB OTHOCHTENIbHO BMEILAIOIIHX HX MOPOL H C Te-
yeHHeM BpPeMeHH BO3MOXKHO MOBHIIIEHHE B HHX KOHIEHTPALNH 3TOTO
3/1eMeHTa.

Ocobenno HH3Kas aKTHBHOCTh KPEeMHHS B pacTBOpe XapaKkrepHa
AJIST 30HBI a3palHM, B KOTOPCH MaTepHHCKHe TOpPOAbl BCTPEUYaloTCs
peiKo, NMo3TOMY BMECTO KaoJdnHHTAa obpasyercss THOOCHT H HMEHHO
N03TOMY BCce OOKCHTOBLIE MECTOPOIK/JEHHS KOpbLI BLIBETPHBaHu$ 3a-
HUMAIOT NOBLILICHHEIE, XOPOLIO ApeHHpyeMble yuacTki. B poannax xe
peK, rie Ha HeboJbLION rAyGHHE BCTPEYAlOTCHA TPYHTOBLIE BOABI ¢ 0O-
Jee BBICOKHMH COJepKaHHSIMH KPeMHHSI, NPH BLIBETPHBAHHH CHJHKa-
ToB obpasyerca kaoaudut. IlInpokoe -~ pacnpocTpanenHe MOCJAEIHErO
B JIOMIMHAX PeK, HHXKe YPOBHA TPYHTOBBIX BOJ, aBTOP HAGJI01a] HEOl-
nokpatio (lIBapues, 1976,). 1o Ke oT™MeyasOCHL U PAAOM JAPYTHX
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uceaenosareaci  (Muxaiaos, 1968; Bonifas, 1959; Maignien, 1958,
u ap.). O Gosee BBICOKHX COAEPKAHHAX KPEMHHA B IPYHTOBBIX BOHAX,
MHTAIOUHX PEKH, T. €. B 06JACTH HX Pa3rpy3kH, CBHAETEIbCTBYIOT
nauuble JK. Pyxepu (Rougérie, 1960), xoTtophiii nokasana, uto comep-
JKaHue KpeMHHS B rpyHToBHX Boaax Bepera Chaonosoit Koctn moctu-
raer 25 mr/a B nepecyere Ha SiO,.

CaenoBatelbHO, HHTEHCHBHOCTL BOAOOGMEHa Hapsily ¢ COCTaBOM
FOPHBIX MOPOJ, PeryJaHpysi cojep:KaHHe KPeMHHS B PacTBOpE, Onpese-
JIfeT Vea0BHA oOpasoBaHusi TrHO6CHTa WM KAOJHHHTA, KOTOpLIE,
B CBOI0 Ouepelb, KOHTPOJHPYIOT COCTaB (POPMHPYIOLIMXCS TOA3EMHBIX
BOJ.

He ocranaBanBasick AeTajbHO Ha NOBeIEHHH APYTHX XHMHUECKHX
371eMeHTOB, OOHAPYKEHHBIX B MOA3EMHBIX BOJAaX, OTMETHM, YTO He-
CKOJIbKO TIOBBIIIEHHBIE COJEPIKAHHS HUKeas, MoJuGjeHa, THTaHa H
Mapraiiua B Bojlax OOBHACHAIOTCS YACTHYHBIM HX HAKOMJIEHHEM B Kope
BLIBETPHBAHHS NpPH JaTePUTOOOPA30BAHHH C TOCAELVIOIHM Mepexo-
JOM B pacTBOP B pe3yJbTare NOYB00Opa30BaTE/NbHBIX MPOIECCOB, HAH-
GoJiee BEpPOATHO, B (popMe BHYTPHKOMIJIEKCHLIX COEAHMHEHHi ¢ opra-
HHYECKHM BellecTBOM mouB, K Takomy BHLIBOAY HAC NMPHBOIHT PSii KOC-
BeHHbIX HabJi0aeHnil 32 MOBeJeHHEM 3THX 3JEMEHTOB B NMpoduae KOphl
BLIBETPHUBAHHS.

B nenom, HecmoTps Ha HH3KMe BeqH4HMHB pH, rpyHTOBBIE BOABI
['BHHEN XapaKTepH3YIOTCS HCK/IIOUHTENIbHO HH3KOH MHHepaJusamuelr,
He TpeBbmawouiei, kak mpasuao, 100 mMr/a. Oto o6bACHAETCS He
TOJLKO HHTEHCHBHBIM BOAOOOMEHOM, JOCTHTAIOIHM B OTAEIBHBIX CJY-
yasax 30 J/c-kM?, HO H YCTOHYHBOCTBIO MHHEPAJOB, CJI4ralolinX KOpy
BoiBeTpHBaHusA. HekoTropoe mopwlmenne MHuHepaJH3alMH  MOA3EMHbIX
BOJ B pAle CJyyaeB CBSI3aHO C MOCTYIJIEHHEM XJoOpa BMecTe ¢ aTMOoC-
(epubiMy ocaakamu (cMm. taba. 13).

Taknm obpasoM, H3yyeHHe XHMHYECKOTO COCTABd TPYHTOBBIX BOIX
['BuHen no3BoJsieT HaM cjeaTh HECKOJbKO BeCbMa BaiKHbIX BLIBOLOB.

1. XuMuueckuii coctas u BesnunHa pH rpyHTOBHIX BOX H3YUEHHOrO
perHoHa B 3HAYHTEJBHOH Mepe ONpeje/siloTcH COCTABOM [O0YB, yepes
KOTOphHIe (HUABTPYIOTCS aTMocdepHble OCaAKH, MUTAMONIHE TPYHTOBHIE
BoAbl. [TouBBI AIBAAIOTCH MCTOYHHKOM, BHAHMO, MHOTHX 3JI€M@HTOB,
HabJl0aeMbIX B BOA4X, H B JAaCTHOCTH XKejesa H amoMmuund. Ouu Xe
OnpefeasioT MOBHILEHHYVIO KHCJIOTHOCTh MOA3€MHBIX BOJ.

2. VnTeHCcHBHEII BOZ0OGMEH, Ompelesisis HH3KVIO MHHEpaJH3alHio
BOJ, SBJISIETCS BechbMa BaXKHEIM (aKTOPOM, KOHTPOJNHPYIOIIHM Xapak-
Tep H VCJIOBHA JaTepHTHOro BhiBeTpHBaHHsA. [locneanee, B cBoiO
ouepean, cnocobcTByer ocBOOOMKAEHHIO TPH BLIBETPHBAHHH BCEX MOJ-
BHMKHBIX KATHOHOB, COCTaB KOTOPBHIX MO3TOMY ONpEAeJsieTCs THIIOM
BLIBETPHBAIOIIHXCS MOPOL.

3. HabuaiogaeMble KOHIEHTpPALHH Kese3a, aJIOMUHHA H pAaa JApy-
rHIX 3JEMeHTOB B MOA3eMHLIX BOJAX BO3MOMKHBI JHIIb MPH YCAOBHH HX
Murpamnnn 8 GopMe CI0KHBIX KOMIJIEKCHBIX COeAHHEeHHil, HanboJee
BEPOSITHO OPraHO-MHHEPAJILHBIX.

-Beper Cnouosoit KocTu. Teoxumus rpyHTOBBHIX BOJ HauGo-
see neraapo usvuena M. Tapam (Tardy, 1956) B paiione HaceleHHO-
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ro nyikrta Kopxoro ua cesepe crpannt (puc. 10). Kanmar paiiona
TPOMHYECKHI € YETKO BhIpa’KeHHbIMH [BYMS Ce30HaMH Toja — CYXHM
H BAaxHbiM. Temmepatypa Bo3ayxa koqebiaeres or 159 no 35,8°C.
JlanamadT OTHOCHTCH K THIY 3JaKOBOH CaBaHHBLI C A0BOJBLHO POBHBLIM
peabedom: orMeTkH Koaebaiotcs B npenenax 369—412 m. M3 swina-

- )

Puc. 10. MecTononoxenHe W reonorua paio-
va Kopxoro (Beper Caonopoii Koctu).
I — cnanubl; 2 — rpasAThl H MHIMATHTHL; 3 —
runepcrenopoe rabtpo

EHCKHH
T“HJAHH B

paomux 1490 mm ocankoB Godblie nonopuubl (950 mMm) pacxoayercs
Ha ucmapende (kosdduiunent croka pased 35,6%), HeanaunTeabHAS
yacte (70 mMm) o6pa3yer MOBEPXHOCTHBIH CTOK, W OcCTaBlIascs
(470 mm) — noxzeMublii. CieaoBaTe1bHO, MOAYJbL TM0OA3€MHOTO CTOKA
pasen 14,9 Ji/c-Km2,

leonoruyeckue ycioBus nayuaemoro paiiona nokasanel Ha puc. 10.
KopeHnble 1mopojibl NOKPHITHl  KAOJHHHTOBOM KOPOH BBIBETPHBAHHS
momHocThio 20—40 M, KoTopasi KHpacHpoBaHa y noBepxHocTH. Pep-
PAJJIMTHEIH THO TOUB CMEHAETCH HAa CKJAOHAX TPOMHYECKHM (eppuT-
HBIM, 4 B 10JHHAX — ruapoMopHbiM. M3yuenue reoxumun mpoueccos
BbIBETPHBAHHA MOKA3aJ10, 4TO OHH CONPOBOMKAAIOTCH MPaKTHYECKH
noaubim BeiHocoM Na, K, Ca, Mg, Sr, Ba, As u Zn; 3HauHTeNbHBIM
euiHOcOM Si, Mg, Cr, Cu, Ga, Ni, B, Pb, Co n Sn; cn1aGeiM BEIHOCOM
Al u npusnocoM Fe, Ti u V (Tardy, 1969).

XHUMHUeCKHH COCTaB MOA3EMHLIX BOJ, 3aJIeTaiOMNX B KOpPe BbIBET-
pHBaHHA TPaHHTOB Ha ray6uhe ot 2 1o 15 M, npeacrasen B taba. 16.
M3 npuBejeHHbIX JaHHBIX BHAHO, uTO HauboJee XapaKTepHble UYepTHI,
OTMeYeHHBIe A COCTaBa MojA3eMHbIX BoA [BHHeH, coxpaHswoTes W
37ech: MCKJIOUHTEJNbHO HH3KME BeJHUYHHB MHHepaausdauuun u pH.
Toneko B HanGosee TAYGOKHX TOPHU3OHTAX KOPBI BBHIBETPHBAHHA
(ckBaxkunw) pH Boa mpubnmxkaercs K HeiTpaabHoMy. OLHOBpeMeHHO
HECKOJIbKO CHHIKAGTCH OKHC/JIHTENbHO-BOCCTAHOBHTE/ILHBIH IOTEHILHA
BOI, HO o0llasi MHHEepaJu3aluus HX He TONLKO He VBeJHYHBaercs, HO
fax<e yMeHbllaercs. BaMHO NOAYEPKHYTh H TO OOGCTOATENBCTBO, 4TO
NpPH Nepexoae OT CYXOTo Ce30Ha K BJIazKHOMY XHMHUECKHH cOCTaB BOJ
H3MeHsIeTCsl He3HauHuTe bHo. JIIBONLITHO OTMETHTh TOT (BakT, 4TO BO
BJIAKHLIH CE30H roja HeCcKoJbKo BospacTer BesHunHa Eh, xorta mMoxkHO
Obl10 6bl 0xKHAaTL o6patHoe. Buiaumo, 310 casizano ¢ Gojiee aKTHBHBLIM
NOCTYTJIEHHEM KHCJI0pPOJa B BOJOHOCHBIE TOPH30HTHI B PacTBOPEHHOM
60



Tadaunua 16
XuMuuecKuil COCTaB MOA3EMHBIX BOA KOPbl BHIBETPHBAHHA IPAHHTOB
padona Kopxoro (Beper Caonosoii Kocru)

UWypdput
EAmiMU C*‘&;’;gg“ Cyxoit ceson Baascunit ceson
KomnoteHThl H3Mepe- Ce30H: Cpennee
o s cpeinee | MeiuaHa | cpeanee | meaaHa
H — il 5,5 5,3 5,5 5.3 5.6
h MB 55 160 160 212 221 177
HCO,~ Mr/ 4.1 9.8 G,1 13,2 6,1 10,9
CI- 2 = <3,0 — <3,0 —_ <3.,0
50,2° 2 1:2 0,42 0,36 0,57 0,56 | 0,56
Ca*t " 5,6 1.4 1,0 =3 ili=<1.0 1 ¥
Kt & 5,3 1,3 1,0 1,0 0,6 1,5
Na* d 3,2 1,3 0,8 0,9 0,2 1.3
Mg=* 4 0.4 0,16 0,1 0,16 | <0,1 0,18
5i0, 5 4.1 14,4 10,8 9,2 8.0 11,0
Cymma X 9391 .bray g 2 Chihg s e aeo
Fe Mkr(a | 111 81 33 17 17 52,7
Mn = 78 28 7 10 2 23 .4
Sr n 89 19 10 T b 5,0 19,3
Ba 7 83 13 10 9.0 4,0 16,7
Al & 10 i 5 6 6 6.8
Rb 5 19 5.5 4.0 2.9 2,0 5,8
Pb ,, 8.3 3.5 0,5 5,0 1,0 4.6
Cu . 11 4,0 2,0 127 1,5 3,5
Ti o 2,3 2,5 k.l 159 1,0 2.2
BLi - 3,3 13 1,0 2,8 0,5 2.2
Cr ‘ 1,5 106 1,0 0.9 0,5 1,2
Ni ¥ 2.1 1,5 LU =056 |- <04 T =]
Mo - 1,6 0.6 0,3 | <0,3 | <0,3 |[<0,53
Vv - 1.5 0.5 0,3 | <0,3 | <0,3 |<0,48
Yucro auvaanaon — 10 54 59 123

COCTOSIHHH ¢ aTMoc(epHBIMH ocalkaMu, yeMm nyrtem audQysun Bo Bpe-
Msl CYXOTo nepuoja.

M. Tapau npoBes cTaTHCTHUECKYI0 06paboTKy AaHHBLIX MO BbIsICHE-
HHIO TIOBE1eHHs OTAEeJbHBIX 3JEeMEHTOB NpPH ABHMKEHHH BOLBI OT 06-
JIACTH MHTaHHA (BoAopasaen) K ob6JacTH pasrpy3ku (peka) H mnoJay-
UHJ PAJ HHTEPECHbIX BLIBOAOB, CYThb KOTOPBIX CBOAHTCH K CJIeAyIollle-
my. Konuenrpauns noasmxkubix 3iaementoB (Si, Na, K, Mg, Rb, Li,
Ba u Sr) Bo3spacTtaer B BOJe N0 Mepe TOro, Kak YMUJiHHAeTCs MNYThb
ee mpoxoxaenna B mopoae. OnHako TPT POCT y BCEX 3IJIEMEHTOB He
mponopiiHonajen. Tak, HaHGOJABIINI POCT XapaKTepeH AJs HATPUHA, KO-
TOPLIH He 3a/ep:KHBAeTC HHKAKHMH GapbepaMH, B TO BPeMS KaK KaJb-
UM YaCTHYHO cOpOHpYeTCsl TAHHAMH, a KpeMHHH pacxoayercs Ha 06-
pasoBaHue KaoJHHHTA M MOHTMOPHJJOHHTA. AHAJOrHYHO HATPHIO Be-

et cebs Kagawuii, colep:KaHusg KOTOPOro fBJAsOTCS Jlaye Oojiee BBICO-
KHMH.
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Conepxauus Majnonojsikueix saementos (Al, Fe, Mn), wnao6o-
POT, YMeHbLIAIOTCH MO Mepe ABHIKEHHS OT BOAOpasgena K AOJHHE.
IIpn 3ToM HaubBoJee BLICOKHE HX KOHIEHTPAIHH 0OHapPYXKHBAIOTCS B
BoJax myphos, HenocpeACTBeHHO NPOHAeHHbIX B 30He Da3BHTHI Kpac-
HBIX (heppaJjiIuTHLIX TOYB, H PE3KO YMEHBIIAIOTCS B 30He PasdBHTHA ce-
PHIX (eppHTHBIX U THAPOMOP(HBIX MOUB. DJEMEHTLI-THAPOJIH3ATHI,
TakuM 00pa3oM, MUTPHPYH H3 NOUBEHHOTO TOPH30HTA, OUeHb GHICTPO
BHIAJAIOT H3 PACTBOPA M YHACTBYIOT B 0Opa30BaHHH TOPH30OHTA
KHPACHI.

CaenoBaTeqbHO, Ha TEPBHIX 3Tanax (OPMHPOBAHHS XHMHYECKOTO
coCTaBa MOJA3EMHBIX BOJ, B MOYBEHHOM TOPH3OHTE BCE 3JEMEHTHI B TOIl
HIH HHOH Mepe CTAHOBATCH NOJABHMKHBIMH, HO OAHH H3 HHX (Ma/jonol-
BHJKHBIE) BRINAJAlOT H3 PacTBOPA Ha MEPBLIX 3TANax 3BOJIOLUWH IOC-
JIeHEero, Toraa Kak gpyrue (IIOABHXKHBIE) — He TOALKO He BHIMAJaloT
H3 PacTBoOpa, HO KOHIEHTPHPYIOTCS B HEM B pPe3yJbTaTe Mepexofaa M3
TIOPOABL B BOAY.

B Gonee pernoHaJsHOM TJaHe TeOXHMHs NoA3eMHBIX Boa DBepera
‘Cronoroit Kocru usyuamnacs JK. Pyxepu (Rougérie, 1960), xotopslit

COREP){(EHHE HEeKOTOPbIX 3JeMeHTOB B NOA3eMHBIX

. JIeHHH, TOKa3BIBAIOIIUMH HEKOTOpOE YBeJHUEHHE COJep}KaHHﬁ

TaKiKe OTMeudeT HX HOBBIIEHHYIO KHCJOTHOCTh H NOHHAEHHYIO 06ULyIo
MHUHepaaH3anni. BakHo noauepkHyTh, uto JK. Pyxepu muaywaa moj-
3eMHble BOABI NPEHMYIIECTBEeHHO B 30He PasBUTHS JeCOB, OT/IHYAl0-
jefics NOBBIIIEHHOH BJaXKHOCTHIO, GoJiee PaBHOMEDHHIM BRITAAEHHEM
. 0CaJKOB B TeueHHe roja H GoJiee HH3KHM 3HAUCHHEM BeJAHUHHBI TOI-
3eMHOT0 CTOKa. Bce 3To ckaswpiBaeTess M Ha XHMHYECKOM COCTaBe TOI-
3eMHBIX BOox (TabJu. 17).

- JauHble, npuBeeHHble B Taba. 16 w 17, noxkaswnBaer, u9TO 0O[-
3eMHBIe BOJIBI JIECHOH 30HHBI 1O CPABHEHHIO C 30HOH caBaHH bojee 060-
raueHbl XMMHUYECKHMH 3JeMeHTaMHi H 6oraTsl OpraHuyecKHM BelllecT-
- BOM. D70 06bSICHETCS MeHblllell HHTeHCHBHOCTBIO BOA0OOMEHa H 60JIb-
1eii 6MOJOTHUYECKOH NPOAYKTHBHOCTHIO JaHAmadTa BIaXKHLIX JECOB.
- AkTHBHBIH OGHOJIOrHUECKHH KPYTOBOPOT BellecTBa CHOCOOCTBYeT mepe-
BOLY XHMHYECKHX 3JeMeHTOB B TOJBHXKHOE COCTOSIHHE H 060TalleHHio
HMH TIOA3eMHbLIX BOJ €llle B 30He aspallfH, KOTOPbiC NO3TOMY COjepKat
foJiee BHICOKHe KOHIIEHTPAIHH 3JeMEHTOB, YeM HoA3eMHble BOJBI 30HBI
HachlllleHkss. DTO ¥Ke MOATBEPIKAALTCA H AAaHHBIMH PERKHMHBIX Hab.r0-
XHMH-

Tatauma 17
Bofax necHo#l 3ousl bepera Cinonoeoit Koctu, Mra

Harpuft Marsni Keaeso (ofiutee)
= 2]

2 ] 2 2
@ = el =
= = = = E . 8
s E E = & = =
= = = == 7]

s -l ) ] = o
b £ 2 g e o SE z £
(=] a g, = o o |~ =] =" = )
= =g = = = @ = - =a = =
g 2= T |8 25 2 18 %5 L |oEE
.5 =2 S' = EOC ¥} & =0 o o o

5,023 15,6 | — — — 6| 0,2—0.8 | 0,4 |5,9|15.F
24 A== 46| 9| 3,6—39,5] 19,1 9| Chenbt—0, 7 L3 |5 2.2
1 Crnennt  |Caenn| 1 Cnennt  |Caenwi| — — — — —
11 3,0—-159(12,2| 8| 9,1-36,5| 21,8 | — — — 15,2 —
2| 1,1—40.7 | 12.3 |13 |Caean—36.5 18,7 | 7 |Crean—1.5| 0,5 |5,8/69,6
31 0,7—16,6 | 2,8 (21 |Cnensi—24,3| 10,6 | 3 |Caexn—0,6| 0,3 5.5 —
1 8 2.8 |l 18,4 182 = 2 — —| —
29 | 7.6—92 33,4 |18 |Cneast—88,1/ 32,7 | 3| 0.2—0,5 0,3 |7,2] —
201513 314 ) g 24.3 24,3 | — - — |'5:3110.3

Kpemuuit Kaapunft Kaauit i
Bonosmemtaomie = - = 1 = =
nopoabt E = g = E 5 |
=1 2 B I 22 e E % 5
g £ 5| E =351 S5 S & |
AnnoBuanbHbie 8]11.0—-7,714,8] 6| 4,5—19 9,31 510,9—29 8,6
OTJIOKEHHS
Tpernunne meckn | 39(3,0—7,214,7| 30| Cnenm—6.8| 1,5 24(0,0—0,8 | 0,3
l"aneunukn ¢ mar- 8(1,0—6,5(2.8] 7| 0,0—-1.5 [0.,6] 1| Caeam |Chnemnt
HETHTOM
lllenoynwe rpa- | 1612,5—9,5|6,5| 15| 1,2—6,0 | 3,9 11|7,0—-16 | 12,1
HUTHI
I'panurto-rueiicet 3213/56—15 |6,0] 30| 1.4-354 5.2 2212.3—-6,6 | 4.0
I'unepcreHosbie 3914,0—8,016,2] 40| 1,0—3,0 1,7 3110,8—=3,9( 2,0
rPAHUTHE
I'panonnoputsl 14 500153 31 1,070 3.3 1 1.6 1.6
3e/eHOKaMeHHbIE 306,0—12 [7.6] 381 3,5-78.5 |30.3] 2910,7—30,11 Z:b
CJAAHI BT
‘Chraunm 415,5—-7,5|6.4] 2| 2,047 13,3 20,8201 1.4
Pernonaabnoe 184|1,0—15 [5,6[171| 0,0—78,5 [6,5|126] 0—-30,1| 4.2
cpentee™
‘Cpennee mas Box* | 90|2,5—15 |6,0/( 88 | 1,0-35,4(3,5|65 |0,8—16 5,0
rpaHuTOR :

# PaccUHTaHO HAMH.
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126 | Caens—92 | 10,3 | 72 [Caenn—88,1| 18,3 | 28 | Cneam—1,5| 0,36 | 5,8 (25,0

oo

65| 0,7—40,7 7.5 |43 |Caenpi—36,5| 17,3 | 10 | Crenmi—1,5] 0,4 [5.,6| —
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YeCKHX 3JeMEeHTOB B BojAax B [NEPHOAB HAHMEHBLILIEr0 KOJHUYEeCTBy
ocankos (puc. 11).

Boctounwit CeneraJa. MHceaeiosaHust B 3Toil uacTH 3amaj-
noit Adpukn 6uian nposegenst 9. M. Bakkepmannom (Wackermann,
1972). Paiiod uce/aedoBaHuil B KJANMAaTHYECKOM OTHOWIEHHH OTHOCHTCS

u 0
&7/
=
~ ot
< m} ¥
T x-Jﬂ
¥ 2
s T
g7 <
(]
5- [} 2
e S0
N X
= 0 E N/
g B
S5 ./
& S
S, n
L 1 1 1 1 1 1 1 1 1 L L 1 I L L 1 i 1
I TOFYYWWEXNI JIODFYYWmWRAY NI
Puc. 11. HsMmeneHHe BO BpPeMeHH COMACPKAHHI XHMHYECKHX JEMCHTOR B MOJA3CMHBIX BOJAX
3eJeHOKAMEHHBIX chaaHues (a), TPEeTHUHBIX NecKor (0), rpaHATO-rHefcoB (8) H TrHNEPCTEHOBBIX

rpauuToB (2) Bepera Caonosoit Kocth
1 — atmochepHble ocaakH; 2 — colepiatHe kpemuu#; 3 — coaepxanne Ca+Na+K

K MepPexoJHOH 30He MeX1y CyJAaHO-TBHHEHCKHM H CaxXejo-CyIaHCKHM
“THIIAMH, OTJHYAeTCS MOBLILLIEHHONH CYXOCTBIO H CPEAHErOJOBBIMH TeM-
nepatypamn 27,9—28,3° C. Cyxoil ce30H BblpaKeH UYeTKO H ABJAETCH
6osee MPOAOKHTEJALHEIM, ueM B ['Bunee. Jlanamadrt — THnHYHAaS
caBanna (xkosnuectBo ocaakoB 950—1430 mm, xosdduumeHT cToKa
32,1%; Beanunna croka 9,7—14,5 a/c-km?). CooTHoleHne MEXIY MO/-
3eMHBIM H NMOBEPXHOCTHBLIM CTOKAMH HEH3BECTHO.

ITonsemHble BOABI M3y4aJHCh B CHNELHAJNbHO NPOMJEHHBIX IS ITOH
nean mwypdax. Beero B TeueHHe cyxoro ce3oHa Obl10 o0TOOpaHO H
uayueno 17 mpo6 Boawnl. M3yueHHble BOJOHOCHBIE TOPH3OHTHI CBSA3aHbI
C Pa3BHTON 3/eCh KAaOJHHHTOBOH KOpOil BLIBETPHBAaHHA M  Bepxuefi
YACTHIO KOPEHHbIX MarMaTHYeCKHX MOPOJ OCHOBHOrO H KHCJIOTO CoCTa-
Ba. I'ny6una saneranus Boja 3—8 M or nosepxHoctH. OJHOBpeMeHHO
C BOJO# JleTaJbHO H3y4aJicsl XHMHUECKHH H MHHepaJnHBIH COCTaB BMe-
LIAIOUIHX MOPOL.

Xumuuecknit cocras uayuennwix $I. M. Bakkepmaniom noasemHbix
BOA npuBeieH B TaGa. 18. Ilpexne Bcero ofpallaer BHHMaHHe NMOBLI-
meHHoe 3nayenue pH BoJ, Tak e Kak M TNOBBILIEHHOE COAEpIKAHHE
GOJIBUIHHCTBA MHKPOKOMIIOHEHTOB, BKJIOUas KpPEeMHe3eM, uTOo CKa-
3bIBAETCSl HAa DPe3KOM yBeauueHHu oOllell MHHepajansauun Boi (cpas-
rute Ta6s. 13, 16 u 18). B 10 Ke-Bpems HH3KHe KOHLEHTPALHH XJOpa
W cyabdaT-HoHa B BOAAX CBHAETEJNLCTBYIOT 00 OTCYTCTBHH 3HAUHTE/b-
HOTO BJHAHHS MPOLECCOB KOHTHHEHTAJBLHOIO 3aCOJIeHHS Ha MX COCTAB.
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Ta6anna 18
XHMHYeCKHH cocTaB rpyHTOBbiX BoA Bocrouynoro Cenerana

OCHOBHBIE TOPOAH Ipaunte

Exunnun O6mee
H3Mepe-

i | coteemny | cponsee | comerenny | epemes | PORE
— 7,8-7.6 7.5 6,4—7,9 7.3 7.4
Mr/a 210—530 | 415* 140—480 268* 341%*
o 1,8—4,0 3,0 |.2,5—10,0 7.0 5,0
o 0,3—1,1 0,8% 0,7—13,6 4.0 24
7 0,05—0,06 0,25%| 0,06—2,3 1,0 0,6*
- 38,0—-50,0 | 42,0 10,56—92,0 30,4 38,0
¥ 23,8—53,8 | 42,1 5,9—49.,6 18,0 33,6
i 17,0—=53,5 | 30,5 15,0—60,0 36,9 33,0
i 2,0-3,2 2.6 1,7—6,4 4,2 3,2
& 64,0—74,0¢ 71 35—108 58,0 66,0
i 291—705 |536* 178—698 371* 423
MKT/A 8—250 58,0 10—630 118 79,0
i 5,0—48 26,0 13—360 110 56,0
. 2,5—140 27,0 2,6—480 87,0 48,0
G 5—1562 18,0 0,8—48 10,0 15,0
; 2,5—36 12,0 5,0—68 23,0 15,0
4 0,8—5,0 4.0 0,8—15 6,0 5,0
2 1,0—14,4 4.0 0,4—27 4.0 4.0
i 2,5—7.,0 3,0 0,9—10.8 5,0 4.0
. 1,0—-5,0 2.0 0,8-3.4 1,0 2,0
% 0,8—14 3.0 0,8—10 3.0 3,0
v 1,0—14 4 4.0 0,4—27 4.0 4.0
& 1,6—5,0 3.0 1,0—-5,0 2.0 3,0
o 0,8—5,4 1,0 0,3—14.4 5,0 2,0

{ucao ananH3oB — 10 T 17

* PaccunTaio HAMH Mo npHBeieHHbM B paGote f1. M. BakkepsmaHHa aHaiH3aMm.

Caenosarensto, nopeieHHe obmiefi MHHepaJH3alHy NOA3EMHBIX BOJ
NPOHCXOLHT B pe3y/ibTaTe §oJiee aKTHBHOTO PaCTBOPEHHS H BHIIeJAa-
YHBAHHS BMeNIAIOUIHX NMOPOJ BCJeACTBHE caaboro BogooGMeHa M CBS-
BaHHOTO C 9THM H3MeHEeHHs Xapakrepa HalpaBJeHHOCTH IPOLECCOB
BBIBETPHBAHHS. YTO OY/JeT pacCMOTPEHO HHIKe.

BaxHno noguepkHyTb H TO 0OCTOATENLCTBO, YTO COCTAB BOJ rpaHH-
TOB M OCHOBHEIX MarMaTHYeCKHX TOPOJA, XOTA H HABJIAETCH HECKOJbKO
PAa3HbBIM, HO 3TO pa3jHyHe He HOCHT NPHHIHIHAJBHOTO XapakTepa H
NposiBJsieTcs TOJNLKO Ha ¢oHe Gosee obLIMX 4epT cocTaBa Boanl. Tak,
B BOJaX OCHOBHBHIX [OPOJ CPelH KAaTHOHOB pe3Ko npeodaajgaer HOH
MarHua (B 5KBHBAJEHTHOM BHIPaXKeHHH), a B BOJAX TPaHHTOB — MeHee
pPe3Ko MOH HaTpHuf, UTo BIOJHe ecTecTBeHHO. [losTomy B mepsom cay-
. yae COCTAB BOJ SBJSETCH THAPOKapGOHATHLIM MAarHHeBO-KaJbIIHEBHIM,
a BO BTOPOM — IHAPOKapOOHATHBEIM HATPHEBO-KaJbI[HEBO-MArHHEBEIM.
Pasnnunast HHTEHCHBHOCTL BLIBETPUBAHHA I'PAHHTOB H OCHOBHBIX NOPOJL
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ornpejessier H HEKOTOpPOE pasJHyHe COAepAaHHii coJeil B BOAAX B 3Tuy
ABYX cayyasix.

S1. M. BakkepmaHHoM Gbila npoBejleHa cTaTHCTHUECKasi o6pabor-
Ka pe3yJbTaTOB HCCJAEJOBAHHH C LEJbI0 BLISICHEHHS KOPPeAATHBHEy
CBA3€H MEXAY COJepiKaHHeM 3JeMEHTOB B BOAAX H BMeLIAOMIHX ny
KOPEHHBIX 110pOjax, KOTOpas IoKasaJja, 4To HCKOMasi CBsi3hb HabJio-
JaeTcs TOJMbKO Yy KaJHf M MeHee YeTKo y Maruus. [as Bcex Apyrux
3JeMeHTOB oHa He xapakrepua. Ilostomy §I. M. Bakkepmanu mpenma-
raetT HCnoJb3oBaTh BeaHunHy Mg/K B Bogax B KauyecTBe MHAHKATOpa
MoACTHJAIONIEH MOPOALL. ¥YCTAHOBJEHO, YTO AJs BOJI TPAHHTOB 3TO OT-
HOILIEHHEe Bcerja MeHblle 9, Torja Kak B BOAaX OCHOBHBHIX IOPOJ OHO
Goapire 9. B Bojae NMONOKHTeNbHBIE 3HAYHMBEIE CBA3H VCTaHOBJEHLI
MeX1y cleayiouuMmu ajemedramu: Si— Mg, POy—Al, SOy — Sr,
Ca —Cu, Al —Fe—Ba, Mn— Cu—Niu Ni —V.

CeBepHasa Hurepus Jas cpaBHeHus NpPHBEIEM AaHHBIE 10
XHMHYECKOMY cocTaBy rpyHToBHIX BoJ CepepHoii Hurepuu, uayuennsix
Jx. Y. mio ITpusom u Y. BapGepom (Preez du and Barber, 1965).
Hcenenosannblii pernoH yacTHYHO OTHOCHTCS K 30HE CaBaHH, HO GOJIb-
IIef 4acThlo pacnojoxeHn B 3oHe creneit. KosanuectBo armocdepHbix
ocaikos kogebaercs ot 300 (nobepexne o3. Han) mo 1700 mm (ioro-
BOCTOK perHoHa), cpeiHerofoBas Temneparypa 26—30°C, cyxoit ce-
30H :AaHTCA OoT 4 10 8 wMecsaueB. IlogseMHBIH CTOK, MO JA4HHBIM
M. H. JIbeoBuua (1974), pasen 0,15—1,5 a/c-km2 Xumuueckuii co-
CTaB BOJ MEPBOr0 OT NOBEPXHOCTH BOJOHOCHOTO TOPH3OHTA NPHBEIEN
B Taba. 19.

HPHBEHEHHHB AdaHHble CBHAETEJBCTBYIOT O JOCTATOYHO IMECTPOM
cocTaBe NOJA3eMHBIX BOA 3T1Oro peruona. Ha doue caaGokucasix (mpo-
BuHunM Kauwna, duyry, Hurep), HelirpanpHuix (npoBuruun Bayuw,
ITnato, Unopur, Cokoro) u caaboutesnounbix (npouuuun CapaanHa,
Kauo) wmagomunepannaoBanHbix (ofliass MHHEpAIM3aLHA MeHbLIe
200 mr/n) Box BCTpeualoTCs BOABI C TMOBLILIEHHOH MHHepaJu3auueii
(400—600 mr/a). ITo cocraBy nojaBasiolias YacTh BOL OTHOCHTCS K
THNY THAPOKAapOOHATHHIX KaJbllHEBO-HATPHEBHIX H peXe MarHHeBO-
KaJIbIlHeBHIX HJIAH Ka/blIHEeBO-MATHHEBHIX (TOCHE/JHHE BCTPEYAIOTCH B
npenenax VJAbTPAOCHOBHBIX H OCHOBHEIX NMOPOJ COOTBETCTBEHHO). Boawl
¢ TMOBBINIEHHOR MuHepaausauueir (csuie 400 Mr/n) yaule SBJIAIOTCS
ruapokapGonarno-cyibdarusiviu (nmposununn Bayun, Bopry, Cokoro)
HJH cyab(aTHO-XJIOPHAHBIMH (npoBuHUus DBenys). KarHoHHHI co-
CTaB MX HATPHEBO-KaJbIHEBHIH, pexe HaTpHeBO-MarHueBnii. Bee 31O
TOBOPHT O HAJHYHM 3/eCh TEPBHIX CTAAHI KOHTHHEHTAJBHOrO 3aco-
Jenus Box. [TosToMy npu mozacueTe cpeiHero cocTaBa BOJL NMOC/eIHHE
pasjejieHsl Ha BOJABl BHIILETAYHBAHUT H KOHTHHEHTAJHLHOTO 3aCOJIEHHS
(cM. Ta6a. 19).

Cpenn Box BHILeTauHBaHus mpeobnanaior ciaabokucible yabTpa-
NpecHble BOJABI, THNHYHEE AJis 30HBI CABaHH, pere BCTPEYAIOTCS CJia-
Golle/TouHble ¢ MOBLILEHHOR MuHepanauzauuei (npoBuHuus Anamasa),
aHaJOTHYHBIE TeM, KOTOphle obHapyxKeHs B BocTOYHON uactn CeHe-
rana. Bce 310 cooTBercTBYET pasiooGpasHio JaHMIA(QTHBHIX YCJIOBHH
3TOro OGLIHPHOrO perHoHa, B KOTOPOM Hapsily C Y4acTKaMH aKTHBHO-
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ro BogooOMeHa BCTpedaroTcsl 30HH OOJlee 3aMelJICHHOTO JIBHMKEHMS
BOJ. B mocaennem ciaydae 3To NPHUBOAMT K MOBLIILIEHHIO MHHEpaJH3a-
IHH TIOA3eMHBIX BOJ, H3MEHEHHIO UX COCT4Ba H B OTZEJBHBIX CAyUYasx
3aCOJIeHHIO.

BakHo o6paTHThb BHHMaHHE HAa TO, YTO B BOJaX KOHTHHEHTAJbHO-
rO 3acOJICHHs COJepIKaHHs He BceX 3JeMEHTOB BO3DacTaloT, a eclH
BO3pacTaloT, TO HENpOMOpPIHOHAIbHO OAMH Apyromy. Tak, cozepxa-
HHS KeJe3a, MeIH * H IHHKa NPH [epexoje OT BOJ BLILEJaUHBAHHA K
BOJlaM 3aCOJIeHHS YMEHBLIAIOTCH, COLEpPIKAHMA AJIOMHHHS OCTalTCH
fes uameHenus, sennuudel Mg/Ca u Na/K Bo3pacraior, cBHIETENb-
cTBysi 0 Gojiee aKTHBHOM HAKOIMJEHHH MarHus H HaTPHA MO CPABHEHHIO
COOTBETCTBEHHO ¢ KaJibllHeM H KajaneM. Bce 3TO TOBOPHT O CJI0XKHOM
NOBEJIEHHH 3JeMEHTOB B BOAAX NPH VBEJIHUCHHH MHHEpAaJH3aIHH MOC-
JIeJIHHX, a He O MACCHBHOM WX HaKOMJIeHHH. [IpHYHHEI 3TOro fBJEHHS
pPacCMOTpPeHHl HHIKe.

[IpuBenenHble H Apyrie onyGJHKOBaHHBIE MaTepHalbl 10 XHMH-
YeCKOMY COCTaBY MOJA3eMHEIX BOJl 30HBI THIIepreHe3a OTAEJBHBIX paiio-
HoB 3anajnoii AQpHKH NMO3BOJHJH paccudTaThb CPelHHE COJdepXKaHHs
XHMHUECKHX 3JIEMEHTOBR B BOJAX OTAENBHLIX JaHAMA(THLIX 30H, 3TOTO
o6wupHOro pernoHa (ra6.a. 20). [Ipu cocraBiennH 3TOH TaGAHIBL KPO-
Mé yXKe ONMHCAHHBIX PErHOHOB HCNOJb30BAHLI JaHHBIE MO TePPHTOPHH
l'a6ona, Bennna, Cenerasa u Yaga (Davis, 1964; Maglion, 1969).

Ipuseneunsie B TabJa. 20 naHHble MOKa3LIBAIOT, 4TO HanboJee mpec-
HBle H KHCJbie BOABI (DOPMHPYIOTCS B 30He BJaXKHLIX CaBaHH, rje BH-
najgaer HanOoOJplIee KOJHUECTBO OCAAKOB H HAOJIONA€TCH AKTHBHBIH
Bojloo6MeH. [lo Mepe VMeHbUIEHHS KOJHYECTBA OCAaJKOB, a CJeloBa-
TeJbHO, H BEJHUHHBE CTOKa MHHepaJsusauus u pH moxaseMHBIX BOA mo-
CTENeHHO BO3PACTAlOT BCJEJCTBHE YTJIEKHCJIOrO BLIBETPHBAHHSA CHJIH-
KaToB. Baxno nojuepKHYTh ellle pa3, YTO KHCJLIH XapakTep MOYB H
BHICOKO€ NaplualbHOe AaBJeHHEe VIJEKHCJIOro rasa CchnocoOCTBYIOT
(GOpMHPOBAHHIO B 3THX YCJOBHAX KHCJOH Cpe/bl, MO3BOJSIONIEH MMT-
pHPOBATH GOJpINeH YaCTH XMMHUYECKHX 3JIeMEHTOB, BKIKOUAs 3JIEMEHTHI-
THAPOJIH3ATHL

B 30He BJaXKHBIX TPONHYECKHX JECOB (THJEH) NOCTOSIHHAS BJIaK-
HOCTh, GoJlee paBHOMEpPHOe paclpejesielHe OCaJKOB B TeueHHe roja
i TycTasi 3aJeCeHHOCTb YMeHbLIAIOT HHTEHCHBHOCTH CTOKa, YTO TMPH-
BOAHT K HecKOJbpKO GoJblleH, ueM B 30He BJIAXKHEIX CaBaHH, BeJIHUHHE
obulefi MuHepaausamud BoJA. MeHee WHTEGHCHBHAS MHHEDaJH3alHA Op-
raHHYeCKHX BeINeCTB B 3THX YCJOBHAX, 00ycC/JOBJeHHAas OTCYTCTBHEM
4eTKO BHIPAXKEHHOr0 CYXOro Ce3oHa roja, cnocobcrsyer ¢opmuposa-
HHIO H MeHee KHCJABIX BOJ. B To e Bpemsi GoratcTBO BOJL PacTBOpPEH-
HBIMH ODraHHYECKHMH COCIHHEHHSIMH OJaronpHsSTCTBYeT 00pa3oBa-
HAI0 KOMIJEKCHHIX OpraHo-MHHepaJbHBIX COelHHEHHH, cnocobeTByio-
nux GoJiee aKTHBHOH MHTPalUH 3JEeMEHTOB-THAPOJH3aTOB.

* B0o3MOXHO, UTO NpHMeHseMas MeToHKA onpeiejieHHs MeAH H IIHHKA B BOJAax
Gblia HecOBEPIIEHHON, CJEJCTBHEM 4ero W SABHJIOCH HeoObluHOe NOBe/leHHe 3THX 3Jje-
MEHTOB, 4 TaKXe BBLICOKHE MX KOHUEHTpPalHH.
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Ta6auma 20

Cpeanuit XHMHYECKHH COCTAB MOA3EMHBIX BOJ
pasaHyHBIX JdaHamwadTHeIX 30H 3anaanod Adpukk

¥ xad Cpeanee
KomnonenTsi Hsflz;z:: s E;: :::l‘-laa“ an:é :.ue c?év a:f Ha Cremi ('?:raer?g:u
)
— 5.3 6,1 .1 7.0 6,2
MB 177 — — — 177
M/ 2 20,9 173 208 268 161
. 5,9 6,5 4.8 85.3 5,6
i 3.7 6,4 3,6 48,5 5,1
! — — 1,63 3,07 1,63
c -— - 0,34 0,30 0,34
. =t — 0,24 0,54 0,24
Ji — — 0,09 0,93 0,09
o 2,5 27.8 27,8 32,9 18,7
2 3.8 14,0 24,6 84,9 14,1
; 0.6 15,3 18,4 14,7 11,4
; 11 3,8 5,1 32,2 3,3
= — — 0,07 1.1 0,07
: 7.3 10,0 471 59,5 221
5 45,7 259 329 612 243
MrOq/a — 25,0 — = <25,0
Mr/n 39,8 97 9.0 37.3 48.6
MKT/ A 71 490 365 723 309
" 133 — 34 20,0 84,5
i 12,6 — 77,5 560 45,0
i 19,3 — 56,0 — 38,1
i 29,9 — 330 180 29.9
A 12,8 — 15,0 — 13,9
A 4.6 — — == 4.6
R 5.3 — 3,0 22 4,2
5 2.2 — 5,0 — 3,6
i 2.4 — 4.0 — 312
g 2.4 — 56,5 70 2.4
i 1,6 — 2.0 = 1,8
4 2 — 20 — 1,6
4 1.2 — 2.0 — 1,6
i 0,5 — 5 — 0,5
b 0,19 — —_ — 0,19
Yucno aHaauzos — 162 105 63 ‘ 54 330

- B 3oHe TponmHueckux cremeil B yCJIOBHSIX paBHHHHOrO peaseda u
HeoCTaTKa BJIArH HMEIOT MECTO IpOoHecChl KOHTHHEHTAJbHOIo 3acoge-
- HHA T0/A3eMHBIX BOJI, YTO NPHBOJHUT K yBeJHYeHHIO HX 0OmeH MuHepa-

- IH3aIlHH, HO y2Ke He TOJBKO 3a CuUeT THAPOKapOGOHATHHIX COENHHEHHI,

HO NPEHMYILECTBEHHO XJOPHAHEIX H cyabdatHuX. Hesnaunteannas

POJIbL MOCJAeAHHX HA TMEPBLIX 3TaNax HCNAPHTENLHOH KOHIEHTpalun

BOJl IIOCTENEHHO CTAHOBUTCS AOMHHHDYIOIIEH B COCTaBe coJieif B ycJo-
BHAX Nporpeccupyiollero ux sacosenusi. OnHako 0 B 3TOM cJaydae
. B3aHMoJlelicTBHE BOJ| ¢ BMEILLaOIHMH NOPOJAaMH TTPOAODJKALTCS, O YeM

TOBOPAT (aKTL! HepAaBHOMEPHOTO HAKOIJIEHHS B HMX COCTaBe COJeH.
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§ 3. IPYTHE HOAHHBIE MO TEOXHMHH MOA3EMHBIX BOJ
TPONMHUYECKHX M 3KBATOPHAJIbHBIX OBJIACTEH.
CPEJHUE COIEPXAHHSl 3JIEMEHTOB B BOJAX

OTMeueHHble OCOOEHHOCTH TEOXHMHH MOJA3eMHBIX BOJA 3amalHoj
Adpuky He SBAFIOTCA HCKJIIOYEHHEM H XapaKTepPHBI AJs APYTHX Perio-
HOB. [1puBeeM HeKOTOpHIE NPHMeEpHI.

HoBasa Kanexouus XxapakTepH3yeTcsi BJAXKHBIM TPONHYECKHM
KJAHMAaTOM ¢ KosanuyecTBOM ocaikos ot 800 mo 3265 wmm/roa, Korophie
BBINIa/lal0T TOYTH B TeueHHe BCEro rojga. BeieacTBhe 3TOro 4eTKO Bbl-
pakeHHBIH CyXOH ce30H roaa orcyrcTByeT. CpejHerofoBasi TeMmepa-
TVpa BO3/yXa B 3aBHCHMOCTH OT BBICOTHl MECTHOCTH H3MEHSIETCH B Mpe-
senax 20—27°C. Ilpeo6a1asaioT OCHOBHBIE H YJILTPAOCHOBHBIE Marma-
THYECKHE MOPOAbI (CepreHTHHHTHI, MEePHAOTHTH, 6a3aJbThl, aH/IE3HTH).
Kpome Toro, pa3BuThl IVIHHHCTBIE CJAHIB H PeKe Kapﬁoua'm.

Ilo naunpim I'. Benunrepa (Weninger, 1968) u f. §I. Tpeckaca
(Trescases, 1969), pasBuTbie 34eCh BOJABI ABJAIOTCA HEHTPANbHBIMH 1
cna60ome10YHBIMH, peKe C1a60KHCALIME THAPOKaPOGOHATHEIMH MarHHe-
BHIMH C IOBBLIIEHHBIM cofeprKaHueM KpeMHHs. CyllecTBEHHBIX pasJii-
4Hil B COCTAaBe BOJ B pasHble Ce30HH roja He nabaofaercs (rabu. 21).
Munepaaunsaius Boa He6osbinas (Menee 100 mr/a).

Ceaepabm Brernawm. Ilo sakmouennio B. M. ®pugnanga
(1964), KoTophlii MPOBOAMI 31eCh OGUIHPHBIE MOUYBEHHO-TEOXHMHYECKIE
Hecge10BaHus, rpyHTOBHE BoAbl CeBepHoro BreThama sipasiiorest MaJo-
MHHEpaJH30BaHHBIMH ¢ cymMMoii cojelt 100—300 mrja u 6GMH3KHMH K
HelTpaJbHHIM, 10 HOHHOMY COCTaBYy MOAABJsiiONlee HX GOJbUIHHCTBO
SIBAAETCA THAPOKAPOOHATHHEIM KaJbliHeBo-MaruueBuiM. B. M. @pui-
aaua obpauiaer BHHMaHHE HA OTHOCHTEJNBHO HHM3KHe KOHIEHTPalHH B
HHX KpPeMHHs, KaK NpaBHJo, He npeswimaiomue 20 Mr/i1, uro 3Hauu-
TeJbHO HiKe, YeM 3TO NPUHATO CYHTATH JJIA TPOMHUECKHX YCJIOBHIl.
IIpu cmene TuHna BOAOBMELIAINIHX MOPOJA COCTAB BOL M MHHEpaJu3a-
IHsT X M3MEHAIOTCA He3HauuTesqbHo. Tak, cyMMa cogeft B Bojax rpa-
HATOB M MeTaMop(duyecKHx caaHleB H3MeHsiercst or 35 no 440 mr/n,
CpelHuX M OCHOBHBIX MopoX — oT 40 mo 395 Mr/a, a B a/JIOBHAJIBLHBIX
orioxkeHusix — ot 50 mo 220 mr/a. Anajoruunble JaHHbIE NPHBOAATCS
u B pa6ore Hryen Txuonr Xynra (1958).

FaBailickue ocrpoBa. leoxumus noxsemunix Boa [aBaiickux
OCTPOBOB TNpeJcTaB/AeT OcoOHii HHTEPeC B TOM OTHOLIeHHH, 4To Oa-
34JIbTOBble BYJKAHHYECKHe H3JIHAHHA, C/laraloimHe 3TH OCTPOBa ABJIA-
IOTCSl MOJIOJABIMH 06pa30BaHHAMH. TaK Ha o. Kayau, rze C. X. Ilar-
tepcor u K. E. PoGeprcon (Patterson and Robertson, 1961) Hayqa-
JH COCTaB TPYHTOBBIX BOJ, pasBHTH GasaapToBhie cepurt Kosoa, umero-
uie Bo3pact 10 TeIC. JieT W MOABEpTIIHEcS TeM He MeHee BHIBETPHBA-
HHIO ¢ 06pa3oBaHHEM JAaTEPHTHOH KOPHl MoImHocTeio A0 30 M.

[Ipupoansie ycioBus, MOUYBL U THNB KOp BuiBerpuBanus [asail-
CKHX OCTpPOBOB onHcaunl noapo6Ho M. Baneron (1974), nosromy or-
METHM JIHlb, YTO KOJHYECTBO oc.am(oa MeHsAeTcs 3/1eCh O4Y€Hb Pe3Ko
or 550 MM Ha ioro-zananuoM Gepery o. Kayan n 2250 mm na cepepHoM
Gepery 10 11240 mum B rox Ha BepmnHe ropsl Baitaaut. Cpexuss  ro-
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TaG6auuma 2l
Xumuuecku#t cocras Boa Hosoit Kanenonun

» Cyxoil ceaon Mantift cyxoft | Bramuun ceson
AR cesoH
HHLB g Cpea- Armocdep-
-|-mame- b2 Hee o:{:}:‘:m
peany MHH. MaKc. MHH. MAakKc. MHH. MaKc.
— 6.7 8,1 6,6 BT .0 8 015 1 —
mrfa | 15,0 | 90,0 | 15,0 [100 15,0 |105 °| 60,5 12,2
Al 6,0 9.8 6,0 8,8 5,8 8,6 | 83 4,3
5 2,0 | 14,0 7 1,16z ] Loar] 14,0 1T 8 0.0
X 3,0 3.6 2.8 3,6 3,0 3.6 3,2 1.8
£ 0,5 1.351:00:6 2,0 0,9 iy 1,4 0,5
A OL12i 22001 210120 5 LT BIE Dl T 2 e 018 ] 0,15 0,27
. 5,3 | 18,5 4.1 14,1 4.1 iyl O i 0,6
4 31,9 | 13,7 | 30,3 |144 30,3 (149 93,0 19,7
mir/a| 100 150 80 100 — — | 100 -
et 25 50 25 50 —- — 33 —
d 5,0 | 10 6,0 9,0 — - 6,7 —
% Voo 2050 3,0 | 16,0 - — 6,1 —
* 3.0 8,0 3.5 7.5 — =46 15,6 —
‘ — I'<5.0 RSN =) — SRR [l i —
5 2,0 8.0 1.5 8,0 — —- 4,3 —
| <3,0 3,56 | <3,0 4,0 — — 3,0 —
. 2,0 4.0 2,0 3.5 — — 2,9 -
: 2,0 4.5 1,5 3,0 — — 2,6 —
¥ — I<1.5 — |l 5 — — | <15 —
. — =1L h e AR b — — <16 o
. 1.0 1,0 1,0 1,0 — — 1,0 —
= <0,5 18" 1<0:h 1,0 — - 0,5 —
2 <0,5 1.0 | <0.,56 1,0 — — |<0,5 —
N — | <0,5 — |<0,5 — -— | <08 —

loBasi TeMmepartypa Bo3ayXxa pasBHa 20—24°C, VYpoBeHb TPYHTOBHIX
BOJI CHJIBHO KoJie6JeTcsl B 3aBHCHMOCTH OT CYXOTo HJH BJaKHOTO ce-
30HOB roza.

~ XHMHYeCKHil COCTaB TPYHTOBHIX BOJ B Ipejlefax BhIBETPeJbx Oa-
3a/1bTOB, T. €. HAa YYaCTKaX aKTHBHOTO BOAOOOMEHA M KOPEHHBIX MOPOJ,
SBJSETCA NOBOJBHO pasauunniM (tabua. 22). B mepBoM ciyuae Boawl
SIBJISIIOTCST KHCJBIMH MaJOMHHEPaJH30BAHHLIMH, COLEpPKAT MaJjo KpeM-
HHSL ¥ BCeX JAPYIuX 3JeMeHTOB, T. €. HallOMHHAIOT BOJBI BJIAXKHBIX ca-
Banu (oM. Taba. 20). Bo Bropom cayuae pH Boj pe3ko Bo3apacraer, uTo
BJeyeT o0pas3oBaHHe TIOBHIIIEHHBIX KOHIEHTpauHui THIpoKapboHar-
‘HOHa, pa3sHoOOpa3HBIX KAaTHOHOB H KpeMHHs. F3MeHenue cocraBa BOJ
‘@BTOpaMH HCcJieJoBaHHil 00bACHSETCH TOJABKO Pa3viHYHOH HX CBASBIO C
'KOpEeHHLIMH MOPOAaMH, 0JHaKO Ge3yc/0BHO HaJ0 HMeTh B BHAY H (ak-
Op pas3inYHOH HMHTEHCHBHOCTH BOJ0OOMEHa, ONpeessioluil mocTyn-
JIeHHe YIJIeKHCJIOTH K KOHTAKTy B3aHMOJEHCTBHS BOILL € MOPOMLOIL.
- 1Or ®pannuuu. Ocobblii HHTEpeC NPEACTABAAIOT PE3yJAbTAThl
‘H3yuyeHHs TPYHTOBBIX Boj, nposeaedHoro M. Tapam (Tardy, 1969)
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Ta6bauna 22

XHMHYecKHit cocTaB rpyHTOBBIX BOJ ceBepHOH H BOCTOYHOM 4acTe#
0. Kayau (FaBalfickue o-Ba)

E BuBerpeane 6a3aabTh Cpexue 6a3aabTs
Komnonextst “unuuh; nperean Cpeanee q;‘er::;;
;3::; co'.:g;ﬁ:uﬁ SpEAREe cosgpmauuﬁ CpSAREe SCRxRN®
pH — 4,6—5,6 5,0 7,6—7.,8 7.7 o —
HCO;~ mrfa | 0,0—6,0 3,0 78—96 87 24,0 - -
& o ,, 9,1—1 13,5 30—34 32 18,1 2,43
SO,2- . 2,3—6.,5 3,6 5,237 21,1 7.9 -
NO;~ . 0,1—0,9 0,6 1,6—2,0 1,75 0.9 -
B> » 0,1--0,2 0,1 0,1—0,2 0,15| 0,12 0,002
POs~ 4 0,00—0,04 0,02] 0,16—0,43 0,30] 0,09 —
Nat ,. 6,3—11 8,1 21—30 25,5 12,4 —
Mgt Y 0,7—2,3 1,6 11—14 12,5 4.3 —
Cat - 0,4—1,0 0.8 12—14 13,0 3.8 —
K+ ! 0,0—-0,6 0,4 0,8—1,3 T, 0,6 —
NH, 2 0,01—0,03 0,02| 0,00—0,01 0,01 0,02 —
Si0, i 1,2—4,1 2.7 32—42 37 11,3 —
Cymma . 28—42 35 167—207 | 187 83,5 —
Mn MKE/J 70—540 |210 <10 — | 154 —
Al ., 10—120 50 30—60 45 50 —
B = 20—50 40 10—50 30 35 —
Fe - 10—180 40 <10 — 30 —
Br o - - - - — 13,3
I F 2—8 bl 1—2 1,5 4.0 4.9
Yucao aHanuzoB| — 6 2 8 86

* [lo nannwm P. Ilioca (Duce e. a., 1965).

B paiione A. Aubpanc (fenaprament ABepoH) Ha loro-zamaje LleHt-
paJjpHoro ®@paHLy3CKOr0 MacCHBA CHENHaJbHO B CBA3H ¢ mpobJeMoil
BLIBETPHBAHHSA TPAHUTOB, I'PAHUTO-THelicoB M MurMatHtoB. Kanmar
paiioHa cpeJH3eMHOMOPCKHH, OCaJKH BHINAAAIOT B TeyeHHe BCEro roxa
B JKHJKOM BHJe, HO 3uMoH Oouablre, yeM JetoMm. CpeaHeronoBsasi TeMm-
nepartypa Bo3ayxa 8,2°C; ocanku 1220 mwm, ucnapenne 550 MM, mo-
BEePXHOCTHBIH cTOK 70 MM u nHuaIbTpauus 610 MM, T. e. MOAYJIBL MOJ-
3eMHOro croka paseH 19,3 a/c-km2.

C noMoliblo CHCTEMBI JH3HMETPOB ObIJIM H3y4YeHbl BOALI Pa3IHYHBIX
NOYBEHHBIX TOPH3OHTOB B pas3Hble ce30Hbl roga. M3 nmpuBegeHHBIX AaH-
HBIX (Ta6a. 23) BHAHO, YTO B JIETHH{l MEPHOL B JH3HMETPHUECKHX BO-
Jlax BO3pacTaer KOHIEHTPAIHA KaJbllusd, KaJHs, MarHHS, THTaHa, Xpo-
Ma, BaHajus, JHTHS H Cyab(aT-HOHA, 4 B OCEHHHI — AJNIOMHHHS, MO-
aubjeHa, py6uausi, ctpoHunus u Gapus. OAHAKO B 1eJ0M TNPHHIHIH-
aJbHOTO H3MEHEHHsi cocTaBa BojJ He npoucXxoiur. CpaBHeHHe JaHHBIX
MO COCTABY BOJI OTAENLHEIX MOYBEHHBIX TOPH30HTOB CBHAETENLCTBYET
06 oforallleHHH BOJ BepXHero ryMyCOBOTO TFOPH30HTAa KpeMHHEM, Ka-
JueM, KaJlbllueM, MarHHeM, -aJTiOMHHHEM, BaHajaneM u Meapio. Kon-
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TaGauma 23
XHMHYECKHI COCTAB NPHPOIHLIX BOA NMPOBHHUMH ABepon (®panuus)

g | ettt JIM3HMeTPHUECKHE BOALI TpynTOBSE BOLK

~ Kowmonents H3ue- ?:Ig- cpes- | murma-| rpa- | cpea-

penns | ocaakm| Becua feTo OCeHb | wee | tmrom | uuroB [ Hee
— — —_ — — — 53,9| 6,0 5,9
* mr/a | 0,25 8.4 9,0 0,55 6,91 6.9 &0 6,5
5 0,5 — — — — | <3.0|<3,0] <3,0
A 1,5 4,0 6,1 2,5 3.8V 12 12
y 025 1.9 bV | 2.8 250 LS ol o T 2,4
- 0,35 251 3.8 1,8 alr- 1201106 0,8
- 0,17 3,9 5.4 4.9 4.4] 0.6} 0.5 0,5
. 0,036 0,7 0,9 0,7 081 0.4 0:2 0,3
u 0,5 3,5 3.5 2.3 2.9 5,9 102 8,2

Mkrfa| — |215 113 491 322 25 21 23
5 — 9.8 1°22.6 7| 44,01 .30,31-10:0, " 7.7 8,8
b — T30 1120 1 Le3T00 {1 22 nls BT v 5,2
» — 3.9 5,9 2,6 3.8 3.2]. 3.0 3.1
» - 22 1118 2.4 204 1.1 .18 IiE
» — 78 78 68 73 |0 Tl £ 1,5
3 — 13,7 T3 | 2054 | 15,6 1,61 1.4 1,6
" —- 13,5 | 13,4 3.6 8:81-0.9] 1D 1.2
| — 1, 2,4 | g /3 e ) B0 |12
¥ — 0,6 2.4 1.4 1,4|<1,0|1<1,0| <1,0
% - 2,2 3,1 3,0 2.8 010 1,0
, - 1,8 0,6 2,6 1,7 <1,0{ <1,0| <1,0
5 — — = = — |<1,0]<1,0| <1,0
» — 11 0,8 0,5 0,7/<0,3[<0,3| <0,3

Yucao ananuzos | — 20 17 17 32 66 77 9 (171

1EHTPALUH 3THX 3JIEMEHTOB B BOAAX HIMKENEXKAIIMX MOYBEHHBIX T'OpH-
 S0HTOB YMEHBINAIOTCH, YTO TOBOPHT O GOJBINOH PoJH GHOMOTHYECKOTO
KPyropopoTa B MHIPALMM 3THX 3/]eMEHTOB: PAaCTEeHHH, KOHHEHTPHPYH
' VKasaHHbie 3JeMeHTh Ha MOBEPXHOCTH INOYBLI, JAeJalT HX HaHGoJee
JOCTYMHBIMH I/ HHQUJILTPYIOIIHXCH aTMOC(EepPHBIX OCaJKOB.

XHMHYEeCKHH CcOCTaB TPYHTOBBIX BOJ, H3YYEHHBIX IO POAHHKAM B
pasaHuHble MepHOABI T0ja, TakKe mpuBeleH B Tada. 23. CpaBHeHHe
JaHHBIX MO COCTABY JH3HMMETPHYECKHX M TPYHTOBLIX BOJ MOKa3LIBAET,
' 4TO IPH Mepexojie OT NePBbIX KO BTOPHIM KOHUEHTPAUHS 3JeMeHTOB
‘B Bojgax aubo ocraercs noutH Ges maMeHenus (HATpHH, XpOM, JUTHIi),
JH00 pe3Ko yMeHblIaercsl (MapraHem, aJIOMHHHH, KaJbluH, pyOH-
. nuil, MeJp, THTaH u 1p.). Mckaouenne B3 3Toro nmpasHja cocTaBiser
- TOJIBKO KpeMHHI, KOHUEHTPAlHH KOTOPOro BO3PacTalT B TPYHTOBBHIX
BOZAX MO CPAaBHEHHIO C JH3HMETPHYECKHMH H CBH/IETEJIBCTBYIOT O MPO-
. JloJIKAaloleMesi pa3pylleHHH NOpoj BOAOH. YMeHblIeHHe KOHIEeHTpa-
IIHH 3JIeMEHTOB B TPYHTOBHIX BOAAX MO CPABHEHHIO C JH3UMETPHUECKH-
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MH ellle pa3 CBHAETeNbCTBYeT 0 60JblIokH PoaH GHOJOTHUECKOrO Kpyro-
BOPOTA 3JeMeHTOB KaK OCHOBHOro MoGmausyiomero arenta. Ocaxaato-
HIHecs HHIKe MTOYBEHHOTO OPH30HTA 3JIeMEeHThl CTAHOBATCH J0CTOSHHEM
HOBOTO OGHOJIOTHYECKOTO IHKJa, KOTOPBIH CHOBA MEpeBOJHT HX B MOI-
BHKHOE COCTOSIHHE, JOCTVIHOe /AJISi NepeHoca BOLAMH B HHXKeJexa-
mue ropusonTel. Tak, sBoJo-
I[H5i BHIHOCA 3/1EMEHTOB OIfpe-
aenasieTcs HHTEHCHBHOCTBIO
KPyroBeIX Tpolreccos, o0yc-
JIOBJIEHHBIX cOueTaHHeM Ouo-
JIOTHYECKOTO (MOABEM) H TH-
poJiorHyeckoro (omyckaHiue)
LHKJIOB.

M. Tapam mpociaemnusa H
NMOBEIeHHe 3JeMeHTOB B ca-
MHX TPYHTOBBLIX BOJAX NMPH HX
JIBHXKEHHH MO0 KOPEeHHHIM IIO-
popam, mokasas, 4TO 10 Mepe
NABHXXEHHS BOJABI OT obJacTu

5y R AN TR nuTanusg K 00JacTH pasrpys-
Na « 210 g 4 A2 KH Habnopaercss HeKOTOPBI
pPOCT COJAepIKAaHHH KpeMHHH,
HATPHSI, KAJHS, KaJIbIHA, Mar-
HHS, JKeJe3a, THTaHa, XpoMa H
yMEHbIlIeHHEe cojlepKaHui

" aJIOMHHHSI H Maprasia.
Haxkonen, nayueHse ce3oH-
HBIX KoJieGaHHH coOjep:KaHHH
F T e e Ay 3/1eMEHTOB B BOAAX NOKa3alo
T ODOTU WO I I 0 TAaKKe HX pasjiHyHOe NoBeje-
Hue (puc. 12). Tak, conepxa-

Puc. 12. HaMeHeHHe KOHUEHTPAuHil 31eMeHTOB B BO-

A4X POJAHHKA, ApeHHpylmero murmatutel na wore HHSA KPEMHHS, CTPOHIHS H

®panunn B Tevenue ropa (Tardy, 1969).
(LUlndpst v Touek comep:anus: aas SiOs;, Na un K, HAaTpHA BO3pacTalT mo Mepe

MT/J, OCTaAbHble — MKI/J, pacXofl, Ji/MHH) YMeHbIIEeHHsT neﬁma, aHaJo-
THYHO BeayT ceGAa KaJaui,
Meb, JUTHH H PpyOHAMH, HO MAKCHMYM HX COAEpKaHHIl NPUXOIUTCS He
Ha Jero, a Ha BecHy. OOpaTHas TeHJeHLMsI XapakTepHa mJs THTaHa,
XpoMa, aJIOMHHHS H Kejesa, IPH 3TOM MaKCHUMYM KOHUEHTpAaLHH mep-
BBIX JIBYX H3 HHX NPHUXOAHTCSA HA HAYaJo MOJAbeMa YPOBHS BOALI, 4 ABYX
nocJeiHHX — Ha ero cepeauny. HauGoapiinii BLIHOC aJIOMHHHS H XKe-
Je3a B NMepuoJi MOJOBOAbS MOATBEPIKAAETCS H H3YUEHHEM pacnpepene-
HHS 3/IeMEHTOB B NMPOTEKAIoIlel 31ech Xe HeGoabioi p. Canbepu. Taxk,
10 MEépe pocTa pacxojd PeKH COolep:KaHH# Kesjesa BospacraioT or 110
00 2460, a amoMmuHua ot 25 no 1375 MKr/a.

JletanbHoe H3y4yeHHe COOTHOIUIEHHS BHIHOCHMBIX DEKOil 3J1eMeHTOB
nossoauao M. Tapan cnpaseiiHBO 3aKJIOYHTH, YTO BO BpeMs TOJO-
BOIbS HCTOYHHKOM HaHMeHee T[OJABHIKHBIX 3/1eMEeHTOB SBJAAIOTCS
aMop(@HBe KOJJIOHJAHBIE THAPOOKHC/LI, BEIMBIBAeMBIE H3 TIOYB B BHIE
TOHKHX MeXaHHYECKHX B3Becei.
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" TloaBoasi uTOrH H3noxKeHHOMY, MoXKHO Beded 3a M. Tapau (Tardy,
969) 3aKaIOYHTB, YTO BHIHOC 3JIEMEHTOB NOA3EMHBIMH BOAAMH IIPH
BLIBCTPHBAHHK NOPOJ SBJACTCSH He DABHOMEPHBIM, a Auddepeniunpo-
BaHibIM. Tak, HaTpuil W KaabLuil BEIHOCATCA MOJNHOCTBIO Ge3 3ajep-
KeK, KaJuil, Marumil, KpeMHH{i H MapraHell 4YacTHYHO 3ajcpiKHBa-
JOTCS ¥, CBA3bIBaloTcsl rAAHHaMH. [Ipn 9TOM KpeMHHMIT Jyulle BLIHOCHTCS
JeTOM, 4eM B JpyrHe ce30Hbl. AJIIOMHHHI H KeJie30 MaJIONO/ABHIKHBI,
0 OHH NepeMellaloTcA YacTHYHO M3 MOYBEHHOTO TOPH30HTA B MOAMOY-
peHHET. HakananBalomuecs HX THAPOOKHCJB CTAHOBATCHA AOCTOSTHHEM
MEXaHHYECKOH 3PO3HH B NEPHOJ aKTHBHOTO BHIMaJeHHs aTMOC(hepHLIX
0CaJKOB. : ‘

. IOr Coenndennnx IlITaToB AMepHKH, TAe rocnoacTBy-
BJaXKHLIH CyOTpONMHYECKHH KAMMAT, BKJoYaeT mTaTthl CeBepHYO H
10xuyio Kapoanny, [xopaxusg, Anabamy, Mnccncmm Jlynsuany
u ap. Ciofa e HaMH OTHEeCeHH H JaHHBle no Boaam wTt. Puopuia,
KauMatr Gosbliell YacTH TEPPHTOPHH KOTOPOTO OTHOCHTCH K THOY TPO-
nuuecknx. CBejlleHuss IO COCTaBY IIOA3eMHLIX BOJ 3TOr0 OGLWIHPHOrO
pernona 3auMmcTBoBaHbl M3 pabGor P. Ckorra u @. Bapkepa
(Scotte and Barker, 1962), 1. E. Yaiita u gp. (White e. a., 1963),
M. V. Croyrcraga u K. A. Xoppa (Skougstad and Horr, 1963).
KosuuectBo ocafikop B 3TOH vacTH Amepnxaﬂcxoro persoxa
1000—2000 mm/ron. Cpenusis Temnepatypa mions 24—28°C, a suBaps
KoneGaeTcss B IIMpokMX npepenax: or +2°C B wrT. Anabama A0
+18° C na ore mr. ®aopuaa. Konuuectso ocaskoB npeBbilliaeT Hena-
perre. Cpexu nanamaToB npeobiagaior CyOTPONHUECKHE Jeca.
] reomopd)onoruqecxowx OTHOIIEHHH ONHCLIBAEMBIH' PErHoH Ipes-
aBasier co60ii OGIIHPHYIO NPHMOPCKYIO PAaBHHHY, MOKPHITYIO MOp-
MH H KOHTHHEHTAJbHEIMH OCAaJIKAMH Me3030HCKOTo H KaiiHO30HCKO-
BO3pacTa, KOTOpble CHeCEeHHl NPeHMYIIECTBEHHO H3 'OpOreHHYecKoil
30Hbl Annanauveil. BaxuefillHe BOJOHOCHBIE TOPH3OHTHI < 3a/JeraioT B
1eCYaHO-TPABHIHHBIX OTJOXKEHHAX, BOAOYMOPHI KOTOPHIX CJAOXKEHBI TVIH-
lamMn H MepreasMH. Pexe BcTpeualoTcsi JIeJHHKOBHE OTJIOXKEHHS.
loxcTunaionue nopoabl (H3BECTHAKH, NECUAHHKH, TIHHHCTBIE CJIAHIBI,
'PAHHTHI H THEHCH) TaKKe SIBJSIOTCH BOJLOHOCHBIMH. .

.~ XHMHYECKHH COCTaB NOJ3eMHBIX BOJ OTAeJbHBIX FOPH30HTOB NMpHBe-
deH B Taba. 24. AHalH3 3THX MaTepHaJoOB MOKAa3bIBaeT, 4YTO COCTaB
BOJL MaJIo 3aBHCHT OT BMENAIOIIHX NMOPOJA: MNPAKTHYECKH BCE BOAHI
SBAAIOTCA CJaGolLe/IOUHBIME, THIPOKAapOOHATHEIMH KaJblHEBO-Mar-
HHEBLIMH HJH KaJbllHeBO-HAaTPpHeBHIMH. Heckosbko NoOHMIKeHHAs HX
MHHEpaJ/H3alHs XapaKTepHa TOJbLKO AJf BOJ TPAHHTOB H KPHCTAJJIH-
YeCKHX CJaHLeB. DTO TOBOPHT O GOJLIIOM BJHSHHH Ha COCTaB BOJ He
CTOJIBKO BMELAIOUIHX TMOPOJ, XOTH poJb 3TOro (akropa B ompefe-
MEHUH KaTHOHHOTO COCTAaBa BOoA GecclopHa, CKOJBKC GHOKJIHMATH-
HECKHX M JaHAapTHEIX 0cCOOeHHOCTel perioHa.

Kaanudopuus 3anaanoe nobepexnve CILIA Takxke xapaxrepH-
yerca  cyGTponiyeckuM KJaumatoMm. KoauuecrBo BHINanamoumiux ar-
Moceprbix ocaakos Ha ceBepe Kaaudopunu cocrasaser 1000—
000 mm/roa, ymenbwasice K fory ao 500 mm/roa. Cpenusia  Temnepa-
'ypa mions pasHa 20—26°C, a susaps 8—14° C. OTHOocHTeNBHO He-
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TaGauua 24
Cpennnmii xumuueckuit cocrap rpyntoBbix Boj lOxubix wratos CUIA

Prixasie npH-
Gpesxno-mop- | Pa3noot- Caanum,
Komno- Exmuuunt | Masect- | oppe u xontu- | pasubie ApaL Fpanuti, | Cpeanee
HeHTH H3mepe- HAKH HeHTAAbHBE | MecYaHHxH JIHTH, refcs (92)
HHA (240* oﬁpaa*osamul 9 r:z:g;m (22)
(31) d

pH — s 7,5 743 6,9 g T2
HCO; Mr/a 183 159 200 131 69,5 148
(] i . 6,1 12,1 12,8 Vi 5,0 8,7
SOz 5 9,6 9,0 2.0 2.4 6,0 5,8
NO;~ % 4,6 1,567 1,73 1,0 1,95 <1
3 0,17 0,39 0,44 0,38 0,18 0,31
PO 4 0,09 0,74 0,08 0,03 0,07 0,2
Cat - 52,7 12,6 17,0 7.9 16,2 21,3
Na+ w 052 56,2 23,2 3.0 8,3 19,4
Mg+ A 14,2 2,6 2.4 2.4 2.6 4.8
K+ - 0,71 2,28 4.6 0,8 1,9 21
Si0, - 11,9 25,7 21,0 17,1 221 19, 6**
Cymma . 289 282 285 174 134 232
Fe MK/ a 136 220 222 232 115 185
Sr 4 — 171 — — 106 138
Al 2 108 163 100 56,0 60,0 129
Zn i 97.6 56,1 12 12 55 48,5
Mn ¥ 15 63 21,4 17,5 121 27,6
Cu . 26,1 6,0 22 6 12,2 14,5
U " 0,51 0,32 0,60 0,73 1,07 0,65
Ra 10712 r/n 0,46 0,39 0,84 0,25 0.4 0,47

* B ckoOKaX YHCAO0 AHAJIH3OB.
** [To C. H. Nesncy (Davis, 1964), cpeanee coxepxkaune Si0, B soxax wr. ®ropuia pasuo 15,0
no 132 anaanszam), a wr. Dxopaxus 28,0 mr/a (mo 137 anaausam).

60JIbIIOe KOJHYECTBO OCAJKOB NPH BLICOKOil CYXOCTH BO3jJyXa IIpH-
BOJHT K 3HAYHTEJNHHOMY HCNAPEHHIO OCAJKOB H YMEHBIIEHHIO BeJH-
YHHBEl CTOKA, 4TO, B CBOIO OYepe/b, CIOCOGCTBYET YBEAHUEHHIO IIeJ0U-
HOCTH ¥ O6IIeH MHHEpaJH3aluH MOJA3eMHEIX BOJ HE3aBHCHMO OT THMA
BMelaolux mopod (ra6u. 25). [ToBhLeHHbIE CcOHepKaHHs B BOAAX
xJ0pa H cyab(aT-HoHA CBHAETENbCTBYIOT O HaMHUMH 31eCh IepBhIX
CTaJWii NPOIECCOB KOHTHHEHTAJBLHOrO 3acoseHus. Bee aTto HakmanbiBa-
€T ompeJe]eHHHIl OTMeYaToOK B 11eJ0M Ha OOGJHK cOCTaBa INOA3EMHBIX
BOJ 3TOrO paifioHa. MMeHHO SABIEHHSIMH KOHTHHEHTAJBLHOTO 3aCOJIEHHS
OOBACHAIOTCA IOBLIILIEHHBIE COAEP:KAHHS B BOAAX TAKHX 3JIEMEHTOB,
Kak §Top, UMHK, HHKeJb, MBIUBAK, YpaH, Meab H Ap. (Scott, Barker,
1962, Silvey, 1967).

HManoeHHblil Bhille OGIIHPHBIH (PaKTHUECKHH MaTepHaJ MO COCTa-
BY NOA3eMHBIX BOJl BEPXHEN THAPOAHHAMHYECKOH 30HBl 3KBATOPHAJIBHO-
TO H TPOMHUECKOTO MosicoB 3eMJH 06061ieH B Taba. 26, B KOTOpOii BbI-
JleJleHsl BoABl ueTsipeX JanawadTHbix 3oH. [Ipu  cocraBiaenun 3toill
TaGJaHIIBI KPOME NMpHBELEHHHX Bbille AaHHBIX (cM. Tada. 13—25) wuc-
NOJbL30BAJAHCh TaKKe Marepuasasl no tepputopuu laifianw m WMugoue-
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Ta6auuma 25
Xumuueckuit coctas rpynatossix Boj Kaaudopuun

BoaosMmemaomue nopoas
EARHBILE 6asanabTel uersepTHIHbLE o6pazopanua
KommonenTu H3mepe- Cpexnnee
ik . | maxe. | PEAT |y MaKc. Thce.

H —- Tl 9 F e L] (i 8,8 7.9 8,0

CO;- Mr/a 39,0148 89,6 79,0| 347 153 122
S03" . 0,6]122 46,2 a2 D112 28,8 | 37.5
Cl- 5 Q,7]-.62 31,0 2.8 54,0| 13,6 |[22,3
NO;~ i 0,0 18 4.8 0,0 7,6 2,0 3,4
i . 0.0 - 4.0} 1,6 0,0 2,6 0,44 0,97
PO3~ A 0,0 0,4] 0,18 0,0 B8] 00050015
Na* . 3,8(129 59,0 11,0 85,01 32,8 | 45,9
Cazt : 1,6 26,0| 10,2 3,1 90,0 | 24,2 | 17,2
Mg:+ _ 0.1 13'0| 8.6 0,1| 340/ 11,1 [ 9.8
K+ . 03| 66| 2,0 0,8 16,0 3,6 2,8
SiO, x 31,01 77 0] 56,0 18,0 96,0 | 48 52,0*
Cymma c 87,0414 (309 178 504 318 313
Sr MKT/J1 — — — | <100 150 100 100
Al & 100 |700 |133 <100 200 58,0 | 95,9
Fe - <10 |710 |[138 <10 200 45,0 | 91,5
Mn = = — — <0,6 80 67,0 | 67,0%%
Zn » <10 |160 67 <10 50 25 46
B * <10 (420 (71 <10 30 10 40,5
Ni » = — — <0,3|>100 - 1 Dy
Cu 1 <5 | 20 10 <5,0 70 13 8.qre
Ge » = == — <0,3| 50 = 4,3**
Ga " -t — — — 13,0 — |<2,8**
Mo n = = = <0,1 50 — i
As » 2 L0 2,0 <130 8,0 2,0 2,0
U . <O0LL | 0.7 0.1 <0%l 6,0 2.2 1,15
Cd " = — o e 20,0 —  |<0,7**
Ti . — - — 0,6 12,0 — Q67"
Co » = — —_ <0.6]" 22 — 0,31%*
Pb » — — — 0,6| 143 - 0,31**
Be K el b = e —  |<0,3*
Bi » — — S — 0,7 —  |<0,3%*
Ra [0°% rfa | <0, L] '0:2] 0,1 <0,1 0,3 0,1 0,1
Yucao,aHaiH30B 7 18 25

& wi Cpenanee coxepXaue SI0,, paccumrannoe C. H. Jlesucom (Davis, 1964) no 132 amanmsam nas
rpyHTOSKX BoA wWwT. KaXxudopuus cocrasuao 28,0 mria. =
#& [lo paunmm Y. Il Cuxseit (Silvey, 1967), cpeaHee u3 72 aHAa1H30B,

3uu (Bymmuckuii, 1971), o-BoB Mapmarackap u Kopcuka (Tardy,
1969), o-pa SImaiika (Hill and Ellington, 1961), Aprentuns (Mul-
lor e. a., 1973), Ky6ut (Byreanckui, ®opmens-Kopruna, 1973), Ba-
Tymckoro noGepexnbs Kaskasa (JIucuuuna, aaronesa, 1968) wu ap.
[Ipu 3TOM BO BHHMAaHHE NPHHHMAJHChL BOALI Ge3 TNPH3HAKOB KOHTH-
HEeHTAJbHOTO 3aCOJMeHHs H BJIHSHHS MOPCKHX PaccoJoB.
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CpeiHHii XHMHYECKHH COCTAB MOA3EMHBIX BOA MPOBHHUHK

Ta6anma 26

Tpo",,“f:;::ﬁen.q:g:aw Baakemie capijis TPONHYECKOr0, SKBATOPHANBLHOTO M CYOTPOMMYECKOrO KAHMATA
E ana#H b ;
RONIOATHEL "‘iff.‘,?e' yHea0 4neao Cyxue casatisl H cTenH Cybrponuueckne reca [IposuHuEs B uetOM
cpeanee aHanH30B cpeanee aHAMH30B
4 cpeaHee an‘;‘}:ﬁ:ﬁn cpeanee nuqnlf'ri;f'i%a cpeanee auqn‘jlﬁl:i%n
oH' " e 6.1 232 5.3 170
HCO," ME T 103 241 21.6 170
Cr- 3 6,0 241 8,95 170
SO.2- A 3,70 241 4,75 170 7.2 130 . 6,9 368 6,4 900
NO;~ : 1,65 9 3'?3 8 194 143 79,4 360 96,5 914
F- s - Fan o g 10,6 143 14,0 360 10,6 914
oo Ll e GO I
Ca+ : 19,1 241 2,82 170 0'24 46 067 164 042 218
Na* g 8,90 241 6,70 170 0,39 76 0,13 172 0,22 256
Mg+ . 8,20 241 1,42 170 0.09 46 i N 0,07 54
K+ 3 2,70 200 2,90 138 28,1 143 11,8 360 16,6 914
NH*+ 7 0,08 4 0,02 8 15,8 143 21,0 360 13,9 914
Si0, B S oAl o Hoa2dl 8,67 162 19.1 143 4,70 360 807 914
CymMa A 173 241 59,0 170 1.70 120 1.7 360 295 818
CO, (cB.) b 97,0 "1:8?: 44,8 -39 0,07 46 ot ey 2(1).86 58
Copt , 12,9 o a0 31,6 143 23,1 ‘ 914
Fe MK/ 546 | 241 60,8 7 318 143 173 360 181 914
Al 7 526 47 "1)3 A }gg e & o = sg, (1)6 44
Sr: ’ — s +19;3 1.0 23 1 ¢ 248
Mru . =5 5 359.(7) lﬁg 362 130 185 : ggg ggg 909
B e 5 — ; 32.2 130 82, 707
Zn I L0 o, 29'9 32 302 61 82.0 335 54,4 519
IB y = = -1‘14.(7’ 153 52.6 107" %.g 393 gg. ; sgg
Ca f =3 % 240 155 5, o 47’2 164 376 198
Ni . — S 1.25 155 s 25 20,0 34 12 42
Ti : = — 2,35 155 9.0 30 5,2 171 7,80 356
Cr : — = 1.10 131 455 107 6,6 343 5,02 605
Li : - o 3.8 135 7.57 73 4.90 251 495 479
Rb’ i - — 5,3 153 3.95 61 38 251 330 167
< LT B R iR S
As A = = et === : . A
Mo 3 — o LG, s des 1,75 61 1,5 171 2,20 355
v : — — 2,25 1°1123 2.5 44 gg 2?3 <§.gg 4;3
Co i == == = Tk e - — i :
U ; — by o L=y 1,40 61 1.6 243 1,55 459
Ag : - e ol R e = 32 0,5 61 1,0 179 1,35 363
Ra 102 r/a s — — — 1.0 44 é ,3 ?g}l <(1} ; éo ?gﬁi
s S o s 0.19 32
i 3 o o 0,29 164 <0.29 164
C87 Cl9S4. . C50 €136 S 14!
Popmyra Kypaosa £ Moy Ca 37 Mg 3t Na 19 M-_u"ﬁ Na53 Ca 25 Mg 22
# S : C84 S8 CI8 C66 C120 S 14 M. .. _CT6 Cll4 s9
78 | Mo ¥z 73 Ca38 Na19 | Mo." Nad8 Ca31 Mgoi 0.13"Ca 39 Mg 32 Na29
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Ananna npuBeJeHHBIX B Ta0J. 26 JaHHBIX NOKa3blBaeT, YTO BOJH!
BhILIEIAYHBAHNSI 3KBATOPHAJBHOTO, TPOMHYECKOTO H CYyGTPOMHYECKOTo
MOSICOB B CPEIHEM SIBJSIOTCS CJAaGOKHCABIMH, YALTPANPECHBIMH, THAPO-
KapOOHATHBIMH KaJbIlHeBO-HaTPpHeBO-MarHneBeiMH. HanGosee mnpec-
HBble H KHCJIBI€ BOJbI PA3BHTHI B VCJOBHSAX BJaxKHOH CaBaHHBI, HaHOOIee
LIeJIOYHBle H MHHEepa/H30BaHHble — B YCJAOBHAX CYXOil CaBaHHBI H TPO-
nHYecKHX creneii. Boabl 3KBaTOpHAJBHBIX, TPOMHYECKHX H CyOTpONH-
YyeCcKHX JIECOB 3aHHMAIOT NPOMEXYTOUHOE MOJIOKEHHE.

XapakTepHoi 0COOEHHOCTbIO BOJ paccMaTpHBaeMOil NPOBHHIHK
SIBJITETCA OTHOCHTEJNBHO BHICOKOE cOJepXaHHe B HHX KpeMHe3ema,
cBOOONHOH YIJIEKHCJIOTH H HH3KOe — OpraHmHueckoro yraepopa. Iloc-
gequui ¢pakt Tpebyer HekoToporo moscHeHus. [IpHHATO cuHTaTh, 4TO
BOALI TPOTMHKOB KpaiiHe GOraThl OpraHHYecKHM BemectBoM. OpaHako
H3YYEeHHOCTb 3TOTO BONpOCa SIBHO HeJOCTAaTOYHA H HaM He YAaJdoch
HaliTH paboT, CHeNHAJbHO IOCBSILIEHHbIX THAPOTeOXHMHH OpPraHu-
uecKoro BelnecTBa. MckaioueHHe cocTas/sieT, MOXKadyH, TOJBKO He-
JaBHo nosBHBIIascs pabora JIx. A. Jlunxupa ¢  coaBropamu
(Leenheer e. a., 1974), B KOTOpOH H3yueHO CcoOJepiKaHHe HeJeTyuei
yacTH Copr B Bofax 27 mrato CIIIA, Bkaloyas HeKOTOpHIE IOXKHBIE
paiionbl ¢ TponuueckuM (®uaopuaa) m cybrponnyeckuM (Kaaudop-
nus, Ana6ama, Apkansac, Hpio-MeKkcHKO H 1p.) KIHMATOM.

[IpuBeneHuble B 37O paboTe AaHHble NOKa3bBAWT, YTO MAaKCH-
maapHOe copepmxanue Copr TONBKO B OAHOH mnpobGe H3 [AeBATH B
wrt. ®uopuna pocturaer 15 Mr/i, a cpeiaHee cOJepiKaHHE COCTABJSAET
3,12 Mr/a. Boasl Apyrux LITaTOB COAEPKAT ellle MeHpllle OpraHu-
yeckoro BellecTBa: Kaamdopuus B cpeasem 1,3; Aaabama 0,9; Ap-
kausac 1,2 Mr/a u 1. a. [losToMy moJyuyeHHBIe HAMH 10 Ge3yc/J0BHO
HEJIOCTATOYHOMY UYHCJY aHAJH30B CPEAHHE COjepXKaHus, BHAHMO, Bce
JKe TMPaBHJIBHO OTPaXKaloT OONLyI0 3aKOHOMEDPHOCTh: HaHOOJbLIHE CO-
nepxanus Copr XapaKkTepHb! MUl BOA TPONHYECKHX M 3KBATOPHAJIbHBIX
JlecoB, HaHMeHbIIHe JJIS CYXHX caBaHH M cremeil (cuM. Taba. 26).

OTHOCHTENBHO BBICOKHE COJAEpPXKaHHS B BOJAX paccMaTpHBAaeMOi
NPOBUHIIMH KPeMHe3eMa H YIJIEKHCJIOTo rasa OODbACHAIOTCA BBICOKOIL
CTeNneHbl0 MHHEpPAaJH3alHH OPraHHYecKOoro BellecTBa H JATEPHTH3ALHM
ropubix nopoi. C mociefHHM OGCTOATENBCTBOM CBSI3aHO M NOBbIIEH-
HOe 3HaueHHe OTHOIIEHHs KaJus K HaTpHIO, ocobeHHO B BOJAaxX BJaXK-
HBIX CABAaHH, CBHIETENbCTBYIOIEE O BLICOKOH MHIPalHOHHOH cmocob-
HOCTH KaJiusi B 3THX ycaoBHsX. [Ipu yBeqH4YeHHH COJIEHOCTH BOABI Be-
amunHa K/Na pesko maaaer (puc. 13). Jlateputusauus nopoa obyc-
J1aBJMBAaeT aKTHBHBI BHIHOC H MHOTHX JADYTHX 3JIEMEHTOB.

[Ipn paccMOTpeHHH 3aKOHOMepHOCTeH H3MeHeHHsi oOllel MHHepa-
JH3alHH TOA3eMHBIX BOX B NMPOCTPAHCTBE BBIABJAETCS NpeMkKIe BCero
ee CBfi3b C MHTEHCHBHOCTBIO BOJ0OOOMEHAa: u4eM MeHbille BOJA0OOMeEH,
TeM OoJbllIe COJEHOCTh BOJABL. IJTa 3aKOHOMEPHOCTh XOpOLIO THpocie-
JKuBaeTcs Ha teppuropuu 3anaaHoi Adpuku, Ky6bl, 10KHBX PaHOHOB
CIIA u 1. 1. Tak, B npefejax yqbTpaocHoBHEX nopoj KyGsl, no nan-
HeiM [0, 1O, Byreasckoro (1975), mo mepe CHHXKEHHS HHTEHCHBHOCTH
poJ0OOMeHa COepIKaHHs MarHHS H KpeMHe3eMa B BOJAaX Pe3KO BO3pa-
crajor (ta6a. 27). Dra Ke 3aKOHOMEPHOCTb MPOCJAEKHBACTCH B Mpe-
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aenax sceil paccmartpuBaemoi npoBuHUHK (puc. 14). Xota crporoii
00paTHO NPONOPIHOHANBHON 3aBHCHMOCTH MEXK/Y paccMaTpHBAEMBIMH
napaMeTrpaMH Her (Tak Kak COCTaB BOJ ONpPeAeNsieTcs He TOABKO HH-
TEHCHBHOCTBIO BOJ00OMeHa), HO O0Llas TeHIEHIHS TPOABISETCH YETKO.

Jlio6onpTHO, YTO BeHYHHA MHHEpaJH3alHH 10J3eMHBIX BOJ KOHT-
poaupyercs Takxe u 3HaueHnem pH. Ilpu 31OM comeHocTs sABJAsieTcs

KINaH'
10
1%
08} o Df slor
521
E <
a6 = s el
S5t d:
B .\
04 S nE N
8 \ *f
Pkl
5 \
4z € st
s SNl
— r§ ! L I ""—...__.'_.‘
a 100 200 300 400 g ar a4z a3 a4 ml'
Codepweariwe  HCO3, Mr/n Muyas musepamsauus, rin i

‘Puc. 13. H3MeHeHHe BeJHYHHBI K/Na B Boaax ¢ pOCTOM KOHUEHTPAUHH FHAPOKAPOOHAT-HOHA.
| — Boabl TPAHHTOB H rpaHHTO-THeficoB; 2 — Boasl MOPOA OCHOBHOrO COCTaBa

Puc. 14, 3aBucuMocTh 00umieli MHHEPANH3ANHH BOJABI OT HHTEHCHBHOCTH BOJOOGMeHa.

| — Tputiess; 2 —jor ®panunuu; 3 — paflon Kopxoro; 4 — o-8 Manarackap; 5 — Beper CaonoBsoil
Koctu; 6 — Benut; 7 — Cesepunift BoerHam; § — @nopuia; 9 — Cemepnan Hurepus; 10 — Ceneran

Hanboablel He B cJAa00KHCJABIX BOAAaxX, KaK 3TO MOXKHO OBJA0 OB
NpeanoI0KHUTh, HCXOJA N3 0GLINX MOJOKeHHH 00 arpecCHBHOCTH BOJLbI,
a Hao6oporT, B c1abolleJouHbIX, T. €. 0011as MHHepaJH3anua Noj3eM-
HBIX BOA pacTeT ¢ poctoMm BeauunHsl ux pH. (pue. 15). Baxuo mox-
YEPKHYTb, YTO 3Ta 3aKOHOMEPHOCTb BbIJEpPHHBAETCH IJsS BOJ He3aBH-
CHMO OT THNA BMeINAlOMHX NMopoi. PaHropulii Koag@HUHEHT Koppe-
JSIMH MeXKJy paccMaTpHBaeMbiMM BeanuynHamu cocraBager 0,80 npm
JIOMyCTHMOM YPOBHe 3HauHMocCTH, paBHOM 0,52.

Hrak, paiionpl ¢ aKTHBHBIM BOZOOOMEHOM XapakTepH3VIOTCA HaH-
bosnee nu3kuMu BelwunHaMu pH Box u wmunepaansauuu. [lo wmepe
VMEHblIeHHsT HHTEHCHBHOCTH BoJoo6GMeHa 06a yKa3aHHBIX INOKa3aTeJst
Bo3pacTaioT. BajKHO MOAYepKHYThb, YTO POCT CYMMBI coJiefi B BoJax
BHIIIETAYHBAHHST OOYCJOBJIEH NpexJe BCEro PesKHM YBeJH4YeHHEeM COo-
Jlep:KaHHdg THAPOKapOOHAT-HOHA M CBS3AHHOTO C 3THM 3KBHBAJIEHT-
HOTO KOJIHUecTBa KaTuHOHOB. IIpu 3TOM cocTas KaTHOHOB (HO He HX
KOJIMYECTBEHHBIE COAEpPIKaHHs) BO MHOTOM ONpeieqseTcs THIIOM BOMO-
BMELIAIOUIHX MOPOJX. .

Pocr BeanundHsl pH Bojx compoBoxaaercss W pe3kum (ocoGeHHO B
untepsate pH or 50 no 7,0) yBenHuenHeM KOHIEHTpPallMH B  BOJAE
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f Ta6anuma 27

XapakTepuCTHKA BLIHOCA KPEMHE3eMa H MATHMS
B Pa3jHYHBIX THAPOreoJorndeckux sonax Ky6wi

Cpeanemenn- Moasemuniii Buimoc moa-
aHHOE coaep- HOHHBIA JeMHBIMH
Moayas | anpe B nonr;x. CTOK, BOLAMH,
g : HOREMS ME/a r/c-Km? T/rox-KM?
I'HAPOre0AOTHUECKIHE JOHB Horo
cTOKa,
aje-kM? y
Mg** | sio, | mg*t | sio, | mg*t | sio,
3arpyasenHoro Bojaoo6GMeHa 0,44 | 73 80 10,032(0,035( 1,01 1,11

Boxoo6mena cpejHeil HHTEHCHB- 14:47 33 48 10,477]0,694|15,04 21:88
HOCTH
WurencuBaoro Boroob6MeHa | i 10 16 |0,172(0,274| 5,41| 8,65
Becbma uHTEHCHBHOrO BOxo06-| 28,73 8 12 10,229|0,344| 7,241 10,86
MeHa

KpemHeseMa (puc. 16), coaep:KaHHA KOTOPOro NMpaKTHYECKH He 3a-
BHCAT OT THHA BOJOBMeEIUAIOUIHX IOPOA. [‘ICKJIIO‘IEHHE COCTaBJSAIOT
‘TOJILKO KapOOHATHBIE NMOPOABI, BOJAB KOTOPHLIX NMPH OTHOCHTEJHLHO BBI-
cOKHx 3HayeHusax pH cozepmxar 10Bo/bHO HH3KHE KOHueHTpauuu SiO,.
Ilosromy na puc. 16 BOABI 3TOr0 THNA NOPOJA BbIJAEJEHB OCOGBLIM
3HAKOM.

HanoxenHoe Bhillie MO3BOJIAET 3aKJAIOUHTh, YTO MO MEpe yMeHblie-
HHUSI MHTEHCHBHOCTH BoAoOOMeHa, a CJel0BATeJNbHO, H YBeJIHYeHHH
BPEMEHH COINPHKOCHOBEHHS BOALI C TOPHBIMH MOPOAAMH MPOHCXOAHT
nocTenenHoe KOHIEHTPHPOBAHHE B PACTBOPE XHMHYECKHX 3JEMEHTOB,
HO He BCeX, a TOJbKO MOABHKHHX B KOHKDETHBIX I€GXHMHYECKHX yc-
noBusix. IIpu 3TOM pocT MHHepa/lH3aUHH BOJABI COMNPOBOXK/JAeTcs yBe-
JndenneM ee wesouHocTH. CiefoBaTesbHO, IIEA0YHOCTE NPHPOAHOTO
pacTBopa MpH NPOYHX PaBHBIX YCJAOBHfAX YKasblBaeT Ha MNPOJ0JIKH-
TeJbHOCTh B3aUMOAEHCTBHA BOJABI C TOPHBIMH MOPOJAAaMH: YeM AOJblIe
3T0 B3auMoJelicTBHe, TeM GoJiee MeJOYHBIM H MHHEPaJH30BAHHBLIM $B-
JISIeTCS PACTBOP.

B 3akalouenue paccMOTPHM, H3 KaKHX COCTaBJSAIOIIHX CKJAaJbiBa-
©TCA MOAYJb NMOJA3€MHOTO XHMHYECKOTrO CTOKa B PasJHYHBIX JaHI-
MmadTHEX 30HAX, YTO MO3BOJHT BBIICHHTL OCHOBHbIE MCTOYHHKH XH-
MHYECKHX 3JeMeHTOB B BoAax. IIpu pacuere OTZeJbHBIX COCTaBJSIO-
TIMHX CTOKA MBI OCHOBBIBAJIHCh HAa TeX K€ METOJAOJOTHUECKHX TMpHH-
IHnax, KoTopele HajoxeHns B ra. II, T. e. armocdepHas cocrasisio-
11as. PACCUYUTHIBANACL N0 JAaHHHIM coCTaBa aTMocdepHBIX O0CajiKoB
(cm. Ta6a. 13, 21—23), Guorennasi — no cofepxannio HCOs~ u Copr,
JIMTOTEHHASl — M0 COJAepKaHuI0 BeAyIIHX KaTHoHOB H SiO,. Cnenyer
TAKKe MOAYEPKHYThb, UTO MOCKOJLKY CpPeJHHe 3HaueHHs MOAYJA NOJI-
3eMHOTO CTOKA IJisi OT/e]bHBIX JaHAUIa(QTHEIX 30H HEH3BECTHB, pac-
YeTs NPOBOAMINCH AJs OTJAeJbHBIX PETrHOHOB HJH PaiOHOB C H3BECT-
HBIMM TlapameTpaMu ctoka (uanpumep, Teppuropuu Isunen). IToay-
YeHHBle 3HAUEHHsi /Jf OTJAeNbLHBIX PErHoHOB CYMMHPOBAJHChL H  OC-
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 PEAHSJIHCH € y4yeToM JaHAmadTHHX ocoGenHocted. B rtabGa. 28 npu-
BeJeHbl MI03TOMY OPHEHTHPOBOUYHBIE 3HAUEHHS MOAYJAsS M0/I3€MHOro
CTOKA, KOTOpLle XapaKTepH3YIOT JaHAmAa(THYIO 30HY He B IeIOM,
a TOJBKO OT/eJbHBEIE ee TePPHTOPHH, 1O KOTOPBIM NPOBOAMIHCH pac-
YEThI.

Puc. 15. 3aBACHMOCTE MeXAYy 3HaueHHeM
pH u ofmefi MuHepaaWsauHe#d noazem- PHI-
HBIX BOJ. 3

] — BOoAW OCHOBHBIX H YJABTPAOCHOBHBIX
nopoa; 2— BoAbl FPAaHHTOB H TPaHHTO-
raeficos; 3 — BOAB  0CAJOYHBIX . NOPOA
pa3sAHYHOrD THNA 80+ x

PHc. 16. 3aBHCHMOCTh CO/LEPKAHHA KpeM- | .

He3eMa B MOJA3eMHBIX BOAAX OT BEJH- x . ___o___.‘.--"-
yunsl pH. 70} 3 =
1 —moasl KapGoHaTHIX Nopoa; 2 — Boasl i AN x
GeckapboHaTHBIX NMopoA; 3 — cpelHHe Co- L ~° o

aepxauuss Si0; B BOJAaxX OTIENBHBIX pe- 7 L4

ruonoB. Llubps na rpaduge: [ — soF %
Ieunes; 2 —ior @pannus; 3 — Beper y
Caounosoft Koctn; 4 — lapafickue ocTpo- oo x
Ba; 5 — labon; 6 —o-B SImalfiga; 7 — L
Hosasn Kaaepouus: 8 —o-B Manara- 50
cKkap; 9— CepepHnifi Boetnawm; 10 — Ba- .

ar Ges od 04 a5

Tymckoe noGepexbe Kaskasa; I/ — Kop-
chka; 12— o CCI:.I'.IA; ISH—- paiton Odwan munepanusayus, rin
. KaabkyTThi; — CeBepras Hurepus;
15 — KyGa; 16 — Kanundopuna, 17 — Ce- El EZ EJ
j neran;, 18— Han

Ly i .

B 45 5 @&, B B 95 W W
Codepxcanue  Sily , mr/n 1

B L 3 R

A L . 1

Auanus agauHbix Ta0J. 28 NOKa3wBaeT Mpex/ae BCEro HCKJIOYH-
TeJbHO BBICOKHE 3Ha4€HHsi GHOTeHHOH COCTABJAMIOIIEH XHMHYECKOro
CTOKAa, AOCTHraolleli B YCIOBHAX BJIa)KHBIX caBaHH 176 T/rox-km2
ITpu 3TOoM mojaBisiomlasi 4acTh CTOKA NMPOHCXOAHT B (opMe HeXHCCO-
IIHHPOBAHHOM - YrOJILHOH KHCJIOTH. 3TO OGCTOSITENbCTBO HMeeT pe-
miampliee 3HaueHHe IJIsS NOHHMAaHHS NPHYMH (POPMHPOBAHHA B  3ITHX
VCJIOBHAX KHCJOrO H ¢JaBOKHCIOro Xapakrepa TNOA3EMHHIX BOJ,
a TaKie BBLICOKHX 3HaYeHHH MNaplUHAaJbHOTO JAaBJEHHS YTJAEKHCJIOTO
raza (ta6a. 29). Ilo Mepe cHHXKeHHs MHTEHCHBHOCTH BOZoOOMeEHa,
VBEJHUEHHS COJIEHOCTH: H IU@JOYHOCTH BOX poJb GHOTeHHOH cocTaB-
Jsiollell CTOKa HenpepbiBHO MajaeT M B 30HE CYXHX caBaHH H  TpoO-
nuYecKHx crenefi cocTaBJseT TOJAbKO 15 T/roa-km?.
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Tabauma 28

Xapaxrepncmna NoA3eMHOr0 XHMHYECKOro croka Jaujawadros
TPONMUYECKOTro nosica, ’l'/‘I'O,!Il\'KM2

Tponuueckue
Baaxuas M 3KBaTO- Cy6rpo- Cyxas
Cocrapasiouie cToka caBauHa pHAIbHBIE nHYecKHe | caBaHHa
Heca Aeca H cTemH
Buorennas® 176 112 30,5 15,1
B dopme:
HECO;~ 6,2 28,0 22.9 12,5
H,CO, 170 64,3 6,1 2,2
opr eI 19,8 1,5 0,4
JluTorenHas 10,0 15,2 12,7 6,4
To xe, r/c-kM? 0,317 0,484 0,405 0,204
IMonaemunit cTok, ajc-KM? 15—20 8§—10 6—8 1-3

*B nepecyeTe Ha OPraHHYecKoOe BEULECTBO.

IlpnBenennble (akTel CBHAETEJBLCTBYIOT, ¢ OAHOH  CTOPOHbLI, 00
HHTEHCHBHOM BBIJIeJIeHHH YIVIEKHCJIOrO ra3a KODHAMH pacTeHHIl,
a ¢ Apyroi,— 06 HCK/IIOYHTEJIbHO HHTEHCHBHOH MHHepalH3alHH Op-
TaHHYeCKHX BeIleCTB, MOCTOSHHO TMOMIePKHBAIOIINX BLICOKOE map-

Ta6banma 29

ﬂapuuanbuoe NaBJieHHE YTJEKHCA0ro rasa B MON3eMHBLIX BOAAX
NPOBHHUHH TPOIHYECKOro H CyGTDOHquCKOFO KaHumaTa

"'a"“‘;‘:,,‘*;“’" PeruoH nccieioBanuit pH HSS} : Pco, MNa
3ona Tponuuec- | beper Caounosoit KoctH 5,8 122 10%?
KHX JecoB labon 6,4 255 1040
Cepepubiii Boetnau 6,6 118 1039
O-p Manarackap 5,9 12:1 102
‘3oHa caBaHH Benuu 5,0 20,4 1043
' I'BuHes 5.4 31,4 10!
TaBaiickHe 0CTpoBa 517 24,0 1037
Kopxoro 5,6 10,9 10%5
Ceneran 7.4 341 1032
Cesepuas Hurepus 6,8 75,2 103!
Ky6a %2 202 103!
Hosass Kaxemonus 7.4 60,5 10%4
‘3oua cy6rponu- | IOr CLLIA 7.2 148 1030
yeckux Jaecos | FOr dpauunn 5,9 6,5 1029
Kopcuka 6,7 40,3 10%9
Kaaudopuus _- 8,0 122 1045
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LHaJbHOE JaBJIeHHE YIVIEKHCJOrO ra3a He TOJLKO B 30He aspaluy,
HO H B 30He TpyHTOBbIX BoA. OGpasyiouiuiica B 3THX YCJIOBHSIX  yriie-
KHC/blH ras GecnpepbiBHO MOCTYNaeT B NPH3EMHOH cJoit  BO3jyxa,
rie OH CHOBAa yyacTBYeT B OHOJNOTHYECKOM CHHTE3e OpraHHYecKHX
peutects. Mmeloress ykasanus, uto o 90% yraekucioro rasa, mo-
TpebAeMOro pacTeHHssMH, CHHTe3HPOBAHO B mouBe H Jumb 10% ero
nMeer atMmocepHoe npoucxoxaenue (Kospa, 1973, 1. I, c. 429).

Ecan 310 Tak, TO HampaumuBaercs BBIBOA O TOM, 4TO MOAABJSIO-
llasi yacCThb €XKerofAHOH MPOAYKIHH JKHBOIO BELIECTBA TPOIHYECKHX
obGnacreil MuHepaausyercsa. OcoGeHHO 3TO XapaKTepHO JJS  30HBI
CaBaHH, OTJIHYAIOLIeHCs HaJHUYHEM JIHTENBHOrO CYXOro H KapKoro
Ce30Ha, B TeyeHHe KOTOPOro TeMIepaTypa BepXHHX TOPH30HTOB MOPOJ
moxket pocrurate 70° C (IIsapues, 1973).

INoaTBep:KaeHHeM CJeNaHHOTO BBIBOAA SIBJSETCS TAKKE HCKIIOYH-
TeJIbHO HH3Kas TYMYCHOCTb coolmlecrBa a/iautHpix nous (Kosza,
1973; TI'nasoBckas, 1972, 1973), u3BecTHas chnelHaJHCTaM BBICOKas
CKOPOCTb pasjoKeHHs 3eJeHOro onaja, NpeBblAMOIAs TeMI pas-
JIOJKEHHsI- eT0 B JiecaX yMepeHHBIX WIHpoT B 5—7 pas (Maignien,
1958; Tlepennman, 1966; Ppuanana, 1964), oTcyTcTBHE NPH3HAKOB
3aTOop(hOBAaHHOCTH INOYB H, HAKOHEl, HH3KOe COJAepIKaHHE PacTBO-
PEHHOTO OPraHHYecKOro BelllecTBa B BOJaX.

XoTs cremneHb MHHEpPaJH3alUH OPTraHHYECKOro BellecTBa TOUHO He-
H3BECTHA, HO HCKJIOUHTEJbHAs POJb 3TOrO NpOIEcca He BHI3BIBAET
coMHenHsi. B 3oHe caBanH, BHAHMO, MHHEpaJH3yeTcs TNOJaBJsiollas
YacThb OPraHHYeCKOro BellecTBa, B 30HE BJaKHLIX JIECOB NPH JOMH-
HHPYIOLEH POJH TPOAYKTOB MHHEpaJH3alHH BO3PacTaeT poJb . Ipo-
1[eCCOB pacTBOPeHHs H TyMH(HKAalHH OpPraHHKH, a B oO6JacTax, Tae
Bofoo6MeH KpaiiHe 3aTpyaHeH (Tponuueckne 60J10Ta), BO3MOXKHO H
ToptoHakonenne. PasHoHanpaBjeHHOCTh NpeoGpa3oBaHHs OpTaHH-
YECKOTo BellecTBa B PasJHYHBIX 30HAX HMEET BaxHble TeOXHMHUECKHE
CJeICTBHS, oOnpeje/siollue, B YacTHOCTH, HalpaB/JeHHe Xapakrepa
BBIBETPHBAHHS FOPHBIX MOPO/L.

JInTOreHHasi COCTABJSIOIAA CTOKAa H3MEHSeTCH TaKxke B 3HAYH-
TeJLHBIX TpeJesax, HO ee 3aBHCHMOCTb OT BEAHYHHBI MOJYJS IOJ-
3eMHOro CTOKa HOCHT GoJiee CJIOXKHBI XapaKTep: Mo Mepe yMeHblle-
HHA HHTEHCHBHOCTH BoJooOMeHa ee 3HAuYeHHd BHayajJe BO3pacTaloT,
a 3areM najnaioT. MakcHMaJbHBIH BHIHOC 3JIEMEHTOB XapaKTepeH MJs
30HB! BJAMKHBIX JECOB, MHHHMAJbHBI — /I 30HBI CYXHX CaBaHH H
Tponuyeckux cremeii. CiefoBaTenpHO, YMeHbHIeHHe BojooOMeHa,
VBEJIHUHBAsi BPEMS CONPHKOCHOBEHHS BOJABI C TOPOJOH, NPHBOAHT K
foJiee AaKTHBHOMY paspylleHHIO TOPHLIX MOPOJA, HO TOJLKO B Ompele-
JeHHOM HHTEpEaJji¢ COJI€HOCTH, TaK KaK VBeJIHUeHHE nocaenHei YMEHb-
1IaeT aKTHBHOCTb BOJABI H 3TO NPHBOAHT K 3aMelJeHHIO MpPOIeccoB
paspyimeHusi mopoasl. Huaue rosopst nmpH aKTHBHOM  BojooOMeHe
BBIHOC XHMHYECKHX 3JIeMEHTOB fBJseTcs HeGOJbIIMM 110 TOH NpHYHHE,
uTo BOJA He YCHEeBAeT pearipoBaTh C TOPHLIMH INOPOAaMH, a TPH
MaJjioM. BoJoOOMeHe, TIOTOMY 4TO OLLYIIaeTcsi HeJOCTATOK BoAbl. AHa-
JoruuHas 3asucHMocTh oTMmeueHa u 1O. 10. Byreawckum aas KyGwi
(cm. Taba. 27).
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[JIABA 1V

FEOXUMHSA NOA3EMHBIX BOJA NPOBHHUHH
YMEPEHHOTO BJIAJKHOTO KJIHMATA

30Ha YMEpeHHOro BJAXKHOTO KJHMAara OXBaThiBaer OGUIHPHbIE
mpocrpaHcTBa GopeansHoro (moutH Bcs EBpona, 6oabias  yacTh
CepepHo#i AMepukH M A3HH) H YacTHYHO I0XKHOTO (ABCTpaNuf, 0K-
Hbie paiionsl Adpuku u MOxnoii AMepnku) noscoB. PasHooGpasHbr
NPHPOAHBIE YCJIOBHS 3TOH OOLIMPHOIl 30HB, KOTOpas OXBAThIBAET
TaeKHble, JIECOCTENHbIe, CTellHble W UIHPOKOJIHCTBEHHBE JaHAWAQTHL.
Iasi aToM NPOBHHUMH XapaKTepHO HAJAHYHE OTHOCHTEJBLHO BJIaXKHOTO
JeTa u CHeXXHOH 3uMmbl. IloceaHsss HCKAIOYaeT B TeueHHe KaKoH-TO
YacTH TOAa CYIIECTBOBaHHE JKHAKOTO MOBEPXHOCTHOTO CTOKA H COOT-
BETCTBEHHO CNOCOGCTBYET ero YBe/JHUYEHHIO B BeceHHee BpeMs, uTo
NPHBOAHT K OTHOCHTeJbHOMY INpeo6/aiaHHIO NOC/AeiHero Ham Moj-
semubiM. [lo kpaiineii Mepe 3TO IOCTAaTOYHO HaAEKHO VCTAHOBJIEHO
aas reppuropun CCCP (IToasemustit crox. .., 1966).

FeoxHMHS MOJA3EMHBIX BOJ 30HB YMEDPEHHOT® BJAXKHOTO KJIHMATA
HaMH H3yyaaach Ha fore Kpachosipckoro kpas (Kancko-Taceesckas
BNajJHHa) W yacTHuHo B paiioHe r. Tomcka. Kpome Toro, B paGote
HCIO/bL30BaHbl JlaHHble = OGWIHPHBIX . HCCACAOBAHME, TPOBOXHMBIX
ITpo6aemHoll rHApOreOXHMHYECKOH JaGopaTopHell 1o PYKOBOACTBOM
I1. A. Ynonosa u Kapeapoit rHAPOre0JOrHH H HHMKEeHEPHOI reoJIOrHH
ToMCKOro NMOJIHTEXHHUECKOTO HHCTHTyTa moj pykoeoacteom [. M. Po-
ropa Ha lore 3anazanoii Cubupn (KoawBaub-ToMmckas ckaaguaTas
30Ha, ‘Kysbacc), a TakkKe MHOrouHcjJeHHble ONyGJIHKOBaHHBIE JaH-
HbIE 110 APYTHM persHoHaM. .

§ 1. XHMHYECKHH COCTAB MOJA3EMHbLIX BOJ
MJIAT®OPMEHHBIX OBJIACTER HOI'A CHBHPH

KoamBanb-ToMcKass ckJgajguartass 3o0Ha. Bompocw
reoJIOrHH, THAPOre0JOTHH M TeOXHMHH MOJA3EMHBLIX BOJ 3TOTO PerHoHa
noapo6Ho paccMoTpensl B MoHorpadum II. A. Vaonosa c coaBropa-
MH ([uaporeoxummuueckue wuccaenoBauus..., 1971), mostomy ornpas-
JfiSl YHTATEJs K 3TOMY HCTOYHHKY, NPHBEIEM TOJbKO nHaubojee 06-
liHe CBeAeHHA 10 YKa3aHHBIM BonpocaM, HeoOXOiuMble AJs MOHH-
MaHHs HHTepPecylolnuX Hac Mpo6eM.

