AKAJEMUSG HAYK CCCP

HAYYHBIV COBET T10 IMPOBJIEMAM
[MOYBOBEJEHHMS W MEJIMOPALIMA TOUB



V.A.KOVDA

THE PRINCIPLES
OF
PEDOLOGY

GENERAL THEORY
OF SOIL FORMATION

SECOND BOOK

B

PUBLISHING HOUSE «NAUKA»
MOSCOW 1973



B.A.KOBIA

OCHOBBI
YUEHUS
O TTOYBAX

OBLIASI TEOPUYI
[TOUBOOBPA3OBATEJIbHOT'O
[TPOLECCA

KHWTI'A BTOPASL

7l

-

U3OATEJIBCTBO «sHAYKA»
~ MOCKBA 1973



YK 631.48

KoBpga B. A, OcHoBbl yyenus o mousax, OGiuasi Teopusi [ouBoo6pa3oBa-
TeJbHOro mpouecca. Kuura Bropas.

B paGoTe paccMaTpHBAIOTCH TeOpeTHUYECKHE OCHOBLI COBPEMEHHOro yuelHs O
HOYBOOGPa30BaHNH, riaBHelmMx ¢akropax u ¢opmax nouBoofpasoBaTelLHOIO
npouecca. ITouBa paccmaTtpuBaercss Kak KOMIOQHEHT GHOCGhephl M 3KOJOTrHYecKOH
CHCTEMBl B BMECTE C TeM Kak OO'beKT TPYLa B 3eMJIeZeNHH H MeJHODALHH.

Pa6orta BEIXOAUT B ABYX KHUrax.

Bo Bropoft KHHre paccMaTPUBAIOTCS BOAHLIA PeXUM HOYBOIPYHTOB, T'€OXH-
MUST BBIBCTPHBAHHS U MOYBOOGPA30BaHMA, OCHOBHEIE (POPMBI OYBOOGPA30BATEID-

HOTO mpouecca. B KOHLle KHHI'M NMPHBOASTCHA CHCTEMaTHKa M KjiaccudHKanus
MOYB MHpA.

OTBETCTBEHHLIFI PEJAKTOP

JIOKTOP Te0JIoro-MHHEPaNOrueckuX HayK
. B. IOBPOBOJIbCKH¥

Editor-in-Chief
G. V. DOBROVOLSKY

0434—0340 g0
B(02)—T3 , © U3IATEJIBCTBO «HAVKA», 1973 r.



YACTD ITATAA

BOIHbIN PEXHM
g
[TOYBOOBPA3SOBAHHUE

$dopmMbl BOAB B NOYBAX
Bonoynep:xuBawmas cnocoGHOCTh NOYB
DNeMeHThI BOJAHOI0O peXXHmMa nous
JuHaMHKa M GaNaHC IPYHTOBBIX BOJ,

THnbl BOZHOTO pexnma u Gananc
noyBoo0pa3oBaHus



Bonuble ¢BOHCTBA M BOIHBIA pexKHM TIOYB COCTABJISIOT BaKHeHIIHil pazmed
yuyeHHs1 0 (OpPMHUPOBAHHH IOYB U HX PalHOHAJbHOM Mcnosab3oBauuu. CesoH-
Hasi QHHAMHKa I[OYBEHHBIX NPOLECCOB B 3HAUYMTEJNbHOH CTENEHH NPOTEKAEeT
IOL BO3ZeHCTBHEM NpPHPOAHBIX BoA. IIpONyKTHBHOCTH NOYB TecHeHAMIUM 06-
pa3om cBsi3aHa ¢ HX BOZHBIM pexumoM. OcymuTesnbHbIE H OPOCHTEJbHBIE
MeJHOpaluy, IpenynpexaeHHe 3acyxH, 6opbba ¢ 3po3uell U 3aco/eHHEM
IIOYB ONHUpAIOTCH Ha 3HaHHe M HCMNOJb30BaHHE 3aKOHOB IIOUBEHHOH T'HAPO-
JIOTHH. B CBOIO ouepe]b, TOYBEHHEI NOKPOB H NpOH3pAacTaloulas Ha HeM pa-
CTHTENBIOCTb UIPAIOT BechbMa GOJBIIYIO POJIb B MHPOBOM KPYrOBOPOTE BOJEL

YueHHe O BOIHBIX CBOHCTBAaX H BOXHOM peXHME IIOYB COCTABJIAET HbIHE
colepxkanne ocoGoil OTpacau MOYBOBeAeHHs — NOYBeHHON ruaposoruu, He-
CKOJIbKO TIOKOJIEHHH oTeyecTBeHHBIX yueHBIX (A. A. Mamauanckufi, B. . Port-
muctpos, I'. H. Beicouxkuit, A. ®@. Jle6enes, A. I'. Josipenko, H. A. Kauun-
ckuti, A. A. Poxne, C. Y. HJoaro) u 3apyGexunix Hccaenopatenesi (B, Kuw,
I'. Oyuxkep, P. Cxodunba, B. Tapauep, JI. Puuapnc u np.) cosmanu sty
oTpacJb TMOYBOBeleHHsA. B Tpymax Ha3BaHHBIX aBTOPOB, OCOGEHHO B MHOIO-
ToMHBIX ny6aukauusx A. A. Poje, nanaraercs nmpeaMer THAPOJOTHH MOYB
¢ HcuepIbIBaloulell NojHoToH. B HacTOosdIleM pasfese OCHOBHBIE IOJOMKEHHUS
TMOYBEHHOH THIPOJNOrMH paccMaTPHBAIOTCH B CBSI3H C BOINPOCAMH TEOPHH
0YBoOGPa30BaTEAbIIBIX [IPOHECCOB.



®OPMbI BOJ bl
B MO4YBAX

Boxa B mouBax HaxoZHTCS B TPeX COCTOSIHHX: TBEPAOM, JXKHIKOM, ra3oo0-
pasHom. [lo ¢u3HUECKOMY COCTOSIHHIO, MOABHKHOCTH, AOCTYNHOCTH H 3Haue-
HHIO /I pACTeHHH M ADPYTHX OpPraHH3MOB IOYBEHHYIO BOAY MOXHO NOJ-
pasiesuTb Ha pasjuuHble (GopMbl: MapooOpasHylo, XHMHUYECKH CBSI3aHHYIO,
(Gu3HUEeCKH CBSI3aHHYIO, KaNW/IIAPHYIO, CBOGOAHYIO: I'PaBUTAlMOHHYIO, B dop-
Me JbJa (KpHCTa/JuyecKass Bojga) U AP.

INNAPOOBPA3HAS BOJA

Bopasuble napsl cofiepxkaTtes Bceria B IOUBEHHOM Bo3lyxe, 06pa3sys ¢ HAM
HapOBO3AYILHYI0 cMecb. B GOJBIIMHCTBe CaydaeB MOYBEHHBIH BO3AYyX HACHI-
meH napamu Bogbl no 100%, npu stoM comepxaHde napooGpasHOil BOXH B
nouse cocrasaser okono 0,001Y%. Jlump kKorga mouBa yB/aaXKHeHa MeEHbILE
YpPOBHSI TakK Has3bIBaeMOH MaKCHMaJjbHO#l rurpockomHutocts (MI), Baax-
HOCTb TMOuYBeHHOro Bo3nyxa MeHbiue 100%. IIpu Bo3pacraHuM TeMmepaTyphl
yOpyroctb NapoB B IOYBeHHOM BO3JyXe BO3pACTaeT, CHHKEHHE TeMIepary-
pbl IPUBOJHUT K HACHILIEHHIO BO3AyXa lapaMH BOJAbI H K KOHJAEHCAIHU MOCae)-
uux. [lapoobpasnas Boxa HenpepHIBHO 0Gpa3yeTcs B N0YBe, YXOAUT U3 ONHHX
TOpH3OHTOB B JpYrHe H IpeBpaliiaeTcs B HHble GOpMBI BIArd NyTeM KOHIEH-
cauuu uau copbuuu. OTpHLATe/bHBIE TeMIlePaTyphl BHI3BIBAIOT OCOGEHHO
CUIbHYI0 M OGBICTDYI0 KOHJAEHCALMIO Napoo6pas3HOH BOJABL Hee HaMep3aHHe
B BHIe sbja. [lapooGpasnas BOJgA NepelBHraeTcsi B MOYBe IACCHBHO ¢ NOY-
BEHHEIM BO3AYXOM IIOJ BJHSHHEM H3MeHeHHH aTMmoc(epHOro JaBJIeHHs, TEM-
HepaTyphl, BIaXKHOCTH UM aKTHBHO — nyTeM AHGy3un Oaarofaps HaJHYHIO
rpaauenTta ynpyroctd. Ilpu ABuKeHHH BOAL B ¢GopMe mapa, eCTECTBEHHO, HE
nepeMellalOTCsl HUTaTedbHble BelllecTBa H coad. OfHako mpouecc o6pasoBa-
HUsl TapooOpasHOf BJarn BCerja CONMPOBOXKAAETCS HAKOMJIeHHEM B TOM FO-
pU30HTE, I'le NIPOMCXOAMT MCIlapeHHe, BellleCTB, GBIBIUHX B PacTBOPE.

XHMHYECKH CBA3AHHAA W KPHCTAJNJIM3AUHMOHHASA BOJA

Muorue muHepanel nous comepxart Boay: rumnc (CaSO4-2H,0) — okoao
21 Bec.%, mupabuaur (NagSO4-10H,0) — okoso 69 Bec.%, xmopup mar-
s (MgCly-6H,0) — oxoso 50 Bec.%.



Posib XpMHYECKH CBSI3aHHON BOJABI OCOOEHHO BEJHKAa B 3aCOJEHHBIX INOY-
Bax. B Hux cojepxauue coJsel, KpUCTAMJIU3YIOIUXCS ¢ GOJBIINM KOJHUYECT-
BOM XUMHYECKH CBSA3aHHOH BOXALI, MOXKET COCTaBJsATL 2—5 u paxe 20 —
30 Bec.%. B Takux ciayyasx TouBa YAepKUBAaeT 3HAUHUTE/IbHbIE KOJHUECTBA
KpHUCTANNN3aLHOHHON BOABI. V3 HEeKOTODHIX COeAVHEHHH XHMMUECKH CBSI3aH-
Has BOJA JETCKO BBILedsercsl mpH TeMmneparypax 20—25° (Mupabuaut); B
clydae THICAa OH& HauyWHaeT BHIenasiTbcs NpH TeMmiepatrype 60—65° C.

Bropuunble TJIHHHBIE MHHepaJbl TaKXKe COJAEPXKAT BOLY, BXOIALIYID B
cocTaB HX KpUcTasanueckon pemwerku (B ¢dopme OH-). Dra Boma moxer
OBITH NMOJHOCTBIO OTJAaHa JHIIb INIPH BO3AEHCTBHH TeMIIepaTyp TnOp#AaKa
165—175° a mas HekoTophix (paxuuid Boabl — 300—500° u Beume. CxomHol
dopmoft siBJsleTCS BOJA, XMMHUYECKM CBS3aHHAs B THAPOOKHCIAX IKenesa,
aJNIOMHUHNS, MapPTaHIla UIH KPEMHHSL,

KpucrannusannoHHas Bofa 10 (PU3UYECKOMY COCTOSIHHIO SBJASETCS pas-
HOBHAHOCTHIO TBepuoll Boiawel. OHa HeloJBHXKHA, pacTBopsiomuM 3ddexrrom
B OTHOLIEHHH NHTATEJbILIX BELUIECTB U COJTel He o6JanaeT ¥ COBEPIUEHHO He-
DOCTYNHA PACTEHHAM.

Henoyuer cyumecTBoBaHus OO/BIIUX KOJUYECTB XUMUUECKH CBSI3aHHOH M
KDHCTA/IN3aNHOHHON BOABl, HaNpUMep B COJOHYAKAX H TAXKENOIVIHHHCTHIX
N0YBax, MOXET CJAYXKHTb HCTOYHHKOM Cepbe3NLIX OIIHGOK IPH OLEHKe 3ama-
ca moJe3HOoi BJAard B NouBax nepel MoauBaMHu. Tak, nmpu GoJbLIIOH 3acoJseH-
HOCTH M 3aruIICOBAHHOCTH NOUB BJ&XIIOCTh Aaxe nopsaxa 259 (onpenense-
Mas nyrem BeicymimBaHua npH 105° C) mnpeicraBiena IaBHEIM 06pasoM
KpUCTAJJIH3a1HOHHOH BOJNOM, (M3HOJOrHYECKH HELOCTYNMHOM MJs pacTeHui.
B cuibHO THNCOHOCHBIX TOYBAaX BJAXKHOCTH CJAEAYET ONpeledsiTh METOLOM
cymwku o6pasnoB npu Temnepatype 60—65° C.

®HU3HUYECKH CBA3AHHAS BOJA

Bona sBiisiercsi cBO€0Gpa3HOH JKHIKOCTBIO C OCOORIMY, NPUCYLIUMH TOJb-
KO efl cBoficrBaMH. OHa COCTOHT U3 DHIXJIO ACCOHHHPOBAHHBIX MOJIEKYJ C SIC-
HO BbIpaxKeHHBIMH [HMIIOJILHBIMH CBOHCTBAMH. Tak Kak BOJA HMeeT BecbMa
BBICOKYIO JUJEKTPHUECKYIO IocTOsiHHYI0 (76—80) u HefiTpaabHyo peakiluio,
TO BBICOKOAHCIIEpCHble MHHepaJjibHbBle ¥ OpraHHWYeCKHe YacTHIbl IIOYB IO OT-
HOIIEHHUIO K BOJAE 3apsidKeHbl NPEHMYLUECTBEHHO OTPHLATE bHO. MoseKybl
BOJbI JIEFKO M IPOUHO TOIVIOMIAI0TCS, COPOHPYIOTCS OTPOMHON IIOBEPXHOCTBLIO
NIOYBEHHBIX NOP H JHCIEPCHBIX YacTHL, 00pasys IJEHKH OPHEHTHPOBANHBIX
nunousell Boabl. CTeneHb OPHEHTHPOBAHHOCTH Y NPOYHOCTb (HKCALHH COP-
OUpPOBAHHBIX MOJIEKYJ] BOABI HamboJbmine BOJH3U IOBEPXHOCTH IOYBEHHHIX
YaCTHI, U TOCTENEHHO YOBIBAIOT 110 Mepe yAasellns OT YacTHI, BO BHELIHHX
CJIOSIX TOJHMOJIEKYJIIPHBIX TJIEHOK.

ITo crenenu nOABHXKNOCTH (IIPOUHOCTH CBSI3U) PAa3JHYalOTCs IBe (GOPMH
cOpOHPOBAHHON BOALI: NPOUYHOCBSI3AHHAS — MIPOCKONHYECKAS U PHIXJIOCBS-
3aHHasl — NJIeHoYHas. ‘

®u3MueckH NpoyHOCBsA3aHHAs (IHrPocKonMyeckas) popa. Besikaa nousa
B BO3JLYINHO-CYXOM COCTOSIHHH COJEPIKHT HeKOTOpOoe (OOBIYHO He(Oo.JbLIoE)
KOJINYeCTBO THTPOCKONHMYECKOH BOABI, aJCOpOHPOBAHHOM H3 BOJSHLIX NapoB
NOYBEHHOTO BO3JyXa IIOBEPXHOCTbIO TBEPABIX WaCTHI. [ HUrpocKomuuecKast
BOJAa HaXONUTCS B IIOYBAX B COCTOSIMH, OJH3KOM K TBEpIOMY TeNy, H yAep-
JKHBACTCA y TOBEPXHOCTH HOYBEHHBIX YACTHI, OUEHb BLICOKHM [AaBJEHHEM —
10 000 — 20 000 arm.

[InoTHOCTE NMPOYHOCBSI3aHHOH BOJAE B TOYBE 3HAYHTEJHLHO BBIIIE, YEM
IJIOTIIOCTb CBOOOAHOH BOABI, M JOCTHraeT BeJAHYHH mopsaxa 1,5—1,8. Haxo-
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ASCb B NPOUHOCBSI32HHOM COCTOSIHMH, THTPOCKONMHYEcKas BOJA MOXKET Iiepe-
IBHTaThCs, JHIIb Nepexolis B GOpMY Iapa, uTO 3aBHCHT OT H3MEHEHHH TeM-
mepaTypbl W BJaXKHOCTH NOYBEHHOTO BO3AyXa. I'Mrpockonuuyeckas Boja MO-
XKeT ObITh OTAAaHa NMOYBOH MOJHOCTBIO TOJBKO NMpH Temnepartype 1056—110°C.
BesencTBie cBOelt HENOABMXKHOCTH OHa He DacTBOPAET M He TNepeMellaeT
IHUTATEJIbHBIX BEIECTB ¥ COJEH B NMOUYBaX H (PU3UOJOTHUECKH IIOJHOCTHIO He-
pocrymHa Is pacreluuit. Jlumosn cop6HpoBaHHOH BOAb OPHEHTHPOBAHBI
BOKPYT TOYBEHHBIX YACTHI, ¥ KaK Obl (PHKCHDPOBAHLI CHJAAMH IIPHUTSIXKEHHA.
'urpockonnueckas BoZa OKYTHIBAET YaCTHIB NOYB OYCHb TOHKOH ILIEHKOH,
COCTOAIILEN H3 HECKOJIBKHX MOJIEKYJISDHBIX CJIOEB, yMeHbllast CBOGOLHBIN IIO-
pOBELE 06BEM.

Conep:kaHHe THTPOCKONHUECKOH BOJABI 3aBHCHT OT MEXaHHUYECKOro co-
CTaBa [I0YB H TPYHTOB, 3HAUUTEJBHO BO3PACTasi B 'YMYCHHIX, TOP(MAHUCTHIX,
TJHHUCTHIX TOYBaX M YMEHbINASCh B cylecuaHblx u mecyaHblx. Ha cogep-
JKaHue THTPOCKONHYECKOH BOAEI B IIOUBe BJHSIOT TaKXe TeMIlepaTypa H
BJAKHOCTH BO3Ayxa. Ecayu HaBecKy NOUBH B TeueHue AJNHUTENLHOTO BpeMeHHU
ocTaBUTh B atMocdepe, 6.1M3KON K IOJTHOMY HacHILEHHIO lldpaMH BOAHL, TO
6yIeT NPOUCXOAUTh MelJIeHHOe YyBeJHueHHe COHep:KaHHs T'HTPOCKONHYECKOH
Bjaarn. OmHaxKo ¢ onpelieJleHHOrO MOMeHTa YBeJHueHHe COJAePXKaHHus THIPO-
CKOMHYECKOH BJIar¥ NPEKPATHTCSA. B/akHOCTb MOYBHL JOCTUTHET YPOBHS Mak-
CHMAaJbHO} THIPOCKONHYHOCTH.

dusuvecky pbixJaocBa3aHHas (naeHouHas) Bopa. CeoGoxuas TOBepx-
HOCTHAs 3HEPTHS BBICOKOJHMCIEPCHBIX NOYBEHHBIX YACTHH, CNOCOGHA JIOBOJBHO
Npoulo YAEpKHUBaTh, KpoMe COpOHPOBaHHBIX IapoB, HEKOTODOE KOJHUECT-
BO BJaTH, ABASOLENCS CBOEOOPAa3HOH MHOTOMOJIEKY/NSIDHOH ILIEHKOH BOKPYT
YacTHI, B yIaXx HMX CThlKa, BHYTpH Meapuaimux mop. Cuia, ¢ KOTOpo#
yAepXKHUBaeTCs TaKas pHIXJOCBsi3aHHasi (IUIEHOYHAs) BOXA Y NOBEPXHOCTH
NOYBEHHBIX YaCTHL, H3MepsieTcs 3HAYHTeNbHO MEHBIIMM JAaBjieHHeMm — | —
10 aru (Hdoaros, 1946, 1948).

[To ¢usuveckoMy COCTOSIHMIO TJIeHOYHAS BOAA HAXOOHTCA Kak 6Bl B BfA3-
Ko-xkHujgKo# ¢opme. Ilpeamosaraercs, 4TO pHIXJOCBS3aHHAs  (IJIeHOUHAst)
BOJa MpelcTaBJeHa COTHAMH pSZOB AHIOJEH, mociedoBaTeJbHO 00Jexaio-
mux oguH Apyro#. CreneHb OpUEHTHPOBAHHOCTH H (HKCHPOBAHHOCTH HHUIIO-
Jed Bojbl B IJICHKE 3HAYKTEJbHO MeHbLIasl, yeM B CJyuae ¢ THIPOCKONHYe-
CKOH BOJOH.

ITo-BunnMomy, B 3TOH CJIOXKHON M pa3iOPOAHONH KaTerOPHH NOYBEHHOH
BJIaTH HMMEIOTCA IIOCTENEHHble IepeXOAbl K COGCTBEHHO KaNHMJISAPHOE BoOXe
B yIJiaX CTHIKOB YacTHLL M TOHKHX Nopax. IlieHounas Boma crnocoGHa mepe-
JBUTATbCA B DA3JHMYHLIX HanpaB/eHHAX OT yYyacTKOB OoJblied BIaKHOCTH
(6onblLiell TOJIMHHBEL MJIEHKH) K MEHblIeH, T. €. OT GOJIBLIErO YHCJHa MOJEKY-
JAPHBIX CA0eB BOABI K MX MeHblleMy yHcJay. OIHAKO CKOPOCTb 3TOTO IBHU-
JeHus upesBblyaHHO HesHauuTeabHa. IlieHouHass BOZA OTpPaHUUEHHO M0O-
cTynHa AJa pacreHHii. OCMOTHYecKOe [aBJeHHe BHYTPHKJIETOUHOI'O COKa
pacTeHnit TO3BOJISIET KOPHEBHIM BOJIOCKaM BcachiBaTh 3Ty Boay. Ho us-sa
KpalHe MaJod TNOJBMKHOCTH IIJIEHOYHOM BOXBI pacTeHHe PAacXONyeT 3alac
Braru ObicTpec, yeM OH BOCCTAHABJMBACTCS, BCJAEACTBHE UYETO B KapKylo
CYXyIO IIOTOJly pacTelye HauunaeT BSHYTD.

JlaGopaTopHble ONBITE W HAGMIOJEHHS B MOJEBHIX YCJIOBHSAX CBHAETENLCT-
BYIOT O TOM, 4TO IVIEHOYHAasI BOJa CNOcOo6Ha pacTBOPATb M MEPENBUTATH COJH.
B uacruocTH, mepenBUrasicb K MECTY HCHAPEHHS, MACHOUHAS BOAA MOXKET
NepeHOCHTh COJIH B TOYBe B TOPH3OHTAJbHOM HJIM BEPTHKAJIbHOM HAlpas-
JieHHY Ha 4—6 m. 3amep3aHHe MJEHOUHON BOJBI 3aTPyAHEHO. EcTh MaHHEbIe,
"UTO OHa 3aMep3aeT JULIb IpH TeMnepatype Huxke mMuHyc 70, 80°.



HauGoanbliee cofepxaHne pPHIXIOCBSI3aHHOA BOALI (NJIEHOYHOH) BTIpYH-
Tax ¥ nouBax HaswBaercs, no A, @. Jlebenesy (1927), makcumanbHoOll Mo-
JgekyaspHoll Baaroemkocteio (MMB). Ilpu comepxkauuu BOAbB B TOUBE,
6nu3koM K ypoBHIo MMB, Bnara Hepeiko KOHIEHCHPYeTCS H IIOABJSETCH
KanujjaspHas BoAa. [loatomy rpanuna MexAay 3THMH ABYyMs (GOpMaMH BOIBI
B IIOYBe yCJOBHA.

BennunHa BJIaXKHOCTH MOUBBEL NIPU CONEPXKAHHU B HeH IVICHOUHOH (pBIX-
JIOCBSI3AHHOH) BJjlaTk BCerja BHILE MaKCHMAaJbHOH I'MPOCKOIIHYHOCTH, HO He
BhiLIe MaKCHMaJbHOH MOJIEKY/SPHOH BJIarOeMKOCTH.

IIpouHo- ¥ pHIXJIOCBsi3aHHAs BOJA 3aHMMAaeT HHOTAA 3HAYUTEJbHBIH 06beM
¥ YMEHbIIAET CeueHUe BHYTPEHHHX NOP M KaNHAIsApoB (mHornpa Ha 20—40%).
B nouBax M rpyHTax TsKeJOr0o MeXaHHYECKOrO COCTaBa (M3HYECKU CBA3aH-
Has BOJA MOXKeT IeJHKOM 3alOJHUTh TOHKHE IIOPH, UTO HPUBOJIHUT K BO-
JOHENPONHIAEMOCTH.

KANMWJJIAPHASL BOOA

Mounexyabl BoAbl, HaxoasLiuecs: BOJNH3H U Ha CaMOU IOBEPXHOCTH XKHUAKO-
CTH, HCNBITHIBAIOT NIPHTS2KEHUE CO CTOPOHBI MAaCChl MOJIEKYJI, JexalluX HHUxe
MOBEPXHOCTH pasfena Boja — BO3AYX. IDTo BjaedeT 3a coboil o6pasoBanue
IJIEHKH NOBEPXHOCTHOTO HATSKEHHS W pa3BHTHE BHYTPEHHEr0 MOJEKY/ISPHO-
ro gasJieHHs, poctHraiomero 11000 arx. BeanunHa noeepXHOCTHOrO HaTtd-
KeHHUsl BEIpaxaercs: OObYHO B eAMHUNAX OUH/CM, YTO COOTBETCTBYET NOBEpX-
HOCTHOH 3HeprHH IJIEHKH B ape/cm2.

Jas pasanmuHBIX KHAKOCTEH BeJWUMHA TNOBEPXHOCTHOTO HATSIKEHHS KO-
aebaerca ot 16 mo 75 ape/cm?. TloHHKeHHe TeMIepaTypbl 3aMETHO IOBHI-
IIaeT IIOBEPXHOCTHOE HaTaxKeHHe U Haobopot. Ilpn kosebaHum TemnepaTyphl
B nmpexenax 0—40° C Bsi3KocTb BOXBI H3MeHseTcss B 2—3 pasa, a IOBepX-
HOCTHOe HaTsxKenune-—Ha 109 (ta6a. 1). 310 BecbmMa pe3KO CKa3BIBAETCS
Ha BOAHOM peXKHMe T0YB M Ha IIPOCTPaHCTBEHHOH MUTpanuy pacTBOpPOB cosefl

H NUTaTe/JbHBIX BEIIECTB.
Ta6aunma 1

Temnepatypa W CBOMCTBA BOAB

t, °C IInoTHOCTh, 2/¢M® | BASKOCTB, nyasst Hagg,ﬁeﬂéﬁmgﬁe/m
0 10,9999 1,78 75,6
10 0,9997 1,30 74,2
40 0,9922 0,65 69,6

IIpn conmpHKOCHOBeHHM BOJBI CO CTEHKAMH IOP KaNWJIJASPOB BCJEICTBHE
CMAYMBaHUsl U AEHCTBHs 3JE€KTPOCTATHIECKUX CHJ B HUX 06pAa3yIOTCA MEHHC-
K4 Tem OoJiblleH KPHBH3HB, YyeM MeHblle AHaMeTp KamuaiaspoB. [loBepx-
HOCTHOE JaBJieHHe NOJ BOTHYTBIMH MeHHCKaMHu OyJeT meHblle, ueM AaBJIeHHE
NMOJ IJOCKOH INIEHKOH IOBEPXHOCTHOTO HATSIKEHHA. DTO yMeHbIEHHEe [aB-
JIeHHS] HAa3blBA€TCS <«OTPHLUATEJBHBIM KANHJJAPULIM [aBJIEHHEM», H OHO
TeM Bblllle, yeM O0J/blle KPHBH3HA MEHHCKOB (T. €. UeM yiKe 1opa MM KanHi-
JAp) U ueMm Cylle IouBa.

PasBuTtHe OTpHLATENBHOrO KalHJISPHOTO HABJEHHS H, CJAEIOBATENBHO,
SKBUBaJeHTHOH O pa3MepaM COCyIlieH CHABI BHI3LIBAET MOIbeM BJATH B Ka-
MHAIAPAX H IIOPAxX Ha BHICOTY, OTBEUAIOUIYIO KANUMJIAPHOMY HABJeHHIO (HIH
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Puc. 1. CxeMa pasBUTUSL OTPHUATEJNBLHOTO JABJiGHHA MOJ BOTHYTHIMH MEHHCKaMM B Kamui-
asgpax

Puc. 2. Cxema Kanu/uisipHOH KaBMLl M BETBHCTHIX Kamuaaapos B nouse (no ®. Ilymkepy,
1937)

cocymedl cune). [IpoHcxoauT BhITaJKMBaHHE BOJB B KalH/AJIAP, a MEHHCK
Kax Obl IOZHUMAaeT BOLY B Kanujispe. TO fBJIeHHE KANUJASIPHOCTH HIJIO-
<¢rpupyetca puc. 1.

BeicoTa (maJbHOCTB) KamH/MSPHOTO NEpelBHIKEHHUs pacTBopa ollpene-
JifeTcs MOBEPXHOCTHBIM HaTsKeHHeM (BO3pacTaer NpH yBeJMUeHHU HaTsizKe-
HHSI) ¥ pajHycoM KaNWIspoB (Bo3pacTaer c ero ymenblieyuem). Cuuraror,
4TO AJS1 BOJABL NpH TeMueparype 20° U HOJHOM IIOCTOSIHHOM CMAayHBaHHH I10-
TeHUMAJbHAsA BBICOTA KaNMJIAPHOIO MOAHSTHR YAOBJIETBOPHUTENBHO BRIpA-
xaerca dopmynon JKwopena: h=0,15/R, rne R — panuyc nop . dns xanua-
JaspoB ¢ paguycoMm R=10-¢ cu BcacwiBaiomas cuna pocturaer 150 xefcs?,
a noTeHuwaJabHasd BbicoTa MHOAHSTHS BoAb — 1,6 xkm (JIbixoB, 1950).
B peasbHBIX yclOBHSIX NPHUPOIHEIX 'PYHTOB M NOYB KaNMJISPhl U NOPHI Ta-
KOro nuamMeTpa MHPOKO BeTpevaroTcsa. o MX HempepbIBHOCTH B 26COJMIOT-
HOM GOJIBIIMHCTBE CJAyYaeB MHOTOKPATHO HApYHIeHA KPYNHLIMH HOPAaMH, Ka-
MepaMH, YETKOBHAHLIM H BETBHUCTHIM CTPOEHHEeM, KalMIIApaMu OOJBIIOrO
auamerpa, TO3TOMY peaspHOe ABHXKeHHe KalWJIgpHOH BOAL B TOYBAX He-
CPABHEHHO CJIOMKHEE,

B u3oaupoBaHIBIX BETBHCTHIX KamuUJIsApax BO3HHKAE€T MHOTO BOTHYTHIX
MEHHCKOB, MOJHUMAIOWINX M YAEPHKHBAIOIIWX BJary B nouse. B coobuman-
IHXCA Kanuanspax 6oJjlee TOHKHH H3 HAX TPAHCIOPTHPYeT Bjary Ha 6o0Jb-
IIyl0 BBICOTY W OTCacChIBaeT BJATy U3 GoJee KPYNHBIX KaNHMISPOB, HCHOJb-
3ys HX Kak IHTaioliHe pe3epByapnl (puc. 2).

TlpH mocrenmeHHOM CTeKaHHH BJATH B NEPEYBJAXKHEHHOH MOYBE ee YeTOu-
Hble, BETBHCTBle, COOOWIaOUIMeCs H H3OJHPOBAHHBE KaNWJJISADH yIEepIKH-
BAlOT OOBIYHO 0OJbINE BOJBIL, YeM IIPH yBJaXKHEHHH 3TOH 3Ke CHCTEMBI CHH3Y.
D10 Tak Ha3pIBAEMOE fBJCHME KaNMHMLISPHOrO THCTEPE3UCA, KOTOPOe HTpaer
OTpOMIIYIO DOJib B IIPAKTHKE OPOLIAEMOTO 3eMJIELENHS H COJEBOM DEXHME
TIOJHUBHBIX TTOYB. :

! Papuycel nop nas IpyHTOB pa3Holl ynakoBkd, mo A. A. Poxe (1965), cocraBasior 0,29—0,73
OT pajiHyca YacTHL, TPYHTa.
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KanuisipHasi Biara psfoM yueHbIX paccMaTpHBaeTcs Kak CBOGOAHAT —
rpaBHUTAlMOHHAS BOAA. B M3BECTHOM CMBIC/IE 3TO BEpHO, TAaK Kak KamHi-
AsIpHAst BOJAA B KAKOM-TO CTeNeHH 3aBHCHT OT CHabl Tskectd. OxHaxo xa-
MAMISApHAS Blara BO3HMKAeT M CYLIeCTBYeT B NOYBE NOJA BJIHMAHHEM 4YHCTO
du3nUeCKHX KanuVIsIpHO-MEHHCKOBBIX CHJI, YAEPKHBAIOIMHX 3Ty BOAY B
C/TIOXKHON TOHKOMOPHCTOM cHcTeMe mous. IlosToMy oma He sBJsercs abco-
JIHOTHO CBOGOIHOM.

TIpounocTh CBA3H KamHAISPHONH BOLbl ¢ IOYBOH BhIpaxaercs paGoToOM,
KOTOPYIO HeOGXOJMMO 3aTPaTHTb AJs YAaJeHHS 3TOH BOAB M3 TOYBLL By-
kuaiem (1907) HasBam aty paboTy «KamMIISIPHBIM ToTeHuuanom». Kamui-
JADHBIA MOTeHHMaJa OyZeT TeM Bbllle, yeM IOYBa CyIlle, TaK KaK C YMeHb-
IIeHHeM BJAaXHOCTH IOYBH YBeJMUHUBAETCs KPHBH3HA MEHHCKOB BOJHI, CO-
XpaHHMBIIeficss B CAaMBIX TOHKHX TOpAX, H, Cef0BaTeIbHO, HX cocylas ( Bo-
nonoxbeMHas) cuaa. Tak, cyxas mouBa BcackiBaer BJIary ¢ cuiof go 1010 dun
(Pone, 1966).

KamunnspHeld motedunuans, T. €. BeJHYHHA HaTSXKEHHS — BCACHIBaHHA,
BLI3LIBAEMOTO MEHHCKAMH TPH PasJHYHOM COAEPXKAHHH B TOYBE KAMHJISAP-
HOH BOJBI, M3MepSAETCcs ClelHaJbHBIMH NpHOOpaMH (KanmWIJIsSPUMETp, TEH-
3MOMeTp) M BEHIpaxaercs B aTMocdepax, CAaHTHMETPAxX BOASHOTO cToj0a MK
nauHax M Gapax. Ilpu nomomu NogoGHBIX NpuOOPOB MOXKHO OIpPENeNIHTh B
nouBe (paKTHUECKYIO BJAXKHOCTh (MO IIKaje, CBA3bIBAIOLIEH BJIAXKHOCTD M
KanWJIspHBIN TOTEeHUHa ), BO3MOXKHYIO BBICOTY KalM/JISAPHOTO TOLHATHA
BOIH B AaHHON nouse, AU depeHnraJpHyI0 NOPO3HOCTh (IO IIKaJje, CBA3HI-
Balolllell COCYINYio CUIy W BeqnuuHy nop). Ha puc. 3 BHAHO, 4TO HaWBEICLIHE
TI0Ka3aTesqd KalHLISIPHOrO MOTeHNHala, ONpefessieMble TeH3HOMETPOM, CBOf-
CTBEHHB TOJCHIXAIOMMM T[JIHHAM H CYIVIHHKAM.

Ckoduan (Schofield, 1935) npenmoxun BrIpaXaTh BCaCHBAIOUIYIO CHIY
(BcacheBawouiee JaBJieHHE) KaNWMISPHEIX MEHHCKOB He YHCJOM CAaHTHMETPOB
BOASHOro crosba, a AecATHYHHIM Jorapudmom 3toro uucia pF.Toraa, Ha-
npuMep, AaBjaeHue nopgaka 1 ars, oxono 1000 cu BoasHOro cronba, 6ynaer
COOTBeTCTBOBaTh pF=3, a naBjeHHe, pa3BUBaeMOe MEHHCKaMH B CyXOH 1oy-
Be, nocrurapomee 10000 arm, npumepHo 10000000 cu, BeIpasuTcs HHIAEK-
com pF==7,0. Ckodung noxasaj, yTo MeXIy BeJHYHHOH BJAXKHOCTH, €€ H0-
CTYNHOCTBIO ¥ TOJBUKHOCTBIO, C OJHOH CTODOHBI, H BCACHIBAIOIIMM JaBJe-
HHEM — ¢ IpYTOH, CYIIeCTBYIOT TecHasi CBSI3b W 3aBHCHMOCTb (Tabi. 2), XOTs
¥ ¢ miaaBHHIMH nepexoxamu. C 3TOH TOUKH 3peHHs, pemralomiuM ¢GaKToOpoM
NOApAa3feseHUs] NMOUBEHHO! BJard Ha KAaTEeTODHHM M BHABI SBJSETCS 3Hepre-
THYeCKHH (HaxKTOp, T. €. MPOYHOCTb CBSI3M H BeJHYMHA CHJ, HEOOXOAMMBIX
JUISL yAaJieHusT aTol Bjar# (NOTeHnWas, AaBjeHue).
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TaGaupma 2

3aBHCHMOCTD MeXAYy BCAcChiBAIOWIUM JABJCHHEM H JOCTYNHOCTHIO
BJIATH

dopma Baaru i’;ﬁﬁi‘ﬁ‘gﬁ‘;ﬁ) 3HayeHHe OIS pacTeHHH
CeoGognas — HocrynHa
Kanunaspaas <3 »
Tnenoynas 3—4 DocTynHocTh TOHMIXEHa
Tlpounoces3anHas 4,1—4,2 | Ycroliunoe 3aBsajaHue
T'arpockonnueckas 4,6—7,0 | Hepocrynua
Cyxad mousa >7 »

Hecymas cuia MeHHCKOB, T. e. paboTa, KOTOPYIO OHH MOIYT IIDOH3BECTH,
NOAHAB BOLY Ha ONpeneJeHHYI0 BBHICOTY, OyneT Tem OOJblile, yem MeHbIIE
pajuyc 1op ¥ KaNHJJIspOB, HHauye roBops, yem OoJiblle KpUBH3HA MEHHUCKOB.
TTockonbKy T'PYHTHI H IIOUBBI CHCTEME! BEICOKOZHCIEPCHBIE, MEHHCKOBBIE CHJIHI
HpOSBJASAIOTCH B HAX TeM CHJAbHee, uYeM TAXKeJee HX MeXaHHUecKHH COCTaB.
WimeHHO mosToMy MOuYBH CIOCOGHB! yAepXKHBaTb B CBOeH TOJIle H Iepe-
IBHraTh Ha ONpefeJeHHOe DpacCTOsfHHe KanuaaapHylo Boay. KanuiaapHas
BOJa TepeaBHTraeTcss B CTOPOHY MeHbllled BJIaXKHOCTH KakK B BEePTHKaJbHOM,
TaK U B TOPH3OHTAJbHOM HanpasieHun. ITocienHee, ¢ yueToM thakropa Bpe-
MeHH, MOXeT IIPOMCXOZUTb Ha 3HayHTeJbHble PacCTOSHHA.

Ilo husHuecKOMY COCTOSHHIO KaNMIspHAs BOAA KHAKasd. [Ipu oGBUHBIX
npejelax TeMIepaTyphl KamHAIspHas BoAa CBOOGOAHO HCIapsieTcs ¢ IOBepXx-
HocTH MeHHCKoB. Eciu HcnapeHue cHUMaeT ¢ IOBepXHOCTH MEHHCKOB 4acTb
BJIaTH, TO NPH NOCTOSHHOM HCTOUHHKE YBJIAXXHEHHA HOBBHIE MNOPIHHU BOIHI
6yoyT MOCTyNnaTh B KaNMHJJISP, CTPEMACh K TOMY YDOBHIO, KOTODBIf OTBEUaeT
pazmycy xanuaaspos. OTpHUAaTe/bHbBE TeMIlepaTypbl IPUBOAAT K 3aMep-
3aHNI0 KanuaaspHoil Boabl. CHHIKeHHe TeMIlepaTypbl TOYKH 3aMep3aHus
KalWWIApHOH BOAB Oymer TeMm OGoJpliHM, 4eM OOJblie B IOYBE pac-
TBODHMBIX coJsiefl. Kak OTMeueHO Bhllle, KamHJIJISApPHAs BOAA NO H3BECTHOH
CTENeHH He MOJUHHACTCS CHJE TSAKECTH, HOCKOJbKY MEHUCKH CIIOCOGHBI B TJIH-
Hax M JECCOBBIX CYINIMHKaX NOAHATb BoXy Ha 3—7 m. OIHAKo «He3aBHCH-
MOCTb» KaNMJISPHOH BOABI OT CHJIBI THkKecTH orpaHuuesa. IIpu noJuBax,
MPOMBIBKAX MJIM €CTECTBEHHOM CHJIbHOM YBJaXKHEHHH IOUB C GJH3KUMH TPYH-
TOBBIMH BOfAaMH (2—2,5 #) IPOUCXOAUT HEPeXOJ 1acTH KAMWLISPHON BOJBI
B rpaBHTaUHOHHYI0 GopMy (Kanwasphuuiil c6poc, no A. @. JleGeneny).

KanunnspHas Boda BHCOKONOJABHXKHA, C€NOCOOHAZ 00ecleYHTb BOCHOJ-
HeHHe 3anmacoB BOJBI B TIOYBe NIPU HHTEHCHBHOM NMOTpe6JIeHHH €e pacTeHHAMHU
HJIH NpH ucnapenud. OHa cBOOOJHO pacTBOPSIET M NMepeMellaeT HpH JABHKe-
HHY pacTBOPHMEIE COJIH, KOJJIOHZHEE OpraHWYeCKHe M MHHEpaJbHble COeNHu-
HeHHd, TOHKMe cycneH3nH. IlepeliBMKeHHe W HCIapeHHe KANH/LIAPHOA BOAHL
urpaeT rpoMajHyio poJab B 06PAa30BAHNU 3aCOJIEHHBIX JIOYB, CKOMJIEHUN MOJY-
TOPHBIX OKHCJIOB, BTOPHUHOro KpeMHe3ema. OpolleHHe B OCHOBHOM HalpaBb-
JIeHO Ha co3flaHHe B NOYBAX 3alaca KalWIspHOH BOIHI, NpPeICTaBJsiouIel
cobo¥i 3HayHTeJbHYI0 YacTb NOYBEHHOTO pAacTBOpa. Pas3iHualoT HECKOJBKO
Pa3sHOBMIHOCTEH KaNHJJISPHOHA BOAB B 3aBUCHMOCTH OT JIMTOJOTHY IIOYB U ee
B3aHMOOTHOIIEHHH ¢ TPYHTOBOH BOJOM.

Kanuansipao-noanepras Boga o6pasyercsi B IpyHTe  nouse B hopMe Tak
Ha3bIBaeMOH KaNnMJASPHOH KaHMbl, IpeJCTaBJEHHON C/OeM BJArH, NOAHSTON
OT 3epKaJjia TPYHTOBBIX BOX CHJIAaMH KaNMMJISPHBIX MEHHUCKOB.
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Puc. 4. Cxema pacnpejiejienus Kanuaiap-
Ho-moaneptroii (A) ¥ KamHAJASPHO-mOABE-
mendoit (5) BAark B nousax

Kak cnenyer us puc. 4 u tabJ.

Biicora noTeHINAIBHOrO TOAHATHS
KanuinagpHOH KakMbl Haj YypOBHeM
IPYHTOBBIX  BOJ  HENOCPeACTBEIHO
3aBUCHT OT MEXaHHYECKOTO COcTaBa H
CTPYKTYDHI TIOYB, OHA CHHXKaercs B Ie-
ckax u cynecsix fo 40—60 c¢u u BO3-
pacraeTr B CyrJIMHKaX M [VIMHAx 10 2—
7 m. B cayuae pacxoma Kamus/isipHo-
noAnepTod BOAB Ha TpPaHCIOHPALHIO
pacTeHHsIMM HJIM Ha MCTapeHHe 3amac
BJaTH BOCTOJHSIETCS HOBBIMH IOCTYI-
JEHHAMH M3 TPYHTOBOH BOAnI. [Togbem
YPOBHSI TPYHTOBOH BOJBI CONPOBOXAA-
eTcs HOBHIIIEHHeM YDPOBHA KaNHJJIAp-
Hol Ka#imbl. OmnyckaHue TPYHTOBHIX
BOJ, BHI3BIBAeT ONyCKaHWe YPOBHS Ka-
nuadapHolt  kadMbl. HapamuBanue
BBICOTHl KaNUMJASApHON KalimMbl (TyTeM
duabTpanuy atMocHepHoOH UK NOJHB-
HOW BOJBI) CBepX Hecyluell CHJH Me-
HHCKOB BBI3LIBA€T COpPOC 4acTH BOXBI
M3 KanuaJIsipoB B TPYHTOBYIO BOAY H
yMeHbIIEHHe BBICOTH KaMHJLISPHOM
KaH MBI

3, B pacmpelesieHHH KaNuIJIsSpPHO-NOA-

HepTOH BOAH! 10 MpOdUII0 KOHCTATHPYETCH NOCTEIleHHOe YMeHbIIeHHe BaaX-
HOCTH CHM3Y BBEDX [0 BEJHYHHB! IJIEHOYHOH M T'MTPOCKOIHYECKOH BJIa’KHO-
cTd. DTa cMeHa BJAXHOCTH MMeeT GoJjiee Pe3Kuii XapakTep B neckax M Io-
CTeNeHHOE CHUXKeHNe B CYIVIHHKAX M IVIHHAX.

Ta6auna 3

Pacnpefiesienne KanWaisipHO-NOANEPTON BOJABLI B OJHOPORHBIX 10 MEXaHHUECKOMY
€OCTaBY MOYBAX

(nannsie JI. I1. Posoa, 1956)

BaaxHocTh (%) Ha pa3auuHOl BhiCOF'e OT YPOBHS TPYHTOBBIX BOX (CM)

Mexatunyeckuit -lsleslgls 8 | | | |
cocrak Mo4B =2 ~ «© -
TI3|I1]1 |4 |ta|de|de|s|ds]de] sn

I'auna 40,5}40,0(37,5|35,2| 32,5 30,6 30,6 | 29,5|28,4127,0126,0 | 25,4 23,2
CyriuHOK TsXKe- '
T 33,4432,2|30,4{28,5| 26,6 | 25,4 25,0 24,5(24,0(23,5{22,0 (21,0 20,0
Cyraubok cpej-
HUH _ 26,4{25,7|23,2|20,4 18,5(16,9{ 14,2] 10,3| 8,5 — — — —_
Cynecn 23,5[22,0/18,4{14,3| 10,4 8,6] 5,3 — — | — — —_ —
Mecox xpymmuift (21,9(18,0111,7) 6,3 2,5 1,2} — | — | — | — | — | — —

KanuaaspHo-noasemennas Bopa o6pasyercd B 104Be B TeX CJAydasx,
KOTZa OTCYTCTBYET CBsi3b KaIlMJISPHOH BOALI, Haxoisllledcs B HOYBEHHBIX
TOpH30HTAaX, C TPYHTOBOH BOJOH. [TosBieHre KanuaaspHO-TIOA4BeIieHHON BOMIbE
B NOuBe, ee IlepelBHIKeHHe U yNepKHUBaHNe B IIOYBE CBA3aHBLI ¢ BO3HUKHOBE-
HHeM MeHHCKOBHIX CHJl B KaNHAJAApPaxX M M0pAX NPH HHCXOAANIEM JIBUKEHHH
TpaBUTALMOHHON BOMEI OCAAKOB UJHU IOJHBOB.
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B pacnpegesneHus KanwIspHO-NOABENIEHHOH BOAB MO MPOQHUAID IIOUB
B €CTEeCTBEHHBIX YCJIOBHAX HabMmioaercs IOCTeNeHHOe YMEHbIIEHHe BJIaX-
HOCTH ¢ riy6uHO# (rabu. 4). [Ipu 3TOM B mecyaHHX [IOYBAX BEJHYHHA BIIAXK-
HOCTH BCeria MeHblle, M yOLIBAHME KOJHUECTBA KaNU/ISPHO-NOABelleHNOR
BOJBI ¢ TiyOHHON BEIpaKeHO CHJbHee, ueM B IVIMHHCTHIX.

Ta6awnua 4

PacnpefeNenye KanuwiaspHo-NoNBeMIeHHOH BOAB B MOYBAX Ha OAHOPOAHBIX IPYHTax
(mannpie C. B. Acranosa, 1958)

BnaxsocTs (%) Ha pasnuunofi rayGunc (em)

MexaHuueckuli cocran
noss 0—10 | 10—20 | 20—30 | 30—40 | 40—50 | 50—60 | 60—70 | 70—80 | 80—90 | 90—100

Tsameaslit CyramHOK 40 39 35 34 33 32 31 30 29 28
Cpenuil CyrauHoK 30 28 28 28 28 27 26 25 25 —
Cynecs 2 | 23 | 22 | 20 | 20 | 17 | 15 | 13 | — | —

Kanuaaspuo-noaBelleHHass Boja crnocofHa IepeMellaTb pacTBOPHUMBIE
coau. Eciii JlerkopacTBOPHMEIE COJIH COAepIKaTes B IOJINOYBEHHBIX M'OPH30H-
Tax B 0OJbIIOM KOJHYECTBe, BOCXOAMINMI TOK KaNUJJIsIPHO-NOABEUIEHHOH
BOJBI TIPH HCIIApPEHHH MOXKeT IepeMeliaTh UX B KOpHeOGUTaeMble U MaXOTHLIE
TOPH3OHTHI, BBI3BIBasf 3acCOJeHHE TOYB C NOBEPXHOCTH. Takue SABJEHHS He-
penxo HaGJMIOLAIOTCs MPH IOJMBAX MOYB, HMEWOIIHX OCTATOYHOE MOANOYBCH-
Hoe 3acosieHne. To »Ke NMpPOHCXOJAHMT NpH IOJNHUBAxX NMOYB MUHEPAIH30BAHHON
BOMOH, KOrja YacTHYHBLIH BO3BpAT KanWAJAAPHO-NOABELIEHHON BOABLI CONPO-
BOXK/AeTCs HaKOIIeHHeM coJeH B Hcnapsiomuxcs pacrBopax. [as mnpen-
OTBpAlleHUS] 3aCOJIEHMS B TAKHX CJayuasix NPUXOAMTCS NOAJAEPKHBAThL roc-
NOACTBO HUCXOASIHIMX TOKOB BJaru HyteMm 6oJiee 4acThIX NMOJIMBOB HJU IIPO-
MBIBOK. :

CKopocTb nepelBHIKeHHS KaNHJIADPHO-NOLBELIEHHON BOAH H CKOPOCTb ee
HenapeHusa OyAyT TeM MeHbLINMH, ueM 6oJee CTPYKTYPHH TOUBHL H yeM Go-
Jee OHM 3aTeHendl. J103TOMY pHIXJIeHHe NOYB M TPABOCESIHHE SIBISIOTCA CPel-
CTBAMH YMEHBIIEHHS BOCXOAAIUMX TOKOB Bjard W cogefi B nouse. CKOpOCTb
BOCXOJAUIETO ABHXKEHHS KAaNUAJISPHO-NMOJBEIIeHHON BOJABl BOOGLIE BO MHOTO
pas MeHbLIE, yeM CKOPOCTb BOCXOJSLIEr0 ABHMKEHHSA KaNHJJISPHO-IOLIEPTOM
BOJbl, HENOCPEICTBEHHO NMHUTaeMOH I'PYHTOBBHIMH BOJaMH.

Kanuansipro-nocaxennast poga. Pasnuyaior Tperbio pasHOBHAHOCTb Ka-
NUJAIAPHOH  BOJAB — KalWJJISIPIO-TIOCAXKEHHYI0. KanuaispHo-nocazkennas
BOMA 00pa3yeTcd B MOUBEHHBIX NOPaX H KaNMWJJAApAax B cjyduae 3aMETHOM cJo-
UCTOCTH TPYHTOB, KOTla TOHKONOPHCTHIH INIMHHCTBIN UIH MeHee CTPYKTYpPHbBIK
TOPH3OHT NMOACTHJAeTCss TOPH3OHTOM IleCuaHbIM, (oJjiee PHIXIAbLIM HAH GoJee
CTPYKTypHBIM. B 3THX cayyaax Omarogaps pasphlBy CIJIOLIHOCTH KaIHJLISIp-
HOH BOJBI Ha NOBEPXHOCTH pasfeda TOHKOJHCIEPCHOrO H [PYCGORKCHEPCHOTO
FODH30HTOB BO3HHKAIOT JONOJHHTE/bHbIE HHXKHHE MEHHCKH H Pa3BHBAIOTCH
no6aBouHble HeCyIHe CHJbl. DBiaronapsi BIHSHHIO JONOJHHTENbHBIX MeHH-
CKOBBIX CHJI HpH NeEpecJaHBaHHH MEJKO3eDHHCTHIX W I'pYGO3epHHCTHIX TOPH-
30HTOB TMOYBA B I€JOM MOXKeT yAepKaTb AOMOJHHTeNbHOE KOJHYECTBO Ka-
OWISIPHOR BOJEI, KOTOpasi Kak Gbl «IOCa)kena» Ha AOMOJHHUTEbHBIE KaTH/I-
JIApHEIe MEHHCKH HHXKHeH IJOBepXHOCTH TOpH3O0HTa.

Pacnpefienenye KanuajasapHOR BOABI B CJIOHCTOM NOYBOTPYHTE MOITOMY
OTJIHYAETCS OT pacnpefeelHs Kanuaspllofl BOIbl B OAHODOAHOM TPYHTe.
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BMmecto paBHOMepHOTO yOLIBAHHMA BJArH BHH3 110 NPOGUIIO0 B CJIOHCTOM TPYH-
Te JOIOJHHTENbHEIE MEHUCKH HA KOHTAKTe CJ0E€B Pa3/IHUHOTO MeXaHHUeCKOro
coCTaBa JAAYT CTYIEHUaThle NOBHIIIEeHUs! BAaxkHOCTH. [1oaTomy npm npoyux
paBHBIX YCJOBHAX BJAXKHOCTb CJIOHCTOTO IpYHTa BCerzZa Bbllle, yeM BJaXK-
HOCTb OJHOPOZHOIO TPYHTA.

JMcKpeTHas KanuiaaspHas BOAa. BeIACHHIOCH, HTO, KPOME CIJIOLIHBIX
¢OpM KanWIsIpHONH BOABI, B NMOYBAX CyIUECTBYyeT AHCKPETHAs KaNWJIspHas
BOJla — HETMOABMXKHAA, HO (U3UONOrHYECKH IIOJHOCTBIO AOCTYyIHAas pacre-
HHusiM. DTa Boja NpejicTaBleHa CJAOXKHOH CeTKOl MHKpOKameJb H MEHHCKOB
B yrJaax TOp, B TOUKAaX CTHIKA YACTHL, B H3OJHPOBAHHBIX MAaKPOKAUHAIIpPaX.
dTa Bjara yAEPKHUBAETCH CUJIAMU MEHHCKOB, BTATHBAIOIUUX IIPH BHICHIXaHHH
NOYBH BOAY B BUJE KJMHA IMy0XKe B [OPY HJAH B yToJ CTHKa Yactuiu. bBaaro-
Iapsi paso6IIeHHOCTH MEHHCKOB, HAXONAIIUXCS B OTAENbHBIX MHKPONOPaX,
H HaJWuMI0 KPYUHBIX BO3AYIIHBIX NY3BIPBKOB YIJIOBAasi BOJAA -HENOABHXKHA,
HO OHa JOCTYIHA pacrTeHusM H oOmaapaer pactsopsiomum 3¢pdexrom. OnHa-
KO B CBSi3W C HENOJABMIKHOCTBIO M HHUTOXKHOCTBIO 3amaca JOCTYNHOH BJary,
COOTBETCTBYIOIEeHl 3TOH (OpMe BOABI, pACTEHHS MOTYT OBICTPO ee pacXolo-
BaTh, NIOCJE Yero HacTynaeT MX 3asafaHue. Koria kamui/isipHO-BIaxHas
NOYBa MOJABEPTaeTcs IPOCHIXAHHIO, TO NOC/HAe HIBECTIOrO CHUIKEHHS 3anaca
BJIaTH CIJIONIHOCTb KanW/ISpHOM cHCTeMBI Wcyedaer. Hacrynaer pasphis ka-
nwaasipaofi cBssu. IlepeaBrkeHue BJIATH, COJEBBIX pPacTBOPOB M HHUTATENb-
HBIX BeIIECTB INpeKpallaercd. BJaaXHOCTb paspblBa CIVIOIIHOCTH KallHJJs-
poB (BPK) siBasiercst 0cO60H KOHCTAHTOH BOAHO-(DH3HUECKHX CBOHCTB IIOYBLI
(Poze, 1965).

W3 paccMOTpeHHOro OYeBHAHO, YTO NOABHIKHOCTL H OBICTPOTA NepeiBH-
JKeHHUs KalWISpPHOR BOJAHL B NOYBAX 3aBHCAT OT YPOBHSA BJAXKHOCTH U (HH3H-
4eCKO#l MPHPOABI NOUB M NOuBoOOpasyloIux nopod. IIpu GoJblioli BAaXKHO-
CTH, KOTZa B MEeXaHH3M BKJIOYEHBl KaK MeJKYe, TAK M KPYIIHblE KaNWIJIAPH,
YTO MMEET MECTO uallie B N0uBax ¢ OJHM3KHMH IpYHTOBBIMH BOJAMH, JABHXKe-
HUE KATUAJIAPHOH BOAbI TPOHCXOAHUT Haubodee GwicTpo. Ilpn noumxeHHOM
BJI22KHOCTH CKOPOCTh KalMJIAPHOrO NEpelBHKEHHA pacTBOPOB yMeHbIIAeT-
cdl, a C MOMEHTA Pa3phiBa CILIOMIHOCTH KaNU/JISPOB.ABHKEHHE NPEKPalaeT-
Csi TIOJTHOCTBIO. :

Uem Gosee IIMHHCTAa NOYBa, TeM NOTEHNMAJbHO OHa OoJee crnocobHa
NepefABHTaTh KaNWJIISPHYIO BJary Ha Codbllde paccTostHEs. Ho B TsKeqo-
TVIHHHCTBIX TOYBax INIPOYHOCBSI3aHHAA BOJAA MOMKET NPAKTHUECKH «3ameda-
TaTh» CBOHNM 00beMOM KaNWJISPHYIO CHCTEMY U GJOKHPOBaTh BOLY, Ipe-
KpaTHB JBHXKeHHe KaNmwaJdsaApHOX Baard. Kpome rToro, paspeis CIJaOLI-
HOCTH KaNW/ISipOB B INIMHUCTBHIX TI0UBAX HACTYIAeT NPH OTHOCHTEJIBHO BHICO-
KMX TNOKasaTeanx BjaaxkHoctd. [lo3ToMy peanibHOe KamHANAPHOE HOAHATHE
H Tlepe/BHXKEHHE BJAaTH B TAXKEIOITHHHCTHIX MAaJdOCTPYKTYPHBIX NOYBaX B
Hpupoje pelko mnpembiaiT BenuuuHy 180—200 cu. Bonpexu teopernye-
CKHM pacCyXJeHHsIM, OCHOBAHHEIM Ha ONBITAX H NMEPECyeTax NPHUMEHHUTENbHO
K OZHOPOAHEIM HCKYCCTBEHHBIM KaNIISPHBIM CHCTEMaM, B NpaKTHKe IOU-
BOBeJleHHS H MeJIHOpALMH YCTAHOBJIEHO, YTO HAUGOJBLIYIO CKOPOCTh H BEICOTY
KanWIAsPHOTO TiepelBUKEHHS BJIATH OT 3epKaJja MPYHTOBHIX BOJ HMEIOT Jéc-
COBUAHbIE CYTJIHHKM ¢ GONBIUNM CONepKAHHEM MBLJAEBATHIX HACTHIL H TOHKOH
MHKpocTpykTypofi. M3BecTHO, uTO JécchHl M JIECCOBUIAHLIE CYIVIHHKH Y306eKHu-
craHa, Tamxukucrana, ITpukacnuicKoll HHU3MEHHOCTH HHTEHCHBHO MNOJHHU-
MaloT KalOuJAJspHBle PacTBOPHI OT 3epKasa IPYHTOBHIX BOX Ha BEICOTY 3—
4 M, a B ocnabieHHON 3ameieHHod dopMe 1 Ha 5—7 u.

Uewm 66abmag yacTh KaNMIJASPHOHR BOJB B OYBAX NIPEACTABAEHA THCKPET-
HBIMH QopMaMu H yeM MeHbIle OCTAaTOK, NPHXOASWIUACA HA KO0 COBCTBEH-
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HO BLICOKONOJABHKHOH KaNU/SPHON BOAHI, TeM 3amac BOABI B IIOQUBAX MeHb-
Ile NOABEpKeH IMOTePSIM 3a CUeT PacCacHIBAaHHA M NePeJBHKEHHsA K oyaram
HCHapeHHsI.

ArpoHoMuyecKu CTPYKTYpHEIE NOYBbI, OTJIHYAsICh BEICOKOH CIOCOGHOCTBIO
HaKanJHBaTh U 3alepKHUBATh KalHJISPHYIO BOLY, BMeCTe ¢ TeM OJaromaps
HaJMYHIO KPYIHBIX OP U pa3oOuieHHOCTH Gosbllell YaCTH KaOHIASIPHON BOJbE
VIep:XHBAIOT ee B NOCTYNHOH DaCTeHHAM, HO MaJONOABHXHOH (M IIO3TOMY
MeJJIeHHO ucnapsirollelicsa) ¢gopume.

B pacnblienHbx moyBax NpH TexX XKe BeJHUYHHAX BJIAXKHOCTH, HO BCJIELCT-
BHe npeoGJafaHus BLICOKONOABHKHBIX (OpM KamMWIJAsIPHOH BOAB 3amac

BJaru MOZKeT 6bICTpee H3pacXoA0BAThCs HA HCIAPEHHE UM KanuaJasipHOe pac-
cacblBaHHue.

CBOBOJJHAS BOJA

CBoboaHas Bofa HpeACTaBjeHa B NMOYBAX HECKOJbKHMH Pa3HOBHAHOCTS-
mu. lasi Hee XapaKTepHBl XHAKOE COCTOSIHHE, CTPeMJIeHHe K BepTHKaJb-
HOMY — HHCXOAlleMy (HJH GOKOBOMY — IIO YKJIOHY MECTHOCTH) MABHKEHHIO
IOA BO3AeHCTBHEM CHJBI TAXKECTH, BLICOKHH pacTBOPAINHH 3ddexkT u cno-
COOHOCTD IlepeJBHIaTh B PACTBOPEHHOM COCTOSIHHH COJIH, KOJIIOHJIHBEIE pacT-
BOpBI, TOHKHE CYCIeH3HH.

TlpucyrcrBue cBOOOAHOM BOAB B NOYBE CBHAETENLCTBYET O TOM, 4TO JHOO
NOPOBOE NPOCTPAHCTBO 3alOJIHEHO BJIArod W mpeles yAepxkKuBawoollel crnocob-
HOCTH MEHUCKOB IlepelilieH, JH60 cBOGOAHAs BOZA NpOpBajach N0 KPYIHHIM
HOJIOCTAM.

IIpucyrcTBHe 3HAUMTETBHBIX KOJIMYECTB CBOOOAHOH BOJHL B IIOYBe $B-
JseTcsl TPU3HAKOM HeOGJaronpUsATHHIM, CBHIETEJIbCTBYIOUIHM O BPEeMEHHOM
HJIH TIOCTOSIHHOM H30BITOUHOM VBJIAXKHEHMH H 3a60JauMBaHuHM, uTO OOLIUNO
BBI3BIBAET aHa3pOOHBIe H IJVeeBhle NPOIeCCH, CHHKAIOUINE YPOXKaH ceslbCKO-
X03AHCTBEHHHBIX pacTeHul,

OcymnreqabHele MeJHOpaUUH HanpaBJieHbl Ha YMeHbIIeHHe 3allacOB CBO-
6OJHOMI BOJBL B TIOYBAaX.

I'paBHTaUHOHHaA BojAa. B xauecTBe OCHOBHOI PasHOBHJHOCTH CBOGOXHOM
BOABI PasjguualoT I'PABHTALHOHHYIO BOAY, T. €. BOLY, KOTOpas B JaHHBIH MO-
MEHT NIPOCAuYHBAETCS B NMOYBE B HHCXONSAIUEM HAH OOKOBOM HalpaBAEHHUH.
ITosBneHne mpocaunBalouledicss BOABl CBA3aHO ¢ HAKOMJEHHeM B TI0YBE BJja-
TH, TpeBHILIAIOINEH IIeCYLIYIO CHJIY MEHUCKOB B Kauuaaspax. [loctemennoe
HaKoIlJIeHHe BOALI B NOYBE BJjeueT 3a co00#l yMeHbIIeHUe KPHBU3HHI H YILJIO-
HleHHe MEeHHCKOB, yMeHbIleHWe CcOCyIuell CHAbl, BhI3LIBaeMo# uMH. B pe-
3yJAbTaTe TO KOJHMYECTBO BOJH, KOTOpPOE NpeBhHIIIaeT BOLOYAEPHKHUBAIOIIYIO
CIOCOGHOCTb NMOYBB, HAYHHAET HOJ BO3JeHCTBHEM CHJIBI TSHIKECTH IepelBH-
ratbCsd B HUCXOOSAUIEM HaHpaBJ]eHI/II/I.

T paBuranuonnas Bojga MOXKET AOCTHTaThb 3epKaja FPYHTOBI:IX BOJ.I, Ha-
C/IaNBATHCSl HAa HHX M NOBHINATh HX ypOBeHb. B ciaydyae GosbILoH ryyGHHEL
3aJleraHHus TPyHTOBEIX BOJ TpPaBUTAlHOHHAs BOAA B Npoluecce HUCXOASILIETO
ABHXKEHHs NOCTENEHHO paccachiBaercsl, MepeXOAs B COCTOSHHE KaMHIISAPHO-
DOJBellleHHOH ¥ NJEeHOYHOH BOJEIL.

IpynroBas Boaa. Bropoil pasHOBHIHOCTbIO CB060I[HOPI BOJBI B NOYBax H
rpyHTax siBjsieTcs TpyHToBas Boja. OHa ofpasyercs NpH 3aNOJHEHHH Bcel
CKBaXKHOCTH T'pyHTa CBOGOZHOH BOAOH. DTo MOXKeT OBITh pesyJbTaToM Ha-
JIHYHSl BOJLOHENPOHHIAEMOr0 FOPU30HTA, 3aAePKHBAIOLIEr0 HUCXOASIIHA TOK
TpaBUTALMOHION BOJB, a TaKXKe INpeBbllleHHd o6beMa INoOcCTynamlie# rpa-
BHTAILHOHHON BOJABI HaJ 06b€MOM €€ OTTOKA.
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OG6pasoBatue rpyHTOBBIX BOJ MOXKeT GBITb TaKMKe CBA3aHO ¢ HANoOpoM M
BBIKIMHHBAHHEM TAYOHHHBIX TOA3EMHBIX BOJ HJIH (OpMHpOBaHHeM TIpyH-
TOBOTO NOTOKA B TIPEATOPbAX, PEUHBIX AOJIHHAX H JeabTaX. IIpH HaJuunH B
1I0YBE. TPYHTOBOK BOIbI BCe IIOPOBOe INPOCTPAHCTBO 3aHATO BJArof, XOTH
2—3% obbeMa MOTYT GhITh NPEACTABJIEHB NySBIPbKAMH 3alleMJEHHOTO U
TIOMVIOMIEHHOTO BO3AyXa. BuiaKHOCTL BOJIOHOCHOTO TOPH30HTA IOJ ypOBHEM
TPYHTOBOH BOABI NPHOMMMKAETCS K BeJHYHHE TOPHCTOCTH 3TOTO T'OPH3OHTA,
T. €. U3Mepsercs Beauuunod 40—559% ob6bema,

Onnako o6beM NeHCTBHTENBHO CBOGOLHON BOXBI IPH 3TOM He paBeH
40—55%, a 3HauMTeNbHO MeHblle — mopsifika 3—59% B riunax, 7—109% B
cyrauukax u 12—15% B cynecsix u neckax. OcraBllmiics Noc/e BHYETA 3THX
BEJMYHH O0BeM MOPOBOTO NPOCTPAHCTBA BOLOHOCHOTO TODH3OHTA 3aHAT
KalWJJASPHOH, IUIEHOYHOH M THIPOCKONHYecKOH Bojpol. CBoGoOmHAas Boaa
3aHHMAaeT JIMIIb TaK HA3BIBAEMYIG IPABHTALUOHHYIO NOPUCTOCTb BOJOHOCHOTO
ropusoHTa. O6beM CBOGCAHOM BOABI, COJEpKAIIEHCS B BONOHOCHOM TOPH-
30HTE, BHIPAXKEHHHH B NPOLCHTAX, Ha3bBaeTcsd KOIQGMHIUEHTOM BOLOOTAAYM.
IT10T KO3 (PHIKYEHT MO3BOJIAET MOACUATATH KOJUUECTBO CBOGOLHOH BOMHI,
KOTOPYI0 HEOOXOAMMO H BO3MOXKHO OTBECTH IIPH OCYINHUTEJbHBIX paborax HiH
DY CTPOHTEJbCTBE APSHAXKHEIX YCTPOHCTB B HaCOCHBIX KOJOMIEB. '

[ToBepXHOCTb YPOBHS| TPYHTOBOM BOABI, YCJOBHO HasblBaeMasi <«3epKa-
JIOM», NpHOJIUXKAETCS K FOPH3OHTAJIBHON JMU00 HAXOIUTCH K MOCJAeTHelH MOJ
HEKOTOpbIM yrioM. B ofmem Brae pesbed IOBEPXHOCTH TPYHTOBBIX BOJK
IIOBTOPSIET H OTpaxaer pesbed) NOBEPXHOCTH. :

I'pysroBas Boja MoxKeT OBITH 3aCTOHHOI. B 3THX cayuasix pasBHBaIOTCS
HHTEHCHBHbIE aHApPOOHBIE IPOLECCH, a B YCAOBHSX CYXOUO W KAaPKOTO KJH-
Mara iIpd JJUTETbHOM HCNapeHHH TPYHTOBHIX BOJA B HHX HAaKalJHBAIOTCA
6oJbllIREe KOAHUECTBA COJIEeH.

['pyHToBas BoJa MOXKeT HMeTb TakKxe OOJNbUIMH HJIH MeHBHIMH OTTOK,
€CJiM BOJOHOCHBIE T'OPH3OHTH OTIHYAIOTCH T'PYOLIM MeXaHHYECKHM COCTaBOM
HJIH BBICOKOH CKBa)XHOCTbIO. HanbGoablie#l NOABHKHOCTHIO FPYHTOBHE BOIEBE
OTJIMYAIOTCSH B IeCKaXx H rajieYHHKax, HauMeHblleH — B IVIHHaX.

B musMeHHOCTSIX ¢ MaJjio pacu/ieHeHHBIM peabedoM FpyHTOBast BOja 3ane-
raer 6ausko or noBepxHoctH (1,0—2,5 #) ¥ Yepes KanUAAAPHYIO KaHMy
cHa6XaeT pacTHTeNbHBIA OKPOB BJIArofl (JyroBele YCJIOBHS, THAPOMODQHbIH
pexuM). Ecau rpyHroBasi Boga MHHepaJH30BaHA4, TO HCHapeHHEe KANHIAAD-
HOH BOJbl BHI3LIBaeT 06pasoBaHKe CONOHYAKOB (B YCJOBHSX CYXOro Xapkoro
KauMara). A

Ha Bomopaszenax, nmpeirOPHbIX paBHUHAX, Ha [PEBHUX BBLICOKHMX Tep-
pacax, pacCeyeHHBIX PeKaMH W OBparaMu, TPYHTOBast BoJa 3ajeraer 00bYHO
Ha GoJablLIO} r/yOuUHE, MCK/IOYaIoUleli BO3MOXKHOCTb YYaCTHSI KaNHJJIsSPHOM
KafiMEl B NOYBOOGDPA30BATENbHLIX Ipolleccax M NMHUTAHMU pacteHmii (raybxe
10—15 #).

Jlen. OcoGoil pa3HOBHIHOCTBIO CBOOOJHON BOABI ABJsIETCA Jie], T. €. BOAQ,
HAXOASIIasgcss B COCTOSTHHM TBEPAOTO KpHCTaJdJIHueckoro rtena. [losBienue
BOAH B (DOPME Jbja MOXKET MMeThb CE30HHBI HJIH BEKOBOH Xapakrep.

Ce30HHOe NOsBJEHHE BOAH B NMOUBax B (opMe JbAa, TaK Ha3blBaeMas
Ce30HHAas MepsJIoTa, CBA3aHO C 3MMHUM NMEPHOLOM U HMeeT BeCbMa Bapbupyio-
Y10 NPOAOJIKHTENbHOCTb, KOTOpas 3aBHCHT OT IPOLOJNMKHTENbHOCTH 3HM-
Hero mepuona M xapaxrepa Bechb. Ce3oHHas MepsjoTa Hrpaer GOJbIIYIO
pOJb B BOAHOM peMXHMe II0YB, CIIOCOGCTBYS KOHAEHCALMH I1apoo6pasHol
BOZHI, NEPEX0Y KaNWISAPHOK BOIB B JIeJ U TeM CaMbIM BBI3BIBAfl B TEUEHHE
XOJIOJIHOTO BpEeMEeHM Tojia HakoljleHHe OOJBLIOTO 3amaca BJaard B BepXHeH
YacTH NOYBEHHOTO Mpodus '

18



B ceBepo-BocTounbiX pafioHax Esporefickoil yactu U ocoGeHHo B Asuart-
ckoit yacty CCCP mmmpoxo pacmpocTpaHeHa «BeuHas» Mepasnora. [louso-
TPYHTH, HAXOASALIHECA B COCTOSIHHM BEKOBOH MEpP3JIOTH, XapaKTepH3yIoTCs
MHOT'OJIETHHM NpeObIBaHHeM CBOGOXHOH BOLL B COCTOSIHHM Jbna. ToJma
Mep3aoTH Moxer xocruratb 200—300 x. IToBepxXHOCTHBIH TOPH3OHT Meps-
JIOTH B 3aBHCHMOCTH OT BPEMEHH roja MOXKeT H3MeHSTb CBOE HOJOXKeHHe Ha
1,5—3 x, onyckasicb B TeueHHe JeTa W NMOAHUMASICh A0 NOBEPXHOCTH 3HMOIL
3amachl JbZa B «BEYHOMEP3JOM» NOYBOTPYHTE B JieTHee BPeMs 3a4acTyio
HrpawT pojdb, aHaJOTHYHYIO IPYHTOBOH Bofe. Jlex mpHM oTTamBaHuy, Inepe-
X04f B XKHIKOE COCTOAHHe, SBJISETCS HCTOYHHKOM 00pa30BaNus KaNHJISIp-
HOA BOZbl M KaNMHJISIPHOTO BOCXONSIIETO JBHXKEHHsSI TIOYBEHHBIX PacTBOPOB
C nepeMelleHHeM PacTBOPEHHBIX COeMHEHUH K IOBEePXHOCTH.

[losepxnocTHas cpoGonnas Boja. HaxoHen, ciexyer ynoMsiHyTh NOBEpX-
HOCTHYIO CBOGOIHYIO BOLY, CTEKAIOLIYIO MO YKJOHY MECTHOCTH B IePHOJIHI,
KOI'/la IPHTOK 3HAYHTENbHO MPEBLIIAET CKOPOCTh BIUTHLIBAHUS ¥ (QUIBTPALUH
BJATH B IIOYBE.

B Taba. 5 naloTcs OCHOBHBIE XapaKTePHCTHKM pPacCMOTPEHHBIX (opm
BoAbl. I'paHMIBl MeXAYy HAMH YC/JAOBHEL H He Bcerda uerkd. Heo6xopumbl
H3MEHeHHs] B HOMEHKJiaType H Kaaccudukauuu ¢opm. BoAH. YXe H
cefuac siCHO, YTO IOABHIXHOCTb PA3JIHYHBEIX (PopM BOAH GoJiee BCETO sBAAETCH
(QyHKuyel BJaXKHOCTH, JHCIIEPCHOCTH IIOYB, COCYILEH CHJIBI MEHHCKOB, copG-
U1 H ocMOTHYecKHX cuJ. OIHAKO A/ NPAKTHUECKHX ILesell NPHHATHE I0j-
pasneseHns (OpM BOJH ZOCTATOYHO XOPOIIO OGBACHAIOT SBJEHHS BOIHOIO
pexHMa MoyB,

Ta6auma 5
IaasHeiimye dopMel Boabl B mouBax
JocTynHoC T
: Cpasb ¢ nousolt pacTeHusiM npH _
Qopma BoAH (uitn COCTOSIHNE TlogBUXHOCTL | Mafllofi MHHe- . Tlepemsuxenue conedt
BOAB! B IIOYBE) paJiu3aluy
Xumuuecks cpaAsanHas | XuMuuecKan Henozenxna Hegoctynna Her
Hapoobpasnan B noysenHoMm Bo3- | TlopsHikHa » »
ayxe
.
Trrpockonuyeckas Ancopbunonnas Mo- | PukcHpoBana » >
JSeKysspHas -
ITngnounasn MoneKynstpHas Ouenp MaJlo Manogoctynsa | MexneHHoe B Haupan/eHHH
TOARIKHA (yBananue ucnapeHua
Kanunnsipuas MenunckoBast TlozpnxHa HocTtynna B HanpamieHHH HCNapgHHSA
N . . ¥ MenbleH BIaKHOCTH
I'paBrTaunonHas CofopHas Tlopsaxsa » TlpenMymjecTBEHHO B HHC»
(HUCXOANIUM XOASILEM HanpaRIeHHH
TOKOM)
Tpynroran > Togsuxua » TlpenmymecToenro B Goko-
BOM HaIPaBJCHHH
Jleg » Henopsuxksa Hepocrynna Her
TToBepxHOCTHas » TloaBHkHA HoctynHa ITo yKJIOHY MeCTHOCTH




BOOLOYIAEP)X UBAIOLLIAA
CIIOCOBHOCTD
Nno4B

Bonoynep:kuBamwias CocOGHOCTh NOYB ONPeleNsieTcsi HX BJArOeMKOCTBIO.
I'naBHBIM hOopMaM BOXEI COOTBETCTBYIOT ONpefesieHHbe BHAB BJIArOEMKOCTH
noys. PasjguyaoT ciaefylonmive BHABI BJAroeMKOCTH IIOYB: MOJIHYIO, KallHi-
ASpHYIO (NpelenbHas MoJieBas BJArOeMKOCTb), MAKCHMAaJbHYIO MOJEKYJsip-
HYI0, MAKCHMaJBHYIO TUTPOCKONUUHOCTD.,

NOJIHASL BJIATOEMKOCTL TNOUYB (MB)

ITonnas BaaroeMKoCTb — CIIOCOGHOCTh TOYBBHI BMECTHTB B CBOEH TOJIILE
BOLy B o6beMe, COOTBETCTBYIONIEM NOPO3HOCTH (CKBaXKHOCTH) MOYBHL. Beuy-
upHa MOJHOH BJAroeMKOCTH Kosnebmaercs B mnpefnenax 40—509%, omyckaschk
unoraa no 30% u BospacTas B OTAEJbHHIX cayuasx 1o 809% ob6beMa HOYBHL
‘B nepecuere Ha | ea moJHas BJAAroeMKOCTh IOYBOTPYHTOB B cjoe 1 m mpu
ckBaxHocTH 40—50% cocrasaser 4000—5000 x3/ea; nast 2-MeTpOBOrO €JOS
3Ta peanuuua jgocruraer 8000—10000 m3/za. Hanuune 3alieMieHHoro,
PacTBOPEHHOrO W aAcOpPOMPOBAHHOTO BO3AYXA HECKOJbKO YMEHbIIAeT 3TH
BesnunHbl (Ha 5—109%).

ITonHas BJAAroeMKOCTh JA€T BO3MOXKHOCTH HNOJACUHTATH TO MAKCHMAaJbHO
BO3MOXKHOE KOJHYECTBO BOABl BCEX KATETOPHIi, KOTOPOE NOYBA B COCTOSHHH
BMECTHTb B CBoell Tosule. M iHaue roBops, MoJfHas BAArOeMKOCTh XAPaKTepH-
-8yer BOJOBMECTHMOCTb, HJIH BOJOEMKOCTb, IouBH (rpyHra). CocrogHHe mOJ-
HOr0 HacHIEHUs TPyHTA BOAOH XapaKTepHO AJisT TOPH3OHTOB TPYHTOBHIX BOI,.

KANMJANAPHAS BJAATOEMKOCTb (KB)

KanujnsapHas BJIaroeMKOCTb — CIOCOGHOCTh NOYB ¥ FPYHTOB YAEPKH-
BaTh B CBOEH TOJIIe MaKCHMaJIbHC BO3MOXKHOE KOJHUECTBO KaNMHJISIPHON
Boan (Ges mepexona ee B rPaBHTALHOHHYIO (hOpMY), BEIpaxKeHHOe B BECOBBIX
nin 06GbEeMHBIX NPOLEHTAX HIHN B Ky6HUecKnx MeTpax Ha | ea. KanuansapHas
BJIArOEMKOCTb, TAKHM 00Gpa3omM, npeicTapiser coO0oll BepxHHi mpefes BOJO-
yaep:KUBaloUel CloCOGHOCTH IOYB, OOYCJIOBJIEHHBIH KAWL PHO-MEHHCKO-
BEIMH CHJIaMH. [103TOMY M BeJHYMHA KANMJUIIPHOH BJIarOEMKOCTH (KamuJ-
AsipHON BONOYJepiKuBawouiel cnoco6HOCTH) B OOMWEM COOTBETCTBYET Kamui-
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JIAPHOM CKBaXXHOCTH NOUB U IpyHTOB. [TocKO/IBKY IpaHHIA W pa3/Hyus MeX-
Ay Kanu/IsSpHON H HeKaNHIIAPHON CKBaXKHOCTBIO B NI0YBAX YCJOBHBI H Tpel-
CTaBJEHH pAJOM HEPEXON0B, NOCTONBKY H BeIHYHHA KaNWJAAPHONH BJArO-
eMKOCTH HECKOJbKO YC/IOBHA, OHA H3MEHSAEeTCH B 3aBHCHMOCTH OT psala (ax-
TOpOB.

Ilpu 6anskom saneranun (1,5—2,0 u) ypoBHS TIDYHTOBBIX BOJ, KOTAA
Kanu/IspHas KaiMa CMauuBaeT TOJILY NOYBHI O NOBEPXHOCTH, KATMHJJISAD-
Hast BJIaroeMKOCTh IIOYBHl XaPaKTEPH3yeTcss HAUGOJBIIAMY BeJHUYHHAMH, TAK
KaK KalUINsPHAS BJAroeMKOCTb B JAHHOM Cilyd4ae 06yCaOBIEHA CyMMapHOH
BCACBIBAIOLIEH NEATEJNbHOCTbI0O MEHHCKOB TOHKHX H KPYIHBIX IOD H Kaluj-
AspoB. B 3TOM Cilydyae KamujJsipHAs BJArOEMKOCTb COOTBETCTBYET MAaKCH-
MaJbHO BO3MOXKHOH BeJIHYHHE COAEPIKAHHs B I0YBE KaNHJJIAPHO-NOANEPTOH
Bonbl. HauGosee TOUHO BeIHUKHA KaNHJJISIPHON BJIArOEMKOCTH ONpelesieTcs
B 3TOM cJydYae B Ioje NYTEM YCTAHOBJIEHHS IIOCHONHON BJAXHOCTH OT
MOBEPXHOCTH MOYBL! IO YPOBHA TPYHTOBHX BoA. st 1,5-merpoBoro ciaos
cpefHeCYTVIMHHCTHIX NOYB 3T0 c00TBeTcTBYeT 30—40 06.%, nau oxomao 4500—
6000 x3/za.

B caydae ray6okoro sajleraHus YpOBHs TI'DYHTOBHIX BOI KalHJAJspHAsS
BJIArOEMKOCTb IIOYBHI CBSI3aHa TOJBKO ¢ pabOTOH CPaBHUTENIBHO TOHKHX NOP
¥ KanHuaasipoB. B 3ToM ciayuae ee BeauuuHa COOTBETCTBYET MAaKCHMAaJabHO
BO3MOXHOMY 00'beMy yIepXKaHHOH B MOYBe KANUJJISIPHO-NOABELIEHHO BOMIHIL.
BeannynHa BaroeMKOCTH B C/IyYae KaNHJJISPHO-TOJABEIIEHHON BOAM KOJeG-
JeTcss B 3aBHCHMOCTH OT CTPYKTYPHL H MeXaHHYeCKOro cocraBsa IOuYB B Hpe-
zenax 20—35 06.%, uto cocrasisier aas 1-merpoBoro ciaos 2000—3500 x?/ea,
a aas 1,5-merpoBoro —3000—5250 u3/za. .

OueHr 4¥acTO BJArOEMKOCTh B OTHOIIEHHH KAMHJLISAPHO-TOABELICHHOMK
BOIBI Ha3HIBAIOT HamMeHbllleli Baaroemkocteio (HB). dror tepmun, BBeneH-
uwtit I1. C. KoccoBuuem (1911}, ocHOBaH Ha mjee 0 TOM, YTO B OYBAX Iay6o-
KOTO YPOBHA TPYHTOBHIX BOJ HeT MOANHPAIOILEr0 BJAUSHHASA BOCXOASIIEH
KanuJJaapHOl KafiMbl M NMOPHCTAs NOYBEHHAS CHCTEMAa YIep:KHUBAeT TO Hau-
MeHbliee KOJMUYECTBO BJATH, KOTOpasl OCTAeTCH Iocae CBOOOIHOTIO . OTTOKZ
FPaBHTAIVIOHHOH! BOJHI.

KanuanspHas BJIaroeMKOCTb MOXeT OHITb OINpene/eHa Ha MOHOAHTE B
71a60paTOPUH HIIH B IIOJIEBHIX YCJAOBHAX METOLOM NPEIBAPHTENBHOIO NIUTENb-
HOTO YBJIQXKHEHHs] IOYBBl TAKUM O00BEMOM BOJbl, KOTODPHIH 3aBEJOMO NpEBHI-
waeT BOAOYAepXHUBawOIyio cnocobHocTh nmouBwl. IlepeyBnaxkneHHass mousa
OCTaBJSAETCA HA H3BECTHOE BpeMs 3aLIMIIEHHON OT HCMapeHus. I paBuUTanyoH-
HOIl BOfle B TeYEHHE HECKOJbKHX [Hell IpemsoCTaBJasSeTCsl BO3MOXKHOCTb CBO-
604HO CTeub H3 NOUYBEHHBIX TODHU30HTOB. 3aTeM ONpefefsercs KOJHYeCTBO
BJalH, yAepKaHHOH B NouBe. Jra BeJHyHHA M OyZeT COOTBETCTBOBATL Ka-
NUJAspHON (MOABEIIEHHON) BJAarOeMKOCTH (HanMeHbIle#d BJaroe MKOCTH) 10Y-
Bhl. KanusasipHas BJaroeMKOCThb, ONpefle1eHHas IJsd TOJEeBbX KOHKPETHBIX
yCJIOBHHN, Ha3bIBAETCS MOJEeBO¥ BIATOEMKOCThIO (TNOJEBOH Ipenesb-
HOH BJIaroeMKOCTBIO, TIOJIEBOI BOLOYAEPKHBAIOLIEH CIIOCOOHOCTBIO) MOYBHI.

TlouBa B €CTECTBEHHBIX YCJIOBHAX 3aJeraHHsl He MOMKET ylepXkKaTh KanuJ-
AspHON BoAnl GoJblie STOrO <IpelelbHOro» KoauyecTBa. Bespacranue
BJIaXKHOCTH IMOYBEI CBEPX €e BOJOYAEPKHBAIOIIEH CNOCOOHOCTH BHI3HIBAET
o6pasoBanue TPaBHTAIOHHON BOJAB, CTEKAWIeHd B HHCXOAAIEM HanpasJe-
HYH MJH NHTAlONIel TPYHTOBBIE BOJBL. _

[Momarye «<npenenbHas nojeBas BanaroemMkocTtb» ([1I1B) nous
ABJAETCA BAXKHOH THAPOJOTMYECKOH XapaKTePUCTHKOH, IIMPOKO HCIOAB3Y-
eMoil'B TpaKkTHKe BOAHBIX MeJauopanuil. BeswuuHa npenenbHOil MNoJeBOR
BJIaTOEMKOCTH 3aBUCHT OT psilia $akTopoB.
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ITouBEI TIMHHCTOrO TSXKEJNOI0 MEXaHHUYECKOro COCTaBa HMEIOT GOJBIIYIO
BEJIMUHMHY 10J1eBOH BiaroeMkoctd —3500—4000 #3/ea s 1-meTpoBoro cios,
MOYBHl JIETKOrO CYNeCcYaHOTo M NMeCYaHOTO MEeXaHH4yeCcKoro cocrasa —2000—
2500 m3/ea. TTouBEI ¢ XOpOLIO Pa3BHTOM KOMKOBATO-3€PHHCTOH CTPYKTYpOil
O6LIYHO HMEIOT YMepeHHble CpeJHHe NOKa3aTeJH IOJEBOH BJATOEMKOCTH —
2500—3000 m*/ea past 1-MerpoBoro cjosi; GeCCTPYKTYPHBIE NMOYBHI XapaKTe-
pusylorcs GoJiee BLICOKOH BeAHUYUHOM MOJIEBOH BJaroeMkoctd. Huxke mnpu-
BOJATCS BEJHYHHBI IT0JIEBOM BJIArO€MKOCTH IOYB Pas/UYHOTO MEXAHHYECKOI'O
cocraBa B 9 or ckBaxuoctu (Posos, 1956):

Hecononuena- CoJioHuepaThe

ThIe T10YBbI afeld:i
[ aunst 90—93 95—98
Taxkenrse CyrasHKY 7585 90—95
CpeZuue CyTJIMHKH 6575 80—90
Jlerkue Cyrauskd ‘ 55—65 70—80
Cynecyatble FpyHTEL 45--55 65—170
CnuavcTole necku 35—45 55—65
Hecku . 25~-35 45—55

Kak 3T0 fCHO U3 IpeJbIAYIIero H3JIOXKeHHS, I0JeBasi BJAaroeMKOCTh 3aBH-
CHT TaKxXe OT NOJOXKeHHs TI'DYHTOBHIX BOJ, CHJIBHO Bo3pacrasi B C/Iy4yasx
6/1M3KOr0 ypOBHs IPYHTOBHIX BojJ (KamuajspHas KailMa B mpejenax HOYBEH-
Horo mpoduas) ¥ yMeHbIIAsCh MPH IIIyOOKOM IOJOKEHHH I'DYHTOBBIX BOZ.
Tak, npu 6auskux (1,5—2 M) rpyHTOBBIX BOAaXx ¢ yrayGJeHHeM Ha KaxKJble
10 cm rny6xke 50 cu BedHMYHHA IIOJEBOH BJAAroeMKOCTH BO3pacTaer Ha
2—3%, a mpu oueHb IVIyGOKMX I'DYHTOBBIX BOIAX — YMeHbLIAeTcs Ha Kax-
nble 10 cu Ha Ty XKe BeJHIUHY.

HeonHOpOZHOCTb W CJAOHCTOCTb IIOYB MO TNMpOGHI0, B YaCTHOCTH CMeHa
MEeXaHHUECKOI'0 COCTaBa H CTPYKTYPHOTO COCTOSIHHS FDYHTA, CHOCOGCTBYIOT
YBEJHUYEHHI0 CYMMAapHO! BeJIHYHHBLI II0JIEBOH BJIarOEMKOCTH BCEro HPOGHJIA.
3710 06BSCHAETCA TEM, YTO BOJH3H MOBEPXHOCTH pasfena MeKAY COCeXHHMH
CJIOSIMH BBILIEJNEKAIINE CJA0H HMeeT MOBHILIEHHYIO BJAXKHOCTb 3a cueT 06pa-
30BaHHS JOMOJMHHUTENbHBIX MEHHCKOB H JONOJHHUTEIbHON BOAOYAEPKHUBAIOLLEH
Croco6GHOCTH (KaNUJMSPHO-IOCAXKEHHAA BOJAA).

3Hasi BeNMUYHHY HpPENeNbHOH BJATOEMKOCTH INOYBHL H COIIOCTABJSA C Hel
BEJIMUHHY BJIaXKHOCTH, 3a(UKCHPOBAHHOM B NOYBE HA OMNpe/eIeHHBIl MOMEHT,
MOKHO OIIEHHTb COCTOSiHHE H QOPMY BOIBI H ONpeNeNHTh HanpaBJieHHe [BH-
JKeHHus Biaard. B Tex cayyasix, Koria BJAaxHOCTb IIOYBEL BHIIE BEJHYHHEI IIpe-
JNENbHOH MOJEBON BJIATOEMKOCTH, HMEIOT MeCTO HHCXONsAIHe TOKH IpaBHTa-
HMOHHOH BoApl. B ciyuae, Korga BJAXHOCTb BEePXHHX T'OPH30HTOB MeHbIIe
[OJIEBOH BJATOEMKOCTH, INOTOK KAalWJJAADHONH BOJAbl HAIpaBJjeH OOGLIYHO
KBEPXY OT 3epKaJia IPYHTOBLIX BOJ.

MHorounc/IeHHBIMA HCCAeIOBAHHSIMH Ha ONBITHBIX CTaHUUAX H B MpO-
H3BOACTBEHHBEIX YCJIOBHSX YCTAaHOBJIEHO, YTO ONTHMaJbHAs BJAXKHOCTb MOYB
JIJIs PasBUTHA CEJIbCKOXO35fCTBEHHBIX PACTEHHI B YCJOBHAX OpOHICHHS
Kosebserca B npenenax or 100 mo 70—75% oOT 1OJEBOH BIArOEMKOCTH.
Orciofia CJENYET, UTO B MEXKIIOJHBHbBIE TIEPHONBI OTHOCHTEJBHAS BJIAXKHOCTD
HOYB Mepej oYepeAHHIM HOJHBOM He NOJXKHa omyckaTbes Hmke 70—75% or
II0JIEBOH BJIarOEMKOCTH.

PasHocTh MeXAy BEJMYHHON IIOJEBOH BJIArOEMKOCTH U (aKTHYeCKOH
BJIaKHOCTBIO [I0OYBHI IIePeJ OUepeLHbIM IIOJHBOM HasblBaeTcst HePHIUTOM
BAAXKHOCTH RO NOJEBOH BJATOEMKOCTH,
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Heduuut BIaXXHOCTH K0 NOJNEBOH BJArOEMKOCTH B YCIOBHSX OPONIAEMOTO
X03sHCTBa JIONKeH OniThb He §OJbLIE, YeM Pa3sHOCTb MEXIy NOJEBOH BJaro-
eMKOCTBIO U BenuuuHol 70—75% moneBodt BiaroeMkoctd (Ha IVIMHAX H
cononyakax 80—85%). Ecau Bennmunna ¢akTuueckoll BJIaXKHOCTH Nepex
nosnBoM HuXe 70—759% or mosesoit Biaroemxoctu (Hampumep, 60—509%),
TO pacTeHHss GYAyT HCULITHIBATL AENPECCHIO B PA3BUTHH, YTO BHI3OBET CHHXKe-
HUe ypoxas. XJNOMYATHWK B TAKMX Ciayyasx cOpachiBaeT CBOM ILIOLOBHIE
opradel (6yTOHEI, 3aBsI3H, KOPOGOUKH).

Takum o6pasoM, mo MOJEBOH BJArOEMKOCTH YCTAHABJWUBAWTCA pAaLMO-
HaJibHble HOPMBI MONKBOB. Ecau mpu ouyepenHoMm mosvBe mojada BOABL Tpe-
BBHICHT BeJHYHHY ne(unydTa BJar# A0 HOJEBOH BAaroeMKOCTH, 3aI1ac BOJH B
ToYBe NPEBBICUT ee BOAOYAepKHBALIYI0 CIOCOOHOCTh, MOSBATCA CBOGOIHAR
rpaBHTAUHOHHAS BOJA, KOTOpAsi HauHeT ABMUraTbCs B HHCXONALIEM HaIpas-
JIEHHH ¥ TOMNOJIHATb 3amackl TPYHTOBOH BOJBI, NOBHIILIASE HX YPOBEHb.

B npaxruke opolllaeMoro semJeneausi HHOTAA IPHMEHSIOT MOJUBEL 06e3
HOpM, OOJBIIMMH KOJHYECTBAMH BOAB, B 1,5—2 pasa mnpeBnlIalon{AMH
JedHIUT 10 MoJNeBOl BJIAroeMKOCTH. TakHe HONUBHI BHISEIBAIOT HHTEHCHBHBIN
IOXBEM YPOBHS TPYHTOBHIX BOJ, NPHOJHKEHHE HX K JHEBHOH MOBEPXHOCTH,
pasBuTHe npoueccoB 3abomayuBaHhsi W 3acojeHus. Oco6eHHO YacTo 3TO
IPOHCXOJHUT Ha HOJSX OpPOIIaeMOro pHca, IZle HEPEIKO 32 BereTauHOHHBI
nepuoj, gaercsa 30—40 TrC. M#3/ea NOMUBHON BOAHIL.

PapyonasbHO paccyMTaHHAs HOpPMa TNOJAHBA JJA HEe3aCOJIEHHBIX HOUB
JOJKHA NPeNCTaBaATh coG0ii BeJHYHHY, HE NIPeBHIUIAIONMYI0 AeQUIUT BIAK-
HOCTH 10 NIGTEBOH BJIArOEMKOCTH, 4TOOBI CBECTH K MHHUMYMY (HJIbTpaLUIo
H36BITOUHON CBOGOJHO!N BOAK B FPYHTOBBIE BOIBL

Benuunna NMOAHBHON HOPMBI BbIpaxKaeTcs CJeLYOUDINM NpocTefliuM pa-
BEHCTBOM:

M=TI—wm+x,

rie M — nonuBHas HopMa; Il -— moJseBasi BiaroeMkocTb; M — (akTHUecKas
BJAAXKHOCTb Ilepel ITONHBOM; K- IIOTEPU BOJE HAa HCIApPeHHe B MOMEHT
moJIHBA.

TlockosnbKYy H3BECTHO, UTO IIPH OPOLIEHHH OOBIYHBIX MNOJIEBHIX KYJBTYD
BJI4XXHOCTb NOYBHl He JOJKHA mepej OuepeNHbIM IIOJHBOM OIYCKAThCH HHXKe
70—75% or moJeBOK BJArOeMKOCTH, TO BeJHYHHA HAedHIHTa BJIAXKHOCTH
I1— M B GoNMbLIHHCTBE CIyuaeB JOJ/KHA ObITh He Buime 256—309% I1, uto mas
11048 CYTJIMHUCTOTO MEXAHHYECKOTro COCTaBa AJs 1-MeTPOBOH TOJIIIH COCTABUT
800—1200 #3/ea.

[TossicuM 3710 Ha caenyiomiem npumepe. IloseBasi BJIarOeMKOCTb He3a-
coneHHO¥ nouBsl paBHa 20 Bec.%, o6beMHHIH Bec nousH 1,4. Tpebyercs ycra-
HOBHTb ONTHMAJBHBIH JedHIHT 0 TOJEeBOH BJIATOEMKOCTH, KOTOPHH U OyaeT
NPeACTaBAATh ONTHMAJIbHYIO BEJHYHHY HOJHBHOA HOPMBI BOAM AJs l-MeTpo-
BOTO CJ104.

[ToneBasg BiaroeMkOCTb B abCOMIOTHOM BhIpax<eHHH OydeT cocTaBaATb
[1=2800 #*/ea; momycTuMmasi BjaXHocTb a0 moauBa— 70% or II, 1. e
1960 - m3/ea. Torma pedHuuT, a cjaeldOBaTeJbHO, H MOJUBHAsg HOpMa,
COCTaBJIS PA3HOCTb MEXAY IOJEBOH BJArOEMKOCTBIO W JONYCTHMBIM 3ama-
coM Boawbl mepen nosuBoM (2800—1960 #3/2a), 6yayt pasub 840 m3/ea.

3Hag BeJaWYHHY IOJIHON BJIATOEMKOCTH H IOJIEBOH BJIarOEMKOCTH, MOXKHO
BCerja NpeACTaBHTb ceOe BEPOSITHYIO BeJNHUHHY CBOOGOLHON T'PaBUTALHOHHOM
BOAbI, O6pasymollelica B OYBe B CJyYae €CTECTBEHHOTO HJIH HCKYCCTBEHHOTO
CHHIKEHHSI YPOBHs T'DYHTOBBIX BOJA. DTa BEeJHYHMHA HA3BIBAETCA BOAOOT ] a-
yell TpyHTA.
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Bonooraasa rpyHTa — KOMHUYECTBO CBOGOAHOH TPaBHTANHOHHON BOXHI,
ofpasywouleficsi B TPYHTE NPH CHHXKEHHH YPOBHS TPYHTOBBIX BOJ, BHIpaKeH-
HO€ B IIPOLEHTAX OT CKBaXKHOCTH (IIOJIHOH BJaroeMKOCTH), OT 00beMa IpyHTA
uaH B BHAe koadduuuenta. Kosdbduunent BogLooTIaYN CHABHO KOJe6jeTcs B
3aBHCHMOCTH OT CTPYKTYpBl, MEXQHHUECKOTO COCTABA H CKBAXKHOCTH IIOYB H
rpyHToB. O6 3TOM MOXKHO CYLHTb IO NaHHEIM TabJ. 6.

Ta6anua 6

3aBCHMOCTh BOJOOTHAYH OT MEXaHHYECKOTO COCTaBa rpPYHTOB

Tpynt ;éngzﬂc%)fozo;;:cég; %:_;;‘H;)g'bema Kospguuuent Q
Tsoxenast rausa 2—5 1—3 0,01—0,03
Cyransky 5—10 3—5 0,03—0,05
Jlerkue CyrJyIuHKH 10—30 5—15 0.05—0,15
Cynecu 30—50 15—20 0,15—0,20
IMecku 50—75 20—30 0,20—0,30

3Has BeqnuHHy Ko3(hdHIHEeHTa BOJOOTAAYH, MOXKHO IPEABUAETb BEPOAT-
HBIH TTOABEM yPOBHA TPYHTOBBIX BOJ NPH IIOCTYIVIEHHH B TPYHT CBOGOAHOM
rPaBUTAUUOHHOM BoAbl. BeposTHHII NOABEM YDOBHS TPYHTOBBIX BOJ
h (B cM) npH MOCTYIJIEHHH B HHX I'DAaBUTAlMOHHOH BOABl paBeH CJIOK IpO-
couuBlelics Boabl b (B cm), AeleHHOMY Ha K03d@HLMeHT BoxoOTAauu Q:

b ) L
h———Q—-.

W3 pesuuun x03¢unuenta BOLOOTAAYH BHAHO, UTO NPH NOCTYIVIEHHH
IrpaBHTALMOHHOH BOABLI HHTEHCHBIOCTh IIOJBeMAa YPOBHSA TPYHTOBBIX BOJ BO3-
pacraer Tem OoJbille, YeM THAXKesjee MeXaHUYECKHH cocraB TrpyHra. Tak,
B IVIHHAX KaXIKI MHJJIAMETp NPOCOUHBIIENCS H MOCTYIHBIIEH B [PYHTOBLIE
BOZABI TPABUTALUOHHOMN, BOABI MOXKET IOBBLICHTH YPOBEHb TPYHTOBOH BOAHL HA
3—10 cm, B cyrauHKax —Ha 2—3 cmM, B NleCKax 3HAYHTE/bHO MEHBIIE — Ha
0,3—0,5 cx,

3uas nedUUUT BAAXKHOCTH 10 [I0JEBOH BJarOEMKOCTH, MOXKHO YCTaHOBUTb
TO KOJHYECTBO CBOOOXHON IPABHUTALLMOHHON BOJbl, KOTOpOe IOABJASETCS B
TOJIIle TOPH3OHTOB MOUBH NIPH €C YBJIAXKHEHWH CBepPX BOAOYJepXKHBAOLIeH
cnoco6HoCTH, KOJIMUECTBO MPAaBHTALHOHHON BOABL, 00DPAa3yIOUIEHCS IIPH 3TOM
B TOJLIEe T'PYHTA, NPEACTaBJIsieT COO0H Pa3HOCTb MEXAy 00beMOM NOLAHHOMH
BOJBl M o6beMoM AeduIHTa 40 TOJEBON BJIAlOEMKOCTH, YTO MOXKET OBITh
HOKAa32aHO CJeAYIOUHM BBIpaKeHHEM:

B = M— (IT—wn),

rie B —rpaBuranuontas Boxa; M — Boxa, NOCTynuBLIAas Ha MOYBY CBEDXY;
IT — nosieBasi BAarOEMKOCTb; M — 3amac BOJHI B IIOYBe.

Taxkum 06pasoM, KanmwIIspHas BJIAaroeMKOCTb H ee DPa3HOBHAHOCTb 1A
TNOYB, HAXONAIIHXCS B KYJAbTYpe, TAK HasbiBaeMas noJaeBas (IpeleiabHas)
BJIATOEMKOCTD, SBJAAIOTCS BaXKHEHIIHMH MTOYBEHHO-THIPOJIOTHUECKHMH Xapak-
TePHCTUKAMH, Ha 3HAHHH KOTOPBIX H NIPABUJIBHOM IPUMEHEHHH JOMKHO 6asu-
pOBAaTbCs PALHOHAIBHOE PEryJH[OBaHHe BOJHOTO pEXHMAa MOYB H OcCyule-
CTBJIEHHE BOLHBIX MeJaHOpalui.
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MAKCHMAJIbHASI MOJIEKYJIAPHAS BJIATOEMKOCTh (MMB)

MakcumasbHast MOJIEKYJ/IPHAS BJAAroeMKOCTh SIBASICTCS BEPXHHM Tpe-
LeJIOM - COlePXKaHHg B TI0YBax (H3HYECKH PHIXJIOCBI3aHHON (IJIEHOUHON)
Boaul. IloHsiTHe O Hell BBeieHO B moyBoBeneHue A, @. JleGemeBriM. YBeaHue-
HHE 3anaca BOABLI B IIOYBe CBEPX MAaKCHMAJIbHON MOJEKYJSPHOH BJaro-
€MKOCTH CONpPOBOXKJAeTCs NOSBJeHNEeM MOABUKHON KaNMIJISIPHOH HJIH Haxe
rpaBUTauHoOHHON BoAbi. IIpu BJ2XHOCTH, COOTBETCTBYIOLIEH MaKCHMaJbHOM
MOJIEKYJIIPHOH BJIATOEMKOCTH, B NOYBE CYIIECTBEHHBIX 3aMacOB IIONE3HOH H
IOCTYNHOH PACTEHHSIM BOABI IIPAKTHYECKHU. HeT.

Beanunna MakcHMaJbHON MOJEKYJIsIPHO{l BJArOEMKOCTH 3aBHCHUT OT AHA-
MeTpa YacTHll, caraloux NoYBbl H rpyHT. OHa He6osbliass B IecKax H
OYeHb BBICOKAsl B IMIHHaX. DTo BHAHO u3 naHHBIX A. @. JleGemena (1936) 1
C. B. Acranosa (1958):

MMB, MMB,

06. % 06. %
Kpynueiit necox 1,57 159315 40—45
Cpeanuii necox 1,60 IoazomucToie 7—18
Meakuii necok 2,73 YepHO3eMB 20—28
Ouenb MeJKHE NeCoK 4,75 KpacHosewmst 30—36
Cyraunku 8—12 Ceposemnl 11—15
Jlécent 20—23

Taxk xak MOpO3HOCTb IVIHH COCTaBJseT OKOMO 55—60%, Boga mpH Maxch-
MaJIbHOH MOJIEKYJAPHON BJaroeMKOCTH B IMIHHAX Moxer HA 70—7H9% 3anoxa-
HHTb NOpPOBOe INpocTpaHcTBO. IJOCKONBKY nJieHOYHAs BOJA OTHOCHTCS K
KaTeropHy MAaJoNOABHXHON, BA3KOH BOABI, B [VIMHHCTBHIX I'DYHTAX H IIOYBaX
oHa OOYCJOB/iNBAaeT BO3HHKHOBEHHE HENPOHHIAEMOCTH HJs IAPYrux dopm
BOJEL H BO3LYXa.

Makcuma/bHasg MOJEKY/IsIPHAS BJIArOEMKOCTb SIBJAAETCS BeCbMa BaXKHOM
NOYBEHHO-THAPOJOrMIECKOH XapakrepucTHkof. [Ipu conocraBienun ¢baxTu-
YeCKOH BJIXKHOCTH IIOYBBI C MAKCHMAJbHOH MOJIEKYJSPHOH BJaroeMKOCThIO
MOXKHO YCTAHOBHTb, HMeEETCS JH B [0YBe NOIBHXKHAS KamWIsIpHAaA Boxa
(B cayvae npesbimieHHs (QaKTHYECKON BJIaXKHOCTH BEJWIMHB MAKCHMAaJbHOH
MOJICKYASPHOH BJATOEMKOCTH).

K BesnunHe MaKCUMaJbHOH MOJIEKYJSPHOH BJATOEMKOCTH OJH30K KO-
¢bHuIVeHT 3aBANAHUA, T. €. TO COJepXKaHHe BOIH, NpPH KOTOPOM pacreHue
Baner ¥ rubger. O6uyHO KO3 PunHeHT 3aBafaHus Ha 2—3Y HHUXKe Beau-
YHHB MaKCHMAaJbHOH MOJeKYyJIspHOl BaaroeMkoctd. ITosTomy, comocraBass
BeJIMYHHY MaKCHMAJbHON MOJIEKYJSIPHON BJIATOEMKOCTH ¢ (haKTHYeCKOH
BJ2aXHOCTbIO, MOXXHO BBIICHHTB, CYLIECTBYET JH B IOUBE 3amac JOCTYNHOH H
TOJIe3HOW PaCTeHUSIM BOAHL MJM 3TOT 3amac OJH30K K HCUEPIAHHIO.

YMeHbllIeHWe 3amaca BOAH B NOYBE Nepel MOJHMBAMH O yDOBHS MAaKCH-
MAJBHOH MOJIEKYJSPHOH BJIArOeMKOCTH HEXEJaTeNbHO, [OCKOJIbKY NIpH 3TOM
BCJEACTBHE MAJOH MOABHKHOCTH IJIEHOYHOH BOIBI HauHHaeTcss YTHeTEeHHE
pacreHni, OTCTABaHHE MX B POCTE, a B KapKHe NepHOJbI JeTa — cOpachiBaHHe
JHCTBEB W IVIOLOBHIX OPraHOB.

MakcumanbHasi MOJIEKYJASPHAST BAATOEMKOCTb ONpeleNsieTcss B IPYHTax H
NoYBaX HECKOJbKHMH MeToLaMu, mnpenioxeHHHMH A. @. JlebGenesBnM
(1927): npu momoIny cBepXMOLIHOH neHTpudyru (yckopenue oxono 70 000 g
¥ 4ncao o6opoToB okoso 50000 B 1 MuH.), OTXKAaTHA CHJILHBIM IPECcCOM
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(66 x2/cm?) BAAXKHON MOUBH, MOMEILEHHON MEXAY JIHCTKAMU (DHJBTPOBAJD-
HO# 6ymary, ¥, HaKOHEl, METOJOM ONpeJeNeHHs YCTOHUYHBO He H3MeHSIoumel-
€Sl BJIAXXHOCTH B BHICOKOW TIOYBEHHOH KOJIOHHE, IIPeABAPHTEILHO HHTEHCHBHO
yBnaxnenno. A, ®. JleGenes cumtajy, 4TO yxKe TpH ycKopemuu 18 000—
20 000 g MPOHCXOAHUT OTHeJeHHe KaNM/JISPHOH BOJABL, a OcTalomiasics Bjara
COOTBETCTBYET MAKCHMaJbHOH MOJIEKY/ASIPHON BJIaroeMKOCTH.

Hoseiilne uccnenoBaHus, OfHAKO, NOKA3aJd, YTO INpH yBEJHYEHHH
MOIIHOCTH IEHTPHDYIH HJIH NPECCOBAHUS BEIWUYHHA OCTABILUEHCS BJAAXKHOCTH
yMeHbLIaeTCs], BONpekd MHeHuio A. @. JleGeneBa, nmosarasluero, 4ro cyuie-
CTByeT pe3kasi TpaHuia MeEXIy NVIEHOYHOH H KalmWVIAPHOH BOJOH NpH g
tentpudyru 18 000.

Takum o6pasom, BeJHuHHA MAaKCHMAJbHOH MOJEKYJNSPHOH BJIAaroeMKO-
CTH He ABJSIETCA KOHCTAHTOH, XOTSl M XapaKTepH3yeT COCTOSHHE NOHHMKEH-
HOH MOABHUXHOCTH IIOYBEHHOH BJIaTH.

MAKCHUMAJIbHASL TUTPOCKONMUYHOCTb (M)

MaxkcuMajibHast THIDOCKONHYHOCTh SBJISIETCA 0COGO0H pasHOBHAHOCTBIO
BJIATOEMKOCTH II0YBHI, XaPaKTePU3YIOUIEell NpefesJbHO BBICOKOE KOMHUECTBO
Mapoo6pasHoil BOAB, KOTOPOe MOXKET OBITb YCTOMYMBO MOIVIOIIEHO M YAEp-
XkaHo mouBod (cm. Buime). ITouBa, BIaXKHOCTb KOTODOH MOCTHIVIA COCTOSIHHS
MaKCHMaJbHOH T'HTDOCKONMYHOCTH, He COpOHpYyeT Napoo6pasHyl BOLY.
BesnunHa MaKCUMaJbHON THIPOCKONHYHOCTH 3aBHCHT OT XMMMYECKOTO, MeXa-
HHYECKOTO H MHIIEDAJOrHYeckoro cocraBa noyB. Besnka makcuMaJsbHas
TUTPOCKONHUYHOCTL B IOYBAX, COAEpKAIUX I'ymyc, Topd, a Takxe 6oJbiIoe
KOJINYEeCTBO IMIPOCKONHUYECKHX cojell. UeM 6oubllie B OYBE TOHKHUX (paxiui
MEXaHHYECKOT'0 COCTaBa, TeM Bhblllle BeIHYHHAa MAKCHMAJbHOH THTPOCKOMHY-
Hoctd (pHc. 5). MasoryMycHble U JIeTKHe ONeCcYaHeHHbIe [OUBLI UMEIOT MaK-
CHMAaJIbHYI0 THTDOCKONMYHOCTE mNOpAika 2—4Y, a TIKeJoIMHHHUCTBIE H
GoraTtee rymycoMm — nopsaaka 10—12%.

MakcuManbHasg THIPOCKONHYHOCTb — BeCbMa BaXHAasi NOYBEHHO-THADO-
Jorudeckasi Xxapakrepucruka. Boxa, Haxopsimiasica B TOYBe B COCTOSIHHU
MaKCHUMaJbHOH THUIDOCKONHMYHOCTH, HEJOCTYyNHA pacTeHHsM («MepTBBHI
3anac BJaTH»); NO3TOMY yMeHbIIeHHe BJIaXKHOCTU TOYB Teped NOJHBAMH B
pasrap BereTalHOHHOTO NepHOLa A0 MAKCHMaJjbHOH THTPOCKOHHYHOCTH CO-
NpoBOXK/AaeTcs KaTacTpodHUECKUMH HOCTEACTBUAMY JJIS YPOKas.

B ta6n. 7 npuBeleHH BeJHYMHE MAaKCHMAaJbHOH TFHIPOCKOMHYHOCTH B
PasMHYHHEIX YOYBaX.

Ta6auua 7

Tpegeast KoneGaHuii MakcuMaJbHOH THIPOCKOMUYHOCTH B NOYBaxX
" MexaHuUeCKHH COCTaR mzﬁ%ﬁiﬁ:ﬁ:;“{ﬂ o TlouBk! (BepXHuft FOPU3OHT) Mag;gg:g:ggfb’n}‘zpm
TouHsl TsKedsie 20—23 IToaszo.mcTre 3—17
Cavnn 12—18 YepHoszeMul 7—15
Cyranaku 4—7 Topdsuuxu 30—40
Cynecu 2—3 Ceposembl 4—1,0
Ilecku ToHKHE 0,5—1,5 CoJoHIHE 10—15
Ileckun rpy6uie 0,05—0,1 Kamranossie 8—12
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JlaHHbIE O MAKCUMa/lbHOH THIPOCKONIMYHOCTH fAOT BO3MOKHOCTb NPUGJIH-
JEHHO BBHIYHCJAHTDL BJIAaXKHOCTh 3aBfilaHusi pacTeHuil (ko3pduuueHT 3aBsifa-
HUS). IMOHPHUECKH YCTAHOBJEHO, 4TO Ko3dduuuenrt 3aBsnanus (T. . roa-
HHIla (H3HOJIOTHYECKH NOCTYNHOR ¥ (u3MOJOruuecky HEeNOCTYNHOH BOIHL B
noyBe) B cpenHeM GIH30K K MaKCHMAaJbHON M'MI'DOCKONHYHOCTH, YMHOXKEHHOH
"a xoadpdunuent 1,3—1,5 (usoraa 2—3).

MaxkcuManbHas THTPOCKONMYHOCTH IIOYB ONpefensercs IYTeM BHAEPKH-
BaHHUs HaBEeCKH MOYBEl B BAKyyMe BO BJAXHOH arMmocdepe JO NOCTOAHHOTO
Beca. Jlas 3TOrO HABeCKy HOUBHI TIoMellaloT B 3KcHkarop ¢ 10%-HbHIM pac-
tBopoM H,SO,, KOTHA OTHOCHTeJbHAs BJAXKHOCTb Bo3layXxa paBHa 96—98%
npu 25°. Buecto HpSO4 npuMensiercss H HachimleHHEH pactBop KoSOu.

KO3¢dHUUHUEHT 3ABAJAHHA (K3)

KospdunuenTom saBffanus Ha3bIBaeTCA TaKoe COJAepKaHHe BOAH B
noyBe, IPH KOTOPOM pAaCTeHHe He MOXKeT ofecmednTtb CBOIO MOTPEGHOCTb B
BOJle, YTO M NPHUBORHUT K €ro 3aBsiflaHHI0. JTa BaXKHasg IOYBEHHO-THAPOJIOTH-
yeckas XapaKTEDHCTHKA BBelleHa aMeDHKAaHCKHMH HCClIefoBaTenaMe Bpurr-
com u lannem (Briggs, Shantz, 1912),

_ Beanunna koadduuueHTa 3aBffiaHusg BO3pacTaeT B NOYBaX 0O Mepe
yBeJHYeHHUsT MX MIMHHCTOCTH. Tak, BeaMYMHa BJIAXKHOCTH 33aBAJaHHA COCTAB-
aser (%): mecku —1—3, cymecu —4—6, cyramnku —10—12, rauHB—
20—30. T'JHHEB MOHTMODHJUIOHHTOBOTO THHa o6gazailoT OoJiee BBICOKHMH
N0Ka3aTeJsIMH BJaXHOCTH 3aBAJlaHHf, dyeM TVIHHB KaOJHHHTOBHIE.

BesnunHa BIaXKHOCTH 3aBsAaHHsS 3aBHCHT TaKXKe OT IPHPOJLI pPacTeHHH.
3acyxoycToiiyuBEle 3JaKH 3aBANAIOT NPH MEHBIIEH BJAXKHOCTH, YeM BJa-
romoGuBLle pactenns. sl NaxOTHBIX FOPH3OHTOB NOUB M 1JIsi OGBIYHBIX TIO-
JIEBBIX KyJbTyp BJAAXKHOCTb 3aBsijaHHs KojebJjerTcs, MO HaHHBIM C. U. Hon-
roBa (1948), B mpenenax 10—20%. HexocrynHocTb BOMBI Ml PACTEHHH IPH
9THX YPOBHAX BJAXKHOCTH NOuB OOBSICHSETCS TEM, UTO MOYBa YAepKHBAeT
BOAY ¢ cusofl nopanka 15—20 ar#, yTO 3HAYHUTENbHO NPEBHIIIAET COCYINYIO
CHJIy pacTeHHH.

Yem Goabllle B MOYBE OPraHMUYECKHX BELIECTB M OCOOEHHO HepasJOoxKHB-
urerocst TopGAHHCTOrO MaTepHana, TeM BHIIIE BIaXKHOCTb 3aBsaaHus (y TOp-
ta 10 60—80%). .

Takum 06pa3oM, HEAOCTATOK BOABI AJsS PACTEHMH MPU IPOYHX DaBHBIX
yCIOBHSIX B MIEPBYIO OYepelb GyNeT CKa3hlBAaThCSA Ha TMIMHHCTHIX GeCCTPYKTYP-
HEIX TIOYBaX M HA NOYBAX, COMEpXKAIUX GOJbIIOe KOJHUECTBO rpyboro opra-
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HYECKOTO BEWleCTBa. DTO CBOMCTBO TOPGSHHUCTHIX I0YB CJAEAyeT HMeTh B
BHAY IPH HX ocyuleHud. UpesmepHoe yray6ieHre ypoOBHSA IPYHTOBHX BOX IPH
OCyWeHHH TOP(QSAHHKOB HepeJKO BJIeYeT 3a cOOOH UX «MEepECYIUKY» M HU3KHE
ypoxan. Ha tophAHHCTHIX HoYBax Heo6XOAHMMO obecleyHBaTh 3amachl
JIOCTYNIHOH BJIAr¥ U JIOCTATOYHO BBICOKHH YPOBEHb IPYHTOBLIX BOJ C HOMOIIBIO:
peryJupoBaHus HLI03aMH. :

[TpucyrcrBue cosefi B moYBax TakxkKe BECbMa CHUJLHO MOHHXKAET MAOCTYI-
HOCTb BOABI [ pacTcHHH., Bemuuwna koadohHuuuenrta 3aBsfaHus 3HAUH-
TeJIbHO BO3pacTaeT B TlouyBax IO Mepe pocTa HX 3acoJeHHocTH (tala. 8).
[TosTomy Ha 3aco/eHHBIX NOYBAaX HEJOCTATOK BJIATH JJISI PACTEHHH B 3acyul-
JMBHIH INepHOA HJIH Tiepell TOJHBOM NpPOSIBJSETCS paHblle M 6oJiee pe3Ko,
yeM Ha IoYBaxX He3acoJieHHHIX. Ha 3acosieHHBIX NOYBax NMpH HX OCBOEHHH He-
o6xoxuMBl NpeiBapHTEIbHOE ynajleHHe coJiell H BMeCTe ¢ TeM XONOJHHTE/ b~
HBle KOJIH4eCTBa INOJHBHOW BOABI, T. €. NPOMEIBHOM THI OpOILEHHS.

Ta6auna 8

KoadduupenT 3apgapanns B rIMHHCTON 3aCONeHHON mouse, %
(o B. P. BonoGyeBy, ycTHoe cooGlieRHe)

Copepakanue coneft, %
Coub
0,00 0,10 0,20 0,30 0,50 0,75 1,00
NaCl 24,45 25,39 — 25,42 — 28,36 42 44
Na,SO, 24,45 — 26,13 26,30 26,92 27,34 27,44

Kosddunuenr 3aBananuss Moxker ObITb ONpeNeJeH NPSIMBIM 00pasoM —
[0 BJAXHOCTH IIOYBH B MAaJIeHBKMX, 3aLIUUIEHHEIX OT HCIIapeHHsd, Berera-
IMOHHEIX COCY/AaX C pPacTeHHsSMH B MOMeHT uX 3aBamanusi. B CIIA npume-
HAIOT JJIA 3TOH IeNH OIpejesicHHE «3KBHBAJIEHT BJAXKHOCTH®, T. €. OCTa-
TOYHOM BJIAXKHOCTH TOc/Je weHTpUdyrupoBaHus o6pasina BJaXHOH NOYBHE
(npu g=1000). Hna moayuyeHus KoadduuyueHTa 3aBALAHHA «IKBHBAJEHT
BJIAXKHOCTH» mequTcd Ha 1,84—1,24. _

B npencrasnenusix o popmax U npupoie NOYBEHHOH BJATH ¥ O MOYBEHHO-
THIPOJIOFHYECKAX KOHCTAHTAX MHOTO HESCHOTO M CIIODHOTO, HET eIHHOH
TepMHHOJOTHH. Tonbpko Oymylive 3KCIepHMeHTasblible HCCAELOBaHHS MpO-
SICHAT TaKWe CIOPHBle BONPOCH], KaK NPHPOAA COPOLUMOHHHX M KANHJJISPHBIX
CHJI, MEXaHH3M YAepXKaHHA HONBEINeHHOH BJAarW, Hesecoo0pPa3HOCTb HIM
yCTapeNoCTh IOHATHH MaKCHMaIbHOK MOJeKYyASPHOH BJaroeMKOCTH, M0JIeBOk
BJIATOEMKOCTH H 1.



9JIEMEHTDI
BOOHOI'O PE)XHMA
IMo4B

Bozna B nouBax HaxOmUTCst B HeNpEPHIBHOM [BHXKEHHH: HAKaIlIMBaeTCs M
pacxonyercs, IpeBpallaercs 13 ogHUX ¢opM B ApPYyrue, noTpebasercs pacre-
HHAMM M JKUBOTHHIMH. BOZHEI!I peXHM IOYB, [OJ XOTOPHIM MHOHHMAIOTCA
Ce30HHble ABHMXKEHHA H NpeBpalleHus $GopM BOAH B IOUBE, H3MEHSETCS IOJ
BO3JEHCTBHEM CHJBI TAXKECTH, METEOPOJOTHYeCKHX YCJOBHIH, THAPOreOJOrH-
yeCKOH OOGCTAHOBKM H OpPraHH3MOB, TJIaBHBIM 00pa3oM pacTHTEJIbHOCTH.
B ocBOEHHEIX MOYBAX BEAYHWIMMH (AKTOPaMH BOZHOTO peXHMa SBJSIOTCA
NpHeMBl. CO3HATENBHOTO PeryJHpOBaHus 3amacoB H ¢GopM BOIB B IOYBax
yeJ0BeKOM (CHeroHaKoIlJIeHHe, OpolleHue, ocyllenne, obpaboTka).

ABUXXEHHE H H3MEHEHHE COCTOSIHHA
HAPOOBPA3HOH BOAMBI

Conep:xanue napoo6pasHoii BOAI BO BJIaXHOH IOYBE GJH3KO K TOYKE
HACHILIEHHA BO34yXa mMapamH. I103TOMy H3MeHeHHs TeMIIepaTyphl BHYTPH-
1I0YBEHHBIX TOPH3OHTOB HJH IPH3EMHOr0 CJ0S BO3AyXa JIETKO BHIHIBAIOT
nepexof; napoo6pasHoi BOIBl B KalleJIbHO-XKHUKOE COCTOsIHNE (KOHAEHCALHS).

IlepenBuKeHue napoo6pasHoil BOALL B TOJIe IOYBEHHOro npoduis B Te
nepHoJE], KOTIA MOYBEHHEIH BO3AYX O/IM30K K HaCHIIEHHIO napaMu 1o 100%,
CBSI3aHO IJIaBHEIM 00Pa30M C H3MeHeHUsMH [JaBJeHUs U TeMnepatypsl. [lapn
MEePeIBUraloTCss OT Y4YacTKOB ¢ OOabmiuM naBiaeHueM (OoJsblleil TeMIepa-
TYPHI) K yJacTKaM C MEHbIIUM HaBJjieHHEM (MeHBIIeH TeMIepartypHl), TZie OHM
¥ KOHIEHCHDYIOTCS B KaleJbHO-XKUIKYIO BOLY.

B cyxux mouBax (c BJAXXHOCTBIO MeHblle MAaKCHMaJbHOH THIDOCKONHUY-
HocTH) Gosbliasi poJib, KpOMe TEeMIEPATypel H JaBJeHHs, B HalpaBJeHHH
JBHKEHHS] Tapoo0Opas3Hoil BJAaru NpHHALJMEKHUT BeJHUYHHE BJIAXKHOCTH I[IOUBHL.

MoxHo pasjuyaTh CiIenylollNe OCHOBHBIE CJAyYaHW NepeBHIKeHMs H KOH-
JIleHCAlM{ NapoB BOILI B NOYBax: TepMHUUecKas KOHAEHcalMs aTMOC(HepHBIX
IapoB Ha MOBEPXHOCTH NOYBHL (pocooGpasoBaHue), MOJIEKY/IAPHAS U KallHi-
JdpHasi KOHIeHCalys NapoB B IOYBE, BHyTpHnoqseHHaa TepMHuyuecKas nepe-
TOHKA ¥ KOHIEHCAUHs BOASHHIX MMapoB. :

KoHnedcauua atMocepHbIX MapoB Ha MOBEPXHOCTH MOUBHI M HA noxpose
pacTHTENbHOCTH (pocooGpa3oBaHHe) NPOUCXORUT B T€X CIyyasx, KOraa TeM-
fleparypa TIpujleraioliero Bo3JAyxa HuXKe, YeM TeMmIleparypa HaI3eMHOro
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BJIaXKHOTO BO3/lyXa, W KOrAa abCcoJIOTHAsi BJAXKHOCTb NPUIIOYBEHHOTO CJIOSI
BO3Jyxa Bblllle, YeM MaKCHMaJbHas YOPYrocTh napa IpH TeMIeparype
NOBEPXHOCTH NOUBEL. DTO OGLIYHO NPOHCXOAUT B HOYHOE BPEMS.

B nycTEIHHO-CTENHEIX 06G/M2CTSAX KOHAEHCANUS MOXKET YBEJHUHTH BJaK-
HOCTb BepXHUX 1—2 cx nousel Ha 1—29 3a Hous. Ilo-BumMMOMY, Kaxe 3TO
He3HayuTe/bHOe 06pa30OBaHHe KaleNbHO-KHAKOH BOABL NMYTEM TEPMHUECKOM
KOHJIEHCAIlUM MOXET B H3BECTHOH CTeNeHH MNONNEpKHBATh KUSHELeSTeNb-
HOCTh paCTeHHH.

KoHaeHcauust BOJSiHBIX MapoB B MOYBE MOXKeT BLI3LIBATL IOSIBJIEHHE B
HOYBE HEe TOJbKO THTPOCKONKYECKOH M IJIEHOYHOM, HO, 4TO O0COGEHHO BaiKHO,
KaNUJJIPHOH M JlaXKe IPaBUTALMOHHOR BoAbL. [Ipu cpaBHHUTENBHO HEBHICOKOM
OTHOCHTEJbHOH BJIAXKHOCTH IIOYBEHHOro Bo3zayxa (509%) MOXKeT MpOHCXOLUTD
TOTJIOUeHHe N1apoo6pasHofi BOIAE HOBEPXHOCTBIO MOYBEHHHIX YaCTHI[ 34 CUET
MOJIEKYAAPHBEIX CHJ ¢ 00pa3oBaHueM IJIEHOUHOM BoAwl. [Ipy BJaXKHOCTH MOY-
BEHHOro Bosiyxa Beille 50—80% MoxKeT HMeTb MeCTO TakK HasbIBaeMad
KanwyisipHas KOHAEHCAlMsi Napoo6pasHoil BOAH B TOHYANNIKX NOpax H
yraax CThlKa YaCTHIL BCJAEACTBHE CHHIKEHHs YIIPYrOCTH IIapa ¥ IHepexojna ero
B COCTOSIHME HACHIIIEHHOCTH [OJA BO3AEHCTBHEM BOTHYTOH HOBEpXHOCTH
MEHHCKOB 6osblllof KpHBH3HBHL. IIpomcxomur xak Owl IEeperoHka IJIEHOYHON
UJY KanWIspHOH Boab! B (opMe mapa k Haubosee BOTHYTHIM MEHHCKAM
MeJabYaHIluX IOp B KAnHAASIpoB (T. e. K OoJee CYXHM Yy4YacTKaM IIOYBHI).
SBnenue KanuaAApHON KOHAEHCAUHH OCOOEHHO XOPOLIO BHIPAXKEHO B YJbT-
paMajbix opax — Kamuaasipax paauycoM mopsaiaxka 10~° cu u meubine.

Psn uccaenoBsareniel cuuTaer, 4T0 B TPYHTAX JETKOTO MEXaHHUECKOrO
COCTABa KaNUAIApHAA KOHIeHcAlUst MOXeT OBITh JaKe HCTOUHHKOM 06pazo-
BaHMs FpaBUTAIMOHHONE BOXbLI MM IpYHTOBHIX Bon (JleGenes, 1936; Komoc-
koB, 1937; 1938; CoueBaHnos, 1938; Poxe, 1946).

A. @. JleGenes ponyckaJ, YTO KOHIEHCAIMUS aTMOC(EPHBIX MAPOB MOKET
oforauiath MOYBY BOZOH B KosnudectBax mo 60—100 mm B rom, a camu
IpYHTOBBIE BOALI 06pasyloTcsi B Npollecce KOHAeHCAUMH. DTH B3TVISIB pas-
HensioTcea He BceMd. HecoMHeHHO Bce e, UTO KanWISAPHAs KOHmeHCalust
cHaGxaer MOYBH AOCTYIHON pacreHMsM Boaol. OnHAKO YesJOBEK He yMeer
YHpaBAATh NPOLECCAMH KANMHJISPHONH KOHIEHCAUHH Mapoo6pasHoli BOAH B
NOoYBax.

BuyTpHnOuBEeHHAS NEPEroHKa W KOHJAEHCAUHs BOIAHBIX napos. B npodune
MOYBLl HA TIyGUHY 10 3—5 M B TedeHHe rojfla IPOUCXOMHT Ce30HHAs mepe-
roHKa mapoo6GpasHofi BOABI HOJ BJIHAHAEM TEDMHYECKOTO IpajHeHTa U pas-
JWYUsi B YNPyrocTH napoB. BojsiHble mapel NepeMmellalTcs OoT FOPH3OHTOB
¢ 6osee BBICOKOfl TEMIIEPATypoll W YNPYroCThiO IapoB K IOpH3OHTaM ¢ 6o-
Jlee HU3KOM TemMmepaTypolt W YIPYrocTbio, Tlie IPOMCXOAUT KOHAeHCalHs na-
pa ¥ HaKONJeHHe BAard. JTo siBJIeHHe HcclenoBanoch A. ®. JlebeneBrM
(1936).

3umMoii BcaelcTBHE OXJaXKIeHHs BEDXHHX TOPU30HTOB NMOYBHI H COOTBET-
CTBEHHO YMEHbLIEHHs YNIPYTOCTH IapOB BOJABI B BO3[YyXe ITHX TODH3OHTOB B
NOYBe TOCHOJCTBYET BOCXOASIIMI TOK NAapoB M3 ITy6OKHX H OOBIYHO Gosee
TENbIX NOANOUYBEHHBIX TOPH3OHTOB C aKKYMyJsiuued BOABI B BEPXHUX CJIOAX
HOUYBH. 3HauuTeJbHAs Y4CTh MapooOPA3HON BOALI NEPETOHAETCS IPU 3TOM B
atmocdepy, TepsAsichb H3 ITOYBHI IIOJHOCTBIO.

UccnezoBanua Ha Ykpaune u CeBepHoM KaBpkaae I0Kasanu, 410 32 CHET
3MMHej{ BHYTPHIIOUBEHHO! KOHJEHCAIUK KOpHEOGHTaeMble C/IOH NOUBbl MOTYT
JOTIOJIHUTENBHO NOYuHTh 10 50—70 mm Bonbl. 3amep3aHHue NOUYBLI C MOBEPX-
HOCTH 0COGEHHO CIOCOGCTBYET HAKOIVIEHWIO BOABI B KOPHEOOUTaeMBIX CIOAX
IIOYBHI 32 CYET NEePeroHKH NapoB CHH3Y. KoHJeHcanua MapoB B 3THX Cayyasx
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COMPOBOXKAAETCs 06Pa30BaHKEM JbAa M HAKOMJIEHWEM BOALI B KOJMYECTBAX,
IPEBLINAOMIUX BIaTOEMKOCTD.

JlaGopatopubiMu Hcemenosanusamu JI. I1. PosoBa (1956) ycranosaeHo,
YTO 3UMHSIS KOHAEHCALMs NapocOpasHOM BOALI B BEPXHHX CJOSX HOUBHI
BC/IC/ICTBHE IPEBBLIIIEHHs] BONOYAEPXKHBAIOUIEHl CMHOCOGHOCTH MOXKeT NpH-
BOJHUTDb K PA3BUTHIO HHCXOMSAIIETO TOKAa TPaBUTAIMOHHOM BOJAE C BHIHOCOM
JIETKOPACTBOPUMBIX COJIel BHM3, CIOCOOCTBYSI CE30HHOMY PacCOJIEHHIO NOYB.

B neTHee BpeMst TOK apooGpasHOil BOAK HANpPaBJEH B OCHOBHOM B aTMO-
cepy, a YaCTHYHO H3 TEILILIX IOBEPXHOCTHBIX TOPU3OHTOB B IIy6oKHe, Gosee
XOJIOJIHbIE, TJie B 3TO BPeMf HaKalIuBaerca Biaara. [y yCiIoBuil 4epHO3EMOB
H Cepo3eMOB JIETHsIs] NEPErOHKAa NapoB BOABI MOXKET pacHpOCTPaHATbCS Ha
ray6uny 3—4 M, MaKCHMyM e KOHIeHCALHH KOHCTATHPYeTCs Ha IaybuHe
1,5—2 n. JleTHell meperonke napos CBepXy BHH3 IMPHNHCHIBaeTcsi 06pasoBa-
HHe B TeyeHHe rofla B NPHKACHHHCKHX meckaX nc 100 mm TpyHTOBBIX BOA
(CoueBanos, 1938). Bo3amMoxkHO, 4TO ¢ 3THM sIBJEHHEM CBSI3aHO MOCTOSIHHOE
IPHCYTCTBHE TOHKOH JIMH3BI NPECHBIX BOJ, IOKDHIBAIOIEli MHHEpasH30BaH-
HBIC BOJIBl B TTYCTBIHHBIX TIECKaX.

