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YACTD ITATAA

BOIHbIN PEXHM
H
[TOYBOOBPA3OBAHUE

$opMbl BOAH B MOYBaX
Bonoynepxupawmas cnocoGHOCTb Mo4B
dNeMeHTHl BOAHOTO PexHMa MoYs
JuHaMuka u GaflaHC TPYHTOBLIX BOJ,

Tunst BopHoro pexuMa v 6anaHc
nousooGpasoBanus



Bonuble ¢BOHCTBA M BONHBII peXKHM TIOUB COCTABJSIOT Ba*KHeHIIHH pasmed
yueHust 0 GOpPMHpPOBAHHH ITOYE M HX PaLHOHATBHOM Hcnosb3oBaHHH. Ce3oH-
Has NMUHAMHKAZ IIOYBEHHBIX IpPOLECCOB B 3HAYHTEJDHOH CTEIlEHH IIPOTEKaeT
Ion BO3AelicTBHEM NPHPOAHBIX Boj. IIpOAyKTHBIOCTb NMOYB TecHelnM 06-
pasoMm cBsi3aHa ¢ HX BOAHBIM peXXuMmoM. OcyUIHTeNbHble H OPOCHTEJIbHHE
MeJNHOpauty, IpeaynpexaeHHe 3acyxH, Gopnfa ¢ 3po3Hell H 3aconeHHEM
IIOYB ONMHpalOTcsi Ha 3HaHHe W HCMOJb30BAHHE 3aKOHOB IIOYBEHHOH THAPO-
JIOTHH. B cBOIO ouepenb, IOYBEHHBIN IIOKPOB H IIpOM3pacralolias Ha HeM pa-
CTHTE/bIOCTb HIPAIOT BecbMa GOJbIIYIO POJb B MHPOBOM KPYrOBOPOTE BOJBL.

YuyeHHe 0 BOAHDBIX CBOHCTBAX M BOJHOM peXHMe IIOYB COCTaBJSIET HBIHE
colep:KaHHe 0oco6oH OTpaciyM NMOYBOBENECHHS — NMOYBeHHOHN rupaposoruu. He-
CKOJIBKO TTOKOJIEHHI oTeyecTBeHHbIX yueHbIX (A. A. Mamaunnsckuit, B. T'. Por-
muctpos, I'. H. Beicouxuti, A. ®@. Jle6enes, A. I'. Hosipenko, H. A. Kaunu-
ckuit, A. A. Pone, C. V1. Joaror) u 3apy6exunlx Heeaenoeateneit (B, Kuw,
I'. Oyuxkep, P. Cxodunbn, B. Tapauep, JI. Puuapne u ap.) cosmanm sty
oTpacab NMOYBOBelNeHHs. B Tpyaax HasBaHHBIX aBTOPOB, OCOGEHHO B MHOIO-
ToMHbIX nmy6aukauusix A. A. Poge, msnaraercss mpeaMer T'HIPOJOTHH MOuB
¢ ucuepnblBapouell moaHoroll. B HacTosimleM pasnese OCHOBHBIE TOJIOXKEHHS
IIOYBEHHOH THAPOJIOTHH paccMaTpHBAIOTCS B CBSI3H C BONPOCAMH TEOPHH
moyBo0Gpa3oBaTeNbIBIX [IPOILECCOB.



$OPMBI BOJIbI
B MOYBAX

Bona B TIOYBaX HaXONHUTCA B TpeX COCTOAHHUX: TBEPAOM, KHIKOM, rasooo-
pastom. Ilo (pusHueckoMy COCTOSIHHIO, TONBHXKHOCTH, NOCTYIHOCTH H 3Haue-
HHIO 111 pacTeHHH M APYTHX OPraHH3MOB NOYBEHHYIO BOAY MOXKHO mOMd-
pa3nenuTh Ha pasjnuHble (GopMbl: mapoobpasHyl0, XHMHYECKH CBfI3aHHYIO,
(bu3HUECKH CBI3aHHYIO, KalHISIPHYIO, CBOOOIHYIO: IPaBUTaLHOHHYIO, B (op-
Me Jbjla (KpHCTaJlIN4ecKas BOAa) M Ip.

NNAPOOBPA3HAS BOJA

Boasiuble napel cofiepaKaTcs Bcerfia B IOYBEHHOM BO3JyXe, 06pasysi ¢ HUM
HapoBO3AYIIHYI0 cMeChb. B GOBIIHHCTBE Cayyaen NOYBEHHBIH BO3IYX HACHI-
meH napamu Bogel no 100%, npu s3TOoM copep:Kanne napooBpasHoll BOAH B
nouse coctaeiasier oxkono 0,001%. Jlume korma mousa yBJaXKHeHa MeEHblLIE
YpOBHSI TaK Ha3blBaeMOHl MaxcuMaJjbHOU rurpockonuusoctu (M), Baax-
HOCTb TouBeHHOro Bo3ayxa meHsie 100%. Ilpu BospacTaHuu TeMIlepaTyphl
yOpyrocTb apoB B NOYBEHHOM BO3JyXe BO3pacTaeT, CHHXKeHHe TeMIlepaTty-
pbl IPHBOMKT K HACHIIEHUIO BO3[yXa ITapaMH BOJB U K KOHJAEHCANHH [OCIe]-
Hux. [Tlapoo6pa3snas Bona HenpeprIBHO 06 pa3yeTcs B OYBE, YXONUT H3 ONHHX
TOpH3OHTOB B JPYTHe H IIpeBpallaeTcs B HHble (PopMBI Biard nyteM KOHJEH-
canMu HaM copbuuu. OTpunaresbHBe TEMIIEPATYPH BbI3LIBAIOT OCOOEHHO
CHJIBHYIO M OBICTPYI0 KOHJAEHCALMIO [1apooOpa3HOH BOABI M ee HaMep3aHHe
B BHIe Jabna. [lapoo6pasnas Boga nepeiBHraeTcsl B MOYBE IACCHBHO C II0Y-
BEHHBIM BO3IyXOM [0 BIHSTHHEM H3MeHeHHil aTMoc{epHOro AaBJIeHHUsA, TEM-
nepatyphl, BJaKHOCTH HJIH aKTHBHO — IyTeM AH(Qy3un 6Jarofaps HaJaH4HIO
rpanueHTa yrpyrocti. Ilpu nsmKeHHu Boxbl B GpopMe mapa, eCTECTBEHHO, He
IlepeMenIaOTCs MHTaTe/bHBle BeulecTBa U couH. OpHako mporece o6pa3ona-
HHsl TapoofpasHOll BJaru Bcerja COLpOBOXKIAeTCA HAaKOIIEHHEM B TOM FO-
DH3OHTE, IIie MPOHUCXOAHT HCIapeHHe, BeUleCTB, OBIBIIKX B PacTBOPE.

XHUMHHYECKH CBSI3BAHHAS H KPHCTAJVIM3AUHOHHAS BOJA

Muorue MuHepassl mous comepxat pony: runc (CaSO4-2H,0) — oxouao
21 Bec.%, mupabunut (NapSOs-10H,0) — oxono 69 Bec.%, xmopup mar-
s (MgCly-6H20) — oxono 50 Bec.%.



Posb XHMHYeCKH CBsi3aHHOH BOABI OCOOEHHO BeJIHKa B 3aCOJEHHBIX NOY-
BaX. B HHX comepxkaHue cosielf, KDUCTAMIIU3YIOUHUXCS ¢ GOJbIINM KOJHYECT-
BOM XHMHYECKH CBSI3aHHOH BOJBI, MOXKET COCTaBJsATbL 2—5 H Jaxe 20 —
30 Bec.%. B Takux ciyuasgx mouyBa yIep:KHBAeT 3HAYUTENbHEIE KOJMYECTBA
KpPHCTAJNN3aIHOHHONH BOABI. VI3 HEKOTOpLIX COeNMHEHHH XHMUYECKH CBS3aH-
Hasi BOAA JIerKO BbIfeJdsieTcss Ipu TeMnepatypax 20—25° (Mupaluaut); B
clydae THIca OHa HauHHaeT BHIEJSTLCS IIpH TeMnepatype 60—65° C.

Bropuunvle TrIHHHBIE MHHepaJbl TaKXKe CONEPXKAT BOAY, BXOASILYIO B
COCTaB HX KpHCTaJnHueckoil pemerku (B ¢opme OH-). 3rta Bona Moxer
OBITb MOJHOCTBIO OTAAaHa JHIIb IPH BO3JMEHCTBHH TeMIepaTyp HOpsiiKa
165—175° a pas HexkoTtopux ¢pakuuil Boabl — 300—500° u Beume. CxomHoi
tdopmofl siBAsieTCA BOAA, XMMHYECKH CBA3aHHAs B THAPOOKHCIAX KeJesa,
aJIIOMHHHs], MapraHua Hix KpeMHHsL.

KpucrannusaunonHasi Bofa 110 (U3HUECKOMY COCTOSIIIHIO sIBJSIETCS pas-
HOBHUIHOCTbIO TBEpPAOH BOAH. OHa HeNOABHXKHA, PacTBOPSIOWHM 3ddexTom
B OTHOILUEHHH IIHTATEJbIIbBIX BCILECTB M coJel He o0Jafaer W cOBEpIUEHHO He-
OOCTYIIHA pacTeHHsM.

Henoyuer cymecTroBaHus GOJBIINX KOJHYECTB XMUMHYECKH CBA3aHHOHA U
KPUCTA/ANH3alHOHHOR BOABl, HAaIpUMep B COJOHYAKAX W TSKENOTVIHHHCTHIX
II0YBaxX, MOXKET CJIYXKHThb HCTOYIIHKOM Cepbe3llblX OIIMGOK NMpH OLEHKEe 3ala-
Ca MoJIe3HOH BJiard B MOYBAaxX Mepe] NOMHBaMH. Tak, mpH GOJbINON 3acoJeH-
HOCTH M 3arHIICOBAHHOCTH IOUB BJAAXHOCThL AaKe nopaaxka 25% (onpenensie-
Mas nyTteMm BhicymimBaHus npu 105° C) mpexncraBieHa riaBHbIM 0Gpasom
KPHCTa/VTH3aLHOHHON BOJOM, (PM3HONOTHYECKH HENOCTYIHOH JiJiss PaCTeHHH.
B cuJbHO THIICOHOCHBIX MOYBaxX B/JAaXKHOCTb CJENYyeT ONpeledsTbh METONOM
cyI'KH o6pa3uoB npH Temneparype 60—65° C.

®HU3HYECKH CBSA3AHHASI BOJA

Bona siBnsiercst CBOeo6pa3HOi XKHIKOCTBIO ¢ OCOOLIMH, NMPUCYUIUMH TOJb-
KO eit cpoiicTBaMH. OHA COCTOHT M3 PHIXJIO ACCOLMHMPOBAHHBIX MOJIEKYJ C fIC-
HO BBIpaXKeHHBIMH IHNOJbHBIMH CBOHCTBaMM. TakK Kak BOJa HMeeT BecbMa
BLICOKYIO JU3JIEKTPHYECKYIO nocTosiHyo (76—80) u HefiTpaabHyIO peakuHio,
TO BBICOKOAHCIIEpCHble MHHepaJbHble H OpTaHHYecKHe YacTHIB II0YB MO OT-
HOIUEHHIO K BOJE 3apfANKeHbl IPCHUMYLIECTBEHHO OTpHUATElbHO. Mosexybl
BOIbl JIETKO H NPOYHO TOTJIONAl0TCs, COPOUPYIOTCS OTPOMHOI ITOBEPXHOCTDHIO
MOYBEHHBIX TOP M JHCIEPCHBIX YacTHL, 06pasysl IVIEHKH OPHEHTHPOBANHBIX
nunoseil Boabl. CTenmeHb OPHEHTHPOBAHHOCTH H MPOYHOCTb (PHKCAmuH cop-
OHpOBaHHBIX MOJIEKYJ BOAbl HauOOJbINHE BOJH3H NOBEPXHOCTH MOYBEHHBIX
YacTHL, M TIOCTENEHHO YOLIBAIOT 110 Mepe yNasellHsi OT YaCTHIl, BO BHEIIHHX
CJ105IX NMOJUMOJIEKY IS PHEIX NJ1elOK.

[To cTenenu MOABMKNOCTH (IIPOYHOCTH CBSI3H) PasiHualoOTCs [Be GOpMH
cOpOHPOBaHHON BOJBI: IPOYHOCBS3aHHAs — FHTPOCKONMHYECKAsi H PBIXJIOCBS-
3aHHas — MJIeHOYHad. ‘

Pusnueckn NpoyHoCBSI3aHHas (THTPOCKONMHMYecKas) BoAa. Bcsikas nousa
B BO3AYIIHO-CYXOM COCTOSIHHH COIEpXKHT HeKoTOopoe (0OGBIYHO HeGOJIbIIOE)
KOJIHYECTBO THI'DOCKONHYECKOH BOABI, aACOPOHPOBAHHOH M3 BOASIHLIX IAPOB
IIOYBEHHOTO BO3AyXa MOBEPXHOCTbIO TBEPABIX YacCTHu. [ HrpockonHyeckas
BOAA HAaXOJIHTCS B NOYBaX B COCTOSIIMH, ONIM3KOM K TBEpIOMY TeNIy, U YAEp-
}KHBaeTCs y MOBEPXHOCTH IOYBEHHBIX YACTHI[ OY€Hb BBICOKHM JABJEHHEM —
10 000 — 20 000 arn.

[TroTnocts NMpPOYHOCBSI3aHHOM BOABI B INOUBE 3HAUMTENDBIO BHILIE, YeM
IJIOTIOCTb CBOGOAHOH BOXBI, H NOCTHraeT BeJdHYHH mopsinka 1,5—1,8. Haxo-

8



ESCb B NPOUHOCBSI32HHOM COCTOSIHHM, THTPOCKONHYECKasl BOJA MOXKET Ilepe-
ABHTATbCH, JHLIb Nepexols B opMy napa, YTO 3aBHCHT OT H3MeHeHHH TeM-
HepaTypbl W BJIaXKHOCTH IOYBEHHOTO BO3AyXa. I'HTpocKonnyeckasi BoZa MO-
3}KeT GBITb OTJaHa NOYBOH MOJHOCTBIO TOIBKO TIpH Temnepatype 1056—110°C.
Bcnencrsue cBoefl HemOJABHXKHOCTH OHa He pacTBOpsAeT M He IllepeMellaeT
HHUTATEAbHBIX BEUIECTE H coJell B nousax M GU3HOMOTHUECKH NTOJHOCTHIO He-
JocTynHa Aas pacrenunil. Jumoam copGupoBaHHOH BOJABI OpPHEHTHPOBAHBI
BOKPYT NOYBEHHBEIX UaCTHI H Kak Obl (PUKCHpPOBaHbI CHJIaMH INPHTSXKeHHS.
I'mrpockonuueckass BOALA OKYTBIBAaeT UaCTHIBI I0YB OUCHb TOHKOH IJIEHKOM,
COCTOSIIEN M3 HECKOJbKNX MOJEKYJISPHBIX CJ0EB, YMeHbllas cBOGOMHBIN 11O-
poBbIE 06BEM.

CozepxaHne TUrpOCKONMYECKOH BOJBI 3aBHCHT OT MEX2HHYECKOTO CO-
CTaBa IOUB M TPYHTOB, 3HAUUTEJbHO BO3pacTas B TYMYCHHIX, TOP(SHUCTHIX,
TVIMHUCTHIX TIOYBaX M yMeHbIUasick B CymecuaHbIX W NecuaHHX. Ha conep-
J)KaHue THUTPOCKONHMYECKOH BOJBl B IOUBE BJHNSIOT TaK¥Xe TeMmllepaTypa H
BJAXKHOCTb Bo3ayxa. ECIM HaBecKy NOYBH B TeueHHe JJIHTENBLHOTO BPEMEHH
ocTaBuTh B arMocepe, 6JAU3KOH K NOJHOMY HACHILIEHHIO NapaM¥ BOJBL, TO
OyZeT NPOUCXOJUTb MeJJeHHOe YBeJHUeHHe COJEepXKaHUs TUTPOCKONHYECcKOH
Baard. OnHaKo C onpefie/IeHHOTO MOMEHTa YBeJHUeHHe cOIepkKaHHsl TUTPO-
CKONHYecKol BJary NpekpaTHTcs. BaaxkHOCTb NOYBHL JOCTUTHET YPOBHS Mak-
CHMaJbHON THTPOCKONHYHOCTH.

®u3nueckH peixJocB3aHHas (njaeHoyHas) Bojga. CsoGomHast noBepx-
HOCTHasl 3HepTHUsl BLICOKOANCIEPCHBIX NOUBEHHBIX YaCTHI[ cnocoGHa JOBOJbHO
HpOYNo YJepXKHUBaTb, KpOMe COPOHPOBAHHBIX NapoB, HEKOTOPOE KOJHUECT-
BO BJIArH, IBJASIOLIEHCS CBOeoOpa3HOH MHOTOMOJEKY/ISIPHOH NJIEHKOH BOKpYT
yaCTHL, B yriax MX CThIKa, BHYTpuM Meabyaiimiux nop. Cuaa, ¢ xoropoit
YIepXKHUBaeTCH Takas pHIXJOCBSA3aHHas (NJeHOUHasA) BOAA Y NOBEPXHOCTH
HOYBEHHBIX YaCTHL, M3MEpseTCs 3HauYMTeTbHO MeHBHIMM AaBjeHneM — 1 —
10 arm (Hoaros, 1946, 1948).

ITo ¢usnueckoMy COCTOSIHMIO IIEHOYHAS BOJAA HAaXOAHUTCH KakK Obl B BA3-
KO-XKuAKo# ¢opme. Ilpeanmonaraercsi, yTo pBIXJMOCBSI3aHHAasT (IIEHOYHas)
BOJla NpeJCTaBleHa COTHAMH DALOB RuMOJel, IIocAeJOBATENbHO 06JeKalo-
wux oauH Apyrofi. CTeneHb OPHEHTHPOBAHHOCTH W (DHUKCHPOBAHHOCTH JHIIO-
JIe#l BOABI B IJICHKE 3HAUYMTEJIbHO MeHblIasl, YeM B CJayuae ¢ TUTPOCKONHYe-
CKOH BOROH.

ITo-supumomy, B 3TOi CJOXKHOA M DAa3ilOPOLHON KaTErOPHM INOUBEHHOM
BJIaTH HMMEIOTCS IOCTENEeHHble NepeXofbl K COGCTBEHHO KaNHJISIPHOH BoOXde
B yIJlaX CTHKOB 4aCTHL M TOHKHMX nopaxX. [IneHounas Bofa cnocoGHa nepe-
JABUTATbCS B DPa3JMYHBIX HallpaBJeHHAX OT YYacTKOB GoJbliell BIaKHOCTH
(6ouabie# TOMINMHBL NIEHKH) K MeHblleH, T. e. OT GOJbIIETO YHCIa MOJEKY-
JSIPHBIX CJI0€B BOJBI K MX MeHbllleMy uHucay. OZHAKO CKOPOCTb 3TOTO JBH-
J}KeHusl upesBbluafiHO He3HauyureJbHa. [lneHouHas BOMA OrpaHHYEHHO J0O-
cTynHa s pacTeHuH. OCMOTHUECKOe JaB/EHHE BIYTPHKJIETOUHOTO COKa
pacTeHu#l N03BOJISIET KOPHEBHIM BOJOCKAM BCachiBaTh 3Ty Boay. Ho u3-3a
KpaiiHe MaJlol NOABHKHOCTH IUIEHOYHOM BOJAHI pacTeHHE PACXOAyeT 3amac
BJIarH GBICTpeE, YeM OH BOCCTaHABJMBACTCS, BCAEACTBHE UYETO B KapPKYIO
CYXYI0 IIOTOAY pacTellie HauyHHIaeT BIHYTb.

JlaGoparopHble ONEITH W HAGIIONEHNs B IIOJIEBbIX YCAOBHAX CBHIETENbCT-
BYIOT O TOM, UTO IIEHOYHasI BOJla CIOCOOHA pacTBOPSATH W NEPEIBUTATD COMH.
B uacTHOCTH, nepefBHrasick K MECTY HCHapeHMs, MJIEHOUHAs BOJAA MOMKET
NEepeHOCHTb COJIM B NOYBE B TOPU3OHTANbHOM MJIM BePTHKaJbHOM Halpas-
JeHun Ha 4—6 . 3amep3aHue NJIEHOYHOH BOAbI 3aTpyAHeHo. EcTb MaHHEIe,
"UTO OHa 3aMep3aeT JHIb NIPH TeMNepaType HHxke MuHyC 70, 80°.



HauGosbliee colepxKaHMe PLIXJIOCBA3aHHOA BOJALI (IJIeHOUHOH) BTIpYyH-
Tax ¥ nouBax HasbiBaercs, no A, @. JleGenesy (1927), makcumaJsbHOl Mo-
JeKyaspHoit BaaroeMkoctbio (MMB). Ilpu comepkauuu BOAH B IIOUBE,
6au3koM K yposHio MMB, Biara HepeKo KOHIEHCHPYeTC M NOABJIAETCS
Kanuaasipiaa Boga. [Toatomy rpanuna MexAy 3THUMH AByMs GOpMaMH BOAB
B TIOYBE YCJIOBHA.

BennunHa BAaXKHOCTH NOYBHL IIPH COJEPKAHUM B Hefl NJICHOYHON (pBIX-
JIOCBSI3aHHOM) BJIardW BCerJa BHIE MaKCHMAaJbHOH TMTPOCKONHYHOCTH, HO He
BbIllle MaKCHMaJbHOH MOJeKYJ/sSpPHOH BJ1arOeMKOCTH.

[TpoyHo- U pHIXJIOCBSI3aHHAS BOJA 3aHMMAaeT HHOTJa 3HAaUuTe/bHbIN 00beM
¥ YMEHBLI4eT CeueHne BHYTpEeHHHX NOp W KaNHAIsgpoB (uHorpa Ha 20—40%).
B nouBax u rpyHTax TAXKeJOTO MEXaHHYECKOTO COCTaBa (M3HYECKH CBA3aH-
Has BOJA MOXKeT IIeJHKOM 3alOJHHTh TOHKHE IOphI, YTO NPHBOIUT K BO-
JOHENpONHIIaeMOCTH.

KANMUWJJISAPHASL BOJA

Mouekyisl BOAB, Haxosliyecss BOIN3H H Ha CaMO¥ TIOBEPXHOCTH KHAKO-
CTH, UCHBITHIBAIOT IIPUTSZKEHNE CO CTOPOHBI MacChl MOJIEKYJI, JeXaluX HHUXkKe
TIOBEPXHOCTH pasjela BoJa — BO3AYX. DTO BJedyeT 3a co6oil obpasoBaHue
HJIEHKH NOBEPXHOCTHOTO HATIMKEHHUS W pa3BUTHe BHYTPEHHETO MOJEKYJAdapHO-
ro nasjeHus, pmocturawouero 11 000 arm. BeauunHa nosepXHOCTHOrO HaTH-
JKEeHHs1 BEIpaxaeTcsi OOBIYHO B eIMHMUAX OUH/CM, YTO COOTBETCTBYET JIOBEpX-
HOCTHOM 3Hepruy NJIEeHKH B apa/cm>.

s pa3iuyHBIX KHJKOCTEH BeJHYMHA NOBEPXHOCTHOTO HATSXKeHHus KO-
ae6aercst oT 16 no 75 ape/cm?. IloHmKeHMe TeMIepaTypbl 3aMETHO INOBHI-
HIaeT NOBepXHOCTHOE HaTskKeHHe U Hao6opoT. Ilpn KosebaHUM TeMNepaTyphl
B npefenax 0—40° C Bs3kOCTb BOABI M3MeHseTCss B 2—3 pa3sa, a NOBepX-
HOCTHoe HaTsxenne —Ha 10% (ta6a. 1). D10 Becbma pe3ko cKasblBaeTcs
Ha BOJHOM peXHMe NOYB U Ha NIPOCTPAHCTBEHHOH MHUI'pALlUK PaCcTBOPOB COJIEN
M NIUTATEIbHBIX BEUIECTB.

Ta6auma 1

Temnepatypa # cBoficTBa BOAB

t, °C IInoTHocTh, 2/em® | BsskocThb, nyass: Hag:ﬁ?:é?cxze/cM
0 10,9999 1,78 75,6
10 0,9997 1,30 74,2
40 0,9922 0,65 69,6

[Ipn conpmKOCHOBEHMM BOJBI CO CTEHKAMH HOP KaNlWIJASPOB BCJAENCTBHE
CMauyuBaHHA U JAEHCTBUS 3JeKTPOCTATHUECKHX CHJ B HUX 06pa3yioTCs MeHHC-
KM TeM OoJbllell KPHBM3HBEI, UeM MeHbIle AHMaMeTp Kaluaiaspos. [losepx-
HOCTHOe JlaBJeHHe NOJ, BOTHYTbIMM MeHHCKaMu 6yler meHbllle, yem HaBJeHHe
NOJA IJIOCKOH IVIEHKOH INOBEPXHOCTHOTO HaTSIXKeHHs. DTO yMeHblleHHe NaB-
JIEHHSI Ha3blBACTCS «OTPHUIATENBHBIM KaNHWJAISAPIBIM NaBJAEHHEM», M OHO
TeM Bblillle, yeM O0JIblLile KpHBU3HA MEHHCKOB (T. €. YeM yiKe NOpa WM KaIluI-
JSp) ¥ ueMm cylle 1noysa.

PasBuTne OTpPHLATEJbHOTO KaNHJIASIPHOTO LaBJEHUsA M, CJAEIOBATENBHO,
IKBHBAJIEHTHON IO pasMepaM COCyLleH CHJbI BbI3LIBaeT NOAbEeM BJarh B Ka-
MHJAISApAX U NOPax Ha BbICOTY, OTBEUAIOUIYI0 KaNWJAspHOMY HaBJaeHu0 (HMIX
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Puc. 1. CxeMa pasBHTHS OTPHILATENLHOTO JAABJGHHS [OJ BOTHYTHIMH MEHHCKaMH B Kamui-
ngpax

Prc. 2. CxeMa Kanw/IisipHON KAaBMBI M BETBHCTHIX Kammaispos B nouse (no . Ilymkepy,
1937)

cocymeit cusie). ITponcxoauT BeITaJKHBaHHE BOJbI B KaNWJIsp, a MEHHCK
Kax Gbl TIOAHHAMAET BOAY B KaNWJasgpe. ITO sfBJIeHHe KaNUJJISIPHOCTH HJJIIO-
crpupyerca puc. 1.

Beicota (nanbpHOCTB) KaNWAJASPHOTO TEpefBHIKEHHsS pacTBOpa onpefe-
JseTCsl IOBEPXHOCTHLIM HaTsxKeHWeM (BO3pacTaer Ipu yBeJHUeHHHW HaTsKe-
HUS) ¥ pajMyCOM KanW/Isipos (Bo3pacTaeT ¢ ero yMmeHbllenueMm). Cyutaror,
4TO JJIs1 BOJBl NIpHU TeMnepartype 20° u moJHOM NOCTOSIHHOM CMauMBAaHHUM I10-
TeHIMaJbHasi BBHICOTA KaMMUJISPHOrO MOTHSTHS YIOBJIETBOPHTEJNBHO BHIpa-
xaercs (opmyJoit JKwopena: h=0,15/R, rae R — paauyc nop !. las xanuna-
aapoB ¢ paguycoMm R=10-6 cm BcacwBaloumas cuia gocruraer 150 xe/cm?,
a MoTeHuMajbHasd BbicoTa NoAHATHA BoAbl — 1,6 km (JIetkoB, 1950).
B peanbHBIX YCI0BUAX NPHUPOJHEIX TPYHTOB M NOYB KaNMJIAPHL M MOPH Ta-
KOTO AMaMeTpa WIHPOKO BcTpeuaiorcsi. Ho HX HelpepbIBHOCTL B aGCOMIOT-
HOM GOJIBLIMHCTBE CIyuyaeB MHOTOKpAaTHO HapylleHa KpYNHHIMHM HNOpaMH, Ka-
MepaMH, YETKOBHJIHBIM W BETBHCTHIM CTpPO€HHeM, KaluaasapaMu O60JbLIOTO
JUaMeTpa, NO3TOMY peajbHoe JABUKEHHe KaNWIISIpHOH BOABI B NOYBAX He-
CpaBHEHHO CJIOXKHEe.

B u30/HpoBaHIBIX BETBUCTBIX Kanuasapax BO3HHKAeT MHOTO BOTHYTHIX
MEHHCKOB, NMOAHUMAIOINX W YAEPXKUBAIOUIMX BJary B nouyse. B coo6llaio-
IUXCSL Kanwaispax GoJee TOHKHE M3 HHX TpaHCHOPTHpPYeT Bjaary Ha 00Jb-
IIYI0 BHICOTY M OTCAacHBaeT BJAry u3 0ojee KPYHHBIX KANHJISIPOB, HCHOJb-
3y WX KaK NHUTAoIlne pe3epByapsl (puc. 2).

Tlpn mocreneHHOM CTeKaHWH BJAarW B NepeyBJaaXKHeHHON NOYBE ee YeTOY-
Hble, BETBUCTble, COOOCIIAIOU[NEC U H30JHMPOBaHHBIE KAaNMAJAApbl yIepXKH-
BAOT OOLIYHO GOJIbllEe BOABL, UEM NPH YBJAAKHEHHU 3TOH XKe CHCTEMHl CHHU3Y.
3To Tak Ha3biBaeMoOe SBJIEHHEe KaNHJISIPHOIO THCTEpEe3HCa, KOTOpOe HrpaeT
OTpOMIYIO POJb B HPaKTHKe OpOlIaeMoro 3eMJeNe]Hus H COJEeBOM peXkuMe
HOJTMBHBIX TOYB. :

1 Panuycs mop AJsi rPYHTOB pa3Ho¥ ymakosky, o A, A. Poge (1965), coctasasior 0,29—0,73
OT pajuyca YacTHI TPYHTa.
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KanuansipHasi BAara pajoM yYeHBIX paccMaTpHBaeTcs Kak CBOOOAHAST —
rpaBUTALHOHHAS BOA4. B W3BeCTHOM CMBICJ€ 3TO BepHO, TaK KaK Kanui-
JdsipHasi BOJAa B KaKOH-TO CTeNmeHW 3aBHCHT OT cuJbl Tsixectd. OfHAKO Ka-
NWIsSpHAs BJAara BO3HMKaeT W CYILeCTBYeT B IOYBe NOJA BJAHAHHEM YHCTO
(du3NuecKuX KanuISPHO-MEHUCKOBBIX CHJ, YAEPKHBAIOUWIMX 3Ty BOAYy B
CJIOKHOM TOHKOIIOpHCTOl cHcTeMe TouB. IloaTomy oma He sBaseTcs abco-
JIIOTHO CBOGOAHOM.

[TpounocTs ¢BfI3M KanuaasipHOfl BOJBL ¢ NMOuBOH BhIpamaercs paboTol,
KOTOPYI HeOoGXOLMMO 3aTPaTHThb IJs YAaJeHUuss 3TOH BOABI M3 NOyBbL Dy-
kuniem (1907) nasBan 3Ty paboTy «KaNWISPHBIM NOTeHIMadoM». Kanui-
JISIpHBIN NoTeHIMaJa OydeT TeM BHILle, YeM I10YBA Cyllle, TaK KaK C yMeHb-
IIeHHeM BJaXHOCTH NOYBH YBeJHUHBAETCS KpHBH3HA MEHHCKOB BOJHI, CO-
XpaHHUBLIEHCS B CaMbIX TOHKHX IOpax, W, CleloBaTeNbHO, HX cocyllas (M BO-
nonoabemHast) cuia. Tax, cyxas nousa BcachlBaer Biary ¢ cuito go 10'° dun
(Poze, 1966).

KannansipHelil noreHumasd, T. €. BeJHUMHA HaTSAXeHHs — BcachiBaHusd,
BEI3bIBAEMOTO MeHHCKaMH IIPH Pa3Ju4YHOM COJAepKaHWM B IOYBe KalHAIAp-
HOI BOABI, H3MepseTcs CHenUaJbHBIMH NpHOOpaMH (KanUAIsSpHMETp, TeH-
3UOMETp) W BbIpaxaeTcs B aTMoc(epax, caHTUMeTPax BOASIHOTO ¢T0s6a HJIH
onHax u Gapax. Ilpm nomoumym nomo6HBIX NpHOOPOB MOXKHO ONpeleNuTh B
nouBe aKTHUYECKYIO BJaXKHOCTH (IO IUKaJe, CBA3HBaIOMIell BAAXKHOCTL H
KaNwJAsSpHBIA NOTeHIHaJ), BO3MOXKHYIO BHICOTY KAaNH/ISPHOTO NOAHSITHS
BOJBl B AaHHOH nouBe, AuddepeHnnaJbHYI0 NTOPO3HOCTh (IO IIKaJje, CBA3H-
Balolle!l cocyiylo Cuay u Benuuuny nop). Ha puc. 3 BuaHO, 4TO HauBHICIINE
NoKasaTenay KalHJISIpHOTO HoTeHnnana, onpegesseMble TeH3MOMETPOM, CBOH-
CTBEHHBl NOJCBHIXAIOUIUM IIMHAM H CYIJIHHKAM.

Ckotuan (Schofield, 1935) npenmoxua BrpakaTh BCACHBAOIIYIO CHIY
(BcacuIBaollee faBjeHNe) KaNWIASAPHBIX MEHHCKOB He YHCJIOM CAHTHMETPOB
BOAsiHOTO cTonba, a JecATHuHHIM Jorapudmom atoro umcaa pF.Torna, ua-
npumep, AabjdeHne nopapxka 1 ara, oxosao 1000 cm Bomsuoro cronba, Gyzmer
COOTBeTCTBOBATbL pF=3, a naBjeHue, pa3BUBAEMOE MEHHCKAMH B CYXOH IOY-
Be, nocrurampuiee 10000 arm, npumepHo 10000000 cu, Bbipasurcs uHIEK-
coM pF=7,0. Ckoduag noxasza, yTo MeXJy BeJIHUHHOH BJAXKHOCTH, ee L0-
CTYIIHOCTHI0 ¥ NOIBHXKHOCTBIO, C OJHOH CTOPOHBI, M BCACHIBAIOUINM AaBJe-
HHeM — ¢ JpyTOH, CyIecTBYIOT TeCHAsl CBSI3b M 3aBHCUMOCTb (Taba. 2), XoTa
U ¢ NJIaBHbBIMU nepexogaMu. C 3Toft Touku 3peHHms, pemwawouum (HakTopoMm
NOApa3sfieseHusl NOUBEHHON BJAard Ha KAaTeTOPHH M BHABI SIBJAsSIETCS 3Hepre-
THYeCKHH (akKTop, T. €. IPOUHOCTb CB3H H BeJHUHHA CHJ, HeoGXOLHMBIX
IJs. yAaJleHnss 3ToH BJard (IOTeHIWAaJ, HaBJeHHE),
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Ta6auma 2
BaBHcHMOC‘rb Me)l(ﬂ,y BCACHIBAIONIUM JAaBJEHHEM H IlOCTynHOCTbIO

BAATH

dopma Baaru %:‘,‘,3,‘;‘33‘;’“(‘;?) 3uavenue J1s pacTeHuit
Cso6opHast — HocrynHa
Kanunnsapnras <3 »
I1nenoynasn 3—4 JocTynHOCTh NOHMKEHA
Ilpounoce A3anHas 4,1—4,2 | YcrofiunBoe 3aBfjaHme
T'urpockonuueckas 4,6—7,0 | Hepocrynna
Cyxad nousa >17 »

Hecyuiaa cuna MeHHCKOB, T. e. paboTa, KOTOpPYIO OHH MOTYT IIPOH3BECTH,
NOJQHSAB BOLY Ha OINpeNeJeHHYI0 BbICOTy, OyldeT Tem OoJblie, 4eM MeHblile
pajguyc IOop M KanHJIspOB, HHaue roBopsd, YeMm OoJblle KpUBH3HA MEHHCKOB.
TTockoabKy I'DYHTH M IIOYBbI CHCTEME! BHICOKOAHCIEPCHEIE, MEHHCKOBbLIE CHIIBL
NpOSIBASIOTCS B HHUX TeM CHJbHee, ueM TsXejee HX MEXaHHUeCKHH COCTaB.
UMeHHO 1O3TOMY NO4YBHL CNOCOGHH! yIep:KHBaTh B CBOeH TOJIIEe H Iepe-
XBUTraTh Ha ONpejle]eHHOE pACcCTOAHHE KAaNMIIAPHYIO BOAY. Kanunansapras
BOJa NepelBHTaeTcs B CTOPOHY MeHbllel BJaXKHOCTH KaK B BepTHKaJbHOM,
TaK 4 B FOpH30HTaNbHOM HanpabjeHun. [Tocaendee, ¢ yueTom daktopa Bpe-
MEHH, MOXKET NpOHCXOIHTb Ha 3HauHTeJbHble PaCCTOSHHS.

ITo Gpu3MuECKOMY COCTOSIHMIO KalHJISpHAas Boja XuAKas. [IpH OGHIYHBIX
npefetax TeMIepaTypbl KaluIsipHas BoJa cBOOOJHO HCIapsercs C IOBepx-
HOCTH MeHHCKOB. Ecu ucmapeHme CHuMaeT ¢ NMOBEPXHOCTH MEHHCKOB 4acTb
BJaTH, TO [pPH TNOCTOSHHOM HCTOUYHHKE yBJaXKHeHus HOBHE NOPUUH BOJBI
GyoyT NOCTYyNAaTh B KaNWJIApP, CTPEMSCh K TOMY YPOBHIO, KOTOPBIH OTBeuaeT
paguycy kanuianasapos. OTpuuaTesbHble TeMIIepaTypbl NpPUBOISIT K 3aMmep-
3aHUI0 KanwIsapHoH BoAbl. CHuKeHme TeMNepaTypbl TOYKH 3aMep3aHHsd
KanwaaspHolt Boxabl Oyfmer Tem OospluuM, dem O00Jblle B IouBe pac-
TBOpUMBbIX cosell. Kak OTmeueHO Bblllle, KanuwIspHAas Boja OO H3BEeCTHOH
CTeneH! He MOLUMHAETCS CHJe THKECTH, TOCKOJIbKY MEHHCKH CNOCOGHBI B INIH-
HaX U JECCOBHIX CYIVIMHKaX TMONHATb BOAY Ha 3—7 M. OQHAKO «He3aBHCH-
MOCTb» KaMWJAISPHOH BOHBEI OT CHJBI TsAXKecTH orpaHHueHa. [IpH moJauBax,
MPOMEIBK&X HJY eCTECTBEHHOM CHJIBLHOM YBJIaXKHEHHH IIOYB C OJIM3KUMH T'PYH-
TOBRIMY BogamMu (2—2,5 ) npOHCXOAUT Nepexoj HaCTH KamH/IAPHOH BOILI
B rpaBUTALMOHHYI0 (opMYy (KanuaisapHbE c6poc, mo A, &. JleGenesy).

KanunnspHass BOZa BHICOKONOIBHIKHAZ, clNocoGHa ofecled4uTb BOCIOJ-
HeHue 3aI1acOB BOJBI B TIOUBe IIPH HHTEHCHBHOM NOTpelJ/IeHHH ee paCTeHHAMH
Han npH ucnapenuu. OHa cBoOOLHO pacTBOpsAeT H lepeMellaer IIpH IBHXKe-
HUN pacTBOPHMBIE COJIM, KOJJIOHJHbLIE OpraHWYeCKHe M MUHepaJbHble COelH-
HeHUsl, TOHKYe cyclneH3HHd. [lepenBuiKeHue u HCapeHHe KalHMJISPHOR BOAMI
UrpaeT rpOManHyio poJb B 06pa30BaHHH 3aCOJIEHHEIX N0YB, CKONJIEHHH IOdY-
TOPHBIX OKHCJOB, BTOpHYHOro KpemHeseMma. OpollleHHe B OCHOBHOM Halpas-
JIeHO Ha Co3JaHWe B IIOYBAX 3amaca KaOWIJISIpHOH BOLHI, IIpejcTaBJsioulel
co6ofi 3HAUUTEJIbHYI0 4aCTb NOYBEHHOrO pacTBopa. PasinualoT HeCKOJIBKO
pa3HOBMIHOCTeH KAlMJIJAAPHOH BOAH B 3aBHCHMOCTH OT JIHTOJIOTHH IIOYB U ee
B3aHMOOTHOUIEHHH ¢ TpYHTOBOH BOJOH.

KanuaasipHo-noanepras Boga o6pasyercsi B TpyHTe H moYBe B GopMe Tak
HasbiBaeMoH KanmuaAJsapHOR KalMBl, NpeICTaBJeHHON CI0eM BJarH, IOHHATON
OT 3epKaJjia TPYHTOBHX BOJ CHJIaMH KalWIASAPHBIX MeHHCKOB.
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BblcoTa NOTeHUMAdbHOTO NOAHATHS
0 KanuajaspHoll KaAMBl Hal ypOBHeM
b TPYHTOBBIX  BOJ  HENOCPEACTBEHHO
33BHCHT OT MEXaHHUEeCcKOTO COCTaBa H
CTPYKTYpbl NOUB, OHA CHHXKAaercs B Ile-
ckax u cynecsix o 40—60 cm u BO3-
pacTaeT B CyIVIMHKax ¥ ImHax A0 2—
7 m. B cayuae pacxoma KanuaJasgpHo-
3r NMoANepTOd BOAB Ha TPaHCIHPAaLHI
pacTeHHsIMH Wi Ha ucCnapeHHe 3amac
yt ' BJAarW BOCHNOJHSEeTCH HOBBIMH IIOCTYI-
JIEHHSIMH W3 TpyHTOBOH BOAH. [Tombem
5t ' YpPOBHS TPYHTOBO} BOJBI CONpPOBOXKIA-
eTcs HOBHILIEHWEM YDOBHS KaNHJJIAD-
HOW KafiMpl. OnyckaHue TPYHTOBHIX
BOJ, BbI3bIBaeT ONYCKaHHe YPOBHS Ka-
P . maansgpHo#  kaiiMbl.  Hapauusanue
0 20 4% ‘0 20 4pof, BHICOTH KamWJUIAPHON KaWMBl (IIyTeM
¢duabTpanuy arMocPepHOll UK TOJHB~

Puc. 4. Cxema pacnpeneienus kamuaasp- HOH BOABI) cBepX HecylueH CHJB Me-

HO-HOﬂgeplT;Oﬁ () ® KamManApHO-MOXBE- [UCKOB BHI3LIBAET COPOC YacCTH BOMBI

mennolt (5) saars B mousax H3 KanWJsipoB B TPYHTOBYIO BOLY H
yMeHbllleHHe BBICOTBI  KallMJLIs pHOM
KaiMH.

Kaxk caenyer us puc. 4 u taba. 3, B pacrpefeseHny KalWIJIgpHO-TION-
NepTo# BOAH! N0 NpodUII0 KOHCTATHPYETCs NocTeNeHHOe YMeHblIeHne BIAXK-
HOCTH CHHM3Y BBepX A0 BEeJHUHHBH! INIEHOYHOH M THTPOCKOIHYECKON BJaXKHO-
cTH. DTa cMeHa BJIaXKHOCTH MMeeT GoJsiee pe3kull xapakTep B NlecKax H Io-
CTeNeHHOEe CHUXKeHNe B CYIVIMHKAX M NIMHAX.

Ta6auuma 3

Pacnpenenenue xanuaaspHO-NIOANEPTOil BOAb B OJHOPOAHHLIX N0 MeXaHHueCKoMy
COCTaBy MouBax

(nannpte JI. I1. Pososa, 1956)

BuaxHocThb (%) Ha pa3iHuHON BhicOF'e OT YPOBHSA I'DYHTOBBIX BOX (CM)

st =|gls|sls |2 | 1 | |

14| 22| |1 |2a|de 4|22 |ds 8| ta
I'1una 40,540,0(37,5|35,2| 32,5 30,6 30,6 | 29,5|28,4{27,0 26,0 |25,4] 23,2
CyriuHOK TsKe- '
JBLH 33,4{32,2/30,4|28,5| 26,6 | 25,4 25,0 | 24,5| 24,0 23,5 (22,0 [21,0| 20,0
Cyraunor cpen-
HUl _ 26,4i25,7(23,2|20,4| 18,5 16,9 14,21 10,3| 8,5| — | — | — —
Cynecn 23 5[22,0)18,4{14,3/ 10,4 8,6] 5,3 — | — | — [ — | — —
IMecok xpymuemt [21,9/48,0111,7) 6,3 2,5( 1,2 —_ ] =] - | —- | = —

KanunaspHo-noasemenHas Bofa o6pa3yercs B IIOYBe B TeX CJayuasy,
KOTZ@ OTCYTCTBYeT CBf3b KaNWJISPHON BOABI, HaXoASleHCS B HOUBEHHEIX
ropu3onTax, ¢ rpyHTOBON BOAOH. [losiBJIeHHe KaNuJ/IspHO-TIOBeIEHHOM BOLEL
B IIOUBE, ee llepefBUKEHNE U YAepKUBaHHE B II0YBE CBA32HHI C BO3SHHKHOBE-
HUEM MEHHCKOBBIX CHJ B KalWJJIApax ¥ NOpax IpH HUCXOASIIEM ABHKEHHH
TPaBHUTANUOHHOH BOJHEI OCaZKOB MJH NOJUBOB.
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B pacrnpenenenn# KamHJJsSpHO-OJBEIIEHHON BOAB IO NPOQHUIIO NOYB
B eCTeCTBEHHBIX YCJOBHSIX HabJi01aeTcsi NOCTeNeHHOe yMeHblleHHe BJIax-
HocTH ¢ ray6uHol (taba. 4). Ilpu aTOM B necuaHbX NOYBaX BEAHUYAHA BJIAXK-
HIOCTH BCer[a Mehblle, W YObBaHUe KOJHYECTBA Kalu/ISApHO-NOABEIleHHOH
BOJAB! C TMIYGHHON BbIpaXKeHOo cuJbliee, YeM B [VINHHCTHIX.

Ta6anua 4

Pacnpefenenre KanuaispHO-TIOABEUIEHHOH BOABI B MOuBaX Ha OJHOPOAHBIX FPYHTaX
(nannpie C. B. Acranosa, 1958)

BraxszocTts (%) Ha pasauunol rayGune {cem)

MexaHuyeckuli cocras
noss 0—10 | 10—20 | 20—30 | 30—40 | 40—50 | 50—60 | 60—70 | 70—80 | 80—90 | 90—100

Tsmesblil CyraMHOK 40 39 35 34 33 32 31 30 29 28
CpenHuit cyrauHoK 30 28 28 28 28 27 26 25 25 —
Cynechb 24 23 22 21 20 17 15 13 — —

Kanuagsipio-noaBelieHHasi Boja Crnoco0Ha nepeMelllaTh pacTBOPHMblE
coad. Ecau JerkopaCTBOpUMBIE COJMH COJAEpIKaTCs B INOANOYBEHHEIX TOPU3OH-
Tax B GOJBIIOM KOJHMYECTBE, BOCXOASIIMH TOK KaNHJJISPHO-NOJABelIeHHOH
BOIBI DM UCNIAPEHHH MOKET NepeMelaTh X B KOPHeOOHTaeMble ¥ NaXoThble
TOPH3OHTH, BbI3bIBas 3aCOJEHHe NOYB C NOBEPXHOCTH. Takue SIBJEHHs He-
penxo HaGMI0AlOTCs NPY NOJHBAX ITOUYB, HMEWIIHX OCTATOYHOE IOANOYBEH-
Hoe sacoseHue. To Ke NPOMUCXOAUT NPH INOJNHBAX NMOYB MHHepaJH30BaHHOH
BOJOM, KOrfa 4acTHYHLIH BO3BpPaT KaNMWJISPHO-NOABELIEHHOM BOABI CONIpO-
BOXKIA€TCs HaKOIJIEeHHeM CoJeH B uchapsioluxcs pacTtBopax. [las npen-
OTBpAleHNs] 3aCOJEHHS B TaKHX CJydasX IPUXOMHTCH IOANEPKHBATL TOC-
MOACTBO NHUCXOASIUIMX TOKOB BJAard myteMm OoJee YacCTBIX NOJHMBOB HJIH NPO-
MBIBOK. :

CropocTb NepenBHKeHUs KATUIIAPHO-TIOABELIEHHO! BObl U CKOPOCTb ee
ucnapeHus GyOyT TeM MeHbIINMH, YeM 6oJiee CTPYKTYPHH NOYBHL M ueM 060-
Jiee OHH 3aTeHelbl. I103TOMY pHIXJIeHHe NOYB ¥ TPaBOCEsSHHE SABJJIOTCA CPel-
CTBaMM YMeEHBIIEHUS BOCXOASIUMX TOKOB BJjard W cojell B nouse. CKOpOCTh
BOCXOJSIIEr0 ABHIKEHHS KaNUAJAApPHO-NOJBeIIeHHON BOJb BOOOLIe BO MHOIO
pas MeHbllle, YeM CKOPOCTb BOCXOJAIIErO ABUKEHHS KaNHJJISPHO-TNOANEPTOH
BOJIBI, HEMOCPEACTBEHHO NHTAaeMOH TPYHTOBEIMHE BOLAMH.

Kanuansipro-nocaxkeHnass Bopa. PasnuuaioT Tpetbio pa3sHOBHAHOCTb Ka-
OHJJASPHOH  BOMABL — KaNMJISpIIo-Nocaxennyn. KanuaiaspHo-nocaxKennas
BOZa 06pasyeTcst B NOUBEHHBIX NOpax W KaMUJJsipax B clydyae 3aMeTHOMH cJ10-
HCTOCTH [PYHTOB, KOIla TOHKONOPHCTHIN TJIMHUCTHIH MJIH MeHee CTPYKTYPHBIA
TOPH30HT NOJCTH/IAETCS TOPH30HTOM NecuaHbIM, GoJee PBHIKABIM HJIH Oojee
CTPYKTYpHBIM. B 3TuX cayyasx Gaaromapsl paspbiBy CIVIOWIHOCTH KaNMJJasIp-
HOH BOJH Ha NIOBEPXHOCTY pasjela TOHKONHCIEPCHOTO H I'pyGOAUCIEpPCHOTO
TOPH30HTOB BO3HUKAIOT JONOJHUTENbHbIE HUMKHME MEHUCKH M PasBUBAIOTCH
noGaBOYHBlE Hecyllde CHJB. Djarogaps BAMAHHIO [AONOJHHUTEBIBIX MeHH-
CKOBBIX CHJI NpH NepecIanBaHWH MEJKO3EPHHCTBIX U IPyOGO3epPHUCTHIX TOPH-
30HTOB IIOYBa B LEJIOM MOXKeT YAEpXKaTb HONOJHUTENbHOE KOJUYECTBO Ka-
NUJAISIpHOR BOJBI, KOTOPasi Kak Obl «mocaxKeHas Ha ZONOJHHTEIbHbIE KATHI-
JISIpHble MEHMCKW HH2KHeH NOBEpPXHOCTH T'OPH3OHTA.

Pacnpefenenne KamuaasipHON BOIBI B CJOHCTOM HOYBOTPYHTe TO3TOMY
OTJIMYAeTCsT OT paclpelesellnss Kanuwlaspliofl Bojbl B OXHOPOAHOM TPYHTE.
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Bmecro paBHOMepHOTO y6LIBaHHSA BJaru BHH3 IO NPOQHIIO B CJIOHCTOM TPYH-
Te JONOJHHTENbHBIE MEHUCKH HA KOHTAKTe CJI0eB Pa3JuiyHOr0 MeXaHHYeCcKOoro
cocTaBa JaAyT CTyNEHUaThble NOBHIUEHHs BIaxHocTH. [TosTomMy npu nmpoynx
paBHBIX YCIOBHSAX BJAXKHOCTb CJOMCTOTO FPYHTa BCerja BhILE, 4eM BJIaXK-
HOCTb OJHOPOLHOTO TpyHTa.

JHcKpeTHas KanujaspHas Boja. BbIACHHIOCH, 4YTO, KpOMe CIVIOLIHBIX
¢opM Kanu/JspHOH BOABI, B NMOYBaX CYIIECTBYET AMCKpeTHas KanuuispHas
BO/la — HENOABHKHAsA, HO (HU3WOJOTHYECKH IIOJHOCTBIO JOCTyNHas pacre-
H¥saM. DTa Boja NIPENCTaBleHa CJAOKHON ceTKOH MHKpOKamelb H MEHHCKOB
B yrJaax Iop, B TOYKaxX CTHIKA YacTHI, B H30JHPOBAHHBIX MaKPOKANHJISIpax.
dra BJara yAepXKHUBAeTCsl CHJIaMH MEHHCKOB, BTATMBAIOIINX IPH BHICHIXaHHH
NOYBLEI BOAY B BHAE KJMHA IIy0XKe B IOpY MM B yros CTblKa Yactul. baaro-
JAaps pa3o6GlIeHHOCTH MeHMCKOB, HaXOLSIIHXCS B OTHeJbHBIX MHKPOIOpaXx,
M HaJuyuio KPYNHHEIX BO3AYLIHBIX NMy3BIPbKOB YIJOBasi BOJA -HENOABHIKHA,
HO OHA JIOCTYIHA pacTeHHaMm H obaapnaer pacrsopsiromum 3ddexrom. OxHa-
KO B CBSI3W C HENOABUIKHOCTBIO M HHUTOXKHOCTBIO 3amaca ROCTYNHOM BJAary,
COOTBeTCTBYIOIIel 3Toli GopMe BOABI, pacTeHHs] MOTYT OLICTPO ee PaCXOJo-
BaTh, NOCJAE Yero HACTynaeT WX 3aBafaHHe. Korjga kKanu/IsipHO-BIaxHas
HoYyBa NOJBepTaeTcs NPOCHIXaHHIO, TO IIOC/Je H3BECTHOTO CHMKeHus 3anaca
BJard CIJIOUTHOCTb KaNMJJISPHON CHCTeMBl HcyesaeT. HacTynaeT paspHBsKa-
nuaaspHofi cssisu. [lepenBukeHye BJaarH, COJNEBBLIX PacTBOPOB U NHUTATENb-
HHIX BelleCTB NpeKpailaercs. BJaaXHOCTb pa3pbiBa CILIOIIHOCTH KaNuJd-
pos (BPK) sBasieTcsi oco6oit KOHCTaHTOH BOLHO-(DU3NUECKUX CBOMCTB IOYBLI
(Poze, 1965).

U3 paccMOTpeHHOTO OUEBHIHO, UTO NOABHIKHOCTb U OBICTPOTZ HepeiBH-
JKeHUd Kanu/JIspHOH BOIB B II0YBAaX 3aBUCHT OT YPOBHS BAAXKHOCTH U (H3H-
YyecKoH NpupoAbl NOYB M NOYBOOGpAa3ylOWuX nopod. IIpu 60JbUION BiIaXKHO-
CTH, KOTJla B MeXaHH3M BK/IIOUEHBl KaK MeJKHe, TaK H KPyNHble KalHJIJISpH,
UTO MUMeeT MeCTO uaule B TIouBax ¢ OJHM3KMMU TPYHTOBBIMHM BOJAMH, JBHXKE-
HYUe KanwiaasipHoll BOObl mpoucxomut HaubGosee OuicTpo. IIpH NoHuMKeHHOH
BJIAXKHOCTH CKOPOCTb KANMJISAPHOTO IepejBHKEHHS pacTBOPOB yMeHBIIaeT-
cfl, a C MOMeHTa pa3phiBa CIIOLWIHOCTH KaNHJJASPOB.-IBUKEHNe TIPeKpalnaer-
sl NOJTHOCTHIO.

Uem Goslee rMIMHHCTA NOYBA, TeM IOTEHNMaJbHO OHa OoJjee clocobHa
IlepeBUTAaTh KANWMLIADHYIO Baary Ha GoJblude paccrosHusd. Ho B Tsaxkesno-
IVIHHHCTHX NOYBaX IIPOYHOCBSI3aHHAsg BOAA MOMeT IIPAKTHUeCKH «3ameya-
TaTb» CBOMM 00bEMOM KaNu/JISIPHYIO CHCTeMYy H OJOKHpPOBaThb BOAMY, Hpe-
KpaTHB J[BHXKeHHe KanuaiaspHoi Bmaaru. Kpome Toro, paspeiB chjoll-
HOCTH KaNW/JASpOB B INIMHHCTBIX NTOYBAX HACTYNAeT IIPH OTHOCHTEJNLHO BHCO-
KHX roKasaTelax BAaxkHocTH. [losTomMy peanbHOe KaNW/ISPHOE HORHSTHE
U NepeJBHIKEHHe BJATH B THAXKeJOIJHHHCTHIX MAJOCTPYKTYpPHBIX NOYBax B
npupoje peixo npesbiualoT seaununHy 180—200 cu. Bompexu rteopernye-
CKHM pacCyXKJeHHsIM, OCHOBAHHBEIM Ha ONMITaX H NlepecyeTax NpHMEHHTeJNbHO
K OJHOPOIHHIM HCKYCCTBEHHBIM KaNW/JIAPHBIM CHCTEMaM, B IpaKTHKe INOY-
BOBeJleHH H MeIHOPALHH YCTAHOBJAEHO, YTO HAaUGOJBIIYIO CKOPOCThL M BHICOTY
KaNUJISIPHOTO Tlepe[[BHKEHHSI BJaryu OT 3epKaJ/ia TPYHTOBEIX BOJ MMEIOT JIEC-
COBHJIHbIE CYTIHHKH C OOJBINNM CONEpKaHUeM NbLIEBAThIX YaCTHL M TOHKOH
MHUKPOCTPYKTYpoll. M3BecTHO, uTO J&CCH M JECCOBUAHEE CYNJIMHKYM ¥36eKu-
crana, TamxukucraHa, [Ipuxacnuiickofi HM3MEHHOCTH HHTEHCUBHO NOIHH-
MalOT KalHJ/IsSpHbBle pacTBOPHI OT 3€pKaja IPYHTOBBIX BOZ Ha BBICOTY 3—
4 u, a B ocablieHHON 3aMenJieHHON Gopme u Ha 5—7 .

Uem 66abL1as yacTh KaMH/ISIPHOR BOAKL B [I0YBaX MpeicTaB/leHa JUCKpeT-
HbIMH (OpPMaMH U ueM MeHblle OCTATOK, NPUXOAAIMICH HAa K00 cOBCTBEH-
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HO BBICOKONMOJABMAKHON KaNH/JIAPHOH BOABL, TeM 3amac BOAH B IOUBAX MeHb-
Lle MOABEpXKeH MOoTepsaM 3a CueT pacCachHIBaHHsA M NepeJBUKEHHs K 04aram
HCHapeHHsl.

ArpoHOMHYECKN CTPYKTYpHBIE NOYBH, OTVIMYASsICh BBICOKOH CIOCOGHOCTBHIO
HakKan/auBaTh M 3aJepXKHBaTh KaNWJJIAPHYIO BOLY, BMECTe ¢ TeM 6Jaropaps
HAJHYMIO KPYNHBIX NOp H pa3obLIeHHOCTH Goablilell YaCTH KaNMJISPHON BOIbI
YIEPXKHBAIOT ee B AOCTYNHOH paCTeHHsM, HO MaJIONOABHIKHOH (M NMO3TOMY
Me[JIeHHO ucnapswollelicsa) ¢dopme.

B pacnbliedHBIX NOYBax IPH TeX Ke BEJHUYMHAX BJAXKHOCTH, HO BCJENCT-
BUe npeobiafaHusl BLICOKONOABHXKHEIX (opM KanuaasipHOH BOABI 3amac

BJ4ru MOXKeTr 6bICTpee H3pacxonoBaThCs Ha HCHapeHHe u KalWIspHoe pac-
cacbiBaHHue.

CBOBOJHAA BOJA

CBo6ogHas Boja Npe/icTaBleHa B IOYBAX HECKOJbKHMH pasHOBUAHOCTS-
mu. Il Hee xapakTepHBl KMAKOE COCTOSIHHe, CTpeMJIeHHEe K BepTHKaJgb-
HOMY — HHUCXOAfALeMY (Haun GOKOBOMY -— IO YKJIOHY MECTHOCTH) NBUKEHHIO
TIOA BO3JeficTBHEM CHJBI TSIXKECTH, BBICOKHH pacTBopaowuil sdderr u cro-
co6HOCTb NepeiBUraTb B PACTBOPEHHOM COCTOSIHMH COJH, KOJJIOHAHEE pacT-
BOpHI, TOHKHe CYCNeH3HH.

[TpucyrcrBue cBoGoOAHOA BOAB! B NOYBE CBUAETEJILCTBYET O TOM, YTO JHGO
nopoBoe NpocTPaHCTBO 3aM0JHeHO BJArod H npenes yAepkKusaoulel cnocob-
HOCTM MEHHCKOB IiepeifieH, JuGo cBOOOmHAas BOLA NMpOpBaJjgach HO KPYHUHBIM
IIOJOCTSIM.

ITpucyrcTBHe 3HAYWTENBHBIX KOJIMHECTB CBOGONHON BOJAB B NOYBe §B-
JISleTCA NPU3HAKOM HeOGJaTONpHATHEIM, CBHIETENbCTBYIOLUIMM O BpEMEHHOM
WJIH TOCTOSIHHOM HM3GBITOUHOM YBJI2)KHEHHH H 3a060Jau¥BaHUM, YTO OOHIUHO
BLI3bIBAET aHa3pOOHHe H TJIeeBble NPOIECCH, CHHXKAOUINE yPOKaHl CEIbCKO-
XO3AHCTBEHHEIX pacTeHuH.

OcyuutesqbHble MeNHOpaLUy HalpaBjeHH Ha yMeHblIeHHe 3aNacoB CBO-
GomHOU BOAK! B IOUBAaX.

I'paBHTaunonnas Bopa. B xauecTBe OCHOBHOH pa3sHOBHIAHOCTH CBOGOXHOMN
BOABL Pa3JHYalOT TPABUTALMOHHYIO BOLY, T. €. BOALY, KOTOpasi B JNAaHHEIA MO-
MeHT NpoCauyuBaeTCsl B IOYBe B HUCXOAsAIEM HJIH OGOKOBOM HATpaBJeHHH.
[TosiBnenne mpocaunBarouieficss BOAB CBA32HO C HAKOIJIeHHeM B TIOYBE BJa-
TH, NpeBblIIaOUlell HecyLLyl0 CHJAYy MEHHCKOB B Kammaaspax. [locTemenHoe
HaKoIIeHue BOJLl B IIOUBe BJeueT 3a co6OH yMeHbLIEHHe KpHBH3HHL H YILIO-
IeHHe MEeHWCKOB, yMeHbleHHe cOCYIieH CHJB, BhI3HBaeMoH uMH. B pe-
3y/AbTaTe TO KOJHYECTBO BOJBL, KOTOpOE NpeBHIIaeT BOJOYAEpHUBAIOLIYIO
CIOCOGHOCTb NMOYBH, HAUHHAET IIOJ, BO3LEHCTBHEM CHJBI TAXKECTH IeperBH-
rathCsl B HUCXOASAIIEM HalpaBJeHHH.

I'paBuTammoHHas BoJa MOXKET JOCTHTaTh 3epkaja I‘pyHTOBbIX BOJ, Ha-
c1auBaThCS Ha HHX W HOBHILIATH MX ypOBeHb. B ciayuae GoblIofl riyGHHBI
3ajeraHysi TPYHTOBLHIX BOJ TpaBHTalHOHHAs BoAa B NpOIlecce HUCXOASIUIETO
JBU2KERHST NOCTENEHHO PaccaCHBAeTCs, NEPeXOis B COCTOSIHHE KANMHIISPHO-
noiBelleHHOH N NJIeHOYHOH BOJEL.

IpynroBas Boga. Bropo#i pasHOBUIHOCTHIO CBo6011H0131 BOJABLL B NOuBax H
rpyHTax siBJsieTcs TpyHToBas Boma. OHa oGpasyercsl npH 3alOJHEHHH BCeH
CKBaXKHOCTH TpyHTa CBOGOJHOH BOAOH. DTO MOKeT OLHITh pe3yJabTaTOM Ha-
JIMYMs BOJOHENPOHUIAeMOT0 FOPH30HTa, 3alepKUBAIOUIET0 HACXOLAIIMNHA TOK
TPaBHTANMOHHON BOJL, a TaKke IpeBHIIEHHs 0o6beMa IOCTynaioulelt rpa-
BUTALMOHHOH BOJAH Haj O06’BEMOM ee OTTOKa.

2 3akas 5271 17



OG6pasoBanue rPYHTOBbIX BOA MOXKeT GBITh TaKiKe CBSI3aHO C HANOpoM M
BHIKNIMHABAHHEM TIyOHHHBLIX NOA3EMHBIX BOX WM (GOpMuUDOBaHHeM TPyH-
TOBOTO NIOTOKA B TIIPEATOPbSX, PEUHbIX NOJNHHAX W AeabTaX. IIpH Haanuuu B
IOYBE. TPYHTOBOM BOAHK BCe IOPOBOE INPOCTPAHCTBO 3aHATO BJATOH, XOTH
2—3% o6bema MOTYT GHITh NpeAcTaBAeHB NYSHIPLKAMH 3aLIEMJEHHOTO U
TIOrJIOMIEHHOr0 BO3AyXa. BiaxKHOCTL BOJOHOCHOTO TOPH30HTA TOJ ypPOBHEM
TPYHTOBOH BOJbI NPHUOIMKAETCA K BeNHUMHE TIOPHCTOCTH 3TOTO TOPH3OHTA,
T. €. u3Mepsercs Beanunnolt 40—559% o6nema.

OnHako o0beM JHelicTBHTENbHO CBOGOAHON BOAB NpH 3TOM He paBeH
40—55%, a sHaunTebHO MeHbllle — nopsifka 3—5Y% B Taunax, 7—109% B
cyrauHkax u 12—15% B cymecsax u meckax. OcTaBuiniics mocse BEYETa 3THX
BeJHYHH 00beM TOpOBOrO NpPOCTPAHCTBA BOJOHOCHOTO TOPH3OHTA 3aHST
KaNWJISPHOH, IUVIEHOYHOH M THIPOCKONMYecKo# Bomoil. CBoGomHas Bopa
3aHHMAeT JHIIb TAK HA3hIBAEMYIGC IPABHTALHOHHYIO NIOPUCTOCTh BOAOHOCHOrO
ropusonta. O6beM CBOGCAHON BOALI, COAEpKAMIEHCT B BOLOHOCHOM TOPH-
30HTE, BEIPAXKEHHBIH B NIPOLleHTAX, Ha3hBaeTCsd KO3QQUIHEHTOM BOJLOOTIA4H.
AtoT K03 PHIKEHT MO03BOJIsIET MNOACYNTATH KOJHMYECTBO CBOGOMHON BOMHI,
KOTODPYIO HEOOXONAMMO H BO3MOXKHO OTBECTH IPH OCYUIUTENbHBIX paGoTax HiH
npu CTPOUTENLCTBE JPSHAXKHBIX YCTPOHCTB H HACOCHEIX KOJOIEB.

[ToBepXHOCTb YPOBHSi TPYHTOBOH BOAbI, YCJOBHO Ha3hbIBAaeMas <«3€pKa-
JOM>», NpHOJIHKAETCA K TOPH30HTANbHOM J1MO60 HAXOAUTCS K ITIOCAEHHEH NOJ
HeKOTOpbIM yTyIoM. B o6umem Bule pesabed IOBEPXHOCTH TPYHTOBBIX BOJK
IIOBTOPSIET H OTpaxkaer pejbed NOBEPXHOCTH. :

I'pyHTOBas Boma MoxKer OBITH 3aCTOHHOI. B 3THX cayuasix pasBUBarOTCH
HHTEHCHBHbIe aHa3poGHEIe IIPOLECCH, a B YCJIOBHSIX CYXOTO H KaPKOTO KJH-
Mara IpH JJIUTEJbHOM HCIAapeHHH TPYHTOBBIX BOJ B HHX HaKAaIJIHBAIOTCA
GoJsibliiMe KOHYeCTBa cojed.

['pyHTOBas BOJLa MOXKeT MMeThb TaKxe OOJBLINI HJM MeHBIIMH OTTOK,
€CJIH BOZOHOCHBbIE TOPH30HTHl OT/IHYAIOTCA FPYObIM MeXaHWUYECKHM COCTaBOM
UJIH BBICOKOH cKBaXKHocTblo. HamGosbLieli NoABHXHOCTBIO [PYHTOBblE BOJIB
OT/INYAIOTCS B NeCKax H rajiedHHKaX, HauMeHblLlell — B TVIHHAX.

B HH3MEHHOCTAX ¢ MaJjIo pacuieHeHHBIM pesibe)OoM IpyHTOBas BORa 3aje-
raer 6;au3ko or nosepxuHoctu (1,0—2,5 M) ¥ dYepe3s KaNMIAPHYIO KanMmy
cHaGXKaeT pacTUTENbHHIH NOKPOB BJaaroil (Myrosble YCJaOBHS, THAPOMOpP(DHLIA
pexuM). Ecan rpyHTOBas Boja MMHepa/lu30BaHa, TO HCHapeHHe KaNHJIAP-
Holl BOJAbI BLI3LIBaeT 06/pa3oBaHue COMOHYAKOB (B YC/JAOBHSAX CYXOTO KapKoTo
KIuMara). A

Ha Bonmopasgmenax, npeiropHbIX paBHHHAX, Ha JpeBHUX BHICOKHX Tep-
pacax, pacceyeHHHIX PEKAMH ¥ OBparaMu, IPYHTOBas Boja 3ajeraer oObIYHO
Ha Gosbluol rayGHHe, UCKAIOYAIONlell BO3MOXKHOCTb YHAaCTHA KalHispHOH
KafiMBI B IOYBOOGPA30BaTebHBIX IIpoLeccax ¥ NMHTAaHWM pacTeHHil (rayOxe
10—15 »).

Jlen. Oco6oil pa3sHOBHAHOCTbIO CBOGOAHOM BOAKI SBJSIETCA Je], T. €. BOAA,
HAaXORALLAsACs B COCTOSIHHM TBepJOrO KPHCTAJMIHYecKOro resa. Ilospiaenue
80/ B GOpMe JibJa MOXKeT HMeTb Ce30HHBI MJIM BEKOBOM XapakTep.

Ce30HHOe NOABJEHHe BOAH B NoYBax B (popMe JbjAa, Tak HashiBaeMas
ce30HHAs Mep3JIOoTa, CBA3aHO C 3UMHUM NepHOJIOM H HMeeT BeCbMa BapbUpyHO-
IIyI0 NPOROJIKHTENBHOCTb, KOTOpas 3aBHCHT OT NPOJAONMHUTENbHOCTH 3HM-
HETO NepHOAa H XapaxTepa BecHb. Ce3oHHas Mep3noTa Hrpaer GOJbIIYIY
pOJb B BOMXHOM peXHMe I[OYB, CIHOCOGCTBYs KOHNEHCAlMM I1apooGpasHoil
BOJIHI, IEPEXOY KANHIAPHOHA BOABI B Jie/l H TeM CaMBIM BLI3bIBAs B TEUEHHE
XOJIOJHOTO BpPEMEHM rojla HakoIlleHHe 60JBLIOTO 3amaca BJaru B BepXHEH
yacTH MOYBEHHOTO IpoduIs '
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B ceBepo-BocTOUHBIX paioHax EBponefickofi yactu u ocoGenHo B Asuar-
ckoit yactu CCCP mupoko pacrmpocTpaHeHa «BeuHasi» Mepanora. Ilouso-
IPYHTHI, HAXOASIIHECS B COCTOSIHHH BEKOBOH MED3JOTH, XapaKTepH3YIOTCs
MHOTOJIETHHM NpeObIBaHHEM CBOGOXHOH BONH B COCTOSIHHM Jbja. ToJjima
Mep3noTel MoXeT pocturarb 200—300 x. IToBepXHOCTHBI TOPH3OHT Meps-
JIOTHl B 3aBHCHMOCTH OT BPEMEHH roja MOXKeT H3MeHSITh CBOe I0JIOKEHHe Ha
1,5—3 x, onyckasich B TeueHHe JeTa W NOXHHUMASCh 10 MOBEPXHOCTH 3HMOIL.
3anacH JbIa B «BEYHOMEP3NOM» IOYBOTDYHTE B JeTHEe BPeMs 3a4acTyio
HIPAIOT pPOJab, alAJOTHYHYIO TDYHTOBOI Boge. Jley IIpH OTTaWBaHHH, Iepe-
XOAfl B XKUIKOE COCTOSHHE, SIBASETCH HCTOYHHKOM O0pAa30BaNHs KaIHJLIAD-
HOM BOZBl H KaIHJ/UISPHOTO BOCXOJSIIErO JBHXKEHHs TIOYBEHHBIX PacTBODPOB
C mepeMeIeHHeM PACTBOPEHHBIX COeHHEHHH K MOBEPXHOCTH.

[losepxHocTHas cBoGoanas Boja. Hakonen, crefyer ynoMsHYTh NOBEpX-
HOCTHYIO CBOGOJHYIO BOIY, CTEKAIOILYIO IO YKJIOHY MECTHOCTH B IIEPHOMHL,
KOIZa IIPHTOK 3HAYHTENbHO NPEBLIIIAaeT CKOPOCTDL BIHTHIBAHHA H (QHIbTPALHH
BJIard B TOYBe. _

B Ttabn. 5 pmaooTcsl OCHOBHBIE XapaKTEPHCTHKH paccMOTPeHHEX ¢opm
BOAHL. I'paHuIBI MeXKAy HUMH YCJOBHBL M He Bcerja ueTkH. Heob6xoaumbr
U3MeHEHHs] B HOMEHKJaType M KaaccHpukauum ¢opM. BoAbl. YXKe H
ceityac sICHO, YTO MOJABHIKHOCTb PA3NHYHBIX POPM BOZHI 60JI€e BCETO SBJISAETCS
GbyHKIHMed BIAXKHOCTH, AUCNEDPCHOCTH IOYB, COCYIIeH CHJBI MEHHCKOB, COPO6-
any | ocMOTHYeCKHX cuil. OHAKO IJd NPAKTHYECKHX meseil IPHHSATHIE IOJ-
paspmesneHusi GopM BOJB JOCTATOYHO XOPOIIO OOBACHANT SIBJEHHS BOLHOrO
pexuMa Ious.

Ta6auna 5
TFaaBHefimne dopMel Boan B nmoYBax
: OCTYTIHOCTD
: Cpa3b ¢ nousoit p'”a'c,e,’,’mm npH _
dopma BoAR! (nomu cocrofnne TloABUXHOCTL | Mallofi MHHe- .. Tlepemmnenue coneft
BOABI B NIOYBE) paluzalnu
XuMHueCKH cBA3anHas | XHMuueckan Henozenxua Hepocrynua Her
TlapooBpasuasn B noysBenroM Bo3- | IMogsuxkHa » »
Ayxe
Turpockonnyeckas Apcopbunonsas mo- | PuKcHpoBaHa » »
JSeKyaAgpuas
Mngnrounan MouieKkynspras Ovenp Majo Manogoctynna | MeanenHoe B HanpamleHHW
TIOABHIKHA (yBaganue ucnapenus
Kanumtspras Mennckonast TlozpHkHA JoctynHa B HanpamieHHH HCHapgHHus
. . . M MeHbllell BJAaXKHOCTH
T'pasutaunonnasn Csobopnasn TloxsHxkHa » TIpeNMyIecTBEHHO B HHC+
(MHCXOARIHM XOAAIIEM HanpaBIeHHH
TOKOM)
TpynroBan > Toasrxua > TIpeumymectBeHRO B GOKO-
BOM HallpapJieHHH
Jegn > HenoapuxKHa HegocTynna Her
TloBepxHOCTHAR » TToaBHKHa HoctynHa Tlo ykJoHY MeCTHOCTH




BONAOYAEP)XUBAIOLIIAA
CIIOCOBHOCTDb
nousn

Bonoyznepxusaomas CllocoGHOCTL T0YB ONPeAessieTcss HX BJAATOEMKOCTHIO.
naBHHIM opMaM BoJBl COOTBETCTBYIOT oNpeAceHHBE BHIB BJIAarOeMKOCTH
MoyB. PasnuyaoT ciaefyloliHe BHABL BIArOeMKOCTH MOYB: IOJHYIO, KaImHJ-
nApHYIO (MpefesbHAs TOJNeBasi BJIarOGMKOCTb), MAKCHMAJbHYIO MOJEKYJISp-
HYIO, MAKCHMAJILHYIO THIPOCKONUYHOCTD.

NOJIHASL BJIATOEMKOCTb NO4YB (NB)

[Tonnasi BIaroeMKocTb — CMOCOGHOCTb IIOYBHI BMECTHTb B CBOEH TOJILE
BoAy B 00beMe, COOTBETCTBYIONIEM NOPO3HOCTH (CKBaXKHOCTH) HouBH. Besu-
uMHa MOJIHOH BJIATOEMKOCTH KoJjebaercs B npegenax 40—509%, omyckasics
nHorxa 1o 30% u BospacTasi B OTAENBHHIX Clydasx 10 809% o6beMa MOUBHL
‘B nepecuere Ha 1| ea mosHAasi BJArOEMKOCTb IIOYBOLPYHTOB B cjoe | m mpu
ckBaxHocTH 40—50% cocrapaser 4000—5000 #%/eq; Ans 2-MeTpOBOro cJos
sra peanupna pocruraer 8000—10000 m3/ea. Hanunuue 3alieMJeHHoro,
PacTBOPEHHOTO H aACcOPOHPOBAHHOTO BO3/yXa HECKOJbKO YMEHBIIAET 3TH
Beqauuuue (Ha 5—10%).

ITosnast B/IAroeMKoOCTh NaeT BO3SMOXKHOCTL NOACYHTATH TO MaKCHMAaJbHO
BO3MOXKHOE KOJHYECTBO BOJABl BCEX KATEeropHi, KOTOPOe NMOYBA B COCTOSIHHH
BMECTHTb B cBOefl Tosme. Mnaue roopsi, mojHas BJIAroeMKOCTb XapaKTepH-
-3yeT BOJOBMECTHMOCTb, HJIH BOLOEMKOCTb, OuBHl (rpyHTa). Cocrosinue moj-
HOTO HACHIIEHHs] TPYHTA BOLOH XapaKTE€PHO AJi TOPH3OHTOB I'PYHTOBHIX BOI.

KANUJIJISIPHAS BJIATOEMKOCTb (KB)

KanunsisipHag BaaroeMKOCTb — CIOCOGHOCTb IIOYB ¥ TPYHTOB YAEPKH-
BaTh B CBOeH ToJillle MAKCHMAJbHO BO3MOXKHOE KOJHYECTBO KAIHJJISPHOH
Bojbl (6e3 mepexosna ee B IPABHTANMOHHYIO (OPMY), BEIpAXKEHHOE B BECOBHIX
uau o6beMHBIX NPOMEHTAX HJIH B KyOHUeckux Merpax Ha | ea. KammnnspHas
BJIarOEMKOCTh, TakKuM 06pasoM, NpeACcTaBadeT co60ll BepXHUN Npenesa BOJO-
yoep:KHUBAIOLIeH CIIOCOGHOCTH IOYB, OOYCJIOBJEHHBIH KaIHJIJIs1pPHO-MEHHCKO-
BHIMH CHiaMH. [103TOMy M BeJHYHHA KaNWJASPHOH BJIArOEMKOCTH (KallHi-
JISIPHOH BOJOyAepKHBAIOLIEH CIOCOGHOCTH) B OOLIEM COOTBETCTBYET KallHJ-
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JISIpHOH CKBAXKHOCTH NOYB M IpYHTOB. [IocKOJIbKY TpaHUNa M Pa3JHUHS MEXK-
Ay KaNWUISPHOH U HEKAMMIVISPHOH CKBAXKHOCTBIO B [IOYBAX YCJOBHBI U Npef-
CTaBJIeHB PAJOM NEPEXONO0B, MOCTONBKY H BEIHYHHA KANWIISPHOH Baaro-
EMKOCTH HECKOJIbKO YCJIOBHA, OHAa H3MEHsIeTCSl B 3aBHCHMOCTH OT psifia (pak-
TOPOB.

Ipu GJIHSKOMasaJIeFaHHH (1,5—2,0 #) ypoBHS TDYHTOBEIX BOJ, KOTAA
KalWwuisipHas KaiMa CMaYHBAaeT TOJILYy TMOYBH HO MOBEPXHOCTH, KAIHJJIAD-
Hasl BJIATOEMKOCTb IIOYBBI XapaKTepH3yeTcs: HauGoNbUINMH BeJIHUYHHAMH, TaK
KaK Kalu/LIsPHAs BIAarOeMKOCTh B JaHHOM Cjly4ae 06yc/oBlIeHa CyMMapHO
BCACHIBAIOIIER AESATENbHOCTbIO MEHHCKOB TOHKHX H KDYIHBIX IOD H KallHJ-
JsIpOB. B 3TOM Ciryyae KanmaaspHasi BJarOEMKOCTh COOTBETCTBYeT MAaKCH-
MaJIbHO BO3MOXKHO! BeJIHUHHE COAEPKAaHHS B IIOUBE KAIHJJISAPHO-MOANEDPTON
Boxsl. HanGosee To4HO BeHYHHA KAIHJJISIPHOM BJIarOEMKOCTH ONpeNesseTcs
B 3TOM CJyyae B INoje NYTEM YCTAHOBJIEHHUS MOCJHOMHON BJAXKHOCTH OT
MOBEPXHOCTH MOYBHL JO YPOBHA TI'PYHTOBHIX BoZ. s 1,5-Merposoro ciost
CPEAHECYTVIHHUCTHIX T0YB 3T0 cooTBeTCTBYeT 30—40 06.%, nan oxosao 4500—
6000 m3/za.

B cayyae riiy6okoro sajeraHust ypOBHs TPYHTOBBIX BOJ KaNHJJIsPHAS
BJIaTOEMKOCTb NOYBHI CBSI3aHA TOJIBKO ¢ PabOTOH CPaBHHTENIBHO TOHKHX IOP
H KaluIspoB. B 310M ciyuae ee BeJHuMHa COOTBETCTBYET MAaKCHMaJbHO
BO3MOXKHOMY 00'beMy yAepKaHHOH B NMOYBe KAIHJIASAPHO-NIOABEIIEHHOH BOLKL.
BennunHa B/arOeMKOCTH B Cjlyyae KalUJJSPHO-NOABEIIEHHOH BOXH KoJe6-
JIETCS B 3aBHCHMOCTH OT CTPYKTYPHI H MeXaHHYECKOI'O COCTaBa IOYB B Ipe-
nenax 20—35 06.%, uro cocrassser s 1-merposoro caos 2000—3500 x3/za,
a ansa 1,5-Merposoro —3000—5250 x3/za. .

Ovenb 4YaCTo BJIATOEMKOCTH B OTHOIIEHHH KAaIHJLJIsiPHO-NOJBEIICHHOM
BOJBl Ha3LIBAIOT HauMeHbllel Bjaroemkocteio (HB). Dror TepMuH, BBEEH-
Heift [1. C. Kocconuem (1911), ocHoBan Ha HIee 0 TOM, 4TO B I0YBAX riyGo-
KOTO YPOBHS TDYHTOBHIX BOJ HET NOAMHPAIOLIETO BJIHAHHS BOCXOASIIEH
KanWIApHOA KafMbl M NMOPHCTas NOYBEHHAS CHCTEMA YHEPKUBAET TO HAH-
MeHbIllee KOJIMUECTBO BJIarH, KOTOPas OCTaeTcs IOCjde CBOGOJHOIO OTTOKA
rpaBHTAIHOHHOHA BOJHL.

KanunnapHas BaaroeMKOCTh MOXKeT OHITb onpefiesieHa Ha MOHOAHTE B
aaBoPaTOPHH HJIH B TOJIEBEIX YCIOBHAX METOAOM NPeBAPHTENBHOIO JJIHTENb-
HOI'O YBJIAXKHEHHSI TTOYBBI TAKHM O00BEMOM BOJH, KOTOPHIH 3aBEJOMO INPEBHI-
1IaeT BOJOYMEPKHBAIOUIYIO crocoOHOCTE mouBH. [lepeyBmaxkHeHHass nouBa
OCTaBJISIETCS] HA H3BECTHOE BPeMs 3AILHUIEHHOH OT ucnapenus. I paBuTanuoH-
HOH BOJE B TeueHHe HECKOJBbKHX AHEH ITPEeZOCTAaBISeTCS BO3MOXKHOCTH CBO-
GOAHO CTeYb M3 MOYBEHHBIX TOPU3OHTOB. 3aTeM ONpeneaseTcs KOJHYeCTBO
BJIaTH, yAep:KaHHOH B MouyBe. DTa BeJHYHHA W OyJdeT COOTBETCTBOBATb Ka-
NUAAsSPHOA (MOXBEIIEHHON) BJIATOEMKOCTH (HaHMeHbIIeH B1aroeMKOCTH) 10Y-
BHl. KanuanspHasi BnaroeMkocTb, onpeleseHHas AJs MOJIEBBIX KOHKPETHBIX
yclaoBHH, HashiBaeTcs MOJEBOH BJAATOEMKOCTHIO (MOJeBOll Ipejesb-
HOH BJIarOEMKOCTBIO, ITOJIEBOH BOMOYAEPKHBAIOUIEH CIIOCOOHOCTHIO) MOYBHI.

TlouBa B ecTeCTBEHHBIX YCJOBHSIX 3ajleTaHHs He MOXKET yiepXkKaTb Kamul-
JSIpHOH BOJH GOJbIIc 3TOr0 <MDPENETbHOrO» KOJHYecTBa. BespacraHue
BJIQXKHOCTH TIOYBLI CBEPX €€ BOJOYAEPIKHBAWOIUIEH CIOCOGHOCTH BHI3BIBAET
o6pasoBaHue IPABHTANHOHHOH BOJAB, CTEKAIOIleH B HHCXOAAIIEM HamNpasJe-
HMH MJIF MIHTAIOIIEH TPYHTOBLIE BOJBL. ‘

[Mouste ¢<npenenbHass nodeBas BaaroemMxocTb» ([MI1B) nous
SIBJSIETC BAXHOH THIPOJOTHYECKOH XapaKTEPHCTHKOH, IMMPOKO HCIOJb3Y-
eMofi' B NpPAKTHKE BOJHEIX Mejuopamnuil. BelnunHa npelesbHOH moJeBOH
BJIArOEMKOCTH 3aBHCHT OT psifa ¢akTopoB.
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TToYBHI IIHHHCTOrO THAKEJOro MEXaHHYECKOI'O COCTaBa UMEIOT GOJBIIYIO
BeJIMYHHY T0JIeBOH BjaroeMkoctH —3500—4000 #3/ea naa 1-MerpoBoro cios,
HOYBBI JIETKOTO CYIeCUaHOro U NeCYaHOro MeXaHHYeckKoro cocrasa —2000—
2500 m3/za. TTouBHl ¢ XOpOIIO Pa3BHTOH KOMKOBATO-3€PHHCTOH CTPYKTYpPOil
OGBIYHO HMEIOT YMEpeHHBle CPeIHHe IOKA3aTeJH IOJEBOH BJIaroeMKOCTH —
2500—3000 m3/ea nns 1-MeTpoBOro cJ0si; 6eCCTPYKTYpPHbIE IOUBHI XapaKTe-
pusylores Gosiee BLICOKOH BeAMYMHOH IIOJIEBOH BJjaroeMkoctd. Huxke mpH-
BOJSTCS BEJIMYHHBI [10JIEBOH BJATOEMKOCTH IIOYB PA3THUYHOTO MEXaHHUECKOT'O
cocraBa B 9 or ckBaxkuoctn (Posos, 1956):

Heconounuena- ConoHueBaThie

Thi€ NMOYBEI NOYBH
[ uHbl 90—93 95—98
Taxkesule CyrasHKY 75—85 90—95
Cpenuue CyrJHHKH 65—75 80—90
Jlerkue cyrauHKd A 55—65 70—80
CynecuaHsle IpyHTb 45—55 65—70
[aunvcThIe meckH 35—45 55—65
Mecku . 25—35 45—55

Kak 3To0 SICHO H3 NpeAbIAYIIero H3/J0XKeH s, N0JeBAsl BJIaTOEMKOCTh 3aBH-
CHT TaK¥e OT ITOJIONKEHHS IDYHTOBBIX BOJ, CHJIBHO BO3pacTas B CAyyasx
6JH3KOr0 YPOBHSI I'DYHTOBBIX BOX (KaNHJJIADHAs KaliMa B Ipejesax MOYBEH-
HOro npoduisg) H yMeHbINAsACh IIpH IJyGOKOM MNOJIOXKEHHH TPYHTOBBIX BOZ.
Tak, npu 6aus3kux (1,5—2 x#) rpyHTOBHIX Bojax c yraybJjeHHEM Ha KaxIble
10 cu ray6xe 50 cx BeJHYHHA MOJEBOH BJArOEMKOCTH BO3pacTaeTr Ha
2—3%, a mpu oueHb rAyOOKHMX I'PYHTOBLIX BOLAX — YMEHBIIAETCS Ha KaX-
Ioute 10 cx Ha Ty XKe BeJHYHHY.

HeoHOPOZHOCTh U CJIOHCTOCTb IOYB MO MPOQHII0, B YAaCTHOCTH CMeHa
MeXaHHYECKOr0 COCTaBa M CTPYKTYPHOrO COCTOSIHHSI I'DYHTA, CIOCOGCTBYIOT
yBEJHUYEHHI0 CYMMAapHOH BeJHYHHB IOJCBOH BJIaroeMKOCTH BCEro NMpoguisd.
Ato o6bsICHAETCS TEM, YTO BOJH3H NOBEPXHOCTH pasfesna MeXIy COCeIHHMH
CJIOSIMH BbILIEJIEXKAINHH CJIOH MMeeT NOBBHIIIEHHYIO BJAXHOCTb 3a cueT obpa-
30BaHHS AOMNOJHHTEbHEIX MEHHCKOB M LONOJHHTEIbHOA BOAOYAEPKHUBAIOLLEH
croco6HoCTH (Kamu/Is pHO-OCAXKEHHAs BOZA).

3Has BEJMUYMHY Npele/abHOH BIaroeMKOCTH IOYBHl H CONOCTABJAASA C HeH
BEJIHUHHY BJIAXKHOCTH, 3aPUKCHPOBAHHON B NMOYBE Ha ONpeJesIeHHbIH MOMEHT,
MOXHO OIIEHHTb COCTOSIHMe ¥ (POPMY BOILI H ONPEAENUTh HalpaBleHHEe ABH-
JKeHHs BJard. B Tex ciyuasx, KOrja BiaxHOCTb NMOYBHI BEIIIE BEJTHYHHHL IIpe-
JeJbHOH TOJeBOA BJArOEMKOCTH, HMEIOT MECTO HHCXOJAMmHMEe TOKH I'DaBHTAa-
HHOHHOH Boxbl, B ciyuae, korma BJIaXHOCTh BEPXHHX TOPH30HTOB MeEHbILE
HOJIEBOH BJATOEMKOCTH, NOTOK KaNWJJISPHOH BOALI HanpaBieH OGLIYHO
KBEDXY OT 3epKaja IDYHTOBHX BOA.

MHorouncIeHHHIMHA HCCAEIOB4HUSIMH HAa ONBITHBIX CTAHIMAX M B IIPO-
H3BOJCTBEHHBIX YCJOBHSIX YCTAHOBJEHO, YTO ONTHMAaJbHAs BIAXKHOCTb MOYB
IAJs1 Pa3BUTHS CEJIbCKOXO3SHCTBEHHBIX DACTeHMH B YCJIOBHUAIX OpOIUEHHS
koJsebserca B mpexenax or 100 mo 70—759% or moJeBoll BJIarOEMKOCTH.
Orciofa cjeqyer, YTo B MEeXIIOJHBHbIE IePHOALI OTHOCHTEIbHAs BJIAXKHOCTH
TIOYB Tepej OUepeIHbIM IMOJHBOM He NOJXKHA ONMycKaTbCs HHKe 70—T75% or
MMOJIEBOM BJIarOEMKOCTH.,

PasgocTe MEXIY BEJNHUHHOHR IOJEBOH BJIAaroeMKOCTH H (akTHueckoH
BJAXKHOCTBIO MOYBLI Iepej] OuepeTHbIM [OJHBOM HasblBaeTcs AeGHUIHTOM
BJNAXHOCTH O MOJEBOH BAAaTOEMKOCTH.
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Ilebuuur B1axHOCTH K0 NOJNEBO BIArOEMKOCTH B YCJIOBHSIX OpPOIIAEMOro
X035IHCTBA JOJIKeH GHTh He GOJibIIe, YeM PA3HOCTb MeXIy NOJIEBOH BJaro-
€MKOCTbIO H BenuuuHolt 70—75% momneBo# BiaroeMkoctH (Ha IVIHHAX H
cosonuakax 80—85%). Ecau Bennunna QaxTHuecKoit BIAXKHOCTH Mepen
nojuBoM Huxe 70—75% or mosesol Baaroemkoctn (Hampumep, 60—50%),
TO pacTeHHs OyAyT HCHLITHIBATb JENPECCHIO B PA3BHTHH, YTO BHI30BET CHHXKE-
HUe ypoxas. XJIOMUAaTHWK B TaKHX CJAy4asx cOpacelBaer CBOH ILJIOJOBBIE
opranbl (OYyTOHBI, 3aBSi3H, KOPOOOUKH) .

Takum o6pasoM, Mo MOJEBOH BJIArOEMKOCTH YCTAHABJMBAIOTCS pAamHo-
Ha/lbHble HOPMBI MOJHBOB. Eciu npm ouepeaHoMm moJiHBe mojaya BOZLHI Tpe-
BBICHT BeJHUHHY neduIUTA BJATH IO MOJEBOH BAArOeMKOCTH, 3almac BOAH B
[I0YBe IIPEBBLICUT €€ BOLOYIEPAKHBAIOLIYIO CIOCOOHOCTDb, MOSIBUTCS CBOGOAHAS
rpaBUTALMOHHAS BOJA, KOTOpash HauHeT ABHTATbCS B HHCXOMSLIEM HaNpas-
JIEHHH Y NONOJIHATb 3amachl TPYHTOBOH BOJbI, MOBHIIIAS HX YPOBEHb.

B npaxktuke opolraeMoro 3emJenesiusi HHOTJa IDHUMEHSIOT MHOJHUBH 0e3
HOpM, GOJIBIIMMH KOJIMYECTBAMHM BOIbl, B 1,5—2 pasa npeBblIalonIuMu
JeduuUT 10 MOJIEBOH BJAroeMKOCTH, Takue IMOJIMBEL BHI3LIBAIOT HHTEHCHBHEIN
NOABEM YPOBHSI IPYHTOBBIX BOJ, NPHO/HMKEHHE HX K JHEBHOH NOBEPXHOCTH,
pasBHTHe npoueccoB 3abojaunmBaHus H 3aconeHHda. OcolGeHHO uacTo 3T0
NPOUCXORUT HA NOJSIX OPOLIAEMOr0 pHCA, The HEPEIKO 3a BereTanHOHHLIHA
nepron paercs 30—40 Thic. m3/2a MOJHUBHOA BOAHL.

PanuoHanbHO paccuuTaHHAash HOPMA INOJHBA JJ51 HE3aCOJNEHHBIX IIOYB
JOJMIKHA NMPEACTaB/sATh COG0H BEJHUHHY, HE NPEBHIUAIOILYI0 AedHIHUT BIAXK-
HOCTH [0 HOTEBOR BJAAarOEMKOCTH, YTOOH CBECTH K MHHHMYMY (HJBTpaLHIO
H36BITOUHON CBOGOJHON BOABI B I'DYHTOBLIE BOJHL

BesquunHa MOJIMBHOH HOPMBI BbIpaxKaeTcsl CJAeLYIOUHM NpOCTeHIIHM pa-
BEHCTBOM:

M=IT— m+k,

rie M —nonusHas HopMa; Il-—moseBas BiaroeMKocTb; M — (akTHYecKas
BJIAaXKHOCTb NEpef IIOJMBOM; K-— IIOTEDH BOIBI Ha HCIApeHHe B MOMEHT
T0JIMBA.

[TockOJBbKY H3BECTHO, YTO IPH OPOIIEHHH OOBIYHLIX HOJIEBHIX KYJbTYD
BJAA¥KHOCTb TIOYBHI HE JOJI2KHA TEpPE] OUEpPENHBIM IOJIHBOM ONYCKAaTbhCsl HHXKe
70—75% ot mojeBO# BJArOEMKOCTH, TO BeJHYMHA JOe(pHIHTA BJAAXKHOCTH
I1— M B GOJIBIIMHCTBE CAyuaes JOJKHA OHThL He Bhime 26—309% II, yro muas
[OYB CYTJMHHCTOTO MEXaHHYECKOro COCTaBa aJist 1-MeTPOBOM TOJIIH COCTABHT
800—1200 #3/2a.

[TosicuuM 3TO Ha chnenyloumiem npumepe. IlosieBasi BIaroeMkocTbh Hesa-
coneHHo# mouBkl paBHa 20 Bec.%, o6beMHBIH Bec mousk 1,4, TpeGyercs ycra-
HOBHTb ONTHMAaJbHBIH AedHIHUT X0 MOJEBOH BIATOEMKOCTH, KOTOPHH u Oyxer
IIpeACTaBAATh ONTHMaJbHYIO BEJMUHHY MOJMBHOH HODMBI BOAB aJis l-MeTpo-
BOTO CJ1091.

[ToneBast BaroeMKOCTb B aGCOJNIOTHOM BRIpaxKeHHM OYyZeT COCTaBJIATDb
[1=2800 m3/za; nomyctumas BJaxHocThb mo ftonusa— 70% ot II, 1. e
1960 - m3/2a. Torma pgedunur, a cjaefOBaTeJbHO, H MOJHBHAsA HOPMa,
COCTaBJISA PA3HOCTL MEXK/JY MOJEBOH BJIArOEMKOCTBIO M HOIMYCTHMBLIM 3ama-
coM BoAH mepes moauBoM (2800—1960 m3/ea), 6ynyr pasHul 840 x%/za.

3Has BeJMYHHY TOJIHOH BJAarOeMKOCTH H TOJIEBOH BJIATOEMKOCTH, MOXKHO
BCErJa NMpelACTaBUTL ce6e BEPOATHYIO BEJHYHHY CBOOOIHOH TDaBHTAIHOHHOH
BOJBI, 0Opasylollelcsa B MOYBE B CAy4ae €CTECTBEHHOTO HJIH MCKYCCTBEHHOIO
CHMKEHHSI YPOBHs TPYHTOBBIX BOA. DTa BEJHYHHA HA3BIBAETC BOXOOT [ a-
yed rpyHrTa.
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BonooTtnasa rpyHra — KOJHYECTBO CBOGOHON T'PABHTALHOHHON BOJIHI,
06pasylolLieliCss B IPYHTE NIPH CHUMKEHHH YPOBHS [DYHTOBBIX BOJ, BHIPAKEH-
HOE B NIPOLEHTAX OT CKBAXKHOCTH (MOJHOH BIAaroeMKOCTH), OT 06beMa IPyHTA
uu B Buje ko3 dunueHra. Ko puuedT BOL0OTAAYH CHIABHO KOMebaIeTcs B
3aBHCHMOCTH OT CTPYKTYDHI, MEX4aHHYECKOTO COCTAaBa H CKBAXKHOCTH IIOUB U
rpynToB. O6 3TOM MOXKHO CyIHTb IO AaHHHIM Tab6J1. 6.

Ta6anuua 6

3aBHCHMOCTb BOJIOOTHAYH OT MeXaHHYeCKOTo COCTaBa IpYHTOB

Tpysr nanol snaroemoermy | epyara | Kospgmuens o
Tsoxenass romna 2—5 1—3 0,01—0,03
Cyrausku 5—10 3—5 0,03—0,05
Jlerkue CyTJIHHKH 10—30 5—15 0.05—0,15
Cynecu 30—50 15—20 0,15—0,20
Ileckn 50—75 20—30 0,20—0,30

3Hasg BeqHYMHY KO3(dHIHEHTa BOJOOTHAUH, MOXKHO NPEABHAETb BepOST-
HBIH MOLBEM YPOBHSI IPYHTOBBIX BOJ IIDH TNOCTYIJIEHHH B TPYHT CBOGOMHOMN
rPaBHTAIHOHHOA  BOHBI. BepoATHBII NOABEM YpPOBHA TIPYHTOBHIX BOJ
h (B c#) npu MOCTYNJIeHHH B HHX TPABHTAaUHOHHOH BOJLI PaBEH CJIOI0 MPO-
counBlleicsi BOXbl b (B ¢M), DeleHHOMY Ha KO3 QHUHEHT BOXOOTAAYH Q:

b .
h_—Q—.

W3 sennuun xo3QdruuenTa BOXOOTIAYH BHIHO, YTO NPH MNOCTYIJIEHHH
TPAaBUTANHOHHOH BOJbI MHTEHCHBHOCTb NOABEMA YPOBHS TI'PYHTOBHIX BOJ BO3-
pacraer TeM OoJblie, YeM TsAXKesee MeXaHHYeCcKH# cocras rpynra. Tak,
B IVIMHAX KaXJblii MUJJIMMETD NPOCOYMBLICHCS H MOCTYNHBLIEH B IPYHTOBLIE
BOJ(bl TPABHTAIHOHHOM, BOAL MOXKET MOBBLICHTL YPOBeHb T'PYHTOBOH BOJBI Ha
3—10 cu, B cyriauHKax —Ha 2—3 cM, B NTeCKaX 3HAYHTEIbHO MEHbIIe — HA
0,3—0,5 cm,

3Has nedHUHUT BIAXKHOCTH O NOJIEBOH BJIaroeMKOCTH, MOXKIO YCTAHOBHTD
TO KOJIHYeCTBO CBOOONMOI IPABHTALHOHHOH BOXBI, KOTOPOE IOSIBJSIETCS B
TOJIIIle TOPH3OHTOB MOYBbI NPH €C YBJAKHEHHH CBepX BOAOYAEPKUBAOINEH
crnioco6HocTH. KO/MHUECTBO rpaBHTAUMOHHONH BOABL, 06pasyiolleiicss MPHU 3TOM
B TOJIIE TPYyHTA, NPEACTABJAseT c060# PA3HOCTh MexkAYy 00BeMOM MOMAHHOM
BOJABl H 06beMOM ZeduUHUTA A0 MOJEBOH BIACOEMKOCTH, YTO MOMKET OBITh
IOKAa3aHO CJENyIOUHM BbIpaKeHHEM:

B = M— (IT—w),

rie B —rpaBuranuonnas Boga; M — Bona, MOCTYNMHBIIAs Ha ITOYBY CBEPXY;
IT — noneBas BNaroeMKOCTb; M — 3anac BOABI B NIOYBE.

Takum 06pazoM, KalWJIspHas B/JAarOeMKOCTb H €e Da3HOBUAHOCTb JJIA
TIOYB, ‘HAXONSIUHNXCH B KYJIbTYPe, TAK HasbiBaeMasg noJieBas (mpenesbHas)
BJIATOEMKOCTh, SIBJISIOTCH BaXKHEHIIHMY [MOYBEHHO-THAPOJOTHYECKHMH Xapak-
TEPHUCTHKAMH, Ha 3HAHHH KOTOPBIX H IIPABHJIBHOM NPUMEHEHHH JNOJMXKHO 6a3u-
pOBaTbCS pallHOHAJNBHOE DPErYJH[OBAHHe BOJHOIO peXMMa IIOYB H OCYIle-
CTBJIEHHE BOJHBIX Menuopanuil.
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MAKCHMAJILHASI MOJIEKYJISIPHASL BJATOEMKOCTb (MMB)

MaxkcnManbHasg MOJEKy/AsipHas BJIAroeMKOCTb SIBJSIETCS BEPXHHM Tpe-
AEJIOM - COIEpKaHHua B NoyBax (H3UYECKH PHIXJOCBA3AHHOH (NjIeHOYHOH)
Bozbl. [ToHsiTHe O Hell BBemeHO B nousoBefieHne A. @. JleGeneBbIM. ¥YBeJHue-
HHe 3amaca BOABl B IIOYBE CBEPX MAaKCHMAJIbHOH MOJIEKYJISIDHOH BJjaro-
€MKOCTH COIIPOBOXKJAeTCs NOSIBJIEHHEM IOJBHKHOH KaNMHJISPHON HJIH naxe
rpaBHTANHOHHOH BOAML. IIpH BJIAXKHOCTH, COOTBETCTBYIOIEH MaKCHMaJbHON
MOJIEKYJISIDHOH BJIaTOEMKOCTH, B [OYBE CYIIECTBEHHBIX 3aMAaCOB IIOJIE3HOH H
JDOCTYITHOH PAacCTEHHSIM BOJAbI IIPAKTHYECKH HeT.

BennuiHa MakCHMaJbHOH MOJEKYJ/SIPHOM BJAaroeMKOCTH 3aBHCHT OT AHa-
MeTpa YacTHl, cjaraioliux mouyssl U rpyHtT. OHa He6osbliass B INecKax H
OueHb BHICOKAs B IMIHHAX. DTo BHAHO H3 naHHBIX A. @. Jle6exera (1936) n
C. B. Acranosa (1958):

MMB, MMB,

06. % 06. %
Kpynustii necok 1,57 13 1315 4045
Cpepnuil mecok 1,60 Mo z30/HCTHIE 7—18
Menkuii necok 2,73 YepHo3eMbl 20—28
OueHb MeJIKHE Mecok 4,75 KpacHo3eMsl 30—36
CyrauHku 8—12 Ceposewmn! 11—15
Jlécent 20—23

Tak Kak MOPO3HOCTH IVIHH COCTaBJAEeT 0Kojo 55—60%, BOxa NpH MaKCH-
MaJIbHOM MOJIEKYJISIPHO# BJIarOEMKOCTH B IJIHHAX Moxer Ha 70—75%, sanoa-
HHTb NOpoBoe InpoctpaHcTBO. IToCKONBKY IJIeHOYHAs BOLA OTHOCHTCA K
KaTeropux MAajONOABHIKHOH, BA3KOH BOXBI, B TVIMHHCTHIX TPYHTaX M NOYBaX
OHa OOYC/NOBIUBAET BO3HHKHOBEHHE HEIPOHHIIAEMOCTH HJs IPYrHX ¢opm
BOJBL U BO3yXa.

MaxkcuManbHasg MOJeKy/sipHAsA BJAAarOeMKOCThb SIBJSIETCH BECbMa BaXHOM
TIOYBEHHO-THAPOJIOTHIECKOH XapakTepHcTHKOH. Ilpu comocraBieHHn (akTH-
YeCKOM BJIAXKHOCTH TOYBBI C MAKCHMAJbHOM MOJEKYJISIPHOH BJIAro€eMKOCTBIO
MOXKHO YCTAHOBHTb, HMEETCSl JM B NOYBE TOABIXKHASA KalWisApHasA BoOJa
(B cnyyae mpeBHILEHHST (PAKTHYECKOH BJaXKHOCTH BEJHUHHBI MaKCHMaJbHOK
MOJIEKYJISIPDHOH BJIarOEMKOCTH).

K BejuurHe -MaKCHMAaJbHOH MOJIEKYJSIPHOH BJIAaroeMKOCTH 6/IH30K KO3(Q-
¢uuneHT 3aBALAHHSA, T. €. TO COJep:KaHHe BOJbI, IPDH KOTODOM pacTeHue
BsIHeT W ru6HeT. O6BIYHO KO3 dunyeHT 3aBafannsd Ha 2—3% HuKe BenH-
YHHB MaKCHMaJbHOR MOJIEKYJISpHO#A BjaroeMkoctd. Ilostomy, comocraBisis
BEJMUMHY MAaKCHMaJbHOH MOJIEKYJSDHOH BJAaroeMKOCTH € (aKTHYeCKOH
BA2XKHOCTbIO, MOXKHO BRISICHUTb, CYLIECTBYeT JIH B [OYBE 3amac HOCTYMHOH H
TI0JIE3HON pACTEHHSM BOABL HJIH 3TOT 3anac OJHM30K K HCUEPHIAHUIO.

VMenpllieHue 3amaca BOAH B [OYBe Mepel NOJMBAMH N0 YDOBHS MAakKCH-
MaJIbHOH MOJIEKYJISIPHOH BJIATOEMKOCTH HEXEJAaTeJNbHO, OCKOJbKY NPH 3TOM
BCJEICTBHE MaJlOf MOJBHXKHOCTH IJIEHOUHOH BOJAL HAaYHHAETCS YTHETEHHE
pacTeHuil, OTCTABAHHE UX B POCTE, a B XKaPKHUe IIEPHOMIH JleTa — cOpackBanye
JHUCTbeB H IJIONOBBIX OPraHOB.

MaxcuMasibias MOJIEKYJISIPHAS BJIAaroeMKOCTb ONpENe/seTcss B IPYHTaX H
HOUYBAX HECKOJbKHMH MeTOLaMH, npenjoxenubiMu A. @. JlebGeaeBrIM
(1927): npu moMollu CBepXMOIL(HOH HeHTpudyru (yckopenue okono 70 000 g
1 uyncao o6opoto okono 50000 B 1 MuH.), OTKATHSI CHIDHBIM NPECCOM
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(66 x2/cm?) BaXKHO! NOYBLI, MOMEILIEHHOH MeXAY JIMCTKAMH (PHIbTPOBAJIb-
HOH OyMary, H, HakOHell, MeTOJOM ONpeeseHHsT YCTONUHBO He H3MeHSIoIek-
Cs1 BJIaXKHOCTH B BLICOKOH NOYBEHHOH KOJIOHHE, MPeIBapHTENbHO HHTEHCHBHO
yBnaxHenno. A. ®. JlebeneB cuutan, uTo yxKe TpH yckopenuu 18 000—
20 000 g npoucxomuT OTHesleHHe KANHJUISIPHOH BOJABL, a OcTalomiasicst Bjara
COOTBETCTBYET MAKCHMAaJbHOH MOJIEKYJSPHOH BJIaroeMKOCTH.

Hoseftmine uccnenoBaHus, OXHAKO, IOKAa3ajH, YTO IpPH YBeJHYEHHH
MOIIHOCTH NEHTPHOYTH HH NPECCOBAHUS BEJHUHHA OCTABIICHCH BJAXKHOCTH
yMeHbuiaercs, Bonpekd MuHennio A. ®. Jlebenepa, nosaraBuiero, 4To CyIie-
CTBYeT pe3Kas IpaHHIA MeXJy ILUIEHOWHOH H KaNHWJUISIDHOH BOXOH NpH g
nentpudyru 18 000.

Takum o6pa3oM, BeJHYHHA MAKCHMAaJbHOH MOJEKYJSpHOH B/IaroeMko-
CTH He SABJSIETCS KOHCTAHTOH, XOTS H XapaKTepH3yeT COCTOSIHHE IOHHIKEH-
HOH NOLBHAKHOCTH NOYBEHHOH BJIATH.

MAKCHMAJIBHASL THUTPOCKONHYHOCTbh (Mr)

MaxkcuManbHas THIPOCKONHYHOCTb SIBJSIeTCS 0cO6G0M pPa3HOBHIHOCTBIO
BJIATOEMKOCTH IOUBhLI, XapaKTepusyolleH MpenesbHO BBICOKOE KOJHYECTBO
napoo6pasHON BOJbI, KOTOPOE MOXKET OBITh YCTOHYHBO TOIVIOLIEHO H YAED-
JKaHo 1oyBo#l (cM. Bhie). ITouBa, BIAaKHOCTD KOTOPO#H NOCTHIJIA COCTOSTHHS
MaKCHMAaJbHOH T'HTDOCKOIHYHOCTH, He cOpOHpYyeT NapooGpasHyw BOAY.
Beqnuuna MaxcuMaJbHON THTPOCKONMHYHOCTH 32BHCHUT OT XHMHUYECKOTO, MeXa-
HUYEeCKOTO H MHIEPAJOTHYeCKOro cocTaBa moyB. Beanka MakcumaJbHas
THI'POCKONIHYHOCTh B NOYBAX, COLEPXKAIMX I'yMmyc, Topd, a rakke GoJbloe
KOJIHUECTBO THI'POCKONHYECKUX coJiell, Uem Gosiblle B MOUBe TOHKHX (Pparimuil
MEeXaHHYECKOI'0 COCTaBa, TeM BhILle BeJHYMHa MAaKCHMAaJbHOH THTPOCKONAY-
HoctH (pHc. 5). MajorymycHble u JieTKHe OlleCYaHEHHLIE ITOUBHI HMEIOT Mak-
CHMAJIbHYI0 THI'DOCKONHYHOCTh mnopsajgka 2—4%, a TAXKeJOIVIMHHCTBIE H
Gorarble rymycoM — nopsaaka 10—12%.

MagkcuManbHasg THTPOCKONHYHOCTb — BeCbMa BaxkHas IIOYBEHHO-THIPO-
JIOTHYECKAasl XapakKTepucTHka. Boma, Haxopsmasics B IIOUBe B COCTOSHHH
MaKCHMAaJbHOM TUTPOCKONMHYHOCTH, HENOCTYNHA pacTeHusaM («MepTBbIl
3amac BJAaTH»); IIO3TOMY YMEHblIeHHe BIAaXKHOCTH IIOUB Hepej NOJHBAMH B
pasrap BereTamMOHHOro MEpHOAa N0 MAaKCHMAa/JbHOH T'MIDOCKOMHYHOCTH CO-
IIPOBOKIAETCS KATACTPODHUECKHMH IIOCAEICTBHAMH JJIsl YpoxKas.