PaccmatpuBaeMblit perHoH B oporpauuyeckoM OTHOLIEHHH Mpe-
craBisieT co6oii BO3BHIIEHHYIO 3HAYNTEJIBHO MNeHeNNeHH3UPOBaHHYIO
paBHHHY cO cpemHHMH abcomotHbiMH oTmerKamu 200—250 m. Tu-
IHYeH PaBHHHHO-BCXOJMJIEHHLIH penabed W oOUIHiE TMOJOrHHE  YKJIOH
TEpPUTOPHH OT ropHbix MaccuBoB Kyasmweukoro Anaray u  Cananp-
ckoro kpama K 3anapno-Cubupckoii HusmensHoctu. Kaumar paiiona
Pe3Ko KOHTHHEHTAJbLHBI, CPEHerojoBasi TeMIeparypa H3MeHSIeTCs
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or —0,6°C (r. Tomck) g0 +1,0°C (r. Bapuaya). Koanuecrso ocaz-
koB 400—550 mm/roa. IIpH aBHXKeHHH C ceBepa Ha IO KONHYECTBO
GCaZIKOB HECKOJIbKO YMEeHbUIAeTCs H NPOHCXOAHT CMeHa JaHAadTHBIX
VCJAOBHH OT 30HBI HOKHOH Talird (Ha ceBepe) A0 THOHYHHIX JecocTe-
neii (Ha rore). B sToM ke HanpaBJeHHH NMPOHCXOAHT CMEHA CEPbIX
JIECHBIX OMNOJ30JEHHBIX ITI0YB BhIEJOYEHHbBIMH uYepHO3emaMH., Kosd-
(hHUHEHT CTOKAa peK H3MeHsieTcs B WIHPOKHX npexenax: or 10 go 65%,
yamle cocrapass 25—50%, moaynab momsemuHoro croka —ort 0,2 1o
9,6 a/c-KM% cpeaHee ero 3HaueHHe AJs 30HH Talirm 1,9 a/c-kM2, 30HbI
Jaecocrenefi 1,6 a/c-km?. Moaysnp NMOBePXHOCTHOTO CTOKA B CPelHEM
B TPH pasa GoJblue H paBeH 5,7 J/c-KM2,

Baxueiieit oco6eHHOCTBIO Te0JOTHYECKOTo crpoerus KoubiBaHb-
Tomckoii 30HBI siBJISIeTCS HAJHUYHE ABYX CTPYKTYPHBIX 3TaMeH: HHX-
Hero, CJOXEeHHOro Maje030HCKUMH 00pa3oBaHHAMH, CHJABHO ' IHCJIO-
LHPOBAHHBIMH B TO3JHErepUHHCKYI0 (a3y TeKToreHe3a, W BepXHero,
TIPe/ICTaB/IeHHOr0 PHIXABIMH, [PEHMYIIECTBEHHO I[eCyaHO-TJIHHHCTHI-
MH OcajiKaMH Me30-KaliHo30#icKoro Bo3pacra Momuocteio 0—40 M,
pexe g0 100 m. Cpean mopox cpejaHe- H BepXHeUeTBEPTHYHOrO BO3-
pacta Ha BOJOpAa3/eJbHBIX YYacTKaxX JAOCTATOYHO IIHPOKO PA3BUTHI
JECCOBUAHbIE KapOoHATHLIE CYNVIMHKH H TVIHHBI, NOJACTHIAEMbIE MENKO-
3epHHCTHIMH neckamu. Ha nosepxHocTd najeo3oiickHx o6pa3oBaHuii
ITHPOKO pacnpocTpaHeHa JpeBHSAS KOpa BBEIBETPHBAHUSI IpeHMY-
LECTBEHHO KaOJHHHT-THAPOCJIIOJAHCTOTO COCTaBa, pEXe BCTPEYaloTCs
GOKCHTOHOCHBIE T/IHHBL. BoO3pacT KOpE BHIBETPHBAHHA OLEHHBAETCH
Kak BepXHelOpCKHH — HHKHEeHeOreHOBLIH.

OTMedeHHOe BbIlEe JBYX3TaxHoe crpoeHHe KoabiBanbs-ToMcKoH
30HBI OMpeleJsieT pas3/jHYHA B YCJAOBHAX 3aJieTaHHS . H XapakTepe
JBHIKEHHS T0OJ3€MHBIX BOJA 3TOro of6mupHOro peruoHa. Boanl BepxHe-
ro CTPYKTYPHOTO 3TaKa OTHOCATCS K [OPOBO-IJIACTOBOMY  THITY,
a HHMKHEro — K TPelHHHOMY, 0OyCJOBJICHHOMY HAJHYHEM B BepXHeMH
YacTH KOPEHHBIX MOPOJ MOIIHOH 30HBEI TpellHHOBaTOCTH. B cooTBer-
CTBHH C JIHTOJOTHYECKHMH OCOOEHHOCTSIMH B Npeietax HHIKHEro
3Ta)Ka BBIAEJNSIIOTCA ‘CJeAVIONIHe BOJOHOCHBIE KOMILIEKCH: MecYaHo-
CIaHLEBLIX OTJIOXEHHI [1eBOHA H KapOOHa, H3BECTHAKOB [€BOHA H
kapbona, 3ddysnBHO-0caouHblX 00pa3oBaHHil [1eBOHA H IDAHHUTOB,
TPEANONOKHTENBHO, BEPXHENa e030HCKOro Bo3pacra.

XuMuueckHii COCTaB NMOJA3eMHBIX BOJ, NpeAcTasieHuuii B Taba. 30,
CBHIETENLCTBYET 006 HMX MOBHIIEHOH MHHepaJu3alHH B mpejenax
BCEeX BOJOHOCHBIX KOMILIeKcoB. B 30He Jecocreneii MHHEpaJH3alHs
5OJI, TAK JK€ KaK M HX IIeJOYHOCTh, sBJsieTcsi Goslee BLICOKOH, YeM B
3oHe Talirn. B TO e BpeMs cojep:KaHHA KaJbllMfg B BOJAax Jeco-
CTEMHOI 30HBEI MO CPABHEHHIO C 30HOI JIECOB HECKOJbKO YMEHbLIAIOTCH.
Takoe 3amenseHHe pocTa KaJ/blUHS B pacTBOpe HauHHAeTCH NMPHMEPHO
npu MuHepaausauun 0,7 r/a.

OnHoBpeMeHHO ¢ poctoM pH npoHcXoAHT HEKOTOpPOe yMeHbLie-
HHe COAepKaHHH B BOAAaX IMHKA, MapraHua, Gapusi, CBHHLA, CYPbMb
1 tHrana. B npegenax JecoctenHoil 30HB HaGMIOAAIOTCA HauyaJbHbE
MPH3HAKH 3aCOJeHHsi BOJ, BhIpaxKalollHecs B HECKOJbKO IMOBBILIEH-
HBIX KOHIEHTPAUHAX cojieil XJopHAoB H cyabdaros. O6pamaior Ha
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Xumuueckuii cocra nopsemunix oA Koswanb-ToMcKoi cKAan4aTOR 30HbI

TatGauma 30

Borosmemalomue nopossl Cpenuee
KoMOoHeHTH E::zglé? nectaHo-rAHHHCTE e necuano-craduesse | sdpy:usno-ocanounsie | HIBECT- | rpapyry
HUs HAKH
Taira aecocTennb
Tafira JnecocTens Taira Jaecocrenh Tafira JecocTendb | JecocTenb | JecocTenb
pH — 7,21 7,28 7,23 s 7,15 7,24 7,68 7 16 7,20 7.61
HCO,~ \ Mr/a 452 607 478 541 475 542 . 368 475 468 807 =
cl- : 11,6 29,2 8,93 201 9,5 35,9 12,5 14,1 10 24,2
SO . 5,35 21,8 6,7 24,8 3,0 16,7 8,2 9,03 5,02 16,1
NO," : — = 0,03 0,11 0,02 0,17 0,07 — 0,03 0,12
Ca?t , 80,7 64,2 81,9 56,7 66,7 69,6 | 112 74,5 76,4 75,4
Nat % 34,2 61,3 34,7 50,8 43,1 48,4 19,6 41,1 37,3 44,3
Mg+ 28,4 427 31,1 50,7 38,0 57,2 2,15 35,4 32,5 37,8
& 3 3,93 7,44 4,15 4,68 Sab]! 5,39 — — 4,36 5,7
NH* - - — 0,18 0,52 0,22 0,72 0,45 0,47 0,2 0,53
Si0, - 1{,3 18,7 : 18,2 23,5 - 10,8 16,7 152 - 14,9 16,5
Cymua 3 639 861 670 790 658 | 800 530 651 | 648 727
CO, (cB) 2 26,8 19,8 19,2 10,2 19,3 16,6 11,1 18,6 21,8 15,3
Copr » 7,31 6,42 5,32 7.40 4,85 7,31 — — 5,83 7,04

Pest : 061 | o003| o581 o04i] o6 08| 02| 03| o6 0,42
Fet+ ; 075 | 10| o019| o008] 03| 02| oo | o003| o042]| o0z
Mn werfas | 85:1 | 301 - a9 | a0z | n 98 | 198 | 31 2 32,3
Zn : 388 | 21 19.5 | 16 47 14,2 7,31 | 85 31,8 | 28,9
Ba ; 6.6 515 | 14 8.27 | 1.6 742 | 4.15| 19.5 7.4 8,9
Ti ; 203 | 0,65 | 4.2 304 | 1.8 | 146| 121 292¢| 250 | 1.7
Cr p s8] ase.lc el res)oaabover]| el eml 2ir |- e
Cu : vl gl o doassl ioseoees | r |l issl e 18
Sb : sctssl= Fahd il bt ir e T e nm = 101 | 1,14
As ; - - s T 20| 0w — % 111
Pb : 112 | o044 | 32¢4| o097| 10| 07| 02| 1,20 18| 07
Ni : 112 | 0.4 0 Rl T i e 104 | 08| 09| o067 09
v : L R SR 15} 03 | o8 | 02| 018] 09| 0,65
Co . - 1 = 0.58 | — 1.0 B 0.9 |- 0,62
Ag A 0221 n@f-emlbom] i~ 0.5 021 | 02| o4 0,28
Mo : 0,1 0,2 h o ol em| = = 014 | 0,21
7t ; 25, o 3 Gosde o0 e @08 Eioen | = 012 | o0.16
Sn 3 022 | 016 0.1 T e 7 0,1 e 0.16 | 0,14
Uucao aHajaH30B - 51 63 264 1084 434 502 49 21 749 1719
&




cebsi BHUMaHHE TaKkKe OTHOCHTEJIBHO BBLICOKHE COJepiKaHufA B BOJax

HeJqesa, BKIOYAS 3aKHCHYIO ero Gopmy, 4To 00bscHAETCS HaJHYHEM

SHAYHTEJLHBIX KOJHYECTB OPraHAYeCcKOro BellecTBa B PacTBOPEHHOM
thopwme.

JII06ONILITHO MPOCJAEANTL XapaKTep H3MEHeHHsi KATHOHHOTO COCTa-

Ba BOA C pOCTOM HX MHHEPAJH3aUHH IPH OTCYTCTBHH HRPH3HAKOB

KOHTHHEHTAJbHOrO 3acogJeHust (puc. 17).

Anasnna pHcyHKa nokasniBaer, 4to B ¢J1a60-

3 HD; MuHepanH30BAHHBIX BOAAX (<300 mr/a1)
S b HaTpuii mpeobjafaer Haj APYTHMH KaTHO-
s f Hamu. OfHaKo B JaJbHENIIEM POCT KOHIIeH-
=t Tpaluit HATPHS He TOJbKO IpeKpamniaercs,
el HO J@Ke HMEET TeHJACHUHI0O K CHHIKEHHIO,
S ok ., ITO TNPHBOAMT K Pe3KOMy NpeoOJafaHHIo B

i3 . a” pacrope Kaibuus. Poct comepxanuit Hat-
3 Wt Na ~ PHsl CTAaHOBHTCSI CHOBA 3HAUHTE/BHBIM TOJb-
g1 Mg™ ko npu MmuHepanuzanuu Gosee 600 mr/m,
gm Korja nabJiofaercs siBHas TeHJAEHIHS K 3a-
|4 LR MeJ/IeHHIO TeMTOB POCTa KaJIbIIug,

ot 3 w1709 Bonee neranbHo xapakrep H3MeHEHHS

Murepaniauus, r/n XHMHYECKOTO COCTaBa INPHPOAHBIX BOX C

Puc. 17. 3amucamocts xammommo- TVIYOHHOH B mpefiesiax ceBepHoit wactu Ko-
o eaae O homnanbTow  JIbiBaHb-TOMCKOM cknafyaToll 30HbI (Taex-
paaHsaumm Hbli manamadT) 6w1 usyven H. M. [sap-
nesoil B paitone g1. Cemuayxku (raba. 31).
Ananus TNIPHBEJACHHBIX AAHHBIX IMOKAa3bIBAET, YTO yie COCTaB BEPXOBO/-
KH, KOTOpasl 3a/leraerT Ha MOBEPXHOCTH ¢J1a0ONPOHUIIAEMbIX TOPHBIX MO-
PO/, PEe3KO OTIHYAETCH OT COCTaBa aTMOC(EpPHBIX OCAIKOB HE TOJBLKO
CYyMMOIi cosiefl, HO ¥ COlepXKaHHeM NMPAKTHYECKH BCEX 3JEeMEeHTOB H 0CO-
GeHHO KaJbLHs, MaTHHS, KPeMHHH, YIJIEKHCJOrO rasa, OpraHHYecKo-
TO yriepoja, MapraHua, 1HHkKa, OapHus, THTaHa, XpoMa, MeaH, HH-
Keas, BaHaaus. Onnako coLepKaHHsl OTAENbHBIX 3JeMEeHTOB NpH ITOM
He TOJIBKO He BO3PAacCTAalOT, HO Jae VMEeHbIIATCA (CBHHEN, cyppMa
" 1p.).

Eme Gosee cymecTBeHHBle M3MEHEHHS XapaKTepPHBl A TOYBeH-
HBIX BOJ, H3YUCHHHIX C TOMOIIbIO JIM3HMETPOB Ha Y4YacTKe Pa3BHTHSA
BhillesiouedHoro uepHosema. OcoGeHHO 3aMeTHBHL B 3TOM cCiydYae H3-
MEHeHHsl Coiep:KaHHH KaJHs, KpeMHHS, MeJH, MarHHs H KaJbIHA, T. €.
OHOTeHHbIX 3JeMeHTOB. IIpH momajaHWH BOJA B pHIXJLIE OTJOXKEHHS,
a 3aTeM B KOpeHHBle TNOPOALI, NPeACTABJEHHBIE TIVIWHHCTHLIMH CJaH-
IaMH, COCTaB BOJ TNpoOJoJ:KaeT H3Mensitbes. IIpn 3Tom comeprkanus
KaJbliHsl, HATPHA, KPeMHHUs, Maprania, LHHKa, THTAHA HapAAy CoO
1[eJIOYHOCTBI0 PacTBOpa HEYKJOHHO Bo3pacraioT. HeoOuuHO BHICOKas
1eJIOYHOCTL JIH3HMETPHUECKHX BOJ OOBACHAETCA TeM, UTO Ha ydyact-
Ke, Te Obi/IH 3aJ103KeHbl JH3UMETPHI, MOUYBEHHBIH TOPH3OHT COMEPKHT
KOHKpenHun kKapGouartoB. [TosToMy B JH3HMeTpHYECKHX Boaax HabJio-
J1a10TCH NOBLIIEHHBIE COJePKAHHS KAJBIHA C MarHueM.

CaenoBaTenpHo, 0 Mepe YBeJHUEHHS BpeMeHH CONPHKOCHOBeHHS
BOJIBI C TOPHBIMH MOPOJIaMHE-AIX MHHepaJH3alis HeYKJIOHHO BO3pAcTaer.
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Ta6auna 31

HameHenne XHMHYECKOro cOCTaBA MOA3EMHBIX BOJ,
paiiona n. CeMHAyXKKH ¢ rayGuHO#H

[Moasemupie BoAB
Exmanuu At™oc- | Bepxopox- | JIH3HMeT-
KomnonenTtst H3Mepe- depunie ka pHueckue PHIXABIX KODCHHBIX
HHR OcCaakH BOAH OTJ0KEHHN nopox
pH , — 6,57 6,92 7,72 7,20 2,17
HCO,~ 1 M/ 17,1 73,7 246 242 308
CI- . 4,65 6,29 7.5 5,36 6,92
S0O2- 5 0,0 3.4 4,0 0,6 4,0
NO,~ ¥ — — — 0,0 0,0
Cat : 2.8 14.6 30 29'8 402
Nat . 2,84 4,62 5,0 13,8% 26,2*
Mg+ - 0,13 4,66 15 23,7 23,7
. s 2,4 2,50 8.0 X il
NH,* ; @ 1.46 % 0,35 0,15
SiO, . - 5,43 13,7 14,5 19,3
Cymma . 39,9 117 330 330 428
CO, (cB.) » 2,21 23,8 o 10,1 11,5
Copr - s 10,3 - 6,46 4,43
2 . 9,0 9,0 — 6,7 3,1
Fe3+ - — 0,18 0,2 0,0 0,07
Fel+ » — 0,0 0.0 0,0 0,0
Mn MKr/1 4,42 142 26 20,2 31,0
Zn 5 7,18 22,3 14,5 29.2 38,2
Ba : — 8,21 — 4.8 5,6
Ti & 2,42 412 20 22,9 30,2
Cr . 1,06 3,58 — 2,53 1,24
Cu » 0,22 2,34 7.0 1,84 1,99
Sb o 1,88 0,94 1.2 3,6 2.6
As 5 il & ! 2'5 2'3
Pb - 2,3 1,23 1,0 0,45 0,52
Ni . 0,33 4,22 — 1,53 2,11
V - — 0,95 - 0,74 0,46
Co : = 0.52 ALE 0,0 0.0
Ag 2 0,24 0,26 0,2 0,13 0,12
Uicno ananus3on — 6 10 3 28 21

* Cymma Nat4+-K+.

[Tpu 3ToM HauboJblIHEe H3MEHEHHS cOCTaBa BOJA HaOJOAAIOTCH B
nepBbie MOMEHTHl CONPHKOCHOBEHHS BOILI C OPraHHYeCKOd H MHHe-
pasbHOfi YacTAMH NOYB, HO H B MOANOYBEHHBIX TOPH3OHTAX 3TH H3-
MeHEeHHs TIPOA0JIKaloTCs.

Baxno o6paTHTh BHHMaHHE HAa TO, YTO COCTaB TMOA3EMHEIX BOJ
PHIXJBLIX OTJIOXKEHHH B TeueHHe BCEro roja, BKJIOYas 3UMHHII MEpHOZ,
IpakTHYeCKH OCTaeTcs HeusMeHHBIM (Taba. 32). Hekoropoe ymeHsb-
ieHHe MHHEpPaTH3allHH B OCEHHHH M BECEHHHH IEPHOJBI, CBA3aHHOE
¢ Goslee aKTHBHBIM BJHSIHHEM aTMOC(EpHBIX OCaJKOB H COOTBETCTBEH-
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Tabauma 32

HamMeHenne XHMHYECKOr0 COCTABA TPYHTOBBIX BOJ TNAJEOTEHOBBIX OTAO0MKEHHI
B paiione r. Tomcka

Bpems nabaonenni
Exannun
Komn onents HaMepe- 2/VI 2/1X 11/X1 30/111 19/V
Hua 1975 r. 1975 r. 1975 . 1976 . 1976 r.
pH — 7.3 52 Tk 7,2 7.9
HCO;~ Mr/a 366 366 342 366 366
SOz~ J 4.0 0,5 0,5 0,5 0.8
Ci= . 2,8 5.7 8,5 8.5 24
Cat 3 76 82 82 84 74
Mg . L7 17 17 26,8 19,5
Nat s 15 11 12 13 14
K+ e 0,7 0.8 0,6 0,5 0,5
510, = 30 21.2 19.3 24,6 23,6
Cymma o 511 504 482 524 503
CO, (cB.) £ 21,0 14,0 15,6 38,7 15,8
Feosm a 10,3 11,5 — 155 4.5
Zn MKT/ a1 5,8 7.6 3.4 3.5 5,2
Mn 2 5,4 15,0 4.8 3,0 34,6
Ti L 3,3 2.7 3.5 1.5 17
Sb L 3,0 1,4 0,0 1,35 1.5
Cu g 0.6 2,3 0,4 0,7 1L f
Pb 5 0.5 0,6 0,7 0,7 0,5
Ag 3 0,11 0,15 0,20 0,30 0,10

HO GOJBIIHM BOACOOMEHOM, B 3TH NMEPHOABI He NMPHBOAHT K CYLLECT-
BEeHHOMY H3MeHE€HHI0 XHMHYeCKOro THIa, HIeJOYHOCTH, coaepxaHus
KpeMHe3eMa H APYTHX 3JeMeHTOB B Boaax. Mckiiouenue cocTaBasiioT
TOJbKO eJe30 W MapraHell, NoBeJleHHe KOTOPHIX CBH/IETeJLCTBYET
0 3HAUATEJLHOM H3MEHEHHMH OKHCJIHTENbHO-BOCCTAHOBHTENbHOH obcTa-
HOBKH B TEYEHHE roja, B TO BPeMs KaK KHCJIOTHO-1LEJIOUHBIE YCJIOBHS
H3MEHSIOTCS MaJIo.

Ky3Henkas KOTJOBHHA XapaKkTepH3yeTcs VBaJHCTO-XOJ-
MHCTHIM peJbe)OoM ¥ IIHPOKHM pacrnpocTpaHeHHEM JIECOCTEMHOID
aaspmagTa. AGcomoTHEE OTMETKH H3MeHsiloTes oT 450 M Ha 1oro-
BocToke no 250—300 M na cesepe B paiione 1. Kemeposo. [lo-
BEPXHOCTh pAaBHHHBI, NOKPLITas YEpPHO3EMOM, pacuJeHeHa TyCTOIl
CETBIO PeuHbIX AOJHH H GajIoK, MeXJAypeyHble NMPOCTPAHCTBA KOTOPHIX
npeAcTasiasior co00H HeUIHPOKHe MIATOYBaJbl C OTHOCHTEJIbHLIMH Bbl-
coramu g0 60, pexe 100 M. KosnuecTBO o0cCajakoB H3MEHSETCH OT
275 no 500 mM/rox u ompejenseT PasBHTHE COOTBETCTBYIOUIHX JaH-
wadTos. B palionax, rae Benmagaer 275—300 mm ocajkoBs, npeobJa-
JlaeT OTKPHITas CTeNmb, MPH YBEJAHYEHHH HX KoJauyectBa J0 @ 350—
450 MM — Jecocrenb, a cBbime 400 MM — Taiira. B nenom Kysuenkas
KOTJIOBHHA XapakTepHayeTcss npeobiajaHHeM OCaAKOB Haj Hcmape-
HHEM, MOAYJb MOA3EMHOTO CTOKA, no aanueiM I'. M. Porosa, uame-
usieres or 0,6 mo 13,0 a/c, Cpennue ero sHaueHHst IJs 30H CTenNH,
JlecocTeny H JecoB paBHel cootBercTBenHo 1,2, 2,5 u 3,5 a/c-kmZ
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XuMHuecKHil coctaB nojsemMubiXx Boj Ky3Heukoil KOTIOBHHBI

(30Ha AKTHBHOro BOJ00GMeEHa)

Tabauua. 33

Eapuuust 3ona 30Ha 3ona At™moc-
KoMmnoHeHnTn u3Mepe- Tatirn | necocrenn | . OTkpHTOit |  Cpeanee thepHble
HHA CTenH Ocanku
H = 7,37 7,39 7,70 7.49 6,16
CO3- Mr/a 315 403 573 421 1 16,6
S0,2" ; 6,26 | 13,8 84,3 34,8 5.06
CI- , 7,05 6,51 79,8 31,1 6,71
NO;~ . 1,46 3,01 0.8 1,76 0,33
NO,~ 3 0,15 0,12 — 0,13 =
Na*4-K* E 43 .4 38,4 134 719 7,82
Ca?t % 48,4 75,1 69,8 64,6 3,94
Mg . 0,2 0,3 0,96 0,49 0,62
Cymma £ 421 562 972 657 425
CO, (cB.) A 13,1 26,8 R 20 7.4
Cuic 4 3,75 6,63 s 5,19 et
0, g 3,48 3,72 — 3,6 L
Fe Mkr/a | 591 466 300 452 —
Sr . i 107 136 107 e
P i 60,1 83 e 71,5 —
Zn . 15 41.9 141 65,9 10.5
Mn » 31,6 21,1 41,5 31,4 5.5
Ba 5 12,3 20,9 25,2 19,5 0.9
Ti . 7,81 13,3 27 16,0 3,2
Cu 4 1,37 5,06 5,61 4,01 0,4
Cr 2 0,78 2.71 7.42 3,64 0.3
Ni ¥ 0,68 2,24 6,10 3,01 0,15
As 3 3,24 2,83 0,36 2,15 —
Ph : 0,63 1,38 2,67 1,56 0,64
v : 0,37 0,99 2.61 1,32 2
Sh 3 0,99 0,92 2,0 1,30 —
Zr p 1,3 1:17 1.4 1,29 i
Hg . 1.3 0.74 —_ 1,02 L
Be 2 0,63 0.65 0,87 0,72 -
Ga - 0,38 1,02 0,72 0,71 —
Mo : 0,43 0,37 0,50 0,43 —
Ag - 0,14 0,36 0,67 0,39 0,05
Co 5 0,12 0,55 0,31 0,33 —
Sn 3 0,33 0,41 0,15 0,30 0,08
Uncno anaausos — 215 384 33 632 ‘5

XHMHYECKHH COCTaB MOA3EMHBIX BOJ BepXHell 30HBI HHTEHCHBHOIO
Bojl000MeHa Kysbacca HauGoJee moaxo Ovl1 H3ygen I'. M. PorosbiM,
No0 JAHHEIM KOTOPOTO H cocTaBjeHa Ta6u. 33. AHaau3 npHBeIeHHBIX
JlaHHBIX MOKAa3bIBAET, YTO BOJABI 30HBl OTKPHITOH TPEIIHHOBATOCTH SIBJIS-
IOTCA TPecHBIMH, THAPOKapOGOHATHBIMH, B OCHOBHOM KaJbIIHEBBIMH H
KaJbLHEeBO-MarHHeBBIMH ¢ ‘MuHepaauaamieid 300—600 mr/a. B ycsiosu-
AX OTKPHITOM CTeNH HX MHHEPaJH3alHs HECKOJbKO BoO3pacraer (10

1,0 r/a) 3a cuer pasBHTHs NPOLECCOB KOHTHHEHTAJbHOrO 3acoJeHus,
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YTO NPHBOAHT K (POPMHPOBAHHIO THAPOKApPGOHATHO-XJOPHAHBIX HJIH
cyJb(aTHLIX BOJ HaTpPHEBO-KaJblHeBOro cocraBa. C riyGHHOI coiep-
JKaHWe HATPHA B BOJAX TAKXKe BO3PACTAeT, BOJALl CTAHOBATCH M-
KHMH, 6ojiee INeJOYHBIMH, HO MHHEpaJH3alUus HX CYIIECTBEHHO He
BO3PACT4ET, ONHOBPEMEHHO HECKOJbKO yMEeHLIIAeTCs KOHIEHTpaIlHs
kaabuus. ITo ompemenennam I'. A. [lneBako, B MOA3EMHBEIX BOAaX
3TOH 30HH B COCTaBe PpAacTBOPEHHHIX Tra3oB InpeobJajgaer asor
(10 75%) u xucaopon (mo 18%). Eme nmxke (Gosmee 800 m) karmo-
HBl HATPHA IMOJHOCTBIO, 3aMellAlOT Kajblwuil, cofepixKaHHe cyabdar-
HOHOB YMeHbIIIaeTcs, a XJOPHJO0B — BO3DacTaeT H BOABI CTAHOBATES
XJIOPHAHO-THAPOKApDOOHATHEIME ~ HATPHEBRIMH ¢  MHHepajausainHei
2,5—9,0 r/1. B rasoBoM cocraBe TaKMX BOJA mpeobiagaer MeTaH.
Boawl ¢ noBHIIEHHO! MHHepalH3alHell BCTpPEYAIlOTCS B mpepenax 30-
HEl 3aMe/JIeHHOro BojooOMeHAa H HAMH He paccMaTpPHBAIOTCA.

Ananu3 moBeleHHs OCHOBHBIX KATHOHOB B MOA3EMHEIX BOA4x C
pocToM HX o6ilell MuHepaausanuu (puc. 18) moxaswiBaeT Ty . XKe
KapTHHY, KoTtopas Gbljla oTMeueHa paas Bog KoawsiBaHb-ToMckoi
cKJanuaroi 3oHLl (cM. puc. 17): MakcHMaJbHBII POCT COJAep:KaHHI
KaJbllisg B BOJAaxX XapaKTepeH IJsd HHTepBajJa MHHepaausauuu 0,2—
0,6 r/a, a mpu GoJbIIHX ee 3HAYEHHAX POCT KaJjbLHA TpeKpalaeTcs
u ero Mecto 3auuMaer narpuil. [lpu wmunepanmsamuu 0,4—0,5 r/n
POCT coiepKaHHil HATPUST PE3KO 3aMelJieH H ero omepexaeT MarHHi,
obpaTHaa TenjieHnus HabJjlonaercss npu cymme coneir Gogaee 0,7 r/a.
Kak u B caydae KonniBann-ToMcKo# ckJajguatoil 30HBI, TOA3EMHBbIe
Boabl Kys6acca ¢ muHepanusaumeii Gosee 0,7 r/m Goapuiell gacTbio
HACHIIEHE OTHOCHTEJBHO KalblHA, YTO TOPMO3HT HaKOMJIeHHEe B
pacTBOpe MOCJe[Hero H NO3TOMY NPH cyMme coJjeil Godee 1 r/an 3Tu
BOJLBI ABJASAIOTCA COJOBBIMH.

Baxuas ocobGenHocTs noj3eMHBIx Boj Kysbacca 3akiiouaercs,
TakuM o06pa3oM, B IOBHIIIEHHOH HX MHHepaJH3alUWH H Tepexoje Ha
rekoropoil rayonHe (0,3—1,0 kM) u3 THAPOKapOOHATHHIX KaJbliue-
BO-HATPHEBLIX B HATpPHEBO-KaJblHeBHe, a 3ateM u composwle (I'mapo-
reonoruss CCCP, 1. 17, 1971). CaenoBatennHo, COJOBbIE BOABI 3/leCh
(opMHpYIOTCS NPH ONpele]eHHOH HX MHHepa/JH3alMH, a 3HAYHT H Ha
onpeeeHHOH CTAJAHH B3aHMOJEHCTBHS BOJABI C TOPHLHIMH NOPOZAMH.

Kancko-TaceeBckas BmaJHHAa CI0XKeHa  OCAaJOYHBIMH
TIOPOAAMH HHIKHErO W CpeIHEro maJjieo3osi, KOTOphleé B  IeHTPaJbHOH
U BOCTOYHOH UACTAX NepPeKPHBAIOTCA KOHTHHEHTAJNbHBIMH C TpoO-
caoamMu Oyporo yrias OTJNOXKeHHsMH 10pel. Penved BnaauHbl paBHHH-
HBlH ¢ abcomioTHeiMH orMeTKamu 300—500 m. KosnuecTBo BhINa-
naiomux ocankos cocraBiaser 500—600 mm/ron, cpexnerogoBasi TeM-
neparypa Gamska k 0°C. Moayau moA3eMHOTO CTOKa H3MEHSIOTCS
or 1,5 no 2,6 afc-xm? Jlanmmwadgr B npefenax HCCAeT0BAHHOH YacTH
TaeXKHHIH, JecocTenHol 1 NepexoHblil K CTENHOMY.

IleoxuMus TOA3eMHEIX BOJA, 10 HAIIHM JAaHHBIM (Taba. 34), omnpe-
JensieTcss TIOBBLIEHHOH MX MHHepaJH3alHeidl, ruipokapOoHaTHBIM
KaJIblIHeBO-MarHHeBBIM, peXe+s KaJbIHeBO-HATPHEBBIM  COCTaBOM,
caabomenounsM xapakrepoM cpeabl. [IoBHIIEHHBIE B OTAENBHBIX CJY-
yagx coiepikKaHHg B BOJAaX XJOPHAOB H cy.an)a'ron 0OBACHAIOTCH He
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ABJEHHAMH KOHTHHEHTAJBHOTO 3aCOJIeHHS, @ YaCTHYHBIM TIPHMEIIH-
BaHHeM TJIYGHHHBIX PACCOMOB, POJAHHKH KOTOPHIX BCTPEYAIOTCH JIOBOJb-
HO 9acTo B 3TOM perHoHe (6Gaccefin p. Ycouaku, paiion r. Kancka u B
Apyrux mecrax). HanGosee BHICOKOMHHEPA/HM30BaHHEE BOJALI B 30HE
AKTHBHOTO BOZ0OOMEeHa BCTpevaloTcss B Mpefesax KpPacHOUBETHHIX

4 HCO;
£ L
=0 V) e
rEd iy
N, ol
/ % Nat ) § -
3 ca? < 40F ca’
';’é-.zﬁ Mg Sk Mg""
§ g!ﬂ* / Na*
17 L
L L 1 i Il L L ! g % 1 n i 1 i 1 1
ar 03 45 47 43 a 8z 04 46
Murnepanuzauus, rfn MuHEPamU3ayUs, fn
Puc. 18. 3aBHCHMOCTh KATHOHHOro coctdsa poj Ky3Heukofi KOTAOBHHB OT CTemeHH HX l{lﬂle—
pann3auHe p

Puc. 19. 3aBHCHMOCTE KATHOHHOro cocrtasa Boa Kaucko-TaceeBckoli BHAAHHBI OT CTeNeHH HX
MHHePaTH3aAUMH !

OTJIOJKEeHHIH BepPXOJIEHCKOH CBHTH, HaHMeHee MHHEpaJH30BAHHBIE — B:
npenesax PHIXJLIX YETBEPTHYHLIX OTJIOMKEHHH, MOLIHOCTh KOTOPBIX
NOCTHT4eT HEeCKOJBKHX JleciTKOB MeTpoB, OTHOCHTENBLHO MOBLILIEH-
HBlE COJlepzKaHus GOJBIIHHCTBA MHKPOKOMIOHEHTOB (Melb, K0OAJbT,
HHKeJb, OJI0BO, BaHaJHiH, XpOM, THTAaH H MOJAHOGIEH) CBA3aHBl ¢ BO-
AaMH IecyaHo-TJIHHUCTHIX OTVIOXKEHHH BepXHEero naaeosos.

XapakTtep HM3MeHeHH KAaTHOHHOTO COCTaBa BOJ NPH YBEeAHYEHHH
Hx ofmieii MHHepa/auM3auuu nokasaH Ha puc. 19. Herpyano Bumers,
YTO NPHHUMIHAIbHAS KAPTHHA MOBEIEHHS XHMHYECKHX 3JIEMEHTOB,
oTMeueHHas AJs Boj Kysbacca u KoubiBaub-TOMCKOH CcK/IaguaTolt
30HBI, coXpaHsieTci ¥ B AaHHOM cJaydae. OTJHYHS 3aK/I0YAKTCA
aumb B ToM, uto B Kancko-TaceeBckoit Bmajuae BOJAb HECKOJBLKO
MeHee MHHEpaJH30BaHbl H HMEIOT OTHOCHTEJLHO HAaTpHsi GoJiee BBICO-
KHe KoHleHTpaiuu Mmarius. ConoBble BOABI B 3THX YCJOBHAX He dop-
MHUPYIOTCS.

BapabGunuckas paBHHHa mnpeiactaBiser coloil vacTb * 06-
mupHoii 3anaano-CHOHPCKOH NPOBHHIHH COAOBOrO  COJEHAKOMJIeHHS
U COOTBETCTBEHHO pPa3BHTHA COLOBHIX BOA, (OpMHPOBAHHE KOTOPBIX
BHI3BIBaeT cropel cpean uccaenobatedeit ([Tocoxor, 1969). Ilostomy
Mbl BKJIOYH/JIH 3TOT PenHoH B OOLEKT CBOHX HCC/IeA0BaHHi, 4To6bl To-
KasaTh MecTo ¢0J000pas3oBaHHsi B eIHHOH cHcTeMe (OpMHpOBaHHA
pasJuyHbLIX TeOXHMHYECKHX THIOB MOA3eMHBIX BoiA. BriGopy storo
paiioHa HCCIeA0BaHHI B 3HAYHTEJLHOH Mepe cnocobCTBOBANO HajnyHe
npekpacHoii paboret H. M. Basnnesnu (1965) mo reoxumuu coaoBoro
3acojieHnsi, KOTOpoe OHa paccMaTpHBaeT Ha mnpHMepe bBapaGunckoii
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Tabanma 34
XuMH4eckuit coctap nopsemubix Boa Kancko-TaceeBckolt BnaguHbi

Boaosmemawige nopoas
K z - E 2 g 2 E

OMIOHEHTH 28 o X SE &E = Ry 2 -] @

Es | 2% |52 | sse| 585 [E37| §=| &

HEIEIEIESE SRR
H — Tl T2 71 7,260 1.8 7.55 7,25

COy5 Mr/n | 253 365 379 297 416 323 339
S0O2- i 13.3 3.66i1°12,3 | '14.3. |33 39,5 19,3
Cl- b 0 W L S T ) R 21.1 14,2 14,7
B~ - — 0,49( 0,33 0,78| 0,68 = 0.57
NO,- 2 0,04f — 0,15 — 0,12 — 0,08
| i 5 — — 0,041 — 0,021 — 0,031

Catt o 627 | 77,3 | 663 ] 61,2 |56 |45 61
Nat & 18,4 | 20,2 | 30,6 | 27,6 | 76,8 | 34,6 34,7
Mg+ . L6 [ 260 2204 V23,7, |9 402200 33 25,8
K+ 4 203 3.98] 3.5l 1,31] 6,88| 2,31 3,37
NH,* . 0,67| 0,20( 1,87 0,62 0,21 — 0,71
Fe2+ r. 0,12 o,16] 0,59 0,32] 0,12] — 0,26
Fed* i 0,18/ 0,31| o0,44| 0,12 0,21| — 0,25
Si0, . 24.8 | 23,0.1.30.1 % IS S N ) I ) 22,6

Cymma B o 528 559 470 663 498 518
CO, (cB.) ¥ 13,1 55 27.3 16,5 | 26,4 | 11 24,9
0, : 4,71 4,85 1,221 4,12} 2.25] 2,75 3,32

Sr Mr/a| — |856 523 731 822 151 617
Mn & 16,5 | 26,1 43,1 82,6 | 65 52,5 57,2
Zn " 27,3 | 48 13.1.1 42,6 } 13:8 |, .65 35,4
Ba 5 3521 Haal 101 3,96 7.78| 3,58 6,72
Ty e 3.23| 3.851 10,2 2,37 1,48 2,49 3,94
Cu i 1,97 1.8 3751 1,83} 1,75} 3,32 2,3
Cr i 0,5 2,5 3,95 1,05 0,49| 3,2 1,95
\% & 0,45| 2,95| 3.58] 0,5 0,58| 1,32 1,57
Pb i 1021 1.0 1,251 0587 1.5 2.10] & 3:41 1,563
As 2 — 1,31 1,19 1,75 — — 1,42
Ni R 0,85/ 1,05| 3,45 0,69| 0,9 1,33 1,38
Mo X — 0,4 0.8 — 0,6 — 0,6
Sn i 0,34] 0,38 1.25] 0,37| 0,18 — 0,5
Co 1 —- 0231 0,891 0,2 — 0,25 0,39
Hg = — 0,4 0,2 — - — 0,3
Ag 3 0,46] 0,06 0.,23] 0,05 o0,13| 0,21 0,19
Yucno aunaanson = 9 18 10 21 8 12 78

HU3MeHHOCTH. Bce HeoGXoAMMBIE [MeTaqu XapaKTePHCTHKH MPHPOIHEBIX
YCJIOBHH 3TOTO WHTEPECHOr0 perHoHa MOXKHO HalTH B YKa3aHHOM
Bbllle pabore. K coxaJieHnHio, B Hell OTCYTCTBYIOT CBEJeHHS MO BeJH-
upne pH Boa, yto 3aTpyAHsieT NaJbHEHIIVIO HHTEPHNpPETALHI0 Mare-
puajoB ¢ paspHBaeMmbix Hamu mnosuuuit. [losromy mnpm xapaxrepu-
criKe mnojseMHbX Boj IlentpanabHoii BapaGul Mbl BOCHNOJB30BANHCH
JaHHBEIMH TpeHMylllecTBeBHo HoBocHGHPCKOro reoJorn4yeckoro yi-
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aBJIEHHs, NpHBJIEKas Mo Mepe HeobXOAMMOCTH W onyGJHKOBaHHBIE
aTepHaJbl.

Bapa6unckasi HH3MEHHOCTH MPEACTABJASET CBOEOGPA3HYIO Jeco-
yrocrenb, B KOTOPOH ¢ JIeCHBIMH ‘PACTHTEJbHBIMH COOGLIECTBAMH CO-
YeTalnTcs JYTOBO-CTeNHbIe, JyroBoie H GosorHble. OnHakKo COXONPO-
siBJieHns GoJiee Bcero BHIPAKeHH B Tpe/esax HeAPeHHPOBAHHBIX Tep-
PHTOPHI JecocTenHol 30HH. Kak K ceBepy (30Ha JIHCTBEHHBIX JIECOB),
TaK u K 1ory (3oHa KoJIOYHBIX cremeii), nmo sakmouennio H. Y. Basn-
JIEBHY, POJIb COJIBI B IOYBAX, NOBEPXHOCTHBIX H TMOA3€MHBIX BOJAAX
‘gBHO ocnabeBaer. Ha ceBepe Ha mepBLIH [JIaH BLICTYNAKOT THAPO-
KapboHaThl 1EN0YHBIX 3eMelb, Ha lore —cyiasdarTHble H  XJOpH/-
HbIE COJIH, XOTSl H TaM H 3/eCh COJa Bce ellle OCTAeTCs BeCcbMa aKTHB-
HBIM KOMIIOHEHTOM COJIeBhIX pacTBOpoB. B 3Toii cBsisu Mbl  Gynem
paccMaTpHBaThL MNOJA3eMHble BOJbl TPEHMYIIECTBEHHCG JeCOCTENmHOl
30HBI.

YMepeHHO TemJas JecocTelHas 30HAa XapaKkTepH3yeTcs HeyCToii-
UHBBIM YBJaKHEHHEM, TJe BO3MOXHOoe Hcmapenne B 1,3—1,5 pasa
- npesbiuaer ocaakd. CpeaHerogoBoe KoJMHUecTBO ocaakos 300—
400 MM, 10 OTHAeJBHBIM TrofaM HabAOIAIOTCS HX pe3KHe KoJebaHus.
CaMBIM 3acylUJHBEIM NMEPHOLOM SIBJIseTcH BecHa. B Teuenme Ttensoro
nepuoaa Bunagaer 60—65% ocaakos. PakTHuecKoe HCIapeHHe c
| cymu cocraBasier 280—340 MM, Moayas momseMHoro croka 0,2—

0,3 a/c-km? (IToasemuwuii cTok..., 1966). IIpeo6aagaior Jayroso-uep-
HO3€MHBIE TIOYBLI, MeHee PACHPOCTPAHEHBI UYEPHO3EMLI BBIILEJNOYEH-
Hble, JIYFOBLIE COLOBbBIE COJIOHIBI H COJIOHYAKH, a Takxe TOpdsHO-
GosoTHee nouBel. CpeaHeronoBasi Temneparypa Oamska k 1°C.

leoxumua nonseMHBIX BojJ DBapabbl onpefensiercs npex/e BCero
GoJIbIINM pa3Hoo6pa3HeM HX XHMHYECKOTO COCTaBa, CBA3aHHOTO C
BJAHSHHEM IPOLECCOB KOHTHHEHTAJBHOTO 34COAEHHT pPA3JIHYHOH MH-
TEHCHBHOCTH B 3aBHCHMOCTH OT KOHKPETHHIX reoMop(}oJornyeckux,
Janawa@THEIX W THAPOreoJOrHYeCKHX YCJOBHil; KamAblii XHMH-
UeCKHi{ THN BOJAbl XapaKTepH3yeTcd ONpele/]eHHBIMH BeJHYHHaMu 006-
1leil MHHEPaJH3aIHH. ]

Haumenpuine npejnensl MuHepaJdH3alHH CBOHCTBEHHBI THApPOKap-
GoHaTHBIM BOJAAaM, OTpaxaloUHM HavyajdbHble (assl HX MeTamopdu-
3aluuH, HanGoJblliHe — GeCCOLOBHIM XJOPHAHHIM H  XJOPHIHO-CYJIb-
¢arubiM, chopMHpOBABIINMCA B pe3y/abTaTe mnpoleccoB Haubogee
ray6okoii Meramopgusanuu. JIuanason MHHepaJH3alHH COMOBBIX BOJ
JTOBOJILHO IIHPOK H ABJISETCS MAaKCHMAJbHBIM B CaMblX BepXHHX BOJO-
HOCHBIX TFOPH30HTAX, NPHYPOYEHHBIX K MOJOJBIM TIe0JOTHYeCKHM 006-
pasoBanusM. M3 sroro ¢gakra H. M. BasuaeBuu coBepiieHHO crpa-
BE/JINBO JleNaeT BHIBOA 00 aKTHBHOM COf000pa30BaHHH B COBpPeMeH-
HOe BpeMsf, a TaKXe B TeueHHe Bcell yerBepTHYHO#l snoxH. Hawauo
JKe comoo6pa3oBaHHA €l TPOCTEKHBACTCH HAUMHAS CO BTOPOH MOJO-
BHHBI TPETHYHOTO BPEMEeHH.

HauGoabmasa ycTOHYHBOCTL COLOBBIX PAacTBOPOB OTMEUAeTCHA B BO-
jAax npu MHHepaJusauumu 1—4 r/1, KoTopmle moJb3yloTes Haubosee
HIHPOKHM PpacnpocTpaHeHHeM B Hccaeayemom  perHoHe.  Caeayer
OTMETHTb, YTO BCE 3TH BOJbI CHOPMHPOBAHBLL B pe3yJbTare IMPOsBJe-
7 3ax. 425 97




HHS TPOLECCOB KOHTHHEHTAJLHOTO 3acOJeHHsi H I03TOMY COJAepxKar
MOBBILIEHHBEIE KOHIEHTPALHH XJA0PHIA0B H Cyab(aTos.

B rtaba. 35 npuBeleH cpeiHHil cocTaB TOJNLKO TeX MOA3eMHBIX
BOJ, B KOTOPHIX B TOH WJH HHOHl Mepe TpPOABHAHCL cojoo6pasoBa-
TesibHBIE Tponecchl. O6pamiaer BHHMaHHe BHICOKas MHHepaJH3aLNs
BepxoBoaku (uHorga Gomee 10 r/m), ocofeHHo pa3BHUTOH Ha HH3-
MEHHBIX HeJpeHHpOoBaHHbIX paBhHuHax. HeGoablass ray6uHa ee 3a-
aeranus (0,5—5,0, pexe no 10 m) obycaosauBaer cBobOAHBIH BOIO-
obmen c armocepoli, aspanuio, ucnapeHse, B3aHMoJeHcTBHE C TOU-
BaMH ® pacteHHsMH. CocTaB 3THX BOJ OcoGeHHO GHICTPO pearHpyeT
Ha BCe M3MEHEHHH, TPOHCXOJsllHe HA NMOBEPXHOCTH 3eMJM, H OTpa-
JKaeT HanpaBJeHHOCTb COBPEMEHHBIX IIpOlleccoB npeoGpa3oBaHus
BMeEIawIHX NOPOoa.

Ta6auma 35

XHMHUECKHIl COCTAB COMOBBIX NOJA3EMHBIX BOJ
BapaGuHcKoii HH3IMEHHOCTH, MT/J

[Mecuano-raHHBCTHE pHXIWe 06paloBanns
Bepxosoaka
Kommonentn - versepraunoro | (10 basnaesny, [ Cpeanee
naxeorexa HeoreHa Bo3pacTa 1965)

pH 7,74 7,70 7.76 = 7,73
Cl- 1228 1012 487 564 823
SO, 389 642 537 589 539
HCO,"+COg~ 473 570 595 937 644
NO;~- 3,73 3,42 9,41 L 5,52
NO," 0,11 0,03 0,08 o 0,07
Nat4-K+ 766 697 352 664 620
Mg+ 124 171 164 124 146
Cat 150 141 128 88,9 127
At 2,75 — 4,03 — 3,39
NH* 3,05 1,30 1,47 — 1,94
Fedt 1,04 0,48 2112 — 1,21
Fe2* 0,45 R L 0,61 — 0,42
Si0, 29,7 32,4 26,8 30,5 30,0
Cgma 3171 3271 2307 2967 2941
CO, 14,5 = 18,7 — 16,6
Coor 7,90 14,7 17,2 — 13,3
0, 5.42 5,73 3.42 - 4.85
Yueno anaansos 103 71 48 60 282

XapakTep H3MeHeHHS COOTHOLUEHHS KATHOHOB M AHHOHOB B TOJI-
3eMHBIX BO/laX TI0 Mepe YBe/JMYeHHs: cTeneHH HX MeTamopdusaunnn
n3obpaxeH Ha puc. 20, aHaJAH3 KOTOPOro TNOKasbiBaeT, 4YTO CpelH
KaTHOHOB B BOJax ¢ MHHepanausaunueii Gonee 80 Mr-ske/n mnosce-
MecTHO mnpeoGaanaer HATPHH; TOJBKO B BepXOBOAKE HaAKOIJEHHE
HaTpHA IO CPaBHEHHIO C MArHHEM HECKOJIbKO 3aJepiKHBaeTcd H OH
HayHHaeT JOMHHHDOBAaTL B BOJAax ¢ MHHepa/aH3auueii Gosee 1,5 r/a.
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Ha BTopoM MecTe mocse HATpHs CjeayeT MarHui, KOHUEHTPAUHH KO-
TOPOro B BoAaX ¢ MuHepasauaauueit Gosee 0,7 r/n pe3ko mpeBHIIAIOT
coliepKaHua Kaablus. McKaloueHHe COCTABJSIOT TOJBKO BOABI TJY-
GOKo3aJ/1eralolix NaJeoreHOBLIX OTJIOMXKEHHH, B KOTOPHIX NPH MHHe-
paansauuu Gonee 6 r/nm Kanabuuit cHoBa npeo6GJanaer Hajg MarHHEM.

Cpenan aHMOHOB B MaJOMHHepaJH3oBaHHbIX Bomax (mo 1,5 rfa)
npeofianaer rHApokapOoHAT-HOH, a B (oJee  COJNEHBIX — XJIOP-HOH
HIH pexe cyabgar-HoH. KoHueHTpaumuum ruapokap6oHaT-woHa, HauH-
Hasg ¢ MHHepaJiH3allHH, paBHOH npHMepHo | r/J, NOCTeNeHHO YMeHb-
IIATCHA, YTO NPHBOAHT K (OPMHPOBAHHIO BMECTO T'MIpPOKapOOHAT-
HOFO THIA BOJ HX XJOPHAHO-CYJIb(aTHOH HIH CYIb(haTHO-XJIOPHIHOI
pasHocTH. IToaToMy cOZOBEIE BOJAE B YHCTOM BHIE BCTPEYAlOTCS
TOAbKO TpH MuHepaausauuu 0,8—1,5, pexe no 2,2 r/a. Ilpu Goaee
BLICOKOH HX COJIEHOCTH Ha IIePBO@ MECTO BBIJBHTAIOTCS  XJIOPHIHBIE
HIH cyabdaTHbBE COJH, KOTOpbIE MOCTENEHHO BBITECHAIOT COAY H3
pactBopa.

YMeHplllenHe KOJHYeCTBa COJAbI B pacTBOpe IO Mepe YBeJHYeHHs
CTemeHW KOHTHHEHTAJBHOTO HX 34COJIEHHS CBfI3aHO C NPOrpeccHpyio-
IIHM OCaJeHHeM M3 BoJ KapboHATOB, KOTOpHe TpPH cBoeM o00paso-
BaHHH CBS3BIBAIOT VrOJbHYIO KHCIOTY. B 3TOM OTHOWIEHHH J06GOMEIT-
HO COINOCTAaBHTL NOBEJeHHE B PacTBOPe KaJblUUA H THApPOKapGoOHAT-
HOHOB, KOTOpPOe XOpOolIo BHIpHCOBHIBaercss Ha puc. 20. Herpyano 3a-
METHTb, 4TO MOBeJeHHe 3THX ABYX HOHOB SIBJISIETCH TPOTHBONOJONK-
HBIM: TMPH KOHLUEHTPHPOBAHWH B pacTBOpe THAPOKapOGOHAT-HOHA CO-
JlepXKaHuA KaJbLHA B HEM YMEHbIIAIOTCH, H Hao60poT. 3Ta 3aKo-
HOMEDHOCTb MpOcJeKHBaeTcss BO Bcex Ge3 HCKIIOYEHHS BOZAX H CBH-
JIeTeJIbCTBYET O HACHIIEHHOCTH HX KapGoHAaTOM KaJblHs. JTO Ke MOJ-
TBEPIKJAAIOT W pe3yJbTaTH CHelHaJbHBIX pacuyeToB (Taba. 36).

Takum o6pa3oM, BHISIBJASETCA CHEAVIOUIAS MOCAELOBATENbHOCTh
npeo6pa3oBaHudg coCTaBa IMOA3EMHEIX BOJA IO Mepe YBEIHUEHHS HX
obiell MHHEpAJH3aLHH: TIPeCHBle THAPOKapOoHATHHE KaJbIlHEBBIE BO-
aul npu MmuHepaansauun 0,8—1,5 r/n mepexoadar B ruapoxapGoHaT-
Hble HaTpHeBHE (COJOBBHIE), HACHIIMIEHHLIE OTHOCHTEJILHO KaJbIIHTA.
ITocnennne, B cBol0 ouepeldb, NMpH elle OoablieM VBeJHYEHHH MHHe-
paan3anun MeTamMop(dH3YyIOTCA B  XJOPHAHO-CYJb(daTHbE HATPHEBO-
MarHHeBble, HHTeHCHBHOCTL con006pa3oBaHusl B KOTOPBIX IIOCTENEH-
HO 3aTyxaeT. JTta obmas cxeMa B KOHKDeTHBIX YCJIOBHAX MOMKET
HMETh Te WJH HHLIE OTKJOHEHHSI, HO NpPH He3HAUHTeJbHOM mnpeobJa-
JauuH HCrapeHHs HajJ ocajkaMu B HanGoiee o6I(uX uepTax Bceria
BHlepKHBaeTcsi. ClleZloBaTeNbHO, COAOBHE BOAB 3aHHMAlOT Kak Obl
NPOMEXYTOUHOE TOJIOXKEHHe MeXK/JAy BOJAMH BHIeTauHBAHHA H TH-
MHYHOTO KOHTHHEHTAJBHOTO 3aCOJEeHHs.

Kpaitie Baxno o6paTHTh BHHMaHHE HCCJel0OBaTe]ed Ha TO, UTO
COJOBLIE BOAL BechMa aKTHBHO o0pasyloTcs, HauHHAs C MEPBLIX MO-
MEHTOB CONPHKOCHOBEHHsI MX C NMOYBEHHBIMH ropuaontamu. IToarBepx-
JIeHHeM 3TOMY SIBJSIETCA COCTAaB JIH3HMETPHUECKHX BOJ, KOTOpblE B
Llentpanasnoii BapaGe 6niinm uayuenst B. M. Kypauesmm (1971).
YpesBLIyaiiHo MeHHO, UTO 3TOT HCCJAEeJ0BATENb H3YYWJI Ha OAHO# H
TOi Ke NJIOMAaAH He TOJAbKO JU3HMETpHYEeCKHe, HO H TPYHTOBBIE BOJL!
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o, TaG6aunnma 36

OcoBHbie (JOPMBI MHIPAUMH KAAbUHS ¥ Maruus H Hachimennocts Boj Llentpaasmoii BapaGbi
N0 OTHOWeHHI K Thncy H Kaabuuty (LIBapues, 19753)

CocTaB BoX, MMOJb /1

Kosthduumentsl akTHBHOCTH

Moot gce | v | i
g IS 7 - AT

cr. Younckas (0,3) 8,2 0.2 0,1 3.7 2.3 0,4 0,5 0,330,007 0,72 | 0,80 | 0,95 | 0,7

Ceernan I'pusa (14) 8 0,1 1261 10,5 6,1 1,6 1,8 1,04 10,028 0,58 | 0,64 | 0,88 [ 0,55

Bapabuuck (28) 8,1 28,3 0,2 6,3 27.9 2,3 2.8 2,200,043 | 0,5 0,56 | 0,84 | 0,46

Xanoso (3,0) 7.4 5,6 o i i 21,2 3,6 5,3 2,78 10,056 | 0,45 | 0,5 0,82 | 0,4
. Pacckasoso (40) 7.4 | 43,1 102 6,9 | 38,4| 3,2 : 3.8 1317100561 045 | 0,b 0,82 | 0,4
. Spku (2,2) 70 30,7 | 14,5 | 21,3 51,5 1,6 |12 5,33 10,163 | 0,37 | 0,41 | 0,77 | 0,27
. lleaunxa (2,1) 7.9.] 128 22 5,3 892 13,1 | 285 | 10,0671 0,231 | Q.86 | 0,38 0,78 | 0,22
. Epmonaeska (30) 7.8 | 131 38 6,6 | 133 13,1 27,5 | 12,940,292 0,33 | 0,36 | 0,71 | 0,21
. Uyawim (43) 6,9 | 170 24 12,4 | 128 16 40,1 | 13,6561 0,320 0,32 | 0,34 | 0,7 0,2
. Tepeuuno (1,8) 7.1 232 12,5 4,1 | 103 28,3 | 50,8 | 14,4 | 0,352 0,32 | 0,34 | 0,7 0,2




01

Mpopoaxenne taGa 36
DOpMB MHTPALMH, % INpoussetenne axTHBHOCTEH
Ka/lbLas Maruus lC82+] [1'-1003"] |Ca‘.!'] [30,27]
3] (5] O = = = = 23 = 2g
c. ¥Yonuckaa (0,3) 8,2 | 93,3 | 4,8 1,9 | 95 4,0 10 | 9,5-1077 | 6.,3:10°7 /| 1,/6-107¢ | 2,1-19°3
c. Ceraas ['pusa (14) 8 83,2 8.4 8.4 | 81,4 8,1 10,5 | 6,9-1078 1,0.107¢ | 5,4-10"7 | 2,1-107%
L. Ba'paﬁmicx (28) - 8119305 &0 20| 940 1| 5 1,0 | 5,6-1078 | 7,9.10~7 | 6,4-10°7 | 2,1.10"3
c. Xanoso (3,0) 7,4 | 70,9 .9.1 20 66,7 | 8 25,3 | 1,5-105 | 4,0.10%6 | 2,7.10"¢ | 2,1-10*5
C Paccxaao;so (40) 7.4 90,8 5,6 3,6 | 91 4.5 4,5 | 7,0-105 | 4,0-10"¢ 3,8-]0‘7 2.1.10°3
c. fpxu (22) 7.6 | 06501 9. 7 21,3 766,687 | 24 715, T-10m ] 20510785 L 111078 | (2011058
c. lleaunxa (2,1) T:95 =24 | S 2 205 4 =000 15271 28,9 | 1,0.105 | 1,3-1078 | 7,3.107¢ | 2,1-10-5
c. Epmonaenka (30) Z, 80 (411 48 |-541] 687 | 2,8 | 39,0 6,8:10%¢ | 1,6.107| 7.7.10°6 | 2,1.10:5
c. Uyawim (43) 6,97 72,651 5.1 2945 | 699 = =4 251" 26,94 2,5-1075 5] 1/, 24075 {~T-4.1076 - | X F: ()8
c. Tepenuno (1,8) ' 7,15] 85,7 1.7 13,6 | 83,3 o 16,9 | 1.5:1075 | 7,9:1078|. 1,.6:10>8 [ =2 11078

Mpumeyanue., Koapuunentsl aKTHBHOCTH MPOCTHX HOHOB PACCUHTHBAINCH NO Metoauke [debas — Xiokkeas, 3apameHnbx HOHHLIX Map — N0 ama-
aorun ¢ moHoMm HCO,=, HOHHBMX Map ¢ HYJACBHIM 3aPAAOM — MPHHHMAIUCH PABHLIMH elHHuUe, XJIOPHIHbIE KOMIIEKCH KAJAbUHA M MATHHHA, a TAKKEe rHIPOKap6O-

HATHLIC HATPHY H KaiHus CYULECTBEHHON POJH HE HIPAIGT.



Tab6auma 37
XuMHuecKHit coctas ausumerpuueckux Boj Llentpanbnoit Bapabwm, mr/a

5 + £%
T § ‘o . hic g-Eu ;:
HI MOUB | > o 4 =S + % e
Eelz 2|5 (o [8 |22 |58E|58
Cpennecron6- | 12 | 6,4 | 34,1 2,84 31,1 | 7,20 7,67 6,68 67,2 | 90,0
vathiii ayroso- | 25 [ 7,9 (333 | 49,7 [ 40,7 | 30,4 [14,4 |115 48,0 |682
CTenHoii 43 8,0 |39 |[355( — —. | — — — —
COJioHell 100 | 7,9 | 210 [ 11,4|35,4]|13,6[13,4]|62,2] 48,0 |345
Kopkoswiit 8 | 8.4 |77 | 17.03] 10:0° 128 | /9 111250 18,0 | 986
AyTOBO#H 15 8,6 |978 | 29,9 (25,8 | 14,4 | 9,60[366 60,0 1423
coJIoHelL 25 8,5 | 808 |42,6 (35,4 12,8 (19,2 [298 36,0 |1204
70 | 8,3 | 424 | 15,7 19,1 | 24,8 (30,7 [ 92,0 | 28,2 | 508
Bricokocroas- | 11 8,3 | 809 | 46,8 (175 6,40| 9,60[395 93,2 (1441
4aTulii Ayroso- 25 8.4 | 993 | 50,5 |254 8,80 9,11|1504 |137 1822
6oaoTHKI 40 | 8,5 |1100 | 33,7 |344 10,4 16,4 1595 57,6 |2156
conoHell 75 | 8,8 |1300 (340 |200 14,4 |69,6 |676 40,8 [2648
. Cpennee* — | 8,12 673 | 60,5 [106 14,1 19,0 |306 57,6 |1210

* [MoACYHTAHO HAMH.

(Kypaues, 1971;), uTo naer BO3MOMKHOCTH NPOCAELNTH H3MeHEHHe
cOCTaBa BOJ NMPH HE3HAYHTEILHOM HX IepeMelleHHH.

JluzumeTpHyecKHe M TPYHTOBbIE BOABI OblIM M3VueHb B paiioHe
crannrH Kapaun HoBocuOupckoit oGaacTH, B mpeaenax pa3BuTHS KO-
JouHoH creneHH IIpHYaHOBCKON NOHHMKEHHOH PaBHHHBI, OTHOCSILEHCS
K TPOBHHIMH COAOBOro 3acoJieHusi. Pesbed HccienoBaHHOTO paiioHa
npeacraBiaseT cob0H coueTaHHe TPHB H TIJOCKHX MEXTPHBHBIX  TIO-
Huxkenni. ITouBooGpasyioline MOPOABI CJAOXKEHB 03€PHO-AJJIOBHAJb-
HBIMH OlleCYaHeHHBIMH CYTJIHHKAaMH, KOTOphle Ha raybude 1—I1,5 M
CMEHSIIOTCS eCKaMH H CYNEecsiMH, COAepIKallHMH TPYHTOBHIE BOJBI.
[TouBsl npeacraB/ieHsl OGLIKHOBEHHBIMH 4YepHO3eMaMH Ha TpHBAX,
NONYTHAPOMOPOHBIMH M THAPOMOPMHBIMH 3acCOJIEHHSIMH B TIOHHIKe-
HHSIX, KOTOPble YaCTHYHO TNOJBEPTHYTH OCOJIOHIEBAHHIO H  OcoJolle-
uuio. [nybuHa 3aneranusi rpyHTOBHIX BOJ 1—4 M.

[TouBennsle BOABI, H3yyeHHBIE C TOMOILBIO JH3MMETPOB CHCTEMEI
E. WM. lluaoBoii, sBAAIOTCS NPECHBIMH H COJOHOBATEHIMH ¢ MHHepa-
Juszaumeit 1o 2,7 r/a (ra6a. 37). Bece Boabl COMOBHIE, COJdepiKaHue
COABl VBEJHYHBAETCS TAapaJielbHO VBeJHYEHHIO CTENeHH THApo-
MOpP(HOCTH NMOYB H YCHJEHHIO MX OCOJOJeHH B PHAY OT CpeaHecToJ6-
YaTBIX JVIOBO-CTENMHBIX COJIOHIIOB — KOPKOBBIX JIYTOBBIX COJIOHIIOB 10
BLICOKOCTOJIGUATHIX OCOJOAEALIX JYroBo-60J0THEIX codonnos. O6pa-
waior Ha ceGa BHHUMauHe BhICOKHe 3HadeHHsi pH u Hu3KMe cojepia-
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HuA Kagapuus. [lo HameMy MHeHHIO, 3TO HanboJee THNHYHBIE TpPEL-
CTABHTEJH COJOBHIX BOJ, B KOTOPBIX KOHTHHEHTaJpHOe 3acoJieHHe
NPOSABUACCH B OTHOCHTENLHO HeGOMbIIOH CTENEHH.

TpyutoBble BOABI sBJAsIOTCA  GoJee  MHHEPaaH30BaHHBIMH (no
13,5 r/a), Mo cocTaBy COAOBHIMH CO 3HAYHTEJNBHHIM  KOJHYECTBOM
cyabdaros U MeHee 3HAYHTEJNbHBLIM — XJIOPHJOB. Xapakrep H3MeHe-
HHS COCTaBa BOJ NpH YBEJIHYEHHH MX MHHEpPajH3alHH [OKasaH
B Ta6a. 38, KoTopas cocraBieHa Hamu no matepnaiam B. M. Kypa-

TaGanua 38

Xumuueckuit cocrae rpyHToBeix Boj [pHYaHOBCKON paBHHHBI
(LWenrtpanbnan Bapa6a), mr/a

[Ipeneast MHHEpaAHIAUHH BOL, I'/X
KomnoHenTnl

<2,0 2,0—5,0 5,0—10,0 =10,0
HCO; 695 1550 2122 4 480
COg2- 0 29 .4 135 156
SO~ 122 456 1400 4 360
4 45,2 146 251 355
Nat+-K+ 195 637 1470 3 680
Mg 39.8 102 87,1 111
Ca?+ 47,6 50,4 34,4 26,6
Si0, 37,5 99,3 152 11,4
Fe 2,79 7,65 15,9 2121
Al 3,30 5,25 11 10
Ti 0,85 1,66 5,18 5,37
Mn 0,43 1,49 2,46 1,87
PacrBopenHbiii rymyc 13,5 31,1 37.2 75,5
Cymma 1202 3131 5853 13 284
Ci/S0, 0,37 0,32 0,18 0,08
Na*/Ca 4,10 12,6 427 138
Na*/ MG 4,90 6,26 16,9 33,1
Cl/Na* 0,23 0,23 0,17 0,10
Cl/Ca 0,95 2,89 7.30 13,4
CIIM% 1,13 1,43 2,89 3,20
Cl1/SiO, 1,20 1,47 1,65 31,2
UYucao aHalH3OB 9 20 3 3

#* Cymma Nat+-+K+,

yeBa. B 3Tofi Tabamue mopa)kaloT HCKJIIOYHTENbLHO BBICOKHE COJEep-
KaHus COABI, JOCTHTralouwMe 5 r/i1 u Oonee. daxe npu MuHepasusa-
UMy Boja GoJsiee 5 T/il OHH SBJIAIOTCA IO COCTABY THAPOKapGOHATHO-
CyJAbpaTHBIMH HAaTPHEBBIMH, T. €. YHCTO COJAOBHIMH. DTOT (akr ybex-
JaerT B TOM, 4YTO B OTAEJBHEIX CIy4yasX MHHepaJH3alHs COMOBHIX BOJ
MOXKET JOCTHraTh 5 r/a1 H GoJjee. Takue BoAB, CyAs MO BLICOKOMY
COepIKAHNIO THApPOKapOoHAT-HOHA, 0Ge3yCA0BHO, SIBJAIOTCH  CHJIBHO-
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MEJOYHBIMH, COJepKaT HH3KHE KOHUEHTPAUHH KaJblHus H GJaronpu-
STHEI JI151 KOHILGHTPHPOBAHHSA COJIHI.

. BaxHo oTMeTHTb, UTO B paccMaTpPHBAeMbIX BOJAX C POCTOM HX
obuleii MHHepaJH3anuH pesko Bo3pacraior 3Hauenus Na/Ca, Na/Mg,
"Cl/Ca, Cl/SiOz u Cl/Mg (cM. Ta6a. 38), uTo 0AHO3HAYHO CBHJLE-
' TeJILCTBYET O BbIllaJleHHH M3 PACTBOPA 1O Mepe ero KOHIEHTPHpPOBA-
- gHA KapOOHAaTOB M TIVIHHMCTBIX MHHEpaJoB. DTH MPOLECCH AaKTHBHO
[IPOTEKAIOT yiKe B HHKHHX YacTAX [IOYBEHHBIX TOPH3OHTOB, KOTOpHIE
MO3TOMY AKTHBHO BCKHNAIOT, HAYHHAs C HHMKHEH TpaHHIBl TyMYyco-
poro ciaos (Basuiaesny, 1965). HmenHo BHmajeHne KapGOHATOB
NPHBOAMT K OTHOCHTE/JbHOMY oOGorailenuio Box HatpueM. Kpome Toro,
HaTpHil ecTeCTBEHHO NepPeXOJIHT B PacTBOP H B pe3y/abTaTe BLIBETPH-
BaHHA MEePBHYHKIX AJIOMOCHJAHKATOB, UTO MOATBEPIKIAETCS VMEHbIIe-
muem Beanunnsl Cl/Na. CaenoBartenbHo, cofooGpasoBaHHe SIBJseTCS
cJeJCTBHEM JBYX pasJIHYHLIX IpomueccoB: |) BHIBETPHBAHHS Tiep-
BHYHLIX aJIOMGCHAHKATOB M 2) CBASHIBAHHS KaJbIlHf H MAarHus COOT-
'BETCTBEHHO BTOPHYHLIMH KapOOHATAMH H TJIHHAMH.

- Henb3s He o0paTHTh BHHMaHHe H Ha TOT (PAaKT, YTO C POCTOM MH-
“HepaJIM3alHH paccMaTPHUBAaeMHIX BOJ B HHX IPOHCXOAHMT YMEHblIe-
Hue BesnuyuHbl Cl/SO4. DTO0 Ha mnepBHH  B3NIsA NPOTHBOPEUHBOE
06CTOATENBCTBO OOBACHAETCH OCazKJAeHHEM B 30HE a’palHH B HHTEp-
‘BaJjie HauboJiee HHTEHCHBHOTO HCNAPEHHS THICA, KOTOPHIH, 10 IaHHBIM
'H. W. Basunesny, o6pasyer ropH3oHT Bhille KapOOHATHOTO WIH Ha
ToM ke ypoBHe. IlpocaunBalonmuecst aTMoc)epHEHle OCaAKH, PacTBO-
psisi THIIC, YMeHbIIaloT B Bojax Beauunny Cl/SOy; tem Gonee wuHTEH-
'CHBHO, yeM OoJipllie pacTBopeHo rumca. B Gosee rayGoKHX TOpH3OHTAX
Bennyuna Cl/SO; BuipaBHHBaercsas (cM. puc. 20). CuaenosatennHo,
'HECMOTPsi Ha HeJOHACBLIIEHHOCTh MOJA3EMHEIX BOJ IO - OTHOLIEHHIO K
rancy (cM. taba. 36), ocaxkjieHHe MOCJeJHEr0o TPOHCXOAHT B 30HE
aspalMH 13 IOPOBBIX BOJ TIPH HX MHTEHCHBHOM HCIIAPEHHH, UTO OKa-
3LIBAeT CYIIECTBEHHOE BJIHSAHHE Ha COCTaB (DOPMHPYIOMIHXCA BOJ.
CopoBbie BoIAbl Goratbl PHAAOM  3JEMEHTOB-THAPOAH3AaTOB  (CM.
tabs. 35), B YaCTHOCTH aJlOMHHHEM, KeJe30M, THTAHOM H MapraH-
nem, Boicokue comepaHHs NOCJAEIHHX B INEJNOUHBIX BOAAX, BHIHMO,
BO3MOXHBI 6/1ar0apsi 06Pa30BAHHI0 HMH Pa3HOOOPA3HBIX KOMILIEK-
CHBEIX COeIHHEHHH, BKJIIOYAasi H OPraHo-MHHepajbHble, YeMy  Ccroco6-
CTBYIOT BBICOKHE COJEPXKaHHS B BOJAX PACTBOPEHHBIX ' OPraHHYECKHX
BeulecTB rymycosoro psiza. [lopakaloT M KpaliHe BBLICOKHE COJIep-
HaHHS KpPeMHEKHCJOoTHl, noctaraiomde 300 Mr/m npu mnepecuere Ha
Si0;, TakxKe 0OYCJOBIEHHBIE BBLICOKOH IIEJOUHOCTHIO ' COJAOBBIX  BOJL.
' BoaoTHHe BOAB LEHTpPadbHBX paifionHos 3amapn-
Hoit Cubupu. Iror OGIIMPHBIH PErHoH, OTJHYAIOUIHHCA H3GHITOY-
HEIM VBJaXKHeuHeM (npeBbilleHHe OCAJAKOB Haj HCIapeHueM IOCTH-
raer 350 MM/rojl), paBHHHHBIM pesibe)OM H HaJHYHeM CJAaGoOmpOHH-
aeMbIX TOPHBIX [IO[JOII no macmrabam 3a60J04eHHOCTH npeacrasJis-
8T coGofi NPHPOAHBIH (heHOMeH. 'eoXHMusT GOMOTHBLIX BOJA ITOrO  pe-
THOHa wH3yuaJach Koanektusom [lpoGaemHOii rHaporeoXHMHYeCKOH
NMaGopatopun TIIH (OcHoBHble rujpporeosornueckue. .., 1971), a B Bo-
‘ToyHoii wactu 3anaanoii Cubupu — H. I'. Ily6ennnwim (IlIBapues,
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[ly6enun, 1973). Iloayuennble wmaTepHajnl 0606LIeHH HaMH B
ta6a. 39. B 3toll e TabaHue [AJs CpaBHeHHSI NpPHBEIEH COCTAB
aTMoc(epHbIX OCaJAKOB H MOJA3eMHBIX BOA TMOACTHAAIONHX MOPOIL.

Ta6aunma 39

XumMuueckuii cCOCTaB NOJA3EMHBIX BOJ 3a60J04EHHBIX TEPPHTOPHI
3anangnoit Cubupu

Boaora uentpansuoit
Enu- HacTH Husui- | Cpenyee Boant ATmoc-
HH LB Hue aas noacTH- | depuue
Komnomentst Hame- Goaora | 6ogorumx | sawomax | ocaku
pewus | Bepxo- | mepe- | nmsmn- | SAMANHOR | T pg n0pox (cer)
BuE | XOIHble Hble JacTH
pH — 4,201 5,0 6,7 — 5,3 6,7 5,47
HCO,~ me/a | 1,71 4.9 |189 — 65,3 323 7.0
G i 10,6 14,5 9.5 — ELS 91,1 3.23
SOz~ p 0,0 0,0 0,0 — 0,0 5,3 [ 0,9
Ca*t \: 4,53 4,55] 30,5 — 13,2 55,3 1,87
Mg+ i 1,00 4,1 12,8 — 5,97 48,8 0,12
Nat4K* p 0,69 0,1 16,3 — 5,67 dlz 4,72
NH,* . 2,81 I, 5 0,72 — 1,68 0,43 0,4
Cymma » 21,3 | 29,5 |259 - 103 555 17,9
CO, 3 27,1 25,0 16,2 — 22,8 33,5 9,13
Fe it 0,101 0,4 1,23 — 0,58 0,88 —_
Mn mir/a| 41,9 [136 52,5, | 28,4 64,7 36,2 16,6
Ba g 11,6 | 25,7 9,23 —_ 15,5 15 2,32
Zn 5 5,731 6,89 9.,88| 7,0 T80 ) 307 3,07
Zr . — — — 3,0 3,0 —_ 2k
Ti . 2.65| 2,45 1,10 —_ 2,07 2,65 2,70
Cu A 0,55| 0,68 1,20 1,20 0,91 0,77 1,87
Pb i 0,60 0,35| 0,89 1,30 0,78 0,50 2,16
Ni » 0.66] 0,741 0,721 0,60 0,68 1.35 1,62
Vv " 0,101 0,12 0,19 0,40 0,20 0,70 0,99
Ag » — It — 0,20 0,20 — —
Gr 5 — — — 0,20 0,20 — -
Sn - — — — 0,10 0,10 — —
Co _ — = - 0,05 0,05 = =
Be S — — = 0,01 0,01 — - -
Yucao anaanszos | — I 24 { 5 ' 41 ‘ 250 ‘ 320 | 11 I 12

Ananus panubix Tabna. 39 npexie BCero CBH/AETENbCTBYET O pe3-
KOif cMeHe KHCJBIX BOJ BOJOPa3/eJbHBIX INPOCTPAHCTB CJAaGOKHCALIMH
B jJoauHax. B sTom e HanpaBieHHH pacTeT H HX o6llas MHHepaJH-
3alldsg, a Takxke cojepxKaHue GOJBIIHHCTBA MHKpPOKOMIOHeHTOB. Bcee
3TO CBHJAETeJNbCTBYET O 3HAYHTEJBHOM BJHSHHH Ha COCTaB OOJOTHHIX
BO/I MOHWMEHHBIX H TEepPPAacOBBIX TOPMAHBIX MECTOPOXKAeHHH H TpyH-
TOBBIX BOJI MOJACTHJIAIOLUIMX TMOPOJ, KOTOPLIE OTJAHYAIOTCA TMOBBIIEH-
HOH MHHepaaH3auuei, c1abOKHCJI0H HJAH HeHTPaJbHOH CpefoH, rui-
pokapOOHATHBIM MAarHHeBO-KadIbIHEBBIM HJH  KaJbLHEBO-MarHHeBbIM
COCTABOM, INOBbILIEHHBIM COJEpKaHHEM TPaKTHYECKH BCeX MHKPO-
KOMMOHeHTOB. B To Ke Bpemsa cocTaB GOJOTHHIX BOA BOJAOPAasfiesbHbIX
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- NNIPOCTPAHCTB OTJAHYAeTCd OT CocCTaBa aTMOCQJeth!X OCa/lKOB, 4TO

CBH/IETEJIBCTBYET O HAJHYHH B mpejesax O60J0T cJA0XKHBIX OHOJOrO-
XHMHYECKHX IIPOIECCOB, CBfI3aHHBIX INpexje Bcero ¢ mnpeobpasosa-
HHEM OpPraHHYecKoro BellecTBa. DTO NMOATBEPHAACTCS IIHPOKHM pac-
NpOCTPaHeHHEM B ra3oBOM cocTaBe GOJIOTHHIX BOJ MeTaHa, HaJHUHEM
60JIbIIOrO KOJNIHYECTBA TyMaTOB H (yabBAaTOB, OGOJBLINM  Pa3Hoo6-
pasHeM BH/J0B MHKpPOOPraHuamMoB. B 3THX yCJAOBHSIX pa3sBHBAaIOTCH
aMMOHH(pHUHPYIOWHe 6aKTepHH; GaKTepuH, yCBauBaloUlHe a3oT, paspy-
HIaloliHe KJAeTYyaTKy, TPHOBL U T. J.

M3 npuBeneHHoii KpaTKOH XapaKTepHCTHKH XHMHYECKOIO COCTaBa

- 6OJIOTHBIX BOJ OTYETJHBO BHAHO HX OTJIHYHE OT JAPYTFHX THIOB TMOJ-
. 3eMHBIX M TNOBEPXHOCTHHIX BOA. JTO OTJHUYHe 3aKJiouaeTcs B o06el-
. HeHHH TOP(SHBIX BOA (IO CPaBHEHHIO C FPYHTOBBIMH) MHHEpPAaJbHBIMH

COMAMH, OOOrameHHeM HX METaHOM H OPraHHYeCKHMH KHCJIOTaMH.
‘Mukpodaopa B TopdAHBIX BOAAaX AKTHBHO Pa3BHBaeTCs 10 MePBHIX

- JlecATKOB caHTuMeTpoB. Ha Goapliux ray6HHax TopgsiHbie BOABLI 0CO-

6elHo BepXOBBIX GOJIOT NMOYTH CTEPHALHBL. [l TOPOAHBIX MECTOPOXK-
JleHuii xapakTepHa BOCCTaHOBHTeabHas ob6cranoBka. CoctaB  cBO-
60/HEIX H PacTBOPEHHbIX I'd30B A30THO-METAHOBBII M  METAaHOBBIIL.
O6oramniense TOP(MAHBIX BOJ OPraHMYECKHMH KHCJAOTAMH NpH MAaJoW
HX MHHepalH3allHH TNPHBOJAHT K MOABJIEHHI0O 0COGOT0 THNA  KHCJABIX

 (pH 3,5—4,0) oprano-mMuHepa/JbHBIX BOJ, B KOTOPBIX COJepzKaHHs
- KATHOHOB INpe06J1aJlaloT HaJ 3KBHBAJEHTHLIM KOJHYECTBOM AHHOHOB

MHHEepaJIbHOI'o reHe3uca.

§ 2. APYTHE JAHHBIE MO XHMHYECKOMY COCTABY
MOA3EMHBIX BOJ PAHOHOB YMEPEHHOrO KJIHMATA

ITo psiny perHoHos 3eMHOro Hiapa, XapaKTepH3YIOIIHXCH YyMepeH-
HbIM KJHMAaTOM, ONyOGJHKOBaHHE JOCTATOYHO MNOJHBIE aHAJH3bl MOA-
3eMHBIX BOJ. PaccMOTpHM HEKOTOpBIE H3 HHX.

Ouuansuaguga eoxHMHS NOA3€MHBIX BOA paHoHOB (HHCKOI
Jlannananu usydena I1. Jlaxepmo (Lahermo, 1970). Boanl 3aneraior

NPEeHMYILECTBEHHO B JeJHHKOBHIX OTJOXKeHHsx Oacceitna p. Kewmu.

AGCoMOTHBIE OTMETKH MOBEpPXHOCTH pedbeda, Kak npasuio, MeHee
1000 M, HO oTgeabHble BeplIHHE rop pocturailor 1300 M, ortHocH-

' TeapHble TpeBbimiedHs cocrapagior 300—600 m. Paiion 3asnecen, me-

‘cramu 3aboji0ueH, o3epa nokpuiBalotT Gosee 5% Tteppuropun. Kaumar
HCCJIEIOBAHHOrO paioHa TYMHIHBIH C XOJIOAHOH 3HMOH, cpeaHsd
‘Temnepatypa roga KogeGaercs or 0 1o —1°C, KoaHueCTBO 0CaAKOB
'350—500 mm, u3 koropeix 66Y% Bmimamaer B Mae — cenrsGpe, ucma-
‘penne 150—200 mMM, noa3eMHbI CTOK 40 5 J1/c-KMZ2.:

[TogcTunaiomiue KopeHHbBIe TOPOJAL INpeAcTaBJdeHbl  10KeMOpHii-
CKHMH CJ3aHIaMH, FPAHHTAMH, TPAaHOAHOPHTAMH, JAHOPHTaMH, rab6po,
MHrMaTHTaMH, rHeficamMH, KBapuuramu, ambuboautamMu W  Ip.
‘MouHocTs NepeKpHBAOIIMX  MOPeHHbIx 00pasoBaHHH  COCTABISET
'3—5 M, duaiosHorasuHaabHBIX — 10—20 M.

@opmupylomuecss B 3THX YCJIOBHAX BOALI SABJAAIOTCH CAa00KHCIBI-
MM yJabTpanpecHbIMM ¢ MHHepaJiH3allHeH, Kak [NpaBwio, MeHee
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100 mr/a (ra6a. 40), mo coctaBy— rHAPOKAPGOHATHBLIMH  KaJbllhe-
BBIMH, a Ha 3a00JOYEHHLIX YyacTKax MarHHeBO-KaJblueBbIMH. OO6-
pamaer BHuMaHHe BhICOKOe 3HaueHue Na/K, uto oGmbscHsercs 060Jib-
IIHM BJIHSIHHEM Ha COCTaB BOJ aTMOC(EPHBIX OCAJKOB H MOUBEHHBIX
ropn3ontoB. Besnunna Ca/Mg B Bomax rpaHHToB paBHa 3—4, T. e.
COBNAJIaeT CO 3HAYEHHAMH 3TOrO OTHOIIEHHS B Topoxax. B Bomax ke
YEpPHLIX H 3eJeHOKAMEHHBIX C/JAaHIEeB OHO BEHIlIE, YeM B MOPOAAX, YTO
[1. JlaxepMo COBepuIEHHO CIpaBeMIHBO OODBACHSAET YACTHYHLIM CBS-
3bIBAHHEM MAaTHHS NPOAYKTaMH BHIBETPHBAHHSA.

Ta6auna 40
CpepnHuii XHMHYecKHil cocTas BojA duuckoi Jlanaawmuu, mr/n

Boast Boaw
” PHXABX Boast 3360710~ [Tosepx- ATMmoc-
KoMmmouenTst OTAOWE- KOPeHHBIX HEeHHBX HoctHnie | Cpeanee® | deprue
Hith HOPOL yyacTkos BOAM 9CAAKH
pH 6,67 6,76 5,94 6,8 6,42 -
HCO,~ 34 56 28 36 39,2 —
SOz 5.4 10 9.2 4,9 8,2 2.1
Cl- 2,6 5,5 3 2,3 3,7 0,8
NO;~ 0,59 2,01 0,19 0,24 0,93 0,06
NO," b s = 0,01 jum
i 0,10 0,19 0,04 0,13 0,11 —_
PO,3" A ks e L 0,05 2
Ca?* 7,8 16,9 5,3 8,6 10,0 0,
Mg+ 2,3 4,7 4,7 2.0 3.9 0,12
Na+ 1,6 3,3 1,5 1.4 2,13 0.4
Kt 0,63 1,53 0,97 0,6 1,04 0,3
NH* — — — == 0,06 —
Si0, 11,7 14,2 9.2 11,1 11,7 0.5
Cymma 66,7 114 52,1 67,9 81,1 =
CO, (cB.) 9.0 19,0 — 7.0 14,0 =
0, 11,2 9.8 — 13,2 10,5 -
OKHCAIEMOCTh -+ 5.4 14,4 17,0 7.93 —
Fe <0,005 0,058 0,14 0,166 [ 0,07 —
Mn <0,005 | <0,005 0,012 | <0,05 0,007 —
Hucno ananu3os 572 101 31 352 704 —

#* Paccunrano HaMu Ge3 yueTa MoBepXHOCTHBIX BOA.

IloBenenue »kesme3a M MapraHua 3aBHCUT OT OKHCJIHTENBHO-BOC-
CTaHOBHTE/IbHBIX YCJOBHI, HX MaKCHMaJbHble KOHIEHTPAaLHH B BoAax
o6HApYKHUBAIOTCA HA y4YacTKax pasBHTHS Topda M 3a260J0YEHHOCTH.
HMcTouHnKaMHu 3THX 3/IeMEHTOB B OCHOBHOM SIBJISIETCS H/JIOBHAJBHBII
FOPU30HT MOYB, TA€ OHH 0OPa3yIOT KOMIUIEKCHBIE COeJHHEHHS C Op-
raHuYeCKHM BeleCTBOM H CTAHOBATCH NOABHXKHBIMH. ITHM OOBACHSA-
ercs u HaGuojaeMas NOJOKHTEABHAS KOPPeasUHOHHAA CBfA3b COMAEp-
MKaHHIT XKeJjie3a ¢ pacTBOPEHHBLIM OPTaHHYECKHM BELLIECTBOM.
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|? C.ne;z.ye*r OTMETHTh BLICOKHE KOHUEHTPAUHHM KpemMHe3eMa B BOJax,
KOTOpPBIH CpPelH aHHOHOB H KATHOHOB 3aHHMaeT BTOPOE MECTO Mocie
THAPOKapOOHAT-HOHA, T. €. BOABI (haKTHUECKH ABJAIOTCA THAPOKapG6o-
HATHO-KPEeMHHCTHIMH KaJibuneBeIMH. Yame Bcero comepikanns SiO
- Kosiebaiorca B mpepenax 10—12 Mr/a um He 3aBHCAT GT THIA BMe-
mammux nopoi. McTOUHHKOM KpemHe3eMa B OTJIHYHE OT MHOTHX
AHHOHOB fIBJAIOTCA He aTMOC(hEpHBIe OCAaJKH, a BMeIlaouiHe TOPOJLL.

[Iposenennnie Il. Jlaxepmo pexkuMHble HaGMI0OJ€HHS TOKa3aJH,
4TO COCTAB BOJ YETBEPTHUYHBIX OTJIOMKEHHH H KODPEHHBIX MOpPOoj MpakK-
THYECKH He 3aBHCHT OT BpeMeHH rojna. MameHnenmuio moaBep:KeHBI CO-
Jep:KaHHA TOJNBKO OPraHHYeCKHX BelllecTB (M0 OKHC/ISEMOCTH) H Ke-
Je3a. Konnentpauuu nepBeIX B TeueHHe 3HMHEro MepHoAa MOCTENeH-
HO YMEHbLIAIOTCHA, .a BTOPOro BelyT cebsa OoJiee CA0KHO H 3aBHCAT OT
YPOBHA TPYHTOBBIX BOJL H HHTEHCHBHOCTH NPOMBIBAHHS y4YacTKa Ha-
60neHni.

IIBeunnsn O.Jlauacrpem u K. I'. Beunep (Landstrom and Wen-
ner, 1965) npoaHa/H3HpPOBaJH HEHTPOHHO-aKTHBAUHOHHBLIM METOLOM
Io/I3eMHEIE M ITOBEPXHOCTHEIE BOAB M3 Tpex paiioHos [Ipennu:
1) paiion r. Ckeanedreo; 2) Gacceiin p. ¥Ymeo u 3) paiion r. Coaned-
Teo. Bonbl 3ajeraloT nNpeuMyLleCTBEHHO B DPBIXJBIX JeIHHKOBHIX 06-
Pa30BaHuAX, SABJSIOTCS NPECHBIMH THAPOKAPOOUATHBIMH KaJbLHEBO-
MaruneBbiMH. IToaseMHBle BOABI NOACTHAAIONMX KOPEHHBIX TMOPOJ
XOTSi HECKOJbKO H 6oJlee MHHEpAJH30BaHB, HO BCe e OCTaloTcs
. yJIbTPanpecHHIMH C MHHepaJausauieil ToabKo u4yTh Goaee 0,1 r/am.
- B stux Bozax ompeneneH GoJIbIIOH KOMIIEKC Pa3HoOGpPa3HBIX MHKPO-
KOMIoHeHToB (Tabs. 41), coiepikaHus GOJBIIHHCTBA H3 KOTOPHIX B
BOJlaX KOPEHHBIX NOPOA ABJIAIOTCS G0Jee BHICOKHMH, YeM B BOAAX PHIX-
JbIX OTnoXKeHHH. JI/is HeKOTOpPHIX 3JeMeHTOB (HAaTpHil, IHHK, Melb,
MapraHell, MBIIBAK, VPaH W JAp.) HaOMIOAAIOTCH pPe3KHe PpasHuHA
B HX COJEPXKAHMH B BOLAX PLIXJBIX 00pa30BaHMi M KOPEHHBIX MOPOI,
UTO MOXKET OBITh OOBSACHEHO CJAy4YaWHBIMH HPHYHHAMH, BbI3BAHHLIMH
HeGONBLIIHM YHC/IOM NTPOaHaJu3HPOBAHHLIX MPOG.

Cesepo-BocTtouHas wacth CIIA. Bkiwouaer IleHTpans-
Hbie W BeJnkne paBHHHBI, a Takxke Anmagaui, xapaKTepH3yeTcd KOH-
THHEHTAJbHEIM H YMEPEHHO KOHTHHEHTAJIbHLIM KJIHMATOM C GOJBHIHM
- koamuectBoM ocaakos (500—1500 mMm/roz) M OTHOCHTEJNBHO BEICOKOH
cpeaneronosoii remneparypoit (8—12°C). Tloa3emubiit CTOK, Mo AaH-
- ueiv M. H. JIpBoBHua, cocraBaser 2—5 j/c-km?. [Ipeobiamanne
- nanamadToB 30HB CMEUIaHHHEIX JecoB B Anmajgavyax CMeHSIeTCs 30HOH
Jecocreneii (npepuii) B mpenenax pasuud. Onnako npH Boifope H3
- ony6ankoBaHHbix pabor (Scott, Barker, 1962; Skougstad, Horr, 1963;
White e. a., 1963) COOTBETCTBYIOIIHX aHAaNH30B MNOA3eMHLIX BOJ MbI
10 BO3MOJKHOCTH OT/AaBaJi NpeIlloYyTeHHe NAHHBIM, KOTODHE OTHO-
csaTca K JecHoit 3ome. ITostomy npusBoanMee HHxKe undpur (taba. 42)
XapakTepusyloT JaHAWAa(pTH 30HH CMeIIaHHHIX JIECOB = CeBepo-BOCTO-
ka CIHIA.

Kakue-nub60 npuHUHNHAJLHBE Pa3JHYHA B COCTaBe BOJA PasHbIX
BOJOBMEIIAIONHX Nopoa oTcyrerBylor. HaubBoabuias MHHepaIn3alns
XapakTepHa JJis BOJ H3BECTHSIKOB, HaHMeHbllIas — AJIsi BOJA IHeHCOB H
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TaGanua 41
Xumuueckuit coctas noazemusix son llipeuun

Kounonewms | Sttt | Bos puna | Bog opew | Mneh e | Gpeppees
H — 6,77 (i 6,9 6,98
EICO{ M/ 29 26 14 27,5
SO2- ¥ 15,2 31 12 23,1
cl® 3 5,4 16 8 10,7
NOy- i 1.4 1,0 1,0 12
PO 2" i 0,05 0,05 0,05 0,05
NO,~ y 0,016 0,005 0,005 0,01
Ca?t y 13 16 2,76 14,5
Nat & 2,43 18,7 1oAT 10,6
Mgt { 3,91 9.3 1,37 6,6
K+ ) 0,88 1,65 0,33 1,27
NH* . 0,2 0,15 0,07 0,17
Cymma » 71,4 119 40,7 95,7
CO, (cB.) o 22 11,5 9,33 16,7
Fe MK/ 785 1500 193 1142
Mn i 143 265 333 204
Zn . 375 13,5 14 194
Sr 3 32,4 64 7,67 32,1
Ba . 18,1 12.56 2,5 15,3
Br 5 10,7 16,0 7,67 13.4
Cu . 15,6 1,85 1,43 8,72
As 2 1l 11,4 0.27 06,27
Rb . 3.81 6,0 0,6 4.9
Cs . 0,95 7.0 0,7 4.0
Cr a 12 1,6 1 | 1.4
Mo : 0,38 1,55 0,23 0,96
Sb . 1.5 0,25 0,07 0,87
Se 3 0,5 0,25 1,0 0,37
Ag A 0,35 0,1 0,4 0,22
Co & 0,34 0,1 0.1 0,22
Hg . 0,3 0,1 0.4 0.2
u 2 0,04 0.2 0,1 0,12
La o 0,05 0517 0,26 0,11
w 5 0,05 0,08 0,03 0,07
56 4 0,01 0,022 0,045 0,016
Au v 0,004 0.003 0,002 0.003
Yucao aHaauzos — 11 2 3 13

# PaccuHTaHo HaMH (e3 noBePXHOCTHHX BOIL.

anopuToB. COOTBETCTBEHHO M KOHUEHTPALHH KaJbLHA SBJISIOTCH MaK-
CHMaJbHEIMH B BOJAaX H3BEeCTHAKOB, a MHHHMaJbHBIMH B Bojax Oa-
3aapToB. Ha nepBuiii B3rVIsi HeCKOJbKO HeoObMHO Befler cebs  HaT-
puil, MakcHMaJbHble KOHLEHTPAlHH KOTOPOro CBA34HBLI He ¢ BOAaMH
IPaHHTOB, KaK 3TO MOXKHO  Owl10 OBl mMpejanojaraTth, a ¢ BoJAaMH Oa-
3aJbTOB. IJTO OGBACHAETCS NOBBILUEHHOH IIEJOYHOCTBIO TMOA3EMHBIX
BOJL OCHOBHBIX NOpPOJ, KOTOpas KOHTPOJHPYeT ocaxjeHne KapboHa-
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Ta6anma 42
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TOB, @ 3HAYNT H MNPHBOAHT K YMEHLIUICHHIO B BOAAX KaJbLUHS H B of-
JeJbHbIX CJAyYasiX MarHHsi, YTO ABTOMATHYECKH NPHBOAHT K OTHOCH.
TeJbHOMY BO3PacTaHHIO A0JH HAaTpuA. [lOBHIIEHHON MIEJOYHOCTLIG
BOX 6a3aabTOB OGBLACHAIOTC H BBICOKHE KOHIEHTPAUHH B HHX Kpewm-
Hesema. [IpuBesennbie 1aHHbIe JHUINHI Pa3 CBHAETEALCTBYIOT O CJIOK-
HOH 3aBHCHMOCTH MEX/Yy COCTaBOM IOA3EMHBEIX BOJL H BMEIIAIONH X
MOpo. '

BonoTHme BOAHK CeBepoO-3anmajfa eBPOMeNCKOIl:
yacTu CCCP usyuaaucs B. H. Epumoam u 3. C. Edumosoi
(1973) na nmpumepe BepxoBoro Gosora I'opeanii MOX M HH3HHHOrO
6onora Jlutomnuukoe. IlonyuenHble  pe3yJbTaTHl  NPHBEAEHL!
B tabu. 43. BaxHo, 4TO yINOMAHYTBble HCCJAELOBATENH MPOBOAH/IN

Tataunma 43
Xumuyeckuilt cocrae 6GOJIOTHBIX BOJI CeBepo-3anaja
esponeiickoit yvactu CCCP, mr/a
Hu3nxuoe Coxoto
Bepxopoe JlurowHnuKkoe Ha raybnue
K 601010 Cl_:'”'ﬂln AtMocdepusie
OMIOHEHTH Fopeauit cocras OCaNKH
MOX G0A0THBIX BOX
95 em 170 cm

H 3.9 6,1 6,34 9,27 —
CO;~ 1.35 46,4 61 36,2 0,95

S02~ 3,14 31,8 31 21,9 Loy |
ClI- 2,02 3,57 — 2,8 0,66
NO4~ 0,4 0,49 0,4 0,42 0,54
Ca+ 1,88 18,4 25,3 16,2 0,64
Mg+ 0,53 8.1 9,57 6,07 0,22
Na+ 0,79 0,98 0,94 0,9 0,46
Kt 0,22 0,25 0,54 0,34 , 0,28
NH* 0,14 0,66 1,28 0,69 0,51

Si0, 2,76 2.5 9,56 4,71 —
Cymma 13.2 113 144 89,2 9,36

opr 28 42 — 35 —

Nopr 0,61 1,83 — 1.22 —

e 0,17 0,37 10,69 3.74 -

H,PO,~ 0,22 0,31 .25 0,26 3,0

Yucao auaiusos 9 9 9 | 27 ] —-

HabJ/0eHHsa 3a cocTaBoM 60JIOTHBIX BOJA B TeuyeHHE TPeX Ce30HOB ro-
na (BecHHI, JeTa H OCEHH), YTO MO3BOJHJIO HM HPOCAEAHTH AHHAMHKY
H3MEHEeHHsI COCTaBa BOJ BO BPeMeHH.

CocraB Box BepxoBoro Gojiora OJH30K K COCTaBy aTMOC(epHBIX
ocaakoB. MMemomyecss OTKJIOHEHHS OOBSACHAIOT ABTOPHI AOMOJHHTEJb-
HBIM PAaCTBOpPEHHEM 30JI0BOH NblJIH (OTCIOAA NOBBILIEHHBIE COJEepIKa-
uust Ca?t, Mg?+ u Nat), mubo norionesnem 3/1eMEHTOB PacTeHHSAMH-
ropdoobpasoBatensMu  (noHwKeHHble KoHuentpaunn S04, NO;-,
NHy*+ u Kt), au6o, nakoHen, omuOKaMH aHaJaH3a.
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- [MoBbilleHHass MHHepaJH3aUHs BOJA HH3HHHOTO GoJoTa OOBSCHS-
TPYHTOBLIM NHTaHHEM, C YeM HeJb3s He corgdacutees. OnpHako
pOXOANMO YUHTHIBATH TakiKe MacumTabul NpeoGpasoBaHHs OpraHH-
KOrO BElleCTBa H IMOJACTHAAIONIHX MOPOA H CBSI3aHHOTO € 3ITHM
OralieHHsi BOJ XHMHUECKMMH 3jeMeHTaMH. Beab G0OJOTHHE BOJXBI
CO/lePKAT HCKJIOYHTEJIbHO BHICOKHE KOHHEHTpauuH Copr, AHHAMHKA
KOTOPOro, Kak 3TO XOPOIIO MoKa3aHo B paboTe, 3aBUCHT OT BpPeMeHH
la He TOJbKO B BePXOBBHIX 60/10Tax, HO U B HH3HHHLIX. Kpome Toro,
usuHuble 6ostoTa cogepxat Goabie Copr H Nopr, ueM Bepxosbie. Cue-
JloBaTebHO, (hOopMHpOBaHHe GOJIOTHHIX BOJA, TaK XK€ Kak H JAPYrHX
gX THIIOB, HeoOXOAHMO paccMaTpHBaTh B 00Lleil cHcteMe mnpeoGpaso-
BaHHsl OPTaHHYECKHX COe/MHEHHH, TOPHBIX MOPOJ H CaMOil BOJHL

§ 3. OCOBEHHOCTH COCTABA JIH3UMETPHYECKHX BOJ
MON30JUHCTBIX MMO4YB

XapakTepHCTHKA TOA3eMHEIX BOJ Obiia Obl  HENoJIHOH, ecad Obl
MBI XOTl Gbl KPAaTKO HE PacCMOTPeJH BOMNPOC O COCTaBe MOYBEHHBIX
' BOJ, KOTOpbleé TOJBLKO 4aCTHYHO paccMaTpHBAJMCh HaMH Beime (oM.
Taba. 31 n 37). Cnepyer OTMEeTHTH, UTO NOYBEHHLIE BOABLI H3y4YeHL
cna6o, u Toabko Gjaromapsi pab6oram K. H. Cxpreianukosoit (1959),
H. C. CoruukoBoit (1970), B. B. Ilonomapesoii (1973), E. H. lln-
gosoit u A. A. Crpeakosoit (1974), M. Illeanepa (Schoeller, 1963),
H. M. Benoycosoii (1974) u Apyrux HMeIOTCH JOBOJILHO OGLIHPHBIE
CBe/leHHsl 0 COCTaBe JIH3HMETPHYECKHX BOJ MOj30JHCTHIX MOYB, Kpat-
KYIO XapaKTepHCTHKY KOTOPHIX MBI H TPHBEJEM.

ITo o6o6mennsim aaunuim B. B. ITonomapesoit (1973), pH au-
| aumeTpHuyeckHX BoJi B HpouasX INOA30JHCTHIX H  1ePHOBO-MOI30-
| JIHCTHIX MOYB BO BCe NEPHOABI roja cocTaBiaser B cpeanem 4,5—5,5
npu KoaeGaHusax ot 3,8 mo 7,2 (raba. 44). 3nauenuss pH Bwime 7,0
Ha6MI0AAI0TCS PeAKO M TOJbKO /IS HHKHHX TOPH3OHTOB IIOYB Ha
Kap6oHATHLIX NOpoAax. KHCJAOTHOCTL JMH3HMETPHUECKHX BOA B MOA-
CTHJIKe OOYCJOBJeHa MPeHMYLIeCTBEHHO HeJeTVUHMH KHCJAOTaMH, B
HHJKHHX TropH3oHTax — yraekucaotoit (Iunosa, Crpenkosa, 1974).

XapakTepHoit 0COGEHHOCTBIO JH3HMETPHYECKHX BOJL TOA30JHCTHIX
NOYB Hapsily C HX BLICOKOH KHCJIOTHOCTBIO SIBJsIETCA OGOTalleHHOCTh
HX OPraHHYECKHM BeIeCTBOM H HH3Kas creneHbp Muuepaauszauuu. O6-
pamapT BHHMaHHE BLICOKHe KOHIEHTPAUHH B BoAax Kejde3a H agio-
MHHHS H YacTO NpeBBIIEHHe COJepIKaHHil KaJaus HaJ HaTpHeM, 4YTO
CBH/IETE/NILCTBYET O 3HAYHTEJbHOH POJIM pasjaramolleroci OpraHu-
YeCKOro BellecTBa B 0OOralleHHH JH3HMETPHUECKHX BOJ XHMHUYECKH-
mHu 3nementaMu. [lociennee Xopomo AeMOHCTPHPYETCH JAHHBIMH 110
COCTaBy PacTBOPOB, NMPOCAUYHBAIOUINXCS Yepe3 FOPH3OHT JecHo#l Moj-
CTHJIKH.

Hmenuno JecHas NMOACTHIKA NMpoAyuHpyeT Haubojlee KHCJAbie H MH-
HepaJH30BaHHBle PacTBOPHI, O0OralleHHLIE NpexK/le BCEro OpraHoreH-
neiMu anementamu (P, K, C, N, S, Ca u ap.). B 3Tux BoAax opraHo-
reHHasi COCTAaBJSIOUIAS CyMMbI coJleil pe3ko mpeoOnazaer Hal MH-
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Ta6bnnua 44
XHMHUYECKHH cOCTaB JIH3HMETPHUECKHX BOJL MOA3OJHCTBIX H AePHOBO-MOA30MHCTBIX MOYB, MI/J

Mouss .’lenunrsanckon u Kaaunmucko# o6aacredt (IMonomapesa,
oTHHKOBa, 1972). 1o 78 anaamsam Moussl HOxuoit TMousst paftiona
Kapeaun r. bop1o
(IUuxaona, 1974). (Schoeller, 1963).
K necyaHnlit HANIOBHANBHO-TYMYCOBO- NePHOBO-CHILHOMOAZOANHCTAS CYFAHHHCTAN ITo 6 awaaniam [To 12 ananmaam
S DR AenesHcThil moa3on (cpenuee) (cpennee)

Ay AA, Ay B Aq Ay Ay AyB, BC, A AjA, B A B c
pH 427 | 4,6 4,76 | 5,01 | 4,06 | 4,74 | 4,94 5,91| 6,1T | 5,55| 5,9 — - - --
Copr 30 17 11,6 3,6 |66 29,5 |30 19 8 - — — — — -
Noge T S e TR (T T O R e BT B, S TN (B R S e
KucaoTHocTs:

a) opraHnueckas 0,42 0,3 0.21°] 0,121 0,89 ] 0,36 |.0,35 0,19] 0,01 | 0,47( 0,22( 0,1 — —
6) neopraunueckan| 0,14 | 0,17 | 0,14 | 0,16 | 0,23 | 0,21 | 0,25 0,68 | 1,34 | 0,28] 0,42 0,39 — — —
O, 7.47 |10 8.22°1 9.18.}18.9 2¢18.9 <] 18 27,6 |65,9 136,9 [24,3.|23 149 206 207
S0, 13,2 (11,6 12,9 [13.8 (69  [33.6 [48,9 |36,6 |20.4 |13,3 | 7.16( 8,9 | 33,837 | 24,9
Cl~ 3,51 | 4,36 | 3,4 5,280 )7 0F] 16,57 | 6,95 8,071 9,1 13,3 [10;1 |12.7 | 44 55,5 | 25,4
HPO 3~ 0 0 0 0 0,015] 0,003| 0 0 0 5,621 1:52 =08 1,48 2,16] 4,32
NOg~ - - - - —- .- — — — 1,49| 0,05| 0,16] 16,9 1,101 -15;7
Cat 5.5 4.3 4,0 3,8 26,3 g.8 "[10.2 87 =116 60 1R 8,7 | 8,2 |144 |156 86,5
Mgt 0,97 151 0,84 (1,4 8.3 4,5 6,7 6,6 10,7 3,241 1,4 | 1,5 5,050 9,931 4,70
Nat 1L6¢ =178 %18 2,3 2,64 | 2,38 | 3,09 3,1 7,78 | 0,92] 1,08 0,74| 7.62| 7,33 6,70
K+ 2.0 i EyORle] 0,2 13,0 3,2 4,72 2.5 107 LT 1-36s (=36 6,12 3,83 2,50
Fe3t 2,24% 2 5% | 2 86% 5,66%| 4,88*%| 3,64*| §5,23*%( 1,5% |45,0* L7 05281 50850 0,19* . 0.16%1 0]
Fe2t — — — — — - - - — 0,3 ] 0,010,158 — —_ —
Alst 1,14 1,04 ( 0,78 | 1,14 | 2,01 1,4 1,3 3,61 2,33 | 1,45| 0,96| 0,47| 6,89 7,42 7.42
NH,* s — — - — - — - - 4,53] 1,081 1,36 — — —
Si0, 7T.019014.8 111.8 15,8 14 15,9 11,6 22 51,7 — - — | 17,6 | 23,6 | 15,6
Cymma 45 52,6 |47,8 |58,5 |[160 98,9 |115 130 199 111 60,2 162,4 [433 |509 [401

# CyMMapHoe xeneso,



HEepaJbHOl, YTO NMPHBOAHT K HEKOMMNEHCHPOBAHHOCTH KHCJIOT OCHOBA-
HHAMH H COOTBETCTBEHHO (GOPMHPOBAHHIO KHCIOH CPE/bl.
[IpocaunBasich BHM3, KHC/ble PAacTBOPHI yXKe B Mpejenax ropH-
30HTAa A| B3aHMOJEHCTBYIOT ¢ MHHEPaJbHONl YacTbio MOYB M MOITOMY
nocrenenHo moAuenaunsaiores. [lo Tofi e npuunHe B HHX Bo3pa-

cTaeT KOHLEHTpalus KpeMHe3eMa, a COjepXaHHs BCeX APYTHX 3Je-

MEHTOB HeckKoJbKo  yMmenbwaircsi. [lo  0606iieHHBIM — JTaHHBIM
B. B. Ilonomapesoii u H. C. Coruukosoit (1972), uanpumep B npe-
Aenax TOPH30HTa A; IepPHOBO-CHJILHOMOA30MHCTON CYIJAHHHCTOH MOYBbI
yaepxusaercad 50-—80% (oT MUrpupyiolmHX H3 JIeCHOH TNOACTHIIKH)
tdocdhopa, Kanud, KaJablus, yrjaepojd, asora, cepbl H Maruusg u 10—
30% amomunus, xeme3a u Harpus. [lo KpaiHeii Mepe, oAHa uyacTh
9THX 3/IEMEHTOB H3BJEKaeTCsd KOPHAMH JKHBYIIHX PACTEHHH H ydyacT-
ByeT B HOBOM OHOJOTMYeCKOM LHKJe, Apyras 4acTb obOpasyer opra-
HO-MHHepaJbHble KOMIIJIEKCHI, 06pasyloliye nouBy.

B Gosee rayGoKHX MOYBEHHBIX FOPH30HTAX MOBEeJeHHe XHMHYECKHX
3JeMEeHTOB TaK)Ke SIBASETCHA CJIOMXKHBIM: OJHH M3 HHX Y4CTHYHO 3a-
KPemJaAIoTCs B NMOYBEHHOM cJ0e, JApYyrHe, HaoGOPOT, BHIlEIaYHBA-
jorcs. TIpu 9TOM BOABI Ka)K/JA0ro MOYBEHHOr0 TOPH30HTAa XapaKTeph-
3VIOTCSH CBOHMH OCOGEHHOCTSIMH, CB3aHHBIMH CO CneuHHKOH MO4YBO-
obpasoBaTe/bHOrO npollecca B KamA0M H3 3THX ropusontos. He ocra-
HABJIHMBAACh Ha BCeX JeTajdX NOBeJeHHs KaxAoro sjaemMeHTa, OTMe-
THM, 4TO 1O Mepe ABHXKEHHH MOYBEHHHIX BOJ K MOJCTHJIAIOUIHM MOPO-
nam oun obGexansiorcs OGuoreHHmIMH sjaementamMu (C, N, P, Ca, K) n
oGoramatoress MunepaiapHbiMu (Si, Mg, Na, unoraa Fe u Al) B pe-
3yJabTAaTe BHYTPHIIOYBEHHOIO BHIBETPHBAHMS MEPBHYHBLIX AJIOMOCH/H-
KaToB H 00pa30oBaHHA BTOPHYHLIX — KAOJHHHTA M THAPOCTIONH,
YCTOHUYHBLIX B c1a6oKHCI0# 06CTaHOBKE.

HecmoTps Ha akTHBHOe B3aMMOLEHCTBHE JH3HMETPHYECKHX BOJX
MOA30/AHCTHIX TOYB € BMEMAnIHMH TOPOAAMH, 3TH BOALI JOCTHTAIOT
NOJACTHJIAIONHX OYB, SBJAACH A0CTATOYHO KHCJABIMH, OTHOCHTEJBLHO
MaJOMHHEPAJH30BAaHHEIMH M COJlepXKALlHMH  3HAYHTEJbHBIE KOJH-
yecTBa OPraHHYecKHX BeLIeCTB, MNOTeHIHAJbHBIX HCTOYHHKOB yrJe-
KHCJOrO rasa, HeoOXO[AMMOro JJsi HeHTpa/u3allHH 1eJOYHOCTH, 06-
pasyiouieiicss NpH BLIBETPHBAHHH NOACTHJAaWOHUX Nopoi. OTMeueHHble
XapaKTepHble YepThl MOYBEHHBIX BOJ 30H XBOHHBIX H UAaCTHYHO CMe-
LIAHHBIX JIECOB ONpPEAeNsloT H chnelH(HYecKyl0 HanpaBJeHHOCTh MPO-
11leCCOB BLIBETPHBAHHUA TOACTHJIAIONIHX TOPOA, a Cjel0BaTeNbHO, H
JajibHeiine nyTH GOPMHPOBAaHHS XHMHUECKOTO COCTaBa MOA3eMHBIX
BO/J. -

Heckonbko HHas reoxuMuueckass obCTaHOBKA XapakTepHa Js
NMOYBEHHLIX BOJ paiona r. Bopuo, rie Takke pasBUTH M0J30/IHCTHIE
noyssl. 371ech GOPMHPYIOTCs GoJiee BEICOKOMHHepaJu30BaHHbie H 60-
Jiee LIeJOYHBIE BOJHI, UTO, BIPOUEM, XOpPouio OGBACHAETCH, ¢ OAHOM
CTOPOHBI, BJHSHIHEM NOJACTHAAIONIMX KapOOHAaTHHIX TOPOJ, pacTsBope-
HHe KOTOPHIX Pe3KO MOBBIIAET B MOYBEHHBIX BOAAX cojaepxaHHe
KajblHsi, H C JAPYroil,— HHTEHCHBHbBIM HCNapeHHeM BOABI B TeYeHHE
CYXOro ce30Ha, 4TO BejleT K 3HAuuTeNbHOMY oOOrailieHHI0 pPacTBOPOB
CYJAb(ATHBIMH H XJOPHAHBIMH COJNAMH, a 3HAYHT H K NOBBLIMIEHHIO HX
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obwmei Mudepaauszannn. OTcioga u pe3kue KodeGaHHA B COAEPIKAHHH
OTJeNbHbIX 3JEMEHTOB B PacTBOpe B Da3JIHYHBIE CE30HBLI TOZA.