CxonHelfi pexXuMm napooGpa3HOi BJaru CJIAaraercs B TEUEHHE CYTOK.
Houblo Tox napoo6GpasHoil Bojsl HallpaByieH U3 GoJiee rAy60KUX TENJBIX TODH-
30HTOB K BEPXHHM XOJIORHBIM, a.JHeM Hao00pOT — OT TENJbIX BEPXHHUX B
oxJlaxIeHHble HHXKHHE. ‘

Texnnka ewle He OBJNajena INpoIeCCAMH KOHAEHCAUHWH Napoo6pasHoi
Boxnl. MlckyccTBeHHOE pery/iMpoBaHHe TEINIOBOIO pEXKHMa II0OYB MOFJIO ObI
HANpPaBUTL NPONeCcCH BHYTPHIOYBEHHON KOHAEHCAUMH INIAPOB B XKeNaeMYIO
CTOPOHY ¥ SIBUThCS OAHHM W3 MeTOLOB GOpPbOHI C 3aCyXOil M 3a yJyulleHHE
BOJLHOrO peXHMa NOYB CYXHX, 3aCYIJHBHX H NYCTBIHHBIX O6JjacTed.

Kounpencanus napoo6pasHo#il BOAB JOCTHraeTcsl BHECEHHEM Ha IPYHTOBbIE
noporu Bhicokorurpockonunueckux coseit MgCly u CaCl,, xoTOpBie, KOHIEH-
CHPYA B HOUHOEe BpeMsl HapooGpasHyio BOLY, Pa3XUKaloTcs, 3aMeTHO yBJaaX-
HSA H ofecTblIMBas NMOBEPXHOCTb HOuBHL. [lasi 3TOH mesu MOMKHO HCHOJb-
30BaTh TaKXe O3epHLIE COJH U paccoibHBle I'DYHTOBBIE BOMABI, COAepXKaliHe
XJOPHABE KaJbIHA H MATHHS. . ’

JABU)XEHHE MJAEHOYHOH BOJbI

[MnenouHas Bofa B IOYBe MepeMellaeTcsl B HalpaBjeHUH HCIIAPEeHUs HJIH
K MecraM norpebieHHs BOABI KODHeBOH cHcTeMo# pacreHuil. [Ipuxkenune
NJIEHOYHO} BOJLI IPOHCXOAWT KpalHe MeIJIeHHO OT IJIEHOK OoJbliefl TOJ-
IHHB K [TEHKAM MeHbliel tosmununl. [ToTeHnuansHO 3TO ABHXKEHHE MOXKET
pacmpocTpaHaThcsl Ha Gosblive paccrosnus. Bo BcakoM ciayuae, Habmwona-
J0Ch ABHXKEHHE TJIEHOYHOH BJIaTM M PACTBOPEHHLIX B Hel cojiell Ha BEHICOTY
3—4 m oT BepxHell TPAHHUILI KaNUAAsipHOH KafMul (B comoHuax Kacnuickoi
HM3MEHHOCTH).

TMoTpeGHOCTH pacTeHUil B BOAe He MOTYT GBITh HOPMAJbHO YIOBJIETBOPEHHI
3amacaMu IJIEHOYHOH BOJAH B JIETHEe BpeMs BCJENCTBHe KpaHHeH MelJieH-
HOCTH ee ABHKeHHS. KomnuecTBO T/IeHOUHOH BOAHI B chepe KH3HeNEATENb-
HOCTH KODHEBBIX BOJIOCKOB MOXET BOCHOJHATbCS JHLIb B HOUHOE BpeMs,
KOTJla OTCYTCTBYeT (POTOCHHTE3 M YyMeHbIIAeTcs BOAONOTpeGaeHHe pacTe-
HHSAMH,
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ABH)KEHHE KANUJIJASAPHON BOIbl

HBuXeHHe KalW/JIAPHOH BOXBI B TOYBAX NPOUCXOIUT NPH BO3AEHCTBHH
OTPHIATENPHOTO IaBJEHHS MOJA BOTHYTHIMH MEHHCKAMH BOAW H COCyIIel
CHJIBI, BO3HHKAIOLUX B Pe3y/bTaTe CMayWBaHHS CTEHOK [Op H KaNlH/LIAPOB.
Iockosbky cocymas cuila BOTHYTEIX MEHHCKOB BO3PACTAET C yBeJHYEHHEM
HX KPHBH3HBI, ABHXXEHHUE KANMU/JISAPHON BOLBEI BCErZa HAMNPABJEHO B CTOPOHY
MEHHCKOB MEHbUIHX IIOp H KAaNMJJIAPOB, T. €. K yJacTKaM MeHbIIell BJaX-
HOCTH. ,

OGbeM KanuaspHO-TIPOBOAMMOl BOALI, a CJIELOBATEJbHO, M CKOPOCTh
KanUISPHOTO ABHKEHHS NPONOPUHOHANBHE YeTBEPTO CTENEHH paguyca
KaluJJASpoB 1 06paTHO IPONOPLUOHAJNBHE BA3SKOCTH MKHIKOCTH, KakK 3TO
caenyer u3 popmyant Ilyasens:

__ nghpiRt
Q - 87]1 ’

rae: Q —o0beM XKHIAKOCTH, NpOIIAllefi Uepe3 KaNWAAAp 3a BpeMa [
n— ko3 duunent (3,14); g— VCKOpeHHe CHJIH THAMXKECTH, P — IJIOTHOCTD
KUAKOCTH; h—Hanop (XaBjeHHe); 1 -— BA3KOCTb KHUAKOCTH; R — paguyc
TpyOkH; ! — aauHa Tpy6ku (uur. mo b. A. Kun, 1933).

IpuBenennas cdopmyaa Ilyasens nmpuMeHHMa JULUIb K NPABHJIBHBIM ILH-
JHHApHYeckuM TpyOkaMm. Ho cxema TpyOoOK [Jaxe Kanu/jsIpHOro Anamerpa
MaJo NMPHJIOKHMA K IOYBaM H TIpyliTaMm, KOTOphle HMeIOT KpallHe CJOXKHbie
pa3MepHOCTb W THN CTPOEHUSI IIOp, BapHalUH pa3MepoB YAaCTHI, U HX
KoHcucTeHUHH. OpHako o6l(He BBIBOABI M3 3TOH (GOpMYJBl Ouellb cylle-
CTBEHHH I MOuBOBeldeHus. C yMEHbIIEHHEM paauyca KanWIspoB IIOD
3HAYUTENbHO YMEHbIIAIOTCS 06bEM H CKOPOCTh KAHJLIAPEOrO Iepe/iBHIKEHHS
BOJAH B mouBax. Uem Bhillle NUCIEPCHOCTb IIOYB U IPYHTOB, T. €. UeM MeHee
OHH CTPYKTYDHHI U YyeM OOJblle UX TJIHHUCTOCTb U KOJJIOHIHOCTb, TeM IOTeH-
UyuaJbHas BEICOTA IO/ beMa KaluAAsApHOH Bokl GoJblie, a CKOPOCTh NOAbeMa
ee Menblle. C yMeHbIIeHHeM CTENEeHH IUCHEPCHOCTH, T. €. C BO3pacTaHHEM
HecYaHHCTOCTH TIOYB H TPYHTOB, BHICOTA KANMAASIPHOTO HOAHATUS CHUXKaeTcHd,
OJJHAKO CKODOCTb KAMW/ISIDHOTO IBUXKEHHS BOAB M o0beM NepeHBHraeMoi
B1ard Bospacraior (taba. 9 u puc. 6).

Ta6aunma 9

3aBHCHMOCTb BOXHLIX CBOMCTB MOYB OT MEXAHHYECKOTO COCTaBa
(Parenep, 1938)

CopnepxaHue Beoicota nomHsATHS Haumenbllias BJjaro- BogonpouuyaemMocTh,
rauHe!, % BOJALI, MM eMKoCTb, % cMfuac

Tecox 128 6,0 ' 5143,0
4,2 256 9,6 400,0
10,1 526 17,4 105,0
39,4 500 22,5 30,0
52,1 833 50,7 18,0
55,0 500 42,5 62,0
64,2 74 62,1 8,0
68,0 27 71,5 2,6

32



3 —— CYMIMHKH;
4 — meckH M cynecH

Puc. 6. OG6was cxeMa BBICOTH H N
CKODOCTH KaMUJAAPHOrO MOAHATHS  §
BOJBL B NIOYBAX S

]9

1 — rayHbL; 3

2 — nécenl; 2

H

O6pautaer Ha ce6si BHEMaHUe MCK/IIOUATENBHO MeJJIEHHOE, OYTH TOJHOe
OTCYTCTBUE JBHKEHHSA KANHJIAPHON BOZH Y 4ACTUN AuaMmerpoM <<0,002 um
(taba. 10). BeaemcTBre 3TOrO HepelxH ciyyaH, KOTAAa B HENOCPEACTBEHHOM
COCEACTBE 3a/1eTal0T COBEPUICHIO CYXHe M BJaXKHble TODHU3OHTH THMKEJBIX
TJIMH, HECMOTPSI Ha HX BBICOKYIO OTEHUUANBHYIO CHOCOGHOCTD K KA PHO-
My nepelBuKeHHI0 BoAbL. CKOPOCTh ABHKEHHS KaNHJASPHON BOALI B IVIHHAX
HaCTOJbKO MaJia, YTO HYXKHB IO A/ TOCTHKEHHS HOTEHIHAMBLHON BLICOTHI
KaNHAJIAPHOTO MOXHATHS.

Ecnu B reoxumunm pgaxe Malas CKOPOCTb KalH/UIIPHOTO [BHMKEHHS
PacTBOPOB B IVIHHAX HMEET GOJIbILOE 3HAYEHHE P MUTPAlHH COJeH, TO B pak-
TUKE MEIHOPAUUN TPUXOJUTCS CYUTATH THAXKeJble IJIMHBL KANHJISIPHO MAaJo-
akTUBHBIMHA. [IJIs MpaKTHYECKHX ILesell BOAHOTO XO3SfCTBA WU AOPOKHOrO
CTDOUTE/BCTBA, KOIJAa HeoOXOIMMO YYMTHIBATH ONACHOCTH 3a60j1aunBaHHA,
3aCOJIeHHA 0YB HJH yMeHbIIeHHs] Hecyllell CHOCOOHOCTH TPYHTOB BCJIEJICTBHE
KamuJJAApHOro MepeysaaxKHCHWsi Ha Joporax, NPHXOLUTCH HOJb30OBAThCA
SMHIMDHYECKHMH JAaHHBIMH, XapaxkTepH3YIOIHMH (axkTHdeckH HabawogaeMoe
W OTHOCHTEJBbHO OBICTpPOe [BHKEHHWe KANHJISIPHOH BOJABI, KOTOpasg MOXKET
BBHI3BATH 3TH SABJIEHUS.

Ta6auua 10

CKOpOCTh HBUXKEHHUA KaNHUMAAPHOH BOAB B MOYBAX B 3aBHCHMOCTH
OT HX MEXaHHYecKoro CocTaBa

(Atterberg, 1908)

Bricota KanWIIAPHOTO NOA- Bpems gocTuxe-
JduameTp vacruu, HATUS BOABI, MM MaxkcuMadnbHan HHA MaKCH-

MM . BHICOTA, MM MAJIBHOH BBICOTHI,
yepes 24 yac, \ uepes 48 uac, Aua
5,0—2,0 22 — 25 3
2,0—1,0 54 60 65 4
1,0—0,5 115 123 131 4
0,5—0,2 214 230 246 8
0,2—0,1 376 396 428 8
0,1—0,05 530 374 4055 72
0.05—0,02 1453 1360 2000 —_
0,02—0,01 485 992 — —
0,01—0,005 285 — = -
0,005—0,002 143 — — —
0,002—0,001 55 —_— — —
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Huxe NpUBOAATCH BEJMYMHBI BOJONONXBEMHOH CIOCOGHOCTH TPYHTOB B
TOYB B 3aBUCUMOCTH OT MEeXaHHUYeCKOIo cOCTaBa.

Mexangyeckuft BogonoabeMHasn MexaHuuecKui BoponoabeMHas:
cocTas ¢nocoGHOCTE, M cocTaB CIOCOGHOCTD, M
JIécch 4—5
Kpynustit recok <0,5 CyTJIMEKK CpejHue 2,5—3
Cpeguuit mecok 0,5—0,8 CyrJHHKY  TAKEBIE 3—3,5
Cynecs 1,0—1.5 TJIMHEL TAXKEbIe 4—6
IlbieBaTast cymech 1,5—-2,0 u GoJee

B. P. BasibsiMc NOAYEPKUBAJ, YTO BEICOTA KANHAAPHOrO JBHKEHHS BOALL
BECbMa 3aBHCHT TaK:kKe OT CTPYKTYPHOCTH IOUB M IpyHTOB. CTPYKTYpHEIE #
MUKpOArperaTHble OTAEIbHOCTH BelyT cebs CXOMHO C KPYIHHIMH 9JeMeHTap-
HBEIMM MEXaHMYEeCKHMH YaCTHLAMH, B 3HAUMTEJBHOH CTENEHH CHHIKAs BRICOTY
H CKOPOCTb KANUJJIIPHOTG MONHATHS.

Kax BHAHO M3 JaHABIX Taba. 11, B 6eCCTPYKTYPHOM NBLIEBATOM CYIVIMHKe
3a 1 mecsim 10 nueli KanwjuissipHasi Boja NOAHsJack Ha BeicoTy 120 ca.

Ta6aunna 11

3aBUCHMOCETb BBICOTHl KANMJIJSIPHOTO MOAHATHS BOAb (B CM) OT CTPYKTYPHOCTH MOHBH
(zauusle BoapHu mo BuapsiMcy, 1949)

lata u spems Bszgrﬁgﬁ’gzp- C'rp;l;:‘lggaax Jlata u Bpems Beccrgzmpﬂaﬂ Crpylégpnan
20.1 8 u. 30 M. 4,6 5,0 31.1 8 u. 86,0 26,0

10 4. 30 M. 15,0 8,1 5.I1;8 u. 92,8 29,0

13 u. 21,7 9,4 15.11 8 u. 104,9 33,0
21.1 8 u. 43,0 13,9 25.11 8 u. 115,9 36,3
26.] 8 u. 77,9 22,0 1.II1 8 u. 120,0 37,5

3a 3T0 xKe BpeMsl B CTPYKTYPHOM CYIJIMHKE KaNH/JISpHas BOAA. MOJHAJIACH
BCEro JuIb Ha BeicoTy 37,5 cu. OxHaxo Hafo uMeTh B BUAY, 4T0 06pasosa-
HHe CTPYKTYPHOCTH M MHKDPOArperMPOBAHHOCTH B TSXKEJIBIX INIMHHCTHIX IOY-
Bax, HA060OPOT, MOXKET YBEJHYUTH CKOPOCTh KANHJIAPHOTO ABHXKEHUS pac-
TBOPOB.

IMoxBuxXHOCTL KANWISAPHONH BOALI B OYBAX HAXOQUTCA B GOJBLIOH 3aBH-
CHMOCTH ¥ OT BJIaXKHOCTH 1OYB. UeM cynle IIOYBA, TEM OTHOCHTENBHO MEHee
nofBHKHa B Hell Bona. Hao6opoT, 4eM BiaxHee nouBa, TeM IIOJBHXKHEE B Heil
KanwuispHasi BOLa H TeM Jerue OHA IepeldeTcsi cocefHUM OoJiee CYXHM
TOPH30HTAM.

Xapakrep IBHUKEHUS KANMJNJIADHOH BOAE 3aBHCHT TaxkXe OT B3aHMO-
OTHOMIEHUS KaNHJJISIPHOHX BOAH C 3€PKAJOM TPYHTOBHIX BOJ.

JBHXKEHHE KanHAJIAPHO-NOANEPTOH BOJABI TECHO CBA3aHO ¢ KosaebaHusaiMu
YpPOBHsI TPYHTOBHIX BOZ. CKODOCTh BOCXOASMLIETO [BHMKEHHS KAaIHJJISIDHO-
HOANEPTO BOJBL 3aBHCHUT OT IMIyOUHH 3aJieraHus rpyHTOBHIX Box. [Ipn ouens
6/1M3KOM K HOBEPXHOCTHM IIOJIOKEHHH YPOBHA TPYHTOBHIX BOJ KaNHJISPHAS
BOZa B IOYBE IepeMelllaeTcsd CUJAaMU MEHHCKOB KaK TOHKHX IOp M KamWIJs-
POB, TaK W KPYMHEIX HOP U KanuaaspoB. CKOpPOCTb KanuJJIsIPHOTO epeiBHKe-
HYsi BOALI C PACTBOPAMH COJIeHl 3HAUUTEJNBHO BO3PACTAET C NMPHOIHKEHHEM
HX K N0oBepXHOCTH. CHHMKEHHe YPOBHS IPYHTOBBHIX BOJ BHIKJIOYAeT H3 paboTh:
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MEHHCKH KPYIHBIX KaNWISPOB H NOP, CHOCOGHBIX GLICTPO TPAHCIOPTHPOBATD
KanuIsapHyio BoRy. CooTBeTcTB2HHO naxe HeGosblioe, Ha 10—30 cu, omy-
CKaHWe YPOBHA TPYHTOBHIX BOJ UPE3BbIYANHHO CHJILHO CHHXKAeT 06beM H CKO-
POCTb KaNMHJISIPHOTO MEPeNBHKEHHS BOMBI, NOCKOJBKY IMOCAE 3TOTO KamuJ-
JfpHas BONA TPAHCIODTHPYETCH JHIIb COCYIIEH CHJIOH MeHHCKOB Haubojee
TOHKHX KANWJAAPOB u mop. Iloclennne e CNOCOGHE MepefBUraTh KamuJ-
JASIPHYIO BOAY JNHIIb MeJJIEHHO H B MaJbIx o6beMax.

JBHXEHHE KanHIJISPHO-NO/BEMIEHHONH BOABI B TMOYBAX MPOHUCXOMHUT MOI
IeHCTBHEM CHJIBI TAXKECTH W paccachiBalomlesl ClOCOGHOCTH BOTHYTHIX MCHHC-
KOB TOHKHX KaNHJJIAPOB M mop. KanuaaspHo-ncaBelleHHas BOAA MOCTEIeHHO
paccaceBaeTcsi B CTOPOHBI ¥ IVIABHBIM 06pasoM B HHCXOASIEM HAMpaBJeHHHU
H3 KPYNHBIX KaMep, Mop U KanuaiaspoB B ToHKkHe. Cl0XKHAsA CETKA BOTHYTHIX
MEHHCKOB Ha BEPXHHX M HHXHHX KOHIIAX NOYBEHHBIX KANWIISAPOB YIEpKH-
BAeT MOJBEUIeHHYIO BOAY B BHCSYEM COCTOSIHWH B TOJIle MOYBHL. TI0CKOJBKY
MEHHCKH MEHbIIHX NOp H KanuwaJfApoB o6Janalor GoJibilefi BcacHBaloleH
CHJOf, TPOHCXOAUT MeHJIeHHOE pAacCcachiBanHe KaRnWisipHO-TIOABemenHo
BOZIB BO BCe CTOPOHHEL. OnHaxo OCHOBHEIM HAaMpPaBJEeHHEM PAaCHDPOCTPAHEHHS
KaluJIsiPHO- IO BEHIEHHO BONL OYIeT HUCXOAsIIee,

Ecau nocrynaenue sons (armMocdepHoi, HOJHBHON U T. I.) C IOBEPXHOCTH
HIPEBOCXORUT HECYLIYI0 CHJIY BCeX MEHHCKOB IIOYBH, TO IPOHCXONUT cOpoc
H36BITOUHON CBOGORHON IpaBUTALHOHHON BOAH BHH3. McmapeHwe BOAH ¢
IIOBEPXHOCTH WJIH NOTpPeGJIeHHe ee KOPHSIMH PaCTEHMil CONpPOBOKAaeTcs mepe-
IBHXKEHHEM YacTH KaNMJJspHO-NOABEIIEHHON BOIB M3 KPYNHBIX IOp H
KanuaIspoB B 6ojiee TOHKYE, ¢ MOCTENEHHBIM OGLUHM HeCyIIeHHeM MOYBHI.

TTocKOMBbKY cOCYIast CHia BOTHYTBIX MEHHCKOB TOHKMX IOP H KaNHJJISPOB
GoJiblle, YeM KPYIHBIX, NpH HCTapeHHW KamHJJIsipHO-TNOJABEIIeHHOH BOIH
IIOCTENEeHHO MPOUCXOMHT OTCaCHIBAHME BJAru M3 KPYNHBIX Kamep, NOp H
KaNWIASPOB H NMEpeMellleHue ee B TOBEpPXHOCTHHIE TOPH3OHTH! TIOUBHL.

To uccnenosanusam A. A, Pojie ¥ ero COTpYAHHKOB B J1a00paropuu u B
NOJIEBHIX YCJIOBHSX, B Cyuae OTCYTCTBHS PACTHTEJNbHOrO NOKPOBA IIPH HCIa-
pEeHHM BO3BpALIAeTCH K IIOBEPXHOCTH NOYB INIPHMEpPHO %/; o6beMa Kamui-
JISIPHO-TIOIBENIEHHON BOIBI, MOCTynuBIIefl B mouBy. [TOCKOMBKY KamussipHO-
NOZBellleHHasl BOAA CMOCcOGHA BO3BPAILATHCS B NMAXOTHBIN CJIOH M3 ITyGHHB
70—100—150 c#, ee Bocxoasiniee ABHXKEHHE IIDH MCIAapPEHUH MOXKET SBHThCA
IPUYUHOR Nepepacupenc/eHHs JerKOPacTBOPUMEIX CoJel, HaXORAIMXCS B
TOAMOYBEHHBIX TOPH30HTaX. Takue sBIEHHS HabAONaJHCh MPH OpPOUICHHH
nous B nycThiHsix Caxapsl u LlenTpanpnoit AsuH.

OmacHOCTb 3aCOJIEHHS OPOII2EMBIX IOYB KaNHJJISPHO-NOABEUIEHHOH BO-
101, BCJEJCTBHE MEPeyBJaKHeHHd MOUB W PAaCIpPOCTPaHeHHs NDPH MOJHBAX
KANHJAPHO-TIONBELIIEHHOR BOAB! A0 TJIYGHHH COJIEHOCHBIX TOPH3OHTOB,
CHCTEMAaTHUeCKH MouepKnBagaach B paborax B. P. Buapsmca u JI. I1. Posoza.
3acoseHys] NaXOTHRIX TOPH30HTOB OPOLIAEMbIX IIOYB B 9THX CJAY4asX MOXKHO
BIOMHe M36exaTb, €CAM NPH YCTAHOBJEHHH TIONMBHBLIX HOPM YYHTLIBAThH 3TY
ONacHOCTh. PHIXJIEHHE TOuB, NOAJEPIKAHHEe HX CTPYKTYPHOTO COCTOSIHHS 3HA-
YUTENBHO OcaaGJSIOT CKOPOCTh TepeNBHIKEHHs KaNHJLISpPHO-TIOABELIEHHON
BOB TNPH HCTMapeHHH K noBepXxHocTH. HesaTeHeHHOCTb, GeCCTPYKTYpPHOCTb
H pacHbIJIEHHOCTb N0YB, HA0GOPOT, CIOCOOCTBYIOT YBEJNHUEHHIO NBUXKEHHUS Ka-
MUJISIPHO-TIOIBEIEHHOM BOABI K TIOBEPXHOCTH.

Cnoco6nl BO3AEHCTBES Ha ABWIKEHMe KaNWJAJsIpHOW Boabl. B mnpakTHke
3eMJefle/IH BO3HUMKAIOT pasiHuHble TNPOOGJEeMB peryiaupoBaBus peXuMa
KaNHJIAPHON BOIH B MoyBax. B uessix 60pb6r ¢ moteped BOAb! M3 NOYBH HA
WCIIapeHHue, a TaKXKe IAd TNpelyNpexAeHHs 3acQJIeHHss OpOIIAeMHIX MO4YB
Heo6XOIHMO CHCTEMATHYeCKH NPUMEHATh KOMIUIEKC MEpONPHATHH, Hampas-
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Puc. 7. CBash MeXKAY CHUIKEHHMEM
ypoxas M YpOBHEeM TPYHTOBHIX BOZX
B BereTauHOHHBI nepuos® Ha ocy-
mennbix mousax Humepaanmos (Vis-
ser, 1959; Wesseling, 1960)
J — TsXKenple IVIMHUCTBIE HOYBHI;
If, HI, IV, V—pan CYridnucTHX fouB
L BospacTaiomeli o6nerteHHOCTH;
VI — gerkue (nmecdanble) MOUYBHL;
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JIeHHBIX Ha yMeHbIIeHHe BOCXONAULero ABMIKEHHS [OYBEHHO-TPYHTOBBIX BOZ
110 KANAJAJAAPaM K TOBEPXHOCTH.

ArpoTexXHHYECKHMH IPHEMAMH yMEHbLIEHHS BLICOTHI M CKOPOCTH Kamii-
JISPHOTO [BHMEHHA BONB K IOBEPXHOCTH NOUBbl MPH OPOIUCHUH ABJSIOTCA
MepOIpHATHS, Npeanoxennsie B. P. Buabsmcom st yaydlienns CTPYKTYDE
MouBHl (MHOTOJIETHHE TpPaBbl B IPaBHJIBHOM CeBOOOODOTe, pauuoHajbHasd
o6paborka nouBbl). B 3TOoM Ke HanpasJeHHH JeHCTBYIOT MYJbYHDOBaHHE
[104YB, CTPYKTypoOOpasylolllde INOJHMEpHLIE IpenapaTsl H ruapodobHbe
BeIIEeCTBa, BHOCHMbIE B [IOYBLI.

BceMepHoe CHHXKelIHe YPOBH: COJNEHBIX TPYHTOBLIX BOJ H IpEAyNpexie-
HHe ero MoIbeMa 10 KPHTHUECKO!H IyOuHbl (yMeHblueHHe (QHJbTPAUHH BOIH
B MPPHIAllMOHHON CeTW, JKeCTKasd BOAHAs IHCUHMIIMHA) TaKXe SABJSITCA
BaMKHEHIM CIOCOB0M yMEHbLIEHHS CKOPOCTH M KOJIAYeCTBA BOAbl, KamMi-
JSPHO MEepeaBUIalolleicss K NOBEPXHOCTH TOYBBL B HexoTOpHIX Cayuadx B
npaKkTHKe OpOLIAEMOro 3eMJjefesius, Hao6opor, nesecoo0pa3Ho COXPAHATD
NOCTYNVIeHHE KalWJLIsSPHOH BOXbl B ITAXOTHBIH FOPU3OHT NOYBHL M YUECTH STO
JONOJHATENbHOE PYHTOBOE IHTaHHe DACTeHHH IpH paspaboTke TOJHBHBIX
pexXHMOB. DTO HEOOXOMMMO B TeX cayuasX, Koria GJIM3KO PAacTiosioKeHnas ot
noBepXHOCTH TpyHTOBast Boja (1—2,5 #) He 3aco/ieHa, a SIBJACTCA CPaBHH
TeJbHO MaJoOMHIepamusoBanuoi (1—3 e/a). TTocTynsenne Kamumisipiio#
BOJIbl B [OBEPXHOCTHbIE TOPH3OHTHI TIOUBLI MO3BOJIAET NPH STOM 3HAUHTEIBHO
YMEHBIIHTh YHCJIO NMOMHMBOB 3a BETETALMOHHBIH 1MepHoN, a B HEKOTOPHIX CAY-
¥afx W MOJHOCTLIO OTKA3aThCs OT HUX (KAaHPHOe HETOJHBHOE 3eMiENeNe Ha
teppacax CpipAapbd H AMyHapby MpH NpECHBIX IPYHTOBBIX BOLAX, aeMJjie-
geane B XopeaMe Ha ONPECHEHHBIX TPYHTOBHIX BOJAX).

Heo6XOMMMOCTb COXPAHEHHST JIOCTaTOUHO OBICTPOrO MOCTYNJIEHHs Kanui-
AAPHOH BOABL B NOBCPXHOCTHble TOPM3OHTLI HOUBbL JLOJKHA YUMTHIBATBCS
TaKXKe U NpH OCYUIHTENbHBIX MeJHOpaUKsX, uyTOGEl He JCNYCTHTL Nepecyuin-
paHust paHee 3a0O0JOUEHHBIX MNOYB. OcyinTebHble MEIHOPAINH  JOJIAKHbL
GLITh HATIPABJEHE Ha TO, YTOObl OTBECTH TOJNBLKO n3GuiTounsie Boanl. Ocyum-
TeJIbHBIE KaHAJb B IPEHbl He JOJKHBI 3aK/AaAbIBATbCA TJIyGOKO B TPYHTOBHIE
BOJHL. DTO HeOBXOAUMO IJIS COXPAHEHH CHCTEMATHIRCKOTO BBICTPOrO MOCTY-
[UIeHHs TIPECHON KATH/ISPHON BOAEI IPYHTOBOTO IPOMCXOXACHUS B TIOBepX-
HOCTHBI/I KOpHEOGHTaeMbIH CJOH TOYBHL, faaronapa yeMy HA OCYMICHHBIX
3eMJIAX MOMIEPXKUBAETCS KAk Obl MOANOUBEHHOE OPOMICHHE. Hunepnangs,
Besaprus, [senus n OHHASHINS WHPOKO NONBIYIOTCH STHM TIPHEMOM. B Hu-
JepJaHjax yCTAHOB/IEHBl H HOPMBI OCYMIEHHA C YUCTOM 3TOTO SIBJIEBUS
(puc. 7). '

Hao6opoT, Mpn KOPEHHBIX MENHOPALHsIX H OCBOCHMHU COJIOHYAKOB BOSHH-
KaeT 3afaua OTPHIBA MAXOTHLIX TOPH3OHTOB MOYB OT KATMJIAPHOU xafhMbl #
CHUIKEHHsSI YPOBHSI COJIGHBIX PYHTOBBIX BOX Ha TAKYIO ray6uHy, ¢ KOTOpOH
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MUHepaJM30BaHHBlE DPacTBOPH KaNHJJISPHO-NOANEPTON BOALI He CMOTYT
GEICTPO IOXOAMTH 10 KOPHEOGHTAeMBIX CJIOEB MOYBH. B 3THX cayuasix npu-
XOIHMTCS 3aK/N1aJbIBATH APEHUDPYIONIHE KaHAJbl C TAKAM pacueToM, 4TOGHI
YAepXKHUBATb TPYHTOBBIE BOAB HECKOJBKO HUXKe (HA 20—30 cu) ux Kpuruye-
CKOTO YPOBHSI.

HakoHen, B OTA€JBHEIX CTyYasiX BO3MOMXKHEI MEDONIPUATHSI, HAalPaBJIeHHbe
Ha yCHseHHe ¥ yBe/iMueHWe KANWANSPHOTO NEPEABHXKEHHS BOLLI B IMOYBAX.
Tax, noce noceBOB DPEKOMEHLYETCSI YKATKAa MOBEPXHOCTH IOJIST CIELHasib-
HbIMM KaTKaM¥ JJISl YJy4INCHHS KOHTAKTA CeMAH C IIOYBOH, IJ5 TOJauH
KaMH/IPITOR BOABL K CeMeNaM, YTO HeOOXOANMO A8 UX HAaGyXauus ¥ ApyxK-
HBIX BCxonoB. ITocae ykatku mose BoaxHO GHITH TPOGOPOHOBAHO A4S Ocaal-
JelHs HCNapeHHs BJATH C NOBEPXHOCTH.

TmarenpHble NOJUBLH Mo 60po371aM, HOANOYBEHHOE OPOIIEHHE H3 MJacT-
MacCOBbIX TPYOOK TaKKe OCHOBAHBI HA CTPEMJIEHHHU NOLABATH KANHJJISAPHYIO
BOJY K KODHAM PacCTeHHH ¢ MHHHMAJNBHEIM 00pasoBanHeM TPaBUTALHOHHOM
BOIIHI.

JOBH)XEHHE TPABHTALLHOHHOHN BOIbI

[TosiBnenye B MOUBeHHBIX TOPU3OHTAX BOALI B KOJHYECTBE, IPEBLILAOIIEM
HX BOAOYJEPKHUBAOUIYIO CNOCO0HOCTb, COMPOBOXKAAETC 06paszoBanueM CBO-
6OIHOH IPAaBUTALHUOHHOI BOABI, KOTOPAs IMEPENBHIACTCH TOJ BJAHANMEM CHJBI
TAXKECTH B HHUCXOAdMleM uan OOKOBOM HamnpasjaeHuu. IIpH uHTEHCHBHOM
NpHTOKe CBOOOAHOH BOIbI HA IOBEPXHOCTb NOYBLI HAG/IIOLAIOTCS ABA sIBJE-
HHA: BINTHIBAHHMC BJATH H HOBEPXHOCTHBIH CTOK BOJABL [IOBEPXHOCTHBIR CTOK
BLIDAXKEH TeM CHJIbHEE, YeM Melblie BOJONPOHMIIAEMOCTh I[OYB, 4eM OHH
BJIaxKHee, ciabee pacTHTEJIbHBIN NOKPOB H O0JbllIe YKIOH MecTHOCTH. CMBIB
NOYBL! U BBIHOC PacTBOPHMBIX BEHIECTB — NpPSIMOe CJAEICTBHE IIOBEPXHOCTHOTO
CTOKa IpaBHTAUMOHHOH Boxsl. Ecan mouBa mpHu mocTynJIeHUH Ha Hee C IIOBEpPX-
HOCTH BOAH Obla OTHOCHTEJNBHO CYXOH#, TO TNepBOHAYAJbHO IpeBanHupyer
BIUTHIBAHHE TPABUTALMOHHON BOJIB B MOYBY. BrinThiBaHye BEHI3BIBAETCS COBO-
KYIHBIM BO3JeHCTBHEM CHJIBl TSI¥ECTH, KalUJJISPHOTO W MJIEHOYHOrO pacca-
chiBanusi BoAH. T103TOMY BIHUTHIBAHAE HANPAaBJACHO HE TONBKO B HHCXOIAILEM
HANpAaBJCHUH, HO YACTHYHO U B CTODOHBI OT MeCTa MOSABJIEHHS CBOOOAHOMN
BOJbI.

Ecan noysa mmeer GoibIIyio TPEIHUHOBATOCTh M KPYHHYIO HeKamuaAsp-
HYI0O CKBaXKHOCTb, TO, KpOME BIUTHIBAHHS, IPOHCXOAUT IPOBaJ» CBOGOLHOM
rPaBUTALMOHNON BOIL BHHM3 (TYpOyJeHTHAs BOIONPOHHUAeMocTh). B Tex
cayyasx, Korja cBoGONHAs BOJA 3aUOJHSAET MOJIOCTbIO CKBAXKHOCTb MOYBH H
TPABHTAUMOHHASA BOLA IBHXKETCs CIJIOIIHBIM DABHOMEDHBIM MOTOKOM Hepes
TO/LIY MOYBEHHBIX TOPH3OHTOB, HacTymaer GuabTpauud. B peanbuoir mpu-
pole BIHTBIBAHHE, <NpOBak» U (QHAbTPALHNS BOAL B TOYBE IPOTEKAIOT
napaiajienabHo. B mpakTHke seMJje[esHsl yalle BCETO CTAJKUBAIOTCS C sBJe-
HHeM BIIUTHLIBAHUS, a B NPaKTHKe MEJMOPAIlHH, KPOMe TOro, H ¢ (QHIbTpa-
npen.

JIpuxKeHye TPABATALHOHHON BOJAB B HHCXOJSAIIEM HANpaBJCHHH 3aBHCHT
OT pasHOOGpPAa3HLIX (PAKTOPOB U OGCTOATENBCTB.

B cayuae CyXoCTH IOYB ¥ PYHTOB C MOBEPXHOCTH Hayayio (UJIBTPALHH
3ajepKUBAeTCs, TMOCKOJbKY 3HAuKWTeJbHAadA 4YacTb BOJBI DACXOAyeTcs Ha
cMauMBaHMe NMOYBH, HaOyXaHHe KOJJOHLOB M CO3JaHHe MEXAY 4YacTHLAMH
HOYBE OGOJOUKH TJIEHOUIION H KaNuaJaspHON BoAel. JIHIIB mocje TOro, Kak
BJAYKHOCTb TIOUBH OCTHTHET BENHUVMHBE KANWIAPHON (HaHMeHbleH) Bjaro-
€MKOCTH, TOosIBJAseTcs] CBOGOAHAs IpaBHTAMOHHAsA BOJa M NPOUecc HUCXOMs-
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LIero ABHXKEHUS BOMAbI yckopsieTcs. Bo Biaxuo# MoyBe HHCXoOAsAMlee ABHIKE-
HHe HOBBIX NMOPLUHFA I'PABATALUUOHHOM BOJbI, ECTECTBEHHO, POTEKAET TOJHEE,
NOCKOJIBKY HCKJIIOYAETCS PacXOl Bjard Ha CMayMBaHHe, HA IJIEHOUHOE H
KanuispHoe paccachiBaHue. B cyxux mouBax samepKka (uAbTpALMH B
MOMEHT YBJIAXKHEHUS C OBEPXHOCTH (NpPH JOXKIAAX, MOJUBAX M INPOMBIBKAX)
MOXeT OBITb BbI3BAHAZ BO3AYXOM, 3aMOJHSIOUIUM CBOGOJHYIO CKBAXKHOCTH B
HHXXHHX FOPU3OHTAX. MI3BEeCTHEI cilyuau NpHMEHEHHS CeNUaJbHBIX OTAYIIHH
nJsi 06NeTueHHs JOCTYNa JHBHEBHIX BOA B APeHH. [Ipu npoBeneHHH NPOMEIBOK
COJIOHYAKOB C LIEbIO VAAJEHHS cojiefl HEOOXOAMMO mepeMexaTh NMpoMblBae-
Mble ¥ HeMpOMBIBAEMble MOJOCH JJIsi TOrO, YTOOH NOYBEHHBIH BO3NAYX CBO-
GOIHO BEITECHHJICH MPOMBIBHOH BONof. B mpoTuBHOM ciyuae 3¢deXTHBHOCTD
[IPOMBIBHOH BOABI CHJIBHO CHUXKAETCS.

Uem TsKenee MeXaHUYECKHI COCTAB MOUB, TeM Gojiee MeLJeHHOEe TBHIKe-
HHe I'PaBHTANMOHHON BOABLI OHH OGYCJOBJUBAIOT B GECCTPYKTYPHOM COCTOSI-
HuH. Taxenble 6eCCTPYKTYpHbIE MOHTMODHJIJIOHUTOBHE IJIMHBI, CKBAXKHOCTh
KOTOPHIX NpeACTaBAeHa TOHKOKANHJIAPHBIMH IOPAMH, 3aHATHIMU B OCHOBHOM
meHkol (u3MyecKH CBS3aHHON BOMAbBI, NPAKTHYECKH COBEDPIIEHHO BOIO-
HEeNpOHUNaeMbl, OHH 3aJepPXKHUBAIOT HUCXOLSALIUHA TOK M HAKANJUBAIOT <BEp-
XOBOJKY». B cyryiMHKax u Ineckax, eCTeCTBEHHO, NBHXKEHVE TPABHTAlUOHHOMN
BOIBl IIpoTekaeT GuicTpee. BomoycrofiuuBasi CTPYKTYPHOCTH IOYB CHOCOG-
cTByeT Gojiee GBICTPOMY ABUXKECHHIO FPABUTAUHOHHON BONEL [laxke TaKeanle
TJAHHE, HO o6jafalollive Gojsiee WJIHM MeHee BHIPAXKEHHOH CTPYKTYPHOCTHIO,
HMEIOT YIOBJIETBOPHTENbHYIO BOIONpOHUNaeMocTb. O 3HAUEHNH CTPYKTYpPH B
BOJONPOHHIAEMOCTH II0YB MOXHO CYIHTb MO JAaHHBIM Talba. 12. _

Ta6auuna 12

3aBHCHMOCTb BOJOMPOHHUAEMOCTH OT CTPYKTYPH ropusoHtra A
YepPHO3EMHbIX MOYB

(Bapaxos, 1898)

Boponponunaemoctb, % Bogonponumaemoctb, %
 Yrone cly';m 2-e cyTKH | 3-H CyTKH Yrorse c;,':m 2-e cyTkd | 3-m cyTxu}
Henuua 100 63 35 Tone yGpanuoro
3anexs 104 65 39 0Bca | 20 137 10
Tlox mecom 75 54 34 Ione y6Gpannoit .
Yepumiit nap 52 | 59 32 pxy 3 1,5

3HaueHHe CTPYKTYpPhl B BOLONPOHHIAaEMOCTH HEOOXOAHMO YUHTHIBATDH TPH
opouieHnu nouB. Hapeska 60po3/ Ha NOJAX Nepes NOJHUBOM [POMAIIHEIX pas-
pHIXJISIET NMaXOTHBIH TOPU3OHT IO4YBHL, OCTPYKTYPHBAeT ero u OGeclmeyuBaer
yBeJH4YeHAe BOJONPOHHNaeMOCTH B MOMEHT NoJxBa. be3 aTHx npeasapurenn-
HBEIX MEPONPHSATHH BOAONPOHHIAEMOCTh MOXKET OKa3aThCs HACTOJNBKO HU3KOM,
4TO TIOJIMB YPEe3MEPHO pPacTATMBAaeTCs, a BOLA TEpseTCs Ha HCnapeHHe,

BononponnnaeMocTs cepo3eMa Ha MOJe XJONMUaTHHKA 3HAUHTENbHO HUXKeE,
uyeM Ha mnoJe monepHbl. Uro6s BMecTuTb 1000 #3/2a moaMBHON BOAB B TOJLLY
opolllaeMOro ceposeMa Ha XJIONKOBOM HoOJe, He XBaTaeT Aaxe 16 uac., B 10O
BpeMs Kak Ha 1oJe JIOUEePHHl L5 3TOT0 JOCTATOYHO 3 yac. .

JBHKeHHe TPAaBUTALHOHHON BOJBI B 3HAUHTENBIION CTEIIEHH 3aBHCHUT TaK-
e OT CocTaBa MOIVIOIEeHHBIX MOYBOH OOMEeHHBIX KaTHOHOB. KaTHOHBI, KOary-
JHPYIOLINe TOYBEHHBIE KOOI, HANDUMEp KaabLHH, CTIOCOGCTBYIOT yBeaH-
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YEHHI0 BOJONDPOHHIAEMOCTH H CKOPOCTH ABMIKEHHsS IPaBHTALMOHHOR BOMLL
OO6MeHHble MeN04H, OCOGEHHO HATPHH, cNOCOOCTBYS] HMHTEHCHBHOMY Halbyxa-
HHUIO TTOYBEHHBIX KOJJIOHAOB M UX THApPATAIHH, CHHXKAIOT BOXONPOHHIIAEMOCTD
¥ IBMKEHHE TPABHTAHHOHHON BOJLL. B CONIOHIOBBLIX NMOYBAX YMeHblleHHe BO-
JIONPOHUILAEMOCTH NOJ BJAHSIHHEM NMOTJIOMIEHHOrO aTPHUs CBA3aHO ¢ yMeliblle-
HHeM cBO6oJHOro ofbeMa IOp 3a cueT FHApaTalud Koajgounos. Ilpucyrcrseue
GOJIBILIOTO KOJHYECTBA JIEFKOPACTBOPHMBIX COJIell BEI3BIBAET KOATYJSIMIO [JIH-
HHCTHIX ¥ KOJJIOHLAJBbHBIX YaCTHI M UX JAerHaparauuio. BejedcTBHe 3TOro
«COJIEHOCHBI€ TOYBBI H TPYHTHI OOLIYHO HMEIOT TOBLIICHHYIO BOJONPOHHMIAE-
MOCTb.

OnHako no Mepe Bbilue/aunBalds JErKOPACTBOPHMBIX coOJIeft Ha COJENOC-
HOTO TPYHTa M II0YBHI KOATYJHPOBAHHOCThH TJIHHHCTO-KOJJIOWIAJbHOH (dpak-
IHH CMeHAeTCs MPOLlecCaMy ee NEeNTH3anUH, H BOJONPOHHUIaeMOCTh TPOMBITBIX
‘COJIEHOCHBIX OE3THIICOBBIX I'PYHTOB HAUYHHAET PE3KO CHHXKaTbCsA. DTO ABJEHHE
OBIJIO YCTAHOBJAEHO IJIf 3aBOJIAKCKHX LIOKOJTAAHBIX TJIHH, 3aCOJIEHHBIX 0OJIb-
IWUMH KOJHYEeCTBAMHU XJIOPHCTOI'O HaTpPHS.

[Ipucy1cTBHe B nouyBax 6GuKapGOHATOB M KapOGOHATOB Liejouell mpejomnpe-
JleJisieT MX HH3KYIO BofonpoHuuaemocts. [TouBb maxe ciaGoro coioBoro 3a-
COJIeHHs c1abo NPONyCKAIOT IPABUTAIMOHHYIO BOAY W HHOTAA BOLOHENPOHH-
maeMbl. OfHAKO IPH OTMEIBAHHH COJIEH U3 TI0YB M TPYHTOB, COAEPXKAIUX THIIC
(4TO THIMYHO JJI5 NMOYB XJOPUAHO-CY/Ib(MAaTHOTO 3aCOJIEHHS), BOLONPOHHIIAE-
MOCTb He CHHKAeTCH, TaK KaK KaJblHl IHIlca NOJHOCTbIO HachlllaeT MOoYyBeH-
Hble KOJIOMABI, YTO NMOAJAEpPXKUBAET HX KOaryJHPOBAHHOCTD.

Ha BozonpoHHLIaeMOCTH MOXKET CKa3hIBAThCS TaKXKe U JeATEIbHOCTh MHK-
poopraHmnamoB. ArpernpoBaHue INIHHHCTO-KOJJIOULANBHON (DpaKIHK TIOUB NOL
BIHSHUEM [eATeJbHOCTH MHKDPOOPTaHU3MOB MOXKET cIOCOOCTBOBATL yBeJH-
YeHHIO BOIOIPOHHULAEMOCTH H CKOPDOCTH [JBHKEHHs TPaBHTAUHOHHOW BOIHI.
AHaspo6Hble npomeccH, CONPOBOXKIAIOIIMecS MuyHepaausanHeil oprakuye-
CKHX BelllecTB, paclaJloM arperaToB H BOCCTAHOBJEHHeM psifa COeIHHeHHH,
C£NOoco6CTBYIOT yMEHBUIEHHIO BOJONIPOHH,aeMOCTH.

JlaGopaTopHBIMH M NOJEBHIMH 3KCIepHMEHTAMH [ py3HHCKOro HayyHO-
HCCJI1e0BATEIbCKOTO HHCTUTYTA YCTAHOBJIEHO, YTO HCKYCCTBEHHOE OrJieeHHe
TIOYBEHHOH Macchl pe3KO YMeHbIIaeT GHuJAbTPALHIO BOAL B 3¢ MJIAHLIX KaHA1aX.

KoathduuuenT BRHTBIBaHHS XapaKTepH3YeT CKOPOCTb MOCTYMJEHUS BOIBI
B CYXyl0 HOYBY C IOBEDPXHOCTH B €AMHHLY BpPEMEHH HA €IUHHIY IJIOLIATH.
KospduuueHT BIUTHIBaHUS HEOOXOAUM NPH OLIEHKE POJIH A0XKeH, Npu paspa-
HOTKe PEXHUMOB OPOIIEHHs, pacyeTe NOJHBHOH HOPMB, IPOLOIKUTENLHOCTH
T0JIHBOB, JiJil pacyeTa BeJMUHHBI NTOJHBHOH CTPYH.

Koad¢uuneHT BOUTHIBAHHS HaXOAMTCS B OOMBILIOH 3aBUCHMOCTH OT
CBOKCTB II0YB, alpOTEXHHUECKOTO COCTOSIHHS, MOIUHOCTH NMaXOTHOT'O I'OPH30H-
Ta M BJIAXHOCTH NIOYB, H B 3aBHCHMOCTH OT MEXaHHUECKOTO COCTaBa I'PYHTOB
KoJe6ierTcs B CAEAYIOIIUX Ipefenax:

Caubl TsKesbie 0,1—0,5  cm/uac 10—50 m3/zajuac
TFanupl cpenuue 1—5 » 100—500 »
CyranHky 5—10 » 500—1000 »
CynecH NblIeBaThe 10—15 » 1000—1500 »
Tecku >20 » >2000 »

KosdHuHeHT BIUTHIBAHUSI H3MEHsieTCs B NPOUECCe CaMOro BIHTBIBAHHSA.
Han6osabwas BeqUuuHa ero Habjoaercss B HauaJe IOCTYIJEHHS BOALI Ha
cyxyio nousy. [To Mepe HachILUeHHs! TIOYBHI BOAOH, MO Mepe ee HaOyXaHHA M
paspylieHns CTPYKTYDHBIX OTHeJbHOCTel, 3Ta BeiHuWHa cHmKaercs. Ecan
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npoJo/aKaeTcss MOCTyIJeHHe TPaBHTALUOHHOH BOAB, TO IPOLECC BIHTHI-
BaHHS TOCTENEHHO NepeXoAdT B npouecc (uapTpanuu (pHe. 8). O6b1uHO
K03 uuueHT GUAbTpaUHH B NECATKH pa3 MEHbIIe, 4eM Ko3¢uunenT BIH-
TBIBAHHA.

Koadduuuent puabTpauun npeacrasisier cob6oil CKOPOCTb ABHKEHUS Tpa-
BUTALHOHHOf BOAB B BOAOHACHILIEHHOM TOYBOIPYHTE B €IMHHIY BPEMEHH e-
pe3 eIMHHIy TOBEPXHOCTH, BHIDPAXEHHYIO B cm/cex unu B mfcyrxu. Jlannbie
0 Ko3(duunerTe GUILTPAUHH HEOOXOLMMbl MPH pacyeTe BEPOATHLHIX NOTEpD
BOIB! HA (PHIBTpALMIO B BOJOEMaX, HPPUMAIMOHHOH CeTH, MPH pacuere Ipo-
MBIBOK IIOYBBI, [PEHAXKHBIX YCTPOHCTB U T. I

Kosbodunnent GHILTPALHY 3aBUCHT OT THIIA H BOLHO-(PHU3HYECKAX CBONCTB
NOYBEHIIBIX TOPH30HTOB, MX MEXaHHYECKOr0 COCcTaBa M arperupoBaHHOCTH.
Kos(hduuuent GuIbTpaluu CIOHCTOH MOYBbI 3aBHCHT OT $UAbTPALHOHHEIX
cBOBICTE HamMellee BOJONpOHHMiaeMoro ropuaonta. Jlauumii xosdduuuent,
Kak d KO3()()HUHEHT BIATbIBAHUS, SIBJISIETCS AMHAMUUECKNM IIDH3HAKOM. s
OCHOBHBIX TPaHYJIOMETPHUECKHX TPYIN TPYHTOB MOXKHO NPHBECTH CACAYIOUIHE
cpellHue BeJHYHHB KO3P(UUHEHTOB QHIbTpANNH:

TssKese CONOH- Cynecn 10~8—107* cMjcek
IIOBble TJIHHEI 10~7—10"8 cm/cex Hecku 10~2—10"3 »
TCaaast 10~5—107¢ » Fpasnit 0,1-0,5 »
CyrauHKY 10—4-1073 » Taneynnkn 0,5—1,5 »

OnTrMaabHOI BOAONPOHHIIAEMOCTBIO NOYB, ¢ TOYKU 3PEHHA OpOLIEHHdT,
caenyer cuntaTh BeanunHy 1000—1500 m®/ea/4ac. Ilpu MeHbIIMX BeaH4HHAX
NOJIMBBL 3aTpyAHenbl. Beanunnbl nmopsaaxa 2000—3000 M3/eafuac TOBEAYT K
NoTepAM TOJHBHOH BOXAB, NOAbEMY TPYHTOBEIX BOA H 3a60o/IauNBaHUIO
(taba. 13). B »THX cayyasx HppUralHOHHble KaHabl JOJIKHbI OBITb TIOKPLITHE
THIPOH30JSUMOHHBIMU 3KpaHaMH.

3HaueHHe rPABHTALMOHHONA BOJB B MOYBOOGpa3oranuu. [lBuxeHue rpa-
BUTAIMOHHON Bonbl, ocobelo B ¢aze GUAbTpaAUUY, HMeET IPOMaHOE 3Haue-
HHe B IIOYBOOGPA3OBaHMH. BBHAY HHMCXONAIUEH HampaBJIeHHOCTH ABHXKEIHS
rpaBUTAIHOHHON BOIbl OHa fABJASETCS] MOLUIBIM ()aKTOPOM BblleNAUnBaHHS,
TpaHCNopTa ¥ NepeoTN0KeHnss PacTBOPEHHBIX H B3BELICHIIBIX POAYKTOB NOU-
BOOGpPa30BauKs U BbIBETPHBAHHA. I OCIIOACTBO B BOAIOM peXHMe MOYB NpO-
1teccoB (pUABTpAaUHU H GOKOBOTO BHYTPHIIOYBEHHOTO OTTOKA rpaBHTALHONHON
BOJIbI CO3/AeT TaK Ha3bIBACMbIN 3/0BYAAbHBIN, TPOMBIBIOR THUI BOANOTO H
BelllecTBEHHOTO fasalca B NOYBAX.

Ecau nocrynuierre ¢cBOGONHON BOAB B IIOYBY ONEPEXKAET SBIACHUA bunn-
TPALMH U €CJIH CTOK CBOGOAHOH BOIBI MO YCJIOBHAM peabeda (yKJIOHH) Ha-
ygHaeT nNpHoOGpeTaTh CYyNIeCTBEHHble pasMepbl, TO TPOHUCXONUT CMBIB H
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Ta6auna 13

MeJll‘lOpaTHBHaﬂ OLUEHKA BOAONPOHHLAEMOCTH TMOYB H TPYHTOB

BoxonpoHui aeMocTh
ITpumeuarus

M3 /ealdac CTENEHb
<100—200 Huakas OnacHocTb CHJILHOH 3POSHH

300—500 Y nosnerBopuTeIbHAS Onacunocrs caGoil spoguu -

500—1000 Xopomwas —
1000—1500 OnTuMaibHas — .
2000—3000 Bricokas OnacHocTs NOATONMEHHA H 3a60-

JIaYHBaHHUs
—>5000 Ouenb BhICOKAR To xe

IepeHoc TIOBEPXHOCTHBIMH BOJAaMH NDOLYKTOB BBIBETDHBAHHSI H MOYBO-
06pa3oBaHusi, CKJIAJbIBAeTCs 3PO3HOHHO-3/JIOBHANBHBIH THI GasaHca BOILL
¥ BellleCTB.

Poab ¢mabTpaumu Bojbi B BOAHOM Xo03siiicTBe. PUIbTpalUs IPaBHTALHOH-
HOH BOJBI, TOCTYIJIEHHE €€ B IIOYBEHHO-TPYHTOBBIE BOJHL ¢ MOLBEMOM YPOBHSI
noc/jeJHHX K HNOBEPXHOCTH, LIMPOKO PacnpoCTpaHeHa B OpOIIZeMOM 3eMJie-
IeJun U ABASETCA OLHON M3 IVIaBHBIX IPHYHH NpoLecca BTOpUYHOro 3abosa-
yuBaliNg M 3aCOJIEHHMs OpolIaeMBIX NoyB. HemocraTouHoe BHHMAaHHe K TIla-
TeJIbHOCTH GOpPO3JKOBEIX MOJHBOB, IOJHBLI 3aTONJIeHHeM (Ge3 HODMHPOBaHUs
BOJbl MIPUBOASAT K TOMY, UTO Ha OpPOIIAeMbIX NOJSX AONYCKAIOTCS NMOJHBHbIE
HopMEl, HA 100—2009% npeBHiinaloNINe TONEBYIO BAATOEMKOCTL TOuBHl, [Tona-
ya BOJAB MJOXKIEBAJbHLIMH MallHHAMH B OOJbIIHX KoJHYecTBax (3—
4 mm/mur) TPUBOIHUT K TOMY, UTO IIOJle NPaKTHUECKH 3aTOILISeTCS BOJOH
(2,4 thic. M¥/2a/uac), koTOpasi GecNONE3HO CTEKAaeT B INOHMHXKeHHUs U GHIb-
TpyeTcA B IIyOHHY.

JIpyruM HCTOUHHKOM TPaBUTAUHOHHBIX BOJ ABJAseTCS (GHIBTPAIUS BOABL
B CeTH MPPUTallMOHHLIX KaHAaJOB, KOTOphle B GOJBUINHCTBE He HMeloT 06JH-
IOBKH. BesencrBHe KosoccasbHOH TPOTSKEHHOCTH HPPHUTALUOHHOH CETH B
opolllaeMblx paiioHax B GosblION NPOJOJIKHTENBHOCTH €e PaGOoThl B TeyeHHe
BeTeTallMOHHOTO TlepHoJa B KOHeyHOM cyere Tepsercs Ao 50—609% Bonwl,
nocTynaiomell yepes rojoBHoe coopyxeune, dtu 50—60Y% Bceil nogyuaemoit
CHCTEMOH MPPHUrallHOHHOH BOJBI, (QUJBTPYSCH B HHUCXOASIILEM HanpasJe-
IIMH, HACJauBAalOTCs Ha TPYHTOBHE BOABI, IIMTast W MOJHHMAs YpPOBeHb IIO-
CelHHX.

Bosbline xonuyecTBa CBOGOAHOH TpaBHTAUHOHIOH BOAB 06pasyiorcs B
HpPpHrallHOHHBIX CHCTEMAaX BCJEACTBHE pa3jH4lioro pofa aBapHil Ha HppHra-
IYOHHBIX KaHaJlaX H COOPYXKEeHHAX BC/IeACTBHe cOpoca H3OBITOYHON BOAK Ha
LOPOTH H B pa3JHUHblEe NMOHHKEHHUS.

Puc 0o6blyHO BO3ZEJBIBAETCS NPH NOCTOAHHOM 3aTOILICHHMM M NOTpeliser
B TeueHHue Bererauuu 15 000—20 000, a nuworma 30 000—40 000 »#3 Boxm Ha
I ea. EctecTBenHo, 4TO NpH 3TOM Takxke 00pasyloTcs TpOMajHbie KOMTHUECTBA
cOpocHOH M (UABTPYIOIElics IpaBHTALUOHHON BOXNEI, HOIHUMAIOLHEeH rpyH-
TOBBble BOJBL, ‘

IosiBieHne B HPPUTALHOHHONH CHCTeMe GOJBIIOTO KOJHUYeCTBA TPABHTA-
IYOHHOH BOJABI, NHTAIOWEH IPYHTOBEIE BOJEI, COBEPIIEHHO HEJONYCTHMO BCJe-
OCTBUE NPAMOH ONAcHOCTH NOAbeMa YPOBHSI FPYHTOBBIX BOJ, Pa3BHTHS 3a-
GosmayuBalus H 3aCOJEHNUST NIOYB,
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Crioco0bl cHMKeHHsl HUAbLTPALNMM TPaBUTALMONHOA Boabl. OTpunarensHoe
BJAHsiHHe GHIBTPYIOILEHCsS BOAbI B OpolllaeMOM XO3fHcTBe Tpebyer OcyIUecT-
BJIEHHS] CHCTEMATHUECKHX MEPOIPHUSATHH MO YMeHbUIEHHI0 QHAbTPALHUH H IIO-
cTynyieHuE cBOGOAHOH BOJAB B I'PYHTOBHE BOAbL. HauGoJbillee 3HaueHHe NPU
3TOM JOJXKHO MMETh IIJIaHOBOE HOPMHUPOBaHHOe BOJOpAcNpeneeHle U BOJIO-
T0JIb30BaHHE B HPPUTALHOHHLIX CHCTEMaX. OTO BO3MOXKHO JIMIIb TOrAa, KOraa
OpOCHTEJbHAS CHCTEMA OCHALICHA BOJAOMEPHEIMH yCTPOMCTBAMM H aBTOMATH-
YeCKHMH NpHOOpaMH, HCK/IIOYAIOIMHMHM BO3MOXKHOCTb M3OLITOUHOTO BOJO3a-
6opa ¢ nocrenywomell ¢unpTpauneil H3NIHIDHUX BOI B NMOYBY. BricoKOKayecT-
BeHHbIE TIIATeJbHEIE NOJHBH, paccuuTaHHble I/ HE3ACOJEHHBIX IOYB IO Je-
PUIATY BJAXKHOCTH A0 NOJEBOH BJalOEMKOCTH, SBAAIOTCA JAPYTHM YCJIO-
BHeM YyMeHbIUEHHs INOTepb BoAbl Ha (uibTpanuwo. Hna storo Heobxo-
oUMBbl cHcTeMaTHyecKHe HaOJIOJeHHs 3a BJIAXHOCTBIO NOUYB M COCTOANHEM
pacTeHHH.

KpoMe 3THX NOBceMeCTHO IOJIE3HHIX MepONpHUATHH, (BHABTpaUys Ipasy-
TAUHOHHOM BOABI HOMXKHA ObITh HCKJIOUEHA HJIM MO BO3MOXKHOCTH YMeHblle-
Ha TakXKe B CaMOH HPPHTAMOHHON ceTH. DTO MOXKeT OBITb JOCTHTHYTO HpH-
MeHEHHEM pasJIMYHHIX aHTHOHIBTPALMOHHLIX SKPAaHOB Ha KPYNHBIX KaHaJlax
M TIepeBOLOM paclpele/HTENbHBX KaHaJAO0B Ha JIOTKH U TPYGONpPOBOIHL.

BosgenblBaHHe KyAbTyDhl PHCA ¢ MOATONJIEHHEM 3eMJIH IIPH COBPEMEHHBIX
‘MeTOZax NOJHBA [OJIKHO NOCTENeHHO NepeBOIUThCA Ha INpPepHIBUCTHIE NO-
.JIFBBl, KOTJla OPOCHTEJbHEIE HOPMBEI MOXHO Oy/neT YMeHBIUIHTh B 1,0—2 pasa.

ToBpiIenHe HHABTPALHOHHBIX CBOHCTB MAXOTHOTO ¥ MOANAXOTHOTO rOpH-
30HTA. B npakTuKe 3emie[eqHs U BOAHOIO X03f#cTBa OBIBAIOT CayuaH, Korjia
"He06X0JUMO MOBBICUTb BOLONPOHHIAaeMOCTh NoyB. B oXHHX ciyuyasx 3To He-
-06XOIUMO IJIfl YIyULIeHHs KayecTBA IOJHBOB TSXKeNbX GecCTPYKTYPHBIX
noyB. B Apyrux cayuasax IOBBIIeHHe BOAONPOHHUIIAEMOCTH NOYB HEOGXOAHMO
"BPEMEHHO JJIsi NPOBeeHHs] YCIeMHBIX NPOMLIBOX 34COJIEHHBIX IIOYB NPH HX
OCBOEHHH.

ToBslllieHre BOAONPOHHIIAEMOCTH NOYB U yBeJHYeHHe CKOPOCTH IBHKEHHS
.cBOGOJHOH TPaBUTALHMOHHOHA BOALI MOTYT NOCTUTaTbC KaK arpoTeXHHYECKH-
MH, TaK U KOpEHHBIMH MeJIHOpATHUBHLIMH TIpHeMaMH. ATPOTEXHHUECKHE MeTO-
bl TIOBBHILIEHHS] BOJONMPOHHIAEMOCTH NOYB 3aKJIOYAIOTCS B TJIy6OKON Berall-
Ke TIOYB ¢ NpHMeHeHHeM TOYBOYIMIyOHTeNs, KyJbTyphl MHOPOJETHHX TPaB B
-ceBoo6OpOTe, CHenHaNbHBIX OpPYAHH, DHIXJIAMIHX MNOANAXOTHBIA TOPH3OHT
(un3esp, maHOpekep W AP.).

B Gecctpykrypubix mouBax Cpexneit Asmu u 3akaBkasbsl, a TakXe U B
yepHO3eMax 1ora Pycckofi paBHUHBE ueped 10—20 JeT NOJHBHOH KYJBTYpPHI
-06pasyeTcs IJIOTHBIH MaJOTPOHHLAeMBIH AJA BOABL, BO3AYyXa M KOpHeH moq-
NMaxoTHHIA FOpH30HT. OGbeMHRIH Bec YIJIOTHEHNOrO HOINAXOTHOLO TOPH30H-
T4 3HAYUTENbHO BEHIIIE, YeM NaXOTHOTO, €ro CKBaXKHOCTh Ha 5—159, cuuxKe-
Ha, QHAbTpallOHHAaa cnocobHocTh B 2—3 pasa MmeHbUIe, YeM B NaXOTHOM
ropusonTe. [loAnaxoTHEIA TOPU3OHT TakXe BEIBaeT 06OralleH KOJJIOHAAMb-
‘HBIMH BellleCTBaMH M NOABIXXHLIM KpeMHe3seMoM (Tabu. 14).

O6pasoBaHue MOAOOHOTO MOANAXOTHOTO FOPH30HTA PE3KO CHUKAET IJIO-
JIOpoive OpolIaeMEIX TIOYB M yXyAulaeT X obmui pexum. IlonuBHas Bona
He B COCTOSHHH IPOHHMKHYTb B IIOANIOYBEHHBIE TOPH30HTH, KOplieBasgs CH-
€TeMa XJIOYaTHHKA M CBeKJbl HeGOopMUPYETCS H OCTAEeTCA TOJbKO B Ipeje-
Jax BepXHeH 4acTH NaXOTHOTO TOPH30HTA. YpPOkKal CeNbCKOXO03ANCTBENIIBIX
pacTeHHi Ha INOYBaX ¢ YIJIOTHEHHBIM MOANAXOTHBIM TIODH30HTOM CHJlb-
HO CHMIKAeTCH.

Paspymenne ynjoTHeHHOro NOANAXOTHOTO TOPH3OHTAa AOCTHIAETCS MpPH-
MeHeHHeM NOYBOYTMYyOHTENS NPHU BCralllke H 0COGEHHO YH3eJeBaHHeM Ha TUIy-
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Ta6auua 14

CBoiicTBa MOJNAXOTHOr0 YIVIOTHEHHOr0 FODH3OHTA B HOJAMBHBIX cepozeMax
TFoaopno#t crenu

Tay6una, | O6bemubilt CKBai’KHoc‘l‘b, dunsrpanud, C?pz:)?x,ﬁxzue iﬁi%’g;:gg
T'opusoHT o Bec % f‘/‘vzmv?xy <0,2 u, % S10y, %
TlaxoTHuIi 0-25 1,35 43—45 0,10—0,12 7—8 3,8—4,2
IToanaxoruslit 2545 1,60 30—40 0,03—0,04 11—1 5,6
Ilognousenusiit | 45—100 | 1,25 54 0,4—1,0 78 4,3

6uny 30—40 cx. Kyabrypa aiouepHbl B TeueHHe 3—4 JieT B ceBOOOOPOTe AB-
JgeTCH TaKKe XOPOWHUM CPeNCTBOM paspyIleHHS NJAOTHOTO HOANAXOTHOTO
TOpPH30HTA.

A. @. Boapmakos u B. A. Kosaa (1937) nns aHasloOTHYHBIX Iesell mpen-
JIOXUIN ¥ pa3paboTany MJIaHTaXKHbIH METOX MeJHOPalMH THICOHOCHBIX XJO-
puaHo-cyabdatHbx conounos, a 3atem (Kosma, Kyauernosa, 1956) u Taxsbi-
pos. Tlnanrax COJIOHLIOB M TAKLIPOB NMPHBOAMT K YHHUYTOXKCHHIO ILJIOTHOTO
HEINPOHHLAEMOT0 X 06LIYHO HIEJOYHOTO FOPH30HTA.

B noxmsonucTBIX MOYBax BJIaKHLIX CyO6TpomHKoB UepHOMOpCKOro mnoGe-
pexbsi KaBkasa yacTo BO3HHKAIOT BOJOHENPOHUIAeMble Kese3HCThle TaK Ha-
3bIBaeMble OpTIUTENHOBble TOPH3OHTHI Ha ray6une 40—50, a umorma 70—
100 ¢x. DTH rOpU3OHTH 3aAePKUBAIOT HUCXOAAIIKA TOK 'pABUTALHOHHBIX BOL
OT aTMoctepHBIX 0CcanKOB, CIIOCOGCTBYIOT PA3BHTHIO 3a60JaUYHBaHHUA U YXYA-
LIEHNIO MJIOAOPOAUS TIOYB, YTO OT3EIBAETCA HA KYJbType yas B APYTHX LEHHBIX
PacTeHHAX.

Jlna yBeHueHHsT BOXONPOHHLAeMOCTH OPTIITeHOBLIX FOPH3OHTOB U yJayd-
1IeHHst 3a60JOYEHHBIX TAKe/bIX [MIHHACTHIX IIOYB CeBepO-3amnalHbX oGnacTelt
C yCIieXoM NpHMeHSIeTCs1 KpOTOBLIf ApeHax.

B. I1. BymuHckuit (1942) npepsoxuJa 1711 NOBHIIEHAs INIOAOPOAUS IOA-
30JIMCTHIX NOUB ceBepHbix JecHuX ob6sacreli CCCP Tak Ha3bIBaeMyIO KOpeH-
HYIO IlepellesIKy TIOUYBbl, OCHOBAHHYIO Ha In1y6okom (xo 50—70 cm) miaanTaxe
¢ paspylleHHeM HJIIOBHAJbHO-OPTIITEHHOBOrO TOPH30OHTA H NEpeMelINBaHH-
€M €r0 ¢ TOBEPXHOCTHBIMH FOPU30HTaMH, DTO NPHBOLHUT K YAYUILIEHHIO BOLHO-
(u3MyeCcKHX CBOHCTB H, B YAaCTHOCTH, K MOBBIIIEHHIO BOJOINPOHHIAEMOCTH
MOYBHI.

WUCNAPEHHE NOYBEHHOWN BJIATH

OnuuM u3 raaBHedmux (axTopoB BOLHOTO peXHMa IMOYB SABJSETCS IPO-
uecc HcmapeHusi Bjaaru. Mcnmapenrme BOABI M3 NOYBHI NpOTEKaeT NpH JOOOMH
TeMnepaType, Bo3pacTasi ¢ yBeJHUEHHEM TeMIepaTypel M CYXOCTH BO3JyXa.
VcnapeHne BOAb M3 NOUBH! IPOHCXOJHT NPEHMYILECTBEHHO ¢ ee NOBEPXHOCTH,
OZIHAaKO B IIOYBAX, MMEIOLIHX BJAaXKHOCTh MEHblle MaKCHMAaJbHOH THIPOCKO-
IIHYHOCTH, MCTapeHue MPOHCXOAMT H BHYTPH NOYBEHHHIX M TPYHTOBBHIX I'OpDH-
30HTOB. CKOpOCTh BHYTPHIOYBEHHOTO HCMAapeHHst BOILB 3HAUHTEJIbHO MeHb-
as, yeM ¢ HOBepXHOCTH ImoyB. I'ny6oKas TPeIHHOBATOCTb IOYB crocobcT-
BYeT YCHJIEHHIO BHYTPHIIOYBEHHOT'O HMCNapeHHs.

HepoBHoctH pesbeda U OBEpXHOCTH NOYBHI CIIOCOGCTBYIOT TAK¥Ke yBe/IH-
YEHWI0 PacxoOfia BJAard Ha HCrapeHHe. YJajeHHe NMapooGpasHofl BOABI MOJ
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BJIHSHHEM BeTPa YBeJHUYHBAaeT CKOpocTb Hcnapelnsi. CKOpOCTh HCIapeHust
Bcerga Tem GOJbIuas, yeM BbIlle BJAaXKHOCTb TOYBHL. [103TOMYy B YCJIOBHSX
CTeNH, MOJYNYCTBIHb U NYCTBIHb, €CJH NMOALEPKHBAETCS BBICOKAsT BIAXKHOCTh
noyp (IyTeM OpPOIIEHHS HJIM OT I'PYHTOBBIX BOJA), BeJHYHHA ¢(aKTHUECKOTO
HCHapeHHs JOCTHI'aeT BBICOKHX BEJIHUMH:

JlecocTens 10 400—500  mm /200
Crenb go 600—800 »
Monynycrrias Jo 800-—1000 »
IMycreims 1o 1500—2500 »

B opomaemblx nmouBax NOJUBE, NOANepPKUBasi BHICOKYIO BJaXKHOCTb, Ha-
psaay ¢ GJHU3KHMH K NOBEPXHOCTH TPYHTOBBIMH BOLAMH CIOCOOCTBYIOT Upes-
BblUaiiHO GOJBIIOMY pacXody NOUYBEHHO! BOABI Ha Hcnapeuue, CymmapHoe
HcnapeHHe (BKJIOYasi TPaHCIMPAIUIO) IOYBEHHO-TPYHTOBBIX BOX B OpoLlae-
mbix pafionax Cpenneii Asuu mocturaer 15—20 toic. #3/ea (Pepranckas .no-
JINHA, NoJduHa p. Baxmr). Haunboapmiuit pacxo BOLbI HA HCIAPEHUE HMEET Me-
CTO B NIepBble Yachl U JHHU IIOCJ]E TI0JIUBA. B HIo/Ie H aBrycTe HENOCPEACTBEHHO
nocJe MOJAMBA MOXKeT ucnaputbes 70—100 u3/ea B meHb.

Ecan npunsite ucnapenue BoAb! B 1-fi meub nocsge nosuBa 3a 1009, to
yMeHbLIEHHe HITEHCHBHOCTH HCIapelHs BBIPA3HTCSl CJELYIOUHM DILOM

uudp:

1-# meun 100 %
2-# peub 70—90 %
3—4-i1 nenb 40—170 9
5—6-it peHb 40—20 %

Hcnapenue Bojbl U3 NOYB B 3eMJIEJIeNIHU SBJISIETCS TIPOLECCOM, B BhIcLIel
CTeNeHY OTPHLIATENbHLIM, TaK KakK CO3/JaeT HeAOCTaTOK BJarK [IJs PasBUTHA
CeJNbCKOXO3SHCTBEHHBIX pacTelnil, BLI3BIBAeT MX YLHeTellde W Jaxe rubedb.
B ycmoBusix opoliaeMbIX NOYB HCIapeHHe BJard W3 NOYBLI MPHBOIMT K Oec-
NoJIe3HON TpaTe BOMBI, HA NoJydelne W JOCTABKY KOTOPOH K TOJIO 3aTpa-
YeHO MHOTO cpelcTB ¥ ycwiuit. [ToTepu BOABI Ha HcnmapeHHe W3 TOYBHL 3a-
CTaBJASIOT YBEJHYHBATL YHCJAO TOJHBOB M IPHBOLAT K AONOJHHTEJIbHON 3a-
rpyske HppHTalHOHHON cucTeMBl # paGouero mepconana. Camoe Xe T1aBHOE
3aKJII0UAETC B TOM, YTO TOCIOJCTBO NPOLIECCOB HCIIapeHHst CONMPOBOXKAaeTca
HAKONJIeHHeM H30bITKA JErKOPACTBOPHMMBIX COJIeH B IAaXOTHOM TOpH30NTE,
o6pasoBaHueM 3acO/IeHHBIX TOYB M morepell uMu miopopoaus. Ilostomy oa-
HOH M3 OCHOBHBIX 3ajlau 3eMJeleJUsi SIBISIETCS CHCTEMATHYECKOE NpHMe-
HeHHe MepONpHATHH 10 YMEHBIIEHWIO HCIApPEHHS BOABI H3 IIOYBHL.

IIpuempl ymMeHbilleHnsi HcnapeHust Baard u3 mnousbl. Co3naHHe BeTposa-
ILUTHBIX JecibX MoJOoc Ha HOMsAX, PhIXJEHNe IOUBH U YBeJHYEHHE B Hell He-
KamuJsipHOH CKBaXXHOCTH M arperHpOBalIOCTH ABJSIOTCS JApPEBHEHIIHMHU
cnoco6amu 60pbOHl ¢ Gecrno/ie3HbIM HUcapeHueM BJaarTd. MyabuupoBaliie moy-
Bbl PHIXJIHIM MaTepHanoM, OTpaxawlUM cBeT M Teldo (6eJbIM), WA Iie
MPOHNLAEMBIM JI/151 BOJSIHBIX NMapoB (6YyMaXKHBIM, TJaCTMAaCCOBBIM) IOKpO-
BOM CIOCOGCTBYET YMEHBIUIEHHIO HCIapeHuss U COXPaHeHHIo B HeH Baaru.

B arom ke HampaBiaeHHH HelcTBYIOT THApo¢OOHBe ZO0GaBKH H TIOBepX-
IOCTHO-AaKTUBHLIE BEIllecTBa, HApPYLIAIOMHEe KANWAJSIPHO-MEHUCKOBLIE CHCTE-
MBIl B OoYBe. Bce 3TH ImpHeMbl VMeHbIUEHHs] NPOLEeCCOB HCIapeHus BJard u3
HOYB Bce GOJbIle BHeJPAIOTCS B NPAKTHKY COBPEMEHHOI'O 3eMJelenus. IDTH-
MU cnocofaMu BOSMOXHO COXpaHuTh B nousax ao 50—100 mm dusuomaoru-
YeCKH IOCTYNHON BOIBI, 4 3TO 3HAYHT, UTO OOJABIINH ypoxKaH pacTeHuit
MOXKHO HOJY4aTb B CTENSX M JecocTensX 6e3 CTPOHTENbCTBA JAOPOTHX OPO-
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cHTeJbHBIX coopyxenuil. CTolb XKe BaxKHO GOpPOTbCs ¢ HCNMapeHHEM BJaru
H B OPOINaeMbIX N0YBAX.

Bopeby ¢ GecmoJie3Holi TpaToH BOAH Ha HcHapeHHe HeOGXOAHMO HayH-
HaTb yXKe NPH IIPOU3BOACTBE NOJHBOB. DTO LOMKHO NOCTUTATBCA MAKCHMAJb-
HO BO3MOXKHBIM YMeHbIIeHHeM YHCJa IIOJMBOB M yMelbIIeHHeM HX NPOLOJ-
KHUTENbHOCTH. YMEHblICHHE NPOJONKUTENbHOCTH NOJHBOB BO3MOXKHO B TOM
cIyuae, eciu arpodu3uuecKkyue CBOACTBA NAaXOTHOTO H NOANAXOTHOI'O I'OPHOH-
TOB TIOYBBHl JOCTATOYHO OJIaTONPHATHEL, T. e. MOYBBH 00Jalal0T BOLOYCTOHUH-
BOH CTPYKTYpOH, NOBLIIIEHHONR HEeKANUJLJISIPHOH CKBAXKHOCTBIO H YIOBJETBOPH-
TeJIbHOH BOXONpPOHHIAeMOCThI0. CTPYKTYPHOCTL MOUBHEl H MOBBILIEHHAS HEKA-
MU/ PHASI CKBAXKHOCTh OYAYT CIOCOGCTBOBATH YMEHbBIIEHHIO YHCJA MOJHBOB.

Hcknountenbdo Gospiioe 3HauedHHe B GopOe ¢ HclapeHHeM HMeeT CBOe-
BPEMEHHOE ¥ TIATeNbHOE PLIXJEHHE IOUBHI IOC]e IMOJHBA, YTO MOXKET GHITh
uasoctpuposaio gauueivi E. Tlerposa (Taba. 15).

Ta6nunwa 15

Motepn BOABI OpolaeMbiM FOJeM M3 2-MeTpoBoro clos, #3/2a

Huu nocse nosmsa JHu Tmocsie ToJuBa
ObpaboTka O6paboTka
3-i 7-i 24-1 30-i 3 7-#t 24-% 30-t
TMap X 1omuaTHUK
6e3 prixsienns || 682 | 1192 | 1500 | 1500 Ges peixnenuss | — | 1213 | 1500 | 1500
c peixJennev | 662 | 872 | 1231 | 1301 ¢ poixJenueM | — 791 | 1338 | 1448

B 6opbbe ¢ ucnapeHHeM BOALI M3 NOYBH BeJIHKa TAKkKe POJb PACTHTE/]b-
HOTO MoKpoBa. ITof noJoroM JIONepHHl U XJOMYATHHKA TeMHepaTypa BO3AyXa
o0biyno Ha 1—3° HMXKe, yeM Ha OTKpHITOH mamrHe. BjaxHoCTh BO3myxa B
IPH3EMHOM CJI0€ CHJBHO IOBLILIEHZ, 2 B HEKOTOPHIX cAayyasx GJH3Ka K TOY-
ke pocsl (95—100%). Baarogapss sTOMy npu XOpOLIeM TPaBOCTOE JIOUEPHHL
HJIH B cjyyae TYCTOTO MOKpOBA XOPOIIO Pa3BHTOTO XJOMYAaTHHKA HENOcpen-
CTBEHHOE HCHapeHHe BJark ¢ IOBEPXHOCTH ITOYBBLI 3HAYHTENIbHO CHUKEHO.
JTOMY CNOCOOCTBYeT TakkKe H INDHTEHAOLIee BJHSHHE PacTHTEJbHOTO
MOKpOBa,

Eute Goabuie KocBellllasi posib PacTHTEIbHOTO NMOKPOBAa B YMeUbIIEHHH
NPOLECCOB HCIapeHUsT BJATH ¢ NMOBEPXHOCTH NMOYBH. CelbCKOX03SHCTBEHHbBIE
pacTeHHs M JApeBecHble HacaXKIeHHS TPaHCHHPHUPYIOT GOJBLIOE KOJHUECTBO
Boabl — 10—15 Tuic. M3/2a. BeaencTBue 3TOr0 MOA HX TMOJOTOM  OGLIYHO
BJAXKHOCTb NTOYBHI 3HAUMTENbHO YMEHbUIAETCS, YPOBEHL IPYHTOBLIX BOJ CHH-
skaetca Ha 0,5—1 M, ¥ TpaHCIOPT KaNUAASIPHON BOJBL K NIOBEPXHOCTH 3aMefl-
Jsiercd. B utore mpomecc McmapeHust BJard NOYBO#l 3aMentaercs 6HOJOrH-
YECKMM HCIapeHHeM — TpaHCIHpauHell OYBeHHO!N BOIEI 4epe3 JHCTBY pac-
Tenuil.

B umcae mianomepHblx MCPONPHSTHH N0 YMEHbIIEHHIO HCIApelHs MoH-
BEHHOH BJIaTH ¢ NMOBEPXHOCTH HOUBBI 06513aTebHO JOMKHB ObITH MIIOrOJeT-
HHe TPaBH B ceBoo6opoTe (yJydyllleHHe CTPYKTYPRI, IPHTEHeHHe, ociabieHue
HCTapenus, CHAXeHUe YPOBHs TPYHTOBBIX BOM) M JpeBeclble MOJOCIble Ha-
‘CAXKJIeHHsT BIOJb HPPHUTAlHMOHIIBIX KallaJoB, JOPOT M Ha ycaabbax (Berpo-
3alIMTHAA pOJIb, CHATHE KaNUMJISIPHON BOABI, OGHOJOrHYECKOE CHUMKeHHe
'YPOBHAI TPYHTOBLIX BOJA).
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) TPAHCIIHPALHA BOAbI H3 NMOYBbI PACTEHUSIMH

Tpancnupauuell HasbiBaeTcad NOTpeGJEHHE PacTeHHEM BOAbI Ha KH3HEH-
Hble TIPOIecCH, POCT U o6pa3oBaHue TKaHel. TpaHcnupauuouun koadduuu-
€HT pDACTeHHH, T. €. KOJHYECTBO BOIRI B rpaMmax, HeOGXONMMOE Ha CHUHTE3
1 2 cyxoro opraHuyeckoro BeleCTBa, KOJeBJIeTCs A5 CeIbCKOX03AACTBEHHBIX
pactenuii B npegenax 300—700, unorna omyckasch 10 100, a B OTAEBHEIX
caysasx Bospacras mo 2000. Cpennmit TpaHcmupaunuoHHHIA Ko3((HIHEHT

paBeH JJs:

3€DHOBBIX 400—500
caxapHoOH CBeKJIhl 260—400
XJlonuaTHHKA 350—600
JIOLEDHET 1000—1100

BenuynHa TpaHcnHpauuOHHOrO KO3(hGhHIUEHTa 3aBHCHT OT YCJOBHH, B KO-
TOpBIX Tpouspacrtaet pacrenne. O6ecneueHHOCTE PACTEHHS MUTATENbHEIMH Be-
IIecTBaMHU, OJIaTONpPUATHEE arpodusuyecKrne CBOMCTBA MOYBHL CIOCOGCTBYIOT
3HAYUTEJHLHOMY YMEHBLIEHHIO TPaHCIHHPAIHOHHEIX K03(HIHEHTOB.

OG61uee NoOBHIIIEHHE ypOXKasi CONPOBOXKAAETCS OTHOCHTENBHBIM yMeHbllle-
HYeM BeJHYHHBl TpaHCnupauuoHHOro kosdduuuenta. IlopwieHne Temnepa-
TYpHI, a TaKXKe H30GLITOYHOE COLEPKAHKE BJIATH B NIOYBaX, HA06OPOT, CIOCOG-
CTBYIOT HOBBILIEHHOH TPAaHCHHPALUMH BOAB PACTEHHSMH M Kak Obl CHUXKEHHIO
ee 3¢ PeKTHBHOCTH.

B o6biyHo#l moJieBOfi 0OCTAHOBKE Tpchnnpauuﬂ coueraercss ¢ INPAMBIM
HcrapeHHeM BOAB U3 NouBHl. [lo3TOMY B IpaKTHKe BOJHOTO X03HCTBA yIoO-
TpebJifgeTcs BHIpaXKEHHe «CYMMapHOe HCIApeHHEe», HJIH <«3BaNOTPAHCMHpa-
U¥si», NOJ KOTOPHIM NOHMMAeTcs OOIHEA pacXo] BOLBI H3 HOUBLL Ha TPAHCHU-
pauMIoO pacTEeHHAMM M Ha HClapeHue B COGCTBEHHOM CMBbic/e c/I0Ba. B cpen-
HeM 3a TeIJIbil ce30H roga rpy6o MOXHO CUHTATh, YTO TPAHCMUPALHA COCTAB-
Jasier npuMepHo 50—609, cymMMapHOro HclapeHus. DTO BUAHO U3 JAAHHHIX.
Taba. 16,

Ta6nuna 16

CyMmapHoe HCnapeHHe M TpaHCOMpauusi TIOYBEHHBIX BOJ Ha mole
xaonuarHuxka (M3/ea/cymru)

CyMMapHoe ucna- Wcnapenue Ha
Mecan peHHe Ha mojie  [yuacTKe 6es pacTH- TpaHcnupanus
XJIOTI9aTHHKA TeJIBHOCTH
Hionb 48 28 20
Hione 170 80 90
Asrycr 145 70 75
CeHTs6pb 34 28 6

TpaucnupauHOHHAsE NesITENbHOCTh PACTHUTENBHOTO NOKPOBa HMeeT GOJb-
oe BJMSIHME Ha HamnpaBJieliHe TOYBEHHBIX INPOLECCOB, 0COGEHHO COJIEBOTC:
pexuma. Cnoco6¢cTBYs yMeHbUIEHHIO HCTIapeHHs BOJABl M3 IOYBH U OCIa6-
JIEHHIO TIPOLECCOB HAKOIJIEHHS] COJIEH ¢ TIOBEPXHOCTH TOYBHI, TPAHCMHpPALH-
OHHasl AESTENbHOCTL PAaCTeHHIl BMeCTe C TeM HMeeT GOJBbIIOe MeJHOPaTHB-
HOe 3HaueHHe.

MeanopaTuBHoe 3HauenHe TpaHcmupauud, TpaHCnHpaIlMOHHAS HEATENb-
HOCTb pacTeHHH NpPH MX XOpPOLIEM Da3BHTHH H JOCTATOYHOMH TyCTOTe MOKpO-
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Ba MOXeT cnocoGCTBOBATb CHJBHOMY CHHXKEHHIO YPOBHSI TPYHTOBHIX BOJ, H
ocnabieHno TPOLECCOB 3a060/ayMBaHUsl H 3aCOJIEHHS OpOLIAeMBIX ITOYB.
O cymMapHOM pacxole IOYBEHHO-TPYHTOBHIX BOJ Ha HCHapeHHe W TPAHCIH-
PauHI0 MOXKHO CYAHTb IO CAeAYIOIIHM JaHHHM: | ea nons B CpenHein Asnu
pacxoiyeT Ha cCyMMapHoe ucnapeHde TIOJA HOKpoBoMm (m3/208):

PaCTHTEJILHOCTH TIEPeJoroB 5000— 8000
XOpollero xJonyaTHHKA 10000—12 000
XopoureHl rycToil MouepHH 15 000—20 000

U3 3Tux naHHBEIX BHIHO, YTO XJOMYATHHK H OCOOEHHO JIolEepHa TPaHCIHPH-.
PYIOT I'poMajHble KOJHYeCTBA BOABI M3 IOYBLI, UTO CONPOBOXKAAETCH 3HAUH-
TeJbHbIM CHHXKEHHEM YPOBHA IPYHTOBHX BOJA. MHOrokpaTHEIMH Ha6maw0ze-
HHSIMH YCTaHOBJIEHO, YTO Ha TNOJSX JIOUEePHB 2—3-T0 roja BeTeTaldH ypo-.
BeHb TpPYHTOBHIX Boj Ha 50—100 cx HuXKe, yeM Ha AaHAJOTHYHBIX IIOJAX
XJONYaTHHKA.

Kyabrypa TpaB B ceBooGopore, TakHM 06pa3oM, cnocoGCTBYET MOALED-
KaHHIO TPYHTOBBIX BOJ Ha 0ojiee HM3KOM YDOBHE, OCJAaGJEHHIO IPOIECCOB.
HCTIApEHHs H, CJIel0BaTeNbHO, COJeHaKOIJIeHHs.

HckyccTBeHHBlE JpeBecHble HacaXKAEHHS B opolllaeMbIX pafioHax M BLOJb
KaHaJ 0B TPAaHCIHUPUPYIOT B ToA He MeHee.10—12 Thic. M3/2a, COOTBETCTBEHHO.
CHHIKAasl ypOBeHb TPYHTOBBIX BOA M 0CJalbJsisi TeM CaMbiM COJIEHAKOIJIEHHE.
[ToBbImas BJAXKHOCTb OKPYKaIOLIEro BO3/AyXa, 3afepkKHBAasi CKOPOCTb JBHU-
XeHHA BeTpa, NMOJOCHLIE JlecHHle HacaXk[IeHHs BIOJb HPPHTaUHOHHBEIX KaHa-
JIOB, ZIOPOT M Ha ycaAb6ax CMArYamwoT KAXMAT OpoIlaeMoro 0asHca.

OxoHuaHHe BereTalHH CeJIbCKOXO3AHCTBEHHBIX PacTeHUH BO BTOPOI 10JIO-
BHHE JIeTa M OCEeHH CONpOBOXKJAeTcs IpeKkpalleHHeM TpaHCIHpaUuH, ociab-
JieHHeM TIPHTEHEHHOCTH NO0JIsi H OTHOCHTEJNBHEIM YBeJHueHHeM pacxofa Ioy-
BEHHO-TPYHTOBLIX BOJ Ha HcnapeHme. OTO CNOCOOGCTBYET TOMY, YTO B pe-
3y/bTaTe TOCIOACTBA NPOLECCOB HCIAPeHHs] OpolliaeMbie NMOYBE B TeyeHHe-
OCEHHero BpPEeMEHH OueHb CHJBHO 3acCOJATCcA. B cTpaHax MYCOHHOTO KJH-
MaTa ¢ CyXoH 3HMOH Takoe sBJieHHe IpOTeKaeT OCOOEHHO HHTEHCHBHO. s
60pb0bl ¢ HHM TaKxke MOXKeT ObITb HCIOJb30BaHa TPaHCIHPALHOHHAS Hes-
TeJBHOCTb pacTeHuil. B 3TuX wenax B yCJOBHSIX Temoro kaumara Asuu U
Adpuxku Heo6XOZMMO Ha OpOLIAEMBIX MNOJAX NPHUMEHSTb BO3JeEJbIBAHHUE.
TNOBTOPHBIX KYJbTYP HJIM KPYIVIOTOJOBYIO BEreTaluIO PacTeHHH, CO3TA0LINX
nocje yO6OpDKH OCHOBHOTO pacTEHHS «NOBTOPHHINA» GHOJOTHYECKHH IOKPOB.
DTOT 6MOJOTHUECKHUH NOKPOB NMPOLOJKAaeT TPAHCIHPHPOBATL NMOYBEHHO-TPYH-
TOBBle BOZBI, OclabJsieT W He HONycKaeT NOBEPXHOCTHOe HCIapeHHe, COMNPO-
BOXKJaiollleecs 3acOJieHHeM TOYB. B KauecTBe NMOBTOPHEIX KYJbTYp LeJecO-
06pasHO NPHMEHATh KyKYypy3y, O3HMble 3epHOBHIE, O3UMble 3epHOGOGOBEIE,
JIONEPHY OCEHHEro MoceBa M T. 1I.

YMmesoe HCNMONb30BaHHE INPOLECCOB TPAHCIHPALMH [aeT HONOJHHTENb-
HYI0 IPOLYKIMIO U NTOMOr'aeT CYILIeCTBEHHO CHHXATh YPOBEeHb TPYHTOBHIX BOJ,
0cnabJATh Kanu/JspHOe BOCXOHsIlee JBHXKeHHe COJell, YMEHbLIATh IIOBEPX-
HOCTHOE HCIapeHHe H B KOHEYUHOM cyYeTe ocaabnsiTh MPOLECCH 3aCOJEHHS
OpolIaeMBIX TOYB.



JUHAMHUKA
U BAJIAHC
IF'PYHTOBDBIX BOJ ' h

Muorue noyBbl 3€MHOIO LIapa HCHBITHIBAIOT B HACTOsILCE BpeMd UJIH HCIH-
TajH B OTHOCHTEALHO HeJaBHEM FeOJIOTHYECKOM IMPOLIIOM NpsiMOe BJHSHHE
TPYHTOBBIX BOA (rHIpOMOp(QHHE H NajeorufpoMopduuie noussl). Ilpucyr-
CTBHE WJH OTCYTCTBHE IDYHTOBBEIX BOJA B IIpelejiaX TyMyCOBOTO H KOpHeoOH-
TAEeMOTO FOPH30HTOB M B NOACTHJAIOICH NOPOJe ABJSETCS BaKHEHLINM KpH-
TEepHeM OILEHKH BOJAHOIO PEXHMa IIOYB, HX IPHPOJAHEIX H TIPOM3BOJCTBEHHHIX
cBOHCTB. BypoBasi ckBaxKHHA, IOUBEHHHIH DAa3pe3 HJH JpEHaXKHad TpaHIled,
3aJI0KEHHBIE B BOJAOIOCHEIN TOPH3OHT, BCKPHIBAIOT TPYHTOBLIE BOJH, YPOBEHb
KOTOPHIX yCTaHaBJAHBaeTcs Ha onpefeneHHoH BhicoTe. [Ipu 3ToM OT MOYBEL
oTHensieTca rpaBUTALHAOHHAS cBOOOJHAs BOLa. B Toale MOUBH Haj «3epKa-
JIOM» TDYHTOBOH BOJBI NpOCJAEXKUBaeTCHd KaNHANSAPHas Kafima BbicoTOH 1—
3 M, BHIIE KOTOPO# B TIOYBE HMeeTCd JHIIb IVIEHOYHAas H THTpPOCKONHUecKast
BJIara.

['pyuroBast BoLa BOJOHOCHOTO I'OPK3OHTA MOXKeT OblTh BPEeMeHHOil, ce-
30HHOH («BHCSYAs BEepXOBOAKa»), oOpasoBaBlleiics BejaeAcTBHE MH(UAbTpa-
[[HH JUBHEBOH, CHErOBOH WJIM IIOJUBHOH BOJBL M 3aJ€pPXKKH ee HAI MAaJOIpo-
HHIIAeMBIM <«BOJOYNOPIBIM» FOPH3OHTOM. B cTpaHax paBHUHHOTO pesbeda
H pe3koro npeo6GjafaHus OCANKOB Haj MHClIapeHMeM (BJaxKHble TPOIUKH,
06JaaCcTH MOPCKOTO KAHMATAa YMEPEHHOrO Nosica, BJAaXKHble 00JacTH yMepeH-
HOTO ¥ XOJIOJHOTO Tosica) GJM3KHE K NOBEPXHCCTH TPYHTOBHIE BOJAH SIBJISI-
I0TCSl HPOLYKTOM HHOHABTpPaLHH aTMOC(epHBIX OCAJKOB M HAKOIJIEHHS I'pa-
BUTAUMOHHOHK Boxbl. OGBUHO CE30HHASI BEPXOBOJKA B TaKHX YCJIOBHAX CO-
YeTaeTcsi C OCHOBHBIM HOCTOSIHHEIM TOPH3OHTOM TPYHTOBHIX BOJ, KOTOPHIA
JIeKUT HA PerHoHasbHOM BOZOYHODE.

JIBHXeHHe BeDXOBOLKH CBSI3aHO ¢ MeCTHHIM peibedom. [TocTOAHHBIN XKe
MOTOK I'PYHTOBHIX BOJ HalpaBJjeH 1O o0WEeMY VKJOHY TEPPUTOPHH H B CTO-
poly Bpe3aHHOH ceTH HosuH. Dauskasi K MOBepXHOCTH IPYHTOBAsl BOJA Ha
MHOTHX IPOCTPAHCTBAX SIBJISIETCA NPOAYKTOM BHIKJIHHHMBAHMSA NOCTOSIHHO CY-
LECTBYIOUET0 FPYHTOBOIO MOTOKA, MPHXOASANIEIO CO CTOPOHBI 0GJACTH TNH-
TaHua (TOpH, pPycC/la PeK, KPyNHbIE BOAOEMBl, KAHAJBI) B HOJUHY HJH J€J1b-
TY, B HU3MEHHOCTb MJIH IENPEeCcCHIo.

[Toctosnublfi GaM3KNH K IOBEPXHOCTH BOIZOHOCHHEII TOPH3OHT MOXKET
chopMHPOBATLCS BCJEICTBHE DPA3TPY3KH BOCXOASMIMX HANOPHBIX DOA3EM-
HBbIX BOJ B JOJHMHAX, HH3MEHHOCTSIX HJY BNAaJNHAX, JEeXKAIIHX B MeCTax TeK-
TOHHYECKHX pPa3/oMOB, CABUIOB, TpemuH., Hepelko B mnocaefHux caydasx
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FPYHTOBblE BOJADLI BHXOASAT Ha GOMBLIHX IIPOCTPAHCTBAX HA MOBEPXHOCTh, 00-
pasys Tak HasblBaeMble 30HBI BLIKJRHEBAHHS, «Kapacy», I0JOCY 03€p HIH
60710T, ceTh rpH(POHOB, UCTOYHUKOB, a HHOT/IA TPA3EBBHIX BYJKAHOB.

B ofiuem BiAe MOXKHO CUHTATh, YTO I'PYHTOBBIC BOALI He OKAa3HIBAIOT HA
nouBooGpasoBanue U PACTHTEJBHOCTb HUKAKOTO BJHSHHSA, €CJIH HX YPOBeHb
JEXKUT Ha raybuHax Gosbile 10—12 xu. B 3THX yCJIOBHAX OHH PacxonyroTcs
raaBubiM 00pa3oM Ha OTTOK.

JlanamadTel ¢ riy6GOKMMH I'DYHTOBEIMH BOIAaMH Ha3biBAalOTCH 3JOBHAJb-
HBIMH aBTOMOP(HBEIMH HJH aBTOHOMHLIMHM. DTO OOBIUIO BOAOPA3JEJLI H Bhl-
‘COKHe Teppachl I'TyGOKHX [TOJHH, IPEAropHble PaBIMIBl (NbeJMOHTH), BbI-
COKHe pacceyeHHble paBHHHNLIe IJIaTO. BOAHDLIH PEeXHM paclpocTpaHeHNLIX
3/lech NMOYB MOXKHO Ha3BaTb aBTOMOPGUO-TIPOMLIBHBEIM. DTH Ha3BaHHs OTpa-
WKAIOT TOCHOJACTBO B NOYBAX NpPOLECCOB HHGUAbTPALKMH BOALI, BHIIEJAYHBA-
HHS H BBIHOCA (CKBO3HOTO MJIHM YaCTHYHOTO).

ITpu MeHblIMX TAyOHHAX TPYHTOBHIX BOJ (MOpsiKa 7—10 x) yKe MOXKeT
mabJaiofaThcsi HEKOTOPOe BJUSIHHC MX Ha noysoobGpasoBanue. Kophu pacre-
HUI TPABSAHHCTBHIX H APEBECHBEIX B COCTOANHH LOTPCOJAATL MaJOMHHepasH-
30BaNHble TPYHTOBHE BOJDLI C 3THX I'TyOGMH ¥ NPOU3BOSUTh LOMOJHUTENBHYIO
6roMaccy Ha NMOBEPXHOCTH. DTO YCUANBaeT aKKYMYJSUHIO OHOQPUABHBIX 3Je-
MEHTOB H OpraHMYeCcKHX BCIIEeCTB B NoyBe. B 3TOM INposiBASCTCS KOCBEHHOR
BJIHsSIHME TPYHTOBLIX BOJ Ha TNOYROOOPa30BaHHE uepe3 pacTUTENbHBIH IO-
KDOB.

[Tpu ray6unax rpyHTOBBIX BOL 4—7 # B HHXKHeH 4acTH HOYBEHHOTO INpoO-
(uis TOSABJAAIOTCS BOCXOAAIIKUE NJNCHOYHO-KaNM/AJISPHLIE PacTBOPLI, H3 KO-
TOPHIX B NOYBY MNEPEXOAAT B 0CAJA0K HCKOTOPbIC PACTBOPCHHDIE KOMMOHEHTHI.
3nech yxKe HMEET MECTO NPSIMOC T'€OXHMMHYECKOe BJHslHEe TPYHTOBBIX BOT
Ha nouBoobpasoBanne. [TOCTOSHHBIA IIPHTOK BJArH, KPOMe Toro, o6ecneuu-
BAeT MEIIIHOE DAa3BUTHE PACTHTENIbHOTC MOKPOBA M YCHJIEHHE AKKyMyJAsuuH
6uoduapHLIX aaeMmenToB. IlouBooGpaszceaHue ¥ MOYBHI NpHoOperaloT Xapax-
Tep MezoruapoMmoppubix. JlanamadTe 3TOro THIA M pasBHTHIE l1a HUX IOY-
Bbl ABJAAIOTCS YACTUYHO 3JIOBHANBLHBIMH, T. €. IPOMBIBHBIMH, TPAaH3UTHBIMH
IJ15 pacTBOPHUMBIX COEIMHEHHH M BMeCTe€ C TeM AKKYMYJSTHBHRIMH (Hako-
OUTCJABHBIMH) A5 MaJOPACTBOPHMBIX cOeAHHEHHH (xapOoHATOB Xafblyd,
THAPOOKHCJIOB 3KCJe3a H Mapranna) v takux GuopuIbHbIX 3J€eMEHTOB, Kak
¢ocdop, cepa, yraepox, asor, 1"40;1, Menb. UepHble MOYBLI BJIAXKHBIX CaBaHH,
npeppm JYTOB M JYTLOBBIX cTenei SABISHOTCA TUIHUUBIMH TPENCTaBHTeIA MH
3TOH IPYNNLI TOYB.

Tlpn HebGonbuiux rayGHHAX TPYHTORHX BoA (1—3 M) KamuispHas Boja
aKTHBIO YYACTBYET B XKH3HH pacTeHHH, B MOYBOOOpPA30BaTENBHOM NPOLECCE
U reoxXxHMHYeCcKod akkyMmyasuud. [lpuxoasmiasi CoO CTOPOHBI IPYHTOBasi BOAA
B OCHOBHOM pacXoAyeTcsl 4epe3 KaNwISpHYHO KallMy Ha HCHapeHHe U
TPaHCNUPaUHUIO, XOTd 4acTb TPYHTOBBIX BOJ MOXKET YXONHTb C JOA3eMHBIM
OTTOKOM, €CJIM CYILECTBYCT eCTeCTBeHHE aAperax. [IpuHecennsle rpyHTOBOM
BOAOH pacTBOpeliHble COeJMHCHHA WHTEHCHBHO HAKAILTHBAKIOTCH B IOYBE, BO-
IOHOCHOM TODH3OHTC H B TPYHTOBOK Boje. Pexum ¥ Gajanc rPyHTOBBIX BOI
NpHOGPETAIOT HCTapPUTEAbHbII XapakTep.

B reoxmMuyeckoM OTHOMWICHHHM AaHAMWA(TEL TAKOrO THOA SIBJAAIOTCS akK-
KYMYJSTHBHBIMH, a HOYBBI — I'HAPOMOP(HO-aKKYMYAATHBHBIMH, YacTO 34C0-
JgenHbivH. Cienyer, olHaKO, Pa3/HYaTh pacnpoCTpaleHHBIE B IPHPOJE CJIy-
YaH, KOrja TPynToBEe BOAbl 6/1M3KK K NoBepxHOCTH (1—2 M), HO ux uHpKYy-
JALHUST Ouelb aKTHBHA U OTTOK WX BeNuK. TakHe yCJAOBHS CKIajbIBAIOTCS B
006/1aCTAX JOCTATOUHOTO KOJNHYECTRa aTMOC(epHBIX OCalKOB M HAJHYHS IIPO-
HHL@EeMBbIX TaJICUIIHKOBLIX H [ecYaHhlX INPGC/ACeB, NOACTUIAILIMX HHXKHHE
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TOPH30HTH MOYB. Bananc rpyHTOBbIX BOJ W NMOYB MOXeT ObITb ONpEeAeeH B
STHX YCJOBHSX Kax TMApoMop¢HO-mpoMuiBHON. OOLIYHO 3TO TEMHLIE IVIeeBO-
JIyTOBbie I'YMYCHPOBAHHEIE NOYBBI WJH IJIeeBO-NIOA30JAMCTbIE MOYBbl HH3KHX
I[PEHHPOBAHHEBIX PABHHUH.

Kak MOXHO CYAHTb M3 IpeIbiiyniero, B AHMHAMHKe TDYHTOBHIX BOA pe-
mampliee 3HaueHHe NPHOGpPETaeT COOTHOIIEHHe aTMOC(hEepHOro YBJaKHEHHS,
IPHTOKA, OTTOKA U HCIapeHHs TpyHTOBHIX BoA. COOTHONIeHHE PHUXO/a U pac-
X0Ja BJard M OCOOGEHHO COOTHOUIEHME TAKHX CTaTel pacxofa TPYHTOBHIX
BOJ, KaK HX OTTOK, TPAHCIHpPALHNs W UCIIapeHHe, ABAKIOTCE Haubosee cylie-
CTBEHHBIMH [UJIsi NOHMMAaHHUS M OLEHKH DOJU TPYHTOBHIX BOJ B reOXHMHue-
CKHX, T04B00Gpa3oBaTe/bHBIX H MeJHOPATHBHLEIX Npoleccax.

3JIEMEHTBl BAJIAHCA TPYHTOBBIX BOJ

OueHuBasi poJib TPYHTOBHIX BOH B NOYRoOOpasoBaTeNbHHX Mpoleccax,
HeOGXOLMMO UMEeTh B BHAY, UTO DPYHTOBHE BOJL HMeJH CBOK HCTODHIO
¢dbopMHpOBaHHuS U HX 6ajaHC CKJagblBajcd NO-PasHOMY B PasiHyHbIE OTpes-
Kd BpeMeHd B mpomom. Cueryer pasaudaTh B NOYBax U JaHpmadrax Te
NpH3HAKH, KOTOpHEe OBLIM OCTaBJeHbl NMPOULIOH HEATENbHOCTBIO TPYHTOBBIX
Box (maneoruppoMopdubie nousn). CTo/b Ke BaXKHO pasaHyaTh NPH3HAKH
COBPEMEHHOro rufipoMopduama, CBE3aHHOTO C OCOOEHHOCTAMH COBpeMeHHO-
ro GajnaHca TPYHTOBBIX BOJ W €ro pOJBIO B COBpPeMeHHOM I0YyBOOOGpaso-
BaHUH.

Heo6xonuMo pasianuarh ciaemyouide raapHele GopMel 6amanca rpyHTo-
BuiX Box (KoBna, 1946, 1966):

1) BekoBO#, UMEIOUIHII FeOJOrHYECKYI NPOLOJNKHTEAbHOCTh H CBS3aH-
HEIH ¢ pOopMHPOBaHHEM reOMOP(OJIOrny MECTHOCTH;

2) nepuofuMYeCcKH#, OOLIYHO OXBATHIBAIOLIUI OTPE3KH BpeMeHM IOpAAkKa
11—25 netT u cBA3aHHBIA ¢ MEPHOAHYHOCTHIO B akTHBHOCTH CosiHua M BHna-
JeHUH OCaIKOB;

3) TORMYHBIH, YKJaABBAIOIIKIACA B FOJOBOH TMIPOJOTHYECKHA LUK Tep-
puTOpHY;

4) MeXINOJHUBHOH, OXBATHIBAIOUHA KOPOTKKE OTPE3KH BpPEMEHH MEXIY
NOJINBaMH.

31ech MBE PAacCMOTPHM OCHOBHbie OCOGEHHOCTH PeXHMa I'PYHTOBHIX BOJ
rOIMYHOIO IHKJA.

O6o3aunm Bce (OpMBl NHTAHMS TPYHTOBBIX Box uHipekcom I. Bee suam
pacxoma TIPYHTOBBIX BoJ B JaibHelleM o6Go3Hauum HHIAekcoM Q. Tlpo-
CTEHIIMMH THNAMH TON0BOro OaJjlaHca TPYHTOBBIX BOJ OYAyT cleiyiouiue
TpH:
; %2) KOMIIEHCHPOBAHHLIH, KOrja NPHXOL KOMIICHCHPYETCSI pPacXOoM,
- ’

6) DOJIOXKHTENbHO JEKOMIEHCHPOBAHHHIE, KOria NPHXOX NpEBHILIAET
pacxon, I>Q;

B) OTPHUATENBHO NEKOMIIEHCHDOBABHBIN, KOTJ A PacXoj NpPeBHILIAET NpH-
xon, I<Q.

B nepsoM ciyuae 3amac ¥ ypoBeHb I'PYHTOBHIX BOJ M3 IOfia B TOJ, KOJe6-
JIOTCA TPUMEPHO B OJHHX H TeX XKe IpelesaX, BO BTOPOM — 00beM H ypo-
BeHb TIPYHTOBBIX BOA HMEIOT BBHIDAXKEHHYIO TEHIEHLUHIO K MOBHIICHHIO,
B TPEeTbEM — 3aNac H YpOBeHb IDYHTOEBIX BCJ M3 I'0jla B TOJ CHHIKAIOTCS.

[Tpoueccnl mouBoo6pa3oBaHna H, B YaCTHOCTH, COJNERON GanaHC TeppPUTO-
pyi, HMEIOWMX OJMH M3 TPeX OCHOBHHIX THIOB 6aJlaHca TPYHTOBHIX BOJ, CO~
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BepuIeHHO pa3uyHbl. OCHOBHBlE Da3/NUMs 3aBHCAT, KaK OTMEYEHO BbhILIe,
OT XapakTepa 3/7€MEHTOB, CJarallluX OPHXOAHBIE M PacXOAHBE CTaTbhu 6a-
JlaHCca IPYHTOBBLIX BOZ.

Baxuefimye cocTaBlibie 3J€MEeHTH MHTAHUSA TPYHTOBH X BOX [
caenyoulHe.

B HeopolnaeMbIX YCJOBHSIX: MATAHHE OT ATMOC(EPHHIX OCAaJKOB (BKJIO-
yas KOHAeHcauwrio) — [r, UHQHUABTPALNA H3 TNPHIAHBHOH BOJHBI, H3 Dpycek
PEK ¥ IIpH pasauBax — I;,, NHTaHHE ¢ GOKOBBIM NIPHTOKOM TPYHTOBHIX BOJ —
I 4w, MUTaHYUE C BOCXOASIIHM NPHTOKOM OT apTe3HAHCKHX BOM — [gy.

B ycrnoBusix opomaeMoil TepPHTODHH OTMEUCHHBIE 3JEMEHTHl MHTAHHS
TPYHTOBEIX BOX COXPAHIOT TCJHOCTBIO CBOE 3HaueHHe; [ONMOJHHTENbHYIO
BaXHYIO POJb HIPAIOT: MHQUJABTPALUS B HPPHTALMOHHBIX KaHadax — [in.,
HHOUABTPALMS M3 BOLOXPaHWIHIL — [g;p, MHOUAbTPAaUMs HA MOJHBHBIX H
HIPOMBIBHBIX MOJsiX — [;z, nHHUABTpAUUsT H3OBLITOUHBIX COPOCHHLIX BOA — [

Baxuefimue cocraBHbie 3/ eMEeHTH pacxona PPYHTOBHBX BOJX
cAeLyIOMHeE.

B HeopolraeMHX YCJAOBHSIX: GOKOBOH OTTOK T'PYHTOBBIX BOX — Qgw, TPaH-
CIMpalusl PACTHTENEHOCTBIO — @y, HCapeHHe uepe3 NOoYBY — Q..

ITpu mpakTtudgeckoit ouneHke 6ajaHca TPYHTOBBLIX BOX TPYAHO pasmesnuThb
HX PacXOJl Ha HCIApeHHe W TPAHCHHpPaIUI0. B 3THX cayyasX NPHXOIHUTCS
FOBOPHTh O CyMMAapHOM HCIapeHHH. D1y BeJHUYHHY MOXKHO 0003Ha4YHTb HH-
nekcoM Qqe.

B yc1oBHAX OCYMIEHHOM WM OpOIIaeMOf TEPPHTOPHH C PaboTaloulMMH
IPEHaXHBIMH COOPYXKEHHSIMY MOSIBIAIOTCA NONMOJHHUTENBHLIE CTaThbH PAaCXo-
Jla TPYHTOBHIX BOJZ Ha OTTOK B ApeHH — Q.

ITpene6perast HEKOTOPHIMH CTATBSIMH MPHXOAA M pacxona (KOHAeHcalusd,
YCBOGHHE OpPraHM3Mamu, COpOuHsT U T. A.), GallaHC TPYHTOBHIX BOJ MOQKHO
BLIPA3UTD CJAELYIOINHMHU HHIEKCAMH:

IJIS HeOpOllIaeMbIX TEpPUTOPHM:

[R +1in+ ]gw + ]awfz ng+ Qt -+ Qe,
IJ14 opoiaeMblx Teppmopnﬁ:
IR +1m+ Igw‘*']aw +]lnc+ ]sip + IiR +Iwngw + Qt + Qe+ Qd-

Karacrpodunueckue sBJeHHS 3aCOJIEHHS CPOlIaeMbIX IOYB HJAH HX 3a60-
JlauuBaHusl B GOJIBIUHMHCTBE CBS3aHBI C DE3KOH JekoMIeHcalHe# G6anaHca
TPYHTOBBHIX BOJ, BbI3BAHHON CTPOHTEJIBCTBOM BOJOXPAHHJHIL H ODOCHTEJb-
HBIX KaHaJIOB B 3€MJISIHBIX HeOO/IHIIOBAHHEIX BEIEMKAX.

KosnnuectBeHHON OleHKe 3JeMeHTOR OanaHca TPYHTOBHIX BOJ Heopolrae-
MBIX B OPOLIAeMEBIX TEPPUTOPHI 3aCYIIJIMBEIX 30H IOCBSIIEHA OTPOMHAS JIH-
TepaTypa Ha pasJHuHHIX s3blkaX. [lonpo6Has mHdopManus MO 3TOMY BONpPO-
cy naHa B MoHorpadusx aBropa (1946, 1947, 1966B). 3aecs Mbl JHIIL KpaT-
KO OXapaKTepH3yeM KOJHYeCTBEHHble Ipelesbl HEKOTOPHIX cTaTeli GanaHca
TPYHTOBHIX BOZ.

HOCTyﬂJleHHﬂ B TPYHTOBbIC BOJBI

Hnduabrpauus armocdepHnix ocagko. OpxHuM H3 Haubojee yHHUBep-
CaNbHbIX HMCTOYHHKOB MHTAHUA TPYHTOBBIX BOJ ABJASIOTCS aTMocdepHbe
ocalku 1 UX uHuabTpanusa. Uem cyllle KJUMAT, TEM MeHblle 3HAaYEeHHe 3TO-
ro ¢akropa. U, Hao6opor, Bo BIAXKHBEIX KJUMAaTaXx MOPCKOr0, MYCCOHHOrO,
TPONHMYECKOT0 THMNA 3TOT (akTop NMpHOGpeTaeT CueHb GOJbLIOE 3HAYEHHE.
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Hnduabrpauusa uepes pycno pek. Peunsie apTepHu MOTYT TepaTh 3HAUH-
TejibHble 00BeMbI BONBI Ha (PUABTPALHIO M IUTaHHe TPYHTOBBIX BOA MNpHJe-
raomux teppuropuii. Uem Oosee npoHHLAaeMbl NOPOAL, CJAaraillie pyciao
H NOJUHBl PeK, TeM MHOHAbTPAUUf HyNeT OTHOCHUTEIbHO Ooablued. B ycio-
BUSIX CYXHX AeJbT ¥ KOHYCOB BhIHOCOB B CpenHcit ASHH NHTaHHe IPYHTOBLIX
BOJ 3a cueT QUAbTPALMH ucpe3 Pycso pek MoxeT gocruratb 40—80 m3/cex.
B nenbpte p. Mypra® NHTaHHe TPYHTOBHIX BOJ M3 PEKHM COCTABJSET eXKe-
roguo po 20 mm (C. JI. MupxkuH, yeTHoe coobuienue). B geabre Kypol —
Apakca exerojaHblil TNpPUTOK HHQUILTPAUHONILIX BOA COCTapfiser /10
150 mm (Eropos, 1954). Tlpsimoe nurglomec Bausinne pexk Crpaapes u
AMynapbst B CTOPOEBI NPOCJEXKHBAETCH Ha PACCTOAHHM 5—7 KM OT pyced.
B xocBenno#t ¢opme nurawoiee BaAHAEHE AMyAapbu CKA3HBACTCH HA LeCAT-
kn kuaomerpoB (Kyuun, 19589). ITomcuurano, uyTo Kax[bll rekrap AeJbTol
Amypnapbu moayuaer exeronHo no 400—500 x3 Boxnl 3a cueT mHQHALTPA-
LHH H3 pyCJIa PeKH.

NHpuIbTpaunoHHbie NOCTYNIEHHS uYepes HWPPHUTaLMoOHHYI0 ceTb. [lpu
TPaNCIOPTC UPPHralVOHHOH BOABI 4Yepe3 CeThb OPOCHTENBbIBIX KaHajoB, He
HMeIOUINX Ha/leXKHOH MPOTHBOMHABTPALHOHHON K30JSIHH, GoJbline 06bheMbl
OpOCHTENBHOI BOAKEI TEPSIOTCS Ha GHUABTPALKIO. B 3aBHCHMOCTH OT IPOIH-
11aeMOCTH TPYHTOB, @ TakXke OT 06beMOB U CKOPOCTH JIBHKEHHs NoAaBaeMou
BOJIBI, TEXHMYECKOIO COCTOSTHHS KaHaJOB NOTepd a QUALTPAUMIO B HUX MO-
ryT cocraBaath or 30 g0 60% o6bema BoLBI, MOCTYMNAMOIE! B IVIaBHLIC BO-
nosabopHblc coopyxeHusi. [TosToMy Ha opollaeMBlX TEPPUTOPHSIX AMHAMHKA
YPOBHsI ¥ XMMH3M T'DYHTOBBIX BOJ TeCHe#IIMM 00pa3oM CBs3aHbl ¢ HHQHIb-
Tpauueii Boabl B KaHaxaax.

PasMepnl 06uIErOL0BEIX TOCTYIJIEHUH HHQUABTPALHONNLIX BOA uYepes
KaHaJbl B BOXOHOCHBIe TOPH30HTBHI B PasjMuHbIX YCAOBHSIX KOJeOAOTCI OT
240 10 700 mu, T. e. ot 2400 10 7000 x3/2a.

®uiaLTPAUMOHHLIE BOLB CO CTOPOHBI KaHaJO0B BHI3LIBAIOT MOBLIILEHUE
YPOBHST CPYHTOBLIX BOA U 06pasyiOT MeCTHhle NOA3eMHble NOTOKH, HAnpas-
JIeHHBIC B CTOPOHY OT KaHaJOB K NMOHHXKeHHsiM peabeda. OOgHLIOBKA Kana-
JIOB UCMENTOM, OWTYMOM HWJH APYTUMH HOKDPHITUSIMH YMeHbIIaeT KOPEeHHBIM
o6pa3oM mOTCpH Ha (QUIBTPALMIO, HO He MCKJKOUAeT HX IOJHOCTHbIO. Tax,
mocJie THAPOU3GASIUY LEeMeHTHRIMY IJIHTAMKM KaHaJbl IPOAOMKAIOT TEPATh
no 8—109% Ttpancnoprupyemoil Boabl. IloTepy nHa QuAbTpauUHIO MOTYT OBITH
MCKJIOUCHB TOJMBKO B TeX CJydasX, €ClH OpOCHTeIbHas CeTb IOJHOCTBIO
3aKpbiTa (B TpyGax). _

CyLiecTBeHHBIM HCTOYHWKOM NHMTAHHS TPYHTOBBIX BOI SIBJSIETCS HHOTAA
ubnuabTpauua ApeHaKHBX BOJ U3 NepenoJEeHHHX H 3apoCliNX BOAOOTBO-
OSIHUX KOMJIEKTOPOB.

Biauande unduabTpauuu 3 sofoxpaHuaum. Tam, rle COOPYXKaloTcs B
peuHBIX JoJHIax GoJbliHe BOAOXPAHHJHMILA, HeH30eXKHO NPOUCXOLUT KPyr-
JlorogoBasi (HALTPAUHS BOJ| C TOCTENEHHBIM . pacClpOCTPaHeHNEM Ha BCe
©O0/bllHe MaccHBb OKpyXKawollell Teppuropuu. Hebosbmue Bopoxpanuanma
33 HECKOJDbKO JIeT MOTYT BhI3BaTh ITOAbeM I'PYHTOBEIX BOJ Ha PaCCTOSHHH
250—300 m. BiusiHMe KPYNHBIX BOLOXPaHMJMIL, TOCTPOEHIIbIX Ha GOJBLIMX
pekax, nofo6unix Bosre, Henpy, [lony, MOxeT pacupoCTpaHAThCa Ha Je-
CATKH KHJOMETPOB, BLI3BIBAS PETHOHAJbBHBIA NOLBEM YPOBHS TPYHTOBBIX BOJ
Ha OOJBIIHX TEPPHUTOPHAX.

[MocTyniieHns oT opocuTeNbHBIX BOA Ha moasX. Kaxjbli monuB gocTas-
JasieT Ha nose He MeHee 800—1000 m3/ea Bogwl, T. e. cioil, paBHbli 80—
100 mu. Hepenko na nojst moaaeTcst 3HaguTenblio 6osbliee KOJIHIECTBO OPO-
cuTeabHoNi BoAbl — A0 1500—2000 #3/za. CymecTByolye B peasbHON mpak-
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THKE X03A#cTB4 HOPMbI NOJHBOB IIPEBLIIIAIOT B [Ba, 4 MHOrZA B TPH pasa
BOLOYAEPKHBAIOIIYID CIOCOGHOCTL NOYBHL. B HTOre 3a BEreTAUHOHHBIN Mme-
pHOJ Ha NMHTaHME TPYHTOBBLIX BOJ H3CLITOUHBLIMH MOJHUBHBIMH BONAMH MOMKET
yxomuth no 10—15Y%, a unorna u mo 20% o6bema BOAM, NMOCTymaloLlek B
rJaBHOe Bojosaboproe coopyxeHHe., B Tex ciyuasix, KOrAa OpOLIEHHE OCY-
LIECTBJAGHO H3 34KPLITHIX TpPyOONMpPOBOAOB MeTOAaMHM MaJIOHHTEHCHBHOIO
JNOXKAEBayHs, NNOTEPU MOJAMBHOM BOALI Ha (GHJAbTPALMIO Ha NoJAX OYAYyT HaH-
MeHblinmyu. OZHAKO MHOTHE DACTeHHsI HYKJAAIOTCA B Takux OoJbIHX 006b-
eMaxX OpDOCHTC/JbHOM BOJBI, KOTOPHle He MOTYT ObiThb ofecnedenbl METOAAMH
noxjaeBanusi. Hanpumep, npa opoweluy puca NPAKTHKYIOTCS OPOCHTEJbHbIE
HOPMBI BOJibl He McHee 20 Thic. #3/ea u yacTo 40—60 TeIC. M3/2a. Opowenne
pHuca sBJAsieTcs] MOIIHBIM HCTOYHHKOM MOCTYIUIEHUS (PHUIbTPAUMOHHBIX BOL B
BOJIOHOCHBIE TOPHU3OHTBI, YTO BLI3LIBEZET BCChbMA PC3KOE IOBLIIIEHHE YPOBHS
TPYHTOBOH BOABLI Ha NOJSAX K IPHJAETAIOIUHX TEPPHTOPHUSAX.

Korga nmas ueneit MelnopalHu 3aCOJMEHHBIX ITOUB NPHXOMHUTCA MPOH3BO-
JHTb NMPOMBLIBKY COJell H3 MOYBH, HAa NOAS TakxKe NoAamTcs 06beMbl BOADI,
HaMHOTO NpEBBILAIOLINE BOJOYIEPKUBAIOILYIO CIOCOOHOCTh MOYBLI, HAMpH-
mep 7—1b TeIC. #%/ea. B masnoM cayuae IpH MOMOINM HCKYCCTBEHHO BHI-
3BaHHON HHQUABTPALHM CIELHANbIO BbHIMBIBAIOTCS COJY U3 BCPXHHX TOPH-
30HTOB IIOYBLI B I'DYHTOBBle BOABL. ECTECTBEHHO, YTO IPH 3TOM HPOUCXOIUT
HHTEHCHBHOE TTHTAHUE TPYHTOBBIX BOJ U TOBLIIIEHHE UX YPOBHA,

Bausune M30hITOUHBIX COPOCHBIX BOA. B Tex ciyuasix, KOTZa TJIaHOBOE
BOJOTOJb30BAHNE NPAKTHUECKH He BEJETCH, GPOCHUTENbIIBIE CHCTEMBL 3a0H-
paloT BOABI 3HAUUTENbHO 60JblIe peasibHEIX NOTpebHocTed. KaHann ucnesb-
3YIOTCS KPYTJBIA IO AAf XO3AHCTBEHHOIO BOAOCHAOXKEHHS, IJAS BOAONOS
u 1. 1, Hencnosn3oBannas Boma cHpacsiBaeTcst Ha NYCTYIOLMe TOHHKEHHBIE
TEPPUTOPHH OPOCUTEJBHBIX cHCTeM. Bo Bcex 3THX cayyasix, XOTs 4acTh
cOpOCHBIX BOjI HCIApSETCs, OCHOBHble MAacChl MX HOMNOJHSIOT 3anackl Cpyii-
TOBBIX BOJ HA OKpY:KaloUled TeppHTOPUH.

IlocTynieHust OT MaBOAKOBLIX M MPUIHBHLIX BoA. Kak wu3BecTHO, 60abL-
IIHHCTBO PeK 3eMIOro Ilapa HMeeT NePHOJUYECKHEe PAa3JIHBH, 3aTONJISIOLIHE
He TOJIbKO TOHMEHHYIO Teppacy JOJHHBL, HO HHOTAA W oOWMpHEBlE IIPOCTpail-
cTBa IepBofi U BTOpOH Teppac. B npenropuwsix pasHunax Cpeaneir Asum,
B obaacrsax MycconHoro kaumara [Ipnamypes, Munuu u [Makucrana na6iamwo-
JAIOTCA TPaHAMO3HbIe PA3JUBLI M HaBOAHELHS, BHI3LIBAEMBIE CTOKOM peK.
HHorpa 370 MOKeT BLI3HIBATb IIOBHIIIIEHWE YPOBHS IPYHTOBBIX BOIL H 3a60-
JlauMBaHue OOLIMPHBEIX NPOCTPAHCTB Ha NEPHOJ A0 2—3 JeT, NOKa He Ipo-
H30HAYT HX TOCTENeHHOe HCNapeHHe U OTTOK.

Mopckue npuausbl, gocTuramomye 5—12 u, peryaspno BHeApsisich B yCTbs
peK M Ha OeperoBble HU3MEHHOCTH, SIBJISIOTCS MOTYLIECTBENHBIM HCTOYHHKOM
MUTallHs TPYHTOBBIX BOJL (M COJEBBIX 3al1acOB) NPUMOpPCKOH cymu. Jlo 40 xku
B Iy6b cyluH, lalnpuMep, NPOCJ]eXKHBAeTCs BJAMsAIIMEe TpuUJIHBOB JKeatoro
MOpsl.

[locrynaennsi ¢ 60koBbIM MPUTOKOM. BOKOBOE JABHIKEHHe TPYHTOBBIX BOI
OTJIHYAETCS 3HAYUTEJNbHO MEHBUIMMHM CKODOCTAMH, ueM JABHKEHHe I0BepX-
HOCTHBIX BOJ Ha CKJIOHaX Miu B pekaX. Tem He MeHee B pe3yabTaTe TeoJo-
THYECKOH HJIATEJBHOCTH NBUMKEHHS NOA3EMHBIX BOJ GOKOBON NPUTOK UX HMe-
eT 6ogblIoe 3HaueHHe B (ajaHCe T'PYHTOBBIX BOJI H B FeOXMMHYECKUX IIO-
CJEACTBUAX IJi NOYB. B TpaBeHCTHRIX M TaJeYHHKOBLIX NOPOAAX CKOPOCTh
ABHXEHHA TPYHTOBOTO IIOTOKa MOxeT Jgocturate b0—60 m/cyrku. B takux
YCJIOBHAX NPHTOK MPaKTHYECKH DaBeH OTTOKY, H IMO3TOMY OGBIYHO 3acoJe-
HHE CaMHX TPYHTOBLIX BOX U TNIOYB NPOU30HTH He MOKeT. PacTBopuMble coan
JIETKO YHOCATCS IPYHTOBBIM IOTOKOM. Ho cyr/iHHHCTBIE M TJIHHKCTBIE TPYHTHE
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06Ja8al0T MaJbiMH CKODPOCTSIMH ABHXKEHHs TIDYHTOBOrO IOTOKa, NOpsAAKa
| M/cyTku, a BO MHOTHX CJyYasx JHIIb HECKOJbKHX METPOB B roi. B rakux
ycaoBUsiX GOKOBOH NpPHTOK TNOA3EMHBIX BOJ CO CTOPOHBI COCEJHEro BOJO-
HOCHOTO TOPH3OHTa HJH palOHa MOXeT BBI3BaThb 3HAUHMTEJNbHOE HAKOIJIEHHEe
NIO3eMHBIX BOJ, TOBBIIIEHHE UX YPOBHA, 3a00/JaYHBaHHE H 3aCOJEHHE IOYB.
CyliecTByIOLIHe TOACYETH IIPHMEHHTENbHO K ycaoBusM Kaekasa u Cpenuert
A3uu NoKasbIBAIOT, 4YTO GOKOBOM IPHTOK IPYHTOBHIX BOJ H3 COCEJHHX pailo-
HOB MoOxKeT goctHraTth B rog 50—60 mm, a unorza 100—150 mm. Tax xax
MUHepaan3auyst IPYHTOBHIX BOA B JECATKH M COTHH pa3 BBINE, YeM MUHe-
panu3anus peyHbIX BOJ, TO, HECMOTPS Ha MaJjble 00beMbl NPHXOASLWIUX BOI,
60KOBO# NMPUTOK MOXKeT ObiTh BechbMa IPO3HEIM (akKTOpOM HAaKOIJIEHHs Jer-
KOPaCTBOPUMBIX TOKCHYECKHX COJeH.

Bocxopdmuilt npuToK M3 rIyOGOKHX ropu3oHTOB. B chenudHuecKHX yCJIO-
BUAX penbeda (MeXTropHbie NOJMMHEI, JelpeccHHd, NepH¢epus NpearopHLX
paBHHH W T. 1.) GoJbllloe 3HaueHHe B NHTAHHMH TOYBEHHO-TPYHTOBHIX BOX
NPHHAJJEXHUT BOCXOAAIEMY NPHTOKY M3 IMyOMH NOpsiKa JeCsiTKOB M CO-
TeH MeTpOB. Bo MHOTHX c/aydasix IpyHTOBHIE BOAH oGsanatot HanopoM. [lpu
3TOM CyLIeCTBYeT, XOTA U cjaaboe, HO HeNpephHIBHOE BOCXOJSILee IBHIKEHHE
NO3eMHHIX BOJ.

VpoBeHb IPYHTOBHIX BOJ, B NOYBaX, AMIVIATYJa HX CE30HHOr0 KoJeGaHus
B XHMH3M B TaKHX YCJIOBHAX TecHeHIIMM o6pa3oM 3aBHCAT OT INPHTOKAa H
HCTapeHusi T1yOUHHBIX HaNOPHBIX BOJ. [IpSMEIMM M KOCBEHHBIMH METOLAMH
OBLIO YCTAHOBJIEHO, YTO B HEKOTOPHX pahosax [osonHofi crenn B Y3Gexu-
CTaHe eXerofHoe HanopHoe NHUTAHHE NOYBEHHO-TPYHTOBEIX BOJ COCTABJSET
Beauunny mopsaka 100 mm. ITo oTHOIIEHHIO KO BCeM OCTAJBLHLIM CTAThAM
npHxoxa B GajaHce IPYHTOBHIX BOJ 3TO JoctHraer B [ojioxHoi cremn 20—
309% o6mero mpuroxa (Kpwwios, 1959). Paificubl, 3atpoHyThie B Goublueit
WY MeHbIIeH CTeMeHM IPHTOKOM BOCXOIASINHX HANODHHEIX BOJX, MOTYT NOJ-
BepraThCsi HHTEHCHBHOMY 3260/JaUHBAHHIO H 3aCOJIEHHIO, ¢ KOTOPHIMH GOPOTh-
sl JOBOJIBHO CJIOXKHO.

CpaBHHBas reOXMMHYECKOE 3HauellHe BOJ PAa3HOI0 IPOMCXOXKIEHHS B
IPUTOKE JIEFKOPACTBOPHMEIX COJlell B IOYBH, HEOGXOAHMO OTMETHTh, YTO aT-
MmocdepHble Ocanku NPUHOCAT ¢ cOOOi BECbMA MaJio PACTBOPUMBIX COGNH-
HeHuil. Peunble BOJB, KaK IPABUJO, BHOCAT B IOUBL W FPYHTOBHE BOJH 3a-
MeTHOe KOJIMUECTBO JIETKOPACTBOPHMEIX coqelt. HanGonee pemaronum ¢ax-
TOPOM B IPHTOKE U NepepaclpeleseENH JerKCPacTBOPUMEIX COJIed B IOYBaX
SIBJISIIOTCA NMOCTYIJICHHs!, CBSI3aHHBIE C BOAAMH IMYOHHHOrO NPOHCXOXKIEHHS
Y TIIPUJIHBOB.

Nop3emublii 60KOBOH OTTOK IrPYHTOBHIX BOJ,

[ToxseMHBIl OTTOK IPYHTOBLIX BOJ COCTAaBJSIET ONHY W3 BaXKHEHIIHMX CTa-
Tell pacxoaHOk wacTH MX 6amanca. Ecau GOKCBOH NOA3EMHBIN OTTOK NMOKpHI-
BaeT BeCb UM GOJBLIYIO YACTb NPHTOKA TPYHTOBRIX BOJ, TO STOT THI GajaH-
Cca HasbIBAETCS KOMIIEHCHPOBAHHLIM GTTOKOM (orTounntit). Takoi ThHm 6Ga-
JIaHCa TPYHTOBHIX BOJ MOXKET OLIThb BHIPAXKEH HHAEKCOM: [== Qg [Has
TEPPUTOPHH, OTIHYAKIOIKXCA 3THM THNOM GajNaHca TPYHTOBHIX BOX, Xapak-
TEPHEl NPOLECCH BBIHOCA, BBHIENAYHBAHHSA, TPAH3HTA NPOAYKTOB BEIBETpPH-
BaHHUsA M 104BoOGpa3oBaHUsl. DTOT THI OasiaHca TPYHTOBHIX BOJ CKJIablBa-
€TCS B CIIELYIOIINX cAydasX.

Cayuait riy6Gokoro 3anerannsi yposHsi FpyHTOBBIX BOA. Korma rpyHTOBbLIE
BOJLI 3aJIeralotT Ha [JyGHHe OoJsbIueil, 4eM MOTeHIMaNbHAas BHICOTA KAallWj-
NSPHOTO MORHATHs (Tay0ke 7—I12 M), HCIapeHHs TIDPYHTOBBLIX BOX uepes
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NOYBY HpPAKTHUYECKH He MpOHUCXCAHT. I 1yQOKME ypOBeHb I'DYHTOBHIX BOJ MO-
JKeT BHI3HIBATHCA JHGO CYXOCTbIO KJIHMAaTa, JIUGO BBHICOKOH CTelleHbIO ecTecT-
BEHHOH JDEHHPOBAHHOCTH MecTHCCTH OJiarozaps NPOHHIAEMOCTH TI'PYHTOB
H HaJU4YHIO Pa3BHTOH Bpe3aHHON ruaporpaduueckoi cetH. Takue yCIOBHA
MOryT HaGuIoaThCid Ha BBHICOKUX /[pEBHUX Teppacax, BoJOpasjesax, Ipel-
TOpHHIX paBHHHAX. Eciy McnmapeHue IDYHTOBHIX BOJ He MMeEET MeCTa H eCld
OTTOK B GOJblIell MJH MEHbIUEH Mepe KOMIEHCHPYET HX NOA3eMHBIH IIPHTOK,
TO aKTUBHOE HAKOIJeHWe BTOPHYHBIX COeJHHEHHH B II0YBaX OTCYTCTBYET,
a TOCHOICTBYIOT HpOHECCH paccoJeHHs, BbILEJTauMBaHHA, BhIHOcAa. M 3TO
TeM CHJIbHee BHIpaxKeHO, ueM GOJIbIe Ha MeCTHOCTH BHINafaeT aTMocepHHIX
OCaJIKOB.