B Tta6a. 7 mpuBeleHbl BeJMUYMHBL MAKCHMAaJbHOH THTDOCKONHYHOCTH B
pasJIMYHBIX NOYBAX,

Ta6auua 7
Tipepeasl KoaeGaHWil MaKCHMAJdbHOH THIPOCKODHYHOCTH B MOUBAX

- Ma 1 -
" MexanH4ecKHii cocTan Mmé%‘:,f;:ﬁ:;"{oo ITousr (Bepxuuft rOPHIOHT) §§;‘xﬁq:§§fb,”zzp°
Fauesl TSKesnle 20—23 IToxzouucToie 3—7
39713184 12—18 YepuoszeMal 7—15
CyruHKH 4—17 Topdsuuxu 30—40
Cynecu 2—3 Ceposembl 4—17,0
Ileckn ToHKHE 0,5—1,5 CoJtonnpl 10—15
Ilecku rpy6Guie 0,05—0,1 KamraHoBbie 8—12
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JlaHHBIe 0 MaKCHMaJIbHOR THI'POCKONIMYHOCTH Jal0T BO3MOXKHOCTD IIPUG/IH-
JKEHHO BHYHCJ/IMTD BJIa)KHOCTb 3aBsJaHHs pacTeHHit (koddbuuueHT 3aBafa-
HHs1). OMIHPHYECKH YCTAHOBJEHO, UTO KO3h(HIHUEHT 3aBsafaHus (T. €. roa-
HHNa (GU3HOJOrHYECKH AOCTYNHON ¥ (U3HOJAOTHUECKH HEJOCTYIHOH BOAH B
nouse) B cpenHeM OJH30K K MaKCHMAaJbHOH HIPOCKONTHYHOCTH, YMHOXEHHOH
Ha xo3ddunuenr 1,3—1,5 (unorna 2—3).

MakcuMajbHas THIDOCKOMUYHOCTb NTOYB ONPEeNe/sAeTCsl NyTeM BHIAEPKHU-
BaHMSl HaBEeCKH NOYBEI B BAKyyMe BO BJIAXKHOA aTMocdepe IO MOCTOSHHOIO
Beca. [ls sTOoro HaBecKy MOYBH mOMellamOT B 3Kcukartop ¢ 10%-HBIM pac-
rBOopoM HySO,, korpa oTHocHTeNbHAs BAaXHOCTb Bo3znyxa paBHa 96—989Y,
npu 25°. Bmectro HySO4 npuMensiercs W HachieHHHE pactBop KySOy.

KO3 HUHMEHT 3ABSHAHHS (K3)

Kos¢pdumueHnTom 3aBsizannsi Ha3bIBAETCA TAaKOE COIEpXKAaHWe BOLLI B
nouse, IIDH KOTOPOM pacTeHHe He MOXET 00eCHeyuTb CBOIO NOTPEGHOCTh B
BOJ€, YTO H NPHBOAHT K €ro 3aBAfaHHI0. DTa BaXKHAsf IOYBEHHO-THIPOJIOTH-
yeckas XapaKTCPHCTHKA BBENeHA aMEPUKAHCKHMH HCCJAEHNOBATENMH DpHrr-
com u [lannem (Briggs, Shantz, 1912),

Bennunna xos¢dduuyuenta 3aBifaHWA BO3pacTaeT B NOYBaX [0 Mepe
YBEHYEHHS] UX [VIMHUCTOCTH, Tax, BeJIMYNHA BJIAXKHOCTH 3aBSLAaHHS COCTaB-
aser (%): neckn —1—3, cynmecu —4—6, cyraHHKH —10—12, raHHB —
20—30. I'uHBE MOHTMODHJIJIOHHTOBOTO THUHa ob6JjajnaioT 6oJiee BLICOKHMH
NOKAa3aTe/IsIMH BJ4XKHOCTH 3aBANaHHs, yeM [JIHHB KaOJHHHTOBBLIE.

BesinunHa BIAXKHOCTH 3aBSilaHHS 3aBHCHT TaKXe OT NPHPOJALI pacTeHHH.
3acyxoycTofiuuBLIe 3J1aKM 3aBAAAlOT OPH MeHbIIeH BJaXKHOCTH, YeM BJa-
roso6uBEe pacTenus. JIJisi MaXOTHBHIX TOPU3OHTOB NOYB H AJsL OOBIYHEIX IO-
JIEBEIX KYJbTYp BJIAXHOCTb 3aBsiflaHus KoJjeGmercsi, mo ganrbim C. . Joa-
roBa (1948), B nmpenenax 10—20%. HexocTynHocTh BOAB! A1l pacTeHHH IIpH
9THX YPOBHSX BJ4XKHOCTH NMOYB OGBSCHSETCS TeM, YTO IOoYBa yAepkHBaeT
BOLY ¢ cu/oH nopsigka 15—20 arm, 4TO 3HAUYHTEJNBHO NpPEBBLINIAET COCYIIYIO
CHJIy pacTeHHH.

YeM Goablie B MTOYBe OPraHHYECKHX BeLIECTB H OCOGEHHO HEPAa3JI0KHB-
terocss TOPPIHHUCTOTO MaTepHasla, TEM BHINE BIAXKHOCTb 3aBAfaHUs (Y TOp-
tda 1o 60—80%). .

Takum o6pa3oM, HeZOCTATOK BOJHI JJIsi PACTEHHH IIPH IIPOYMX paBHBIX
YCJIOBHSAX B NepBYIO ouepenb GyaeT cKa3biBAaTbCS Ha IVIHHHCTHIX GeCCTPYKTYP-
HBIX NIOYBAaX M Ha MOYBaX, codepialux 60JbIIOe KOJHYECTBO I'py6oro opra-
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IIHYECKOTO BelecTBa. DTO CBOACTBO TOP(AHHUCTHIX IOUB CJeAyeT HMeThb B
BHJY TIPH HX ocylIeHHH. UpesmepHOe yriy6ieHHe YPOBHS IPYHTOBHIX BOJ NpH
OCyIIeHHH TOP(AHHKOB HEPeNKO BjedeT 32 cOGOH HMX «MepecyIIKy» H HU3KHe
ypoxkan. Ha ToppsAHHCTEIX IOYBax HeOO6XOAHMO OGecneuynBaTh 3amachl
JIOCTYTHOH BJIard U JOCTAaTOYHO BEICOKHHA YPOBEHb I'PYHTOBHIX BOM C MOMOLIbIO:
pEeryJIHPOBAHHS LLII03aMH. .

IIpucyTcrBue coJiefi B MOYBAX TAKXKe BeCbMa CHJBHO NMOHHIKAET JAOCTYI-
HOCTb BOJBI 1Js1 pacrenuiél, Beaumunna kosadounuenta saBspaHus 3HAUH-
TeJIbHO BO3PACTAeT B IOYBAX IO MEpe pocTa HX 3acoseHHOCTH (raba. 8).
[ToaToMy Ha 3acoJIeHHBIX ITOYBaX HeJOCTATOK BJal'H JJsI pacTeHHH B 3acyul-
JMBBIH TIEepHOJ HJIH TepeX IOJHBOM IpPOSIBASETCA DaHblle H Gojlee Pe3KO,
yeM Ha NMOoYBaX He3acCoJeHHBIX. Ha 3aco/ieHHBIX ITOYBaX NMpH HX OCBOEHHH He-
06X0AMMBEl IIpEIBADPHTEJNBHOE yaaJeHHe colell U BMECcTe ¢ TeM AOIOJHHUTENb-
Hble KOJIMYECTBa IIOJHBHOH BOABI, T. €. MPOMBIBHOH THII OpOLICHHS.

Ta6auuna 8

KoadpunpieHT 3apsinanus B rAMHHCTON 3acoseHHoll nouse, %
(no B. P. BosloGyeBy, ycTHoe cooflieHHe)

Cogepxanue coneft, %
Conb
0,00 0,10 0,20 0,30 0,50 0,75 1,00
NaClI 24,45 25,39 — 25,42 — 28,36 42 44
Na,SO, 24,45 —_ 26,13 26,30 26,92 27,34 27,44

Koaddunuent 3aBsnaHusi MOXKeT ObITb ONpejesieH NPSAMBIM 06pasoM —
[0 BJAXKHOCTH NMOYBH B MaJjIeHbKHX, 3alHUIEHHHIX OT HCNapeHHs, Berera-
IMOHHBIX COCYAaX ¢ PAcTeHHsAMH B MOMEHT ux 3aBsananus. B CIIA mpume-
HAIOT JJIsl 3TOM LENH ONpeleseHHE «3KBHBAJEHT BJAXKHOCTH», T. €. OCTa-
TOYHOH BJAXKHOCTH TOCJAE UEHTPHPYTHPOBAaHHA 00pasma BJIaXHOH IOYBbE
(mpr g=1000). Hns noayyeHus Ko3P(QUNHEHTA 3aBANAHHS <«IKBUBAJIEHT
BJAKHOCTH» Jenurcd Ha 1,84—1,24. _

B mpepcrapseHnsax o Gopmax u IPHPOJe NOUYBEHHOH BJard U O NMOYBEHHO-
THAPOJIOTMYECKHX KOHCTAHTAX MHOIO HESICHOTO H CIIODHOIO, HeT eJIMHOH
trepMuHoJioruu, Tonbko Oyaylive 3KCIepHMEHTaJblible HCCAeA0BAHHSA IIPO-
SICHSIT TaKHe CIIOPHbIE BOIPOCH, KaK MPHPOAA COPOLUHOHHLIX W KaNHJIAPHBIX
CHJ, MEXAHH3M YAepXKaHHA NONBEIIEHHON BJAarH, 1eJeco06pasHOCTh HIM
ycTapesocTb HOHATHH MaKCHMaJbHOH MOJIEKYJIsPHOH BJaroeMKOCTH, TOJIEBO
BJIATOEMKOCTH H LD.



9JIEMEHTDI
BOOHOI'O PE)XHMA
IMo4YB

Bona B nouBax H4AXOAHTCA B HENpeDHIBHOM [BHKEHHUH: HAKAIHBAETCH M
pacxopyercs, nIpeBpalaercd H3 oAHHX GopMm B Apyrue, noTpebasieTcst pacte-
HHSIMH ¥ KMBOTHBIMH. BOAHBI!I peXHM IIOYB, IOJ KOTOPHIM IOHHMAIOTCA
Ce30HHLIe ABHXKEHHs M INpeBpallleHdss (opMm BOLH B IOYBE, H3MEHSETCS ITOJ
BO3JEHCTBHEM CHJIBI THXKECTH, METEOPOJOTHYECKHX YCJIOBHH, FHAPOreOJOrH-
YeCKOH OOCTAHOBKH H OpPraHH3MOB, TIJIaBHBIM 00pa3oM pAaCTHTEJIBHOCTH.
B ocBoeHHBIX NMouBax BeAymUMH (axTOPaMH BONHOTO DEeXHMa SBJSIOTCA
NIpHEMEBl CO3HATENbHOTO PerylnHpOBaHHs 3amacoB U (GOpM BOIB B IOYBAX
YeJ0BEeKOM (CHeroHaKoIlIeHHe, OPOILIEHHe, OcyllleHHe, 06paboTka).

ABH)KEHHE W H3MEHEHHE COCTOSIHHS
HAPOOBPA3HOH BOAMBI

Conep:kaHHe napoo6pa3HOil BOAB BO BJAAXHOH I04YBe GJH3KO K TOYKE
HACHIIIEHHA BO3AyXa nmapamy. I103TOMy H3MeHeHHs TeMIlepaTyphl BHYTPH-
NI0YBEHHEIX FOPH30HTOB HJH INPH3E€MHOIO CJIOS BO3AyXa JIETKO BHI3BIBAIOT
nepexo NapooOpasHoi BOAE B KalleIbHO-XKHIKOE COCTOsiHHe (KOHIEHCALHA).

TlepensuKeHnne mapoo6pa3HOl BOALI B TOJIe NOYBEHHOro Hpoduis B Te
HepHOJB], KOTJA MOYBEHHEIH BO3AyX OJMH30K K HacwHieHHio mapamu no 100%,
CBA3aHO IVIABHBIM 00pa3oM C H3MEHEHHSIMH [JaBJIeHHUs H TeMmiepaTtypul, Ilapm
mepelBHFAIOTCS OT Y4aCTKOB ¢ O4abiiuM AaBieHHeM (6oJbluell TeMIepa-
TYpH) K y4aCTKaM C MEHBIINM JaBJeHHeM (MeHbilel TeMIepaTyphl), TAe OHU
¥ KOHIEHCHDYIOTCS B KalleJbHO-XKHIKYIO BOLY.

B cyxux mouyBax (C BJAAXKHOCTBIO MEHbIIE MAaKCHMaJbHOH THIDOCKONHY-
HOCTH) OoJbliasi poJab, KpOMe TeMIEPaType H [AaBJeEHHs, B HallpaBleHHH
JBHXKEHHs] 1apo00pa3HOl BIATH NPHHAJJEKHT BEeJHYHHE BJAXKHOCTH IIOYBBHI.

MoxXHO pasaH4aTh CleLylolllHe OCHOBHEIE CJaydaH Ie€PeIBHXKEHHS H KOH-
JleHCau¥H NapoB BOIBI B IOYBAX: TePMHYECKas KOHAeHCAuus aTMochepHBIX
I1apoB Ha TOBEPXHOCTH NOYBHE (pPOcOOGpa3oBaHue), MOJEKY/ISIpHasd H KallHi-
JsipHAasl KOHIEHCANHs NapoB B IOYBE, BHyTpHnqueHHaﬂ TepMHYecKas nepe-
TOHKA M KOHJEHCAlHsi BOASHBIX I1apOB.

KoHpeucauus aTMocepublX MapoB Ha MOBEPXHOCTH HOUYBBI M Ha noxpone
PaCTHTENBHOCTH (pocooGpasoBaHHe) NPOHCXOJUT B T€X CIydasX, KOraa TeM-
flepaTypa npuieralomero Bo3Jyxa HHXKe, YeM TeMIlepaTypa HaJ3€eMHOr0
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BIIaXKHOTO BO31yXa, ¥ KOIla aGCOJIOTHAs BJIAXXHOCTb NPHUMOYBEHHOrO CJIOS
BO3JyXa Bblllle, YeM MaKCHMajbHasg YIPYrocTh Napa IIPpH TeMIEpPaType
MOBEPXHOCTH MOYBLI. DTO OOBITHO MIPOHCXOAUT B HOUHOE BpeMs.

B myCTBIHHO-CTeNHBIX 06J1aCTSIX KOHAEHCANUHS MOYKET. YBEJIHUYHTb BJIdXK-
HOCTb BePXHHUX 1—2 cm nousel Ha 1—29% 3a Hous. Ilo-BHaHMOMY, KaxKe 3TO
He3HAayHTeJbHOe 00pa30BAHHE KalleIbHO-XKHMJKOH BOJLBI NYyTeM TEpPMHUECKOM
KOHJICHCAIMH MOXET B HM3BECTHOH CTeNeHH NOAAEPXKHUBATL IKUSHELEATEJb-
HOCTb pacTeHHH.

KouneHcanns BosiHbiX MapoB B NOYBE MOKET BHI3BIBATL IOSIBJEHHE B
II0YBe He TOJBKO MTPOCKOIHYECKOH W IJIEHOUHOH, HO, 4TO 0COGEHHO BaXKHO,
KalmWJJIAPHOR H JaKe rPABHTANMOHHOH BOAH. I1pH CpaBHHTENBHO HEBBICOKOR
OTHOCHTEJbHOH BJAXKHOCTH MOUBEHHOro Bo3ayxa (50%) MoXeT HPOHCXORHUTH
HOIJIOLeHHe apoo6pasHOl BOAK HOBEPXHOCTBIO NOYBEHHHIX YACTHI, 34 CUeT
MOJIEKYJIAPHBIX CHI ¢ 06pa3oBaHueM njieHOYHOH Boabl. [1pu BaaXXHOCTH mOY-
BCHHOTO BO3ayxa Beime 50—80Y, Moxer HMeTb MeCTO TaK HasHBaeMmas
KanuJJasipHasl KOHAEHCalMs Napoo6pa3Hoii BOABI B TOHYAHIIHX HOpax H
yriax CThlKa YacTHI| BCAEICTBHE CHHXKEHHs YIPYTOCTH [Iapa H Iepexojia ero
B COCTOSIHHE HACBHIIEHHOCTH IO, BO3AEHCTBHEM BOTHYTOH IIOBEPXHOCTH
MEHUCKOB GoJbUIOf KPUBH3HBL. [IpOHCXOMUT Kak Obl NeperoHKa MJIeHOYHOM
HJIH KanwuIspHOR BoAH B ¢OpMe mapa K Haubosdee BOTHYTHIM MeHHCKaM
MeJbyaHIINX MOP H KaNWIJAADPOB (T. €. K 6oJee CYyXHM YydYacTKaMm [MOYBHI).
SIBJleHHe KaNU/ISPHON KOHIEHCALMH OCOOEHHO XODOIIO BHIPAXKEHO B YJbT-
paMaJIBIX Nopax — KanwuIsipax paguycoM nopsiaka 10-° cu n Menbiue.

Psap nccaenoBaTtesiel CUHTAaeT, YTO B TPYHTAX JETKOr0 MeXaHHUECKOrO
COCTaBa KANHJSAPHAs KOHAEHCALHS MOXKeT OHITb JaXXe HCTOUHHKOM 06paso-
BAHHS IPABATALUMOHHON BOABI HJM IpYHTOBHIX Box (JleGexes, 1936; Komoc-
k0B, 1937; 1938; Couesanos, 1938; Poxe, 1946).

A. ®. JleGenes nonyckaJ, 4TO KOHAeHCAllus aTMOC(hepPHBIX MIaPOB MOXKET
o6oramarth I04YBy BOZO# B KoaugectBax g0 60—100 mm B rom, a camu
rPYHTOBHle BOAB 06pasyloTcs B Ipollecce KOHAEHCAUWH. DTH B3MVISAbl pas-
LenqioTcs He BcemMu. HecoMHeHHO Bce e, 4TO KANMJMAPHAS KOHAEHCAlHA
CHa6XaeT I0YBH AOCTYHNHOH pacTeHusiM BoRoH. OfHAKO YENOBEK HE yMeeT
YIpaBJASATL MPOUECCAMH KANHJIAPHOH KOHJEHCAlMH NapooGpasHOil BOAH B
OYBaX.

BHyTpunouBeHHAs NEPErOHKA H KOHJEHCAlHs BOAAHBLIX Napos. B mpoduie
MOYBH HA IMIyGHHY 10 3—5 M B TeyeHHe roja IPOMCXOJUT Ce30HHAA Iepe-
roHka napooGpasHof BOIbI TOJ BAHSHHEM TePMHYECKOTO FpajHeHTa H pas-
JUYHMs B yIpyroctd napoB. Boadmble nmapel IepeMmellalOTcs OT FOPH3OHTOB
¢ Gosiee BHICOKOR TEMIIEPaTypoli H YIPYFOCTHIO NapoB K rOpH3OHTam ¢ Go-
Jlee HH3KOH TeMIlepaTypo¥t M yNIPYrocThio, Ile NPOHCXOANT KOHAeHcauus Ia-
pa ¥ HaKOIUIEHHe BJaru. JTO SIBJIeHHE HCCJeJ0BaN0Ch A. ©. JlebepeBHM
(1936).

3uMOH BCAeACTBHe OXJAXJEHHSI BEPXHHX FOPH3OHTOB MOYBHL H COOTBET-
CTBEHHO yMEHbIIEHHs] YIPYrOCTH NAPOB BOABl B BO3JAYXe 3THX TOPH30OHTOB B
noYBe FOCIOACTBYET BOCXOASIIHA TOK IIAPOB H3 IIYyGOKHX H OGBIMHO Gojee
TEILIBIX NOAIOYBEHHBIX FOPH30OHTOB C aKKyMyJslHed BOJLBI B BEDXHHX CJIOfX
ouBH. 3HAYHTEJNbHAS Y4CTh Mapo06pa3HON BOJLI I€PETOHACTCS IPH 3TOM B
aTMocdepy, Tepssch U3 IOYBEl IOJHOCTBIO.

HccnenoBanus Ha YkpauHe u CeBepHom KaBkase mokasaju, 4TO 3a CHET
3UMHei BHYTPHIIOYBEHHOH KOHJEHCALHH KOPHEOOHTaeMble CJIOH MOUBHl MOTYT
JOTOMHATENbHO MOMyunTh 10 50—70 mm Boxbl. 3aMep3aHHe NOYBEL C MOBEPX-
HOCTH OCOBEHHO CIIOCOGCTBYET HAKOIUIEHHIO BOLBI B KOPHEOGHTAEMBIX CIOSX
TOYBEI 34 CueT IeperoHKH mapos causy. KoHjeHcanus napoB B 9THX CAydasx

30



CONPOBOXKAAeTCst 06PA30BAHHEM JIbAA H HAKOIZIEHHEM BOJbl B KOJHYECTBAX,
[PEBHINAIONIHX BIATOEMKOCTD.

Jla6opatopubiMu uccaenosanuamu JI. I1. Pososa (1956) ycranosaeHo,
UTO 3UMHAS KOHJEHCAUHs Napoo6pasHOH BOAB B BEPXHHX CJAOSIX INOYBH
BCICICTBHE TPEBBIIIEHHS BOJOYNAEPKUBAIOWIEH CHOCOGHOCTH MOXKET NpH-
BOIUTb K PA3BHTHIO HUCXOASIIEI0 TOKA I'PaBUTALHOHHON BOABl C BBIHOCOM
JIETKOPACTBOPHMBIX COJIEHl BHHU3, CIOCOGCTBYS CE€30HHOMY PACCOJEHHIO MOYB.

B netHee Bpems Tok mapooGpasHoil BOAB HANPABJEH B OCHOBHOM B ATMO-
cdepy, a 4aCTHYHO U3 TEIUILIX IOBEPXHOCTHEIX TOPU3OHTOB B NMIyGOKHe, Gomee
XOJIONHBIE, F/Ie B 3TO BPEMs HAKaInKBaeTcs Baara. [lis ycnoBuil ueprosemMos
H CEPO3EMOB JIETHHs| IIEPErOHKA IAPOB BOAL MOXKET PACHPOCTPAHATHCA Ha
IayOuHy 3—4 M, MAKCUMYM K€ KOHIEHCALMH KOHCTaTHpYyeTCs Ha IayGHHe
1,6—2 u. JletHeli meperonke Napos CBEpXy BHU3 NPHIHCHIBAETCS o6pasoBa-
HUE B TeueHHe rojla B NPHUKACHHACKHX IeckaXx 40 100 mm IpPYHTOBHX BOX
(CoueBanos, 1938). Bo3MOXKHO, 4TO C 3THM sIBJEHHEM CBSI3AHO IOCTOSHHOE
IIPHCYTCTBHE TOHKOH JIHH3BI NPECHBIX BOJ, IOKPHIBAIOLIEH MHHEPaJH30BAH-
HBIC BOIH B MyCTHIHHBIX IIECKAX.

Cxonubiit pexum napooGpasuofi BAATM C/araercs B TeUeHHE CYTOK.
Houblo Tox napoo6pasnoit BoAL HaIpaBjeH #3 Goslee IYGOKHX TEIUILIX TOPHU-
30HTOB K BEPXHHM XOJIONHHIM, a. JHEM Ha0o60pPOT — OT TEIVIBIX BEPXHHX B
OXJlaxKIeHHble HUXKHHE. '

TexHuka eule He OBJajesa NPOLECCAMH KOHAEHCALHH INapoo6pasHoir
BoAbl. MICKycCTBeHHOE perynHpOBaHHe TEIIOBOTO pPeXKHMMA II0YB MOIJIO Gl
HAaIPaBUTh NPOLECCH BHYTPHUIOYBEHHON KOHAEHCAUWH IAPOB B JKeJAAeMYIO
CTOPOHY M SIBUTbCS OJHHM H3 METOHOB GOpbOBl ¢ 3aCyXOil W 3a yJaydilleHHe
BOJHOIO PeXHMa II0YB CYXMX, 3aCyHILJIMBEIX H MYCTHIHHHIX oOjacrei.

Konpencanus napoo6pasHol BoIbl JOCTHIaeTcsl BHECEHHEM Ha TPyHTOBEIE
noporu Beicokorurpockonuyeckux coyeii MgCly u CaCly, KoTOpHeE, KOHAEH-
CHPYS1 B HOYHOE BpeMs 1apoo6pasHyio BORY, Pa3kKHKAIOTCA, 3aMETHO YBJIAXK-
HAS M OOeCTBLIHBAs NOBEPXHOCTb IOYBHL 11 9TOR LEJH MOMXKHO HCHOJb-
30BATh TAKXKE O3€pHBHIE COJNH H PAaCcCO/bHble 'PYHTOBEHE BOIBI, cOMepKallHe
XJIODHJBE! Ka/JbIIUS ¥ MaTHHS. , ’

OBW)XEHHE MNJEHOYHOHW BOJADbI

[Tnenounast Bojga B IoYBe NepeMellaeTcss B HAIPaBJCHAH HCIADEHHS HUJIH
K MectaM HoTpebjeHHs BOAB KODHEeBOM CHCTeMOR pacreuit. [IBuikeHnue
IVIEHOYHOH BOJAEI NMPOHCXONHMT KpailHe MeJJeHHO OT IJIeHOK OOJBIIEH TOJ-
IIHHB K IJIEHKAM MeHbHIeH TOMIUHNBL. [1O0TeHNuaAbHO 3TO LBIKEHHE MOMKET
pacipocTpaHaThCa Ha GoabliHe paccroaHus. Bo Bcakom cayuae, Habmaona-
JIOCh [BHXK€HHE IVIEHOYHOH BJATH H PAacCTBOPEHHHIX B Helt coslelf Ha BBHICOTY
3—4 m oT BepxHefl rpaHUUBl KaNWJJAsipHON KakMel (B cojoHuax Kacmuiickoh
HU3MEHHOCTH).

IorpeGHocTn pacreHuii B Bofe He MOTYT GBITh HOPMaJIBHO YIOBIETBOPEHA!
3anacamu IJIeHOYHOI BOABI B JIETHEe BpeMs BCJEACTBHe KpaHHel MelJeH-
HOCTH ee ABMXKeHHs. KosudecTBo meHOUHOR BOABI B chepe XKH3HeLesTeNb-
HOCTH KOPHEBHEIX BOJIOCKOB MOXE€T BOCIOJHSATbCS JHIIL B HOYHOE BpeMs,
Korpa oTCcyTcTByer (OTOCHHTE3 M yMeHbLIaeTcs BOJONOTpebJeHHe pacTe-
HHUSIMH.
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JOBH)XEHHE KANMUAJASAPHOW BOJbI

JIBuKeHHe KamHJJsipHOH BOIBI B MOYBAX NPOUCXOAUT NIPHU BO3LEHCTBHU
OTPHLATENbHOTO NaBJEHHS IO BOTHYTHLIMH MEHHCKAaMH BOAH H COCYIIel
CHJIBI, BO3HHKAIOIHUX B Pe3yJbTaTe CMauyHBaHHs] CTEHOK HOP H KaNHJJASpPOB.
ITockoambky cocymias CHIa BOTHYTBIX MEHHCKOB BO3PACTA€T C YBEJHUYCHHEM
UX KDHBM3HBI, JBUKEHHE KallWJJIsIPHON BOIBI BCEeIZa HANPAaBAEHO B CTOPOHY
MEHHCKOB MeHbIUHX IIOp U KaNW/JAPOB, T. € K Y4aCTKAM MeHbIHeH BJax-
HOCTH. ,

O6bem KanHAJIpHO-IPOBOAMMON BOAB, a CJAEeLOBATENbHO, H CKOPOCTh
KaNHISPHOTO ABHXKEHHs IPONOPUHOHAJbHE YeTBEPTOHl CTENEeHH paguyca
KaHJISIpOB U 06paTHO IPONOPLHOHAJBHE BS3KOCTH XKHIKOCTH, KaK 3TO
caenyer u3 gopmyan [Tyasens:

__ nghpiR*
Q - 87]1 ’

roe: Q —o6beM XUAKOCTH, NpOIIEAIIeli Yepe3 KaNWiasp 3a BpeMs f;
1wt — Koadbunrent (3,14); g— VCKOpeHHe CHJB TSXKECTH; O — INIOTHOCTD
KHAKOCTH; I — Hanop (XaBJieHHe); 1 — BA3KOCTb JKHIKOCTH; R — pajgumyc
Tpy6Ku; | — nnuHa Tpy6ku (umur. mo b. A. Kun, 1933).

[TpuBenennasi ¢opmyna [lyasenss mpuMeHHMa JHIIb K IIPABHJBHBEIM LH-
JHHIpHYeckKUM TpyOram. Ho cxema Tpy6Gok -1aKe KaNMJJISPHOrO AMaMETpa
MaJjo NPHJIOKHMA K MOYBaM H IpylTaM, KOTOpbie HMEIOT KpPaiHEe CJOMKHBIE
pPAa3MepHOCTb M THI CTPOEHHS TmOp, BapHallid pasMepPoOB UACTHL H HX
KoHcucTednuH. OaHako ofmue BHBOAH 43 3TOH GopMyabl oOuelb cylle-
CTBEHHBHI AJs TN04YBOBenaeHHSA. C yMeHBIIEHHeM pajHyca KamWIApOB IOp
3HAYHTEJBbHO YMEHBIIAIOTCH 00beM H CKOPOCTh KAUJVIAPHOTO IIePeiBHKEHHS
BOAbl B moyBax. UeM Bblllle JHCIEPCHOCTH IIOYB H IPYHTOB, T. €. YeM MeHee
OHH CTPYKTYPHBI U 4eM G0JIbllle UX TJIHHACTOCTb H KOJJIOHAHOCTb, TEM NOTEH-
L¥asibHas BHCOTA NOABEMA KaMHAASpHOH BOLH 60Jblle, a CKOPOCTh OAbEMA
ee Menbiie, C yMeHbUIEHHEM CTelleHH NHCIEPCHOCTH, T. €. C BO3pacTaHHEM
IeCYaHUCTOCTH TIOYB M FPYHTOB, BBHICOTA KANMUMISAPHOTO MOAHATUSI CHHXKaeTcs,
OJHAKO CKOPOCTb KAMHJUIIPHOTO ABUMKEHHs BOJbl H O6BEM NepelBHraeMoi
BJary Bospacraior (tabu. 9 u puc. 6).

Ta6auna 9

3aBUCUMOCTL BOXHBIX CBOICTB MOYB OT MEXAHHMMECKOTO COCTaBa
(Parenep, 1938)

Copepxanue BricoTa noaHATHA Haumenblllag BJaro- BORONIPOHHUAEMOCTD,

rAuHb, % BOJLI, MM eMKocTb, % oM fuac
Tecok 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
55,0 500 425 62,0
64,2 T4 62,1 8,0
68,0 27 71,5 2,6
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3 —— CYPIMHKH;
4 — mecKH u CylecH

Puc, 6. OO6was cxeMa BHICOTH H X5
CKOPOCTH KAMU/LIAPHOrO TOAHATHSA §
BOAB! B NOYBax S

]9

! — rauHBbL 3

2 — adceny; 2

1

OGpamiaer Ha ce6st BHHMaHUe HCKIIOYHTENLHO MENIEHHOE, MOYTH MOJHOE
OTCYTCTBUE [BHKEHHS KANMIJASDPHOH BOABL ¥ YacTul guamerpom <<0,002 mm
(taba. 10). BeneacrBre 3TOrO HEPENKH CJAYYaH, KOTJa B HENOCPEACTBEHHOM
COCEACTBE 3a/1€ral0T COBEPIIEHIIO CYXHe M BJaXKHBle TOPH3OHTBHI TSKEJbIX
IVIMH, HECMOTpPS HA HX BHICOKYIO IOTEHUHAJNbHYIO CHOCOGHOCTb K KaHJISPHO-
My IepelBHkKeHHIO BOAbL. CKOPOCTb ABUKEHHs] KaNWJJIsSPHOH BOABI B IMIHHAX
HACTOJbKO MaJjla, YTO HYXKHbI FOAB AJs JOCTHXKEHHS HOTEHIHAJbHOH BBICOTHI
KalHJIAPHOTO MOLHATHA.

Ecnn B reoxumum pnaxe manas CKOPOCTb KanMAISPHOTO JBHXKEHHS
pAacTBOPOB B IVIHHAX HMEET 60JbIIOE 3HAYEHHE P MHTPAIHH COJIeH, TO B pak-
THKE MEJHODANUH NPHUXOAMTCS CYUTATH TSAXKeJble MJIHHB KalWIISPHO MaJo-
akTUBHBIMH. [ NpaKTHUeCKUX uesefl BOAHOTO XO3sHCTBA HJIM JOPOKHOTO
CTPOHTENILCTBA, KOTZAa HeoOXONHMO YYHTHIBATH ONACHOCTb 3a60JaudBaHH,
3acoJsieHHs II0YB HJIH YMEHBIIEHHs] HeCyullel clIocOOHOCTH TPYHTOB BCJAEACTBHE
KaNuWlAApHOro INepeyBAaXKHCHUS Ha [L0pOTax, HPHXOLHTCS IOJb30BAThCA
SMIIHPHYECKMMH NaHHLIMH, XapakTepHU3YIOUHMH (axkTHdecKH HabJaiofaeMoe
H OTHOCHTeJIBHO OLICTpOE JABHXKEHHEe KAaIHJUISPHOH BOJBI, KOTOpas MOXKeT
BEI3BATH 3TH ABJIEHHS.

Ta6auua _10

CKOpOCTb JABHUKEHHS KaMWAAAPHOH BOAbl B MOYBAX B 3aBUCHMOCTH
OT HX MEXaHHYEeCKOFO COCTaBa

(Atterberg, 1908)

BelcoTa KanuaisipHoro nox- Bpemsa pocTHXKe-
JduameTp wacTHIL, HATHS BOJABI, MM MakcuManpHan HUSl MaKCH-

MM . BBHICOTA, MM MAJabHOM BBRICOTHI,
yepes 24 uac, \ uepes 48 uac, Aunt
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 1153 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 npuBOAATCS BEeJHYHHBl BOJZONMONBEMHOH CMOCOGHOCTH TPYHTOB M
10YB B 3aBHCHMOCTH OT MeXaHHYECKOr0 COCTaBa.

Mexangyeckuit BogonoaneMHast MexaHuyeckuik Bogonoxbemuast
cocTaB cnocoBGHOCTL, M cocTaB CII0COGHOCTD, #
JIéccr 4—5
Kpynssiit necok <0,5 CyrJamMHKM CDefiHHe 2,5—3
Cpemunit niecox 0,5—0,8 CyIJIMHKY  TAKeIEIe 3—-3,5
Cynecs 1,0—1,5 TJHHEL TAXKeHE 4—6
TeieBaTast Cymech 1,5—-2,0 u Golee

B. P. Bunbamc nmogyepkuBasn, 4To BHICOTa KaNHJJISPHOTO JBHXKEHUS BOZAbL
BeCbMa 3aBHCHT TaKXe OT CTPYKTYPHOCTH IOYB H IpyHTOB. CTPYKTypHBIE U
MHKDOA4rperaTHele OTAEJbHOCTH BeAyT ce6s1 CXOZHO C KPYIHEIMH 3JE€MeHTap-
HBIMH MeXaHHYeCKHMH YaCTHLAMH, B 3HAUHTEJbHON CTENeHH CHHXKasi BHICOTY.
H CKOPOCTb KaMUJIJISPHOTG MOLHSATHSL.

Kak Buano u3 paHgbix tada. 11, B 6eCCTPYKTYpHOM NBLIEBATOM CYTVIMHKE:
3a | mecan 10 AHeHl KamuaJsipHass BOJa WOAHAJach Ha BHcOTy 120 ca.

Ta6auma 11

3aBucHMMOCTh BBHICOTHl KATMIJISIPDHOIO MOAHATHA BOABI (B CM) OT CTPYKTYPHOCTH MOYBHI
(nannvie BoabEn mo Buawamcy, 1949)

Hara u Bpems B:;:ngﬁ;zp' CTP%’;:]S;EHM flata u spema Becc'rgmpﬂaﬁ C-rpzx;%rguaﬁ
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 5.11;8 u. 92,8 29,0

13 u. 21,7 9,4 15.11 8 u, 104,9 33,0
2{.] 8 u. 43,0 13,9 25.11 8 u. 115,9 36,3
26.1 8 u. 71,9 22,0 1.1IT 8 . 120,0 37,5

3a 3T0 XKe BpeMs B CTPYKTYPHOM CYIVIHHKe KANHUJJAPHAS BOLA. MOAHSAIACH.
BCEro JIMIIb Ha BeICOTY 37,5 cm. OnHAKO Haxo HMeTb B BHAY, 4TO 06pas3oBa-
HHE CTPYKTYPHOCTH H MHKPOATDETHPOBAHHOCTH B TAXKEJBIX IVIHHHCTHIX MOY-
BaX, HA4060DPOT, MOXKET yBEJHYHTb CKOPOCTh KAIIHIISIPHOTO ABHXKEHHSl pac-
TBOPOB.

ITopBuXKHOCTL KAMUANSAPHON BOAL B IIOYBAX HAXOAUTCA B GOJBUION 3aBH-
CHMOCTH H OT BJAXHOCTH moyB. UeMm cyllle nouBa, TeM OTHOCHTENLHO MeHee:
NONBHXHA B Hed Boga. HaoBopor, ueM BaKHee OYBA, TeM IO BHKHEe B Heil
KanuIsipHas BOJA M TeM Jlerde oOHA IepelaeTcs COCEOHHM G6oJiee CyXHM
TOPH30HTaM.

Xapakrep ABHXKEHHS KaNHJIAPHON BOABI 34BHCHT TaKXKe OT B3aHMO-
OTHOLIEHHS KaNHJJISPHOH BOIBI C 3€PKAJOM I'PYHTOBBEIX BOJ.

JlBHKeHHE KanMAISAPHO-NOANEPTONR BOABI TECHO CBSA3AaHO ¢ KOJEGAHHAMH
YPOBHSL TPYHTOBEIX BOA. CKOPOCTb BOCXOIAINETO ABHMKEHHS KaIMJISPHO-
NOANIEPTOH BOABI 3aBUCHT OT IVIyOHHEI 3a/eraHus IpyHTOBEIX Boa. [IpH ouens
GIH3KOM K TIOBEPXHOCTH IIOJIOXXEHHH YPOBHS TFPYHTOBBIX BOJ KAIHJJISpHAS
BOJla B IIOYBE IlepeMelllaeTcsl CHIAMH MEHHCKOB KaK TOHKHX IOP U KANHJJIA-
POB, TaK H KPYMNHBIX IIOP H KanuaaspoB. CKOPOCTb KaMUJJISIPHOTO IIepeIBHIKE-
HHSL BOJABI C PACTBOPAMH COJIeH 3HAUHTENbHO BO3DACTAET C IPHOJHKEHHEM
HX K II0OBepXHOCTH. CHHKeHHE YPOBHS IPYHTOBHIX BOJ BHIKJIOUdeT U3 paGoTht
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MEHHCKH KPYNHBIX KaNWIISPOB H IOP, CIIOCOOHBIX GLICTPO TPAHCIOPTHPOBATh
KamuwLIsApHyto Boay. CooTBeTcTB2HHO AaxKe HeGoabuioe, Ha 10—30 cx, omy-
CKaHHE YPOBHS FPYHTOBLIX BOJ YPE3BBHIYAHHO CHJBHO CHHZKAeT O6GBEM H CKO-
POCTh KaIMJUISIPHOTO NEPEeABUIKEHHS BOABI, TOCKOJBKY IOCJE 3TOTO KaluJ-
JApHAs BOZA TPAHCHODTHPYeTCHd JHIIb COCYIeH CHJIOH MEHHCKOB HauboJee
TOHKHX KamHIApOB U mop. [locaenHne ke CIOCOGHBI NlepefBHTATh KaIHJ-
JISIPHYIO BOAY JIMIIb MeJJIEHHO H B MaJbiX o6beMax,

ABuXKedne KamWIAPHO-NOABEMIEHHOR BOAB B MOYBAX MPOHCXOLUT MOJ
IEACTBHEM CHIBI TAXKECTH M PaccachiBalollel CIIOCOGHOCTH BOTHYTHIX MEHHC-
KOB TOHKHX KamWJIsApOB H Hop. KanuanspHo-ncaseiieHHas BOAA IOCTeNeHHO
paccachiBaeTCsi B CTOPOHBI M IVIABHBIM 06pa3oM B HHCXOASIIEM HampaBJeHHH
H3 KPYNHEIX KaMmep, II0p W KanWiiaspoB B ToHKHe. C/I0XKHAas CEeTKa BOTHYTHIX
MEHHUCKOB Ha BEPXHHX M HHXXKHHX KOHIAX NOYBEHHHIX KaNWIISPOB yHepKH-
BaeT MOABEUIEHHYIO BOAY B BHCSYEM COCTOSIHHH B TOJIE NOYBEL IT0CKOJMBKY
MEHHCKH MEHBIIHX NOD B KanuJJdapoB o6Janalot GoJbliefi BcachHBalouleh
CHJIOH, TIDOMCXOJMT MeIJIEHHOE paccachBaHWE KamHJUISPHO-TIOABEIIEHHON
BOJAH BO Bce cTOPOHBL. OOHAKO OCHOBHEIM HAIIPABJEHHEM PAaCIPOCTPAHEHHS
KaIluJJIs pHO-TIOIBeIIeHHOH BOJE OyIeT HUCXOAsLIee,

Ecnu nocrynsenne Boasl (aTMocdepHOH, MOJUBHOM U T. 1.) C NOBEPXHOCTH
NPEBOCXOANUT HECYIIylo CHJy BCeX MEHHCKOB IIOUBEl, TO IIPOMCXOXHT cO6poC
u30LITOYHO cBOGOAHON rPaBHTAUHOHHON BOAB BHH3. McmapeHue BOaml ¢
HOBEPXHOCTH UMY NMOTpebieHHe ee KOPHSAMH PACTEHUH COMPOBOXKIAETCS Iepe-
JNBHKEHHEM UYaCTH KAaNMJISIPHO-MOABENIEHHOH BOABI M3 KPYNHBEIX TOp H
KanwlIspoB B Gonee TOHKHE, ¢ NOCTENEHHBIM OOIIUM HUCCYILEHHEM NTOYBHL.

ITockoabky cocylllast CHa BOTHYTHIX MEHHCKOB TOHKUX IIOP H KamHJAJASIPOB
GoJibllle, yeM KPYIHBIX, IPH HCOapeHHH KAaNHAJAsgPHO-NONBENIEHHOR BOJIBE
ITOCTEIIEHHO IMPOMCXOMHT OTCACHIBAHHE BJAard M3 KDYMHBIX KaMmep, Hop H
KalHAJASPOB M IepeMelleHHe ee B II0OBEPXHOCTHBIE TOPH3OHTH! HOUBHL.

TTo uccnenosanusm A. A. Pole U ero COTPYAHHKOB B J1aOOpPaTOPHH H B
HOJIeBHX YCJIOBHSX, B CJy1ae OTCYTCTBHSI PACTHTEJILHOTO MOKPOBA NMPH HCna-
pEHHH BO3BpaIaeTcs X MOBEPXHOCTH IIOYB NPHMEpHO 2/; o6bema Kamua-
JISIPHO-TIONBEIICHHON BOAB!, IIOCTynuBIIed B mo4yBy. [lockoabKy KamHIISPHO-
MOABellIeHHas BoAa CHocoGHa BO3BPAalIaThCs B IAXOTHBIN CJI0H M3 IIyOuHBH
70—100—150 cm, ee BocxOAsiuiee ABHXKEHHE MPH HCIAPEHHH MOXKET ABHTbCH
MPUUHHOK Iepepaclpenc/eHus JerkopacTBOPUMBIX coJiefi, HaXOAsIIUXCA B
HOAMOYBEHHHX TOPH30OHTAaX. TakWe fBNeHHss HabJMIORaJUCh TIPH OpOLIEHHH
nous B mycthinax Caxaps u llenTpanpHoli Asun.

OmacHOCTb 34COJIEHHs] OpOlI2eMBIX MOYB KallHJ/IfAPHO-TOABEIIEHHOH BO-
IOH, BCAEACTBHE MEepeYBJAaKHEHHs NMOYB K DACHPOCTPAHEHHA INPH IOJAHBAX
KAIHJIAPHO-MIOABEIEHHOR BORBl O IVIyGHHB COJEHOCHBIX TOPH3OHTOB,
CHCTEMaTHUeCKH I0fYepKuBasack B pa6orax B. P. Buasamca u J1. T1. Pososa.
3aconeHHs] TAXOTHHIX TOPH30HTOB OpOMIAeMBIX MOYB B 3THX CAyYasiX MOMKHO
BIOJHE H36eXKaTb, €CAH IIPH YCTAHOBJEHHH NOJHMBHBIX HOPM YUYHTHIBATBH 3TY
ONacHOCTb. PhiXJIEHHe MOYB, MOAAEPKAHHE HX CTPYKTYPHOTO COCTOSHHA 3HA-
YHTEJBHO OCAaGJSIOT CKOPOCTh MEpeABHKEHHS KamHJisipHO-IOABeIIeHHOHU
BOAbl TIPH HCMApeHWH K IoBepXHOcTH. HesaTeHeHHOCTb, GecCTPYKTypHOCTD
U PacHBUIEHHOCTh ITOYB, HA060POT, CIIOCOGCTBYIOT YBENHUEHHIO IBHKEHHSA Ka-
MU/ PHO-TIOABEIIEHHOR BOAE! K TTOBEPXHOCTH.

Cnoco6pi BO3NEACTBHA Ha NBHXKeHMe KamuaJIsapHo#i BOAb. B mpaxruke
3eMJIENeUs] BO3HHKAIOT pas3in4yHBle INPOGJEMB perylHpOBaHHs pexuMa
KaNUJIsipHON BOAH B I0UBax. B uensx 60ps6H € moTepeil BOAb! U3 NMOYBH HA
HCIIADEHHe, a TaKXKe [N/ NPEeAYNPeXIEHHs 3aCCJIEHHS OpOUIAEMLIX TNOUB
HEOBXOJAMMO CHCTEMATHUECKH IPHMEHAThH KOMIJIEKC MePONpHUSTHH, Hanpas-
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Puc. 7. Caasb MeXAy CHEXeHHEM
YPOXKas U yPOBHEM TI'pYHTOBBLIX B0
B BereTauWoHHHA nepuos’ Ha ocy-
IeHnelX mousax Hupgepnanmos (Vis-
ser, 1959; Wesseling, 1960)
l—Tﬂ)KeJIbIe TVIHHHCTbIE HOYBLI;
I, I, TV, V —pap CcyraupucTHiX TOYB
Bo3pacTaomel o6eryeHHOCTH;
VI — aerxue (mecuanvie) mousmh;
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JIEHHBIX Ha yMCHbIUIEHHe BOCXOASIUErO NBHXKEHHs IMOYBEHHO-IPYHTOBBIX BOJ
110 KANHJJIAPAM K NOBEPXHOCTH.

ArpoTeXHHYECKHMH NpHEMAMy yMEHbIIEHHs BHICOTHI H CKOPOCTH KamuJ-
JIAPHOTO JBHKEHHS BOABI K MOBEPXHOCTH HOYBBl NMPH OPOIUEHHH SBJSIOTCS
MEpONpUATHS, NpefsnoxenHsie B. P. Bunbamcom past ynydmenns crpykrypsi
NOYBH (MHOTOJIETHHE TDABH B NPABHJBHOM CEBOOGOPOTE, PANMOHANBHAS
06paborka nousn). B sToM ke HanpassieHnu AeHCTBYIOT MYJbUMPOBAHHE
NOYB, CTPYKTYpooGpasyiollde HOJMMEPHBIE MpeNnapaTthl # THApodoGHbIe
BelECTBd, BHOCHMbIE B [IOUBLI.

BcemepHoe cHuKelne ypoBHA COJMEHHX FPYHTOBHIX BOJX H npeaynpexne-
HHE €ro NOAbeMa 10 KPHTHUCCKOH riyOuubl (yMeHbIIeHHe QUALTPANHH BOLH
B MPPHTallUOHHONA CETH, JKecTKajd BOZHAs MUCUHMIVIHHA) TAKKe SBJAAIOTCH
BAXKHENIINM CIIOCOGOM yMEHbIIEHHs] CKOPOCTH H KOJMYECTBA BOJLI, KATHJ-
JAPHO MepesBHIaIoOIeHCst K OBEPXHOCTH MOYBEL B HEKOTOpHIX Ciyuasix B
NpAKTHKE OPOIIAEMOro 3eMJefelinsi, HaoGopoT, UeaecO06Pa3HO COXPAHHTD
NOCTYNJIEHHE KalH/ISIPHO! BOABI B MAXOTHHEIH T'OPH30HT IOYBH M Y4ECTh 3TO
AOTMOJHHTENbHOE TPYHTOBOEC NMHTAHHE PACTEHHH HpPH paspaGoTKe MOJHMBHBIX
pexKUMOB. DTO HEOOXONHMO B TEX CAYUAsX, KOTAa GJH3KO PACION0KEHHAS OT
IIOBEPXHOCTH IrpyHTOBast BoAa (1—2,5 M) ne 3aconena, a sBAseTCS CPaBHH-
TeJIbHO MajoMuIlepanisoBanHod (1—3 e/a). Iloctymmenwe Kanuaiapuoi
BOJBI B MOBEPXHOCTHBEIE TOPH3OHTEl MOYBBI MO3BOJISET IIPH 3TOM 3HAUHTEIBHO
YMEHBIIHTb YHCJIO NOJNHBOB 33 BErCTANMOHIbIN MEepPHOL, 4 B HEKOTOPHIX CJy-
qasix 4 MOJIHOCTBIO OTKA3aTbCsl OT HAX (KaHPHOe HEMOJHBHOE 3eMJIefleline Ha
teppacax CripAapbu u AMyRapbu NpH NpPECHBIX IPYHTOBHIX BOJAX, 3eMJie-
geare B XopeaMe Ha ONPECHEHHBIX IPYHTOBHIX BOJAX).

Heo6Xx0nuMOCTb COXPaHEHHst JIOCTATOYHO GBICTPOrO MOCTYIJIEHHS KaMHJ-
JSipHOA BOABI B MOBEPXHOCTHbIE TOPH3OHTLI NHOYBBL NOJKHA YYHTHBATLCH
TaKkKe U IPU OCYUIUTENIbHBIX MeJHOPAlHsX, YTOOH He NOMYCTUTh MepecyliH-
BaHHs paHce 3a6osouenHelx 10YB. OCYIIHTENbHEE MEAHOPANMH JOJKHBI
OBITH HAMpPABJEHbl HA TO, YTOGBl OTBECTH TOMbKO H30nITOUHBIE BOALI, Ocyiuu-
TEJIbHBE KAHAJbl 1 APEHbl He JOJNKHB 3dK/AaAbIBATbCS [MIYGOKO B IPYHTOBLIE
BOIBI. DTO HeOOXOAUMO JUIsl COXPAaHEeHHs CHCTEMAaTHYeCKOTo GBICTPOro HocTy-
NJIEHHs] NDECHOH KAMUAIAPHON BOALI TPYHTOBOTO HMPOUCXOXKIEHHs B MOBEPX-
HOCTHBIH KOpHeOOHTaeMblit CJIOH TIoyBHl, 6Jaropaps 4eMy Ha OCYUICHHBIX
3eMJIAX IOAAepXKHBaeTcs Kak Oul MOAMOYBEHHOe opomeHue. Humepaanmsl,
Beaprus, lIsenuss 1 GUHAAHIHS IHPOKO MOAb3YIOTCS 3TUM npHemoM. B Hu-
HepAaHnax YCTAHOBJEHbI W HOPMBI OCYHIEHHS C YYCTOM 3TOTO SIBJCHHSA
(puc. 7).

Hao6opoT, npu KOPeHHBIX MeJRHOpPalHAX U OCBOEHUH COJIOHYAKOB BO3HH-
K4eT 3aj1a4a OTPHIBA MAXOTHBIX FOPHBOHTOB MOYB OT KAMH/IISAPHON KaiMBl 1
CHHJKEHHSI YPOBHA COJIEHBIX TPYHTOBBIX BOA Ha TAaKyw [JAyOuHHY, ¢ KOTOpOH
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MUHEPaJIH30BAHHKIE PAaCTBOPbl KANWIJIAPHO-MOANEPTON BOZbI HEe CMOTYT
GEICTPO NOXOIUTH A0 KOPHEOOHTAEMBIX CJ0EB NMOYBHL. B 3THX caydasix IpH-
XOLMTCA 3aKJ4NBIBATD APEHHDYIOIMHE KaHAJH C TAKHM pPAcYeTOM, YTOGHI
YAEPXKUBATD IDYHTOBBIE BOABI HECKOMBKO Huxke (Ha 20—30 cm) mx KpuTHue-
CKOTO ypOBHS.

Hakowuer, B OTACABHBIX CAYYASIX BO3MOKHEI MEePONPHATHS, HANPaBJICHHbIE
Ha yCH/IE€HHE H YBeJIHYEHHE KAMH/NISPHOTO NEPeABHKEHUs BOABI B MOUBAX.
Taxk, nocne noceBOB peKOMeHAyeTcs yKaTKa HOBEPXHOCTH IOJS CIEeHab-
HbIMH KATKAMHM JJISl yAYYIICHHSI KOHTA4KTa CeMSIH C MOYBON, HAS mojauy
KaNULAAPIOH BOJBL K CEMeHaM, YTO HeOGXOAUMO 1/ HX HAGYXaAHHS U IpyX-
HEIX BCX0z10B. IToce ykartku moJie fo/:KHO 6bITL POGOPOHOBAHO AJIS OCAAG-
JIeHHsl UCIapeHHs BJIATH C MOBEPXHOCTH.

Tmarenbible MOMMBE MO 60P0O31aM, NOANOYBEHHOE ODOLWIEHHE H3 MAACT-
MaCCOBBIX TPYyOOK TaKxke OCHOBAHH Ha CTPEMJEHHH HOLABATH KaNnHJJIS PHYIO
BOLYy K KOPHSIM DACTEHHH C MUHHMAaJbHBIM OGpa30BaHHEeM IPaBHTALHOHHOL
BOIBI.

ABUXEHUE TPABHTALMOHHOW BOIbI

IlosiBnenye B MOYBEHHBIX TOPU3OHTAX BOJBL B KOJHUECTBE, [peBHIIAIOIIEM
MX BONOYAEPKHBAIOIYIO CIOCOGHOCTD, CONPOBOKAAETC 06pa30OBaHHEM CBO-
GOZHO# rpaBHTALHOHHOI BOAH, KOTOpAsi NepeIBHraeTcs HOJ BAUANHUEM CHJIEI
TSKECTH B HUCXOAAIEM HAM GOKOBOM HampaBjeHudu. [IpH HHTEHCHBHOM
NPUTOKE CBOGOAHON BOIBI HA IOBEPXHOCTb NMOYBLI HAaBMIOLAIOTCA 1BA sBJe-
HHs: BOHTBIBAHKC BJIATH M NOBEPXHOCTHBIH CTOK BOABL [ToBepxnocTHmill cTok
BBIDAXKEH TeM CHJIbHEE, YeM Mellbliie BOAONPOHHIAEMOCTh IOYB, 4YeM OHH
BJIaXKHee, cabee pacTHTEbHBIH NOKPOB M GOJBIIE YKIOH MECTHOCTH. CMBIR
MOYBB! ¥ BBIHOC PACTBOPHMBIX BELIECTB — IPSMOE CAEACTBHE IIOBEPXHOCTHOTO
CTOKA IPaBHTALHOHHON BOAB. EcJi MOYBa NpH IOCTYMJIEHHH HA Hee C IOBepX-
HOCTH BOABI OblIA OTHOCHTENBHO CYXOH, TO MepBOHAYAJbHO IIpeBaNHpyeT
BINUTHIBAHHE TPABHTAIIHOHHOH BONLI B HOYBY. BuuThIBaNHe BHI3LIBaETCS COBO-
KYIHBIM BO3JIEACTBHEM CHJIBl TAXECTH, KAMWUISIPHONO H IVIEHOYHOrO pacca-
ChiBaHHA BOABL. [103TOMy BOUTBIBAHHE HANpPaBJCHO HE TOJLKO B HHCXOASIEM
HamnpaBJEHUM, HO YACTHYHO U B CTOPOHBI OT MeCTa MOsIBJEHHS CBOGONHON
BOJIHI.

Ecau nousa umeer GOMbIIYIO TPCIUHHOBATOCTb H KPYIHYIO HEKaNHJISIp-
HYIO CKBAaXKHOCTb, TO, KPOMC BIHTBIBAHHSA, IPOHCXOMUT <MPOBaJ» CBOOGOAMNON
TPaBHTANHMOHIION BOABI BHH3 (TypOyJneHTHas BOLONPOHHuIAaeMoCTh). B Tex
Cayuasax, Korna cBo6oJHAas BOJA 3aI0JHSET HOJHOCTBIO CKBAXKHOCTL MOYBH U
rpaBHTANMOHHAS BOAA JBHKETCs CIJIOIMIHBIM DAaBHOMEPHBIM MOTOKOM Uepes
TOJIIIly IIOYBEHHBIX FOPH30HTOB, Hactynaer GuabpTpauus. B peanbuoii mpu-
pole BIHTHIBaAHHE, «NpoBad» ¥ (QUAbTPalHUs BOALI B INOYBE MHPOTEKAIOT
napaanienbHO. B mpakTHke 3eMieneNus ualle BCEro CTAJKHBAIOTCH C sBJle-
HHeM BIIHTLIBANHS, a B NpakKTHKe MeJHOpallH¥H, KpoMe TOro, H ¢ (puabTpa-
nHen.

JIBHKeHWe TpaBHTANMOHHON BOJB B HHCXONSIIEM HAaNpaBJEHHH 3aBHCHT
0T pasHOOOpPasHBIX PAKTOPOB H 0OCTOSITENBCTB.

B cnydae cyxoCTH HOYB H FPYHTOB C HOBEPXHOCTH Hadajo GHAbTpALHH
3aJlepKHUBAeTcs, INOCKONBKY 3HAYATEJNbHAd YacTh BOABl PACXOAYETCs Ha
CMauHBaHHEe MOUBHI, Ha0yXaHHe KOJJOHIOB H CO3AdaHHE MEXKAY YaCTHUAMHU
HOOYBH OGOJIOUKH TIJIEHOUNION M KaNWJIAPHOH BOIB. JIMINB HOCJe TOTO, Kak
BJIAXKHOCTD MOYBH JOCTHTHET BEJHUHHBI KAMUIASIPHOH (HauMeHbIIed) BJaro-
€MKOCTH, IOSIBJIsIeTCst CBO0OAHAs FPaBUTAallMOHHAS BOJa H NpOLEcC HHCXOASA-
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1Iero OBMKEHHs BOAE ycKopseTcs. Bo BaaKHOH HOYBe HHCXOASAILEE JBHIKE-
HHUe HOBBIX NOPUHMA IPABHTAUHOHHOH BOABI, €CTECTBEHHO, MPOTEKAeT HOJHEE,
NOCKOJIBKY MCKJAIOYAeTCsl pacxol BaarM Ha CMAayHBaHHE, H4 IJIGHOYUHOE U
KanwujIspHoe paccaceiBanve. B cyxux mnouBax 3agepkka QuabTpanud B
MOMEHT YBJIAXKHEHHUs C MOBEPXHOCTH (NpPH AOXKAAX, NOJMBAX H NMPOMEIBKAX)
MOXKeT ObITh BEI3BA4HA BO3JYXOM, 3aIOJHSIONIUM CBOGOJHYIO CKBAXKHOCTH B
HHUXKHHX TFOpU30HTaX. M3BeCTHBI Cyyan NpUMEHEHHS clenUaJbHBIX OTAYIHHH
IJs o6JlerueHHs AOCTyNa JHBHEBBIX BOA B ApeHbl. IIpu npoBefeHUH NPOMEIBOK
COJIOHYAKOB C LEJbIO VIaJeHHs cojleft HeOGXOMHMO IepeMeXkaThb NpoMbIBae-
Mple H HEIPOMbIBAeMble MOJIOCH IJISl TOTO, YTOOB MOYBEHHLIH BO3AYX CBO-
601HO BLHITECHHJICS IPOMBIBHOK BofoH. B mpoTuBHOM cayuae 3¢ ¢eKTHBHOCTh
OPOMBIBHOH BOABI CHJILHO CHUIKAETCS,

YeMm TAXKeNIee MEXAHHYECKHH COCTAB MOYB, TeM 6Gojee MeAJieHHOe NBUXKe-
HHe T'DaBHTANMOHHOH BOXBI OHH OGYCJOBJIHBAIOT B OGECCTPYKTYPHOM COCTOS-
HHH. TsXKeqble GeCCTPYKTYPHBIE MOHTMOPHJIJIOHHTOBEIE TJIHHE, CKBAXKHOCThb
KOTOPBIX IIPEACTAB/AEHA TOHKOKAINMAAPHBIMH TOPAaMH, 3aHITHIMU B OCHOBHOM
mieHkoll (U3HYECKH CBf3aHHON BOJABI, NMPAKTHUECKH COBEPLIEHHO BOXO-
HeMmpoOHHUIAeMbl, OHH 3aJepKUBAIOT HUCXOASALIUA TOK M HAKAILIHBAIOT <BEp-
XOBOZKY». B CYIJITMHKAX M MecKax, eCTeCTBEHHO, ABHKEHHE I'DaBHTAUHOHHON
BOALl nporekaer GoicTpee. BomoycrofiuMBas CTPYKTYPHOCTH MOYB CHOCOG-
cTByeT 6osiee GBICTPOMY NBHIKEHHIO DABHTALHOHHON BOAHL. [laxe TsKe/He
IVIHHB, HO obJapaionive GoJjiee WM MeHee BLIDAXKEHHON CTPYKTYPHOCTBIO,
HMEIOT YA OBJETBOPUTENbHYIO BOTONpoHHIaemocTb. O 3HaueHHH CTPYKTYDH! B
BOZONPOHHIAEMOCTH TTOYB MOXKHO CYIHTb MO NaHHBIM Tabua. 12.

Ta6aunuma 12

3aBHCHMOCTDL BOJOTIPOHHIAEMOCTH OT CTPYKTYpPH ropu3oHta A
YepHO3eMHbIX MO4B

(Bapakos, 1898)

BoponpouunaeMoctb, % Boponpouutaemocts, %
 Vropee cly':m 2-¢ CYTKH | 3-H CYTKH Yronze c;-rexu 2-e cyTrH | 3-u cyTku}
Hemna 100 63 35 Ione y6pansoro
Banexn 104 65 39 oBca 20 132 10
Tox necom 75 54 34 Ione yGpannoit . .
Yepnuit map 52 59 32 pxn 3 L,

3HayeHHe CTPYKTYPHl B BOZONPOHHIAEMOCTH HEOOXOAHNMO YUHTHBATD IPH
opoiueHus noys. Hapeska 60po3i Ha MOJAX Nepe] MOJHBOM MPONAIIHBIX Pas-
PHIXJIsieT NMaXOTHHIH TODH30HT MOYBH, OCTPYKTYpHBAE€T ero u obOecleyHBaeT
yBeJIHYeHHe BOJOIPOHHIIAEMOCTH B MOMEHT II0/IMBA. Be3 3THX NMpeaBapHTeb-
HBIX MEPONPHATUH BOLONPOHHI2EMOCTh MOXKET OKa3aThCsl HACTONBKO HH3KOH,
UTO MOJIMB YPE3MEPHO PACTATHBAETCH, a BOJA TepHeTCs Ha HCIIapeHHe.

BoponpoHHLaeMOCTb cepo3eMa Ha I0JI€ XJAONYaTHHKA 3HAYUTeJIbHO HHXKe,
yeM Ha noJe mionepHsl. Ure6r sMectiuts 1000 #3/2a MONUBHON BOABI B TOMLLY
opolaeMoro ceposeMa Ha XJIONIKOBOM INoJje, He XBaraer Zaxe 16 yac., B TO
BpeMS KaK Ha MoJie JIOUEPHH /s 3TOr0 JOCTATOUHO 3 yac.

JIBHKeHHe rpaBUTANMOHHON BONBI B 3HAYHTEJDIION CTeMEeHH 3aBUCHT TaK-
3Ke OT cOocTaBa NOIVIOMEHHBIX HOYBOH O6GMENHBIX KaTHOHOB, KaTHOHH, Koary-
JHpYIOIIYe TOYBEHHbIE KONJIOUbI, HAIPHUMED KaJblHH, CIOCOGCTBYIOT yBeH-
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YEHHIO BOJONDOHHLAEMOCTH M CKODOCTH [ABHIKEHHsS IPaBUTALHOHHOR BOZALL
OO6meHHble en04H, 0coOeHHO HATPHH, clocoOCTBYs MHTeHCHBHOMY Habyxa-
HUIO TIOUBEHHBIX KOJIJIOMAOB H HX THIAPATAIUH, CHAKAIOT BOJIONPOHHIIAeMOCTh
¥ IBHKEHHE TPABHTALHOHHON BOJAH. B cOJIOHIOBHIX NOYBax yMeHbleHue BO-
JONPOHHILAE MOCTH TIOJ, BJAHSIHHEM IOTJIOLIEHHOrO ATPHUSI CBS3aHO ¢ yMeliblile-
HHEeM cBOOOLHOTO ofbeMa Mop 3a cueT rHApaTauuu Koajgounos. IlpucyTcrBue
GOJIBILOTO KOJIHYECTBA JIETKOPACTBOPHMABIX COJIeH BBISBIBAET KOATYIANHMIO [VIH-
HHCTHIX H KOJUIOMIAJbHBIX YACTHIL M HMX JAeruaparauuio. Besaedctsue storo
«COJIEHOCHBIE TIOYBLl H TPYHTH OOHIYHO HMEIOT IIOBHILIEHHYI0 BOJOINpPOHHIAE-
MOCTb.

OpnHako mo mepe Bhille/IaunBaliys JErKOpPacTBOPHMEIX CoJefi Ha cOJenoc-
HOTO TPYHTa M IOYBH KOATYJHPOBAHHOCThL IVIHHHCTO-KOJJIOMIAJMbHOR (pak-
IIMH CMeHsIeTcs TIPOLLeCCAMH ee TIeNTH3AMMH, U BOLOIPOHHIIaeMOCTh IIPOMBITHIX
‘COJIEHOCHBIX 6€3THIICOBHIX TPYHTOB HAUHHAET Pe3KO CHHXKAThcA. DTO ABJEHHE
OBLJIO YCTAHOBJIEHO MAJf 3aBOJIZKCKHX LIOKOJAAHBIX TJIHH, 34COJIEHHBIX 00Jb-
IINMH KOJHYEeCTBAMH XJIODHCTOTO HATpHS.

[Ipucyrereue B nouBax 6ukap6oHaTOB M KapOOHATOB LIesJodell npeponpe-
JlesisieT X HH3Kyl BomonpoHuunaemoctsb. Iloushl maxe crna6oro cofgosoro 3a-
cosenus ciaGo MPONMYCKAIT paBUTALMOHHYIO BOLY M HHOTAa BOJLOHENPOHH-
naembl, OMHAKO IIPH OTMLIBAHHH COJIEH U3 NOYB H TPYHTOB, COAEPXKAIIUX THIC
(4TO THIHYHO IJs TOYB XJOPHIHO-CYJAb(ATHOTO 3aCoJeHHs), BOLOIPOHHIAE-
MOCTh He CHHXKAeTCs, TaK KaK KaJIbIuil THIlca NOJHOCTbIO HACHIaeT HOYBeH-
HEIE KOJLIOHABI, YTO TOAAEPAKHUBAET HX KOAryJHPOBAHHOCTD.

Ha BomonpoHHIlaeMOCTH MOXeT CKa3hBATLCA TAKXKe H NeATeNbHOCTh MHK-
pOOPraHN3MoB. ATperupoBaHye INIHHHCTO-KOJIOHAANLHON paKIUK TTOYB IOX
BINWSHHEM [AeATeNbHOCTH MHKDPOOPTaHM3MOB MOXET cnocoGCTBOBAThL yBeJH-
qeHHI0 BOILONPOHMIIAEMOCTH H CKODOCTH [BHXKEHHA TDaBHTAUHOHHOW BOJIHL
AnaspobHble mnpolecchl, cONpOBOXKIAIOLIMEcH MHHepaJn3anued opraHuye-
CKHX BellecTB, paclaloM arperaToB M BOCCTAHOBJEHHeM psila cOoelUHEHHH,
CTIOCOGCTBYIOT YMEHBIIEH IO BOJOIPOHHLAEMOCTH.

JlaGopaTOpHHMH H NOJEBBIMH 3KcNepHMEeHTaMH [ pysMHCKOro HayyHo-
MCCJIEIOBATENIBCKOTO HHCTHTYTA YCTAHOBJEHO, YUTO HCKYCCTBEHHOE OrJIeeHHe
1I0UBEHHOHA Macchl pe3Ko yMeHblaeT QHJAbTPALHIO BOAH B 3eMJASHEIX KaHAAaX.

Kosdduuuent BnuToiBaHMa Xapakrepu3yeT CKOPOCTb NOCTYIIEHHS] BOXBL
B CYXyl0 II0YBY C NIOBEDXHOCTH B €IHHHIY BpEMEHH Ha eJHHHIy MJIOIAaTH.
Kosddunuent BnuTHBAHUS HeOOXOIHM IIPH OLEHKe POJIH LOXKeH, IpH paspa-
BOTKEe peKUMOB OpOLIEHHs, pacueTe IIOJIHBHOH HOPMBI, NPOLONKUTENLHOCTH
TIOJMBOB, 1Jisl pacyeTa BeJHYHHBI IOJHBHOHR CTPYH.

Kostbdunuent BOUTBIBaHUA HaXOLUTCH B OOJbIIOH 3aBUCHMOCTH OT
CBOUCTB IOYB, arpOTeXHHYECKOTO COCTOAWHS, MOIMHOCTH HaXOTHOTO TMOPH30H-
T4 ¥ BJAXKHOCTH IIOYB, H B 3aBHCHMOCTH OT ME€XaHHYeCKOro cocTaBa IPYHTOB
Kosnebsercsd B CJACAYIOIIMX npelenax:

Cauyel Tskedbie 0,1—0,5 cM fuac 10—50 m3/za]uac
Caueel cpenure 1—5 » 100—3500 »
CyrauskH 5—10 » 500—1000 »
Cynecn neiieBaThe 10—15 > 1000—1500 »
Teckn >20 » >2000 »

KosddunyenT BIUTEIBAHHS H3MEHAETCS B IPOLECCE CAMOrO BIHUTHLIBAHHA.
Hau6oapmasa peqnydHa ero Habmofaercss B Hauaje IOCTYIJIEHHA BOIBL HA
cyxyio nousy. ITo mepe HachIeHHs TIOYBH BOXOH, 110 Mepe ee HaGyXaHHs H
paspylieHust CTPYKTYPHBIX OT/eNbHOCTelH, 3Ta BeJHYHHA cHHXKaercs. Ecian
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IpOoNOJKaeTcs INOCTYIJIeHHe TPaBHTALMOHHOH BOABI, TO IpOIECcC BIHTHI-
BaHHUs NOCTENEHHO IMepexoiuT B mpouecc ¢uabrpauun (puc. 8). O6ruHO
ko3P dunedT GUAbBTPANNY B AeCSITKH pas3 MeHblie, 4ueM KoddQHIUeHT BIH-
TBIBAHUS.

Koadduumnent dpuaprpanuun npencrasisier co6oii CKOPOCTh ABHIKEHHsI Tpa-
BHTAUMOHHON BOJLl B BOJOHACHIIIEHHOM HOYBOIDYHTE B €IHHHIYy BPEMEHH ue-
pe3 eqUHHIY TOBEPXHOCTH, BHIpaXKeHHYI0 B cM/cex uiau B m/cyrku. JlaHnbe
0 ko3 dunyerTe GUIbTPANHH HEOOXOAUMEl NIPH pacyeTe BEPOSTHHIX IOTEPh
BOIBI Ha QHMJIbTpALMIO B BOLOEMax, HPPHTALMOHHON CeTH, NIpH pacyeTe Npo-
MBIBOK IIOYBHI, APeHaXKHUIX YCTPOHCTB H T. 1.

Koadpduuuent GuabpTpamnyuy 3aBUCUT OT THIA U BOAHO-(QU3HYECKHX CBOMCTB
IIOYBEHIILIX TOPH30HTOB, HX MEXaHHYECKOrO COCTaBa M AarperHpoBAHHOCTH.
KoadduuuenT QPuabTpanuu cJHOMCTOH NMOYBHl 3aBHCHT OT (PUIBTPANMOHHBIX
CBOHCTB HauMellee BOAONPOHHIIAEMOro TopH30HTA. [laHHbE Ko3dGHUHeHT,
Kak H Ko3(®HUIHEeHT BIATHIBAHUS, SBJSETCS OIHHAMHUECKHM NpH3HakoM. Jad
OCHOBHBIX TPaHYJOMETPHUYECKHX TPYNN FPYHTOB MOXKHO NPHBECTH CJAEAYIOUIHE
CpelHHEe BeJHUHHB KO3()GHIHEHTOB QHUILTPALMH:

THmKeNbe CONOH- Cynecb 10-3—10"¢ cmjcex
LOBBle T'JIMHEL 10-7—1078 cm/cex IMecku 10—2—10-° »
Fanuae 10—5—10"¢ » [pasuit 0,1-0,5 »
Cyraveky 10~4 1073 » T'aneynnku 0,5—1,5 »

OntumanbHOfl BOAONPOHHIIAEMOCTBIO IIOYB, ¢ TOYKH 3PEHHS] OPOILIEHHH,
caenyet cuutatb BeanunHy 1000—1500 x3/ea/sac. Tlpu MeHBIINX BeJHUHHAX
NoJauBH 3aTpyaHeHsl. Bennuunwl mopsinka 2000—3000 #3/za/sac nosenyTt K
NoTepsIM INOJHBHOH BOZABL, NMOABEMY TPYHUTOBHIX BOI M 3a00JauyMBaHUIO
(Tabua. 13). B atux cayuasix HppurallHOHHble KaHaJabl JOJIXKHE OBITh IOKPLITH
THADPOU3OIAIMOHHBIMY 3KPAHAMH.

3HaueHMe TPABHTALMOHHON BOJbI B MOYBOOOpa3oBaHHH. [[BuKeHMe rpa-
BHTALMOHHON BOABI, ocobenno B dase duabrpanyy, HMeer TpoMapHoe 3Haye-
HYe B IOYBOOGpPA30BAHUHU. BBHAY HHUCXOASWEN HaNpaBJEHHOCTH ABHXKEHHS
TPaBHTALMOHHON BOABI OHA SIBJASETCS MOIIIbIM (DAaKTOPOM BhilleJauHBaHHS,
TPAHCIOPTA H TiepeOoTNOKEHHsT PACTBOPEHHBIX ¥ B3BelIEHIIBIX IPOAYKTOB I0Y-
B0ooOpa3oBaHUg H BHIBeTPHBAHHA. [OCIIOACTBO B BOANIOM pPE€XMMe HOYB NpO-
1ecCOB (QUJBTPANMK W GOKOBOTO BHYTPHIOYBEHHOTO OTTOKA TPABHTALHMONHOIM
BOIBI CO37AeT TaK HA3BLIBACMBIN 3J0BHAJbHBEH, IPOMBIBIOH TUI BOAHOIO i
BeulecTBeHHoro 6asnamnca B MOYBAX.

Ecnu nocrynaenne ¢Bo60JHON BOAH B NOYBY OlepexaeT sABJeHHs Quib-
TPALHM U eCJH CTOK CBOGOAHOM BOIBI MO ycsa0BUsIM peabeda (YKIOHBI) Ha-
yhgHaer InpuobperaTb cylECTBEHHBIE pasMephbl, TO IPOHCXOAHT CMHIB H
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Ta6auna 13

MeanopaTHBHAsl OLEHKA BOJONPOHMUAEMOCTH MOYB H TPYHTOB

BogonpoHuu aeMocTh
IpHMeuanus

M3 /eaqac creneub
<100—200 Huskas OnacHocTs CHABHOR 3p0o3HM

300—500 Y nosnieTBOpUTE/IbHAS Onacrocts caaGoft aposuu -

500—1000 | Xopomas —
1000—1500 OnTuMalbHas — )
2000—3000 Beicokas OnacHocTh MOATOMJAEHUS H 3a60-

JIauuBaHuA
>5000 Ougerp BhICOKaR To xe

IepeHoc INOBEPXHOCTHBIMH BONAMH IIPOJYKTOB BLIBETDHBAHUS M IOYBO-
06pa30oBaHus, CKJIAABIBAGTCH 3PO3HOHHO-3/II0BHAJBHBIA THI GajgaHca BOAHL
¥ BEUIECTB.

Poab ¢uabTpaumu Bojbi B BOAHOM X03siicTBe. PUIbTpaLUs 'PABHTAIMOH-
HOH BOXMI, IOCTYILIEHHE €e B IIOYBEHHO-TPYHTOBBIE BOJHI ¢ IIOJ'BEMOM YPOBHS
NocJeIHUX K HOBEPXHOCTH, UIHPOKO PAacHpOCTPaHeHa B OpOIIaeMOM 3eMJie-
IeJUH U SBJseTc ONHOHN W3 IJIaBHBIX NPHMYMH Ipouecca BTOPHUHOro 3abona-
YuBallug H 3acoJieHus opollaeMux nous. Hemocratounoe BHHMAaHMe K Tiia-
TeJILHOCTH GOPO3[KOBBIX IIOJHBOB, HOJHBE 3aTOIIEHHEM 0e3 HODMHPOBaHUS
BOZBl NPHUBOAST K TOMY, YTO Ha OpOLIaeMbIX IOJSAX AONYCKAIOTCH NOJHUBHbIE
HopMH, Ha 100—2009, npeBrImanIIye NOJEBYI0 BJIAroeMKOCTh NOYBHL. [Toxa-
ya BoAbl MOXKJEBAJbHEIMM MallMHaMH B OoJbiidX KosauuyecTBax (3—
4 MM[MUH) TPHBONHT K TOMY, YTO TIIOJIe INPAKTHUECKH 3aTOIJAETCS BOLOH
(2,4 Toic. mM3/eal4yac), koTOpast GeCNONE3HO CTEKAeT B NOHHXKEHHs ¥ QHib-
Tpyercs B IIyOHHY.

LpyriM HCTOUHHKOM TPABHTAILHOHHLIX BOX SIBJSETCS (QHABLTPALNSA BOLBI
B ceTH HPPHUTAMHOHHBIX KaHAJIOB, KOTOPble B OOJIBbIIHHCTBE He HMEWT O6JIH-
oBKH. BenencTBHe KOJOCCaNbHOH NPOTAXKEHHOCTH HPPHTANMOHHOR ceTH B
opolllaeMbX paiioHax u G0JBLICH NPOTOJIKHTENBHOCTH €e PAaGOThl B TeueHHE
BereTalMOHHOIO NepHoja B KOHeyHOM cyeTe Tepsiercss Ao 50—60% Boxsl,
noctymnariell yepes rojosHoe coopyxkenue. dtu 50—609, Bceli noayuaemon
CHCTEMOH MpPHMTamMOHHON BOAb, (QUALTPYACh B HHCXOAAIIEM HampasJe-
HUH, HACJAHBAIOTCS Ha TPYHTOBBIE BOAbI, LIMTAasi W NOAHMMAsi YpOBeHb I10-
CIIEJIHHUX.

bBosblide KOJHYeCTBA CBOGOJHON TpaBHUTALMOHION BOAB 06pasyloTcst B
HppUTanHOHHBIX CHCTEMAX BCJENCTBHE PA3/IM4HOrO POja aBapuil Ha HppHra-
IIHOHHBEIX KaHalax M COOPYXKeHHUsIX BCaelcTBHe cOpoca H3OBITOYHON BOAK HA
LOpOTH H B pasJiHuHble NOHHUKEHHS.

Puc o6riuHo Bo3mesnbIBaeTcss NMPH NOCTOSTHHOM 3aTONJEHHH M NOTpefaseT
B Teuenue Bererauuy 15 000—20 000, a wnorga 30 000—40 000 »® Boan 1A
I ea. EctecTBeHHO, yTO NpH 3TOM TaKxke 00pa3ylOTCA TPOMALHbie KONHUECTBA
cOpocHolt U (UAbLTpYIOIlelic IpaBHTALHOHHON BOJB], NOZHHMAIOIUEH TpyH-
TOBble BOIHI. ‘

[TosiBsienne B HppUTramHOHNOM cHcTeMe OOJMBIIOTO KOJHYeCTBA TpaBHTa-
LMOHHOH BOJXBI, MUTAIOLLIEH TPYHTOBEIE BOJLI, COBEPIHEHHO HEIONYCTHMO BCJe-
ICTBHE NPSMOH ONAacHOCTH TOAbEMAa YPOBHSI TPYHTOBHIX BOX, Pa3BHTHA 3a-
6o/1aYHBAHYUS U 32COJIEHNS TIOYB.
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Cnioco0bl cHMXXeHUS QHABTPALMM IpaBHTanMoHHOH BOAB. OTpHiartesbHoe
BJAHSAHUE QUILTPYIOLNeficd BOABl B OpOLIaeMOM X03fHcTBe TpebyeT OcyLIecT-
BJIEHHsl CHCTEMATHYECKHX MEPONpPHSITHH IO YMeHblIeHHI0 (QHJIbTPALHUH H TO-
CTyNJIeHH# CBOGOXHON BOIH B rpyHTOBble BoAhl. HaubGosblilee 3HayeHHe IpHU
3TOM JOJKHO HMeTh IIJIAHOBOE HOPMHPOBAHHOe BOJopaclipeliesieNte H BOAO-
NoJb30BaHHE B HPPHUTALHOHHBIX cHcTeMaX. OTO BO3MOXKHO JHIIb TOrAa, KOraa
OpOCHTE/IbHAS CHCTeMa OCHAaUleHa BOAOMEPHBIMH YCTPOUCTBAMH U ABTOMATH-
YecKUMH NpHOOpaMH, HCKIIOYAIOUMMH BO3MOXKHOCTb H3OHITOYHOrO BOAO3a-
6opa ¢ nocaeayiowmei Gunbrpanveil H3JHIIHUX BOX B NOYBY. BbicOKOKauecT-
BeHHbIE TIATeJNbHblE NOJHBH, pacCYHTaHHbIE NJIS He3aCOJeHHHX IO0YB IO Je-
$HUIUTY BAAXKHOCTH A0 TOJNEBOH BJIaroeMKOCTH, SIBJASIOTCH JpYruM ycJo-
BYeM YMeHbIUeHHs noTepb Boabl Ha GuabTpaunuio. Has storo Heobxo-
O¥MBl cHCTeMAaTHYecKHe HAO/IONeHHS 33 BJIAXHOCTBIO IIOUB H COCTOSHHEM
pacreHHi.

KpoMme 3THX moBCeMeCTHO TOJIE3HEIX MepONpHATHI, GHJIbTpPAUMs TpaBH-
TAMOHHON BOABI HOJKHA OBITH MCKJIIOYEHA HJIHM IO BO3MOXKHOCTH YMeHbllle-
Ha TakKe B caMoll HPPHUTAIHOHHON ceTH. DTO MOXKeT OBITb JOCTHTHYTO IIpH-
MeHEHHEM Pa3JHYHHX aHTHQHJALTPANHOHHLIX 3KPAaHOB HA KPYNHHIX KaHaJax
M IIepeBOAOM pacnpele/HTENbHBIX KAHAJNOB Ha JIOTKH H TPYOOIDPOBOIHL.

BosgensiBanue Ky/abTypH pHca ¢ NOATOIUIEHHEM 3eMJIH NIPH COBpeMEHHBIX
‘MeToLax IOJHBA INOJIKHO IIOCTENEeHHO NepeBOAMThCH Ha IpPepHBUCTHE II0-
.JIUBBI, KOTJJa OPOCHTE/IbHble HOpMBI MOXHO OyAeT YMeHbIIMTL B 1,5—2 pa3a.

IToBriienne duAbTPAUHOHHBIX CBOHCTB MAXOTHOTO H NOAMAXOTHOTO TOPM-
30HTa. B npakTHKe 3emJyefenHs H BOLHOIO X03sficTBa GBIBAIOT CJayuyaH, KOraa
"He06XOLHMO NOBBICHTb BOLONPOHHIAEMOCTh NIOYB. B OIHHX ciyyagx 3TO He-
-06X0AUMO ISl YJAYUIleHHsl KauecTBA IIOJMBOB TAXKeIbIX O6ecCTPYKTYpPHBIX
nous. B apyrux ciayuasx NoBHIleHHe BOXONPOHHIAEMOCTH IIOUB HEOGXOIUMO
"BpEMEHHO [Js NpOBeleHHsl YCIEIUHBIX MPOMBIBOK 3aCOJIEIHEIX NOYB NPH HX
OCBOEHHH.

IoBrieHne BOMONPOHNIIAEMOCTH [IOYB U YBeJHUeHHe CKOPOCTH IBHKEHHS
-cBOOOAHON TpaBHTALMOHHOH BOABl MOTYT NOCTHTaTbC KaK arpoOTeXHHYeCKH-
MH, TaK 4 KODEHHLIMH MeJHODATHBHBIMH TIpHeMaMH. ATPOTEXHHUECKHE MeTO-
IIbl NOBBbILIEHHs] BOAOTIPOHHIIAEMOCTH IOYB 3aKJII0YalOTCA B IyGOKOH Bemall-
Ke IIOYB C NPHMEHEeHHEeM IOYBOYIrIyOHTeNsl, KyJbTyphl MHOTOJETHHX TPaB B
ceBo06OpOTE, CIeHMUaNbHBIX OpPYAUH, PBIXJANIMX NOANAXOTHEIH TOPH3OHT
(unsenn, nanbpekep u xp.).

B GeccrpykrypHeix mouax Cpexseli Asum m 3akaBka3sbf, a TakXe U B
yepHo3emax lora Pycckofi paBuuuB uepe3 10—20 jieT NOJHBHOHA KyJabTYpHI
-006pasyercs IJOTHBHIN MaJOIpPOHHLIAEMBIH AJS BOABI, BO3LYXa M KOpHel nog-
TaxOoTHHIH ropu3oHT. O6BEMHEI BeC YIJIOTHEIOro NOLNAXOTHOrO TOPH3OH-
Ta 3HAYyHTeJbHO BHIIle, YeM IAXOTHOTO, €ro CKBAXKHOCTh Ha 5—I159% cHHXKe-
Ha, QuapTpanHoHHas cnocobHOCTh B 2—3 pasa MeHbIUe, ueM B IIAXOTHOM
ropusonTe. [loanaxoTHEI# FOPH30OHT TakXKe BBIBAaeT oforauleH KOJJOHAAIb-
‘HHIMH BeLeCTBAMH M NOABHIKHEIM KpeMHe3deMom (rabu. 14).

O6pasoBalne NogoGHOrO0 NOANAXOTHOrO FOPH30HTA PE3KO CHUXKAeT IJIO-
JIOpOJHe OpOLIAEMEIX NOYB H yXyallaeT HX oOmuii pexxuMm. IlonuBuas Boxa
He B COCTOSIHHH IIDOHHKHYTb B NOANOYBEHHBIE TOPH3OHTH, KOplieBass CH-
CTeMAa XJONMYATHHKA M CBEKJH AedOpPMHPYETCS M OCTAeTCs TOJbKO B IIpeie-
Jax BepxHeH 4acTy NMaXOTHOTO FOPH3CHTA. YPOXKaH CeNbCKOXO3sANCTBENIIBIX
PacTeHHH Ha IOYBaX C YNJIOTHEHHBIM IIOANAXOTHBIM TOPH3OHTOM CHJIb-
HO CHHXKAeTcsl.

Paspyllende ynaoTHEHHOTO NMOANAXOTHOTO FOPH3OHTA JOCTHIAETCs IIPH-
MeHeHHeM NOYBOYIrIyOHTeNd NPH BCHALIKe U 0cOGEHHO YH3eleBaHUEM HA Tay-
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Ta6aunua 14

CBoHCTBa MOANAXOTHOTO YMJIOTHEHHOTO TOPH30OHTA B MOJMBHBIX Ceposemax
FoqoaHo#t crenu

Tay6una, | O6beMuBl anazxﬂoc'rb, dunsrpanus, C%’fapx’f&':lﬂe i‘:ﬁi%’g;ggg
TopusoHT (] Rec % ; ‘M/mefy <02 e, o 310y o
TlaxoTHetit 0—25 1,35 4345 0,10—0,12 7—8 3,8—4,2
TNoanaxoruetit 25—45 1,60 30—40 0,03—0,04 11— 5,6
Toanousennstit | 45—100 1,25 54 0,4—1,0 7—8 4,3

6uny 30—40 cx. KyabTypa JiounepHsl B TeueHHe 3—4 JeT B ceBo06OpOTE SB-
JeTCsl TaKxkKe XOpOLIMM CPeJCTBOM paspyLIeHHs IUIOTHOTO HOANAXOTHOrO
TOPH30HTA.

A. ®. Bonpmakos 1 B. A. Kosna (1937) n7s aHanoruyHbIX Lejed mpex-
JIOXKUIM U pa3paboTany INAHTAXKHBIA METOL MeJHOPANMH THICOHOCHBIX XJO-
puano-cyibgaTHbx coloHuoB, a 3aTem (Kosma, KysHnemosa, 1956) u taks-
pos. Ilnanrtaxk coJOHLOB M TAKbIPOB NMPHUBOAUT K YHHUTOKEHHIO HJOTHOTO
HeNPOHHL@eMOT0 H OGBIYHO HIEJOYHOTO POPHU3OHTA.,

B nonsojHCTBIX MOYBAax BJAAXKHBEIX cy6Tponuko YepHoMOpckoro mote-
pexbs KaBkasa yacTo BO3HHKAIOT BOLOHENPOHHIAeMble XKeJie3uCThe TaK Ha-
3LIBAeMBle OpPTIUTEAHOBBle TOPH3OHTH Ha ray6uHe 40—50, a muHorma 70—
100 cx. DTv TOPH30HTH 3a1ePAKUBAIOT HHCXOAAIIMI TOK IPABHTALHOHHBIX BOJ,
0T aTMoc(epHBIX OCagKOB, COCOOCTBYIOT PAa3BHTHIO 3a60/MaUnBaHHs U YXYI-
LIeHHIO MIOAOPOAMA NOYB, YTO OT3BIBAETCA HA KYJAbTYpe uas M IPYTHX MEHHBIX
pPacTeHHsAX.

I ysenuuenus BOLONPOHHLAEMOCTH OPTIITeAHOBLIX TOPH3OHTOB U YayU-
IeHHs 3260/M0YeHHBIX TAXKEbIX [IHHHCTLIX NOUB CeBepo-3anannbx obmacTelt
¢ ycrexoM NpUMeHsieTcsl KpOTOBLIA JpeHax. '

B. I1. Byumnuckuit (1942) npemoxua Ajs NOBHLIEHHS IJIOXOPOAUS NOA-
30JIUCTHIX TOYB ceBepHBIX JecHbx o6aactefi CCCP tax HashiBaeMyo KOpeH-
HYIO nepefiesiKy TOuUBbl, OCHOBAHHYIO Ha rty6okoM (no 50—70 c#) miaaHTaxke
€ paspylIeHHeM HJLIIOBHAJbHO-OPTIITEAHOBOIO rOPH30HTAa M NepeMelINBaHH-
€M ero ¢ IOBEPXHOCTHBIMH FOPH30OHTAMH. DTO IPUBOJIHUT K YJIYULIEHHIO BOLHO-
¢u3nyeckux CBOHCTB M, B YACTHOCTH, K IIOBBIUIEHHIO BOLONPOHHIIAEMOCTH
HOYBEL

HCNAPEHHE NOYBEHHOWN BJIATH

OguuM H3 raaBHelinx QakTOpOB BOJHOTO pexuMa IOYB SBJISIETCS NPO-
necc HcnapeHHus Binaru. McnapeHue BOIBI M3 NOYBBI IPOTEKAeT NpH 060K
TeMIepaType, BO3pacTasl ¢ yBeJHUEHNEM TeMIepaATyphl M CYXOCTH BO3AyXd.
Ucnapenne BoIB U3 MOYBE NPOHCXONUT NPEUMYILECTBEHHO ¢ €€ [TOBEPXHOCTH,
O HAKO B TOYBaxX, HMEOLUX BJAaXKHOCTh MEHbllle MaKCHMAaJabHOH THIDOCKO-
HUYHOCTH, HcIapeHHe NPOMCXONHT H BHYTPH HOYBEHHBIX M TPYHTOBBIX FODH-
30HTOB. CKOpOCTb BHYTPHIOYBEHHOTO HCIIADEHHs BOAbI 3HAYHTENBHO MeHb-
mmasi, yeM ¢ nosepxHOCcTH HoyB. I'Ty6okas TpemMHOBATOCTH MOYB CIOCOOCT-
BYeT YCHJIEHHIO BHYTPHIIOYBEHHOTO HCIIapeHHS.

HepoBHocTH penbeda H NOBEPXHOCTH MOYBHI CIOCOOCTBYIOT TaKXKe yBeJIH-
YyeHHIO pacxola BJAarw Ha HCIapeHue. YjasneHHe NapoobpasHofi BOIEI NOX
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BJAHSHMEM BeTpa YBEJHUYHBAET CKOpOCTb Hcrnapelinsi. CKOpPOCTb HCNapeHHs
Bcerza tTeM OOJbINasi, ueM Bbillle BJAXKIOCTb NOuBbL. [loaToMy B yCIOBHAX
CTeIH, TOJYNYCTHIHb H MYCTHIHb, €CJIH HONNEPKHUBAETCsI BBHICOKAS BJIAXKHOCTh
NOYB (MyTeM OpOILEHHs] HJAH OT TPYHTOBHIX BOX), BeJHUHHA (PaKTHYECKOTO
HCHapeHHs JOCTHraeT BHICOKUX BEJHUHH;

JlecocTens 10 400—500  mm /200
Crenb 10 600—800 »
[onynycToiss zo 800-—1000 »
IMycrhing xo 1500—2500 »

B opomaemsix nousax NOJHBHE, NONIEPIKHBAS BBICOKYIO BJAXKHOCTb, Ha-
psAny ¢ ONM3KHMH K HOBEPXHOCTH TPYHTOBBIMH BOZAMH CIOCOGCTBYIOT upes-
BBIYAliHO GOJBLIOMY pacxondy NOYBEHHON BOABl Ha Hcnapenue, CyMmapHoe
HCIapeHHe (BKJIOuasi TPAHCIHpAlHIO) NOYBEHHO-TPYHTOBHIX BOJ B Opollae-
MBIX pafionax CpenHeli Asuu mocruraer 15—20 toic. #3/ea (Pepranckas jfo-
JUHAa, nosuHa p. Baxm). Haunbonsiuil pacxox BOABI HA HCHAPEHHE HMEET Me-
CTO B IlepBHIe YaCH U JHH IOCJe TIOJHBA. B Hi0se W aBrycre HenocpeACTBEHHO
nocJse NMoJauBa Mo¥XKeT Hcnaputhest 70—100 #3/ea B menb.

Ecnyn nmpunarte ucnapense Boaw B l-fi neHp nocsae noausa 3a 1009, to
yMeHbIlleHHe HITEeHCUBHOCTH HCNapeNHs BBIPA3HTCSl CJACAYIOUUM DALOM

uudp:

1-i menn 100 %
2-fi nesw 70—90 %
3—4-it meHn 40—70 %
5—6-# peHn 40—20 %

Hcnapenue Bogbl H3 NOYB B 3eMJIENEJHH ABJsETCH NPOLECCOM, B BhCleH
CTEeNeHH OTPUIATETbHBIM, TaK KaK cO31aeT HeAOCTaTOK BJAry [Jsi Pa3BHTUA
CeJIbCKOXO035MCTBEHHBIX paCTeHUl, BBHI3BIBAET MX YTHeTeliHe U JaKe rubenb.
B ycnoBHsix opoulaeMblx NOYB HCIApeHHe BJIATd H3 NOYBLI NPHBOIAHUT K Gec-
NOJIE3HON TpaTte BOIbI, Ha MoJydele M J0CTABKY KOTOPOH K NOJIO 3aTpa-
4eHO MHOro cpelcTB M ycHauH. ITorepn BOAbI Ha HcnapeHHe H3 NOYBBL 3a-
CTABJSAIOT YBEJIHYMBATbH YHCJO NOJHBOB W TIPHBOAAT K AONOJIHTEIbHON 3a-
rpy3Ke HppPHTranMOHHON cHCTeMHl U pabouero nepconana. Camoe xe riaaBHoe
3aKJI0YaeTCs B TOM, YTO TOCIIOICTBO NPOLECCOB HCIApeHHs COIpPOBOXKIAeTCH
HaKoOIJIeHHeM H30bITKa JIErKOPACTBOPHUMBIX COJNeH B IIaXOTHOM TOPH3OHTE,
o6pa3oBaHueM 3acOoJieHHBIX NMOYB H NoTepell vy naoxopoxnus. Ilostomy ox-
HOH U3 OCHOBHBIX 3aja4 3eMJele]Hs fABJISAETCH CHCTeMATHYecKoe INIpHMe-
HeHHe MepONPHATHH IO YMEHbIIEHHIO HCHAPeHHs BOABI H3 IIOYBHL

[Ipuempr yMenbllenuss ucnapenus Baard M3 mnousbl. Co3paHue BeTpo3a-
LIHTHBIX JieCHBIX N10J0C Ha NOJASX, PHIXJEHHe NOYBLl M yBeJHYeHHe B Hel He-
KanuiIspHOH CKBAa:KHOCTH H arperHpoBaINIOCTd sBASIOTCA ADEBHEHIIHMHU
cnocobamu GopuOHl ¢ Gecrosne3HbIM HclapeHHeM Biaard. MyJabunpoBaive 1ou-
Bbl DHIXJLIM MAaTepHaJOM, OTpAXKAKOMHM cBeT H Tenyao (6eablM), WJIH He
MpOHHLIAeMBIM JIJISl BO/JAHBIX NapoB (6YMaXKHBIM, IIJIACTMACCOBBIM) INIOKpO-
BOM CIIOCOGCTBYET yMeHbIUEHHIO HCIApeHHs H COXPaHeHMIO B Hell BJaaru.

B sToM e HanpaBieHHH #eHcTBYIOT ruapodoOHble NO0GABKH H IIOBEpX-
IIOCTHO-aKTHBHBIE BelllecTBd, HapyLIAIOMKe KaNH/LIIpPHO-MEHHCKOBLIE CHCTE-
MHl B IouBe. Bce 5TH IpHEMBbl YMEHBIHEHHs NPOIECCOB HCIAPEHUS BJAarH U3
nouys Bce GoJblle BHEIPSIOTCS B NPAKTHKY COBPEMEHHOrO 3eMJjelenusl. DTH-
MM crnocofaMe BO3MOXHO COXpPaHHThb B nousax no 50—100 mu ¢usuonsoru-
YeCKH JOCTYNHOH BOABI; a 3TO 3HAuuT, 4yro OOAbLINH ypoxal pacreHui
MOKHO TIOJYdaTh B CTENfAX H JecocTensix 6e3 cTPoHTeJbcTBA AOPOTHX OpO-
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CUTEJNBHEIX coopyxeHuil. CToJb e BaxKHO GOpPOTbCA C HCIapeHHeM BJiaru
H B opoillaeMblX N10YBAX.

Bopr6y ¢ GecmosnesHolt TpaTodl BOABL Ha HCIapeHHe HeOOXOAHMO HauH-
HATb YXKe NPH IIPOU3BOACTBE IOJHBOB. DTO LOJIKIO ZOCTUTATbCA MAKCHMAJIb-
HO BO3MOMKHBIM YMeHbIIEHHEM YHCJA IIOJHBOB M yMelbllleHHeM HX NPOLOJ-
JKHUTEJIBHOCTH. Y MeHbllleHHe NPOJOJIKHTENbHOCTH NOJHBOB BO3SMOXKHO B TOM
cJyuae, eciu arpodusnyeckue CBOHCTBA NAXOTHOrO H MOANAaXOTHOI'O FOPHOH-
TOB NOYBHl JOCTATOYHO GJIArONpHSTHEHI, T. €. MOYBH O6JanalT BOLOYCTOHUH-
BOH CTPYKTYpOIl, MOBHIIIEHHON HEKATHJIAPHON CKBAXKHOCTBIO H YAOBJETBOPH-
TEJNbHON BOZONpPOHHIAaeMocThi0. CTPYKTYPHOCTb NOUBHl H TIOBbIIIIEHHAsS HeKa-
MHJISIpHAs CKBAXKHOCTE O6YAYT cocoO6CTBOBATh YMEHBIICHHIO YHCIA NOJHBOB.

UckmounteabHo Goubiiloe 3liaueHHe B Oopbe ¢ HCHapeHHeM HMeeT CBOe-
BpEMEHHOE ¥ TLIATeNbHOE DHIXJIEHHE IOYBBl NOC]E NOJNHBA, YTO MOXET OBITh
namoctpuposano panaeimu E. Ilerposa (ta6a. 15).

Ta6nuua 15
ToTepu BOABI oOpolaembimM TMoJeM U3 2-meTpoBoro ciosd, M3/2a
Jun mocne noswupa Juu mocsle moJuBa

O6paboTka O6paboTka
3-it 7% | 24-m | 301 it 7-it 24-# | 30

Map XlonyaTHUK
Ges peixstenns || 682 | 1192 | 1500 | 1500 Ges peixnenus | — | 1243 | 1500 | 1500
¢ peixnennev | 662 872 | 1231 | 1301 C pHIXJIEHHEM — 791 | 1338 | 1448

B Gopbbe ¢ ucnapeHueM BOABL U3 IOYBH BEJHKA TaKKe POJb PACTHTE]b-
noro nokposa. [Tox nosorom JonepHsLl U XJONYATHHKA TeMIiepaTypa Bo3lyxa
06b19HO Ha 1—3° HHXKe, ueM Ha OTKphHITON nammue. BiaxkHocTp BO3Lyxa B
NIPU3EMHOM CJIO€ CHJIBHO NOBBILIEHA, 4 B HEKOTOPHIX cjayuyafx OJH3Ka K TOY-
ke pochl (95—100%). Baaronaps sToMy npy XopolleM TPaBOCTOe JIOLepHb
HJH B cayyae TYcTOTO NOKpOBAa XOPOLIO PasBUTOrO XJONYATHHKA Hemocpes-
CTBEHHOE HCIApeHHE BJarH ¢ IIOBEPXHOCTH IIOUBBEL 3HAYHUTENIHHO CHHIKEHO.
JTOoMy CHnocoOCTByeT Takke H INpHTeHdOllee BJHsSHHE PACTHTESbHOTO
TIOKpOBa.

Eue Gonbuie kocBelllas posb PACTHTENBHOrO NOKPOBA B yMelbIUEHUH
IIPOLECCOB HCMAPEHHS BJATH ¢ NOBEPXHOCTH NouBbl, CebCKOXO3SHCTBEHHBIE
pacTeHMsi M ApeBecHble HacaxIeHHs TPAHCHMPHPYIOT GOJbLIOE KOJHUYECTBO
Bogbt — 10—15 TteICc. M3/ea. BegencTBue 3TOro HOA HX ITOJOTOM  OOBLIYHO
BJIAXKHOCTh TTOUBLI 3HAUHTEJBHO YMEHbIIAETCH, YPOBEHb I'PYHTOBBIX BOJA CHH-
kaetcst Ha 0,5—1 m, H TpAaHCNOPT KaNUAJSPHOR BOJHL K TTOBEPXHOCTH 3aMej-
Jisiercs. B drore mpoumecc HcmapeHus BJard NOYBOH 3aMmeinaercss GHOJOTH-
YyecKHM HclapeHdeM — TpaHcnupanuell MoYBeHHOH BOAHI Yepe3 JHCTBY pac-
TEHHH.

B uncie nnanoMepHBIX MCPONPUSITHH MO yMeHbIIEHHI0 HCHApeHHs NoY-
BEHHOM BJIarH ¢ IIOBEPXHOCTH IOYBHE 06A3aTeNbHO AOJIKHEL GBITH MUIOTOJET-
HHe TpaBH B ceBoobopoTe (yJaydilleHHe CTPYKTYPHI, NpHTeHeHHe, ocaabaeHye
HClapenus, CHHXKeHHe YPOBHsi TPYHTOBBIX BOI) W ApPeBeclble NOJOCHbIE Ha-
‘caXkJeHHs BJOJb HPPHTANHOHNBIX KAallaJoB, AOPOr M Ha ycanbbax (Berpo-
3allUTHASE POJb, CHATHE KaNWMIAPHOA BOAH, OHOJOTHUECKOE CHHIKEHHE
YPOBHSI TPYHTOBHIX BOA).

45



) TPAHCIHPALUSA BOJABI H3 NOYBbI PACTEHHAMH

Tpancnupauuefi HassiBaercs: noTpebieHne pacTeHHeM BOABl Ha XKH3HeH-
HEle POLeCCH, pocT W o6pa3oBaHue TKaHe#l. TpaHcnupanuonuuil kosdduuu-
€HT pacTeHHH, T. €. KOJHYeCTBO BOJABl B IpaMMax, HeoGXoAMMOe Ha CHHTE3
1 2 cyXoro opraHH4ecKOro BeIecTBa, KoJAeOaeTcst JJsl ceNbCKOX03HCTBEHHBIX
pacrennit B npenenax 300—700, uHorna omyckasicb o 100, a B OTHEJBHBIX
ci1yuasx Bospacrasd mo 2000. Cpennuii TpaHCHHpauMOHHHIA K030 dUIHEHT

paBeH JJs:

3€PHOBHIX 400—500
€axXapHOH CBeKJIb! 260—400
XJonyaTHAKA 350—600
JIOLEPHE! 1000—1100

BennuuHa TpancHHpauyuoHHOro KosdduuueHTa 3aBHCHT OT YCJAOBHI, B KO-
TOpBIX mpouspacraer pacrenve. O6ecneueHHOCTb PACTEHUS TIUTATEJIbHBIMHU Be-
IIeCTBAMH, OJIAaronpHATHHE arpodu3nyeckHe CBONCTBA MOYBHL CIIOCOOCTBYIOT
3HAYHTENBHOMY YMEHBIIEHHUIO TPAaHCIMPALUOHHBIX KO3 PUNHEHTOB.

O61mee noBhIlIeHHE ypoXKasi CONPOBOXKAAETCS OTHOCHTEJNBHBLIM YMeHblie-
HHEM BeJHYMHBI TpaHCOHpauHoHHoro koddduuuenta. [loswlllleHue Temnepa-
TYpH, a TaKXKe H3GHITOYHOE COAEPIKaHHe BJArd B NOYBaX, Ha060poT, crocob-
CTBYIOT NOBHIIIEHHOH TPaHCHHPALMH BOILB PACTEHHSIMH M Kak Obl CHHXKEHHIO
ee 3G (eKTUBHOCTH. :

B ofbiuHoll noseBo#l 06CTAHOBKE TpaHCIMpalHs COUETAETCH ¢ TNpPSAMBIM
HcrlapeHHeM BOABI M3 mMOyBHl. [lo3TOMY B NpakTHKe BOLHOTO X034HCTBa yHO-
TpebasieTcsl BHIDAXKEHHE <«CyYMMapHOe HCTapeHHe», WJIH <«3BaloTPaHCIHpa-
IH», IO KOTOPBIM NOHHMAaeTcs OOLMH pacXol BOABI U3 IIOUBLL Ha TPAHCIH-
pauyio pacTeHHsIMH M Ha HcIapeHHe B COOCTBEHHOM CMEICJe c/I0Ba. B cpen-
HeM 32 TeILIBH ce30l roga rpy6o MOXKHO CYHTATh, YTO TPAHCIHpAIHUs COCTAB-
asietr npumepHo 50—609, cymmapHOro HcmapeHHs. DTO BHAHO H3 JAHHBIX.
tabu. 16,

Ta6nuuna 16

CyMmapHoe HCmapeHHe M TPAHCTIKpalysl MOYBEHHBLIX BOJ, HAa moae
xJaonuaTHuka (M3/ea/cymru)

CyMmapHoe ucna- Wcnapenue Ha
Mecsin peHHe Ha moJsie  lywacTke Ges pacTu- Tpaucnupanus
XJionyaTHuKa TEJBHOCTH
Hionb 48 28 20
Hioas 170 80 90
Asrycer 145 70 75
Ceuta6pb 34 28 6

TpaHcnmupanHuoHHas AesATENbHOCTh PACTHTENBHOTO HOKPOBAa HMeeT 60Jb-
lIloe BJHSIHHE Ha HampaBJjieliHe IOYBEHHHIX IPOLECCOB, OCOGEHHO COJIeBOrC:
pexuma. Cnoco6CTBYSl yMeHbIUEHHIO HCIapeHHs BOAB M3 NOUYBH H ocaab-
JIEHHIO TIPOLECCOB HAKOIJIEHHS co/MeH ¢ MOBePXHOCTH MNOYBH, TPAHCIHPAIH-
OHHasl JeATeJbHOCTb PACTEHHH BMeCTe C TeM HMeeT 00JblIoe MeJHOPaTHB-
HOe 3HaueHHe.

Meaunoparupnoe 3HaueHHe TpancnupauMu, TpaHCHHpanMOHHAS HESATENb-
HOCTh DACTEHHH NIPH HX XOpOIIeM Pa3BHTHH M JOCTATOUHON T'yCTOTe IOKPO-
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Ba MOMeET CIOCOGCTBOBATH CHJABHOMY CHHXKEHHIO YDOBHS IDYHTOBBIX BOX H
ocnabMeHHI0 MpoieccoB 3a00JayHBaHUs M 3aCOJNEHHS OpolldaeMBIX IIOYB.
O cymMapHOM pacxolle NOYBEHHO-TPYHTOBHIX BOJ Ha HCIapeHHe W TPAaHCIH-
pauMI0 MOXKHO CYIHTb IO cJAeAYIOIUM HaHHbIM: 1 ea mons B CpenHeft Asun
pacxoxyeT Ha cCyMMapHoe HcnapeHHe IoJ nokpoBoM (m#%/200):

PaCTHTENBLHOCTH MEpeJoroB 5000— 8000
XOpOLIero XJomyaTHHKA 10000—12 000
XopoleH rycToil JMoLepHH 15 000—20 000

VI3 3Tux HaHHEIX BHAHO, YTO XJONUYATHHUK H OCOOEHHO JIOLEpHA TPAHCHHDH-
PYIOT TPOMAIHEIE KOJIHYECTBA BOXB H3 MOYBH, YTO CONpPOBOXKAAeTcs 3HAUH-
TeJbHBIM CHHXKEHHEM YpPOBHSI TPYHTOBBIX BOA. MHOroxpatHeiMu HaGJole-
HHSIMH YCTaHOBJIEHO, UTO HA MOJSAX JIOUepHB 2—3-r0 roga BereTauuud ypo-.
BeHb rpyHTOBHIX Bold Ha 50—100 cu Huxke, ueM Ha AaHAJOTHUHBIX TIOJSAX
XJIONYaTHHKA.

Kynsrypa TpaB B ceBOO6OpOTe, TaKHM 06pasoM, cIocOGCTBYET momnep-
KaHHI0 TPYHTOBBIX BOJ Ha GoJsiee HHM3KOM YPOBHe, OCHabJeHHIO IIPOIECCOB.
HCNapeHusl H, CJAeAOBATENbHO, COMEHAKOIIEHHS.