[IpuHIANHAIBHO OT/AHYHBIE VCAOBHS HabJi01aloTcs B Xapakrepe

JIMAHMETPpHYECKHX BOJ CepbIX JecHBX nous (loXHasi Tafira) H TOYB

comoBoro 2acoJenns (cm. taba. 31 u 37), B mpeienax KoTopwix ¢op-

MHPYIOTCS  LUeJOuUHble, [10BOJBHO

Lg[!‘.‘az*]/[u*]z BBLICOKOMHHEpPa/JAH30BaHHble PacTBO-

AHoprmum | pbl, 60JabLICH YaCThlO HACHIIEHHEIE

: M0 OTHOUIEHHIO K KaJbIHUTY (pHC.

50 | 21). ITpu 3TOM BOABI CEPHIX H TEM-

; Yonmsgpurmanum HO-CephIX JECHBLIX MOYB B COOTBET-

%50+ I | CTBHH ¢ OHOKJIHMATHUECKOH 30-

P I Al HANBHOCTBIO 3aHMMAIOT IPOMEXKY-

0 rm—”ﬁé’gﬁ”_u_’,ri} ALALL TOYHOE TOJOXKEeHHe MeXKAY KHCIBI-

P=m%,5+| 3 by MH MaJOMHHEPaJN30BAHHLIMH BO-

£y | 8 JlAMH MOA30JHCTHIX TOUB M IIEJ0Y-

LA Kaonurum 8! HBIMH COJIEHBIMH BOJLAMH TIOYB CO-

g).S §4 A noBoro 3acoqienus. Bce 3to paer

8o & §|ii :I HAM OCHOBAaHHE 3aKJI4YHTh, YTO

& SE glg VIKe B Tpeiesax MoYBeHHOTO TOpPH-

&0k -S g,?ﬂ. A g|§ 30HTA (OPMHPYIOTCA pasjHUHbLIC

o e §)§ TCOXHMHYECKHE THIBI BOA B COOT-

t C I'“ : °§|§ BETCTBHH C HAMpaBJIEHHOCTBIO Mpe-

401 y S 06pa30BaHHsl NPOAYKTOB OHOJIOTH-
1

1 " . L1 y4eckoro Kpyrosopora ¥ Macmrada-

—50 45 —40 -35 lg[H,5i0) wu BHIBETPHBAHHS TOPHBIX TOPOL.

|: 5 Il | v |2 I A Ij B pe3yabTaTe KaK TeX, TaK H OpYy-

'HX TMpOLecCOB INOYBEHHBIE BOIbI

Puc. 21, Cucrema HCI—H,0—Al;:0;—CO;— -

B e e 000rallalTcs BIOJHE ONpeneaeH

no COCTABY NOYBeHHBIX BOMA. HBIM KOMIIJIEKCOM XHMHYECKHX 3Jie-

I — goibl TOA3OAHCTHIX NOYB; 2 — BOABl Ce- MEHTOR, NPEACTABIAINIHM coboi
DbIX JEecHBIX NouYB;, 3 — BOABI MOYB C COJO- L &

BBIM 3aCONGHHEM CyMMy ABYX daCCOLHALHH — OuoreH-

HBbIX H MHHEDAJbHBIX. B 3TOM 3a-

K/1104aeTcs CJOMKHOCTh COCTaBa IOUBEHHBIX BOJ, KaK NepBoOll BaxKHeH-

et crajani GopMHPOBAHUSA MOA3EMHBIX BOL.

§ 4. CPEAHHE COINEP)XAHHA H HCTOYHHKH
XMMHYECKHX 3JIEMEHTOB B BOJAX

[IpuBeneHHblil BhIle (PAKTHUCCKHA MaTepHaJ H MHOTOYHCJIEHHBIE
JIATEpaTypHbIe JaHHble MO3BOJHJIH PACCUHTATL CPEeJHHE CONLepKaHHs
XHMHYECKHX 3JeMeHTOB B BOAAX BbillleJaYHBAaHHs NPOBHHIHA yMepeH-
Horo kammara (tabsa. 45). [lpu cocraBieHHH 3TOi TaGAHLIB KpoMme
NPHUBEJEHHEIX BhLillle MaTepHAJOB HCMOAb30BaHE Aannbie B, @. Muu-
kesuua (1973), M. 1. Bepuruna u ap. (1971), K. H. Jlykamesa
u ap. (1960), I'. B. Boromoaosa, O. H. IlInakosa (1974), I1. B. Ocra-
nenst ¥ ap. (1959), B. M. Bbapanosa u ap. (EcrecrBeHHble panuo-
3JeMeRTH. . ., 1968), JI. C. Ceausanosa (1946); M. A. Jlparomupo-
Boit (1944), M. 1. Kaprepa u A. B. Uaneukuukosa (1944), B. A. Ko-
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aotoBa u ap. (Fuaporeoxumuyeckue moucku. .., 1970), I'. B. Enrenena
(Engelen, 1962), $I. Kutano u ap. (Kitano e. a., 1967), T. Ilaueca
(Paces, 1972), M. A. Koxnaposoii, U. Kpacnoro (Kolarova, Krasny,
- 1972), Tk, /1. Xema (Hem, 1970), 1. A. ®oennkca (Phoenix, 1959),
A. V. Tocannra u ap. (Gosling e. a., 1971), M. ®aefimepa (Fleisher,

2*]
lg [Ca 2.
(=3
2
o
-2t %
Aduds,
¥
Puc. '22. CreneHs HACBIUIEHHA NOMX- =7 i ++€ ¥
3eMHBIX BOM, OTHOCHTENbHO KAJAbLHTA. " gt ard =
| —Boam GoNOT JecHoM SOHBI; 2 — R 2
BOAB CMEIIAHHBIX JecoB; & — Bofbl L e .F- S
04 HBIX JlecoB; 4 — BOJABl JecocTeneil, . e ", =
(Y BeaHYEHHBIM 3HaKOM noKasaH . . =
cpeaunil cocTas BOJEI)
5 1 L L Il g
= -3 - e 2-
8 7 ¢ -5 Igfooy]

- 0] [« m|2 [+ +]|7 [a A]4

1968), Hx. A. Jluaxupa u ap. (Leenheer e. a., 1974), A. M. OBuuH-
HukoBa (1970), M. M. T'musbypra u E. C. KaGaunosoit  (1960),
B. M. IlIsena (1973), A. W. I'epmanoBa (1963), C. P. Kpaitnosa
(1973), B. A. Cxonunnena (1950), . T. Pukkapaa (Rickard, 1970—
1971), M. Tapau (Tardy, 1969), H. JI. Kamoxuoro u JI. §. Jlepau-
noBckoit (1974) u gpyrue paGoTbl

[Tpusenennsie B Ta6J. 45 gaHHbIEe NOKA3BEIBAIOT, YTO B COOTBETCTBHH
c ofuleii KAUMaTHUeCKOH M JauamwadTHOH 30HAJLHOCTBIO HaHboOJee
npecHble H KHCJAble BOAB (POPMHPYIOTCS B 30HaX CeBepHOH H cpenHeil
3abosouenHoll Taiirn, HaubGoJiee MHHePAJH30BAHHBIE H IIEJI0YHBIE — B
30HAX 10XKHOH TaiirH u JecocrendH. 30HAa WIHPOKOJHCTBEHHBIX JIECOB
3aHHMAaeT TPOMeXyTouHoe mnojoxkenue. CregoBaTenbHO, IO Mepe
VMEeHbINCHHS] HHTEHCHBHOCTH BOJ0OOGMeHa NMpH ABHXKEHHH C CceBepa Ha
10T COJIGHOCTL IOJ3eMHBIX BOJ Bo3pacTaeT — (pakT, KOTOPHIH H3BecTeH
eme u3 pabor B. C. Mapuna, I1. B. Oronkoro u ap. Baxuo o6patuTh
BHHMAHHE H4 CTeNeHbh HACHIIIEHHOCTH MOA3eMHBIX BOJ OTHOCHTEJIBLHO
KaJbliHTa (pHc. 22): mo Mepe yBeJqHYeHHS MHHeDAJTH3aLMH H LIEJ04-
HOCTH PACTBOPOB NPH IBHXXEHHH C CEBepa Ha 10T CTeleHb HACBIUILEHHA
HX Kap6oHAaTaMH BO3DACTAeT H B JIECOCTENHOH 30He JIOCTHraeT Mak-
cumyma. Taxk, Ha Teppuropun 3anaaHoli CHOHpH cMeHa HeHachIIIeHHBIX
BOJ HACHIIIEHHBIMH OTHOCHTEJBHO KaJblIuTa HAOGMIOAAETCS B Npenenax
KoapiBanb-ToMckoit ckaaauartoii 3oubl H Kys6acca. B 3THX yc/l0oBHAX B
3aBHCHMOCTH OT KOHKPETHEIX reoMop(oJOrHyeckux, THAPOreoJorH-
YeCKHX H JaHAmadTHEX ocobeHHOCTell BBHIIBJAACTCA HEIOJIHOE HJIH 10J-
Hoe HachllleHHe BoJA KapGoHaTaMu, Toraa kak B fojiee ceBepHbLIX paio-
HAaX M OKPYXKaMUIHX TOPHEIX COOPYXKeHHAX BO/bI MOBCEMECTHO HEHAChI-
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Cpenunit XMMHYECKHIi COCTAB MOA3EMHBLIX BOJ,

Boaota aecnoft 3ombl Cwmewannsie aeca
Eannnun
Komnonentsi u3mMepe- SHORG D
HHA cpeatice aHAAHAOB cpeanee aAHAAMIOB
pH —_ 5,49 415 6,95 1500
HCO,~ Mr[a 33,6 415 87 .4 1500
S0,.2- - 8,95 415 24,0 1500
Clz 2 5,31 415 6,83 1500
NO;- - 0,30 58 195 1373
F- = 0,04 31 0,23 4542
- NO,~ . — — 0,01 1069
Cazt . 8,85 415 19.4 1500
Nat a 1,82 415 16,1 1500
Mgt k 4,37 415 6,19 1500
K+ . 0,59 95 S 1069
NH,* - N e 347 0,12 1069
Si0, L 6,52 128 16,5 1812
Cymua - 70,7 415 181 1500
CO, (cB.) g 22.8 320 22,0 1114
Cope 4 20,8 178 519 595
Fe MKT /] 1415 415 555 1445
Al % 101 85 519 405
St - — - 163 1177
Br . — — 35,0 217
P . 84,7 27 72.3 1307
B “ — — 40,1 745
Mn % 32,9 388 55.6 1469
Zn X 7,37 320 39,5 1197
Ba o 15,5 320 29.4 543
Li # - — 19,0 85
Ti . 2,07 320 21,9 830
| . — — 10,6 139
Cu " 2 .44 355 5.11 769
As » - — 4,15 43
Rb % - — 2,90 53
Ni - 1,77 436 5,29 630
Zr " 3.0 320 2,27 318
8] L 0,38 12 1,01 1029
Pb 5 0,78 320 2,88 941
Cr % 02 320 4,02 656
Sb 4 — - 0,87 61
Mo » — — 1,28 677
v 5 02 320 1,45 656
Ga » — — 0,63 314
Hg » — — 0,20 61
Sn » 0.10 320 0,77 309
Co " 0,05 320 0,61 337
Se . = e <0,37 13
Be " 0,01 320 0,18 309
Ag » 0,2 320 0,2 656
Cd » — —— 0,15 85
Th » 0,09 12 0,06 25
Au 4 —_ - 0,006 395
Ra rla- 1012 0,05 12 0,23 296
SEC62'521 ClL17 C67 S24 CI19
fmyas Kypaoe Moo Mgs5Can3 Na 12| "8 Ca 45 Na 32 Mg 23
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NPOBHHIHA YMEPEHHO BJAAMHOTO KaHMaTa

Ta6auma 45

[Omxuas Tafira Jlecocrens

I Obumee Yucao

cpeance a“u;:lcun;:m cpeamee anlaa'.:huns?m cpestee aHANH308
7,36 2166 7,45 2951 6,82 7032
322 2166 398 2951 212 7032
5,02 2166 20,9 2951 14,7 7032
9,41 2166 18,8 2951 10,9 7032
1,60 546 1,87 1873 1,43 3848
0,47 840 0,60 1318 0,37 6731
0,14 830 0,10 1873 0,08 3772
51,6 2166 65,3 2951 37,3 7032
35,9 : 2166 46,2 2951 23,8 7032
19,7 2166 28,5 2951 14,7 7032
4,36 870 4 44 1311 3,04 3345
0,31 870 0,60 737 0,44 3023
193 649 19,5 893 14,3 3482
464 2166 603 2951 328 7032
14,1 1315 21,0 1148 20 3897

4,09 311 3,23 292 8,36 1377 .
o89 1315 476 1118 759 4293
78,5 312 290 453 247 1256
33,3 813 285 943 245 2933
205 56 570 98 206 371
60,1 381 55,8 450 68,2 2165
16,9 518 50 385 45,2 1648
36,9 1815 42,6 1324 42,0 4996
24 1815 32,8 1324 25,2 4656
9,58 1449 12,5 1324 16,7 3636
16,5 37 13,7 91 16,4 213
15,6 1815 8,47 1324 12,0 4289
5,86 24 16,7 56 9,39 219
2,88 1815 2,80 1324 4,85 4263
1,86 1815 2,2 1324 2,64 3582
— — 1,80 46 2,35 99
1,42 1815 1,20 1324 2,35 4205
0,71 690 0,24 739 2.11 2064
1,8 350 6,30 98 2,10 1489
1,93 1815 1,16 1324 1,94 4400
1,64 1815 1,62 1324 1,87 4115
1,13 847 1,14 321 1,05 1429
0.9 896 0,88 1324 1,04 2897
0,62 1815 11l 1324 1,60 4115
0,38 223 1,02 129 0,68 666
1,05 1945 0,98 1324 0,61 3330
0,31 431 0,37 1324 0,58 2384
0,38 2150 0,62 1324 0,42 4131
= e a ) oy <0.37 13
<0,23 1815 <0,65 33 <0,26 2775
0,17 1815 0,22 1324 0,20 4115
- — — - 0,15 85
— — — — 0,08 37
0,010 33 — — 0,008 428
— — 0,34 284 0,23 592
C93 C115 §2 C87 €17 56 C84 C18 S8

M Mg ¢

0.1 Tad5 Mg 28 Na 27

Ca 43 Mg 31 Na26

%% T245 Mg 30 Na 25
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IleHbl OTHOCHTEIbHO Kaabuuta. B ycaosusax BapaGuuckux u Kyayu-
JHHCKHX cTenei, Haobopor, HabJjwofaercss [0JHOe HX HacbllUleHle
(cm. Taba. 36).

CuienoBaTe/1bHO, HACHIEHHOCTh BOJA KapOGOHATAMH HOCHT HE CJIy-
yaliHbli, a 30HAJLHBLT Xapakrep 1 00yc/aoBaeHa o6Lel 3BOJIOIHEH CO-
cTaBa BOJ OT NPECHBIX K COJIEHbIM 0 Mepe YMeHbIUGHHS HHTEHCHB-
HOCTH BOoZooOMeHa, Kak riobajbHOro ¢akropa, xapakTepH3YIOUIErocs
30HaJbHBIMH yepTaMmH. Hacruilllenne Boj kKapOoHaTaMu NPOHCXOAHT Ha
onpejie/leHHOM 3Talle HAKOIJIEHHS B PacTBOpe coJiel, KOTopoe 3aBHCHT
OT MHOTEX (PAKTOPOB H, B Y4CTHOCTH, OT BpEeMeHH B3aHMOJENCTBHHA
BOJLBI C TOPHBIMH NOPOJaMH.

 Ilocnme HachimeHnusi Boj KapOGoHaTamMu HakomJieHHE B HHX KaJblUHS
Pe3Ko 3aTpyAHSeTcs, YTO aBTOMATHYECKH NMPHUBOJHT K H3OHpaTeJbHOMY
HAKOIJIEHHIO B PACTBOPE HATPHA H COOTBETCTBEHHO K (JOPMHPOBAHHIO
COMNOBLIX BOJ ¢ MHHepaausauueii uaime Bcero 1,0—2,5 r/a. Caenosa-
TeJBHO, COJOBHIE BOAH (DOPMHPYIOTCA TOJBKO Ha ONpejeJeHHOH cTa-
JIHH 3BOJIOIHH COCTaBa MOJA3EMHBLIX BOJA HNPH HUX B3aHMOLENHCTBHH C
TOPHBIMH TIOPOJaMH B YCJOBHSIX MaJIOAKTHBHOTO BOJOOOMeHa, a 3Ha-
YHT H B YCJOBHSX JJHTEJbHOTO KOHTAaKTa BO/bI C TOPHBIMH MOPOJaMi.
IIpu npeoGiramaHnu McHapeHHs HaJ OCajKaMH NPOTEKAKT MPOLECCH
KOHTHHEHTAJBHOTO  3aCOJIeHHs, HCK/IIouaoliHe  cofoobpa3oBaHie.
Hwmenno nostomy ¢opmHpoBaHHe COMOBHIX BOJ TaKike HOCHT 30HA/b-
HBIH Xapakrep.

B sakaiouenne, no yie H3BECTHOH MeTOIHKe paccuntaeM obbnem
OMOreHHOHl M JIHTOTeHHOH COCTABJAIOUIHX TNOA3@MHOro  BhiHOCa
(raba. 46). IlpuBenennas taGuaHua cocTaBjeHa C y4eToM OCOGEHHO-
cTel XUMHYECKOr0 COCTAaBa H CTENEeHH HCMapUTeNbHONH KOHIEHTpallHi
arMochepHBIX 0CaJKOB yMepPeHHOIt 30Hbl, KOTOpPble YaCTHYHO OTPaMeHk!
B Taba. 31, 33, 39, 40, a Takike B paGorax (XHMHYeCKHH cOCTaB...,
1964; Murpauus. .., 1974; Carroll, 1962). B cuay . Toro, uro mnoaas-

Ta6auma 46

Xapamepncmxa NOA3EMHOr0 XHMHYECKOro BbIHOCA .HﬂHIlIHanTOI
yMepeHHoro nosica, T/roj-km?

Cocrasasiomme CToKa ﬂecl,;,ga‘)::“u Cue:::cr;nue [Oxuan Taiira Jlecoctens
Buorennan® 20,7 16,9 24.5 15,6
B TOM uucie B dopme: 3
HCO;~ 1.2 9.7 19,7 13,1
H,CO, 14,1 3.3 3,0 A
Copr 5.4 3.9 1,8 0,8
JlurorenHas 0,6 5,6 9.8 6,6
To xe, r/c-kKm2 0,020 0,177 0,312 0,210
IMoasemusiit cTok, J/c-km® 0,5—2,5 3—6 1,5—3.5 1—2

# B mepecuere HA OPraHMiecKoe BEUIECTBO.
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,nmom.an 4acTh BOJ YMEPEHHOH 30HBI OTHOCHTENLHO KapOOHATOB HeHa-
ChblllleHa, B pacyeTax He Y4TEHO KOJHYECTBO CBA3AHHOTO BO BTOPHYHBIX
KapboHaTax YrJeKHCJOro rasda, XOTs B OTAeJNbHBIX YaCTHBHIX CAydasx
3TO MOXKeT HMeTh GoJIblloe 3HaYeHHe.

[Tonyuennsle 3HaueHHst GHOTEHHON COCTABJIAIONIEl BBIHOCA MOKa3bi-
BAIOT CJOXKHYIO ee 3aBHCHMOCTh OT HHTEHCHBHOCTH BojooOMeHa. Ecan
He CYHTaTb OOJIOTHHIX BOJ, KOTOpHe Ge3ycJOBHO 3aHMUMAT ocoboe
NOJIOXKeHHe, TO C YMeHbllIeHHeM HHTeHCHBHOCTH BoxooOMeHa GHOreH-
Has COCTaBJfiollasi BhIHOCA BHayaJie BO3PACTAeT, JOCTHraeT MaKCH-
MyMa B IOKHOH Ta#ire u 3aTeM B YCJOBHSIX JIeCOCTENEl YMEeHbIIaeTcs.
AnanorHuisiM o6pa3oM BejieT ce6st M JHTOreHHasi cocTaBisiomas. 1o
HeY/JIHBHTE/IbHO, TAK KaK B VCJAOBHAX cJaboINeJoYHOH 06CTaHOBKH
PACTBOPHMOCTL HEJHCCOIHMHPOBAHHOH YTrOJBHOH KHCJOTH pe3ko Mo-
HHXeHa H CTOK NPOAYKTOB MHHEPAJH3allHH OPTaHHYECKOTO BelllecTBa
coBepinaercsi raBHeIM obpa3om B (opMe ruHApokapBoHAT-HOHA, KO-
JINUECTBO KOTOPOTO CBfI3aHO CTPOroil 3aBUCHMOCTLIO C KOJHYECTBOM Ka-
THOHOB B pacTBope. [103TOMYy OJHH H3 BaMKHBLIX BHIBOAOB MO MOJ3€eM-
HOMY XHMHYECKOMY BHIHOCY B YMEPEHHO BJIa)KHOH 30HE COCTOHT B
HIEGHTHYHOCTH BBIHOCA OHOTEHHBIX H JHTOTEHHBIX NPOAYKTOB, XOTH B
KOJTMYeCTBEHHOM BEIpAjKeHHH IepBLIe NPHMEPHO B ABa pasa [IOMHHH-
pvior HaJ BTOpLIMH. B Bomax GoJsoT 3TO cooTHolleHHe enie Gonee pes-
KO CMellaeTcsl B 0Jb3y BhIHOCA OHOTeHHBIX BEllleCTB.

Bo Bcex nanamadTHEIX 30HAX YMEPEeHHOTO N0sica HaHMEHBIIHH BHI-
HOC XMMHYECKHX 3JIEMEHTOB XapaKTepeH AJs Mopoa MeTaMophHueckoro
cocraBa (c/aHlleB, THEHCOB), 3aTeM CJAEAYIOT KHCJble MarmMaTHYecKHe
IOpoAbl (rpaHuTHl), cpeaHue (AHOPHTHI), OCHOBHBle (0as3alabTH),
[ecyaHo-TIHHUCTEE OTVIOXKEeHHs, 3 (dy3uBHO-OCaANlOYHBIE H H3BECTHAKH.
[Tocnennne B OT/IHUHE OT AJIOMOCHJIHKATOB NMPAKTHYECKH MOJHOCTBIO
paspymialoTcs NpH B3aHMOJEHCTBHH ¢ BOZOIl H MO3TOMY BIOJHe 3a-
KOHOMEpPHO BeHYAIOT NPeACTaBJeHHbIH PA/L TOPHBIX MOPOJIL.




TJTABA V

FEOXHMHSA NOA3EMHBIX BOJ
FOPHBIX OBJIACTEM

l'opHple obaacTH, 3aHHMAlOllHe Ha 3eMHOM llape OrpoMHLIE MPOCT-
paHcTBa, B obulereorpauyecKoM OTHOUIGHHH MPeICTABJAIOT a30HAJb-
Hoe sBJeHHe. Pa3noo6pasHe NMPHPOAHBIX YCJIOBHH, HHTEHCHBHHIH BOJO-
ob6MeH, pacujeHeHHblt pejbed, B 1eJOM HH3KHE CPeIHErojloBhHe TeM-
nepaTypbsl BO3/yXa — OCHOBHblE MapaMeTpbl, KOTOpbie ONpeaensiioT
THApOreoJornyeckine 0CO6eHHOCTH FOPHBIX COOPYKEHHI.

B rujaporeoxHMHuecKOM OTHOLIEHHHM AOCTATOYHO XOPOLIO H3YyYeH-
Hoit sBasierca CasiHo-AnTajickas ropHas cucrema. B ee mpenenax B Te-
YeHHe MHOTHX JieT NPOBOJAHJMCE HccaenoBaHua IlpoGaemuofi rujapo-
reOXHMHYeCKOi .naéopa'ropneﬁ ToMckOro nOJHTEXHUYECKOTO HHCTHTY-
Ta, B paboTax KOTOPOil aBTOP TaKXKe NPHHHMAJ yuyacTHe (Xumuueckuii
cocTas. .., 1972), nosroMy paccMOTpHM TpexJe BCero o0COGeHHOCTH
PeOXHMHH NOA3€MHBIX BOJ 3TOro 06IIHPHOTO pPerHoHa.

§ 1. TEOXHMHS NOI3EMHBIX BOJL
AJITAE-CASTHCKOH OBJIACTH

Anrae-Casinckas ckaapuatas obaacTh, 3aHMMaloulas OGUIMPHBIE
npocrpaicrBa lora Cpenneii CuGuph, npeacrasasier coboit cucremy
r;1y60KO 3pOAMPOBAHHBIX, OOJbIIEHl 4YacTbio 3aTaeKeHHBIX TOPHBIX
xpe6ToB ¢ otmMerkamu a0 4000 m u Boime (3ananssie u  Bocrounbie
Casnbl, [opuwit Anraii, Kysneukuit Anaray u ap.), MeX1y KOTOPBIMH
pacnoaaraioTcs Mexkropubie Bmaauuel (Kysweunkas, Tyeunckas, Mau-
HycHHcKas u Ap.). [Ipu nBuKeHHH Ha 3anaj H ceBep rOpPHBIE MACCHBHI
CMEHSIOTCH BHauaJe BCXOJMJEHHBIMH Bo3BbileHHocTsmu  (Caaaup,
Pynuwiii Antaii), 3atem BosBhilleHHBMH paBHuHamu (KyaGace, Ko-
JAbIBaHb-TOMCKas BO3BHIIEHHOCTb) W HAaKOHell paBHHHAMH 3anafHoil H
Bocrounoit CuGupu.

[opHbie cOOpyXKeHHs CJ0KEeHb HHTEHCHBHO MeTaMOp()H30BaHHBIMH,
0Ca/JlOYHLIMH H BYJKAHOTEHHBIMH NOPOJaMH apxes H NPOTEPO30s, HHMK-
HEro M CpejHero naJjieo3osi, KOTopble coGpaHbl B CWIbHO CXKaThle, Me-
CTaMH ONPOKHHYTHIE CKJaJKH, pPa30HTH MHOTOUYHC/JIEHHBIMH pasJjoMma-
MH H NPOPBAHBEI HHTPYSHAMH Pa3HOTO COCTABA. MezKropHele BnaJgHHB!
BBIIOJHEHBI NMaJe030HCKHMH H OTYACTH ME3030HCKHMH IOPOJAMH C OT-
HOCHTEJILHO NOJOTHM 3ajleraHHeM.

l'opuble MaccHBBI XapaKTepPH3YIOTCS Pe3KO KOHTHHEHTAJbHBIM KJIH-
MaToM, H3OBITOYHBIM VBJA)KHEHWEM, MOBLIIIEHHBIMH 3HAUEHUSAMH MO-
IoyJasi moaseMHoro croka (3—6 a/c-xkm2?), OTpHUATENBHBIMH CpeaHe-
rOI0OBEIMH TeMNepaTypaMH H HaJHuHeM Ha HauboJiee BBHICOKHX Bep-
IIHHAX MHOTOJIeTHell Mep3JIOThl H MOCTOAHHBIX JeAHHKoB. KoJaHuecTBO
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BBINAJAI0IIHX OCaJKOB H3MEHSeTca B ILIMPOKHX mpepesax ot 100—
200 MM (mexropHbie crenu) ao 400—600 mm (npearopHsie paioHbl)
1 1000 mm B roa (nauGoJiee yBJIaxKHEHHBIE ropHbie Maccusbl). OcHoOB-
HOe KOJIHUeCTBO OCajJKOB BBINA/laeT B OCeHHe-JeTHHil nepuoa. Pasanune
THPOJIOTO-KJIHMaTHYeCKHX ocofeHHOCTell onpefensier W pasHooGpa3sue
JaHAamaTHRIX 30H, HAYHHAS OT TOPHBIX TYHAP M KOHYAS TOPHBIMH
crensiMd. Bee 310 esaer 3TOT pernoH oAHHM H3 HanbGoJiee HHTEPECHBIX
B CMBIC/Ie H3Y4YEHHs YCJOBHI (OPMHPOBAHHA XHMHUYECKOrO COCTaBa
MOJA3EMHBIX BOJ.

I'eoxumusi MOA3EMHBIX BOJ paccMaTpuBaeMoil 00J1aCTH H3yuaJack
H. M. Pacckasosmm, 0. C. ITapuaoswiM, JI. JI. lllaGbiHHHEIM,
A. A, Jlykuuwm, 1O, I'. Konwiosoit, H. M. IlIsapuesoi, 9. B. Tyn-
yuid, [Il. H. [Mapmunawim, A. JI. ®areeBeiM 10  PYKOBOACTBOM
IT. A. YaonoBa u KonJeKTHBOM reoxuMukoB KpacHosipckoro reoso-
rudeckoro ynpasienusi nojg pykosogctsom B. I1. Kapaosoii. Ha Gase
MaTepHaJoB YKasaHHbIX HCc/aedoBaTedell H HamHCcaHa MdaHHAsS 4YacTh
pa6oth. [loapo6Hoe onmucaHWe THAPOTEOJOTHH 3TOFO PerHoHa IpHBe-
Aexo B 17 u 18 Tromax «I'maporeosorun CCCP». Paccmotpum noapo6-
Hee TeOXMMHUIO BOJ OT/E/BHBIX FOPHEIX MACCHBOB.

Kysneuxuii Anartay o6pa3yer CHCTEMY CpEIHEBLICOTHBIX
KpsixKeH, BBITSHYTHIX B cyOMepHAHOHAJILHOM HANpaBJeHHH M NOrpy-
#aloUuXcess CBOHMH CEeBePHLIMH OTPOTaMH I10J Me3030MCKHE OTJ0MKe-
Hust Uynwimo-Enucefickoit snagunsl. CeBepHasi uacts KysHelkoro
Anaray nocur HaszaHue CapajHHCKOTO xpeGTa €O CPeIHHMH BBICO-
tamu 1100—1200 M u oTAenbHBIMH BO3BHIIeHHAMH 10 1674 M( ropa
Bob6posckasi). K cerepy ormerku cHuxkawotcs go 600—700 m u xpe-
0GeT NocTeneHHO TMepexoAuT B paBHuHY. HanGogbirne BHICOTHI NPHYPO-
vennl K xp. Turep-Twa (1800—2100 m). B npeagenax xpe6ToB oOTueT-
JUBO BBILEJNAIOTCH [Be BLICOTHbIE 30HB. B BepxHeil roJeloBOH 30He
(6onee 1600 M) Hapsiay ¢ aabnuiickaMu (opmamH peJbeda BeTpe-
yaloTcsi MaatooGpasHble YUYACTKH, TNOKPHITHE KPYNHOOGJOMOYHBIMH
KypyMamH, o0pa3yiollHMH Ha CKJIOHAxX IIHpoKHe uuteiigul. B Huxk-
Her 3oHe (600 — 1600 M) naGaopaloTcss OTAEAbHBIE MOBEPXHOCTH BBI-
paBHHBaHHA — OCTATKH [PEeBHEro JOYETBEPTHYHOTO TEHemJeHa ¢
IJIOCKOXOJIMHCTBIM peibedoMm.

Kaumar KysHenkoro Agatay XOJOAHBIH H TOJYHHAETCH BEPTH-
KaJbHOH 30HAJBHOCTH: C YBeNHUYEHHEM BHICOTH Haba101aeTCs MOHH-
JKeHHe CPEeJHerofoBBIX TEMNEepaTyp M yBeJHUeHHe KOJHYecTBa art-
mochepHsix ocaakos or 500 xo 1500 mm/roa. Paiion B mesom siBasi-
eTcsl KpaiiHe BJIa)KHbIM, OCOGEHHO ero 3amajHble CKJOHBI, KOTOpble
3a/1epKUBAIOT BJAXKHbIE BeTpbl, Ayiollxe ¢ 3amaza. Bogabuiag gacts
ocalkoB (10 70%) Bbimajsaer B TeNJbIH NepHOJ roja.

I'npporeosornyeckne ocoGeHHOCTH paccMaTpPHBAEMOro perdoHa
onpelensioTcss MHPOKHM pacnpocTpaHeHHeM TPellHHHBIX BOJA, pas-
BHTHIX TIPEHMYIIECTBEHHO B BepXHeH TPEIUIHHOBATOH 30HE KOPEeHHBIX
MOPOJ, W YACTHYHO TPEUIHHHO-NIJACTOBLIX, NPHYPOUEHHBIX K y4acT-
KaM HaJOXeHHBIX CTPYKTYp. OCHOBHBIE BOJOHOCHBEIE TOPH3OHTHl CBfi-
3aHpl ¢ KapGOHATHBIMH TOPOJAaMH KeMOpHA — NPOTepo30s H Ocaiou-
| HO-BYJIKaHOI€HHbIMH 0o0pa3oBaHHAMH HHJKHEro H CpeJIHero mnajeo-
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30s. IIuTanue noaseMHLIX BOJ, KaK NPaBHIO, MECTHOE M CBA3aHO C
armocdepubiMn ocaakaMu. Moayan croka kKosebaercs ot 20 1o
45 afc-kM?, B3 KOTOPHIX Ha JOJI0 TOA3EMHOTO CTOKA MPHXOAHTCS
tonbko 4—b5, pexe 6—8 afc-km? ([lomsemublii cTOK..., 1966). 3Ha-
YHTENbHOEe KOJHYECTBO aTMoc(epHBIX 0caiKoB, 3aTsiKHOe CHEroTas-
HHe H DoJpluas pacuJeHeHHOCTL pedibeda B uejsoMm codgaior 6GJaaro-
NPHATHBIE YCJAOBHS A NHTAHUA NOA3EMHLIX BOA H (QOpMHpPOBaHUS
HHTeHCHBHOro BojpooOMmena. Ilociennmnit onpenensier HH3KYIO MHHepa-
JH3anuio noaseMunix Box ot 0,1 (B mpenenax BojopasjenbHoil yacti)
10 0,5 mr/n (B obaacTH nmepexona K MeKTOPHHIM BnazuHam). B artou
JKe HAanpaB/eHHH MPOHCXOAHT CMeHa BOL THAPOKAPOOHATHEIX HATple-
BO-KaJbllHeBbIX BOLaMH GoJjiee CJI0XKHOTO COCTABA.

leoxuMHs NOA3EMHBIX BOJA 3TOr0 OOIIHPHOTO pPErHoHa H3yuel:d
HepaBHOMepHO. B mpepenax 3anmajiHBIX CKJIOHOB Ha rpaHuime ¢ Kys-
HEeLKOH KOTJOBHHON HccaenoBanus mnpooauauce (0. I'. Kombuwiogoii
u 3. B. Tynunii. Cpenuuii coctaB BOA 3TOil TepPUTOPHH NpeACTaBJel
e Ta6a. 47. MccnenosanHas mioulajb OXBATHIBAET TEPPHTOPHIO B He-
CKOJIBKO THICAY KBajpaTHBIX KHJIOMETPOB H BKJIOUAET BOABI MeCUaHO-
IIHHACTHIX H 3()(Yy3HBHO-OCAI0UHBIX OTJOXKEHWH MNPOTEpPo30s, KeMo-
pHsi W AeBoHA. AGCOMIOTHbLIE OTMETKH HCCJIEOBAHHON TEpPPUTOPIII
cocraBagor 400—700 M, KoauuectBo ocaakos 600—700 mm/ro:.
Penbed xonmucro-yBamucThii, Jauamadr taexuslii. Cocrap BOH 3a-
KOHOMEpPHO H3MeHAeTCs OT THAPOKapOOHATHOrO HATPHEBOrO C MHHE-
paausanueir 100—150 Mr/n  (BepxoBoaka) [H0 THAPOKapGOHATHOIC
HaTPHEBO-KAJbIIHEBOTO (MecYaHO-THHHCTHIE OTJIOKEHHSI) WJAH THApO-
KapOOHAaTHOTO MarHHeBO-KaJbllHeBoro (3(gy3uBHO-0CaT0UHBIE MOPO-
asl) ¢ muHepaansaumein 150—400 mr/a. B 3TomM e HampaBjeHN!
HEeCKOMIbKO BO3PAcTaloT H COJAep:KaHHA OOJbIINHCTBA MHKPOKOMIIO-
nentos. [lo ycaoBusiM dopMuHpOBaHHS 3TO THIHYHLIE BOABL BbIILEJA-
YHBAHHS CPeJAHErOPHBIX CHIBHO 3aJeCeHHbIX PaiioHoB.

Bosee oGurMpHoe H3yuyeHHe MHKPOKOMIIOHEHTHOTO cocTaBa Io-
3eMHBIX BOJl BOCTOYHOrO cKJIoHa Kysneukoro Aunaray mnpoBejaeHo
B. II. Kapaosoii (I'maporeonorus CCCP, 1. 18, 1972), KoTtopas BhHI-
JeJsieT B Mpejesnax HCCIeJLOBAHHON TEPPHTOPHH ueThipe JaHAmafT-
HO-TeoMOp(OJIorHYeCKHe MOJA30Hbl, TPH H3 KOTOPHIX OTHOCATCH K 301¢
Talirn W OJHA K 30He Jecocteneil. Mamenenne aanama@THEIX H THAPO-
JMHAMHUYECKHX VCJOBHH NPH JBHKEHHH OT BojopasjenoB Kk Muny-
CHHCKOH KOTJIOBHHE TPHBOJHT He TOJBLKO K YBeJHuYeHHI0 obuieif MHHE-
paJH3alH{ T0JA3eMHHX BOJA, HO H CJOXKHOMY MOBEIEHHIO MHKPOKOM-
noHeHTOB. Tak, cpelHHe cOJep:KaHHS B BOZAX MeaM, THTaHa, Gapusd
W CTPOHIIHS TPH Nepexoje OT JEeCHOH 30HH K JIeCOCTENHOH BO3pacTa-
10T (em. Ta6a. 47). Conep:xanus B BoAax cepebGpa, BaHaAHS, HHKe.d,
0JoBa, MoaubGienHa M MapraHna Kojaebaiorcs B IIHPOKHX Npejesax,
YTO CBSI3aHO, BHAHNMO, ¢ M3MeHEeHHeM He TOJbKO JaHAumadTHHIX yCJ0-
BHif, HO H THIA BMEINAIOIHX MOPOI.

I'pyutoBsie BoAB ceBepHBIX ckioHOB Kysueukoro Anartay H3V-
yensl JI. JI. lla6unuusiv u B. T'. MBanoBeiM B paitone CapaauHcKo-
ro PYAHOTO TNQJS,“PACNOJONKEHHOTO B CpPelHEropHOM 3aJjieceHHOM
paiione. Knumar msyueHnoil m/ollagH pe3Ko KOHTHHeHTAJBHBIH ¢ OT-
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TaGauwa 47

Xumuueckuit cocras noazemunix Boj Kysneukoro Anatay

Jlecnas soua
Eamunus Jleco-
Kounonents H3MEPe- | sapapume | pocTounmie | cepephue crennas Cpensee
HHR CKAOHH CKJOHH CKAOHH doHa
H — 7,2 — 6,8 - 7.0
CO;~ MT /1 180 154 69,7 198 150
SO .2 ; 3,0 4,9 440 | 18,1 7,60
By s 9.3 4.7 6,03 8,80 7.21
Ca2t - 21,9 38,1 11,6 48,7 30,1
NatJ-K+ _ 30,0 10,8 8,27 13,8 14,7
Mg2+ " 15,7 12,3 6,73 16,9 12,9
Cymma : 260 995 107 304 292
CO, (cs.) 1 10,2 e - = 10,2
0, y 5,0 == —_ — 5,0
Sr MEKI[J — 64,3 — 200 132
Ba 5 6,20 34,3 8,52 55,0 25,2
Ti 2 20,9 33,0 2,80 30,0 207
Mn 3 45,5 10,3 13,4 3,0 18,1
Zn & 17,0 3,0 6,20 2,0 7,05
Cu = 0,82 3,33 1,07 8,0 3,31
Sb o 2,50 3,33 1,61 1,0 200
Cr i 1,82 4,00 0,97 0,6 1,85
Hg " 1,10 — — — 1,10
Pb 5 0,54 1,50 0,97 1,0 1.0
Zr 4 —_ |19 b 0,90 0,4 0,82
Mo “ 0,53 0,70 — 150 0,74
Vv - 0,25 0,67 1,30 — 0,74
Ni . 0,52 1,40 0,20 — 0,71
As - 0,48 — 0,78 - 0,63
Sn - 0,05 1,01 - — 0,53
Co . 0,08 0,36 — — 0,22
Ag 3 0,07 0,18 0,08 0,02 0,09
Ga - — 0,07 — — 0,07
Uncao aHannios — 470 1500 61 500 2531

punartensHoil cpeaHerogoBoil tTemnepartypoit (—2,0°C) m  Koauyect-
Bom ocankoB 700—900 mm/rox. HureHcupHBIT Bogoo6Men obecmne-
yHBaeT ()OpMHpPOBaHHEe YJbTPAmPecHLIX BOJ B Mpeaenax Bcex BOJO-
BMelaomux nopo (cm. taba. 47).

IIpuBeseHHBIe MaTepHaJbl NO3BOJAIT TOACYHTATH CPeHHE CO-
JepKaHusd XMMHUCCKHX 3JIeMEHTOB B ToA3eMHHIX Bojaax Kysueuxoro
Anaray, Kak ocoGoii reoJoro-cTpyktypHoi eaunuubl. Iloayuenusii
CPeIHHI COCTaB BOJABI ABJAAETCH THAPOKApOGOHATHEIM KaJbIHeBO-Mar-
HHEBEIM ¢ obuieil MmuHepatusanueii 222 mr/a. B nmenom B JecHoit 30He
10 CpaBHEHHIO C JIECOCTENHOH BOALI ABJAAIOTCH GoJiee HPECHBIMH, T. €.
B HampaBJ/IeHHH YMeHblIeHHA a06COMIOTHBIX OTMETOK MECTHOCTH MHHe-
paJmn3aius BOJ BO3paCTaer.
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Boctounse CasiHbl XapaKTepHayIOTCS cOYeTaHHEM OGIIHPHBIX
IJIOCKOTOPHI CO CpeAHeropbeM H aJblHiACKHM BBICOKOTOPhEM. 3Jech
LUIHPOKO Pas3BHTHEl BOJAB apXefiCKHX H IPOTEPO30HCKHX OTJIOXEeHHH,
NpeACTaBJIeHHBIX CIaHUAMH, THelicaMH, KBapUHTaMH, KPHCTAJJIH-
UecKMMH H3BecTHsKaMu. M3Bepikenuole W Metamopduuyeckne MOPOAbI
00BOAHEHL! TJIaBHEIM O0pasoMm B BepxHed, Haubo/jee TpelUIHHOBATOMN
3one. Jle6GuT HCTOYHHKOB cocrasaser 0,2—1,5 a/c.

CyMma coJseit B Bogax peiako mnpeswimaer 0,3 r/i1, no coctaBy oHu
SIBJISIOTCA NPEHMYIIeCTBEHHO THAPOKAPOOHATHLIMH  KaJbIlHEBO-Mar-
HHEBBIMH, B Mpeenax OCHOBHBIX 3¢ {y3uBOB — MarHHeBO-KaJblHEBHI-
MH, H3BECTHAKOB — KaJblIHeBbIMH, 4 THEHCOB H TPaHHTO-THEHCOB —
HATPHEBO-KaJbLHEBBIMH HJIH KaJbIlHEBO-HATP HEBLIMH.

HanGoaee nuskne (mpearopHsle) yuacTku Bocrtounbix CasiH Gbuin
usyuenst H. M. Pacckasosuim u A. A. JlykuneiM B paiione Tenekcko-
ro mecropoxienusi dochopuroB (xp. Bafitak) ¢ aOGCOJIOTHEIMH OT-
meTkamu 400—500 m. Pafion HccienoBaHuil OTHOCHTCH K JI€COCTENMHOM
3oHe. KosnyecTBo Beimajatolux ocajikos 370 mm/roi. Cpememnonas—x
temnepatypa 6au3ka k 0°C. Moay/p 10A3eMHOr0 CTOKa B JIETHHI
nepuon cocrasaser 0,6 u/c-km2 KopeHHHE MOPOABI HCCIAELOBAHHOTO
yuyacTka NpeicTaBIeHE KPEMHHCTO-KapGOHATHBIMH OCALKAMH MPOTe-
po3oa H 3¢ @dy3HBHO-0CAIOUHBEIMH "00pa30BaHHAMH cpeaHero KemOpus,
KOTOpble NepeKphIThl (ochOPHTOHOCHOH KOpPOH BLIBETPHBAHHS  MOLL-
Hocteo o 70 m. [lomseMHble BOABI pacnpocTpaHeHbl KaK B KOpPE Bbl-
BeTPHBAHMS, TAK H B KOPEHHBIX Tnopoaax. XHMHYECKHii COCTaB HX
npuBesieH B Tabua. 48, u3 KOTOpPOH BMAHO, YTO 3TO THAPOKapOOHATHO-
XJIOPH/IHBIE MarHHeBO-KaJbIHeBble BOJABI ¢ OTHOCHTeJIbHO BBICOKOH
MuHepaauzauueil. OZHOBpeMEHHO MNOBBIIEHHBIE COAEDKAHHST  CYlb-
$aToOB M XJIOPHAOB CBUAETENLCTBYIOT B NOJL3Y HaJlH4HA 3/leCh [poO-
1leCCOB KOHTHHEHTAJLHOTO 3acojieHHs. DTO He NPOTHBOPEYHT AaHHBIM
0 BBHICOKOW CTEeNMeHH HCIApeHHs BOABI, Kotopas, no aanubim H. M. Pac-
ckasoBa u A. A. Jlykuna, cocrasasier 300 mm/rox, wau 81% or 06-
Iero KOoJHuecTBa ocajakoB. He wuckiioueHo, uto (akTHYecKH 3Ta Be-
JHUHHA ABJsercs emle OoJjiee 3HAUHTEJIBHOH, BO BCAKOM cJyuae, eclH
06 3TOM CYIHTh TIO COAEpHkKaHHi0 XJopa. Haanuwe mnpoueccoB KoH-
THHEHTAJIbHOIO 34COJIEHHS He TTO3BOJHIO HAaM BKJIOYHTH 3TH [aH-
Hble B NMOACYET CPEIHHX COJAepKaHnHil 3JeMeHTOB B BOAAX BCEro pe-
THOHA.

[Mpunnunua bHO HHAs KapTHHa Habualogaercss B npegenax KpacHo-
sipckoro xpeGTa, KOTOPBIA XOTs M XapaKTepHsyeTcss HH3KHMH a0co-
JIOTHBIME OTMeTKaMmH (450—550 M), HO PpacnosoKeH 3HAUYHTENILHO
ceBepHee, Ijle KOJHYECTBO 0cajKoB jocturaer 500 mm/rox, a ucnape-
HHe TOJbKO 250 mMMm/roia. XpeGer NMOKPHIT rOPHO-XBOHHBIMH JIeCaMH H
xapakrepusyercss 3po3HOHHBIMH (opmamu peabeda. IlpeobaanamT
st dy3uBHO-0caLounble 06pA30BAHHA HHIKHEro naJjeo30s, NPOPBAHHBIE
MHTPYSHAMH KHCJOTO COCTaBa, a Takxke KapOouate. [lonsemubie
Boasl, mo aanueiM I1. A. Viomosa u H. M. Pacckasosa, sBasioTcs
MaJIOMWHEPaJH30BAHHLIMH  THAPOKAPOOHATHBIMH Ka/bIIHEBO-MarHHe-
BLIMH (cM. Ta6a1. 48) ¢ HeCKOABLKO NMOBHILIEHHBIM COjlepKaHHeM IHHKaA,
MBIUbSKA W LLHPKOHHS.
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Tabauma 48
Xumuueckuil coctas nojsemusix Boji Bocrounwsix Casu

Fin- KpacHospckuit xpeber LlenT- - c
s e
Kommoments ::3:— rpanuto- | 3P®Y- | kapéo- pﬂa:: Bgi:T:: rlt)e;l*
penus HAB oci:gﬁﬁue mate | CPeRHES | Cagpm
pH - 6,80 7,00 7.25 7,02 —_— 7.16 7.02
HCO4~ mr/a | 67,5 127 214 136 176 408 155
- = 4,56 2,30 2,21 3,02 8,62| 68,2 5,82
SOz~ - 0,86 0,22 0,44 0,51 9,33| 57.6 4,92
Cazt & 8,71 20,1 49,2 29.0 48,6 | 78,3 38.8
Mgt - . 6,94 10,7 19.8 12.5 i S e P e 2
Nat4+K+ . 2,25 6,44 4,78 4,47 | 11,7 | 58,0 8,09
Cymma ! 90,8 | 167 290 185 265 722 224
Ti mkr/a| 5,31 9,55 2,31 5,72 | 60 10,3 32,9
Mn - 9,37 14,9 8,10 | 10,8 — 44 4 10,8
Zn . 14,9 12,8 8,88 12,2 1.3 | 229 6,75
Ba ;- 3,30 8,16 3,32 4,69 — 3,10 4,69
P - = — e 5= = 28,7 —
v K 0,95 2,36 0,49 1,27 2,6 — 1,98
Cu - 2,49 2,98 2.15 2,81 0,8 0,32 1,80
As 5 0,89 2.23 0,41 1,28 - - 1,28
ECr A 0,87 1,96 1,02 1,28 0,96 1,06 112
Pb = 1,15 1,82 1,10 1,36 0,231 0,19 0,80
Ni 4 0,95 1,36 0,71 1,01 0,57| 0,23 0,79
Ag , 0,08 0,06 0,11 0,08 1.3 0,10 0,69
Zr . 0,45 1,38 0,35 0,73| 0,03] — 0,38
Sb . = — — = 0251 — 0,25
Sn - 0,12 0,16 0,03 0,10 0,191 0,24 0,15
Be 2 0,18 0,12 0,08 0,13 0,06 — 0,09
Co 3 0,09 0,14 0,06 0,10 0,01 — 0,06
Yucno ananausos| — 24 39 25 88 220 77 385

* Be3 gauHnX no xp. BaiTak.

Bonee oOmupHbIe HCCAeA0BaHHS B mnpeaenax BocrouHblix Casin
GBIIH TIPOBEJEHBl KOJIJIEKTHBOM Te0/OoTOB KpacHOSPCKOTO  reoJorH-
yeckKoro ympasJaenus noja pykosoactsom B. IT. Kapaosoit (I'maporeo-
gorua CCCP, . 18, 1972). DTtuMu HcclieJoOBaHHAMH OXBauyeHbl paio-
Hbl Beaabikckoro moauathsa, Manckoro nporu6a, Cucum-Kassipckoro
CHHKJTHHOPHSL H Jp., OObelHHeHHble HAaMH TOJI YCJOBHLHIM Ha3BaHHEM
Ileutpanpibie Casinbl. Haanude cpein H3yueHHBIX PaiOHOB HH3KO-
TOPHBIX, MJIOXO NPOMLIBA@MEIX JIOKAa/JIbHBIX BNAaJAHH OOYCJOBHJIO OTHO-
CHTEJILHO BBHICOKYIO CPEAHIOI0 MHHEpaJH3alHio MOJA3eMHBIX BOJ pac-
cMaTpuBaeMoro perdosa (cm. ta6a. 48).

Tanuyono-CaHTrHJNeHCKHH paioH XapaKTepusyercs
IIHPOKUM PA3BHTHEM A0KeMODHHCKHX M OTYACTH [14JI€O30HCKHX Tep-
PHUTeHHBIX W KapOOHATHBIX, MeECTaMH THAPOTepMaJbHO-H3MeHeHHBIX
MeTaMOp(H30BAHHBIX OCAJOYHBLIX NMOPOJ M MarmarHueckHx o6pasoBa-
HHUIl KUCJOTO H OCHOBHOTO cocTaBa. Peabed 3Toro perHoHa CHiIbHO
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pacujeneH, aGCoOJMIOTHBIE OTMETKH Hepeako coctaBiasiior 2500—3000 m.
XapakTepHo uepelOBaHHe IJIOCKHX TOJBLOB H aJbNHACKHX MacCHBOB
cpeaH BLIPOBHEHHBIX MOBEPXHOCTEH H KPYINHBEIX TIPOAOJbLHBIX Aempec-
cuit. Tlpeo6aafaioT ropHO-xBoHHBIe JaHxmadro. I'eoxumus noasem-
HBIX BOJ H3yuyaJach 3/leCh B TPexX A0CTATOYHO XOPOLIO H30JHPOBAH-
HBIX Apyr oT Apyra paiionax (I'maporeosmorus CCCP, T. 18, 1972):
3ananHo-TaHHYOJbCKOM, C/I0KEHHOM KapOOHATHBIMH M TeppHIeHHO-
[NHPOKJIACTHYECKUMH PasHOCTSMH Nopoa kapbosa M peBona; CaHru-
JIEHCKOM, NpeJIcTaBJIeHHOM MOKeMODHHCKMMH H3BECTHAKAMH, Mpamo-
pamH, claHLIlaMH H KBapuHuraMu, H ToJKHMHCKOM, B KOTOPOM NpeoG-
JNajalT CHIbHO AHCAOLUPOBAHHLIE MOPOJALI HHXKHEro M CpeaHero mna-
sneo3os. HTeHcuBHEIT BOZOOGMEH, OGYC/JOBJAEHHBIR GOJBIIHM  KOJH-
uyecTBOM ocankos (400—600 mMM/rog) w  pacuieHeHHHIM peabedoM,
NPHBOAUT K (DOPMHPOBAHHIO MAJOMHHEpPAaJH30BAHHBIX THApOKapGo-
HATHHIX KaJ/lbllHeBO-MarHHeBLIX BoJ (Tabu. 49).

3anaauwme Casinbl. [eoxHMHA TNOA3EMHBIX BOJ 3TOr0 OOLIHD-
HOTO 3aTaeKeHHOTO TOPHOTO PerHoHa, CJAOKEeHHOTo NpeHMYIIeCTBeHHO
0Ca/l0YHLIMH, BYJIKAaHOT€HHO-OCAJ0YHEIMH H HHTPY3HBHLIMH IOpPOJA-
MH, TJ1aBHBIM 06pa3oM OpAOBHK-CHIYPHHCKOTO H KeMOGpHHACKOro BO3-
pacra, usyvena HepaBHoMepHO. KMmelommuecss CBeJeHHS NpHBeJeHBI
B Taba. 49. Bricokaa creneHn pacuJeHeHHOCTH peJbeda, OTCYyTCTBHE
B HanGoJiee NOBBIIIEHHBIX €ro YacTAX JECHBIX MacCHBOB, HHTEHCHB-
HBIH BOJOOOMEH — BOT Te OCHOBHBle MPHYHHB (OPMHPOBAHHS B
3THX YCJHOBHAX MaJOMHHEPAaJH30BAHHBIX T'HAPOKaPOOHATHHIX Kalb-
LIHeBO-MAaTHUEBLIX BO/I.

TyBunckas MexXropHass BHaAHHAa OTJIHYAETCH KaK reo-
MOp(oJOrHYeCKHMH, TaK M JaHAWadTHO-KIHMATHYECKHMH  YCJIOBHS-
MH OT COCelHHX TopHBIX ofJacteil. B npejenax XeMuMHCKOH KOTIO-
BHHBI, TA€ TNPOBOJAHIHCHL HCCJAELOBAHHS, 3TO PABHHHHO-CTeNHasi BIa-
auHa c abcoaroTHEIMH oTrMeTkaMH 650—1000 m. KomwnuectBo BhINa-
patomux ocankoB MeHee 300 mM/ron. Cna6uiii cTOK H BHCOKOe HcCHa-
peHne mpuBOAST K (OPMHPOBAHHIO MOA3EMHLIX BOJX C MOBBILIEHHOH
obmeidi mMuHepanausanueit (raGa. 50). OTHoCHTENBHO BLICOKHE COIEp-
JKaHHA B BOJax XJOpP- H Cyab(paT-HOHOB 06YCJOBJEHH HaJHYHEeM Ha-
YaJBHEIX CTAAHH IPOIECCOB KOHTHHEHTAJLHOTO 3acoJieHHs, KOTOpoe
NposiBAsieTc B TOH HJIM HHOH Mepe B mperesaax Bcex 6e3 HCKJioue-
HHS BoJoBMeljalomux nopox. C mpoleccaMH KOHTHHEHTAJLHOro 3a-
COJIEHUs CBSI3aHBL M IOBLILIEHHBIE KOHIEHTPAMM B BOJAaX MHOTHX
MHKPOKOMIOHEHTOR,

Anrtafickne rops. XapaKTepHCTHKAa NOA3eMHBIX BOA 3TOTO
pasHoo6pasHOro Mo reoJoro-reoMopdosorHieckuM H - JaHAmadTHO-
KJAMMATHUECKHAM YC/JIOBHSIM  pPErHoHa  [PHBOAUTCS 110 JAHHBIM
10. C. Ilapunosa (xp. UnxaueBa, Gacceitn p. Kwuapn-Uun, Uyiickas
crensb), 0. T'. Konbuiosoit u 3. B. Tynunit (Kypaiickuit xp., 6acceiin
p. Capacel) u B. A. BoporuukoBa (Pyanwiit Aarai).

Hccneposannas uacth xp. Unxauesa (ioro-socrok I'opnoro Aaras)
npejicTaBisier co60il HCKIIOUHTENHLHO pacuieHeHHBIH BHICOKOTOPHBIN
paiion ¢ aGcomoTHeMH oTMerkamu 2100—3800 m, B kKoTOpOM 1peo6-
JafaloT 3PO3HOHHO-EHY/IalHOHHEE H JIeJHHKOBO-3DO3HOHHEIE (POPMHI
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TaGanma 49

Cpenuunii XHMHYECKHI coCTaB noja3emubix Boa 3anaaubix Casiv
u Tannyono-CaHrKjIeHCKOro MaccHea

koo 3ananusie Canub
KoMmnoHeHTH ERRIGHAC | S - Canno-
NN ST ;:::H xp. Knpca mf,:cc'::" [ammaabckuit | cpeanee
pafoH
pH ol o 6,74 = - 6,74
HCO," MI/a 112 65,1 123 153 114
51 [ ¥ 9,35 3.56 7.95 4,08 5,06
SO,z a 8,47 1,560 2.43 2,68 2,20
Ca?t R 29 .2 6,99 24,0 28,0 19,6
Mg+ = 7.54 8.1 11,4 12,6 9,72
Na+t 5 9,62 8,20% 9,85* il i 9,67
K+ ¥ 0,40 — — 0,37 0,37
Si0, 3 5,30 — — 8,53 8,53
Cymma s 182 90,5 178 221 169
Fe MKr/a 440 207 — 1175 691
Al x 256 - = 283 283
Sr - 156 — — 91,0 91,0
Mn ; 30,7 13,5 — 85,0 49,2
Ti . ¥.22 6,51 43,0 21,0 23,5
Zn - 2 8,53 9,20 18,0 11,9
Gt . 3.48 1,32 4,30 16,0 7.21
Ba i 10,7 3,50 — 10,0 6,75
Cu - 4 62 1,81 1,30 12,0 5,04
Ni o 5,25 1,42 2,00 10,0 4,47
Sb b — 1:0 0,20 11,0 4,07
Pb # 5,32 1,34 1,20 6,70 3,08
Zn . 1,35 0,46 0,10 6,0 2,18
Mo - 0,65 - 0,40 2,30 1,35
A% N 0,27 0,88 1,30 1,30 116
Sn 5 4,50 0,16 0,02 2,00 0,73
As 5 —_ 0,56 — - 0,56
Ag » 0,14 0,24 0,08 1,00 0,44
Co = 0,17 0,30 0,07 0,30 0,22
Ga . 0,15 — 0,20 0,20 0,20
Bi .. = - — 0,20 0,20
Be i — 0,18 0,01 - 0,09
Yucno aHaAH30B —_ 346 101 430 393 924

* Cymma Nat+ K+,

peibeda. PacturenbHOCTh TYHApPOBas, Yy4acTKAMH pPa3BHTAa MHOTOJET-
HsAsl MepaJsora. KoJsuuectso Bmimagawmiux ocaako 450—500 mm/rog,
cpeiHerojoBasi TeMmnepatypa Bosayxa— 5,6° C. Bauskue npupoaHsie
VCJIOBHSI XapaKTepHbl JJIsi BbicoKoropHoii uactu Kypafickoro xpe6ta
¢ abcomoTHEIMH oTMeTkKaMH Gosee 2900 M. OT/HuMs 3aKIIOUAIOTCH B
HECKOJIBKO MeHbIIEM KOJHYeCTBe OCaJKOB, BHIMAJAIOUIHX B Npeaenax
Kypaiickoro xpe6ra (350—400 mm), u Gosiee BLICOKOH CpeAHEroi0BOil
9 3ak. 425 129



Ta6numa 50
XHMHYECKHH cOCTAB NoA3eMHBIX BOJ TYBHHCKOH MeXropHOH BIAaLHHBI

Bojosmeniaomme nopoas
£ A BIXJI5 Cpeanee
KomnonenTn HIMEpeHHs i1 ieg:a;{z;ﬂ H:::;T— O%P:::Bea- peiH

HCO4~ Mr/a 292 512 — 296 367
SO . 72,5 45,6 = 41,0 | 53,0
a= : 30,3 37,0 — 18,7 28,7
Br- “ 0,29 — — — 0,29
15 5 0,042 — — —- 0,04
Cazt A 62,7 59,8 — 58,7 60,4
Nat+K+ # 28,7 80,6 — 47,5 52,3
Mg+ . 34,4 48,0 —_ 15,6 32,7
Cymma G 524 783 —_— 478 594
Fe MKT/J 700 1440 1150 50,0 860
Sr . 760 1015 980 70,0 706
Al p 160 520 100 70,0 213
Mn 4 32,5 58,0 20 20 32,6
Ti 5 100 16,0 2,0 5,0 30,7
Ba 5 16,5 42,0 20,0 7,0 21,4
Cu . 38,5 4,50 6.0 5,0 12,5
Ni . 22,5 4,50 10 1,0 9,50
Cr A 6,0 4,50 11,0 1,0 5,62
Pb i 4,0 4,50 10,0 2,0 5,12
A% : 6,5 3,0 1,0 2,0 3,12
Zr . 6.0 3,0 1.5 0.8 2,82
Ga 3 5,50 3,0 0.8 0,6 2,49
Sn = 0,10 1,8 0,15 2,0 1,01
Ag x 0,40 0,60 1,0 0,1 0,52
Mo 5 0,60 0,45 0,3 0,35 0,42
Yucao ananuszos — 28 19 9 15 71

Temneparype, pasHoii— 2,6°C. Moaysas mogsemMHOro cToKa B Ipeje-
nax xp. Unxauesa pasen 6,0—9,0 a/c-km2

Teoxumusi ¢oOpMHPYIONIHXCA B 3THX YCJOBHAX TOA3eMHBIX BOI
ONpenenseTcss HX MCKANUYATEILHO HH3KOH MHHepaauszanuein (okoao
100 mr/n), cnraGokucabiM XapakTepoMm (BHe mpelenop KapOGOHATHBHIX
nopoa), rupokapboOHATHHIM HAaTPHEBO-KAJbLHEBHM COCTABOM H HH3-
KHMH KOHIEHTPAUHAMH MHKpoKoMmnoHeHnToB (taba. 51). B npemnenax
pa3BHTHA KapOGoHATHBIX TOPOA BOJAB ciaabolleJoYHBe, HECKOJAbKO 00-
Jiee BHICOKOMHHEpaJH30BaHHBIE, HO cOJepXKaHHs OOJbIIHHCTBA MHKPO-
KOMIOHEHTOB B HHX YMEHbIIAIOTCH.

[TonsemHele BoAbl cpeaHeropHoif yactu Anrtas ObBTH  H3YYeHLI B
Gacceiine p. Kwbisewi-Uun, pacnonoxkeHHOH Ha ceBepo-3amajHoM 06-
pamienuu Uyflickoi crenu ¢ abconotHeMa orMerkamu 1800—2600 m.
Pesabed stoit TeppuTOopuH GoJsiee CTJIayeH, OTHOCHTEJbHEIE TPeBHIlIe-
Husa .coctaBasior 200—400 m. KonnuecTBo BhIMaaamolux atMocepHbIX
ocankoB paBHO 200—300 M. CKJIOHB XOJMOB YacTHYHO 3aJe-
ceHsl. Bosee 3aTpyaHeHHBI BoJ00OMEH B 3THX VCJOBHSIX MPHBOIHT K
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Ta6auna 51
Cpennuit XWMHYECKH COCTAB TIOA3EMHBIX BOA BbilleJauHBaHus AJaras

Fopuwit Aarai P}{;’:?;’g‘ Aty
Eanusum HBl€ oca:u?n
KommonenTst Hamepe- Cpeanee HHAKOrOp-
HHA BBICOKO- | cpeiHe- HH3KO- cpeine- HOM HacTH
ropbe ropbe ropse ropse
pH — 6,9 7,55 7,75 7,3 7.37 6,3
HCO,- mrla | 72,5 | 218" | 305 243 226 61,0
Ci- ks 3,55 6,07 12,8 6,0 7,35 10,7
SOz~ 5 2,75 17 5.0 6,0 6,69 4,2
Ca?t ¥ 13,9 4.7 38 73 42 4 5,0
Mg:+ 3 545| 256 | 52,5 14 27.6 4.2
Nat4K+ i 5,9 12:1 58,3 18 25,4 18,4
Cymma = 104 384 472 372 320 108
CO, (cB.) By 4.4 7,25 — 11,8 7,82 —
Fe MKr/X - — — 1000 1000 —
Sr 3 A ik 228 | 360 191 7.5
Mn > 8,50 | 15,4 | 62,5 5 24,1 10,0
i > 1,0 2,65 | 43,2 13 21,7 38,0
Ba L 6,90 | 15,2 12,4 31 14,4 6,0
Zn o 8,35 | 15,6 17,6 — 13,9 2.5
Cr . 095| 2.15| 275 2,40 1.96| 6.0
Cu = 1,90 3,50 0,65 1,0 1,75 0,5
Ni a 0,32 0,85 2,45 0,12 1,03 0,3
As - 1,07 1,20 0,50 — 0,92 —
Mo X - — 0,03 1,28 0,65 0,25
Pb 4 0,3 0,85 0,70 0,50 0,60 1,0
Hg £ i) i 0.59 - 0,59 | 0.5
\' . 0,12 0,65 0,70 — 0,49 —
Sn i L Loy 0.03 0,77 040 0,3
Be = 0,45 0,35 — —— 0,40 —
Zr ) 0,50 — — 0,10 0,30 -—
Co » - — 0,30 0,10 0,20 0,25
Ag = 0,10 0,15 0,04 0,20 0,12 0.4
Ga 3 — — — 0,10 0,10 ——
Yucao aHaau308 — 72 109 56 78 315 3

topMupoBaHuio CJ1a0OLIENOYHBIX BOJL [PEHMYIeCTBeHHO ruiapokap6o-
HAaTHOTO KaJbllHeBO-MaTHHEBOTO COCTaBa C OTHOCHTEJNBHO BBHICOKOH
MHHepaJan3auueil. AHaJorHYHEE BOABI (OPMHPYIOTCH H B  Mpeaenax
Kypafickoro xp. Ha Beicotax 1700—2500 m. B Taéa. 51 mnpusenen
00061eHHbIH cocTaB BOJ cpeaHeropHoil wactu [opHoro Anras.
[MpuHuunuansHo HHas KaptuHa HaGJaojaercs B npepenax Yyii-
CKOHl CTeNmH — BBIPOBHEHHOH MEMKIMOPHOH BMAaZHHBI ¢ a0COJIOTHBIMH
otrMeTkamu okomo 2000 m. HeGoaplioe — KOJIHYECTEO — OCAIKOB
(180 MMm/ron), 85% KOTOpPBHIX BhIMajaeT BECHOH H OCEHBbIO, MPHBOAHT
K Pa3BUTHIO 3/eChb [POLECCOB KOHTHHEHTAJBHOIO 3aCOJICHHS, YTO
pe3Ko CKas3siBaeTCsi Ha COCTaBe TOA3EMHBIX BOJ, KOTOPBIH CTAHOBHTCS
THAPOKapOOHATHO-XJOPHAHBIM MarHHeBo-HaTpHeBHIM ¢ obmieli MHHe-
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Ta6auma 52

XHMHYECKHH COCTAB MOA3EMHBIX BOJA AATAA ¢ MPHIHAKAMH
KOHTHHEHTAJbHOTO 3ACOJIEHHA

Az 2 ﬁ: =
KoMnoHeHTH a g é ° ; g Komnoneuts g‘ E :-E X : g
B¢ |E8| E | § £5 | 25| 2| 3
= = = o = @ = = o
dg |68 & | & 38 |68 7|8
|
H — | 7.600 8,20 7,9 Ti mkr/a|23,0 [16,5(19,8
CO,~+CO42~ | Mr/n |329 |373 351 (Zn . 4.6 133,8/19,2
e . [46,5 143 | 94,7 Cu L 2.,64/12,0| 7,32
SOz~ . |75.,5198,1 | 87,8/Pb /! 557 5,01 5,28
Na*t+K+ . [47,0 122 | 84,5|Cr A 0,59 8,0/ 4,30
Cat . [99,0 |68,4 | 83,7V ¥ — | 2,4] 2,4
Mg+ » |25,0152,5 | 37,8 U : 22| —1]220
Si0, . 8.8 — 8,8[Ni _ 1,66 2,0] 1,83
Cymwma . |629 |857 (748 | Be f — | 1,0] 1,0
CO, (cB.) . (13,6 — 13,5| Cd : 0.51] — | 0,51
O, 3 46| — 4,6/ Mo . 0,46 — | 0,46
Oxkucasemoctb |MrOg/al 5,2 | — 5,21 Ag : 0,33( 0,3] 0,32
Fe MKr/a |77 — [776 |[Ga 3 0,24 — | 0,24
Al Rl [0 L 122 1hSn 3 0,15 — | 0,15
Sr . 1342 — 342 || Zr : 0,071 — | 0,07
Mn . (125 [256 |190 ||
Ba . 136 [190 (163
Yucno ananuzos| — | 182 | 10 | 192

panuszauueii 10 2 r/in. OIHOBpeMEeHHO B 3THX BOA4X NPOHCXOAHT MO-
BLIIIEHHE COAepXKaHHH OOJBIIHHCTBA MHKPOKOMNOHeHTOB (Tabu. 52).

leoxuMuA NOJ3eMHLEIX BOJ HHU3KOTOPHBLIX paiioHoB ['opHoro Ausras
Obl1a u3yueHa B Gacceiine p. Capacel (ceBepHble cKJaoHbl Auitas).
B npeaenax stoil TeppuropHH abCOMIOTHEIE OTMETKH IIOBEPXHOCTH
peaveda kosebaworca B npenenax 350—800 M, xoauyecTBO BbINa-
Aapomux ocaakoB 600 mm/roa. BojgopmemarnmuMH nopojaamMu  sBJS-
1oTed 3 Qy3sHBHO-OCA0UHBIE OTJ0XKEeHHS JeBoHAa M KapOoHaTHO-TEpPpPH-
renibie ocaaku pupes u xKemGpusa. PopMmupyiollHecs BOAB SABJISIOTCH
JOBOJIBHO 11EJOYHBIMH THAPOKapOOHATHBIMH TIPEHMylUeCcTBEeHHO Mar-
HHEBO-HATPHEBLIMH ¢ TOBLIIIEHHBIM cOAep:KaHHeM CcHAepOPHIbHBIX
371eMeHTOB (cM. Taba. 51).

ITonsemubie Boabl pasanunbix JanawadTHeix 3on Pynsoro Aaras
usyyens B. A. BoporuukoBbiM (1974). AGcoaioTHbIE OTMETKH TOPHOIl
4acTH MCCJeJOBaHHOH TepPHTOpPHH KoJgebJaiorcs B npefenax 600—
900 M, xoauuectBo aT™Moc(epHbX ocaakos 500—600 mm/rox. B mpen-
ropHo#i yactH oTMeTKH noHuxamTtes go 400—500 m, a KoauuecTBO
ocankos a0 400 mMm/ron. CooTBeTCTBEHHO NMpPH ABHKEHHH OT TOPHOI
YacTH K PAaBHUHHOH COCTAB BOJ H3MEHSETCH OT T'MIPOKapbOHATHOTO
KaJbLUHeBO-MaTHHEBOIro /10 KaJbHHEBO-HATPHEBOTO, 4 CpPEAHASA MH-
Hepaauszanusa ot 370 o 710 mMr/a. B paBHHHHON W NpeAropHOI YacTax
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HAJHIO TPH3HAKH TPONECCOB KOHTHHEHTAJNbHOrO 3aCOJeHHs  BO/bI,
BLIpaKalollHecs B HAKOIIEHHH B pacTBope cyabhaToB H  XJOPHIOB,
YTO [MO3BOJIHJIO OTHECTH HX K THIY BOJ KOHTHHEHTAJbHOIO 34COJIEHHSA
(em. Ta6a. 52). [loxsemuble BoAbl cpejHeropHoit yuacti Pyauoro Aaras
OTHOCATCH K THIY BbIIleJJAYHBAHHA H XOPONIO YKJIaABIBAIOTCH B 00-
VK0 CXeMY BePTHKAJBHOH MOSCHOCTH, XapaKTepHOH AJA TOPHHIX 006-
nacteit. OTanunTensHoii ocoberHocthio Pyanoro Aatasi siBisieTcss Ha-
JIHYHe JAPEBHHX KOpP BBHIBETPHBAHHA KAaOJMHHTOBOTO (MeJ-maJjieoreHo-
BLie KOPHI) HJIH JpecBsiHO-me6GeHHcToro (HeoreHosble KOpPBI) cocTa-
Ba, 0COOEHHO NIHPOKO Pa3BHTHLIX B reoMop(oJOrHUecKH BHIPOBHEHHBIX
paifonax. 1o 3arpyaHser BofooOMen H crnocoGeTByer (pOPpMHpPOBaE-
HHIO BOJ, ¢ MOBBIIIEHHOH MHHepaJH3aluei.

B Ta6a. 51 npuBejeH cpeiHuii cocTaB TOJbKO TeX MOA3EMHBIX BOJ
Antasi, B KOTOPBIX OTCYTCTBYIOT NPH3HAKH KOHTHHEHTAJbHOro 3a-
coJleHHsi. AHAJH3 3THX JAHHBIX MOKA3bIBAET, YTO NPH CHUXKeHuHu abco-
JIOTHBIX OTMETOK 3eMHOH MOBEPXHOCTH, YMEHBIIEHHH CTeNeHH pacuJje-
HEHHOCTH peJibedha W CMeHe JaHAIA(THEIX VCIOBHI OT TOPHBIX TYHIP
H aJbNHHCKHX JYTOB (BHICOKOTOpPbe) uepe3 yMepeHHO BJAXKHYIO Jec-
HYIO 30HY (cpejaHeropbe) 40 JIECOCTENMHBIX JaHawadToB ¢ YepHO-
3eMHBIMH [OYBAMH NPOHCXOAHT yBe/anuenue oOlledl MHHepaJH3aUHH
NoJA3eMHbLIX BOJA, HO MPH 3TOM POCT cOAep:XKaHHsA OoJplledl YacTH XH-
MHYECKHX 3JeMEeHTOB He SBASETCS PABHOMEPHBIM, 2 HOCHT CJOKHbIH
XapakTep, CBHAETENbCTBYSi O HAJHYHH TEOXHMHUECKHX OapbepoB /s
3HAUHTENIbHOTO YHCJIa paccMaTpHBaeMbIX 3jeMenToB. Bce 3710 4B-
JSeTCS  CJAeACTBHEM H3MEHSIOUIETOCH XapakTepa B3auMojelicTBHs
BO/Ibl C TOPHBIMH MOPOJAMH.

Cananpckuii Kpsx mnpeacraBaser co0oil  BCXOJMICHHYIO
BO3BBIIIEHHOCTD, pacujieHenHylo npoueccamMu 3posun. CpelHHe BhICO-
THl €ro BojgopasjieNoB KoJdebuaioTcs B mnpenenax 420—470 M, peako
aocturas 600 m. TocmoactBylomumu Qopmamu penpeda SBAAIOTCH
MAaCCHBHO-BOJIHHUCTBIe TPHBHL. Boabmas wacrn Canaupckoro Kpsika
SIBJISIETCA CHJILHO 3aJleCeHHON M TOJBKO TpeAropHbie pafoHBl, T1e
KOJTHYeCTBO 0caJKoB yMmeHbinaercs ao 200—300 mm  (Bmecto 350—
500 MM B LeHTpPaJbHOH 4YacTH), TpeACTaBAAOT co6oll  JilecocTemns.
CpenneronoBas temnepartypa Bo3sayxa 0,5—0,8°C. Moayas noasem-
HOTO cToKa paseH 2,0—2,5 a/c-Km2.

XapaxktepHasi ocobenHocth Cananpa COCTOHT B IIHPOKOM pasBH-
THH DPHIXJBIX MOKPOBHBIX OT/JIOMKEHHH, BKJAKOUAas JpeBHHe KOPHI BBI-
BeTpHBaHuA MollHOCTEIO A0 100 M, ¢ KOTOpLIMH CBSi3aHO pa3BHTHE
NepBOro BOJOHOCHOrO TropH3oHTa. Huke 3anerailor TpellHHHBIE H
TPeIIHHHO-KaPCTOBBe BOJbI, MPHYPOYEHHbIE K BepxHeil Haubojee Bbl-
BEeTPeJOH H TPEUIHHOBATOH 30HE H3BECTHAKOB HHMKHero kapboHa, je-
BOHA H KeMOpHS, TECYaHHKOB, KOHIVIOMEPATOB, aPTHJJIHTOB H aJeBpo-
JIHTOB CHJypa, OpJOBHKA M KeMOpus, a Takke 3(gdysusos, Tvor #
MeTaMopdHUeCKHX cJaHIleB J0KeMOpHS 1 KeMGpHA.

leoxumHus nonseMHbix BoJA HauGojee TMNOAHO ObJjla H3yueHa
I0. I'. Konntosoit n 3. B. Tynuuit B ceBepo-sanaguoii wactu Ca-
Jaupa B Npelesax pasBHTHA pPa3JHYHLIX BOJAOBMEILAIOUIAX MOPOJ H
ganwadTieix 308 (taba. 53). @opmupyloliHecs B 3THX YCJIOBHAX
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vel

Xumuueckuit cocrap nonsemusix Boj Cananpa

Tabnuma 53

TaexwmHas 30Ha

Jlecocrennas 30Ha

e E{g:‘;‘;"e“_" b Tpeg:.::g;::ﬂ:gnu Tpegﬂ:g;:r;::,w Cparine ATMO(?:caq'JL?CI:IHHe
Hus niacToBeie 3

BOJABI PBHIXJABIX

6 Sigrceis S o 2;5’.&555:’;‘.?.' xaplonemns | anfaie |- PRETNE:
pH\"“k = 7,20 7.83 7.95 7.80 7.62 7.70 7.67 5.1
HCO5 mr/a 151 358 390 330 462 370 344 38,0
Ol . 8,90 8,30 7,50 6,40 6,95 7,40 7,56 4,5
S0 . 2,10 8,00 3,0 2,15 7,0 5,65 4,65 1,0
NOy~ x — 1,42 0,82 2,95 ¥, 33 0,15 1,83 0.8
NO,~ ! — 0,06 0,02 0,60 = 0,10 0,19 0,01
Ca* : 37,5 64,3 74,0 61,0 71.4 70 63 3,5
Na*t+4+K+ : 9,15 31,6 23,8 34,5 46,4 26,2 28,6 12,6
Mg+ z 2,10 12,6 24 4 8,11 14,3 40 16,9 0,6
NH,* ; — = 0,93 0,15 0,52 0,85 0,61 0,8
Si0, : — 9,0 16,5 6,5 8,89 18,3 12,4 oy
Cymma ; 211 493 541 450 619 539 478 61,8
CO, (cB.) : 5,55 8,63 11,1 7,40 13,9 7,40 8,99 =

Fe MKT/ 11 — 50 270 150 150 265 177 —
Al . — 67 90 — — 290 149 —
Zn - 29,1 9,83 15 17 .4 52,4 60,1 30,6 10
Mn = 20,4 24 4 26,1 15,8 41,2 40 28 25
Ti . 17,5 7.63 8,40 1.6 5,28 13,8 9,04 3.0
Ba » 1,85 4,1 5,0 1,6 3,0 3.8 3,23 2.8
As g — =2 0,7 — 5,62 4.6 2,02 —
Hg ; 0,65 2.1 1,87 2:2 2,5 1,25 1,76 —
Sb . — — = 0,5 2,32 0,82 121 —
Cu = 0,9 0,47 0,45 0,4 0,4 2,20 0,8 154
Cr 2 1,0 1,87 0,35 0,4 0,45 0,5 0,76 1,9
Ni - 1,55 0,43 0,35 0,3 0,55 0,8 0,66 0,1
Co * 0,18 0.1 0,1 — 0,89 1,81 0,61 0,07
Pb i 0,75 0,37 0,45 0,70 0,4 1,0 0,61 0,9
— - — — — 0,6 0,6 ==
ﬂo 0,85 0,33 0,3 0,4 0,18 0,4 0,41 0,1
Ag ,. 0,1 0,08 0,07 — 67 0.8 0,23 0,06
Sn - — 0,1 0,08 — 0,12 0,14 0,11 0,1
YHCeno aHanH30B — 144 379 551 72 132 61 1339 2
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BOJAbl ABMAIOTCH HIEJOUITBIMH, r}mpoxapﬁonambmn KaJbllHEeBO-Ha-
TPHEBHMH, pe;xe KaJdbllHEBO-MATHHEBBIMH C FlOBbII.lIEHHOﬁ MHHEpaJIH-
sauueﬁ. B JTGCOCTEHHOﬁ 30HE€ BO/bl 60J’lee BBICOKO MIrlHepaJ'IHBOBaHbI,
YeM B JIECHOﬁ, HO 3TO He CBfA3dHO C npoueccamn KOHTHHEHTAJbHOTO
saconenusi, C pocToM MHHepa/JH3aluHH HabJioaeTcs NOBBILEHHE CO-

Puc. 23. 3asucumocts obugeil

MHHEPAAH3AUHH NoA3eMHbIX

AN BOJ OT BCAHYHHBL  MOAYAS
\ MOA3eMHOr0 CTOKA.

\ 1—5 — nanamadpTe (1 — BHI-

2 CoKoropuwle, 2 — cpeanerop-

A A HO-TaexHbie, § — HH3KOTOpHO-

L of TaexXHble, 4 — HH3KOropHo-je-

5 ~ g COCTenHble, & — ropHo-cren-

\‘ = { g nbie). Lludpst Ha rpaduxe:

0ef 7N I — Topusit Antafi; 2 — Tau-

i -~ ._:'Z i i nyoao-Canrunencknii  pafion;

6 g 2 9 3 — 3anagune Casab; 4 —

e 3 Bocrouwnne Casnmsi; 5— Kys-

il S : - ieum;ﬁ A:x?a'ra}é 6 — Pyaubiil

" araf; — Cananp; 8§ —

af g7 a5 a7 49 Tomb-KoasiBans; 9 — Kya-

Gacc; 10— xp. Baitrak; I/ —
Hu#epaﬁuaaqug, r/n TyBHHCKAas KOTAOBHHA; [2 —

[AJI I o |2 | A IJ | . |4 | + Ij Uyiickas cTens

n/c kM2
E, e
& Bis
T T T b?
3 -

S
oS-
T

——

S~
=1
T
+

Modyne nodzemwozg cmoxa,

Jlep:KaHidil faJleko He BCeX MHKPOKOMMNOHEHTOB. Ta TeHIEHIHS CO-
XpaHseTcs TOJbLKO YV MapraHlia, IIHHKa, MBIIbAKA, KobGaabTa, MeIH,
cepebpa u cyppMbl. B cpeanem cojieHO¢Th TOA3EMHBIX Box  GoJee
4YeM B CeMb Da3 IpeBhIllIdeT MHHepaJH3alHI0 aTMOC(epHHIX 0CalKOB,
B TO BpeMs Kak pasHHIla 1O XJIOPY MeX1y CpPaBHHBA€MBIMH BOJZAMH
He npeBbiliaeT JAByx pa3. CienoBaTelbHO, KOHUEHTPHPOBaHHe coJeil
BCJe/ICTBHE YACTHYHOIO HCrapeHHss BOJAb He MOMKeT Bo3pacta GoJee
uyeM B JBa pa3a. Bce 3T0 rosopHT 0 riay6okom npeoGpa3oBaHHH CO-
cTaBa aTMoc(epHBIX OCaJKOB yXKe B Npejenax TOPHBIX NOPOA.

B taba. 54 npuBoasitcia 0606lieHHble AaHHBIE MO COCTABY TOA3EM-
HbIX BoA ropHoii yactH Casino-Auaraiickoii o6aactu. [Ipu cocraBaennu
9TOH TabJHLB, KpoMe NpPHBEJEHHbLIX Bblllle MAaHHBIX, Y4YTEHB TaKKe
ony6aukoBaunble Matepuanas I. A. Tonesoit (1968), TI'. B. Cseinu-
koBa (1967) u II. A. Ynonoea u ap. (1962) mno Pyanomy Auaraio.
Auanus npHBoAMMOH TaObJHIE TO3BOJNSET HAMETHTh HEKOTOPHE OC-
HOBHbIE 3aKOHOMEPHOCTH (OPMHPOBAHHS XHMHUECKOTO COCTaBa TMOJ-
3eMHeIx BoJ. [Ipexkie Bcero oueBHAHAa 3aKOHOMEPHOCTHL CBSI3H oOLIeil
MHHepaJu3alHi BOL C MHTEHCHBHOCTBLIO BojooOMeHa: naubosee mpec-
Hble BOJAB (POPMHPYIOTCA B YCAOBHAX HauboJee aKTHBHOrO BOAooOMe-
Ha (BHICOKOTOPHBIE pacujeHeHHble pafone). Tam, rae BojooOMeH
3aTpylHeH, Ja)e B BHICOKOTOPHBIX paHoHax (OPMHDPYIOTCA BOJABI C
NMoBBIILEHHOH MuHepaansauueit (Yyiickas crenn). [lpu aBmxenun ot
BLICOKOTOPHBIX JaHAWA()TOB K CpefHEropHbIM H jajee HH3KOTOPHBIM
H PABHHHHLIM MHHepa/H3alHs NOA3eMHLIX BOJA HEYKJIOHHO Bo3pacTaer
H B JeCOCTeNHBIX JaHAwapTax Jaxe NPH OTCYTCTBHH SIBHBIX IIPH-
3HAKOB KOHTHHEHTAJLHOTrO 3acoseHHsi moxket pocrurats 1,0 r/fa. OG-
paTHas 3aBHCHMOCTb MHHepaJH3allHH TOJA3€MHBIX BOJ H HHTEHCHB-
HOCTH BOJ0OOMeHa, xapakTPépuayeMoil MoAyJeM MNOA3eMHOTO CTOKA,
XOpolo BHAHA Ha puC. 23, NpH COCTABJEeHHH KOTOPOIO yuYTeHhHl H Ma-
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Tabanua 54

CpeJlHHIi XHMHYECKHH COCTaB TOA3EMHBIX BOJ FOPHOA YacTH
CasiHo-AnTaiickoit o6aactu

Jlaunmad THEE 30HLI
EARHHIB
Komnonentst H3MEDE- | TOPHBIX TYHAD ropHo- ropHo- ropito-
Has H aIbnHACKHX TaexHas AecoctenHas crennas®
ayros
pH — 6,90 T2 7.43 7,85
HCO,"- Mr/a 80,0 186 307 409
RC1— = 4 75 6,12 7.9 74,9
S0~ 'y 3,21 6,04 12,2 1.0
X —- — 0,74 0,82
. — — 0,10 -
- 17.8 32,4 59,7 2.2
2 6,52 L | 21,8 78.4
i % 5,90 14,7 gy 34,3
k 0.4 0,87 2,52 8,22
3 — — 0,38 0,96
i 5,86 10,3 15,8 19,3
. 124 267 450 776
- CO; (cB.) £ 4,83 8,72 12,3 13,5
- OkuciaseMocTb mrO,/a — - — 5,21
(0} Mr/a — - 1.52 4.07
MK/ 420 845 238 683
- — — — 290
= 236 283 — 368
. 42,0 85,1 132 397
. = — 50,8 =
= — - - 50,0
,, — - - 40,0
,, 19,7 23,8 2.8 102
o 976 10,8 29,1 59,8
5 8,82 12.3 29.2 83,0
5 4,11 23,6 19,8 21,5
" 3,26 2,62 4,65 8,38
" 221 2,95 0,54 5,31
- 2,78 1,46 0,89 4,59
’- 2,83 1,25 0,85 4,07
- — FoT 1,28 2,0
» 1,07 0,92 4,12 1,36
» — 1. 10 G —
.. 0,60 0,60 0,25 0,50
" 0,20 113 0,49 Al
» 0,92 0,84 0,40 1,43
» 0,15 0,12 — 1,10
- 0,36 0,18 — 0,93
.. 0,65 0,53 0,86 0,46
» 0,27 0,15 122 0,22
» 0,12 0,32 0,24 0,46
- — 0,22 — =
» 0.10 — — ot
Hucao anaan3os - 418 3127 693 228

* [loarseMHBIE BOABI C NPpH3HAKAMH KOHTHHEHTAAbHOr0 3aCOACHHN.
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tepuaan no mexropuniM (Kys6acc) wu Huskoropubim (KoabiBaub-
Tomckas ckJajguaTas 3oHa) paifoHaM.

CocraB BOA XapakTepHayemoii o06JjacTi B CBoell mNoAaBJAsIOLLE]i
Macce #BJfeTcs IHAPOKAapOOHATHBIM KaJblUHeBHIM HJH KaJbIlHEBO-
MarHueBbIM, BKJlOuYas M MaJOMHHepaJH30BaHHblE BOALI BHICOKOTOP-
HbIX paioHoB. [lo Mepe yBe/qHUeHHSI CTeMEHH MHHepaJH3alHH /0Js5
HATPHS H OCOOEHHO MAarHusi OTHOCHTeJBHO BO3PacTaer M B HH3KOrOp-
HbIX pafioHax BO/bI CTAHOBSTCS MPAKTHYECKH NOBCEMECTHO KaJbllHEBO-
MAardueBbIMH, a HHOTJa Jlae MarHHeBO-HATPHEBBIMH (Mpearopbs
lopuoro Anarasi), uTo OGYCJOBIEHO BBLICOKOH MX [IEJ0YHOCTBIO, 34-
TPYAHSIOILEH HAaKONJIeHHe B pacTBOpe KajplHA. B  JiecocTenmHblx 1
0CO0EHHO CTEeNHBIX paHOHAX POJib MATHHS M HATPH# elle GoJiee MOBbI-
LIaeTCsi W BOJABI CTAHOBATCH MarHueBO-KaJplHeBLIMH (xp. Bafitak)
HJTH B  VCIOBHAX BBICOKOH HIeJIOYHOCTH — HATPHEBO-MATHHEBBIM H
(Uyiickas crens), T. €. y2Ke THIHYHO COAOBBEIMH.

§ 2. XHMHYECKHA COCTAB MOJ3EMHBIX BOJL
KYPAMHHCKOTO XPEBTA
(CEBEPHBIE OTPOTH TSHb-IIAHS)

Kypamunckuit xpeber XxapaktepHayeTcs pacu/eHeHHbIMH Qopma-
MHu peabeda, abconoTHBIE OTMETKH KOTOPHIX BapbHPYIOT B LIHPOKHX
npejeaax: or 500 M Ha woro-zanajge a0 3700 M Ha ceBepo-BOCTOKe
(Bogopasnenbhas uactb). CKJIOHBI rop SABIAKTCA KPYTHIMH, GOJbIIEN
YacThbl0 He3aJeceHHbIMH (TOJNILKO B OT/AEJbHBIX MECTaX PasBHTH TV-
cThle 3apoc/iu apuH). B paiioHax, rae aGco/iOTHbIE OTMETKH TIPEBHI-
maior 3000 M, Ha ceBepHBIX CKJOHaX B TeyeHHe BCero roma coxpa-
HAIOTCSI MHOTOJIETHHE CHEeXXKHHKH. B TO e BpeMmsl HM3KO- H cpejHe-
ropHas 4YaCTH HCCJAENOBAHHOH TEPPHTOPHH OTHOCHTCH K THIY KaMe-
HHCTOI TOPHOM CTenH.

Kaumar paiiona pe3ko KOHTHHEHTAJbHBIH M  XapaKTepH3yeTcs
NPOJOKHTENbHBIM JKAPKHM JETOM H J0BOJBHO X0J0AHOH 3umoil. Oc-
HOBHOEe KOJHUECTBO OCAa/IKOB BHIMajaer ¢ OKTAGPS 1o Mai, T. e. B
HanboJee XOJOAHYIO YacTh IOfd, UTO HAPAAY C PacuJeHEHHBIM peJibe-
oM GaarompusTcTBYeT (OPMHPOBAHHWIO MOBLILIEHHOTO B TOPHOM
YacTH MOBEPXHOCTHOTO CTOKA, KOTOPBIi PE3KO YMeHbIIaeTcs B HH3KO-
ropHbIX paHoHaX. KonuuecTBo BHINAJAIOMHX aTMOC(EPHBIX 0OCAIKOB
MOJAYHHAETCS BJHSHUIO BEICOTHOH 30HAJBHOCTH M H3MeHAeTCA OT
350—400 (moauna p. Aurpen) no 800 mm/rox (moc. Koubynak). B 6o-
Jiee BHICOKOTOpHO# uacTH (oTMerku cBuime 2000 M) Ko.auuecTBO ocaj-
KOB, BuauMo, npeBuimaer 1000 mm/rox. '

O6unne atMochepHBIX OCajKOB, HH3KOe HCMapeHHe, pacuJeHeH-
Hblil pejbed M MOBHILUEHHAs NPOHHIAEMOCTb BepXHeH TpelmHHOBa-
TOH 30HBI KOPEHHBIX MOPOA HPHBOAAT K (OPMHDPOBAHHIO JOCTATOYHO
HHTEHCHBHOTO NOJA3eMHOT0 CTOKAa B Hpejejax cpelHe- H BBICOKOTop-
HOM yacTeil perHoHa, pasrpyaka KOTOPOro TPOHCXOAHT B BHAE TyCTOM
ceTH HHCXOAAIIHX POJAHHKOB; PACNONOKEHHEIX HAa PasJHYHBIX 3poO-
3HOHHBIX VpOBHAX. [l0” Mepe cHHXeHusI aGCOJIOTHLIX OTMETOK MeCT-
HocTH HabJiojaeTcsi yBeJHUeHHe TJIYOHHBI 3a/JeraHns MOJA3eMHBIX BOI
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H yMeHbIIeHHe KOJHYeCTBa POJHHKOB, KOTOPLIE MOJHOCTBIO HCYE3aI0T
B Aoauue p. AHrpen. Moayab noj3eMHOro CTOKA, 110 HAIUHM AdHHBIM,
HaMeHnsercs or 3—4 (BeIcOKOropne) Ao 1—2 u/c-km? (npexropse).

B reosornueckoM CTpOeHHMH palioHa NPHHHMAET y4yacTHe CJQMKHBII
H Pa3HOBO3PACTHHIH KOMILIEKC OCafouHBIX, 3G(y3HBHHIX W HHTPY3UEB-
HBIX 00pa30oBaHHi, NPEHMYLIECTBEHHO NaJeo30HcKoro Bospacra. Ot-
JIOKEHHST HHIKHEro naJjieo3osi [pPeACTaBJeHb  MeTaMOphUHUYeCKHMH
cJaHllaMHl OpPLOBHKA H CHJAYPa, CpedHEero [aJeo30si — HHMXKHEIeBOH-
ckuMu 3¢¢dysuBaMu (aHIe3HTOBHIE, KBapLeBble M &HIE3UTO-IALHTO-
Bble NOP(HPBE) M TeppPHTeHHO-KapOOHATHBIMH  OTJIOMKEHHSIMH Cpej-
Hero JeBoHAa — HHJKHero KapOoHa, Bepxero Majneo30sl — 0caJloyHo-
BYJIKAHOT@HHLIMH TopoiaMu Kapbona. MccnenoBaHHBIH palioH HACH-
uieH TNPOSBJAEHHAMH HMHTEHCHBHOrO H MHOroasHoro MarmaTH3Ma,
CBI3aHHOTO MPEHMYIIECTBEHHO C FePLHHCKHM TeKToreHe3oM. Ilerporpa-
(huuecKH HHTPY3HBHble OOpPa30BaHHS MPeAcTaBJeHbl NPEHMYIlecTBeH-
HO KHCJBIMH H CPeJlHHMH pPa3HOCTSMH TOpox (rpaHuTaMH, TpPaHHUT-
nop(HpaMu, AHOPHUTAMH, CHEHHTaMH, CHeHHT-nopdupamn, rabopo-
JHOPHTaMH, KBapuebiMH nopdupamu). I[lo moanHamM pek H caeB pas-
BHTHl TPOJIOBHAJABHO-ANIIOBHANLHEIE OTJOMKEHHS H TJHHHCTHE TPO-
AVKTEl BLIBETPHBAHHS 3HAUHTENRHOH MOIIHOCTH (B ZoJauHe p. AHrpen
g0 70 M). B cocraBe JIECCOBHAHBIX CYTJIHHKOB LIHPOKO Pa3BHT Kap-
HoHATHBIH LEeMENT.
‘ HMntencuBupiii  BojooOMeH B cpejiHe- H BLICOKOTOPHOH 4acTax
KypaMHHCKHX TOp NMPHBOAHT K (OPMHDPOBAaHHIO TNPECHBIX THAPOKap-
- GOHATHBIX KaJblHeBO-HATPHEBLIX BOJA C OOIIlell MHHepaausauued Me-
Hee | r/a (taGa. 55). B nuskoropuo#i uactu npecbiaaganne Hcmape-
HUST HajJ oOcajkaMH CHOcOOCTBYeT PDAa3BHTHIO HAyaJdbHBIX CTaAHl
cynb(aTHOrO 3aco/eHHsl ¢ YVBeJHueHHeM MHHepa/H3aluH MOJA3eMHBIX
Box no 8 r/n. Beneiacrsue sroro B palioHe uccileioBaHHi Habaiofa-
€TCSl YeTKO BhIpasKeHHAs BepTHKaJbHas THAPOreoXHMHYecKas  30-
'HAJIbHOCTh: TpecHHEe THAPOKapOoHATHBE BOALI BHICOKOTOPHOH YacTH C
 MOHHZKEHHEM OTMETOK IOCTENEHHO CMEHSIOTCS COJOHOBATHLIMH  CVJlb-
$aTHLIMH C pasJHYHBIM KAaTHOHHBEIM cocrasoM (puc. 24). Baxuo
I0/IYCPKHYTh, YTO OTMeueHHAas 33KOHOMEepPHOCTL HOCHT PerHOHAJbLHBII
- XapakTep H He 3aBHCHT OT COCTABAa MOJCTHJAAIONIAX TIOPOJ.

Haubosee mnpecHeIMH SBISIOTCS THAPOKapOOHATHO-CYAb(pATHLIE
. KaJnplHeBo-MarHueBble BOAB (cM. puc. 24). ITtoT cocraB Box HaBJIIO-
Aaercst npu ux MuHepanusdauun 0,1—0,7 r/fa. B orneapusix cayuasx
' BMECTO KaJibllisl B PACTBOpe AOMHHHPYIOT HaTtpuil wau wmaraui. [lpu
3TOM MHHepa/Ju3alHs MarHueBbiX BOJ KoJjebjeTcs B Tpeaenax or
0,3 no 0,6 r/m, a narpueBsix — ot 0,5 xo0 0,8 v/m, 1. e. cpegn rHApPO-
‘Kap6oHaTHO-CYJAL(GATHEIX BOJ HATPHEBHe SIBASIOTCA HanGolee MHHe-
pajan3oBaHHbIMH.
- CyapaTHblil THN Boj XapakrepuayeTcs oOlledl MHHepaan3anHei
- cBhime 0,8 r/n. [Ipu 3TOM, Kak M B caydae ruapokapOOHATHOroO THMA,
HauMeHee MHHepa/JH30BAHHLIMH BOJAaMH fBJAIOTCH KalblHeBbe, Hau-
Gosee MHHepaH30BAaHHLIMH — HaTpHesble. [lepexon Mexay 3THMH
noaTHnaMu ob6eluHo Habuaogaercs npu MuHepasausauuu  1,5—2,0 r/o.
B orjaenbHBIX cayuasx B KauecTBe JOMHHHDPYIOIIEro KaTHOHA 'BCTpe-
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XuMHuecKunit cocTaB NOA3EMHbIX

Tabauma 55

poa Kypammuckoro xpebra

ec4ya- -
AnmoBralbHbe ﬂﬂg—a 1;,’;?3: Addysnso- D:(:r:écoto Apdysupho- MeTtamoppuyeckie TlopHTH I'panaTsl Cpennuit
B usae OTJ0MEHHN I‘Jéll;g- BhlE 0canoyHbIe HaTHBIE OCajloYHbIE CAAHILB COCTaB
KoMnoHeHTbl Hamepe- -
HHA e
1 2 2 1 1 2 2 1 2 1 2 1 2 1 2 1 2
pH — 747 7,46 7,53 7,32 | 7,48| 7.4 | 7,49 7.64 | ‘7.64 | 7.5% | 7.48 |. 7.6 7.56. | 4548 25 751
HCO,~ mrjn | 268 | 255 |257 (62 258 | 264 249 165 194 162 211 113 232 163 || 280 - | %10 243
SO 2~ i 38,2 | 985 1131 | 9,93 |67,9 [1086 | 1144 39,1 | 791 231 | 1160 | 23,8 | 1013 | 40,5 | 1060 | 34,8 | 1047
Cl- Y 5,46 | 109 | 202 492 | 7,68 (110 126 5,62 | 67,3 5.1 1[558 7.12 | 139 5,25 | 108 5,88 | 115
NO;~ 5 511| 7.75| 8,75 | 1,33 | 9,14 | 8,99 | 11.6 3.5 6,33 | 2.0 | 14,6 5,0 4.7 [o.6 =T.08 #;52 151996
Cat+ 2 48 9 172 | 237 " |19.6. |42.2: [181 209 56,1 | 202 46,2 Ay 34,1 | 207 53,9-| 192 |43 210
Nat ¢ 94,4 | 254 | 274 9284 |44,1 |271 269 6,62 | 126 10,2 | 200 5,60 | 245 7.79| 244 | 146 | 236
Mg+ : 235 |9+.2 [ 113 9:38 1| 921 ahi 116 108 7.75 | 70.5 6,84 | 75,8 5,18 | 94,1 783|111 10,8 | 97,8
K* ‘ 3,15 1208 | 24 1.75 | 4,61 |26,56 | 19,9 2,0 | 15,4 2,47 | 26,8 1,37 | 29,3 195|225 | 2,47 | 24,4
NH,* . e ke u i 0ls — 170,26.]10;43 - 0,2 — | = 0,49 2 0,3 | 0,64 0,3 | 0,37 | 0,44
Si0, 2 199 [19,3 | 20,8 [12,7 |21,4 (206 | 22,2 25 19.8., |-2000 2| -28'5  [i15.50 {235 |17 9222 |18,8 | 21,9
Cymma . 428 1921 | 2263 (112 473 12078 | 2155 306 1487 | 273 2045 | 205 1993 | 300 | 2042 | 301 2000
CO, (c8.) A 121 |2t,0 (15,5 | 7.9 | 9.17]18,8 | 22,2 9,0 |29 (L) e ) T e ] e e 20,1 01 11,2 -1 2052
Okucasemocts | MrOy/an 1203 M ILTE D 20631 14274 (i e B 2,94 1.49 1,42 1.51 3,59 1,47 235 L6700 1,55 9.36
Sr wkr/n | 40 | 788 | 1418 |16,8 |116 |860 84,6 38 1324 | 38,4 | 134 33,5 |233 39,9 | 409 | 44,6 |[657
Ba . 16,6 |34,6 |19,7 [17,4 [40,2 |25,3 8,62 W5 2T T 14,9 6,43 | 17,6 6,6 |29 18,51 21,1 |18.4
Mn i 31'7 36,3 | 29,6 | 6,14 {155 [3L.3 | 39,1 15,8 | 61.7 |14 2807 63 Cl el V204 ] 98 7L [i8dia
B A 206 | 173 | 131 999 [a3t9 o197 53 295 | 65,7 4,46 | 29 1,21 | 44,5 4,72 | 101 15,7 | 99,3
Zn i 104 | 7.62(17,5 | 9,45 | 7,59 |13,7 | 18,6 607 | 08,72 (1878 116,30k 122 1L 15 16,85 il [810.3) =[RI8
Ti i 924|277 [ 20,7 | 6,68 | 9,83]|18,4 | 225 7.34 | 13,3 5,62 | 10,3 478 | 14,1 17,8 [.30,4 | B,76 | 19,7
As . 9'78 | 7.5 | 8.24| 1,87 | 4,62 | 5,46 | 8,62 6,6 857 |.2.60.] 852 | 4.96.\ 9,39 | 374 T 43| 3Tl | LTS
Cr . 2'34| 5.16| 4.91| 0,93 | 4,39 | 5,3¢| 4,63 0,75 | 11,3 074 | 345 | 196 | 1,89 | 1.43] 3,10 1,78 | 497
Pb ; 2'80| 1,53| 1.87| 2,18 | 1,56 | 1,78 | 1.4 1,06 | 1.94| 1,48'| 1,35 | 1,86 | 2,44 | 1,42 2,32 1,69 | 1,74
Ni v 18| 1,73| 1.8 | 1,81 | 2,19[ 2,33} L9 2'83| 577 | 0,86 | 0,91 | 063 | 0,99 | 0,84| 5,62 | 1,57 | 2,64
Cu g 1’71 | 284 | 3,29 1,03 | 1,58 | 2,91 | 4,02 1.8 | 1,8 | 1,3 58 | 066 | 274 205|387 | 146 | 34
Mo : 057 | 2.21| 1.56| 0,14 | 0,47 | 2,76 | 2,99 1,25 | 088 | 0,34 | 1,45 | 0,91 [ 29 130 | 3,44 [0 710 |- 927
Sb - o64| 1.78| 6,12] 0,98 | 0,7 | 1,66 1,35 = 0,84 | 0,32 o 043 | 3,87 ] 065 1.87] 062 [ 249
Co . 073| 0,6 | 037|037 | 0,59 0,42| 0.4 052 | 0,68 | 0,12 | 0,23 | 0,19 [ 0,37 | 0,31 | 0,47 | 0,41 | 0,44
\V 5 05 | 051 1.4 | 0,38 | 0,72| 1,06| 0,29 0.4 1.95 | 017 | 0,44 | 011} 0,24 | 0,3 | 0,85 | 0,37 | 0,75
Cd - 042| o0,40| 051| — | 054]| 08| 085 021 | 0,15| 0,29 | 0,88 [ 0,12 | 0,54 | 0,44| 0,82 0,34 | 0,62
Sn ; 0:37 1= 0, 0.1 15013 | 0274 05165 0n22 008 10520 1 4:08 s 006 | 0,33 | 0,21 0,59| 0,19 | 0,24
Zr : 0,08 — — — | 0,08] 0,45 — 0,39 | 0,58 -4 - = — e ~Lkleona i 0,53
Be i 004 0,12| 0,05| 0,07 | 0,17 | 0,07 — = 0,12 =5 = = o = — 1 B0o 1. 009
Ag : 0.10| 0,03| 0,12| 0,08 | 0,08 | 0,17 | 0,07 0.05 | 0,67 0,07 - 0,05 | 007 | 0,05] 0,10} 0,07 | 0,10
Au . 0.002] 0.001] 0,017| 0,0003] 0,002( 0,016/ 0,010 0.011| 0,008| 0,0003| 0,0008| 0,002| 0,006 0,012 0,019 0,004| 0,011
Yucao aHadH- — 41 74 39 51 301 239 51 19 25 66 28 36 99 84 87 598 642
30B
[MpuMevaHue. 1 — ruApoxapboHaTHEE BOAB; 2 — cyabaTHbe, o
4
140



YyaeTcsi Markiui, Takas KapTHHa XapakTepHa AJs BOJA C MHHepaJn3a-
nuefi 1,6—2,5 r/n. Ilpn npesbiuennn nociaeadeit 2,5 r/n Boanl Bceria
ABJAOTCH cyJb(aTHLIMH HaTpHeBwMH. [IpH 3TOM B 3KBHBaleHTHOM

BhIPaKeHHH MarHuii npeobiaajaer Hal KaJbllHeM.
Taxum o6Gpasom, yxke KpPaTKoe pacCMOTpPeHHe IMOBEIEHHA Bely-
HIHX 3JEMEeHTOB cocTaBa NoA3eMHBIX Box KypamuHckoro xpebTa
CBHJCTEJBCTBYET O HEONHHAKO-

NG , 50i BOIl CTeNeHH X KOHUEHTPHPOBA-
=t HHSE ¢ pOCTOM OOILEro coaepiKa-
‘T-m_ HUSI cOJiell B pacTBope. JTo Ke
o MOATBEPAKAAIOT M AaHHble Tab.
1 56.

“§ wl o Na* HepaBnomepHocTs pocta co-
S JepKaHuil OTAeJBHBIX 3JeMeH-
% L Mﬁ' TOB B PacTBOpe MO Mepe ero KoH-
5 UEHTPHDOBAHMS CBHIETENBCTBY-

é’za- ola®™ er 0 HAMHUNH TreOXHMHUECKHX
3 ,0i- 0apbepoB, MPensiTCTBYIOUINX Ha-
8k _ KOIVIEHHIO TeX HJIH HHBIX 3Je-
T | SR . ~HG0; menToB B pacrBope. B uacrio-
o 20 0 a0 CTH, 3HAYHTEJBHBIH POCT BeJH-

/0 ynH otHourenuit Na/Ca u Cl/Ca
FOBOPHT © HAJHYMH TAKOro
e s e o s e choy  0ADBEDA OTHOCHTEIBHO Kasbll,
HX MHHEPAAH3ALHH cofepXxaHHA KOTOPOro KOHTPO-
MUPYIOTCS MPEK e BCEro PacTBo-
puMoOCTBIO ero KapGonatos. B camom mene, KaK MOKaswBAIOT AAHHBIE
taba. 57, Bce BOJABl KCCJAEOBAHHOIO PErHoHa, HMeHllHe MHHepaJsH3a-
M0 CBBILe | r//1, HACHIIIEHB OTHOCHTEIBHO Kanabuuta, ClenoBaTesb-
HO, MO Mepe KOHUEHTPHPOBAHHUS COJOHOBATLIX BOJ M3 HHX HENPepBIBHO
BbilajlaeT B 0caJ0K KapGoHaT KaJbLus, LeMeHTHPYIOULHIT Apyrue -
HUCTBIE MHHepannl ¢ oOpasoBanueM JAECCOBMAHBIX cyrauHKoB. [To aroit
npuynHe B Goslee BbICOKOMHHEPA/H30BaHHBIX Bojax 3Hayenus Na/Ca u
Cl/Ca Bospacraior.
Heckoapko nnaue uamensiercs Beanumna Cl/SOy, 3HaueHust Koro-
poil BHaya/le yYMeHbIIAIOTCA, a TPH MHHepa/Jn3anuu cBeie 1,5 r/a

Oduwas MUHEPANUIAYUS,

TaG6auma 56

H3meHeHHe COOTHOLIEHHI MEMKAY 3JEMEHTAMH NPH YBeJIHYeHHH
ofureil MUHEpaJH3AUHH BOILI

Obimas MHHe-

paansanus, Cl/S0, Na/Ca Na/Mg CI/Na Cl/Ca Ci/Mg
r/x
0,27 0,17 0,18 1,06 0,69 0,12 0,73
1,50 0,09 0,64 2,02 0,53 0,34 1,06
1,86 0,10 1,28 1,53 0,47 0,61 0,73
2,84 0,12 1,93 2,91 0,47 0,92 1,38
6,18 0,13 2,29 2,75 0,46 1,06 1.27
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Pesyabratel pacuera macwimeHHocTH nopdemanix o Kypamunckoro xpeGra OTHOCHTENbHO Kaabuuta M runca *

£Fl1

O6as

Cpeaudit coctas BoAM, MMOAb/A

[Tpoussesende aKTHBHOCTeMR

[ca**] [HCO57]

[Ga*t] [s0s7]

- H
Xumuieckuit Tun BOA pH Mi‘:%?}?n HCO,*| SO8=| Ci= | g2+ | Nat | pg2+ c‘::]l:“
thakTH- TeOpeTH- thaxT- TeopeTH-
Yyeckoe Heckoe Yyecxkoe “ecKoe

E Kaabuuensie | 7,46 0,27 | 25| 03| 0,2 1,2| 04| 0,3|0,005|2,2.10%|3,3-107¢| 1,8:10°7|2,1.1075
3 :
E-% Maruueso- | 7,5 0,49 | 52| 04| 02! 09| 1,5| 1,5/|0,009|2,3-10¢|3,0.10-¢| 1,1-10°7|2,1.105
g KanblHeBble
o
= Harpuesste | 7,7 0,57 | 4,5 10| 0,3, 0,8/ 39| 0,8(0,010]|1,7-108(1,9.1078(3,1-10°7(2,1.1073
[

Kassuueso- | 7,48 1,5 3,7 79| 19| 51| 57| 2.7]|0,038]5,7:108]3,2:107| 5,1-10%¢(2,1.1078

MaraHeBo-

HaTpHeBhIE
g Maruneso- | 7,35 1,86 | 53| 95| 2,7 3,9| 88| 550,046 [5,4-10°6]| 5,4.107¢| 3,8:10%|2,1.1075
= HATpHEBO-
% KalblHEeBbEe
ok Harpueso- | 7,57 284 | 44| 16 56| 5,4|18,1| 6,0|0,068|5,4.107¢|2,6.107¢|6,9.107¢/2,1.107®
O MaruueBo-

KanbllHeBbie

Harpueso- | 7,6 6,2 52 |37,6|125( 10 41,6 | 12 0,148 | 7,4.1076| 2,4.1076| 1,5.1073| 2,1-1075

MarHHeBbie

# Pacyer mpopedeH ¢ YUETOM CTENEHH KOMICKCHpOBanus saementos. CM. npumedanme x Tabi. 36.




HAYHHAIOT BO3pacTaTh. B paceMarpHBaeMbix YCIOBHAX XJOpP NMpakTH-
YeCcKH He BCTPEYaeT Kakux-anbo GapnepoB Ha CBOEM NYTH, TAK KaK He
obpasyer coOCTBEHHBIX MHHePaJoB, MOITOMY MPHUHHY H3MEHCHHS Be-
JHYHHBI PAaccMaTpHBAEMOro OTHOLUIEHHS HeoOXOAHMO HCKaTh B TO-
BeleHHH cyabpar-uona. OTHOCHTeNBHOE YyBeJHYEHHE COJepHKaHuii
nocJe/lHero B BOJax Ha MePBHIX CTAaZHAX HMX 3BOJIOUMH OOBACHSAETCSH
OKHC/IEHHEM H BhlllleauHBanHeM CyJb(QHAHLEIX MHHEpaJoB, KOTOPbie
IIHPOKO PAacClpoCTPpaHeHbl NPAaKTHYECKH BO BCeX MOPOJAaxX paccMaTpH-
BAaeMOro perHoHa, a Takxke o6pasyloT MHOTOUHCJICHHBIE MECTOPOK/e-
HUS W pyronposiBiedus. Ha Gosee NMo3AHHX cTalusX KOHTHHEHTAJb-
HOrO 34COJIEHHSI OTHOCHTE/bHLle KOHIEHTPaLHH Cyab(paT-HOHA YMEeHb-
IIAIOTCH BCJAEACTBHE €ro BhIMAajeHHA H3 pacTBOpa B BHAE THICA B
Hanbosee 6J1aroNpPHUATHHIX 1751 3TOT0 YCJAOBHAX.

B camom pnene, npoBeieHible HAMH HCCJAEAOBAHHS MOKA3alH, UTO
00JIbIIASA YACTh CYJAbL(MATHLIX BOA HeLOHACHIEHA 1O OTHOUIEHHIO K
runcy (cm. taba. 57), oAHAKO, eC/lM paccMATPHBATL OTAEJbHBIE aHa-
JIH3bl, TO CpeAH HHUX BCTPEYaloTCs BOJABI, HAachIlleHHbe cyJabndarom
kKauapuus. llocieaHee noaTBepkAdeTcss TaKkKe HaJHYHEM KPUCTAIOB
BBINTABUIEr0 H3 PacTBOPa THICA B HH3KOTOPHOH YacTH HCCIeAVEMOTO
persoHa B YcJoBHAX HauboJiee 34Tpy/lHEHHOTo Bojoo6MeHa H  pe-
3yJbTAaTAMH BOAHLIX BBEITSKEK M3 IVIHHHCTbiX o6GpasoBauuii. Caeno-
BAaTeJbHO, YACTHUHBIM OCaXK/EHHeM TI'HMIca M3 BOI Ha OTHAEJbHBIX
y4acTKax MOMXKHO OOBACHHTL YBeJnyeHHe B HHX 3HauyeHHs Cl/SO,.