Cayuaii BHICOKOH NpPOHHLIAEMOCTH BOAOHOCHOTO FOpH3OHTa. B Tex cuay-
yasx, KOrAa BOXOHOCHHIA TOPH3OHT CJOXKeH rpaBHeM HJH NeckaMu, o6aa-
JAONHMH BHCOKUM Ko3dduuuentoM uibTpanuy, naxe NpH 6H3KOM (Kak
U IpH TiyGOKOM) VpOBHe 3ajieraHusl IPYHTOBHIX BOJ UMPKYJAAIHA TOCHen-
HHX HACTOJIbKO MHTEHCHBHA, YTO OTTOK T'PYHTOBBIX BOJ[ IPAKTHYECKH INOJHO-
'CTBIO TOKPHIBAET HX INPHTOK. TakHe YCAOBHA MOTYT CKJIaAbIBATbCA HAa KO-
Hycax BHIHOCOB B IPeJATOpPHHIX paBHHHAX, HAa XOpOLIO NPEHHPOBAHHBIX aJji-
JIOBHAJBHEIX PABHUHAX, Ha NOMMEHHEIX Teppacax pek. B stux cayuasx 6y-
IyT (OpMHPOBATLCA BHICOKOIVIOLOPOAHEIE He3aCOJEHHEIE BJiaXKHBIE JYTOBHIE
TOYBH], B KOTOPHX MOI'YT HaKalJUBAaTbLCSl U3 TPYHTOBBIX BOJ JHIUb OTHOCH-
TeJIbHO MaJIOpacTBOpPHMEIE COeIHHEHHS KpeMHe3eMa, NOJYTOpHble OKHCJH,
KapOoHATH KaJbLHS,

Pacxox rpyHTOBEIX BOZL Ha IOJ3eMHH OTTOK TeMm OGoJblile, YeM Bhillle
€CTECTBEHHAs! BOAONPOHULAEMOCTh BOLOHOCHEIX FDYHTOB; 06 3TOM MOKHO
CYAUTh O CIeLYIOUUM AaHHBIM:

BogonponnaeMocTh

laneunuku 30—50 m/¢ymsn
HleGers u rpasuit 20—30 » »
KpynHozepHUCTHe TecKH 10—15 » »
MenkosepHACTHE TIECKH 35 » »
JléccoBuaHble CYTIMHKU 0,2—1 » »
Fannet {2 m/200
Tsaxensle njacTudecKue I'TUHEL 0

[To namum pacveram (1946), BepoSsITHBI CTTOK PYHTOBHIX BOJ B PycC/O
p. Cripnapbsi Ha TeppuTOpHH '0JIONHON CTCHH COCTABAAI KpaliHe Manyio Be-
JanuuHy, npumepHo 600—900 #3/200.

HecpaBreHHO BHILIe BeJu4YHHa OTTOKA TPYHTOBBIX BOJA B JAPYIrOM OpO-
maemoMm pafioile coBeTckoi Cpenneit Azuu — B Gacceline p. 3epaslliaH.
3necy, no noacueram B. JI. Wyaen (1950), B cropoHy pekd OPOHCXOAHT
HEIPepbIBHBIH HHTEHCHBHHIH OTTOK TPYHTOBBIX BOJ, IOJHOCTBbIO KOMIEHCH-
pyiomuil Bce (GopMBl HX NpUTOKAa M nutanud,— 50 m3/cek. Iro cBsi3aHO C
TeM, uTto Gacceiid p. 3epaBllaH B ero cpejHeM TEYEHHH CJOXKeH TajeyHHKa-
MH ¥ IecKaMH, KOTOpble IePeKpHITHl BLICOKONpPOHHIAeMBIMH JaéccaMu. Ma-
BeCTHO, YTO 3Ta TEPPUTOPHS 3a ThiCSAUYEJETHIOI UCTOPUIO HUKOLAA He NOABEp-
rajacb BTOPHYHOMY 3aco/ieHuio wiu 3abosnauuBanuio. K atomy ke Tunmy
TeppPHTOPU#H oTHOCUTCA TaMKeHTCKUH OpolllaeMBll 0as3uc.

JeKkomneHcanns rPyHTOBBIX BOJ. JleKoMIeHCalisi PexXKUMa TPYHTOBBIX BOL
MOXeT OblTb BbI3BaHA PE3KHM YyBeJHUYEHHEM HX NPHXOZA II0 CPaBHEHHIO
€ pacxoloM HJIM 3HAyHTEJIbHHIM yMeHBbIIeHHeM HX cToKa. MHorga sto cBg3a-
HO ¢ MPHPOAHLIMH HBJEHUSIMH BEKOBOTO XapakTepa HJH KPYNHEIMH THApO-
TeXHHYECKMMH COOpyXKeHMsMH. Tak, MelJleHHOe OIyCKaHHE MOPCKHX Gepe-
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roB HumepnaH{oB yXyaulaer CTOK TPYHTOBBHIX BOX BCJEACTBHE Hapa-
CTAIOLIEro HX MOANOpAa CO CTOPOHBI MOpsi. DTOT Mpolecc CHOcOOCTBYeT pas-
BHTHIO 3a60J1aUUBaHusl, YTO BBHIHYXKJAAET K HHTelCHQHUKAUUH OCYLIHTeNbHbIX
pabor.

Menanennoe morpyxenne TaMGOBCKOH HKH3MEHHOCTH CNOCOOCTBYeT NOJ-
JEepKAaHUI0 B COBPEMEHHYIO 3II0XY BBICOKOIO YPOBHS TPYHTOBHIX BOJ Ha 3TOH
paBHHHe.

CoopyXeHHe HCIOJUHCKAX BOAOXPaHWJMIL, mNono6HeIXx Kaxosckomy,
BoaxXcknM, co3faeT JeKOMIIEHCALUIO peXXyMa IPYNTOBBIX BOJ nyTeM HH(PUIb-
TpalHH OoueHb GosblinX 00beMOB BOAB. Ha 3HAUHTENBHHIX NPOCTPAHCTBAX
3a JdexkoMIeHcauuell cjaenyer 3afosaunBaHie, a B 3aCyLIIMBOM KJHMATC d
3aconenye mouB. Ha opocuresbiBIX cucTeMax BCJIEACTBHE (QUABTDALUH BO-
Jbl U3 KAHAJOB M Ha NoJsx (0cobeHIlo NOJHBEOTO puca) OoueHb YacCTO TAKKe
nactynaer JeKOMIEHCAlUsl peXHMa TPYHTOBHIX BOJA, UX HoabeM, 3aGojauu-
BaHHe U 3aCOJIEHHE 0B,

Bo Bcex 3TUX caydasix JIeKOMMeHCalUHs BLI3LIBAeTCS TeM, 4TO IPHXOA
IPYHTOBBIX BOJl 3HAUMTE/blIO IIpeBHILIAET HX OTTOK, T. . I>Q. Ilpouecc ne-
KOMITEHCAIHHN 4yepe3 psif JeT oObUHO CMeHsIeTCs IOCTeNeHHBIM HacTYIJCcHH-
€M KOMIIeHCaIuH.

C noBblllleHHeM YPOBHSI TPYHTOBBIX BOJ, BO3pacTalOT HX HcllapeHHe H
TpAHCIHpAaliHs, YBEJUUYUBAIOTCH HX HANOP H OTTOK, YTO BLIPABHHBAET COOT-
Hollenue npuxona M pacxopa: I=Q. OpHako mHociae 3TOro nouBooOpasoBa-
TeJIbHBIA IIPOLecC KOPeHHBIM 06pa30M MEHSIETCS.

Takum oOpasoM, nekoMneHcanuss OajaHca TPYHTOBHIX BOJ SIBJISETCS
IPO3HBIM IIPH3HAKOM ONAacHOCTU 3a60JauuBaHUsl U 3acojieHus NoyB, B Takux
caydasix TpeOYIOTCS CDOYHBIE Mephl II0 YMeHBIIEHHIO NHTaHHS [PYHTOBBIX
BOJ U CTPOUTENbCTBY HCKYCCTBEHHOTO Apenaxa.

Cayuaii crpoutenbcTBa ApeHaxa. [las Tore 4ToOB! YCHJIHTH OTTOK TPYH-
TOBHIX BOJA B LEJASIX JIHKBUJAUUH NpPOLEeCCOB 3a60JaUUBaHHA M 34COJCHHUA,
CTPOUTCSI CETHb JIPEH, 4TO BBI3BIBAET HeKOMIeHcauuio. [peHax yseauunBaer
OTTOK M IHUDPKYJSLHIO FPYHTOBBIX BOJ C HOCTENEHHBIM CHHXKEHHEM HX YpOB-
Hsl. B kolleuHOM uTOre IPHUTOK TPYHTOBHIX BOA OyJeT KOMIEHCHPOBAH He-
KyCCTBEHHbIM JpeHaxXHblM OTToKoM. Kak moxasniBaioT HalJiomeHus, npo-
H3BelleHHble B pasJiMYHBIX VCJAOBHSX, B CpPeAHEM OTTOK TPYHTOBHIX BOJ,
B ApeHaxk coctaBaser 0,4—0,7 4/cex, HHOTLA IPeHAXKHBIH OTTOK HAOCTHTaeT
1—2 afcex.

JpeHaxHble BoAb Bcerja 6ojee MHHepaJH30BaHbl, UYeM peYHblE HJH
noxnesble. [losTomy IpeHaxK Bcerga BHI3BIBAET BHIHOC H3 IOYBHl I'€OXHMMYE-
CKY TNOJNBHUKHBIX BeHIECTB, MUTATENbHBLIX 3/IeMeHTOB, COJIel, KOJOHIHBIX CO-
eAHUHEHNH.

PacxoJ rpyHTOBBIX BOJA Ha HCHapeHHe

Crosb ke BaxKHON craTbeil 6aJaHca IPYHTOBLIX BOJ, SIBJISIETCSI UX PACXOL
Ha HcrmapenHe. OpHako reoXHMHYecKoe 3layeHMe HclnapeHHs B GajaHce
TPYHTOBHIX BOJ COBeplIeHHO NPOTHBOIOJOXKIO 3HAYEHWIO NOJ3EMHOI'0 OTTO-
Ka. BanaHc BellecTB TEPPHTOPHM, Te TOCHOACTBYET HCIAPHTEbHLIH THII
pexuMa TPYHTOBBIX BOJ, HAINpPaBJeH B CTOPOHY HAKOIJIEHHS TeOXMMHUYECKH
MOJBHKHBIX COEAVHEHHH B MOYBaxX, B BOJOHOCHOM TOPH3OHTE H TPYHTOBOH
Bofe. Ecan B pacxoansix crarbax 6anaHca TPYHTOBLIX BOJ, HCIapeHHe 3aliH-
MaeT I'TaBHOE MECTO H NPAaKTHYECKH TMOJHOCTHIO TOKPBLIBAeT NMPHTOK IOA3EM-
HBEIX BOJI, TO B 3TOM cJay4ae 6ajiaHC FPYHTOBLIX BOJ TaKXKe OTHOCHTCS K KOM-
neHcupoBanHomy tuny. Ho dakropom KoMIeHcalUH B AalHOM cayuae O6yaeT
yXKe He NOA3E€MHBIA OTTOK TPYHTOBLIX BOJ, a HCIapeHHE MX uepe3 KamuJjisap-

56 >



Hylo Kalimy. DTOT THI 6ajaHca IPYHTOBBIX BOJ MOXKeT ObITb BhipaxKeH HHIeK-
com I=Q..

Hesasucumo or Toro, 6yeT v NHuTaHHe TPYHTOBBIX BOJA O6eclieyHBaThcs
60KOBBIM NPHTOKOM HJIHY CHH3Y IO BJHSIHHEM CHAPOCTATHUECKOTO AABJEHUS
M BOCXOZsIIEero NPOHHKHOBeHUs TyOHHIBIX HANOPHEIX BOM, Pacxof TPyHTO-
BHIX BOJ IpeHMYILECTBEIHO l1a HCllapeHHe CONPOBOXKAAETCS POCTOM HX MHHe-
panusauuu, oboralieHueM TIpyHTa HOBOOOPA30BAHUSIMH W 34COJEHHEM IIou-
BeHHoro npoduas. Ecnyu KanuansipHasi kafiMa BBIKJHHMBAeTCs Ha IOBepX-
HOCTb, COJIEHAKOIJIeHHe TIPOHCXOAUT B HaubGojee pesko BulpaxkeHHoH ¢dopme
¢ o6pasoBaHueM cojoliuaxon. [Ipu xKene3ucThlx BoLax HAKaIIMBAaKOTCA OpPT-
LITEHHOBBlE NIPOCTOH, a NPH XKECTKUX FPYHTOBBIX Bojax 00pa3yloTcs H3BeCT-
KOBble H TUNCOBble TOPH30HTHI.

HHTencuBHOCTD HCIlapeHUs TPYHTOBBIX BOJ, KakK y3Ke OTMEeUeHO, TeM BHIIlE,
yeM OJIHXKe HX YPOBEeHb K NMOBEPXHOCTH, UeM Bblllle KANWJISPHAast TIPOBOJH-
MOCTb FpyHTa ¥ ueM cylle kaumar, O6mas xapTHila 3aBUCHMOCTH HIITEHCHB-
HOCTY HCNapeHHs TPYHTOBBIX BOJ OT IVIyGUHBI HX YPOBHSI H CYXOCTH KJHMAaTa
AaHa B TabJa. 17.

Ta6anuma 17

BeanunHbi BO3MOXKHOFO Pacxoiia TPYHTOBBIX BOJ HA HcuapeHHe B CBSI3H C MX
riyGHHOH M CYXOCTBIO KauMaTa*

Tay6uua Pacxox rpyHTOBbIX BOJ Ha HChapeHue (#3f/za) Npu ucnapsieMocTH (Mm)

YDOBHSI TDYH-

TOBBIX BOZX, M 2000 1800 1500 1200 1000 800 500
0,0 20000 18 00D 15000 12000 10 000 8000 5000
0,5 10 000 9000 7500 6 000 5000 4000 2500
1,0 5000 4500 3750 3000 2500 2000 1200
1,5 2500 2000 1800 1500 1200 1000 600
2,0 1200 1000 900 700 600 500 0
2,5 600 500 0 0 0 0 0
3,0 300 0 0 0 0 0 0

¥ Ucnonbsosannl panuoie C, JI. Mupxuua (1957).

Tak kKak cKOpoCTb W 00beM KaNWIsSpHO-epelBUTawlledics BOAL K T0-
BEPXHOCTH BO3PACTAIOT C [OBHILIEHHEM YpPOBHS TPYHTOBBIX BOJ, TO M BeJHUH-
Ha pacxojla BOAH M3 TOUBH Ha HCHapeHHe OyneT TakiKe BO3pactaTh IO Mepe
ApuGJIMKeHHS IPYHTOBLIX BOJ K IOBEPXHOCTH (pHc. 9).

HaoGopor, mpHu yBeJH4YeHHH TAyOHHH 3aJjeraHns TPYHTOBLIX BOA [0
150—170 ¢x# B 3anaanoit Cubupu u mo 270—300 cm B Cpenneit Asuu
BCJIENCTBHE 3HAUMTEABIIOTO 3aMelJeHHS CKOPOCTH KalHJJIADHOrO Tepe-
IBHKEHHs TPYHTOBble BOJBI Ha HCHapeHHe pPacXoAYKOTCA B Kpalile MaJoi
cTeneHy

B nycThiHAX, e NOYBH M TPYHTH NMPOCYILIENH A0 BO3AYIIHO-CYXOro CO-
CTOSIHHS Ha HEeCKOJIbKO MeTpOB, Hcrapelide TDYHTOBLIX BOj 3a cueT AU (y-
30 MApOB, CMEHHB! JaBJeHHs W TeMIlepaTyp NpPOAOJKaeTcs u ¢ raybud 10—
20 M, HO yxe ¢ HHYTOXKHOH CKOPOCTBIO. TO BEKOBOe HCIlapeHHe HMeeT ompe-
IeleHHOe TeOXHMHYecKoe 3HaueHHe, XOTS HeMOCPeACTBEHHOTO MeJHOpaTHB-
HOTO 3HaYeHHst 3TO H He HMeerT.

Pa3smeprl H CKOpPOCTb HCNIAPEHMS 3aBHCAT OT MeXaHHUYEeCKOTO COCTaBa H
CTPYKTYpHl IOYB, IIOKPHIBAIOLIMX TOPH30HT TPYHTOBHIX BOA. UeM TaXKejee
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Puc. 9. 3aBHCHMOCTD MHTEHCHBHO-

CTH HCHapeHHs] TPYHTOBHX BOZ OT
ux yposHa (Kosma, 1946; Talsma,
1963)
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1 — Hunepaauzrn

2 — BapaGuHckasa Hu3MeHHOCT, {CCCP);
3 — Kanudopuusa (CIIA);

4 — Byxapa (CCCP);

5 — Tonopsas crens (CCCP)

I~
(5]
T

HWwmencubrocme ucnapewus,cm/derb

50 450 250 350 450
Yoobens epynmoboiz Bod, cm

MEeXaHUYECKUIl COCTaB TPYHTOB H IVIOTHEE €ro CJIOXKEHHe, TeM NpPH MeHbllell
rAy6uHe TPYHTOBbIE BOJABI HAYMHAIOT PACXONOBATbCA Ha MCNIAPEeHHe; 3TO BHA-
H0 U3 CJAELYIOINHX JAHHHIX:

Tny6una, #
Cpenneasuarckue JCCH 3,5—4
» CYIJHHKH 2,5—-3
depranckue TSKeNbE CYrIAHKH 1,52
MyraHckue CJIQHCTHIE CYTJIMHKH 2,5—3
IOxHOMyTaHCKHe TAXEIER TJMHEL 1,2—2

[nyGuny saseranusi MHHePANH30BAHHBIX TPYHTOBBIX BOJ, NpPH KOTOPOW
3HayuTe/NbHbIE KOJAMYECTBA KaNHJUISPHOU BJaru GBICTPO JOCTHTalOT HOBEpX-
HOCTHBIX TOPH3OHTOB ¥ BHI3LIBAIOT BCJEJCTBHE HCNAPEHHS 3aMeTHOe 3acoJe-
HHe opoliaeMbIx nous, B. b. IToabinos (1930) HasBas KpUTHUECKOH riyGHHOI.
[Mpakruyecku 3HauMMble B OpOIIaeMOM 3€MJISHEINH BEeJAMYHHBI KPATHUIECKOM
r1yOuHBL 3aJleralius COJIEHBIX 'PYHTOBHIX Box (>>10—15 2/4) moxHO npen-
CTaBUTb U3 CAEAYIOIHX JaHHBIX:

Tpyur Kpurnueckas Kpuruueckas

riyGuHa, M Tpyxr rayGuta, &

TlecKu KpynHble M CpelHde 0,4—0,5 CyrauHKH cpenHue 2,5—3,0
IMeckn Mmeskue nblieBaThie 0,5—0,8 Jléccnt u JécCoBMIHEIE

Cynecy ToHKHE 0,8—1,2 CYTJHHKR 2,7—-3,5

CYrJMHKY TbUIEBaTHIE 1,2—2.,5 Cyrymeky ToXeNke 2,0—2,5

FCoinnel TAXKeNbe 15—-20

’ '

Kputuueckasi ray6nHa YpOBHA MHUHEPAJH30BAHHMIX TPYHTOBHIX BOJ BCeria
MeHbllle, 4eM IOTEHUHaJbHAA BBICOTA MNOAHATHS KANWLISPHOIO pacrsopa OT
3epKala IPYHTOBEIX BOX M Iiiy6¥Ha Hagaja uX MCIapeHHs. D10 oObACHAETCS
ONPEeCHSIONINM BJIHSIHHEM aTMOC(epHBIX OCafKOB M 0cOGeHHO NOJHBOB, KOTO-
pule c6pachiBaICT cOJIeBHIe KaNMJJIsSPHbIE PacTBOPHl BHH3 M BHI3BIBAIOT Ompec-
HeHHe BepXHEro rOpU3OHTA NOYBHL

HyxHo uMers B BHIY, YTO 110 Mepe BO3pacCTaHHA KOHUEHTPALHH TPYHTO-
BBIX BOJ{ PacTeT UX BA3KOCTb M yMeHbUIAeTCst CKOPOCTh HX Pacxoja Ha Hcha-
penne. Eciu rpyHTOBBIC BOAB ¢ KOHUeHTpauued nopsaxka 3—10 e/4 ucnaps-
IOTCSI IPAKTHYECKH C TOM KC MHTEHCHBHOCTBIO, KaK M OObIYHBIE peuHble BOIBI
¢ KoHueHtpanueit 0,2 2/4, TO HHTEeHCHBHOCTb MCIIAPEHHS] PACTBOPIB € KOH-
uentpaunei 30 man 50 e/4 yMeHbluaeTcs B TeX e ycioBuax Ha 10—159%,
a ¢ xosuenrpauueit 70—100 2/2 —ua 50—60Y%. ITpu KoHUEHTpauux pacrBo-
poB 200—300 2/4 ux McnapeHHe NPOHCXOAMT JHIIbL B HauboJee cyxoe BpeMs
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TOa ¥ YacTo CONpOBOXKAAaeTcs o6paTHOH KOHIeHcanuel aTMochepHbIX NapoB
H pasXHXeHHEM pacTBopa. JTO HeoOblualiHO BaXKHOE SBJIEHHE B T€OXHMHHU
IIpOLECCOB COJIeHAaKOMJIeHns1 00bsIcHAET, I0OYeMy HnapaJjieibHO ¢ POCTOM MH-
HepaJjM3anuM TPYHTOBHIX BOJA H 3aCOJIEHHOCTBIO IIOYB IPOMCXOLHT HensGex-
HOe M HHYeM He cAepKHBaeMoe NpHOIMKeHHe COJNEHBIX TPYHTOBBIX BOX K ITO-
BEPXHOCTH.

Hcnapurenpunii Tun 6ananca rpyHTOBBIX BOJ, T. €. Korga I =Q., B YHCTOM
BUJEe CKJIaJbIBAeTCH CPaBHUTE/JIbHO PEIKO B YCJIOBHSX TaKuX OecCTOYHHIX
‘©CTEeCTBEHHO He APeHHPOBAHHLIX TEPPHTOPHM, KaK NPUMOPCKHE JeJbTH, HOf-
MBI peK, 6ecCTOUHble HH3MEHHOCTH H JENpPecCHH, HU3KHe MmoOepekbs 3aJHBOB
u Mmopel. Hale e HcmapeHyue TPYHTOBHIX BOJ COYETAETCS B TOH HJIM HHOM
«popme u pasMepax ¢ pacxofOM Ha CTOK M TPAHCIHDAIHIO.

Pacxop, rpyHTOBBIX BOJ, Ha TPaHCIHPAIHIO

Baxmneiimeit craTbeir 6anaHca TPYHTOBHIX BOX, C TOUKH 3PEHHS CeJIbCKO-
XO0351iCTBEHHOTO MPOH3BOJACTBA M IOJYYEHHS ypoiKas KYJbTYPHHIX PacTCHHH,
ABJIAETCS MX Pacxo] Ha TPaHCHHpaIHIO.

Pacxopn nom3eMHBIX BOJ Ha OTTOK He yuacTByeT B (POpMHUPOBAHHY ypoxKad,
HO M He SBJsAeTCs [oTepell IJs yesJOBeKa, TaK KakK BOJALI HOJ3EMHOTO CTOKA
MOTYT NOCTYNIaTb B PEKH M B OPOCHTeJbHble KaHaJbl U, CJIETOBATENbHO, AX
MOKHO IIOBTOPHO HCIIONB30BATH IJISl OPOIIEHHS.

Pacxol rpyHTOBBHIX BOJI Ha HCIapeHHe SABJSETCS, C MPAKTHYECKOU TOUYKHU
3peHus, norepeil MoOMe3HLIX BOA A X03SHCTBA, TaK KaK HCIAapUBIINECS BOJHI
He yuacTBYIOT B (OPMHUPOBAHUHU YpoxKas.

Pacxon rpyHTOBHIX BOJ Ha TPaHCHHPALHIO — IPONECC NPOLYKTHBHBIH, TaK
KaK IIpPH 3TOM IPYHTOBBIE BOJBL MCIOJBL3YIOTCS pacTeHHAMH AJas GopMHpOBa-
HUsl ¥X ypoxasi. be3 pacxoma NOYBEHHBIX BOJ Ha TPaHCIHPAIHIO He GbLI OBl
BO3MOXKeH (OTOCHHTE3, T. €. He OblJI 6Bl BO3MOXKEH OCHOBHOH MeXaHH3M Ipo-
M3BOJCTBA PACTHTEJLHOIO OPraHHYeCKOro MaTepHaJa.

[ay6una, c XOTOpOl pacTeHHs MOTYT HCIOJb30BAaTh MPYHTOBHIE M KallUJ-
JIpPHBbIE BOJBI HA TPAHCIHPAaLHIO, B BeCbMa GOJbIIOH CTENEHH 3aBUCUT OT IIPHU-
poAnl caMux pacteHuli. HekoTOprle nepeBbfi MOILHON KOPHEBO# CHCTEMOM
UCHOJB3YIOT TPYHTOBLIC BOJBI, 3aJsieraloliye pa)ke Ha IayOHHAX HoOpsiaKa
20—30 m; cBekJia, XJIONMYATHUK, JIOLEPHA B COCTOSIHHH HCHOJAb30BATh TPYHTO-
Bble BOJH ¢ TyOHH 2—3 x. B cpeanem cumrtaercs, 4yTo A/ KYCTAPHHKOB H
IpeBeCHON PACTHTEJNbHOCTH HELOCTYNHBI H IIOYTH He HCIOJABb3YIOTCH TPYHTO-
BbIle BOAH ¢ IyOuH Gosee 10—12 .

Pacxon rpyHTOBEIX BOJ Ha TPAHCIUPAHHUIO 3aBUCHT TaKKe OT CTEIEHH UX
MHHepasauzauud. B ofuiem BHAe uyeM GoJee KOHIEHTPUPOBAHBI TPYHTOBHIE
BOJBI, TEM MEeHbIIe UX (PH3UOJOTHUECKAS LEHHOCTb H TEM MEHbINE OHHU MOTYT
OBITb UCIIOJNB30BAHEI pAacTeHUSIMU 1Js1 pocta U GopMHpoBaHHs ypoxkas. On-
TUMaJbHas KOHUEHTpauMs TpyHTOBHX Bog— 0,5—3 2/4 (ecau OHHM He COHO-
Bble). I'pPyHTOBLIE BOMABI, UMewlue KOHIeHTpaunuio 6caee 12—15 2/4, BH3H-
BAIOT yTHeTeHNe CeJLCKOXO3ANCTBEeHHBLIX PacTeHHMH W MaJjo HCIOJb3YIOTCS:
yumu. HckiioueHne cocTaBAfAIOT raJo(HTE, KOTOPHE HCHOJb3YIOT PACCOJH C
xoHueHTpanuelr 30—50 2/4.

Ecan B 6ajiance IpYHTOBHIX BOJ, TPAHCIHPAIUS SBJISETCS OCHOBHHIM dak-
TOPOM, PEryJHpYIOLUM HX PacXof, TO 3TOT THi OasnaHca MOKHO 0603HAYUThH
ciaenyw®mum uHjpekcoM: [=Q: Taxkoit Tun GajsaHca IPYHTOBBIX BOI CKJIaJbl-
BaeTcs NOXA IIOKPOBOM JIYTOBBIX TPAB WM rajepeiiHbiX ([LOJHHHBEIX) JIECOB Ha
peuHHX Teppacax. B mpupoje pacxonbi IDYHTOBBIX BOJ Ha HCIIapeHHe H HA
TPAHCOHPALHMIO TecHeHIINM 00pa3oM COYETAIOTCS M MX TPYANO DPaCUJEHHTb.
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Kaxk 6ul nu OLIT pa3BUT pacTUTENbHBLIM NOKPOB, Bce Xe KakKaf-TO yacTb
TIOBEPXIIOCTH MOXKET OCTaBAThCSl He3AKPBLITOH M KaKad-TO J0JS IOYBEHHO-
TPYHTOBBIX BOJ OyAeT H3pacXof0OBana He Ha TPAHCNHPALHIO, a Ha HCHaperlye,
3ajmaua ceJbCKOXO3AUCTBEHHOTO NPOH3BOACTBA M, B YACTHOCTH, Opolllae-
MCTrO 3eMJefeNHs 3aKJayaercs B TOM, uTOOL BCEMEPHO OCAabUTh pPacxofl.
IPYHTOBBIX BOJ, Ha HCHapelide, NPeIOCTaBUB GoJblllee KOJIHYECTBO BJATH B
pacrnopsKeHHe pacTeHHit Ans popMupoBanus ypoxas. UeMm npecHee IrpyHTO-
Bble BOAH H BHIIIE UX YpPOBeHb, TeM Gonblell nIpyu 6aTONPHUATHONH Temnepa-
Type OYIeT OTHOcUTeNbHAas AOJS HX yuacTHs B (OpMHPOBANMH ypoxKas pa-
cteHu#l. ViHTepecHB B 3TOM OTHOLIEHUM HaGMIONeHHS, NOJyyeHHble Ha GOoJb-
WX JU3UMeTpax u OmeITHBIX maouwankax B Cpenxelt Asunm. Tlpu rayGuie
3aJieranus ONpecHeHHbIX IPYHTOBBIX BOX mopsaika 2—3 x obliee BOJOMO-
TpebaeHNe xJonyaTHuKa H JiouepHu Ha 10—30% yaoBrerBopsercs 3a cuer
rpyHTOBHX BOA. [Ipu ray6uHe TPpYHTOBLIX BOJ OKOJAO 2 M J0Js HX B 001eM
BOJIOTIOTPeGIeHUN XJIONYATHHKA U JIOLepHBl cocTasiser 45—60%, a npu
ray6rine nopsinka 1 # — yseauyusaercs 1o 70—85%. Ilo cymectBy, B 3THX
cIydyasix UMCeT MeCTO NOA3EMHOe OpolleHHe MOYB, HaAU CyOHpPHUTaUHUs.

Orpannuusanmum GHakTOpOM HCIOJb30BAHHKS TPYIITOBBIX BOXA 1A Cy6GHp-
puranpu fIBJAsieTCsT HX 3acCOJIeHHOCTb. IlpecHble TPyHTOBLIE BOJH € ColeprKa-
HueM cojelt ne Gosee 3 e/4 — NPeBOCXOAHRIN MaTepHas A5 BOLONoTpebaenus
BCEMH XYJBTYPHBLIMH pPaCTEUHSIMH, TIOITOMY MeJHOpallis 3acCOJeHHBIX MOYB
BKJIIOYaeT He TOJIBKO 3aJauy pacco/eHHs MOoUBEHHbIX TOPH30ITOB, HO U 00513a-
TeJILHOE ONpecHeHUue TPYHTOBLIX BOIL.

Kak ormeueHO Bblllle, Pacxoj FPYUTOBBIX BOA Ila UCNapelHe CONPOBOXK-
JaeTcss pocTOM 3aCOJEHHOCTH MOUYBLI W YBEJWYEHHEM MHHEpaJH3alud caMux
IPYHTOBHIX BOZA. BosHMKaeT BONpOC, MMEWOT JIM MECTO NPOLECCH TeOXHMHUe-
CKOTO HaKOIJIeHHS NPH pacXole IPYHTOBLIX BOJL Ha TpaHcnupauwuwo. Ha ator
BOIPOC HAZO OTBETUTb YTBepauTeqabHo. TpaHcnupauus He NpCkpallaer, a
yCUJIMBaeT OOLIMA Npollece KOHIEHTPHPOBAHUSA TPYLTOBBIX BOL H TEOXHMUYeE-
CKOTO HaKOIIeNHsl coelMHEeHMH, HaXOAAIIMXCSA B IPYHTOBHIX BOJAaX, BKJAIOUast
u coad. OAHaKoO NpH TOCHOJACTBE HCNAapeHusl CONEHAKONJIEHHE Pa3BUBACTCS B
BEPXHUX CJOsIX MouBH. IIpd rocnojicTBe TpaHCHUpaUWH KOHUEHTPHPOBAHHE
colell U JPYr¥X COeJAHHEHHH NPOMCXOAMT BO BCedl KopheoGutaemoil ToJIle
MOYBHl ¥ TJAaBHBIM 06pa3oM B KaNWJISPHOHN KajiMe BOJLOHOCHGIO IOPH30NTA,.
OTKyZla uleT noTpebeline BAaru KOPHAMHU pacTenuil. Baaromaps Tpaicnupa-
IHH ocaabnsieTcd COJeHaKOoNJelle B BEPXHUX KYJbTYPIBIX [OPU3OHTAX IIOU-
Bul. Ecnu cyutectsyeT xorTsi 6bl caalblii MCKYCCTBEHHBIM WM eCTeCTBeHHbIH
Jlpena, TO TPYHTOBBEIE BOJB! BHIHOCAT HaKOMJISIOUHECS CONH B JPEHHL

TakuM 0o6pasom, pacxof TPYHTOBLIX BOZ lia TPANCIUPALKIO ABJIsIETCH He
TOJIBKO HEOGXOJUMBIM ¢ TOUKU 3peHust QopMHUpoOBAllUsS ypoxKasi, o u HTpaer
M3BECTHYIO NPODHAAKTHYECKYIO POIb B IPEIYIPEKACHUN ABAEHUH 3aCONCHUSA
NMoYB. DTUM OObsACHSETCS HeOOXOAMMOCTh B OPOMIAEMbIX YCJAOBHUSIX HMETh TO-
JSI ¢ MOLLIHBIM 3€JIeHBIM NOKPOBOM KYJBTYDHBIX pacTeHuil U Le/ecoooGpasHo:
pacnpefeseHHYIO CeTbh JPEBeCHBIX HacaKAeHH.

Cxonnple sBJeHHss HaGJIONAOTCS U B IPYrUX KJIUMATHYECKHX YCJAOBHAX.
Tak, oueHb 4acTo Ha Jyrax YepHO3eMHHIX cTelell HaOMOAAeTCd aKKYMYAALAST
KONKpelHil yTJeKHCJoro KajdbllHg B BHAE UEXJHKOB H TPyGOK BOKPYT Kopeul-
KOB TpaB. B 3260/104eHHEIX JyrOBLIX NOYBAX BJaKHLIX TPOIUKOB M yMepeH-
HOrO Iosica B TOPU30HTE KOHTAKTA KOplieHd U Kamuiasipiod KailMbl 06pasyior-
€l MaCCOBble CKOMJIEHUS] KOHKpPeUHH OKHCJOB Kejae3a u Mapranua. Coemude-
HHA KeJe3a, Mapranna o6pas3yiorT TpyO6OUKH UK YeXJHKH BOKPYT KOPEIIKOE:.

Onuako peliaiollee 3iiauerne B KOHEUHOM XapakTepe TeOXHMHYECKoro 6a-
JiaHCa repPPUTOPUN NPHHALJIEKUT COOTHOLHEHHIO CYMMAapHOrO HCHADEHHS M
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0TTOKa TpyHTOBHIX BOJ, Ilox3eMHBlil cTOK, HcapeHHe ¥ TPaHCIMPAaLHs TPYH-
TOBBIX BOJL COUETAIOTCS MeXIY co60ft B pasHbIX COOTHOILUeHHAX. MoxHo pas-
JIMYaThb HECKOJbKO THIIOB COYETaHHS OTTOKA, HCHAapDEHHS M TPAHCNHMpAUHUU B
pacxonxHoli yactu 6anaHca:

1) npeo6aafaer pacxoX FPYHTOBBIX BOX Ha OTTOK, a HCliapeHHe HX M TpaH-
COMpalUs 3aHUMAKT TOLYMHEHHOE MECTO; B 3TOM Ciyyae NpPOLecCH TeoXi-
MHYECKOTO HaKOIJIEHHs, KAK NpaBuJo, He BLIpaxenbl; HaobopoT, mpeobia-
JAI0T Npollecchl BBIHOCA. DTO NPOMBIBHOR THAPOMOPPHLIA pexuy, Koraa ¢op-
MUDYIOTCS KHUCJble THAPOMOP(HLIE TIOUBHI;

2) npeoGaaznaeT pacXoXx Ha TPaHCIUPaIHIO, a CTOK U HCTapeHHe 3aHUMAI0T
HOAUUNeNNoe MECTO; IPH 3ToM (GOPMUPYIOTCS JYTOBHIE OXKeje3HeHHble, HHOT-
Ja Kap6onaTHsle HaY c1a60 32COJACHHLIE TTQUBLI,

3) mpeo6janaeT ucnapeHue, a CTOK M TPaHCIHpaUMWA IPYHTOBLIX BOJ 3a-
HUMAIOT 1IOYMIIeHIIOe MCCTO; 3TOT THN PeXuMa FPYNTOBBIX BOJ Ha3blBaeTCH
THAPOMOPQHLIM HCNAPUTENbILIM; OH CONPOBOXKAAeTCS HHTEHCHBIILIM 3acoJe-
HHeM [OYB M CaMHUX FPYHTOBHIX BOJ.

THNb! BAJIAHCA TPYHTOBbBIX BOJI 3ACYIUIJIMBbIX PAWOHOB

Ha ocHoBe ana/ju3a ycJOBHH NUTaHWS W Pacxofa TPYHTODBEIX BOJ MBI Ja-
au B 1946 r. xaaccudpukanuo TUnoB 6ajanca FPYHTOBBIX BOJ C TOUKH 3pelust
HOHHMAHUSI MPONECCOB (POPMHUPOBAHHUSL 3aCOJENNbIX TMOYB M PeKOMeHAalHil
MCJHOPATHUBILIX MEPONpHUATHNl 1o ux pacconaenuio. Ilocienyomue roas mo-
KasaJy, 4TO 3TOT NPHUHLMI Leaccoobpa3Ho pacnpocTpaHHuTL U Ha He3acojeH-
Hule nouBel. CaefyeT pasauuath ciaelylollue BaxHellllne 0COOCHIIOCTH B [J1H-
Hamuke 1 6asiatice TPYHTOBLIX BOX:

1) KOMOCHCHPOBAHLI UK TEKOMIIEHCHPOBAILl NPHXOJHEIE CTATHU TOJ0BOrD
L[MKAa TPYHTOBBIX BOJ PacXOAHBIMU CTATbIMH;

2) kakve BenyliHe (pakTOPHl HJH Fpynna BeAyllux HaKTOPOB ONpenessioT
-COCTaBHBIE 3JeMEHTHl ¥ 3HAK 0aJaiica rpyHTOBHX BOJ;

3) xaxune 3JeMellThl pacxojiofi yactu 6Gajailica TPYHTOBHIX BoZ npeobnaa-
2T ¥, B YacTIOCTH, KAKOBO COOTHOIICHHE PAacXOA0B I'DYHTOBLIX BOJI Ha OT-
TOK M CyMMapHoe ucuapenune. Mcxols u3 3TUX NOJOXKEHHH, HaMH OblJI0 Npef-
J0KeHo ycranosuth W11 yeaosuilt CCCP caenyiollie 0CHOBIbIC - THMBL Gasan-
€a IPYHTOBBIX BOX:

ycranosnsmnucs{ KOMIEIICHPOBAHHHIH,

HEYCTAHOBHBIIMHACS MOJOMKHTENBHO HEKOMHeIlCHPOBaHHbIH

HEYCTaHOBHMBIIHICA OTPHLATCABHO NEKOMMEHCHPOBAHHDI.

VYuer cyllecTBOBAaliMA 3THUX OCHOBHBIX THNOB 6ajaHCa TPYMTOBBIX BOJ
VAOBJETBOPUTENBHO OOBACHSIET Apoleccs TuipomopdHoro nousoofpasoBa-
HHS eCTeCTBEHHOrO W' BTOPHYHOTO 3acoJeHus u 3abosauuBaHusi, a TAKKe SB-
JeHusi BHIHOCAZ M TeOXMMHYECKOH aKKyMYJISLUMHM BelllecTB IpH noysoobpaso-
BaHUHM. KpoMe TOro, 3T# Tunel 0ajaHca TPYHTOBLIX BOA NOMOralT Jydlle
dhopMyaInpoBaTh 3afaUU BOAHLIX MeEJHOPAaLUHH,

YcTaHOBHBWIMICS KOMIIEHCHPOBAHHBIA (UMKIHYECKHil) THN

Jlaunblil THN Gasianca TPYHTOBBIX BOJ CJ1araeTcsl B TAKHX VCJIOBUAX, KOTIA
CyMMapHbIi CXKETOJIHBII NPUTOK TPYHTOBBIX BOJ O0JIee WM MeHee [OJHOCTBIO
KOMIENCHPyercs: CyMMapHLIM €XerolHbM pacxolioMm. B atom cayuae /=4Q.
[Tpn nopo6uom cocrape GaJalica PYHTOBBIX BOJ HX 3amac M3 roia B Iojx
ocTaeTca B Npedesax HeGoJbIIUX. eXeroAHbix KoseGauuit crabuibubpiM, Ce-
30nHas NUIIAMHKa YPOBHS TPYHTOBHIX BOJI BOCIPOM3BOAMTCS KaXKIbIi TOM ¢
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OTKJIOHEHHSIMH, BbI3LIBAEMBIMH JIMIUb PA3JHYHAMH METEOPOJIOTHYECKHX YC-
JoBuii. Kak oTMeueHO BhIllle, 'PYHTOBAsi BOJZA MOMKET PacXoloBaThesl B OC-
HOBHOM Ha NOJA3eMHLIH CTOK, TPAHCIHPALHIO WX HCIapeHHE ¢ TEM HJIH HHBEIM
coueraHHeM 3THX crareli. COOTBETCTBEHHO HEOOGXOAMMO BBIAEIUTH CJELYIO-
UIHe MOITHIIBL:

a) KOMIIEHCHPOBAHHLII NOX3eMHBEIM CTOKOM — /=Qgyp. ITOT moxrun Ga-
JlaHCca TPYHTOBHIX BOA (GOpPMHpYeTCs Ha XOPOLIO APEHHPOBAHHLIX TEPPHTODH-
X ¢ IIyOOKMMH TPYHTOBBHIMH BoxaMmH. I104BHI TakMx TeppHTOpPHUA HAXOMSTCS
Ha TOH WJIM MHOWM CTAJMH €CTeCTBEHHOI'O BhIlleJauyHBAHWS;

6) KOMIIEHCHPOBAHHBIH NMOA3EMHBIM CTOKOM M TpaHcnupamueis — [ = Qg+
+Q:. st TeppuTOpHil, HMEIOWIHX 3TOT NOATHN GajlaHCa TPYHTOBHIX BOI,
XapaKTepHO HX 3aJieranue Ha riyOuHax 2—5 u u MeHblIe, BCJIEACTBHE Yero-
K OTTOKYy npubaBjsieTc UX pacXof Ha Tpancnupanuioo. THOHYHBE JYroBbe
IVIOJOPOHBIE IIOYBHI, MAJO 3aTPOHYTHE INPOLEeCCaMH 3aCOJCHHS, MCKJII0Yast
HakKonJieHue M3BecTH, runca. MHoraa BO3MOXHO HaKOIJIEHHE COABI WIH Cep-
HOKHCJIOro HaTpusA. I'pyHTOBBIE BOABL B 3TOM C/Iydae B GOJBIIMHCTBE HpecHble
Ui cnaGoMHHepan30BaHHbIe;

B) KOMICHCUDOBAHHBIIi IIOJI3EMHBIM CTOKOM, TPaHCTMHpalueil W Hcmape-
HaeM — I =Qgu+ Q1+ Q.. DTOT MOATUN LIHPOKO BCTPEYAETCS B  IMPAKTHKE
OpoIIaeMoro 3emJeaenus. Baaronaps coueTanuio OTTOKa M CYMMAapHOTO HC-
NapeHHss BO3MOXKHA NOCTATOYHO BHICOKAs YCTOWUYMBOCTb COJIEBOrO GasaHca
1 miogopoaus nous. Hepelko 310 DOCTHraeTcss CTPOUTENBCTBOM Pa3BHUTOM
rayGokod apeHaxHoli cetd *. Jlaunble Taba. 18 HAMIOCTPUPYIOT paccMmart-
puBaeMbll noAatun OanaHca TPYHTOBBIX BOJX BocTO4YHOH uactu TogopHofk
crenu. IToutn 50% pacxonmHolt yacTu GajaHca TPYHTOBBIX BOJ HAET Ha Hc-
napeHHe M TpaHcnHpanuio. ECTeCcTBEHHO, YTO NpOLECCH TeOXMMHYECKOH
AKKYMYJSAUUH U COJEeHAKOIJIEHHsl CTOJb XapakTepHbl MiaA [onomuoil cremny;

Ta6auma 18

Bananc rpyHToBHX BoX BocTOuHOfi uactu TosopHoil crenu
(PewerkuHa, 1964)

Cpenperogosofi| p. , 0
Crarbsn Gajaca Iﬁf/’zgﬁ’ Mn:f’;:’j/l”a % ;J: l‘_:g';mu
Ilpuxon
TNonsemuslt NpUTOK 40 1260 73,2
AtMocdepHEle OcafkH 1,7 53 3,45
Hlppuranyonssie wioTepu 12,7 400 23,35
Hroro: 54,4 1713 100
Pacxon
Wcnapenne ¥ TpaHcIHpauus 25,5 803 46,8
CToK K KoOJulekTopaM (B ChIpAapbio) 3,2 101 5,9
Crok B ChipAapbio (NOJ3eMHbIH) 21,0 661 38,65
Crok B nycThinn Kasaxckofi CCP 4,7 148 8,65
Hroro: 54,4 1713 100

* B 3TOM c/yyae B IPABON 4acTH pPaBeHCTBa Ro6aBisiercss moxasatemb Qa.
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r) KOMIERCHPOBaHHHI TpaHcnHpauueil u ucnapesneM — /= Q.+ Q. dtor
nonrun 6ananca ¢GopMEpyeTcHd Ha TEPPHTOPHAX HENOCTATOYHOH APEHHPOBaH-
HOCTH, CJIOKEHHBIX [IOPOLaMH MaJoH NpoHKHIaeMOCTH. [ pyHTOBEIE BOAH 3aJe-
raior 6JAM3K0 K NMOBEPXHOCTH — 1,5—3 x. AMNJUTYyAa uX KoJjeOaHUs 3HA4H-
teabHast — 50-—100 cx. MuHepau3auus TPYHTOBHIX BCH HHOIJA INOBHIIEHA.
B cyxoM KaumMaTe NOYBB! OTJIMYAIOTCSH NOBHIIIEHHOH IIEJOYHOCTHIO H HEKOTO-
poit 3acosiensocTio. IIpH OpOIIeHHH 4acTO MPOMCXONAT HHTEHCHBHOE 3a00a-
yHBaHue W 3acoseHHe. [IpH OCBOEHHH PeKOMEHAYeTCs COOpyXKeHHe JpeHnax-
HOU CeTH [Jas TMOHMKEHWs YPOBHA TPYHTOBBIX BOJ H YJYYUIEHHS MX obuiei
HUPKYJIAIIMH ¥ OTTOKA;

A) KOMIEHCHpOBAHHBIH HcmapenneM — [=Q.. DTOT moATHI pacmpocrpa-
HeH TePPHTOPHAJbHO 3HAUMTENbHO MEHbINe, yeM NpeAblAylIue. XapakTepeH
I/ GeCCTOUHHIX TEPPHTOPHH, CJOMKEHHBIX MaJONPOHHIAEMBIMH TSXKeJLIMH
0CaZOuHBIMH MOPOAAMH B Jle/bTaX, HU3MEHHOCTAX, Jenpeccusx, no Geperam
o3ep u Mopeil. [pynToBrle BoIsl 3ajeraior Ha ray6uHax 0,5—2 x. AMnaury-
JIa Ce30HHEIX KojeGaHul ux pe3kas — 1o 1,5 #. MHorma rpyHroBbe BOAH
BHIKJIHHABAIOTCH HA MOBEPXHOCTh. Pacxol TPYHTOBHIX BOJ NPOHMCXOIHT TJaB-
HbIM 06pasoM NMpAMBIM HCIIapeHHeM Yepe3 HNOYBY H KaNWJLISIPHYIO KaiMy.
Ator BelleT 3a co60ll MHTEHCHBHOE 3aCOJIeHHe TPYHTOBHIX BOJ, M 1nouB. I'pyH-
TOBbIE BOIH 0GafaloT MuHepa/au3anueil nopsiaxa 40—70 /2 u Goublie.
B xauecTse mpuMepa, HIJIIOCTPHPYIOLIET0 WYHCTO HCHApHUTENbHBIH 6asa:ac
TPYHTOBHIX BOZ, mpuBoguM manuHnle M. M. KpniioBa (ta6a. 19). ¥Ycneumnoe
OCBOEHHE MOJOOHBIX TEPPUTOPHII BO3IMOJKHO JIUIIb IPH CTPOUTENbCTBE Iy50-
KOTO HHTEHCHBHOTO JpeHa’ka M NPOMEIBKAX /ISl CHHXKEHHs] YPOBHSA H OTTOKa
MHHepaJH30BaHHHIX COJIEBHIX PacCoJIOB.

HeycranopuBlmHiCA NOJOMHTENLHO JEKOMNEHCHPOBAHHBIA THII

Benymum npH3HakoM 3TOro THHa pexuma H 6ajaHca I'PYHTOBHIX BOJT
ABJSIETCS CHCTeMaTHYeCKOe YBeJHUeHHe MX 3amaca B peayJabTaTe TOro, YTO
CyMMapHBI1 06IIErofX0BOl NPUTOK I'PYHTOBHIX BOJ, OKAa3hIBaeTcCs 0OJblLIe CyM-
MAapHOrO TONOBOro MX pacxoja M He GasaHcupyercd (He KOMIEHCHpYeTcs)

Ta6auma 19

Cxema pacyera Gananca opomaeMoro yvacrka SI«sIBanckofi crenu B deprase (Mu)
(Kpnuios, 1959)

Mecan Ocanxu Huduabprpauns Hcnapenve Banane
XI 3,0 8,2 8,0 +3,2
XI11 7,0 7,2 2,0 +12,2
I 4,0 3,0 2,0 45,0

II 6,0 2,0 5,0 +3,0
I 12,0 12,0 15,0 190
v 5,0 25,0 38,0 —8,0
\Y 2,0 35,0 52,0 —15,0
VI 0,0 50,0 60,0 -10,0
viI 0,0 80,0 72,5 +17,5
VIII 0,0 73,2 68,0 -+5,2
X 0,0 34,0 40,8 —6,8
X 0,0 5,0 14,0 —9,0
Bcero: 39,0 334,6 377,3 —3,7
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nocnenuuM. Ilomo6HbIM GanaHc TPYHTOBBIX BOZL BelleT K YBEJIHUEHHIO UX 3a-
Taca ¥ K NOAbeMy yPOBHS H3 To/ia B IOfl. XapaKTePHO eKeroJHoe NOBEILICHHE
YPOBHS MAaKCHMAaJbHOTO M MHUIIHMaJbHOTO CTOSHHMS 3epKaja TPYHTOBLIX BOX.
Exeronnpifl rpaduk ce30HHO! AMHAMHMKH YPOBHSI IPYHTOBHIX POJ HE BOCHPO-
uspoputcs. MHoraa HITeHCHBHOCTb OOILETO yBeJHUYEHHS 3anaca rpyHTOBBIX
BOJL HAaCTOJBKO BeJNHKA, uTO TpaduK IANHIAMHKH YPOBHS NpHoOpeTaeT Xapak-
TEp CTYNEHYaTOoro WM JunefiHoro noaneMa. [lomoxurenpnas Aekomnencanus
MOXeT OBIThb CBSI3aHa C Pa3HbIMH NIPHUYMHAMH:
a) yBeauyeHHeM INPHXOIHDLIX CTaTel,
6) yMeHbLIeHHeM pacXxoJa TPYHTOBBIX BOJA IPH COXpPAHHBHIEMCS HJH
YBEJIHUEHHOM MX IIPHTOKE.
Jlekominencanusa 6asanca IPYHTOBLIX BOJ BCJIEACTBUE YBEJHUEHHS HX THU-
Tauug (MHQUABTPANUSA U3 BOLOXPAHMJHUIL, KaHAJOB H Ha NMOJSAX) MOXKET cKa-
3aThCSl HA TPYHTOBBIX BOJaX, 3ajeraloniux JAake Ha Takol ray6uHe, kak 30—
40 m. ITo mepe npubankKenust YPOBHSI I'PYHTOBBIX BOX K JHEBIIOH MOBEPXHO-
CTH NpH 3ToM OyAeT BO3pacTaTb MX MHHepaju3anus (BCIeACTBHe pacTBope-
HES 1O NYTH ABUXKEHHUS coJiell, HaXOASLIMXCSl B TPYHTax), 8 TakxKe Oymxer
YBEJIUYUBATBHCS JIOJS1 UX pacxofa Ha HcrapeHue, TPAHCIHPALMIO U TOATONJIE-
HEC OKPYXKaIOUIUX TEPPHTOPHH.
, Korna 3epkasno IpyHTOBBIX BOA NepeHeT KPUTHYECKYIO TJ1yOuily, UHTeH-

CHBIIOCTb pPacxoja HX Ha HCNapeHHe ¥ TPaHCNUPAIHIO OKAaXKEeTCsl HaCTOJbKO
60JbIION, YTO MOXKeT HACTYNMTh BTOPHUHAS KOMIIeHCAlUsd H YPOBCHb TPYyH-
TOBHIX BOJ, YCTAHOBMTCSA HA HEKOTOPOHU CPEIHE MNOCTOSIHON rayobuiie.

Opnirako TOYBLI OPOCHTEJNbHOR CHCTEMBl NPU 3TOM NOABEPralOTCs HHTEH-
cuBloMy 3a60/auuBalinio ¥ BTOPUYHOMY 3acosieHuIo. PopMupoBaHue B Ipe-
JeJaX UPPUTaUMOHHON CHCTEMb! MOJIOKHTEJIbHO AeKOMIEHCHPOBAHHOIO THIA
TDYHTOBLIX BOJ, KaK NpaBu/o, BJeueT 3a coboil Karactpoduueckre MOCaACH-
CTBHA IJfl IJIOAOPOJHA NOYB, COCTOSIHUA JIOPOr, OCTPOEGK M 310POBBS liace-
JieHus.

Ias ynpaejieHust AUHAMHKON TPYHTOBLIX BOJ M NPCROTBPALlellds OHac-
HocTH (OPMHpPOBANHKS 3TOTO THIA HX BajaHca 1Heo6X0LHMO BCAMEpPHOE YMeHb-
LIeHue NMPHXOAHBIX CTaTell 3a C4eT CTPOUTEJLCTBA 3aKPLITOH OPOCHTENbIIOH
CeTH, yJay4dilleHud KaueCTBa H TeXIHKH I110JHMBOB, BBEIeHUs AOKIeBaHus. Ec-
JY INepPevyHCJCHHBIX MEpPOTPUATHH OKAa3blBAaeTCs HeNOCTATOYHO, HeoBXOAMMO
COOpyKeHHe Pa3BHTOH ApeHaXKI0-KOIEKTOPION CeTH WJIH HAaCOCHBIX KOJOX-
1leB JJ1sl OPTaHM3alHU MHTEHCHBIIOTO MCKYCCTBEHHOLO OTTOKa I'PYHTOBLIX BOJ
u crabunnzauny ux Gaaanca.

HeycTaHOBUBILHICS OTPHLATENbHO NEKOMIIEHCHPOBAHHBINA THI

Benymum mpusiiakom 0ajaHca M peXHMa TPYHTOBHIX BOA LaiHOTO THIA
SIBJAsIeTCS TIPOTPECCUBHCE YMEHbLIEHHE 3allaca IPYHTOBHIX BOA M €XEromgHo?
TIOHHKellle HX YpOBH#. DTO IPOHCXOAUT B pe3yJbTaTe TOTO, YTO CyMMapHBIH
eXKeroAHbil MPEX0J] OKa3BIBACTCS MCHBbILIE CYMMAapHOTO €XEeroiHOro pacxojia
TPYHTOBHIX BOJA. BBejeHHe Ha opowaeMol TEppHTOPHH 3Toro Tima Oa-
JlaHca FPYHTOBBIX BOJ, OBICTPO BeJeT K 03JI0pPOBJIEHHIO OPOCHTEIbHOMR CACTEMHI,
ecau oHa TojBepranach BTOopuuloMmy 3abosgauuBanuio. Ilpoucce omnyckauist
YPOBHS IPYIITOBHIX BOJ MO MAKCUMYMY H MHHHMYMY MX CE30HHOTO 3aJeraHus
MOKET PaCTArMBaTLCS HAa HECKOJALKO JerT.

Heob6xonumo pasanyaTte IO KpaliHeli Mepe IBa NOATUIA: :

a) oTpulaTeNbHO JEKOMNEHCHPOBAHHBIH BCJEeNCTBHE yMeHbUIEHHS NUTA-
HUSl TPYHTOBEIX BOJ; _

6) OTPHIATE/BLHO NCKOMICHCHPOBAIIHbIN -BCAENCTBHE YJAyulleHHs CTOKa.
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Taxk, eciiu B ODOCHTEJIbHOH cCHCTeMe OCYILIEeCTBJSIOTCS MEPONPUATHSA, Ha-
HpaBJeHHBIE HA PAVOHATH3ANNI0 HCIOJAb30BAHAS BOALI IYTEM NJIaHHPOBAHHS
U OTpaHuueHus NOJHBHBIX HOPM, YJIYYLIEHHS TEXHMYECKOTO COCTOSIHHMS KaHa-
JIOB, BBeJIeHUs IOJIHBOB JOXKAEBAHHEM, TO HCTOUHUKY NMUTAHHA TPYHTOBHIX BOJ
OyIyT coxpallaThcsi, ¥ 3TO DPHBEJET K XKeJaeMol JekoMmmneHcanuu GasaHca
¢ GOLIMM CHHKeHHEM YPOBHS IPYHTOBBIX Bol. PopMupoBaHHe JAHHOTO MOATH-
na Gasanca TPYHTOBBIX BOJ, Upe3BblYafHO 6JIArONPATHO JAJIsl OpOluIaeMoii Tep-
PHUTOPHH, TaK KaK HPH 3TOM yMeHbIIaercs CTeneHb 3a60/auHBaHHUs, YMeHb-
IaeTcss HHTEHCUBHOCTb 3aCOJIeHHs, KOTOPOe HHOTIa Ja)Ke CMeHSeTCs pacco-
JieHueM, TNoBHIaeTcsa o6Iiasa NPOAYKTHBHOCTDb IOJIEeH.

JlauHblfi yTh — OLHH U3 HauboJsee AelleBhIX cNOCOGOB OGIIEr0 03LOPOB-
JEeHH OpOIIaeMON TEeppUTOPHY, IOABEpPrHYBlleficss BTOpHYHOMY 3abosauu-
BaHH0. OTpunartesbHO JEKOMIIEHCHPOBAHHBIA 3a cueT YMEHbIIEHHs IHTaHUS
noaTHn GasnaHca TPYHTOBBIX BOJ €O BpeMeHeM MePeXONUT B KOMIEHCHDO-
BaHHBIH THUII, IOCKOJBKY YCTaHABJMBAETCS HOBOE COOTHOLIEHHE MeXKAY IpH-
XOIOM M pacxofoM TPyHTOBHX BoJ. Ilo Mepe cHHUXeHHS YDPOBHS I'PYHTOBBIX
BOA ocJabasieTcsl MX PacXOJZOBaHHe Ha HCIapeHHe M TPAHCHUPALHIO, YTO
BJeueT 3a co6ofl crabuaN3aunHio UX 3aJeraHHus Ha OoJbllel rayOuHe.

TlopTun oTpuuaTesbHO TEKOMIEHCHPOBAHHOIO PeXHMa CPYHTOBBIX BOJ
BCIEACTBUE YBEJHUSHUA HX NOA3EMHOTO OTTOKA fBJSETCSI pe3ysibTaToM Ocy-
IECTBJAEHUS TPOTpaMMbl CTPOHTENbCTBA APEHAKHEIX KaHAJO0B HJIH OTKAUKH
I'DYHTOBEIX BOJ Yepe3 CHCTeMY JIPeHaXKHbIX KOJIOALEB. DTOT NPOLECC UMEST
MECTO K B €CTECTBEHHBIX YCJIOBUSX B CBSI3H C PA3BUTUEM PacCeyeHHOro pedbe-
¢a BcIeACTBHE MOLHATHS MeCTHOCTH M 6Jarojaps yray6Jenuio rugporpadu-
yeckolt ceTH npu aposuu. Ho B OCHOBHOM 3TOT MOATHN 0ajlaHCa IPYHTOBLIX
BOJ, XapakTepeH AJIf TCPPUTOPHH OPOIIAEMOroO 3eMmJelenns, Ha KOTOPHIX CO-
OpyXKeHa M HHTEHCHBHO paboTaeT APEHAXKHO-KOJIJIEeKTOPHAS CeTb.

ITocse coopykeHus ApeHaKHO-KOJJIEKTOPHOH cer Gansanc TPYHTOBBIX
BOJ, MOABEPraeTcs KOPEHHOMY H3MEHEHHIO, TaK KaK MPOUCXOMUT 3HAUUTEJb-
HOe BO3pacTaHue pacxofa TPYHTOBHIX BOA Ha OTTOK. JlaxKe ecsy yC/IOBHS HH-
TaHUsI TPYHTOBBIX BOZ OCTAIOTCH IPAaKTHUECKH TEMH K€, TO yBeJUUeHHe pac-
XOla MX Ha OTTOK BHI3hIBaeT oOllee CHHKEHHe WX YPOBHS, HACTynamwllee B
TeYeHHe HeCKOJbKHX Jer. IIpuMepamy OCYLIECTBJEHHS TaKHUX MEPOINPUSTHH
SBJSIOTCS OPOCHTE/JbHBIE CHCTEMBI Dyxapckoro oasuca, JOJAWHBL p. Baxi,
Hentpanbroti Pepransl. Bo Bcex atux cuaydasx JexomieHncanuss Gananca
TPYHTOBLIX BOJ IyTeM YCUJIEHHSI HX IPEeHaXHOro OTTOKa Ipekpaliana BTO-
puutoe 3aGomauuBaHue W o6Jjeryasna JUKBHAANWIO 3acoseHHOCTH ToyB. Ocy-
mmeHHe GOJIOTHHIX NOYB BaaXHBIX KiaumaToB (Komxuna, [Mosecke, Ipubanru-
Ka) TaKKe BLI3BIBAET HA HECKOJBKO JIET OTPUIATCABHYIO HeKOMIEHCAlUIo pe-
KUMa rpyUTOBBIX BOA. 3azaueil IPaBHJbIIO CIIPOEKTHPOBABIILIX OCYILIITEb-
HBIX MeJHOpaluil fBJAsfeTcs OpraHH3alysl YHPaBJAsSeMOro TpaHCHUpanuoHHO-
r0 BOIHOTO pexKHMMa I0YB IPH COXPaHEHHH CyOMppHIaluM Kak IaaBIOH pac-
XOAHON cTaTbd GaljiaHCa TPYHTOBHIX BOX M HPU IOHHXKEHWH TPYHTOBBIX BOJ
1O ONITHMAJALHOTO yPOBHS.

O6muit aHa/iu3 WMEIOINErocsl MaTepyuaJja NMo3BOoJAeT BUIETh, UTO KOMIIEH-
CHPOBAHHBI THI pekuMa M 6ajsaHca IDYHTOBBIX BOJ XapakTepHayerTcs 3Ha-
YHTeJIbHON CTaOHIBLHOCTBIO BO BpeMaHH. JleKOMIeHCHPOBAHHbIE THIH (I0JIO-
KATeJTbHO M OTPHIATENbHO) ©asalica CPaBHHTEJNbHO KPAaTKOBPEMEHHB!, OHH
OXBaTHIBAIOT NPOMeXYyTOK b—-10 ser, mocse yero B mpormecce GasaMcupoBa-
HUA NPUXOOHBIX U PACXOIHBIX CTaTell MEPeXoNdT BO BTOPMYHO KOMIIEHCHPO-
BaHHBle TUNBL. B 3ak/ioueHne 3TOro pasjena npuBoxuTCs 0630pHas Tabauia
TJIaBHEAIINX THIOB PeXHUMa T'PYHTOBBHIX BOJA IIPHMEHHTEJbHO K YCJIOBHAM
CCCP (rabn. 20).
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THIIbl BOOHOr0o PE)XHUMA
H BAJIAHC
MNOYBOOBPA3OBAHMUA

O6iiee HampaBJaeHHe 04YBOOGDPa30BATEJbLHOIO INpomecca ONPENeNasaeTcst COo-
CTaBOM, CYMMapHEIM 0aJiaHCOM M pachpeleseHHeM MHHepaJbHBEIX M OpraHd-
yecKHX cOeNMHeHHH, (QOPMHPYIOLIMX IOYBY. DTO, B CBOIO OYepelp, ONpele-
JasieTcss B GOJIbUION Mepe THIIOM BOJHOTO peXMMa KOPH BHIBETPHUBAHUA H
noys. ITo3TOMy H3yueHHe THIOB BOAHOTO peXHMa IOYB JaeT IOYBOBELY,
MEJHOPaTOPy MW arpoHOMY BO3MOXKHOCTb INIyOXKe MNOHATb IIPOHUCXOXKJEHHE
1104B, aKTOPH!, IEMHATHPYIOLINE HX IPOAYKTHBHOCTD, H pa3paboTaTh NnpueMbl
ycTpaHeHHsT 3THX (aKTOPOB  MepaMH MeJHOpalHH, AarpoTeXHHKH, XH-
MH3aLHUH. .

Kax caexyer u3 npefbAyLIero aHaJjau3a, THIL BOXHOTO pe¥XXHMMa IOUYB 3a-
BUCSIT OT COCTABA W COOTHOLIEHHS NPHUXOAHBIX M PACXORHBIX CTAaTed B BOJO-
{IOCHOM TOpH30HTe M HouBeHHOH Tosuie. [IpuueM ompenensiomiee 3HaueHUe
HMEeeT COOTHOLIEHHE TPUTOKa M OTTOKa BJATH, COOTHONIEHME OTTOKA M HCNa-
PeHHsI, COOTHOILIEHHE HCITapeHusl U TPaHCNHpPAUHK BOJHL U3 NOYBEL U TPYHTO-
Boii BoAnl. COOTHOMIEHUS ITHX KOMIOHEHTOB, B CBOIO OYepelb, 3aBHCAT OT
VYCJAOBHH CYXOCTH KjaumaTta, oporpadpuu ¥ reoMopdhosoruu MECTHOCTH, YCJ0-
BHIl JINTOJIOTHH ¥ JPEHUPOBAHHOCTH TEPPUTOPHH, PACTHTE/BHOTO MOKPOBA U
XO03SIACTBEHHOTO UCNOJb30BaHua yromu#l. [Ipy stoM ocofeHHOe 3HayeHHe
HMeeT coueTaHHe pexXuMa ¥ JUHAMHMKH BOJ NOBEPXHOCTHOIO CTOKa, CO6CT-
BEHHO IIOYBEHHOMN BJjard HAa3eMHOr0 NPOHCXOXKIEHHS (BKIOYAS OCAAKH U I10-
JIUBHBEIE BOABI) M TPYHTOBHIX BOJ IOA3€MHOI'O NPOHCXOXKIEHHS.

Ha ocHoBe paccMOTpeHHBIX BhIlLle JaHHBIX MOXKHO PasjHuaTh cjaefylouiue
OCHOBHbI® THIBI BOJAUBIX PeXKHMOB IOYB, MeX(Iy KOTOPhIMH B NIPHPOXE CyIle-
CTBYET MHOKECTBO IIEepeXOJO0B (IIOATHIOB).

i

3PO3HOHHO-TPOMbLIBHOH (CMBIBHOW) PE)XHM

DTOT THI BOJHOTO DeXHMa XapaKTepeH INs CKJIOHOB XOJMHCTHIX H Irop-
HbIX paitoHOoB. IlpuxonHble cTaTbh BOZHOro GajiaHca NPEACTABJEHBl aTMO-
cepHbiME OcafikaMH (Y4acTO CHEXKHBIMH) H AEJIOBUAJBHLIM IIPHTOKOM BOXLI
C BepXHHX YacTeil CKJIOHOB. Pacxojlible cTaThbH BOAHOIO 6ajaHca ¢J1araiotcs
Ipex e BCero H3 MOBEPXHOCTHOTO TPAH3UTHOIO CTOKA, 3aTeéM GOKOBOTO BHYT-
PHIIOYBEHHOTO CTOKA M YACTHYHO H3 HHOHJIBTPALUWHM B HUCXOASIIEM HAlpas-
JIEHHH Ha HTaHHe NON3eMHBIX BOA. VcnapeHue u TpaHCUHpALUs COCTABASIOT
MEHBILYIO YacTb Pacxojia MouyBeHHHX BOA. Kopa BEIBEeTPHBaHHSA U MOYBLI NpH-
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0BpeTaIoT YKOPOUCHHbII NIPOQUIL BCASACTBHE 3PO3HH U XMMUYECKOH JAeHYAd-
UMK M NOMHHHDYIOL(ErO CMbIBA NPOAYKTOB IIOYBOOOPa30BaHUA.

O6wumit 6ananc BelleCTB NpH MOYBOOOPA30BAHMH B YCJIOBHAX 3PO3HOHHO-
NPOMBIBHOTO BOAHOTO DEXHMa OTPHUATEAbHBIH, TaK KaK MeXaHH4eckas 3po-
3us5, XUMHUeCKas JeMy[aluds W BbillleJauHBaHHe Npeo0aaialoT, a GHOTeHHAs
AKKYMYJIALUs] CONPOBOXKAAETCST TIOCTOSIHHOM NOTepell MPOAYKTOB Guorenesa:

S =f(P + Ap— Am "‘“Agch)'t»

rae S — nousa; P — nouBooGpasylouas nopona; Ay — Guorennast akKyMyas-
nust; Apm— MexaHHUeCKas aKKyMyJsiuust Hid 3po3usi; Agen — eOXHMHYECKas
aKKYMYJISIIHsS UK BBIHOC, [ — BpeMs.

NPOMbIBHOW ABTOMOP®HDbIN PE)KUM

[TpoMBEIBHO aBTOMOP(HBI THI BOAHOIO pexuMa [OUB B YHCTOM BH/E
cnaraeTcsi Ha BHLICOKHMX APEHHPOBAHHHIX IIaTO M paBHUHAX C IIYyGOKHMH
IpYHTOBEIME Bofamu (ray6xe 15—20 a).

TTocTynyienus BAaTH B NOYBY ONpPEAENAOTCH, €C/IH HCKIIOUHTE KOHJCHCa-
LU0, KOJHYECTBOM aTMOCHEPHBIX OCafKOB MM OpouleHHeM (Ha TOMAX HJIHA
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Puc. 10. AsTovMopdHBIE NPOMBIB-
HOif BOAHBIH pPEXMM MOIIHBIX
yepwoseMos Kypckoro sanosea-
nnka (Poge, 1968)
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u3 kadaJgoB). PacxoAyercst noyBennas BJjara Ha HCHapeHde, TPaHCIHPalHio
U HAcXojsuylo uuduabTpanuio. IIpeobnafaoT B PacxofHbBIX CTATbSX HII-
¢duapTpanyus BOABI U NepexBaT BJA4TH KOPHAMH Ha TPAHCIHPALHIO U3 ee Ka-
HHIASPHO-TIO/ABELIEHHOTO COCTOSIHNSL. DTO 06YCAOBANBACT PA3BHTHE B NOYBaX
IPOIECCOB BHIIETAUNBaHNs, BBIHOCA Bcex 0oJiee HJIM MeHee PAaCTBOPHMBIX
H TeOXHMHUeCKH MOJABHXKHBIX NPOAYKTOB BLIBETPHBAHHS H NOUB00OpPA30BAHUSA
(puc. 10, 11).

BripaskeHHOCTH NIPOMBIBHOTO peXHMa TeM GoJbluasi, ieM Bblile KO3pdhH-
LHEHT YBJaaXKHeHHs, T. e. ueM OoJblle ocafku NpeobaagaioT Haj IOTeHLH-
aJbHBIM HcnapedneM. IIpoMbIBHOH peXHM MOXeT OLITh HHTEHCHBHBIM, CKBO3-
HBIM, 4TO BeleT K (pOPMHUPOBAHHIO MHOTOMETPOBOH CHJIBHO BLIBETPEJOH KHC-
JI0if KOPBI BEIBETPUBAHHSA (CHANJIUTHOH, QeppasyiNTHOH UJIH aJNHTHOH) M IJIy-
GOKHX KHUCJBIX OefHbIX MOuB (GOKCHTOBBIX, KPacHO3eMOB, JKeaT03eMOB, Oy-
PBIX JeCHEIX, NOA30/MUCTHX). IIpoMEIBHON pexHM MOXKeT OBITh yMepeHHBIM
H He eXerofHbM, HAIlpHMep B KODHUYHEBHIX I0YBAX M yeploseMax, rie ocal-
KM U Hcmapelue 6ojee maH Meilee 6JIM3KM W B3auMuo Gajancupylorcs. I1po-
MBIBHOW peXXUM MoOxKeT OBIThb cJaafbIM, 3axBarhiBalomum Jaumb 50—100 cu
fIOYBEHIOR TOJILIH.

Taxolt TuI BOAHOTO pekHMMa Xapakrepell [/ KalITaHOBLIX MOYB, cepo3e-
MOB, TAKBIPOB, T. €. ISl IIOUB CYXHMX H IYCTBIHHBIX cTemell. B 3Tux mousax
HabJonal0Tcd OcTaTOuYHAsl KapOOHATHOCTh M THIICOHOCHOCTB, a TakKXKe OCTa-
TOYHas 3aCOJIEHHOCTb, XOTSl BCETJa pasanyaloTcd OOJblUas HJIH MelbLIas
BBILLETOYEHIIOCTh BEPXHUX TOPH3OHTOB NOYBHI.

O61uii 6a/aHC BelIeCTB PH NPOMBIBHOM (3JI0BHAJBHOM) BOLHOM DEXKH-
M€ IOYB FeOXHMHYECKH OTpHUATeJeH, 3pO3HOHHO HelTpaJjeH u GHOJIOTHYeCcKH

MOJIOKUTEJJCH:
S=F(P+Ay—Agen) 1.

Toabko B cayuae IIeraBI/IJIbHOﬁ JesATEeJbHOCTH 4YeJIOBEKa MOXKEeT BO3HHK-
HYTb 3p03Ud W ITIOABHTCA KOMIOHEHT Am C OTpHUATEJIBHLIM 3HAaKOM.

NMPOMbIBHON THAPOMOP®HBIN PEXHM

[TpombIBHOH rugpoMopdHbIl BOIHLIH peXHM CKJAABIBA€TCS B I0YBaX
BJAaXKHOIO KJAHMAaTa, PacloJIoKeNHbIX Ha NMOHHUMKEeHHBIX paBiHHHAX UM AJHI-
HBIX TI0JI0THX CKJIOHAX, HMEIOWHX GJIU3KUl ypoBenb (1—3 M) TPYHTOBBIX BOZX,
obecleyeHHbIX cBOOGOANBIM OTTOKOM 6Jarofapa HaJAHYHIO JPEeHHPYIOUIUX Hec-
YaHBIX MJH [aJE€UHHKOBLIX Npoc/aoeB B rpyHTe. IIpombiBIiOf ruapoMopdHLIL
pexuM ¢GopMHpyeTcs Taxkxe B GOJOTHBIX U IJleeBO-0OJOTHBIX IOYBax Iocie
HX APEHHPOBAHHMS, KOI[a 4YeJIOBEK HCKYCCTBEHHO OTBOAHUT H36LITOK cBOOOA-
HOH BOJbI H3 NMOYBBHl M OpraHH3yeT IIPH MOMOHIH JApeHa)Ka cHUKeline yPOBHS
U OTTOK IpyHTOBHIX BOA. Haxollen, npoMbIBHONH THAPOMODP(MHBIN BOHEIA pe-
JKHM ycTallaBJAuBaeTcs Ha OpollaeMbIX NoyBaX ¢ OJH3KHM YPOBHEM IpPYNTO-
BoIX BOA (2—3 m) npu 3ddekTuBHON paboTe [peHaxKa H JOCTATOUNO HH-
TEIICHBIIBIX NOJHBaX. Bo Bcex 3THX Tpex ciayyasX HMeeT MeCTO IepHOAHYe-
CKHH WJI¥ TIOCTOSTHHBIA NIPUTOK BJAard B3 KANHAJISPHOH KafiMbl TPYHTOBHIX BOI
B KOpHeoOxTaeMble TOPH3OHTHl [TOYBLl (CyOHppHrallus).

OcHOBHBIMH HCTOYHMKAaMM BOJBI B BOAHOM 6asaHCe NOYBHl BO BCeX TpeX
¢lyuaax sBJSIOTCS BIMTHIBallMe U MHOQHAbTpaUUs CBOOOANION BOJABI aTMO-
cepHBIX OCA/KOB WJIM NMOJHBHOH. B pacxoanoli sactu Gasnakca onpenensio-
as poJb NPHHALJIEKUT CKBO3HOH HH(HJIBTDPALUH H OTTOKY C IPYHTOBBIMil
BoflaMH (noToKOM). TpaHCHpanus pacTHTENBHOCTBIO COCTABJSET BTOPOH IC
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Puc. 12. TuzpoMop@Hblil NPoMBIBHONH TUn BOAHOrO pexkuma noys. J[lepHoBo-cpenHenogso-
Jaucrasg mousa (Bacuanes, 1950)

1 — B3 u Huxe; 3 — 60—80% HB; 5 — ot HB a0 KB;
2 —or B3 po BPK (6% or HB); 4 — 80—100% HB;  6—or KB 1o 1B

BAXKHOCTH KOMIIOHEHT pacxoja Bjard. McrnapeHue 3aHHMaeT OTHOCHTENbHO
noAuHHeHHOe MecTO (pHC. 12).

O6masa cxema Gajanca BelIecTB B IOUBaX HPOMBIBHOTO 3JI0BHAaJALHO-
ruapomopHOro pexxnMa MoxeT OHTb JaHa B caelyomel Ghopve:

S=f(P-I—AbiAgch) -1

[TouBooGpasylomas noposa B yCJOBUAX 5TOCO TUIIA BOZHOTO peXHMa MOA-
Bepraercst BOCCTAaHOBATEJbHOMY pexHMy, oborauiaercs OHOTeHHHIMH IHpoO-
JyKraMHu IOYBOOGDAa30BaHus, HEKOTOPHIMH NPOAYKTAMH FeOXHMHUECKOH MUT-
paluH, HO TepsieT ¢ IPYHTOBLHIM NOTOKOM HauboJjee pacTBOPHMBIE COENHHe-
Hus. MexaHnueckas JAeHyAallUsi WM HAaKOIUIeHHe He BhIpaxeHbl (An,==0).

[IpeoGaananne mpoMeiBHOrO 3(d@eKTa u OTTOKAa B CyMMapHOM BOJHOM
OaJjlaHce TaKHX THAPOMOD(HHIX TIOYB BEAET K T'OCMOJACTBY TEOXHMHUYECKOTO
BbIHOCcA. [lepuoanueckoe KanWWLISIpEOe NHTAHKe NTOYBH H OCOOGEHHO ee KOPHe-
o6uTaeMbIX TOPH30HTOB (CO CMEHCIH BOCCTAaHOBHTEJILHOTO PeXHMa OKHCJH-
TeJBHLIM) NPHBOJUT K OCaKAEHMIO M THAPOTEHHOMY HaKOIJIEHHI0 B II0YBaX
HOJYTOPHBIX OKHCJOB (COemuHeHHuH Keses3a, MapraHua), yraeKHcaoro KaJb-
nus (HHOIZIAa COABI) U HeGOMBLIMX KOJHYECTB CY/IbGaTOB H XJOPHIOB HATPHN
H MarHHsl.

Ilpeo6aanarouee BausiHMe NPOMBBHOrO 3G@eKra, 0AHAKO, NPUBOJHT B
HauboJjee xpafiHux cayuasx (BJaxHBIH KJIHMar, JenpeccHy Me3openabeda)
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K 06pa30BaHMIO KHCABIX IJIEEBBIX KE€JIEe3HCTHIX NOYB, NOAGENOB HJH COJIOLEH
C Pe3KC BBIPaXKEHHBIM 3/I0BHAJNbHbIM GeJeCHM FOpU30HTOM Ag, OTUETJIHBLIM
H/UIIOBHAJIBHBIM TOPHU30HTOM B, KOoTOpHIH o6orauieH AONONHHTENIbHO MOJYTOP-
HBIMU OKHCJaMH (OueHb PeJKO M YIVIEKHCJBIM KaJbllHeM) T'HApPOreHHOTo Mpo-
HCXOXKEHHUH,

[1pu MeHblel cTeneHn NpombIBaeMocTH (6osiee apHAHBIA KIMMAT H Tpa-
BAHHCTAs] PACTUTENBHOCTD) M JKECTKHX TPYHTOBBIX BOJAaX, colepkKamux OH-
Kap6oHATHl KaJbllMst H HEKOTOpCe KOJHYECTBO JIETKOPAaCTBOPHUMBIX COJei,
TeCXHMHUYECKHI BBIHOC He JOCTHraeT KpaHHHX (KHCJBIX) crajuil, o0pasyloTcd
GeckapGoHaTHBe, caaGoKapOOHaTHble HJH CHJIbHOKapOOHAaTHBIE JIYrOBblE
TEMHOUBETHHE NOYBBEl, HMHOTJA C OCBETJIEHHBHIM TOPH30HTOM Aj, HHOTZa C
YIVIOTHEHHBIM TOpu30HTOM B uau caurtocteio. Ho ualie Bcero ¢hopMupYyOTCS
CTPYKTYPHBIE TeMHEIE TYMYCOBble JIYIrOBble TOUBEI, IIOYBH IIpepHii, JyroBO-
uepro3eMHEBIe IOYBHL

TakuMm o6pa3oM, B paMKax IPOMBIBHOTO THAPOMODP(PHOTrO BOAHOTO pexXUMa
B 3aBHCHMOCTH OT POJIH IPOMBIBHOrO KOMIOHeHTa 00pasyioTcs LOBOJBHO
pasnoobpasHble MOYBH OT IVIEEBO-NOA30JHCTHIX, COMOAeH, N0A6ENIOB A0 OXKe-
JIe3HEHHBIX JIYTOBBIX, KapGOHATHBIX JYTOBBIX, CJ1a00COJOHOEBATHIX WM CJH-
TBIX JIYTOBBIX MOYB.

Cpefu MeJHOPHPOBAHHBIX IOUB, KaK YKa3aHO BHIle, B paMKax 3TOrO kKe
THIA TPOMBIBHOIO THAPOMOP(HOro pexuma 06pasyloTcsl CTapoopolIlaeMbie
KYJbLTYPHEIE JIYTOBbIE HE3aCOJEHHEIE ITOYBLEI BBICOKOTO IJIOJOPOJHS ¢ SBHBIMHU
IpH3HAKAMH CyGHpPUTralMy 3a CUEeT BJIMSHHUS NPECHBIX IPYHTOBBIX BOL.

ITpu npaBunbpHOM OCyHIeHHH GOJOTHBHIX NOuB (Ge3 IepeocymIKH H ¢ ABY-
CTOPOHHHM PEryJHPOBaHHEM I'DYHTOBBIX BOJ JJIs1 COXpaHeHHs CyGHppUranni)
VCTAaHABJNBAETCS 3TOT Ke THI BOAHOIO pexuma.

HCNAPHTEJIbHBIA THAPOMOP®HDBIA
(BbIMOTHOH, 3KCYHJATHBHBIM) PE)XHM

HcnaputenpHulil ruapoMop(HBI BOAHBIA pexuMm nouB dopMmupyercs Ha
THAPOJIOTHYECKH IIJIOXO APEHHPOBAHHBIX PaBHUHAX, MeXKTOPHHEIX BIaJHHAX, HA
NoAMaxX HHKHEro TeUeHHS PeK U B UX JEJNbTax, CJIOKEHHEIX MaJONPOHHIIAEMBI-
MH OTJIOXKEHHSAMH ¥ MMelolux OJusKHe K noBepxHoctu (1—3 m) sactofinbie
06BIYHO MMHepaJH30BaHHble IPYHTOBBIe BOAH (puc. 13). Pexum n Gananc
TPYHTOBLIX BOJ B TAKHX YCJOBHAX KOMIIEHCHPOBAHLI HCIIAPEHUEM H JIHUIb OT-
yacTy TpaHcnupauuel. PoJib KanWIASPHOTO NMOJHATHA W UCHApeHHA IPYHTO-
BbIX BOJ, B JUHAMHUKE BJArd MOYB TeM OOJAbIIAs, yeM CyLIe KJHMAT MECTHOCTH
H yeM OJHXKe K IOBEPXHOCTH JIeXKHT HX 3epKajo. CymmapHmil 6anaHc Be-
UIeCTB MpPH MCNApUTEJbHOM TMAPOMOPGHOM BOIHOM pEXHMEe HAaKONHUTEJIbHBIH
¥ MOXKeT OBITb ONHCaH CJeAYIOIHM BbIDaKeHHEM:

S—=f(P+Ap+Agen) ot.

HcnapurenbHblil THII pekHMa NOUBEHHBIX M TPYHTOBEIX BOJ BeJeT K IIpo-
TPECCHBHOMY HAKOILIEHHIO BCEX TeX PACTBODHMBIX COeJIMHEHHH, KOTOpbe Ha-
XONATCA B TPYHTOBHIX BOJAX H IPHXOJSAT C HAMH CO CTOPOHHI HJIM U3 IyGHUH.
Hakonnenue BTOpHYHOTO KpeMHe3eMa, MOJYTOPHBIX OKHCJIOB, YIVIEKHCJIOTO
KaJblHsA, THICA, JEerKOPaCTBOPHMBIX COJIEHl IIPOHCXOLHT BO BCed TOJUIE
TIOYBEL.

CaMu rpyHTOBHIE BOZIBI IIPH AJHUTEJILHOM CYIIECTBOBAHHH HCIIADHTEIBHOTO
THAPOMOP(HHOrO peXXHMa IOCJAeJOBATENbHO MUHEPAJIH3YIOTCs, NpPOXOAs C
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Puc. 13. TuapoMopbubili McnapHTeNbHBI THO BOAHOTO pexuMa nouB, [0J0ZHAf CTEMb,
3ouaoras Oppza, 3acoaennoe natio (Ilaukos, 1930)

BaaxHocrs (%):
1—6-9; 53— 12—18; 45— 25-30;

2 —9—12; 4 — 18—95; 6 — 30—35;
7 — I'PYHTOBBIE BOABI

BO3pacTaHHeM KOHUeHTpauun HeckKoabko cramuii (Kosma, 1946): cuaukar-
#yio (0,02—0,1 e/s), ObukapGonartHo-Kaapuuesyio (0,2—0,5 ¢/2), comosyio
(0,5—3 e/a), cynpdariyo (5—20 e/4) u xjopupnyio (>30 e/1).

AtyMocdepHble 0caKu BJAXKHBIX BPeMeH rofa MOTYT BEHI3BIBAThH CEe30HHOE
paccoJieHHe NOYB W jaxe cOpachlBaTbh yacTb cosell B TpyHTOBBIE BoAbpl. Ho
B CYXOH Ce€30H rofia BHOBb BOCCTAH&BJIHBAeTCH I'OCIOJACTBO Ipolecca Hcnape-
HUS W HPOIECCOB 3aCOJieHHs 1MOYBHL. 1103TOMY Ce30HHBIE JOXKIH HE B COCTOSA-
HHY M3MEHHTh HH HCHAPUTEAbHbIM BOJHBIH PEXHM IIOUB, HH HX HAKOIHUTEJb-
HBEIY coseBoll 6aqaiic. B 3aBHcHMOCTH OT 001LUX YCJOBHH N0uBOOGpa3oBaHus,
HHTEHNCHBHOCTH HCHapeHHS H pOCTa MHHepa/JH3aldH I'PYHTOBBIX BOA NpH HC-
TapHTebHO-THAPOMOPQHOM THIle BOJHOTO pexXHMa o6pasyercsi OOumHpHAas
(dopmalHs AKTHBHBIX COJIOHUZKOBBIX IIOUB M COJOHYAKOB PasHOTO XMMH3MAa
M CTEIIeHH 3aCOJIEHHOCTH ¥ BCerfia ¢ 6IH3KHMH COJIEHBIMH TPYHTOBBIMH BOJa-
mu (Kosna, 1937, 19466, B, 1947).

HMCHAPHUTEJIbBHBIH ABTOMOP®HBIH PE)XHUM

B yca0BHAX pe3ko BbHIpaXKeHHDIX apHAHBIX IYCTbIHb, TIOAOGHBIX MYCTBIHIM
LeurpaavHoit Asun, Caxapnsl u Apasuu, Unau u Ilepy, npu riayGoKuX TpyH-
TOBBIX BOLAX H OTCYTCTBHH MX NHTAHHA Ha BLICOKHX paBHuiax i IaaTto ¢op-
MHpYyeTcs KpafiHe cBoeoOpasHBIfl THII BOJHOTO peXuMa NOYB, KOTZa HCIape-
Hve (co ca1abbIM y4acTHEM TPAHCHUPALMH) KaNWJLISPHO-NOABELICHHOH BJI-
TH fBAfeTCs IVIaBHOH H €AMHCTBEHHOH cTaTbell pacxOAHOH uactdH GajaHca.
[Ipuxomnas yactb BoAHOTO OasaHCa 3THX INIOUB NPEACTAB/JEHA BJaro pei-
KHX A0XJeH N KoHIeHcanuH. B nekoropeix nycreiusx Llerrpasabuost Asun Ta-
KOl HCNapHTeNbHO-aBTOMODGhHBIH BOAHLIH DeXXHM CYILECTBYeT NEPBHYHO U
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Puc. 14. AptoMopdiiblit HCMAapHTenbHBIA (TPAHCMUPANHS) BOXHBIA PEKHM CCpPO3eMOoB
Tapxukncrana (Kygauros, 1960)

BJ1aXKHOCTD: v
1 — Menblie MT; 3— ot 1,5 MTI'" 1o 2 MT; 5 - or 60 no 80% IB;
2—or MI' g0 1,5 MI'; 4 -—o1 2 MT' go 60% IIB; 6 — Boiiue 80% IIB

yHacJel0BaH OT JOYETBEPTHUHBIX BpeMell. B Go/bUIMICTBE, OAHAKO, HCNAPH-
TeJIbHO-aBTOMOP(MHbIH DEXKHM NOUB TIYCTHIHb SBASETCS HeoaBTOMOpP(HEIM, Tak
KaK eMy NpelllecTBOBA/ HCIIaPUTEIbHO-THAPOMODPDHBIA pexuM o6BOAHEl-
HBIX JIPEBHHX aJUIIOBHAJDBHBIX PaBHUH JAO TOTO, KaK OHH OBUIM IOAHATHl H
KCepO(HTH3HPOBAHBI (OIMYCTHHHIIACH).

PasButue ucnapuresbHO-aBTOMOPGHOIO BOAHOTO pesMMa COINPOBOXKIaer-
€A MPOChIXaHHEM IOYB M TPYHTOB 0 BO3AYLIHO-CYXOTO COCTOSIHHS Ha IJ1y6u-
HYy MHOTHX MeTpoB (puc. 14). DTo BeKOBOe INpOCHIXaHHE H ONYCTHIHHBA-
HHE TI0YB CONPOBOKAAETCS BOCXOMSIHUM JABHXKeHHEeM KamWAASPHO-NOABELIEH-
HO# BOJBI (1ocsie noxknel u poc) k MoBepxHocTH. Ilpu 3TOM B mOuBe coxpa-
HAIOTCS M YHAC/IEAYIOTCS COJIeBble MacChl, AKKyMYJIHPOBaHHbIE pAHbIIe B HC-
NapuTeNbHO-THAPOMOPGHYIO (dasy nousooGpasoBanusi. B pesyabraTe 06pa-
3yloTcsl CyxHe (06e3 rpyHTOBBIX BOI) COJIOHYAKH, TaKbIpHBle COJOHYAaKH, CO-
JIAHbIE KOpPH, KOTOpHIe CJEeIyeT paccMaTpHBaTh B STUX CIyYasx Kak IOYBbI
najeoruapoMopHELe.

OnycrbinBanne MOMKET HACTYIHTb Ha NOAHSTHIX BOJHO-AKKYMYJ/ISTHBHBIX
paBiHHAX H 6e3 COJOHYAKOBOIO Ipouecca (rnoc/ie CMeHbl THAPOMOpPGHOro
NPOMBIBHOrO pexkHMa aBTOMOP(IBIM HCapHTeAbHBIM). B 3THX ciyuasx npo-
H30M/JeT ONYCTBIHHBAHHE JYTOBLIX TOYB ¢ (POPMHPOBAHHEM M3 HUX TaKHX Ma-
JIEOTAPOMOP(ILIX [10YB, KaK CEPO3EMBI, le3acoeliHble MOUBb MYCTHIHD U .

HAMBIBHOX (AM®WUBHWAJIBHBIN, NOABOAHBIM) PEXHM

OTOT TUI BOAHOTO peKHMa CKJAIBBAETCS B 3aTOILISIEMBIX NOHMAX H MO~
BOMHBIX JlesbTaxX, B 60J0TaX M cTapopeybsaX, B MEJKOBOABSX 03ep, MOpell
HCKYCCTBEHHBIX BOAOXPAHHJHLL, & B KyJbTYPHOM JaHAmAa(Te — Ha MOJAX
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Puc. 15. AmpuGHanbubli (NOABOANEI) DEKHEM TOPGAHACTO-TVICEBHX TOAMEHHEIX OB
(3afimeanman, 1969)

!— B3 —BPK; 4—0,9 1B — IIB;

2 — BPK —IIB; 5 — IIB (sepxosonka)

3 —IMB — 0,9 T1B;

opowaemoro . puca. OGweir 4eproft 3THX MaHAWA(TOB sBAsETCS HX CYOaK-
BaJIbHBIH 4/IOBHAJIBHELA XapakKTep NOYBOOGpa3oBanus (puc, 15). B monnoM
Ga/nance TaKuX JaHAAGTOB AOMUHHDYIOT NPHTOK M OTTOK NOBEPXHOCTHEIX
BOJ, 3a/1HBAIOINX IOBEPXHOCTL [10uB. CBOGONHASI BOAA IOCTOSHHO H./IH IEPHO-
AMYECKH 3aKPHIBAET U I€pPeyBIaXKHAET IOYBLL PacXOmHBe CTATBH BOMHOTO:
Oasanca NpeAcTaBieHbl 0OJIblUe BCETO TOBEPXHOCTHHIM CTOKOM (nocne ma-
BOAKOB M/ NPHIMBOB, IMOC/JE CE30HHOTO HCHapeHHsi BOLLL 03ep HJH NOCAE
c6poca NoMMBHBIX BOX ¢ noJell puca). IToAunHeHHOE MECTO 3aHHMAIOT TpaHc-
IHpauus W UCnapenue Bjard. IIpuTox cBOGOLHON BOABI CONPOBOKIAETCA -
KOnJIeHHEM MEXaHHUYeCKHX H XHMHYECKMX MHHEDAJBHBIX H OpraHHYeCKHX
0CaAKOB (aJJMOBHI, JOHHBIE OTJIOKEHHNS], NIPOMIOBHI) ; TPAHCIIHPALUs W HCTa-
peHHe BBI3BIBAIOT MEPEXOA B OCA[OK YaCTH PACTBOPEHHBIX COeNHHEHHIl.
Bananc Bemects B angmadre ¥ N0YBAX HAKOMHUTENbHEI:

S=f(P+Ap+Am-+Ages) - 1.

B 3aBucumocTu OT cooTHOmEHHS OTTOKa, TPAHCHHPAUHUH Y HCIAPEHHS CKJa-
ALIBAIOTCST PasHOOOpasHble COYETAHUST MEXAHHUECKON, FeOXHMHUECKON i GHO-
TeHHOH aKKYMYJSIHH M KOHKDETHBIHl XapaKkTep IOYB.

3acTOHHBIN PeXHM BOL OJarONpHATCTBYeT pasBuTHIO aHaspobuosmca u
TIOSBJEHUIO OGH/ISHBIX BOCCTAHOBJIEHHBIX COEAHHEHH XKenesa, Maprasnua, ce-
Pbl, azora. [Ipotounbili pexum Box, Ha060pPOT, CNOCOGCTBYET aspalyu u mpe-
06/1alaHuI0 OKHC/INTENbHBIX IPOLECCOB B NIOYBAX, HECMOTPA Ha HX OOBOAHEH-
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Hocthb. Jeradn oco6eHHOCTEH 3TOrO THIA BOJAHOTC peXXHMa H e€ro pasHOBH-
HOCTH CHJIBHO BAPbUPYIOT, HO OHH MaJo u3yueHbl. OOLuM A/ HUX SIBJISETCS
HAKONHTENbHBIH THN 6GanaHca BellecTs (BJaXHble aJJIIOBMaJbHBIE W aJIO-
BHAJIbHO-BOJOTHBIE 1IOYBLI, JOHHBIE OT/JAOXKEHHS O03ep M MEJKHX BOJOEMOB,
NOYBbl PHCOBLIX IIOJIEH, IJI€EBLle, IJ1€eBO-00/OTHEIE, CanponesieBble IOYBH H
TOpQAHHKY, CaNponeNeBO-COJOHYAKOBEIE NOUBBl MOPCKHX NOOepexHi, o3ep-
Hple COJIOHYAKH H COJITHBIE [PA3H).

MEP3JIOTHbIA PE)XHUM

Mep3JI0THBIH THI BOJHOTO peXHMa TOYB XapaKTepeH I/ TeX BHYTpHU-
KOHTUHEHTAJbHBIX TEPPHTOPUE CYIIH, KOTOphle OTAHYAIOTCA MJHHHOH CYXOi
MaJIOCHEXHOM X0MoAHON 3HMOH, KOPDOTKHM INPOXJAafHbIM J€TOM M OTpHIa-
TeJBHOM cpelHEromoBoH TeMmmepatypoli. MuoroserneMepsnoTHble 06J1aCTH
3aHHMAIOT OOIIMpHBIE NIPOCTPAHCTBA B ceBepHOM uacTH Asum (1o 47% Tep-
putopun CCCP) u Ceepnoli Amepruke. MHoroneTHeMep3OTHLIH PEXUM
CKJIa[BIBaeTCsl TaKXKe B BblcOkoropbsax (Hampumep, Ilamup, TuGer u mp.).

Bo BpeMs ¥ UacTHYHO Inocjie JeAHHKOBOTO IIepHOAA TPAHMIEI PACIPOCT-
paHeHHsI MEP3JOTHOrO BOJXHOI'O pexHMa NOYB YXOAHJH JAajexo Ha lor (B Eb-
pome 10 Gepero Kacnuiickoro u UepHoro Mopeili, B AmepHke nouta 10 PJo-
punbt). McrouHHku Biarm B IOYBaX Mep3JIOTHOTO peXHMa OOBIYHO Te XKe,
4TO ¥ B APYTHX NouBax: aTMoctepHble ocafku (100—400 mm/z09), momsem-
Hble BOAb (MHOrJa HamopHbie)., OZHAKO Xapaxrep BOZHOIO peXHMa Kpaline
cnenutuyeH. ]

[Ipn Mmep3joTHOM BOAHOM DexXHMe IOYB Bjara GOJBIUYIO YacTb BpeMEHH
roga Haxodurcs B QopMme Jpla. JleTom IPOMCXOAHT CE€30HHOe NpPOTaUBAaHHe
TOYBH Ha TJIyOMHY OT HECKOJIbKMX CaHTHMeTpoB g0 3—4 m. Iloka Boga Ha-
XoguTcs B (QopMe JbAa, OHA, eCTECTBEHHO, He pacXoAyeTcss B IIOYBE Ha
. CTOK, Ha QUJBTPALMIO HIH HA TPAHCIMPALUIO, OAHAKO B KAaKOH-TO Mepe OHA
MOJKET pacXOofOBaTbCc Ha MNpsiMOe MHCHapeHHe, MHHYs (asy KUAKOM
BJIATH.

Takum oOpasom, AJHTeNbHAs Mep3JOTa KaK G aKKYMYJHPYET M KOHCep-
BUpyer Baary B nmoyse. Ce30HHOe NpOTaMBaHHEe HAYMHAETCS BECHOM M Pa3BH-
BaeTcs B MouBe cBepxXy BHH3. TlosBaderca cBoGonHas I'paBUTAlMOHHAA M Ka-
NHVISPHO-TIOATIepTas BOJAA, KOTOpAs JEXHT Ha Mep3JoM HENPOHHIIAEMOM
caoe, 3ajerawouieM ray6xe. Haunnaercs Bocxonsinee ABHKeHHe KATWJLIAD-
HOH BJIaTH, €e HCHapeHHe, PacXol PACTHTeNBHOCTHIO HA TpaHCHHpaiuio. B ato
BpeMsl B NOYBE MMEIOT MECTO BOCCTAHOBHTe/JbHBle peakuuu. CkiaapiBaercs
pexXuM, NOXOXKHA Ha THAPOMOPGULIA HCHNAPHUTENbHBIH M TPaHCIHpPALHOHHBIHA
pexuM Hpu ocnabjeHHOM BHIIETAUYHBAHUK (CM. BHIILE),

Onuaxo mep3noTHO-THAPOMOPQHDI THI BOLHOFO PEXHMa I0YB HOPMHUPY-
€TCs1 He3aBHCHMO OT I'HPOTeOJIOTHH U reOMOP(]OJOTHH MECTHOCTH KaK B MOY-
Bax HH3KMX Teppac, Tak H Ha CKJAOHAX M Ha BHICOKMX Bojpopasienax. Coor-
BETCTBEHHO M MEP3JOTHO-JYTOBble I'yMYCHpPOBaHHBIe TEMHOLBETHHE IIOYBEL
OKYTBIBAIOT MECTHOCTb KaK OBl 4eX/JI0M, MaJO 3aBHCSLIMM OT TONOrpaduy Me-
cTHOCTH. Eciu MepasioTHbIe TOPH30OHTHE NOYBH MAJOMOLIHK, TO CE30HHOE TPO-
TauBaHHe MOYBHl B HIOJNE-—aBI'yCTe 3aBepUIAeTC NOJHBIM HCYe3HOBEHUeM
Mep3JIoTH Ha Iy6uHe 3—4 # H cBOGORHAS BOAA QUIbTPYETCS B HUCXOAALIEM
HaNpaB/eHHH, YHOCS 4YacTbh TMOABHKHEIX NPOMAYKTOB IOYBOOGpa30BaHHSL.

Ilpn Hanuyuu royOMHHBIX MEP3JMOTHEIX TOPH3OHTOB, COXPaHSIOLIUXCS
KpPYIVIBIZ TOXI, JeTHAS ¢BoGoaHAast BOA, 06pasylowasics Npy TasHUH MIH  OT
JIETHUX JIOXKIeH, CTeKaeT B BHJE MEeCTHBIX NOTOKOB HALMEDP3JOTHHIX BOJ, Me-
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pepacupenesss cOJM, MOJBHKHbIE OpraHHYeCKHe H MUHepaJbHble CCeAHHEHUA
(kpemHe3eM, ¥KeJe30, MapraHel) B JENPECCHH H JOJHHBL

HacrynjieHne OoceHHHX M 3MMHHX XOJIOLOB BHOBb OJIOKHPYeT CBOGOAHYIO
BOZY, NepeBojid ee B popmy sbza. [Iponeccs BHHOCA K BhILIeAYUBAHUSA TIpe-
KpamaimTcsa. Hao6opor, kanuajisspHas BJara HHTEHCHBHO TlepelBHTaeTcs
BBepX, HaMep3asi CHH3Y Ha CJOH 3aMep3aloliell MOYBel, B 3TOM Ke Hampas-
JIEHHH CHH3Yy BBepX HMAET U NOTOK Iapooldpa3HOil BOJABI, KOHAEHCHPYIOILEHC s
H 3aMep3saiolieil B MOANOBEPXHOCTHHIX c/1osx. Ce30HHOE 3amep3aHue MOCTe-
IIeHHO OXBATBIBA€T BCIO TOJILLY NOUBBI, CMBIKASICh C TOPH3OHTOM BEKOBOIl
MEp3JIOTHI.

O6mnpHas rpynmna MepsJOTHBIX HOYB elile OYeHb MaJo H3yueHa. [lo-Bu-
quMomy, 6a/naHc BEIEeCTB NPH MeP2JIOTHOM II0YBOOOPA30BAHHH BapbHUPYeET OT
NPOMBIBHOTO [0 HAKONHTEJbHOIO B 3aBHCHMOCTH OT NpOAOJIKHTENbHOCTH
«Mep3JIOTHOH 6J0KaAbly» U BO3MOXKHDBIX COUeTaHHH MECTHGTO NMPHTOKA, OTTOKA
W UCHapeHHsl.
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KOPA
BbIBETPHBAHHUA
H MOYBOOBPA3OBAHHUE

BaxueHIMM 3B€HOM Ie0JOTHYECKOTO KPYroBOpOTa BelllecTB Ha 3eMJe siBjs-
€TCs Npolect BRIBETPHBAHHSA FOPHBIX NOPOX U (POpMUPOBAHHSA KODBl BBIBETPH-
Banus. Ilponecch BBIBeTpHBAHHUSI M3yUaJsM TaKHe BbIJAIOLIHECS COBETCKHE HC-
crepoatenu, kak K. JI. Tnuska, IT. A, 3emsruenckuii, C. A. 3axapos,
B. B. Iloasinos, U. U. I'nusbypr, B II. [Terpos. U3 yucaa 3anafjHbIX YYEHBIX
cjelyeT Has3BaThb uMeHa Jlakpya, Banbtepa, ['puma, Kennepa, ,H}KeKCOHa,
[llepmana, Bpesepa.

B Ttpynax sTHX HccoemoBarteseidl MBI HaxOAHM BaxKHEHUIHE ITOJOXEHHH,
XapaKTepU3yIollHe CYIIHOCTb NPOLECcCOB 06Pa3oBaHHs KOPHI BLIBETPUBAHHA
U ee KOMIIOHEHTOB.

OCHOBHBIE NOHATHA W ONPEAEJEHHA

[opHele mopoALl MarMaTHYecKCro NMPOHCXOXKAeHHS o6pasyrTed B COBEP-
1eHHO HHBIX TePMOAMHAMHUYECKUX YCJOBHSX HO CPABHEHHIO ¢ TeMH, B KOTO-
PHIX OHM OKa3BIBAIOTCA Ha JHEBHOH NoBepxHOCTH. [To3TOMY ropHble IOpOAB
¥ MHHepaJbl MarMaTHYeCKOrO NPOMCXOXKIEHHUs II0OJBEpralTcs BeckMa ray6o-
KMM H3MEHEHHSM HOJ BO3JeHCTBHEM YCJOBHH, CBOHCTBEHHBIX Ha3eMHOI 00-
CTaHOBKe,

Cxonuoro pona riy6oKHe KauecTBeHHble H3MEHEHHS NMPOHCXOAAT ¢ MeTa-
MOp(}HUECKUMH U IJIOTHBIMH OCAJOUYHBIMH IIOPOJAaMH, KOTOpDbIe yXKe paHblue
NOJBepraiuch BHIBETPHBAHUIO M KCTOpPble BHOBb BLIBETPHBAIOTCS MOCJTE HOBO-
rO CONPHKOCHOBEHHS ¢ Ha3eMHBIMH YCIOBUAMH (puc. 16).

Best cOBOKYNHOCTB CJIOXKHEIX M Pa3HOOGPAasHBIX NPOLECCOB KOJIHYECTBEH-
HOTO M KayeCTBEHHOTO M3MeHEeHHsi TOPHBIX IOPOJ H CJaramloliHXx WX MHHepa-
JI0B Ioj, Bo3leilcTBHeM atMmocdephl, THApocdepr u GHocdepsl Ha3HIBaeTcs
BHIBeTpHBaHHeM. B npoleccax BHBeTPHUBAHHS NPOUCXORHUT paspylieHHe O1-
HHUX TOPHLIX NOPOJX H MHHepaJoB u o06pa3oBaHHe APYTHX NMOPOL U BHOBb CHH-
Te3HPOBaHHBIX MUHepa/oB, BEIBeTpUBAHHUIO NOJABEPKElbl TAKXKE W CTPOHTENDb-
Hble MaTepHabl, U3 KOTOPBIX COOPYKaJHCh MAMSTHAKH HJH HOCTPOHKH.

IIpouecesl BHIBETpPHBAHUA TOPHBIX NMOPOX NPOUCXOAMAU HA 3eMJle H e
NIOSIBCHHS JKH3HH, HO OHH OBLTH CTEPHJBHBIMH,

Bospacr npoueccoB BHIBETPHBAaHHSA HEOGBIYANHO BENHK H yxomn‘ fanexo
K HayaJy HCTOPHH GOPMHPOBAHHS OCAJOYHBIX MOPOA, T. €. 10 3 MJADA. JIeT.
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Best Toma ocazouyHBIX  TIOPOA 3€MHON
KOpBL, a TaxXke 000JOYKA TPAHHTHHIX H
MeTaMopdHuUecKUX NOPOA TIPOILIH Yepes
IJIUTeJbHElE W HEOJHOKpaTHble HK/bL
BBIBETPHBAHHSA U MeTamopduaMa.

[TepsoHauaapHO BLIBETPUBAHHE 3a-
XBATHJO NPEUMYINECTBEHHO MOPOJALl Mar-
MATHYECKOTO TPOUCXOMKIAEHHUS, TaK KakK
OCajOUHBIX IOpoJ  (HCKJKYas OCaAKH
KOCMHUECKOTO M BYJKaHHYeCcKOTO IpOHC-
XOXKIeHHuda) elle He cyliecTBOBaJo. Bos-
HHKHOBEHHE XKH3HU Ha 3eMmJ/e KauecTBeH-
HO H3MEHHJIO M CYIECTBEHHO YCKOPHJIO
nponecchl BHIBETPHBAHUS Kak IyTeM He-
IIOCPECTBEHHOT0 BO3AeHCTBHS  BBICIIHX
H HH3MHX OPTaHH3MOB Ha TOpHble MOpo-
MBI, TaK H KOCBEHHO uepe3 BO3JelcTBHE
IPOAYKTOB HX KH3HexesiTenbHocTd. [lo
Mepe (OPMHpPOBAHHS Ha 3eMHOH Kope
TOJIL OCAA0UHEIX H MeTaMOp(HIECKHX 10~
Puc. 16. Mexanuueckoe u xumudeckoe PO BBIBETDHBAHHE B CBOEM nanbHeHIIeM
BBIBETPHBAHHE B NYCTBHIHAX pa3BUTHHU 3aXBaTblBaJO U HX. OnHako aa-

JIEKO Be BCS TOJIILA OCAA0UHBIX TOPOA O/~

Bepraercsi COBpeMeHHOMY BbIBETPHBAHHIO.
B cdepy coBpemMeHHOro BLIBETPHUBAHUSI BKJIOUAIOTCH JHIUb BEPXHUE CBHUTHI
3eMHOH KOpbl, Haxoadluecs IIOJ HENOCPEACTBEHHHIM BJNsSHHEM areHToB
atmochepnl, THApocheprl U GHOCHEpLL.

K nponeccam BbiBeTpHBaHHA HeOOXONEMO OTHOCHTH TakKke M Te H3Me-
HeHMs! TOPHBIX NOPOA, KOTOPLIE MPOHCXOAAT MOA MOPCKHUMH IJIH TPYHTOBBI-
MH BogaMu. MHOrza 3te H3MeHeHHs] HasHIBAIOT «TapMHPOAU30M». Paspyuie-
HHe TODHBIX NOpOJ BOAOHOCHBIX TFOPH3OHTOB Kpa¥He YCHAMBAIOT MHHepasau-
30BaHHBIE PACTBODLI, YTO, B CBOK Ouepenb, BeJEeT K INMOSIBJICHHIO B I'PYHTOBHIX
BOJaxX HOBBLIX NIOABHKHEIX COeAUHEHUH,

COBOKYTIHOCTE NIIPOLIECCOB BbIBETPHBAHMA TOPHHIX IOPOJ HACTOMBKO IVIY-
60K0 HX npeobpasyeT, 4TO BO3HHKAET HEOOXOMUMOCTE BBILEAATL OCOOYIO Teo-
JIOTHUECKYI0 (hOpMAlHIO0 COBPEMEHHBIX OCAHOYHLIX MOPOJ, 06pPa30BaHHYIO
3eMJIHCTBIMH NPOAVKTAMHU,— TAK Ha3bIBAEMYIO KOPY BbIBETPHBAHHS.

MouHocTh 1 MHHEPAJIOTHYECKHH COCTAB KODbI BBIBETPHBAHMA 3aBHCAT OT
HHTEHCHBHOCTH BLIBETpHBalHsl (0COOEHHO BLICOKOH BO BJIAXKIIOM TelJIOM KJH-
MaTte), IPOLOIKHTEABHOCTH ITHX IPOLECCOB, 4 TAKXKE OT YCJAOBHI COXpaHe-
HHs # IlepeHoca NPOLyKTOB, 06pasyiolIHXCs TP BHIBETPHBAHUH,

Ha nepsplii B3rsiA COBEPIUEHHO HEHM3MEeHEHHAs TOBEPXHOCTb CKaa Mar-
MAaTHYE€CKHX TODHBIX NOPOJ B JAeHCTBHTENBHOCTH HMeeT TOHKYIo (1—2 mm)
IJIeHKY BbIBETPHBAHHA, 00pA30BABIIYIOCS MO BO3AEHCTBHEM KIAHMATHUECKHX
(axkTopoB H MEKPOOPTaHH3MOB.

[loBepxHocTtb TpannToB u rueiicor Ckaunnnasuu ¥ Kapenauu, ocBoGoIuB-
WHXCs OT JEJHHKOBOTO NOKPOBA 5—6 ThIC. JleT Ha3ak, 3a4acTyio HMEET Kopy
BbIBeTpHBaHus, pasnyio 10—20 cu. KpacHouseTrHas Kopa BbIBeTpHBAaHHS B
cyb6rponnyeckux pafionax 3amaanc# [pysum gocruraer morgHoctH 7—10 a,
a TPETHYHbIE aJJMTHbIe KOPbl BLIBETPHBAHUS BJIAXKHBIX TPONHUECKHX PAHOHOB
Asun u Appuky focturaroT mouHoctH 150 M.

Tennvli BAaXKHBIH KJIMMAT BecbMa yBeJHUHBAeT HHTEHCHBHOCTb H CTe-
neHb BhIBeTpHBaHug (Taba. 21).
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Ta6auma 21

dakTopni BhBeTpuBanHust (Ramann, 1911)

dakTop BrIBETpHBAHHA
Cpepusg TeMmne- OTHocHTeAbhas HAauteprHocThb
O6aacTb paTypa NOuBsI, JAHUCCOLHaUNA BblBETPHBAHHS, a6coioT- OTHOCHTE-
°C BOJIbI JHA HHIA Hblft
ApkrHueckas 10 1,7 100 170 1
¥ Mepennas 18 2,4 200 480 2,8
Tpornuuecxas 34 4,5 360 1620 9,5

Heo6xoguMo pasauuath coBpeMeHHbIe, IpPeBHHE H HCKONAaeMble KOPHl BhHI-
BerpuBanus. CoBpeMeHHble KOPHl BLIBETPHBAHHA 00pa3oBajduCh B YEeTBEPTHU-
HOM NEPHOJE HJH JHIIb B NOCJEJEAIIHKOBOe BpeMsa. B HEKOTOPHIX paHoHax,
Hanpumep B 3anaaHoM 3akaBkadbe u Llentpasbroll A3uu, Kopa BbIBETpHBA-
HHSi COXpaHWJIach M NPOJOJKaeT (GOPMHPOBATHCS HENPEPLIBHO C TPETHYHOTO
BpeMeHu. B Tponuueckoit Appuke aanautibie H 6OKCHTOBBE TOALIM CYLIECTBY-
IOT C TPETHYHOTO M, BO3MOXKHO, MENOBOT0 NMepHOMAOB.

MoiHble KOphl BHIBETPHBAHHS, KaK COBpeMeHHble, TaK M JpeBHHE, MOTYT
COXPaHHTBCHA TOJABKO B YC/JIOBHSIX OTHOCHTEJNBHO PaBHHHHOIO pesnbeda HJH HA
CKJIOHAX M 0cOoGeHHO MO INOKPOBOM JECOB, 32LHIIAIIIUX MeJKO3eM OT
cubiBa. [lopnsAtve u pacusieHeline CYIIH, €CTECTBEHHO, He CNocoOcTByerT CO-
XpaHEeHHI0 TPOJYKTOB BLIBETPHBAHHS HAa MecTe M 00Pa30BAHHIO MOLIHOH oOC-
TATOYHOH KOpHI BHIBeTpHUBaHHsA. [TosTroMy 06aacTH TOAHATHI H OCOOEHHO rop-
Hble Ge3jiecHble TEpPUTOPHH XapPaKTEPH3YIOTCS OTCYTCTBHEM MOIIHOH KODBHI
BHIBETPUBAHUSA,

ITorpeGensble © BTOPHYHO BCKPHIThIE 3DO3Hell ApeBHHE KOpHI BhLIBETPHBA-
HHUS TPETHUHOTO, IOPCKOrO, AEBOHCKOrO M JaxKe QOoKeMODHUHCKOro Bo3pacra
onucansl Ha Teppuropur Llenrpansnoro Kasaxcrana, ¥Ypana, Ykpauns. IOTi:
JpeBHHe KOPBI BhIBETPHBAHKA, HMeomKe MolHocTh 10 60—300 » (I'unsbypr,
1947), nmepexuBanu xpaliHe caoxHylo ucrtopuio. [Ipu onyckaHuu cyluM OHU
OBIIK 3aKPBITH HOBLIMH OCaZOUHBIMH OoTJa0XKenusMu. OAHAKO 3aTeM Ha MHO-
rux npocrpacrBax LlentpaapHoro Kasaxcrana u lOxHoro Ypana apesnue
KODBl BHIBETpHUBAaNKs GBLIM BhIBelleHbl 3po3Hell Ha moBepxHocTb. Ouu sBJA-
10TCsl cyGeTpaToM AJis COBPEMEHHOTo noyBooOpasosanus. To xe Habaopaer-
csl 4 Ha ADPYTHX KOHTHHEHTax (Hanpumep, B ABCTpanun).

Ha teppuropun Coserckoro Comoza onucaHb! yeThlpe Pa3HOBHAHOCTH HC-
KONaeMblX APEBIHX KOp BBIBETPUBAHHS: a) OKpeMHeBLIHe, CBOHCTBEHHbIE yC-
JIOBHSIM TIOJIYMYCTHIHHOT® M NYCTBIHHOTO KJHMaTa TPETHYHOTO NMepHOoZa Ha
tepputopun Leutpanpnoit A3nun; 6) KaoJMHHTOBbIE, CBOACTBEHHDIE YCIOBHIM
BJIAXKHOTO, MATKOFO, YMEPEHHOTo JHOO BJaXKHO-CyOTPONHYECKOTO KJaAMMara
KapOGOHOBOTO Nepuofia Ha FPOMAJHLIX TIPOCTPAHCTBAX YKPauWHB H Ypana;
B) aJUIUTHBle (OKMCJLI AJIOMHHMS) — B YCJOBHSX TPONHYECKOTO BJaXKHOTO
KJIHMATa Me3030s Ha TeppuTopHH Ypaja, Cubupy, Kasaxcrana; r) GOKCUTO-
Bhle — B paiioHax KypckoH MarHHTHOM aHOMaJIHH.

B. B. Toanitios (1934) BBea noHATHe 06 OCTATOYHBIX ¥ AKKYMYJSTHBHEIX
THIaX KOpbl BbiBeTpUBaHHusA. Jlo Hero Kopoi BhIBETPHBAHUS HA3LIBAMUCD JHIIIb
ocTaTOuHHE TIPOAYKTHl, HAKONHBIIKeCH Ha Mmecre ux obpasoBanusa (in situ).
B nanbHefimem H3.10KeHHH MBI Pas/jHYaeM OCTaTouHble, TPAH3HUTHLIE H aKKY-
MYJISITHBHBEIE THTIEI KOpPH! BRIBETPHBAHHs, KOTOpPbie (POPMHPYIOTCS OCTATOYHBEI-
MH M HepeMelieHHLIMH NMPOAYKTaMU BLIBETPHBAHHA.
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742 JOTHUECKOM COCTaBE 3MEeBMKOB
A9
Ha Ky6e mnoa B.usiHueM TpPONH-

Yeckoro BbiBeTpUBaHus (JIeliT u
Muz, no Ilycrosaaosy, 1940)

5 ! — pasHbie Munepasast (Ni, Co, Cr);

302‘;2‘;:2 2 -— KaONuK;
J — GOKCHT;
4 — reMaTHT;
5 — NUMONUT;
6 — KBapllL,
7 — CepleHTHH;
8 — noteps

T

4w N~

Jlast ocTaTouHOl KOpHl BEIBETPUBAHUS XapaKTepHO ONpejle/entHee couera-
HHe TOpH30HTOB (c/0eB) cBepxy BHM3. CaMble BepxXHHe TOPH3OHTHI KOPLI BhI-
BeTpHBaHUs OGBIYHO COBMEILEHH! ¢ MIOYBOH, o6oralleHbl I'yMycOM U IpeACTaB-
JIeHLl BHOBb OOGpPa30BaHHBIMM MHHEpaJjaMH, MyO60Ko OTIHYHBIMH OT MHHEpa-
JIOB HCXOJIHOH FOpPHOH MOpOIHL.

TloanouBeHHbIE TOIH OCTATOUHOH KOPBI BLIBeTPUBAHHS HMEIOT JHIHb CJ1a-
Gble IpU3HAKU COMepKaHus TyMyca, HO OHU Takike BecbMa OTJIHYAOTCST OT
HCXOJHBIX FOPHBIX NOPOJ ¥ MOTYT HMeTh 3HAUHTEIBHYIO MOIIHOCTb. HaKoHe,
B HMXHell 4aCTH TOJIM KOPbI BHIBETPHBalluf MPOCAEKUBAIOTCA ABHHIE Yep-
TH ¢1a60 M3MeHeHHOH HCXOHOH TopHOW Nopoabl. Eme riy6xe NOSABAAETCH
co6CcTBEHHO rOpHasi NOPOJA, He 3aTpPONyTasi BbIBETPHBAHMEM HJH H3MEHEH-
Has JUb B MaJjoi cremenn. Puc. |7 X0opoiio MOKaskBaeT NpUMep AOBOJIBLHO
momHol (9—10 #) ocraTounoil ¢eppasJMTHOM KOPHl BbIBETPHBAHHSA Cep-
IeHTHHA, o6pas3oBaBuleiics B yca0BUsX Tponukos KyOsl.

[Tpoueccsl BHBETPUBAHKA H NOUBOOGPA3OBAHHUS TECHO CONMpPANKEHBl MEKAY
co6ofl KaK B MPOCTPAHCTBE, Tak U Bo-.BpeMend. OfHako ecan B Ipoueccax
BHIBETPUBAHHS BeAyLIHMH SBJAAIOTCS (haKTOpbl a0UOTHYECKHe, TO B IIpoLeccax
noyB000pazoBanus — GUOJIOrHUECKHe, CBA3ANHbIE ¢ JKH3HEAEATEeNbHOCTLIO
BBICUIHX M HU3IIHX PACTHTEJbHLIX H KHUBOTHLIX OPraHH3MOB. B coBpeMeHHYIO
GHOTEHHYIO CTAJIHIO CYILECTBOBANHS 3eMHOH MJIAHETHl 3TO pa3jeseHHe YC10B-
HO, TaK KaK 4 BOJa, H ABYOKHCH yI/iepoja, H KHCIOPOJ — IVIaBHble areHTh
BLIBETPHBAHHUS — CAMH HMEIOT OMOTeNHbIA Xapakrep.

B MaJOMOIUHBEIX OCTATOUHBIX KOPaX BHIBETPHBAlIMS NOYBEHHbIE TOPHIOHTHI
NPAKTHUECKH TOJHOCTLIO COBIAfAloT ¢ TOJIIeH KOPbl BhiBeTpuBaHHus. B aTHX
cayuafix NoyBoOGpasOBaHHE He OTAENHMO OT BHIBETPHBAHHS HH BO BPEMEHH,
HH B TpOCTpaHcTBe. BechbMa TPYAHO TakkKe pasfenHuTh NOYB00GpasoBanue ¥
dopMuUpOBaHHE AKKYMYJATHBHLIX THIOB KOpbI BLIBETPHBAHHUA, TaK KakK 3TH
Npouecchl 4acTo HAYT OJHOBPEMEIIHO U COBMEILEHB! B IIPOCTPAHCTBE.

ToALKO AJS MOLWHBIX APEBHUX TOYB M JPEBHUX OCTATOUHBX KOP BhIBETPH-
BaHUA XapaKTepHO sciioe 06G0cob/IeHHe NIOYBEHHOTO NPOGUIa OT ryfKe Je-
JKaIHX TOPU3OHTOB KOPHl BHIBETPHBAaHMA. MOIIHOCTL OCTATOMHON KOPHI Bbi-
BeTPUBAHHUS JOCTHrAeT JEeCATKOB W COTEH METPOB, MOLIHOCTh XK€ NOYBEHHOro
IPOQHIA COCTABIsAET OOLIUKO He Gonee 5—7 u, ONpeensieMbix FIyGHHOR npo-
HUKHOBEHHH TIpAMBIX OMOTEHHEIX (PaKTOPOB (KOpHeH, 3emiepoes, wepsei,
HHCXOAANIMX TOKOB T'YMYCOBBIX PaCTBQPOB). h
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B 3aBHCHMOCTH OT NPHPOAHBIX YCJIOBHE, CBOHCTB TOPHEIX NMOPOJ, TIPOLOJI-
KHUTEJIBHOCTH H UCTOPUH Tipouecca GopMHPYIOTCS THIEL U pasHOBHAHOCTH KO-
pbl BBIBETPUBAHUS: I0HBIE MJAW JpeBliHe, OCTaTOUHBlE, TPAH3HTHLEIE MJH aKKY-
MYJISITMBIIbIE, KUCABle, HEUTpasbHble WM llesoulble, GoraThie HJIHM OeJHBIE
HabopoM MMHepaJOB M 3/J1eMeHTOB NHTallusi pacTeHHH, OJarolpusTHble HJIU
HeGJ1aronpusaTHLEE AJs Pa3BHTUS IIOYB TOrO KM HIIONO YPOBHS IIOAOPOJHUA.
[Tosromy sHaHue npoueccoB 06pasoBaHus U TUIOB KOPHl BHIBETPHBAHUS SB-
JASeTCsl ONHUM M3 BaXKHEHIINUX YCIAOBHH NPaBUJIBHOTO MOHUMAHHSA IPOHCXOXK-
JleHHsI ¥ CBOWCTB NOUYB ¥ IIOYBEHHOTO MJIOJODOMAHS.

XoTs TepMHH «BBIBETPHBANHe» LIHPOKO BOIIEJ B T€OJIOTHIO H TNOYBOBeje-
HHe, HeJb3sl CIHTATh €0 yAauHblM. HekoTopule COBeTCKHe M 3anajHble Hccse-
JOBaTen ynoTpebJsioT TepMHH «H3MeHeHue» (asbTepalus), HO OH He IO.TY-
YHJI NpU3HAHUS B PycCKOM sidblKe. HanGosee MOJHO COBpeMEHHOe NPEACTaB-
JieHHe 0 BCell COBOKYIHOCTH MPOLECCOB paspylUeHHs FOPHBEIX NOPOX, Tpamc-
NOpTa H NMepeoT/IOXKEHHs IPOAYKTOB pa3pylieHHs, 06pa30oBaHHsa CBeXHX 0Ca-
JOYHBIX TIOPOJ B TeCHOM COYeTaHHH ¢ MOYBOOGPa30BaHHEM llepellaeT TEPMHH,
npeanoxenunit A. E. ®epcmanom (1934),— runepreses (rumepreHHbie npo-
LeCCHl, THIIepreHHas 000J0UKa).

JEMEHTAPHBIE NPOLRECCH! BBIBETPHBAHUSA
MHUHEPAJIOB U TMOPOL

Paspmenenne mpoleccoB BbIBETPHBAHHS Ha 4YacTHHe (OpMBI IPOH3BO-
IDHMTCH ycJoBHO. BriBeTpuBanue npefcrasiaserT co0ofl enuublii mpouecc. Ho
3TOT IIpOLecC MCKAOUYHMTENbHO CJAOXKHBIH U cBA3all cO caAeldylOLHUMH Tpynna-
MH (aKTOpPOB.

®usuko-Mexanugeckue GpaxTopbl yMeHblleHde AaBJeHHS MO-
cJie BHIXOIA HOpOJ Ha MOBEPXHOCTb; KOJaebaHHsA TeMIlepaTyphl H Pas3juyus B
JIMHEAHOM U OfvbeMHOM pacluupeHHH; OOKOBoe IdaBjleHHe, BbI3bIBaeMoe ajl-
cop6GupoBaHHOil BOJOH, JbIOM, KOPHSIMM PacTyULHX DacTeHUH HJAM KpHCTaJ-
JaMHu 00pa30BaBIIUXCS COJel; pa3pylunTeabpHas AeaTeIbHOCTb TeKydeH BOJHI,
IBHXKYILErocs JbjJa, ONOJ3Hel HJAKH BeTpa.

XuMHueckune  GU3UKO-XUMHUUYeCKHEe GAaKTOPBHI: THApATA-
LHsl; pacTBOpPeHHE B BOJe C KHCJOH MJM INeJOoYHOH peakuHeH; THADPOJIHS;
OKHCJIEHNe — BOCCTaHOBJeHNe; Kapboharusauns; Acbasaunus; AeCHIHKaUNS;
cop6uys; KoaryJsnus.

Buomoruyeckue ¥ GHOXMMHUecCKHe (akKTOpBH: morjomne-
HHE PaCTeHHSAMH W GaKTepHSIMH 5JeMeHTOB B 0OMeH Ha Bhlle/IfieMble aHHOHEI
H KATHOHBI; XMMHUUECKHe COeIHHeHHs, obpasyloliecss NpH XKH3HH H Iocae
CMepTH OpraHu3MOB, 0COOEHHO OpraHHyecKHe KHCJIOTH, TyMYC H XeJIaThl, Ipo-
AOYKTHl TIOJHOH MHHepaJu3alud OpPTaHWYecKHX BellecTB; peaklUHH BoccTa-
HOBJIEHHS U OKHCJEeHHS, 06513aHHble MUKPOOPTaHU3MaM, H T. 1.

YuuteBas crenudHueckoe 3HaueHHe NepeuHCAeHHBIX (AKTOpPOB, 4YACTO
ynoTpe6asOT BbHIpaXKeHHs: (pU3HUECKOe BBHIBETPHBAHHE, XHMHYECKOe BHIBET-
pHBaHue, 6HOJIOrHYECKOE BLIBETPHBAHHE; B TO XK€ BPeMs BCerfa HMeeTcs B BH-
Iy, 4TO 5TH (aKTOpHI BbHIBETPUBAlINA HEeHCTBYIOT cOBMecTHO. OfHaKO H3BecT-
Hasi MocJie0BaTEIbHOCTh B CMeHAX Belylllero 3HayeHHss (pakTOpPOB BLIBETpH-
BaHUs UMeeTcs, TaK, Ha caMbIX paHHHX CTaAusX HIET NpeHuMylIecTBeHHO (-
3MKO-MeXxallnyeckoe BhiBeTpHuBaHHUe. [To mepe Bo3pacTauysa pa3ApoOJEHHOCTH
TMOPOJH K 3TOMY NpHOAB/sieTc XMMHUecKoe H OMOXMMHYeCKOe BLIBETPHBA-
HHe; YCUIHBaeTCs paspylleHHe NEePBHUHLIX MAHEPaJoB H HOBOOOpasoBaHHe
BTOPHUHBIX,
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Ha Gousiee mo3aiux cragusx - 0co0eHHO BO BAAXKHOM TeIJIOM KJHMare,
Korna oGpasoBaJuCh IVIMHHBIE MHHEpAasbl H pa3BHJach NOMIOTHTENbHAS CHO-
COGHOCTD, XUMHUUeCKoe (BKJIIOUas(hH3HKO-XHMHUUECKHE NPOLECCH) U GHONOTH-
yeckoe npeobpasoBaHue MarepHasa fBJASETCS yXKe IJIaBHBIM (PAKTOPOM BH-
BerpuBainsg. Ha sTofi craguu nocreneHHo 3aBepLIdeTcss pacnaj, NepBHYHHIX
MHHEpPAJOB U, YTO CaMOe INIaBHOe, NPOHCXOAUT PaspyllieHHe W PECHHTe3 BTO-
PHUHBIX MHHEDPAJIOB [0 X HanboJee YCTOHUMBLIX AJR AaHHBIX ycJaoBHE GopM.

Jl1st olleHKH pOJIH YacTHHIX SIBJEHHM, COCTABJISIOMUX npouece GopMmHpo-
BaHUs KOPH! BEIBETPHBAHUS, 11eJ1eCOOOPA3HO PACCMOTPEThb B OTAEILHOCTH OCO-
OeHHOCTH MEXaHHYeCKOro, XHMHYEecKoro, (GPU3NKO-XMMHUYECKOTO M GHOJOTHYe-
CKOT'O H3MeHeHHs FOPHEIX MOPOI.

Mexannueckoe pasnpoﬁneﬂne H BO3pacTaHue AUMCNEpPCHOCTH

Baxneiiliass poib B mpoleccax BHIBETPUBAHHS IPHHALIEKHT MeXaHuye-
CKOMY pa3apol/eHHI0 TOPHBIX NOPOA H BO3PACTAIHIO CTEeNeHH JHCIEPCHOCTH.
MaccuBHOe MOHOJHTHOe CJAOXKeHHe W MaKpOKPHCTAaJJIH4YecKas CTPYKTYpa,
CBOUCTBElIHble MATMATHYECKHM H MeTaMOp(HUYeCKHM IopojaM, yTpauHBalOT-
csi. BriBeTpenas mopoja uepes psj cTafuil npeBpanlaeTcs B cMech 06J10MKOB
TEeM MeHbluero guamerpa, yeM JOJblie JJIMTCS HJIH HHTEUCHBHee IPOXOIHT
BbIBETPHBAHHE M YEM Jyullle COXpaHAOTCA o6pa3oBaBlIMCs NPoAYKTH. [lep-
BOHAyaJbHble TPEMIMHB! OCTHIBAHHS IOPOX MJM TEPMHUECKOTO BLIBETPHBAHHS,
yCHJIeHHEIE NefCTBHeM pPACTYIUHX KOpHe# JepeBbeB, pasfensioT NMOPOAY HA
KpyIHbie GJIOKH H IMbIOH duaMerpom 2—3 #. 3ateM co BpeMeHeMm o0pasyer-
cs rpyObiit MaTepHas ¢ pasmepom o6aoMKoB mopsinika 5—10 cu. M, HakoHen,
TIOpPOZAa TNpeBpailaercs B MeJKOOGJOMOUYHYIO 3€MJIHCTYI0 Maccy. Mexannue-
CKHl COCTAB TOJIIY [eNaeTcs IPaBUAHEIM, 4 B IOCAEAYIOIIEM CYTAHHUCTHIM H
ragaucTeiM. O6BeMHBIE Bec MOPOARI ¢ BeanuuH 2,5—2,6 yMeHbUlaeTcs -0
1,3—1,5. TlosiBnsieTca NOPHCTOCTb, ACCTHrawuiasg co BpemeHem 45—509%
obbeMa.

baaronaps ofuleMy BO3pacTaHMIO IHCIEPCHOCTH U NPHOOPETEHHIO aMOp-
(hHOTO MAU CKPHITOKPHUCTAJIHYECKOIO CTPOEHHS Pa3BHBAETCsS MOBEPXHOCTHAA
3HEepPTHA Y NOTJIOTHTeJAbHas cnocobHocTb., PopMHUpYOTCS TakXKe BO3LYXONPO-
HHI{a€MOCTb, BJIATOEMKOCTb M BOJLONPOBOJMMOCTb. Bce 3TH KayeCTBeHHHIE
IIPH3HAKH OTCYTCTBYIOT B MarmartHyecKMX U METaMOPOHUECKHMX HCXOIHBIX
NIOpoJax.

PacTsoperne BeulecTs

[To mepe Bo3pacraHusi cTeneHH pasApoGIEHHOCTH BbIBETPHBAIOUIENCH
FOPHOH NMOpPOAB B BOAHEIE PACTBOPHI M ra3oByi0 a3y MOCTENEHHO NMepexonsT
KOMIIOHEHTbI, KOTOpble ObLIH CBS3aHHI B MHHepajax FOPHHIX mopoA. Bousl
MHTpHpYIOIlHe B KOpe BEIBETPHBAHHM:A, GJarofapst STOMY IpHOGPETaioT ompe-
HeJIeHHBII COCTaB, OTPaXKAoOMMil OCOGEHHOCTH MOPOJ H CTafMi0 BLIBETPHBA-
nus1. Kucsble nopozsl OTHOCHTeNBHO JeTKo oTAalT B pacreop Li, B, Na, CL
K, Si, Al. Boayr, npoxozxsinve uepe3 CCHOBHEE IOPOJH, Jerue o6oramanres
coenunenusmur Mg, Ca, Ni, Cu. [Tosromy uupKviupywouUine B MOpoaax pac-
TBOPH B OAHHX CJyuasiX OTHOCHTEJLHO GOraThl llleJ0YyaMHd H KpeMHe3eMOM,
a B JPYI'HX — L1JOYHBIMH 3€MJISIMH,

B u3BepxkelHbIX NOpPOJax TaKKe HMeITCs Tas3wl B NOIVIOLIEHHOH (opme
uiu B BuAe ny3eipbkos: Cl, CO u COs. u HeS, N u ap. Ilpu paspymenun stu
HOPOJAB! OTHAIOT 3aKHCh YIVIEPOMAa, YIJEKHCJIOTY, CEPOBOAOPON, MeTaH, BOJO-
poJi, @30T, XJIOp, Haphl COJAHON KHCJaOTH, aproH. O6beM rasos, BHAENSIO-
IHXCH TPH pas3pylleHHH MOpoJAHl, B 15—20 pas npesnimaer o6beM NOCHEA-
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u3 xuurn Degens, 1965)

siefl. B mpouecce mMexaHHYeCKOrO pa3pylueHHs] MarMaTHYECKHX MOPOJA H NpH
PacTBOpEHHU NOSIBJIAIOTCA, XOTA H B HH3KHX KOHLEHTpalHsX, BecbMa arpec-
CHBHBIE KHCJOTHL: cepHas, CoJisfilas, a3oTHas, YyroJpHad, KOTOpble, HeATpaau-
3ysach, 00p4a3yIOT COJIH.