HckyccTBeHHbIE fpeBecHBle HacaXAeHHs B OpOllaeMEBIX palfioHax W BAOJb
KAaHAaJIOB TPAHCIHPHPYIOT B rof He Menee.10—I12 Thic. #%/ea, cOOTBETCTBEHHO.
CHHXKAs YpOBEeHb DYHTOBBIX BOJA H 0csabJsds T€M CaMBIM COJIeHAKOoIJeHHe.
ITopriIasi BIAXKHOCTh OKPYKAIOUIero BO3JyXa, 3alepXKUBas CKOPOCTb [BH-
3KeHMs BeTpa, NOJIOCHHIe JiecHBle HacaxIeHHsl BIOJb HPPHTALHOHHEIX KaHa-
JIOB, OPOT H Ha ycalAbb6ax cMAMYalnT KJIHMAT OpolllaeMOro oasuca,

OxoHyaHue BereTaluu CeabCKOXO3AHCTBEHHBX pacTeHHUH BO BTOPOH MOJO-
BHHE JIeTa H OCeHH CONpOBOXKJAdeTcs NpeKpalleHHeM TpaHCHHpaluH, oclaal-
JieHHeM NPHTeHeHHOCTH NOJIS M OTHOCHTENbHLIM YBe/qHueHHeM pacxola Hoy-
BEHHO-TPYHTOBHIX BOA Ha HcliapeHue. JTO CHoco6CTBYyeT TOMY, YTO B pe-
3yJbTaTe TOCHOACTBA IPONECCOB MCHApeHHS opollaeMble TIOYBbI B TeUeHHE.
OCeHHEro BpeMEHH OueHb CHJIBHO 3acCOJfATca. B cTpaHax MycOHHOro Kiu-
MaTta ¢ CyxXOil 3HMOH Takoe siBjieHHe IIPOTEKaeT ocO0eHHO MHTeHCHBHO. i
O6opp0Obl ¢ HHM TaKXKe MOXKeT ObITh HCIIONb30BaHa TpAaHCIHpalHOHHAs Ied-
TeNbHOCTb pacTeHHi. B 3Tux measax B yCHOBUSIX TeIIOro KauMaTa Asuu H
Adpukn Heo6XOZMMO Ha OpOLIAEMBIX MOJSAX IPUMEHATb BO3JAEJLIBAHHE.
NOBTOPHBIX KYJbTYP MJH KPYIJIOTOLOBYIO BEreTAIlHIO pPaCTeHHH, CO3MAIIIMX
nocie yO6OpPKH OCHOBHOTO pacTeHHs] «HOBTOPHBIH» OHOJOTHUECKHE IIOKPOB.
DT0T GHOJIOTHUECKHH MOKPOB NMpOAOJXKaeT TPAHCIHPHPOBAThH MOUBEHHO-TPYH-
TOBHIE BOJBI, OcJaljisieT M He JONycKaeT NOBEPXHOCTHOe HCIapeHHe, COIpo-
BOKIalollleecs 3acofeHHem nouB. B KauecTBe NOBTOPHBIX KYJBTYD IleJeco-
06pa3Ho NPHMEHSATh KYKypy3y, O3HMble 3epHOBHIE, O3HMble 3epHOGOGOBHIE,
JHOLIEPHY OceHHero moceBa M T. I

Ywmenoe HcIOMb30BAHHE IIPOIECCOB TPAHCNHPALUMH JaeT IONOJHHTENb-
HYI0 TIPOAYKIHIO H NOMOTaeT CyIecTBeHHO CHUXKATh YPOBEHb IPYHTOBHIX BOZ,.
ocnabaATh KaNHANSAPHOe BOCXOAsiliee NBHXKeHHE cosell, YMEHbUIATL NOBEpX-
HOCTHOE HCNapeHHe H B KOHEUHOM cyeTe ocaabJATh NpPOLECCH 3aCONeHHS
OpOlIaeMEIX IOYB.



JUHAMHUKA
U BAJIAHC
IF'PYHTOBDBIX BOJ “ h

Mtuorue TNouBH 3eMHOrQ LIApa HCHBITHIBAIOT B HACTOANIEe BpeMs HJIH HCIH-
TaJH B OTHOCHUTENBHO HeJZaBHCM [eOJOTHYECKOM IMPOIILIOM HpsAMOe BJIHSHHE
IpYHTOBHIX BOA (FHApOMOpGHBE H IajeoruapoMopdHbe noussl). IIpucyr-
CTBHE MJIH OTCYTCTBHE IDYHTOBHIX BOI B Ilpefesax 'yMycOBOrO H KOpHEOOH-
TAeMOro FOPU30HTOB H B NOACTHJAIOIEH NOpPoe SBAsSETCS BaXXHEAIIUM KpH-
TepHeM OLEHKH BOLHOTO peXuMa I0YB, HX NPUPOAHLIX M MPOU3BOACTBEHHBIX
cBofictB. BypoBas ckBaxkuMHa, TIOUBEHHHIH paspes MJH APeHaXkKHas TpaHlies,
32/I0%EHHBIe B BOAOIOCHBIH [OPH3OHT, BCKPHIBAIOT TPYHTOBLIE BOJbI, YPOBEHD
KOTOPBIX yCTaHaBAMBAeTCs 11a onpefeneHHoH BbicoTe. [Ipm 3TOM OT MOYBH
oTaenseTcs rpaBUTAlMOHHAs cBOOOXHAA BOoAa. B rTosmie mouBbl Hal «3epKa-
JOM» TPYHTOBOH BOABI NpOCJIEXKHBAaETCS KaNH/AspHas KalfiMa BHCOTOH 1—
3 M, Bbllile KOTOPOH B IIOYBe MMeeTcs JHLIb IIEHOUHAS M THTPOCKONHYECKAst
BJIATA.

[pyHTOBast BOJAA BOJOHOCHOTO TOPH3OHTA MOXKET OLITh BPEMEHHOH, ce-
30HHOH («BHCSiYasl BEPXOBOJKA»), ofpa3oBabluelics BcaencTBHe HHOHIbTpaA-
UM JHBHEBON, CHETOBOH MJIM IIOJUBHOH BOXBl H 3aJepXKKH ee HAL MaJolpo-
HHIAeMbIM <«BOJAOYIOPIILIM» TOPH3OHTOM. B cTpaHax pasHuHHOTO pefbeda
¥ pe3koro Ipeo6iamaHusi OCalKoB Haj HCIApeHHeM (BJaxKHble TPONHUKH,
06JaCcTH MOPCKOrO KJANMAaTa yMepeHHOTo Nofca, BlaxHble 00JacTH yMepeH-
OO M XOJIOLHOTO Tosica) 6/M3KHe K NOBEPXHOCTH TPYHTOBBIE BOJABI SIBJS-
10TCA NpOAYyKTOM HHOHABTpauuu arMocdepHblX 0CaoKOB M HaKOIJIeHHsS rpa-
BuTalMOHHOK Boxabl. OOGBIUHO Ce30HHAA BEPXOBOAKA B TAaKHX YC/JAOBHAX CO-
YyeTaeTcs C OCHOBHBIM INOCTOSIHHBIM TOPH30HTOM TPYHTOBBIX BOJ, KOTOpHIA
JIEXXUT HA PEeTHOHAJbHOM BOAOYIOpE.

JIBrKeHHe BEPXOBOAKH CBSI3aHO C MecTHBIM pesibedoM. [locToAHHEI XKe
TIOTOK FPYHTOBBIX BOJ HanlpaBbieH 10 o0meMYy YKJIOHY TePPHTODUH H B CTO-
poHy Bpe3aHHOI ceTH fMosaui, Banskas K IMOBEePXHOCTH IpyHTOBAs BOAa HA
MHOIHX NPOCTPAHCTBAX SBJAAETCA NPOLYKTOM BBLIKJIHIHBAHHSA IOCTOSIHHO CY-
HIECTBYIOUIETO TPYHTOBOTO IMOTOKA, NPHXOASILIEr0 CO CTOPOHBI O6JAacTH INH-
taHus (TOpbl, pyc/ia pek, KPynHsle BOXOEMBl, KAHAJBI) B JONMHY HJU Je/b-
TY, B HI3MEHHOCTb HJIH el PecCHIo.

[Toctosinnelli GAH3KMH K HOBEPXHOCTH BOJOHOCHBIH T'OPH3OHT MOXET
chopMHpPOBATLCA BC/AEJCTBHE PA3TPY3KH BOCXOASHIMX HANOPHBIX NOA3EM-
HBIX BOJ, B JOIMHAX, HH3MEHHOCTAX HJM BIAjHHAaX, JeXallHX B MeCTax Tek-
TOHHYEeCKHX pasioMOB, cIBHros, TpeuuH. Hepelixo B mocledHHX cayyasx
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FPYHTOBEIE BOAbI BHIXOASAT HA GOJBLIMX NPOCIPAHCTBAX Ha NMOBEpXHOCTb, 00-
pasys Tak HasblBaeMble 30HBLI BLIKJARHEBAHHS, «Kapacy», HOJOCY 03ep HaH
60101, ceThb IpudoOHOB, HCTOUHHUKOB, a4 WHOTLa TPA3eBbIX BYJKAHOB.

B o6iiem BuJe MOXKHO CUHTATb, UTO TPYHTOBLIC BOAbI HE OKA3LIBAIOT HA
royoo6pa3oBanyue W PACTHTENBHOCTb HMKAKOrO BJHSHHS, €CJH HX ypOBEHD
JEXKMT Ha rayGunax Ooabile 10—12 xu. B 3TuX yCJI0BHSAX OHM PacxoiyloTcs
raaBnblM 0o6pasoM Ha OTTOK.

JaHpmadTel ¢ r1y60KMMH TPYHTOBLIMYM BOJAMH Has3bBIBAIOTCH 3JI0BHAJb-
HBIMH ABTOMOPG®HBIMH HJIW ABTOHOMHBIMHM. DTO 0GHIUIIO BOAOPA3AENLI U BbI-
‘COKHe Teppachl IayGOKUX AOJMH, NPEAropHble PABIMILL (IbEIMOHTLI), BbI-
COKHe pacceueHHble paBHUMHHbLIE MJAaTO. BOAHLIH peXXuM paclpocTpaHeHHBIX
3flech NOYB MOXKHO Ha3BaTbhb aBTOMOP(HO-NIPOMBLIBHBIM. DTH Ha3BaHnHs oTpa-
¥KalT TOCNOACTBO B NMOYBAX NpoleccoB MHOUAbTPALKM BOALI, BblllleJayHBa-
HHUS ¥ BbIHOCA (CKBO3HOTO MJIHM YaCTHYHOTO).

ITpu meHbLIKMX Tay6uHAaX TPYHTOBLIX Boj (Mopaiaka 7—10 n) yxKe MOXeT
Ha6aI01aThC HEKOTOPOE BJAMSHHMC MX Ha nouBoobpasoBanue. KopHu pacre-
Huil TPABSHUCTBHIX W JAPEBECHBLIX B COCTOANMH LOTPCOHAATL MajJoMHHEpaJH-
30BaHHbIe TPYHTOBLIC BOABI C 3THUX I'JYOMH U NPOU3BOAHUTL ACTOJHUTCALHYIO
6uoMaccy Ha NOBEPXHOCTH. DTO YCUAHBAET aKKYMYJASUHIO GHOPUALHLIX 3Je-
MEHTOB M OpraHHYeCKHX BCLIeCTB B NouBe. B 3ToM nposiBAgeTCS KOCBEHHOS
BJMSHHE TPYHTOBBLIX BOA Ha IOUROOOpa3oBaHHe uepe3 paCTHUTEALHBLIH Mmo-
KpOB.

ITpu ray6uHax TpYyHTOBLIX BOJ 4—7 M B KMKHEH YaCTH NMOYBEHHOTO MpO-
(uist MOSIBAAIOTCS BOCXOAAIIME NJICHOUHO-KATWAJSPHBIE PACTBOPLI, H3 KO-
TOPBIX B IIOYBY NePEXOJAT B OCAAOK HCKOTOPLIC pPACTBOPCHHBIE KOMIIOHEHTHI.
3nech yXKe MMeeT MeCTO NPAMOC T'€OXMMHYEeCKOe BJHSlHE TPYHTOBLIX BOT
Ha nouyBooOpasoBaHnue. ITOCTOSHHDIH LpMTOK BJarH, kpomc Toro, oGecrneuu-
Baer NblIIHOEe pa3BUTHE PACTHTENbHOTC MOKPOBA M YyCHJEHHE AKKyMyJAsuuH
6uopuabubix saementoB. [TouBooGpasoBanue ¥ nouBbl npuobGpeTalOT Xapak-
Tep MesoruapoMopdubx. JlanamwadTel 3TOro THHA W PAa3BUTble A HUX TOY-
BbI ABJAIOTCH YACTHYHO 3JI0BHANBHLIMH, T. €. NPOMBLIBHBIMH, TPaAH3UTHLIMU
AJ5 pacTBODHMDBIX COeJMHEHUH M BMeCTe C TeM AKKYMYJIATHBHHMU (Hako-
NUTCJALHBIMHK) 158 MajJOPACTBOPHUMBIX coexuHeHnull (kap60oHATOB Kanbluf,
THAPOOKHCJIOB KeJje3a M MapraHua) v Takux GMoHJLHLIX 3JEeMEHTOB, Kak
(bocq)op, cepa, yrsiepoj, asor, 1‘/’1011, Menb. UepHble NMOYBEl BJAXKHBIX CABAHH,
npeppm JNYTOB M JYTOBBLIX CTeNeH SIBJISIOTCS THMHUILIMH TPEACTABHTENS MU
3TOH rPyIIbI MOUB.

ITpu neGospuinx raybuHax rpyHTORbIX BoA (1—3 M) Kanuanaspuas Boga
aKTHUBHO YUacTBYeT B JKM3HM DACTeHHUH, B NMOYBOOoOpa3oBATENBHOM MpOLECCe
M reoxuMuueckod akkymyasuuu. Ilpuxomsiiasi co CTOpoHLI IpYHTOBasg BOAA
B OCHOBHOM pacXOAYyCTCl 4Yepe3 KanuNAfpHYK KallMy Ha HchlapeHdHe
TPAHCHHPALHIO, XOTSl YacTb FPYHTOBLIX BOJ MOXKET YXOMTbL C TNOA3EMHDLIM
OTTOKOM, €CJIM CYIIECTBYCT €CTeCTBeHHbIN Aperax. [IpuHecentsle rpyHTOBOL
BOJOH pacTBopelilble COeIMHCHHUS WHTEHCHBHO HAKAIIMBAIOTCH B IOUBE, BO-
JIOHOCHOM TODH3OHTC H B TPYHTOBOH Boje. Pexum u 6anainc rpyHTOBBIX BOJ
npuo6GpeTaloT HCapuTebHbI Xapakrep.

B reoxumuueCcKOoM OTHOLICHMM JaHAIWIAPTL TAKOrO THNA SBJSAIOTCH AaK-
KYMYJISSITHBHBIMH, a TNOYBbLI — r'HAPOMOpPGHO-aKKYyMYASTHBHLIMH, Y4CTO 34C0-
nenHpiMA. CjefyeT, OfAHAKO, Pa3NHuaTh PacHpoCTpaHeHHble B NpHpOAE Cay-
4a, KOorjpa rpynToBble BOAbl GJIM3KM K MOBEPXHOCTH (1—2 #), HO HX IMPKY-
JAUKS OYeHb AKTMBHA W OTTOK MX BeNuK. Takwe ycJOBUSl CKIaAbIBAIOTCS B
06Js1acTSIX JOCTATOUHOTO KOMMUECTRa aTMOocepHBIX OCAJAKOB U HaJHuus TIPO-
HYMIAeMDIX Ta/leullMKOBBIX W TecyalbX INPGCAOeB, HOACTUNAIONIKX HHUMKHHE
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ropu30HTHl MOYB. BanaHc FPYHTOBEIX BOJ M NMOYB MOXeT OLITb ONpeneseH B
3THX YCJOBHSIX Kak ruppoMopdro-npoMeiBHoil. O6HUHO 3TO TEMHHE IJeeBo-
JYroBble I'YMYCHPOBAHHEIE NMOYBEI WJH IJeeBO-NMOA30JHCTHE MOYBH HH3KHX
IpEHHPOBAHHBIX PaBHHH.

Kak MOXHO CyAHTb W3 NpeAblaymiero, B AHHaMHKe I'DYHTOBLIX BOA pe-
malonee sHaueHne NMpUOGPETAaeT COOTHOIUEHHe aTMOCGHEepHOro yBJAaXKHeHHs,
NPUTOKA, OTTOKA H HCIapeHHst rpyHTOBbX Bof. CooTHONIeHHe MPHXOia H pac-
XoJa BJArH H 0COGEHHO COOTHOLIEHHe TaKHX CTaTell pacxofia TPYHTOBHIX
BOJ, KaK HX OTTOK, TPAHCTIHpAaLHUsi ¥ HCIAapeHHe, SIBJISIOTCS HaHGoJgee Cylie-
CTBEHHBIMH sl TIOHMMAaHHS H OLEHKH POJM TPYHTOBHIX BOJ B reoXHMHue-
CKHX, I0UYB00Gpa30BaTENbHBIX H MeJHOPaTHBHLIX Ipolleccax.

3JIEMEHTBI BAJIAHCA TPYHTOBBIX BOJ

OueHuBasi podb IPYHTOBBIX BOJ B NOYyrooOpa3oBaTesJbHHX Ipoleccax,
HeOGXOMKMO HWMETh B BHIY, YTO TPYHTOBEIE BOJH HMeNH CBOIX HCTOPHIO
(opMupoBaHusi ¥ ux 6ajnaHC CKJAABIBAJCS M0-PAa3HOMY B PAa3JIHUHBIE OTpe3-
KM Bpemend B npouwiom. Ciaegyer pasiuyaTh B NoYBax M Jappmadrax te
NpU3HaKH, KOTOphle OBLIM OCTaBJeHbl NPOILJIOA AesiTeNbHOCTBIO TPYHTOBBIX
Box (maneorugpoMopdueie mousbl), CToJb Ke BaXKHO pasinyuaTh NPU3HAKH
COBpeMeHHOro ruapoMopduaMa, cBsi3aHHOTO € OCOGEHHOCTSMH COBpeMeHHO-
ro GanaHca TpPYHTOBHIX BOA H €ro poJbi0 B COBpeMEHHOM MOYBOOGpaso-
BaHHH.

Heo6xoavmo pasanyath caenyioniie riasHbie Gopmbl 6anaHca FpyHTO-
Bhix Boh (KoBna, 1946, 1966):

1) BekoBOH, HMEIOUIHH TeOJOrHUYECKYI0 NPCAOJHXKHTEIbBHOCT H CBsi3aH-
HEIA ¢ popMupoBaHHeM reoMop@OJOrHH MECTHOCTH;

2) nepuopudeckuit, oOBIYHO OXBATHIBAIOMIHE OTpPe3KH BpeMeHH MOpSAKa
11—25 jeT ¥ cBsi3aHHHIA ¢ NEPHOAMYHOCTBIO B akTUBHOcTd CoOJHIIA M BHna-
IEeHHH OCaJKOB;

3) rooMYHBIH, YKJaABAIOMHUACA B FOLOBOHA THIPOJOTHYECKHHA LUKJ Tep-
PHTODHH;

4) MeXNOJNMBHOH, OXBATHIBAIOMIHA KOPOTKKE OTDE3KM BpPEMEHH MeXay
HoJHBaMH.

3mech MBI PaCCMOTPHM OCHOBHBIE 0COGEHHOCTH DPeXXHMa TPYHTOBBIX BOJ
FOJHYHOTO LHKJA.

O6o3HaunM Bce GopMBl NHTAHHS TPYHTOBBIX Boj uHAekcoM I. Bce Buaw
pacxona TFpPYHTOBBIX BoJA B janbHeillem o6o3Hauum HuAekcom Q. Ilpo-
CTEHIIMMH THHaMH TOROBOro OGajsaHca TPYHTOBHX BoX GYAYT clefyiomiie
TpH:

; 28 KOMIEHCHPOBAHHBIN, KOrjga TNpPHXOA KOMIIEHCHPYETCS pacXOLOM,
- ’

6) TNOJIOXKWTEJbHO MEeKOMIeHCHPOBAHHBIH, KOrjga INpHXON MpeBHIIaeT
pacxon, 1>Q;

B) OTPHLATEJbHO NeKOMNEHCHPOBARHbIA, KOFa PacxXof, NMPEBLILIAET MpH-
xon, I<Q.

B nepsom cnyuae 3amac ¥ ypoBeHb I'PYHTOBBIX BOJ, H3 FOfla B Tof KoJe6-
JIOTCsl IPHMEPHO B OMHHX M TeX Xe Ipejenax, BO BTOPOM — OGBEM H ypo-
BeHb TPYHTOBBIX BOA HMEIOT BHIPAXKEHHYIO TEHJEHIMIO K [OBHIIEHHIO,
B TpPeTbéM — 3anaC H YpOBeHb I'PYHTOBBIX BCJI H3 Fojla B TOf CHUMKAIOTCS.

ITpouecchl nouBooGpasoBaHHs H, B YaCTHOCTH, COJIEBOH GalaHC TeppHTO-
puil, HMEIOWHX OJHH H3 TPeX OCHOBHBIX THHOB GajaHca FPYHTOBHIX BOJ, CO-
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BepulenHo pasinunbl. OCHOBHBIE Pa3NuuHs 3aBHCAT, KaK OTMEUEHO BBHILIE,
OT XapakTepa 3JE€MEHTOB, CJaralIliX IPUXOJHbIE H pacxofHble cratbd 6a-
JaHca TPYHTOBBIX BOX.

BaxHefiiuue cocraBible 3JeMeHTH MHTAHHSA TPYHTOBH X BOA [
clefyoLIHe.

B HeopomaeMblx ycJoBHSIX: IHTaHHE OT aTMocepHBEIX OCagKOB (BKJIO-
yag KOHAeHCAUNO) — [r, WHPUABTPAUNS H3 TPHIAUBHOM BOJHEBL, W3 pycea
PeK U npy pasauBax — I;,, THTaHHE C GOKOBLIM IPHTOKOM FPYHTOBHIX BOJ —
Igw, IHTaHHE C BOCXOASIHM NPUTOKOM OT apTe3HAHCKHX BOJ — lgy.

B yciaoBusix opomaeMmoill TeppPHTOPHH OTMeUeHHble 3JeMeHThl NHTAHHA
IPYHTOBBIX BOJ COXPaHsIIOT HOJHOCTBIO CBOE 3HauyeHHe; ONOJHUTENbHYIO
BRXKHYIO POJib UIPalOT: HHQUJBTpALHsS B HPPUTALHOHHEIX KaHanax — [in.,
MHOUAbTPALUS M3 BONOXPAHHINIL — [4;p, HHOUALTPAUHA Ha NOJHBHBIX H
IIPOMBIBHBIX NOJGAX — [;p, MHOHABTpaLUsi H3OLITOUHBIX COGPOCHBIX BOX — [y.

Baxuefimre cocraBHbe 3JeMEeHTH pacxoaa TPYHTOBHX BOIX
cIeRyIolue,

B HeopolaeMBIx ycJOBHSIX: GOKOBOH OTTOK TPYHTOBBIX BOX — Qgw, TpaH-
CTHpalHUd PaCTHTENBHOCTbIO — @y, HCIIapeHHe uepe3 NMOUuBy — Q.

Ilpy mpakTtHueckoli oueHke 6anaHca IPYHTOBLIX BOJ TPYAHO Pa3XeqHTh
WX pacxoj Ha WCHApPeHHe M TPAHCOUPAUHI0. B 3THX caydyasix OPUXOAUTCS
rOBOPUTb O CYMMAapHOM HCHApEHUH. DTy BEJHYHUHY MOXKHO 0603HAYHTL HH-
nexkcoM Qqe.

B ycnoBusix ocymieHHOR MM OpoIlaeMOil TEpPHTOPHH ¢ paboTanimuMH
IPeHaXHBIMH COOPYXKEHHSIMH [OSIBJISIOTCS [IONOJHHTENbHBIE CTAThH Pacxo-
J1a TPYHTOBBIX BOJ, HA OTTOK B JPeHBl — Q4.

IlpeHe6peras HEeKOTOPHIMH CTATBSIMH NPHXOAA M pacxoga (KoHAeHCalHd,
ycBOeHHe opraHH3MamM, copOius U T. A.), 6afaHC IPYHTOBBIX BOJ MOXHO
BHIPA3UTH CJENVIOIIHMH HHIEKCAMH:

IJ1s HeopoluaeMbIX TeppUTOpHi:

IR +1in+ Igw + Iawang‘l‘Qt + Q.
JJ1s1 opouiaeMbIX TeppHTOpHI:
IR +Iin+ Igw‘*']aw +Ilnc+ ]sip + IiR +IwZng + Qt + Qe+ Qd-

Karacrpoduueckue siBIeHHS 3acOJIeHHsl CcpolllaeMBIX TOYB WM HX 3a60-
JauuBaHus B GOJBIIMHCTBE CBSI3aHBHl C DE3KOH nekoMmIeHcaunuell GanaHca
FPYHTOBHIX BOJ, BLI3BAHHOM CTPOHTEJBCTBOM BOAOXPAHHJHIL H OPOCHTEJb-
HBIX KaHaJIOB B 3eMJSIHEIX He0OHIIOBAHHEIX BHIEMKaX.

KonnuecTBeHHO# OLeHKe 3jaeMeHTOR GanaHca IPYHTOBBIX BOJ Heopouiae-
MBbIX H OpoOLIaeMBIX TEPPHTOPHH 3aCYIIMBLIX 30H HOCBSIIIEHA OTPOMHAasl Ju-
TepaTypa Ha pa3JHUHLIX s3bikax. [loapoGHas rHpopManus mo 3TOMy BONIPO-
cy AaHa B mMoHorpadusx asropa (1946, 1947, 19668). 3xecy Mbl JuIlb KpaT-
KO OXapaKTepH3yeM KOJHYeCTBeHHLIE Npeflebl HEKOTOPHIX CTartell Gajauca
TPYHTOBHIX BOZ.

IlocTynnenuss B rpyHTOBBIE BOJBI

Huduabrpanus armocdepnnix ocankoB. OpnuM u3 HauboJee yHuBep-
CaNbHBIX HMCTOYHHKOB TNHTAHWA FPYHTOBBIX BOJA SIBJAAIOTCS aTMOCQepHhe
OCaAKH H HX HHOQHUAbTpanud. Uem cylle KAuMmaT, TeM MeHblle 3HayeHHE 3TO-
ro dakTopa. U, Hao6opoT, BO BJaXKHBEIX KJAHMAaTax MOPCKOTO, MYCCOHHOTO,
TPOIIMYECKOTO TUIA 3TOT (axTop NpHoOperaeT OYeHb GOJBIIOE 3HAUEHHE.
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Hnduabrpauusa uyepes pyciao pek. Peurnle aprepuu MOTYT TepsTh 3HAUH-
TeJbHble 0GbEMb BOAbI Ha (QUJABTPALMIO M NHTaHHe [PYHTOBBIX BOJ HpHJe-
rawinux teppuropuil. Uem GoJee NpoHHLaeMbl HOPOAbI, CJAralolike pycao
H J0JuHbI peK, TeM HHOHIbTpauusg 6yneT OTEOCHTeNbHO Goapliel. B ycio-
BHSIX CYXMX JeJbT ¥ KOHYCOB BbIHOCOB B Cpennefi A3uM nuTaHue rpynTOBBIX
Boj 3a cueT PUALTPALMHU ucpes PYCio pek Moxer pocturath 40—80 x3/cex.
B neabte p. Mypra6 nuTaHHe TPYHTOBHIX BOJA H3 DEKH COCTaBJfET eXKe-
rogno go 20 mm (C. JI. MupkuH, yctHoe coobuenue). B geabre Kypbl —
Apakca exeroaHblil npUTOK HHQUABTPALMONILIX BOA COCTaBJfgeT /10
150 mm (Eropos, 1954). Tlpsmoe nurawomec Biausiue pek Celpaapbs u
AMynapbs B CTOPOEBI NPOCJAEXKHMBAETCH Ha DPACCTOAHMM 5—7 KM OT pyced.
B xocsenno#i popme nurawinee BAHAERE AMyIapbu CKa3blBAaeTCs Ha JeCHT-
ku kuiaomeTrpoB (Kyuun, 1959). IloxcumnraHo, 4To KaXablf rekrap IeJbTbl
AMynapeu moayuaer exerogHo 1o 400-—500 w3 Boanl 3a cuer mrHOUJALTpA-
MU U3 PYCaa PeKH.

UndHIbTPauOHHBIE NOCTYNJIEHHA uepes HPPHTrauHOHHYyl0 ceTb. [lpn
TPalCHOPTC MPPHFALHOHHOH BOJAbI Yepe3 CeThb OPOCHTENbILIX KaHadoB, He
HMEIOLIYX HaACKHOH NPOTHBOGUILTPAIMOHHON H30AA1KH, Ooablive 06heMbl
OpOCHTEJbHOH BOAbl TepsloTcs Ha (uJAbTpaLuio. B 3aBuCHMOCTH OT MpOIH-
1aeMOCTH TPYHTOB, 2 TaK¥Ke OT 0ObeMOB W CKOPOCTH JBHXKEHHSI NOZABaEMON
BOJbl, TEXHHUUYECKOTO COCTOSIHHSI KaHAJOB NOTepY Ha QHUALTPAUMIO B HHX MO-
ryr cocraBaath ot 30 go 60% o6bema BoLLI, MOCTYHAKIIEH B IVIABHBC BO-
nosabopHelc coopyxenusi. [1o3ToMy Ha opolllaeMblx TEPPUTOPHAX AMHAMHKA
YPOBHSI M XMMH3M PPYHTOBBIX BOJA TeCHeHIIMM o6pa3oM cBS3aHbl ¢ WHPHIB-
Tpauuell Bogbl B KaHajaax.

Pasvepbl 0611erofoBblX NOCTYyNJeHHH HHPHJALTPALMONHBEIX BOA uepe3
KaHa/Jbl B BOAOHOCHDIE TOPH30HTBHI B PA3JHYHLIX YCAOBHSIX KOJeGJIOTCA OT
240 no 700 mm, 1. e. o1 2400 no 7000 m3/za.

®uapTpanuoHHble BOALI CO CTOPOHH KaHaJOB BbI3LIBAIOT HOBLILIEHHE
YpOBHSL TPYHTOBLIX BOJ M 06pasyloT MecTHble NOJ3eMHble IOTOKH, Hampas-
JleHHblc B CTOPOHY OT KaHaJj0B K NOHWKeHusiM peabeda. O6aunoska Kana-
JIOB TeMelTOM, OWTYMOM HJH APYTHMH HOKDBITHAMH YMEHDIIAET KOPEHHDIM
o6pa3oM norcpH Ha (UILTPANKIO, HO He MCKJIOUAeT MX INOJHOCTbIO. Tax,
10CJie THAPOU3ONSUNY LEeMEHTHRIMH IVIHTAMM KAaHaJbl NPOAOJAKAIOT TEPAThb
no 8—109% Ttpancmoprupyemoil Boabl. Ilotepu na ¢uabTpauuio Moryt ObITh
MCKJIOUCHDLl TOJALKO B TeX CJAYy4asX, €ClAH OpOCHTeNbHAs CeTb MOJHOCTBIO
3akpbita (B Tpy6ax). _

CyniccTBeHHBLIM MCTOUHHKOM NHTAHHS IPYHTOBBIX BOJ SIBJASIETCS WHOTAA
MHOHUABLTPALUA JpelaKHBIX BOL H3 NEepeloJEEHHBX W 34POCHIMX BOJLOOTBO-
OAMKX KOJNJIEKTOPOB.

Binsiuve unduIAbTPaUMM M3 BOLOXpaHMaMm,. Tam, rae coopyxaworcd B
peuHBbIX HoJuliax GoJblile BOAOXPAaHHJHING, HEH30€XHO NMPOUCXOAMT Kpyr-
JiorogoBas (UAbTPANHUsA BOJ C NOCTENEHHBIM pAaCOpOCTpaHeHHEM Ha Bce
©OdabliHe MaccuBbl okpy¥awolue#l Tepputopu. Hebosbmue Bogoxpanuinma
32 HeCKOJbKO JieT MOTYT BLI3BaThb NMOAbEM TIPYHTOBBIX BOJA Ha PacCTOSHHH
250—300 m. BiusiHe XpynHBIX BOLOXPAHUJHIL, NOCTPOEHILIX Ha GOMbIIMX
pekax, nogo6unx Bonre, lnenpy, ony, MOXKeT pacHpoCTpaHATbCS Ha Je-
CATKH KHJIOMETPOB, BLI3HIBASl PETHOHAMBHLIA HOJABEM YPOBHS IPYHTOBBIX BO
Ha OOJIBIINX TEPPHTOPHSIX.

[MocTyniieHds: 0T OPOCHTENBHBIX BOA HA NOJAX. Kaxkiablii HOMMB AOCTaB-
Jger Ha mnone He MeHee 800—1000 m%/ea Boxbl, T. e. cjioit, paBHbll 80—
100 mu. Hepeaxo 1a mojs noaaercs 3HauuTeNbl0 GOMbIIEe KOJIHUECTBO OpO-
curedblioit Boab — 10 1500—2000 u3/za. CymecTByomue B peanbHoll npak-
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THKE X034iCTBa HOpPMbI HOJIMBOB MpCBBILAIOT B [Ba, a WHOTAA B TPH pasa
BOLOYAEPKUBAOILYI0 CHIOCOGHOCTb NMOYBbl. B WTOre 3a BEreTALHOHHBIN Ie-
DHOJ Ha NUTaHWe TPYHTOBLIX BOJ M3OLITOUHLIMM MOJMBHLIMH BOZAMH MOXeET
yxomutb g0 10—15%, a unorza u no 20% oGbeMa BOALI, MOCTyHalomeH B
raaBHoe Bopo3aGophoe coopyxeHue. B Tex cayuagx, Korja OpolleHHe oCy-
[IECTBJAEHO H3 3aKPLITLIX TPYOONpPOBOAOB METOAaMH MAaJOWHTEHCHBHOI'O
NOXKAeBaHus, MOTEPH MOJWBHOHN BoAbl HAa GUALTPALKIO HA MOJSAX OyAyT Hau-
meHblInMH. OJHAKO MHOTME DACTeHHs HYXKAAWTCs B TaKHX Gonblinx 06b-
eMax OpDOCHTEJbHON BOJBI, KOTOpble He MOryT ObiTh oGecreyeHbl MeTOXAMH
Joxaesaiins. Hanpumep, Ipyd opollely prca NPAKTHKYIOTCS OPOCHTeNbHbIE
HOPMbI BoAbl He McHee 20 Tobic. #%/ea u vacto 40—60 thic. m3/ea. Opowenue
pHCa SBJSeTCH MOIIHBIM HCTOYHHKOM TOCTYIJIEHHS! QHALTPALUOHHBIX BOA B
BOJOHOCHEIE TOPU3OHTHI, YTO BBI3LIBZET BCCDMA PC3KOE NOBLIIIEHHE YDPOBHS
TPYHTOBOH BOABl HA MNOJSX H NPHJIETalOIHX TEPPHUTOPUsX.

Korna nas ueneit Meauopalud 3acoJeHHBIX MOYB NPHXOAMTCS IPOH3BO-
JMTh IPOMBIBKY COJIell U3 IOYBHI, HA TOJS TaKKe mojamTcs 06beMbl BOALI,
HAMHOTO NpeBLILIAMNME BOAOYAEPKHBAIONUIYI0 CIOCOGHOCTb MOYBbI, Hampu-
mep 7—15 Thic. M3/ea. B pmaelioM ciiyuae npu NOMOMIM MCKYCCTBEHHO BHI-
3BaHHOH MHMUJILTPALMM CMENHanblio BLIMBIBZIOTCA COJNH M3 BCPXHHX TOPH-
30HTOB TOYBLI B TPYHTOBLIE BOABL. ECTECTBEHHO, YTO HPH 3TOM HIPOHCXOZHUT
MHTEHCHBHOC MUTAHWE TPYHTOBLIX BOJ M NOBLIIIEHHE HX YPOBHS.

Bausinne M3GLITOUHBIX cOpOCHBIX BOA. B Tex cayuasx, KOrfa MJaHOBOe
BOJONOJL30BAHKE TIPAKTHUECKM He BeJETCH, GPOCHTEsbIIBle CHCTEeMBLl 3a6H-
paioT BOABI 3HAYHMTEJLHO GoJblIe peasnpHBIX NOTpeGHOCTel. KaHanb ucnosp-
3yIOTCA KPYTJIbIH IO AJ XO03HCTBEHHOTO BOAOCIA0XKEHHs, AN BOAONOS
u T. I: HencnoabsoBannas Boga cOGpacsiBaeTcst Ha NyCTYIOIHe NOHHXEHHBIE
TEPPUTOPHH OPOCHUTEJNLHBIX cHcTeM. Bo Bcex 3TuXx cayyadx, XoTsl 4acTb
cOpOCHEIX BOJ MCNapseTcs, OCHOBHBIE Macchbl MX MNOMNOJHSAIOT 3anacul rpyi-
TOBLIX BOJ Ha OKpY:KalOmeH# TeppHTOPLH.

IloctynieHnsi OT NaBOAKOBBIX M NMPUIMBHBIX BOA. Kak H3BeCTHO, 604b-
IIKMHCTBO pPeK 3¢MHIOI0 Ilapa HMeeT NMepuojuueCKHe Pa3fuBbl, 3aTOMISIOUIHE
HE TOJBKO NORMEHHYIO Teppacy AOJHHBI, HO uiorna u o6liMpHbBIE NpocTpait-
cTBa MepBOi W BTOpOil Teppac. B mpearopuwnx pasnuHax Cpeaneln Asum,
B o6nactax mMycconHoro kaumara Ilpuamypbsi, Mranu u Ilakucrana nabmio-
RAI0TCA TPaHAMO3Hble PA3JIMBEL M 11aBOJHELHA, BLI3bIBAEMBIE CTOKOM peK.
HHorna 3T0 MOXKET BLI3LIBAThH NOBLIILIEHWE YpPOBHS TPYHTOBLIX BoJ U 3a6o-
JnavyyBaHue OOIIMPHBIX MPOCTPAHCTB Ha Nepuoi A0 2—3 JeT, Nnoka He Ipo-
M30AAYT UX TOCTelleHHOe ncnapeHye U OTTOK.

Mopckue npu/uBb, nocTuramoure 5—12 u, peryaspio BHEAPSSICh B yCThd
peKk # Ha GeperoBble HU3MEHHOCTH, SABJSIOTCS MOTYLIECTBENHLIM HCTOUHHKOM
MUTAHKg PPYHTOBBIX BOJ, (M COJAEBLIX 3a11aCOB) NPUMOpPCKOH cymH. o 40 kum
B ray6b CyllW, lanpuvep, NpochexRuBaeTcs BJaHsAIIMe npujiniBoB Kestoro
Mops.

Moctynaennss ¢ 60KOBbIM NPUTOKOM. BOKOBO® ABMKEHHE TPYHTOBLIX BOJ
OT/IHYaeTcsl 3HAUMTEIbHO MEHbUIMMH CKODOCTSMH, YeM MABUXKEHHE NOoBepX-
HOCTHBIX BOJ Ha CKJOHaX WJH B peKkaXx. Tem He MeHee B pe3yJbTaTe reoJo-
THYECKON AJHTEeNbHOCTH ABHKEHHs MOA3EMHBIX BOJ OOKOBOH NMPUTOK HX HME-
er GoJabiloe 3HaueHHe B GajaHce TPYHTOBBIX BOJX M B TeOXMMMUYECKHX TO-
CJIEACTBUAX JJs1 NOYB. B rpaBesHCTHLIX M TaJeYHHKOBLIX MOPOAAX CKOPOCTH
ABMIKEHHS TPYHTOBOTO HOTOKA MOXeT Jocturath 50—60 m/cyrku. B takux
YCJAOBHSX TIPUTOK MPAKTHYECKH DaBeH OTTOKY, W MO3TOMY OGEMHO 3acoJe-
HHe caMMX I'PDYHTOBBLIX BOJA M NOYB NPOU3OHTH He MoOXeT. PacTBopuMbie coMH
JIETKO YHOCATCS TPYHTOBBLIM MOTOKOM. Ho cyraunucTble W rVIMHHCTLIE FPYHTDE

53



061afal0T ManbiMH CKOpPOCTSIMH JBHXKEHHS TFPYHTOBOrO IOTOKa, INopaaxa
1 M/cyTKy, a BO MHOTHX CJIyYasix JIMIIb HECKOJbKHX METPOB B roi. B rtaxux
yCIOBHsIX GOKOBOH NPHTOK NOJ3eMHHIX BOJ €O CTOPOHBI COCEJHEro BOJO-
HOCHOFO FOPH30HTa MJH pafioHa MOXKeT BbI3BaTh 3HAaUHTEJIbHOE HaKOMJeHHE
HOJ3eMHLIX BOJ, IOBHILEHHe HX YPOBHs, 3a00/JaUHBaHHe H 3acOJieHHe MOYB.
CylecTByIOLIHe NOLCUETH IPHMEHHTeNbHO K ycaoBHaM Kapkasa u Cpenneit
A3uu DokasblBaloT, 4YTO GOKOBOH NMPHTOK FPYHTOBHIX BOJ H3 COCEAHHX palio-
HOB MOXeT HocTHraTh B rox 50—60 mm, a mnoraa 100—150 mm. Tax xax
MHHEpaJau3alus FPYHTOBHIX BOJA B JeCATKH H COTHH pa3 Bhbillle, 4eM MHHe-
pajnu3alysi PeYHBIX BOJ, TO, HECMOTPsl Ha MaJjble 06beMbl NPUXOAAIMX BOI,
GOKOBON IPHTOK MOXKET GBITb BecbMa IPO3HbLIM (PaKTOPOM HAKOIJEHHs Jer-
KOpacTBOPHMBIX TOKCHUECKHX COJIeH.

Bocxomsaummit npuToK M3 ray0oKux ropu3oHTOB. B crnenudrueckux ycio-
Busix penbeda (MeXTopHble NOJHHEI, JenpeccHH, NepHdepusa NpeAropHBIX
paBHHH ¥ T. 1.) GOJbllloe 3HaueHHe B INHTAHHM IOYBEHHO-TPYHTOBLHIX BOX
NpUHAANEXHT BOCXOAAINEMY NPHTOKY M3 TJyOHMH NOpsiIKa A€CATKOB H CO-
TeH MeTpoB. Bo MHOrMX ciayuasix rpyHTOBBEE BoAe oGnamaior nanopoM. Ilpu
3TOM CYIIECTBYET, XOTs U cJa6oe, HO HeNpephIBHOE BOCXOjfllee JBHKEHHe
IIOA3eMHBIX BOI.

VpoBeHb FPYHTOBBIX BOJ B NOYBAX, aMINIHTYJa HX CE30HHOTO KoJebaHus
U XMMH3M B TAKHX YCJOBHsSX TecHeHIIUM 06pas3oM 3aBHUCAT OT IPHTOKa H
HcrnapeHusi TAYGHHHBIX HAOOPHBIX BOA. IIpAMBIMH H KOCBEHHBIMH METOZaMH
OBLIO YCTAHOBJIEHO, YTO B HEKOTOPHIX paloHax ['odoaHoli crenu B Y3GekH-
CTaHe eXerojnoe HaNOpHOe NHTAHHE INOYBEHHO-TPYHTOBHIX BOJ COCTARJSET
BeauunHy nopsaka 100 mm. ITo oTHOLIEHHIO KO BCEM OCTaNbHBIM CTAaTbsIM
npuxona B Gajamnce IPpyHTOBBIX BOZL 3TO Jocturaer B [osoaHoit crenu 20—
309% o6mero mpuroxka (Kpeiop, 1959). Pafionsl, sarpouyTeie B GoJablueit
WM MEHBIUEH CTeNeHH NPUTOKOM BOCXOASIHX HANOPHLIX BOJ, MOIYT NOZI-
BepraTthcsi HHTEHCHBHOMY 3260/1aUHBAHHIO U 3aCOJIEHHIO, ¢ KOTOPHIMH GOPOTh-
sl JOBOJBHO CIOXKHO.

CpaBHHBasi reoXHMMHUECKOe 3Hauellle BOJ PasHOro INPOUCXOKAEHHUs B
NIPHTOKE JIETKOPACTBOPHMDLIX COJeH B NOYBLI, HeOGXOAUMO OTMETHTDL, YTO aT-
MochepHble OCakH NPHHOCAT C COOOH BechbMa Malo pacCTBOPUMBIX COEAH-
HeHHi. Peunble BOJAH, KaK IpPaBHJIO, BHOCAT B NOYBHL ¥ FPYHTOBHIE BOJH 3a-
MeTHOe KOJHYECTEO JerkopacTBOpHMEX cogeli. Haubosee pemaromum gax-
TOPOM B IPHTOKE H NepepacnpejeseEHH JerkopacTBOPUMBIX COJIell B MOYBaX
ABJSIIOTCSA MOCTYIJIEHHdA, CBA3aHHbIE C BOJAAMH I'MyOHHHOTO NPOHCXOXKAEHUSA
U IIPHJIUBOB.

Mop3emHblii 60KOBOH OTTOK TPYHTOBBIX BOJ,

[Ton3eMHbIl OTTOK TPYHTOBLIX BOJX COCTABJSIET ONHY M3 BaXKHeNIIUX CTa-
Tell pacxofiHol yacTH ux GanaHca. Ecin 60KCBO# NOI3eMHEIH OTTOK MOKPHI-
BaeT BeCh MM GOJBIIYIO 4aCThb NPHTOKA TPYHTOBRIX BOJ, TO 3TOT THI GajaH-
Ca Ha3blBAeTCsl KOMNEHCHPOBAHHBIM OTTOKOM (oTtounniit). Takoit tun 6a-
Jlanca TPYHTOBHIX BOJA MOXKeT OBITb BEIpaXeH HHAeKCOM: [=Qgp. MHas
TEDPUTOPHI, OTIMYAIOLINXCA STUM THNOM GasfaHca TPYHTOBBIX BOJ, Xapak-
TEPHB! NPOLECCH BLIHOCA, BBIENAYMBAHMSA, TPAH3HTA NPOAYKTOB BEIBETpPH-
BaHHuf H mouyBooGpa3oBanusi. ITOT Tun GajaHca TPYHTOBHIX BOJ CKJajblBa-
eTcs B CAeYIONHUX cAyyasx.

Cayuaii ry6okoro 3aneranusi ypoBusi FpyHTOBSIX Bof. Korma rpyHTOBbIE
BOJBI 3a/IeTalOT Ha ruayOHHe GoJbluedl, YeM NOTEHUMAJbHAs BHICOTA KAaIluJ-
JAPHOFO MOMHATHs (ryOXke 7—I12 M), Hemapesust FPYHTOBBIX BOA uepe3
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NOYBY HpPaKTUYeCKH He MpOUCXCHHT. I 1yQoKuil ypOBeHb TPYHTOBHIX BOA MO-
JKeT BHI3BIBATbCA JHGO CYXOCTbIO KJAMMaTa, JHOO BHICOKOH CTEHeHbI0 eCTecT-
BeHHOM JIpEeHHPOBAHHOCTH MeCTHCCTH 6Jjarofapsi IpPOHHIAeMOCTH FPYHTOB
U HaJWYHIO Pa3BHTOH Bpe3aHHoN rupporpacduyeckon cetu. TaxkHe yca0BHA
MOryT HaGmiOfAaThcsl Ha BBICOKMX JpeBHHX 1eppacax, Bojopasfienax, Hpen-
TOPHEIX paBHMHaX. EciM HcnapeHue rPYHTOBEIX BOJ He HMEET MeCTa H eClH
OTTOK B 0OJbllell MJIH MeHbllIeH Mepe KOMNEHCHPYeT HX NOJ3eMHHH NPHTOK,
TO aKTHBHOE HAKOIJIEHHe BTOPHUYHBIX COeJHHEHHH B NOYBax OTCYTCTBYeT,
a TOCHOJCTBYIOT IDOLECCH pacco/eHHs], BblllenauyHBaHHs, BHHoca. M 310
TEM CHJIbHee BBIpaxKeHO, 4eM GoJibllle Ha MeCTHOCTH BHIaJaer aTMOC(epHBIX
0CalKOB.

Cnydyail BbiCOKOH NpOHMLAEMOCTH BOJOHOCHOrO ropM3oHTa. B Tex cay-
gasgx, KOFAa BOXOHOCHBIH FOPH3OHT CJOXKeH TpaBHeM HJH TNeckaMH, obaa-
HAIONUMY BEICOKUM K03 dHuueHTOM (QUIABTPALHH, faxKe IpH Giu3koM (Kak
¥ 1pH IIyGOKOM) VpPOBHEe 3aJeraHHsl TPYHTOBBLIX BOJ LMPKYJsIItHS NOCJEN-
HHUX HACTOJIbKO UHTEHCHBHA, UTO OTTOK FPYHTOBBIX BOJ, NPaKTHYECKH IOJHO-
'CTHIO NMOKPHIBAaeT HX NPHTOK. TakHe yCAOBHSL MOFYT CKJAaibIBATBCH HA KO-
Hycax BBHIHOCOB B IIPEATOPHBEIX paBHHHAX, Ha XOPOLIO IPEeHHPOBAHHHIX aJi-
JIOBHAJbLHBIX paBHHHAX, Ha NOAMEHHHIX Teppacax pek. B atux caywasx Oy-
IOyT opMHpPOBATHCS BHICOKOILIOAOPOJHEIE HE3aCOJeHHbIE BJAaXKHEIE JYTOBbIe
TI0YBEl, B KOTOPBIX MOTYT HAKAIJHBATHCS W3 I'PYHTOBBIX BOJ JIHIUb OTHOCH-
TeJbHO MaJOpacTBOPUMbBIE COEIHHEHHs KpeMmie3eMa, NOJYTOpHble OKHCJLL,
KapOGoHaTHl KaJbILysl.

Pacxon rpyHTOBBIX BOA Ha NOJ3eMHHIH OTTOK TeM GoJblle, YeM BHIIIE
€CTeCTBeHHAaqa BOJONPOHHIIAEMOCTb BOJAOHOCHBIX T'DYHTOB, 00 3TOM MOXHO
CYAUTDb IO CJACAYIOIHM JaHHbIM:

BogonponnaemMocThb

laneunuku 30—50 m/¢ymsn
MleGens u rpasuit 20—30 » »
KpyIHo3epHUCTHE NecKu 10—15 » »
MeiKo3epHHCTEIE TIECKH 35 » »
JléccoBupHble CyTIMHKY 0,2—1 » »
Tansst 1-—2 m/e00
Tsaxensle njacTudecKue I'JIHHEBL 0

ITo Hamum pacueram (1946), BepOsITHBIH CTTOK IPYHTOBHIX BOZ B PycJad
p. Coipnapbst Ha TeppuTOpHH ["0M0AHOM CTCIH COCTaB/SI Kpafine Manyio Be-
JUYHHY, npuMepHo 600—900 m3/200.

HecpaBHeHHO BbIlle BeNHYHHA OTTOKA TPYHTOBHIX BOA B JPYFOM OpO-
maemoM pabioite coBerckoll Cpenneil Asuum — B Gaccefilie p. 3epapliaH.
3necw, no noxcueram B. JI. Wyaen (1950), B CTOpOHY peKH NPOUCXOAMT
HEIpepbIBHLI MHTEHCHBHBIH OTTOK TPYHTOBBIX BOJ, NOJHOCTbIO KOMIEHCH-
pyouui Bce GopMBl WX OPUTOKA M nuTanus,— b0 m3/cex. DTo CBA3aHO C
TeM, uTo Gacceiii p. 3epaBliaH B €TO CpefHEM TEUEHHH CJOKEH TraneuHHKa-
MM Y IeCcKaMH, KOTOpble IEepeKpLIThl BLICOKOIpPOHHIIAEMEIMH JéccaMu. V3-
BECTHO, YTO 3Ta TEPPHTOPHS 3a THICAUEJIETHIOIO HCTOPHIO HHKOF/la He HOABEp-
ranacb BTOPMYHOMY 3acojieHHi0 MM 3abonauuBanuio. K 3TomMy Xe Tuny
TeppHTOPHIL OTHOCHTCS TamKeHTCKHE OpollaeMblil 0a3HuC.

JexoMneHcanns rpyHTOBBIX BOJ. [leKoMneHCalus pexKHMa TPYHTOBLIX BOX
MoXKeT OBITb BBI3BaHA PE3KMM YBeJHUEHHeM HX IpPHXOma IO CPaBHEHHIO
€ pacXo/loM MJIH 3HAYHTEJbHBIM YMeHbIIeHHeM WX cToka. MHorma ato cBssa-
HO ¢ NPHPOAHBLIMH SIBJEHHSIMH BEKOBOTO XapakTepa HJH KPYIHBIMH THIAPO-
TEXHHUYECKUMH COOpYyXeHusiMH. Tak, MenJeHHoe OmycKaHHe MOpCKHX Oepe-
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roB HunepnaugoB yxyamaeT CTOK TIPYHTOBHIX BOX BCJeACTBHE Hapa-
CTAIOMIEro WX TNOANOpPAa CO CTOPOHBI MOpsi. DTOT Ipolecc cnoco6cTByeT pas-
BUTHIO 3a460J1au¥BaHus, YTO BBIHYXKAAET K MIUTEHCH(UKALMH OCYLIMTEAbLHLIX
pator.

MenaenHoe morpyxenue TamM60BCKON HH3MEHHOCTH CnocoOCTByeT Noj-
JepPXKAaHUI0 B COBPEMEHHYIO 310Xy BLICOKOTO YPOBHSI TPYHTOBLIX BOJ Ha 3TOH
paBHuHe.

CoopyXeHHe HCIOJIMHCKHX BOAOXPaHMJIMIL, NoAoGHEIX Kaxosckomy,
BoJskckuM, co3aaer JeKOMIIEHCAHIO PeXHMa TPYIITOBLIX BOJ NyTeM HHDUAL-
Tpanuu oueHb Gosbliux 06beMOB Boxbl. Ha 3HauuTeNbHBIX HpOCTpaHCTBAX
3a pekoMmeHcauuel caeayer 3aGosnaunBaHHe, a B 3acCyIIMBOM KJuMaTc d
3acosenue mouB. Ha opocurenbHBIX cHcTeMax BeaeAcTBue PHALTPALUM BO-
Ibl U3 KAHAJOB KW Ha HoJAX (0coGelllo NOJMBEOrO pHca) OYeHDL 4aCTO TAKXKe
lacTynaeTr JeKoMIeHCalusi peXkuMa TpPYHTOBBLIX BOJ, UX NoabeM, 3aboJjauu-
BaHHUe U 3acoJjieHye MoUB.

Bo Bcex 3TUX cayuyasix AeKOMIEHCAuMd BLI3HIBAEGTCS TeM, UTO TNPHUXOL
TPYHTOBBLIX BOJA 3HAUMTE/LIO IIpeBHIIIAET MX OTTOK, T. e. I>Q. Ilpouecc ne-
KOMIIEHCAlMU Yepe3 PAXL JeT OOLIYHO CMeHsieTCsl HNOCTeNeHHbIM HaCTYIJICGHH-
eM KOMIIeHCaluH.

C noppllleHHeM YPOBHA TDYHTOBBIX BOJ BO3PacCTaOT HX HCHApeHHe H
TpaHCNMpaiys, YBeJHUHBAIOTCA MX HANoOP W OTTOK, UYTO BLIPABHHBAET COOT-
Hollenxe npuxoia u pacxoma: I=Q. OnHako noc/ie 3T0T0 MOYBOO6PasoBa-
TeJBHBIA ITpolecc KOPeHHBIM 06pa3oM MeHsIeTCs.

Taxkum o6pasomM, aekomieHcauusi GanaHca TpPYHTOBBIX BOJA  SIBJASETCS
IpO3HLIM NIPU3HAKOM ONacHOCTH 3a60sauWBaHMA W 3acoJeHus nouB. B taxkux
caydasix TpeOyIOTCs CPOUHbie Mepbl IO YMEHDLIUeHHIO HHTAHUA TFPYHTOBBLIX
BOJ U CTPOHMTEJNbCTBY HCKYCCTBEHHOTO Apeliaxa.

Cayuaii cTpoutenscTsa npeHaxa. [lJs Toro 4To6bl YCHJIHTH OTTOK IPYH-
TOBBIX BOA B LENAX JHUKBUAALMWM NPOLECCOB 3a6oNaunBaHus H 3aCOJCHHA,
CTPOUTCA CeThb JpeH, 4TO BhI3LIBaeT AeKOMIeHcaluio. [peHax yseauuumBaer
OTTOK ¥ UMDKYJSLHIO FPYHTOBBHIX BOJ C HOCTEHEHHBIM CHHXKEHHEM HX YPOB-
Hs. B KolleuHoM wmTOre NpPUTOK TPYHTOBLIX Bon OydeT KOMNEHCHPOBAH Hc-
KYCCTBEHHLIM JAPeHaXXHbiM oTToKoM. Kak mnokasbiBaloT HabmaojeHus, npo-
u3BeJeHHble B pa3JHUYHBIX YCJIOBHSX, B CpeJHEM OTTOK TPYHTOBHIX BOJ,
B ApeHaxk cocraBaser 0,4—0,7 4/cex, uHOrAa ApeHAXHBIH OTTOK JOCTHTraeT
1—2 a/cex.

Lpenaxnvle BoAbl Bcerfa 6ojiee MUHEpPaJu30BaHbl, UeM peuHble MWJH
noxaesble. [ToaTomy npeHaxK Bcerga BLI3LIBAET BHIHOC M3 NOYBHL FEOXHMHye-
CKH TOABHXKHEBEIX BELECTB, MUTATEJbHLIX 3JE€MEHTOB, COJiell, KOJJOUAHBIX CO-
eVHeHuM.

Pacxop, TPYHTOBBIX BOJ Ha HCnapeHHe

Crosb e BaxHOH cTaTbelt 6ajaHca IPYHTOBHIX BOJ SIBJSIETCSI UX PACXOZ
Ha ucnapenue. Oanako reoXxuMHuUecKoe 3iauyeHHe ucHapeHuss B OGanadce
TPYHTOBBIX BOJ COBeplIeHHO NPOTHBONOJNOXKIO 3HAYEHMIO MOA3EMHOIO OTTO-
Ka. Bananc BemecTB TeppHTOpMH, TAe TOCHOACTBYET HCHAPUTENbHBIA THII
pexkuMa TpYHTOBBIX BOJ, HalpaB/eH B CTOPOHY HAKOIJIEHHS TEOXHMHUUYECKH
NOJABMIKHBIX cOeAMHEHHH B IOYBAaX, B BOJOHOCHOM TOpPH3OHTE W TPYHTOBOH
Boje. Ecan B pacxoannix craTbax 6anaHca FPYHTOBLIX BOA Hcrapenye 3aHu-
Maer IJIaBHOE MeCTO M TUPAaKTHYECKH NOJHOCTLIO NOKPBIBAET NPUTOK NMOA3EM-
HBbIX BOJ, TO B 3TOM CJy4yae GaJjiaHC TPYHTOBBIX BOJ TaKXKe OTHOCHTCSH K KOM-
nedcupoBannomy tunmy. Ho ¢akropoM kommnencanuy B fanHov ciyuae 6yaeT
yXe He NOA3EMHLIA OTTOK I'PYHTOBLIX BOJ, a HCNIAPEHHE HX uepe3 KamuJjisp-
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Hylo Kaiimy. DToT THN GaJsanca PPYHTOBLIX BOJ MOXKeT GLITh BbipaXKeH HHIeK-
coM I=0Qe.

HesaBucumo ot toro, 6ynet Ju NuTanHe TPYHTOBBIX BOI 00eCleyHBaTLCH
GOKOBLIM MPHUTOKOM WJIM CHHM3V NOJ BJAHAHHEM THAPOCTATHUECKOTO JaBJEHHUS
¥ BOCXOJSIIEro NMPOHUKHOBEHHS TJyOHHIBIX HaNOPHBIX BOA, Pacxoj TPyHTO-
BBIX BOJ NpEeHMYIIECTBENHO 12 HcllapeHHe CONPOBOXKAALTCS POCTOM WX MHHe-
panusauuy, oGorameHueM rpyHTta HoBooOGpa3oBaHUAMH W 3aCOJeHHEM NOou-
Bennoro npo¢uas. Ecan kanuausipHas xaiMa BbLIKIMHHBAeTCd Ha INOBEPX-
HOCTDb, COJIEHAKOTIIeHe IIPOMCXOIUT B HaHbGoJee pe3Ko BhHIpaXKeHHOH Qopme
¢ o6pasoBaHuem coJsoiuakoB. [Ipy KeJqe3HCTHIX BOAAX HAKaIJMBAKOTCA OPT-
IUTeiHOBbIe NIPOCJIOH, a NpH KECTKUX FPYHTOBBIX Bojgax o6pasyioTcsi H3BECT-
KOBLIE M THMIICOBbIE TOPHU3OHTHI.

HHTenCHBHOCTD HCIlAPEHUA IPYHTOBBIX BOJM, KAK YK€ OTMEUEHOo, TeM Bhlle,
yeM 0JHXKe HX ypOBeHb K INOBEPXHOCTH, UeM Bbllle KaNHWAASpHAas NPOBOIHU-
MOCTb TDYHTa ¥ ueM cyule Kjaumar. O6uwiag xapTuia 3aBUCHMOCTH HIITEHCHB-
HOCTH MCHApEHHsi TPYHTOBBIX BOJ OT IMyGHMHBI HX YPOBHS B CYXOCTH KJAMMarTa
Aada B Taba. 17.

Ta6auna 17

BeanunHb BO3MOXHOTO PAacxofia TPYHTOBBIX BOJ HA HCriapeHHe B CBSI3M C HX
rayGuHoi M cyxocTbio Kaumara*

Pacxof rpyHTOBBIX BOJ Ha HcnapeHHe (#3fza) NpH UCNapsleMOCTH (M)

Fay6una
-Fgﬁzﬂnggﬁ 2000 1800 1500 1200 1000 800 500
0,0 20 000 13 000 15000 12 000 10 000 3000 5000
0,5 10 000 9000 7500 6000 5000 4000 2500
1,0 5000 4500 3750 3000 2500 2000 1200
1,5 2500 2000 1800 1 500 1200 1 000 600
2,0 1200 1 000 900 -700 600 500 0
2,5 600 500 0 0 0 0 0
3,0 300 0 0 0 0 0 0

¥ Henonbsopaunl fJannusie C, JI. Mupkana (1957).

Tak Kak CKOpOCTb W 006beM KanHJJspHO-epeJBUrallelics BOAL K IO-
BEPXHOCTH BO3DPACTAIOT C NOBHIIEHHEM yPOBHS TPYHTOBLIX BOJ, TO U BE&JIHUH-
Ha pacxojaa BOAbI W3 TOYBH Ha ucnapeHue OyaeT TakKe Bo3pacTaTb O Mepe
npubJMKeHHs TPYHTOBBIX BOJ K TNOBEPXHOCTH (pHc. 9).

HaoGopotT, npu yBenuueHHH TrayOWHBL 3ajeraHus TPYHTOBLHIX BOJ [0
150—170 cx# B 3anmamuoli Cubupu u mo 270—300 cm B Cpeaneit Asuu
BCJEACTBHE 3HAUHTEIBHOTO 3aMeIJeHusi CKOPOCTH KaNWJgpHOro Tepe-
IBHXKEHHd TPDYHTOBLIE BOAbl HAa HcHapeHWe pacXoldylTcs B KpahHe MaJdoi
creneHy

B mycTbiHsX, Iie NOYBBL ¥ FPYIITHl IpoOCyIIelsl 10 BO3AYHIHO-CYXOT'o co-
CTOSIHHSL Ha HECKOJNLKO METpOB, HcnapeHHe TPYHTOBLIX BOji 3a cueT AHDY-
34M 1apoB, CMeHBl JaBJeHHs M TeMmepaTyp IpoaoJiKaerca u ¢ raybun 10—
20 M, HO yXK€e ¢ HUYTOXKHOH CKOPOCTBIO. DTO BEKOBOE MCNIapeHUe MMEeT onpe-
AeJleHHOE TeOXMMHUYEecKoe 3HaueHHe, XOTS HemocpeiCcTBEeHHOTO MeJHOpaTHB-
HOTO 3HAYeHHs 3TO U He HMeerT.

Pasmepnl ¥ CKOpOCTb MCHapeHHd 3aBHCST OT MeXaHMUeCKOro COCTaBa H
CTPYKTYPBl TOYB, IIOKPBHIBAIOLIMX FOPHU30HT TPYHTOBBIX BoJ. UeM TsXKesee
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Puc. 9. 3aBHCHMOCTD HHTEHCHBHO-

CTH HUCHapeHUsi TPYHTOBHX BOX OT
ux yposus (Kosma, 1946; Talsma,
1963)

£
o
|

1 — Hunepaanami;

2 — Bapa6uHckas HusMeHHocTs (CCCP);
3 — Kanudopuusa (CIIA);

4 — Byxapa (CCCP);

5 — Tl'onopsas crenn» (CCCP)

Wnmencubrocme ucnaperus,cm{erb

50 150 250 350 450
Yoobens epyrmoborz Bod, cm

MeXaHHUeCKHH cOCTaB I'PYHTOB H IJIOTHEE €ro CIOXEHHe, TeM NPH MeHblIeH
ray6uHe FPYHTOBLIE BOJAB HAUMHAIOT PAcX0Of0BAThCs Ha uclapeHHe; 3TO BHA-
HO M3 CJEAYIOMHX JaHHHX:

T'ny6una, M
Cpenneasuarckue Jiécchl 3,5—4
» CYIJHHKH 2,5—3
depraHcKkue THAXKENbIE CYTIHHKH 1,52
MyraHcKue cilouCTHIe CYT/IMHKH 2,5—3
IOxHOMyTaHCKHE TAXKeEJble TJIMHEI 1,2—2

[ny6uHy 3aneranusi MHHEpaNH30BAHHEIX TPYHTOBBIX BOJ, NPH KOTOpPOH
3HaYUTENbHBIE KOJNYECTBA KAMWJJISPHOH BJard GLICTPO [AOCTHraioT MOBEpX-
HOCTHHIX FOPH3OHTOB M BHI3HIBAIOT BCJEACTBHE HCIApPEHHS 3aMETHOE 3acoJe-
HHe opomtaemblx nous, B. B. IToarros (1930) HaszBan kpHTHUECKOH rayGHHO.
[pakTHuecku 3HauuMble B OpOUIaeMOM 3€MJISAENHUH BEJIWYHHBl KPHTHUECKOH
TyOuHbL 3aJleraliusl COJIeHBIX PPYHTOBHIX Boj (>>10—15 2/4) moxHo mpen-
CTaBUTb M3 CAEAYIOMHUX NAHHBIX:

Tpyur N yeran Tpynr O,

IlecKH KpynHEE ¥ CpejHHe 0,4—0,5 Cyramuku cpennme 2,5—3,0
IMeckn Mmenkue nbiieBaThe 0,5—0,8 Jlgcch u néccoBuaHble

CynecH TOHKHe 0,8—1,2 CYTJIMHKH 2,7—3,5

CYTJIMHKY TRNIEBATHE 1,2-2,5 CyramHkn TxKesEe 2,0—2,5

TonHbL TAXKeNHE 1,5—2.0

KputHueckas raybuna ypoBEA MHHEPaJH30BaHHbIX FPYHTOBHIX BOJ BCerza
MeHbllle, YeM MOTeHIHaJabHasi BBICOTA NOAHSTHS KaNWJASPHOIO pacTBopa OT
3epKajia FPYHTOBLEIX BOJ W IIyGHHa HayaJa HX HcrnapedHs.. JT0 oObsiCHsIETCs
OTIPECHSIIONIMM BJIHSIHHEM aTMOC(epHBIX OCaJKOB H 0COGEHHO NOJHUBOB, KOTO-
pule cO6pachiBalOT CoJieBble KalHJJsipHblE PaCTBOPBI BHU3 M BBHI3BIBAIOT ONpec-
HeHHe BepXHero ropu30OHTa NOYBHL

HyXHo HMerb B BHIY, UTO N0 Mepe BO3pacCTaHHsl KOHIIEHTPALWH FPYyHTO-
BHIX BOJ, pPacTeT HX BfI3KOCTb H yMeHbIIAercsi CKOPOCTh MX PAacXofa Ha Mcna-
perne. Ecnu rpyHTOBBIE BOABI C KOHUeHTpauuel nopsiaka 3—10 2/4 ucnaps-
I0TCSL IPAaKTHYECKH C TOH JKC HHTEHCHBHOCTLIO, KAK U OGLIYHBIE PeUibie BOJEI
¢ xonunentrpauuein 0,2 e/, TO UHTEHCHBHOCTL HCIaPeHHS PacTBOPOB C KOH-
uenrpanued 30 uau 50 2/4 yMeHbluaercsi B TeX Xe ycaoBusax ua 10—15%,
a ¢ xoHueHnrpanuelt 70—100 e/2 — na 50—60%. I[Tpu KOHuUEHTpAUUH pacTBO-
poB 200—300 2/4 ux HcnapeHHe NPOUCXOAMT JUIb B HauGoJjee Cyxoe BpeMms

58



TOla M YacTO CONPOBOXKAAeTcsl 06paTHOH KOHIeHcanuel aTtMocdepHBIX Mapos
H pasXHXKeHHeM pacTBOpa. JT0 HeoOBIyafHO BaXKHOE SBJEHHE B TeOXHMHH
IIpOLEeCCOB COJIEHAKONIeHHs 00bsicHSAET, MOYeMy IapaJiejbHO ¢ POCTOM MH-
HepaJM3al{¥ TPYHTOBHIX BOL U 32COJIEHHOCTHIO IIOYB IIPOUCXOOHT Hensbex-
HO€ W HHueM He cHepKHUBaeMoe NPUOIUKEHHE COJIEHBIX TPYHTOBHIX BOJ K I10-
BEPXHOCTH.

Wcnaputeapupiit THn 6GajiaHca TPYHTOBHIX BOJ, T. €. Korjga / =Q., B yHCTOM
BHJe CKJafLIBAE€TCS CPaBHUTEJBHO PEIKO B YCJIOBHSIX TaKHX O6eccTOuHBIX
‘©CTeCTBEHHO He ApeHUPOBAHHLIX TEPPUTOPUM, KAK NPUMOPCKHE NENBLTHI, NOH-
MHl peK, 0ecCTOUHHE HH3MEHHOCTH W JeNpeccHH, Hu3kHe nobepeknsl 3aJHBOB
u mopeil. Hallle ke HcrmapeHHe TPYHTOBHIX BOJ COUETAETCS B TOH WJIM HHOMU
«popme u pasmepax C pacXOJOM Ha CTOK U TPaHCIHPALHIO.

Pacxop, rpyHTOBBIX BOJ Ha TPaHCHAPAIHIO

BaxHefmeir craTheit 6ananca TPYHTOBBIX BOJ, ¢ TOUKH 3PeHHUS CEJbCKO-
XO351MCTBEHHOI'O NPOU3BOACTBA U TNOJIYYEHHS ypoOXKas KyJbTYPHHX PacTeHHI,
SIBJISIETCSI MX PAacXoll Ha TPAHCIHPAIHUIO,

Pacxox nogseMHBIX BOX Ha OTTOK He yuacTByeT B (OpPMHDOBaHHU ypoOxKas,
HO U HE SIBJISIETCS MOTeped AJIs YesioBeKa, TaK KakK BOJHL MOJ3eMHOTO CTOKa
MOTYT NMOCTYNIaTk B pEKH M B OPOCHTEJNbHEIE KaHAJH H, CIeJOBATeNLHO, AX
MOKHO IIOBTOPHO HCIOAB30BATH [JIST OPOIICHHUS.

Pacxog rpyHTOBHIX BOJA Ha HCIapeHHe SIBJISETCH, C NPAKTHYeCKON TOYKM
3peHus, MoTepeil MOJTe3HHX BOX AJSL X035UCTBA, TAaK KaK HCIapUBLINeCs BOLH
He yuacTBYIOT B (OpMUPOBAHHH ypoxKas.

Pacxon rpyHTOBHX BOJ Ha TPaHCIMpaUHIO — NpOLece NPOAYKTHBHLIH, TaK
KaK NP 3TOM TPYHTOBEIE BOJBL HCIOJb3YIOTCS pacTeHUSIMU s GOpMHPOBa-
nust ux ypoxas. bes pacxojfa mouyBeHHHX BOJA Ha TPaHCOHPALHIO He OBl GhI
BO3MOKeH (POTOCHHTES, T. €. He Oblji Obl BO3MOXKEH OCHOBHOH MeXaHH3M IIPoO-
M3BOJACTBA PACTUTENLHOTO OPraHUYeCKOro MaTepuajia.

[ay6una, ¢ KOTOpON pacTeHHs MOTYT HCIOJbL30BaTh IPYHTOBHIE H KallHJ-
JISPHBIE BOABI HA TPAHCIHUPALHIO, B BeChMa GOJIBINON CTENeHU 3aBHCHUT OT IPU-
polsl caMux pacreHuil. HekoToprie IepeBbsi MOIIHOR KODHEBOH CHCTEMO
HCIOJL3YIOT TPYHTOBEIE BOJBI, 3ajeraimouive fgaxe Ha raybuHax mopsiaka
20—30 #; cBekJa, XJOMYATHUK, JIOIEPHA B COCTOSIHMH HCIOJb30BATE IPYHTO-
BHIe BOJH ¢ riyOuH 2—3 x. B cpenneM cumTaercs, 4YTO AJIST KYCTADHUKOB H
IpeBeCHON PaCTHUTEJNbHOCTH HEJOCTYNHHI UM IOYTH He HCNOJb3YIOTCS TPYHTO-
Bble BOJH ¢ Iiy6uH 6osee 10—12 au.

Pacxoj IpYHTOBHIX BOJ Ha TPAHCIHPALHIO 3aBHCHT TaKXKe OT CTENeHH HX
MuHepasausanuu, B obmem BHAe yeM OoJee KOHIEHTPUPOBAHH I'PYHTOBHIE
BOJH, TeM MeHblle UX (QU3UOJOrHuecKas [IeHHOCTh U TeM MeHbIe OHH MOTYT
OHITb HCNIOJb30BAHH PACTEHHUSIMH NJs pocTa H dopMupoBaHus ypoxas. Om-
THMaJibHasi KOHIEHTPauus rpyHToBHX Bog — 0,5—3 2/4 (ecau oHu He cOmoO-
Bhie). I'pyHTOBHIE BOZIEI, HMeIUe KOHIEHTpauuw Genee 12—15 2/4, BHI3H-
BAIOT YTHeTeHye CeJbCKOXO3HCTBEHHRIX pacTeHHH WM MaJjo HCNOJh3YIOTCS:
umu. VickiroueHHe COCTaBJSIOT rajsoQHUTH, KOTOPHE HCHOJB3YIOT PacCoJhl C
KoHUeHTpauues 30—50 2/4.

Ecnu B GanaHce TPYHTOBLIX BOJ TPaHCIHUpAIUS SIBJASETCS GCHOBHHIM (hak-
TOPOM, PETYJIHPYIONIUM MX PacXof, TO 3TOT Tl OasaHca MOKHO 0003HAYHTH
cienyw®iiuM ungekcom: I=Q: Takoit Tun 6asaHca rpyHTOBBIX BOJ CKJIafbl-
BAETCst NOJ NMOKPOBOM JIYTOBBEIX TPAB UJIM rajiepeiiHuX (XOJUHHHEX) JIECOB Ha
peudnlx Teppacax. B mpupoje pacxonbi IDYHTOBHIX BOJ Ha MCIapeHHe ¥ Ha
TPaHCIHUpAIHIO TeCHeHIIUM 06pa3oM COMETAITCS M MX TPYIHO PacuieHUTE.
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Kak 6ul n¥ 6L PasBUT pAacTHTENLHLIE NOKPOB, BCce Xe KaKasf-TO dacTb
IOBEPXIIOCTH MOXKeT OCTaBaThcs He3aKPbITOH M KaKas-TO JOJs IMOYBEHHO-
TPYHTOBHIX BOJ GyJIeT U3pacXoJ0Bana He Ha TPAHCIHPALHIO, a Ha Hcnapeiue,
3anmaua CceJbCKOXO3SHCTBEHHOTO NMPOH3BOACTBA M, B YACTHOCTH, opollae-
MCTO 3eMJIefeNHs 3aKJAuaeTcss B TOM, uToObl BceMepHO ocaaluTh pacxofl.
IPYHTOBHIX BGJ Ha ucHaperive, NPeloCTaBHB OoJblilee KOJIHUECTBO BJACH B
pacnopsiKeHue pacTeHuil AJasi GopMHPOBaHus ypoxas. UeMm npecHee rpyHTO-
BHI€ BOJH H BHIle HX YpOBeHb, TeM GoJblleil Ipyu OaaronpuUsTHOH TemIepa-
Type OyleT OTHOCHUTeNbHAS N0Js HX yyacTHs B (OpMHpOBalUHH ypoxas pa-
crenuil. VIHTepeCHH B 3TOM OTHOUIEHHH HaOMIONEHHS, MOJYUeHHble HA (OJb-
IHX JH3UMEeTpax ¥ ONHTHBIX naomankax B Cpenneit Asuy. Tlpu ray6uie
3ajlerains ONpeCHEeHHBIX TPYHTOBHIX BOX nopsnka 2—3 x obliee BOJOMO-
TpebJeHHe XJoNUaTHUKa U JwouepHul Ha 10—30% ynosnersopsieTcss 3a cuer
rpyHTOBHIX BOA. Ilpm roy6uUHe TPYHTOBBIX BOJX OKOJAO 2 & 10Js ¥X B 00LleM
BOJOMOTPeOMeHHY XJIONYaTHHKA M JIouepHol cocrasaser 45—60%, a mpu
raybuune nopsinka 1 m — yseaunuuBaercst no 70—85%. ITo cymecrBy, B 2THX
clyuasx MMeeT MeCTO NOA3eMHOe OpolleHHe TNOUB, HaM CyOGHPPHTANUSA.

OrpannunBanmuM GakTOPoOM HCIIOJAb30BAHHS IPYIITOBLIX BOX 1415 cy6Hp-
pHUranun fBJseTCsT MX 3aCOJIeHHOCTb. Ilpeciible IPYHTOBbIe BOJBI C COJepiKa-
HHeM coJiell He Gonee 3 e/4 — NpeBOCXOLHBIH MaTepraJ A58 BOAONOTpebIeHuns
BCEMH XyJbTYPHBIMH DacTeUUSIMH, NMO3TOMY MeJMOpaUHsd 3aCOJeHHBIX MOUYB
BKJII0YaeT He TOJBKO 3afady paccoseHus MOYBEIHLIX TOPU30HTOB, HO ¥ 06513a-
TeJIbHOe OTpecHeHHe TPYHTOBHIX BOX.

Kak orMeueHO Bhlllle, PacxOfi TPyHUTOBHIX BOJ Ila MCHapelide CONpPOBOXK-
JaeTcst POCTOM 3aCOJIeHHOCTH NMOYBLI U YBeJHUEHHeM MHHEepaJH3alMH CaMux
IPYHTOBHIX BOA. Bo3HMKaeT BONpOC, HMEIOT JH MeCTO MpPOLeCcChl Te0XHMHue-
CKOT'0 HAaKOIJIeHHS NPH pacxonge IPYHTOBLIX BOXA Ha TpaHcmupauuio. Ha stoT
BOGIPOC HAAO OTBETHTb yTBepIuTeqabHo. TpaHcOHpauus He IOpekpauiaer, a
yCHJIHBAET OOl Npollece KOHUEHTPHPOBAHHUS IPYLTOBBIX BOL Y TeOXMMUUE-
CKOTO HaKOIJIeNHs COeIHHEHMH, HaXOXAUIMXCH B TPYHTOBHIX BOAAX, BK/IIOUas
u cosd. OIHAKO Npy TOCNOLCTBE MCHAPEHHsl COJNEHAKOIJIeHHEe Pa3BUBAETCH B
BEDXHHX CJIOSIX NMOuBH. [Ipu rocmozcTBe TpaHCHHPAUHH KOHUEHTPHPOBAHHE
cosJell M IPYrKX COelYHEHHMH IPOHCXOINHUT BO BCeil KOpHeoOUTaeMoll ToJIle
[IOUBB! ¥ TJIABHHIM 06pa3soM B KaNMWJLIAPHOU KaliMe BOZOHOCHOrO FOPH3OHTA,.
OTKYZa ulleT notpebieline BAaru KopusiMu pacrenuit. biaarogaps tpaincnupa-
LUHH 0CcabuaseTCsl COJIEHAKOIJIEHHe B BEPXHHX KYJIbTYPHBIX TOPH30HTAX I10U-
Bol. Ecy CymecTByeT XOTSI Obl CJabblit MCKYCCTBEHHBIH MJIH eCTeCTBeHHbIH
Ipena, TO IPYHTOBEIE BOAB! BHIHOCSAT HAKOIISIOUIHECS COJH B JIPEHHI,

TaxkuM 06pa3oM, pacXoX TPYHTOBLIX BOX lia TPANCIHPALKIO SBJASETCH He
TOJIBKO HeOOXOXUMBEIM ¢ TOYKH 3peHHsT opMHpOBANMS ypoxkKas, 0 H urpaer
U3BECTHYIO NMPODHUIAKTHYECKYIO POab B NpelyNpeRAeiu SBACHHHA 3aCOIeHUs
NoYyB. DTUM OOBbACHTETCS HeOOXOLHMOCTL B OPOILIAEMBIX YCJAOBHSX HMETh IO-
JIl C MOINHBIM 3eJIeHBIM NOKPOBOM KYJBTYPHbIX pacTcHHE M Leseco006pasHo.
pacnpefe/ieHHY10 ceTh JPEeBECHBIX HacarKJIeHHH.

Cxonuble siBNeHHS HAOMIONAOTCS M B JAPYTHX KJIHMMAaTHYECKMX YCIAOBHHX.
Tak, oueHb 4acTO Ha Jyrax YepHO3eMHHX CTellell HAOMOZAeTCs aKKYMYATUNs
KONKDelL!H yIJAeKHCJI0r0 KaJblUs B BUIE UEeXJIHKOB H TpyOOK BOKDYT Kopell-
KOB TpaB. B 3a060JI0UeHHBIX JyrOBbIX MOYBAX BJAXKHBIX TPONMUKOB M ymepel-
HOrO [OSICa B TOPH30HTE KOHTAKTA KOpHEH M Kanuiaaspioill KakMul 06pasyioT-
€l MaCCOBble CKOIJIEHHS KOHKPellHH OKHCJOB Kese3a ¥ Mapraumna. Coenune-
HUS KeJe3a, Mapramia o6pa3yoT TpyOOUKH HJAH YEXJIHUKH BOKPYT KOPEINKOB:

Onnako pemaiouiee 3iaueHie B KOHEUHOM XapaKTepe reoXuMUuecKoro 6a-
JiaHCa (eDPHUTOPHHM TNIPHHALJIEXKHT COOTHOLIEHHID CYMMAapHOrO HCHAPEHHS K
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OTTOKa TpyHTOBHX BOA, Ilon3zeMHbll CTOK, HCTAaDEeHHe H TPaHCIIMPALMs TPYH-
TOBEIX BOJ COYeTAITCH MeXKIy CO00H B Pa3HHX COOTHOIleHUsX. MoxkHo pas-
JIMuaTh HeCKOJbKO THUIOB COUYeTaHHs OTTOKA, UCIApeHHs M TPaHCNHPALHU B
pacxonHo#i yacTd HanaHca:

1) mpeo6ianaer pacxox rpyHTOBLIX BOA Ha OTTOK, a HCliapeHHe HX YU TPaH-
COMpalus 3aHMMAIOT NMOAYHHEHHOEe MeCTO; B 3TOM Ciyyae NpOLeCChl TeoxiH-
MHYECKOTO HaKOILIeHHs, KaK MpaBHJIO, He BLIpaXKelbl; Haobopor, mpeobaa-
JLAIOT NPOIECCH BEIHOCA. DTO NPOMBIBHOI TuapoMopdHLIE pexuyM, Koraa (op-
MUPYIOTCH KHCJ/ble THAPOMOP(QHLIe NMOYBI;

2) mpeobnazaer pacxol Ha TPAHCNUPANHIO, a CTOK ¥ UCAapeHHue 3aHUMaoT
NOAUHIelioe MeCTO; MpH 3TOM (GOpMUPYIOTCH JYTOBHE O¥Keje3HeHHble, HHOTI-
Ia xapboHaTHEE HJAH ¢aabo 3acogcHHbe MOYBH

3) npeobsanaeT ucrnapeHue, a CTOK M TPaHCIHpaLHs TPYHTOBLIX BOJ 3a-
HEMAIOT 1OAUMIeNNoe MCCTO, 3TOT THII PeXXHMMa IPYITOBLIX BOJ Ha3bIBAETCS
rHAPOMOPQHLIM HCHapUTENbILIM; OH CONPOBOXK/AAeTCS HHTEHCHBILIM 3acoJe-
HUEeM [0YB U CAMHX [PYHTOBBLIX BOJ.

THNbl BAJJAHCA TPYHTOBbLIX BOJA 3ACYLIJHWBbBIX PAMOHOB

Ha ocHoBe anaamnsa ycJoBUil MUTaHUS M pacxoja TPYHTOBLIX BOJ MEI Ha-
Jau B 1946 r. K1accuduKauuo TUIOB 6aqaHca TPYHTOBBIX BOJ ¢ TOUKH 3pelius
LIOIAMAaHHSL NpOoNeccoB (POPMHPOBAHHUS 3aCOJENIbIX MOYB M peKoVeHmaluil
MEJIMOPATHBILIX MeponpusaTuil no ux paccosenuo. ITocaenyiomye rogs mo-
Ka3aJ4, UTO 3TOT IIPHUILHUI LeaccooBpa3Ho pacHpoCTPaHUTh M Ha He3acoJeH-
Hule nouBbl. CieayeT pasguuarh ciaelyiollde BaxHellline 0COGEHIIOCTH B J1H-
namuKe u 6ajance rpyHTOBLIX BOX!

1) KoMIeNnCcHpPOBaHLI HAH NeKOMOENCHPOBANLI IPHXOAHEIE CTATHY rOJOBOTD
IIMKJIA TPYHTOBBIX BOJ PacXOAHBIME CTaTbiMH,

2) kakue Bepylwye (GpakTOPHl HJIH FPYNNa BeAylIHX GAKTOPOB ONpelessioT
‘COCTaBHbIE 3JeMeHTHl ¥ 3HaK 6analnca PyHTOBHIX BOJ;

3) Kakue 3JemelThl PacXOAHOH yacTH GaJjalica TPYHTOBHIX BOX Mpeolia-
JAI0T ¥, B YaCTHOCTH, KAKOBO COOTHOLICHHE PACXOLOB IPYHTOBLIX BOX HA OT-
TOK H CyMMapHoe ucrnapenne. Mexolis u3 3Tux nosoxenu#, Hamu G0 npea-
JoKeHO ycranosuth i1l yeaosuilt CCCP caenyiome ocHOBIIbIC - THNH Gaail-
€a TPYHTOBLIX BOI:

yCTanOBHBUIHIACH KOMIMeIICHPOBAHHbIY,

HEyCTaHOBHBIIHIACS MMOI0XKHUTEIbHO ﬂeKOMHeIlCHpOBaHHbIH

HEYCTaHOBHUBLIMICS OTPUIATCILHO XEKOMMEHCHPOBAHHLIM.

YdeT CyWwCCTBOBalMsi 3THX OCHOBIBEIX THNOB 0aJjaHca TIPYyHTOBHX BOJ
VIOBJCTBOPHTEIbHO OODBACHAET NpollecCchl TuapoMopdHOro nousoob6pasoBa-
HHSI eCTeCTBEHHOTO ¥ BTODHYHOTO 3acoJieHHs W 3a00JauHBaNusi, a TAKXKe SB-
JIeliust BLIHOCA M TeOXHMHUYeCKOH AKKYMYJSUHH BeniecTB IpU NOuBOOGDa3o0-
BaHuHM. KpoMe Toro, sty Tulbl 0ajnaHCa TPYHTOBBIX BOJ NOMOTaoT Jyullle
opMy/JHPOBATh 334aU¥ BOAHLIX MEJTHOpAUHiL,

YcTaHOBUBWIMICS KOMIIEHCHPOBAHHBIA (UMKIMYECKHH) THN

Jlaunblit THD Gajsanca rpYHTOBBIX BOJ CJATAETCS B TAKHX VCJIOBHSX, KOTAa
CyMMapHBbIA CXKETOMHDIH NPUTOK IPYHTOBBIX BOJ GoJiee HJIH MeHee [OJHOCTbLIO
KOMIIEHCHPYETrCs: CYMMapHBIM €XCrOoIHBIM pacxonoM. B atom cayuae I=4Q.
IIpu momo6uom cocTaBe GaJjialica TPYHTOBHIX BOJA HX 3anac M3 roga B TOA
OCTaeTcss B npejenax He6GOJbUIKMX eXerogHbX KoJsebainuii cra6uabpubnM. Ce-
30nHas AUIIAMHKA YPOBHS TPYHTOBLIX BOJ BOCIPOH3BORHTCS KaKIAbIH TOX C
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OTKJIOHEHHSIMH, BBRI3EIBAEMBIMH JHIUb Pa3JHYHIMH METEOpOJIOTHYECKHX yC-
JoBHH. Kax oTMeueHO BHIlUe, I'PYHTOBAas BOJA MOXET PacXOXOBaThCA B OC-
HOBHOM Ha IOA3eMHBIH CTOK, TPAHCIIHPANHIO WK HCNapeHHe ¢ TEM WJIH HHBIM
couetanueM 3THX cTatedl. COOTBETCTBEHHO HEOGXORHMO BBIIEJNHUTH CJIERYIO-
UlHe TOATHIIHL:

a) KOMIIEHCHPOBAHHHEIA NOJA3eMHHIM CTOKOM — ]=Qgp. dTOT mOaTUN Ga-
JlaHCa TPYHTOBHIX BOA (POpMMpYyeTCs Ha XOpOIIO APEHHPOBAHHHX TepPUTOPHU-
fIX ¢ IIyGOKMMH TPYHTOBHIMH BonaMu. ITOUBLI TakMX TepPpHUTOPHH HAXOAATCS
Ha TOM WM HHOH CTAaZHM eCTeCTBEHHOrO BbIINesauHBaHH,

6) KOMIEHCHPOBAHHKIH NMOA3eMHBIM CTOKOM M TpaHcnupanueii — [ =Qgp+
+ Q. s TeppuTOpHi, MMEIOIHKX 3TOT NOATHN 6GajaHCa TPYHTOBHX BOL,
XapakTepHO HX 3ajieraHde Ha riaybuHax 2—>5 m U MeHblIe, BCJeJACTBHe Yero:
K OTTOKY npubapJsercs HX DacXol Ha Tpancnupaunuio. THNHYHBL JYroBHE
IJIOAOPOAHEIE NMOYBHL, MAJO 3aTPOHYTHIE NPOLECCAMH 3acCOJICHHSI, HCKIKUast
HakonJieHHe H3BECTH, runca. MHorga Bo3MOXKHO HAaKOIJIEHHEe CONBI WJIH Cep-
HOKHCJIOTO HaTpHs. I'DYHTOBBIE BOJAHL B 3TOM cJyuae B GOJNBUIMHCTBE [IPeCHble
Hiu ciaboMiHepau30BaHHELE;

B) KOMIEHCHPOBAHHBHIA NOA3eMHLIM CTOKOM, TpaHCHOHpamuelli MU ucmnape-
HieM — [ = Qg+ Q; + Q.. DTOT NMOATHI IMHPOKO BCTpPEYaeTcss B IpPaKTHKe
OpolLIaeMOro 3emJjefesusi. Biarogaps cOYeTaHHIO OTTOKA H CYMMAapHOro HC-
napeHus BO3MOXKHA AOCTATOYHO BLICOKAs YCTONYMBOCTb COJIEBOrO GanaHca
4 TJI0x0opoAus mouys. HepelAko 310 JocTHraeTcss CTPOHTENLCTBOM PasBHTOM
I1y6OKON ApeHaxHoil ceTH *. Ilaunble Taba. 18 umIoCcTPHPYIOT paccmar-
puBaeMblfi moATHn 6GajlaHca TPYHTOBBIX BOJ BOCTOUHOH uacTH [ omonHOf
crend. IToutn 50% pacxomHo# uacTH GanaHca TPYHTOBHIX BOJ HIET Ha Hc-
napeHue W TpaHcHUpauuio. ECTeCTBEHHO, YTO TNpOIEcCh TeOXUMHYECKOH
AKKYMYJISILHY H COJIeHaKOIJIEHHS CTOJb XapakTepHH Ajst [osomHo# crem;

Ta6auma 18

Bananc rpyHToBMX Boj Bocrounod wactu odopuoit crenu
(Pewerknna, 1964)

Cpenperogosoft| p , [
Cratea GajaHca p:;:/xc(e)’%’ Mﬂ:fﬁ”llleoa % :: lgg;mu
Ilpuxon
INopzemuslt NpUTOK 40 1260 73,2
ArmocdepHble ocanku 1,7 53 3,45
Hippurausonssie worepu 12,7 400 23,35
Hroro: 54,4 1743 100
Pacxon
Vicnapenne ¥ TpaHCTHpAUUs 25,5 803 46,8
CToK K KOJuiekTopaM (B CHIpAapbio) 3,2 101 5,9
Crok B Chipiapsio (NOR3eMHLLH) 21,0 661 38,65
Croxk B nycTen Kasaxckoit CCP 4,7 148 8,65
HUroro: 54,4 1713 100

* B groM cayyae B MpaBOfl uacTH paBeHcTBa A06aBaseTcs nokasatend Qd.
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r) KOMIeRCHpPOBaHHBIN TpaHcnupanuell u ucrnapeHueM — /= Q.+ Q. dtor
noxrun 6ananca GopMHPYETCS Ha TEePPUTOPHSIX HeJOCTaTOYHOH NpeHHpPOBaH-
HOCTH, CJIOXKEHHEIX IOPOXaMHU MaJoH NMPOHHIAaeMOCTH. [ PyHTOBEIE BOALE 3aJie-
raloT GJH3KO K IMOBEpPXHOCTH — 1,5—3 M. Ammiutyna ux kosnebaHud 3HAUH-
tesabHast — 50—100 cx. MuHepanusauus TPYHTOBEIX BCJA MHOILA NOBHIIIeHa.
B cyxom kjaHMaTe NOYBBI OTJHUAIOTCS NMOBLIIIEHHOM LIEJOUHOCTbIO U HEKOTO-
polt 3acoJieHHOCTBIO. I1pH OpolIeHHH 4acTO NPOHCXOAAT HHTEHCHBHOe 3a60Ja-
yiBaHHE W 3acosieHHe. [IpH OCBOEHHH PeKOMEHILYeTCS COOPYXKEHHe IpeHak-
HOH CeTH IJI TOHHIKEHMS YPOBHA I'DYHTOBBIX BOJ M YJAYYIUeHHS HX o6uiel
LUPKYJIAIUA H OTTOKA;

A) KOMIeHCHPOBaHHHIN HcnapenueM — [=Q.. DToT moarun pacnpocrpa-
HeH TepPUTOPHAJBHO 3HAYMTEJLHO MeHblIe, YeM MNpeaslAymue. XapakrepeH
M1 GecCTOYHHIX TeppUTOPHH, CJOXKEHHBIX MaJONpPOHHI@eMBIMH TSKeJLMHU
0CaJOYHBLIMH NMOPOAAMH B JeJbTaX, HU3MeHHOCTAX, Nenpeccusx, no Geperam
o3ep u Mopeii. I'pynToBrle BoAH 3ajeraloT Ha raybunax 0,5—2 m. Amnaury-
Ja Ce30HHHIX KoJieGaHull ux pe3kasg—xo 1,6 u. MHOrZa rpyHTOBBIe BOAM
BLIKJIMHUBAIOTCSA HA MOBepXHOCTb. PacXof rpyHTOBHIX BOJ MPOHCXORUT IJV1aB-
HbHIM 00pa3oM NMpSMLIM HcllapeHHeM Yepe3 NOUBY M KANWJJIAPHYIO KahMmy.
dror BeleT 3a coOO MHTEHCUBHOE 3aCOJIeHHE TPYHTOBHIX BOX H NouB. [pyH-
TOBHIE BOIHI 06GJafatoT MUHepaausauueh nopsixka 40—70 e/2 u Goublue.
B kauecTBe mpuMepa, WJJIIOCTPHPYIOILEro UYHCTO HCIApHTeNIbHBIH Gajadc
TPYHTOBHIX BOJ, npuBoxum gauuele M. M. Kpruiosa (ta6i. 19). Ycnemnoe
OCBOEHHe NMONOOHBIX TEPPHTOPUI BO3MOXKHO JIHIIb NIPH CTPOUTEbCTRE TIYGoO-
KOT'0 MHTEHCHBHOTO JpDeHa:Ka M NPOMEIBKAX [/ CHUKEHHS YPOBHA M OTTOKZ
MHHepaJ130BaHHEIX COJIEBBIX PaccOJIOB.

HeycraHOBHBHIHACS MNOJOMKHTEJIbHO NEKOMIEHCHPOBAHHBIA THN

BenymuM npu3sHaKoOM 3TOro THma pexuma B 6ajlaHca TPYHTOBBIX BOJT
SBJSETCS CHCTeMaTHYeCKoe yBelMuYeHHe WX 3araca B pe3yJbTaTe TOro, 4To
CyMMapHEIT OfLIeTOIOBOA NPUTOK IPYHTOBHIX BOJX OKa3blBaeTcs 60Jblle CyM-
MapHOro rofoBOro Mx pacxoma H He GanaHcupyercsi (He KOMIEHCHPYeTCs)

Ta6aunnma 19

Cxema pacuera Gananca opoimaeMoro yuacrka fls-SlBanckoii crenu B deprane (M)
(Kpsuios, 1959)

Mecsn, Ocapiku Hndpuaerpanus Henapenue Basanc
XI 3,0 8,2 8,0 +3,2
XI1 7,0 7,2 2,0 +12,2
I 4,0 3,0 2,0 +5,0

II 6,0 2,0 5,0 +3,0
I 12,0 12,0 15,0 490
v 5,0 25,0 38,0 —38,0
\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
IX 0,0 34,0 40,8 —6,8
X 0,0 5,0 14,0 —9,0
Beero: 39,0 334,6 377,3 —3,7
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nocaeaHuM. [lono6Hbl GanaHC TPYHTOBLIX BOJ BeJEeT K YBEJIHUYEHHIO HX 3a-
Taca ¥ K nofbeMy ypOBHS H3 TOZAa B rojl. XapakTepHO eKeroAHoe NOBLILIeHHe
YPOBHS MAKCHMAJbHOTO M MHIHMMAJBbHOTO CTOSIHHSI 3epKaJjia TPYHTOBBIX BOX.
ExxeronHuil rpaduk Ce30HHON AMHAMUKY YPOBHSI TPYHTOBHIX ROJ He BOCIIpO-
u3poguTcsa. MHornia HHTEHCHBHOCTL O01ero yBeJHYEHHUS] 3araca I'PYHTOBHIX
BOX HACTOJbKO BEJHKA, uTO rpaduk IMIAMHKH YPOBHA NpHOOpeTaeT Xapak-
Tep CTYNEeHYaToro WM JuNeHHOro noaneMa. IloJoxKuTe pbHas JeKOMIeHC AL s
MOxKeT GBITh CBfi3aHa C Pa3nbIMY NPHYMHAMHU:

a) yBenyuuyeHHeM INPHUXOIHLIX CTaTel,

6) yMeHblLIeHMeM pacxoja TPYHTOBBIX BOJA IPH COXpaHHUBIIEMCH HJH
YBeJHUEHHOM UX NPHTOKE.

Jexomnencanusa 6anaHca IPYHTOBLIX BOJ BCJIEICTBHE YBeJHUEHMS UX IH-
Tauus (MHQUIbTPAUMs M3 BOLOXPaHMJHIL, KAHAJOB ¥ HA NOJSAX) MOXKET CKa-
3aThCH Ha TPYHTOBBLIX BOZAX, 3aJeraloimux jaake Ha Tako raybuHe, kak 30—
40 m. ITo Mepe npubanxKenus YpOBHS T'DYHTOBBIX BOJ K JHEBIIO# NOBEPXHO-
CTH npu 3TOM Gyjaer BO3pacTaTb MX MUHepaJu3aiHus (BCIeLCTBHe pacTBope-
HESL MO NMYTH JBHKEHHs coJel, HaXOZAWUXCS B TPYHTAX), 8 Takxke Oyuer
YBeJIMYUBATLCH NOJS MX pacxoja lia HCnapeHnxe, TPAHCHHPAIHIO U MOATOMJIC-
HIC OKPY2KAaKOUUX TEPPUTODUH.

Koryia 3epkajo IPYHTOBBIX BOJ IlepeilieT KPUTHUECKYIO [JIy6uily, HHTeH-
CHBIIOCTb pPacxoja HX Ha UCIApeHHe U TPaHCIHUPALHI0 OKAXKeTCH HAaCTOMbKO
BOJLIION, YTO MOXKeT HACTYNHThL BTOPHYHAs KOMIIEHCALust H YPOBCHb I'PYH-
TOBBIX BOJ YCTAHOBUTCH HAa HEKOTOPOH cpennel MOCTOSiIHON raybuie.

Onirako MOYBSLl OPOCHTEJNBHOA CHCTEMBbl NpPH 3TOM NOIABEPralOTCs WHTEH-
cyuBlioMy 3a60/1auMBalidI0 U BTOPHUYHOMY 3acoJeHuio. PopMupoOBaHUE B Ipe-
JcjaX HPPUTAUHOHHON CHCTEMD! OJIOKHUTEIbIO JNeKOMMEeHCHPOBAHHOTO THIA
IFDYHTOBHIX BOi, KaK NPaBHJO, BjeueT 3a co6oil KaracTpoduueckue MOCICH-
CTBHSt [JI5 INJIOAOPOJANS IOYB, COCTOSTHHS NOPOT, NOCTPOEK H 310POBbS llace-
JIeHHs.

Hast yopaBjeHus AHHAMHKOM TPYHTOBLIX BOJ M NPeAOTBPallellHs omac-
HOCTH (DOPMUpPOBANUS ITOrO THNA UX GajaHca HeoOXOnNMO BCeMepHOe YMeHb-
HleHHe MPAXOAHBIX CTaTell 32 CUeT CTPOHUTEeNLCTBA 3aKPLITOH OPOCHTEbIIOH
CeTH, yJayuilleHns KayecTBa M TeXIHKH I110JIMBOB, BBeIeHHUS NOxKJeBaHUs. Ec-
JIM [1epeurCJICHHBIX MEepONnpHATHI O0KasblBaeTCcsd HELOCTATOUHO, HEeOGXOAUMO
coopyKeHrue [a3BUTOR APeHaXKHO-KOJJIeKTOPHO! CeTH WJH HACOCHBIX KOJIOI-
1eB JJIST OPTaHW3aIMM MHTEHCHBIOrO HCKYCCTBCIHOLO OTTOKA TPYHTOBLIX BOJ
u crabuaunsanyu ux 6aJjaica.

HeycranoBuBuiniics OoTPUHATENbHO DEKOMNEHCHPOBAHHBIA THN

Benymum npusnakom 6agaica H pexxMa CPYHTOBBIX BOL AailHOTO Tuia
sIBJISIeTCS] MPOTPecCHBHCE yMeHblleHHe 3anaca TPYHTOBHIX BOML M CXKETOZHO?
MOHMKENHe UX YPOBHS. DTO NPOHUCXOANT B pe3yJbTaTe TOTO, UTO CyMMapHbIH
€XKerojiHblfl MPEX0J OKAa3bIBAETCH MCHbIIE CYMMapHOTO eXeroAHOro pacxoaa
TPYHTOBLIX BOA. BBejeHHe Ha opoimlaeMoil TeppHTOpHH 3Toro THna 6a-
JlaHca IPYHTOBHIX BOJ OBICTPO BeJeT K 03X0POBJIEHHIO OPOCHTENLHON CHCTEMBI,
ecay oHa TNojaBeprasach BTOpHUHOMY 3abosmaunBanmio. ITpouccc omyckanas
VPOBHSI IPYITOBLIX BOA 0 MAKCUMYMY H MHHUMYMY HX Ce30HHOrO 3aJleraHus
MOKeT PacTACMBATLCA HA HECKOJLKO JeT.

Heo6xonumo pas/inuare IO KpaliHell Mepe IBa IOATHNA: :

a) oTpUUaTeJbHO XeKOMIEHCHPOBAHHBIN BCJAEJCTBHE YMeNBIIeHHs MuTa-
HHUS TPYHTOBBIX BOJ; _

6) OTpHI4TebHO NCKOMIICHCHPOBAUHDIN  BCAEACTBHE Y/yylleHHs CTOKa.
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Tak, ecTH B OPOCHTEJIbHOH CHCTeMe OCYINeCTBJSIOTCS MepPONpHATHS, Ha-
TpaBJieHHble Ha pauvOHaNH3aNHI0 UCN0Ab30BAHUS BOALI NYTEM NJIAHHPOBAHHUA
H OrpaHHYeHHs] NOJMBHLIX HOPM, YJIYYIHeHHS TeXHHYeCKOTO COCTOSTHHS KaHa-
JIOB, BBeJleHHUS NOJIHBOB J0XKJAeBaHHEM, TO HCTOUHHKH NMUTAHHS rPYHTOBHIX BOJ
GyAyT COKpaIlaThCs, ¥ 3TO NPHBENET K XKeJaeMoll fekoMmMieHcauuu OajaHca
¢ 06IIMM CHMXKEHHeM YPOBHSI TPYHTOBBIX BoJ. POpMHUPOBaHHe JaHHOTO MOATH-
na 6asnaHca TPYHTOBLIX BOJX Ype3BBIUAlHO 6J1aronpsTHO AJs OpolllaeMoii Tep-
PUTODHH, TaK KaK IPH 3TOM yMeHbIIaeTcs creneHb 3a60JauHBaHuUS, YMeHb-
I12eTCst HMHTEHCHBHOCTh 3aCOJIEHHS, KOTOPOe MHOTAA JAaxKe CMeHsSIeTCsl pacco-
JieHHeM, NoBbIiaercs 06mas NpoAYKTHBHOCTL MOJIeH.

JlaHHBIA 0yTh — OXUH U3 Haubousee JellleBHX cNOcOo60B 061Iero 03Z0posB-
JIEHHs] OpollaeMoOil TeppUTOPHH, NOABEPrHyBlleiicsi BTOPHYHOMY 3aboJaui-
BaHuo., OTpHUATeJBbHO NEKOMIEIICHPOBAHHLIN 32 cUeT YMeHbIIeHHs MHTaHHS
moATHN GalaHca TPYHTOBBIX BOX CO BpeMeHeM IepeXOXHT B KOMIEHCHPO-
BaHHBIH THII, IOCKOJbKY YCTaHABJIHBAETCH HOBOE COOTHOIIeHHE MeXAY NpH-
XOIOM H pacxogoM TpyHTOBHIX Bol. Ilo Mepe CHMXKEHHSt YpOBHS IDYHTOBBLIX
BOJ ocnabJasercss HX PAacXOfOBaHHe Ha HCIapeHWe M TPaHCHHpANHIO, YTO
BJeueT 3a coboM cTabUJIH3AIMI0 HX 3aJieTaHUs HA OOJblleld riaybuHe,

TlopTun oTpHuiaTe/bHO AEKOMIIEHCHPOBAHHOTO peXHMa TPYHTOBBIX BOJ
BCJIeJACTBHE YBeJHUSHHS MX [OH3EMHOTO OTTOKA ABJSETCA pe3ylibTaToM OCy-
ILIECTBJIEHUS NPOTPpaMMbl CTPOUTENbCTBA ApeHaKHHIX KAaHaJOB HJIM OTKAYKH
TPYHTOBLIX BOJ Yepe3 CHCTeMy APeHaKHBIX KOJOALEB. DTOT NpoUecc HMeeT
MECTO U B €CTECTBEHHLIX YCIOBHAX B CBA3H C Pa3BHTHEM PACCEUEHHOrO peJibe-
¢a BclenCTBHE MOLHATHS MECTHOCTH M GJarojapst yray6Jesuio rugporpadu-
yeckol ceTH mp¥ aposuu. Ho B ocHOBHOM 3TOT moATHn 6aJjiaHca TPYHTOBBLIX
BOJ XapakTepeH MJIS TEPPUTOPHH OpOIIaeMOro 3emJenenus, Ha KOTOPLIX CO-
opyXeHa H HHTEHCHBHO pafoTaeT ApeHaXXHO-KOJJIEKTOPHAS CeTb.

Tlocne coopyxeHust IpeHaxkHO-KONJIEKTOPHO#l ceTdH 6aJjalic TPYHTOBBIX
BOJ TIOJBEPraeTcs KOPEHHOMY H3MEHEeHMIO, TAK KaK IPOHUCXOLUT 3HAYHTENb-
HOe BO3PaCTaHWe PacXo4a I'DYHTOBHIX BOJ Ha OTTOK. Jlaxe ec/JH YCJOBHS IH-
TaHHS TPYHTOBBIX BOX OCTAIOTCS NPaxkTHUECKH TeMH 2Ke, TO yBejldYeHHe pac-
XOa MX Ha OTTOK BHI3bIBaeT OOllee CHUIKeHHe MX YPOBHA, HacTynamollee B
TeueHne HECKOJbKUX JeT. JIpyuMepamMH OCymiecTBACHHS TAKUX MePOIpPUATHH
SIBJISIIOTCS OpOCHTeNdbHbie cHcTeMH Dbyxapckoro oasuca, RoauHH p. Baxm,
Ientpanbuon @epranul. Bo Bcex 3THUX ciayuyasax HRekoMIeHcalus GaJjaHca
IPYHTOBLIX BOX NMyTeM YCHJIEHHS HX IPEeHaXXHOro OTTOKAa IpekpamiaJja BTO-
pHuHOe 3aGonauuBaHue U obJeruasa JMKBHAALHUIO 3acoseHHOCTH mouB. Ocy-
menne GOJTOTHHIX MOYB BJAaXHBIX KnumMatos (Kosuxupga, IMonecwe, Ilpubanru-
Ka) TAKXKe BLI3LIBAET Ha HECKOJBLKO JeT OTPRUATCAbHYI0 JeKOMIeHCalUHIo pe-
KHMa FPYHTOBBIX BOL. 3ajzaveil NpaBHAbIIO CHPOEKTHPOBALIIBIX OCYIHIITEb-
HBIX MeJnopauuil siBJseTcsl OpraHu3aius YIpaB/sieMoro TpaHCIHpanuoHHO-
ro BOJHOTO pe:kKUMa MOYB IIPH COXpaHEHHU cyOMppHraiHy Kak [JaBIIOH pac-
XOAHOU cTaThbi GasiaHca TPYHTOBHIX BOX U IIPH MOHHXKEHHH TPYHTOBBIX BOIX
10 ONTHMAaJNbHOTO YPOBHSI.

O6muil aHa/lN3 HMEIOIIerocst MarepHala Nno3BoJseT BHIETh, YTO KOMIEH-
CUpOBAHHBLIA THII peXXHMa M 0aJiaHca I'PYHTOBBIX BOJ XapakTepusyercs 3Ha-
YUTENbHOH CTAaGHALHOCTBIO BO BpeMeHH. JleKOMIeHCHPOBAHHBIe THIBI (IOJO-
JKUTEJIbHO H OTPHIATEeNbHO) Gajalica CPaBHUTEJbHO KPaTKOBDEMEHHB!, OHH
OXBaTbIBAIOT NMpOMeXyTOK 5—-10 ner, moche yero B mponecce 6ajalncHposa-
HHUSI NPUXONHLIX H PACXOLHHEIX cTaTel NepexoAsAT BO BTOPHYHO KOMIEHCHPO-
BaHHEle TUNLL. B 3akJ/ioyeHHe 3TOro pasfena Npusogutcs o63opuas rabauna
IJIaBHEHIIMX THUIOB peXXUMa CPYHTOBHIX BOA NPUMEHHTEJbHO K VCJIOBUSM
CCCP (ra6a. 20).
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THIIbl BOOHOI0 PE)XHMA
H BAJIAHC
MOYBOOBPA30OBAHHUA

O6mee HampaB/ieHde NOYBOOOPaA30BATENbHOTO IIPOIECCa ONPERENAETCH CO-
CTaBOM, CYMMapHHIM 0ajaHCOM H pacnpefesieHHeM MHHepaJbHBIX M OPraHu-
yecKMX cOefMHeHHH, GOpMHPYIOLIMX NOuBy. DTO, B CBOIO Ouepelb, Olpefe-
JsieTcst B OOJBIION Mepe THUIIOM BOJNHOIO peXHMa KOPH BBIBeTPHBAHHS H
nouB. [To3ToMy M3yueHHe THIOB BOIXHOTO DeXHMa IOYB JaeT NOYUBOBELY,
MEJHOpPATOPY M arpoOHOMY BO3MOXKHOCTb [NIyOKe MNOHATb NPOHCXOXKACHHE
110YB, PAKTOPH, JHMUTHPYIOLIHE HX NPOAYKTHBHOCTb, H pa3paboTaTh NpHeMbl
ycTpaHeHHs 3THX (DaKTOpOB MepaMHM MeJNHOpAalMH, arpoTeXHWKH, XH-
MH3aIHMH. .

Kax cqenyeT u3 npeAblayiiero aHajan3a, THIH BOXHOIO pexuMa IOYB 3a-
BUCAT OT COCTaBa M COOTHOIUEHHS NPUXONHBIX U PACXOAHBIX CTaTed B BOLO-
{IOCHOM TODH30HTe M TNOouYBeHHOM ToJme. IIpmueM ompenesiolliee 3HayeHue
uMeer COOTHOLIeHHe NPHTOKa ¥ OTTOKA BJiard, COOTHOLIeHHe OTTOKA M HCIa-
peHHUsl, COOTHOLeHHe HCNapeHHs M TPaHCIMPamHH BOXL! U3 NOYBH H I'DYHTO-
BOil BoAnl. COOTHOMIEHHS 3THX KOMIOHEHTOB, B CBOI Odepelb, 3aBHCST OT
VCJOBUH CYXOCTH KJuMaTa, oporpaduu M reoMOPPOJOrHH MECTHOCTH, YCJj10-
BUJ JUTOJIOTHH H JNPEHHPOBAHHOCTH TEPPUTOPHH, DACTHUTEJLHOIO NMOKPOBA H
X035IHCTBEHHOrG MCrosnb3oBaHua yrogui. Ilpu sTomM ocofeHHOe 3HayeHHe
HMeeT coueTaHHe pexkHMa W JWHAMHKH BOJ MOBEPXHOCTHOTO CTOKA, COOCT-
BEHHO IIOYBEHHOM BJard Ha3eMHOTO NMPOHCXOXKJAEHHS (BKJKYAs OCAIKH U IIO-
JHBHBEIE BOAB) M TPYHTOBHIX BOJ [OA3€MHOTO IPOUCXOXKIeHHS.