Henb3s ne ob6paTHTh BHHMAaHHA Ha TOT (AkT, uTO 1O Mepe pocTa
ofuleli MHHepanW3allMH BOA COJdep:KaHHe KpeMHe3eMa B HHX TIpak-
THUECKH He H3MeHfeTcsl. ITO 06GCTOSATENLCTBO TOBOPHT O TOM, 4TO H3
pacTBOpA BBHINAAAIOT HE TOJABKO KaJbLUHT H THIC, HO H TJIHHHCTHIE MH-
Hepasbl, CBA3BLIBAIONIHE MarHui, Kajui 0 B MeHblIeil CTEeNeHH HaTpHiH
# Kaabuuid. MMenHo mostomy HalJiogaercd pocT B BOAAX 3HaueHHH
Na/Ca u Na/Mg (cM. ta6a. 57). B npoTHBOMONOXKHOCTE 3TOMY Be-
aunuynHa Cl/Na no mepe pocrta coleHOCTH BOJA YMEHbIIAETCs, UYTO CBH-
AeTeNbCTBYET 0 6oJiee aKTHBHOM KOHLEHTPHDOBAHHH HATpHS B CO-
JeHBIX BOJAaX 10 cpaBHeHHIO ¢ xJopoMm. Takoe mnojoxenue MomKeT
OLITH OOBLSICHEHO TOJLKO TeM, YTO HATPHIl HENpepHIBHO BHIIIETaYHBa-
eTcsl N0jJA3eMHBIMH BOJAAMH M3 NepPBHUYHBIX aJHOMOCHJIHKATOB.

Takum o6pasoM, aHajgH3 NPHBeAEHHOTO MaTepHaaa yOeIHTeJLHO
CBHIETEJbCTBYET O TOM, 4TO (hOpMHpOBaHHE CVibbhaTHBIX BOJ B Ipe-
penax Kypamunckoro xpe6GTa 3TO pesyJbTaT He TOJABKO [POLECCOB
KOHTHHEHTAJBHOTO 3acoJleHHss, Ho u 6GoJee CJ0XKHBIX NPOIECCOB pas-
PYIIEHHs TNEepPBHYHBIX AJIOMOCHIMKATOB M CYJb(HAOB ¢ 06pasoBaH-
eM TJHH, Kap6oHaTOB W pexe runca. ['auHHcTHIe MuHepann obpa-
3yIoTcA OJHOBpeMeHHO ¢ KapGoHataMH H (OPMHPYIOT JECCOBHAHBIE
CYIVIHHKH, IIHPOKO pa3BHTHIe Ha CKJIOHAX rop B paloHe HccJeqo0Ba-
uuil. [Ipn arom oxum xumuueckue snemedtn (Na, Cl, S, Mg, Sr, B)
HAKAMIHBAIOTCH B pacTBOpe BechbMa WHTeHcHBHO (puc. 25), npyrue
(Ca, K, Mn, Ti, As, Cr, Mo) — meHee aktueHo, Tpetbn (N, Ba, Zn,
Sb, V, Au) — HakanJHBalTCA TOJLKO [0 ONpelde]eHHBIX IpPeresos,
a 3aTeM HX KOHIeHTpamfu nouuxkaiorcs, yetseptoie (Si, Pb, Ni, Cu,
Co, Cd, Sn, Be, Ag, Zr) —npaktnueckn He nakanauraiorca. [lose-
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JleHHe Kax[A0ro H3 3THX 3JEeMEHTOB onpejesercs HaJuuyHeM TeX HJIH
HHBIX reoxuMHuecknx OapbepoB. Tak, CTpPOHUMH  coocaxKaaercs
BMeCTe ¢ THINCOM, GapHiH MW CBHHEI NPH ONpeieleHHbIX YCJIOBHAX 006-
pasyor cobcrBeHHBle cyJab(aTe, cepebpo— XJOpPHIAB,  HHKeJb,
K06aJbhT H 0J0BO — COpOHPYIOTCS THAPOOKHC/JAMH KeJje3a u [JnHa-
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Puc. 25. 3aBHCHMOCTBH coaepmanuii Gopa, GapHs M CTPOHUMA OT CTeNEHH MHHEPAAH3AUMH NOA-
seMHBIX Boa Kypamuuckoro xp.

I — Gapufl; 2 — Gop; 3 — cTpoHUM#A

MH; LHHK — coocaxjaercd KapboHaTtamu H T. 1. B neramax mnoseje-
HHe KaxJoro sjeMmeHTa TpebyeT crnelLHaJbHOTO pacCMOTPeHHH, UTO:
BBIXOJHT 3a PAMKH /laHHOIl paboThI.

§ 3. TEOXHMHSI NOA3EMHBIX BOJ IPYIHX
FOPHBIX OBJIACTEA. CPENHHE COJIEPXAHHA
XHMHYECKHX 3JIEMEHTOB B BOJAX

Fpanurnubwe MaccuBs Cpheppa-HeBaga (CIHIA).
Kpaiine untepecuoii siBasiercs pabora k. X. Pera ¢ coaBTropamm
(Feth e. a., 1964,_5), KoTOpBE HE TONLKO H3YUHJIH TEOXHMHIO [M0I3€M-
HBIX BOJ rpaHuTHHIX MaccuBoB rop Ceeppa-Hepana (wratm Hesana
n Kanndopuus), Ho u caenajn MombiTKy pasobpatbca B ocoben-
HOCTSIX HayaJbHLIX CTaAHi (QOPMHPOBaHHS XHMHYECKOrO COCTaBa M0/-
3eMHBIX BOA C Y4eTOM XapakTepa (DOPMHpPYIOIIHXCH NPOAYKTOB Bbl-
BETPHBAHHSA.

Hccnegopanuss NpOBOAMAMCE Ha OTMETKAX,  NPEeBHIIAIOLIAX
2000 M, B XOpOWIO TPOMBIBAEMOM BLICOKOTOPHOM patioHe. KoJu-
yecTBo ocaakos cocrasasier 500—1250 mm/roa. Kanmar BraKuwiii W
TOJILKO B HU3KHX JIOJTHHAX NePexoAnT B apHAHbIH.
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leonornyeckne 0COGEHHOCTH pErHOHA ONPeAeNSIOTCA  HaJHYHeM
‘OrPOMHOTO 6aTOJHTAa KHCJBIX MarMaTHYECKHX IMOPOJ, HMEIOUIHX CO-
CTaB IPAHATOB, IPAHOLHOPHTOB H KBApUEBBIX MOHUOHHTOB. PhIXJbie
‘OTJIOKEHHsT MaJOMOLLHBEL (BCEro HECKOJBKO METPOB) HJH MOJHOCTHIO
orcyTeTByloT. MuHepanpHBId COCTaB TJIHHHCTOH (GPaKUHH TPOAYKTOB
BLIBETPHBAHUSL TpeJCTaBJeH IJIOXO PaCKPHCTAJJIH30BAHHBIMH, YacCTO
TPYAHO ONpe/ejseMbIMH KaOJHHHTOM, MOHTMOPHJVIOHHTOM H THApO-
caonoit. Tonbko B oAHOM ciyyae BeTpeueH THOGCHT. BoJbluHHCTBO
H3YYEHHBIX POJHHKOB BHIXOAHT HEMOCPEJCTBEHHO H3 KOPEHHHIX IOPOJ,
pexe H3 aNTIOBAANbHBIX MJIH MOPEHHHIX oTJoxenuil., [Tutanme BoOJ
NPOHCXOAHT 3a cyeT aTMoc(epHBIX OCAalAKOB, TAsHUS CHEra H CHEX-
HHKOB.

XHMHUeCKHil COCTaB MOA3EMHBIX BOJ TpeiacTaBjeH B Taba. 58.
‘Cpenn BOJ TPAHHTOB OTAEJBHO BbIJEJeHbl NMOCTOSHHO [EeHCTBYIONlHE
poanuku u BpemeHHble. IlepBrle W3 HuX cBA3aubl ¢ Bojamu Gojee
ray6okoro 3ajieraHuss H TIPHYPOYeHBl K KOpEHHLIM TOpPOAAaM, BTO-
pele — ¢ BoJaMu HerayGOKOTO 3ajeraHHs NOYB M NPOAYKTOB BHLIBET-
puBaHusi. COOTBETCTBEHHO MHHEepaJH3alus nepBuiXx Gojee yeM B JBa
‘pasa Buillle BTOpuX. CpaBHHTe/NbHHI aHaJH3 cOcTaBa BOJA BpeMeH-
HBEIX POJAHHKOB H CHera NMOKa3biBaeT, UTO B MepBHIX coaep:kaHue SiO,

TaGauma 58

Cpennuii XHMHYECKHH COCTAB MOJA3EMHBIX BOJ TOPHBIX PaifoHOB
Cueppa-HeBapa, mr/a

Boan Mexxux
Boaw rpaHuToB . Box pyqu;-la“er;" nHTa-
KomnonenTs 2o Cpennee* | Cuer
BpeMeHHbe| TOCTOAH- nopox CHEro- rpyH-
POAHUKE BRe BHIM TOBLIM
POIHHKH
H &2 6,8 7.0 — .0 6,75 —
"EICO;;' 20 54,6 99 14 21 41,7 2,88
S0O,2" 1,0 2,38 2,26 1.3 2,0 1,78 0,95
Cl- 0,5 1,06 1,6 0,4 1,3 0,97 0.5
NO3~ 0,02 0,28 0,6 0,1 0,2 0,24 0,07
E- 0,07 0,09 0,07 0,04 0,07 0,07 —
Cazt+ 3,11 10,4 15,3 2.4 4,4 .12 0,4
Na* 3,03 5,95 8,41 | 55 ik 4,32 0,46
Mg,* 0,7 ] oy 6,63 0,6 0,9 2ELL 0,17
K+ 1,09 1,57 212 05 1,0 1,3 0,32
Si0, 16,4 24,6 40,6 8,1 12 20,3 0,16
‘Cymma 45,9 103 17 29,1 45,6 79.9 5,91
Sr 0,05 0,12 0,025 — 0,065 —
Al 0,03 0,018 0,040 — — 0,029
Ee 0,03 0,031 0,015 0,025 i
Yucno anaansos 15 56 25 - — 96 42—79

* PaccuMTaHO HAMM.
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Tabauma 59
Cpennne KOHUEHTPAUHH HIEMEHTOB B NOJ3EMHBIX BOAAX W CHere

OtHolenne cPeiHnx Kolllel- OTHOeHNE CPeIHHX KOHILEH-
Tpaumi Tpauni
Komno- Kowmmo-
HEHTH BPCHEHHHQ NOCTOSHHBEIE MOCTOHHHBIE HEHTH BpEMEHHbE NOCTOSHHBE NOCTOAHHLIE:
POIHHKH | poaHMkm |_POAHMKH POIHHKH | POIHMKH POAHHKH
CHer CHEE BPEMEHHbIE T CHer BpEMEHHBE
POAHMKH PORHHKH
Si0, 100 154 1;5 K+ 3,4 4.9 1.4
Cat 7.8 26 3,5 SOz | 2.9 2.4
HCO," 7,0 19 2.7 (@ I 1 8 | 2.1
Na+ 6.6 13 2 NO,- 0.3 1.0 14
Mg+ 4.1 10 2.4

B 100 pa3s GoJblue, yeM BO BTOPLIX, TOTAa KaK COAePkKaHUA CYIbpaT-
H XJIOP-HOHOB NpaKTHYeCKH oiuHakoBbl. Cllel0BaTeNbHO, B caMble
nepBble MOMEHTBI CONPHKOCHOBEHHS BOJL C NOMBAMH H  3JIOBHAJBLHbI-
MH 06pa30oBaHUAMH NMPOHCXOAHT oboralleHHe BOJ NPekKie BCEro KpeMm-
He3eMOM M B 3HAyHTe/JbHO MeHblIell CTemeHH APYTHMH  3JeMeHTaMHu.
Ara XKe TeHIEHIHS COXPAHAETCH H IS BOJ TOCTOSHHBIX POAHHKOB
(tTaba. 59).

JI1o6onbITHO TaKixe, YTO B HauvajJbHble MOMEHTH (opMHPOBaHHA
BOJA poct cojepxaHuii B pactBope SiO, nponopuuoHadeH pocTy KOH-
HeHTpaluii ruapokap6onar-noHa. M Toabko mO3XKe, Koraa colep-
xanug HCO;~ mpeswmmaitor 50 Mr/a, poct conepxanuii SiO, B pacTBo-
pe HauuHaer orcraBath (pHc. 26). ITo oTHOmIEHHIO K HATPHIO POCT CO-
nepxkanuit SiO2 B pacTBOpe NMPOHCXOZHT Kak 2:1 M Jgaxe Bole
(puc. 27). Takoe moBejeHHe MOHOB B pacTBOpe aBTOPHI PabOTHL €O-
BePUIEHHO CIpPaBefJHBO OOBSCHAIOT BLIBETPHBAHHEM Ha MNepPBBIX IO-
pax MnoJeBBIX WMNaToB ¢ 0Opa3oBaHHeM KaOJHHHTA W MOHTMOPHJLIO-
HHTA, KOTOPOE B COOTBETCTBHH C TMPHBOAHNMEIMH B pafoTe peakiingMu
obecneunBaer NPONMOPUHOHAJLHOE HakomileHue B pacrtBope SiO;
HCO;~ u B aBa pasa Goabluee oforaiieHne BOJ KpeMHe3eMOM MO OT-
HOILIEHHIO K HATPHIO.

UTo6hl 06BACHATh, MOYeMY B gaibHeiimeMm (npH  CcolepKaHHH
HCO3~>>50 mr/a) coornomenne Mexay SiO; u HCOz~ naunnaer
vMmeHbinathest, k. X. @er W Ap. BHIABHTAIOT THIOTE3Y, COMIACHO KO-
Topoii ¢ ray6unoii conepxanne CO; B Boje yMeHblIdeTcss H BOLA Te-
pseT cnocoGHOCTh paspyllaTh TMoJeBbe mmaTh. BmecTo 3TOro BO
B3aHMO/IefiCTBHE C BOAON BCTYNalT poroBasi o6Manka u GHOTHTHI, KO-
TOpbie 060ranaoT BOJAY KaJbIHEM H MarHueMm.

He orpuuasi B npuHUHANE pojH GHOTHTa H PoroBoil o6MaHKH B 060-
ralmeHHH BOJ KaJbIlHeM M MarHueM, cjaelyeT BCe JKe OTMETHTb, 4YTO
ypaBHOBEIIHBAHHE NEPexXOifAIlHX B PacTBOp KATHOHOB TNPOHCXOAHT
annodom HCOj;~, xortopwiii o6pasyercsi npH B3aHMOJEHCTBHH BOIbI C
yraekucisim rasom. Caenosateanho, aeno ve B jeduunte CO,.
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Kpome Toro, npu BeIBETpHBaHHH pPOTroBOii 0OMaHKH H GHOTHTa PacTBOP
Takxke oforalraeTcs KpemMHHeBO# KHcHIoToi. Hakonen, HeoGxomumo
YUHTHIBATh H TO OOGCTONTENBLCTBO, YTO BOJABI HE TOJBKO BpPEMEHHHIX,
HO H NOCTOSHHBIX POJIHHKOB He HAaCHIIEHBl M0 OTHOLIEHHIO K TOJEeBBIM
mmnataM, uTo OBLJIO IOKa3aHO  TEepPMOAHHAMHYECKHMH  METOHaMH
(Feth e. a., 1964,_,).

&+
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3 QX Puc. 26. CooTHOmEHHEe MeX-

4+ é“/ CER Ay SiO; m HCO;— B mog3sem-
g o X " x HBIX mgaxﬂrpauurm Ceeppa-
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= Puc. 27. COOTHOWEHHE MEXKAY
& J0 Si0; 1 Na+t B mOA3eMHBIX
sogax rpasuToB Ceeppa-He-
L Baabl.
§ 20 I—2 — ponuukl (I — Bpemen-
5] HEle, 2 — MOCTOSHHLIE)
:
§ 10
<S
7 0

Codepxmecanue Na* wr/n

CleloBaTe/IbHO, YMEHbIIeHHe MacluTafOB- HAKOMJIEHHS  KpemHe-
3eMa B BOJAaX IOCTOSHHHIX POJAHHKOB CBSI3aHO He C MpeKpalleHHeM BHI-
_BeTpPHBaHM# IJIaTHOKJAa30B, a C TeM, YTO KpeMHe3eM Y4YacTBYeT B
CHHTE3e IVIHHHCTHIX MHHEpPaJoB (KAOJIHHHTA, MOHTMODH/UIOHHTA H
THAPOCJIONK), TOrAa KaK IHAPOKap6OHAT-HOH H HaTPHH NMPOAOJIKAIOT
HaKalJIHBaThCs B pacTBOPpe.

ITonseMuble BOABI BYJKaHOT€HHBIX MOPOA (GOPMHPYIOTCH TOA BJIHSA-
HHeM TeX ke (aKTOpuB, YTO H BOJAH TPaHHTOB, HO 0(o/ee HH3Kas
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KICJOTHOCTb NMEePBbIX NPHBOAHT H K (oJiee BBICOKOH HX MHHepaJH3a-
UHH ¥ TOBBLILIEHHOMY COMEep:KaHHI0 MarHus. Boasl He6odbImINX
pyubes, HaoGopoT, ABJAAIOTCA Gojee NMPECHHIMH, TaK Kak pa3bas.s-
I0TCA BOJIAMH TAIOIIHX B TeYeHHE BCEro JieTa CHeXXHHKOB.

B sakniouenne ormerum, uto no pacyeram JIx. X. ®era wu ap.
95% MuHepaJbHOrO COCTaBA MOA3EMHBLIX BOJA  HPEIACTABAECHO 3Je-
ME@HTaMH, H3BJeYeHHBIMH H3 TOPHBIX NMOPOJA M TMOYB, M TOJBKO D% —
u3 at™mocdepn. M3 95% autorennoii cocraBasiouieii BoAbl NPHMEPHO
NOJIOBHHA 3JeMeHTOB MOCTyNaeT B PacTBOP B NepPBLIE 4ackl HJAH [HH
CONPHKOCHOBEHHSI BOJ TAaIOUIHX CHEXHHKOB C TOPHBIMH TOPOJAaMH M
nousaMu. Cpeau 3/1€eMEHTOB, NMOCTYNAMOMHX B PACTBOP B MEPBHIE MO-
MEHTHI, ocobast poJb NPHHAMJIEKHT KpeMHe3eMy.

Fopuwit pafion Canrp-ge-Kpucrto (CIIA) wuccaeno-
Bajgca Jlx. I1. Muanepom (Miller, 1961), KoTopelii H3yunnt cocras
BOJ HeOOJBIIHX peK, IVIy0OKO Bpe3aHHBLIX B KOpPGHHBIE TOPOABI H
HMEIOLIHX TPEeHMYILECTBEHHO TpPYyHTOBOe muTaHHe. HceeaenoBaHHas
10)KHast dacTh paioHa (wrat Hpio-MekcHko) XxapakTepH3yeTcs OTHO-
CHTEJLbHBIMH IpeBLIINEHHAMH Haj Aenpeccueil Puo-I'panne 1,6—2 kM.
Konnyectso Bhmazamomux atMochepHeIX 0ocaakos cocrasiaser 300—
875 mm/roa. KopeHHble MOpoibl Npe/ICTABJEHB KBAPIHTAMH U TPaHH-
TaMu J0KeMOpus H KapOOHOBBIMH MecyaHHKaMu ¢ KapGOHATHBIM lie-
MEHTOM.

XnuMHuuecknii cocTaB HM3yUYeHHHIX BOJ TpeacraBieHn B Tabua. 60,
aHaJi3 KOTOPO#l MOKA3LIBAET, YTO B PACCMATPHBAEMBIX YCJIOBHAX Gop-
MHPYIOTCS yJbTpanpecHble IHAPOKapOOHATHHIE KaJbIlHeBbe BOJHL.
Hauboabuiass MuHepa/au3alus XapakTepHa [Jsi BoJ NeCYaHHKOB, 4YTO
SIBJISIETCSL CJEeJCTBHEM pacTBOpPeHHsi KapOOHATHOrO NeMeHTa H COOT-

Tabanua 60
Xumuueckuit coctas HeGoJbwnx pek ropHoro maccusa Cawnrp-pe-Kpucro
B JlpeHHpYeMble MOPOIL Edis lpennpyembie nopoast
Komno- HHLL Cpen- || Komno- | nuis Cpen-
HEHTHl H3MEe- KBap- rpa- nmecya- HECEe HEHTH H3Me- KBap- rpa- necya- Hee
peHuna ITHTH HHTH HHKH peHnn IHTHL HHTH HHUKH
pH .- 6,56 7,1 7,95 7,2 lB mir/a| 6 4 ) 5,0
HCO,;~ | Mr/a | 5,7 |15,5 (85,9 [35,7 ||Cu g 2.8 |25 0.5 n el
S0.2 = 1,761 3.28 17,9 | 7.65 'Mn . 2 2 1,3 | S
Cl- L 0,06| 0,18| 0,17| 0,14| Ni 2 2.4 1,60 02 [ he
NO;- Y 0,12 0,11 0,11} 0,11 Pb - 1,3 12 AR 127
Cazt %) 1,921 3.6 |29.6 |11,7 || Ti 3 0,4 0,8 |25 1,23
Na+ i 0.52| 2,07| 1,26 1,28|Li i1 0.4 1 | 0,83
Mg2t % 0,06| 0,56| 2,57 1,06| Mo ¥ 0,02]0,81]0,05|0,29
K+ % 0,3 | 0,62 0,56| 0,46/ Rb b 0,05610,2 [0,05]0,1
Si0, 3 361 92| 45| 5,77||Co i 0,03]10,04(0,08]0,05
Cymma | , |14,0 (35,1 |143 |53,9 ||Be ¥ 0,04 0,020,065 |0,04
Fe mir/a|25,0 |59 59 |47.7 | Ag o 0,0210,02]0,02]|0,02
Sr o 3 11 5T 1287
Al - 12 16 28 |18,7
Ba o 8 7 27 |14,0 {|Yucao| — 5 11 7 23
Cr A 3 15 8 8,67 | aua-
JTH30B
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BETCTBEHHO (opmupoBaHus mesouHol cpeias. Cyas mo npHBeleH-
HBIM JZAHHBIM, TIOCJE/HASI He CNocoGCTBYET HAKOMJEHHI0 B BOAaX Me-
JIM, MapraHiia, HHKeJisi H MoJiHG1eHa.

IOro-Boctouuse Anmaamaun (CIIA). INogsemuble BOAL
Cpe/iHeropHuIx 3anecenHux paiionoB Annanaauefi (mr. Cesepuas Ka-

Ta6auna 61
XHMHUYECKH COCTaB MOA3eMHLIX BoA Anmajaaved, mr/a

BonopMemawimne MarMaTHYecKkHe NOpPOab
KHCJAOrO COCTaBa cpelHero cocrasa
KoummoneHTsl
Cpeanee
1 2 3 4 1 2 3 4
H 65| — 3.8 il 7.1 — 6,5 8,2 6,8
pICO{ 3H4 35 12 80 127 137 50 304 86
SOz 2 - 4 0,1]23 17 44 0,11 391 24
CI- 2 4 1217 14 28 1,4 204 16
NO,~ 0,91 29| 0,0 14 1,3 4,3 0,0 | 30 3,6
Fr 0,1 0,1 00| 0,9 0,1 0,2 0,0 1,8 0,15
Ca>t a0} 50 1,8 | 12 38 49 13 174 27
Nat-K* y S iy 4 s B 11 14 33| 3B 10,5
Mgzt 2 2 06| 46| 12 12 2,6 40 7
SiO, 30 28 9,9 |39 32 34 7.1 60 31
Fe 0202 | 20, 01] 1 8F 0,2 0.6 0,0 5,7 0,9
Cymma 71 75 Zh 123 233 269 106 696 206
Mpumeuwanne. Copepanna: | — meiwanHoe, 2 — cpeianee, 3 — MHHAMAJAbHOE, 4 — MAKCH-

MaJbHOE.

pPOJIHHA) B NpejeaXx PasBHTHS MarMaTHYeCKHX M MeTaMOp(HYeCKHX
nopos Owltm uayuennt X. E. Jlerpammom (Legrand, 1958). Cpenn
TPYHTOBBIX BOJ HCCJENOBAaHHOTO paioHa OH BBIENW] JBa THIA: BOLHI
rPaHUTOB (IPaHHTHI, PHOJHTLI, THefickl H MeTaMOp(HUECKHE CJAHIH)
W BOJBI AHOPHTOB (AHOPHTHI, Tab0po, am(puOGOIHTH, aHIESHTH, TY-
(Bl). DTO MO3BOJNHJIO BHISIBUTL CTENEHb BJAHAHHS IIOPOJ HA COCTAB IOJ-
3eMHBIX BOJI, QOPMHPYIONIHXCS B OAMHAKOBHIX JaHIIa(THO-KIHMATH-
yeCoKHX ycaoBHAX. CpaBHeHHe TOJYyYeHHbIX MaHHbIX (Taba. 61) mosso-
JHJIO YCTAaHOBHTH CJeayloliHe OCOOeHHOCTH KayKJI0TO W3 BHILEJeH-
HLIX THIICB.

Boael rpanuToB orTanualoTes OGoJiee HH3KOH oOuleil MHHepaJaH3a-
nueil, craboKHCABIM XapakKTepoM, NOHHKEHHOH JKeCTKOCTbIO, He3Ha-
YHTeJIbHBIM NpeolbsajanueM HATpus HAJ KaJbllHeM W BhICOKHM (OT-
HOCHTEIbHO oOmHmieii MHHepaaH3allHH) coAepXKaHHEeM KpeMHeseMa.
Boaw anopuToB XapakTepuayloTcs Gojiee BBHICOKOH MuHepaJusanuei
(mpumMepHo B TpPH pasa), NOBBLILEHHOH KECTKOCTBIO, NpeobJalanuem
KaJbllHsl HaJ HaTpHeM, cjaabomiesouHoif cpeloi # OTHOCHTeNbHO HH3-
KHMH KOHLUEHTpauusiMH Kpemue3dema. ClelyeT MoauyepKHYTh, UYTO POCT
MHHepaJH3aliy MNOJA3eMHLIX BQOJ COTPOBOXKIAETCS VBeJIHUEHHEM HX
11€J1I0UHOCTH. f

150



\

[lpnBe/entbie Bhille MaTepHadbl, 4 TAKxKe APYrde onyGJIHKOBAaH-
Hble NaHHble M0 OTAEJbHBIM PerHoHaM HJIH OTAEAbHBIM XHMHUECKHM
3JeMeHTaM, KOTOPbie MBl 3[eCh He MOXKeM IMpPHBECTH, 0606LeHb!
B taba. 62. Ilpu cocrapiennn 3Toil Ta6GaHLBL HCMOAL30BAHBI, B 4acT-

Hoctd, paborsl I. A. Boctpoknyrosa (1962), A. M. Uepusiea u ap.
(1970, 1973), K. ®. AxyH-

aosa u T. B. I'pexkanosoit 2100 ¢
(1970), T. B. I'pexkanosoit E
u K. ®. Axynnosa (1973), A o,
M. A paromuposoit U
(1944), E. B. Menxun- K3
ckoit (1944), B. I'. Bamnu- = 1700 %
qosa u gp. (1971), B. H. &
HaymoBa u np. (1972), g o
II. C. Mykumosoii (1968), &

H. M. lUlsapuesoir (1972), §,_7

B. b. Anmaosa (1969), SW

10. §l. Cymukau B. U. Ma-
pyvca (1972), B. M. llIsena
(1973), C. P. Kpaiinosa
(1973), T. A. ToaeBoii
(1968), II. A. VYnomosa
n ap. (1962), A. A. Bpox-
ckoro (1964), A. M. Os-
uiHHKkoBa (1970), A. H. R R et
I'epmanoBa (1963) u np. 00 200 300 400 500
B psane cayuaes HCMosib3o- Muwepanusayus nodsemHsrx od, vr/ n

BAaHBI H PAGOTH, B KOTOPHIX

" & Puc. 28, 3aBHCHMOCTE MHHEPAJH3AUMH TPEUHHHO-TPYH-
anBOH?TCH AaHHBIE MO CO TOBLIX BOJ TOPHBIX CcOOpy®*euwi 3abafikaiba oT peabe-

JeprKaHHiO OIHOTO 3JeMeH- da

T4 B BOJAAX, HaNpHUMep

B. I'. Baesa (1968). OcoGeHHo MHOro JIHTEPAaTypbl HMeeTCs IO COAEp-
XKaHuic ropa B BoJax OT/e/NbHEIX perdioHoB. Bee oHH MO BO3MOXKHOCTH
VUTEeHbL.

Jlauuse Ta6a. 62 eme pas NMOATBEPKAAIOT YiKe OTMEUEHHYIO /IS
Casno-Anraiickofi 0611acTH 3aKOHOMEPHOCTh YBEJIHYEHHS MHHepaJIH-
3alHH MOA3EMHBIX BOJ IO Mepe YMeHbIIeHHS aOCOJIOTHEIX OTMETOK
H HHTEHCHBHOCTH BOZooOMeHa. Ta 3aKOHOMEPHOCTh NPOSABJISETCH He
TOJBKO B Mpejfesax OTHeJbHBIX TOPHBIX CHCTEM, HO H, KaK 3T0 Obl10
NoKa3aHo Ha NpHMepe Boj rpaHuTHeIx MaccuBoB Coheppa-Herana,
B Npenenax Kakoro-1HG0 OJHOTO CKJIOHa, T. €. yeM 6ojee AJHTeNb-
HBIH TyTh NPOXOAHT BOJAA MO TOPHBIM NMOPOJAAM, TeM BHILIE ee MHHepa-
ausanus. OcobeHHO MOKAa3aTeNbHBl B 3TOM OTHOLIEHHH [AaHHHIE [0
3abaiikaasio (puc. 28), nomyuennsie B. M. CrenaHoBum (1974), ko-
TOpHIH y6eIHTeJbHO MOKasaJ, YTO pacrnpejiesleHHe MOA3eMHEIX BOJ
cBoGOHOTO BOJ0OOMEHa TOPHBLIX COOPYKeHWil HMeeT 30HAJAbHBHIH (mo-
SICHOl) xapakTep: HanMeHee MHHEPAaJAH30BaHHLIE BOAB THApoKap6o-
HAaTHOTO MAarHHEBOTO H KaJbIIHEBOTO COCTaBa paclpoCTPaHEHHl B NPH-
BOJ0OpAa3eNbHbIX, HanboJee BHICOKO NMOJAHSTBIX YACTAX TFOPHBIX COOPY-
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Cpepnnit XMMHYECKHH COCTAR NMOA3EMHBIX BOJ rOPHBLIX oGuacteil

TaGauma 62

Jauamadgrs
Enu- BBICOKOTOPHBIE H TOPHO=- FOPHO-JECHKIE U roplo- TOPHO-CTEMHbIE
£ HHUA JAyrosuie TaexHbIe Obwee Yucno
Komnouenthi u3Me- cpeatee aHANH30B
peHus
YHCAO HHCA0 HHCI0
cpeiHee aHAJIN30B epeanee aHANH30B cpeluee aHAIH30B
pH — 6,92 537 o ] 3643 7,46 598 7,23 4778
HCO;y" MT/ 2t 56,5 537 134 3643 190 598 126 4778
S0z2- i 5,01 537 15,1 3643 30,8 598 18,3 4778
Cl- =t 2,51 537 10,0 3643 6,98 598 6,13 4778
NO;~ A 0,17 119 3,60 117 3,42 352 2,76 588
G e 0,07 96 0,28 569 0,53 839 0,29 1504
Cat A 13,5 537 32,8 6343 45,6 598 29,8 4778
Nat 3 4,44 537 10,5 3643 16,6 598 9,85 4778
Mgzt e 3,22 537 11,6 3643 11,3 508 8,54 4778
K* ’ 0,76 324 0,37 1301 2,31 322 1,20 1947
NH* . — - — - 0,37 196 0,37 196
S5i0, 5 10,5 351 16,2 993 19,3 253 15,2 1597
Cymma 5 96,7 537 234 3643 327 598 208 4778
CO; (cB.) 5 4,40 248 8,72 1904 112 343 8,11 2495
Copi X 1.0 38 230 63 1.55 86 1.62 187
Fe MKT/ 1 171 498 948 3415 - —- 559 3913
Al I 101 65 541 947 270 150 304 1162
Sr i 81,6 396 50,8 1483 196 675 109 2554
Br = - — <225 50 — — 100 50
P s == — 80,0 670 - — 80,0 670
Mn X 10,7 441 a97,2 2791 21,1 771 297 4003

B , 750 69 25,0 553 97T 335 20,1 997
Zn - 8,88 468 7.32 3125 27 693 14,4 4286
Ba . 11,4 441 19,1 2452 11,8 771 14,1 3564
Ti 5 2,67 441 17,6 2980 5,63 771 8,63 4192
Cu » 3,76 728 8,61 3125 8,23 693 6,83 4546
Li . 1,98 83 4,41 153 ST 47 6,03 ~ 983
Cr : 5,44 441 1,85 2452 1,14 771 2,81 3664
Pb 4 2,33 496 1,91 2817 3,24 693 2,49 4006
Mo " 0,98 526 3,18 1943 2,86 630 2,34 3099
As ¥ 2,87 458 i 1452 2,86 645 2,31 2555
Ni i 27 441 2,56 2817 2.13 645 2,99 3903
I i g = 1,95 69 — - ~1.95 69
U " 0,10 150 0,8 300 5,0 150 1,97 600
Rb q 1,87 83 2,41 153 1,0 32 1,76 268
Sb : = i 2,23 1943 0,47 735 1,35 2678
\ i 0,20 418 ¥ 71 2452 1,43 771 1,11 3541
Se ” 0,5 15 0.7 43 <2,0 31 <<l 507 89
Hg = = = 1,07 9850 0,75 146 0,91 9996
Ge . 0,5° 10 0.7 50 1,04 32 0,75 92
Co v 0,11 441 0,61 2817 1,45 771 0,72 4029
Zr = 0,92 418 0,55 1452 0,18 598 0,55 2468
Bi i — — 0,20 315 <1,66 67 0,50 382
Cs v 0,35 60 . 0,57 153 0,5 32 0,48 245
Cd . —_ = L - 0,43 771 <0.43 771
Sn i = £ 0,49 1943 0,25 355 0.37 2298
Ag i 0,29 492 0,25 3125 0,45 693 0,33 4310
Be : <0,24 119 0,10 1943 <0,42 645 <0,25 2707
Ga b 0,15 418 0,12 318 0,03 130 0,10 866
Au : <0,05 15 = e 0,004 598 <0,014 613
Soobies R = C85 59 Cl6 ., CT4ClLI5S11 | o C79S16CI5 |y  C79S14Cl7
hia P %' Cab9 Mg24 Na17 | “Cab4 Mgal Nals| " Cab8 Mg24d Nai8 | " Cab7 Mg27 Nalb
(<11
(9]




JKeHHH, HHIKe pacrnojaraercs NPOMEXKYTOYHAS 30Ha VJIbTPampecHbx
H TPeCcHLIX BOJ CpelHeropHelX CTPYKTYp, ellle HHKe — FHApPoKap06o-
HATHO-CYyJibaTHbIE BOJABl MOBBILUIEHHOH MHHEpaJNH3aUHH HH3KOTOPHBIX
i mpearopubix pafioHoB. Ot BHBOAH B. M. Crenanosa HocaT He J0-
KaJbHBIH, 8 PETHOHAJBHLIH XapakTep.

[TepBrie 3Tane MeramopdH3alUuK BOJ, CBA33aHHBIE ¢ HAKOMJIEHHEM
coJieli, XapaKTepH3YIOTCs YBeJHYeHHeM COJACPIKAHHWH IOAaBJSIOIIErO
OONBLILHHCTBA 3JEMEHTOB, BKJOUasg TaKHe MaJoNOABHIKHEE, Kak
Al, Fe, Ti, V u ap. B nocieayiomeM pocT cofep:KaHHii MHOTHX W3
nux npexpamaercs. b. A. Kosotos u B. 3. Pyo6eiikun (1970) ormeua-
10T, 4TO COJepKaHHA 3JIEMEHTOB-THAPOJAH3aTOB B Boaax [IpuMopbs
B3aMMOCBA3aHBl H HAKAMJIHBAIOTCHA MPONOPHHOHAILHO APYT JAPYrYy H
oco6eHHO K aJIOMHHHIO H THTaHy, o6bicHsAs 3TO HX OGJHM3KOH MHrpa-
I[HOHHO#H cnoco6HOCTRIO. BHAHMO, 3Ta 3aBHCHMOCTL BBILEpPIKHBAETES
TOJBKO B OlNipeleIeHHOM HHTepBaje MHHepaJH3alHH BOJHL

B unesnom noasemHBIe BOABI TOPHEIX o0OJacreil asasgioTes caabo-
MHHEpaJH30BaHHBIMH [aXe B YCJIOBHSIX PasBHTHH CTENHBIX H JIeco-
cTenubix jgaHamwadTos. Ux MuHepanusauua pe3ko NOBHIIAETCH TOJLKO
B TOM Ciliyuae, ecJH HMEIOT MEeCTO NpOoLecCh KOHTHHEHTAJhHOrO 3aco-
JeHnsi. Bee 310 06bsicHAeTCS aKTHBHBIM BOL00OOMEHOM, KOTODHIH Xa-
pakTepeH 175 ropHblx ob6jacrteii. B To Ke BpeMsi noaseMHble BOJLBI
paccMaTpHBAaeMOil TEPPHTOPHH SBJAIOTCA, KaK NPaBHJI0, HeATpanb-
HBIMH HJIH caabomenoynbiMH. [IpakTHueckH KHcable BoAB (oOpMH-
PYIOTCH TOJABKO B TOM CJy4Yae, ec/JH HMEIOT MECTO IpOLecCH OKHC/Ie-
HHS cynbhHANbBIX MHHepaJoB. Bce 3To ykaseiBaer Ha ToO, UTO YCJIO-
BHSL (DOPMHDPOBAHHS XHMMHYECKOro COCTaBa BOJ B TOPHBIX paloHax
pPes3Ko OTJHYHBI OT NPOBHHOHI C pPa3BHTHEM Mep3JOTH H TpPOIH-
yeckoro kamnmarta. B nauGonee ofuieM BHAe 3TO CBA3aHO C TeM, 4TO B
TOPHEIX palioHaX pe3Ko ocaab/eHo KHCJIOTHOE BJIHSHHE OPTaHHYecKoro
BelLlecTBa, KOTOpOe AaKe NPH HH3KOA MHHepaJH3anWH BOJ He ycre-
BaeT MOJHOCTLI0 HeHTpanu3oBaTh o0pasyloulylocs B Bojax lie-
JIOYHOCTb. JTO MOJHOCTHIO coOTJacyercsi ¢ (pakTaMy HH3KOFO COlepiKa-

Tabauma 63

XapaKTepHCTHKA MOJ3EMHOT0 XHMHYECKOr0 BbIHOCA
ropHbiX JanawadTos, T/rox-Km?

Bricokoropusie FopHo-aecHbie
CDCTBB-FIH’IDH.IHE CTOKa H ropho- B TOpHO- Fopuo-crenmae
JAYrosme TACKHBE
Buorennas 0 ¢ 22,0 11.3
B TOM uHcAe B (opme:
HEO;™ 12,1 16,6 10,0
H,CO, 4.4 3.8 0,9
Copr R 1.6 0,4
JluTorenHas 6,6 8,1 4.5
To xe, r/c-km? . 0,210 0,256 0,143
ITonzemuntii cTok, a/c-km? 5—10 3—5 1.0-2,5
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HHAfl OpraHHdeckHx KucaoT, a takxke COp (cB.) B paccMaTpuBaeMbix
BO/1aX. A

[Tocaennee xopomio corjiacyercss ¢ jgaHHeiMu Ta0a. 63, orpa-
Jaiouieil cooTHolleHHe BbIHOCA OHOTEHHOH H JIHTOreHHOH COCTaBJAlO-
mux croka. HerpyaHo BHaeTh, UTO mepBas H3 HHX ONpelessieTcss Ko-
JIMYECTBOM BBIHOCHMOro moa3eMHbIMH Bogamu woHa HCO;~ m B 3Ha-
YHTeJbHO MeHbIei CTeNeHH APVIHMH NPOH3BOJAHBIMH OpPraHHYECKOro
Benlectsa. ITosroMy Mexay JIHTOreHHOH W GHOTeHHOH COCTaBJSIONIH-
MH BbIHOCAa HaOJawjaeTcd onpejeleHHass 3aBHCHMOCTb: POCT OJHOH
W3 HHX NPHBOAHT K YBeJHYEHHIO Apyroi u HaoGopor. Ilo mepe cHu-
JKEHHS HHTEHCHBHOCTH BOJooOMeHa OOLIHH BBIHOC BCeX XHMHYECKHX
3/IeMEHTOB BHAuaJjle BO3PACTaeT, 4 3aTeM B HH3KOTOPHHIX YC/JIOBHSAX
YMeHblIaeTcs, T. €. H 3/ech NPOSBJSETCH yiKe OTMeYeHHas IJs ycJo-
BHH TPONMHYECKOr0 M YMEPEHHOTO0 KJAHMAaTa 3aBHCHMOCTh. BaxHo
NoAYePKHYTh TaKxe, 4TO B cpefHeM OHOTreHHas cocTas/diollas Tpe-
BBILIAET JHTOTEHHYIO B 2,5—2,7 pasa, mo3TOMy B CyMMapHOM BbIHOCE
HA JI0JII0 JIMTOTEHHOH COCTaBJAAIOUIeH MPHXOAHTCH MeHee OJHOH TPeTH.



['JIABA VI

FTEOXUMHS NOIA3EMHbBIX BOJ NMPOBHHLHH
KOHTHHEHTAJIBHOIO 3ACOJIEHHSA

O6aacTH KOHTHHEHTAJbHOr0 H MNPHMOPCKOTO 3aCOJEHHS [OJb3Y-
IOTCH MIHPOKHM pacnpoCTPpaHeHHeM Ha 3eMHOM lIape W acCOLUHHPYIOT
¢ TMOJY3acyIlJHBBIM, 34CYIIJHBLIM H NYCTHIHHEIM KaumatoMm. [eorpa-
duuecKH OHH CBA3aHbl ¢ OOIIMPHLIMH JENpPecCHAMH, BMagHHAMH, HH3-
MEHHOCTSIMH, PEYHBIMH JOJHHAMH, OTJHYAIOUIHMHCS HEIOCTATOUHBLIM
ecTecTBeHHBIM ApeHaykeM M OoJblleil yacTplo npeobiagaHueM wucna-
peHHst HaJ ocajkaMH. TH JeNpeccHH MOryT OBITh PAaCHONOXKEHH Ha
BBICOKHX IIJIATO HJIH NJIOCKOTOPhAX, Kak B Llentpaabhoii Asuu, Mpane,
Bocrounoii Appuke nin Mekcuke. OHH MOTYT pacrnonaraThCs M Ha
HU3MEHHOCTAX, NPHMEPOM KOTOPLIX sBastoTcs 3anaaHo-CHOHpcKas,
Apano-Kacnuiickas nan Benrepckas.

JI1s MpOBHHUIMM KOHTHHEHTAJLHOTO 3aCOJeHHA XapaKTepeH Hena-
DHTENbHLIH PeXHM T0/J3eMHbLIX BOJ, HerJy6oKo 3ajeraiouiux B MaJjo-
npoHHnaeMbix OTJioxeHusx. PexuM u 6Gananc TpPYHTOBEIX BOJ B
TAKHX YCJOBHSX KOMIEHCHPOBAHLI MCHAPEHHEM M YaCTHUHO TPaHCITH-
pauuei. I1pi 3TOM poJb KanWJIJIAPHOTO MOAHATHS W HCHAPEHHS TeM
GoJblile, YeM Ccylile KJIMMaT MeCTHOCTH H ueM GJnze K TOBepPXHOCTH
JIeXKHT HX 3epKaJo.

HcnapurteabHblil THI pexkiMa IPYHTOBBEIX BOJ BedeT K IIPOrPeccHs-
HOMY HaKOIJeHHio B pactBope cosed. [Ipy 3TOM Tnoj3eMHBIE BOALI
NOCJAeIORATEABHO MHHEPAJH3YIOTCH, NPOXOAsi ¢ BO3PACTAHHEM  KOH-
neHTpauuu Heckosarko crazauii (Kosma, 1946, 1947): cuaukaTtHViO
(0,02—0,1 r/a), OukapGonatuo-kansuueryio (0,2—0,5), comoByio
(0,50—3,0), cyapdarnyio (5—20) u xaopuiauyio (6osee 20 r/a).
Bo BaaxHyi0 uYacTh roja Buinajaiollne armocdepHble OCaAKH pas-
GaBJSIOT YaCTHYHO COJIEHBIE BOABI M PACTBOPSIOT YaCTh BBIMABIIHX CO-
Jell, HO 3T0 06CTOsITEJBCTBO He B COCTOSIHHH H3MEHHTL o0O6uel Ha-
NPaBIeHHOCTH KOHIIEHTPHPOBAHHA COJiell B pacTBope.

Aunanu3 OGUIMPHON THAPOTEOJOrHYECKON JHTEPATYPHl 1O apPHAHBLIM
paifioHaM MOKa3bIBAeT, YTO Ja)e B 3THX VCJOBHAX BBLICOKOMHHEpA.IH-
30BaHHble XJOPHAHBIE BOABI BCTPEUAIOTCA NLOBOJBHO PENKO H TOJBKO
Ha BecbMa OrpPaHHYEHHBIX JIOKaJbHBIX YYacTKaX, HMEIONHX = KpaiHe
BLICOKYIO CTelleHb HCMapeHHs NP He3HAUHTeJbHOM KOJHYECTBe oOcal-
KOB H caabofl npoHunaeMocTs nopoiA. Boasl 3T0TO THIa CKOpee fABJA-
fOTCA 3K30THYECKHMH H He HMeIOT PerHOHaJLHOrO pacnpocTpaHeHHs.
[Tosromy npu noacuere cpeaHHX COAep:KaHHH CoJeHble BOALI H pac-
coabl ¢ MuHepanusauuein 6oaee 20 r/a HaMM He YUHTHIBAJHCh, a HC-
N0Jb30BAJHCh TOJNBLKO /ISl BHSIBJeHHS OGLIHX 3aKOHOMepHOCTeH, CBs-
3aHHBIX C H3y4YeHHeM HANPABJEHHOCTH H3MEHEeHHS COCTaBa MOJ3eM-
HBIX BOJ IPH HX HCNAPHTEJLHOM KOHIEHTPHPOBAHHH.
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XHMHYECKHIT COCTaB NMOJA3eMHBIX BOJ OTAENBHBIX apHAHBIX yyacT-
KOB HAMH 4YaCTHYHO YyKe pacCMOTpeH B MNpeAbAYIIHX  TJaaBax
(cm. Taba. 19, 20, 25, 33, 35, 37, 39, 44, 48, 52, 54, 55). TITostomy
37leCb MBI TPHBEAEM TOJBKO HEKOTOpPHE JONMOJHHTeNbLHbIE CBEIECHHH M
CBOJIHBIE IaHHBIE.

§ 1. THAPOTEOXHMHA HEKOTOPBIX CTENMHbLIX PAHOHOB.
CPEOHHUE COIEPXAHHA XHMHYECKHX 3JIEMEHTOB B BOJAX

CrenHbe paiions CIHIA. Yro6w npocaeanTb, KaKk Ke H3-
MeHseTCA COCTaB NOA3EMHEIX BOJ B Npejenax CTeNHHX pafioHOB B
yeJoBUAX CyOTponuyeckoll KAHMAaTHYECKOH 30HE, Mbl BuIOpanH B Ka-
yecTBe mpHMepa oOMIMPHble TpocTpaHcTBa loxkHoH uactu CHIA, or-
paHHYeHHHe ¢ BOCTOKA pekamu Muccypu u Muccucnnu, a ¢ 3anaga —
obmuproi ropuoil cucremoii Ckaaucrwix rop (Beaukue paBHHHBI).
JlantmadTel 3Toro 0GUIHPHOTO PErHoHa, BKJouammero mratel Kau-
3ac, Oknaxoma, cesep Texaca, Bocrounbie pationsr Komopazo o
Hpio-MeKcHKO, mpeicTaBJeHBl CTENAMH H JECOCTenssMH (TMpepHsiMiu).

CyGTponuyeckne paioHsl BeJNMKHX PpaBHHH OTJAHYAIOTCA  Pe3Ko
BbIpaKeHHLIM KOHTHHEHTAJAbHBIM KaHMaToM. KosanuecTBo o0cajakos
BO3pacTaeT Ha BOCTOK H HOro-BOCTOK K nobepemblo MeKcHKaHCKOTO:
3aauea ot 700—800 no 1000 MM u Gonee. Jlero xapkoe. Makcumasnb-
Hble TeMnepaTyphl aocturaior 37—40°C. MakcumyMm ocaZkoB mnaja-
eT Ha BecHy H Jero. MHoraa ocaaku BeimajaloT B BHAe KpaTKoOBpe-
MEHHBIX, HO BechMa HHTEHCHBHBIX JIHBHeH, BpeMeHaMH, 6/1MKe K OCeHH,
npoHocsitcs TopHano. [Toasemuuii crok, mo aanaeiM M. M. JIbBoBnua
(1974), pasen 0,1—1,0 1/c- kM2

OCHOBHEIE BOJOHOCHBIE TOPH3OHTHI 3TOIO PErHOHa CBA3AaHBI C Tpe-
THYHBIMH TNecKaMH, I'DABHEM H MlecYaHHKaMH Mena. Bojplmias yacTh
NOC/Aenane030HCKHX NOPOJ 34ech SIBJSETCS NPOAYKTAMH 3PO3HH TOp-
HBIX CHCTeM H 00pa3oBaHa B KOHTHHEHTAJbHBIX MJAH NPHOGPERHO-MOp-
CKHX VCJ0BHSIX. B HekoTOphIX pajfioHax pa3BHTH BYJKaHOTeHHBIE 00-
pa3oBaHHUs.

. XHMHUeCKHHl cOCTAB IOA3eMHBIX BOJX NpejacTaBjaeH B Taba. 64, co-
CTaB/JEHHOH HaMu 10 JutepatrypHbiM AaHHeiM (White e. a., 1963;
Scotte and Barker, 1962; Skougstad and Horr, 1963). OGpamaer

| BHHMAaHHe OTCYTCTBHE CBSI3H MeMXJy COCTaBOM BOA W THIOM BMe-

IAIOMHX NOopok. Boabl Bcex OTJIOKEHHH OTIMYAIOTCS MOBBLIIEHHBIMH

. MHHepaJu3anueil ¥ BeJaH4yuHoi pH, CI0KHBIM HOHHEIM cOCTaBOM, 06yc-

JIOBJIEHHBIM BJIHSHHEM IIPOLECCOB KOHTHHEHTAJbHOIO 3acOJIeHHs, 10-

suimendEME 3HauenuaMu SO4/Cl, Ca/Mg n Na/K, a takxe comepixa-

HHEM CTPOHIHS, ypaHa H paiansi. B To Ke BpeMsa A1d 3THX BOJ Xapak-

TepHB OTHOCHTEJIbHO HH3KHe KonueHtpaunmu K, SiOz, Mn. Bee 31O

CBH/IETE/JIBCTBYET B MOJb3Y TOrO, YTO NMPH KOHTHHEHTAJBLHOM 3acojie-

HHH BOJ yiKe Ha NEepPBHIX CTAAMAX 3TOrO Ipouecca IPOHCXOAHT He

NPOCTO OTHOCHTEJNBHOE KOHIEHTPHPOBAHHE 3JE€MEHTOB, d COBEPINAIOTCS

GoJee CJAOKHBIE XHMHYECKHe Npolecchl, NMPHBOAALIHE K OCAXKACHHIO

W3 BOJ pAjAa 3JeMeHTOB B (opMe pasauuHbix MuHepajoB. CyTh 9THX

npoieccos GVaeT pacCMOTpPeHa HHIKe.|
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Xumuuecknit coctaB mofisémusix Boji cTemHmix paitonos CLUA

Tabauna 64

NoaoMuTst FaHHACTHE CAanuN [Mecuanukn Puxasie obpazosanits
Eapumun Cpen-
Komnonents HiMepe- nee
HHa
2 3 1 2 i 2
pH — 3.2 |- 1.8 6,6 | 89 6:3 | .81 7.6
HCOy: Mr/a 476 334 156 576 108 376 295
S0,2" - 1240 |172 1.9-11210 6,2 |826 184
€= = 3,0 [735 177 12 2,0 |442 2,0 |520 ; 74,7
P 3 0,2 2.4 0,951 0,1 0,1 2.4 — 3,2 . 0,74
NO,- » 0,0 | 27 2,9 | 11,0 - 45 — 70 11,9 13,1
PO , 0,0 0,1 0,02 — - 0,2 - 0,2 0,06 0,05
S10; = 10,0 | 24 18,7 | 1.0 9,4 | 84,0 10,0 | 82 28,1 21,0
Ca** 4 37,0 [488 90,8 | 37,2 R B s 12,0 | 360 80,8 92 4
Mgzt . 5,8 [117 29,1 12 - 66 a.Dc ] 63 20,4 27,1
Na+ .. 4,9 444 165 8.0 8,2 |592 6,4 |315 48,3 | 105
K+ » 1,0 | 15 7.4 1,0 0,6 | 26,0 2 0,8 11 5,4 6,0
Cymma . 276 2350 [993 29 211 2710 161 2360 | 597 819
Fe g 0,09/ 0,9 0,27] 0,05 — 1,40 18 — 6,8 0,32] 0,25
Al » 0,2 0,7 0,38 0,2 — 0,2 11 - 1,0 0,19] 0,24
Mn » 0,0 0,14 0,03] — — 0,2 026 — 0,0 0,01| 0,022
Sr » 0,1 1,6 0.791 0,1 0,1 1,6 ,32 9.1 0,43| 0,21 0,9
U MKT/J1 0,1 76 12,1 0,1 0,1 | 36 2 0,2 [ 16 5.1 6.0
Ra rfa-10712 0,1 2.7 1,265 01 0,1 11,0 o 0,1 8,9 1,3 1,4
Yucno aHaAH30B — 19 36 25 85

Mpumeuanmne | — MEHHMaTBbHOE, 2 — MAKCHMAaJbHOE, 3 — cpeanee.




IOxupit Ypaa u npujeraiomue K Hemy pajions (3aypaabe w

- Cesepupifi Kasaxcran). I'eoxuMust nmoJA3eMHBIX BOX 3TOT0 OGIIHPHOTO

' H pasHooOpasHoro B JaHAmAadTHOM, KJIHMATHYECKOM, reoMopdoJioru-

YeCKOM H re0JIOTHYeCKOM OTHOIIEHHSIX pPerHoHa B TeueHHe MHOTHX JeT
usyvanacb A. M. Uepnsenim u apyrumu (1970, 1973 u ap.). O1-
NpaBJsisg UHTaTe sl K YNOMSHYTHIM NEpPBOHCTOUHHKAM, TAe MNOAPO6HO
H3/10KeHbl Bce HeoOXOoAMMBle IJIS XapaKTEPHCTHKH 3TOr0 perxoHa
reoJIOrHYyeckHe M THIPOTEOJOTHUECKHE CBeJEHHs, OTMETHM, 4TO HC-
cJeoBaHHAs TEPPHTOPHA TpeAcTaBJseT co00i B OCHOBHOM JIeCOCTEll-
HOH JaHawadT, cMEeHseMblil TOPHOJNECHBIM Ha ceBepe H CTEeNHLIM Ha
ore. KosnyecTBo Bhinazalomux arMocdepHBX OC3aAKOB H3MEHSETCs
B mwHpokux npedenax or 300 no 700 mm/roa. B crennoii 3oHe wucna-
peHHe TpeBbIIaeT OCaAKH H CIOCOOCTBYET Pa3BHTHIO NPOLECCOB KOH-
THHEHTAJBHOTO 3aCOJIEHHS.

B nanpasaennu or Cpeanero ¥pana k lOxuomy u nanee kK Ka-
34XCTaHy Mo Mepe CMeHbl 30HBI JIECOB JIECOCTENbIO H CTENbI0 MHHepa-
JH3alud MNOJA3€MHBIX BOJ BO3pacTa€T, a4 HX COCTAB H3MEHSAEeTCA OT
rHAPOKapOOHATHOrO Yepe3 CyJbMaTHB K XJOPHAHOMY €O BCEMH
nepexoJHbIMH pa3HocTAMH. Takas 3akoHoMepHOcTh HabJ/a10laeTcss BO:
BCeX Cjay4Yasix He3aBHCHMO OT THNOA BOJOBMEILAOUIHX MNOpPOA H
obycaoBjieHa (u3anKo-reorpauyeckumMu dakTopaMH HJIH TOYHee:
NPOTPECCHPYIOIIHM YBeJHYEHHEM pPOJH TMPOIeCccOB KOHTHHEHTAJILHOTO
sacojiennsa. B OTAeJIbHBIX CJAYYadAxX MHHepaJH3dUHWd TOA3eMHBIX BOI
Bospacraer a0 10—15 r/a.

Hamp Obsin  obGpaGoranel  mpuBogumuie A. M. YepusieBbim M
JI. E. UepnsieBoit (1973) cokpamnieHHBle aHaJH3Bl N0J3eMHBIX BOJ pas3-
JHYHBIX BOAOBMeltaoounx nopoi. IloaydeHHbld cpeiaHuit coctas Mo-
3eMHBIX BOJA Bcero oOmIMPHOrO peruoHa npuBeleH B taba. 65. Brico-
KHe COJep:KaHus XJOPHAOB H CYJIb(haToB CBHIETEJIbCTBYIOT O 3HAUH-
TeJbHOM BJHAHHH Ha COCTAB 3THX BOJ MPOLECCOB KOHTHHEHTAJbLHOTO:
3acofenns. IIpHHAB CpeAHIOI MHHEpPANH3aLHI0 MOA3EMHBIX BOJ

paBnoit 1,16 r/a, MBI nepeBesH COOTBETCTBYIOLIHE COJAEDKAHHS MHKPO-

KoMmroHeHToB B Boxax MOxuoro Ypana, paccuntanusie A. M. Yep-
usgesbM ¥ Ap. (1970), u3 nmpoumeHTHOH GopmMBI BEIpaxeHus (K cyxo-
MYy OCTaTKy) B BecoBylo. ITosyyeHHble 3HAYeHHS TakxkKe NpPHBEICHbI
B Tabua. 65.

Bocrouunii # Cesepusii Kasaxcran Cpennnii Xumu-
yeckHli cocraB moja3eMHEIXx Boj KasaxcraHa paccuuTaH Hamu MO TeM
aHaau3aM M 00O6IIeHHBIM JaHHBIM, KOTOpPHIE YAajoch HalTH B pabo-
tax E. B. ITocoxosa (1960), K. C. CuanikoBa (1966), H. H. I'uus-
6ypra u E. C. Ka6anosoit (1960), B. ®. Kopazesa u ap. (1964),
E. E. Bensikosoit u ap. (1974; Tuapoxumuyeckuii meTol..., 1962),
E. E. Beaakosoii (1958), I'. ®@. JlapuonoBa u ap. (I'maporeoxumu-
yecKHil MeTon. .., 1971), M. C. IManuna (1971), K. M. JlaBaerraiue-
goit u WU. I'. Jluseea (1969), K. M. lasaerraaneBoii (1966). CraTtu-
cTHYecKas o6paboTKa MMEIOIIMXCS  MaTepHaJoB Iokasada (cMm.
Ta6a. 65), 4To B cpelHeM TPYHTOBHe BOAbl H3yuenHoi wactu Kasax-
cTana XapakTepH3ylotcsi MuHepaamsauweii. Gosmee 1 rt/u1, crabomenoy-
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Tabanua 65

Xumuueckuit coctas noasemusix Boa HOmuoro Ypana, 3aypadbsn,
Cesepuoro u Boctounoro Kasaxcraua

£ ley | s |5
Exmnnum | > 2 3 E‘_E Exmunun | 2 E gs
Komnonerrn uamepe- e = g E KoMnoHeHTs namepe- £ e |23 ;
Hus ;g E:S: HHA ;5 taﬁ:
Sz |B=2 | Oz |@==
pH - 736 | 7,35 || Zr MKr [ 1,40 | 1,95
0 I Mr/a | 330 248 Pb 5 1,40 | 3,22
CO4,~+HCO;" = 239 225 Rb - 1,16 —_
SO2- = 230 365 Nb ’ 1,16 —
NO;- e — 9,13 | As 5 1,16 [ 0,19
F- 5 0,35 0,89 | Cr & 1.16 18,79
POg2~ > 0,036 .19 || Co i 0,93 —-
Nat > 217 230 Sn . 0,81 -
Cazt ,. 90,1 | 106 Mo e 0,70 | 4,43
Mgt 4 87, 62,6 Ge = 0,70 -
K+ = — |19,5 Hg - 0,58 —_
Si0, . — 1203 | Cs B e
Cymma » 1163 | 1257 | Be . 0,28 | —
CO, (cB.) & — 138,3 Ga > 0,19 10,48
Mn mirfa |140 (24,2 || Cd : 0,16 | —
Br . 77,0 — |l Se £ 0,16 | —
| % 77,0 (20,0 Y = 0,14 —
Zn . 70,0 (48,3 Ag & 0,14 ] 0,77
B % 14,0 (35,9 Au 2 0,12 —
Sr 5 11,6 |[483 Sb 3 0,12| —
Ti & 11,6 |b7,8 Bi " 0,12 | —
Cu i 11,6 |15,7 U _ — 6,37
Li . 5821275 [ Th i il aes
Vv § 1.63 | 3.52'| Ra r/a.-10"12] — | 6,90
Ni 3 1,63 | 1,60
Ba * 1,40 (31,1
YHcao aHaau3os - =300| 135

* Cymma Nat+K+,

HBIM XapakTepoM, cyJab(aTHO-XJOPHAHBIM HATPHEBO-KaJbIHEBO-Mar-
HHEBBIM COCTABOM.

CBo/iHbIe JaHHBIE MO COCTaBy MOA3eMHBIX BOJA PErHOHAJbHOTO pac-
NpocTpaHeHHSA MPOBHHIHH KOHTHHEHTAJBLHOrO 3aco/eHdss 0606IeHs
B Tabs. 66. [Ipn cocraBiennn nociaefneii KpoMe yiKe YIOMSHYTHIX
pabor Hcmoap3oBaibl Aannsie H. T. Ceipomarankosa  (1961),
P. M. Taamunosa u ap. (1972), H. I1. IIm6s, A. B. CroaspoBoii
(1968), E. E. Euan-Xunuuasu u jap. (El-Hinnawi e. a., 1972),
b. A. Ckonuuuesa (1950), A. WM. Fepmanosa (1963), C. P. Kpaiino-
a (1973), E. B. IlocoxoBa (1969) m wHeonyGnuKoBaHHBIE JaHHBIE
‘M. H. TTasnosa no tepputopun Erunta.

Herpynno Bujiers, 4yTo BCe BO/L, NOJABEprKeHHbE B TOH HJIH HHOI
CTeNeHH TpoueccaM KOHTHHEHTAJbHOro 3acoJeus, sBjsiotcs caabo-
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Ta6auma 66

| Cpemmh XHMHYECKHI cOCTaB NOJ3EMHBIX BOJ, NPOBHHUHH

KOHTHHEHTAJbHOTO 3aCOJeHHA

* B ckoOKAX YHCA0 AHAAHIOB AAS BeAYU{HX HODHOB.

11 3ax. 425

- Eaunmis Crenn Crenn Yueao
ec

(oo | N | poriie | ey | Coome | b
H : = 7.40 7.60 7,50 1754
CO,~+CO42" Mr/a 254 404 344 1825
SO,2- . 184 472 328 1825
Hig = 149 225 202 1825
NO,- & 8.1 12,7 10,4 1442
5 $: 0,72 1122 0,97 2584
NO,- = 0,73 0,27 0,50 336
PO 3" 8 Sl 0,09 0,13 608
Na* " 141 203 172 1825
CaOz+ 3 93,7 126 115 1825
Mga+ 5 39,4 79,4 59,4 1825
K* " 19,1 51 5.1 927
NH,* 2 1,10 1,14 1,41 1011
Si0, A 32,7 19,3 26,0 1666
Cymma L4 954 1585 1273 1825
CO, (c8.) 3 37.2 15,3 26,3 1825
Cop,. by — 4,30 4,30 310
Fe MKT/ a1 687 963 825 693
Br /) — 509 509 939
Sr i 700 286 493 2402
Al o 280 354 317 378
Mn n 190 50,0 120 2032
B o — 95,8 95.8 2198
Zn P 80,0 25,2 57.6 5167
| ¥ — 56,95 56,5 1053
Ba ¥ — 50,1 50,1 1393
Li I — 40,3 40,3 974
Ti " — 25,4 25,4 1675
U s — 11.5 11,5 1386
Cu L —_— 8,88 8,88 5334
Cr 3 — 5,22 5,22 3801
Mo £ — 472 4,72 5525
Ni . — 4,57 4,57 4902
Rb X — 3,08 3.08 357
Pb n — 3,07 3,07 5284
- Se _ — <3,06 <3,06 56
v o - - 3,02 3,02 4957
As ¥ - 2,55 2.55 1649
Sb - — 1,81 1,81 2441
Th o — 1,80 1,80 630
Zr s —_ 1,36 1,36 1306
Co s — 1.21 1,21 4741

Hg 3 = 1,20 1,20 405 -
Bi . — =1:16 <1,16 298
Ga i — 0,86 0,86 664
Cs - — 0,67 0,67 307
Be . — 0,48 0,48 1042
Cd 4 — 0,44 0,44 1077
Ag i — 0,44 0,44 5484
Sn s — 0,35 0,35 1483
Au " — 0,084 0,084 409
Ra r/a-10"12 1,4 7.04 4,22 475
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LI1EJM0YHBIMH, COJOHOBATBLIMH, TECTPBIMH MO COCTaBy. Hpn yBeJjHye-
HHH MHHepaJu3alHil COoCcTaB BOJ ONpefe/NseTcss ¥3BeCTHOH CXeMOW
HCIIAPHTEeNBHONH KOHIeHTpauun cogeil. CrTporoii  npomopiHoHaJbLHOM
3aBHCHMOCTH MEMKJY COJep:KaHHEeM OTAEJbHBIX 3JEMEeHTOB H o6Iled
MHHepaJH3allHeli B NO0AaBJsONIEM OOJLIIHHCTBE cayuaeB He Hab.io-
Aaercs, 4TO OODACHAETCH COOCAXKAEHHEM MaJblX 3JEMEHTOB C BhINa-
JAloUMMH H3 pacTBOpa NPH €ro KOHUEHTPAUHH COJAAMH H TJIHHHCTLI-
Mu muHepaidavMu. M TONbKO TakHe MOABHIKHLIE 3JeMEHTH, Kak OGpom,
6op, HoA, cepa, MOJHOIEH, JHTHH, CTPOHIHH W ApPYyrHe Hapsaay C HaT-
pHEM H XJOpPOM CHocoOHH K 3HAYHMTENBHOH KOHIEHTPAlUHH B COJEHBIX
Boaax. CrenoBaTe/bHO, MO Mepe YBEeJHMEHHS COJEHOCTH pacTBOpa
KOJTHUECTBO XHMHUYECKHX 3JeMEHTOB, CMOCOOHLIX OCTABATLCA M KOH-
IEHTPHPOBATLCH B KHAKON (hase, HeyKJOHHO yMenbliaeTcs. Bee 3to
NPHBOINT K VHH(HKAUHH H KadecTBEHHOMY oOeJHEHHIO CITeKTpa XH-
MHYECKHX 3JIEeMEHTOB B COJIEHBIX BOJAX H paccoJax.

BaxHo o6paTHTh BHHMAaHHe, YTO BOJAH CTENHHIX PaHOHOB TPOIH-
4eCKOH 30HBEI SABJAIOTCH (oJee HNPEeCHBIMH, ueM BOJALl AHAJOTHYHOH
30HB yMepeHHoro kiaumara. [lpeacraBiasiercs, YTO 3TO He cJydaiHOe
ABJIEHHE, CBSI3aHHOE ¢ HENOCTATOUHBIM KOJHYECTBOM (DaKTHUECKOTO
MartepHasia, a O00beKTHBHAs 3aKOHOMePHOCTb, OOYCJOBJeHHAs 3HAUH-
TeJbHO OOJBIIHM KOJHYECTBOM OCaJKOB B YCJOBHSAX TPOMHYECKOTr O
KJuMara. ;

§ 2. HICTOYHHKH XHMHYECKHX 3JIEMEHTOB
MOA3EMHBIX BOJ KOHTHHEHTAJIBHOIO 3ACOJIEHHA

Hrak, MuHepanusallus MOA3EMHLIX BOJ CTeNHLIX pAaHOHOB B OT-
JHYHE OT APYTHX JaHAWAa(THHIX 30H B OCHOBHOH CBOEeH Macce mpej-
cTaBjeHa He THAPOKAPOOHATHBIMH, & XJOPHAHLIMH H  CYJAb(ATHHIMH
consimu. B cpeaHeM, Kak JIerko moJACYHMTaTh M3 AaHHbIX TabJa. 66, Ha
aodio cyapdartos npuxoautes 37,6%, xaopuaos 31,5% u  ruapokap-
Gouatos 30,9%, T. e. K0as MoOCJeAHHX cocTaBasier MeHee 1/3 cymMMbl
coseli. Baxno nosromy pasofpaThCs B HCTOYHHKAX Mpexae BCEro
CYJb(AaTOB H XJOPHIAOB NMOJA3EMHBIX BOJ.

PaGoramu Goapluiofi Trpynnel HcclegoBaTened, CpeAH  KOTOPhIX
Heqb3d He HassaTh uMeHa B. A, Kosawm, I H. Kamenckoro,
O. K. Jlanre, M. B. T'apmMoHOBa u APYrHx, JAaBHO ViKe YyCTAHOBJEHO,
YTO B YCJOBHSIX apHAHOIO KJIHMAaTa COJIEHOCTh MOA3eMHBIX BOA 06yc-
JIOBJIeHa TPOIEeccaMy HCNAapHTEJbHOH KOHIEHTpPAllMH coJeil U 3To
NOJIOJKEHHE, BOIIEAIIEe BO BCE YVUEGHHKH 1O THPOTEOJIOTHH, HHKEM
He ocnapuBaeTcs. BmecTe ¢ TeM noj3eMHBIE BOJB, Nomajaas B TOp-
Hble NMOPOALI, PaspymlaioT HJAH PacTBOPAIOT MOCJeJHHe H TEM CaAMBIM
TakKe oforaulaloTcs XHMHYecKHMH 3JeMentami. Bosuukaer Bomnpoc,
KaKasl YacTh XHMHUECKHX 3JeMeHTOB CKOHIIeHTpPHpOBaHa M3 aTMocC-
(depHBIX OCAJKOB W Kakas 3aMMCTBOBaHA H3 TOPHLIX TMOPOA.

OTBeTHTL Ha TOCTABJEHHBIH BOMPOC KpaiiHe CJO0XKHO 10 ABYM
npHuYuHaM: 1) ropHble NMOPOAB M NOYBHI B THX paiioHax coaepikar
JerKOPacTBOPHMEBIE COJIH, TpejAcTaBasfiomue coboil  NPOAVKT  JJIH-
_TeJBLHON 3BOMIONMHA CHETEMbl BOIA — [0POJa B YCJOBHAX mpeoGaaja-
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HUA HMCIapeHusds Ha/l oCcagKaMH (3TH pacTBOpHMBIE COJH YACTHYHO
HJIH TNOJHOCTBIO BO BJldXKHble MEPHOABI rofa MNepexojsT B PACTBOP,

- a B CyXHe — BHOBL B TBepAylo (a3sy); 2) KOHUEeHTpHpOBaHHe aTMOC-

«hepHBIX OCaJKOB COMPOBOXKJAaeTcs OcaxKJeHHeM coJieil B BHAe Kap-
GoHaTOB, cyab(aToB, XJOPHAOB H Ap. YuecTh MaciTabbl KaxIoro H3
3THX ABJEHHI [0BOJBLHO TPYAHO H BO3MOXKHO TOJALKO B OT/AEJbHBIX
YacTHRIX cayuasix. [Toaromy MBI nojoiaemM K pelieHHio MOCTaBaeHHOH
Bajayd ¢ HECKOJLKO HHBIX MO3HUHII H MONBITAEMCS ONpejesuTh, Ka-
KOe KOJHYeCTBO XJIopa H CepPbl MOTYT BhIlleJaYyHBATh MOJA3eMHBIE
BOJbl ‘U3 NEePBHYHBIX, HE3aCOJeHHbIX MOPOJL.

Kak 6bl10 nmoka3aHo BhILE, JHTOT€HHAs COCTaB.]IfAioillast CTOKa BHe

~ paiioHOB KOHTHHeHTaJbHOro sacosenus (cm. taba. 27, 46, 63) kKoae6-

gercs ot 0,046 (tyuzpa) no 0,484 r/c-km? (Tpanuyeckse Jeca). Her
HHKAKMX OCHOBAHHI CYHTATh, YTO B Npelelax CTeNHHX PafoHOB OHA
Oyaer CyIeCTBEHHO OTJAHYATBCS OT TNpPHBEJAEHHOTO TOpsAKa nudp.
Kakoe e B TaKOM cJydae KOJHYECTBO XJOpa BHIIEJAUYHBAETCH BO-
JlaMH M3 TOpHBIX mopoi. IIpHHAB KJAapK XJ0pa, B COOTBETCTBHH C JaH-
ueiMi A, TI. Bunorpamosa (1962), pasuem 1,7-1072%, wHerpyano
paccuuTaTh, 4TO NPH MAaKCHMA/JEHOM paspylleHHH TOpOA, paBHOM

- 0,484 r/c-km?, BmHOC XJdopa cocrasiser ToabkKo 0,082 wmr/c-kM? miaw

npu MoayJae noasemuoro croka 0,3 afc (Haubosee xapakTepHas Be-
JIMYMHA JJIs apHIHBIX PaiioHOB) 3To paBHocuapHo 0,27 Mmr/m  xjopa
B pactsope. Eciin npeAnosoxuTh, 4T0 Mbl OUIHGJIHCH Ha NMOPANOK (YTO
‘COBEPIIEHHO HCKJIIOUaeTcsi), ToO M B 3TOM c/yude 3TO KpaiiHe HesHa-
yHTeNbHAs BeJHUHHA MO CPaBHEHHIO ¢ coaepzKaHHeM XJopa B NoX-

BeMHBIX Bojax (cMm. tabu. 66).

CrnenoBaTesbHO, Mbl IPHXOJAHM K BeCbMa BaXKHOMY BLIBOAY O TOM,
4TO HeE€34CO0JeHHbl€ ropHble NOPOAbLI HE MOTYT CJAYVIKHTb CKOJIb-J1H60
3aMeTHbIM HCTOYHHKOM XJiopa. .STO, €CTECTBEHHO, He HCKJIIYaeT TOro,
4TO B OT/JEJbHBIX CJaydasiX, B lpejlelax rOpPHBIX MOPoJ, GOraThiX XJ0-
poM (CKamoJHTE, THAPOTEPMAJLHO H3MEHEHHbIE MOPOJibl, 30HB HAapy-
IWeHHI ¥ T. A.), MOTYT (POPMHPOBATBLCS BOJAbLI C MOBBLIIUEHHHIM COAEp-
JKaHueMm storo saementa. [locnennee, B yacTHOCTH, yOeIHTENLHO J10-
kazano E. B. Ilocoxosuim (1960) na npumepe teppuropun Kasax-
craga. O/lHaKO B PerHoHaJbLHOM IJIAHE POJb TEPBHUHBIX aJTIOMOCHJIN-
KaTHBIX MOpoJ B oOecneyeHHH NOJ3eMHLIX BOA XJOPOM KpaiHe He-
3HAYHTENbHA M HE MOXKeT CYUleCTBEHHO MOBJHATL HAa HX COCTaB. [To-
cle/iHee: NMOJOXKeHHe HEeCKOJbKO ¢ HHBIX MO3HWIHH 0OOCHOBBIBAGTCHA H
B. 3. PyGeiikuneiv (nnunoe coobuienne). Muasi KapTuHa xapakrepHa
JUIS 3aCOJIeHHBIX 1OpPOJ, TaK KaK 3/ecCh BHINABIIHEe aTMochepHble
OCallkH B IEPBVIO O4Yepeldb PAaCTBOPSHIT COJIH, BRKJAIOYAA B OTAEABHBIX
cayyasix XJOpHJBH, TlepepacnpeiessioT HX H, HCNapAfAch, CHOBA Tepe-
BOJAAT B TBepAylo (asy. HacTHuHO 3TH cCoJAH MOTYT Y4YacTBOBAThH B
CTOKEe, HO HCTOYHHKH 3THX coJiell CBSI3aHbI He C TOPHBIMH TOPOJaMH,
a atMoc(epHLIMM OCaJKaMH H CKOHIEHTPUPOBAHLI OHH B TeueHHe He
‘OJIHOTO TOAa, a IeJOH TeoJOorHuyeckKoi SM0XH CYLIeCTBOBAHHS 3a-
CYLUTHBBIX YCJAOBHI.

Takum o6pa3oM, HCTOUHHKOM XJOPHAHBIX COJIeH TO/J3EMHBIX BOJI
apHJHLIX palioHOB FABJAAIOTCA He TOpPHLIE MOPOALl, a aTMocdepHEe
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OCaJIKM, H OTHOCHTb HX MO3TOMY Heo0X0AMMO K aTMmoc(epHoil cocTas-
JI0ILeH cToKa. AHAJOrM4HO OGCTOHT JeJO H ¢ CVIAL(ATHBIMH = COJIfA-
MH, TaK KaK KJIapK cepbl paseH 4,7-10-2%, T. e. npeBbimaer kaapk
XJ0pa ToOJbKO B 28 pasa, nmosToMy BCe CAeJaHHLIE€ BLIIIE BbIBOJIbI A
XJIopa B paBHOM Mepe OTHOCATCS H K cepe.

He npoTHBOpeYHT JIM clesaHHOE BhIllE 3akKjaiouenne o6 armocdep-
HOM TeHesHce XJOPHAHLIX H cyJb(aTHBEIX coJell BOJ 3acylLTHBLIX 00-
JlacTeH H3BECTHOMY IOJIOXKEHHIO O npeobiajaawouleil polin KOHTHHEH-
TaJbHBIX COJIell B cocTaBe caMux arMmocepueix ocaakos (Carroll,
1962; Koaopsxkuas, 1963; Xumunuecknii cocras..., 1964; Ilocoxos,
1968, u np.). IToayuaercs cBoero pojpa 3aMKHYTHIH Kpyr: arMocdep-
Hble OcaJKku 00OrallaloTcsi COJNAMH 3a CYeT 30J0BOH  NMBLIH, MOAHH-
MaeMoOil ¢ KOHTHHEHTOB, a KOHTHHEHTHI [OJIYYalOT COJIM 3a CYeT Bbl-
najaiolEx aTMOC(epHBIX 0CaJKOB.

[IporuBopeuns 3jech HHKAKOrO HeT, TaK KaK OTMEUEHHas LHK-
JIHYHOCTE HOCHT He3aMKHYTHI xapakrtep. C 0/1HOIt CTOPOHBI, 4acTb
cosieil BHIOBIBAET H3 IHKJA BMECTE CO CTOKOM, BKJIO4as TOA3eMHEIH,
¢ JApyroii,— Bblllle/lauiBaeMble H3 TFOPHBIX NMOPOJ COJH BKJIIOUAIOTCH B
sTor UHKJA. To o6cTosTeNbCTBO, YTO B TOPHLIX NOPOAAX HAKANJIHBA-
I0TCSl JIETKOPAacTBOPHUMBIE COJH, CBHIETEJIbCTBYET O TMOJOMKHTEJLHOM
GamaHce, T. €. O NIPeBHILICHHH MPHXOAHOM uacTH Hal pacxoanoii. Tlepen
HaMH B JJaHHOM cJy4ae M CTOHT 3a/aua ONpelellTb 3TY MOJOKHTEeb-
Hyio wacte Oajanca, T. €. KOJHYECTBO COJIeH, BEIHOCHMBIX H3 TOPHBIX
1I0POJ] MOJ3eMHLIMH BOJAMH B HACTOAIIEE BPEMH.

IMonyepkHem eule pas, 4TO 3aco/JeHHe MOPOX— 3TO PE3VJabTaT
JUTHTENBbHOTO Pa3BHTHS JaHAmadTa B YCIAOBHAX TNOJOMKHTEAbHOro 6a-
JaHca coJiefl, mpH KOTOPOM BhILIeJauHBaHHe HJAH paspylleHHe TOpoj
NpeBHIlIaeT BHIHOC H MO3TOMY 4YacTb 3JeMeHTOB 006pasyiT COJu.
ITocnennne, noanuMmasich B atMocepy ¢ BETPOM, PE3KO MOBHILIAIOT
MHHEpPaJH3alHI0 METEOPHBIX BOJ. Bricokas CTelNeHb HCIapeHHs BOIbI
NPUBOJAHT K emle GoJblleMy KOHIEHTPHDOBAHHIO COJlel B  pacTBope,
yMeHpllass TeM CaMbIM ee BhbllleJauuBalolyio crnocobHocTs. Bee 3TO
JHIIHHI pa3 ToJYepKHBAeT H3BeCcTHOEe IMOJIOJKEHHEe O TOM, YTO MO3Ha-
HHEe Jla)Ke COBPEMEHHBIX YCJOBHiI (OPMHPOBAHHS XHMHYECKOTO CO-
CTaBa NMOA3EMHBIX BOJA He MOXeT OHITh NMOJTHEIM 6e3 yuera ocoben-
HOCTell HCTOPHKO-T€OJOTHYECKOTO H JaHAMmMAa(THO-KJIHMaTHUECKOTO
pPa3BHTHS pPErxHoHa.

Hraxk, cyappaTnble H XJIOPHAHBIE COJH B PacTBOPe — 3TO pe3y.Jib-
TaT AJHTENBHOrO Pa3BHUTHHA CHCTEMBl BOJd — aJIOMOCHJIHKATHL B  YC-
JIOBHSIX TOJIOMKHTEJBHOro GajaHca cojiefl, HX KOJHUECTBO COOTBET-
CTBYET He BBIHOCY 3JeMeHTOB M3 TOPHBIX MOPOX, a JHIIL CTENeHH KOH-
LeHTpHpoBaHus coJeii atMocepHoro reHesuca. [losromy onnm otpa-
JKAIOT HE JHTOreHHYio, a aTMoc(epHylo COCTaBJAINIYIO CTOKAa. 3Had
co/JlepXKanne XJOPHIHBIX W CYAb(haTHLIX cOJiell B pacTBOpe, a TaKkKe
coctaB aTMoc(epHBIX OCAJKOB CTENHHIX PalOHOB, JEerko pacCcuHTaTh
B KaXJOM OTHAEJLHOM CJyyae CTeleHb KOHUEHTPHPOBAHHsS CoOJei,
a 3HAYHT H aTMocqaepH\[o cocwas.rmomylo cToka. Pasjiennth ke 6HO-
TEHHYIO. H JIHTOTeHHYIO COCTaBJlﬂlOU.lHe He mpexacrasaser tpyaa. [Toay-
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YeHHbIe CBOJHbBIE JaHHbIE M0 MOA3eMHOMY XHMHYECKOMY BLIHOCY NpHBe-

JeHsl B Taba. 67,

Ananus ta6a. 67 noka-
Oo0Jiee  BBICOKHE
3Hayenuss OMOreHHOH W JIH-
TOT€HHOH  COCTABJSIIONIHX
BLIHOCA B YC/JOBHSX TPONH-
KoB. OO0bsAcCHAETCH 3TO 3HA-
UHTEAbHO GOJIBIIHMH OTHO-

- CHTEeJBbHO 30HBI YMEPEeHHO-

ro KiuMara 3HauyeHHsIMH B
TPONMHYECKHX CTemsX MOAY-
Jeii  MOA3eMHOTO  CTOKa.
Kaxu  gpyrux nanamadr-
HBIX VCJOBHsIX OHOreHHas
JIOJisi  BBIHOCA TIPEBbILIAET
aurorennyio. Cpean co-
CTaBJSAIOIMHX  OHOreHHOTO
CTOKa OCHOBHAf POJib MPH-

HaJJIeKHT BLIHOCY B hopMme

noia HCO;~. B 1mexsom
XUMHYeCKHI
BLIHOC XapakTepHayercs

HeOOJABIIHMH 3HAYEHHSIMH,

Ta6anuma 67

XapakrepucTuka
NO/I3€MHOr0 XHMHYECKOTO BBIHOCA
cTenHbix Jaupwadros, T/ron-Km?

Crenu Crenn
CocraBasomune TPONK- yMepen- | Cpex-
CTOKa YEeCKoro HOTO Hee
nosaca ’ nosca
Buorennaa® 4.8 2.8 3.8
B TOM WYHCIE B
dopume:
HCO," 4.2 2.4 3.3
H,CO, 0.5 0,2 0,3
opr - 0,2 0,2
JluTorenHas 2.5 1.8 22
To xe, r/c-km? 0,080 0,058 | 0,070
IMoxsemuntit crox, |0,2—0,8(0,1—0,5| —
a/c-KM?

#* B nepecuere Ha ubranu'uccuoe BelecTBO,

HTO CBfizaHo co caabweiM BogooOMenoM. [lo Mepe yMeHblUeHHST MOC/AeN-

‘Hero OHOreHHas M JIMTOreHHas COCTaBJSIOIIHE BBHIHOCA, KAk NMpaBHIO,

VYMEeHbUIAKTCA. 310 N03BOJSET npeanoJaratb, 4To B YCJIOBHAX MYCTBIHb
H TOJYNYCTLIHE pacCMaTpUBaeMBle COCTABJISIOIIHE BBIHOCA  JAOJZKHBI

ObITh elle 6oJee HH3KUMH,



T'JIABA VII

CPABHUTEJIbHASI XAPAKTEPHCTHKA COCTABA
PA3JIMYHbIX THNMOB
MOA3EMHBIX H NMOBEPXHOCTHBIX BOJ

§ 1. OCOBEHHOCTH COCTABA NMOI3EMHbBIX BOJ
PA3JIHMYHBIX KJIHWMATHYECKHX 30H

[TpuBeaenublit B npeAblAyIIMX TAaBax (AKTHYECKHH MaTepuas
NO3BOJsIET MPOBECTH CPABHHTEILHLIH aHAJHM3 COCTABA MOJA3EMHBIX BOJL
PA3JHYHBIX JaHAMAa(THLIX 30H, NPOCJAEIHTh XapakTep HX H3MEHEeHHSH
no Mepe yBejuueHus oblleil MHHepaiH3alMH, MOJAYYHTL AAHHBIE [0
cpelHeMy COCTAaBY MOJA3eMHHIX BOJI 30HbI [HIEpPreHesa B IEJOM H
CPaBHHTbL TOCJEJHHH ¢ COCTABOM APYTHX 06GOJMIOYEK 3eMHONH KOpHI

HauGosiee npecHLIMH 1O CpPeAHHM TaHHBIM ABJSIOTCH MOJA3€MHBIE
BOABLI TNPOBHHINK C pa3sBUTHeM MHorojeTHeii Mepajorsl (taba. 68),
4YTO €CTeCTBEHHO, TaK KaK HaJIHUHe Mep3JBX MOPOjA 3aTpyaHsSeT 3Ha-
YHTEJIbHYI0 MHQHJALTPANHIO arMocepHLIX ocagkKoB B TJAyOOKHe TropH-
30HTHl 30HBI THIEPreHe3a W TeM CaMbiM OIpeleasieT KOPOTKHE TYTH
NABHKEHHsI MOJA3EMHBIX BOJ, a CJeJ0oBATeNbHO, H AKTHBHBIH B0OJA006-
men. Huskue TemnepaTypnl, XapaKTepHble /sl 9TOH 30HLI, TaKikKe He
crnocoOCTBYIOT AKTHBHOMY B3aHMOJEHCTBHIO BOABI C T'OPHBIMH TOPO-
namu. Bmecte ¢ tem nmojseMHble BOJAB paccMaTPHBAEMOfl TNPOBHHIHH
MPH HEBBICOKOH HX KHC/JIOTHOCTH OT/IHYAIOTCHA MOBHILUIEHHBIMH COJAep-
JKAHHSIMH PACTBOPEHHOr0 OPraHHYeCcKOro BeLlecTBa, B COCTABE KOTO-
pPOro 4acTto JOMHHHPYIOT (DYJLBOKHCIOTH. XapaKTepHb AJAS 3TOH Mpo-
BHHIIHH M TNOBHIMIEHHBIE 3HA4YeHHs mnapuHaasHoro naasiaenus CO,
B BOJIAX.

Becbma mnpectbie BoAbl GOPMHPYIOTCS H B YCJAOBHAX TPONMHYECKHX
H cyb6Tponudecknx obJacTeil, OTAHYAIOILHXCA HAHOOJBINHMH 3Haye-
HHSIMH MHTEHCHBHOCTH BojlooOMena. Il/isi BOJ 3TOH NPOBHHIHH Xapak-
TepHH HaunboJee KHCJABIH COCTaB, BLHICOKHE CPeJHErof0BEIE TeMIepary-
pel u npeobiajaHne MOA3EMHOTO CTOKAa Haji MOBEPXHOCTHHIM. Baxk-
HOH OCOOEHHOCTHIO COCTaBa NOJA3eMHBIX BOJ TPOMHUECKHX obaacteii
SIBJAETCA W UPE3BbluaiiHO BLICOKOE Cojlep:KaHHe B HHX KpeMHe3seMa —
HauboJiee BHICOKOE, W3 BCEX NPOBHHIHI MOJ3eMHBIX BOJ BhIIIeJayn-
BaHHS, YTO, MEXKIYy NPOYHM, He CBHJETeJbCTBYeT B T0Jb3Yy TOr0, YTO
HauboJee THIHYHEIE KpeMHHeBLIe BOJAK (OPMHPYIOTCA B CeBepHHIX
XoJoAHEIX paifionax. Takoe mosoxenne gBjasgeTcd ciaeicTBHeM Haubo-
Jee KHCJIOTO XapakTepa paccMaTpHBAaeMBIX BOI, a Takxke HauboJee
BLICOKOH HX TemmnepaTypbl. BecbMa BBEICOKHMI BHIHOC KpeMHeseMa OT-
HOCHTEJNBHO CYMMBbl OCHOBHBIX KATHOHOB B BOJAX TPONHYECKHX M cy0-
TponHuecknx ofJjacTeil XOPOWIO. YBA3LIBACTCS C SBJICHHAMH IHIHPOKOI
JaTepHTH3allHK TOPHBIX JOpoA, HabuaogaeMoil B 3THX YCJIOBHSAX.
C nocaensnm o6CTOATENLCTBOM CBfidaHo M HaubOJee BHICOKOE 3Hauye-
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HHE OTHOIUEHHA KaJHsg K HaTPHIO, HabJjwoaaeMoe B BOoAax MPOBHHILHH
Tponuyeckoro kaumara (ra6ua. 69). Buicokne cpeaHerofoBbie Temmnepa-
TYPHI ONpEIeJA0T H BHICOKYIO CTeleHb MHHepaJH3aliil OpraHHuYecKo-
ro BelllecTBa B 3THX YCJOBHAIX, UTO BHIPAyKaeTcsi B BLICOKOM COJEp-
JKaHHH CBOOOAHOI YIVIEKHCJOTH B BOJAAX H €ro BBLICOKOM TaplHalb-
HOM- 1aBJIeHHH NPH OTHOCHTEJbHO HH3KOM coixepxaHnH Copr. 3IJTO
. BaxKHOe OTJHuUMe BOJ TpPOMHYeCKHX obgacteil or obaacTell ¢ HH3KH-
MH TeMMepaTypaMH.

Caeayiouleii mo Mepe yBeJHUYEHHSI CTeNeHH MHHePaNH3aluH TMOJ-
3eMHBIX BOJ sABJfAETc 06/1aCTb TOPHEIX MACCHBOB, B Mpejejax Ko-
TOPOil TakiKe Hab/aoJaeTcssi BecbMa HHTEHCHBHBEIH BojooOMeH u (op-
MHPYIOTCS TpecHble BOJAbl. XapaKTepHOH 0OCOGEHHOCTBIO TOCTAEIHHX
_ ABJSIeTCS OTHOCHTEJNLHO MNOBBIIEHHAsl HX IIEJOYHOCTh, OOYCJIOB/JIEH-
Had HeJO0CTATOYHBIM HeHTPa/IM3YIOUHM BAHSAHHEM OpPraHHYecKHX Be-
mectB. [loaseMHBle BOAB TOPHBIX 00JacTel B OTJAHYHE OT BCeX
JAPYTHX NPOBHHUMI COAEPIKAT HaHWMEHbIUHE KOJIHYECTBA pPacTBOPEH-
- Horo (Copr) ¥ MuHepanusoBanuoro (COp cB.) opraHuueckoro Be-
mectsa. Poct ofmelt MuHepaJH3alliH NOA3EMHBIX BOJA B paccMmar-
PHBaeMbIX YCJAOBHAX 00ycjaoBjuBaercs Gosiee AKTHBHBIM HaKOMJEHH-
€M B pacTBOpe THAPOKapGOHATOB H CYJb(ATOB KaJbIlHs.

- HanGonee muHepaJH30BaHHLIMH CpejlH BOJ BhIleJaYHBAHHS SB-
JSIOTCH MoJ13eMHBle BOALI 06JacTell YMepeHHOro KJAHMaTa, pPasBHThIE
- Ha naatdopMax, UHTAX U PeKe APEBHHX CKJAaJYaTLIX COOPYKEeHHsX,
OTHOCHTEABbHO HEGOJBIIOH BOA0OOGMEH MPHBOANT K (POPMHPOBAHHIO B
9THX YCJOBHAX OJH3KHX K HeHTpaJbHLIM MOJA3eMHBIX BOJA ¢ 00lleil MH-
Hepaausaunei 328 mr/n. Poct cyMMBl cosieli O cpaBHEHHIO C  JpY-
' THMH DacCMOTPEHHBIMH MNpPOBHHLUHSIMH INPOHCXOJHMT B OCHOBHOM 34
cueT THAPOKapOGOHATOB BCEX OCHOBHBIX KATHOHOB, T. €. CKJIa/JblBaeTcs
M3 CYMMBI NPOAYKTOB MHHEpaJH3allMH OPraHHYecKoro BellecTBa
(CO2) u npoiyKTOB pa3pyllieHHs TOPHBIX MOpoA. B To e Bpems B
3THX BOZAX He HaAOJIIOAAeTCs KAKOro-JIHOO HAKOIJIEHHS KpeMHe3eMa,
UTO NPHBOAHT K pe3KoMy yMmeHbureHHio sHauenus SiOg/E  kaTHoHOB
(cMm. Taba. 69). CrenoBatesabHo, yiKe Ha 3TOH cTaaiun (GOpMHPOBAHHSA
 XMMHYECKOTO COCTaBa IOA3E€MHBIX BOL HAaKOIJIEHHE XHMHUYECKHX 3JIe-
MEHTOB B HHMX TNPOHCXOAHT HENPONOPLHOHAJLHO, a ONpejesaseTcd Xa-
PaKTepOM TeoXHMHYeCKOH cpe/ibl.

HeranbHblii aHATH3 3aKOHOMEPHOCTEH cocTaBa M MHHepaJH3aLHH
- O3eMHLIX BOJA 10 OTAEJbHBIM JaHAIA(QTHEIM 30HAM H JlaXe OTAeb-
HBIM reoMop(o/IOTHYECKHM 3JIeMeHTaM [OBEPXHOCTH MOK43bIBAET, YTO
HX 3HaYyeHHsi BO MHOTOM OMNpEJeNsIOTCS HHTeHCHBHOCTBIO BOLOOOMeEHa
(cm. puc. 14, 23), KOTOpHIl BBICTYNaeT BaKHEHIIHM pPeryJaHpYIOUIHM
thakropom. IIpn 3TOM, 3a HCKIOYeHHeM OOJOTHBLIX BOA, COJAeprKaHHe
_cosieii B NMOJA3€MHBLIX BOJAaX BHIEJAUYHBAHHA B MNpeaenax aJloMOCHJH-
~ KaTHLIX TOPOJA HaXOAHTCH B OOPATHOH 3aBHCHMOCTH OT HHTEHCHB-
HocTH BojgooGMeHa. ra JKe 3aKOHOMEPHOCTh XapakKTepHa H AJf BOJL
. KOHTHHEHTaJbHOTO 3aCOJIeHHs, TdK KaK TNPH MPOYHX PABHBIX YCJIOBHSAX
| HX MHUHepaJu3alis TeM Bhillle, ueM GoJpline cTenenb ucrnapenus. [lo-
cJe/Hee JKe, B CBOI0 Ouepe/lb, KOHTPOJHDPYET HWHTEHCHBHOCTL BOJO-
‘06Mmena. EcrectBeHHO, uTO NpH OAHOM H TOM KOJHYeCTBE OCAaAKOB H
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4 N T S TR A
-é TaGanna 68
l'lo,u.aemnue BOJIbI 30HBI THIEPreHe3a
IpyHTOBBIC BOAB BblILENAYHBAHHS
il Cym-
Kowmmo- | Eannnust | tpomu- I'pyHTOBBIE BOAB Cpennuit cocras MapHoe
HEeHTH H3Mepe- ueckofi [ o6aacTu | oGaactu KOHTHHEHTAALHOIO BOJL 30HB YHCN0
HHUA u cy6- [ mHOoro- |ymepeH- | ropHeX YHCAO 3aconenns*® rumeprexnesa ana-
TPONH- | JeTHEH HOT0 ob.ana- cpeaxee aHa- AH30B
yecKoh| Mepa- KAuMa- cTei JH30B
ofna- | -10TH Ta i
creit
o} M - 6,40( 6,68| 6,82 7,11 6,75 20 365 7,50 6,92 25119
HCO4~ Mr/a 96,5 | 98,8 |212 120 132 20379 344 174 25204
S0,z2- 2 8,87| 5,58| 14,7 | 18,3 159 20379 328 75,1 25 204
Cl- L 10,6 5,58 10,9 6,13 8,30 20379 202 47,0 25204
NO,~ 4 1-8F 0,61 1,43 2,76 1,67 5216 10,4 3,41 6 658
i % 0,421 0,191 0,37] 0,29 0,32 8 859 0,97 - 0,45 11443
NO,- - 0,07 0,03] 0,08 — 0,06 3976 0,50 0,14 4312
Nat - . 13,9 9,46 23,8 | 9,85 13,9 20379 172 45,5 25 204
Ca2+ 3 16,61 20,8 |-37,3 [-29,8 20w 20 379 115 43,9 25 204
Mg . 8,07 6,36( 10,5 8,54 8,37 20379 59,4 18,6 25 204
K 7 2,25 1,156 3,04 1,20 1,94 8000 15,2 4,59 8927
NH* . 0,06/ 0,791 0,44| 0,37 0,42 3122 151l 0,56 4133
Si0, : 21,9 9,63| 14,3 [ 15,2 15,3 7343 26,0 17,4 9009
Cymma » 181 159 328 202 220 20 379 1273 431 22204
CO. (cn.) = 63,1 12,4 { 20.0.}- 8.1 25,9 6947 26,3 26,0 8772
Copr " 5,06| 10, 8,36 1,62 6,23 2007 4,30 5,86 2317
Pco, Ma 1032 | 1032 |-108.2 | 1028 — — 1025 = =
Fe mkr/n | 302 290 759 559 482 14 505 825 547 . 15198
Al . 225 300 247 304 269 3522 317 279 3 900
Sr 3 54,4 | 23,8 (245 109 108 11 496 493 185 13 898
Br . = 50 206 100 101 447 509 183 1 386
Mn . 40,1 | 151 | 42,0 | 29,7 31,7 15 126 120 49 .4 17158
E v 71,61 24,1 )} 68,2 | 80,0 61,0 3170 43 .4 57.5 3778

o O SO - el , o 4 05 ,8 41 ,8

i o i 4.4 0 57,6 34,0 24 105

A 7.80| 9.55| 16,7 | 14.1 2.0 17 456 50,1 19.6 18 849

: 12,0 0,75 9.39] -2.0 6,02 365 56,5 16,1 1418
Li ! 2:20| 5.03| 16,4 | 6.03 7.41 1662 40.3 14,0 2636
Ti ; 3.30| 3.99|-12,0 | 8.63 6,98 18 748 25,4 10.7 20 423
Cu : 5.02| 2.34| 4.85| 6.83 4,78 19314 8.88 5.58 24 548
U : <0,90| 0.32| 2.10| 1,97 1,32 2813 115 3.40 4201
Ni : 4,95 1,77 2.35| 2,29 2'84 18 376 4.57 3.31 23 289
Cr 1 po5f o acl 1871 2.8 2.32 17 949 5,22 2,90 21750
Rb : 2.200 1.5 | 2.35] 1.76 2.00 805 3.08 2'92 1162
Pb : 2.05| 1,52 1.94| 2,49 2,00 17 292 3.07 2:21 22 576
As : <20 | 0,86 2,64 2.31 1,95 16 009 2,55 207 17 658
Mo : 1.55 0.78| 1.04| 2.34 1,43 16 255 4,72 2.06 21 780
\Y - 1,35 0,69 1.60] 1,11 1,09 17 903 3.02 1.55 22 860
Sh : 2 1.93| 1.05| 1.35 1.44 7616 1.81 1,53 10057
Zr - — 098 2.31| 055 1,28 14 332 1,36 1,30 - 15638
Hg i = 0.61] 0,91 <0.76 13326 1,20 <0.91 13731
Se y = S v B <0,77 102 <3,06 <0,91 158
Co : <1,10| 0,32 o0}42| 0,72 0.64 18 255 1.21 0.75 22 996
Ga - <1.5| 0,42 0.68 0.10 0.40 - 1879 0.86 0.49 2543
Th S - 0,07| 008 — 0,08 60 1.80 0,42 690
Sn ! <1,5 | 0.36| 0.58] 0,37 0.43 14 646 0.35 0,41 16 129
Cd ¥ 207 .= 0.15|<0,43 <0.29 1026 0,44 <0.33 2103
Ag : 0,19/ 0,29| 0.20| 0,33 0.25 18 257 0,44 0.29 23 741
Be : <0,3 | 0,03] 026]<0.25 <0.21 8411 0.48 <027 | 9458
Au : — | <0012| 0,008/<0,014 <0.011 1056 <0,084 <0.025 1465
Ra r/a-10712| <0,29| — 0,23 1,07 0.53 1253 4,22 27 1728

C825S9'Cl9 S 38 C131 C3l C50 $27 C123

$opmya — — = s 2= PO e LT g hes
xyé’ﬂé’aa 0:% Ca50 Mg27Na 23 M2 Ry Ca32 Mg27| ***Ca38 Na3b Mg27

f=r]
o

# YHeao aHaAH3IOB npmeneub B Taba. 66.




HekoTopsle xapakTepHbie Ko3()(HLUHEHTH cOCTaBa
NOJ3eMHBIX BOJ, 30HbI FHIEPreHesa

Ta6auua 69

. [TpOBHHUEHK MOA3EMHBIX BOA BhLLEJaYHBAHAS
OTHOUEHHS TPONMHYECKOro Boaw koutH-
371eMeHTOB u cyGrponu- | MHOroAeTHEN FOPHBIX VMEpeHHoro HeHTaALHOro
YECcKOro Mep3noThl o3nacrei KAMMaTa Jacoaenun
KAUMAaTa
Si0,fE karuoHOB 0,54 0,26 0,31 0,19 0,07
K/Na 0,15 0,12 0,13 0.12 0,09.

GJIM3KOH MPOHHILAEMOCTH TOPHBIX TOPOJ YyBe/HHeHHe WCHAPeHHST NMpH-
BOJIHT K YMeHbIlIeHHI0 BojooOMeHa.

CaemoBaTenbHO, H B Ipeje/ax 30HB THIEPreHe3a BhIAEpPXKHBAETCH
SMNHpHYECKas 3aKoHOMepHOCTh, oTMevenHas eute C. H. Hugurunwim
B 1900 r. u no3mxe mnoarBepxkiaenHas bB. JI. JluukoBwim, B. H. Bep-
nagckum, H. K. Mruatosuuem, ®. A. Makapenko, [[x. [Ix. Ye6ora-
pesbim (Chebotarev, 1955) u MHOrEMu ApyruMu. CyTh 3TOH 3MIOUPH-
YecKOH 3aBHCHMOCTH B TOM, 4TO ¢ NJyOHMHOH MO Mepe yMeHbLIeHHs
WHTEHCHBHOCTH BOLOOOMEHA pAacTeT COJEHOCTh MOJ3eMHBIX  BOJI.

OnnoBpeMeHHO ¢ yBesaHueHueM oOLleill MHHepaJaH3alHH BOABI H3-
MeHsileTcss W ee cocTaB. [lJif BOJ BhHILLEJAYHBAHHA B Ipefesax aJioMo-
CHJIHKATHBIX NOPOJ 3TO BLIPaXKaeTcs B INMOCTeNEeHHOH cMeHe KaTHOH-
HOTO MX COCTaBa OT MECTPOro, ONMpeleNsieMOr0 THIOM BOJOBMeNLaio-
IIHX MOPOJ, Yepe3 KaJbIHEeBO-HAaTPHEBHIH H HATPHEBO-KaJbLHEBHIH 10
Hatpueroro (cM. puc. 17, 20, 24). CMena KaJabLHeBO-HATPHEBBIX BOJ
HATPHEBO-KAMbIHEBLIMH IPOHCXOAHT OOBIMHO NpH  MHHepajau3alluu
<1 r/a, a mochAeiHWX CONOBBLIMH—TIPH MHHepaausanmuu >1 r/m
Boanl KOHTHHEHTAJbLHOrO 34COJIEHHS, OCTaBasCh B TMOJAaBJsIOLLEM
GOJIBIIHHCTBE CBOEM HATPHEBBIMH, H3MEHAIOT CBOH AHHOHHBIH COCTaB
oT ruipokapOOHATHOTO, 4Yepe3 CyJAbpaTHbH K 'XJOPHIHOMY CO BCEMH
NPOMEKYTOYHBIMH MOATHIAMH.

HakoHell, ellle OJHA Ba)Has 3aKOHOMEDPHOCThb BLIABJSAETCH TIPH
ananu3e (aKTHUECKOTO MaTepHania, cBa3aHHas c yBeauyeHuem pH
N0/3eMHBIX BOA O Mepe pocTa HX obuiel coJeHocTH (cM. pHC. 2,
15). HOpyrumu c/aoBaMH, HamGoJjee IpecHbie BOJAbl ABIFIOTCA H HaH-
6o/lee KHCJABLIMH M, Ha060pOT, ueM Bhillle HX MHHEpaJaH3alHs, TeM
GoJiblile 11e0YHOCTh. [IpH 3TOM NpH OAHOH H TOH XKe MuHepamn3a-
1IHH MOJ3eMHBle BOALEl YMEPEHHOT0 KJIHMATa OTHOCHTENbHO BOX TPO-
nuuecKol 30HH ABJSIOTCH OGonee mienoynbiMu  (puc. 29). Tak kak
o6uasi MHHepaJau3allus BOJ BHILEJAYHBAHAS B OMNpeleeHHOd Mepe
oTpaxaer MaciiTalpl HX B3aHMOJEHCTBHS C TOPHHIMH NOPOJAMH, TO
MOMKHO 34aKJIOYHTb, YTO C YBeJHYEHHEM CTeleHH B34MMOIEHCTBHSA BO-
ABl C TOPHBLIMH TOPOJAMHM PACTYT €e MHHEPaJH3anus H  WeJ0UHOCTD.

CpeaHuii cocTaB NMOA3EMHBIX BOJA BbIIIeNAUHBAHHA ABJISETCA yMe-
PEHHO TNPecHLIM, CAaGOKHCALIM, THAPOKapOOHATHBLIM KaJblIHEBO-Mar-
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. HHeBLIM. B oTaHuHe OT HHX NOA3€MHBIE BOAEI KOHTHHEHTAJbHOTO 3a-
COJIEHHS SBJNAIOTCS COJAOHOBATHIMH, cjaabollesouHbiMi, cyandatho-
XJOPH/HO-THAPOKAPGOHATHBIMH HATPHEBO-KAJBIHEBO-MarHHeBbIMH
(cm. Tabu. 68).

CpenHuit XHMHYeCKHiI cOCTaB MOJ3eMHHIX BOJ 30HE THOepreHesa
‘paccynTaH HaMH ¢ YUeTOM cJjeayiollero obcrosTedAncTsa. Apuakbie 06-
JacTH MO CpPaBHEHHID C TYMHJ-

HBIMH HA 3€MHOM LIape 3aHHMa-

0T Pe3KO MOJYHHEHHOE TOJOoMKe- iy A
HHEe, N0ITOMY Mpexje yem pac-  _ Iﬂ:

| CYMTATh CPeAHHil cocTaB moA-- =" [
. 3eMHbIX NMPECHBIX H COJIOHOBATLIX 5';6!5'

BOJ, HeOOXOAMMO 3HATH NJOULAN- § s

HOe COOTHOLIEHHE MEeXAY ABYMS  § ppl

- nepeuHcJeHHbIMH obaactsiMu. B § L

| 9TOM OTHOWICHHH CJeLyeT Ha-  §q4f .
| IOMHHTb, YTO TOJAbKO paioHBl ¢ |

pasBHTHEM MHOroJIeTHeil Mep- §£{2- X _yoX
| 370THl  3aHHMAT oKolMo 24% S [ Srondx

%ceﬁ TEPPUTOPHH  MATEPUKOB. 0™ 37 & @58 W bR
- Takas e npuMmepHo mJoNLadb =

3aHsfta 06J4CTSIMH TPOMHYECKO- : B )2

To H CyﬁTpOl’IHHECKOI‘O KiauMara, Puc. 29. 3aBHcHMOCTE MeXAy Beadyunamu pH
'a Takxe obJgacTamMu YMEpEeHHO- H ofweill MEHepaawsauHed NOAICMHBX BOA.
O KJIMMATa H rOpaMH. Kpome To- ! — obaactu e oGaacth
ro, HeoOXOAMMO YUHTHIBATb, UTO

B Npejesax NPOBHHIIMH apHIHO- ‘

IO JUTCTE€He3a MPecHble BOABI, He NOABEPIKEHHbIe CYIIEeCTBEHHOMY BJIHU-
AHUIO MPOIECCOB KOHTHHEHTAJNbHOIO 3aCOJIeHHS, MOJb3VIOTCSI 3HAYH-
' TeJbHbIM pacnpoctpaHeHHeM. ITo3ToMy HaMH NPHHATO COOTHOUIEHHE
MEeX1y pacnpocTpaHeHHeM BOJ, BLIIEJauHBAaHHSA H BOJ KOHTHHEHTaJlb-
HOTO 3acoJleHdst Kak 4 :1 u Ha 3TOil OCHOBe pPacCUHTAH CPEIHHI XHMH-
HeCKHil cocTaB MOA3eMHLIX BOJ 30HLI runeprenesa. [locaennne no csoe-
MY THIY SBJIAIOTCA YMEePEHHO NpecHbIMH, HefTpaJbHbIMH, rHApoKap6o-
HaTHO-Cy/1b(aTHBIMH, Ka/IbLLHEBO-HATPHEBO-MAaTHHEBLIMHU (CM. Ta6.1. 68).

- Taxkum oGpasom, BnepBble AJs M0/J3eMHBIX BOJ BepxHel THAPOAH-
HaMHYeCKOil 30HBI MOJYyueHBl cpeiHHe (KJapPKOBBIE) COAEpPHKaHHS XH-
MHYyeckHX 3jeMmeHTOB. HecMmoTps Ha -M3BecTHYI0 nNpHGIHKEHHOCTD
MOJIyUEeHHBIX CPeAHHX 3Ha4YeHHH, HX pPOJb TPYAHO NEePeOLeHHThb, TakK
KaK ¢ IOMOLLBI0 3THX JlaHHBIX MOXHO pellath BaikHble NpoGJaeMbl
THApPOreOXHMHH raobanapHoro macurtaba, Takue, HanpuMep, Kak MoGH-
JH3a1Hsl U BbIHOC TOA3€MHLIMH BOAAMH XHUMHUECKHX 3JeMEHTOB,
MacmTaGbl XHMHYECKOHl JMeHydalHH, HanpaB/JeHHOCTh BLIBETPHBAHHSA
opHBIX mopox 1 T. 4. A. E. depcman  ykasoiBaJ, YTO B 3aKOHax
'KJIaPKOB KPOIOTCA elle OrpoMHble 006J1acTyl TMO3HAHUS MHPa, H J0JKHA
BECTHCh OrpoMHasi HccaeloBaTelbekas pafoTa, uToObl YTOUHHTH 3TH
'BeJIHYHHBl H NOKa3aTh, KAKOBB KJAapKH B PasHbiX 06JacTaX MHpO3/a-
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ITpexne uem mepeiiTH K CpaBHHUTEJNLHOII XapaKTEPHCTHKE COCTaBa
NoJA3eMHBIX BOJ C PEYHHIMH M MODCKHMH, OTMeTHM, 4To B 1974 .
nosiBuaack paGora E. E. BeaskoBoli, B KOTOpPOil TakXe NPHBOAHTCH
CpeIHHil COCTAB TOA3EMHBIX BOJ 30HbI rumeprenesa (raba. 70). B 1o
Xe BpeMs B paboTe He yKasblBaeTcd, KaK PacCYHTBEIBAJHCh CPeJHHE CO-

_ JlepXaHuf 3JeMeHTOB, M0 Ka-
Ta6auna 70 yyy marepuanaM, Kakoe yHC-

CpejiHHe KOHLUEHTPAUHH XHMHYECKHX JO aHaJHu30B HCNOJbL30BAHO,

3JEMEHTOB B MHHEPAJLHOH COCTABJAIOMLEH B KakKHx perHOHax [IPOBOIH-
BOJ 30HBI THMNEPreHe3a KOHTHHEH

A P el JHCh HCCJAeOBAHHA M T. I.

(% x mMuHepanM3auuH Boaw) -
Ocraercs Nno3TOMY 3arajaikoH,

B KaKOil Mepe NpHBOAHMEIE
Jaement | Konuenrpauusa || dxement | Konuentpauns l.lHCbpbl 0TpakKaloT COCTAB
NOJ3EMHBIX BOJA 30HBI THMEp-
i ; reHe3a, KakoBa . NPeACTaBH-
ﬁ; g:}g.j g'l‘ Hg: TeJBHOCTb HCXOAHOTO MATepH-
_Be 3.10" Na 1.7 ana. CoMHenHe YCHJIHBAETCst
B 1.10°3 Sn 5.107 eule OoJblie, KOra B APYroi
X, g: ig 5\2 3}83 paGore (Beaskosa wu ap.,
Ga 1.10"4 S 5.10-2 1974) npuBopuTcs Ta XKe Tab-
Ge 3.1074 Se n-10-5 JIMIA, C TeMH JKe 3HAYeHHSMH
Fe 5-10"2 Pb 5-10"+ KOHIEHTPALHE  XHMHYECKHX
415;1“ i g:{g:;’) g{, ?:}g:i SIEMEHTOB, HO yKe yKasbipa-
I "4.10-6 Ta (n-107) ercsl, YTO 3TO CpelaHue copep-
Y 2.10" TI (n-107%) KaHus JJIsT BOL FOpHBIX 06.1a-
K 0,2 Te (n-107%) creit CCCP,
gg 3-116") Ei 16-196'3 BuissiBatoT Hemosepue n
Co 1.10"3 0 9.10%5 MHOrHe UHQPEI, BLIaBaeMble
S 2, P 3.10-3 3a cpeanue. Tak, cymma Bcex
La 5:10"5 F 4.1073 JIEMEHTOB, [IPHBEAEHHBIX B
Li 1.1073 Cr 410" rabmuue, cocrasasier 9,956 %
Mg 4.2 Zn 2-1078 3 100% ™MuHepanbHbIX CO-
Mn 11072 Zr 1.10°4 .
Mo 8.10 Cs (8-107%) Jneit. Ecan yuects, 4T0 MHOTHE
Ak 3.10" Cl 0,3) snementl (S, C, N, P, Si
W JIp.) B pacTBOpe MpeacTas-

JIeHbl KHCJIOPOAHBIMH COEIH-
HeHisAMH, TO 9T4 CyMMa MOxeT GHITh YBeJTHYeHa NMPHMEPHO B JBa pasa
i cocraBut opuentuposBouno 20%. Kyna ke peBaiorcs, B TAaKOM CJay-
yae, eme 80% comei? Bens B Tabauie QUrypHPYIOT BCe XHMHYECKHE
9JIeMEHTHI, COCTABJSIONIME MHHEpAaJbHYI0 OCHOBY BOAbl. Ecau BepHTb
oTHM Hudpam, To, HaNpHMep, BoAa ¢ O0UIeH MHUHepaau3alHeil, paBHoil
1 r/a, 6yper comepxkath Toabko 3,0 mMr/i xaopa; 1,5 mr/a cyasdar-
HoHa; 17 mr/n natpusa; 14 mr/a xkaaemust u 1. 4. Heyssiska stux uudp
OYeBH/IHA.