Tak kak nepexon B pacTBOPH COCNUHEHUH 1iessouell U IIENOYHBIX 3eMedb
TIPOUCXOAUT NPH BHIBETPHBAlHH IVIaBHEIM 06pa3oM B opMe CHAHKATOB, aJ10-
MHHATOB M KapGOHATOB, TO BCJEICTBHE HX TMAPOJIM3a PeaKLus cpelbl B Kope
BLIBETPHBAHHUS I€PBOHAYAJLHO JIJIHTEJIbHO NOAAEpKABaETCs Ha ciaabolienod-
HOM ypoBHe. DT0O siBJIeHHe 0COGEHHO XOpOIIO BHIPAsKEHO TIPH BHIBETPHBAHHU
OCHOBHBIX H YJbTPAOCHOBHLIX NMOpoA. [locse 3aBepueura of6;g0MOuHON CTa-
AVY BLIBETPUBAHHSA, Pa3pylleHHd NEPBUUHBIX MHHEpPAJOB H 3HAYUTEIBHOTO
BLIMEIBAHHSI HOBOOOpa3yIOIIMXCs coJiell LeqoyHas cpejla BhIBETPUBAHHS CMe-
HseTCs IIOCTENEeHHO HeATpaNbHOl H caabokucaoir. Puc. 18 xopowo uamoctpu-
PYeT 3TO SIBJIEHHE,

Ha rpauurax u kBapuutax Kuc/aas crafus o6pa3oBaHHS KOPH! BLIBETPH-
PallUAg HACTYNaeT 3HAUHTENbHO Obictpee. B noponax, 6orateix cyabdumpaMi,
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Kucaas ¢asza BHIBETPHBaHHsS HACTynaeT ¢ caMoro Hauaja BejelcTBHe o6pa-
30BaHHs CepHOH KHCJIOTH. B mMoponax, comepxaluux U3BeCTh W APYTHe yrie-
KHCJIBIE COJIH, LlleTouHasi ¥ HeliTpalibHasi CT4/HH BbIBETPHBAHHS 3HAYHTEJIbHO
3aTACHBAIOTCA.

B npouecce QIHTENBHOTO HENpPEPLIBHOTO BLIBETPHBAHHUS B YCJIOBHSAX BJAAXK-
HOTO TPCIHYECKOr0 KJAMMAaTa I'PAHHTH MOTYT HOTEPSTb B pe3yjabTare pac-
TBOPEHHs ¥ BhlllesaunBanus a0 30—35%, a GasanbThl — 10 756—90Y% cBoeit
IlepBOHAYaJIbHOH MAacCH.

Tuppatauus ¥ THAPOJM3 MHHEPAJNOB

BaxHeHAlHM (akTOpOM paspylleHHsT MHHEpaJoB H o6pasoBaHud NPOAYK-
TOB BHIBETPHBAHHS ABJSIIOTCA NPOLECCH THApATALHN MUHEPAJIOB H NMOCJAEAYIO-
HIMf pacnaj HX KPHUCTaJJIHYeCKoi pemeTKu. [1o-BHAMMOMY, HHTEHCHBHOCTbH
rujpaTanuy BO3pacTaeT NapalyenbHO MeXaHHUYeCKOMY Pa3PyLICHHI0 TOPHBIX
nopof. OaxHoi M3 NPHYHH Pa3PyIeHHs] KPHCTANJIHYECKOH peIeTKH MOXeT
ObiTh 3aMellleHHe MeTa/10B BojopoxoM. I'mapoxconnst (H3zO) Brenpsiercs
B KpHCTa/IJMYecKye pellleTKH MHHepaJioB, BLITeCHSAA M 3aMelllas KaJub, Hat-
pHil, Kanblu#, MaTHHH, YTO BbI3bIBaeT H3MEHEHHS YCJAOBUH 3apsiia H TOCTe-
NeHHOe pa3pyllieHHe KPHCTAJJIMYeCKHX PelIeTOK C NepeXOfoM B pacTBOp Ka-
THOHOB, a TaKXe KPEeMHHsl ¥ aJIOMMHYS B BHIE aHHOHOB. BoamoxkeH u Apy-
TOH MexaHH3M pa3pylieHHss MHHepaJoB.

ANOMOCHIHKATEL NOCTPOEHbl U3 COYETaHHH KPeMHEKHCJIOPOAHBIX TeTpa-
34POB H aJIOMOTHIPOKCHIbHLIX OKTa3[pOB, 06pa3yloliuX OCHOBY KPHCTAIMH-
YecKOH pellleTKH 3THX MHHepaJoB. PeHTreHorpaguyeckve HCCAEZOBAHHS BO-
IH H Jbja TI03BOJIMIM CUHTATh, 4YTO BOJa NMOCTPOeHa TeTpasipaMi, GJAH3KUMN
no ¢gopMe ¥ pasMepaM K KPEMHEKHCJAOPOAHBIM TeTpasipam. Baarogaps Ta-
KOMY COOTBETCTBHIO Pa3MepPOB H CXOJCTBY CTPYKTYP CO3JAIOTCH HMpPeANOCHLI-
KH K CPaBHHUTEJbHO JETKOMY 3aMelleHHI0O KPeMHEKHCJIOPOJHBIX TeTPa3ipoB
MOJIEKYJIaMH BOZBI, YTO TaKXKe BeleT K paclaiy KPHCTAMIHUECKOH pelIeTKH.

CuaukaTHble M aJIOMOCHJIHKAaTHble MHHepaJbl NOPOJL, MPUBELEHHOH B
npouecce MeXallMyecKoro BHIBETPHBAHHSA B pa3apob/jeHHOE COCTOSHHE, COMPH-
Kacaach ¢ BOAOH, BCeria B TNPHCYTCTBHH YTOJBHON KHCJOTH HPH KOJIeGJI0-
mefics TeMnepaType ¥ HHTEHCHBHON UMDPKY/SUHMH BOABl NOABEpPraioTcs IIy-
60KOMY THApPOAU3Y ¢ 006pa3soBaHHeM C1a0bIX PACTBOPOB KPEMHEKHCBIX H YT-
JIEKHCJLIX I1e/104ell U IesIoUlbIX 3eMeslb, HCTHHHBIX H KOJJIOHAHKX PacTBOPOB
KpeMHezeMa Y NMOJYTOPHHX OKHCJOB, & TAKXKE UX Te1eNnof0GHbIX 0CaNAKOB.

[IpuseneM HeckoJbKO NPHMEPOB peaKUHil THApDATAlMM M THAPOJIHU3A,
HMEOLIHX BecbMa BayKHOe 3HAUeHHE IPU BLIBETPUBAHHH.

F'mpgparauusa aHTUAPHUTA NPOUCXOAMT NPH BLHIBETPHBAHUH ocaxou-
HHIX TOPOJ, COAepKalux aHruaput. Ilpu THAparanyu NCYTH HEPACTBOPHMO-
ro B polle 6e3BOAHOrO cyabdaTa Ka/JablHs (aHTHAPHT) 06BEM NMOPOABI YBEI-
upBaercst Ha 50—60%, npu stom BospatraloT pacTBOPUMOCTL H BHIHOC CYilb-
¢ara Kaabuud:

CaSO4 + 2H,0 = CaS0; - 2H,0.

Fnapoans Kap6oHAaTOB KaJabliHsdA-— BecbMa PacnpocTpaHeHHOe
AiBJieHHe NpPH BLIBETPHBAHMM MpaMoOpa, HM3BECTHAKOB, Meprejell, a TakXe
TNIpH pacTBOPEHHH YIVIEKHCABIX COJMeli KaabIus:

2CaCO4 +- 2H,0 = Ca(OH), + Ca(HCOy)..

YriaekHeabA Kadbliil BCAeACTBHE THIPOJNH3a MOXKET BHIMBIBaTbhes. I1pH sTOM
peakuusi cpefnl Jesaercst LIETOYHOM,
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Fnlxpo.nns AJOMOCHJHKATOB ABAACTCA OOHHUM U3 Hanéoneeyfm-
BEPCAABHBIX NIPOUECCOB I‘JIY6HHHOI‘O XAMHYECKOIr0o paspyluieHusi MHUHEpa.oB,
COHpOBO)KlIa}OIH,I/II;'ICH NMOABJCHUEM B pacTBOpax caadbIx KOHLIeHTpaI.U/Iﬁ uie-
JIOYHBIX H II[EJOUYHO3EeMeJIbHbIX COeINHeHUN KpeMHe3eMa H yI‘O./'IbHOﬁ KHCJI0-
THI. HaanMep, TUAPOJAN3 AaHOPTHTA MOXKHO NPEACTABHTHL B BHIAEC CXEMBI

CaAlgsizos + 2H20 = Ca(OH)2 -+ HgAlgSizOs;

H,Al,Si,05 — 28105 - HyO -+ AlyO,. L.
E3
CxonmHO npoTeKaeT peaklus THAPOJIH32 Cunslun~ §§
W pacrajga aabOura: T l°§§§\
)
: S
NayAlgSigOsg + 2H,0 = HyA1,Si,05-F2NaO H 4Si0y; Feals | | sig \:ﬁE
H,Al,Si.0f — 25i0, - HyO -+ Al;O,. Lonomum R NS §\
Kageuum-J R
[Ipn rnyGokom rujpoJH3e M pacnafe y e g%\
anbpbuTa B pe3yabTaTe BHIB€TpUBaHus obpa- U | frygp- Toper || S
3YIOTCSI HCTHHHbBIE H KOJJIOHJHBIE PACTBOPHL mum~\ | 777
- X
KpeMHeseMa, OKHCJbl ajIOMHHHS M THIPO nstum Mo Jigam]| 33
OKHCb HaTpHs, KOFOpasi oueHb ObICTPO B IIPH- e Nl 23
CYTCTBHHM YTOJBHOH KHCJOTH NpeBpallaeTcs opUTTTNEELL ES\
B YIJIEKHCHYIO IIen0db (peakuuss kapOoHa- %g" RS
tusanun). Peakuusa rugposnsa anoMOCHIH- Afuom //Zflggg S
KaToB — OfHA M3 HauboJsee pacopocTpaHeH- _——
HBIX B IIpUpOJie; OHA BejeT K 06pPa30BaHHUIO _\ (#bapu g7 | B
NOABHIKHHIX COCNHUIENHI KDeMHeseMa, yrue- o — ;"”‘
o TGKEHHOIL DOlYK 7776/
KHCJBIKX coJiefl KaJsbIHsi, MArHUsl, HATPUS H 7 ,m/,‘jmvg%pwm

KaJus.
T'upparaunst MHHepasoB OOYCJOBJIHBAET Pyc, 19. Mamenenne oSbemMa rpanuta
npu6aBky mo 10009% K HCXOANOMY COJNEp- BHBeTpHBaHHH (4aHHme Barcona,
JaHHIO BJary B TOPOJe ¥ 3TUM Bh3biBaer 0o Ilycrosaiosy, 1940)
sHauuTeJbHOe yBesduueHne ee obbema. O6-
mee Xe BozpacTaHHe 06beMa BHOBb 00pasylolIeHcs BLIBETPENOH HOPOJbI
cocrasasier 10 50—150% no cpaBHeHHIO ¢ HCXOAHBIM oO6bemoMm (puc. 19).
B kope BHIBeTPHBAHHsI LUPKYJAUPYIOT OGBIUHO He NpecHble, a ca1aboMuHe-
pann3oBaHible pacTBopbl. [T03TOMY npomeccsl FHAPOJAH3a U Pa3PYIICHHS MH-
HepaJsioB NMOJ BAUSHUEM KOHTAKTa C BOAOH BO MHOTO Pa3 yCHJHBAIOTCA.

KapGonaTusauus u JekapGoHaTH3auus

ITosiBneHne pacTBOPOB lesIOYell U LIENOYHBIX 3eMesb cJalbX KOHUeHTpa-
LMl B pe3yJbTaTe TMIPOJaH3a MHHEPAJIOB CONPOBOXKAALTCS NOJ BO3AeHCTBHEM
[OCTOSIHHO MPHCYTCTBYIOIIEH YTOJIbHOM KHCJIOTH NPOLeccoM KapOoHaTH3auuH,
T. e. 06pasoBanueM Gukap6OHATOB U KapGoHATOB KaJsus, HATPHdA, KaJbUus H

MarhHus.
B cxeme npouecc Kap60HaTH3aI_lHI/I MOZKHO NPEACTaBUThL CJAEAYIOIIEM INpH-

MepoM:
Na,SiOg + H,CO3 = NayCO; - H,04 Si0,,
i
2Na(OH) -+ H,CO3 = Na,CO; -+ 2H,0.

IMpoueccy kapGoHaTH3AUHH MOTYT NOABEPraThCs M CYJabGHALI, HANpHMep:

1
Nags + HZCOS — N32C03 —I" I'Izs.
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B nepBoM cayuae Hapsxy ¢ KapBoHaTaMu IOABJSIOTCS MOJEKYJspPHbIE
uan amopdurele ¢opmel KpemHe3dema. Bo BTOpOM c¢Jyuyae BMecTe ¢ Kap-
GonataM# o6pasyeTcsi CepOBOLOPOJ H NPOHCXOAUT JAecyabdHpoBaHHE IO-
PORHL.

Yem Gosiplile B IPUPOIHBIX BOLAX PACTBOPEHA YroJibHAs KHCJIOTA, TeM HH-
TeHCHBHee OyIer mpoiecc o0pa3oBaHusA OHKapOOHATOB M KPEeMIe3eMa U TeM
UHTEeHCHBHee GymeT UX MUTpalusa. B jJecHHX 06/acTAX XOJOLHOTO H yMepeH-
HOro nosica, Tie PAaCTBOPHUMOCTb YTOJbHOM KHCIOTE B BOJE NPH CPABHUTEIBHO
HHM3KOH TeMmmepaTtype NOBHIiliaeTcsi, GOpMUPOBAHHe KapPOOHATOB H HX BBLIHOC
OyZyT NPOTEKATh OTHOCHTeJbHO 60Jee MHTeHCHBHO.

B Ta6n. 22 u 23 npuBomsTCA pe3y/bTaTh Ja00pPATOPHHX 3KCIEPHMEHTOB
¢ THAPOJH30M M HOCAedyioulell KapOOHaTH3anHeH NPOLYKTOB THAPOJIH3A
ropHbIx nopox ApmeHun. ey Bhillle cTeneHb pa3ApoCJelHOCTH NOPOMB, TeM
GOJiblIasi CTENEHb THMJPOJH3a, OOJBIIMH BHIXOL B PacTBOp KpeMHe3eMa, a
TakKe YACTHYHO CyJAb(haTOB U XJAOPHAOB H TeM Gosbluee HOBOOOpasoBalie
6ukap6oHaTOB. B INpHCYTCTBHM YIOJBLHOH KUCJAOTH HMHTEHCHBHOCTbL MNpOLEC-
COB THAPOJH3A, JECHAHKAHH H HOBOOGpa3oBaHus GukapOOHATOB Bo3pacTaer.

Passutue mpoueccoB KapOoHATH3aUMH OTpaHUuello 3anacoM Iuesnouelt u
II1eJI0UHBIX 3eMeJIb B UCXOMHO! ropHoil nopofe. Hucxosauine Toke BOJHKX pa-
CTBOPOB, IepEHOCS B BEPTHKAJbHOM M TOPH30HTAJbHOM HanpaBJeHHaX obpa-
ayrourecsi 6ukapOoHaThl M KapOOHATHI, IOCTENEHHO CO34al0T B HHKHHUX IrOpHU-
301ITaX IOYB MJH KODHi BHIBETPHBAHHUA HJIIOBHAJbHLIH TOPU3OHT aKKyMyJsi-
uuu kapGonatos. O6pa3yloTcs CKOMJIEHHS YIVICKHCJIOIO KaMbIHA B TOJLIE KO-
pBl BHIBETPHBAHMS HA CKJAOIIaX M B HMU3MEHHOCTSX, KyJAa IPHXCAAT PacTBOPHL

Ta6auua 22

Cocras CHAPOJM3ATOB UPH BO3INEHCTBUM HA TOPOABI JUCTHIANMPOBAHHOM BOAOM
6e3 COy, m2/100 2 mopoan

(Ara6a6aH, Axymsad, 1966)

- Jos . -
TTopona qaziaﬁ?pm " CO% nolil:;?élco'riles Cl1- 50421 S{0, Fes0; | Al;O; pH
3
Ipanir 1,00 | Her 13,00 4,00152,00| 2,16 Her | 0,43 | 7,00
0,10 » 13,00 110,00)26,00| 3,12 » 5,571 7,02
<0,05 | 6,00 54,00 |38,00{98,00]1%4,88| ca. | 6,29 | 9,71
Aupesut 1,00 | Her 16,00 | 4,00]59,00] 0,72| per | 0,05 7.90
010 | » 19,00 | 4,00(29,00{ 3,12 » |0,53] 7,50
<0,05 | » 32,00 | 4,00(35,00| 8,16 | ca. | 3.17| 7,76
Tyd uepurrit 1,00 » 13,00 | 4,00(39,00] 0,48| trer | 0,41 | 7,40
010 | » 10,00 | 4,00|29,00| 2,40| » | 0,77 | 7.40
<0.05 | 1,00 | 11,00 | 6,00(18,00(12,00( ca. | 1,73 [ 8,82
Tyd Kpacublit 1,00 | iter 12,00 4,00152,00] 4,08) Ber | 0,651 7,60
0,10 » 12,0) 4,000 19.00| 1,92] » 1,25 7,60
<0,05 » 17,00 6,00|11,00] 9,84| ca. 1,014 8,35
Cuenur 1,00 | » 7,00 | 4,00[10,00| 1,44| Her | 0,17 § 7,40
0,10 | ca. 17,00 4,00 28,00 4,56 » 4,13 1 7,20
<0,05 Her 17,00 4,00114,00( 8,64 ca. 5,95 | 8,64




Ta6nuna 23

Cocras THAPOIM3ATOB NPH BO3JEHCTBMH HAa NOPOAY AMCTHIJNHDOBAHHOW BOMOM,
HacoimeHHoit COy, #2/100 2 mopoast

(Ara6absau, Axywsad, 1966)

06 -
Topona Pca_?;:'lelp ;; J'lol,#lgsclTll:leB Cl- Si0g Fe 0, Al,O4
’ HCO;
Tpauur 1,00 10,00 3,00 0,58 2,16 Het
0,10 22,00 8,00 1,92 0,84 »
<0,05 90,00 29,00 6,24 0,84 0,12
Anesur 1,00 15,00 3,00 1,34 0.58 Her
0,10 27,00 3.00 3,36 Het 0,05
<0,05 42,00 7,00 12,96 0,91 lier
Tyd uepustii 1,00 17,00 3,00 0,86 0,24 0,43
0,10 22,00 3,00 1,44 0,36 Her
<0,05 25,00 3,00 2,30 0,19 »
Tyd xpacumit 1,00 25,00 3,00 1,92 0,36 »
0,10 30,00 3,00 0,86 0,19 1,92
<0,05 52,00 3,00 5,38 Her 0,19
CHeHuTH 1,00 22,00 5,00 2,30 » 1,01
0,10 45,00 3.00 8,88 » 0,10
<0,05 107,00 3,00 13,63 » 0,12
Bazamt 1,00 20,00 3,00 2,30 » 0,05
0,10 45,00 2,00 2,40 » 0,05
<0,05 115,00 3,00 12,48 » 0,24
Ta6auua 24
XUMHUeCKHA COCTaB peuHbix BOA, M2/4
(Clark, 1924; Keller, 1957)
[Pexn semuoro | og; . Jiss , [TogsemHble
KomnoHeHT | maﬁzM\z cpex- ;n;:;;:uiﬁ Awmasonxa Muccucanu nﬁg;ﬁ;ﬁ,{ Bole;,exxi‘—:l:{%-
CO, 35,15 12,84 34,75 34,98 21,32 164(HCO,)
SO;4: 12,14 1,15 7,37 15,37 8,49 R4
SiO, 11,67 55,92 18,80 7,05 37,73 71
Ci 5,68 10,32 3,85 6,21 3,96 12
NO, 0,90 0,97 — 1,60 1,32 0,6
Ca 20,39 0,38 21,12 20,50 9,06 32
Mg 3,41 2,65 2,57 5,38 1,51 8,8
Na 5,79 10,93 1,9% 8,33 12,08 }42
K 2,15 1,69 2,31 — 3,40 !
ALO, 2,75 — 7,29 0,45 — —
Fe,0q — 3,15 — —_ 1,13 —
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NOBEPXHOCTHEIX H DPYHTOBHIX BOJ. Tak BO3HMKAaeT KapOOHATHAS KOpa BbIBET-
pUBAHUSA.

Korna Ece Liesnoun u Liesl0YHble 3eMJH U3 BEPXHUX F'OPH3OHTOB OyAyT yia-
JeHbl B pe3yJbTaTe BHIEJAYNBAHHS, HAUHHAETCS IPOIECC IOCTENEeHHOro
of6eIHEHHS TOJIIM KODH BLIBETPHBAHUS 3aNacaMH YTJIEKHCHBIX COJel, T. e.
JekapGoHaTtusanus. [locie BEIHOCA CBOGOAHOTO YIJIEKUCJIOTO Kajblus Hay-
HeTcs BBITeCHEHHE BOJOPOAOM OOMEHHOTO KaJbIHUs H BbIHOC NOCAEAHErO B
BHJe OHKapOOHATOB. 4

Brinoc xapGoHATOB M3 TOJI] KOPHL BEIBETPUBAHUS HA 3eMHOM LIape 10CTH-
raeT OTPOMHBEIX pasMepoB. Ie ciayuaftno B cocTaBe coJell peuHbHIX BOZ
(1a6. 24) yraekucsble colu KaabliMsl 32HUM 0T OZHO U3 NepBuiX MecT, Exe-
TOIHBIH XUMHUECKUI CTOK YIVIEKHCJAOro Kajbl¥s ¢ CYIIM B OKeaH C PeYHBIMK
BOJAMHU COCTABJAAET OKOIO 557 670 Thic. 7. HecMoOTpS Ha TO, 9TO CTOK yrJIeKHC-
JIOTO KaslbllHsl B OKeaH TaK BeJUK, emle GOJIbIIHe KOJUYECTBA €r0 3aJepXu-
BAIOTCSL Ha Cyllle B TOJIAX 3JII0BHS W AEJIG3UA, 4 TAKKE B TPAH3UTHOI H aKk-
KYMYJSITHBHOH KODE BHIBETPHBAHHS.

IIpoueccyl okucaeHus

CoenvHeHuda XeJjesa, Maprauna, mend, kobasnbTa, Xpoma, BaHaJust B Mar-
MATHYECKUX TOPHBIX NOPOAAX HaxoAsTcs OOBIYHO B BOCCTaHOBJEHHOH ¢opme.
3akucHble (OpPMBL 3THX METaJJIOB COAEPIKATCA B CNIOAAX, OJUBHHAX, MeTa-
CHJHKATaX, a Takxke cyjbdunax. B nponecce BHIBeTpUBAHHS GOMBINAS YACTh
3aKHCHBIX ODM XeJiesa, Maprauna u JAPyrux 3JeMEHTOB NePeXOAUT B OKHC-
Hele HOPMEI C COOTBETCTBEHUBIM H3MeHEHHeM MEepBOHAYANBHON OKDACKH NO-
POXBI U3 TeMHOI roJly60BaTO! H 3eJeHOBATOH HA JKEJTYIO, ODaHXKeBYIO, Kpac-
HY10, (HOJNETOBYI.

ITponecc oxucnienus cyabpHIOB KeJje3a, Maprasia, MeIH CONPOBOXK AT~
cs1 o6pa3oBaHNeM HX OKHCJAOB H CBOGOJHOR CepHOH KMCJIOTHL. Peakuusi okuc-
JeHus cyib¢Huia XKejeza NPoTeKaeT CASAYIOIMNM obOpazoM:

2FeSQ + 702 + 2H20 - 2FQSO4 + 2HQSO4.

Cynbdar xesnesa OKUCAseTCS HaJblie:

'12FESO4 + 302 + 36H20 - 4[F62(SO4)3 . 9H20] + 2F3203.

CepHast KHCJIOTA, BJASSCh CHIBHEIM XHMHUYECKUM peareHTOM, B CBOIO Oue-

penb, HIpaeT poJib MOMIHOTO hakTopa ray6oKoro XMMHYECKOro BLIBETPHBAHAR
IepBOHAYANbHBIX TOpHBIX nopofA. OHa paspymiaer kKapGOHATH U ATIOMOCH.IH-
KaTHble MHH2pajsl, 00pa3yeT CEePHOKUCABIE COJH, TOCTYHAIHe B HaTbHEH-
meM B reoXuMuueckuil norox. IToHnKenHas pacTBOPUMOCTh CYJAbDHIOB U Psi-
Ja cyabdatoB cnoco6CTBYET, OANAKO, TOMY, UTO 3TH COEIHHEHHS CeDBl 3anep-
JKUBAIOTCS Ha Cylle B 31IaYUTeNbHBIX pa3zMepax.
- Tlponecchl OKHCIEHHS, BOCCTaHOBJIEHHS, KapOoHATH3AUUH U HecyJabdHPO-
BaHUs MOTYT HEOJHOKPATHO CMeHATh APYT Apyra. BoccTaHOBHTENbHBIE TPO-
Hecchl BeAYT K IOAIeTaUYNBAHUIO Cpelrl TeM 60JblleMy, YeM CHJbHEe U N0Jb-
Ille BhIpayKen aHaspoOHbli pekuM. OKUC/IeHHE COIMDOBOXKIACTCH CHIbHBIM
MOAKHCIEHHeM cpelbl H AekapOoHaTusauueir. UeMm cjoXHee HCTOPHS KOPH.
BLHIBETPUBAHUS H I0UYB, TeM MHOTOKpaTHee Npolecchl o6pa3oBaHus H pa3py-
UIeHHs: CyJb(HUAOB, 00pa30BaHUA U pa3pyuieHHT KapGOHATOB.
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Hpoueccu BOCCTAHOBJICHUSA

[Tpoueccsl BoccTaHOBJICHHS HIPAIOT BeCbMa CYLIECTBEHHYIO POJIb B BbIBET-
PHBaHMH MUHEPAJIOB, COAEP KAUIMX B KaUeCTBE KOMIIOHEHTOB KeJje30, Mapra-
Hell, X06aJbT, HUKCJb, T. €. 3JIEMEHTHl C NepeMeHHOH BaJeHTHOCThI0. Bocera-
HOBHTeJAbHAas cpela (AedHUUT KHCJIOPOAa) MOXKeT OBITh CO3LaHa Iepechle-
HiHeM NOPOIbl BJAroi, HaKOIJIeHHeM H pacnajoM OpPraHH4ecKOro BelliecTBa,
BHICOKO# INJOTHOCTEIO TIOPOJH H ee HHU3KOH mopucrocthblo. [Ipn atoM Bcerma
aHas3pobHble YC/IOBHSI OCJOXKHSFIOTCSE pabOTOH MHKPOOPralM3MOB, OTHHMAIO-
{UX B TpoLecce KHU3HEAesTeJNbHOCTH KHCJAOPOJ OT CoeAMHEHHH XKejes3a HJIH
mapranuna. O6pasyloTcs MoJBHXKHEIE cOefNHeHHs1 OMKapOOHATOB JBYyXBaJIeHT-
HOTO Kese3a W Mapraiua., Hacro nodBjasfioTcs xesatible GOPMBI HX COeXH-
#HeHuli ¢ OpPTaHHYeCKHM BeIeCTBOM. B HTOTe B 3/10BHa/bHBLIX aHAIPOOHLIX yC-
JIOBYAX GyNeT NPOUCXONUTH MOOMJIM3ALHsl COCIMHEHN KeJe3a M Maprauua,
paspymerre H o6eclBEUHBAHHE XKe.1€30- H MapTaHelcoAepKalluX Nopol.

B TpansutHyio KOpY BEIBETPUBAHHS H OCOBGEHHO B aKKYMYJIATHBHYIO KOpY
BLIBETPUBANHUS MOABHIKHBIE COCJUHElNd JKede3a H Maprauia IocTynatoT
BMecTe ¢ NPUXOASIINMH [IOYBEHHEIMH M FPYHTOBBIMH BoAaMu. Ilpu aspanum,
fIpY HCMOJIb3CBAHYMM UX PACTEHHSIMH H NIPH MCTapeluH 6yJeT NPOUCXOANTL UH-
TEHCHBHOE HaKOIJIeHUC BTOPHUYHLIX MHHEDAJIOB THIA OKUCJOB Xejesa U Map-
ranua. Mrorga o6pasyloTcsl MJIOTHblE KOHKPEIHH HAH OKeJe3HEHHBle Hpo-
caoy. Yacro ¢opMHPYIOTCH MapraHilOBO-2KeJe3HCThle KHpAchl, HAHUUPb H
MOIUHBIE TOJIIY JATEPUTA HJIH PYAB. TaK Kak B TPAH3UTHBIC H aKKYMYJISATHB-
Hble JauawadTsl NPUXOIAT TaKxkKe DacTBOPHI COEJMHEHHMH KpeMHe3eMa, TO
3leCh NPOUCXOINT WHTCICHBHOE 00pasoBaHHe BTOPHYHBLIX deppu- n deppo-
CHJIUKATOB, BKAOYAA PeppUMOUTMOPHUINIOHHT, peppulbeliie/IUT U ITAYKOHUT.

IMpouecchl JecHANKAUUM M PECHIAMKALHU

BospeiicTBrue BoAb!, 0COOEHHO cofepiKalueli yroJbHY0 KUCAOTY WU pPacT-
BOpERHBIE COJTH, Ha Pa3Apo6JeHHYI0 MacCcy MepBHYHBIX MHYEPAaJOB MarMaTH-
YeCKMX TOPHBIX [ODPOJ CONMPOBOXKAAeTCs HHTEHCHBHHIM 00pasoBaHueM NOJA-
BUXHBIX coefnHenui KpeMuezeMa. OGBIYHO BOABI, IUPKYJIHPYIOIIHE B IpyGo-
©06J0MOYHBIX TOJNIAX U3BEPIKEHHHX M OCAJOUHHIX NMOPOJ, colepxar ot 10 1o
50 me/s SiO, B pactBOpenHoll ¢opme. BMecTe ¢ BomaMM HOBEPXHOCTHOIO H
TI0J13e MHOTO CTOKA COeIMHEeHHs TOABHKHOTO KpeMHe3deMa, o6pasyiomuect npH
‘BbIBETPMBAHUY, BEIHOCSATCH U3 KOPH BhlBeTpUBaHHA. OCOGEHHO BBICOK BHIHOC
coeVHeHu KpeMHe3eMa B LIEJOUHON cpefle, KOTOpas JOJAT0 yAepKHBAETCS
Ha paHHUX CTajfuax BuiBeTpuBaHHs. BuiHOC SiO, B ApeBHHX KOpax BHIBETpH-
BaHHUs BJaXXKHBIX TPOIHKOB cocTaBJaseT X0 80—909% ero HcxoIHOro comepxa-
HHUS B IOPOJAX.

Kaxk BugHO ¥3 DaHHHIX Tabxa. 24, coeJUHEHHS KpeMHe3eMa B PeUlbiX BOAAX
3aHUMAIOT CPeAH aHHOHOB TPeThe MJHM BTOpPOe MeCTO (a‘ MHOrZa MepBoe).
ITosTomy exeronHblil XHMHUECKHH CTOK KpeMHe3eMa B MHDPOBON OKeaH BeJauk
# pocruraer 300 Thic. T SiO; B rox. Ilpomecc mecHauKauuy TOPHBIX TOPOJ
TpH BLIBETPHBAHMH SABJIAETCA YHHBeDCAJbHBIM H Ha6/ai0faetrcss B pasHo-
o6pa3HbiX KJIUMaTHYeCKuX ycaoBuax. Ho oco6eHHO CuabHBIN BHIHOC KpeMue-
3eMa NPONCXOAUT B YCJOBHAX ¥KAPKOTO M BJAXKHOTO CyGTPONHYECKOro # TPO-
NIMYECKOTO KJUMaTa, Belyllero X o6pa3oBaHui0 BOTaTHIX aJIOMHHHEM H Gej-
HBIX KpeMHe3eMOM aJJIMTHEIX KOD BbIBeTpHBaHHs M IauH (pHC. 20). '

"~ Ognaxo coellMHeHHR KpeMHe3eMa, TaK XK€ KaK M YIVIEKACIBIH KaJbluil H
runc, 8 60bIIOH CTENEHH 3a/lePXKHUBAIOTCA Ha Cylle, Bhmanas B ¢opMme xu-
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Puc. 20. Ocanxu u ornomenne SiO/Al,O3 B raunucTOll (DPAKUHH TPOIHUECKHX W CYOTpOmM-
veckux nous (Reifenberg, van Baren, 1954; Pagel, 1963)

I — NOJNYNYCThIHHBIE M HICJNOYHBIE TMOUBBI; 5 — TPONUYECKHE KPACHO3EeMbI;
- T A

2 — cpeH3eMHOMODCKHE KPACHO3EMbI; 6 — naTepuTHHle KPacHO3eMb! H JaTepPHTH;
3 — cyOTpPONHYECKHE KPACHO3EMBbI; I—I1] — o6nacTH Pa3nHUYHOR CTENEHH BBIHOCA KPeMe
4 — cy6TponHyecKHe H TPOMHYECKUE TEPHO3EMEI; HeseMa

MHUEeCKUX ¥ OHOTeHHBIX ocaakoB. OrpoMHas yacTb YIVIGKUCJIOTO KajJbUHUs H
KpeMHe3eMa, NOCTYNHMBIUINX TIPH BLIBETPHBAHHM B TNpPUPOAHBIE BOXbI, pac-
XOJyeTcss OpraHM3MaMH Ha CO3[4aHMe NaHnuped, DAaKOBHH HJH CKeJeTa,
BOBJIeKaeTcs B COCTaB PACTHTEJbHBIX TKaHeH, NpeBpallasfch BHayale B
aMopdHble ONaJOBHHBlE, 4 B NMOCJAEAYOIEM B OKPHCTAJLIM30BaHHbIE GOPMBE
coeqHHeHHH, TakHe, KaK XaJuelol M KBapl. ViHorna ocaikH BTOPHUYHOIOD
ONaJOBHAHOrO KpeMHeseMa O6GpasylOT LEeMEHTHDOBAHHbLIE IIPOCJIOH M Aa-
e MOIHble TOPH3OHTHI.

CoeHHEHNs YIJIEKHCIOTO KadbUusd B KPeMHe3eMa, KpoMe TOro, 3alepXKu-
BAIOTCA B TOJIIAaX NPOJAYKTOB BHIBeTPHBAHMs, 1aBasi CKOIMJIEHHs H HOBOOGpa-
30BaHud, BL3biBasi 3akapOOHAYNBAHNE B OKPeMHEHHEe OCaJOUHBIX OTAOXKEHHH,
KOp BhIBeTpHBalus ¥ No4B. OcoO6eHHO Pe3KO BHIPAXKEHBI CKOIICHHS YTJIEKHC-
JIOTO KaJbLHsl ¥ KPeMHe3eMa B YCJIOBHSX 3aCYIIIMBOTO U NYCTHIHHOTO KJUMa-
Ta, Ife BCJAeACTBHE HHTCHCHBHOTO HCMapeHHs KOHIEHTpaUuy IPHPOAHHX pac-
TBOPOB 6LICTPO Bo3pacTaioT. OKpeMHeHHe KOPBl BHIBETPHBAHHS U OCalOYHHX
OTJIONKEHHUil JOCTHTaeT TAaKuUX GOJBUIMX CTEeNeHel, YTO MPOUCXOMUT NOJHOE 3a-
MellleHHe KPEeMHEe3eMOM TOJI M3BeCTH, THICA, CKOIVIEHHH OPTaHHYECKHX Be-
HIECTB H T. A. DTOT THN KOPHl BHIBETPUBAHHS MOMKHO BCTPETHTH B 3acCyLLIH-
BHIX 30Hax JlaTuHckoi AMepnkd W ABcTpanuu. 3HauyuTeJbHAS 4acTbh COENH-
HEeHHU KpeMHe3eMa BCTYIaeT B PeakUHIO C KAOJHHHTOM, raJyasuToM, a TaK-
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Xe ¢ THAPOOKHCAMH aJIOMHHHA, XKejie3a 1 Mapratia, 0CBOOOK AAIOIIUMUTS
Nnpyu BHIBETPHBAHHH.

B pesyJbTaTte 3TOTo B3aMMOJENCTBHS BO3HHKAIOT BTOpPHYHbIE INIMHIBIE MU-
HepaJibl THIa a.HJIO(I)aHOB, MOHTMOpPHJIJIOHUTA, UJJINTE, KAOJHUHTA U Ap.

Paspymense MHHepaJOB OPraHM3IMaMH

Kak BbIClUMe, T2K H HH3IIME OprafiW3Mhbl B NpOLlecce POCTa M B3auMOJeli-
¢TBHSI C BHeNIHefl CpPelo#l MOTJIOLUIAIOT H3BECTHOE KOJHYECTBO MHHePaIbHBiX
semects. IIpu 5TOM HU3UIHEe OpranusMbl (6aKTepuH, JUIIANIIKH) CHOCOSHEL
norsowath Kaaui, ocdop, Kaabuuil, Mariui, CEPy HENOCPEACTBEHHO U3 MHU-
HepasioB. [10X TIPSIMBIM BO3LEHCTBHEM KUBBIX KODHEH DAaCTeHWH HHTEHCHBIO
paspyuiaioTcs NepBHYliBle MuIlepajbl MarMaTHYeCKHX NOpPOX. Toraouenne
MUHEpaJbHLIX BELeCTB KOPHAMH NPOXOAUT AajeKO He IPONOPUMOHAIBHO HX
coflepKaHuio Bo BHellHeil cpefe. MTEHCHBHO NOMVIOWAIOTCS PACTEHUAMU Ta-
ke ageMeHTLl, Kak Si, Al, Fe, Ca, Mg, K, S, P, Na. Iloraouenue KaTHO-
HOB KOpELIKaMu CONPOBOMKAAETCH BBIAEJNEHHEM HOHA BOJ0DPOAA, KOTODPbIH,

(Ll

Puc. 21. Cxema nBuxeHus u obMe-
Ha KAaTHOHOB MeXJly KOJJOHZHBIMH
YaCTHI[AMH M KODHEBHIM BOJIOCKOM.
Mopudukauns Heunun (1939)
An6pexta  (1946), M3  KHUTH
B. O. Keanepa (Keller, 1957)

I — KopHeBofi BOJOCOK;

l|||||
TH b
I

II — ravHucTas KOJJOWZHAA 4YacTHIE; S |\
11l — ¢parmeHt Munepana;
I — yoH Bomopona; \
2 — xatnoust (Ca"", Mg™", K* u np.); \\
3 — ocHWIATHBHHE 06beM KoOanOH 1O >
JacTHLBI L.

BHEJIPSSCb B KPUCTAJNIHUECKYIO pellleTKy MiuHepaJa, BbI3LIBAET €ro paspy-
wenune (puc. 21).

CosepxKatine 30JbHBIX BEILECTB B COCTaBe Pa3JHYHBIX pacTeHHH KoJeb-
getca ot 2 0o 40% Ha maccy cyxoro BemiectBa. C yueTom mpupocrta ¢uro-
Macchl B GMOTEHHLI KPYTOBOPOT PACTHTENbHBIE OPTaHH3Mbl B CpeiHEM exe-
ronHo saxBathBalT 10 500—1000 x2/ea 30JabHBX BelllecTB. JKCTPAKIUS MU-
HepaJbHbIX BEILIECTB PACTCHHAMHU H MHKpPOOpraHHu3MaMH BbI3blBaet r.ny6oxne
M3MelleHHs] B IIPHPOJE NEepBUYHBIX MHHEPAJIOB M fBJSIETCS OJHUM H3 HDOSB-
JIEHH#l TaK Ha3biBaeMOro GHOXHMHUYECKOTO (GHOJOTHYECKOTO) BbIBETPHBAHHUS.
3axBaueHHbIe OpraHU3MaMH MHHepaJbHBle BelecTBa B AajbHeflllleM BO3Bpa-
HIAIOTCs BHOBb B KOPY BbIBETpPUBaHHs Y mouBy. YacTe 5THX BeillecTB ofpa-
3yeT BTOpHYHBle MHHepaJbl (Hampumep, onmana ¢utonurapuit). dpyrue Hauu-
HalOT B3aHMOJEHCTBOBATL ¢ MHHEpajaMH TOPOIH, SBJIssCh HHOTAA BecbMma
CHJIbHBIMH XHMHUECKHMH peareHTaMH.

Haunbonee cunbHBIMEH peareHTaM# OHOJIOTHYECKOTO BLHIBETDHBAHHA SBJS-
I0OTCSI KMCJIOTHI, 06pasyliolyecsi B pe3y/bTaTe AeSITENbHOCTH OPTaHH3MOB, Ha-
npHMep a30THCTash M a30THas, YKCyCHas M liaBeJeBast, yroJbHad M, BO3-
MOXHO, dochopHast. Oprasuyeckre KHCJIOTHl, BO3HHKAIOLIHE B Tpolecce Iy-
Mycoo6pa30BaHHusA, ABAAIOTCS TaK¥Ke CHAbBHBIMH peareHTaMH, YCKOPSIOLHMHU
npoluecchl BBIBETPHBAHHS.
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Kaxk noxasanu na6oparopuble onbiTel M. A. Accunr (1950) u M. A. I'ia-
3oBckoit (1950), pasnoxkende MHHepaJOB MarMaTHY€CKHX TOPHBEIX TOPOX
uxer Tem OBICTpee, uem GoJblile Npoaynupyercs ¢yJ1bBOKHCIOT MHKpoopra-
HH3MaMH.

MUKpOOPTaHH3MBl H HHU3IIHE BOACPOCJH SBJSIOTCS BecbMa aKTHBHBIMH
ocafuTeISIMH COeIHHEHHH Keje3a H MapraHlla, YIJEKUC/IOr0 KaJiblUHs, KpeM-
HeseMa.

XedaTusauusi MeTaaJa0B

XenaTH3anus MeTaJJiOB ABJseTcd MOIMHBIM (pakTOpoM OHOXUMHUYECKOrO
BLIBETPUBAHHSI MHHEPAJOB M H3BJEUEHHs HOHOB M3 KPHCTA/IUYECKHX pellle-
ToK MuHepanoB. OGpasoBaHHe KOMIJIEKCHBIX COeJHHEHH OpraHo-MHHepaJb-
HOTO XapaKTepa MOXKET NPOUCXOAMTh B XO/Je MUTAHHS PAaCTeHUH, KOriaa, mo-
raomas KaTHOH, pacTeHHe BhHlessieT OpralHyecKue COeAMHEHHs XeAaTHOro
tuna., XeJaTHbIe COeIUHEHHs! MOTyT obpa3oBaTbhecsi B XOle pacnaja OpfaHu-
YeCcKOTo BelllecTBa JuOO NOJ BJUAHHEM JMAESATENbHOCTH MHKPOOPTaHH3MOB.
XenaTHEIMH CBOMCTBAaMH 06/12Jal0T BOAHBIE SKCTPAKTH U3 JHCTHEB H XBOH,
MpPOAYKTHl PasoxKeHUsi HaBO3a, Tymyc (0co6eHHO (YJIbBOKUCIOTH), HEKOTO-
pble aMHHOKHCJOTHI, JUMOHHAN, MOJIOUHAS, TapTapoBas H APYTHE KUCJOTHL
XenaTHble CBOHCTBA HMEIOT TaKxkKe 3JH3UMBI, QepMeHTH W ApyrHe (GHU3HOJIO-
THYECKH aKTHBHble coelMHeHHs. Haxolsck B cocraBe XeJaTHOro CoeluHe-
HYs, KaTHOH TIPAKTHUECKH 3aIl{IIEH OT peakunil ocaxjeHus. BoiHoc M Mu-
rpauusi coeinHeHnH B (Qopme XenaTOB MOTYT OBITb BeCbMa HHTEHCHBHLIMH.
Posb xemaTHBEIX coefiHeHU#l 0coGeHHO 3HAUUTeAbHA B Cyab0ax XKeJjesa, ajio-
MHHHS, MapraHlia, Meay, UMHKa KaK Ha CTaAUM HX BHIIOCA, TaK M Ha CTAMUAY
X MpHHOCA H HAKOINIEHHS B aKKYMYJSTHBHBIX THIIaX KODLl BBIBETPUBAHHS.

OGMeHHBIE peaKuuu

O6menHble peakuud (MeXKJAy BOJHLIMH PacTBOPAMH H BBICOKOIHUCIIEDCHBI-
MH MHHepaJaMH, MEKIY TOHYAHIIUMH KOPelIKaMH PACTEHHH W MullepajaMu)
ABJAIOTCA IIOCTOSIHHO AEHCTBYIOLIVMH areHTaMH BLIBETPHBAHHS MHHEDPAJIOB.

ITo-BupuMoMy, HauboJiee CHIbHBIM (AKTODPOM fBJASETCS 3aMelleHHe Me-
TaJAJOB B KPUCTAJJIHYECKON pelleTKe BOAOPOAHLIM HOHOM H3 BOJHI, a TakkKe
H3 pacTBOPOB YroJbHOH, a30THOM, a30THCTOH, cepHOMl W OPTaHHUYECKHX KHC-
JIOT KODHEBBIX CHCTEM, YTO H BEI3HIBAeT THApPOJH3 MHHepajioB. KopHeBble
BOJIOCKH paCTeHHIi OOBIYHO HMEIT OTPHUATENbHBIN 3apsl, KHUCAYIO Peak-
nuio (pH=2—4) u 3HauuTe/bHYIO NOIIOTHTENBHYIO CNOCOGHOCTBL (Ho 14—
30 me-axs Ha 100 e cyxoro BelllecTsa).

B xome BereTaTHBHOTO Pa3BUTHS H MHHEPAJIbHOTO NHTAHUS PACTEHHH KOp-
HH yepe3 0OMEHHO-NIOTJIOTHTEJIbHBIA anliapaT H3BJAEKAIOT 3HAYHTENLHLIE KO-
JHYecTBa KaTHOHOB, OTAaBasd B3aMeH BOAOpoj. BHeapeHwe Bomopona B TOY-
KM, 3aHsTble MeTa/IHUecKMMH HOHaMH, BLI3BIBAeT pa3pyllieHHe KPHCTAJLIH-
ueckKOH pellleTKH MHHepaJsoB. [lepecTpofika MHHepaJOB MO BAHAHHEM 0OMEH-
HBIX peakIHH MOXKeT ObITb BbI3BaHa TakXkKe copOuuell KOMMOHAaMH HaTpHS,
KaJ/bLHMs, MarHHS HJH KaJI|sl, YaCThb M3 KOTOPHIX MOXKET IpPH 3TOM IlepefiTH B
HeoOMeHHOE COCTOsIHHE B IIpOllecce BOSHHKHOBEHMsI HOBHIX MHHEPAJOB MOHT-
MOpHJIIOHHUTA, CHIOX H Ip.

Hacelienne raviibix MUIEPAI0B HaTPHEM HJIH JHUTHEM BbI3HIBAET HX HH-
TEHCHBHYIO MENTH3ALMIO H, NO-BUANMOMY, Aaxe NepeX0j YacTH KOMIOHEHTOB
NpH LIEJOYHOM THAPOJH3e B NOJABHKHblE PACTBOPH (HampHMep, amommar
HJTH KOJIJIOHJHBIE PacTBOPH KpeMHeseMa).
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3unayeHue peakuMu cpeibl

3HauenHe peakKUHd Cpeibl B IpouUeccax BbIBETPHBAHHS HCKJIOUHTEIbHO
BesIuKO. Uem Bhille KHCAOTHOCTDh UHPKYJIHPYIOIHUX PacTBOPOB, TeM HX «arpec-
CHBHOCTb» B OTHOILIENHH MHHEpaJOB CHJbHEe.

Kucawie Bogel ¢ pH<(6 cnoco6eTBYIOT BHIHOCY W3 cepbl BBIBETPHBAHHSA
KaJbLHUs, CTPOHIMS, MEeAH, UMHKAa, BOCCTANOBJEHHBIX JKeJe3a W MapraHua.
Hlemounsie pactBopsl (pH=8—9-—10) cnoco6cTBYIOT MUTpaALUU COeJHHEHHH
KpeMHe3eMa: HX BBHIHOCY B 3JIOBHAJLHBIX YCJHOBHSX, IPHTOKY H HaKOINJEHHIO
B TPAH3HTHBIX H AKKYMYJSATHBHBEIX VCJAOBHAX,

Hano uMers B BHIY, YTO B HEIOCPEACTBEHHOH OJH30CTH K TOBEPXHOCTH
YacTHI NePBHYHBIX MMHEPAJOB (aKTHYecKas: peakLHs MOXKeT OBITh Pe3Ko
wesaounolt ¢ pH=9--10 (uHorma 11) BciexacTBHe THAPOJH3A AJIOMOCHIHKA-
TOB U 00pa30BaHHA MUKPOKOJWUECTB LieJouHbiXx pactBopoB (tuma KOH nam
NayCOsz u 1. 1.). LlenouHas peakuus oGecrneunBaeT BHIIOC ranHO3eMa (nes-
aJIOMMHH3anHA) H3 cepbl 3MI0BHANBbHONA KOpHl BBIBETpPUBAHHsI. B Xome BHI-
HOca caMHX LieJoyel H LIeJOYHBIX 3eMedb (ne6a3anud) peaxuusi Cpeabl
NOCTENEHHO ycpeaHseTcs, Aenaercsl HellTpanbHOH H, HaKOHel, KHUCJIOH. DTO
ocnabJasier HeCUJIHKAUHUI) TPOLYKTOB BhiBeTpuBanus, ocobenno korga pH
CHH3UTCA 10 2—3, uTo GBIBaeT, OflaKo, BecbMa pelko. CoefuHenus aJioMu-
HHSI UMEIOT HauMeHbIIYI0 MOABHKHOCTL B HHTepBanax pH=4,5—8,5.

Pasnnuns B NoBeleHHH KpPeMHE3eMa U aJIOMHAHHS B CBSI3H C Pa3NHuNsIMU
B peaklUuHu cpefsl BaexyT 3a coboii-ux pasjeieHHe B NPOCTPAHCTBE IIPH MH-
rpauud. BropHuHBle MuHepaJbl, BO3HUKIIHE B INEeJOUYHON ¥ HefiTpanbHOM
cpefie, IpeNMYILECTBEIHO HMeIOT Iupokoe oTHolendne SiO, : Al,Q; (uampu-
Mep, MOHTMOPMJIIOHHT). Bropuunsle mMunepasnl, o0pa3oBaHible B PE3KOKHC-

Ta6nuua 25

BriBeTpuBanue rpaHnTa B TPONHYecKHX YCIOBHSAX
(Kensep, 1957)

KommnoueHt a* % 6, % Houwt 8 2 a3 e
SiO, 72,27 | 65,17 Si 63,07 | 52,61 37,60 —25,47
Al1,0q 14,01 24,30 Al 14,47 20,25 14,47 —
Fe,O; 1,95 1,38 Fe 1,78 1,21 ¢,86 —0,92
FeO 0,60 0,53
MgO 0,84 0,70 Mg 1,10 0,82 0,59 —0,51
Ca0 1,15 0,23 Ca 1,10 0,15 0,11 —0,99
Na,O 2,70 0,19 Na 4,51 0,29 0,21 —4,30
KO 5,03 3,27 K 5,66 3,39 2,42 —3,24
H,O 0,52 7,13 H 3,04 38,37 27,42 +24,38
Mo O 0,27 Mn 0,16
TiO, 0,58 0,65 Ti 0,37 0,39 0,29 —0,08
P,0, 0,04 P
99,92 | 100,35 0 160,00 | 160,00 114,34 —45,66
* q— cBexXMA TpaHuT; X 2 — cocTaB 6esloff NEecYaHHCTOH ©JIHHBI B HOHAX MPH
6 — Genast  necyanMcTas IVMHA; 160 HoHax KuCJIOpOJAA;
6 — COCTaB CBEXEro rpaHuTa B HOHaX MpH 160 Ho- d — pacueTHblfl cocTas  GeJiofl necuaHHCTOH TJIMHE
Hax KHcJopoaa; IIpH KOHCTARHTHOM aJIlOMHHH H;

e — cpapHeHHe 6 H J.
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2
Lad 27 éa KON, 0 4% (S0 285%
Borwoc 1 $10,23%, | Hyl+fegls 2.5% K20+Na,09%
! Bmos{ PRI |EEE R
—— — — T - } -
\ K205% | ca075% |
nazuornas| \ Aoper p Mg0+Fe,05 25 %
No25 N 27% opsi
a1 (W 5%
H,075% ~
. NS VIS Moeso- /ZZ%: Puc, 22. Cxembl IBUXKeHus H npeobpa-
Qomonnas AN W H203% 30BaHus BemecTBa (Bec.Y) CpelHero
30 % J% %o 33 ﬁ”,%,' TpanuTa B Npouecce BHIBETPYBAHARD
il % (559 (Ilerpos, 1967) -
Luormum 8% Guomum 9% >~ 479 Q — CpeiHHA COCTAB IPAHUTA;
—— —_—— 2 6 — CcocTaB 1O rpaHuile 30H ApPecBRl M THA-
0 ” POCTIOAB! (MYCKOBMTU3AlHST IPaHuTA);
/fa”;‘;"" /’ﬂ@f‘( /M‘ZHQ 8 — COCTaB KaONMHHHUTOBOR 30HB! (KaOJAHHHTH-
% 30/: 29% 3anust rpaunTa);
@ —— 4 I 4 & — ofBuull BHIHOC B TIPOLecce BLIBETPHBAHUR

JION cpeje,— NpeuMyliecTBeHHO y3koe ortHoumenue SiOs: AlpO; (nanpumep,
KAOJIMHHT) HJM Jaxe BOBce 6e3 yuacTHs KpeMmHe3deMma, nampumep B GOKCHTO-
BO!l Kope BbiBeTpHBauusi (Gemur).

B ra6a. 25 npusenens nanubie nepecueros B. [. Kemnepa (Keller, 1957)
IO BBIHOCY 3JI€MEHTOB TIpH BbIBETPHBAHWH TPanHTa B Tponukax. CreneHp BHI-
HOC4 3JeMEHTOB IO OTHOUIEHHIO K aJIOMUHHIO MOXKET ObITb OTpaKeHa cie-
gyromuMm pagom: Na u Ca=r95—99%, K60, Mg u Fea50, Si=409%.

B abco/moTHbIX nudpax, 0A1ako, NpH BHIBETPUBAHUU I'PaHUTA B TPONHKAX
HanboJsplIe NOTEPH NPHUXOASTCS HAa KPeMHHH, Tak Kak u3 | T Toponwl ero
BBHIHOC B JAHHOM NpUMepe COCTaBJaseT 0Koj0 156 k2, B TO BpeMs Kak Bce Oc-
TaJblible BbIHECEHHbIe JEeMEHThl B CYMMe COCTaBJasi0T oxoqo 100 xe. K cxon-
HbelM BoiBoZam (puc. 22) npuxoaut u B. I1. Tlerpos (1967). dta ocobeHHOCTL
MPOSIBJSAETCS] OTUETAHBO BO BJAXKHBIX TPONHKAX, 1O B YCJOBHAX JTIOBHAb-
Horo sanimadra NMpomecch AeCHIMKaluM U HeGa3aund MOBCEMECTHBI, XOTS
CTeleHb BbIPaXKeHHOCTH BBIHOCA KPEeMHHsi U OCHOBAHHWE TeM MeHbIIasi, uyeMm
cylle KAHMarT, MeHbllle Pa3BUTa JKH3Hb B JaHAmadTe @ XyxkKe BbIpaKEH ecTe-
CTBENHBIN gpeHax.

NPOAYKTbl BbIBETPMBAHHSI U WX B3AWMMOJIEWCTBWE

Tak Kak npouecchl BHBETPHBAHHUS SBJSIOTCH YacTbio HEIPEPBIBHOTO Teo-
JIOTHYECKOTO ¥ OHOJIOTHYECKOTO KPYTOBOPOTA BEUIECTB, TO HEJb3d MOJaraTh,
YTO BBHIBETPHBAHHE NOXORHT «JO KOHLA®», T. €. 10 00pas30BaHHs KAKHX-TO
«KOIeYHBIX NMpOAyKTOB». OAHaKo IJs1 ONpelejeHHBIX CTafHi Mpouecca BhI-
BeTPUBAHHSA, JJIS THIOB KODHl BLIBETPDHBAHMS M JJsi ONpeleleHHBIX reorpa-
¢uueckux nanamadTOB XapaKTepHH Gosee MM MeHee YCTONUMBEIE TPYIIIBE
NepBHYHBIX ¥ BTOPHYHBIX MHIEPAJIOB, ABJSIOLIMXCH <KOHEUHBIMU» I JAaH-
HBIX YCJIOBHH M BpeMeHH. PaccCMOTpHM TiaBHBEIE IDOAYKTEL BHIBETPHBAHHS.

98



OcrarouHble NepBHYHBIE MHHEPANbI

Hau6onee ycroliunBEe IPOTHB BEIBETPHBAHUSI MHHEpaJbl: LIHPKOH, TypMa-
JIMH, MOHANMT, TPaHAT, WIbMEHHT, MaTHEeTHT, KBapl, CTaBPOJHT ¥ JpYTHe,
SBJAAIOTCA OCTATOYHBIMH NEPBHYHBIMH MHIEpaJaMy, KOTOpHl€ BCersia OTHO-
CHTEJBHO HaKalJIMBAIOTCS B JPEBHHX 3JIOBHAJbHBIX KOpPax BEHIBETpPUBaHHA.
Cpenu noJsieBbIX WINAaTOB HaHGOJEE CTONKH aJbOHT H OJMIOK/IAa3; Jabpanaopur,
aHODTHUT, aHJEe3HH ropasjo MmeHee crofiku. [103TOMy anb6uT M OJHIOKAA3 B
HauGO/bIIMX KOJHYECTBAX HAKaIJIMBAIOTCS B 3JIOBHAJbHON KOpe BLIBETPH-
BaHHdA. [Ipu pasMbiBe M IEPeOTNOKEHHH 3JI0OBHANbHBIX KOP BBIBETPHBAHHS
OCTaToyHble NepBHYHLIE MUHEpaJsbl OKa3BIBAIOTCS B JAEJIOBHH, NPOJIOBHH HJIH
aJIIOBHM M CJYyXaT HHAMKATOPAMH MeECT, OTKyAa TPaHCIMOPTHPOBAJIKCH 3TH
MHHepaJbl,

BropuuHble MHHepaJbl

B pesyabrare npoueccoB BEIBETPHBaHHs 00pasyioTcss BTOPHUHble MHHe-
paJjbl; OHH BXOAST B COCTaB KOJJIOMIHBIX, HAAKOJJIOMIHEIX, HIHCTHIX H Tbi-
JeBaThix (pakuuil mMejkosema. Hekortopble u3 HHX Gojiee XapaKTepHH MJst
3JI0BHAJIBHBIX KOD BBIBETPUBAHHA, ABJIASACH NPEHMYIIECTBEHHO BTOPHUHBIMH
OCTAaTOYHBIMH MHHepaJaMu: omaJ, BTOPHUHBIN KBapu, ammodaH u amioda-
HOMIBI, KAOJHHHT U TAJIYa3HT, TETHT, THOOCHT, THADPAPTHIINT, GEMHUT, aHa-
Ta3, AMacnop.

Muorue BTOpHYHBIE MHHEpaJ/bl yallle XapaKTepHBl IS aKKYMYJSTHBHbIX
¥ TPaH3UTHO-aKKYMYJSTHBHEIX THIIOB KODHl BBIBETPHBAHHA, IAe OHH 00pasy-
I0TCA nocsie Gosiee MIH MeHee NPOJO/IKHTENBbHOH pasjenbHOR MHTpaunu HX
KOMIIOHEHTOB B BHJle BOZHHIX pacTBopoB. Ciona OTHOCATCH: MapLIaJuT, O1aJ,
XaJueLoH U BTODHYHBIA XBapl, B GOJbIUOH CTENEHH JHMOHUT, TETHT M reMa-
TUT, BO MHOTHX CJY4asiX HIJIUT, MOHTMODHJJIOHHT, BEDMUKYJUT H PeppPUMOHT-
mopusyonut. IHOTA2 ¥ MHHepaJbl THIPOOKHUCJ/IOB ANIOMHUHHSA, T. €. THIHYHBIE
OCTaTOYHBIE TPOAYKTH, OOHApyXHBAIOTCA TAaKXKe B aKKyMYJATHBHOH Kope
BEIBETpUBaHHs. BlpoueM, psjx aBTOPOB CUHTACT MOHTMOPHJIJIOHHT, HIJNHT
H MHHepaJhl 'HIPOOKHCJIOB XKeJie3a TaK¥Ke THIHYHBIMH OcTaTOYHLIMH (in situ)
NpPOAYKTaMH BhIBEeTpUBaHHA. Uallle Bcero 3TO XapakKTepHO AJs PaHHUX cTa-
Wil BBIBETPHBAHHSA HIHU AJS palfOHOB 3acCyIUIHBOTO KJAHMATd.

Taxum o6pasom, B npoluecce BHIBETPHBAHHA NPOUCXOAAT OYEHb INTyGOKHE
H3MEHEHHS B MHHEDaJoTHYecKOM COCTaBe MOPOJbL.

Munepanst 1 2 3 4

Puc. 23. VsmenenHe MuHepa- O 2o —
JIOTHYECKOTrO  COCTaBa  mpH Nlonebore
06pa3oBaHHH KODHI BLIBETDH- Crvoda
BaHYs NOPOI CpeRHero Kap- Kbapy
6ona (Cavonmypos, 1952) fupum
! — HEeH3MeHEHHble TNOPOABI JapeB- Cudepum
Hero kapGona; Hnomerum
2 — cepnle ¥ NenebHO-CEPEIE MO~ %%75%”5”758_
pOALI TIePBOf CTaAHH BLIBET- ;yecmﬁa
pHBAHES; udpacoder
3 — necTpLie JKeJATHie M KDacHbie Kaonunum
nopoabl BTOpOﬂ cTagHu Bbl~ ﬁldppzcmum .
ludpapeunnum f- — — -4 —
BETPHBAHUS; mun .
4 — Geanle rAMHLI TPeThel craguH 8{%”},“”””1’”‘) B e

BBIBETPHBAHUA
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Puc. 24. Pacupejeienue MHHEpPasioB B CHILHO a/IMTH3MPOBaHHOH JpeBHell Kope BHIBCTPH-
BaHM

Munepanbl, cBOiicTBeHHble HEM3MEHEIHOR nopoge (ONUBHIIL, aBIUTH], 10Je-
BBl LINAThI, CJIOJbI, THPUT, KAJbIUUT), HCUE3AI0T, 3aMelasiCh BHOBb CHHTE3H-
poBaNHLIMH MHHepanaMH OKHCJIOB Xe/e3a, ajlOMHHUS, Mapranua, KpeMHua
HJH BTODHYHBIMH a/JIOMOCHJIMKATAMH, TAKUMH KaK MOHTMOPHJIOHHT, HJIHT,
KAOJHHKT, FaJaya3uT. ITo TOJ0KEHHEe XOPOLIO HTIOCTpHpYeTcst puc. 23,24
H chenyolleil cxeMou:

B ansnue ycioBni apenaxa v pH na Heocuntes munepanos
(no Maremo, 1963, ¢ lonunxeuusimit asropa)

Bbicokuit pH,

Cuankars, oforaenye KaTUouamu
nojgsbic Howusi, u Si0, -} MoKTopuIAOHHT
WNAThHl, KONJAOUABI —— ey
aBruTH, —s| M Apyrue jr——————— > )
porosast NPOAYKTH! ——————  [3aTpyavcunniii apenax
obmaka, pacnana —— | Anjgodanst [, 4
0J11B 14 LK, Meaaendoe

Wannr

BRIBETPHBAHHE
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N

PacuupsaougHécsn
MJJIAT
Xopoluuii gpeHax
> Kaoaanur ’
Huskuit pH, GuicTpuiit
BBLIHOC KaTHoHOB H Si0, | i
Tud6eut } Si0,




JlerkopacTROpUMBbIE NPOAYKTH BbIBETPUBAHMUS

Hapsany ¢ nepacTBOpHMBIMH ¥ MaJOPaCTBOPHMBIMH MHHepaJaMH Iipu BHI-
BeTpuBalMu o6pasyercst BecbMa OOJBLIOE KOJHYECTBO PAaCTBOPHUMBIX TOJ-
BUXKHBIX IIPOLAYKTOB: XJIODHUAOB, cynb(aToB, KApOOHATOB U CHJIHKATOB LLEJO-
yeli M INEJOYHBIX 3eMeqb, a TaKke HeGOJbLIOE KOJHYECTBO PACTBOPEHHBIX
COeJMHEeHUN KpeMmlind, KeJesa, aJIOMHHH#A, maprainua, xobaabTa, HHKeJsd,
u#HKa, @ocdopa. JTH NPOAYKTH B Pa3HLIX MPOMOPUHAX HAXOAATCS B I110U-
BEHHbIX, IPYHITOBHIX, KJAIOUEBbIX BOAAX U INePelBHTAIOTCH C IIMMH II0 YKJOHY
MECTIIOCTH B 03epa, MOps, a TakKxKe B MOHMBI U HeJbTH PeK, B HH3MEHHOCTH
H JeTpeCcCHH.

YacTe BOX NpH ABHIKEIHH PACXOAYeTCss Ha TPAHCTMHMPALMIO H HCTapelHe.
[To mepe MOCTHXKeHHS! HACHILLEHHOCTH PAaCcTBOpA COEJMHEHHS 1O IIyTH MX MMT-
paunu ocaxkpaloTcsi B AENIOBHH, IPOJIOBHH M KOHYCdX BBIHOCOB BAOJbL TOp,
B JpeBHHX M COBDEMEHHbIX ajll0BHAJbHBIX Teppacax, B AesabTax, JaryHax
H.Mapuiax NPUMOPcKHX nobepexufi. Uem cyllle KIHMAT U Bhblillle Hcllapedde H
TpaHCNUpAallHs, TeM HITEHCHBHee UJleT HaKoMJeHue B TPAH3UTHLIX H aKKyMYy-
JATHBHEIX Jalwadrax NPOAYKTOB, TPAHCMOPTHPYEMbIX Ha3eMHBIMH H NMOX-
3eMHbIMH BOogaMH. Takum IyTeM NPOUCXOAHT THApOrenHasi (WM raapoMopo-
Has) aKKyMYJsIIHsl BTOPHYHBIX MHHEPAJIOB pa3HOro poja B 0CaJ04HLIX NOPO-
Jax ¥ B nouBax ¢ obpa3oBaliveM TPAH3UTHON M aKKyMYJATHBHOH KODHI BhI-
BeTpuBanus. [Ipy 3TOM BO3HMKAIOT CJAOXKHBIe PEaKUHH MeXIy MHHepajiamu
OCaJIOUHOH TIOPOABl M TOYBB H COEJWUHEHHSMH, NPHHOCHMBIMH FPYHTOBBIMH,
NIOYBEHHLIMH UJH DEUNBIMH BOAAMH.

B akkymyJaaTuBHOM JalijamiadTe, T. €. NpH NJI0XOM Jipelaxe, NPOHCXOAHT
He BBHIHOC, & IPHTOK IIPOAYKTOB BuiBeTpUBanus. ITopoga oforaiaerca HOBLIMH
MHHEPaJbHBIMH COeIMHEHHSIMH, HayHHaeTcs U NMPOrpecCHPyeT CHHTe3 HOBBIX
MHUIlepaoB. DTUM nyTeM o0pasyiorcs MoLllble CKOMJEHHA MHHepaJsoB XKeje-
3a W Maprauna. [Iputox pacTBOpoB KpeMHe3eMa BHI3LIBAET PECHAHKALHNIO THO-
6cuTa H ero npeppalleline B KAOJHHHUT, a 3aTeM ¥ B MOHTMOpPH/AIoHUT. H36H-
TOK TIPUXOASAIIEr0 KpeMHe3eMa MoXKeT NoBJIeyb 00pas3oBalide KpeMHEBHIX KOP.
ITpoucxomar mpouecchl 06LI3BECTKOBLIBAlMSI, JOJOMHTH3ALMH, 3aTHIICOBBIBA-
HHS 0Ca/I0UHbBIX TTIOPOX ¥ NouB. Bo Bcex mepeyncaeHHLIX caydasx o6bIYHO (op-
MHDYIOTCS TIJAOTHBIE HenpolinlaeMble TOPH3OHTLI THIA KHDAackl, OPTIUTeiilla
WM JaTepuTta, TMJAOTHON IJIMHBEL, TBEPALIX OKPEMHEHHbLIX, M3BECTKOBLIX HJIH
THNCOBLIX MPOCJO€ER U TOPH3ONTOB (TaK HasblBaeMblX Xapanenos). B yciosu-
AX 3aCYUIIUBOTO KJAMMaTa KO BCEM 3THM IpoueccaMm MPHCOeANHAETCS MHTEH-
CHBHOC COJ1eHaKoNJeHHe B TPYITOBHIX BOAAX, NOYBAX, OCANOUHBLIX IOPOAAX.

ITonnsaTre akKyMyasiTHBHOTO JaHAmadra u ero 3p0o3HOIHOe pacujedenue
BJIEKYT IIpeBpalleHye aKKYMYJSTHBHOH KOpbHl BLIBeTPHBAHHUS B HEO3JIOBUH.
Haxkonusiinecst palee MPpOAYyKThl THAPOTEHHON aKKYMYJSALHHA «11ac/ae/lyIOTCa»
HEeOo3JIOBHEM H SIBJAAIOTCH OCTATOYHBIMH DENHKTOBLIMH NMPH3HAKaMH HPOLLIO-
ro aKKyMy JITHBHOFO THIA KOPLI BLIBETPHBAHUA.

B3auMopeicTBUEe NPOJYKTOB BbIBETPUBAHMSA
U CHHTE3 HOBBIX MHUHEPAJOB

BriBeTpuBaHie TOPHBIX IIOPOA M MHHEPAJOB HeJb3sl PaccMaTPHUBATB Kak
OJIHOCTOPOHHHUI Tpollecc NEeNPEPHIBIIOro paspylieHusi. ITO CHPABEJIHBO JHIIb
B OTHOIIEHHH MarMaTHYeCKHX TOPOj, KOTOpble, He OyAyuH CTOMKHMH B 06-
CTAHOBKe Ha3eMHLIX TEPMOIHHAMMUECKHX YCJAOBHH, NOABEPraioTCs paspylile-
Huo. BHOBBL o6pasyiouuecs IpOLYKTH BHBETPHBAKHS, HAXOAACh B HENPEpPhIB-
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HOM TiepeMellleHHH, B3aHMOLEACTBYIOT OfHH ¢ APYTHMH, YTO BENET K CHHTE3Y
HOBbIX MHUHEpaJbHBIX KOMIIOHEHTOB. OCoGeHHO BETHKO TIpH 3TOM 3HadeHHE
TaKuX (PU3MKO-XKHMHYECKHX peaKUuH, Kak KoaryJslus, NOrJolleHHe, oOMeH-
Hoe sameluerne. OGpasyiomuecs NPH BLIBETPHBAHUH KOJINOHAHbIE COELHHE-
HHsl KpeMHe3eMa HMEIOT OTPHLATE/BbIIBIT 3apsil. B T0 e BpeMs KOMIOUIHbIE
YACTUIbl THAPOOKUCEH aJIOMHHHS H JKeje3a HMEIOT 3apsifi IOJOXKHTE/bHbIM.
[Tpu xOHTaKTe NPOTHBOIOJIOXKHO 3apsilKEHHBIE KOJJOHIHBIE YACTHUBI TOJY-
TOPHBIX OKHCJIOB H KpeMHe3eMa HeHTpPajaH3yloTCA B Ipollecce B3aHMHOM Koa-
ryJsunu. B pesyabrarte BosuukaloT rMMHONoAoOHbe aMopdHble (aiodanou-
IBl), a B NoC/AeqyIOleM H KPHCTANJIHIeCKHe BTOPHUHbIE MAHEPAJIbl: KAOJAHHHT,
MOHTMODHJ/IJIOHUT, Galinenaut U ap. BropuuHble TiHllible MHHEPAJB! NPeXae
BCETO CHHTE3HPYIOTCA TaM, rae oO6pasyloTcss HCXOIHble KOMIIOHEHTHL.

Takum 06pasoM, GOpMUPOBAHHE OCTATOUHLIX (3/I0BHAJBHEIX) THIOB KOPHL
BBIBETPUBAHHsI MPOUCXOAHUT 00S3aTeJNbHO ¢ y4YaCTHEM BHOBb CHHTE3HPOBaH-
HBIX TIHHHEIX MuHepasnoB. Ho Tak kak HexoTopasi yacTb KpeMHe3eMa U noJy-
TOPHBIX OKHCJIOB MHTPHPYET ¢ NMPHPOAHBIMH BOLAMH, TO NMPOLECC KOJJIOUAHO-
XHMHYECKOFO CHHTE3a BTOPHUYHBIX a/JIOMOCHJIHKATHBIX MHHEDAaJOB IIMPOKO
NPOUCXOJHMT H NIpH GOPMHPOBAHHH Tpansnmmx 1 0COGEHHO aKKyMYJIATHBHBIX
THNOB KOpPHl BBIBETPHBAHHUS.

Ha panHuX crafusix BEIBeTPHBaHHs, oco6eHHo B 006J1aCTsIX YMEPEHHOrO H
XOJIOLHO-YMEPEHHOTO K/AHMaTa, B KayecTBe OCTaTOYHHIX BTOPHUHBIX MMHepa-
JI0OB 00pa3yloTcsi THAPOCHAIONL H CEPHUIMT. B yC/IOBUAX MIEJOYHON cpelbl H
TEIIOT0 CyXOro KIMMAaTa B aKKYMYJISSTHBHBIX JaHAMAaDTaX, e HMeeTCs IpH-
TOK COeJUHEHHI KpeMHe3eMa, MOJYTOPHBIX OKHCJOB, Ilegoyel M LIeNOYHBIX
3eMeJib, LIMPOKO IpPeACTaBIeH0 HOBOOGpa3oBaHHe MOHTMODHJ/JIOHHTA, HOH-
TPOHUTA, BEPMHKYJHTA. B yCJOBHSIX BJIAXKHOTO TEIVIOTO CyOTPONHYECKOro
KJAHMAaTa OpH IJHTe/IbHOM IJIYOOKOM BHIBETPHBAHHH M paspylleHHU MHHepa
JOB B KHCJIOH cpelle NpenMYILeCTBEHHO 06pa3yioTess MHHEPaJBl TPYIINbL Kao-
JIMHATA.

Bo BiaxHBIX TPONHMKAX BCJEICTBHE IOJHOTO Pa3pyLIeHHss MHHepaJoB H
BHIHOCA OCHOBaHHH M KpeMHe3eMa BHIBETPHBaHME NOXOJHT 10 (eppanauTHON
M aJJUTHON CcTajuil, KOTHa B YHCJe BTODHYHEIX MHHEPaJoB NpeobaajaroT
OKMCJIBL W THIPOOKHCABI Xeje3a H aMoOMuHug (HMOHHT, TETHT, [eMaTHur,
THAPAPTUJNNT, OEMHUT U Ip.).

B nacrosiee BpeMs cuuTaeTcst A0OKa3aHHBIM (DakT IpeBpallleHHss THOOCH-
TA B KaOJIHIIUT, €CJH HMEETCs NIPHTOK pacTBOpPOB KpeMHesema. Ilpu nponoi-
XKaklleMcss NPUTOKe KpeMHe3eMa, KaJius, Mardus B HefTpasjbHOM M 1esou-
HOll cpele KaoJMIHT MOxeT OblTb IpeBpallleH B WJJIHT, a IOCAeAHHH — B
MOHTMODPHJIJIOHUT HJIH BepMHUKYJIHT. :

Ilpounece oGoramieHuss akKyMYJASTHBHOH HJIH TPaH3UTHO-AKKYMYJISATUB-
HOH KOpH BHIBETPHBAHHS MHHepaJaMH ¢ GoJsiee INMPOKHM OTHOLIEHHEM KpeM-
HeseMa W IVIMHO3eMa (pecU/HKauus) OObYHO NPOHCXOZUT B TPAH3UTHBIX U
aKKyMYJISTHBHBIX JaHAmadprax, Ho HHOrna Habai04aeTcss B OTHENBHEIX TO-
PH30HTaX 3J/II0BHAJNbHON KOpH BHIBETPHBAHHs, KyJAa BMEBIBAIOTCA NPOIYKThHI
BBIBETPHBAHMS CBEPXY. YCJOBHS (DOPMHPOBaHHA M HaKOILIEHHS BTOPHYHEIX
aJIIOMOCHJIMKATHBIX MHHEPAJIOB NOKasaHkl na puc. 25, 26 u 27.

Ha Bcex cTaausx BbIBETPUBAHHS INPOHCXOAHT MOCTOSHHOE TIOSBJEHHE
XJOpHUIOB U HOBOOOpa3oBaHue KapO6oOHATOB U CyJib(aToB LIea0Yel H IIeJou-
HBIX 3eMenb. CHCTeMaTHYecKH MOABJASIIOTCS B MAJbIX KOJHYECTBaX HHTPHTHL,
Hatparel u docpaThl. BogHopacTBOpHMbEIe MHHEPAJE YHOCSTCS U3 KOPHI BbI-
BEeTPHBAHHA OCTATOYHOrO (3JIOBHAJBHOrO) THIIA IPH NPOMBIBHOM BOJZHOM
pexnme. OqHako B yc/JOBHAX apHAHOIO KIMMaTa TaM, TAe HClapeHHe mpe-
BHIIIAET NOCTYILIEHHE Bjard ¢ aTMoc(epHLIMH OCaiKaMH, B TPAH3UTHHIX X
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Puc. 26. Ycnosus dopMupoBauus BTOpUURBIX MuHepanos (Degens, 1965, ¢ usMenenusmv
aBTopa)
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Puc. 27, Cxema oGpaTuMBIX PeaKuHil AeCHJHKAUUM U pPeCHAMKAUuM rU66CHTa, KAOMUHHTA,
sMoHTMOpnavIcHHTa (Jackson a. o., 1952)



AKKyMYJATHBHHIX Janamadrax coad BHIALAIOT B OCANOK H3 [EJI0BHAJb-
HBIX ¥ PPYHTOBHIX BOJ ¢ 06pa3oBayMeM H3BECTKOBBIX, MHCOBBIX H COJIeBBIX
TOPU30HTOB, NJAACTOB, KOp HJAH Kupac. O6pasyiorcsd kap6oHaTHas, THICO-
Bas, XJOPHAHO-cy/1b(aTHass HJIH HHTPATHAsT KOPbl BbIBETPHBAHUSA, CTOAbL H3-
BecTHble B CaBaHHaXx, cTeldX M NycThlusx 3emuoll cymn. O6umue ycaoBus Ha-
KOTJIElHsi 3TUX IIPOJYKTOB BLIBeTPHBAHHs IOKa3aHbl Ha puc. 28.

Boablras yacTe coenuHeHuil ¢ocdopa TakKe YHOCHTCH TOL3EMHBIMH 1
peuneiMH Boxamu B MupoBoii okeaH, HO 3HauMTe/]bHas yactb (ocdopiioii
KHCJIOTHl, B3aHMOLEHCTBYSI C KaJbLHeM, XKeJe30oM, aJTl0MHHHeM, BbimajaeTr B
OCaJIOK M OCTaeTcsl B NpefleNiaX KOPbl BLIBETPHBAHAS U OCANOYNBIX TIOPOJI, BLI-
3biBas Tak HasbiBaeMyo ¢ocharusanHo mopod.

BoapacTanite KOgLenTpanui pactpopos

CaC0Oj; | CaS80,

Purc. 28. YcnoBus, nocnesoBaTenb-
HOCTh ¥ COUETaHME COBMECTHOrO Ha-
KO[LJIeHUST BOAHOPACTBODHMHIX TIPO-
AYKTOB BLIBETPHUBAHHUSI

e
Boapactanie ncnapaeMocTu pacTBopoR M TeOXHMIYEC KOl
GeccTOUNOCTA MCCTHOCTH

UeM pnoJpllle W UHTEHCHBHee IPOTEKAIOT NPOUECChl BHIBETPHUBAHHS, TeM
B GoJbliel cTeneHH H3MeabyaloTcss OOJOMKY TOPHBEIX NOPOJ H MHHEPAJOB H
TeM B 6ojblliedl CTeNeHH AJ/5 KOPbl BBIBETPHBAHHS XapakKTepHbl BTOPHYHBE
MHHepaJBl, ABAgIOIHecd CHHTETHUECKHMH NIPOJYKTAMH BBIBETPHBAHUS H 10Y-
B0O6pa30BaHUsl B COOTBETCTBYIOLEH (hH3UKO-reorpaduueckoll cpele.

O6pasyowmuecs IJIHHHbBIE BTOPHYHble MHHEPaJIbl KOPLI BHIBETPUBAHUS 06-
JIaflaloT BBICOKOH NOIJIOTHTEIbHOH CHOCOGHOCTHIO B OTHOLIEHHH KATHOHOB.
Hewm BbIllIe OTHOLIEHHE KPeMHE3eMa K HOJYTOPHBIM OKHCJAM B [VIMHHCTBIX MH-
Hepasax, TeM Bhllle WX INIOTJIOTHTeNbHAs crnocobHocTh, [lorsoutaomuit an-
Iapat KOpbl BLIBETPHBAHHS, B CBOIO Ouepelb, HIpaeT GOJABIUYI0 POJb B Cylb-
0ax npoAyKkToB BhiBeTpHBaHHus. Tak, Kajuil 0ObIYHO HEOGPATHMO MOFJIOLIAET-
¢ BTOPHYHBIMH aJIOMOCHJIMKAaTaMH B INpollecce 00pasoBallig THAPOCITION,
cepuuuta. B a3ToM ojHa M3 mpHUMH, TIOYEMY COJIM- KaJHsl He 06pasyroT Goilb-
WIHX COJIEBHIX CKOMJEeHHH B aKKyMyJSTHBHOH KOpe BLIBETPHUBAHHUS, NOAO6GHO
consiM Hartpus. Te BTOpHuNbie aJIOMOCHJMKATBI, AJS KOTOPHIX XapaKTepllo
y3K0e COOTHOILeHHe KpeMHe3eMa H NOJYTOPHBIX OKHCJIOB (KAOJAHINT), U 0Co-
GeHHO Te NPOAYKThI BHIBETPUBAHHS, B KOTOPHIX BEJNHKO COAepXaHHe cBOGOI-
HbIX OKHMCJ/IOB aJIOMHHHA M Xeje3a (aJjHTHAs KOpa BLIBETPHBAHUA HJIH OPT-
wrelin), 06.1a0al0T aKTHBHOH CNIOCOGHOCTBIO MOTIOUEHHS U (PUKCANMH COSAU-
HeHuidt Kpemiis, docdopa, cephl, a3oTa B popMe aHHOHOB. ['HAPOOKUCH Map-
FaHLa ABJASIOTCS CHABIBIM COPOENTOM, NOrJomaounM 60AblIOe YHCAO Pas-
JIHYNIBIX XHMHYECKUX 3JEeMEHTOB.

K uncly copOUHONNBIX peaKUu#, BeAyIUX K BTOPHYHOMY MHHEPANO-
00pasoBaHu0, HEOOXOAMMO TaKXke OTHECTH IOIVIOLeHHe aTMochepHBIMH
COeHHEHUSIMH KPeMHe3eMa MOHOB MarHus, a TakkKe (QUKCALHIO MOJYTOPHbIX
OKHCJI0B.

B nemoBuasbHbIX, TIPOJIIOBHABHBIX H aMTIOBHAAbHBIX OTIOKEHHAX HAYT
U pyrHe peakuuy B3auMOAEHCTBUS NPOAYKTOB BhiBeTpuBaHusa. Ocalaky yrie-
KHCJIOTO KaJiblUHsd, MojBeprasgch BO3AEHCTBHIO COJIEH MACHHS, HOJOMHTH3U-
pytoTcsi. Maruuit u xanui Jierko ¥ Heo6paTHMO MOIVIOLIAITCS NPH CHHTE3-
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TJIMHIIDIX MHHEpanaoB. B utore 310 IIPHBOAUT K H3DATHIO COeJHHEHUN MAarlus
H3 MUTPHPYIOIIHKX NPHUPOANEIX PacTBOPOB. .

I'Iommxmme PaCcTBOPHl KpeMHe3€eM4d, BLITECHAA B TOJMLLAX THIICOB allHOH
CePHOH KHCJOTH B B OCafKdX YIJEKHCIOTO KaJbUHsi AHHOH yTOJbHON KHC.IO-
Thbi, BBI3LIBAIOT IIUPOKO U3BECTHOE fBJCHUE OKPEMHEHHUN OCAXOUHBIX nopoa #
KOphl BbIBeTpHBanus. IIpouecchl N10JOMHTH3aUHN M OKPEMHEHHst MOTyT ¢(op-
MHpOBaTh INJOTHLIE, He HNPOHHUAeMble AJAs KOpHe# ropH30uThbi, MPOCAOU H
CKOILJIEHUS] KOHKpeLHH,

Marpyua ¥ naasma KakK NPoAyKTbl BbIBETPHBAHHSA

Kopa BbIBeTpHBaHHS H €€ OTJAeJbHbIEe FOPH3OHTHL B KOHIE KOHLOB IIpH-
00PETaioT XapaKTep 3aKOHOMEPHO OMOTEHHOM MacChHl, HMeIollell THIHYHYIO
CTPYKTYpY. DTa MEJIKO3€MHCTasi MacCa C OTHAEJbHBIMH YacTHIAMH HasblBa-
ercsi «Matpuna». Tak kak B IOpOJle U NOYBe BCETJa HPUCYTCTBYIOT «CKeJieT-
HblE» YACTHULl IEePBHYHBIX MJIM BTODHUHBIX MHHEpPasiOB, TO ymoTpe6siercs
Haspanue «C-martpuuas, T. €. ckesierHasd martpuua. «C-matpHua» KOpbl BBI-
BETPHBAHHA H IIOUB COCTOUT U3 «CKeJIeTa», «JIa3Mhl» U HYCTOT, UK <BOULOB»
(Brewer, 1964).

B ckesere mpuCYTCTBYIOT I1aBHBIM 00pa3oM KpYyNHOYACTHUHBIE OCTATOY-
HBle MHHEPaJIbl, XOTs MOTyT ObiTb H BTOPHYHbIC O6PA30BAHUSI BPOIE KOHKpE-
unit. Ilnazma BKaOYaeT COGCTBEHHO BHOBb OODA30BAHHBIE NPOAYKTH KOPLL
BbIBETPUBAHHS ¥ NI0OYBOOOPA30BaHHS: KPUCTANIHUECKHE U aMOP(HbIE BTOPHY-
Hble MHHepaJabl (aJIOMOCHINKATHLIE, OKHCJL], CYIb(UAB), MATOPaCTBOPHMEIE
H JIeKOpPacTBOPUMBIe COJIH, OPraHHYeCKHe U OPraHO-MHHEpaJbHBEE COedHHe-
Husi. [IasMa TecHO B3aNMOJEHCTBYET CO CKeJeTOM, 06pasys mJIeHKH, IOTEKH,,
HapOCThl HA NIOBEPXHOCTH OTAEJbHBIX YACTHIL ¥ Ha CTPYKTYPHHIX arperarax
HJIY BHIIOJIHSAS TYCTOTHl, MEKPOTPEIUMHN U TOphl. [lnasma ompermeseHHHIX
FOPU30HTOB M CTANHN KOPHI BLIBSTPHUBAHHUS HMEET ONpeleeHHYI CTPYKTYPY
(fabric) TkaHH: MO3auYHYIO, BOJOKHUCTYIO, TIOTEYHYIO, OJHOPOIHYIO, ODHEH-
THPOBAHHYIO, H30TPOIHYIO, AHH3OTPOIIHYIO H T. [I.

Muxkpomopdosioruieckie HCCACAOBaHHS Ha IIOCKO-NApaJlIebHBIX TOH-
KUX IIHGAax mo3BOJAAIOT HA OCHOBANHKM OLEHKH Xapakrepa MJasMmbl, CKeJeTa
M HX CTPYKTYpPHl CYAHTb 00 WCTOPHH KOPbl BHIBETPHBAHHsA, 00 MHTCHCHBHOCTH
H ycJoBusiX BbiBeTpuBaHusi. Ho uyro ocoGenno BaxHO, MHKpoMopdosoraye-
CKOe H3yueHHe I/1a3Mbl MO3BOJIAET CYAMTb O HanGojee TOHKMX H aKTHBHBIX
KOMIOHEHTAX, KOTOPHle 06pa3yloTcs NPH BEIBETPHBAHHH H NOYBOOODA30BAHNY
H KOTOpHE TIEPEABUTAIOTCH B HUCXOAsICM, OOKOBOM WJIM BOCXOASLIEM Ha-
npasjieHHsiX. B coueTaHuu ¢ JaHHBIMHM XHMHUYECKOrO aHa/u3a, PEeHTTeHOMeT-
DHH M 3J€KTPONHOH MHKDPOCKOMHH MHKPOMOpP(]OJIOruyeckye HCCJIeN0BaHUs
MO3BOJSIOT OUeHb TOYHO OLEHHUBATh NPOAYKTHl BLIBETPHBAHHS.

NOKA3ATEJIN CTENEHU BBIBETPEJIOCTH INMOPOALI

Mopdonornueckoe onucaHHe paspesa uau oOHAXKEHHsI KOPHl BbIBETPUBA-
HHs1 JaeT KauyeCTBeHHO-KOJIMYCCTBEHIIOe NPeACTaBJAeHHe O CTeNeHH BhIBETpe-
JIOCTH FOPHOH MOPOABLI N0 H3MEHEHHSIM OKPACKH, TCKCTYPbl, TBEPAOCTH NOPOLI
no npoduio. MOWHOCTD 03€MJICHHBIX PA3PLIX/IEHHBIX TOPU30HTOB SIBJISIETCA
O0O'bEKTHBHLIM [TOKAa3aTejeM HHTEHCHBHOCTH H HPOLOJINKUTETbHOCTH BEIBETPH-
BaHHs, a TAKXKe XaPaKTePHUCTHKOH COXPAHHOCTH HNPOLYKTOB BbIBETPUBAHUSL.
Vo6ubiM ¥ IPOCTHIM IIOKa3aTejaeM (pH3H4YeCKOH BLIBETPEIOCTH MOPOJbl SABJSA-
eTCsl MPOICHTHOE coAepXKanue mo nNpoduaio KOPhl BLIBETPUBAHHSA 006/10MOU-
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HOTO CKeJIETHOTO MaTrepuaja u cofepxKaHue MenxoszeMa. O6pasoBaHue IJHH-
HBIX MHHEPaJIOB — PE3YyJbTaT BhIBETPHBAHHS, [I03TOMY II0KA3aTeNeM CTelleHH
BLIBETPEJIOCTH CHYXKHT colepKaHHe IO NPOQHJII0 AHCIEPCHBIX YacTHI, AHd-
merpom <<0,01 u <<0,001 mxm.

[Tpu Bcex TakuX CONOCTABJIEHHSX PA3HBIX TFOPH3OHTOB NOJKHA GBITb,
OJlHaKO, yBEPEHHOCTb B TOM, UTO H3yyaeMass KoPa BHIBeTPHBaHHs Onljia B
NpPOILIJIOM OAHOPOLHOM, a He CJIOMCTOH moponoil. McxonHas pasHOpPOLHOCTBL
NOPOJEI 10 NPOQHIIIO, KOHEUHO, OCJMOMKHSET OIEHKY CTENEHH ee BhIBETpe-
Jqoctd. OneHka CTeNEHH XHMHYECKOH BBIBETPEJOCTH KOPbl BLIBETPHUBAHHS
0CaJ0YHOM MOPOABI MOXKeT OBITh NPOM3BELEHA N0 HAJMYHIO HIH OTCYTCTBHIO
B Hell YIVIEKHC/IOTO KaJbLHusl, THICA HJH JIETKOPACTBODHMEIX COJIel, 8 B Cay-
yae UX HaJHYUA — [0 XapakTepy paclpele/ieHUs 3TUX COMell B TOJIIE TOPOIBE
no ray6ude (ray6uHa n dopma ckongenuii), IIpuHuMas BO BHHMAaHHE, 4TO B
pesy/abTaTe XMMHYECKOTO BBHIBETPHBAHHS TNPOUCXOAAT IpoueccH Aebaszaumnu
(noTepu OCHOBAHHWHA) Y AECHJIUKAUUHM MPH OTHOCHTEJBHOM OCTATOYHOM Ha-
KOIJIEHHH OKHCJIOB aJIOMHMIHS W »Keje3a, IJf OLEHKH CTeleHU BbIBETPEeJOCTH
OPUMEHSIOT HEeCKOJIbKO CHenHaJIbHEIX MHIEKCOB,

Hupgexc moaexynspaoro otuourenus SiOgz: AlyO; B mauctoll uan xoato-
UAHOH dpaxiHuy N0 NPOPUMIO TOMLIH KOPE BHIBETPHBAHHUS XOPOLIO HIIIOCTPH-
pyeT CTeleHb HeCHAMKAUMH HJIH PECHJINKalM NPOAYKTOB BEIBETPHBANHS IO
cpaBHenuio ¢ nmopopoil. OtHomenue SiOq:Al,O3 nopsgra 3—4 cuuraercs
IIpPU3HAKOM HOPMAJLHOrO» COAEPXKAHHSA COCHHHEHHH KpeMHHUs B HJHCTOH
¢dpaxuuu. ITo Mepe AecHIUKALNY U ANIUTH3ALUY MOPOILE! 3TOT HHAEKC MOKET
cuusutbed 1o 1; 0,5; 0,1 u naxe 1o 0,060—0,01. DroT XKe UHIEKC MOXKET OHIThH
HCII0/Ib30BAH B HHTEpNpeTaldH NaHHBIX BaJOBOrO aHa/lH3a 006paslOB KOPHI
BbIBETPHBAHHS, IOPOIH! U MOYBHL

Hnorpa Geperca muaekc SiOs:Ry0s, T. e. OTHOIIEHHe XpeMHe3eMa «
CyMMe NOJYTOPHBEIX OK4caoB. McnonbaoBaHHe 3TOrO HHAEKCA ONPAaBABIBAETCS
0COGEHHO B TeX cJyuasix, KOria HMeeTcsi abCOJIOTHAsi MJAH OTHOCHTEbHAA
aKKYMYJISILHS B KODE BHIBETPHBAHHS OKHCJOB XKeJle3a,

[Toreps wid HAKOMJeHHe B NPOAYKTAX BhHIBeTpHBaHHsS ocHoBaHui (Na, K,
Mg, Ca) moryr GObiTb 0XapaKkTepH30BaHBI, HCXOAS H3 JAaHHBIX BAaJOBOrO
aHaaH3a MO MOJIEKYJSIPHOMY OTHOLIEHHIO CyMMBl OCHOBAHHH K OKHCJIaM
aNIOMUHUSA

Na,0 + K,0 CaO-{-MgO o N0+ K50 + Ca0 + MgO
A,O; ' T ALD; AL,05

B FOPHM30HTAX KOPH BEIBETpPUBaHLiss ¥ B HeH3MCHeHHo mnopope. IlpuHuMas
3TOT MHAEKC AJs HEeH3MeHeHHOH MOpOoIBl 3a 3TaJNOH, MOXKHO BHIAETh, 4TO B
9JI0BHAJBbHBIX KOPAX BHIBETPHBAHHA HHIEKC BCeTJa HHXe: B KaOJMHHTOBLIX
¥ aJJHTHBIX KOpax BBIBETPUBAHHsA BeJHUHHA ero MoxetT ObiTe 0,2 W naxe
0,06—0,01. B axkkyMyJaTHBHEIX KOpaX BLIBETPHBaHHs Kak oTHoweHHe SiOs :
: AlyOg, Tak 4 OTHOIIEHHE CYMMBI OCHOBAHHH K IVIHHO3eMy OyIeT Bcerna BHI-
1€ 3TaJOoHa. DT0 00bACHAETCS aGCOMIOTHBIM HAKOIIEHHEM COeTHHEHHH KpeM-
HHd, WeJoYyell H IIEJOYHBIX 3eMeJb B TOJILAX AKKYMYyJSTHBHON KOpHL BHI-
BETPHBAHHSA.

Crenenb BHIBETPENOCTH H BHHOCA 3JIEMEHTOB H3 KODHl BLIBETPHBAHHSA
MOXKHO TAKXKe OLEHHTh, CpaBHHBasg abCOJIOTHOe CONEpXKAaHHe 3JeMeHTa B
eJHHUIe 06BEMA B IIOPOJie H B FOPU30HTAaxX BHBETPHBaHus. B maHHOM cayvyae
BBOJHTCS «MHAEKC ycTofuuBocTH». Hanpumep, Aasl KaOJHHHTOBO-aJIHTHOM
KOpHI BEIBeTpUBaHHs noGepexkbst KaBkasa B pafione Barymn H. A. Jlucununa
1 M. A. TnarosneBa (1968) paccuutaiu «KO3(QQUIMEHT YCTORUHBOCTHY», HC-
XOAsl Y3 OTHOLIEHHS COHEpPKAaHUSA KaXAOTO 3JeMeHTa B eJHHHIe o06beMa
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(m2/cm®) BbIBeTpesoil MOPOABI K €ro colepKaHuio (M2/cM®) B HEBHIBETPE/ION
Topofe. BEIO ycTaHOBAEHO, UTO IIEJOYM H ILEJOUHBIE 3eMJH B 0aryMcKoO#
Kope BHIBeTpHBaHHsl HMeEIOT Ko3(huuueHT ycrofiunsocTH nopszpka 0,02—
0,08; xobaabT, XpoM, (octhop, KpeMuuit umeroT kosdduuuent 0,2—0,3; amo-
MUHHH, TUTaH, XKeJle30 OTHOCHTEeJbHO HAaKaIlMIUBAIOTCH B KODE BHLIBETPHBAHHS
M TO3TOMY MM CcBOUCTBeHHHI Koah¢uuuesto 0,62; 0,72; 0,74 cOOTBETCTBEHHO.

O6crosiTesbHblll 0630p NPHEMOB U METOJOB PaCUeTa 3JI0BHAJNBHO-aKKYMY-
JIATHBHBIX KO3(}HIVEHTOB NPH OLEHKE BBIBETPHBAHUS U NOYBOOGPA30OBAHASA
6ol naH A. A. Pome (1937). Ing pacuera u3bupaercss ONMH U3 OKUCJIOB ©
KauecTBe «CBHIETENISA», 110 OTHOLIEHHIO K KOTOPOMY PacCUHTHIBAIOTCH BHIHOC
H NPHHOC APYruX OKHCJOB. IIpeAnoutHTesbHO GpaTh OKHCAB Haubosee cra-
OnsbHble, HanpuMep Si0, xBapua uiau Al,O; Ho naxe sTH «OKHCABI-CBHIE-
‘Telu» B AeHCTBUTENBHOCTH NOABEDPMKEHH BBHIHOCY U MOTYT GBITH BLIHECEHH,
IIpHHeCeHB B HOBOOOpa3oBaHH. Bce ke Npu OXHOPOAHOH TOPHOH MOpOZe H
NpH BO3MOXKHOCTH [OCTOBEPHO BHIGpPATh IEPBHUYHYIO HEBHIBETPEJYIO IODOLY
BBIYHCJIEHUE 3JII0BHAJIBHO-aKKYMYJISATHBHBIX K03((HUIHUEHTOB OYeHb IIOJE3HO
‘B OLlEHKEe HHTEHCHBHOCTH M MEXaHH3Ma BHIBETPHBAHHUS W MOYBOOGpPA30BaHHUS.

A. A. Pogme BBen ¢opmyay pacuera EA-xospdunumeHtoB Agas a10060r0
-OKHCJIA:

. RISO
EAr =25

rae EA — an0BHaNbHO-aKKYMYSITHBHBIM K03 duuueHt; Ry u R— comepxa-
HHE OKHCJIA B HEBBIBETPEJOH IIOPOAE M B H3yYaeMOM TODH30HTE COOTBET-
-CTBEHHO; So B S;— cojlepKaHHe OKHUC/IA-CBHIETE/sI B HEBBIBETPEIOH MOpoae
M B H3y4aeMOM TOPH30HTE KODHl BbIBETPHBAHHS H MOYBHL.

B smoBnanbHBIX KOpax BblBeTpHBaHHS 00bluHO EA-KO3(pOHUMeHT HHKe
eIHHHUB. B akKyMyJasTHBHBIX KopaX BbiBeTpuBaHusi EA-kosdduuuedt n1s
MHOTHX KOMIOHEHTOB HOJIOKHTEJbHBEIl (10  CPaBHEHHIO C H3BeDXKEHHBIMH
HCXOJHBIMH NOPOAAME MY CPeJHHUMH kJapkaMu). CXOIHBIe CONOCTAaBJCHUS
M PacyeThl CTelleHH BLIBETPEJOCTH HPOH3BOAATCS IYTeM CPaBHEHHS BEJIHYHH
‘COZlEp2KaHUs B NOpOJe M B KOPE BLIBETPUBAHHS OCTATOYHHIX YCTOHUUBHIX H
MeHee CTONKHX BhIBeTPHBAKIIUXCA MHHepasos. OXHOPOXHOCTb NOPOIH [0 €€
IpeBpallleHUs] B KOPY BHIBETPHBAHHS IPOBEPSETCSl IO COOTHOLIEHHIO 0C000
IIPOYHBIX MHHepaJoB BO ()paklHuu NIecka (HanpuMep, LHPKOH, TYPMAaIHH) [0
BceMy npoduio.

Buiuncasiercst 119 9THX Ke LeJel HHAEKC BBIBETDHUBAHHUS MO THAXKeENBIM

LHPKOH -} TYypMaJIHH KBapI
munepanam — Wry :aM(guﬁon -+ n:r)poxceﬂ H HHIEKC WRZ:HOJIeBbIe mnate 1o
JEerKdM MHHepajdaMm. B aTHX uHJeKcax, npeajoxeHHblx Pyre n paccMoTpeH-
eix BproBepom (Brewer, 1964), sHameHaTenb npunnMaeTcs 3a 1, a uuc/au-
‘TeJIb BbIpaXkaeTcs B JeCATHUHbIX 3HaKaX MO OTHOLIEHHIO K 1.

OTH UHIEKCH JAI0T U3BECTHYIO BO3MOXKHOCTb IJIS1 OUEHKH TOTO HJH HHOTO
paspesa KOpHl BLIBETPUBAHHS, HO JOJKHBI IPHMEHATLCA C TEMH JKe OTOBOD-
KaMH, YTO M npennayuire, MuHepaJjorudeckas mecTpoTa OCaJOUHBIX IOPOJ,
HOBOOOpa30BaHMEe IMPKOHA U KBAapla B OAHHX CJAyYasXx M HX OTCYTCTBHE B
HEKOTODBIX M3BEPMXKEHHBIX MOpPOoRAax (B OCHOBHBIX) J[eJaloT IIPHMEHEHHe H
3THX HHJEKCOB He BNOJiHe HaleXHbIM. [lo-BHAUMOMY, HaUJAY4IIEM HPHEMOM
-olleHKH 6ajlaHca BellleCTB IPY BEIBETPUBAHHHU (KaK H IPH N0YBO0Gpa30BaHUH)
-OyZer pacyer NoTepp M IPHUXOAd KOMIIOHEHTOB [0 aGCOJIOTHBIM 3alacam
(B K2/M® nau me[cmd).

IIpu 3TOM HYKHO HCXOAMTH H3 JONYINEHHS MOCTOAHCTBA O00bEMAa HCXOM-
HOH U BBIBETPEJIOH MOPONE (H NMOYBEHHBIX ropH30HTOB). OfHAKO U 3TO AONy-
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Ta6auua 26

CocTaB MOPOAbI U Kopbl BHIBETPHBAHHMS ABTHT-Aa6pafiopoBoro nophupHTa
(/Tucnumua, Laaronesa., 1968)

Na : Ca K | Mg
oo et | |
’ % mefend % |Me/m3 % |Me/mu3 % | M2/em®
CusipHO BbIBETpenast 1,13 0,06 10,77 |1 0,46 | 5,15 0,21 | 2,23 | 0,66 | 7,34
HesriBeTpeast 2,61 1,63 42,89 | 7,0 [181,8 | 1,63 (42,99 | 3,41 |89,78
IMotepu B 1 cM3 42,12 176,65 40,76 82,44
Ofven- P Si Al Fe Ti
ITopona 32‘?
e/c»;“ % Mefemd % Mmefem? % me/cm® % Mmefemd % mejoem®
CHMbHO  BhI-
BeTpeas 1,13 1 0,09 | 1,05 [15,23(166,76] 13,9 153,1 (11,17 [125,18| 1,47 | 10,76
HesuiBeTpe-
© Jad 2,61 1 0,14 { 3,56 |21,18]563,38] 9,361244,72| 6,42/168,9 § 0,56 | 14,90
Tlotepu B 1 cm 2,55 396,62 91,62 43,72 4,14

lleHHe He BIOJIe ITOCTOBEPHO, Tak KaK H3BEeCTHO, 4TO OGBeMHBHIH Bec
BBIBETPEJLIX TOPH3OHTOB 3JIIOBHAJBILIX THIOB KOPBI BbIBCTPUB&IWS BCerjia
MeHbIIIE, a CKBAXXHOCTh BCerja 00Jblle, YeM 3TO XapaKkTepHO JJs1 U3BepKeH-
HBIX NOPOA. DTO ABJASETCH B U3BECTHOW Mepe M Pe3yAbTATOM YBeJUUYENUS
o6beMa pa3pblXJIeHHOTO NPpH BLIBETPUBAHUU MaTepHana.

B akkyMyJsTHBHBIX KOpaX BLIBETPHBAHHUSI F€OXHMHUYCCKUN HPUTOK BOIRL,
coJief, OKHCJIOB KpCMIHs, Keje3a, aJIOMUHHS, KOHEuHO, Gyjer HU3MeHATb
o6beM U 0ObeMHBIN Bec paHee OTJA0NXKeHHOH NOpPOABL. Mepy 3THX U3MeHeHUH
[HOPO/Ibl IPH BBIBETPHBAHHHK TIOKA TPYAHO NpeicTaBHTb. Miorvm sccienosa-
TeJSIM Kaxercs, 4TO 3TH M3MEHeHHst HaXOAATCa B IIPCAC/AaxX TeTepOreHHOCTH
caMoil TOPOAbl U KOPH BBHIBETPHBAHUS ¥ HE HMCIOT 311a4€HHUS TpU IOACYCTAX.

M3 naunpix tabi. 26 BUAHO, 4TO IIepeCUET BAJOBOr0 anaansa Ha abcoior-
Hble 3anackl HECPABHEHHO Jyulle W/IIOCTPHPYET WM3MCHEHUSA, BLI3BAHHBIC
BBIBETPUBAHHUEM, U CTENCHBb BHIHOCA OT/AC/bHBIX KOMIIOHCHTOB, YeM PAacuet 1o
BCCOBLIM OpoueHTaM. [[aHHblC BECOBBIX NPOLCHTOB OOMAaHYHBO MOKa3bIBAJIH
HAKONJIEHYe aJIOMUHHS, Kejesa, TUTaHa, Yero B JefiCTBUTENbHOCTH HeT. JTH
3JEMEHTHl TaK¥Ke BBHIHOCWJIHCL U3 KODLI BLIBCTPHBAHMS, XOTSI HECPABHEHHO:
MeHee MHTEHCHBHO, UCM IIEGJOYH, IlejouHble 3emau M Kpemnui. Ocobenno
BEJIMK BLIHOC KPEMHHS, KaJjblHs, ajJI0MHHES H MarHus.

CTAAUHU U NOCJEXOBATEJBHOCTDb
MPOLECCOB BbLIBETPHBAHMS

[Tpoitecc BLIBETPUBAHMS MMHCDAJOB M TOLHBIX MNOPOJA MNpPOTEKAeT cra-
auiHo. [TosToMy mis HanGoJee BEPHOTO CyxKAelust 00 HHTEHCHBHOCTH M CTe-
II€HH BBHIBETPEJOCTH HCOOXOAMMO IO COBOKYNHOCTH TPHU3HAKOB ONPELeNUTE
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CTaguio U THO KOpbl BhiBeTpuBanus. b. b. IloawinoB (1934) pasanuasa cie-
Jyoulye Noc/jaefoBaTe/ibHbie CTalHK BBIBETPHBAHHSA: 006JOMOYHAS, OOLI3BECT-
KOBAHHAs, HACHIIEHHAsa CHAJJHTHAR#, HEHACHINIEHHAS CHAJJIMTHAS, AJJHT-
Hasg. DTH CTalHM XapaKTepHbl AMLIb AJISl YCJAOBHI 3JI0BHAJIBHOTO JaHAad-
Ta. B moano# nocnenoBaTesablloCTH 3TH CTaAHH 3JMIOBHAJbHOrO BBIBETPHBA-
HHSl MOTYT NPOWTH JILIb BO BJA’KHOM TPONHYECKOM KJAMMAaTe M ITPUTOM
TOJIBKO B Pe3y/bTaTe AJUTEIbHOTO HeNpephIBIOro npoilecca.

B 30-x u 40-x romax B 3amajiioli H COBETCKON JHTepaType HAaKOIHJOCH
JOCTATOYHO NAHHbIX, CBHAECTENbCTBYIOUHX O TOM, UTO ONpeAeJeHHbIM CTaAHAM
BLIBETDHBAHKS COOTBETCTBYIOT ONPeAeJeHHBble TPYIIL H COOTHOLIEHHS 0CTa-
TOYHBIX U BTOPHYHBIX MHHepanoB. Ha craaun ¢610MO4HON KOPBI BHIBETPUBA-
HHSl XapakTepHOo abcomioTHOe npeobafaHue MEHepaJoB MOPOLl, Ha CTALHH
KapOoHaTHOH (OOLI3BECTKOBAHIUOH) KOPHl BbIBETPHBANHS THIOHYHO COBMECT-
HOC HaXOXK/eHHe KaJblHTa, aparOHHTA, KBApLa, MOHTOMOPHJJIOHHTA, CJIHOJ
H HNepBHYHBIX MHUHEDAJ0B; HA CTAJUH HACBHIIEGHHON CHAJJIHTHOH KODLI BhbI-
'BeTPUBAHHUA TOABJAIOTCA B GOJBLUIOM KOJHYECTBE MOHTMOPHJJIOHUT, Gelige-
JICTHT, CEPHUHT; Ha CTaJMM HeHACBILIEHHOH CHAJJIHTHOR Kopbl mpeobianaic °
KAOJMHHT, TaJITya3nT, HOHTPOHHUT M HA CTAAUH QJJIHTHOR KOPH BHIBETPHBAHHS
THITHYHO HaKOIlIeHHe reTura, remarura, ru66cura (Cepneuxusi, 1942). Baus-
KHe B3IJISIABl Ha THIIB KODb! BbiBETPUBAHHUS Oblin Bhickaszann K. W. JIykaiue-
BLIM (1958).

B 3aBHCHMOCTH OT NPOAOJ/UKHTEIBHOCTH M WHTEHCHBHOCTH MpPOIECCOB
suiBerpuBanus K. M. Jlykauwes pasanuaer caeayloulHe TeOXHMHYECKHE THIIH
BBIBETPUBAHHS: JIMTOTEHHBIH, CHAJJIHTHO-IJIMHHCTHIH, CHAMJHTHO-KapGoHAaT-
1IBIH, CHAJJHTHO-XJAOPHAHO-CYJNbMATHLIH K CHANIHTHO-QEepPUTHBI H aJJHT-
HBIH.

Mines cragufiHOCTH BLIBETDHBAHHA H [OCJAEAOBATEIHHOTO BTOPHYHOTD
MuHepaao0oOpa3oBaHUsl NOJyYHJa pa3BUTHE ¥ B 3amajgHOH .JuTeparype.
Jxexcon u ero wikoaa (Jackson, Sherman, 1953) pasauuaior 13 crazuil Bb-
BETPUBAHHUS U THIHUHBEIX coueTaHu# npeob.ajaomuX MUHEPAJIOB!

1) runcoBas — cofepiKarcs THIC, TAJHT, COJUTPA W APYTHE PACTBOPUMEIE
COJIM; XapaKTCpHa AJSA COJIEHOCHBIX OCaJOYHEIX NOPOj, ellle He H3MEHEHHBIX
BbIBCTPUBAHHUEM;

2) HW3BeCTKOBas — BKJAKOYAET KAJbLUUT, AaparoHuT, JOJOMHT, alaTHT;
THNMHYHA JJIsSI B3BCCTHAKCB B HAuajie UX BbIBETPUBANUA WM [Js OCAZOYHBIX
NOPOJ B OTHOCHTEJNBHO CYXOM KJIHMATE;

3) onuBHHOBAsI — IPHCYTCTBYIOT OJUBHH, porosas oOMaHKa, IHOICHI,;
XapakTepHa [J1s HAa4aJbHLIX CTAAUH XHMHYECKOTO BbIBETPUBAIIUA;

4) 6uoTHTOBAS — THTNHYHEI OHOTUT, TJAYKOHHT, XJOPHT, aHTHUTODHT,
HOHTDOHHUT U IIP.;

5) aapGuTOBast — npeicTaBieHa aJdbOHTOM, AHOPTHTOM, MHKDOK/MIIOM,
OPTOKJa30M U JPYTHMH IOJIEBHIMH LINATaAMH;

6) xBaplueBast — KBapll, XaJle/lloH, KpHCTOOAHT;

7) MYCKOBHT-HJIJIUTOBASE — HUJJAHT, MyCKOBHT, CEPHLHUT; -

8) mepeciauBaILKXCS MHHEPAJOB —- BKJIOYACT pa3HooOpasHbie THAPO-
CJII0ABI, OPABUJABHO ¥ HCNIPABHJIbHO IIepecjauBaloliyecss aJalOMOCHIMKATH,
BEPMHKYJHUT ¥ T. 1.;

9) MOHTMOPH/IJOUUTOBAS — MOHTMOPHJJIOHHT, OeHie/NaHT, CamnoluT;

10) kKaosUHHTOBAS -— KAOJIHHAT, TAJNNYA3UT (NMPOLYKTLl AJHTEIBHOIO Bbl-
‘BETPUBAHHSA); :

11) ru66cuToBasi — rUAPAapruIiuT, 6eMur, annodat;

12) rematuroBas —- JUMOHHUT, ICTHUT, T€MAaTHT;

13) anarasoBas — aHaTas, pyTWJ, WIbMEHHT, KOPYHI, JEeHKOKCEH.
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JIKekcon OGHapy:XHBAaeT 3TH CTANUH BbIBETDHBAHHS B TOPH30HTAX IOYB:
H 0CaJlOYHHIX IIOPOJ PasjuYHOIO BO3PACTa.

Hanmenee crofikue MHHepaJibl, JIeTKO paspyliaeMble ¥ OGpasyloutue
JIETKO BLIMBIBaeMble IPOAYKTHl BHIBETPUBAHHS, BCTPEUAIOTCS Ha NEPBLIX MATH
CTaiUAX BBIBETPUBAHHS H XapAaKTEPHBl JJIs MOJOIBIX INOYB — MOPSIKA
20 Teic. ter. KBapn siBasiercst OfHHM H3 HauGosee CTOMKHX MHHEPAJOB, HO
ero yCTOHYHBOCTb BeCbMa GBICTPO H NPONOPLUHOHAILHO YMEHbIIAETCS 110 Mepe:
yBeJHYEHHs] CTENEHH NUCNIEPCHOCTH YACTHN; KOJJIOHAHO AUCHEPCHBIH KBapil.
pacTBOpseTcs ¥ BHIHOCHTCS OTHOCHTEJIbHO GBICTPO. DTO XOPOLIO H3BECTHO IJIs
TPONHMYECKOT0 BLIBETPHBAHHA. BTOpHUHble MHHEpasbl, THIHYHBIE AJS CTARHMIL
7, 8,9, 10, He aBaAOTCY a6COMIOTHO CTOHKHMH M NPH ONpENeNEHHHIX YCJI0-
BHAX (BBICOKasi BJAXKHOCTb KJHMATa, TOCHONCTBO BBIHOCA, OKHUCIUTEbHBII
pexuM) MOC/AeL0BATENIbHO Pa3pyIaloTCA B HANPABIEHAH OT MJJIHTA H MOHT-
MOPHJJIOHHTA K KAOJHHUTY H Jajiee K OKUCIAM aJIOMUHVS M XKejiesa. B atom
e HalpaBJeHHH NPOJOJKAIOT HAPACTATh NPOLECCH T'MAPOJaH3a, NeCHIHKa-
uuy, nebasauun. Hanbosee MO3AHUMY CTANHSMH BLIBETPHBAHHUSA SBJASIOTCS
craguu 11, 12, 13, Hacrynawomue, mo JIXKekCOHy, JHIIb B TPOMNHYECKHX
YCJIOBHSX.,

B xozxe BbiBeTpuBaHHs, 06pa3oBaHua H Nnpeo6pa3soBaHUs BTOPUUHBIX CO-
eIHHEeHHH NPOHCXOZAT ray6OKHe H3MEHEHMs CBOHCTB MHHEDPAJbHOH MacChl.
B mponecce necuankanuy COOTHOIUEHHE KPEMHE3eMa U NOJYTOPHBIX OKHCJIOB:
pe3ko cyxaercs. BriHOcHTCS OOJBLIIMHCTBO OCHOBAHHH, W KaJHil NpPAaKTH-
yeckH HcyeszaeT. [MAPODHIBHOCTL AOCTHTAeT MaKCHMyMa Ha MOHTMOpPHJIO-
HUTOBOH CTAaAMH H 3aTeM IIOUTH Hcuesaer, PasBuUBaercsi, AJOCTHTAeT MaKCH-
MyMa U 3ateM IPaKTHYeCKH HCYe3aeT NOTJIOTUTE/bHAR CIOCOGHOCTh B OTHO-
IIEHHH KAaTHOHOB. OTH SBJEHHS XOPOLIO WIIIOCTPHPYIOTCH HaHHBIMU
taba. 27. ArMocdepHEle OCaZKH B TPONHKAX OCOGEHHO HHTEHCHPUUUPYIOT
sror npouecc (puc. 29).

B ycnoBusix ropHOro jganmadra ¢ YeTKO BHIpa’KeHHLIMH IHKAMH Bep-
IIMH, KAHbOHAMH M YUIENbSIMH, KDYTHIMH CKJIOHAMH peiKo Habmonaercs
0o6pa3oBaHue MOLIHOA MEJKO3E€MHCTOH KODHl BHIBETDHBAHHS.

Pesko BripaxeHHBle OCHIIH, ONOJ3HH, NeHyHalys BOLHBIMH IOTOKAMH H
nedasnus NPpHBOAAT K NOCTOSTHHOMY yIaJIeHHIO NPOAYKTOB BHIBETPHBAHHSA H

Ta6auuna 27

Xumudeckue CBOMCTBA MHHEDAJIOB KaK (DYHKHust CTaJHH BHLIBETPHBAHUS
(dxerco, 1948)

TIpomexyTou- | Bepmu-| MOHT- | Raony-| Tu66-

Ceoficrpa Catoza Homr Hble MHHeDaJbl| KyJauT ﬁgg;‘-_’r‘ HUT CHT

Crajus BHIBETPHBAHHSA 4,7 7 8 8,51 9 10 11

MeXKnIoCKOCTHLE paceTos-
g A (B pactsope rauie-

puHa) 10 10 12,4 14,5 | 18,4 | 7,25 4,87
Kanuit, % 10,10 5,00 2,50 0 0 0 0
EmxocTs nordomensst,

m2-3k6/100 2 1 20 (mo 60) | 30 (zo 85) (150 80 3 0
3apsg caost (TPHOKTa3pH-

YeCKOro), M8 240 180 145 150 80 — —

3apsax cJ0s  (AUOKTAs1pH- _
4eCKOro), M8 251 185 170 160 80 0 0

110



noyBooOpasoBanus. I'opel ABAAIOTCS reHepaTopaMu Meakosema AJs GOpMHU-
poBaHMsl OCaJOYHHIX ITOPOJ Ha MOJIOTHX CKJOHAX, PABHHHAX, HH3MEHHOCTSX,.
AeNbTax H MOABOAHBIX NENpEeCCHsiX — BojoeMax. JIMIb IYMYCOBHIH TOPHSOHT
TOPHBIX IIOYB fIBJSETCS HPOLYKTOM OGHOAKKYMYJAATHBHEIX MPOIECCOB B rOpax.
BriBerprBaHue B TOPHLIX YCJOBHAX 3aAepXKHBAETCS IO3TOMY HEONMpPENENeHHO
IJNTeNbHOEe BpeMs Ha 00JOMOYHOR A KapOoHaTHOHM cramusix. DTO 06b-
SICHSIeTCsl TOCNMOACTBOM JEHYIZAHHOHHOro (TOpHO-3J10BHAJbHOrO) THNa 6a-
JiaHCa BellleCTB [IPU BLHIBETPUBAHHMH, B 3aBHCHMOCTH OT JIMTOJOTHH H XHMH3Ma:
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cBubodnere eudpoorucu
eubbeum
bemum

duacnop
SUMOHUM

Puc. 29. Ocaaku M cOCTaB TIJIHHH-
CTHX (paKuWil B NPOZYKTaxX Bhi-
BeTpHBaHHﬂ U I1I0YBAX TIIOCTOSIHHO
BJ2XHOIMO TPOIUYECKOro KJAaAMara
(Jackson, Sherman, 1953; Pagel,
1963)
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TOPHBIX NOPOA KOpa BLIBETPHBAHHSI B Topax MoxkeT GbiTh 60Jiee HJAH MeHee
06/10MOUHOM, H3BECTKOBON HJIH TJIHHHCTOH, OTpaxas CBOHCTBA HCXOZHBIX
nmopoJ. JIMIIb HA MAaTO, B FOPHBIX HHINAX, Ha Hulefipax MOJOTHX CKJOHOB, B
MEXKTOPHBIX JOJHMHAxX HabJI0falOTCH OTKJIOHEHHS OT 3THX OCOGEHHOCTeH H
Mepexoi K YCJAOBHAM THIIMYHO 3JIOBHANBHBIX HJM aKKYMYJIATHBHEIX JaHI-
wagToB. Haao uMerb B BHILY, uTO O CHX NOP peub LILJIa O CTAAHAX BHIBET-
DHBAHHS B YCJOBHSX IEHYLALMOHHOTO H IPOMBIBHOTO BOJHOTO peXHMa, NMPH
cBOGOJHOM OTTOKE TJYGOKHX TPYHTOBLIX BOJ M TOCIOACTBE OKHCJIHTEJNbHBIX.
IIPOLIECCOB, T. €. B 3/II0BHAJbHBIX JaHAMmadTax.

Mo3XHO cunTaTh, YTO JAJISL SJIOBHAJIBHBIX YCJAOBHIH HanpaBjeHHe DAa3BUTHR
BEIBETPHBAHHS XOTS M C OTKJOHEHHAMH, HO B ofLieM OTBEUAET CXeMaMm
B. B. Tloawuosa, M. . Cepnenkoro u [Ixekcona. Ha mnepBhix cramusx
(bH3UKO-XUMHYECKOTO BLIBETPHBAHHS 0OpAasylOTCS THAPATHPOBAHHBIC MHHE-
pasbl ¥ OKHUCJASIOTCS BOCCTAHOBJIEHHBlE COeMHEHHS XKejesa ¥ Mapradua.
Ha nocnenyomux cTaausix NPOUCXOLUT BHITECHEHWC BOAOPOLOM Kasus, Ha-
TPHUS, KAJbIHSA, MAFHHA 6e3 0c060r0 paspylieHHs KPHCTAMIHUECKOH PeIleTKH
cTOHKUX MHHepaJioB. 3aTeM B peIleTKEe NpIHCXOXAT HACTONBKO IyGoKHe:
M3MEHEHHUs 3JEKTPOBANEHTHHIX CBs3€d, UTO HACTYNaeT paspylueHHe PelIeTOK
MHHEepaJoB ¢ obpa3oBaHueM pacTBOPOB M aMopdHbIX munepasoB. Kak pas-
pylleHHe, TAK H CHHTE3 NPOUCXOJAAT BeCbMa H3OHPATebHO U C IepeMeHHBIMH
COOTHOILEHHSIMH H COCTaBOM. AMOpdHBIE BrOpUYHbIE MHHEPAJbl KPUCTAJIIU-
3yI0TCS, pa3pyLIaloTCsl BHOBb H HPEBPAlLlalOTCst 3aTeM B HOBLlE BTOPHUHBIE»
MHHEpPAJBl; BCE 3TO NMPOUCXOLUT VIKe HA CTAaluH TVIHHOOOpa30BaHHUS.

BeposTHO, pasiHyHble MUHEPAJB H OPOJB! B YCJAOBUSIX PA3HOTO KJAHMATa:
MMEIOT HEOJHHAKOBYIO CTaXHHHOCTh BhIBeTpHBaHHS (puc. 30).

B ycioBHSIX TpaH3HTHOTO JaHAmadTa U O0COGEHHO B YCJOBHAX aAKKyMY-
JASITHBHOTO JanamadTa cTajuy BbIBeTPUBAHHA U GOPMHPOBAHUS BTOPHYHBIX
MuHepaJos, ycraHoBiachusie B, B. TToabinoBeiM, M. 1. Cennenxum, xekco-
HOM M JPYTHMH HCCJEI0BATesIMH, AJS JIOBHSA, €CTECTBEHHO, He 00HApYXKH--
BaIOTCS JHGO NPOSIBJASIOTCA B MHOM M YacTo Jaxe B O6paTHOH NOCaeloBa-
TeJIBHOCTH. DTO SICHO M3 aHaJH3a BCEro NpelblAyllero marepuana. B rtpawu-
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ph 4 10 9 8 7 6 5 uy 3

Knumam
Tennond Cyzod [ 7 8
¢ NEPEMEHHLIM |19 20
Ybramnenuem ———"T7 7 5
B NOHUMKEHHHIZ)| <
s
| _asamg __'_-_..JL__J_.__i’_. et
1 [ 7
Tennord 5
Brawubid 7 2 3] 4 77
?
é "—“"_"“1"‘"'_"‘—'4“" bt ta "‘—'——‘4
8 gMepb’HHQ Puc. 30. CxeMa BO3MOXHBIX CTa-
AR HHOIL Auit BLIBETpHBAHUA r/aBHEHIIUX
MUHEPANOB YJAbTPACCHOBHMIX TO-
pox B 3asucumoctH ot pH
- ] (Tuu3lypr, 1947)
Tennoi cyxou
C NNEPEMEHHOIM 1 -~ ceplrenTH;
gf%“é;g;:é@” 2 — dreppuGeAILIINT;:
nagmo 3 — QepPUMOHTMODHAIOUUT,
’§ 4 — deppuranilyasur,
UN 5 — THAPOOUKHCABI XKeesa;
§§ 6 — MariesuT;
>
§§ . 7 — HONOMHUT;
§' , 8 — KaabLUHT;
$ " . ; 9 -~ BOAHDBIE CHJIHKATDLI HUKEIS,
3 geggogfv%f’au 16 17 18 ' 10 — BOAHBIE CUJHKATBI MACHus;
:‘% yﬂﬂa/il{//euutg: 5 e |78 5 ' J1 -~ MHHEPaNbl KpCeMHE3EMa;
S8 - —— ) 12 — S6pycHT;
K § 71 © 13 — Tanabk;
X ;14 — THPOKCEH POMGHYECKHI:
< K 15 — MUPOKCEH MOHOKJAHHHBLE;
" ;16 — XJA0PHUT;
s 13 ! 17 — runpoxnopuT;
S - 5 18 — rannyasvr;
= ” i 19 — Gpeftnepur;
) J 20 — ru6Goeyt

3UTHON ¥ OCOBEHHO B AKKYMYJIATHBHON KOpe BLIBETPHBAHUS HAKAILIHBAIOTCH
TC TIPOAYKTH], KOTOPHIE YHOCWIHCh H3 3/I0BHAJILHOTO JiaHAWAadTa. KoneuHo,
He MOMXeT ObiTh W pedu O NOJHOH OOpaTHMOCTH LUKJIOB BLIBETPHBAHHA.
OIHAKO MOMKHO CYHTATh OGILENpPHHANHLIM, UTO THOGCHT (THAPAPTHJIHT)
pH IPUTOKe PacTBOPOB KPeMHe3eMa MOMKET ObiThb TPaHCHOPMUPOBAH B Kao-
JIMHHT, KAOJMHIUT — B WJJIMT, a TOC/AeAHHN —B MOHTOMOPUJJIOHNT. Ksapu
MOKeT 06pa3oBaThCs Ha ONaja, XagleNoHa WM H3 CBEXKEOCamACHHOIS
amopduoro xpemMuedeMa. Mano n0ka NaHHBIX O BO3MOMHOCTH CHHTe3a B
MOYBCHHBIX YCJOBMAX MYCKOBHTAa M OCOGEHHO MOJIEBOTO UINAra. Onnaxko
M3BECTHO 00pa3oBaHHe H AyTUTGHHOrO II0JieBOrO IIMara B OCAOYHBIX

MOpOJaXx.
THNbI KOPbHI BbBIBETPHBAHHUI

B 0CHOBY THIH3aLWH KOPbl BBIBETPHBAHHS CJHENYET NOJOKHTH MPENCTaB-
JleHue 0 GajaHce BEUleCTB B XOle BulBeTpHBaHuf. MoXHO B 060GIICHHOM
BHIE NMPEACTABHTH TPH OCHOBHBIX THIA GajaHCa BELLECTB IPH BLIBETPHBA-

HHM: TIPOMBIBHOHN (OTPHIATEJbHAIH), HAKOMUTEJNbHbIN (MONOXKHUTENBHBI) K
MpOMeRyTOUHBIH (IONOXKHTENbHBIA /15 OMHHX CoeJHHEeHHI U OTPHHATENbHbIH

IS APYTHX).
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Tpu mpoMbiBHOM Ganance GOJblIast 4acTb 06PA3YIOUIMXCSA MPOLYKTOB
YHOCHTCSI U3 cepsl BHIBETPHBaHHs. XOTs CTENEHb BBHIHOCA JJIS PA3JIHYHBIX
MHHepasoB Gyfer HEOAMHAKOBOH, CyMMapHO Npeo6/iaflaloT IPOIecchl BHIMbI-
BaHusl. DTOMY TUNy 6ananca COOTBETCTBYeT 3JIOBHAJbHHEIN (OCTATOYHO-TIPO-
MBIBHOH) THII KOpbl BEIBETPHBAHHUS.

Ilpu o6pasoBanuy 3MIOBHANBHOTO THIIA KODbl BLIBETPHBAHHS BeAylIast
pOJIb NIPUHANJNEKUT BHINETAUMBAHHIO IOABHXKUBIX H OCTATOYHOMY OTHOCH-
TEJIbHOMY HAaKOIIEHHIO MeHee MOABHKHEIX MPOLYKTOB BHIBETPHBAHHSA. DJIIO-
BUil, TakuM 06pa3oM, sBJageTcss (GOPMON OCTATOYHON KODH BHIBETPHBAHHS,
MOIIHOCTb KOTOPO¥ TeM Oobllie, YyeM AJIHTeJNbHee IPOROJMKANOCh BHIBETPH-
BaHHe W 4eM JYUIIC COXPAHHJIHCh €ro NPOAYKTHL. DIIOBHANBHHIC KODHl BHI-
BETpPHBAHHs QOPMHDYIOTCS Ha PABHHHHBIX IIATO, HA APEBHUX INIOCKHX BOJLO-
pasnenax u apeBHHX Teppacax. Ha marmaruueckux nopozpax obpasyercs
NEePBHYHBIN WJIH TakK HAa3HBaeMLIl OpTo3aoBUH. Ha NJIOTHRIX 0CamOYHLIX
nopogax obpasyercs mapasqoBHi. Ha ueTBepTHUHBIX HaHOCAX, CJaaraiolIux
IpeBHHe aJJIOBHAJbHBIE WIH JEJNIOBHAJbHEIE PABHUHBE!, NOAHATHE HOBeHIIeH
TEKTOHHKOH, GOpMHPYETCs HEO3TIOBHH, I KOTOPOI'O XapaKTepPHH! CBOHCTBA,
yHac/MeJ0BaHHLIE OT TPONECCOB THAPOTeHHOrO HAKOIUIEHHS MarepHana B
nepuoj 06pa3oBaHUs aKKYMYJNATHBHON KOPH BEIBETPHUBAHUSA, H YEPTHI HOBOTO
LMK/ 3JI0BUAJNBHOTO BHIBETPHBAHMS (BBHIHOC YACTH BeILeCTB), HAYaBLIErOCs
nocye NOTHATHS MECTHOCTH.

B pasiuuHBIX KIHMaTHYECKUX YCJIOBHMSX U IIPH PA3JHYHON IJUTENbHOCTH
npoleccoB 06pasyoTCss MHOTOYHC/AeHHbBIe (POPMEL 3JI0BHAIbEEIX THIOB KOPHI
BhiBeTpuBauua. HazoBem HauGosee oObIYHEIE U OTHOCHTEJBHO Jy4lle
H3yUYeHHBIE Pa3HOBUJHOCTH 3/I0BHAJBHOH KOpH BLIBeTPHBAHHA:

1) ckanabHBIl 3J10BMH, MOKPLIBAIOMIHA MOBEPXHOCTh CKAaJX H CKAJbHBHIE
yray6aeHuss (ualle B FOPHBIX YCJIOBHSIX);

2) oO6JOMOYHEIT 3JIOBHH, IPeICTAB/JEHHEI HEOKATAHHBIMU 00JOMKAMU N
IpeCBSHEIM MaTepuajoM paspylledHoldl nopoxsl (dalle B TOPHHX YCJAOBUAX);

3) Menko3eMHCTHIH KapOOHATHBIN 3/IOBHI — MepBUUHBIH, HanpuMmep Ha
u3BepxKeHHPix noponax B ApMenunu, Kpbimy, MOoHroaMH, HJIH BTOPHUYHbIH
(Heo3s10BHiT), HampuMep JECCOBHAHBIC CYIVIMHKH, JECCLI HJIH CBIPTOBbIE
cyranuku EBpasuu;

4) MeJKO3eMHCTHIH CHAJJINTHBIA SJIIOBHH, HACHIIIEHHHHA H/IH HeHacblllleH-
HBIH ¢ KOMIIJIEKCOM CHAJIJIATHHIX MHHEpaJoB (KaOJUHUT, FAJIYa3uT, CAOAH),
HaATpMEp TIOKPOBHBIE CYTJIHHKY ceBepa Pycckofi paBHHHBHI;

5) OIJIMHENHBIH MOHTMODHJJOHUTOBHIN 3JIOBHH M HEO03/10BHiH, 00pa3o-
BAaHHBIN B YCJOBHAX OTHOCHTEBHO CYXOTO KAHMAaTa;

6) OrJIMHEHHBIH KeJe3UCTHIHl KAOJIHHHTOBBIH SJIOBHH H HEO3JIIOBHI BJAXK-
HbIX CyOTPONMYECKHX M TPONUUECKHX obaacrel;

7) depputHeiii ¥ (eppanaHTHLIH 3JI0OBHiI H HEO3JIOBHH BJAXHBIX H
NeprHOLHYECKH CYXUX CyOTPOIHKOB H TPONHKOB;

8) amautHell (GOKCHTOBBI) 3MIOBHH B 3KBATOPHAJBHBIX BJAXHBEIX TDO-
nukax (abcoaoTHoe mpeobaafaHHe MUHEPAJNOB THAPOOKHCH aJIOMUHHSA).

Psan pasHoBHAHOCTEH 3/JI0BHANBHON KOPHI BHIBETPHBAHUS IIPH TeOJIOTHYE-

' CKOH TIPONOMIKHTEJIbHOCTH ee (POPMHUPOBAHHS BO BJAXKHOM TPONUYECKOM HJIH
cyGTPONHYECKOM KJIMMaTe MOXKET paccMaTPHBaThCsl Kak psl IIOCAeA0Ba-
TeJbHBIX cTaguii. B ycaoBusax Gogee cyxoro wiau 6oJee XOJOAHOTO Kanmara
NpH HaJHYHH 5PO3UH M MeHblIeH IPOMOJIKHTENbHOCTH ITPOLECCOB BbIBETPH-
BaHHUS 3.JI0BUI AOCTHTaeT NMPOMEXKYTOUHBIX MM JHIIb HauboJee pPaHHHX
cramui.