Ha ocHOBe pacCMOTpeHHBIX Bbllle NAHHBIX MOXKHO PasjiHuaTh CleIyIolde
OCHOBHBIE THIIBI BOJIBIX PEKHMOB II0YB, MeXK Iy KOTOPLIMH B NPHPOJE CYIIe-
CTBYET MHOXKECTBO [1EPEXO0B (NOATHIOB).

1

3PO3HUOHHO-TPOMbIBHOH (CMbIBHOH) PEXHM

STOT THUIl BOZHOTO PeXHMa XapaKTepeH /i CKJIOHOB XOJMHCTHIX H Top-
HHIX pafioHoB. Ilpuxonnbie cTaTbu BoRHOro 6anaHca NPeACTaBJIEHBl aTMO-
chepHBIME OCaLKaMH (4aCTO CHeXHBIMH) W JEJIOBHAJNBHHIM IPHUTOKOM BOZbI
¢ BepXHMX yacTell CKJIOHOB. Pacxomiible ctaThd BOAHOro GajaHca cjaraipTcs
Ipexje BCEro H3 MOBEPXHOCTHOIO TPAH3HTHOTO CTOKA, 3aTeM GOKOBOTO BHYT-
PHIIOYBEHHOTO CTOKA M YaCTHYHO H3 HHOHJIBTPAUWM B HHCXONSAIEM Hampas-
JeHHH Ha NMHTaHHe NOA3eMHHIX BOA. VcnapeHue ¥ TpaHCIUPALHs COCTABISIOT
MeHbIIYIO 4aCcTh PACX01a NMOYBeHHHX BOA. Kopa BEIBETDHBAHHUS H NOYBH IpH-
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06peTaloT yKOpOoueHHHIH Ipodu/p BCIEACTBHE 3PO3UM U XUMHUECKOH NeHyad-
UMM H JOMHHHPYIOWEro CMbIBa MPOAYKTOB NOYBOOGDa30BaHHSI.

O6muit 6anaHc BEIEeCTB NpH MOYBOOGPA30BAHUH B YCJAOBHSX IPO3HOHHO-
NIPOMBIBHOTO BOAHOTO peXKHMa OTpHUIATEJbHBIH, TAK KaK MeXamHueckas 3po-
351, XHMHUeCKasi Aedylauusl U BbilllejJauHBaHie Ipeo6/anaioT, a GHOreHHas
AKKYMYJSIHs COMPOBOXKAAETCS MOCTOSIHHOM TMOTepeil NPOAYKTOB GHoreHesa:

S =f(P + Ap— Am "‘“Agch)'t»

rie S — mouBa; P — mouBooGpasywomias noposa; A, — Guorennas akkymyasi-
1ust; Am — MexaHMYecKas aKKyMYJIsIUsI MM 3pO3usl; Agen — reoxuMuueckas
aKKyMYJISILHS] HIH BHIHOC, [ — BpeMs.

NMPOMbIBHOW ABTOMOP®HbIN PE)KHM

[TpoMBEIBHOR aBTOMOPQHEIH Tull BOAHOTO pexHMa NOYB B YHCTOM BHIE
craraercsi Ha BBICOKHX APEHHDOBAHHBIX IUIaTO M PaBHHHAX ¢ IMyGOKHMH
IpyHTOBHIMH Bofamu (Tay6xe 15—20 x).

[TocTyn/ieHHs! BAATH B NOYBY ONpPENEJAIOTCS, eCAy HCKIIOUUTh KOHAEHCa-
1IHI0, KOJHYECTBOM aTMOCQEpPHBIX OCafKOB HJH OpoiueHneM (Ha MOJsIX HJH
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#3 KaHaJoB). Pacxoayercs NouBeHHas Bjara Ha HUCTapeHHe, TPaHCIHPalHIO
¥ HHCXOAsUyw uuduabrpanuto. Ilpeobjagalor B PacXQAHBIX CTAThsX HH-
dbuapTpanus BOABI U MEPexBaT BJATH KOPHSAMY Ha TPAHCIHMPANMIO U3 ee Ka-
NUAISPHO-TIOBEIIEHHOTO cOCTOsIHUA. DTO 06YCI0BAUBAaET Pa3BUTHE B MOUBAX
NPONeCCOB BhHLIeNayuBanus, BbIHOCA Bcex 0oJiee MM MeHee PaCTBOPHUMBIX
H €OXHMHUECKH MOABHXKHBIX MPOAYKTOB BBIBETPUBAHHUS W NOYBO0Opa30BaHus
(puc. 10, 11).

BripaxeHHOCTh IIPOMBIBHOTO peXuMa TeM 6oJsbluasi, ueMm Bbiule Koadh@u-
HUEHT YBJAaXKHeHHsl, T. e. uem OcJbluie ocafku mpeobmazaior naj NOTeHOH-
aJbHBIM HCnapeHueM. IIpOMBIBHON pe:XHM MOXeT ObITh HHTEHCHBHLIM, CKBO3-
HHIM, 4TO BeleT K (POPMUPOBAHHIO MHOFOMETPOBOH CH/JBHO BBIBETPEJOH KHC-
JIOF KOpbl BbIBeTPUBAHUSA (CHANJAHTHOH, QeppajyinTHON UM anJuTioH) W IJay-
GOKHX KHCJIBIX OefAHbIX mouB (BOKCHTOBLIX, KPacHO3eMOB, KeJaT03eMOB, 0y-
PHIX JEeCHBIX, NOI30MUCTEIX). IIPOMBEIBHON pexum MOxKeT OBITb YMepeHHbIM
¥ He eXXerojIHblM, HanpuMep B KODHUHEBHIX IIOYBAX W uepHO3eMaXx, rjie 0cCaj-
KH W MCTapeiive 6ojiee MM Mellee GJIH3KH W B3anMUo GajaHcupyorcs, I1po-
MbIBHOII pexxum MoOxer ObiTh ciaalblM, 3axBathiBaowum Juib 50—100 cu
fIOYBEHIOH TOJILIH.

Taxoil TN BOJHOTO pexHMa XapaKTepel JJIs KalITaHOBBIX MOYB, cepo3e-
MOB, TAKbIpOB, T. €. JJIS1 IIOUB CYXUX M TYCTBIIHBIX cTenel. B 3Tux mousax
HaGJioal0TCs 0CTATOUHAs KapOGOHATHOCTb M I'HIICOHOCHOCTb, & TAKXKe 0CTa-
TOYHAasi 3acOJieHHOCTb, XOTs1 BCEerAa pasjuuaioTtcsd O4/blasi WM MellblIast
BBULEI0UEHHOCT BEpXHUX I'OPHU30OHTOB NOUBLI.

O6winit 6anaHc BelleCTB NIPU NPOMBIBHOM (3JI0BHAJIBHOM) BOTHOM DexKu-
Me [OYB TeOXMMHUeCKH OTPHIATE/EH, SPO3UOHHO HelTpaJeH 1 GHOJOrHYecKH

MOJOXKUTEJJECIH:
S=f (P +Ab—Agch) -1

Toabko B cJyuae IIEHpaBI/IJIbHOI';I AedaTeJbHOCTH 4YeJOBEKa MOXXeT BO3HHK-
HYTb 3pO3uA K NOABHTCA KOMIIOHEHT Am C OTpuLaTteablblM 3HAKOM.

NMPOMbIBHON THAPOMOP®HbLIN PEXHM

TIpombiBHON THAPOMOPOUBLIH BOIHBIN PEXHM CKJAablBaeTcsi B IOYBax
BJaXHOro KJHMarta, pacno/iOKelHbX Ha NOHMKeHHBIX paBHUHAX WJH [JIHI-
HBIX TIOJIOTHX CKJIOHAX, UMeIOMmHUX 6/u3Kuit ypoBeHb (1—3 M) TpyHTOBBIX BOJ,
ofecnedeHHBIX CBOGOMIILIM OTTOKOM 6Js1aTofapsl HAJIWYHIO APEHHPYIOUIHX Tec-
YaHBX WJH Fa/JeYHHKOBLIX NPOC/0eB B rpyHTe. IIpOMEIBHON THAPOMOpPQHBII
pexkuM Qopmupyercss Takke B GOJOTHBIX H IVIeeBO-0OJOTHBIX TOYBAaX Toc/e
HX ApEeHUPOBaHHsS, KOTHa uellOBeK HCKYCCTBEHHO OTBOAUT N36LITOK cBOGO-
HOH BOJBI M3 MOYBBl K OPTaHU3YeT IIPH IOMOILHK JPeHaxa CHHXeHHe YPOBHs
B OTTOK TPyHTOBHIX BOZ. Haxollen, npoMbIBHOH THAPOMOpP(HBIA BOAHBIA pe-
KHM YycTalaB/luBaeTcsl Ha OpOIIaeMBbIX NMOYBaX ¢ GJH3KMM ypOBHEM TpYHTO-
BBIX Box (2—3 M) 1npu sddexTuBHON paboTe ApeHaxa H AOCTATOUIIO HH-
TEIICHBIIBIX MOJUBax. Bo BceX 3THX Tpex ciayuasX MMeeT MeCTO INepHOAnYe-
CKHH UJAW TTOCTOAHHLIA MPUTOK BJIard U3 Kalu/IsIpHON KallMbl TPYHTOBBIX BOI
B KOpHeoOuTaeyble TOPHU3OHTHL TOYUBHl (CyOUppHranus).

OcHOBHBIMH HCTOUHMKAMH BOJbl B BOZHOM GaJjaHCe NMOYBBEI BO BCeX TPEX
caydasix ABJSIOTCA BIUTHIBAIlMe M HHQUAbTpanus CBOGOANON BOAH aTMO-
chepHbIX 0CcaZKOB MJH MOJMBHOH. B pacxoanol wacry Gananca omupemensio-
asi posb NPUHALJNEXHT CKBOSHOH MHOUIABTPALHU M OTTOKY C IPVHTOBHIMil
BofiamMu (noTokom). TpaHcupanus pacTHUTeJbHOCTBIO COCTaBJ/IsieT BTOPOH IIC
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Puc. 12, TuzpoMop@Hblil NPoMBIBHONH TUN BOAHOrO pexuMa 1no4s. JlepHOBO-CPELHENoA30-
Jaucrasg nousa (Bacuanes, 1950)

1 — B3 u uHXe; 3 — 60—80% HB; 5 — ot HB a0 KB;
2 —or B3 1o BPK (6% ot HB); 4 — 80—100% HB; _ 6—or KB o IIB

BaX<HOCTH KOMIIOHEHT pacxofa BJaru. VicmapeHue 3aHHMaeT OTHOCHTeJbHO
noJlynHeHuoe mecto (puc. 12).

O6mas cxema GaJjalca BelllecTB B TOYBaX IPOMBIBHOIO 3JI0BHAJBHO-
ruapoMop¢HOro pexkuma MOKeT ObITh aHa B caeLylomel dopMe:

S=f(P+Ap+Agn) -t

[TouBooGpasylonias NOpoia B YCJAOBHSIX 3TOrO THIA BOLHOTO pexXHMa NOA-
Bepraercsi BOCCTAaHOBATEJIbHOMY pexXHMY, oforaiiaercs GHOreHHBIMH TIpO-
LyKraMy I0o4B0o06DAa30BaHusl, HEKOTOPHIMU NPOLYKTAMH F€OXHMHYECKOH MHT-
palHd, HO TepsieT ¢ IPYHTOBHIM NOTOKOM HaHboJee pacTBOPHMble COeNHHe-
ENsl. Mexauvueckasi HeHyLandsl WM HaKOIJieHue He Bbipaxenn (An==0).

[Ipeo6sananne npomeIiBHOrO 3¢dexra 4 OTTOKa B CYMMapHOM BOAHOM
fajiaHce TaKWX THAPOMOP(GHBIX NOYB BeAeT K IOCHOACTBY TeOXHMHUYECKOTO
BhIHOCA, [Tepuoguueckoe Kanu/asipHOE NUTAHKUE TIOYBB U OCOGEHHO €e¢ KODHe-
00UTaeMBIX TOPH30HTOB (CO CMEHCH BOCCTaHOBHTEJBHOTO DeXXuMa OKHCJH-
TeJbHBIM) NMPHUBOLMT K OCaXKAEHHI0 ¥ T'MIPOTEHHOMY HAKOIJIeHHI0 B NOYBaX
HNOJYTOPHBIX OKUCJIOB (COeAMHEHHH Keje3a, Maprasia), yraeKucaoro Kajb-
uus (HHOrZAa COABI) H HeGOJIBMIHX KOJHYeCTB Cy/1bGaToB H XJOPUAOB HATPHS
H MarHus.

Ilpeob6aanatomee BIHsHHe NpPOMBIBHOrO 3¢ ¢deKra, OAHAKO, NPHBOAHUT B
Hanbojee KpalWHHX caydasix (BJaXHBIA KJAMMAT, IelipeccHy Me3opedbeda)
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K 06pa30BaHuI0 KHCIBIX IVIEEBBIX MKEJESHCTHIX NOUB, NOAGENOB HJAH COJIOLEl
C Pe3KC BbIpa’KEHHLIM 3JIOBHAMBHEIM G€jeChiM TOPH3OHTOM Ag, OTUETIHBHIM
WIOBH aJIbHbIM FOpH30HTOM B, KOoTOpHIH o6orameH AONONHHTEIbHO NOJAYTOP-
HHIMM OKHCJaMm¥ (OYeHb pefKo H YIJIEKHCJbIM KaJblHeM) FHAPOTEHHOro Mpo-
HCXOXKIEHHS.

[pu MeHbulell cTeneHy NMpoMbHBaeMocTH (6osee apuAHBIM KAWMAT H Tpa-
BSIHUCTasl PaCTHTENBHOCTb) M KECTKHX TPYHTOBBIX BOAAX, COAEpKAIHX Ou-
KapOoHATH KaJblisl H HEKOTOpOe KOJHYECTBO JErKOPacCTBOPHMBIX COJIeH,
TeOXUMHUECKUl BHIHOC HEe JOCTHTaeT KpaHHHX (KHCJABIX) CTaiuil, oO6pasylorcs
GeckapboHaTHBIE, cJlaGoKapGoHATHBIE HJH CHABHOKapGOHATHEIE JIyrOBbIE
TEMHOIBETHbIE NOYBbl, HHOTHA C OCBETJIEHHHIM TOpH30HTOM Aj, HHOTZA C
YIJIOTHEHHbIM 'OPH30HTOM B uan cantocteio. Ho uamie Bcero popMHpYIOTCS
CTPYKTYpHBI€ TEMHBIe TYMYCOBBIE JYTOBble NOUYBBHI, NMOYBHI IIpepHH, JAYyroBo-
yepHO3eMHbIE NOYBHL

Takum 06pa3oM, B paMKax POMBIBHOTO THAPOMOpP(GhHOro BOZHOTO pexXHMa
B 3aBHCHMOCTH OT pOJIH TIPOMBIBHOrO KOMIIOHEHTa 00pasyloTcs AOBOJBHO
pasHooGpasHble NOYBH OT I71€eBO-MOA30MHCTHIX, COJI0feH, 10J6eN0B O OXKe-
JIe3HEHHBIX JIYTOBbIX, KapGOHATHEIX JYIOBBIX, CJ1a060COJOHIEBATHIX HJH CJH-
TBIX JIYTOBLHIX HOYB.

Cpenn MeJHOPHPOBAHHHIX NOYB, KaK YKa3aHO BhIle, B paMKaxX 3TOT0 Xe
THIIa IPOMBIBHOTO THIpOMOpP(HOro pexuma 006pasyloTcsi crapoopoliaeMbie
KYJILTYPHBIE JIYTOBble He3aCOJIeHHEIE MOYBEl BBICOKOIO IJIOLOPOJHS C fABHHIMHU
IIpU3HAKaMH CyOHPpPHTAalH{ 32 CYET BJAHSIHHS NPECHBIX IPYHTOBHIX BOL.

ITpn npaBHIBLHOM OCYIIEHHH GOJOTHLIX NMoYB (6e3 nepeoCyllKH H ¢ ABY-
CTOPOHHUM pEeryJupOBaHHEM TPYHTOBLIX BOX AJIs1 COXPaHEHHsl CyOHPPHIALHH)
VCTaHaBIHBAETCs 3TOT K€ TUIl BOAHOIO PeXHMa.

HCNAPHTEJIbHBIA THAPOMOP®HbIHA
(BbIMOTHOH, 3KCYHJATHBHBIN) PE)XHM

HicnapurenpHeit rupoMoppHLIA BOLHLIK peXuMm I1104B (HOpMHpyeTcs Ha
TUAPOJIOTHYECKH IJIOXO APEHHPOBAHHEIX pPaBHHHAX, MEXKTOPHBEIX BHALHHAX, HA
MOHMax HHAKHErO TEUEHHS] PEK U B UX AEJIbTAaX, CJ0XKEHHBIX MaJONPOHHIAEMBbI-
MH OTJIOKEHHSIMH H HMeIoIHX 6/uskHe K moBepxHoctu (1—3 m) 3acToiinbie
O6GBIYHO MHHepa/JH30BaHHHIE TPYHTOBHe BOAH (puc. 13). Pexum u 6ananc
IPYHTOBHIX BOJ B TAKHX YCJIOBHSX KOMIIEHCHPOBAHBI HCIIADEHHEM H JHIIb OT-
yacTH TpaHCHHpauueh. Posb Kanw/iisipHOTO NOXHATHSI U HCNIAPEHHs] TPYHTO-
BbIX BOJ B JMHAMHKE BJar¥ NOYB TeM 6O/bllasl, yeM cylle KAHMaT MECTHOCTH
n yeM GJuKe K NOBEPXHOCTH JeXHT HX 3epkaso. CymmapHuIl 6asnaHc Be-
11eCTB TIPH HCNAPHTENbHOM T'HAPOMOP(PHOM BOAHOM peXHMe HAaKOMHTEJbHHIH
M MOMKeT GLITb ONHCAH CJACAYIONHM BhIpaXKECHHEM:

S=f(P+Ap+Age) +t.

VcnaputenbHblil THI peXHMa MOYBEHHBIX H TPYHTOBEIX BOJ BENET K IpO-
TpECcCHBHOMY HAKOIIJIGHHIO BCEX TeX PACTBOPHMALIX COEXHHEHHH, KOTOpHIE Ha-
XOMSITCSl B TPYHTOBHIX BOZAX H IPUXOAAT C HUMH CO CTOPOHB HJIH H3 TJIyGHH.
Hakonsienue BTOPHYHOTO KpeMHe3eMa, MOJYTOPHBIX OKHCJIOB, YIJIEKHCJOTO
KaJbllHsl, THICA, JETKOPaCTBOPHMBIX COJIeH TpPOHCXOLHT BO BCell ToJlUe
HOYBHI.

CaMH TpyHTOBbLIE BOIH NPH AJHTETbHOM CYIIECTBOBAHWH HCNAPHTEAbHOTO
rugpoMop(dHOro pexHMa NOCJIEeLOBATEIbHO MHHEpPaJH3YIOTCS, NpPOXoAs C
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Puc. 13. TuppoMmopohubli uMCHAPHTENbHBIH THN BOJAHOrO pPeXuMa nous. [0/A0znas CTemMb,
3onoras Opna, 3aconennoe narro (I[lawkos, 1930)

Baaxnocts (%): .
1 — 69 3— 19—18; 5 — 25—30;

2 —9—12; 4 — 18—25; 6 — 30—35;
7 — I'PYHTOBBIE BOABI

BO3pacTaHdeM KOHUeNTpalUWH HeCKoabKo crazuii (KoBaa, 1946): cuaukar-
Hyio (0,02—0,1 e/s), 6ukap6onatHo-kKanbuHeByio (0,2—0,5 ¢/2), comomyio
(0,5—3 2/4), cyabdatuyw (5—20 2/4) u xaopunnyw (=30 2/4).

AtmocdepHble 0CaiKH BJIaXKHBIX BpeMeH rofa MOTYT BLI3HIBATE Ce30HHOE
paccojieHne TIOYB W jpaKe cOpachbiBaTh yacTb cojel B IpyHTOBble Boabl. Ho
B CyXO# Ce30H rojfia BHOBb BOCCTAHABJIHBAeTCsl IOCIOLCTBO Ipolecca Hclape-
HHUS H TPONECCOB 34COJeHHs MouBbL. [103TOMYy Ce30HHHIE JOXKIH HE B COCTOS-
HHY H3MEHHTb HU HCIAPHTEAbHbIH BOAHBIH PEXHM IOUB, HH WX HaKONHTEJb-
HBIi1 coseBol Gananc, B 3aBucnMOCTH OT 0OLIUX YCJIOBHI NOYBOOGpa3oBaHus,
WHTEHCHBHOCTH HCIapeHUs] U pOCTa MHHepaJH3alMH TPYHTOBHIX BOA IPH HC-
HNapuTe/JbHO-THAPOMOP(HOM THIE BOJHOrO pexuma obpasyercst obmupHAs
dopmManus aKTUBHBIX COJIOHYZKOBBIX NOYB M COJOHYAKOB PasHOrO XHMH3Ma
H CTEIeHH 3aCOJIEHHOCTH H Bcer/la ¢ OMH3KUMH COJIGHEIMH TPYHTOBBIMH BO/AA-
mu (Kosna, 1937, 19466, B, 1947).

MCNAPUTEJIBHBI# ABTOMOP®HBIN PE)XHM

B yc/0BHAX pe3Ko BHIpaXKeHUBIX aPUAHBIX MYCTHIHb, TOZOGHBIX NMYCTHIHAM
Heurpaneuo#t Azun, Caxaper u Apasuu, Unau u I[lepy, npu ray6oxux TpyH-
TOBBIX BOJAX U OTCYTCTBHH MX MHTAaHUS Ha BLICOKHX paBlHHax U IaaTo ¢op-
MHpYeTcsl KpaiiHe cBoe0OpPa3nbfl THI BOMHOTO PeXHMa [OuB, KOrja Hciape-
nue (co caabplM yuacTueM TpPaHCUHpPanHH) KalWJJAsPHO-TOABEIIeHHON BJA-
ril fABJAAeTcs IVaBHOM H e€JWHCTBEHHOH CTathell pacxoiHO# uactu OajaHca.
Ilpuxoanas uyacTh BOAHOrO GajjaHCa 3THX IOYB NpelCTaBJjeHa BJAaroil pel-
KHX QOXZAell ¥ KOHIeHcanuu. B nekoroprix nycrteiiax Llearpaabhoil Asuu Ta-
KO#l HCTapuTeJbHO-aBTOMODP(HLIA BOXHBIN PeXHM CYLIECTBYeT MEPBHYHO H
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Puc. 14. AproMopodiuiit ucnapurespibiii (TpaHCIHPAUKst) BOXHBIE DeXXUM CCPO3EMOB
Taaxuxucrana (Kynauros, 1960)

BJotaxHOCTD: %
1 — Mennlue MT; 3— ot 1,56 MI" 10 2 MT; 5 — ot 60 no 80% IB;
2—or MI' j0 1,5 MT; 4 -~ ot 2 MI' no 60% IIB; 6 — Boime 80% B

yHacJe0BaH OT AOYETBEPTHUHBIX BpeMell. B 60JbINHIICTBe, OJHAKO, HCAPH-
TEJI6HO-aBTOMOP(MHBIA peXUM TOYB IyCTHIb SIBASETCH He0aBTOMOP(HBIM, TaK
KaK eMy INpeAlIeCTBOBaJ HCIIapuTe bHO-THAPOMOP(MHBIA peXuMm 0OBOAHeli-
HBHIX JPeBHHUX aJUllOBHAJIbHEIX DaBHHH [0 TOr0, KakK OHM OBLIH TOMHSTHL H
KCepOo(HTU3HUPOBAHB (ONYCTBIHUJINCH).

Passutue ucnapuTe/bHO-aBTOMOP(HHOTO BOZHOrO peXXHMa CONPOBOXK]aeT-
Csl TpOChIXaHKHeM TOYB H TPYHTOB 10 BO3AYIIHO-CYXOrO COCTOSIHHSI Ha Ia1yGu-
Hy MHOTHX MeTpoB (puc. 14). DTO BeKOBOe INpochiXaHWe M ONYCTHIHUBA-
HHe ITOYB CONPOBOXKAAeTCsl BOCXOMSIIIUM JABHKEeHHeM KalUJIsIpHO-TOABEIIEH-
HOH BOAH (Tocse HoX7AeH u poc) K nosepxHoctu. Ilpu atom B noume coxpa-
HAIOTCHA M YHaCJae[yIOTCS COJeBble MAacChl, aKKyMYJHPOBAHHbIE PaHbIIE B HC-
napuTeJbHO-THAPOMOpQHYI0 a3y mouBooOpa3oBaHusi. B pesynbrate 06pa-
3yloTCH cyxue (6e3 IPYHTOBBIX BOJ) COJIOHYaKH, TaKbIpHElE COJOHYUAKH, CO-
JITHEIE KODBI, KOTOpHle CJeAyeT pacCMaTpHUBATh B 3THX CIydYasXx KakK NOYBLI
najeoruipomopuble.

OnycTeiHMBande MOXKeT HACTYIMTb HA NOZHATHIX BOLHO-aKKYMYJSTUBHBIX
paBnyHax u 6e3 COJOHYAKOBOTO Ipouecca (Mocie CMeHBl TuapoMopHOro
TIPOMBIBHOTO peXHMa aBTOMOPQNLIM HCIAapHTeAbHBIM). B aTHX cayuasx npo-
¥30HJeT ONyCTLHIHUBAaHUE JYTOBbIX NMOUYB ¢ (POPMUPOBaHHEM U3 HHX TAKHX Ia-
JIEOTUAPOMOPPIIBIX TI0YB, KAK CEPO3€MBbI, Hie3acoJleliHble TOYBbI MYCTHIHD H Ip.

HAMBIBHOW (AM®HBHAJIBHBIN, NOJABOAHBIN) PEXHUM

DTOT THN BOAHOTO peXMMa CKJIAHblBAETCS B 3aTOMLISIEMBIX MOHMAaX H TOA-
BOIHBIX fAeJbTax, B 60/10Tax H CTapopeubsiX, B MEJKOBOAbSIX 03ep, MopeH U
HCKYCCTBEHHBIX BOJAOXpaHWJHLI, a B KyJbTypHOM JaHamadTe — Ha TOJAX
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Puc. 15. AMpuGHanbuEi (DOABOAHBIA) DEXHM TOP(AHMCTO-TVICEBHIX NOAMEHHBHIX MOUB
(3afimensman, 1969)

1— B3 —BPK; 4—0,9 B — IIB;

2 — BPK — IIIB; 5 — IIB (BepxoBonka)

3 — B — 0,9 IIB;

opomaemoro .puca. O6mel yepToil 3THX JaHAWAPTOB ABAseTcs] ux cyOak-
BaJIbHBIA 4J/UIIOBHAJBHEIR XapakTep nouBoo6pasoBanHus (puc. 15). B BomHOM
6anaHce TakHx JaHAmWa(TOB LOMUHHPYIOT IIPUTOK H OTTOK NOBEePXHOCTHHIX
BOJI, 3a/IHBAIOIIHX MOBEPXHOCTE NouB. CBOGOLHAS BOJA IOCTOSAHHO HJIH IEPHO-
AHYeCKH 3aKpbiBaeT H NEPeyBJaxKHsieT MouBbl. PacxofHble CTATbH BOAHOTO:
Gamanca npeACTaBAeHB 0OJblie BCEro MOBEPXHOCTHBIM CTOKOM (MocJae Ta-
BOJKOB HJIH TIPHJWBOB, NOCJAE CE30HHOTO HCIapeHHs) BOABL 03ep WM TNOC/Ie
c6poca NOoJHBHEIX BOJ ¢ moJel puca). [ToluuHeHHOe MeCTO 3aHHMAIOT TPaHC-
nNHpanms ¥ Hcoapenue Biard. [Iputox cBo60LHON BOXBI CONPOBOXKAAETCH IA-
KONJIeHHEM MeXaHHUeCKHX M XKMHUUeCKHX MUHEepajJbHBIX H OpraHHYecKHX
ocankoB (a//0Bui, NOHHBIE OTJIOXKEHHS, IIPOJNIOBUH); TPaHCIHpAaLKs H UCIla-
peHre BBHI3BIBAIOT NMEPEXOA B OCaZ 0K 4acCTH PACTBOPEHHBEIX COeJHWHEHHH.
DBanaxc Bemects B JanamadTe U NOYBaX HAKONHTENbHBIH:

S=f(P+Ap+Am+Agn) -t

B saBucuMOCTH OT COOTHOLIEHHMSI OTTOKA, TPAHCIIHpAUHH U HCIApeHHs CKJa-
ABIBAIOTCS] PA3HOOOpa3Hble COUETAHHS] MeXaHHUeCKOM, TeOXHMHUECKOR i GHO-
TeHHON aKKyMYJISIUM H KOHKpeTHHIH Xapakrep MOYB,

3acToftHbIH pexuM BoOZX OJaroNpUATCTBYeT Da3BUTHIO aHa’POOHO3HCA W
TIOSIBJIEHHIO OOMJ/IbHBIX BOCCTAHOBJEHHKIX COeHHEHHUH Kenesa, Maprasia, ce-
pel, azora. [IpoTounslii pexuM BOM, Ha060POT, CMOCOOCTBYET aspallHd H mpe-~
o6JsafaHUI0 OKHC/IMTENbHBIX TPONECCOB B NOYBAax, HECMOTPR Ha HX 0OBOXHEH-
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socrb. JleTanu oco6eHHOCTEH 3TOr0 THIa BOAHOTO peXHMa M ero pasHoBHA-
HOCTH CHJIBHO BapbHPYIOT, HO OHH Majio H3yuenbl, OOmum Ansl HUX ABASAETCS
HAKOMHTEbHBIH THN GasaHca BellecTB (BJaXHHe a/llOBUaNbHble H aJLIIO-
BHAJIbHO-GOJIOTHEIE TOYBLI, JOHHBIE OTJIOXKEHHS O3ep H MEJKHX BOLOEMOB,
NOUBE PHCOBHIX TOJIeH, IVI€eBble, IVIeeBO-00JNOTHEIE, CaNponeeBble NOUBb H
TOpGhSHUKH, CATpONe/IeBO-CONOHYaKOBEIE NOUBEI MOPCKHX MOGEpexHH, 03€ep-
Hble COJIOHYAKH ¥ COJISTHBIE IPA3H).

MEP3JIOTHBIA PE)XHM

Mep3i0THBI THII BOJXHOTO pexnva NOYB XapaKrepeH IJsi TeX BHYTpH-
KOHTHHEHTAJbHbIX TEPPHTOPHAl CYyIIH, KOTOpble OTJIHYAIOTCA NJHHHOA CYyXOi
MasiocHeXXHOH XOJOLHOH 3HMOH, KOPOTKHM NPOXJ4JHBIM JIETOM H OTpHIA-
TeJbHON CpeIHErofoBoil TeMIepaTypoil. MHoroseTHeMep3JoTHEIE 00JaacTH
3aHHMAIOT OBINHpHEIE IPOCTPAHCTBA B ceBepHoit yacTd Asuu (10 47% Tep-
putopun CCCP) u Cepeproit Amepuke. MHOr0JIETHEMEP3NOTHEI PEXKAM
CKJAANBIBaeTCsl TaKkKe B BHICOKOropbsix (Hampumep, Ilamup, Tuber u ap.).

Bo BpeMsl M uyacTHYHO NOCJe JeHUHKOBOI'O NEPHOAA TPaHUnbl PaclpocT-
paHeHHs] MEP3JOTHOrO BOZHOTO peXXHMa MOUB YXONHAM JaleKo Ha ior (B Es-
pone mo 6eperos Kacnuitckoro u UepHoro mope#i, B Amepuke nout# 10 @io-
punst)., VICTOUHHKH BJard B TNOYBaX MEPSJNOTHONO DEXHMa OOLIYHO Te Xe,
YTO W B APYTHX mouyBax: atMocdepHble ocankn (100—400 mm/20d), noxsem-
Hble BOAbI (MHOrZa HanmopHbie). OpHAaKO Xapakrep BORZHOTO peXHMa KpaiiHe
crnenupuyed. )

[Ipu Mep3NOTHOM BOZHOM peXHMe IOYB Biara OO/MbLIYI0O YacTb BPEeMEHH
roga HaxoguTCsl B QopMe JbAa. JIeToM IIPOHCXOMAHT CE30HHO€ NPOTaHBaHHE
NOYBH Ha TJYOHHY OT HECKOJNbKHX CaHTHMeTpoB no 3—4 . Iloka Boma Ha-
xoauTcss B Gopme JibZa, OHA, eCTECTBEHHO, He pacxolyercs B IOYBE Ha
. CTOK, Ha (HJAbTpPalMI0 HJH Ha TPAHCIMPANHIO, OHAKO B KAaKOH-TO Mepe OHA
MOXKET pacXofoBaThCsi Ha MpsMoOe HCHapeHne, MHHys (asy IKHIKOH
BJIaTH.

Takum 06pas3om, MJIHTebHAsT MEP3J0Ta KakK Obl aKKYMYJIHDPYET H KOHCep-
Bupyer Bjaary B nouse. Ce30HHOe NpOoTaHBaHHe HaYHHAETCS BECHOH H pa3BH-
Baercs B NOYBe cBepxy BHH3. JlosiBisieTcsl CBOOO/AHAs TPaBHTAUMOHHAA H Ka-
NUAISIPHO-IOANIepTast BOAA, KOTopas JEXHT Ha Mep3JOM HENPOHHIAEMOM
cjoe, sanerawmnem Iray6oxe. Haunnaercs Bocxonsiee ABHXKEHHe KanuJsp-
HOlf BJ1al'l, €¢ HCIlapeHHe, pacXol PaCTHTENbHOCTbIO Ha TpaHcmHpanuio. B 310
BpeMsl B IIOYBE HMEIOT MeCTO BOCCTAHOBHTe/bHHe peaknud. CxaangeiBaerca
pexKnM, NMOXOXKHA Ha THLPOMOPQUBIH HCHAPHTEIbHLIH M TPaHCHHpalHOHHHIH
pexuyM IpH OCTab/ieHHOM BbllENaUHBaHHU (CM. BBHILIE).

Onnako Mep3JOTHO-THEPOMOP(HBIH THI BOZHOTO pexuMa mo4s GopMupY-
€TCsl He3aBUCHMO OT THIPOTe0JIOTHH H reOMOp(OJOrHd MeCTHOCTH KakK B NOY-
Bax HH3KHX Teppac, Tak H Ha CK/JOHAX H Ha BHICOKHX Bojopasfenax. Coor-
BETCTBEHHO H Mep3JIOTHO-JYyTrOBble I'yMYCHPOBAaHHble TeMHOLBeTHHE IIOYBBI
OKYTBIBAIOT MECTHOCTb KaK ObI YexJsioM, MaJji0 3aBHCSILIMM OT TONOIpadpuu Me-
CTHOCTH. Ecaii Mep3/oTHEIE TOPU30HTH TOYBHl MAJOMOINHBI, TO CE30HHOE IIPO-
TauBaHHE NOYBHl B HIOJE-—aBryCcTe 3aBeplIaeTcs IOJHBIM HCYe3HOBEHHEM
MepaJoTH Ha I'1y6uHe 3—4 M H cBOOOAHAs Bola GHABTPYETCS B HUCXOASILEM
Halpap/ieHHH, YHOCSH YacTh NMOJABHMKHBIX NPOAYKTOB NOYBOOOpa3OBaHHS.

Ilpn Haanyuu TAYGHHHBIX Mep3JOTHHIX TOPH3OHTOB, COXpaHSIOMIUXCS
KpyTJklfl Tof, JeTHsis cBO6OAHAasT BORa, 06pa3ylolascs NpH TAassHHH HJIH OT
JETHHX NOXKIeH, CTeKaeT B BHIE MECTHHIX [IOTOKOB HAAMEpP3JOTHEIX BOJ, Ie-

77



pepacnpenesis COJIH, MOABHKHEIE OpTaHHYeCKHe ¥ MHHEpaJbHblE COeXHHEHHA
(kpemiieseM, XKejae30, Mapranen) B AENPeCCHH H JOJHHHL

HacryniieHue OCEHHHX H 3UMHHX XOJIOLOB BHOBb GJIOKHpYET CBOGOLHYIO
BOJY, nepeBoznsi ee B Gopmy Jbna. [Tponecch BHHOCA H BhILIEJaYHBAHUS TIpe-
Kpawatorcsi. Hao6opoT, KanuaaapHasi BJara HHTEHCHBHO IepelBHraeTcs
BBEpX, HaMmep3asl CHH3Y Ha CJOH 3aMmep3aiomei mouBb. B 3TOM Ke Hampas-
JIeHHW CHH3y BBepPX MIET M NOTOK NapooOpasHOil BOXBI, KOHIEHCHPYHOLIEHCH
M 3aMep3aioleii B MOANOBEPXHOCTHEIX ca0six. Ce30HHOE 3aMep3aHue moCTe-
IEHHO OXBATHIBAET BCIO TOJINY TNOYBH, CMBLIKASICh C TOPH30HTOM BEKOBOI
MEep3JOTHL.

O6uupHas rpynna MepsJOTHBIX TNOYB enie OyeHb MmaJjo uayuena. Ilo-Bu-
IUMOMY, 6aJlaHC BelecTB NIPH MEp2JOTHOM NOYBOOOpPa30BAHHM BapbHPYET OT
TIPOMEIBHOTO 10 HAKOMHUTEJbHOTO B 3aBHCHMOCTH OT IPOJOAKHTEIbHOCTH
«Mep3JIOTHOH 6JI0KaAbl» H BO3MOXKHBIX COYeTaHHH MECTHCTO IIPUTOKA, OTTOKA
U HCIIapeHHs.
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KOPA
BbIBETPHUBAHHUA
H ITOYBOOBPA3OBAHHE

BaxueHIMM 3B€HOM TIeOJOTHYECKOTO KPYrOBOPOTa BelleCTB Ha 3emJe siBjis-
€TCs NIPOLECC BRIBETPHBAHHSA TOPHBIX NOPOX U (POPMHPOBAHHSA KODHl BBHIBETPH-
BanndA. Ilpouecch BBIBETpHBAHHS M3yuasu TakHe BhIJAIOLIHECS COBETCKHE HC-
cnepoBatenyu, kax K. JI. T'nunka, IT. A. 3emaruenckufi, C. A. 3axapos,
B. B. Toarinos, Y. Y. I'uusbypr, B. IT. [Terpo. U3 uncia 3anagHpix yueHbX
cJefyeT Ha3BaThb uMeHa Jlakpya, Banetepa, ['puma, Keanepa, ,H}KeKCOHa
lllepmana, Bpesepa.

B Ttpynax sTuX HcclefoBaTtesNedl MBI HAXOAMM BaKHeHUIHe IIOJOXKEHHS,
XapaKTepH3YyIOIHe CYUHOCTh NPOLECCOB 0GPAa3oBAHHSA KODBI BHIBETPHBAHUSA
H ee KOMIIOHEHTOB.

OCHOBHBIE NMOHATHA H ONPEAEJEHHSA

['opHBle IOPOABI MarMaTHueCKOTo IMPOHCXOXKAEHHS OOpasyloTcs B COBep-
IeHHO HHBIX TEPMOAHHAMHUYECKHUX YCJIOBHAX MO CPABHEHUIO ¢ TeMH, B KOTO-
PHIX OHHM CKa3bIBAIOTCs Ha [HEBHON MoBepxHOcTH. IlosToMy ropHble moponst
U MHHepaJjibl MarMaTHYeCKOTO NPOMCXOXKIEHHUS IIOBEpralTcs BecbMa ray6o-
KUM H3MEHEHHSM IOJ BO3AeHCTBHEM YCJOBHH, CBOHCTBEHHBIX Ha3eMHOH 00-
CTAaHOBKe,

CxonHoro poma ray6okue KauecTBEHHble H3MEHEHHS NPOHCXOAAT ¢ MeTa-
MOp(UYECKUMH U MJIOTHBIMH OCafOYHBIMH IOPOJAaMH, KOTODEIE yXke paHblue
NOJBEPrajlCh BHIBETPUBAHHIO H KCTODHIE BHOBb BHIBETPUBAIOTCA MOC/]E 110BO-
FO CONPHKOCHOBEHHUS ¢ HA3eMHBIMH yCaoBHAMHU (pHc. 16).

Bcsi COBOKYNHOCTB CJAOXKHBIX H PA3HOOOpPA3HBIX NPOIECCOB KOJHYECTBEH-
HOTO M KayeCTBEHHOT'O U3MeHeHUS TOPHBIX NOPOJ H CJaramllHX ux MHUHepa-
JIOB oA BosfelicTBuem aTMmochephl, TuApocdepsl u GHocdepsl HasblBaeTCs
BhIBeTpHUBaHHeM. B npoleccax BHIBeTpUBaHHS I[IPOHCXOAHT paspylieHHe 01~
HHX TOPHLIX NOPOA U MHHepaJos u obpa3oBaHHe APYTHX NMOPOL H BHOBb CHH-
TE3HPOBAHHBIX MHHEPAJIOB. BrlBeTpUBaHHIO NIOABEPKElbl TAKKE H CTPOHTENb-
Hble MaTepHaJbl, H3 KOTOPBIX COOPYXKAaNHCh IAMATHHKH HJH IOCTPOHKH.

[Ipoleccsl BRIBeTPUBAHHA TOPHBIX MOPOJ NPOHCXOAUAH Ha 3eMJIe 1 i (1]
NOSAB/ICHHs KH3HH, HO OHH OBLIH CTEPHJIbHBLIMH.

Bospacr npoueccoB BriBeTpuBaHHA HeoGbluafiHO BEUK M yxonm' IaneKko
K Hayany ucTopHH GOpPMHPOBAHHS OCAJOUYHBIX NOPOA, T. €. N0 3 MJIDA. JeT.

6 3akas 5271 81



Bea Tomna ocaflouHeX  NCPOM 3eMHOit
KOphl, a Takme o60N0uKA TPANHTHBEIX H
MeTaMOpPHYeCKHX TOPOJA TMPOIULIH uepes
ANHTEIbHBE W  HeQAHOKPATHLIE HHEILI
BRIBETPHBAHHA H MeTaMmophHama,

IlepponayansHo BHBeTpPHBAHME 3a-
XBATHAO NPeHMYIECTECHNO NOPOJLE Mar-
MATHYECKOrO MNMPOHCXOMICHHA, TaK Kak
0CANOUHEIX NOpOJ  (HCKAOYAS ocajiki
HKOCMHYCCKOTC H BYJNKAHHYCCKOTO ITPOHC-
XOMIeHHA) ewe He cywecrtsosano. Boa-
HHKHOBEHHEe MH3IHN Ha 3eMAC KayecTReH-
HO M3MEHHAO H CYLECTReHHO YCKOPIIG
Mponecchl EHEETPHEHHHH KaK OYVTeM He-
nocpencTBEHHOTO BOZNEHCTEHA  BRICIIHX
H HH3MHX OPTaHH3MOB Ha FOpHble Nopo-
[lbl, TAK ¥ KCcBeHNO uepes BozfcilcThie
NPOAYKTOR HX MH3HeleutensnoctH. [lo
smepe (popMHpOBAHHA Ha 3emHOll  Kope
TOJIL OCALOUHEX H MeTaMopHueckix mo-
Prc. 16. Mexaniweckoe n xumigeckoe PON BHIBETDHBAHHE B CBOEM lajbHeilinem
BHEETPHBEAHWE B NYCTHHAX PA3BHTHH 3aXBaThIBAJO ¥ NX. Oanaxo ga-

JICKO HE BCA TONIE OCcallOYHBIX ITOPOIL 1101~

BEPTaeTcH EDEPEM&HHDM}’ BRBETDHBAHHI.
B cdepy coBpemeHHOrO BHIBETPHBAHHA BKJKOUAKOTCH [HIIL BEPXHHE CBHTH
3eMHOH KOpHl, HAXONslHecs MOJ HeMOCpPeACTBEHHHM BJAHAHMeM arcHToB
armocteps, ruapocdeps 1 GHoctephl.

K npoueccam BLIBeTPHBAHUS HECOXOLHMMO OTHOCHTBL Takme W Te HaMe-
HeHHH TOPHBIX ]'IﬂpDJJ., KOTOPRE TIPOHCXOOAT IoJ MOPCKHMH HIH FPYHTOBR-
mH Bonamu. Huorna sTH naMenenns HaswBaoT «TapMHpOan3oM». Paspyme-
liHe TOPHEIX nopoja BOAOHOCHBIX TOPHIOHTOB KPHI:II[E YCHAHBAMWT MHNEepanH-
30Baliiible pacTBOPH, YTO, B CBOW OYepellb, BelleT K NMOABACHHIO B IPYHTOBRIX
BO2X HOBHIX MOABHIKHEIX CcOCANHEeHH,

CoROKYNMHOCTE MPOLECCOB BLIBETPHBAHHA TOPHBIX NOPOJA HACTOABKO Tay-
Goko x npeobpasyer, 4To BO3HHKAET HeOOXCIHMOCTh BHUEAATE ccobylo reo-
JOTHYECKYIO (hopMaumio coOBpeMelHbIX OCAMOMIKX TOpo[, O00pPaI0BAHHYIO
3EMJAHCTHIME NMPOAVETAMH,— TAK HA3MBAEMyl) KODY BLIBETPHBAHHA.

MDII.[HCIETh H MH EIEPBHDFHHECKH.'FI COCTAB KODKI BHBET]]HBEHHH 3ABHCHT OT
HHTEHCHBHOCTH BRIBETPHBANHA (0COGEHHO BHICOKON BO m1aXKIOM TENAOM KiH-
Marte), NPoLONHHTENILHOCTH 3THX TIPOLECCoB, 4 TAKKEe oT YCAOBHI cOXpane-
HEA H nepenoca NMpoiyKTos, nﬁpaaymmuxcﬂ TpPH BHBETPHBAHHE,

Ha nepeuii B3rnA] COBEPILEHHO HEHIMEHEHHAA NOBEPXHOCTH CKaJ Mar-
MaTHYECKHX TODHLIX NOPOMA B AEACTIBHTENLHOCTH HMeeT Tolkyw (1—2 mm)
IACHEY BEIBETPHBAHHA, OGPEEOBHEL[I}’IGCH nog BOBﬂEﬁCTBIIEM KINMATHYCCKHX
(raKToOpoB H MHKpPOOPTaHH3IMOB,

INosepxnoers Cpanntop u rueitcos Ckanannasun n Kapenun, ocsoGoaus-
WHXCH OT JeANHKOBOTO NOKpoBa 5—6 THIC. JeT Hazal, 3a49acTyio HMeeT Kopy
BRIBeTpHBaHHA, pasayio 10—20 cu. KpacHouserHas Kopa BHIBeTpHBaHHA B
cyOrponnyeckux pafionax 3anmanucit [pysuu pocturaer moinoctn 7—10 M,
a4 TPeTHYHLI¢ alIHTHEE KOpE BHBETDHBAHHA BAAMHLIX TPOITHYECKHX paﬁonou
Aann w Adpukn focTHralOT MomHocTH 150 A,

Tenawil BAamuRA KAHMAT BechbMa yBeAHYHBAGT HWHTEHCHBHOCTL H CTe-
nenb BuBeTpHBanua (taba. 21),
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Ta6auma 21

daxTopu sHBerpuBanud (Ramann, 1911)

dakTop BrIBETpHBAHHA

Cpepuasa TeMmne- OTHocHTeNbHas JauTenpHOCTE
O6nacTtb patypa NOUBsl, AHCCOUMAUNSA BbIBE TPHBAHAA, aGcoJor- OTHOCHTEJIb-
°C BOJbI AHR HbIR HbIA
Apkruueckas 10 1,7 100 170 1
¥ Mepennas 18 2,4 200 480 2,8
Tpornuueckas 34 4.5 360 1620 9,5

Heobxonumo pazinuaTh coBpeMeHHbIE, IpeBHHE H HCKONaeMble KOpH BHI-
BeTpuBaHus. CoBpeMeHHble KODbI BLIBETPHBaHUs 00pa30BaNHCh B YeTBEPTHU-
HOM INIepHOJie HJH JIMIUb B IIOC/eJeflINKOBOe BpeMs. B HekoTophix paiioHax,
Hanpumep B 3anaaHoM 3akaBkasbe u LlentpanbHoll A3unu, Kopa BbIBeTpHBa-
HHS COXPaHMIAach U NPOAOAKaeT POpMHPOBATbCA HENPEPLIBHO C TPETHYHOTO
BpeMeHH. B Tponuueckolt A¢puke anaauTiEEe U GOKCHTOBBIE TOALH CYIIECTBY-
10T C TPETHYHOTO H, BO3MOXKHO, MEJOBOTO IIEPHOMOB.

Momnnle Kopsl BEIBETPHBAHHUS, KAK COBDEMeEHHBIE, TAK M JPeBHHE, MOTYT
COXPaHHUTbCS TOJBKO B YCJIOBHSX OTHOCHTEJbHO PaBHHHHOIO penbeda HJIH HA
CKJIOHaX H OCOGeHHO NOA IIOKPOBOM JecOB, 3aIMHUIAIOMIUX MEJKO3eM OT
cmbiBa. IlognsaTue u pacujenende CyllUH, eCTeCTBEHHO, He CIIOCOGCTBYeT CO-
XPaHEHHIO IPOJYKTOB BLIBETPUBAHHA Ha MecTe W 0GDAa30BAHMIO MOLIHOH OC-
TATOYHOH KODH BbIBeTpPHUBAHHSA. [loaTOoMYy 06s1acTy IOAHATHI U OCOOEHHO Top-
Hble GesJieclble TEDPHTODHH XaPaKTePU3YIOTCA OTCYTCTBHEM MOIIHOH KODBI
BHIBETPUBAHUS.

[TorpeGenHsle 1 BTOPHYHO BCKPbIThle 3pO3Hell JpeBHHe KOpbl BbIBETDHBA-
HHS TPETHUHOIO, IOPCKOrO, AEBOHCKOIO M HaxKe HOKeMODHACKOro Bo3pacra
onucaHnul Ha Teppuropun Llentpansnoro Kasaxcraua, Ypana, YKpaune. ITi:
JpeBHHE KOPBI BHIBETPDHBAHHA, MMelolHe MouHocTh 10 60—300 » (I'unséypr,
1947), nepexuBanu kpaliHe CJIOXKHYIO HcTOpuIO. IIpH ONMycKaHHH CyHIIM OHH
Oblay 3aKpBITHl HOBBIMU OC3aAO4YHBIMU OT1oXKenusimu. OAHAKO 3aTeM Ha MHO-
rux npoctpanctBax llentpasnpHoro Kasaxcrawma u lOxHoro ¥Ypana npesHue
KODbl BLIBETDUBaHHS OBLIH BhlBelleHbl 3po3Hedl Ha moBepxHoCTb. Onu sBJfA-
I0TCA cy6CcTpaToM [ COBPEMEHHOro nouBoofpasoBanus. To xe Habaionaer-
Csl M Ha IPYTUX KOHTHHEHTax (Hampumep, B ABCTpaJuu).

Ha reppurtopuu Coserckoro Coloza onucaHbl 4eThipe Pa3HOBHAHOCTH HC-
KOIlaeMbIX ApEBHHX KOD BLIBETDUBAHHS: a) OKpeMHeBLIMe, CBOKCTBEHHbIE yC-
JIOBHSIM IOJIYIMYCTHIHHOT® M NYCTBIHHOIO KJAMMAaTa TPETHYHOrO Nepuoia Ha
reppuropun LlenTpanpno#t Asuu; 6) KaoJHHHTOBLIE, CBOHCTBEHHDLIE YCIOBHAM
BJIAXKHOI'0, MATKOTO, YMEPEHHOTo JinG0 BJaXKHO-CyOTPONUUYECKOTO KJIHMATa
KapOOHOBOro Mepuofa Ha TPOMAJHLIX TIPOCTpAHCTBaX YKpauHel u Ypana;
B) aJJHTHBle (OKUCJBl aJIOMHHHSI) — B YCJIOBHSX TPONHUYECKOrO BJaXKHOTO
KInMarta Me3030s Ha TeppuTophu Ypasaa, Cubupu, Kasaxcrana; r) GOKCHTO-
Bble — B palonax Kypckoll mMarHuTHOH aHoMmasHu.

b. B. IloarinoB (1934) BBes moHsTHE 06 OCTATOYHBIX W AKKYMYJSITHBHBIX
THIIaX KOpPbl BblBeTpHBaHH:A. Jlo Hero kopoil BLIBETPHBAHHUS Ha3bIBAJUCH JHIIIb
OCTaTOYHble IPOLYKTHI, HAKOIHUBIIHeCs Ha MecTe ux obpasoBanus (in situ).
B nanbhefillleM H3/0XKEHUH Mbl pa3nHyaeM OCTATOYHBIE, TPAH3UTHBIE H aKKY-
MYJATHBHBIE THUNB KOPH!l BBIBETPHBAHHS, KOTOpbie (POPMUPYIOTCSH OCTATOYHBI-
MH H nepeMeleHHLIMY NPOAYKTaMH BLIBETPHBAHHS.
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2 Puc. 17. Msweneunss B munepa-

%//Zg JIOTHYECKOM COCTABE 3MEEBMKOB
Ha Ky6e noj B/jmsiuueM Tpomu-

Yyeckoro BbiBeTpuBaHusi (JIedT mu
Mua, no Ilycrosaaosy, 1940)

1 — pasuble MuHepadst (Ni, Co, Cr);
2 — KaoJHH;

J — GOKCHT;

4 — reMaTHT;

5 — NUMOHUT;

6 — xBaplL;

7 — cepTeHTHH;

8 — noreps

[Jia ocraTouHofl KOpHl BHIBETPHBAaHUs XapaKTePHO ONpefle/eHHee CoYeTa-
HHe TOPH30HTOB (CJ0eB) cBepxy BHH3. CaMble BepXHHe TOPH3OHTH KOPHI BbI-
BeTPUBAHHsA OOBIYHO COBMeEILEHH! C NOYBOH, oforalleHbi TyMyCOM H IPEACTaB-
JleHn! BHOBb 006pasoBaHHBIMH MHHEpaJjaVH, [y6oKo OTJHYHBIMH OT MUHEpa-
JIOB HCXORHOH TOPHOH NOPOIHI.

IoanouBeHHLIE TOMH OCTATOYHON KODHI BLIBETPHBAHHUS HMEIOT JIHIHD CJa-
6ble IPU3HAKH COAepKaHHUs TyMmMyca, HO CHHM TakKxXKe BecbMa OTJHYAIOTCA OT
HCXOJHBIX FOPHBIX IOPOX M MOLYT UMeTh 3HAUHTEIbHYIO MOILIHOCTB. Hakonen,
B HHXKHeHl 4acTH TOJIUH KOpbl BHIBETPHBAHUA IIPOC/]eKHBAIOTCA sBHble 4ep-
THl ¢n1ab60 U3MeHEeHHOR HCXOAHOH ropHoft mopoasl. Eule riy6ie MosAB/IAETCA
coOCTBEHHO TOpHAas NOpOAa, He 3aTpolyTas BLIBETpHBaHHEM WM H3MeHeH-
Has JHIb B MaJoH creneHu. Puc. 7 xopoiio nokasbiBaer npuMep AOBOJIBHO
moiiHolt (9—10 M) ocraTounofi ¢eppaJHTHOH KOpbl BBIBETPHBAHHA cep-
HeHTHHA, oOpasoBaBlielic B YCJAOBUAX TPONHKOB KyGHI

IIpouecchl BHIBEeTpHBAHUS U NOYBOOGDPA30BAHHS TECHO CONPSKEHBH MEXKIY
cobolf Kak B IIPOCTPAHCTBe, Tak U Bo.-BpeMenu. OgHako ecau B mpoleccax
BHIBETPUBAHUA BeAyLHMI £BAAIOTCA (HaKTOpLl aBUOTHYECKHE, TO B Ipoleccax
nouyBooOpas3oBaHus — GUOJOTHYECKHE, CBSI3alHble C JKU3HEAEATEJbHOCTHIO
BBICUIMX M HH3IIHX PACTHTE/bHLIX U XKHBOTHLIX OPraHH3MOB. B coBpeMenHyio
OHOTEHHYIO CTa[HIO CYLECTBOBANHS 3eMHOH IJIaHETBl 3TO pasje/eHHe yC/IoB-
HO, TaK KaK H BOAA, U ABYOKHCb YIJIEDOAA, U KHCIODOA — [JIaBHBlE areHTH
BHIBETDHBAHUS — CAMH HMeEIOT GHOTeHHBIH XapakTep.

B MaaoMOIHEBIX OCTATOYHBIX KODAaX BHIBETPUBANHA HOYBEHHBIE TOPHIOHTHI
IPaKTHYECKH IONHOCTLIO COBHNAJAIOT C TOJILEH KOPBHl BhIBETpUBAHHA. B 9THX
cayyasix mouBooOpasoBaHHe He. OT[EJHMO OT BHIBETPHBAHUS HU BO BpPeMeHH,
HY B mpocTpaHcTBe. Becbma TpyAHO TakXe pasfeluth noupoobpasoBaHHe M
dopMupoBaHUEe aKKyMYJATHBHBIX THUIIOB KODHI BLIBETPHBaHHUA, TAaK KakK 3TH
OpOoLeccH YacTo HAYT OAHOBPEMEHHO H COBMeIl[eHH B IIPOCTpaHCTBe.

TonbKo A MOWHLIX JAPEBHHUX NOYB M JPEBHHX OCTATOYHBIX KOp BLIBETPH-
BaHHs XapaKTepHO fclioe .060cob/eHHe TOYBEHHOTO NPoQHUIs oT IIybke Je-
JKallMX TOPH30HTOB KOPHI BHIBETpPHBaHHA. MOUIHOCTb OCTATOYHOMN KOPHI BbI-
BETPHBAHHS HOCTUTAET JECATKOB H, COTEH METPOB, MOLIHOCTD XK€ IIOYBEHHOTO
nipoduia cocraBaseT oObIYHO He Gosee 5—7 M, onpelenseMblX INyOHHOH pO-
HUKHOBEHHS NpAMBIX OHOTEHHBIX (DakTOpoB (KOpHeH, 3emyepoes, uepBbed,
HHCXOZSAIIMX TOKOB TYMYCOBHIX PaCTBQPOB). .. '
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B 3aBHcHMOCTH OT NMPHPOAHBIX YCJOBHI, CBOHCTB T'OPHEIX IOPOZ, IIPOAOJI-
JKHTEJbHOCTH W HCTOPHH Npouecca GopMHUPYIOTCS THIIBL U Pa3sHOBHAHOCTH KO-
pbl BLIBETDHUBAHHS: IOHble HJIM [PeBIHe, OCTATOYHbIE, TPAH3HTHBIE MJH 4KKY-
MYJATHBHbIE, KHC/Able, HeATPa/bHble HJH lleloulibie, 6oratnie Hau GelHble
HabopoM MUHEpAJOB U 3JIeMEHTOB IKTAallusl pacreHuil, OJaronpHATHbE HJIH
He6JaronpusaTHLE AJ8 Pa3BHTHS IIOYB TOTO MM HIIOFO YPOBHSA IIOAOPOAHMA.
[TosToMy 3Hanme mpolleccoB 06pa30BAHUS U THIIOB KODHl BLIBETPHBAHUs AB-
JasieTcd OAHHM M3 BaXKHEHILIUX YCJIOBHH NpPAaBH/IBHOTO IOHHMAaHHUS IPOUCXONK-
AeHUs H CBOHCTB IIOYB U IIOYBEHHOIO IJIOAODPOAHSA.

XoTs TepMHH «BBIBETDHBalHe» LWIHPOKO BOLUEN B ['eOJOTHIO W HOYBOBEje-
HUE, HeJIb35 CYUMTATh eTo yAayHuM. HeKoTophle COBETCKHe H 3alafiHble HCCTe-
IOBaTeNH yHoTpebJsIoT TepMUH «H3MeHeHue» (albTepalnus), HO OH He IOJIY-
YHJI IpU3HaHuA B pycckom asblke. HaunGosee mMoaHO coBpemMeHHOE IpeCTaB-
JIeHHe O BCell COBOKYIIHOCTH IIPOHECCOB pa3pylleHHs TOPHBIX IIOpOJA, TpaHc-
NOpTa U NEPeOTAOXKEHH [IPOAYKTOB pa3pylueHHs, 00pa30BaHHS CBEXKHUX 0Ca-
JOYHBIX IOPOJ B TECHOM COUETAHHH C NOYBOOOPA30BAHHEM ll€pPeaeT TEPMHUH,
npennoxenteift A. E. ®epcmanom (1934),— runeprene3 (runepreHHble mpo-
Lecchl, THIepreHHas 000JI0YKa).

3JNEMEHTAPHBIE NPOLLECCbl BbBIBETPUBAHHSA
MHHEPAJIOB K NOPOJ,

Paspnenenue npoleccoB BLIBETPHBAHHSA Ha yvacTHble (OPMBI IPOH3BO-
AUTCA ycJoBHO. BriBeTpuBaHHe IpexcrasiseT cobofl equublil mpouecc. Ho
3TOT TNPOLECC MCKAOUHTEIBHO CJACKNBLIN U cBA3aH CO cJAeNyIOUMMH Tpynna-
Mu pakropos.

dusuko-MexaHHYecKHC (akTophl: yMeHblleHde AABJEHHUS IO-
cJie BBIXOJA IOPOM Ha IMOBEPXHOCTb; KoJeGaHUS TeMIepaTyphl H pas3jiHyus B
JUHEHHOM ¥ 0OBEMIOM DAacIUHpeHHH; GOKOBoe AaBJjeHHe, RbI3bIBaeMoe all-
copOupoBannoil BOJAOH, JbAOM, KOPHSMH PacTyHIIUX DacTeHHH HJIM KpHCTA-
JaMu 00pa3oBaBIUUXCA COJeH; paspyLINTeabHas NeATeNbHOCTD TeKyuell BOAH,
JBHKYIIErocsi qab/Jad, ONOJ3Hel HJAM BeTpa.

XuMuyeckne  QU3MKO-XHMHYeCKHe GaKTOpH: THApATa-
[Hsl; paCTBOPeHHE B BOJe ¢ KUCJIOH WM LIeJOYHOH peakuHell; THAPOJHS;
OKHCJIeH)e — BOCCTaHOBJeHHUe; KapOoHaTH3auus; nebasauus; AeCHAHKALHS;
cop6uud; Koary/aslHs.

BuonoruyeckHe U OMOXHMHYecKHe GakKTOpBH: MOLIOIHe-
HHe pacTeHHsAMH M OaKTepHsAMH 3JeMEHTOB B OOMeH Ha Bhi[elIsieMble aHHOHBI
H KaTHOHBI; XHMHYECKHe COeJHHEHHs, o0pasyiollhdecsd Npu XKH3HH H IoC]Ie
CMEPTH OPraHu3MOB, OCOOEHHO OPTaHHYeCKHe KUCIOTH, I'yMyC U XeJaThl, [Ipo-
AYKTHl NOJHOH MHHepaJH3alMH OpPraHHYecKHX BeLIeCTB; peaKUHH BOCCTa-
HOBJIEHUS W OKHcJ/leHHs, 0653aHHble MUKPOOPTaHH3MaM, U T. [1.

YuuthBasi chenHuduyeckoe 3HadeHHe INepeuHCAEeHHBX (HaKropoB, 4YacTo
ynoTpeGasiioT BHIpaXeHus: (pu3nvyeckoe BbIBeTPHUBaHHe, XHMHUYECKOE BLIBET-
puBaHHe, 6HOJIOTHUECKOE BLIBETPHBAHNE; B TO XKe BPeMs BCerfa HMeeTcs B BH-
LY, YTO 3TH (pakTOpHl BHIBETPHBAIIUA AeHCTBYIOT coBMecTHO. OHAKO H3BecT-
Hast MOCJIe[0BaTeAbHOCTL B CMeHaX BeAyulero 3ladeHusl ($akTOPOB BBIBETPH-
BaHuda umeercs. Tak, Ha caMbIX paHHHX CTaJHAX HAET NPEUMYILECTBEHHO (H-
3HKO-MeXxalnyeckoe BbiBeTpuBaHue. [Jo mepe BospacTtauua pasapobieHHOCTH
TOPOABI K 3TOMY NpubaBisercsl XHMHUYeCKOe H OHOXMMHYeCKOe BbIBETPHBA-
HUe, YCHINBAeTCsl pas3pylleHHe NEPBHYHBIX MHHEpAJOB U HOBOOGpasoBaHHe
BTOPHYHBIX.
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Ha Gonee mo3anux crafusx ¥ OCO6EHHO BO BJIaXKHOM TEINIOM KJHMarTe,
Koraa o6pa3oBajiich IVIMIHBIE MHHEpaJbl U pasBuilach INONIOTHTEAbHAS CIO-
CO6HOCTb, XUMUYeCKOoe (BK/I0Yasi-(hbH3UKO-XHMHUYECKHE NTPOUECChl) U GHOJMOTH-
yecKoe npeobpa3oBaHue MarepHasa ABJAAeTCA yXKe [VaBHBIM (akTopoM BH-
BerpuBanua. Ha sTofi craguu nocTemeHHo 3aBepliaeTcs pachaj IepBHUHBIX
MHHEPAJIOB U, YTO CaMoe IMIaBHOe, IPOHUCXOAUT Pa3pylleHHe U PEcHHTEe3 BTO-
pHYHBIX MHHepPaJoB o Hx hauboJiee yCTORUMBBIX [Ji HAHHHIX YCJIOBHE GopM.

Jsi OneHKH pOJIM 4ACTUBIX SBJEHHH, COCTABAAIIIUX Iponecc GopMHPO-
BaHHA KODH BLIBETPHBAHHA, LeJecoo0pasHO pacCMOTPETh B OTAEJILHOCTH OCO-
OeHHOCTH MeXaHHYeCKOro, XHMUYECKOTO, (PUIUKO-XHMHYECKOTo W OHOJOTHYE-
CKOTO H3MeHeHHsl TOpPHBIX MOPOL.

Mexannyeckoe pasnpoﬁneﬂne H BO3pacTaHue AUCNEPCHOCTH

BaxHefillas ponp B mpolleccax BHIBETPHUBAHHs NPHHALIEKUT MeXxaHHYe-
CKOMY pasapobJieHHI0 TOPHRIX NTOPOA U BO3PACTANHIO CTENEHH JUCIEPCHOCTH.
MaccuBHOe MOHOJHTHOe CJOXKeEHHe W MAaKpOKPHCTaJdIHdecKass CTPYKTypa,
CBOMCTBEHHble MarMaTHYECKHM H MeTaMopQHUECKHM MOPOAAM, YTPAUYHBAIOT-
csi. BeiBeTpesias mopona yepes psif cTaguil IpeBpallaeTcs B CMeCh OGJIOMKOB
TeM MeublUero AMameTpa, ¥YeM JOoJblle AJAUTCH WM HHTElUCHBHee IDOXOIHUT
BLIBETPUBAHHE M YeM Jyylle COXPaHAlTcA ofpasoBaBluiucs mpoRykThl. [lep-
BOHayaJ/bHble TpellUHb! OCTBHIBAHHSA IOPOJ, HJH TEPMHUECKOTO BLIBETDUBAHHA,
yCHJIeHHBle JeHCTBHeM pacTyuluX KopHefl [depeBbeB, pa3fielsioT NOPOAy Ha
KpynHble 6J0KH W T/bIOL Auamerpom 2—3 x. 3aTeM co BpeMeHem o6pasyer-
cq rpy6rill MaTepras ¢ pasmepoM 06JoMKOB nopsaaka 5—10 cu. Y, HakoHew,
nopoja npespallaercd B MeJKOoOGJOMOYHYIO 3eMJHCTYIO Maccy. MexaHunue-
CKUM COCTaB TOJINU JieJlaeTCs TPABHAHBIM, 4 B HOCJTEAVIOIEM CYTJIHHHACTHIM H
rapaucteiM. OGBeMHBIH BeC MOPOAB! ¢ BednunH 2,5—2,6 yMeHblIaercs [0
1,3—1,5. ITosiBAsieTcss NOPHCTOCTB, AOCTHUrawiias co BpemeHem 45—509%
o6beMa.

Biaaronapsa o6uieMy BO3PACTaHUIO AHCIIEPCHOCTH M IPHOODETEHUI0 aMop-
(GHOTO MJIH CKPBLITOKPHUCTANJIHYECKOr0 CTPOEHHSI PasBHBAETCS NMOBEPXHOCTHAA
3HepTHs U NOIJIOTHTENbHAs cIocoOHOCTh., PopMupYIOTCS TaKkKe BO3LYXONPO-
HHIAEMOCTh, BJIAlOEMKOCTbh H BONONPOBOAHMOCTh. Bce 3tH  KauecTBeHHBIE
IIPU3HAKH OTCYTCTBYIOT B MAarMaTHYecKHX W MeTaMOpPGOHYECKHX HCXONHBIX
Opoaax.

PacTsopenHe BeulecTs

[To mepe Bospacrauus cTeneHH pasgpolbIeHHOCTH BHIBETPHBAIOLIEACH
TOPHOH NOPOALI B BOJAHEIE PACTBOPH M ra3oBylo (asy IOCTENEeHHO NepexonsT
KOMIIOHEHTBI, KOTOpble ObLIH CB3aHHI B MHHepasjax TOPHBIX mopoAd. Bousl
MHTPHPYIOLHe B KOpe BbIBETPHBAHHs, G1arojaps 5TOMy IPHOGPETAIOT Olpe-
JeJeHHBIA COCTaB, OTpaxKalouyi 0CO6EHHOCTH MOPOA W CTaAHI0 BHIBETDUBA-
Hys. Kncable mopolsl OTHOCHTENBHO JIETKO OTHAOT B pacrBop Li, B, Na. CL
K, Si, Al. Boxu, npoxozsiuue yepe3 cCHOBHBIE MOPOMIHI, Jerde oforamarnres
coequnenuama Mg, Ca, Ni, Cu. [lostomy mupkviupyouie B mopoaax pac-
TBOPH B OJHHX CJyuasX OTHOCHTEJbHO OOTATHl ILEJOUaMH U KDPEMHE3EMOM,
a B JPYIHX — LIEJOYHBIMH 3€MJISMH.

B u3BepxkelHbIX IOPOAAX TaKKe HMEIOTCS rasel B IOIVIOHmIEHHOH (opme
uau B BuAe mysnpbkoB: Cl, CO u CO. u HeS, N u ap. IIpu paspyuwennu stu
HOPOAB! OTHAIOT 3aKHCh YIJIEPOAA, YIJIEKHCJIOTY, CePOBOAOPOM, METaH, BOMAO-
poOJ, a30T, XJOp, Napel COMANOH KHCJOTH, aproH. O6beM ra3oB, BHIEIIO-
UMXCSl TIPH pa3pylieHHH IOpoAbl, B 15—20 pa3 mnpepbillaeT o6bem IOCAEA-
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Puc. 18, Pecaxuus MHHepajoB npu ux abpasun B Boje (mo Cresency, Kappony u Keasepy,
u3 kuurn Degens, 1965)

tieil. B mpolecce MexaHHYeCKOTO paspylUeHHs] MarMaTHYeCKHX IOPOJ W NpH
PacTBOpEHHH INOABJIAIOTCA, XOTA M B HH3KHX KOHUEHTPAaLHAX, BecbMa arpec-
CHBHBIE KNCJOTEHI: cepHas, CoJlAHas, asoTHas, yrolbHad, KOTOPLIe, HefTpasiu-
3ysich, 00PA3yIOT COJIH.

Tak kax mepexon B pacTBOPbI COCAMHEHHI LUeOYEN H IIENOYHBIX 3€MEeTb
IIPOHCXOAMT IIPH BHIBETPUBARHH TVIaBHBIM o6pazom B GopMe CHIHKATOB, 4.110-
MHHATOB M KapOOHATOB, TO BCJAEACTBHE MX THAPOJIH3a PeaKIHus Cpefbl B KOpe
BRIBETPHBAHUA II€PBOHAYAJBHO JJAUTENHHO MOAAEPKHBAETCA HA CaaboLenoy-
HOM ypOBHe. DTO sBJeHHe 0COOEHHO XOPOIO BHIPAXKEHO NPH BLIBETPUBAHHUU
OCHOBHBIX M YJBTPAaOCHOBHHIX mopox. [Tocie 3aBepiueHnst 06J0MOYHON cTa-
iYW BLIBETPHBAHH#A, PA3PyLICHHS NMEPBHYHEIX MHHEPAJIOB U 3HAYHTEJIBHOIO
BLIMBIBAHHA HOBOOOpA3ylOLINXCA COMell meNoyHas cpefa BhIBETPHBAHHS CMe-
HAeTCS NMOCTeNeHHO HeRTpasbHOl u cilabokucion. Puc. 18 xopoluo WIIIOCTPH-
pYeT 3TO ABJIEHHe.

Ha rpannrax n KBapuurax kucjas cTagusi o6pa3oBaHHS KOPH! BLIBETDPH-
PallUst HAacTyHaeT 3HayuTeJbHO OblcTpee. B mopomax, 6orateix cy/abduiavy,
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Kucias (asa BHIBETPUBAHMS HACTYNaeT ¢ CaMoro Hayana BCJeacTBHe oOpa-
30BaHHs CepHOH KuCJIOTH. B Ioponax, comepKaliux H3BeCTb U APYrHe yrie-
KHUCJIBIE COJIH, Led0uHas W HelTpalibHas CTaJHU BLIBETPHBAHHS 3HAUHTENBHO
34TATHBAIOTCH.

B npotuecce AIUTeNbHOTO HENPEPHIBHOTO BHIBETPUBAHHS B YCJIOBHSIX BIaXK-
HOTO TPOITHYECKOrO0 KJIWMAaTd T'PAHHTBI MOT'YT NOTEPATh B pe3dyJaeTare pac-
TBOpeHHs W BhlenauuBanus go 30—35%, a Gasansthl — 1o 75—90Y% cBoeit
nepBOHAYaAbHOH Macchl.

Fugparaiius ¥ THAPOJH3 MHUHEPAIOB

Baxuefiuum GpaxTopoMm paspylleHHs MHHepasioB H o6pasoBaHuA NPOAYK-
TOB BLIBETPHBAHHA ABJAAIOTCA IpPOleCCH THAPAaTAllHU MHHEPAJIOB H NMOCAERYIO-
Uil pacnaf HX KpuCTaJlHyeckoll pelleTkKd. I[To-BUAMMOMY, HHT€HCHBHOCTb
TufipaTauuy Bo3pacTaeT napajesbHO MeXaHHYeCKOMY pa3pylUeHHIO TOPHBIX
nopol. OfHO!N U3 NMpPHYHH Pa3pylueHHs KPHCTAJIHYECKOH pelleTKH MOXKeT
ObiTh 3aMellleHHe MeTajl0B BojopoioM. I'mapoxconuit (HzO) BHenpsiercs
B KpHCTaJJIHYECKHE pellleTKH MHHepaJioB, BBITECHAS M 3aMelnas KaJjui, Hart-
puil, KanblHi, MarHul, YTO BHI3LIBAe€T H3MEHEHHS YCJAOBHI 3apsifia 4 IOCTe-
IeHHOe paspylleHHe KPUCTANJUYEeCKHX PEIIeTOK C MepexoAoM B pPacTBOp Ka-
THOHOB, 4 TaKXKe KPEMHHs W aJIOMHHHS B BHJe aHHOHOB. BoamoxeH n Apy-
TOH MeXaHH3M paspyllenus MHHepaJoB.

AnmOMOCHIHKATEL MOCTPOEHBl M3 COYETAHHH KPEMHEKHCJOPOAHBIX TeTpa-
5[POB H aJI0MOTHAPOKCHJIBHEIX OKTa3APOB, 06pa3yIOIHX OCHOBY KPHCTAJJIH-
YecKoil pelIeTKH 3THX MHHepanoB. PeHTreHorpaduueckue HcclaeqoBaHUs BO-
JIbl H JIbJd [OSBOJIUJIM CUMTATh, YTO BOJA NOCTPOEHA TeTpasfpamu, OAU3KUMHU
no ¢gopme u pazmepaM K KpeMHEKHCJODOAHBIM TeTpasApaM. Baaroxaps Ta-
KOMY COOTBETCTBHIO Pa3MepOB M CXOJCTBY CTPYKTYP CO3JalOTCH IPEAIIOCHLI-
KH K CPaBHHUTEJIBHO JETKOMY 3aMelleHHIO KPeMHEKHCJIOPOAHBIX TETPasipoB
MOJIEKyNaMH BOJBI, YTO TAKXKe BeleT K pacnaiy KpHCTAMIHYeCKOH PEeLIeTKH.

CusukaTHble H aJIOMOCHJHKATHble MHHepaJbl NOPOAbl, NPUBEJEHHON B
Ipollecce MeXal{yecKOro BhIBETPHBAHHSA B Pa3Apol/eHHOE COCTOSHHE, COMpH-
Kacasich ¢ BOIOH, BCeTAa B IPHUCYTCTBHH YTOJABHON KHCJOTH TIpH KomaeGuo-
wefics TeMOepaType W MHTEHCHBHOH UMPKYJSUHH BOABI MOABEpPraioTcs IJIy-
60oKOMY THAPOJH3Y ¢ 06pa3oBaHHeM caalbiX PacTBOPOB KPEMHEKHC/IBIX U YT-
JIEKUCJBIX 11e10Yefl U IeJOYHbIX 3eMe/b, HCTHHHBIX U KOJJIOHAHLIX PACTBOPOB
KpeMHezeMa M IIOJYTOPHBIX OKHCJOB, @ TAKKe UX TeflernofAnGHbIX OCAfKOB.

TlpuBeneM HecKOJAbKO IPHMEPOB peakUHil rujiparaluy H THIPOJH3A,
HIMEIOLIMX BecbMa Ba)KHoe 3HayeHHe IIPH BLIBETPHBAHHH.

THapaTalns aHTHAPHTA NPOUCXOLNT NIPU BHIBETDHBAHHM OCALOU-
HBIX NIOPOA, COAEpKAINUX aHruApHT. [Ipu THApaTanuy MCYTH HepacCTBOPUMO-
ro B Bode 6e3BOHOTO cynbdaTa KajbUHA (aHTHAPHT) OOBEM NOPOALI yBeJH-
yuBaercst Ha 50—60Y%, npu s1oM Bo3pabTalOT PacTBOPHMOCTb M BBIHOC CYJb-
(paTa KaJabUHA:

CaSO; + 2H,0 = CaSO; - 2H,0.

Fupponus xap6oHAaTOB KaJblHsi— BecbMa pacrnpocTpaHeHHoe
siBJleHHe TIpDH BbIBETPUBAHHH MpaMopa, HU3BECTHSKOB, Meprenefi, a Takxke
IPH pacTBOPEHUH YTJIEKUC/BIX COJleHl KaJbUud:

2CaCO; + 2H,0 = Ca(OH), - Ca(HCO3)..

Yriaexkucibpl Kajdbuyi BCAeJCTBHe THIPOIU3a MOXKET BHIMbIBaThcs. IIpH 3TOM
peaKuus: Cpennl AejlaeTcsl LIeJ0YHOM,
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IF'mppoans adloMOCHJAHKATOB ABAACTCSA OJHMM U3 Hanbogee yHH-
BEPCAABHBIX TMPOLECCOB IVIYOHHHOIO XHMHYECKOTO paspylUeHHsi MHHepaJoB,
CONPOBOXKAAIOIINACS NOSIBJIEHHEM B pacTBOpax cJaalbIX KOHUEHTpauui Iie-
JIOYHBIX H IIEeJOYHO3EeMENbHbIX COeJIMHEHHH KpeMHe3eMa M YTOJbHOH KHCJO-
thl. Hanpumep, THAPOJHU3 aHOPTHTA MOXKHO IPEACTABUTh B BHJE CXEMBI

CaAlgsizos + 2H20 = Ca(OH)2 + HgAlgsizos;

H,AlySi,05 — 25105 - HyO + AlyO,. L.
N
CxomHO IpoTeKaeT peakiusi THILPOJIH32 Cunsuet :§
U pacnajga annbura: Tz §§§\
NayAlySigOs6 = 2H,0 = H,A1,S1,05-- 2NaO H -4SiOy; Feals | | 51 inﬁ
H,Al, Si,0 — 25i0, - H,0 + ALO,. Aonorumd| | 77 |8 §
HKapouum NN
[Ipu rayGoxom ruipoause W pacnaje 7 R 32,@\
aabp0uTa B pe3y.bTaTe BHIBETpHBaHHs obpa- 74 | g\ | 7P S8
3YIOTCSl HCTHHHBIE M KOJUIOMHBIE PacTBOPEI mum~\ | 777 "
KpeMHe3eMa, OKHCJIbl aJIOMUBHA M THIPO- rsbum uro-\ Vimodam]| 33
OKHChb HaTpHs, KOFOpas o4eHb OBICTPO B IIpH- wm Nl 3
CYTCTBHH YTOJILHOH KHCJOTH NpeBpaliaeTcs TN | R
B YIJIEKHCAYI0 WeJoub (peakuus xkapOoHa- gpima- §§
TH3auuy). Peakuus rufposssa aaioMOCHIIN- DG M %gg/j S
KaToB — OfiHa U3 HauboJee pacnpocTpaHeH- » Tur)
HEIX B TIpUpOJe; OHA BeleT X oOpasopammio | (W[ ™ |
MOJIBHIKHLIX COCMNENHH KpeMHeseMa, yrue- _ ﬂ/’({;”"”
KHC/ILIX COJlel KaJblHs, MarHusi, HaTpus H W’”””””””,,,,,ggﬂ%j;ggym

Kajus,
T'maparauus MHHepaJoB OGYCJOB/IUBAET  Pyc, 19. MaMenenue obbeMa rpanita
npubaBky mo 10009% k HCXOANOMY CONEP- BHBeTpHBAHMH (LauHEe Bartcoma,
XKAaHHI0 BJI4TH B NMOPOJe ¥ 3THM BhI3niBaer no Ilycrosaiosy, 1940)
3HauyMTeJIbHOE yBeaHueHHe ee oOnema. O6-
mee Ke BoapacTaHHe o0beMa BHOBb 00pasylOlledcsi BLIBETPEJOH HOPOIH
cocraBgsaeT 1o 50—150% mo cpaBHeHHIO ¢ HCXOAHBIM o6beMoM (puc. 19).
B Kope BbIBeTpHBaHHS UHPKYJUPYIOT OOLIYHO He NpecHble, a caaboMHHe-
pasusoBanible pacTBopbl. [105TOMY MpOUECCH THAPOJAN3a H Pa3PYIIEHHs] MH-
HepaJioB NMOJ BJMSIHHEM KOHTAKTd ¢ BOJOH BO MHOTO Pas yCHJHMBAIOTCH.

KapGonaTusauus u JekapOoHaTH3AUHA

ITosiBsieHue pacTBOPOB MIeJIOYEH M LEJOYHBIX 3eMesb cJalblX KOHUEHTpa-
IMH B pesysbTaTe THAPOJH3a MHHEPAJIOB CONMPOBOXK/AAETCS MOJ BO3JEACTBHEM
HOCTOSHHO TIPUCYTCTBYIOIIEH YroJbHON KUCJAOTHL TpoueccoM KapOOoHaTH3aLuH,
T. e. o0pasoBanneM OHKapOOHATOB M KapOOHATOB KaJHs, HATPHs, KaJblHa H

MarHHst.
B cxeme npouecc Kap6OHAaTH3AUHH MOXHO TMPeJCTaBUTh CIEAYIOMEM NpH-
MepoM:

Na25i03 + H2C03 = Nazcos + H20+ SiOZ,
1]
2Na(OH) + H2C03 = N32C03 + 2H20-
Ipoueccy kap6oHATH3aLUUH MOTYT MOABEPraThCs H CYMbGHILI, HATPHMEp:
4
NayS + H,C04 — NayCO; + TS
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B nmepsoM cayuae Hapsiny ¢ KapGoHaTaMH NOSBJSIOTCS MOJeEKYJspHbIe
unu amopoHele ¢GopMB KpemHe3ema. Bo BTOpoM cJhydde BMecTe C Kap-
GonaramMu obpasyeTcs CEPOBOLOPOA H NPOUCXOAHT JAecyabdHpoBaHHe IO-
POIEL.

Uem Goablne B IPHPOAHBIX BOAAaX PacTBOPeHa yroibHAash KHCJOTA, TeM HH-
TeHCHBHee OyaeT mpouecc o6pa3oBaHHs OHKapOOHATOB H KpeMmHe3eMa H TeM
AHTEHCHBHee OyneT uX MUTpauus. B JecHHX 06J1acTsX XOJOJHOTO H YMepeH-
HOrO Tosica, Tie PACTBOPHMOCTh YTOJNbHOH KHCIOTH B BOJE IIpH CPABHHTEJILHO
HH3KOW TemIiiepaTtype NoBblldercsd, popMHpPOBaHHe KapOOHATOB W MX BBIHOC
OyAyT NpOTEKaTh OTHOCHTEJbHO §0Jlee HHTEHCHBHO.

B T1a6a. 22 u 23 npuBoAATCA pe3yJbTaThl N1a60paTOPHBIX 3KCTIEPUMEHTOB
C THADOJH30M H NOocideAylolleli KapOoHaTH3auWeH NDPOAYKTOB THJIPOJH3a
ropHBIX nopoj Apmenun. UeMm BHIle cTeneHb pa3gpoObJaelHOCTH MOPOJBL, TeM
O0Jiblllasi CTeNMeHb TUApOJH3a, OOJBIIMA BBHIXOX B pacTBOp KpeMHe3eMa, a
T4aKXKe YacTHYHO CY.Ib(ATOB H XJOPHAOB H TeM OoJblllee HOBOOGpa3oBaHHe
6ukap6oHaToB. B TPUCYTCTBHM YrOJbHOH KHCJAOTHL MHTEHCHBHOCTh IPOLEC-
COB TFHIPOJIN3a, NECHINKALHA H HOBOOGpa3oBaHus GukapOOHaTOB BO3pacTaer.

PasButue mpoueccoB kapOoHaTH3aUUU OTPANUUENO 3anacoM Iejouell u
IIeJIOYHBIX 3eMeJb B HCXOQHOH ropHoil noposie. Hucxoasiye T0KH BOAHRIX pa-
CTBOPOB, IlepeHoCst B BEPTHKAJbHOM H IOPH30HTA/JIBHOM HanpasJjeHusx obpa-
3ylomuecss 6HKapOOHATEl M KapOOHATHI, IOCTENeHHO CO3JJaloT B HUKHHX TOPH-
30HTax MOYB HJIH KODBI BBIBETDHBAHHS HJJIOBHAJBHBIA FOPH30HT aKKyMYyJs-
uun KapGonaros. O6pasyoTca CKONJIEHHS YIMIEKHCI0r0 KaJblks B TONMIE KG-
pbl BLIBETPHBANHS Ha CKJONAX H B HH3MEHHOCTAX, Ky/Ja MPHXCAST PACTBODHI

TaGauua ;22

CoCTaB THAPOJH3ATOB NMpPH BO3AEHACTBHH HA MOPOAB AUCTHIJINPOBAHHON Bompoi
6e3 CO,, m2/100 2 nopoant

(Ara6a6an, Axymad, 1966)

_ los . _

Iopoaa qalzii’{’fpw CO% nolil:;?élgru!jes Cl1- SOi S10s | FeaO; | AljOs | pH

3

Ipanur 1,00 | Her 13,00 | 4,00)52,00| 2,16 Her | 0,43 | 7,00
0,10 » 13,00 1Q,OO 26,00( 3,12 » 5,57 | 7,02

<0,05 | 6,00 | 54,00 ;38,00)98,00]14,88| cn. | 6,29 | 9,71

Aupesur 1,00 Her 16,00 4,00159,001 0,72| Her 0,051 7.90
0,10 » 19,00 4,00(29,00( 3,12) » 0,53 { 7,50
<L0,05 | » 32,00 | 4,00|35,00| 8,16| ca. | 3,17 | 7,76
Tyd yepusiit 1,00 | » 13,00 | 4,00|39,00] 0,48 ter | 0,41 | 7,40
0,10 » 10,00 4,00(29,00| 2,40 » 0,77 | 7,40

<0,05 1,00 11,09 6,00(18,0)(12,00]| ca. 1,73 | 8,82
Tyd KpacHstit 1,00 | ifer 12,00 | 4,00]52,00| 4,08) Her | 0,65 | 7,60
0,10 » 12,0) 4,000 19.09| 1,92] » 1,25 1 7,60
<0,05 » 17,00 6,00]11,00| 9,84 ca. 1,01 | 8,35
Cuenut 1,00 | » 7,00 | 4,00110,00| 1,44} Her | 0,17 | 7,40
0,10 ca. 17,00 4,00(28,00| 4,56( » 4,13 | 7,20
<0,05 Her 17,00 4,00 14,00| 8,64 ca. 5,95 | 8,64




Tabauuna 23

CocraB THAPOJIHM3ATOB MpPU BO3NEHCTBMH HA MOPOAY AMCTWIMINPOBAHHON Bonoi,
HacbimenHodi CO,, #2/100 2 nopoast

(AraGabsan, Axymax, 1966)

06 -
TTopona Pg:;:‘ip ;; nor,#lingl:[ea Cl- SiOg Fe,0, Al,04
’ HCO,
Tpanur 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
Angesur 1,00 15,00 3,00 1,34 0.58 Her
0,10 27,00 3,00 3,36 Hert 0,05
<0,05 42,00 7,00 12,96 0,91 ler
Tyt uepHslit 1,00 17,00 3,00 0,86 0,24 0,43
0,10 22,00 3,00 1,44 0,36 Iler
<0,05 25,00 3,00 2,30 0,19 »
Tyd kpacuuiit 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 Het 0,19
CuenutH 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
Bazamet 1,00 20,00 3,00 2,30 » 0,05
0,10 43,00 2,00 2,40 » 0,05
<0,05 115,00 3,00 12,48 » 0,24
Ta6anua 24
XuMuueckuii cocras psdHbIX BOA, M2/
(Clark, 1924; Keller, 1957)
[Pexu 3emMuoro | oggacrtu amn- laraxyus [Togsemuble
KomnoHeHT | wapa & cpef- | -aprHsauu Awmazonxa Muccnenuy TLkop KU Bofut Hbio-
Hem v Mexcuko
COy 35,15 12,84 34,75 34,98 21,32 164(HCO,)
SO;4: 12,14 1,15 7,37 15,37 8,49 54
Si0, 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 1,94 8,33 12,08 } 42
K 2,15 1,69 2,31 — 3,40 /
AlOq 2,75 — 7,29 0,45 — —
Fe,O, — 3,15 — —_ 1,13 —
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NIOBEPXHOCTHEIX M I'PYHTOBBIX BOJ. Tak Bo3HHKaeT KapOOHAaTHAsl KOpa BhIBeT-
pHBaHuUA.

Korza Ece LiieJioun ¥ LIETOYHbLIE 3€MJIH H3 BEPXHUX MOPH3OHTOB GyAyT yAa-
JEHBl B pe3yJbTaTe BbileJauHBaHHs, HaydHaeTcs TPOLECC IOCTENeHHOro-
oGeHeHHSA TOJIIHM KOphl BHIBETPHBAHHUS 3anacaMu YIVIEKHCIHIX cOJeH, T. e.
nekap6onaTtusanus. [lociae BeIHOCZ cBOGOJHOTO YIJIEKHCJAOTO KajbLUsl Hay-
HeTCcsl BBITeCHEHHE BOZOPOAOM OOGMEHHOTO KaJbIiUsi M BBIHOC TOCJEIHEro B
BHJe OMKapOOHaTOB. 4

Brinoc kapGoHATOB M3 TOJIL KOpbl BLIBCTPUBAHHA Ha 3€MHOM IIape JO0CTH-
raer OrpoMHHX pasMepoB. He cayualiHo B coctaBe coseil peuHBIX BOJ,
(Tabx. 24) yriexuc/able COJHU KaIbLHS 3aHMMAlOT OJHO U3 mepBrIX MecT. Exe-
TOAHBIA XUMHUYECKHH CTOK YIVIEKUCJOrO KaJjblHst C CYIUH B OKeaH C PEUYHEIMK
BOJAMH COCTABAAET OKOJIO 557 670 Thic. 7. HecMOTpS Ha TO, UTO CTOK YIVIEKHC-
JIOTO KaJbLiH B OKeaH TaK BeJUK, euie GOJIbIIHE KOJHYeCTBa €0 3aJepXu-
BAlOTCH Ha Cylle B TOJNLIAX 3JIOBHS H AeJIGBHSA, a TAKXKE B TPAH3UTHOIN U aKk-
KyMyJIITHBHOH KOPe BhIBETPHBaHHS.

IIpoueccel okucaeHus

CoenvHeHHsl XeJje3a, Mapranua, Mefy, Koba/nbTa, Xpoma, BaHagusg B Mar-
MAaTHYECKUX TOPHBIX NOPOAax HaxoAsTcss OOLIYHO B BOCCTaHOBJIEHHOH dopMme.
3akucHble (OpMBI 3THX METAaJJIOB CONepIKarcs B CII0JAaX, OJHUBHHAX, MeTa-
CHJIMKATaX, 4 TaKxe cyJdbduiaax. B npouecce BhIBeTPHBaHHS O6JbINIAS 4aCTh
3aKHCHHIX (OPM XeJe3a, Mapranuna u APYrux 3JeMeHTOB NepPeXOfHT B OKHC-
Hele (DOpMBI C COOTBETCTBEHHBIM H3MeHeHHeM MepBOHAYaJbHOH OKDACKH TNO-
POXBI U3 TEMHOH roJly0oBaTOH H 3eJIeHOBATOH Ha JKEJTYIO, OPaHXKeBYIO, Kpac-
HY10, (pHOJIETOBYIO.

ITpouecc okucjaeHHs CYJb(OHNOB XKese3a, MapraHiia, MeH CONPOBOKAA_T-
¢ o0pa3oBaHHeM HX OKHCJIOB H CBOOOJHOH cepHO#l KHCJIOTH. Peakuus oxuc-
JeHus cyadb(pHRa XKeje3a NPoTeKaeT CAEAYIOIMIHM 00pasoM:

2FeS, + 70, + 2H,0 — 2FeSO, + 2H,S0,.

CyJspgar Kesnesa OKHCIASETCH AaJblle:

12FeSO4 + 302 + 36H20 - 4[F92(SO4)3 . 9H20] + 2F6203-

CepHas KHCJIOTa, ABJISSCh CHIBHBIM XHMHYECKHM pPeareHToM, B CBOIO Oue-
pexb, HTpaeT poJb MOIHOrO $hakTopa riy60Koro XHMHYeCKOro BLIBETPHBAHHA
nepBOHAYaJbHBIX TOpHBIX nopod. OHa paspymaer kapGoHaTH H aJIOMOCH.IH-
KaTHble MHII2pasbl, 06pasyer CepHOKUCJBIE COJH, TIOCTYNAIOMHe B HLajbHeR-
IIEM B TeOXHMHUeCKHH NOTOK. [ToHMKeHHas pacTBOPUMOCTb CYIb(UAOB H psi-
Ia CyJn(haToB crocoGCTBYET, OAHAKO, TOMY, YTO 5TH COeAHHEHHS CeDPhl 3aep-
KHUBAIOTCA Ha Cylle B 3lIa4HTeJIbHBIX pasMepax.
~ Tlpouecchb! OKHC/IEHHS, BOCCTAHOBJEHHS, KapOOHATH3ALKH U JAecyIb(HpO-
BaHHUs MOTYT HEOAHOKPATHO CMEHSITh APYr Hpyra. BoccTanoBHTeNbHBE MpO-
HEeCCHl BeIYT K MOJAILIENTAaUHBAHUIO CPebl TeM OOJbINEMY, YeM CHJIbHEE H J0Jb-
lle BHIpa*KeH aHaspoOHbI pexxuM. OKHCIEHHE CONDOBOXKAZETCS CHILHEIM
NOAKHCJIEHHeM cpelibl U JekapOoHaTusaunuel. Uem cCJI0XKHee HCTOPHS KOPH.
BLIBETPHBAHHUS M NOYB, TeM MHOTOKpaTHee mpolecchl 06pa3oBaHus W pa3py-
uleHus CyJb(hHA0B, 00pa30BaHUs U pas3pyiieHHs KapOOHATOB.
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IIpouecchl BOCCTAHOBJEHHSA

TTpouecchl BOCCTAHOBJIEHHS HTPAIOT BeCbMa CYLIECTBEHHYIO POJIb B BBIBET-
PHBAHAH MUHEDPAJIOB, CONEDPKALIMX B KayeCTBe KOMIIOHEHTOB JKeje30, Mapra-
Hell, K0GaJIbT, HHKCAb, T. €. 3JEMEHTHI C llepeMeliHol BasleHTHOCTbIO. Bocera-
HOBHTeJbHAs cpela (JedHuLHuT KHCJIO0pOAa) MOKeT OhITb CO3jaHa nepechiuie-
HHeM TOPOJEI BJaroj, HaKoIJIeHHeM M PacnajoM OPraHH4eCKOro BellecCTBa,
BLICOKOH IIOTHOCTBLIO TMOPOABI U ee HH3KOH mopucTocThio. Ilpu 3TOM BCRraa
aHa3po6HBIE YCMOBHsL OCMOMKHAOTCS PabOTOH MHKPOOPraHM3MOB, OTHHMaIO-
fMX B Npolecce XKHU3NEeNesTeIbHOCTH KHCIOPO OT COeJMHEHHH XKese3a HIH
mapranua. O6pasyloTcs noJBUKHbBE COelMHeHHs OMKapOOHATOB ABYXBaJeHT-
HOTO »KeJe3a W Mapraiiia. Hacro noaBAsioTcs Xejartible GOpMbl HX COSIH-
HEeHHil ¢ OPraHHYECKHUM BEILECTBOM. B HTOTe B 3JIOBHA/NbHBIX aHA3POOHBIX yC-
JIOBUAX OGyIeT npOHCXOAUTh MOOM/IHM3alHA COCIHHEHHH »Keje3a ¥ Maprauua,
pa3pyiienre u obeclBeYHBAHHE Ke.1e30- H MapraHelcoAepKallHX NOpoA.

B TpansuTHyio KOPy BBIBETPHBaHHS H OCOOEHHO B aKKYMYJISATHBHYIO KOpY
BLIBETPUBANIUA IOABHIKHBEIE COEIHHENHs Xese3a M Mapralua MnocTynaroot
BMecTe C NPUXOASAIIMMH [OYBEHHBIMH H TPYHTOBHIMH BofaMH. Ilpu aspauuu,
fIp¥ HCMOJIB3CBAHHM HX PACTEHHSIMH H TIPH HCTIAPellHH OyAeT NPOUCXOAUTh HH-
-TeHCHBHOE HaAKOIIeHUC BTOPHYHBEIX MHMHEPAJOB THIA OKHCJOB XKeje3a U Map-
rauna. Muorna o6pasyloTcs TJIOTHBIE KOHKPELUHH HJH OXKeJie3HEeHHBIe Npo-
cjon. Yacto GHOpMHPYIOTCS MapraHuUOBO-XKE/Je3UCThle KHPAaChl, NaHUUPb U
MOLIHblE TOJIIM JaTepUTa HIH PYAb. Tak Kak B TPAH3HTHbIE H aKKYMYJATHB-
Hble JauawadTel NPHXOAAT TaKKe PacTBOPHl COGNHHEHHH KpeMHe3ema, TO
3/eCh NPOHCXOAHT MHTENCHBHOE 006pa3oBaHMe BTOPHUHBIX {eppu- H deppo-
CHJIMKATOB, BKAOUAA HeppHMOUTMOPHIIOHHT, GeppHOed e/ JIAT U I TTaYKOHHUT.

Ipouecchl JeCHAMKALHH H PeCHIMKALHH

Bo3aneificTBHe BOABI, 0COGEHHO COAepKauiell YroabHY0 KHCJIOTY HJIH pacT-
BOpEHHBIE COJIH, Ha Pa3ipo0JeHHyI0 MacCy NepBHYHBIX MHHEPAJOB MATrMaTu-
YyeCKUX TFOPHBIX NOPOJ CONPOBOXKAAeTCs HHTEHCHBHBIM o6pasoBaHWeM NOJ-
BHKHBEIX COelHHEeHHH KpeMHe3eMa. OBGHYHO BOABI, LHPKYJHpYOIHE B rpydo-
©06J10MOYHBIX TO/ILIAX H3BEPXKEHHHX W OCaMOYHEIX MOPOJ, comepxar ot 10 xo
50 me/2 SiO; B pactBopeHHO# (opme. BMecte ¢ BOogaMH NOBEPXHOCTHOrO H
TI0A3€MHOTO CTOKa COeIHHEHHS MOABHIKHOTO KpeMHe3eMa, o6pasyiomuecs npH
‘BLIBETPUBAHHH, BHIHOCATCSI H3 KOPH! BhIBeTpHBaHHA. OCOGEHHO BEICOK BBIHOC
coellnHeHHH KpeMHe3eMa B LIEJIOYHON cpele, KOTOpas NOJTO YAep:KHBAeTCH
Hia paMHHX CTajusx BuBeTpuBaHusa. BreiHoc SiOp B ApeBHHX KOpax BHIBETpPH-
BaHHS BJIXKHBIX TPONMHKOB cocTasiseT A0 80—90Y% ero HcxoAHOro comepxa-
HHUS B [IOPOJax.

Kaxk BuaHo u3 DaHHbIX Tabma. 24, coeUHEHHST KpeMHe3eMa B PedlbX BOAax
3aHUMAlOT Cpelud aHHOHOB TpeTbe HJH BTOpoe MecTo (a HHOTZa HepBoe).
ITosToMYy eXeromHulil XUMHYECKHH CTOK KpemHe3emMa B MHPOBO# OKeaH BeJHK
# pocturaer 300 teic. 7 SiO; B roa. Ilponecc AecHAMKALHH TOPHBIX MOPOJ
IIpH BLIBETPHBAHHH SIBJISeTCSl YHHBEPCAJbHBIM H Hab/MofaeTcss B pasHo-
06pasHbIX KIUMATHYECKHX YC/I0BHAX. Ho 0COGeHHO CHIbHBEIA BHIHOC KpeMHe-
3eMa NPOHCXOJHT B YCAOBHAX XKaPKOTO H BJIAXKHOTO CyGTPONHYECKOro H TPo-
fiHYeCKOro KAMMara, Belyllero K o6pa3oBaHuio 60raThx alnlOMHHHEM U Oefl-
HBIX KpeMHe3eMOM aJIIHTHHIX KOp BbiBeTpHBaHMd u fiuu (puc. 20). '

"~ OnHako coenuHeHHSl KpeMHe3eMa, TaK XKe KaK H YIVIEKHCHABIH KaJbLHA H
runc, B 60JbIIONA CTENEHH 3a/lePXKUBAIOTCSA Ha Cyule, Bunajgas B ¢opme XH-
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Puc. 20. Ocanxu u otnomenne SiOofAl:O3 B ramnncToil Ppakuuu TPomMYeckHX M cyGTpomu-
ueckux nous (Reifenberg, van Baren, 1954; Pagel, 1963)

I — NOAYNYCThIHHBIEe Y LIEJOYHBIE TIOYBHI; 5— TpONMHUYECKHEe KpaCHO3EMHEI;
- T Ay

2 — cpeH3eMHOMOPCKHE KPAaCHO3eMbl; 6 — natepuTHbIe KPAaCHO3EMEl H JIATEPUTHI;
3 — cy6TponHYeCKHe KPACHO3EMBI; I—I1] — o611aCcTH Pa3nUYHONR CTENEeHH BHIMOCA KPeMe
4 — cyGTpOnHYECKHEe H TPOMHYECKHEe HepHO3eMEI; HezeMa

MHUYeCKHX ¥ GHOTeHHBIX ocaakoB. OrpoMHas 4acTh YIJIEKHUCJOI0 KasbLUs H
KpeMHe3eMa, NOCTYIHBIIWX NpH BHIBETPHBAHHH B TNpPHUPOAHble BOAM, pac-
XOJyeTcsl OpPraHH3MaMH Ha CO3J@aHHe NaHuHpeHd, PAKOBHH MJH CKeJeTa,
BOBJIEKAeTCH B COCTaB PacTUTEJNbHBEIX TKaHeH, NpeBpallasch BHayaJe B
amMopdHble ONasOBHAHLIE, 4 B NOC/TeNYIOIIEM B OKPHCTAJNIHN30BaHHEIE HOPMBE
COenNHHeHHHN, TakWe, KaK XaaueloH H kBapu. MHorma ocafku BTOPHYHOro
ONAJIOBHAHOIO KpeMHe3eMa 00pasyioT UeMeHTHpPOBaHHBIE TNpPOCJAOHM H Ha-
e MOIIHble TOPH30HTHL.

CoennHeHHs yTJIEKHCIOTO KaJblHsl U KDeMHe3eMa, KpOMe TOro, 3afepKu-
BAlOTCA B TOJINAX [IPOJAYKTOB BHIBETPHBAHHSA, NaBas CKOILIECHHS ¥ HOBooOpa-
30BaH¥A, BHI3bIBAsi 3aKapGoHAUYNBAHHE H OKpeMHeHHe 0CaJOYHBIX OTJOXKEHUH,
Kop BhiBeTpuBanus ¥ n04B. OcobelHO pe3KO BHIPayKeHhl CKOMJIEHHS YIJAeKHC-
JIOTO KaJblHA U KpeMHe3eMa B YCJIOBHAX 3aCYULIHBOTO U MYCTHIHHOTO KJIHMa-
Ta, I'/le BCJEACTBHE HHTEHCHBHOTO HCNAPEHHst KOHIEHTpaL#K NPHPOIHHX pac-
TBOPOB ObICTpO BO3pacTaloT. OKpeMHeHHe KOpH BbIBETPHBAHHS U OCaZOYHHIX
OTJIOXKEHHH JOCTHTraeT TakuX GOJBINUX CTENEHeH, YTO MPOHCXOLUT MOJHOE 3a-
MelleHHe KpeMHe3eMOM TOJIII H3BEeCTH, THUICa, CKOTJIEHHH OpraHHuyecKHX Be-
HIeCTB H T. A. DTOT THI KOPbl BHIBETPUBAHUS MOMXKHO BCTPETHTh B 3aCYILIR-
BbIX 30HaX Jlatunckoit AMepuk# H ABcTpanunH. 3H4UHTENbHAsS YacTh COeTH-
HeHH KpeMHe3eMa BCTyNaeT B PEaKIHMI0 C KAOJHHHTOM, TaJyasHTOM, a TaK-
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XKe ¢ THADOOKHCAMH aJJIOMHHHS, JKeJse3a U Mapranua, OCBOﬁO)KI[aIOIHI/IMHCH
MpHU BLIBETPHBANHH.

B pesyJabTarte 3TOro B34UMOJIEHCTBHSA BO3HHUKAIOT BTOPHYHBIE INIMHIIbIE MU-
HepaJbl THIIA aJIJIO(baHOB, MOHTMOpHJIOHHTA, WJJAHTA, KAOJHIIHTA H ap.

PaspyweHue MHHepaJoB OPraHH3MaMH

Kak BbICILUHe, TAK M HU3IIHE OPTaHH3MHl B IPOLECCe POCTa U B3aHMOJEH-
¢TBHA C BHelllHeHl Cpejfofl MOTJOLIAIOT M3BECTHOE KOJHYeCTBO MHHEPAJIbHAIX
perectB. Ilpu 3TOM HH3IIMe OpPTanH3MbLl (6aKTepHH, JHINAHHUKH) CrocOGIE]
nor;oumath Kanui, gocdop, Kajibuui, MaTHHUH, CEPY HENOCPEACTBEHHO H3 MHU-
HepasoB. ITox MpAMBIM BO3JEHCTBMCM XKUBHIX KOPHEH pacTEHMH HHTEHCHBIO
paspylialoTca NepBUylible MUHEpPajbl MarMaTHYeCKHX INOpOX. [Toraourenne
MHHEepaJbHBIX BEIECTB KOPISMH NPOXOAUT Ja/eKO He NPONOPHHOHANBHO HX
COflepIKaHMIO BO BHellHeil cpele. MiiTeHcHBHO noryomarTcs pacTeHHAMH Ta-
Kie sneMeHTH, kKak Si, Al, Fe, Ca, Mg, K, S, P, Na. Tloraomenne KaTuo-
HOB KODEIIKaMH CONPOBOXKAAeTcs BblAeJeHHeM HOHa BOAODOAA, KOTOPBIl,

Puc. 21. Cxema nBuxeHus u obMe-
Ha KaTHOHOB MEXJly KOJJIOWIHBEIMH
YACTHI[@MH M KODHEBRIM BOJOCKOM.
Mopudukauns Heunn (1939)
Ann6pexra  (1946), w43  KuurH
B. O. Keanepa (Keller, 1957)

I — xopueBoil BOJIOCOK;

ENER:
|

IT — raunncTas KoiaJonAHas 4YacTHIA; ®
11T — dparmenr Munepana;
I — yon Bomopona; \
2 — garnonnl (Ca’’, Mg"", K* u np.); \\
3 — OCHRJIATHBHHIE 06beM KOANOWHOH >
YaCTHUB! L.

BHEJApPAACh B KPUCTAMJIHYECKYIO DeIeTKy MHHepasa, BbI3BIBA€T €ro paspy-
wenune (pHc. 21).

Cojep:ratiHe 30JBHBIX BEILECTB B COCTaBe Pa3JHUYHBIX PACTEHHH KoJeb-
Jgetcs ot 2 1o 409% na maccy cyxoro BemectBa. C yuetoMm mpupocta ¢uro-
Macchl B OHOT@HHBIH KPYFOBOPOT pacTHTE/bHEIE OPTaHH3Mbl B CpelHEM exe-
rofHo 3axsarbisaior 10 500—1000 ke/2a 301bHBIX BellecTB. DKCTPAKLHS MH-
HepaJbHBIX BEIECTB PACTEHHSIMH U MHKPOOPraHH3MaMu BHI3bIBaeT IVIYOOKHe
H3MeNeHHst B NIpHPOJe NepBHUHBIX MHHEDAJIOB H SIBJSETCH OJHHM H3 NpOSB-
JIEHHH TaK Ha3biBaeMOT0 GHOXMMHYeCKOro (OGHOJOTHYECKOTro) BLIBETPHBAHHS.
3axBaueHHhle OpraHN3MaMH MHHepaJbHBIE BellecTBa B AaJbHeHIleM BO3Bpa-
UA0TCsT BHOBL B KOpY BLIBeTPHBaHHA M moyBy. YacTh 3THX BemecTs obpa-
3yeT BTOpHUHble MHHepanbl (Hanpumep, onan durosurapuit). Ipyrue Hauu-
HalOT B3aHMOAEHCTBOBATh C MHHEpaJaMH MOpPOAH, SB/IAACH HHOT/a BechMa
CHJIbHEIMH XHMHYECKHMH peareHTaMH.

HanGosee cHILHEIMH peareHTaMH GHOJOTHYECKOrO BLIBETPHUBAHHS SIBJIA-
I0TCSL KMCJIOTHI, o6pasylomuecs: B pe3y/abTaTe AesiTeJbHOCTH OPTaHH3MOB, Ha-
OpAMep a30THCTAaA M a30THas, YKCycHas H lllaBeseBas, yroiabHasd H, BO3-
MOXHO, docdopHass. Opranuyeckne KHCJIOTHI, BO3HHKAIOLIWE B mpoliecce Iy-
MycooOpa3oBaHus, ABJAAIOTCS TaKiKe CHJIbHBIMH peareHTaMH, YCKOPSIOLIHMH
npoueccH BbIBETPHBAHHUS.
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Kak nokasanu sna6oparopHsie onblThl M. A. Accuur (1950) u M. A. I'za-
30BcKoit (1950), passoxkeHHe MHHEpaJOB MarMaTHYeCKHX TOPHHIX TOPOJ
unet TeM OBICTpee, yeM OOJblile IPOAYUHpPYETCS (YJIbBOKUCIOT MHKpoOpra-
HH3MaMH.

MUKpPOOPraHH3MBl M HH3IINE BOAOPOCHH SBJASIOTCS BeCbMa AKTHBHBIMH
OcafHTeNsIMH COeiMHeHu !l XKesle3a U Mapraiua, yrieKHe/0T0 KaJblHs, KpeM-
HeszeMa.