Tpyaso npeacraBuTh ce6e H TO, YTO B CPeJAHEM BOAB COJAEPKAT
kpemunsa 2,0% (B nepecuere na SiO; aro cocrasasier 4,28%), Toraa
kak narpus 1,7%; Ca 1,4%; Mg 4,2%, 1. e. cogep:RaHue KpeMHe3eMa
npeBhIlllaeT ColepxKaHue HaTpua B 2,5 pasa, a kKaapuusi Gojaee uyeMm
B 3 pasa. Bui3biBaiops COMHEHHE BHICOKOE OTHOCHTEJNBHO HATPHA R
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KaJbpllus COAeprKaHHe MarHus W MHOrHe Apyvrue undpoi [Tostomy Mbl
He MoxeM npusuath npuBoaumble E. E. Beaskosoit conepxanus sie-

MeHTOB B Bojlax (cm. ta6a. 70) B KauecTBe CPeAHHX JIsl 30HBI THINeEp-
TeHe3a.

§ 2. CPABHHUTEJIbHBIH AHAJIH3 COCTABA NMOJA3EMHBIX,
PEYHBIX U MOPCKHX BOI

Jaunble, npuBeieHHble B Taba. 71, MO3BOJAIOT c/eNaTh PAJ  HH-
TEpPECHHX BHIBOJAOB II0 HHTEPECYIOLLHM HAC THNAM MPHPOJAHBIX BOL.
Ilpexae Bcero mpoaHaJH3HPYeM COCTAB INPECHBIX MOZ3EMHBIX M I10-
BeDXHOCTHHIX BOA. Herpyano BHAeTs, 4TO CpeAH paccMaTpHBaeMON
TPYNNLI BOJA INOA3eMHass HX PAa3HOBHAHOCThL fBAsercs HauboJiee BH-
COKOMHHEpPaJH30BAHHON: MOJ3eMHEIe BOAK GoJee 4eM B 3,5 pasa o6o-
ramedpl COJNAMH OTHOCHTE/IBHO PEUHBIX H B 2 pa3a — OTHOCHTEJLHO
IIpECHBIX BOJ 3€MHOrQ lLlapa, NMpeACTaBJsIoUHX co00ii cyMMYy MOA3eM-
HBIX, PeUHBIX H O3epHbIX. JIIOGONBITHO, YTO MHHEpaIH3alHs MOCIEN-

. HHX INIPAKTHYECKH COBHOalaeTr C MHHepa.rmaauHeﬁ NOA3€MHBIX BOJO BBI-

T

TR

menaunpanns (cM. taba. 68). XoTs B cojlepKAHHAX OTHGJABLHHX XH-
MHUECKHX 3/1eMeHTOB Hab.101aloTcd 3HAYHTENAbHBIE PACXOXKIEHHS, HO
B 11eJ0M 3TO OOCTOATE/LCTBO JHIIHHHA pa3 CBHIETENbCTBYET O METO-

. IHYeCKH NPaBHJIbHO BHIOPaHHOM HaMH IOJAXOJE K pacyeTy CpeaHero

coCTaBa MojA3eMHBIX BoA. HaGmaonaeMble pacxomKIeHHsl, BHIHMO,
obbscHsOTCS TeM, uto B. 3wmka (Zyka, 1972) B cpemuuii cocras
BKJIOUHJ, HapsAy C TMOA3EMHBIMH, TaKiKe PeuHble H O3epHBe BOJHI,
nMelolne 6e3yc/I0BHO CBOIO CIICHHGBHKY. ;

Econ e cpaBHHBaTL BOABI BHILIEJAYHBAHHSI C PEYHBIMH, 4TO OCO-
OeHHO MHTEPecHO, TaK KaK MepBhle ABJIAITCH HCTOYHHKAMH NMHTAHHA
BTOPHIX, TO H B 3TOM CJydae Mbl YBHIHM, YTO TIOJ3eMHEE BOAK IOUTH
B JiBa pa3a ABJAIOTCA Gojee MHHEPAJIH30BAHHLIMH, YeM peuHbe. Ta-
KOe TOJIOKEeHHE SBJISETCH BHOJHE 3aKOHOMEPHBIM M  JIOTHYHBIM, TaK
KaK peuHble BOABI NPEACTaBJIsIOT co00i cMech NMOA3eMHBIX H OoJee
TIPECHLIX NOBEPXHOCTHEIX. :

[TogseMHEIe BOJBI COAEpPIKAT B (oJiee BHICOKHX KOHIEHTPAUHAX He
TONbKO BCe MAKPOKOMIOHEHTHl, HO H HOAaBJsiollee OGOJbITHHCTBO
MHKPOKOMIIOHEHTOB. M cKimueHne COCTaBJAIOT TOJBKO ¥Kelaeso, AaJio-
MHHHH, Me/b, CBHHEI, 0J0B0 H cepebpo. OgHako Habaiozaemble pas-
JUUES 0 B cAydae NEePedyHCIeHHBIX 3JeMEHTOB SBJAIOTCH He3HAUHTENb-
HBIMH M, BHAHMO, OOVCJOBI€HBl CKOpEe HEeTOYHOCThIO MOJYYEHHLIX
CpelHHX 3HAueHHil Kak A8 TOJA3EMHBIX, TaK M JAJs PeUHBIX BOA, UeM
KaKHMH-TH60 OOBEKTHBHLIMH NpHYHHAMH. He HCK/IOUEHO, OAHAKO;
yTO B Cayyae JKeJe3a H ajJIOMHHHS PeYHBle BOAH cojaepikar Godee BB
COKHE MX KOHIEHTDAIHH 110 TOH TMPOCTOH NPHYHHE, YTO 3TH 3JEMEHTHl
3aXBATHBAIOTCA B OOJBIIOM KOJHUECTBe (OTHOCHTEIBHO APYTHX 3Je-
MEHTOB) BOZAMH IIOBEDXHOCTHOTO CTOKa M MHTPHPYIOT B MEXaHH-
geckoit ¢popMe. B TO Ke BpeMs peuHble BOJBI OTHOCHTEJBHO ITOJI3€M-
HBIX pe3ko (B 4 pasa u Gosee) oGefHEHBl PSAOM XHMHYECKHX 3Je-

‘mentoB. K nocaennum orHocsiTes OGpoM, maprauel, 6op, JHTHH, ypaH,

HHKeb, NHPKOHMII, PTVTh, raJauil, uesuii, Topuit n sonoro. Ilpuyunnsl
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XHMHYECKHI COCTAB MPHPOAHBIX BOJ,

Ta6banuna 71

Peunne [Mpecusie Kospdmnuuenr
s kaae o ronseyns | 00 | gmmms UL Mobetes | Fpminiiinn
HeHTh HaMepe- BOIW SOHH ston, 1963, H o3epHbie (Turekian, BOJAAX
HHA runeprenesa | Tyrekian, | Boam (Zyka, 1969) OTHOCHTEAbHO
1969) 1972) MOA3€ MHbIX
{
pH —- 6,84 — = 8,2 =
HCO4~ Mr/a 174 88,4 73.4 4883 2.8
S0Oz2- k 75,1 11,2 61,9 2712 36,1
Cl- " 47,0 ik 15,19 19 400 413
NO;- = 3,41 F.0 - s =
F- 5 0,45 0,1 0,436 L 2.9
NO,"- 2 0,14 — — — —_
Na+ J 45,5 6,3 8,68 10 800 238
Cazt X 43,9 15 29 14 411 9.4
Mg2* - 18,6 4.1 13,09 1290 69,4
il % 4,59 2.3 1,44 392 85,5
NH,* : 0.56 e 2 =4 K
Si0, & 17.4 13.1 11,8 6,2 0,35
Cymma X 431 120 215 35 500 80
CO, (cB.) 5 26,0 = A =2 ol
Copr = 5,86 6,92 — 0,5 0,085
Nopr & 0,331 0,72 - 0,5+ 0,21
Fe MKT/JT 547 670 391 3.4 0,006
Al 4 279 400 480 1,0 0,0036
Sr . 185 50 211 - 8100 43,7
Br n 183 20 49 67 300 367
B 8 57,5 20 48,8 88 1,53
Mn b 49 4 i 45 0,4 0,0081
B é 41,8 10 260 4 450 106
Zn 3 34 20 73.6 5,0 0,15
Ba - 19,6 10 34,9 21 107
1 5 16,1 % 6 64 3,96
Li 5 14 3 4.6 170 12:1
Ti o 10,7 3 13 1,0 0,093
Cu % 5,58 7 11,4 0,9 0,16
U 4 3,40 0,04 3 3,3 0,97
Ni . 3,31 0,3 5,5 6,6 1,98
Cr & 2,9 1 2,6 0.2 0,069
Rb . 2,22 | 3,0 120 54,1
Pb . 221 3 6 0,03 0,013
As i 2,07 2 1 2,6 1,25
Mo 7 2,01 1 1,3 10 5
v " 1,55 0,9 2 1.9 1,22
Sb " 1,53 1 <0,94 0,33 0,22
Zr . 1,3 <0,0 1,34 0,026 0,02
La - o ) (52 0,11 0,0034 =0,0034
b M <1.,0 0,7 3,51 0,013 >0,013
Nb - <1,0 e <0,3 0,015 =0,015
Ge é <=1 1) —- 0,11 0,06 >0,06
Hg X <0,91 0,07 0,51 0,15 >0,16
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I[Tponoaxenne Taba 7I

P. Peunnie IMpecuuie Kostpduument
BOIIbE peuHbie, Mopckas KOHILeHTpaLHH
Komno- | Eammmus | Iloasemisie | (pjying. no13eMHbIE BO1a B MOPCKHX
HEHTH H3IMepe- BOIW 30HM | stop, 1963, | u o3epumt (Turekian, poAaX
. fs THOGPreHesd. | Tyrekian, | soawm (Zyka, 1969) OTHOCHTEABHO
1969) 1972) NOAIEMHBIX
Se MKT/n <0,91 0.2 0,87 0.09 =0yl
Co . 0,83 0,2 2,0 0,39 0,47
Ga A 0,68 0,09 0,6 0,03 0,044
Cs A 0,52 0,02 1,9 0,3 0,58
gh . 0,42 0,1 1,0 0,0004 0,001
Sn ' . 0,41 0.5 1,45 0,81 o
Cd" % <0,33 — <0,1 0,11 =0,33
Ag'. " 0.29 -~ 0,3 0,34 0,28 097
Be I < 2T —— 0,2 0,0006 =0,0022
iS¢ " <0,1 0,004 0,054 <0,004 0,004
Bi : <0,1 — <0,01 0,02 =>0,2
W ! 5 <0,1 "'I' 0,03 <0,052 <0,001 =0,01
Au 5 <0,025 | 0,002 0,011 0,011 >0,41
 Ce b - - 1,40 0.0012 —_
g In " Sy -— <0,10 0,01 —
- Yb " = = 0,01 0,00082 —
 Ra r/a-10"12 1.27 0,35 0,779 0,10 0,078

' [lo B. M. Iseuy (1973); ? oSofuieHHHe HAMH 1aHHBE [0 pexam Mupa; 7 cymMMa BCeX MpoM3-
BOLHBIX YrOAbHOM KHCIOTH; ! cymMMa Bcex coexunenufi asora; * mo A. 3. Kouroposuuy (1968).

- TAaKOro SIBNIGHHS B HACTOAIllee BPeMsi HE COBCEM MOHATHH M TpefyioT
CHelHaJbHOr0 paccMOTPEHHS.

Muorue XMMHYECKHE 3JeMeHTH B MOJ3eMHBLIX BOAAX KOHUEHTPH-
pylorcs GoJee aKTHBHO He TOJBKO OTHOCHTEJNBHO pEUHHIX, HO H
MOPCKHX, XO0TS cyMMa cojiedi B mocaeinux B 80 pas Buille, ueM B mep-
BbiX. Bee 310 roBopHT 0 60sBMIOM CBOEOOpPAa3HH TOH TeOXHMHYECKOH
©00CTaHOBKH, KoTopas (OPMHpYeTcs B MOA3EMHBIX BOAAX H KOTOPYIO
HeJb3sl TO3TOMY H/IEHTH()UIHPOBATL ¢ OOGCTAHOBKOH MOPCKHX Gac-
CeHHOB.

[Tepeuenp 3JeMEHTOB, KOHUEHTPAIH KOTOPHIX B MOJA3EMHBIX BO-
Jlax OTHOCHTE/JbHO MOPCKHX OT/IHuaercs Gojblle YyeM Ha MaTeMaTH-
YeCKHH MOPSAJ0K B Ty HJIH HHYIO CTOPOHY, mNpHBedeH B Taba. 72.

- Herpyano BHAeTb, 4TO cpeiu 3JeMeHTOB, HanGo/jee aKTHBHO KOH-
IIeHTPHPYIOIHXCSE B OKeaHe, pPe3Ko Npeob/afaloT BecbMa MNOJABHMKHBIE

3

3

B VCJ0OBHSIX 30HBI THnepreHesa. MckiaioueHHe COCTaBJISAIOT TOJBKO Ka-
JuH ¥ pyOHIMH, NOABHXKHOCTh KOTOPHIX B MOJA3eMHBIX BOJAaX He #B-
JsieTcA BHICOKOH. B cBOI0 ouepenb, B MOA3EMHBIX BOAaxX OTHOCHTEILHO
OKeaHa HaHGoJbLIas CTelleHb KOHIEHTPHPOBAHUSA XapaKTepHa npexie
BCEro JJIsi 3J1eMeHTOB-THIPOJH3aTOB, BeCcbMa MaJOMNOIBHMKHBIX B YC-
JIOBUSIX 30HBI THnepreHesa. CiejoBarte/bHO, NMOJA3EMHEIE, a He MOp-
CKHe BOALI ABAAKTCA Gojdee 61aronpHATHOH TNPHPOAHOH CHCTEMOIN
JUI MUTPallMH 3JeMeHTOB-THApoJu3aToB. BuauMo, 3To cBf3aHo ¢ TeMm,
uTO NOA3eMHLIE BOALI ABAAIOTCA OoJee KHCALIMH H  COMAEpXKaT Hau-
Gosiee BBICOKHE KOHLUEHTpalHH OpraHHyeckoro BellecTBa, Crnocob-
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Ta6bauua 72

Koathpuunent konuenrpupoanus (KK) A

HEKOTOPLIX XHMHYECKHX 3JIEMEHTOB B MOPCKHX BOJax

Hor?);::;e:-r:’oljguﬁigz;iaa“::;UJE. 3nemenr.ﬂ, CoJlepAHaHne KOTOPDHX B BOA¢ OKeaHa HHMKeE,
uéM B NOA3eMHBIX BOIaX YeM B NOA3€MHBIX BOOAX

3JeMEHT KK IMEMEHT KK 31€MEHT KK
Xaop 413 Topuii 0,001 Huobuit 0,015
Bpom 367 Bepuaauii 0,002 Llupkonnit 0,02
Harpuii 238 Jlautau 0,003 Fananumii 0,04
Bop 106 AnovMnuuii 0,004 || Yraepox (opr.) | 0,05
Kanuit 85,5 Cxannuii 0,004 [epmanmnii 0,06
Maruuii 69,4 Keneso 0,006 Xpom 0,07
Py6unnit 54,1 Mapranen 0,008 Panuii 0,08
CrpoHuuii 43,7 Boapdpam 0,010 Turan 0,09
Cepa 36,1 UTTpHii 0,013 Cenen 0,10
Jlutuit 12,1 |- CBuuen 0,013 — —

cTBylomiero 06pa3oBaHHI0 KOMIIEKCHBIX COEAHMHEHHH ¢ MalomoJiBHIK-
HBIMH 3JIeMeHTaMH.

Pasinyne re0OXHMHYECKHX YCJOBHH, HaGJI0aeMbIX B MPECHBIX MOJ-
3eMHBIX H MOPCKHX BOJax, IPHBOJIHT K TOMY, YTO HHTEPBaJ KOHIEH-
Tpauuii, B Npeienax KOTOPOrO CYLIECTBYIOT 3J€MEHTH B pacTBope,
3HAYHTEJBHO CYXKEH B IIePBHIX H PACTAHYT BO BTOPHIX. D10 06CTOS-
TEJBCTBO CO3/1deT ONpeAeJEeHHYI0 IHCTAPMOHHIO MEXAY MNOA3eMHBIMH
H MOPCKHMH BOJAAaMH M TNPHBOAHT K KOHIEHTPHPOBAHMIO MaJONOJ-
BHJKHBIX 3J/eMEHTOB B 0CaJKax MOPCKOTO JHA.

Takum o6pa3oM, Mex1y COCTABOM NOA3EMHEIX BOJ 30HBI THIEpre-
He3a W OKeaHOM CYLIECTBYIOT onpejeseHHbIE pas/HuHs: OKeaH KOH-
LEHTPHPYET NpPeHMYIIeCTBeHHO NOJBHIKHBIE 3JEMEHTHl, a TNOA3eMHble
BOJbl — Hapsily C NOABHKHBIMH H OTHOCHTEIbHO MAaJONOABUKHBIE.
3710 06CTOATENLCTBO, OJHAKO, He JaeT OCHOBAHHI COTJIACHTBCH C BHI-
.posiom E. E. BeJKOBO# M Jp. O TOM, 4TO «IPH CONOCTABJEHHH KOH-
LeHTPaUKii 3/eMeHTOB, YCTAHOBJEHHLIX B NMPHPOJAHBIX BOAAX 3aBello-
MO PerHoHaJbHO PYAOHOCHBIX TEPPHTOPHIl, ¢ KOHIEHTPAUMSAMH HX B
MOPCKO# BoJie BLISICHSIETCS, UTO JakKe caMble HH3KHe H3 HHX Ha OJHH-
IBa MaTeMaTHYeCKHX TMOPsjAKa mNpeBumanT mnocaeanne» (Fuapoxu-
MHYeCKHii MeTox,.., 1962, c¢. 23). DToT BHIBOJA YKasaHHHIX aBTOPOB —
ciencTBue OWHOKH, CBSI3aHHOH C TeM, 4YTO KOHLIEHTpAalHd XHMH-
YecKHX 3JEMEHTOB B IOJ3eMHBIX BOJaX Bbpaxaaacb HMH B [po-
IleHTaX K CyXOMY OCTaTKy, @ B MOPCKOIi BOJie — K Macce BOJbl BMeCTe
¢ MHHepaJbHBIMHE COJSIMH, T. €. B eHHHIAX, DeKOMEH/I0BaAHHEIX B CBOE
spemsi B. M. Bepuanckum u ucnoassyemuix A. I1. Bunorpamosoiv, Ha
paBoTy KOTOPOr0 CCHUIAIOTCH YKasaHHble Bbillle HCCJAEA0BaTeNH.

B 3akaioueHue OTMETHM HECKOJBKO XapaKTePHHX OcoGeHHOCTel
cOCTaBa MOJA3eMHBIX BOJ B CPaBHEHHH C COCTaBOM JHTOChepHl H GHO-
cdepnr (Taba. 73). TIpexae Bcero ejeAyer OTMETHTb, YTO COAEPIKAHMU
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TaGaunma 73

=
w CpaBuuTe/bHble JAHHBIE N0 PACTPOCTPAHEHHI0 XHMHYECKHX 3JIEMEHTOB
2 B MaJOMHHEPAJIH30BAHHbIX MOJA3EMHBIX H MOPCKHX BOAAX, JKHBOM BeLIECTBE H FOPHBIX NOPoAAX
B
Jlexana Bec. % npecnueml;%laeuﬂue Mopckne Boasl ()rii(é%a::b:::ﬁef;‘?f?) (Bmgl}-';::(?:pla%m
1| sie |OH 0, H 0, C, H 0, Si
11 10t—100 — Cl, Na — Al Fe, Ca, Na, K, Mg
111 100—10"1 — Mg N, Ca; K, Si Ti, Mn
IV| 10-1—10"2 — _ 5.-€a, K Mg, P, S, Na, Cl,Fe| P, F, Ba, S, Sr, C, Cl, Zr, Rb
V| 102—10-3 | C, CI, Na, Ca, S, Mg Br, C, N Al, Ba, Sr, Mn, | V,Cr, Zn, Ce, Ni, Cu, Nd, Li, Y, La,
. B, TR Nb, Ga, N, Co, Pb, Th, B, Sc
VI| 1073—10"4 | Si, K, N St, B, 51, F Ti, F, Zn, Rb, Cu, | Pr, Sm, Gd, Dy, Tb, Be, Cs, Er, Sn, U,
V, Cr, Br, Ge Ta, Br, As, Ho, Ge, W, Eu, Mo, HI, Tl
VIl| 10"+—10-5 | Fe, Al, Sr, Br Li, Rb Ni, Pb, Sn, As, Co| Lu, Sb, I, Yb, Jn, Cd
VvIII| 10-5—10-8 | P,Mn, B, Zn, Ba, I, Li, Ti | I, Ba, Mo Et -Mo=Y.Cs Hg, Ag, Se, Pd
IX| 108—10-7 | Cu, U, Ni, Cr, Rb, Pb, | Ni, Zn, Fe, U, As, V, | Se, U, Hg Bi, Au, Te
As, Mo, V, Sb, Zr AL
X| 10-7—10-8 | Hg, Se, Co, Ga,Cs, Th, [ Cu, Sn, Mn,¥Co, Sb, — Re
Sn, Cd, Ag, Be, La, Y, | Cs, Ag, Cr, Hg, Cd
Nb, Ge Y
XI| 10°8—10-9 | Au, Sc, Bl, W Se, Ge, Pb, Ga, Zr, Bi, - —
P Nb, Y, Au
X11| 10-2—10~10| Ce, In, Yb La, Sc, Ce - S
XIII| 10=t—]10=11 — Yb, Be, Th, W - - —
XIV] 10-11—10-12 — — Ra —
XV| 10712—10"13 | Ra — - —
XVI| 10-13—10"14 — Ra - -—
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XHMHYECKHX 3/J1€MEHTOB B BOAAX OTHOCHTENLHO TOPHBIX MOPOL H ky-
BOTO BelllecTBa fBJAIOTCA Ha HECKOJbKO MaTeMaTHYECKHX TOpfkop
6osiee nuskumu. He cumrtas KHC/aA0pOAd, KOTOPBIH COCTaBJSIET ocHopy
BCEro BellecTBa 3eMHOH KOPBI, TOJNBKO XJIOp, HATPHI, MarHui, cepa y
430T 1O BeJHYMHE KOHUEHTPAlHH B MOPCKHX BOAA4X CPABHHMBL ujp
Jiaxe TpPEeBBILAIOT HX KOHIEHTPAallHH B TFOPHHIX nopoaax (xuop) u
JKHBOM BeulectBe (xJop, HaTpuif, maruuii, 6pom). Caenosatensuo,
ruapoctepa HMEeT COBEpIIEHHO YEeTKYI0 TeOXHMHUECKYIO CHelHaan3a-
UHI0, KOTOpast OT/IHYAeT ee Kak oT JHTOocdephl, Tak H oT GHOCheph,

B mnoasemublX Boaax Haubojee KOHUEHTPHPYIOTCH Te 3/EMEHTEHI,
KOTOpHIE He CKJOHHBI K 00pPa30BAHMIO YCTOMUMBOH KPHCTAJNIHYECKO
peuieTk B TEPMOAMHAMHYECKHX VCJOBHSIX BepXHel dYacTH 3€MHOI
kophl. K nociaeannm oTHOCATCS 3/JeMeHTH, HMeoomiue JduG0 G0dblnof
HOHHBI paxnyc (xaop, 6poM, Kaauit u ap.), 1060, Ha0O6OPOT, MaJkli
(cepa, yraepon, a3or u Ap.), HO crnocofHble K 006Pa30BaHHIO CHOKHBIX
KHCJOPOAHBIX COelHHeHHE ¢ Goapmium paguycom (SO, COz2-,
NO3;~ u np.). B 3TOM COCTOHT OHO M3 BaXKHEHIIHX OTVIHYMH COCTaBa
‘TI0J3eMHBIX BOJL OT TOPHBEIX MOPO/L. :

Cpeau 3/71eMeHTOB, KOTOpble 00pa3yioT B NMOA3EMHBIX M MOPCKHX
BoJax HauboJiee BBICOKHE KOHLEHTpaluH, nmpeo6iagaioT Jubo JHTO-
duabHbe, HMefoUlHe 8-3eKTPOHHOE CTpPOeHHe AaTOMHOH 0060J0YKH
(HaTpuit, MarHui, XJ0p, KaJawWil, KaJblUuH, cTpoHIMiH, Oaphii), Jaubo
XaabKouabHbie, nMeoune 8 u 18-31eKTPOHHOE  CTPOEHHE ATOMHOI
obonoukr (cepa, 6poM, HOZ, pTYTh). B To ke BpemMsi 3JeMeHTH ¢
JOCTPaHBAIONIHMCS THIIOM 3JEKTPOHHOI 000JIOYKH, a TakiKe HHEpT-
Hble ra3bl XapakTepusylotcs HauboJiee HH3KHMH CpPelH APYrHX 3Jie-
MEHTOB KOHIEHTPaLHIMH.

H3noxeHHBlil 31ech: KPATKO MaTepHaJ MNO3BOJfAET, KaK HaM  Ka-
JKeTCsl, 3aK/IOuHTh, YTO paclpejejeHHe XHMHYECKHX 3JIeMEHTOB B
MOJA3eMHBIX BOJaX HOCHT OTJIHYHBIH XapakTep OT HX pacrnpeieseHHs B
Jutocdepe, B LEJIOM, YTO MOMYEPKHUBAET crmenH(UKY cocTaBa BOJAHOI
000J104KH 3eMJIi.



[JIABA VIII

PABHOBECHO-HEPABHOBECHbIH XAPAKTEP
CHCTEMbI BOJA — IFOPHBIE NOPObI

- YeraHOBJEHHAs BbIUIE 3MIHPHYECKAds 3aBHCHMOCTb  COJIEHOCTH
J0A3eMHbIX BOJL OT HHTEHCHBHOCTH BOAOOGMEHA, a 3HAUHT KOCBEHHO
| OT BPEMEHH CONPHKOCHOBEHHS BOJBI C TOPHBIMH Nopoaamu Tpebyer
)aCKPBITHSI TIPHYHH JaHHOTO $BJIeHHS. JTO, B CBOIO Ouepelb, CTABUT
Jayy BBIICHEHHS CTeNeHH HACHIIEHHS [OA3eMHBIX BOA OTHOCH-
ILHO BOJOBMEIIAIOUIHX TOPOJl B PA3NHYHBIX JaHAWAQTHEIX 30HAX.
Huke paccMOTPHM 3TH BOMPOCHL.

§ 1. PABHOBECHE BOJbl C KAPBOHATHbIMH
H AJIOMOCHJIHKATHBIMH TMOPOJAMH

Pasnoo6pasne BonoBMellalomux nopoa Ttpebyer anuddeperunpo-
HHOTO nofxona K npo6JemMe B3auMoOJeiicTBHS HX C BOAHBIMH
cTBOpaMH. B ycloBHaX 30HBI runepreHe3a Haubojee HIHPOKO pac-
DOCTpaHeHbl aJMIOMOCHJAHKATHBIE H KapOoOHATHbLIe MOPOABI, HrpatollHe
HOBHYIO pPOJb B O6GOralleHHH MOA3eMHBIX BOA XHMHUECKHMH 3Je-
MeHTaMH H TpeOylomue MostToMy ocoboro BHHMaHHA. Baxho mnoa-
IePKHYTh, YTO B3aHMO/efiCTBHE PACCMAaTPHBAEMbIX THIIOB MOPOA C BOJA-
MH pacTBOPAMH HOCHT Da3JjIHUHBIH XapakTep: Kap6oHATLl pacTBOPH-
J0TCA B BOJ€ KOHTPYIHTHO, aJIOMOCHJIHKATHI — HHKGHIPY3HTHO. ITO:
06CTOATENILCTBO ONpefiesifeT PasfHYHBIA MOJAX0A K npobieMe paBHO-
'BECHSI HX C BOJIHBIMH PACTBOPaMH.
~ IlpoGnema paBHOBeCHSI BOABI ¢ KapOoOHATHBIMH TNoOpojaMi, H B'
JACTHOCTH KaJIbLLUTOM, HAMH YacCTHYHO y¥Ke paccMaTpHBaJjach Ha IpH-
' Mepe MOoA3eMHLIX BOJL 30HB yMepeHHOTO KJaumarta (cMm. puc. 22), rae
BBl c/leJiaH BbBIBOA O 30HaJbHOM XapaKTepe fIBJACHHS HACILIEHHOCTH
'Boj KapOonartamu. IloaTBepaum sTo moJoxKeHke Ha Gojee OGIIHPHOM
‘MarepHaJe, NMOAYePKHYB TpPeABaPHTENBHO, UTO MLl HE CTaBHM CBOeil
- lleJIbH0 JIeTaJIbHOE TepMOAHHAMHYECKOe H3y4YeHHe CTCIE€HH HachbillleH-
HOCTH BOJABI OTHOCHTENBHO KaJjbllHTa B KaX[A0OM KOHKPETHOM cJayyae,.
Kak 370 Jenaercs Bo MHorux paborax (Back, 1961; Langmuir, 1971
M 1p.), a npeaycMaTpHBaeM BbIiBJeHHe TOJbKO 0O0Mlel TeHAeHIHH
pPa3BHUTHSA STOTO Mpollecca.

Jns BHISICHEHHsI CTeNleHH H3MEHEHHsI HACBHIULEHHOCTH TOA3eMHBIX
" BOJl OTHOCHTEJIBHO KaJbLHTa C H3MeHeHHeM CTeNleHH HX COJIEHOCTH H
. [IeJIOYHOCTH MBI BOCHOJNB30BaJHCh HHIEKCOM HepaBHoBecHocTH (Paces,
i 1972) wau, no tepmunonoruu B. I1. 3Bepesa (Murpauus..., 1974),
| NoKa3aTeJeM arpeccHBHOCTH A, KOTOPHIH paBeH

A=1g~:§7,

rie K —koHcranta peakuun; Q —ksorant peakuun (Tappenc,
Kpaiicr, 1968, c. 19). ITo Mepe HacbillleHHst BOA OTHOCHTEJIBHO Ka-
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KOro-mH60 COeIuHeHHS  HHAEKC HePaBHOBECHOCTH YMEHBIIAeTCH,
CTPeMSCh K HYJIO, NMPH NEepecHIleHHH BOJ ero 3HAYeHHs CTAHOBATCH
OTPHUATENbHBIMH; HYJeBOe 3HAYECHHE XapaKTepH3yeT paBHOBeCHoe
COCTOSIHHE. !

B cayyae Kaapunta paBHOBecHe BOABLI ¢ MHHEPAJOM KOHTPOJHPY-
ercs peakineii: CaCO;+HyO+ COy=Ca?t+2HCO;, koHCTaHTa KO-
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Puc. 30. 3aBHCAMOCTH 3HAYEHHIl HHAEKCA HEPABHOBECHOCTH oOT obuiefi MHHCPANHSAUHH NO/A3CM-
HBIX BOJ Pa3saHYHBIX Jangwadgros.

I — tynapa; 2 — cesepnas ftafira; 3 — Gonora ymepenuoH 30HH; 4 — cMemaHHble Jeca; 5 —
IMHas Tafira; 6 — JecocTenb; 7 — CTenH YMEpeHuoro mosca; & — BAaMKHbBIC CABaHHE 9 — Tpo-
MHYeCKHe H SKBaTopHalbHble Jeca; 0 — cyGrponuyeckne jeca; I/ — cyxHe caBaudsl; [2 — cTenm
TPONHYECKOTrO Mosica; /3 — BhICOKOropHas soHa; [4 — cpeaneropiibie Jaeca; I5 — ropusle cremn

Puc. 31. 3aBHCHMOCTh 3HAYEHHN HHJAEKCAa HePABHOBeCHOCTH orT pH noA3eMHBIX BOJ Ppa3aAHYHBIX
‘) nanpwadror. -

(Ycaosuble oGosnauedus cM. puc. 30)

Topoit mpu 25°C pasua 10-57, Toraa Kak KBOTAHT peaKUHH H3MeHs-
ercs ot 10~%! no 10-1%! a uHAEEKC HEPABHOBECHOCTH COOTBETCTBEHHO
or munyc 0,6 1o nmoc 4,4 (puc. 30 u 31). HaunGoapline 3HaueHus
MOCJeHEr0 XapakTepHHl A BOJ BJIAXKHEIX -CaBaHH H 3a60JOYEHHBIX
JanamadToB YMepPeHHOH 30HBI, T. €. 3TH BOJABI OTIHYAIOTCH HAHMEHb-
meli CTEeNeHbI0 HACHIIIEHHS OTHOCHTENBHO Kauapuura. OTpuuaTenbHbIE
3HauYeHHsI HHJEeKca HepPaBHOBECHOCTH, CBHIETE]bCTBYIONLHE O HEKOTO-
poil mepecHIEHHOCTH PacTBOPOB KapGOHATOM KaJbllufl, YCTaHOBJIEHHI
B BOXax JeCOCTENHHIX M CTEMHBIX JaHAmadToB. Boasl HOMKHOTAEKHBIX
H TOPHO-CTENMHBIX JaHAmadToB OJH3KH K HACHILIEHHIO, HO B cpelHeM
PaBHOBECHS C KaJblLIHTOM He JOCTHTalOT.

Baxuo o6paTHTh BHHMaHHe Ha 4eTKYI0 06paTHO MPONOpUHOHAb-
HYIO 3aBHUCHMOCTh, HMEIOIIYIO MeCTO Me¥K/1y HHIEKCOM HepaBHOBeC-
HOCTH - oOllel MuHepaausauueir Boab (cM. puc. 30): no Mepe yse-
JUUEHHSI COJIEHOCTH PAaCTBOpa CTeNeHb €ro HACLIIEHHA OTHOCHTEJbHO
KaJapllHTa Bo3pacraer u npu Munepaauszauuu 0,6 r/n craHoBures. pas-
HOH HYJIIO, T. €. JOCTHTaeTCsi paBHoBecHe. AHalornyiasi 3aBHCHMOCTh
paccMaTpHBaeMOro HHAeKca ycTaHasjauBaercss M ¢ Beawuusoii pH*

* Tak kak puc. 31 noctpoed # aorapudmuueckom macwrabe, paccmarpupaeMas
3aBHCHMOCTb HOCHT JIHHEIHbII XdapaKTep.,
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(cv. pue. 31): no Mepe yBeJHUeHHS IUIEJOYHOCTH pacTBOpa HHJAEKC
HEPABHOBECHOCTH YyMeHbluaercs u npu pH 7,4 cranosuTcs paBHBIM
. HVJII0, T. €. IOCTHIaeTCsl PABHOBECHE BOJBI C KaJbIHTOM.
' Takum oGpasoMm, noj3eMHble BOJAbl, HMEIONIHE MHHEPAJH3AIHIO
- 6osee 0,6 r/an u ognoBpemenno pH Goaee 7,4, Kak npasuio, Hachille-
Hbl KapOoHATOM KaJblLH$, KOTO-
pblil HOTOMY B 3THX YCJIOBHAX
HE TO/bKO He pacTBopsercs, HO,
HaoOOpOT, BbICAKHBAETCHA H3
pactBopa. Takue HachIIEeHHBIE
KapOoHaTAMH BO/Jbl PAa3BHTHl B
VCJIOBHSIX  JIECOCTENMHBIX, CTell-
HBIX, 11OJIYNYCTHIHHBIX H MYCThIH-
HbIX JlaHamwagTos. Bo Bcex apy-
THX CJAyuasix paBHOBECHblE C
KaJblIHTOM BOAbl  0e3yCJ0BHO
TaKxe BCTPeyarTCs, HO OHH Or-
PAHHYEHHO pacnpocTpaHeHbl H
3T0 0OYC/IOBJEHO BJIHSIHHEM He - '

1 1
DerHOHAJNBHBIX, 4  JOKAJBHBIX ool o8 g e

(hakTopos. E’.’ EZ

-CpE}ZlH JIOKATbHBIX anKTOPOB PHc. 32, PacTBopHMOCTH KaJbUHTA B KOOP-

ocofast poJb NpHHALTEKHT ca- munarax [Ca*t]—[COs~] mpx 5°C c namece-

HHEM bl ocTal AJAWMOCHAN~
MHM KBPGOHaTHbIM foponam, xa:nuxna‘a“) :‘c xpgon:r:{lxm(‘%) nopoa, Ho-
TaK KakK B MNpejeaax NnocjaeflHHX PHABCKOTO pafiona

BCerja HMeeTcsl MOTEHIHAIbHAS
BO3MOKHOCTh NMOJHOTO HACHLIIEHHS BOJbl COOTBETCTBYIOIIHMH COJSIMH.
U rtakue QakThl HMEIOT MECTO BO' MHOTHX JaHAmagTHLIX 30oHax. B ka-
uecTBe MpHMepa Ha pHc. 32 MoKasaHa CTeNeHb HACHILCHHS MOA3eMHbBIX
BOJi KapOOHATHBIX M aJIOMOCHAMKATHEIX nopoj Hopuiabckoro paitona
OTHOCHTEIBHO KalblUHTA. PHCYHOK NMOKa3bIBAET, YTO BOJbI H3BECTHSIKOB
M0 CpPaBHeHHI0 ¢ BOAAMH aJI0OMOCHJIHKATOB B OoJblieil creneHu obora-
uledpl KapOOHATHBIMH COJIIMH H B OTAEJABHBIX CIy4asix HaOJ0AaeTcs
Jazke npejiesl HacklleHHs. DTO €CTeCTBEHHO, TAK KaK KapOGoHATHI Jy4-
ure W HGplcTpee pactopsiiores. [lonHoro HacuIleHHS BOALI B HUX He
NPOUCKOANT TOJNBKO M3-32 HHTEHCHBHOTO BOAOOOMEeHa, MpepbiBaloIlero
B3aHMOZeHCTBHE BOALI C MOPOAOI paHblie, YeM HACTYMHT XHMHYeCKoe
paBHosecHe. Poib JIOKaABHBIX (PAKTOPOB HEOOXOAHMO NMO3TOMY BCEraa
VUHTHIBaTE, HO B JaHHOM cJyyae ITepel HaMH CTOMT 3ajaua OoJee 06-
. lero maaHa, CB3aHHAS C BHIACHEHHEM POJIH perHoHaJbHLIX (DAKTOPOB.
B 3TOM OTHOIIEHHH BBICHSIETCS, UTO HACBHILUIEHHE TOA3EMHBIX BOA Kap-
OoHaTaMH HOCHT 30HaJbHbI Xapakrep, oOOYCJOBJEHHBIH B KOHEYHOM
HTOre He JIHTOJOTHYECKHMH, a KJAuMaTHyecKHMH (akropamu. dpyramu
C/IOBAMH, Ha ONpPE/eJEHHOM 3Talle 3BOJIOIHH COCTABA BOJ, a MMEHHO,
xorpa cymma coaeit mocturaer 0,6 rjm, a pH 7,4, mop3emuble BOAbI Ha-
chlillaloTcss KapOoHAaTaMu B NpejesiaXx He TOJbKO KapGOHATHBIX, HO H
|  amOMOCHJHKATHBIX NOPoJ B peay/abrate ux paspyiuenus. [locaeanee
| noareepxaaloT crneunanabHele pacuetol (cM. Tada. 36, 57).
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Hrtak, anioMOCHIHKAThl, HECMOTPS Ha HH3KYl0 pPacTBOPHMOCTH, B
6/ aronpUATHEIX YCJI0BHAX (nmpH caabom BojooOMeHe) o6GecmeyHBaloT
noji3eMible BOALI COJAMH B TAKOM KOJHYeCTBE, KOTOpPOe NPHBOAHT K
BHITIAIEHHIO HX H3 pacTBopa M 00pas’soBaHHI0 BTOPHYHBIX KapOOHATOB.
B cuny toro, uro BonooGMEeH B YCJOBHSIX 30HB THOEPTeHE3a HOCHT
30HAJBHLIH XapakTep, sIBJeHHe HAcCHIIleHHs BoA KapGoHaTaMH TaKkKe
SIBJISIETCS  30HAJBHLIM, OOYCJOBJEHHEIM ONpeleJieHHbIM BpeMeHeM
B3aHMO/IEHCTBUA BOALI C FOPHBIMH NOPOAAMH H TPEeXJe BCEro aioMo-
CHITHKATaMH.

Ilepexoass K paccMoTpeHHI0 npolJieMbl paBHOBECHS BOABI C aJiio-

MOCHIHKAaTaMH, MOJAYEepPKHEM, 4TOo 3TOT BONPOC XOTA H  I[OCTAaBJEH
J4aBHO, HO C (PH3HKO-XHMHUYECKHX H TepMOJHHAMHYECKHX [MO3HIHI
npaktuyecku He uayuascda. llInpoko nsBecTHble (HaKTh HHTEHCHBHOIO-
BbIBETPHBAHHA aJIOMOCHJHKATOB B YCJOBHSIX 30HBI THIEpPreHe3a yiKe
JaBHO TpHUBEJH HccJefoBaTelNed K- BHIBOAY O HEDABHOBECHOCTH [AaH-
HOH cucTeMHEl. FIMeHHO Tak M paccMaTpHBAIOTCS 3TH BONPOCH B H3-
BecTHBIX pabGorax B. B. [ToamuoBa, B. M. Bepraackoro, A. E. ®@ep-
cmana, A. U. Ilepenbmana, M. U. 'nusbypra u ap. Oanako ¢akrt He-
PaBHOBECHOCTH ellle He roBOpHUT 06 ee NpHpOJe, PaBHO KaK H O CTe-
NeHy ee NPOSIBJEHHS] B Ka)K10M KOHKpeTHOM cayyae. Hamnpumep, co-
BepIIEHHO OCTAeTCs HesCHHM, BO3MOXKHO JH YCTAaHOBJEeHHe paBHOBe-
‘CcHSl BOABI C TIEPBHYHLIMH AJIOMOCHJIHKATAMH, H €CJH 713, TO B KaKHX
VCJIOBHAX; €CJH HET, TO MoueMy H KakHe (DaKTOPHI KOHTPOJIHPVIOT 3TV
HEpaBHOBECHOCTh.
; OG6GbuHO MHOTO TOBOPAT M NMHWIYT 06 00Mled HePaBHOBECHOCTH MpPO-
1leCCOB, COBEPUIAMIIHXCA HA MOBEPXHOCTH 3eMJIH, 00 OTKPBITOCTH CH-
CTEMBI, He3aMKHYTOCTH LHKJIOB H T. 1., HO MaJOo BHHMAaHHA yiaens-
eTcsi M3YUeHHIO NPHPOABI 3THX, B 00llleM, HepaBHOBECHBIX MPOLECCOB
H CBHIETEJbCTBO TOMY MpPaKTHYECKH TOJHAas HeH3Y4eHHOCTh MpobJe-
MBI PABHOBECHS BOJLBI C aJIOMOCHIHKATaAMH.

BaaumosieiicTBHe aTIOMOCHJIHKATOB C BOLOH, KakK Ve OTMeuaJoch,
HOCHT HHKOHTPY3HTHBIH XapakTep, T. €. B PacTBOP MepexoJsT He Bce
XHMHYECKHe 3JeMEHTBl, a TOJbKO TO/BHKHbIE B KOHKPETHBIX Te0xH-
MHYECKHX YCJOBHAX. YYacTBYIOT B ITOM IpOIECCe H CAMH MOJIEKYJhl
oAbl (cm. ra. I). TTostomy B ZlaHHOM cJyuae MH HMeeM [eJo C MHO-
TOKOMIIOHEHTHOH CJIOXKHOH CHCTeMOH, pasBHTHE KOTOPOH KOHTPOJHPY-
eTcs 3aKOHAMM XMMHYECKOH TepMOIMHAMHKH (3aKOHOM JIeHCTBYIOUIHX
mMacc H Jp.). MeToaAMKa YCTaHOBJEHHf CTENEHH paBHOBECHsSI BOJBI C
FOPHEIMH TIOPOfaMH TPHMEHHTENbHO K NPHPOAHBIM YCJIOBHSIM HauGo-
Jee MOJHO H3l0xkeHa B pabore P. M. T'appeaca u Y. JI. Kpaiicra
(1968). ITosTomy, X0oTsl 3TH aBTOPH H He cJe/aJ/H BbIBOJAa O HEpaBHO-
BECHOCTH CHCTEMBbl B0/Ia — MEPBHUYHbIE AJIOMOCHIHKATH, HEOOXOAHMO
paccMaTpHBaTh MX pabGoTy KaK OCHOBONOJATalollylo B 3TOM Hampas-
JIEHHH.

OxHUME M3 TIepBLIX Ha HepaBHOBECHOCTb CHCTEMBI BOJA — MepBHY-
HBle AJIOMOCHJIHKATH OOPATHIH BHHMaHHE aMepHKaHCKHe HCCIIeJ0-
satean M. X. ®ec, C. E. Pob6epcon u V. JI. ITorzep (Feth e. a.,
1964,) npu M3yueHun MoA3eMHBIX BOA rpanuTHoro maccusa Coeppa-
Hegana. ITosmke T. [lauec {PaCes, 1972) yGeauTtenpHO -OKa3asd, yTo
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rpynToBbie Boabl boremckoro wmaccuBa (Uexocnosakus) HepasHO-
BeCHBl ¢ BMENAWUNUMH HX ajiomocHankatamu. [lpu sroM, mno ero
JaHHBIM, HauOoJblliee OTKJIOHEHHE OT pPaBHOBECHS XapaKTepHO /st
aHOPTHTA M B MeHblleH crenenyp — 1id aabbura. Kaoanuut u Ca-MoHT-
MOPHJUIOHHT SABJAIOTCA Hanbosee YCTOHYHBBHIMH BTOPHYHBIMH  MHHe-
panaMH 8 H3y4eHHBIX IPYHTOBHIX Bojaax. B To xke Bpemsa Na-monrt-
MOPHJJIOHHT, WJIJIHT U THOOCHT B 3THX VCJOBHSIX, KAK MPABHIO, He
ABJAIOTCH YCTOHYHBLIMH. Bakneiimuum (aktopoMm, KOHTPOJHPYIOLUIHM
paBHOBeCHe MO/J3€MHBIX BOA C aJIOMOCHJAHKATHBIMK [OPOAAMH, IO
muenuio T. Ilaueca, sBasieTcss yriaekHcJoTa WJIH TOYHEEe CTeNeHb H30-
JHPOBAHHOCTH CHCTEMBI OT YTIVIEKHCJOTO raza. 9TH BBIBOJBI UEIICKOIo
HCCIeIOBATeNI HaM [pPEJCTaB/SIOTCH CHPABEAJHBBIMH, TaK KakK OHH
MOJTBEPK Ial0TCA analu3oM GoJiee oOIIMPHOTO MaTepHaa.

Ha ocunose meroanxn P. M. T'appeaca u Y. JI. Kpaiicra (1968),
X. K. Xearecon u ap. (Helgeson e. a., 1969) mnocrponan cepuio
AMarpaMM paBHOBecHst HauboJee LIHPOKO PaclnpocTpaHefHbix MOpoo-
obpasylollux MHHePaJoB (NepBHYHLIX|H BTOPHYHBIX) ¢ TIPHPOXHBLIMH
pacrtBopamu npu Temnepartypax ot 0 mo 350°C, wucnoan3oBaHHBEIE B
Hamux nocrpoeHnsx. Mmeioniue MecTo OTK/JIOHEHHS OT AHATPAMM YKa-
3aHHBIX aBTOPOB B KaiKJOM CJyuae OroBOPeHBl B TEKCTe HJH MOJpHCY-
HOYHBIX NOAMHCAX.

XapakTep paBHOBeCHSI BOJB € AJIOMOCH/IMKATHHIMH TOPHBIMH
NMOPOAAMH B VCJIOBHAX DA3BHTHA MHOTOJETHEH Mep3JoTH NOKa3aH Ha
pHc. 33, Ha KOTOPOM [AONOMHHTENIBHO K MOJIO YCTOHUHBOCTH rHOGCHTA,
KaoJHHuTa H K-MOHTMOpH/IJIOHHTA, HMEIOLIHMCH Ha . JHarpammax
X. K. XearecoHa ¢ coaBTopaMH, HaMH J00aBJeHO NOJE YCTOHYHBOCTH
ruapocaionsl. [Tocneanee paccuntano Hamu coBMectHo ¢ B. A. Baxe-
HoBoIM. CBoGojHas 3Heprus oOpa3oBaHMs THAPOCIIOALI pPacCyYHTaHa
no metonuke M. Tapam, P. M. Tappeaca ( Tardy, Garrels, 1974) n
Hx. O. Hpuary (Nriagu, 1975).

‘Bosblias yacTe TOYEK Ha AuarpaMMe paBHOBecHsi (cM. puc. 33)
pacrosiaraercss B Ipejenax IOJs YCTOHYMBOCTH KaOJHHHTA, MEHb-
mas — rupocaioabl 1 rub6eura. CiaenoBaresbHo, NOA3eMHble  BOJLbI

. PaBHOBECHBI He C lTepBH‘{HHMH AJIOMOCHJHKATaAMH, @ ¢ TNPOAVKTAMH

HX BHIBETPHBAHHS H B J4HHOM C/ydae NPEUMYILECTBEHHO ¢ KaOJHUHH-
TOM. Bce 3TO rOBOPHT O TOM, YTO B CeBepHLIX PaHOHax B COBPeMEHHBIX
reOXMMHUECKHX YCJAOBHSAX BHIBETPUBAHHE aJIOMOCH/IHKATOB CONPOBOXK-
naercss oOpasoBaHHEM NPEHMYILECTBEHHO KAaOJHHHTAa H THIPOCJIOMILI,
pexe MOHTMOpHJJIOHHTA M TrHOGcuTa. Ilocaeanee xopouwo coraacyercs
¢ M3BECTHHIM (DaKTHYECKHM MaTepHa/JOM MO COCT4BY COBPEMEHHBIX
noys W KOp BhiBeTpuBaHHs B 3Toi 3oHe (Kosaa, 1973; Tapryabsw,
1971; IlIsapues, 1975;). Caeayer TOJBKO NOAYEPKHYTb, YTO B MpO-
AVKTaX BLIBETPHBAHHS TMAPOCJIONA H MOHTMOPH/JIOHHT GoJiee ILH-
POKO pacnpocTpaHelbl, YeM 3TO CJAeAyeT H3 AHarpaMMmbl. 10 cBsi3a-
HO € TeM, YTO Ha 3TOH AHarpaMMe MOMKHO IIOKAa3aTh MoJie YCTOHYH-
BOCTH TOJbKO K-MOHTMOpPWJIJIOHHTA, TOrZa Kak B TPOAYKTax BBIBET-
pHBaHusa OOBIYHO PaA3BHTHI MarHHeBas W HAaTPHEBash €ro pasHOBHA-
HOCTH, 3aHHMaIOllHe Ha JHATpaMMax, NOCTPOEHHBIX B JPYTHX KOOp-
aunaTax, Gosee wnpokoe nose (Helgeson e. a., 1969). Uro kacaercs

183



THAPOCJIOALI, TO, BHAHMO, 06JIaCTb YCTOHUHBOCTH ee TaKiKe SAB/IAETCA
Gosiee WIHPOKOM, YeM OTparKeHo Ha JHarpaMme, H CBf3aHO 3TO, Be-
POATHO, ¢ HECOBCEM TOYHLIM ompejejeHueM cBoOGOAHOH sHeprun obpa-
30BAHHS ee B CTAHIAPTHBIX YCJIOBHSX, i
Cie0BaTe]bHO, He rapaHTHPys aGCOJIOTHOH TUYHOCTH H300paxe-
HUs 1oJiell YCTOMYHBOCTH BTOPHYHBIX MHHepajos (cMm. puc. 33), Ml
aKIeHTHPYeM BHHMAaHHE Ha TOM,
YTO COJEp:KaHHA 9JEeMEHTOB B
lg [K']/[W] BO1AX e HH3KH-
0,0 I T MH, yeM 3T0 Tpebyercs Aif ycC-
I I TAHOBJEHHA DPaBHOBECHS C.Tep-
| I BHUHBIMH MHHepaJaMH, B JaH-
,} HOM cJyyae ¢ MHKPOK/JIHHOM H
u kpoknum MYCKOBHTOM, HO [OCTaTOYHBIMH
JUIS HACHILLEHHST BOJA OTHOCH-
TeJbHO [JIHHHCTHIX MHHEpaJioB.
Pacuersl NOKasHBAIOT, UTO AakKe
Hanbojiee  BBICOKOMHHEpAJIH30-
BaHHBIE BOJbl OKA3HIBAIOTCHA He-
HACHILEHHBIMH K aJbOUTY, aHOP-
THTY, caionaMm, ambubonram u
JIPYTHM MEPBHYHBIM aJIIOMOCH/IH-
KaTaM H I03TOMY CHNOCQOOHBIMH
K HX HeNpepeiBHOMY pacTBOpe-
I: HHIO. ‘
|§; | XapakTep paBHOBECHS ™ BOJAHI
IS 1 C TOPHBLIMH MOPOJAMH B YO
. = il BHAX TPOMHYECKOro KJAHMAaTa Ha
o TG TR lg [HySi0,]  TpHMepe Teppuropnu 3amaiHoil
Adpuku noxkasanm na pHc. 34.
L |7 La]z[=]s HeTpyaHo BHIETh, YTO U B 3TOM
Bac 3 Cuirema: HCI-HO-AO,Ki0-8i0; > T0) 1ac, OTCYICTBYCT pantigRecHe
npu 25°C ¢ Hamecenwem jaawmmix no coctasy ‘BOJBI C TIEPBHYHBIMH  aJIOMOCH-
BOJL NPOBHHIMH C p:[u;r:eu MHOroaeTHell Mep- JHKaTaMH, HO HaﬁJIIOIJ,EETC_H B
| — oTaensHBle aHanu3nl BoA Hopmamckore pail- ‘CHCTEME€ BOJAa — NPOAYKTBL BbI-
AL S sace Bﬂ"c:;’;}m;g“’,‘g;';“3—°ﬂ’eﬂ‘ BeTpHBaHHs. Baxno u TO, uTO
: pa3bpoc ToueK Ha pHC. 34 ABJA-
ercsi BecbMa IIHDOKHM U OHH
pacnojaraloTcs B mpejefiax moJeil yCTOHYHBOCTH Bcex M300parkeHHBIX
Ha JAMarpaMme BTOPHYHBIX MHHepajoB (ru66cuTa, KaogWHHTA WU
MOHTMOpHJ/IJIoHHTa). TIpH 3TOM ueM MeHble KpemHe3deMa COIepIKaT
BOABI M ueM OOJbllle OHH TOJAKHCIEHH, TeM GJHKe OHH pacnoJara-
I0TCS K TOJI0 ycTofiuuBocTH ru66eura M HaoGopor. (CrenosaresnHO,
CyllecTBYeT onpelejeHHast 3aBHCHMOCTh MMy COCTABOM [MOA3eM-
HbIX BOJ M XapaKTepoM NPOAYKTOB BuiBeTpuBanusi. Cpeau (axkTopos,
KOTOpble KOHTPOJHPYIOT 3TY 3aBUCHMOCTb, Ocobas poJb [pHHAAJe-
JKHT KpeMHe3eMy, TaK KaK ero coJep:KaHHsi B pacTBOpe Hapsily C
KHCJIOTHOCThIO TOCTIEHEro éccm-rponnpyrm xapakrep 06pa3yrOUIHXCS
NPOAYKTOB BLIBETPHBaHilsg. B caMoM Jeje, KaK NOKasbBawT pHC. 33
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" 34, NpH HU3KHX KOHIIEH-
Tpauuax KpeMHe3eMa B
pactBope Gojee yCTOHYH-
BOH TIO CPaBHEHHIO C MOHT-
MODHJIJIOHHTOM  OKa3kIBa-
eTcsl THApOCHIoAa, a mpH
BHICOKHX ~ KOHIEHTpaLHAX
KpeMHeseMa MOHTMO-
punnoHuT. B cBOIO oOue-
pelb, HH3KHE KOHIEHTpa-
IIMH KpeMHe3eMa B BoJax
TPONHKOB CBfI3aHHl C J0-
CTAaTOYHO HH3KHMH 3Haue-
uaamu pH (cm. pue. 16),
4TO CABHraeT paBHOBecCHe
peakuuii B 06JacTh ycTOii-
YHBOCTH 'KAOJHHHTA M Ja-
e ruG6cuTa. Bricokue xe
COllepIKaHHs  KpeMHe3eMa
CBSI3aHBl €O  IIEJOYHBIMH

VCAOBHAMH, B  KOTODBIX
Hanbosee YCTOHUHBBIMH
OKa3blBAIOTCA  pPa3fHuHEE

MOHTMOPHJ/IJIOHHTBL H 0OCO-
OeHHO 'MarHHeBas HX pas-
sHoBuaHocth. lrpokoe pas-
BHTHE  MaJOKPeMHHCTBIX
CJ1a60KHCABIX BOA B YCJO-
BHAX BJAXKHBIX CaBaHH H
TPONHYECKHX JIeCOB XOpO-
IO YBA3LIBAETCH C H3BeCT-
HBIMHM (paKTaMH ILIHPOKO-
ro pasBHTHHA ‘B 3THX YCJ0-
BHAX JATEPHTHBIX KOD BHI-
BeTPHBaHHS.

Cpenanubie BBIBOAB O
pasJHYHON  HampasJeHHO-
CTH INpOIeCCOB BLHIBETPHBA-
HHSL HA TepPHTOPHH 3amaj-
Hoit A¢pHKH ToaTBEpXKAA-
IOTCSE JA@HHBIMH H TIO Jpy-
ruM  TpPoOmHYecKHM o00Jja-
ctaM (puc. 35), uTO rOBO-
- puT 06 HX YHHBEpCaJlbHO-
ctu. Tak, KaoJAHHHT B TIPO-
AVKTaX BBIBETPHBAHHA OC-
HOBHEIX H KHCJBIX MOpPOA
JOMHHHpYET Ha TeppHTO-
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Puc. 34. JluarpaMma paBHOBeCHN AHOPTHT—rHG6CHT—

KaoanHHT—moHTMOpHANonnT (Tardy, 1969) ¢ HaHecemn-

eM JaHHBIX N0 FPYHTOBHIM Bojaam 3anannofi AdpHka:

I — I'sunesn; 2 — Kopxoro; 3 — Beper Cacuopoft KocrH;

4 — CeBepsaasi Hurepus; 5 — Yapn; 6 — Ceneran; 7 — Ju-

HHA, pazfensiomas KaoJHHHT H ruG6eut no X. Xeare-
coHy H ap. (Helgeson e. a., 1969)
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Puc. 35. JlnarpaMmMa pAaBHOBeCHSI AHOPTHT—rHOGCHT—
KAOAHHHT—MOATMOPHJAJOHHT € HAHECeHHeM JAHHBIX MO
CpeAHEeMY-COCTABY BOJA OTAeNbHBX pafioHOB TpOMH4e-
ckEX obaacreil.
I — BoABl rpaHHTOB; 2 — BOALI OCHOBHMIX mopoa; (uud-
pul Ha rpadmke): [/ — I'samesn; 2— Kopxoro; 3—ior
®panuun; 4 — o-8 Manarackap; § — I'apaiickue ocTpo-
Ba;, 6 — Kopcuka; 7 — Kanesonusa, 8 — CesepHnift Bpher-
HaM; 9 —oxunie wmratel CIIA; 10— Ky6a; Il — Cene-
ran; 12 — Kaaundopnus; 13— Yan
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pun I'eBunen, Bepera Caonosoit Koctn, rora ®@panuun, Maaaracuickoit
Pecony6ankn, ["aBaiickux octposos, Kopcuku, Hosoit Kanemgonuu, Ce-
BepHoro Brernama. B atux ke pernonax scerja obHapy:KHBalOTCA Te
HJIH HHBIE KOJH4YecTBa rH6OcHTa, 3aHuMaloimlero o6bYHO HaubBonee
NPOMBLIBAEMBIE YUACTKH C NMOHHMKeHHbIMK sHaueHusMu pH Box. Ha wore

g [Mg™] /(']

[
3
N E Mg—xna,aum
Aor \S wacemgEnze
R s - 3 LA — — Puc. 36. Cucrema HCI—H,0—AlLO;—CO—
6\‘\‘6/ :Eé!? of HtIZE#E.?t;J/H(;; 7n MgO—Si0; npn 25° C ¢ HaHeCeHHEM JAHHbIX
2, % i | be? npu Ct; &  po coctaBy MOA3EMHBIX BOJA YMEPeHHOH 30-
2ok %5, 4'0 |¢7+ Hbl C FYMHAHBIM H APAJHBLIM KAHMATOM,
; = \\l 19 Aj | nf Jandwagrreie 30Hbl: | — CTeNHBIE PaBHMIIbL;
hj z 2 — ropHble crend; J— Jecocrenu; 4 — Wupo-
I\f.? 2l Ez KOJHCTBEHHBIE Jeca; 5 — l0¥KHas Tafira; 6 —
ol 1} 4 ‘1 gaﬁonoueﬂuan n’raﬂrg- 7 — cepepHasa  Taflra;
L . = — ropuas _rafira; 9-— ropHo-nyroBuie paito-
fﬁw In Aﬂ T 3 HBI. ccaedosannbie paionst (oudpe  Ha
Tudbeum 1512 = rpaduke): ! — BapaGuuckas paBuHHA; 2 —
| Bas |=> II]4 Kypamuuckuii xpeGer; 3 — Kancko-Tacees-
I -3 I"‘é\\ cKast paBHHHA; % 4—Ko.vmaanb-Togma\ﬂ
= CKJajayatas 3oHa; 5 -— CeBePO-BOCTOK A;
40+ ow | 2 § 6 — Yexocaosakus; 7 — ®paunus; 8 — Cana-
l = Hp; 9— Cesepo-3anax CCCP; 10— ®anasi-
' \;l = II]E aus; Il — Hopserus; 12 — 3anaamaa Cu-
npopg Iz o G6ufis; 13 — Ypan; I4 — Annanaus; 15— 3a-
=) | 11:1--. E? naaubie casinel, 16 — Caurp-ne-Kpuero; 17 —
b0+ ffﬂoﬂﬂﬂﬂm“ g Cheppa-Hesana; I8 — KypaMuHCKHE  ropwi
= o~ | : ’8
Q &Q
Sie o ;
{ ¥ RIS e
L~ ]
L 113
sl

50 -40 30 g [m,s;m,]

CHIA, B Kaandopuuu, Bocrounom Cenerane, KyGe u na Tepputopui
Yana Gosee pa3BHTH MOHTMODHJJIOHHTHL H GJH3KHE K HHM TIO COCTaBY
rauHbl (Gelf1eIUTE, HOHTPOHATHL H JpP.) € NPHMECbI0 KAOJMHHTA I
ruapocaioj. CrenoBaTeslbHO, B TPONMHYECKHX VCJAOBHSX Ha6Ji0gaercs
TeCHas KOPPEMsillis COCTaBa BOA € COCTaBOM (bopMHpYIOIWHXCH KOP
BBIBETPHBAHHS.

B paccmaTpuBaeMOM acnekTe He MPEACTABJAAIOT HCKJOUEHHS 11
BOJIbI NPOBHHIMH YMEPEHHOro K/JIMMaTa, FOpPHBIX o0JacTeil, a TakKke
BOJIbI KOHTHHEHTaJbHOTO 3acoseHusi (puc. 36). Bo-mepBnix, caeayer
NOoAYepKHYTL, YTO Bce 6e3 HCKJOYEHHs TOUKH cOCTana BOJA H B 3TOM
caydyae YKJIaAbIBAlOTCA B MoJe YCTOHYMBOCTH I[VIHHHCTBIX MHHEpaJoB,
T. €. Bce 6e3 HCKIIOUEeHHS BOALI HeJOHACHILEHH 10 OTHOIIEHHIO K Mep-
BHYHBIM MHHepaJjiaM, HO paBHOBeCHH ¢ rauHamu. Bo-Brophix, pas6poc
TOYEK J0CTATOYHO WIHMPOK H 3aXBATHIBAeT HE TOJNBLKO TMOJe YCTOHYH-
BOCTH MOHTMODHJIJIOHHTA, HO H KAOJHHHTA, THAPOCIIOAH (31ech He Mo-
Ka3aHHOIT) W Aaxe, Bo3MoxHO, THOOcuTa, Takoit pasbpoc Touek mo.-
HOCTBIO YBSI3BIRAETCH C XapaKTepoM TeOXHMMHYECKHX YCJOBHi M OTpa-
Kaer pasHooGpasie MPHPOLHONH OOGCTAHOBKH 30HBI YMEPEHHOIO KJH-
Mara.

B noae ycToituHBOCTH MOHTMOPHJJIOHHTA pacrnojaraiorcs Haubo-
Jee BHICOKOMHHePaJIH3QBaHHbe H I1eJOUHEIe BOAbI 30HEI cTeneii, Jéco-
cTeneil ¥ HEKOTOPHIX PaiiOHOB IQXKHON YacTH 30HLL J€COB, B TMPOAYK-
Tax BHIBETPHBAHHS KOTOPBHIX JEHCTBHUTENBHO Pe3Ko npeob/ajaer MOHT-
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Mopuanonnt (Jlykames, 1956). ITo mepe moakucieHust BOA H yMekb-
lieHnst Ux obluell MHHepa/JH3alUHH pacrnoJoxKeHHe TOUEK Bee GOJbIIe
CMellaeTcs B MoJie YCTOHUMBOCTH KaoJuHuTta. Tak, IleJOuHBle BOBI
Cananpa n KypamuHCKOTO Xxpe6Ta 3aHHMaioT HaHGOJee BLICOKOE TO-
<J10)eHHe Ha TpaHHlEe YCTOHYHBOCTH MOHTMOPHJIJIOHHTA C  KAOJHHH-

lg Ca®]/[H?

Awngpmum
5 0:‘*--. |
: Ca- manrmmopunonurm |
%ot | [ ]/
| . ]2
dacouuense _\ Ngyol |
Puc. 37. Cucrema HC\-H:O—  spgF kamogumanr 1 Ny (A3
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TOM M Ha Pas3JHYHBIX Y4yacTKaX 3THX pailioHoB npeobaanaer JuGo
OJMH MHHepaJ, aubo Apyroii. DTo Ke XapakTepHO H A APYTHX
paiioHoB JecHoit 30Hb. OAHAaKO B cocTaBe NPOAYKTOB BLIBETPHBAHHS
Bce 6O/LIIVIO POJb 3/leCh HAYHHAIOT HrPaTh KAOJHHHT H THAPOCIIONA
(BMecTo MoHTMOpHJANOHATA). Hakonen, B ycjaoBHAX KHCJI0H ofcTa-
HOBKH 3a00JIOYEHHBIX PaHOHOB MOHTMOPHJNVIOHHT INOJHOCTHIO HCYe3a-
eT M KAaOJHHHT acCONHHPYET ¢ THAPOCHIONO, THAPOOKHCIAMH MKese-
3a, pexe r1ayKOHHTOM, H, BO3MOXKHO, THOOCHTOM.

KonkpeTHble daHHbIe MO BHIBETPHBAHHIO AJIOMOCHJIHKATOB B  yC-

_ aoBusix Topdausix Gogaor npusoaarca B pabore K. M. Jlykamesa u ap.

(1974), xkoropble AenaloT BLIBOA O OHOJOTHYECKOM pPas3JiOXKeHHH aJio-
- MOCHJIMKATOB B 3THX YCJOBHSX H O TOJHMHHEpPAJLHOM coctase ofpa-
3VIOIKUXCSA TPU 3TOM TJIHH, NMOAUYCPKHBAfA, UTO 3TO HABASETCA CJel-
CTBHEM 3aMeIJeHHOCTH HNPHPOAHLIX peaklHH, a He KCHKPEeTHBIX yC-
JdoBufi cpeanl. Bpaa /M MOXKHO COTJIACHTBCSA C MOCJACAHHM YTBepiKie-
- HHEM, TaK KakK cpella — 3TO H €CTb pe3yJbTaT CKOPOCTH H Halpas-
JIEHHOCTH TPHPOAHBIX pPeakiHil.
OTtmeueHHas o0ulasg 3aBHCHMOCTb COCTaBa MOA3EMHBIX BOJ OT
HanpasJICHHOCTH BBLIBETPHBAHHA TOPHLIX TOPOJA JeTKO npocJjeuBa-
- eTcs M Ha Apyroil amarpamme (puc. 37), KoTopas, KpoMme TOro, oTpa-
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AT CTeneHb HACHIIEHHOCTH BOA MO OTHOLIEHHIO K KapfoHartaM.
34ech BUAHM YyKe M3BECTHYIO HAM KapTHHY MOJHOTO HachIeHHs Kap-
GOHATOM Ka/bIHS LIEJOYHBIX BOJ CTEMHBIX H JIeCOCTENHBIX JaHAmagp-
TOB M HEMOJHOTO — HeHTPaJbHBIX H CAa00KHCJLIX BOJ JECHBIX'H Top-
HuX JganamadTos. B To Me BpemMsi H Te M JAPYTrHE BOJALI OCTAIOTCA

HEeHACHIIEHHBIMH K TepBHY-

lg [Daz’]/[l-l” HBIM ajoMocHIHKaTaM. bo-
Aya,amum Jee Toro, HacblillleHHe BOJI
6L MIePBHYHBIMH  AJIOMOCHJIHKA-
TaMH, H B YaCTHOCTH AHOPTII-
Ca- monmmapunnonum TOM, HEBO3MOXKHO, IIOKAa He
Oyaer AOCTHIHYTO KapOoHaT-
Muhllacwu(e;fue kamsyumon frpu (o=l Ppa HOE PABHOBLCRE), Tok KﬁaK ali
e ———-E 7 - : :fIZ"’ﬂa MepBOM CJyuae HyXKHh o.nut
TR () +0[ ol \fu7/l” e  BriCOKHE KOHUEHTPAIMH Kallb
12E %o.f. 7 IS B pacTBOpe, YeM BO BTO-
0a7] [ ]r pom
16, A7, 23 P ¢
e ]2 JIeJIOBATeTbHO, Ha. IyTH
whk 15 pB 14 VCTaHOBICHUS paBHOBECH!
Al 17 B [IIJ BOABLl ¢ TEPBHYHBIMH aJIOMO-
;2 3 [a ]¢ Cwimkatami Beraer KapGo-
S HaTHbi ©apeep, KOTOPBI,
ar O § [+ 15 npenmc'rayﬁp HAKOIIEHHIO
aod § [I]s Kanbllisg B pacTBope, Crocod-
arn S [m]7- CTBYET COXPaHEHHIO HepaBHO-
6 2 PECHOTO COCTOSHHS BOJABI C
KaonuHum 5 [@m]¢ amomocuankatamu. ITostomy
e Eg gaxe TMocJe JOOCTHXKEHHS B
‘ . L L ] pactBope kKapOoHATHOro pas-
0 2 4 6 lgaifl*] HoBecus Boja ocraercs arpec-
Puc. 3. Cucrema HCI—H.0—AlLO—CO— CHBHOH IO OTHOILEHHIO K aJI10-
gfsﬁsioﬁﬁfc’gmgﬂ"nﬁnix" Je[Hsi0)~ MOCHJIHKATaM H NpPOAOJXKAeT
NOA3eMHBIX BOJ YMeDEeHHOH 30HI. HX pa3pylaTtb, HO MPH 3TOM
(Yenosuuie 05031!3'-{(!1!‘}’”! cM. Ha puc. 36) KaJblMIl B pacTtBope He Ha-

KananBaercs, a NePexXopHT B
ocajioK B Buje KapGoHaToB. B To XKe BpeMa Apyrue KaTHOHBI, W B 4acT-
HOCTH HATPHIl, CTENeHb HACHIIEHHOCTH BOA OTHOCHTEJBHO COEAHHEeHHI
KOTOPOro OCTAeTCsl HU3KOMH, NMPOJAOJKAIOT HAKAMINBATHCS B PacTBOpe.
Bor moueMy Ha omnpejieJeHHOM 3Tane 3BOJIOLHH COCTABA MPHPOMHBIX
BOJ BMECTO KaJbIlHg B PacTBOpPe HAa4YHHAeT NOMHHHPOBATH HATPHIL, I
OHM M3 Ka/bIHEBO-HATPHEBEIX NEPeXOAAT B HATPHEBO-KaJbLHEBblE 11
3aTeM HaTpPHEBLIE. :

. Ilpomopunona/nbHast 3aBHCHMOCTb HAKOMJIEHNS HATPHA M KaJbllHs
B BOJZAaX Ha NEPBLIX 3Tanax 3BOJIONHH HX COCTAaBa XOpOIIO MpocJe-
KuBaercs Ha puc. 38. IIpn 3TOM YeTKO NMPOSBJSETCS YiKe H3BECTHAs
HaM KapThHa: cJaGOKHMC/Able W MaJOMHHEepPaJH30BaHHBIE BOLBI pacro-
JaraloTcsi B ToJie YCTONYHBOCTH KAOJHHHTA, MIEJOYHBIE ¢ HEBBICOKOI!
munepaausanueit (Canaup, ceepo-socrok CIIA u 1ap.) —B moae
Ca-MOHTMOpHIJIOHUTA, a HauBo/ee BhHICOKOMHHepasausoBanupe (Ba-
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paduHcKasi ctenb M cydabaribie Boant KypamMHHCKHX TOp) — B mnoJe
Na-monrmopuisionura, CieloBaTeqbHO, YBeJHUeHHe  COJAEPMKAHHI
HaTpHA B BLICOKOMHHEPAJH30BAHHLIX BOAAX ABTOMATHYECKH MPHBO-
AHT K €ro COOTBETCTBYIOLIEMY KOHUEHTPHPOBAHHIO H B NMPOAYKTAX BHI-
BerpuBanns. [locse nocTHMeHHss KapOOHATHOrO pPaBHOBECHS MPOMNOP-
IIHOHAJIBHAS 32BHCHMOCTh HAKOIJIEHHWs B PacTBOPE KaJbllHf H HATPHS
Hapyuiaercs.

Yerkass 3aBHCHMOCTb BTOPHYHOTO MHHepaJoo6pa3oBaHHMA OT Xa-
paKTepa reoXMMHYeCKOH 0OCTAaHOBKH MpPOCIEKHBAECTCS HE TOJBKO B
IIHPOTHOM I1aHe, HO M ¢ rayOuHoil. ITpHMepoM MOTyT COVIKHTL NOA-
3eMHBle BOALI TpaHuTo-rHeficoBbix mopox IlIseuun,  H3yuyeHHBI®
I. fkcom (lacks, 1973). InarpamMva paBHOBecHs BOALI C MOPOAAMH
H3 3Toi paboThl BOCNpOH3BeAeHa Hamu Ha pHc. 39. ABTop paboTh
MOKa3blBAET, UTO [0 MEpe pocTa MHHepaJH3alWH BOJ, a 3HAYHT H HX
pH (mocieanee B paGore nokasano uepe3 KapGoHATHYIO LIeJOUYHOCTD)
BOJBI CTAHOBATCS PABHOBECHBLIMH He C KAOJMHHHTOM, 4 MOHTMOpPHJ/JIO-
HHTOM H BO3MOXKHO THAPOCJIONOH, a B HauboJee I1yOOKHX TOPH30H-
Tax—H ¢ KopeHHbIMH nopoxamu. [TocienHuit BEIBOJ aBTOpa OIIHGO-
4eH, TaK Kak OH c/JeJaH HCXOAsi M3 OWHOGOYHO I0KAa3aHHOTO Ha
puc. 39 moss ycTONYMBOCTH KaJdHEBOTo MoJeBoro inara. HMeruuHoe
noJe YCTOHYHBOCTH TMOC/AEAHEro MOKa3aHo NYyHKTHPHOH JauHHell. He-
TPYAHO BHAEThb, YTO B 3TOM CJyuae HH O KAKOM PaBHOBECHH BOJBI C

KOPEHHBIMH [MOPOJdaMH TOBOPHTH HE NDHXOAHUTCH.

YBeaHYeHHe LIeJ0YHOCTH BOJ € IMyGHHOM 0GYCJOB/JACHO He TOJLKO
pOCTOM HX MHHEpaJu3allHH, HO H YMEeHbUIEHHEM MapUHaJbHOTO JaBJe-
HHA yraekucsaoro rasa (puc. 40). CienoBarenbHo, ¢ ray6uHOi Habiaio-
JaloTcs Te ¥Ke ABJEHHS, YTO H B LIHPOTHOM IVIaHE TPH JABHKEHHH
¢ ceBepa Ha IOr: yBeJHUeHHe COJIHOCTH BOJ, 00yc/aOBIeHHOEe Hx 6o0-
Jiee JUIHTENIbHLIM CONPHKOCHOBEHHEM C aJIOMOCHAHKaTHBIMH TOPOJAa-
MH, NPHBOJHT K Pacxo/0BaHHIO YIJIEKHCJIOrO ra3a H noBbimenuio pH,
UTO CJABHraeT paBHOBECHe HX H3 0GJACTH KaoJHHHTA B 00JaCTh MOHT-
MOPHJUIOHHTA, HO PaBHOBeCHE C NEepPBHYHBIMH CHJIHKATAMH TIPH 3TOM
He JO0CTHraercs.

Takum o6GpasoM, anaiu3 (QakTHIECKOro MaTepHaJa IO COCTaBY
NOJ3eMHBIX BOJ NPAaKTHYECKH BcexX JaHAWADTHHX 30H 3eMan [oka-
3pIBaeT, YTO B HHX HaOJ/10daeTcsi HeJOHACHIIIEHHOCTh BOJALI  OTHOCH-
TeJbHO TepBHYHBIX adioMocHankatoB. Ha o6o6maiomem puc. 41 xo-
pOLIO BHAHO, uTO Bce Ge3 HCK/IIOUEHHS TOYKH COCTAaBa BOJ pacroJa-
raloTcs B MOJE YCTOHUHMBOCTH TVIHHHCTHIX MHHEPAJOB, a HE HEPBHUYHBIX
aJIIOMOCHITHKATOB. JTO Ke OOCTOATENBCTBO OTpaxkaeT M pHC. 42,
MOCTPOEHHBIH B JAPYrHX KOOpAHHATAX, a Takxke puc. 43, 3amMCTBO-
BAHHHI U3 obobmatomesn paborst M. Tapanm (Tardy, 1969).

CaenoBaresibHO, HefiTpanu3yiollee BJAHSHHE YIOJABHOH KHCJOTHI SIB-
Jasercs OoJiee CHIBHBIM, 4eM BJAHSIHHe MIeJOYHOCTH, obpa3syooulefics
IIPDH PACTBOPEHHH aJIOMOCHJIHKATOB H 3TO NPENATCTBYET ycTaHOBJIe-
HHIO PaBHOBECHS BO/JLI C BMeNAIOUHMH TOpHBIMH nopoiamu. [lpu
9TOM HepaBHOBECHOCTb CHCTEMbI TeM OoJblle, YeM HHIKEe MHHepaJiH3a-
I[HSl TOJI3€MHEIX BOJ H ueM OoJiee KHCABIMH OHH siBJasiioTes. M3 puc. 41
H 42 BuaHO, yTo HauboJabllas HepaBHOMEPHOCTL XapakrtepHa 1ias 6o-
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JIOTHBIX BOJ, HaHMeHee MHHEpasH30BAHHLIX H Hanbogee KHCJBIX.
3artem B nopsjake YMeHbII€HHA CTeneHH HepaBHOBECHOCTH caenyioT
BOJbI TPOMHYECKHX JIeCOB H CaBaHH, cyﬁ’rpommecxﬂx JiecoB, Mep3JaoT-
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Puc. 39. HAuarpamma ycroiiuusoctH K-, Mg-, Na- w Ca-CHIHKATOB C HAHECEHHEM MAAHHBIX nO
coctaBy rpyutoBeix poa Ileenmn (lacks, 1973).

Hecaedosanneie pationst: 1 — Crokronbm, 2 — IereGopr; 3 — Beproaareu; 4 — Baek-Cmon; § —
ITuteo

HO-TaeKHbIX JaHAmaToB, TOpHLIX. 06JacTel H JecHoit 30HBl YMepeH-
HOTrO Kaumara. HauMmenpliasi eTelneHb HepaBHOBECHOCTH XapaKTepHa
JUIst ¢aaBoLIe0UHBIX - i OTHOCHTE/BHO BLICOKOMHHEPaJAH30BAHHEIX BOJ
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JEecOCTeNHbIX H CTenHbX paifionoB. OJHAaKo 1ae B NocaelHeM cayyae
cTeneHb HepaBHOBECHOCTH OCTaeTCsi KpaiiHe BBICOKOH M anekofi or
HaCHILICHHS. :

CJie/10BaTeJbHO, CHCTEMA NepBHYHbIE aJJIOMOCHIHKATH — MOJ3eM-
Hble BOJABLI 30HLI THIEpPreHe3a BO BceX JaHAMWA(PTHHIX 30HAX ABIAETCS
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Puc. 40. H3MmeHeHHe NapuHaALHOrO AABACHHS Yrjiekucaoro rasa (s Ila) B rpyHTOBBX BOAAX
Ilseunn ¢ rayounoft (lacks, 1973)

Puc. 41, Cucrema HCI—H;0—Al:05—Ca0O—CO;—SiO; npu 25° C ¢ HameceHHeM AAHHBIX MO Cpe-
1 HEMY COCTABY MOJA3EMHBIX BOX Pa3jiHYHBIX AAHAWA(PTHBIX 30H.

| — armocthepunie ocanku; 2 — Godora JecHoft 3o0HBI, 3 — TpomHyeckHe Jeca; 4 — caBaHHa, 5 —

cyGTponuYeckHe Jeca; 6 — TPONHYECKHe CTeNH; 7 — MepaJoTHO-TaexHule JanamwadpTei; 8 — BbICO-

Koropbe; 9 — rophbie Jeca; !0 — roprbie crenn; /! — cMmemwaHHble Jeca; I2 — wHas Taitra; 13—
JAecocreny; /4 — cTenH yMepeHHOTo KJAHMaTa

HEPaBHOBECHOH M 3TO OMpe/ie/IsieT HelpepLBHOCTL Pa3pYIUeHHUs BOJOI
BMEUIAIOIIHX KOPEHHBIX TMOPOJ ¢ 0Gpa3oBaHHeM NPOAYKTOB BHIBETPH-
BaHHsA, YCTOHUHBBHIX B COOTBETCTBYIOIIHX TeOXHMHUYECKHX YCJOBHSX H,
‘YTO KpailiHe Ba)KHO, PaBHOBECHBIX ¢ MnoaseMHbIMH Bojamu. [lostomy
paBHOBecHe BOABI C TOPDHBIMHM MOPOJAAMH HOCHT JBOGAKHI Xapakrep:
cucrema 800a — nopoda HePABHOBECHA OTHOCUTEAbHO NEPBUYHLIX Cl-
AUKATOB, HO PABHOBECHA OTHOCUTEAbHO 8Topuunslx. IlocieaHee u orm-
peje/sier cocTaB 0OOPA3YIOMIMXCA NPOAYVKTOB BBHIBETPHBAHHS TOPHBIX
‘nopox. [IpyTHMH €J0BaMH, TIPH BHIBETPHBAHHH 06pa3syloTcs TOJABKO Te
coe/lMHeHHs, KOTOphle PaBHOBECHHI C BOJAQH H KOTOpHE MO3TOMY $B-
JAI0TCA VCTOHUYHBLIMH K HX arpecCHBHOMY AEHCTBHIO.

B KuCJABIX YCHOBHSIX TPONHUECKHX 06JacTell paBHOBECHBIMH C BO-
J0i AIBJASIOTCH B OCHOBHOM KAaOJHHHT M Hepelako ru66eut, B caabo-
KHCJBIX H HeHTPaJbHBIX cpejlax CceBepHbIX H TOPHBIX PaHOHOB—
THAPOCJAOAA ¥ KAOJHHHT, B caa0olle/JOUYHEIX YCIOBHSX JecocTened u
cTeneit — MOHTMOPHJIJIOHHT H KaJdbuuT (cMm. puc. 41—43).

He nporuBopeuHT JiH BBIBOJ O PaBHOBECHOCTH BOAbl C TPOAYKTa-
MH BBIBETPHBaHHA ee MOOHJLHOCTH H HENpepLiBHCH NPOMBIBAEMOCTH
80HLI runepreHesa. Beap BTOpHUHBIE MHHEpaJbl PABHOBECHBI TOJLKO C
TeM PacTBOPOM, B KOTOPOM NPOH30lLI0 HX 00pasoBaHHe, NPH CMeHe
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JKe BOIBI 3TO paBHOBecHe A0JKHO HapymaThesi. Kak B TakoMm cayuae
NOHHMATEL PaBHOBECHE BOJBI C BTOPHUHBIMH IPOAYKTAMH.
Yro6el pasobpaTbCi B 3TOM KamKylleMCs NPOTHBOPEUHH, Heo6Xo-

JAHMO VUYe€CTb HECKOJbKO MOMEHTOB. BO-H&PBHX, OGDESYIOHJ,HGCH
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Puc. 42, Cucrema HCl—H;0—AlLO;—Na.0O—
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COCTABY NOA3EMNBLIX BOA PA3AHYHBLIX JAHAMADTHBIX
30H.

(Ycaosune oboanadeHHss cM. Ha pHc. 41)

Prc. 43, JimarpamMma paBHOBECHA aabGHT—MOHTMO-
PHAJNOHHT —KAOAHHAT—rHOGCHT ¢ HaHeceHMeM jaf-
HBIX MO cOCTapy BOJ OTAeAbHBIX pernodos (Tardy,
1969);
I — BoAw rpanuTOB; 2 — BOAL MNOPOA  OCHOBHOrO
coctaBa. Padonet uccaedosanud (uudpsl Ha rpada-
Ke): 3 — Hopeerusi; 4 — Boream (®panuus); §—
Uentpanphnii PpaHuysckuil maccus; 6 — Aaspanc
(Ppanuus); 7 — Bperanb (®panuus); 8 — Kopcuka;
9 — Caxapa; [0 —o-B Maparackap; II — Kopxoro
(Beper Cnonoso#t KocrH), BAaXKHbIA ce3oH; [2 —
Kopxoro, cyxoft ceson; I3 — Beper Caonosofi Kocru:
14 — Ceneran; 1§ —Yan
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HHUCTHLIE MHUHEpaJbl CBA3BIBAIOT B cBoed CTPYKTYpe

7 1g [Hy 500, ]

Go/blIOe  KOJIH-

YeCTBO MEMKCJ0eBOH BOJbl, KOTOpas 3allullaer’ HX KPHCTAaJJIHYEeCKYIo
PElIeTKY OT Paspyllaiollero Bo3/IeHCTBHsl arpecCHBHLIX TI'DaBHTAIHOH-
HEIX BoJ. Bo-srophix, 6iarofaps cBoeif HCKIIOYHTEILHOI TOHKO3EpHH-
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CTOCTH M H2JIMYHs CBA3aHHBIX BOJ TJIHHHCTHIE MHHepaJsl 00JamaiorT
KpajiHe HH3KOH CTemeHbpl0 MPOHHIAEMOCTH, YTO TAKMKe 3aTPYAHAET HX
B3aHMOJEHCTBHE C IPaBHTALHOHHBIMH BOJAaMH. B-TpeThHX, TJIHHHCTHIE
MUHEepaJbi ABJAITCH HCKIAIOYHTEABHO TPYAHOPACTBOPUMBIMH H MO3TO-
MY AJI HX paspylueHus Tpebyercs MJUTENbHBI OTPE30K BpPeMeHH H
60JibllI0e KOJIHYECTBO pacTtBOpoB. B-uerBepTHIX, MoJe YCTOHYHBOCTH
FJIMHUCTHIX MHHEpPaJoB fABASETCA KpaiiHe mHUpokHM (cM. puc. 34—39,
41—43), nostomy Jdaxke NPH 3HAYHTEJLHOM H3MEHEHHH AKTHBHOCTEH
HOHOB BeJVIIHX 3/IeMEHTOB B PACTBOpe He Bcerja 3to 6yaeT NPHBOAHTE
K pPaspylieHHIO MNIHHHCTHIX MHHEpAaJIoB.

. Takum o6pasowm, ‘cpeili Bcex BTOPHYHBEIX MHHEPAJOB TVIHHBI 3aHH-
MaloT COBepPUIEHHO HCKJIOYHTeIbHOe MOJOMKEHHe: HX CTPYKTypa, Co-
CTdB M CTPOEHHEe CO3ZaHbl TakKHM o0pa3oM, 4TOGB BOCHPENSITCTBOBATH
paspywmalouieMy BO31eHCTBHIO TOH CPEABl, B KOTOPOH OHH BO3HHKJH.
Mul siBasieMcst 3/eCh CBHAETENSIMH YJIHBHTEJILHOH CIOCOGHOCTH He-
JKHBOH NPHPOABI COXpaHATb TO, 4YTO OHa cama coanaer. O6pa-
30BaBIIHChL BCJEACTBHe Pa3BHTHS HepaBHOBECHOH CHCTEMBI BoOAa —
MepBHUHLIE AJIOMOCHJIHKATH TJIHHB OKasaJHCh He TOJBKO HaHGoJee
NPUCIOCOOJEHHBIME K Cpejle CBOEro CVIIeCTBOBAHHS, HO H  cO371ajH
cefe ONpeHeJeHHBI «3amac TMPOYHOCTH» HA CJAVYail H3MeHeHHs 3TOi
cpeabl. B 3TOH CBSI3M BO3HHKaeT BecbMa JIOOONLITHHI BOMpoOC, TMO-
yeMy He BCe BOAHBIE MPOAYKTH (Kap6oHATHl, cyabdaThl, XJOPHAB H
T. .) mpucnocobJieHbl B TAKOH e Mepe, KaK IVIHHBLI, K cpeje CBOero
pOMKIAEHHS, T. €. BOIHOI cpeie, HO paszpaboTka 3TOif npobJeMbl BBIXO-
JIHT 332 paMKH J1aHHOH paboThi.

HckaounTe/IbHO BBICOKAA VCTOHYHBOCTE TVIHH B YCJAOBHAX 30HHB
| rumeprenesa — 3To TOJABKO OAHA CTOPOHA CTAGUIBHOCTH CaMOH reoxH-
| Muueckoii cpeabl B mpenedax kKaxaoro tuna jdauawadra. B camom
| nene, HecMoTps Ha HaauuHe ce3oHHBIX uaMenenunii pH, Eh, comenoctn
| mog3eMHBIX BOJ BO Bcex Ge3 HCKJIOYEHHs! PerHoHax, Bce e TH H3Me-
| HeHHR NPOUCXOAAT B OTHOCHTEJNBHO Y3KHX npenenax. Tak, B ycno-
BHAX BJAXKHBIX CABAHH BOJAH B TeUEHHE BCEro rojia OCTAIOTCS MaJlo-
MHHEpaJH30BaHHBIMH M KHCabIMH (cM. Taba. 16, puc. 11, 12), B yeno-
BUAX MOKHOH Taiiri — csaabolle/JOYHBIMH ¢ TMOBBIIIEHHOH MHHepaJH-
sanuel (cm. Taba. 32), B YCJIOBHAX CTENHHIX PalOHOB — IEJOYHBIMA
n conenwiMu (BasuaeBny, 1965) u 1. 1. Ce3oHHBIe H3MeHEHHS, TAKHM
o0Gpa3oM, coBepmaioTcs Ha (one Goaee o6mux u GoJjee cTaGHIBHBIX
MeXaHH3MOB, KOHTPOJHPYIOUIHX XapakTep cpeibl. IDTH MeXaHH3MBI —
Pe3yJabTAT Te0JOTHYECKH JIHTeJbHOH 3BOJIOIHH CHCTEMBI B YCJIOBHAX
OTNpe/eIeHHOTO COOTHOLIGHHSI TEeMIepaTyphl, 0CaJKoB, BOJAoOOMeHa,
BHIBETPHBAHHA H T. 1.
| B panpHefiieM MbBl paccMOTpHM TpoGjeMy pasHooOpasHs YCTOM-
YHBOCTH FEOXMMHUYECKOil Cpeanl B pasinuublX Janaumadrax. 31ech xe
TOJLKO TOXYEpKHeM, 4TO KpaHHe HH3Kasi PacTBOPHMOCTb MNIHHHCTBIX
MHHEpPaJOB B HefiTpaldbHBIX CPejax H YCTOHUHBHIH XapakTep TIeOoXH-
MHUYecKOH 06CTaHOBKH MPHBOAST K TOMY, UTO YK€ B caMble TepBhie
MOMEHTHE CONPHKOCHOBEHHS NMOJA3EMHLIX BOJ € MOYBEHHBIMH TOPH30H-
TaMH TIPOHCXOMHT YCTAHOBJEHHe PAaBHOBECHS BOJABI C COOTBETCTBYIO-
My rapHaMu. [TosToMy caenaniblii Bile BBIBOA O PaBHOBECHH BOJLbI
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C TMPOAYKTAMH BBIBETPHBAHHS HE NPOTHBOPEUHT (PaKTAM HHTEHCHBHO-
ro BofooGMeHa B 30He THIIepreHe3sa.

-EcTecTBeHHO, UTO 3TOT BBHIBOJ He HCKJIIOYAET BO3MOXKHOCTH Paspy-
IIEHHsT TJHH BOJAOH B OTAeAbHBIE NMEpPHOJAbl rojfa Wil BHINEJaYHBAHHS
H3 HHX OT/AEJLHBIX XHMHUECKHX 3JeMeHTOB. MBI LEJIHKOM COIVIACHBI
¢ H. A. OruabBH, KOTOPHIH OTMEHAET, UTO «C XHMHUECKONl TOYKH 3pe-
HUS, TJAHHUCTBIE MHHEPaJbl CJAELyeT paccMarpHBAaTL KAK COJMH alfio-
MOKpPEMHHEBHX KHCIOT. B BOAHOM cpeie OHM JHCCOUMHPYIOT Ha Kpym-
HBle KpHCTaJJIHYecKHe aHMOHB (KONIOWIHBIE MHLELIL) H Ha KaTHO-
Hel» (Orunesu, 1974, c. 87). Takas auccounauus M KaTHOHHBIH o6Men
NPHBOASAT K OOOTalleHHI0 PacTBopa XHMHUECKHMH 3JeMeHTaMH, Ho
CTeneHp 3TOro oforamieHuss B OOLIUHBIX VCJOBHSIX OcCTaercs Kpaiine
HH3KOH M MOMKET CYIIECTBEHHO H3MEHSTLCS TONBKO B CJydae Pe3Koro
H3MeHeHHs] TeoXHMHYecKoi OGCTaAHOBKH, KOrJa TVIHHHCTBIE MHHEpaJbl
TEPAIOT CBOIO ycToiuuBOCTh. [loaToMy B mpejenax a/JlOMOCHAHKATHBIX
NOPOJ OCHOBHBIMH HCTOYHHKAMH XHMHYECKHX 3JeMEHTOB B BOMAX SiB-
JAIOTCA He NMPOAYKTH HX paspyuleHHsi, a TepBHYHblE MHHEPAaJbi.

§ 2. MIPHPOJA HEPABHOBECHOCTH CHUCTEMbI BOJA —
NMEPBHYHBIE AJIOMOCHIIUKATBI

[IpunsTo cuuTaTh, YTO HEPABHOBECHOCTb MOA3EMHBIX BOL € rop-
HbBIMH MOPOJAAMH B Npejiejax 30HBI THIMEpreHesa oOVCJAOBJeHa TrJap-
HBIM 00pas3oM MeXaHHUYeCKHM y/ajeHHeM NPOAYKTOB THAPOIH3A W3
30HBI BBIBeTPHBAHHA B pe3y/JbTaTe HENPEPHLIBHOTO ee INPOMBLIBaHHSI.
HanGonee nosno sra touka 3pennsi chopmyauposana Y. JI. Kemre-
pOM, KOTOPBIH YKa3biBA€T, UTO «THAPOJH3 OCYIIECTBJSETCH HE HACHI-
UleHHeM MOPOAbI HEeNMOABHKHOI BOLOH, a CKOpee, MHOrOKPaTHHIM 06-
HOBJIEHHEM BOJ, KOTOPbi€ BhIlE/JAYHBAIOT PACTBOPHMBIE MPOLAYKTHI
peakunii THAPOJH3a, NPOXOAA uepe3 nopoiabl. CleloBaTelbHO, Teoo-
riyeckde (aKkThl NOATBEPHKAAIOT XHMHYECKHH TPHHIHI, KOTOPbIl MOJ-
pasymeBaercsi o0uleli peakuueil rHAPOIHM3a, a MMEHHO: JJsi TOrO
4TOObl PeaKiHs WlJla BNPaBo (NMPOAOJKeHHe BLIBETPHBAHHSA), HYIKHO,
uTO0Bl PacTBOPHMble NMPOAYKTHI THAPOJAH3A VAAAAIHCL M3 AKTHBHOMN
cucreMmel» (Kenaep, 1963, c. 101).

Cpenn mporueccos, KOTOpble NPUBOAAT K yAaJeHHIO NPOAYKTOB
ruapoansa, ¥Y. 1. Keanep hassiBaer cienymolne:

1) nosTopsiolleecs BbIlETAYHBAHHE TPECHBIMH  JOMK/IEBBIMH U
CHEIOBBIMH BOAAMH;

2) BBegenne H-nonos, Kotopbie: a) cBsanBaiores c¢  OH-moHamn
H yIaasioTes B BHIe BOJb, 6) BBITECHSIIOT NYTEM 3aMelleHHs MeTaJl-
JHYECKHE KATHOHLI H3 COeJHHEHHI 3THX METaJlJIOB;

3) ocaxkjeHHe HOHOB B BHJe OTHOCHTEIbHO HEPACTBOPHMBLIX COe-
JHHEHHH;

4) ynanenue HOHOB NyTeM KOMIJIEKCOOGPa3oBaHus;

5) abcopbuHs M aCCHMWJISILHS NPOAYKTOB JKHBBLIMH PAacTEHHAMH I
JKHBOTHBIMH; '
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6) abcop6uus NPOAYKTOB KOJJIOHAAJBHBLIMH BelleCTBAMH.

He oTpuuas B npuHuune Ba)KHOCTH BCeX NepevHCJACHHBIX MpoIec-
~ COB, HaM TpeiCTaBJseTcHd, YTO 3/echb 3abLIT TIJaBHBIH W3 HUX,
4 HMEHHO: XHMHYeCKoe B3auMojeHcTBHEe THAPOKCHABHON rpynner OH-
¢ yraekucabiM rasoM. OcraHoBHMCA MO3TOMY Ha 3TOM BONpoce He-
CKOJILKO nojpolHee.

B pesyaprate peakunn OH-+CO;=HCO;3;~ B npupoansix ycJo-
BHSIX NPOHCXOJAHT [OYTH IOJHAsI HeHTPaJau3alusl UIeJIOYHOCTH PacTBO-
pa yrieKHc/JbIM rasoM ¢ ob6pa3oBaHHeM THApPOKapOOHAT-HOHA. 31ech
Mbl MOATBEPHM 3TO (PaKTHUECKHMH JAHHBIMH.

B orcyrcTBHe KaKHX-JH6O KHCJIOT THAPOJIH3 allOMOCHIHKATOB MPH-
BOJAMT K IIePEBOJY B PAacTBOP INOABHKHBIX KATHOHOB H 00pa3oBaHHIO
CTPOro 3KBHBaJleHTHOro KoauuecrBa OH-uonos, ' HeiiTpanusyouux
 MOJIOKHTENbHBIH 3apajl KaTHOHOB B pactBope. [losTomy, 3Has co-
JepKaHuHe KATHOHOB B pacTBope, OpPMHPYVIOLIEMCSt B Tpeneaax aJio-
MOCHJIHKATHBIX [MOPOJ, MOXKHO pPacCYHTaThb TEOPETHYeCKoe 3HaueHue
pH Boasbl, yuactsylomleii B npoueccax BbIBETPHBAHHS, H COMOCTABHTH
€ro ¢ (axkrnuecku HabuolaeMbiMH. Takofl cpaBHHTeNBHBIT aHaMH3
(raba. 74) mokasbiBaeT, 4To (pakTHUeCKH Habaofaembie snauenus pll
BOJL 30HBI THNEPreHe3a MeHblle pacueTHbHIX Ha 4-—b emHHHI, T. €.
npaxkTuuecku Bea obpasymollascss 0[PH  BHIBETPHBAHHMH  LIEJOYHOCTH
HeHTpanH3yeTcss NapaJsiejJbHO (OPMHPYIOLIHMHCHA KHCJAOTHBIMH TPO-
JIyKTAMH M IIpeJe BCEero yrJeKHc/abM rasom. Tem cameiM obecre-
YyHBaeTcd XHMuYecKas TpanchopMalusd OIHOrO M3 [POAYKTOB peak-
LUHH THApPOJAH3a H (POPMHpOBaHHe MOA3EMHBIX BOJ TrHApoKapGoHaT-
HOro THNA.

CaenoBaTe/lbHO, He BBIHOC TOJ3€MHBIMH BOAAMH IPOJAYKTOB peak-
HHU THAPOJH3a W3 30HLI BLIBETPUBAHHS, a HEHTpaiu3alus Iieaoy-
HOCTH YTJIEKHCJbIM a30M — BOT IJlaBHasi NPHYHHA TOro, IOYeMy He
HNPOHCXOAHT HaChIIeHHsI BOJAbl OTHOCHTEJLHO MEPBHYHBIX AJIOMOCHJIH-
KdaTOB.

B cuay TOro, uTo OCHOBHBIM HEHTPa/JH3YIOILHM areHTOM LIeJoy-

HOCTH BHICTYNAIOT NPOAYKTH Npeobpa3oBaHHs NOUBEHHOH OpPraHHKH,
- focaeHI0l0 HeoOX04HMO paccMaTpHBATh KaK BaKHeHWwHH reoXHMH-
ueckuil Gapbep, NPENATCTBYIOULHH YCTAHOBJEHHIO papBHOBECHSI B CH-
CcTeMe Boja — ropHasi nopoja. IpyruM BaxKHbIM OapbepoM, Kak MBI
yiKe BHAeJH, BhICTynaior KapOoHaThl, ofpa3oBaHHe KOTOPHIX, yMeHb-
11asi KOHUEHTPAIHIO KaJbliisi B PAacTBOpe, TaKze lIPENATCTBYeT ycra-
'HOBJICHHIO PaBHOBECHS BOJbI C NMEPBHYHBIMH aJIOMOCHJIHMKATAMH.
- Haxonen, Hesab3si He yYHTHIBaTh H TOro (pakra, 4TO HpPH THAPO-
JIH3e aJOMOCHIMKATOB 00pasyloTcsi [VIHHHCTBie MHHEpaJsl, B TOM
- UHCJle CHHTe3HpylonlHecs H3 HOHOB pactBopa, KOTOpbBle, CBA3LIBAA
KpemHieseM, TIHHO3eM H YacTHYHO MOJBHIKHBEE KATHOHBI, TaKkKe Npe-
NATCTBYIOT YCTAHOBJEHHIO PaBHOBECHS B paccMaTpHBaeMmoil cucreme.
'PacrsopuMocTh NOAABASIOUIEH UACTH T[JIHH HHMKE, UYeM HCXOJHBIX
JIOMOCH/IHKATOB, H 3TO ONpeje/iseT PasBHTHE TPOLECCOB THAPOJH3A
‘B YCJIOBHSIX HEYCTAHOBHBUIETOCS PABHOBECHS.

Takum o6paszoM, HepaBHOBECHOCTh BOJBI C 3H/JIOTEHHBIMH aJlOMO-
CHIHKAaTaMH HMEeT CAOMKHYI0O XHMHUYECKyl0 TIIPHPOAY, CBA3aHHYIO C
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TaGanunpma 74

CpaBHeHHe PACHETHOTO H M3Mepennoro 3navennii pH Noj3eMHBIX BOJ KHCJBIX MATMATHYECKHX NOPOA, Mr/a
3 (-4
& 3
Paion BoaosMemaioman < § L
HCCAe10BaHKA nopona a a " ' E
= & : 4 5 - 3 : S =) = 2
s B S = 2 V3 T 3] @ & @ = (5]
I"'Butesn Hedeannonsie cue-| 5,3 | 10,4 | 0,5| 0,47| 7,9*| — | 19,4] 5,5 0,7 10,070| 4,010,29 38.6
HUTBI :
To e I'paunto-rueiice 8.5 10807510, 1D 14,6#*| — | 33,5 4,2 | 0,0/0.030| — - 53,2
Bei?er Cuoxosoit | I'pauntit 551'9,9] 1.0} 0,1 | 0,5 0,8 6,1 3,0 0,510,032 9,410,007| 21.4
ocTH :
IOr Ppangun S 59|102]| 0,8] 0.3 | 2,4 0,5 6,5 3,0 1,210,072 8,2 (0,023| 23,0
Boreau (Ppau- 3 6:1 1106|581 2,4 ] 3.3 1,2 | 15,9| 3,4 |1 10,9 (0,200 11,5 [0,122( 54,7
1u) g :
Kopcuka 2 6,7]10,7| 8,1| 4,0 [16,5 1,4 | 40,3|22,0 8,610,166| 13,2 [0,058( 115
Cesepuniii  Boer- | Fpauntet u mera-| 6,7 | 11,2 29,4 6,2 | 9,4*| — [110 7.3 4,8 10,620] 17,4 [0,860| 186
HAM Mopbhuueckue
CJAHIbI
Eunceifckuit xpsix | Fpaanrto-raefic 68 1E 022001 58| 829 1,6 | 95,3] 6.8 250,350 10,3 |0,13)| 147
I'opst  Ceeppa-He- | ['panuts 691109 93] 1,6] 4.9 1.5 | 50,0| 0,54{ 1,8|0,046| 20,8 [0,026( 90,4
Bana
['Oéﬂihle wrarts | I'pauurto-ruefce 7-2°411,01:16,2°] 2:6 8.3 1,9 {69:5] 5.0 6,0 (0,415 22,1 |0,060| 134
HIA
Ceneran ['panuTe 7,3|11,5|30,4|18,0 (36,9 4,2 (274 7.0 4,0 10,118] 58,0 [0,087| 433
Kypamuuckuii xpe- 744 11,1 135:4-| 8,4 :6/0 1,4 [129 51 125 — |12:4 | . — [207
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yyacTHeM TPOAYKTOB THAPOIH3A B  MOCJAEAVIOUIHX  PasHOOOPasHBIX
XHMHUYECKHX Tpoleccax. MexaHHYecKHil e BHHOC 3JIeMEHTOB H3 30HHI
peakuHu XOTs H HIPAeT BaxKHYIO POJib, HO He SBJISCTCS PeIlaloliuM.

§ 3. PAKTOPBI, KOHTPOJIHPYIOUIHE XAPAKTEP
TEOXHMHYECKOH CPEJIbI

YcraHOB/eHHAS BHIIE XHMHUECKas MPHPOJAa HEpPaBHOBECHOCTH
BOJABI ¢ TOPHBIMH IIOPOAAMH TO3BOJAET OODBACHHTL H PerHoHajbHBIE
3aKOHOMEPHOCTH H3MEHEeHHsI KHCJOTHO-IIEJOYHBIX H  OKHCJIHTENbHO-
BOCCTAHOBHUTEJILHBIX CBOHCTB PACTBOPOB, T. €. NPHYHH H3MeHeHHS
reoxHMHueckoit cpenbl. HauneMm ¢ paccMOTpeHHSI KHCJIOTHO-UIEJTOUHBIX
VCIOBHH, T. €. BeJHUHHbl pH.

3oHaNLHBIH XapakTep KHCJIOTHOCTH TNOJA3eMHBIX BOJ TEPPHTOPHH
CCCP naun6oaee moaso 6w nokasan A. M. Tlepeasmanom (1968)
Ha COCTaBJEHHOIl UM KapTe TeOXHMHUYECKHX THMOB BOJOHOCHBIX TOPH-
30HTOB TPYHTOBHIX BoA. MM e OBbIJIO TOAYEPKHYTO, 4TO MNPHpPOJA
3TOr0 #BJEHHS CBS3aHa € 30HAJNBLHOCTHIO KIHMATHYECKHX 3JEMEHTOB,
MecTaMH 3aTylUeBaHHOIl BJAHAHHEM re0JJOrHYeCKHX (PaKTOPOB.

B T0 e BpeMs MHOTHe CHelHaJHCTHl JO CHX TOpP OTAAIOT Mpea-
nouTeHHe pemaoileil poaH reojoraueckux ¢axropos. Tak, E. B. ITo-
COXOB, CHNpPaBeIJIHBO TOAYEPKHBAA, UTO «/AAs OOJILIIMHCTBA TIPHPOA-
HBIX Boj BeanyHHa pH onpenensiercs riaBHBIM 006pasoM  COOTHOIIE-
HHeM KOHIeHTPAlHH YroJbHOH KHCJOTEL M €e HOHOB», H3MeHeHHe
9TOTO COOTHOLIEHHS BHAHMT TOJLKO BO ‘BJAHANHH KapOOHATHBIX MOPOZ.
On mumer: «cynraercsl oGulenpH3HanibM, uto Herounnkamu HCO;~ u
CO3?~ cayxar pasnnuHble KapGoHATHble NOPOJAbI (H3BECTHAKH, A0JO-
MHTLI, MEPreJiH H 7p.) H KapOOHATHEIH LIEMEHT MHOTHX O0CaJOuHBIX

. mopoj» W JAajee «B npupoanoit Boae monsl HCO;~ obpasyiorest B

00JbUINX KOJHYECTBAX B pe3y/abTaTe AHCCOMHALHH THAPOKapGOHATOB
Ca(HCO;3)2 u Mg(HCO3),, KOoTOphie, YBEJHYHBAS KOHIIEHTPAIHIO
HCO;3™, senyr kK ymensiiennio H* (yBeamuenuio pll) B cropony mie-
JOYHOH peaknuH, T. e. K nosgsjenuio nonoe OH-, cornacHo ypaBHe-
Huo rtuapoanda HCO;~+H,O=H,CO;+OH-» (ITocoxos, 1975,
. 32, 36). 5

Caenosartennto, nosunus E. B. INocoxoBa cBoantes K  chaenyio-

‘leMy: B npejesnax KapOOHAaTHLIX = mopox QopMupyeTcss IleJoyHas

cpella, HO B OT/JAeNbHBIX cJayuasx (Hago mnosnaraTe BHe KapOoHart-

. HBIX TIOPOJ) B YCJAOBHAX BBICOKOrO napuuanabHoro jaasienug CO; u

GOJBIIOTC COAEPIKAHHA OPTaHHYeCKHX KHCJIOT BO3MOXKHO (GOPMHPO-
BaHHe c1aGoKHCA0i cpenwl. B aToM ciayuae ocraercss HEMOHSITHLIM,

. oueMy B nIpejesax aJIOMOCHIMKaTHbIX mopox pH Box mamensercs B

BecbMa IIHPOKOM HHTepBaJe (cM. Tabi. 74). ,

C HHBIX nMO3HUMH K npuuinam uamenenus pH Box moaxomut
Y. I. Kenxep (1963). YuureiBast, 4uTo NPH B3aHMOAEHCTBHH BOAH C
aJloMOCHIHKATaMH 00pasyercs IIeJOYHOCTh, KOTOpas, IO €ro MHe-
HHIO, BBIHOCHTCS MOA3CMHEIMH BOAaMH, OH 3aKJIOUAeT: «4eM OOHJb-
Hee' ocajlkH, TeM OoJiee CHCTeMa BHIBETPHBaHHA Oyaer NPHOIHKATLCA
0 XNMHYECKHM CBOHCTBAM K HeHTpaJbHOH BoAe» U JjaJjee <«oObeM
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BOJI, VUACTBYIOIIHX B Bhilllenaunsannu, obyciaosansaer pH cHerembl
BuiBeTpuBaHus» (Keanep, 1963, c. 102).

Takum o6GpazoM, npuyuubel H3MeHenus pH noasemMHbLIX BOA peruo-
HAJILHOTO pacHpoCTpPaHeHHH, B KOTOPHIX OTCYTCTBVIOT TaKHe CHJbHbIE
KHCJIOTBI, KaK coJsinasi, cepHasi, a30THasi H JApyrue, TPAKTYIOTCS HC-
cJe/loBaTeNaMi pasan4yHo u Tpebvior 1no3atoMy GoJee IeTaJbHOTO
paccMOTpeHHS.

KaK NoKa3aHo Bbllle, PACTBOpeHHE KapﬁOHaTHblx H aJIOMOCHJH-
KaTHBIX 1OpOJ COMNPOBOXKAAETCH 06pa3OBaHHEM IeJOYHOCTH, KOTO-
pasi HefTpaJH3yeTcs OJHOBPEMEeHHO MpOTeKalolluM mpoieccoM obpa-
30BaHHsA VIJIEKHCJAOro Tasa W B MeHbUIEH Mepe OpraHHYecKHMH KHC-
Jgoramu. [lostoMy ecan macutaGel o0pasoBaHHs L1eJOYHOCTH NPEBHI-
waior MacmTabel obpasoBanns CO,; H OpraHHYECKHX KHCJIOT, cpela
JIOJIJKHA OCTABATHCS INEJOUHON, a mNpH o00paTHOM COOTHOLIEHHH —
KHCJI0fl. BaxkHo noguepkHyTh, 4To o6pa3oBaHHe KHCJOTHOCTH W Ilie-
JOYHOCTH SBJAETCS 'HE3ABHCHMBIM TIPOLLECCOM, KOHTPOJHPYEMbIM pas-
JHYHBIMH NPHPOAHLIMH (paKTOpaMH: KOJHYECTBO 0OpasyeMoil KHCJIOTHI
ompene/sercs  HHTEHCHBHOCTBIO OGHOJOTHUECKOH — MPOJAYKTHBHOCTH
nanamadTa, HAOPABIEHHOCTBIO M HHTEHCHBHOCTBIO DAas/OXKeHHs M
MHHepa/JH3allHH OPTaHHYeCKOTO BElIeCTBd, a 3HAYHT H CPeAHErojo-
BOW TeMmepaTypoil W BJIAXKHOCTBIO ~BO3AYyXa, KOJHYECTBO IIeJIOY-
HOCTH — HHTEHCHBHOCTBIO BOJ006MeHa, a 3HAaYHT KOJHYECTBOM oOcal-
KOB, HCnlapeHHeMmM H INPOHHLAEMOCTbIO FOPpHBIX TOpOA, a TaK¥Ke THIIOM
Moc/eIHHX.

HeTpynHo BHIETh, YTO BCE NepeuHC/IeHHbIe thakTopsl, Kpome mnpo-
HHIAEMOCTH H THIIA TOPHBIX NMOPOJ, HOCAT 30HAJBLHBIN Xapakrep, of-
penensieMblii OCOGEHHOCTSIMH KJMMAaTa, M HMEHHO 3TO SABJIAETCH pe-
mapomuM B (GOpMHPOBAHWH SBJEHHI 30HAJLHOCTH COCTABAa BOA H, B
YacTHOCTH, BeaHunubl pH.

BrisiBnenne ocHOBHBIX ()AKTOPOB, ONpPEAGJAOIIHX 30HAJILHOCTh
BOJl, He BCKpPBIBaeT, OJHAKO, NMPHYHH 006534aTEJLHOr0 TOBBIIEHHS 3HA-
yennit pH Boa ¢ pocroMm ux ofmei Munepanusaunu (cMm. puc. 2, 15,
29). Yro6bl OOBACHHTH ITOT IMIHPHUECKH YCTAHOBJEHHBI (hakT, He-
o6xonuMo obGpatuThess K ypaBHeHHio: OH~-+CO,=HCO;~, coraacuo
KOTOPOMY TNPH OJHOM H TOM JKe MapUHaJbHOM AaBJEHHH YTIJIEKHCJO-
ro rasa poct coaepxauuii B pacrBope nona HCO3;~ compoBoxnaercs
noseleHHeM 3Havenuit pH, uro ocofenHo HArJASAHO 'BHAHO Ha
puc. 44. Iror xe BHIBOA chaeayer H H3 ypaBHenus: HCO;—+H,0=
=H,C034-OH-.