Ha moaorux ckjaoHaxX, Ha HaKJIOHHBIX JeJIOBHAJBHBIX paBHHHAX, B CYXHX
IeJbTax U KOHycax BhIHOca GaJjlaHC BelleCTB B KOPe BHIBETPHBAHHSA HMeeT

8 3axas B271 ’ 113



CJOXKHBI TEepPEeXONHBII XapakTep —NPOMEXKYTOUHHLH TuUm OajtaHca
BellecTB. Yepes 3TH TEPPHTOPHH TPAH3HTOM ABHXKYTCS NPHPORHBIE BOLHbIE
pacTBophbl (HageMHble H moAseMHble). YacTe HX TepserTca HA HcHapeHHe H
TPaHCOHPALMIO, YaCTh NPOXOAUT B AKKYMYJSTHBHEIE JaHAWAa(Thl M OKeaH.
B mpomecce ux IBHXKeHHS BOABI HarpeBalOTCS H a’pUPYIOTCs, B3auMojell-
CTBYIOT C IIOIVIOIAIOIIMM KOMIIJIEKCOM H MHHEpaJaMH BOZOHOCHHIX OPH3OH-
TOB. B pesyspTare usBectHas 4acTb B3BEIIEHHBIX B PACTBOPEHHEIX NPOLYKTOB
BLIBETPHBAHHA BHIIafaeT B OCANOK II0 NYTH JBAXKeHHdA. Brimapgaor u3
pacTBopa COeAMHEHHMs KpDEMHe3eMa, aJIOMHHMSA, JKeJje3a, BEI3bIBAS CHAJINTH-
3alUI0, OKPeMHeHHe, OrMIMHEeHHe, OXKe/e3HeHne Hiau GOKCHTH3AUHI0 MOPOIH,
a Takke (GOpMMpOBaHHE OPTUITEHHOBEIX IPOCJOEB HJH JaTePUTHHIX KOp H
nauuupeil. To Ke NPOMCXOAUT C pacTBOpaMH KapGOHATOB M CyJabGaToB
IICJIOUHBIX 3eMeb | Menouel. [TpoucXoZUT 0OHI3BeCTKOBHIBAHHE, 3AaTHIICOBH-
BaHHe, 3aCOJIEHHe HAKJOHHHIX [e/I0BHAJBHBIX, NPOJNIOBHAJbHBIX PABHHH
nyreM OOKOBOTO MHepeMelleHHsi pacTBOPOB (Ne/IOBHAJIbHOE 3aCOJEHHE).
O6pasyercs TPaH3HTHO-aKKYMYJATHBHAsSL KOPA BLIBETPHBAHUs pasHo0Gpas-
HOro cocTaBa-— KOJIIOBHH. UeM Cylle KJHMAaT ¥ YeM JaJjblle ¥ I0JbLIE Npo-
UCXOIUT 6OKOBOE JBHIKeHMe JIeNIOBHANBHEIX — NOBEPXHOCTHHIX M I'DYHTOBBIX
BOZ, TeM OdJplilas YacTb KOMIOHEHTOB, HauHHAs OT HaUMeHee PaCTBOPHUMBIX
H BKJIO4ast Bce GoJiee pacTBOPHMEIE KOMIIOHEHTHI, 3aepKHBAeTcs B TpaH-
3UTHO-aKKYMYJSITHBHOH KOpe BLIBETPHBAHUS.

Tperuii Tun 6Gananca NPOLYKTOB BHIBETPUBAHHS — HAKOMUTEJNbHH .
OH xapakTepeH AJs Majo APEHHPOBAHHBIX U 6ecCcTOYHLIX HM3MEHHOCTeH, ze-
mnpeccul, HU3KMX W MOHMEHHBIX Teppac, AeJbTOBBIX PAaBHUH, BBICHIXAIOLIUX
03ep. 34ech HaKalJUBAlOTCS HPOJAYKTH BHIBETPHUBAHUSA, NOCTYNAIOIHE CO
CTOpOHH B o6pasywoouruecs Ha Mecre. JJarnHoMy Tuny 6anaHca BeniecTB cOOT-
BETCTBYeT aKKYMYJATHBHAas KOpA BLIBETPHBAHHS, HAKONHUBIIAA Te B3BellleH-
Hble H PAaCTBOPHUMEIE MPOXYKTH BLIBETPHBAHHS H MOYBOOGpa30OBAHHSA, KOTO-
pble ObLAM BLIHECEHBI M3 3JIOBHAJNbHOM KOPHI BEIBETPUBAHHS U IIPOLLIH 00-
JACTh TPaH3IWTHO-aKKYMYJAATUBHON KOpHI BHIBETPMBAHHA. JTO UCTHHHBE H
KOJLIOWIHBIe PacTBOPHI M TOHKHe CyCNeH3Wu aMop)pHOro kKpemHeseMma, BOC-
CTAHOBJIEHHBIe ¥ XejaTHble GODMbI COENIHMHEHH} KeJjes3a, MapraHma, Xo-
0anbTa, HWKeAsd, NOJABUXKHbBIe QOpPMH coenuHeHMl ajioMuHus. Ci0Za MOIYT
HOCTYNaTh TAK¥kKe BEICOKOIUCIEPCHBIE DACTBOPEI OpPraHMYECKHUX BEIIECTB.
B 3acymnuBoM ¥ XXapkoMm NYCTHIHHOM KJHMare B 3Ty 00J4cTb NPUXORAT
pPacTBOpPH HUTPATOB, XJOPHAOB, Cy/bdaToB, KapOOHATOB, BLI3LIBAA COBpe-
MEHHOe COJICHAKOIIeHHE,

TpaH3uTHO-aKKYMYJISTHBHBIH H aKKYMYJISITMBHBIH THIIBl KOPHl BHIBETPHBA-
HUS BKJIOUAIOT, TAKHM 00paszoM, MeXaHHYeCKHe, XHMHUYecKHe H OHOXMMHUe-
CKHC CKOIJIEHHs POAYKTOB BEIBETPHBAHMSA, BHIHECEHHBIX € FOD U U3 obsacrelt
SJI0BYS. M HAKAMJIUBAIOUIMXCA B 06JACTAX AKKYMYJALOHH (CKJOHbI, HH3MEH-
HOCTH, TONMBI, ACJBTH, MEJKOBOAbS MOpEH) B BHIE INeNIOBHs, IPOJIOBHA,
aJIIIOBHS, O3€PHBIX ¥ NPHOPENKHO-KOHHBIX OTJIOXKEHHH 3CTyapues, HIbMEHeH,
Mapuiedi. B uMuc/ie pasHOBUIHOCTEH aKKyMYJATHBHOW KODbl BBIBETPHBAaHHSA
CaeRyeT Pa’3anyarh:

1) rajeuHWKOBBIH, 1eGHUCTHIN, IpaBUAHBIA JeNIOBHH, NPOJIOBHH, aJLII0-
Buit (GeckapGoHATHHIM, OOBI3BECTKOBAHHLIN, 3arMNCOBAHHbIA, OXKEJC3HEH-
HBI) ; .

2) MeJKO3eMHUCTHI [ENIOBUM, IPOMIOBHH, aymoBuil (6GeckapOoHATHBIK
HeHaCHIIeHHbIH, O6eckapGOHATHBIM HACHILEHHbIN, OOBI3BECTKOBAHHBIN, 3a-
THIICOBAHHDLIN, OXKEJe3HeHHbH, OKPEMHEHHBIH, 3aCOJeHIIbi);

3) TIMMHCTBHIN [IeJIOBHH, MPOTIOBHH, aJIIOBHHA (KHCJABI M HeHTPaJbHBIH
CHAMJMUTHDIA, LEJ0YH0N MOHTMODU/JIOHHTOBBIH, HAJHTOBHH M BEPMUKYJIH-
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TOBBIH, KAPGOHATHBIA CHAJJMTHBIHA, 3aTHICOBAHNE, OXKe/e3HEHHBIH — IPyH-
TOBOJHBIA JIATEPUT, OKPeMHEHHBIH, COXOBHIN, XJIODUIHO-CYAb(ATHBHIH, HH-
TPATHBIN).

OJIIOBUAJIBHBIN, TPAHSUTHBII U AKKYMYJISTHBHBII THIB KODH BhIBETPHBA-
HHS TECHO CBsI3aHbl MeXIy CO0Oi TeHeTHYeCKH WM reoxuMuueckd. [Tostomy
CYILIECTBYET 3aKOHOMepliasi CONPSIAKEHHOCTb BCEX TPEX THIOB KOPHI BHIBETPH-
BaHUA B IJaBHEHUIHNX JanAIIadTHO-reorpaduueckux ycaosusx cywH. Tax,
B TPONHKAX NpPH OUEHb GOJIBLIOH NJUTEJbHOCTH BLIBETPUBAHHS U OTCYTCTBUH
5pO3nM 3JIOBHH NMPENCTaBJEH AJJIHTHOH KOPOIl BLIBETPHBAHHS, KOJIOBHH —
KaOJMHUTOBOH KOPOH ¢ yyacTHeM OKHCJOB XKeJe3a ¥ MapraHia H akkyMyJs-
THBHAs KOPa BO BJaXKHOM KJIHMATE — KAOJHUHHTOM K JIATEPHTOM, 2 B CYXOM
KJIMMaTe — MOHTMOPHJJOHUTOM. FIMeHHO Takoe coOueTaHHe THIOB KOpPHI
BHIBETPHBAHHUA XapakTepHO I/ TponukoB Bpasuanu mam [aBadickux ocrpo-
BOB. B yC/I0BUSIX MYCCOHHOrO KJIMMAaTa TPONUKOB AKKYMYJATHBHAs Kopa
BbIBETDUBAHUSA oforaileHa KpeMmIile3eMOM, MOHTMODHJIJOHHTOM ¥ Jaxe
TAKUMH COCAMHEHHSMH, KAk YIVIEKHCIBI HATpui. dTo nabaiogaercs, HAOpU-
mep, na rteppuropun Mugum nam Kenun. CuannutHbii GeckapGoHATHLI
smosuit CpeanseMHOMOpbs wan [anbHero Bocroka cogeraercss ¢ MOHTMO-
PHJIJIOHUTOBOH KapOOHATHOH axkKyMyJasaTHBHOH kopo#. KapGomaruas cuaJ-
JIUTHAsl 3JI0BHAJbHAs KOpPA BLIBETPUBAHHUS CTENeH WJIM CYXHX CaBaHH Coue-
TaeTCA BCerja ¢ KapOGOHATHOH XJODHUAHO-CYIbGATHOH HAM CONOBOH aKKyMYy-
JATHBHOA KOPO# BBIBETPUBAHWS. AKKyMyJSTHBHBIE JaHAuwadThl (HH3MeH-
HOCTH, HCHPECCHH, IOMMEHHLIC Teppachl, IeNbThi M T. 4.) HEPEAKO NOX-
BEpraloTcst TEeKTOHHYCCKHM TNOJHATHAM W pacujeHeHHI0. AKKYMYJIATUBHEIE
IIPOLECCHl IIPU TOM NPEKpallaloTcH, CMeHsasICh MpoleccaMu BeiHOCA. B arux
cayyasx (KOTOpHle HIHPOKO PacIpoOCTpaHeHbl Ha PaBHUHAX 3€MHOTO lIapa)
AKKYMYJSITUBHAS U TPAH3UTHO-aKKYMYJATHBHAs KODbl BLIBETpPHBAHUA NOI-
BEPraloTcs BTOPHYHOMY 3JI0BHAJBHOMY IPOLECCY W IIpeBpaIlalOTCA B HEo’
3JIOBHH.

O6pazoBaBiuuecs W HAKONHMBIIHECS B AKKYMYJAATHBHBIN IIepHOJ MHHe-
panbl, HanpuMep CKONJIEHHS BTOPWUHOIO KpEMHe3eMa, TOJIH MOHTMODHJ-
JIOHHTOBHIX M HOHTDPOHHTOBHIX IJIMH, NAHUUPH B KOHKPCIHH OKHUCIOB XKejesa
U Maprasia, U3BeCTKOBHIC M TFHIICOBBIe KOPBI M IIPOCJIOH, «YHACAELYIOTCA» H
IOJTO COXPaHSIOTCA B HEOSJMIOBHAJNBHON KOpe BbIBETPUBAHMA. TAakoBH, B
YaCTHOCTH, M3BECTKOBhIC M THUICOBbie Kopnl ApaBum, Ycriopra H CeBepHOM
Adpukn. O6bACHATL HX IPOHCXOXKJEIHe HOBEHIINMH COBPEMEHHBIMH YCJO-
BHSIMH, HAIPHMep KAUMATOM, OblI0 Obl OmHOKOH. IDTH <«HOBOOOpa3OBAHHA»
ABAAIOTCSA PEAUKTAMH aKKyMYJISTHBHOrO IPOULIOrO TAKHX JaHAWAadTOB.

MuorokparHble CMeHBl B HalpaBJeHUW TEKTOHMKM H 3DO3HMH, PA3/IHYUA B
HCXOAHBIX IOPONAX BeChbMa YCJIOXKHSIOT peastbHYI0 KapTHHY HpPOLECCOB BhI-
BeTpHBAHUs M Teorpaduio pacnpeleneHUss THIOB KOPbl BHIBETPHBAHHS.
Ho oxapakrepu3oBanHble 3aKOHOMEPHOCTH MOTYT CJAYXKHTb XOPOIIHM OPHEH-
THpOM AJs pacwindpoBKH 3THX CJHOKHBIX SABJACHMA B IIPUPOTE.

®opMUpOBaHUe KOpbl BHIBCTPHBAIMS, IBUKEHHE, lepepacrpeneseHue H
AKKYMYJISIIHS TIPOJYKTOB BHIBETPUBAHHS TCCHO B3aHMOJENCTBYIOT H HEpas-
PLIBHO CBA3aHH C IpoleccaMu nouBoo6pasopanus. B obnacTsax 0craToYHOH
KODH! BHIBETPUBAHHs (3JIOBHS) NMOYBOOGpA3OBaliHe CAMO SIBJISETCA ONHHM H3
r1aBHEX (AKTOPOB BoiBeTpuBaHKs. Ho mouBcoGpasoBanHe Kak OHOAKKyMY-
JSITUBHBI IIPOLECC OXBATHIBAET JIHLIb BepXIHe TOPH3OHTEI TOJIIH S/I0BAANDb-
HOIl KOpHl BLIBETPHBaHUsi. B 1esoM B 3/110BHA/IbIONH KODE BHIBETPHBAHHS roc-
TIOLCTBYET BEKOBOH FeOXUMHYECKH I BEIHOC BeeX 6oJice MM MeHee TOABHAKHBIX
TIPOLYKTOB BLIBETPHBAHHS. B Toll Xe chepe KOpsl BHIBETPHBAHHSA, KOTOPAA
OXBaucHa NOYBOOGPA30BATEABNBIM NPOLECCOM M HAXORHTCS MO BJIHSHHEM
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MaJIoro GHOJIOTMYECKOro KPYroBOpOTa BELIECTB, BEAYIIHM SBASETCH HPOIECE
GHOTEHHOTO HAKONJIEHHS 3/J€MEHTOB B BEDPXHHX (0COGEHHO TyMYCOBLIX)
FOPH30HTAaX.

TakuM o6pasoM, QopMHpOBaHHE 3MIOBHAJbLHON KOpPH BHIBETPUBAHHS H
G¥OreHHBIA MK IT0YBOOOPA30BATENbHOTO NPOEcca JHaMeTPaJbHO MPOTHBO-
MOJIOXKHB B CBOefl HampaBJeHHOCTH M B CyMMapHOM OGaJiaHce BeIIecTs.
OnHaKo B HEJNOM 31eCh TOMHHHPYET BBLIHOC.

B o6nactsax GOpMHPOBAHMS AKKYMYJATHBHEIX M TPAH3UTHO-aKKyMyJd-
THBHBIX THIIOB KOpHl BBIBETPHBAHUSA IPOHUCXOAHT HAKOIIEHHE MeXaHWUECKHX,
XHMHYECKHX H GHOXHMMYECKHX OCaJlKOB B Pa3HOM COOTHOLIEHHH H B PasiHy-
HOH CTeIleHH. DTH OCAJKH SBJIAIOTCS cyO6CTpaToM [IJ1s IPEBHETO M COBPEMEH-
HOro mnouyBoOGpasoBaHus. I[louBoo6pa3oBaTenbHBII NpPOLECC 37eCh TAKKE
CONPOBOXKAAETCA PE3KO BLIPAXKEHHOH OHOreHHOH aKKyMyJslHeil BeIleCTB B
TYMyCOBHIX Topu3oHTax. Taxum o6pa3oM, B 006JacTaX aKKyMYJSTHBHOH
KOpHl BLIBETPHBAHHSI HAIpPaBJeHHOCTh NMOYBOOGDPA30BAHHSA M IeOXUMHUYECKHX
[OpOLECCOB CyMMHUpYeTcq U codetaercs 0es NpOTHBOpDeuufl, Bens k ¢GopMupo-
BAaHHI0 INIOLOPOIHBIX, OOTraThIX HHTATEJbHBIMU BEIECTBAMHM OCaJOYHBIX
MOPOJ ¥ NMOYB (MEXTOpHble BNAJWHBE, HH3MCHHOCTH, AJIIOBHAJbHLBIE paB-
HYHBL, TOAME U ZEJBLTH PeK U T. 1.).

B cayuasx xpailHero BhIpayKeHHs, HampuMcp BO BJaXHHBX TpPOIHKAX,
OCTaTOUHAs 3JI0BHAJbHAS KOPA BHIBETPHBAHHUS BeCbMa oOelHsIETCS 3JeMeH-
TaMH, HeOGXOMUMBIME [/ NPOHM3PACTAHHS H IpPOAYKTHBHOCTH pPACTEHHMH.
D10 KaOJNUHUTOBbE, (PeppPHTHBHE U AJJHTHbHle (GOKCHTOBBIE) KOPHl BHIBETPH-
BaHus, YTPaTUBIIHe OOJBUIMHCTBO TOABHIKHHIX KOMIOHEHTOB.

B cBoem xpaliHeM BBHIPAXKeHHY B YCJAOBUSIX 3aCYLIHBOTO K/IHMAaTa aKKy-
MYJSTHBHAs KOpa BHIBETPUBAHHSI INPEIACTaBJfieT COOOH CKONJIEHUS TOYTH
YHCTHIX XMMHYECKHX OCaJKOB: KapGOHATOB, CyJb(ATOB, XJIOPHAOB, HATPATOB
Wenoued U IMENOYHBIX 3eMedb. JTOT cyOcTpaT HebGJarompusTeH IAs Cylile-
CTBOBAHMSA PACTHTEJbHBIX W JKHUBOTHHIX OPFaHH3MOB ¥ JAJd Pa3BUTUS IIOJO-
POIHEIX TIOYB.

JKeJiesHCTHIH JJaTEPHT — IPUMep AKKYMYJSTHUBHONO MpPOLECCa B YCTOBUAX
TPONKKOB M BMeCTe C TeM KpafiHero 6HOJOTHYeCKOro OecriofHs MOYBHI.

Hau6oaee 61aronpusiTHble YCJIOBHS 1Jig 00pa3oBaHHs IIOYB BBICOKOTO
IJIONOPOAHS CO3NaIOTCA B IPOMEXYTOYHBIX YCJOBHUAX,



FEOXHUMHs
MMOYBOOBPA3OBATEJIbHbBIX
MPOLECCOB

B mponeccax BBIBeTPHBAHHsl M NMOYBOOGPA30BaHHS 06DPA3YIOTCS 3HAUHTEJb-
Hbl€ KOJIHYECTBA BTOPHYHEIX COEIHMHEHHH, OTIMYAIOINUXCA BecbMa PasMyHON
TEOXHMHYECKOH MOABHXKHOCTBIO. OHM BXKJIIOYAIOTCS B HOBBIE LHKJbLI TE€OJIOIH-
YECKOro, MOYBEHHOrO M OHOJOTHYECKOrO KPYTOBOPOTA BEUIECTB H INEpexH-
BA1OT CJIOXKHYIO HCTODUIO MHIpaluy, NepepacipeieseHus, B3aHMOAEHCTBAL 1
AKKYMYJAAIHH.

[Teprognyeckue u caydaiiHble M3MEHEHHs] YCIOBHH cpenbl; KojeGaHus B
OKHMCJUTEJBHO-BOCCTAHOBUTENBHON M HIEJOYHO-KHCJAOTHOH  0OCTAHOBKE;
B3aMMOJEHCTBHE NPOLYKTOB MEXKAY c0o060i; HapyLIeHHsl B COCTOSIHHM PacTBO-
POB, BLISBIBAEGMBle W3MEHCHHAMH CKODOCTH [BUIKEHHS BOJHBIX HOTOKOB,
HarpeBaHHeM, HCIApeHHeM M TpAaHCIOHpAaLHel NOYBEHHO-TPYHTOBBIX BOM,—
BCE 3TO BECbMA PE3KO CKasblBaeTCsi Ha Mpoleccax MHUIPallUd B OCaXKISHUS
NPOLYKTOB BLIBETPHBAHMSA ¥ NMOYB000pa3oBaHusl, Ha HX PACTBOPUMOCTH H
JAUCIEPCHOCTH, Ha (GOopMHpPOBAHHH HOBOOOpA30BAHUH, CleNH(PHUCCKUX TOpH-
30HTOB I[IOYBHI, THIOB KOPHI BLIBETPHUBAHHS, OCAA0YHBIX HMOPOL.

Brioc, nepepacupenenenue, nuddepeHIUaUns U CKOIJIEHHE HPOAYKTOB
BBIBETPHBAHVS M II04BOOGDPA30BAHUS NPOUCXOAST B JaHAIadTaxX KaK B ropu-
30HTAJBHOM HANPABJCHUH N0 YKJOHY MECTHOCTH, TaK M B BEPTHKAJILHOM
HHCXOASIIIEM M BOCXOAALIEM HalpaBJeHusX. B pesyabraTe HenpephiBHO
TEKYLIHX MPOIeccOB 06pasyloTcsi MOYBbL ¥ UX TOPH3OHTHI, TOUBEHHBI! NTOKPOB
KaK COBOKYIHOCTB, THILI KOPHl BHIBETPHUBaHHS, DasJuuHBIe (QaIlMy H CBHUTH
0CaJOYHLIX MOPOA.

ClloXHBUIHECA W, HA TEePBLI B3rvisAl, Kak Obl HENOABMIKHEBIE THOBEl NOUYB
M KOPbl BHIBETPDHBAHHA B ICHCTBUTCILHOCTH SIBJASIIOTCS HE TOJBKO TPOAYK-
TAMH IBHXKEHHS K NepepachnpejeseHHs BelleCTE B UX Ie0JOTHYeCKOM H GHo-
JIOTHYECKOM KPYTOBODOTE, HO U YCTONYMBO-AJIHTENbHOH (GOPMOI CyLlecTBOBa-
HUS W NPOSBJAEHHS 3THX NeJI0TeOXHMHUECKUX IIPOLECCOB.

®AKTOPBI OBU)XEHUSA, MEPEPACNPEJEJEHUA H HAKOIUIEHHA
MPOAYKTOB BBIBETPUBAHHUSI W TNMOUYBOOBPA3OBAHUS

daxkTopaMu MHUTpal¥y NPOAYKTOB BHIBETPUBAHHA H IOYBOOGPA3OBAHHS
SIBJISIOTCA: JKU3IENeATeJbHOCTh OPraHH3MOB, JIBHIKEeHHE BO3AYLIHBIX Macc
¥, 0cOGEHHO, JBHXKEHHE BOAHBIX PacTBOPOB B (opME MOBEPXHOCTHOTO, pey-
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HOTO H IMOA3EMHOrO cTOKa, o0pasynomero ceoeobpastbifi reOXMMAUECKNH TO-
TOK BELIECTB B HAaNpaB/elHH OT TOP U BO3BBILEHHOCTEH K HU3MEHHOCTIM
H MOPSIM.

Bce ¢opmbl nBuXKeHHS, pasfiejieHHs W HaKOIJEHHs 06pa3oBaBLIHXCS
IPOLYKTOB BHIBETPHBAHUS U MOYB0OOOPA30BAHUS OODBENUHSIOTCH NOHATHEM
«MHTpanys BelllecTB». Pasiuude B MHUIPAUHOHHOH CIOCOGHOCTH BeNIECTB
BEJET K Pa3JHYHOM CKOPOCTH HX ABHKEHUS, a CJIeJ0BATEJNbHO, H K ITOCTENeH-
Hoit nuddepennuannu B npocrpanctse. M ccim mpu o6pasoBanuu ocraTou-
HBIX 3JI0OBHAJIbHBIX THIIOB KOPBl BBIBETPHUBAHHUA [POAYKTH, obJamatomue
Hanbosblleli MUTPALMOHHON CIOCOGHOCTBIO, MHTEHCHUBHO BBIHOCSTCA, TO B
obmactax (GOpMHPOBAHHS AKKYMYJSITHBHOH KODHI BHIBETPHBAHMS HMEHHO
NPOAYKTH C HAaWOOJbILIE) MHTPANMOHHOH CIOCOGHOCTBIO SBJMSIOTCA Xapak-
TEePHBIMH KOMIIOHEHTAMK HAKOIJEeHHS. :

B ofmlev Buie MHIpanyOHHAs CIOCOGHOCTh NPOAYKTOBR BEIBeTPHUBAHHS H
NOYBOOOPA30BAHHSI 3aBHCHT OT CTeNEHM [HCIEePCHOCTH MAarepHaja H ero
‘pacropuMocty. HHxKe noxasanbl pasnuuHble (GOPMEI IlepeHOCA NPOIYKTOB
BBIBETPUBAHUA:

O6oMouHBIT MaTepHa Ocplifid, ONoJ3HH, BoJOYeHde MO Juy
PeKH HJH TO CKJIOHAM

Tlecok, nbb, TaAHHA BozHble # Bo3AyIIHEIE CYCIEH3UK

TlouBennslii rymye Honnble HW KOMNOWAHBIE pPacTBOPHL,
TOHKYE CyCHeH3HH

Coenvnenuns Al, Fe, Mn, KoMmnekcHble cOefiMHEHUsT C Opraiu-

Ni, Co YeCKUMH KHCJIOTaMH, OUKapGOHATHI,

KOJUIOVAHBIE PACTBOPHI, TOHKUE CyCIeH-
3UH FHADOOKHCJIOB

SiO, (noABHKHEL) VonHnle, MoneKyJspHblE H KOJJIOHA-
Hble PACTBODHI, TOHKHE CYCIEH3HH Kpe-
MHeseMa

Cosm Bonnsle pacTBOphl, TOHKHE CYCHEH3WH

KpHCTAJNIOB, S0JIOBHE B3BECH

JlucnepcHoOCTh BeNIECTB

UeMm Bbillle CTeleHb AHCIEPCHOCTH ,BellecTBa, TeM OoJbliefi yCTOHYH-
BOCTBIO, 4 CJEIOBATENbHO, W NOABHKHOCTHIO B BO3ZAYIIHOM HJH BOITHOM
IOTOKe 00jamaer COOTBETCTBYIOLIAs AUCIepCHAs CHCTEMA.

['py6oo6ioMouHble MPOAYKTH BLIBETPUBAHHUSA, Kak NPaBWIO, He MOTYT
nepeMelaThcsd Ha 3HAUUTEJNbHEIE DPACCTOSIHHA OT MecTa MX 00pa3oBaHHA H
bopMupyloT Gaussexauiie MOKPOBH OOJOMOYHOIO JeJIOBHS H IIPOJIOBUA.
[lecuaHble YacTHIB TPAHCHOPTHPYIOTCS BETPOM U OCOOEHHO BOLOH Ha 3HA-
YHTENbHBIE PACCTOSHHS M MOIYT YXOIMTb AajieKO OT MECTAa BOSHUKHOBEHHS,
yuactBysa B GOpPMHUPOBAHHH [AENIOBHAJNbHBIX, NIPONIOBUAJILHLIX H aJJIOBHAb-
HBIX oTs1oXenu#. Elle panee MUTPHPYIOT IblIeBaTHe yacTHIB. ToHKME nblae-
BaThle YAaCTHIB! NEPEIBUralOTCA Ha OTFPOMHEIE DACCTOAHHA C BO3AYLIHEIM
HOTOKOM, 4 TakXe B ¢opmMe BOAHHX cycneHsu#l. Uro Kacaercs INIMHHCTHX H
KOJJIOMIHBIX YacTHIl, TO OHM 6Jarogaps cBoedl YCTOMYHMBOCTH B BOJAHBIX CYC-
neysusx, oco6eHyo B ABUXKYIIENCS BOIE, B COCTOSHHYM TepPeABHIaTbCsa Ha
THCAYHM KHJIOMETPOB OT MECTA BO3HUKHOBEHHS, YUacTBYs B (POpDMHPOBaHUH
TVIMHHCTHIX aJIJIIOBHAJbHBIX M IeJIOBHAJBHBIX OTJIOXKEeHHH.

BoisicHeHO, 4TO Ans TepeABUKeHHs BajyHOB Auamerpom 30—50 ca
HyHa CKODOCTb T€YeHHs NMOpsaxa 3—95 m/cex, st IBYKEHHS TalbKH Aua-
merpom 10—20 mm Heobxomuma ckopocTb mnotoka 1,5—2,5 m/cex. Ilecox

118



Puc. 31. Cxema pacuopenensenns

KJ1aCTHYECKHX MHHEpadoB B Tpany- \ 7
JOMETPHYECKOM CNeKTpe O0CajiKoB \ ma 6
(Ctpaxos, 1963) 2
a — Gonee jerxie W TBCDABIE MHUHEDAJH! { 5
TAXKeIo” dpakiuy (TypMajHH, 3nu-
JIOT, CTaBDOJIHT); 3

6 — Gonee Taxedble H MArKie MHUHEDAJL
TAXKEI0H Gpakuuu (IUPKOH, PYAHBIC.

anaTHT H ap.). /
! — 06i10MKH TIOPOA; IS/ y
2 — kBapu; I e
3 - noJdeBble WnAaTH; A LA J
4~ Tawenag dpakiun; 105 2 1 05 02 0100500200100050,002
5 — MYCKOBHT # MUHEDaJb! TIHH Bparyuu, mm

XOpOWIO TPAHCIOPTHPYETCS yxKe MOTOKOM, HMEIMHM CcKOpocTh 0,15—
0,30 m/cex, a TIMHA U TOHKHH HJ NEPEMEIAIOTCH BOXOH HaxKe PR KpailHe
He6oabllIoM TedeHHH, nopsaka 0,05—0,1 u/cex.

C HaMeHeHHeM pasMepa MeXaHWUECKHX OGIOMKOB MEHSeTCS MX MHHEpa-
JIOTHYECKHII ¥ XUMHUeCKHH cocTaB. OCO6eHHO BajKHO, 4TO C BO3PACTAaHHEM
CTEMEHH JIHCHEPCHOCTH B NBUIEBATO-IVIMHHCTBIX YACTHIAX YMEHbIIaeTcs
CONepXKaHye TAXKENIBIX MHHEPAajoB, KOTOpHE OCeIal0T B BEePXHHX YacTaX
GaccefiHa, ¥ NOJIEBHX IITIATOB, KOTOPhlE HOABEPralOTCH BLIBETPHBAHHIO, A
KOJIHYECTBO YCTOHUHBBIX MHUHEDANOB (IHUPKOH, TYpMaJjHH, CTaBPOJHT U AP.)
¥ KOJIMYECTBO CJIOJ, BIOPHYHLIX IJHHHBIX MHHEDAaJOB, NOJYTOPHEIX OKHCJOB,
MBIJIEBHAHOTO aMOPHOro KpeMHe3eMa ¥ OPTAHHYECKOrO BelECTBA yBEJH-
YHBAETCS.

Takum obpasom, mexannueckas AnddepeHnManus NPOIYKTOB BLIBETpH-
BaHHs M NOYBOOODPA30OBAHHUS B XOJ€e HX mepeHOca M OcaXIeHHs BeleT BMecTe
¢ TeM K GOpPMHPOBaHHIO NOYBOOGPA3YIOMIMX TOPCH H MOHMeHHO-AeJbTOBEIX
MOYB pA3JHYHOTO MEXaHHYECKOTO0 H XMMHKO-MHHEPAJOTHYECKOTO cOCTABa
(puc. 31). ITpn sToM neTporpaduyeckuit 1 MHHEDPAJOTHUECKUH COCTAB B pas-
JIUYHBIX YacTAX OaccefiHOB peK M HX IIPHTOKOB OKAa3bIBaeT CYIIECTBeHHOE
BIHAHHKE Ha XapaKTep aJIIOBHAJIBHBIX OTJOXKEHHE,

PacreopumocTts coenmHennii

MurpanyuoHHas cnocOGHOCTb PAcTBOPOB HEH3MEPHMO BEIE, deM CYC-
nensnit. MurpauuoHHas CnocoGHOCTb PACTBOPUMBIX IPOAYKTOB BHIBETPHBA-
HHSI ¥ MOYBOOOPA30BAHUA TeM BHILIE, 4eM GOJblIe HX PACTBOPHMOCTbL B BOJE.
Taxye ManopacTBOpuMEE COCIHHEHHs, KaK CHJIHKATH, YIVIEKHCABH KaJbIuil
¥ IOJIOMHT, IPH HCNAPEHHH NOYBEHHBIX M IPYHTOBHIX BOX GHICTPO 06pasyioT
HaChlIl€HHEe PaCTBOPH, BBIIANAIOT B OCaf0K H aKKYMYJHPYIOTCS B OCaf0U-
HBIX NOponax W nousax. MajopacTBopuMBle COeHHEHHS (CHJMKATHL, YIJe-
KUCJbIH KasnbLH, YIJIEKHCIOe 3Kejne3o u Maprasell, (ocdaThl Kaabuus)
He MOTYT MHUTPHPOBaThb Ha J[aJjieKHe pAacCTOSIHHS OT Mecta 00pasoBaHus.
Murpanronnas cnoco6HOCTb I'MIICa 3HAYHMTENBHO BHIIE, OCOOEHHO B CMeECAX
c apyrumu conamu (¢ NaCl, MgCly), Korna pacTBopHMOCTb THIICA yBeJHYH-
Baetes ¢ 1,9 mo 10—I5 efs. Tak kak pDacTBOPHMOCTb THIICA W YIVIEKU-
CJIOTO KaJIbHHUA CHJbHO Pasjuyaercs, B NPHPOJE HYACTO BCTPEYAIOTCH pas-
IeJdbll0 30HB AKKYMYJSLHH YIVIEKHCIOr0 KaJbIHA H 30HHE AKKYMYJAIHH
THICa, HO BO MIOTHX CJIy4asix OHH KOHHEHTPHPYIOTCS B MOYBaX I HAaHOCAX
COBMECTIIO.
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Puc. 32. OTHocuTenpHas pacTBOPHMOCTH costell B Boje npu 20°C

3HauNuTeJbHO BbIlllE PACTBOPUMOCTbL YTJIEKHUCJBIX H CePHOKHCJBLIX COJIeH
datrpusa u kaaus. COOTBETCTBEHHO W HX MHIPALMOHHAs CHOCOGHOCTb TaKXke
HaMHOTO Bhe, [ToaToMy MUPKY/NALUA NOA3EMHBIX M Ha3eMHBLIX BOJ CIOCOG-
CTBYET BHILIEJAUYNBAHUIO H NePeMelleHHI0 Cy/Ib}aToB u KapOGOHATOB Iesaoue
Ha CPABHHTEJIBHO [ aJibHHEe PACCTOAHHSA H OGYCHOBIHBAET HX NPOCTPAHCTBEH-
HOe pasjesieHHe OoT KapboHaToB M CyabdatoB xanbuus. OcoGeHHO BesMka
PacTBOPUMOCTb XJIOPHJOB Kasblisg M MarHus, a TakXke HATPATOB HATPHUA H
KaJapUusg, MuUrpanuoHHasi CIOCOGHOCTh 3THX KOMIIOHEHTOB MO3TOMY HEOObI-
uafiHO BEJHMKA, H OHM AKKYMyJHPYIOTCS OOLIYHO HA 3HAYHTEJbHBIX PaccTof-
HHSIX OT MecTa o6pas3oBaHus, (GOPMHPYs PacTBOpbl OUeHb BBHICOKMX KOMIEH-
Tpauui.

O pacTBOPMMOCTH COJeli KaK MoKa3aTele X MUrPalHOHHOR cnocoGHOCTR
MOXKHO CYOHTb IO JaHHBHIM pHC. 32. .

H3BecTHO, OJHAKO, UTO PACTSOPHMOCTb HEKOTOPHIX COJIeH MEHSeTcs B
3aBHCHMOCTH OT YCJOBHI CPelBl: TEMIIEPATYpPbl PACTBOPA, NPHCYTCTBHS UJH
OTCYTCTBHSI CIYTHHKOB, TOBBLIIIAIOMHKX WJIH NOHMKAKIOIHX HX PACTBOPHMOCTb.

W

7

6+

St

[/ -

3 Ca(HCOs, Puc. 33. PacrsopuMocTh rumca H
e~ GuxapbouaTa KaJblus B NOYBEHHBIX

2 " pacTBOpax B 3aBHCHUMOCTH OT KOH-

1 HeHTPAlIWH  XJOPHCTOTO  HAaTpUA

L (Kusuaosa, 1955)
g 20 60 174 7 160 Nall g

PacTBOpHMOCTD HEKOTOPHIX COEAUHEHNH, HAIPHMED XJIOPHUCTOrO HATPHS, MAJIO
MEeHsIeTC B 3aBHCHMOCTH OT TeMnepaTypbl. IlosToMy X/a0OpucTbIH HaTpHil
OTJIHYAETCs BBHICOKOH YCTONYHBOH MHUIPAlHOHHOH CHOCOGHOCTBIO HE3aBHCHMO
OT Ce30Ha, KaK B KapKHUX, TaK H B XOJOJHBIX CTpaHax 3eMHoro mapa. Pac-
TBOPHMOCTDb K€ YIJIEKHUCJBIX ¥ CEPHOKHCJBIX COJNEH HATPHSA H Kajausd, OyLAy4H
BBICOKOi1 mpu Temnepatype +20, +30° pesxo cuuxkaercs npu +10° u oco-
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GeHHO Npu HYJIeBbIX H OTPULATEJNbHLIX TeMIEpaTypax. 1o BeleT K GhCTPOMY
NEPECHIEHHI0 TPYHTOBbIX BOJA % IIOYBEHHBIX DAaCTBOPOB CEPHOKHUCJBLIMH H
YTJIEKHCABIME COJSIMH HATPHSA, BRINAJEHHIO HX B OCAJOK H OTHENCHHIO OT
XJODUMOB,

O6b1uHO JIerkOpacTBOPHMble COJIM MHIPHPYIOT B IIOYBEHHBIX PAaCTBOpAX W
IPYHTOBBIX BOJAax B Bule cMeceH. IIpucyTCTBUE OJHHX KOMIIOHEHTOB CIIOCO6-
CTBYeT NOBBILICHWIO HJIM IMOHHKEHHIO DPACTBODHMOCTH APYrux. Tax, xJopu-
CTHI}i HATPHH BeCbMa 3aMETHO IOBHIIIAET PACTBOPUMOCTD YIVIEKHCIOLO KaJb-
IMsT M PesKo MOBHIIIAET pacTBOpHMOCTh ruinca (puc. 33). CHukaerca pac-
TBOPUMOCTb CCPHOKHCABIX COJIeH KaJbLUHsl IPH BBHICOKUX KOHUEHTPAUHAX
cyabpara Hatpus. B 3ToM INposiBiasieTcsi BAMSIHHE W3BECTHOTO IpaBHAa O
NOHHKEHUH PACTBOPHMOCTH CoOJieil B NPUCYTCTBHH ONHOMMEHHBIX HOHOB.

Pe3ko MeHsieTcst pacTBOPHMOCTb YIVIEKHCJIOIO KajbUMs H CEPHOKHCIOrO
KaJlbl{s B 3aBHCHMOCTH OT DEaKIH# cpelbl, TeMIepaTypbl U KOJHYeCTBA
YTOJBHOH KHCJIOTH, HPHCYTCTBYIOIEH B aTMocdepe U pactBope (pHc. 34, 35).
[ToBriteHHe TAPLHAJbHOTO IABJIEHHS YTOJBHOH KHCJIOTH, TaK XKe Kak M
[OHMKEHHE TeMIepaTypH, pe3KO INOBHIIAET PacTBOPHMOCTb YIVIEKHCJIOrO-
kaabuusi. HaoGopor, NDPUCYTCTBHe B pacTBopax Aaxe HeGOMbLINX KOHIEH-
Tpauyil HOpMaJbHOH H ABYYIVIEKHCJOH COIBI BLI3BLIBAET pe3Kkoe NOHHKeHHe
pPACTBOPHMOCTH YIJIEKHCJIOTO KAJNbLUA U YCHAHBAET €ro Iepexoj], B OCAMOK
MOYTH IO IIOJHOTO HCYE3HOBEHHS.

OrMeueHHble W3MEHCHUS] B PAcCTBOPHMOCTH Pa3JHUHBIX COJedl B 3aBHCH-
MOCTH OT TEMMEPATypbl ¥ NPUCYTCTBHs APYTHX cojell 06yCJOBJIHBAIOT BO3-
HHKHOBEHHC TIPOCTPAHCTBEHHOH nHddepenuuauny XHMHYECKOr0 COCTABE
coJiell Ha TEPPUTOPHM MATCPHKOB B NOYBAX, HAHOCAX, B IPYHTOBHIX BOAAX H
osepax. B uacriioctd, [pe3koe CHUIKEHHe DAaCTBOPHMOCTH IBYYIJIEKHCJIOTO
KaJbLysl IPH BO3PACTAHMH TEMIEPATYPHl IPYHTOBHIX BOJ BEIET K CKOMJIEHHIO
YIVIEKHCOr O KaJbHHudgd B BUIEC O6LHI/Ip}IbIX NosCOB B 30H€ KOHTAaKra npearop-
HBIX PaBHUH H TOP. B apuaiHbIX paﬁouax CXOJHLIM IIYyT€M, HO TJIABHBIM
06pasoM BCJI€JICTBHE HCIApeHHs, GOpMUPYETCs TOSIC THICOHOCHBIX HAHOCOB
M [OYB HiEKe I[osica Aakkyvyasinnu kapOoHAaTOB Kaabuusl. B X0JoAHBIX
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Puc. 34. Pacrsopumocts CaCOj; B 3aBHCHMOCTH OT napuuajeHoro nasieHus CO; B aTMO-
cepe npu 25°C

Puc. 35. PactBopumocts B conxeBhx cucremax CO,—NaCl—CaSO,—CaCO; (25°C); TB.
taza CaSO,-2H,0+4CaCO;s .

1 —~ Ca (HCO3)z; 2 — CaCO;; 3 — CaSO,.
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KOHTHHEHTANBHBIX CyXHX oO6jacTix OGHapyKHMBaeTcsi NPEeUuMYIIeCTBEHHO aK-
KyMyJsnus KapOboHaToB U cyab(daToB HATpusl. ITO B CYULECTBEHHON Mepe 06B-
SICHSIETCS1 yMeHblUeHHeM HX pacTBOPHUMOCTH B OCEHHE-3MMHe-BeCeHHHH
ce3ondl. IIpucyrersie B XJIOPHAHBIX COIOHYAKAX M XJOPUAHBIX BOLAX 3aMeT-
HOTO KOJIMYeCTBa THIICA CBS3aHO, KaK MBI BHUJENH, C IOBHILIEHHEM €ro pac-
TBOPUMOCTH B IPHCYTCTBHH XJopuioB Na u Mg.

OpraHnyecKue BewecTBa

BausHne OpraHHYeCKUX BELIECTB HA TEOXMMHUYECKYIO NOABUXKHOCTbL 3Jje-
MEHTOB ¥ HX COETHHEHHH CTOJb XXe BeJHKO, KaK U BJHUAHHE MHHePaJbHEX
cosell. D70 BHOJNHE OOBICHUMO XOPOIIO M3BECTHHIM CTAOHIH3NPYIOLUM «3a-
INMTHLIM JeficTBHEM» pacTBOPOB (3oJell) rymyca (kak u psna ADYTHX opra-
HHYECKHX BeIlleCTB, HalmpUMep 2KeNaTHHbl) Ha KOJJIOWAHLIE pAacTBOPH U
cycnensuu. Mx ycTofumBOCTD NPOTHB KOATYJSLHH 3HAUYHMTENBHO BO3pacTa-
eT B IPHCYTCTBHH OPraHHUECKHX KOJJIOUAHBIX coelluHeHui, [lonyckaercs, uto
H KOJJOHAHBIE pAacTBOPH THAPOOKHCH KpeMHHs 06JaafalT CXOAUBIM
meificTBHEM.

Eme Oouablllee BIMAHHE Ha TEOXHMHYECKYI0 NOABHIKHOCTD H CYAbOHI
JKeJjie3a, MapraHna, aJlOMUHHASA, HUKeJs), K00aabTa I MeIN OKasHBAIOT I'yMy-
COBble KUCJOTH H 0c00eHHO (PYyAbBOKHCIOTH. PYyAbBaTH 3THX METaJJI0B, KaK
npasuao, pactBopuMbl (Tropum, 1949; Ilonomapesa, 1949). B anaspotHoh
KUCJOH cpefie GyJabBaThl MeTaJIOB HAacTOJbKO MOOHJBHHE, 4TO B G0Jb-
IIMX KOJIHYECTBAX MOCTYNAIOT B HOYBEHHBIE H I'PDYHTOBLIE BOJH, B POJAHHKH H
pexu. BojiHble pacTBOPEI 3THX OpPraHO-MHHePAJbHBIX coeXuHeHHHA mpHOGpe-
‘TaloT Oyphlil U TeMHO-OYypHIl iBeT (YepHEle BOIBl TPONHUECKHX JIECOB, JIECOB
# 60J10T GOpeanbHOro nosica).

Ta6auma 28

BuangHue pacTBOpPeHHBIX OPraHMYECKHX BEIECTE HAa TMOJBMKHOCTD METaNIO0B, /A
(Karaug, lenstep, 1959)

Hoernocte: NI Co Mn Cu Al
30 0—3 0—1,9 27—44 2—16 - 57—97
60—70 0—1 0—0 5—24 6—19 - 0—46
100—150 2,8—6 0—1,5—4 940 5—64 45—-100
200--250 3—11 2,74 0—63 5—44 12—100
—>300 4—7—9 0—6—9 29—100 5—16 0—100

HackosbK0o HHTEHCHBHO BO3pacTaeT MHIPAHMOHHAsS CIIOCOGHOCTD MeTal-
JIOB N0 BAUsHHEM 00pa3oBaHHs HX cOelHHEHHH ¢ PYIbBOKUCIOTAMYH, MOXKHO
CYZuTb MO faHHBIM Taba. 28, orHocamuMcst Kk Bemopycckomy ITosecsro. Uem
BhILIE YPOBEHb LIBETHOCTH BOABI DA3JHYHLIX PEYEK, TeM BhIIIE U KOHLEHTpPa-
u¥st mapraina, Hukens, koGanbTa, Mend, alloMuHnsa. To xe OBHIIO ycTaHOB-
JIEHO H s COeIMHEHHH KeJe3a.

Ot ofiero KoJH4ecTBA IPHCYTCTBYIOIIEIO OPTaHHYECKOro BelleCcTBA B
ponax Huenpa, HeBnl u APYyrux pek CeBepHOro MHTAHHS HA IOJI0 KOMILIEKC-
HBEIX COCHHHEHHH C I'YMYCOBBIMH KHCJOTAMH IDHUXOAUTCA IJIA TAKHX Merat-
J08, xak Fe, Mn, Ni, Cu, no 50—70%. PactBopsl (30/1M) T'yMHHOBOH KMHC-
JOTH, KAK IPaBHJIO, B KUCJOM H HeHTpaJbHOM HHTEepBaJe PeaklUuu OCax-

JAI0T aJIOMHHHM, XKene30, MapraHel, MeJb, HHUKeJb, K0GaJbT, LUHUHK. ITH
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APAKTHUCCKH HE PaCTBOPHMBIE OCALKH YMATOB SBASIOTCS KAaK YHCTO XUMH-
YeCKHMH €0J1e00pasublMH COeIHHEelIHSIMH, TaK ¥ NPOAYKTAMH B3aHMHOI KOa-
ryasiunu u ancopbuun (Anekcanaposa, 1954; Opasos, Epomnuesa, 1967).

B menounoit cpele 06pasyoTcsi MOABHKHEE (HEKOATYJIHDYIOUIHE) KOJ-
JIOWJHbIE PAcTBOPLI ryMarop wicjodyel. ORHAKO ABYX- H TpPEXBaJEHTHHIE
METAJJIbl B IIENOYHOH Ccpelle TakxKe OJOKHUPYIOTCS B BHIE HEPAaCTBOPHMBIX
HJTY MaJOpacTBOPHMBIX OCAJIKOB.

IMoasuxkHBIE OpPraHO-MHHEpaJNbHBIE COEJVHEHHs, MOCTYNHUB B MOYBEHHbLIE
# MOBEPXHOCTHBle BOABI, B JaJbHEHIIEM YHOCSTCSI TeOXHMHYECKHM HOTOKOM
B TPAH3WTHLIE W AKKYMYJ/SATHBHBIE JAHAIIA(TH,

MbI eute mI0X0 3HaeM NeJOTeOXMMUIO OpraHuyeckux coepuuenuit. Ho To,
YTO MBI 3HaeM Y HabmaomaeM B NPHPOJAE, MO3BOJISIET CUHTATh TOPH3OHTANb-
HYIO H BePTHKAJbHYIO MHIPALHI0 ¥ AKKYMYJALMIO PACTBODEHHEIX OpraHuye-
CKUX COeJMHEHMH yIiepola BaxKHLIM SIBJeHHEM B FeOXHMHUH W 0uB006Gpa3o-
BaHuH. CoenuHeHHs (DyJBBOKHCIOT M OKCHKHCJIOT MHUTPHPYIOT B FeOXUMHUe-
CKOM ITIOTOKe B AENpPeCcCUH M HAKAIIHBAIOTCA B MOYBAX IIOJBOMHOTO H KalWg-
JISIpPHO-THAPOMOP(HOro THIA COBMECTHO C AJIOMUHHEM, XKeJje30M, Maprai-
ueM, Gocpopom. [TouBs HuaHHHHX 6OJNOT, MOAM, AeabT OGHIYHO OGOralleHH
3THMH KOMIOHeHTaMH. [lo-BHIHMOMY, MHOTHe TeMHBIe JIYTOBBIE IMTOYBHI
IOJHMH TIOJYYaloT 3HAUHTEMblible KOJNHYECTBA PacTBOPEHHOTO IymMyca BMeCTe
C aJJIIOBHEM, A TAKXKe U3 KaNHWJJISPHOH KafMbl TPYHTOBBIX BOJ, COZEpKAIIHX
rymyc. XOpOIIO M3BECTHHl HJIJIIOBHAJbHO-TYMYCOBBIE TOPU3OHTH B II€CUaHBIX
TOA30JNCTHX HOoyBax ceBepa. Oum wHorma copmepxar go 5—8% rymyca B
OXeNe3NeHHOM YIJIOTHeHHOM ropusoHTe. ['yMycoBhie (c Kese3oM, aJIOMHU-
HHEM, MapraHleM) YIIOTHCHHEIE TOPH3OHTHl (XapAmeH) THAPOTeHHOro Npo-
HCXOXKJIEHHs YacTo HAG/I0faloTCs B CyOTPONUUECKHX H TPONUYECKUX IIOX-
30J14X.

YcuneiHoe HaKONJeHHe OPTaHHYECKOTO VYIJepola B KOHTHHEHTAJbHBIX
OTJIOKEHHUAX, KaK ¥ TOYBOOGPA30BAHUE, HAUANOCH B JEBOHCKYIO H OCOOEHHO B
MEJIOBYI0 M TPETHUHYIO 3MHOXH. I eosornuecKHe CKOIUIEHHSI OPTaHHYECKOro
yraepona (yrau, chaaHoel, Topda)  coCpefoTOYEHB], KAaK YKashlBaer
H. M. CrpaxoB, B TeOCHHKJIHHAJbIBIX H NPUMBIKAIOWHX MIaTHOpMEHHBIX
06JaCcTAX, T. €. B MOTPYKAIOIIMXCH aKKyMYJATHBHBIX JaHdwadTax, rie pac-
ToJiaraioTes o6BOAHeHHEIe, 3aTOp(OBAHHBIe HH3MEHHOCTH, LeNPecCHH, Aelb-
Th, Jaryabl (Ctpaxos, Poamonoa, 1954). B cpenneM exeroiHo BBHIKJIO-
yaeTcd M3 GHOTEHHOTO IHKJIa M HAIOJr0 3aXOpOHseTcs B JOHHBIX ocaikax
okosno 0,8% macchl OpraHHYeCKHX BeLIeCTB, €XKEeTOJHO CHHTEe3UDYeMBIX Ha
nnanere. CpenHne koa¢dduuneHThl (occunusanun opraHuku, no B. A. Ve-
nexckomy (1956), TakoBHI:

Boaora 8,60
Osepa u peku 4.2
Mened okeana 1,04
KoHTHHeHTaNbHBIH CKJIOH 0,37
[ay6okue o6sacTH okeaHa 0,06

Peakiuus cpennl

YcaoBusi peakuuu CPeabl HFPAOT CYILECTBEHHYIO DPOJIb B MHIpalmdu H
OCaXKIIeHHH MHOTHX NPOLYKTOB BHIBETPHBAaHHA W noypooGpasoBaHus. B kuc-
Joii cpene, T. e. npu pH==5—6 u MeHbllle, BO3pacTaeT MHUTpalHOHHAS TOA-
BUXKHOCTH GOJBIIMHCTBA XHMHYECKHX 3JCMEHTOB u o6pasyiorca HX Oojee
PacTBOpDUMEBIE COeIMHEHHs, HAIpUMED COeAMHEHHs Keje3a, Mapranna, ajio-
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Mmoasin
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Puc. 36. PacTBopuMocTh KpeMHue-
2k 3eMa M TJHHO3eMa B 3aBUCHMO-
$il, ctd or Beanuuunt pH (Correns,
‘ ) 1949)
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MHHHS, NOJIOMHT, KAaJLUHT, THIC, KOTODble B KHUCJOH cpele HHTEHCHBHO
pactBopsioTcs ¥ paspymatorca. PyJabBOKHCIOTH Takke 06pasylorcs Ipe-
UMYILECTBEHHO B TYMYCOBBIX FOPU30HTAX KUCJABIX NOoYB. OIHAKO pacTBOpU-
MOCTb HEKOTOpHIX CO€IHMHEHHH BO3pacTaeTr B LIEN0YHON cpele. DT0, B YacT-
HOCTH, XapaKTepHO [Jif COefWHEHHI KpeMHe3deMa. AJIOMHUHHH HMeeT IBa
MaKcHMYMa pPacTBOPHMOCTH: OJHIl B Kuc/ioit cpexe mpu pH=3—3,5 u BTO-
pofi — B menounoit cpene npu pH=9—10. B nepsom cayuvae amomunuir
BefleT ce6sl Kak KaTHOH, a BO BTOPOM — KakK aHHOH (pHc. 36).

[uapookHcH MeTanaoB Takxke 06/1a7atoT BHICOKOH IOABHUKHOCTBIO JULIL
B ONpeJeJEeHHBX YCJIOBUAX peakuuu cpenst. [IpH MOCTHREHHH 3THX TPAHUL
peakuuu cpeibl THAPOOKHCH METAJJIOB BHINAZaloT B OCAAOK; TakK, THAPO-
OKHMCb TPEXBAJIEHTHOTO KeJieda Bbemagaer B ocagok npu pH=3—5 (maByx-
BaJeHTHOro —5,5—7,5), amomuHusa —upu pH=4—6, OGepuanus — np:
pH=6, nuska npu pH=6—7, mapranua npu pH=8,5—10, maruns — npu
10,6—11 (Pepcman, 1937). I'mnpookucH MIGIHX METAJJIOB BHIMAJAKOT B
0CamoK JHIIL MPH BbICOKOH InesoyHocTH. K ux unciay otnocsatess Cot?, Nit2,
Zn*2, Mn+2, Cd*2, xoropule maxe npu pH=8 wmoryr Haxoaurbcs B pac-
TBODE.

B pesxoluenouroi cpele yBeJHUYHBAETCS! MOABHKHOCTB TyMyca, KOTOPbIH
of6pasyer TeMHOOKpAIIEHHBIE BLICOKOAMCICPCHBIE KOJIOUAHBIE PACTBOPHI.
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Puc. 37. Tcoxumuuyeckoe 3Hau€HHe KOHUEHTpaLUlH BOAOPOANBIX HOHOB HNPHPOANLIX BOX
(Ilepensman, 1966)
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Mukpoanementst Sr, Be, Cu, Zn, Cr, Mn, Ni, Co moaBuXHE B KHUCJIOH
cpele, a As, Cr, Mo, V5 Mo6Gunbuei B mesousoil cpene (Ilepenpman, 1968).
Uro xacaercs Li, Rb, Cs, Br, I, T0 onu nogBHKHBI B LIHPOKOM Ananazode pH.

PacTBopHMOCTb COCNMHEHH MHUKPO3IJIEMEHTOB 3aBHCHT H OT UX KOHIEH-
Tpauuy. [Ipn odeHp Majoff KOHIEHTpPAlMH MHKPO3JEMEHTH OCTAaloTCs B
pacTBope H He BHINaAalOT B OCaAOK JaxKe NpU CYUeCTBEHHHIX H3MEHEeHHAX
pH uam nocse npubasienus ocanutenell. B ¢Bsizaw ¢ 3THM pPacTBOPHMOCTD
coeflHeHull OOJBHIMHCTBA MHKPO3JEeMEHTOB B IPHPOMAe Bhile, yeM B Jalo-
patopublx yeaosuax. OnM cnocoGHBI NepeiBHTaTbcsl € BOAHBIMH PAacCTBO-
pamu B O6CTaHOBKe, NIPH KOTOPO# Jo/xHbl Obl OBITh B ocaike. [loatomy
Te 31aueHus pH, npu KoTOpBHIX B J1a6OpATOPHHU BHIIAAAIOT MHUKDPOIJEMEHTL
B BHIE OKHCJTOB, He€ CJeAyeT MeXaHWYecKH NepEeHOCHTb B HPHPOIHYIO
006CTaHOBKY.

Posb peakuuu cpeibl B FeOXMMHYECKOH MOABUMHOCTH HPOAYKTOB IOUYBO-
0o0pa3oBaHus OYeHb CJOXKHA W 3aBHCHT OT COYETAHWs MHOTHX (axTOpOB.
Ofmas poab peaxnHu Cpellbl B ITOYBEHHOH TEOXMMHH HJJNIOCTPHUPYETCS cxe-
Mmoit (puc. 37). OnHaKo B CJIOXKHO¥ peasibHON ACHCTBUTENBHOCTH BO3HHUKAET
MHOTO OTKJOHEHHH OT 3TOH CXeMHl.

OKHCAUTENBbHO-BOCCTAHOBHTEAbHBIE ycaoBHs

PactBopuMOCTb cOelMHEHUH, KOTOPbie 06pa3yIoTes dJeMeHTaMu IepeMeH-
HOH BaJIEHTHOCTH, BeCbMa 3aBHCHT OT YCJIOBHH OKHCJIHTEIbHG-BOCCTAHOBHU-
TeabHOH o6¢craHoBky (Eh) u or cooTHomeHHs MocnenHell ¢ peakuuell cpemst
(puc. 38). B umcae Takux 3JeMEHTOB IEePEeMEHHON BaJIEHTHOCTH B I'eOXHMHH
noyB Heo6xoaumo HaszBath Mn*t* u Mnt? Fet3 u Fet?, S-6 y S—2 Cut? n
Cutl, COt u CO+2, V+5 u V+3, Hx BaseHTHOCTb 3aBHCHT OT ypoBHs Eh.
OTciofa B MUTPAIMOHHAS CNOCOOHOCTh PA3HHIX COeNHHEHHH, 06Da30BAHHBIX
37eMeHTaM{ pasJHYHOM BAJEHTHOCTH, XMMHYECKUHl ¥ MHUHEepPaJOTHUYECKHH
Xapakrep OCaJKOB 3THX COeJMHEHUH TecHO 3aBucAT OT ypoBHa Eh. Tak, co-
€/IHHEHUST OKUCJIEHHEIX BHICOKOBaJIeHTHHIX Gopm xkeneza (Fet®) u mapranna
(Mn*+) npu Eh=300—400 #8 cOaanaioT HH3KOH MHFPPAUUOHHON crmocob-
HOCTBIO B HeHTpaJbHOH u caabokucaoi cpefe. Ho coennnenusa BocCTaHOBJIEH-
ubix opm xenesa u mapranua (Fet? Mn*?) npu Eh or 4100 no —100 xs
OTJIHYAIOTCS HOCTATOYHO BHICOKOH PACTBOPHMOCTBIO B MOOHJBHOCTBIO.

JuaMeTpanbHO TIPOTHBONOJNOXKHO [OBedeHHe coeiMHeHHIt cepel. Ilpu
BHICOKOM OKHCJHTE/JbHO-BOCCTAHOBUTEJNbHOM TOTeHnuase nopanka 500,
+600 M8 06pasyOTCcsl BBICOKOMOJBYKHEIE COeIMHEHHS Cephl — COJM CepHOMH
kucaorel (cyiasdarn). Ilpu Eh nopaaka +50, —100 ms cynbbharn BOCcTa-
HABJMBAIOTCs, 06pasyloTcsl CepoOBOAOPOJ W HEpPacTBOPHMblE OCAJKH CEPHH-
cthix mMetaanos (Fe, Mn, Co, Ni, Zn, Cu, V, Ca, Mg, Na, K u ap.). Coennne-
HHf XpoMa H BaHaiug HpH BhlcokHX Eh o6pasyroT pacTBopHMble H TeOXH-
MUUYECKH [OABHIKHBIE COEJHHENHs — BaHazaTel, XpoMaTsl. DTH fBJEHHS Ha-
6/I0al0TCSl B YCJIOBUSIX MYCTHIHD, Ijle HAKAIIMBAIOTCA IMPOLYKTHl TOCHOACTBA
OKHCJIMTENBHOTO PEXHUMA: HATPATH, CyAbdaThl, XpoMaTsl, BaHafaThl. B yejo-
BHSIX BBIBETDHBAHHS U NOYBOOGPA30BAHHA HA OKHCJIUTEJbHO-BOCCTAHOBUTENb-
HYI0 0GCTAaHOBKY BECbMa CHJIBLHO BJHSAIOT: HOCTYN KHCJIODPOJA, CTeHeHb Iepe-
YBJAXHEHHOCTH, HaJHuMe H XapaxkTep pachaga OpPraHHYeCKHX BellecTs,
KHU3HENeATEJbHOCTh MUKPOOPraHu3MOB, NPOHUKHOBEHHE TaKHX TrasoB, Kak
CepOBOLOPOX, METaH, BOLOPO/.

B pasublx MOUBeHHBIX JaHAmWAa(Tax M B pasHoe BpeMs rola CKJaib-
BaeTci pas/iMyHas OKHCJHTETbHO-BOCCTAHOBHTeNbHAst o6craHoBka. Pasau-
yaloT Tpu ocHoBHLIX Ipynnsl yeaosul (ITepeawman, 1961):
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Eh,mB a) okucauTeabuas o0OCTaHOBKA, KOTAa
) nMeeTcsl MOCTOSIHHBIA AOCTYN KHcaopoda (c
|  BO3LYXOM HJH B pesysabTaTe (QOTOCHHTE3a)
UM B MOPOJe HMEITCA CHJIbHble OKHC/IHTe-
Ju (cepHast KHcJaoTa, xjaop); Eh moxer po-
cturath ypoBusi +700, 800 xs;

6) BoccTaHoBUTedbliag o0cTanoBka 6e3
H,S, koraa uMeercsi Aeduuutr Kucaopona,
o6pasyiotest CHy, Hy, Mn*2, Fet?;, Eh mo-
psinka +400 ms u unuxe. Ilpn orcyrcTBuM
cy1bpdaToB (KaK 3TO XapakTepHo Ias o06-
JacTell BJA4XKHOrO KJAHMAaTa: TPONMKH, Je-
ca VMCPEHHOTO 1I0fica) CEpPOBOZOPOA He
ofpasyetcs; .

B) BOCCTAlLOBUTEAbHAA OOCTAHOBKa C
H,S, xorma coBmecTiOe IIPHCYTCTBHE Opra-
IUYeCKUX BellecTB U cy.abdaToB mpu gedu-
Puc. 38. IMoas ycToitunBbix BOAHBIX LHTE XMCIOpOAA H IPH AOCTATOUHOM TCILIE
cucten (Hem, Cropper, 1959) BeleT K pe3koMy cHumXkenuio Eh mo orpuna-

TeJbHBIX Besnuui (—50, —150 u8) u obpa-
soBanuio H,S, ocaxIeHUIO CepHHUCTHIX Me-
TaJJI0B, AeCYIb(HPOBAHHIO U NOAIIENaUUBalHIO CPelb.

BoccranoBurteaplasi o0CTaHOBKA Jaxe IepHOAHMYECKOr0 Xapakrepa B
TEIJIOe BpeMsl TOJa COHPOBOXKZAaeTcsd BecbMa HHTEHCHBHOW Murpanyei co-
elHHeNnH Xeme3a, Maprauna, kobaapra, HUKeas, MelH. SIpKyl0 KapTHHY MH-
rpalud U aKKyMYJslIHN COeIHHEHUH Keje3a MOXKHO Habaonartb B 60J0Tax
Kapeawy, ®uuaauauu, Isennn, [Ipubanruxu, beaopyccun. Ilpn ycuiaenuw
aHaspoOHO! 06CTAalOBKY Kese30 NPUCYTCTBYeT B OOJOTHBIX BOAAX B HOZ-
BHXKHOH IByXxBadeHTHOH (opme. [TonBHKHOCTD COeNHHEHHH IBYXBaJEeHTHO-
ro xeJjgesa TeM BLIIle, YeM MeHblHe J[OCTYyNl KHUCJAOpoAa, HuHXe pH n
MeHbllle COllepxKaHHe HeHTpaJbHEIX 3IeKTpoJuTOB. B nepHoabl aspauuH, mpo-
CbIXaHHSl U OKHCJIEHHSI NPOHCXOAAT MHTEHCHBHOE BHIMafeHHE B OCaJOK U Ha-
KOnJelHe coelMHEHHH OKHCHOTO XKeJe3a. B ocafok BHINAAAIOT KOJJIOHAHBIE
u reneobpasiible GOPMEI COEAMHEHHH Kejle3a U OPTaHHYECKHMX BELIECTB, Kap-
GOHATHl 3aKHCHU Kesle3a — CUHepUT (ocobeHHO B cnabolesouHoll cpeje), He-
pacTBOpHMble COEIHHEHHS THIPOOKHCH ABYXBAJEHTHOTO M TPEXBaJeHTHOrO
xeJjesza H, HakoHell, dochaThl Kesne3a, B YACTHOCTH BUBHAHHT.

IIpusHakoM HauaJjia OCaxJAeHHs COeJHHEHNI XKese3a siBasgeTcss o6pas3ona-
HHe «MAacCJAHHCTOH NJeHKH» Ha NOBEPXHOCTH JyxXK. [To HcenenosaHusM Quu-
ckux nouBoBenoB (Kivinen, 1936; Puustjarvi, 1952), nakomiende coemute-
Hill XKeje3a B 60J10TaX paccMarpHBaeTCs Kak MOJOXKHUTENbHBIE NpPU3HAK,
CBHETEJbCTBYIOIHA 06 OTHOCHTENILHO BHICOKOM IMOTEHUHATLHOM IVIOAOPOANH
3THX IOUYB NOCJE OCYIIEHHS.

Ponb koHIEHTpamuu BOLOPOIHLIX HOHOB B OKHCJHTEJIbHO-BOCCTAHOBH-
TEJbHBIX NPOLECCAX He BCETla CAWHAKOBAa. BJjHsgHHE peakUuM Cpeibl Ha
OKHCJIHTEJIbHO-BOCCTAHOBUTENBHBIA IIOTEHIHAJN OCOGEHHO BEJHKO B CJOywasax
NPSIMOr0 YyUacTHs BOJOPOLHOTO HOHA B OKHCJHTEJIbHO-BOCCTAHOBUTEJBLHKIX
peakuusx (Hanpumep, NO—3+10H=NH,;+3H,0) wiu npu u3amenewun pac-
TBOPUMOCTH ORHOTO H3 KOMIIOHEHTOB OKHCJHMTEJbHO-BOCCTAHOBHUTEJBHOH CH-
cTeMbl B 3aBHCHMOCTH OT Beanuuunl pH, kak ato uMmeer Mmecto B ciayyae
xKeJjesa, Mapranua, mMeaH, kobanbra (3sipui, Opsos, 1964).

OKHuCAUTENbHO-BOCCTAHOBUTENbHLIE YCJOBHA OKA3bIBAIOT OUEHb Cyllle-
CTBEHHOE BJMAHHE HA NOJNBMXKHOCTL MHKPO3JAeMEHTOB. MHUKPOIJIEMEHTHE
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MepeMCHHOl BAJMEHTHOCTH, MUTpHpyloOmYe B ¢dopMe KaTHOHOB, OoJee MOA-~
BHXHBl B BOCCTAHOBHTENBIOH OOCTAaHOBKe, a MHIDHPYIOUIHEe B aHHOHHOMK
tdopme, HaoGopOT, 60JNE€e INOABHKHEI B OKHCAMTEJbHBIX YcJoBHAX. Kpome
HHTEHCHBHOCTH MUTIpAUHH, BeanunHa Eh onpenensier BO3MOXKHOCTb COBMECT-
HOTO COCYIIeCTBOBAHHS HOHOB pasiM4HOH BaJileHTHOCTH. Tak, HEBO3MOXKHO:
OIIHOBPEMEHHOE NPHCYTCTBHEC HOHOB B ‘OKHCJIEeHHOH (popMe ¢ BLICOKUM 3HAYE-
HueM BeanuuHH Eh ¥ MGHOB BOCCTAHOBJEHHOH (hopMEI ¢ 6oJee HU3KHM 3HA-
yenneM Eh. Hampumep, nckiaouaercs BO3MOXKHOCTh COBMECTHOFO HaxoMje-
HHUS1 HOHA YeTBIPeXBAJIEHTHOrO MapraHua ¥ JABYXBaJieHTHOro xxeJesa. Eh cu-
crembl Mn+i— Mn+2 Beimre (- 1,35 8), uem cucremn Fet3—Fe+2 (40,75 8),,
nostomy Mn+ Gymer okucasth Fet?, 0 moka Bce xkene30 He OKHcAuTCsT, Mn+

TaG6anua 29

Bo3MoXHble W SanpellieHHble accOUMalHd MUKPOSJIEMEHTOB B PacTBOPax

(IWep6una, 1939)

B npucyTCTRUH MoryT npuCyTCTBOBATE He moryT npHCYTCTBOBATh
Fet? V (3,4)*, Cr(3), Mo (5,6), V.(5), Cr(6),
Mn (2), Co(2), Ni(2), Mn (4), Co(3), Ni(3),
Pb(2) Pb (4)
Fet? V (4,5), Cr(3,6), V3), U4

Mo (5,6), Mn (2,4),
Co (2,3), Ni (2,3),
Pb (2,4)

* [lupput B CKOGKax—BaJeHTHOCTD.

IPUCYTCTBOBATh B PACTBOpe He MoxKeT. B Tabu. 29 npuBoasTca sanpeuieHHbe
H BO3MOXKHBIE acCOLMALNY MHKDOSJEMEHTOB,

[Tpoueccel okuc/eHHs B IPUPOJe MPOTEKAIOT Jerde B IUEJOUHON cpele
NpH HU3KHX 3HaueHuaX Eh u 3HaunTesbHO TpyIHee B KuCJIOR cpede. B reo-
XMMHH 3TO NOJIOXeHHe NPOABJAAETCT B BO3MOMKHOCTH CYLIECTBOBAHMS psaa
MHKDO3JIEMEHTOR B BOCCTAHOBJIEHHOH ¢opMe Jaxke B OKHCAHTENbHON o6CTa-
HoBKe. Tak, :Kejie30 ¥ MapraHel MOTYT HAXORMThLCSI B II0YBAX TACKHOH 30HbL
B GoJiee TOABHUIKHOM BOCCTAHOBJEHHOH (GOPMe NPH CPAaBHHUTENBHO BHICOKOM
3Hauennn Eh, Ho nuskom pH. Jlatumep (1954) nmpuBomuT clemyiouine BeJu-
uuHel Eh B 3aBHCHMOCTH OT DPeakuMH Cpebl:

CunpHORMCHAS Cpeja: Fet? — Fet840,77 @
Mnt?2  — Mnt4+1,24 8
CuJibHOIEI0YHAS cpeja: Fet? — Pet3-0,56 ¢
Mnt?  — Mnt440,05 ¢

B npaxruueckoii paboTe NOYBOBeLa-reOXHMHUKA TaKHE MHAUKATOPHI, KaK
CHHeBaTO-YePHBIH 1BET ¥ 3aNax cepoBogopoaa (ocobenno nocae mpo6u HCI),
SIBJASIOTCA NPU3HAKOM BOCCTAHOBHTENIBHOH OGCTAHOBKM C OTPHUATCJABLHBIMH
BeavunHamMu Eh. CHsble, ronyGble, 3ejeHble, PKaBO-OXPHCTHIE TOHA B
OKpacke — HaJIeXKHBIH [10Ka3aTe b BOCCTAHOBHTEIbHBIX [IPOLECCOB, 3a1eBUINX
coelMHEHHS XKenesza U Mapradua. OpaHxKeBble, KpacHule, (GHOIETOBLIE, NaJje-
Bhle, Gypble 11BeTa — NPH3HAK OKUCAEHHOCTH IIOYB M KOPHI BHIBETPHBAHHA.

127



BTopuunble coexunenus

Murpanvontas cnoco6HOCTb NPOAYKTOB BHIBETPHUBAHHS 3aBHCHT OT CIIO-
COOHOCTH BHOBb BO3HHKIIHNX XHMHYECKHX COENMHEHHMI K MX B3aUMOLEHCTBHIO.
KoMIIOHEHTHI, KOTOpBle XMMHYECKH CPABHHTE/LHO [IACCABHB H HE PearHpyior
ApYT ¢ ApyroM, o6aaganT Hau6olee BHICOKOH MUIPalHOHHON CNOCOGHOCTBIO,
OCTaBafACb B PacTBOPE U NEPEMELAsCh TOYBENHBIMH, IDYHTOBBIME WJIH Ded-
HBIMH BOJaMH; OHH MaJIO YYacCTBYIOT B NOC/eAyOmeM GOPMUPOBAHNH APYIHX
MaJIOPacTBOPUMBIX COeNuHeHu#. K HMM OTHOCSTCS XJIOPUCTHIN HATPHUH, CepHO-
KUCJBI MarHui, CEpHOKUCJBIN M YIJeKHCIb Kanpuui u ap. Hao6opor, co-
enuHenus ¢ochopa, xanus, KpeMHUs, aJIOMHHHS W KeJesa JalnT OrpOMHOe
KOJIHYECTBO ITPOAYKTOB B3aHMOMEHCTBHS C HH3KOH pacTBOpUMOCTbIO. Tak,
TOJIBMXKHBIA KPEMHE3eM H NOJYTOPHBIE OKHCJAB 06pasyiorT GOJbIIoe YHCIO
HHYTOXKHO DACTBOPUMBIX TMHHHBIX MHHepasaoB. Coenunenus d¢ocdopa, pea-
THPYS C KaJbLHUeM, XKeJie30M, aJloMHHHeM, 06pasyoT MHOrO pasHoO6pasHIX,
HO MaJlopacTBOPUMBIX BTOPHUYHBEIX (octhaToB. Kasnfi ¥ Maruuil CBA3HIBAIOTCS
B TVIMHHBEIX MHHepasnax B HeoOMeHHOU (opme,

BHOreHHOCTb 2JIEMEHTOB

PacrurespHble ¥ XKHBOTHHE OPraHH3Mbl YIEPKHBAIOT B CBOMX TKAallsiX
MUJAANAPALL TOHH MMHEDAJbHBIX BelllecTB. Yem OoJsbllle GHOreHHOE 3HAYEHHE
TeX WJIH MHBIX MHHEPAJbHBIX BellleCTB W YeM B GOJblledl CTeneHH OHM 3aXBa-
THIBAIOTCS KUBYUIUMH OPTaHH3MaMH, TEM JY4IIe OHH 3aMHUIIEHEI OT MPSIMOro
BBIIIOCA U3 IIOYBHI TPYHTOBBIMH M DEYHBIMH BoZaMmH. [103TOMYy 3JeMEHTH
suicokoil crenenu ouorenHoctn (P, Ca, K, S, C, N) 0641a1a10T OTHOCHTENbHO
MeHbIlefl MUTPANUOHHON CIOCOGHOCTBIO, UeM 3JeMeHTH, He Hrpawlnue Cy-
WecTBeHHON pos B xuMHueckoM cocrase oprauusmos (Cl, Na, Mg).

CoennHeHust Majoll OHOTeHHOCTH, PA3JIHYHOTO POAA «IKOJOTHUECKHe NPH-
Mecu» (mo HoMmenksarype B. B. TloasiHoBa) Masno 3aXBaTHIBAIOTCS HJH Jer-
Ko OTOpPachIBAIOTCS XKHUBYIUMH OpraHU3MaMH, OITOMY OHH OTJIHYAIOTCS BbI-
COKOfl MHUTPALIHOHHOH CMOCOGHOCTBIO M BBIHOCATCH NPHPOAHBIMH BOLAMH Ja-
JIEKO 3a mpeletbi UX 00pasoBaHus, y4acTBYs B NPOLeCCcax COJeHaKOMJIeHHH.
TakoBH yIJIeKHC/IBlE, CEPHOKHC/ble H XJIODHCTBIE COJNH HATPUST ¥ MArHHd.

ogo0Bbie daKTOpHI

Hau6oJice BriCOKOANCIEPCHBIE MPOLYKTH BHIBETPUBAHUA H NOYBOOGpaso-
BaHHs MMOCTOSIHHO BOBJIEKAIOTCSI IOTOKAMM JBHXKYIIErocs Bo3ayXa B Ipo-
Hecchl MUTpAlMH M AKKYMYJSIHH BellecTB Ha NOBEPXHOCTH 3¢MHOH KOPHI.
[TouBoo6pasoBanue CONPOBOKAAETCA KAK 30J0BOH JeHyaluell, Tak U 30J10-
BOH aKKyMyJfilMeli MeXaHHWUeCKHX U XHMHYECKMX ocanxoB. Mcrounnku
a3pOCYCIeH3Hul u a3po30jieil B aTMmocdepe CHO0XKHHE, pasHoo6pasHbl U ele
MaJio H3yueHbl, B ycl0BUSAX CYyXOro KJAuUMara, IpH OTCYTCTBHH PaCTHTEAbHOTO
MOKPOBa TOHUAMINHE yacTHIB! TTOUBEHIOTO BellecTBA 3aXBaTBIBAIOTCA BO3-
IYIIHBIM IIOTOKOM W BHXDEBBIMY ABHIKEHHSIMH BOBJIEKAIOTCA B atMocdepy Ha
3HAYUTENBHYIO BBICOTY, PA3HOCSTCS Ha CPOMajJHBIe NPOCTPAHCTBA M Bhina-
1aloT ¢ aTMOc(epHBIME OcafikaMH. DTHM XKe IyTeM JerkopacTBOpUMEIE COJH
¥ B3BellleHHBIE YACTHILI BOBJEKAIOTCA B BO3AYIIHBIE IIOTOKH C IIOBEPXHOCTH
03ep, MOpell 1 OKeaHa B IEPHOALI IITOPMOB W HUKJOHOB. B pesyJbrare mesi-
TeJIBHOCTH BYJKaHOB atTmocdepa oborauiaercss a3pOCYCNEH3HAMH H a3po-
30JIIMH, KOTOpBIe YHOCSTCS BO3AYIIHBIMH NOTOKAMH JaJICKO OT MECTa H3Bep-
xenus. Hemajsio Bemiectsa mocrynaer B atmocdepy ¢ KOCMHYECKOH HBLILIO.
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Tak, exeroqHo Ha NOBEPXHOCTb 3€MJIM BbImazaer okoao 4000 r METEOpHOTO
selectsa (Caykos, 1950),

Posb 30710BbIX aTeHTOB B CyAbGe NPOAYKTOB BLIBETPHBAHHS H NOYBO-
006pa3oBaHus Pe3KO OTVIHUAETCS OT POJH BOAH. BOxHbe MOTOKH CHOCAT mpo-
IYKTH BBHIBETPHBAHHS M 109B000pa30BaHHs BCETAA 10 YKJIOHY MECTHOCTH H
JIMIIb pefko (HampuMep, B ¢OpMe KaNWNIAPHBIX M IVIEHOYHBIX DPACTBOPOB)
B BOCXOASIIIEM HANPABJIEHHH. DOJIOBHIE areHThl HEPEIKO Nepepaclpenessior
BBICOKONHCIIEPCHOE NIOYBEHHOE BENIECTBO B BOCXOAMIIEM HANpaBJeHHH, epe-
HOCs B3BEUICHHYIO MAacCy a®pOCYCIEH3HH W a3po3osefl BBepxX IO JOJHHAM
PeK, BBepX IO CKJIOHAM BOLOPA3AEJNOO0B H rOp, Yepe3 OKeaHHYeCKHe BOLOEMEL.
Muorue yueHble CYHTAIOT, YTO TOJIIH JIECCOBUAHKIX OT/IOXKEHHE, OKAfMJISIO-
uine npenropbs Cpenneit Asum, 06pasyoTcs M INOHBIHE NOYTEM OTJIOMKEHUS
MBIJICBATHIX YACTHL, BO3AYHMIHBIMH IIOTOKAMH, NPHIISIIIHMH Y3 IeCYaHBIX
IYCTHIHb.

Heo6riuafino BesmHKa NedTebHOCTh BeTpa B NYyCThiHe. 37eCh MOIIHBbIe
IOTOKH BeTPa IMepPeMemlaloT He TOJbKO TOHKHMH, HO M CPENHHH M KPYmHHA
IECOK Ha 3HauMTeJbHbie paccTosHus, (opmupys OGapxaunn. O KaJIbHOCTH
JBUMKEHUS YACTHIL B 3aBHCUMOCTH OT UX Pa3MePOB H CKOPOCTH BeTpa MOKHO
CyZHTb 1m0 naHHEIM Ta6a. 30 u 31. Berep mepeHOCHT B NYCTHIHAX TAaKXKe Tax
HAa3bIBAEMBIH NICEBIONECOK, T. €. arPErHPOBAHHYIO COJISHYIO HBLIb, COCTOSILLYIO
13 [JIMHBI, THIICA, KPYTIHHOK XJOPYIOB U CyJab(aTOB HaTpud, 06pasys HHOTIA
MOIIIHBIE 30JI0BBIE COJIEBEIE MMOKPOBH! B BUJNe JIOH U 6apXaHoB.

Ta6auna 30

JanbHOCTh TepeHoca uYACTHL PA3JHYHOTO Pasmepa WPH YMEPEHHO CHALHOM BeTpe
(nanppe ¥aesa, no Ilycroeanosy, 1940)

YacTHus! Pa3smep uacTui, mm . JanbHOCTh IepeHoca
T"paBuit 1—8 Heckonexo merpos
TpyGrifi 1 cpepunfi mecox 1,0—-0,25 <1,5 &m
OvueHb TOHKHE MECOK 0,06—0,125 Heckonbko xumoMeTpos
T'py6eit  anespur 0,03—0,06 320 km :
CpelHull anespuT 0,015—0,03 1630 xm
Touxkuii aneBpUT M TVIMHA Jo 0,015 Boxpyr semsoro mwapa

TaG6nauuma 31

JBHKeHNe neckoB B 3aBHCHMOCTH OT CKOPOCTH BeTpa
(TTetpos, 1950)

Tun necea Crugmd masers Copoces merpe,
CaMulil MeJKuit 0,03 0,25
Ouenb MeaKUil 0,12 1,50
Mekuit 0,32 © 4,00
Cpennuit 0,60 . 7,40
KpynHetit ‘ - 1,04 11,40
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Puc. 39. CxeMa 30/10BO-COJI€BOrO PAa3pylLIEHHs CBOZA aHTHKIMHAJH B NYCTHIHE

1 — UCXOJIHO® COCTOAHHE CTPYKTYPHI, @ — TpelHHBl B CBOLE CTPYKTYDPHI;
2 — paapyuieHa BepLIHHA CTPYKTYDBI; 6 — CKOMNJCHHsS COJedl M COJAGHOCHBIX MJIAHCTBLIX
3 — BnajuHa 3adsna pa3pylleHHbIH CBOZ; OTJ10:KCH i1l

4 — paspyuienue CTPYKTYDHI 3aBepilieno.

PasBuTefl pacTUTENLHBI NOKPOB M BJaXKHasl NOBEPXHOCTb IIOYBHI, €CTe-
CTBEHHO, YMeNbIIAIOT BEHOC U IlepepacnpefiesicHie NMPOLYKTOB NoYBoo6paso-
BaHUS 30JI0BBIMH arelTaMH. PoJjib 30JI0BBIX areHTOB OCOOEHHO BCJAHKA B
crendax u nycreiHax, CojolHaa pacnamka crenefl 6e3 3amUTHLIX TOJOCHBIX
Hacax/JCIHUHA B CyXue rodbl BHI3bIBaeT ryOHTe bHBIE NBLIbHBIE Oypu. Bexkoson
BLIIIAC CKOTa HAa pPaBHUHAX CTeMell M NYCTHIHb NPHUBOAUT K YHHUTOXCHHIO
PaCTHTEJBHOCTH M LAEPHUHEBI, CKDENJsionleil mouBy., ITO TAKXKC BHI3BIBACT
MHTGHCUBHBI#I BBIHOC INPOJAYKTOB BHIBETPUBAHHA M I104BO0OpPA30BAHUA.
B nycreinsx Caxapel BLILYBAETCSl B TeueHude ThICSUYEJCTHS l-MeTpOBHI CJ0OH
[IOYBEHHOI'O MeJK03eMa. JTO MOJHOCTbIO MOITBEPKAAETCS HAKOINIEHHEM Ha
3POAHPOBAIIHEIX BETPOM IOBEPXHOCTSAX OOJbIIOrO KOJHYECTBA KOHKDEUUH
HOJYTOPHbLIX OKHUCJ/IOB, U3BCCTH WY XaJjlle/loHa, 06J0MKOB mopoisl, Kanamnt
JPEBHUX OPOCHTENBHEIX CHCTCM, IVIMHOOWTHEBIE IIOCTPOHKH JAPEBHUX TOPOJOB
Cpenneft Asum, paspyllleHHble B pe3yJabTaTe HalleCTBHS MOHIOJOB H BOHH
Tamepaaia, nMopow HaleJ0 HCUC3AOT NMOJA BO3AEHCTBHCM BCTPOINECYAHOrO
MOTOKA.

[TopasuresbHble pa3pyllieHust HeabX alTHKIHNAMLHBIX CTPYKTYp ¢ o6pa-
30BAHUCM HA HX MecTe FyGOKHX IeNpeccuil, 3amoJaieHHbX CoMsiMH, HabJo-
naotca B nycreiusx Cpenseit Asum, 3akaBkasbs u CesepHoit Adpuxu.
BriuBerammye Ha NOBEPXHOCTH Da3pyILICHHOIO CBOJAA CTPYKTYD KPHUCTAJJIbU
coJsefl pasphIXJSAIOT NOPOLY ¥ 00Pas3yioT arperHpoOBaHHAIN CHITYuHH TIHHHCTO-
COJIEBOM MeJaKo3CM. Berep YHOCUT 3TOT MeJNKO3eM, Ha MECTe KOToporo obpa-
3YIOTCS HOBBIE MOPLUM ChIMy4Yero marcpuagaa (puc. 39).

O6uiensBecTHO, 4TO TOHKAas IBLIL 3a HCCKOJMBKO JHEH MOKer mcpe-
MECTHUTbCS C BO3AYNINBIMM MacCaMH Ila paccrosiHue 10 2—3 ThC. Kx. Aspo-
CYCIIEH3WH ¥ a3PO30JH BLIIAZAIOT HA JOBEPXHOCTH CYLIM B BHJAE TOHYAHIIEH
IBLTH, KOTOpAsl €xKeTOJHO CKpEeNJIsieTcs PAaCTUTeNbHOCTbIO, BOBJCKAETCsl B
nouBoo6pazoBaHie U MOPGOJIOrHIECKH He Pa3iHyaeTcss r1asoM. 3HauuTe/b-
Hble Macchl B3BELIGHHOTO B BO3JAyXe MaTepHaja IocTynamoT ¢ armocdep-
HBIMH OCaJiIkaMH B PEKH, 03¢pa M MOpS, yuacTByst B (DOPMHPOBAHMH JE/II0-
BHS, aJJIOBHS M JOMIIBIX OTJOXKeHWH. Apxeojoruyeckue packonku B Erunre
u TypxMenuu IOKasajaH, YTO TNbIJ€Bble 30J0BLIC OCAIKH MOTYT MOJHOCTBIO
norpe6ath meable ropoia, KpenocTHble COOPYXKEHH H NaMITHHUKH 3014eCTBa.

[To momcuetram @. Kaapxa (Clark, 1924), B cpeanem Ha KaxIHH
KHJIOMETp CYIIH eXerojHo Bbnagaer orT 2 1o 20 T JEerKopacTBOPHMBIX TIPO-
nykros. ITo manneim H. M. ¥Ycosa (1940), B crensix moaynycThiHb 3aBOJKbA
MOCTYIJIEHHe cOJlell ¢ BO3AYWIHBIMH MaccaMu jpocturaer 47 r/km? B rom.
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OG6pasywoiuecs B BO3Lyxe MOJ BJIHSHHEM 3JE€KTPHUCCKHX Pa3psAaos U GoTo-
XMMHYECKMX Peakluii HHTPAThl H aMMHAK TaKXKe BLINALaioT Ha 1I0OBEPXHOCThb
cymu ¢ arMocdepHeiMu ocagkaMu. CyMMa HHTPATOB M aMMHAaKa, BHIIAJalo-
KX C JOXKAEBRIMH OcCaikaMH, cocramisct g0 17 kelea, 1. e. g0 1,7 T/km?
€KeroHo.

Poup 30510BbIX areuToB B GOPMHPOBAHUU KOPLI BLIBCTPHBAHUS H NOYBEH-
HOTO NOKPOBa H3yUcHa HenocTaTtouyHo. Boxpyr aroil mpobaembl uger 6opp6a
MHeHHH, U cJelyeT NPH3HATh, UTO 3HAUCHHe 3TOTO IIpoIecca  IeA0O0IeHHU-
Baercs.

rpynnbl BOOHOM TEOXHMHYECKOW NOABH)XHOCTH
NMPOAYKTOB BbBIBETPHBAHMSI H NOYBOOBPA3OBAHHA

Kak nokasaHo Bbillle, NMOABHXKHOCTb PasJHYHBIX COEJMHEHHH NOBOJbHO
u3MeHuuBa. [IpoayKTH BBHIBCTPUBAlIHS H NOYBOOOPA3OBAHHS MOXKHO 00Begu-
HHTB B IPYNILl H PAIE FeoXuMuYeckoi noasuxuoctd. b, B. Iloasinos (1947)
YCTAHOBUJ IISIThb IPYIN NOABH2KHOCTH 3JeMEHTOB IIPH BLIBETPHBAHMH H MHU-
rpaunuy;

Duepruusio Brmocumste: Cl, Br, J, S 10n
Jlerko Brocumbie: Ca, Na, K, Mg 1n
[onsuxuse: Si0,, P, Mn 0,1n
Cna6o moasuxuuie: Fe, Al, Ti 0,01 n
WnepTuute: SiO, (kBapia) 0

PYKOBOACTBYSICb 2THMH DSAaMH TNOJBHKHOCTH 3JE€MEHTOB IIPU. BbIBETPH-
BaHWH, MOXHO NpeXBHLETh, YTO CoefAnHeHHs daeMeHToB 1 u II rpynn Gymyr
JIETKO BBIHOCHTBCH W3 3JI0BHAJBHOH KOPBHl BLIBETPHBAHHA H LAKaAINJIABATHCH
B aKKyMyJsiTHBHON Kope BbiBerpuBanusi. CoefuHenus 3Jaemenros II1 u IV
rpynn, Hao6opor, 6YAYT OTHOCHTCIBIIO HAKAILJIUBATHCSI B 3J0BHAJMBHBIX ro-
PH30HTAX M KOpPax BBIBETPHBAHMUS.

A. U. Ilepeapman (1955) mnpejoxua NOHATHE Koatbtpnumema Bop,Hoﬁ
MHUTpalHH, NOJ KOTOPBIM CJEeAYeT MONHMAaTh OTHOLICIIHEe CPefHero-cojepxa-
HHSl J@HHOTO 3JIeMeHTa B PeuHOl BOjJe K cpellHeMY ero coAepKalHio B JHTO-
cepe (kaapky) WIH K cpelHeMY COAEpXKaHMIO 3TOTO 3JeMeHTa B FOPHBIX
nopojax, ApellupyeMbIX PeKoH M NMpHTOKaMy. B 0o6MMX yeprax IPyNIbl sje-
MEHTOB No Ko3(hGHIHeHTamM BoANofi Murpauus, nogcuuranubim A. H. TTepens-
MaHoOM, 6auskH K psfam bB. bB. TloablioBa, x0Ta B HeKOTOPBIX AeTaJsisiX OHE
OTJAHYaloTCs. I'7aBHBIE OTAMYMS TPHXOAATCA Ha YCJAOBHS BOCCTAHOBUTENb-
HOro pexuma c obpazosanueM HoS, Korja MHrpaluoOHHAd aKTHBHOCTb Cephl,
Kejeza, Mapraiua, xo6anabra, MeAu M. xpymx 9JEMEHTOB CHIbHO MeHHETCH
(puc. 40).

Onuako B IpHpoJie He BCeraa BbIllep}KHBaIOTCH 3TH 3aKOHOMepHOCTH He-
pelKo CO3[aloTcsl YCJIOBHS, KOraa GaxTHyeckasl MOTeps 3/7eMeHTOB M3 KOpHi
BHIBCTPUBAHHSI PE3KO OTJHYAETCHd OT OXUuJaeMoH Teopernueckd. [lo uHTeH-
CHBHOCTH BBIHQOCA HpPH BEIBETPHUBAHUHU nepBbIe Mmecra 3anumawoT Ca, Mg, Na
K, Mn (ra6a. 32).

Cornocrapierre 60JBIIOTO YHCAA MaTepHasoOB MO3BOJUAO HAM JIaTh CBOIO
TPYNNUPOBKY COEJHHEHHH 70 MX MeJAOT€OXHMHYECKOH HOABUIKIIOCTH, cBA3AN-
HYI0O B OCHOBHOM C YCJOBHSIMHM T€OXMMUH NouB (Taba. 33).

CoenVHeHHA OUeHb BHCOKOH mMOABHXKHOCTH K 37Toll rpyn-
Ie OTHOCATCS HHTPATHI, XJOPHABL lUeouell: H IUEJOUHBIX 3eMedb, CYyabdaThl
‘HaTpus, KaJud, MarHus, IHHKA, ypaHna, kKapOoHAThl HATPHSA U KaaHs. "
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7 Oxucrumenstan obcmanobxa | Aonmpacmrocms ruepayue| I Pesxo foccmanobumens—
» 4 Ky Ky 727 obematobna (e Hyf) -
HImeHCUBHOCIY ; .
| muepayiy /.00 w76 a0 Crabai® l linoHas /0,” w7 W _”;j 07
Gvers cunmsran || §,01,8, 01, BrJ C1,B,
ruepayus BrJ Brd
Lumsrag E‘D":,“’ ' Ca,Na,Mg,T, Sr %ﬂ,N;.
muspagUs Srg'Zr'l Zn,U g;‘ s
f) el
SiK, | Si,K,P
bpednan Mn,?, N©,Cu, Co 5K,
muepayus Ni,Cu, P
Co
AL,Fe,Ti, In, ALTLINY,
(nabas Y,Nb, TR, Th, Zn,Ni, Cu,TR,
U OYEHS Ta,3n,HE,Pd| Nb,Co,5¢,Ta,
cnabes RuRh.0s. Pt gty
Huepagug WLANUS L AL, T4, 7 Nb, Ta, Sn HE,PE,Th 1, Ht, Uy
Ru,’;l\th,[)s.

Puc. 40. Psiasl MUrpailHi 3JeMelTOoB B OKHMC/HMTE/bHOH H BOCCTAHOBMTENbHOH cePOBOAOPOA-
Hoil 06cTaHoBKe 30HBI rHnepreHesa (Ilepencman, 1955, 1968)

OTHOCHTENbHYI0 TEOXMMHUECKYIO TOABHKHOCTb 3THX COeINHHEHHH MOXKHO
npunsaTh 3a 100. Haunbonee pacTBOopuMble M3 HHX -— HHTPAThl H XJODHIbI, a
Takxe OGPOMHABI M HOAUJL — BBIENAUHBAIOTCH B YCAOBHSAX 3JI0BHAJbHHEX
JaHawadToB U NpH 0OJbIIOM yBJaXHeHHH oco0eHHO MHTeHcHBHO. OHH Xe
BeCbMAa HHEPFHYHO HAKAILIMBAIOTCS B NOYBAX M KOpPE BHIBETPUBAHHS AKKYyMY-
JAATHBHBIX apHIHBIX JaHAUIapTOB ¥ TeM B OOJblUeM KOJHYeCTBe, 4eM CyuIe
KJHMaT.

Cynandatel 1 KapO6oHaThl uiesodYel, ob/aagasi MpH HU3KHX TEMTEparypax
HECKOJbKO MeHbllell pacTBOPUMOCTBIO, HepeAKO OTCTAIOT B BHIIIEIAYHBA-
HHY, 3aJePXMHUBAIOTCA B TPAH3UTHHIX JaHAwWAa(TaX NO NyTH MX MUTPALUH,
XOTH TAKXe SIBASIOTCS NOCTOSIHHBIMU KOMIOHEHTaMHd B IIpoLeccax akKKyMy-
JASLHUY co/ell ¥ MouBaX BHYTPUMATEPUKOBBIX HHU3MEHHOCTEH, PeUYHBIX IOHM H
AEJIBT.

Coegunenus BHICOKOM NMOABHXHOCTH. K aroll rpynnme oruo-
CATCSl YIVIEKHCAble H IBYYIVIEKHCJBlE COJH MAarHUsl, KaJbUHs, CTPOHLUS, LHH-
Ka, CePHOKHCJble KaNbUuil ¥ CTPOHIHH, (y.abBaThl GOJBIIMHACTBA METAJJIOB.
VX oTHOCHTEJ bHAS IOJABUMKHOCTL B JIOBHAJbHO-AaKKYMYJIATHBHBIX NpoIec-
cax nmoyBoo6pasoBaHusa Ha 0,5—1 MOpAAOK HHXKE COeIHHEHUH NepBOH IPYNIH
u Moxer ObiThb 06Go3HaueHa muaekcoM 50—10. Couau Kajblus H MarHus, OT-
JHYAACh MOCTATOYHO BBHICOKOH pacTBOPHUMOCTBIO, BHIEJAauHdBAIOTCA B 006Jsa-
CTAX TOCHOJACTBA 3JIOBHAJIBHLIX HPOLECCOB. B akKKyMyJSITHBHHIX M TPaH3HT-
HbIX JaHAwadTax CePHOKHCJbIE H YIJIEKHCABe COJNH KaJablus o6pasylTr pes-
KO BHIpaXeHHble CKOI/IENHs B BHAE KOHKpeuuil WH CIVIOWHBIX TOPH3OHTOB.

B KauecTBe KaTHOHOB KaJbluil, MaTHUH, KaJaufl ¥ HATPUN HHTEHCHBHO IIO-
TJIOLLAIOTCA H 3aEPXKUBAKTCA KOJNJIOHMINO-AUCIEPCHHIMY CHCTEMAMH IIOYB
¥ OCaIOYHBIX TOPOM.

Kauanuit, norsomasch pacTHTeJNbHBIMHE H XXHBOTHBIMH OPTaHH3MaMM H BXO-
Asl B COCTaB BTOPHUYHBIX MHHEDPaJOB, OCOGEHHO THAPOCIOJ, OTCTAET B cBoel
MHTpaUAY OT HaTpHd. Marsuii, yuacTBys B mpoieccax MOJOMHTH3AIHH H He-
00MEeHHO NOTJIOMAaACh BTOPHYHBIMHA CHJAMKATaMH ¥ aJIOMOCHJIMKAaTaMH (MOHT-
MOPHJIJIOHHT), TaKXKe OTHOCHTEJNBHO OTCTaeT B BLIHOCE B CPABHEHHH C Har-
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Ta6awua 32

Koathduupentt ycrofiunsoctu (K*) aaemesitoB NJst KOPl BBIBETPHBAHHUS
ampuGeantoB U nopdupHTOB

(VIncuneina, T'maronesa, 1968 r., ¢ HaMeHeHusMH aBTOpa)

Dnemenr Topduputet AmpubouTet dileMeHT Tlopdpuputil | AMpuGoanTH
JIeFKOIIO}lBH}KHbIe 3JIeMeNThel MaJIOl'IOD,BId)KHbIe Su'le!\(leHTbI
Ca 0,03 0,03 Cr 0,30 ? 0,50
Mg 0,06 0,006 v 0,30 ? 0,50
Na 0,14 0,11 7r 0,70 0,56
K 0,20 0,12 P 0,80 0,60
Mn 0,14 0,04
IToaBMKHEIE 3JIEMEHTHI Ycerofigusbte 3J1eMeHTH
Co 0,11 0,20 Ti 0,80 1,20
Ni 0,30 0,30 Al 0,80 1,20
Cu 0,40 0,24 Ga 0,98 0,90
Zn ? 0,30 Fe 1,00 0,80
Si 0,40 0,40

CpejliHee COrepxaHue B BepxHell 3one (m2/cm®)

¥ K= .
CpepHee cofiepXanue B KOpPeHHoil mnopofe (Me/cm®)

Ta6aunua 33

Meporeoxymuueckasi NOABMKHOCTh TAABHBIX NPOAYKTOB nquooﬁpasosaHuu

r x OTHOCHMTeJIbHAsE [TOX-
pyrma HNOABHIKHOCTH UMHYECKHE COeIUHEeHHS BHXKHOCTL

Ouenp BHIcOKast (I) Hurpathi, xJopuiel, uoauasl, OGpPOMHAEL, CY.b- 100
daThl, Kap6oHathl, GopaTH, CHAUKaThl, ocda-
Thl LEeJIouel M 4ACTHYHO MIEJOUHBIX 3€ME]Ib

Bericokas (II) Tunc, yraekwcavii MarHufi 1 KaJblgi, FyMaThl =~50—10
M aJICMHEATHL lejiovefl, 3KeJeaHble M aMIOMH-
HHeBhle KBACIEl

Vmepennast (I11) BukapGonatst, ¢ysBath u docate Mn, Fe, ~0,5—1,0
THAPO30JM KpeMHe3eMa, FHAPO30IH IyMyca

Husxas (1V) Tuapookucart Al, Fe, Mn, rymarsl TaXemablX =0,1—0,001
MeTaJlIoB

Huyroxuas (V) Keapn (SiOy), pytun (TiO,), unpkon (ZrSiOy), <0,0001

rpanat (oprocunvkat Fe, Al, Ca), rauHuble M-
HEpadbl, CyJbOHAL

pueM. Kajbuu#i ke BXOAHUT B COCTAaB MHOTHX OHOTeHHBIX 00pa3oBaHHil (CKe-
JIETH], PAKOBHHEI) H IIPeICTaBIeH B IOUBAX MaJOPACTBOPHMBIMH COEAHHEHHSIMH
(xapb6onarsl, dpocdats). IToaTroMy u BO BTOpOH rpynie INPOLYKTOB HauboJb-
el MHCPAUMOHHON HOJABHXKHOCTBIO OT/JAHYAIOTCA COENMHEHHS HAaTPus, KOTo-
phHie ABJASIOTCA TAKKE U BHICOKOPaCTBOPHMBIMH. SMOMY CIIOCOGCTBYET H HU3KAs
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OHOTEHIIOCTh HATPHA, 3HaYeHHe KOTOPOTO B 30JbHOM COCTaBE pacTeHHH He-
BEJIHKO.

Coenunenis nepBoil H BTOPOH I'PYNIN B BHAe pa3HooOpasHLIX cMmecell co-
Jieil pasHoOl pacTBOPHMOCTH H B Pa3HOH KOHLEHTPaUUH TPHCYTCTBYIOT B NOYU-
BEHHBIX pacTBOpaX, B IPYHUTOBHIX H peynblx BoJax. OHH Xe yyacTBYIOT B Qop-
MHUPOBAHHY MHHepaJM30BAHHBIX IIOJ3eMHBIX BOJ H pAasJHYHBIX pacco.oB.
B ycnoBusIX apuIIOro KJIHNMAaTa 3TH COJIH HHTEHCHBHO HAKaMJIUBAIOTCS B IPYH-
Tax H N0YBaXx CTelel, caBalH, OYCTHIHDL, 06pa3ys COJIEHOCHBIe 0CafOuHble 110-
pOALI M 3acoJenlible MOUBLL.

Coeaunennss yMepeHHo# nmoaBu XK HOCTH. K atolt rpynne npo-
AYKTOB MOYBOOGPAa30Ballis U BHIBCTPHBaHUSA, 00/JaJal0UIHX OTHOCHTENbHO He-
60JbLION, HO BCe Ke BHOJIle BLIPAXKEHHOM MHTpalHonNOo#l CIocoBHIOCTLIO,
OpUHALJeXAT HOliHble W KOJJIOHJHbIe pacTBOPHl KpeMHe3ema, GMKapOGOHATLE
u docdaTel xedgesa, mapranua, ko6aapra, KOMOJEKCHDIE COeJHHEHUS aJl0-
MMHHS, XKeJe3a, Mapranna, ko0aabra, HHKeJsl, MeIH C OPraHHUYeCKHMH KHC-
JIOTaMH.

OTHocHTeAblIas NOABHIKIIOCTb COeIUHEHUH 3TOH rpynnsl Ha 2—2,5 nopax-
Ka HHXe N0 CPaBHEHHIO C COCAMHEHHSIMM INepBOH IPYNNBL M MOXKeET OHTh
oBosnaueda B cpeanem HHAekcom 0,5—1,0. Coennnenus docdopa B 60ib-
IIHHCTBE MaJopacTBOPHMBl H, KPOME TOTO, HHTEHCHUBHO 3aXBaTHIBAIOTCH
pacTHTeJbHBIMY W KMUBOTHLIMHM OpPTaHH3MaMH, Ha JJIHTeJbIIoe BpeMs 3aJcp-
XKHBasicb B GHOJOTHYECKOM KPYTOBOPOTe. 3HAauuTeJbHBIE KOJHYECTBA INOJI-
BUZKHOr0 KpevMHe3demMa MNOTVIOUIAIOTCH HM3IIMMH M BHICUIMMH OpPraHH3MaMi,
y4acTBysq B 06pa3oBaHNMU auLuped, cKeJeTa WK MeXaHHYeCKHX TKaHed (Aua-
TOMOBEIE, PaLUOJAPHH, QHTOJHTAPHH 3JaKOB H JPEBECHHHI).

OcBoGoxknaiiuecss B NPOLlecce BhIBETPHBAHUS COCAHIENHS KpeMie3eMa,
¢octopa, mapranua, Kenesa orpaHuueHbl B NPOCTPAHCTBEHHOM MHUTpaluH,
34/1epKUBAIOTCA YaCTHYHO B 06JacTd 3JI0BUA Ju60 BHINALAOT BCJELCTBHE
XeMOTeHIIBIX U GHOreHHBIX pPeaKHuil B ocajok B 00J/aCTH JeJIOBHUS, NPOJIOBUS
M aJJdI0BHsA, T. €. B TPAH3UTHBIX JdaHAwadTax. Onako 3HAYHTENbHEIE KOJH-
yecTBa cocauHenud KpeMHe3dema, ¢ocdopa, maprauua, xejesa, ko6a’abra,
HUKCJAST YXOOAT ¢ BOAAMH TPYHTOBOTO H IIOBEDXHOCTHOIO CTOKZ B aKKyMY-
A4TUBHblEe 06gacTty, 00pasys CKOMJEHHs B TOHMEHIIBIX O0caZKaX U TNoY-
Bax, B AeNbTOBBIX U IPHOPEXIIBIX 30HAaX MODeH M OKCAHOB, B 03epax u 06o-
JOTax.

CoennHeHuss HHU3KOH NMOABHKHOCTHU. 3HAYUTEJbHO MeHblIeH
NOJBHUIKHOCTBIO B KOpE BLIBETPHBAHHS H I10UBaX OTJIHYAIOTCH COEIHHEHHS
aJIOMHHHS, THTala, OKHCHOTO XKCJe3a M OKHCHOro maprasma., Mx moaBukK-
HOCTb B THICSIYH M HeCATKH TLICAY pa3 Mellbllle NOJBHKHOCTH COEINHEHHH mep-
BOH M BTOPOIf rpynn. STO OTHOCHTCA K THADOOKHCAM 3THX METaJJIOB, 4 TaK-
e K kapboHaraMm u cyabdaram 6apus M OTYACTH CTPOHHHS, IHHKa. Oniiako
HIIOT/Ia COelMICHHUS aJIOMHHHUS IlepeMellaloTes B 3aMeTHBIX pasMepax, obpa-
3y aKKyMY/STHBHBEIE MECTODOXKIeHHsl G0KCUTOB. Bee ke o6IIenpHU3HAHHBIM
ABJISIETCS MOJOXKEHUe O TOM, YTO COeJHHCHHS aJIOMHUHUSA M TUTAHA NPEHMY-
I{ECTBEHHO 1aKaNJHBAIOTCH B OCTATOYHOH KOpe BHIBETPHBAHHA, T. €. B 0bJa-
cTd 3moBusA. ViMeHHO MO3TOMY ADEBHHE 3/I0BHAaJbHEle KOPHl BHIBETPUBAHHS
BO BJAXHBIX TPONHKAX IPeJCTABJEHB MHHCDaJaMHi THAPOOKHUCH aJlioMHHHS
€ IIPMMECBIO THTana.

Heckonbko minaye o6CTOHT Aeno ¢ coeluHenusiMu Kenesa. O6pasys B
KOpe BBIBETPUBAHUA B OCHOBHOM OKHCIIble (DOPMBI, COeITUHEHNS XKeJse3a TaKKe
XapaKTCPH3YIOTCA HHU3KOH MHUTPAllMOHHOHM CIOCOGHOCTBIO M $ICHO BBIpaKeH-
HOH TelfeHUMeH K NaKaIVIMBAHHIO B OCTATOUHBIX NPOLYKTAX 3JI0BHAJBHBIX
Kop BbiBerpuBaHus. OIHaKO UyTKasl peakuus xeJe3a Ha BOCCTAHOBHTEJIbHHIE
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yCI0BHS W TOBLIMIEHHYIO KHCJOTHOCTb CpeAbl, o6pasoBaHHe IIPH 3TOM pac-
TBOPUMBIX GMKapOOHATOB ¥ KOMIJIEKCHBIX OPTaHO-MHHEepPAaJIbHBIX COeAVHEHHUH
OPUBOAAT K TOMY, UTO XeJe30, nogobiio MapraHiy, WHOTLa NpHoOperaeTr OT-
HOCUTEJBHO BBICOKYIO MOABHXKHOCTb, MOXXET HHTEHCHBHO BBIHOCHTBLCH, KAK H
Maprasel, H3 o6jacTu 311084sA. COOTBETCTBEHHO B THAPOMOPQHBIX YCJIOBHAX
COe/IMHEHHUS XKende3a UM MapraHua o6pa3yioT 3a4acTyi 3HAUYHTC/IBHBEIE CKOII-
Jlenus B TouBax, GOJ0Tax, O3epax, JaryHHBIX M IIeJb(OBHIX 30HAX MOpel.
ITo sTuM Xe mpHumnaM coeluHenns Keje3a 06pasylOT Pe3KO BHIpAXKeHNHBIE
FOPHU30HTLl HAKOILIEHHS B NOYBaX (JaTepUTHHIE KOPEL, OPTIITEHH, JKele3HCThIe
KHpachl).

CoexzvHenns s HUUTOXKHON MOABHNKHOCTHU (HHEPTHLIE MPOAYK-
Th). B a1y rpyuny B. B. TloanmossiM oTliecen kpemieaeM kBapua. Cioga
JOJIAKHBI OBITh IPUCOEIHHEHEl TaKHe BBICOKOYCTOHUHBBIE MUIEpaJbl, KaK UP-
KOH, IpaHar, IMMHHBE MHUHEpaJbl, a TakXke cyabhuas Merasanos. A. H. [le-
pesJbMaH yKa3belBaer Ha IIHYTOXKHYI0 MHATPALHOIIIYIO CIOCOGIIOCTL COeLHHEHUH
Topusi, HNOOu4, Tantana. OTHoCHTEbHAS MOJBHKHOCTE 3TON T'PYIIB COELH-
'HeHUE NpHOMIKaercss K Hymo. BeaedcTBue CBoell HHEPTHOCTH KBApIl H IHP-
KOH ABJIAIOTCS THIMYIBIMH KOMIIOHEHTAMH OCTAaTOYHOH KODBI BHIBETPHUBAHHS,
OTHOCHTE/IbHO HAKalJHBAfiCh B TOJMIAX 3JMIOBHS. [0 3THM npuyuHAM KBapI|
UM UYMPKOH 4acTo NPHINMAIOTCH 34 COeAHHCHHE-CBHAETENb, [0 OTHOIIEHHIO
K KOTOPOMY DacCyHTHIBACTCA MUIPALUHOHHAA CNOCOGHOCTh APYFHX MPOLYKTOB
BLIBETPHBAHHUS U NOYBOOGpa30BaHus.

He caenyer, oguako, 3a6EIBaTh, YTO MHEPTHOCTH KBApila, IMHH ¥ HUPKOHA
ne a6comoTHa. [Ipyn BHICOKUX CTeNEHAX AMCIEPCHOCTH, OCOOEHHO B YCJIOBHAX
UUDKYJALMH IIEJTOYIIBIX PacTBOPOB, KPeMHe3eM KBapia cnocofel K IocTte-
TIeHHOMY OYeHb cJ1aboMy pacTBOPeHHIO U MUTrpanuu. [Ipu reosornueckoit npo-
JOJKHUTEJNBHOCTH [IPOLECCOB 3TO MOXKeT NPHBECTH K CYLIECTBEHHBIM pe3yJb-
TaraM. I'JIMHBL TaKXe B KaKOH-TO Mepe NENTHIMPYIOTCS U MHTPHPYIOT.

PaccmoTpennas XapakTepHCTHKa OTHOCHTENBbHON HOABHXKHOCTH NPOAYK-
TOB BLIBETPHBAHHUS U NMouB0OOPa30BaHH YCIOBHA., Tem He Menee sHaHHe pPas-
JIHYHOH TOABMKHOCTH HPOLYKTOB BHIBETPUBAHHS H NOYBOOGpA30BAHMS NO-
3BoJIsieT pa3obparbcd B MCXaHU3Me HX FOPU3OHTAJbHON ¥ BEPTHKAJbHON NHb-
depeHnManMy, B pa3JdyHBIX THIAX II0OYB H KOpPHl BHIBETPHBAHHS, a TaKXKe
B 3aKOHOMEpIIOCTAX pacnpejesielluss HX Ha IOBePXHOCTH CYIIH.

NOYBEHHO-TEOXMMUYECKHE CNMYTHUKU W AHTATOHUCTHI

O630p Nmefore0XuMHYECKOH MOABHKIOCTH BaXKHeHIIHX NPOLYKTOB BHIBET-
pHuBallusg ¥ OYBOOGPA30BaBUs, HPU BCEH OTHOCHTENbHOCTH ONHUCAHHBIX TPYII,
[03BOJACT NpeJBHAETh H IOHUMATD NOBEJeHHE PA3JHUHEIX COeTHHEHUH B PO~
Ueccax GopMUPOBAHHS II0YB ¥ NOUYBEHHOTO NOKPOBA OTAEIbHBIX JaHLIadToB,
KOHTHHEHTOB H MX YacTcH.

B npupozne peixo HOCTUTAeTCs NOJAHOE DasjesieHue NMPOAYKTOB IOYBOOG-
pas3oBaHuaA M BbIBeTpHBaHHA. OGBIUHO OHM BHINAJAlOT B OCAJOK HJIH MUTPHU-
PYIOT B AKKyMyJHDYIOTCS COBMECTHO B BHAE FPYNN COEIMHEHHH-CIYTHHKOB,
uTo 0OYC/OBJMBAETCS CXOACTBOM MyTell HMX o6pasoBaHus, GJH3KOH pacTBo-
PHMOCTBIO HJIH 0.IM30CTBI0 HX GHOJIOTHUECKOTO M IOYBEHHO-FEOXHMHUECKOTO
3HAYEHUS.

B nepBom NpuOJMMKEHHH MOMKHO CUHTATh, YTO KOMIIOHEHTEl OMHCAUHEIX
BbIIlIe IIATH FPYII NEeAOTeOXUMHUUECKOH TOJBHKHOCTH COeMUHEHUH M SBJISIOT-
Cq CNYyTHHKaMH-MUTPAHTAMH, CIYTHHKAMHU-aKKYMyJsHTaMu. MHoOrouuciaen-
Hbl€ W BNOJIIE JOCTOBepHbIe HAOJIOJEHHS CBUIETEJbCTBYIOT O TOM, 4YTO
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MUI'PAlys H aKKyMYJAsiHaA ‘HUTPATOB, XJIODUIOB U CyJAb(daTOB IIPOUCXOIMT
COBMECTHO M aCTO CONPOBOKIAETCA HaKoNJeHHeM coefHHeHm#A 6poma, loaa
u Gopa. DTO yCTaHOBJENO ST COJOHYAKOBBIX NycThiHb AMepHkH, Adpuky,
Asnu, ora Pycckoft paBHHHE, Kypa-ApakCHHCKOR HH3MEeHHOCTH.

OO6uM npaBuJIOM ABJSETCS COBMeCTHAs MHIDAauUMA M aKKyMyJslLus THI-
ca, kap6oHaToB W GuKapOOHATOB KaJblusl M Marsds W TyMaTOB KaJbllH.
I'unc H yriaeKUCJIBl KaJblUi SBJISAIOTCH TaKxKe NOCTOSHHBIMH FeOXHMHYe-
CKMMH CIYTHHKAMHU XJIOPHAHO-HHTPATHO-CYJAb(ATHEIX aKKYMYJISIHH.

Kap6ouaTsl 1 GrkapOoHaTHl LIeJ04el BCerga CONpPOBOXKAAIOTCH MOOH.Ib-
HBIM KpeMHe3eMOM, FyMaTaMH lejoued, HepeAKo ajioMHHaTaMi Liesoded B
pacTBopax, a B ocafike — YIVIEKHCJIBIM KaJblHeM M MOHTMOPHU/JIOHHTOBBHIMHK
TVIHHAMH.

CoBMeCTHO MHUTPHPYIOT H HakamjaupalooTcd (yabpBaThl U KapOoHATH XKeJe-
3a, MapraHna, HuKeJas, Kofajbra, MeJu. B ocTaToyHOH Kope BHIBETPHBANHSA
06pasyloTcss ¥ COBMECTHO OTHOCHTENBHO HAaKaIJHBAKOTCH OKUCJABl H THAPO-
OKHCJBl AJIOMHHMS, JKesesa, THTalla, KBapl, KaOJTHHHT.

OnasoBHAHBI U NbIIEBHAHBIH aMopdHBIA KpeMHe3eM, YIVIEKHCJBIH KaJib-
I, KOJTOHAHBIA FyMyC, OKHCJB! XKeJde3a H Mapranua ¥ ux ¢ocgars Hakan-
JIUBAIOTCS COBMECTHO B Calpollese MeJKOBOAHBIX NPecHHX 03ep, B TOpDAHH-
Kax, TJIeeBbIX TODH30HTAX IOYB.

KoMnoHeHTH Ka)XI0l Tpynnbl MeHblucH MHUIpauMOHHOH aKTHBHOCTH He
TOJNBKO HPEHMYLIECTBEHHO 3aJepXKHBAITCA B 3JIOBHAJBHBIX JaHImadrax,
HO M CONPOBOXKJIAIOT B BHJAE CIyTHHKOB-IpHMeceH NOBCEMECTHO B MOYBAX U
KOPaxX BBIBETPUBAHUS TPAH3UTHHIX H aKKYMYJSATHBHHIX JaHAWAPTOB KOMIIO-
HeHTHl Gauxkallluux TPYNI Bo3pacTamleil MOOHJABIOCTH. DTy 3aKOHOMCp-
HOCTb MOXKHO Ha3BaTh «NPaBHJIOM CONpPOBOXKAeHHs». CornacHo stomy npa-
BUJIY, HaHpUMeEp, aKKyMYJALHS B NOYBAX HUTPATOB, XJIOPHIOB, CyJb(aToB
IOTKHA 0093aTEeNbHO CONMPOBOXKAATLCA AKKyMyasuuedl Tunca, YIIEKHCJIOrQ
KaJblHsl, BTOPHUIOrO KpeMmHe3eMa, NOJYTOPHBIX OKHCJIOB, IJIHHHEBIX MHIe-
paJos.

B COOTBETCTBHH C 3THM Xe NIPaBUJIOM aKKyMyaauus gocdaros u gapbo-.
HATOB KeJje3a, aJIOMHHHSA, Maprasiua AoJXKHa COINpPOBOXKAATBCHA, XOTH H B
ocnabaenHolt ¢opme, HO AOCTATOYHO BHIpAXKEHHOH aKKyMmyadiue#i KoMHo-
HeHTOB IV u V rpynm, T. €. THAPOOKHCJIOB aJIOMUHHS, XKejde3a, MapraHia,
FyMaToOB 3THX e MeTajJIoB, KBaplla ¥ INIMHHBIX MuHepaJsos. I[Topumnssace
3TOMY e IIPaBHJy, KOMIOHEHTH | TPYNNbl He CONPOBOXKIAOT aKKYMYJISALHR
kommonenToB 11 u oco6enuo Il u IV rpynn. Y peficTBuTeAbHO, THIICOBHE Y
KapOOHaTHO-KaJblHeBEle aKKyMYJSIHY, He CONepKallhe CKONIEHHH HHUTpa-
TOB, XJIOPHIOB M CyJb(aToB HieJodeH, AOCTATOUHO M3BECTHH B Ipupone (J1y-
roBble MEpresu, KOpHUHEBble HOYBHEI, HEKOTOpDble uyepHO3eMbl). Ofuien3Be-
CTHO TaKxXKe, YTO THIIHYHbIE aKKYMYJSLUUH KOMIOHeHToB IV u V rpynn (aare-
PHTHL, aJJauTH, (eppasiuTH, KaOJHHHTBI) HHUKOrZa He CONpPOBOXKAAIOTCS
gomnoHenramu I u 1l rpynm, Tak xax NocaelHHe NOMKHBI GBITh BHILLEJIOUEHDE
panee.

OnHako uMeroTes eule 6osee CIOXKHBIE SIBJIEHHS, KOTOPble MOXKHO Ha3BaTh
[IOYBEHHO-TEOXHMHUECKOH HEeCOBMECTHMOCTbIO (aHTaroHuamom). 'eoxmmuue-
CKUll aHTaroHN3M BO3HHKAaeT MEXKAY TAaKHMH COeJHHEHHSIMH, KOTOpHE, BCTY-
nas B peakuHd MexAy COGO, IOJHOCTbIO PA3pyIIalOTCs H He aKKyMYJupy-
I0TCA, HeCMOTPS Ha HX ITIPHTOK.

Becbma TUNHUYHBIM TIpHMEPOM NeJOXHMUYECKOH HECOBMECTHMOCTH SBJIf-
joTcsl KapOouathl (6MKapOOHaTBI) liesoye# W CHIC, COTA K XJOPHIB Kajdb-
LHs, aJIOMHHATBl HATPHA U runc. Bo Bcex 3THX coueTaHHAX 1UESOUHOH KOM-
HOHeHT 6yJeT HEHTPAJH30BaThCA, @ NPOAYKTH peakUnu GYAYT NpeBpaIaThCs
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B OGBIYHBIE TaPH TeOXUMHUYECKHX CIYTHHKOB: KapGoHAT KaJblUHsd H CYIb(PaTEs
Hartpus, KapOOHATH KaJbUHS H XJODUABI HATPHUS, OKHCJLl aJIOMHHHS H CYJb-
¢ar HaTpus. Tak xXe HECOBMECTUMEl T€OXUMHYECKH TIPH a3palUH CPeJbl CYJlb-
¢uIe Kesneza M xapOoHaTel Kaabnus wid coxa. OKucjieHHe cyJabHIOB CO-
HpoBOXKaaeTcd 06pa3oBaHHEM CEPHOH KHCJOTH, paspyuleHHeM Kap6OHATOB
0o0pa3oBaHHeM THIICA HJU CEPHOKUCAOTO HaTpus Ha GeckapOoHatHOM (oHe,
oGoralieHHOM OKHCJIaMH Keje3a. [HIICOBBle aKKyMyJSUUH, OKpallleHHbIe
OKHCJaMH 3KeJe3a U MapraHlia, MOTyT OBITh KaK pa3 CBUIETeaSIMH N0J00HOTO-
npouecca 06pa3oBaHus H pas3pylleHHs ¢yJbQHA0B B IIPOILJIOM.

Ilo Tem Xe mpuYMHAM TEOXHMHYECKH HECOBMECTHMBI KBacubl U YIJIEKHC-
JIBI Kaabliuil (IpUMOpCKHe KHCJABIe cojionyaku). HecoBmecTHMH HHTpPATH It
CyJab(uAb, TAK KaK HUTpaThl He MOTYT 06pa3oBaTbCsl H YAEpXKAThbCS B aHa-
3pofHOi ofcTaloBKe, e GOpMUPYIOTCH CYAbGuIbl. B CUIBLHOKHCIOH NOYBe
(HachlleHHON BOLOPOROM H aJMIOMHHHEM) HEBO3MOXKHA aKKYMYJAIHua Kap6o-
HaTOB KaJbliUsl, MarHusi, HATPHS: 3TH COeJHHEHHs HEU3MEHHO AOJXKHEL BCTY-
nath B peakUHIO ¢ KHUCJOH NOYBOH U paspyllartbcd.

MaJso BO3MOXKHO B pacTBOpax COBMeCTHOe HaxoxaeHue coeqnHeHult SiOy,
Al O3, Fe(OH)s. Oun HensbexHO pearupyloT Apyr ¢ Apyrom, ob6pasys ocal-
KH aMOP(HEIX ¥ OKPHCTAJJIN30BAHHBIX TVIHH.

sIBJeHNe NMOUYBEHHO-TeOXHMHUYECKON HECOBMECTHMOCTH COENHHEHUH JIEeXHT
B OCHOBE MHOTHX NpPHEMOB XHMHUCCKHX H MeXaHHYECKHX MEJHOpAalHi Hello-
JOPOAHBLIX MOYB (THICOBAHHE W KMCJOBAHHE INEJOYHREIX IIQUB, NJIAHTAXK W
aspauys IoYB, H3BECTKOBAHUE KUCIBIX N0uB). Kak B NMPHPOAHBIX OYBEHHBIX
Apoueccax, TaK U B NpaKTAKE MeJHOpalUi HAKOIJeHHe B PacTBOpe HJIH B
ocaJKe OXHOrO M3 Naphbl FreOXUMHUYECKHX aHTaTOHHCTOB MOXKeT ObITb yCTOHYH-
BHIM JIHIUb NPH NMOJHOH JHKBHAALKUH APYTrOTO aHTACOHHCTa M JHIIb HPH YCJAO-
BUH IOCTOSIHHOTO IIPHTOKA IIEpPBOrO KOMIIOHEHTAa C I'PYHTOBHIMH BONAMH, C
TIOJMBHLIMY BOAAMH, B BHJE CNelHaJbHBIX NpPenapaTtoB HJIU ynoOpeHuit, 1o
IPaBuUJI0 0coOEHHO BaXHO B NIPAKTHKe MeJHOPALHH COLOBHIX TOYB H IOAJAEp-
JKaHUA UX ILJIONOPOAUS.

HeckoJ1pK0 KOMIIOHEHTOB SIBJASIIOTCSL Han0oJlee YHUBEPCATbHEIME U IIOBCE-
MeCTHBIMH IeJOXHMHYeCKUMH CHOYTHHKaMH JI060r0 mouBoo0pa3oBaTebHOIO
npouecca. D10 OpraHUdYecKull Yriaepol, a3oT, KpeMHe3eM (aMopGHBIN HIH
BTOPHYHBIH KBapil), NMOJYTOPHble OKHCJLI U IVIHHHbIE MHHepaJshl. IlepBHuHBIA
noysoo6pa3oBare/bHb Ipolecc (OakTepHadbHBIN, JHMIAAHUKOBRIE) WJIH
BBICOKOPa3BUTHIH uepHO3eMHBIH M0YBOOOPa30BaTeNbHBIH NPOUECC, TOABOAHOE
noysoo6pa3oBaHue Bcerja MAalOT INPOLYKTH, o6oralleHHble OpPraHMYeCKUM
YIJEepOAOM B a30TOM, TJIMHHBIMHE MHHEpasaMH M BTOPHUHBIMH COEHMHEHHUAMU
KpeMHHs], 06pa3ylIMMH TNOYBCHHBIH MeJKO3eM. DpOo3us U NOBTOpHAs celu-
MeHTalHsA, 06ocobaeHHe, NOAHATHE M pacyJeHeHHE AKKYMYJATHBHBIX JAHI-
wadToB (Teppac, 4eJbT) MOTYT BbI3BATb IIPOTHBOPEUHBHIE IIpolecch. 3afaua
HCcJle/loBaTesIs 3aKM0UaeTcss B HCTODHYECKOM aHaJ/H3e KapTUHHL NyTeM BHI-
wIeHeHUS NPH3HAKOB PEUKTOBBIX H YCTAHOBJIEHHs KOPE/IHDPYIOIIHX TIPU3HA-
KOB HOBeHIIIMX NIPOLECCOB, HAJIOXKEHHBIX HA PENHKTHI.

OCOBEHHOCTH NEAOTEOXHMHH
BAKHERHINX MHUHEPAJIBHBIX COEOWHEHHR

Cynp6a npOAYKTOB BEIBETPHBAHHS M NOYBOOGPA30OBAHHMS 3aBHCHT OT NPO-
JAOJIXKHTENbHOCTH COOTBETCTBYIOILErO IPOLeCcCa, YCJAOBHE YBIAXKHEHHS MECT-
HOCTH, MHUTDALMH, aKKyMyJslHH H CyMMapHoro 6ajaHca STHX HPOAYKTOB
B [I0YBAX M MX OTXEJbHHIX TOPH3OHTAX.
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JlerkopacTBOpUMbIe COTM B YCJIOBUSX 3JIOBHAJNBHDLIX JAHAMLIA(PTOB THNKY-
'HBIX MYCTHIIb COXpaHSAIOTCS HeoIpeleNeHHO AJHTENbHOE BpeMfA B T0YBAX H
KOpe BBIBETPUBAHUS, Ile NOAZABasich BHIeJayuBanuio. Hanpotus, B ycio-
BHAX BJAXKIBIX TPONHMKOB Aaxe IVIMHO3CM IIOABEPXKEH MHUTPALKH H BLIHOCY.
Brilenauusanue runca ¥ yrieKHCJA0r0 KaJblusd Ha PAaHHHX CTAMUAX SJOBH-
aJpHOrO Tpouecca (0cob6eHHO B 3aCyLIIMBOM KJAHMaTe) OTCTaeT OT Bhlllesa-
‘YUBAHHS XJOPHAOB U CyAbPaTOB HATPUS U MAarHud, IO3TOMY THIIC H YIVIEKHC-
JIBIE KaJbIHUHA MOTYT 3aJepKHUBaThC HAAOJT0 B 3JIOBHAMBIHX JaHAmadrax,
Kak 6bl 00HApyXKUBas «OTHOCHTEJbHOE HAKOIJIEHHEY,

CoenuHeHust KpeMuHs, XKeje3a, MapTaHlla, ajJlOMHHHA B 3TOM OTIOLIEHHH
TaKxke NpOABJIAT cebs ABolcTBenio. KpeMHeseM AOBOJABHO HHTEHCHBHO BBI-
HOCHUTCS M3 3JI0BHAABIOH KOpPH BhiBeTpUBaHus. OfHaKo, BENafas B OCaJ0K
IIPH BLICBIXaHHH PacTBOPOB M UX 3aMep3alHH, a TakkKe B GOpMe JHATOMOBHIX,
aMOp(GHBIH KpeMHe3eM OTCTaeT B BHIHOCE OT COJel, ¥ OTHOCHTEJbHOE HaKOIl-
JleHHe ero OOHapyXKUBaeTcsl B Kope BLIBEeTpHUBaHUMA M MouyBax. OOGBIYHO Ha-
Om012eTCsl H OCTATOUYHOE «OTHOCHTENbHOE» HaKOWJellue KBapua, HO U OH IIPH
-60/bIMIOH AJMHTEJNBHOCTH TPONHYECKOrO 3/I0BHAJBHUOTO BEIBETPUBAHHA NOCTE-
NEeHHO BHIHOCHTCS U3 KOpBI BLIBETPUBAHUA.

HaumeHee MOABHXKIIBIMH KOMIIOHGHTAMH CYHTAIOTCA OKHCJABI KeJaes3a H
ocobenlo amoMuHusA. X coeluHeHHsI — TUNHYHBIE OCTATOYHBIE KOMIOHEHTDHI
B 3JII0BHAJNBHOH kKope BBIBeTpuBaHus. OLHAKO B cllenUPHUECKHX CAYUaAnX H
‘OHH OTJHYAIOTCA 3HAUHTEJbHOH IEeLOXUMHUECKON AaKTUBHOCTBIO: 00pasyioTr
HJIJIOBHAJbIBIE TOPH30UTHl, KOHKPENUH, XapAleHkl, PYAIble aKKyMYJISLHE HE
TOJBbKO Ha cylle, HO Jaxe B JaryHax U Ha llejgb¢ax KOHTHHEITOB.

Takuv o6paszoM, nousaTHe 0 MOOUJILHOCTH HJM NMACCUBHOCTH COeIHHEHHH
B Ipoueccax HOYBOOOpPA30BAHHS OTHOCHTENbHO. B 3aBHCHMOCTH OT NpOZOJ-
XKUTEJIBHOCTH H CTAJMUHOCTH Npollecca H KOHKPETHBIX YCJIOBHH Cpelbl NoBe-
JeHHe NMPOAYKTOB IOYBOOOpA30BAHUS MOXKeT OBITH COBEPIIEHHO NIPOTHBOIO-
JIOXKHBIM.

Murpauus u akKymyJsiqusi COeIHHEHHH KPEeMHHS

KpemHeseM HOCTOSNIO IOCTYHAeT B IOYBEHHBIE PACTBOPHE! M TPYHTOBHIE
"BOJLl B pesyJ/bTaTe FMApPOJN3a pasApob/ienHbIX aJI0MOCHAHKATOB H PacTBO-
pelins KBapua, xaJjuenona, onana. HedeauH, AHONCHI, aBTHT B H3MeJbYeH-
HOM COCTOSIHHM MOTYT OTHaBaTh B BOAUBIA pactBop 15—20 me/s Kpemuus;
OHOTHT, MHKDOKJINH, Jabpagopur — n10 5—7,5 me/a. Jlaxe KBapi Opu BEICO-
KOH CTeNeHH H3MEeJbUeHHOCTH U HHCXOASIIHUX TOKAaX PACTBOPSETCS B KOJAHYE-
-ctBe 3,5—4,0 me/a Si (Keller, 1957).

[Tonepble WnaThl U PAA CJAOKIBIX CHJIHKATOB, TAKHX KaK TYpMaJHH, IUp-
KOH, TpaHlar, sIBJAI0TCS OYeHb CTOMKHMH IPOTHB BEIBETPHBAHHS MUIEpanaMu
¢ KpaliHe Hu3KOU pacTBopuMocTbio. Ho M oHE oTHaoT B pacTBop HeGOJbliHe
KOJIMYecTBa KpeMHe3deMa. DHepPTHUNEIA BEIHOC KpeMmHe3eMa TNpU BLIBETPUBA-
IIHH, CONPOBOXKAACMbIil 3HAUNTENBHO OTCTAIOIHM BBIHOCOM COEIVHEHHH aJo-
MUIHS, KeJses3a, THTaHa, YCTAHOBJEN JaxKe MAs YCJAOBUH TYHApPHL M Taliry
(VIBanosa, Iloasianena, 1936; TaprynabsH, 1967). O6 310OM MOXKHO CYIHTD II0
‘COOTHOLIEHHIO KpeMHe3eMa H TJIMHO3€Ma B NOpPOAAax M MJMCTHLIX (QpaKIusux
nous (puc. 41).

HedaTenbnocTe MHKPOOPTaHH3MOB U NIPUMECH OPraHUYeCKHX BELIeCTB 3Ha-
YUTEJNbHO YCHJHMBAIOT NMEPEeBOJ KPEeMHHS, ‘aJIOMHUHHS, XKejle3a B pacTBOP U HX
TpaHcnopt. Broinoc 0kucg0B NpoucxonuT B GopmMe KOMIIEKCHBIX COeRMIIEHHH
-C OpraHHYeCKHMH KHCJIOTaMH. B BOZAIBIX 3KCTPAKTAX M3 CBEIKET0 H3MeJbUeH-
HOT0 MHMHepaJbHOro MatepHaJa, no aauHem E. M. Cokodaosoit u T. C. Hyx-
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nenosckoit (1968), kouunenrpaunsi Al,O; Moxer mocturate 25—500 me/a,
TiOs — 1,6—67 mz/a, S0y — 30—160 Mme/a.