XeaaTuzaluusa MeTannos

XesraTH3aUMsg METaNJIOB SBISETCS MOLIHBIM (paKTOpOM OGHOXHMHYECKOTO
BLIBETPHBAHUS MHHEPA4JIOB M H3BJieYeHHS MOHOB H3 KDHCTAJNJIHYECKHUX pellle-
TOK MHHepasoB. O6pa3oBaHue KOMIUIEKCHBIX cOeIHHEHHIH OpraHo-MHHepaJb-
HOTO XapaKTepa MOXKeT IPOHCXOAUTH B XOJ€ NMHTaHHA PacTeHHH, KOrAa, mo-
rJouiasi KAaTHOH, pacTeHHe BBIIeNsieT OpPTaHHYeCKHe COefHHEHHs XeJaTHOro
THna. XelaTHHE coeluHeHHs MOTyT o6pa3oBaThcs B XOJe pacmaja Oprasu-
4eCKOT0 BelecTBa JHO0 MON BJIHAHHEM MACATENbHOCTH MHKPOOPraHH3MOB.
XesnaTHEIMH CBOCcTBAMH 06/IaaloT BOJHBIE SKCTPAKTHI H3 JIHCThEB H XBOH,
NPOAYKTH PasyoxKeHHs HaBO3a, FyMyc (0COGeHHO (PYJTbBOKHC/IOTHI), HEKOTO-
pble aMHHOKHCJOTHI, JHMOHIIAs, MOJOYHAS, TapTapoBas M APYrHe KHUCJIOTHL
XenaTHble CBOHCTBA HMEIOT TaKXkKe 3H3UMBI, (GepMeHTH H JApYTHe (PU3HOJO-
TH4YecKH aKTHBHLIe coefMHeHHs. Haxoasick B cocTaBe XenaTHOro CoejiHHe-
HHSI, KATHOH TIPAKTHUECKH 3al(MIEH OT peaxuuit ocaxjieHus, BreiHoc u MH-
rpauyisi cOefHHeHHN B (opMe XeJaTOB MOTYT ObITh BeCbMa HHTEHCHBHBEIMH,
Poab xenaTHbIX cOeJUHEHHH O0COOEHHO 3HAUHTeJbHA B CyAn0ax XKesesa, afdo-
MHHHS, MapraHua, MejiH, UMHKa KaK Ha CTaJHH UX BBIIOCA, TAK H Ha CTATUAY
HX IpHHOCA M HaKOMJeHHS B aKKYMYJATHBHBIX THIIAX KOpDLl BLIBETPHUBAHHS.

OGMeHHBIE peaKkuuH

OO6MeHHble peakuud (MexKJAYy BOJHEIMH PacTBOPAMH H BBICOKOJHCIIEDPCHEI-
MH MHHepa/JaMH, MeXAy TOHYaUIIHMH KOPelIKaMH pacTeHHH U MHIepasaMH)
ABJSIOTCA TIOCTOSTHHO AeHCTBYIOUIMMH areHTaMH BbIBETPHUBAHHS MHHEDPAJOB.

ITo-BunumoMy, HanboJsiee CHIBHBIM (PAKTOpPOM ABJASETCH 3aMelleHHue Me-
TaNJOB B KPHCTAMJIHYeCKON pelleTKe BOJOPOMXHLIM MOHOM H3 BOJIHL, a TaKkkKe
M3 PacTBOPOB YTOJbHOH, a30THOH, a30THCTOH, CEPHON M OPraHHYECKHX KHC-
JIOT KOPHEBBIX CHCTEM, YTO I BhI3LIBAeT THApPOJH3 MHHepasnoB. KopHesble
BOJIOCKH pacTeHMii OOGHYHO HMEIOT OTPHIATEJbHBI 3apsfl, KHCJIYIO Deak-
uuio (pH=2—4) u 3HauuTeNbHYIO0 NOIJIOTHTENBHYIO CHOCOGHOCTH (m0 14—
30 me-2x8 Ha 100 e cyxoro BemecTBa).

B xoje BereraTHBHOrO Pa3BHTHA H MHHEPAJLHOTO NHTAHHA pacTeHHH KOp-
HH yepe3 OOMEHHO-NIOTJIOTHTE/NbHBIA anmnapaT H3BJAEKalT 3HayHTeNbHBlE KO-
JiM4ecTBa KaTHOHOB, OTAaBas B3aMeH BOAOpoA. BHenpenue Bojopona B TOyY-
KH, 3aHsATble MeTaJJIHYeCKHMH HOHAMH, BbI3hIBaeT paspylleHHe KpHCTaJJIH-
YecKolt pelleTKH MHHEpaJIoB. HepeCTpouKa MHHEDAJIOB NOJ BJIHSHHEM O0MeH-
HBIX peakuM#l MoXeT ObITh BhRI3BaHa TakKxke copOuuedl KOJJIOHAAMH HATpHS,
KaJbl¥sl, MarHUsi HJIH KaJHd, YacTh H3 KOTOPHIX MOXET NPH 3TOM NepefitH B
HeoOMeHHOE COCTOSIHHE B Npollecce BOSHHKHOBEHHS HOBHIX MHHEpPasloB MOHT-
MOpHJIIOHHTA, CJIOM U Jp.
. HachblleHnne raMHEbiX MUIIEDATOB HATPHEM HJIH JIMTHEM BhI3HIBAeT HX HH-
TEHCHBHYIO MENTH3aUHIO H, I0-BUAUMOMY, /iaXke NePeXOf YaCTH KOMIOHEHTOB
NpH WEeNOYHOM FHAPOJIH3e B NOJIBHXKHbE PAacTBOPH (HanpuMmep, AMOMUHAT
UJIH KOJIJIOHJHBIE PacTBOPH KpeMmHeseMa).
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3HayeHHe peaKuuH cpefbl

3HadeHHe PedKUHH cpeibl B INpOUEcCcaX BBIBETPHBAHHA HCKIIOYHTENBHO
BesiuKO. Uem BbIIle KHCTOTHOCTb NUPKYJIUPYIOIIUX PACTBOPOB, TEM HX «arpec-
CHBHOCTb» B OTHOINEIHH MHHEpAJOB CHJIBHEE.

Kucaeie Bogsl ¢ pH<6 cnoco6eTBYIOT BHIHOCY H3 cepb! BEIBETPHBaHUSA
KaJbLHUS, CTPOHUMS, MEIH, IHHKA, BOCCTANOBJEHHBIX JKeje3a ¥ MapraHia.
Hlenounrie pactBopsl (pH=8—9-—10) cnocoGcTByI0T MUTpAUUH cOeJHHEHHH
KpPeMHe3eMa: MX BLIHOCY B 3/IOBHAJbHBIX YCJHOBHSX, NMPHTOKY M HaKOIJIEHHIO
B TPAH3HTHBIX H aKKYMYJATHBHBIX YCJIOBHSX,

Hano uMeTs B BHAY, YTO B HEMOCpPEJACTBeHHON OJU30CTH K NMOBEPXHOCTH
YacTHI, NEPBHYHBIX MHHEPAJOB (PAKTHYeCKas peakuus MoxkeT OBITh DPE3KO
wenoynoit ¢ pH=9--10 (umorza 11) BciencTBHe THAPOSH3a AJIOMOCHIHKA-
TOB U 00pa30BaHNa MUKPOKOJHUYECTB LIeJOYHbIX pacTBopoB (Tuna KOH nam
NayCO; u 1. 1.). Ulestounasn peakuus obecneuHBaeT BHIIOC TJIMHO3eMa (le3-
aJIOMHHHU3aLHUs) U3 cPpepbl 3MOBHAJBHOH KOpHl BBIBETpUBaHHsA. B xome BbHI-
HOCa CaMHX llUeJioued H LIEJOYHBIX 3eMesb (mebasaumus) peaxuus cpeabl
NOCTENEHHO ycpexHsieTcs, Aenaercsl HellTpanbHOH M, HaKOHeH, KHCAOH. 310
ocnabJsfieT AeCHJHKAUHI0 IPOLYKTOB BhIBeTpUBanus, ocobenno xorjga pH
CHH3HUTCSt 10 2—3, uTo OblBaer, OJHAKO, BecbMa pefko. CoellMHenUs anioMu-
HHUSl UMEIOT HAUMEHBINYIO MOJBHKHOCTbL B AHTepBanax pH=4,5—8.,5.

Pasnuuns B NOBeJeHNH KpeMHe3eMa H aJIOMHHHS B CBA3H C Pas’HuUMSIMH
B pPeaKUHH CpeJbl BJEKYT 3a coboii-uX pasjielieHdle B NPOCTPAHCTBE NMpH MH-
rpaudd. BropuuHele MHHepaJbl, BO3HHKIIHE B MIENOYHON M HeHATpaabHOM
cpeje, NpeUMYIIeCTBEHO HMET MUuporoe otHomenue SiO;: AloQs (Hampu-
Mep, MONITMODHJJIOHHT). BTopuunble Munepansl, o6pa3oBaHnble B Pe3KOKHC-

TaG6auma 25

BblBeTpMBaHMe TPaHNTa B TPOMHUYECKHX YCHAOBHAX
(Keantep, 1957)

KoMnoueHT a* % 6, % Houwt 8 2 a3 e
SiO, 72,27 | 65,17 Si 63,07 | 52,61 37,60 —25,47
Al,O4 14,01 | 21,30 Al 14,47 | 20,25 14,47 —
FeyO4 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 1,40 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,0 0,52 7,13 H 3,04 | 88,37 27,42 +24,38
Mn 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 1 100,35 (0] 160,00 | 160,00 114,34 —45,66

* q— cBexXUA TpaHHT; X 2 — cocTap 6enofl mecYaHHCTOH F©JIMMBI B HOHAX MPH
6 — Gestas  necyauucTasd IJHHE; 160 nonax Kucaopoja;
8 — COCTAB CBEXKEro rpaMuTa B HOHax 1npH 160 mo-  J — pacdeTHeifl cocTap Oeslofi MECHAMHCTOA IJIMHEH

Hax KHCJI0poJa; NpH KOHCTAHUTHOM aJIIOMHHH H;

e — cpapHeHue @ H d.
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2
Lad 25 éa Kb +May0 4% $i0, 26,5 %
Buroc {1 510, 25% | 'j_}i“fe_zﬂ_szl_f"o R
! Hu/-mc{ - 0357 ] - =
—— — — T -  —_—
\ K205% | cad75% \
Lracuonnas; \ Doper p Mg0+Feyl; 25%
o258 2 27% opel
% (B 5%
H,075%
. N VISt Moeso- /Z,%?: Puc. 22. CxeMbl IBUMIKEHUS M npeoGpa-
Qomonnas \J_ _ Iuym H03% 3oBaHus Beiwectsa (Bec.Y) cpeaHero
50 % J4 %o 33 ffﬂ”{/’;ﬁ rpaiuTa B IIpouecce BHBETpl}BaHl/Iﬂ
dad % (7ee” |  (Iletpos, 1967) =
B um 35, Buomum 9% ™~ 479 a — cpefHHi COCTAB IPAHHTA;
— - —_— 2 6 — cocTaB mo rpaHHlle 30H APECB H TFHA-
i . pociioabl (MYCKOBMTH3ALHs [pAHHTA);
7 0”;‘;&" /’ﬂ@f‘( /M‘Zw" 8 — COCTaB KAOMUHUTOBOA 30HB (KAOJHHHTH-
% 30/’ 25% 3auus TpamnTa);
u o Y o g 2 — o6uiufi BHIMOC B IIpollecce BLIBETPUBAHHR

Jofl cpene,— NMpenmyliecTBeHHO y3Koe orHomeHHe SiO;: Al,O; (manpumep,
KaoJHHUT) HJH Jaxe BOBce 6e3 y4acTHs KpeMHe3eMa, HanpuMep B GOKCHTO-
BOH KOpe BbiBeTpHBalina (6eMHT).

B ta6a. 25 npuBenenn nanusie nepecuetos B. [, Kemamepa (Keller, 1957)
N0 BBIHOCY 3/IEMEHTOB NpPH BEHIBETPUBAHUH IpaHHTa B TponHKax. CreneHb BHI-
HOCA 3JeMeHTOB MO OTHOMIENHIO K aJIOMHHHI0O MOXeT OHITh OTpakeHa cJe-
nyomuM psaaom: Na u Ca=:95—999%, K60, Mg u Fex~50, Si=40%.

B aGcomoTtHRIX uHdpax, 0/IHAKO, NpH BLIBETPUBAHUH TPAHHTA B TPONHKAX
Hau6oJplINe NOTepH NPHXOAATCH Ha KpeMHull, Tak Kax H3 1 T TIOPOAH €ro
BBIHOC B JJAHHOM IIpHMepe cocTaB/sieT OKoJlo 156 ke, B TO BpeMs K4k Bce oOc-
TaJblible BBIHECEHHBIE 3/JI€MEHTHl B cyMMe cocTaBasior okoao 100 xe. K cxom-
ublm BbiBoZam (pHC. 22) npuxoaut u B. I1. Ilerpos (1967). dta ocobeHHOCTH
NPOABJAETCS OTUETJAHUBO BO BJaXKHBIX TPONHKAX, HO B YCJIOBHAX 3JIOBHAJIb-
Horo JaHamagra Hpolecchl AeCHIHKAUWH H je6a3auuu IOBCeMECTHHI, XOTH
cTeleHb BbIPAXKEHHOCTH BbIHOCA KPEMHHsi M OCHOBAHHil TeM MeHbIIas, YyeM
cyle K/JIMMAaT, MeHbIlle Pa3BHTa XHU3Hb B JaHAImAa(Te 1 XyXke BblpaxKeH ecTe-
CTBENHEIN JpeHax.

NPOJAYKTbl BbIBETPMBAHHSAA H WX B3AMMOJIENCTBHWE

Tax kak npouecchl BHBETPHBaHHS SBJAAIOTCS YaCThi0 HENPEPBHIBHOTO Ieo-
JIOTHYECKOT0 B OHOJIOTHYECKOTO KpYTOBOPOTA BEINEETB, TO HENh3s MOJaraTh,
YTO BbIBeTPHBAHHE MAOXOAMT «JO KOHIA», T. €. 10 OOpa30BaHHUS KAKHX-TO
«KOHeYHBbIX NnpoaykroBy. Onnako AJas oupeleseHHBIX CTAJAHH Npouecca BH-
BeTPHBAHHSA, AJS THIOB KODhl BLIBETPHBAHMs W JJIS1 ONpeJeleHHBIX reorpa-
buueckuX naHAIAa(TOB XapaKTepHbl OoJiee HJIHM MeHee YCTOWUMBHIE TPYINBL
MepPBHYNBIX W BTOPHYHBIX MHIIEDPAJIOB, SBJSIOUINKCA «KOHEUHBIMH» JJ5 JAaH-
HBIX YCJOBHH M BpeMeHH. PaccMOTpPHM IJiaBHBle IDONYKTHL BHIBETDPHBAHHS.
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OcraTounble NepBHYHBIE MHHEPAJNBI

Hau6onee ycroliunprie npoTUB BEIBETPHBAHUS MHUHEpaJbl: HUPKOH, TypMa-
JIHH, MOHAIWT, IpaHaT, WJIbMeHHT, MarHeTHT, KBapi, CTaBPOJHT H IPYrHe,
ABJISIIOTCSl OCTATOYHBIMA IepBHYHBIMH MHIepasaMM, KOTOphle BCeria OTHO-
CUTEJIBHO HAKANJIMBAIOTCS B JPEBHUX 3JI0BHAJBHBIX KODax BHIBETPHUBaHHS.
Cpenn nmoJeBbIX IINaTOB HanGoJsee CTOHKH albOMT H OJHUTOKJAa3; JaGpalopur,
aHOPTHT, aHJe3nH ropasno MmeHee croiikd. [1osToMy anbGHT M ONHIOKJIa3 B
HaWGOJBIINX KOJHYeCTBAaX HaKallJUBAIOTCS B 3JI0BHAJbHOI KOpe BBIBETPH-
BaHus. Ilpn pasMbiBe U IepeoT/IOKEeHHH 3JI0BHAJNBHBIX KOP BBIBETPHBAHHSA
OCTaTOYHble MepBUYHBIE MHHepaJsbl OKa3biBAOTCA B JETIOBHH, NPOJIOBHH HJIH
a/lIIOBUM H CJayXkaT HHIUMKATOpaMM MecCT, OTKyJda TPaHCIOPTHPOBAJNHCH 3TH
MHHepaJbl,

BTopuyHble MHHepaJbl

B pesyabraTe mponeccoB BHIBeTpUBaHHs1 00pasyloTcsi BTOPHUHBIE MHHe-
paJiBl; OHH BXOIAT B COCTAB KOJIIOMJHBIX, HAJKOJJOMIHBIX, HIUCTHIX H TBI-
JeBaTelx (pakuuil menkosema. Hexoropble u3 HHX 6oJjiee xapaKTepHH /I
3MIOBHAJILHEIX KOD BEIBETPUBAHHA, SIBJSAACH IPEUMYIIECTBEHHO BTOPHYHEIMH
OCTaTOYHBIMH MHHEpajiaMH: omaJj, BTOPHUYHBIN KBapil, annodan u amioda-
HOMJBl, KAOJHHUT M rajjyasuT, TeTUT, ruO60cuT, THApapruaiur, 6eMur, ana-
Ta3, JUacunop.

Meuorue BTOpHYHBIE MHHepaJbl Yallle XapakTePHBl sl aKKYMYJASATHBHBIX
¥ TPaH3HTHO-aKKYMYJISITHBHBIX THIIOB KOPHI BHIBETPHBaHUsl, rAe OHH o6pasy-
I0TcA moc/ie 6ojiee HJIH MeHee IPOJO/IKHUTENBHON pasjeibHOH MHUPpaliHH HMX
KOMIIOHEHTOB B BH/e BOJHBIX pacTBOpoB. Ciofa OTHOCATCS: MapIlaJuT, onad,
XanueqoH W BTOPHUHBIA KBapi, B OOJBINOH CTENEHH JHMOHHT, TeTHUT M I'eMa-
THT, BO MHOTHX CJy4asiX H/JIHT, MOHTMODHJJIOHHUT, BEDMUKYJIHT U deppUMOHT-
MOpHJTOHUT. FIHOTIa U MHHepaJibl THAPOOKHCJ/IOB aJIOMHHHS, T. €. THIHYHbIE
OCTaTOYHBEIE NPOLYKTH, OGHApY>KHBAIOTCS TaKXKe B AKKYMYJSATHBHOH Kope
BHIBETpHBaHUs1. Brmpouem, psii aBTOPOB CUHTAeT MOHTMODHJJIOHHT, HJJHT
¥ MHUHEpaJbl THAPOOKHCIIOB JKeJle3a TakkKe THIMYHBIMH OCTaTOYHBIMH (in situ)
IpOLYKTAMH BEIBeTpHBaHMsl. Uallle Bcero 3to XapakTepHo IJs paHHHX cTa-
Auil BHIBETPHUBAHUSI UJH AJs1 palOHOB 3acCylITHBOro KJIHMara.

Taxum 06pasoM, B Ipoilecce BHIBETPHBAHHSA IPOHCXOAAT OYeHb IIyGOKHe
H3MeHeHHUs] B MHHEPaJOrHuecKOM cOCTaBe HOPOXEL.

Munepanst 1 2 3 4

Puc. 23. VaMenenne Munepa- DL w20 —
JIOTHUECKOr0  cOoCTaBa  IpH Tonebore
06pa3soBaniu KODH BLIBETDH- Cmoda
Bawy¥s NOpOA CpexHero Kap- Kbapy
G6oua (Cavonypos, 1952) flupum
| — HensMeHeHHble NOPOAH ApeB- Cudepum
Hero kapGona; Hnomeum
2 — cepble M NENeJnHO-CEPHIE IO- %’ﬂzifr%femﬂe—
pofsl mepBof CTAajAuH BHIBET- ecmbo
F— udpocaiader
3 — mecTpnie 3KeaTele M KpacHble Kaonunam
nopoasl BTOpoR CTagHH BEI- ﬁ/dp oecmum .
lugpapeunnum }-——— —
BETPHBAHHA; mun )
4 — Gennle TNMHBL TPeThell crajguu 84!/”1”25””0”1) =TT
BLIBETPUBAHHA nan i
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Puc. 24, Pacnpezeiedde MUHEPaioB B CHJIBHO a/JIMTH3HPOBAHHOW LpEBHell KOpe BhIBCTpH-
BaHHUs

Munepanbl, cBOficTBeHHbIe HEH3MEHEHHOH TTOpOoAe {OJUBHI, ABIHTH, 10J€-
Bbl€ LINATHI, CJIOAb!, THPUT, KAJABIUT), HCUE3AI0T, 3aMelasich BHOBb CHIITE3H-
DPOBAHIBIMH MUNepajaMH OKHCJOB XKesae3ad, aJloMHHHs, Maprailia, KPeMHHA
HJIM BTOPHYHBIMH ATIOMOCH/IHKATAMH, TAKHMH KaK MOHTMODHJIJIOHHMT, HJJIHT,
KaOJHHHT, TaJ1yasuT. DTO TOJOXKEHHE XOPOLIO H/AIIOCTpHpyeTcs: puc. 23,24
U caenyloiiell cxemom:

B ausivue ycaosuit npenaxa u pH na HeocunTes Munepados
(no TMaremo, 1963, ¢ Jomonueunsivit aBropa)

Beicokuit pH,

CHANKAT bI, oBoraiente KaTUoHaMy
noaesuie Houbi, u Si0, -»| MosTvopuiIoNUT
WaaTel, KONJI0H/A b
aBTHTHI, | W Apyrde | 5| i
poroBas NPOAYKTHI —_— BaTpyateunslii gpeHax
ofmaHka, pacnana — = | Annodaner [,
0n4B 14 4-K, mepaendoe

Wtnr

BRIBETpUBAHHE
[

N

Pacuupsaouguiica
MANAT
Xopowwui ApeHax
> Kaoazsur ’
Huskuit pH, GuicTpuiit
BBIHOC KaTHOHOB H Si0, [ M
rudocur } Si0,




JlerkopacTropuMble NPOAYKTHl BbIBETPHBAHUS

Hapsny ¢ nepacTBOpPHMbIMH H MaJlOpaCTBOPHMBIMH MHHEpaJaMH Tipu BHI-
BeTpHBaHMH obpasyeTcst BecbMa 00/bUIOE KOJIHUECTBO PACTBOPUMBIX TIOX-
BHXKHBIX IIPOAYKTOB: XJIODUIOB, Cy/Ab(aToB, KApOOHATOB U CHJIHKATOB LIE10-
yefl W LIEJOUHBIX 3eMesb, a Takxe HeSONbLUIOE KOJAMYECTBO PacTBOPEHHBIX
COEMHEHNH KpeMmling, XKeJe3a, aJIOMHHMS, MmMapranua, xoba/nbTa, HHUKeJd,
uuHKa, @ocdopa. JTH NPOAYKTH B pa3HbIX MPONOPUHSX HAXOAATCS B TOU-
BEHHBIX, [DPYITOBBIX, KJIOYEBHIX BOZAX U NEPEeABUTAIOTCH C HHUMH IO YKJIOHY
MECTIIOCTH B 03epa, MOp#, a TakKe B NOAMBI U [eJbThl PEK, B HH3MEHHOCTH
U JIelpeccuH.

YacTb BOX NpH ABHXKEIHMH PACXOAYETCS Ha TPAHCTIMPAIMIO W HCTiapenue.
ITo mepe mOCTHXKEHHsI HACBILIEHHOCTH PACTBOPA COEAMHEHHsS IO IyTH MX MHI-
pauuH ocaxjalioTcd B AENIOBMH, NIPOJIOBUH M KOHycax BbIOCOB BJOJL TOP,
B JAPeBHHX M COBpeMEHHbIX a//IOBHAJBHBIX Teppacax, B JAedabTax, JaryHax
M.Mapuiax nIpuMopckHx nobepexufi. Uem cyule kaIuMaT W Bbille HcllapeHHe H
TPaHCTIMpalLUsi, TeM HITEHCHBHee MJET HAKOMJIeHHe B TPAH3UTHLIX W AKKYyMY-
JATHBHBIX nanfwadrax NPOAYKTOB, TPAHCTIOPTHPYEMbIX Ha3eMHBIMH U MOJ-
3eMHbIMH BogaMu. TakuM nyTeM NMPOUCXOAMT rUAporeHHast (AU THAPOMOpP (-
Has) aKKyMyJ/slHs BTOPHUHBIX MHHEpaJOB Pa3HOro POLa B 0CALOUHLIX IIOPO-
lax M B Tousax c¢ ofpasoBallueM TPAH3UTHOH H aKKyMYJATHBHOH KODBI BHI-
BeTpuBankda. [IpH 3TOM BO3HHKAIOT CJ0XKHBIE peakUMH MeXAy MHHepajaMH
OCca/loYHON TIOpPOZbl W MOUBBl U COeTHHEHHAMH, INPHHOCHMBIMH TPYHTOBLIMH,
TIOYBEHHBIMH HJIH peullbIMH BOJLAMHU.

B akkymyJjatusHOM Janfumiadre, T. €. TIpH TJIOX0OM JpelaxKe, NPOHCXOANUT
He BBIHOC, a IPHTOK NPOAYKTOB BoiBeTpHBaHuA. [Topoza oboraiaercs HOBbIMHU
MHHEpaJbHBIMH COEAMHEHUSIMH, HAUMHAETCS M TIPOrpeccHpyeT CHIITe3 HOBBIX
MHHEpaJoB. ITHM nyTeM 00pa3yiOTCA MOIILHLIE CKOMJEHHsI MHHEpAJOB XKeJe-
3a 1 Maprauna. [IpuTok pacTBOpOB KpeMHe3eMa BbI3LIBAET pEeCHIMKALHIO THE-
6cHTa M €ro npeBpaiieline B KAOJHHUT, a 3aTeEM U B MOHTMOpHJsouut. Ma6hl-
TOK NMPHXOASAILETO KpeMHe3eMa MOXKET ToBJeYb 06pa3oBante KpeMHeBbIX KOP.
[Tporcxoasat mpomeccH O6bI3BECTKOBBIBAINS, AOJOMHTH3aLUHH, 3aTHIICOBLIBA-
HHSA 0C4OUHbIX MOPOA M NOouB. Bo Bcex mepeuHcaeHHbIX cayuasax o6bIuHO (op-
MHDVYIOTCS TLIOTHBIE HenpOHHIaeMble TOPH3OHTHI THMA KHPACHl, OPTLITe#lla
WJH JaTepHuTa, NMJAOTHON PAMHBI, TBEPAbIX OKPeMHEHHLIX, M3BECTKOBHIX MHJIH
I'HIICOBLIX MPOC/JOEB U TOPH301ITOB (TaK Ha3blBaeMBIX XapAlieHOB). B ycioBu-
X 3aCYUITMBOTO K.JIHMATa KO BCEM 3THM NpoleccaM NPHCOEIUHAETCS HHTEH-
CHBHOC COJIeHaKOMJeHue B I'PYITOBBIX BOZAaX, IIOUBaX, OCAJOUHbLIX IIOPOAAX.

[TomnsiTHe akKyMy JAsITUBHOTO JaHAma(Ta U ero pO3HOIHOE pacuseleH’e
BJEKYT NpeBpaullene aKKyMYJATHBHOH KOpbl BLIBETPHUBAHHSI B HeO3/I0BHIL.
Hakonupmnecs: paiee NPOAYKTH CHAPOTeHHON aKKyMYyJISLHH «lacJeyIoTcas
HEO03/TI0BHEM U ABJASIIOTCS OCTATOUHBIMH PEJHKTOBHIMM NPH3HAKAMH IPOLLIO-
rO aKKyMyJATHBIOTO THIIA KOPbl BLIBETPHUBAHHSA.

BzaumopeiicTBHe NPOJYKTOBR BbIBETPUBAHHUSA
W CHHTE3 HOBBIX MHHEpAaJOB

BriBeTpyiBaHKe ropHLIX TIOpPOJ H MHHEPaJOB HeJdb3sl paccMaTPHBAThH Kak
OHOCTOPOHHHI 1IpolecC NeTPepLIBIOro pazpyuieHnda. JTo CNPaBeIHBO JHIIb
B OTHOUIEHMM MArMaTHYecKHX NMOpO/, KOTOphe, He OYIAYyuH CTOHKUMH B O6-
CTaHOBKe Ha3eMHBLIX TEPMOAUHAMHUECKUX YCJOBMH, NOABEpPraioTcs paspyiue-
HHI0. BHOBbL 06pasylolinecs IpOAYKTH BHIBETPHBAHHSI, HAXOAACH B HElIPEPbIB-
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HOM IlepeMeIleHHH, B3aHMOAEHCTBYIOT OJHH ¢ APYTHMH, YTO BEJIeT K CHHTE3Y

HOBBIX MHHepaJbHBIX KOMIIOHEHTOB. Oco6eHHG BeHKo MpH 3TOM 3HaueHHe
TaKuX (pU3NKO-XUMHUUECKHX peaKUUH, KaK KOaryJasiiys, HIOorJolileHHe, oOMeH-
Hoe 3amelilenne. OGpasyioliliecsi IpH BBIBETPUBAHUH KOJIJIOHAHEIE coeldHHe-
HHsl KpeMHe3eMa HMEIOT OTPHIATEJbIIbl 3apsal. B To e BpeMsi KOJJIOHIHbIE
YaCTHIB! THAPOOKHCEH aJIOMHHHSI U Keje3a HMeIoT 3apsifl MOJOXKHTEIbHEIH.
IIpn KOHTaKTe NMPOTHBONOJNOMKHO 3apsiXKeHHBIE KOJJIOHAHBIE YAacTHLHl IIOJY-
TOPHBIX OKHCJIOB M KpeMHe3eMa HeATpasiM3yloTCs B IpoLiecce B3aHMHOH Koa-
ryasuui. B pesysibTare Bo3HMKAIOT TVIMHONOAOOHBIe aMopdHble (anaodaHou-
IBl), a B IOCTEeAYIOIEeM H KpHCTAAJINYecK e BTOPHUHble MHHEpaJIbl: KAOJHHHT,
MOHTMOPHJINIOHHT, 6afigenaut U Ap. Bropuuuble ranulibie MHHEpaJsl Ipexie
BCETO CHHTE3HPYIOTCH TaM, rie oOpasyloTcs HCXOJHble KOMIOHEHTHI.

Takum o6pasom, GopMHpOBaHHE OCTATOUHBIX (3J/IOBHAJNBHBIX) THIIOB KODHI
BBIBETPUBAHHA NPOUCXOAUT 006s3aTeNbHO ¢ y4yacTHeM BHOBb CHHTe3HpOBAH-
IEIX TVIMHHEIX MHHepanoB. Ho Tak Kak HexkoTopas uyacTb KpeMHe3eMa H HOJy-
TOPHBIX OKHCJIOB MHUTPHPYeT ¢ IPHPOIHHIMH BOAAMH, TO TIPOLECC KOJIOHIHO-
XHMHUECKOrO CHHTe3a BTOPHUHBIX aJIOMOCHJAHKATHBIX MHHEpaJOB ULIMPOKO
IPOUCXOAUT U IIpH GOPMHPOBAHHH TPAH3UTHBIX H OCOGEHHO aKKYMYJATHBHHIX
TUIIOB KOPBI BHIBETPHMBAHHA.

Ha pasHux crazusx BeIBeTpHBaHHs, oc06eHHo B 06J1acTsiX YMEPEHHOro H
XOJIOJHO-YMepEeHHOr0 K/IMMaTa, B KayecTBe OCTATOYHBIX BTOPHUHBIX MHHepa-
J0B 00pasyloTcsl THAPOCAIOAB H cepHIHT. B ycl0BHAX LIENTOYHOH cpeisl H
TEIJIOrO CYXOro KJAHMaTa B aKKyMYJAATHUBHBIX JaHAlagrax, rie UMeercs TpH-
TOK COeIUHEHHH KpeMHe3eMa, NOJYTOPHBIX OKHCJOB, lleJoueil M IIeJOYHBIX
3eMeJsb, LWIMPOKO NpeAcTaBaeHO HOBOOOpa3oBaHHe MOHTMOpPHJJIOHHTA, HOH-
TPOHHTA, BEPMHKYJUTA. B ycJ0BHSIX BMAXKHOTO TemJOro cyGTpPONHYECKOro
KJAUMAaTa HpH [JHTeJIbHOM IMIYOOKOM BBIBETPHBAHHMH M paspylIeHHH MHHepa
JIOB B KHCJIOH cpele NpeuMyluecTBeHHO 06pa3yloTcsi MHHepaJbl TPYIIbL Kao-
JIMHHTA.

Bo BiaxKHBEIX TPONMKAX BCJAEICTBHE IIOJHOIO Pa3pyllelisi MHHEepasoB H
BHIHOCA OCHOBAaHHH M KpeMHe3eMa BHIBETpPHBaHME JOXOIHUT NO ¢eppanauTHOH
W aJlTUTHOH craauil, korga B uHcjde BTODHYHEIX MHHepasoB Ipeo6/afaioT
OKHCJBl U THIPOOKHCJB Keje3a H amoMHHus (JAUMOHHT, TeTHT, [eMaTHuT,
THAPaPTHJINT, OEMHUT U 1p.).

B nacrosimee BpeMsi cunTaeTcs AOKa3aHHBIM (akT HpeBpallleHHs ru66cu-
Ta B KAaOJHIIUT, €cl¥ HMeeTcst IPHTOK pacTBOPOB KpeMHesema. [Ipu nmpoxoa-
JKamwieMcsl TIpUTOKe KpeMHe3eMma, KaJjHsi, MariHis B HeATPasbHOH M I1UeNOu-
HOH cpele KaoJUHHT MOXeT OblThb IIpeBpallleH B HJIJIMT, a [OCTelHHH — B
MOHTMODMJIJIOHHT HJIH BEPMUKYJHT. :

[Ipouecc oGoraleHust aKKyMYJ/SITHBHOH HJH TPaH3HTHO-aKKYMY/ATHB-
HOH KOpHI BHIBeTPHBaHUsI MHHepaJaMH ¢ GoJsiee HIHMPOKHM OTHOLIEHHEM KpeM-
He3eMa M IMHO3eMa (pecHJIHKalHs) OOGBIYHO NMPOHCXOAHT B TPAH3UTHBIX H
aKKyMYJATHBHBIX Janimadrax, H0 HHOTAA HabJ0faeTcss B OTHENbHBIX TO-
PH30HTaX 3J/I0BHA/NbHOA KOpHl BHIBETPHBAHHs, Kyla BMBIBAIOTCS IIPOAYKTHI
BHIBETPHBAHHUsI CBEPXY. YCa0BUS (DOPMHPOBAHHS H HaKOIJIECHHS BTOPHYHBIX
aJIOMOCHINKATHBIX MHHEpaJoB IOKa3aHbl na puc. 25, 26 u 27.

Ha Bcex craauax BBIBeTPUBAHHS INPOHCXOAUT IIOCTOSIHHOE IOSIBJIEHHE
XJOpHIOB H HOBOOOpa3zoBaHHe KapOGOHATOB H CcyJb(aTOB LIEJOUYEH H LIeJNOY-
HBIX 3eMesib. CHCTeMATHUYEeCKH IOABJSAIOTCS B MaJblX KOJAYECTBAX HUTPHTHI,
HATpaThl U docdaTtel. BogHOpacTBOpHMEIE MUHEpPAJBl YHOCATCA U3 KOPHI BHI-
BETPHBANMsl OCTATOYHOrO (3JIOBHAJbHOrO) THIIA IIPH IPOMBIBHOM BOIHOM
pexnMe. OnHAKO B YCJOBHAX apHAHOTO KJAMMAaTa TaM, TJe HclapeHue mnpe-
BHIIIAET MOCTYNJIEHHEe BJard ¢ aTMOc(epHHIMH OcafkaMM, B TPAH3UTHHIX H
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(Pagel, 1963)
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Puc. 26. YcioBus ¢dopMupoBauus BTOpHuHbIx Musepanos (Degens, 1965, ¢ usmenennamy
asTopa)
«CTpenKa BHHS — APEHHPOBAHHOCTb H BHIHOC

81,0, 70, 81,0530, b
AL(OH), 30, AL(OH), 30, AL(OH) |
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__S_"z_w_/) T8,0,00, /r AL O, |
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81,0550,
AL{(OH), 30,
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Puc. 27, Cxema o6paTHMHIX peakluii AECHJAHKALUMM H pecHaHKanuu rH66cHTa, KAaOMHHHTA,
moHTMOpHANGHUTA (Jackson a. o., 1952)



aKKyMYJSTHBHBIX Janaumadrax cofH BBIOALAIOT B OCAMOK M3 JIEMI0BHAJb-
HBIX M TPYHTOBBIX BOJ ¢ 00pa3oBaHMeM HM3BECTKOBBIX, THICOBEIX H COJIEBHIX
rOPH3OUTOB, IJACTOB, KOp Hau kupac. Obpasyiores kapGouaTHasi, THICO-
Bas, XJODUAHO-cy/Jb(aTHAsl HIM HHTPATHAA KOPbl BBHIBETPHBAHMA, CTOJNb H3-
BecTHbIE B caBaHHAX, CTENSX H NMYCTHIHAX 3eMHoft cywH. O6mpe yeaoBus Ha-
KOTJIEHHsl 3THX IPOAYKTOB BbIBeTPHBaHHA NMOKa3aHbl Ha pHc. 28,

Bonbuias yacTe coenuHeHuil docdopa TakKe YHOCHTCHA MOA3EMHLIMH 1
peunbiMH BOjzamy B MupOBO# OKeaH, HO 3HAYUTeJbHAsa 4acTb (ocopiiod
KHCJIOTH, B3aUMOAEHCTBYs C KaJblHMeM, XKe/Je30M, all0MHUHMEM, BblllajdeT B
0CajloOK ¥ 0CTaeTCsl B IIpeJenaX KOPHl BLIBETPHBAHHA M OCALOUYNLIX TIOPOJ, Bhi-
3BIBas Tak HasbiBaeMyio (ocharusalnuio nopo.

BoapacTanie KOELeNTPaL#ii PacTpopoy

CaCo, [ CaS0,

Purc. 28. YcnoBus, nochesoBaTenb-
HOCTb H COYeTAaHHEe COBMECTHOIrO Ha-
KOILJIeHUST BOAHOPACTBODHUMBIX NpO-
AYKTOB BBIBETPHBaHUS

e
BOB]’)EICT[UUIP ucnapaeMocTu pacTBupon I FeOXHMIT4ecRoit
GeccToUOCTH MECTHOCTH

UeM pmoJibllle ¥ HHTEHCHBHee MPOTEKAIOT NpPOUECCHl BLIBETPHBAHHS, TeM
B GoJbllell CTENEHH H3MeJbyaloTcsl O6JOMKH FOPHBIX NOPOJ H MHHepasos H
TeM B GOJbINEH CTeNMeHH /51 KOPBl BbIBETPHBAHHS XaPAKTEPHEL BTOPHUHbIE
MHHEepaJbl, ABISIOMIecs CHHTETHUECKHMH TIPOAYKTAMH BBIBETPUBAHHUSI H NOY-
BOOOpA30BaHUS B COOTBETCTBYIOUlEH (H3HKO-reorpaduueckoi cpele.

O6pasymomyecs: TJIMHEBIE BTOPHYHBlE MHHepaJbl KOpbl BHIBETPUBAHHUS 00-
JafalT BBICOKOH IOMVIOTHTENbHOH CHOCOGHOCTLIO B OTHOIIGHHH KaTHOHOB.
UeM BBHILIE OTHOLIEHHE KPEMHE3eMa K HOAYTOPHBIM OKHCJAAM B TVIMHHCTBIX MHU-
Hepajaax, TeM BHIle MX IOIJOTHTeNbHas crocobHocTb, [lorsmouwaomuit an-
mapaT KOpbl BEIBETPHBaHMs, B CBOI Ouepelb, HrpaeT GOJBIIYIO POJb B CyIb-
6ax NpOAYKTOB BbIBeTpHBaHus. Tak, kaJuii oObIYHO HeO6PATHMO MOIJIOLLAEeT-
csl BTODHUHBEIMH aJIIOMOCHJIHNKATaMH B Ipoliecce 06paszoBalius THIAPOCIIOL,
cepynuTa. B 3TOM oala M3 IpHUMH, TIOUEMYy COJIH Kajaus He 00pasyioT Gob-
IIHX COJIEBHIX CKOMNJEHNHH B aKKyMYJSITHBHOH KOpe BLIBETPHBAHHs, NOLOOHOC
coastM Hatpus. Te BTOpHuUHBIE ANOMOCHJMKATH, HJs KOTODBIX XapakTepio
Y3K0€ COOTHOILIEHHe KpeMHE3eMa H MOJYTOPHBIX OKHCJIOB (KAOJHHHUT), H OCO-
GeHHO Te MPOJAYKTH BLIBETPHBAHHS, B KOTOPLIX BEJHKO cozepKauue cBoHox-
HbLIX OKHCJIOB aJIOMHUHHUS H XKeje3a (AJAHTHAA KOpa BbIBETPHBAHUA WJH OpPT-
wtedn), 0671a1al0T aKTHBHOH CIIOCOGHOCTBIO TIOTIONEHHST B PUKCANHH COenU-
Hewu# kpemius, doctopa, cepbl, azora B popme aHHOHOB. ['HAPOOKHCH Map-
raHua sIBJASIOTCS CHJBHBIM COPOENTOM, MOrJOMAIUHEM GOMbIIoe YHCJIO pas-
JIMYIBIX XMMHYECKHX 3J1€MeHTOB.

K uncny cop6unoHHBIX peakudi, BeIyUHX K BTODHUHOMY MHHEpaso-
006pa3oBaHHI0, HEOOXOAHMO Takike OTHECTH INOTVIOLIeHHe aTMoc(epHbiMU
COeINHHEHUSIMH KpeMHe3eMa HOHOB MAarHus, a Takxke (PHKCAIHIO MOJYTOPHBIX
OKHCJA0B.

B nenoBHasNbHBIX, NIPOJIOBHAJLHBIX M aJdJIOBHAJBHBIX OTJOXKEHUAX HAYT
H ApYrHe peaklu¥ B3aHMOIEHCTBUS NIPOAYKTOB BhiBeTpHBaHHs. Ocaiku yrie-
KHCJIOr0 KaJbliMs, NOoABepradch BO3JEHCTBHIO cOJeli MAarHus, JOJOMHTH3HU-
pytoTca. Maruuii ¥ KajsH# Jerko ¥ HeofpaTHMO NOTJIOLLAIOTCS TIpH CHHTE3(
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[JIHHIBIX MHHepaJoB. B HTore 310 NPUBOAUT K U3BATHIO COEIHHEHHH Marlus
M3 MHTPHPYIOMIUX IPHPOANBIX PACTBOPOB. :

[TonsukHbIE pacTBOPBI KpeMHe3eMa, BBITECHAS B TOJILAX THICOB AlHOH
CEPHOH KHCJIOTHl H B OCANKAX YI/JIEKHCJOrO KaJbLHsl AHHOH yTONBHOH KHCJIO-
Tbl, BHI3BIBAIOT IIHPOKO H3BECTHOE SIBJEHHE OKPEMHEHHS OCaZOYHBIX NOPOX H
KOpDI BhIBeTpHBaliMs. [Tpoueccsl 101OMUTH3AUMY H OKPeMHEHHs MOTYT Qop-
MHPOBAaTh NJIOTHBIE, He MNpPOHHIAeMBble IJIsi KOpHEH TOPH30HTHI, IPOCAOH H
CKOILJIEHHS] KOHKpELHH.

Manuua H mjda3mMa KakK NpojayKTbl BbIBETPHBAHHS

Kopa pbiBeTpHBaHMs H ee OT/e/bHBe TOPH3OHTE B KOHIE KOHIOB npu-
06peTaloT XapaKkTep 3aKOHOMEPHO TOMOTEHHON Macchl, HMeIollei THIIHYHYIO
CTPYKTYPY. DTa MEJIKO3eMHCTasi MacCa C OTAeNbHBIMH YACTHIAMH Ha3biBa-
ercs «MaTpuua». Tak kak B HOpOJe ¥ HOYBe BCEILa INPHUCYTCTBYIOT <CKEJIET-
HBI€»> Y4CTHUBI NEPBHYHBIX H/IM BTOPHYHBIX MHHEPAJOB, TO YHOTpebJsercs
Hassanue «C-marpunar, 1. €. ckeietHas Matpuna. «C-matphma» KOpbl BbI-
BETPHBAIHS U TTOYB COCTOHT H3 «CKEJNEeTa», «IJIa3Mbl» U MIyCTOT, HJH <BOHLOB»
(Brewer, 1964).

B ckeseTe mpuCyTCTBYIOT IIaBHEIM 06pAa30M KPYMHOYACTHYHEIE OCTATOYU-
Hble MHHepaJIL, XOTs MOryT OBITb M BTOPHUYHbIC 06pa30BAHAS BPOLE KOHKpe-
unit. [lnasma BalOYaer co6CTBEHHO BHOBb OGPA30BAHHEIE MPOLYKTHI KOpPEL
BBIBETPHBAHHS H [I0YBOOGPA3OBAHNS: KPHCTANNHYECKHE U aMOP(Hble BTOPHY-
Hble MUHEpaNb (aMIOMOCHIUKATHBIE, OKHCIIH, CYJIb(QHIb), MaJ0OpacTBOPHMBIE
H JIETKOPACTBOPHMBIE COJIH, OPraHHYeCKHe M OpraHO-MHHEpaJbHbBIE COeLNHe-
nus. [Inasma TecHo B3anMozxe#icTByer co ckeeToM, 06pasys IVIEHKH, NOTEKH,,
HapOCTEl Ha MOBEPXHOCTH OTAE/IbHBIX YACTHIL H HAa CTPYKTYPHBIX arperarax
HJIM BBINOJIHSIA MYCTOTHI, MUKPOTPEWIMHE M Hopbl. [lnasMa omnpemenenHbix
FOPH30HTOB H CTAJHH KOPbI BLIBCTPHBAHHS HMEET ONPENeJeHHYI0 CTPYKTYpY
(fabric) Tkawu: MO3aMYHYIO, BOJIOKHHCTYIO, TIOTEUHYIO, OJHOPOIKYIO, OPHEH-
THPOBAHHYIO, H30TPOMNHYIO, aHU30TPOTIHYIO U T. [,

Muxpomop@onoruueckie HccJaeIOBAHHS Ha INIOCKO-NIApaJsileJbHBIX TOH-
KHX IITHGax nO3BOJSIOT Ha OCHOBAHHMHM OLEHKH XapakTepa ILasMbl, CKeJeTa
U HX CTPYKTYDHI CyAHTb 00 MCTOPHM KODBI BHIBETPHBAHHs, 06 HHTEHCHBHOCTH
H yc/oBHAX BhiBeTpuBaHka. Ho 4To ocobenHo BaXHO, MUKpoMOpdoJoruye-
CKOe M3yuyeHHe IIJ1a3Mbl MO3BOJSIET CYIUTh O HauboJsee TOHKHX H dKTHBHBIX
KOMIIOHEHTaX, KOTOpble 00pa3yIoTcsl TIpH BBIBETPHBAHHHU H IOYBOOODA30BAHUH
H KOTOpble IlepejJBHraloTcA B HHCXOAAIIEM, GOKOBOM HJIM BOCXOASILIEM Ha-
npasjeHuAX. B coueraHnu ¢ ga#HBIMH XMMHYECKOTO aHajH3a, PEHTreHOMET-
DHH M 3JIEKTPOLHOH MHKPOCKOMHH MHKPOMOP(OJOrHUecKHe HccaeLoBanus
MO3BOJISIIOT OYeHb TOYHO OleHHBATD MPOAYKThHI BBIBETPUBAHHS.

NCKA3ATEJIN CTENEHHW BbBIBETPEJIOCTH NOPOJbBI

MopdoJgornueckoe olucaHde paspesa HJAH OOHAXKEHHsi KODBI BBIBETPHBA-
HHSl JaeT KayecTBeHHO-KOJHUYCCTBEHIIOE NPEACTaBJAeHHe O CTENeHH BBIBETpE-
JIOCTH TOPHOH MOPOJbI IO U3MEHEHHAM OKPACKH, TCKCTYPBI, TBEPAOCTH NOPOJbI
no npouaio. MolUHOCTb 03€MJICHHBIX Pa3pbIX/JIeHHbIX TOPH3OHTOB SIBJISETCS
OOBEKTHBHLIM IT0Ka3ateseM HHTEHCHBHOCTH M MPOJOJIKHTEJBHOCTH BBIBETpPH-
Ballhsl, a TAKXKe XapakTePHUCTHKOH COXPAHHOCTH IIPOLYKTOB BBIBETPHBAHHS.
Y106HBIM U IIPOCTHIM Il0Ka3aTesqeM (PH3HUECKOH BLIBETPEJOCTH MOPOXLBI SBJISA-
eTcsl NPOLCHTHOe coJepxKaHHe no NpOdUII0 KOPH BHIBETPUBAHHS 06J0MOY-
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HOTO CKeJIETHOTO MaTepuaja u cojaepxanue Menkosema. O6pasoBaHue IViMH-
HEIX MHHEpaJIOB — pPe3yJbTAT BbIBETPHBAHHS, II09TOMY IOKa3aTeleM CTelleHH
BBIBETPEJIOCTH CJYXKHT colepKaHue 1o HPOGH/II0 AUCHepCHBIX YacTHL, JAHa-
merpoMm <<0,01 u <<0,001 mam.

[Tpn Bcex TaKHMX CONOCTABJEHHSIX DAa3HbIX TOPH3OHTOB JOJXKHA OBHITh,
OIHAaKO, YBEPEHHOCTb B TOM, YTO H3yuaeMasi KOpa BHIBETpPHBaHMs Oblia B
IIPOLLTOM OXHOPOAHOH, a He caoucroir nopoxnoil. McxoxHas pasHOpORHOCTD
NOpOAbl IO NPO(HUII0, KOHEUHO, OCNOXKHSIET OLEHKY CTelleHH ee BhIBETpe-
Joctd, OneHka CTeNeHH XMMHYECKOH BBIBETPEJIOCTH KOpH BBEIBETPHBAHHS
0cafi0uHON MOPOABI MOXKeT GBITH NPOH3BEeHA IO HAJIHYHIO HIH OTCYTCTBHIO
B Heli YIJEeKHCJIOTO KaJblMsl, THICA WJIH JIErKOPaCTBOPHMHIX COJIeH, a B ciay-
yae MX HaJMYHS — [0 XapaKkTepy paclpefeseHHst STHX CoJiell B TOJIIe OPOIbI
no ray6une (ray6uHa u ¢dopma ckomsenudi). [IpuHnMas Bo BHHMaHHe, 4TO B
pesyJabTaTe XHMHYECKOTO BBIBETPUBAHHSI IIPOHCXONAT IIpoliecChl Ae6asanuy
(noTepn OCHOBaHMH) M [eCHJIHMKAUWH TIPH OTHOCHUTENBHOM OCTATOYHOM Ha-
KOTJIEHHH OKHCJIOB AJIOMHHHS ¥ 3Keqe3a, [/ OLEHKH CTeNeHH BBIBETDPEJIOCTH
IIPHUMEHSIIOT HeCKOJbKO CHelHaNbHbIX HHIEKCOB.

Huneke Monexyasproro otHowenuss SiOg: Al;O3 B HancTON MM KOJJIO-
HAHOM (pakLUH MO IMPO(HIIO TONIH KOPH BEIBETPHBAHHS XOPOLIO HJJIIOCTPH-
pyeT cTeneHb IEeCHIMKALMH MM PECHJHKALH IPOAYKTOB BBIBETPHBAHHs IO
cpaBuenyio ¢ nopouoil. Otnomenne SiO;: AlO; nmopsaka 3—4 cuuraercs
IPH3HAKOM HODMAJBHOIO» COAEPHAHHS COENMHEHHH KDeMHHs B HJHCTOH
dpakuuu. [To Mepe DeCHIMKAUHUHE H AJJIHTH3ALUH OPOIBI 3TOT HHIEKC MOXKET
cuusutbea no 1: 0,5; 0,1 u gaxe no 0,06—0,01. DT0T XKe uHAEGKC MOXKeET OHITH
HCIIOJIb30BaH B HHTEPIPETANMH NAHHBIX BaJOBOTO aHalH3a OGpasLOB KOPHI
BBIBETPHBAHHA, IOPOJB! M NOYBHI.

Huorna 6Geperca HHIekc SiOz:Rg0s T. €. OTHOWIEHHE KpeMHe3eMa X
CyMMe TIOJyTOPHBEIX OKHCJIOB. Flcronb3oBaHne 3TOr0 MHAEKCA OMpPaBJbIBACTCS
0COGEHHO B Tex cjyuasix, KOraa HMeercss abCOMIOTHAs MJIH OTHOCHTENbHA:A
aKKyMyJsILHsi B KODe BHIBETPHBAHHSA OKHCJIOB XeJe3a.

[Toteps unu HakomneHHe B IPOLYKTAX BHIBETPHBAHHS OCHOBAHHH (Na, K,
Mg, Ca) moryt GbITb 0XapaKTepH30BaHBI, HMCXOIA H3 [aHHBIX BaJOBOTO
aHaAM3a N0 MOJIEKYJspPHOMY OTHOIIEHHIO CYyMMbl OCHOBAHHMH K OKHCJIaM
aJIIOMHUHASA

N2,0 + K,O0 Ca0O4-MgO

I\Ia20 + KQO + CaO + Mgo
A0, '~ ALO,

Al,Os

UIH

B FOPH3OHTAX KOPH BbIBETPHBAHksi M B HeHsMCHeHHO# mnopoxe. IIpuHumas
3TOT HMHAEKC [Js1 HeH3MeHeHHOH MOpPOABI 3a 3TaJOH, MOXKHO BHIETh, YTO B
5JI0BHANBHBIX KOpAX BBIBETPHUBAHHSA HHIEKC BCerla HHXKe: B KAOJMHHTOBLIX
M aJJIATHBIX KOpPaX BBIBETPHBaHHs BeJHYHHA ero MoxeT ObiTh 0,2 M naxe
0,05—0,01. B akkyMyJSITHBHBIX KOPaX BEIBETPHBAHMS Kak OTHOLUEHHE Si0y:
: Al,03, Tak H OTHOLIEHHE CyMMbl OCHOBaHHH K IVIHHO3eMy OyneT Bcerna Bhl-
1e 3Taj0Ha. ATo 06bsicHsIeTcs] a6COMOTHHIM HAKOIJIEHHEM COelMHEHHH Kpem-
Hus, lied0Yell M IIENOYHBIX 3eMeb B TOJIAX AKKyMyJIATHBHOH KOPBI Bbl-
BeTPHBAHHS.

CrelleHb BHIBETPEJNOCTH H BBIHOCA 3JIEMEHTOB M3 KOPHl BbIBETPHBAHHUSA
MOXKHO TakXKe OLEHWTh, CpaBHHBAs AaO0COMIOTHOE CcojaepikKaHue 3JeMeHTa B
equHALe oGBeMa B MOPoje H B TOPH3OHTAX BEIBETPHBaHHA. B nanHOM ciyyae
BBOAMTCA «MHIEKc ycToitunBoctH». Hanpumep, Aas KaOJHHHTOBO-aJIHTHOM
KOpHI BIBeTpHBaHHs NoGepexbs Kapkasa B paflone Barymu H. A. Jlucuuusa
u M. A. TnaroneBa (1968) paccunrann «K03()GbHUHEHT YCTOHYHBOCTH», HC-
X0l H3 OTHOLIEHHs COAEPXKaHUs KaxKIOTO 3JeMEeHTa B eNMHHLE 00beMa
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(me/cm®) BHIBeTpesOH MOPOABI K €r0 cOHepXKaHUIO (Me/cM®) B HeBBIBETPEJION
Tiopofie. BBIIO ycTaHOBIEHO, YTO IEJOYH U HIENOYHBIE 3eMJIH B GaTyMCKOH
KOpe BbIBeTpHUBAHHUA HMelOoT ko3bduumueHT ycToHuMBOCcTH mopsaxka 0,02—
0,08; xobanbt, XpoM, docthop, kpemuull umeloT Koabdunuent 0,2—0,3; ajo-
MMHUH, TATAH, 2Kejle30 OTHOCHTEJBHO HAKAaIJMHBAIOTCS B KOPe BHIBETPHBAHHSA
U NIO3TOMY MM cBOHCTBeHHBI ko3 dunuents 0,62; 0,72; 0,74 cOOTBETCTBEHHO.

O6crosiTespHbBIN 0630p IPHEMOB H METOJOB PacueTa 3/I0BHANbHO-aKKYMY-
JISTHBHBIX KO3((UIYEHTOB NPH OLEHKe BBIBETPHBAHHS M NOYBOOGPA30OBAHHSA
6bi1 maH A. A. Pome (1937). dns pacuera usbupaercsi ONMH M3 OKUCJOB ®
KauecTBe «CBHETENSI», [I0 OTHOWIEHHIO K KOTOPOMY DacCCUHTEIBAIOTCS BBIHOC
¥ NIPHHOC APyrux okucaoB. IIpeanouturesbHO GpaTh OKUCAB Haubosee cra-
6u1bHble, HanpuMep SiO, xBapua uan Al,O;. Ho naxe stH «OKHCHABI-CBHIE-
‘TeJIn» B NefiCTBHTEJBHOCTH NOABEDPIKEHHBl BEIHOCY H MOTYT GHITh BLIHECEHH,
npuHeceHbl U HOBOOOpa30BaHBl. Bee ke IPH OXHOPOAHOH rOpHOM MOPOXE H
NpH BO3MOXKHOCTH LOCTOBEpHO BbIGpaTh NEPBHUYHYIO HEBHIBETPEIYIO MOPOLY
BHIYAC/IEHHE 3JI0OBHAJBHO-aKKYMYJISATHBHBIX K03(b(UIUEHTOB OYeHb NOJe3HO
B OlleHKe HHTEHCHBHOCTH H MeXaHH3Ma BBIBETPUBAHHA H MOYBOOGpasoBaHUS.

A. A. Poxe BBen ¢opmyany pacuera EA-xostddumueHToB Adas aw60oro
-OKHCJIA:

EAg =2
RoS1”
rne EA — s10BHANBHO-aKKYMYMATHBHBIA K03 duimeHT; Ry 1 R— conepxa-
HHe OKHMCJa B HEBBIBETPEJOH IIOPOAe M B H3yudeMOM TOpH30HTE COOTBET-
'CTBEHHO; So B S;— cozepXKaHHe OKUCAA-CBHIETE/s] B HEBBIBETPEIOH MOPOAE
U B H3y4aeMOM TOPHU30HTe KODBI BbIBETPHBAHHS M IOYBHL.

B smoBHanbHBIX Kopax BeiBeTpuBaHHsi o6biuHO EA-k03(duieHT HUKe
eIMHUIBL. B akkyMyJMaTHBHBIX KOpax BeiBeTpuBaHUs EA-koapdunuedr nias
MHOTHX KOMIIOHEHTOB MNOJIOXKHTENbHBIH (IO CPaBHEHHIO C H3BePKEHHBIMH
HCXOJHBIMH IIOPOLaMH HJIM CPeIHHUMH kaapkaMu). CxomHble COIOCTaBJEHHs
U DacyeThl CTeNeHH BBHIBETPENOCTH IIPOM3BOJAATCH IYyTEM CpPaBHEHHS BeJHUMH
‘COLep:KaHusl B TOpPOJe H B KOpe BHIBETPUBAHHMS OCTATOYHBIX YCTOHYMBHIX H
MeHee CTOHKHX BBIBETPHBAIOIIKNXCST MHHepasoB. ONHOPOIHOCTb IOPOAH 1O €€
1peBpalleHus] B KOPY BHIBETPUBAHHUsS MpPOBepsieTcd IO COOTHOLIEHHIO 0C060
IIPOYHBIX MMHepaJioB BO (pakuuM Necka (HaupuMmep, UMPKOH, TYPMalHH) 1O
BceMy npoduJo.

Bhiuncasiercst I/l 9THX Ke IeJell HHAEGKC BHIBETPHUBAHHUST IO TSXKeJbIM

LUPKOH - TypMaJuH KBapl
= awpuon -~ mupokcen 1 HHAGKC WRZ:IIOJIeBbIe mnam 10
JerkuM MuHepadaM. B 3TuX mHZeKcax, TpeijoxKeHHBIX Pyre n paccMOTpeH-
nix Bprosepom (Brewer, 1964), snaMeHaTenb mpHliiMaeTcs 3a 1, a gMciu-
‘TesIb BBIPAXKAETCsl B IECSATHUHBIX 3HAKaX 1O OTHOLIEHHIO K 1.

DTU HHJIEKCH JAIOT U3BECTHYIO BO3MOXHOCTD ISl OUEHKH TOrO MJH HHOTO
paspesa KODHI BHIBETPHBAHHMS, HO JOKHBI IIPHMEHSITECS C TEMH e OTOBOD-
KaMy, YTO U npeabaylize. Munepajoruyeckas necTpoTa OCagO4YHBIX HIOPOI,
HOBOOOpA3OBaHNe IMPKOHA H KBAapla B OAHUX cCJaydYasaXx M HX OTCYTCTBHE B
HEKOTOPBIX M3BEPKEHHBIX HOpOoAaXx (B OCHOBHBIX) [deJaloT NPHMEHeHHe H
3THX HHJEKCOB He BNOJHe HameXHHM. [1o-BHAUMOMY, HaHJYUYLINM HOPHEMOM
-olleHKkH GajlaHca BelleCTB NPH BbIBETPUBAHUK (KaK Y IPH NOYBOOOPA30BAHHH)
-OyZleT pacyer NOTepb M IIpHXOJAa KOMIOHEHTOB IO abCOJIOTHHIM 3alacaM
(B K2/M?® uan mefcmd).

[Tpyu 3TOM HMYXKHO MCXOAMTb M3 NONYUIEHHs] NOCTOSIHCTBA 00beMa HCXOJ-
HOH ¥ BBIBETPEJIOH NMOPOMLl (M MOYBEHHBIX FOPH30HTOB). OJHAKO H 3TO AOMY-

muHepaaaMm — Wgy
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Ta6auua 26

CoctaB mopoibi M Koph! BHIBETPHBaHHsI aBIUT-1aGpaiopoBoro nophupura
(/Tucuuuua, I'naronesa. 1968)

Mopoza Oﬁxemn,n’; Na ) Ca | K ! Mg
Bec, 2fcu % mefend % |Me/m3 % |Me/mu3 % | mefem®
CusipHO BbIRETpEsas 1,13 0,06 | 0,77 | 0,46 | 5,15 0,21 | 2,23 | 0,66 | 7,34
Hesuiserpenas 2,61 1,63 142,89 | 7,0 |181,8 | 1,63 [42,99 | 3,41 (89,78
IMotepu B 1 cM3 142,12 176,65 40,76 82,44
O - P Si Al Fe Ti
ITopona 3:‘:‘
e/m'a % mefemd| Y% |mefomd %  meicmd % |mefem? % melem
CHJIbHO  BHI-
BeTpesas 1,13 1 0,09 | 1,05 [ 15,23 166,76] 13,9 {153,1 (11,17 j125,18| 1,47 | 10,76
HesuiBeTpe-
- nas 2,61 | 0,14 | 3,56 | 21,18 [563,38! 9,36/244,72| 6,42/168,9 | 0,56 | 14,90
IMotepu B 1 cm 2,55 396,62 91,62 43,72 4,14

IeHHe He BNOJIle [OCTOBEPHO, TaK KAk H3BECTHO, uYTO O6bLeMmHHl Bec
BHIBETPEJLIX TOPU3OHTOB JIIOBHAJLHLIX THIIOB KOPH BHIBCTPHBAlINS BCerja
MeHbIIe, a CKBaXKHOCTh BCera GoJblle, 4eM 3TO XapPaKTepHO A5 H3BepKell-
HbIX TOPOA. DTO ABJAETCS B H3BECTHON Mepe M pe3y/bTaTOM YBeJHYElHs
o6beMa pa3phiX;IeHHOrO TP BLIBETPUBAHKH MaTepHa.a.

B axkxymy/JAaTHBHBIX XOpax BLIBETPHBAlHS T€OXHMHUYECKHI IPHTOK BOJHI,
coqiedl, OKHCJOB KpeMIus, XKejesa, aJlOMHHMS, KOHeuHo, GyaeT H3MEeHSThb
ofbeM 1 00beMHBI BeC paHee OTJIOXKEHHOH TOPOABL. Mepy 3THX H3MeHeHHH
HOPOABI IIPH BHIBETPHBAHHY TOKA TPYLHO NPeaCTABHTb, MIIOTHM HCCAEL0Ba-
TeNSIM Ka)KeTcs, YTO 3TH H3MeHeHHsi HAXOJATCA B TPe/CaAaX TeTeporeHHOCTH
caMoii OPO/ibl U KOPB! BHIBETPHBAHUS H HE MMEIOT 31aYeHKs MPH NOACUCTAX.

M3 nanubix Taba. 26 BUAHO, UTO IlepecueT BAJOBOrO aiajK3a Ha a6CcomoT-
Hble 3amachkl HecpaBHCHHO JIyylle HJLTIOCTPHPYET H3MCHEHHs, BbI3BAHHHIC
BLIBETPHBAHHKEM, H CTENCHb BLIHOCA OTACJBHBIX KOMIOHCHTOB, UeM PAaCUCT 1O
BCCOBLIM NpomeHTaM. JlanHble BeCOBBIX IPOIEHTOB 06MAHYHBO IOKA3LIBAJIH
HaKoNJIeHUE aJIOMHHES, }KeJe3a, THTAHa, Uero B JEeHCTBUTEABHOCTH HET. DTi
3JEMEHTHl TaK¥Ke BBIHOCHJMCH M3 KODLI BBIBCTPUBAHUA, XOTSI HecpaBHEHHO:
MeHec MHTEHCHBHO, YeM MICJAOYH, IIej0UHLIe 3eMJIH M kpemlinid. Ocobenio
BEJMK BBLIHOC KPEMHHS, KaJblIHsl, aJIOMHHES U MAarHus.

CTAAHHU U NOCJHEXOBATEJIBHOCTDb
NMPOWECCOB BbLIBETPUBAHHUSA

[Ipouecc BbIBETPHBAHHMSI MHHCPAJOB H TOLHBIX MOPOJ TIpOTEKAEeT Cfra-
auitHo. [TosroMy ans Haunbodiee BEpHOrO CyXKJACHHSE 06 UHTEHCHBHOCTH H CTe-
[IeHH BBIBETPEJIOCTH HCOGXOAHMO 10 COBOKYNHOCTH NPH3HAKOB ONpele/HTE
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CTajnio # THO KOphl BhibeTpuBanua. B. B. [loasinoB (1934) pasauuan cae-
Jyoulye nocjaefioBaTe/ibHbie CTANHH BBIBETPHBAHUA: 00JOMOYHAS, OGHI3BECT-
KOBaHHAs, HACHIEHHAS CHAJJIHTHAS, HeHACBLIN[EHHAs CHAJJIHTHAS, aJJjIHT-
Hast. DTH CTAAMH XapaKTepHbl JAUIIb IS YCJAOBHH 3/I0BHAJALHOTO JaHawad-
Ta. B moano#l mocsaeaoBaTesbHOCTH 3TH CTAAHHM 3/I0BUAJbHOrO BBIBETPUBA-
HHA MOTYT TPOHTH JHIUb BO BJIA’KHOM TPOIHYECKOM KJAHMATe W MPUTOM
TOJIBKO B pe3yJbTaTe AJUTEJBHOrO HeNpephlBIIOTO NpPOLecca.

B 30-x u 40-x ronpax B 3anmajgifodl M COBETCKOH JIHTEpAaType HAKOIHJIOCDH
JOCTATOYHO NaHHHX, CBHAETENbCTBYIOIUX O TOM, YTO OTNPEAEJNEHHBIM CTaIHAM
BHIBETPHBAHHSA COOTBETCTBYIOT ONpEAEaeHHBIE TPYHNIL H COOTHOHIGHHS OCTa-
TOYHHIX 4 BTOPHYHBIX MHUHepaJsoB. Ha craaun cOM0MOUHON KOPH BBIBETPUBA-
HAS XapakTepHo abCcoaoTHOe mpeobjiafaHue MEHEPaJOB MOPOAbl; HA CTaAUH
KapboHaTHoi (OOHI3BECTKOBAHUOHA) KOPHl BBIBETPHBAHUS THOHYHO COBMECT-
HOE HAXOXKIEHHE KaJblHTa, aparOHHTA, KBaplla, MOHTOMOPHJIIOHUTA, CJIIOJ
W NepBHYHHBIX MHIEPAJOB; HA CTAAUH HACHIIEHHOH CHAJJUTHOH KOPH BHI-
‘BeTPHBAHHUA HOABJAAIOTCH B GONBUIOM KOJHY4ECTBE MOHTMOPHJJIOHUT, Gelfe-
JLTAT, CEPHUNT; Ha CTaAUH HeliaCHIIEHHOH CHaJJdUTHON KOpH mnpeobaanaw
KAOJIMHUT, [ajJIyasuT, HOHTPOHUT U HA CTAJHU AJJIHTHOH KOPH BHBETPUBAHHUS
THIIMUHO HAKONJIEHHe TeTuTa, remarura, ru66cura (Cennenkuii, 1942). Baus-
KHe B3[VIIABI HA TUNBL KOPHI BHBETpHBAHUSA Oblid Boickasausl K. M. Jlykaiue-
Boim (1958).

B 3aBncumocTH OT TNPOROJ/DKHTENbHOCTH M WHTEHCHBHOCTH OpPOILIECCOB
euiBerpuBanus K. M. Jlykawes pasanuaer caeayiomne reOXHMAYECKHE THITHI
BHIBETPUBAHHSA: JIMTOTE€HHBIH, CHAJIMTHO-TJIMHUCTBIN, CHAAJHTHO-kapboHart-
IIBIf, CHAJAUTHO-XJAOPHAHO-CYAbMATHLIA H CHANIHTHO-GEPPUATHBI U aJIUT-
HEBIH.

HWpes cTanuMiHOCTH BBIBETPHBAHUS H IIOCJAEAOBATEJLHOTO BTOPHYHOIO
MHIepas1006pa3oBaHus NOJYyYHJIa pa3BUTHE M B 3amafHOl JHTepartype.
JIxexcoH u ero wkosaa (Jackson, Sherman, 1953) pasauuaior 13 craanii Bhl-
BETPHBAHUS U THIHYHBEIX coueTaHu#l mpeos.1a4a0mHX MUHEpPaloB:

1) rumcoBas — COACPIKATCS THIC, [AJHUT, CCAHTPA U APYTHe pacTBOpPHUMBIE
COJIM; XapakTepHa AJA COJIEHOCHBIX OCAAOYHBIX NMOPOj, ele He H3MEeHeHHBIX
BLIBCTPHBAHHEM;

2) H3BECTKOBAS — BKJIOUAET KaJbIUT, aparoHdT, JOJOMHT, amaTuT;
THOHYHA [JiS U3BCCTHAKCB B Hayaje UX BHIBETPHBANIHA WM IJs OCALOYHBIX
HOPOA B OTHOCHUTEJBHO CYXOM KJHMATe;

3) onuBHHOBASI — NPHCYTCTBYIOT OJIMBHH, poromass oOMaHKa, AMOMCHL,
XapakTepHa /s HauyaJbHLIX CTaAHi XMMHYECKOTO BHIBETPUBAIIUS;

4) GHOTHTOBAS — THUHUYHBI OHOTHUT, IJAYKOHHT, XJOPHT, AaHTHTOPHT,
HOHTPOHHUT U AP.;

5) aab6UTOBAS — HpefCTaBIeHa aJbOHTOM, 4HODTHTOM, MHKDOKJIHIIOM,
‘OPTOKJa30M ¥ JPYTHMH HOJEBHMH LINATaMH;

6) kBapueBas — KBapi, XaJueA0H, KPHCTOOaaHT;

7) MYCKOBHT-HJJAHTOBAS — HJJAHT, MyCKOBHT, CEPHLHT; .

8) mepecianBalOMUXCA MHUHEPAJOB —- BKJIOYACT pasHooOpasHbie THAPO-
CJIOAB], TPABUALHO Y 1eNpaBHJIbHO HEpecAanBalouInecs aJIoMOCUINKATHI,
BEPMHUKYJIHT U T. 1.}

9) MOHTMOpPHAJNOHHTOBAs — MOHTMOPHJ/IJIOHHT, GeligenJuT, CamoluT,

10) KaOJHHHUTOBAS — KAOJHHAT, TAJIYa3HT (OPOLYKTH AJHUTCALHOTO Bbi-
BETPHBAHHA); :

11) ruG6curoBas — ruApapru/inT, 6emMur, amnodan;

12) remaTtuTOBad — JUMOHHT, T€TUT, TEMATHT,

13) anarasoBas — aunaras, pyTHJ, WIbMEHHT, KOPYHI, JeHKOKCEH.
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Ilekcon 0GHAPYXHMBA€T 3TH CTAAUU BHIBETPUBAHHA B FOPH3OHTAX NOYB:
H OCaNoYHHX IOPOJ, PasyMYHOro Bo3pacra.

Hauvenee crofikne MHHepaJbl, JIETKO paspyuiaeMele u o6pasylomye
JIETKO BbIMBIBAEMbI€ NIPOAYKTHI BBIBETPUBAHHS, BCTPEUAIOTCS HA NEPBHX NMATH
CTaJHAX BBLIBETPHBAHUS U XapaKTEPHHl JUIST MOJOALIX IOYB — HOPSAKA
20 Teic. nier. KBapn siBsteTcst OTHUM M3 HauGosee CTOHKHX MHHEPaJOB, HO
ero yCTOHYHBOCTh BECbMa ObICTPO W NPONOPIHOHANLHO YMEHBINAETCS MO Mepe:
YBEJIHYEHHs] CTENEeHW TUCTIEPCHOCTH YACTHI; KOJWIOMIHO AHCIHEPCHHIH KBapll
pacTBOpsIeTCs H BEIHOCHTCA OTHOCHTEJBHO GBICTPO. DTO XOPOLIO H3BECTHO JJIA
TPONHYECKOTO BhIBEeTPHBAHUA. BTopryHEIe MUHEpaJibl, THIIHYHEIE JJIS CTAIHML
7, 8, 9, 10, He ABAAOTCY a06COIOTHO CTOMKHMHU M NPU ONPENENEHHBIX YCJ0-
BUAX (BBICOKAS BJAXKHOCTH KJIMMATa, FOCHOICTBO BLIHOCA, OKHUCJUTEJbHBIT
peXuM) HOCACIOBATEeNbHO PA3PYIIAIOTCA B HANPABJASHHH OT WJINTA H MOHT-
MOPWJIVIOHHTA K KAOJAUHHTY H Jajiee K OKHCaM aJlOMUHUSA H Xkeje3a. B atom
*Ke HallpaBJEHHH NIPOAOJKAIOT HAPACTaTh IPOUECCH TMIAPOJAH3A, HeCHIHKA-
uud, ne6asanuu. Haubojsiee NO3THUMU CTaaUfAMH BBIBETPHBAHHS SABJSIOTCS
craguu 11, 12, 13, nacrynaoomue, no [IXKekcoHy, JULlb B TPOMHYECKUX
YCJIOBUSX.

B xone BbiBeTpHBaHHs, 06pasoBaHus U IpeoGpasoBaHus BTOPHYHHX CO-
eIHHEHHAl NPOUCXOAAT IMyOOKHe H3MEHeHMS CBOHCTB MHHEpAJbHOH MACCHI.
B nponecce mecunnkanuy cOOTHOIIEHHe KPEMHe3eMa H NOJYTOPHBIX OKHCJOB:
pesKo cyxaercsi. BulHocuTcsi GOJIBIIMHCTBO OCHOBAHHH, H Kajuil mpakTu-
yecKH HcueszaeT. [HIPodHABHOCTL LOCTHTAET MaKCHMyMa Ha MOHTMOPHJLIO-
HUTOBOM CTaAMH W 3aTeM NOYTH Hcue3aeT. PasBHBaeTcs, MOCTHTAeT MAaKCH-
MyMa W 3aT€M NPAaKTHUECKH HCYe34eT HOTJIOTHTEJNbHAsT CIOCOGHOCTb B OTHO-
IIEHAH KATHOHOB. DTH SBJEHHS XOPOWO HLIIOCTPUPYIOTCH HAHHBIMIA
taba. 27. ArMocdepHBle OCaZKH B TPONHKAX OCOOEHHO HHTEHCUDUIUUPYIOT
aror nponecc (puc. 29).

B YCJIOBHAX T'OPHOTO JIaHJ.II.LIaq)Ta C YETKO BbIpazKeHublMH NHKaMu Bep-
IIHMH, KAaHbOHAMH M VIeJbAMH, KDPYTHIMH CKJIOHAMH penko Habmiopaercs
o6pasoBaHiie MOUIHOM MeJKO3eMHCTOH KODHl BHIBETDHBAHHA.

Pe3ko BbIpaxKeHHbIE OCBHINH, ONOJI3HH, NAEHYAAUUs BOJHLIMU NOTOKAMH H
nebasauus NPHBOAAT K MOCTOSHHOMY YAAJEHHIO NPOJYKTOB BHIBETPHBAHHS H

Ta6auuna 27

XuMu4ecKHe CBOMICTBA MHHEDAJIOB KaK (YHKIHSl CTAJHH BHLIBETPHBAHUS
(dxexrcon, 1948)

TlpomexyTou- | Bepmu-| MOHT- | Raony-| Tu66-

Caofictpa Coopa Hnnur Hble MHHepanabl| KyJA:T xggﬂ;’_‘ HHT CuT

CraaMs BBIBETPHBAHHS 4,7 7 8 8,5 9 10 1

MexrnsocKOCTHEIE paceTOost-
HHs A (B pacTBOpe ramie-

pHHa) 10 10 12,4 14,5 | 18,4 | 7,25 4,87
Kamuit, % 10,10 5,00 2,50 0 0 0 0
EMxocTb rorsowmenus,

me-3x6/100 2 1i 20 (mo 60) | 30 (mo 85) }150 80 3 0
3apsg cnost (TPHOKTasIpH-

YeCKOro), M8 240 180 145 150 80 — —

3apsag cnos (RHOKTasApH- _
4eCKoro), Me 251 185 170 160 80 0 0

110



noyBoo6paszoBaHusi. 'opel ABJAAIOTCS TeHepaTopaMH MeJko3eMa AJsi GOPMH-
POBaHHS OCANOYHLIX ITOPOJ HA IOJOTHX CKJIOHAX, PaBHHHAX, HH3MEHHOCTHX,.
HEeNbTax ¥ MOABOMHBIX [eNpeccHax — BojoeMax. JIHIb ryMyCOBHIH FOPH3OHT
TOPHBIX NOYB SIBJSETCS NPOAYKTOM OHOAKKYMYJSATHBHBIX NPOLECCOB B ropax.
BriBerpHBaHHe B FOPHBIX YCJIOBHSIX 3a[€pXKHBAETCA NMOITOMY HEON pelieJeHHO
IHTeNbHOE BpeMs Ha o6jOoMOuYHON Hjiau kKapOowatHo#l cramusx. 1o 06b-
SICHSIeTCA TOCHOACTBOM [eHYNauHOHHOTO (TrOpPHO-3JIOBHAJbHOrO) THHA 6a-
JIAHCA BEHIECTB NPHU BLIBETPUBAHHH, B 3aBUCHMOCTH OT JIMTOJIOTHH H XHMH3Ma:

[+
]

[~
-}
T

cBubodnere eudpoorucu
eubbeum
bemum
duacnap
SUMOHUM

Puc. 29. OcagkH M cocTaB TIJHHH-
CTHX (paKuuit B NPOAYKTaX BEI-
BeTPUBaHHA H 1I0YBAX MOCTOSAHHO
BJaXKHOrO TpPOIIMYECKOro KJAAMAaTa
(Jackson, Sherman, 1953; Pagel,
1963)

&
==}
T

Kagaurum

MOpmMa -
punnanum
Il

H L
] 1000 2000 3000 4000
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>
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FOpHHIX TIOPOZ KOpA BHIBETPHBAHHS B Topax MoXeT GhITh GoJjiee HJH MeHee
00/JIOMOYHOH, M3BECTKOBOH MJIM TJIMHHCTOM, OTpaKas CBONCTBA HCXOLHBIX
nopon. JIMIIb Ha NIaTo, B FOPHBIX HUINAX, HA muleiidax mOJ0rUX CKJAOHOB, B
MeXTOPHBIX [JOJIMHAX HaOJAIONAlOTCS OTKIOHEHHSI OT 3THX ocobGeHHOCTel U
MEepPeXof K YCJAOBHAM THIHYHO 3JIOBHAJBHHIX MW aKKYMYJAATHBHHIX JIaH.-
wagroe. Hano numeth B BHAY, uTO XO CHX [Op peub LA O CTAAHSX BHIBET-
PHBAHUS B YCJIOBHAX NeHYNALHOHHOTO H NPOMBIBHOTO BOIHOTO peXHMa, HpH
cBOGOAHOM OTTOKE IVIyGOKHX TPYHTOBEIX BON H TOCHONCTBE OKHCJHTEJBHHIX.
HPOIECCOB, T. €. B 3JIOBHAJbBHBIX Janamadrax.

Mo3XHO CYHTATD, YTO JJISL 3JMIOBHAJILHBIX YCJIOBHH HANpaBJEHUE pAa3BUTHA
BEIBETPHBAHHS XOTH H ¢ OTKJIOHEHHSIMH, HO B oOLieM OTBedaeT CXemMam
B. B. Tloamnosa, M. 1. Cenmenkoro u dxexkcoHa. Ha mepBhix cramusx
(PU3UKO-XHMHUUECKOTO BBIBeTpHBaHUA 06pasyloTCs THAPATHPOBAHHLIE MHHE-
paJibl U OKHCJSIOTCS BOCCTAHOBJIEHHBIE COEJVHEHHS XKeje3a M MapraHua.
Ha nocsenyromux craansix NpOHCXOAHT BbITECHEHHC BOLOPOJOM KaJHs, Ha-
TPHS, KaJblHs, Maruus 6e3 oco6oro paspyleHus KPUCTANIHUECKON PEIIETKH
CTOMKUX MHHEpasnoB. 3areM B pelleTKe HpIUCXOAAT HACTOMNbKO TyGOKHe:
H3MEHEHHUST JEKTPOBAJEHTHBIX CBs3ell, 4TO HACTYNaeT paspylIeHHe pelIeTOK
MHHepaJioB ¢ o6pa3oBaHuEeM PacTBOpPOB M aMopdHbIX mMunepasoB. Kak pas-
pyLIEHHe, TaK ¥ CHHTE3 MPOHCXOAAT BecbMa H3OHPATeJbHO H C MepeMeHHBIMH
COOTHOLIEHHUSIMH H COCTAaBOM. AMop@drble Bropuunble MHHepaJbl KpUCTAJIIH-
3YIOTCS, Pa3pyLIAlOTCs BHOBb M APEBPAILAIOTCS 3aT€M B HOBble «BTOPHUHBIE»-
MHHEpPAJBl; BCE 3TO NMPOHCXOAHT VKe Ha CTaluH TVIMHOOOpa3oBaHHS.

BeposiTHO, pa3iHyHble MUHEpAJBl 1 HOPOALI B YCJIOBHAX PA3HOro KaMUMara
UMEIOT HeONMHAKOBYIO CTAXHiHOCTh BHBerpuBanua (puc. 30).

B ycioBHAX TPaH3HTHOrO Jauamadra 1 0CoGeHHO B YCJIOBHAX aKKYMY-
JATHBHOTO JauauwadTta cTafiui BbIBeTPHBAHHS U (OPMUPOBAHUS BTOPHUYHHIKX
MHHCpaJoB, ycranoBachusie B, B. TloabinoBbiM, M. 1. Censenxum, JxKekco-
HOM H ADYTHMH HCCIEOBATENSIMH, IJIS JIOBHS, eCTeCTBEHHO, HE OOHApYXKH-
Bajorcs u60 MpOSIBJASIOTCA B MHOM M 9acTo naxe B o6paTHOH mociaenoBa-
TeJbHOCTH. DTO SCHO M3 aHaJH3a BCero Mpeibiyllero martepHana. B Tpan-
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pH i 40 9 8 7§ 5 4y 3

Knumam
Tennonl cyxod [ 7 [s
€ 7epeEMEHHbIM |1 20
Ybaamnenuem ———T3 7" s
B NOHUMEHHOIZ| T
Yeacmkaxr 12 —
naamo ; 7]
_____ —— L =t —
10 [ 7
Tenavid 5
Baawreld 7 2 3] % 77
?
§ -_.___a_w_______.%_._{___{_ _—
g:) gmepeﬂﬂq Puc. 30. Cxema BO3MOMNHBIX CTa-
NAWHOI Aull BBIBETPUBAHMSA r/aBHEHIIHX
MHHEpaJ/JOB YJbBTPAOCHOBHBIX TIO-
poa B 3asucuMoctd ot pH
- ] (Tuu3lypr, 1947)
Tennsid cyzroi
CJ(IC,UCMEHHMM 1 — ceplenTHH;
glf[’laé;éf;:xagm 2 — deppulbefigenaur;
) naamy 3 — QepPUMOHTMOPHATOUUT,
§ 4 — deppuransyasur;
VY 5 — THAPOOKUCALI KEIe3a;
§5 & 6 — MarHiesuT;
8§ / .
53 2z y 5 . 7 — NOAOMHT;
S 7 , 8 — KaabLuT;
Y . . i 9.— BOJANBIE CUJIMKATLl HUKEAN:
§ Zegggélfvgzﬁg% 16 17 18 10 — BOAHBIE CHJHKATBL MAarCxHs;
E i 7= .
:;E yﬂﬂaH{HeHueM 5 18 5 11 ~— MuHepanabl KPeMHe3ema;
] § 7 —— fe— 12 — 6pycur;
§ g 7 © 18 — Tadbk;
X , 14 — nupokceH pomGuyeckHit,
= K 15 — MUPOKCCH MOHOKJAHHHbBIA;
. ;: 16 — XJAOPHT;
- 3 13 ! 17 — runpoxsiopuT;
: : 18 — rannyasur;
3] 9 5
[Ang r 19 — Gpehlaepur,
20 — ru66cut

3UTHOI ¥ 0COOEHHO B AKKYMYJIITHBHOH KOpe BbIBETPHBAHHS HAKAMIHBAIOTCA
TC TIPOAYKTBI, KOTOPble YHOCHJIHCh H3 3I0BHAaIbHOrO jManaadra. KoHeuxo,
He MOXeT ObITb M pEYH O MOJHOH OOpaTUMOCTH UHKJOB BbiBETPHBAHHUA.
OnHako MOXKHO CuMTarh OOLIENpHsHAHHBIM, YTO THOGCHT (THAPAapPrUJIHT)
IpHU HPUTOKE PACTBOPOB KpeMHe3demMa MOMET ObITb TPAaHCHOPMHPOBAH B Kao-
JIMHHT, KAOJHUUT — B HAJIHT, a NOCJHeIHHH — B MOHTOMOpPHJJIOHHT. KBapu
MOXeT o6pa3oBaTbCsi Ha oOnana, XajduefoHa MJIH H3 CBEeXEOCaXJIeHHOIs
amopduoro xpemHeseMa. Mamo noka [JaHHBIX O BO3MOXKHOCTH CHHTE3d B
NOYBCHHBIX YCJAOBHSIX MYCKOBHTA ¥ 0CoGeHHO moseBoro wmara. OnxHako
M3BECTHO OGpa3oBaHWe W AayTHUTEHHOTO II0JieBOTO IUNAaTa B OCAJLOYHBIX

nopojax.
THMbl KOPbl BbIBETPUBAHUS

B ocHOBY THNH3aUHH{ KOPbl BHIBETPHBAHHS CJENYeT HOJIOXHTb NpeacTras-
JlegHe 0 6ajiaHce BeLECTB B XONe BbiBeTpuBaHus. MoxHO B 0GOOLICHHOM
BHIE HpPCACTABHTH Tpi OCHOBHLIX THMa 6ajaHca BEIIECTB NMpPH BHIBETPHBA-
HUH: TPOMBIBHON (OTPHIATEJbHAIH), HAKONHTEJbHBIH (MOJOXKHATEBHbIH) W
MPOMEXKYTOUHBIH ([HONOKHTENbHbIH A5 OJHHX COEIMHEHHH H OTPHUATENbHbIH

AAS APYTHX).
112 '



Ipu npombiBHOM Ganance Gosibllas 4acTb 06PAa3yIOMUXCSA TPOLYKTOB
YHOCHTCSI M3 c(epbl BEIBeTPHUBAHMS. XOTS CTENEHb BHIHOCA IJIS PA3IHYHBIX
MHHepaJsioB OyieT HeOAHHAKOBOM, CyMMapHo MpeoG/analoT NpoLecch BhIMbI-
BaHUsL. JTOMy THNY 6ajaHca COOTBETCTBYET 3JIIOBHAJMBHBIA (OCTATOUHO-TIPO-
MBIBHOH) THN KOpHI BEIBETPHBAHHUS,

Ilpu o6pasoBanuu 3/IOBHANBHOTO THIA KODHl BLIBETPUBAHHS Belyllas
ponb OPHHALJIEXHUT BHUIENAUHBAHHIO NOABHXKIBIX H OCTATOYIIOMY OTHOCH-
TeJIbHOMY HAKONJIEHHI0 MeHee NOABHKHBIX NMPOAYKTOB BBHIBETPUBAHHA. DIIO-
BUi, TakuM oBpasoM, sBAseTc (GOPMOiI OCTATOYHON KOpPLHI BHIBETpHBAHHA,
MOIIHOCTh KOTOpPoH Tem Goablile, yeM IJHTeNbHEe NPOLOIKAJNOCH BHIBETPH-
BaHWE U YeM JYYllc COXPAHHJHCh ero HPOAYKTH. IJIOBHANbHLIC KOPHLI Bbi-
BeTpPHUBaHHs GOPMHPYIOTCS Ha PABHHHHBIX IJIAaTO, HA APEBHHX MJIOCKHX BOLO-
paspenax W ApeBHHX Teppacax. Ha Marmarudeckux Inopomzax obpasyercs
NepBHYHBIN MM Tak HasbiBaeMbll oprToajioBHi. Ha NJIOTHEIX oCagOYHLIX
nopofaax obpasyercs napas/oBui. Ha uerBepTHuHBIX HaHOCAX, cjaaraioUIMX
ApEeBHME aJNJIOBHAJIbHBIE WIH ACJAIOBHAJbHbIE PABHHHB, HORLHATHE HOBeHIe
TEKTOHHKOH, (POPMHpPYeTCsl HEO3IOBH, /i1 KOTOPOTO XapakTepHbl CBOHUCTBA,
yHac/qeIOBaHHble OT NPOLECCOB THAPOTEHHOTO HAKOIJIEHHA MarepHaja B
nepnop 06pa3oBaHUs AKKYMYJSTHBHON KOPH BbIBeTPHUBAHHS, H YePTHL HOBOLO
IYKJIa 3JMI0BHAJbHOIO BHIBETPHBAHHUA (BBIHOC YACTH BEINECTB), HAYABIIETOCH
NoCJIe NOLHATHS MEeCTHOCTH.

B pasnHuHbIX KJHMATHYECKHX YCJOBHSIX H NPH PasjHuHOH IJAUTENbHOCTH
npoiieccoB 00pasyloTcss MHOTOYHC/ICHHBIE (DOPMBL 3JIIOBHAJbHEIX THIIOB KODHI
BEIBeTpHBaHHs. Hazosem HauboJiee OGbIYHbBIE H OTHOCHTEJBHO Jyyllle
H3yYeHHbBle Pa3HOBHIHOCTH 3JI0BHAJIbLHOH KOpDHl BHIBETPHBAHHS:

1) cxajbHBIH 3/OBHH, NOKPHIBAIOIIMH MOBEPXHOCTh CKad M CKajJbHBIC
yrayOseHus (daiile B TOPHBIX YCJIOBUAX);

2) 06/s0MOYHBIH 3JI0BHH, HpelCTaBAeHHbIH HEOKATAHHBIMH 00JOMKAMHU H
IpPecBsiHEIM MaTepHasoM pa3pylleHHOU MOopoAbl (ualne B FOPHHIX YCJIOBHAX);

3) MeJKO3eMHCTbIil KapOOHaTHBIA 3JI0BUE — NEPBHYHBIH, HanpuMep Ha
u3BepKeHH¥ix nopomnax B Apmenun, Kpeimy, MOHroauu, HJIH BTOPHYHBL
(Heo3moBHiT), HampuMep JECCOBHAHBIE CYIVIHHKH, JECCLI HJIH CHIPTOBbIE
cyranaku EBpasun;

4) MeJKO3EMHCTHIN CHAJJINTHBIH 3JI0BHY, HACBIIEHHBIX UM HeHachleH-
HBIH ¢ KOMTIJIEKCOM CHAJJIHTHBIX MHHEPAJOB (KAOJUHHT, FaAIYasuT, CAIOAH),
HanpHMep IOKPOBHBIE CYTVIHHKH ceBepa Pycckofl paBHUHEHI;

5) OrJUHEHHBIH MOHTMODHJJIONHTOBBLIM 3JIOBHil H HEO3JIOBHH, 00pa3o-
BAHHBI B YCIOBHAX OTHOCHTEJbHO CyXOTo KJAHMAara;

6) OIIMHEHHEI}) 3KeJE3HUCTBIH KAOJHHHTOBLIH 3JIOBHI H HEO3JIOBUH BJaX-
HbiX CYGTPONHYECKHX H TPONHYECKHX objacTei;

7) ¢eppuTHbl W eppaIUTHLIA 3/I0BHH M HEONIOBHU BJAXKHBIX H
MepHOAMYECKH CYXHX CyOTPOINHKOB ¥ TPOIHKOB;

8) annnTueii (GOKCHTOBHIN) 3JIIOBHH B 3KBATOPHAJBHHIX BJIAXKHBEIX TPO-
nukax (abcomoTHoe npeobianaHHe MHHEDAJOB THAPOOKHCH AJIOMHHHSA).

Psn pasHoBHAHOCTEH 3JI0BHATbHON KOPHl BHIBETPUBAHHS OPH I'e0sOTHYe-

' CKOH TIPOJOJIKHUTENLHOCTH ee (POPMUPOBAHHS BO BJAXKHOM TPOITHYECKOM HJIH
cyGTpPONHYECKOM KJIHMAaTe MOXKET pacCMATPHBATHCH Kak psil IIOCJAeA0Ba-
TeJbHHIX ¢Tafuii. B ycaoBusx Gosee cyxoro wiH 60/ee XOJOANOrO KAMMATA
IpU HaJWYHH 3pO3UH H MeHbLIeH NPOAOKHTEIbHOCTH MPOLECCOB BHIBETDH-
BaHHs 3JI0BHH JOCTHI4eT NPOMEXKYTOUHBIX MAH JHIIL HAHOOJee paHHHX
cTamui.

Ha mosorux ckJaoiax, Ha HAKJIOHHBIX JNEJIOBHAJbHHIX DaBHHHAX, B CYXHX
JeIbTaX U KOHycaX BulHOcA 6ajiaHC BEMIECTB B KOPe BHIBETPUBAHHS HMeEeT
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CTIOXHBIA IIEPeXONHBIA XapakTep —NPOMEX YTOUHH i TAN 6ajaHca
BelllecTB. Hepes 5Tu TEPPHTOPHHM TPAH3HTOM ABUKYTCS NPHPOLHEE BOAHHIE
pacTBOpsl (HaseMHEIe M nojsemuble). Yacth HX TepsieTcs Ha HCIapeHue H
TPAaHCHHPAIHIO, YaCTh NPOXOAHT B AKKYMYJISTHBHblE JaHAIA(TH Y OKeaH.
B mpomecce ux mBueHHs BOLBI HATPEBAIOTCS H Aa3PHPYIOTCS, B3AHMOMEHi-
CTBYIOT C NOTVIOWAIOMNM KOMILIEKCOM H MHHEpaJaMH BOLOHOCHHIX FOPH3OH-
TOB. B pesysibrare H3BeCTHAS YACTh B3BELIEHHBIX H PACTBOPEHHBIX NIPOLYKTOB
BLIBETDHBAHHS] BbIIaJAeT B OCAJ0K HO NYTH HABHMKeHHsS. Brmanarr H3
pacTBopa COeHHEHUS KpPeMHe3eMa, aJIOMUHHS, X eJe3a, BhI3bBas CHAJMIHTU-
341110, OKpeMHEHHe, OIVIHHEHHE, OXKeJIEe3HeHHe HAH OGOKCHTH3ALHIO MOpPOHI,
a TakxKe (POPMHPOBAHHE ODPTUITEHHOBBIX IPOCJOEB WJIH JATEPHTHBLIX KOp H
naHuupeil. To Xe NpPOMCXOAMT € pacTBopaMH KapGOHATOB M cyabdaroB
IIEJOYHBIX 3eMeJb U mesoyelt. [TponcxonuT o6bi3BECTKOBHIBAHHE, 3aTHIICOBH-
BaHHe, 3aCOJIeHHe HAaKJOHHBIX M€JIOBHAJbHBIX, HPOJIOBHAJAbHHIX PABHHH
nyrem GOKOBOro IMepeMemleHHss pPacTBOPOB ([eMIOBHAJLHOE 3aCOJeHHE).
OGpasyercsi TPaH3ATHO-AKKYMYJIATHBHAS KOpA BHIBETPUBAHHS Da3HO0Gpas-
HOTro cocraBa — konioBuil. Uewm Cyllle kIUMAT U YeM AaJibllle W JOJbIUE NpPO-
HCXONHT GOKOBOE IBHMXKEHHE JIeJOBHAJIbHBX — HOBEPXHOCTHBIX H TPYHTOBHIX
BOJ, TeM OO/blIas 9aCTh KOMIOHEHTOB, HAUHHAS OT HAHMeHee PacTBOPHUMBIX
H BKJI0Yas BCe Gojiee PaCTBOPHMEIE KOMIIOHEHTBI, 3ajepKHBAeTcss B TpaH-
3UTHO-aKKyMYJSTHBHOH KOpe BHIBETPHBAHUSI.

Tperu#i Tun GanaHca NPOLYKTOB BHIBETPUBAHHSA — HAKONHTEJ b H b ii.
On xapakTepeH A7 MaJo JPEHHPOBAHHLIX H GeCCTOYHLIX HH3MEHHOCTell, Je-
IIPECCHH, HA3KHX H NOMMEHHBIX Teppac, KeJbTOBHIX PABHHH, BHICHIXAIOMIHX
o3ep. 3Jech HAKaIIMBAIOTCA NPOAYKTH BLIBETPHBAHHS, NOCTYNAIOUIHE €O
CTOpOHH H ofpasyomuecs Ha Mecre. JlaHHOMY Tuny 6ajsaHca BemlecTB COOT-
BETCTBYET aKKyMYJ/STHBHAs KOpa BHIBETPUBAHHHA, HAKONHBINAS Te B3BeUIEH-
Hble U pacTBOPHMble MPOAYKTHI BLIBETPHBAHUS U TMOYBOOGpPAa30BaHUS, KOTO-
pble Oblin BbiHecelbl M3 3/10BHAJBHOH KOpBHl BHIBETPHBAHHS U HpOILIA 006-
JacTb TPaH3UTHO-aKKyMYJSITHBHOH KOpbl BLIBETPHBAHHA., DTO HCTHHHHE H
KOJIJIOHAHbIE pACTBODH M TOHKHE CycleH3HH aMopdHOTO KpemHezeMma, BOC-
CTAHOBJICHHBIE H XeJlaTHBle (ODMBI COENUHEHHi Kejesa, Mapradna, Xo-
Ganbra, HUKess, NOABHXKHblEe Gopmbl coenuueHuit amomunusa. Cioga MOryT
HOCTYHaTh TaxkKe BLICOKOAHCHEPCHBIE DACTBOPH OpPTaHUYeCKHX BeIEecTB.
B sacymunBoM u apKoM NYCTHIHHOM KJHMAaTe B 3Ty 0GJacTb HPHXOAT
pacTBOpbl HHTPATOB, XJOPHAOB, CyJab(paroB, KapOGOHATOB, BLI3LIBAS COBpE-
MEeHHOe COJIeHaKOIlIeHHe.

TpaH3HTHO-AKKYMYJIATHBHBIH H aKKYMY/JASTHBHBIH THIOB KOPhl BHIBETPHBA-
HHS BKJIOYAIOT, TAKHM 00pa3oM, MeXaHHYeCKHe, XHMHYeCKHe U OGHOXHMHYE-
CKHe CKONJEeHHS MPONYKTOB BLIBETPHBAHHSA, BHIHECEHHBIX C rop H H3 obJacrel
3JII0BUS U HAKANJIHBAIOUIMXCHA B 06/1ACTAX AKKYMYJSUUH (CKJIOHBI, HH3MEH-
HOCTH, NOUMBI, ACJbTHI, MEJKOBOJAbsl MOpPell) B BHIe IeJIOBUA, NPOTIOBHS,
aJITIOBHS, 03€pHHIX M NPHOPEXHO-TOHHLIX OTJIOXKEHHH 3CTyapHeB, WIbMeHeH,
mapweil. B uncie pa3HOBHAHOCTEH aKKyMyJATHBHOH KOPH BHIBETPHMBAHHS
CJelyeT pasanyarh:

1) rajeuHHKoBHH, meOHHCTHIH, rpaBHIHLIA NeJIOBHH, NPOJIOBHI, aJII0-
Bufl (6GeckapOoHaTHHIl, OOBLI3BECTKOBAHHBIN, 3arUICOBAHHBIH, OXeJEe3HEeH-
HHI); .

2) MeJKO3eMHCTBHIHl OemIOBHH, NpoJlOBH, ammioBuii (6eckapBoHarubiil
HeHACHIEHHbH, GeckapOOHATHHIH HACHIIEHHBIH, OOBI3BECTKOBAHHEIA, 3a-
THICOBAHHLINA, OXKeJie3HeHHBIH, OKpPEMHEHHBIH, 34COJeHlibli);

3) TAVHUCTHIA HesIOBHl, MPOTIOBUH, ajNIOBHH (KHCARI U HelTpasbHBIN

CHAJIIMTHBIH, IMeJ0YlI0f MOHTMODHJJOHHTOBBIHA, HJAJHTOBBIN H BEPMHKYJH-
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TOBHIH, KApDOOHATHHIN CHAJJIMTHBIN, 3aFMICOBAHUEIN, OXKeJe3HEHHBIH — IPYyH-
TOBOIHBIH JIATEPUT, OKPEMHEHHBIH, COJNOBBLIH, XJOPHAHO-CYJAbGAaTHBIH, HHU-
TPaTHHII) .

ONOBHANbHBIH, TPAH3HTHBIN H AKKYMYJSTHBHBIA THOL KOPH BEIBETpPHBA-
HHSI TECHO CBfI3aHBH MeXJy co00fi TeHEeTHYeCKH M TeOXHMHUYeckH. [loaToMy
CYLIECTBYET 3aKOHOMEpIlasg CONPAXKEHHOCTb BCeX TPEX THUNOB KOpPHI BHIBETpPH-
BaHHsl B TVIaBHENIUHX JaHpmadrTHo-reorpaduueckux ycnosusx cywHd. Tax,
B TPONHKAaX ODH OyeHb OOJIbIIOH AJNHTENbHOCTH BLHIBETPUBAHUA H OTCYTCTBHH
3pO3HH 3JIIOBHH [peiCTaBJIeH aJJHTHOR KOpoli BHBETPUBAHHS, KOMIOBHH —
KaOJHHHTOBON KOpOU C yuacTHeM OKHCJIOB Xejesa M Mapranua U akKyMyJas-
THBHAS KOpa BO BJIAXXHOM KJIHMAare — KAaOJHHUTOM H JIaTePHTOM, 4 B CYXOM
KJIMMaTe — MOHTMOpHJIoHHTOM. HIMeHHO Taxoe coueTaHHe THIOB KOPBI
BHIBETPHBAHHUS XaparkTepuo Ajasg TponukoB Bpasunnum man I'aBalickux octpo-
BOB. B yc/ioBHSIX MYCCOHHOTO KJHMAara TDONHKOB AaKKYMYJSTHBHAsi Kopa
BBIBETpUBaHUS oforaienna KpeMmIlleseMOM, MOIUTMODHJJOHHTOM U Jaxe
TAKUMH COCAMHEHHSMH, KaK YIJIEKHCJIBIH HaTpHi. 1o HabJionaercs, HalpH-
mep, na Teppuropud Mumun uan Kenun. CuanaurteHeiii 6eckapO6oOHATHLIN
amosuit Cpeansemuomopbsi uan asnpHero BocToka coueraercd ¢ MOHTMO-
PHJIJIOHHTOBOH KapGOHATHO!N akxyMmyJasaTHBHON kopoifl, KapGonarHas cuau-
JUTHASl 3JII0BHAJNbHAA KOpA BLIBETPUBAHHUS CTeNell HJIM CyXHX CaBaHH coude-
Taercs Bceraa ¢ KapGOHATHOH XJIOPHAHO-CYAbhaTHON HJIN CONOBOH akkyMmy-
JIATHBHOM KOPOH BLIBETPUBAHUS. AKKYyMYJATHBHBHE aauqmadrtel (HH3MeH-
HOCTH, HACNpPECCHH, NOHMEHHbe Teppachl, NeJbThl H T. A.) HEPEAKO MHon-
BEpPraloTcA TEKTOHHUYCCKHM MOAHSATHAM M pacuJeHeHHI0. AKKyMYJASTHBHbIE
IPOLCCCH PU TOM NpeKpallaloTcsi, CMeHsACh NpoleccaMH BhHHOcCA. B arux
cayuasx (KOTOpHle LIHPOKO pacnpOCTpaHeHH Ha paBHHHAX 3eMHOro Hiapa)
AKKYMYJATABHAS H TPAH3HTHO-aKKYMYJATHBHASL KOPbl BBHIBETPHBAHHS HOA-
BepraloTcsi BTOPHYHOMY 3JIIOBHAJBHOMY IIpolleccy H IpeBpamlaloTcs B Heor
3JIIOBHH.

O6pasoBaBIInecs ¥ HAKONHMBIIMECH B AXKKYMYJAATHBHBIH TNepPHOA MHHE-
pajbl, HaOpuMep CKOIJIEHHS BTODHUHOTO KpeMHe3eMa, TOJIIU MOHTMOPHJI-
JIOHHTOBBIX H HOHTDOHHUTOBHIX [VIMH, NAHIHPH H KOHKPEUHH OKHCJIOB Kejes3a
H Mapraina, U3BeCTKOBHe H THICOBHIE KOPHI H MPOCJIOH, «YHACIENYIOTCA» H
JIONTO COXPAHSIOTCS B HEO3JIIOBHAJbHON KOpe BbiBeTPUBAHUs. TakoBH, B
YacTHOCTH, M3BECTKOBbIe M THICOBbie KOpbl Apasuu, Ycriopra ¥ CeBepHOR
Adpuxn. O6DBSCHATE HX NPOHCXOXIElHe HOBEHIIMMH COBpPeMEeHHBIMH YCJO-
BUSIMH, HanpHMep KJAHMAToM, ObIo Gbl OIHOKOH. DTH <«HOBOOGPa3oOBAHUS»
SIBJISTIOTCS PEJMKTAMH AKKYMYJISTHBHOTO TMPOLULIOro TAKHX JaHAMA(TOB.

MHuoroxparable CMeHbl B HaNpaBJeHHM TEKTOHHKH H 9PO3UH, Pas3jHuHsi B
HCXOJHbIX HOPOfaX BecbMa YCJIOXKHAIOT PeajbHYI0 KapTHHY NPOLECCOB BHI-
BeTpHBaHHWsg M Treorpaduio pacnpeieieHHss THIOB KOPbl BHIBETPHBAHHUS.
Ho oxapakTepu3oBaHHEE 3aKOHOMEPHOCTH MOTYT CAYXKHTb XODOIUIHM OpPHEH-
THpPOM AJIs PACWIH(POBKH 3THX CJIOKHBIX SIBJICHHA B NMPHPOXE.

®opMHPOBAHHe KOPH BEIBCTPUBAIINS, ABHXKEHHE, Mepepacnpefeenne H
AKKYMYJISHsT pOAYKTOB BbHIBETPHBAHUSL TCCHO B3aHMOJAEHCTBYIOT M HEDAs-
pLIBHO CBA3aHHI C IpoOlieccaMu NouBoo6pasoBanus. B 06sacTax ocTaToOuHOH
KOpBl BEIBETPHBAHHS (3/1I0BHsA) 0YBOOGPA30BAlHE CaAMO FBJISETCS OLHUM H3
[VIaBHBIX (paKTOpOB BbiBeTpHBaHusi. Ho mouBoo6pasopante kak GHOAKKYMY-
JISITHBHBI NPOIECC OXBATHIBAET JIHIIL BepXHHEe FOPH3OHTHl TOJILIH 3JIOBHAD-
HOIL KOpBI BHIBeTPHBAHHs. B IesoM B 3JI0BHAJbIONH KOpe BBHIBETPHBAHHS IOC-
NOACTBYET BEKOBOH TeOXUMHYECKHH BEIHOC BCeX GoJjice HIM MEHEe MOJABHKHBIX
MPONYKTOB BHIBETpHBAHHA. B Toli Xe cepe KOpsl BbHIBETPHBAHHI, KOTODAs
0XBauCHa MOYBOO6GDPA30BATCJAbHEIM MPONECCOM H HAXOAHTCH NOL BJHSAHHEM
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Majioro GHOJIOTHYECKOT0 KPYroBOpOTa BELIECTB, BEAYINHM SIBJsSeTCS Ipomece
OHOreHHOTO HAKOIVICHHS 3JIEMEHTOB B BEDXHHX (OCOGEHHO TI'yMYCOBHIX)
ropH3oHTaX.

Taxum oBpasoM, (opMHPOBaHHE 3JIOBHANbHOH KODH BHIBETPHBAHHA H
GHOreHHBI IIMKJ NOYBOOOPA30BATEILHOIO MPOLlecca THAMETPANbHO IPOTHBO-
NOJIOKHBl B CBOeH HaNpaBJeHHOCTH H B CyMMapHOM GaJjiaHce BEIIecTB.
OpHnako B 1eJOM 3[€Chb JOMHHHPYET BHIHOC.

B obaactax ¢GopMHPOBAHHS AaKKYMYJSATHBHHX U TPaH3UTHO-aKKyMYJIs-
THBHBIX THIIOB KODbl BLIBETPHBAHHs HPOHUCXOAUT HAKOIIEHHE MeXaHHYECKHX,
XHMHUeCKHX H GHOXHMHYECKHX OCAJKOB B Pa3HOM COOTHOLICHHH H B PasJiHy-
HOl cTelleHU. DTH OCARKH ABJASIOTCA CyOCTpPaTOM JJSI APEBHETO U COBPEMEH-
Horo mnouBooGpasoBanus. [louBooGpasoBaTesbHBl HpPOLECC 3[eCh TaKKe
CONPOBOXKIAETCS Pe3KO BLIPAXKEHHOI OHOTeHHOH aKKyMYJslHell BelIeCTB B
TYMYCOBBIX TOpH30HTax. Takum obpasoM, B 00JacTX AaKKYMYJSITHBHON
KOpbl BHIBETPHBAHUSI HAOpaBAeHHOCTh MOYBOOGDPA30BAHUS H TeOXHMUHYECKHX
[POIECCOB CYMMHpYeTcs U codyeTaerca 0e3 NPOTHBODeYHi, Beass K GOPMHPO-
BAHHIO TJIOLOPOAHBIX, OOraTHIX MNHTATENbHLIMH BeIeCTBAMH OCALOYHMIX
Hnopoz W mouB (MeXTOpHEEe BNAJHHBI, HH3MCHHOCTH, AaJJIIOBHAJbHBIE DaB-
HHUHBI, TOAMBEl H JEJNBTH PEK U T. 1.).

B cayuasix kpaifHero BbIpa)KeHHs, HampuMcp BO BJAXKHHX TPONHKAX,
ocTaTouHas 3JIOBHAJbHAs KOpa BhIBeTpPHBAHHS BeCbMa oOeJHSETCA 3JIEMeH-
TaMu, Heo6XOAMMbIMH 1Jisi TPOU3PACTaHHss W NPOAYKTHBHOCTH pPAaCTeHHI.
ATo KaoJHHHTOBHE, QeppHTHBIE U aJIHTHbe (GOKCUTOBHIE) KODHI BBIBETpH-
BaHHs, yTpaTHBLIMe OOJBIIHHCTBO TMOABHXHBIX KOMIIOHEHTOB.

B cBoeM KpaitHem BhIpaXKeHHH B YCJHOBHfIX 3aCyLLIHBOTO KJIHMATa akKy-
MYJSITHBHASL KODA BEIBETPHBAHHS NpeEICTaB/seT COOOH CKONJIEHHs IIOYTH
YHCTBIX XMMHYECKHX 0CagkoB: Kap6oHATOB, cyab(aToB, XJOPHAOB, HUTPATOB
mesnouell M IEJOYHBIX 3eMeJb. DTOT cyOcTpaT HeGJarompusTed LA Cylile-
CTBOBAHHS PACTHTENbHBIX H KHBOTHBIX OPraHH3MOB M IJis1 Pa3BHTHS INVIONO-
POIHLIX ITOYB,

JKesne3uCTH saTepuT — NPHMeEp aKKYMYJsSTHBHOTO Ipolecca B YCIOBHSAX
TPOIHKOB H BMECTe C TeM KPaltHero GHOJOrHYeCKOro Gecmofnst HOYBBL.