Koauuectso xxe HCO3~ B pacTBOpe ompejessiercss CYMMOit KaTHO-
HOB THAPOKapOOHATHBIX COJEH, cofepKaHHe KOTOPHIX B BOAAX HH3KOIi
COJIEHOCTH ompefenseT HX OOILyI0 MHHepadH3aluio, WHaye TOBOPS,
pOCT COJNEHOCTH BOJBI ONpeleasieTcs POCTOM COAEpPIKaHHH B pacTBope
KaTHOHOB, BHIIEJAYHBaeMbIX H3 K&pﬁDHaTl{le H CHJAHKATHBIX NOPOI,
H NMPakTHYeCKH SKBHBAJEHTHHIM KOJHYECTBOM 0OPasyiouHxcs MpH
- atoM nooB HCO3~ (Tounee cymmut monos OH-+HCO;-).

I'Iapu.ua.nbuoe JaBJIEHHE YFIEKHCJIOro rasa TaKikKe He OCTaeTcH
NOCTOAHHBLIM, a MEHSIETC B 3aBHCHMOCTH OT KJHMATHYECKHX ocoben-
Hoctell dauamwadra (cM. taba. 68). JIoGonuTHON B 9TOM OTHOUIEHHH
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ABJAAETCH YCTAHOBJAEHHAs aMepHKaHCKHMH HecaegoBatensmu (Harmon
e. a., 1975) npaMas 3aBHCHMOCTb BeJHYHHBI Pco, OT TeMmmeparyphl
- Boanl. Ha ocnoBanun 305 aHanu30B NOA3€MHBIX BOJA KapOOHATHBIX OT-
JIOKeHH pa3anuHbix paifioHoB CesepHoit AMepukH, HauuHas ¢ AJsicKd
H KoHuas MeKcuKoi, 3TH HCC/el0BaTeNH TMPHXOASAT K BLIBOAY, YTO /5
HACBHIIEHHBIX H He HACHILEHHBIX KaJbIHTOM

BOJ YCTaHaB/AHMBAeTCSH CJeAyIulas 3aBHCH-

MOCTh =
<k S IS
lg Pc02= —3,16+0,07T, 5 40 ‘,',‘ >
(= =
rae T — temnepartypa Boanl, ° C. =RS ol
YTouHeHHe paccMaTPHBaeMOil 3aBHCH- g
- MOCTH OBIJIO NPOBEACHO APYTHMH aMepHKaH- 50T
ckumu Hccaenosareasimn (Drake, Wigley, §mﬂ £
1975), KOTOpLIE YCTAHOBMJIH, YTO AJs BOJ, 8
HACLIIEHHBIX  KaJbLMTOM,  XapaKTepHO L el
VpaBHeHHe 50 60 70 &0pH
lg Peo,=—3,42-40,077T7, ; Puc. 44. CootHoweHHe Meay
copepxandeM Hona HCO;— u me-
a 1151 NOYBEHHLIX BOJI, HE HACHIN[EHHbIX Kap- awunnoli pH pacreopa

OOHATOM, — ypaBHeHHe
E lg Pco,=—1,9740,04T.

M3 cpaBHenus 3THX ypaBHeHHH cieiyer Kpajile BaxHBli BBIBOA 00
YMeHbIIeHHH napuuajibHoro aasjenuss COp npH  yBeJHYEHHH coJie-
HOCTH BOJBL. ITO Ke MOATBEPKAAOT M jaHHbe Taba. 74. Tlostomy
NPH YBeJIHUEHHH COJIEHOCTH MOJA3eMHBIX BoA poct pH npoucxomut mo
JIBYyM nprunHam: 1) ysennuenue cojepxaunuit HCOy~ u 2) ymenplue-
- Hue Pco:.

CunencBatensHo, Mexay copep:xkauuem HCO,;~ (a 3uaunt H cym-
- Mol coqiefi) um BeauunHoH pH cylecTByer c/0MKHAs 3aBHCHMOCTD,
KOHTpOJHpyeMasl BeJHYHHOH napuMagasHoro jasiaenus COp npu oa-
‘HoM u ToM #e Pgo,: uem Ooabiie cogepxanne HCOs;~ B pactBope,
" teMm Buiuie ero pH, wiam npu ogHOM H TOM ¥XKe COLEpPIKAaHUH HCOs—
- (a amayuT W coJleHoCTH) ueM Bhllle napuuagasHoe aasiaenne CO,, Tem
HHxKe 3Havenne pH.

Otciona CTaHOBATCS TNOHSATHBLIMH, TOYEMY, BO-NEPBBHIX, NPH  MO-
- BBILIEHHH MHHEpaJu3alui NOA3eMHBIX BOJ NPOHCXOAHT TOBBILIEHHE
HX LIeJOYHOCTH H, BO-BTOPHIX, NOYeMY NpPH OAHOI M TOi e MHHepa-
JH3aUHM NOoJA3eMHble BOJLI TPOIHKOB 10 CPaBHEHHIO C BOLAMH yMe-
PeHHoIt 36HB! ABJAAIOTCH GoJee KHCJABIMH (cM. pHC. 29).

Urc KacaeTcs OKHCAMTENLHO-BOCCTAHOBHTEJNLHEIX CBOHCTB  MOJ-
' 3eMHBIX BOJ, TO, Kak 3T0 nmokazaHo B paGorax A. B. Illlep6akoBa
- (1956), B. B. lllep6uuw (1972), A. W. ITepeasmana (1966, 1968),
P. M. T'appesca u Y. JI. Kpaiicra (1968), M. ®. Cramyk (1968)
H Jp., OHH ONPEIeJAIOTCS KOJHYECTBEHHBIM COOTHOIIEHHEM, ¢ OJHOH
CTOPOHEI, 3JI€MEHTOB-OKHCIHTENEH, CMOCOOHBIX TMPHHHMATL 3JEKTPOHE,
- € JIpyroii,— 3Je€MeHTOB-BOCCTAHOBHTE e, CMOCOGHBIX OT/1aBaTh 3JeK-
TpoHBL JIJ11 YC/AOBHIT 30HBI THIepreHe3a BaKHeHIIHM OKHCJIHTeJeM B
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NOA3eMHHIX BOJAaX ABJAETCA KHCJAOPOJ, a BOCCTAHOBHTEJIEM — Opra-
HHYecKoe BemlecTBO. B yciaoBHAX akTHBHOrO BojgooOMena B Bojax
06LIYHO HPHCYTCTBYET CBOOGOJHBIN KHCJIOPOJ H reoXmMHyeckasi obcra-
HOBKa $BJISIeTCS OKHCJAHTEJNBHOI, B ycaoBHax cilaboro BomooOMeHa
KHCJIOPOJl pacXoAyeTcss Ha OKHC/IeHHe OpraHHYeckoro BellecTBa H
3JIeMEHTOB C NepeMeHHOH BaJeHTHOCThIO H TeOXHMHYecKas 06CTaHOB-
Ka sBJsiercss ruaeesoil. B oTaesapHbIX cayuasix; B YCJHOBHSIX KpaiiHe
c1aboro NPUTOKa KHCJAOPOJA M AKTHBHOH JIeATEJBHOCTH CyabgaTBoc-
cTaHaBJAHBAIONMHX OaKTepHil, (OPMHpPVETCS BOCCTAHOBHTEJNLHAS CEpoO-
BOJOpOJAHas 06CTaHOBKA.

CiefloBaTe/IbHO, XaPaKTep OKHCJIHTEJbHO-BOCCTAHOBHTENRHOH 06-
CTAaHOBKH, TAdK K€ KAK H KHUCJOTHO-LLEJOYHOMH, ompefessieTcs HHTeH-
CHBHOCTbIO BOJ00OMEHa H HanpaB/JdeHHOCThIO NpeofpasoBaHusi opra-
HHYECKOre BelllecTBa. B TO JKe BpeMs BayKHO OOpPATHTh BHHMAaHHE H
Ha TO OOCTOATENBCTBO, YTO B TVIMHHCTHIX OTJIQXKEHHSX, KaK IPaBHJIO,
Eh nojseMHBIX BOJA HHKe, 4eM B mecyaHbIX. [IpHYHHBI 3TOTO ABJIEHHS,
Mo HalleMy MHEHHIO, KPOIOTCH B TOM, YTO TVIMHBL cojep:kart GoJibluoe
KOJIMYECTBO XMMHYECKH CBs3aHHOil BOAbI, obJaagaiouiei ocobeiMu (-
3HKO-XHMHYECKHMH CBOICTBAMH, YTO CJABHraer 3HauyeHHe OKHCJIHTE/Ib-
HO-BOCCTAHOBHTEJIBHOIO INOTEHIHAJa BOAE B o0JacTh GoJjee HH3KHX
snavennii Eh (IIBapues, 1975,). Ipyram oOGlIeH3BeCTHHIM TpoOIec-
cqM, 00YCJOBJAHBAIONINM NOHHIKEHHE ~OKHCJHTEJBHO-BOCCTAHOBHTEIb-
HOrO TNOTEHLHAMa NOA3EMHBIX BOJ, fABJSETCS JAeATeJbHOCTh CyJab(ar-
BOCCTAHABJHBAIOMINX GaKTepHil, OMpeaeasiONHX BO3MOXKHOCTL o6pa-
30BaHHs CEPOBOAOPOAA — 3TOr0 HamboJee CHJIBLHOTO BOCCTAHOBHTE/S
B YCJOBHAIX 3eMHOH Kopbl. OJHaKo B yC/JAOBHAX- 30HB THIepreHesa
3TOT TNOCJAeHHH MNpollecc MOJL3YeTCHd OrpaHHYeHHBLIM pacopocTpane-
HHEM M He OTHOCHTCS K pas3psifly pernoHajbHuiXx. ITosTOMY OH Hamu
noxpobHO He paccMaTpHBAETCH.

§ 4. HAIPABJIEHHOCTb M NPHPOJA PA3JIOXKEHHS
OPFAHHYECKOIO BEWIECTBA

Kak nokasano Bwbie, NPHPOJAA HEPABHOBECHOCTH CHCTEMDLI BOLA —
SHJOTeHHbIE aJIOMOCH/IHKATHl H XapaKTep TeOXHMHYECKOH cpeinl onpe-
HeJIAI0TCS AKTHBHEHIINM BJHAHHEM OPTraHHYECKOTO BeIECTBA JaH/-
agToB, KAK OCHOBHOrO MCTOYHHKA KHCIOTHOf cocTaBasiomeli pact-
BOpeHHbIX NpoaykToB. KopoTko ocramoBuMmest mostomy ma Bompocax
pasJIoKeHlsi OPTaHHYECKOTO BelecTBA B MOYBEHHBIX M MOANOYBEHHBIX
FOPH30HTAX,

OGpasyiouinecss eKerofHo B pesy/bTate (OTOCHHTE3a OTPOMHBIE
MacChl OPraHHYeCKOro BEIIeCTBA IMOCJKe OTMHPaHHS IOJBEPraioTcs
Pas/auuubLIM BHAAM GHOXHMHYECKOro Npeo6pasoBaHus ¢ (OPMHPOBA-
HHEM IOYBEHHOTO TyMyca, PasHooGpasHbBIX OPraHHYECKHX KHCIOT M B
KOHEYHOM HTOTe MOJHON HMX MHHepaJH3alin ¢ 06pascBaHHEM HCXOM-
HBIX NPOAYKTOB (POTOCHHTE3a: BOALI H YIJIEKHCJOro rasa. B HacTof-
iee BpeMs Pas3/NHyaloT YETHPe THIA Pa3pPYLIEHHs OPraHHYeCKOro Be- -
liecTBa, OTPAXKAIOWINY COYCTAHHE COBEPIICHHO PASAHYHBIX VCAOBHIT H
nocaencrsuit (Kesna, 1973).
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1. Topgoobpasosanue, 3axaiouaiolleecs B KOHCEPBHPOBAHHH pac-
| THTEJILHBIX OPraHHYeCKHX OCTAaTKOB B MaJIOH3MEHEHHOM BuAe ¢ obGpa-
30BaHHEM KHCJOTHBIX H CTEDPH/H3YIOUIHX BEIIECTB B YCJOBHAX mepe-
CBIIILeHHA BOJOH U GelHOCTH MHKDOOPraHH3MOB.
2. T'Huenue opeanuueckux eewjecT8 B YCJIOBHSAX HEIOCTATOYHOTO
NPHTOKA BO3AYyXa H BLICOKOH BJAXKHOCTH CO3AdeT aHaspobuyio cpeiy.
- CymiecTseHHylo poJb B 3THX IpOIeccax HrpanT crnemuduueckue Gak-
- TepHH (aHaspober), crocoberBylouye - GOPMHPOBAHHIO  BOCCTAHOBH-
- TeJibHBIX TpolieccoB. Ilocnennue conpoBoxkiaaloTess oGpasoBaHueM
aMHHOB, (DeHOJIOB, CepOBOAOPOAA, BOAOPOAd, METaHa, BOCCTAHOBJEH-
HBIX COGJMHEHHI JKeJesa, MapraHia H JPyrux sneMeHtosB. B 3Toit xe
- cpelde HHTpPaThH BOCCTAHAB/JHBAIOTCH A0 aMMHAakKa H ra30006pas3HOTro
- asora. ITH SIBJEHHS] THOHYHBI 1/ OOJIOTHBIX H MepeyBJa’KHeHHBIX
JanaumagTos.
3. I'ymupurayun opeanudeckux sewjecrs (aspobHoe pasfoxKeHHe)
- XapakTepHO AJA YCJIOBHH OJHOBDPEMEHHOTO YBJAXHEHHSI H a’paliu,
" OHo cBfI3aHO C NOCJIEAOBATe/bHBIMH H MHOTOKPAaTHBLIMH CMEHaMH pas-
. JIOXKEHHs H pecHHTe3a OPraHHYecKHX BelecTB B NOYBE JKHBOTHBIMH,
- rpuGamu, MuKpoopranusMaMu. PasioxkeHne Ge/KOB COIPOBOMZAETCH
aMMOHH()HKanyed H HATPpH(HKalHeli ¢ o6pa3oBaHHeM Aa30THOH KHCJIO-
THL 1 ee cosiell. ONHOBPeMeHHO MPOHCXOAHT OKHCJIeHHe GeaKOBOIl cephl
i docdopa ¢ o6pazoBanueM cyiabdatoB H dochaTos. ¥Yriaepoa B 60/b-
Hieji 4acTH OKHCJseTcs A0 YrJeKHcJIoThl. MuHepaJbHble BelllecTBa Op-
FaHHYECKHX OCTATKOB MepexoJaT Jubo B (OpMYy NPOCTHIX coJei, Ju6o
HakarmauBaioTcs B cocraBe rymyca. [Ipomecch aspoGHoit  rymHpHKA-
UM XapaKkTepHH JJjs OOJBLIIHHCTBA NMOYB, 06/1a7aI0IIHX BBICOKOH Ty-
 MYCHOCTBIO: YeDHO3EeMBI, MOYBHI npepnﬁ, yepHble IOYBBI TPOMHKOB,
JIYyrOBHIE, OypLIe JIeCHHE H IP.
4. Cyxoe <Taenue» (ceopanue) opeauuuecxux gewjecTs TPOHUCXO-
JINT B YCJAOBHAX 0c000 CYXOro KJIHMara NpH O0JbIIOM JOCTyNme KH-
€JI0POAa, HHU3KOH BJAaXKHOCTH, HO XOpOLIeM IPOMBIBAHHH H NMOHHMKEH-
HOIl aKTHBHOCTH IOYBEHHBIX OpraHuaMoB. [louBeHHBIe JKHBOTHLIE OCY-
JIleCTRJAAIOT MeXaHHuyecKoe M OGHOXHMHUECKOE pa3pylieHHe OpraHi-
‘yeckoro BeriectBa, I'pudbl M GaKTeDPHH 34BeplIAIOT OKHCAHTE/NBHBIE
npouecchl ¢ 06pa30BaHHEM MPOCTHIX OKHC/IEGHHBIX MHHEPAJbHBIX COJIeH,
Tas3oB, 0coOEHHO YrieKHcJaoro, u BoAbl. Pecuntes - rymyca cpaBHH-
TeqbHO orpanuuer. [TosToMy nouBbl OOBLIYHO MAJIOTYMYCHBI H CBETJIO-
OKpauiensl. TH ABJEHHS OCOOEHHO XapaKTepHbl AJif CYyXHX H BJax-
bIX caBalH,
© VKe KpaTKoe TMepeuyncaeHHe OCHOBHBIX HampasJenuit mpeobpaso-
Banusi OPraHHYeCKHX BelleCcTB MOKA3LIBAeT HCKIIOUHTENBHYIO pOJbL B
E npoueccax p83H006p83HOH MHKPOOHONOTHYECKOH  JeATelNb-

y

PasBuTH pasjnuHble BB MHKPOOPTaHH3MOB, IIOCJEJICTBHS JKH3He-
JesiTebHOCTH KOTOPBIX BBHIXOAAT Aaje€Ko 3a mpejedbl chepbl Hx 06H-
‘TaHus H ONpeNeJsOT BO MHOTOM COCTaB MNPOJYKTOB BLIBETPHBAHHA,
‘arMocgepbi, MOA3EMHLIX BOJA, F€OXHMHIO TAKHX 3JIeMEHTOB, Kak yrJe-
,11, asot, cepa, (ocdop, Kucjopol, Kamui, xeae3o u ap. [lo nanueM
A, KOB.ElbI «rJIaBHAas Macca MHKDOOPraHH3MOB COCpeJloTOYeHa B
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KOpHeoOHTaeMbIX FOPH30HTAX NMOYBHL H OCOOEHHO B BepxHux 10—
20 cm. O6mas cuipas Macca Pas3JHYHBIX MHKPOOPTAHH3MOB MOKET
COCTaB/ATHL B BepxHeM 25-CAaHTHMETPOBOM cioe mo4Bol Jo 10 T1/ra.
Macca mukpoopranuamos cocrasaser 0,5—2,5% or maccs rymyca
B mousax» (Komua, 1973, c. 240). C ray6uHOil KOJIHYECTBO MHKPOOP-
raiu3MoB VMeHbluaercs. Mewnpllle X B NOBEPXHOCTHHIX BOJaX, elle
MeHblle B nolA3eMHbIX M Bodayxe. Ho u B 3THX cpepax oHm npoaoda-
AKaloT paspyliaTbh OpraHuyeckHe BellecTBa ¢ o6pa3oBaHHMeM BOJIBl H
YIJIEKHCJIOTO T'a3a.

BaxueHlIHMH NpoAyKTaMH OHOXHMHYECKOro  npeoGpasoBaHis
PACTHTE/NBLHBIX OCTATKOB ABJAIOTCA (YJAbBO- W TYMHHOBBIE KHCJOTHI,
KOTOpLIE MPAaKTHYECKH Bcerja B TOH HJH HOH Mepe pacTBOPSAIOTCHA B
MOYBEHHLIX PACTBOPAX M C MOCJAEJHHMH TOMAaAAlOT B MOJANOYBEHHEIE
(rpyHTOBBEIe) BOALL. B 3aBHCHMOCTH OT THNA IOYB, CTA4AHH H CTEMEHH
pas/ioXeHHs OPraHHYeCKHX BeIleCTB B MOYBEHHBIX BOAAX IPHCYT-
CTBYET TO HJIH HHOE KOJHYECTBO I'YMHHOBBIX coeanHennit. [To mannbiM
H. H. CkpoinnukoBoii (1959), B obaacTax BIaKHOrO KAHMATa TNpH
00pa3oBaHHH JIeCHBIX KHC/JBIX NOYB B MOYBEHHLIX PACTBOPAX MOTLYT
NOSABJATLCA HeHACHIIlEHHbIE TYMYCOBble KHCJOTH M HauGojlee aKTHB-
Hasi ¥3 HUX rpynna ¢y/abBokuHCIAOT. ['yMuHHOBBIE 1 (QYJALBOKHCIOTH
MOrYT BBHI3BaTh MOJAKHC/JAeHHe NOYBeHHOro pacreopa o 3—3,5. B or-
JeNbHBIX CJAYYasx YCTaHABJHBAETCH MNPHCYTCTBHE OpPraHHYeCKHX KHC-
JIOT THNA YKCYCHOI#i, LiaBeaeBOoH, JuMOHHOH u ap. Mx obpasoBanue
CBfI3aHO C pasjloKeHHeM PACTHTEJBHOro Onajd, BHACAEHHAMH KOpHeil
HJH HACEKOMBIX, JKHU3HEIAeATeqbHOCThI0 TpuGoB u Gakrtepuit. Ilpu no-
NajaHud B M0J3eMHble BOJABI 3TH KHCJIOTH OBICTPO HEHTPadH3YIOTCH
LeJOYHOCTBI0, 06pa3yemMoii NpH B3aHMOJEHCTBHH BOAB € TOPHBIMH
NOpoAaMH.

Jlucconnalnsi 1 HelTpaau3alHs OpPraHHYeCKHX KHCJIOT — AOJAKHBL
NPHBOAUTL K 00pa30BaHHI0 B BOAAX KHCJIOTHBIX OCTATKOB, YpaBHOBe-
LIeHHBIX KAaTHOHAMH IMOJBHXHBIX 3JeMeHToB. OaHako dhakTbl M30LITKA
KaTHOHOB HaJ CyMMOli HeOpraHHYeCKHX aHHOHOB B BoJax o6Gnapy-
JKHBAIOTCS JIOBOJIBHO PeiKo. DTO TOBOPHT O TOM, HTO HelTpanH3alus
mesouHocTH o6ycloBjeHa raaBHbIM o06pasoM He OpraHHYeCKHMH
KHCJA0TaMH, a yriaekucaotod. OaHako He HCKJIIOYEHO M TO, YTO B psle
cayyaen caalGble OpraHHyecKHe KHCJIOTHI THTPYIOTCH BMECTe C YTrOJb-
HOH M TO3TOMY cOAepiKaHHe nocleiHeill 3aBbiwaercda. Caeayer noi-
YepPKHYTh, YTO CHEIHAJBHBIX HCCAEJOBAaHHH B 3TOM HANpaBJeHHH He
_ MPOBOJMJIOCH H MO3TOMY OKOHYATe/JbHO POJIb OPraHHYeCKHX KHCJOT B
HeHTpa/u3alHu 1EeJOYHOCTH NMPHPOAHBIX BOA He MoeT OBITb B Ha-
cToflllee BPeMs OlleHeHa.

Posis opraHHuecKHX KHCJIOT B BOAAX Ja/JeKo He OrpaHHyHBaercs
HeliTpaaH3aluel IeJOYHOCTH, a ABJSETCH 3HAuHTe/bLHO GoJee WIMPO-
Koil. Oprannueckne BellecTBa, 06pa3ysi KOMIJIEKCHbIE COeJIHHEHHH CO
MHOTHMH METaJJIaMH, Pe3Ko INOBBILAIOT HX MHTPALHOHHYIO — CIIO-
cobrocth. [lpexie Bcero 3TO OTHOCHTCA K 3JeMEHTaM-THAPOJIH3AaTaM
H, B NMepBYi0 ouepeib, Keledy H ajJioMHHuio. e MeHbllee 3HaueHue
NPHHAAJNEKHT OPTAHWMECKHMM KHCJOTaM H B XHMHYECKOM paspylie-
HUH TOPHBIX MOpPoA H ocobenHno anoMmocwinkatos. [lo nanubM
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HU. U. Tuuabypra u ero xoaner (Pasnoxenue..., 1963, dkcnepumen-
TajbHBIe HCCJIeqoBaHuA. .., 1968), MHOrHe opraHmueckne KHCIOTHI
paspyumaloT HEKOTOpPHIE AaJIOMOCHIAHKATH O0o0Jiee AKTHBHO, 4eM aaxe
CHJIbHEIE MHHEepaJbHble KHCJIOTH. Bece 3TO 3HAUHTENBHO YCJAOKHSET
KapTHHY THAPOJH3a aJIOMOCHJIMKATOB. B  paspyuwenun nocieanux
NPHHUMAIOT yyacTHe TakKe M Mukpoopramuamel (Lliopyna, 1973).
M Bce e BAHAHHE MW TeX M APYTHX HEBO3MOXKHO 0e3 H3MeHeHHS Xa-
pakTepa reoXHMHYECKOH Cpelbl H MO3TOMY NepelaeTcsi Ha NOPOAY
yepe3 H3MeHeHHe cocTaBa pacTBopoB. CiefoBaTeNbHO, 3HaHHe THOC/ael-
HEro NO3BOJSET YYeCTh BJHSHHE BCEX 3THX JAONOJHHTENbHLIX (akTo-
POB B Ka)<IoM KOHKDETHOM cJydae. ITOT . OPHHLHI HCNOJb3YeTCS
HaMM NPH pelleHHH MHOTHX BOMNPOCOB B3aHMOJEHCTBHS BOJLI C TOp-
HBIMH TIOPO/IaMH.

Cpeau ApPyrHx KHCJOT, MOCTOSHHO MPHCYTCTBYIOIIHX B MOA3eMHBIX
Bojax, ocoGasi poJb NPHHALJIEKHT YTrOJBHOH, KOTOpas B OTAEIbHBIX
caydyasx moxer nonusute pH pacrsopa no 4,0—4,5. CosepiueHuo
OUeBHJHO, YTO HCTOYHHKOM YTOJIbHOH KHCJOTHL B MOASEMHBIX BOA4X
He MOXKeT CJYKHTh aTMocdepa, Tak Kak mapuuajibHoe JAaBjeHHe Vrie-
KHCJIoro ra3a B Hell paBHo 10'° Ila, a B moaseMHEIX Bojax 3Haui-
TeJbHO Bblile H B cpeaHem cocrasasier 10%2—10%8 I1a (cm. taéa. 29
u 68). drn suavenns npesuUaT H Pgo. PEUHBIX BOA, B KOTOPHIX
B cpeaHeM oxo pasHo 10%5 ITa (Tappenc, Makkensu, 1974). dtu as-
TOPLl CIpPaBeAJHBO OTMEYAlT, YTO, BeposiTHO, AaBieHHe COy B BOA-
HBIX TOTOKAX OTPAXKaeT YCJAOBHsl JAHHAMHYECKOIO PaBHOBECHs B IPO--
uecce o6pasoBanusi COp MpH OKHCJIEHHH OPraHHYECKHX BEILeCTB B

'BO/AX H HENMpepHBHOTO BhIJEJNEHHs ero B aTmocdepy myTem audpdy-
. 3MH C OBEPXHOCTH NMOTOKA.

Cay6unneii ucrounuk CO,; B pernoHalpHOM IJ1aHe TakmkKe He
MOJKeT HrpaTh cyulecTBeHHOH posu. [1o3TOMYy OCHOBHBIM TOCTaBIIH-
KoM CO,; B BOJABI 30HBI THNEpreHe3a SABJAAIOTCA NMPOLECCH OKHCACHHSA

. OpraHH4YecKoro BelllecTBa IOYBEHHBLIX H IOJANOYBEHHBIX TOPH3OHTOB.

OTo noJoxkeHHe B MoOcJAelHee BpeMs MNOJATBEpPK/IeHO KaK pesyJbTaTa-
mMu nsotonubix uecaenoBanui (Rightmire, Hanshaw, 1973; Deines
e. a., 1974), Tak ¥ OTMEUEHHOH BHIIIE 3aBHCHMOCTBIO conepxanus CO,

B BOJAaX OT TeMIepaTypbl, KOTOpas, MOBHIIAA MHKPOOHOJOrHYECKYIO
- AKTHBHOCTL ITOYBEHHEBIX OaKTepHH, NMPHBOAHT K YBEJHYEHHIO €ro co-

JlepXKaHua B MOYBEHHOM BO3AyXe H pacrBopax. [Tocaennue mepeHo-

cAT ee 3aTeM B GoJee rJy6OKHe TOPH3OHTHI.

Taknm o6pasom, GHOXHMHYECKOe OKHCJEHHe OpraHHYeCKOro Be-
llecTBAa B Pa3HbIX KJHMATHYECKHX M JaHAWA(PTHBHIX YCJIOBHAX, Ha
PasHbBIX CTA/HSIX €ro 3BOJIOIHH TPHBOAHT K 00pas3oBaHHIO JlOCTa-

- TOYHO GOJILIIOTO KOJHYECTBAa YIJEKHCJOro rasa, KOTOPHIl BBICTYMaeT

OCHOBHBIM KHCJOTHbLIM 4reHTOM Ha [YyTH VBEJHYEHHHA UIeJOYHOCTH

~ PacTBOPOB H TeM CaMbiM KOHTPOJHpYeT XapaKTep B3aHMOJIeHCTBHSA

BOJIbI C TOPHLIMH TTOPO/IAMH.



I'VIABA IX

NOA3EMHbBIH XHMHYECKHH BbIHOC
H ETO TEOJIOTHYECKAS POJIb

B nocneanHe roabl 3HauHTEJBHO AKTHBH3HPOBAJCH HHTEpEC HCCie-
JoBareseil K M3y4eHHIO ITIOJ3eMHOr0 XHMHYECKOro BbiHOca (CTOKa).
droMy B 3HAauMTENbHOH Mepe Mbl o0sidaHnl paGoram I'eosoruueckoro
nHctutyra AH CCCP (Makapeuko, 3sepes, 1970; Murpauus. ..,
1974). B pesyabrate 3THX HecaeloBaHuit aas  teppuropun CCCP
VCTAHOBJ/IEHE! OCHOBHBIE NapaMeTPHl TOA3EMHOTO XHMHYECKOTO BBIHO-
ca ¥ J0KAa34HO, YTO B KOJHYECTBEHHOM OTHOLIEHHH OH He TOJBKO He
ycTyHaer IOBEDXHOCTHOMY XHMHYECKOMY CTOKY, HO Jaze ero Ipe-
BOCXOZHT. Bce 310 mMOKashiBaeT BaKHOCTL OoJee IOJHOTO H3YYeHHS
3TOTO Te0JIOTHUECKOTO SIBJEHHS.

\

§ 1. KOJIMYECTBEHHASl XAPAKTEPHCTHKA
OTAEJNbHBIX COCTABJIAKUWHUX MOA3EMHOIO
XHMHYECKOIo BbIHOCA OCHOBHBIX JIAHAIIA®THBIX 30H

Jo macrosilero BpeMeHH NOA3eMHas XHMHYECKaf COCTABJSIOLIAS
BLIHOCA ONpejessyiach IO AaHHBIM MEXKEeHHOro CTOKa peK, T. e. NpHu-
HHMaJ0Ch, YTO B MeXKeHb PeKH IIHTAlOTCsl B CBOEil IoJAaBJfolleil yacTH
noaseMHeIMH Bomamu (CasapeHncknii, 1948; Maxapenko, 1961; Maka-
peHko, 3Bepes, '1970; Murpauus..., 1974, u ap.). He ocnmapusas npa-
BOMEPHOCTH TAKOro MeTOMOJOrHYECKOro pelleHHsl paccMaTpHBaeMoi
npoGJeMbl, MBI IPHMEHHJIH HHOI NOAXOJA, & HMEHHO: HCHIOJb30BaJH
JlaHHble 1O CpPe/iHeMy COCTaBY MOJ3eMHBIX BOJ OCHOBHHIX JaHAmagpT-
HBIX 30H ¥ OTAEJLHBIX PETHOHOB, NpHBEJeHHEe Bhle (cM. Taba. 9,
26, 45, 62, 66). Moayap NMoA3eMHOro CTOKAa NMPH 3TOM JHOO paccuu-
THIBAJICA HAMH JIHYHO, KaK, HamnpuMmep, s TeppHTOpHH [I'BHHeH
(IIsapues, 1971), aubGo 3auMcCTBOBAJCH H3 H3BECTHHIX pabor
B. M. Kyneauna (Ilopsemubiii crok..., 1966) m M. M. JibBoBHUa
(1974). -

[IpuMeHeHHBIT HaMH TPHEM HMeeT NOJOXHTeJbHBlE M OTpHIA-
TedAbHBE CTOPOHBL. [lo/MOXKHTENBHBIM SABJISETCA TO, YTO B 3TOM CJy-
Yae MOJHOCTHI0O HCK/IOYAETCH BJHAHHE MOBEPXHOCTHBIX BOJ, a TaKxke
COJEHEIX BOJ, MONAaJalolllHX B PEKH B pe3yJbTaTe [APeHHPOBaHHS IJIy-
6OKHX BOJOHOCHBIX TOPH30HTOB, T. €. B JAHHOM cCJlyuae MBI OIpeje-
JsieM XHMHYeCKHil BBIHOC, (POPMHPYIOULHIICS TOJBKO B Ipe/Jesax 30HBI
THNepreHe3a HJH 30HH AKTHBHOTO Bogoo6Mena. OTpHLIATENBHBIM MO-
MEHTOM SIBJISIETCH TO, UTO He BCE XUMHYECKHE 3/JeMEeHTHI, KOTOphe Of-
PEenensioTcs B M0J3eMHBLIX BOJAAX, MAOCTHIAIOT PEKH H COOTBETCTBEH-
HO YYacTBYIOT B OKOHYaTeJbHOM -cTOKe. YacTh M3 HHX Bhnajaer B
BHJIe BTOPHYHBIX coeanHeHuii. OgHaKo 10J58 THX MPOLECCOB, BUAHMO,
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sABJAsieTCsl HeGOJBIIOH H Ha AAaHHOM 3Tane HCCJAENOBAHHI He MOMKEeT
TMPHBECTH K CYLIECTBEHHBIM OlInbKaM.

Jpyras orauynTeNbHas O0COOEHHOCTh HALIMX HCCJAENOBAHHH  CO-
CTOHT B TOM, YTO Mbl BIE€PBEIe BBIIEJIHIH OTAEJIbHBIE COCTAB/IAIOLIHE
BbIHOCA B 33aBHCHMOCTH OT reHeTHYeCKHX 0CoOeHHOCTeH cocTaBa TOJ-
3eMHBIX BOJ, T. €. OTAEJBHO paccMOTpelH armocdepHyio, GHOrEHHYIO
H JIHTOrEHHYIO COCTABJSAIOIIHE XHUMHYECKOro BbIHOca (cM. Tabua. 11,
28, 46, 63, 67). MeroanKa BbiJeJeHHs KaxI0H H3 3THX COCTaBJSIO-
LIHX H3JI0XKeHa BO BTOPOH H luectoii raasax pabotwl. [lostomy mojx-
YEPKHEM JHIUB, YTO B OHOTEHHYIO COCTABJSIOILYIO CTOKA BKJ/KUEHO
conepxanne He Toapko HCO;—, Ho rtakike HaCOs n Copr. [Tockouasky,
. 0/1aKo, He yuTeHO cojepxanue Copr JeTyuee, paccMaTpHBaeMas CoO-
. crasasiollias Bce Xe He NOJHOCTBIO OTPazKaeT BHIHOC GHOTEHHBIX NpPO-
- avkroB. Hakonen, ormetum u TO, uTo B Ta6a. 11, 28, 46, 63 u 67 3ua-
yeHus OHOreHHOH COCTaBJAIOUIEH BBHIHOCA TNPHBEIEHB! B TNepecueTe Ha
| OpraHHYeCKoe BeIeCcTBO, TOrAa Kak B Taba. 75 BuipakeHsl B mepe-
cuere Ha cyMmMy HCOj3-, HoCOs u Copr, T. €. Ha (OpPMY TEX COELHHE-
. HHIl, KOTOpble BEIHOCATCH BOAAMH *.

1 CyMMapHble JaHHEE [0 MOLYJIIO NMOA3EMHOTO XHMHYECKOTO BHIHO-
- ca, a TaKXke IO OTAEJABHEIM  €r0  COCTABJSAWLIHM  [PHBELEHE
. B taba. 75, aHa/u3 KOTOPOil NO3BOJIAET cAe/laTh DAL HHTePecHBIX Bbl-

BojoB. [Ipexae Bcero Gpocaercss B rjasa IIHPOKHI HHTepBaJ Be-
JIHYUH T0J3eMHOr0 XHMHYECKOro BhlHoca, 0OYC/JAOBJAEHHBIH Pas3Ho00-
 pasueM NpPHPOAHBIX ycJaoBuit: or 8,3 (ryumpa) mo 180,5 (Braxnas
caBaHHa) T/rox-km? BmecTe ¢ TeM MOAYJb XHMHUYECKOTO BhIHOCA —
. 3TO He3aBHCHMAs NepeMeHHAas BeJHUHHA, KOTOpas He KOppPEeNHpYeT C
- MojyneMm crtoka, obutefi MuHepaamusanmuedr, pH, Temneparypoii, THnom
 FOPHBIX ITOPOJI, TOYHee KOppeaupyer cloxHbIM oBpasom. YUrobw. pa-
300paThCcsl B NMPHYHHAX 3TOTO SABJEHHS, HEOOXOAUMO paccMOTpeThb
OBeJleHHe KaxKI0H cocTaB/fAMell BEHOCA OTACNBHO.

ArmoctepHas cocTaBjsfiollas XHMHYECKOTO BBLIHOCA ONpeiens-
€Tcs TJaBHBIM 06pas3oM KOJHYECTBOM BBIMAAAIOUHX aTrMocdepHbIX
OCaZlKOB M HHTEHCHBHOCTBHIO HX HcnapeHus. [Ipm 3TOM MakcHMalb-
Hbie 3HaueHHs a0COJIOTHOTO BEIHOCA NPHXOAATCA JHGO Ha palOHH
HMHTEHCHBHOTO HCNapeHHsd (JecocTemH, crenmH), Jn60 HanGoJbIIEro
KOJMHYecTBa OCaJKOB (BJa)KHEIE CaBaHHLI, TPONHYECKHe Jleca), MHHH-
albHble —Ha pafiOHbl OTHOCHTEJIBHO HeOOJBHIOr0 KoJHYeCTBa ocai-
OB cO ca1abbiM HcrmapeHHeM (TyHApa, ceBepHast Taiira) WM yaaJjeH-
ble OT MOpeH H OKeaHOB, HO XODOIIO NPOMbIBaeMble H HMeEIOIIHe I0-
oMy 0COOEHHO HH3KYI0O MHHepaiaH3auuio (Beicokoropuse). OTHOCH-
e/ibHas POJdb aTMoc(epHOHl COCTaBAsIONEeH BHHOCA B O6lEM XHMH-
HYECKOM CTOKe BechbMa BeJHKa W cOCTaBJfer JIS BOM BhblllelayHBaHHS
MepeHHOIi B TopHO# 30H 20—35%, a An8 BOA KOHTHHEHTAJbLHOTO 3a-
conennss (crenu) —60—80% mu, BepositHO, naxe 90—95% (mycTwi-
Hit). TponuyeckHe M 3KBATOPHAJIbHBIE HHTEHCHBHO NPOMLIBaeMble 006-
JlacTH OT/IHYAIOTCA OTHOCHTE/NbHO HH3KOH J10Jell CTOKa coJied aTMoc-

* Uckawouenne ciaeaano aas Copr, HCTHHHAH GopmMa COENHHEHHIT KOTOpOro
B pacTBope HeH3BECTHA. :

205



902

TaGaunna 75

lMoasemublit XMMHYECKHH BLIHOC B OCHOBHBIX JAaHAWAQTHHIX 30HAX 3EMHOr0 wWapa
Cocrasasiomas Bsifoca, Cymmapuuiiy E . Cocrasasiowasn = -"I-
r/c-kv? BHHOC e ] BEIHOCA, % @ 3
’EdE sfo - g' ) £
JlannwadTHas 3ona : 3 £ EE =38: =§ £=
AR R T e R S R
Be | 8= | 5 7 5y HegY | Aesetl B8 | 28| RN | Fel | EE
| RF | SR 2y & 5| Rehilonsacp N2 (8 |58 | SRs |58 | %
YMepennan 30Ha
TyHapa 0,046 ) 0,165 | 0,053 | 0,264 8,3 0,144 0,097 | 17,462,5] 20,1 |0,6—2,5/0,10 (6,5
CepepHas Taiira 0,121 | 0,387 | 0,174 | 0,682 | 21,5 0,6389* 0244 [17,8 56,6256 /1,0-3,0/0,21]6,8
Cumeuranubiii nec 0,177 | 0,417 | 0,232 | 0,826 | 26,0 ( 0,441 0,485 | 21,4 59,6 28,0(3,0—6,0/0,18/7,0
[Oxnas raiira 0,312 | 0,604 | 0,331 | 1,247 | 39,3 — 0937 [25,0]|485(26,5]1,56—3,56/0,46 7,4
Jlecocrenn 0,210 | 0,408 | 0,341 | 0,959 | 31,2 — 0,624 |21,9]|42,6355]1,0-2,0(0,60 7.5
Crenn 0,058 | 0,078 | 0,318 | 0,454 | 14,3 | 0,472 0,158 84|16,2]75410,1—05|1,58 7,6
[ycroius — = = — —= 10 595 = o 3 e T e il
Tponuueckas H 3KBATOpHANbHAA 30HDM
BaaxHas casaHHa 0,317 | 5,080 | 0,329 | 5,726 | 180,5 = 0,514 55|88,6| 59| 15—20 | 0,06 5,3
Tponuueckne neca 0,484 | 2,776 | 0,254 | 3,514 | 110,5 — 1,374. | 13,7|78,8| 7,6 | 8—10 | 0,17 | 6,1
Cy6rponuueckue Jgeca | 0,405 | 0,845 10,202 | 1,442 | 45,6 2,03 1,132 | 28,0| 58,4 | 13,6 6—8 0,17 | 6,9
Cyxad caBaHHa 0.204 | 0,426 | 0,234 | 0,864 | 27,2 - 0602 | 23.6] 49,2 27,2 1—3 0,32]7,2
Crenn 0,080 | 0,136 | 0,273 [ 0,489 |- 15,4 - 0,183 |13,2|27,3|59,510,2—0,8(0,95|7,4
opuas 3oHa g
Tyuapo-ayrosas 0,210 | 0,483 | 0,184 | 0,877 | 27,7 | 0,109 0,594 |24,0]5501]21,0] 5—10]0,10]6,9
Topho-necnas 0,256 | 0,598 | 0,253 | 0,107 | 34,9 | 0,317 0,783 | 23,1 ]54,2 22,7 a5 |0.23 |71
lopHo-cTennasn 0,143]0,319| 0,227 | 0,689 | 21,7 | 0,649 0,461 | 20,8 45,2 ,01]1,0-2,5|10,33|7,5
[opHO-NYCTHIHHAR — — — —_ — 1,80 — — —- = == oy s 2

# Jlan 7afirn 8 UeJA0M.

#¥ BYOreHHan COCTABARIOWAN TOJNLKO B (opme HCO,~.




hepHOro NpoHcXoxKaeHHs (MeHee 15%), XoTa abGCOMIOTHBIE HX KOJH-
HeCTBa IIPAKTHYECKH HE YCTYNAIoT apHAHBIM 30HAM.
Buorennoii cocrasisiiouleii * B o6iieit cyMMe BBIHOCHMBIX NMOJ3eM-
HBIMH BOAAaMH coJell MPHHANLJEKHT Pe3Ko AOMHHHPYIOIIAs poOJib BO
BCEX JanAmadrax ryMHAHOTO KJuMaTa H 0COOEHHO B VCJIOBHSX BJaxK-
}_IHX CaABAHH, TPONHYECKHX JIECOB H TYHIPBI, Ile€ PAa3BHTEHI naubonee
KHC/ble BOJALL. Baarosaps Tomy, 4TO BOABI 3THX JauAmadToB HecyT
‘B CBOEM COCTaBe BbICOKHC KOHLEHTPalHH HeIHCJAOLUHPOBaHHOH **
YrOJILHOH M B psijie CydaeB OPraHHYECKHX KHCJOT, OHH H SIBJASIOTCSA
xucabiMu. ITosToMmy HaG/aI0Jaercss 4eTKas 3aBHCHMOCTh M@Ky OTHO-
'CHTeJILHOH (a° A/t TPOMHKOB H aGCcoMIOTHOM) JoJjeii BeiHOca GHOreH-
HBIX TPOAVKTOB H BeanunHo# pH Box (cm. Ta6a. 75).

Ab6conoTHbe 3HaueHHsi GHOTEHHOTO BBIHOCA ONPEAEJAIOTCH HHTEH-
' CHBHOCTBIO H HampaBJeHHOCTbIO NpeoOpasoBaHHA OPTAHHYECKOrO Be-
LIecTBa I0YB, 3aBHCAILHMH, B CBOIO o4epeilb, OT ob6uiell 6HOJOTH-
YeCKOJ NPOJAYKTHBHOCTH JaHAwadTa, cpeiHeroioBoii TeMnepaTyps H
HHTEeHCHBHOCTH BojgooOMena (Poamun, basunesuu, 1965; Kosna, 1973;
Ilepenbman, 1975). Ilpu ABHKEHHH ¢ ceBepa HA IOT B YCJAOBHAX yMe-
PeHHOM 30HBI O Mepe pPOCTa CPe/HeroJ0BoH TeMnepaTypsl H, 3a HEKO-
TOPHIM HCKJIOYEHHEeM, YMEHbLLIEHHS HHTCHCHBHOCTH BojooGMeHa ab-
COJIIOTHLIE 3HAYeHHST BbIHOcAa OHOreHHBIX [IPOAYKTOB BHavdaJie BO3pa-
CTAlOT, a 3aTeM INpH NPHOJMMKEHHH K apHAHbIM pailoHamM yMeHbIla-
10TCs BCJEACTBHE Pe3KOro najeHHsi KOJHYeCTBa y4acTBYIOLLell B CTOKe
BOAE. AHaJIOTHYHAs KapTHHAa XapakTepHa W AJf TOPHHIX PpaiiOHOB.

Huoe nosoxenue HaGa0AaeTCs B TPONMHUECKHX H 3KBATOPHANBHbLIX
06/acTax, NTOCTOSHHO BHICOKA TeMIlepaTypa B KOTOpbIX obecrneuyuBaer
BBICOKYI0 CTeleHb MHKPOOHOJOrH4Yeckoro npeo6pa3oBaHHs oOpraHu-
YyecKHX BellecTB, BK/JIuasi 1 o6pasoanne CO,. Ilostomy BmHOC GHO-
TEHHLIX TPOAYKTOB MOJHOCTHIO KOHTPOJIHPYETCH HHTEHCHBHOCTBIO BO-
JoobmeHa: yeM Ooablle BojooOMeH, TeM 0oJibllle BBIHOC OpraHH-
YECKHX BEUIECTB W NPOAYKTOB HX obGpasoBanusi. [TostoMmy makcumasb-
HOe 3HaueHHe GHOTeHHOH coCTaBJsAOULEHl BHIHOCA XapakTepHO AJs
BJIaXKHBIX CaBaHH, MHHHMaJbHOe — AJIsi TPONMHUeCKHX cTemeil. Baxkuo
o6paTHTL BHHMAaHHe M Ha To, uTO abCOJIOTHHIe 3HAYeHHs OGHOreHHOH
cocrapJsionieil BeiHoca B 2—3 pasa, a B Tponukax B 10—15 pas npe-
BOCXOJAAT €ro JHTOTEHHYIO YacTb M [0ITOMY TOBeJeHHeM MepBo#H,
a He BTOPOH KOHTPOJHpPYETCS BeJH4Hlia CYMMAapHOro BBIHOCA XHMH-
YECKHX 3JEMEHTOB. '

JI1060NBITHO COMOCTABUThL TOJYUeHHBIE 3HAUEHHS OHOreHHOTO Bbl-

HOCAa XHMHUECKHX 3JeMEHTOB ¢ JAaHHBIMH o6uieii Guojgoruyeckofi mpo-
[ ayktuBHOcTH Manaumadra. Kak mokassiBaior panuble Taba. 76, Toabko
HECKOJIBKO TPOLEHTOB BCEro NPOH3BOAHMOro B JaHAwmadTe opraHu-
YeCKOro BellecTBa VYAacTBYET B I0/J3eMHOM BbiHOCe. /laxe B yCJHOBHSIX
BJaXHbIX CaBaHH, rjie 3Ta BeJHYHHA SABJAACTCH MaKCHMaﬂbHOﬁ, OHa

* Cneayer uMerh B BHAy, uto B cocrase HCO,~ u H,CO; nourn 1/, mpuxonur-
cq Ha sojy. [losToMy To4Hee rOBOPHTL O THApPOreHHO-GHOTEHHON COCTaBJALIEH, KO-
TOPYIO JUISi KPATKOCTH Mbl HMeHyeM OHOTeHHOII.

** Pocr copepKaHHil HeIHCCOLHMHPOBAHHEIX KHC/IOT COMPOBOKAAETCH yBEIHYCHH-
| €M NpoAyKTOB HX JHCCOLHALHH.
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TaGauua 76

BHOreHHAs COCTABAAKIIAS NOAIEMHOr0 XHMHUECKOr0 BBIHOCA ( B)
H o06mwan GHOJOTHYECKAsN npopyktHesocTs (IT) ocoBHbIX JanpwadTbIX 30H

: E, I, ‘
Tun nanawadra T/rOa- KM? T/roL- KM? B/IT, %
Tyunpa 5,2 238 2.2
CeBepuast Taiira }2.L2 560 2.2
CMemannse Jeca 13.1 800 1,6
IOxuas Taiira 19,0 1100 LT
Jlecocrens 12,9 700%* 1,8
Crens yMepeHHOH 30HBHI 2.5 500%* 0,5
Baaxnas casauua 16)° 1800 8.9
Tponunueckue Jeca 87,5 3420 2.6
Cy6rponnueckie Jeca 26,6 2450 Je]
Cyxaa caBanHa 13,4 i 730 1,8
Tponuueckue crenu 4,3 500%* 0.9

# [To JI. E. Poauny u H. M. Basuaenuu (1965).
** [To H. U. Basuaesnt (1965).

He npesbiuaer 10%. Cuaenosatesibo, B YCJIOBHAX 30HBI THIEpreHesa
HMeeTcs NMpPaKTHYECKH HeHcuephnaeMbli HCTOUHHK OHOTeHHBIX BeIleCTB
H I03TOMY OHOTeHHBIH CTOK JIMMHTHpPYETCS He HeL0CTaTKOM OpraHu-
YECKHX BelleCTB, a CKOPOCThIO H HAMPABJIEHHOCTBIO HX DAa3/IOMEeHHS.
ITOT BHIBOJ HMEET NPHHIHNHAJbHOE 3HaueHHe AJSi TOHHMAHHA Me-
XaHH3MOB PAa3BHTHS THIIEPreHHBIX IPOLECCOB. :

* JluToreHHas COCTaBJAIONIAS XHMHYECKOTO BLIHOCA TaKKe MeHs-
eTcsi B 3HauuTeAbHHX mpefgesaax: ot 0,046  (ryHapa) 1o
0,484 r/c-km? (TpomHueckHe Jeca), T. e. Goaee uem B 10 pas, u cBs-
3aHa CJ0ZHOH 3aBHCHMOCTRIO C MOAyJeM I[OJA3eMHOT0 CTOKa, obulei
MHuHepaJau3anneil H Beanuunoit pH nomsemubix Box (cm. Taba. 75).
B ycioBusax ymepeHHOTO KJHMaTa IPH ABHXKEHHH C CeBepa Ha IoT
Habuiojaercs JOBOJILHO TeCHasi KOPPedsiliHs JIHTOIEHHOH COCTaBJIAIO-
e BhIHOCA C MOAYyJeM Toj3eMHOro croka. OaHako mMaKcHMaldbHbE
3HAYeHHs BHIHGCA CBA3aHLI He C JaHAWA(QTAMH CMEUIdHHBIX JeCOoB,
rjie MOAYJb MOA3EMHOTO CTOKA MakKcHMaJjeH, a ¢ 30HOi 10KHOM Tafry,
XapakKTepH3yeMoil IPOMEeMKYTOUHBIMH 3HAYEHHSAME  MOAYJS  CTOKA.

AnajiornuHasi 3aBHCHMOCTbL paccMaTpUBaeMBIX BeJHYMH IIpoCTe-
JKUBAeTCH M B VCJAOBUSX TOPHBIX, TPOMHYECKHX H 3IKBATOPHAMBHBIX
JaHAmadToB: MO Mepe VMeHbIUeHHS HHTEHCHBHOCTH BOJ00OOMEHa Bbi-
HOC XUMHYECKHX 3JEMEHTOB BHauajle BO3pacTaer, JAOCTHraeT ompeje-
JEHHOTO MAaKCHMaJbHOTO 3Hauenusi, a 3atem mnaiaer. [lostomy mani-
mwaTe apHAHON 30HB, KAaK NpaBHJO, XaPAaKTePH3YIOTCH OTHOCHTE/b-
HO He0OJLIIUM BEIHOCOM 3JIEMEHTOB.

Takum o6pa3om, MekK]y HHTEHCHBHOCTBIO BOJAOOOMEHa H BBIHO-
COM XHMMHUECKHX 3JIEMEHTOB M3 TOPHLIX IIOPOJ CYIIECTBYeT CJOMHast
3apucHMOCTh. M 3TO BIOJ#le 3aKOHOMEPHO, TaK KaK creneHb obora-
IIeHHs MOJA3eMHBIX BOJ XHMHUECKHMH 3JeMeHTaMH B Npejejax OJHHX
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. H Tex Xe FOPHBIX NMOPOJ, HCXOAA H3 060CHOBAHHOrO Bbillle NMPHHIMIA
HepPaBHOBECHH, ONpeje]seTcs BpeMeHeM B3aHMOJEHCTBHS BOALI C BMe-
- aouEmMyE nopojaavu. Bpems ke KOHTaKTHPOBaHHS BOABI ¢ NMOPOAOI
M MOJyJIb TOJ3EMHOr0 CTOKA CBSI3aHbl C/AOXKHOH 3aBHCHMOCTBIO.

B camom nene, uasecTHo, 4T0 Mo 3akony Jlapcu

Q=KIF
HIH
' V=KI,
OTKyZa

S

-+ =KI.

Pemasi moc/iefnee ypaBHeHHe OTHOCHTE/BLHO T u 3aMeHsi® B Hem
KI yepe3 Q u F, noayuaem :
SF

T

- r1e Q — pacxoa BOJAbI, B JAHHOM CJyyae MOAY/JIb MOA3EMHOTO CTOKA;
K mKOSCI)Q)H!I,HEHT ¢Guaprpanuy; F— miomanb, NONepeyHoro ceyeHHs
NpoMbiBaeMoil 30HBI; V — CKOPOCTh ABHIKEHHS TMOA3eMHBIX Box; [ —
TH/PABJAHYECKHHl YKJOH; S -—nyTh JBHKEHHS BOJAH B TNOPOAAXx;
T — ppemsi 1BHIKeHHs (KOHTAKTHPOBaHHA) BOAL B MOPOAAX.
CrenoBaTesIbHO, BpeMsi B3aHMOJEHCTBHS BOABI ¢ TOPHBIMH TOpoOjia-
MM M MOAYJb MOJA3EMHOr0 CTOKa CBA3aHbl MexJay coboil dgepes
MOIHOCTH 30HBI NPOMLIBAHHS (B J@HHOM CJyYde 30HLI MHTEHCHBHOIO
.BO/006MeHa) 1 paccTOsiHHe, KOTOpPOE MPOXOAHT BOAA OT O6GJACTH MH-
Tauust 4o obJacTH pasrpy3kH (pojAHHKA HJH DEKH), T. e. uepe3 oOBeM
IOPOJLLI, IPOMBIBAEMBIil BOMOH. DTOT NOCAENHHI NOKa3aTelb B PA3HBIX
KJIHMATHYECKHX 30HAX He OCTaeTcsl MOCTOSTHHBIM, a H3MeHseTcd B LIH-
POKHX TpeJenax, MO3TOMY B NPHPOJHBIX YCJOBHSAX HET CTPOrod o00-
patHoit 3aBucuMocTH Mexay T u @, a cle1oBaTeNbHO, H MEKAY JTHTO-
TEHHOI COCTABJSIONIEH XHMHUECKOTO BBHIHOCA H MOIYJEM MOI3eMHOTO
CTOKA.

. B uacrosmee 'BpeMsi MBI He pacrojaraeM AaHHEMH 06 oObemax
TIOpOJi, NPOMBIBA€MLIX BOAOH B pAa3JHYHBIX JaHAMWA(THHIX 30HAX,
‘MO3TOMY H BOIPOC O CBSI3H BLIHOCA 3JIEMEHTOB H3 NOPOJ OT BPeMeHH
KOHTAKTHPOBAHHSA C HHMH BOIEI HE MOKET OniTh pemeH. JT0 3axaya
JanbpHelmux HccaenoBaHuit. [loguepkHeM JHIIb, 4TO CyMMapHOe KO-
JIHYECTBO BBLIHOCHMBIX CO CTOKOM 3JIEMEHTOB ONpELEe/IsieTcs, Kpome
" BCEro Ipoyero, H 06beMoM NpocayHBalomuxcs Boi. IlosTomy npu Hi-
‘TEHCHBHOM BOJOOOMEHe XWMHYECKHl BHIHOC OKa3hiBAeTCs HeGOJbiiHM
‘H3-32 KPAaTKOBPEMEHHOr0 B3aHMOJEMHCTBHSI BO/B C TOPHBIMI MOpoAa-
MH, a npu c1aGom BOLOOOMeHe — BeJeCTBHe HeOOJbIIOr0 odbema
4 ac*rny!oumx B CTOKe BOJ.

MaxkciMaJbHBle 3HAUEHHS JHTOIEHHOH COCTaBJAAINIEH MOA3EMHOIC
BBRIHOCA CBSI3dHBI, C/Ie/0BaTeNbHO, C JaHamwapTaMu, A8 KOTOPLIX Xa-
Paktepubnl cpefHHe 3HaueHHs BojooGMeHa (loXHas Taira, Tpomu-
14 3ax. 425 209

T=



qeckne H cyOrponuueckue Jgeca). [Ipu 3TOoM B nosice Tponuueckoro nu
IKBATOPHAJBHOTO KJAHMATa MPH MPOYHX PaBHBIX VCJAOBHAX CTeleHb
BEIHOCA XHMHYECKHX 3/I€MEHTOB Bbile, 4eM B YCJOBHSX yMepPeHHOTro
nosca. 1o o6bsicHsAeTCA GoJiee BBICOKUM BOA0OOGMEHOM H  GOJbLIel
KHCJIOTHOCTLIO, @ 3HAYHT M ArPecCHBHOCTLIO BOJ B 30HE TPONHYECKO-
ro KJHuMaTa.

Takum o6Gpasom, Kamaas H3 COCTABAAIOUIHX 10A3€MHOT0  XHMH-
HECKOTO BblHOCA SIBJAAETCA HE3aBHCHMOIl NMepeMeHHoil M KOHTPOJHPY-
eTC CTporo onpejedeHHbIMH akropamu. CymMMapHbli Ke mox3eM-
HBIH BBIHOC 3aBHCHT OT Pe3YJbTHPYIOLLIEr0 BJHAHHSA BCeX 3THX dak-
TOPOB, H3MEHSAETCH IM03ITOMY B LIHPOKHX Npeaesax H He CBfA3aH JH-
HEeHHOH 3aBHCHMOCTBIO € HHTEHCHBHOCTBIO BOAOOOMEHd, BeJHYHHOH
pH, coseHocTbi0 N0A3eMHBIX BOJ, COCTABOM aTMOC(EpPHBIX OCAaAKOB,
KaKUM-JH00 APYIrHM NPHPOAHLIM MapaMeTpoOM.

Jas conocTapieHHs: MOJYYEHHBIX HAMHM 3HAYEHHIT MOJAYJAS MOA-
3eMHOT0 XHMHYECKOT0 BbIHOCA C yiKe HMEIOUIUMHCSH B JHTepaType AaH-
HBIMH B Taba. 75 mpuBeJeHa CyMMa JHTOr€HHOH COCTaBJsIONlEH BhI-
Hoca H yacTH OGuoreHHoH, coBepuawuleiica B ¢opme HCO;-, 1. e.
npuBeleHa Ta 4acTh OOLIero BHIHOCA, KOTOPas pacCYHTHIBAJIACH
B. TI. 3sepesnim u ®. A. Makapenko (1970) aas reppuropun CCCP.
JlaHHBIe 3THX aBTOPOB NpPHBELEHLI B TOH Ke TabJaulle.

"CpaBrenne naHHBIX Taba. 75 MoKasblBaeT, 4TO /IS JaHamadToB
TYMHAHOTO KJAHMaTa VMEpeHHOH 30Hbl MOJy4YeHbl A0BOJBHO OJH3KHE
3HaYeHHsA MOAYJA MOA3EMHOTO XHMHYECKOTO BBEIHOCA, Pa3JHYAIOLHECs
He -6onee yem B 2 pasa. [lpu coBpeMeHHOM COCTOSIHHHM 3HAHHMH, Xa-
paxkTepH3yeMoM B 0OLLEM HEAOCTATOYHON H3YUEHHOCTBIO KaK cocTaBa
BOJ, TaK H MOJyJell NOA3eMHOro CTOKa, Takoe 6 coBmnajaeHne uHdp
CUHTaeM BMOJHe YAO0BJAETBOPHTEIbHBIM. HeoO0X0AMMO VUHTHLIBATh, 4TO
HCMOJAB30BAJUCH MPHHIHMHAJBHO PA3JHYHBIE HCXOAHBIE AaHHBIE (MO-
BEPXHOCTHBEIE H NOJA3€MHbLIE BOIbL), NPHMEHSJHCH OTIHYAIOLIHECS Me-
TOAbl pacyera, He coBNalaji TepPPHTOPHAALHO OODBEKTB  HCCJIeI0-
BAHHIIL.

Heckoabko 6Goabline pacXoxAeHHs MOJYyUeHbl s TOPHEIX obJaa-
creit, ocoGeHHO AJad TYHAPO-IyroBoil 3oHbl (5,4 pasa). [Ipuuunsr storo
ABJEHHSA He COBCEM MMOHATHBL YUHTHIBAfA, YTO MHHEpaJH3alns BOX
BLICOKOTOPHBIX 06jacTeil NpakTHYECKH COBMajaeT ¢ BOJLAMH  30HEBI
TyHAp (cMm. taba. 9 u 62), Ho BojoOOMEH B ropax Bbillle, 4eM Ha ce-
Bepe, TMO3TOMY CJelyeT OxuaTh 0o/jee BLICOKOIO MOAYJfA BblHOCA B
ELICOKOTOPHBIX pailoHax, uTo H [OATBepKAaloT HauH Aanuble. ITosTto-
My Mu cuntaeM aanusie B. I1. 3sepesa m ®. A. Makapenko Ajs Top-
HO-TYHIPOBOi H FOPHO-JE€CHOH 30H 3aHHAKEHHBIMH.

" Huoe cooTHolleHHe CKJAajAbiBaeTCss B paifloHaX KOHTHHEHTaJbHOTO
3aconenns. [lo HauuM JaHHBIM, TIPH TEpexojie OT TYMHIHBIX K apHi-
HBIM JaHamadTaM MOAY/b MOA3EMHOr0 XHMHYECKOTO BLIHOCA YMEHb-
MIaeTCsi W 3TO HAXOAMT OObACHEHHEe B Pe3KOM yMeHbLieHHH obbeMma
VUACTBYIOLIHX B CTOKe BOA H CBA3aHHBIM C HHUM MPOILECCOM KOHTH-
HEHTAJbHOrO 3aCOJIeHHs T0/A3eMHbIX BoA H nous. [To naHHBIM e yKa-
3aHHHIX BHIIIE ABTOPOB, € VMeHLLIEHHeM TO0A3eMHOro CTOKa MOAYJb
XHMHUYECKOT0 PBIHOCA MPOAOJIKAET BO3pAacTaTh M JOCTHraeT MakKCH-
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MyMa B nycrtehiHax. Ham kaxercss, uTo Takas 3aKGHOMEPHOCTH MpO-
THBOPEUHT H3BECTHOMY MOJIOXKeHHI0 0 ¢i1a00il MPOMBITOCTH CTENHBIX H
NYCTHIHHBIX JaHAma(TOB, BLICOKOH CTelmeHH HX 3acojieHHs H  obyc-
JIOBJIeHa, BHAHMO, HENOJHBIM YYETOM HCHNapPHTEeNbHON KOHLUEHTPAaLHH

© cosiell B 3THX ycJoBHsIX. JIIOGONMBITHEIM B 3TOH CBSI3U NPeACTABJSETCS

(axT, 4yTO CyMMAapHBHIH, MO HAIUUM JaHHHIM, MOAYJb TOJ3€MHOTO XH-
MHYECKOTO BBIHOCA /JIl CTENHBIX H TFOPHO-CTENHBIX pafioHOB INOUTH
TouHO coBnajaer ¢ ganueiMu B. I1. 3Bepesa u @. A. Makapeuko.
CraenoBaTenbio, o6mHH 00BeM BHIHOCHMBIX MOJA3EMHBLIMH BOLAMH 3Je-
MEHTOB COBNajaer, HO J0Js aTrMochepHOHl cocraBJjsiollell oueHusa-
eTCsi Pa3JHYHO.

B aroit cBsisn ormeruMm, uto B. 1. 3BepeB ¢ coaBTOpaMH CymMmy
WOHOB, HMeWLHX arMoc(epHoe NPOHCXOMKAeHHe, ONpenesIsiH «Kak
NpoH3BefeHHe KOHUEHTpaLHil coJiedl OTAeNbHBIX HOHOB B aTMocdep-
HBIX Oocankax Ha 00beM BOJBI, YYACTBYIOWHII B NOJA3EMHOM CTOKE Ha
teppuropun CCCP» (Murpauus..., 1974, c. 126). Takoit moaxox
CNpaBeiJHB /LI TYMHAHBIX PaiiOHOB, B KOTOPHIX 10J5 HCHAPHTEJ]b-
HOIl KOHIEHTPaluHH HeBeJHKAa, HO He NpHeMJeM AJsf apHAHLIX paiio-
HOB, B KOTOPBIX, KaK YKa3blBalOT caMH aBTOPH, uHoraa o 85% Bwi-
nmaBIIHX ocalKoB Hcnapsietcs. Ilpeicrasiasercd, uTo, 3aHH3HB J10JIO
atmocdepHoit cocrasasioieit B o6uem croke, B. [1. 3seper u ap.
3aBLICH/JIHM 3HaueHHe MOAYJA NOA3EMHOrO XHMHYECKOr0 CTOKa /IS
apHAHBIX PaiOHOB, MOA KOTOPBIM OHH CHPABEAJHBO TMOHHMAKOT «He
BCIO Maccy NepeMeHlaloLHXCs ¢ 110/I3eMHBLIMH BOJAMH COJeH, a JAHilb
HX 4acTh, BHIHOCHMYIO MOJ3E€MHBLIMH BOJAaMH H3 TOJLH 3eMHOH KOPBI
B eIMHHUIY BpeMmeHH» (tam ke, c. 107).

§ 2. COOTHOWEHHE MEXJAY JIHTOTEHHbIM BbIHOCOM 3JIEMEHTOB
H MACIWITABAMH BBLIBETPHBAHHA TOPHBIX MOPOJ

BeiHoc moj3eMHBIMH BOJAMH XHMHYECKHX 3/JI€MEHTOB H3 TOPHbBIX

- IOpoa ABJASAETCS OCHOBHBIM IIOKa3aTeJJeM HHTEeHCHBHOCTH COBpeMeH-

HOTO XHMHYECKOro paspyuiends nocleinux. Ho kakoBo coorHoule-
HHEe MeXITy BLIHOCOM 3JeMeHTOB H MaciuitabaMH BbiBETPHBAHHSA
nopoawn? EcrecTBeHHO, YTO NPH KOHTPYIHTHOM PacTBOPEHHH MOPOL
3TO COOTHOLIEHHE PaBHO €IHHHLE, T. €. CKOJbKO paspyliaercs MOpo-
JIbI, CTOMILKO €€ M BBHIHOCHTCS, €CJ/IH, KOHEYHO, Ha MYTH JABHKEHHS BOJLI
He BCTpeYaloTcs Te WIH HHBle Oaphephl, BHICAXKHBAIOLIHE 3JIEMEHTHl H3
pacrsopa. Muoe meno, korjpa pacTBOpeHHE HOCHT MHKOHTPY3IHTHBINH
xapakrtep. B 3TOoM cayuae efmHasi Korga-to nopoja Moji JAefcTBHeM
BOJBI pasjie/sieTcsi Ha JBe 4acTH: OJHA H3 HUX NePeXOdHT B pacrsop,
apyras obpasyer BTOpHYHble MHHepaasl. Ilostomy aas Toro uTOGHI
3HATh MCTHHHBIH OOBeM paapyllaeMblXx BOJOH MNOpPoJ, HeoHXO0AHMO
ONpeNeJHTh He TOJBKO [O0JII0 3/1eMEeHTOB, NepelleiliHx B pPacTBop,
HO H Ty, KOTOpas OKaszaJjach CBs3aHHOH B ()OpMe BTOPHUHLIX MHHe-
panos. Unaue rosopsi, HeoGX0AHMO HaHTH COOTHOLIEHHE Mek1y CyM-
MOJl 371€MeHTOB, BLIHOCHMBIX BOJOH M HAaKalJIHBAEMbIX B OCdJlKe.

B cayuae anioMOCHAHKATHBIX MOPOJ ONpeIeNHTh HCKOMOE COOT-
HOlIeHHe MOJKHO MO M3BECTHBIM peakuusiM rujapoansa. Tak, B ciyyae
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BLIBETPHBAHNA aHOpPTHTAa ¢ o6pasoBaHHeM KaoJHHHTa ToJdbKOo 14,3%
BCeli MopoJbl OKasbIBAlOTCA B pacTBope, a ocradabibie 85,7%  cBA3bI-
BAIOTCA KAOJHHHTOM, T. €. COOTHOLIGHHe BHIHOCHMBEIX BOJOIl 3JeMeH-
TOB H KOHLUEHTPUPYIOUIHUXCA B TPOAYKTAX BBIBETPHBAHHA  BBITVISAHT
kak 1:6,0. B caydae BuBerpuBaHHs aJibOHTa 10 MOHTMOPHJJIOHHTA
HMCKOMOE COOTHOLIEHHE pe3ko MeHseTrcs u cocraraser 1:1,5, a xa-
JHeBol caonel o rubéenra—1:1,2. Ilo nauneim O. A, AnexkuHa u
JI. .B. BpaxcuukoBoii (1964), npu paspyuienun aJioMOCHJIHKATOB CO-
OTHOILeHHe KHAKOH H TBepPAOH cocTaBJafolHX H3MmeHnsercs or 1:2,3
Ao 1:7,8. Onnako 3THMH HCCAeI0OBATENSAMH YYTE€HB He BCE PeakiHH
H (pakTHYECKH paccMaTpHBAeMOe COOTHOIIEHHe MOMkeT ObiThb 6oJee
BLICOKHM, OCOOEHHO NpH JaTepHTH3alMH ropHux mopox. Tak, mnpu
paspyuieHHH aHopTHTAa A0 THOOCHTA STO COOTHOLIEHHE BO3PACTaeT [0
1:06, 1. e. B aToM cayuae 62,5% Bcex 37eMEHTOB OKAa3BLIBAETCH B
pactBope 1 Toasko 37,5% B ocanke. :

B npHupoiHbIX VCIOBHSIX paccMaTpHBAEMOe COOTHOIIeHHe OOBIYHO
HECKOJIbKO HHKEe TeOPeTHYECKH paCcCYHTAHHOTO, TaK Kak 4YacTh 3Je-
MEHTOB, NepellejlHX B PacTBOP, B MOCIEAYIOIEM YuacTByeT B obpa-
B0BAHHH PYTHX MUHEPaJIOB, copOupyeTcss raHHamMu u T. A. Tak, Kpem-
He3eM, AJIOMHHHH M MarHHi V4acTBYIOT B HOBOCHHTE3€¢ TIJIHHHCTBIX
munepatos ([Toawnor, 1956; Muamo, 1968; Kosaa, 1973; Paquet,
19705 Tardy, 1969 u ap.), xaapuuit B psge ciayuyaeB — B CHHTe3e Kap-
6oHaTOB U T. [1.

HernnHoe 3HayeHHE COOTHOLIEHHS MEKAY BBIHOCHMBIMH B PacTBop
il HAKamIHBaeMbBIMH B NPOAYKTAX BHIBETPHBAHMS  XHMHUECKHMH
9JEMEHTaAMH MOMKHO HaliTH, HCMOJb3YH AaHHBIE MO COCTABY TOA3EM-
HBIX BOJ, 4 TOYHee JIHTOreHHOH HMX uwacTH. B camom aexe, emte pa6o-
Tamu B. B. [loabiHoBa ObLIO [MOKAa3aHO, YTO BHIEJAuHBAHHE XHMH-
YeCKHX 3JEMEHTOB H3 aJIOMOCH/IHKATOB SIBJSETCA HepaBHOMEp-
HBIM: B TEPBYIO Ouepelb BLIHOCATCA KaJblHit W HATpHil, 3aTeM Mar-
HHIl W KaJdHi H B TIOCJEJHIOI0 Oouepelb KPeMHHIl, JKeje30 M ajloMH-
HHH.

Bmecre ¢ Tem MBI He MozkeM cefe MpeACTABHTL CYILeCTBOBaHHE
MOPOMBI, W3 KOTOPOil BHIETOYEHH BCE KATHOHBI, T. €. MOPOAY, CO-
CTOSHIYIO TOJBKO M3 KPEeMHHS, aJIOMHHHA H Keje3a, Ge3 ee raybo-
Ko#l cTpykTypHOil Tiepectpoitku. CiefoBaTe/bHO, BHHOC KaTHOHOB M3
OCHOBHBIX TOPOJ006pa3yIOlIHX MHHEPAJOB CONPOBOMKIAETCHA HX TJay-
OOKMM XHMHYECKHM H3MeHeHHeM, KOTOpoe JOJMAKHO 3akalyHBaThCd K
MOMEHTY BBIlleTauuBaHusi Haubo/jee NMOABHKHBIX KaTHOHOB, HamMpH-
Mep KaJbllid M3 aHOPTHTA, HATpHsA M3 aasbura u T. 1. Ciaenosa-
TeJbHO, 3HASl COCTAB TOA3EMHBIX BOJ H JAPEHHPYEMBIX HMH MOPOJ,
MOJKHO paccyuTaTh 0O6beM BOILI, KOTOPHIH HeoOXoAHM I BhIleJa-
UNBaHHA B KOHKDETHLIX NPHPOAHLIX VCJOBHSAX BCEX IOJBHMXKHBIX Ka-
THOHOB H3 OTIpefeJeHHOr0 00beMa MOPOAH. 3aTeM, 3Has 3TOT 00beM
BOJIbl, MOXKHO PACCUHTATh, CKOJIBKO OH BBIHOCHT MAaJONOABHKHBIX 3Je-
MEHTOB H CKOJBKO HX OCTaeTcsi B MOpOJe, T. €. YUacTByeT B o6pas3o-
BAHHH BTOPHYHLIX TPOAYKTOB BhiBeTpHBaHus. [Ipumep Takoro pac-
yeTa Mo AAaHHBIM COCTaBa #10/13eMHbLIX BoA TpannoB CrOHpCKOH miart-
tdhopMEI TipuBeAeH B Tabxd. 77.
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. PeSyJ‘lhTBTN pacuera COOTHOMWEHH BBIHOCA H HAKOMJIEHHS
9 XHMHYECKHX 3JIEMEHTOB MNPH BBIBETPHBAHWH TPANNOB

Cpentnit coctan | » 2= EE ; OcTaToK MOPOAB mocie
} TPanmos LT _"‘1-—- ) npoMpIBaHHA 24 J-BOAH
: §g%% iR g7
Jaement : . iR SEE N oS { ; ;
«f | & | 5533 | g35d | fast | i | E | #E
gom |lEsE | 9855 28RS | isad B lraasl ies
82y | 283 | 58:85| 82245 | €238 | 22| 28% | 3%
- Kpemuuii 48,48 |1 0,566 | 6,2 91,5 148 0,418 | 0,893 | 54,5°
Turan 1,51 10,023 [ 0,004 | 5900 0,096/ 0,0022| 0,037 { 2.3
- Amomunnit | 14,63 [ 0,193 0,5 386 12,00 {0,181 [ 0,342 | 20,8
- Weneso 13,2 | 0,252 0.2, 1260 4,8 10,247 | 0,354 | 21,6
- Maprauer 0,220,004 | 0,01 400 0,24 10,004 | 0,006 | 0,4
Marunii 6,38 | 0,095 4.0 24 96 = i =
Kanpumii 9.9210,177 | 11,5 1654 | 2i6 == — —
- Harpuii 2,05 | 0,038 2,9 15,2 60 e = —
- Kaanit 0,80 | 0,017 | 0,5 34 12,0 (0,005 | 0,006 | 0.4
- ®Pochop 0,21 — — — — — — —
Bozna 280 |, — e i ol e i .
Cymma 100 1,365 | 25,4 53,5 409,6 (0,877 | 1,638 | 100,0

He nperenays Ha a6co/IOTHYIO TOYHOCThH NMOJYYEHHBIX IHGP, BaxK-
HO NOJYEpPKHYTb, 4TO, KAaK TOKA3bIBAlOT pe3yJbTaThl pacyera, B JaH-
HOM cJiyyae K MOMEHTY BBIHOCA OCHOBHOI MAacCCHl MOJBHMKHBIX KaTHO-
. HOB B NOpOJe ocTaercsl mpuMepHo 2/3 ee wMmaccel, TouHee 64,3%,
a 35,7% BHHOCHTCH MoA3eMHBIMH Bogamu. OcraBiiascs 4acTh MOPOLBI
. IPHMEPHO HANOJOBHHY COCTOHT H3 KpeMmHe3dema, Gonee 40% o6pa3sy-
| JOT NOJYTOPHbIE OKHCJB H MeHee 5% OKHC/IB Mapraniia, Kajus ¥ TH-
Taxa. Ecan n106aBHTH K 3TOMY BOAY, TO OyleM B NepBoM NpHOJIHKE-
| HHH HMEThb CMeCh FHAPOCTIONB, aMOP(HBIX THAPOOKHCIOB IKeje3a,
- ¢cBOOOMHOI'0 KpeMHe3eMa H BO3MOXHO MOHTMOPHJIJIOHHTA, KOTOpPHIE
. JeiicTBHTe/bHO 00pPas3yloTCs IPH BBHIBETPHBAHHH OCHOBHBIX IIOPOJ B
- ceBepHuIx paifonax (Tapryapan, 1971). 9to Ke noATBepXKAAIOT H pe-
3V/IbTATH TEPMOAHHAMHYECKHX PacyeToB (cM. pHc. 33).

Tagum o6pasoM, NoJydeHHble NaHHBlE ABJAIOTCH OJIH3KHMH K TeO-
. perHyeckdM, KOTOpHIE [10Ka3BIBAIOT, YTO B COBPEMEHHBIX YC/JOBHAX Bhi-
BeTpHBAHHe TPAMIOB B CEBEPHBIX pailoHaX COMPOBOXKAAETCH BBIHO-
coMm npuMepHo 1/3 paspymaeMmMbIX NOpPOJA B pPacTBOPeHHOH (opme H
. aKKyMyJslUHeH B BHJAE IJIHH H PAa3JHYHBIX OKHCJIOB H THAPOOKHCJIOB
~ ocTaBuIeficd ee 9acTH. JTO MO3BOJAET ONpPeAeTHTh TNOJHBIH 00BeM
NOpOAbI, paspyllaeMoii noA3eMHBIMH BOJaMH.

AuajniornyHo GblIE PACCUHTAHB COOTHOIIEHHS BBIHOCA M HAKOILIe-
'HHS XHMMUYECKHX 3JIEMEHTOB B MPOJAVKTAX BLIBETPHBaHHA [JIA pas-
JHUHBIX JaHAmadTHEIX 30H W TOpPHBIX nopoAa (raba. 78), Kortophie
NO3BOJAIOT CAeNATh PsijJ HHTepecHbIX BEBOAOB. [Ipexnae scero Gpo-
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CoOTHOWIEHHE BBIHOCA M HAKOMJEHHSI XHMHYECKHX 3/€MEHTOB B npouecce BbIBETPHBAHHA

rOpHBIX MOPOJ B PA3NHYHBIX JaHAWA(THBIX YCIOBHSAX

Ta6aunua 78

Jlurorenuas
: COCTABAAI- CoortHollense Macwrabu
JlangwadpTHeie 30HbLL Hccile;[oaamlmii panoH Buiserpusatomasnca nopoaa goli ﬁﬁuﬁgg&ﬂ' aukxgo[::;e:“:a- SAMHHCCRONG
CTOKa, 3JEMEHTOB nm?,’el'-gﬁl-lai{”’"ﬂ’
T/rox-KM?
I'oabuosas Coeppa-Hepana CpaHuThl 6,75 3,7 1:3,0 14.8
\ Ypan 3eneHOKAMEHHBIE TOPOJbI 6.8 :
TopHo-Taeknas ' E ‘ = i e
: 3an. Casubl I'paHHTH - 8.0 1:3,0 32.0
['paHHTLI 7,48 a1 1 ‘
I"opHo-cTenHas Kypamunckuit xp. : =9 ik
ITecuaHo-rAHHUCTbIE 7.53 6,5 1:5,4 41,6
CepepHas Taiira Punnanna K 5
A 2 ! pHCTalAHYeCKHe CHaHIbI 6,67 1,0 2 32
Tpannsl | 6.8 1.1 1:1,8
CuGupckas naardopma ‘ it
Kap6onats 7.4 | 14,0 ‘ :0,2 | 5
TaexHO-MeP3A0THAS : : - o gt
: Caauus! 6,9 ge [Lorae |-k
Enucelickuil xpax ! :
Tparutht 6,7 | 4.1 1:2,0 12,3
¢ L Kocf['cb;ggﬁggghlggg’; He;qauo-rnﬂﬂucrme T e 8.3 1v4:2 43,1
Ad¢dysusHo-ocanouHbIe 7.15 8,1 1:4,0 40,5

Cuemannblie Jeca Cerepo-pocrok CIIIA baszaanTht 7.82 8.3 1:4,2 43,2

? I'pasnTul 7.19 6,0 12830 24.0

ueficst 7,07 3.5 1:2,5 12,3

IMecuaHHKH 7.48 7.9 1:3,5 35,5

H3BecTHAKH 7.63 29,0 1:0,3 37,7

JIMOpPHTHE — 5,6 1:3,5 25,1

Jlecocrenb Koasiaub-ToMcKas AddysusHO-0caA0UHBIE 7.24 Bl 1:5,4 55,6

cKJajuaTad 30Ha [lecuaHo-rAHHHCTHIE i | 8 1:5,8 53,0

M3BeCTHAKH 7.68 i 177 110.3 23.0

Kancko-TaceeBcKas [TecuaHo-yrieHOCHbIE 7,20 7.4 1:4,9 43,6

BIIAMHA TMecuyaHukH 02208 5.6 1:5,3 36,3

M3BecTHAKH 708 17.5 1:0,3 22.8

Crenb Bapabuiickas ~ HH3MeH- [TecyaHo-TIHHUCTHIE 7,73 2.0 1:10,4 22.8
HOCTh

IBuHes JLyHUTHL 5.6 12,6 1:0,9 24,0

2 Hedenunopbie CHEHHTEH 5,3 752 1:1,1 15,1

BuasiHbie CABAHHBL KBapileBbie MECYAHHKH 5.4 6,4 14,1 13,4

Kopxoro IpauuThHl | 5.9 8,2 T2 18,0

Tponuueckuil rec Beper Caonosoii Koctu | ['pannTbl =65 12,0 1125 42,0

CnaHnsl 3eJeHOKaMeHHbIe 6,5 1556 fee2- 48,5

[Meckn TpeTHYHbIE 5,2 8.6 s 2 21,5

o Cyxue capaHHbl Cenerai ['paHUTH 7,3 8,3 1:4,7 47,2

o OcHOBHBIE NMOPOALL 7.5 T46 1:4.9 449
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caercs B Ivla3a TO, UTO paccMaTpHBaeMoe COOTHOLIEHHE KoJdeGaercy
B IWHPOKHX mpedesax ot 1:0,9 (Bnaxupie caBauHbl) 10 1:104
(crenn). Ilpu stom yem Bbiue pH nMoASeMHBIX BOA, TeM MeHblie 370
cooTHomenHe. Tak, B KHCJABIX BOJax BJAMXKHBIX CABAHH TOYTH MOJIORH-
Ha XHMHYECKHX 3JIEeMEHTOB pa3pyllaeMoil I0pojibl OKA3BIBAeTCH p
pacTBope, B TO e BpeMf B LIEJOYHHIX BOJAAX CTENHBIX H JECOCTElHLIX
AaHamwadToB 10Js PACTBOPEHHOH 4acTH yMeHblnaercs g0 20%, a
oreapHbX caydasx 20 10% u menbuwie. B kucabix cpegax H3 ropuoix
NOPOJ BLIHOCATCSI HE TOJNLKO BCE NOABHIKHLIE KATHOHB, HO M [1014B-
JAfiomas yacTb KPeMHHS H NO3TOMY B 3THX YCJOBHSX B TPOAYKTax
BBIBETPHBAHHA KOHUEHTPHPYIOTCS TOJBKO THAPOOKHCIBI  XKedesa o
aJIOMHHHS, T. €. 00pasyloTcs JaTepuTbl. B mienounsix cpeaax B mpo-
AYKTax BHIBETPHBAHHA COXPAHAETCH He TOJBKO GOJbIIAS YAaCTh KPem-
HHSI, HO M 3HAUHTEJbHAs YacTh NOABHXHBIX KATHOHOB, CBA3BIBAEMBIX
MOHTMOPHJIJIOHHTOM H BTOPHYHBLIM KaJbUHTOM. B 3THX vycaoBusx
TONBKO HATPHH NMO3TOMY cnocoGeH KOHUEHTPHPOBATHCA B  PacTBOpe.

CkasanHoe ToO3BoJdeT cjeJaTh KpaWHe BaKHBIH BHIBOL O TOM,
4TO Xapaxrep 63aumodelcTsus 800bL ¢ 20pPHbIMU NOPOOAMU He ocTa-
eTcsa NOCTOAHHBIM, @ HENpepbliBHO MeHSeTCA No Mepe T020, KaK npouc-
xodur HaKonAeHue 8 pacTéope XUMUMECKUX INEMEHTOS U NOBbLULeHIE
£20 WeAOHHOCTU.

B Tta6a. 79 npusesennl 0606lleHHbie AaHHBIE [0 COOTHOLIEHHIO
BBIHOCA H HAKOMJIEHHS XHMHYECKHX 3JeMeHTOB B NPOAYKTAX BLIBET-
PHBAaHHA I/ OCHOBHHIX JaHAA(QTHBIX 30H 3eMHoro mapa. Herpyuano
BHJAETH, UTO B YCJOBHX YMEPEHHO BJIaXKHOTO KJMMAaTa MPH JABHMKEHHH
¢ ceBepa Ha IOr MCKOMOE€ COOTHOIIEHHE HEYKJIOHHO YMEHbIIAeTcs, T. €.
YHCJIO 3JeMEHTOB, KOHIEHTPHPYEMBIX B pacTBOpe, OTHOCHTEALHO HX
yHCJa, CBA3LIBAEMOTr0 B TPOAYKTAaX BLIBETPHBAHNS, HEYKJOHHO  CHH-
Kaerca. M 3TO NpH yCAOBHH VBeJTHUYEHHS B 3TOM JKe Hanpas/ieHHH
obuleil MHHepaJH3alHH MOA3eMHBIX Box (cMm. Taba. 75). Takasa ke
3aBHCHMOCTb XapaKTepHa IJIsi TPONHYECKHX H ropueix obaacreit. Cie-
J0BAaTEJbHO, paccMATPHBAEMOE COOTHOILIEHHE H3MECHSIeTCA He Xao-
THYHO, 4 HOCHT 30HaJbLHBIl XapaKkTep M CBSI3aHO CTPOroil  3aBHCH-
MOCThIO ¢ 0Ollell CONeHOCThIO PacTBOpA: ueMm goiue oOuas MUHepalu-
sayus 800bl, Tem 0oabule XUMUYECKUX 31eMeHTOB8, 0c8000M#Iaembly
npu paspyuienuy NepsudHblX MUHEPAA08, CBA3bIBAETCA BTOPUHHbIMU
npodyKramu.

[IpuBenenHble JaHHLIE TIO3BOJAIOT CAENATHL €IlE€ HECKOABKO BaXK-
HBIX BBIBOAOB: 1) HeoBXOAUMO pa3anyaTh a6GCOJMIOTHBRIE 1 OTHOCH-
TeNbHBIH BBIHOC XHMHUECKHX 3JEMEHTOB H3 TOPHBIX NMOPO/: MEpPBBLIH MO
Mepe VBeJHUCHHS BpeMeHH B3aHMOJEHCTBHS BOJAB C TOPHBIMH TOPO-
aMHi pacTeT, BTOpPOii, Ha060POT,— YMeHbIIaeTcsd, TAK KAK COOTHOIIe-
HHE BBIHOCA M HAKOIVICHHS 3/J1€MEHTOB H3MEHSCTCH B M0JB3Y HAaKO-
nJaeHHs: 2) MaJloMHHepaJH30BaHHBIe BOJAB NPHBOAAT K (opmHpOBa-
HHIO TIPOAYKTOB BHIBETPHBAHH#A, GeIHBIX XHMHUECKHMH 3/eMeHTaMH.
[To mepe pocTa COJEHOCTH W INEJIOYHOCTH PacTBOpa CMEKTP M YHCIO
3JIEMEHTOB, CBS3LIBAEMBIX TIPOAYKTAMH BLIBETPUBAHHS, BO3PacTaloT.

Bce ckasaHHoe ONpORepraer pasBHBaeMblii HEKOTOPBLIMH  HCCJe-
JOBATENAMH Te3HC O TOM, 4TO YeM BhIlIE CojepiaHue 3/JeMeHTa B
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TaGauuna 79
O06beMBbl H CKOPOCTb Pa3pylieHHA TOPHLIX NMOPOJ MOA3IEMHBIMH BOJAMM

- Cymmap-
| Sivame |/ oomen: | Exnpoc | Srofec | wumeeuas
£ cocrasai- | Beioca BBBETDH~ | pg xymu- | XuMmuuyec- | ASHYAAUHR
- JlanawapTHHE 30HH \ouLas H HAKOM- BAEMbIX 4eckoro Kot noT. A
BhHOCE, Aewst n0poL. | puperpu- |1enyaawn, | MaKcimo-
T/roa-kM? | sxementon | T/TOA-KM Bauus, |cM/1000 et ‘l’g;g
cM/1000 aet cm}looo)her
YMepeHHan 30HaA
1.5 1:1,8 4,2 0,17 0,06 0,4
3,8 1:2,0 11,4 0,46 0,15 —
enIaHHbie Jeca 5,6 113,5 25.2 1,01 0,22 -
9.8 1:3,8 47,0 1,88 0,39 13
6,6 1:6,0 46,2 1,85 0,26 —
1,8 1:9,0 18,0 0,72 0,07 1,6
Tponunueckass H 35KBATOPHAJAbHASA
anHadg caBaHHA 10,0 1 | 21,0 0,84 0,40 - -
NHYecKne Jeca 15,2 1:2,0 45,6 1,82 0,61 1,/2%%
6rponuueckue geca| 12,7 1:3,0 50,8 2,03 0,51 -
6,4 1:5,6 42,3 1,69 0,25 —
20 1:7,0 20,0 0,80 0,10
Fopuas 3oua
Tyunpo-nyrosas 6,6 1:2,5 23,1 0,93 0,26
PHO-JecHas 8.1 1:3,5 36,4 1,45 0,32 I, Q%*x
Topuo-crennas 4,5 1:6,5 33,7 1,35 0,78 —

. * Jleca H JecoCTenH.
** TponHKR H CYGTPONHKH.
#%% CpenHee AJs FOPHBIX JaumxmadTos.

'BOJle, TeM €ro MeHblle B MPOAYKTaX BbiBeTpHBaHHA. Mcxois uMeHHO
'H3 TAKOro YIPOILEHHOTQ NpeACTABJASHHS, MHOTHE HCCJIeJIOBATEJH CUH-
TaJjlH, HanpHMEp, 4TO JaTePHTH3ANHA TOPHLIX NOPOX /IOJMKHA COMPO-
. BOXK/JAaThCs BBICOKHMMH COAEPXKAHHAMH KpeMHe3eMa B Bojax. Kak
. BHAHMM — 3T0 3a6/yKIeHHe.

3HaHHe COOTHONIEHH{I BHIHOCA H HAKOMJEGHHA XHMHUECKHX 3JEeMeH-
TOB MO3BOJSAET PACCUHTATH IOJHble 060BbEMBl Pa3pyilaeMbIXx BOLOH rop-
HEIX TIOPOJ, a 3HAUHT CKOPOCTb MOA3@MHOr0 XHMHYECKOI'O BHIBETpH-
BAHHS W CKOPOCTH NOJ3eMHON XHMHUecKoil jeHyaauuu (cM. Taba. 79).
Herpyano Buzers, uro MacmiTabbl NOA3eMHOrO XHMHYECKOTO BHIBET-
PHBaHHA SBJAAIOTCH MHHHMAaJbHBIMH B JaHAmadTax ¢ HH3KOI MHHEpa-
angauueit Box (TyHIpa, ceBepHas Taiira) M BHICOKOH MuHepasiH3a-
uieil, Ho caabbiM BoJA0OOMEHOM (cTenb), MaKCHMAaJbHBIMH — B Jec-
HBIX H JIECOCTENMHHIX ycaoBuaX. JI000NHTHO, 4TO 00beMHl BHIBETPH-
' BaHHA B YMEpPEHHOH 30HE He3HAYHTEJBHO YCTYNAlOT TaKOBLHIM B TPO-
MHYECKOHl W 3KBATOPHAJLHON 30HaX. DTO, Ha TMepBHIl B3NS, Heo-
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JKHaHHOe siBJeHHe OOBACHAETCS PAa3JIHYHBIM COOTHOLIEHHEM BBIHOCA
H HAKOIJIEHHsI XMMHUYECKHX 3JEeMeHTOB. B ycaoBHsx Tpomuueckoii
30HBI Oosiee KHCALIH xapakrtep cpeibl (cMm. puc. 29) onpegeaser Gojee
BBEICOKHH OTHOCHTEJBHO NPOAYKTOB BLIBETPHBAHHS BBLIHOC XHMHYECKHX
3JeMEeHTOB, ueM B yMepeHHOoIii 3oHe. [locsiennee xopouwo corjacyercs
¢ TéTHT-THOOCHT-KAaOJHHHTOBEIM COCTAaBOM NPOAYKTOB BBIBETPHBAHHS
B TPOMHKAax H HJHT-KAOJHHHT-MOHTMOPHJIJOHHTOBHIM — B YMepeH-
HOH 30He.

3nass MacwitaGbl BLIBETPHBAaHHS TOPHBIX IOPOZ H JA0JI0 BBIHOCH-
MBIX NpPH 3TOM 3J€MEHTOB, HETPY/JHO PACCYHTAThL CKOPOCTH XHMH-
YeCKOro BHIBETPHBaHHs M JAeHynauuu (cM. Taba. 79). Baxro
o0OpaTHTb BHHMaHHe Ha TO, UYTO CKOPOCTb XHMHYECKOTO BHIBETPHBa-
Hust B 2—10 pas mpeBOCXOAHT * CKOPOCTh XHMHUECKOH AeHyZallln.
CoeoBaTeIbHO, XHMHUECKOE BLIBETPHBaHHe TOTOBHT cyOcTpat A
MeXaHHYeCKOH JeHyJalHW TFOPHBIX NOPOJ, a4 B TeX CJyuyasXx, Koria
CKOPOCTh MEXaHHYECKOH 3IPO3HH Meilblle CKOPOCTH XHMHYECKOrO Bbi-
BeTpuBalusi, GOPMHPYET KOPbLl BHIBETPHBAHHS *.

Takum o00pasoM, MexXaHHYeCKOH JeHYJAalHH NOJBEPraiTcid B OC-
HOBHOM TOpPHBEIE TIOPOABI, GOJBIIEl YacThIO YiKe NOJABepXKeHHBe XIi-
MHYECKOMY BLIBETPHBAHHIO, O UYeM CBHAETE]LCTBYET IpPEHMYIIECTBEH-
HO TJHHHCTHI COCTAaB NPOAYKTOB, APEHHPYEMBIX peKaMH ¢ BoAocHo-
pos (Crpaxos, 1962). ITosromy u3 Toro (pakra, YTo peKH HEpeHOCHT
GoJipliie 'MeXaHHYeCcKHX B3Becel, UeM DACTBODEHHBIX HOHOB, Helb3s
dellaTh BHIBOjJla O Mpeon0JajaHHH MexXaHHYeCKOTO BLIBETDHBAHHMS Hall
XHMHYECKHM, YTO HHOTa BCTpeuaeTcs B JHTepaType.

Haxkonern, Heab3s He OTMETHTH H TOro (akra, uTo CKOPOCThL TMOI-
3eMHON XHMHUECKOH [eHYyIalHH 3HAUHTEJILHO YCTyNdeT CyMMapHOMY
ee sHauenuio, npusoguMomy I. A. Makcumosuuem (1955), a TakKe
nanueim B. I1. 3BepeBa u ap. (Murpamus..., 1974). 310 0O6bBACHS-
eTCs TeM, 4TO Mbl BHIOPOCHJIH H3 pacyera OOABLUIYVIO YacCTb COAEPIKa-
nusi HCO3—, Tak kak ee o6pa3oBaHHe HHKAKOTO OTHOUIEHHS K JeHY-
Jlallid TOPHBIX MOPOJ, He HMeeT.

§ 3. MACIUTABBI U MEXAHH3M HOHHOIO PA3JIOKEHHSA BOJbI

3Hanue MacuTaboB ¥ HANPAaBJEHHOCTH DAa3pVHIEHHs  aJIOMOCH-
JIMKATOB TI03BOJSET PACCUHTATh OOBEMBI BOJAbI, YYaCTBYIOLIEH B peak-
uuax ruapoausa. llocaendue, Kak H3BEeCTHO, TPHBOAAT K HOHHOMY
paznoxkennio BoAn. OcTaHOBHMCS HEeCKOJbKO NoapoGHee Ha 3TOM
BOMpoOCce.

B npHpOAHHIX YCJIOBHAX 30HHEI THIEPreHe3a BOJA JHCCOLMHPYeT Ha
HOHBI BOJIOPO/a H THAPOKCH/JIA KpalHe HE3HAYHTEJBHO: KOHCTAHTA JIHC-
connanny papHa 10~'4 Oxnako B CHJy TOrO, UTO B TPOLECCe THAPOJH-
3a HOH BOJOpPOJa CBA3LIBAETCH IVIMHHCTHIMH MHHEpaJaaMu, KOTOPHIE
SABJSIIOTCS MeHee pPAacTBOPHMBIMH, 4eM paspylliaembie  aJOMOCH/IH-
KATHEl, BCe HOBble H HOBHIE MOJEKVJ/bl BOJALI BOBJIEKAIOTCS B MpoOLecct

* EcTecTBEHHO, 4TO H@QﬁXOHHMO YYHTLIBATH XHMHYECKYIO H MEXAHHUYECKYID pa-
GOT}' Heé TOJIbKO NOA3EMHOTO, HO H NOBEPXHOCTHOTO CTOKA.
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AHCCOLHAIIHA, 4YeM BOCCTAHABJHBAeTCS HapylleHHOe paBHOBecCHE
ME/Jy HOHAMH BOABLI H €e HeJHCCOLHHPOBAHHBIMH MOJEKYJaMH.
ITosTomy MacmTabbl HOHHOTO pPAasJOMKEHHs BOALI ONpPeIessIoTCs
MaciutTabaMH rHApOJH3a, a He KOHCTAHTON JIHCCOLHATLHH.

[naponus, oaHako, ompejeisieT TOJBLKO TMEPBbl 3Tanm  pas/oxKe-
HHS BOJIbI, B KOTOPOM MOJIeKyJa BOJABI TepfeT OJMH HOH BOAOPOJA,
TOrJa Kak Apyroi ocraercs CBA3aHHBIM ¢ KHCJI0poaoM B ¢opme OH-.
ITpocneanm nansueitmyio ucroputo OH-. Kak yxe 6vi10 mokasaHo,
B pesyaprare peaknud OH-+4CO,=HCO;~ o6pasyerca non HCO;,
KOTOPBHIH B cjydae, ec/lH He [JocTHraercsi KapbouaTHOe paBHOBeCHe,
C MOA3EMHBIMH BOJAMH IONajaeT B PeKH M yXOAHT B Oacceiin ceaH-
meHTauud. Ecam e BogooOOMeH 3aMelJieH MW KOHIEHTpAlHsA CcoJel
B pacTBOpe JOCTHraeT Npejena HACHIlgHWs KapOoHaTaMH, 4TO OCO-
0eHHO yacTo HabuaopaeTcss B NYCTHIHHBIX, CTEMHEIX M  JIECOCTEITHBIX
paitonax (cm. puc. 30, 31), To HCO;~, anccouunpyss va H+ u CO4%—,
NPHBOAHT K paspelBy BTOPOTO HOHA BOJOpPoAa ¢ KucaopojoM. [lpm
3TOM KHCJOPOJL OKasbiBaeTcs cBa3aHHBIM HoHom COz2—, a HoOH BoJO-
poja uepe3 pacTBOpP MOXKET yYacTBOBATb B HOBHIX peakiUH#X THIpO-
qan3a. TeM caMbIM NPOHCXOAHT MOJIHOE Pa3fiOXKeHHe MOJEKYJBl BOABI
H4 MOHBI BOJOPOJAA M KHCJIOPO/AA, KOTOPEIE CBA3LIBAIOTCS COOTBETCTBEH-
HO IJIMHAaMH ¥ KapboHaTamHu.

Takum oOpasom, noJHOe pasfiokKeHHe MOJEKYJbl BOAbLI Ha HOHBI
NPOHCXOAUT B HECKOJBKO 3TaloB: JAHCCOIMAIHS MOJEKYJbl BOJIHI,
rujapoan3, obpasoBanne mona HCOy—, ero auccomuamusi no 3akoHaMm
| VIONBHON KHCJOTH, CHOBA THAPOJH3, ocaxienue kap6onaros (IlIsap-
ues, 1976;). EcrecTBenHO, UTO B NMPHPOAHBIX YC/JIOBHAX NPOLECC HOH-
HOTO pasilozKeHus BOJALI MOKeT OBITH HpepBaH Ha JIOO0M H3 3THX
sranoB. B yacTHocTH, B YCJAOBHAX 30HBI THIepreHeda HauboJee MOJHO
pPasBUT TpoIlecc NepBOro 3Tana pas3JioKeHHs BOJB B Npolecce THAPO-
a13a. B oTaeabHBIX cAyuasx LIHPOKO NMPOSABJIAETCS W BTOPOi 3Tar,
cBA3aHHBIH ¢ o6pasoBanneM noHa CO42—. '

Pacuersl noka3wniBaioT, YTO THAPOJH3 aJIOMOCHJIHKATOB B YCJOBH-
SIX 30HbI THIEpreHe3a NPHBOJAHT K pasJoeHHI0 Ha Hounl H+ m OH-
ot 0,7 no 18 t/rox-Km2 BojB, 4TO cocTaBjageT coorBercTBeHHo ot 0,7
1o 18 MM ocagkos B roi. EcTecTBeHHO, YTO OTHOCHTEJILHO OO6IIEro
KOJHUYeCTBa BBINAAalOUINX aTMOC(hEepHBIX OCa/JKOB BeJHYHHA HOHHOTO
pa3yioXeHus BOALI SIBJSETCS HeGOJBIIOI H He cCKasbiBaeTcs Ha obIleM
GaJaHce BOJbI, yyacTBylolleii B cToke. OaHaKo reoxHMHuecKoe 3Ha-
ueHHe (paKTa pasOKEHHS BOABI HA arpecCHBHBIE HOHBI, ONpeaesio-
| uwiHe xapakrep cpejibl, TPYAHO NepeOleHHTh.



['/IABA X

HEKOTOPBIE THAPOTEOXUMHUYECKHE ACHEKTbI
MPOBJIEMbl BBIBETPHBAHHSI TOPHBIX NMOPOJ

[Tponecchl BBIBETPHUBAHHS TOPHBIX NOPOA M3yyarOTCd AOBOJLHO
nasHo. B stom mnanpaBnennn wMHoro chedaan B. B. [loawmos,
H. H. Tuusbypr, ®@. B. Yyxpos, A. B. Cunopenko, A. H. IMepeapman,
. T'. Canoxuunxos, B. IT. Tlerpos, B. B. o6posoasckni; H. M. Ctpa-
xoB, A. B. Ponos, B. I1. Kasapuuos, K. U. Jlykames u ap. OaHako
TOJBKO HebGospmasi rpynna  uccaeaosateneii (B, B. IMoasinos,
A. H. Ilepensbman, 10. 10. Byreascknii, K. Ileapo u ap.) npumensiin
JaHHBIe COCTaBa MOJA3EMHBIX BOJ JAJs NMO3HAHHA XapakTepa COBpeMeH-
HBIX TIPOIECCOB BhIBeTPHBaHHSA. MexK1y TeM XOpOIIO H3BECTHO, YTO Bbi-
BeTPHBAHHE TOPHHIX MOPOJA KOHTPOJHPYETCS ABYMS OCHOBHBIMH TpYIi-
naMu ¢akTopoB: 1) CTPYKTYPHBIMH OCOGEHHOCTSMH H COCTABOM BEIBET-
PHBAIOIIHXCH TOPOJ; 2) reoXMMHYECKHMH OcOGEHHOCTAMH cpenwl, dop-
MHpylouleiics B 30He npeo6pasosanusi mopon (Loughnan, 1969):
He menee u3BecTHO H TO, 4TO (POPMHPYIONIHECS KOPHl BLIBETPHBAHIs
HOCAT 3oHaJpHBI xapakrtep (J/Iykames, 1956; UepHsaxoBckHit M 1p..
1976). CaenoBaTenblo, 30HaJdbHbIE - ()AKTOPHI HIPalOT BaKHEHIIVIO
pPOJib B Da3BUTHH NPOLECCOB BHIBETPHBAHHSA, OHH OMPEEJAIOT, KAK ME
BHaeau (cM. ra. VIII), xapakrep reoxumuueckoii cpenasl. [lostomy Ges
3HaHHA ocoOeHHOCTeH cocTaBa M ()OPMHPOBAHHSA NMOA3EMHBLIX BOJL MHO-

rie CTOPOHBI NPOLECCOB BHIBETPUBAHHA HE MOIYT ObITH JI0 KOHIIA TO-
HATHI.

§ 1. OCHOBHbBIE TEOXHMHYECKHE THIIbI BbIBETPHBAHHUSA

Haunnas ¢ kaacchnueckux pabor B. B. loxyuaeBa, KOTOpBIH mnep-
BLIM YKa3aJ/l Ha 30HAJLHOCTh «B MHHEpaJbHOM IIAapCcTBe», BKJOUas
MO/ANOUYBEHHEIE TOPH30OHTH KOPHl BHIBETPHBAHHS, MHOTHE HCCJAEL0BATE-
JH BHECJH KPYNHBI BKJaj B H3YYEHHE THIEPreHHBIX TPOIEccoB, HX
sonaapHoctu (K. JI. Tnuuka, II. A. 3emsituenckuii, A. B. ®epcman,
B. H. Bepuanckuii, . B. IToawnos, B. A. Koszna, A. H. [lepenbman,
K. M. JlykameB u 1p.). B peayaprate pabor 3THX HccldenoBaTedei
6LIJIO OKOHUATENLHO YCTAHOBJACHO ABJAEGHHE 30HAJBHOCTH KOP BHIBETPH-
Banusi. OnHako BuleJeHHe 30HAJBHBIX THUIIOB MOCJAEIHHX JI0 CHX IIOp
BCTpPEeYaeT ONnpeneleHHbe TPYAHOCTH, TAK KaK 3a HX OCHOBY OepyTcs
paaanunbie npusHakn., OcraHoBuMcsd noApobGHee Ha BEIAEJEGHHH TeOXH- .
MHUECKHX THIIOB KOP BBIBETPHBAHHS, KOTOpbLle HHTepecylot Hac B mep-
BYIO OUYepellb.

Ha ocHoBe cneuH()uKu TeOXMMHYECKHX H MOYBEHHBIX IPOLECCOB B
Kaxnoi napawadraoii 3one K. M. Jlykames (1956) soisensier cie-
IYIOIIHEe TeOXHMHUECKHE THIB KOPHl BbLIBETPHBAHMS: JHTOTEHHYIO (006-
JOMOUHYI0) 30HBI TYHAPH, CHAJIHTOBO-TJHHHCTYIO Tae:KHO-JECHOI 30-
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HBbI, Clia.ﬂ.ﬂl-lTOEO-KHpﬁOHaTH}’IO CTenHoIt 30HBI, CHAJJJIHTOBO-XJOPHIHO-
Cyab(paTHYIO 30HBI NYCTHINB, CHAJJIHTOBO-DEPPHTOBYIO H  AMIHTHYIO
(KpacHONBETHYI0) BIAXKHLIX CYOTPOINHUYECKHX M TPOMHYECKHX o06Ja-
creii. A. . Ilepensmatom (1968) npeanoxkena reoxummuueckas KJac-
cH(pHKAIHA KOP BHIBETPHBAHHA HA OCHOBE NMPHHIHNA NOABHKHBIX KOM-
MOHEHTOB H TMOHATHS O THNOMOP(HLIX ajJeMeHTaX. MM BHIENeHO 1necTh
THIOB KOPbl BhIBETPHBAHHA: 1) cepHOKHcJBI; 2) KuHCaAb; 3) Kap6o-
HaTHBIH; 4) coJieHOCHBI; 5) KHCJbIH TaeeBbiii 1 6) Kap6GoHaTHHI Taee-
BLi. HanoMuum rakme, 4to KapOouHaTHbi, a Takxke CyJabpaTHBIH |
XJOPHAHEI THIB BhBeTpHBaHHMs BoiAeasn bB. B. IToawsiHos (1956).

Hutepecryio kj1acCHQHKAIHIO THIOB BBIBETPHBAHHA MPEAJOXKHI
JK. Teapo (1971), KoTopwii cuuraer, 4yTo XapakTep HoOBooGpasoBan-
HBIX MHllep.’:l.Tl‘OB onpeneqsieTcss HHTeHCHBHOCTHLI) BBIHOCA KpeMHe3eMa,
AJIIOMHHHS M OCHOBAaHHH B Mpollecce Pa3/ToKeHHs MePBHYHOH NOPOJHL.
IT0 NOJMIOKEHHE [MO3BOJIHIO €My NPeAJOKHTh HCIO0Ib30BATL BEJAHUHHY
SiOy/2 ocnoBaumii B Bogax (L) W B BLIBETPHBAIOILHXCS TOPHBIX TOPO-
nax (R) B KauecTBe KPHTEPHS JJs BHIACJEHHS YETHIPEX OCHOBHBIX TH-
OB BHIBETPHBAHHS TOPHBIX MOPOA: AJJHTH3AIHH, MOHOCHAJJIHTH3AIHH,
GHCHAVIHTH3AUHKE U TIoA30J000pasosanns (tada. 80).

IMosxke WU. Tapan (Tardy, 1969) kK BbIeNEHHEIM THIAM BHIBETPH-
BaHHs 106aBua emnle ABa: 1) moJycHaJAJMHTH3aUHIO, Korja o0pasyloTcs
aMopdubie NPCAYKTH BhIBeTpuBaHuA (ajsnodanbl) ¢ MOJEKYJASPHLIM
orHomeHneM SiOg/Al,03=0,5—1,2; 2) CKpHITYI0 MoHOCHAJIHTHIAIHNIO,
NpH KoTopoil o06pasylorTcsd TpexcaoliHble MHHepandsl (BepMHKYJHT,
MOHTMOPHJIJIOHHT) ¢ H3OBITOUHBIM KosauuecTBoM AiyO;, pacnoaaraio-
lleMCH B MEXKCJOEBHIX NPOCTPAHCTBAX YKa3aHHBIX riuH. OnHOBpeMeH-
Ho 'W. Tapau npeanoxkun apyroii Gomee CIoKHBN KoaddHLHEHT A5
BBbU/IeJIEHHS TeOXHMHUECKHX THNOB BEIBETPHBAHHSI IO COCTaBY JpeHH-
pyemeix BoA. Onnako meronuka M. Tapau npuHUHDUHaAbLHO He OTJIHYA-
erca ot Meronuxu K. Ilexpo, mosTomy Ha Hefl He ocTaHaBJIHBaeMCs.

Hearast nonnocteio cornacurhes ¢ kpurepuamu /K. Iexpo mas Be-
NeJIeHHsT TeOXHMHUECKHX THIOB BLIBETPHBAHHS, TAK KaK Pe3yJbTaThl
HAIUHX HCCICNOBAHHHA CBHIAETEJLCTBYIOT 0 GoJiee CA0KHON 3aBHCH-
MOCTH MEXK/Y BBIBETPHBaHHEM H COCTABOM BOJ.

B npuBeleHHBIX 371eCh KiaacCH(GHKAUHAX OTPaxeH ONbIT HCCJAeHA0BA-
HUii B PasJHYHBIX KIHMATHUECKHX 30HAX H MOITOMY Kaxaas H3 HHX
uMeer cBou pocrouHcrBa. Tak, A. M. [lepeasman, muoro Jer paGoras-
LK B YCJOBHAX aPHAHOrO KJIHMATAa, COBEPLIEHHO CHPaBelJHBO BHI-
geJsieT B KaueCTBE CAMOCTOSTENbHBIX KapOoHATHBIE H COJEHOCHBIE KO-
pul, BeiBerpuBanus, JK. [lenpo— cnemnagucT MO JTaTePHTHOMY BLIBET-
PHBAHHIO, — MOHO- H aJJIHTHBIE KOPHI, KoTophie, no A. H. Tepensmany,
00BEIUHAIOTCS B ONMH THI — KHCJBIL. [103TOMY ecTecTBEHHO, 4TO cpelH
reOXHMHYECKHX THNOB KOPHl BHIBETPHBAHHS BCTpPeUalOTCH Kak Te, Tak
H JIPVTHE. :

Hcnosnb3ysi ONLIT YKa3aHHBIX BHILIE HCcAefoBaTeNled, a Takike pe-
3YJAbLTATH JIHUYHBIX HaOJIONEHHH B pas/MHUHBIX KJAHMAaTHUECKHX 30HAX,
HAMH BLIIENSIOTCS CAEAYIOUIHe OCHOBHBIE TIPOIeCCh! BBIBETPHBAHMHS
rOpHEIX TIOPOJ (Ha OCHOBe KOMILIeKca NoKasaTteseil) accouHHpyOulHe
C COOTBETCTBYIOIIMMH THNaMu BhiBeTpHBaHusi. EcrecTBenno, uto npu
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leoxumnyeckue THnbl Bbiserpusanus ([Menpo, 1971)

Ta6auna 80

Feoxumuueckue 0coOEHHOCTH
IlE@HﬂprBuHOHHNX BOL
30Hbl BHIBETPHBAHHHA

q (AlOg)<q (Si0y)

g (ALOy) =g (510y)

La>R; )
g (Si0y)> ¢ (ocnobannit)

0,64 < L<R;
0,64 g (ocuopanui) < g (Si0y) =
< ¢ (ocnopamuii)

L<0,64R;
q (Si04) = 0,64 ¢ (ocuonannii)

MunepaabHpii  cocras Munpookucas Al [auuucTie  MHHEDPAABI auHucThie MHHEpaabl CeoGonubiii
ocTaTouHblx  mpoaykToB | (ru6Geur, GEMHT) 1:1 (kaoauuur) 2:1 (HAAUT, MOHTMODHI- KpeMHe3eM
B 3J0BHAJIbLHOM ropu- JIOHHT) 3
30HTE

[MTponeccst BHBETPHBA- Anautniauus MoxocHaaauTH3aNHA _ Bucnanautusauus (oG- [Moasoaoodpaso-
HHSA (naTeputn3aiud) (kaoauHU3aLHA) pasoBaHHe TPeXCAOiHbIX BaHue

MHHEDAI0B)
I 11 11 8%

HMunekc tuna BuIBETPH-
BaHHA

Mpumeuanue: ¢—CKOPocTh Buloca saeMenton; L — oTHomenne SiO.Y ocHoBanuii B Bofax; R — To e B BHIBETPHBAIOILHXCH MOpoAaX.



Gonlee leTadbHbIX HCCJAEA0BAHHAX UYHC/AO THIOB BHIBETPHBAHHS MOXKeT
OBITH YBEJHUEHO.