OueHb MHTEHCUBHH JECHJIHKAIIMs MOPOJ ¥ ofpa3oBaHHe pacTBOPOB KpeM-
1eseMa, KapOoHATOB liesaouell W LIEJOUHBIX 3e€MeJb IIPH BBIBETPHBAHUH CBe-
JKUX BYJIKAHHYECKUX IEIJIOB, IIJIAKOB M JaB, DTH NPOLECCH BeCbMa BhIpaxke-
HH B nouBax Apmennu, Kamuarxu, dnounn, ®uannuny, Manonesuu n Unin.
B ycrosusix KamuaTk eXerofupiii XAMUYECKHH (B pacTBOpax M BOZaxX peK)
puiioc Si coctapaser 3—13 7/km2, Ca u Mg 9—15 17/xm2, Na u K 3—4 7/km?,

Puc. 41. Ornowenus SiOy/ALO; B
wuicTodf  (QpaKUMH, MeJKo3eMe H
nopoiax B ODTOIMOBUM XOJOAHBIX

ryvuanelx  obGaacrelt  (Tapryuban,
1967)

17— un (<<0,001 mm);
2 — MeakoseM (<1 um);
3 —— MacCHBHO-KDHCTAAANYECKAST NOPOAa

>
\ﬂ*

Yueno abpasz(oi
o 3

@

a HCOs o 37 r/km? (Coxosios, 1967). OGuenpusnano, uro HauboJee ray-
60Kast M NOJHaa AeCHJHKalHs NOYB W KOPbl BLIBETPUBAHHUA XapakTepHa s
BJaXKHBIX TPOITHKOB.

Tak Kax pa3iHuHble MUHEpaJLl KPeMIHs aGCcO/IOTHO NpeolianaloT Hak
JIpYTHMH MMHEpaJaMH, TO NPHCYTCTBHE KpeMHe3seMa B BOJAAaX, UUPKYJHPYIO-
KX B FOPHBIX IIOpOJax, TPYHTAX M NOUBaX, SIBISETCS YHUBepCaJbHBIM IEN0-
reOXMMHUUYECKHM SIBJIEHHEM, OJMHAKOBO XapaKTepHBIM I BCEX NPHPOIAHBIX
301 1 0COGCHHO I/ PaliOHOB M3BEpPIKEHIBIX MaJOBBIBETPENHX mopol. B Bo-
JaX apUAHBIX HJIH CeMHAPHAHBIX 06JacTeldl KpeMHeseM 3aHuMaeT CpCau APYTHX
PacTBOPEHNILIX COelHHeNnuil noqunHeHHoe noaoxenue. Onnako B pasbaBieH-
HBIX BOJAX IYMHUAHBIX 00JgacTeli pasaHyHbIX TeDMHUECKHX MOSCOB BCJIEICTBHE
OTCYTCTBHS! WJIH HH3KO!l KOHIEHTPauuH XJOPHAOB, CyJb}aToB H KapOOHATOB
B COCTaBe PacTBODEHILIX COeJMHEHHI IOYTH BCerna mpeolsanaerT KpemHe-
3eM (MHOT/(a OpTaHHYeCcKHe BellecTBa Illa NMEepBOM MecTe, a KpemMHeseM — Ha
BTOPOM).

B pa3GaBJjeHNbIX MPHPOJAHBIX BOAAX, HMEIOIMX MHHEpaInsauuo 20—
50—100 me/sa, B KauecTBe TJIAaBHOTO KOMIIOHEHTa COJEPKHUTCSA KpeMHeseM,
KOTOpHil cocTaBiasier 25—60% oT cyMMBl PacTBODEHHBIX BEIIeCTB. DTO a0
OCHOBallHe aBTOPY elle B 1946 r. BBeCTH B KNACCHQHUKALHIO NPHPOINHEIX BOX
TPYNIy CHJAHKATHHIX HJH CHIHKATHO-KapGoHaTHHIX BOA. Ilosxe 310 mosOKe-
HHe 6blJ0 NPHHATO B THAPOTEOJOTHH H F€OXHMHH JaHAIIAa()TOB H IOJYYHJIO
ofllee Npu3HaHHUe,

Wrak, B uHc/Je IPOALYKTOB IOYBOOGpAa3oBaHMs M BBEIBETPUBaHHS, KaK B
ocajiKaxX, TaK U B BOJHBIX PACTBOpPax, BCera HMeeTcs HEKOTOPOe KOJUYECTBO
coefiMHeNu# KpeMHuHs, 061aJal0uX A0CTaTOYHO 3aMETHOH DPAcTBOPHMOCTBIO
¥ VHTpanuonuoil crnoco6Hocteio. [Tpeanonaraercs, 4To 3TO HOHHBIE M MOJe-
KyJasipHble pacTBOpbl coepuHenuit oproxpemuuesod (HySiO4) u merakpewm-
uuepoit (HoSiO;) kucior, KpeMHeopraHMyeCKHe COEIHMHEHHUS, KOJJIOMIHbLIE
pacTBOPH THAPOOKHCH KPEMHHSI M TONKHE CyCleH3HH aMOp(HBIX rejei THNA
nSi0g- mH,0. HccacaoBanus B Npupode H JabopaToPHBIE SKCHePHMEHTHI o~
Ka3bIBAIOT, YTO KOMILIEKC 3THX COCHYHEHHH KpeMHe3eMa HOCTOAHHO IPHCYT-
CTBYyeT B NOYBEHHBLIX PACTBOpPAax, B PEUHHIX, IPYHTOBBIX H O3E€pPHBIX BOJAaX
B KoHIenTpauuax nopsaxka 10—50 me/a SiOs.
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1500 PacTBOpHMOCTb KpeMHe3eMa pe3-
KO BO3pacTaet ¢ yseanuenuem pH cpe-
bl # OCOGEHHO B LIEJOYHOM HHTEpBa-
7e. B mesounpix pacropax npu pH=
=10—11 B IpHCYTCTBHH COABI KONUEH-
tpauua SiOp; MOXKer JAOCTHraTh 100—
9200 me/a. TIoBHIILIEHHE TEMIIEpATYypH!
TaKKe BeCbMa CHJIbHO YBeJUUHBaeT
PacTBOPHMOCTb aMOP{HOro Kpemiese-
ma (pHc. 42). D10 oObACHAET, NIOUEMY
TepMaJjibHBle BOJDLI [IPU BHIXOJE 11a TIO-
BEPXHOCTb GoOrarel  PacTBOPEHHHIM
kpeMHeseMoM (Zo 500 — 700 #e/a
SiO,). I[loBhimraercsi pacTBOPHMOCTH
rejeli XpeMHe3eMa TakmKe IOJ BJIHA-
suem NaCl, NaySOs u ocobexno
0 ! L ' ! L NaHCO; u Na,COjs Ectb ykasanud,
§ 6 7 8 9 {0 4 pH yro B MOPOBHIX PacTBOPaX, COAEpXKa-
KX COAY, KOHIEHTpalusi KpeMmHese-
Puc. 42. Bausnme pH u TemmepaTyps ~ Ma MOXKET TMOBHIIIaTbcA 10 452 m2ln
Ha PacTBOPHMOCTb aMOpPGHOTO KpeMHe- (BoromosioB # Ap., 1967), Opnaxo
sema (Ocamoto a. o., 1957)
cyabdaTsl, 6nkap6oHaTHl M KapGoHa-
Thl MATHHS H KaJbIHs PE3KO CHHAXKA-
0T PACTBOPHMOCTb KpeMHEe3eMa H BbI-
3HLIBAIOT OCAXKEHHE CHIHKATOB LIEJOYHBIX 3eMeilb WM 00pa3oBaHue Ocalka
amMOp(HOTO KpeMHe3eMa.

B pacrBopax 'yroJbHOH KHCJOTHL, XJOPHCTHIX H CEPHOKHCJBIX coJedt mpo-
HCXOMHT HETEHCHBHBIA THADO/IN3 H3MeNbueHHOTo 6a3anbTa, TpaHuTa, Hedenn-
Ha ¢ IepeBOAOM B pacTBOPHl 3HAUMTENbHBIX KOJHYECTB Si0; (mo 20—
100 me/s). Vcnapenue, TpaHCTMpalus HJM 3aMeép3aHWe pacTBOPOB, COLED-
JKalFX KpeMHe3eM, BbI3bIBAET BhNaJeHHe ero B 0Cafok B (opMe MPHCHIIKY,
kopouek uau reqeit. Coppemennoe o6pa3opanne rejgell KpeMHe3eMa OINCHI-
Banoch MHOTHMH HcciaefoBareasmu. Tak, T'mabrapa coobman (Hilgard,
1911), uto B momune MuCCHCHIHM HM HaGMORA/CsH CJIOH KPEMHE3eMHCTOro
reJsi MOIMHOCTbIO 4—D5 . DHIIN yKasaHus Ha HaXOXIEHHe TeJeil Kpemucae-
ma npu paborax B Cummtonckom Tonnene, na Kan-T'one, B 6apax ABcTpasanu
(Termier H., Termier G., 1952).

B COJIOHIIOBBIX MMOUBAX HAET MOOGHIH3ANMA NOJABUKHOIO KpeMHe3ema Iie-
JIOYHBIMH PACTBOPAMH B ropu3oHTaXx A; 1 As ¥ MX NepeMellenne B TOPH3OHTH
B u C ¢ siBJEHHSMH CHJBHO BHIPa:KEHHOH LeMeHTaUWH MOANOYBEHHBIX TOpH-
sontoB (Kosna, 1935, 1937).

Kpemuesem, nocTynusmufi B pacTBOp NPH BBIBETPHBANHH, OCAKIaeTCT
Takke GHOJOTHUECKUM IyTeM. J1aTtoMOBLie BOXOPOCAH, painoNspuy, pacre-
HHs, 0COBEHHO 3MaKH (6aMOyK) YyCBaHBAIOT MOJABHKHBIH KpeMie3eM, NoTHMe-
PH3YIOT €ro B ONaJ H TeM CaMbiM NEePeBOAAT B OCAIOK. Onuako ectb OUeHb
MHOTO CBHIETEJNLCTB O TOM, UTO JAENOTHMEPH3allHsl ONaNoB 0 KOMJIOHAHBIX
¥ UCTHHHBIX PaCTBOPOB — sBJIElIMC, CTO/Mb XKe IIHPOKO PaclpoCTPaHeHioe
B npupofe (Ehrart, 1963).

TlocTosiHHOE TPUCYTCTBHE 3aMETHBIX KONMUECTB KpeMHe3eMa B IPYHTOBLIX
¥ TIOYBEHHBIX BOAAX H YyacTHe KpeMHe3eMa B Ipoleccax THAPOreHHOH akkKy-
MyJSIME B OYBaX ¢ 00pa3oBaHHeM OMAJoB, KBAPIa, HATEKOB, ITHAPOTEHHbIX
IJHH M XapAneHa OBUIO pacCMOTPEHO aBTOPOM B 1940, 1946—1953, 1967 rr.
AJS NOYB apUAUBIX o6jacTed, a 3areM H [/ TOYB TYMHAHBIX obmacreh

2, Me/n
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Pacmbopumocmo aMopirozo KpemHesem
[
S

140



{1958, 1965). K. 1. JlyxamieBbiM ¥ €ro y4elHKAMK ONHMCAHBI SBICHUS I'UAPO-
TeHHOIl aKKyMyJfLUH KpeMHe3eMa B 6eJOopycCKHX Jiéccax, B canponensx H
BOLHO-JeIHHKOBEIX OTJOXeHHaX (1967, 1968, 1969). JloctoBepHble NaHHbIE
(PKyse, 1966) moxasbiBaloT, 4TO B 03€pax H 6oJ0Tax cepepa TaxkkKe MIeT J10-
BOJBLHO MHTEHCHBHAS COBPEMEHHAS aKKyMyJsiHUd TOHKOAUCHEPCHOTO ONaJlo-
BUIHOTO KpeMHe3eMa B BHAe AHATOMHTA, Tpemenaa u npocioek onata (IpeH-
nangusi, Kapeaust, Koabckuil noayocrpos, Taiimpip, Menanaus, Jlennurpan-
ckas ob6aacTb, Uykorka, ITosecbe ¥ 1. 4.). B osepax u Jayxax 3jech
yabmopaoTes nosblimenHsle (15—30 me/4) KOHUENTPALHH KpEeMHe3eMa, KO-
TOpPBI ABASETCA NOCTOSHHBIM TPOAYKTOM BHIBETPHBAHHS H3BEPXKEHHBIX H
MeTaMop(puuecKHX MOPoA. 37Aech ke O6Hapy»KHBAIOTCSH B JOHHBIX OTJOXKeE-
HASIX, B TOJUIAX IOCAEIEAHUKOBLIX HAHOCOB H IIOYB J[OBOJBHO MOIIHBIE
(1—3—15 M) oraoxelns AUATOMHTOB M Tpemea.

O6uapHas KpeMHe3eMHCTasl NPHCHIIKA B NMOA30JHCTBIX M CEpHIX JIECHBIX
noysax onojuit (1a ray6une 0,5—2 M) o6pasyer cBoeOOpa3HBIH IIOUBEHHO-
reoXHMHYECKUH KPEMHE3eMHUCTHIA N0SIC Ha NPOCTPANCTBAX MEX[IY CTENsIMHU H
gecanu Pycckoit paBunnsl, Cubupu, 3abatikanbs, [Ipuamypbs, Manbuxypun
(Kosia u ap., 1958; Kosna, Pons, 1967; Kosna, Cawoiinosa, 1968). 3toT
nosic BO3HUK NyTeM OCaxKIEHHSl M3 JEIHHKOBBIX M IOCJ/IEJIeJHHKOBBIX BOL,
weIlKX CO CTOPOB MOPEHHBIX OTJOXKeHHH, 60rathbix H3Me/JbuyeHHbBIMH 00-
JOMKaMH H3BEepXKEHHBIX H MeTaMODP(pHUYECKHX TOPOJ H BHIIOCUBIIHX GoJbuine
KOJMHYecTBa KpeMHe3eMa THIPOJHTHYECKOro BhIBeTpHBaHuA. 1IpH OTCyTCTBHH
cOeflHHeHHH aMIOMHIHS B YCJAOBHSIX IIePHOAMYECKOro MPOMEP3aHHsl MOYB
KpeMHe3eM BBINajaeT M3 NMOBEPXHOCTHBIX BOA B BH/E NPHCHIIOK, NMECYHHOK
¥ ONAJ0BHAHOTO MaTepHanaa.

3ToT Npouecc OKpeMHeHHs (OKpeMHe3eMbIBaHHsI) JIECOCTEIHBIX H JIECHBIX
nous nabmonancs Hamu (1958) m corpyanukamu (3umosen, 1963, 1967;
Caasunifi, 1961, 1969) B ITpuamypee (Tabua. 34). Bemn o6HapyxeHb omaJo-
BHAHblE HATeKH Ha TaJbKaxX JYTOBHIX H JpeBHeayrosbix nous Ilpuamypes,
TIPHCYTCTBHE KpemHe3eMa OBLIO yCTaHOBJCHO B NOUYBEHHBIX pacTBopax. 3a-
Mepa3atide IIOUBeIHBIX pPacTBOPOB, KakK nokasaa lO. Cnasubifl, BeleT K ocax-
JIeHHI0 PacTBOPEeHHOro KpeMHe3eMa.

[To-BuauMoMYy, TpeBpalieHie aMoppHoro KpevHesemMa B KBapl NMPOHCXO-
JIAT cpaBHUTEAbHO OblCTpO. I1pHCcyTCTBHE BTOPHYHOTO KBapua 60 yCTaHOB-
aero E. U. ITapdenosoi (1947) B nmoasosucteix moysax MockoBcko#t obJa-
cTH. Brinafienne KpeMHeseMa B 0CafioK M ero OBICTPHIH Nepexoj BO BTOpHY-
HBIH KBapll B apHAHBIX YCJIOBHSX IPH HCIIaPeHHH DAaCTBOPOB ONHCAHBl aBTOPOM

Ta6auuna 34

CocTaB OnaJioBLIX HATEKOB U Kopoyek B 59%-Hoii Bursaxke KOH, %

O6pasubl MMoYsLI Si0, Al,O4 Fe,Og Aprop
Kopouku 3 6ypbiX JIeCHBIX TI0YB 50,2 0,6 0,2 3umosen, 1963
Ipuasypes 33,3 1,7 0,1
KpemueseMHCTasT TpPHCHINIKZ B 4—10 — — Kospa, 3umosey, Amudcaas-
JIyFOBHIX M NOUMEHHBIX TOYBaX cKas, 1958
Tpuavypbs (rayGuHa 50—
150 cm)
OnadoBhlii HaTeK Ha radbke B 22,03 He o6u. - 3,53 To xe

Jyroeoil nouse MaHbpuKYPHH
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ans Erunta (Komaa, O. . Pons, 1967). Hakonnenue kpemueseMa B Kope
BBIBETPUBAHHUS M II0YBAX IYCTbIHb CICUHAABHO ObLIO oTMeueno [uabrap-
IOM, KOTOPBIA Ha 60JbIUOM YHCJIe BAJOBEIX ala/ju30B I1I0KAa3aJ, YTO IOUBEE
apHIHBIX PAaHOHOB 3HAYHTEJbHO GOraye KpeMIIC3€MOM, YCM MOYBSHl BJAMKHDIX
oGsiacrefi. [leficTBATENBbHO, 3 MOYBAX apHIHLIX 00JgacTeli, ocobeHHo pacro-
JIOXKEHHbIX B paOoHaX M3BEDPKEHHBIX NOPOJ, 4YacTo HaG/IOAAI0TCS TPOCTIOH,
HaTeKH, KOHKpPelnu kpemueseMa ¥ onana. Hemeukue uccienosarenu pasmu-
YaloT B «KAKTYCOBBIX NOYBAX» Jaxke TaK HA3BIBAeMBIH KPEMHEKHCJABIH OpTII-
TelH.

BasoBoil cocrap «KaKTYCOBBIX IIOYB» H MX MaTE€PHICKHX NOPOJ TPeICTaB-
JeH B ta6ja. 35.

Ta6auua 35

BaJioBO# COCTAaB «KaKTYCOBBIX TOUB»
(Schaufelberger, 1954)

Tlowsa, nopoga 5i Al Fe Ca l Na+-K ‘ Sf: Al
a) moyBa 201 49 47 1 3 4.1
6) Tepaaur 96 .23 43 21 13

a:6 2,09 2,13 1,09 0,05 0,23
a) mousa 181 88,5 3,5 2 4 2,04
6) amMdubon 76 16 52,5 25,5 6

a:6 2,24 5,35 0,11 0,08 0,67
a) noyBa 178 33,5 46 14,5 6 5.3
6) Anaba3s 118 19 46 26 9

a:6 1,51 1,76 1,00 0,55 0,67

Ta6auna 36

Hakonnenue SiQ, u Al,0; pacteopiMbix B 5%-oil BhiTsxke KOH B opomaembix
noysax Beurpun

(Szabol{s, Darab, 1958)

g;zagg;p)e(i; ryGuna, eu Si0;, % Al,04, % S$i0,, me-3xkB | Al,O;, Mz-3KB Ale(?)B
Tabajh) 203
145 3—8 3,26 0,184 27,2 1,82 14,95
18—22 2,42 0,070 20,2 0,686 29,40
30—40 1,24 0,290 10,32 2,92 3,54
60—65 0,992 0,470 8,34 4.6 © 4,81

146 420 3,492 0,076 29,1 0,745 39,1
35—45 0,954 0,206 7,93 2,1 3,82
60—70 0,666 0,262 5,96 2,57 2,16
147 3—14 2,436 0,560 21,4 5,49 3,74
23—33 3,00 0,144 25,0, 1,41 17,75
40—48 1,098 0,318 9,6 3,1 3,18
58—68 0,978 0,312 8,15 3,06 2,66
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[IpH mMeJOUHLIX TOYBEHHO-TPYHTOBBIX BOAAX CO3RAIOTCA OCOGEHHO 6aaro-
NpUsTHbE YCJOBHS MJisl BTOPHUHOrO HAKOIMJIEHUsS B NOYBEHHOM Mpoduse cBo-
GONHOTO OlIAJOBMANLONO KpeMieseMa, A KPEMHEBBIX LEMEHTOB H MOHTMO-
PUJLJIOUUTH3ALKH T04BL. AMOPGIBI KpeMIic3eM [PH 3TOM YacTO aKKyMyJH-
pyeTcsi B TIOBEPXHOCTHBIX TOPH30HTaX COJIOHYAKOB.

B Benrpun mojbeM LIEJOUYHBIX FPYHTOBHIX BOZA NPH OPOLIEHWM BBI3BAJ He
TOJIBLKO BTOPHHYIIOE COLOBOE 3aCOJICHHE, HO H MOHTMOPHJIJIOHHTH3ALHIO TIOUB
¥ Hakomjenve amMop®IOro KpevmHe3eMa B 311aYMTeJbHBIX KOJHUECTBAX

45!

Puc. 43. OSaactu uaKOIJEHUS Opra- A
HHMUECKOTO YrJiepoga M BTOPUYHOTO 5
(ayToremioro) KpemrncseMa B oca- e
JIOUNBIX  1OPO1ax Mopeit M 03ep
(Crtpaxos, 1963) o Sif,
a-—no mnepudepuu  TCAMTOBOIN  30HBI Raapri

(okeaHoB H Kpyuibix Mopef); 7
6 —1B uenTpe nNeauTOBOR 301bl  (Maabiy flecru AneBpumer equmal beckap-

Mopelt 1 03cp) P Gonamusie

(ta6n. 36). IIpu 3ToM pa3BHIMCh OECCTPYKTYPHOCTD, BI3KOCTD, re;ieobpas-
HOCTb U KOPKYeMOCTb ITOYB.

Cxofuble siBIeHHs HabaiofaloTcd B CaBaHHAX M NYCThIHAX Apasuy, Ce-
pepuolt Adpuky, Jlatunckok Amepuku. 3[ecCh MOXKIO BCTPETHTH B IIOUBaX
KpeMHe3eMHCTble LeMCHTHPOBaHlible TOPH3ONTHL H TPOCIOH (BRJIOYAOLIHE
OKpeMIleBIlHe ApeBeciibic 1 KOCTHbie ocTaTky). Hepenko B NyCTIHAX Omal10-
BHAIBIA KpeMie3seM ¥ BTODHUHLIN KBApL, COYETAIOTCA C OCAAKAMH H3BECTH,.
PHICA, TIONYTOPIBIX OKHCJ0B. Kak oTMeuad 11e0JHOKparHo JpXapt (Erhart,.
1962), xpemiieseM B BHJAe ONaja 4acTo NPACYTCTBYET B ruapoMOphHBIX H3-
BECTKOBBIX KOHKpeLUsiX, KOTOpble 06pasoBaJHCh NOJ BJUSHHEM HCNIAPEHHST H
TpANCIUPANUA TPYNTOBEIX BOXA B ADEBHHX M HOBeHIINX OCajkax M IOYBAX
Maparackapa, Teppac u AeapThl p. lurep, nu3MeHHOCTH 03. Uapn, 18ccoBBIX
teppacax Pefina,

CKOIJIEHHSI OMAJIOBHAIIONO KpeMHe3cMa M XaJiefoH-KBapua Gblin 0OHa-
pyxenbl TakKe B. B. IToMBHOBEIM B OPTIITCHHOTEINIBIX FOPU3ONTAX Necuad-
HBIX TIOYB JpeBHUX Teppac p. Hom.

VHAKaJbHBI TpHMep KpaiiHe CHAbHOU a6COJIOTHOM KOHTHHEHTaJbHOH
AKKyMYJsLUH KpeMHe3cMa aBTOp BHAE] B 1968 r. B IycTBHIIHBIX CaBaHHaX
nenTpaabnoil yactu Ascrpanuu (Stephens, 1961, 1964). JpesHue ajjauTHbIE
NOYBH — KPaCHO3eMb — 3aHUMAaIOT B ABCTPAJHH COBpeMENbIH o6 PHLIA
BOLOPA3AeN BOCTOUHOM H ceBepHOH TeppuTOpHu KBHHCICHI. Bon®l, co-
jepXKallhe KpeMHe3eM, YXOAHWAM Ha I0r0-3amaj OT STUX TPOCTPAHCTB BO
BIyTpUMATCpHKOBYIO nempeccuo. Obpasosascs MHOTOMETPOBHIH IOKPOB
LEeMEHTHPOBANNEIX OTIOKEHHH ONaJOBHAHBIX KpeMHEH — CHIKpHUT (xpevne-
BHIHl aHaJjor Jarepura). IIOBTOpHAsi 3PO3Usl PA3PYildiA IMOKPOB CHNKPHTA
KaK LCJA0C, 1O OH COXPAHHW/ICH fa MHOTOUMCJEHHBIX OOLIMPIHBIX OCTaHLAX
B Bufe GPOHUPOBAHHOTO TNOKpoBa. OANaKO 3TC CPaBHHTENBHO PCAKHUI
npuMmep.

[lo-puauMomy, Gosbliias 4acrTh KpeMiic3cMa, MOCTYNHBUIRTO TPH BhIBET-
pHMBAHHM B NIOYBEHIIble, [PYHTOBble H Ha3eMHbIe BOMLI, DACXOLYETCs ‘Ha peak-
UMH DECHJHKAIMK IMIPOOKHCIOB aTIOMAHUS H JKee3a B KAOJIMIUT | raiiya-
3UT, 4 NOCACHHUX — B WJJHT M MONTMOPHJJIOHHT. DTH NPOLECCH THAPOTeH-
HOTO MJIMHOOGPAa30BaHUs IPOHCXOAAT HENPEPLIBHO B NOYBAX M MOPOJAAX TpaH-
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BUTHBIX M O0COOGHHO aKKyMyJATHBHLIX JaHfmadToB (Koma n mp., 1958,
1968).

Haxkouen, noxany#, Haubosbluas A0Jds KpeMHe3eMma, IOCTYNHBUIETO B
NpHpOAHbIe BOJAH, YXOAUT B 03epa, MOPS U OKeaH, yYaCTBYA B MOPCKOM IIMK-
Je cegumentanun. O6 3TOM MOXKHO CYAHMTb IO pHC. 43, HIIOCTPUPYIOIUEMY
HITEHCHBHOE HAKOIIEHWe COeJAMHEHHH BTODHYHOTO KpEMHe3eMa B JOHHEIX
CYTIMHUCTBIX ¥ IVIMHHCTBIX OCajKax 03ep H Mopeil.’

MurpauMs ¥ aKKymMyJasiiusi COeIMHEHMH Kenesa,
Maprasua 4 aJloMHHHS

IlenoreoxuMuueckas cynpfa coeluHeHul 2Keje3a, Maprasia, aJo-
MHHHS 33aBHCHT B OTPOMHOIl CTeNEHH OT YCJOBHH YBJAXKHEHHS, PEeaKknuH
CcpenBl, a9pHPOBAHHOCTH IIOYBbI, YCIOBHH PA3JIOKEHHUST OPrapuueckoro Belle-
CTBa.

Ewe Inpenreas, xoropbiil paborast Hafx NpobsaeMol MOUBEHHOTO LyMyca,
MHOTO 3aHHMAJICSl H3yUeHHEM JepHOBHIX XKeJe3HHIX PyA, CBA3bIBast ux obpa-
30BaHMe C HClapeHHeM W aspauueil BOJA, COAepxKallux ryMmMycC, YroJbHYIO KH-
CJ0TY M Keses3o. Jpyrue uccaenoBaresn OODbSICHAMN aKKyMYJALHIO XKeje3a
HOpoIEeccCaMu OKHC/IeHUsS u BoafaelictBueM ayOuabHbix Bemects, C. H. Buwor-
paxackuii (1897) nokasas, uro ocaxKJeHUE OKUC/OB XKeJjesa dABJjserca Gakre-
prajpHbIM mnponeccoM. Aapuuo. (1915), mno-BugumMomy, GBI ONHHM H3
nepBbIX HCC/IeJ0oBaTesell, SKCHePHMEHTANbHO H3YUYMBIUMM pPOJIb KHCJOLO TY-
Myca B 06pa3oBaHuy OOJOTHHIX ¥KeJNe3HBIX DYN M CKOIVIEHHH IOJYTOPHBIX
OKHCJIOB,

O6men3BecTHO, UTO COeAWHEHHs 2KeJesa, MapraHlla, alloOMMHHS MHIDH-
pPYIOT B BePTHKAJbHO-HUCXOISLIEM HANPAaBJCHHH B MOJ30JHUCTHIX H KEITO-
3EeMHBIX TIOYBAaX, B COJIOHLAX H COJIOASX C OOPa30BAHHEM CBETJILIX, OeJechlx,
IeNesbHO-CePBIX 3JIOBHANBHBIX TOPH30HTOB Ag M GYPHIX, KOPHUHEBBIX, TEMHbBIX
HJMIOBHANBHLIX TOPU3OHTOB, 00oramenHblx nostyTopHuMu okuciamu. K. K. Te-
npoiin (1926), K. H. Iauuxka (1924), I'. Burrep (1941), A. A. Pone (1937)
obbacnaan 3Ty GopmMy HHCXOASIEH MHUIPALMH NOJYTOPHHIX OKHUCJAOB IIPO-
MBIBHBIM BOJHBIM PeXUVOM # 00pa3oBaHHeM BBICOKOIHCHEPCHHIX 30Jel, cTa-
OUIM3UPOBAHHBIX KHCJAbIM Tymycom. Ilocne uccnepomauuit C. I1. fpkosa
(1942) sra ¢opMa BBIHOCA NOJYTOPHBIX OKHCJIOB H3 OCBETJIEHHBIX FOPU30HTOB
¢ TIOJIHEIM OCHOBAHHMEM CBSI3bIBAETCS C BPEMEHHBIM HJIM TIOCTOSIHHBIM CO3[a-
HueM aHas’poOHOM 06GCTAHOBKH H C O0pa3oBaHHeM COeIMHEHHl IBYXBAJIEHT-
HOTO KeJje3a M MapraHia.

B pesyabrare uccaenosanuit M. B. Tiopuna (1949), B. B. IlonomapeBoii
(1949), J1. H. Anekcanaposo#i (1954), H. C. Kaypuuesa (1965) BbIsICHHIOCH,
YTO pelllalonlasi poJib B MHTPALUH COCAHHEHUI TSXKENbIX MeTasJioB NpHHAH-
JIeXKMT arpeccUBHOMY AeHcTBHIO (PYJIBBOKHCJIOT, ¢ KOTOPHIMH KEJe30, Map+
rauel, aJIOMUHHE 00pasyloT NOABHKHEIE, aKTHBHO MUIPHPYIONIHE KOMILJIEKC-
Hble coeqnHeHus. PyIbBOKUCAOTH CIOCOOHBI CBSA3BIBATH HECKOJIbKO COT MHJ-
JUTPaMM XKese3a Ha | 2 yrnepona B BUe XeJNaTHBIX COeJMHEHHUH, MATPUPYIO-
HIMX Ha 3HauyuTenbHble paccroanusa (Jlykames, 1961, 1967).

Hccaenosanusa M. C. Kaypuuesa u E. M. Hosnpyunosoit (1958, 1960) mo-
KasaJju, YyTO Ce30HHOe WJH TIOCTOsiHHOe 3afojauMBaHHe B NOYBax cpelHed
Talirh CONPOBOXKAAeTcs OOPa3OBaHHEM KOMILJIEKCHEIX 2KeJ1e300PTaHHYECKHX
COGIMHEHHH (C NyOHABHLIMHM BEILECTBAMH K HH3KOMOJIEKYJSPHEIMH KapGoHO-
BBIMH KHCJIOTAMH), KOTOpLIE MOTYT CBOOOJHO NEPEABUraThCa B HUCXOHSILEM,
60KOBOM H TOPU3OHTANBLHOM HampaB/jeHHsX. 3a 1 rox Ha miomagu 1 m2
B Apojuse MOA3OAHCTHIX H [e1eeBO-IOA30JHCTHX NOYB, 1O AAHHBIM 3THX
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aBTOPOB, MOXeT OBITh MOOMIM30BaHO, MepeMellleHO W 3axepxkaHo ot 150
no 2500 me xenesa. B mepecuerax Ha 1 ea 310 jAaer BesnuuHH OT 1,5 KO
25 1 Fe.

ITocTerieHHO B TIOYBOBEJEHUM HAKOMHJIOCL MHOrO ($akTOPOB, CBHIRTC/Ib-
CTBYIOLIMX O TOM, UTO MeJOTeOXHMHS [OJYTOPHBIX OKHCJIOB S3HAQUHTEJIbHO
caoXKilee, 4eM NpejacTaBieHde 06 HX OTHOCHTEJbHOM HaKONJEHHH B OCTATOY-
HOH KOpe BBIBETPHBAHMS W OIDAHHUEHHOH HUCXOoAfed MHrpamuu ¢ o6paso-
BaHHEM HJJIIOBHAJBHBIX TOpr30HTOB, IIpsiMble  KOCBCHHBIE JNaHHble $SIBHO
YKA43bIBAIOT HA ABJEHHS aKTHBHON TOPH30HTAJIBHON MHIPALHU H aKKYMYJISTIHK
HOJYTOPHHIX OKHCJOB: KOJHYECTBO IIOJYTOPHBIX OKHCJOB B HJIIOBHAJbHBIX
rOpH30HTAX HE COOTBETCTBYET TOMY, U4TO MOrJO OBITh BBIHECEHO H3 OCBET-
JIEHHBIX 3JI0BHAJbHBIX TOPH30HTOB 3ITHX Ke I104B; HAOGJIOLAIOTCH MHOTOUH-
C/lleHHBle TpuMepbl o0pa3soBaHUsl PETHOHAJBHOrO OpTINTEeHa B NMouyBax HH3-
MeHHOCTell, IpHMEephl MHTEHCUBHOI'O HAKOIJIEHHSi KOHKDENHWA M IJIacTOB
IOJIYTOPHBIX OKHCJIOB B 60J10TaX, JIYTOBBIX H TJIEEBBIX [IOYBAX, B MEJIKOBOIHBIX
o3epax u JaryHax, o6pasoBanue TpyGKOBHIHLIX CTAXKEHUI BOKPYT KOpHeil, Ha-
XOXKJEHMEe TPYHTOBOAHBIX JAaTEPUTOB, KeJIE3UCTHIX KHpAac 10 CKJIOHAM H B Je-
HOPeCcCHAX, ABHKEHHE TeMHOOKpAIIEHHBIX OPraHo-XKeJsie3UCTHX BOJ. Bce aTn
HaGJaIoNeHNsa B NPUPOAE H IKCIIEPUMEHTH B JabopaTopusx y6exaaioT B TOM,
YTO COeJlNEHHs XeJie3a W MapraiHia B pasjHuHbix $opMax W KOHLEHTpa-
HHSX MOTYT aKTHBHO MHTDHPOBATH HAa OrPOMHBIX npoctpaHcrBax., Coennne-
HUS JKeJje3a, OKasaBIUHecs] B pacTBOpPe B KHUCAOH WM HeltTpasbHON BOCCTa-
HOBJIEHHOH cpene, GOraTofl OPraHHYCCKUMHU COELHHEHUSAMH, HOCTyNasA B IPYH-
TOBblE BOALI ¥ C HUMH B OOULYIO F€OXUMUUECKYIO LHPKYJISIHUIO, IBHXKYTCA 10
YKJIOHY MeCTHOCTH B aKKYMYJSITHBHBIE JIAHZMadThl, Ille OHH MOTYT HakKa-
MJIHBaThCA B HOUBaxX H IPyHTax B pasHoobpasHulXx dopmax. OcaxkIeHne Ke-
Je3a IPOMCXORUT B BHIe Oyporo renenomoOHOTO ocajgka KapOboOHATOB xKelgesa,
B BHJAE CIVIONIHBIX MacCC OKHEJOB PasHON TUAPATUPOBAHHOCTH, B Buie Pou-
¢atoB u rymaros. .

dunckue nousoBens (Aarnio, 1915; Kivinen, 1936) muoro caenanu B usy-
YeHWH §IBJCHUH MHIDAIHK U aKKyMYJSLUK COeJHHEHUN Keje3a B BOJOEMax
¥ OOJIOTHBIX T0uBax ceBepa. [lepBble NpH3HAK{ BBHINAJEHHS THAPOOKHCIOB
}Keje3a M3 PACTBOPOB — 3TO IOSIBJCHHE <«MAC/ASHHCTBIX® HJAU <HeDTAIBIXA
MJIEHOK Y NIT€H Ha NOBEPXHOCTH BOALL. B BOCBMH Cayuasix U3 HecATH BOALL
MMEIOIIHE MAacCJSHUCTBIe [JICHKYM, OTJHYAIOTCH Y3KUM HHTepBajsom pH
(6,30—6,49). DTy NNeHKH CONMEPXKAT ABYX- H TPEXBAJEHTHOE ¥XKeNe30, KaJb-
Ml 1 MHOro opraxuueckoro Beliectsa (Puustjarvi, 1952).

DuHCKHE HCCAEN0BATENH NOAUYSPKHBAKIOT, YTO OCAXIEHHE OKHCJOB XKeJje-
33 CONpPOBOXKAAETCs copOiHel pacTBOPEHHOro rymyca B Kogauuectsax 0,2—
3,0 2 na 1 e FepOs. Ocaxienue ABYXBaJeHTHOrO XeJje3a B BUAE KapGOHATOB
NPOUCXOAHUT NpH BhicokoM yposue pH — 6,7—7,0. [Tostomy cumepur B rousax
Hakanausaercss npu pH=7 —8,5. B ocranpHBIX Ciayuasx uallle MPOUCXOLAT
KOJIJIOMIHO-XAMHUECKHC PEeaKLHH MeXAY OTPULATEeNbHO 3aPAKEHHBHIMH 30-
JSIMU TyMyca H NOJOXKUTeJIbHO 3apAXKEHHBIMH 30JIMH THADPOOKHC/IOB XKejesa
(1 mapranua) c o6pasoBaHUeM H303JeKTPHUeCKHUx ocankos. [Toutu Bce *Ke-
JIe3NCTO-MapraHiosble HOBOOOPA3OBAHMS B INOYBAX — OPTIUTEHHB, XKeJae3u-
CTble XapANeHHl ¥ GOJIOTHbIE PyIbl — BCerga cofepXaT HeCKOJIbKO IPOLECHTOB
rymyca,

Kak ycranoBaeHo QUHCKBEMH TOYBOBeNaMH, HanGoJee HHTEHCHBHO H -
4acTO aKKyMYJSAUMA COeJHHEHHH Keje3a B BePXHUX POPH3OHTAX MOABOANBIX
_6os10THBIX TOYB NPOHCXOANT npd pH=6,3—7,4. IIpn kucaoit peakuun (pH
HHXe 5,5) HaKomjlenne keJe3a B NOYBEHHBIX MPUIIOBEDXHOCTHBIX TOPH3OHTAX
He HaGmonanock. I1pn BeicyIMBaHUE GOJIOTHHIX NMOYB HAG/I01aJ0Ch OBBIIIE-

40 3aras 5271 . 145



Puc. 44. IloBblieHne KHCAOTHOCTH
60MOTHEIX TI0YB DUHAAHAHM TIpH

I ! seicymnBanyy. ([Jannbie Ilyycrsp-
| B — Puustjarvi, 1955, o6pa6orau-
| Z Hhle aBTOPOM)

L ! — pH cBexelt nouski;

- 2 — pH cyxolt nouBsl.

L . KpHBble ROCTPOEHBl Mo aanebiM 30 aua-
JIK30B

T
—N B o DS

nne ux kucaotHoctn (Puustjarvi, 1952; puc. 44). OcaxaeHue OKHCIOB XKeJe-
3a SBJSETCS TakKe ¥ (YyHKUKel OKHCIWTENbHO-BOCCTAHOBHTENBHOTO MOTEH-
nuana cpenbl. Tag, 6oJoTa, HMEBLIHE <MAaCJASHHUCTBIE» NATHA, HMEJH Eh
06biut0 Ha 50—100 M8 MeHblue, yeM 60J0Ta, HA KOTOPBIX NabJioAaeTcs Bhi-
HajeHne COeMMHEHUl Xelle3a B 0cafoK. B moiimMax u Ha NPUTEPPACOBHIX MO-
HUKEHUSIX YUYACTKH, MMEIOUIHe JKEJe3HCTBIH OPTHITElH, BCeria OTIHYaIoTCA
6oJiee BHICOKUMH Nokasatessamud Eh u 60JbminM copepKanieM KHCIOpOia B
TPYHTOBOH BOJE,

B sangmadTax TPAH3UTHOTO WJIH AKKYMYJSITHBHOIO THIIa B 30HE BJax-
HBIX JecoB ceBepa, Kak nokasan ®. P. 3aiumeapman (1965, 1969), coenunue-
HUsl JKeJesa M aJIIOMHHES HHTEHCHBHO HAKAIUIMBAIOTCS B NOYBAX TeM B GOJIb-
leM KOJHUECTBe, UeM CHJbHEe OHM OrJIeeHH, T. . 4eM Xy¥e oOline yCJoBUst
NpeHHpOBaHNoCTH. Ilpu 3TOM, KOHEUHO, aKKyMY/IHPYIOTCS H COCILMHEHHs
KpeMHeseMa. EcrecTBeHHO, UTO TMOJA3OJHACTHIH MPOIECC NMPA 3TOM NOAABJIEH,
BhHIpaXen €J1a6o MM 3aMellaeTcss THAPOrEHI0-aKKYMYJIATHBHHIM NEPHOBHIM
NpOIEecCcOM ¢ BEIHOCOM JHIUb Hambojiee MONBHXKHBIX COeIHHEHHH {xap6ona-
TOB, cyAb()ATOB, XIOPH/OB).

SIpJeHHsl AKKYMYJISIHH NOMYTOPHBIX OKHCJIOB B IIOYBAX MOXKHO GblIO 61
M0Ka3aTh AHAJHTHYECKH, €CTH Obl KOHKPEIHH 1 MHUKPOKOHKpelnH AMaMeTpOM
Gonee 0,25 MM He OTCEMBANHCh H3 MOYBLI, 4 YUMTHIBATHCL W aHAJNH3UPOBa-
JHCh OTAeJbHO. Kak MoKasaju Mccae0Balis, BEIIOJHEHHBE HAMH C COTPYA-
HukaMi B Ilpnamypbe (1958), akkyMynauus COelMHEHNH Xenesa M Maprau-
Ia ¢ 06pa3oBaHueM NPHIOBEPXHOCTHOTO MAKCHMYyMa YETKO MpOoceKUBAETCA
B THAPOMOPGHBIX M NadeorHApoMopdHbix nousax (puc. 45).

JKesne3o m Mapranel oGbIYHO NPUCYTCTBYIOT B YIIJIOTHEHHBIX TyMYCOBbIX
XapileHax, HaNpuMep B NI0J30J1aX BAaXHbIX TponukoB Capasaka (Andriesse,
1969).

AHajsoraMi TaKHX JKeJe3UCTO-TyMYCOBHIX TOPH3OHTOB B CeBepHOM NONY-
l1apuy SIBJSIOTCS OPT3aHAOBbIE NMPOCJAOH B MECKAX H OCOOEHHO TYMYCOBO-XKe-
JIe3UCThle SJI0BHAJbHHE TOPH30HTH B ITIOJA30JHCTHIX IOYBAX JIETKOrO Mexa-
HHYECKOTO COCTaBa.

DTH TOPM3OHTH THAPOTEHHOTO HAKOIJIEHNUS MOJAYTOPHEIX OKHCJIOB H TyMy-
ca XapakKTepU3yIOTCsa CJENYOLHMMH N0Ka3aTeNsMHu:

Fe-nioa3osst Tymyc-noxsosst
AlLO, : rymyc 1:0,75—2 1:14,6
Fe,O; : rymye 1:0,55—0,72 1: 22— 42

Jlar (Lag, 1960) fmmer, uro B Hopserun ueMeHTHPOBAHHBIE TOPH3OHTHE
HabmofaoTes B npoduie KACIBIX TPaBHHHBIX NOYB; LEMEHT COCTOHT U3 ocal-
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Puc. 45. Copmepxanne Kenesucro- § 60 /
MapraHueBblX KOHKPEUHH B JECHHX 3 30:
H JIYFOBHIX IOYBaxX, % OT Beca mou- ' |
BN (3umosern, 1963) Sl f
I — Gypasi ONOA30JMEHHAS [104Ba; 120 :
Il — nyroBaa TeMHOLBETHAs NOYBa . - d
Yr —_—"
I r

Ka OKHMCJIOB MapraHia B KoauyeciBe a0 1,5—4,7% Mn. Boobme ke xee-
3MCTO-MApraHueBble aKKyMYyJISLUHI TaKOrO THNA IHPOKO H3BECTHBI B CKannn-
HaBuH, ceBepo-3anaxuuil EBpomne, Taexnbix paitonax CCCP.

3. SI. Xpyuxkas (1965) wccrenoBana npouecc HaKOIJIEHHs] THIAPOOKHCIOB
XKeJie3a B ApeHaKHBIX TPyDax, 3aj0KeHHbIX /151 OCYIIeHHs] CeBePHbIX 60J0T-
Hbix nous. Okasanoch, 4TO 3ausieHne JpeHaxHbix Tpy6 sBasieTcs negobuoreo-
XUMUYECKHM TIPOLECCOM, B KOTOPOM BaiKHellllas poJib NMPHHAMJIEXKHT KeJge-
306akrepusam Leptothrix trichogenos u L. ochracea. das Toro uto6sl co3laTs
1 & opraHHYeCKOro BelecTBa, XKeae300aKrepiy nepeBoaarT 10 279 2 3aKHCHOTO
xeqe3a B 534 e rHIPOOKHCH JKede3a.

Ocaxaenue OKHUCJIOB XkeJse3a, MapraHila, KpeMHe3emMa, BTODHYHBIX TJIHH-
HBIX MHHEpAaJIOB YacTo HaGJaIofaeTcst U IPH BEPTHKANBLHOM JApeHa)ke, 4TO Bbl-
3bIBAeT 3aKYNMOPKY IpeH M 3HAUUTEJAbHOe yMeHblleHHe AebHTa HACOCHBIX KO-
jgopueB ([Taxucran; Hasup Axman, 1966).

Coaepxkanne aJiOMKHHHA B PEYHBIX H O3EPHBLIX BOL&X OGBIYHO COCTABJAET
0,02—0,03 me/a. JImub B wWenounbx Bogax (npu pH=9—11) KonueHTpauus
amomunust Moxer aocrurate 0,5-—0,7 M2/, a B HEKOTOPHIX TMOA3EMHBIX BO-
nax —¥ HeckoJIbkux MuanurpammoB B 1 2 (Canoxuukos, 1968). Comep-
xanne AlpO; B rpyHTOBBIX BOZAX W BOAHBIX BBITSIXKKAX W3 TOYB, MO TaHHBIM
A. A. Pone (1937), konebaercs: B npeneaax 1—9 xe/a. NasectHbt dakte 6o~
Jiee BBICOKHX KOHIIGHTPAllMH ajiOMHHHS B BoJax IOA3OMHCTBIX TMOYB: 3—
5 me/a, a nocae ux usBecrkoBaHus Kaxe 25—120 me/a (JleBun, Cy6GoTtuua,
1963).

B cunpHOKHCION cpefle adioMuAHM BedeT cebsa Kak KaTHOH H, €CJOu IpH-
CyTCTByeT cepHast xucjora (npu nepemennoM Eh u oxucnennn cyabdumos),
ofpasyioTes aJiOMHHHEBbIe KBACIIbl, KOTOPble MHUIPUPYIOT B [I0OYBax M BOXAXx
AKKYMYJISITHBHBIX JaHAa(dTOB, y4acTBys B (GODMHPOBAHMH KHCJBIX TNIpH-
MOPCKHX COJIOHUAKOB WAM OOJIOTHBIX HECTPOLBETHBLIX [VIWH M i10UB.

B mefitpanbHO#l cpelle, KaK IOJaraloT HEKOTOPHIE HCCIEIOBATENIH, B pac-
TBOpe 00pasyercsl THAPATHPOBAHHLIA KOMIJIEKCHBEI aHHOH, HOPMHPYIOLIH
OKTa3/pbl € LIECThIO MOJEKYJaMH BOAB H aJIOMHHHEM b LEHTpE.

B menounoit cpene 00pa3ylorcs AOCTATOYHO PACTBOPHMBIE AJTIOMHHATHL,
B KOTODBIX a/lIOMUHHI BeleT ce6st KaK KOMIJIeKCHbIH aHnOH. OKHCJBI aJdioMu-
HYS B COCTaBe YALTPAanpecHLIX U IPECcHBIX BoA cocTaBiasdioT 1—3% oT cymmnt
PaCTBOPEHHBIX BEIECTB, T. €. 3IIAUUTENBHO MeHbllle, YeM OKHCJ/Ibl KpeMHeseMa
n xKenesa. AmoMuHUi cMOCOGEH AaBath OTHOCHTEJBLHO PACTBOPHMBIE KOMII-
JIeKCHbIe COeJIMHeHMsI ¢ IPOCTBIMHM OKCHKHMC/IOTaMu (MypaBbHHasi, YKCycHas,
1 aBeJieBas, sAnTaphas, BAHHAsA H IP.), a TaKXKe ¢ TYMYCOBHIMH KHCJIOTAMH K
ocobenno ¢ ¢yabnBokucaoramu (Ilonomapesa, 1940, 1949, 1951). C rtakumu
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Puc. 46. Cojepxanne allOMHHHS
B pyaax JIucaxoBCKOrc MecTo-
poxnenus, % (Bapenuos, Pop-
Mo30Ba, 1962)

! — Gonee 4; .

2ot 358 no 4

3—~otr 3 no 3,5;,

4— ot 2,5 no 3,0;

5 —or 2,0 po 2,5;

6—or 1,5 1o 2,0

COeJIMHEHHAMH AJIOMHHHI MOXeT OTHOCHTE/bHO JIETKO BbIHOCHTLCA H3 TOYB
3MI0BHAJBHBIX JaHAMadTOB H HaKallUBaThCA B IOYBAX U OCaJKax aKKymy-
JSITUBHBIX JaHAma@ToB. B 3KClepUMeHTa bHEIX YCJAOBHSX BBIHOC AJMIOMHHUSA
HHOTAa MOXeT GuTh 6osice YHTEHCHBHBIM, YeM BBIHOC KpeMHe3deMa.

Borauk # coasrophl emle B 1926 r. noxasanau, yTo BTOPHYHDLIE COCAHHEHHA
aMOMHUHHS (MepexOJsiiine B KHCIOTHBIE BHITAXKH) HAKANINBAOTCSA B IIOUBAX
o-pa [llnunGepren. Kpome toro, Ha ckajgax OCTpoOBa B COJIEBBIX BHIIBETAX
MU GBUIM 06HAapYXKCHBI ajlOMuHHeBbie KBacubl. OTHouEHME Si0z: AlO; B
NPOAYKTax BHIBETPMBaHUs mocturaso 1:2 u 1:2,25, uto 06puHO CUUTAETCA
THIWYHBIM IS aJVIMTHBIX M JaTePUTHBIX TpoaykToB (no [asomckoil, 1964).
HaxonseHne cepHOKHCJIOro aMIOMUHHA B NOYBAX M aKKyMYJATHBHBIX KOpax
BRIBETpUBAHHMA Ilpubantuxu ormevanu Aapumo (Aarnia, 1938), Kusnuen -
(Kivinen, 1935), Ca6oau (1962). Ilo wuccrenoBaunmsm E. H. Visanosoi,
O. A. Toaninuesoit (1936), 10. A. Jluseposckoro (1939), B mousax Koabcko-
£0 MOJYOCTPOBa HCPEAKO OGHAPYKHBAETCH 3HAUHTCIbHOC KOJMYECTBO adlo-
wunua (otnoumenne SiOq: AloO; cocrasiser, MO0 AANHBIM UWEAOUHBIX BBHITSA-
Kek, 1:19).

BecbMa 3ameTnas akKyMyaslus COeAHNeNHI ajJIOMHHES Hab/1104a1ach
- M. A, T'nasosckoii (1964) B cyGapKTHYeCKHX JYTOBbIX NOUBAax KpalHeh ce-
. Bepo-3amannoit yactu Cxananuasun. [Ipu Banosom coepxanun AleOs B onu-
BHHOBBLIX AHabaszax 18,560, B MpOAyKTax BEIBeTPHBAHHA M [OYBAX €I'0 KOJHYE-
cTBO Bo3pacrato 10 33%. Ha ocnosanun aroroM.A.TnasoBckas BhLAEIH-
Ja 0cobyl0 (QyabBATHO-}KEJIE3HCTO-aMI0MHHUEBYIO TIOYBCHHO-TEOXUMHYECKYIO
IIPOBHHIMIO, OXBATHIBaION(YI0 cy6apkTuueckuit cesep (Mcaaumuio, Crkanguna-
suio, Koabckuit noayoctpos u Kapeanio).

TpumMepbl aKTHBHON MUIPAUHM M AKKYMYJAUMA COELHHEHHH aJIOMHHHA
o6GHapyKeHH He TOIbKO B cyGapKTuke, HO H B mnouBax Tairu. Tak, eme B
1936 1. A. A. Pone nokagaJg, 4to IeeBo-noa3onncrsie noyBe CeBepo-3anaja
CCCP aBHo o6oramenn amoMuinem. ®. WM. JieBun, u3yyas HaJetbl # KO-
POUKH Ha NOBEPXHOCTH KOMOUYKOB OCBOEIIHBIX NMOJI30JHCTHIX MouB MOCKOBCKOH
06aCTH, TOXKE€ OOHAPYKHJ B HUX CKOILICHHE OKHCJI0B a/movuHus. To
xe nabmogana n T. U. Esnokumosa (1957) B 6GeaoBaThix HaJjeTax IOuB
Kapeaun. - o

Ilpu ocaxJeHHu aJIOMHHHs.B BHIe THApPoCKHcelt oOpasyworcs TPYOKH,
NoTeKH, CKOIJICHNS M. KOBKPELUHH rUapaprusiuTa, rubocura u GeMura. B an-
JHTHBIX KOPaX BLIBETPHBaHHS HaOJMIOLAacTC MOPa3sHTeJbHOE TeOXHMHYECKoe
siBJieHMe — 3aMelleHKe 3epel ucuesauero kgapua ru66entom (Byuwunckui,
1958; Jlucuuuna, 1966; bob6pos, 1968). Takue bopMbl CKOIIEHHS OKHUCJIOB
aJIOMHHHA BCTpeuawTcst B GoKcuTax ['aBafickux OCTPOBOB.
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BuanMo, TAaBHHIM YCJAOBHeM CBOOOIHOH MUrpauud aJlOMHHUA ABAACTCA
OTCYTCTBHME WM HH3KHE KOHLEHTPauHH KpeMHezeMa u dpocdat-annona. B eay-
yae NPUTOKA Kpemile3eMa OKHCJAbI aJIOMHHHSI NOABEPralOTCs KaOJWHUTH3A-
1HH, a 3aTCM WIKHUTH3AIHM 1 MOHTMOPHUAJNOHUTH3anuK. [ToTOMY ToMLIM 3J10-
BHAJbLHBIX OOKCUTOB MOryT 00pa30BaTbCs TOJNBKO B YCJOBHAX YCTOHUHBO
BJAXKHLIX TPONHKOB B PE3yJbTATC OU€Hb HOJHOH W [IyOOKOH HeCHIHKaUMK
ropubix nopof Jjanamiadra. [Ipi 3ToM 060Co0AAIOTCA OCTATOUHLIE AJIHTHBIC
KODBI BLIBETPHBAHUSA U CO3IAIOTCA YCJAOBHUA I/ PACTBOPEHHS M XHMHUUECKOIO
nepeocarAeH!s YNCTOrO IJIMHO3€EMa.

Komnuexciible coelHHEHNs] aJIOMHHHSI C OPTAHMYCCKHMH KHCJOTaMH, 6u-
KapGoHATHI aJIOMUHUSA, 30/iH W BLICOKOAUCIEPCHLIC CYCIEH3UH THAPOOKUCIOB
aMIOMHHHUS TIPHHOCATCS ¢ MOYBEHHBIMH H NOBEPXHOCTHBIMH BOAAMH Ha NepH-
(epuy CKJIOHOB, B NOHMBL U 1eJbTHl PEK, B 3CTYapHH U JaryHel Mopei, o6pa-
3ysl 3aJIeXKH TUAPOICHHOIO OOKCUTA HJIH XKe MaCKHPYSICh NpoLeccaMu oxelies-
HeHHsl W pecuiukaTtuzaumy. Ilpumep oOpasoBaHMA TaKuX 3ajexell B BHIC
IeJBLTOBBIX aKKYMYJASANUA alloMHHHA TIpUBeleH Ha pHC. 46.

Heo6xogumo uMerb B BHILY, 4TO THADPOOKHCHABl W OKHCJB JKejesa, amio-
MHHHS, Maprasua Jerko 3axXBaTblBAIOT U CBSI3LIBAIOT KpeVHHUl, HHKCIb, KO-
6aJabT, Mellb, XPOM, BaHaJHH, MBIIIbLSK.

Axkymyasuus cdocdaros

Coenunenua ¢ocdopa B nouBaAX MHOTOUUCJEHHBE H HeoObuaiiHO pa3Ho06- .
pasHul; UX T€OXUMHUECKasd NMOABUKHOCTb H arpOXMMHUECKOE 3HAYEHUE CHIBHO
Bapbupylor. OfHako B 3TOM pa3HoOOpasHH MOUBEHHHIX COedHHEeHHH Gocdopa
JL. JT. Ackurasu (1949) ¢ GoablnM OCHOBaHHMEM pa3nuual CAeayloluiue r1as-
Hble TPYIIbL:

a) docdaTe Kaablusl THNA THAPOKCHI-PTOpPAMATHTA — MAJOPACTBOPHUMDI
B ci1aBoLe/I0UHON U HCHTPAJIBHON CpCle, HO AeJaloTCH HOABHKHEIME 110 Mepe
ee NOJKUCIIEHHS;

6) docdaTsl NONYTOPHBIX OKHCJIOB, NPEUMYIIECTBEHHO OCHOBHONO THNA,—
TEM MEHee PacTBOPHMHEI, yeM GoJiblle B HHX OTHOLIEeHHe MeTalsIoB K ¢ocdopy
u ueM Haxe pH (3—3,5); npu noswimenvu pH stu coeauneHus HaunHAIOT
nepexoduTb B PacTBop;

B) docdaTh memoded, MOHO- ¥ IHKaJbliHeBble (MaruueBbie) pocdars —
PAacTBOPHMEI, F€OXUMHYECKH ITOABHMIKHBI, LOCTYNHB PACTEHHSM,

OcoGennocTy reoxuMHuueckoil MoABMKHOCTH $ocdaTos pasHoro tuma Xo-
poulo maIocTpUpylotest puc. 47. Hago uMers B BUAy, uto docdarsl TsKenbIX
METAJJIOB CPABHUTENBHO JIeTKO NOABEPraloTcs THAPOJHM3Y, BCIEICTBYHE Yero

[
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Puc. 47. Pons peakuun cpeasl B docpariom paBHosecun B nouse (Parve, 1942, no Acku-
Hasu, 1949)

Puc. 48. Ocaxnenne pocdaToB KeiesoM B 3aBHCHMOCTH OT pH u xonuenrpauuun HPO,-2
(Puustjarvi, 1952)

coennHeHHs1 Gochopa MOryT NepefiTd B PacTBOp M NOABEPrHYTbCA TOH MU
HHOH 4popMe MHrpauuu, a THAPOOKHCHb MeTaJJIOB MOTYT OCTAThCs B OCALKE,
T. €. B HENOABHKHOH (hopMe.

Ipn sn110BHanbHOM BbIBeTPHBAHHH M NIPOMBIBHOM PEXHMe [0YBOOGPas0-
Banusa coeanHenus dociopa MOCTENEHHO YHOCATCH B F€OXHMHUYECKHH TIOTOK
COBMECTHO ¢ Apyrumu coefluHenuamu. Hacrb coepunenuii octhopa yxoaur B
Mupopoii okean. OnHaKO 3HAUHTENbHBIC MACCH tocdopa ynep:KuUBalOTCH B
OHOIOrHYECKOM KDYroBOpOTe, B NMOYBAX TDPAH3MTHLIX M AKKYMYJSTHBHBIX
NaHamadros cymu. Ilo Mepe uayueHus rieeBbix U GOJOTHBIX MOUB Ienpec-
Culi, IOAM, NEeJbT NMOSBASIHCL MHOTOUHC/EHHble GaKTH, CBHAETEAbCTBYIONHE
O MHTDAIMK W COBMECTHOH aKKymynasuuu pocdaros xKeje3a ¢ THAPOOKHCIA-
MU KeJesa,

O6pasosanne pocharos xKene3a (BHBUANHTA) — CAOKHAS peakuus (puc.
48). 1151 3T0r0 HE06X0ANMAa OTHOCHTEJLHO KUCJAsT MK cnabowenounas cpe-
fa (T.e. NpUTOK 31eKTPoanToB). Tak Kak IMIPOOKHCIb Keae3a H CHAEPHT
BBIIIAAAI0T B OCA/0K JICTKO, TO 1Jsi 06pasoBalusi BHUBHAHHTA HeOGXOLMMO,
YTOGBl KHCJOPOAA M YTOJBHON KHCAOTH GBLIO 6Bl HELOCTATOUHO JJSI OJTHOLO
OCaXXIEHUsI NOHOB Keqe3a. JIpyruMm oCHOBHBIM YcsoBHeM 06pa3oBamHs (oc-
hara siBaserca obuane wonos HPO,~2. Takue ycnoBHS HAGIIOLAOTCS B HA-
3MHHBEIX 060JI0TaX, MOMMaX H B AedbTax pek. MMenio B Takux yeao0Busx ocda-
Thl JKejl€3a HAaKallIHBAIOTCsT B MOYBAX B HACTOsIIee BPCMS M HAKAIJIHBAJUCD
B npounioM. Haie Bcero 3T HOBOOGpasoBamusi pocdopa NpexCTaBACHDI
CKOM/IEHUAMH  BOAHOTO (octara mxenesa — Busnanuta 3FeO-P,05.8H,0.
OHH cMewaHbl WIH IepeMerkaloTes ¢ TOpHOM U ¢ 0CaTKAMH OKHC/IOB JKene3a
nan meprens (puc. 49). Ilpn moctyne xucaopona Mpo3pauHble WM GeqoBa-
TbI€ MEJKHE NOPOLIKOBALNbLIE KPHCTAJIMKHY BHBHAHHTA OBICTPO CHHEIOT, Npe-
Bpallasch B kepueHHT. [10/1HOe oKHcIeHHe XKesle3a IPHBOMUT K PA3pPyILIEHHIO
KepYeHUTa H NpEeBpALUENNIO ero B Tak Ha3biBAeMBIl IHIUUT — OCHOBHOH (oc-
dar oxucu xenesa — 4FePO,-2Fe (OH);-7H,0. Kpome docdarop xenesa,
B 9THX Xe yCnoBHsx obpasyiorcs (ocdaTel amloMHHES, H3 KOTOpEIX d4alie
APYTHX BCTPEYaeTCi OCHOBHOH Qocdar amomuuus: 4AIPO,-2A1(OH);-
‘9H20 — tak HaswiBaeMmblil BaBeuT.
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Puc. 49. Tlpouecchl akkyMyJsilliM coeauHeRuil xeaeaa, Gocdopa, Kalblus B noiMax XoJoi-

HBIX TyMH1HbIX o6aacreit (Byumnackuii, 1952)

4 — BUBHaHHT;
5 — 6ypbI¥ KenesHsK;
6 —— NMHLHT;

1— ropd; 7 — NeCOK R CyRech;
2 — cHaepHUT; 8 — ypoBeHb IPYHTOSLIX BOJ
3 — GonoTHas H3BeCTb
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Puc. 50. [Maseorenosbie oTsoXenus ¢ocdaron B pafiome Ilpuapamss (Bapenuos, Popmo-
30Ba, 1962)

Conep:xanne docdopa, %:
I — Goaee 0,6; 3—or 0,4 no 0,5 5 ot 0,2 20 0,3;

2—ot 0,5 no 0,6; 4—ort 0,3 go 0,4; 6 — <02




CoBMecTHas MUTpalusa ¥ aKKyMyJasLHs XKenesa, aJioMuHus u ¢ocdopa B
Ui poMOpGHEIX YCIOBHAX B OTIEJNbHBIE NEPHOABl [€QJOTHYECKOro IPOIJIOro
JOCTHraJa OTPOMHBIX pasmepoB. B gpesHele/IbTOBEIX NaJEOreHOBEIX OT/IOXKe-
nuax [lpuapanbs onucauel 0OmWMpHBIE MECTOPOXKAEHUS coequHeHuil {ocdo-
pa, Xenaesa, aJlOMUHASA SBHO O60JOTHO-IIOUBEHHOrO NPOUCXokKAeHus (puc. 50).
3HaMeHHUTble KepUeHCKUEe XKeJie3Hble PYJAbl TIPCICTABISAIOT OXYH M3 MHOIOYHC-
JIEHHBIX NPUMEPOB MHUTPAlHH M aKKyMyJsUUH 3THX KOMIIOHEHTOB, KOTOphIe
HepenXxo CUHTAJNACh MaJGaKTHBHLIMH MUTPAHTaMH.

AKKYMYJSiIHHSl TIAHHHBIX MHHEpaJioB

Hapsay ¢ pasmenpHOl U COBMECTHON AKKyMyJsLHel COeAMHEHHH KpeM-
He3eMa M NOJIYTOPHBIX OKHCJIOB IIHPOKO PaClpoCTpailelbl NPOLECcCH aKKyMy-
asguun ¥ guddepeHuyannyu NIPOAYKTOB HX B3aNMOAEHCTBHS, T. €. BTOPHYHBIX
IVIMHHBIX MHHEPAJIOB, CUHTE3HPYIOUIUXCSA B NOYBAX, :

Kak HH MaJbl B3aHMOIEHCTBYIOIIWE KOHUESHTpPAUUM JKeje3a, MapraHua,
a/IOMWHHUS, KPeMHUS] B pa30aBjeHHBIX IPYHTOBLIX M TNOBEPXHOCTHBIX BOIAX,
npy GoJIBINON EJUTENBbHOCTH H HANIPAaBJIEHHOCTH TPOLECCOB HX POJb B HEOCHH-
Te3€ IVIMH, UX COCTABE ¥ CTENEHU aKKYMYJALUH SIBJSETCS OYeHb BAXKHBLIM Ie-"
HeTHyeckuM ¢axTopom obpasosadus nous. CuHTe3 anaodaHOHAOB NpH Ok~
HOHl TeMnepaType B 1a6OpPaTOPHLIX YCJAOBHAX ObIM J0Ka3aH MHOTOUUCAEHHMI-
MM SKCIIEDHMEHTAMH YUYeHBIX Da3JIHYHBIX CTPaH,

U. 1. Cemneuxuin (1937), noxkanyi, 6B TepBLHIM, KTO IKCOEPUMEHTaMb-
HO J0Ka3ajJ BO3MOXHOCTb 3a 3—4 rojla CHHTEe3MpOBaTb KDPUCTAJIMUCCKHI
MOHTMODHJIIOHHT M3 aMOp(GHOro aJTIOMOCHJIHKATHOTO Iefisl NIPU HH3KHX TeM-
neparypax. C Tex nop MHOrOUYHC/JeHHBle 3KCHepUMEHTaJbHble M IOJeBHE
NaHHble MHOTOKPATHO JOKAa3asu, YTO MOHTMODHJJIOHHT MOCTOsSIHHO oOpasyer-
¢ B NOYBEHHBIX YCJIOBHAX, OCOOCHHO B aKKYMVJATHBHBLIX JaHalradrax.

O6pasoBaHue TJIHHHBIX MHHEPAJOB B OCTAaTOYHOWH KOpe BHIBETPUBAHHS B
3JIIOBUAJIBHBIX H HIIIOBUAJBHBIX FOPH30HTaX [IOYB NPeACTaBAAET Co0O0l OAHY
13 HauboJjiee pacnpocTpaHeHHBIX (opM OrlMHeHHsi nouB. HesicHo, oxzHaxo,
BCErfa JH OrJIMHEHHE 3/I0BHAJbHO-WJIIOBUANBLHOIC THIA NPOHCXOMUT MYTEM
HHCXOJSAIINX TOKOB H B3aUMOJEHCTBUS PACTBODEHHBIX COEIHHEHUN UJIH HMEIOT
MecCTO TakXe WJIMMepH3alHusl H JeCCHBAXK, T. €. NepeMelle e U HJJIIOBHUPO-
BaHHE BBICOKOJHCIEDCHBIX IVIMHHBIX CYCHEeH3Uil uin reaposodei. ITo-Bunumo-
My, 06a npolecca cyulectByioT B npupofe. OqHako HapsaLy ¢ 3JOBHAJbHO-
HJTIOBHAJILHEIM OTJIMHEHHEM CYILECTBYET T'HADOTeHHOe (THAPOaKKyMYJsITHB-
HOe) OrJIMHeHHe IPH HCIIApEeHHH U TPAHCIUDALUN NBUKYILErocs NOTOKa IPYH-
TOBBIX W TOBEDXHOCTHHIX BOJA. 3A€Cb MOTYT OBITh ABa cjayuas. Bo-nepsbix,
npsAMOH HeOCHHTEe3 IVIMH B KaNWLIAPHO-IVIEHOUHOH BOJe U3 COedMHEHHH
KpeMHe3eMa M IOJYTODHBIX OKUCJIOB B Pa3HEIX COOTHOUIEHHSX. BO-BTOpPHIX,
pPecHIMKalHNs BHINABIUKUX B OCaJOK OKHCJIOB AJIOMHUHHS MJH 2Keje3a NPUHO-
CHMbIMU pacTBOpaMu kpemHe3eMa. 1 B 3ToM cayuae kojeGaHus B COOTHOLIe-
HYAX KPEeMHe3eMa M NOJYTOPHBIX OKHCJIOB MOTYT GBITh OYGHb IUHPOKUMH B
3aBHCHMOCTH OT KJuMara ¥ OanaHca BelllecTB. [To-BHIHMOMY, BO MHOTHX
Cyyasx OIVIHHEHHe IeCKOB M CYIVIMHKOB, 06pasoBaHie IVIMHHCTOTO Xapire-
Ha, TUIOTHRIX CJIMTHIX THAPOMOD(HBIX M NaNCOruAPOMOPQHBIX MOUB CBA3AHO
CO BTOPO# Ipylnof IpOLECcCOB,

IIpeanochiky 1l CHHTE3a IVIMHHBIX MHHEPaJoOB B aBTOMOPGMHOM U THA-
poMopdHOM N0YBOO6GPA3OBaHNHU BCET[A CYILECTBYIOT, TAK KAK HCXOMHbIE KOM+
NOHEHTHl — PACTBOPHI KpeMie3eMa, COeHHEHHsT aJIOMUHHSA M XKejesa B MOU-
BEHHO-TPYHTOBBIX M Ha3eMHbIX BORax BcerAa umetorcsl. Tak, B MusuMeTpHUue-
CKHX BOAAX AepPHOBO-NOA30JMHMCTIX nouB IloAMOCKOBbs Bcerna umeercs (oc-
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dop, 10—20 ne/2 Mg, 50—70 me/a Ca, 4—5 me/s Si u 1—1,2 me/a Al Ilpu
3TOM XeJe30 MOJMHOCThIo, .50—75% amomunua H 30% KpemHHUS CBfA3AHBI C
TNOJBUXHEIM opranndeckuM seuiectsoM (JleBun, Cy66oruna, 1967). HIsuxe-
HHE BOJ| IO YKJIOHY MECTHOCTH, HX TPaHCHHMPALMUS H HCMapeHue, paspylueHHe
B HHX OPraHHYeCKKX BelllecTB HeH30eXKHO NPHBOAAT K OCAXKAEHHIO Ha3BAHHBIX
KOMIIOHEHTOB ¥ K MX HAKOIUJICHHIO B TPYHTaX, JNOHHBIX OT/JOXEHHSX 03ep K
JeJIbTOBHIX NTPOTOKOB, B NMOYBAaXx.

®. Y. JleBuH u3yuas cocraB KOJJIOUAHOIO OCAZKa, KOTODbLIH MOSIBJSACS
IpH AJUTCABLHOM CTOSIHMM JIH3MMeTphHuecKux BoJ. IloTepa npu NpokanuBaHUM
ocagka cocrabasaa 43,7% (B Tom uyucae 12,4% yraeposa); MuHepaJbHas
yactb —56,3% (ee cocras: Al,0;—48,20, P,05—24,79, Si0,—17,08,
Fe,03—1,31, Mg0—0,97, SO;—0,78, Ca0-—-0,60, MnO—0,05). OueBugHo, B
JaHHOM caydae OBLJI CBeKeOoCaXKAEeHHBIH aJIOMOCHJIMKaTHBIH Koaredb H ¢oc-
¢aT aJIOMUHHUSA.

Ocaikd THIPOOKMCJOB aJIOMUHUSA, 3Keje3a W MapraHia OdeHb 4acro
o6pasyior OypoBatble U Gesechble HaJeThl ¥ KOPOUKH Ha NOBEPXHOCTH NOUB.
OueHb HHETepecHbI HAaG,1104eHNA 3a TOSBJAeHUeM ONaJeCUPYIOLIero Marepuania
¥ 0CaKOB B PacTBOpPaX, BbiieJeHHBIX U3 TaexkHbIX nous [lpuamyppsa. Hx
aHasu3 TOKas3aJ, 4To 310 KpeMHe3eM ¢ nojayTopuble okucab (CnaBsubii,
1969). _

H. Y. Tuusbypr c corpyauuxkamu (1968) obnapyxus B JabopaTOPHEIX
OIbITax NO BBHIBETPHBAHMIO M3MEJAbYEHHEBIX MUHEDAJIOB, UTO Ha NOBEPXHOCTH
3epeH MuHepasnoB obpasyercst mieHka uncroro SiOp miau daile BTOPHYHOTO
anomocHiauxkara cocraBa AlyOz-6S5i0,, koTOpas xak GH 3alUHIIAET MUHEPaJ
OT IaJbHEHIIero paspyluenus.

Takum o6pasoM, apeasq BTOpPHUHOH aKKyMyJasuuu coeauieHnit Al u Si
BecbMa IIHPOK, HO OHU «HECOBMECTHMEI» KaK MHTPaHTH: ofa KOMIOHENTa,
noABAfAACh B PACTBOP2X, BeCEMa GBICTPO M TIOJHO B3aHMOJeHCTBYIOT ¢ ofpa-
30BaHMeM BTODHUHBIX MHHEPaJ0oB. PacTBOpH HJIH OCAaZKU COEIMHEHUH alio-
MHHUS SBJISIIOTCS T€OXHMHYECKUMHE JOBYLUIKAMH JJISI PACTBOPEHHBIX COeqUHE-
HHIl KpeMHe3eMa H, HaoOOpoT, ocaaxu aMop(dHoro xpevHeseMa copOHpYyIOT
IJIMHO3EM.

SddekT TAaKOro cooca)kIeHHs] H HAKONJIEHHs INIMH OCOOEeHHO 3aMeTcH B
noiMax, AeJbTax, B JOHHBIX OTJOXKEHHSX MCJKOBOJHH, B 30He KalMUJISPHOMR
KalMbl THApoMOpHbIX nousB. KoHeyHo, STOT NpoLecc BKJIOUYAET HE TOJbKO
TJINHOOGPAa30BAHKE, HO U HAaKOIJIEHHe Pa3JHYHBIX ADYIHX BTOPHYHBIX MHHe-
paJios.

OOHYHO CcBeXHH  aJaOBUNl MMeeT YINPOLIeHHBIA MHHEpaJOrHYecKHH
cocraB. C BO3pacTOM HHXKHKE TOPU3OHTHI &JVIIOBHS MOHMB! M HAANOHMEHIBIX
Teppac IoJ, BO3ZeHCTBHEM KaNHIJISAPHOrO NOIBbeMa Baark o6oramaiorcs BTO-
puunbIMEH MHHepanavu. CocTaB 3THX BTODHYHBIX MHHepasoB 3aBUCHT OT XH-
MHUYECKOIo COCTaBa I'PYHTOBBEIX BOJL M Tuma 0ajiaHca BellecTB (HAKOHHTC.Tb-
HbIH, TPAH3UTHHIH U T. A.). MUHepaiy30BaHHBIE TPYHTOBBIE BOAK 060TAIIAIOT
aJJIOBYUH JIETKOPaCTBOPUMBIMH H MaJOPacTBODUMBIMH COJISIMH, MHHEPANaMH
TPYONBbl MOHTMODH/IJIOHMTA HJAH THADPOCION, KPEeMHE3eMOM, IIONYyTODHBIVMH
oxucnamu. OnpecHeHHRle BOAB! 060ramanT aMIoBHI COeIHHEHUAMH KPeMHe-
3eMa, IJIMHO3eMOM, IVIMHHBIMH MHHepajamu. Kcnapenue xene3ncThix BocCTa-
HOBJIEHHBIX TPYHTOBBIX BOJ BLI30BET HAKOINIEHHE KOHKPELHH, [pocJaoes,

ILIAT OKHCJIOB XKeJle3a ¥ MapraHila, OpT3aHJ0B, THAPOTEHHOIO ryMyca, ¢oc-
¢aros. ~



BEPTHKAJIbHASL MHUTPALIMS W NEPEPACNPENEJNEHHUE
MPOAYKTOB BBIBETPHBAHHUSI H INOYBOOBPA3OBAHUA

H3BecTHO, 4TO B NOYBAX NMPOUCXOAST PETyasplible CE30HHBIe NepeMelleHHs
TIOYBeHHOH BJIary B BepTHKAJbHOM, HHCXOHASIIEM H BOCXOJsIIeM HampasJe-
HuAX. IIpoayKTH BEHIBETPUBSHHS W NMOYBOOOpPA30BaHUS, NMOCTYNAKOUINE B MOY-
BEHHO-TPYHTOBBIE€ BOJbI, B COOTBETCTBHH C MX FeOXHMHYECKOH 110JBHKHOCTEHIO,
BOBJIEKAIOTCA KAaK B HHCXOAsLINe, TaK M BOCXOJSUIME TOKH MOYBEHHBIX pac-
"TBOPOB, Y4acTBYsl B ()OPMHPOBAHHU TelieTHYECKHX TOPH3OHTOB NOYB H KODHI
BbIBETPHBAHHS.

JBHKeHue, NepepacHpelesieHe U JOKaJbHOE HAKOIJIEHHE TIOUBEHHBIX CO-
€JMHeHHH IIPH 3TOM IPHBOJAT K pe3KO BblpaxKeHHOH AH(epeHnHMaluu ux
B TOJILEe KOpPH BHIBeTpHBaHHs M nous. IIpu rocmomcrse HHCXOAAIIUX TOKOB
vauboJiee TMOXBHAKHBIE NPOAYKTH NOYBOOGpa3oBaHMs (HMTPATH, XJODPHAHL,
cyabdarbl) yHOCATCS B HauboJsee rayGokue ropusoHThl. ['unc obpasyer ckon-
JIEHHSs BBlIlle FTOPH30HTa XJOpHAOB. Ele BhILIe B npoduie nous ¢opMupyercs
TOPU3OHT YIVIEKHCJOrO KaJbliHs, YacTO B TOH WJM MHOH Mepe JOJOMHTH3HPO-
BAHHOTO. B caMBbIX BepxHHX 3JI0BHAJIBHBIX FOPH30HTAX NPH AJUTENBHOM roc-
NOJICTBE TIOYBOOOpA30BAHUA C HHCXOAAIMMH TOKAMH IIPOMCXOLHMT OTHOCH-
TeJbHOe HAKOILIEHHE IJIMH, OKHCJO0B aJIOMUMHHUS U KeJle3a, OTHOCHTEeJIbHOe Ha-
KOIIJIeH}e OCTATOYHOro KBapua. I[Ipu 3TOM 10JyTOpHBlE OKHCJIB MOTYT 4ac-
THYHO CMECTHTbCA BHH3 M 00pa3oBaTh HJLIIOBHAJBHBIH TOPH30HT.

EcrecTBeHHO, uTo mpodHab BepTHKaAbHOH AUddepeHLHalnn OPOLYKTOB
BHBeTPUBAHHSA U NOYBOOOPAa30BaHUs AJS PA3JTHUHBIX THIIOB KOpPHI BLIBETpPH-
BANHA M II0YB HeoAHIIaKOB. B JIpeBHNX NoOuBaX, PasBHTBIX Ha MOUIHBIX 3JII0-
BHaAJbHBIX KOpAaX BbIBeTPHUBAHHUS, TaKHe IOJBHKHEIE TPOLYKTH], KaK XJOPHCTHIE,
CepIOKHCIbIe U YIJIeKHCABle COMH, a Takxe O4OJblIas YacTb KpeMHeseMa
aJIMOCH/ANKATOB BOOOIIe BLIMBIBAIOTCS 34 Ipefesbl NOUBEHHBIX T[OPH30H-
TOB H KOpbl BBIBeTpHBaHHUs. B ycnoBusx crenmHoro saHamadra, npu Hemo.d-
HOM CKBO3HOM NPOMBIBAHHH KOPbl BLIBETPUBAHUS H IOYB, JEIKOpacTBOPHMBbIe
COTH YAepXKHBAIOTCA B IMVOCKMX TOpPH30iTaX, pacrnojarasch B Nocjaenosa-
TeJbHOCTH, OTBEYAKOIUEH HX PacTBOPUMOCTH: KapHoHaThl KaJbllHd, THIC 3a-
AePIKUBAIOTCA BBHILIC, 4 CCPHOKHCABIH HaTpHil W XJOPHCTbIH HATPHH NPOMbI-
ralTesl riybxe.

B ycaoBuSX MYyCTBIHHOTO KJAMMAaTa JETKOPaCTBOPHMble NPOLYKTHI BLIBET-
PHMBaHUA COXPAHAMOTCST B BEPXHHUX TCPI30HTAX KOPHl BbiBeTPHBAHHA M MOYB.

Ecan nmouBoo6pasoBaHHe M BLIBETPHUBalMe IPOHCXOIAT IIPH TOCHOACTBE
BOCXOMSIIIUX TOKOB BJAaTH, TO 3TO NPOSABJASIETCS U B 3aKOHOMEDHOCTAX, CB-
33aHHLIX C PACTBOPUMOCTBIO H MHTPallMOHHOH cNOCOGHOCTBIO coellureHul. Hs-
BECTHO, YTO Hanbosee pe3Ko BhIpazKeHbl BOCXOASAIMNHA TOK K HAKOIJIEHHEe Nol-
BMKIBIX NPOAYKTOB NMOYBO0OpA30BaHHUsA IIpH OJM3KHX TPYHTOBHIX BOJax H
KapKoM cyxoMm knaumarte. [Ipu ray6une TpyHTOBBIX BOA 2—3 M BOCXOIASIILHH
TOK KaIWJJISPHOI BJIard pacxogyercd Ila TpaHCHUHpauuio H ucrnapense, O6oiy-
HO B TPYHTOBBIX BOJaxX NPHCYTCTBYIOT B pacTBopelHol ¢opMe NMPOAYKTHl BHI-
BeTPHBAlIUSA M NOYBOOOPa30BaHHUNA, KOTOpble NepPeHOCATCH KaNHIAPHBIM TO-
KOM BOABI K noBepxioctH. [lo mepe pacxona Bocxoasleil Kamuaaaplol Baa-
I'M Ha HCHApEHHe U TpaHCIUpaUuio B NpodHie rHAPOMOP(MHLIX TOUB TPOHCXO-
IUT BBUTAJEHNE B OCAAOK PACTBOPEHHBIX NPOLYKTOB.

HenocpencrBeHHO B BOLOHOCHOM TOpPH30HTE ¥ HAJ HHM BHIANAIOT COEAH-
HelHs JKeje3a, Mapralla ¥ NPOAYKTH B3aUMOIeHCTBHS TJIHHO3eMa C KpeM-
He3eMOM B BHJE BTOPHYHBIX TVIHHHLIX MHHEpaJoB. Bhliie 1o IPOQHIIIc Ocax-
laeTcst YTJEKHCJBIH Kaablui, a 3aTeM THIC, pACTBOPHMOCTb KOTOporo Go.ee
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Beicokad. Ha 6oabiyio BbICOTY no npodu/io NOAHMMAIOTCA CepIOKHC/Ibie H
XJIODHCTBIE COJIH, OTJIHuAlLiHecss Haubojee BBICOKOH pacTsopuMmoctbio. Ca-
MO¥ TIOBEPXHOCTH IIOYB NOCTHTaIOT XJIOPHALI HATPHS, KaJblUHAg U MAarHHsS
(puc. 51). Ecau rpyHTOBHIe BOAL 3aJjeraior HerayGoko (1—1,5 x), To Bee
pacTBopelHBEle B HUX KOMIIOHEHTHI JOCTHTAIOT MOBEPXHOCTH MOYBHL M 06pasy-
IOT H3BECTKOBO-XKeNe3UCTYI, TUICOBYI0 JU60 CONSHYI0 KOpY.

Xumnam u nuddepeHnnauna OpOAYKTOB OCaxKJeHus B TOUBEHHOM IIpO-
-puae, ecrecTBEHHO, 33aBHCAT OT XMMUYECKOrO COCTaBa NOYBEHHO-TPYHTOBBIX
BoJ. B ycaoBHSX BiaXKHOro KAuMaTa, KOTJd NMOYBEHHO-IPYHTOBEIE BOJBL CO-
JlepAxaTr IJaBHbIM 00pa3oM OpTaHHUYECKHe BelUeCTBa M INOJBUXKHblE coelHHe-
HHSl TIOJIYTOPHBIX OKHCJIOB M KpeMHe3eMa, NMPOUCXOHUT aKKyMYJslust 3THX
npoaykroB. IIpn XecTkux M3BECTKOBHIX BOZax B MouBe Habawaaercs Mpe-
UMYLLECTBEHHO HaKONJeHHe YIVIEKHCJIOI0 Kajblud, IPH MHHepa/ H30BaHHBIX
‘BOLaX —— HAKOIJIeHHe JIETKOPaCTBOPHMBIX COJel.

NEPEPACNPENEJEHHUE NNPOLYKTOB
BBIBETPUBAHHUA U NMOYBOOBPA3OBAHHS
AEJIOBUAJNBHO-MPOJIIOBUAJIBHBIMH BOJAMH

HenpepoiBlible TEKTOHHYECKHe ABHXKEHHS 3€MHOH KOPH, 0COGEHHO NMOAHS-
TUSL TOD M NpPEeArOpHH, CONPOBOXKAAIOTCS HelpephiBIbIM TepepachpeiedeHHt-
€M IPOAYKTOB BHIBETPHBAHUSI U HOYBOOODA30BAHUS AeNIOBHAJBHEIMH H NPO-
JIOBHA1hHBIMH BOJAMH B HANIpABJEHHH CTOKA K PABIHMHAM H HHU3MEHHOCTAM.
B nmoBuanbHble MEpHONH, B IOC/IEJeIHHKOBEE W MEXJEIHUKOBLIE 3I10XH
BOJHBIH CTOK OB OCOGEHHO HHTEHCHUBHEIM.

Benencreue moBepXHOCTIIOTO CTOKA NPOHUCXOAUT TOCTCAHHGLIM CMBLIB MeJ-
KO3eMHCTHIX NPOJYKTOB IIEPBHUHOrO NTOYBOOOpPAa30BaTE/bIOr0 Ipouecca H oc-
TATKOB MHTOOUILHBIX OPraHH3MCE ¢ HOBepXHOCTH ckaJj. Ha ckjoHax, Kaxe
MOKPBLITBIX JPeBECHOH PAaCTHTENLHOCTBIO, HMeeT MeCTO CJabblf, HO MOCTOSAH-
HbIA CHOC BepXHel 4acTH I'yMYCOBOTO I'OPU30NTA, PACTHTEJNbIBIX H YKHUBOTHBIX
‘GCTAaTKOB. [IBMKyLIHeCs AeAOBHaJBHO-TPONIOBHATbHBIE NOTOKH BOABI YHO-
CSIT B HanpaBJeHHH CTOKa HanboJjee NOABYKHBEIE NMPOJVKTHL M3 KOPBI BLIBET-
pHUBaHuUsl ¥ TMOYBEHHBIX T'OPU3OHTOB B (popMe CYCNeH3Uil MCTHHHBIX M KOJJIO-
HIHBIX PacTBOPOB. DTHM CTOKOM OCYUIECTBJAETCS NOcTofillHas obinas Aely-
Jauus moBepxHocTu cyiid, MexaHnnueckas NeHyZalusi B CpeAHeM COCTABJSA-
et okoso 0,06—0,5 mm, xumuueckas — okoso 10 sk B roa. Takum o6pasom,
B CpelHeM XHUMHuecKas MeHyAauus nis 1 xm2 cylM cocTaBasieT OKOJIo 26—
27 1/200, a mexanuueckas — gocturaer 30 u naxe 2500 7/200. DtH BeJUUU-
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Hbl HEBeJMKH Ha NepBBI B3rJs], HO B a0COMIOTHHX LH(pPax U 3a HECKOJIbKO
TEICSIYeETHH TOYBOOOpa30BaHHs NpOIeCCH AeHYAAlUKH INPHBOJAAT K 3HAUM-
TeJLHBIM IOYBEHHO-TeOXUMMUecKUM H3MeHeHuam. I'. A. Makcumosuy (1953)
NPYBOAUT CielylOlile BeJHYHHb XHMHUECKOH JeHyJauuu CYLIHu:

3onua’ m/Km? MK 200 3ona mlxmt Mif20d
Tynapa 10 & Tponuks, cy6TpOnuKy 29- 12
Jlecnas u JecocrenHas 32 13 Foprt 25 10
Crennast 40 16
TlycThHY 27 11 Cpexnese 27 12

MeaneHHO TeKyIlMe JOXKIEBblE W CHETOBLIE BOALI TPAHCHOPTHPYIOT OoJee
BBICOKOJMCIIEPCHBI! MaTepraJs, GopMupys Ha CKIOHAX ToJlU Aefiopus. Bpe-
MeHHble TOPHbIe TIOTOKH, CTOK KOTOPbIX HUOrja GbiBaeT KpalHe BEJIHK, Tpalc-
TMOPTHPVIOT IIeCOK, FPaBuil, TaabKy, BaJyHbl H I'py6000J0MOUHLIL MaTepHas.
YMenblielie CKOPOCTH IIOTOKa A€JIOBHAJBILIX H NPOHOBHAJLHBIX BOJL TpH-
BOIHT K OCasKJEHUI0 B3BEIUEHHOIO B IIMX MaTepuana ¥ (GOPMHDPOBAHHUIO 1IPO-
JHOBHUS, 00pa3ylolLero Tak Ha3blBaeMble KOHYCHI BLILIOCOB M CyXHe [eJbThl.
ITpu 3TOM IPOMCXOAMT COPTHPOBKA ¥ AnddepeHuyaluss BLHOCHMbBIX MeXa-
HHYECKHX M XMMHYECKHX NPOAYKTOB. B pesyuabraTe HCnapeHHust NeIIOBHAIb-
HbIX H MPOJIOBHAJBHEIX BOJ U3 HHX BEIIAJAIOT B 0C&/IOK PACTBOPEHHbIE KpeM-
He3eM, OKHCJbl aJIOMUHHS, XKeJesa U Mapraina, YrAeKMCAblH KaJabLui, Tune,
JIerKOpacTBOPUMbIE COJY.

Hiorga nenoBuanblible H NPOJIOBHAJBHBIE BOABl YXOAAT Ha MHOIMe [e-
CATKH KWJIOMETPOB OT T'Op B CTOPOIY NPeATOPHBIX PABHUH M HH3MEHHOCTEH,
pasjHBasich TOHuallIlell NMJIEHKOHN TeMJRIX MYTIHIX BOX, U3 KOTOPHIX IOCHAE HX
BLICHIXAHHS M HCIApeHHs Ha IOBEPXHOCTb MOUBBLI OCEAAIOT IVIMHHBL H KOJJOHI-
Hble BENIeCTBAa, JIETKOPacTBOpUMBIE cod. Takas KapTuHa (OpMHpPOBaHHUs le-
JIIOBHAJBHO-NPOJIOBHAJbHBIX PAaBHKUH H OTJOXKEHHI XapakrepHa, HallpuMep,
nas [puxonerparckoil paBHHHL B IOxHoM TypKMeHHH M B NYCTHIHAX AMe-
pukv u Mpana. 3nech Ha oOGMKMPHBIX MpOCTpaHCTBaxX GOPMHDPYIOTCH CBOeOD-
pasHble TaKBIpHbie TIOUBLI, FEHE3WC KOTOPBIX TECHO CBSI32H ¢ COBPeMEHHbIM l1a-
KOINTEHHEM KOJJIOHAHOTO T[VIHHMCTGIO BeLIecTBAa M3 JIEJI0BHAJIbHO-IPOJIOBU-
aJbHBIX BOI, NPHXOASIHX CO CTOPOHHI TOP.

Ha nepudepun nenoBHaJbHLIX PaBHUH B 3aCYILIMBBLIX YCAOBHSAX (opMH-
pyloTcst 06J1aCTH COJIEHAKOIJIEHHS B PE3YJbTaTe TaK Ha3blBAEMOro JeJIOBH-
asnbHOTrOo 3acoseHus. [Ipumepnl 3T0T0 WHPOKO H3BecTHH. Ha mpearoplibix pas-
nuHax Cpenneit Asun ¥ 3aKaBKasbss MOXKHO Haba0AaTbh OBLIMPHBIE NIPOCT-
paHcTBa CYyXHX COJIOHYAKOB, 00pa3oBaHHble 110 MepudepHu KOHYCOB BHIHOCOB
H CyXUX JeJbT, TAe NPOUCXOIUT HcIapeiive JOXOUSALINX CIOfa IPOJIOBHAb-
HBIX BoA. TaKOBLI 3acoJieHIlble OYBH N0 nepudepun cyxoil nenbrsl p. Mcda-
pa u p. Cox B ®eprane, a Takxke cyxcl genbtol p. 'eokua#t B AsepGaiinkane.
Ha nosnorux aemoenanbieix ckaoHax B crensix ChIpTOBOro 3aBOJIXKbs 3THM
nyreMm o0pasyloTcs TsXKeJble TVIHIHCTHe COJMOHLEBATHE NOUBHL. VI3BeCTHH
TaK¥Ke MOIUHBIE I'yMYCOBBIE NOUBBl, HAMEITbIe JEJIOBHAJbHBIMH BOAAMH Ha
KOHHEBBIX YacTsiX CKJIOHOB B YepHO3eMHBIX obgactsix. UacTb Aed0BHAJBHBIX
H TPOJIOBHAJBHBEIX BOJ BMeCTe ¢ PacTBOpaMHu CoJell TpocauyuBaercs B [PYH-
TOBble BOJBL. 3HAUHTeNbHas A0JS AeNI0BHAJBHLIX U NPOJIOBHANBHBIX  BOJ

VXOZMT B PEKH H YHOCHMT B HUX HaHGojee JHCNEPCHHIE BIBECH M XHMHYECKHeE
PacTBOPHLI.
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NEPEPACNPEREJIEHHE NPOAYKTOB
. BBIBETPHBAHHS U NOYBOOBPA3OBAHMHSA
NMOYBEHHO-rPYHTOBBIMH. BOJAMH

Lupxyaupylouye B noyBax, KOpe BbIBETPHBAHUS H TOPHBIX NOpoAaXx IPyH-
“TOBble BOJBl NMepeMellaloT H HepepacnpefensiioT NOABUXKHbBIE NPOAYKTHI Bhi-
BETPHBAllkg H NOYBOOOGPA30BaHHSA B rOPH3OHTAJAbHOM HanpasjieHud. B Hau-
Goabllell CTEIIeHH C TOYBEHHO-TPYHTOBBLIMH BOJAMH MHIPHPYIOT JIerKOpPacTBo-
pHMble COJM, paCTBOPHMbIE METAJJIOOpraHHYeCcKHe KOMILJIEKCHbIE COeMHeHHS,
pacTBOpUMOe OpraHHYeckoe BemllecTBO. Ho ¢ IMOYBEHHO-TPYHTOBLIMH BOJaMH
MOTYT TakXKe MUIPHpOBATh M HanGoJee BHICOKOAMCIIEPCHBle CYCNEHN3HH, a
T4KKEe THJPO30JH TAKHX COeIMHEHHH, KaK KpeMmHe3eM, NOJYyTOPHbIe OKHCJIHI,
ryMyc W OpraHo-MHHepaJdbHble COelHHeHHs. [{albHOCTb mepenoca KOJJOHI-
HBIX CCeIHHEHHH H OcOBeHHO CYCIeN3uil 3HAUMTENbHO MEHbLIas, YeM MCTHH-
HLIX pacTBOpoB. Hem MeHblle CTeHeHb AMCIEPCHOCTH CYCHeH3MH M KOJJIOHI-
HbIX PacTBOPOB, TeM, eCTECTBEHHO, paHblle¢ OHH 3aJepXKHBAIOTCS I'OPH3OUTA-
MM TIOYBBI H KOpBl BbIBETPHBAHHS IyTeM TakK 11a3blBAEMOTO MEXaHHYeCKOro
LOTVIOIIEHHS.

B rpancnmoptupylomleli 1 aKKyMyJasiTHBHOMN AefATeJbHOCTH TOYBEHHO-TPYH-
TOBBIX BOJ pas.Jnyalorcsi ABe (HOpPMEL

BuyTpunouBeHHbI# BpeMeHHbIH GOKOBOH CTOK

DOKOBOH CTOK BO3HHKAeT B CHJALHO NepeyBJaxKHEHHBIX MOYBax B CIydasax
Magaoit BOAONPONMNAEMOCTH HHXKeJjeXaliuxX FOPH30HTOB M 3HAYHTEJAbHOIO
IIPUTOKA TPaBHTALMOHHOH Bjaru cBepxy. Takue ycJloBHd, HampuMep, CO37a-
I0TCSl B TMOA30JHCTLIX 1I0UBAX HAa CKJOHAX M HAKJIOHHBIX paBHHIIaX BCCHOM
B NIeDHOABI CHeroTasiHusl U JHoxzaed. Huskas BOAONPONHIIAEMOCTE HILIIOBH-
aabHOrQ ropusonrta B ne oGecneunBaer HeoOXOAHMOI CKOPOCTH HHCXOAALIE-
0 JBUKEIHS TPaBHTALHOHHOH BOXBL, HAKOIJsIOUleHC B BEpXHUX 3/TIOBHAJMb-
HLIX TOPH30lITaX MO4YBLL. B pe3yJjbrare Bo3NWKaeT BUCSUHUI FOPH3OHT BEPXO-
BOJAKH U €1a60 BbIpaXKeHHBIH MCCTHBIA BIYTDHIIOYBEHHHH GOKOBOH OTTOK 110
YKJOHY MECTHOCTH, KOTOPDII MOXKET JOCTHraTh 3HAuMTeJbHBHIX BeauuuH. [Io
aanusiM M. C. Bacuabesa (1950), GOKOBOM CTOK B TOPU30HTE A MOA30HCTBIX
1our coctaBasier 66—84 cm/cyrxu, B ropusonre B — 39—68 cm/cyrxu, a mak-
CHMAaJIbHbIl Pacxof, NOUBEHIO-TPYHTOBBIX BOX — 202 cm/cyTKu.

BryTpunouBeHHBIl CTOK MOXKeT BC3HMKATh B NOUBAX, HMEIOLIHUX 3aMep3-
IIHe BOJOHENpPOHHIIaeMble TOPH3OHTLI, B TOT NMEPHOA, KOT4a MOBEPXHOCTb OT-
TauBaeT M NepechlllaeTcsl BAATOH. B cOJI0msX, COJMOHNOBMX H TaKBIPHLIX N10Y-
BaX, HMEIOLIHX MaJONpOHHIaeMble€ HJIIOBHAJNbHBIE TOPU30HTLI, IPH CEe30H-
HOM IlepeyBJaxkHellHM BO3HUKAeT MeCTHOe Hepepacipeiededde BpeMeHHOH
[IOYBEHIO-TPYHTOBOH IPaBHTALHOHHON BOABI 10 YKJIOHAM MECTHOCTH. Bpemen-
Has BepXOBOJKA H TlepepaclipejelieHye ¢ lell NOABHAKHLIX NPOAYKTOB NMOYBO-
o6pa3oBaHus u yio0peHull Ha6JIOAAIOTCS TaK¥Ke [IPH OPOLIEHNH MTOUB HU3KOU
IPOHHIIAEMOCTH.

CuiibHO BBIpaxel GOKOBOH BHYTPHIIOYBEHIILIE CTOK B CYOTPONKUECKHX H
TPOMHYECKHX CTPaHax B IlepHOAL COMIbHBIX Ce30IHBIX Noxael. B ato Bpemn
TOJIIUM MOYBEHHLIX TOPH3OHTOB H KOpPbl BLIBETPHBAHUS He YCNEBAIOT OTBOXHTH
B HHCXOASIUEM llallpaBJeHHH BCIO TY Maccy BOABI, KOTOPds B HHX IMOCTYIaeT
€ Ce30HHBIMH AoXKAAMH. O6pa3syercs siCHO BblpaKeHHBII GOKOBOH IOTOK Bpe-
MEHHBIX TPYHTOBHIX BOJ. B HHMXKHHX 4acTaX CKJIOHOB Ce30HHbIE IIOYBEHHO-
rpyHTOBble BOALI BHIKIHHHUBAIOTCS B BHJAE POANHMKOB H MOYaxKHH. 37ech Ha-
6.l0HaeTcsi HHTEHCHBHAs aKKYMYJISUHA COeJUHEHHH XKeJje3a M, MapraHia.
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[ToyBenHble paspesnl, 3aJ0XKeHHbIe B 9TOT NEPHOA Ha CKJIOHAX, OBICTPO 3a-
NOJIHSIOTCA NOUYBEHHO-TpyHTOBOR BofoH. Cnycrs 1,5—2 Mecsinia nocJsie 3aBep-
LIEHHsl JOXKAEBOro Ce30Ha UMPKYJIHDYIOUIHe ¢ OGOKOBBIM CTOKOM T'DYHTOBEIE
BOALl B CyOTpPONHMYECKHX U TPONHUYECKHX TOYBAaX HCUE3alOT BCJAEICTBHE OTTO-
Ka, TpaHCNHPaALUHH ¥ HCHapeHus.

Kak Hy Masda cKOpOCTb ABHXKEHHS IOYBEHHO-IPYHTOBLIX BOA B dopme Go-
KOBOI'O CTOKA H KaK HH HH3Ka MX KOHUENTpauus, OHM B XOle MIJIHTEJbHOTO
1104B00Opa30BAHNA BBIHOCAT, NlepepaclpefensiioT H HaKalJHBaloT 3HAYNTEb-
Hble KOJHYeCTBa DACTBOPEHHBIX COeIHUHEHNHH,

[Ipoueccy BbHIHOCZ NPOTHBOCTOHT OGHONOTHYECKHH KPYTOBOPOT — 30JbHBIX
BellecTB. PacTHTeTbHOCTb MOTJIOLIAeT LeHHbe GHOMHIbHbIE 3JIeMEHTH H 3a-
Jep:KHBAET UX B CHCTeMe NoYBa — pacTeHHe, OJIHAKO JaXKe O/ MOJOrOM Je-
€a ¢ BHYTPHIIOUBEHHBIM CTOKOM €XXETOJHO C KaXKJOro rekrapa yHoCcATCS 3a-
MeTHLIe KOJHYeCTBA KaJbLHuA, Kaalsd, a30Ta, aJloMHUHHSA, KpeMHHus (Taba. 37).

Ta6awumnma 37

CooTHomeHHe MEXAY NOCTYMIEHHEM 3NeMEHTOB C OMAAOM H BbLIHOCOM HX
BHYTPHNIOYBEHHBIM CTOKOM

(Pemesos, 1958)

PacTHTe IbHOCTD Si Al Ca K P N
Hybusx
TlocTynaer ¢ onaioM, kz/ea 29,00 5,5 83,9 35,6 7,4 42,4
BuiocuTest co cToKoM, Ke/ea 0,02 0,53 4,01 0,709 Cu. 0,75
BoiHocutest, 9% oOT mocTyn-
JIEHH S 0,07 9,6 4,78 1,96 — 1,78
Ocunrur
Iloctynaer ¢ onaloM, Ke/ea 21,00 6,0 85,3 42,7 9,9 3,7
BumocuTest co crokoM, Ke/2a 0,008 | 0,40 1,59 0,45 Cn. 0,64
BuiHocuTcst, 9% oT nocrtymie-
HUst ) 0,04 6,67 1,86 1,05 — 2,02

Ilpn GoxoBOM CTOKe TOYBEHHHIX BOJ B HOYBAX Ha cKJaoHax o6pasylorcs
KOHKPEUUOHHBIE U MJIHTOBHAHbIE FOPH3OHTH YIJIEKHCIOTC KajdbUUsl H OKpeM-
HeBIINE LEMEHTHPOBAHHLIE TPOCACH. DTHM Ke 00bsicHAeTCsT (OPMHpPOBAHHE
TaK Ha3biBaeMbIX KHPAC — aKKyMyJSILHHA KeAe3a U Mapralla B HUXKHUX Yac-
TSX CKJAOHOB B CyOTPONHUYECKHX W TPOMHUECKUX palioHax, a Takxke ofpa3oBa-
HHe Ha CKJAOHAX U JeNpeccHsX MaKpo- U Me3opesbeda OPTIITEHHOBLIX TOPH-
30HTOB B 30He€ TIOJ30JHUCTHIX 1OYB,

Hocrosnublii CTOK FPYHTOBBIX BOJ

B mepenioce NOABUIKHBIX IIPOJAYKTOB BHIBETPUBAHHS M 110YBOOOPA3OBAHUS
BecbMa GoJblliasi pOJib MPHIALJIEIKHT TOCTOSIHHBIM TPYHTOBLIM BoAaM. O6bru-
HO IpYHTOBBIE BOILI 06pasyioT MeLJEHHBI!l NOTOK B HalpapjeHHH 0O0Liero
VKJIOHA MecTHOCTH. Bo muornx pafioHax # Hna 3HA4HTEeNbHBIX TEPPHTOPHAX
noussl Coserckoro Coosa HMEIOT TPYHTOBBIE BoJAbl Ha TJaybune 0,5—3 .
B 3Tux cayuyasix TIOYBEHHO-TPYHTOBbIE BOJALI HEMOCPEACTBEHHO y4yacTBYIOT B
noyBooGpa3oBarebHOM mpouecce. [JoBepXHOCTb TPYHTOBBIX BOJ B CMATYeH-
HON § criaxennoi ¢gopme noBTopser penbed mMecTHOCTH. I1pH 3TOM BepXHHIE
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FOPU3OHT HMX IOJ BAMSIHHEM NHUTAHHUSA, Harnopa M PasHOCTH B Belcorax (T. e.
VKJIOHA) HaXOAHMTCS B HENPEepbIBHOM [ABHIKEHHH.

[ToToK TpVHTOBBIX BOA MOXeT OBITh HAlpaBJAeH B NOHWXKEHHS, HOJHHBE
pek, B oBparu H o3epa. Ot rop notox HanpasJeH K NPeArOPHHIM DPaBHHHAM
H HH3MEHHOCTSAM, I'le OH MOZKeT BbIKJIHHHBATHCA B BHIeE 6onoTr H POOHHKOR,
TaK HasbiBaeMblX Kapacy, MEJKHX PpYUYbEeB, pEK. B nmonauue peKu napaJJaelib-
HO ee TEYeHH10, B TOJIIAX AJIIOBHAJbHBIX Teppac CYLIeCTBYeT CBOH HOTOK.
IPYHTOBLIX BOJ, HANpaBJeHHBIA MO YKJIOHY OT BEPXHEro ¥ CPeAHEro TeYeHHa
PEKH K €€ YCThbIO, [IeJIbTeE. B 6eccTouliblx HH3MEHHOCTAX NOAynyCTbhlllb U Ny-
CTBIHb IPYHTOBbIE€ BOJAbI HpHﬁ.HH}Ka}OTCH K TIOBEPXHOCTH H HCIIapsIOTCA, OCTaB-
Jssl B IPYHTAX M T0YBaxX PacTBOpeNHEIE COeNNHeHHS.

BpemeHnble TOPH30HTHl TPYHTOBHIX BOJ, BO3HHKAlOT Ha OPOCHTEJNbHDIX.
cucTeMax BAOJb KaHAJOB ¥ Ha NMOJUBHEIX NoJsix. Mensennslii NOTOK uX
06LIYII0 IBUKETCS B CTOPOHY OT TpPacchl KaHatoB K nepudepryu nosaedl u Bce-
TO OopollIaeMofo Oasuca.

Ta6nuua 38
Mepoxumnyeckas kaaccupuKanys MOYBEeHHO-TPYHTOBBIX BOJ
Haagasue Bojg Konuentpauus, 2/4 IIpeo6ragaomue THIIHYHEE KOMIIOHEHTHI

VY abrpanpectsie  ¢yJbBaTHO-XKene- 0,01—0,3 ®yabBOKHCIOTH, Fe*?, Mnt2, Al+3

3UCTHIE

Y AbTpanpecHble KpeMHE3eMUCThIE 0,3—0,5 TopBuKHBE KpeMHe3eM, OuKapGoHATHE

CHJIMKATHEI® Ca, Mg

IenouHete (COROBHE) 0,5—3 BukapGonatsl u kap6onate! Na, noapux-
ubiit SiO,

OnpecHeHHble THNCOBHE HeHTpasb- 0,5—3 Tunc u 6GuKapGOHAT Kadblys

Hble

ChnaGoMunepaIu30BaHHLEe I1EJ0Y- 37 Bukap6onarst u cysaspatel Na (uHoria:

Hble XJIOpH L)

MurepamizoBantsle cyJLdaTHEE 5—15 Cyabdpatot Na, Mg u Ca, npumecs xJ0-
puI0B

CHJIbHOMKHEPANMH30BAHHbE XJIOPH- 20—50 Xnopugel Na, xjaopumsl u cyaspats Mg

HbIE

Paccousl 70—200 Xaopuas Mg u Ca

Kpenxue paccodibt 300—600 Cyabdatel Mg u xJ0pnipt

CxopocTh IBHKeHHs TPYHTOBBIX BOJ Kpaliie HeBeJHKa. JIHIUb B NeckKax
W rajJeyidkaxX oHa MOXKET MHocTurath 2—5 m/cyrku. B cyraunkax oO6bIYHO:
CKOPOCTh IBHXKEHHs T'PYHTGBEIX BOJ He Gojee 1 M/cyTku, a B TVIHHEX — I0-
psaka | m/208, 1. e. rpyHTOBbIEe BOZAHl 3/1eCh NPAKTHYECKH HENOHBHKHEL.

IpynroBeie Boabl Tepputopuu CoBerckoro Cow3a BecbMa pa3HooGpasnil
1o ri1yOuHe 3a/7eTaHHs U Ce30HHBIM KOJeGaHHSM YPOBHSI (peXHM TPYHTOBBIX
BOZ)}, IO XUMHUYECKOMY COCTaBY H 3HAUEHHIO B IMoyBooOpa3zoBanuu (tabJ. 38).
Brigeasior cienyiolune THIBI TPYHTOBEIX BOJ:

1. T'pynroBble BOJABI 30HLl BEUHOH Mep3JoTH — O4YeHb TpecHble, COAepXKar
auib 0,02—0,01 2/2 MuHepanbHBIX BelilecTB. OGHIYHO OHH HMEIOT KHCJVIO pe-
aKnuio u GoJbLIOe KOJHYECTBO OpraHHUECKHX BEIECTB.

2. 'pyHToBLIe BOAB 30HBI TYHAp — 3aJeraloT GJu3Ko K nosepxHoctd (0—
0,5 ), comepxkaT TakXKe HHYTOKHOE KOJUUYECTBO MHHEPAJBHLIX BEUIECTH
(0,02—0,03 2/2), BMecTe ¢ TeM OHH HMEIOT MHOTO TNOJABHKHBIX OPTaHUYECKHX
BellleCcTB B popMe KOJJIOHIHBLIX pPacTBOpPOB,
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3. I'pyuToBele Boabl JiecHBIX oBaacteii CeBepa, Kak MPaBHJO, PaCIOaOKe-
HBl JIOBOJIBHO OJIM3KO K IIOBEPXHOCTH, 01 1—2 no 4—6 # (aumnbp uWHOrAa HX
raybusa gocruraer 8—10 ). MuHepasu3auus TPYHTOBHIX BOJ 3[eCh HEBe-
Janka — 0,2—0,3 2/4. B cocraBe pacTBOpPEHHBIX COGHMHEHUH Gosbluas A0S
NpHHAJJEeXKHT OPraHHYECKOMY BEIUECTBY, KPEeMHE3EMY, 3aKHCHOMY KeJesy.
Bricokue no ypoBHIO, 06u/IbHBIE 1O 3aIIaCy H IpecHbie II0 XHUMHYECKOMY CO-
CTaBy TPYHTOBble BOJABI CEBEPHBIX JieCubIX OOsacTell BMecTe ¢ JeJIOBHAJb-
HBIMM BOJAMH NIUTAIOT MHOTHC KpynHble peKH EBpomeiickofi 1 Asuarckoit ya-
creii Coserckoro Colosa, NIPUHOCS B HHX 3HAYUTENbHBIE KOJHYECTBA Opra-
HUYECKUX M MHHepaJbHBIX BeLIECTB.

4. TpyntoBole BOAbI HeHTPasibHLIX o6aacrelr EBponefickodi yactn Coser-
ckoro Coro3a. 31ech AOBOILHO HHTEHCHBHAS OBpaXKHas CeTk, II03TOMY H YPO-
BeHb TPYHTOBBLIX BOJ Hepelko omyiued Ao 10—20 u. Munepanusanus ux A0-
cruraet 0,5 /4. Tlo cocraBy ouu GukapGOHATHO-KAJbIKMEBLle, HHOTJA MarHHu-
€BO-HaTpHeBbIe, B COCTABE PACTBOPEHHHIX COENHHEHHH OpTaHHUYECKHE BELIeCT-
Ba He MpeJCTaB/jeHbl. JTH BOJBI BEIHOCAT B PEKH 3HAUHTENLHOE KOJHUECTBO
JIETKOPACTBOPHUMBIX cOJIel H 0co0eHHO GHKap6ollaTOBR U CY/1b(haToB KaJbIHi.

5. I'pyHTOBBle BOABI YepHO3eMHHX crenelt Eppomeiickoit wactu Coiwo3sa.
Jlaunasa Tepputopus pacuseHeHa oBparamu ray6uHoi 1o 25—30 #, cOOTBeTCT-
BeHHO M T'PYHTOBHe BOABI BOAODPA3leNOB 3J€Ch 3aJEraloT Ha raybune 30—
60 u. MuHepanusanus PpYHTOBBIX BOA OCBIYHO HAXOAMTCS B Ipejenax oOT
0,75 mo 3 2/4. Ylnorma oHH Masi0 NPUTOAHHE AJs1 TUThS, TAK Kak COAep¥kKar
CEepHOKHCJbIE H YIJIeKHC/IBle COIH HaTpHs. [le6uT X HeBedNnK, OSTOMY POJb
B NIMTAaHHH PEK CpaBHHTEBHO Mada. OLHAKO HCHapeHHe IPYHTOBLIX BOL C MO-
BEPXNOCTH B JOMIHHAX PEK H JCNpPeCcCcHsX BLI3LIBAET 3aCO/AEHHUE M OCOJIOHLEBA-
HHe TeppacoBLIX MOUB.

6. I'pynrosuie Boael HuamenHocrtell Ilpuuepuomopss, Ilpukacnus, Ilpu-
apanbs jexat Ha raybuHax nopsanxka 1—10 u, MuHepanu3anus HX B cpel-
HeMm 5—20 e/, unorpa 30—50 e/4. TH BOAB! MAJO YUACTBYIOT B NIUTAHUHU PEK,
OJIHAKO HX HCIIapeHHe BHI3BIBAGT Pe3KO BLIPaXKeHHOE 3aCO/JeHUe NOUB, KaK 970
Habmonaerca B Ilpukacnuiickoil M3MeHHOCTH W4 BAoAb Manbiua.

7. T'pyHTOBbBIE BOJBI 3aKaBKA3CKHX M CpPeIHEa3HaTCKUX NOJIYNYCTHIHb U ITy-
CTbIHb JIeXKaT I1a pa3HeX ybuHax — Qt 1 10 10—20 x. Mx muHepanusanus
o6oryno nopsiaka 20—30 e/4, unorna 100—200 /2 npu BBICOKO! KOHLEHTPaA-
LUK CEPHOKHC/BIX U XJODHCTBIX coJsiell. B MOTynycTHIHSIX M MyCTHIHSIX BCTpe-
4alTCs MeCTHble JHH3bl NPECHbIX IPYHTOBBIX BOM, OOBLIUNOG B IOHHIKEHHAX
Me3openbeda, Ije HaKalJHBalOTCs CHer, AOXK/AeBHlE WM AeJ0BHAJbHbIE BO-
Abl. XOTA 3allackl 3THX BOJ HeBeJEKKH, OHH HIpalOT BaXKHYI0 pOJb B BOJLO-
cHa6xeuun Haceaenuus. Uem OamKe ypoBellb TPYNTOBBIX BOJ ¥ NOBEPXIIGCTH,
TeM B OoJbluel cTelleHH OHHM Yy4acTBYIOT B COBPeMEHHOM NGYBOOGpa30BaTEeNb-
HOM IIpOIECCe, BBI3BIBAS sIBJCHUSA OlJeeHusi, 3af0NauHBaHus, 3aCOJEHUs.
ITpecuble rpyHTOBHE BOJBLI MOBBIIAIOT MJIOJOPOAME MOYB U CHHIKAIOT ONac-
RHOCTb 3acyX, cnabxkas PACTHTeNbHOCTb BJIaroil, KHCJIble 3acToiiHble TPYHTO-
Bble BOXHL NOHHKAT MJa040poane nous. CoJieHble W MIeJOYlibie T'PYHTOBHIE
BOZABI BHI3BIBAIOT 34COJEHUE IIOYB W UX GeCIiomue.

Kak nu mensenHo ABHKEHHE NOYBEHHO-TPYHTOBLIX BOJ, BCE K€ OHH SB-
JAI0TCA MOTYUIECTBEHNLIM (PaKTOPOM MECTHOTO M 0ofluero nepepacnpeieetns
TPOAYKTOB BBIBETPMBAHHS W M0YBOOGpas3oBaHMsA. UeM Bblllle JNpeHUPOBAaH-
IIOCTb MECTHOCTH M 4eM CH/bHEC BbIpaxKeHa LHPKYJISUHS NOYBEHHO-TPYHTO-
BEIX BOJ, TeM HHTEHCHBIEE BLINOC JIETKOPACTBOPHMBIX TNPOAYKTOB C STHMH
BOZaMH B PeKH, 03epa ¥ MOpS.

B necubix o6aacrax Coserckoro Cotosa or 20 no 40%, a nnorpa u 709
arMoc(epHBIX OCanKOB YXOJAHT Ha NHTaHHE I'PYHTOBRIX BOJ, a B JaJbHeHIEM.
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Ha nuranue pex. COOTBETCTBEHHO B HaMOOJbIIEH CTENeHd MOYBEHHO-TPYHTO-
Bbie BOJIBI BBIHOCAT J1IECKOPACTBOPHMbIE NMOJABHIKHEIE NPOAYKTHl BbIBETPHBAHHUS
H noyBooOpa3oBaHud M3 NOYB JECHHX TyMHAHbIX o6jacredl. Tam, rae ecrecr-
BeHHas APeHHPOBANIIOCTb MECTHOCTH BLIpa)KeHa cjJaGo M IAe UHPKYJISLHA
TPYHTOBLIX BOJ 3aMmelJeHa, TPYHTOBEle BOJAbI PAcXOAYIOTCA He HA CTOK, a Ha
TPalCMUPANUIO H UCIIapeHHe. B TakuX MecTax IPOHCXOLHUT OCaXK/eHHe U3 MOU-
BEHHO-TPYHTOBHIX BOJ PacTBOPEHHBIX B HHX COeJHHEHHH KaK B BH/E JETKO-
PacTBOPHMBIX ¥ MaJOpacTBOPHMBIX cOJeli, Tak H B (opMe OCafKOB KpeMHe-
3eMma, THIAPOOKHCeH eje3a M MapraHla, a TaKXKe BTOPHUYHBIX AJHOMOCHJIH-
KaToB, SBJSIOILUXCST NPOAYKTaMH B3aHMO/ECTBHSl KpeMHe3eMa U TMAPOOKH-
cefl a/IOMHUHHS.

Himenno ¢ ABHKeHUEM, HHTEHCHBHBIM IIHTAHHEM M OTTOKOM IMOYBEHHBIX H
TPYHTOBLIX BOA CBf3aHa 6eJHOCTb KHCJBIX OYpBIX, MOA30JHCTHIX, AJJTHTHBIX
TNOYB JICCHLIX BJAXKHBIX o6aacTeill. B To e BpeMsi HMEHHO B pe3yabTrare NpH-
TOKa M BO3JeHCTBUs TPYHTOBLIX BOA 06pa3ylOTCcsi TeMHBIe JIYOBhIE H JEpPHO-
Bble IIOYBH H HaKAIJIHBAIOTCA B IOYBaX COefMHERHs XKele3a il MapraHiia B BU-
Jle OpTIITEHHOBLIX TOPU30HTOB, (POPMHPYIOTCS H3BECTKOBBIE M FUIICOBbIE KOII-
KpellHH U CTAXKeHHusl, a TakXKe LeMEHTHPOBAHHbIe OKpEMIIEBIIHE TOPH3ONTEL
OO6pa3oBaHue IpeBHHX H COBPEMEHIIBIX COMOHYAKOB B MOJYIYCTHIISAX H NYCThHI-
HSIX MHDa TOXe CBS3aHO C COJSIMH, KOTODble IPHHOCHJHCL M TPHHOCATCH
IPYHTOBBIMH BOJaMHU.

ITo Mepe yaaseHHst TPYHTOBBIX BOJ OT HCTOYHHKOB IIHTaHHUs NOCTENEHHO
BO3pacTaeT WX MHHepaJausauus. [Ipn ABHKeHHH MO 0O0LIEMY VKJIOHY MECTHO-
CTH TPYHTOBBIE BOJLI PAaCTBOPAIOT BCE HOBBIE NOPLUHHU COeH, HMEIOUINXCS B BO-
JIOBMELLAIOHUX TOPU3OHTAX, U Bce OoJiee PACXOAYIOTCA Ha MCIapeHye, TpaHC-
nupaunuio, ruaparanuo. [To Mepe Bo3pacTaHHs KOHIEHTpPALUHH PAacTBOPEHHBIX
BellleCTB M HAChIIIEHHs UMH pacrBopa JajbHeHllee ABHXKEHHe I'PYHTOBBIX BO
CONpOBOXKJAeTCd XHMHUeCKOH CafKoH, BbIIajfleHHeM B TPYHT H IOYBY
MeHee DacTBOPHMLIX COeNHHEHHN M yBeJHuellieM B BOJe COAepkKaHua GoJee
pacTBOpHMEIX KoMIoOHeHTOB. IIponcxonut nudpdepeHnyuanuss KOMIOHEHTOB
MEXAY TBepAof u KuAkoH (paszamM NOuB. ITO dABJeHHE HJJIIOCTPUPYETCHA
puc. 52.

I'pyuroBoii NOoTOK, pacxodysce Ha HCIapeHHe U TpaHCIUpAIHUIo, CO BpeMe-
HeM CO37aeT Pe3KO BHIPaXKeHHYI0 NPOCTPaHCTBEHHYIO nH((epeHIUALHIO CO-
enunenni, O6pasyloTcs TNocaeoBaTeNbHble TeOXHMHUYECKHe Iosica aKKyMy-
JSAIUN B NPOCTPANCTBe NMPOAYKTOB BBIBETPHUBAHHA U IOYBOOGpAa30BAHHS, OT-
BEYAOllHe BPEMEHH M MECTY HAaCBIIIeHHs] PacTBOpPa MAAHHBIM KOMIIOHEHTOM
(puc. 53).

OKHCJIBL TSAXKEJNBIX MeTalJOB M KPeMHHS, a TaKXe NPOAYKTE HX B3aHMO-
JeHCcTBHS HMEIOT TEHAEHIHIO NeDPeXOAUTh B 0CAlOK U3 PacrBOPOB BOJU3H Me-
cra nx o6pasoBauusi. AKKyMYJISLHST BTOPUUHBIX HPOAYKTCB BEIBETPHBAHHS
B GopMe OKHC/IOB H TVIHHHBLIX MHMHEDAJIOB MO3TOMY HPOHCXOAMT IIOBCEMECTHO,
TaK KaK IIpUPOJHEle BOIbl NPAKTHYCCKHY IIOBCIOLY HaCHIIeHE UMU. Heckonbko
BhIllIE, 0OCOGEHHO B KHCJO! BOCCTAHOBJIEHHOH cpefle, MUTpalHOHHAsA CHOCOG-
HOCTb COeIMHEHHH ABYXBaJeHTHOTC xeje3a u mapraHua. Ompnako coeiuHe-
HHA XKese3a W MapraHia IpH ZOCTyIle KHACJAO0pO1a BBIN4IAIOT B OKHCJIEHHOH
¢opMe B 0CaJ0K B TOJIIAX AeMOBHA, NPOMIOBHS H aJMOBHS MPeX e MHOTHX
JIpYI'uX coelHHeHUH.

JIerko NpoOHCXOMUT aKKYMYJSLHUS NPOAYKTOB XHMHUECKOrO M KOJJIOH/HO-
XMMHYECKOTO B3aMMOJENCTBUS M KOATyJAsUHM OTPHLATEIBHO 3apsKeHHbIX
coJiell KpeMHe3eMa H IOJOXKHTENbHO 3apsMKeHHKIX THAPOCKHCEeH anioMHHHSA,
XKejesa, Maprauna ¢ o6pa3oBaHHEM BTOPHYHBIX [VIHHHBIX MHHepaJOB, BHaya-
Jle aMOp(HBIX, 3aTeM KPHITOKPHCTANJIHYECKHX.,
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Puc. 52. Cxema aubdepenuuanum
KOMIIOHEHTOB NPH HCIapeHHH ¥ KOH-
LEHTPUPOBAHHH  NOYBEHHO-FPYHTO-
Buix BoX (Komma, 1946)

] — FpyHTOBLIE BOLMI;
CCLCLZ Il — nouBeHHLIE PaCTBOPHI;

I — rpyuTHS;
NoNO, IV — [OuBBI, CONEBBIE KOPBI
Al

DBonee BhicOKas MHIpallMOHHasi CNOCOGHOCThL OMKAapOOHATOB KaJbuust
MarHusi IPHBOANT K TOMY, YTO BBIIIaJlcHHE HX H3 PacTBOPOB IPOUCXOLUT NO3-
JKe U 3a IpeJlesaMH 30HBl OCaxKJeHHS TIOJYTOPHEIX OKHCJOB H BTODHUHBIX
raud. O6nacTh BbilaJeHHs1 AOJOMHTA BCJAeACTBHe Hojiee HU3KOHR ero pacrso-
PUMOCTH BHHCAHA B 30HY aKKyMYJALUH YIVIEKHCJAOrO KaJbLUUS HJIH BHIIIE €e.

PacTBOpHMOCTL U MUTPAUMOHHAS CIOCOGHOCTD IUIICA M JPYTHX CepHOKHC-
JIBIX XJIOPUCTHIX H a30THOKHCABIX coselt BhicoKue, Hachilliente pacTBOPOB UMK
KacTynaer ropasjgo No3Xe M OCa)XXJAeHHe NPOHUCXOJMT Ha BecbMa [aJeKoM

" VAL,0¥Fe,0,aMnO¥ ¥ v
________ VSi0, u cmxmraru Y v v
————————— R e T

¥CaC0;, CaMgCO, ¥ (]

____________ ¥caso, ¥ v v

T '¥Na,50, ¥ Y
¥NacL, kG ¥ ¥ pyc. 53. Cxema Boxsoi HCNapUTeNb-
“““““““““““ Vcaci,, Mga1, ¥ HOH nHuddepeHuKaMd  NPOLYKTOB
____________________ Gl BHIBETPUBAHHA M MOYBOOGDa30BAHUS
‘NaNOS; KNOa' I — HanpaBJieHHe CTOKa U BO3pacTaIoUIero

______________________ ﬁ i } ucTapeHus;
4N03; p

2 - HachillEHHe PacTBOpa H CajKa KOMIO-
— EER32 2 C«a(NOa)?
HEHTOB

paccrosiHuu oT MecT o6pasoBanus. OcoGeHHO BHAGTSIOTCS TaKHe BBICOKOpAc-
TBOPDHMbIE COEJMHEHHs], KAK XJOPKAbl U HATPATHl LIEJOUell U IIeJOYHBIX 3e-
menb. OHM MOTYT MHTPHPOBAaThb H YXOAHTb B MOpPS M OKeaH HJIH B HaunGonee
riy6oKue GecCTOuUHble YacTH BHYTPHMATEPHKOBBIX BIAMUH, I'le U aKKyMYJH-
pYIOTCS B aJIJIIOBHAJBHbLIX, O3€PHBIX U [IEJbTOBHIX OTJIOKEHHSX.

Hano ormernts, 4T0 KOHIHEHTPHPOBAHHE I'PYHTOBHIX BOJ CONPOBOXK/AETCSk
He TOJIbKO HaKOIVIEHHEM B HHX XJIOPHIOB H cyJbdartoB. B pacconax Hakaniu-

162



Ta6auxa 39

MukpoxomnoHenTsl paccodoB (nmo 50 xapakTepHbim npoGam ¢ MUHepaau3almeit
or 36 no 600 2/x)

(TMunuexep, 1966)

newenr | S e — e gposteps.
' oT I Ao | cpenHee efxe
Crpounnit 100 4-10~4 8,0 7,5-1071 1-10—2
Bop 98 2-1075 5-10-1 3,6-1072 4,5.10~3
®rop 60 8-10-% 2,2-10"2 6.10™4 1.10~3
Kpemuuit 100 3-10~4 3,0 1,4.1071 5.10*
Py6uanit 60 71074 1,5-1072 5.10-8 2.10-4
JIutnit 94 2.10°5 5-101 2,4-10"2 1.40—*
Vion 70 1-10—4 3-10—2 6.10~* 5.107%
Hunx 12 2.1074 2,8-102 7-1073 5.10%
Bapuit . 34 5.10~4 1,6.4071 2,4.1072 5.10%
Keneso 100 8-40°% 2,8 2,2.14071 5.107%
Mezp 28 6-1074 2,9-10%2 6-10~3 2.40-8
AmovuHu# 100 6-1074 3,0 2,5-1071 C 9407
CauHert 22 6.10~4 8,4-1072 2,3.1072 5.10-¢
Maprarern 64 2.10~* 2,0 31071 4.107¢
Xpom 32 1.10"4 4,5.10 1,6-10-8 44078
Huxenb 2 — — 1.1078 3.10°¢
11 esuit 4 5.10-5 9.10~% 6-10-5 2.10-
Y pad 90 2.1077 4.10—5 4.10-° 2.1078
Turan 94 3-40~* 3-102 1,3-1073 9.1077
Bauaauii 2 — — . 5.1078 5.10~7
Topwil 56 31077 1.4074 5.10-% 4-10°7
Jlaurad 2 — _— 1,6.107¢ 3.107
Cepet6po 12 1-10~+ 6,5-10°3 2.1073 3-108
Panuit 74 2.40™12 1-1010 1.1071 1.10718

BaloTCsl (B CPaBHEHHH C PETHOHAJBHBIMH KJIapKaMH) M BeCbMa pellkKHe B reo-
XHMHH NOYB KOMIOHEHTH: JITHI, pyOHAM#, fioa, Gapuil, xpoM, TopHii, pafHui.
Oco6eHHO noOpasuTedbHO B paccosax HaKOMJIeHHe TAKUX MaJIONOJABHAKHBIX
KOMMOHEHTOB, K2K KPEMHHH, aJIOMHHHHA, JKeJe3o, MapraHel, KOHUEHTpaUHH
KOTOPbIX HHOrAa mocTHraior — 2—3 2fa (taba. 39).

IIpocTpaucTBeHHOE TOPU3OHTANBHOE Mepepacnpefe’eHue U aKKYMYJISIHS
NpONYKTOB BBIBETPUBAHUS B NOYBOOOPA3OBAHHS ¢ IPYHTOBLIMH BOJaMH IIPH-
BOAST K (OpMUPOBAHUIO Pe3KO BHIPaXKEHHHIX 110 XHMHYECKOMY COCTAaBY aK-
KYMYJATHBHBEIX THIIOB KOPH! BHIBETPUBAHHA H NOYBEHHO-TEOXMMHYECKHX HPO-
BHHIHHA, 30H, obnactell. Tak Kak mepepacnpefesieHne ¥ AKKyMyJisiUHs TPoO-
IOYKTOB BLIBETPHBAHHS M NOYBOOOPA30BaHHs NMPONCXOANT BecbMa AJHTENIbHOE
BpeMsl H OCJIOXKHSIOTCS TEKTOHUYECKHMH W JIDYTMMH TeO0JIOTHUEeCKHMH H OHO-
JOTHYECKHMH NPONECCaMH, TO, €CTECTBEHHO, B NpHpoAe He 0OpasyloTcst XH-
MHYECKH 4YHCThle TIPOAYKTH TeOXHMHUYecKoH HAuddepenunaunny, a Habmona-
I0TCSl HOCTEINelliible Nepexoisl H CMelleHHe B IOTPaHHYHBIX TOJOCax COexH-
HeHHH pa3HOH NOABUKHOCTH.
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NEPEPACNPENEJNEHHE TNMPOAYKTOB
BBIBETPUBAHHUSA H NMOYBOOBPA3OBAHHS PEYHbBIMU BOJAMH

Xapakrep noYB0OGpa30BATEJbHOTO Ipolecca, cyab0a NPOLYKTOB BLIBET-
PHUBAHHS U JI€MEHTOB, BOBJeYeHHbIX B GHOJIOTHYECKUH KPYrOBOPOT, B 3HAUH-
TeNbHON cTeneld 3aBHCAT OT BONLHOIO peXuMa Cymd W 0ccGellHO OT MoBepX-
HOCTHOTO H PEYHOTO CTOKa. Bhimajaioinie Ha NMOBEPXHOCTHL CyLIM aTMocdep-
HBle 0CaJIKH PACXOAYIOTCS Ha HCIapeHUe, CTOK W (pUILTPAIIMIO Yepe3 NOYBEH-
Hble TOPU3OHTEL B TPYHTOBble BOABL. Uem Gosblie BesuuuHa HCHapeHUs, TEM,
€CTEeCTBEHHO, MeHblle BeJHyHHa HA3eMHOr0 M NOA3eMHOTO CTOKa. M3 puc. 54
BHJIHO, KaK BeJHKH KoJjeOaHust MOLYJA CTOKA B pasHbIX yacTax Esponefickol
teppuropuu CCCP. B 10 Xe BpeMsl BeJHUHHA PEUHOTO CTOKa UMEET SBHBIH
30HAaJBHO-IHPOTHEIA Xapakrep. PeuHolt cTok (4/cex/km?) B pasauyHBIX NpH-
poaubix obaacrax CCCP, no naunwim B. II. 3afikosa u b. B. IlonskoBa (cM.
CoxonoBckuii, 1952), cocrapnsier: ropHsle pafioHbl BJAaXKHbBIX CYyGTPONNKOB
Kaskasa — 75—100, secnrle o6sactu cesepa CCCP —8—12, uepHosemio-
crennnle obsactn — 2—5, cyxas crenb — 0,5—1, noaymycteiad — oxoao 0,5,
nycreiHn — 0(?).

EcTectBenno, uro HauGOJbIIMA MeXalHYeCKHH CHOC TIOYBEHHBIX YaCTHI{
¥ HaHOOJBIUHHA TUAPOXHMHYECKHHA BBIHOC PACTBOPEHHBIX [POAYKTOB IIOYBO-
06pa30BaHUS W BHIBETPUBAHMsS HaGMIOJAIOTCA TaM, TJe NPOUCXOIWT NUTAHUE
pex. McxoAs 43 NpMBEIEHHBIX BEJAHUMH MOIYJsS PEYHOT'O CTOKAa, OYEBMJHO,
YTO HauGoJbIKi BHIHOC NOABUKHBIX IIPOAYKTOB BEIBETPHBAHUS U MOYBOOGpa-
30BaHHsI MMeeT MECTO B palioHaX BJIaxKHBIX cy6TponukoB KaBkasa, a Takxe
B Jecubix o6nactax ceBepa CCCP.

Becbma BazKHBI JaHHBIE 0 KO3(pHLHeHTe NOAIEMHOTO CTOKA, TaK KaK OT
€ro BeJMUYMHBEI 3aBHCHUT CTeNeHb BHIHOCA PACTBOPEHHEIX NPOLYKTOB. BHIBETPH-
BaHH#A M NOYBOOGPA30BAHHA B IPYHTOBBIE BOAH, a 3aTeM W B peuHbie BOIH U3
pafioHOB AeHyZauuu ¥ (HOpMHpOBaHHsA 3J0BHst (pHc. 55). HauGonbmux Be-
JUYHH K03¢p(HIUENT NOL3EMHOIO CTOKAa AOCTHlAer B Talire W TyHJApe, T[Ae
okoJ0 60% BRInagamUX aTMoc(epHEX 0CaJKOB YXOIHUT B PEUHYIO CETh 4de-
pe3 nouBy. B sucTBeHHBIX sMecax oH cocramiser 30—50%, B uepHO3eMHOM
creny — Beero Jumb 10—30%, a B cyXo#f cTemy M NOAYNYCTHIHE — MeEHee
10% (Tpounxwuii, 1948).

Haxkonjenne MexaHnyeCKUX W XHMHYECKHX OCAfIKOB, TPaHCIOPTHPYEMbIX
BOJOW, €CTECTBEHHO, TEM HHTEHCHBHee, YeM MeHbIlle CKOPOCTb CTOKA U ueM
BhHIILle HCIapeHHe, B cpefHem Ha cylle 3@MHOro mapa 4/s KoJHuyecTBa aTMO-
cdepHbIX 0CATKOB HAET HA HCTIAPEHHe U TPAHCIHPALHMIO U JHIIb /5 T. €. 0KO-
a0 20%, pacxoayercs Ha MUTAHKE TPYHTCBBIX BOI H DeK.