Hau6osee 6araronpusiTHbie YCJIOBHSI 1JisT OGpasoBaHusi MOYB BHICOKOTO
MJIOLOPOAHS CO3[AI0TCA B MPOMEXKYTOUHBIX YCIOBHAX,



FEOXHUMHUS
MMOYBOOBPA3OBATEJIbHBIX
MMPOLECCOB

B npoueccax BHBeTpHBaHHs M NMOYBOOGPA30BaHHs 06PA3YIOTCS 3HAUHTENb-
HbI€ KOJIHYeCTBA BTOPHYHBIX COEJHMHEHHH, OTINUYAIOIUXCH BeChbMa PasJHuHON
reoXHMHYECKOH MOABHKHOCTEIO. OHH BKJIOYAIOTCS B HOBBIE LHKJbI TE€OJOIH-
YeCKOro, MOYBEHHOro M OGHOJOTHYECKOTO0 KPYIOBOPOTA BEINECTB H MEpPexKH-
BalOT CJAOXKHYIO HCTOPHIO MHTpAaLuH, Nepepacnpesiesnetts, B3aHMONEHCTBUA U
AKKYMYJAIHAH.

[lepnonnueckne ¥ cayuyailHble U3MEHEHHsS YCJAOBHH Cpelbl; KoJeGaHUA B
OKHCJIHTEJbHO-BOCCTAHOBUTENBHON M LIEJOYHO-KHCJAOTHOH  0OCTaHOBKE;
B3aUMOJEHCTBUE NIPOLYKTOB MeXAY co00il; HapyIIeHHs B COCTOSIHHU pacTBO-
pOB, BbLI3bIBA€Mble HM3MEHCHHAMH CKODPOCTH [ABHXKEHHS BOIHLIX IOTOKOB,
HarpeBaHWeM, HCIapeHHeM ¥ TpAaHCOHpalHed MOYBEHHO-TPYHTOBHIX BOA,—-
BCe 3TO BeCbMa pe3Ko CKasblBaeTCsi Ha Mpoleccax MHIpalud H OCaXKAeHHd
NPOAYKTOB BLHIBETPHBAHHMS M HOYBOOOPA30BAHHS, HAa HX PAaCTBOPHMOCTH U
AVCHEpPCHOCTH, Ha GOpMHPOBAHHH HOBOOOpasoBaHHH, clelH(HIECKHX TOpH-
30HTOB IIOYBHI, TUIIOB KOPbl BHIBETPHBAHHSA, OCANOYHBIX NOPOI.

Beinoc, nmepepacnpesiesenne, aupdepeHnHanis H CKOIJIEHHE MPOAYKTOB
BEIBETPHBAHUS M NOYBOOGPASOBAHHUS MPOHCXOAST B JaHAMA(DTaX KaK B FOPH-
30HTAJBHOM HAaNPAaBJCHHH N0 YKJIOHY MECTHOCTH, TaK H B BePTHKaJbHOM
HHCXOAMIIEM M BOCXOIANIEM HAaNpapjdeHHsX. B pesyabrare HempephBHO
TEKYLIHX MPOIeccoB 06pa3yIoTCsi MOUBLL ¥ HX FOPH30HTHI, MOUBEHHBIA OKPOB
KaK COBOKYNHOCTb, THOBI KOpPLl BbIBCTPHBAHHSA, Pas3yiHuHble (GanuH H CBUTH
0CaJOUYHBIX MOpPOA.

CloXKHBILIHeCs] M, HA TEPBHIT B3TJsAA, Kak Obl HENOABHIKHBIE THOBl HOYB
M KODBbl BHIBETDHBAHHA B ACHCTBHTE/JbHOCTH SIBJSIOTCS He TOJBKO NPOAYK-
TaMH IBHMKEHH U TepepacrlpeeseHHs Bel(ecTB B HX Ie0JOTHYECKOM H GHO-
JIOTHYECKOM KPYrOBODPOTE, HO H YCTOHYHBO-LJIHTeIbHOH (hopMOi CyllecTBOBA-
HHS U IPOSIBJCHHUS 3THX NEJIOT€OXHMHUECKHX IPOLECCOB.

®AKTOPbI OBU)XEHHS, MEPEPACNPEAEJEHHSA H HAKOIVUIEHHS
MPOAYKTOB BBLIBETPUBAHUA U MOYBOOBPA3OBAHHSI

®akTopaMH MHIpaly NPOLYKTOB BEIBETPHBAHHS H TNOYBOOGPA30BaHUS
SIBJISIIOTCS: JKH3IeNEATeNbHOCTh OpraHH3MOB, JBHXKEHHE BO3AYLIHBIX Macc
¥, 0cOOeHHO, IBHXEHHE BOIHBIX pacTBOPOB B (OpME MOBEPXHOCTHOrO, ped-
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HOTO M MOA3eMHOrO CTOKa, 06Pa3yoimero cBoeobpasHblii TeOXHMAUECKUT MO~
TOK BCIIECTB B [lanpaB/JellHH OT TOP W BO3BHILEHHOCTEH K HH3VEHHOCTSIM
H MOpPSIM.

Bce ¢opmbl OBHXCHUS, pasfeseHus ¥ HAKOMJIEHHS 06pa3oBaBUIHXCS
MPOAYKTOB BHIBETPDUBAHHS H HOYB0OOODPA30BAHHMA OODBeNHUSIOTCS HOHSITHEM
«MHTpauns BemlecTs». Pasjinyne B MHIDAUUOHHOH CHOCOGHOCTH BEmECTB
BEJIeT K Pas/IMYyHON CKOPOCTH HX JABHIKEHHMS], a CJCNOBATEJNbHO, U K HOCTEHEH-
HOHt nudpepennranuu B npocrpanctse. U ccau npu 006pa3oBaHUH OCTATOU-
HBIX 3JIOBHAJNBHBIX THIOB KOPH BLIBETPHBAHHSI HDPOAYKTH, OGJdajfaiolne
HaHOOJbIIEH MHUTDAIHOHHON CIOCOGHOCTBIO, HHTEHCHBHO BBLIHOCATCS, TO B
o6/1acTAX GOPMHPOBAHUS AKKYMYJSTHBHON KODH BLIBETPHBAHHS HMEHHO
NPONYKTH C HAHOOJbINEH MHIPAUHOHHOH CMOCOGHOCTBLIO SIBJSIOTCS Xapak-
TEPHEIMH KOMIOHEHTaMy HAKOIJIEHHS. :

B ofmewm Bume MHrpanuoHHas COCOGHOCTb NPOAYKTOB BEIBETPHBAHUS H
noYBOOGPA30BAHHKS 34BHCHT OT CTeNeHH IHCIEPCHOCTH MaTepHasa H ero
Ppacrsopuvoctd. Huxe mokaszannl passiuunbie GopMbl IepeHoca NMpOLYKTOB
BLIBETPUBAHUS:

O6MoMouHBI MaTepHas Ocrlny, onoJ3HH, BoJOYEHHE WO AuY
pPeKd WJIH MO CKJIOHAM

Tecox, neub, radHa BozHele H Bo3LymIHEle CYCTIeH3HH

TouenHE TymMye Vionnple ¥ KOJUIOMJHEIE DAacTBODH,
TOHKHE CYCHEH3HH

Coeaunenus Al, Fe, Mn, Komriexchble coelHHeHus ¢ oprau-

Ni, Co YeCKHMH KHCJIO0TaMH, OHKapGOHATHI,

KOJUIOH AHBIE PACTBOPbI, TOHKHE CYCIieH-
3WH THADOOKHCJIOB

Si0, (NOABMKHEL) Vionnble, MONEKYJspHEIE H KOJJAOHL-
HBIE PACTBOPHI, TOHKHE CYCHEH3HH Kpe-
MHe3eMa

Cosm Boanre pacTBophl, TOHKHE CYCIIEH3HH

KPHCTAaJJIOB,; 30JI0Bble B3BECH

JlucnepcHocTs BelIECTB

Uewm Bbime CTeNeHb AMCIEPCHOCTH ,BEmIECTBA, TeM G6oabluefi YCTOHYH-
BOCTBbIO, a CJIEAOBATE/]bI0, M MNONBHIKHOCTBIO B BO3AYIIHOM HJH BOLHOM
noTOKe 06J1afaeT COOTBETCTBYIONIAs NHCHepCHAS CHCTEMA.

Fpy6oo6aoMouHble MPOAYKTH BLIBETPUBAHHS, K4K INPABHJIO, HE MOTYT
nepeMemaTbcs Ha 3HAYUTENbHBle PACCTOSIHHY OT MecTa WX o6pasoBaHHs U
GopmMupYIOT Gau3JexallHe HOKPOBH OOJOMOYHOTO [eJIOBHS H NPOJIOBHS.
ITecuanble yacTHIBE TPAHCIIOPTHPYIOTCST BETPOM H OCOGEHHO BojoH Ha 3Ha-
YHTeJbHbIE DACCTOAHUA M MOTLYT YXOAMThb AAJIEKO OT MEcTa BO3HHKHOBEHUS,
ydactBys B GOpMUPOBAHUH AENIOBHAJbHLEIX, TPONIOBHAJBHLIX H a/JI0BHAJb-
HBIX oT/IOXeHUH. Ellle najsee MUTPHPYIOT [BlAEBaThie YacTHIb, TOHKHE NHe-
BaTble YACTUIL NEPEIBHTAIOTCA HA OTPOMHBIE PACCTOSIHHS C BO3AYLIHBIM
MOTOKOM, a TakXe B (opMe BoAHBIX cycleHsuél. Uro xacaercss IJIHHHCTHIX H
KOJITTOHAHBIX 4acTHIl, TO OHH OJaronapsi cBoeil YCTOWYHBOCTH B BOIHBIX CYC-
HeH3UsX, 0cOGEHHO B ABHXKyIIelics BOJAe, B COCTOSIHHHM NEPENBHraTbCsS HA
THICAYH KUJIOMETPOB OT MECTA BO3HHKHOBEHHS, yu4acTBysl B (DOpMHPOBAHUU
TVIHHHCTBIX aJJIIOBHAJbHBIX H AeJIOBHAJBHBIX OTJIOXEHHRH.

BrisicHeHO, uTO Aas NepeaBHXKeHHs BanyHoB auamerpom 30—50 cu
HY}KHa CKOPOCTb TeyeHHsl nopanxa 3—>5 m/cex, nns NBUXKEHHS TajbKH nHa-
merpom 10—20 mm wueoOxomuma ckopocth mortoka 1,5—2,5 m/cex. Tlecox
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Puc. 31. Cxema pacopeneneuns
KJaCTHYECKHX MHHepaJoB B Tpany-
JOMETPHUECKOM  CleKTpe O0caZKoB

-1

B A6

(Ctpaxos, 1963) 2

a — 6onee Jierkie W TBePAbIE MHHepasbl 4 5
TAXesqo dpakuuy (TypManHH, 3nu-
J10T, CTaBPOJINT); 3

6 — Bomee TAXKeEIbE M MArKiie MAHEDAJL!
TAXeI0H Gpakuuu (IUPKOH, PYAHbLIC.

anatur H ap.). /
! — 0BM0MKH NMOPOL; £y y
2 — kBapu; /ol
3 - noJeBLIC WMATH; IR AT )
£ Tamenas Gpaxuu; 105 2 1 05 02 0100500260100050002

5 — MYCKOBHT # MHHMePajhl TJIHH Pparyuu, mm
14

XOpOUIO TPAHCIOPTUPYETCs yxKe IOTOKOM, HMEWUHM CKopocTh 0,15—
0,30 m/cek, a TMMHA ¥ TOHKHH HJ NepeMeIaloTCsi BOLOH Haxe INPH KpalHe
HeGOoJbLUIOM TeueHuH, nopsaka 0,05—0,1 u/cex.

C H3MeHeHHeM pa3Mepa MEXaHHUECKHX OOJIOMKOB MeHseTcsl HX MHHepa-
JIOTHUECKHH M XMMHUeckHil coctaB. OcOOEHHO Ba)KHO, YTO C BO3pacCTaHHEM
CTENEeHH J[HCIEPCHOCTH B MBLIEBATO-TIHHHCTHIX YACTHIAX YMEHbIIAETCS
colepKaHHe TAXKeJBX MHHEpaNoB, KOTOpHE OCETal0T B BEPXHHX YaCTsX
OaccefiHa, M IOJIEBHIX IINATOB, KOTOPHle INOJABEPraloTCs BBHIBETPHBAHHIO, a
KOJIHUECTBO YCTOHUHBBIX MHHepasoB (IHPKOH, TYpPMaJHH, CTABPOJHT H ZIp.)
H KOJIMUECTBO CJIOJ, BIOPHUHBIX IJIMHHBIX MHHEPAJIOB, IOJYTOPHBIX OKHCJOB,
NLUJIEBUIHOTO aMOpP(PHOro KpeMHe3eMa M OPFaHHYeCKOFO BeHIECTBA YBeJH-
YHBAETCS.

Taxum o6pasoM, mexalimueckas AHM¢epeHIHAHs TPOLYKTOB BBIBETPH-
BaHUS U INOYBOOGPA30BAHUS B XOJe HX IlepeHOCA U OCaxKJAeHHs BeleT BMECTe
¢ TeM K (OpPMHpPOBAHHIO NOYBOOGPA3YIOMHX NOPON H NMOAMEHHO-HEJbTOBHX
[OYB Pa3jHYHOI0 MeXaHHYeCKOr0 H XHMHKO-MHHEpAaJIOFHUeCKOI'0 cOCTaBa
(puc. 31). IIpu aTom nmertporpaduyeckuil H MHHepasoTHYecKHi COCTAB B pas-
JHUYHBIX yacTsaX OacceflHOB PeK H HX NpPHTOKOB O0Kas3blBAeT CYIUECTBEHHOE
BJIMSHNE HA XapaKTep a/JII0OBHAJbHBIX OTJOKEHHH.

PacrBopuMoCTh coenuHeHMI

MurpanuonHas crnocoOHOCTb PacTBOPOB HEH3MEPHMO BHILIE, YeM Cyc-
nensuit. MurpamuoHHas CHocOOHOCTb PACTBODHMHIX IPOJYKTOB BHIBETpHBA-
HHsA ¥ OYBOOGPA30BaHNUSA TEM BHIIE, YeM GOJIblLIe HX PACTBOPUMOCTb B BOJE.
Taxue manopacTBOpHMBIE COECIHHEHHS, KaK CHJAHKATH, YIVIEKHCAB KaldbUui
H LOJOMHT, IpH HCIapeHHH NOYBEHHHIX H FPYHTOBBIX BOZ OHICTPO 0Gpasyior
HACHIIIEHHEE PACTBOPH, BHIIALAIOT B OCANOK H aKKYMYJHPYIOTCS B 0camou-
HBIX MOpPOJAX H mouBax. ManopacTBOpHMHE COeTHHEHHS (CHIHKATHI, yIJe-
KUCJIBIE KaJbIHH, YIVIEKHCI0e XKeJe3o H Mapradel, docdhaThl KajablHs)
He MOTYT MHTPHPOBATh Ha [IaJieKHe pAacCTOsiHHS OT Mecra 006pasoBaHuS.
MurpanonHas CIOCOOHOCTh THIICA 3HAYHTEJIBHO BEHIIIE, 0COGEHHO B CMeECAX
¢ npyrumu coqsiMu (¢ NaCl, MgCly), xorna pacTBOPHMOCTb FHIICA YBEJHYH-
Baerca ¢ 1,9 nmo 10—15 e/4. Tak kak pacTBOPHMOCTb THNCA H YIVIEKH-
CJIOTO KaJbliHsl CH/IBHO pasJHyaerTcsi, B IPHPOLe UACTO BCTPEUAIOTCs pas-
HeJabll0 30HbB AKKYMYJSUHH VYIJeKHCJAOro KaJbIUsA H 30HH aKKyMYJAIHH
rHICa, HO BO MIOTHX CJyuasix OHH KOHIEHTPHPYIOTCA B IIOYBAX H HaHOCAX
COBMECTHO.
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Puc. 32. OtHocuTesIbHAsA pacTBOPUMOCTh coneli B Bofe npu 20°C

3HaAuHTENbHO BBIllie PACTBOPHMOCTb YIVIEKHCJBIX W CEPHOKHCJIBIX coJaell
datpus u Kanaus. COOTBETCTBEHHO W HX MHrpalHOHHAsi CIIOCOOGHOCTb TaKXKe
HaMHOro BHIIe, [To3TOMY HHPKYJISAUHS MOA3€MHBIX M HAa3eMHBIX BOJ CIOCOG-
CTByeT BhILEJNAUHBAHUIO H NepeMelleHHI0 Cynb$aToB H KapOOHATOB Lles0Uel:
Ha CPABHHTEJBHO JaJbHHE PACCTOSHHS H 0OYCJOBJHBAET HX NMPOCTPAHCTBEH-
HOe pasjeneHHC OT KapBoHATOB M CyJabdaToB kampuusa. OCOGeHHO BeJHKa
pPacTBOPHMOCTb XJOPHJOB KaJsblliis ¥ Marius, a TAaKKC HHTPATOB HATPHA H
KaJaplusa. MUIpal#OHHAs CNOCOGHOCTh 3THX KOMIOHEHTOB IIO3TOMY IeOObl-
4afiHO BeJHKAa, H OHH AKKYMYJHPYIOTCS OOLIYHO Ha 3HAUHUTEJbHBIX Paccros-
HHAX OT MecTa o6pasoBaHus, GOPMHPYsS DPacTBOPLI OYeHb BBHICOKMX KOHIlEH-
Tpauut.

O pacTBOPUMOCTH cOJIefl KK ITOKasaTe/le MX MHIPALHOHHOH CIOCOGHOCTH
MOXKHO CYAHUTh IO TaHHBIM PHC. 32.

U3BecTHO, OLHAKO, YTO pAacTsOPHMOCTb HEKOTOPHIX COJeH MeHsercsd B
3aBHCHMOCTH OT YCJIOBH{ CPeJBl: TeMIIEPATYpPbl PAcTBOpa, MPHUCYTCTBHA HJIH
OTCYTCTBHS CITyTHHKOB, NOBBIIAIOMEX HJIH MOHMK AKX HX PACTBOPHMOCTb.
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3 Ca(HC Oy, Puc. 33. PacrsopumocTh rumca H
oy S 6ukapboHara KaJbLug B NOYBEMHAIX

Z " pacTBopax B 3aBUCHMOCTH OT KOH-

f HeHTpaluu XJAODHCTOTO  HATpHsA

L (Kusuaosa, 1955)
q 20 60 174 740 180 Nall,am

PacTBOpHMOCTb HEKOTOPBIX COETUHEHHH, HAPHMeEP XJIOPHCTOrO HATPHs, MaJO
MEHSIeTCS B 3aBUCHMOCTH OT TeMmmepatypbl. [loatoMy XJOpucTHA HaTpuil
OTJIHYAETCS] BRICOKOH yCTIOHYHBON MHUIDPAIHOHHON CHOCOGHOCTBIO HE3aBHCHMO
OT Ce30Ha, KaK B XKAapKHUX, TaK H B XOJOJAHBIX CTPaHax 3eMHOro mapa. Pac-
TBOPHMOCTDb XKe YIJVIEKHCJbIX ¥ CEPHOKUCJBIX COJMEell HATPHS H Kagaud, OYAy4H
BEICOKOH mpu TeMneparype +20, +30° pesko cHmxkaercs npu +10° u oco-
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OEHHO IIPH HYJEBbIX H OTPULATE/bHLIX TEMIIEpaTypax. ATO BelleT K OLICTPOMY
NepecHIUEHHIO TPYHTOBBIX BOJ ¥ IOYBEHHBIX DACTBOPOB CEPHOKHCJBIMH H'
VIJIEKHCJABIME COJIIMH HATpPHdA, BLHINAMEHHIO HX B OCAJ0K H OTAEJEHHIO OT
XJIOPHIOB.,

OO6bluHO JIErKOPACTBOPHMEIE COJIM MHIPHPYIOT B IIOUBEHHBIX PACTBOPAax H
TPYHTOBHIX BOJAaX B BHIe cMecel. IIpHCYTCTBHE OTHUX KOMIIOHEHTOB CIIOCOG-
CTBYeT IOBHILIEHHIO HJIM NOHHXKEHHIO DACTBODHMOCTH Apyrux. Tax, XJopH-
CTHI{f HATPHH BecbMa 3aMeTHO IOBHIIIAET PACTBOPHMOCTb YIJIEKHCJOTO KaJb-
UMsi ¥ DPESKO MOBhIIIAET pacTBOpHMOCTb rumca (puc. 33). CHmxkaercs pac-
TBOPAMOCTb CEPHOKHCJBX COJIeH KaJblHsi NPH BBICOKHX KOHLEHTPALHAX
cyibdata Hatpus. B 31oM nNposiBasieTcd BJHMSAHHE H3BECTHOrO IpaBHJia O
NOHHZKEHHH PACTBODHUMOCTH COJIell B NMPHCYTCTBHH OZHOMMEHHEBIX HOHOB,

Pe3ko MeHsieTcs pacTBOPHMOCTb YFVIEKHCJIOTO KajbIUs H CepPHOKHCJAOrO
KaJbUH{s B 3aBHCHMOCTH OT pPeakUHu cpelbl, TeMIepaTypbl ¥ KOJHYECTBA
YrOJIbHOH KHCJIOTH], IPHCYTCTBYIOMeH B aTMocdepe H pacTBope (pHc. 34, 35).
[ToBbillleHHe MapUHaJbHOTO 1aBJeHHS YTOJBHO KHCJIOTH, TAK Xe Kak M
[OHMKElne TeMIepaTyphbl, Pe3KO NOBHIIAeT pPACTBOPHMOCThH YIVIEKHCIOro:
Kanabiusa. HaoBopor, IDHCYTCTBHe B PAacTBOpax naxe HeOOJBIIHX KOHIEH-
TpallUd HOPMAJbHON H ABYYIVIEKHCJOH COJbl BBISBIBAET PE3KOe IOHHUXKEHHe
paCTBOPHMOCTH YIVIEKHCJIOrO KaJblIHA W YCHJAHBAET €ro Nepexoj B 0CAaNoK
IOYTH 10 NOJHOI0 HCUEe3HOBEHHA.

OTMeueHHble M3MEHCHHUA B PACTBOPHMOCTH PASJHUHBIX COJefl B 3aBHCH-
MOCTH OT TeMIepaTypbl H NPHUCYTCTBHS APYTHX coJefl 00YyCIOBAHBAIOT BO3-
HHKHOBEHHC IIPOCTPAHCTBEHHOH [ubdepeNnHaluH XHMHYIECKOTO COCTABZ
coJiell Ha TEPPHTOPHHM MATEPHKOB B IIOYBAX, HAHOCAX, B 'PYHTOBBIX BOZaX H
osepax. B wacriocTH, peskoe CHHXKEHHE PacTBOPHMOCTH JBYYIJIEKHCJIOLO
KaJblIHs PU BO3pACTAHIK TEMIIEPATypPhl TPYHTOBBIX BOL BeleT K CKOIJIEHHIO
YIVIEKHCJIOTO KaJbllHsi B BHAE OOLINPHBIX ITOSCOB B 30Ie KOHTAKTa NMPEArop-
HBIX paBHMI H Top. B apumubIx pajioHax CXOAHBIM IIyTeM, HO IJIABHHIM
06pasoM BeJeJICTBHe HCmapeHus, GOPMUPYETCS MOAC THICOHOCHBIX HAHOCOB
H MOYB HIKe II0Sica 4KKYMyJAAudAu KapOOHATOB KaabLus. B X0J0AHHIX
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Puc. 34. Pacrsopumocts CaCQOj; B 3aBUCHMOCTH OT naplidajipHoro nasienus CO; B atMO-
cepe npu 25°C

Puc. 35. Pactopumocts B coneBmx cucreMax CO;—NaCl—CaS0O,—CaCO; (25°C); TB.
taza CaSO,-2H,0+4CaCO;s .

1 —~ Ca(HCO3)z; 2 — CaCO;; 3 — CaSO4.
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KOHTHHEHTAJbHBIX CyXHX 06JacTsix OOHapyXKHBAaeTCd NPEeHMYHIECTBEHHO aK-
KyMyJasilus kapOoHaTOB K cyJabdaToB HATPyA. DTO B CyUIECTBEHHON Mepe 00b-
SICHAETCS YMEHbIUEHHeM HX pAacTBOPHMOCTH B OCEHHE-3HMHEe-BEeCeHHHH
ce30Hbl. IIpucyTcTBHE B XJIODHAHBIX COJIOHUAKAX H XJOPHAHLIX BOJAX 3aMeT-
HOTO KOJHYeCTBa THIICA CBA3aHO, KAK Mbl BHIeJH, C NOBHIIIEHHEM ero pac-
TBOPHMOCTH B IPHCYTCTBHH xJOopHIoB Na n Mg.

OpraHguecKkue BewlecTBa

BansHHe OpraHHYeCKHX BELIECTB HA FEOXHMHUECKYIO MOIBHIKHOCTbH 3Jje-
MEHTOB H HX COCIHHEHHH CTOJNb XK€ BeJHKO, KaK H BJHAHHE MHHEPaJbHBIX
«coJiefl. D10 BHOJIHE OOBSICHHMO XOpPOLIO H3BECTHHIM CTAGHJIH3HPYIOLINM <«3a-
IIMTHBIM JeficTBHEM» PacTBOPOB (30Jell) rymyca (Kak H psana APYrHX Opra-
HMYECKHX BeIecTB, HAIDHMep JKeJaTHHbl) Ha KOJLIOHIAHBIE DACTBOPH H
cycrnensaud. X ycToluuBOCTD NPOTHB KOAryJsiILHH 3HAUHTEJIbHO BO3pacTa-
eT B MPHCYTCTBHH OPTaHHYECKHX KOJJIOHIHBIX coeluHeHul. [lomyckaercs, 4To
U KOJJOHIHBIE DACTBOPHl THAPOOKHCH KPeMHH# 06J41al0T CXOMLIBIM
neHCTBHeM.

Eme OGouplllee BJAHSAHHe Ha TeOXHMMHUECKYI0 INOJBHKHOCTb H CYAbOHI
XKeJesa, Maprasna, allOMHHHS, HHKeJAs, KOOAJbTa H MeIH OKashiBAlOT I'yMy-
COBBIe KHCJIOTH ¥ 0c00eHHO (Qy/abBOKHCIOTH. PyJbBaTH 3THX MeTajal0B, KaK
npaBHa0, pacTBopHMH (Tiopun, 1949; [TonomapeBa, 1949). B anaspoGHO#
KUCJOH cpeme GyJabBaThl MeTaJJIOB HAaCcTOJbKO MOGHJBHEL, 4TO B G0Jib-
IIHX KOJHYECTBAaX IOCTYNAIOT B NMOYBEHHBIE H TPYHTOBHIE BOJIH, B POMHHUKH U
pexH. BoaHble pacTBOpHL 3THX OPraHO-MHHEPAJbHBIX COCNHHEHHH mHpHOGpe-
‘Talor 6yphLIA H TeMHO-OYpHIH 1BeT (YepHBIE BOABl TPONMUECKHX JIECOB, JIECOB
# 60J10T 6OpeassHOro nosca).

Ta6auma 28

BausiHue pacTBOpPeHHBIX OPraHYYeCKHX BEWECTB HA TMONBHKHOCTD METAMIOB, 7/A
(Karau, lenedep, 1959)

Hoernocte: NI Co Mn Cu Al
30 0—3 0—1,9 92744 916 - 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

HackosbK0 HHTEHCHUBHO BO3pacTaeT MHUrpauyoHHAas cnocoGHOCTh MeTal-
JIOB ITOJ BJHsIHHEM 00pa30BaHUs HX COeNHHEHHE ¢ PYJbBOKHCAOTAMH, MOXKHO
CYZUTb IO HaHHBIM TabJ. 28, otHOcAmHMesA K Besopycckomy IMosechio. Uem
BhIIlle YPOBEHb LBETHOCTH BOJABI DA3JIMYHBIX DedYekK, TeM BHIIIE H KOHIEHTpPA-
uMsl Mapradia, HHEKesas, KoGajabTa, MenH, aJMioMHHHSA. To ke OBLIO YCTaHOB-
JIEHO H IJd cOelHHeHHH KeJe3a.

Or o6iiero KO/aHYecTBA IPHUCYTCTBYIOLIEro OPraHHYECKOI'0 BeLIeCTBA B
sofax Jlwenpa, HeBbl u Ipyrux pek CeBepHOTO INHTAHHUS HA NOJIO0 KOMILIEKC-
HEIX COCHMHEHHH C T'YMYCOBBIMH KHCJOTAMH NPHXOIHTCA OJ TAKHX MeTal-
J0B, xax Fe, Mn, Ni, Cu, 1o 50—70%. PactBopnl (30.1H) T'YMHHOBOH KHC-
JOTH, KaK NMPABHJAO, B KHCJOM H HEHTPAJbHOM HHTepBaje pDEaKUUH OCaXK-
JalT aJiOMHHHH, Xejge30, Mapraden, Melb, HHKeJb, KOGaJbT, LHHK. ITH
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TPAKTHYECKH He PACTBOPHMbIE OCAIKH I'YMAaTOB SIBJSIOTCA KaK UMCTO XHMH-
YeCKHMH COJe00pasiblMH COeIHHENHAMH, TaK ¥ HPOINYKTAMH B3aHMHOH KOa-
ryasmuy u ancopbuun (Adekcannposa, 1954; Opaos, Epounyena, 1967).

B menounoii cpene 06pa3yroTcs NMOABHKHBIE (HEKOATYJHDYIOUIHE) KOJI-
JIOHJHbIe PAcTBOPH ryMaroB wicjouyell. OIHAKO OBYX- W TpPEXBAaJEHTHHIE
MeTa/uIbl B IIEJOYHOH cpefle TakkKe OJIOKHDPYIOTCS B BHIE HePACTBOPHMEIX
HJIY MaJIOPAaCTBOPHMBIX OCAIKOB.

IMoaBuKHEIE OpraHo-MHHepaJIbHBIE COeNHHEHHs, NOCTYNHB B NOYBEHHBIE
# TOBEPXHOCTHbIe BOIH, B LAJbHEHIIEM YHOCSTCS T€OXHMHUYECKHM HOTOKOM
B TPAH3HUTHBIE H AaKKYMYJ/SATHBHbIE JaHAMIa(THL.

Mul eute mI0x0 3HaeM IeJOTeOXHMHIO OpPraHHYeCKHX coenuHenuit. Ho To,
YTO Mbl 3HaeM H HaOJMIONaeM B IIPHpPOJe, NO3BOJSET CYHTATH TOPH3OHTAJb-
HYIO ¥ BEPTHKAJbHYI0 MHUIDALHI0 H AKKYMYJSNHIO PACTBOPEHHBIX OpraHHye-
CKHX COeJIMHEHHH yriepofla BaKHLIM siBJeHHeM B FeOXHMHH H I0uBO0Opaso-
BaHuH. CoennHeHua (PynbBOKHCIOT ¥ OKCHKHC/IOT MHTPHDYIOT B FeOXHMHUe-
CKOM IIOTOKe B AelpeccHH M HaKaIIHBAIOTCA B ITOYBAX NONBOJHOTO H KalHJ-
JSIpHO-THAPOMOP(HOro THIIA COBMECTHO ¢ AJIIOMHHHEM, XKeJjie30M, MapraH-
uem, bochopom. [TouBsl HH3HHHHX 60J0T, NOHM, HebT OORYHO OOOraleHbl
3TUMH KoMIoHedtamHu. [lo-BHNHMOMY, MHOTHe TeMHBIE JIYTOBBIE IIQOUBB
IOJHH TIOJAYYAIOT 3HAYUTE/bIIble KOJHUECTBA PACTBOPEHHOIO I'yMyca BMeCTe
C aJJTIOBHEM, a TaK¥Ke H3 KaNWJJISPHON KalMbl IPYHTOBBLIX BOI, COILEPKaUHX
ryMmyc. XOpoLIo H3BECTHH HJJIOBHAJBHO-TYMYCOBble FOPH30HTHI B ITeCYaHBIX
TIOM30JKUCTHX NMouBax ceBepa. Oum muHorma comepxat no 5—8Y% rymyca B
OXeJe3NeHHOM YIUIOTHEHHOM ropusoHTe. ['yMycoBhie (c Kese30M, aJIOMH-
HHeM, MapraHleM) YIJIOTHCHHble TODH3OHTHI (XapAleH) THADOTeHHOrO Npo-
HCXOXKJEHHA 4acTO HaG/ao0galoTcss B CyOTPONMUYECKHX H TPOHHYECKHX TOJ-
30/18X.

YcunenHoe HaKOIJIeHHe OPraHHUECKOro Yriepoga B KOHTHHEHTAJbHBIX
OTVIOKEHHSAX, KAK H MouBo06GpasoBaHue, HauaJoch B EBOHCKYIO H 0COGEHHO B
MEJOBYIO H TPETHUHYIO 3MOXH. I'eoslorHueckKHe CKOIVIEHHS OPLaHHYECKOro
yraepona (yraH, caaHoe, topda)  cocpeloTOYeHH, KaK YKasblBaeT
H. M. CrpaxoB, B I€OCHHK/JHHAJbIIBIX H HPHMBIKAIOLIHX MiaaT(opMeHHbIX
06J1acTAX, T. €. B MOTPYKAIOIIMXCH aKKyMyJAATHBHBIX Jauamadrax, rie pac-
ToJlaraioTess 06BOJHEHHBEe, 3aTOphOBaHHbBIE HH3MEHHOCTH, JENPECCHH, JeJb-
11, Jaryasl (CtpaxoB, PoamonoBa, 1954). B cpeaneM eXeroiHO BBIKJIO-
yaeTcd H3 GHOTEHHOrO LHKJIA H HALOJNr0 3aXOpOHsieTCA B AOHHBIX OcalKax
oxosno 0,8% macchl OpraHHYeCKHX BeEHIECTB, €XKerolHO CHHTEe3HPYeMBIX Ha
miaHere. Cpennue ko3 uuneHts GOCCHIH3AUNHH OpraHHKH, no B. A. Vc-
nexnckomy (1956), TakoBbI:

Bonora 8,60
Osepa 1 pekn 42,2
Mlened oxeana 1,04
KOHTHHEHTAJBHEI CKIIOH 0,37
Tny6okde 061acTH okeaHa 0,06

Peakuyus cpenbl

YcnoBusi peakUHH Cpeibl HMpalOT CYIIECTBEHHYIO POJIb B MHFpaldH H
OCaXKIeHHH MHOTHX IIPOLYKTOB BLIBETPHBAHHS H I0YBOOGpa3oBaHud. B kHC-
J0#1 cpene, T. e. npH pH=5—6 u MeHbIle, BO3pacTaeT MHTPANHOHHAS HOX-
BHZKHOCTh GOJIBIIHHCTBA XHMHUYECKHX 3JEeMEHTOB H oO0pasyiorcs HX OoJiee
PACTBOPHMbIE COeIHHEHHs, HAIPUMEDP COeLMHeHHs Kese3a, MapraHua, aJfio-
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MHHHS, AOJNOMHT, KaJ/bUMUT, THIC, KOTOPble B KHCJOH Cpele HHTEHCHBHO
pacTBopAOTCA H paspymaiorcs. QyJbBOKHCJIOTH TakXKe 06pasyloTcs Ipe-
HMYIECTBENHO B TyMYCOBBIX FOPH30HTAX KHCJABIX NMoyB. OHAKO pacTBOpH-
MOCTL HEKOTODPBIX COENHHEHHWH BO3PacTaeT B LIEJOUHON cpefme. DTO, B HacT-
HOCTH, XapaKTepHO [JA COeNMHEeHHII KpeMHe3ema. AJIOMHHHI HMMeeT NBa
MaKCHMyMa PacTBOPHMOCTH: OIMII B KHcJo# cpexge npu pH=3—35 u BTO-
poit —B mesounolt cpexe mpH pH=9—10. B nepBom cJyyae aTOMHHHI
BeleT ce6s Kak KaTHOH, a BO BTOPOM — Kak aHHOH (pHc. 36).

[unpookucH MeTa/oB Takke 06/a1alOT BHICOKOH NOABHKHOCTBIO JHIIb
B OnpeJ/ieJleHHBIX YCJIOBHAX peakuuu cpednl. IIpH NOCTHRKEHHH 3THX IpaHHIL
PeaxuyH cpeibl FHIPOOKHCH META/JIOB BLIMAJAIOT B OCAafOK; Tak, THADPO-
OKHCb TPEXBAJIEHTHOrO KeJse3a BhMafaer B ocajok nmpu pH=3—5 (mByx-
BaJIEHTHOr0 —5,5—7,5), a/momuuusi —npy pH=4—6, OepHJIHS — np:A
pH=6, nuaka npu pH=6—7, mapranua npn pH=85—10, Mar"us — npu
10,5—11 (depcman, 1937). I'MAPOOKHCH MIIGTHX MeTAJJAOB BHINALAIOT B
OCaIOK JIHIIb NPH BBICOKOH MeJoYHOCTH. K ux uncay ornocsarcs Co+2 Ni+2,
Zn+2, Mn+?, Cd+? koropnie naxe npu pH=8 wMoryr maxomutbcs B pac-
TBOpE.

B peskolien0uHO# cpele yBeqHyHBaeTCs MOIBHIKHOCTb TyMycd, KOTODhI
06pasyeT TeMHOOKpAIUIEHHbIE BBHICOKOMHCICPCIbIE KOJJIOHAHBIE PACTBOPHI.
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(ITepeabman, 1966)
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Miukpoaneventsr Sr, Be, Cu, Zn, Cr, Mn, Ni, Co noasH:KHbB B KHCJIOH
cpene, a As, Cr, Mo, V+5 mo6unbHn B menounofl cpene (Ilepeanman, 1968).
Uro xacaerca Li, Rb, Cs, Br, I, To oHH HOABHKHEI B IIUPOKOM AManaszode pH.

PacTBOpHMOCTL COETHHEHHN MHKPO3JEMEHTOB 3aBHCHT M OT MX KOHIEH-
TpauuHu. [Ipn oyYeHp MaJiOl KOHIEHTpalHH MHKPOIJEMEHTH OCTAIOTCS B
pacTBope H He BHNaAalOT B OCANOK JaxKe NIpU CYUICCTBEHHBIX H3MEHEHHAX
pH mam nocse npubasnenns ocangutesnell. B ¢BA3H ¢ 3THM PacTBOPHUMOCTD
COeNMHeHHI GOJBIIMHCTBA MHKPO3JEMEHTOB B IIPHPOJAE BHIIE, ueM B Jabo-
paTopibix ycaoBHax. Onu crnocoOGHB TepenBHraTbes C BOJAHBIMH pAacTBO-
pamMu B OGCTAaHOBKe, IpPH KOTOPO# MOMxHBlI Obl GBHITh B Oocaike. [lostomy
Te 3navueHus pH, npu kKoTopbix B JaGopaToOpHH BHITAZAIOT MHKPO3JEMEHTH
B BHIE OKHC/IOB, He CJeIyeT MeXaHHUECKH NEPEHOCHTb B TPHPOAHYIO
06CTaHOBKY.

Posb peakuuu cpeisl B FeOXHMHUECKON NTOIBHIKHOCTH IPOLYKTOB NOYBO-
0o0pa3oBaHHA OUeHb CJOXKHA H 3aBUCUT OT COUeTaHUss MHOTHX (axTopoB.
O6mas posb peaKUHH Cpelbl B NOYBEHHOH TEOXHMHH HJJIIOCTPHPYETCS CXe-
Mmoit (puc. 37). OmHaxko B CJIOKHO¥ peasibHON AefCTBHTENbHOCTH BO3HUKAET
MHOTO OTKJOHEHHH OT 3TOH CXeMbl.

OKHCANTENbHO-BOCCTAHOBHTENbHbIE yciaoBus

PacrBopHMOCTD cOelHHEHHT, KOTOPbIe 00pa3yIOTCH 3JeMeHTaMH NepeMeH-
HOH BaJICHTHOCTH, BeCbhMa 3aBHCHT OT YCJOBHH OKHCJIHTEJIbHO-BOCCTAHOBH-
tesnbHOH oOcraHoBkH (Eh) u oT cootHomeHust mocaenHel ¢ peakuueil cpenst
(pHc. 38). B umcse TakHX 3JeMEHTOB NepeMeHHOH BaJIEeHTHOCTH B I'eOXHMHH
no4YB HeoOxomumo HasBath Mnt* u Mn+2, Fetd u Fet?, S-6 u S—2 Cut? u
Cutl, CO# u CO+%, V+5 u V+3, Hx BaseHTHOCTh 3aBHCHT OT YpoBHA Eh.
OTclofia ¥ MHTPAIHOHHAs CHOCOOHOCTh PA3HBIX COeqHHEHHH, 06pa3oBaHHBIX
3JeMeHTaMH pPas3jiHuHOfl BaJeHTHOCTH, XHUMWUYECKHH ¥ MHHepaJOrudecKui
XapaxTep OCAJLKOB THX COelHHeHH TecHO 3aBHcAT OT ypoBHs Eh. Tak, co-
eIVHEHHs] OKHC/JEHHEIX BBICOKOBANEHTHHX (opm xkenesza (Fet?) m mapranua
(Mn+4) mpu Eh==300—400 x8 c6sagaT HHU3KOH MHIPALHOHHOH CIOCOO-
HOCTBIO B HeHTpaJbHOH H cabokuchaoil cpele. Ho coennHeHns BocCTaHOBJIEH-
HbIX opm xesnesa u mapranna (Fet? Mn+2?) npu Eh or 4100 no —100 us
OTJIMYAIOTCS JOCTATOYHO BHICOKOHN PACTBOPHMOCTBIO H MOOGHJILHOCTBIO,

JuaMerpasbHO IIPOTHBOINOJOXKHO MOBeIeHHe coenHHeHH#i ceprl. [lpn
BHICOKOM OKHCJHTE/JbHO-BOCCTAHOBUTENBHOM IIOTeHHHase mopsanka -+ 500,
+600 M8 006pa3yloTcsi BHICOKONOIBHIKHEIE COEHHEHHsI Cepbl — COJMH cepHOH
kucaotnl (cyabdarsr). IIpu Eh nmopsnaka +50, —100 e cyabdars Boccra-
HABJHBAKOTCS, 00pasyloicsi CEPOBOAOPO] H HepacTBOPHMBble OCAaAKH CEpHH-
cthix Metaanos (Fe, Mn, Co, Ni, Zn, Cu, V, Ca, Mg, Na, K u np.). Coeanie-
HHSI XpOMa ¥ BaHAIHA IpH BHCOKHX Eh 06pasymT pacTBOpHMbIE H Te€OXH-
MHUECKH TOABHIKHBIE COEIHHENHS — BaHajgaThl, XpoMaThl. DTH ABJEHHS HA-
6JI01AI0TCS B YCJAOBHSX NMYCTBIHb, IJl€ HAKAIJIUBAIOTCS MPOAYKTBI TOCHOACTBA
OKHCJIMTENBHOTO PEeKHMA: HUTPATHI, cyAbdaThl, XpOMaTH, BaHagatul. B ycio-
BHSIX BHIBETPHBAaHHs M MOYBOOODPA30BAHHUS HAa OKHC/AHTEJbHO-BOCCTAHOBHUTEb-
HYI0 00CTAaHOBKY BeCbMa CHJBLHO BJHAIOT: IOCTYN KHCJI0ODOAA, CTENEHb Iepe-
YBJAXKHEHHOCTH, HaJHUHe H XapaxTep pachaja OPraHHyecKHX BellecTs,
KH3HeJeATEJbHOCTD MHKPOOPraKu3MOB, NPOHHKHOBEHHE TaKHX rasoB, Kak
CepOBOIOPOX, METAH, BOAOPOA.

B pasublx mOYBeHHBIX JaHAMmadTax H B PasHoe BPeMs Trola CKJaju-
BaeTCs pAa3/JHyYHAs OKHCJMTE/bHO-BOCCTAHOBHTeNbHAas OOGcranoBka. Pasau-
yaloT Tpu ocHoBHbIX rpynnsl yeaosuit (ITepeabman, 1961):
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EB,mb a) OKHCJAHTeJapHAdA OGCTAaHOBKa, KOrla
) HMeeTcsl TOCTOSHHEIE OCTYN KHCAopoma (¢
BO3AYXOM HJH B pe3ysbTaTe (OTOCHHTE3a)
HJAW B MOPOMLe HMEIOTCS CHJbHbIE OKHCIHTE-
JaH (cepHast KHCJI0Ta, xJaop); Eh moxer mo-
cTHraTh ypoBHs + 700, 4800 xs;

6) BOccTaHOBHTedbllass 00cTaHOBKa 0e3
H,S, xorna umeercst AedHIUT KHUCJIOPOAA,
o6pasywores CHy Hy, Mnt2, Fet?, Eh mno-
psinka +400 mg u nuxe. IIpH oTCyTCTBHH
cyabpatoB (Kak 3TO XapaKTepHO Ajas 00-
jJacTefl BJ4XKHOIO KJIHMaTa: TPOIHKH, Je-
ca yMCpEIHOro Iosca) CcepoBOAOpoOa Iie
obpasyercs; .

B) BOCCTAlOBHTEJbHAss OO0CTAaHOBKA C
H,S, xorna coBMecTliOe NPUCYTCTBHE Opra-
HYECKHX BemecTB H cyabharToB npH pedu-
Puc. 38. IToas ycroituMBbIX BOAHBIX UHTE KHCJAOPOAd H IPH LOCTATOUHOM TCIVIE
cucteM (ITem, Cropper, 1959) BeJleT K pe3komy cHHXKenuio Eh no orpuma-

TeabHBIX Beawuuil (—50, —150 u8) u obpa-
soBauuio H,S, ocaxkIeHHIO CepHHUCTHIX Me-
TaJJI0B, Tecyb(QHPOBAHHIO H NOAIIEIa4HBANNIO CPE/bL

BoccranoBurteqbliast OOCTAHOBKa JaXke TNepUOAHUYECKOTO XapakTepa B
TENJoe BpeMs IOJLa CONPOBOXKIAeTCs BecbMa HHTEHCHBHOM MHTpanHed co-
enuHeNnn#l Keneza, Maprasua, Ko6aabTa, HUKeas, MelH. SIPKYI0 KapTHHY MH-
rpaluy 1 aKKYMyJAsIlHH COeNMHEHHH Keje3a MOXKHO Halgogath B Gogorax
Kapennu, @uuasunny, [senun, [Ipu6aatukn, benopyccun. IIpu ycuiaenuw
aHaspo6HOA OOCTAHOBKH KeJe30 IPHCYTCTByeT B GOJOTHBIX BOAaX B MOA-
BHXKHO! NByxBadeHTHOH (opme. IToNBHKHOCTD COeAHHEHH{ NByXBaJeHTHO-
ro xeJjesa TeM Bbllle, uYeM MeEHbIIe JOCTyNl KHCJIOpoJda, HHXe pH =n
MeHbIlIe CONepKaHHe HeATPAJIbHEIX 3JIEKTPOJHTOB, B mepHoabl aspauu, npo-
ChIXaHUS U OKHCJIEHHS NPOHCXONST HITEHCUBHOE BhHIIafeHUe B OCANOK U Ha-
KOIJIENNe COeHHeHHH OKHCHOTO Kesaesa. B ocanox BhIIamamoT KOJIOHIHHE
H rejieobpasiiple GOpMBl COBNMHEHHA KeJle3a H OpraHXYecKHX BeLIecTB, Kap-
GOHAaThl 3aKHCH Kesesa — CHOepHUT (0cOOeHHO B c1a00IIeN0UHON cpeje), He-
pacTBOpPHMBbIE COeIMHEHHS THAPOOKHCH [BYXBaJeHTHOTO H TPeXBajelTHOro
kKesesa H, HaKOHen, docdarthl Kene3a, B YaCTHOCTH BUBUAHHUT.

[IpusHakom HauaJsa OcaxKAeHHsI COeMHEHHIT XKene3a ABJAAeTcs 06pasoBa-
HHe «MACJSHHCTOH NJIeHKH» Ha noBepxHoctH ayxK. [Jo Hccienosanuam Guu-
ckux nouBoBenoB (Kivinen, 1936; Puustjarvi, 1952), naxonsenne coeauue-
HAfl KejJeza B 00JIoTax paccMarpHBAeTCs Kak IIOJOXKHUTENbHBI NPH3HAK,
CBHIETENBCTBYIONIIAA 06 OTHOCHTEJIBHO BLICOKOM MOTEHIHAMLHOM IJIONOPONHI
3THX IOUB NOCJE OCYLIEeHHS.

Posb koHueHTpauuy BOLOPOANLIX HOHOB B OKHCJHTENbHO-BOCCTAHOBH-
TeJIbHBIX TIpoIleccax He BCerZa COHHAKOBa. BiHsiHMe peakKOHH cpelbl Ha
OKHCJIHTEBHO-BOCCTAHOBHTENbHBIH IIOTCHIMAA OCOOEHHO BEJIHKO B CJydasnx
IPSMOro yyacTHI BOLOPOJHOro HOHA B OKHCJAHTENbHO-BOCCTAHOBHTEJIbHHIX
peakuuax (nanpumep, NO—3+410H=NH,+3H;0) nau npu usMeHeHHH pac-
TBOPHMOCTH OJHOTO H3 KOMIOHEHTOB OKHCJHTEJbHO-BOCCTAHOBHTENbHOH CH-
CTeMBbl B 3aBHCHMOCTH OT BesqHuuHb pH, Kak 370 HMeeT MecTro B ciayuae
’KeJsesa, maprauuna, MeaH, ko6aabra (3bipun, Opaos, 1964).

OKHCIHTENbHO-BOCCTAHOBUTE/IbHEIE YCJIOBHA OKAa3hIBAKOT OUeHb Cylle-
CTBEHHOe BJIMSIHHe Ha IMOJBHKHOCTD MHKPO3JEMeHTOB. MHUKpO3/IeMeHThE
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IepeMCHHON BAaJIGHTHOCTH, MHTPUpYIOIIHe B (HopMe KaTHOHOB, 60Jee IO~
BHXKHBl B BOCCTAHOBUTEJBIION 00cTaHOBKe, a MULPHUPYIONINe B AHHOHHOIL
dopme, Hao60poT, 6OJee INOABHIKHEL B OKHCJAMTE/BHBIX YCJIOBHAX. Kpome
HHTEHCHBHOCTH MHIpallHH, BeqHuHHa Eh onpenenser BO3MOXKHOCTb COBMECT-
HOTO COCYIIECTBOBAHHSI HOHOB pas3JIHUHOH BaJIEHTHOCTH. Tak, HEBO3MOXKHD
OIIHOBPEMEHHOe NIPHCYTCTBHC HOHOB B ‘OKHCJEHHOH (QopMme ¢ BHICOKHM 3Haue-
HHeM BeaHuynHel Eh u HGHOB BoCcTaHOBJMeHHON (opmel ¢ GoJiee HH3KHM 3HA-
uenrem Eh. Hanmpumep, uckiiovaercsi BOSMOXKHOCTb COBMECTHOrO HaXOXJe-
HHSI HOHA YETHIPEXBAJIEHTHOI'O MapraHlla H JBYXBaJeHTHOFO XKejesa. Eh cu-
crempl Mn+4— Mn+? Boime (+ 1,35 8), uem cucrevu Fet3—Fe+2 (40,75 8),.
nostomy Mn+ Gyner okucasats Fet?, i moka Bce xese30 He OKHcIHTed, Mn+

Ta6aunua 29

Bo3moxXHble U sampelleHHbie accoUUauuy MUKPO9JIEMEHTOB B PacTBOPax
(Ilepbuna, 1939)

B npucyTCTBUH MoryT npucyTcTBOBATE He mMoryT 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)
Fet3 V (4,5), Cr(3,6), V(3), U4

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

* Lluppst B cKOGKax—BaJleHTHOCTh.

IIPHCYTCTBOBATb B PACTBOPe He MoxeT. B tabu. 29 npuBonsitcs sanpenieHHbIe
¥ BO3MOXKHEIE acCONHAaLHU MHKPO3JEMEHTOB,

[Ipomeccel OKHC/IeHHs B NPHUPOLe NPOTEKAIOT Jerde B HIEJIOYHON cpele
NPH HH3KHX 3HadeHusax Eh u 3HauuTesqbHO TpyIoHee B KHCJAOR cpefe. B reo-
XMMHH 3TO TOJOXKeHHe NpOSABJASETCS B BO3MOMKHOCTH CYIIECTBOBAHHA pPALa
MHKDO3JIEMEHTOB B BOCCTAHOBJIEHHOH (opme Haxe B OKHCIAHTEALHOLN oOcra-
HOBKE. Tak, xeJe30 H MapraHel MOTYT HAXOMHTHCS B NOUBAX TACKHOH S0HDE
B 6o/iee NOXBHXKHOH BOCCTAHOBJIEHHOH (hOpMe IpPH CPaBHHTEJLHO BHICOKOM
snagenut Eh, Ho Huskom pH. Jlatumep (1954) mpuBomuT clenyiomine BeaH-
upHel Ell B 3aBHCHMOCTH OT peakuHH Cpebl:

CunbHoKNCHAs cpeja: Fet? — Fet3{0,77 ¢
Mn*?  — Mnt4+1,24 ¢
CunbHOIENIOYHAS cpeja: Fet? — Fet3—0,56 ¢
Mnt?  — Mnt440,05 ¢

B npakruueckoil pabore IouBoBela-TeOXHMHKA TAaKHE HHIMKATOPHI, KaK
CHHEBATO-UEePHHIH NBET H 3aMax cepoBojopona (ocobenno nocae npodet HCl),
SIBJFIOTCH IPH3HAKOM BOCCTAHOBHTE/NBHOH OGCTAHOBKYM C OTPHUATCALHEIMH
BennunHamMu Eh. CHsble, rony6wle, 3e/eHble, pPKaBO-OXPHCTble TOHA B
OKpAaCKe — HaJeXKHBIH [TOKa3aTe/lb BOCCTAHOBHTE/bHBIX IIPOIECCOB, 3a/[€BUIMX
coenHHeHHs XKejesa U Mapradna. OpaHiKeBble, KpacHble, (HOIeTOBLIE, NaJe-
Bble, Oyphle 11BeTa — NPH3HAK OKUCAEHHOCTH IIOYB H KOPHI BBIBETPHBAHUA.
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Bropununsie coeaunenns

MHrpannonHas crnocoGHOCTh NPOAYKTOB BHIBETPHBAHHS 3aBHCHT OT CIIO-
COGHOCTH BHOBb BOSHHKIINX XHMHYECKHX COEHHEHHI K HX B3aHMOLEHCTBHIO.
KOMIIOHEHTH, KOTOpble XHMHUECKH CPABHHTEJNbHO NACCHBHHI H He pearupylor
ApYr ¢ npyroM, o6/afaioT HauGoJee BHICOKO/ MHETPAIMHOHHON CIOCOGHOCTBIO,
OCTaBasCh B PACTBOPEe H NepeMelasiCh OUBEHHBIMH, 'PYHTOBHIMH HJIH peu-
HBIMH BOLAMH; OHH MaJIO YYacTBYIOT B IOC/AenyomeM GOPMHPOBAHUHH APYrHX
MasIOpaCTBOPHMBIX COeMHEHHH. K HUM OTHOCATCS XJOPHCTHI HATPHI, CepHO-
KHCJILIH MarHHuil, CEpHOKHC/BIA U YIVIEKHCHBI Kaapuuit 1 ap. Haobopor, co-
enunenns gocdopa, Kanaus, KpeMHHs, aMOMHHAS H KeJe3a JaloT OrPOMHOe
KOJTHUECTBO NPOLYKTOB B3aHMOMNEHCTBHA C HH3KOH pPacTBOPHMOCTHIO. Tak,
MOABHKHBI! KDEMHE3EM H NONYTOPHbIE OKHCJAH 06PasyloT GOMbLIOE YHCIO
HAUTOKHO PACTBOPHMEIX IVIMHHEIX MHHepasoB. CoexnHeHHs ¢octopa, pea-
THPYA C KaJbIHEM, XKeJIe30M, ATIOMHHHEM, 00pa3yIOT MHOIO pasHoo0pasHbIX,
HO MaJIoOpacTBOPUMBIX BTOPHUHBEIX (octharoB. Kajuil ¥ MarHuil cBA3BEIBAIOTCS
B IJIMHHBIX MHHepajax B HeoOMmeHuHo#l ¢opme,

buorenHocTh 3JeMeHTOB

Pacruresibible H XXHBOTHHe OpPraHH3Mbl YIAEPKHUBAIOT B CBOHX TKAHSX
MHJJIHADABI TOHH MHHepaJbHHX BeniecTB. UeM OoJibllle OHOreHHOe 3HAYeHHe
TeX HJIH MHHIX MHHeDaJbHBIX BEHIECTB U YeM B GOJiblilefl CTEeHH OHH 3aXBa-
THIBAIOTCS KHBYIHMMH OpraHH3MaMH, TeM Jy4dllle OHH 3aLIHIIEHB OT TPSIMOro
BHIIIOCA W3 MOUBH I'PYHTOBbIMH M PEYHBIMH BoxamH. [lostomy 3s/eMeHTHI
BuIcOKOH crenenu OnoreHsoctu (P, Ca, K, S, C, N) 06/a1a1al0T OTHOCHTENBHO
MeHbIlied MHTPAIHOHHOA CIOCOOHOCTBIO, UeM 3JEMEHTH, He Hrparlue Cy-
LeCTBEHHO! POJH B xuMH4ecKoM cocrtaBe opranusmos (Cl, Na, Mg).

Coennnenusa Majofi GHOFeHHOCTH, Pa3JHUHOrO Poga «3KOJOrHUeCKHe NPH-
Mecu» (mo HoMenkaatrype B. B. IToanniHOBa) Masio 3aXBaThIBAIOTCS HJIH JIET-
KO OTOPACHIBAIOTCS JKUBYIHME OPraHH3MaMy, I03TOMY OHH OTJIHYAIOTCS BHI-
COKOH MHTPAlHOHHON CNOCOOHOCTBIO M BHIHOCATCS TPHPOIHBIMH BOLAMH J1a-
JIeKO 3a npelessl X 00pa3oBaHMsl, yUACTBYS B IIPOUECCAX COJEHAKONJIEHHS,
TaxoBBl yrieKHCJIBle, CEPHOKHCAble H XJOPHCTHle COJTH HATPHA M MarCHHSL

Jonoesie daKTophl

HaubGouce BbiCOKOAHCNIEPCHBIE NPOAYKTH BHIBETPHBAHHA H IOYBO06DA30-
BAHHsI NOCTOSIHHO BOBJIEKAIOTCA NOTOKAMM JABHKYIIEroCs BO3AyXa B IpO-
lecchl MHTpAlMH M 4KKYMYJANHMH BelIeCTB Ha NOBEPXHOCTH 3€MHOH KODHI.
[TouBooGpasoBaHne CONPOBOKAALTCA KaK J0JOBOH NeHyHallHeH, TaK H 30J10-
BOH akKKyMyJsLHeHl MeXaHHUeCKHX H XHMHUeCKHX ocankos. Hcrounnku
a3pOCyCIIeH3H# ¥ adposoyiell B aTMocdepe CJHOXKHBI, pPa3HOOOpasHbl H eme
MaJsio H3yueHbl. B ycJOBHAX CyXOro KJauMarta, Ipu OTCYTCTBHH PAaCTHTENBHOTO
MOKpOBAa TOHYAHIIMe uacTHIB NOUBEHIIOTO BellleCTBa 3aXBaThIBAIOTCA BO3-
OYUINBIM ITIOTOKOM H BHXPEBLIMU ABHXKEHHSAMH BOBJIEKAIOTCH B aTMOoc(hepy Ha
3HQUHTEJNbHYIO BLICOTY, PA3HOCATCS Ha TpPOMajHble NPOCTPAHCTBA H BhINa-
naroT ¢ aTMOCc(hepHBIMU OCaAKaMH. DTHM Ke IyTeM JEerKkOpacTBOPHMBIE COJTH
H B3BeIEHHbIe YaCTHIb BOBJEKAIOTCA B BO3AYIUHHE IOTOKH C IIOBEPXHOCTH
03ep, Mopeil M Okeawa B MEPHOAE! IITOPMOB U LMKJIOHOB. B pesyabrare nes-
TEJBHOCTH BYJKaHOB arMmocepa oGOrauiaeTcs aspoOCyCleH3HsIMH H aspo-
30JI5iMH, KOTOpHEIE YHOCATCS BO3LYIIHBIMH IIOTOKAMH 7a/1CKO OT MECTa H3Bep-
xenua. Hemano BemecTBa nocrynaer B atMocdepy ¢ KOCMHUECKOH MBIIBIO.
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Tax, exeroasno Ha MOBEPXHOCTb 3eMJ/IH BhlnagaeT oxkojo 4000 7 MeTeopHOro
semecrBa (Caykos, 1950).

Ponp 3010BHIX areHTOB B Cynb0e NPOAYKTOB BLIBETPHBAHHUS M INOYBO-
00pa3oBaHHs pe3Ko OTJHYaeTCsl OT POJH BoAbl. BOXHBIE NOTOKH CHOCAT NpoO-
IYKTH BBIBETPHBAHHUA Y N0oYBOo0Opa30BaHUS BCErAa MO VKJAOHY MECTHOCTH H
JIULIb pelKo (HanpH¥Mep, B ¢opMe KaNMJJISPHBIX U IJIEHOYHBIX PACTBODOB)
B BOCXOJAIIEM HaNpaBjJeHHH. DOJIOBHIe areHTHl HEepPeIKO NepepacHpelnelsior
BBICOKOICTIEPCHOE NOYBEHHOE BEIleCTBO B BOCXOAAILIEM HanpaBJeHHU, Nepe-
HOCS B3BEILIEHHYIO MAacCy a’3poCyCHCH3HH W a3po3ojiell BBepX [O HOJAHHAM
pex, BBEPX IO CKJIOHAM BOLOpPa3LesIOOB U Iop, Uepe3 OKeaHHYECKHE BOILOEMEL.
MHorue yuenble CYMTAIOT, YTO TOJIIM JIECCOBHUAHBIX OTJIOXKEHUH, oKaAMJSAIO-
mue npenropbs Cpennelt Asun, 06pasyloTCs U INOHBIHE NYTEM OTIOKEHUS
NBICBATHIX YacTHH BO3OVIIHEIMH IIOTOKAMH, INpHHIENIIMMH H3 IeCYaHBIX
Iy CTHIHb.

Heo6nlualino Bennka NeATeNbHOCTL BeTpa B NYCThIHE. 3Iech MOILHBIE
fIOTOKH BETpa NepeMellaloT He TOJIbKO TOHKHH, HO M CpelHHH H KDPYNHHIA
MecoK HA 3HAUYMTENbHble paccrosinus, ¢dopmupys Oapxanel. O JajabHOCTH
IBHXEHUS Y4CTHL B 3aBHCHMOCTH OT HX PasME€POB U CKOPOCTH BeTpa MOXKHO
cyauts no gagebiM Tabs. 30 u 31. Berep mepeHOCHT B NYCTHIHAX TaKXe TakK
fla3biBaeMulfl MCeBIONECOK, T. €. aTPETHPOBAHHYIO COJISIHYIO NBLIb, COCTOSLIYIO
13 TVIMHH, THICA, KPYIHHOK XJIOPYIOB U Cy/ibdaToB HaTpud, o6pasys usorna
MOIIIHbIE 30JI0BLIE COJIEBLIE IIOKPOBHI B BHIe JIOH U 6apxaHoB.

Ta6auna 30

JlaJbHOCTb TIEPEHOCA UYACTHIL Pa3JuuHOTO pasMepa TMpH YMEpeHHO CWAbHOM Betpe
(nanmme Vnena, mo IlycroBamoBy, 1940)

YacTHus! Pasmep uacTun, mam . JanbHOCTh NepeHoCca

T"paBuit 1—8 Heckoabko MeTpoB
TpyGbiii U cpepuufi Tecok 1,0—-0,25 <1,5 &km

OveHb TOHKHH TECOK 0,06—0,125 Heckonbko KuIOMETpO
TpyGulii  ajeBpUT 0,03—0,06 320 xm :
CpenHull aneBpHT 0,015—0,03 1630 xm

ToHKKT aNeBPHT W TJHHAZ Ho 0,015 Bokpyr seMmHoro iapa

Ta6auma 31

JIBHKeHHEe meckoB B 3aBHCHMOCTH OT CKODOCTH BeTpa
(Tlerpoe, 1950)

Cpennuit puaMeTp CKOpOCTb BETpa,
Tun necka 3epHa, MM mjcex

CaMblif MeKHit 0,03 0,25
Ouenb MeJKHil 0,12 1,50
Menkui 0,32 - 4,00
Cpennuit 0,60 . 7,40
KpynHsti 1,04 11,40
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Puc. 39. CxeMa 50/70B0-C0O/1€BOTO Pa3pylleHHsl ¢BOAA AHTHKIHHAMH B MYyCTHIHE

1 — HCXOHOE COCTOSIHHE CTPYKTYDHI, @ — TpelHHLl B CBOLE CTPYKTYPBI;
2 — paspylleHa BepHIHHA CTPYKTYPHI; 6 — cKONAeHHsI COjdedl H COACHOCHBIX HAHCTHIX
3 — BnajiHHa 3awsna pa3pyuweHHbl cBOZ; OTNOKCHUHA

4 — paspyueyne CTPYKTYPHl 3aBEpIUENO.

PasBuThil pacTuTeNbHEIH NOKPOB M BJIAXKHAS MOBEDXHOCTh NOUBLI, €CTe-
CTBEHHO, YMeIbUIAIOT BBIHOC H NepepaclpesesicHie NPOAYKTOB N0YBo06paso-
BaHMsl 30JI0BBIMHM arentaMd. PoJb 30510BbIX arentoB 0co6eHHO BCJMKa B
crensgx u nycrhiHax. CHyIOIHAg pacnamka crenefi 6e3 3allMTHLIX MOJOCHBIX
HacaxAcHUH B Cyxme TOLbl BLI3bIBACT I'yOHTe blible NBLIbHBEIE Oypu. Bekosoi
BBINAC CKOTa Hla paBHUHAX CTeHNeH M NYCTBIHb NPHUBOAMUT K VHHUTOKCHUIO
PacTHTe/NIbHOCTH H AEPHHUHBI, CKDEeISIoMed NMoYBy. DTO TAKKC BhLI3HIBACT
MHTCHCHBHBIH BBLIHOC MDOAYKTOB BLIBETPHBAHHS M INOYBOOGPA30BAHHUS.
B nycternax Caxapsl BbIAYBaeTCsi B TeUeHHe THICAUEICTHS 1-MeTpOBHIA Ciioit
[IOYBEHHOI'0 MeJIKo3eMa. DTO NOJHOCTbIO MOATBEPKILACTCS HAKOIUIEHHeM Ia
3pOJHMPOBAIIHBIX BETPOM IOBEPXHOCTSAX OOJBIIOIO KOJHYECTBA KOHKPELHi
IIOJIyTOPHBIX OKHCJIOB, H3BCCTH /M XasLemoHa, 06JOMKOB mopoxbl. Katasn
LPEBHUX OPOCHTENbHBIX CHUCTCM, IVIHMHOOHTHBIE NOCTPOHKH IDEBHHX TOPOLOB
Cpenne#i Aswm, pas3pylIeHHble B pe3y.JbTaTe I1aleCTBUSI MOHTOJOB U BOMHH
Tamep.ana, mopolo Hameao HCYC3alOT IOX BO3AEHCTBHCM BCTPONECUAHOTO
IOTOKA.

IlopasuTesbhele pa3spylenns HesablX aNTHKJIHIANBHHIX CTPYKTYD C o6pa-
30BaHMCM Ha MX MecTe INIyOOKHX Helpeccuii, 3aloJIeHHLIX COJSIMH, HabJo-
nalorcs B mycteHax Cpenneii Asmm, 3axaBkasbs u CeBepHoit Adpuxu.
BrluBeramllde Ha NOBEPXHOCTH Da3pYIUCHHOrO CBOAA CTPYKTYP KPHUCTAJLILI
coJIeH pa3pLIXJASIOT NOPOAY H 00pa3yloT arperHpoOBaHHBIl CHIMYYHH [VIMHHCTO-
COJIeBOH MeJxo3cM. BeTep YHOCHT 3TOT MeJKO3eM, Ha MeCTe KOToporo ofpa-
3YIOTCA HOBBIE€ NMOPUHH CHIMyYero marcpuana (puc. 39).

OO0men3BecTHO, 4TO TOHKAas IBLIL 3a HCCKOJIbKO JHEH MOXKeT mcpe-
MECTHTBCS C BO3IYIIIBIMH MacCaMH lla pacCcTosiHue 10 2—3 THC. K#. A3po-
CYCNeH3HH M a3DO30JIM BLIMAZAlOT Ha IOBEPXHOCTH CYLIM B BHAE TOHUAHIIeH
NBIIH, KOTOPAs €XKerojHO CKPeNJISeTCs pPaCTHTC/IbIOCTBIO, BOBJICKAETCS B
noyBooOpa3oBaHye W MOP(OJOIHYECKH HE PA3/IMYAETCs IM1a30M. 3HAUMTEJNb-
HElEe Macchbl B3BEelLIEHHOTO B BO3JAyXe MaTepHaJa INOCTYNalT c arMocdep-
HBIMHM OCajJlKaMH B peKH, 03¢pa H MOpPs, yuacTBYsd B (DOpMHDOBAHHH HEi0-
BYS, AJTIOBHS M IOMIILIX OTJA0XeHHH. Apxeosorudeckue packonku B Erunte
# TyprkMenuu mokas3ajH, 4YTO TbiAeBble 0J0BBEIC OCALKH MOIYT NOJHOCTBIO
morpe6arh LeJible rOpoLa, KPENOCTHHE COOPYXKenns H NaMITHHKH 304eCTBa.

ITo nomcueram . Kaapka (Clark, 1924), B cpemnem Ha KaxABIH
KHJIOMETD CYIIH eXXeroiHo Bhinazaer or 2 xo 20 T JerkopacTBOPUMBIX IIpO-
nykroB. ITo nanupim H. U, Ycosa (1940), B cTensx HOAYIYCTHHL 3aBOJXKbs
NOCTYIJIEHHe coJiell ¢ BO3AYWIHBIMH MaccaMu pgocrturaer 47 7/km? B rom.
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OGpasyrolirecss B BO3JyXe NOJ BJHSHHEM 3JEKTPHUECKHX paspsLoB H (HoTo-
XUMHMYECKHMX Peaxkuuii HUTPAThl ¥ aMMHAaK TaKyKe BHIIALAIOT HA 110BEPXHOCTh
cyun ¢ arMochepHbiMu ocagkaMu, CyMMa HHTPATOB W aMMHaKa, Bbllagalo-
IHX C DOXKAEBBIMM OCafkaMHM, cocraBisicT mo 17 xelea, 1. e. jgo 1,7 1/xm?
eXKerofHO.

Ponb 3010BLIX areiToB B ()OPMHPOBAHMY KOPLI BLIBCTPUBAHHS H IOYBEH-
HOTO NOKPOBA H3yuCHA HELOCTaTOuHO. BOkpyr aToit mpoGaemsl uxer 6opb6a
MHeHHH, W C/lelyeT NPH3HATb, 4YTO 3HAUCHHE 3TOTO IpPOLECCA IELOOLEHH~
BaeTcsl.

rpPynnbl BOOHONM TEOXHMHYECKOHW NOABH)XHOCTHU
NPOAYKTOB BBIBETPHBAHHSI U NOYBOOBPA3OBAHHUA

Kak noxasaHno Bblllle, HOABHXHOCTb DAa3/JUYHBIX COEJUHEHHUIN TOBOJBLHO
usMenyuBa. [IpoayKTsl BRIBCTPHBAlIMS M MOYBOOOPA30OBAHHS MOXKHO OODLELH-
HHUTb B IPYNONH ¥ PSAB FeOXHMHYeCKON noasuxkHocTH. B. b. IloasiHos (1947)
YCTAHOBHJI NSATh IPYNN NOABHXKHOCTH 3JeMEHTOB DY BbIBETPDHBAHWHH M MH-
rpauuy;

Duepruusio BemockuMete: Cl, Br, J, S 10n
Jlerko Bpiocumble; Ca, Na, K, Mg 1n
[onsuxuee: Si0,, P, Mn 0,1 n
Cna6o nmoasuxuble: Fe, Al, Ti 0,01 n
Uneptabte: SiO, (kBapia) 0

PykoBomcTBYSiCh 2THMM psiIaMM HOABHXKHOCTH 3/€MEHTOB IPH- BHIBETpPH-
BaHWH, MOXHO NpeIBULETb, UTO COeAHHeHHs anemeHToB 1 u Il rpynn Oymyt
JIETKO BBIHOCHTBCS H3 3JIIOBHAJBHOH KOPH BLIBETPHBAHHS M [IaKal/JMBATbCH
B aKKyMyJsITHBHON Kope BbiBetpuBanusi. CoeanHeHus ajementos Il u IV
rpymn, Hao6opoT, SYAYT OTHOCHTCAbIIO HaKalIMBATbCA B 3/I0BHAJMBHBIX ro-
PH30OHTax M Kopax BEIBETPHBAHHS.

A. U. Ilepebman (1955) npenJoXua IOHSTHE Koa(p(pnunema Bom{oﬁ
MHUTpanuy, Mol KOTODBIM CJleILyeT INOHUMAaTh OTHOLIENHe CPeXHero coiepxa-
HHS1 LaHIOrO 3JIEMEHTa B PeYyHOH BoIe K cpefHeMy €ro ColepsXallMio B JIHFO-
cepe (kaapky) HAH K CpeIHeMY COZEPXaHUIO 3TOrO 3JeMeHTa B IOpHBIX
nopoxax, ApeliNpyeMbIX pekoll U NpHTOKaMH. B o6muX yepTax IPynnbl dje-
MEHTOB 0 K03 PuuneHTam Boanoil Murpauuy, nogcuutanubiM A. U. ITepeas-
MaHoM, OJau3k¥ K psagaM b. B. [loabliioBa, X0Td B HEeKOTOPLIX IeTafisiX OHHM
oTanuanTcs. ['JIaBHble OTAHYMsT NPHXOMSATCH HA YCIOBUS BOCCTAHOBHTEb-
HOro pexuMa ¢ o6pasoBanuem .S, Korpa murpauuoniias aKkTHBHOCTb CEPHI,
kKeJje3a, MapraHua, ko6aabra, Megu H. npyrnx 3MEMEHTOB CHIBHO MEHHETCH
(puc. 40).

Onnaxo B mpHpofe He BCea BBILEPKHUBAOTCA ITH 3aK0HomepHocm He-
peoKO CO3LaKTCs YCJIOBHS, Korda daxruyeckas Noreps 3JeMEHTOB' N3 KOpH
BHIBETPUBAHUS Pe3KO OTJIMYAETCS OT OXuiaeMoll Teoperuyeckd. ITo uHTeH-
CHBHOCTH BHIHOCA IIPH BBIBETPHBAHUH nepBbIe Mecta s3annmalor Ca, Mg, Na,
K, Mn (ta0sa. 32).

ConocrasJjeHnne GoJBIIOTO YHCAA MaTepHasa0B IO3BOJAMAOC HaM AaTh CBOIO
TPYNNHPOBKY COeAMHEHHH IO HX NeJOTeOXUMHUYECKON NOABHXKIOCTH, CBA3AH-
HYIO B OCHOBHOM C VCJIOBMSIMH T'€OXHMHUH IOuB (TabJj. 33). n

CoennHeHHSs OueHb BHICOKOH moaABHXHocCTH. K stoit rpyn-
He OTHOCHATCA HHUTPATHl, XJODHUABI lestouell: H ILEJOYHBIX 3eMedb, Cyab(aThl
‘HaTpHsl, KaJus, MarHus, [UHKA, YpaHa, KapOoHATEl HAaTPHUsl U Kaaus. "
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7 Oxucrumenstian obcmanobxa  Honmpacmpocms ruapayuu| I Peaxo foccmarodumens—
» 4 Ky Ky 427 obcmangbra e B3)}
limencubnocme ‘
| Huepagiy 00 10 1 g1 Go1 | pebar | asnen w0 w1 @ g0
vews cunsnan || 8,018, C1,8nJ C1,8,
muepayus BrJ Br,J
LunsHax Elu":,“’ ' Ca,Na,Mg,T, Sr %“'N;'
HuEpayus Sg'Zn Zn,U g;‘ !
D t
SiK, 1 Si,K,P
Lpednag Mn,P, Ni,Cu,Co Si,K,
rugpayun M, (e, P
Co
ALFe,TL, I ALTLILY,
Loaban Y, Nb, TR, Th, Zn,Ni, Cu,TR,
U oYEHSs crab T, 5n,HEPd, Nb,Co,5¢,Ta,
- Ru,Rh,0s,Pt . Sn,HE,U, Pdy
nuepagug LALISFY AT, T4, Zp, Nb, Ta, Sn, HE,PE Th RO
Ru,Plih.Us.

Puc. 40. Psiasl MUrpailHH 3JeMeliTOB B OKMC/HTE/bOf H BOCCTAHOBHTEJNBHOH CEPOBOAOPOA-
HOH o6cTaHoBKe 30Hul runepredesa ([lepeasman, 1955, 1968)

OTHoOCHTE/NbHYIO T€OXHMHUECKYIO NOABHXHOCTb 3THX COEIUHEHHH MOXKHO
npuuath 3a 100. HaubGosee pacTBOpHMBIE W3 HHUX — HUTpPATHl ¥ XJOPHAH, a
TaKk¥e OpPOMHIB M HOAMALI — BBILENAYHBAIOTCS B YCJIOBHAX 3JIOBHANbHBIX
JanamadToB ¥ npu 60/bIIOM YBJaXHeHHH OCOOeHHO uuTeHcHBHO. OHH Xe
BeCbMa 3HEPrHYHMO HAKAIUIMBAIOTCS B MOYBAX H KOpe BLIBETPUBAHUS aKKYMY-
JATABHBIX apuANBIX JaHAmadToB U TeM B OOJbleM KOJHYECTBE, UM CyIIe
KJIHMarT.

Cynboatsl 1 kapOoHaThl IneJoueli, o6nafast OIpU HHU3KKX TeMIepaTypax
HECKOJIbKO MeHbIIeH pacTBOPUMOCTBIO, HepeiKO OTCTAIOT B BHIIEIAUYHBA-
HUU, 3a[ePXKHMBAIOTCA B TPAH3UTHHIX JaHAWA(TAX MO NYTH MX MHUTpalyH,
XOTSl TAKXKe ABJASIOTCS NOCTOAHHBIMU KOMIOHEHTaMH B IpoOLeccax aKKyMy-
JALYH coMed W [0YBAX BHYTPHMATEPHKOBHIX HU3MEHHOCTEH, PEUHBIX IOHM H
AEJBT.

Coenunenus BHCOKOH MOXBHXKHOCTH. K 3roff rpynne orxo-
CATCA YrJIEKHCJADIE W JBYYIVIEKHC/BlE COJIM MaCHUs, KaJbllys, CTPOUIHS, IHUH-
Ka, CePHOKHCJblE KalbUUH U CTPOHUUMN, (PyJabBaThl GOJNBUIMHCTBA METAaJ1JOB.
Hx orHecHTesbHas NOLBHAKHOCTb B 3JIOBHAJbHO-aKKYMYJSITHBHBIX IpoIecC-
cax noyBooGpasoBalus Ha 0,5—1 NopsAgOK HHXKE COeIHHEHHI NepBoi rpynmsl
u mMoxer OblThb 0603HaueHa wHAeKcOM 50—10. Coau KaJbuus W Marsus, oT-
JAHYAACh JIOCTATOYHO BBICOKOH PaCTBOPHUMOCTBIO, BHIIEIAYHBAIOTCS B 06Jja-
CTIX TOCHOJCTBA 3JOBHAJBHBIX NPONECCOB. B aKKyMyJSITHBHBIX M TpaH3HT-
HBIX JdaHamadTax CEPHOKHUCIbIE H YIVIEKHCABIE COJMH KaJbUys 06pasylor pes-
KO BBIpaxeHHpIE CKOILIENHS B BHJe KOHKDEUMH HJH CIVIOUIHBIX [OPH30HTOB.
. B xauecTBe KaTHOHOB Ka/ibuHi, MaTHHHA, KaluA ¥ HATPUH HHTEHCHBHO IO-
[JIOMAIOTCH M 3aJePAKHUBAIOTCA KOJJIOHUANO-IHCIIEPCHBIMM CHCTEMaMH TIOYB
¥ OCaJOYHBIX NOPOL.

Kanwu#, noryiiomasch pacTHTENbHBIMI H XKHBOTHBIMH OPTaHH3MaMM H BXO-
AR B COCTAB BTODHYHBIX MHHEPaJOB, OCOOEHHO I'MIAPOCHION, OTCTaeT B cBoefl
MHTpAlMY OT HATpUA. Maruumi, y4acTBys B mponeccax AOJOMHTH3AIHH K He-
OGMEHHO TOIVIONIAsiCh BTOPHYHBIMY CHJIHKATAMH M aJIOMOCHIHKATAME (MOHT-
MOPHJIJIOHHT), TAKXKE OTHOCHTEJNbHO OTCTA€T B BBIHOCE B CPaBHEHHM C HAT-
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Ta6auuma 32

Kosduupentnt ycrofiuneecty (K*) anemesiToB Jasi KOPsl BbIBETPHBAHHSH
amuGoarToB U NopHPHTOB

(JTucunmna, Tnaronesa, 1968 r., ¢ HaMeHeHUsMH aBTOpa)

Diement Hopduputs AmpubouTet DileMeHT TopdupuTnl AMpuboarTH
JIeI‘KOIIOlIBH}KHble 3JIeMeNThbl MaﬂOHOABH)KHbIe Su'le!\(leHTbI
Ca 0,03 0,03 Cr 0,30 ? 0,50
Mg 0,06 0,006 Y% 0,30 ? 0,50
Na 0,14 0,11 Zr 0,70 0,56
K 0,20 0,12 P 0,80 0,60
Mn 0,14 0,04
TlojBIKHEE SJEMEHTH Verofiyusbie 3JeMeHTH
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

- CpefHee <COZepauue B sepxuefl sowe (mz/cu®)
CpegHee cofiepXanue B KopeBHoll mnopoge (Me2/cm®)

*K

Ta6auna 33

Meporeoxnmuueckas NOABMEKHOCTb TJAABHBIX NPOAYKTOB nquooﬁpasonaHml

x OTHoCUTeJIbHAst MoK~
I'pynna noaBuKHOCTH UMHYECKHe CoeJHHEeHHs BHKHOCTD

Ouenn BhcOKast (I) HurpaTtsl, xJ0pHiasl, HOAUABI, OGPOMHILI, CYJb- 100
¢atel, KapGoHaTHl, GopaThl, CHJHKATH, ¢ocda-
THl Iie/iouedl M YACTHYHO IIENOUHHEIX 3eMeldb

Beicokas (1I) Tunc, yraekwcaviii Maruufi U KaJiblgi, [yMaThl ~50—10
W aMIOMHHATHl IUeJoyelf, Kesle3Hble X a/IOMH-
HHeBble KBACIE

Ymepennast (I1I) Burap6onatsl, ¢ymbBatel B ocdarst Mn, Fe, ~0,5—1,0
FHAPO30JHE KpemHe3eMa, THAPO30JIH rymyca

Huskas (IV) Tuapookucaet Al, Fe, Mn, ry™marsl TspKeabx =~0,1—0,001
MeTaJlJIoB

Huuroxuas (V) Ksapn (SiOp), pyrun (TiO,), unpkou (ZrSiOy), <0,0001

rpaHat (oprocunukaT Fe, Al, Ca), riunsble M-
Hepadbl, CyJbQHAbI

pueM. Kanpuuil xe BXOLHT B COCTaB MHOI'MX GHOTeHHBIX 0OpasoBaHuMi (CKe-
JIeTHl, DAKOBHHEI) ¥ IpeACTaBJEH B I0YBaX Ma/0PacTBOPHMEIMH COEIHHEHUSIMH
(xap6oHarsl, poctarts). IlosToMy U BO BTOPOH rpynne IPOAYKTOB HaubOJib-
el MHLDAIMOHHON HNOABHKHOCTBIO OTJIHYAIOTCH COENMHEHUS HaTpHs, KOTO-
phle ABJISIOTCS TAKXKEe U BHICOKOPACTBOPHMBIMHU. SMOMY CIOCOGCTBYET H HU3KAS
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OVOreHHOCTE HATpPHA, 3HayelHe KOTODOTO B 30JbHOM COCTaBe pacTeHHd He-
BeJIHKO.

Coenunenus neppofl ¥ BTOpofl Tpynn B BHAe pas3HooOGpasHHX cMecell co-
Jell pa3HON pacTBOPHMOCTH U B Pa3HOH KOHLEHTPanuH¥ NPHCYTCTBYIOT B ITOY-
BEHHBIX PaCTBOpax, B IPYHITOBHIX H peunblx Bogax. OHY Xe y4acTBYIOT B Qop-
MHPOBAHWY MHHepaIM30BAHHBIX IIOJ3eMHBIX BON M pAasJHUHBLIX Pacco.JIOB.
B ycaoBusiX apuIIIOro KJIHNMAaTa 3TH COJIH HHTEHCHBHO HaKamJHBAIOTCHA B IPYH-
Tax W I0YBax CTelell, caBauH, IyCTHHb, 06pa3ys COJEHOCHBIE 0CAHOUHLIE II0-
POAbI M 3acoJjenlble MOYBLL.

Coenmunenns yMepeHHOHN DoIBH X HoOCTH K 310l rpynne npo-
LYKTOB N0YB006pAa30BaliMA H BHIBCTPHBaHUA, 06/aMal0IINX OTHOCHTEIBHO He-
60JIbILON, HO BCe Xe BIOJINE BLIDAXKEHHOH MHIpallMONNoH croco6HOCTEIO,
npuHalJeXar HOHHLIE M KOJJIOHJHbIE pacTBOPH KpeMHesema, OukapOOHATH
u ¢ocharsl xetesa, Mapranua, ko6asjpTa, KOMIICKCHBIE COe/UIEHHS aJio-
MHHHA, Xeje3a, Mapranna, k00aabTa, HHKeJs, MEIH C OPraHUYECKHMHU KHC-
JOTaMH.

OTHocHTeablas NOABUKIIOCTL COeAUHEHHH TOH Ipynnul Ha 2—2,5 nopsiz-
Ka IIHXe 10 CPaBHEHUID C COCAMHEGHUSMH HNepBOH IDYNNLL H MOXeET OHiTh
obosnauyeda B cpepHem uHAeKkcoMm 0,5—1,0. Coenunenns docdopa B 6oJb-
IIHHCTBE MaJopacTBOPHMBl H, KpOME TOTO, HHTEHCHBHO 3aXBaTHIBAIOTCH
pacTHTC/BHBIMU M HUBOTHLIMH OpPradM3MaMH, Ha JJIHTE]bHOE BpeMs 3afcep-
XKUBAAChb B GHOJNOTHUECKOM KPYTOBOpOTe. 3HAUUTE]bHBIE KOJUYECTBA IOJ-
BHZKHOIO KPevHe3eMa HOIJIOMIAIOTCS HHU3IIMMH W BBICUIMMH OpPraHH3MaMH,
ydacTsysd B 00pa30BaHHUHU NAUNUpeEH, CKeJeTa HIH MeXaHNYeCKHX TKaHel (Iuna-
TOMOBBIE, PaXHOJIAPHH, PUTOJHTAPHH 3JIAKOB M IPEBECHHHI).

OcpobSoxaoluecs B OPOLecCe BbIBETPHBAHHS COCIOHMIENHs KpeMiesema,
docdopa, mapranua, xejsesa orpaHHYeHbl B IPOCTPAHCTBEHHOH MHIpanuH,
3alepXHUBalOTCA YaCTHYHO B 00JaCTH 3JIOBHs JUOO0 BRHINAZAlOT BCJAELACTBUE
XeMorellblX ¥ OHOTeHHBIX peakIHil B ocallok B 00/71aCTH JeI0BHSI, IPOJNIOBHS
M aJJII0BHs, T. €. B TPAH3UTHHX JaHxmadTax. OLiako 3HaYUTeJbHEE KOJH-
yecTBa cocauuenuil kpeMHesema, ¢ocdopa, mapranua, xesesa, ko6aabra,
HUKCJS YXOOAT C BOLAMH TI'DYHTOBOI'O M NOBEDXHOCTHOIO CTOKA B aKKYMY-
JATHBIIbIe oOJactd, o6pa3ys CKOIVIEHHs B IOAMEHIBIX oOCagKax M I0u-
BaX, B LEJbTOBBIX M IIPHOPEKIBIX 30HAX MOpel M OKCaHOB, B o3epax H 6o-
JOTax.

CoelluHeHHNST HU3KOH NMOZBUXKHOCTH. 3HAUHTENLHO MeEHbIIEH
MOABHKHOCTBIO B KOpe BLIBETPHBAHHS M NOYBaX OTJIHUYAIOTCT COENHHEHHS
aJIOMHHHS, TUTala, OKHCHOI'O KceJe3a M OKMCHOro maprasua, Mx nomBux-
HOCTDb B THICAYH U JECATKH THICAY Pa3 Menblle NOJABHKHOCTH COeIMHEHHUIT ep-
BO#l M BTOpOH rpynn. STO OTHOCUTCA K THADOOKHCAM 3THX METaJJIOB, a Tak-
Xe K kapboHataMm u cyJdbdaraM Gapus B OTUACTH CTPOHIMS, nuHKa., Oxlako
HIIOra COelHIleHUs aJIOMHHUS NepeMemalTes B 3aMeTHHX pasMepax, obpa-
3y aKKyMY/SITHBHBIE MECTODOXKIEHHS OoxkcHTOB. Bee Ke o6IIenpH3HAHHBIM
ABJSETCS HOJOXKENHe O TOM, YTO COeJMHEHHUs aJIOMHHHUS H THTaHa IpeuMy-
IIECTBEHHO 1aKan/jHBaIOTCH B OCTAaTOYHOH KOpe BLIBETPHBaHHA, T. €. B obJa-
CTH 3/oBHs. MMeHHO MO3TOMY JApeBHHE 3JI0BHAJbHLIE KODHl BLIBETPHUBAHHUS
BO BJaXKHBIX TPONHKAX IIPeICTaBjeHbl MHHCPAJaMH THIPOOKHCH aJlioMHHHS
C IIpPUMeChIO THTana.

Heckosibko Hiraye oGCTOMT [e/0 C CcOeNMHENHsiMH KeJe3a. OOpasys B
KOpe BEIBETPHBAHHA B OCHOBHOM OKHCIIbIe OPMBI, COSAMHEHNS ¥Kelle3a TaKKe
XapaKTCPU3YIOTCS HH3KOH MHIPAIMOHHON CIOCOGHOCTBIO M SICHO BBIpaKeH-
HOHM TeHieHuMeH K 1aKaIJUMBAHUIO B OCTATOYHBIX NPOJYKTAX ITIOBHANBHEIX
KOD BLIBeTpHBaHHsl, OLHAKO UyTKas peaxius xeJje3a Ha BOCCTAHOBHTEJbHbIE
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YCIOBHS W NOBLINIEHHYIO KHCJOTHOCTH Cpelbl, o6pa3oBaHHe NpH 3TOM pac-
TBOPUMBIX GUKAPOOHATOB M KOMILIEKCHEIX OPraHO-MHHEeDaJbHBIX COeLHHEHHHA
IPUBOASAT K TOMY, UTO Xe€Je30, mojobiio MapraHny, HHOrAa NpHobpeTaeTr OT-
HOCHTEJbHO BBICOKYI0 HOABHXKHOCTb, MOMKeT MHTEHCHBHO BBIHOCHTBHCH, KaK H
MapraHel, #3 objacty 31108HA. COOTBETCTBEHHO B THAPOMOPGHBIX YCAOBHAX
COeJMHEeHHUs XKeJe3za M MapraHiua o0pasylT 3auyacTyio 3HauHTeJbHBIE CKOI-
JienHs B moymax, 6oJoTax, o3epax, JlalTyYHHLIX M IIeJb(OBHX 30HaX MopeH.
IlTo stuM Xe mpuuMiaM COeIHHeNHs KeJe3a o0pa3yiOT pPe3ko BolpaxelHble
TOPU3OHTBI HAKOILIEHHs B I0YBaXx (JIaTEDHUTHBIE KOPH, OPTIITEHH, Xele3HCThIe
KHpachl).

CoenvHeHHs HUUYTOXHOH DOJNBHXKHOCTH (HHepPTHbIe NPOAYK-
Th). B oty rpynny B. B. IloarmoBeiM oTlieceH kpemliezeM kBapua. Crona
JOJXKHBI OBITh IPHCOELHHEHEl TaKHe BHICOKOYCTOHYMBbLIe MHIlepaJlisl, KaK HHp-
KOH, I'paHat, IVIMHHBIE MHHEpaJsbl, a Takxe cyabduabl merannos. A. U. Ile-
pesbMaH yKa3blBAET Ha IIMYTOXKHYIO MUI'PALHOUIIYIO CIIOCOBIIOCTh COeTMHEHHUH
Topus, HuoOus, Tanrtana. OTHOCHTe/NbHAS NOLBHKHOCTb 3TOH I'DYyNNBL COELH-
'HeHM#l npubauxKaercsl K Hymo. BejencTeue cBoell HHEPTHOCTH KBapu M LHD-
KOH SIBJAAIOTCS THNMUNBIMH KOMIIOHENTaMH OCTaTOYHOHM KOpHI BBIBETPHBAHH,
OTHOCHTEJIbHO HaKalIuBasch B TojaulaX 3/M0BHsA. 1o aTHM npuuMHam KBapi
HJIM HHMPKOH YacTo IPUIIMMANOTCH 3a COeIHHCHHe-CBHAETENb, MO OTHOIIEHHIO
K KOTOPOMY DacCUUTHIBACTCSI MUIPALHOHHAS CHOCOOHOCTH JPYIHX HPOIYKTOB
BLIBETPUBAHHUS H NOYBOOOPa30BaHHUSA.

He cnenyer, onnako, 3a6plBaTh, YTO HHEPTHOCTE KBapua, IVMIMH H HUPKOHA
He abcooTHa. ITpu BHICOKHX CTemeHAX AHCHEPCHOCTH, OCOGEHHO B YCJIOBHAX
UMPKYJSIIHA IIEeJOUNBIX PacTBOPOB, KPeMHe3eM KBapla crmocofel K IocTe-
HNeHHOMY O4eHb c1aboMy pacTBOpeHHIO M MHrpanuH. Ilpu reosornyeckoi npo-
JOJKHTEJNBHOCTH NMPOLECCOB 3TO MOXKET NPHBECTH K CYLIeCTBEHHBIM DPe3yJb-
Tatam. I IMHBI TakXe B XKaKoH-TO Meépe NeNTH3MDYIOTCS H MUTDPHDYIOT.

PaccMmoTpennas XapaKTepHCTHKA OTHOCHTEJNbHOH NOIBHKHOCTH NPOLYK-
TOB BLIBETPHBAHHS M MOYB0oOOpa30BaHHSA ycJoBHa. Tem He MeHee 3HaHHe pas-
JWYHOH NOABHXKHOCTY NPOAYKTOB BEIBETPHBANHUA H NoOUBOOGpa3oBaHHA IO-
3BOJIgeT pa3oOpaThCsd B MeXaHH3Me HX TOPH30HTaJbHOH U BepTHKAJIBHOH HHb-
¢epeHnManyy, B pasJHYHBIX THNAX NOYB H KODPHI BLIBETPHBAHUS, a TaKkKe
B 3aKOHOMEpIIOCTHX pacHpeesellds UX Ha IOBEPXHOCTH CYIIH,

NMOYBEHHO-TEOXMMHYECKHE CNYTHHKH U AHTATOHHCTbI

O630p nefOre0XUMHNUYECKOH NOABHKHNOCTH BaXKHEHIINX NPOLYKTOB BHIBET-
pHBallvs ¥ NoYBo06pa3oBaHHs, IPH Beell OTHOCHTEIbHOCTH OMHCAHHBIX Py,
[I03BOJIsSIET TPEABHALTh H NOHUMATh NOBEJeHHE pa3JHYHBEIX COeLUHEHHH B Ipo-
ueccax GopMHPOBaHNA NOYB M MOUBEHHOTO IIOKPOBA OTHE/bHBIX JaHAAadhTOB,
KOHTHHEHTOB M HX YacTCH.

B npupone peiko LocTuraercst MoJgHoe pazieseHHe NPOLYKTOB IOYBOOG-
paszoBaH¥s M BblBeTpUBaHHUS. OCBIYHO OHM BLIMANAIOT B OCALOK HJIH MHIPH-
PYIOT M aKKyMYJHPYIOTCS COBMECTIO B BHIE IDYNI COeLMHEHHH-CIYTHHKOB,
uyTo O6YCJIOBJANBACTCA CXOACTBOM IyTeH HX ob6pasoBaHud, OJU3KOH pacTso-
PHMOCTDBIO HJH GJM30CTbI0O HX OHOJOTMYECKOT0 M NOYBEHHO-IeOXHMHUECKOro
3HAYeHHUS.

B nepsom npuO/AHMXKEHHH MOXHO CYHTATh, YTO KOMIIOHEHTB ONHCAHHBIX
Bplllle NIATH PPYII NEeJOreOXMMHUYeCKOH NOABHXHOCTH COeJHHEHUH N ABJSIOT-
Cs CNyTHHKAMHU-MHTDAHTaMH, CHOYTHHKaMH-aKKyMyJAsHTaMH. MHorouucaen-
Hple M BIOOJANE NOCTOBEpHBIE HAOMIOACHUS CBUAETENbCTBYIOT O TOM, 4YTO
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MHTPAIHs M aKKyMYJsLHs HHATPATOB, XJODHUIOB W CYJIb(}aTOB I[IPOMCXOLHT
COBMECTHO H YacTO CONPOBOXKAAETCH HaKOIJIEHHeM COeIUHEHHH Opoma, foxa
u 6opa. DTO ycTaHOBJIENO IJIs COJOHUAKOBBIX NyCTHIHb AmepukH, Adpuky,
Asny, 1ora Pycckoii paBHuHB, Kypa-ApakCHHCKOH HH3MEHHOCTH.

O6muM npaBuJIOM SIBJSETCS COBMECTHAS MHIDALMA M aKKYMYJSILHS THI-
ca, kap6oHaToB U 6MKapOOHATOB KaJbLUA M MaCHus ¥ TYMaTOB KaJjbLusd.
F'unc w yriexkucnanlfl KagdblUi sIBASIOTCS TakKXe NOCTOSHHBIMU TeoXUMHUe-
CKHMH COYTHHKAMH XJOPHIHO-HUTPATHO-CYJb(AaTHBIX aKKyMYJSIUH.

Kap6onathl u GukapGoHaThl miesouell BCerda CONPOBOXKAAITCA MOOUb-
HBIM KpEMHe3eMOM, I'yMaTaMy Inesouell, HepeAxo ajioMuHaTaMi Iiesouel B
pacTBopax, a B ocajke — YIVIEKHCJLIM Ka/jbUHeM W MOHTMOPH/IJOHUTOBBIMHU
TJIMHAMH.

CoBMecTHO MUIDHPYIOT M HaKalJHBalOTCH (Py/nbBaTHl U KapOOHATH xkede-
3a, MapraHiia, HuKegas, Kobajbra, Mead. B oCTaTounHoll Kope BLIBETPUBAHHUS
06pa3yloTcsi M COBMECTIIO OTHOCHTE/NbHO HAKaILIHBAIOTCS OKHCABI H THAPO-
OKHCJBl aJIOMHHHS, XKeJesa, THTalla, KBapll, KaOJHHHT.

OnanoBUAHBIA ¥ NBIEBHAHBIA aMODGHEIA KpeMHe3eM, YIJIEKUC/IRIA Kajlb-
U#, KOMJOUNHBIH TYMYC, OKHCAB! XKese3a W MapraHia #u ux ¢ocdars Hakam-
JIUBAIOTCSl COBMECTHO B Canpolese MeJKOBOJHMIX NpECHHIX 03ep, B TOpGAHH-
KaX, [JieeBBIX TOPH30HTAX NOYB,

KomnoHeHTs Kaxmolf rpynnsl MeHbuICH MUTPallMOHHOH AKTHBHOCTH He
TOJIBKO HPEHMYIIECTBEHHO 3alJepXHBAIOTCH B 3JIOBHAJBHEIX JaHAImadrax,
HO ¥ CONPOBOXKIAIOT B BHJE CIYTHUKOB-IIpHMeCeH IIOBCEMECTHO B IOYBAX H
KOpaX BBIBETPUBAHUS TPAH3UTHBEIX M AKKYMYJASTHBHBIX JaHAUIaQTOB KOMIIO-
HeHTBl OMXallINX IpyNI Bospacramoiiell MoOHJIBHOCTH. IDTY 3aKOHOMCp-
HOCTb MOXHO Ha3BaTb «NpaBHJIOM conpoBoxAeHus». CorlacHo stomy mpa-
BHJy, HADUMEP, aKKyMYJSOUsl B IOYBAX HHUTPATOB, XJOPHIOB, CY/Ib(HaTOR
Lo/xKHa 00513aTeNbHO CONPOBOXKAATBCH AKKYMYJNSUUEH THICA, YIVIEKHCJIOrO
KaJIbI[¥sl, BTOPHYIIOTO KpeMHe3eMa, INOJYTODHBIX OKHCJOB, TJIHHHBIX MHIe-
paJios.

B coorBeTCTBHM C 3THM Ke NPaBHJAOM aKKyMyJsnus ¢ocdatos u Kap6o-.
HaTOB XeJle3a, a/lOMHHHSl, MapraHla [OJKHa CONpPOBOXKIATHCH, XOTH U B
ocnabienHoll (opMe, HO IDOCTATOYHO BBIPAXKEHHOH AKKyMyJasunuedl komno-
HeHToB 1V 1 V rpynm, T. €. THIADPOCKHC/IOB AJNIOMUHHA, XKeje3a, MapraHia,
TYMAaTOB 3THX XK€ METaJ/lJIOB, KBaplia W IVIMHHBEIX MHHepasoB. [logumnssch
9TOMY e NpaBHJYy, KOMIOHeHTH | Ipynnsl He CONPOBOXKIAIOT AKKYMYJAIUK
komnoHneHToB 11 u ocobenno I1I m IV rpynn. Y pefictBuTeqbHO, THIICOBHE M
KapO6OHATHO-Ka/bI[HeBble AKKYMYJSILHH, He COnepIKalllie CKOMJIEHHA HHUTpa-
TOB, XJIODHIAOB U CyJAb(aTOB mieJodell, JOCTATOYHO M3BECTHH B NpHpoxe (Jy-
rOBBIE Mepresid, KOpHUHEeBhle HOYBLI, HEKOTOpBIE yepHO3eMhl). Obmieusse-
CTHO TaKXke, YTO THNHYHbIE aKKYMYJSUHH KOMIIOHeHTOB IV u V rpynn (aarte-
PUTHI, aJJHTEl, (QeppassHTH, KAOJHHHTHI) HHUKOIZA HE CONPOBOXKLAIOTCS
koMmnoHneutramu 1 u Il rpynn, Tak Kax nocaelHHE KOJKHBI OHITh BBHILIEJOYECHBE
paHee.

Onnako umeroTcs eule 6osee CJAOXKHBIE STBJIEHHS, KOTOPhIE MOXKHO Ha3BaTh
NOYBEHHO-T€OXHMHUYECKON HeCOBMECTHMOCTBIO (aHTaroHmamom). I'eoxmmuue-
CKHH aHTaroHM3M BO3HHKaeT MeXJIy TaKHMH COeIHHEHHSMH, KOTOphIE, BCTY-
nasg B peakuud MCKAy co6OH, MOJHOCTBIO PAa3pyUIalOTCs M He aKKyMYJHpY-
I0TCsl, HECMOTpS Ha MX IPHTOK.

BecbmMa THNHYHBIM NIPHMEPOM INEOXUMHUYECKOH HECOBMECTHMOCTH SIBJIS-
IoTca Kapbonathl (6uKapOOHAaThl) esodedl M THNC, COXA M XJOPHIB Kajdb-
uus, aJIOMHHATBl HAaTpUsl M TUnc. Bo Bcex 3THX COUeTAHHAX INETOYHOH KOM-
NOoHEHT 6yIeT HedTpanu30BaTLCS, a NIPOAYKTEl peaKU Uy OYIyT NpeBpamaThCs
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B OGBIYHBIE TAPbl FeOXUMHYECKNX COYTHUKOB: KapOOHAT KaJblHs U CYyIb(paTes
HaTpHs, KapOOHATHl Ka/blHs U XJOPHUALl HATPHS, OKHCJB ATIOMUHHS U CYJb-
¢dar Hatpus. Tak Ke HeCOBMECTUMBl F'eOXUMHUECKH NIPH a3palHH CPelsl CYilb-
¢GunBl XKeneza M KapOoHATH KanblHs Hau copa. OxuciaenHe cyiabpuuos co-
NpoBOXJIaeTcst 00pa3oBaHHEM CEPHON KHCHOTH, paspylleErem kapOoHaTOB H
o6pa3oBaHHeM THICA MJIH CEPHOKHCJOro HaTpHs Ha GeckapOonatHoMm (ome,
oforaieHHOM OKUCJaMM KeJe3a. [MICOBHe aKKyMmyJ/slHH, OKpalleHHhHe
OKUCJIaMH Ke/e3a M MapraHia, MOTyT OBITb KaK pa3 CBHIETEASIMH NOLO6HOTO-
nporecca 06pa3oBaHus ¥ pa3pylleHHs cyJb(PUAOB B IPOULTOM.

ITo TeM Xe NpHYMHAM IeOXMMHYECKH HECOBMECTHMBHI KBacusl H YIVIEKHC-
JIBIf KanbI{uil (IpUMOpCKHE KHCJHABIE cojionyaky). HecoBmecTHMH HUTpATH B
CyIpQuAb], TaK KaK HATPaThl He MOT'YT 00pa3oBaThbCs M ydepxKaTbCd B aHa-
3po6HO# o6cTanoBKe, Iie ¢popmupyloTes <yapduinl. B cuabHokHCc/I0R MoYBe
(HacHILEHHON BOLOPOIOM ¥ allOMHHHEM) HEBO3MOXHA akKKyMyJalus kap6o:
HATOB KaJbIlHsi, MATHUs, HATPUSA: 3TH COENMHENHs] HEHM3MEeHHO MOJXKIE BCTY-
naTh B peaklVio C KHCJIOH NOYBOH M paspyllaThesd.

Maio Bo3MOXKHO B pacTBOpax COBMeCTHOe HaXoxaeHHne coequnenust SiOy,.
AlyO3, Fe(OH);. Onn HensGexxHO pearupyloT Apyr ¢ apyrom, obpasys ocal-
KM aMODP(HEIX W OKPHCTAJ/IM30BAHHBIX [VIHH.

SIBIeHNe NOYBEHHO-TeOXMMHUUECKOH HEeCOBMECTHMOCTH COeIHHEeHHH JeXKHT
B OCHOBE MHOTHX NPHEMOB XMMHUCCKMX M MeXaHHYeCKHX Me/JHOpalHui Hemto-
IOPOXHBEIX MOYB (TMOCOBAHME M KHCJOBAHHE IMENOYHBIX IIOYB, IJIAHTAX W
aspanys NouB, U3BECTKOBAHHE KUCJABIX Ho4YB). Kak B NpHPOAHBIX MOUBEHHBIX
fmponeccax, Tak U B NpakTHKe MejHopanuil HakomjeHHe B pacTBOpe HJIH B
ocajKe OIXHOTO M3 NMaphl l'eOXMMHUYECKUX allTATOHHCTOB MOXeT ObITb yCTOHYH-
BBIM JIMIIb IPH NOJHOH JHKBHIAUUK JAPYTOr0 aHTAlOHUCTa U JIHIIb IPH YCIO-
BHHM TOCTOSIHHOIO NPHTOKa IIepBOTO KOMIIOHEHTa C I'PYHTOBBIMH BOJaMH, C
TNOJIMBHEIMY BOLAMHM, B BHIE CIEIHAJbHLIX IIpeNapaToB WM yHnoOpeHuil. dto
NpaBu/Io 0COOEHHO BaXHO B IPAKTHKE MEJIMOPAILNH COLOBBIX IOYB M NOJLEP-
XKaHUA HX IVIOLOPOAUS.

HeckonbK0 KOMINOHEHTOB ABJSIIOTCH HanOoJiee YHHBEpPCaNbHBIMH H NOBCe-
MeCTHBIMH NeJOXHMHUYECKHMH CIYTHHKaMH JI060ro NouBoo6pa3oBaTesIbHOrO
npouecca. JTO OpraHMUYecKu#l yraepolx, a3oT, KpeMHe3zeM (aMOpP(QHBIN HJH
BTOpHUHEIA KBapll), MOJyTOpHBlE OKHCHB M TVIHHHble MHHepaJbl. [lepBUUHBIN
noyBoo6pa3oBaTe/bHBIH mpomnecc (0akTepHasbHBIN, JHIUAMHUKOBEIH) HJH
BLICOKOPa3BUTHIH uepHO3eMHLIH NoYBoOOPa30BaTe/IbHEIA NPONECC, NOABOLHOE
noysoo6pa3oBaHne Bceraa AAIOT NPOLYKTH, OOOralieHHblE OpPraHWYeCKUM
YIIEpOAOM M a30TOM, IVIMHHBIMY MHHEPAJaMH M BTOPHYHBIMH COENHHEHUSMH
KpeMHH$, 06pa3yoIlUMU NMOYBEHHLIH MeNKo3eM. DPO3usi U NOBTOPHAs Cexu-
MeHTanHusl, o6oco6leHHe, NOAHATHE M pacuJeHeHHE AKKYMYJATHBHBIX JaHM-
madros (Teppac, AeJbT) MOI'YT BHI3BaThb IPOTHBOPEUUBLIE NIPOIECCH. 3ajaua
HCCIefoBaTe sl 3aKJI0yaeTcsl B HCTOPHUYECKOM aHaJslh3e KapPTHHBI MyTeM BEHI-
yjJeHeHUS NPU3HAKOB PEJNUKTOBHX M YCTAHOBJIEHHS KOPENJINPYIOMINX TIpH3HA-
KOB HOBEHIINX NPONECCOB, HaN0XKEHHBIX Ha PEJUKTEHIL

OCOBEHHOCTH NEOOTEOXHMHH
BAKHEMHIUX MHUHEPAJIbBHBIX COEOHWHEHUN

Cynp6a NpoAyKTOB BBIBETPHBAHUS H NMOYBOOGPA30BAHUA 3aBUCHT OT NpPO-
JAOJIXKHTEIbHOCTH COOTBETCTBYIONIEr'O NPOIeCcca, YCIOBUA YBIaXKHEHHS MeECT-
HOCTH, MMTpalHH, aKKyMyJsLHH H CyMMapHoro GajaHca 3THX INPOLYKTOB
B NOYBAaX Y UX OTAEJbHBIX FOPH3OHTAX.
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JlerxopacTBOpHUMBIE CONH B YCJAOBHAX 3/IOBHANBHLIX NaHAmadTOB TUIHY-
‘HbIX HYCTBHIIb COXPaHSIOTCS HEOoNpeldeseHHO IJUTENbHOE BpeMs B HOYBAX U
Kope BLIBETpPUBAaHHUS, lle MoALaBasCh BuLledaunBanuio. Hanporus, B ycio-
BHAX BJAXKIIBIX TPONHMKOB Jaxe IVIMHO3CM IIOJBep:KeH MHIpDallMH M BHIHOCY.
BrilennaunBaHye TUnca ¥ yrieKHCAOro KaJblWs Ha paHHHX CTaXHsIX 3JIOBHU-
anapHOro mponecca (oco6eHHO B 3aCYUIIMBOM KJaHMaTe) OTCTaeT OT BhlleJa-
"UUBAlIMS XJOPHUIOB U CY/Ib(ATOB HATPUSA W MAariHs, HOITOMY THIC H YIJIEKHC-
JILIA KaJdbIU# MOTYT 3aleDXHMBaThCcs HALOJTO B 3J0BHAMBILIX JaHAMadTax,
Kak Obl 00Hapy:KuBasi «OTHOCHTEJbHOE HaKOIJIeHHEe».

Coenunenys xpeMHHs], Xeje3a, MapraHiua, aJIOMHHHA B 3TOM OTIOIIEHHH
TaKXKe NpOosBJAAIOT cebsi ABOMCTRelllo. KpeMieseM KOBOJNBLHO HITEHCHBHO BHI-
HOCHTCS W3 3JI0BHANBIIOH KOPBI BhIBeTpHBaHHs. OxHako, Belmagast B 0Cagok
IIPY BHICBIXaHHHM PacTBOPOB M HX 3aMep3alllH, a Takxe B POpMe IHATOMOBBIX,
aMop(HBIA KpeMHe3eM OTCTaeT B BHIHOCE OT COJIeH, ¥ OTHOCHTeJbHOE HAKOI-
JleHHe ero o0HApy»XHBaeTcsl B KOpe BHIBeTPHBaHWA M nNousax. OOGHIYHO Ha-
60LaeTcs ¥ OCTATOYHOE «OTHOCHTE/bHOE» HAaKOIJIelue KBapua, HO U OH IpH
-60JIBIIOA NJHTENBHOCTH TPOHNHYECKOrO 3JIOBHAJBHOTO BHIBETPHBAHHSA MOCTE-
TIEHHO BBEIHOCHTCS] M3 KOPBI BbIBETPHBAHHS.