1. Jlarepuruszayus, jis KOTOpOil XapakrTepeH NPaKTHYECKH TOJHBII
BLIHOC KpeMHe3eMa u 06pasoBaHHe OKWCJOB H I'HAPOOKHCIOB aJIIOMH-
HHA H JKeJe3a, pa3BHBaeTcs B VCJOBHAX aKTHBHOTO BOj00OMeHa,
KHCJIOTO XapakTepa Cpejbl, Korjia Macuitabbl MHHEpaJH3alMHH OpraHH-
UECKOro BellecTsa pe3ko npeobaajaloTr Hai MaciitabaMu BLIBETPHBA-
HHA TOPHBLIX MOpOJ H (GOPMHPYIOTCS VIbLTpanpecHsle BOJbL. TakHe yc-
JoBusi Haubo/iee xapaKTepHbl AJ5 JaHAA(TOB BJamHBIX caBaHH, HO
BCTPEYAIOTCsl TAKKE H B Tpejenax TPONMHYECKHX M CYOTPONMHYECKHX
JIECOB.

2. Monocuaasurusayua (KaoJduHH3allus) passuBaetca B caabo-
KHCJTBIX YCJIOBHAX TPONHYECKOTO, CyOTPONHUECKOro H yMepeHHOro KJu-
mata. Hec6X0AMMBIMH YCJHOBHSIMH Pa3BHTHS KaOJUHH3ALHH SBJASIOTCS
ca1abOKHCABIH XapaKTep BOJA, HX HH3Kash MHHEPAJH3ALHA H OTHOCH-
TeJbHO HEeBBICOKHE COojepkKaHns KpemMHedeMma. Bce 310 jgocruraercs s
YCJIOBHAX J0BOJILHO aKTHBHOro BoAooGMeHa M GJH3KOrO COOTHOIIEHHS
MacumTaGoB BLIBETPHBAHHS TOPHBLIX NMOPOJ M MHHepaJH3allHH OpraHu-
YEeCKOTO BellleCTBa.

3. Bbucuasautuzayus no xapakTepy CBOEro TNPOSABJIEHHS MOMKeT
ObITb MOjpa3jelieHa Ha ABAa TOATHNA: MOHTMOPMIJIOHHTH3ALHIO H
rupocao/n3aniio. Ilepsbiii noATHI BHIBETPHBAaHHS pa3BHBAETCH B yC-
JIOBHSAX C1a6OLeIOUHON H IMeJOYHOH Cpeibl OTHOCHTEJbHO c¢aaboro
BOJ000OMela, TOBBILEHHOH MHHEpa/u3alHH T0A3eMHLIX BOJ, IOBLIILIEH-
HOTO CO/lep2KaHHA B PacTBOpe KpemMHe3eMa H OXBATHIBAET JIeCOCTENHbIE,
CTeNHble H I0XKHOTAEXHble JaHAmapThl, a TakkKe 4acTHYHO JaHAmad-
Thl CYXHX caBaHHi. BTOpoil moATHI BEIBeTPHBAHMS DPA3BHBAETCH B Me-
Hee [IeJOYHBIX YCJIOBHAX, I/Ie PACTBOPHI COAEPAKAT OTHOCHTENbHO HH3-
KHe KOHLEHTpallHH KpeMHeseMa H JAPYTHX COJeif, H XapakTepeH B OcC-
HOBHOM /IJIi YMepeHHO XOJIOAHOTO KJAuMaTa (ceBepHas JecHasi 30Ha
KakK C pasBUTHEM MHOTOJIeTHell Mep3JioTH, Tak u Ge3 Hee). O6uieit uep-
TOH paccMaTpHBAaeMBIX JIBYX MOITHIOB BLIBETPHBAHHA SIBJISETCH TO,
yTo 06a OHH Pa3BHBAIOTCS B YCJOBHAX, KOrja MacmitaGbl BbiBeTPHBA-
HHS MOpOJ npeoOJanaloT Haja MacwtabaMH MHHepalH3alMH OpraHi-
YeCKOTO BELIeCcTBa, CAEACTBHEM Yero sBjseTcs (OpMHpOBaHHe ciabo-
111€JIOYHOTO M LIEJOYHOTO XapaKTepa Cpe/bl.

4. Ilodsoao006pa3zosarue pasBHBAeTCS B YCJAOBHAX KHCJOH r/eeBo
06CTaHOBKH, KOrjla CO3/1aloTcsl YCJAOBHSA AJS aKTHBHOINO BHIHOCA He
TOJIBKO AJNIOMHHHSA, HO M KeJe3a. B To :Xe BpemMs aKTHBHHIH BHIHOC
KpeMHe3eMa HeCKOJbKO 34TpPyJAHeH CYLIeCTBYIOLUIMMH HH3KHMH TeMie-
paTypaMi H HEJLOCTATOYHO BBICOKOH aKTHBHOCThIO Bojpo0OMena. [iee-
Basl TeoXHMHUecKass 06CTaHOBKA NMOJAePKHBAETCH BHICOKHM cojlepKa-
HHEM B BOJax OPraHHYeCKHX BeIlecTB, KOTOpHe CHOCOOHBI CBSI3aTh
MoOCTynalluii ¢ BojgaMu cBOOOAHLIH KHcaopod. PasBuBaercd 3TOT THII
BHIBETPHBAHHS B CEBEPHOH H cpelHeil yacTax JecHoH 30HH, riae (op-
 MHpyeTCsi MOIHAsi JecHas mojcTHaKa. [Tpoaykramu moi3o0i006paso-
BATEJNLHOTO MPOIeCcca ABMAETCH He TOJbKO KPeMHHCTas ChIMyuKa, HO
TaKKe THAPOCIIoNa, KAOJHHHAT, anaodaHbl H APyTrie rAHHbI.
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5. Kapbonaroobpasosarue W CBA3aHHOE ¢ HHUM codoobpasosarue
SBJISAIOTCS B3aHMOCBS3aHHBIMH H B3aHMOOOYC/IOBJEHHBIMH TIPOLECCAMH
BLIBETPHBAHHMSA, KOTOPEIE PA3BHBAIOTCA B YCJAOBHAX HEKOTOPOTO IPend-
JlaJlaHnsl MCnapeHus BOJLI HAJ, OcajKaMH, IIeJOYHOI0 XapaKkTepa Cpeibl
u caaboro BogoobMena. DBoicTpoe HakomJeHue coJield B pacTBOpe,
00yCcJOB/IeHHOe KaK IIpolleccaMi BHIBETPHBAHHSA, TAK U KOHTHHEHTAJb-
HOro 3aCOJeHHS, IPHBOJAHT K (POPMHPOBAHHIO IIENOYHOH Cpelbl, MOHH-
JKeHHIO PacTBOPHMOCTH KapOOHATOB KajbllHs M BbIIaAeHHIO HX H3
pacrBopa. A 3710, B CBOIO Ouepe]nb, 0GCCHEUHBAET OTHOCHTEJLHOE Ha-
KOIJIeHHe B pactBope KapGonatoB natpus (coxs). KapGonatooGpa-
30BaHHEe KaK 30HAJbHOE SIBJICHHE Pa3BHBAETCS B YCJIOBHAX JecocTer-
HEIX H CTEMHBIX JaHAmAapTOB, BO3MOXKHO OHO M B YCJOBHAX CYXHX ca-
BaHH, TECHO CBA3aHO C OXHOBPEMEHHEIM OOpa30BaHHEM MOHTMOPHJIO-
HHTA. '

6. Cyavghatnoe u xaopudnoe 3acoseHue Pa3sBUBAETCS B YCIAOBHAX
peskoro npeobGaajaHus HCHapeHHs HajJ oOcaAKaM¥, YTO XapaKTepHo
JUISi 30HBI CYXHMX cTenei, MOJYNyCTHIHb H NYCTHIHb, KpaiiHe 3aMe/eH-
HOTO BOA0OOGMeEHa, IIEJOUYHOTO XapakTepa CPeiAbl H BBHICOKOH MHHepa-
JH3AUHH NOA3eMHBIX BoA. IIpoaykTamu 3TOro THHa BLIBETPHBAHHS SB-
JISIIOTCS MOHTMODPHJIIOHHT, KapOOHATHL, THIIC H TaJIHT.

Taxum obpasom, coctaB (GOpMHPYIOUIHXCSH MPOAYKTOB BLIBETPHBA-
HHS — 9TO CJIEACTBHE CONpPSI?KEHHOTO H B3aHMOOOYCJOBJEHHOTO pas-
BUTHSI OCHOBHEIX COCTABJSIOUIHX JauamadTa: TOPHBIX TNOPOI, OpPraHH-
YEeCKOTo BELIeCTBA H IMOJA3eMHBIX BOJl, BLI3BAHHOTO 0OLlell HepaBHO-
BECHOCTBIO CHCTEMHl JHTocepa — rujipochepa — 6uochepa. Tosbko
IIPH TAKOM MOAXOJe K SIBJCHUSM BLIBETPHBAHHS BbISIBJSIOTCS B3aHMO-
CBSI3H TAKHX, KasaJoch Obl Pa3JWyHBLIX, NMPOLECCOB, KAK JaTepHTH3a-
uua u coaoobpazoBaHme, KAOJHHH3AUHA W ToA30J000pasoBanue n
JPYrHE, CTAHOBHTCS COBEPIIEHHO OUYEBHAHEIM, UTO CYLIECTBYIOT OLHH
H Te JKe MeXaHH3MBl, KOTOPbleé KOHTPOJHPYIOT COCTaB [POAYKTOB
BHIBETPHBAHHUS M MOJA3eMHLIX BoA. K paccMoTpeHHIoO 9THX MeXaHH3-
MOB MBI H NIepeHieM.

§ 2. OCHOBHBIE ®AKTOPBI, ONPEAENAOUIHE
FTEOXUMHYECKYI0O HANPABJIEHHOCTb NPOLECCOB
BbIBETPHBAHHSA

Kak nokasano Buime (cm. ra. I1X), xamiabil sran B3aHMoneHCTBUS
BOJB ¢ TOPHBIMH TIOPOAAaMH XapakTepuayercs o6pasoBaHHeM NpPOAYK-
TOB BHIBETPHBAHHS ONpeje/eHHOro cocraBa. Ieosioridyeckne HaG6.io0-
JeHHs ¥ TepPMOJAHHAMHUYECKHE pacueThl MOKA3LIBAIOT, UYTO B YCJIOBHAX
Hanbonee HHU3KOH KOHIEHTPAUMH cojeii B BOJAAaxX H, B 4YaCTHOCTH,
KpeMHe3eMa o6pasyloTcs THADOOKHCHBIE COeIHHEHHS AaJIIOMHHHS H
JKeJe3a, T. e. jareputsl (cM. puc. 9, 34, 35). B srux ycuoBusix naxe
TVIMHHCTLIE aJIOMOCHIMKATLL He 00pasylorcsl, TaK KaK KOHLEHTpamHs
3JIEMEHTOB B PacTBOpE elle He JOCTHIVIA TeX NpejesoB, MPH KOTOPHIX
BO3MOMKHO HX OCaiKIeHHe.

an VMeHbIIeHHH HHTEHCHBHOCTH BOJIOOGMEHE BCJEJACTBHE BBITIO-
JaKuBauus peaneda, coKpailedHnn KOJHYeCTBa BHINAAAIONIHX OCAJKOB
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W/ yMEHbIIEHHH MPOHHILAEMOCTH TOPHBLIX MOPOL BpPeMsi CONPHKOCHO-
BeHHsl BOABI C aJIOMOCHJHKATAMH YBeJHUHBAETCsA, PacTyT COJEHOCTb
pacrBopa u pH, uTo npHBOAMT K CMEIIEHHIO TEePMOAHHAMHYECKOTO
paBHOBECHSI CcHCTEMBI B 00JaCTh YCTOHYHBOCTH TJIMH, H3 KOTOPBIX
BHauase (caabokucaasi cpeia) obpa3dyercda KAaoJHHHT, 3aTeM THAPO-
¢JI01a W B TOCJEAHION ouepelb MoHTMopu/tonnt. CielosaTespHO,
OnpedeseHHoOl COAeHOCTU U  UeAO0YHOCTU pAcTBOpa  COOTBETCTBYET
onpedenennelil cocras o00pasyrwuxcs npodykTos BblBeTPUBAHUL,
T. €. Kam/JI0oMy 3Tamy 3BOJIOLHH PAacTBOpa COOTBETCTBYET ONpEAe/IeH-
HbIfl THIT BLIBETPHBAHHS FOPHBIX MOPOJL.

[MHUCTBIe NPOAYKTH BLIBETPHBAHHSA CBSA3HIBAIOT MPEHMYIECTBEH-
- HO KpeMHMiH, aMllOMHHHH H TOJbKO YacCTHYHO MOABHMKHBIE KATHOHBI.
ITocnennne nmo3ToMy HaKalIMBAIOTCH B JKHAKOH (ase, KOIHYECTBO
KOTOPHIX 3aBHCHT OT HHTEHCHBHOCTH BojooOMeHa. - YBeJHUYeHHE CO-
JIEHOCTH CONpOBOXKAaeTcs NoBuleHHeM pH mogseMusix BoJ, a 3HAYHT
H [OHHXKEHHeM pacTBopuMmocTiH KapOoHatos. Ilostomy Ha onpene-
JIEHHOH CTaJHH 3BOJIONHM CHCTEMHB BOJAa — MOPOJA MNPOHCXOAHT Ha-
chillleHHe pacTBopa Kap6oHATOM KaJblUHf H COOTBETCTBEHHO 00paso-
BaHHe Kajpuura. CoxpaHsiiomascs I@pH 3TOM HepaBHOBECHOCThH
pacTBopa OTHOCHTEJLHO NEPBHYHBIX aJIOMOCHAHKATOB (cM. pHc. 41)
HPHBOANT K DaspyHIeHHIO MocJeAHHX H obpasoBaHHio KapOoOHATH3H-
pOBaHHBIX KOpD BLIBeTpHBaHWS. Takasi Hanmpap/JeHHOCTb THIIEPreHHbIX
MpOIECcCOB XapaKTepHa s YCJIOBHH MaJOHHTEHCHBHOTO BoJ00OMe-
. Ha, KOTOPLIf acCOUHHPYET C JIECOCTENHBIMH W CTENMHBIMH JaHjmad-
Tamy. Tlpumepamu 3TOro THHA KOP BBIBETPHUBAHHSI MOTVT CJYXKHTh
JIECCOBH/IHBIE CYTJTHHKH ¢ KapOOHATHBIM IEMEHTOM, IIHPOKO pa3BH-
Thle Ha lore 3anannoit Cubupn, B Cpenneil Asuu u APYruX perHoHax,
reHesHc KOTOPBIX A0 CHX NOP BbI3bIBaeT Cropbl. B 3T0it cBS3H HaMm
XoTeoch Obl MOAYEPKHYTh, UTO MOJOJbIE, B TOM YHC/Ae YeTBePTHUHbBIE
NOKpOBHBIe 06Gpa30BaHHsl, WHPOKO PA3BHTHIe B CTEMHBIX H JIECOCTEN-
HbIX palioHax, HeoOXOAWMO HCC/IeLOBATh ¢ NO3HUHHE (opMHPOBAHHS
KOD BHIBETPHBAHHA H KOHTHHEHTaJbLHOTO JHTOreHesa. Baxkno mnoxa-
YepKHYThb, YTO ¢ KapOOHATH3HPOBAaHHBIMH KOPaMH BLIBETPHBaHHs ac-
COLUHHPYIOT TPOLECCH COLOOGPA30BAHHS H COJOBOTO 3aCOEHHS, H3Y-
UyeHHe KOTOPHIX HMeEeT Ba)KHOe HapO/JAHOXO03ACTBeHHOe 3HaueHHe B
CBA3H ¢ Npo6/JeMOH CelbCKOXO3AHCTBEHHOTO OCBOCHHS 3THX TeppH-
TOPHH.

Takum o6pas3om, pasnH4YHBIA XapakTep B3auMOAEHCTBHA BOABI C
TOPHBIMH NOpPoAaMH, 06yc/aoBJleHHbIH BOJ00GMEeHOM Pa3HOH HHTEHCHB-
HOCTH ¥ Pas3lIHYHbIMH FeOXHMHYECKHMH YCJIOBHSAMH, onpejenser (hop-
MHPOBaHHe Pa3HOOGpPa3HLIX KOp BHEIBETPHBAHHSA B Ipelejax OAHHX
H TeXx JKe TOPHBIX MopojA. B ycaoBusix HanboJee HHTEHCHBHOTO BOJO-
o6MeHa M KHCJIOH cpeibl GopMHupyeTcs JaTepHUTHBIH NPO(H/IL BbhiBET-
pHBaHHSA, B YCJOBHSX 3aTPYAHEHHOro BOofoOOMeHa H IIeJOYHOH cpe-
Jbl — KapOOHATH3HPOBAHHBIH TNPOQH/JIL BLIBETPHBAaHHA, B  YCJIOBHAX
HHTEHCHBHOTO HCIapeHHsi — COMEHOCHHIH THM  BbiBeTpHBanus. Bce
JIpyrHe THIIbBI BLIBETPHBAHHS 3aHHMAIOT NPOMEKYTOUHOE MOJOKEeHHE.

PasBuBaemasi 31ech TOUKa 3peHHS Ha NocjeloBatesbHoCcTh 06pa-
30BaHHSA NPOJAYKTOB BLIBETPHBAHHSA He HABJSETCH YEM-TO 3KCTPaop/au-
15 3ax. 425 . 225



HAPHBIM, a BBICKA3bIBAETCS H MHOTHMH JADYTHMH HCC/IELOBATesAMII.
Comntemcsi xotss 6u1 Ha pabory P. appeaca w @. Makkensu, Koro-
pele NMHWYT: «B pesyabrarTe peakiHii NMepBHYHBLIX MiHEpPaJoB BbLICBO-
60K AaloIHecss KOMIOHEHTH noctynamTt B pactBop. C pocToM  KOH-
LHeHTpauHi 3THX KOMNOHEHTOB HayHHaeT 0OpPAa30BHIBATHLCH KAOJHHHT
H H3 BOL YAAJSIOTCS pac-
TBOPEHHBIIT KpeMHe3em 1
rauHoseM. [Ilo-Buanmomy,
obGpa3oBanue rub6cuTa
BO3MOJKHO JIMIIL B MOYBAX,
HenpepbIBHO NMPOMbIBAEMbIX
MOYTH YHCTOH BOJOMH, MO-
CKOJIbKY TIPH 3HauyHTelb-
HOM COJEP:KaHHH KpeMmHe-
3eMa B PACTBOPAX BMECTO
rubocuTa ofpasyiorcs
amomocuaukarel. [lo mepe
YMEeHBIIEHHS  KOHUEHTpa-
LHH B pearHpyiomHx BO-
pax pacreopennoro CO,
BO3pacTaer  CojJepiKaHue
KaTHOHOB 3a CYeT paspy-
{  LIeHHsI MepBHYHBIX CHIIHKA-
TOB, a TAaKMKe MPOHCXOIHT
yBEeJIHYeHHE KOHIEHTPauHH
HCO;-, pPAacTBOPEHHOTO
KpeMHe3eMa H POCT BeJH-
guHul pH. B koHeuHoM uTO-
re cojepKaHHs KOMIOHEH-
TOB CTAHOBATCA JOCTATOY-
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Puc.  45. TocaenoBaTe]bHOCTh BHIBETPHBAHHS TrpaHHTa
npu 25° C (KoamuecTBO Moaefi pacTBopeHHBIX H oGpaso-
BAHHBIX MHHEPaloB — QYHKUHA CTeneHH NPOTeKAHHA

peaxknHu).
| — HHTEHCHBHOCTL PACTBOPEHHS MHHEPadoB TPaHHTA;
2 — Havyano ocaX[eHHA BTOPHYHBLIX MHHepaaoB; J—
obaacTH oGpajoBaHHs BTOPHYHBIX MHHEpPasioB; 4 — Tod-
KH Hacuimenust (a — kpapua, O — MHKPOKAHHA, 68—
aasbura)

HO BBICOKHMH A5 o6paso-
BaHHS  MOHTMOPH/IJIOHHUTA
HJIH JAPYIHX TJAHHHCTBIX MH-
Hepaaos. Kpome Toro, npn

NOCTATOYHO BBICOKOH HC-
xonHo# Konuentpaunn CO, xoanuectsa Ca?t u HCO3— Bospacrator a0
TEX T0p, MOKa He HawHeT ocamaartbes Kaabuut» ([appenc, MakkeHsu,
1974, ¢. 132—133).

O6pasosanne ru60cHTa M TéTHTa Ha MNePBHIX 3Tanax B3auMoJeii-
CTBHA BOJAbI C TOPHBIMH TOPOAAMH NOATBEPIKAAETCH H Pe3yabTaTamu
H3yueHHsT TEOPEeTHYeCKHX MoJeJell XMMHUECKOTO B3aHMOLEHCTBHS
BOJbI C TOPHBIMH NOPOAAMH, KakK GYHKIHH CTeNeHH NPOTeKaHHs peak-
unn (Kapnos u ap., 1973; Fritz, Tardy, 1976). Ha puc. 45, 3auMcTBO-
BaHHoM u3 paborsl B. ®purua u M. Tapan, nokasana pacuerHas no-
CJIe0BATENbHOCTL 06pa3oBaHHs MHHEPaJoB B CHCTEMe BOga — rpa-
HUT TpH 25°C B yCJOBHSAX OTKPBITOH M 3aKPBITOH CHCTEM. YCTaHOB-
JeHHass TOCAe10BaTeNbHOCTE BTOPHYHOTO — MHHepasioo6pa3oBaHMs:
T€THT; TETHT-THO6CHT; PETHT+KAOJHHHT, KaOAHHHT+ MOHTMOPHJIO-
HHT; MOHTMOPHJJIOHHT+ KaOJHHHT — OTBEYaeT 30HAJBHOCTH Mpollec-
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COB BHIBETpHBaHHf, HabJojaeMoil NpPH nepexoie OT FYMHAHOrO KJH-
MaTa K apHIHOMY. YKa3aHHble AaBTOPH MOAYEPKHBAIOT TaK¥kKe, UTO
€OCTaB MOPOJAbI He OKa3biBAET CYLIECTBEHHOro BJHAHHS Ha MOC/AeN0-
BATeJbHOCTh KPHCTAMIH3ALNH BTOPHYHBIX MHHepajos. Bce 3ro roso-
PHT O TOM, YTO He THII FOPHOI MOPOJABI, @ TeOXHMHYeCKas cpela sBJs-

Knumarm

Temneparmypa B Jeadwxu Pense @ T%répia HBIA

P o i |

buonoeuveckas npodyx-
mublugerme nawdwagma + unmencubuocme Godoobmena

Hanpabnennocme npecdpazofanun gpeanuvec-
Koeo Beutecrnba

'

Xapaxmep zeoxumuveckod obema -
HOOK U

i

Hanpalnensocms  foibermpuba -
HUS eopHbIx  ngpod

|
l@?ﬂd 0078 MHBIX #:;]

Puc. 46. ConoaunHeHHOCTh (DAKTOPOB, KOHTPOJHPYIOIMHX TEOXHMHMECKYID Ha-
NPaBJeHHOCTh BHIBCTPHBAHMS W COCTABA NO/3EMHLIX BOI,

ercsl peliailluM (axkTopoM B oOlpeleJeHHH HanpaBAeHHOCTH BhIBET-
puBaHus ropHbix nopoi. Cpena ke, Kak OGBLIO TOK43aHO BHIMIE, KOHT-
POJTHPYETCH COYETAHHEM PAa3JNYHBIX MPHPOAHLIX (HaKTOPOB.
; Bce ckasamHoe 103BOJISIET HAaM pAcCIOJOKHTL OCHOBHBIE TPHPOI-
Hble (PaKTOPBI, KOHTPOJHPYIOIIHE HANPaBJIEHHOCTh IPOIECCOB BHIBET-
pHBaHHSA, B OnpejeeHHOH COMOJAUYHHEHHOCTH M TeM CaMbiM  OIlpe-
JeJHTh POJb H MECTO KaXKJIOTO M3 HHX B CJOXKHOH CHCTeMe THIep-
reHHOro npeo6Gpas3oBanus mopoi. Kak BHAHO H3 NpHBEIEHHON CXEMBI
(puc. 46), HenmocpeACcTBEHHO COCTaB MPOAYKTOB BLIBETPHBAHHA - He
CBf3aH ¢ KOJIHYECTBOM aTMOc(epHBIX OCAIKOB, TeMIepaTypoi Bo3-
nyxa, peanedoM MECTHOCTH, THIIOM TFOPHBIX MOPOJ, XOTA KaKAbli H3
3THX (PAKTOPOB H OKa3hIBaeT ONpe/leJieHHOe BJAHSHHE HA TeOXHMHIO
¢opmupylomuxcsi Kop BuBerpuBaHHA. Ho xapakrep 3Toro BJIHAHHA
NPOSBJSETCA Yepe3 TaKue NapaMeTphl, Kak Ouojorndeckas MPOAVK-
THBHOCTb J'IaHJIlLla(t}Ta, HHTEHCHBHOCTH BOﬂOOﬁMEHa, HanpaBAeHHOCTDb
npeoGpa3oBaHus OPraHHYeCcKOro BeNleCTBA M XapaKTep reoxHMHue-
ckoit cpennbl. ITostomy JioGble MONBITKH TMOHCKOB CBA3H MEXAY CO-
CTdBOM MPOAYKTOB BLIBETPHBAHHA W TOPHBIX [OPOJA, XdapakTepom
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peabeda, TemnepaTypol HJAH KOJHUECTBOM OCAAKOB SABJAAIOTCA OIHO-
CTOPOHHHMH H He MOTYT NPHBECTH K OXHIAEMbIM pe3yJbTaTam.

HenocpencrBeHHo cocTaB NMPOAYKTOB BHIBETPHBAHHS  KOHTPOJHPY-
eTCf XapaKTepoM TeOXHMHYECKOH Cpelbl, Cpela — COOTHOLIEHHEeM
Macumrabos OGPBSOBEHHH IeJOYHOCTH H KHCJOTHOCTH, UIEJOYHOCTh —
00'beMOM BBLIBETPHBAHHS TOPOJ, KHCJIOTHOCTh — MaciutabaMu W Han-
paBJieHHOCThI0O npeo6pa3oBaHHs OPraHHYECKOro BellecTBa M T. .
HMMenHno B TakoH MocJjefoBaTeJbHOCTH M HeoOXOJAHMO HCKATh CB3b
MEXK/y €COCTaBOM INPOJAYKTOB BLIBETPHBAHHS, C OJHOH CTOPOHBI, KJAHMAa-
TOM, pesbeOM H THIOM TOPHOH NMOPOABI — C APYTOH CTOPOHLI

YcraHoB/IeHHe COMOJYHHEHHOCTH OCHOBHBIX (PAKTOPOB, KOHTPOJIH-
PYIOIIHX HANp&aBJeHHOCTh BLIBETPHBAHHS TOPHLIX TIOPOJ, MO3BOJSET
BHISIBHTL H CBf3b NPOJAYKTOB BLIBETPHBAHHSL ¢ cocTaBoM (opmupylo-
muXxcs pactsopoB. B uacTHOCTH, CTAHOBHTCS OYEBHAHLIM, YTO B PACTRO-
pe HakalJHBAalOTCH BCe Te XHMHYECKHE 3/JeMeHTHl, KOTOpbie He CBf-
3BIBAIOTCS TNPOAYKTAMH BEHIBETPHBaHHs. DTO HMEeT BaxKHOe 3Ha4eHue
I TPaBWJIBHOTO YCTAHOBJIEHHUS IPHYHH, ONpeIesIdl0IHX Hanpas-
JIEHHOCTb BBIBETPHBAHHSI TOPHBIX nopoja. Tak, yacto B JHTepaType
BBICKa3blBaeTcsl MHEHHE, 4TO JaTepuTsl o6pasyloTcs IOTOMY, 4YTO B
 TPONHKAaX MNPOHCXOAUT HHTEHCHBHBIH BBIHOC KpeMHe3deMa H3 1mpodu-
Jisi BLIBETpHBAHHSA NMOA3eMHBIMH BojaMu. OJHAKO NMpH TAaKOM MOAXO-
Jle OKasblBalOTCH NepelnyTaHHBIMH NPHYHHB M CJAEACTBHS TPHPOLHO-
ro apjgeHus. Kpome Toro, B 3ToM cjyuyae ocTaercsi HeSCHBIM, INOYEMY
B TPONHKAaX BHIHOC KPeMHHS HOJIKeH ObiTh OoJiee MHTEHCHBHEIM, YeM
B YMepeHHOH 30He. I/ HCKIIOUEHHS 3TOTO0 TNPOTHBOPEUHH MPHXO-
autcss npuberaTh K pPa3JHYHBIM TPEANOJIOXKEHHSM, Bpoie 00si3aTellb-
Horo (OpMHpPOBAHHS B Npo(HIe JAaTEPHTHOrO BLIBETPHBAHHSA IIEJOY-
HOH cpe/bl, CocoOCTBYIONLEH BLIHOCY KpeMHe3eMa, POJH OpPraHHYecKHX
KHCJOT H T. A

Ha camom jene BBIHOC KpeMHe3eMa — 3TO CJejCTBHe, a He IpH-
YHHA JATePHTH3ALMH TOPHBIX MOPOJ: KPEeMHHH BBIHOCHTCA MOTOMY,
4YTO OH He CBS3BIBAETCS MPOJYKTAMH BbIBETPHBAHHHA, a He CBA3bIBa-
ercsi 1Mo TOH NPHYHHE, YTO 3TOMY He NO3BOJAET TeoXHMHUYecKas 00-
CTAHOBKA, OTJIHYAIOUIAsici HH3KHMH KOHLUEHTpPalUHAMH KpemHe3deMa
n 3Hauenusmu pH. CrenopartesnnHo, uToOLl pas3BHBaJCHA Npolecc JarTe-
pHTH3alHH, HeoOXOAMMO COXpaHeHHe HH3KHX KOHIEHTpalHid KpeMHe-
3eMa B pacTBope, a 3TO BO3MOMKHO TOJNBKO B YCJAOBHAX AKTHBHOIO BO-
noobmena. Kak ToMbKO yMeHbluaeTcsi WHTEHCHBHOCTb BOJAOOOMEHA M
BO3pacraer KOJHYeCTBO KpeMHe3eMa B pacTBope, cospalwrcs GJaaro-
NPUATHBIE YCJIOBUS AJS €ro CBA3LIBAHHS B BHIE TJMHHCTBHIX 00Opaso-
BaHHH, a 3TO TMPHBOAHT K VMEHbBIIEHHID €ro BbIHOCA M3 NPO(HIA Bbl-
BeTpHBAHUA (XOTH B pacTBOpe €ro KOHUEHTpauwu asjagiores Goxaee
BBICOKHMH). ,

CnenosatenbHo, MeXaHu3M o0pa3oBalHs NPOAYKTCB BBIBETPHBA-
HHA KOPOTKO CBOJHMTCHA K C/eAYIOlleMy: TeoXHMHuYeckas cpeja onpe-
AeNsieT THN BbIBETPHBaHHA, a TMOCHeIAHHH — cocTaB pactBopa. KoH-
LIEHTPHPOBaHHe pacTBOpa BO BPEeMEHH BJHAET Ha TeOXHMHYECKYIO
cpely, KOTOpasi, H3MEHSAChb, BJAWSET HA COCTAB NPOJAYKTOB BHIBETPH-
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BaHHs, a nocjeiHHe —HA COCTAB pacTBopa. 1aKOBAa B3adHMOCBA3h
CpeAbl ¢ XapakTepoM (OPMHPYOUIHXCA NPOAYKTOB BBHIBETPHBAHHS N
IOA3EMHBIX BOL. [Tostomy cmena ¢ ray6GHuHON B TPodpHIe BLIBETPHBA-_
HHS COCTaBa BTOPHYHBIX 006pa3oBanuii — 3T0'He TONBKO H HE CTOJBKO
OTpaKeHHe ONMpeseseHHON CTAaAHAHOCTH TNPOLECCOB BLIBETPHBAHMS,
KakK 3To npHHATO cunTaTh (I'muabypr, 1963), ckoanko ‘caencTsue na-
' MEHeHHsI XapaKTepa reOXHMHUecKOH o6CTaHOBKH ¢ Turybumoil. OTcioaa
Ha/quuhe, HanpuMmep, OOKCHTOB Ha BOJOpAa34ejax — 3TC He CJeACTBHE
paspyuicHusl TNeHenJeHoB, a Pe3yJabTaT PasjHYHOTO XapakTepa reox-

MHUYEeCKOH 00CTaHOBKH Ha Bojlopa3jenax H B jgoaunax pek (IlIsapues,
197614 ).

Bce ckasaiHoe MO03BOJAET HAM MPHCOEAHHHTHCH K  MHEHHIO
Y. 1. Keasnepa o toMm, uTo «0bl10 GBI npaBuabHee H  oboCHOBaHHee
FOBOPHTL O TNPOJAYKTe Cpellbl BHIBETPHBAHHA, UYEM O KOHEYHOM Mpo-
- aykrte BriBeTpuBaHus» (Keanep, 1963, c. 155). Hwmenno mnostomy
He/b3sl paccMaTpHBATL JATEPHTH Kak KOHeYHble NPOAYKTH BLIBETpH-
BAHHUA: OHH KOHEYHbl TOJbKO B ONpeAeNeHHbIX VCIOBHAX  CPejlbl.
B apyrux xe yc/OBHAX KOHEUHBIMH SBJAIOTCH KAOJHHATOBbIE, MOHT-
- MOPHJIJIOHHUTOBBIE HJIH KapOOHATH3HPOBAaHHLIE KOPH  BLIBETPHBAHHSA
. M HX H3MEHeHHe BO3MOKHO TOJLKO B YCJIOBHAX H3MeHHWBLICHCS reo-
. XHMHYeckoil 06cTaHOBKH, 4TO TpeByeT KOpeHHOro M3MEHEHHS JaHl-
- WA THO-KJAHMATHYECKHX YCJOBHI.

. Wrak, mepBhie cTajinH B3aMMOJAEHCTBHS  YJbTpampecHbX BOA C
FOPHLIMH TTOPOLAMH NMPHBOAAT K oOpasoBanuio jareputoB. [lo mepe
. VBEJHYEHHS BPEMEHH 3TOr0 B3aHMOJEHCTBHS PACTET COJNEHOCTH BOJ
H COOTBETCTBEHHO XapaKTep TMNPOAYKTOB BbHIBETPHBAHHA H3MeHAETCH
. MocJaeloBaTeNbHO Yepe3 KAaOJHHHT, MOHTMOPHJIOHHT = (HAAMT) K
KaJbIHTy, THICY, FaJHTy H T. A. Bce 3T0 3acTaBiseT 0TKa3aThCd OT
JIOBOJLHO LIHPOKO PacmpoCTPaHEHHOH TOUKH 3peHHs, COTJacHO KOTO-
poii /aTepHTH SABJASAIOTCS KOHEYHOH cTajueil BbIBETPHUBAHHS TOPHBIX
nopon (Cun3bypr, 1963; Bymuuckuit, 1971, u ap.). B rakom caygae
BO3HHKaeT BecbMa BaKHBIl BONpoOC, MoueMy JaTepuTel o0pasyioTcs
He TTOBCEMEeCTHO, a4 TOJNbKO B TPOMHYECKHX YCAOBHAX (BO BCAKOM CJY-
uae B TPOMBHIIIEHHBIX KOHUIeHTpauusx). Muaue roeops, mouemMy B
OOJIBIIHHCTEE JAHAIIAGTHBEIX 30H OTCYTCTBYET IEPBasg CTAAHA BLIBET-
pPUBAaHHA TOPHHIX MOPOJA, 4 YACTO M BTOPAs — KAOJHHHUTOBASA, W CPasy,
HauHHasi ¢ NOYBEHHOro TOPH30HTA, Pa3BHBAIOTCH NPOAYKTH  BBIBET-
PHBAHHSA MO3AHHX CTalHH.

OTBeTHTH Ha 3TOT BOMPOC H TPOCTO, H OAHOBpEMeHHO CJIOXKHO.
[TpocTo moToMy, 4TO B Hacrosiliee BpeMsi BO BcexX JaHAMA(THHIX
30Hax, rae He 00Pa3ylOTCs JaTEPHThl, COJEHOCTh BOA siBJAsiercsi GoJee
BBICOKOIfi, 4eM 3TOr0 TpeOYIOT reoXHMHUeCKHe YCJIOBHA JaTepHTH3allHH,
T. e. 06CTaHOBKA He SBJSETCH [JsI 3THX MPOIECCOB ¢ TePpMOAHHAMMU-
YeCKHX M FeoXHMHYecKHX nosuumii 6aaronpusithoii. Caoxuo notomy,
UTo HeoOXOAHMO OOBACHUTL MPHUHHBI (GOPMHPOBAHHS TOH Hebsaro-
NPHATHOH AJS JaTepuTH3auun obGcraHOBKH. A 310 Tpebyer 3HaHHA
JAeranefi MexaHHama (GoOpMHpPOBaHHS XHMHUYECKOTO cocTaBa MOA3EM-
HBIX BOJ, PACCMOTPEHHBLIX HAMH HHIKE. .
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§ 3. KJIACCbl BOOHOHW MHIPALHH

HsnoxkeHHble Bbillle NPEACTaB/IEHHS O B3aUMOCBA3H cOCTaBa MOJl-
3eMHBIX BOJ H HampaB/JeHHOCTH BBIBETPHBAHMSI TOPHLIX MOPOJ B pas-
JHYHBIX JaHANIaQTHO-KINMATHYECKHX 30HAX  MO3BOJSIOT  paccMmar-
pusath npeaioxenusie A. M. [lepeanmanom (1975) kaaccel BojHOI
MHIPalHH, KaK eCTeCTBeHHLIe aHAJIOTH COOTBETCTBYIOILErO THNA Bbl-
BeTpHBaHua ropHbix nopoxa. [Ipu takom nomxone K paccmaTpHBaeMoii
npobieMe KJacchl BOJHOH MHIpAllMH BLICTYIIAIOT B KauyecTBe CBOe0O-
pPasHBIX JKHAKHX NPOAYKTOB BBIBETPUBAHHS, KOTOPbLIE AaCCOLHHPYIOT
C COOTBETCTBYIOIIMMH KOpaMmMH BbiBeTpuBanus. Bce 3T0 norpe6oBajo
HECKOJbKO H3MEHHTh CYIIECTBYIOILYIO K/JacCHPHKALHIO KIaccoB BOMI-
Hoii murpamun A. M. IlepeabmaHa, oCTaBHB OCHOBHbie MPHHIHIB HX
Bbitenenns (ta6a. 81).

Heno B Tom, uto A. H. Ilepeanman BHAEAHA KJIACCH BOAHOH MHT-
paHu Mo HaJHYHI0 B BOJAE THOOMOPGHBIX 3JEMEHTOB, KOTOopbie He
BCerja yBsi3aHbl C COOTBETCTBYIOUIHM THIOM BbiBeTpHBaHHA. Tak,
cpenn CaIa0OKHCABIX KJaccOB Bhi/leJIeHbl TPH: KHCABIH, KHCABIH Ha
KBapLEBLIX NecKax M KHCJABIH MepexoJHHH K KajablHeBoMy. B TO XKe
BpeMs HesCHO, KaKOH H3 3THX KJ4ccOB CBf3aH C JlaTepHTH3amHed
TOPHBIX MOPOJ, a KaKOH ¢ MX KaoJHHH3alHeH H HMEITCH JH COOTBeT-
CTBYIOlIHE pa3jHunsi. AHaJOrHYHO OGCTOHT Jesio H. ¢ HeHTpaJbHO-
cnabolleJOYHBIMH KJIACCaMH, CPelAH KOTOPBIX HET YeTKOro pasrpaHu-
YeHHs Mo THNY BhiBeTpuBaHusd, [I03TOMY HENOHATHO, ¢ KAKHM THIOM
BbIBeTPHRAHHA (TVIMHHCTHIM HJIH KapOOHATHBIM) CBf3aH, HamnpHMep,
KaJbLUHeBLI K1acc BOAHOH MHIpaIHy.

C pa3BHBaeMLIX HaMH MO3HIIHA COCTAB BOJBI €CTh Pa3HOCTh MEXKAY
paspymaeMbiMH €l0 NopoAaMH H o6pasdyeMbIMH MPH 3TOM BOAHBIMH
MHHepaJaMH C YYeTOM, eCTeCTBeHHO, OHOTeHHBIX H aTMOoc(hepHHX (ak-
TOPOB, a TaKyKe CTeNeHH HCMapHuTeabHoil Kouunentpamud. Ilostomy
Nepexo] OZHOTO THMA BHIBETPHBAHHST B APYroil BO3MOMXKEH TOJBKO
IIPH H3MEHEHHH TeOXUMHYECKOH OOGCTAHOBKH M COCTABAa BOJ HJH, IO
KpaliHeil Mepe, colepiKaHus OTIe/bHBIX 3JeMeHTOB. Takum obpasoM,
MeXJy COCTaBOM BOJbLI M NPOJAYKTOB BbIBETPHBAHHA HMeeTcs cTporas
H J0CTaTOYHO ONpejiefeHHas 3aBHCHMOCTb, KoTopas AOJKHAa HaHTH
OTpazKeHHe B COOTBETCTBYIOIIMX KJaccax BOJAHOH Murpanuu., Tax xe
KaK YHCJIO THIOB BLIBETPHBAHHS, UHMCJIO KJIaCCOB BOXHOH MHrpaliu
0e3yc/JI0BHO MOMKeT OblTh paciunpeno. Mpl octaHOBHMeS Ha XapakTe-
PHCTHKE TOJIBKO OCHOBHBIX KJIACCOB.

Cpenu nepeuncieHHHX B TabJa. 81 kjaccoB MHrpanuH ocoboro
BHHMAaHHsI 3aCAyXKHBaeT yeaekucasid, GopMHpoBaHHe KoTOporo obyc-
JIOBJIEHO MHTEHCHBHOH MHHepaJn3alHell OPraHHYeCKHX BellecTB B yc-
JIOBHAIX aKTHBHOTO BogooO6MeHa. TumoMophHBIM  3/eMEHTOM  3TOTO
KJlacca SIBASeTCS HeJAMCCOLHMPOBAHHAS YroJbHas KHCJoTa, Gogbline
KOJTHYeCTBa KOTOPOil (DOPMHPYVIOTCS B VCJIOBHAX BJAaXKHBIX CaBaHH.
C/le10BaTeIbHO, VIIEKHCABIH KJace MHTPAlHH XapakTepHayeTres co-
BEpIIEHHO ONpeIeJICHHBIMH IapaMeTpaMH: OTHOCHTEJAbBHO HH3KHMH
BennunHaMu pH (npu OTCYTCTBHH B BOJAe CHJBHBIX KHCJIOT), BBICOKH-
MH KOHIEHTPAIHIMH B PACTBOpPe HeIHCCOIHHPOBAHHON YroJbHON KHC-
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OcHoBrble KAACCHl BOJHOR MHTPAUHH B YCJOBHSX 30HBI FHNEpreHesa (BHE PYAHBIX MECTOPOMKACHHH)

"Ta6auna 8

Llexouno-Kucabe
ycaosHs

TunoMopdubie MUrpaHTH

OKHCANTETILHO-BOCCTAHOBHTEALHBIE YCA0BHA (0GcTanonka)

OKHCAHTebHas ( >0)*

raeesas (—0,2—-0)*

BOCCTAHOBHTeAbHAA
(<—0,2)*

Kucasie (pH 3,0—
)

H*, H,CO;, Alst+, Fedt,
Fel*, opranuueckne Kuc-
AOTHI

Yraekucamit  (<0,2)%*

Kucabii raeeBblii .

(<02)

Caabokucanie
(pH 5,0—6,8)

H¥, HCO-3; H,CO;
Fe*, Fedt, opraunueckue
KHCIOTHI

Crabokucantii

(0,1—
0,3)

CnaGokucasiii raeessrit
(0,1-0.3)

Heitrpaabusie
(pH 6,8—7,2)

HCO-,, Ca?*, Na*

Kanbuueso-Harpuessii:
a) velitpaabumi (0,2—
0,5),

6) caabowenounoit (0,5—
0,8)

Heiirpaabuo-raeessiii
(0,2—0,8)

Caaboutenounsie
(pH 7,2—-8,0)

OH-, HCO4~, Nat*, Ca?*

Kaasuuenniii;
a) TrHApPOKapGOHATHLII
(O,Qﬁl,O ;

6) cyabgparusit (1,0—
0)

Harpueso-kanbunenbii
(0.3—0,8)

KapGouatio-raeesuiii
(0,5—1,0)

CyabhaTHo-cy ab-
¢unupiit (0,6—3,0)

Illeaounbie
(pH 8,0—10,0)

OH-, CO2;~, Nat, CI*

* 3uavenne Eh (8 B) aas mefirpansnof cpemst.
** B cKoOKax — MHHEPAJAH3AUHS BOAMI, I/,

ConeHocHbiit:

a) comomutit (1,0—4,0),
6) cyasdatuuii (< 10),
B) XJopuauwii. (>5,0)

Conoso-raeeswiit (1,0—
4,0); cyabdarno-raeestii
(< 10); xaopuaHo-raeesslii
(>5,0)

Conoso-cepoBono-

ponRHbIi (1,0—4,0);
CepOBOAOPOAHEII
(>5,0)




JIOTBL H HHU3KHMH cojlep:anusamu kpemuedema (<5,0 mrfa Si0,). Ta-
KOii KJacc BOAHON MHrpauuMu pacrnpocTpanen Ha tepputopun ['BuHen,
Bepera Caonosoit Koctn, tora @panuns, I'aBaiickux ocTpoBOB U TeCHO
4CCOLHHPYET C PA3BHTHEM JaTePHTHOIO BLIBETPHBAHHA.

CaeayiomuM Tociie YrAeKHCJIOro B NOPAAKE YMEHBINEHHS KHCJIOT-
HOCTH BOJ, CJeAyeT cAQ00KUCAbLL KJAACC BOAHONH MHCPAIlHH, KOTOPLIH
XapakrepHsyercs yme 0OoJee BLICOKHMH KOHLEHTPalLHSAMH He CBO-
00/HOM, a AHCCOLLHHPOBAHHOH MO NEPBOH CTYMEeHH YToJbLHOH KHCJIOTH,
Gonee BoicokMMH 3navenusimu pH (mo 6,8) M noBBILEHHBIMH comep-
JKAHHSAMH KpemHesema, obecreuHBaloIIHMH 00pa3cBaHHe MPH BbIBET-
PHBAHHH CJAOHCTHIX CHJHKATOB C COOTHOLIEHHEM KPEeMHHS K aJioMH-
Huo 1:1 (kaoanuut). I'panuusl 3T0ro Kjaacca MoryT GLITh TOUHO OMH-
caHbl TePMOJHHAMHYECKHMH MeToAaMHd. ['padHuecku OHH TNOKasaHh
Ha puc. 34—39. On pacnpocTpaHeH Ha Y4acTKax J0CTATOYHO HHTEH-
CHBHOTO BOA00OMEHA 30HBI BJAXKHBIX TPONMHYECKHX, cvﬁTponmecxﬂx
H CMelIaHHbBIX JIeCOB, a TaKKe BJIaKHbIX CaBaHH.

B ycroBHsiX yMepeHHOro # B MeHbliell Mepe TPOIMHUYECKOTro KJHMa-
Ta WHPOKO pacrnpocTpaHeH KaAbyUeBO-HATPUEeBbll KJacc BOAHOMN
MHTPaIlHH, OXBATHIBAIOUHI GOJBIIYI0 4aCTh TaeXKHBIX, TAeKHO-Mep3-
JIOTHBIX, TOPHBIX, CMeNIaHHOJECHBIX JaHAWAa@ToB. ITOT KJace MHrpa-
1UHH OOBLIYHO ACCOLMHPYET ¢ KAOJHHHT-THAPOCTIOAHCTHIM THIOM  Bbl-
BeTpHBanus, ¢ O6JH3KOH K HeHTpa/bpHON peakuueil cpearl H npeobJa-
AaHWeM B BOJAax KaJpl¥s Haj HaTpHeM. Munepaausanusi Box pac-
CMaTpHBAEMOro Kjacca Bhillle, 4eM B JIBYX [peldbllylIHX, HO pPeLKo
npessimaer 0,5 r/a.

Kaabyuesoil knace BOAHON MMrpamuyu, XapakTepH3YIOUHHcH cJja-
GOlIeNOYHBIM XapaKTepoOM Cpelbl H Pe3KHM ImpeobiaafaiHeM KaJbLus
HajJ HaTpueMm, OObLIMHO CBA3aH ¢ KapOOHATHBIM HJAH KapOOHAaTH3HPO-
BAHHBIM THIOM BMeUlAIOIHX NOPOJA, KOTOPble NMPAKTHYECKH He3aBH-
cuMo oT JaHamadTHEX ocobeHHOCTel obecnmeunBaloT OHICTPYIO Heli-
TpanHu3alkio BoA H oforalleHye HX KaJbIHEM.

Harpueso-karbyuesolli kjlacc BOAHOH MHrpalHH siBJAAETCS Mepe-
XOIHBIM MEXIV KaJblHeBO-HATPHEBHIM H COJMOBHIM. Dopmupyercs o
B VCJIOBHAX IOXHOH TaHrH, JecocTemed, HHOTAA CYXHX CaBaHH H OT-
JeJbHBIX MEKTOPHBIX BNAAHH CO CTENHBIM JaHAmWapToMm, T. €. B YyC-
JOBHAIX OTHOCHTEJBHO HeGOABLLIOro KOJHYECTBA OCALKOB, HO BCe e
MpH HEKOTOPOM H3GLITOYHOM YBJAMKHEHHH W OTCYTCTBHH YeTKO BhIpa-
JKEHHBIX MPOIECCOB KOHTHHEHTAJAbHOTO 3acodeHHs. Boabl 3TOTO Kaac-
ca OTIHYalOTCsl MOBbIlIeHHO# MuHepaauzauweit (0,3—0,8 r/n), ruapo-
KapOOHATHHIM HATPHEBO-KAJbIHEBHIM COCTABOM H INOBBIIIEHHLIM 3Ha-
vyennem pH (ot 7,2 no 7,8). Accouunpyer 3TOT KJaacc ¢ MOHTMOPHJI-
JIOHHTOBBIM THAOM BHIBETPHBAHHS.

CoaeHocHbll KJIace BOJHOW MHTPaunud (QOPMHpPYETCs B  YCJIOBHAX
HeJ0CTATOYHOTO YBJIAXKHEHHS M IMOJApasjiesisercs Ha COAOBHIH, CYJb-
¢datunii W xaopuanwii. [lepBuiii  xapaxkTepeH s JIECOCTENHLIX H
CTEeNHBIX JaHAMA(TOB KAK YMEPeHHOro, TaK H TPOMHYECKOTO  KJIH-
mata. Boawml 3Toro KJjacca OTJAHYAIOTCS TMOBbILIEHHON  MHHepaJaH3a-
uneit (1—4 r/an), cojepxar 3HauHTEJbHBIE KOJHYECTBA CYJab(aTos,
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XJ0pHI0B H ecTecTBeHHO coibl; pH Boa wacro npessimaer 8,0. Acco-
UHHPYET ITOT KJjacc ¢ KapOOHATHHIM THIIOM BbIBETPHBAHHS.
Cyavgpatnoudi u XA0pudHbld KJaccel BOJAHOH MHIpallii  pPa3BHBA-
JOTCA B YCJOBHAX, KOrjla TrOCHOACTBYIOT IpOIlecchl KOHTHHEHTAJLHOTO
3aCOJIeHHS M CBSI3aHbl C COJEHBIMH COOTBETCTBEHHO CyJAb(paTHBEIMH H
XJOPHIAHBIMH, HIEJOYHBIMH BOJAMH, UHPOKO Pa3BHTBIMH B  CTEMHBIX,
MOJMYINYCTHIHHBIX H MYCTBIHHBIX JaHAmadTax.
Cpean rJeeBoil rpynnbl KJAaccoB BOLHONH MHUrpaiuu ocobasi poJib
NPHHAMIEKHT KHCAOH H cJaGOKHCJAOH HX Pa3HOBHAHOCTAM, CBsI3aH-
‘HBIM ¢ 3a00JI04€eHHBIMH TPOCTPAHCTBAMH YMEDPEHHOH H TPONHYEeCKOH
30H. Kucnblii ka1ace BoAHOR Mmurpaunu QopmHpyercs B yCJIOBHAX
'BOJlOpa3/lesibHOro THNa 60J0T, NJA0X0 CBS3aHHBIX € MOACTHJAIOMIHMH
TOpHBIMH mopoaamu. B 3Ttom cayuae oTcyTcTBHEe HeATpaauayiolIero
HAHHA TOPOJA onperenser (GOpMHPOBAHHE M0BOJLHO KHCIOH TeOXH-
MHYeCKOl OOCTAHOBKH H KpaiiHe HH3KOH MilHepa/JH3aluH MOJA3eMHBLIX
BoJ1. CoraGoxkucenpiil I/eeBblii KJace BOAHOH MHIpaluH  XapakTepeH
TpeHMylecTBeHHo A 60J0T HH3MHHOrO THNA, HMeiolux 6oJjee Tec-
HYIO CBfi3b € TMOJCTHJAIOIIAMH IOPHBIMH TIOPOAAaMH M ¢ mpeobJajalo-
IleH poJbi0 TPYHTOBOTO NHTaHHA. B 3THX ycaoBuax (opMmupylorces
gaabokic/able BOAL ¢ MOBLIIIEHHOH O6lleii MHHepaJdu3auHeil W THAPO-
KapOoOHATHO-KAJBIHEBEIM COCTABOM, accouuHpyoouiie ¢ Topdona-
KonJieHHeM. [JleeBble THNBI KJ4CCOB XapaKTePHBI TAKKe IJf MHOTHX
THIOB I1I0YB, AOJHH peK, NMyOOKHX BOLOHOCHBIX TOPH30HTOB H T. .
Takum o6pasom, KaKAblii KJacc BOJIHOH MHTPalHH acCOUHHPYET
€ onpejeJeHHBIMH THIIOM H TpoLeccaMH BLIBETPHBAHHA TOPHBLIX M10-
POJ: VIJIEKHCJALIH — ¢ JaTepuTH3anued, caaGOKHCJbIH —C MOHOCH-
aJauTH3alHeH, KajblHeBO-HATPHEeBLIH — ¢ OHCHAAJHTH3alHeH, HeHT-
pajbHblii — ¢ THApOCAIOAH3alHeH, caa6olleouHol — ¢ MOHTMOpPH.JI-
JIOHHTH3allHeH, HaTPHEeBO-KaJblHEeBbIH H COAOBHIH —C KapOoHaTH3a-
nuei (conoobpa3oBaHHEM), COJEHOCHBIH — ¢ ABJASHUAMH KOHTHHEH-
TaJbHOTO 3aCOJIEHHS, KaJbIHEBLIH — ¢+ PACTBOPeHHeM KapBOHATHLIX
" KapGOHamo THTCOHOCHBIX TIOPOA H T. J. AnanornunbiM - o6pasom
KHC/IBIH TVIeeBBIfi KJacc BOXHOM MHIpalui cBA3al ¢ GONIOTHLIM ~ Bbl-
_BeTpHBaHHeM, CJa6OKHCAbIH TJeeBHlii — ¢ NoA30ja000pa3oBanneM, Hefi-
TpaJibHO-TJIeeBLli — ¢ Topdonakomyaenuem H T. A. CrenoBaTenabHO,
KJacchl BOJHOH MHIpailMH B 3TOM cJyyae MOJAy4yaioT CBOe TIeHeTH-
‘yeckoe o60oCHOBaHHUE.



I'JTABA XI
FTEOXHMHYECKAS NOABH)XHOCTb 3JIEMEHTOB

Oannm n3 Haubo/lee HIHPOKO H3BECTHBIX METOAOB  OMpe/ieJeHus
MOABHKHOCTH XHMHYECKHX 3JIEMEHTOB ABJAAETCA Koa(pduument Box-
Hoit Murpaunu K., onpenensemslii no gpopmy.ie

m..-100 ' ~ ‘

e Rk (1)

rjie a—cyMMa MHHepPaJbHHIX BellecTB, PACTBOPEHHBLIX B BOJE, T/J;

My — CcoJiepXKaHue 3JeMeHTa X B BOAe, T/JI; fly — COAEPIKAHHE TOTO

Ke sqemenra B nopoaax, %. OTor kospdHUHEHT OB npeATONKeH

A. H. Tlepenpmanom (1968) u Gasupyercs ua uaeax B. B. INoasiHo-

Ba O HEPaBHOMEDHOM BLIHOCE XHMHUYECKHX 3JEMEHTOB M3 TOPHBIX
nopos. ‘

Kakos ke reoxumuueckuii cmbics atoro kosdduimenra. [To onpe-
leJieHHI0 camMoro asropa K, XapakTepHayeT HHTEHCHBHOCTb BOJHOI
MHTpalHy 3JeMeHTOB, 0603HauYeHHYI0 HM uepe3d P,, KoTopas B BHIe
AuppepenHaIbLHOro YPOoBHs onpene/seTcs Kak

db. :

.Px= b_rdf 1 (2)
rae by— coiepiKaHHe 3JeMeHTa B H3y4aeMOH TPHPOAHOH CHCTeMe;
{ —Bpems. M3 dopmyan (2) chaemyer, YTo MHTEHCHBHOCTH MHIpaIiH
3JleMeHTa B JaHHOH FeOXHMHUECKOH CHCTEME TeM BHIlle, YeM HHKe
ero Konuenrpauus b,. I[Tosromy A. H. Ilepenpbman 3axmiouaer, 4to
«JIJIsi 3JIeMeHTOB C OJH3KHMH XHMHYECKHMH CBOHCTBAMH HHTeH-
CHBHOCTh MHTPALMH AHTHOATHA KJAapKy», M Aajee <«IpPHMEHHTENbHO
K TIponeccaM BHINIEJAuNBaHHS 3JeMEeHTOB (B 3JI0BHAJABHEIX TMOYBAX,
KOpE€ BLIBETPHBAHHS H T. A.) HHTEHCHBHOCThL MHTPAIHH MOMKHO OIpe-
JEJHTh KaK CKOPOCTh BEIIIEJAunBaHHS | T BellecTBa JaHHOTO 3Je-
menta» (Ilepennman, 1972, c. 20).

Hrax, xKosdduureHT BOJAHOA MHUTpalHH XapaKTepH3YeT YCJIOBHYIO
CKOPOCTH BBIHOCA XHMHYECKHX 3Je€MEHTOB OTHOCHTEJIbHO KJIapPKOBBIX
HX cojepxKaHuii B ropumx nopopax. [Tocnennee mnoATBep:KaaeTcs U
teMm, uro, mo aaHHeIM A. WM. Ilepespmana, mpHBeAeHHBIH MoKasaTesb
HOHHOTO CTOKa, PaBHBIH HOHHOMY CTOKY, JeJeHHOMY Ha KJapk 3Je-
MeHtra B JauTocdepe, NMponopuHoHadeH KoapdhulHeHTy BOJAHOH MHTpa-
IIHH.
Mpbl OcTaHOBHJINCH HA 3TOM Bompoce Gojtee NOAPO6GHO MOTOMY,
yro, 0006mas OrpoMHBIH ¢akTHUeCKHH MaTepHaJ MO pPasHHIM PerHo-
HAM W JaHamapTHHM 30HAM, MOIJIH VOEAHThCA B CBA3H 3HaueHmil K.
€ HHTEHCHBHOCTLIO BHIHOCA XHMHYECKHX 3JIEMEHTOB H3 TOPHHIX MOPOZ,
HO He GoJice. A

B camoMm Jesie, KaK NOKa3hIBalOT pes3yapTaTs pacueros (raGa. 82).
yeM BHIIE cOfepKaHHe KaJbllHg B TOPHOi Mopoje, TeM B OAHHX H TeX
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TaGauma 82
MonBHKHOCTL KaJbUHA M KPEMHHS B BOAAX HEKOTOPHIX PETHOHOB

it Kaabunit Kpemuuit
P BOIOBMEL‘H.BIOIIU!S{ paan3a-
it g nopoia il L (15 N RN [ AR WO A R 2
Paiion Ho- Kap6onatut | 0,4 (0,043 (25,5 | 0,41(0,002| 4,58| 0,12
PHIbCKA Tpannut 0,1 [0,013] 7,40| 1,64(0,006(21,9 | 0,25
- TI'eunes JyHATHE 0,02 10,0001 0,17| 2,62(0,001 (15,1 | 0,24

i ~ Cuennrur 0,03 [0,0008( 1,81| 1,76|0,001 _24,6 0,16
"-l"anaiicxne 0-Ba " BasaanThl 0,03 |0,0007| 6,90( 0,33]|0,001({21,0 [0,17

,p-n Maparac- paHuThl 0,02 [0,0004] 1,58| 1,22]0,005|32,5 | 0,74

3 Kap bazaabThl 0,04 0,0028] 6,72| 1 Ol 0,008(24.0 | 0,77
 Hosas Kaune- l'a6épo 0,03 [0,0016( 6,61| 0,76(0,002|22,5 | 0,27
JOHHS
Ceneran bBazanbTul 0,54 10,042 | 1,32 5,94(0,033]126,6 | 0,23
I'panuto 0,37 10,030 [ 1,00| 8,20(0,027|32,3 | 0,23
Kanckas Bna- [Mecuanuku 0,50 (0,045 | 15,9 | 5,94|0,006|14,8 | 0,81
AHHA [aunucroe | 0,66 (0,054 | 7,53|10,6 |0,008(23,8 | 0,52
§ CJAAHIbI
_C'eaegomocrox To xe 0,49 10,065 (15,2 | 8,60]0,006|14,9 | 0,82
E: LITA baszaabThl 0,28 10,016 [ 6,72| 8,8010,025]|30,0 | 0,32
- Bapa6uuckas Pasauunnie 2,94 10,127 | 6,48| 6,65|0,014(18,2 | 0,26
paBHHHA I

K€ reOXHMHYECKHX YCJI0BHSAX MeHblue 3Hauenne Ky Takoe mosomkenne
obuiemM TMOATBEPHAAET CMBICA 3TOro KosdguilHeHTa, Kak yCJOBHOM
BeJIMYHHBI, XapaKTepH3ylolliedi OTHOCHTEJIbHYIO CKOPOCTh BHIHOCA 3JIe-
MEHTOB H3 mopojbl. Ho B Kakoif Mepe OTHOCHTEJIbHHds CKOPOCTH BBIHO-
€a XapaKTepH3yeT NOABHIKHOCTb XHMHYECKHX 3JEMEHTOB. ITOT BONPOC
B JIUTEpPATYpe NMPAKTHUECKH He pacCMaTPHBAJICH, HO €ro pelleHHe HMeeT
BajkKHoe 3HaueHue JJIsi NPAaBHALHOH OLEHKH TeOXHMHUYECKOH NMOABHIK-
HOCTH 3/IEMEHTOB.
: ITonbiTaeMes peurnTh sTOT BONPOC, IPHMEHHB H3BECTHLIH METOLH-
Yeckuii npueM ot obpatHoro. [Ipeanosoxum, Kak 3T0 A0MYyCKaeTcs BO
MHOTHX TyGaukanusx, uto KoadduiuneHT K. XapakTepuayeT rIeoxH-
MHYeCKYIO M0/BHKHOCTh 3J€MEHTOB, TOT/la BO3HHKAET BOMPOC, TMOYeMy,
Hanpumep, B Hopunbckom paiiolie B mpefesiax H3BeCTHAKOB MHTpa-
UHOHHasi cocOGHOCTL KaJlblHA HHXKe, 4yeM B npejejax TpanmoB (cM.
raba. 82). Benp noasemubie BOABL pacTBOPAOT KapOoHATLI 3HAYH-
eJIEHO OBICTpee W B GOJBIIEM KOJHYECTBE BLIHOCAT H3 HHX KaJbIH,
€M u3 TpannoB. HemoHsTHO TakiKe, moyeMy 10 Mepe pocta MHHepa-
JIH3AaTHH BOJbI MHTPAIHOHHAS CMOCOOHOCTh KaJbLMfA He TOJBKO He ma-
Aaer, no, HaoGopot, aaxke Bospactaer. OcraeTcs oHa BHICOKOH H B
TOM cayyae, KOr/la NoA3eMHible BOAbI HACHIEeHbl KaJbIHTOM H KaJbUHH
Bhinazaer n3 pacrsopa (Kanckas snaauna, BapaGmuckast paBHAHA).
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He metnbiie BonpocoB BO3HHKAET W IPH H3YUEHHH THIAPOTEOXHMHH
kpemuus. B camom sene, noueMy MHTpallHoHHAS CMOCOOHOCTL KpeMHHS
B Bopax ['Bunen, [aBafickux ocTpoBoB, 0-Ba Manarackap #u HoBoii
Kanenouunwu, rae pasBuTLI JATEPHTLI, MOUTH HE COAEP:KAIIHE STOT 37e-
MeHT, ocTaeTcsa OoJiee HH3KOH, YyeM B paloHax yMepeHHOH 30HBI, Iie
JaTepuThel He o6pasyiorcs. Uem OOBSICHHTb, YTO MHTPALHOHHAS CIO-
cOOHOCTL KPeMHHSI B VJbTPalpecHBX KHCABX Bojax ['BHHen M 1iesouy-
HBIX COJIeHbIX Boflax Dapa®uHCKOH paBHHHBLI NMpPaKTHUECKH He MeHH-
ercad. Kak ypsizaTe 3TH (aKTHl C pa3aHUHOH HANPaBJICHHOCTHIO BBIBET-
PHBAHHS MOPOJ B 3THX ABYX CJyuasX. AHAJOTHYHBIE BONPOCHL BCTAlOT
I IPH PACCMOTPEHHH NOBELEHHA BCEX APYIUX 3/J1eMEHTOB.

O6paCotaB TaKUM OyTeM OTPOMHBI (aKTHYECKHH MaTepHasa I0
pasHbIM pPeruoHaM 3eMHOTO 1Iapa, Mbl MPHULIH K BEBOLY, YTO KO3(p-
(MIHEHT BOJHOH MHTPAllHH XapaKTepH3yeT TOJIBKO OTHOCHTEJILHYIO
NOJABHAKHOCTh XMMHYECKHX 3J€MEHTOB, OOVCIOBJACHHYIO ~PasJiHuHOl
CKOPOCTBIO BBIHOCA HX M3 TOPHBIX NOPOM, HO HE [A&eT NpeicTaBJeHHs
06 H3MeHeHHH MUTPALHOHHOH CHOCOOHOCTH 3JeMeHTa B Tpolecce pas-
BUTHA CHCTEMBI BOjJ@ — NOPOAA, T. €. 0 Mepe M3MEeHeHHS OJHOTO THIA
BoiBeTpUBaHUA Ha Apyroil. [loguepkiuem emie pas, uTO TAKOH BHIBOJ
HH B KOell Mepe He MPOTHBOPEUHT TOMY CMBICAY, KOTOPHIH ¢aM aBTOp
npuaasas KoahhuuHeHTy MUTPAaLHA.

Jemo B TOM, UTO B peajbHbIX NPHPONHBIX YCJAOBH®AX, KOTZa paspy-
LIAIOTCH aJIOMOCHJIMKATE HAH KapOoHAaThl, B NMOPOAE HMeeTCHd IPAaKTH-
YECKH HEHCYeplaeMblil HCTOUHHK THX 3JEMEHTOB H IIOSTOMY COjepka-
HHe X B paspyliaemoii mopoje n, ocraercsd HemsMennsM. Caefosa-
TeNLHO, MUTPALHOHHAS CNOCOGHOCTDL JEMEHTOB B 3TOM cJy4yae ompe-
JeJisieTcs CONEepXKaHHeM HX B PacTBOpPe OTHOCHTeNLHO o06uled code-
HOCTH mocJjenHero. Tak Kak Mo Mepe pocTa colepxaHHA OTAEAbHBIX
5JEMEHTOR B PACTBOPe NPOMOPIHOHAJLHO PACTET H HX COJEHOCTb, TO
anaueHuss Ky ocTaioress HEH3MEHHBIMH. DTO JIeTKO IPOBEPUTH, eCJIH,
HanpuMep, pacTBOPATh B BOAe I'HIC MaAH raant. MHoro wiH MaJjo
nepeiier B pactsop stux coexnnennii (1 mr/m wau 1 r/a), xoaddu-
LHEHT BOXHOH MHTpAIlH OCTaHeTcsl HeH3MeHHHIM. M naxe B ToM ciay-
yae, KOrjaa, HanpuMep, MHKOHIPYIHTHOE PAacTBOPEHHC AHODTHTA [PH-
BeleT K HACHILeHHIO pacTBopa KapGoHartamMu H lOC/e/dHHe HAYHYT
OcaXKIAaThCs, 3TO He TPHBEAET K H3MeHeHHIO 3HauveHnil K, Kaabuug,
TaK KakK coliepranne MOcaeHero ycTaHOBHTCS Ha Olpe/ieIeHHOM YpOB-
He 1 GyAeT KOHTPOJHPOBAThH 3HaueHne K, He3aBUCHMO OT TOTO HAET
ocaMKIeHHe KaablluTa HIH HeT *.

O/HAM H3 BaXKHeHIIHX MOMEHTOB B Pa3BHTHH CHCTEMBbI BOJA — IO-
pona, Kak OblJIO NOKa3aHO Bblllle, SABJASETCS H3MeHeHHe xapakTepa HX
B3aHMOJEHCTBEA BO BPeMeHH, T. €. CMeHa OJHOr0 THIA BLIBETPHBAHHSA
apyrum. [TosTomMy BajKHO YCTaHOBHTB, Kak IPH 3TOM MEHAETCs MHIpa-
HUOHHAH CNOCOOGHOCTH 3JeMeHTOB. Pelnruts 3TOT BONPOC MOMKHO C MO-
MOIIBIO [PeNaraeMoro HaMH KOA(PPUUUEHTA UHTEHCUGHOCTU 0cadcde-
uus Ko, xoropuiit mo anajorun ¢ Ko3QGhHUHEHTOM BOJHON MHIpPALHH

* B NpHPOJHLIX YCHOBHSX BOABl COJAEPHAT COMH, HE TOMLKO 3aUMCTBOBAHHLIE
M3 FOPHHEIX NOPOJ, 110310MY HekoTopoe maMeHenne Ky Moxer HaGIOAATHCA.
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olpejle/ifieTcs Kak OTHOIIEHHe COMep:KaHWs 3JeMeHTa B pacTBope K
€ro CojepkanHi B MPOAYKTAaX, 06pa3sOBaHHBIX B pe3vibTaTe paspy-
LI€HHs BOAOH MEpPBHYHBLIX MOPOJL

s - 100 ' 3)

a-ng

TAC My H @ — TO Xe, 4T0 H B ypaBHenuu (1); no— comepxanue, %,
HCCJIEYEMOTO 3/€MeHTa B NPOAYKTaX XHMHUECKOI'O BLIBETPHUBAHMS,
MOoYBaX, THAPOOKHCIAX JKeqe3a, KapboHATax H T. 1.

[Tonuepknem, uto Ky, tak xe kak 0 K,,— 3T0 VCJI0BHas BeJHUHHA,
KOTOpasi XapakTepH3yeT OTHOCHTEJBHYIO CKOPOCTh BhIBOZa (ocamxkie-
HHS) 3JeMeHTOB M3 pacTBopa: uem GOJbIIE 3JeMeHTa O0Ka3biBaeTcs B
ocajlke, TeM MeHblle 3HaueHune Ko, T. e. GoJbliie CKOPOCTh €ro Ocaxie-
HHSl H COOTBETCTBEHHO MEHbIe MHIpalHOHHAs crnocoOHOCTb. Tak, nmpH
BLIBETPHBAHHH Ha TCPPHTOPHHM ['BHHeH He(eJHHOBHLIX CHEHHTOB ¢ 00-
pasoBaHneM ruH6GCHTOBON 30HBI, conepxamei 1,77% xkpemuns (IlIsap-
ues, 1976,), Ko, KaK HeTPyAHO paccuHTaTh H3 maHHBIX Taba. 82, pa-
Ben 1,9. IIpu BoIBeTpHBAHHH CHEHHTOB B TEX JKe YCJOBHAX ¢ of6pa3oBa-
HHeM KaoJqWHHTa 3HaueHue Kp mapaer mo 0,17, cBHAETEe/NLCTBYS O pes-
- KOM yMEeHbIICHHH MHTPAIHOHHOH CIIOCOGHOCTH KPEeMHHS.

-Takum o6pasom, B oTaHYHe OT Ky, KOTOPBIH XapaKkTepH3yeT OTHO-
CHTEJIbHBII BBLIHOC 3JIEMEHTOB H3 TFOpPHHIX mopoi, K, onpegenser oTHO-
CHTEJILHYIO CTelleHh CBA3LIBAHHS 3JeMEHTOB BTOPHYHBIMH HPOLYKTaMH.
leoxumuueckas e MOABHKHOCTBL J1060ro 3jeMeHTa onpenessercs pe-
3yJbTHPYIONUAM BJAHSIHHEM 3THX ABYX IpOLECcCOB, T. e. cyMmMoil K, n K.
IMosToMy Hamu npeijaraercs ONpPelessTh NOABHKHOCTL XHMHUYECKHX
3JIEMEHTOB B YCJOBHSIX 30HBI THIEpPreHe3a KO3QPUYUCHTOM 2e0Xumu-
yeckoil nodsuxcHocTu Ky, KOTOpHIH paBeH

Ku=Kx+KO- (4)

IMoacrasasisa B ypasHenue (4) 3navenns K. n Ko u3 (1) u (3),
HETPY/HO HAHTH, YTO

. 5
gy

m=m@+ ) (5)

- HJIH
m=m0+§ﬂ._ (6)

Ananusz ypasHenuit (5) n (6) nmokasniBaer, 4TO B CJyyae, KOTZa BhI-
BEeTpHBaHHE OPHBIX MOPOJ CONPOBOXAaeTc 06pasoBaHHeM BTOPHUHBIX
NpPoAyKTOB ¢ 0OJNee HH3KHM COJAepianHeM 3JeMeHTd, KO3(pQHIHeHT
FeOXHMHYECKOH MOABHAKHOCTH MOCJELHEr0 Pe3Ko BO3pacTaer OTHOCH-
Teanio Ky, Ho npubamxaercs K Ko u, Hao60poT, ecii BLIBETPHBAHHE
CONPOBOKAAETCA KOHIEHTPHPOBaHHeM 3jeMeHTa, KO3(pduuHeHT ero
FeOXHMHUECKON MMOJABHKHOCTH BO3pacTaeT OTHOCHTeJbHO Ko, HO mpHO-
amkaercs K K.

CnenoBatesbHo, 4TOOB  ONMPEACAHTL TOABHIKHOCTE  KaKOro-THGO
3JeMeHTa B KOHKPETHHIX NMPHPOAHBIX VCJIOBHAX, Heo6Xoxumo pasol-
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parTbes, Kakde Mopojbl XHMHMECKH paspyllalTcs, Kakie BTOpPHUHBIE
NPOAYKTE 06pasyloTcsi, Kakas KOHIEHTPAIHs HCCJEAYyeMOro 3JeMeH-
Ta B TéX H APYIHX, a TaKie B aCCOLUHHPYIOUWIHX BOJHBIX pacTBOpax.
Hanpapaennocts npeo6pa3oBaHus FOPHBLIX NOPOJ JETKO OMpeaessiercs
MeTOAaMH XMMHUYECKOH TePMOAMHAMHUKH MyTeM NOCTPOEHHS paBHOBec-
HBIX A¥arpaMM TJIHHHCTBIX MHHEPaJoB C NEPBHYHBIMH  AJIOMOCHIHKA-
TaMu (cM. puc. 33—39) WAH onmpeiesNeHHsi CTeleHH HACBILEeHHOCTH
BOJIbI OTHOCHTE/IbHO KapOoHATOB, CyAb(ATOB, XAOPHAOB H JAPYTUX MH-
HEepaJoB. '

O6o6uieHHEIe JAHHbIE 110 NOABHKHOCTH HEKOTOPBIX XHMHYECKHX
3JIEMEHTOR Ha pasHbIX 3TANaxX BLIBETPHBAHHA TOPHBIX MOPOA NpHBEILE-
HBEl B Tab.a. 83, aHaqu3 KOTOPOil MO3BOJAET CAeNaTh Psijl HHTEPeCcHbIX

Tabauuma 83

MoaBHKHOCTD XMMHYECKHX 3JEMEHTOB HA PA3HBIX 3TANaX BHIBETPHBAHHS
TOPHBIX MOPOJ B YCJOBHAX OKHCJIHTEJNbHOH O0OCTAHOBKH

XapakTep BHBETPHBANHA
KosmonenTsl aaTepHTH3A- KaOAHHI3a- | CHAPOCAIOIH- | MONTMOpHIAO- [  KapbouaTi-
ung* uHa* 3auHA* HHTHIALHA ™ 3auHA*E
AnoMuunii 0,08 0,09 0,16 0,34 0,43
Baunanuii — 0,08 0,42 0,61
Keaeso 0,09 0,12 0,11 0,24 0,32
Kaabnui 25,5 229 18,4 16,4 13,3
Kanuit 49 4 30,1 0,41 0,58 0,63
Kpemmuii 4,3 0,58 0,47 0,67 0,81
Mapranen 0,12 0,12 0,23 1,48 3,14
Maruni 21,4 16,5 14,0 13,2 17,0
Menb 4,7 2,5 1.3 1,8 2.8
Harpuii 1330 845 25,5 139 393
Hukeanb 0,28 0,3 0,82 11 17
Tutau 0,03 0,04 0,014 0,02 0,08
Xpom - — 0,20 0,32 0,43
Lnnk 9.7 8,3 6.7 5,2 4,1

* I'BHHesi, BulBeTPHBaHHE HedeNHHOBBIX CHEHHTOB.

** Hopuasckuil paiioH, BBIBETPHBaHHe Tpannos.
*%% KaHCKafl BNajHHa, BLIBETPHBAHHE NOJEBOLINATOBLIX NeCHaHHKOB,
#5i% BapaGUHCKHE CTENH, BLIBETPHBAHHE NecYalo-TAHHHCTHIX oTAcKenni,

BLIBOAOB. [Ipexkie Bcero OTMETHM, YTO MHIPALMOHHAS CNOCOOHOCTL
GoabinHeTBa aaeMentos (10 n3 14) yMmeHbliaeTcs 1Mo Mepe pasBHTHA
NnpoueccoB B3aUMOJIEHCTBHS BOJBLI C FOPHBIMH MOPOdaMH. Hcexkaoyerne
COCTABJAIOT (M3 uMCIa aHAJH3HPYEMBIX) AJIOMHHHH, ¥XKesae30, HHKE/b
H THTAH, T. €. TOJBKO T€ 3JeMEHTHl, KOTOphle KOHUEHTPHPYIOTCA B GOK-
catax. Ha Goaee mo3anux 3Tanax BbIBETPHBAHWs NOABHKHOCTb 3ITHX
3JIEeMEeHTOB BO3PaCTaerT. ; .

- Becbma mnokasaTtenbHbBIM ABJSETCS TOBeJleHHE KPEeMHHS, MOJ1-
BHAHOCTb KOTOPOTO TOJIBKO [PH JaTEPpHTHOM BLIBETPHBAHHH ABJIAETCH
BBICOKOI#i, a BO BCeX JAPYPMX cJyuyasax HH3KOH M NpH Nepexole OJTHOTO

238



THIA BLIBETPHBAHHA B APYTOH CYIIECTBEHHO He MEHSEeTCs, TAK KaK HH-
TEHCHBHOCTb CBSI3LIBAHHS €ro 06pasylolHMHCH TJIHHAMH OCTAeTCH NpH-
‘MepHO OAHHAKOBOH. DTOT HAKT H/TIOCTPHPYET OWHOOYHOCTh ILIHPOKO
PAcCOpOCTPAHEHHOrO0 MHEHHS O BLICOKOH MOABHIKHOCTH KpeMmHe3eMa B
1LIEeJOYHBIX cpejaax.

Bricokasi MOJABMKHOCTL HA NMEPBBLIX 3TaNax BLIBETPHBAHHS Xapak-
TepHa M /IS KaJHs, KOTOPHI B 3THX YCJOBHSX le CBA3BIBAGTCH TPO-
JNYKTaMH BriBeTpHBaHHA. [lo3ToMy B KMCABIX TpONHUYECKHX JaHwad-
- Tax OH OTHOCHTCA K NOJABHMKHBIM 3/71eMeHTaM, a B yMepeHHbIX, rae Gop-
MHPYETCsl THAPOCHIOJAHCTO-MOHTMOPHIJIOHHTOBLIN NPO(PUIL BEIBETPH-
- BaHHA CBA3LIBAIOLLHI 3TOT 3JeMEHT, —K MajaonoaBHxHbeM, [ToaBuxk-
HOCTh KaJbllHs, MAarHHS H HaTpHsA [0 Mepe Pa3BUTHUS NpPOIECCOB BHI-
BETPHBAHHA OT PAHHHX CTAJHH K NO3IHHM yMeHbIUACTCH, UTO 0O0BAC-
'HAETCSl YACTHYHLIM CBSA3LIBAHHEM 3THX 3JE€MEHTOB [VIHHHCTBIMH MHHE-
pajamH, a KaJblHs — u KapboHaTaMu B cayyae ux oGpasopanus. Jlio-
- BONBITHO TaKKe, 4TO NOABHIKHOCTh PACCESHHBIX 3JIEMEHTOB IIPH CMeHe
THIIOB BLIBETPHBAHHS MeHsIeTCsl He3HauHTeNbHO.

Ecan cpaBHHTb MOABHIKHOCTb 3JEMEHTOB MeK1y COG0H B YCJIOBHSX
O/JIHOTO THIA BLIBETPHBAHHS, TO KapTHHA OKazKeTcs aHaJOrHYHOH TOMH,
Kotopasi uapectHa u3 pacuetrop K, (Ilepennman, 1972), 1. e. kK nHau6o-
Jiee NOABHAKHBIM OTHOCATCH HATPHH, KaJbluil, MarHuii, H HaHMeHee
NOJABHAKHBIM — aJIIOMHHHH, TUTaH, Xelae30. [Ipyrue sjqeMeHTH 3aHHMA-
~ IOT IPOMEKYTOUHOE TTOJ0XKEHHE.,

CienosaTenbHo, KO3QGHIHEHT reOXHMHYECKOH MOABHMKHOCTH MO3-
BOJIAeT OOBLEKTHBHO YCTAHOBHTh OCOOEHHOCTH MHTPAIMOHHOTO TIOBe-
JeHHs] XHMHYECKHX 3JIeMEeHTOB He TOJIbKO OTHOCHTENTBHO APYT APYra, HO
H JI/Is Ka)KJIOro 3Tana B3aHMOLEHCTBHS BOABI C TOPHBIMH MOPOAAaMH.
B stom ero mpenmyiuecTso nepei Ko3(QGHIHEHTOM BOAHOIN MHIPALHH.

[TpuBeneHHbIe 6e3YCAOBHO HEMOJHBIE TaHHBIE O MOJABHMKHOCTH XH-
MHUYECHX 3/JIEMEHTOB, Ha HAUI B3TAfAI, BCe IKe [MO03BOAAIOT chopMy-
JIHPOBATDH NOJIOXKEHHe, COTVIACHO KOTOPOMY MHTpalHOHHAA CMOCOGHOCTD
5JIEMEHTOB OIpe/ie/IieTcss HanpaB/JAeHHOCTBIO 3BOJIOUMH CHCTEMBl BO-
Ja —nopona. HanpasieHHOCTL JKe 3Ta KOHTPOJHPYyeTCs, KaK OblIO MOo-
- Ka3aHo BBIIIE, CPELOH, cpefa — MHOTHMH (haKTOpaMH, BK/II0Yas GHOreH-
Hble, ra30BHe, THAPOTEOJOTHUECKHe H Ap. (cM. puc. 46). Ilostomy
- MEXK/IV TeOXHMHYECKOil cpeaoii H MOABHIKHOCTBIO 3JeMeHTa CYLIeCTBYeT
CJI0KHASI 3aBHCHMOCTb. B 3T0fi CBS3H TPYLHO COTJIACHTBCH C TAKHMH
YacTO BCTPEYAIOIIHMHCS - YTBEPMKIEHHSIMH, 4TO KPeMHHH INOABHKeH
. TOJILKO B [I1eJOYHBIX YCJOBHSIX HJIH aJIIOMHHHH HemoJBHXKeH B 6iu3-
HefTpadbHBEIX Cpeiax H T. 1. Takue yTBepiKIeHHSI BHITEKAalOT OOGBIYHO
M3 SKCNepHMEeHTAJNBHEIX JAaHHBIX, MOJASJHPYIOIIHX TOJbLKO YacTh MpPH-
POLHOTO Mpoleccd, KOrja HMeloT 1e/l0 ¢ YHCTHIM PAacTBOPOM COJIH aJIio-
- MHHHSI WJIH KpeMHe3eMa H Toapko. I{J1st 3THX yCJa0BHII yTBEpIKAEHUs
copasenanBul. B npupoanoil ke obcTaHOBKE co3jlaHue IHIeJO4YHOM, Hell-
TpPaJbLHOI WM KHCJIOH, PAaBHO KaK OKHCIWTEeNbHOH, rieeBofl WIH BOC-
CTAHOBHTENBHOH, CPeJ COMPAMXKEHO € ONpefeJeHHBIM 3TanoM pPasBHTHSA
CHCTEMEI, 4CCOLLHHPYIOUIHM ¢ OTIPEAEJCHHBIM HA60POM XHMHUECKHX 3Jie-
MEHTOB M HX COeIHHEHHH, B COUeTaHHH C KOTOPLIMH M HeoOXoJIuMo pac-
CMaTpHBATDH NMOBE/IEHHE KaK/I0ro sJeMeHTa.
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Tax, HauaJbHble 3TANBl B3aHMO/AEHCTBHA BOJBl C TOPHBIMH TOPOa-
MHE XapakTepH3yloTCd MepexoioM B PacTBOP K 3HAYHT MNOBBILIEHHOH
MHIPALLHOHHON CIOCOGHOCTBIO NoAaBAsfoNIero GOJMLIIHHCTBA — 3JeMeH-
ToB. [lo Mepe pa3BHTHSi NPOLECCOB PAaCTBOPEHHSI !POHCXOAHT HACHI-
IIeHHEe PacTBOPA TeMM HJH HHBIMH COeJHHEHHAMH, KOTOpbI€, BbiMmajaas
B TBepPAYl (a3y, NPHBOAAT K yMeHbUIICHHIO MHTPALHCHHOH cnocob-
- HOCTH 3THX 3JeMeHTOB. UeM AjuTenbHee B3auMOIEHCTBHE BOJBI € TO-
ponoii, Tem GoJbliie pacTBOP HACBIIIAETCH 3IeMeHTaMH, TeM GoJjblie H
pasHooGpa3iee CTAHOBATCA BTOpHYHbLIe obGpasoBanusg B TeM OoJbliee
YHCJO0 JeMEHTOB YMeHbIIaeT CBOIO MOJABHAKHOCTD.

IlocenoBaTeIbHOCTb, B KOTOPOH 3J€MEHThH MepexcoldaT B pa3pal
Ma/oNOABHIKHBIX, ONpe/eseTcs He TOJbKO XapaKTEpoM cpebl, HO
THIOM O0OpasyloIUXCsH cOeAMHEHHHA, HX PaCTBOPHMOCTHIO H T. A., T. €.
BHYTPEHHHMH CBOHCTBAMH XHMHUYECKHX 3JeMeHTOB H 0cobeHHO cTpoe-
HHEM HX JIEKTPOHHOH 060J04KH. DTH BHYTPeHHHE (AKTOPHI MHUTPAIHH
HaMH He paccmatpuBalotcs. Mutepecyrouinecs MOryT O3HAKOMHTBCSA
C 3THM BONPOCOM B crelnaasHoil autepatype (Caykos, 1966; Llep6u-
Ha, 1972, u np.).



I'TABA XII

OCHOBHBIE ®AKTOPbl H 3TANbl ®OPMHPOBAHHUSNA
XHUMHYECKOIro COCTABA MNOA3EMHbBIX BOJ

§ I. TETEPOTEHHOCTb COCTABA IMNOI3EMHBIX BOI

Hsznoxennnii B ra. IX maTepuas noKasbiBaeT, YTO XHMHYECKHid
COCTaB MOJA3EMHBIX BOJ fABJAETCH CJAOKHBIM, TAK KaK [MpeAcTaBaser
co00i cCyMMYy 3JeMeHTOB, 3aHMCTBOBAHHYIO u3 aTMochepsl, GHocheph,
Jaurocheprsl M gaxe rujapociepnl (MPOAYKTH pasnoxeHns: Boawl). [Ipu
3TOM COOTHOLICHHE MEXKAY NepeuHcJeHHBIMH COCTABAAIONIHMH MHHe-
pPaJbHOro OCTATKAa BO/bI KoJe6JeTcs B IIHPOKHX npegeaax B 3aBHCH-
MOCTH OT KOHKpPeTHBIX VcaoBHit (cm. Tabua. 75). Oanako, ecau
HCKJIOYHTB COCTaB aTMOC(EpHBIX OCa/lKOB, TO, KdK ObIJIO 0KAa3aHO Bbl-
e, KaTHOHHBIH COCTAB BOJLI B CBOeH moflaBJslolleil yacTi onpeneis-
€TCH COCTABOM H HANMPABJEHHOCTLIO MPpeobpa3oBaHHs BOJOBMEILAIOUIHX
nopoa. Tounee xaruonnoui cocragé 6odel npedcrasiser cobol pasHocTy
Mexncdy cocTusoM paspyuaemsix nopod u npodyKTo8 ux Bvl8eTPUBaHU,
T. e. HMeeT JIHTOreHHYI0 npHpoay. Tak Kak cocTaB NpPOLYKTOB BbIBET-
PHBaHHSA BechMa pasHoobpaseH, TO pasHOOOPa3HbIM SIBASETCS H COCTaB
NOJA3eMHBIX BOZA 30HHI runmeprenesa. CiaegoBaTtesbHO, 4TO0bLI MPABHALHO
HOHATHL YCJIOBHA (DOPMHDPOBAHHS TOTO WJH HHOTO THIA TOA3EMHEIX BOI,
MaJjio 3HaTb, C KAKHMH TODHBIMH NOPOJAaMH B3aHMOLEHCTBYeT BOIa,
BAJKHO BBIICHHTb, B KaKOM HanpaB/eHHH MPOHCXOAUT 3TO B3aHMO/Ei-
CTBHe, KaK OHO Pa3BHBaeTCs BO BPeMEHH W KakoBa HaNpaB/JeHHOCTb
npeobpa3oBaHHA MPH 3TOM CaMOii MOPOJHL.

Uro KacaeTcsi aHHOHHOTO COCTaBa BOJLbl, TO B Npexeaax NOpoL XH-
MHYECKOrG H GHOreHHOro renesnca (KapGoHaTol, cvib(aThl, XJAOPHILL,
thochatel | T. J.) OH ONpejeasieTcs COCTABOM BOLOBMeElIAIOUIHX TOPOL.
B npeaenax e aqioMOCHIHKATOB aHHOHHBIH COCT4B BOJALI He 3aBHUCHT
OT THNA MOPOJ, a mpejacTaB/seT cobOH NPOAYKT AHCCONHALMH CaMOIli
BoABl (ruapokcuapHas rpynna OH-), xuMuuecku cBSI3aHHBII ¢ KOHe4-
HBIM TMPOAYKTOM MHHepaau3dauuu opranuuyeckoro BewectBa (COs).
CienoBaresbHO, IPHPOJLA AHHOHOB B OTJIHYHE OT KATHOHOB B 3TOM CJy-
‘yae ABJAAETCH He JIHTOTeHHOH, a THAPOreHHo- OHOTeHHON.

Takum 06pa3oM, BOABI N0 COCTABY fABJAIOTCA TeTEePOreHHbIMH, Tak
KaK 3aHMCTBYIOT XHMHUYECKHE 3JIEMEHTBI H3 p83J[}ll<IHbIX COCTABIAKUIHX
BepPXHEeH YacTH 3eMHOH KOphl (FOPHBIX MOPOJ, OPTaHWYeCKOro BelllecTBa
u ra3oB). ['ereporeHHocTh cocTaBa BOJBI JleJidaeT €ro 3aBHCHMBIM OT
MHOTHX NPHPOJAHBIX (PAaKTOPOB, HEMOCPEACTBEHHO He CBA3AHHBIX MEXIY
co060ii, TAKHX, KaK peJbed H THI TOPHBIX NOPOJ, COCTAB aTMOchepHBIX
0CaJKOB M HANpPaBJEHHOCTh NPOILECCOB BLIBETPHBAHHUSN, XapakTep IOYB
H BOAONPOHHLAEMOCTL NOPOA H T. A. Bakno nostomy paszobpaTbcs B
TeX MeXaHH3MaxX, KOTOpbie KOHTPOJHPYIOT BIHAHAE KaX/10ro H3 nepe-
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UHC/AEHHBEIX (AKTOPOB Ha COCTAB IOA3EMHBIX BOJ, a TAKKE ONpeae/]HTh
HX CONMOAYHHEHHOCTb. B 3HaumTeNLHON Mepe 3TH BONPOCH paccMmoTpe-
finl Buime. [Tostomy nogsenem 3jech TOMBKO HEKOTOPBIE HTOrH.

§ 2. CONOAYHHEHHOCTb OCHOBHBIX ®AKTOPOB,
KOHTPOJIMPYIOUHX COCTAB MOA3EMHbBIX BOJ

Bonpoc o cononunHeHHOCTH ()aKTOPOB, KOHTPOJHPYIOLIHX COCTaB
TIOJI3eMHLIX BOJ, B H3BECTHOH HaM JiHTepaType He obGcyxaadcs. O6biu-
HO HCCJIe/l0BaTe/IH OrpaHHMYHBAJHCh MX NepeyucaeHHeM, NoJ4YepKHBasi,
YTO B KOHKPETHOM CJlyyae POJIb KaxJ0ro H3 (akTOPOB MOXKET PpesKo
menaTscs (Ilocoxos, 1966). He orpuumas B npHHIHIE CKa3aHHOTO, MBI
CTaBHM CBOeil I1leJIbl0 NMOKa3aTb, YTO H3MeHeHHe BJIHSHHS OAHOTO H3
(haxkTOpOB BLI3LIBAET LEJYIO 1leNb NPHYHHHO-CJAEACTBEHHBIX M3MeHeHH
H 4TO He Kax/uiii akTop HemocpeACTBEHHO BJHSET HA COCTAB MOI3EM-
HbIX BOJ. Tak, HanpuMep KOJHYECTBO XHMHYECKHX 3/JeMEHTOB, Bhillle-
JlayiBaeMbIX H3 BOAOBMEILAIOLIHX MOPOA, KAK 3TO- [0KA3aHO BHIIIE,
onpejesieTcs HHTEHCHBHOCTbIO BoLooGMena. [TocaenHsas ke B CBOIO
‘0uepefib ecTh CAOXKHAsh (DYHKIUHS KOJHYECTBA OCaJKOB, CTENeHH HX
HCapeHHs, xapakTepa pedbeda, NPOHHILAEMOCTH TOPHBLIX MOPOL H T. A.
CaenoBaTesbHO, MepeuyncIeHHBIe (PAKTOPHI BO3/EHCTBYIOT Ha COJIEHOCTh
BOJL KOCBEHHO, uepe3 noKasaTesb BOJL00OMEHA.

Takum obpasom, BogoOOMEH, ABJISACH NMPOM3BOAHBIM psaxa GoJee
06mux PaKTOPOB, OTHOCHTEILHO CYMMBLI COJeii B [OJA3eMHBIX BOAAaXx
BBICTYNIAaeT B KayecTBe He TIPOM3BOJAHOrO, 4 3ajaiouiero ¢akropa.
A ecan 3TO Tak, TO HAJHIO CJAeAYIONlAs CONOAYHHEHHOCTh H B3aHMO-
3aBHCHMOCTh YaCTH H3 PAacCMOTPEHHHIX (aKTOPOB: OCAAKH—>BOL000-
MeH—>COJI€HOCTh BOALL. B 3TOM paay Ka:kawil caeayiomuii (nmocie nep-
BOI'0) «aKTOP SABJASETCS NMPOU3BOAHBIM BbLILIECTOSAIET0 W OJHOBPEMEH-
HO ONpeiesioNuM /s KaK10T0 H3 [T0C/eyIOUIX.

KauecTBeHHBIH COCTAB JHTOT€HHBIX 3JEMEHTOB B BOJAAX TOJbKO
KOCBEHHBIM 00pasoM CBfiI3aH € COCTABOM BOJOBMEMIAIOIIHX OTIOXKe-
HHH, TAK KaK B Mpejedax OJHHX H TeX e MOPoj cocTaB BOJ pasjHueH
(cm. Ta6a. 74). O6GycioB/eno 3TO PasJaHYHON HATPABJEHHOCTBIO BHI-
BETPHBAHHA 3HJOTEHHBIX aA/JIOMOCHIAHKATOB, KOHTPOJHPYEMOH, B CBOIO
oyepelb, XapakTepoM IeOXHMHYECKOH cpelbl, KOTOpas TakKKe SBJI-
eTCsl IPOM3BOAHOH Psi/ia BHILIECTOSAIINX (PaKTOPOB.

AnanorayHo OGCTOMT €0 B ¢ AHHOHHBIM COCTABOM NMOJ3eMHHIX BOJ,
KOTOpHIfi, KaK MBI BHIEJIH BHIIe, B Ipeeax aJiOMOCHIHKATHHIX MOPOI
onpenessieTcsi, B YaCTHOCTH, NapUHaJbHEIM JaBJeHHeM YTJeKHCJIOro
rasa. Beanunna noc/ieinero CJA0KHBIM 00pa3oM B3aHMOCBf3aHa C
MacmTabaMH MHHEpaJH3allii OPraHHYeCcKOro BellecTBa. DTH MacluTa-
OBl KOHTPOJHPYIOTCA BEJHYHHON GHOJOTHUECKOH MPOAYKTHBHQCTH JaHI-
madTa, CpeHEero[0BOH TeMIepaTypol M BJIaXKHOCTBIO BO3AyXxa.

Haxonern, atMorennasi cocTaBJfOMas MOA3eMHBIX BOJ 3aBHCHT OT
cocTaBa aTMoc(hepHLIX OCAJKOB H CTeleHH HX HClapeHuss Ha 3eMHOMH
nosepxHocTy. [locaennsisi onpejensercs cpeiHerofoBol TemnepaTypoi
BO3/yXa, KOJHYECTBOM OCAaJKOB; peibed)oM MECTHOCTH M - MPOHHUAe-
MOCTBIO TOPHEIX TIOPOJ.
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CaenobatenbHo, Bce GakTopbl, KOHTPOMHPYIOUIHE COCTAB MOA3EM-
HbIX BOJ, 0ObeJHHEeHb B OTJe/bHbIE B3aHMOCBA3aHHBIE TPYNMNbI, Kax-
Jasi U3 KOTOPBLIX KOHTPOJIHPYET OJHY H3 IeHeTHUeCKHX COCTaBJSIOIINX
COJIEHOCTH, 4 BCEe BMeCTe — CYMMAapHyK coJeHoctb. Bee daktophl,
o0belHHEeHHEIE B OT/AeIBHYIO TPYANY, CTPOTO COMOAYHHEHBI MEX1y
- co060il H cBfA3anbl onpejaejJeHHBIM 006pasoM ¢ (aKTOpaMH COCEIHHX
- rpynn. B pesyanbTate cosdpaercs B3aHMOCBSI3aHHAs, HO CTPOro COMOA-
YUHHEHHAsl CHCTeMa, CXeMa KOoTopoil mpejcraBiaena na puc. 46. B stoit
CHCTEMe Kax/blil H3 NepeyncJeHHBIX (aKTOpOoB KOHTPOJHPYET COCTaB
MOA3E€MHBIX BOJ, HO CTENEHb 3TOTO KOHTPOJISE PA3JHYHA.

HenocpeacTBeHHO cOCTaB BOJABI KOHTPOJHPYETCS HanpaBJeHHOCTHIO
- BHIBETPHBAHHSI TOPHLIX mopox (cm. puc. 46), T. e. pakTOpoM, KOTOPLIi
- 00BIYHO B rujaporeosioruyeckoi aureparype ue ynomunaercs (ITocoxos,
- 1966). HanpaBaeHHOCTb JKe BHIBETPHBAHHMS, B CBOW O4Yepelb, €CTh
NPOH3BOJAHAA MHOTHX ITapaMeTpoB. B KoHeuHOM HTOTE ONMpeNeNsiOnHMIT
~ OKa3HBAlOTCA TPH BeAYLIHX (hakTopa: KJAHMAT, pejbed H THI TOPHOH
MOPOALI, KOTOPble B OGIIETEOJOTHUECKOM TMOHHMAHUH TaK:Ke SBAATCH
MPOH3BOJHBIMH T€0JOTHYECKOl HCTODHH PA3BHTHA PerHoHa, HANpaB-
JEHHOCTH TEKTOHHYECKHX ABHMKeHHH, ry106aJbHOMH LAPKYJISALHH aTMOC-
(ephl, KoJIHYECTBA COJMIHEHHON 3HepPrHH u T. 4. Bee 310 JHwWHHA pas
NoAYepKHBaeT B3aHMO3aBHCHMOCTb BCEX MPHPOAHBIX SBJEHHH H TPO-
[1€CCOB.

BosBpamasice K poau kaumara, peaseda M THITA TOPHOH MOPOHL,
Kak Beayunm (axkropaMm GopMHpOBaHHS COCTaBa BOJ, Heb3s He 006-
paTHUTL BHUMAaHHe elle pa3 Ha TO, YTO COCTaB MOJA3EMHBIX BOJA HH C O/~
HHM H3 HHX He CBfi3aH HeMOoCPeJACTBEHHHIM 00pa3oM, a uepe3 Takue
napamMeTpbl, Kak OHOJOTHYECKAass NPOAYKTHBHOCTL JaHIadra, HH-
TEHCHBHOCTb BOJ000GMeHa, XapaKTep TeOXHMHYecKoH Ccpeinl H T. .
[TosTomy BausHHe KaxKIOro H3 BeAyllHX (GaKTOpPOB liepelaercs Ha
COCTaB BOJA B ' TpaHCHOPMHPOBAHHOH INPOMERYTOUHLIMH (haKTOpaMu
topme. [To 3T0il npuunHe O6GLIYHO H He VAaeTcs HAaHTH YETKOH 3aBHCH-
MOCTH MMy COCTAaBOM BOJBI, C OZHOH CTOPOHBI, KOJHYECTBOM .OcCal-
KOB, THTIOM INOPOABI H peaned)oM, ¢ APYro#l CTOPOHBLI, XOTHA BIHAHHE
Kaxk/10To M3 3THX (pakTopoB oueBnaHOo. CieacTBHEM 3ITOTO ABIAETCH
omubounocTy noctynara ITaunua Crapmero: «Bona TakoBa, KaKoBHI
NMOPOAKI, IO KOTOPLIM OHA NpoTekaer». BoJsee coBpeMeHHO 3Ta MBIC/b
MoKeT ObiTh copMy/JIHpPOBAHA TaK: BOJA TAKOBA, KAKOBA CTENeHL ee
B3aHMOJIEHCTBHA ¢ ropHBIMH noponamu. CTeneHb Ke B3aHMOMCHCTBHSA
BOABI C NMOPOAOH ecTh (PYHKILHA MHOTHX IepeMeHHbIX, BKIIOUaIoUIHX
. XapakTep ABHIKEHHS BOIbI, MPOHHUIAEMOCTb TOPHOI ITOPOAH, ee COCTaB,
IJHTeJBHOCTh B3aHMOAeficTBHSA, €ro GopMbl H T. 1. Bauanne xaxmoro
13 3THX (aKTOPOB OTpazKaeTcs Ha COCTABE BO/LbI.

Takum 06pa3oM, COCTAB BOJABI SIBJASIETCS MPOHU3BOAHBIM  GOJBILIOTO
yHcJaa MPHPOAHEIX (PAKTOPOB, B HanboJjee KOHUEHTPHPOBAHHOI dhopme
OTpaaeT pe3yJbTaT B3aHMO/EMCTBHS BCEX COCTAB/SIOUIHX Jauamad-
Ta n HeceT HHGOPMANMIO O MHOTHX CKPHITHX mnponeccax. Hayuntbes
HCIIONB30BATHL BCIO HHGOPMAIHIO — 0JIHAa M3 BalKHEHUIHX 3a1au ruapo-
reOXHMMHH. _
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§ 3. OCHOBHBIE 3TANbl 3BOJIOLLHH XHMHYECKOI0O COCTABA
NOA3EMHBIX BOJ,

ITepBeie craaun (pOpMHPOBAHHS COCTABA NPHPOAHBIX BOJ CBA34AHbI
¢ armocgepoii. BaxHo n0o3ToMy 3HaTh COCTAB BblaAaiouiux armocdep-
HBIX OCaJKOB — OCHOBHBLIX HCTOMHHMKOB NMHTAHMS MOA3EMHLIX BOJ 30HBI
aKkTuBHOrO BoAoOOMeHa. B naunoii paGoTe MpHBOAATCA aHAJNH3Ll  CO-
CTaBa aTMOC(epHbIX 0caJKOB JLIS TeX HJIH HHBLIX KOHKPETHBIX paiioHoB
(cm. Taba. 2, 13, 21—23, 31, 33, 39, 40, 43, 51, 53, 58), Koropbie Ha-
pany ¢ aurepatypHeiMu gauueiMu (Carroll, 1962; Koaoasxuas, 1963;
Murpanus. .., 1974, 1 1p.) MO3BOJSAIOT 3AKJIIOUHTH, YTO He3arps3HeH-
Hbleé MPOMBILIJIEHHBIMH OTXOAAMH J0X/eBble H CHEroBble OCAJKH, Kak
NpaBHJIO, XapaKTepH3yIOTCA HH3KOH MHHepa/u3alliei, He TPeBHIIAI0-
nieii B nogasasiouiem Gosplinnerse cayuaer 100 mr/a, a Hepeako H
20 mr/a. HMckaloueHHe cOCTaBSIIOT TOJABKO HEKOTOpLIE PailOHBI KOHTH-
HEHTAJbHOTO 3aCOJIeHHS, B KOTOPBIX NblibHble OypH, NOAHHMAH ua-
CTHIB MOYBBI H COJIeH B aTMoc(epy, crnocoGCTBYIOT 3aCOJIEHHIO  aT-
Moc(epHBIX ocaakoB. KcraTtu, posb 3010BOH MBI B (JOPMHPOBAHHH
cocTaBa NOCJeJHHX BeJHKa He TOJAbKO B apHAHBIX pafioHax, HO H Ty-
MH/HBIX, TaK KaK 60Jbllas 4acTh coJeil aTMocdepsl HMeeT He MOPCKOg,
a KOHTHHeHTaJabHoe mpoucxoxuaenne (Carroll, 1962; Konogsxuas,
1963; Tlocoxos, 1968).

Kpowme codeii, armocdepHEi@ ocalku HecyT B CBoeM cocrase G0Jb-
1I0e KOJHYeCTBO PacTBOPeHHbIX ra3oB (asora, kucaopona, CO,, uHepT-
HEIX ra3oB), KOTOPHE, IPOHHKAS BMECTe ¢ BOAOIH B TOpPHBIE TOPOIH,
B 3HAUMTEJBHOH Mepe onpeaensioT OOJHK [OA3eMHOI aTMOC(ephl.
B uwactHOoCTH, a30THBIH COCTAB rasoB NOAABJSAIONIEH YACTH NOA3EMHBIX
BOJl 30HBI THIEpPreHe3a MOYTH MOJHOCTLIO ONpejeasieTcss BAHAHHEM aT-
MOc(epHBIX 0CajKOB. XHMHYeCcKH akTHBHBIe rasel (O COs) yuactBy-
IOT B Pa3HOOOPA3HBIX pPeaKlHAX H TEM CAMLIM ONPELeNsiioT XapakTep
reOXHMHUECKOH cpelbl, 4 3HAUHT H HAMNPaBJEHHOCTL BLIBETPHBAHHS
TOPHBIX TOPOJ H TpeoOpa3oBaHus OPraHHuyecKoOro BElLecTBa.

Baxno o6paTHTh BHHMaHHe, UTO aTMoc(epHBIEe 0CaJKH, HECMOTPH
Ha HX HCKIIOUNTENbHO HH3KYH) MHHEpPaJH3alHio, [A0BOJBHO KHCJLIH
XapakTep H OTCYTCTBHE HENMOCPEACTBEHHOH CBA3H C FOPHLIMH MOPOJAMH,
HACBHIIIEHBl THAPOOKHCHBIMH COELHHEHHAMU MAJONOABHAKHBLIX 3JeMEH-
TOB (aJIOMHHHS, THTaHa, Bamajans, HHOrjaa ejesa u 1p.), OoJaplias
YaCcThb KOTOPHIX MOITOMY MCKET HAXOJHTLCSI B 3THX BOJAAX TOJBKO B
dopMe KOMIIEKCHBIX COEAMHEHHH MM TOHKHX MeXaHHYeCKHX H a3po-
30JpHBIX MHKponpuMeceil. CieoBatespHo, yiKe Ha crainu armocdep-
HOIl 3BOJIIOLUH B COCTABE NMPUPOAHLIX BOJ NPOHCXOAHT HAKOIJIEHHE He-
KOTOPBIX METa/UIOB B TaKHX KOJIHYECTBAX, KOTOpbie TIPEBHILIAIOT
CTeneHb PacTBOPHMOCTH HX THAPOOKHCHBIX COeIHHEHHH.

B To xe Bpems colepxaHusi KpeMHe3emMa B aTMocepHLIX ocaj-
Kax HACTOJILKO HH3KH, UTO He MO3BOJSAIOT 06pa3oBaTh TVIHHHCTLIE /110~
MOCHJIHKATHl (cM. puc. 41). Jlpyrumu cjoBaMmH, paccMaTpHBaeMble BO-
Ibl HACBILIEHB! 3JeMEHTAMH-THAPOMH3ATAMH H 103TOMY B JaJbpHelimem
CrocoOHbl K HX HAKOMJIEHHIO TOABKO NMPH YCJIOBHH OﬁPHBOBaHHH 3TH-
MH 3JeMeHTaMH PAcTBOPHMBIX KOMIUIEKCHBIX coeanHenuil. Beemu apy-
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THMH 3JeMeHTaMH aTMocepHble BOJIbl He HACLIIEHBl, H MO3ITOMY Mo-
TEHIHAJNLHO cNOCOOHBI K Ja/jbHelillleMy HX KOHIEHTPHPOBAHHIO. -

Ilpn Bhinazennu atMocepHbIX OCAJAKOB Ha 3€MHVIO MOBEPXHOCTL B
nojiasJsiionieM G0JBLIHHCTBE CJAydYaeB NePBHIMH 00pa30BaHHSIMH, KOTO-
pble OHH BCTPEYAIOT Ha MyTH CBOErO [ABHMMKEHHS, SIBJSIOTCH TOYBLI, Hr-
paloline BaxKHeluyio poJb B npeoOpa3oBalny cocTaBa BoAbl. Bojbiioe
pasHoo6pa3ue nous, pasBHThiX Ha 3emHOM wape ([aasosckas, 1972,
1973; Kosaa, 1973), npuBoAMT H K KpaiiHe pasHooGpa3HOMy HX BO3-
JefiCTBHIO Ha CcOCTaB MHQUJIBTPYIOLWIHXCA aTMOC(HEpPHBIX OCAAKOB.
EcrecrBenHo, 4To MBl He MOXKeM B JaHHOH paboTe paccMOTPeTb Bee
MHOrooOpasHe 3TOro BO3JAEHCTBHA M MOITOMY OCTAHOBHMCH TOJBKO
Ha ero BayKHeHLIHX YyepTax.

ArmochepHbie ocaakH, GoraTble KHCJAOPOAOM, MPEMkAe BCEro OKHC-
JISIOT OPraHHYeckoe BellecTBO W 000raiiamTcs A0NOJHHTEIBHBIMH
NMOPLHSIMH YIJIEKHCAOIO rasa, 4TO Be/lleT K pe3KOMY yBeJIHUeHHIO mnap-
LHaJbHOrO JaBjaeHHsi Moc/AelHero. JToMY e CHocoOCTBYIOT H JbIXa-
TeJbHble (DYHKUHH KOpHeBbIX cHcTeM. OJHOBpeMeHHO 4acTb OpraHu-
YeCKOro BellleCTBAa PAacTBOPfAeTCs B NOA3eMHbIX Bojax u oforamiaer
HX PasIHYHLIMH OPTaHHYECKHMH KHCJIOTAMH (TYMHHOBBIE, (Y/JIbBOKHC-
JIOTB, MypaBbHHAsA, YKCycHAs H Jp.), a Tak:e [POAVKTAMH HX JHC-
couuallii. MHIpHpyiOllHe BMeCTe C MOJA3EMHLBIMH BoJaMH B OoJjee
ray0oKHe BOLOHOCHLIE TOPH3OHTBI OPTaHHYECKHE BelleCcTBA, MOCTOSH-
HO OKHCJISIAICh, CJYHKAT AONOJHHTEJbHBIM HCTOUHHKOM  YIVIEKHCJIOTO
raza, OKHCJOB a30Ta M MHOrHX MHKpokommoHentos (IlBen u ap.,
1975).

PactBopenue, Muuepanusauus H ryMH(QHKALHS OPraHHYECKHX Be-
LILECTB CONPOBOXKAAIOTCSA TEePexoJoM B pacTBOP HE TOJBLKO COeJHHEHHH
VIJEepoaa W a30Ta, HO W BCeX 30JbHBIX 3JE€MEeHTOB, YTC MOATBEpXK/a-
eTCHl H3yYeHHeM JH3NMETPHUYECKHX BOJ, NPOMIeAllHX TOPH3OHT JeCHOH
nojcTHaku (cm. taba. 3, 23, 31, 37, 44). Ilpu stom oboraluieHHe mou-
BEHHBLIX BOJ XUMHUEGCKHMH 3JEMEHTAMH NPOHCXOAHT NPUOJIHIHTENLHO
B TeX e IPONOPUHAX, KOTOpble XapaKTepHsl AJs JecHOro onaja
(ITonomapesa, CornnkoBa, 1972). Cuenosatenbio, HauuHas ¢ Tmep-
BLIX MOMEHTOB CONPHKOCHOBEHHSI aTMOCGHEpHLIX OCaJKOB ¢ 3eMHOH
PACTHTeNLHOCTBIO (KPOHAMH JiepeBLEB, TPaBaMH) H MpoAyKTamu GHo-
JIOTHYECKOTO KpyroBopora (omafoMm), NPOHMCXOAHT ObicTpoe oboraliie-
HHE BOJbI IEJEIM KOMIWIEKCOM OHOreHHEIX 3saementoB. Ilpn 3Tom
BaXKHO TOAYEPKHYTh, 4TO Ha (poHe GOJALIIOrO pa3Hoobpasus COOTHO-
HIEHHS] MEMKAY XHMHYECKHMH 3JeMeHTaMH, KOTOpLIe eXerojHo BO3-
BPaNIAlOTCa B IOYBY € OMAjOM, OOJbIIAs N0JA INPHHANIEKHT KpeM-
HHIO ¥ aJIOMHHHIO M cocTaBaser coorserctseHHo 40—60 u 10% or
CYMMBI 30JbHBIX 3JgeMenToB (Poanm, Basuaesny, 1965). Iwmenuo
M03TOMY JIH3HMETPHUECKHE BOJBI H coJepiKaT 0co0eHHO BLICOKHE KOH-
LHEeHTpalHH 3THX 31eMEeHTOB.

OjHako aHaJIu3upPys XapakTep H3MeHeHH COCTaBa JIH3HMETpPH-
YecKHMX BOJ BJOJIb [MOYBEHHOrO paspesa, HETPYAHO YCTaHOBHTh, HTO
cymMMa coJieil B HHX ¢ IJyGHHOH He TOJbKO He BO3pacTaer, HO BO MHO-
FHX cayuasx Aaxe yMmeHpuaercs. [Tpu sTom pasiuulbie 3/71eMEHTH Be-
ayT cebs no-pasHomy. Tak, coaepmaHHs Kaaus, asora, ¢pocdopa He-
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NPepLIBHO yMEHbIIAoTCd, HATPHA H XJOpa — BO3pacTaloT, Jpyrue sJje-
MeHTHl BenyT cebs GoJee caoxHuo. [Toapo6ro 3TOT BONpOC Ha npHMe-
pe JIH3UMETpPHUeCKHX BOJ MOA30JHCTHIX nouys paccmorpen B. B. Ilo-
nomapesoit # H. C. Corunkosoii (1972). Ilpuuukb HeOAHHAKOBOToO
NoBejJleHHS XHMHYECKHX 3JeMEHTOB KpOloTCcs B TOM, 4TO a3oT, cepa,
XJop, Kajuid u ¢ochop ydacTBYIOT B HOBOM OHOJIOTHUECKOM IIHKJIE,
T. €. M3BJEKAalOTCH KOPHSIMH pacTeHHH H3 pacTBOpa H NO3TOMY MOUTH
He Y4YacTBYIOT B HOBOM GHOJOrHYeCKOM IHKJE. 2TO e MoATBepHkia-
I0T W CliellHaJibHble HCCIeOBAHHS MOYBOBeNOB H Guosoros (tabda. 84).