B ronoBom pexuMe pasauuHblx pex or 10 g0 509 1ux cToKa obecneunBa-
eTcA NOA3eMHBM nuranueM, a o1 50 1o 90% — nosepxHoctusiM crokom. [Ton-
3eMHOe NMHUTaHHe pek MyTeM UHQRILTPALUU aTMOCPepHbIX OCALKOB uepes
TOJNLY TIOYBLI H CPYHTOB YCHIHBAETCS BO BJAaXKHbIE TONb, CCOGEHHO B JIECHBIX
o6aacTaX, rae NoA3eMHbIl cToK MoxeT jocturath 70—80% obmero croka
(puc. 56). IIpu obaecennoctu 25—33% noa3eMHBIi CTOK COCTaBJIsIeT JUIb
okoqo 50%. Tipu manofi o6aecernocty, nopsaka 10% u menee, 75—85Y9%
NPUXOIHUTCS Ha JOJIO NOBEPXHOCTHOTO CTOKA. I103TOMY YHHUTOXKEHHe JIeCoB
BHI3LIBAET SypHBbIe 11aBOAKH peK M CHIBbHYW 3po3uic nous, [1pu Bo3pacranus
06/1eCEITHOCTY CHUKAETCS MMOBEPXHOCTHHIM CTOK B PEKM, YMeHbIIaeTcs 3pO3Hs
M CHOC IPOAYKTOB I0YBoOOGpa3oBalus B GopMe CYCTeH3HI, KONJIOUIOB U pac-
TeopoB. OHAKO TIPH 3TOM YCHJIHBAETCS NOJ3eMHOe NUTAHHE PEK M BO3pacTa-
€T XMMHYECKHI BLIHOC PAaCTBOPHMBIX NPOAYKTOB NOYBOOGpA30BaHusA (H.Ib-
TPYIOLIUMHCSA BOLAMH.
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Puc. 54. Kapra monyJieit peusoro croxa Esponefickof gacru (4/cex/xm?)

1 — H3oimHuN MonyRelt PEHHOTrO CTOKA;
2 — 10 XKe, NPEANONOKHTENLHO
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Puc. 55. Kapra K03p(PHUHEHTOR MOA3EMHOTO CTOKa fipd OCaIKaX, PABHHX |
{Tpouuxmuii, 1948)

1 — nzonuunyd x03dOULHEHTOB NOAZEMHOIO CTOKA;
2 — TO XKe, NPeanoNOKHTENbHO



Puc. 56. CooTHOlIeHHE MOA3EMHOr0
¢ NOBEPXHOCTHOrO CTOKa B 3aBHCH-
MOCTH OT 0G6JIECEHHOCTH

I — nonseMHbtfl,
2 — MOBEPXHOCTHHI

25 50 75 100
Obrecenrocme, %o

B nmearespHOCTH peK MO MepepacmpefeseHHio NPOLYKTOB BbIBETPHBAHHS
# NoYBOO6Pa30BaHHs HeOOXOLHMO pa3/HyaTh 3HaueHHe TBEPAOrO W XHMHYE-
CKOTO CTOKa.

Teepapiit cTOK pekK

Peku 3emuoro wapa cHocsar ¢ 1 x#2 ot 30 no 2500 T TBepAOro BellecTBA
exXerofiHo. MexaHnyeckas JeHyHalLHs CYyIUH, KaK yXKe OTMedYaJoCh, COCTABJINACT
B cpennem 0,05—0,5 mm/200. TToBepXHOCTHBI CTOK HenpepblBHO OGHOBJSIET
BepXHHe TOPH3OHTHl IOYBEHHOTO NOKPOBA, CMbBIBasg €ro B OJHHUX CJydasx H
HaMbiBast B popMe JEMIOBHS, NPOJNIOBHS U aJ/UIIOBHS B ADYTHX Clyuasx. Pexu
MEpa IIPHHOCST B MODS M OKeaH eXerogHo OK0Jo 16 MapA. T TBEpPAOro Bele-
ctBa. Ecau mpencraBuTh cefe 3ToT MaTtepHas B GOpMe IpH3MBI, TO NPH OC-
HOBaHHH npusmel | km? u o6reMHOM Bece 1,6 BHICOTA 3TOH IPH3MBI COCTABHT
10 k.

Hano umersb B BUAY, uT0 HauGoJbIlee KOJIUYECTBO MaTepHaia PeKH TpaHc-
fIOPTHPYIOT BOJIOUEHHEM M MepeKaThblBaHHeM N0 AHY. DTo rnaBHbIM 00pasoM
rpy6oobsomounblit matepuas. CooTHOMmeHHe pasHbIXx (opM IEpeHoca Mare-
pHaJla peKaMH HOKasaHO Ha puc. 57, 58.

B MexaHHYeCKHX CYCIIEH3HSX W TOHKHX KOJUIOMJHBIX B3BECHX, TPaHCIOP-
THDYEMBIX peKaMH, MPUCYTCTBYIOT OGJOMKH NEPBHUHBIX MHHEPAJIOB, TOHYaH-
{Lie MJIEHKH H XJONbs aMOPGHBIX H CKPBITOKpHCTAMIHYeCKHX GopM KpeMmHe-
3eMa, NOJYTOPHBIX OKUCJIOB, IVIHHONOLOOHBIX MHHEpaJsoB, YIJIEKHCJIOTO KaJjib-
und. '

Peku mepepacnpene/siior rpoOMaJHble KOJHYECTBA OPraHHYECKOTO BEILECT-
Ba B (opMe OpraHo-MUHepaJbHEIX COeAUHEHHH, KOJNIOHIHBIX [ICEBAOPACTBOPOB
u mMexanuueckux npumeceil. Tax, no gaunusim I'. B. Jlonatuna (1952), xoau-
gecTBO I'yMyca B Macce B3BelleHHOro BelllecTBa B pekax Coserckoro Corosa
cocrasasier; aaa Kambl 219%, maa duenpa — 10—35%, ana PHoHu okoJso
2%. B pekax [Toneckss 93—96% pacTBOpeHHBIX OpPraHHYECKUX BELIECTB IpH-
xonutesi Ha 100 ¢yabBokucaor u 50—709% B3BelleHHBIX BEUIECTB NPeACTaB-
Jeno rymMmuHOBEIME Kucaoramu (Karan, I'enndep, 1956).

MyTHOCTB pek KoJiebJsieTcst B BecbMa OOMEBUIMX Ipefeax, 4TO 3aBUCHT KaK
OT KJIHMATHYECKHX YCJOBHH M Oporpaduy, Tak U OCOGEHHO OT CTeleHH obJe-
cenHoctd GacceilHa mHTaHusl. HauboJsiee BLICOKHE Cpe/lileTOM0OBLIE BEJHYHHEI
MYTHOCTH XapaKTepHHl AJs TOPHEIX pek: Tepek —7 e/a, Cynak— 11,6, Ak-
cait — 15, Amynapest — 9 2/4. Bennunna TBepAOrO CTOKA M MYTHOCTH PEUHOH
BOIBI TeM MeHbille, yeM GoJibile OGJIeCEHHOCTb MECTHOCTH M YEM MEeHblle YK-
JIOHBI pycia peK.

WHTrepecuble JaHHEE O BeJHUHHE MYTHOCTH B 32BHCHMOCTH OT KOMILIEKCA
fIPHPOLHHIX yCa0BUA MecTHOCTH npeBofar . B. Jlomatun (1941) u T'. Y. Hla-
umos (1949). Lo

ot
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3 140 Puc. 58. Cootnolllenne MexaHHye-
g O/ ckoit ({) u xummueckoit (/I) nemy-
§ 100 / nawun no pexam Mupa (Crpaxos,
3] / 1963, ¢ u3MeHeHHAMH aBTOpa)
L i
s 60 p' Pekn: S
§ A — paBuuuHbBlE;
X 50 B — nayunamomuecs € rop uil¥ KPYUHBHS
20 o BO3BHIMEHHOCTEH;
I B — ropuhe

1 S 9 43 A7 24 25 29 Pewy

Tlo naunwim I'. B. Jlonatuua, cpennerofoBast MyTHOCTb PEUHBIX BOJX CO-
craBasier: TyHapa — <0,02 2/4, aecubte pafionsl — 0,02—0,05, Jaecocrenb —
0,06—0,1, crens — 0,1—0,5, ropuble paiions — 1—5 e/4.

Ecanu Bennka paspyuiutespHas paGoTa NpOLECCOB MeXaHUYECKOH AeHy-
oauuyu ¥ 3po3uH B Oaccefinax MHTAHUST peK, TO CTOJb XK€ BEJIHKa W CO3uA2~
TeJbHAS NEeATEIbHOCTb PeK, (GOPMHUPYIOMIHX OOIUIMPHBIE NPOCTPAHCTBA AJLTIO=
BHAJNBHLIX M AeJNbTOBLIX PABHHH, CHOXKEHHBIX IJIOLODOAHBIM MATEPHAJIOM,
copmupoBaHHEIM B Oaccefiiax MUTaHHS DeK.

O6mBem croka B3BELIEHHBIX HAHOCOB B PeKax ONpelesieTcA He TOJIbKO Be-
JIMUHHON MX MYTHOCTH, HO U CKOPOCTbI0 BOAHOro Iotoka. B raba. 40 npuse-
NeHbl faHHBle 0 TBepAOM cToke riaBHefimux pek Coserckoro Corwo3sa.

OrsoxkeHHble peKaMH B NOAMax M AedbTaXx TOJIIH aJJoBHs, Goraree
NOYBEHHHIM MeJKO3€MOM H OpraHHYeCKHMH COEIHHEHHSIMH, PasJIHuYHBIMH MK~
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Ta6aunua 40

CTOK B3BEHIeHHbIX HAHOCOB
(lIamoB, 1949)

CyMMapHEIH cTOK Base- | MopnyJsib cToKa B3se-
Pexa Iynkr IWEeHHBIX HAHOCOB, 10¢ m|iNEHHEIX HAHOCOB, MIKM?
Ces. [puna ApxaHresbek 10,1 29,0
Huenp Kpemenuyr 2,2 5,7
10xunit Byr AnekcanzpoBka 0,3 6,5
Bosira Jy6oBka 25,5 18,8
Oka Hosunka 3,0 12,4
Kama YueTonoms 10,0 19,6
Benas Bupcxk 2,8 23,3
Ypan Tononnucknit 3,3 17,1
Ces. [onen Yerb-BesokamTBeHCKHA 1,3 16,0
Joun Pasnopckasa 6,4 17,0
Ky6aub Tuxosckas 8,8 180
Puoun Cakovakuase 8,0 600
Tepek Kapranusckast 26,0 711
Cyunak MuaTtast 15,2 1160
Kypa Ca6upatan 36,3 205
O6b Canexapa 12,9 5,3
HpThn To6oabcK 11,2 11,9
Ennceft Hrapka 10,5 4,2
Jlena Ta6ara 7,0 7,7
Amyp KomcomodibeK-Ha-Amype. 61,0 35,8
Cuipzapes TioMenb-Apbik 40,5 186
Amyzapea Kepku 217 960
Baxm FonoBHoe coopyxenne Kkanana 73.5 2300

»

TaTeJbHLIMH BEILECTBAMH H HMeIOlHe OOLIYHO O0/1arONpHATHYIO MHKPOCTPYK-
TYpV, NPeACTaBAAIOT co60# UeHHelmuA cyGerpat Aasa 3emaelenus. C apes-
HeHIINX BpeMeH JI0JH CeJWJIUCh BIOJb PeK H OCOOEHHO B HX YCTbfX, HC-
TI0Jb3yst TOZ €enbCKOe X03afiCTRO TJAOJOPOXAHBIE TNONMEHHHE, IeNbTOBHIE
3eMJIH.

PeyHoil ni1 Tak:Ke HCIOJAbL3yeTCH B MEJHOPATUBHBEIX paboTax NpPH KOJbMa-
Taxe 60JOT — HCKYCCTBEHHOM HAWJIUBAHHH aJITIOBHS Ha 3a60JO4YeHHBIe NOY-
Bol (Jlanaw Bo Ppannun, Konxuxa 8 CCCP).

XHMHUECKHMA CTOK pPeK

o naunbim TBenxodeaa (1936) u Kaapka (Clark, 1924), o6mesemHo
CTOK peunoi Bojbl coctabJisier 4168 xu®. CpenHHH rofoBoil XMMHUECKHH CTOK
BCEX PEK B CTOPOHY OKeaHa coctaBiser 3—3,5 mipa. r. CpeIHHlt XuMuue:
CKHUIl CHOC ¢ 3eMHOH cymu cocraBiser, no Kaapky, okomao 26,4 r/e00/km?.
PaBuHHHbIE peKM XapaKTepH3YIOTCs 3HAYUTEJbHBIM NpecOiafaHieM XHMHYe-
' CKOTO CTOKAa HajJ MeXaHauecKUM (cM. puc. 58).

Hoseitiune nofacueTsl KOJMHYECTBA PACTBOPEHHBIX BELIECTB, NMOCTYIAIOUIHX
B OKeaH ¢ BOLAMH peK, npuBeleHH B Ta6.1. 41. M3 sTux ZaHHBIX BHAHO, YTO,
KPOMe€ 3JIeKTPOJIHTOB, PeKH cOpachBalOT B OKedH OTPOMHLIe KOJIHYeCTBa pac-
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TaG6nuna 41

TomoBoe mocTyniienMe pacTBOPEHHBIX H KOJJIOMAHHIX BEUECTB B OKeaH C Bojof
(no B. 1. Byasdcony, 1964)

%
HCTOUHHK NOCTYIUIeHHS M, m or Geperomoro 0T o6mEro mocTyn-
CToKa JICHHA C BOJO!

Honuuit cTok 2543 72,82 59,60
Oprannyeckde BemecTsa 720 20,62 16,88
Munepababe KOMIOHAR 175 5,01 4,10
MHKpOaJIeMeHTHl 36 1,03 0,84
Heopranmnueckue Guorenneie BemecTBa 18 0,52 0,42
Bcero

C GeperoBEIM CTOKOM 3492 100,0 81,84

C rAyGUHHBIMH BOJAMH 775 — 18,16
O6mee mocrymaenne ¢ BOAOI 4267 — 100,00

TBOPEHHEBIX OpraHnueckux BemiecTB (720 MJH. 7/200) ¥ MHHEpaJbHBIX KOJJIO-
unos (174 man. r/200). Becrma cylllecTBeHHA BeJIHYHHA PacTBOPEHHBIX CO-
elMHeHHH MHKpoajeMeHTOB (36 MJH. T/200).

BaxKHO OTMETHTb, UTO HE MEHbIIHe, 2 3HAYHTENbHO GOJbIIHEe KOJHYECTBA
3THX JKe BeIleCTB OCTAIOTCA B BUIE OCAJKOB U NpHMecedl B HAHOCAX H aJJIO-
BHAJBHBEIX [I09BAX H FPYHTOBEIX BOJAax NMOHM U JeJbT.

XHuMHUECKHe cOeJHHEHHs] B BOAAX peK fBJASIOTCA NPOAyKTaMu GHOreHesa,
BHIBETPHBAHUA H NouyBOoGpa3oBanua Ha cyule. ITosToMy XuMHYeckHi cocTaB
peuYHOH BOABI OTpaxaer OMOJOTHYEeCKHe, TOYBeHHbE, mNeTporpadyueckue U
MHHepaJIOTHUeCKHe yci1oBus GacceiinoB pex (B. V1. Bepuanckuit). Ecau B Hux
npeobaafaloT U3BECTHSKH, TO B PEYHOH BOAE YBEJHUHBAETCH COLEpXKaHHe
61Kap6OHATOB KaJblHs; HAJHYHE COJEHOCHBIX NMOPOJL BEI3HIBAET YBEJIHUEHHE
COIepKaAHHA XJOPHAOB H cyabdaroB. B palioHax H3BepKeHHBIX KPUCTAaJJIH-
YeCKHX TOPOA peyHBle BOABI COAEpXKAaT IOBLIIIEHHBIE KOJHYECTBA KpeMHese-
Ma, Kap6oHATOB MleJ04ell, a HHOTAa XJOPHHOB M  cyjb(aroB. B pafionax
C TBILHOH PAaCTHTEJNBHOCTBIO B PEeUHOH BOJe MHOTO OPraHHYeCKOTO BeIecTBa
K OpraHOTEHHBIX 3JIEMEHTOB.

Ta6auma 42

Cpeanuit MOHHBIA cocTaB peuHbix Bojd mupa (mz/4)
(Livingstone, 1961)

KoHTHieHT HCO, so;? Cl- NOg™ Catt [ Nat | Mg+? | Kt
Cepeprast AMepHKa 68,0 20,0 8,0 1,0 24,01 5,0} 9,0| 1,4
HOxnas Amepuka 31,0 4,8 4,9 0,7 7,211,51 40/ 2,0
Espona 95,0 24,0 6,9 3,7 31,1 5,6 { 55| 1,7
Asus 79,0 8,4 8,7 0,7 18,4 5,6 9,3
Adpuka 43,0 13,5 12,4 | 0,8 |[12,5] 3,8 |{11,0| —
Agctpamis 31,6 2,6 10,0 0,05 3,91 2,7 2,9 1,4
Bo Bcem mupe (cpen- ‘

Hee) 58,4 11,2 7,8 1,0 15,0 | 4,1 6,3 2,3
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Puc. 59. CooTHollleHHe TOJOBLHIX BEJAHYMH TBEPJOrO CTOKA H CTOKAa PacTBO-
PEHHBIX BellleCTB B TaeXHHX pekax Bocrouyno#t Cu6upu (Taprynbsn, 1967)

Pexu: 5 — CHexHast; . 10 — Bupioca; :

1 — Typka; 6 — Bepxuas Aﬂrapa. A — TBepAbIfl CTOK (MexXaHHYecKas
2 — BHTHM; 7 — Thig; AeHy alus);

3 — Ha; . 8 —V¥Yna; B — CTOK pacTBOPCHHBIX BEIIECTB
4 — Manas Benas; 9 — Boabmas; (xuMuYecKas AeHyAauus)

B Bogax pek, ApEHUPYIOLIHX CYXHE CTeNM U NYCTHIHH, B3BelleHHBIe Belle-
cTBa NpeoGajaoT Haj PAcTBOPEHHBIMH, a4 B BOAE PeK, APEHHDPVIOLUIHX pas-
HUHH ¢ 60raToil pacTHTENbHOCTBIO, HA060POT, PACTBOpEHHBIE BellecTBa INpe-
o6/1anal0T Hal B3BelleHHBIM TBepAbiM Marepuasiom (Teeuxodesn, 1936).

B cpenHeM BOABI peK mJaHeThl H OTAENbHHIX KOHTHHEHTOB BecbhbMa GOrarhl
GHKapOoOHaTaMU M CyJb(aTaMu IIENOYHBIX 3eMeab (Taba. 42). B Bomax pek
MHpa 3amerHas nouas— 11,67% ot cwam——anxozmTc;{ Ha KpeMHe3eM
(Clark, 1924).

MuHepaiusalus BOAL B peKax ONpeNesieTcs BCef COBOKYHHOCTI:}O aJe-
MEHTOB (pusHKo-Teorpauueckoil ob6cTalloBKu cpelbl. Pekn TaexHnix o6Ja-
creit (Amyp, Ileuopa, O6b, Enncell, Jlena, Aurapa) ornnyaioTcs Kpay"me HH3-
KOH o6miell MHMepaJu3anyel, Nopaaxa 35—80 mefa. Ho xumHyecknii cToK
‘B HHX 3HAUHTEJNBHO Npeob/afiaeT Hal MexaHHYecKHM (pHc. 59).

Munepanusauus sox Huenpa, doua, Bosru, Ky6aun, Ypaaa, Kyps, Te-
peka kosebsercs B npefenax 150—300 me/a. TloBrleHHOR MHHepasau3al-
eil orsinuarorcest Boas Coiprapou B Amynapsu — 420—500 me/s, uto 06ycioB-
JIeHO OOHJIMEM COJIEHOCHLIX OTJIOXKERHH B TOPHBIX MOPOAAX, CaralolHX BOJO-
cO0pHl 3TUX PeK, a TaKKe KapKUM NYCTHIHHBIM KIHMAaTOM (CpelHee U HHXKHee
teuenne). HaKoHen, BCTpeuaroTCsi PeKH ¢ BLICOKOH MMHepajiu3allMeH, npe-
Buimatomesi 1—2 u gaxke 5—10 e/4. D10 HeGOMbIIHe peKH NEPHOAHYECKNTO
CTOKa, NepecHXalolliie B pas3fieleHHBlEe Ha OTAEJbHBEIE H30JHPOBaHHBIE MJECH
B JIeTHee BpeMsi. B pyc/siax aTHX pek ApeHHPYIOTCS COJIeHble TPYHTOBBIE BOJH
NPHUJETAIOUINX TEPPHTOPHUI CTenel ¥ NIYCTBIHb. 1aKOBHI BOJABL peK Manbifi #
Bonabwoh Y3enb, DMba, SIBan (nprTok p. Baxm).

BHu3 mo TeueHMIO peunble BOJAB 000TAIlLAlOTCA CONASMH M MHHepaJdu3anud
HX TOCTeNleHHO BO3pacTaeT. DTO NPOUCXOAUT IVIABHBIM 06pasoM 3a cYeT Ape-
HHPOBAHHS 1O NYTH IOYBEHHO-TPYHTOBHIX BOJA, & OTYaCTH BCJIE/ICTBHe HCIa-
petns. Tak, ApkaH3ac B BepxHeM TeueHHH uMmeeT MuHepaausauuio 0,148 2/4,
a yepes 150—160 kn — 2,134 2/a.

B raba. 43 npuBelleHbl LaHHbIe 0 XHMHYECKOM COCTaBe H XHMHYECKOM
croke raapHefimnx pexk CCCP. M3 stux naHHBIX BHAHO, 4YTO HaHGOJbIIUHA
CTOK coJiell B 06J1acTh CpPe/lHer0 M HHIKHErQ TeUeHHs AaloT XOTA H INIPecHbIe,
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Ta6auma 43

OcHOBHBEIE XapaKTEPHCTHKH CTOKA PacTBOPEHHBIX BeIECTB IJaBHeiiluux pexk repputopun CCCP
(Aneknn, 1948)

) Cpepuss rofoBasi Beduuuna| CTOK PAaCTBOPEHHBIX Be- Tlokasaresib CTOKA

Pexa MUHeDaJTE3auun®, M2/4 wectn, 108 m B rog PaCTBODEHHLIX Be-

mecTs, Mm/xm? 200
Bosra 182 46,5 33,7
Jlena 84,6 41,3 17,0
O6b 76,6 39,2 12,2
Enuceit 53,8 29,5 11,4
Amyp 54,0 18,7 10,1
Amynapbs 422 17,7 78,1
Cripaapbst 432 6,0 27,8
Ces. J{BuHa 156 17,3 48,0
Huectp 153 8,1 16,2
JHon 222 6,2 14,7
TTeuopa 42 4 9,9 16,8
Kypa 244 4,4 23,4
Ypan 302 3,3 15,1
Tepex 281 3.1 71,0
Huenp 304 3,0 42,2
Hesa 35 2,9 10,2
Pronun 166 2,2 161,0
KyGaub 177 2,0 31,7
IOxumit Byr 262 0,63 13,7

* IIpu mepecuete HCOs— na COg~2

HO MHOTOBOJIHble PEKH, BepXHee TeueHHe KOTOPBIX PaCIOJOKEHO B JECHBIX
00/1aCcTX, B 30HE NOJA30JMCTHIX W GOJOTHHIX MOYB. TaK, XHMHYECKHH CTOK
Bosarn cocraBiser KosoccaabHylo BeJIHUHHY — 46,5 man. 1/e0d, JleHn —
41 man., O6u — 39 mun., Ennces — 29 man., Amypa — 18 MaH. 7/200. Xumn-
YECKHH CTOK BCeX OCTAJbHBIX PEK H3MepseTCs JHIb eIMHHIAMH MHUJIJIHOHOB
TOHII B rofl. BeJIMK XMMUYECKHH CTOK W TPOIHYECKHX MHOTOBOAHBIX pek. Ha-
npumep, p. MekoHr exerogHo cSpaceiBaer B yerbe 10 20,5 MaH, T pacTBOpeH-
HbIX BEIECTB.

JlerkopacTBopuMble COJIH, HaXOASAIKHECH B PEYHBIX BOjax, TPAHCIOPTUPY-
IOTCS1 BHH3 110 TEYEHHIO H Y4acTBYIOT B (OpPMHPOBaINM XMMHYECKOTO M MHHe-
paJbHOro cocrtaBa IOYB NCHM, AenabT, 3cTyapueB. [lofiMbl, HHXKHNIE Teppacht
H JeJbTHl peK SABJASIOTCH 00MacTAMM aKKyMYJSANMH 3HAUYUTEJLHOH yacTh Me-
XalHYeCKHX, XHMHYECKHX M OMOJJOTHYECKHX NPOAYKTOB BHIBETPHBAHHS M IOY-
BoOOpa3oBanus, cHOPMHPOBAHHEIX B BepXHeM TeUeHMH X Ha BojocGope.
OG6bIyHO B cpenyieM M OCOGEHHO B HUMKHEM TEUYENHH PEeKH SBIAIOTCS [VIaBHLIM
HCTOUHHKOM IIHTAHMA NOYBENHO-TPYHTOBLIX BOA. Hanpumep, pekn Mug, Amy-
dapbs, XyaHxs, Hus nuraloT Ha gecsiTKax U COTHAX KHJIOMETPOB NMOYBEHHO-
TPYHTOBBIE BOJABI NpUJCraloliell cylid B AOJAHNAX U AeJdbTax.

BmecTe ¢ peuHBIMM BOZAMH B NMOYBEHIIO-TPYHTOBbLIE BOAB AJIIOBHAJILHO-
JNeJbTOBBIX paBHHH IOCTYNAlOT TPOMaIHble KOJHYECTBAa PACTBOPUMBIX COJel
H COellMHeHHH MHKDO3JeMeHNTOB, UMEKWIIUXCS B peuHoll Bose. Hcnapsscs,
1I0YBEHHO-TPYHTOBBEIE BOJB! (B JaHHOM CJy4ae PEYHOro MPOUCXOXKAEHHSA) 060-
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ralaioT 4JJI0BHAJbIbIE H JeJbTOBBE OTJI0XKEHHs HHXKHEero TeYeHHs peK CO-
JSMH M TMHTATeJIbHBEIMH BelllecTBaMH. B yCI0BHAX XKAPKOTO CYXOro K/JAMMAaTa
MPOUCXOJHUT He TOJbKO oboramielue JerKOpacTBOPUMBIMH COJISIMH M THTa-
TEJIbHBIMHM BELIECTBAMU aJJUIOBHAJNBHLIX MOYB, HO ILIHPOKO 06pasyoTCs 3aco-
JleHHbIE TIOYBLI, COJISIHBIE 03epa, COMEHOCHBIE OCAKH H I'psA3H. TaKHe yc/I0BHS
€030al0TC B GecCTOYHBIX 00/1aCTSIX BO BHYTPUMAaTEPHKOBHIX BHaJHHaxX. Sp-
KYM NpPUMEPOM 3TOTO ABJsOTCS denbThl Boaru, ¥pana, Amynapen u Kypsl
B Geccrouroil Apamno-Kacnuiickoil nH3menHocTd u Aenbtel Mupa, Huaa, EB-
¢dpata u XyaHxa.

O6mas mwiomanb o6aacreit CyIIH, He HMEWOLIHX CTOKa, AOCTHraeT, MO
Teeuxodeny, 29785 Thic. kM2, uTo cccraBaser npumepno 20% Bcelt cym.
Ecau npuilsiTh, uTO XHMHYecKHil cToK ¢ 1 xm? cywH, no Knapky, cocraBiser
B cpenHem 26,4 r/e00, To MOXHO CUMTATb, YTO B Npefiesiax 6ecCTOYHLIX 0BJaa-
crefl MMpa ¢ BOZaMM IOBEPXHOCTHOTO CTOKA LHPKYMHPYET €XKErofHO OKOJIO
800 muaH. T cogell, IOCTENEHHO AKKYMYJHMDYIOLIHXCS B OCAaJOYHBIX OTJOXKE-
HHAX, BOAAX W IOUBAX 3THX TEPPHUTOPHIL

TabGauuna 44

3aeMeHTH BOJHO-COJIEBOro Gadanca M TBepuoro croka Apanxo-Kacouiickoit HH3MeHHOCTH

Boannit cTox | TeepAnit cTOK Xumuyeckuit cTok Bpeausie comm
CraTbn Gananca TBOeA’anO_ mZ;ml;-
‘M3 % (. m| % |mamm| % My cTo-| MIH. M| % |yv'cTo-
Ky Ky
Beero nocrymnaer 3a
ol 355 | 100 | 326 100 86 100 26 21 100 6
B ToMm uncae wus:
Bouru 256 72 32 10 50 58 | 156 9 43 28
Awmynapbu 4 | 12 | 168 | 51| 48 | 21 | 11 5 | 24 3

Ilo Mapronny (1950), BuyrpumMaTepukoBele 0eccTouHble 06JIaCTH COCTAB-
JSIOT Ha 3eMHoM wiape 41 855 Teic. k#2, T. e. 27% NoBepXHOCTH MaTepPHKOB.
Has aTclt IVIOMA/IH TPU Tex Ke BeJHYHHAaxX CPeJHEero XMWMHUYECKOro CTOKa
€KeroJHbIH NPUTOK JIETKOPACTBOPHUMBIX cOJiefi BO BHYTPUMAaTePHKOBHIe Gec-
CTOYHBle 06GJIacTH CYWIH 3eMHOTO llapa, 3aHAThle HblHe [JaBHBIM 06pasoM
NYCTHIHSAMH, COCTaBAsieT okKogao 1100 man. 7.

Apano-Kacnufickas HH3MeHHOCTb SIBJASIETCS YaCTbl0 OGLIKPHOTO eBpasuii-
ckoro GeccroyHoro Gaccelina. B reosormueckom IpowlIOM M B Hacrosliee
BpeMa (POpPMHPOBAHHE KOHTHHEHTAJIbHBIX OCaZOUHBIX OTJOXKEHHH, IOYBEHIO-
TPYHTOBEIX BOJ W NOYB B Npefesax HH3MEeHHOCTH OOYCJAOBJHBAJIOCH AESTENb-
HOCTBIO KpymHeiinux pek: Bouarw, Amynapeu, Coipanapbu, Kyphl, Ypaaa, Te-
peka. Kak MOXKHO BH/JeTb U3 AaHHBIX Taba. 44, o6pasoBanue OCaJ0YHBIX MOY-
BOOODA3yIOIHUX NOPOML 3[ech ONpelessiercs IaBHBM o6pa3om crokom Bos-
rH u Amyznapsu.

Bonuwmiii Gamanc Kacnuiickoro Mopst pery/JHpyeTcss HCapeHHeM Hpeumy-
DIeCTBEHHO B MEJAKOBOAHOH BOCTOYHOH uyactH. HcnapeHwe BOJIKCKHX BOI,
NPUXONAIMX B Kacrnul, Ha BOCTOUHBIX MENKOBOIHBIX H 3aCYLUTHBBIX Geperax
B TeOJIOTHYECKOM NpONLIOM H ceHyac sBiageTcst akropom HHTEHCHBHOTO CO-
JieHakoIIeHHs B Apaso-Kacnuiickoil HH3MeHHOCTH.

Boast Boary, apenupyomel orpoMHLle IpOCTpalcTBa 1a ceBepe, APH HC-
MapeHHy 3aCOAAIOT YETBEPTHUHBIE OCALOYHBIE OTIOXKEHHS, TPYHTOBble BOJH
M TOYBHl HA 3HAYMTEJBILIX TEPPHTOPHAX I0r0-BOCTOKA PyCCKOA paBHMHBI H
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Cpennefr Asun. TBepablfi 1 XuMuueckuit crox B npenenax Apano-Kacnuiickoit
HH3MEHHOCTH B CYMMe COCTaBJIAET OKOJ0 412 MJH. T eXKerojHo, YTo Npu 06%-
emHoM Bece 1,4 maer 0,3 xm® HaHOCOB.

OTHOWeHHe XHMHYECKOTO CTOKAa K TBEPAOMY CTOKY CBHIETEJILCTBYET O
TOM, UTO CpelHee COJepiKaHWe cOJell B IOEMHO-IEJbTOBBLIX OTJOXKEHHSIX
Moryo 6bl cocTaBAdaTh B HaHocax Boaru 1569%, a Amyaapeu — 119%. 3a BH-
YeTOM YTJEKHCJOIO0 M CePHOKHCJOTO KaJbliMs, NOTEHUHAJBHOE COAEpKAHHE
JIerKOPaCTBOPUMEIX COJIeH, COOTBETCTBEHHO, BBIPA3UTCS s aJJI0BHs Bod-
rd B 28% wu mna ammoBus Amynapeu B 3%. Onnako B npegenax MOeMHO-
JeJIbTOBbIX o6sacrell Apano-Kacnuiickoff HH3MEHHOCTH CTO/Ib BLICOKHE CTe-
[IeHH 3aCOJEHHOCTH IIOYB M TPYHTOB BCTPEUAIOTCS JAHUIb Ha OrpPaHUUYeHHBIX
teppuropusx. Takum ob6pasom, IPUXOAUTCS YAHBAATLCS HE TOMY, UTO B Oec-
¢TOUHBIX 06sacTsax IIpukacnuiCKHX NYCTEIHL Pa3BUTHI NPOLECCH COJEHAKOM-
JEHHs, a TOMY, YTO pa3Mephbl 3aCOJEHHOCTH OCAJOYHbIX OTJIOXEHHH u IOYB
B 3THX TYCTHIHSX 3HAUUTENIBHO MEHbIIEe BO3MOXKHLIX MOTEHIHAJbHBIX BEJHUHH,
OcHOBHON NpPUYHHOH 3TOTO SABJSETCA Hpolecc AMddepeHuHalUN MexalHye-
CKMX M XMMHUECKHX OCa/JKOB, MIPHHOCUMBIX COBpeMEHHBIMY peKaMH B ApaJs 1
Kacnui.

Boabliass 4acTh JIETKOPAaCTBOPHMBIX coJiel, TPAaHCIOPTHPYEMBIX BOJAaMu
peK, OTHeJsieTcsl OT MeXaHHUeCKHX OCaJKOB, BHNAJalolUX B NOHMAaX U He/b-
Tax, YXOAUT B I'PYHTOBbIe BO/IBI HJIH NPOHOCHTCS Uepe3 yCThs B 03epa U MOpPH.
W3 03epHEIX H MOPCKHX BOLOEMOB 3HAaUHTENbHAS 4acTh COJel llepeMelnaercs
B MEJKOBOIHBIe 3aJHBH H JIATYHEI, I'le B KOHUEeHTpupyercs. B nmenprax Ha
BHOBb 006pasyiomeics cylle JerkopacTBOpUMbIe COJIH B IVIaBHOH cBOell Macce
AKKyMYJHPYIOTCS B I'PYHTOBEIX BOJaX. DTHM H OObLSCHsIeTCS TO, YTO, HECMOT-
psl Ha OTPOMHBIE pasMephl M HelPepHIBHOCTb MHTPALUH coJiell BO BHYTPHMA-
TEPHKOBHIE BNAAHHBI CPEJHEAa3UaTCKUX NMYCTHIHDb, 3[leChb WHPOKO PaCIpoCTpa-
HEeHbl TaKXKe He3aCoJeHHHBIe U caabo3aconeHHble IIOUBLI BLICOKOTO YPOBHSA
IJIOLOPOAHUS. .

PaccMoTpeHHOe siBJIeHHe THIHYHO M IJs AeJbTOBBIX O0JacTefl Apyrux
pek mupa., ®akryueckass 3acONEHHOCTh AeNbTOBHIX IIOYB BCeT/la MeHblie, 4eM
noreHnuanbHasi. M aToT pa3puiB TéM 6oJblle, YyeM BJiaXKHee KJAHUMAT HAe/bTO-
BBIX ofJiacTed.

Hano nOMHHTB, ONHAKO, UTO PeKH NepeHOCAT M3 BepxHel uactu ux Oac-
cefiHa B cpeliHee W HUXKHee TeUeHHe He TCJIBLKO COJIH, HO M OKHCJBI KPEMHUS,
Kesesa, MapraHna. ajlOMHHUS, a TakKe MHKDO3JEMEHTE U OpraHHyecKue
BelecTea, [losToMy maxe TOTZla, KOTXa aKKYMVJSIHS WSBECTH, THIca HJIH
JIETKOPACTBOPUMEIX cOJIell B AeTbTOBLIX MOYBaX BJAXKHBIX obJacrell BeIpaxe-
Ha cji1abo, B HUX Beerza HabaoLaeTcsd 3HaYHTeTbHOe HAKOIJIeHHE COeluHenul
MOJYTOPHBIX OKHCJIOB, BTOPHYIOTO KpDeMHe3eMa H XeMOT'eHHBIX TVIHHHUCTHIX
BTOPHYHBIX MHHEpaJoB.

CoBpeMeHHBIE PEKU CYIUECTBYIOT CTOJb K€ AJHTENbHO, KaK TOPBl U KIH-
MaTHyeckyue 30HBL. [lpenliecTBEHHHMKH COBPeMEHHBIX peK B JAOJeIHUKOBHIE
3M0XH, B JeEAIHKOBHE, INIIOBRAJbILEE NMEPHOAB H MEXAY HHMH BBINOJIHSIH
CXOJHYIO 110UBEHHO-FEOXHMMWUYECKYIC paboTy, paspyluas KOpy BBIBETPHBaHus
H TOYBbl BO3BHIUMIEHHOCTeH H (POPMHPYS HAHOCHI U aJJIIOBHAJBHBEIE MOYBHI
JpeBHHX BOLHO-aKKyMYJsTHBHbLIX oGJjacteli. OcobenHo BesHKa OvlIa poJb
MaJblX H OOJbIIUX PeK B NEPUOALI 3aBeplIeHHdA OJiefeHeHH, KOIAa HX CTOK
H TeoXuMHUYeckas JeATeNbIIOCTh 3HAUHTENbHO BO3PACTAJH.

[eoxumuueckass AesiTEIbHOCTh PEK M TPYHTOBBIX BOJ BeChbMa TECHO liepe-
NJETaeTcsl U ee TPYAHO pasaenutb. Ho sicHO, UTO peKu BHINOJHAJIN H BBHIIOJ-
HSAIIOT NpexKjie Bcero GYHKUHIO MOAEIHPOBAHHUSA NTOBEPXHOCTH CYIUH ¥ o6paso-
BallMsl MEeXaHHUYEeCKHX OTJOMKEHHH M MoYyBoo6Gpa3yloUINx HOpoA. XHMHUECKHE
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0CaJKH U3 PEUHEIX BOJA HE TOJBbKO CONPOBOXKAaJH (HOPMHPOBaHHEe HAHOCOB,
HO Ha OTHeJbHBIX 3Tanax HCTOPHH [axe Npeobiafanu Hald MeXaHHdecKHMH
oTMoXeHusIMU. [louBeHHble ¥ PPYHTOBBIE BOJABI BHINOJHSIIOT HA cylle B Kaue-
CTBE OCHOBHOH TFeOXHMHUECKOH (YHKIHH BBIHOC, pasieneHue u Auddepen-
IYPOBAHHOE HAKOIJIEHHE XEeMOI'€HHLIX MPOAYKTOB B JAPEeBHEM H COBPEMEHHOM
MOUYBEHHOM IIOKPOBE H B HaHOCaxX.

APEAJIbI AKKYMYJSUWUH
NPOAYKTOB BBIBETPUBAHHSI M NOYBOOBPA3OBAHUA

[TpoayxTHl BEIBeTPHBaHHs U I0uBooOpa3oBaHus, GOpMHPYIOLLHECS B KOpe
BHIBETPUBAHHUS M NOYBAX, HMEIOT TeHIEHLHMIO K nuddepeHauuun B TOPU3OH-
TaJbHOM W BEPTHKAJIBHOM HAaNpaBJeHUSX B IpocTpaHcTBe. B 3aBHcuMocTH OT
CYMMAapHOro pe3yJbTaTa Pas/H4YHbIX TeHAEHUHH B MUTPAaLHH NPOLYKTOB IOH-
BOOOpa30BaHNA Ha NMOBEPXHOCTH CYIIH BO3HMKAIOT NOYBEHHO-TEOXHMHYECKHE
NMPOBUHLKY, NOsica, 06JacTH, JagAwadThH.

OdopMieHre reOXHMHYECKOTO OOJNMKA CYIUH 3aBHCHT OT KyMYJSITHBHOTO
sddexra BHIHOCA M HAKONJEHHS TeX HJH MHBIX COeAUHEHHH B JaHamadre.
B cBSI3¥ ¢ 5THM B IeOXHMHIO NOYB OBIIO BBeLEeHO NMOHATHe 06 apeaJjax akKy-
myasuuu (Kosma, 19468, 1954). ApeasoM akKKyMyJIslKE TPORYKTOB BHIBETPH-
BaHUs ¥ nouBO06pa30BAHHA CJAEAYyeT Ha3BBaThb TEDPPHUTOPHIO, OXBATHIBAIOLLYIO
COBOKYNMHOCTb JIaHAWA()TOB M TNPHPOAHBIX o6Jjacrtell, rae NMPOHCXOAHUT 006-
pasoBaHHe OJHOTHUIHLIX BTOPHUYHBIX MOYBEHHBIX COE[HHEHHH, HX IlepeMe-
LeHKe, OcaXJeHHe W HaKOI/IeHNe B NOYBaX, TPYHTOBHIX BOJAAX H KOPe BbIBeT-
pHBaHUS.

Kaxk BHAHO W3 BHIIIEH3/10KEHHOTO, l1anfosee IMIUPOKUI apeasy aKKyMyJs-
IHH BTOPHYHLIX COeJMHEHHH MMEIOT OKHCJBl aNOMUHES, XKeje3a, MapraHna,
KpeMHHSI U TIPOAYKTH HX B3aumopgefictsus. O6pasysich B pe3y/IbTaTe BbLIBET-
puBaHusl, MOYBOOGPA30BaHHsI M KH3HELESTEJbHOCTH OpPraHH3MOB, 3TH CO-
e[VHEHUS BMECTE C TEM OTJHYAIOTCH CPaBHHTENbHO HH3KOH PacTBOPHMOCTHIO
H IIOTOMY NPAKTHUECKH NOBCEMECTHO MUTPHPYIOT B NPHPOAHBIX BoLax B ¢$op-
Me HacChILUIEHHBIX PacTBOPOB, THAPO30Jell MM TOHKHUX cycneHsu#. [Tostomy
OHH OBICTPO ¥ JIETKO BHIMAJAIOT B OCaJOK Ha MecTe M BOJH3H MecT HX obpa-
30BaHudA. B TO XKe BpeMsd, MUTPUPYS B (popMe HACHILIEHHBIX PacTBOPOB, OHH
B caabol, HO 3aMeTHOH (opMe yHUacTBYIOT B IpoONEcCaX AKKYMYJSIHH BO
BCEX NPHPOAHEIX 30HaX, T'le IPOUCXOLUT XOTH OBl UaCTHUHOE CE30HHOe HCMa-
peHue NPHPOAHBIX BOL. AKKYyMYJSIUMS COELHHEHHH TOJYTOPHBIX OKHCJOB H
KpeMHe3eMa, a TakkKe HX KoareJeH IPOHCXOAHMT B OCHOBHOM B 006JacTax
3JIOBHsl, AEMIOBHA M NposoBUa. OLHAKO 3TH KOMIOHEHTH HAKATJIHBAIOTCSH
TakXKe B KOHEUHBIX BOJOeMax H JesbTax.

YMepeHHO WIHMPOKHH apeals akKKyMVYJSIIHH HMEIOT KapOOHATHl KaJbUHUs H
runc. B o6nacTsax 3/10BUSL OHH, KaK NPaBHJIO, HE aKKyMYJHDPYIOTCS, HO B 06-
JlacTAX AENIOBHS, IPOJIOBUSA, IOEMHOTO H HEJbTOBOTO aJJIIOBHS, B HA3MEHHO-
CTSIX U KOHEUHBIX BOJoeMaxX HIAET Pe3KO BBIpaXKeHHOe a6COJIOTHOEe HaKoIJe-
HHe 3THX coenuHeHui. IlpaBma, KauMaTHuecKue YCJIOBHS M pasJHuus B
06CTaHOBKE €CTeCTBEHHOH JPEHHPOBAHHOCTH MOTYT CYUIECTBEHHO H3MEHSITh
cTeNneHb BHIPaXKEHHOCTH HAKONJEHHS THX COeJHHEHHI B KOpe BbiBETPHUBAHUS
M NOYBax. _

JIOBOJIBHO Y3KHM apeajoM akKKyYMYJASUWH 0671aJaloT TaKHe COeNHHeHHS,
Kak Kap6oHaTH K cyabarsl menoded. O6pasysck HAa MHPOKHX NPOCTPAH-
CTBaxX BOAOCOOPHBIX M cOJNecOOPHBIX ILIOLIaNell, 3TH cOelHHEHHsS B NaJbHeH-
meM akKKyMYJHDPYIOTCA NPEHMYIUECTBEHHO B HH3MEHHOCTSIX, KOHeUHBIX BOLOE-
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Ta6auua 45

Apeanbl aKKymyJasilH TPOLYKTOB BHIBETPHBAHHA M MO4B00GPa3oBaHuUs Ha cyie

Apean CoepuneHus O6aacTi aKKyMyJIALHY

Becbma mmpokuit R,03, Si0, OG6nacTd 3JIOBMSL, JEJIOBUS, NPOJIOBHH,
MIOEMHOrO H JedbTOBOTO aJlIoBHS, KO-
HEYHBIE BOLOEMbl

YMepeHtHo wHpoKuil CaMg(COy)z, CaCQOs, CaSO,| OdiiacTy AeoBUs, NPOIOBUS, NOEMHOTO
M Je/bTOBOTO AAMIOBUS, HH3MCHHOCTH,
KOHEUHEIE BOJO0EMBL

Y 3kuit Na,SO4, MgSO,, NaCl, | O6nacTd 1n0EMHOTO H A€ABTOBOrO AJIO-
Na,COq BHs, HH3MEHHOCTH, KOHEYHHE BOZOEMEbI
BeckMa yaxkuit NaNOj, KNOg, CaCly, MgCl,| Lentpanbusle, Haubosee cyxwe YacTH

HH3MEHHOCTEeH U IyCThIHb

Max, a TakiKe II0YBaX ¥ FPYHTAX MOMM H JeJbT CyXHX KOHTHHEHTaJbHbIX 00Ja-
cTed.

Ouenb yS3KHM SBJSIETCSI apeaji aKKyMYJSUUH yIJIeKHCIbX Ilejoded. ItH
COeIMHEHHsT MOTYT aKKyMYJHDPOBATBbCS JIHIIb B padoHax, Iie OTCYTCTBYeT
Turc.

IHaunbosee y3kuMm apeanoM akKKyMyJAsUHH oO6JgafajoT HHTpaTHl HIeJI0Yel
M XJIOPHIBI LIEJOYHBIX 3eMesb. DTH COeIUHEHHUs IIPOXOASAT TPaH3UTOM 00Ja-
CTH 3JI10BHf, JI€JIOBHS, IDPOJIOBUA H aJ/lIOBHSL H AaKKyMYJHPYIOTCA JIHIb
B llauboJsiee cyxux OeCCTOYHBIX YaCTAX OYCTHIL (TabJa. 45),

3AKOHOMEPHOCTH PACHPEIEJNEHUSA
NPOJAYKTOB BbLIBETPHUBAHHA U NOYBOOBPA3OBAHMWSA
HA MATEPHKAX M B UIEJIbéOBOW 30HE

Cyzabba NpoOAyKTOB BEIBETPUBAHHS U NI0YBOOOPa30BaHUsA BeCbMa HeOLHHA-
KOBAa B PasJHYHbIX palolax MaTepUKOB 3eMHOrO Liapa.

Oxono 709, moBepXHOCTH CyIIM 3eMHOTO Ijapa JPeHHDYyeTcsh PEdHBIMH
cucreMamu B MupoBoli OKeaH, M03TOMY 3HAYHTE/bHAS 4aCTh NPOLYKTOB BLI-
BE€TpPUBaHHs, NNOYBOOOPA30BaHHs M OHOJIOrHYeCKOro KPYrOBOpOTa YHOCHTCS
CyMMapibIM CTOKOM 32 Npelefbl CYWH B MODPS ¥ OKeaHbl. Te ceKTophl KOH-
THHCHTOB, KOTOpbIE OTJHYAlOTCSI BLIPAXKEHHBIM TEeOXHMHUYECKHM CTOKOM B
OKeaH, yTPauyMWBaIOT 3HAYHTEJbHYIO YacTb Haubosiee MOOHJBHBIX NPOLYKTOB
BLIBETPUBAHHS, TouBOOOpa3oBanusi U OuOreHesa; 3jfecb He MoOxeT 006paso-
BaThCH INOJHHIH cleKTp AH¢pdepennyanyy NpoLyKTOB BLIBETPUBAHUA H ITOY-
BooOpasoBanuus.

Oxkoso 309 noBepXHOCTH MAaTEPHKOB 3€MHOro Ilapa 3aHHMAIOT 3aMKHY-
Thle, TEOXUMHUYECKH OCCCTOYHble TEPPUTOPHH, UMeIOLUe BHYTPEHHUH Kpyro-
BOPOT BOJLI U MHUIPAHTOB. MatepukoBble GeccToulible BIAAHHEL COXPAHSIOT B
CBOHX TNpefesax BCIO COBOKYNHOCTb HPOAYKTOB BLIBETPHBAHHS, IOYBOOOPa30-
BaHus ¥ 6HOTeHe3a, TaK KaK OHH He BBIHOCATCH 3a Tpeje]bl GeCCTOYHBIX HH3-
meHnHoctel. [a Takux ywactkax akkymyJupyiorcs U guddepeHIHPYIOTCS BCe
o6pa3oBaBlIHecst NMPOLYKTH BHIBETPHBaHUs u OHoreHesa., 37ech CO3RAIOTCH
NpeANOChIKY I HAaKOIIeHHs] B KODe BbIBETPHBAHHS, MOUBEHHO-TPYHTOBLIX
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BOJlaX M NGYBAX JETKOPACTBOPHMBIX MOABHXKHBIX NPOAYKTOB W KOMIIOHEHTOB
cpefHell H MaJoH NOJBHKHOCTH — COEJAMHEHHUH KPeMHHUS, THAPOOKHCOB aJio-
MHIHS, )Keqe3a, Mapralua H uX Koarejel, yTo BeJeT K CHHTE3Y IVIHH.

Kpome Toro, ofmupHbie IpOCTPAHCTBA KOHTHHEHTOB NpeNCTaBJIEHB Tep-
PUTOPUSIMH IIPOMCKYTOYHOIO XapaKTepa — F€OXMMHYECKH He IOJMIIOCTBIO
3aMKHYTbIMH, HO HEZOCTATOUYHO APEHUPOBAHHBIMH, K HUM OTHOCATCA NOATOP-
lible HAKJOHHBIE paBIHUHLI, CyXHe H NPUMOpPCKUE IeAbThl U T. A. B Taxux uya-
CTAX CyIIH 3Ha4YUTEAbHbIC MacCChl BTODHYHLIX TIDOAYKTOB BLIBETDHBaHHA H
noysooOpa3oBanus 3aJepPKHBAIOTCA U HAKAMIUBAIOTCS 10 NYTH K KOHETHOMY
npHeMHHKY. B Takux ycJoBHAX B MOYBAX H IPyHTaX HAKAIIHBAIOTCS NPEUMY-
IMeCTBEHHO KapOoHAThl KajbUMd H MAarHus, THICH, TOJYTOPHBEIE OKHCJEHL,
0CaJKH KpeMHe3eMa.

B npenenax xKaxaoro Matepuka HeoOXOAMMO pasanyaTh 006JacTH BHHOCA
NPOAYKTOB BBHIBETPHBAHUS U NMoYyB0OGpasoBanusd (06JacTy 3JI0BUS), 00JaCTH
TpaH3uTa (YaCTHYHOH aKKyMVJsAUHEH) H 06JaCTH KOHEYHOH aKKyMYJSIHH
NPOAYKTOB BLHIBETDHBAKHUS U NOYBOOOPA3OBaHUS, TAe NPOHCXOMUT HAKOMJIC-
HHe X B pe3yJ/bTaTe 3aBeplieHNs cToKa. B 06JacTAX 3/I0BHA SICHO BEIpaxe-
HO mpeobsafaHue BOJHOTO (IOBEPXHOCTHHIE M TMOA3eMHEIE BOJALI) M 30J0BOTO
BBIHOCA TOHKOJYCHEPCHBIX M TIOABHKHBIX NPOAYKTOB. Hekoropas yacts npo-
JIYKTOB BLIBETPUBAHHS M TOYBOOODPA30BAHHUS yAEpIKHBaeTcs B 06JAacTsX BHI-
11oca XHBHIM BEIECTBOM B (opMme Ouosioruueckoro kpyrosopora. Hekortopas
YacTh NOLBHXKHBIX COEIHHEHHH TocTynaer B 00JacTh 3JIOBHA €O CTOPOHBEI
BMECTE C 30JI0BBIMH ¥ aTMOCEPHBIMH OCaJKaMH.

3emMHas KOpa HUKOTZLA He HaXORUTCH B COCTOSSHHH aGCOJIOTHOTO MOKOSI.
HenpepLiBHO HAYT npolleccH MOAHSATHS FOPHBIX COOPYXKeHHHA U UX HeHyAalHs.
TIpoueccs NOAHATHS 3aXBATHIBAIOT H NpHJEralliue 06JacTH NeJI0BUANBHBIX,
NPOJIOBHANBHEIX ¥ aJIIOBHAJBHBIX PAaBHUH. BHYTpHMAaTepHKOBbie BIAJMHHI,
HU3MEHHOCTH, NoGepeXbsl MODeHl M OKeaHOB HEPeAKO SBJIAIOTCH 06JacTiMHU
NOrpyxeHHs. D10 NPUBOJIUT K TOMY, 4TO B 06J4CTAX NOOHATHH 3PO3HA H le-
HyZanHs BO MHOTHX CJy4yasiX 3HAUUTEJNBHO ONepeKaloT NpoLecchl BLIBETPH-
BaHHUs, NouB00Opa30BaHus N OHOreHesa. 37ech He COXPaHSIOTCH MOIIHBIE IO-
pH30HTHL 3/moBus ¥ nouys. OGJacTH 3MI0BHA 4acTo NMPeACTaBJeHBl BHIXOJaMH
cKaJl B rpy6oo6/J0MOYHHX NPOAYKTOB BLIBETPHBAHHA. 31eCh NPOHUCXOLUT He-
npepbIBHOE 06HOBJACHNE TOJII, OXBAYEeHHKIX NMPOIECCaMH BLIBETpUBAHHS, N0Y-
Boof6pa3oBaHusl B OGHoOreHesa.

B of6nacTsax akkyMmyJasinuM, PACHOJOXKEHHHIX NPEHMYILEeCTBEHHO B 30HaX
ONYCKaHUS 3eMHOH KODHI, IPOHCXOAHUT HOrpyKeHHe HaKOIJIEHHHIX MeXaHHue-
CKMX, XNMHYECKHX M OHOUeHHBIX OCagkoB M obpasymoimuxca nous. M sgecs
IIPOUCXOINT HEeNpepHBHOe OGHOBJIEHNE NIOBEPXHOCTH BBHIBETPHBAHHUS W IOYRO-
o6paszoBanus. OnHako 310 OOHOBJIEHHe CBSI3aHO C IPOIECCAMH NOTPYKEHHS
¥ Hau/leHHsi (HAKOIUIEHMs) C NMOBEPXHOCTH PHIXJIOTO IJIHHONOLOGHOTO MHHe-
paJbHOTO NMOYBEHHOTO MEJKO3eMa, OPraHMUYECKHUX OCTATKOB, TIPHHECEHHBIX CO
CTOPOHBI.

st yeaoBul oOmMMPHOrO KOHTHHEHTa ¢ GeCcCTOYHOH MaTepHKOBOH Bma-
auHol, mopo6uoro EBpasuun uau ABcTpanuy, pacmpelesenyie NPOIYKTOB BHI-
BETPHBAHHUA U IIOYBOOGPA30BaHMA YKJIaALIBAETCA B CXeMy, IpelCTaB/JIeHHYIO
Ha puc. 60.

HanGosee BbICOKMe NpOCTpAaHCTBA MaTephKd TNpeACTaBJIeHB JeHYyAHPO-
BaHHBIMH BBIXOJAMH CKaJ, Ipy60o6/I0MOYHON KODOH BBIBETDHBAHHSI H MOJO-
ABIMY CKEJeTHBIMH TOYBAMH. PaBHUHHEBIE JPeBHHE NJOCKOTOPbS MMEIT MOUI-
HYI0 KOpY BbIBeTPHBAMHA, AJJHTHYI B YCJIOBHAX TPONHUYECKOrOo KJAHMAata
H CHa/UINTHYIO MWJIH KapOOHATHYI0O B YCJIOBHSX YMEPEHHOI'O HJH CYyXOro
KJIHMATa,
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Puc, 60. Cxema apeanoB akKyMyJasauuu H Auddepenunaluu coefMHenuii B nousax GeccTou-
HOH YacTd KOHTHHEHTA

B o6aacTy TpaH3HTa U YACTHUHOH aKKyMYJSIHH 060COOMSIETCH HECKOJIBKO
[IOYBEHHO-TEOXUMHUECKHX MOSICOB: IIOAC HAKOIJIEHHS BTOPHYHOIO KBapua u
aMopgHOro KpeMHe3eMa, NOsIC oxKese3HeHHS U GeckapOOHATHOTO OTVIMHEHHS,
nosic KapGOHATHBIX CYIJIHHKOB H JECCOBUIHBIX OTJOXEHHH, KOTOPhIE HepedKo
COIPOBOKAAIOTCS COJLOBHIM COJIEHAKOIJIEHUEM,

3artem uuxke mo penabedy dopmupyercst 06JacTb AKKyMyJsLHUH THICOB
H THICOHOCHHIX NOPOZA, MOsC cy/Jb(haTOB HATPHI H MAarHusd.

Hau6osee ynaneHHble 0 NOHUKEHHBIE YACTH KOHTHHEHTAJbHHIX JeNpeccHi
OOGBIYHO 3aHATHl XJIOPHIHO-CYJAb(ATHBIMH M XJODHAHBIMH AKKYMYJISIHSAMHE.
B oco6o nycTHIHHOM KJAHMaTe 3[1eCh 0060COG/AIOTCH 00JaCTH aKKyMYJsUUR
HurpatoB (Uuan, Ilepy).

Hakogrern, mHeHTpasipHble NOHHXKEHHble YACTH HH3MEHHOCTEH 3aHATH BbIXO-
IaMH paccosioB H CKOINICHHSIMH XJODUAOB HATPHA, KaJbUHS H Marsus.
B aTHX XKe yacTaXx 6eCCTOUHHIX KOHTHHEHTOB aKKYMYJHDYIOTCH COeIHHEHHS
fiona, 6poma, 6opa.

Ha gpennpoBaHHBIX yyacTKax MaTepHKa B 3aBHCHMOCTHM OT XapakTepa

pacuJeHeHHOCTH CKJIOHOB H Geperop cjaraercs cBos cructemMa oGJacreit
aKKyMYJsUHY BTODHYHBIX IIPOJYKTOB BLIBETPHBAHHSA M HOUBOOGPA30BaHHS.
IIpu ycaoBuu 06IIero NMOTHATHS CYIIXM H OMycKaHHs GeperoBoil JUHHM GOJMb-
IIasi 4acTb NPOAYKTOB BBIBETPHBAHHUS H NOYBOOGPA30BAHUS TaKXKe OTJIOKHT-
¢ He B NpefeNiaX CyIUH, a Ha KOHTMHEHTaJbHOM Wlenbde. 3HAUHTENBHBIE
Maccel HanGoJiee TOABHKHBIX JIETKOPACTBOPHUMBIX COJIEH — HUTPATOB, XJIO-
. pHZOB, cynb(haTOB, a TakKXKe NONBHXHBIX COENMHEHUH KpeMHHUA, aJioMH-
HHfl, XKeJde3a—yHayr B Muposoit okean. Tem He MeHee mnpuGpexRHbIE
30HBI TaM, rie QOpMHUpPYIOTCS OBIIMPHBIE HU3MEHHOCTH, MapIUd H AeJbTOBbHIE
00J1aCTH, TakXke XapaKTePH3YIOTCH HAKOIJEHHeM IOMYTOPHBIX OKHCIOB It
coeil.

Cxema ¢OpPMHPOBAHHS NOYBEHHO-TEOXHMHUUECKHX 30H YACTHYHO LPEHHPO-
BaHHOH NepuepuM MarepHka IpeicTaBaeHa Ha puc. 61. dra cxema mpumao-
XHMa K ycaoBHaM teppuropui HMumaum m ocobeHHo 3anmagnero ITakucrana.
3nech OTUeTIHBO HAGMIOAAI0OTCA 06/1aCTH aKKyMYJsLHH KpeMHe3eMa H yrie-
KHCJIOTO KaJbuus (u3BecTHHIH B MHaun u [Takucrane KaHkap), KOTOpHe cMe-
HSIIOTCS 30HOH COMOBOTO, a 3aTeM CyJab()aTHOTO 3aCOJeHHs.
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Puc. 61. Cxema apeanop akkyMmyiauua 4 AuddepeHnyanuu COEJMHEHHH B IOYBAX ADEHH-
POBAHHOA YaCTH KOHTHHEHTA

B ofaacTsXx NoOrpyxeHusl cCyllnm Mope abpamupyer Oeper U CyXOMyTHBIE
30HBl AKKYMYJSLUM HaHGOee MOJBUKHBIX TPOAYKTOB BHIBETPHBAHHA, H NOY-
BOOGPA30BAHUS YHHUYTOKAIOTCS UM He MMEIOT BO3MOXHOCTH C(OPMHPOBATD-
ca. CKJIOHB MaTepHKa COXPAHAIOT B OOJACTAX TPaH3HTAa H AKKYMYJIAUHH
JHIb Te NPOAYKTH BLIBCTPUBAHUA H NMOYBOOOPA30BAHHUS, KOTOpHIE MO YCJIO-
BUSIM MOLBHKHOCTH M PACTBOPHMOCTH MOIJIH BHIIACTD U YAEPKAThCA HA CYIIe,
naubosiee Ke MOIBHKHBIE KOMIOHENTH YXOAAT B OKeaH. IlpumepHo Ttaxue
YCJIOBHS CKJIAfBIBAIOTCS Y UEPHOMOPCKOTO NoGepexbs 10ra YKPaHHB M Ha
noGepexne 3aanBa bak6o (Toukuuckoro) B Kurae. B mepBoM cayuae axky-
MYJSTHBHEIE TPOAYKTH IIPEACTaBJeHbl JHUIIb KapGOHATOM {albUusd N TUIl-
coM. Bo BTOpOM — B aKKyMYJIATHBHEIX JaHAmadrax (Ha reppacax) sanep-
JKHBAIOTCA JIUIIb OKUCHABL Xelle3a ¥ MapraHna, a Takke BTOpPHUHKEE COSLVHe-
HHUS KpeMHe3eMa.

Hano nmoMHHTb, OJHAKO, YTO 3[eCh NPUBOAATCH JHIUb OOIIME M IPUTOM
abcTparupoBaHHble CXeMbl aKKyMyJslUnd ¥ Au(depennnany NpOLYyKTOB BHI-
BETPHBAHHS H NOYBOOOPa30BaHHs Ha TOBePXHOCTH cywd. [leficTBHTeNbHAs
NeAoreoXUMHUUECKAasi KAPTHHA CYIIHM 3HAUHTEJBbHO COXHee W pasHooOpasHee.
KOHKpeTHble 061acTi 3JII0BHS, TPAH3HTA H aKKYMYJALHH GOPMHDYIOTCA NOX
BJIHSHMEM MeCTHBIX YCJIOBHMIl KIHMarta, PacTUTENbHOIO MOKPOBA M TreoMop-
(OJIOTHY, a TaKKe AJMTEJbHOCTH NCTOPUKM PA3BHTUS. YUMTHIBAS OGIIHE 32KO-
HOMEPHOCTH TelOT€OXHMUH NOBEPXHOCTH KOHTHHEHTOB, HEOOXONMMO BCeraa
npelBHAETh BO3MOXHOCTb JIOKAJIbHOTO CBOe06pasus H ocobeHHOCTe Kax10-
ro sapmmadgTa CymH.

PaccMoTpenHbIC (haKTsl H TeopeTHYecKne 0000lIeHHsT MPHIOKHMbB KaK K
LeabIM MaTepuKaM, Tak H K HX OTAedbHHM uyactaM. CBOAHAsS NOYBEHHO-reo-
xuMHueckasi guarpamma (puc. 62) HLTIOCTpHPYeT TMIy0OKHEe MOYBEHHO-Teo-
XHMHYECKHE Pa3JUuUsi I1aBHBIX NPHPOAHBIX 30H NPHMEHHTENBHO K KOHTHHEH-
Ty EBpasun. MatepuaJsi, co6pannble COBETCKMMHU HCCICNOBATE/SMH B Adprke
u IOxkHO# AMepHKe, TIO3BOJSIOT AaTh B NepBOM NPUOJIHKEHHH aHaJOTHYHbIE
OYBEHHO-TEOXHMHUYECKHE CXEMBI /151 MaTePUKOB, PACIONOKEHHBIX B SKBATO-
pHAaJbHO-TPONMUECKHX TIOsicaX ITaHerh (puc. 63). B meloreoxuMuH KBaTO-
pHAJLHO-TPONUUECKAX YacTedl KOHTHHENTOB OOHADYMKHBAeTCs yikKe OTMeueH-
Han 06mad 3aKOHOMEePHOCTh: NMOABHIKHEIE IIPOAYKTHl BHIBETPHBAHHS ¥ TOYBO-
06pa3oBaHUsi BBIHOCATCSL IOJHOCTBIO M3 BJAXHBIX 3JIOBAAJbHHIX JECHHX
JaHAmadTOB, MeHee pPACTBOPHMble TPAH3HTHO 3alePXKHBAIOTCH B CEMHAPHA-
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HBIX caBaHHax, Hau6oJiee MOJBUKHEIE YXOAAT B OKeaH JMHOO HaKaMJIUBAKTCA
B GeCCTOUHBIX 9acTAX KOHTHHEHTOB, 3aHATHIX NyCThIHAMH. B caBanHax, oco-
OeHHO CYXHX, 11a6/IogaeTcsl 3HAYUTEIbHAS AKKYMYJSLUHS BTOPHYHEIX COeIH-
HEHHH aNOMUHHA, XKeje3a, KpeMHe3eMa; B INPHCYTCTBHH JIETKOPACTBOPHMBIX
coJiel 1 ocoGeHHO Kap6OHaTOB MarHAd ¥ HAaTpHA 3TO NPUBOAHUT K HAKOILIE-
HHI0O aMOPGHBIX Koarejel, CMEKTHTOBLIX IVIHH, aJLIFOPCKHTA, KOTOpHE 00y-
CTIOBNHBAIOT 0Gpa3OBaHHe CJHTHIX UYEPHHIX IOYB (BEPTHCOMb, T'PYMOCOJb
u Ip.). '

FEOXUMHYECKHE B3AHUMOOTHOWIEHHSI OKEAHA H IIOYB

Bospact Muposoro okeana usmepsiercss MHnapaamu Jer. Hauamno moy-
B0OGpAa30BAHUA HA CylIe OTHOCHTCA K AEBOHY, T. €. K IOSIBJCHHIO Ha3eMHOH
PACTHTENBHOCTH, ¥ HacuuTbiBaer He GoJsee 300—400 muau. ner. Bospact Hau-
Goslee ApeBHUX COBPEMEHHBIX IIOYB HA Cylle, BEDOSTHO, He 6oJlee HECKOJBKHX
MHJIJIHOHOB JeT (aJJInTHBle GOKCHTOBBIE IIOUBHI, JaTEPUTHI). B cOBpeMeHHYIO
3M0XYy Ha cyue mpeobafaloT NOYBH Topas3fio GoJiee MOJIOblE — BO3pacT NO-
psinka 5—b0 Thic. jer. OnHako HazeMHble OPraHU3MBl U TOYBEHHBIH NMOKPOB
CyluH, ¢ OZHOM cTOpOHBl, B MupoBoll okean — ¢ apyroi, yxe 300—400 muiH.
JIeT HAXOAATCS B HENPEPHIBHOM B3aHMOAeHCTBHH. 3HaucHHe KOHTHHEHTOB H
0COOEeHHO NOYB B KU3HM OKealla BO3pacTaeT NO Mepe pa3ButHs OHOCdepHL.
Hapacraer kymynsatuHH 3¢ ¢heKT NPUTOKA B OKeaH NPOLYKTOB 3PO3HH, XH-
MHYECKON HeHyLalluH, 3JI0BHAJLHOTO BHIBETPHBAHHS M INOYBOOGpa30BaHUS,
NpoLyKTOB 6HOMeTabosH3Ma.

TomoMopdonoruy okeaHa ¥ CYIIH 3epKaJbHO TPOTHBONONOMKHEL OKeaH
U MOYBBHl MPeACTABJAAIOT CO0OH CONpsiKeHHble NJaaHeraplible cynepJanamad-
THl, TEOXUMHYECKH CBsizaHHBle Mexnay coboil. Cyia B COBPEMEHHYIO 310Xy
B I€JIOM SBJSETCS 3JI0BHANBHON cucTeMofl. OxeaH B UeJOM NpPeACTaBAAET
aKKyMYJISITHBHYIO CynepcHcTeMy. KOHTHHEHTHI (3eMHasi KOpa, KOpa BHIBETPH-
BaHUs, NOYBHl, OPraHU3MBI) OTHAIOT C IIOMOILBLI Ha3eMHOrO, NOAIOYBEHHOrO,
MOJ3eMHOTO U CBEpXTAy0OKOro BOAHOIO CTOKA B OKeaH KOJJIOHIHBIE H HCTHH-
Hble PacTBOPH, OpraHuyecKoe BelleCTBO, MexaHHueckHe ocaiki. B ron oxean
IOJIY4aeT «TOpYy» MeXaHHUeCKHX ocaikoB BhicoTolt 10—16 xm ¢ ocHOBaHueM
1 km2, copepxkamux 7—89% CaCOs, 1—3% oprannueckux emectd ¥ 3—59%
pPacTBODPHMBIX coJiefi, KpyroBopoT BelilecTB B CHCTEMe KOHTHHEHTHl — OKeaH —
BEPXHSS MaHTHS — KOHTHHeHTHl oforauiaer okeaH. Ha KoHTHHeHTax myTeM
BHIBETPHBaHY, 110YB000Opa3oBaHus B GHOMeTab0au3Ma TeHepHPYIOTCS arpec-
CHBHBIE KHCJOTH M HX COJIM, KOTOpPBle YXOAAT B MUPOBOH OKeaH: XJTOPHIH,
cyabdhaTel, docoarsl, HUTpaThl, 6MKap6oHaTH, KapOoHAThl, TyMAaThl lleaouel
M IIEJOYHBIX 3eMejb H TAXKeNHX MeTananos, ¢yabBatsl Al, Fe, Mn, kpeMmHe-
3eM, MHKpo3JeMeHTH. OKeaH BO3BpalllaeT YacTh STHX KOMIIOHEHTOB Ha CYIIy
¥ B NIOUBHI GHOTEHHBLIM, S50JIOBLIM, BOAHLIM NnyTeM (MH(HUIBTPALHUs, TPAHCTPEC-
cHs, TIPUJIHBL], LYHaMHU), 4epe3 MaHTHIO ¥ ropoobpasosanune. Orcioga CJI0K-
HOCTh M OIMGKY B pacyeTax Bo3pacTa OKeaHa IO KOHLEHTPAaUHWu coJeil
B HEM,

Amnantyna peaxuuu cpeasl Ha cyume — pH or 2—3 no 10—12. B Mupo-
BOM OKeaHe cpena nefitpanpHo-ciabomenounas — pH=26,6—8.

Cyla u no4Bbl — UAPCTBO pPaspylIeHHs MHUHEPAJNOB U3BEPKEHHBIX MOPOJL,
HEOCHHTe3a M PeCHHTEe33a BTOPHYHBIX MHHepaJoB (TJIHH, OKHCJIOB, COJeH).
Bokcutr, KaoJMMHHT, MOHTMODHJJIOHAT — THIHYHble Nemoauthl. Cyma — 06-
JIaCTb ACHApPUTEeJbHON H TPAHCIHPALHOHHON aKKyMYJSLHH H XeMOCAaZKH Be-
mectBa. PacTBophl Ha cyllle ¥ B MOYBAX AOCTHTAIOT KOHIEHTpAaluil, KOTOphHIe
He H3BeCTHH B OKeaHe,—250—450 e/4. B oxeane Beayuias poJb npuHajse-
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XKHT GHOTeHHOU M XeMOTeHHOH cajke pacTBOPeHHBIX coefuHeHnit (Si, P, Ca,
S, Fe, Mn). Mcnaputenbias M TpaHCHHDaLHOHHAs CafKa HMeeT MOAYMHEH-
HOe 3HaueHMe. B jaryHax, sctyapusx u Jejbrax o6a mpouecca COUETAITCA.
Oxean «GuoreHHee» IOYB €elle U NOTOMY, UTO XKHU3Hb B OKeaHe Hayajach B J0-
keMGpuu. Ho kaycToGHOMUTHL (yrosb, TOPd, canpomnest, rymyc) — cosfjaHue
CYLIH HJH SCTyapHBEIX U IeJbTOBHIX obJacTell,

Hceropus reoxuMHuecKHX OTHOIIEHHH MeEXIy OKEaHOM M cymell (BK/io-
4yafl IIOYBH) ©OTpaxkaercds B TOH OHOreOXHMHUYeCKOH AubdepeHUHAHH
BelleCTB MEXJAY HHUMH, KOTOpas CJOXKMJIach X HameMy BpeMeHH. Huxe mpu-
BOJUTCA XUMHUECKUI cocTaB NOYB 1 okeaHa (B %):

Oxean Tloasa OkeaH Tlouna

(0] 85,8 49 Mg 1,4-1071 6.107!

H 10,7 1 K 3,8-1072 1,36

Si 5-1,7% 33 C 2-10-8 2,00
Al n-1:t 7,43 P 5-1078 8,102
Na 1 0,6 N 6,7-10-8 1.101
Fe 5.40-¢ 3,8 S 8,810~ 8 5-10°2
Mn 4.10—7 8,5-102 Cl 1,89 1-10-2

Ca 4-1072 1,37

Takue anementhl, Kak Si, Al, Fe, Mn, C, P, N, Ca, K, Kotopble sBAIOTCSH
MHHEPaJbHOH OCHOBOH XH3HM H aKKyMYJHDYIOTCH B NOYBEHHOH 000J0UKe,
MOXHO CYHTAThb THNHYHBIMHA «nefo(uaamu». I(pyras Ipynna 3jJeMeHTOB —
«akBaduan» (H, O, Na, Cl, S, Mg) — cocraBissieT OCHOBY XMMHYECKOTO CO-
CTaBa OKeaHa.

Fany6okoi puddepeHunanuy moJBeprajock Ha 3eMHOH NJIaHeTe paclpe-
nenenne yraepona. Okead c ero mounbiMu ocagkamu CaCOs, pacTBopamu
6uKapOOHATOB M OpraHHuYeCcKMM BellleCTBOM — IVIaBHBEIH pe3epByap yr/iepoia.
Atmocdepa kpaiine obenuena yriepomoM. OZHako XKHUBOE BeLIECTBO CYIIH,
nouyBeHHHI# Tymyc (3,5-10!2 u 2,4-10'2 7 coorBeTCTBEHHO), TOpdH M YIJIH,
cospanHule 3a 300—400 MuH. JeT, yIepxHBaloT 6—7 MJPA. T yrJaepola B
oprannsoBaHHOR ¢opme. Habmonaercs 3aMeTHOe HaKOIJIEHHEe OpraHHYecKo-
ro BellleCTBA HA Cylle B MOCJCAHHE Ie0JOrHYecKue smoxu (2—2,5 Mapa. T 3a
4eTBePTHUHbIA Nepuo). VICTOUHHKOM BJIard Ha cylue SIBJASETCS IPOIEece KOH-
IeHCauuy MapoB, o0pa3oBABIIMXCS NPH HCHApeHHH C IOBEPXHOCTH OKeaHa.

Buonpoaykuust noys, 0GOBOXHEHHOCTb PEK H 03€p 3aBHCAT OT KOJHUYECTBa
atMoc(epHEX OCajkoB, BBHIMAZAIOIHX Ha cymy (= 37—40.10* xku®). D10
JHIIb MaJble A0JM NPOLEHTA 3alacoB BOAB B MupoBoM okeane. O6paso-
BaHHe He(THAHOH NJIEHKH Ha NOBEPXHOCTH OKeaHa MOMKET YMEHBIIHThH MCIa-
peHHe MW YCHJHTb 4acTOTY 3aCyX Ha cylle, COKPATHTb IIOBEPXHOCTHBIHA CTOK.
Baxno npemorspaturb 3T0 siBJieHMe M HafTH croco6 yBequueHHs HCIaperus
BJIaTH ¢ OBEPXHOCTH OKeaHa.

Oco6ast posb B GHOTEOXMMHHM ITAHETHl TNPHHAANEKUT NPHOPERHON H
weabhoBoi 301laM MEJIKOBOAME (JaryHbl, 3CTyapuu, AenbThl). 10 067aCTH
HauboJblIed OGHOJOTHYECKOH NPOAYKTHBHOCTH. 3IeCh— rPaHHUIBl H 30HbI
KOHTAKTOB Da30aBJeHHBIX M KOHICHTPHPOBAHHHIX PacTBOPOB, a’3poGHOrO u
aHa3poOHOTO PEXXHMOB Cpelibl, npeolanaHus TBepAON U TOCTOACTBA XKHAKOH
¢asbl. B 3TOH OGmMMPHOM 3eMHOBOAHOH MOJOCE NMPOHUCXOAHT BEChbMAa HHTEH-
CHBHOE€ B3aMMOJeHCTBHE NPOLYKTOB, MOCTYNAIOUIHX CO CTOPOHBI CYWIH H CO
CTOPOHEI OKeaHa. 3T0 00.1acTh OOILeNJaHeTapHOi GHOTEOXHMMHUECKOH aKKy-
MYJAIHA MEXaHHYECKHX, XHMHUYECKUX H 0COGEHHO GHOreHHBIX 0CafkOB M IOA-
BOJIHOTO NOYBOOGpa30BaHHS.
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Puc. 64, Qaunanbuniii npoduis Mopckoro ocagxoobpasosausus (CTpaxos, 1963)
A — Tporruueckuft KnuMar; 5 — apuaHbIA KAUMAT

Uurepecunie o6o6mennus H. M. CrpaxoBa (1963) mo3BoJasiioT BHAETH, 4TO
focTynaiouge Ciofa NpOAYKThl KOHTHHEHTAJbHOTO BBHIBETPHBAHHA H IIOYBO-
06pasoBaHusA NpPOLOJKAIOT Hpouecch AubdepeHnnanyu H IPyNnoBod akky-
MYJISIIMH, HayaThle Ha cylue. B ycJOBHAX BJIaxKHOTO TPONMHYECKOTO KIMMaTa
B JIaryHHOM TNOJIOCE HAeT pPe3KO BhIpaiKeHHOe HAaKOIJIEHHe OPraHOreHHOTO
yriepofa (YyriM M TOpiOYHe CJaaHHBl), O0KCHTOB, OKHCJOB XKenae3a. B medb-
{oBoil 30He HaKaIJIMBaOTCS OCAAKH OKMCJOR KeJjesa, MapraHua, ¢ocdarsl,
KpPEeMHEBBIE ONOKH, INIAYKOHHT, AOJOMHTH YU H3BeCTHsIKH (puc. 64, A). drtu
NPOLYKTEl NDHHECEHHl ¢ KOHTHHEHTAa B pe3yJbraTe INIyGOKOrO JJIMTEIBHOTO
BJIaXKHOTPOIHYECKOrO BHIBETPHBaHUSI M BhiHOca. Ha KoHTHHeHTe, pacmoJo-
JEeHHOM B CYXOM KJAHMaTe, BBIHOC 3TOH TpYNNBI COeAHHEHHH BecbMa ocaab-
Jed. TTosTomMy B JaryHax ¥ medbde 3TOH 4acTH MeNKOBONUH aKKyMYJSIUs
OpraHHYeCKHX BEIUECTB, IIHHO3eMa, OKHCJIOB Xeje3a M MapraHua, gocdaros
npefcraBiaeHa oueHb ciabo (puc. 64, b). 3aro B saryHax u y Geperop Guaa-
roflaps HCHapelH0 HIeT HHTEHCHBHOE HAKOIJIEHHe XMMHUYECKHX OCaJKOB
(runce, Kanauiiesie conn, NaCl), cuabHO BbIpaeHHl AOJOMHTH3alHSA H Ha-
KOTJIEHHe YTIVIEKHCJIOrO KaJbliMs. TPaHCTPeCCHM H DerpeccHH Mopel BOBJe-
KalOT 3TH OcaJKu B HaszeMHOe T0OYB0OOpa30BaHHe HA NPUMOPCKHUX HH3MEH-
HOCTAX.

NOYBEHHO-TEOXHMHWYECKHE JAHAWA®THI

Cyzb6a mpoAyKToB NOYBOOOPA30B2HHS Ha BOJOopasiaenax ¢ GJIM3KMMH
WM TAyOOKMMH TPYHTOBHIMH BOJAaMH, Ha O3€PHBIX M DEYHHIX Teppacax HJH
B NOJBOJHHIX YCJAOBUAX HACTOJIbKO PasiHyHa, 4TO GOJNBLUIMHCTBO YU4eHHIX Bce-
Ta CYHTaJO HeOGXOJAMUMBIM BBHIAEJNATh XapaKrepHEle THNBL penbeda, JaHN-
wadrel H CcBA3aHHBIE ¢ HUMM THOH nouBooOpasoBauus (. H. Beicomkui,
H. A. Oumo, K. . I'muexa, B. B. IToawHos, A. ge MoJgoun, KyGuena u ap.).
YueHne O NOYBEHHO-T€OXHMMHUECKHX JaHAmadTax CHOXUIOCh B HOCJIeLHEe
25-7eTHe Ha OCHOBe HCCJENOBAaHMM psila coBerckux yuenwuix: M. A. I'imazoe-
ckoit, B. B. [To6posossckoro, B. A. Kosawl, K. Y. Jlykawesa, . I1. Mamo-
I'H, AN ITepenbmana u Op.
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B COOTBETCTBHH C COBPEMEHHEIMM BO33peHHSMH B Ipelesax MJIaTto U BO-
IOpaslenos, CKIOHOB ¥ Teppac, HH3MeNHOCTel M JHenpeccuit 060cobasoTCs
TepPPHTOPHAJbHbIE TEOXHMUYECKHEe €IHMHHIb — JanAmadTH, omnpenesseMble
rpaHyLaMH OJHOPOJLHOTO IO TFeHe3ucy u gopmam penbeda, OJHOTUMHBIX MOYB
# GHOLIEHO30B.

OTU TeppHTOpHa/IbHBIE €IHHHUBI CBI3aHBI MeXJIy CO60H 0COGEHHOCTAMH
H 3JeMeHTaMH BOAHOIO pexuma, o6MeHOM NpojayKraMu OHoreHesa, BBHIBET-
pHBaHUS M NMOYBOOGDPA30BallHst H MPEJCTABJAIOT COO0H 3aKOHOMEPHYIO Npo-
CTPaHCTBEHHO-TEHETHYECKYI0 COBOKYIHOCTb NOUYBEHHOro NOKpoBa M GHOreo-
XHMMUYECKHX TpolueccoB. I1oaToMy X mesecoo6pasHO HasblBaTh IMOYBEHHO-
reOXUMHUYECKUMHU JaHAmadTaMu.

[TouBeHHO-TeOXHMHUUYECKHI JaHAmAdT XapaKrepH3yeTcs OlpedeJeHHON
HCTOpHell W HampaB/ieHHeM IIOUBEHHBIX MPOLECCOB H CJOKHBIUHMCH THTIOM
Neore0XHMHYECKOTO Gajialca NPOAYKTOB BbIBETPHBAHMA H NMOYBOOOpa3oBa-
Hus. Pasnnyaior cieldyiolnyie OCHOBHble TPYINH JaHAmadTos.

ABTOMOp(dHbIe (aBTOHOMHbBIE MJH CaMOCTOSITNbHBIE) JaHAWA(TB. IDTOT
THI JaHamadToB popMupyeTcs Ha IIato, BOAOpa3ienax WM Ha APEBHHX Bhbl-
COKHMX Teppacax. OH xapaKrepHayercsl INIyOOKHM YPOBHEM TI'PYHTOBHIX BOL,
OTCYTCTBHEM TIOCTYIVIEHHH PaCTBOPEHHEIX BEllleCTB M3 FPYHTOBBHIX BOJ B IOY-
BeHHBIE TOPH3OHTHI, Npeob/ajaHHeM TeOXHMHUYECKOro Bhilloca Hafd akKKyMy-
Jsnuel, NpOTHBOPEUHBHIM cOYeTaHHeM OGHOJOTHYECKOI0 KpYroBOpoTa Be-
LIecTB, BEAYUIET0 K aKKyMYJSUHH OPraHoreHoB B TYyMYCOBOIH 060J0uke, H
reOXMMHUYECKOT0 BHIHOCA, BeAYIUero K oOeIHEHHIO IOYB H KOPHI BLIBETPH-
BaHHUS.

3necr Heo6XomMMO pasjnyarh NepBHYHBIA aBTroMopdHBIA JgaHAmadT,
CBSI3aHHBIH C BoAopasfenaMH M (opMHpOBaHMEM 3JIOBHA Ha H3BepkeHHBIX
WM IVIOTHEIX OCAJOYHBIX NOPOJAX, H BTOPHYHBHIH aBTOMOp(HEI nMaHAWAaQT,
BO3HHKAIOIIMH Ha JpPeBHUX BHICOKHX aKKyMYJIATHBHBIX Teppacax, Tae ¢op-
MHPYETCH HeO3JIOBHH,

JL1uTenbHOCTD 3JI0BHAJIBHOIO NOYBOOODA30BAHHSI BO BTOPHUYHEIX aBTO-
MOpPQHHIX JaHAWadTax MeHbINAasA; OObIYHO B HHUX TaKKe MOMXKHO KOHCTaTHDO-
BATb PEJHKTOBbLIE IIPU3HAKY JpeBHell akKKyMyJadalHH MPOAYKTOB 1oyBoobpaso-
BaHHd ¥ OMoreHe3a, IPHHECEHHHIX paHee U3 NePBUYHBLIX ABTOMOPQHBIX JaHA-
madros.

I'mppomopdubie (kanuaaspHo-rufpoMopdHbie, cynepaxksajbHbie) JdaHN-
wadTel. i JangwadTe popmupytores obbiuHo Ha [ u II akKyMyJasiTHBHBIX
pPeYHHX, TPUMODPCKHX HJIH O3€PHHIX Teppacax HMJIH SKBHUBAJNEHTHHIX UM HH3-
MEHHOCTSIX. ' pyHTOBble BOALI 37leCh JIeKAT OOBIYHO OJH3KO K IOBEPXHOCTH
(<3—4 M) ¥ BO MHOTHX CJyuYasix yepes KallMy Kanu/JISPHO-IJIEHOUHBEIX BOC-
XOALIMX PacTBOPOB B TOH MJH HHOH Mepe OKa3bIBAIOT BJHSIHHE HA IOYBO-
o6pa3oBaTesbHble NPOIECCH H XKH3HEAEATENbHOCTh PACTHTENBHOTO NMOKPOBA.
B 3THX ycI0BHSIX IPOHCXOIHT HacTHUHAS aKKYMYJSLHs NPOAYKTOB BHIBETPH-
BaHHSA, NoyBooOpa3oBaHHs H GHoreHe3a, BBIHOCHMBIX I'DYHTOBBIMH BOJXaMH
M3 aBTOHOMHEIX JaHAWA(TOB BOAOpasjesna H BHICOKHX Teppac.

FunpomopdHble nanAma@T ABASIOTCS KaK Gl NEPEXOMHBIMH, 3/I0BHA b~
HO-aKKYMYJATHBHBIMHU. 37eCb NPOHCXOAUT 4YaCTHYHOE CYMMHpOBaHHe Jed-
TEJbHOCTH GUOJIOTHYECKOTO KPYrOBOPOTA, aKKYMYJHPYIOLIEro OpraHoreHHHE
COeNlMHEHNs] B MOYBAX, H FeOXHMHYECKHX NPOLECCOB HAKOIJIEHHS NMPOLYKTOB,
NPHHOCHMBIX TPYHTOBHIMH BOZAaMu co cTOpoHH. [Jss Takux mauGosee mom-
BHJKHBIX COeIWHENHH, KaK XJIOPHIBl M cyabdarel Liejoded, o6/acThb cymep-
aKBaJIbHHIX JaHAma(ToB ABJseTcs o6JacTbio TpaH3uta. as KapGoHaTos
Kanblys, COeJHHEHHA Mapranua, xkejesa M KPeMHHS 3TOT JaHAwadr yaine
ABJACTCH aKKyMYJISITHBHBIM.
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ARKymMyasTHBHbIe JanpwadTel. [lanable danawadTel GopMupyloTcs Ha
OTPHIATENbHEIX 3JeMeHTax pefbeda —- AeabTax H NOAMax, I HaAnofMeHHbIX
Teppacax, B TIOABOJHBIX YC/JOBHAX JlaTyH, 3CTyapHeB, MOPCKOrO MeEJKOBOIbS
WIM 03€p, a TaKXKe B 30He NOATOIIEHHs CYLIH, T. €. Ha HH3KHX 3aTONIAEMBIX
Teppacax ¢ GJHM3KHMH T'DYHTOBBHIMH BOLAMH.

Aty JangmadTel B MOYBeHHO-TEOXHMHUYECKOM OTHOLIEHHH TEHETHUECKH
«HECaMOCTOATEAbHBI®, TAK KaK OHH NOJyyaiOT 3HAYHTENBHYIO 4aCTh NPOAYK-
TOB BLIBETPHBAHHUs, NOYBOOGPa30OBaHUs H OHOrencsa O CTOPOHB!, ¢ BOXHBIM:

PHc. 65. THMHuHbLIE COYETAHHS OCHOBHBEIX NOUYBEHHO-TEOXHMHUECKHX Janauadtos

O6bsicuenus cM. B Tabi. 46

TBEPALIM M XHMHUECKHM CTOKOM, a TaKyKe B BHJEe 30JI0BHIX H aTMOCQEpHBIX
ornoxennil. Hanpas/ieHne GHOJOTHYECKOTO KPYroBOPOTa BeIIECTB H HANpas-
JeHHe TeOXHMHUECKHX IPOLECCOB 3/ech COBNafaoT mosHoctbio. M mepsoe, #
BTOpOE€ NPHBOAHT K OOorallieHHio JaHauwadra sjneMeHTaMH MHHEepajbHOro
NHUTAHKS PACTEHHH W MOABUIKHHIMH COEJMHEHHSIMH PAa3HOCO THIA.

37iech TakXe LeJecoo6pa3Ho pasnuuaTh JIBe PA3HOBHAHOCTH JMaHAMAd-
TOB: GeccTouHble (HeLpEeHHPOBaHHBIE), KOTAa BCe NPOAYKTBHI BOAHOTO TBEp-
JIOTO H XMMHUYECKOTO CTOKA, NOCTYIAIOIIHE CO CTOPOHBL, COXPAaHAIOTCS B TMpe-
nejgax nagAwadTa W HaKallJIMBAIOTCS B HEM, M YACTHYHO IPCHHDOBaHHEIE,
KOTZa 4yacTb HamGoJee NMOJBUKHBIX IIPOLYKTOB YHOCUTCS BOAAMH IOBEPXHO-
CTHOTO HJIM IIOJI3eMHOTO CTOKa.

B Kax/I0#l M3 OPHPOAHBIX 30H GOPMHPYETCS CaMOCTOSATEbHBIA TUIT COYe-
TaHUs MOYBEHHO-TeOXMMHUeCKUX JanamagToB (puc. 65 u taba. 46). B ycao-
BHSIX NYCTHIHK BOXOPA3Zentl OGHUHO 3aHATH OCTATOUHO 3aCOJEHHBIMH JIEC-
COBBIMH TOJIIIAMH C BEICOKOTJIOZIOPOLHBIMH CEPO3eMHBIMY NouBaMH. [[peBHHE
BHICOKHME TEPPACH 3aHATH CEpPO3EMaMH, TaKLIDOBHAHBIMU U TaKBIPHBIMH I104-
BaMu. AKKyMYJATHBHBIEe JaHAWAdTE NpelcTaBjaenbl CyJbhaTHO-XJIOPHAHbI-
MH, XJOPUAHBIMH U XJODHAHO-HATPATHBIMH COJIOHYAKaMH, IIOPAMH, COJSHBI-
MH TPA3SMH, COJIEHBIMH 03epaMH.

B ofJactH cTemell BomopasieJbl 3aHSATH YepHO3eMaMH Ha KapGOHATHBIX
JECCOBHIHBIX CYTJIMHKAX H Jéccax, a TeppachHl JyroBo-uepHO3eMHBIMH ITOYBa-
MH, 4aCTO C COAOBBIMH COJIOHIAMH M COJIOBBIMU cojoHuakamu. Isisi akkymy-
NATHBHLIX JaHAWadTOB XapakTepHHl JYroBO-00JOTHbIE HJIH JYrOBO-COJIOH-
yakoBble TOUBH M COJOHYaKH COLOBOTO H COROBO-CYJIb(ATHOTO THUIA 3aCO-
JIeHUs.

B o6siacTH Cyxoii CTenu aBTOHOMHbIE JaHAIAGTH 3aHATH KapOOHATHBIMH
JECCOBHANBIME CYrJIMHKAMH M IJHHHCTBIMH OTJIOMXKEHHSMH, B KOTOPHIX 0GbIY-
HBI OCTaToYHble couid. I1ouBH OTHOCATCS K Tpymnme KamraHosbix. Ha teppa-
cax (GOpMHPYIOTCSI CONOHIOBble NMOYBH B KOMILJIEKCE C KaIITAHOBHIMH; H T€
W Jpyrue cofepxar OOUJIbHEE CKOMJICHHS H3BECTH, THIICA H JIETKOPACTBOPH-
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Ta6aunma 46

anMﬁpbl NOYBEHHO-TE€OXHMHUECKHUX JlaH)lll.la(i)TOB B Pa3dUUYHBIX NPHPONHBIX 30HaAX
(coquaHue KOpbI BBIBETPUBAHHUA H ﬂO‘lB)

AmnoBRaNbHbIE DOBKANBHO-AKKYMYJ1 A TUBHBIE A KyMyJSATUBHBIE

O6/1acTh BAKHLIX TPOMHKOB (IOXKAEBLIX JECOB)

-1. BokcuroBas Kopa, aurasie | 11, Kaomuuurosast Kopa, ®ejTtosemsl, Kpac- | I1l. Uepnbie Bofnl, Jyroso-6o-
NOYBLl, KPACHO3EMBbI lHO3eMbl, JaTepUTHl JIOTHBIE II0UBEI, Mapradue-

Bo-3KeJle3ucThie GoJoTa,

HHOTJa KHCJkie GosoTa

O6aacTh TPONMMKOB € CYXHM INIEPHOIOM

1. Aanuranie  kpacHosemucthie | Ile JKeslesucTnit Jateput, deppasiutase | [11e Yephble 6oA0THBE, AyTroBEe

TIOYBLI IMOYBbl, Ye€PHBIS XJIONKOBbI2 MOHTMOPHJI- rjieeshbie I04Ysbl, COAOBBIE H
JIOHHTOBbIE NOYBHEl, OCTaTOYHblE COJOBLIE H3BECTKOBBIE O3epa H OTJIO-
MIO4BbL KeHua

QBaacTh TPONHUECKHX H CYGTPOMHYECKHX NYCTHHD

.I. /lpeBHHC aJNIHTHHIE, CHAJIHT- | I, Cepo3eMHO-TaKblpOBBIE MOYBLI, runco- | III. CoJsioHuaKu, CO/IIHEIE TPSA3H

HBIE KOPHI, OCTATOYHO 3aco- BhI€, U3B2CTKOBHIE, HSBECTKORO-KP2MHE- H 03epa, [JIHHHCTO-COJIOH
JleHHble KOPHI, KaMeHHCTHIH Bble, HSHECTKOBO-KEJIE3HCTHIZ, COJISIHO- YaKOBbIE PAIHBLI, KENABTO-
5M0BUH, ceposeMbl Ha Kap6o- CHBIC KODBI, COJIOHYAKH  OCTATOUHHIE, Bble JIUMAaHKI C CEPOBOAO-
HaTHHIX MNODOA&X, KpacHLIe MOHTMODHJUIOHHTOBbIE TVIAHBI, raJleuHH- POAHOR TpA3LI0
Kap6oHaTHBIE T10YBBI KOBble raMajfbli ¢ XHMHYECKHMU oCajKa-

MH

O6nacTh crened, caBaHd ¥ CPeId3eMHOMODTKHX CYXHX JICOB

I, Ueptiosempt ¥ uepHo3eMoBHA- | II. Uepurie Jayrosoie kapGoHaTHeie {nounni | 111, OCOKOBONTPOCTHHKOBbIE

HBlE TIOYBH! Ha KapGoHaTHBIX npepuit, Yepilbie MOHTMOPWJJIOHHTOBLIE, Topda, MOHTMOPHJJIOHHTO -

NOpofiaX, KOPHYHEeBbIe H Kalll- CMOJIHHIBI, COJIOHIbI PA3HOTO poAa, Co- BHle H COZOBbie [IJieeBhle

TaHOBBIC MOYBHIZ; JOBblE U COAOBO-CYJbhATHHE JyroBhie YIOUBBI, COJsSIHBIE TPASH (H
TIOY BB o3epa

OG6/1aCTh JecOB YMEPEHHOTO M XOJIOJHOro_ Mofca

:1. CHaA/uTHas Kopa, 6ypodemst | II. [Tousnt npepafi (Oprouusemer), Temupte | III, HusHRHbIE —0COKOBO-TpOCT

JleCHBIC, TIOA30JHCTHIE, Cepble JIyroBele OXeJIe3HeHHble, HHOrAa KapGo- HHKOBEIE Gos10Ta, GOMOTHBI
JIeCHBle MOYBHI HaTHBIE, OYEHb PCAKO C NIPU3HAKAMH CO- Fe- u Mn-pyasl, oTJ0Xe
JIOBOTO 3aCOJIeHUs HHsl BUBHAHUTA, MHOI'AA KHC

Jele GOMIOTHRIE ITOYBBL

MBIX cojed, IS akKyMyJsTHBHBIX JaHAMapTOB XapakTepHBl KOPKOBBIE
XJIOPHAHO-CYAb(ATHBIE COJIOHIBI, COTOHYAKH H COJISHBIE 03epa H TPA3H.

JlaHamadThl TPONUUECKOA 3OHBI XapaKTEPHU3YIOTCH OTCYTCTBHEM HauGo-
.Jlee ITOJBHKHBIX NPOAYKTOB BbIBETPUBAHHA M NOYBooGpasoBanus. s BORo-
pasienos ¥ IPeBHUX BBICOKHMX Teppac XapaKTepHa aJIHTHas KOpa BbIBETPH-
BaHusi (60OKCHTOBAasi DU KPalHHX CTENEHAX BLIBETPHBAHHA, KaK Ha ['aBaii-
CKHX OCTPOBAaX) HMJM KHC/Jble KDPACHO3€MHble M 2KeJTO3eMHble MNOYBHI.
[Tepexonble 3/0BHATBHO-aKKYMYJATHBAbIE JlapAmadThl Ha CPeJHUX Teppa-
-cax 3aHATH KAOJHHMTOBEIMH KPaCHOIBETHBIMU NOYBaMH; HHOTAA OHM obora-
IIeHbl COeNVHEHHAMM aJIOMHHMS, Keje3a, Mapraiua, o06pasylmMMH Tak
'HA3bIBA€MBIl JAaTEPUT HHU3KOTO YPOBHA H BTOpHYHHIE OOKCUTEL. B akky-
MYJASTHBHBIX JaHgmadtax (GOpMUDPYIOTCS CcBOoeofpasHble JyroBO-0OJMOTHBIE
MOUBBI C PE3KO BbIpaXKEeHHbIM HAKONJIEHHeM XeJe3a, MapraHua, OpraHHyecKo-
ro BewlectBa. MHorma sfgech KOHCTAaTUPYeTCs aKKyMYJslus YIVIEKHCIOTO
‘Kaabius,

B caBaHHaxX H MYCCOHHHIX Tponukax Asuu, AMepuk: H AQpHKH B akKy-
MYyJSTHBHBIX M THAPOMOPRHBIX JanAmadTax HaGMONAOTCA CKOMJIEHHA
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amMop(pHOro KpeMHe3eMa, 06pa3oBaHHE LEMEHTHPOBAHHBIX UEPHHIX MOHTMO-
PHJIOHHTOBHIX ITOYB, OOHJIBHBIE CKOINJIEHHs YIVIEKHCJIOTO KaJbLHUfA, a HHOTZA
COZEL. .

B o6sacTH TMOA30JHCTEIX JIECHBIX IIOYB Ha [JpEeBHHUX BoJopasfenax ¢op-
MUPYIOTCA KHCJAasl CHaJJINTHAs KOpa BHIBETPHBAHHS H KHCJbIe, NOA30JHCThIE
TIOYBHI.

CKJIOHBI W Teppachl INEPEeXOJHBIX 3JIOBHAJbHO-aKKyMYJSITHBHBIX JIaHA-
waTOB 3aHATH GYPHIMH JEPHOBO-NOJ30JHCTHIMH HJIH CJIa60MOA30MHCTEIMH
NOYBaMH, B KOTOPHIX HIIOT]a HAKANJUBAIOTCH MUKDOCTSIKEHHS KeJse3a U Map-
Tanna.

AKyMynaTHBHEE JaHAmWAMTH XapaKTepuayloTcsd 06pasoBaHHEM SICHO
BHIPAJKEHHBIX JKeJe3UCTHX H MapraHleBhX aKKyMyJslu#, KOHKpenuH, niaa-
croB (OpTWITEHH), BHBHAHHTA, TODP(PSIHHKOB HH3MHHOTO THINA, a B YCJIOBHAX
MEJKOBOIHEIX BOJIOEMOB — GOJIOTHO-03epHOH pYIHL.

Jduddepennuanna npooyKTOB BHBETPHBAHHA H NOYBOOODA30BAHMA AaJjie-
KO HE€ HcuepnbiBaercss o0co0eHHOCTAMH MakponaupimadrTo. [opusoH-
TanbHas W BepTHKandbHas AuddepeHnmanys NpOLYKTOB BHIBETPUBAHMSA H
noYBoOGpa30Baltsl Pe3KO BhIpaxKeHa B TAKHX IeHeTHUECKH H reoMmopdoJoru-
YecKH UeNHX 06pa3oBaHHAX, KaK NONMBI, HeJbTH HJIH BOJOpasjensl. 3xech
IubdepeHuranus UAET YKe B Ipeleax JeMeHTOB MHKpO- H Me3opeiabeda
# 00yCJOBJHBaeT KOMIJEKCHOCTh IOUBEHHOTO IOKPOBA. ~

Brnazunb Ha BoJOpasiesnax HMJM Ha JPEeBHHX BHICOKHX Teppacax, IoJydas
JONOJIHHTEAbHbIE MaCChl BOJBI 32 CUeT NOBEPXHOCTHOTO CTOKA, BCETHAA Xapak-
TEPH3YIOTCS -OTHOCHTENBHO O0JIbIIeH BEHIIEJOYEHHOCTBIO OABHKHBIX MPOILYK-
TOB, YeM OKpYXalollee MpocTpancTBo. BMecTe ¢ TeM BOKPYr BHAAHHHL B BHJE
TeOXHMHUECKUX KoJel 00BYHO (POPMUPYIOTCS IOJOCH nepepacupeieneHus H
BTOPHUYHON AKKYMYJSIHH BEIMBITHIX BEIIECTB. B yC/JOBHSX NYCTBIHB H CYXHX
cTenefl JlerkopacTBOPUMBIE COJIH, BHIHOCSICh H3 TIOUB H TPYHTOB BIAaAHH Me30-
peibeda, akKKyMYJHPYIOTCS B OKPYXaWIUHX rpyHTax, o6pasys KoJabua CO-
JIOHYAKOB M COJIOHUOB. B cTensix M3 TaKHX BHAJHH BBIHOCATCS KapGOHATHI
KaJjibU¥s H THIC. .

B ycJ0BHSIX NOA30JUCTHIX H IVI€EBBIX NOYB B NOAOGHBIX BIAAWHAX YCHUJIH-
BaeTcs BBHIHOC IOJYTOPHBIX OKHCJOB.

‘OKpyxalolliie BIAAHHY TOBEHIIIEHHS Me30- M MHKpopeabeda aKKyMyJH-
PYIOT 3TH NepeMelleHHBle MacChl COeJMHEeHHH Kesesa, MapraHua, KpeMHese-
Mma. Mesopeabedble NOBbIIIEHAST GBICTPee MPOCHIXAIOT H MEHbIIE YBAAXKHA-
10TCsl, HHTEHCHBHEE HarpeBaloTes JIeTOM U 60Jiee S3HEPTHYHO NMPOBETPUBAIOTCS.
TlosToMy, Kax TpaBHJO, NOBLILIEHHST Me30- H MHKpopeJbeda HHTEHCHBHee
YCNapsIOT [IOYBEHHO-IPYHTOBHle BOAH. B Hrore o6pasywouiuecs B mpemenax
HOYBEHHO-TEOXMMHUYECKHX MaKpOJaHAIadTOB NMOABHUKHBIE COSNHHEHU aKKYy-
MYJIUPYIOTCA Ha IOJIOXKHTEJBIBIX 3JeMEHTaX Me30- ¥ MHKpopesabeda.

B nmycrbigx Ha MUKpOpedbe(HBIX IOBLINIEHUAX MNPOHUCXOMAUT AKKyMY.Isi-
1Hs HanboJiee MONBHAKHEIX COJIeH, B YaCTHOCTH XJOPHAOB H HUTPATOB. B ycio-
BHAX 3afosouenHblx nouB CeBepa Ha TAaKUX IOBBINEHHSIX AKKYMYJIHDYIOTCS
KpeMHe3eM, OKHCJ/Jbl adloMHUHHA, KeJJe3da W MapraHuoa, HHOraa YI‘JIeKI/ICJIbIﬁ
KanbUuH.

Bce 3TO CBHIETCJBLCTBYET O TOM, YTO (POPMHPOBaHHE NOYB SIBJSETCH Cael-
CTBHEM HE TOJILKO BEPTHKAaJbHOI'O ABHXKEHUA IPOAYKTOB BBIBETPUBAHUA H
T0yBo0OPA30BaHHUSA, HO H HENPEepPLIBHO TEKYIIHX NMPOLECCOB TOPH30HTAJILHOTO
X JIBUXKEHUS H Ilepepaclnpeesenys.
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CXEMA JHOPEPEHUHALUHNH NMPOAYKTOB BLIBETPHBAHHA
H NOYBOOBPA3OBAHMSA HA PYCCKOM PABHHMHE!

B 30-x ronax B. B. [Tonninos (1934) BeicKa3aa npennosioxenue, uro Pyc-
CKasl PaBHHHA CJIOKEHa CONPAXKEHHBIMH THNAaMU KODHl BHIBETPHBAHUA B 3a-
KOHOMepHOH nocnefoBaTenbHocTH. OcTaTouHas CHaJJIUTHAA KOpa, MOKpPHI-
Balllas HanGoJsiee BHICOKYIO yacTb Pycckoit paBHHHB — Kauucko-JIMHTpOB-
CKyI0 Tpsilly,— CMeHsieTcs B HalpaB/JeHUH K IOTY W CeBepy KapOOHAaTHOM,
NpeJICTaBJIeHHON JéccaMu, M 3aTeM K IOTY — XJIOPHAHO-CYIb(ATHOHR aKKy-
MYJSITHBHON KOpOf.

B Hacrosiuee Bpemst HMeeTCsi JOCTATOYHO MaTEPHANOB JJjsi TOTO, YTOGHI
Ha npumMepe Pycckoll paBHHHBEL paccMOTpeTh OOLIVIO CXeMy [eJIOTe0XuMHH
BOJIHO-aKKYMYJISITHBHBIX paBHHH.

BaxgelAmyno poab B (QOpPMHPOBaHHM THIepreHHOH o6osouku Pycckol
PABHMHHI CHITpajla BeKOBasi TeOXMMHUYECKasi MUTPALHs NPOLYKTOB BHIBETDH-
BAHHA, TPAHCNOPTHPYEMBIX Ha3€MHBIMU M TIOJ3€MHEIMH BOXAMH JIELHHKOBHIX
" nochenennukoBblx anox (Kosma, Camonsnona, 1966).

B nepuon nanGoabiiero ogeneHeHHs TOJIIXAHA MAaTEepPUKOBOTO Jbla Ha
Pycckolt pasuuHe pmocturana 1—1,5 xm. Kpall nenHuka Bo3BBIINAJACS HaR
paBuuHol Ha 300—500 x, rocnofcTBYd HajA YXOASILUHAMH K IOTY IPOCTPAHCT-
BamH. Tajble BOAB! BEIHOCHJH MacCy B3BEIIEHHOTO H PacTBOPEHHOro MaTe-
pHaJjia, KOTOPHIH OTJarajcs Ha pasHOM DPAacCTOSHHH OT Kpasd JeJHHKa B 3a-
BHCHMOCTH OT KPYNHOCTH YAaCTHI[ U B COOTBETCTBHH C 3aKOHOMEPHOCTSIMH Me-
XaHHYECKOM, FeOXUMHUECKOH M mefoxumuueckoll Aud¢epeHUHaUNH BeILECT-
Ba (Mapkos, JIazykos, Hukonaes, 1965).

HoBrole nauHble 0 HeOTeKTOHHKe Pycckolf paBHUHBI CBHIETENBCTBYIOT O
TOM, YTO B HHXKHEUETBEPTHUHOE BpPEMfA €e IIOBEPXHOCTh JexKaJja HHXKe CO-
BpeMEHHOIO YpPOBHsI ¥ Obl1a pacwieHeHa caalbee, ueM B HACTOsillee BpeMs
(Huxonaes, 1962). B Teuenune aurpomoreHa Ha ¢oHe obuiero noxuarus Pyc-
CKOIl paBHHHBI GLICTpee MOAHHMAJIUCh TEPPHUTOPHH NOJOXKHUTEIbHBIX TEKTOHH-
YeCKHX CTPYKTYp, T. €. COBPEMEHHBIX BO3BBHIILIEHHOCTeH. A HeKOTOpbie uacTH
Pycckofi paBuuHbl — Tam60oBckast u IlpuaHenpoBckass HH3MEHHOCTH — MEJ-
JEHHO ONyCKaJHCh M ONYCKalOTC B HacTosillee BpeMs. BeaelacTBhe 3THX
IPOTHBONOJOXKHO HANpPABJAEHHBIX TEKTOHHYECKHX [BHXKEHHHA Da3HOCTh BHI-
COT MeXKJy BO3BBIILIEHHOCTSMY M TPHJIETAMHMHE K HAM HH3MEHHOCTMH LO-
crursa 50—100 & u Gosee. Tenepb BO3BHIIEHHOCTH 10XKHOH yactH Pycckoit
PaBHHHBI BBICSATCA KaK INperpaja, Kotopas MoOIJia CTOSTb Ha NYTH BOJHBIX
[IOTOKOB, HO B IEPHOJ TAsHUS JbIOB MaKCHMAaJbHOTO OJieJeHEeHH: TaKue Ipe-
rpandl, No-BUAMMOMY, GBLIH HUXKe, H BOJHO-JIEIHHKOBLIE TOTOKH, KaK ¥ IPyH-
TOBHIe BOJHI, JocTuranu Geperos Uepnoro, AgoBckoro u Kacnuiickoro mope#.

Tasune JbAOB BBHI3BAJNO, KAaK H3BECTHO, 3BCTAaTHYeCKOe IIOAHSTHE YDOBHA
MupoBoro oxeaHa ¥ TpaHCTpeccHH Mopel. YposeHb Kacnusi mogxumascs 10
oTMeTKH +50 #, UepHoe MoOpe 3aTONHUJIO NpHJeraoulyo HusMerHocTs (Map-
KoB, JlasykoB, Hukosaes, 1965). B ca3u ¢ 3TuM Gasuc 3p03uu MOBLICH.ICH,
YCTbSl pPeK OKa3aJUCh 3aTOILIEHHBIMH, CTOK 3aMeJUTH/ICH. 3aMeJIeHHI0 Io-
BEPXHOCTHOTO H NOJA3EMHOrO CTOKa CIOCOGCTBOBAJIO H TO, 4TO Best Pycckas
paBHHHA GbUIa HHXKe, YKJIOHBl MECTHOCTM MeHblle. Masble YKIOHBI pyceda,
HOATIEPTOCTD JOMHMH CO CTOPOHBI MOpel He MOTJIH He BhI3BATH OTPOMIBIX pas-
JIMEOB IIPY HHTEHCHBHOM TasHHH JbAOB H IOCTYIJiEHHH JIEAHUKOBHIX BOZ.

! Pasnen Hanucan B. A. Kosma cosmectHo ¢ B. JI. Bacuasesckoit, E. M. Camoiinosoi,
H. B. SIkyuesckoi.
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Ecan conoctaBuTh I'paHMIB PACTPOCTPAHEHHS JENFHKOB YU JIELHHKOBBIX
BOJ C TPaHUIAMH MODCKHX TPAHCIPeCCHM, CTAHOBHTCH ACHBIM, 4TO Ha Pyc-
CKOWl paBliHHE IOYTH He GLLIO YCJAOBHH i DA3BUTHA 3.JI0BHANbHBIX JaHA-
mwagToB. OHn MOrau OBITH JMIIB la OTAeJNBbHLIX OocTpoBax ([loHeumxom Kps-
xe, TIpuBo/KCckofi U BO/LIHONOAUNBCKOR BO3BBIIEHHQCTSAX) CPeAH OGLIHD-
HBIX MPOCTPANCT3, 34AHBAEMbIX TaJbLIMH M NOANUTHIBAEMBIX I'PYHTOBLIMH BO-
JaMu.

I'napomop¢uoe npounIoe MHOTHX COBpeMEeHHBIX 3/I0BHANbHBIX JaHAmad-
TOB M NOYB PycckOH paBHUHEBI NOATBEPXK[AeTCs] CAMHMH CBOMCTBAMH IIOYBO-
06pasylolHux nopon 4 nouys. BoAHO-aKKyMyJSITHBHOE IIPOHCXOXAEHHE I0%-
B0oOOpa3yloux NOPOJ, B YACTHOCTH JECCOB, NOKA3BIBAETCA HAJUYHEM B HX
TOJIILE MHHEPAJIOB THAPOTEHHOTO HPOHCXOXKIEHHs (MapKasuT, CHAEPHT, NH-
PHT), HaJNYHeM NpPeCHOBOAHBIX MOJJIIOCKOB H HbIIBIEL JPEBECHBIX IOPOJ, OT-
JeJbHEIX BKJIOYeHHH ajbKd HJAK BAJyHOB, JHH3 Iecka # T. 4. (Bonmapuyk,
1939; 3amopui, 1957; Coxososckuil, 1958; Bynasun, 1966; Bekiny, 1957).
Mapranuopo-xKeje3ucTble, KpeMHe3eMHUCTble, KapGOHATHBIE, TUICOBHE HO-
BOOOpa3oBaHud B NOPOJE M NOUBE, OCTATOUHBIE CKOIJIEHHS JIETKOPACTBODHU-
MBIX COJIeH, OCTaTKM MM cjieAbl THApodHIbHOA (QJopsl U ¢dayHBl CBHIETENb-
CTBYIOT O Na/JeornApoMop¢hHoM NPOUCXOXKAEHHH HaHOCOB U NouB. [logoOHble
OCTaTOYHble NPH3HAKH, Kak IOKa3aJu HOBble MCC/AefOBaHHS, HMEWT MHOTHE
MOYBHl, KOTOpLIE pacCMaTpUBAJHCh NpeKae KaK UCKOHHO CYXONyTHHIE: cephle
JlecHBIe, YepHO3eMEl, KallTaHOBble, OypEle, Cepo3eMbl, TAKBIPH H Jp.

Hsyuenne noys Pycckofi paBHHMHBI ¢ HCTOPHKO-TEOXUMHUECKHX MO3HIHA
T03BOJSIET CAeJNaTh BBIBOA O CJOXKIION HCTOPUM €€ NOYBEHHOTO IIOKpOBA.
CoBpemenHblil 3110BHAJbHLIE XapakTep NOYBOOOGPA30BATENBHOIO IpOLEcca
SIBJASIETCSl JIHIIb HOBellllell cTanued pa3BHUTHUSI IOYB, KOTOPOH IpeAllecTBO-
Baja ruapomMopdHas crajids pasBHTHA (NOABOAHAS H KaNHIASPHO-THADO-
Mop¢Hasa). Hanomuum, uto B noHATHe «rHipoMopdHas cTagus NouyBoodpa-
30BaHHUA®» MBI BKJaJblBaeM NPEJNCTaBJEHHS He TOABKO 00 OnpefeseHHOM
THIE BOJAHOTO peKMMa, HO ¥ O HAKOMHTeJNbHOM THIle GajnaHca BeLIECTB IIPHU
10yBOO6pa30BaHUH. .

Pycckylo paBHHHY CJeLyeT pacCMaTpHBATh KaK CJOXKHYIO APEBHIOIO BOM-
HO-aKKyMYJSTHBHYIO paBHUHY, B 00pas3oBaHHH HAHOCOB, peabeda H IOYB
KOTOpOH IpUHMMaJH yuacTHe INpOLECCH, CXOAHblE C NPOLecCaMH, CBOHCT-
BEHHBIMH COBPEMEHHHIM NOeMHBIM H JAeJbTOBbIM JaHimadrtaMm. IIpumepHo
TaKOM XKe NyTh NPOLWIK H APYTHe BesHKHE PaBHUIB 3eMIOH cyluH: 3anaj-
#Ho-Cubupckas, Ilenrpanpusie paBaunbl CIHA u Kanaaei, Bocrouno-Kuraii-
CKasl paBHMHa, Hu3MeHHocTH Oaccelina Amypa — CyHrapw, Benrepckas Hus-
MEHHOCTb ¥ Jp. [ToYBHI 3THX paBHHH HepeXH;IH IOABOAHYIO H KAIHIJIAPHO-
ruApoMopdHYI0 CTafHI0 pa3BHTHs, KOTOpAs M NoHLIHE COXpaHHJ4ch Ha MO-
CPYyXKaloOUUXCsl yyacTKaX HX TEPPUTOPHMH H 3aKOHYHJAach, CMEHHBIIHCH HEO-
3JI0BHANBHOR cTaauell B 06JacTH MOLHSTHH.

B mepuoiwl TaslHsA JeIHHKOB Pycckas paBHMHa HaxO0JHuJaacb Ioj BO3-
IeficTBHEM MHOTOUHMC/JEHHBIX HAa3eMHBIX U NOA3E€MHBIX BOJHO-TE€OXHMHYECKHX
[FOTOKOB, IPEACTABJSABIINX, BCYUHOCTH, €IMHBIH TeOXMMHUYECKHH TIOTOK, KO-
TOpbIH CHOPMHPOBAJ CEPUIO CONPSIKEHHBIX TE€OXHMHYECKHX TMOSACOB B Ha-
TpaBJeHUH C CeBepa Ha Ior. Pekn, HaunHaBIHe CBOH CTOK OT Kpas JeXHHUKA
Ha Pycckoil paBHHHE, OTJIHYAJHUCh MHOTOBOAHOCTBIO, OBIIH HACBHIILEHBI KPEM-
He3eMOM H IeperpysKeHbl KDYNHO3EPHHUCTHIM MaTepHaJsloM, TaK e kak B Hc-
snaupun p. Braa-Hokyap, nuTaemas JieIHHKOM, KOTOpasi TOJIbKO 32 OJHUH JIeT-
HUH JeHb MoXeT AaTh 10 145 mun. #2 Bogbl u no 112000 T HaHOCOB.

Pexn Pycckoll paBHHHH B NEpHOMN OJIElCHEHHS M OTCTYNaHHA JeJHHKA
6bly 10X0XxH Ha peku Aunsicku, Menaunun u Coserckoit Cy6apkruku (JIas-
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pymwnH, 1963). OueBuaHo, B MOAOGHBIX YCIOBHAX ONeCYaHeHHBIl KpymHO3ep-
HHCTHIA MaTephas OTKJAAJLIBAJCA B BEDXHHX YacTAX TEUeHHS NPHJAEIHHKO-
BBIX Pas/IMBOB, PYYbe€B, PeK. ITO BeJO K MHOTOKpaTHO! 6udypKaumuu u pac-
najly pek H pyubeB Ha OT/eJbHBE DyKaBa, a Takxke K 06pas3s0BaHHI0 OGILIHMp-
HBIX MACCHBOB 3aIIIpOBBIX IECKOB M NECYaHbIX OTVIOXKEHHH B IOJechbiX ¥ Me-
mepax. OTH NeCKH M03XkKe IOABEPIVIHCh UHCTO IEJOTeOXHMHYECKOMY OXe-
JIe3HEHHIO.

PasmbiBag moperny, JeIHHKOBble BOJBl YHOCHJH Ha IOT H I0TO-BOCTOK Me-
XaHW4YeCKHe yacTHILl ¥ PacTBOpeHHBIe BellectBa. [To Mepe ynanenus or rpa-
HALBL JIEAHUKA TPOHCXONMIIO YTAXKEeJEHHE MeXaHHYeCKOro COCTaBa MOKPOBa
oGpasyomuxca oT/oxeHud. [TosToMy B HampaBJeHHH ¢ ceBepa Ha IOT MO-
PEHBl BOMINAMCKOTO BO3pAaCTa CMEHSIOTCS IeCKaMM, 3aTeM JETKAMH CYTJIHH-
KaMd ¥ HaKOHell TSXe/JbIMH CYIJIMHKAMH M IVIMHaMH. DTa KapTHHa Mexa-
HHueckoll guddepeHnnauyy NPeKPacHO HIIIOCTPUPYETCS COCTABJEHHBIM Ha-
MH KoMILieKcHbiM mpodunem (puc. 66).

Ha Pycckolt paBHHHe B HampaBJeHHH C CeBepa M CeBepo-3alajfa Ha Kor
H 10T0-BOCTOK YBE/JIMYHBAETCS 3aCyNNIMBOCTb KJAHMAaTa, pacTeT pacxoj Ha-
3eMHBEIX M TPYHTOBHIX BOJ Ha TPAHCIHPALHUIO H HCIapEHHEe H BMECTe C TEM
yBeJHYMBAaeTCA KOHLUEHTPAUHs pacTBOpOB. PasjinuyHble KOMIOHEHTH HauM-
HAIOT BBHIIAJaTh B OCaflOK [0 Mepe HaChIUIEHHs HMU pacTBopa. B Xome aBH-
>KeHHs] Ha3eMHBIX M NMOA3EMHBIX BOJA Ha Pycckofl paBHHHe K IOTY NepBHIMR
113 pacTBOpa BhINAaXaJy COeJUHEHHS MapraHIa, XKeje3a U 3aTeM KpeMHe3eMa.
BmecTe ¢ HHMH B OCaZOK YaCTHYHO BHIANAIM TaKHe MHKPOJIEMEHTH, KaK
Cu, Co, Ni. SIpko BEpaxeHHass akKKyMYJ/IALYs COSLHMHEHNH MapraHia u xeJe-
3a M CONMYTCTBYIOLIUX MM MHKDO3JEeMeHTOB HabJIOZaeTcs MOBCEMECTHO B aK-
KyMYJAATHBHBIX JaHAmadTax ceBepa ¥ B 3a00N0YeHHBIX HH3UHAX, NOAMAax H
GeccTouHBIX menpeccusx Thna HMabmeHCKofl BIajgHHBL

OGnacTplio MexaHHYeCKON aKKyMyJsiluHM KpPeMHHS B BHJe KBapla fB-
JsieTcsl mosic moJiecHil, XUMHUecKas e aKKyMyJsfnus aMopHOro KpeMHese-
Ma TIPOHCXO/HJa HECKONbKO I0XKHee, HAa TEPPUTOPHH COBPEMEHHOH Jeco-
CTenH .

FunporenHas akKyMyJasunusi KpeMHeseMma 3aukcupoBana B npoduie ce-
pHIX JIECHBIX TIOUB B Buje OGHJBIBIX KPEMHE3EMHCTHIX IIPHCHIIOK OYKBaJbHO
yepe3 BeCb MPOGHUIL IOYBLl H NMOACTHJAIOIIEH TOPOAL (C MAKCHMYMOM CKOIl-
JeHus Ha ray6uHax 60—120 cu).

PacrnosnoxeHuble 10KHee ¥ HHXKe NO YKJIOHY MECTHOCTH COBPEeMeHHHIE
CTEeNH, CyXWe CTeNH H TOJYNYCTLIHH SBJSJINCD B THAPOMOP(HBIH NepHOn
dpeajioM HAaKOIJIEHHSI YIJIEKHCIOTO KaJblUs KaK B paccesHHOH ¢opMe, Tak
¥ B BHJe KOHKpelu#, npocaoeB u T. I. B mnosce akxymyasnun CaCOs
NPOHCXOAMJIO H TIOHbIHE MEeCTaMH NPOUCXONMT HAKONJeHHe B TPYHTOBLHIX BO-
JaX W TouBax KapGoHATOB W GMKapOOHATOB HATPHs. PeNMKTH NOYB COAOBOrO
34COJIEHHS] U COBPEMEHHBIE COLOBBIE COJIOHYAKH H CONOHLL 06HapyXHBAOTCS
B Jluenposcko-Ilonenkoit 1 Oxcko-Ionckolt Huamennocrsx, B Cpennem 3a-
BOJIKbe. . :

BeaenacTBue 3HauyuTeNbHO GOJbIIEH pacTBOPHMOCTH CyJb(aToB KaJjblHs
10 cpaBHeHMIO ¢ KapGoHaTaMu KaJsbllMs THIC HaYHHaJ BbINazaTh B PacTBOp
3HAUUTEJAbHO I0XHee, KOTLA CUJIbHO BO3POCIIAH pacxoj TPyHTOBHIX BOA Ha
ycllapeHHe BBI3BIBAJ HX JOCTaTOYHO BHICOKOE KOHIeNTpupoBaline. ITosxe n
10’KHEe B OTJIOXKEHHsX U MOuUBaX MOSBJSJINChL M HAKANJIHBAJIUCh U ApPYTHE Jer-
KopactBopuMble coau. PopMHpOBaHHe KapGOHATHO-CYJbGATHOH KOpbl BHI-
BETPUBAHHUS NMPOHCXOAHU/IO TIO3TOMY B NOAMAX M Pa3NnBAX HHIKHErO TedueHHs
JeHHKOBBIX PeK, KaK 3TO NMPOUCXOJHT H B HacCTOsIlee BpeMs B MOMMax peK
tora Pycckolt paBHHHBIL.
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Haxkonen, B o6aacTsax ApeBHHX 3CTyapHEB, YCTheB, A&IbT U B 03€PHO-JH-
MaHHBIX pas/iuBax y [JpeBHHX MOpCKuX moOepexuit Hapsany ¢ CaCO;
CaSO,4 npoucxoAuso HaKOIJIEHHE B TPYHTOBHIX BOAAX, B TPYHTaxX M B TNOY-
BeHHOM INpoduiie Takux cosell, kKak Na,SO,; MgSO,, NaCl, 3nech xe mmao-
HaKOIJIeHHe coefuuenuit B, J, Zn.

[Tosic kap6oHATHEIX M THIICOBBIX aKKYMYJISIIHH, KaK H NMOSC aKKyMyJs-
LMY JEeTKOpacTBOPHMBIX coJiell (HbIHE OCTATOWHBIX), NOCAENOBATENBLHO ¥ OT-
yeTJAHBO 060cobssteTcss Ha I0KHOH NHOJ0OBHHe Pycckoil paBHHHB, KakK 3TO
MOKAa3aHO Ha KOMIUIEKCHOM reOXHMHuYeckoMm npocduse (cm. puc. 66).

Juddepesunanus NpoAyKTOB paspylUIeHHsa W HepeHoca JIeAHHMKOBHIX Ma-
TePHAJIOB OCYIIECTBJISIACH B TPOLECCe OT/IOKEHHS B3BEIEHHOrO MaTepHaina,
KOTODHIY pas/inyajcsl IO XHMHYECKOMY COCTaBy B 3aBHCHMOCTH OT KpyI-
HOCTH H MHHepaJlorHueckod npupoznnl uactul., Hubdepennuanus eie Gonee
yCHJAHBAach, KOTAA BOLHO-aKKYMYJSTHBHBIE HAHOCH OCBOGOXKIAJNHCH OT
BAHSIHUS NOJIOMHBIX BOJ, a TPYHTOBBle BOJABI, TPAHCIHPHPYSICh H HCHAPSAACH,
[PUBHOCHJIM PACTBODHMEIE BEILECTBA B paHee OT/IOKEHHbIE HAHOCH H B THJ-
pomMOpGHLIE NOYBHL.

B mofimax u JenbTax cOBpeMEHHBIX KPYNHBIX PeK, CTOK KOTOPHIX Hampas-
JieH Ha 10T, C H3BECTHLIM OCHOBAHHEM MOXKHO BHJIETh YIPOLIEHHYIO MOJeNb.
Pycckofi paBHUHBEI B NepHOJ HHTEHCHBHOIO TasiHHsA JIEZHHKOB H ()OPMHPOBA-
HHSI ee KaK CJOXHOH BOLHO-aKKYMYJSITHBHOH INOBEpPXHOCTH.

B nocnenennukoBoe Bpems Pycckas paBHHHA nepexuia oOlnee NOJLHS-
tHe. PaHHMe 3Tanbl NOAHSATHA XapaKTepH30BaJHCh OGCHIXaHHEM, KOTOpOe:
COTNpPOBOXKAAJOCh YCHAEGHHEM HCIapHTeNbHOH T'HIpOTreHHOH W OGHOTeHHOH ak-
KyMYJSAIHM B TIOPOAAX M IIOYBAX NOABUIKHBIX IIPOJYKTOB BBIBETPHUBAHUSA U
noyBooGpa3oBaHusi. [loyBbl pa3BHBA/JIMCh HpPH BLICOKOM YPOBHE IIPECHBIX
TPYHTOBBIX BOX IOJ, NOKPOBOM MOLIHOH JIYTOBOH H JIYTOBO-JIECHO! PaCTHTENb-
Hoctd. OT 3TOro BpeMeHH COXPAaHHJIMCh CKOIVICHHS HOBOOOpas3OBaHHMH, IIO-
rpeGeHHble OYBEHHBIe MOPH30HTHI, MOIIHEIE 3aMachl 'YMyca ¥ MHKPO3JeMeH-
TOB B UepHO3eMaX U JyroBO-uepHO3eMHLIX MOYBAaX, a TaKxKe NbUIbLA ApeBec-
HBIX pACTEHHH B DEJIHKTOBHIX TOPQsAHHKAX, paclOJOXeHHHIX B COBPeMeHHOH
CTeIH.

Ha nocnepyiomux stanax NepHOAMYeCKHEe PAasjiMBEl U 3aTOIJIEHHS Ipe-
KpaTHJNCh U Ha paBHUHe mpeobJafalu JyroBoH, JyroBo-coJOHYAKOBHIH, a Ha
I0oTe COJIOHUaKOBHI THApOMOp(HBIA pexum nousoobpasoBanusa., Ha Gogee
MO3IHUX 3Tanax IIOCJENeHUKOBOrO NOIHSTHS CYIUM HaMETHJIOCH IIOHHXKe-
HHe YPOBHS IPYHTOBBIX BOJA, ILIM KCepO(UTH3ALMS JYTrOB H NOCTENEHHOe HC-
ye3HOBEHHE WJH COKpallleHHe NMapKOBHIX JIeCOB, OCTENHEHHE JYTOBHIX II0UB:
¢ npeo6pa3oBaHHEM HX B 4epPHO3eMbl, paccosJeHye 3aCOJeHHEIX IT04YB U OCTell-
HeHHe COJ0HLOB ¢ 06pa30OBaHNeM KalUTAaHOBHIX NOYB. Pa3BHBalOCh 3PO3H-
OHHOe pacuJienieHue TeppUTOPHH.

[TouBbl Pycckoll paBHHHH BCTYIHJIH B CTAJUI0 HEO3JIOBHAJLIOTO pas-
BHTHS, TPOTEKAOMYI0 6e3 TMADOTeHHOH AKKYMYJALHH, HO C BBIPAXKEHHBIM
GHOTEHHBIM aKKyMVJSATHBHEIM HpolieccoM. CHJbHOe BhIllleJayuBaHHe IOUB
¥ TIOPOJ Ha ceBepe M OCOJIOHIeBaHHE, OCONOAEHHE H OCTellHeHHe NOYB Ha
[oTe IOJIHOCTbIO M3MEHWJH ObLIOH Jeco-nyroBoi ruapomMopdHbIHR 00AHK paH-
Hero IOCJeJeAHHKOBOrO mnouBeHHOro mokpoBa (Bunenckuil, 1921; Kosnaa,
1937, 1950). Onnako o6IHpHEIE YacTH TeppuTOpHH Pyccko#l paBHHNB H 10
CHX TIOp ellle UMEIOT IPYHTOBHIE BOAKL Ha raybuHax 2—8 m, T. e. Bce eille Ha-
XOMATCH B CTagWU THApoMOpQHOro MM Me3orujpomMopdHOro pekuma. T
TePPUTOPUH NpuypoueHnl K JHemposcko-Jlouenkor, Okcko-Iouckoir u ITpu-
Kacnuiickoit nusMeHHocTaM, IIpuky6Ganckofi u Ilpua3oBckoif paBHHHaM, He
roBOPST YXKe O MOpPCKHX NMOOepebsiX, COBpeMEHHBIX AeJbTaXx M HH3KHX Tep-

191



100

50

‘

Puc. 66. KoM ieKCHBIH 10UBERIO-Fe0XH MUUCCKHIT npoduap uepes Pycexywo pasuuuy (Kosma, Camoiiiosa, 1968)
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pacax posun. ITosroMy MHOTrHe THMBE MouB PyCCKoli paBHHHBI (Hampumep,
‘Cepble JIECHbIE II0YBBI, YePHO3EME], KAIITAHOBbIE) HMEIOT SBHBIE CJELH! THIPO-
MOP(HOTO IPOLIIOTO: KeJIe3HCTO-MapraHleBble ITATHA HIH HX MeJKHe KOHKpe-
UYH, BHCSYHE TOPH3OHTHI KOHKpeunuil yIJeKHCJAOro KaablHsl H THICA MM HX
NpPOCJIOH, OCTaTOYHBLIE COJH, OCTATOUHAsA COJOHIEBaTocTb. O6 3TOM Xe CBH-
AeTe/bCTBYET BHICOKOE COAEPXKAaHHE MOHTMODU/JIOHHTA, THIAPOCJION, HajH-
yHe norpe6elHbIX TOPU3OHTOB H T. [,

Bonee cnaGuivu win gaxe NpeAlnoONOXKUTEIbHBIMY IPH3HAKAMH APEBHETO
ruppomMoppusva 06sajal0T Takue IOYBLI, KaK IIOJA3OJHCTHIE H Gyphle Jec-
Hble, Ha3BaHHble HaMH nporteporuapomopdueiMH. OciaabiaeHne wlIH yTpara
€JIeloB THAPOMOp(H3Ma B HHX TIPOMCXONKT BCJAEACTBHE TOCIOACTBA IIPoO-
MBIBHOTO pexHMa JUu00 BeeJCTBHe KPaTKOBPeMEHHOCTH B OTHOCHTENBHO CJIa-
60ro NposiBJIeHHS [1aJe0rHIpoMOphHON aKKyMyasuuy. PesukramMu naaeorus-
pomoppuaMa, HaM Kaxkercd, CJHeldyeT CYUTaTb B OYPHIX JIECHBIX H IIOL30JIH-
CThIX MOYBax 0GOrallleHHOCTb HJUIIOBHAJBHBIX TOPH3OHTOB KeJNe30M H TYyMY-
coM, ocobeHHO B (popMe KOHKpeLMH M XapaneHa, CAeAbl I'MTyOUHHOTO OrJiee-
HHg, norpebeHHble TOPH30HTHI,

Creayer NOAYCPKHYTb, YTO Ha Pycckolfl paBHHMHe BCTPEYAlOTCH H H3-
HayaJbHO aBTOMOp(HLIe IOYBLI, pasBUTHIE Ha 3JI0BHH KOpeHHHX mopox. Ho
3aHsITble MMH TEPPHUTOPHH 3HAUHTENbHO MeHbIle, YeM 3TO IIPeJCTABJIAIOCH
paHblile.

3aKoHOMepHOCTH TeoxuMuueckoll auddepeHnnHanuu B runepredHoll 06o-
Jouke Pycckoll paBHHHHL NIPOCJAEXKUBAIOTCA B KOMIJIEKCHOM Npodure ot Ka-
peaun k Yepuomy mopio. llpodunan mocrtpoed Ha obmmpHOM LU(pPOBOM Ma-
TepHaJie 0 COCTaBe HaHOCOB U HouB Pycckoill paBHMHEBI H ABJAeTc (aKTHYe-
CKUM TIOATBEDXKAEHUEM TOJOXKEHHH, pacCMOTpPeHHLIX Bhillle (CcM. puc. 66).