HaunmMeHee moaBHKIILIMM KOMIIOHEHTAMH CUHMTAIOTCS OKHCJL KeJesa U
ocobenno amoMmuunsg. UX coeluHeHHs — THOHYHEBEIE OCTATOUYHLIE KOMIOHEHTHI
B 3JI0BHaJNbHOH Kope BhiBeTpHBaHHWs. OIHAaKo B cHenH(HUYECKHX CJIydyasx H
‘OHH OTJIMYAIOTCH 3HAYNUTEJIBHOH INeJOXUMHUECKOH aKTHBHOCTBIO: 00Dpa3ylor
WO BHAJIbHEIE FOPH3OHTE], KOHKPEIHH, XapANeHbl, pyAHble aKKyMYASLHH He
TOJBKO Ha CyIIe, HO Maxke B JaryHax ¥ Ha IlejgbdaX KOHTHHEITOB.

Takum o6pasom, moustTHe 0 MOOUABHOCTH WJU NACCHBHOCTH COEJHHEHHH
B Ipolleccax IOYBOOOGpa30BaHUs OTHOCUTENbHO. B 3aBHCHMOCTH OT NpOILOJ-
XKUTEJBHOCTH M CTAJHNHOCTH Ipolecca H KOHKPETHBIX YCJIOBHH cpellsl TOBe-
IeH¥e NPOAYKTOB NMOYBOOOPA30BAHHS MOXKET GbITb COBEPIIEHHO HPOTHBOIIO-
.JIOXKHBIM.

Murpauus ¥ akkymyJsiuusi COeIMHeHHl KpeMHHs

Kpemuesem mocTosifiiio HOCTYIAeT B NMOYBEHHBIE PacTBOPbI M I'PYHTOBHIE
"BOJIBl B pe3y./bTaTe CMAPOJH3a pasApoOJeniblX aJioMOCHIHKATOB H PacTBoO-
penusi KBapua, xaJjienona, omasna. Hedesann, guoncun, aBrHT B H3MeJbUeH-
HOM COCTOSIHMM MOTYT OTAAaBaTh B BOAIBIA pactBop 15—20 me/s kpemHHus;
GUOTHT, MUKPOKJIHH, J1a0pafgoput — no b—7,5 me/4. Jlaxe KBapu mpH BHICO-
KOH CTeNeHH U3MEJTbUYECHHOCTH M HHUCXOAALIMX TOKaX PACTBOPSETCH B KOJHUeE-
-ctBe 3,5—4,0 me/a Si (Keller, 1957).

[ToneBble mmaTel M pAX CJAOKIIBIX CHJIMKATOB, TAKHX KaK TYpMaJMH, IUp-
KOH, I'palat, ABJAI0TCA OYeHb CTONKHMH NIPOTHB BHIBCTPHBAHHA MHIlepasaMu
¢ KpaiiHe HH3KOH pacTBOpuMOCThi0. HO M OHM OTHAIOT B pacTBOp HeGOJBbIIHe
KOJIMYecTBa KpeMHe3eMa. DHEPrHUIbIfl BBIHOC KpeMHe3eMa NpH BblBETpHUBa-
UM, CONPOBOXKIACMBIA 3HAUNTENBHO OTCTAIOIAM BHIHOCOM COEIMHEHHH aJo-
MHIIHS, XKeJeaa, THTaHa, YCTAHOBJeHN daxKe AJs YCJIOBHH TYHIpHl M TaHru
(VBanoBa, Ilonninnena, 1936; TaprysssH, 1967). O6 3T0M MOXHO CYZHTH HO
COOTHOLIEHHIO KpeMHe3ema M IJIHHO3eMa B IOpOZAax M HJHCTHIX (pakKuusx
nous (puc. 41).

JegTenblocTh MUKPOOPTaHH3MOB M IPUMECH OPraHUYeCKHX BELIeCTB 3Ha-
YUTEJBHO YCHJIHBAIOT MEPEBOX KPEeMHHS, ‘aJIOMHUHHAS, XKeJjle3a B pacTBOp U HX
TpaHCIOPT. BhIHOC OKUC/IOB NPOUCXOAUT B (POPME KOMIJIEKCHBIX COEIHIIeHH
-C OpraHHYECKUMH KHCJOTAMH. B BOXIBIX 3KCTPAKTAX U3 CBEXKErO U3MEJbUEH-
HOro MHHepa/JbHOro MatepHada, no nahueM E. M. Coxoaosoit 1 T. C. Hyx-
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nenosckolt (1968), xonnenrpanus Al,Osz moxer mocrurath 25—500 me/a,
TiOy — 1,6—67 m2/2, Si0y — 30—160 mez/a.

OueHp MHTEHCHBHH AeCHJINKalUsi MOpoJ u ofpa3oBaHHe pacTBOPOB KpeM-
ieseMa, KapboHaToB 1iedoyell W LIEJOYHBIX 3€MeJb IPH BHIBETpHBAHUH CBe-
JKUX BYJKAHMUYECKHX IIEIJIOB, ILJIAKOB H JaB. DTH IPOLecch BeCbMa BhIpaxKe-
Hbl B nouBax Apmenun, Kamuarkn, SInounn, ®@uannuny, Manonesun u Uuau.
B ycaoBusix KamuaTku exerofublii XuMHuecKu#l (B pacTBopax M BOLAaxX pek)
Buitioc Si cocrasasier 3—13 1/km2, Ca u Mg 9—15 17/km?, Na u K 3—4 1/6km2,

Puc. 41, Oruomenus SiOy/Al,O; B
unictolt  (PpakuuM, MeJxko3eme H
110poiax B OPTORJIOBHH XOJOZHBIX

ryvuanelx  obGaacreit  (Tapryaswan,
1967)

17— un (<<0,001 mm);
2 — Mesko3eM (<<1 mm);
3 —— MacCHBHO-KDHCTA/AANYECKAsE NOPOAa

~,
o

Yueno ob,éasz(oﬂ
o 3

<

a HCO; no 37 r/km? (Coxosos, 1967). OGulenpuaxato, yro HauGosee Tay-
60Kast ¥ NOJHAaf LCCHJIHKAIMs MOYB M KOPbl BBIBETPHBAHHSA XapakxTepHa s
BJaXKHbIX TPOIHKOB.

Tak Kak pasiMyHEE MHHEPAa/Jbl KpeMHHS abCOMIOTHO NpeobiaanaloT Hal
OpYTHMH MHHEpaJaMH, TO NPUCYTCTBHE KpeMHe3deMa B BOJAX, IHPKY/IHpYIO-
KX B TOPHBIX HOPOJAX, TPYHTaX M NMOYBAX, SIBJSETCS YHHBEPCAJBHBIM MeL0-
reOXMMHUECKHM sIBJIeHHeM, OJMHAKOBO XapaKTepHbiM [JIsI BCeX NMPHPOAHBIX
301 1 OCOBCHHO AJs palioHOB H3BEPKENIBIX MaJOBBIBETPE/BIX NOpod. B Bo-
[aX apUAHBIX HAH CeMHapHUIHBIX 00JacTell KpeMHeseM 3aHUMaeT CpeaH APYTUX
pacTBOPEHIHX COeJHHENHH NOAUNHEHHOe nojoxenne. OQHAKO B pazbaBieH-
HBIX BOZaX TYMHIHBIX o0saacTel pasjJHYHBIX TEPMHUECKHX IIOSICOB BCJIEACTBHE
OTCYTCTBHS HJIH HH3KOH KOHLEHTpalUHH XJOpHIOB, Cyab(paros H KapOOHaTOB
B COCTABE PacTBOPEHNBIX COGNMHEHMI IOYTH BCerAa npeobiajaeTr KpemHe-
3¢M (MHOT/(a OpTaHHuecKHe BelleCTBa 11a IIepBOM MeCTe, a KpeMHe3eM — Ha
BTOPOM).

B pas6aBieHnbix IPUpOAHBIX BOAAX, MMEIOUINX MuHepaaudanuio 20—
50—100 m2/2, B KauecTBe TJVIABHOIO KOMIIOHEHTa COIEPKHUTCH KpeMHeseM,
KoTophiil cocraBaser 25—60% 0T cyMMBl paCTBOPEHHBIX BeLIECTB. DTO JaJ10
ocHOBalnue aBTopy elwe B 1946 r. BBecTH B KJ1acCH(HKALHIO NPHPOLHBIX BOX
TPYNIly CHJIHKATHBIX HJIM CHINKaTHO-KapGoHaTHHIX BOM. ITosxke 3TO moJoxke-
HHe O6BLIO IPHHSATO B THAPOTEOJOTHH H T'€OXMMMH JaHAA(TOB H NOJIYYHJIO
ofulee NpHU3HaHHE.

Wrak, B yHcIe NpOAYKTOB INOYBOOOPA30BAaHHA H BHIBETpHUBAHMs, KakK B
ocajJikaxX, TaK U B BOJHBIX pACTBOpAaX, BCErLa HMEETCH HEKOTOPOE KOJHUECTBO
coenuHenn# Kpemuusi, 061afal0MuX LOCTATOYHO 3aMETHON pacTBOPUMOCTBIO
M MHTpanuoHHol crocobHocThio. [Tpeanonaraercs, yTo 3TO HOHHBIE W MOJe-
KyJsipHBle pacTBOpH coefuHennii oproxpemuuesoir (H,SiO4) u merakpem-
uueBoit (HeSi03) kucsior, KpeMHeOpraHHYeCKHE COEQHHEHHS, KOJJIOUIHLIE
PacTBOPHl THADOOKHCH KPeMHHsI H TOHKHE CyCTeH3HH aMOp(HBIX rejefl Tuna
nSi0y-mH,0. HMeeaeaosannsi B Ipupoje H JabopaTopHble SKCIepHMEHTHI O~
Ka3BbIBAIOT, UTO KOMIJIEKC 3THX COCHUHEHHH KpeMHe3eMa IOCTOSIHHO IIPHCYT-
CTBYeT B MOYBEHHBIX PacTBOPaX, B pPEYHBIX, TPYHTOBBIX H O3€PHBIX BOLAX
B KOHIeHTpauusx nopsiaka 10—50 xefa SiOs.
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1500 PacTBOPHMOCTD KpPEMHE3EMa pes-
KO Bo3pacraer ¢ yBciaHueHneM pH cpe-
bl H 0COBEHHO B LIEJOYHOM HHTEpBaA-
7e. B mesounsx pacrsopax npu pH=
=10—11 B npUCYTCTBHH COJBI KONUIEH-
tpanus SiO, moxer nocrurarsk 100—
200 me/a. TloBbllIeHHe TeMIEpaTypst
TaK¥e BeCbMa CHJBHO YBEJIHYMBAET
PacTBOPHMOCTb aMOP(HOro Kpemiese-
Mma (pHuc. 42). DTo 0OBsCHSET, TOYEMY
TepMaJibHbIe BOJbl IPH BHIXOAE 1A 110~
BEPXHOCTb 0OOraTel  pacTBOPEHHBIM
kpemHesemoM (g0 500 — 700 wme/a
SiOp). TloBmlmaercss pacTBOPHMOCTb
reJell KpeMHe3eMa TakXKe I0jJ BJIHA-
nueMm NaCl, Na,SO, #u ocobGeHHo
0 ' ' L ' NaHCO; u NagCOs. Ectp ykasaHus,
§ & 7 8 9 {0 4pH yro B MOPOBHIX PacTBOPax, COAEPHKa-
IIHX COLY, KOHIEHTpauusl KpeMHese-
Puc. 42. Bansinme pH u Temnepatypst Ma MOMKET IOBHIIAThC O 452 me/a
Ha PacTBOPHMOCTh aMOP(HOTO KpeMHe- (BOI‘OMOJIOB u Ip. 1967). Onuaxko
sema (Ocamoto a. o., 1957)
cyabtarsl, OukapOoHATH H KapOoHa-
TBl MarHHsi U KaJbllHs Pe3KO CHHXKa-
0T pacTBOPHMOCTb KpeMHe3eMa H BhI-
3bIBAlOT OCaXK/[eHHE CHJHKATOB lIEJOUHBIX 3eMeilb uiaH o0pasoBaHHe OCalka
amoppHOro xpemHesema.

B pacrBopax 'yroJpHOH KHCJIOTHI, XJOPHCTBIX H CEPHOKHCJBIX cOJel Ipo-
HCXOJHT HHTEHCHBHBIN THIPOJN3 U3MesbueHHOro 6a3anbra, rpaHuTa, Hedean-
Ha € NEPeBOJOM B pPacTBOpbl 3HAUYHTENBHBIX KoauyecTB SiOp (mo 20—
100 me/a). Hcnapenue, TpaHCIHpanus WJIH 3aMep3aHHe PacTBOPOB, COLEP-
XKallUX KpeMHe3€eM, BhI3BIBaeT BbIIaJEeHHE €r0 B 0CcaJoK B dopMe NpPUCHIKH,
kKopouek uJu rejeil. CoBpeMeHHOe oOpasoBaHmHe Tesell KpeMHe3eMa ONHCHI-
BaJIOCb MHOTHMHM HccaenoBaresassMu. Tak, ['maerapn coob6man (Hilgard,
1911), uro B mojuHe Mpuccucunu um HaGaOgasCcs CJOH KpeMHE3eMHCTOTO
rejisi MOIIHOCTBIO 4—5 #. BEIIM yKa3aHUst HA HaXOxJeHHE rejlell KpeMHese-
Ma npu paGorax B Cumniaonckom TonHene, Ha Kan-I'oge, B 6apax ABcrpaaun
(Termier H., Termier G., 1952).

B coJsioHIOBBIX IOYBaxX MAET MOOHJIM3AIUS NMOABHKHOTO KpeMHe3eMma Iie-
JIOYHBIMH PacTBOPaMH B TOpH30HTaX A; u As M HX NepeMellleHHe B TOPH3OHTH
B u C ¢ ABJeHUSIMH CHJBHO BBIpaxKeHHON HeMEHTalUH MOANOUBEHHBIX T'OPH-
sonros (Kosaa, 1935, 1937).

KpemHe3eMm, NOCTYNHBIIHA B pacTBOp INIPH BHIBETPHBAHUH, 0CaXKIAETCS
TakxKe OHOJOTHUeCKHM NyTeM. [uaToMoBble BOZOPOC/H, palHOJSpHH, pacre-
Husi, 0coOeHHO 3Maku (6amMOyK) YCBaHBAIOT NOABUKHHIN KpeMHe3eM, OJuMe-
pH3YIOT ero B onaJ M TeM CaMbiM IlepeBOAAT B ocafoK. ONHAKO eCTh OueHb
MHOTO CBHIETEJBCTB O TOM, YTO JCMOJHMCPH3anHs ONaJoB 0 KOJIJNOHLHBIX
U UCTHHHHX paCTBOPOB— sBJeHNHe, CTOJMb Xe IIHPOKO paclpocTpaHeHHOe
B npupofie (Ehrart, 1963).

TlocTosiHHOE NPHCYTCTBHE 3aMETHHIX KOJHYECTB KpeMHe3eMa B TPYHTOBBIX
H NMOYBEHHBIX BOAAX H yyacCTHe KpeMHe3eMa B IIpolieccax THAPOTEHHOR akKy-
MYJSIHH B NOYBax ¢ 06pa3oBaHHeM ONaJOB, KBaplla, HATEKOB, THAPOTEHHBIX
IJIMH U xapAneHa OBLIO paccMmoTpeHo aBropoMm B 1940, 1946—1953, 1967 rr.
OJs TMOYB apHAHBIX ofjacrefi, a 3areM H IS NOYB TYMHAHHIX oGJjacrelt

2, M2/n

1000

500

Pacmbopumocmes amopgprozo xpemiesem
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{1958, 1965). K. M. JlyKamesblM U €0 yyellHKaMH ONHCAHH SIBJEHHS T'HApO-
TEHHO¥ aKKyMyJsilHH KpeMHe3eMa B OeJOpPYyCCKHX J€ccax, B Canponensix H
BOAHO-IeJHHKOBHX OTaoxeHHax (1967, 1968, 1969). IlocroBepHble gaHHbIE
(PKyse, 1966) noxaseiBaioT, yTo B 03epax H 60JOTax CeBepa TakXe HUAET JO-
BOJIBHO MHTEHCHBHASI COBPEMEHHAsi aKKYMYJANHSA TOHKOJHCIEPCHOTO ONaJjo-
BHJIHOTO KpeMHesema B BHe AMAaTOMHUTA, Tpenesda H npocaoex onana (Ipen-
Jaaupus, Kapeausi, Kosabckuit nonyocrpos, Taiimelp, Menanaus, Jlenuurpan-
ckas o6yacth, Yyxorka, ITomecke M T. A.). B o03epax m Jyxax 3slechb
wabmogalorcs noBbIUeHHBle (15—30 me/4) KOHIUeHTpauuH KpeMmHeseMa, KO-
TOpHIT SIBJSIETCS TIOCTOSIHHEIM TPOAYKTOM BHIBETPHBAHH§ HSBEPXKEHHBIX H
MeraMoOp(pHueCKUX NOpoA. 3aech Ke OOHapy»KHBAlOTCA B JOHHBIX OTJIOXKeE-
HHSIX, B TOJIAX IOCAEJEJHHKOBHIX HAHOCOB H IIOYB JOBOJBHO MOUIHEIE
(1—3—15 m) orJoxelnss JHATOMHTOB H Tpemesa.

O6uapHas KpeMHe3eMHCTasl IPHCBIIKAa B TIOJ30JHUCTHIX M CEPHIX JIECHBIX
nouBax omnonmit (1a raybune 0,5—2 M) obGpasyer cBoeoOGpa3HHHN NOYBEHHO-
reoXHMHYECKHH KpeMHe3eMHCTHIH NOsIC Ha NIPOCTPAHCTBAX MeXIY CTENSIMH H
asecaxn Pycckoi#t pasunnsl, CuGupH, 3abatikanbs, [Ipuamypbs, Manpuxypuu
(Kos1a u ap., 1958; Kosna, Pons, 1967, Koszra, Cawvoiiiosa, 1968). drtot
fI0IC BO3HHK IYTEM OCaXJIEHWs M3 JIEJHUKOBBIX H IOCJEJeJHHKOBHX BOJ,
MeAUIHX CO CTOPOHBl MODEHHBIX OTJIOXKeHHH, 6OraTblX H3MeJbYeHHBIMH 06-
JIOMKaMH H3BEPKEHHBIX H MeTaMOp(puueCKHX NOPOJ U BHIHOCHBIIHX GOJMbIIHE
KOJIHYecTBa KpeMHe3eMa THAPOJNHTHUECKOTO BBIBETpUBaHUs. [IpH OTCYTCTBHH
COENMHEHUH AaTIOMHIHSI B YCJAOBHSX IEpHOAHYECKOTO IIPOMEP3aHHs MOYB
KpeMHe3eM BBINAfaeT M3 NOBEPXHOCTHBHIX BOJ B BH/JE IPHUCHIIOK, NECUHHOK
H ONaJ0BHIHOTO MaTepHasa.

DTOT Ipomecc OKpeMHeHHs] (OKpeMHE3eMBIBAHHUS) JECOCTENHBIX U JIECHBIX
nous pabmonpaics HaMmu (1958) m corpyanmkamu (3umosen, 1963, 1967;
Caasuslii, 1961, 1969) B [Ipnamypbe (Tabn. 34). Buau ofHapyXeHs! onaJo-
BHJHbIE HATEKH Ha TaJpKaX JYTOBHX H JPEBHEJNYTOBBIX NOUYB IlpHaMmyphbs,
NPHCYTCTBHE KpemHeseMa OBLIO YCTaHOBJCHO B IOYUBEHHEIX pacTBOpax. 3a-
Mep3aliHe NOUBEIHBIX PAacTBOPOB, Kax Nokasaa 0. Cnasubifl, BeleT XK ocax-
IEHHIO PacTBOPENNOro KpeMHeseMa.

ITo-suanmomy, npespalieHre aMop(HOro KpemHe3eMa B KBapll IPOHCXO-
JIAT CPaBHHUTEIbHO ObicTpo. IIpHCyTCTBHE BTOPHYHOTO KBapua GBLIO yCTaHOB-
aeno E. Y. ITapdenoson (1947) B moj30JHcTHIX HOyBax MOCKOBCKOH 06.a-
cTd. Brimazenne Kpemie3eMa B OCafloK H ero OBICTpHIE NMepexof BO BTOpHU-
HBI KBapIl B apHAHBIX YC/IOBHSAX IIPU HCTIAPEHHH PACTBOPOB ONHCAHBI aBTOPOM

Ta6auuna 34

CocraB onaJioBhIX HAaTeKOB H KopoyeK B 5%-Hoii Buraxkke KOH, %

O6pasubl noYBLI 510, Al,O5 FeyOg AgTop
Kopouxu 13 G6yphIX JIECHBIX TIOYB 50,2 0,6 0,2 3umosen, 1963
Ipuasy pes 33,3 1,7 0,1
KpemHe3emHcrasd TpHCHIIKAG B 4—10 —_— — Kosaa, 3umoscu, Amudcnaas-
JIyrOBBIX H NOAMEHHHIX N0YBAX ckas, 1958
Ipuavypss (rayGuHa 50—
150 cm)
OnaioBhii HaTeK Ha rajbke B 22,03 He o6u. " 3 53 To e

JlyroBoii nouse MaHbwKypHH
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mis Erunta (Kosza, O. 1. Pons, 1967). Hakonnenue xpemnesemMa B Kope
BBIBETPUBAHHA W TOYBAaX IYCTHIHb CIENHaJ bHO OblIO oTMeueno [uiabrap-
JlOM, KOTOpBIA Ha OOJBIUOM YHCJE BAJOBHIX alaJM30B I10Ka3aJ, UYTO IOYBBE
apuIHBIX PaflOHOB 3HAYMTEJNbHO OOraue KpeMIIC3eMOM, YCM TIOUBHI BJAAXKHBIX
oGaacreil. JeficTBHTENBHO, B NOUBAxX apUIHLIX ofsacTelr, ocofenHo pacmo-
JIOKEHHBIX B paliOHaxX M3BEPKEHHBIX MOpPOJ, YacTo 1abal0faloTcs TPOCTIOH,
HATEKH, KOHKPelud KpeMHe3eMa M onaja. HeMelkue HccieloBaTeNH pasin-
YalOT B «KAKTYCOBBIX IIOYBAX» JaXe TaK Ha3bIBaeMBIH KPEMHEKHCJABH OpTII-
TelH.

Banosoil cocTaB «KaKTYCOBBIX IIOUB® H HX MaTePUICKHX LIOPOX IpeacTan-
Jgen B Tabj. 3b.

Ta6auua 35

BasioBo# COCTAB «KaKTYCOBBIX MO4B»
(Schaufelberger, 1954)

Tlouwsa, mopoga si Al Fe Ca ‘ Na~-K ‘ Sf: Al
a) moyBa 201 49 47 1 3 4.1
6) rTepannt 96 .23 43 21 13

a:6 2,09 2,13 1,09 0,05 0,23
a) mousa 181 88,5 5,5 2 4 2,04
6) amduGoa 76 16 52,5 25,5 6

a:6 2,24 5,55 0,11 0,08 0,67
a) touBa 178 33,5 46 14,5 6 5.3
6) Anabas 118 19 46 26 9

a:0 1,51 1,76 1,00 0,55 0,67

Ta6auma 36

Hakonaenne Si0, u Al,0; pactBopuMuix B 5%-voil BuiTske KOH B opomaemeix
noyBax Beurpuu

(Szabol¢s, Darab, 1958)

CoahonXop-| Tay6una, en S0y, % ALOs, % | S10, mesxs | ALO,, me-sxe Asl‘?;
Tabank) 20s
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 08

146 4—20 3,492 0,076 29,1 0,745 39,1
3545 0,954 0,206 7.93 2.1 3.9
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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[Ipu meaounBIX MOYBEHHO-TPYHTOBBIX BOLAX CO34al0TCA 0CoGeHHO Baaro-
NPUATHBIE YCI0BUSA AJs BTOPHYHOTO HAKOIVICHUS B NOYBEHHOM Ipoduie CBo-
GOQHOTO OIIANIOBHAHOTO KpeMliezeMa, AJsi KPEMHEBLIX HEMEHTOB H MOHTMO-
PHJJIONNTH3AUHH TIOYBLI. AMOPIBIA KpeMHe3eM IIPH 3TOM YacTO aKKyMYJH-
pyercst B NOBEPXHOCTHBEIX TOPHU30HTAX COJOHYAKOB.

B Benrpun nogneM UICJOYHBIX IPYHTOBBIX BOX TPU OPOLUEHHH BBI3BAJ He
TOJBKO BTOPHUYIIOE COLOBOE 3aCOJCHHE, HO H MOHTMOPHJJIOHHTH3ALMIO TIOUB
H Hakoljelnne aMopdloro XpevmHC3eMa B 3HAUUTENBHBIX KOJHUECTBAX

e

I

Puc. 43. Odaacty uaxonieHus opra-
HHUeCKOTO yraepoia M BTOPHYHOTO
(ayrorenioro) KpemrcseMa B oca-
JIOUNBIX  1Opolax Mopeit H  03ep
(Ctpaxos, 1963)

a-—Tno TepudCpuH  TNCAMTOBOI  30HLI Kaa
(OK€aHOB H KPyHibiX Moped);

6 —B UeNTPE TNCJAMTOBOH 30UBI  (Maabix fecku Aneboume, flequme: becrap-
/
Mope# u oszep) P bdonamuele

T

prut ¢ Sily

(ra6a. 36). [Tpu 3TOM pasBHIAHCH GECCTPYKTYPHOCTDB, BSI3KOCTB, Treseobpas-
HOCTB H KOPKYEMOCTBb TIOUB.

Cxopuble siBjienus nabuiomalorcss B caBannax u nycthiHsx Apasuu, Ce-
pepHOll Adpuky, JlatuHckoll AMepHKH. 31€Chb MOKIIO BCTPETHTh B IOYBaX
KpeMHE3eMUCTble LEeMCHTHPOBAHIIBIE TOPH3OHTHL M HpPOCJOH (BK/IIOYANOUIHE
OKpeMIIeBIIHe APEBECHBIC M KOCTHBIE OcTaTKM). Hepelko B IYCTBIHAX ONAaJo-
BHANBIH KpeMHe3eM M BTOPHUHBIA KBapIl COUETAIOTCS C OCaJKaMH H3BECTH,.
rHIca, MoJayTopHblx okucA0B. Kak ormeuan neogHokpartHo Idpxapt (Erhart,.
1962), kpemiie3em B BHJe ONaJja 4acTO NPUCYTCTBYET B THAPOMOPGHBIX H3-
BECTKOBBIX KOHKpPEHHAX, KOTOphie 00pa30BaJHCh MO BAHSHUEM HUCNapeHHs U
TpalucIUpaudy TPYHTOBBIX BOJA B IPEBHHX M HOBEHIIHX OCajgkaXx M MOYBax
Mapnarackapa, Teppac u genstel p. Hurep, nusmennoctn 03. Uan, aéccoBblx
Teppacax Peiina,

CxomeHusi ona/joBUANIOTO KpeMHe3eMa H XaJleloH-KBapia Oblau obHa-
pyxenbl TakKe B, B. [ToAbIHOBEIM B OpTIITEAHOTENHBIX TOPH3OHTAX Iecua-
HBIX TIOYB ApeBHUX Teppac p. HoH.

VHUKaJBHBIH TIpEMep KpalHe CHJABHOH alCOJdIOTHOH KOHTHHEHTAaJbHOM
aKKyMYJASIHA KpeMmHe3cMa aBTop Buaed B 1968 r. B NyCTBUIHBEIX CaBaHHAaXx
uentpaJbnofl yactn Ascrpanun (Stephens, 1961, 1964). Jpesuue a/iuTiibe
MOYBBl — KPAaclio3eMbl — 3aHUMaloT B ABCTpPajMH COBpeMeHHEBIH OBIINPHLIHK
BOLOpasies BOCTOWHOH U ceBepHOH Tepputopun KBuHcAeHa. Boawl, co-
IepXKalue KpeMHe3eM, YXOAMJAM Ha I0r0-3amaj OT 3THX NPOCTPAHCTB BO
BIyTPUMAaTCPHKOBYIO Jenpeccuto. O6pasoBajcs MHOTOMETPOBHIH TOKPOB
1eMEHTHPOBAIHBIX OTJIOXKEHHH ONAaJOBHAHBIX KpeMHEH — CUJIKPHT (KpeMHe-
BHIH aHaJor Jarepura). [ToBTOpHas 3po3Hs pas3pyilnia TOKPOB CHIKPHTA
Kak Iejoe, 10 OH COXPaHuICs Ha MHOTOUMCJAEHKBIX OGIUHPHBIX OCTAHILAX
B Bume OpoHHpoBawHOTrO nNOKpoBa. OANaKO 3TG CPaBHUTEJIBHO PCIKHUU
npumep.

Ilo-puauMoMy, Goapliast 4acrb KpeMile3cMa, NOCTYIHBUIEr0 NpH BHIBET-
pPHBAHHH B NOYBEHIIble, TPYHTOBLEIE H Ha3eMHble BOABI, PACXOAYETCs Ha peax-
IIHH peCHJIHKANHNH THAPOOKUCJOB aMIOMHUHHUS H JXejie3a B KAOJAHIUT U Tafiya-
3UT, a NMOCJCAHVX — B WJUIUT H MOITMOPHIJIOHUT. DTH IPOIECCH THAPOTEH-
HOTO IVIMHOOOpAa30BaHus MPOUCXONAT HENPEPHIBHO B MOYBAX U NOPOLAX TpaH-
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BHTHBIX M OCOGEHHO aKKyMyJsTHBHBIX JanpmadTos (KoBma u np., 1958,
1968).

Haxkoueu, nmoxany#, nauboapuiass J0Js KpeMHe3eMa, IOCTYIHBIIEro B
NpUPONHEBle BOJBl, YXOLUT B 03epa, MOPSI H OKeaH, yIacTBYys B MOPCKOM IIMK-
Je cegumeHtanuud. O6 3TOM MOXKHO CYIZHUTb MO DHC. 43, HIMIOCTPUpPYIOIIEMY
HIITEHCUBHOE HaKOMJIEHHe COeJIHHEHHH BTODHYHOTO KpeMHe3eMa B JOHHHIX
CYTJIMHHCTBIX M TVIMHUCTBIX OCaiKax o3ep W Mopef.’

Murpauus M aKKymyasiuus COeIMHEHMH Kenesa,
MapraHua 4 ajioMUHUSA

[Tenoreoxumuueckas cynb6a coefuHeHHH Kejesa, Mapramiia, ajo-
MHHHSI 3aBUCUT B OTPOMHOH <CTeNEHH OT YCJIOBHA YBJIaXKHEeHWs, peaklHuH
Ccpelsl, a3pHpPOBAHHOCTH IIOUBH, YCJIOBHH Pas/iOXEHHsT Opraguueckoro Bele-
CTBA.

Ewe Hlnpenress, Kotopslii padoran Hax npo6JeMoil NOYBEHHOrO ryMyca,
MHOTO 3aHHMaJCd H3yuYeHHeM AePHOBBIX KEJE3HBIX PYH, CBA3bIBast HX 00pa-
30BaHHe ¢ HCHApeHHeM U aspanuell BoJ, COREPKAIIUX T'YMYyC, YTOJIbHYIO KH-
caoTy U XKeneso. Jpyrue wmccesenoBareny OOBSCHSIM akKKyMYJISIUUIO XKejesa
npoueccaMH OKHUC/JEHHS U Bo3felicrBueM nyOunpHelx BeiectB, C. H. Bunor-
panckuii (1897) mokasas, yto OcaxIeHHe OKUCJIOB KeJjesa SIBJAdETCA (Gakre-
puajgbHbIM npomeccoM. Aapumo. (1915), mno-BuauMoMy, OBT OXHHM H3
nepBhIX HCCenoBaresel, SKCIepHUMEHTaNbHO H3YYHBIIHM POJb KHCJIOTO TY-
Myca B o6pa3oBaHud GOJIOTHBIX JKeJe3HBIX PYA H CKOIJIEHHH MOJYTOPHHIX
OKHCJIOB.

OO0uen3BECTHO, UTO COeJHHEHHS KeJjie3a, MapraHia, ajdlOMHHHsI MHIPH-
PYIOT B BEPTHKaJbHO-HUCXOHSIEM HANPaBJCHHH B IOA30JUCTHIX H XKEJATO-
3EeMHEIX IIOYBaX, B COJIOHIIAX M COJIOASX C 00pa3OBaHHeM CBETJILIX, OeJeCHX,
neneabHO-CEPHIX 3/I0BHATBHBIX TOPH3OHTOB Ag ¥ 6YPHIX, KOPHYUHEBHIX, TEMHBIX
HJIIOBHAMBHLIX TOPH3OHTOB, 0GOralleHHBIX NoayTOpHBIMH okucaamu. K. K. Te-
apoitn; (1926), K. II. Fmunka (1924), T'. Burnep (1941), A. A. Pone (1937)
06BACHANH 3Ty GOpPMY HHCXOASINEH MHUTPanud IOJYTOPHBIX OKHCJIOB IPO-
MBIBHBIM BOJAHBIM PEXKHMOM H 00pa3oBaHHEM BBICOKOJHMCIEPCHBIX 30JeH, cTa-
OUNM3UpOBaHHBIX KHCABIM rymycom. Ilocse wuccamemoBanuit C. I1. fpxosa
(1942) sra dbopMa BeIHOCA NOJYTOPHBIX OKHUCJOB H3 OCBETJIEHHBIX FOPU30OHTOB
C MOJMHBIM OCHOBZHHMEM CBS3BIBAETCS C BPEMEHHBIM HJIHM IOCTOSIHHBIM CO37a-
HHeM aHaspoOHOH 0OGCTAHOBKH H ¢ 00pa3oBaHHeM COeAHHEHHU IBYXBaJeHT-
HOT'O KeJe3a M MapraHua,

B pesyabrare uccaenosannit YU, B. Topuna (1949), B. B. ITonomapesoil
(1949), JI. H. Anekcannposoii (1954), M. C. Kaypuuesa (1965) BHISICHHIOCH,
YyTO pellaollast poJdb B MHTPAalUUH COELMHEHUH TSAXKeJBIX METa/JIOB NMpUHAL-
JIEXKMT arpecCHBHOMY AeHCTBHIO (QYJIBBOKHCJIOT, ¢ KOTOPBIMH 3KCJe30, Maps
raHen, aJgIOMHHHH 00pasyloT NOABHKHEE, aKTUBHO MUTPHPYIOIINE KOMIJIEKC-
Hble coemuHeHus, PYIbBOKUCIOTEL CIOCOOHH CBSI3BIBATH HECKOJABKO COT MHJI-
JUTPAMM XKeJie3a Ha | 2 yriepona B BUIe XeNaTHBIX COeNUHEHH, MUTPHPYIO-
KX Ha 3HauuTeNbHble paccTosHus (Jlykames, 1961, 1967).

Hccnenosannst M. C. Kaypuuera u E. M. Hoznpynoso#t (1958, 1960) mno-
KasasjH, YTO Ce30HHOe WM TOCTOsSIHHOe 3a0ojaynBaHHe B NOYBax cpenHed
Talru CONPOBOXKAACTCH OOPa30BAHHEM KOMILIEKCHBIX K€/J1e300PTaHHUECKHX
coefivHeHuH (¢ nyOHABHBIMH BEILECTBAMH K HH3KOMOJIEKYJSPHBEIMH KapGoHO-
BBIMH KHCJOTaMH), KOTOpLIE MOTYT CBOGOJHO MepeiBHTaThCs B HUCXOLSILEM,
60KOBOM H FOPU3OHTAJABHOM HampaBJeHusix. 3a 1 rox Ha miowaxn 1 m2
B npodHae MON30HCTLIX H T'e/J1eeBO-IOL30IHCTHX TOYB, IO JAHHBIM 3THX
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aBTOpPOB, MOXeT OHITH MOOGUJIH30BAHO, NepeMelleHO H 3azepxano or 150
no 2500 me Xesesza. B nepecuerax Ha 1 ea sTo Laer BenuwuHel ot 1,5 o
25 7 Fe.

[TocTeneHHO B IOYBOBEJEHHH HAKOMHJIOCL MHOTO (DaKTOPOB, CBHUIETENb-
CTBYIOUIMX O TOM, 4YTO MeJOTEOXHMHS MNOJYTOPHBIX OKHCJOB 3HAUHTEIBHO
CJI0XKIlee, ueM TNpejcTaBieHHe 00 HX OTHOCHTEJBHOM HAKOIJEHUH B OCTATOY-
HOW KOpe BHIBETPHBAHMS U OIDAHHYEHHOH HHCXOXAUeH Murpauuu ¢ obpaso-
BaHHEM WJIIOBHAJIBHBIX TOpH30HTOB. [IpsiMble W KOCBEHHEIE JaHHBIE $IBHO
YKa3HBAalOT HA SBJCHUS AKTHBHOH FOPH30HTAIBHOH MUT DALMY H aKKYMYJSIHH
HOJYTOPHHX OKHCJIOB: KOJHUYECTBO IIOIYTOPHBIX OKHCJOB B HJJIIOBHAJBNBIX
ropu30HTaX He COOTBETCTBYET TOMY, UTO MOIJVIO OBITh BBEIHECEHO H3 OCBET-
JIEHHBIX 3JI0BHAJBHLIX TOPH30HTOB 3THX e IOYB; HAOMIOJAlOTCH MHOTOUYH-
CJIeHHBle NpHMepbl 00pa3oBaHMsl PETHOHAJNBHOTO OpTIUTEfiHA B MOYBAX HU3-
MEHHOCTEH, IIpHMepbl HHTEHCHBHOIO HAaKOIJIEHHS KOHKPEUHi M TMJacTOB
NOJYTOPHHX OKHC/I0B B 60J10TaX, JYTOBEIX H TJIEEBBIX IOTBAX, B MEJAKOBOLHBIX
o3epax ¥ Jarysax, o6pasosaHie TpyOKOBUIHBIX CTSXKEHHH BOKPYT KOpHel, Ha-
XOXKIEHUe TPYHTOBOIHBIX JIATEPHTOB, KEJE3UCTBIX KHPAC 10 CKJIOHAM W B JIe-
NpECCHsIX, OBUXKEHWE TEMHOOKPAMIEHHBIX OPraHO-)KeJe3HUCTHX BOL. Bce sTH
HabmioneHnd B IPUPOJE U YKCIIEPHMEHTH B JabopaTopusix y6exjaloT B TOM,
UTO COENUMEHHS XKejie3a W MapraHua B pasjHuHbiX (OpPMax H KOHLUEHTpa-
HUSIX MOTYT aKTHBHO MHUIDHPOBATh Ha OrpoOMHBIX NpocrpancrBax. Coenuue-
HHS JKeJjle3a, 0Ka3aBIIHECs B pacTBOpe B KHUCJIOH UJIH HEUTPaNbHOH BOCCTa-
HOBJIEHHOH cpene, GOraTofl OPraHHYeCKHMH COeIHHEHUSIMH, HOCTyIas B FPyH-
TOBBIE BOALI ¥ C HUMH B OOLIYI0 FEOXHMHUYECKYIO HHPKYJASIUIO, ABHXKYTCH MO
YKJIOHY MECTHOCTH B aKKyMYJSTHBHBIE JaHIadTBl, Ioe OHM MOTYT HaKa-
MJIHBATBCSA B 1I0YBAX U I'PYHTax B pasHooOpasHuIX popymax. OcaxkIeHHe xe-
Jiesa IPOHCXOLUT B BUje OYPOro reftenofo0HOr0 ocajgka KapOOHAaToB Aeaesa,
B BHIE CINIOMIHBIX MACC OKHCJIOB Pa3HON THAPATHPOBAHHOCTU, 8 Bhuie (Po-
¢atoB U rymaros. )

®unckue nousoBensl (Aarnio, 1915; Kivinen, 1936) muoro caenanu B H3y-
YeHHH SBJAEHUI MHIDAUMH U aKKYMYJSIHE COeJHHEHUH Keje3a B BOLOEMax
¥ GONOTHBIX TlouBaX ceBepa. [lepBble NpU3HAKH BHIIAJEHHS THAPOOKHCIOB
Kejesa U3 pacTBOPOB-— 3TO IOSIBJIEHHE «MAacCASHHUCTBIX® HJH <HePTIIBIXS>
IJICHOK H ISITell Ha NOBEPXHOCTH BOJEL. B BOCBMH CIyuasix M3 LECcSTH BOALL,
HMEIOMHMEe MAacJsHUCTBle INVICHKH, OTJHYaloTCst Y3KHM HHTepBajom pH
(6,30—6,49). Dru nuIeHKH CONEPKAT ABYX- H TPEXBaJEHTHOE XKee30, KaJb-
m1il 1 MHOro opranuveckoro BelllectBa (Puustjarvi, 1952).

@uHCKHE HCCAENOBATENH [OAYePKHBAIOT, UTO OCAXKAECHHE OKHCJOB Xene-
3a CompoBOXKJaeTcsl copOuuefi pacTBOpeHHOro ryMyca B KosauyectBax 0,2—
3,0 2 Ha | 2 FepOs. Ocaxienue NBYyXBajJeHTHOrO *eJe3a B BHAE KapOoHATOB
IPOHCXOAHUT NPH BeicOKOM ypoBlie pH — 6,7—7,0. [TosTomy cuiepuT B mousax
HakanjuBaercs npy pH=7 —85. B ocranpHbIX ciyuasix uaiie NPOMCXOLSAT
KOJIIOUJHO-XHMHYECKHC DPeakKUHH MeXJAy OTPHIATeJbHO 3apsKEHHBIMH 30-
JSIMH TyMyca Y NOJOXKUTENbHO 3aPSIKEHHBIMH 30J1IMH THAPOOKHC/IOB XKeJe3a
(1 mapranna) c ofpasoBaHieM H30JIEKTPUUECKHUX 0CAIKOB. [TouTu Bce XKe-
JIE3UCTO-MAapraHIOBble HOBOOODA30BaHUsI B IIOYBAX — OPTIUTEHHBI, XKeJe3H-
CTble XapaneHsl ¥ OOJOTHLIE PYyibl — BCEIA COAEPKAT HECKOJBKO MPOLEHTOB
rymyca,

Kak ycTaHOBI1eHO GUHCKEMH INOYBOBENAMH, HaHOGOJee HHTEHCHBHO H -
YaCTO aKKyMyJsIUUS COENVHCHHH ’Kese3a B BEPXHHX TOPH3OHTAX MOLBOMLIBIX
_60n10THBIX 1OYB TpoucxoauT npu pH=6,3—74. Ipu kucnoi peaxuuu (pH
HuXKe 5,5) HakoI/eHne kee3a B NOYBEHHBIX IPHIOBEPXHOCTHHIX TOPU3OHTAX
He Habmonanock, [Ipu BEICYIUIMBAHHH GOJOTHBIX IIOYB HAGIIONANOCH [OBHIIIE-
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s Puc. 44. TloBmiuleHHe KHCJOTHOCTH
! GOIOTHHIX TOYB  QHHISHIHM npH
! Bucymusanun. (annvie Ilyycrsp-
B — Puustjarvi, 1955, oBpa6oran-
HBEIE aBTOPOM)

3 1 — pH cBexell MoYBkL;

o 2 — pH cyxo#l nouBkl.

| . Kpuprle mocTpoeHwl mo pauubeiM 30 aHa-
JIK30B
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-

uue ux xucaorHocty (Puustjarvi, 1952; puc. 44). Ocaxiaesue OKHCIOB XKeJe-
32 SIBJSETCH TakXKe H (QYHKUHell OKHCIHTeIbHO-BOCCTAHOBUTENBHOTO IIOTEH-
uuana cpembl. Tak, 6osJora, HMeBIIHe <«MAaCAAHHCTBIe» NsTHA, HMead Eh
00biuHO HA 50—100 M8 MeHblIC, yeM GOJOTA, Ha KOTOPHIX HaGJIONAETCS Bhi-
najeHue COEQUHEHHR XeJe3a B 0caJoK. B moliMax u Ha NPHTEPPACOBHIX MO~
HUXKEHHsIX YYacTKM, UMeoll¥e KeJe3UCTHIH OpTIITEHH, BCerna OT/IHYAIOTCS
Oosee BEICOKMMH TNOKasateaaMu Eh u 60abluum comepxkanueMm KHciopona B
TPYHTOBOH BOJeE,

B nanpmadrax TPaH3UTHOTO HJAH aKKyMYyJSATHBHOIO THIIA B 30He BJaX-
HBIX JIECOB CeBepa, Kak nokaszaa ®. P. 3alineasman (1965, 1969), coenune-
HUf KeJe3a U aJIOMHHES HHTEHCHBHO HAKAallJIMBAIOTCS B [IOYBAX TeM B G0/b-
lIeM KOJHYECTBE, YEM CHJIbHEE OHM OIJIEEHHI, T. €. UueM XyXe OGLIHe YCIOBHs
IpeHnpoBaHNOCTH. [Ipyn 3TOM, KOHEUHO, aKKYMYyJHPYIOTCH H COEAHHEHHs
KpemHesema. EcrecTBeHHO, UTO NMOJ30/HCTHIE Ipomecc NpH 3TOM IOLABJEH,
BhIpaxen CJa00 HJIH 3aMellaercs THAPOTEHNO-aKKYMYJISTHBHBIM HEPHOBHIM
NpONeCCOM ¢ BRIHOCOM JHIIb HaHGoJee NOJABUKHBIX COEAHHEHHH (Kap6oHa-
TOB, CyJab(}aTOB, XJOPHIOB).

SIBnenuss akKyMyJsiLuH IOJMYTOPHBIX OKHCJIOB B IIOYBAX MOXKHO GBUIO GH
J0Ka3aTh AHAJHUTHYECKH, €CAH OBl KOHKPEIHH H MHKPOKOHKDEIHH JHAMETPOM
Gonee 0,25 mm He OTCEHBANHCL H3 TOYBBI, & YUATHIBANHCH § AHAJH3HPOBA-
JIUCh OTAENbHO. Kax mokasaju uccieloBanusi, BEINOMHEHHEE HAMH C COTPYI-
Hukamu B [Ipnamypee (1958), akkyMmynsili¥si COe[lHHEHHU Kejie3a U Mapras-
na ¢ 00pasoBaHueM NPUIOBEPXHOCTHOTO MAaKCHMYMa YETKO NPOCJeKUBACTCS
B THAPOMOpP(HBIX ¥ najeornaApomopdHEIX nousax (puc. 45).

JKeneso u Mapranell 06BIUHO NPUCYTCTBYIOT B YIJIOTHEHHBIX T'YMYCOBHIX
XaphreHax, HallpuMep B N0/130Jax BaaxHbX Tponukoe Capasaka (Andriesse,
1969).

AnayoramMy TakHX JKeJe3HCTO-IyMYCOBBIX TOPH3OHTOB B CEBEpHOM MOJY-
WapuH ABJSIOTCS OPT3aHAOBLIE NMPOCJOH B NECKAX H OCOGEHHO I'YMYyCOBO-XKe-
JIE3UCTHIE 3JI0BHAJNbHBIE TOPHU3OHTHEL B IOJ30JHCTHIX IOUBAX JIETKOTO MeXa-
HHYECKOoro COoCTaBa.

OTH TOPH3OHTHL THAPOTCHHOTO HAKOIUIEHHs NOJYTOPHBIX OKHCJOB H TyMy-
Ca XapakTepU3YITCA CAeNYIIUMH [10Ka3aTeIAMH:

Fe-non3onut Tymyc-nogzontt
AlLO; : rymyc 1:0,75—2 1:1,6
Fe,03 : rymyc 1:0,55—0,72 1:22—42

Jlar (Lag, 1960) fimmer, uro B HopBernn uemMenTHpOBaHHBlE TOPU3OHTH
Ha0M04a10TCsl B poduie KUCIBIX TPABUAHEIX 10YB; NEMEHT COCTOHT H3 0Cajl-
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Xa OKHCJIOB MapraHia B xosaumveciBe ao 1,56—4,7% Mn. Boobme xe ®eie-
3UCTO-MapPraHueBble aKKYMYJISIIHH TAKOTO THIA MIHPOKO H3BecTHH B Cxauau-
HaBuH, ceBepo-3ananHoi EBpone, Taexunx paiionax CCCP. :

3. 5. Xpyuxas (1965) uccaenoBasa mpouecc HAKOIIEHHs THIPOOKUCIOB
Kede3a B APEHAXKHBIX TPY6ax, 3aM0KEHHBIX sl OCYIIEHHS] CEBEPHBIX 00J0T-
HBIX TouB. OKa3aJ0Ch, UTO 3aHNEHNe IPEHa)HBIX TPYO ABJseTcs Nego0Horeo-
XHMHUYECKHM IPOUECCOM, B KOTOPOM BaxkHellllasi poJp NPHHANJIEKHT XKese-
sobakrepusm Leptothrix trichogenos u L. ochracea. Jlyia Toro uto6st co3xaTh
1 2 opraHnuecKOro BelecTBa, Xeae306aKkTepnu NepeBoAsT 10 279 2 3aKUCHOTO
xKene3a B 534 2 rHIPOOKHCH Xene3a.

Ocaxjenre OKUCJAOB 2Kesaes3a, MapraHua, KpeMHe3ema, BTOpHUHBIX TJIHH-
HBIX MHHEpPAaJOB 4acTo HaGJMIOAaeTCst ¥ IPH BePTHKAJbHOM ApeHaXke, YTO Bbi-
3BIBAET 3aKYNOPKY JApeH H 3HAUHTEJbHOE YMeHbllIeHHe AefHuTa HACOCHBIX KO-
jgogues (Ilakucran; Hasup Axman, 1966).

Comepikanne a/J1OMKHHAST B PEUHBIX H O3€PHBIX BOLAX OOBIUHO COCTABJSET
0,02—0,03 me/a. Jlumb B menounsix Bogax (npu pH=9—11) KonueHTpauus
aMioMUHHsT MoxKer nocturate 0,5—0,7 me/s4, a B HEKOTOpPBIX MOX3EMHEIX BO-
1ax— ¥ HeCKOAbKHX MusaurpammoB B 1 2 (Camoxuukos, 1968). Comep-
xaune AloO; B rpyHTOBBIX BOZAX M BOLHBIX BEITAXKKAX H3 I10YB, 10 AAHHBIM
A. A. Pogne (1937), koneGraercs s npepeaax 1—9 mz/a. VapectHrl daxTh Go-
Jiee BEICOKHX KOHIIEHTpPallMH aJlOMHHHS B BOZAx TOA3OJHUCTHIX I[I0Y4B: 3—
5 m2/a, a Tocjie HX H3BeCTKOBaHHA paxe 26—120 me/a (JleBun, CyG6oruna,
1963).

B cuibHOKHeNOH cpeme afqoOMHHME BedeT ce0st KaK KaTHOH H, €CJH lIpH-
CYTCTBYeT cepHasi xucaora (npH nepemennoM Eh u oxucaennu cynabdumos),
o0pasyioTes anioMHHHEBBIE KBacClbl, KOTOpBIE MHTPHPYIOT B II0UBaX H BOLAX
AKKYMYJASTHBHEX JaHAWadToB, yuacTBysi B (DOPMHPOBAHHM KHCHBIX TIpH-
MOPCKHX COJIOHUAKOB HAM OOJIOTHBIX MECTPOLBETHHIX IVIMH M 110YB.

B HefirpanbHO# cpeje, Kak NoJaraloT HEKOTOPHIE HCCAENOBATeNH, B pac-
TBOpe oOpasyercs THAPATHPOBAHHBIM KOMIIEKCHBIH aHHOH, (QopMHpYyHOIMii
OKTa3JpHl ¢ LIECTBIO MOJIEKYJaMy BOJBl H aJIOMUHHEM b IEHTpE.

B wenounoit cpene 00pa3yloTes NOCTAaTOYHO PacTBOPHMBlE aJIOMUHATHL,
B KOTOPBIX aJIIOMHHMI BedeT ce0s KaK KOMIVIEKCHBIH aHuOH, OKHCIB aioMH-
HHSI B COCTaBE YALTPANPECHBLIX H NPECHBIX BOJ cOCTaBAAIOT 1—3Y% or cymMMbl
pPacTBOPEHHEBIX BEIIECTB, T. €. 3HAYHTEIBHO MeHbIlie, yeM OKHCJBI KpeMmHeseMa
u Kegesa. AmoMuHulE crocofeH AaBaTh OTHOCHTENBHO PACTBOPHMBIE KOMII-
JIEKCHBIE COeIHHEHHs ¢ TPOCTBIMM OKCHKHCIOTAMH (MYpaBbHHas, YKCycHAas,
aBesieBas, sHTapHas, BUHHAd ¥ Ap.), 2 TaKXKe C T'YMYCOBBIMH KHCJAOTAMH H
ocobenHo ¢ ¢yabBokucnoraMmu (ITonomapesa, 1940, 1949, 1951). C rakumu
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poxnennsi, Y% (Bapenuor, ®op- : e %
Mo30Ba, 1962)
! — Gonee 4;
2—o0r 35 104
3—or 3 n0 3,5
4— ot 2,5 no 3,0;
5 —or 2,0 no 2,5;
6-—or 1,5 no 2,0
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Puc. 46. Conepxanue aTIOMHHHS S
‘IIIA,
L

COCHHCHHUAMH AJIOMHHHI MOMKET OTHOCHUTEJbHO JIETKO BLIHOCHTHCS M3 TIOUYB
3JIOBHAJBHBIX JaHAWAPTOB H HaKalHBAaThCA B IOYBAX W 0CajKax aKKyMy-
JATHBHBIX JiaHawadToB. B 3kcnepMMeHTa bHLIX YCAOBHAX BBHIHOC AJIIOMUHHSI
HHOrAa MOXKeT OHTh 6oslee YMHTEHCHBHBIM, YEM BBIHOC KPCMHE3EMA.

Burank u coaBropul eme B 1926 r. moka3anad, 4To BTOPHYHLIE COEIMHEHHT
aMOMHHHS (nepexoldsdulde B KHCJAOTHBIE BHITSKKM) HAKalJUBAIOTCA B M0YBaX
o-pa Ulnnnbepren. Kpome Toro, Ha ckazax ocTpoBa B COJEBHIX BBHIIBETAX
MMH GbliH oGHapyxenbl amoMunHeBbie kBacubl. OtHowenue SiOp:Al,O; B
NPOJAYKTax BhBeTpuBanus gocturano 1:2 u 1:2,25, uto 06BlUHO CUHTAETCH
THMHYHBIM JJIsl aJAHTHBIX U JAaTEPUTHBIX npoaykToB (1o [1asoBckoi, 1964).
Haxonienne cepHOKHCJIOrO aMIOMUHUS B TIOYBAX M aKKYMYJSTHBHBIX KOpax
BpiBeTpuBaHusa IlpuGaatuxku ormeuanu Aapuuo (Aarnia, 1938), Kunneu
(Kivinen, 1935), Ca6oau (1962). ITo wuccaenosanusv E. H. lisaHoBoH,
O. A, Tonsgueroit (1936), 0. A. Jluseposckoro (1939), B nousax Kosbscko-
tO MOJYOCTpPOBa HEpenKo O0HAPYKWBAETCS 3HAUUTCJIBHOC KOJIHUECTBO aJlIo0-
vuinst (otnomienne SiOq: AlsO; cocraBasier, IO ManHBIM LIEJOYHBIX BBITS-
®ex, 1:19).

Becbma 3amernas akkyMyJasuus coelnHelHH aJIOMHHHS HaOmonanachk
M. A, Tnasosckoit (1964) B cyGapKTHYecKHX JIYTOBBIX [10YBaxX KpaiiHeii ce-
Bepo-3ananHoi yactu Cxanaunasun. IIpyu Bamosom conepxkannu AloO3 B odn-
BHHOBEIX AMaGaszax 18,56% B nponykrax BEIBETPHBAHHUSA H IIOYBAX €r0 KOJHYE-
ctBo Bo3pacrano go 339%. Ha ocnosanum sroroM.A.Tasosckast BELAGTH-
Jga 0cobylo (yJAbBATHO-KEIE3UCTO-ATIOMHHUEBYIO TIOYBCHHO-T€OXHMHYECKYIO
IIPOBHHILHIO, OXBaTHBalomylo cy6apkrudeckuit cesep (Mceaannuio, Ckananua-
Buto, Kosbckuil noayoctpoB U Kapenuio).

IMprMepsl akKTUBHOI MHUI'pPalMH B AKKYMYJSUUH COCAHHEHHH aTIOMHHHS
ofuapyXeHs He TOJNLKO B cyGapKTHKe, HO M B TouBax TalrH. Tak, elle B
1936 r. A. A. Pone nokagaa, uto raeepo-noisonncreie noyBel CeBepo-3anana
CCCP sgBuo o6Goramienn amovunuem. ®. M. JleBun, usyuast najersl H Ko-
POUYKM Ha NOBEPXHOCTH KOMOUYKOB OCBOEIIHBIX TIOA30JUCTEIX nous MocKoBCKOH
obaactH, ToXe OGHApYXKHJI B HHX CKOIJICHHE OKHCJIOB amioMuuus. To
xe Habmonana u T. U. EsgokumoBa (1957) B GesaoBarhlX HaJjeTax NOYB
Kapeanm. o o

Ilpn ocaknenuu amOMHUHUS.B BHIEe THAPOOKHceH olpasyiorcss TPYOKH,
NOTEKH, CKOTJICHHS] H KOHKpPeUWH TWApapruaura, rubGeura u bemura. B aa-
JUTHBIX KOpaX BHEIBETPHBAHMS 1Ha6JI0LACTCS MOPA3HTENBHOE I'eOXHMHUYECKOe
fBJEHHE — 3aMellleHHe 3eped Hcuesaowero xpapua ru66curom (Bymunckui,
1958; Jlucuunna, 1966; bo6pos, 1968). Takue dopMbl CKOMIGHHS OKHCJIOB
aJIOMHHHSL BCTpeuawTcst B GokcuTax [aBaiickHX OCTPOBOB.
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BuauMo, raaBHbLIM yeaoBHeM CBOGOIHOH MHUIpaluy adIOMUHHS SABJASCTCH
OTCYTCTBHE WM HH3KHMe KOHLeHTpaluH kpeMHeseMa H pocdar-aunoHa. B eay-
yae NPHTOKAa KpeMie3eMa OKHCAL aJIOMHHHUS [OABEpraroTcs KaoJHHHTH3A-
IHH, 4 3aTCM W/IHTH3AIHH H MOHTMOPUJAJMOHHTH3anuH, [TostomMy Toamu 3ai0-
BUAJbHBIX GOKCHTOB MOTYT 00pasoBarbCsd TOJMbLKO B YCJAOBHSAX YCTOHYMBO
BJa3KHLIX TPOMHKOB B Pe3yJ/bTaTe OueHb HOJMHOH M TIaAyGOKOH JeCHIMKAlUH
ropHex nopojg nagawadra. [Ipu sToM 060CO6AAIOTCA OCTATOYHBIE AJTHTHEBIC
KODbl BHIBETPHBAHUS U CO3ZAI0TCA YCAOBUA NS PACTBOPEHHS H XHMHYECKOTO
nepeocaXJeHus YHCTOTO TJIHHO3eMa.

Komnzekcible COeIHHEHHA ANIOMHHHA C OPTAHMYCCKHMH KHCIOTaMH, 6u-
KapGoHATH aJ1I0OMHHHSA, 301 H BLICOKOLMCIEPCHbIE CYCIEeH3HH THAPOOKHC/I0B
aJIOMHHHA NPHHOCATCA C NMOYBEHHBIMHM U NOBEPXHOCTHBIMH BOJXAMH Ha IepH-
(depuy CKJIOHOB, B HOHMBL H J&/bTHl PEK, B 3CTYapHH W JaTyHBL Mapeiji, o6pa-
35 3aJIeXKH THAPOICHHOI'O OOKCHTA MM e MACKHPYSACH IPOLecCaMH OXKees-
HeHHst M pecHjHKatH3auuH. IIpumep o6pasoBaHHA TakuX 3ajexell B BUIC
JeNBbTOBBIX aKKyMyJAOHi aJiOMHHHS OpHBegeH Ha pHc. 46,

Heo6xoaumo uMeTh B BHAY, UTO THAPOOKUCHAH H OKUCABI XKeJesa, ajio-
MHHHS, MapraHia JieTKo 3aXBaTblBAlOT W CBA3HIBAIOT KpeMHuuii, HHKCJb, KO-
6aJbT, MeJb, XpOM, BaHA/IHIl, MBIIIbAK,

Axkymyasuus docdaros

Coenunenus doctopa B nouBax MHOTOUHCJIEHHH H HeoOHYaiiHo Pa3sHo06- .
pa3Hbl; HX TeOXHMHYECKas MOABHKHOCTb B arpOXMMHUYECKOe 3HAYEHHe CUIbHO
Bappupyior. OHaKO B 3TOM pa3sHOOGpa3HH MOYBEHHHIX coefuHeHHH docdopa
H. JI. Ackurasu (1949) ¢ GonbliMM OCHOBAHHEM Pa3Juyal cjepylollue I1aB-
Hble TPYIIBI:

a) ¢ochare xanpuusa TANA THAPOKCUI-PTOPANATHTA — MAJIOPACTBOPHMEI
B C71a601en04HOH 1 HCHTPaNbHOM cpejle, HO JIeNIaloTCs NOABHKHBIMH IO Mepe
ee MOJKHCIEeHNH;

6) ¢ocdaThl NOTYTOPHBIX OKHCJIOB, NPEHMYIIECTBEHHO OCHOBHOTO THNA,—
TeM MeHee PACTBOPHMMBIL, ueM GoJblile B HMX OTHOIIEHHe MeTasoB kK docdopy
u yem Huxe pH (3—3,5); npun nosnimenun pH 3T coellnHeHHs HAuHHAIOT
[epexofUTh B PACTBOP;

B) (octarsl mesouel, MOHO- B AMKaldblueBHe (Marnuesnie) GocdaTh —
PaCTBOPHMBI, T€OXHMHYECKH NOABHKHBI, JOCTYIHH DACTEHHAM.

OcoGenHOCTH IeoX¥MHYecKOoll MOABHKHOCTH docdaToB pasHoro THma Xo-
powo wtoCTpupytorcs puc. 47. Hago umers B Bumty, uto Gocharhl TAKENIBX
METAJIJIOB CPABHHUTENBHO JIETKO MOABEPraloTCs TMAPONUSY, BCJAENCTBHE UYero

[
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Puc. 47. Posb peaxnuu cpeisl B docdation pasHosecnn B nouse (Partne, 1942, no Acku-
Lasu, 1949)

Puc. 48. Ocaxnenne docdatoB xesesom B saBuciMocTd oT pH n konuenrpanun HPO,~2
(Puustjarvi, 1952)

coepnnenus ¢ocdopa MoryT nepeHTH B PaCTBOP M NOABEPrHYTbCS TOH HJIH
HHOH (opMe MHIpautH, a rHAPOOKKHCBI METAJNJI0OB MOLYT OCTAaThCad B OCallke,
T. €. B HellOABUKHOH dopMe.

[Ipu aa0BHANLHOM BLIBETPHBAHHH W IPOMBIBHOM pexHMe NOuBOOGpaso-
BaHMsA coeluHenus (ocdiopa mOCTeneHHO YHOCATCS B PEOXHMHYECKHH NOTOK
COBMECTHO ¢ APYruMH coeaudenusMu. Yactb coeaunenuii ocdopa yxoaur B
MupoBoit okean. OxHako 3HauuTeJbHBle MaccH (ocdopa yAepxKHUBAOTCA B
0HOJIOrYUeCKOM KpyroBOpOTe, B NOYBAX TPAH3HTHHX H AKKyMyJIATHBHBIX
aanamacdTos cymu. [To Mepe uadyueHHs TjeeBbX W OOJOTHBIX IOUB gempec-
cuil, mo#iM, AenbT NMOoABAAJNCL MHOTOYHCJEeHHble (DaKTH, CBHAETEJNbCTBYIOIIHE
O MHTPALMH H COBMECTHON aKKyMyJsuuH ¢dochatop Xejiesa ¢ rHAPOOKHCHAA-
MU XKeJjle3a,

O6pasoBanne hochatos xenesa (BHBHAHUTA) — CI0XKHAA peakuus (puc.
48). JIns 3TOro HeoB6xoAMMa OTHOCHTEIbHO KHCAAs MIH cjaboinenouHas cpe-
pa (T.e. NpUTOK 31exTponuTOB). Tak Kak IUIPOOKHCABLL XKejJe3a W CHIAEPUT
BBIIAAAI0T B OCAAOK JCIKO, TO AAs 06pa3oBaHus BHBHAHHTA HeOGXOmMHMO,
yTOGHE KUCAOPOAA ¥ YTOJBHOM KHCIOTE ObLIO Gbl HEJOCTATOYHO AJS [OJHOrO
OCaXKJeHHA HOHOB keJjc3a. JIpyrumM OCHOBHBLIM YcJOoBHeM oGpaszoBanus (oc-
tdata aBasercs ob6uaue nonos HPO,~2 Takue ycaoBHS HAGMIOZAOTCS B HU-
3UHHBIX 60J0TaX, NOHMax H B nesabTax pek. Mimenno B Takux ycaosusx docda-
THl XKeJje3a HaKanJAMBalOTCA B NOYBAX B HACTOALLce Bpevs M HaKaJHBAJIHCDH
B npounom. Yame Bcero 3TH HoBooGpasoBauusi ochopa mnpefcTaBlICHH
ckonmyienugMy BoaHoro ¢ocdara xkenesa — BuBuanuta 3FeQ-P;05-8H:0.
OnM cMelllaHBl WIH NepeMerkaloTces ¢ TophoM U ¢ ocaZKaMH OKHCJ/OB XKeJje3a
unn meprenss (puc. 49). Ilpn pocrynme Kucjaopoaa npo3pausble uau GesoBa-
THIe MeJIKHe NOPOMIKOBHAHbIE KPUCTAJJNHKH BHBHAHHTA OLICTPO CHHEIOT, Npe-
Bpawasch B KepueHHT. [losHoe oXHCAeHHe XKele3a OPUBOMAT K Pa3pyLIEHHIO
KepueHUTa ¥ NpPeBpAallelHio €ro B TaK HA3bIBAeMBbIH NHIHT — OCHOBHOM (oc-
dar oxuch xeneza — 4FePO,-2Fe (OH);3-7H.0. Kpome docdartoB xkenesa,
B 3THX Xe ycnoBuAX obpasylorca (docdarsl anlOMHHHA, U3 KOTODHIX yYalile
APYyrHEX BCTpeuaeTcs OCHOBHOR ocdar amomunusa: 4AIPO,-2A1(OH);-
-9H;0 — Tax HasLiBaeMbIil BABEJIHT.
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Puc. 49. Ilpouecchl akkymyasiiuu coeluHenu# xeaesza, docdopa, Kaablus B noliMax xo/aox-
HBIX TYMH1HBIX oOaacreit (Bywusckuii, 1952) ’

1 —topdy; 4 — BUBUEHUT,
5 — 6ypbIf KenesHsK;

7 — NMecok K cymnech;

2 — CHAEDHT; 8 — ypOBE€Hb IPYHTOBLIX BOJ

3 — 6onOTEas H3BECTH 6 —— NMHLHUT;
HJIM Meprediby

N
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Puc. 50. Tlaneorenosbie oTaomenus ¢ocdaros B pafione [Tpuapanbs
30Ba, 1962)
Cozepxanne docdopa, %:

I — Goaee 0,6;
2—o0t1 0,5 go 0,6; 4—or 0,3 no 0,4;

(Baperuos, ®opmo-

3—or 0,4 50 0,5; 5-—o0102 100,3;
6 — <<0,2




CoBMecTHasi MHTPALHSA M aKKyMYJSALHS Xejes3a, alloMHHHA ¥ docdopa B
ruAPOMOPGHBIX YCJIOBHAX B OTAEIbHBIE NEPHOJBl Te0JOrHMYECKOro NMPOIIIOro
JIOCTUTAJMa OIPOMHBIX pa3MepoB. B mpeBHe e/ bTOBBIX NAJEOre€HOBHIX OTJIOXKe-
uusix Ilpmapanbsi onucaHbl OOILHpHBIE MeCTOPOXKIEHHS coefuHeHuH Gocdo-
pa, Xejesa, aJlOMHUHES IBHO OOJOTHO-IIOYBEHHOrO NPOUCXOXKIAeHust (puc. 50).
3HaMeHHTbIe KepueHCKHe JKeJe3Hbie PYALl NPCACTABAAIOT ONHH U3 MHOIOYHMC-
JIeHHBIX NPHMEPOB MHUIPAllMH H aKKyMYJsLHYM 3THX KOMIOHEHTOB, KOTOpLIE
HepeIKo CUHTATHCh MaJOAKTHBHBIMH MHIDAHTaMH.

AKKYMleﬂl.lPlﬂ FAHHHBIX MHHEpAJOB

Hapsgy ¢ pasfensHoil H COBMECTHOIf aKKyMyJ/suHeid CoelHHEHHH KpeM-
He3eMa B NIOJYTOPHBIX OKHCJOB IIHPOKO PaclpoCTPpailennl IPOLECCH aKKyMy-
AauRe B guddepeHurauny NPOAYKTOB HX B3aHMOJEICTBUSA, T. €. BTOPHUHBIX
IVIMHHBIX MEHEpAaJoB, CUHTE3HPYIOUIUXCA B NI0OUBAX. .

Kak HH MaJbl B3aHMOJEHCTBYIOIIHe KOHHEHTpanHu Kejesza, Maprauua,
AJIIOMHHNA, KPeMHHS B pa36aBJeHHLIX I'DYHTOBHIX M IOBEPXHOCTHLIX BOJAX,
npy GoJbIOH EJIUTENbHOCTH H HALIPABJEHHOCTH OPOLECCOB HX POJIb B HCOCHH-
Te3e [JIHH, UX COCTaBe H CTeNEeHH AKKYMYJSUUH SBJAAETCH O4eHb BAXKHBIM re-"
HeTHYeCK¥M (akTopom o6pasoBanHs noys. CHHTE3 anl0paHOHLOB IPH 06bIY-
HOH TeMmnepatype B 1a00paTOpPHLIX YCJAOBHAX GBI JOKa3aH MHOIOUHC/IEHHBI-
MH JKCIEPHMEHTAaMH y4YeHBIX Pa3jIHYHMIX CTPaH.

U. 1. Cemneuxuit (1937), noxkajyil, 66l TTePBLIM, KTO SKCIHEPHUMCHTaMAb-
HO JOKa3aJ BO3MOXHOCTb 32 3—4 rojla CMHTe3HpPOBATb KDPHCTAJIHUCCKHIR
MOHTMOPHJIVIOHHT M3 aMOp(®HOro aJIOMOCH/JHMKATHOTO rejisl NPH HH3KHX TeM-
neparypax. C Tex Hop MHOrOuYHCJeHHBle 3KCNepHMEHTAJNbHbBlE M IOJeBHE
JZaHHble MHOrOKPATHO J0Ka3alH, YTO MOHTMODHJJIOHHT NMOCTOSIHHO oOpasyer-
Csl B NOUBEHHBIX YCJOBHSX, 0COGEHHO B aKKyMVJSTHBHBIX JaHAlIadTax.

OO6pasoBaHHe TJHHHBIX MHHEPAJOB B OCTATOYHOH KOpe BHIBETPHBAHHS B
3JII0BHANIBHBIX H WIJIIOBHAJBHBIX IOPHU30HTAX NOYB NpeACcTaBafdeT coboll OfHY
H3 HamOoJee pacnpocTpaHeHHBIX (OPM OIJIHHCHHA TouB. HescHo, 01HaKo,
Bcerna J¥ OrJIFHeHHEe 3/II0BEAJbHO-HIJIIOBHAJNBHOTO THIA NMPOHCXOAUT NyTeM
HHCXOASILIUX TOKOB H B3aMMOXEHCTBHA PACTBOPEHHBIX COEIHHEHHMII UJIH HMEIOT
MecTO TaKXe WINHMEpH3alHus H JIeCCHBaX, T. e, MlepeMelleHte H HIAIOBHHPO-
BaHHe BBICOKOJIHCIEPCHBIX IVIMHHBIX CYCIeH3H Hau reaposoqeff. Ilo-Buanmo-
My, o6a nponecca cyLIlecTBYiOT B Hpupofe. OgHaKo Hapsany ¢ 3JMOBHAJbHO-
HJJTIOBUANBHBIM OTJIEHEHHEM CYIIeCTBYeT TMApOreHHOe (IHAPOAaKKYMY.JIATHB-
HOe) OrJiHHeHHe IIPH MCIapeHHU U TPAHCHUpAlUH ABUKYIErocs NoToka rpyH-
TOBHIX H NOBEPXHOCTHHIX BOJA. 34eChb MOryT ObIThb ABa cayuas. Bo-mepshix,
NpAMOY HEOCUHTEe3 IVIMH B KANWLISPHO-NJIEHOUHOH BOJie M3 COEJHHEHHH
KpeMHe3eMa H NOJYTODHBIX OKHCJIOB B DAa3HBIX COOTHOLIeHHsX. Bo-Brophlx,
PEeCHIHKalUA BHIMABIUKX B OCAJ0K OKMCJIOB AJIOMHHHS WJH XKelesa HOPUHO-
CHMBIMU pacTBOpaMH kpeMHe3eMa. ¥ B 3ToM caydae KoseGaHuA B COOTHOLIE-
HHUAX KPEeMHe3eMa M INOJNYTOPHBIX OKHCJIOB MOTYT OBIThL OYGHB INMPOKUMH B
3aBHCHMOCTH OT KjuMata M Gamadca BelllecTB. [lo-BHIMMOMY, BO MHOTHX
clyuasix OIJIHHeHHe [ecKOB H CYIJIMHKOB, 06pa3oBaHue IMIMHHCTOrO Xapire-
Ha, IJIOTHBIX CIHTHIX THAPOMOP(HBIX H NaJCOrHAPOMOPHBIX IOUB CBA3AHO
€O BTOpOH I'pyNnofi Npoueccos,

ITpennochlnky AJst CHHTE3a IVIMHHBIX MHHepastoB B aBTOMODPGHOM M IHI-
poMopdHOM 104B0OGPA30BAHHY BCErAa CYLIECTBYIOT, TAK KAK HCXOILHble KOM«
TIOHEHThl — PACTBOPBI KpeMHe3eMa, COeJMHeHHs] AJIOMHHHS W Keje3a B NOY-
BeHHO-TPYHTOBBIX H Ha3eMHBIX BOJAAx Bcerja uMmelorcs. Tak, B JMH3HMeTpHue-
CKMX BOJAaxX AePHOBO-NOA30aHCTHIX N04YB ITogMockoBbs Bcermna mmeercs ¢oc-
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dop, 10—20 me/s Mg, 50—70 me/a Ca, 4—5 me/a Si u 1—1,2 me/a Al Ilpu
3TOM KeJe30 NOJHOCTbI, 50—75% amomunusi u 309% KpeMHHS cBA3aHHI C
NOJBHXHLIM OpranuueckuM pewiectBoM (JleBuH, Cy66oruna, 1967). [Buxe-
HHE BOJ 110 YKJOHY MECTHOCTH, HX TPaHCNHpAlHMs H HCIlapeHHe, pa3pylleHHe
B HHX OPTaHHYECKHX BellecTB Hen36eXHO NPUBOAAT K OCAXKJIEHHI0 Ha3BAHHBIX
KOMIIOHEHTOB M K HX HAKOIJICHHIO B I'PYHTaX, NOHHHX OTJIOXKEHHSX 03ep H
JeNbTOBLIX MPOTOKOB, B NIOYBAX.

®. Y. JleBun u3yuan cocTaB KOJJOHIHOrO 0CajiKa, KOTOPHIA MOSIBJASJICH
IpH JJIHTCIALHOM CTOSIHUH JH3HMeTpHUecKHX BOA. IloTeps npu npoxananBanuu
ocagka cocraBiasiia 43,7% (B Tom uucsae 12,49% yriepopa); MHHepasblias
yacrs— 56,3%  (ec cocraB: Aly0;—48,20, P»0;—24,79, SiO0,—17,08,
Fe,05;—1,31, Mg0—0,97, SO;—0,78, Ca0—0,60, MnO—~0,05). OueBuaHoO, B
I4HHOM CJyuae ObLJI CBeKeOoCaXKAEHHBIH aJIOMOCHJIHKATHHIA Koarenab H ¢oc-
dat amoOMuHHA.

Ocajgky THIPOOKHCJOB AJNIOMHHHSA, Xejle3a W MapraHiua OdeHb YacTo
o6pasylor GypoBaTble ¥ Oesecble HaJeThl W KOPOUKH Ha INOBePXHOCTH IIOUB.
OueHb HHTEpeCHHl HaG,110/1eHKs 32 OABJIeHHEM OTaJleCHpPYIOIero Mmarepuaia
¥ 0CaZKOB B PacTBOpAax, BblieNeHHbIX ¥3 TaexHblx moys [lpuamyppa. Hx
aHaJu3 10Ka3alJ, 4TO 10 KpeMHe3eM M noJyTopuble OKHCAH (CnaBubii,
1969). _

Y. U. Tunsbypr ¢ corpyauuxamu (1968) obuapyxun B Ja60opaTOpHBIX
ONBITAX MO BBIBETPHBAHUIO M3MEJABUEHHLIX MHHeDaJoB, YTO HA NOBEPXHOCTH
3epeH MHHepasioB o6pasyercs miaeHka uucroro SiOp maM Yalle BTOPHYHOTO
amomocunukata cocrapa AlsO;-6S5i02, koTopas Kak Obl 3alHLLAET MUHEPAJ
OT ZajbHeHIero paspyluenus.

Taknum o6pasoM, apeas BTOpPHUHOH AKKYMyJasuHu coexuiedunit Al u Si
BecbMa WIHPOK, HO OHH «HEeCOBMECTHMH» KaK MHIDaHTHl: 06a KOMIIOHEHTa,
NOABJAACH B pacTBOpax, BeckMa OLICTPO H NOJHO B3aHMOAeHACTBYIOT ¢ obpa-
30BalMeM BTOPDHUHBIX MHHepaJoB. PacTBOpel MM OCajgkH coeivHeHUH ato-
MUHHS SIBJSIIOTCS FeOXHMHYECKHMH JOBYIIKAMH IS PACTBOPEHHBIX COeqMHe-
HUil KpeMHe3ema H, HaoBOpoT, OcaikH aMop(HOro KpeMHesemMa cOpOHpPYIOT
TJIHHO3EM,

DddeKT TaKOoro CoocaKAeHHs] B HAKONJEeHHS IJIHH 0COOeHHO 3aMeTcH B
nofiMax, AeabTax, B JIOHHLIX OTJOXKEHWUsIX MEJIKOBOJAHU, B 30He KaNHJJISPHOH
KaiimMbl rugpomopdHeX mouB. KoHeuHo, 3TOT Ipolecc BKJHOYAET He TOJbKC
rJIMHOO6PA30BAHKC, HO U HAKOMJEHHC PA3JHUYHBIX JAPYTHX BTOPHUHBIX MHHE-
panoB.

OO6BIYHO CBeXHH  aJJIIOBHHl HMeeT YIPOUIeHHBI MHHEPaJOrH4ecKui
cocraB. C BO3pacTOM HHXKHWe TOPH3OHTH AJLTIOBHS NOHMBI H HAJNOKMeIibIX
Teppac 1oj BO3AeHCTBHeM KaNMIJISPHOTO NOABbeMa BJArH 0foraiaiorcs BTO-
pruHbIMH MHHepasavH. CocraB 3THX BTOPHUHBIX MHHEDAJOB 3aBHCHT OT XHU-
MHUECKOro COCTaBa TPYHTOBBIX BOJ M THIA 6GajnaHca BellecTB (HAKONHTCTb-
HBIA, TPAH3UTHBIL M T. 1.). MuHepadH30BaHHbBIE IPYHTOBLIE BOALI O6OraIlaoT
aJJIIOBHH JIErKOpaCTBOPHMBIMH B MaJIOPacCTBOPHMBIMH COJISAMH, MHHEpaJaMH
rpynnel MOHTMOPHWIJIOHHTA WJH [HAPOCTION, KPeMHe3eMOM, IHOJYTOPHBIMH
oxucnamu. OnpecHeHHRIe BOABL 060raIlaoT aJJIoBHI COeHHEHUIMH KpeMHe-
3eMa, IJJMHO3eMOM, IVIHHHBIMH MHHepanaMu. Mcnapenue xejge3sucTox BoccTa-
HOBJIEHHBIX TPYHTOBHIX BOJ BHISOBET HAKONJEHHMe KOHKpEUHH, Npoc/aoes,

IUTUT OKHCJIOB XKeJle3a u MapraHua, OpT3aHa0B, FHJPOreHHOro ryvyca, ¢oc-
¢aros. :



BEPTHKAJIbHAA MHTPALIHT U NEPEPACHPEIEJNEHHE
NMPOAYKTOB BBIBETPHBAHHSI H NOYBOOBPA3OBAHHS

H3BeCTHO, UTO B NOYBAX NPOHCXOAST peryasplible CE30HIEE NepeMelleHns
TIOYBEHHOH BJard B BepTHKAJbHOM, HHCXOAfIIEM H BOCXOAdlleMm Hampabie-
HHaX. [IpOoXyKTH BHIBETPUBAHHSA W MOUBOOGpPA30BaHMs, NMOCTYNAlOUIKe B MOY-
BeHHO-TPYHTOBBIE BOJbl, B COOTBETCTBHH C HX I'eOXHMHUYECKOH OABHKHOCTLIO,
BOBJIEKAIOTCA KaK B HHCXOASMINKE, TaK M BOCXOAfLIHE TOKH MOUBEHHHIX pac-
"TBOPOB, y4acTBysl B (JOPMHPOBAHHH TelieTHYECKHX IOPH3OHTOB MOYB ¥ KODHI
BLIBETPHBAHHS.

JIBHKeHHe, nepepaclipefieleHHe U JIOKaNbHOe HaKollJIeHHe NOYBEHHBIX CO-
©/[HHeHHH NpH 3TOM NPHBOASAT K pe3KO BhHIpAXKeHHOH AHGQGepeHNHaluH HX
B TOJIIEe KOpHl BhIBETpHBaHHsi M NOuYB. [Ipu rocmojcTse HHCXOASIIIEX TOKOB
HanboJee NOABHKHBIE IPOAYKTH NOYBOOOPA30BaHHA (HUTPATHl, XJODHJHI,
cyabdaTel) yHocATcs B HauboJsee IriyGokne ropusoHThl. ['Hnc o6pasyer ckom-
JeHHs BHIIle FOpH30HTA XJ0pHAOB. Eue Bhillle B npoduie noys ¢GopMupyercs
IOPUBOHT YIJIEKHCJAOrO KajblHMsf, YACTO B TOH MM HHOH Mepe NOJOMHTH3HPO-
BAHHOTO. B caMBIX BepXHHEX 3JI0BHAJNBHEIX TOPH3OHTAX NPH AJHTENbHOM IoOC-
NOACTBe NMOUBOOOPA30BAHHSA C HHCXOASIMMMH TOKaMH NPOHCXOAMT OTHOCH-
TeJJbHOe HAKOILIeHHe TJIHH, OKHCJIOB alIOMHHHSA H XeJje3a, OTHOCHTeNbHOe Na-
KOIJIeHNE OCTATOYHOrO KBapua. [Ipu 3TOM 1OAYTOpPHBIE OKHCJIBH MOTYT 4ac-
THYHO CMECTHTbCS BHH3 M 00pa3oBaTh HWJMIOBHAJLHBIA FOPH30HT.

EctecTBeHHO, uTO NpOGHIb BepTHKANbHOH Anddepenlivalul OPOAYKTOB
BHBeTPHBAHHA B TOYBOOOPA30BAHHSA [JS PA3JHUYHLIX THIOB KOpDHl BLIBETPH-
RAHHS M NOYB HEOAHIIAKOB. B JApeBHHX IOYBAX, PA3BHTHIX Ha MOLHHBIX 2JIO-
BHAJIbHBIX KOpaX BblBETPHBaHHA, TAKHE IOJBHKHBIE IPOAYKTH, KAK XJOPHCTHIe,
CepIOKHC/IBle ¥ YIJIeKHCAble COJMHM, a Takxke OOJblIasg 4acTb KpemHe3eMa
aJqI0MOCHIHKATOB BOOOIUE BBIMBIBAIOTCS 3a Npejefbl NOYBEHHBIX TOPH3OH-
TOB M KOPHl BblBeTpHBaHUs. B ycaoBHax cTemHoro Jasawadra, IpH Henod-
HOM CKBO3HOM NpOMBIBATIHY KOPHl BHIBETPHBAHHS M TIOUB, JETKOPACTBOPHMEIE
COJIM YIepKHUBAIOTCS B IIyOOKHX TOPH30iHTaX, pacnojaragch B NOCJAeN0Ba-
TeIbHOCTH, OTBeuamniell ¥X pacTBOPMMOCTH: xapboHaThl KaJjbuus, CHIC 3a-
JepKUBAIOTCS BHIICG, & CCPHOKHC/BIA HATPHH M XJOPHCTBI HATPHUE NPOMBI-
pawTest Taybxe.

B ycnoBuax nycTHIHHOrO KJAHMaTa JerKopacTBOPHMBIe HPOAYKTHI BBIBET-
PUBAHHS COXPAHSIOTCS B BEPXHMX I'OPH30HTAX KOpBLl BLIBETPHBAHMS H IOYB.

Ecnam mouBooGpasoBaHHe M BLIBeTpPHBalHe HPOHUCXOAAT IIPH TOCNOACTBE
BOCXOASIIIIHX TOKOB BJalH, TO 3TO HPOSBJISETCH H B 3aKOHOMEPHOCTAX, CBfA-
3aHHBIX C PACTBOPHMOCTBIO B MHTPAllHOHHOH CNOCOGHOCTBIO coefMbenuit. H3-
BECTHO, uTO Haubogee pPe3KO BHIpaXKeHbl BOCXOMSILHUI TOK ¥ HAKOIJIeHHe NoM-
BHKIIBIX IPOJAYKTOB NOYBOOOpa30BaHUA NPH OJH3KHX TPYHTOBHX BOZax i
XKapKOM cyxom kaumarte. [Ipu riayOuHe IpyHTOBBEIX BOJ 2—3 # BOCXOAALIHMA
TOK KaNMWJJISIPHON BJard pacxoayercs ila TpaHCIHpanHo H Henapende. O6blu-
HO B IPYHTOBBIX BOJaX NPHCYTCTBYIOT B pacTBopeiniodl ¢gopme IPOAYKTHl BH-
BeTpPHBAIIHA U MOYBOOODPA30BAHKA, KOTOpble NEPEHOCATCS] KAMHJISIPHBIM TO-
KOM BOAHI K MoBepxiocTH. [To mMepe pacxoza Bocxoisllell KaMHANAPHOA Baia-
I'd Ha UCNApeHHe W TpaHCOHpan#io B NpodHusie THAPOMOPPHBIX OYB IPOUCXO-
JHUT BbIaJIeHHe B 0CAJ0K PACTBOPEHHBIX NPOAYKTOB.

HenocpeacTBeHHO B BOJOHOCHOM TODH30HTE M Hal HHM BHUIAJAIOT COEAH-
HeHHs XKeje3a, MapraHlla ¥ OPOAYKTH B3aMMOAeHCTBHS IIHHO3eMa ¢ KpeM-
We3eMOM B BHJe BTOPHUHBIX IVIMHHBIX MHHepajoB. Buille mo npodumwo ocax-
Iaercs yIVIEKHCJBIH KaJablUH, a 3aTeM THOC, pacTBOPUMOCTBL KoTOporo GoJee
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Bbicokas. Ha 6osbliyio BEICOTY N0 NPOGHIII0 NOJHHMAIOTCH CepIOKHCHbe H
XJOpPHCTEIE COJIH, OTJHUAlOLMecss HauGosee BRHICOKOH pacTtsopuMmocTbio. Ca-
MOH TOBEPXHOCTH IOYB JOCTHTAIOT XJODHABI HATPHs, KajbliHfg H MaTHHS
(puc. 51). Ecau TpyHTOBEIe BOAH 3ajeraior HerayBoko (1—1,5 x), To Bce
pacTBOpelHbBe B HMX KOMIONIEHTHI AOCTHIAIOT TIOBEPXHOCTH MOYBLI U 06pa3y-
10T H3BECTKOBO-XKeJe3UCTYI0, THIICOBYI0 NGO COMsiHYI0 KOpY.

Xumuam u anddepeHnuanmus TPOAYKTOB OCaXKJAeHHS B IIOYBEHHOM IIpO-
(uie, ecrecTBenHO, 3aBHCAT OT XHMHUECKOr0 COCTABA TIOYBEHHO-FPYHTOBBLIX
Bod. B ycaoBusx BaaxHOro K1MMaTa, KOrJAa MOYBEHHO-IPYHTOBBIE BOJHI CO-
Jlepxat rnaBHblM 00pa3oM OpraHHYeCKHe BelleCcTBA M IOJBHXKHBIE COeluHe-
HHSl MOJYTOPHBIX OKHCJOB M KpeMHe3eMa, NPOHCXOJAHT aKKyMYJSIHsl 3THX
npoayktoB. [Ipn XecTKux H3BEeCTKOBBIX BOXAx B TouBe Habmwdaercs npe-
¥MYLIECTBEHHO HAKOIJIeHHe YIVIEKHCAOr0 KaabLHf, TP MHHepalH30BaHHHIX
BOJAaX ~— HAKOIJIEHHe JIETKOPACTBOPHMBIX COJefl.

NEPEPACNIPEILEJIEHHE NPOOYKTOB
BbIBETPHBAHHSA H ITOYBOOBPA30BAHMHS
D EJIOBUAJBHO-IPOJIIOBUAJIBHBIMH BOIXAMH

HenpepuiBlible TeKTOHHUECKHe ABHIKEHHS 3eMHON KOpBI, 0COGENHO MOJHSA-
TUSL TOP H TPEArOpHH, CONPOBOXKAAIOTCS HeNpepblBHbIM Nepepacnpesiedent-
eM IPOAYKTOB BLIBETPHBAHHS M NOYBOOODPA30BAHHUS AeNIOBHAJIBHLIME M IpO-
JIOBHAJHHBIMH BOJAMH B HANPABJEHHHW CTOKA K PABIIHHAM H HH3MEHHOCTSIM.
B naoBmasnpHLle TepHOAB, B NOCJAEJEAIIMKOBLIE H MEXJEeIHHKOBLIE 3110XH
BOXHLIH CTOK OBLA 0COG€HHO MHTEHCHBHBIM.

Benencreue moBepXHOCTIIONO CTOKA NPOHCXONMT NMOCTCAHHLIN CMBIB Med-
KO3eMHCTBIX NTPOAYKTOB NEePBHUHOrO NOYBOOOPA30BATENBHOr0 NMpOLecca H oc-
TaTKOB JTHTOQHUIBHEIX OPraHH3MOE C TOBEpXHOCTH cKas. Ha ckjoHax, Xaxe
MOKPHITBIX JPEBECHON PACTHTENbHOCTBIO, HMeeT MeCTo cJabblil, HO TIOCTOsAH-
HBI CHOC BepXHel YaCTH I'yMYCOBOIO FOPH30NTA, PACTHTENBIBIX H XKHBOTHBIX
‘OCTATKOB. JIBHXKyu(Hecs AeAI0BHaJBHO-NIPOMIOBHAIBHEE TTOTOKM BOJABl YHO-
AT B HampaBJeHHH CTOKa HauboJjee TMOABHKHBEIE MPOAYKTH H3 KOpHL BHIBET-
PHMBaHHS ¥ NOYBEHHBLIX FOPU3OHTOB B ¢opMe CYCHeH3Hil MCTHHHBIX W KOJJIO-
HIHBIX PACTBOPOB. JTHM CTOKOM OCYLIECTBJSercs NMOCTOANHAg oflnas meHy-
oauus TOBepXHOCTH Cyuid. MeXxaHWuecKkasa JeHylauus B CpelHeM COCTaBJs-
et okoso 0,05—0,5b mm, xumHuueckas — okono 10 mk B rox. Taxum o6pasowm,
B CcpenHeM XHMHuecKas HeHyJauMst st 1 xm? CyllM COCTaBjafieT 0Kojo 26—
27 7/e00, a mexanuueckas — gocruraer 30 u gaxe 2500 7/200. ITH BeJHUU-

155



Hbl HEBEJIHKH Ha NepBHIA B3TJSM, HO B a0COMOTHHIX HHBpax M 3a HECKOJbKO
TBICSIYE1eTHH TTOYBOOODA30BAHHS TPOLECTH AeHYAAlUHKH NPHBOAAT K 3HAUH-
TeJhHBIM [TOYBeHHO-TeoXHMHueCKHM u3MeenusiMm. . A. Makcumosunu (1953)
NPUBOIHUT CJERYIOLHE BEeJMUYMHB XHMHUECKOH AeHYAAUHW CYLIH:

3oua’ m/Km? MK 200 3ona m/xmt Mif20d
Tyuapa 10 4 Tponuxu, cyGrponnku 29- 12
Jlecuast u Jecocrensas 32 13 Fopni ' 25 10
Crennasn 40 16
TlycThinu 27 11 Cpennese 27 12

MeaneHHO Tekyllve AOXKJAeBble W CHETOBble BOAB TPAHCHOPTHPYIOT Gojee
BBICOKOJMCIIEpCHBIH MaTepral, GopMupys Ha CKIOHAX TOJIIH demoBus. Bpe-
MeHible TOPHHEIE NMOTOKH, CTOK KOTOPLIX HHOrAa ObiBaer kpaliHe BeJHK, TpaHc-
MOPTHPVIOT NeCOK, IPaBui, Tal1bKy, BadyHbl ¥ Ipybo06a0MOUHBIA MaTepHas.
YMelbllieliHe CKOPOCTH IIOTOKA JeH0BHAJBILIX U MPOMIOBHAJILHBIX BOJ NpH-
BOAHT K OCaxK/@HHIO B3BEIIEHHOIO B HMX MaTepuana H GOPMHPOBAHHIO 11PO-
JI0BHA, 00pasyiollero Tak HasbiBaeMbie KOHYCHl BLIOCOB M CyXHe JeJbThbl.
[Tpn atom npoHcxoluT COpTHpOBKa ¥ AHbdepeHUHAnHs BbHOCHMBIX Mexa-
HUYEeCKHX M XHMHYECKHX NPOAYKTOB. B pesyibTaTe HCHapeHHs [elOBHANb-
HBIX H NMPOJTIOBHAIBHBIX BOJ H3 HHX BBIARAIOT B OC&J0K PACTBOPEHHLIE KpeM-
He3eM, OKHCJABI aJIOMHHHS, KeJe3a W Mapraliya, yraeKHCAbll Kaabuui, rumne,
JIerkopacTBOpUMble COJH.

Hiorna nenmoBuanblible W NPOJIOBUAAbHBIE BOJIbI YXOAAT HA MHOIMe Je-
CATKM KWJIOMETPOB OT TOp B CTOPOHY NPEATOPHEIX PABHHH M HH3MEHHOCTEH,
pasauBasfch TOHyafllell MJEHKOH TENABLIX MYTHBIX BOA, H3 KOTOPBIX IOCIE X
BBIChIXaHHS ¥ HCNIAPEHHS HAa TIOBEPXHOCTh MOYBLL OCERAIOT IVIHHBL H KOJJIOHI-
HBIe BELeCTBa, JerkopacTBOpHMble coaHu. Takas KapTHHa QOpMHPOBaHUA Je-
JII0BHAJbHO-TIPOJIIOBHABILIX PAaBHKH M OTJOMEHHH XapakrepHa, HaipuMep,
ans [lpuxkonergarckoit pasHuubl B IOxHoil Typkvenus u B nycThiHsIX AMe-
pukn.H Mpana. 3pech Ha oOmMpHBIX NpocTpaHcTBax GOPMHPYIOTCS CBOEOG-
pasHble TaKbIpHBlE TIOUBLI, TEHE3HC KOTOPBIX TECHO CBSI32H C COBPEMeHHBIM 11a-
KOINIEHHeM KOJJIOHJHOrO INIHHMCTCIO BelleCcTBAa M3 AeJAI0BHAJbHO-NPOJIOBH-
aNbHBIX BOJ, NPHXOJSLIEX CO CTOPOHBL I'Op.

Ha nepudepuu KenoBHalbHBIX paBHHH B 3aCYLLIHBBIX YCJIOBHAX GOPMH-
pyloTcs 061acTH COJIEHAKOIJIEHHsI B De3y/bTaTe TaK Ha3bIBAEMOTO HeNIOBH-
aJlpHOro 3acoJenHns. [IprMephl 3TOTO MWHPOKO H3BecTHH. Ha mpearopiibix pas-
aunax Cpenneit Asum ¥ 3aKaBKasbs MOXHO HaGn0aTh OGIIMPHBIE NPOCT-
paHCTBa CYXHX COJIOHYAKOB, 00pa3oBaHHBIE 110 TlepHepHi KOHYCOB BHIHOCOB
¥ CYXHX JeJbT, IJie IPOUCXOAHUT HCHapellHe AOXOUSLIHX Cl0ga NMPOJIOBHAMb-
HEIX BoZ. TakOBb 3acoJieHIlble TOUBHL 1O Hepudepun cyxoil neanthl p. Mcha-
pa u p. Cox B ®eprane, a Takxke cyxcil nenbrul p. ['eokuail B AzepGaiinxkate.
Ha mosorux pemosuanpHbiXx CKAOHax B crensix CrIpToBOro 3aBOJKbS 3THM
nyteM o06pasyiorcs TsxKesble IJIHHHCTHE COJNOHIEBATHE IOYBHEL. 3BecTHH
TaKXKe MOLHBIE T'yMyCOBble NOYBBI, HAMBITHE NENIOBHAJNBHBIMH BOLAMM Ha
KOHUEBBIX YaCTAX CKJIOHOB B YePHO3eMHBIX ofgacTsax. UacTp JdemoBHAAbHEIX
H TPOJIOBHAJBHBEIX BOJ BMeCTe ¢ PacTBOpaMHu coJeil IpocayuBaercsi B CPYyH-
TOBble BOJbLI. 3HAUMTeNbHAf ROJs JEJIOBHANBHLIX W NPOJIOBHANBHBIX BOAL

YXOAHUT B PeKH ¥ YHOCHT B HHX HamGOJee AHCNEpCHbIE BIBECH W XHMHYECKHE
pPacTBOPHI.
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NEPEPACIIPEAEJIEHHE MMPOAYKTOB
. BIBETPHBAHHS H NOYBOOBPA30OBAHHSA
NMOYBEHHO-rPYHTOBbIMH. BOIAMH

Ilnpxyaupylolte B mo4Bax, KOpe BbIBETPHBAHHS H TOPHBIX NOPOAAX I'PYH-
‘TOBHI€ BOJbLI NepeMeIlalOT H HepepacnpelensiiOT NOABHXKHBIE NPOAYKTH BHI-
BETPHBAlIMSA K NOYBOOOpaA30BaHMS B OPH3OHTAJBbHOM HampaBJeHHH. B Han-
00nblIell CTeNeH! C NOYBEHHO-TPYHTOBBIMH BOLAMH MHUIPHPYIOT JIeFrKOPaCTBO-
pHMBle COJIH, paCTBOPHMBIE MeTAJIOOpPTaHHyecKHe KOMIJIEKCHEIE COeHHeH s,
pacTBOpUMOe OpraHuyeckoe BellecTBO. O ¢ IOUBEHHO-TPYHTOBBIME BOAAMH
MOTYT TakK¥Ke MMIPHDOBATb M HaHOoJiee BHICOKOAUCHIEPCHBle CYCHeHN3HH, a
TaKXKe TH/IPO30JIH TAKHX COeIMHEeHHH, KaK KpeMmHe3eM, NOJYTOPHbIe OKHCJIbI,
ryMyCc W OpraHO-MMHepa/bHBle COeAMHeHHA. [lalbHOCTH NepeHOca KOJJOHMI-
HBIX CCeJHHEHHH H OCOOEHHO CyClel3HH 3HAauMTeNbHO MeHbLIas, yeM MCTHH-
HbIX pacTBOpoB. Uem Medblle CTeleHb AMCHEPCHOCTH CYCHEeH3WH U KONJIOHI-
HBIX DPACTBOPOB, TeM, €CTECTBENIO, paHblle OHH 3aAepXHBAIOTCA I'OpPH30HTa-
MM JIOUBHI H KOpHl BBHIBETPHBAHHS IyTeM TaK 11a3bIBAEMOr0 MeXaHHYecKoro
LOTJIOIIEHH L.

B rpancnoprupymooileil H akKKyMyJsTHBLIOH JIeATe/bHOCTH IIOUBEHHO-TPYH-
TOBBIX BOZA pas.aHuaiorcs ABe HOpPMEL

BuytpunousenHbli BpeMeHHbI GOKOBOH CTOK

DoxoBOH cTOK BO3HHKAeT B CHJLHO TlepeyBaa’KHEeHHEIX NMOUBAaX B Cayuasx
MaJ0l BOAONPOHHIAEMOCTH HHXKeJeXauiux TOPH3OHTOB W  3HAUUTEIbHOrO
IIPHTOKA IPAaBHTALMOHHON BJarW CBepXy. Takue ycsioBHf, HallpuMep, CO3Aa-
10TC B MOA30JHCTLIX 1OUBAX HA CKJAOHAX ¥ HAKJOHHBIX paBHHIIAX BCCHOH
B NepHoab cHerorasiHus u goxied. Huskas BoJompoHHIAaeMOCTh HJJIIOBi-
aJabHOTO ropusonta B ne oGecneynBaeT HeoOGXOAHMONR CKOPOCTH HHCXOAAILE-
0 ABHMXKeIIMs FPaBHTALHOHHON BOALI, HAKONJSIOWENCA B BEPXHHX 3JI0BHAND-
HbIX TOpPH30ITaX MOYBHL. B pesynabraTe BO3NUKaeT BHCAYHI OPH30HT BEpPXO-
BOJKH M C1a60 BHIpaKeHHBI MCCTHHIN BUYTPUIOYBEHHBIH GOKOBO# OTTOK 1O
YK/JIOHY MECTHOCTH, KOTOPBLIM MOXKET JOCTHraTh 3HAYHTENbHBIX BeanuuH. [1o
adauneim M. C. Bacuabesa (1950), 60x0Bo# CTOK B ropH3ouTe A NMOZ30MHCTHIX
110YyB coctaBasier 66—84 cu/cyTxu, B ropusonte B — 39—68 cu/cyrru, a max-
CHMaJbHBIA PAacXOX NMOUBEHIIO-TPYHTOBBIX BOA — 202 cM/cyTku.

BuyTpunouBeHHLIl CTOK MOXeT BO3HHKATL B [OYBAX, UMEWIIHX 3aMep3-
e BOAOHeNpOHHILaeMble TOPH3OHTHl, B TOT MEePHOJ, KOTa II0BEPXHOCTL OT-
T4MBAeT M TNepechlaercs BAarof. B coaoasx, COMOHUOBLIX U TAKBIPHLIX MOY-
BaX, HMEIOUINX MaJONpPOHHIAeMHBEe HJJOBHAJbHbIE [OPH3OHTHI, IIPH CE30H-
HOM IepeyB.axKHelldd BO3HMKAaeT MeCcTHOe Hepepachnpeiedeliie BpeMeHHOMH
NOYBEHHO-TPYHTOBOH IpaBUTALlHOHHON BOABI IO YKJO0HAM MecTHOcTH. Bpemel-
1as BePXOBOAKa H IlepepaclpeeseHue C el NMOABHKHBIX IPOAYKTOB NOUBO-
0o6pas3oBalus M y1006penuil HabMIOAAIOTCS TaKXKe IPH OPOLIEHHH NI0YB HH3KOH
NIPOHHILA€MOCTH.

CuabHO Bhipaxcel GOKOBOH BHYTPHIIOUBEHIIBI CTOK B CYyOTPONKUECKHX H
TPONHYeCKHX CTPaHax B LepHOADbI COMJIbHBIX Ce30IHbIX AoXIed. B 310 Bpems
TOJIIUH MOYBEHHLIX FOPH3OHTOB H KOpPbl BHIBETPHBAHHSI HE yCIeBalOT OTBOAHTD
B HHCXOAsiLIeM llallpaBJEHHH BCIO Ty Maccy BOALI, KOTOpas B HUX NOCTyNaeT
¢ ce30HHBIMH goxAsimMH. O6Gpasyercst AClO BblpaXKeHHbIH GOKOBOH MOTOK Bpe-
MEHHBIX TPYHTOBBIX BOJA. B HMKHHX wacCTX CKJOHOB  Ce30HHble NOYBEHHO-
IpYHTOBble BOAbLl BHIKAMHUBAIOTCS B BHJE POANHKOB M MOYAXKHH. 31ech Ha-
O0mofaerTcsi HHTeHCHBHAsi akKKyMYJSUUA COeJHHEHHH Keje3a M, Maprasua.
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[TouyBelHEIe paspesdl, 3aJ0XeHHBe B 3TOT MEepPHOMA Ha CKAOHAX, OBICTPO 3a-
MOJIHAIOTCA TIOYBEHHO-TPYHTOBOH BOAOH. Cnycra 1,5—2 Mecsua mocse 3aBep-
HeHUs JHOXKAEBOro ce3oHa HUPKYJMPYIOIHe ¢ GOKOBBIM CTOKOM TPYHTOBHIE
BOABI B CYOTPONHUECKHX M TPOTHUYECKHX TOYBAX HCuUe3al0T BCJAeACTBHE OTTO-
Ka, TPAaHCIHPAUHH H HCIapeHHs.

Kak Hu Masd CKOPOCTb [ABHXKEHHS NOUBEHHO-IPYHTOBHIX BOX B ¢opme Go-
KOBOTO CTOKa M KaK HH HH3Ka HX KOHHeHNTPauHs, OHH B XOJe JUIHTEJbHOTO
11o4B006pa3oBaHKsl BBIHOCAT, llepepaclipeIesiioT H HAKallJHBAIOT 3HAYUTENb-
HEle KOJHYeCTBA PACTBOPeHHHIX COeXHIelluH.

[Tponeccy BbiHOCA NPOTHBOCTOMT OGHONOTHYECKHH KPYTOBOPOT — 30JBHHIX
BelllecTB. PacTuTenbHOCT MOIVIOWAET LEeHHbC GHOQHIbIBIE 3JeMeHThl U 3a-
Jlep3KHBaeT HX B CHCTeMe moyBa — pactenre. ONHAKO JAaxKe NOJ NOJOroM Je-
Ca C BHYTPUIOUBEHHBIM CTOKOM €XKETOLHO C KaXJOro reKrapa yHOCATCS 3a-
MeTHBle KOJIHUeCTBa KaJabLus, Kanusd, a30Ta, alloMUHUA, KpeMHus (tadua. 37).

Ta6auwma 37

CooTHomeHue MEXIAY nOoCTymIeHHeM 3JeMEHTOB C ONaAoM H BbIHOCOM HMX
BHYTPHNIOUYBEHHBIM CTOKOM

(Peme3os, 1958)

PacTurtebHOCTD Si Al Ca K P N
Hybusx
TlocTynaer ¢ onazoM, Kz/ea 29,00 5,5 83,9 35,6 7,4 42,4
BBIHOCHTCSL cO CTOKOM, Ke/ea 0,02 0,53 4,01 0,709 Cr. 0,75
BuiHocutcst, 9% OT nmocTyn-
JIEHNS 0,07 9,6 4,78 1,96 — 1,78
Ocunnux
ITocrynaer ¢ onaiaoMm, Kz/ea 21,00 6,0 85,3 42,7 9,9 3,7
BHIHOCUTCS CO CTOKOM, K2/2a 0,008 0,40 1,59 0,45 Cn. 0,64
BuiHocuTes, 9% oOT mocrymie-
HHA ‘ 0,04 6,67 1,86 1,05 — 2,02

[Ipu GoxOBOM CTOKe NOYBEHHHIX BOJ B IOYBaX Ha CKaonax oBpasylorcs
KOHKPEUHOHHBIE ¥ MJIHTOBHAHbIE TOPH3OHTH YIJIEKHCJIOTC KajJbuHA H OKpeM-
HeBUIHe LeMEHTHPOBuHHbIe TPOCAOH. DTHM Ke 00bsicHsieTcs GOpMHPOBaHHE
TaK Ha3LIBAEMBIX KMPAC — AKKYMyJsuHi ykene3a ¥ Mapralna b HHXKHHX 4yac-
TSX CKJOHOB B CyOTPOMHUECKHX M TPOMHUECKHX paiioHax, a Takxe o6pa3oBa-
HHe Ha CKJIoHAaX H EelpeccHsiX MaKpo- H Me3opejbeda OPTUITEHHOBLIX TOpH-
30HTOB B 30H€ TIOJ30JIUCTHIX TOYB.

IMoCcTOSHHBIA CTOK TI'PYHTOBBIX BOJ,

B nepeiioce MOABHKHBIX NPOAYKTOB BbIBETPHBAHHA H 104BOOOpPA3oOBaHHT
BecbMa GOMbIIAs POJb MPHIAAJIEKHT TOCTOSHNBLIM IPyHTOBLIM BOAaM. OObu-
HO IPYHTOBble BOAbl 06pAa3yiOT MEIJeHHHIl NOTOK B HANpaBieHHW O00uero
VKJOHa MeCTHOCTH. Bo MHOTHX pailoHax H Ha 3HAYHTENIbHBIX TEPPUTOPHSAX
noussl Coserckoro Colo3a HMeIOT I'pYHTOBHE BOJAB Ha Traybune 0,5—3 m.
B 3Tux cayyasix MOuYBEHHO-TPYHTOBLIe BOJAbI HENOCPENCTBEHHO YYaCTBYIOT B
noyB00Gpa3zoBaTeNbHOM npouecce. [JoBepXHOCTb IPYHTOBBIX BOA B CMSIUeH-
HOll ¥ craaxennoil gopme mosropsier peibed MectHOocTH. [Ipn 3TOM BepxHui
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FOPH3OHT MX IIOJ BJHMSIHMEM NMTaHHS, Hanopa W pasHocTH B BeicoTax (T. e.
YKJIOHA) HaXOJMTCS B HENpPepHIBHOM JBHIKEHHH.

[Torok rpyHTOBLIX BOA MOXeT OBITH HalpaBJjeH B NOHWMKEHHS, AOJHHBY
pek, B oBpary H o3epa. OT rop moTok HanpasJjeH K NpeJrOPHLIM paBHHHAM
H HH3MEHHOCTSIM, TJie OH MOMKeT BBIKJIHHHBATHCA B BHIOe GOJOT M POAIHKOB,
TaK Ha3biBaeMbIX Kapacy, MeJKHX pYyubeB, PeK. B JoJauHe peku mapaiJelb-
HO ee TeYeHHIO, B TOJLUAX AJJIOBHAIbHLIX TEppac CYIIECTBYeT CBOM INOTOK.
TPYHTOBLIX BOJ, HANpaBJjeHHBIH MO YKIOHY OT BEpXHEro H CPeIHero TeyeHHR
PEKH K ee YCTbio, HAeabTe. B GeccTouliblXx HH3MEHHOCTSIX NOJYNYCTHIL H Y-
CTHIHb TPYHTOBbIE BOABI NPUOMHKAIOTCS K MOBEPXHOCTH M HCNAPSIOTCS, OCTAB-
Jsisi B TPYHTAX U NOYBAaX pacTBOpelHble COeXMHEHMS.

BpemenHble TOpPH30HTHLI TPYHTOBEIX BOJ BO3HHKAIOT Ha OPOCHTEJNbHLIX.
CHCTEMAX BJIOJbL K2HAJO0B M HA NOJHBHLIX NOJASX. MeaJennnil NOTOK UX
o0LIUNO ABHIKETCS B CTOPOHY OT TPacChl KaHaA0B K NepudepHn moJeil u BCe-
T0 OpOIIaeMOro casuca.