Ta6bauua 84

CooTHOWIEHHE MEXK/LY NOCTYNJIEHHEM 3/€MEeHTOB C ONMajoM H BbIHOCOM
WX BHyTpHnouBeHHbIM ctokom (Kospa, 1973)

pac;:::::b' JlunaMHKa 3AEMEHTOB Si Al Ca K P N

Iy Gusik [Tocrynaer ¢ onazom,

Kr(ra 20.0 | 5.5 | 83,9 (35,6 7.4 | 2.4
BriHOCHTCA €O CTOKOM,

Kr/ra 0,02 | 0,53 | 4,01 0,709|Caenn| 0,75
Brioc, % oT mocTymie-

HHAS 0,07 | 9.6 4,781 1,96 | — 1,78

Ocunnux | TIloctymaer ¢ onmanom,

Kr/ra 21,0 | 6,0 | 85,3 |42,7 9.9 | 31,7
BblHOCHTCA €O  CTOKOM,

Kr/ra 0,008| 0,4 1,59 0,45 |Caenn| 0,64
Brinoe, % ot mnocrymie-

HHA 0,04 | 6,67 | 1,8 1,06 — 2,02

M3 npuBesennwix pannbix, koropsie B. A. Kosma (1973) cumraer xa-
PaKTepPHBIMH JJIsi BCeX IOYB, BHAHO, UTO TOJBKO HefOJbIIAs 4YacTh
XHMHYECKUX 3JeMEeHTOB (HEeCKOJLKO [pPOLEHTOB) BLIHOCHTCS MOJ-
3eMHBIM H MOBEPXHOCTHBHIM cTOKOM. B rioGanbHom Maciitabe 3To ke
6b10 moATBepxKAeHo paboramu JI. E. Poanmsa .u H. M. Basuaesny
(1965). Bce ckasaHHOe NOATBEpKAAaeT  H3BECTHOE  MOJIOXKEHHE
B. B. HokyuaeBa o TOM, YTO mOYBa MpejcTaBiasier coboil caMOCTOATENb-
HYIO H OTHOCHTEJBbHO 3aMKHYTVIO CHECTEMY, B KOTOPOiHl paspylieHHe
OpraHHyeckKoro BellecTBa COMPOBOMKIAETCH y4acTHEM OCBOOOXKIEH-
HEIX 32J1eMeHTOB B HOBOM OHOJOrHYECKOM ILHKJe, U caabbiM BBIHOCOM
HX 3a Npejaeasl NMOYBEHHOrO TOPH3OHTA MOBEPXHOCTHHIMH H  IOA3EM-
HEIMH BOLaMH.

Taxum o6Gpasom, poJb OPraHHYECKOTO BEHIECTBA 3aKJI4YaeTcsi B
oforalleHHH MOJA3eMHbIX BOJA JIPEXKJe BCEro yrieKHC/JIbIM rasoMm, pas-
JUYHEIMH OPraHHYeCKHMHK KHCJOTaMH, B MeHblIeli Mepe OHOreHHHIMHE
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JJEeMEHTAMH H B OT/JAeJbHBIX CJAYy4Yasix METaHOM. Tem cambim VXKe B

- IIOYBEHHOM TOPH30HTE TNPOHCXOAUT 3HAYHTEJAbLHOE H3MEHEeHHe Tra30Bo-

ro cocraBa Boabl (ymeHblienHe cojepxanuii Op n yBennuenue CO,,
npu caabom nsmenenun Ng), xapakrepa reoxuMmuyeckoii cpeast (pH u
Eh), nekoropoe (a B ycn0BHSIX apMAHOrO KJIHMAaTa 3HAYHTeJabHOE)
VBeJIHYEHHEe COJIEHOCTH. pacTBopa M H3MeHeHHe ero cocrtasa. Beicokoe
cojepKanue OPraHHYeCKHX KHCJIOT B pacTBOpe, ocOGEHHO TyMyco-
BbIX H (YJBBOKHCJIOT, Pe3KO VBEJHUHBAET ero arpeccHBHble CBOHCTBA
OTHOCHTE/ILHO MePBHUHBIX AMIOMOCHINKATOB, paspylueHue KOTOPHIX B
3THX YCJIOBHAX MPOTEKAeT 3HAUHTEJbHO 3((eKkTHBHee (IDKcnepumeH-
TaJpHBEIE HecjenoBanus. .., 1968). Henpas He ormeruts u Toro akra,
UTO TPH HaJHYHH OPraHHYECKOro BeIlecTBa, OCOGEHHO B  YCJIOBHAX
c1aboro BonooOGMeHa, AKTHBHO pPa3BHBAIOTCS MHKPOGHOJOTHUECKHE
Npolecchl, TaKKe 0Ka3blBalollHe Cephe3Hoe BJHSHHE Ha COCTaB TMOA-
3eMHBIX BOJ.

Poab noys B GOpMHPOBaHHM COCTABA MOJA3EMHLIX BOJA OKAa3biBa-
ercsi, TakuM o0pasom, BeckMa cylllectBenHoil. He cayuaiiHo moatomy
B. U. Bepuaackuit (1960) ykasbiBaa, uTo B COCTaBe PeuHBIX BOA 0
90% coueit 3aMMCTBOBaHO H3 MOYBEHHHIX pacTBopoB. OnHaKO HMe-
eTcAd W elle OJHH BaXHBIH, HO MeHee H3BECTHLIH d4CHeKT TIeoXHMH-
YEeCKOTO BJHSHHS 110YB Ha MPOLECCHl BbIBETPHBAHHSA, a 3HAYHT H IOJ-
3eMHble BOAbl. Peub maer o HanpaB/IeHHOCTH BTOPHYHOTO MHHEpaJo-
ob6pa3oBaHus B npejienax MOYBEHHOrO TOPH3OHTA.

Heno B TOM, 4TO OJHHM H3 BeAyIIHX 3JEMEHTOB 30JbHOTO OCTAaT-
Ka OpPraHu4yeckoro BellecTBa PACTHTEJBHOTO MPOHUCXO/KAECHHST  SIBJSA-
erca KpeMmHezem (Poamu, Baszumeruu, 1965), comepiaHHs KOTOPOTO
B BOAAaX KOHTPOJHPYIOT HAMpPaBJeHHOCTb BTOPHYHOTO MHHEpPaJoob-
pazoBaHus (cm. puc. 33—39). Ilostomy crenedp oGoramieHHs BOI
KpeMHe3eMOM HMeeT IPHHIHIHAABHOC 3HAYCHHE.

Kak noxaswiBalorT pesyJbTaThl H3YUEHHH = JH3HMETPHUECKHX BOJ
(cm. Taba. 3, 23, 31, 37, 44), B ycJOBHAX YMepPEHHOro KJuMaTa aT-
Moc(pepHEE OCAIKH V¥Ke B TIpelesax TYMYCOBOIO TOPH30HTA, elle
He CONpPHKAcafch ¢ MOACTHJAAIONIHNMH TOPHBEIMH TOPOAaMH, NOJYHAIOT
TaKHe KOHIEHTpalHH KpeMHe3emMa, NPH KOTOPBIX TepMOJIHHAMHYCCKH
YCTOHUMBBIMH  OKa3bBAIOTCH Cpa3y [VIMHHCTEIE MHHEpaJbl, a He
ru66cut u rétut. TeM caMblM H3 Npolecca HCKAOuaeTcs NMepBbiii sTan
B3aHMOJIefiCTBHA BOJALI C FOPHHIMH NOpoJAaMH (JaTepHTHLIH) M pas-
BHTHe HAYMHAeTCs Cpa3y CO BTOPOro HJH jAaxe Tperbero srama. Ilpm-
yeM 3TH 3TaNbl TAKXKe MPOTEKAIT B Npelenax MOYBEHHOTO TOPH30H-
Ta, O YeM CBHIETEJNhCTBYIOT JAHHbIE MHHEPAJOTHYECKOTO H3yYeHHs
raunuctoil dppakuun nouB (KoBma, 1973), a TakkKe TepMOIHHAMH-
yecKue roctpoenus (cm. puc. 21).

Huasi KapTHHA XapakTepHa IS TPOMHYEeCKHX, aKTHBHO NPOMBIBae-
MHIX PErHOHOB, B KOTOPHIX Pa3BHTH JaTepUTHHE MouBHL. BeaHocTs
noc/MeIHUX KpPeMHe3eMOM, Aa H B IIeJIoM TyMYCOM'IPHBOAHT K TOMY,
uTo atMocepHble OCAaAKH B 3THX YCJIOBHAX NMPaKTHYECKH He MoJyya-
I0T KpeMHe3eMa H3 [O04YB M, TNMonajas B FOpHHE MOPOAH, PaspyllalT
MocJIélHHe B COOTBETCTBHH C TEePMOANHAMHUeCcKOH o0O6CTaHOBKOH B
HanpaBJeHHH 00pa30BaHHS JaTEPHTOB.
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Takum oGpasom, Mbl NOJYYHIH OTBET Ha BOMPOC, MOCTABJEHHbIT
B ri1. X AaHHOi paboTel, OTHOCHTEJNBHO JIOKaJbHOCTH oOpa3oBanus
JateputoB. Bce feno B nMouBeHHOM TOpPH30HTE, KOTOPLIl onpepedsieT
XapakTep TreOXHMHYECKOH CPeAbl M KOHIEHTPAIHMIO XHMHYECKHX 3Je-
MEHTOB B pacTBOpe, BKJIOUAS KpeMHe3eM [0 TOTo, KAaK 3TOT PacTBOp
nonaner B ropHele mopoasl. M Bce ke 3TOT OTBEeT Hesib3sl NPH3HATH
NMOJHBIM, TaK KaK BO3HHKAeT CJeAVIOUHil BONpOC: MoYeMy B TPOMHKAaX
06pa3cBalluCh JaTePHTHBIE NOYBLL, GeJHEIE KPeMHE3eMOM, a B yMepeH-
HOH 30He MO/J30JHCTLIEe, YePHO3eMHHe H T. ., GoraTble KpemMHe3emMoMm?
Ceblka Ha pasHOCTh TEMNEPaTyp He MOMKeT paspeluTh 3Toil npob-
JleMbl, TAK KaK ¥ B TPONHKax Pas3BHTHI OTHIOAb. HE TOJLKO JATEPHT-
Hble nousnl (I'1asosckas, 1972, 1973). B srom Bompoce MBI momnbita-
emcsi pasoOpaThest B cjeiayiollem naparpade paboTel, a 3aech Tpo-
JIOJKHM paccMoTpeHHe myTeil (GOPMHPOBAHHA XHMHYECKOr0 COCTABA
MO/J3eMHBIX BOJL.

Hrax, B ymepeHHOH 30HE KOHILEHTpPALHH KPeMHe3eMa B IOUBEH-
HBIX pacTBOpAaX B pe3y/lbTaTe Pa3pylIeHHs OPTaHHUECKOTO BeNIecTBa
TAKOBBI, 4TO CMOCOOGCTBYIOT 006pa3oBaHHI0 TVIMHHCTBIX MHHepaJsoB. Ta-
Ko# OHOreHHBbIH TMyThb 06pasoBaHus TJHH BlepBble Obll  060CHOBAH
b. B. IToauinoBeM (1953), KoTopwlii, H3yuas nepBLie CTaJHH TOYBOOO-
pasoBaHHA Ha H3BepKEHHBIX MOPOAaX, MpHIIE] K BLIBOAY, YTO 3Ha-
YHTEJbHAS Y4CThb MeJKO3eMa MPUMHTHBHBIX NouB ofpasoBaJach He B
pesyiabTaTe NPAMOTO pa3pylIeHHs TepBHUYHBIX MUHEpPAJOB, a BClel-
CTBHe MHHepanauaanuu ten aumaiHukos. Cornacno b. Bb. TloawiHosy,
XHMHYECKHe 3JIeMeHTH, 0cBOOOJHMBUIHECS TPH MHHEpaJn3alnH Opra-
HHYECKOTO BelllecTBa, YacTHYHO YAaJfIOTCS. M3 TMOYBL, d YAaCTHYHO
BHOBbL BCTYNalOT Bo B3auMOjeHCTBHe, 00pa3ysi BTOpPHYHbIE TOYBEH-
Hble MHHepaJbl, CpefH KQTOPbIX BO3MOXKHBLI ONaJ, MOHTMOPHJ/JIOHHT,
wint u ap. B. B. TTonwiHoB yKaseiBaJ, 4TO Bce pacTeHHs COAepXKaT
B CBOEJi 30J1¢ HEKOTOpPOe KOJHYeCTBO IJIHHO3eMa H KpeMmHesema. Bmecre
¢ TeM B GOJIBLIINHCTBE TOYB He OOGHapyKHUBAaeTcs CBOOOIAHBLIX COEMH-
HEeHHil TJAHHO3eMa, KOTOpbLle NOJKHBI OblIM Obl  00pa3oBaThCst TPH
MHHepaJH3alHH pacTHTeJbHBIX, ocraTKoB. Ha srom = ocHoBaHHH
b. B. IToawiHoB cienan BLIBOMA, 4TO TJHHO3EGM BCTYNHJA B MOYBe BO
B3aHMOJElCTBHE ¢ KpeMHe3eMOM, 00pa30BaB pPa3JqHYHHIC TJHHHCTBHIE
MHHepaJbl.

Hnen B. B. IloawHoBa 0 HOBOCHHTE3e TJIHHHCTHIX MHWHEpPaJ0B B
nocaenymwouem passusadncs M. A. I'tasoBckoit W JPYyrHMH THOYBOBe-
namu (Kosma, 1973), cneumaiancTaMm N0 TeoXHMHH JaHamadra
(ITepeanman, 1966, 1968), aurtojsoramH, MHHEpPATOraMH H TEOXHMH-
KaMH, H3yyaslIHMH THIEpreHHble npotecchl. Cpeau nocieHAX 0CO-
feHHo cJeAyeT OTMeTHTb paGoTel (PPaHIy3CKHX HccJefoBaTeeit
(Muano, 1968; Ilenpo 1971; Tardy, 1969; Paquet, 1970, u np.), ko:
Topble yGeAHTeNbHO Ha OOGLIHPHOM MaTepHaje MOKA3aJH, YTO HOBO-
CHHTE3 TJIHH H3 PAacTBOPEHHBLIX B BOJe HOHOB IIPOHCXONMT HE TOJIBKO
B NMOYBEHHOM, HO H MOJANOYBEHHOM TOPH30HTAaX, T. €. HeNOCPeJACTBEHHO B
Kope BuiBeTpuBaHus. [loslokeHHe O HOBOCHHTE3€ TJIHH B NOYBax Xo-
pouro cornacyercs ¢ TePMOAHHAMHYECKHMH MOCTPOECHHSAMH, COCTABOM
JH3HMETPHUYECKHX BOJ U 30HANbHBEIM XAPaKTEePOM IJIHHHCTBIX MHHEpa-
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J0B B nousax. [TostoMy 3To nosoxkenne He MoeT (OJblie BLI3HIBATH
COMHEHHS H I0JKHO CYHTATHCH J0KAa3aHHBIM.

Takum o6pa3oM, cOCTAB MOYBEHHBLIX BOJX HACHILEH HE TOJBKO OT-

HOCHTE/NbHO THAPOOKHCEH 3/AeMEHTOB-TH/APOJH3ATOB, YTO XapakTepHo
I aTMoc(epHbIX 0CaJKOB, HO H OTHOCHTE/NbHO IVIHHHCTHIX MHHEpa-
JIOB, KOTOpPHIe NMO3TOMY BBICTYNAIOT 3/€Ch B KauecTBe BaxKHOro (akTo-
Pa, KOHTPOJHPYIOLIEr0 COCTAaB JH3HMeTpHueckHx Boid. Mwmenno 6Gaa-
rofaps HOBOCHHTE3Y IVIMH JIH3HMETPHYECKHE BOJAbLI TEPSIOT UAaCTh
CBOEro Kpemuusi, 60JbUIYIO YacTh aJOMHHHA H HEKOTOPYIO 4acTh MOJ-
BHAHBIX KaTHOHOB. [l03TOMY B MOYBEHHBIX BOAAaX YCTaHABJIHBAETCS
npejes AJs HaKOIJIeHHs (reoXHMHuecKHidl 6Gapbep) He TOJMBKO LISt
9/JeMEHTOB-THAPOJH3ATOB, HO TaKkKe M JUIs KPEeMHHS — 3TOTO BaXKHO-
TO 3JeMenTa JHTOC(epbl — H YaCTHYHO KaJus, pyOMAHs W psaa Apy-
THX MUKDOKOMIIOHEHTOB. '
_ Kpome TOro, B MouBeHHOM TOPH30HTE HA OKHC/AHTEJABHLIE MPO-
- 1lecChl AKTHBHO pacxoiyercs cBOOOIHBIN KHCJAOPOA, UTO TPHBOAHT K
(OpMHPOBAHHIO IJIeeBOH TIeoXHMHYECKOH 0OCTaHOBKH, CnocoBCTBYIO-
1leii aKkTHBHOH MOOHAM3alHH 3JeMEeHTOB C NepeMeHHOi BaJeHTHOCThLIO
(:kenesa, mapranna u Ap.). B Gosee HH3KHX XOpPOWO a3pHPYEMBIX
. TOPH30HTAX 3TH 3JEMEHTbl, OKHC/ssCh, BBIIAAAIOT H3 pacTBopa ¢ 06-
pasoBaHHeM HX THAPOOKHcell. MMeHHO Takas KapTHHa XapakTepHa
VI MOJA30JHCTBIX H JatepHTHbx nous. [ToapoGHo ¢ mnpuBaeueHHeMm
. TePMOAMHAMHYECKHX METONOB BONPOCH MHIPAILHH H OCaXKIEHHs 3Je-
MEHTOB-THAPOJAH3aTOB B MO/J30JHCTHIX  TOYBAX  PACCMOTPEHHI
E. Eppukcconom u B. Kymakacemom (Erriksson and Khunakasem,
1968), a B sareputHuix k. doopom ([I'Hoor, 1954), P. MeHbeHOM
(Maignien, 1958) u namu (IIsapues, 1972, 1976,).

CuenoBaTe/bHO, 3BOJIOLHMS COCTaBA BOJAbI B TNpeielax MOYBEHHOrO
' TOPH30HTA TIpPeTepreBaeT KayecTBEHHO HOBLIE H3MEHEeHHS, KOTOpHie He
XapakTepHsl AJasi cTaguu ee artMochepHoro mnpeobpasoBauus. M s
 3TOM Ba)KHeMIIast poJib NPHHALJIEXKHT GHOreHHbIM 3/eMeHntaM. [Tosrto-
MY TOYBEHHYIO CTaAHI0 3IBOJIOLHH COCTaBa MOJA3EMHLIX BOJ Mbl MO-
JKeM Ha3paTh HuocenHnol meramopgusayuel.

Takum ob6pasoM, poJb KHBOH MaTepPUH OKa3bIBACTCHA HCK/IOUHTE/b-
HO BBICOKOH M COCTOHMT B TOM, YTO OHA MEPeBOAHT 3JeMeHTh B HOJ-
BHKHYIO (JOPMY, KOHIEHTPHPYET HX Ha NOBEPXHOCTH 3eMJH H TeM
CaMbIM JleJaeT HMX JOCTYNHBIMH 1J8 aTMocepublx ocaakos. B 3Toi
CBSI3H BCNOMHHUM 3aMeuartesbHyio pabory B. B. IloswHoBa, B KOTOpPOI
OH mucaJ: «$1 nmoaaraio, yTo 310 (MMeeTcs B BHAY OJH30CTL cOCTaBa
CYXOro ocraTka BOA H 3046l pactenuit — C. LI.) sBasercs N0CTATOYHO
SAIPKHM 710Ka3aTeJbCTBOM TOTO, YTO COCTAB NPHPOAHHIX PEYHBIX BOJX
- 06yCJ0BJAHBAETCA HEe MPOCTLIMH A0HOTHYECKHMMH peaKUusMH NeHCTBHS
BOABI Ha MHHEpPAJbl MarMaTHYeCKHX NOPOA, T. €. THAPOJH30M H pacT-
. BOpeHHeM, KakK 3T0 NpHAyMaHo B yueOHHKax, a OoJiee CJIO0KHBIM,
X0t n OGojiee OLICTPO TEKYIIHM IPOIECCOM H3BJEUEHHS 3JeMeHTOB H3
MHHEpPaJIOB OPraHH3MaMH H PAacCTBOPEHHeM B BOJE 30JIbHOW 4aCTH Op-
raHu3mMoB npu WX MuHepanusauuu» (IToasnos, 1953, c. 61).

Hrak, coctaB MOYBEHHBIX BOJ PAas3JHUYEH: OT KHCJABIX A0 lleJou-
HBIX W OT YJALTPANpecHBIX A0 COJeHBIX W onpejleasieTcs oH OGIHMH
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JanjamadTHO-TeoXHMHYeCKHMH ycaoBuaMH. [loaTomMy noamouseHHble
BOJOHOCHBIE TOPH30HTH TMOJY4YalOT BOAY PasJHYHOTO XHMHYECKOTo
cocraBa. OfHako uUMelOTCHs M OOIIHME HepThbi, KOTOPLIE COCTOAT B CJe-
ayioiiem: 1) Jobble, faxe caMble COJIEHBIE MOYBEHHLIE BOIB TEpPMO-
JHHAMHYECKH HEPABHOBECHbI C MEPBHYHBIMH aJIOMOCHJAMKATAMH (CM.
puc. 21); 2) nmouBeHHBIe BOALI COAEPKAT 3HAUHTEJbHBIH Pe3epB yroib-
HOH KHCJOTHL JHG0 B (opMe HEAHCCOUHHPOBAHHLIX MOJIEKYT HJIH
NPOAYKTOB ee AHCcolHalnHH, AuG0 B (OpMe MOKa elle He OKHCJIeH-
HbIX OPraHHYeCKHX COeJHHeHH#, CcHnocoGHBIX B JaJbHEHIIEM TO-
NOJHHTb €e 3amnachl.

[TouBeHHbIe BOABI, NPOHHKASA B TOACTHJAAIONIHE TOPHBIE MOPOALI H
pacTBopsifl NOCJeHHE, MEHSIOT CBOi coctaB. MuHepaaH3alnHd TAKHX
BOJL ONpejiefisieTcsl BpeMeHeM B3aHMOJAEHCTBHA BOJLI ¢ TOPHBIMH TOPO-
JaMH, a COCTaB— THOOM TOPHBIX nopoid. B cayyae kapOGOHATHBIX MMO-
poa ¢opMHpylOTcsi THApoKapboHATHHIE KaJbIlHeBble HJIH KajbllHeBO-
MarHHeBble BOJbI, NPH HAJHYHH THIOCOHOCHBIX OTJOMKeHHH — cyabdart-
Hble KaJbplueBble (cM. Tab6a. 5) u T. 4. KapTHHa ycaoxusercs B CIy-
yae aJIOMOCHJIHKATHHIX NMOPOJ, TaK KAK COCTAB BOA B 3TOM cJyuae of-
penesisieTcsi HaNpaBJeHHOCTbIO HX BLIBETPHBAHMS, a mocJeiHee — Xa-
PaKTepPOM reOXHMHYECKOH CpPe/bl. ~

B3anMozelicTBHe BOABI ¢ NMEPBHYHBIMH aJIOMOCHJINKATAMH [PHBO-
AUT K O0OpPAa30BAHMIO IIENOYHOCTH, HEHTPaJH3yeMoil yroJabHOH KHCJO-
TOH, Mo3TOMY ¢ rayO6HHOHI pe3epB CBOGOAHON VrOJLHOH KHCJOTHI
obniyno ymenbumaercs ¥ pH Boa Boapacraer (cm. puc. 40). Onnako
CTeNeHb pocTa IIeJOYHOCTH BOJL 3aBHCHT OT MHOrMX (haKTOpPOB: pe-
3epBa YIJeKHCJIOTbl, HHTEHCHBHOCTH BOJ0OOMEHa, JJIHHbI NyTeH MHr-
panHH BOAB B NOpPOJe, THNA BMellalOUMX NOPOJ, HaNpaBJIeHHOCTH
HX npeobpa3oBanusi ¥ T. A. [TosTomMy B OTAeJbHBIX ClyyasX OTHOCH-
TeIbHO KHCJBIE BOAbI COXPAHSAIOTCH HA 3HAYHTENbHHIX TIyOHHAX (TpoO-
MHKH), B JPYTHX — LeJIOUHble BOALI BCTPEYAIOTCS HENOCPEeLCTBEHHO V
JIHEBHOH NMOBEPXHOCTH, B 30HE a3palluH.

[TogseMHble BOABI 30HLI AKTHBHOTO BOJA0OOMEHa B Npejenax ajio-
MOCHJIHKATHHIX TOPOJ HENpephLBHO KOHIEHTPHPYIOT B CBOEM COCTaBe
NOJIBHXKHEIE B KOHKPETHBIX T€OXHMMHUECKHX YCJOBHAX 3JEMEHTH H TeM
CcaMBIM TOBBIIAIOT CBOIO COJIGHOCTh M LiejqouHocTh. Ilociennee
o6bsicHaer HabgaronaeMble (GaKThl pocTa MHHEpPaJH3AUUH H  IIEN0Y-
HOCTH BOJ MO Mepe yBeJHYeHHS MX BO3pacTa, 4TO, B YaCTHOCTH, ObLIO
NOATBEPHKAEHO HAGMIOACHHAMH B Tpolecce nNpoxoakn tyunens Kanna-
na (Errikson, Khunakasem, 1968; puc. 47).

Pocr snauennii pH Boa mpUBOAHT K YyMEHBIIEHHIO PACTBOPHMOCTH
Kap6oHaTOB M ocaxieHHio Kaibuura. C 3TOro MoMeHTa COCTaB
pacTBOpa KOHTPOJHpPYeTCA He TOJIbKO TJIHHAMH, HO H Kapbonara-
MH. A 3TO, B CBOIO O4epelb, MPHBOAHT K OTHOCHTeJbHOMY oGora-
IIeHHIO BOJ HaTpHeM, T. e. cnocoberByeT 06pa3soBaHHIO COABI B pae-
TBOpE.

Kak 6biio nokasano seitie (cM. puc. 30), HaceilleHHe BOJ Kalb-
uuToM HabJgionaercs yxe npu Munepaausanun 0,6—0,8 r/n. Caeno-
BATeJbHO, C 3TOTO MOMEHTas M HAYHHAETCSl HAKOMJeHHe COABl B
pacTBope H NPOAOJKAeTCHs OHO A0 Tex IOp, Noka He OyneT MoaaB-
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JIeHO COJNIAMH HCHApHTeNbHOH KOHUEHTpaluH, T, €. npH 6Jaronpuar-
HOH TeOXHMHUYeCKoH o6CTa4HOBKE /10 HAKOMJEHHA B pacTBOpe coJei
B koauyectse 4 r/n u Goaee (Basuaesuu, 1965). Takue ycnoBus xa-
pPaKTepHbl A/ 30HBI JecocTeneil H JyroBbx creneil, T. e. s  30HBI
HAYAJBHOTO 3Tana KOHTHHEHTAJLHOTO 34COJIeHHs, YCKOPSIOUIHX Mpo-
necc conoo6pasoBaHns.

Onnako comooGpasoBaHne, KaK ecTeCTBEH- o
Hblii 3Tan 3BOJIOLHH COCTABA BOJI, MOXKET NpO-
HUCXOANTh H-0e3 y4acTHs MPOLecCOB KOHTHHEH- ant ¥
TaJbHOTO 3acofeHus, T. e. B Oojiee rayOOKHX

TOPH3OHTAX 30HBI TUHepreHesa. TIpexpacHbiM -
: +
+

++
+

npuMepom storo spagerca Kyabacce, s npeje- :
lax KOTOPOTO, KAK HAMH OBLIO MOKasaHo Bb- [
qiie, Ha TOH WM MHOH TayOHHe TPOHCXOAHT
CMeHa THAPOKapGOHATHBIX KaJbLHEBO-HATpHe-
 BBLIX BOJ HATPHEBO-KaJbIHEeBbIMH, T. €. HabJi0-
Jl2eTCsi 3Tan HAyaJbHOTO Coj000pa3oBaHus,
KoTopoe ¢ rayOHHo#i ycuaupaercda. B ropso-
CKJIaAuaTeiX 00J1acTaX COAOBBHIMH SABJAIOTCS
A30THO-TepMaJibHbEle BOABLI, (POPMHPOBAHHE KO-
TOPBIX HAMH NMOJAPOOHO PACCMOTPEHO B CIEIH-
- aapHOiTl pabore (LlIsapues, 1975,). +

ConooGpasoBaHHe, KaK cjaeiAcTBHe Tay6o-
KOro M JJHTEJBHOTO B3aUMOJAEHCTBHA BOJBI C
TOPHBIMH NOPOJAMH, B YCJIOBHAX AKTHBHOIO - —
BOJOOOMEHA ‘He MOMKET pas3BHBATBCS MO “TOI 4 J0 ph-p [K']
NpPOCTOI NPHUHHE, UTO PaHbIIE, YeM HACTYIHT  puc. 47. 3apucumocts Memay
- 9TAI HAKOIVIEHHS COMBI, BOJBI MOKHIAIOT rop- ;"’}:’,‘;"‘:ﬂ";;'m:mﬁ‘;' it
. Hble TIOPOJABI, T. €. OKAa3bIBAIOTCA B obaacTax TyHHeas Kannaaa
pasrpysku. [Tostomy copoo6pa3oBanue akTHB-

HO MPOHCXOJAHT TOJBKO JHOOD NMPH HAJHYHH HAYAJbHBIX CTAAHH KOHTH-

HEHTAJILHOrO 3acoJieHHsi (JecocTenHble W IpHJeraioine K HAM obaa-

- cru), A0 NpH AJHTENbHOM HAXOXK/JEHHH BOJbI B FTOPHBIX MOpPOAAX HH-

7Ke MecTHOro 0Oasmnca 3po3uu (apre3uaHckue GaccefHbl H HX CKJOHBI),

auGo NpH MOTPYKEHHH HHQUILTPAUMOHHBIX BOJ IO 30HAM TEKTOHHYE-

CKHX HapylleHuit B riy0OKHe 4HacTH TIOpPHO-CKJIafauaTeix obJaacrei
(a30THBIE TEPMBbI).

CaenoBatenpHO, B CIIOPHOM BOMpoce 0 NyTAx 00pasoBaHHs COMALI
MBI Beged 3a MHoruMH uceaegoatensmMu ([Tocoxos, 1969; Basunnesuy,
1965) npuzep:kuBaeMcs Tak Ha3blBAEMOH Te0JOTHYECKOH THIOTE3Hl,
COrJIacHO KOTOPOii cofa oOpasyercs MpH BHIBETPHBAHHH MaCCHBHO-
KPHCTANJIHYECKHX H OCalouHbIX Nopoji. Ml JHlIL f0GaB/IsieM K 9TOMY,
uyTo cola obGpasyercsi He HAa BCeX 3Tamax TaKOro BEIBETPHBaHuf,
a JHUIIb TOT/a, KOTAA CO3AAl0TCH VCJAOBHS, GJaronpHATHEE AJMS 0CANK-
JeHusT M3 BOAL KapGonartos. EctecTBeriHo, 4TO NPH 3TOM Pa3HOCTH
TOPHBIX TOpPOj, Goratbie HaTpueM (rpaHuTbi), GJaronNpHATCTBYIOT CO-
10006pa3oealuio, TOrJa Kak nopoiabl, GoraTele KaljbllHeM HJIH Mar-
HHEeM, 3aMe/JIAI0T, HO MOJHOCTBLIO He HCKAYaloT 3TOT npolecc.

pumug, T.E
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Codoobpaszosanue, Takum o00pasom ABAAETCA eCTECTEEHHBIM CAed-
cTeuem 83aumoolelcTsus 8006l € AAIMOCUAUKATHOIMU 20PHBIMI NOPO-
damu W CBSI3aHO C ONpejeJeHHOH cTajHel IBOJIONHH 3TOH CHCTEMB,
KOT[Aa JOCTHraeTcs HachlllleHHe BOJbl OTHOCHTeIbHO KapOOHaTOE.
A 3T0 BO3MOMKHO TOJBKO B YCJAOBHfIX 3aMelJeHHOro BoaooOMmeHa, mo-
BHIlIEHHOH MHHepaJH3alHH BOJ H IEJOUYHOr0 HX XapaKkTepa.

He ocranasnuBasick Ha APYIrHX PHOOTe3ax coA000pa3oBaHus, Moi-
po6uo uaaoxennsix B pabore E. B. Ilocoxosa (1969), moxuepknem,
YTO MBI He HCKJKuYaeMm M Jpyrde nyTdH cofoo6pasoBaHHs B TPHPOe,
H B YacTHOCTH OMOXMMHUYECKHH, CBA3AHHBIH C BOCCTAHOBJEHHEM CYJb-
¢aToB NMpH HAJHYHH opraHuueckoro BewlectBa. OJHaKo Bce OHH, 110
HameMmy raybokoMmy yOexaeHHio, HOCAT JIOKAJJAbHbIH XaPaKTep H MOTYT
HPOSABJATLECA TOABKO NpPH 0/1aronpuATHOM COHETaHHH ONpedeleHHbIX
dakTopoB. BuiBeTpuBaHue Ke aJIOMOCHIHKATOB HOCHT PerHOHaJbHBIN
XapakTep M B 3TOM €ro TJaBHOe NMpeHMYllecTBO. Buninazenue xap6o-
HATOB B JIECOCTENHbIX H CTEMHLIX 30HAX TaKxKe MPOSABJAETCH [PAKTH-
YeCKH MOBCEeMEecCTHO.

KapGonatooGpa3oBatue, KOTOPOe NPOSIBAAETCs Ha OMNpeae]eHHOI
CTaJHH 3BOJIOLMH CHCTEMBl BOJa — ropHasi TOpPOAd, OTJAHYAeTCA H
TOH 0COOEHHOCTBIO, YTO B TBEP/YIO a3y CBA3LIBACTCHA YIVIEKHCJBIH ras,
BHICTYNIAIONIHI B KauyecTBe HeliTpasnuzatopa weaounoctd. Ilostomy B
BOJIHOM pacTBOPE KOJHYECTBO NPOH3BOJHBIX yr‘OJlbI-IOH KHCJIOTHI MOCTE-
NEHHO YMEHBIUAETCs, UTO HAPAAY € yMeHblleHHeM o0beMa BOIBI B pe-
3yJbTAaTe ee HCINapeHHs MJH PasJ/oeHHs (B YCJIOBHAX 3aKPLITOH CH-
cTeMbl) TPHBOJIMT K OTHOCHTENBHOMY HAKOIJIEHHIO B PAacTBOpe CYJb-
aTop M XJOPHAOB. A 3TO BeleT K NPHHIHIHAJILHOMY H3MEHEHHIO CO-
¢cTaBa BOI, MaJo CBA3aHHOMY ¢ npeoGpa3oBaHHEM COCTaBa BMeIL3lo-
UIHX MOPOJ, a4 TOJAbKO C HX 3aCOJIEHHEM.

[Tostromy 3ran (GopMHPOBAHHA XHMHUYECKOIo COCTaBa BOJALL B pe-
3yJbTaTe HMX B3aHMOJEHCTBHA ¢ BMEIIAIOIIHMH IIOPOAaMH INPH OTCYT-
CTBHH SIBJIEHHH HHTEHCHBHOTO HCIApEeHHSs, KOrjla cOCTaB BOJB OCTa-
eTcsi THAPOKApOOHATHLIM, MOMKHO Ha3BaTb AUTO2EHHbLM 3TANOM Me-
-TamopdH3alHKH BOALI, N0/JpPas/ie]liB ero Ha JBa NOA3Tamna: CHJIHKAT-
HO-TIMHHCTHIA (10 cTajMu caikH KapGoHaToB) W KapGoHATHHIA (¢ MO-
MeHTa cajKu KapOoHaToB).

Henapureavroidl atan GOpMHPOBAHHA XHMHYECKOro cocraBa MOI-
3€MHBIX BOJ H3YUeH [0BOJLHO XOPOIIO, H BPsA JH HE0OOXOAHMO €ro
JAeTanpHO paccMaTtpHBaTh. [103TOMY MBI JIHIIL OTMETHM, YTO OH TaKKe
MoMeT ObITh NOApa3jeseH Ha JBa MojA3Tana: cyJb(aTHbll H XJ0PHIL-
HbIH, KaX@/Ibli H3 KOTOPHLIX OTBEUAET OMpee/eHHOH cTalHH 3BOJIOLHH
cOCTaBa BOA: CYJAbaTHOMY 3TAly COOTBETCTBYIOT YCJIOBHS (OPMH-
poBauus cyabdaTHHX BOJA, 4 XJOPHAHOMY — xJopuanux. Cienyer
TaKxe NCAYepKHYTh, YTO HCNAapHTeNbHasi KOHIeHTpaUuWd B MPUPOI-
HBIX YCJOBHSX [POHCXOAHT TPH TOCTOAHHOM ABHXKEHHH I10/I3€MHBIX
BOJL H HX B3aHMOJeHCTBHH C BMCIIAIOMIHMH TOPHLIMH MOPOJAMH.
OTHM onpeaeasieTcs L0BOJbLHO OGosblioe pasHoobpasHe cocTaBa BOL
KOHTHHEHTAJBHOTO 3aCOJEHHSA.

H eue onHo 3aMeuanne HaM Xoresoch Obl cieaatb. OO6buHO cpe-
IH CoJiell, KOTOphIE BEINAAIOT H3 PACTBOPA B NPOLECCE HCIAPHTE/b-
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0ff KOHIIEHTpallMH, HAa3bIBAlOT KapGoHAaTH, cyab{aThl H XJOpHABI, 3a-
ObIBafA, UTO MOJ3eMHEIE BOAB COAEPKAT H TAKHE 3JEMEHTH, KAK KpeM-
HHIl M aJIOMHHHI, KOTOpbie B npouecce KOHIEHTPHPOBAHHA Bbimajza-
JOT H3 pacTBopa. ¢ obpa3oBanueM IJIHHHCTBIX MHHEPasaoB, MpeicTas-
JEeHHBIX ualle BCero MOHTMopHAJAOHHTOM. IlosTomy raHHB M B cay-
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Puc. 48. Cxema BoaHOH HcnapuTeaboll anddepeHuHanin npoaykTOB BHIBCTPHBAHHA H NOYB0O0G~
pasopanus (Kospa, 1973).

! — panpaBJeHHe CTOKAa H BO3PAacTalOUlero HCMapeHus; 2 — HachllleHHe pacTtsopa H cajKa KOM-
NOHEHTOB

Puc, 49. Cucrema HCI—H;0—Al:03—Na;0—CaO—CO»—SiO; npn 25° C u 1g[H,Si0}=—3,5 ¢ Ha-
HeceHHEeM NAHHBIX MO COCTABY MOA3EMHBIX BOJ PA3AHUHBIX JaHpwadTHBIX 30H.

Crpenkoit nmoKasaHo HanpaBleHHe 3BOJIOUHH CcOCTaBa BoOAbL. (YenoBubie oGO3HA4EHHst CM. Ha
puC. 41)

uyae MPOLECCOB KOHTHHEHTAJLHOTO 3aCOJEeHHs HIPAKT BayKHYIO pPOJIb.
B (OpMHPOBAHHH XHMHYECKOIO COCTaBa NOA3eMHBIX Boja (pHc. 48).
| O6uwas cxeMa 3BOJIONHH COCTABA IM0J3eMHBIX BOJ 1O Mepe YBeJH-
| uenus ux o6uleil COJEHOCTH, HaYHHAsi ¢ MOMEHTa BhiNaJeHHd aTMOC-
(depHBIX 0CaJKOB, XOPOIIO mpociexuBaerca Ha puc. 49. Kak Buano n3
3TOrO PHCYHKa, HA TepBBHIX CTAAHAX 3BOJIOLHH COCTaBa BOJ POCT B
HHX COMEp:KaHHIl KaJblHsi NPeBLILIAET POCT HATpus (yros HakJoHA
JHHHH, OTpaxKaloued nyTb GOpMHpPOBaHHA COCTABA BOJbI, MeHbIle C
ocpi0 opAMHAT, yeM abcuucce). M ToabKo nmocse AOCTHIKEHHS PAaBHO-
BecHusi BOABI ¢ KapOOHATAMH XapaKTep HaKOIJIEHHS 3JEeMEHTOB B pacT-
BOpe MeHsleTCsi B CTOPOHY pe3koro ycuienus poju natpus. Coorser-
CTBEHHO pe3K0 MEeHsieTCsi U XapaKTep HAKJOHA NpAMOH JHHHH, OTpa-
Kamoued nyrs GopMmHpoBaHus coctaBa Boabl. CyulecrBoBaHue Kap-
GouatHoro Gapbepa Ha NyTH npaMoil MeTaMopdH3alHH BOALI CKa3bl-
BaeTcs M B YCJOBHSIX HCnapuTeabHoii KouueHtpaiun. [lostomy u cpe-
1M 3TOTO THNA BOJ He BCTPEMAIOTCH HX KaJblHeBble Pa3HOCTH.

253



Takum ofpasom, noasemuble BOABI B CBOEM Pa3BHTHH MOTYT npo-
XOJIHTb HeTbipe 3Tana GOPMHUPOBAHHA HX XHMHYECKOrO COCTaBa: aTMO-
TeHHBIH, OMOreHHBIH, JHTOTeHHbIH n  HcnapuTeabhivii. [lepBuie Tpy
sTana, 3a peAKHM HCKJIOUeHHeM, XapaKTepHbl s BCeX BOL: TOJNLKO
B OTAe/NbHBIX CJAYYasiX MOMKET BHITACTh GHOreHHBIH stan (yuacTkH, rie
OTCYTCTBYIOT MOYBBI H PACTHTEABHOCTb) HJH JHTOTEHHBIH (BOALI OT-
JleJIbHBIX [OYBEHHBIX TOPH3OHTOB H BepXoBuIX Hosor). HeTBepTriit 3Tan
XapakTepeH TOJBKO /Sl BOJ KOHTHHEHTaJbHOro sacojeHus. Ha kawx-
JOM H3 3THX 3TANOB MeTaMop(H3alHH BOJLI HMEIOTCS XHMHUECKHE CO-
elMHeHHs, KOTOpble OrpaHHYMBAIOT BO3MOMKHOCTH HAaKONJEHHS B
pacTBOpe TeX HJIH HHBLIX XHMHUYECKHX 3JeMeHTOB. IIpu 3Tom mno mepe
pocra creneHu MeTaMop(H3aLHH BOAbI KOJHYecTBO OapbepoB, orpa-
HHYHBAIOIKHX BONHYIO MHTpalui0 3JeMeHTOB, Boapacraer. CooTser-
CTBEHHO YMeHblIaeTcsi KOJHYeCTBO HaKallVIHBAIOIIHXCA B pacTBope
3JIeMEHTOB. DTHM CaMbIM OTPaHHYHBAeTCHs CMOocOGHOCTH pacTBOpa K
H3MEHEHHIO CBOEro cocraBa (yMeHbIIAeTcdA cTemeHb CBOGOMBI CHCTE-
MBI) H COOTBETCTBEHHO OH CTAHOBHTCH ~ OJHOTHIHEIM  XJOPHIHO-Ha-
TpHeBbIM. Cilel0BaTeNLHO, NO Mépe yseauueHus odujeli MmuHepasusa-
yuu 800bl NPONOPYUOHAALHO YMEHbUIAETCR MHO2000pasue ee cocra-
8a. CnocoGHOCThL OTAENbHBIX 3JEeMEHTOB K KOMILIeKcooOpa3oBaHHio B
NPHPOAHBIX YCJAOBHAX He MeHSieT c/JeJaHHOTO BBIBOJAA, TaK KaK OHO
TOMBKO HECKQABLKO pAacCHIHpSeT [oJe YCTOHYHBOCTH OTAENBHBIX COE/ILH-
HEHHH B pacTBOpe, HO He YHHUTOXKAET MeXaHH3Ma Inepexoga HX B
TBepaylo ¢aay.

[TepeyncaenHble YeTHIpe 3Tala 3BOJIOLUH COCTABA BOJ KOHTPOJH-
PVIOT He TOJBLKO HX XHMHYECKHIl, HO H rasoBuiii coctaB. OcobeHHO Be-
JIMKa posb OHOTEHHOTO 3Tana, B TeueHHe KOTOPOTO PacxojiyeTcsi B pe-
aKUusgX OKHCJIeHHs aTMocdepHblii Kucaopoid, obpasyiotes CO,, pexe
‘CH4 u emwe pexe B ycloBUsIX 3oHLI runepresesa — HyS. Ha tpernem
9Tane YIrJEKHC/blil ra3 NpHHAMAaeT y4acTHe B BBLIBETPHBAHHH aJIOMO-
CHJIHMKAaTOB, TOrla Kak a3oT NMo4ytH Ge3 H3MeHeHHH ocTaeTcs B BOJAax.

Cpenn coeanHeHHH, OrpaHHYHBAIONIAX CTeMeHb cBOGOALI pacTBOpa
Ha MNepBHIX 3Tanmax MeTamMop(H3aUHH BOIbL, ocobas poJb HOpHHAMJe-
JKHT TJMHAM, KOTOpPHE B CHJY MHOrooOpasHs CBOero coctaBa M Npak-
THYECKH TIOBCEMECTHOr0 pacmpocTpaHeHHs HX B 30He THIepreHesa
0KaspiBaloT oco0oe BAHSHHE Ha COCTaB MOJA3eMHBIX BOA. B mpemenax
AJIOMOCHIHKATHBIX TIOPOJL 30HBI THIEPreHe3a MmoaaB/soniell yacTu Tep-
PHTOPHH ¢ TVMH/IHEIM KJIHMAaTOM TIJIHHBl KOHTPOJHPYIOT COCTaB BOI.
3ITo moJOKeHHe B THAPOTeOJOTHH Npeikile He YUHTHIBAJIOCH H MOITO-
MY CpelH COeJIHHeHHii, OrpaHHYHBAIOIIHX HAKONJeHHe 3JIeMEHTOB B
pacteope, OOHYHO HA3HBAJHCh TOJBKO KapboHaThl, cyabdarsl H XJ0-
puasl. Poab ranH o6LIMHO CBOAMJIACHE TOJNBKO K IpoueccaM KaTHOH-
Horo o0OMeHa, 3HaueHHe KOTOPBIX, MO HallleMy MHeHHI0, TpeyBesH-
YHBaJOCh.

B 3t0ii CBA3H YMECTHO HamOMHHTH, uTO eute B 1946 r. B. A. Kos-
Jla BBeJ TIOHsiTHe 06 apeajie aKKyMYJSUHH, BKJIIOUAIOUEM TepPpHTO-
PHIO, «OXBATHLIBAIOILYIO0 COBOKYMHOCTH JaHAWIA(MTOB H  NPHPOAHBIX
obJacTeii, rie MPOUCXOANT o6pa3oBanue ONHOTHIHBIX BTOPHUYHBIX MOY-
BEeHHBIX CO€/AHHEHHUH, HX TepeMelleHHe, ocax/IeHHe I HAKOMJIeHHe B

954



mouBax, TPYHTOBHIX BOaax u Kope BuBerpusanusi» (Kosma, 1973,
xu. 1, c. 175). Buienennsle uM apeanasl npuBefeHsr B Tabua. 85.

Tabnuma 85

Apeanbl aKKYyMyASILAH NPOAYKTOB BHIBETPHBAHHSA
H nouBoo6pasosanns na cyme (Kospa, 1973)

Apean Coennnenne OfaacTb aKKyMY JALHH

Becbma mupoxuit R.0, SiO, dumoBuii. nemoBui, NOpoJ0-
.| Buii, nofiMeHHslli H NeABTOBBIT
aNNOBUi, KOHEUHBIE BOJOEMbL

YMepeHHO MWHPOKHi CaMg (COs), Hemopuii, nponwosuii, noi-
t CaCO;,. CaSO, MEHHBIH H AeJbTOBLIH aNAOBHIL,
HH3MEHHOCTH, KOHEYHbIE BOIO-
eMbl
Vakui Na,SO,, MgSO, [Moiimenuntii H neaALTOBHIH an-
NaCl, Na,CO4 N0BHE, HU3MEHHOCTH, KOHEeu-
HbIE BOLOEMBI
Becboma yakuil NaNO;, KNO, Llearpanbubie, Haubosee cy-
CaCl,, MgCl, XMe 4YacTH HH3MeHHOCTell W
Y CThIHb

.Kak Buano n3 tada. 85, HauGoJee WHPOKHIl apeas aKKyMYJsLHT
BTOPHYHBIX COEIHHEHHI HMEIOT OKHCJAbI MaJONOABHMKHEIX 3/JeMEHTOB
' M IDPOAYKTH HX B3aHMojeiicTBus, T. e. ramub. [lo 3sTomy mnoBogy
B. A. Kosna mumier: «O6pasysick B pe3y/bTaTe BEIBETPHBAHHUS, MOYBO-
06pa3oBaHus M KH3HENEATEJbHOCTH OPraHH3MOB, 3TH COeJHHEHHH
BMECTe C TeM OTJIHYAlOTCS CPABHHTENbHO HH3KOH pacTBOPHMOCTBIO H
MOTOMY NpaKTHYECKH MOBCEMECTHO MHTPHPYIOT B NPHPOAHBIX BOAAX
B (opMe HACHIIEHHBIX PacTBOPOB, THAPO30Jeii HIH TOHKHX CyCHeH-
| 3mii. IToaroMy OHM J€rKo BEIDAZAlOT B 0CajoK Ha MecTe W BOJIM3H
MecT HX o6GpasoBanus. B To ke Bpems, MUTPHPYS B (opMe HachIIeH-
HBIX pPacTBOPOB, OHH B cJaaboi, HO 3aMeTHOH (hopMe Y4acTBYIOT B MpPO-
Heccax aKKyMyJsilHH BO BceX NPHPOAHBIX 30HAX, rie INPOHCXOMAHT
X0Tsi 6b YAaCTHYHOE CE30HHOEe HCTapeHHe NMPHPOAHBIX BoA» (TaM iKe,
c. 175). Ham ocraercst ToanbKo 100aBUTh: H TaM, [jle HCnapeHHs Npak-
THYECKH HET, HO HMeeTcs NPOLeCC B3aMMOAEHCTBHS BOJBI C TOPHBIMH
MopojaMHu.

§ 4. HEKOTOPBIE ACHEKTBI 3BOJIIOUHA ®AKTOPOB
IFMNEPTEHE3A B TEOJIOTMYECKOH HCTOPHH

Cpean paccMOTPEHHLIX OCHOBHBHIX (DAKTOPOB 3BOJIIOLHH  COCTaBa
NO/J3eMHBIX BOJ H NPOAYKTOB BHIBETPHBaHHs ocobas poJb NpHHALIE-
#KUT OUOTEHHOMY, ONpejendlonleMy YPOBeHb, ¢ KOTOPOTO HayHHAETCHS
B3aUMOJIEHiCTBHE BOILI C TOPHBIMH TopoiaMH H 6.aroxaps KOTOPOMY
9TOT YPOBeHb OKAa3biBAETCs PasHbIM B PasJHYHLIX JaHMIa@THBIX 30-
HAX M Ja)Ke OTAEJbHBIX TeoMOp(oJOTHUECKHX 3JeMeHTax OAHOTO pe-

255



THOHA. Bce 3TO NPUBOAHT K MHOroo6pasHio KOpP BbIBETPHBAHHA M
ACCOLHHPYIOLUHX ¢ HUMH BoA. B 3Toil cBA3M BO3HHKAaeT BONPOC: BO3-
MOXKHO JH MHOroo6pasue THNEPreHHLIX NMpolleccoB B AOHOTEHHLIX YC-
JIOBHSIX HX PAa3BHTHA.

Pasobparbest B 9Toi npobaeme nam rnomoraet puc. 46, us KoTopo-
ro cjaejayer, uto KpoMme GHOJOTHYECKOH MPOAVKTHBHOCTH JaHiamadra,
CPeAH omnpeeasioulnX (HakTOpos THMepreHeda BazKHYIO pPOJb Hrpaer
HHTEHCHBHOCTh BOJ0OOMeHa, KOTopas He MorJa GbiTh OAHHAKOBOH H
Ha aGHOTEHHOM 3Tame PasBHTHA 3eMJH, TAK KaK NOTOK COJHEUHOIl
SHEPruH Ha pas3HbiX LIHPOTAX OCTABAJCH HEOAMHAKOBBIM. 3HAUHT C
CaMblX NEPBBIX MOMEHTOB MOSIBJEeHHs CBOOOAHONH BOJALI Ha 3eMile B
CHJIY HEOJ(HHAKOBOH CTeNeHH ee HClapeHHsi B PA3HBIX IIHPOTAaX M pas-
JAHYHS B pesbede MeCTHOCTH Ha pasHblX yuacTkax ¢opMupoBajics pas-
JMUHBIE BOZOOOMEH. DTO NPHBOAMIO K HEOAWHAKOBOMY BpeMeHH
B34HMMOJEHCTBHA BOABI ¢ TOPHBIMH MOPOJAMH, CJ€L0BaTeJbHO, pas-
JIHYHOMY OOOTAlleHHIO BOZX XHMHUECKHMH 3JeMeHTaMH *, co3aHuio
pa3Hoo6pasHoii reoXHMHYeCKOii OGCTAHOBKH ¥ COOTBETCTBEHHO TpoO-
AYKTOB BhiBeTpuBaHus. CjelyeT NOAYEPKHYTh, UYTO H B J0OGHOTEHHBII
3Tan pPasBUTHA THNEPTeHHBIX NPOLECcCOB A0JzKHA Obla COXPaHMThCH
HepaBHOBECHOCThL BOJIHI C TOPHLIMH TOPOJAAMH, TAK KaK, N0 MHEHHIO
GOJbIIHHCTBA HCCJIeL0BaTeNell, ColepxKaHne YIJIeKHCJoro rasa B TV
IMNOXY 3HAYHTENbHO TIPEBOCXOHJIO COBpEeMeHHblH ero ypoBeHb. Ecan K
9TOMy N06aBHTH, YTO TeMIepaTypa Ha 3eMHON MOBEPXHOCTH B Mpe-
OHOreHHBIH 3TAll PA3BHTHA 3eMJH He MOIJa CYUleCTBeHHO OT/JHYATLCSH
OT COBpPeMeHHbIX 3HayeHHil, TO CTAHOBHTCH MOHATHLIM, 4TO W B abHo-
TEHHLIX YCJOBHSIX OCHOBHBIe Y€pPTHl BHIBETPHBAHHA TOPHHIX IOPO]L
COXPAaHAIHCH. '

Caie0BaTe/IbHO, Mbl TIPHXOJAMM K BBIBOAY, UTO /0 TOTO, KaK JKH3Hb
NOABHJIAChL HA MaTepHKaX, 3/1eCh yiKe CYLIECTBOBAJH KOPBI BBIBETPH-
BaHHs H [POTEKAaJH MpPOIecchl THneprene3a B OCHOBHLIX CBOHX uepTax,
He OTJHYalolHecs OT coBpeMeHHbIX. Eciu 310 Tak, T0 cCTaHOBUTCA oue-
BHIHBIM, YTO KH3Hb pacnpocTpaHsjach Ha KOHTHHeHTax YiKe B yc-
JIOBHAX ONpeieJeHHOll TeoXHMHUECKOH cpejbl, XapakTepH3ylouleiics
HEeJOCTATKOM HJH HU30BITKOM TeX HJH HHBIX XHMHYECKHX 3JeMeHTOB H
COOTBETCTBEHHO DpHcnocabaHBaNach K 3THM KOHKPETHBIM  YCJIOBHSM.

[TosiB/ieHue JKH3HH NPHBENO K CO3[aHHIO NOYBEHHOrO IOKPOBa,
KOTOPHIH TaKie yHac/JeloBaJ BJAHAHHE KOHKPETHOH 0OCTAaHOBKH, T. €.
XxapakTrepa BoJAooOMeHa, TeOXHMHYECKOH Cpejbl, cOCTaBa BOJ, IIpoO-
IYKTOB BHIBETPHBAHHS H PACTHTEJILHOCTH, HaNpaBjJeHHOCTH npeobpa-
3oBanusa nocienneii. Ilostomy B Tponukax, rie BoJooOMeH 0cOOGeHHO
dKTHBEH H BBIBETPHBAHHEe TOPHBIX MOPOJ CONPOBOKIAeTCA HX JaTe-
pHTH3anHelH, CPOPMHPOBAIHCL JaTePHTHbIe MOYBbLl, OeaHble KpeMmHe-
3eMoM M OJH3KHE 10 COCTaBy K NpojAyKTam BeiBerpusanus. HaoGopor,
B YCJAOBHSX 3aMe[JIeHHOro BOAoOOMEeHa, rie PasBHThHI MPOUECCH COL0-
obpasoBalius, chOPpMHPOBANHCH COLOBLIE COJOHILbLI M PacTeHHs C OT-
YeTJIHBO BbipasKeHHBIMH YepTaMH rajgodHTH3Ma: acTpa CONOHYAKOBAH,

* KpoMe BoiooGMeHa CKASHBAJIOCH TaKKe BAHAHNE PASANYHIl B COCTABE TOPHbIX
TOPOL H TeMMNepaTypsl.
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NMOJOPOKHHK COJOHYaKOBHIA H T. A. (DBasuaeBuu, 1965). Anaaoruu-
Hbie B3aHMOCBAA3H MeX/Jy THIOM BbLIBETPHBaHHHA, cocTaBoM BOJA, TOUB
H pacTeHHH yCTaHABJIHBAIOTCA H B JIPYrHX Jaugmadrax.

CaenoBarelbHO, MEXAY COCTABOM OCHOBHLIX KOMMOHEHTOB JIAHI-
wadra (BOAOI, MOYBAMM, MPOAYKTAMH BHIBETPHBAHHH, PACTEHHAMH)
CylLlecTBYeT onpejejeHHass 3aBHCHMOCTb, COCTOsIIIlasi B TOM, YTO B TOH
WIH HHON Mepe Bce KOMIOHeHTH Jalamadrta oanospemeHHO obora-
lleHbl HJAH obefHeHBI OJHHMH H TeMH K€ XHMMHUECKHMH 3JEMEHTaMH.
Tak, B ycJoBHSIX JaTepHTH3alWH TOPHBIX MOPOL BOALI, [OYBH, MPO-
JIVKTbl BbIBETPHBAHHA H pacTeHHs o0elHeHLI Kpemie3deMoM, B VCJI0-
BHSIX COJI0BOTO 34COJEHHS — BCE T€ K€ KOMIOHeHTH Japauiadpra o6o-
ralleHs cof0d, B VCJIOBHAX KOHTHHEHTAJbLHOro 3acojleHHs — COJAMH,
B yCJIOBHAX KapOOHATHHIX MOpoj — KajabuueMm u T. A. C 3THMH 0cO-
OeHHOCTAMH CBfi3aHO H (popMHpOBaHHe OGHOTEOXHMHUYECKHX MPOBHH-
uuit. EcrecTBeHHO, UTO OTMeYeHHAasi 3aBHCHMOCTh HE HOCHT H HE MOKeT
HOCHTL JHHEHHOro XapakTepa, TaK KaK KaKAblfi KOMMOHEHT JaHl-
madra KOHUEHTPHPYeT 3JeMeHThl 10 CBOHM COOCTBEHHBLIM 3aKOHAM,
1O 000TaleHHOCTh CPeABl TeM MHJH HHBIM 3JeMEHTOM CKAa3bIBAeTCH B
TOIH MJIH HHOH Mepe Ha cocTaBe J11060ro H3 HHX.

OnnoBpeMeHHOe KOHIEHTPHPOBAHHE 3JEMEHTOB B pa3/IHYHBIX CO-
CTABJSAIONNX JaHAmadTa .Hal0 NOHHMATh KaK perdoHagbHYI0 HCTO-
PHYECKH CJOXKHBIIYIOCH 3aKOHOMEPHOCThb, KOTOpAas MOMKEeT HMETb H
HCKJIIOYEeHHS B CHJIV TeX HJAH HHBIX TPHYHH JIOKaJbHOTrO SHAYEHHS.
JTa 3aKOHOMEPHOCTh XaPaKTePH3YeT CTeneHb NPHCMOCOOIEHHOCTH
KOMIMOHEHTOB JaHAmadra K cylllecTByollei cpele, KoTopasd HCTOPH-
yeckn 0OYC/IOBJEHa ONpeieNeHHbIM THNOM BojaooOMena. Heabss ro-
3TOMY CYHTaTh, KaK 3TO JeJalT MHOrHe WecjefoBarTear, UTO €CiH,
HamnpuMep, JaTEpHTHl COJAepXaT MaJjo KpeMHeseMma, TO €ro a0JAKHO
ObITh MHOTO B NOA3eMHBIX Boaax. KcraTh, wumeHnHo 310 OlInbouioe
MOJIOKEHHE [0 CHX MOP TOPMO3HT NPAaBHJILHOE ycTaHOBJeHHE TEeOXH-
Mudeckoil cpeast ux obpasosanus (IIBapues, 1976,). ®PaxTuyecku
Habalo1aeTcs Kak pa3 obpaTHoe COOTHOHIEHHe: YeM MeHbIIE€ KpeMmHe-
3eMa B BoJax, TéM MeHbIIE ero B IMPOJAYKTaX BhIBeTpHBaHHA H IIOY-
BaX M, Ha060pOT, ueM GoJlblile €ro B BojAaX, TeM GoJiplie B MPOIYKTaX
BbiBeTpHBanus M mouBax. [lociennee xapakTepHo, HampHMep, A
COMOBOTO BhIBETpHBaHHA. TOYHO TaK Ke He/b3s HCKaTh NPHYHHBL 00-
pasoBaHHA CO/Abl B MOYBAX 3a CHUET MOA3EMHBIX BOJA HJH 34 CUYET pac-
TeHHH ¢ TIOBHIIEHHBIM COJEpPXKaHHeM HaTPHs, 4TO HepeJAKO BCTpeHd-
eTcs B JuTepaTtype. Beab B Takom caydae mpodJema ocTaercs Hepe-
LIeHHOM, TaK KaK HCTOYHHMKH COJABl B BOJAAX M HATpHA B PacTEHHAX
BCE PABHO OCTAIOTCH HEBLIACHEHHBIMH.

YUrobu mpaBuabHO MOHATL MPHUYHHB KOHILEHTPHpPoBAaHHA TeX HJIH
HHBIX 3JIEMEHTOB B TOM WJIM HHOM KOMIOHeHTe JaHtmadTa, Heo0Xo-
AMMO pa3obpaThcs B npHunHEax ¢opmuposaunus cpeas. Jas  peule-
HHSL 3TOTO BONPOCa HeOOXOAHMO BBISICHHTH VC/IOBHS BOAOOOMeHa,
3aTeM OHOJOTHYECKVIO MNPOAYKTHBHOCTH JiaHauiadra, Hanpas/aeH-
HOCTH NPeoGpa3oBaHUs OPraHHYeCKOro BelecTna H T. 1. (CM. pHc. 46).
Tonpko B 3TOM cJyuae MOMKHO NPaBHJALHO MOHATH Te MeXdHH3MBI, KO-
TOpLIe KOHTPOJIHPYIOT HAKOIJIEHHE 3JeMeHTa B CocTaBaslOUHX JaHi-
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madra. Tem camMbiM Mbl H NMOAOLIIH K OTBETY Ifa BOTPOC O MPHYHHAX
JIaTePHTH3allHH TOPHLIX TOPOX Ha OrFpaHHYEHHBEIX TeppHTOpHAX. Bee
J1eJ10 npexie Bcero B BoJdooOMeHe: HyXeH Takoli B0OA00OMEH, KOTOpPHIi
B COYETAHHH ¢ JAPYTHMH JOKaJbHbIMH (akTopamu obecnednBas 6bl
HH3KHE KOHIEHTPalHH KpeMHe3eMa B pacTBOpe, He TPHBOASNHE K
006pasoBakHio TJIHHHCTLIX MHHepaJoB. B stom cayuae ¢opmupyiores
W JlaTepUTHLIE MOMBEI, KOTOPble TaKKe SBJSAIOTCS NMPOAYKTOM Olpese-
JeHHoi cpeabl. HecooTBeTcTBHe THNA BLIBETPHBAHWA W THNA [OYB,
TaK ¥Xe KaK M cocTaBa BOM, FOBOPHT O pa3HoOM BpeMeHH HX o0pasoBa-
HHSl B PAa3MHYHBIX reoXHMHueckuX cpeaax. [Ipu - uavMeHeHHH cpeabl
obpa3oBaHHbBIE paHee BTOPHYHBIE NPOAYKTH HAYHHAIOT Pas3pylIaThCs,
HO AU 3TOTO YacTO HYMKeH AJHTeNbHBbId oTpe3ok BpemenH. [lostomy
B CJlyuyae pasHOBO3PACTHOCTH OTRE/NbHBIX KOMMOHEHTOB JaHaumadra
cONpsi’KeHHble CBA3H MEMKAY HHMH MOTYT OTCYTCTBOBATh HJH TNMPHOG-
pecTH HOBBIE YEPTHI.

CnenoBaTtenbHO, (pOpMHPOBaHHE NOA3EMHBIX BOI, KOp BHBETPHB&-
HHSL H T. . HeJb3s NOHATHL 0e3 aHaJgu3a HCTOPHYECKH CIOXKHBIUHXCSH
VCJIOBHI B TOM HJIH MHOM pPErHOHE B TeUeHHE ONpe/leJIeHHOTO Te0JorH-
uyeckoro otpeska BpeMenu. [loaromy nyru (opmupoBaHHs Hame HH-
(PHABTPALIHOHHBIX COBPEMEHHBLIX BOJ, a4 CJAEJ0BATENbHO, H BCEX THMEp-
FeHHBIX TPOIIECCOB HeJAb3sl 10 KOHIA packphiTh 6e3 aHa/H3a mnaJjeo-
JanAma@THHX, MNaJeoTHAPOreoJOTHYECKHX, TMaJeOre0XHMHUYECKHX |
apyrux ycnaosuii. ITonnas KapTHHa MoxeT OBITh PacKpeiTa JHIIbL B
TOM cJayuae, ecaqH GyleT BhIICHEHA POJb BCEX CHCTEM, KOTOpEIe HCTO-
PHUECKH BO3HHKJH B KOHKpPeTHBIX yciaoBusix. Kak npasullo, npume-
HHTEJBHO K NOJ3EMHBIM BOAaM TAaKHMH CHCTeMaMH aBasiorcs: 1) Bo-
Jla — NepBHYHbIe AJIOMOCHJIHKATHI; 2) BOJAa — BTOPHYHBIE AJIOMOCH-
Jukatel (ryiuHB); 3) BOJa — OpraHMyeckoe  BelllecTBO (mouBa);
4) Boga —ras; 5) Boga — Kap6onathl; 6) Boga — coan U T. 1. B Kax-
JIOM KOHKPETHOM cjyuyae HeoOXOAHMO KOJHYECTBEHHO OUEHHTb BKJAJ
Ka)KJ0H H3 3THX cHcTeM B (JOpMHpOBaHHE COCTaBd BOA, 4 AJIA 3TOTO
OIlEHHTL MacwTabbl H HaNpaBJeHHOCTb HX 3BOJIONHM « BO BpeMEeHH.

§ 5. BBAHUMOCBA3b COCTABA BOIAbl U OCHOBHBLIX ®AKTOPOB,
Ero KOHTPOJIHPYIOUIHX

CooTHolIeHHe MeXAYy COCTABOM BOJbl H OCHOBHLIMH (aktopamu,
€ro KOHTPOJHPYIOMHMH (BOA0OOMEHOM, THIOM TOPHLIX MOPOA M Xa-
pPaKkTepoM HX BHIBETPHBaHH#, HANpaBJeHHOCTbIO npeoGpasoBaHHs Op-
TaHHYECKOro BelIecTBd, IeOXHMHUYecKOH 0OCTaHOBKOH, KiMaccaMHu BOI-
HOM MMrpauuu M T. J.), nokazaHo B Talu. 86, KOTOpyl MOXKHO pac-
CMaTpHBaTh B KauecTBe CBOeoOpPa3HOro WTora Bce Hamed paGoThL
B sToii TaGanue obobileH (akTHUeCcKHH MaTtepHaJ, H3J0XKEHHbIH B
paboTe, KOTOpLIH XOpOLIO YKJIajabiBaeTcs B pas3paboTaHHVIO HaMH
CXEMY COMOAYHHEHHOCTH (AKTOPOB, KOHTPOJHPVIOLIHX COCTaB MOJI-
3eMHbix BoJl. Kpome Toro, mokadaHo HackoJbKo pasHoobGpaseH Ka-
YECTBEHHbI M KOJHUECTBEHHBIH COCTAB BOJ, (POPMHPYIOUHXCS B npese-
Jax aJlOMOCHJIHKATOB, KaK+OH CBS3aH C XapaKTepoM TEeOXHMHYeCKOH
cpeapl M THNOM BLIBETPHBaHuA 1OPoA. YeTko mpocaexiBaercs
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B3aUMOCBA3b NPeoOPa30BAHHA TPEX OCHOBHBIX COCTABJASIOUIAX JIAH-
madTa: OPraHHYecKoro BellecTBa, FOPHBIX MOPOJA M MOA3EMHBIX BOJ,
a TaKKe, XOTS H MeHee YeTKO, MpOoC/exHBaeTcs ydyacTHe rasoBoi (a-
3pl (Og, COz). CenoBaTedbHo, 31eCh BHAHA B3aHMOCBA3bL H B3aHMO-
00YCAOBJACHHOCT YEThHIPEX KOMMOHEHTOB 3€MHOH KOpbI: rasos, XKHBO-
ro BellecTBa, TFOPHBIX MOPOJA H BOJBl — B3aHMOCBSI3b, KOTOpasi Brep-
Bole Ghiia o6ocHoBana B. M. Bepnanckum (1960).

Anaaus npusegenHoil Ta6a. 86 nmokaspiBaer, uTo HauGoJee mpec-
Hble M HanGoJjee KHCJBE BOJAb (GOpMHPYIOTCS B ABYX ciayuaax: 1) Ha
yyacTKkax Haubojiee HHTEHCHBHOTO NPOMBIBAHHA B COYETAHHH C BBICO-
KOil CTeneHbl0 MHHEpa/JH3allHH OPraHHYeCKOTO BeulecTBa  (BJa)KHble
caBaHHB) W 2) B VCJAOBHAX KpaiiHe 3aMelJeHHOro Bojgoo6MeHa H Ma-
JI0fi CTeneHH MHUHEPaJH3alHH OPTaHHYeCKOro BellecTBa (BepXoBbie
60/10Ta JecHOH 30HBI). Tak, COBepilleHHO pa3/JH4YHble NMPHPOJAHBIE yC-
JI0OBHA NPHBOAAT, Kasajoch Obl, K (GOPMHPOBAHHIO OAHHAKOBOTO THMA
noasemublx Boi. Ho, Bo-nmepBbIX, H TOT H JPYroH THI BOJ Ma/o CBf-
3aH € TOACTHJAMIIIHMH TOPOAAMH H, BO-BTOPHIX, T[EOXHMHYECKH
5TO BOJAbl COBEPLICHHO Pa3Hble; MeXaHu3M HX (OPMHPOBAHHS TOXKe
pasupiil.

B camom nese, BoAbl BJAAXKHBIX CaBaHH MaJOMHHEPAJIH30BaHBI,
TaK Kak KpaiHe HHTEHCHBHbIH BoJ00OMeH GBLICTPO BLIBOJAHT HX H3 KOH-
TAKTa' ¢ TOPHLIMH NOPOJAaMH, 4 BOJAbl BepXOBHIX 00JOT — TaK KakK JH-
uieHsl BooOlile KOHTakTa ¢ mopoaaMu. Tam, rje Takoii KOHTakT HMe-
eTCsl, MHHepaJiH3anua OOJOTHBIX BOJ pacTeT, a HX KHCJIOTHOCThH Nmaja-
et (HusnuHbie Gosaora). MurencuBHbIl BogooGMeH B TPONMHKAax oec-
NeYHBAET TIOCTOAHHBIH H OOHJABLHBIA NPHTOK KHCJAOPOd, UTO OMpeje-
JIIeT BLICOKYIO CTeleHb MHHEepaJn3alll = OpPraHH4Yeckoro BellecTBad.
OtoMy Ke cnocoOGCTBYET M BLICOKASH CpeiHErojloBas TeMmmepaTtypa,
4 Takme HajJH4yHe MAJHTEJbHBIX CYXHX CE30HOB B TeueHHe roja, Mo
BpPeMeHH COBMajamIIHX ¢ HanGoJee OGHABHEIM JIHCTOMAAOM. 3acTOli-
HbIH peHuM O0JOT H COOTBETCTBEHHO HEAOCTATOK KHCJIOpPOAa MPHBO-
AT K. TOMY, UTO OPraHHyeckHe BelllecTBa 3/1eCb He MHHEpPaJH3YIOTCH,
a nocreneHHo TpaHcGoOpMHPYIOTCS B TOpd ¢ 4acTHUYHbIM OGpasoBaHH-
€M pAaCTBOPHMBIX OPTaHHYECKHX KHCJIOT NpeHMyLlecTBeHHO ¢y/abBaT-
noro Ttuna. [lostomy .pupoaa KucaotHoctH GOJOTHBIX BOX H  BOJ
BJAXKHbIX CaBaHH ABJAETCH NPHHIHNMAJBLHO pasanuyHoil. Ecrectsen-
HO, YTO PasJHYHBIMH OKa3blBAKOTCS M OKHCJIHTEJbHO-BOCCTAHOBH-
TeJlbHble YCJOBHA B pacCMAaTPHBAeMbIX THMAX BOJ (OKHC/AHTeJNbHbBIE —
B TPONHKax H rieesble — B Oonotax). Bor nmouemy 3tH BoAbl obpa3sy-
I0T J1Ba Pa3JIH4YHBIX KJacca BOAHOH MHTPalllH, C OAHHM H3 KOTOPBIX
(yraeknciibiM) cBsizdano o6pasoBaine GOKCHTOB, a ¢ ApPYruM  (KHc-
JbiM TaeeBbiM) — HeT. CoorBercTBeHHo u B Ta6Ga. 86 3TH  BoAbl 3a-
HHUMAalOT COBEpPILEeHHO PAa3IHYHOE NOJOKEeHHe.

OTMeueHHble 0COGEHHOCTH NMOA3EMHBIX BOJ BJAXKHLIX CABAHH B TOf
H/IH HHOW Mepe XapakTepHbl AJf BCeX JauamiaTHblX 30H BIAMKHBIX
TponnkoB. OT/anuus HX o0yc/oBJeHBl JHIIL Pa3JIHYHON CTEneHblo
BOL0O6GMEHa H MPOAONKHTEILHOCTBIO cyxoro cesona. [To mepe cmeHb!
NaHpma@ToB BAAMKHBIX CABAHH BJAMKHBLIMH TPOIMHYECKHMH JecaMH Tpo-
HCXOAHT HEKOTOPOE YMEeHbUEHHEe HHTEHCHBHOCTH BOA00OMeHa, 00yC10B-
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Tabaunma 86

Coornouienne MEXKAY COCTABOM NOA3EMHBIX BOA, THNOM

BIBETPHBAHHSA TOPHBIX NOPOI, HANPABAEHHOCTbIO
NPeoGpPa3oBanHs OPraHHYECKOro BewecTsa

eKOTOPbLIMH APYrHMH dakTopamu
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II'p wmewa e ¢— MOAYJIL NOA3EMHOro CTOKA.

JeHHoe HaaHYHeM TYCTOH pPacTHTEJNBHOCTH, 3aTpyAHsiomedl CTok.
YBeMuunBaionleecst MpH 3TOM BpeMst COINPHKOCHOBEHHSI BOABI C TOp-
HLIMH. NOPOAAMH NPHBOJAUT K MOBLIIEHHIO HX OOLICH MUHEpAJH3ALMH,
HEKOTOPOMY YMEHBIIEHHIO KHCJIOTHOCTH, CBA3AHHOMY C 3THM 06paso-
BAHHIO CPejlH MPOAYKTOB BBIBETPHBANUS KAOJHHUTA, 4 3HAYHT U MEHb-
IeMy BLIHOCY KpemHe3ema, GOJblUAsi 4acTh KOTOPOrO CBSA3BLIBAETCS B
9TOM cayuae KaonuHutoM. OfHOBpEMEHHO yMeHbMIAWINAACT B VCJI0-
BHSIX BJIAKHBIX JIE€COB IPOAOJIKHTENbHOCTE CYXOr0 Cce3oHa M o6HIHe
BJlarH NPHBOJAHT K MOCTOAHHO BBICOKOH BJIaXKHOCTH MOJA KPOHAaMH
/lepEBbEB, UYTO CKA3BIBAETCSl HA XapakTepe NpeoGpasoBaHHS Oprafu-
YECKOTO BellecTBa, KOTOPOE 3JeCh He TOIBKO MHHEPaJH3yeTcs, HO H,
ryMUQHUHPYsiCh, 06pasyeT BOAOPACTBOPHMEIC KHCIOTH. Poub mocaen-
HHX B Bole TeMm OoJibllie, ueM OoJiee BJAKHBIMH SBASIOTCH I[OUBBLl H
UeM MEHblIe BOAOOOMEH IIPH BBICOKOH, €CTECTBeHHO, GHOJOTHYecKOll
NPOAYKTHBHOCTH JanAmagTa.

O6pasoBanne OpraHHuecKHX KHCJIOT CHOCOGCTBYET MOHHKEHHIO pH
1 Eh noxsemHBbIX Boj, a caenoBaTeqbHO, H GOJBINEH MOABHKHOCTH
3/J1eMEHTOB-THAPOIH3AaTOB, KOTOPHIE MO3TOMY (oJiee AKTHBHO BBIHO-
cATest U3 npo /A BHIBETPUBAHHS, oborauas mojasemMubie Boabsl. Kpaii-
Hee BRIpazeHHe 3THX NMPOLECCOB MMEET -MecTo B 3a060JI0YEHHBIX paiio-
Hax TpomHueckKux obJjiacTell, XapaKTepH3VIOMIHXCA MHHUMAJILHBIM A5
ITHX yca10BHH cToKOM. CJle/loBaTeNIbHO, BO BJA4XKHBLIX TPOMHYECKHX
YCJa0BHsAX GOPMHPOBaHHEe XHMHUECKOTO COCTABA [OA3eMHBIX BOJ [1PO-
HCXOAHT MPHU KpaiHe HHTEHCHBHOM BOLOOGMEHE Ha thoHe BBHICOKOI
CTEIICHN MHHEPaJH3aLUHE"H PACTBOPEHHS OPraHHYeCKOro BElLeCTBA.

262

- .
w . leoxumuyeckas i
= : Xapattepias oGCTANOBKA
] Xapakrep HAMPABACHHOCTD Feoxumuueckue Kaace f
= JA3CCH BOAHO
s Bonoobyena npeodpazona- npoleces MHT patti
gt g /C-KM? nus DBIBETPHBA HHUA
=f OpPranuKH Eh pH
= =
. 8
o
= Paa v Hbi Pasauunas Caatoute- Kourpy- Kaabuuennii
= B yCaOBaIX B 3aBHCH- | = JA0UHaA 3HTHOE
‘2. | npeodaanamus MocTH OT | 2 pacrBope-
g' 0OCaZKOB Hal KIHMATH- | © HHe
| wucnapeuuem yeckolt | 2 o O |
2 30HbI = :
=
S = Cyabdatuo-
7t = KaJib U HeB b i
z 3
(S} =
J =
—— = —
o
= =
E’; 3 Xaopuao-
o HATPHEBbIil
=
be

[Tponoarkenue raga 86

*, 4 leoxumuyeckue oCOOEHHOCTH NMOA3EMHBIX BO1
- . XHMHUCCKHI cocTan
8 O6uwas X apaxtepusie
H Si0y, | MHHEpaaH- JAHR AT
0 F M 381,{?;' AHHOHHBIT KATHOHRBIA
' 7% 5—10 0,1—0,5| T'uxpoxapbo- | Kaabuneso- Paznnanne
g 7.8 HATHBIH MaruHeBsii
.f
@ - -
7 2 — 10,5—-3,0| Cyabbarusiit Kaabuuessoiit To we
é 3
orE
b 7.2—| — | no 300 XaopHAHBLH Harpuesuiii i i
7.5

ce 3T0 €noco6CTBYET GOPMHPOBAHHIO MANOMHHEPNH30BAHNKIX ¥ j0-
0JBHO KHC/IbIX TOA3EMHEIX BOJ, COCTaB KOTOPBIX NMOYTH COOTBeTcTHY-
COCTABY MOJACTHJAOINX KOpeHHBIX nopoa. OTcyTcTBHe g Hpocpmie
BIBETPHBAHHA TJ/HH, CBA3BIBAIOIIHX OCHOBHLIE KATHOHB, BRIHOyas
a/uii, obecneuynBaeT WX BBICOKYIO MHIPALHOHHYIO CNOCOGHOCTL. B o
e BpeMs JKeJae30, aTIOMHHHA H YaCTHYHO KPeMHHH AKKYMYJHpYIOTCSt
B Kope BbiBeTpHBaHHA (0COGEHHO B YCJOBHAX CaBaHH), obpasvs ja-
TEPHTHL.
Mupie yc10BHS XapaKTepHB s CYXHX TPONHYECKHX ofsacrei,
TpejCcTaBAEHHbIX CYXHMH caBaHHAMu H crenaMH. B 3Tx  venopugx
YMeHbleHHEe KOJNHYECTBA OCAJKOB H yBeJHYeHHEe HCNADeHHs npupo-
AT K yMEHDBIIEHHIO MOAYJA MOA3EMHOIO CTOKA, a8 3HAYHT M yBeauye-
 HHIO COJICHOCTH TMOA3eMHBIX BOA. ITpu 9TOM HeCMOTPA Ha Bricokyio
| CTEMeHp MHHEpalH3alHH OPraHHYecKOro BeIIeCTBd, YeMy crocol-
CTBYIOT [JINTEbHBIE CYXHe CEe30Hbl M BBICOKHE TeMNEPATYDLI, nojzeM-
.~ Hble BO/JBl MEepexoAsT B pa3psl Cﬂaﬁome.ﬂ()t{?blx H  HIeJouyHbIX. SOT10
NPUBOJHT K H3MEHEHHI0 XapaKTepa B3aHMOJEHCTBHA BOLBI ¢ TOpHBIMHU
| mopojaMH, 4TO BbIpazkaercs B 06pasoBaHHH NPOAYKTOB BhiBerpuBa-
. HHAl He JATEPHTHOTO, a OGHCHAJUINTHOTO THIA, CBA3BIBAIOUIMX le ToJp-
KO AJIIOMHHHE, KeJje30, KPeMHHH, HO M HaCTHYHO TOABHMKHLIE KaTHO-
. HBl W, Tpexe BCEro, KajJuii W MarHui, a 3HauuT CHoCOBeTBY IoLHX
OTHOCHTENLHOMY HAKOILICHHIO B PAcTBOPe KaJbllHs H HaTpusa. [losro-
. My B 3THX YCJOBHSX KaTHOHHBIH COCTAaB BOJ MeHee TeCHo (no cpas-
HeHHIO C BJAXKHBIMH TPOMHKaMH) CBA3aH C COCTABOM NOACTHJAOIIHX
nopoy. Cpean annonos npeobaajpaer HCOs~ (npm otcyrersun npo-
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1IeCCOB 34cOJeHHs), a B UeJ0M COCTaB BOJA NMPEHMVILECTBEHHO THAPO-
KapOoHaTHLI KaJbllHeBO-HATPHeBHIH. HecMmoTpsi Ha  nOBbILIEHHYIO
1eIOYHOCTh, BOAB CYXHX TPONHKOB TPH OAHOH H TOIH Ke MHHEpPAaJH-
3auuu ABAfloTcs GoJiee KHCABIMH, YeM BOAB YMEPEHHBIX LIHPOT (CM.
puc. 29), uto obyc/ioBaeHo Gojlee BHICOKOH CTENEHbIO MHHEpaan3a-
LHH OpPraHHYecKOoro BelllecTBA B TPONHYECKHX YCJOBHAX.

Boabl ceBepHBIX MIHPOT H O0COGEHHO MPOBHHIHE MHOrOJETHEMep3-
Aeix nopola Gogaee nMoxoxu Ha GOJOTHEIE BOLBL ITO 0GYC/JIOBIEHO HH3-
KHMH  CpPeAHEroJOBLIMH TeMmIlepaTypamH, HaJHuHeM MHOTOJIeTHell
MEpP3JIOThl, Bbila/JleHHEM 3HAYWTEJbHOH YaCTH OCaJKOB B TBepAOH ¢op-
Me (CcHer), TecHO#H CBf13pl0 BOJ C MOYBEHHBIMH TOPH3OHTAMH H OTHOCH-
TebHO HeGoabIHM BoacoOMeHoM. Chaalwii NMoJ3eMHBIH CTOK B yce-
JIOBHSIX MdJopacu/eHeHHOro pedbeda NMPHBOAKHT K 3a60a4HBAEMOCTH
TEPPHTOPHH CO BCEMH BBITEKAalOUIUMH oOTcioga nocaenctsusiMu. Ho
Jlaxe ecsd penbed OTHOCHTEJBHO pacujieHeH M 3a00Ja4HBAaeMOCTh He
pasBHBAaeTCH, TO H B 3TOM cCJyyae TasHHe Mep3JbiX MOPOA NPHBOLHT
K BbICOKOH 0GBOJHEeHHOCTH JesTenabHoro ciaosi. [locnexnemy crocoG-
eTByeT u caadas NPOHHLAEMOCTh MEP3JLIX NMOPOoJ, NPensiTCTBYoUlas
NPOHHKHOBEHHIO aTMOc(hepHBIX OCALKOB, ABHMKEHHE KOTOPHIX TO3TOMY
NPOHUCXOJUT BJOJb CKJIOHOB H TECHO CBfI3aHO C NMOYBAMH, a4 3HAYHT H
oboraiieHneM OHOreHHBIMH 3J1€MEHTaAMH.

[TocTosiHHAs BIAaKHOCTH AEATENBHOrO CJOS, a TaKikKe HH3KHE TeM-
nepatypbl Upe3BhUANHO OcJaalafA0T CTeleHb MHHEPaJH3alHH H TYMH-
(uKauui OpPraHHYecKoro BellecTBa, HO CNOCOOCTBYIOT HaCTHUHOMY
ero npeo6pasoBaHHIO H PACTBOPEHHIO B BHIE OPTaHHYECKHX H 0coOeH-
HO (VJIbBOKHCIOT, KOTOpbHIe TMONAEP:KHBAIOT OTHOCHTENLHO HH3KHE
sHauenHs pH Boa Ha Bcex Bodopa3fiesbHHIX yuacTKax. M Toabko B
HHMKHHX 4acTAX CKJAOHOB H JOJHHAX, Ky/Jda BOABI MOCTYHAIOT yXKe ua-
CTHYHO HACHIILEHHBIMH JHTOTeHHBIMH 3JeMeHTamMu, pH Boja Bospacra-
eT BIJIOTh A0 caabouienounbx. OJHAKO B CHIY TOrO, 4TO NyTH IBH-
- 7KeHHsl BOJbI B TOPHBIX MOPOJAAX OCTAlOTCA KOPOTKHMM (OT MECTHOro
BOJOpasjiena A0 NMepBOro pyubsl) B LeJJOM MHHepaJM3allHd BOJ OcCTa-
eTcsl HEeBBICOKOH, a NIeJOYHOCTh HH3KOH. Mckiiouenuwe cocTaBasior
YUACTKH TAJHKOB (CKBO3HBIX WJIH HaAMEP3JOTHHIX), B Hpelenax Ko-
TOPBIX NYTH JBUMKEHHS BOJL CPeIH TOPHBIX MOPOJ Pe3KO BO3pacTaioT
H 3TO NPHBOAHT K JOBOJBHO PE3KOMY MOBBHIIIEHHIO WX I1eJOYHOCTH
(pH 7,8—8,0) n Mmunepaausanuu.

CienoBaTeNbHO, COCTAB BOJ B CEBEPHBIX paHoHaX CHABLHO 3aBHCHT '
OT pacwIeHeHHOCTH penbeda, creneHd 3a60JOUEHHOCTH TEPPHTOPHH,
4 TakyKe BPeMEHH CONPMKOCHOBEHHS BOJBLI C TOPHBEIMH NMOPOJAMH: UeM
JloJIblle 3TO COTMPHKOCHOBEHHE, TeM Bhille MHHepaausauus Boxbl. Ha
()oHE OTHOCHTEJBHO HEBBICOKHX MapLHa/bHBIX JaBJIEHHH YIJIEKHCJIOrOo
rasa 3to OLICTPO MPHBOAHT K MNOBHIIEHHIO IIEJOYHOCTH pacTBOpd.

B 3tHx ycaoBusx cnaloKHeaBIH Xapakrep Cpefbl H TOBBILIEHHOE
cojlepxanyue GHOreHHbIX 3JeMEHTOB B pacTBOpe MPHBOAAT K (OpMHPO-
BAHHIO TIPOJAYKTOB BHIBETPHBAHHA, OOTaTHIX THApPOCAOAAMH, amopd-
HLIMH THAPOOKHCJAMH JKeJe3a H Jaxe aMop(HBIM KpeMHe3eMOM.
[TosTomy cocTaB paccMATPHBAEMLIX BOX B Mpeiefax aJiOMOCHIHKAT-
HBIX OPOJL yalle BCero #ABJsfeTcd TIHAPOKapOOHATHO-(YIbBOKHCIOT-
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HBIM KaJ/IbIIMEBO-MarHHeBbIM ¢  HECKOJbKO [MOBbIIEHHBIM  (OTHOCH-
TeJbHO) colep:KaHHeM KpeMHe3eMa, a Ha ydYacTKax 3aTpyAHeHHOro
BOZOOOMeHa — iKeJle3a, MapraHila H JAPYTHX - 3JeMeHTOB-THAPOJIH3a-
ToB. [ToBBIIEHHAsT MuHepaaM3alusi BOJ BIJIOTH 10 SIBJEHHH KOHTH-
HEHTa/BHOrO 3acoJieHdss B Npeflesax NPOBHHIHH MEpP3JbIX HOPOL BO3-
MOXHA TOJNBKO B YCJOBHAX Ae(HIHTA O0CANKOB, 4To HabJrogaercd,
nanpumep, B Llentpanbioit SIKyTHH, HEKOTOPHIX paionax 3abaiikaips
H JPYTHX MecTax.

Taxkum 06pazom, OHH H Te JKe SABJEHHS BbillleJauyHBaHNs TOI3EM-
HbIMH BOJAMH TOPHBIX MOPOJ B CEBEPHBIX M TPONHYECKHX paifoHax
coBepiIaloTcs Kak Obl HAa pasHOM ypoBHe, 0OVC/A0BJIEHHOM PasJHuHOM
KHCJIOTHOCTBIO BOJ. A 3TO NMPHBOAHT K Pa3JHYHOMY xapakTepy B3a-
. HMOJICHCTBHA BOJbLl C FOPHBLIMH TOPOAAMH B 3THX IBYX CJayuasix, cJe-
J0BaTe/IbHO, PAa3HOMY THNY NPOJAYKTOB BHIBETPHBAHHS, a 3HAUHT H
COCTaBy CaMHX BOI.

WHele yc/OBHs XapakTepHbl AJAst ropubix o6uaacreil. Kasamocs Obl,
- BLICOKOTOpHbBIE YCJOBHA aHAJOTHYHBI CeBepHbLIM paloHaM, Tak Kak H
' 31leCb U TaM TOCIOJCTBYIOT HH3KHE TEMIEPATYpPHI, BCTPEUAIOTCS Mepa-
| JIble MOPOJibl, KOPOTKOe XoJoAHoe JeTo H T. A. O1Hako HH3KOMHHepa-
JIH30BaHHbIE BO/bI 1a’K€ BBICOKOTOPHBIX 0GJacTeil SBJISIOTCH HEH-
TPaJbHBIMH WM JaKe caabomenodnbiMu. Bee 310 rosopur o eme
MEHbIIeM OTHOCHTENBHO CeBEepPHbIX PAaHOHOB HeHTpaH3VIOIleM BUS-
HHH B 3THX YCJOBHSIX OPTaHHUECKHX BEHmEeCTB. JTO BIOJHE 3aKOHO-
MEpHO, IGTOMY YTO B BRICOKOTOPHHEIX 06sacTsax OHOJOrHYecKas Npo-
JYKTHBHOCTb JaHmmadra 3HauuTesbHO MeHbine. Kpome Toro, naxe
omaji He ycrneBaeT XHMHYECKH pasJjaraTbes, Tak Kak NoJABepraercs me-
XaHnuyeckoit aposup. OTclona cnaboe pa3BuTHe NOUB B TFOPHBIX paio-
Hax. [1o3TOMy NpaxkTHYECKH ¢ MepPBLHIX MOMEHTOB CONPHKOCHOBEHHs
aTMoc(hepHBIX 0CaJKOB C TOPHBLIMH MOPOAaMH, HeCMOTPSl Ha aKTHBHBIN
' BOJ000OMEH, MOJA3eMHBIe BOAB, NaKe MaJOMHHEPAa/IH30BAHHBIE, SBJA-
I0TCSI HEHTPANBHBIMH HAH c/1a6ole0uHbIMH.

[To mepe yMeHblIeHHs aOCOMIOTHBIX OTMETOK MECTHOCTH HeHTpain-
3ylonias poib OPraHHYecKoro BellecTBA YCHJIHMBAETCs, HO OXHOBpe-
MEHHO yMeHBIIAIoUIHics BOL00OMEH NMPHBOLHUT K NOBLIIEHHIO MHHepa-
- aM3anud ® oegouyHoctu. [lostomy pH mopseMHBIX BOA He TONBKO He
| yMeHplIaercst, Ho Bo3pacraer. JLOBOJIbHO aKTHBHBEI BO10OOMEH rop-
Hbix o6JiacTefl H OTCYTCTBHe OPraHHKH B GOJIBIIOM KOJHYECTBe INpH-
BOAST K (DOPMHPOBAHHIO OKHCIHTEJBHOH TeOXHMHUeCKOl O0BCTAaHOB-
KH, HeGMaronpuATHOR AN MHTPALHH 37eMeHTOB-THAPOJH3aTOB, KO-
TOpHIE BbHINALAIOT H3 pacmopa H SIBASIIOTCSL  JIOCTOSTHHEM MeXaHH-
HeCKOIT 9P03HH.

[Ilenounsie BOAB TOpPHBIX obJacTeii onpenesastor paanme LJTH-
HHUCTBIX MPOJAYKTOB BBLIBETPHBAHMSA, d CJ€IOBATENbHO, H Majylo 3aBH-
CHMOCTL KATHOHHOTO COCTABa BOJA OT COCTAaBA BOJOBMENIAMOIIHX TIO-
- poa. Huskoe cojep:kaHue B pacTBOpe OPraHHUECKHX BeNleCTB JAefnaer
HX GOraThiIMH KHCJAOPOJIOM, YHCTHIMH ¥ 00/aAdaiOUNMH  BBICOKHMH
NUTHEBHIMH KadecTBaMH. CymMa coJiefi B pacTBope MNOJHOCThIO KOHT-
POJIHPYETCS HHTEHCHBHOCTLIO BOJ0OOMeHa.
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[loasemupie BoABI yMepeHHBIX WIHPOT, KAK OBLIJIO MOKasaHo B pa-
6oTe, ABASAIOTCS KpaiiHe pa3nooOpasHbIMH, HO M 37eCh HX pasHoobpa-
3He XOpPOMIO YKIa/bIBAeTCs B PaMKH Pa3sBHBAaeMBbIX HAMH [MOJOMKEHHI.
Tak, noaseMHble BOJLI JECHOH 30HB SABJAAKOTCA CJAa0CKHCJABIMH, a B
npejaeaax NOYBEHHHIX TOPH3OHTOB H 0COGEHHO JIECHOH MOACTHJIKH Aaxe
KucabIMH. [Ipu 3TOM HX KHCJIOTHOCTBL 00yCJ/OBJEHd KaK YIOABHOH, TaK
i opraHMueckumu kKucjotamd. OGpasoBaHHIO NOCAEAHHX  €NOCOG-
CTBYeT BBICOKas OHOJOrHYecKass MPOJAYVKTHBHOCTh JecHbIX JaHAaumad-
TOB, BBICOKAsi BJI2KHOCTL NMOYB H JIOBOJBHO cJaabbiii Bomoobmen. Ta-
KHe YCJOBHSI CMOCOGCTBYIOT BBIHOCY HE TOJBKO MOABHKHBIX 3JeMEH-
TOB, HO M MAJIONOABHKHBIX H, B YaCTHOCTH, MOJYTOPHLIX OKHCJ/OB.
Kucavie Boabl colepaT B 3HAYHTE/NbHBIX KOJIHUECTBaX OHOreHHble
37eMeHThl. B 1Mojio4YBeHHBIX TOPH30HTAaX B CjAydde HH3KOTO CTOAHHA
YPOBHA TPYHTOBBIX BOJl YacTh MaJONOJABHMKHEIX 3JeMEHTOB BHINALaeT
B BHJe I'HIPOOKHCJOB, a KDeMHHH H a/JIOMHHHH, KpOME€ TOrO, CBfI3bl-
BamTcs (QOpPMHPYIOIMHMHCA [JHHAMH, HAauHHAafg C [OYBEHHOITO TIOpH-
30HTA. !

Ianee, monajias B rophbie NOPOJbI, NOA3€MHBIE BOJABI B CHIY He-
BBICOKOTIO BOJA00OMEHa OTHOCHTEJLHO 6thTp0 oboraulaiorTesi JUTOreH-
HBIMH 3JEeMEeHTAMH H TOBHINAIOT CBOK MIEJ0YHOCTL, YTO CHOCOGCTBY-
eT (hOpMHPOBAHHIO THAPOKAPOOHATHOrO KaJ/bIlHEBO-HATPHEBOTO HX CO-
craBa. B Tom cayuae, ecsin 0o TeM HJIH MHBIM NPHYHHAM KOHTAKT BOJLBI
C MOPOI0H 0Ka3biBAeTCs KPATKOBPEMEHHBIM, pacTBOp ccraercs ciabo-
KHCJIBIM H MaJOMHHEDPaJH30BaHHBIM.

ITpu cMeHe JecHHX JaHAWA(TOB JECOCTENHBIMH H CTENHbIMH TPO-
HCXOAUT HEYKJAOHHOE YMEHbUIEHHE HHTEHCHBHOCTH BOJooOMeHa H
yBeJMUeHHe HCHapHTeJbHOH KoHuenTpaunuu codeit- [Tostomy B sTHX
yCJIOBHSAX, HauuHasi ¢ NepBbIX MOMEHTOB CONPHKOCHOBeHHA atMmocdep-
HEIX OC4JKOB C MOYBAMH, OHM XapaKTEPU3YIOTCH MOBLILIEHHOH MHHe-
pajausalueil ¥ [eToYHocTbio. B JNajbHeHIIeM B Mpolecce HX B3aHMO-
JAeHCTBHSI ¢ TOPHBIMH MOPOAAMH LIEJNOYHGCTH M MHHepPaJaH3alHs BOI
Bo3pacraior eule Gosblue. CJe/ICTBHEM 3TOrO SIBJASETCH HAacCbllleHHe
pacTBopa OTHOCHTENLHO KapOoHaTa KajbllHf H OCaKIEHHE MOC/e/He-
ro 8 ¢opme Kajipuura. OpHOBpeMeHHO aJIOMHHHH, Goablias 4YacTb
KDEMHHS, KaJusi U YaCTHYHO MArHus CBﬂ3bIBaIOTCH 05pa3leLU.P!MHCH
FJAHHAMH, COCTOSIIIUMH B OCHOBHOM M3 MOHTMOPW/JIOHHTA, a HATpHil
POJOIKaeT HAKAMIHBATLCA B PacTBOpe. [TosTomMy 3BOJIOLHA COCTa-
Ba BOJ 3aKJIOUaeTCs B IOCTENeHHOH CMeHe KaJbIHeBO-MarHHeBOH HX
pa3HOCTH HATPHEBO-KaJbIHeBOH, a 3aTeM M YACTHYHO HATPHEBOH, T. €.
cbopmnpyimca conoule Boxabl. [lociienHue XapaKTepHB JJIsl Jeco-
CTENHO # CTeNHOH 30H YMEPEHHOro nosica, a Takixe CyXHX paHOHOB
TPONHYECKOro nosica H QOPMHPYIOTCA Ha TIpaHHlle CMEHbl BOJL Bbilile-
JAYHBAHHS BOJaMH KOHTHHEHTAJbHOTO 32COJICHHS.

/B eme Goaee cyxuX YCIOBHAX (cyXHe CTemH, INOJYNYCTBIHH H My-
CTHIHH) VBeJHUHBAIOIASICSl MHTEHCHBHOCTL HCMAPEHHA  YMeHblIaeT
BpeMsi COMPHKOCHOBEHHSI BOJBI C NOPOJIOH, 4TO MPHBOAHT K PE3KOMY
COKpALIeHHIO JI0JH JHTOTeHHOH cocrap/siolleil B pacTBope H  COOT-
BETCTBEHHO VBEJIHUEHHIO LOJH aTmoccbepHon COCTABJSIONIEH. ['lpu
9TOM B Npoilecce HCMAPHTENbHOH KOHUEHTPAUWH aJIOMHHHI, KPEeMHHI,
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KaJuii ¥ YacTHYHO MAarHHid CBfA3BLIBAIOTCH TJAWHAMH, KaJbUHA 7
yactHyHo CO,;— kapGoHaTaMH, YacTb YIJEKHCJIOTH VJETYHUHBAeTCS B
'BO3/lyX, a B pacTBope OCTAKTCA CYJAb(paThl M XJOPHABI HATpHH,
. YaCTHYHO Maruus ¥ Kadblusa. B najpHefimmem, ec/qm mcnapeHnne mpo-
J0JIKAeTCH, TO CyJab(haThl KaabllHs BHIALAI0T B BH/E THTCA, @ B pacT-
BOpE KOHUEHTPHPYIOTCH XJOPHALI HATPHS W vacTHYHO maruus. HeoG-
XO/HMO YUHTBIBATh H TO, UTO HCNapHTeldbHas KOHUEHTPALUHA B HPHPO-
JIe NPOHCXOAHT He B 3aMKHYTOM cOCy/e, 4 B Mpoliecce JIBHIKEHHS B
TOpHEIX nopojax. ITo3Tomy, BO-MepBBIX, YacTh XNMHYECKHX 3JeMeH-
. TOB HeNpephiBHO TOCTYNaeT B PAacTBOP H3 BMeLAIONIHX MOPOA H, BO-
BTOpPLIX, BHINAJaOlIHe W3 PACTBOPAa COJH H CaM pacTBOp Ppasies-
torca. [locaennee ocoGelio XapaKTepHO AJ8 pacdjeHeHHOro peJbeda.
Bce ato npuBoauT K 60JblIOMY pa3HooOpa3Hio W MECTPOil KapTuhe B
- pacnpejle/ieHHH OTAeNbHbIX XHMHYECKHX THIOB BOABI 1O TJOHIAAH B
. YCIOBHSIX apHAHOIO KJHMaTa.

' Takum ofGpasoMm, B npegenax OJAHHX W TeX K€ CHANKATHBIX MOPOJ
B 3aBHCHMOCTH OT KOHKPETHBIX NPHPOAHBIX YCJAOBHI (OPMHPYIOTCS
pasnuuibpie Mo coctaBy NoA3eMHble BoAbl (cM. Taba. 86). Cuenosa-
TeJbHO, AeJ]0 He B TOM, YTO AJIOMOCH/JHKATHLIE MOPOABLI SABJAAKTCH
MaJIOpacTBOPHMBIMH, a B TOM, YTO CHCTeMa BOJa — ilepBHYHBIE aJi0-
' MOCHJIHKATHI SIBJfIeTCSl HEHACLILIEHHON, YYTKO pearnpyeT Ha H3MeHe-
- HHe BHEHIHHX YCJOBHH H B 3aBHCHMOCTH OT MOC/Je/HHX MeHsieT Xapak-
. Tep CBOEro B3aHMOJeHCTBHS.

' HMuoe ageno, xoria BOJOBMeEILAIOIHMH SBJSIOTCH He aJIOMOCHJIH-
 KaTwple NOPOJALI, a XMMHYECKHe WM OGHOreHHBle ocalkH (KapOoHaTbl,
cyabparsl, xaopuas u T. A.). [loBwleHHas W BBICOKAf HX pPAacTBO-
PHMOCTb HPHBOAHT K GLICTPOMY 060ramleHHIO BOJABI COOTBETCTBYIOIH-
MH XHMHYECKHMH 3JeMeHTaMH, H TO03TOMY COCTaB pacTBopa B 3TOM
cayyae MaJo 3aBHCHT OT JPYrHX NpHpoAHbIX GaKTOpPOB.



3AKJIIOYEHHE

1. Cucrema BOJda — ropubie MOPOABI B MPeAEJaX 30HBI FHOEpreHe-
3a HOCHT HEP4BHOBECHO-PAaBHOBECHBIH XapakTep: Bojla HepaBHOBECHa
C NMEPBHYHLIMH AJAIOMOCHJIHKATaAMH, HO B GOJLIIMHCTBE CJAydyaeB pab-
HOBECHA C MPOAVKTaMH HX XHMHYECKOro paspyIledus, BKAWUAs THIPO-
OKHCJIBI, OKHC/bI, TJIHHBI, KapGOHATHL

2. B nmpuHpOAHbIX YCJIOBHSIX BOJAa HENMpPEPLIBHO paspyliaer NepBHu-
HBl¢ aTIOMOCHIUKATH, KOHUEHTPHPYET B PaCTBOpe MOABHIKHBIE B KOH-
KDeTHBIX YCJIOBHAX 3/eMEHTbl H CBSI3bIBA€T B TBepAVIO (hasy matio-
noasuKubie. [To3TOMYy KOTUYECTBO KATHOHOB B MOA3CMHBLIX BOJaX
Bblllle/1ayHBaHHS ONpe/leaseTcd BpeMeHeM HaXoX/IAeHHs BOJALI B TOPO-
Je, a HX coCTaB — HAaMpaBJIeHHOCTbIO Npeobpa3oBaHus Mopoabl. Bouaee
TOrO, COCTAB KAaTHOHOB B PACTBOPE €CTh PA3HOCTh MEXKAY COCTABOM
NepPBHYHOI TNOPOAbl M TNMPOAYKTAMH ee XHMHUYECKoi mnepepaGoTKH.

3. O6pasyemasi npH BBHIBETPHBAHHH aJIOMOCHJIHKATOB I1€J0YHOCTE
HeHTpa/Iu3yeTcsl VIOJLHOH H PasiHUYHBIMH OPraHHYECKHMH KHCJOTAMH,
KOTOpBIE T03TOMY BBICTYNIAIOT OCHOBHLIM TEOXHMHUYECKHM OGapbepom
Ha NYTH YCTAaHOBJCHHA PaBHOBECHA BOJBI C NOPOAOH H (QOPMHPYIOT
aHHoHHBI cocTaB BoAbl. [lociennmii mosToMy B mpejieax ajiOMOCH-
JHKATOB ONpe/e/aeTcss He THNOM BOIOBMELLAIONIHX NMOPOJ, a HMeer
THAPOreHHO-OHOTeHHY IO MpHPOAY.

4. Xapakrep reoXuHMHUeCKOH O0OCTAHOBKH OHPEJIGJIHETCH COOTHOIIIE-
HHeM MacuTaboB BHIBETPHBAHHA TOPHBIX NMOPOA H paspyuenns (pact-
BOPEHHsT H MHHepaJH3alliH) OpraHmyeckoro BellecTBa. Ecim Macui-
tTabbl 06pa30BaHisg OPraHHYECKHX KHCJAOT NpeBblaioT Macmrabsl 06-
pa30BaHHs NPH BLIBETPHBAHHMH INEJOYHOCTH, peakiHus CPelbl OCTaeTcs
ca1aboOKHCIOMH, eC/H 3TO COOTHOIIeHHE fABJAfeTcs OOpaTHBHIM — caabo-
LeJOYHOH HJIH LIEJOYHOI.

5. Boapl mo cocTaBy SIBJASIIOTCS TeTEPOreHHBIMH, TAK KaK BKJIOYa-
0T XHMHYECKHE 3JeMeHThl, 3aMMCTBOBAHHble H3 aTmochepr, Onocde-
pHl, autocepbl H TPOAYKTOB pasaoxenns BoAabl. CooTHOUIEHHe
MeXKIy 3THMH COCTaBJSIONIHMH 3aBHCHT OT CTaJHH 3BOJIOUHH XHMH-
YECKOTO COCTaBa, CPelH KOTOPHIX MOXKHO BLIIGJHTh 4YeTHIpe 3rama:
atMocdepHblil, GHOTeHHLI, THTOTeHHBIH H HCOAapPHTEeNbHBIH.

6. Kanplii M3 BLIAEJEHHLIX 3TArnoB 3BOJIOIHNI COCTABAa  BO/bI
KOHTPOJUPVETCS TeMH -HJAH HHBIMH XHMHYECKHMH COCJHHEHHSAMH
(ruapookucaaMu, TIHHAMH, KapOoHaTaMH, cyibdaTaMu H T. 1), KO-
TOpble OTPAHHUNBAIOT HAKOMJIEHHEe TeX HJIH HHBIX XHMHYECKHX 3JIeMEeH-
ToB B pactBope. [TostoMy mo Mepe yBeJHUEHHsi CTeNeHH MHHEpaJH-
3a1HM BOJBI YHCJIO HAKATIHBAIOIIMXCH B PacTBOPE 3/1€EMEHTOB HEYK-
JIOHHO VMEHBIIAETCs, 4 XapakTep B3aHMOJEHCTBHA BOAL C MOPOAOIT
navensercs. Cocras MPOAYKTOB THAPOJN3A aTIOMOCHINKATOB oOmpe-
fensercds HCXOJHBIM COCTABOM BOJHOTO PacTBOpa, MOCTYNAIONIEro K
KOHTAKTY MOPO/IBL.
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7. ConoBbie pacTBOpel (GOPMHPYIOTCS HA ONpeleJeHHOH  CTaanu
B3aHMOAEHCTBHA BOJbI C FOPHBIMH MOPOAAMH, KOTAA CG3AAIOTCH YCJ0-
BHSI /ISl OcaxjeHusi KapOOHATOB, KOTOpble TaKiKe BBICTYNAIOT B Ka-
yecTBe cBoeoGpasHoro OGapbepa, MNPeNATCTBYIONIEr0 YCTAHOBJICHHIO
paBHOBECHS BOABI C TOPHBIMH NOPOAAMH.

8. OcuoBHble HAaKTOPbl, KOHTPOJHPYIOLLHE COCTAB MOA3EMHBIX BOI,
CONOAYHHEHL B TOH IOCAEJOBaTeNbLHOCTH, KAK 3TO II0Ka3aHO Ha
puc. 46. Ilostomy BiusiHHE TOPHBIX MOPOJ, KaAuMarta u peaseda Ha
COCTaB BOJI OKA3bIBAETCsl He NPAMBIM, a NepelaeTcds 4Yepe3 HHTeH-
CHBHOCTb BOJ00OOMeHa, OHOJOTHYECKYI0 NPOAYKTHBHOCTH JaHAwadra,
HalpasJ/JeHHOCTb NpeoOpasoBaHHd OPraHHYECKOro BellecTBa, XxapakTep
reOXHMHYeCKOH OOCTaHOBKH M HaNpaB/JeHHOCTb BHIBETPHBAHHA TOp-
HBIX HOPOI. -

9. B paGore npuBoasTcs cpeanue (KJAapKOBBIC) COAEPHAHHA XH-
MHUECKUX 3JIeMEeHTOB B BOJAX, aHAJH3HPYIOTCH 3aKOHOMEPHOCTH HX
pacnpocTpaHeHHs, MHTPAllHOHHAS CNOCOOHOCTh, B3aHMOCBA3bL COCTABA
BOL H TPOAYKTOB BHIBETPHBAaHHA, AHAJHMIHPYIOTCS JaHHLIE MO MOJAV-
J10 [0J3eMHOr0 XMMHYECKOTO BHIHOCA H OTAEJBHEIM €ro COCTaBJsl0-
wuM, o6cyxaalTess NpobJeMbl T'HAPOTEOXHMHH IPOLECCOB BBIBETPH-
BAHHA H T. JL.

Hsnoxennble B pa6oTe MarepHaJbl MNOKa3blBalT, YTO CHCTeMa
BOJla — aJIIOMOCHIHKATHBIE TOpPHble NMOPOJAL B CHJIY CBOEH HepaBHO-
BECHOCTH SIBJISIeTcsl OJHOH M3 HauboJee pPeakIHOHHOCNOCOGHBIX H
MO3TOMY KpafiHe HHTepecHbIX B obulereosornyeckom cmeicie, Mayuenne
9TOH CHCTEMBl JaeT BO3MOKHOCTb OTBETHTb Ha MHOIHE CHOPHBIE BOII-
pochl, cBfi3aHHBE C (OPMHPOBAaHHEM XHMHYECKOTO COCTaBa INIYGOKHX
(apTe3nalckHx) BOJ, TepMaJbHEIX BOA TOPHO-CKJIaIYaTHIX COOpYIKe-
HHII B ByJKaHHuecKuX obJjactelf, HanmpaBJeHHOCTbIO Inpeobpa3oBaHus
TOPHBIX NOPOJ Ha CTaJHAX BHIBETPHBAHHS, CeIHMEHTALlHH, AHareHesa
H KaTareHesa, IOJHee PACKPBITh CYIIHOCTH 3IHIEHETHYECKHX INpolec-
COB H TOJOHTH C HOBBIX NO3HIHIA K npobGiaeme (pOpMHPOBAHHA PyAO-
ofpasyluux pacTBOpoB B 3eMHOfi Kope. HakoHel, BbisiBJeHHBIE Ha-
MH 3aKOHOMEDPHOCTH B3aHMOJEHCTBHA BOABI C TOPHLIMH TOPOAaMH
no3BoJsioT Gosiee IeeyCTPEMJEHHO H3y4aTh HANPABIEHHOCTH H3Me-
HEHHA cOocTaBa BOJA BO BpeMeHH, YTO HeoOXOMAHMO NPH pelIeHHH Ta-
KHX Ba)KHBIX BONPOCOB, KaK NPOrHO3HPOBAHHE H3MEHEHHS COCTaBa BOJ
NpH JIHTEJBHOH SKCIVIyaTallHH HX MeCTOPOXKIeHHuil, 3axopoHeHHe
NPOMBINVIEHHBIX CTOKOB, OXpaHa NPHPOAHOI cpeanl H T. 1. - Bece 3ro
3aCTaBJ/JfeT PACCMATPHBATH AaHHVIO paboTy TOJNLKO Kak Havajao 6oib-
IMIHX # BasKHBIX HCC/AEJ0BAaHHH, KOTOPBbIE NOJXKIBL NPHBECTH K pelie-
HHUIO MHOTHX T€0JOrHYeCKHX mpobieM.

OuepenHble 3aJaud HccleloBaHHH 3aKJ0YAIOTCA BO  BCECTOPOH-
HeM H3YUEHHH cHCTeMbl mnoa3eMHbie Bojbl — COz — a/IOMOCHIHKATDI
H ee reoJOrHueckoil posn B (ojee TJyGOKHX HAaCTAX 3eMHOH KOpHI
NPHMEHHTENbHO K TIHAPOTEPMAJbHLIM, AHATCHETHYECKHM, KarareHe-
THYUECKHM, MeTaMmopdHuecKum u aApyrum ycaosuam. llpencrasasercs,
YTO TaKoe CHCTeMaTHYecKoe M IleJieHanpaBjieHHoe H3YUeHHe — BaXKHas
ouepennas 3ajnava Bceil reoJorui.
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