Hcnonp3oBaHHBIE AJs COCTaBAEHHS NpOQuIs aHaJUTHUECKUH MaTepHal
OTHOCHTCS TOJBKO K IIOUBAM H 0YBOOOpa3yILUM NOpofaM JaHaumagdTos, Ko-
TOpBle HAaXOASATCS B HACTOSIIIYIO 3NOXY B aBTOMOPQULIX YCAOBUAX (paBHUH-
HBle Bojpopasnensl U Teppach). CpeiHeB3BelleHHOE cOJepXKaHHe BaJOBHIX
«opM MaxKpo- ¥ MHKPO3JEeMEHTOB OBLJIO DACCYHTAHO AJs METPOBOH TOJIIH
TIOYB ¥ BEIPAXKEHO [JIS MAKpO3JeMEeHTOB B HPOLEHTAax, a LA MHKDO3IJeMeH-
TOB — B MHUJAurpammax Ha 1 xe. Konnuectso rymyca (B %) u peakmus cpe-
Jbl JaHB JHIIb AJsI I'YMYCOBBIX TODH3OHTOB INOUBHL. MexaHuueckHH co-
CTaB MOPOR M MOouB (HHKHSAA YacTh JAHArpaMMBI) IIO3BOJSET NPOCHeLUTD
3aKOHOMepHYI0 nuddepeHnNanuio KIaCTHUECKOro MaTepuana. B HampasJe-
uun or Kapenun x Uepuomy Moplo Habaiogaercss obmias TeHJEHHHS Hapa-
.CTaHHUsl TVIMHACTOCTH M YTsiKeJleHHe MeXaHHueCKOro coCTaBa Nopoj, H NOoys.
PeruonajbHoe pacnpocTpaHeHHe KayKJOro mnosca (WM 30HBl aKKyMYJSIHH)
NOKA3aHO Ha CXeMaTHuecKoH KapTe TeOXHMHYECKHX JaHAmagpToB Pycckof
paBunHH (puc. 67).

B cesepHoil wacTH npoduas npejicTaBleH BEIIECTBEHHBIH cOCTaB MOpeH
BaJanafckoro oseleHeHus. BHe mpodunia okasasach kapGoHaTHas MOpeHa.
Ho Tax kak MaTtepHaJ, claraiolluil ee, yiacTByeT B reOXUMHH Pycckoi pas-
HHHBI, TO XOTsI Gbl KPATKO OCTAHOBUMCS HA XaDaKTEPHCTHKE €e BaxKHeHUIHX
cBoOficTB. Bce TpH THIIA MOpEHBI CHJIBHO PasJiMyaioTCs, HMEIOT Clelu(HUecKue
9cOBGEHHOCTH, pasHylo CTelleHb M MHTeHCHBHOCTb BhiBerpuBaHus (Lllyxesuw,
1948; YUnxukos, 1960):

1) kapeso-konbckast MopeHa — rpy6as, xpsiueBartas, GoJbliedl 4acTbio
TiecyaHasi, cJaaGoBBIBeTpesas, COAEPXKHT BaJAyHBl TPAaHMTOB M TPAHUTO-
THelcOB, JJi MHHEPaJOTHIeCKOTO COCTaBa ee XapaKTepHO NMPUCYTCTBHE CPaB-
HHTEJbHO OOJBIIMX KOJHYECTB TEMHOOKPAIIEHHBIX MHHEDAJNOB TAXeNoH
{pakuuu, Cpear KOTOPHIX Npeobaanaer poropas oOMaHKa, 10BOJAbHO BbHICOKOE
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Puc. 67, CxemaTHyecKasi KapTa MOUBEHHO-ICOXHMHYECKUX JanimacgTos Pycckoi

PaBHUIILI

Jlanaurad e

1 — 3J110BHAILHO-AE/I0BHAJIbHbIE;

2 — Heo3NI0BHAMbHEIE IPOTEPOrHAPOMOpPGHEIC CYlb-
darHo-KapGOHATHOR aKKyMYJSLUHH;

3 — HeodaAOBUANLHLIE NaneoruapoMmopdusie xap6o-
HaTHONR akKyMyIALUHH;

4 — TO Ke, XJIOPHAHO-CyabpaTHO-kapboHaTHOH aK-
KyMyJAsILHY;

5 — 10 xe, KapGOHATHOH aKKYyMyJsILHH C OoyaraMu
coBpeMenHOl KapGoHATHOR U CyabLPATHO-COLO-
BOH aKKYMYJsIIIUH;

6 — To XKe, DeppuUTHOH AKKYMYJsIIMU C COBpeMeil-
HBIM  [eJIOBHAJbHLIM THAPOMOPGU3MOM, CO-
NPOBOKAAIOWIMMCA (GEPPUTHON aKKyMYJAALHE;

7 ~~ HEO3JI0BHAAbHO-THIpOMOPdHBIE H NaJeOTHAPO-
MopdHble ePPHTHOR AKKYMYIALHM;

43 3axas 5271

8 — ruzpomopdHble  XJAOPHAHO-CyanbaTHON, Cy/b-
haTHO-XJOPUAHOR H XJIOPHIHOH aKKYMYyJAALUH;
9 — npennosaraemMasa o0Jacte Hau6Gojee 3HayH-
TeNIbHOR  TaJCOTHAPOMOPGHOA  aKKYMYJALHH
KpemueseMa;
J0 — rpaHHNa AHCIPOBCKOro JIEAHHKa,
11 — rpanvua Bannafickoro JeaHUKA;
12 — rpaHuLla X3aJbIHCKOH TPaHCTPECCHH;
13 — npeanosaraeMast cespepHas rpasuna " meanT
_NeAHHKOBbLIX TIOTOKOB B HEPHON, JHENPOBCKOro
oJle AeHCHHS;
14 — nuuusA  DOYBCHHO-TEOXHMHYECKOro
NpHBEJAEHHOIO Ha puc. 66

npoduna,



cofepXaHue NOJEeBBIX IHNATOB. JTO HAXOAUT OTpaxeHHe B 3HAUHTENb-
HBIX 3amacax B NOoYBax (HeCMOTPS Ha JIeTKHH MeXaHHYeCKHH CoCTaB)
KaJblusd, xenesa, ko0anabTa, Meau. B TonkonucnepcHo# $pakuu# MOpDEHHHX
OTJIOKeHHH npeo6safaioT THAPOCAIOAB, B IOXKHOH 4YacTH TOSBJIAETCA Kao-
JIUHAT;

. 2) cKaHAUHABCKAs MopeHa XxapakTepHayeTcsi OoJjblied 4YacCThio CYTJIH-
HHCTHIM MEXAaHUYECKHM COCTaBOM, CONEPKHT BAJYHBH I'PaHHTOB, peXe ¢ NPH-
MECbI0O H3BECTKOBLIX NODPOJA; B MHHepaJOTHYeCcKOM COCTaBe Ipeo6.ajaloT
KBapl, NMoJeBble WNAaThl ¥ CAoAbl. s TOHKORMCIepCcHOR DpaKIHH THNHYHO
rOCMOACTBO THAPOCTION M CMeUIaHHOCJOHHBIX MMHEpaJIOB XJOPHTO-BEPMHKY-
JIUTHO-MOHTMOPHJAJOHATHOTO cocraBa. [lopoAn MopeHB 6osee BHIBETpeJHE,
0cOBEHHO B I0XKION 4YacTH (CMOJIEHCKO-OPSIHCKasi TeppHTOPHSA), € HHU3KHM
comepXKaHueM KaJplMs, KobanbTa, MeAd, LHHKa. JKenesa ¥ MapraHua
HMeeTcs! JAOBOJbIO MHOrO, OYEBHIHO 3a CUET YACTHYHOH aKKYMYJISLHH HX
B «HCXOJHO#» 30HE;

3) xap6oHaTtnas MopeHa GoJblleHl YacTBIO TAXKENOCYINIHHHUCTAsi C Bajy-
HaMH H3BecTKoBBIX nopoxa. Cpenn MuHepaJoB npeobaafaerT KajabLHUT, Heped-
KO ¢ mpumecblo cupepura. [Topona Gorara xajbuueM, MardueM, OTHOCHTEb-
HO ofelHeHa XeJle30M M KpeMHHeM. XapaKTepHU3YeTcsl 3HAUUTeNbHBIM 3alla-
COM MHKpO3JeMeHTOB (MelHM, BaHaJHMs, Mapranna, Xxpoma). Kap6ounarnl 1as
tTakux MukpossaemeHToB, Kak Cu, V, Cr, cayxar cBoeo6pasHbM reoXxuMHue-
ckuM GapbepoM, NpeAOXpaHsIOIHM HX OT BHIMBIBAHHSA JaXKe B YCJOBHSX IIPO-
MBIBHOT'O THIa BOJZHOTO pexXHMa H U3OBITOYHOr'O YBJaXKHEHHA. 3TO IOJOXKe-
HHe MO¥eT OBITh WJJMIOCTPHUPOBAHC HAa TIpHMepe pacnpelesieHHs MHKpOdJe-

Ta6auuma 47

MuxposieMeHTH B MOUYBAX CONPSKEHHHX NOYBEHHO-FeOXMMHUECKHX JaHaWadTOoB
Pycckoit paBHHHB

(Skymesckas, 1967)

F
Srtemeir nox | Mo |culco| v]cr|za] 1 [me]| B

Tun oryoxkeHuit, Aanguadpra JaHAwagTa BHXK-

HOe,% MZ[KZ
Mopentntit (xucasiit) AsrToMopdHubiit 0,3 807 9| —1| 80| 88| —| 1 | —|—
Fuapomopduutét | 2 |12 590] 56 | — |144[204]| — | 3,7— | — | —
18

Mopenuslii (kapGouaTablit) | ABTOMOpdHBL — [ 1 380{26 | — 120(404 —] — 1 —|—
TugpoMopdubiit — | 39815 — |8 52|—| — |—|—
TTokpoBHble  CYTJHHKHU ABTOMOPDHELH — | 1300{567 5|17 30| —| — |—|—
(Kaz3pMa) Tuapomopduetd | — | 2 200{70| 34 140[120| —| — |—1—
IToKpoBHblE CYrIHHKH ApToMopoHRLT — 590 9| 5| —{—136] — [,7—
(SIpocnaBckas o6aacTs) Tuapomopdsit — 62016 |10} — | —{57] — 1{2.3/—
JléccoBupuele CyrARHKY AsToMopOubil — 630116 (25| 60} N| —| — |—]—
OnoJIb 1) Tuapomopduuit | — 720(38(29| 74| 89| —| — |[—[—
DIHOBHOT AALHAILHBIT Asromopoubii — 339 3|—| 6|—|—| — |—|—
Tuzpomoppueiit | — 25724 | —| 24len. | —| — |—|—
UepnoseMurle cTem: AsTomopdHbiit — 817( 34|18 175| 81| —| 4,5 | —]|—
, Tuzpodopeumt | 735/32 |15 [104] 66| — [ 7,4 [—|—
Touss cyxoft cremu AsTomopubiii — | — |=|=]=l=]=] — |s0},s5
Tuapomopdubit — — | —=l=]=|—=]—=| — [170{109%
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MEHTOB NO II0YBAM OCHOBHBIX CONpAXEHHHX JaHawadToB paiioHa pac-
npocTpaHeHusi Kap6oHAaTHOM MOpeHB. MaKcuMyM ColepIXaHHsi 9THX MHKDO-
371eMEHTOB TIPHYPOUYEH K II0OYBAM BOAOPA3JENOB U MHHHMYM — K THIAPOMOP G-
HBIM YCHOBHSIM. DTa 3aKOHOMEDHOCTb O6paTHa OGLIYHOMY SIBJEHHIO HHTEH-
CHBHOM: aKKyMYJISIHH MHKDO3JeMEHTOB B THAPOMOPGHHIX Janpmadrax
(Taba. 47).

TakoBa KpaTkasi XapaKTepHCTHKa COBPEMEHHOrO COCTaBa, KOTOPHIH siB-
JIAETCST «UCXOAHBIM» MJs (POPMHPOBAHUA BOAHO-aKKYyMYJISTHBHEIX IIOKPOBOB
H majeorugpomopdubix nous Pycckoil paBHHHEL

Hogc reoXuMuyecKo aKKyMyJsilUH Keje3a M NMOAC AKKyMyJdslUMH Map-
raHua ¥ UX CAYTHHKOB NpeJcTapieHbl Ha npodune obmuproii Mabmeno-Boa-
XOBCKOH HH3WHOH, OKpYXKeNHOH mopeHHBIME JaHamwadramu. 3gech HabJaio-
JdaeTcsi 0cOOEHHO WHTEHCHBHOE HaKONJeHHe B NOPOJAX H IoyBax Kejesa,
Maprasna, xobajabra, Menu, nvuka. OXHOBpEMEHHO OTMEYaeTcs OTHOCHTE/b-
Hoe yMeHbllIeHHe KpevHezeMa. HekoTopas akxkyMyasiusi Kajaplus B 9TOH Ke
30He 00yCJOBJI€HA BHIHOCOM NPOAYKTOB M3 KapGOHAaTHOH MOpeHHI.

Apean naxomnenus Fe odeHp IIHPOK M OXBaThiBaeT KakK caMd MOpPEHHEBIe
JanamadThl (HbIHe 3JI0BHAJbHbIE KOPH BBIBETPHBAHHSI), TAK H 3aXOJIHT
Jlajexo Ha 10T B aKKyMYJSTHBHBIE KOpbl BBIBETpUBAHHS, BKjpouas o6JacTu
NOJ30JHCTHIX M cepbiX JecHBIX nous. Hanpoduae 310 MamocTpupyercss co-
CTaBOM IIOYB ONOIME Ha JIECCOBHAHLIX MaJOKApOOHATHEIX CYIJIMHKaX. 31ech
Oaarogapss OTMYYHBAHUIO H3 pPa3MbITOH MOpDeHBl §ogee TOHKORHMCIEPCHOI
dpakuuy yBeaHunBaeTcs cojepxKaHHe (IO CPaBHEHHIO C MOPEHO) UUHKA, KO-
6aabTa, Mean, MoauOaeHa, XKeJje3a. JTo 00.1aCTb pacHPOCTPAHEHUs IPOTe-
poruapoMopdHLIX n0uB GepPUTHO-MAPraHUOBOH aKKYMyJdalUHd (CM. pucC. 65).
Apean akkymyasiuuu Fe npociexuBaercss B ociabiaeHHOR Popme U elie H0XK-
Hee, B CTENHBIX M CYXOCTENHHIX yCJOBUSX. B mocienaseM cayuae TOJMbKO B
ruapomopdHEIX JaHAwadTax, I'fe BHPAXEHHOCTb IIPOLECCOB HAKOIJIEHHS
BCeX 3JeMEHTOB Bcerja Haubobiast, .

B nosice Han6oJ/ee HHTEHCHBHON AKKYMY.IAIUKM 3JEeMEHTOB CeMeNCTBa Ke-
Jle3a HpollecC HaKOIJIEHNST BhIpaXKeH He TOJbKO B INOBBIIIEHHOM COAEpPXKAaHHU
BasoBbix ¢OpPM Kese3a M Mapranuna B NMOYBaX, HO H B NMPHCYTCTBHU THHO-
MOpGHBIX KeJe3HCThIX HOBOOOpA30BaHHHM M THIEPTeHHBIX »KeJjle30COoAepiKa-
INMX MHUHEpaJIOB: JKeJMe3UCThle U MapraHUOBHCTHE IJIEHKH, TPyOKH, OpT3aH-
Ibl, OPTIUTEMHB], MHHEepaJbl IPYNNbl THAPOTETHTA, deppHralnya3uTa H HOH-
Tpounra (Taba. 48 u 49).

Oco6eHHO YeTKO TPOSABJSETCs NPOHECC aKKyMYJIALHH B I'MAPOMOPOHBIX 1
cy6axBaJbHHX JanjmadTax Kak B N0ouBaX H B JKeJIe3HCTO-MapraHIOBHCTHIX
KOHKpELHsX, TaK U B OOJOTHBIX M 03epHHIX pyaax, Hamnpumep, comepxanue
BaJOBOTO KeJje3a B JYTOBHIX NOAMEHHHBIX NMOuysaXx MOCKBHI-peKH HOCTHTaer
10%, noxpuxuoro xeaesza —40%, B nouBax no#iMbpl p. KuaspMmel COOT-
BetcTBenHo 15 u 5%, comepkanue maprasiua — Goasite 1% B mousax u 1o
14% B xoukpeuusx (Jo6poBoasckuli, Jlo6yTes, 1962). Menu, sanaaus, xpovMa
B NOMMeHHBIX IloyBax Bceria B 2—3 pasa 6osplie, 4eM B I[09BAx BO-
fopaszenpHex (o6posoabckuit, Skymesckas, 1960). [Hoxcumrano, uro B
Gacceiine p. Oneru B rof ¢ 1 Ku? BHIHOCHTCS ¢ BOAOpasfenos 20—30 x2 xe-
ae3a, B GacceliHe p. Mcthl — okoso 100 xe. Copmepxkanue Xkejesa B 60/0T-
HBIX H 03epublx pynax Kapenun, Mewepsl, ITosecest nocturaer 60% u Gosee.
HM3BecTHO TaKXKe, yTO B Campollejie 03ep HaKalJHBaloTCcs KOOaabT, Me/b, Ba-
Hajuii, Maprasen, QuHK ¥ Ap.

ColepxaHHe }eje3a B IOYBEHHO-TPYHTOBLIX BOAAX TA€XHOH 30HB — 3—
4 me/s, B TOYUBEHHOM pacTBope — 6—8 Mme/4, B BOJAX K/AIOUEBBIX 60JOT — J0O
200 s2/s. Peunble ¥ IPYHTOBBIC BOJB! TaeXHBIX 06JaCTel XapaKTepU3YIOTCs
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TaKXe TNOBHIIEHHIBIM COAepXKalHeM KpeMmIiMd, Maprauua, Meiu, IHIKa, T.e.
TeX 3JIeMeNTOB, KOTOphIe BEINALAl0T B OCAAOK B IIOUBAX HU3MEHHOCTEH, NOHM,
ZenbT. KpeMHesem 3liech yuacTByeT B CHHTe3e BTOPHUHBIX MHHEpPaJOB, B 06-
pasoBaHUM onaJja, BTOPUUHOIO KBapua.

Mosic reoxumuyeckoif akKKyMyJsiuMH KpeMHHst oGocobasiercss cesepHee
noAca akKKyMyJSUHE Keae3a, B ¢opMe KBaplia (pe3yabTaT MeXaHHueCcKoR
auddepennuannn). OXZaKO HECKOJIbKO I0XKHeS, Ha TEPPUTOPUH COBPeMEHHOM
JIECOCTeNH, NMPOHUCXOLHJI0 HHTEHCHBHOe OTJOXKeHHe amMopdHOro NHLIEBATOTO
KpemHe3eMa (NpHCHIIKA) M MHKDOKONKDEUWH KpeMHHs B BIIe omasda, XaJ-
Ief0HA, IEPBHYHOrO U BTOPHYHOTO KBapila. ITOT BOLPOC €lC MaJI0 U3yueH, W
MaTepyaJoB, XapaKTEPH3YIOUUX 3TO ABIEHHE, MaJ0, XOTA A0CTOBEPHBIC (akK-
Thl AJI aHaJOTHUHBIX ycaoBHH B Asmm omucanel paiece (Kosma u ap., 1953;
3umoeen, 1963; Cnasubi, 1969).

Iosc kapGoHaTHON aKKyMyJSUMH BecbMa uyeTKo o6ocoben. OH OXBaThi-
BaeT I0XKHYIO J1ecOCTellb W BCIO CTENb. JTO TPYINA OTHOCHTENBHO MOJOABIX
najgeoruapoMopdubix AanpawadrTos Tamb6osckoi u IIpumHENpOBCKOH HHU3-
MEHHOCTEH ¢ ouaTaMy COBpeMeHHON KapB6OUAaTHON M CONOBOH aKKYMYJISLUH
U TOCIIOJACTBOM B IIOYBEHHOM IIOKpPOBE BBILIEJNOUEHHLIX M THIHYHBIX 4epHO3e-
MOB, Cpeiil KOTOPHIX OTAEIbHBIMH MacCCHBAMM BCTPEUAIOTCHA JYTOBHE Ueplio-
3eMbl, JYTOBblE NIOYBLI, COMOBbLIE CONOHUAKH U coJoAH. Ciofa OTHOCHUTCS TPYI-
na 6oJjee «CTapblx» NaJeOoTHAPOMOPOHLIX JaHAIIA(TOR CEBepPHLIX CKJOIOB
BoawHo-TTogoabsckoit u ITpunHenposckoil BospeiueHHocTel, Cpennepycckoi
BO3BHIIIENHOCTH (KpoMe CeBepHOH uacTH). DTa TEPPUTOPHA 3ajaHBajIach Ta-
JIBIMH BOJAMH JHiIb B NepU0i MaKcHMaJAbHOTO oJacaclienus. B mopogax u noy-
BaX OT OBLIOro rufpoMop(dhu3vMa COXpaHHINCh FOPHU3OHTBl aKKYMYJSIUHH Kap-
60HATOB KaJbllWsl U MaTHWs, a TakkKe KOHKPeLHH COeNHHeHHH XKeje3a, Map-
raHua.

Ilna 310r0 nosica XxapakTeplio MOBHINIEHHOE CO/EPKaHHE B IMOUBAX BaJo-
BOTO KaJbLHMs, Maruus, koGasabra, Melu, HUIKa, MOJUGAeHa, CTPOHIUSA, Oopa,
fona. THNIHYHO NIPHCYTCTBHE KYPAaBUHKOB, IICEBIOMHUIEIHsI, GEIOTIa3KH, PBIX-
JbIX KapOOHATHBIX CTSIXKeHdAH, a TakkKe THIAPOCAIOI, CMeIlaillloCAOHHBIX H
MOITMOPHJJIOHHTOBBIX MHHepasoB. B kapGoHaTHBIX KOIKpenusx BMeCTe C
KasbllieM HaxalmauBalTCi B OOJBIIHX KOJHYeCTBaX CTPOHUUE H Gapufl.
B rugpomopdHbIX 37MeMcHTapHBIX JaHAmiadTax Habaonaercs eule GoablIast
10 CPaBHEHHUIO ¢ BOAOpAasfesNaMH aKKyMYJsiUs KaJbllus, HO He CTOJNb YETKO
BEIpaXKeHHas, KaK Ha ceBepe AJsl Xeje3a. 3LeCh XKe MOKHO OTMETHTb HAKOI-
JcHue cyabdaroB U KapGoHATOB HaTpHsA. Pedunble BOIB 3fech THApPOKap6o-
HaTHO-KAJIbLMEBOTO THIIA C TIOBHILUEHIILIM COJAepxKaHueM Gpoma u Hoxa. Muk-
pO3NeMeNTH ceMelicTBa Kesle3a NIPAKTHYECKH He y4acTBYIOT B MECTHOM mepe-
pacnpegenesyy MO 3JeMeHTapHBEIM JanamagraM (NMOHMIKEHHAss MHIPaIMOH-
HAasl CMOCOGHOCTh HX B NPHCYTCTBHH KapOOHATOB Ka/JbLHs), YTO BHIpaXKaeTcs
B OTCYTCTBHH HX aKKyMYJSUHUH B NofiMax M INOHM:KEHHOM CONEepXKaHHH B pey-
HbiX Bofax. O6mui BHICOKUI YPOBEHb COAEPKAHUS 3THX JEMEHTOB B [IOYBAX
onpeeNsercs, O4eBUAHO, IPHHOCOM. HX B MPOLLIOM C ceBepa NpH GOPMHUPO-
Ballyk JIECCOB M Tocaenymomell ¢ukcanneli B KapOOHATHOM AaKKyMYJIATHBHOH
KOpe BBIBETPHBANHI.

TMosic kapGoHaTHO-cyabGATHOH AKKYMYJSLHH BKJIIOYAET MaJeOrduapo-
mopduble ganauad el [IpHuepHOMOPCKOH Hu3MeHNUOCTH, paBHHI CHIPTOBOTO
3aBosXKbs, I0XKHOA yacTu [1puBOMKCKON BO3BHILIEHHOCTH (C BHICOTAMHU Melb-
me 150—200 ), Epreneii, Kyma-Manbuckoll rpafael. D10 ApeBHHE BOLHO-
aKKyMYJISITHBHBlEe 00J1aCTH, JeXalllie B Npefesax IPeanosaraeMblx 1peBHHX
YCTBEB H JeJbT JeIHHKOBBIX H IOCTeJeJHHKOBEIX Pas3/HBOB, PEX H IIOTOKOB.
ITocne mMakcmmaapiiore oJeleHeNHus 3Ta 9acTh Cymn GxlIa NPHIOAHATA HA
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pasHple ypoBHH, nputoM IIpuuepHOMOpCKas HHU3MEHHOCTh ObLIa TOXHATA
MeHbllle APYTHX JpeBHeLe bTOBHIX a/VIIOBHANBHEIX paBHHH, B XoXe NJIHTENb-
HOTO BBICHIXaHHS T€PPHTOPHH IHAPOMOp$HEIEe ITOYBEI 06Ooramajinch KapboHa-
TaMH, CcyJabdaramy, XeMmoreHHbIMH IVIMHaMu. JlasbHellliee IOXHSTHE TNpH-
BeJO K HX OCTeNHeHHI0 H GOpPMHPOBAHHUIO KapGOHATHRIX H I0MKHBIX YepHO3e-
MOB, XalITaHOBBIX IIOYB, CTENHHIX COJIOHIOB. DTH HOYBHl XapaKTepH3YIOTCH
BLICOKHM COJepiKaHHeM KapGoHaTOB, MHOIIA HANHUMEeM OCTATOYHOTO IHICa
H JeTKOpacTBOPHMEIX cojieft. O BTOpPHYHOM Xapakrepe OCTENHEHUS 3STHX
JIaHAIA(PTOB CBHIETETLCTBYET IIMPOKOE PAaCNpOCTpPaHEHUE OCTATOYHBIX CO-
JIOHLIOB M COJIOHLEBATLIX MOYB,

K 3T0#i Xe rpynne najeoruipoMop¢HbIX AeJbTOBO-aMNI0OBUANBHEIX JaHI-
madToB Mb oTHOcuM Ilpuky6anckue u Ilpupynailickue nusmensnoctd. Onu
OTJHYAIOTCSL OT OCTAJbHOH UACTH TEPPHTOPHH MeHBUIHM COJepXKaHueM Jerko-
PacTBOPUMEIX cosiell u runca. 374ech, OOHAKO, COXPAHUJIHCh ¥ TOPH3OHTH aK-
KYMYJSLHH YTJAEKHCIOT0 KaJbllUsg ¥ COABI H, YTO OCOGEHHO HHTEPECHO, MOHT-
MOPHJIJIOHUTOBBIE CJHTHIE TIOYBHL.

K sromy ke mosicy HOJKHB OBITb OTHeCeHBl M TNpOTepOTHAPOMOpPGhHEBIE
gangmadTe [IpuaHellpoBCKONl BO3BLIIIEHHOCTH, Boopasiesaa pek Jlox—
Cesepnbtit JloHen, Kangaucko#t Bo3BuimeHHocTH. Best ara Teppuropus Beaen-
CTBHE TIPHNOIHSITOCTH HCNBITAaJNa MeHee JUIMTEJbHBIN TepHoX THIPOMOp(H3-
Ma, KOTOPHH, OTHAKO, OCTaBHUJ CJjeJbl B BHle TOPH30OHTOB aKKyMYJsALHH Kap-
60HATOB M THIICA, 4 TAKXKE BCTPEYAOIUHXCA B JCCCE THAPOTENNBIX MHHepa-
JIOB, TAKHUX, KAK NUPHT, Mapka3uTt, culepur (Bekanu, 1957). Ilocne otcryna-
HUS JHENPOBCKOTO JeJHHKAa TePPHTOpPUs Oblla NPUNOAHSATA HA HECKOJBKO
JecATKOB METPOB W paHblile, YeM OKPY:KalolliHe HU3MeHHOCTH, BHILIA M3 THA-
pomopdHoro pexuma (Kosma, Camoiinosa, 1966).

OGbiyHO HEIHE aBTOMOpdHBE (HO B AeHCTBHTENTBHOCTH NajeoTHAPOMOpPGD-
HBIC), 3TH IIOYBHI XapaKTePHU3YIOTCS NMOrpeGeHHBIMH NMOYBEHHBIMH TOPH30NTa-
MH, CKOTUIEHHSIMH Ha GOJBLIKX rAyOHEAaX (5—8 M) MOJyTOPHBIX OKHCJOB, TO-
BBHIILIEHHBIM COAEpPKAHHEM KaTblHs, LNHKa, MoaubaeHa, 6opa, Hora, CTPOHIIHS,
‘6apusi, ceprl U xyopa. g HuX XapakTepHo HaJuyHe KapOOHATHHIX H THIICO-

Ta6auuya 50
Cpennuit cocrae Boj pasiHuHbIX JaHxwagrToB Pycckoii paBauHbi
MakposdeMeHThbl, M2/a MukposneMeHTE, Y/4
Jlanpwadt Bopa - \On O
gls|2|8|2] 2 |B| 2|0 |a|l&|-| 5| 3|8|5
Mopennntit| Peanan 2 i1,5|—| 21[0,3] — | 72|3,6(5,2(30| 21} 5 | 62 | 98 |44 —
Cpynrosan |2 19,00,5| 21|3,0] — |—|3,5] — |—|—]| 2 {50—[1,6—] 1}56—
350 | 200 490
Onoapst  [Peunas —|—|—183 13] — [17| 182} 7| —|—|—120| 15 |—|1600
[pynrosas| — | — [ — [127] 25| — |322| 134 6|—|—|—] 20 3 | —[1600
Tlosecre |Peunas 1,3 —|—| 15|2,4 — | 64]5,8|3,7|—122|3,8 3816,6 |—| —
Fpywurosas|1,5/ — | —| 2¢| 10 5 [|100| 20| 10| —|—|—]| 7 6|—| —
YepHoszeM-|Peu as ——|—| 56| 12} — W95 13| 9|15( 38[15 |8,5] 12 | 58 —
npie cremy\Ipyntosas o 813 |y 4f 72! 250 69 |35 81 2| —|—|—|—| — |—| —
» 0,314 |1,1| 66; 36) 16 | 30, 48 7|—|—[0,6] — | — |—| —
Cyxue Peunast —|—1—| 82} 18] — 1260| 112 44|81 (112130 | 3 51 7 —
cremd  [Cpynrosas | — | — | — |432(338/Na+-K|300|4800(1645| — | —| 8 | — | — |—| —
3720
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BLIX HOBOOODA30BAHMH C BBHICOKOH KOHIEHTpalHel B HX COCTaBe CTPOHIUA
u Gapusi. M3 runepreHHblXx MHUHEPaJ OB THIMYHO NPHCYTCTBHE THIICA, TeHap-
JAMTAa, KaJbllATa M MOHTMODHJJOHHUTA, .

B runpomopdHBIX Makpo.aaHAmadrax ora Pycckolil paBHHHEL M Tenepb
HaKaTJIMBAKOTCS JIETKOPACTBOPHUMEBIE COJH: XJIOPHAR U Cyab(daThl U OXHOBpe-
MEHHO ¢ HUMH 60p, fion, 6pom. Peunble BoAbl COMEpIKAT TaKKe ITOBBIIIEHHbIE
KOJIM4gecTBa Ha3BaHILIX MHKDO3/JeMeHTOB W oforallleHbl cynbdaraMu M XJ0-
punamu (raba. 50). B rpyHTOBHIX BOZax KONULEHTPALHs IOCAEZHHX MOMKeT
pocrurath 10—30—50 /4. OxHEI yyactok Tpoduas — sro pakion Cusa-
meH, 31ech NpelCTaBJeHBl THIHUliblE COBpeMEHHBIE THAPOMOpQHLIE JaHI-
wadTe cyApPaTHO-XJIOPUIHON AKKYMYJSIINH.

K coBpemenHHM rHapoMOpGHEIM JgaHamadTaM XJOPUIHO-CYIbGATHOM,
CyJb(aTHO-XJIOPUIHON H XJIODHAHOH aKKyMYyJALHH (COLOBOH M CONOBO-CY/b-
¢arHOlt) creayeT OTHECTH TaKxe HH30Bbs pek [IpHKyGancKoi HH3MEHHOCTH,
Manbiuckyo BmagnHy H O0JbIIYIO uyacTh [IpHKacTuiCKO# HH3MEIHOCTH H
IIpraszoBbs. ITO HEJAbTOBO-AJNJIIOBHAJBHEIE 06/1aCTH HHTEHCUBHOIO COBpeMeH-
HOTO COJIEHAKOIJIEHHs, IIPeICTaBJIAoNNe aKKyMYJATHBHbIE DaBHHHBI C BBICO-
KAM YPOBHeM CPYHTOBBIX BOJ, YTO M OOYCJOBJUBAET B apHAHOM KIHMAaTe aK-
THBHOE 3acCoJieHHe IOYBEHHOH TOJMILH.

3axaHupBasi paccMOTpeHHe siBJeHu# nudpepeHnuauuy BellecTBa B TH-
nepreHHo#l o6osiouke Pycckoll paBHHHBL, HalledIIHX OTOOpaxKeHHe Ha MepH-
JHOHaJbHOM Ipo(HuIe, HeOOXOAUMO TOAUYEPKHYTh CJeLyIolllHe OCHOBHBIE MO-
MeHTHl: TI0AC HaKOILIellus JXKeje3a H MapraHiia M HX CIOYTHHKOB 06ocobJeH
Ha -ceBepe; HECKOAbKO I0XkHee cPOpMHpOBaH NOAC AKKyMYJIANHH KpeMHNA;
Jlajiee pacmpocTpaHeHa obIInpHas 06JacTb aKKyMYyJsiLHH KapOOHATOB KaJb-
HHS ¥ BMeCTe ¢ HUMM LMHKa, MeI¥, MoJuOaeHa, kKo0aabTa; elle 10XkKHee K
kap6oHaTaM KaJbLHS NPHCOeLHHSIOTCS Cy/b(aThl (MHOrAa CORA), yBeJIHYH-
BaeTcq COmepKaHHe IMIKa, Gopa, flofa, cTpollus.

[Tomumo guddepenunanuy XdMHYECKUX JIEMEHTOB, B 3TOM XK€ HalpasJe-
HHUH OTMeuaeTcs U JHbGepeHnyanys MeXaHHYECKHX 4acTHll, BhIpaXkamomascs
B 06mIell TeHAEHIHUH YTsKeJeHUs MeXaWHueCKOro COCTaBa HOpPOL H TOYB
K 10V M HapacTaHHAsl MOHTMOPH/JIOHHTOOOGDA30BaHHUS.

Caoxbee d cBoeoGpasHee HCTOPUS JaHAWIA(GTOB C «H3BEUHO» aBTOMOpD-
HBIMM TIO4BAMH. DTO TEPPUTOPHS BBICOKUX paBHHH: [Ipusosxckoit, BoabiHo-
Monoabckofi u CraBponosibCkoil BO3BhIUeHHOCTeH, JloHeuKoro Kpsixka H
Bricokoro 3aBomkbs. OnHaKo M B 3TUX jJanamladpTax 3Ha4HTEeNbHas dacTb
NOYB pa3BUBagach He Oe3 BJHSHHS JeNI0BHaJbHO-OOKOBOr0 NMPHTOKA BJjaru
PacTBOpPOB.

Bie paccMOTpeHHs ocTajach Sonbllasi Tpynna Me30rHApPOMOPHBIX JTaHA-
madTOB CeBepHOH Tafiry C IJIeeBO-NIOA30JUCTHIMU MOYBaMM H PalOHOB pac-
NPOCTpaHeHHsT B TaeXKHOH 30HE NMOA3O0JHCTO-IVIEEBHIX IIOYB.

FEOXUMHSI MHKPO3JEMEHTOB
B NOYBAX M KOPE BBIBETPUBAHHA!

3HayeHue H poJb MHKPOSJEMEHTOB

DJleMeHTH], COLEPKAIUKecss B OpraHN3Max B oyellb HeGOJbIIHX KOJHYECT-
Bax, nopsaka 10-3% u venblle, B HayuHOH JHTepaType NPHHSITO HasbIBaTh
Mukpoajementamu (Bepramckuii, 1933). 10T TepMHH YCJIOBHBIH, TaK KakK

& Paspmen manucan Y. B. fxymesckoit 1 B. A. Kosnoit.
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H3BECTEH DAJl «THIHYHBIX» MHKDO3JEMEHTOB, KOJHYECTBO KOTOPHIX B opra:
Husmax nocruraer 10—2—10-'9 (B, Mn, Zn). BepositHo, npy onpexenennn
MHKPO3JIEMEINITOB HeOOXOAHMO YYHTHIBATH He CTOJBKO KOJHUYCCTBEHHYIO CTO-
POHY, CKOJBKO HX Crend(pHuecKyio poJb B X)XHBOM BEIECTBE.

Hauano yuenuio o MHKposjeveHTax noJoxeHno Tpyxamu B. Y. Bepuaa-
ckoro, B. M. Toapauivnnara, A. E. ®epcvana, A. T1. Bunorpagosa. Ha He-
OGXOUMOCTb  MHKDO3JEMEeNTOB [/ pPa3BUTHA OPraHH3MOB YyKa3biBalj
K. A. Tumupsases (1872).

MuxposaemenThl yyacTBYIOT B TAKHX BaXKHEAMIHX GHOXHMHYECKMX IPO-
meccax, Kak anixanve (Mg, Fe, Cu, Zn, Mn, Co), ¢orocunres (Mn, Fe, Cu),
cunres 6eakos (Mg, Mn, Fe, Co, Cu, Ni, Cr) u kpoBereopenue (Co, Cu, Mn,
Ni, Zn), GenxoBbill, yIJIeBOAHBI U KHUPOBoH 0oOGmeH Bemtects (Mo, Fe, V,
Co, W, B, Mn, Zn), cuntea rymyca (Fe, Cu) u np. Posib ux B 3THX npoueccax
CBOAMTCA B OCIHOBIOM K MHHMUMHDOBAHHMIO, HAIIPABJIEHUI0 H AKTHBALMU peax-
oHH Kak B cocTaBe (ePMCHTATHBHBIX U T'OPMOHAJbHBIX CHCTEM, TAK M BHE
uXx. B nacrosmee BpeMs YCTaHOBJAEHO yyacTH€ MHUKPO3JEMEHTOB B COCTaBe
-1/3 n3BecTHBIX (QepveHTOB. Tak, B KapboaHTHApase COMEPKHUTCS LHHK, B Ka-
Taja3e — ¥KeJje30, B ypHKase — Mefb, B NPOJNHLa3e — MapraHen, B KapGox-
cuJlase — Maprasel, ko6aabT, Mefb, XkKeae30, KaAMHH, UUHK, 4 B 2HOJIa3e —
Mariuf, mapraten, nudk (UIxoasnux, 1963).

OpranusMbl Becbva TpeGOBaTe/1bHE K ONpeLeTeHHON KOHLEHTPAUHH MHK-
poO3JeMeHTOB B cpeje, K Habopy, COOTHOMIEHHIO U (GOpMAM HX COeJHUHEHHIl.
Hepmocrarox u H36BITOK MHKDO3JI€MEHTOB B NouBax (cpera, H3 KOTOPOH OHHU
IIOCTYNAIOT B OpPraHM3MBI) OAMHAKOBO BPENHO CKAa3bIBAIOTCH Ha DA3BUTHH
OpPTaHH3MOB, Bhi3bIBasg B KpalHUX caydadx dHAeMHUYeCKHe 3a200JeBaHHsl pac-
TeHUM, XKUBOTHBIX, yesoBeka, C HeJOCTATKOM MeIH CBS3aHHI CYXOBEDUINH-
HOCTb TJOJOBBIX JE€pPEBbEB, aTaKCHsl OBel H KPYIHOTO pOraToro CKOTa; H3-
OBITOK MeIOd TNIPUBOAMT K 3a00/€BAHHIO CKOTAa aHeMyel, K NepepoXIeHHIO
neyeHu. I1pu HemocTaTKe NMHKA Pa3BHUBAETCA «PO3eTOUHad 6OJE3Hb» IJI0LO0-
BBIX JIePEBbEB, NSATHUCTOCTh JUCTHEB y LHUTPYCOBBEIX, NpeKpallleHHe DOCTa,
napakepaTos JKUBOTHHIX; H3GBITOK IIHHKA MOXKET BBHI3BAThb aHEMHIO Y XHBOT-
HEIX. OgHakKo B pafioHax C TOBBINIEHHBIM HJHM IOHMKEHHBIM COLepXKaHHEM
MHKDO3JeMeNTOB 3HIeMHuecKde 3a60JeBaHHsi OXBATHIBAIOT IIe BCe OPTaHH3-
MEl, & TOJBKO HEKOTOpHIE BUIHI, a CpeliH mocjaegHux — auiip 5—20%, pexe
10 40%. 310 06yCA0BAEHO pA3MUYHOR UYBCTBUTENbHOCTBI) OTAESJbHEIX BHAOB
1 ocobell K ONHHM U TeM XK€ KOHIEHTPAUUIM MHKPO3JeMeHTOB H CIIocoG-
HOCTBIO K aJaNTallid B CPejle C «HEeHOPMAaJbHHM» COIepXKaHHueM MHKpPoaJe-
MeHToB. OTciona GoJbliasi TPYAHOCTb B ONpEJAEIEHHH KPUTHIECKHX KOHIEHT-
pauuil MUKpPO3JEMEHTOB B IIOYBAX M PacCTEHHAX.

HegocraTtox nay u3bbTOK KaKOro-1u60 MHKpPO3JeMeHTa Bpelell He TOJMb-
KO «caM 1o ce6e», HO W NOTOMY, 4TO IIPH 3TOM HOHMIKAETCH YCBOSEMOCTb
IpPYTHX 3JeMeHTOB M3-3a HapylleHuWs MX COOTHOIleHus B cpefe. Hampumep,
TpY HeJOCTATOYHOM cojepxKanuu Mo B pacTeHHAX M IOYBAX IIPOUCXOMHT Ha-
KOIVIEHHE MeQH B XKHBOTHBIX OPTaHH3Max, CONPOBOXKJAWOINEECs Pa3BUTHEM
aHeMuH; NpH H30BITOUNOM colepxaHHu Mo B pacreHusx oOHapyXKHBaercs
fedpunur Cu B KHBOTHBIX OpraHu3Max ¥ pAa3BHTHE COOTBETCTBYIOLIUX
Goneaned. Tlpn uuskom ypoHe Co m Mn mnoHHKaeTcs ycBOsieMOCTh Hopa.
HaunGosiee H3yueHO B3aMMHOE BJIHSHHE CJeLYIOUINX TPYNN MHKDO3JEMEHTOB:
J—Co—Cu—Mn, Cu—Mo—Pb, Ni—Cu, Mo—Cu.

CooTHomeliHe MHKPO3JEMEHTOB H IOPOTOBAs KOHIEHTPALHUS OTHAEJIbHBIX
5HEMEITOB ONpPENeSIOTCd He TOJbKO HX KJAapKaMmH, HO M AOCTYNHOCTBIO Op-
raHH3MaM OTAEJbHBIX dopm coenunenu#t. [Ipy HOCTATOUHO BHICOKOM BajxO-
BOM COJeDIKaHUU MHKDPOITEMEHTOR MOXKeT Habaonathca OIOBpEMEHHO [e-
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QHUNT ¥X TOABHKHBIX GopM, 06yca0BIeHHBIA BLICOKOH TIPOYHOCTBIO COEIH-
HEHHH, HENOABUAKNOCTbIO H HEyCBOSIeMOCTbIO HX (Hampumep, Meib B TOpQs-
HHKaxX; Melb, MapraHell U Xeje30 B H3BECTKOBHIX IIOYBAX).

[IpenapaThl ¥3 MHKPO3/JeMEHTOB HUCIIOJNB3YIOTCH B CEJNBCKOM XO3AHCTBE
H MeJHLUHe AJs1 NPOQUIAKTHKH M JeueHHuss 3a6oseBaHUA paCTEHHl, KHBOT-
HHIX, Juofell. e MeHee Ba)kHOe NIpakTHYeCKOe 3HaueHHe MMEIOT MHKpPO3.Te-
MEHTHl B IIOHCKOBOH TIeOJIOTHH KaK MHIMKATOPH Ha pyIHEE H HedTeHOCHEHIe
MecTOpOXKAeHHA. Han pyanbiMu TenaMu ¥ HedTeHOoCHBIME GacceliHaMu B Ou-
BaXx M BOXaxX CO3MAIOTCA <«OPEOJbl» PACCEesHHs, XapaKTepH3YIOUIHecs AaHo-
MaJbHO NOBHILUEHHHIM COAEpP:KAHHEM COOTBETCTBYIOUIHX MHKDPOIJIEMEHTOB,
PacruteapHOCTh B palloHax MeCTOPOXKAEHHH HepelKo NMpeTepleBaeT pAlL MOp-
($OoNOTHUECKUX W XHMHYECKHX H3MeHEHHH, CJIyXKallHX HeNoCPeICTBEHHBIMH
HHJIHKATOpPaMM Ha NPHUCYTCTBHE TeX HJH HHBIX 3JIeMENTOB, HallpuMep H30GHI-
TOK MapraHua BbI3LIBAET NOKpacHeHHe CTeOJs H uepeHKa JUCTbEB, XJI0PO3,
CKPYYHBaHHE ¥ OTMHDAHHE KpaeB JHCTHEB; NPH H3OBITKE XpPOMa JHCThS CTa-
HOBSITCS KEJTHIMH C 3€JEHBIMM JXHJIKaMH, a H36HTOK KoOaJjbTa NPHUBOIHUT
K Oesofl mgTHHCTOCTH Ha JucThax (Masora, 1963). BosmoxHO TakKe pas-
BUTHe crnenuduueckol ¢Gaopbl, IpUCyIIell TOJABKO ONpejesieHHbIM THIIAM Me-
cropoxenudt., Tak, Mo gaHHBIM TOTO Ke aBTopa, Kiaw3us (Clusia rosea) sas-
JAseTcs MHIMKATOpOM OJs Kejesa, cmoaka (Viscaria alpina) — gns meny,
pyra (Ruta graveoleus) — nns unnka, a 6ypavok (Alyssum murale) — pia
Hukeas. [Ipm momomu GHOTeOXMMHYECKOTO NOHUCKOBOTO MeToma OHLIO 00-
HapyxeHo GOJbIIOe KOJaH4YecTBO pyAHbIX Mectopoxkpaenuil B CIHA, IHBennu,
CCCP (Cubupp, Apmenns, ¥Ypadi).

A. E. ®epcuman obpatus BHHMalxe elle Ha OZHY 0CO0eHHOCTb MMKpO-
3JeMEHTOB — UX «Kpacsllylo» crnocobHOcTh. HesnauyuregpHasi mpuvech MHK-
pO3JeMEHTOB B MHHepajax NpHAaeT HBeT, IPKOCTb TOHOB M MIOroo6Gpasue
oTTenkoB. K xpomodopam OoTHOCATCS 3JeMeHTH cemelicTBa Xenesa: Ti, V,
Mn, Cr, Fe, Co, Ni, a Takxe W, Mo, U, Th. Bce 31tu 3aeMelTH 06JanaoT
BBICOKOH CTEIeHbI0 HOJApH3aluH. «JTO H €CTh KpacHTeJH MHpa — OCHOBA
APKUX ¥ YHCTHIX TOHOB, KpacoTa JparoleHHOro M HBETHOTO KaMHS M IeH-
HOCTb HCKyCCTBeHIBIX cTekoas (®epcman, 1936). Hanpumep: rony6oit user
cangupoB 00yCJIOBIEH NPHMECBIO THTaHa, XpoMma, (pHOJETOBLI aMeTHCT —
coefMHeHHll Maprasila, a KpacHble OTTeHKHM DyOHMHA U ILIMHHENH CBSI3aHHL C
HaJH4yHeM XpoMa.

KosoccadbHa posb MHKPO3JAeMEHTOB B IPOMBIILIEHIIOCTH H CEIbCKOM XO-
3siictBe. PasButne TaKWX BAXHBIX OTpachaedl, Kak MEeTaJJyprus W XUMHs, a
TaKXe 3lepreTHKa M OGOPOHHAs TPOMBIILIEHHOCTb, TPOHU3BOACTBO yAOGpe-
HUH M MeAMKaMeHTOB HeMBICJUMBl 0e3 MHKposjeMeHTOB. [IpumeHeHue n
ynorpe6jeHHe MHOTHX MHKDO3/IEMEHTOB H3BECTHBI U€JIOBEYECTBY C JPeBHHX
BekoB (Depcman, 1954):

Bpewms DreMeHTH
IlpeBHue Beka Fe, Au, Cu, Sn, Hg, Pb, Ag
Jo XVIII B. As, Bi, Co, B, Ni
XVIII B. Ir, J
XIX B. Ba, Br, V, Cd, Mn, Mo, Os, Pd,
Ra, Sr, Ta, F, Th, U, Cr, Zr,
XX B. (mo mausbiv 1915 1.) Li, Ti
XX B. (c 1915 10 1932 r.) Be, Se, Rb, Hf, Re, TI, Cs

C xaxJblM TOIOM BOBJIEKAIOTCA BCe HOBBHIE M HOBBIE 3JIeMEHTH B chepy
NpPAKTHYECKON JesTeTbHOCTH uesioBeka. [locieHue necATHIeTHS 3HAMEHYIOT-
Csl IUHPOKHM HCTNOJB30BAHHEM PaJHOAKTHBHBIX H30TOMOB, MHKPO3JIEMEHTOB
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B MeJMIHHE, TPOMBIIIEHHOCTH, HayyHol paGore. A. E. ®epcman, kpynueit-
IINA yyeHBIH H MeuTaTesb, PHCYs KapTHHY GYAyIIero yeloBeyecTBa, NUCAJ:
«B Gopbbe 3a Hepa yesOBeK HCIIO/Nb3YeT BCI TopHylo Maccy. Hukakux oT-
6pocoB, HHKAaKMX HEHCIONb3OBAaHHBIX NYCTHIX TNOpOA. Bce Gyler cCayXKuTh

NPOMBIIIEHHOCTH, BC MeHaeneeBckass Tabmuna OyAeT HCNOJIb30BaHA...»
(®epcman, 1954, ctp. 399).

HcToyHukHu MHKPOG3JEMEHTOB B NMOYBAX

[naBHBIM HCTOUHHMKOM NMOCTYIJIEHHS MHKPO3JEMEHTOB B NOYBLL SIBJSIOTCS
MaTepHHCKHe ropHble nopoasl. Habop u conepxaHde B HUX MHKDPO3/JeMEHTOB
ONPENe]sI0T XapaKTepHble OCOGEHHOCTH MHKPO3JEMEHTHOTO COCTaBa IOYB.
B peayabraTte mouBooGpa3oBaTe pHOrO NPOLECCAa NIPOUCXOAUT TMepepacpese-
JIEHHE OTAENbHbBIX MHUKPO3JIEMEHTOB IO IeHeTHYeCKNM TOPH30HTAM, YacCTHY-
Hasi moTepsl OJHHX H HaKOIJIeHHe JIPYTHX, HO clnenu¢pHyecKHe 0COGEHHOCTH
B XMMHH MHKDO3JEMEHTOB, YyHAacJelOBaHHbIe INOYBOMl OT IIOPOABI, COXpa-
HSIIOTCA.

Kpome ropHeix mopoj, MMKpO3JeMeHThl MOT'YT IOCTYIaTbh B NOYBY C Me-
TEOPHTHOH M KOCMHYECKOH IIBLIbIO, BYJKAHHYeCKHMH Ia3aMH, ¢ MOPCKHMH
Opbl3raMn M M3 OKeaHa, NOYBEHHO-IPYHTOBLIX BOJ ¥ HAKOHEI[ B pe3yJjbTaTe
TeOXUMHYECKOH JleaTeJbHOCTH uesnoBeKa. KoanuecTBeHHAss CTOPOHA IOCTYI-
JIeHUs] MHKDOJIEMEHTOB H3 Pa3HBIX HCTOUHHMKOB H3yuella elle HelOoCTAaTOUHO,
TaK JKe KaK He Bcerja TOYHO H3BeCTEH UX COCTAaB,

C xocMHYeCKOH M METEODUTHOH TBLIbIO BO3MOXKHO IOCTYIUIEHHE BCeX
H3BECTHBIX MHKpPO3JeMeHTOB. bosee orpaHuuyeH Hafop MHKPO3JeMEHTOB, IO-
CTYNAOLMYX Ha IOBEPXHOCTb C BYJKAHHYECKHMH Tas3aMH, TOPSYHMH HCTOY-
HUKaMH, Ta30BBIMH CTDYSIMH. DTO B OCHOBHOM JIEKOJETyUHE COeXHHEHHS,
BhHIeNsOmYecs Npy JQerasanud BemecrBa Bepxell mantun: HF, HCI, HBr,
HJ, B(OH)s, u npunnMapmye 3areM y4acTHe B ¢OCTaRe aTMOC(EpPHI, OKEaHOB
1 BHewell 060JOUYKK 3eMJaH. BBIHOC raJjoreHugoB u 60pa Ha IOBEPXHOCThb
3eMJM NPOUCXOAHT NPONOPUHOHANBHO HX COJLEpPXKAHHIO B TOPOJAX MAaHTHH.
Hruine pelicTBylomne ByJKaHB BBIAEASIOT B aTMochepy B TeueHHe roja OKO-
a0 1 wman. 7 HF naun HCL

IMocTynieHne MHKpPO3JeMEHTOB B TOYBHL C MOPCKMUMH OpHI3TamMu H U3
OKeaHa WMeEET JIOKajbHOe 3HaueHWe W OTPAHNMUEHO ONpeleNeHHBIM COCTaBOM
mukposaementos (Cl, Br, F, J, Li, Rb, Cs).

B mouBwl ruapomMOp¢HOTO psila MHKPO3JeMEeHThl B 3HAUMTEJBHOH Mepe
TIOCTYAlOT C MOYBENHO-TPYHTOBBIMH BoJAaMH. IIpu BHNIAJEHHH B OCajOK CO-
€IHHEeHHH M3 YOYBEHHO-TPYHTOBBIX BOJ IOYBBI MOTYT 0060TamlaThCs CAEAYIO-
muMu saemenramu: B, J, Fe, Co, Ni, Zn, V, Cu, Ba, Sr, Li, Cs, Rb.

K o6uemy, Ho MaJ0 U3YYeHHOMY HCTOYHHKY NOCTYIIJIEHHS MHKPO3JeMeH-
TOB B IOYBHl OTIOCHTCA TeOXHMUYeCKas AesTeNbHOCTb dYejJoBeKa, pasMax
KOTOpO# yBeIHYMBAETCS C KaXKIAbLIM TofoM. I'paHAMO3HBIA MacmTab reoxu-
MHYEcKOH AeATeJbHOCTH YeJOBeKa MOXKeT OBIThb NPOMH/MIOCTPHPOBAH Ha He-
CKOJIbKHX KOHKPETHBIX HpHMepax. EXKerogno B pesyabTaTe LOPOXKHBIX,
CTpOUTeNbHBIX M IPYFuUX pabor obpasyercss oxono 1 xm® mbuin, ocefawileit
3aTeM Ha NMOBEPXHOCTH 3eMJH. PasMmesbueHHe-IIOPOJ H TOYB CHOCOGCTBYET
NOBHIIEHHIO HHTEHCHBHOCTH IIPOLECCOB MUTpPAlMH 3JE€MEHTOB U HX peaxk-
HHUOHHOK CcHOCOGHOCTH.

Vi3 Helip 3eMau Ha ee OBEPXHOCTD exKerofHo u3Bjekaercs 25—30 MapA. 7
TOPHHIX TOPOJ, NPOLYKTH NepepabOTKH KOTOPHIX M OTXOIbl YaCTHYHO MOCTY-
namT B N0oYBy. Hepeako Ha NOBEPXHOCTh 3€MJIM NPH 3TOM IONALAIOT MHKPO-
3J1eMeHTsl B dopme, HEe XapaKiepioh s 30HB THNEPreéHesa, HalphuMep ca-
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MOpOJHbIE KeJje30, Melb, HHKeNs ¥ T. I. B aTmocdepy HenpepLIBHO HOCTY-
TIAIOT NPOAYKTH TeXHOreHe3a — COeJMHEHHs MBIlIbsKa, cejleHa, cephlH Apy-
rue (Ilepenbmaii, 1966).

B Buge ynoOpeHuil B NOYBY e€xeTrOJHO BHOCATCH MHJ/JIHOHB TOHH Makpo-
# MHKPO3J€MeHTOB.

3a mocaenHue JECATHIETHS TOSBHJICS HOBBI MCTOYHUK MHKPOJEMEHTOB,
CBSI3aHHBIH C JesiTEJBHOCTBIO UYeJOBEKa,— SepHble B3DLIBE, B pe3yJbTaTe
KOTOpBIX 06pasyioTcsi UCKyccTBeHHble u3oTonbl Sr%, Cs!¥, Co® m nppyrue,
ocefapomye Ha noyBe B Buie nbin. C aTMocdepHEIMH OCafkaMu B IOYBY
noctynator Ce'#, Lal4¥0, Ba0 u 1. 1,

JlonroxuBylive paJlHON30TONE], IONIafast B NOYBY, YYaCTBYIOT B LaJIbHEH-
IeM BO BCEX NPOIECCAaX MHUTPAUHH H AKKYMYJSHHUH BeUIeCTB Kak B IOUBEH-
HoM mpodu.e, TaKk U B KOMNOHeHTaxX 6uocdepsl.

Kak yxe roBOpUJOCh, OCHOBHBIM HCTOUHHKOM NOCTYIJIEHHS MHKpPO3Je-
MEHTOB B TOUBHL IBJASIOTCS MATEPHHCKHe TOPHBIE IIOPOJBL

MarMaTuyeckde yJIbTPAOCHOBHBIE MOPOABI, COAepiKaillie MHUHepaJbl THIA
OJHMBHHA, THPOKCEHOB, amM(ub0J0B, XapaKTepH3YIOTCH BBICOKHM COAepXKa-
HHeM MHKpO3JeMeHTOB cevefictBa xkeinesa (Ni, Co, Mn, Cu, V, Cr, Zn).

Ocl10BHbBIE TOPOJBI, B COCTaB KOTOPHIX BXOLST, KPOMe TOTO, ellle 1 OCHOB-
Hble TJarHOK/IAa2bl, HMeIOT 0oJiee pasHooOpas3HbIH HAaGOpP MHKDPO3JEMEHTOB:
TOMHMO ceMelCcTBa Xefde3a, onu cogepxkar Li, Sr, Cs, Pb, Ba.

B cpenHekncaBIX M KHCJBIX TTOpojax, Tie npeobaajfaloT IJarHok/aassl H
KaJHeBO-HATpPHEBble TOJeBble MNAaThl, COCTaB MHKPO3JEMEHNTOB Pe3KOo OT/IHY-
Huii. [1aBHYIO poJb HAUMHAIOT HIPaTh TaKHe MHKDO3JeMeHTH, Kak Rb, Be,
Sr, F, Ga, Li, Mo, Zr, U, Ra, a muKpoaneMeHTE ceMeHcTBa Xese3a npuobpe-
TawT NOoAYHHenNnoe 3Hayenue (tabm. 51).

Ta6auna 51

CpenHee cofiepkaHHe MUKDOIEMEHTOB B TOpOJax, Me/Ke

TTopoas Mn Co Cu Zn B Mo J
OCHOBHBIE MarMaTHyecKue 2200 45 | 140 130 51,4 0,5
Kucame marmathyecKue 600 5 30 60 17 | 1,9 0,4
Chnanus 670 23 57 80 | 100 | 2,0 1,0
Mopckue romHe o 8000 | Mo 381m0 4130| 50 { 230 |0,7—9| 1o 200

JI€ccel B nEccOBHIHBIE CYTJIMHKH 500 15 25 70 50 | 3,3 0,7-1,1
‘O3epHo-7i€ IHUKOBBIE TsLKeJble CyT-

JIUHKH W TJIHHBL 800 10 25 5 | — — 1,0
IToxkpoBHEIE CYIJTHHKH 600 10 23 49 18 | 3,15 { 0,9—1,0
CyramuucTast MopeHa 600 9 20 47 22 1 2,9 0,9
‘Cynecuarasi ¥ necyaHasl MOpeHa ’350 6 12 28 20 |1 0,8 0,1
Tlecxu dmoBHOTrIUHMANBHBIE, 03€p-

Hbie M JApeBHeaJJIIOBUAJIbHBIE 200 2 5 14 10 0,8 0,1

O6pasyiomuecsi MpH BbIBETPHBAHUH MarMaTHYeCKHX NOPOX KOpDHI BHIBET-
PHBAHHS ¥ OCAfOUlble OTJOMXKEHHs 3HauHTEJbHO OTJIHYAIOTCH OT H3Hadasb-
HBIX TIOPOJ, MO MHMHEPaJOTHYECKOMY, a CJAef0BaTeNIbHO, H MHKDO3/JeMEHTHOMY
COCTaBy.

Kak mpaBujio, BBIILeJSOYEHHBE CHAJIUTHEIE KHUCJABIE KOPbl BLIBETPUBAHHSA
obesHeHbl GOJIBIIMHCTBOM MHKPO3JEMEHTOB, CVaJUIHTHBIE OOBI3BECTKOBAH-
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HBle KOPBl COAEp:KAaT 3HAUNHTETbHOE KOJHYECTBO H HabOp MHKpPO3JEMEH-
TOB. AKKyMYJSITHBIBIE THICOHOCHEIE U 3A4CQJEHHBle KOPBI BEIBETPUBAHUS
oforameHsl GoJsiee NMOJABUXKHBLIMM MuLKpodjiementamu (Ba, Sr, Cu, B, J, Li,
Cs, Rb).

B npenesax KaxIOro THHA KOPbl BBIBETPHBAHHS KOJUYECTBO H COCTaB
MHKPO3J1eMeHTOB H3MEHSIOTCS B 3aBHCHMOCTH OT MEXaHHUECKOr0 COCTaBa
U Hanuuyusi IpuMecell opraunueckoro BemiecTBa. Cofep:kaHue GOJbIIHHCTBA
MHKPO3JIEeMEHTOB BO3pacTaeT C yTAKeJeHHeM MeXaHHYecKoro cocrasa H
VBeJHYEHHEM CONEpXKaHUsg OPTaHUUECKHUX BEHIECTB,

Meramopduueckue mopoibl OOBLIUHO HACJAELYIOT MHKDPO3JeMeHTHH co-
CTaB OCaJOYHLIX OTJIOXKEHHH, U3 KOTOPBIX OHH 06Pa30BaIHCh.

1 MUKpO3JeMeHTOB ceMelCTBa iKeJe3a MOXKHO HaMeTHTh CJeLVIouui
psii moyBooOpasyIOUHUX Nopox (B mopsake yObIBaHUs COAEPIKAHHUSI MHKpO-
3JIEMEHTOB): OCHOBHBIE MAarMaTHYeCKHE MOPOJBI>>CHAHIE OUTYMUHO3IbIE >
>>MOpCKHe TVIHHBI>KHCJIble MarMaTuyeckue MOpOJALI>Jécchl M 03epHO-JTel-
HHKOBbLIE TSXKeJble CYTJIMHKY U TVIHHBI>>TIOKPOBHBIE CYTVIMHKH >CYTJIHHUCTAS
MOpeHa>>cylecuanass ¥ TecuaHas MOpeHa >TecKu ¢IOBHOIVIALHAJBHLIE,
JpeBHeaTIOBUANbHEIE M 03€pHEIE,

Inst 6opa u fioga psl HECKOJBKO M3MEHseTCs: MOpPCKHe TJIHHLI ¥ THkKe-
Jble CYTJAHHKU>>CA4HIB OHTYMHHO3Ible >JECCH > IOKPOBHBIE  CYTJIMHKY >
> CYIJIMHHCTAsl MOpeHa>KuCjble MarvaTHyecKHe IIOpOJB>>OCHOBHBIE Mar-
MaTH4ecKHe NOPOABI>CylNecuaHas M JlecyaHasi MOpeHa >IeCKH.

Hast moaufaeHa pan DpakTHYeCKH TAKOH Xe, 32 HCKIIOUeHHEM MOPCKHX
otjoxenuil. HanGonabliee comepxkanne Mo xapakTepHO AJs OpPraHOTeHHBIX
TIOpPOJI; MOPCKHE OTJOXKeHHs, Kak npaBujo, GexHee Mo, 4eM KOHTHHEHTaJ/lb-
Hele. B psie cayuaeB Bo3MOMKeH OYeHb BBICOKHH kiaapk Mo, Hanpumep BIHe-
Jaruueckux wiaax (rabu. 52).

Ta6numa 52

ConepXaHue HEKOTOPLIX MMKPOSJEMEHTOR
B MOPCKHX OTJOXEHUdX, M2/K2

(Bunorpazos, 1967)

MuUKposiIeMeHT I/I&:f:gg;:lnme Kpemuucrpie uibt | Ilestaruyeckne wint
Cu 338 370 400
Co 91 200 100
\ 300 460 390
Mo 20 38 17
Mn 2670 4000 3800

Cpenn ocafouHBIX IIOpOJA Ha Cyllle 3eMHOro wapa Hau6oJjee pacrnpocrpa-
HeHbl [IHHHCTBIE H CYTJIMHHCTHIE, BTOPOE MECTO IO IIOMAaAH 3aHHMAIOT lec-
yallble H TpeTbe — KapOoHaTHble oT/0XKeHHsi, COOTHOIIEHHe 3THX TPYIN co-
crasaser 5:3:2 (Pyxnu, 1953).

3axon0mepﬂocm MHTpaLHd MHKPO3JEMECHTOB HAa Cyllue

MurpaluyoHHasi CIocOGHOCTh 2JIeMEHTOB MOMKET ObiTh OXapakTepU3OBaHa
OTHOILEHHEeM KOJHYECTBA ATOMOB 3JIeMeHTa, MepelleflinX B NOLBUAKHOE CO-
CTOsIHHEe (B BOJAY), K KOJHYECTBY aTOMOB TOTO K€ 3JIEMEHTa B MOPOLaX M

204



TouBax, T. €. MOXKeT OLITb BhIpaxkeHa B BHJe KO3(h(HLIHEeHTA BOLHOH MH-
Tpauuu: ‘
m, - 100
%
Ky =

’
a-nx

rie m,— Colepikanne MUKPOIJIEMEHTOB B BOJE, 2/4; Ny — COLepaaHHe MH-
KpO3JieMeHTa B IIOuBe, % ; @ — CyMMa MHHepa/JbHHX BelleCTB, PACTBOPEHHHIX B
BOJE, 2/A.

B Bomax MOXKeT COepKaThCsl ONMHAKOBOE KOJHUSCTBO 3JIEMEHTOB, a MOX-
BUXXHOCTh HX OyIer pasauuHoil. Hampuwmep, comep:kaHue ypaHa M Kese3a
B BoZax ofuoro mopsizka — 1-10~%%, a HHTEUCHBHOCTD MHMrpallUy pas3inyHa:
ypaHa BhICOKas, XeJie3a HeaHauuTespHass. OnpelleNs2TCs 3TO TeM, 4TO ypaHa
B TFOPHBIX mopojax majo (2,5-10~%%), a xenesa muoro. ona ypaua, mepe-
fileJIero B pactBop, 3Hauutenbua (40%), a xenesa ner (0,002%).

MukpossieMeHTH B JanaiiadTe MOTYT [IGPEABHTATbCH PA3HBIMH MYTSIMHU;
Pa3JHYAloT BOIHYIO, OMOTelYI0 M BO3LYUIHYI (OPMEl MUIpaNH.

Boaunas murpauus MukpoajaemMeHToB . Bona — cBoeofpasHoe cBs3yiouiee
3BEHO B CHCTEME: OPTaHH3MEBI — [OYBH — NOpOAE — atMocdepa. O6men Be-
[lecTB, B TOM YMCJI€ M MHKPO3JeMEHTGB, B 3TOH CJAO0XKHOH MHOTOKOMIIOHEHT-
HOM CHCTEME OCYIIECTBJISIETCS B OCHOBHOM uepe3 XKHAKYI0 (asy — mnouBeH-
B pacTBOp, TPYHTOBHIE W IIOBepPXHOCTHEIE BOALL. O6llas HampasJeHHOCTb
BOILHOH MHTpaluy — paccesiHue, IIEpeHOC, IepeiBHIKeHHE, XOTH HensbexHa
H aKKyMYJSI#s IPH UCIAPEHUH M KOHUEHTPUPOBAHHUU U T. 1.

Xapakrep ¥ GopMa BOAHOJI MHIDAllHM MHKPO3/JEMEHTOB OMNpeIessioTCs
KaK BHYTPEHHHMH, Tak W BHemuuvu akropamu. K BHyTpeunum axropam
MHUTPAlUK OTHOCATCS CBOMCTBA CAMOTO 3JieMeHTa, ero PeaxiyOHHAsS crnocol-
HOCTb, XapakTep ero coelnHeHwi. BHelHne $paxToOpE MHUIpaLWH — 3TO YCJIO-
BUsI, B KOTOPBIX IIPOMCXOAUT MUTPAUHs: TeMOepaTypa, BJAaXKHOCTh, BeJUUMHA
pH, Eh, Hanuuze opraHuyeckoro BelleCTBa, MHHEPAJbHEIX KOMMOHEHTOR
HT L '

CsoiicTBa 3/eMellTa HaXOAAT OTPaxKeHHe B BeJHUHIIe MOHHOTO TOTeHIHAIA
(xapTab), T. €. OTHOLICHHH BAJICHTIOCTH WJIM 3apfAla HOHA K €T0 paaHycCy.

[IpencraBnende 06 MOHHOM MOTEHIMAaJe ¥ POJH €ro B TEOXHMHUECKHX
npoueccax paspaborano B Tpydax Kapraemxka, A. ®. Kamycrtusckoro,
I0. B. Xonakosa, B. M. T'oapammuara, A. E. ®epcmana. ®epcman (1937)
NOJUepKUBaJa 3HepreTHUeCKUH XapaxTep BeJHYMHBl MOHHOrO HOTeHIHaja H
CBSI3b €TO C BeJNUnHOM 3Hepruu noHos. 0. B. Xoxakos (1954) o6paurasn oco-
60e BHMMaHUC Ha BEJHYHHY HOHHOIO MOTEHIHAaJa KaK WHIHKATOPA Ha OCHOB-
HocThb aJeMeHTa. I'oapamvuar (1938) HCroONb20BAN HOHHBIE TTOTEHIMANDLL A
00'bACHEHHS TIPOLECCOB BLIBETPHBAHHUS, NIEPEHOCA U IEPEOTI0KEHUS BEIEeCTB.
Wy cocrasaen rpaduk, orofpaxalmomuil cBg3b HOHHOTO IIOTEHIHaJja C pac-
TBOPHMOCTBIO M (POpPMON MUTpalUU 3/1eMeHTOB.

MHuKposseMenTsl ¢ HH3KUM HOHHBIM NoreHuMasom — < 1,4(Cs, Rb, Li)—
OTHOCATCS K CHJbHBIM OCHOBAHMAM, MUIDHPYIOT B QOpMe KaTHOHOB B BHAE
HCTHHHBIX PACTBOPOB. Bee coeauHeHus xopoio pacTBopumbl (puc. 68).

SaemelThl ¢ HOHHBIM norteHuuagsom or 1,4 mo 3 (Co, Cu, Mn, Zn, Ni,
Fet?, Sr u Ba) mepeasuraiorcst B KaTHOHHOH HOpMe B BuIe HCTHHIIBIX pac-
TBOPOB, X COeJiHeHui, 0o6pasyloT OCHOBalHs, BHNAJAWINHEe B Oca-
N0k npu noamesaunsanuy. Oun ocaxranTrcs Takke B popme cyabpdaros Sr,
kap6onatoB Co, Cu, Mn, Zn, Ni, Ba, St u B Buac OCHOBHHIX coJcil Cu.
Bo3moxna Murpauus B KOJTOWAAJBHOM CCCTOSHHH M B BHJe MeXaHHYeCKHX
B3BECCH,
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Puc. 68. CpolicTBa 3/71eMeHTOB B 3aBHCHMMOCTH OT BeIHuUMHLl HOHHOTO noteruuana ([oabxa-
wmmMuar, 1938)

a — XKaTHOHHl; 6 — SJAeMEHTHl, CKJICHHbBIE K THAPONH3Y; & — PacTBOpHMEIe KOMIIJIEKCHDbIE 2HHOHH

Puc. 69. [TonoxeHnue 37eMeHTOB, 00pa3yIOLHX CJA0XKHBEIE KOMNJIEKCH, Ha iHarpaMMe HOHHBIX
nortesuuanos (ILlep6una, 1956)

I — XOMIJIeXCHBIX HOHOB He O6pa3yioT; 3 — 06pasyioT aHHOHBl H3OTIOIUKUCIOT;
2 — 06pasyioT CHOMHbIE KOMIJIEKCHBIE HOHBI; 4 — obpasyior anuoHnl THoa COz”, SO

MukposjieMeHTH ¢ HOHHBIM noreHuma’iom or 3 mxo 7 (V, Cr, Be, Fe,
Mn+3, Tit+*) o6pasyior amdoTepHble OKUCJIBI, 06/afal0T BLICOKON YYBCTBH-
TEJBHOCTBIO K peaKUUH CPelbl, JeTKo BhINajalT B 0CafOK B BUJAE I'MIPOOKH-
ceii. Bosee noABHXKHLEI B IIEJOYHOH cpele. MUrpupyloT B OCHOBHOM B BUJe
KOMILJIEKCHEIX COEAMHEHHH, B KOMJIOHAAIbHOM COCTOSHHH H B BHJE MeXaHuue-
CKHX B3Beceq.

MuKpoO3JeMeHTH ¢ HOHHBIM TOTeHIHAIOM >>7 (Mot+4, V45, B+3 Ast5, Cr+6)
MHUTPHPVIOT B ¢(opMe aHHOHOB B BHJe HCTHHHEIX PacTBOPOB, OCaXKIAIOTCA
pSZOM KaTHOHOB. Hanpumep, XpoM — CBHHIOM U KaJjbllieM; MBIUIbSAK —
JKEJe30M, Melblo, CBHHIOM; OOp — KaJblIMeM, MarHueM; MOJUGAEH W BU-
CMYT — CBHHIOM, M€JBIO, XKeJe30M; BaHAIuH — MeIblo, HUKE/eM, LIUHKOM,
CBHHIIOM.

Bueuinue ¢akTophl MHIpal¥H NOAPOGHO 0XapaKTepH30BaHBI B pasfene
«TeoxuMusa nouBooGpa3oBaTeNbHEIX INPOLECCOB», MOTOMY 3Jeck Gyper pac-
CMOTpeHa JUllb DOJb KOMIUIEKCHBIX COeJHHEHHH B MHIPallHH  MUKPO3Je-
MEHTOB. '

TMoaBHXKHOCTL GOJMBIIMHCTBA MHKPO3JEeMEHTOB B Pe3yabTaTe 00pa3soBaHus
KOMILJIEKCHBIX cOelMHeHHH BospacTtaerT (puc. 69). MuKpo3neMeHTH B COCTa-
Be KOMILJIEKCOB Meliee YYBCTBHTEJIbHE K OCAAUTE/IAM, K U3MEHCHUSIM PeakluH
cpenrl H KuciaoponHoro pexuma (Eh). Ypan, mens, cepe6po, Gepuaanii, uup-
KOHHM# JieTKo o6pasyloT pacTBOPHMbBIE KOMILIEKCHbIE COeXWHEHKsI Tuha
[UQ2(CO;) sl * B ycaoBHsiX COLOBOrO TUNepreHesa.

Bonee pacnpocrpaHenbl KOMAJIEKCH MHKDPO3JEMEHTOB € OPraHHYeCKUM
BetecTBOM. Oco6eHHO JIETKO BCTYNAT B coenMHenue ¢ nociaenuum Fe, Ti, Cr,
V, Cu, Ni, Co, Zn. Cpeayu opraHHYeCKHX KOMIJIEKCHBIX COSJHHCHHH 0CO6CINO
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Goablias poib B MHTpALMH MHKDOI/JIEMEHTOB NPHHALIEXKHT xenaraM. [Iox
XeJaTHBIMH, HIH «KJelieoBpasHbiMi», COCAHHEHHSMH MOHUMAIOT TaKHe KOM-
TJIeKCHl, TJle BHYTPEHHHH aTOM-KOMIIeKCOoOpa3oBaTesib CBSi3aH ¢ JByMA
(GYHKIHOHAJBHBIMA TpYNIaMy OAHON H ToH K€ OpPraHH4yeckod MOJEKYJIBL.
[IpnueM o6BIYHO OAHA rpynna o6pasyer HOHHYWO CBsI3b, Apyras — JOHODHO-
axkuentopuylo. Hanpumep, KOMIJIEKC MeAH ¢ aMHHOKHCIOTAMH:

BosHUKHOBEeHHe MONHOHN CBS3W C JIMFAHAOM BO3MOXKHO IIpU 3TOM 3a CYET
rpynn: COOH, OH, NH,, SOsH. KoopaunanuoHunas CBsisb MOXKeT BO3HHK-
uyThb 3a cuer noaspiuix rpynn —OH, —NH,, —NOy, —N=, =CO.

B npupOAHBIX YCJIOBHSIX B KauecTBe OPraMH4eCKHX aQNeHIOB MOTYT BLI-
CTyNnaTh: aMHHOKHCIOTH, OKCHKHCJIOTBH H ABYOCHOBHBIE KHCJOTH (npu Guaus-
KOM PacnoJioXKeHHH (YHKUHOHAJBHBIX TPYNN), MOJH(EHONb, apoMaTHYECKHE
OKCHCOeJHHEeHHs], TeTepOolUKINIeCK e COoellHHeHNs, HYJbBOKHCIOTH, TYMHHO-
Bhle KHCJOTHL.

Houno-koumnnexkcoobpaszopaTeseM uallle BCETo ABJSIOTCI KaTHOHHL d-
ceMeiicrBa, o BO3MOXKHO 06pa3oBaHHe KOMIVIEKCOB H ¢ KajbllHeM, MarHueM,
aJIOMHHAEM M T. I. IIpH oZHOBpeMeHHOM NMpPHCYTCTBHH PasHYHHIX ajflcHIOB
H K4aTHOHOB 00pasyioTcsi KOMILIeKCH IlauGospluelr ctoikocTH. Ilpu usmene-
HHH OOCTAHOBKH, HANPUMED B pe3y/bTaTe NpPOCaYUBaHUSA PACTBOPOB B HHXKe-
Jexalniue TOPH30HTHl MJIM HOCTYIJIEHHS PACTBOPEHHBIX BEIleCTB CBEPXY, BbI-
TecHsieTCs KaTHOH, HAIOU[Mil MeHee CTOHKHe KOMILJIEKCHl, KaTHOHaMH, o6pa-
3ylomumMi 6ojiee yCTOHYNBEIE KOMILJIEKCHL.

Hol meranna-KoMIIeKCoo6pa3oBaTensi B XeJaTHLIX COeJUHEHHs X B Onpe-~
Jle/IEHHBIX TPAaHHIAX «He YSI3BHM» J[JI9 XHMHYECKHX H (PH3UKO-XHMHUECKHX
peakunii. Bo3aMOXHO CyllecTBOBaHMe B COCTaBE XeJaTHHIX COeJHHeHHH Ka-
THOHOB B OKHCJHTENbHOH GopMe B BOCCTAHOBHUTENBHHIX YCJIOBHUSX, a TaKXKe
B NPHCYTCTBHH ocaiguTeell, Hanpumep Fe+?, Mn+2 B KapGonaTHBIX MOYBaXx.
IlpaBaa, B nocjennem caydyae OpH CHJAbHOWIENOYHOH peaKUHH BO3IMOXKHO pas-
pylleHHe KOMIJIEKCa H BhIlajfieHHe U3 Hero KaTHoHoB (3wipun, 1968). MmMen-
HO TaKkHM 00pa3oM Ha KOHTaKTe ¢ KapOOHAaTHBIMM TOPH30HTAMH TPaH3UTHbLIE
NOYBEHHbIE PACTBOPHL CHOCOOHBI TePATh 3HAUHTEJNLHVIO JOJMI0 TSIXKEJBIX Me-
taaqaos (Mn, Co, Cu, Ni, Cr, Zn).

Yacth KOMIVIEKCHBIX COEJMHEHHI CO CIOKHBIMU OPTaHHYeCKHMH MOJEKY-
JIaMH HMeeT OueHb BBICOKHH MOJEKYJSIPHBIH BeC H MOXeT ObiTb OTHECEeHa K
KOJJIOUJHBIM cHAcTeMaM. Ha arperaTHyio ycTOHYHMBOCTL HX OKa3LIBAIOT BJIHSA-
HHe HaKTOPHI, CIOCOGCTBYIOIINE COXPAHEHHIO CKCTEMEl B COCTOSHHH 30411, Kak
Jo0hie KOJJIOHAD!, M0L0GHBIE KOMIIEKCH YYBCTBUTENIBHEI K PEAKIHMH CPefbl,
COCTaBYy HOTVIOLEHHBIX KaTHOHOB, CTeNeHH IHAPO¢HABHOCTH, HAMHUHIO 3aI1HT-
HBIX KOJIJIOHJOB M T. H. .

Kpome KOMIVIEKCHBIX  cOelHEHHH  KOJJIOMZHOM  TNPHPOHB,  MHO-
rHe  MHKDO3JIEMEHTHl  MOTYT  INepeJBHraTbcs, o06pasys  caMocTod-
TeJbHble KOJUIOMAHEIE CUCTEeMBL. MHKpO3NEeMEHTH CNOCOGHB MHTPHPOBAThb
TaKXe B COCTaBe PasHO0OPa3HBIX KOMJIOHAOB: B afcOpOHPOBAIHOM COCTOSTHUU
Ha NOBEPXHOCTH KOJJIOMJHBIX MHILEJI, B COCTABE NOTJIOIeHHBIX KATHOHOB.

Hakonen, Bo3MoxHa BogHasi MHTPALUsi MHKPO3JIEMEHTOB B BHAE BHICOKO-
AMCNepCHBIX MEXaHUYECKHX B3BeceH. DTO 0cOGEHHO BaXHas (GopMa AJs Mu-
KFO3/IeMEHTOB HM3KOH NOJABHXKHOCTH, TaK KaK B 3TOX (OpMe LPOUCXOMNT Ile-
peABHKeHHe JIIOOBIX 3JIeMEHTOB.
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Puc. 70. GopMrr Murpaius MUKPO3JeMEHTOB B NPUPOLHBIX BOAAX

@DopMa BOLHOH MHI'PAIHH TeX WM MHBIX MHKDO3JEMEHTOB ONpefesseTcs
coueTanneM BHYTPEHHHX M BHewHux ¢axtopor. Ho HecMoTps Ha pasuoobpa-
3Me YCJOBMH MHMPaUMM IJIf KakKAOTO MHKPO3JEMEHTa, MOXHO FOBOPUTh O
Gouiee xapaxTepHOl 1 npucymieil emy gopme murpanuu (puc. 70). Hanpuwmep,
GoJiee MOJABHIKHbBIE 3/eMEHTH NPEHMYIeCTBEHHO MHUTPHPYIOT B (hOpMe HCTHH-
HBIX PacTBOpPOB, Meliee TIOABHXKHBIE (OCOGEHHO TSXKeble MeTaJJIBl) — B KOJI-
JOHJaAbHOH (POpMe H B BHIE MeXdHHUYECKHX B3Beceit,

Buorennas murpauusi MHKpoaJeMeHTOB. BrorenHas Murpanus cBopuTcs
K BOB/IEYEHHIO MHKPO3JIEMENTOB B Majbili OHOJIOHYECKH KPYrOROPOT Be-
HlecTB— B COCTAB OPraHU3MOB M NPOAYKTOB TpaHchOpMAaNuKM mNOCIeNHHX.
Ilpu sTom mponcxoxAT cBoeoGpasHas COpTHPOBKA, AuddepeHI AL U H36H-
partesibHOE MOIJIOIIEHHe MHKPOsaeMeHToB. Ilorsomniaorcs B ocHOBHOM Gouee
NOJBHKHbIe MHKpOs/ieMeHThl. OOwas nanpapleHHOCTb GHOTEHHOH MHTpa-
WY — 3TO MNOTJIOLIEHHE U YAEPKaHHe MHKPO3JIEMEHTOB B Guochepe.

Ilpeacrasaenne o GHONOTHYCCKOM NOTJIOUIEHHH MHKDOSJIEMEHTOB HAXORUT
OTPAXKEHHE B BeJIHYHHAX KO3(PPHLHEeHTOB GHOJOrH4eCKOTo norgaouienus. [1o-
CJIelHMe BBIYACASIOTCS 0 OTHOLICHHIO COZEPKaHHS MHKPO3JEeMEHTa B 30Je
PacTeHus K COAEpKaHHIO B NOYBAX U NMOPOAax. B mociennee BpeMsi 3TOT KO-
5 (PHUKEHT CTANH PACCUMTEIBATH 10 CONCPIKAHMIO MHKDOIJIEMEHTOB He B 30-
Jie, a B CYXOM BellecTse pacrenuil. EcTecTBEHHO, 4TO BeJHYUHBI IPH 5TOM I10-
JYYAaroTes 311auuTenbio Oojiee 1H3KHMe.

B rabua. 53, cocrasaenHoit A. H. ITepeasmanom, upusegenb cpenHue
06001IeHHbIe BeNMYHHB KOIPDHLUHEHTOB GHONOTHYECKOTO HOMIOMEN s A
BCeX PaCTeHuH B LeJOM, OTpaxalollue caMylo OBILyI0 3aKOHOMEPHOCTh pac-
npefelelnss MHKDPOJIeMEHTOB B Ouocdepe. B Hanbosabluell c¢Temenm morao-
IaeTcs GHONOTHYECKM OYCHb IOXBMZKHBIN CHABLHEIA aHHOH — {0, Majee cie-
AYIOT: CTPOHUME, 6Op, UMHK. BOJBUIHHCTBO MHKPOIJIEMEHTOB OTHOCHTCS K
3/IeMeHTaM ¢1aboro HaKONJIEHUS] M CPeJHero 3axsara.

KoaddunuenTs 610M0rHYECKOr0 MOTIOMEHHST 0Yellb CHILIO BapbUPYIOT
HE TOJLKO ISl OLHMX M TCX XKe pACTeHHH, POU3PACTAIOINX B PA3HEIX YCJIO-
BHsAX, Ha pasnblx nousaX (ral.u. 54), HO M JJIs pasHBIX PACTEeHHH HA OLHOM
H TOH ke nouBe (tabua. 55). M36HpaTesbHOS NOIMOMICHHE TexX WM HHEIX MH-
KPOSJIEMEIITOB MPOHCXOAHT B pe3yjbTaTe NPOM3PACTAHMS PACTEHHIl Ha cpele
C MOBBILICHHBIM (OHOM AaHHOTO MHKPO3JeMeHTa. DTOT MPH3HAK fiepegaercs
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Ta6auna 53

Psanl 6GHOAOTHUECKOTO MOTJOIEHHs

(Ilepensman, 1966)

. |Koaddbuuuent Guo- . . -
3::1- nor%dégl;gr&r:;mw Psan 6uoﬂorn:;sclxoro noraome Cpeuﬂﬁz ;og:gg:x;i ’B ‘y:rasem KJ‘IE:;; %zn‘o
J n-10—n-100 SHepruyHo HAKOMJISEMhIH 5.10—8 3.10°%
Sr n CuNBHO HAKOIASieMBbift n-40"2—n.40"2 0,034
B n—n-10 » > n-10"2%2-—n.4073 1,2.10"8
Zn n » > n-10"2—n.10"8 8,3.1073
Mn n—0,n Cia6oro HaKOMJICHUS H CPEJIHETO n10-1-—n.10"2 0,1
Ba , 3axBara 710" 1—n-10-2 6,5-10~2
Cu » To xe n-10"2—n.10"3 1,47.4072
Ni , » » n-10-3 5,8.10°8
Co » > n-10"%—n.10~4 1,810~
Mo » » n-10"3—n.1074 1,1-40-*
Fe 0,n Cnaa6oro saxsara n—0,n 4,65
F » » » n-10~2 6,6-10~2
Vv » » » n-10"8 9.10-3
Li » » » 7:10™3—n.10"4 3,2.4078
Ti 0,n—0,0n Ciaboro u ouenb ciaboro 3a- n-10"t—n.102 0,45
Cr » xnata n-10"3—n.10"4 8,3-10°8
Pb » To xe n-104 1,6.10"8
Ta6auua 54
ConepxaHde Meau B mousax H 3ode Gepesbl, M2/K2
(Tnasoeckast, 1961)
B 30/1e Gepesnl
Housa B nouse
Kopa BETBH ' JHCTBA

Cepas JiecHas 13 90 60 59

CynbhaTHEI COTOHUAK 250 600 200 70

CoslonuakoBaTtast Jyro- '

BO-uepPHO3EMHasl 150 — 200 140

CoJsiop 85 — 110 74

Ta6anuma 55

CojlepKaHHe MUKPOJEMEHTOB B PACTHTENbHOCTH Ha JEePHOBO-CHIbHOMOA30IHCTOMR
cna6ooKyAbTYPEHHOR nouse, M2/x2

(Tpasrukosa, 1963)

Kyabrypa Cu Mn Ni Sr
QOsuMas poxb 2,1 99,6 1,55 4,1
SipoBas MiIeRHuA 1,9 109,6 0,97 39,9
Buxa 5,8 91,2 4,97 124,5
Kaprodesnn 4,21 78,1 2,28 118,9

44 3akas 5271
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10 HacJeICTBY, ¥ €ro coXpaHeHHe BO3MOXKHO B JajbHellleM W NpPH Pa3BHTHH
OpraHusMoB Ha oGnluHON cpeie. Kpome Toro, MoxeT HMeTh MeCTO H36upa-
TeJiblias NPUCIOCOGIEHHOCTh OPTaHU3MOB K TeM HJIH HHBIM MUKDO3JIEMEHTaM,
urpawomumM ocobywo ¢usnonornueckyo poas. Ilocnemuuii caydair ocobeHHo
CBOACTBEH NPOCTEHIIMM OPraHU3MaM, CIOCOOHBLIM K HAKONIeHHIO GOJbIUHMX
KOJIHUECTB OTJeJbHLIX MHKpo3JjeMenToB. Hanpumep, 6ypele M KpacHble BOJO-
pocnu HakamauBaior go 0,39% ifoma (Ha cyxoe Bemwecrso). [osoTypum co-
nepxkar go 0,1239% Banaausa (Ha cyxoe BellecTBO). B 3oae Bojgopoc-
aei Padina povonia comep:xurcs oxoso 8% Mn.

A. T1. Bunorpazos (1965) cunTaer MHKpO3JeMeHTHHIH COCTaB OPraHU3MOB
CHCTeMAaTHUYECKUM IIPU3HAKOM M OTMeuaer, uro 0 Mepe YCJIOXKHEHHsl opra-
HH3MOB KOHIIEHTPHPOBAHHE B HUX MHKPO3I/JeMEHTOB NOCTENEHHO ociabeBaert.
Tem He MeHee MOXKHO HAHTH OOJBIIOE KOJUYECTBO BBICUIMX PACTEHUI, KOH-
HEHTPHPYIOINX H36HpaTeJblO T€ MM MHblE MHKpo3jeMeHTH. Hanpuwmep,
GOJIBINMHCTBO pacTeHuil, COAepPKALUX TAHHUAB, KOHLEHTPHUDYET MapraHel:
Gepesa, LIKNOBHHK, HBa, OPYCHUKA, 1laBesb; colepxkaHue Mn B Hux Koneb-
aercs ot 0,2 no 1% ma cyxoe BemectBo (JleBauupos, 1961). Hexoropeie 6o-
Goenle (Astragalus pectinatus) xonuenrpupyior ceqen: 0,29% Se Ha cplpo#t
Bec; nacaenossle (Solanum ruthenicum) autuii: 0,9% B 3012 (Burorpalos,
1965). Bo6osrie akkymyaupyior Mo — 1-10-3—4-10-49% na cyXoe Benlectso,
T. €. Ha NOPAJOK GoJsbile, ueM Apyrue pacrerusi. Oco6eHHo MHOro Mo Hakar-
JrBaercsi B kaybenpkax 606osuix (1,7-10-29% K Becy cyxoro BeluectBa).

BuoreHHoe NOMVIONIEHHE MUKPO3J/JIeMEHTOB NPOSBJAETCA He TOJbKO B BEJH-
YUHAX WX KJIAPKOB B 2KUBBIX OpPI'aHU3Max, HO M B NPOLYKTAX PasNOXKeHHs H
IpeBpalleHda mocielHux. Psjpom ucciaenoBartesell oTMeuaeTcs HakKoIJeHHe
MHKPO3JIEMEHTOB B JIECHBIX NOICTHJIKAX. Hanpuumep, B JeCHHIX NOACTHIKAX
€JIbHHKOB TaeXKHO#l 30HLI CO/lepXKaHHe MeAH, LHHKa, Kobaapra B 2—3 pasa
6osbllle, UeM B HHXKeJseXKallluX FOPH30HTAaX JecHHIX nous (Bepuruua, )Kypas-
Jea, 1962).

Ons iona, OGopa, MonubmeHa, B psjAe CJHy4aeB — Mapramua, Me-
IH, KobanbTa, LIMHKA XaPAKTepHO HAKOIJIeHHe HX B I'YMYCOBBIX TOPH30OHTaX
noysB. Oco6eHHO YeTKO BEIpaXKeHa aKKyMYJIsiud #ona. B ryMycoBbix rOpu3oH-
Tax TouB BOpoHEKCKOro rocyAapCTBEHHOTO 3aNOBENHUKA COMepKaHuye Homa
Ha NOPSIIOK M NOJTOpa TMOpsIIKAa BHIIIE, YeM B TOpoZe: ropusont A —[,45-
-10~* u 2,78-10-3%, ropusont C — coorBercTaenHno 2,44-10—% u 7,51-10-%Y%
(Brikora, 1961).

B Goastmunctee noys or 85 mo 1009% #oma cBsi3aHO ¢ OpraHUYECKUM Be-
mecreom (Mmanu, 1966).

Bricokoe cogepxanne Mo, Ni, Cu, V, Co, Zn, Pb [KO=10—100] o6ua-
pYKeHO B TyMyce MHOTHX No4B (Tabu. 56).

CBsi3b pAZa MHKDOJEMEHTOB C OPraHHYECKHM BELIECTBOM MpPOSIBJASETCS
B KOHUCHTPALUH HX B KayCTOOMOJHTAX (YrasX, HedTaX, Topdax, GUTYMMHO3-
HBIX cJaHlax u T. A.). Tak, kosdpuuuenth oboramenus (KO) nas yraei (o1-
HOILIEHHe COJAepXKaHWs 3JeMeHTa B 30Jie yriel K COJNepXKaHHI0 B 3eMHOH KO-
pe), no Foappmimuary (1938), paBusl: aast B u Bi 1000, gas As 1607, gas
Co—3, Be—180, Zn —250, Pb —60, Mo —33, KO B nedtax (KarueHxos,
1959) mnst V, Ni, Pb, Ag — 6oabire 1000; aas Cu, Co, Zn — okoqo 100; g1a
Sr, Fe, Mo — okono 10; nna Ba, Cr, Mn—ot 1 g0 6.

Bospywnas murpaumsi MukposneMeHnToB. [lpakTHuecKoe 3HaueHHe 3TOT
BHJ MHUTPAlH¥ HMeeT TOJbKO AJs ¥0[a — THIMYHOTO BO3AYIIHOTO MUTPAHTa.
DT0 He HCKJIOYaeT ydyacTdHe Hojaa B BOJXHOH M Ouoreniloil Murpauuu. Ho B
OCHOBHOM Hoj IOCTyIaeT B IOYBH H3 arMochepn (HENMOCPEACTBEHHO HJH
¢ ocaaxkamyu). B armocdepy fiofl nonagaeT NpH BYJKaHHYECKUX H3BEPIKEHUSX,.
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Ta6auma 56

CollepXaHue MHKPOJEMEHTOB B 30Jle TYMHHOBBLIX KHCIOT moys Moapasun, M2/K2
(PaGurosuu, 1969)

Tlousa (ropu3OKT) Mn Co Zn Cr v
Bypas necuas 5050 258 1230 510 696
Cepast JiecHast 1260 100 540 220 428
UYepHoszem 2100 456 1560 730 5220
Jlyrosag vofiMennas 1590 192 1320 2240 1028
Ko* 10—1 10—100{ 10—100 10—1 10—100

* KosdpuuueHT oboramenns (KO) paBeH OTHOIIEHHIO "COflePXKanus MUKPOSJEMEHTOB B S0Jle I'yMHHOBOR KHC/O-
TH K COAEPXaHHIO MMKPO3JIEMEHTOB B NOUYBE,

U3 TPA3EBLHIX BYJKANOB, IMIyGUHHBEIX BOJ M B pe3yJbTaTe HCIAPEHHs C NOBEPX-
HOCTH OKeaHOB Y Mopefl (rfic YIOA KOHUEHTPUPYETCSl B COCTaBe WJIOB, OPraHu-
YeCKOro BEILECTBA, XXHBBIX OPTaHH3MOB).

A. T1. Bunorpaznos (1967) npuBOAMT cienyiolliie HCTOUHHKH TOCTYIJIE-
Hus Hona B atMocdepy (2/200):

ByskaHnueckast gesiTesbHOCTD 1,2
PasnoxeHue Oprarnyeckoro BellecTBa 1,0
CxKvrauve ToONIMBA 5,0-409
C MOpCKHMH Opbisramul 5,0
Henaperte ¢ MOBEPXHOCTUH OKeaHa 5,0

Tak xak ocHoBHas Macca J B atMocdepe cBf3aHa C OKeaHoOM, TO, ECTECTBEl-
HO, KOHIIeHTpanusl ioLa B BO3AyXe Hal OKeaHOM 3HAYHUTEeAbHO Govsbiie (10-
-y/M3), yMeHbIIAETCS OHA TIO Mepe yAajeHus B ray6b koutuHeHta (0,5-y/#3).

B nouBax liox ¢uxcupyercs rymycom, KoJaougamu, topdom, kapboHara-
MH. DTO HAXOJMT OTpaxKeHWe B pacmpelenennu J B nousax Pycckoil paBuu-
Hbl (puc. 71).

Conmepxanue fiona B mousax Espomeiickoiét yactu CCCP xoqebiercs oT
1 no 10 me/ke, cpenuee comepxaHue Hoxa B moyBax — 5 me/ke. 3akoHOMep-
HOCTb B pachnpefie/ieHuH Hopma B TOYBax OTPaxaeT CBS3b HOAA C I'yMYycoM,
TOUBEHHBIMH KOJJIOHAAMH U MOpDcKuMH Oaccefinamu. OcHoBHOR ¢oH Honaa B
NOA30JHUCTBIX NouBax — 1,7—3 me/ke, MeHee BCEro ero COMEpPKHTCH B Jer-
KHX MaJOTYMYCHBIX NOYBAxX NeCYaHblX MACCHBOB (Ho 2 me/k2), BEIle COAep-
XKaHWe HOJZA B MOI30JHCTHIX IIOYBAX TSKEJOrO MEXaHHUeCKOro COCTaBa;
ellle BHIIE — B JepHOBO-Kap6oHATHHIX nouBax (mo 3 me/ke). B sabosouen-
HHX O0TOP(OBAHHBIX NMOYBAX KJaapK #0Ja MOXKeT MOBHIIATBCS M0 D H Haxe
10 me/ke. B cepbix JecHBIX moOuBax ypOBeHb HOfa JieKHT B fipefenax 2—
4 me/xe, B uepHO3eMax — ot 3 10 7 Me/Kke ¢ MAKCHMYMOM B THIHYHBIX YepHO-
3eMax, B KaIUTAHOBLIX H OYpHIX NOYBAX COAepKaHue HofAa yMeHbIIaercs N0
2—4 me/xe, a B mecuaHHIX pasHOBHAHOCTAX — Ko 1,1—1,4 m2/ke. Pesko yBe-
JIMYUBAETCSl YPOBEHb f0NA B 3aCOJIEHHLIX NMOYBAaX NPUMOPCKHUX pafioHoB (9—
10 me/xe). Cpeny ropHbIX MOYB GOJbIIe BCEro HOXA B YEPHO3EMAX M KPACHO-
szemaxégysnn (9—10 me/xe) 1 menee Bcero B nousax Kapnat— o 1 me/ke

puc. .

14+ 21



mzfie

5_
g |
o1 23 4 5 f7 8 340 11

Puc. 71. Vlon B nousax Pycckoil paBuuusl u Kpeima. CpejHee copepaHue B €/10€ NMOUBH
100 cm. Cocrasaeno no aaunpivm Mvanu (1966)

ITouBni: 6 — I0:KHBI YepHO3eM;

! — jepHOBoO-Nof30MKMCcTad (3BEHHTOPON); 7 — TeMHo-kamranosas (Ackanus-Hoa);
2 — cepas JecHas; 8 — I0KHBIH YCPHO3EM;

3 — teMHO-cepas JaecHas (TyJbCKHe 3aceku); 9 — gapBonaTnas KallTaHOBasA;

4 — runnunbld yepmosem (Kypckuift 3anoseanux): 10 — kawtanosass (KpniM):

5 — obbikHOBeHHBIE  Wepuodem (Besanko-Anaponb- 11 — kopnuneBas (IOxubift Geper Kpnima)

CKO€e JICCHHYeCTBO);

Posb reoxumuyeckux 6apbepos B npoueccaX MHrpaldd MHKPO3JIEMEHTOB.
MHKpo3/IeMeHTH y4acTBYIOT BO BCeX IpoleccaX, NpOTeKaloUUX B 30HE TH-
neprenesa. HanpasienHocts 3Tux TPOLECCOB pasjWyHa: YacTb H3 HUX
CocOGCTBYET 3aKPEIVICIIMIO M MOTJOIICHUIO MHKPO3JEMEHTOB B I04BaX,
nopojiax, OpraHu3Max; 4acTb, Hao60poT, 0OyCJAOBJIHBAET YBEJHUEHHE IOA-
BHXKIIOCTH MHKPO3JEMCHTOB, X paccesiHHe H UYaCTHYHYI0 <«IOTepio» INelo-
ctepoit. .

B 3HayHTeNbHBIX KOJMYECTBAX BEIHOCATCS M3 3JIIOBHANbHBIX ofsacrel
konruuentoB B, Br, Sr, F. Boapuioii vaTepec mpeacTaBisioT MHKDO3IJIEMEH-
TH, PE3KO MEHSIONlHe CBOI0 MOABHKHOCTL B 3aBHCHMOCTH OT BHEUIHHX yCJO-
BHIl, TaK 1a3biBaeMble 3J1EMEHTH ¢ BLICOKOH KOHTpacTHccTbio Murpanuu (Fe,
Mn, Co, Ni, Zn, Cu, Pb).

[Ipy cveHe yC/IOBHH MWIpalKd MHKPO3JEMEHThl MOTYT HAKalJIHBATLCA B
ocafikax B GOJBIIMX KOJNHYECTBAX BIVIOTH KO 0OPa30BAHHS NPOMBILIIEHHBIX
MecTOpOxKIeHUil. B cBs31 ¢ 3THM c/edyeT OCTANIOBUTBHCA HA TOHSITHH I'€OXH-
MHYECKHX GapbepoB, T. €. YYaCTKOB, IJiC NPOMCXOJAMT pe3Kas CMCHa TIco-
XHMMYeCKHX YCJIOBUH M M3MeHsercs NOABHKHOCTh 3jeMeHTOB (ITepeabmaH,
1966). Pasanyaior (H3UKO-XHMHUECKHe K OHOJOriYecKue reOXHMHUYECKHe
f6apbepol.

OcHoBHBle THUIIH (DH3UKO-XMMHUCCKHX H (H3UUecKuX 6apbepoB cleiyio-
niye:

I. Kucanoponuwit (Fe, Mn, Co).

I1. Boccranosureasnulit ceposomoponuniit (V, Fe, Co, Ni, Cu, Zn, As, Cd).

111. Cyapdarusift u xapGonatuslft (Sr, Ba).

1V. Illeaounoit (Sr, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb).

V. Ucnapureapunit (Li, F, Zn, Sr, Rb, Mo, J, Cl, Cu, B).

V1. Ancop6unonusii (V, Cr, Co, Ni, Cu, Zn, As, Rb, Mo, Hg, Ra, U).

Buosornueckne Gapbepsl CBOASATCS K HAKOIIEHHIO MHKDO3JIEMEHTOB B CO-
cTaBe OPTraHU3MOB U B NPOAYKTAxX HX pacnaja u npespaillenus (06 3ToM yno-
MHHAJIOCH BHIILE).

B npupome uacrto MNPOUCXOAHT COBMeIleHHE OTAENbHBIX IeOXHMHUYECKHX
6apbepos, HANMpUMep LIEJOUHOTO, KADOOHATHOTO M afcCOPOGIUHOHHOrO; HCHa-
PUTEJBHOTO M Kap6oHATHOIO H T. M.
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pxkanust fofa B mouBax Epponeiickofi uactH

7,0—8,0;
>80

9—6,0—7,0;

Ta BaJOBOro coae
10 —
11~

1)

p
2,0—-3,0;

6 — 3,0—4,0;
7 — 4,0-5,0;

8 — 5,0—-6,0;

5—

Puc. 72. Cxemaruueckas Ka
CCCP (ropusonThl Anax uan A

ConepxaHue fiona, mMefKe:

1 — <05

2—0,5—0,8;
3—0,8-1,4;
4—1,4—2,0;



B pasauunelx ¢usuxo-reorpaduueckux MPHPOJHLIX 30HAX 3HAUHTEJBHO
OTJIHYAIOTCA YCJAOBUSI BOAHOTO, TEIJOBOTO, KHCJIOTHO-IENOYHOTrO, OKMCJH-
TEJbHO-BOCCTAHOBUTENBHOTO PEXHUMOB, XapakTep pacTHTEIbHOCTH, NIOPOL H
Mo4B.

EcrecTBenno, 4T0 pAAbl kK03 PHUUEHTOB BORHOH MUTPAalLlHH, COCTABJEHHbIE
IUIsL CYIIM B LI€JIOM, CHJIBHO BaPbHPYIOT B 30HaJbHBIX JaHAmadrax. Tak, B TyH-
JAPOBHIX H CeBepOTaeXHbIX JaHAWAPTax B YCIOBHAX M3OLITOUHOTO yBJaXKHe-
HHS, KHCJON PEAKUHH H NPOLONKHTENBHOIO TOCHOLCTBA BOCCTAHOBUTENbHBIX
YCJAOBH# BBICOKYIO MOABHMKHOCTb MPUOOPETAIOT COENMHEHHs] Maprauia 1 xe-
Jie3a, OJIHOTO TOPSAKA C WHTEHCHBHOCTHIO MHUTpALlMH CTPOHUHMSA, dTopa, HUH-
ka. ITepensuraloTcss 5T MEKDO3JIEMEHTH B OCHOBHOM B (popMe OpraHo-MuHe-
panbHBIX COEAWHEHHMIT, B TOM YHCJIE€ ¥ B KOJJIOUAHOM COCTOSIHMH. B moasone
IOXKIOM Talru, rie HECKOJbKO MeHbIE BJAXKHGCTh W BhILE OKHCJIUTEJbHO-
BOCCTAHOBHTENbHBIN IIOTEHIHAJ, TOABAKHOCTD XKeJie3a U MapraHiia NoHHXKa-
eTcsl, HO OCTAeTCs BCE JKe JOBOJIbHO BBICOKOH, TAaKOH 3Ke, KaK MHTpalHOHHAS
CMOCOGHOCTb B STHX YCJOBHSX MEXH, HUKeJsl, Xo6ajabra. MuKpoOsJeMeHTH
MUTPUPYIOT 3eCh BMecTe C NOABHXKHBIMU (OpMaMK OpraHHYECKOro Bellle-
CTBA. -

B crenHo#l 30He IpH HEZOCTATOUHOM YBJAXKHEHHH, 0OMAHU KapOoHATOB,
MaJiol J1aGHUJIBHOCTH OPraHNYecKX BellleCTB, BEICOKOM OKHCJHTEIbHO-BOCCTA-
HOBHTEJIbHOM I[IOTEHLHAJe KeJjle30 H Maprasel, TEPSIOT CBOIO TONBHXKHOCTS,
NpPOYHO 3akpernssiorcs B noysax. HaunbGosbiias MurpanuoHsas cnoco6HOCTb
IpHCYLla B 3THX yCAOBHAX Oopy M MosubaeHy, HECKOJbKO B MeHblIeid cre-
LieHy BHIpa)KeHa oHa AJAs CTPOHuUUA, Kaamusi u Gapus. Popma nepensu-
JKEHHS — HCTHHBBlE pPAacTBOPBl  (IPOCTHIE 1 KOMILJIEKCHBIC MHHepaJbHbIE
conu). MckmoyeHneM ABJASIOTCA JaHAma(@Tsl ¢ oOManeM COJNOHIOB M COJIOH-
IeBaTHIX MQUB, TJe I'YMYCOBble BelllecTBa NPUOGPETAIOT MOABHKHOCTD H MHUI-
pauusi MHKpPO3JEeMEHTOB NpoTekaeT B (OPM2 OpraHo-MHHEpasbHHIX COEIH-
Henui. '

B nycTHHHBIX YCJHOBHSIX BCJAEACTBHE OYeHb MaJiOH BJIaXXKHOCTH, BLICOKOH
Kap6OHATHOCTH IOJBHKHOCTb MHKPO3JEMEHTOB Pe3KO cHHUxKaercd. B oraens-
HHe Hanbosiee BAAXKHBIE NEPUOAH HJIK C NOYBEHHO-TPYHTOBEIMH BOLAMU B
THAPOMOPGHEIX MOYBAX NPOUCXOAUT MHUTDAlUsi MHUKPO3JIEMEHTOB BMeCTe C
JIETKOPACTBOPUMBIMH COJSMH, B ()OpMe HCTHHHBIX PAcTBOPOB. TakuM myTeMm
BO3MOXHO Mepe[BHKeHHe BaHANWS, MBIIbSKA (BLICIIMX CTelleHel BaJeHT-
Hocrtu), 6opa, ¢ropa, foxa, 6poma.

3onanbHBIe YEpTH MHIPAlHy MHKDOIJEMEHTOB XOPOIIO NPOSBJSIOTCA B
cocTaBe peuHbiX BOX. Jss pex 30HH! IOA30JHCTHIX NOYB XAPAKTEPHO OTHOCH-
TeNbHO BHICOKOE COAEpIKaHHe MeIH, UMHKA, MapraHua; AJas peK YepHO3eMHON
30HBl — Gopa, 6poma, #oza (raba. 57).

Ta6auuwa 57

CpeHHe KOHUEHTPALMH MHKPOIEMEHTOB B BOJE Pex /A2
(Kouopanos, 1959 r.)

Pexa B Br J Mn Cu Zn
3anapnas Ilpusa 30 24 4,7 62 98 144
Hou 81 112 30 3 5- 7
O6s 22 19 6 42 21 44
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CooTHolulenne npoueccos $hHKCALHUYE U NOTEPH MHUKDOIJIEMEHTOB B 30HAJb-
HOM acllekTe JIEIVIH B OCHOBY COCTaBJIEHHS KapThl 6HOT€OXMMHUECKUX MPOBHH-
uuh (cm. puc, 73). Bo Bcelt Taexno#t obaacti H3OBITOYHOrC YBJAAKHEHHA C
npeobaafaHueM BHIEJOYEHHBIX IIOPOJ M MAaJIOIyMYCHBIX TOYB BO3MOMKEH
aeduuur Cu, Co, J!, B 30He IIHPOKOJHCTBEHHBIX JIECOB C CEPLIMH JIeCHBIMHU
[OYBaMH MOXKeT OBITh HEJOCTATOK 042, UePHO3EMHEIE CTENHBIE IPOCTPAHCT-
Ba MOMKHO CUMTATb CPABHUTENbHO o0ecleyeHHBIMH BaKHENIINMH MHUKpO3Jje-
MEHTaMH,

MHKpOSJIeMeHTbl B No4YBax

B nouBax NpoOHCXOASIT HAKOMJEHUeE, NOIJIOIIeHHe H 3aKpeleHne 60.buo-
TO YHCjIa MUKpO3JIeMeHTOB. B aToll cBA3W MOXKHO rOBOPHTH 0 megocdepe B
ILeJIOM U OCOGEHHO 0 ryMycoBo# 060JI0uKe KaK CBOeoOpa3sHOM OHOreHHOM 3IK-
paHe Ha IYTH MHTPAliy MUKPO3JEMEHTOB B 30HE THIlepreHesa.

Brime yKe oTMeuasnach CHOCOGHOCTH PACTHTEIBHOTO onaja M TyMmyca
HOTJIOIATD ¥ YACTHUHO HAKANJAHBATH MUKPO3JeMeHTH B opMe cosel, xena-
TOB, B 0OMeHHO ¥ ajxcopbupoBanuofi dopme. Taxol xe cnocobHOCTBIO OG-
JiafiaeT BCS KPUITOKPHCTAJNIMUECKAas KOJJIOWAHAS H IPENKOJIOHLHASA YacThb
MOYBHl, T. €. ee TNOUYBEHHBIH MOTJollaolki Kommiueke. [Torollenne mMukpo-
3JIeMEHTOB HPOUCXOAUT PA3NHYHBIMM HYTSMH: MHKPO3JEMEHTHl MOTYT BXO-
JIHUTb B COCTaB IOIVIOILEHHBEIX KATHOHOB, B KPHCTAJJIHYECKYIO DEIUETKY IVIMH-
HEIX MMHEpa/joB B pe3yJbTaTe H30MOPGHHOro 3aMelleHHs; MOTYT AaBaTh
«COGCTBEHHBIE KOJLIOMAHBIE» MHHEpadbl H MOLYT afcopSupoBaTbCs HA
fIOBEPXHOCTH KOJWIOMZHBIX uacTull. HauGonblllee sHayeHne uMeer aaxpeme-
HUe MHKDO3JeMEHTOB B KpHcTajJuHueckodl pemletke. [TomoGHBIM 006pasoM
BO3MOXKHO HeoOOMEeHHOE IToTJIolleHre GOMbIIOT0 KOMUIECTBA BaXKHEHIIHX MHK-
poanementoB (mo 20—40Y% ot Beca munepasa?). Hanpumep, B MOHTMOpHII-
JIOHWTAX a/JIOMHHHH B OKTa3Apax MOKeET saMellaThcd Ha Fet?, Mgt2 Nit2
Zr+2, Cu+?, Co+*?, B BepMUKyauTax —Ha Mgt2, Fet?, Fet3, Cr+3, V+3, B xJo-
pUTax KpeMHull B KpeMHEKHCJIODOAHBIX TeTpasjpax 3aMelnaercss Ha Al+ u
Fet3, amomunnuft B oxtasapax —Ha Fe+3, Crt3, Mn+3, maruuit B 6pycuToBoM
caoe —Ha Fe+2, Mn+2, Nit2

[nvHHbIe MuHepasbl TOYB CHOCOOHBI K IOIVIOLIEHWIO 3HAUHTEJAbHLIX KO-
JUYeCTB MOJHUOIAT-HOHA B OCHOBHOM 3a CUeT CBOGORHBIX II0JIOXKHUTEIbHBIX
BaJIeHTHOCTEH B MOHHOTEHHOM cJIoe Kpuctayianueckoi pemetku (Tyes, 1965).
B nauGosbmell crenenn NOTJIOIIEHHE BBIPAXKEHO B IPyNNe MOHTMOPHJJIOHH-
TOBBIX MHHEpPaJOB H B MelbHlell — B WJJHTAX.

[Ipu nOCTaTOYHO BHICOKOH KOHIEHTPANWKH MUKPO3JEMEHTOB B IIOUBAX H
BOJAX BO3MOXKHO 00pas3oBaHHe KOJIJIOMIHLIX MHHEPaJOB OKHCJIOB (Mapras-
1a, pexe MeliH, xpoma). B 30He opeosoB paccesiHus, 6a13 MeCTOPOXKIEHUE,
XapaKTepHO BLIMAJLEHHe U3 NEepeCHINeHHbIX PACTBOPOB METAKOJJIOHIHBIX MH-
HepaJioB: KapOonaroB, MOJIHGAATOB, BOJAb(PAMATOB, COAEPXKANMX Gosbline
KOJIMYECTBA MUKDPO3JeMeLTOB. Pl Takux MuHepaaoB: TeHoput — CuO, jnedn-
teput — TiO-nH,0, nupoarosur—MnO,, ncuaomenans (RMnO)—mMnO,-
-nHy0, sBaae — MnO; ¢ npumecbio CuO, CoO, ZnO, PbO,, Fe O3, BaO, po-
3a3uT — (CuZn)(OH)CO3, Gesiepur—Ca(BiO)2(CO3)q, dpeppamonnératr—
Fe3s(M00O,4)3-7Hs0, rtypennr — Cus(OH)4(VO,4)s, mnpuBeaen B paGore
. B. Uyxposa (1955).

! 3pecp ycTaHOBJeEHL pafiloHb! SHIEMHYECKHX 3a00JeBaHHil CKOTA M CeIbCKOXO03AMCTBEHHEIX
pacrenHil. .

2 HanpuMep, B cocTaBe HOHTPOHHTOB cofepxutca okoao 20—309% Fe, cOKOHHUTOB — OKOJIO
20—30% Zn, nenyutos — okosio 30—48% Ni u 1. A. (Uyxpos, 1955).
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TaG6auuma 58

KoohpuuyeHToI HAKOMJIeHHS MHKPOSJIEMEHTOB B MANCTOH ()pakuuy mo OTHOINEHMIO K mouBe
(3vipun, 19686; JlioGumora, 4970; Uxau [lsn, 1962)

Mousa Tope- | v e | Mo | co | Ni | cu | za | Mo

J{e pHOBO-CHBHONOA30MU- A/Ar | 1,1 11,8 (2,2 4,4 13,312,411 4016,0
cras A, | 4,5 11,428 | 402928 40/ 5,0
B, | 2,409 (14 |20]31]40] 40124

C 1,6 (1,1 |15 | 2,0 2,0 3123120

YepHo3eM THIMYHHI A (2011,0025|1,5|1,0] 1,6 — | 4,3
B |1,3|1,3]044]20]30]|4,7]| — | 1,6

c 1,025 — | — (=~ | — | — [1,0

KpacHosem A 0,91071(05 |08([1,2] — — 12,0
B 091908 [09]13]| — | — | —

C |14 3402 {12{16]| — | — |47

[TpuypoueHHOCTh MHKPO3JIEMEHTOB K KOJJOHZAM HAXOLUT OTpaXKeHHe B
TOBBILIEHHOM COJAEPKAHNU HX B uauctoil dpaknun (rabu. 58). B GoapmmucT-
Be cnydaeB Ko3(dumueHT HakOIVieHUsl Jocturaer 2—3 (T. e. cogepiKaHue
MHKDPO3/IEMEHTOB B HJIHCTOR (paxnuu B 2—3 pasa OoJsblie, yeM B NOYBe B
uenom). Bo mHorux mousax go 60—80% ot BamoBOro comepxKaHus MUKPO-
3JEMEHTOB COCpelloToueHo B Haucroit ¢paxkuun (3wipun, 1968a, 6). 3nauu-
TeJbHAs J0JsT MUKDOSJIEMEHTOB COHEDIKHTCH B MEJKOMbLIEBATOH (paKuUuH.
BoJiee xpynHble yacTHLE OGBIYIO OGEJHEHH MHKPO3/JIEMEHTAMH. DT1a 0obuias
TeHAeHuus (Tab/. 59) Xopowo npoc/exXuBaeTcs NJsS MeId, HHKeJsl, MapraH-
I1a, HECKOJIBKO MEHee 4eTKO — A/l Kobajabra U MOJAHOAeHa.

Jlannple o OTHOCHTEJILHOMY COAEPXKAHHIO MapraHua B Hie HEeCKOJbKO
nporusopeyuBel. H. I'. 3wpuH cunraer, uyro 310 06yC/0BAEHO CrOCOGOM
BBIJIEICHHA U3 IJIOUBHl HJMCTOH (pakuuu, T. e. paspyluaercs WJIH HeT TpPH
3TOM OKHCHas IVIEHKA Ha MOBEPXHOCTH 6oJjiee KPYIHBIX YacTHI, COAepIKaIlas
OYeHb GoJblIOe KOJHYECTBO MapraHua. B oforauieHun uaucToil Gpaxuuu
MHKPO3JIeMeHTaMH Ha6JI0flaeTcsi ONpeesieHHast CeJeKTHBHOCTb, H30HpaTelb-
HOCTh Kax JJs OTAJbHBIX MHKPO3JIEMEHTOB, TAK H JJIA PasJIMYHEIX OYB. DTO
NPOSIB/ISETCA B 3HAYHTEJBHOM BapbHPOBAHHM KO3()(HUHEHTOB KOppeNsluu
MEXJy COMEpXAHHEM MHKDO3JEMEHTOB B NOYBAX M HJNCTONH (pakKIuH HX
(raba. 60). Hanpumep, xoppeasanus Co ¢ HIOM B TPONHYECKUX U CEPHIX Jec-
HEIX NIOYBAX BRICOKAd, B uepHO3emax Mongasuy — HusKan. B oqnol u Toil xe
MOYBE PAas3/MUHbLIE MUKDOSJEMEHTH NPOSABJISIOT HEOJUHAKOBYIO CTENEHb DOJ-
CTBa ¢ HJIUCTON (pakuues.

Koppenauus MMKpoOsJeMeHT — uJr Hapyliaercss NnpH GoJiee BBICOKOH cre-
HeNn 3aBHCHMOCTH MHKDOJEeMeNTa OT OpralHyecKoro BellleCTBA, COJIEBBIX
aKKyMyJsiIul, NePBHYHBIX MHHEDAJIOB, HaKalMMBAIOIMHXCA YACTO B GoJee
KpPYyIIbIX $pakuusx, u T. 1.

3HayuTeNIbHOE HAKOIUIEHHE MHKDO3JEMEHTOB MPOMCXOAHT B IOUBEHHHIX
HOBOOGpasoBanusx. [lo-BunuMoMy, 310 Ompenensiercss KOJJIOHIHON TPHPO-
noit HopooGpazosanuii. Ho nenonnasi sicHoctb reHesuca H cnenHdHUHOCTB
NOYBEHHBIX HOBOOOPa30BaHMi MO3BOJAIOT PacCMATPHBATH 3TOT MyTh HAKOI-
JIEHHs] MHKDO3JIEMEHTOB B IOYBaX OTAeabHO. M3BecTHa BbICOKas arkymysisi-
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Ta6aunia 59

Copepmanne MHKPOJIEMEHTOB B I'DAHYJOMETPUHECKUX (PPAKUUAX (m2/Ke)
(MTioGumora, 1970; Crpumosa, 4967; Ilobenunuesa, 1969)

Toysa dpaxuun }:)1:;; I‘Jxﬁ;uﬂa, Cui{Ni| Co Cr v Mn Mo
YepHo3eMOBHAHAS <0,001 |A 0—2 46| 68| 47 78 79 | 2884 | —
cnabopasBuTas ha C | 2—15 [48|100{ 29 91 [107 |2188| —
SMOBMH TPAHUTA g g55 0 01| A | 0—2 43| 46| 14 58 | 63 24| —

C | 2—15 |36] 55 25 82 112 | 1047 | —

0,05--0,04 |A | 0—2 |32 30| 11 56 71 575 | —

' C | a—15 {2842/ 23 | 8 [1290 | 617 —

1—0,25 [A | 0—2 [12] 6] 10 22 | 18 316 | —

C| 2—15 | 9| 5110 |20 | 21 263 | —

Mousa |A | 0—2 [16] 15 13 38 | 51 59| —

C | 2—15 |20] 20} 14 62 | 89 537 | —

O6biknoBeHHHH uep- | <0, 001 0—29 |[—|—| 38,6 — — — 18,5
HO3eM 50—60 |—{—| 58 — | — | — |7,9
90—100 |—|—| 6,0 — | — | — |5,3

0,005—0, 001 0—29 |—|—1 5,0f — | — | — |2,

50—60 |—|—| 48| — | — | — |3,5

90—100 |—{—| 6,9| — | — | — | —

0,01—0,005 0—29 |—|—| 46 — | — | — |08

50—60 |—|—] 33| — | — | — |32

90—100 |—|—| 2,5 — | — | — [6,4

0,05—0,01 0—29 |—|—| 24| — | — | — | G

50—60 |—|—I! 2,2 — | — | — | Cn

90—100 |—=|—| — | — { — | — |1,0

TTousa 0—29 |—|—| 4,0 — — — 12,6

50—60 |—|—| 3.6 — | — | — |3.4

90—100 | —|—| 6,0 — | — | — 2,7

JHepHoBo-cpearenog- |  <<0,001 A, - —_ -] — 80,0(128,5| — 2,55
soqmcTan Al — |—i—{| — |t06,1{120,2] — |1,30
B — |—]—| — ] 70,0] 62,8 — 1,21

0,04—0,004/p | — |—{—| — | 67,5/ &,7| — |0,88

Ay — |—=i{—=| — | 82,4 70,2} — 0,78

B — |—=|—| — | %4,0{185,0| — |[0,76

0,25—0,00 A | — |—{—| — {100} 350{ — .

A, — |—=|=| — | 15,6 29,3] — | Cn

B — |—|—| — | 20,0f 29,3 — 0,38

Oowsa |a | — |—|—| — | 42,5| 55,4 — | 0,45

As — |—{—| — | 55,0| 52,0 — |0,27

B - |=|=| — | 67,5 82,4 — |0,52

Il MapraHlia B JXeJe3UCTHX HOBOOOGPa3OBaHUAX, B KOHKPEUHsX, TpyOouKax,
miaeHkax, oprurefiHax (8o 10—15%) ¥ HeKOTOPHIX MOMMEHHBIX HaUJIKaX
(taba. 61). Kpome mapranna, B 3Kesie3HCTHIX HOBOOGDA30OBAHUAX BO3MOXKHA
aKKyMYJALUsT BaHaAudA, HHKeJas, KoOaabTa, MeoH, Xxpoma, Monubgena, Kap-
- GOHaTHBIE KOHKpeUHH OOBIYHO COXepKaT NOBLINIEHHblE KOJHYecTBa Gapwus,
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Ta6auna 60

Koathuupent koppeasuun (r) mexay coliepKaHHeM MHKDUIJIeMEHTOB B TouBe
H B WIHCTOH thpakiuun

IToupa MukpoanemeHT r Pation
Cepas JecHas Co -+0,58 Mounnasus
Ni 40,34 «
Cepast ¥ Oypas JecHas Co 0,70 Ces. Ocerns
Cu -+0,50 » »
YepHoseM Ic\:I? :i{_—g: 1(2) Mom;amm
T Co 40,68 Bupma
porinueckas Ni 1083 N
Cu -+0,84 »
B +0,60 »
Vv +0,58 »
Cr 40,12 »
Mn -+0,35 »
Ta6nuua 61

Conepxanue Mn B XKeJeaucTsix HoBOOGPa3OBaHMSIX
(Jobposonsckuit, 1963)

Mn, %
Horoo6pasopanus .
panonoe Hfiglep xa TIORBHXHLIA

Oprwreiin u3 ayrosoit nofiMenHo#l noussl p. KiasbMul 2,8 2,5
KpacHo-GypEllf M1 HA TIOBEPXHOCTH MOAMEHHOH DOYBEL

p. KnassMel 0,34 0,26
JKenesucTele KOHKpeluy M3 JyroBoll NoHMeHHOH moyBHl

p. KasiseMbl 15,0 14,8
Optwreiis u3 noAsoancToll nouse, Komu ACCP 117 —

CTPOHIYSH, NHPKOHHS, BaHanus, MeAu. ['uIcOBHe ckomieHns o6oraleHH
CTPOHLHEM, B MEHbIUEH CTeNeHH MapraHieM, THTAHOM, MeIbi0 ¥ BaHALHEM.
K xsiopunHO-cynbdaTHBIM aKKYMYJSIIUSIM NPHYDPOUEHH NOBHILEHHbIE KJap-
K4 6opa, cTpoHuus, autus (raba. 62). :

BsanmocBsi3u MHKPO3JIEMEHTOB C TyMYCOM, MHHEDAJbHBIMH KOJJIOHAAMH,
HOBOOGPa30BaHNUsAMH OTPaXkaloTcd, €CTeCTBEHHO, Ha XapaKTepe paclpejelie-
HUs HX IO TeHeTHueckoMy npoduaio nous. Ilepemelienne MuxpossneMeHTOB
C BePTUKAJIBHEIM ¥ TOPU30HTAJbHBHIM CTOKOM H OCaXKJAeHWe Ha 3TOM NyTW
MHKDO3/IEMEHTOB B 30HAX IreoXMMHYeCKHX GapbepoB (pe3koe uaMeHenue pH,
Eh, ruunucrbie npocaoikn, KapGoHaTHEle FOPH30HTH, CKOIJIEHHS JerKopac-
TBOPHMBIX COJIER ¥ T. /I.)— mpouecc, NPOTeKaloWui GecnpepbiBHO; OH YCHJIH-
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Ta6auma 62

MukposieMeHTsl B HOBooGpasoBanusix, M2/x2
(Lo6poosekui, 1966)

Horoo6pasosanus
MukpoaseMeHTEl Kap6oHAT- XJOPHRHO-
HKeJle3ucThie Mapraqiosble HEle THIICOBBIE cynbdat-
Hble
DneMeHTH, H36HpaTeJIbH0 Ti 5160 Ba no 10 000 Sr mo 2700
KOHLEHTPHPYIOLIHECs Mn 10 000 Pb mo 400 Sr go 6000 | Sr 3000
VvV 280 Ni mo 250 Ba no 500
Cu 150 Co 1 Mo 100
Pb u Cr g0 200
Mo g0 100
Be He 3JIeMeHThI-IIDU-~ Ti, Mn, V, Cu, | Ti, V, Cu, Pb, | Ti, Mn, V, | Ti, Mn, V,| TI, Mn, B
Meélgﬂ 8 P Pb, Ni, Co, Zr, | Ni, Co, Zr Cu, Zr, Sr | Cu, Ba
Sc
Ta6auna 63
ancme MUKPO3JEMEHTOB B BaXHeMILMX no4YBeHHBIX Mpoleccax
(KoBaa u ap., 1959)
IIpouece INouseHHOe ofpasoBaHHe MukpossemMeHTE*

Manpiit 6uOJIOrHYeCKUHR
KpyroBopoT

Cunres rymyca

T'nuHooGpasoBanue u
CHHTE3 KOJJIOHIOB

Onopzomisanne, 0como-
IeHRe

Wnmosunposanne

Ornieerue

TupporeHnas akKymyJns-
1Hg

PacTuTe/bHBbIl ONaj CBEXHI ¥ pas-
HBIX CTeneHefl MHHepAJN3aLUUY
(nozcTHIIKA H cTenHoH BOMJOK)

TymMycoBast ofoJiouka

ITouBeHHBIN MOIJIOIMAIOMUN KOMII-
JIeKC
Cop6uusi KOJVIOHZaMH

SmoBHAJbHEIE rOPU3OHT

UAmOBAANBHEL TOPH3OHT, O060Ta-
menHniil FeyOq
To xe, oboraineHHbli KapOoHaTamMu

T'neeBnift ropusout
CeBepHble JyroBble NOYBH

IO:xHEIe JIyTOBbIE TOYBHL
ConoHuakH
Tponwueckne JaTepHTHI

+Mo, Zn, Cu, Co, B, J, Br, Se, Ni, U,
Ba, Mn, Sr, V

~B, J, Mn, Co, Cu, Mo, Zn, Ni, Pb,
Br, F

+4Mn, Fe, Cu, Co, V, Cr, Ni, Mo, LI,
Rb, Cs, Ba, Sr, Pb, Zn
~+Cu, Ni, Pb, Co, Zn, Mn,
Br, B, Mo

~— MPaKTHYECKH BCE MHKPOIJIEMEHTH;
BO3MOXHO + Ti, Zr

+Cu, Ni, Co, V, Cr, Zn, Mo, B

v, Cr, J,

+Sr, Ba, B u wacrtuuno Cu, Mn
-4Mn, Co, Cu, V
-+Ma, Cu, N1, V, Co, B

+Ba, Sr, B
~+B, J, F, Li, Rb, Cs, Zn, Cu, Co
+Ti, V, Cr, Co, Ni, Cu

3HaK IJIIOC O3HAUaeT TOrJIOUIEHUE MHKPOJIEMEHTOB ITOYBOH, 3HaK MHHYC O3Ha4YaeT BBIHOC U3 IIOYBEl.

219



B@eT KOHTPACTHOCTb MHUKPOJEMEHTHHX Ipodunelr mous u gubdepeHunanuio
MHKPOSJIEMEHTOB B IIOYBAX CONPSKEHHBIX JaHAIIapToB. YyacTHe MHKPO3Je-
MEHTOB B IIeIOT€OXHMHUYECKHX IIponeccax GopMHPYeT KaK MUKPO3JeMeHTHLIH
npoguas mous (tabi. 63), Tak u naHAmWa(THO-reoMOpOMOrHIECKOe Iepepac-
npeliesieHye HX.

TlouBsl ¢ 3JIOBHATBHO-UJJIIOBHAJBHEIM INpodHIEM XapakTepU3YIOTCH
0OBIYHO YeTKHUM IlepepaclpeleseHHEM MHUKDO3JEMEHTOB, C 0fefHEHHeM 3JII0-
BHAJILHOTO M oforallleHHeM HJJIOBHAJNBHOTO HJIM I'YMYCOBOTO FOPH30HTOB, B
3aBHCHMOCTH OT CTeNEeHH 'YMYCHUDOBAHHOCTH M <«H/JIIOBHHPOBAHHOCTU». Uep-
HO3eMHBIM H KalIT4HOBBIM IIOYBAM CBOHCTBEHHO GoJjiee paBHOMepHOe pacmpe-
JesleHHe MHKDPO3JeMeHTOB no mpodumo. OnHako B psjie ciaydaes Habaona-
eTCsl HEKOTOpOe yBeJIHUeHHe UX COAepKaHHs B PYMYCOBHX (HampuMep, fona,
kKo6asbTa, BO3MOXKHO IHHKA) M KapOoHATHBIX (Menu, 60pa, UHHKA, K0Oab-
T4, HHKeJIs1) TOPU3OHTAX.

bosee cioxerE MHKPO3JAeMeHTHBIH Npoduab rugpoMOpGHLIX H IOJYTHA-
pomop(HuEIX mous. [locTyniieHHe MHKpO3JEMEHTOB H3 INOYBEHHO-TPYHTOBBHIX
BOJ Hapyuiaer uyHcTo OHOTeHHOe pacrpeflesielHe MHKDO3JeMeHTOB. B 3aBH-
CHMOCTH OT CTeNleHH THADOTeHHOH aKKYMYJSUHH W YDOBHS KaNHILISPHOH
KaltMEl FPYHTOBBIX BOJ BO3MOXKEH caMblii pasHoo6GpasHblii xapakTep paclpe-
Je/eHdsi MHKpPO3JeMeHTOB: COBNajeHHe THAPOTEHHOTO H GHOTEHHOro HaKoll-
JCHHs, TpeobiajaHue TOH WM APYro# GOPMEI aKKYMYJsIUHMM Ha pPasHBIX
ray6uHax B nouse. B /1060M H3 BapHaHTOB B FOPH3OHTAaX HCHapeHHs KamuJ-
JISIPHBIX TOKOB OT TPYHTOBBIX BOJ, IPOHCXO/JHT BhIajelile MHKPO3JEMEHTOB
U3 pacTBOpa H HX aOCOJIOTHOE MJH OTHOCHTENLHOE HaKOIIEHHe,

B nofimax u pmeaprax pek, Iie MHKPO3JEMEHTHl IOCTYNaloT A0GABOYHO C
NaBOAKOBEIMH BOJAMHU (MeXaHHYecKas aKKyMYJsILHs), pacupefeseHHe HX N0
npoduaio elle Gosee ocaoKHAeTCH. MexaHnueckas aKKyMYJSLHS HaKJalbl-
BaeTcsl Ha 6UOreHHYI0, VCHJIHBAsA KOHUEHTPAIHI0 MHKPO3/JIeMEHTOB B BepxHeil
yacTH npoguis,

PacnpeflesieHHe MUKpPO3JIeMEHTOB IO IPOQU/I0 MOYB XapaKTepHU3yeTcs Be-
JHYHHAMU Ko3¢(duuueHToB Hakomaenus (tabJ. 64), BeIYUCAEHHBIX IO COOT-
HOLIEHHI0 MHKpO3JeMeHTa B TOpPOJEe H TeHeTHMYeCKMX TOPH3OHTAX MOYB (co-
IepxKaHHe B Opoje MPHHATO 3a 1).

Pacrnpefenenne MHKpO3/JeMEHTOB B IOYBAX CONPSXKEHHLIX JanHAmMAadToB
yallle BCero NposiBJsieTcsl B a6COTIOTHOM M OTHOCHTEJNBHOM O0OralleHHd HMH
OYB THAPOMOP(DHBIX NOAYMHEeHHBIX JaHAmabdToB. Oco6eHHO BHIAEJSIOTCA
MOYBH NOHM KPYNHBIX PeK H HHU3MEHHOCTeH, rje, KpOMe NOCTYIJIEHHS MHK-
pPO3/JEMEHTOB M3 NOYBEHHO-IPYHTOBBIX BOJ, NIPOHUCXOJHUT NPHHOC HX B PacT-
BODEHHOM H B3BEIIEHHOM COCTOSHHMH C BOHOPAa3AelJbHBIX HpPOCTPAHCTB. IT4
nuddepeHnanus 10 OCHOBHBIM CONDSAXKEHHBIM JaHAWAa@raM CBOHCT-
BeHHa MHKPO3JIeMEHTaM CPaBHUTEJNbHO TOJBHKHBLIM, JIETKO MHIPHPYIOIIHM H
BHINIaJAI0IMUM B 30HE IeOXHMUYECKUX 0apbepoB. B TaeXHBIX YCJIOBUSAX TakH-
MM 3jieMeHTaMHu OyAyT KeJe3o, MapraHel, Melb, KoOanbT, BaHaiull, B noi-
MEHHEIX NOYBA