Ta6auna 38
Mepoxumnyeckas kaaccupuKanyg MOYBEHHO-TPYHTOBBIX BOX
Haasasue Bog Konnenrpauus, 2/4 IIpeoGragaomue TUIIHYHEE KOMIIOHEHTHI
YabrpanpecHsie ¢yJbBaTHO-XKele- 0,01—0,3 ®ybBoKHCTOTH, Fet?, Mn*2, Al+3
3UCTHIE
YabTpanpecHsle KpeMHe3eMHCThIE 0,3—0,5 HoasmXKHelli KpeMHe3zeM, OHKapGoHATHE
CHMJIMKATHEI® Ca, Mg
Menounste (COAOBLIE) 0,5—3 BukapGonaTst u KapGonats! Na, nojsuxk-
Helit SiO,
OnpecHeHHble THICOBHIE HelTpaib- 0,5—3 Tunc u 6uKap6oHAT KaJblHs
HbI®
CnaGoMuHepa/M30BaHHble LIEJI0u- 3—7 BukapGonatst u cysbdarst Na  (mHorza:
Hble XJIOPHARL)
Munepanuzosannele cysbdaTHbe 5—15 Cynbdater Na, Mg u Ca, npumech xJio-
pHIOB
CHJIbHOMHHEPA/IM30BAHHbE XJ0PH/- 20—50 Xnopugsl Na, xJyopugsl u cynsdarst Mg
Hble
Paccousl 70—200 Xaopuae Mg u Ca
Kpenkue paccost 300—600 CynbhaTel Mg u XJ0pHIBL

CkopocTh IBHXKEHHS] TPYHTOBBEIX BOJ Kpafile HeBeauka. JIuiib B HeCKax
M rajJeqyidkax OHa MOMKeT JOCTHraTh 2—5 M/cyrku. B cyrauiikax oOBIYHO:
CKOPOCTb JBHXKEHHUsSI 'PYHTGBBIX BOA He Gojee 1 M/cyTku, a B MNIMHax — I0-
psaxa 1 m/200, T. e. TpYHTOBBIE BOJAH 371eCh NPAKTHUECKH HENOXBHIKHHI.

I'pyntosrie Boaw Tepputopuu Coserckoro Colo3a BecbMa pasHoOGpasHbl
1o riayOuHe 3a/eraHyusi ¥ CE30HHEIM KOJeGaHUSIM YpOBHSI (peXHM IPYHTOBBIX
BOJ), IO XHMHYECKOMY COCTaBY H 3HAUEHHIO B mouBooGpasosanuu (taba. 38).
Brizessior cielyoouse THIBI TPYHTOBBIX BO:

1. I'pynTOBEIE BOXLI 30HBL BEYHOH MEpP3JOTH — OYeHb NPECHbIE, COXEpKAT
auib 0,02—0,01 2/2 muHepaabHbix BewecTB. OGBIYHO OHH MMEKOT KHCJAYIO pe-
aguuio ¥ 60JbLIOE KOJHYECTBO OPraHHUECKHX BEIIECTB.

2. I'pyHTOBLIe BOALI 30HH TYHIp — 3aJeraior 6Ju3Ko K nosepxHoctu (0—
0,5 #), comepxar TakXKe HHUTOXKHOE KOJIHYECTBO MHMHEePaJbHBIX BEILECTB
(0,02—0,03 2/4), BMecTe ¢ TeM OHH HMEIOT MHOTO MOXBHIKHBIX OPTaHHYECKHX
BellleCTB B (hopMe KOMJIOHIHBLIX pacTBOpPOB,
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3. I'pyHTOBBIE BOAH JecHbIX o0aacteii CeBepa, Kak NpaBHJIO, pacnojoxe-
HBl 10BOJBHO 6JM3KO K NOBEPXHOCTH, 01 1—2 10 4—6 # (auwb uHOTAA MX
riy6una nocturaer 8—10 #). MuHepanusauusi rpyHTOBBIX BOX 3JeCh HeBe-
suka — 0,2—0,3 2/a. B cocrase pacTBOpeHHHIX COelAHHeHUH GoabLias A0MS
NpHHAJJENKHUT OPraHHUeCKOMY BEIUECTBY, KpEeMHE3eMY, 3aKHCHOMY KeJesy.
Bricokue no ypoBH10, OOH/bHbIE TIO 3aNacy H IpecHble N0 XMMHYECKOMY CO-
CTaBy I'pYHTOBBIE BOABI CeBEPHBIX JeCublx o6JaacTed BMecTe C [e/]0BHANb-
HBIMH BOJaMH NHTAIOT MHOTHC KpynHble pexu Epponefickoit 1 Asuarckoil ya-
crefi Coserckoro Coro3za, NpHHOCS B HHX 3HAuMTeJNbHbIE KOJHYECTBA Opra-
HHYECKHX ¥ MMHepaJ/bHBIX BellecTs.

4. TpynroBele Boxb UeHTpaabHeXx oOaacreii Espomnefickoit wacrn Coser-
ckoro Coto3a. 31ech ZOBOJBHO HHTEHCHBHAS OBpaXKHas CeTk, IIO3TOMY H YpoO-
BeHb I'PYHTOBBIX BoJ Hepeldko onyiueH no 10—20 x. Munepaausauusi ux a0-
cturaer 0,5 /4. Tlo cocraBy oy GHKapOOHATHO-KaAbUHEBLIE, HHOT2 MarHH-
€BO-HATPHEBbIE, B COCTABe PACTBOPEHHBIX COeJUHEHHH OpTaHHYeCKHe BeLlecT-
Ba He TPEICTaBJeHbl. DTH BOIbI BHIHOCAT B PEKH 3HAUHTENbLHOE KOJHYECTBO
JIETKOpaCTBOPHUMBIX COJIeli H ocoOeHHO OHKap6ollaToB H Cy/b(haToB KaJbIHi.

5. I'pyHToBBle BOAE yepHO3eMHBIX creneit Espomnefickoit yactu Coro3sa.
IlaHnas TeppuTOopus paculeHeHa oBparamu ray6uHol 1o 25—30 u, coorBercr-
BEHHO W I'PYHTOBHle BOALI BOLOpA3/e/OB 3JeCh 3aJeralor Ha riybute 30--
60 x. MuHepaausauusi TPYHTOBEIX BOJX OCbIYHO HaxOAMTCS B lipefenax oOT
0,75 no 3 e/s. Ylnorxna oHy Masio NpHUTOAHBL AJs NMHUThS, TaK Kak Cojepxar
CepHOKHCJLIE H YIVIeKHCBe COAX HaTpus. [e6HT nx HeBedNk, IOITOMY pOJb
B IIUTAHHH PeK CpaBHHTeNBHO Mana. OJHAKO HcapeHHe TPYHTOBLIX BOJ C TIoO-
BepXHOCTH B JOJHHAX peK W HLelpecCHAX BLI3LIBAeT 3aCOJeHHe W OCOJIOHIEBa-
HYe TeppacoBLIX NOYB.

6. I'pyurosnie Boanl HuaMennocrtelt Ilpuuepuomopes, Ilpnkacnus, Ilpu-
apajbs Jexar Ha raybunax nopsaka 1—10 u, MuHepaiausauus uX B cpel-
Hem 5—20 e/4, unorpa 30—50 e/4. DTu BOAB! MO y4acCTBYIOT B IIHTAHHUH PeK,
OJHAKO HX HCIapeHHe BLI3LIBAET PE3KO BbIPa’KeHHOe 3aCO/eHHe NOYB, KaK 3TO
nabmonaercs 8 Ilpukacnuiickoi HH3MEHHOCTH HJH BHoAL Manbiua,

7. I'pyHTOBbIE BOJbl 3aKABKA3CKHX H CpelHea3uaTCKMX NOJYNYCTHIHb H Iy-
CTBIHbL JeXaT Ha pas3Hbix Iy6uHax — QT 1 1o 10—20 x. Mx munepaaunsaunus
o0bryHo nopsinka 20—30 e/4, unorga 100—200 /2 npu BLICOKOH KOHLEHTPa-
LUK CEePHOKHC/BIX M XJOPHCTHIX coJsiedl. B MOynycTHIHAX H NyCThIHSX BCTpe-
YalTCsl MeCTHble JIMH3bl IPECHBLIX IPYHTOBHIX BOZ, OOBLIYHO B  TIOHMXKEHHSX
Me3opeabeda, Tje HaKanIuBalOTCs CHer, AOKJAEBHE HJH Aed0oBHaNbHLIE BO-
Abl. XOTA 3allackl 3THX BOJ HEBeJEKKH, OHH HIPAlOT BAaXKHYIO pOJbL B BOJO-
cHabxkelnu Haceaeuud. Uem 6iuxKe ypoBellb IpYHTOBBIX BOJ ¥ NOBEPXIIOCTH,
TeM B GoJblllel CTelleHH OHH YYacTBYIOT B COBpPeMEHHOM NOYBOOOpa3oBareib-
HOM IpOlEecCe, BbI3bIBASl ABJCHUSA OrJeeHHs, 3a00saunuBauus, 3acoJeHH.
ITpecHrle rpyHTOBHIE BOABI NMOBHILAIOT NJOJOPOAHE IIOUB M CHUKAWT oOndc-
HOCTb 3acyX, cnabxKas pacTHTeIbHOCTh BJATOH, KHC/ble 3aCTOlHbLle TPYHTO-
Bble BOJbL NOHHKAIOT Naogopoaue nous. CoJsieHble u IleJoulikie TPYHTOBBE
BOABI BLI3LIBAIOT 34COjieHHe NOYB U ux GeCmyionue.

Kag nu menjsenHo JABHKeHHe NOYBEHHO-TPYHTOBHIX BOJ, BCe e OHH SIB-
JASI0TCS MOTYILECTBEHIBIM (DaKTOpOM MECTHOTO M 0o0Luero nepepacnpejie/eHus
TIPOAYKTOB BLIBETpHBAHHS M NouyBooOpasoBaHusi. Uem Bhlllle IpeHHPOBaH-
HOCTh MECTHOCTH M yeM CHJbHec BhIpa)keHa LHPKYJSUHS NMOYBEHHO-TPYHTO-
BEIX BOJ, TeM HHTEHCHBIlee BLIHOC JErKOpACTBOPHMBIX IPOAYKTOB C STHMH
BOZAMH B PEKH, 03epa H MOpS.

B anecubix o6aacrsx Coserckoro Cowsa or 20 go 40%, a nnorga u 709
arMoc(epHBIX 0CanKOB YXOAHUT Ha NMHTaHHe TPYHTOBLIX BOJ, a B pajbHeHlieM.
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Ha nuranue pek. COOTBETCTBEHHO B HaMOOJbIIeH CTeNeHd NMOYBEHHO-TPYHTO-
Bble BOJLI BLIHOCSAT J1IeTKOpPaCTBOPHMbIe NMOJABHKHEIE NPOAYKTH BLIBETPHBAHHS
H noyBooOpa3oBaHud M3 NOYB JecHBX TyMHAHbIX obuaacreil. Tawm, rae ecrecr-
BEHHasl JIPEHHUPOBAIIIOCTb MECTIIOCTH BhipaxKeHa cjaafo M Iie UMPKYJNSUHUS
TPYHTOBBHIX BOZ 3aMelJieHa, TPYHTOBhle BOAbI PAcXOAYIOTCA HE Ha CTOK, 2 Ha
TpaliCHpaNHUI0 ¥ UcrapeHye. B Takux MecTax NpOHCXOMUT oCaXKJeHHe H3 NOU-
BEeHHO-TPYHTOBLIX BOJ PAaCTBOpEHHBIX B HMX COeMHEeHMI Kak B BMJe JerKo-
pacTBOpPHMDBIX ¥ MaJOPaCTBOPHMBIX COJel, Tak u B dopMe 0CaAKOB KpeMHe-
3emMa, TMIPOOKMCeH XeJjesa H MapraHua, a TakikKe BTOPHYHBIX AJHOMOCHJH-
KaToB, ABISIOIMXCSA HPOAYKTaMH B3aHMOIEHCTBHS KpeMHe3eMa M THAPOOKH-
cell aJIOMHHHUSL

Hwmelno ¢ ABMXKEHHEM, HHTEHCUBHBIM IIHTaHHEM M OTTOKOM TTOYBEHHBIX H
TPYHTOBLIX BOJ CBSi3aHa GeAHOCTH KMCJABIX OypBIX, MOI30JHCTHIX, aJJHTHBLIX
NOYB JIECHLIX BJaXKHBIX o6aacTeil. B To e BpeMsi HMEHHO B pe3yJbTaTe NpH-
TOKa M BO3IeHCTBUS TPYHTOBBIX BOX 0Opa3ylOTCsi TeMHBble JYI'OBhie M AEpPHO-
Bble NIOYBB! H HaKANJIHBAIOTCS B IOYBAX COEAHMHEHUS Kenae3a il MapraHia B BU-
[e OpTIITeHHOBLIX OPH3OHTOB, (hOPMHUPYIOTCS H3BECTKOBbIE H THIICOBBIE KOII-
KpeuHH H CTAXeHHs, a8 TaKXKe LeMeHTHPOBAHIble OKPeMIIEBLINE TOPH3OITHL
O6pa3oBaHue APeBHUX H COBPEMEHIILIX COMOHYAKOB B NIOJIYIYCTHIISX H TYCThI-
HSIX MHpa TOXe CBSI3aHO C COJNSIMH, KOTOpble TPHHOCHJIHMCH H TIPHHOCATCS
TPYHTOBEIMH BOJaMH.

Tlo mepe ynajeHHsI TPYHTOBHX BOX OT HCTOUHHKOB NHTaHHUS NOCTelEHHO
BO3pactaer X MHHepaJusauHus. [Ipu ABHKeHHu 1o o6lueMy VKJIOHY MeCTHO-
CTH TPYHTOBBIE BOABI PACTBOPSIIOT BCE HOBLIE NOPLHH COJeH, HMEIOIHXCS B BO-
JIOBMEILAIOLIHNX TOPH30HTaX, H Bce O0/ee pacXonylOTcs Ha HCIapeHHe, TpaHC-
nupanuio, rugparanmio. [lo Mepe Bo3pacTaHust KOHUEHTpPALHH PaCTBOPEHHBIX
BeIllleCTB H HACHILUEHUS] HMH pacrBopa AajibHelliee IBUXKEHHe TPYHTOBLIX BOJ
CONpOBOXKAaeTcsl XHMHUeCKOH CcaJKoH, BHINMajieHHeM B TPYHT M IOYBY
MeHee pacTBOPHMLIX COeIHHEHHH M yBe/HuellHeM B BOZe CodepxKaHus OoJee
pacTBOpPHMBIX KoMIOHeHTOB. [Iponcxoxut nHddepeHunHauuss KOMIOHEHTOB
MeXIy TBepdoH M Xxuiakol ¢asam¥ Nous. IDTO sABJAeHHEe HIJIIOCTPHDPYETCH
puc. 52.

['pyuroBoli nOTOK, pacxoiysch Ha HCNapeHHe U TPAHCIHpPALHIO, CO BpeMe-
HeM CO3JaeT pe3KO BHIpaXKEeHHYIO NPOCTpPAHCTBeHHyl Aub(depeHUHANHUIO CO-
enuHeHnil. O6pa3syloTcst TMoc/ieloBaTelbHble MeOXHMHUeCKHe Mosica aKKyMy-
JSIMH B NPOCTPAalCTBe NPOAYKTOB BLIBETpHBAaHHS M NMOYBOOOpa3oBaHus, OT-
Beyalolllie BpeMeHH H MECTy HachlilleHHsl pacTBopa XaHHBIM KOMITOHEHTOM
(puc. 53).

OKHuCIBl TAXKeJABIX MeTalJIOB M KpeMHHS, a Takxe NPOAYKTEH HX B3aHMO-
OeHCTBHS HMEIOT TeHIEHUHIO NeDeXOANTh B 0CaZ0K M3 PaciBopoB BOJIU3N Me-
cTa nx o6pa3oBauus. AKKyMyJsiuHs BTOPHYHBIX NPOLYKICB BEIBETPHBAHHUS
B (hopMe OKHCJOB M INIMHHBIX MHHEpaJoB IO3TOMY IPOHCXOIHT IOBCEMECTHO,
Tak Kak NpUpOJHEle BOJABI IPAKTHUCCKH IIOBCIOLY HACHIUEeHb uMH. HeCKoabKo
Bbillle, OCOGEHHO B KHCJIOH BOCCTZHOBJEHHOH Cpefe, MUTpallHOHHass Crocob-
HOCTb COeIHHEHWH ABYXBaJEHTHOTO Xeje3a M mapraHma. Oxnako coelHHe-
HUs XKeJle3a W MapraHua NMpH AOCTyIe KHCJA0pPO1a BBINYJAOT B OKHCJIEHHOH
¢opMe B 0CalOK B TOJIUAX JEeNIOBHS, NPOMIOBHS H aJJIOBUS NpeXAe MHOTHX
ApYI'HX CoelHHeHHH. ’

JIerko NMpOHCXOANT aKKYMYJSUHS NPOAYKTOB XHMHUYECKOTO M KOJIJIOHIHO-
XHMHUYECKOTO B3aMMOIEHCTBUS M KOAary/asiiMM OTPHLATENBHO 3apsiKeHHbIX
coslell KpeMHe3eMa H TOJOXHTENILHO 3apsi’KeHHKIX THAPOOKHCEH aJIOMHHHS,
XKeJesa, maprauna ¢ o6pa3oBaHneM BTOPHYHLIX IVIHHHBIX MHHEpaJoOB, BHaya-
Jie aMOop(HBIX, 3aTeM KPHIITOKPHCTAJJIHGeCKHX.
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Puc. 52. Cxema aubdepenuuanum
KOMIIOHEHTOB IIDH MCTNapeHHH Y KOH-
LEHTPHPOBAHUH  NOYBEHHO-FPYHTO-
Buix BoX (Kosna, 1946)

] — FpyHTOBLIE BOLHI;
CaCl, 1] — nouBenHbIE PaCTBODPHI;
NaNO Il — rpyuThH;
ahYs 1V — nouBe!l, CONleBble KOPBI
\

Donee BRICOKasi MHTpAllMOHHAA CHOCOOHOCTL OGUKapOOHATOB KajlbUUus #
MarHusi IpHBOANT K TOMY, YTO BbhilaJleHHe HX U3 PACTBOPOB NPOHCXOIHT N03-
e W 32 NpelefaMHi 30HBl OCaXKAeHHs TOJYTOPHBIX OKMCJIOB H BTOPHYHBIX
rauH. O6macTh BhinajeHHusi A0J0OMHTa BCJaeAcTBHe Oojee HU3KOH ero pactso-
PHMOCTH BIIMCaHA B 30HY aKKYMYJSUHH YIVIEKHCJAOrO KAaJbLUHA WM BHIIE ee.

PacTBOpHMOCTL H MHTpalHOHHAS CIOCOGHOCTb I'MIICa M JPYTHX CepHOKHC-
JIBIX XJIOPHCTBIX H a30THOKHCJBIX cOJlell BrIcOKHe. Hachillienke pacTBOpPOB HM#
KacTynaer ropasjo NosXke H OCa)KIE€HHe TPOHCXOJMT Ha BecbMa JHaleKoM

=

" VAL,0¥Fe,05a MnO¥ ] v
———————— V510, u cmumearu ¥ v
————————— AT Pre M pymenarsibn ocgars¥
"""""" ¥CaCOz, CaMgCO, ¥ (]
____________ yCasO; ¥ v v
[ TP Y

¥NacL XL ¥ ¥ pyc. 53. Cxema soxro HCnapuTens-
“““““““““““ v—*CaClg, MgCl, HOK gavddepeHuHanyu npOLYKTOB

BbIBETPHBAHHUA H HO‘{BOO6p330BaHI/IR

I — HanpaBJeHHEe CTOKa H BO3PaCTaKOULEro

___________________ W HCIAPeHHs;

2 — HachileHue pacTBopa H Cajka KOMIIO-
— 2 Ca(NOa)z
B HEHTOB

PACCTOSHUU OT MecT 06pa3oBanus. OcoGeHHO BLIAENSIOTCS TaKHe BBICOKOpAac-
TBOPHUMbIE COEIMHEHUs, KaK XJOPWAb H HUTpATHl IieJodel ¥ HIEJOYHHIX 3e-
Mesib. OHH MOTYyT MHTPHPOBATb H YXOAHTb B MOPSl M OKeaH /W B HauboJee
rany6oxne GecCTOYHbIE YaCTH BHYTPHMAaTepHKOBBIX BNAAWH, TIe H aKKyMYJH-
pYIOTCS B aJ/TIOBHAJNBHBIX, 03€PHBIX M AEJbTOBLIX OTJIOXKEHHSX.

Hano otTMeTuTh, uTO KOHUEHTPHPOBaHHE I'PYHTOBLIX BOJ CONPOBOXKIAETCSH
He TOJIbKO 1IaKOTJIeHHeM B HUX XJIOPHAOB 1 cyabdaros. B pacconax Hakanan-
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TaGaunma 39

MuxpoxomnoseBTH paccodos (mo 50 xapakTepHhM npoGam ¢ MuHMepaausanueit
or 36 no 600 2/x)

(Tiuxuexep, 1966)

Berpeuae- Copepxane, e]1 Peruonansapt
DeMerT MoCTh, % KJIapK rugpocheps ,
oT I o | cpegHee efxe
Crponnni 100 4.10~4 8,0 7,5.10™ 1.10—2
Bop 98 21075 5-101 3,6-1072 4,5.10~9
Drop 60 8-10-% 2,2.102 6.10™ 1.10~3
Kpemunit 100 3-10—4 3,0 1,4.1071 5.1074
PyGupuit 60 7-10~4 1,5-10"2 5.40—38 2.10—4
Jlutuit 94 2.10-5 5-10—1 2,4.10"2 1.104
Vion 70 1-10¢ 3-1072 6-107* 5.407%
Hunk 12 2.10~4 2,8-102 7-10~8 5.10-%
Bapuil . 34 5.10~4 1,6.101 2,4.10"2 5.408
Keneso 100 84078 2,8 2,2.1071 5.108
Mens 28 6-1074 2,9.10"2 6.-10-8 2.107%
Amomunuti 100 6-10~4 3,0 2,5-1071 © 9.40-e
Ceunelt 22 6-10~¢ 8,4-1072 2,3-1072 5.10—¢
Mapranen 64 2.10—4 2,0 3.101 4.107¢
Xpom 32 1.-1074 4,5-1072 1,6.1073 4.10"¢
Hukens 2 — — 1-1075 3.10-¢
ILesuit 4 5.40~5 9.10-% 6-10-% 2.10-¢
Ypau 90 2.10-7 4.105 4.40—¢ 2.10°¢
Turan 94 3-10—4 3-10™2 1,3.1073 9.107
Banapuit 2 — — ) 5-10% 5.1077
Topwit 56 3.1077 41074 5.10-8 4107
Jlantau 2 —_ — 1,6.10~4 31077
Cepe6po 12 1.10~¢ 6,5-10—3 2.4073 3-108
Pauit 74 2.10™12 1.10720 140712 1.10"13

BaloTCsl (B CPaBHEHHH C pETHOHAJNBHBIMH KJapKaMH) ¥ BeCbMa peJKHe B reo-
XHMHH NOYB KOMIIOHEHTHI: JHTHH, pyOumm#, Hox, 6apuii, XpoM, TOpHH, paiHi.
OcofeHHO noOpasuTe/bBHO B paccosiaX HaKoNJIeHHe TaKHX MaJioNOABUIKHAIX
KOMIIOHEHTOB, KaK KpPeMHHI, aJIOMHHHH, XXeje30, MapraHell, KOHIEHTpanuH
KOTOPLIX HIlorxa gocTturaior — 2—3 efa (taba. 39).

IIpocTpancTBeHHOe TOpPU3OHTAJIBHOE MepepacipeiesaeHie H aKKyMYJAsLHs
HPONYKTOB BLIBETPHBAHHS H NMOYBOOOpa30BaHUs ¢ TPYHTOBHIMH BOAaMu TpH-
BOAAT K ()OPMHPOBAIIMIO pE3KO BHIPAXKEHHLIX N0 XMMHYECKOMY COCTaBy akK-
KyMYJ/ISITHBHEIX THIOB KOPH! BBHIBETPDUBAHMS U NMOYBEHHO-T€OXMMUUECKHX TNpO-
BHHUMH, 30H, ofiacrell, Tak kak nepepacnpefiefieHHe H aKKyMyJsIHsT HpoO-
IYKTOB BbIBeTPHBAHHS H NOYBOOOpPA30BAHUSA NPOHUCXOANT BecbMa ANUTEJbHOE
BpeMsl M OCNOXKHSIIOTCS TEKTOHMYECKMMH M JPYTMMH TeOJOTMYecKHMH u OHO-
JIOTHYeCKMMHM NpOLeccaMi, TO, eCTeCTBEHHO, B MpHpOXe He o6pa3yloTcsl XH-
MHYeCKH 4YHCThle NpPOAYKTH leoXmMHYecKoH AuddeperuHanuu, a Habmiona-
IoTCSl MocTenelliible Nepexois H cMelleHHe B NOTPaHHYHEIX NOJOCAaX COeIHu-
HeHHH pa3HOH NOJABHXKHOCTH.
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NEPEPACNPEINEJNEHHE MPOOYKTOB
BbIBETPUBAHUSA H NMOYBOOBPA3OBAHHS PEYHbBIMH BOJAMHU

Xapakrep nouBoofpa3oBaTeJLHOrO Npolecca, CyAbOa NMPOLYKTOB BHIBET-
PHBAHHS H 3JeMEHTOB, BOBJeUeHHbIX B OHOJOTHYECKHH KPYrOBOPOT, B 3HAYH-
TeNbHOH CTenelH 3aBUCAT OT BOJAHOTO peXHMa CYWIH M 0cGOeHHO OT TIOBEpX-
HOCTHOT'O H peyHOro CTOKA. Bhuimajaioliye Ha NMOBEPXHOCTb CYyWIM aTMOCHep-
HblE OCafKH pacXxOLYIOTCSl Ha MCIapeHHe, CTOK H (pHJIAbTpauyio Yepe3d NMOYBEH-
Hble TOPH3OHTBL B I'pYHTOBble BOALL. Uem Goablle BeqMUHHA HCMapeHHs, TEM,
eCTeCTBEHHO, MeHbllle BeJHYHHa HA3eMHOIO H MOA3eMHOro croka. M3 pue. 54
BHIIHO, KaK BeJHKH KoJe0aHus MOMYJsS CTOKa B pasHbIX yactax EBporefickol
reppuropun CCCP. B 10 Xe BpeMsi BeJHUYHHA PEYHOTO CTOKA MMeeT SIBHBIN
30HaJIbHO-IIHPOTHBIH XxapakTtep. Peunolt ctox (4/cex/xm?) B pasiuuHbIX NpH-
ponHeix o6aacrax CCCP, no nanuwim Bb. II. 3afixosa u B. B. IloaskoBa (cm.
CoxounoBekuit, 1952), cocrapasieT: ropHble pafoHbl BJAAXKHBIX Cy6TPONHKOB
Kapkasza — 75—100, necuble o6aactu ceepa CCCP —8—12, uyepHosemno-
crenuele obaactu — 2—5, cyxas crenb — 0,5—1, noaynycreinn — oxodao 0,5,
nycroiHn — 0(?).

Ecrecrsenno, uto HanGoablINi MeXaNHMYeCKHH CHOC NOYBEHHLIX YaCTHIL
4 HauOOJbIIKA 'HAPOXHMHYECKHH BHIHOC pacTBOPEHHDLIX NMPOAYKTOB IIOYBO-
00pa3oBaHus § BLIBeTpHBAHHS HaOJIOAAIOTCS TaM, rje NPOHCXOIHT TNHTaHHe
pex. Mcxonsi u3 NpuBeNeHHBIX BeJHYHH MOIYJs PEeYHOTO CTOKAa, OYEBHIHO,
4YTO HAaUOOJbIIHHA BLIHOC NOABHKHBIX NPONYKTOB BRIBETPHBAHUS H I04BOOOpa-
30BaHMsI HMEeT MecTO B paloHax BJAaXKHBIX cyOTponnko KaBkasa, a Takke
B JecHex o6nacrsax ceBepa CCCP,

Becbma BaxkHBI faHHble 0 KO3ddHuuHeHTe NOA3EMHOTO CTOKA, TaK Kak OT
er0 BEJHUHUHLI 3aBHCHT CTENEHb BLIHOCA PACTBOPEHHBIX NPOAYKTOB. BHIBETPIH-
BaHHUS ¥ TI0YBCOOPA30BAHUA B IPYHTOBLIE BOJHI, & 3aT€M H B peyHbie BOALI H3
palioHOB geHymauuu u dopmupoBanus 3moBusi (puc. 55). HanGoabmux se-
JUYHH K03 (HUMENT NMOJ3eMHOTO CTOKa HOCTHraer B Talre W TYHApe, TIe
okoJ0 60% BrInazaomux aTMochepHEIX 0CaNKOB YXOIHUT B pPeuHYIO CeTh ye-
pe3 nousy. B sucrBennbix Jdecax oH cocrasaser 30—50Y%, B uepHo3eMHOH
crenn — Beero Juwb 10—30%, a B cyXolt cTeln W MNOJYNyCTHIHE — MeHee
10% (Tponuxun, 1948).

Hakomjienne MexaHHYeCKHX H XHMHYECKHX OCAJKOB, TPaHCIOPTHPYEeMbIX
BOJOH, eCTECTBEHHO, TeM HHTEHCHBHEe, YeM MEHbLIE CKOPOCTb CTOKA H YeM
BHIILIE HCTapedue. B cpeaHem Ha cylle 3eMHOro 1apa 4/s koJHYeCcTBa aTMO-
chepHbIX OCAAKOB HAET Ha HCTTapeHHe W TPAHCIUPAUMIO U JHIIb /5 T. €. OKO-
J0 20%, pacxoayercsi Ha NUTaHKe TPYHTCBHIX BOJ U DeK.

B romoBoM peXume pasiuuHbIX pek oT 10 mo 50% mnx ctoka ofecneunBa-
eTcsl NoA3eMHBIM OutanueM, a oT 50 10 90% — noBepxHocTHBEIM cTOKOM. [Tom-
3eMHOe THTalHe pek MyTeM HHQPHJIbTpAUMH aTMOC(epHLIX OCaJKOB Yepe3
TOJIILY MOYBLI H I'PYHTOB YCHJIMBAETCS BO BJaXKHble TOJ(bl, CCOGEHHO B JIECHBIX
obJactsx, e NOA3eMHBIH cTOK MoxKeT jgocturath 70—809% obiuero croka
(puc. 56). [Ipu obnecennoctu 25—33% noa3eMHBI CTOK COCTaBJSeT JHIIbL
okosio 50%. Ipu majoft oGaecernioctd, mnopsinka 10% u menee, 75—85%
TPUXOMXUTCS Ha A0JI0 NOBEPXHOCTHOTO CTOKa. IloaToMy yHHMuTOXKeHHe Jecon
BHI3LIB4EeT OYpHBbIE 11aBOJKH peK M CHIbHYIO 3posuic mous. [1pu Bo3pacranuu
06JIeCeIIHOCTH CHHKAETCS NOBEPXHOCTHHH CTOK B PeKH, YMeHbINAETCS 3PO3Hs
M CHOC NPOAYKTOB MOYBOOGpa30BaHusl B hopMe CycleH3uH, KOJJIOHIOB H pac-
TBOpoB. OIHAKO TIPH 3TOM YCHJAHBAETCS NOA3eMHOe NUTaHHe PEeK M BO3pacTa-
eT XHMHUYECKHI BbIHOC pacTBOPHMBIX TPOAYKTOB N04YBOOOpa3oBaHusl GHJb-
TPYIOUIUMHCS BOLaMH.
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Puc. 54. Kapta mMonyaneft peunoro croka Esponefickof wactu (4/cex/km?)

1 — H30JIMHUH MOLYJell pPEeUHOTO CTOKa;
2 — To XKe, MPEANONOKHTENLHO
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Puc. 55. Kapra xo3dpunuenToB MOA3eMHOr0 CTOKa P4 OCajikaX, paBHHX |
(Tponuxui, 1948)

1 — H30aHHUH KO3DDHUHEHTOB NOA3EMHOFO CTOKA;

2—rTo0 Ke, IpeAnoNOXKHUTENbHO



Puc. 56. CooTHollleHHE NOA3EMHOr0
# TMOBEPXHOCTHOI0 CTOKA B 3aBHCH-
MOCTH OT 06JieceHHOCTH

I — non3eMHbIf,
2 — NOBEPXHOCTHBI

25 50 75 100
Obrecerrocme, %o

B nmearenpHOCTH pex MO mepepachpejie/ieHHio NMPOAYKTOB BbIBETPHBAHHS
4 N04B00Gpa30BaHNs HeOOXOAHMO Pas3jIHYaTh 3HaUeHHe TBEPAOrO W XHMuye-
CKOTO CTOKA.

Tsepapii cToK pex

Pexn 3emnoro mapa cHocsart ¢ 1 x#2 ot 30 xo 2500 T TBepAOrO BellecTBa
exXeroJHo. MexaHnueckas IeHyAauusi CylIy, Kak yxe OTMe4aJsoch, COCTaBaseT
B cpeanem 0,05—0,5 mm/200. IToBepXHOCTHBI! CTOX HeNpepLIBHO OOHOBJISET
BepXHHe TOPH30HTHl NOYBEHHOTO NMOKPOBA, CMLIBasi €0 B OJHHX CAyyasx H
HaMbiBast B opMe e/MI0BHS, NPOMIOBHS M aJIIOBHS B APYTHX cayuasx. Pexu
MHpa NPUHOCAT B MOPS U OKeaH eXerojHo okoJo 16 Mapa. T TBepaoro Beuie-
ctBa. Ecnu npeacraBuTh ceGe 3TOT MarepHana B (OopMe NpH3MBI, TO NpH OC-
HOBaHUu npuambl | km? 1 06remMHOM Bece 1,6 BeicoTa 3TOH NPHU3MBL COCTABHT
10 K.

Hano umers B BUAY, uTo HauboJblllee KOJHYECTBO MaTepHala pekKH TPaHc-
fIOPTHPYIOT BOJIOUEHHEM H NepeKaTbiBaHpeM [0 AHY. DTO IaaBHbiM 006pasoM
rpy6oobaomounsiii Matepuasn. CooTHOIIeHHe pasHblx (OpM NepeHoca Mare-
pHana pekaMu NMOKa3aHo Ha pHuc. H7, b8.

B MexaHHYeCKHMX CYCNeH3HAX M TOHKHX KOJJOMIHBIX B3BeCSX, TpaHCHOp-
THPYEMBIX peKaMH, MPHCYTCTBYIOT OGJOMKH NePBHYHBIX MHHEpaJoB, TOHUAH-
{IHe NJVIEHKH ¥ XJONbs aMOP(MHBIX U CKPLITOKpHCTAJNJHYeCKHX (OpM KpeMmHe-
3eMa, NOJyTOPHBIX OKHCJIOB, INIMHOMOXZOOHBIX MHHEpPAaJoB, YIJIEKHCJAOTrO KaJb-
nusl.

Pexn nepepacnpenensior rpomajgHble KOJHYECTBA OpIaHHYECKOro BellecT-
Ba B (popMe OpraHo-MHHepaJbHBIX COeAHHeHuH, KOJIONAHBIX ICEBIOPacTBOPOB
# MexaHuueCKHX npumeceir. Tak, no pnaunpim I'. B. Jlonatuna (1952), konu-
4ecTBO yMyca B Macce B3BelileHHOTO BemuectBa B pekax Coserckoro Corwsa
coctasisier: aas Kamul 21%, pas Huenpa — 10—35%, nas Puonn oxono
2%. B pekax ITonecos 93—969% pacTBOpeHHBIX OpraHHYeCKMX BelleCTB NpH-
XOAMTCA Ha 0110 (hyabBorucaoT H 50—709, B3BelleHHBIX BeIUeCTB NpeacTas-
JgeHo rymuHosbiMu Kucaoramu (Karaw, Tennep, 1956).

MyTHoCTB pek koJebJ/eTcsi B BecbMa OOJEBLIMX Tpejesax, YTO 3aBHCHT KakK
OT KJIHMATHUECKHX YCJOBHHA M Oporpa¢uH, Tak H 0COOeHHO OT CTeneHH 0OJe-
ceHnoctd OaccefiHa nHTanusi. Hanbosee BLICOKHE Cpe/lilerof0BLIC BEJHUYHHBI
MYTHOCTH XapakTepHbl Ajs Fobubeix pek: Tepek —7 /4, Cynak— 11,6, Axk-
call — 15, Amynapesi — 9 2/4. Bennunua TBepZOro CTOKA © MYTHOCTH peyHOH
BOJHI TeM MeHbIle, yeMm Gosblie 66JeceHHOCTh MeCTHOCTH M YeM MeHblle YK-
JIOHBEI pycsia peK.

HHTepecuble aHHble 0 BeJHYMHE MYTHOCTH B 3aBHCHMOCTH OT KOMILJIeKCa
TIpHPOXHEIX YCA0BHE MecTHOCTH NpeBoast [, B. Jlonatuu (1941) u I, Y. Hla-
amoB (1949). L0
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— Puc. 57. dopmsl mepenoca pekamn
Mezanuvec- OCHOBHRIX KOMIIOHEHTOB 0cajgkoB
ras B3becs (Crpaxos, 1963)
. 1 — MuHepanbl IyHH;
Borovenue a 2 — MUHepaJL! NeckoB H OGJIOMKH MODOA;
10 Gry 1 3 — npouHe KOMMOHEHTHI;
@ — @ — AJsl TOPHEIX PEK H B YCIOBUAX
3aCYWIHBOFO KAHMATA

AP 0,000 £
A bl 2 8

, I
o
8
/
/ Puc. 58. CoorHOlIEHHE MexaHuue-
0/ ckoit (/) m xumuuecko (/) memy-
/ Rauuu no pexam Mumpa (Crtpaxos,

1963, ¢ uamenenuaMu aBTOpa)

Peku: o

A — paBHHHHBIE;

B — HauHHAWIKECH C TOP WJH KDYMHBIX
BO3BbHIMEHHOCTEH;

B — ropuhue

Wnmencubnocme denydayun

1 S 8 13 47 2 25 29 P

[To manuwm T'. B. Jlonatuna, cpexnerofoBasi MyTHOCTb PEYHBIX BOA CO-
crasJsier: TyHapa — <0,02 /4, necuuie pafionst — 0,02—0,05, secocrens —
0,06—0,1, crenb — 0,1—0,5, ropusie paiionsl — 1—5 /4.

Ecnn Benuka paspywmrenbHass pa6ora MPOLECCOB MeXaHHYECKOM JeHy-
dauMH ¥ 3p0o3uH B OaccefiHax MHTAHUS peK, TO CTOJb JKe BeJHKa W CO3HA2~
TeJNbHasl NesTeNbHOCTh pek, (OpMHUpPYIONIHX OOLIMpHBIE NPOCTPAHCTBA aJJII0~
BHaJMbHbIX H JA€JbTOBLIX PaBHMH, CAOXKENHBEIX MJAOJOPOAHBIM MATEPHAIOM,
chopMupoBaHHBIM B facceiiiax NHTAHHS PeK.

O06beM cTOka B3BellleHHBIX HAHOCOB B PeKax OMPENeJseTcsl He TOILKO Be-
JHYHHOA MX MYTHOCTH, HO H CKOPOCTbI0 BOAHOTrO NoToka., B taba. 40 npuse-
JeHbl JaHHble 0 TBepAOoM cToke raasHefimux pex Coserckoro Coro3a.

OrnoxeHHble peKaMH B NoHMax M AedbTax TOJIUH aJIIOBHs, Oorarse
NOYBEHHBIM MEJKO3eMOM U OpPTaHHYeCKUMH COeAHHEHHSIMH, pa3jH4YHBIMH IH-
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Ta6aunua 40

CTOK B3BeHIeHHbIX HAHOCOB
(lIamoB, 1949)

CyMmapHBIll cTOK B3pe- | MoayJb cToKa B3Be-
Pexa Ilynkr WIeHHBIX HaHOCOB, 106 mIEHHBIX HaHoCOoB, MIKM?
CeB. [IBuna Apxanresbek 10,1 29,0
JHuenp Kpemenuyr 2,2 5,7
10xuett Byr AnexcanzpoBka 0,3 6,5
Bosira JHy6oBka 25,5 18,8
Oka Hosunka 3,0 12,4
Kama YucTononb 10,0 19,6
Benas Bupck 2,8 23,3
Ypan TononuucKuit 3,3 17,1
Ces. onen Yetb-BesokanmuTBeHcKui 1,3 16,0
Hon Paanopckas 6,4 17,0
Ky6atb THXOBCKas 8,8 180
Puoun Cakouakuise 8,0 600
Tepex Kapranuuckas 26,0 71
Cynak Muatasl 15,2 1160
Kypa Ca6npa6aj, 36,3 205
O6b Canexapa ; 12,9 5,3
HipToun To6oJbCK 11,2 11,9
Ewnncesi Hrapka 10,5 4,2
Jlena Ta6ara 7,0 7,7
Amyp K oMcoMoJIbcK-Ha-AMype, 61,0 35,8
Chipaapbs TioMenb-Apbik 40,5 186
Amynapba Kepku 217 960
Baxmw Fonoswoe coopyxenne Kauasa 73,5 2300

»

TaTCAbHLIMH BellecTBAMH M HMeIoUIHe OGHIYHO GJarONpHATHYIO MHKPOCTPYK~
TYPY, NpeACTaBASIOT co6ofi meHHeHH cyGeTpaTr Aast 3eMaedenns. C apes-
HEeHINMX BpeMeH JIOJH CeJHAHCb BIOJb PeK U OCOOEHHO B HX YCTbSIX, HC-
NONB3ysl MOJ CeIbCKOe XO03fHCTBO IJIOJOPOAHbIE MONMEHHbE, MHeJbTOBBIE
3eMJIH,

Peunolt un raxxke UCNOJAb3yeTCs B MeJTHOPATHBHEIX paboTax mpu KoJbMa-
Taxe 60J0T — HUCKyCCTBEHHOM HaWJIHMBAHUYE aJIIOBHS Ha 3aGOJOYeHHbIe 104-
Bul (Jlanan Bo Ppanuru, Konxuza 8 CCCP).

XuMHUECKHH CTOK pek

o nanubiM TBenxodena (1936) u Kaapka (Clark, 1924), obme3semHo
CTOK peunoii BoAbl coctanisier 4168 xu3. CpeqHHil TOLOBOH XHMHUECKHIH CTOK
BCEX pPeK B CTOPOHY OKeaHa cocraBiser 3—3,5 mapa. r. Cpeinufi xumuye-
CKHUil CHOC ¢ 3eMHOH cymu cocraBiaseT, no Kaapky, okomao 26,4 r/e0d/xkm?.
PaBHUHHBIE peKM XapaKTepH3yIOTCS 3HAYHTEIbHBIM IpeobaafgaHHeM XHMHUe-
' CKOTO CTOKa HajJ MeXaHHYecKHM (cM. pHc. 58).

Hoseflinue noacyeTH KoJHueCTBA pPaCTBOPEHHBIX BEIIECTB, MOCTYNAOUIHX
B OKeaH C BOAAaMU pek, NpuBeneHb B Taba. 41. M3 3TuX AauHHBIX BUIHO, YTO,
KPOMe 3JIeKTPOJHUTOB, peKH cOpachlBaloT B OKeaH OTPOMHBIE KOJHYeCTBa pac-
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Tab6auna 41

TonoBoe mocTymyieHHe PacTBOPEHHBIX H KOJMJIOMIHBIX BemeCTB B OKeaH ¢ BoOjO#
(no B. Y. Bysdcony, 1964)

%
HcTOYHHK NOCTYIJIEHHS Mas, m oT Geperosoro |or o6mero mocTym-
CTOKa JIEHHA C BOJO!

Hounplit ¢Tok 2543 72,82 59,60
Opranuyeckue BelecTBa 720 20,62 16,88
MunHepaJibHEle KOMIOHAB 175 5,01 4,10
MnukpoaneMeHTI 36 1,03 0,84
Heoprannueckne GnorenHble BeliecTBa 18 0,52 0,42
Beero

¢ 6eperoBEM CTOKOM 3492 100,0 81,84

¢ rayGHHHEIME BOAAMU 775 — 18,16
O6mee mnocrymsienue ¢ BOgOIL 4267 — 100,00

TBOPEHHBIX OpraHuuyeckux BemiecTB (720 MaH. 7/200) ¥ MHHEpPaJbHHIX KOJJO-
unos (174 maH. 7/200). BecbMa cyniecTBeHHA BeJMYHHA PAaCTBOPEHHBIX CO-
eANHeHHH MUKpO3/JeMeHTOB (36 MaH. T/200).

BaxHO OTMeTHTb, UTO He MeHbINHe, a 3HAUHTEJNbHO GOIbIIHE KOIHUECTBA
3THX Ke BeIleCTB OCTAIOTCS B BHAE OCAAKOB M NpUMecefl B HAHOCAX M &JIIO-
BHAJBHBIX TIOYBAX M FPYHTOBBIX BOAAX NOHM U JEJbT.

XuMHuecKHe COeHHEHHS B BOAAX peK SBJAAIOTCS MPOAyKTamu OHOreHe3a,
BHIBETPHBAHHS H NOYBOOGpasoBaHus Ha cyme. ITo3ToMy XMMHYeCKHi COCTaB
peuHOH BOXBI OTpaxkaeT OMOJOTHYECKHe, IOYBEHHBE, IeTporpadHueckde U
MuUHepaJjoruueckue ycruosus Gacceiinos pex (B. U. Bepuangckuii). Ecau B Hux
npeo6aafarT H3BECTHAKH, TO B PEeYHOH BOJe YBeJHUHBAeTCs COAepKaHHe
6UKapGOHATOB KaJblUs; HAJIHYHE COJIEHOCHBIX MOPOJ BHI3HIBAET yBeJIHUEHHE
COfiep3KaHusd XJOPUAOB U cyabdartoB. B palioHax u3BepKeHHBIX KpUCTaJIH-
YECKHX MOPOJ peyHble BOALI COAEpKaT NOBLIIIEHHble KOJNHUYECTBA KpeMHese-
ma, Kap6oHATOB mIeJ0Yell, a MHOTAA XJOpHAOB M cyabdaroB. B pafionax
C TBINHOM PaCTHTeNbHOCTBIO B PEeYHOH BOJe MHOTO OPTaHMYeCKOro BerecTBa
H OpTaHOTeHHBIX JE€MEHTOB.

Ta6nuna 42

Cpennnit noHHLIA COCTAaB peuHbix BoA Mupa (M2/4)
(Livingstone, 1961)

KoHTHHeHT HCO, 5072 Cl- NOY” Cat® | Nat [ Mg+? | K+,
CeBepHas AMepuKa 68,0 20,0 8,0 1,0 21,0t 5,0 9,0 1,4
10:xHaa Amepuka 31,0 4.8 4.9 0,7 7,21 1,5 4,0 2,0
Espona 95,0 24,0 6,9 3,7 |31,1(56 1 55| 1,7
Asns 79,0 8,4 8,7 0,7 18,4 5,6 9,3
Adpuka 43,0 13,5 12,1 | 0,8 12,5 3,8 | 11,0 | —
ABcTpasus 31,6 2,6 10,0 0,06 | 3,927 2,9| 1,4
Bo Bcem Mupe (cpea- ’

Hee) 58,4 11,2 7,8 1,0 15,0 4,4 | 6,3| 2,3
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Puc. 59. CooTHollenne rofoBbIX BeJHYHH TBEPJOrO CTOKA M CTOKZ pacTBo-
PEHHBIX BElUECTB B TaeXHuIX pekax BocroyHol Cubupu (Tapryawss, 1967)

PexH: 5 — CHexHas; . 10 — Buproca; :

1 —Typka; 6 — Bepxuss Al-xrapa. A — tBepAbIfl CTOK (MeXxanuyeckas
2 — ButumM; 7 — Toist; Aenypallus);

3 — Hs; : 8 — ¥Yaa; b — cTOK pacTBOPGHHEIX BELLECTB
4 — Manas Benas; 9 — Boaswmas; (xuMHuyecKkass genypauus)

B Bozax pex, ApeHUPYIOMHUX CyXHe CTENM M IYCTHIHH, B3BElEHHble Belle-
CTBa Ipeo6aafaloT HajJ pacTBOPEHHBIMH, a B BOJE DeK, JpeHHPYOIUX pas-
HMHBI ¢ 60raTtoii pacTHTeNbHOCTbIO, HA060POT, pacTBOpeHHble BELIECTBA Ipe-
06Jaflal0T Haj B3BEINEHHBIM TBepAblM MaTepuajom (TBenxoden, 1936).

B cpemHem BOABI pex MJaHeThl M OTHeNbHHIX KOHTHHEHTOB BecbMa GOraThl
6ukapOboHaTaMH H cyabdaramu HeI0YHbIX 3eMeab (Taba. 42). B Bomax pek
mMHpa 3aMerHas foas— 11,679 or cwabI——anxonuTc;{ Ha KpeMHe3eM
(Clark, 1924),

Munepanusauus BOAH B peKax ONpefeaseTCsi Beel COBOKyHHOCTblO aje-
MEHTOB (u3uKo-reorpaduyeckofi o6cTailoBky cpeasl. Pexku TaexHbix 06aa-
creft (Amyp, [Teyopa, O6b, Enucefi, Jlena, Aurapa) oTIHuaoOTCs KpaiiHe HU3-
KOH o0meft mMuHepanusanueli, nopsanka 35—80 me/s. Ho xumuuecknit cTOK
‘B HMX 3HayuTeJbHO Ipeobiajnaer Hajy MexaHHuyeckum (puc. 59).

Munrepanusauns sox Huenpa, doua, Boaru, Ky6anu, Ypana, Kyps, Te-
peka xoaebsercsi B mpegenax 150—300 me/a. IloBbimenHo# MuHepanu3anH-
e#l oTamyatorcest Boan Coiprapen u AMynapsu — 420—500 me/a, uto 06yca0B-
JIeHO O6H/IMeM COJIEHOCHBIX OTJIOMXKEHMH B FOpHBIX NOpOAaX, CAaraioiHux BOAO-
cOOpHI 3THX peK, a TaKXKe XKAPKHM NMYCTHIHHBIM KAUMATOM (CpedHee U HUKHEE
treyeHHe). HaxkoHel, BcTpeuaroTcsi pexd ¢ BLICOKOH MMHepaauadallMel, npe-
Boimapomel 1—2 u gaxe 5—10 2/4. dto HeboMbIIME pekH TEPHOAHYECKNIO
CTOKa, TlepechIXaiollie U pasje/eHHble Ha OTAeNbHble U30AHPOBAHHbIE TJIECH
B JIeTHee BpeMs. B pyciax 3Tux pex ApeHHpPYIOTCS COJIeHble TPYHTOBble BOZbI
NPUJIETAIOMNX TePPUTOPHUH cTenell u NycThinb. TaKOBH BOAB peK Manwii #
Bosbuioft ¥3enp, Dmba, SIBan (nprToxk p. Baxm).

BHu3 no teuenuio peunbie BOAB 060TamIAIOTCS CONSMH ¥ MHHEpaJIH3alHs
HX NIOCTENeHHO BO3pacTaeT. DTO NPOHCXOIUT IVIAaBHBIM 06Pas30M 3a cueT Ape-
HHMPOBAHUS 1O NYTH IOYBEHHO-TPYHTOBHIX BOJ, & OTYACTH BCJeJCTBHe HCIa-
penud. Tak, ApkaH3ac B BepxHeM Teuenun umeerT MuHepasausauuwno 0,148 2/4,
a uepes 150—160 ku — 2,134 2/a.

B Tab6n. 43 npuBefieHH AaHHBIE 0 XHMHUECKOM COCTaBe H XHMHKUECKOM
croke raasHefimux pex CCCP. M3 3Tux MaHHBIX BUAHO, 4TO HaHOGOJBIIHE
CTOK coJiefl B 06J1acTb CpeIHEro W HUKHEr0 TEUEHHs HAal0T XOTS U NpecHHIE,
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Ta6anma 43

OcHoBHBIE XAPAKTEPUCTHKM CTOKA PACTBOPEHHBIX BellecTB riaBHeitmmx pek repputopun CCCP
(Anexun, 1948)

5 . TToka3saTesp CTOKa
poxs g SR ST Ct I |
Boara 182 46,5 33,7
Jlena 84,6 4.3 17,0
O6b 76,6 39,2 12,2
Ennceit 53,8 29,5 11,4
Amyp 54,0 18,7 10,1
Awmynapes 422 17,7 78,1
Cripapss 432 6,0 27,8
Ces. [IBuna 156 17,3 48,0
HHectp 153 8,1 16,2
JHown 222 6,2 14,7
ITleuopa 424 5,5 16,8
Kypa 244 4,4 23,4
Ypan 302 3,3 15,1
Tepek 281 3,1 71,0
Huenp 304 3,0 42,2
Hesa 35 2,9 10,2
Puonu 166 2,2 161,0
KyGanb 177 2,0 3,7
[Oxuuift Byr 262 0,63 13,7

* INpyu nepecyere HCO3— na CO4—2

HO MHOrOBOJHblE pEKH, BepXHee TeueHHe KOTOPbIX PACMNOJOKEHO B JECHBIX
06JacTsiX, B 30He NOJA30JUCTHIX H GOJOTHBIX MOYB. Tak, XHMHYeCKHH CTOK
Boaru cocraBaser KojaoccadbHyl0 BeJaHUHHY — 46,5 mau. 7/200, Jlenn —
41 man., O6u — 39 mun., Enuces — 29 maH., Amypa — 18 mun. 7/200. XuMu-
4eCKHH CTOK BCeX OCTaAbHBLIX peK H3MepseTcs JHIIb eIHHHIAMH MHJJIHOHOB
TOHH B roJ. BeauK XMMHUeCKMil CTOK M TPONMHYECKHX MHOTOBOXHBbIX pek. Ha-
npumep, p. Mexour exeronHo coHpaceiBaer B yerbe 10 20,5 MJIH. T pacTBOPEH-
HBIX BELIEeCTB.

JlerkopacTBOpHUMBlE COJIH, HAXOAAIIMECH B PEUHBIX BOAAX, TPaHCIOPTHPY-
I0TCS BHU3 10 TEYEHMIO M YUACTBVIOT B (OPMHPOBANUHA XHMHUUECKOrO U MHHe-
pPaJpHOTO cOcTaBa MOYB MCOHM, menbT, 3cTyapueB. [lofiMbl, HUXKHHe Teppacht
H JeJbTHl PeK ABJAAITCH 06JacTIMH akKKyMYJASNHH 3HAUHTEJIbHOH 4acTH Me-
XaHNHYeCcKUX, XHMHUUECKHX M GHOJOTHYECKHX TPOJAYKTOB BhHIBETPUBAHHS U IOY-
BOOOpa3oBanus, cOpMHPOBAHHLIX B BepXleM TeueHMH H Ha BOZocGope.
OO6B1uHO B cpefiHeM H OCOGEHHO B HUXKHEM TEUelHH PeKH SIBJASIOTCS IVIABHBIM
HCTOYHUKOM NHUTAHHSA TOYBENHO-TPYHTOBHIX BOA. Hanpumep, pexn Uua, Amy-
napbs, Xyanxs, Hun nuraor Ha decsiTkax ¥ COTHSX KHJAOMETPOB NOYBEHHO-
TPYHTOBHIe BOABI NpHJCTAONIell CYHIM B AOJHHAX U JeJbTaX,

BMmecTe ¢ peyHRIMH BOZAMH B TMOYBEHIO-TPYHTOBBIE BOABI AJIIOBHAIBHO-
IeJbTOBBIX PaBHHH IMOCTYNAaKT TPOMafHblEe KOJHYECTBA PACTBOPHMBIX cOJeil
H COellMHeHH# MUKpPO3JeMeHTOB, UMeIIIUXcH B peuHoli Bofe. Mcnapsasce,
IIOYBEHHO-TPYHTOBbIE BOAKI (B AaHHOM Clyuae peyHOro MpOHCXOXKAeHHus) 060-
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ramalmT 4JJI0BHAJbIIbIE H JeJbTOBbIE OTJI0XKEHHs HHXKHEere TeueHHUsi peK CO-
JSIMH M TUTATeJbHEIMHM BeHeCTBaMH. B yCIOBHSIX XKapKOro CyXOro KJaIHMmara
TNPOMCXOIUT He TOJNBKO ObOramienue JIErKOpaCTBOPHMBIMH CONAAIMH H TIHTA-
TeNbHBIMY BelllecTBAMH aJJIIOBHAJABHBEIX TIOUB, HO IIMPOKO O6pPasyrTCd 3aco-
JIEHHble TIOYBBI, COJISHbIe 03epa, COJEHOCHBIe OCaAKH M rpsasu. Takue yCIOBUS
co31aloTcs B 6eccTOUHBIX 06/1aCTsiXx BO BHYTPHMATEPHKOBBIX BnaauHaX. SIp-
KAM TIPHMEpOM 3TOT0 siBAsiOTCs Aeabrhl Boarw, Ypana, Amyaapsu u Kyphl
R GeccrouHoll Apano-Kacmuiickoii rin3MeHHOCTH M eabThl Muna, Huna, EB-
¢dpara u XyaHxs.

O6mas naomanb obJgacTeii CyIH, He MMEIOLMX CTOKA, JOCTHraeT, 1O
Tseuxodenay, 29785 Thic. KM%, YTO CCCTABJsET NPHMEPIO 20% Bcel cywid.
Ecau npuiisTh, 4T0 XUMHYecKHil cTok ¢ 1 xkm? cymu, no Kaapky, cocraBiaser
B cpeftieM 26,4 r/200, TO MOKHO CUMTATh, YTO B NpeJenax 6eCCTOYHBIX obJaa-
cTell MHpa C BOZAMH IOBEPXHOCTHOTO CTOKAa LHPKYJIHPYET €XKETOXHO OKOJIO
800 MJaH. T coJjell, MOCTENEHHO AKKyMYJHPYIOUIHXCH B OCAJOYHBIX OTJOXKE-
HHUSX, BOAAX U NMOUBaX 3THX TepPHTOPHIL.

Ta6aunma 44

DneMeHTH BONHO-CONEBOTO GajaHca M TBepporo croka Apano-Kacnuiickoii HM3MeHHOCTH

Boausiit ctrok | Teepanit ¢ToK XuMHYCCKHH CTOK Bpeansie conu
Cratbn Gananca TBOeA,p;x(o- TBZ‘;,)_:Z.
Km? % |man.m| % |wmmom| % |yy oM. m| % |yy cro-
Ky Ky
Beero nocrymnaer 3a
rox 355 100 326 100 86 100 26 21 100 6
B ToM uucae wu3:
Boaru 256 72 32 10 50 58 156 9 43 28
Amyzapbu 42 12 168 o1 18 24 1 5 24 3

[To Mapronny (1950), BuyTpuMaTepuKoBhle 6eccTOYHBle 00/1ACTH COCTAB-
JSI0T Ha 3eMHOM mape 41855 Teic. k#?, 1. e. 279 mMOBEepXROCTH MATEPHKOB.
Has srte#l mIomiany UpH Tex Ke BeJMIMHaxX CPeAHero XMMHYECKOTO CTOKa
€XKEeroAHbIl TPHTOK JErKOpacTBOPHMBIX cOJieil BO BHYTpUMAaTepHKOBHe Oec-
CTOYHBbIEe 06GJACTH CYIIM 3€MHOTO mapa, 3aHsIThle HbIHe [VIaBHBIM 06pasoM
MYCTBIHAMH, cOcTaBasieT okoyo 1100 maH. T.

Apano-Kacnufickass HE3MEHHOCTh SIBASIETCS YacThio OGLIMPHOrO eBpasui-
ckoro GeccroyHoro Gacceiiiia. B reosoruyeckom MpCIIIOM H B HAacTofllee
BpeMsi GOpMUPOBAHHE KOHTHHEHTAJBHBIX OCaJAOYHBIX OTJIOXKEHHH, TIOYBEHIO-
IPYHTOBHIX BOJX M IOYB B Tpe[eJaX HH3MeHHOCTH 06YyCJOBIMBalOChH AesTe/]b-
HOCTBIO XpymHefAmux pexk: Boaru, Amyznapesu, Ceipaapsu, Kypsl, Ypana, Te-
peka. Kak M0OXHO BHIeTh U3 HAHHHIX Ta6J. 44, 06pa3oBaHue 0CAJ0UHBIX 10Y-
BOOGpasyiomuX TOPOJ 37eCh ONpelessercss IiaBHbiM o6pasom cTokoMm Bo.-
rd U Amyznapbu.

Boaumnit 6ananc Kacnuiickoro Mopsi pery/Jupyercs HcliapeHHeM IpeuMy-
IIEeCTBEHHO B MeJAKOBOAHOH BOcTOuHOH uacTtdH. HMcmapeHue BOJMKCKUX BOI,
npuxoasmux B Kacmuit, Ha BOCTOUHBIX MeJKOBOJHBIX U 3aCyHUIIUBBHIX Oeperax
B Te0JOrHYecKOM NPOLITIOM U ceHuac siBasercss GakTopoM HHTEHCHBHOrO cO-
JneHakomaeHuss B Apadno-Kacnulickofi HU3MeHHOCTH.

Bonsl Bouaru, apenupyioiied OrpoMHbLle MPOCTpalicTBa Ha ceBepe, NMPH HUC-
MapeHUd 3acoJSAI0T YeTBEPTHUYHBIE OCAJOYHBIE OTJ/IOXKEHWS, TPYHTOBble BOJBL
W TIOYBBI HA 3HAYUTEJNbHBIX TEPPUTOPHSX IOr0-BOCTOKA Pycckoll paBHHHBI H
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Cpenneft Asuu. TBepablfi 1 XuMuyecKull cToOK B npefenax Apano-Kacnuiickoit
HU3MEHHOCTH B CYMMe COCTaBJSAET 0KOJ0 412 MJH. T eXKerojaHo, YTo IpH 06%b-
emHOM Bece 1,4 maer 0,3 xm® HAHOCOB.

OTHOmeHHe XMMHYECKOIO CTOKa K TBEpPAOMY CTOKY CBUIETEILCTBYET O
TOM, UTO CpejqHee COLepiKaHue coJefl B TOEMHO-IENbTOBBLIX OTJOKEHHAX
MOry10 6Bl cocTaBJAATL B HaHocax Boaru 156%, a Amynappu—-119%. 3a BH-
YeTOM YIVIEKHCJAOTO H CepPHOKHCJIOrO KaJbLus, MOTeHuHaJbHOe cOodepkKaHHe
JeTKOPacCTBOPUMBIX COJeil, COOTBETCTBEHHO, BBIPA3UTCH IJs AJIIOBUS BoJ-
rd B 28% wu ans awmoBus Amynapeu B 3%. Onnaxko B mpeaenax moeMHO-
IeNbTOBBIX O6aacreil Apaso-KacnmuiCKoii HU3MEHHOCTH €TOJb BLICOKHE CTe-
NEHH 3aCOJEHHOCTH IIOYB H TPYHTOB BCTPEYAIOTCH JAHIIbL Ha OrpaHUuYeHHBIX
reppuropusax. TakuM 06pasoM, IPUXOAUTCH YAUBAATLCS He TOMY, YTO B Oec-
CTOUHBIX 06sactax [IpHKacmuACKMX NYCTBIHb PA3BUTHl NPOLECCHl COAEHAKOI-
JeHHs, a TOMY, UYTO pasMephbl 3aCOJEHHOCTH OCAJ0YHLIX OTJOXKeHHI u IOYB
B 9THX TYCTLIHAX 3HAUKTENbHO MeHbIlle BO3MOXKHLIX MOTEHUHAJIbHBIX BEIHYHH.,
OcHoBHO# TIpHUYMHOH 3TOTO ABJsAETCS Ipouecc AHddepeHnUANUN MeXaliuye-
CKHX ¥ XMMHYECKHX OCAJKOB, TPHHOCHMLIX COBPEMEIHBIMH peKaMu B Apa H
Kacnui.

Boabinass yacTb JeCKOPaCTBOPHMBIX COJel, TPAHCIOPTHPYEeMbIX BOZAMM
pex, OT[e/sieTcs] OT MeXaHHYecKHX OCaJKOB, BRIMAJAIONUX B NOAMAaX M Ae/b-
TaX, YXOAMT B IPYHTOBbIe BOJAB! HJIM IIPOHOCHTCS Hepe3 yCThbs B 03epa H MOpsi.
U3 o3epHBIX H MOPCKHX BOLOEMOB 3HA4UTebHAsA YaCTh COJiel nepeMeniaercs
B MEJKOBOJHBIE 3aJHBLl M JIaryHbl, Te W KOHUeHTpuUpyercHs. B Zeabrax Ha
BHOBb 0o0pasylomelics cyllle JerKOpacTBOpUMbIE COJIH B TVIABHOMH CBoell Macce
AKKyMyJUpPYIOTCSl B TPYHTOBBIX BOJaX. DTHM H 00bsicHseTCS TO, YTO, HECMOT-
psl Ha OTPOMHEBIE pasMephl M HelpepLIBHOCTh MHTPaluu cOJMell BO BHYTPHMA-
TEPUKOBBIE BIAaAHHbLI CpelHea3HaTCKHX NMYCTHIHb, 3/leCh INHPOKO pacnpocTpa-
HeHbl TAaKXKe He3acojeHHEe W caab03aco/eHHBle TIOYBBl BBICOKOTO YpOBIIS
IJIOAOPOJHS. :

PaccmoTpenHOe siBJeHHe THIIMYHO M JJs AeJbTOBBIX 06JacTeidl ApYyrux
pex mupa. Pakruueckas 3acONEHHOCTh AeJbTOBHIX NOYB BCerZa MeHblle, YeM
noteHuuanabHass. ¥ 31oT pasphB Tém 6oJbllle, yem BJdxKHee KJIHUMAT 1e/bTO-
BHIX ofaacTteil.

Hapgo moMHuTb, OOHAKO, YTO peKH NMEpPeHOCAT H3 BepxHefl yactu ux 6ac-
ceiiHa B cpelHee H HHXKHee TeueHHe He TGJAbKO COJH, HO U OKHCJBI KDEMHHHA,
’Kesesa, MapraHua. aJlOMUHHS, a TakiKe MHKDO3JeMeHTh H OpraHuyeckHe
BeuiecTBa, I103TOMY maxKe TOT[A, KOTAA aKKYMVJ/SLUS H3SBECTH, THICA HJIH
JIETKOPACTBOPHMBIX COJIell B eJbTOBBLIX [IOYBAX BJAXKHBIX o6Jaactell BhIpake-
Ha ¢1a60, B HAX BCcerAa HaGJiofaeTcs 3HaUHTeNbHOE HAKOIJIEHHE COeqMHeHHN
MOJIYTOPHBIX OKUCJIOB, BTOPHYIOIO KpeMHe3eMad H XeMOTeHHBIX INIMHUCTBIX
BTOPHYHBIX MHHEPAJOB.

CoBpemeHHble peKM CYHIECTBYIOT CTOJIb XK€ HJHTENbHO, KaK TOPBl U KIH-
MarHyeckne 30HbBL [IpefllecTBEHHHKH COBPeMEHHBIX peK B JOJI€IHHKOBBIE
3M0XH, B JeAlIHKOBHIe, IIIOBHAJbIIBE TEpPHOABl H MEXKAY HUMH BBIIOJIHSLIN
CXOJHYIO IIOYBEHHO-TEOXUMHYECKYI0 paboTy, paspymas KOpY BbIBETPHBAIIHsI
H TIOYBbl BO3BHIIIEHHOCTEN M (POPMUpPYS HAHOCH M aJJAIOBHAJBHBIE MOYBHI
JpeBHHX BOAHO-aKKyMyJaaTHBHBIX oOO6.acteil. OcofenHo Benka Oblja poJb
MaJblx U GOJNBHIMX PeK B MepPHOJBl 3aBeplleHHst OJeIeHEeHU, KOrga HX CTOK
H TeoXHMHUecKas JesiTeJblIOCTh 3HAUUTENbHO BO3pacTaJly.

[eoxumuyeckasi AesaTebHOCTh PeK M TPYHTOBBIX BOJ BechbMa TECHO liepe-
N/1eTaeTcss U ee TPYAHO pa3fenuThb. Ho sICHO, 4TO peku BHINOJMHSIIM M BHINOJ-
HAIOT Tpex/e Bcero GYHKUUI0 MOJAEIHPOBAHUS IOBEPXHOCTH CYIH ¥ 06paso-
BallMs MEXaHUYECKHX OTJOXKEHHH H NOouBOOOPA3YIOHIMX NOpoA. XUMHUECKHE
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OCajIkM M3 PEYHHIX BOJ He TOJBbKO CONPOBOXKAANH (OPMHPOBAHHEe HAHOCOB,
HO Ha OTHAEe/JBLHBIX 3Tanax HUCTOPUH AaxKe npeobiagalu Haj MeXaHHYeCKHMH
oTnoXeHusiMu. [TouBeHHBle U FPYHTOBblE BOJABl BHIIOJHSIOT HA Cylle B Kaye-
CTBe OCHOBHOH reoXuMHuecKOH (YHKIHH BBIHOC, pasfieseHHe n auddepeH-
IMPOBAHHOE HAKOIIEHHE XeMOreHHBIX NMPOAYKTOB B ApeBHEM H COBDPEMEHHOM
TIOYBEHHOM IIOKPOBE W B HAHOCAX.

APEAJIBI AKKYMYJSALUHUH
NPOAYKTOB BbLIBETPUBAHHS H NMOYBOOBPA3OBAHMHS

[IpoayxTHl BBIBETPUBAHUSA U MOUBOOGpa30BaHus, HOPMHUPYIOLIHECHT B KOPE
BLIBETPUBAHHUS U MOYBAX, HMEIOT TEHAEHNUIO X AH(@epeHnHaluy B TOPH3OH-
TaJbHOM H BepTHKAJbHOM Halpas/jeHUsX B IpocTpaHcTBe. B 3aBHcuMocTy OT
CYyMMAapHOTO pe3yJbTaTa PasjHYHbIX TeHIeHUHH B MUTPALMH NPOAYKTOB I10U-
BOOOpa30BaHUSA Ha TOBEPXHOCTH CYIIH BO3HHMKAIOT NOYBEHHO-TEOXMMHUYECKHE
IPOBHHILMH, Tosica, o6JacTH, JaHAWAa(THL.

OdopmieHre reoXuMHIeCKOro 06JrKa CYIIH 3aBHCHT OT KyMYJSATHBHOIO
adexra BEIHOCA M HAKOIJEHHUS TeX WJIHM HUHBIX COeJMHEHHH B JaHaumadre.
B cBsI3M C 3TUM B FeOXUMHIO NMOYB OBLJIO BBeAEHO NMOHATHe 06 apealax akKy-
myasuuu (Kosma, 19468, 1954). ApeasioM akKyMyJsIIMH IPOLYKTOB BHIBETPH-
BaHUs H noyBo0Opa30BaHUA cjelyeT HA3BIBAaThb TEPPUTOPHIO, OXBATHIBAIOILYIO
COBOKYIHOCThL JaHAmAa¢TOB H INPHPOAHBIX o6JjacTed, rae IMPOMCXOAHUT 06-
pasoBaHHe ONHOTHIIHBIX BTODUYHBLIX IIOYBEHHBIX COEJNHHEHHH, HX IepeMe-
[eHHe, OCAXKIeHHe U HaKOMJeHHe B OYBaX, [PYHTOBLIX BOAAX M KOpe BBIBET-
pUBaHHUSL.

Kak BUAHO W3 BHIIEH3JIOXKEHHOTO, llan6ojee WIHPOKUH apeas akKKyMyJs-
UM BTOPHYHBIX COeXMHEHMH MMEIOT OKHCJBl ajJIOMHHHSA, KeJje3a, MapraHua,
KpPeMHUS U NPOAYKTH MX B3auMmojefictsus, O6pasysicb B pe3yJabTaTe BHIBET-
pHBaHHA, TOYBOOOPA30BaAHUS M KHU3HeJeATEJbHOCTH OpTraHM3MOB, 3TH CO-
eMHEHUS BMECTe C TeM OT/JHYaIOTCA CPaBHHUTENbHO HU3KOH pacTBOPHMOCTHIO
H NOTOMY NpaKTHYECKH ITOBCEMECTHO MUTPHDYIOT B NPHPOJAHBIX BoJax B ¢op-
Me HachILIeHHBIX pPACTBOPOB, FHAPO30JeH HJIH TOHKHX cycneH3u#l. [lostomy
OHH OBICTPO U JIETKO BBIIAHAIOT B O0CAAOK Ha Mecre U BOJIU3U MecT ux obpa-
3opaHus. B To xe Bpems, MHTpUPYS B (pOopMe HaCHILIEHHHIX PacTBOPOB, OHH
B cjaboll, HO 3aMeTHOH ¢opMe y4acTBYIOT B Ipoueccax aKKyMYJsIHU BO
BCEX MPHPOAHHBIX 30HAX, IZle MPOUCXOAUT XOTH OBl UACTHUHOE Ce30HHOe HCIla-
peHHe NPHUPOAHBIX BOH. AKKYMYJASAuUs COeIMHEHUH NOJYTOPHBIX OKUCIOB H
KpeMHe3eMa, a TakKke HX KoareJeH IPOUCXOAMT B OCHOBHOM B o6JacTsx
3JI0BMS, AeioBUA M npo/ioBusa. OJHAKO 3TH KOMIIOHEHTHl HaKalJIHBAaKTCS
TaK:Ke B KOHEUHBIX BOZOeMaXx H /1eJbTax.

YMepeHHO IUPOKUH apean aKKyMYJAsiuUd UMEIOT KapOOHATHl KaJblLusi H
runc. B o6aactax 3moBUsi OHM, KaK NPABUJO, He aKKYMYJHPYIOTCA., HO B 06-
JacTax AeMIOBHS, IPOJIOBHS, MOEMHOTO U AeJbTOBOTO AJJIOBHS, B Hi3MEHHO-
CTAX U KOHEUYHbIX BOJOeMax HJAeT Pe3KO BBIpa:KeHHOe aGCOIOTHOE HAKOIJIe-
HMe 3THX coeguHeHuil. [IpaBlla, KJAuUMaTHYeCKHe YCJIOBHUS H pasjHyUs B
06CTaHOBKe €CTeCTBEHHOH HPeHHPOBAHHOCTH MOTYT CYHIECTBEHHO H3MEHSThb
CTeNleHb BHIPaXKEHHOCTH HaKOIJIEHMS 3THX COelMHEHHH B KOpe BLIBETPHBAHUS
H T0uBaXx. _

JIOBONBHO Y3KUM apeajoM aKKyMyJasuuH 06JafaloT TaKHe COeAHHENH:,
KaK KapOoHATH H cyabdarTbl medoyeil. O6pasyscs Ha MUPOKUX NPOCTPaH-
CTBaX BOZOCOOPHBIX U COJecOOPHBIX IIOMIANeH, 3TH COeAMHEHUS B AAJbHeM-
meM akKyMYJHUDYIOTCS NPEeNMYLIeCTBEHHO B HU3MEHHOCTAX, KOHEYHBIX BOJOE-

175



Ta6auna 45

Apeanbl aKKyMyJasilM¥ NpoAYKTOB BHIBETPHBAHHS M no4BooGpasoBaHusi Ha cye

Apean Coenuuenus O6i1acTy aKKyMyJIsIIHE

Becbva WnpoKui R,04, SiO, O6nacTd 3M0BUS, JEMIOBHSA, NPOJIOBHH,
TOEMHOr0 H A€AbTOBOrO aJlJIOBHS, KO-
HeuHble BOJOEMbI

YMepeHHO LHpOKuit CaMg(COj)z, CaCQOjy, CaSO,| OdaacTu Aed0BUs, TPOTOBUS, NOEMHOTO
M JeNbTOBOrO QJJLIOBUS, HH3MCHHOCTH,
KouneuHble BOAOEMbIL

Y aknit Na,SO,, MgSO,, NaCl, { O6mactTu noeMHoro ¥ JAeJbTOBOTO a0~
Na,CO4 BHSI, HU3MEHHOCTH, KOHEYHhIE BOJOEMbl
BeceMa yskuit NaNQOjg, KNOs, CaCly, MgCly| LlenTpansube, HauGogee CcyxXue YacTH

HH3MEHHOCTEH M NYCTHIHb

Max, a TaK¥Xe MOyBax U 'PYHTaX MOAM U Je/IbT CyXHX KOHTHHEHTAJbHbIX 00/1a-
CTel.

Ouenb y3KHUM SBASETCS apeaj aKKyMyJsUUU YIVIEKHCIbIX Lieaodedl. Dty
COelMHEHHs] MOTYT aKKyMyJHPOBATbCS JHIIL B paHoOHax, [Ae OTCYTCTBYET
THIIC,

Hau6osee y3kum apeasoM aKKyMYJISHHH 06JgaZai0T HUTpATH HIEJ0YEN
H XJOpPUZBbI HIEJOYHBIX 3eMejb. DTH COeJHHEHHS IIPOXOAAT TPAH3UTOM 00Ja-
CTH 3/I0BHSI, /I€JIOBHS, NPOJIOBHS H aJJIIOBHS H aKKYMYJHPYIOTCA JHIIb
B naubosee cyXux GeCCTOYHBIX UaCTAX NYCTHIB (Tabua. 45).

3AKOHOMEPHOCTH PACNPEINEJIEHHA
NMPOAYKTOB BBLIBETPUBAHHA H MOYBOOBPA30OBAHHSA
HA MATEPHUKAX W B HIEJb®OBOW 30HE

Cynbn6a MpOAYyKTOB BEIBETPUBAHUSA U NI0YBOOGPAa30BaHUSA BecbMa HeOLUHa-
KOBa B pasJHYHHIX pafiollax MaTepUKOB 3eMIIOTo Iapa.

Oxkono 709, MOBepXHOCTH CYIIM 3eMHOrO Iapa ApeHHpyeTcs peuHbIMH
cucreMaMu B Muposoll OKeaH, MO3TOMY 3H4UYUTeJNbHAS YacThb NPOJLYKTOB Bbl-
BeTPUBaHHsl, TOYBOOGPA30BAHUS ¥ OGHOJOTMYECKOr0 KPYTroBOPOTa YHOCHTCS
CyMMapilbiM CTOKOM 32 Tpefdesbl CYLIH B MOPS M OKeaHH. Te ceKTOpH! KOH-
THHCHTOB, KOTOpble OTJIHYAIOTCSl BbIpayKeHHBIM TeOXHMHUYECKHM CTOKOM B
OKeaH, YTPAuMBAIOT 3HAYNTEJbHYIO YacTh Haubosiee MOOHJIBHBIX NPONYKTOB
BBIBETPUBAHUS, NOUYBOOGpa3oBaHus M OHOrellesa; 3mech He MoOXKeT o6paszo-
BaTbhCsl TOJHBIHA criekTp Auddepennuanty NPOAYKTOB BHIBETPHBAHHA U ITOY-
BOOGpa3oBalts.

Oxono 309 moBepXHOCTH MATEPUKOB 3eMHOrO Iapa 3aHUMAIOT 3aMKHY-
Thle, TEOXUMUUYECKH OeccTOYHble TepPUTOPHHU, UMEIoUiHe BHYTPEHHUH Kpyro-
BOPOT BOABI ¥ MUTpaHTOB. MaTepuKoBble OeccToylible BIAJHUHBI COXPAHSIOT B
CBOMX Tpejesax BCIO COBOKYNHOCTb NMPOJYKTOB BbLIBETPHBAHHS, MOUBO0Opa30-
BaHus U GMOTeHe3a, TaK KaK OIHM He BBHIHOCSITCS 3a Npejeibi GecCTOUHBIX HU3-
meHHOcTel, HHa Takux yuacTkax akkymyJaupyiorcs H AuddepeHuHpyIOTCs BCe
o6pasoBaBlivecss MPOAYKTHl BLIBETpPHBaHHS ¥ OuoreHesa. 37ech CO3aI0TCH
MPeANOCHIIKY st HaKOM/JIeHUs B KODe BbIBeTPHBaHUsl, NOYBEHHO-TPYHTOBBIX
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BOZaxX M NGYBAX JIETKOPACTBOPHMBIX MOABHXKHBIX NPOAYKTOB H KOMIIOHEHTOB
cpelHel U Masofl NMOABHXKHOCTH — COeJMHEeHUH KPeMHHUS, THAPOOKHCIOB aJio-
MHHHS, XKeJe3a, Mapraidua ¥ ux koareJjell, UTo BelleT K CHHTe3Y [VIHH.

Kpome Toro, ofmupHble MpOCTPAHCTBA KOHTHHEHTOB IPENCTAaBJEHH Tep-
PHTOPHSIMH TIPOMCXKYTOYHOTO XapaKTepa — FeOXUMHYECKH He TOJIOCThIO
3aMKHYTBIMH, HO HElOCTATOUIIO APEHUPOBAHHBIMH; K HUM OTHOCSATCS NMOATOP-
lible HAKJOHHble PaBHHHH, CyXHe W NDUMOpPCKHUE [eJbThl M T. A. B Taxux ua-
CTAX CYHH 3HAYHMTEJbHbIE MacChl BTOPHYHBIX TIPOAYKTOB BbIBETPHBAHUS U
noyBoo6pa3oBanust 3aJepXKUBAIOTCH U HAKAIJIUBAIOTCS M0 NYTH K KOHEUHOMY
MPUEeMHHKY. B TaKHuX yc/JIOBHSIX B TOYBaX M IPYHTAX HAKAIJHBAIOTCS NPEUMY-
IIeCTBEHHO KapOOHaThl KaabUMs H MarHus, [HIOCH, INOJYTOPHBIE OKHCJBI,
0CaJKH KpeMHe3eMa.

B npenenax kaxnoro marepuka Heo6XOAMMO pasyinyaTh 0GJACTH BRIHOCA
IIPOLYKTOB BbiBeTPHUBAHUA H TOYBOOOpa3oBaHus (06JacTH aMoBHSA), 06aacTH
TpaH3HUTa (YACTHYHOH aKKYMyJsSuHH) U 06JAaCTH KOHEUHOH AaAKKYMYJSLHH
NPOAYKTOB BLIBETPHBAHHUA M NOYBOOOpA30BaHHUS, [Je TPOHCXOAUT HAKOIJIE-
HHe MX B pe3yJbTaTe 3aBeplleHHs CTOKA. B 06JacTax a/10BHS SCHO BHpaxe-
HO mpeo6aafiaHie BOJHOTO (MOBepXHOCTHBIE U TOA3eMHBIE BOALI) H 30JI0BOTO
BBIHOCA TOHKOJHCIEPCHBIX M NOABHXKHBEIX NpoayKroB. Hekoropas uactb mpo-
LYKTOB BBIBeTPHBAHHUS M NOYBOOOpa30BaHUs yAepiKHUBaeTcs B 06JaCTSX BHI-
110ca XUBHIM BeHIeCTBOM B ¢opMe OHOJOTHYeCKOTO KpyroBopora. Hexoropas
4acTb NMOABHXXHBIX COEIHHEHHH IocTymaeT B 06/1acTh 3JIOBHSI CO CTOPOHBI
BMeCTe C 0J0BBIMH H aTMOc(epHBIMH OcafKaMHu.

3emHasi KOpa HUKOTJla He HAXOZUTCS B COCTOSIHHM aGCOJIOTHOTO MOKOSI.
HenpeprIBHO UAYT NpOlecCH NOAHSATHS TOPHEIX COOPYXKEHUH U UX HEHYAALHUA.
TIpouecchl MOAHATHS 3aXBATHBAIOT U NpHUJeraiiie 06JacTH JeT0BHANBHbIX,
NPOJNIOBHAJIBHEIX H a/Jdi0OBHAJNBHBIX PABHHUH. BHyTpHUMAaTepUKOBble BIaAMHHI,
HU3MEHHOCTH, N00epexbsl MOPeH M OKeaHOB HepelXKO SIBJISIOTCH 06JacTaMu
NOTpyKeHHs. DTO NMPHBOJAUT K TOMY, UTO B 06JaacTAX NOAHATHH 5pO3Us U Je-
HyZauMs BO MHOTHX CJyyasX 3HAYWTeJbHO ONEepesKaioT NpPOIEeCcCH BBHIBETPH-
BaHHMs#, N04B00Opa30BaHus U OGHOreHeaa. 3/mech He COXPAHSIOTCA MOIIHEE TO-
PHU30HTHL 3J0BHA H 1mouyB. O6acTH 3J0BUS YacTO NPeACTABAEHH BHIXOJAMH
CKaJ H rpy6o06/0MOYHBIX NIPOAYKTOB BHIBETPHBAHHSA. 3[€Ch NPOUCXOIHUT He-
IpepbBHOEe OOHOBJAEHHE TOJII, OXBauyeHHKIX NponeccaMu BLIBETPHBAHHS, 1OY-
BooOpasonauus U 6uoreHesa.

B o6gacTaX akKKyMyJsimHM, PacloJOXeHHBIX IpeHMYIIeCTBEHHO B 30HaX
ONyCKaHHsl 3eMHOH KOpBHI, IPOHCXOAUT INOrPYKeHHe HAKOIJIEHHBIX MeXaHuue-
CKHX, XHMHYECKHX M OMOTeHHBIX OCaAKOB W o6pasyoomuxcs mous. M 3gech
NPOHCXOAUT HellpeprBHOE OGHOBJEHHE NOBEPXHOCTH BHIBETPUBAHHA M NOYBO-
o6pasoBanusi. OnHako 3T0 OOHOBJAEHHE CBSI3aHO C NPOIECcCAMH NOTPYXKeHHH
U HauleHNs (HaKOIJeHHs) ¢ MOBEPXHOCTH DHIXJIOrO IMIMHOMOZOGHOTO MHHe-
PaJIbHOTO TIOYBEHHOr0 MeJIKO3eMa, OPraHHYeCKHX OCTATKOB, HPUHECEHHBIX CO
CTODOHHL.

Jas ycaosull OOGIIMPHOTO KOHTHHeHTa C 6eccTOYHOH MaTepUKOBOH Bna-
nuHoi, mogo6Horo EBpasuu naum ABcTpanuM, pacnpeiesneHue TpoLyKTOB BHI-
BETPHBAHHS H NOYBOOGPA30BaHUs YKJIAaAbIBAETCS B CXeMy, IpeACTaB/eHHYIO
Ha puc. 60.

HauGoJslee BbICOKHe NPOCTPAHCTBA MaTepHKd MNpeACTaBAeHBl NeHyAHpO-
BaHHBIMHU BbIXoJaMH ckKaJ, Tpy6006J0MOUHOH KOpOH BBHIBETPUBAHHS H MOJIO-
ABIMY CKeJeTHBIMHU TOoYBaMH. PaBHWHHEBIE IDEBHHE IIJIOCKOTOPbS UMEIOT MOIi-
HYI0O KODY BBHIBETDHUBAHHS, aJJAHUTHYI0O B YCJOBHSIX TPOIHYECKOr0 KIMMAaTa
H CHQJJIMTHYI0O HJIH KapOOHATHYI0 B YCAOBHSIX YMEPEHHOTO HJIH CyXOTo
KJuMara.
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Puc. 60. CxeMa apeanoB axKyMyJfuun ¥ Auddepenunauun coefHHEHHH B NOYBaX GeccTou~
HOH YaCTH KOHTHHEHTa

B o6nacty TpaH3uTa H YACTHYHOH aKKyMYJISUHH 060cO6/a5eTCI HECKOJIBKO
NOYBEHHO-TEOXUMHUECKUX TIOSICOB: TOSIC HAKOIJIEHHS BTOPHYHOrO KBapua H
aMopgHOro KpemHeseMa, IMosic OxKeJle3HeHHsI U GeckapOOHATHOTO OTJIHHEHHS,
0sIC KAPpOGOHATHBIX CYMVIHHKOB H JECCOBUIHEIX OTJO0XEHUH, KOTOpPHE HepelKo
CONMPOBOXKAAIOTCHA COLOBBIM COJIEHAKOIIJIEHHEM.

3arteM Huxe no peilredy dopmupyercs obaacTb AKKYMYJIsUHH THICOB
H THICOHOCHBIX TOPOJ, MOsic cyJIb(aTOB HATPHSA M MarHus.

Haubonee ynasnennble H TOHUKEHHbIE UACTH KOHTHHEHTAJbHBIX JENPECCH
OGHIYHO 3aHATH XJOPUAHO-CYJAb(ATHEIMEH M XJOPUAHBIMH aKKYMYJASIHSIMHU.
B oco60 mycrbiiHOM KJIMMare 3/1eCh 060cO6JSI0TCH 06JIaCTH AKKYMYJSLUR
HurpatoB (Uuawu, [lepy).

HaxoHren, neHTpanbHble NOHHXKEHHBIE YaCTH HHU3MEHHOCTEH 3aHSTH BbIXO-
DaMH pPaccojJoB M CKOIVIEHHSIMH XJOPDUAOB HATpHS, KajdblHsl M MAarHus.
B 3Tux e yacTsgx 6eCCTOYHBIX KOHTHHEHTOB aKKyMYJIHPYIOTCS COeIHHEHHS
fioxa, 6poma, Gopa.

Ha npeHupoBaHHBIX yuacTKax MaTepuKa B 3aBHCHMOCTH OT Xapakrepa

pacuJeHeHHOCTH CKJIOHOB U OeperoB cJlaaraercsi cBOs cHcreMa ofjacreit
AKKYMYJASOUY BTODHYHBIX NIPOAYKTOB BBHIBETPHUBAHHS U IOYBOOGPA30BAHHS.
Ilpu ycnoBun o6miero NOMHSATHS CYIIH U ONycKaHHs Geperosofl JHHUH GOJIb-
IIas 4aCTh NPOAYKTOB BHIBETPUBAHHUS H NMOYBOOOGDPa30BAHHS TaKXKE OTIOXKHT-
cs He B NpeflefiaX CYIH, a Ha KOHTHHEHTAJbHOM Ieabde. 3HAUHTEBLHBIE
Macchl HauboJee IMOABHKHBIX JETKOPACTBOPUMBIX CcOJell — HUTPATOB, XJIO-
. PHIOB, Cy/ab}aTOB, a TaKXe IOJABUXKHBIX COEJHHEHUNl KpeMHHS, aMOMH-
HHA, Xenesa—yHayr B Muposoii okean. Tem He MeHee npuGpexRHHe
30HH TaM, rae GOpMHUpYIOTCS OOUIMPHBIE HU3MEHHOCTH, MapIIM H JA€JbTOBLE
06/1aCTH, TaKXe XapaKTepU3YIOTCH HAKONJIEHHEM IOJYTOPHBIX OKHCIOB I
coJef,

Cxema (opMHPOBaHHS MOYBEHHO-TEOXHMHUYECKHX 30H YACTHYHO APEHHPO-
BaHHO! mepu(epuu marepuka npeicTaB/leHa Ha puc. 61. dra cxema npuio-
JKUMa K ycloBuUAM Tteppuropuit Muauu u ocobenno 3anapguero Ilaxucrana.
31ecb OTUeTAHBO HAGMOMAIOTCS 06]aCTH aKKYMYJSIUH KpeMHe3eMa H yrie-
KHCJIOTO Ka/buus (M3BecTHBIH B MHanu u [Takncrane KaHkap), KOTOphle cMe-
HSIOTCH 30HOH COMOBOTO, a 3aTeM CyJb(aTHOTO 3aCOJEHMS.
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Puc. 61. Cxema apeasop akkymyasuuu u AHQdepeHUHANUH COEIHHEHH{ B NOYBAX [pEHH-
POBAHHOA YacTH KOHTHHEHTA

B o6aactax norpyxeHust cylim mope abpapupyer Oepel W CYXONyTHBIE
30HBI aKKYMYJAUHY HauGoJiee MOJBUKHEIX MPOLYKTOB BHIBETPHBAHUSA, U NOY-
Bo0ODa30BaHHs YHHUTOXKAIOTCS HJAH He HMelOT BO3MOXHOCTH C(hOPMHUPOBATD-
csi. CK/IOHH MaTepuKa COXPaHAIOT B OOJACTAX TPAH3HTA M aKKyMYJASUHH
J¥lb T€ TPOAYKTHl BLIBCTPHBAHHA H NOYBOOODPA30BAHHS, KOTODhlEe IO YCJO-
BHSIM NOJBHUKHOCTH ¥ PACTBOPUMOCTH MOTJIH BHIACTb H YIEPXKATHCH Ha CYLIe,
HaunGosiee e NOIBHMKHbBIE KOMIOHEHTbl YXOHAT B OkeaH. [IpumepHO Takue
YCJIOBHS CKJAZBIBAIOTCS Y YEPHOMOPCKOTO NOo0epexbs IOra YKpauHe U Ha
no6epexbe 3aanBa bakGo (Toukmuckoro) B Kurae, B nepsoMm cayuae akky-
MYJSITHBHBIE NPOAYKTH NpPEeJCTaBAEHH JHLIbL KapOOHATOM Kafblys H THI-
coM. Bo Bropom — B aKKyMyJsiTHBHBIX JaHpwadrax (Ha Teppacax) 3anep-
JKHBAIOTCS JIHIIb OKHCJHB JKejle3a U MapraHla, a TaKXKe BTOPHYHbIE COeXHHE-
HHS KpeMHe3eMa.

Hapo moMuuTh, 0fHAaKO, 4TO 3[4eCh NMPHBOLSTCH JHUIL O6IIHE H MPHTOM
aGcTparupoBaHHble CXEMbI AKKYMYJISILHA U U (hepenuanun NpoayKTOB BhI-
BETPHBaHHA ¥ No4Bo0oGpAa30BAHHS Ha TOBEPXHOCTH cyluH. JleHcTBHTEbHAS
IeZoreoXMMHUecKasi KaPTHHA CYIUH 3HAYHTeJbHO CAOXKHEe H pa3HooOpasHee.
KoHKperHBle 06/1aCTH 30BN, TPAH3UTA H aKKYMYJISLUH (QOPMHUDPYIOTCH NOKR
BJAMSHHEM MeECTHBIX YCJHOBHH K/JA¥MAaTa, PACTHTENbHOTO NOKPOB& H TeoMOD-
¢osorny, a TakKe IJIUTENbHOCTH HCTOPHH Pa3BUTHA. YUHUTHIBas OOIIHE 3aK0-
HOMEPHOCTH IE€IOT€OXHMHUH NMOBEPXHOCTH KOHTHHEHTOB, HEOOXOZHMO BCeTZa
npeXBHIETh BO3MOMXKHOCTh JIOKAJTbHOTO CBOe06pasns U ocoOeHHOCTEH KakK/a0-
ro aaspmadra Cyums.

PaccmoTpeHnHbIc (aKThl U TeopeTHuecKne o0Go6HieHHd NPHAOKHMHB Kak K
IeJEIM MarepukaM, TakK ¥ K HX OTHEJbHHM 4YacTsiM. CBOZHASI MOUYBEHHO-TEO-
XUMHUecKas puarpamma (puc. 62) namocTpupyer raySokue MOYBEHHO-TEO-
XUMHYECKHE pa3JIHyts IVIaBHBIX NPHPOIHBIX 30H NPHMEHHATEIbHO K KOHTHHEH-
Ty EBpasun. Marepuasnbl, coGpaHHbIe COBETCKAMH HCCAEZOBATENAMH B Adprke
u I0xHo# AmeprKe, NO3BONAIOT JaTh B [I€PBOM NPUOIHKEHUH aHAJOTHYHBIE
MOYBEHHO-TEOXHMHUUECKHE CXEMBI [/IS1 MATEPHKOB, PACIOJOKEHHBX B 9KBATO-
praJbHO-TPONHUUYECKUX Tosicax miaHers! (puc. 63). B memoreoxumuun sksato-
pHAJIbHO-TPONHYECKHX 4acTell KOHTHHENTOB oGHAPYXKHBAeTCA YXKEe OTMEUeH-
Hasi o6nias 3aKOHOMEPHOCTh: NMOJBUKHEIE IPOAYKTH BHBETPUBAHHS M HOYBO-
06pa3oBaHus BHIHOCSTCS IIOJHOCTBIO H3 BJAXKHBIX 3JIOBHAJBHHX JECHHX
JAaHgadToB, MEHee PAaCTBOPHMble TPAH3HTHO 3aJ€PXKUBAIOTCS B CEMHADHA-
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Henra Espasun (Kosga, 1954; Ile-
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BaHHOH uacTH KoHTuHenTa THna Ad-
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ckaf, 1967, ¢ AoGaBJeHHAMH H H3-
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HBIX CaBaHHAaX, HauGoJiee MOJBHKHEIE YXOJAST B OKeaH JN00 HAaKalJAHBAIOTCA
B GECCTOYHBIX YacTsiX KOHTHHEHTOB, 3aHATHIX NYCTHIHSIMH. B caBanHax, oco-
GeHHO CyX¥X, Ha0aIaeTcs 3HAYUTENbHAsl aKKyMyJIsIHs BTOPHUYHBIX COEAH-
HEHMH aJIOMHHHS, XKeJje3d, KpeMHe3eMa; B NPHCYTCTBHH JIETKOPaCTBOPHMBIX
coJjieli 1 ocoGeHHO KapGOHATOB MATHHSI M HATPHS 3TO NPHBOAHMT K HAKOIJIE-
HHIO aMOp(QHBIX Koaresjel, CMEKTHTOBHIX IJIHH, NaJBTOPCKUTA, KOTOpHIe 00y-
CJIOBJIHBAIOT 00pa30BaHHE CJAHTHBIX YEPHBIX NMo4B (BEPTHCOJAb, TPYyMOCOJb
u Ap.).

FEOXUMHUYECKHE B3AMMOOTHOWIEHHWS OKEAHA H IIOYB

Bospact Muposoro okearna uamepsiercss Muannapaamy Jer. Hauano nou-
BOOGpAa30BaHUS Ha CYIIE OTHOCHTCS K JIEBOHY, T. €. K NOSIBJCHHIO Ha3eMHOH
pacTHTENbHOCTH, H HacuHThIBaeT He Gosee 300—400 maH. seT. BospacT Hau-
foJee IPEBHUX COBPEMEHHBIX MOYB Ha CYIUE, BEPOSITHO, He 6ojiee HECKOJIBKHX
MHJIJTHOHOB JieT (aJJuTHBle GOKCHTOBBIE MOYBHL, JATEPUTH). B coBpeMeHHYIO
3MOXY Ha cyuie npeo6afalT MouBH ropasno Hojee MOJ0Jble — BO3pacT No-
psinka 5—5b0 Tric. jer. OJlHaKo Ha3eMHble OPraHW3MBl U TOUBEHHBIH IIOKPOB
CyluH, ¢ oZHOH croponbl, # MupoBo#i okean — ¢ gpyroi, yxe 300—400 miH.
JIeT HAXOAATCS. B HEMPEPHIBHOM B3aMMOZEHCTBHH. 3HayeHHE KOHTHHEHTOB H
0co0eHHO NOYB B KM3HH OKealla BO3pacraeT 0 Mepe Pa3BUTHS GHOC(EpHL
Hapacraer kymyasTuBHBEIA 3 deXT NPUTOKA B OKeaH NPOJYKTOB 3PO3HH, XH-
MHYeCKON JeHyNalluH, 3JMI0BHAJBHOTO BHIBETPHBAHHUS. M ToYBOooGpa3oBaHHs,
NPoJAyKTOB HHoMeTabou3Ma.

Tonomopdonorun okeaHa M CYWH 3epKaJbHO MpOTHBONOJOXKHBL. OKean
M TIOYBBl MPERCTaBJASIIOT COO0! CONpsIKeHHBIE NMJAaHeTaplibe cynepiaaHxmad-
TH, TEOXHMHYECKH CBA3aHHBle Mexny coboil. Cymia B COBpEMEHHYIO 3IMOXY
B LIEJIOM SBJsIeTCS 3JIOBHANbHOH cHcTeMOM. OKeaH B LieJOM HpeACTaBJAseT
aKKYMYJIATHBHYIO cynepcucTeMy. KOHTHHEHTH (3eMHas KOpa, KOpa BBIBETPHU-
BaHHs, MOYBB], OPTAHH3MBI) OTAAIOT C NOMOILLIO HA3eMHOTO, MOANOYBEHHOTO,
MOJ3¢MHOTO U CBEPXT/YGOKOT0 BOLHOTO CTOKA B OKEAH KOJJIOHJHbBIE U HCTHH-
Hble PACTBOpH, OpPraHyyecKoe BeIIeCTBO, MeXaHHUYeCKye oCcalkH. B ron okean
TOJIYYaeT «TOPY» MeXaHHYeCKHX ocazKos BhicoTol 10—16 xm ¢ ocHOBaHHeM
1 xm2, copepxkaumx 7—8Y CaCOs, 1—3Y% oprannueckux semiects # 3—59
pacTBOPUMEIX coJiefi. KpyroBopoT BeIeCTB B CHCTEME KOHTHHEHTH — OKeaH —
BEPXHSS MaHTHs — KOHTHIeHThl oforamaer okead. Ha KoHTHHeHTax nyrem
BHIBETPHBaHHS, NOYBooOpa3oBaHus U GnoMerabonuaMa TeHepHPYIOTCS arpec-
CHBHBIE KHCJIOTH H MX COJIH, KOTOpPble YXOASAT B MUDOBOI OKeaH: XJIOPHUIH,
cyabars, ¢ocdars, HUTpATH, OuKapGoHATH, KapGoHaTH, TYMAaTH Lejouel
U IIEJOYHBIX 3eMeNb H TAXKEJBIX MeTaaioB, ¢ynspBatel Al, Fe, Mn, kxpemue-
3eM, MHKpoajeMeHTsl. OKeaH BO3BpaliaerT 4acTb 3THX KOMIIOHEHTOB Ha CylIy
¥ B MOYBHI GHOTEHHBIM, 30J0BBIM, BOJHBIM MyTeM (MHOHUIbTPALNS, TPAHCTPeC-
CHsl, TPU/INBE], I[YHAMHU), Yepe3 MaHTHIO ¥ TopoobOpasosanue. Orcioga CI0XK-
HOCTb H OMIMGKH B pacCyeTax BO3paCTa OKeaHa IO KOHIEHTpaUuH COJek
B HEM.

AMnntyna peakumu cpefinl Ha cywe — pH or 2—3 mo 10—12. B Mupo-
BOM OKeaHe cpella lefTpanbHo-ciaabomenounast — pH=6,5—=8.

Cyia 1 no4ssl — 1apCTBO Pa3pyHIEHHs MHHEPAJ0B H3BEPXKEHHBIX NMOPOJ,
HEOCHHTe3a U PecHHTe3a BTOPHYHBIX MHHEpasioB (IJIHH, OKHCJIOB, coJieli).
DokcHT, KaoJaMHUT, MOHTMODH/JNIOHAT — TUMH4YHHlEe negosnutsl. Cyma — o6-
JIACTb ACNAPUTENBbHON M TPAHCIHPALHOHHON aKKyMYJsLHH H XeMOCALKH Be-
mecTtBa. PacTBopr! Ha cyllie W B NouBax IOCTHIAIOT KOHUEHTpauu#, KOTophle
HE U3BECTHH B oKeaHe,—250—450 e/4. B okeane Belymias poJb NpHHapie-
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KUT GHOTeHHOH W XeMOTeHHOH cajKe pacTBOpeHHHBIX coefuHennit (Si, P, Ca,
S, Fe, Mn). McnapurtenbHas ¥ TpaHCNHpAaUHMOHHAA cafKa HMEET NMOXYMHEH-
Hoe 3HaueHue. B jaryHax, scTyapusix U AeldbTax o6a Ipouecca COYETAIOTCA.
OxeaH «GHOreHHee» TOYB €llle U OTOMY, YTO XKH3Hb B OKeaHe Hayajaach B J10-
KemGpun. Ho xaycroGnoanuTsl (yroab, Top(, canponeny, Tymyc) — co3faHHe
CYLIM HJIH SCTYapHBIX H HENbTOBHIX objacTeil.

Hetopust reoxuMyuuecKUX OTHOIUEHMH MEXIy OKeaHoM H cyineli (BK/IO-
yas [OYBBI) ©OTpaxaercds B TOH OHOTeOXMMHUYECKOH AubdepeHnUanuu
BELIECTB MEXJY HHMH, KOTOpasi CIOXKMIach K Hamemy BpemeHH. Huxe mpu-
BOJMTCS XMMHUECKHHA COCTaB MoyB U okeaHa (B %):

Okean Tlousa OkeaH Tlousa
(0] 85,8 49 Mg 1,4-1071 6.107!
H 10,7 1 K 3,810 4,36
Si 5:1,7% 33 C 2.10°8 2,00
Al n-41:-% 7,13 P 5-10-8 8,102
Na 1 0,6 N 6,7.10-5  1.107!
Pe 5.107% 3,8 S 8,810~ 8 5.10-2
Mn 4.10—7 8,5-1072 Cl 1,89 1-10~2
Ca 4.102 1,37

Taxue snementsl, Kak Si, Al, Fe, Mn, C, P, N, Ca, K, Koropule siBasiioTCSt
MHHEpaJbHON OCHOBOR KH3HH H aKKYMYJHDPYIOTCA B IOYBEHHOH 060J04Ke,
MOXHO CYMTAThb THIHYHBIMH <«nefoduiamu». Ipyras rpynma sJeMeHTOB —
«akBatduner» (H, O, Na, Cl, S, Mg) — cocrapisier 0OCHOBY XMMHUYECKOTO CO-
CTaBa OKeaHa.

Fny6okoli pugdepeHunanun noxBeprajock Ha 3eMHOH NJjaHeTe paclpe-
Henenue yriaepoja. Okean ¢ ero moHnbimu ocazkamu CaCOj;, pacTBOpamu
61KapOOHATOB W OPraHNYeCKHM BEIIeCTBOM — IVIaBHHIH pe3epByap yr/iepoja.
ArMmocdepa kpafine obennena yrieporoM. OQHaKo KHBOE BeLIECTBO CYIIH,
rmouBeuHblit rymyc (3,5-102 u 2,4-10'2 7 cooTBeTCTBEHHO), TOpDH H YIH,
cospanuele 3a 300—400 muH. JeT, yZepXuBawT 6—7 MJPA. T VYIJIepoia B
oprannsoBaHHol ¢opme. HabmonaeTcs 3aMeTHoe HaKOIIEHHE OpPraHHYECKO-
rO BEIIECTBA Ha Cylle B NOCJICAHHE TeoJoTHUecKHe 3moxy (2—2,5 MapH. T 32
4eTBEPTHUHEIA nepuon). VICTOUHHKOM BJIard Ha CyIue sIBJASETCS NPOIEecc KOH-
IeHCAaUyyu napos, o0pa30BaBIINXCSl NPH HCIADPEHHH C NOBEPXHOCTH OKeaHa.

buonponyxuus no4s, 0OBOJHEHHOCTh PEK M 03eD 3aBHCAT OT KOJHUYECTBa
aTMochepHbIX 0CajKoB, BeIMajamowmux Ha cymy (= 37—40-10* xx3). Ito
JHUIIL MaJble JOJM TIpPOIleHTa 3anacoB BOAH B MupoBom okxeane. O6paso-
BaHUe He(TSHOHN TMJIEHKH Ha MOBEPXHOCTH OKeaHa MOXKET YMEHBIIMThL HCIa-
pPeHHE ¥ YCHJHTbH YAaCTOTY 34CyX Ha CYIIe, COKPAaTHTb IOBEPXHOCTHHIA CTOK.
BaxHo npeXoTBpaTHTH 3TO fAIBJEHHE W HAHTH cNOCOG YBETHUEHHS] HCIAPEHUs
BJIATH C TIOBEPXHOCTH OKeaHa.

OcobGas poib B GHOT€OXHMHH NJIaHeThl NPHHAMJNEKHT TPHUOPEKHOH N
meab¢hoBoll 301laM METKOBOAMH (71aryHbl, 3CTyapHH, HelbThl). ITo obaactu
HanGoJbliedl GHOJOTHYECKOR NPOXYKTHBHOCTH. 3[€Ch — TPAHHIBI H 3O0HBI
KOHTAKTOB Da30aBJIEeHHBIX H KOHLEHTPHPOBAHHBIX PaCTBOPOB, a5pOOHOro H
aHapOBGHOTO PEXKHMOB CPEAb], NpeobaagaHus TBEPAOH B rocnoACTBa KUAKOM
¢asn. B aTofi ofMPHOH 3€MHOBOJZHON IOJIOCE NPOHUCXORHUT BEChbMa HHTEH-
CHBHOE B3aHMOJEHCTBHE MPOLYKTOB, MOCTYNAIOMIHX CO CTOPOHBI CYWUIH H CO
CTOPOHBI OKeaHa. dto obJaacte obmiennaHeTapHol GHOreoXMMHUYECKOH aKKy-
MYJASUHUHY MeXaHHYecKHX, XHMHYeCKHX U 0co6eHHO GHOreHHBIX 0CalKOB H [IOJ-
BOJHOTO NMOYBOOGPa3OBaHUS.
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Puc, 64. Qaunancuuit npoduab Mopexkoro ocagkoobpasosanus (Crpaxos, 1963)
A — Tpomruueckuft KnuMart; 5 — apuiHbIA KAUMAT

Hurepecunle o606wmenus H. M. Crpaxosa (1963) nosBoasilOT BHAETD, UTO
TIOCTYNAOIHE CIOKA NPOLYKTH KOHTHHEHTAJbLHOTO BLIBETPUBAHUSA H IOYBO-
06pa3oBaHus NPOMOMKAIOT Npouecch AuddepeHUHANHE H TPYNIOBOA aKKy-
MYJSLMH, HayaThle Ha cylle. B yCJIOBHAX BJaXKHOTO TPONMHUECKOTO KAHMATa
B JIaTYHHOM TOJIOCE HAET pPe3Ko BhIpajKeHHoe HAaKoIJIeHHe OPraHOreHHOTo
yraepofa (YIJIM W TopioYyHe CaaHIB), G0KCHTOB, OKHCJOB KeJje3a. B menn-
$oBO#t 30He HaKaMIUBAIOTCA OCaJAKH OKHCJIOB }Keje3a, MapraHua, gocdarsl,
KDEMHEBBIE OMOKH, IMTayKOHHT, HOJOMHTH M M3BeCTHAKH (puc. 64, A). dtu
NPOAYKTHl NpHHEeCeHH ¢ KOHTHHEHTA B pe3yJbTaTe TMIYOOKOTO HJHTEILHOTO
BJIAXXHOTPONHYECKOrO BbIBETPHBaHHUSI M BhIHOoca. Ha KoHTHHeHTe, pacnoJo-
JKEeHHOM B CYXOM KJIHMare, BHIHOC 3TOH I'pPYINBI COeJWHEHHH BecbMa ocnal-
qeH. TTosTomy B saryHax M wieinde 3TOH 4acTH MeJNKOBOIHH aKKyMYJSLHS
OPTaHHUYECKHX BEIIECTB, TMIMHO3E€Ma, OKHCJ/IOB XeJjesa U MapraHna, gocdaros
npeficTaBleHa oueHb cnabo (puc. 64, B). 3aro B saryHax u y Geperos 6Ja-
roflapsi MCHapellMio HIeT HHTEHCHBHOE HAaKONJeHHe XMMHUYECKHX OCaJKOB
(runcel, xajuiinsle cosmu, NaCl), cunbHO BhIpaKeHB HOJOMHTH3ALHS H Ha-
KOTJIeHHe YIJIeKHCJIOTO KafbllHs. TpaHCrpecCHM W perpeccHd Mope# BoBJje-
KaloT 3TH 0CajiK# B HaszeMHoe MOYBOOOpa3oBaHHe Ha NMPUMOPCKUX HH3MEH-
HOCTSX.

NOYBEHHO-TEOXHMHUYECKHE JIAHAIMA®TbI

Cynb6a mpoAykToB mnouBoo6pasoBaliMsi Ha BOXOpasfenax ¢ OGJAU3KHMH
N r1yOOKHMH TPYHTOBBIMH BOJIaM¥, Ha O3€DHBIX U DPEUHHIX Teppacax HJH
B IIOABOJHBIX YCAOBHSIX HACTOJBKO Pas/iHuHa, YTO GOJNBIIMHCTBO YYeHHIX Bce-
TIa CYHTAJNO HEeOOXOAMMBIM BHIZENATb XapakKTepHEle THIB penbeda, JdaHm-
wadTel ¥ CcBA3aHHBIE ¢ HMMH THIH nousooOpasoBanusa (I. H. Buicouxwuii,
H. A. dumo, K. [. Fauuka, B. B. oasHos, A. ne Moson, Ky6uena u np.).
YueHne O NOYBEHHO-TEOXHMHUYECKHX JaHAIIa(Tax CJHOXKHWIOCH B MOCHENHEe
25-7eTne Ha OCHOBe HCCJeNOBAaHHH psAga coBeTCKMX yueHwmix: M. A. I'masos-

ckol, B. B. To6posoasckoro, B. A. KoBanl, K. U. Jlykawesa, 1. IT. MaJo-
ru, A. . [lepenbmana u np. '
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B cooTBeTCTBHH C COBPEMEHHBIMH BO33DEHHMAMH B Npejesax IaTto H BO-
10pa3fleNioB, CKJOHOB M Teppac, HH3Mennocredl W menpeccuit obocolasiorest
TePPHTOPHANbHbE TEOXHMHUECKHE EIMHMUBI — JaHfwadrhl, onpenenseMsle
rPaHMIAMK OJNODPOJLHOTO IO TeHe3UCY H GopMam penbeda, OJHOTHIIHEIX NOYB
H GUOLEHO30B.

OTH TeppPHTOpUAJbHBE €JHHHIBI CBSI3aHbl MEXJy CO00% OCOGEHHOCTSMH
¥ 3JeMEHTaMH BOJHOTO peXuMa, OGMEHOM NpOAYKTaMH OGHOreHe3a, BbIBET-
pHBAHHS ¥ NOYBOOGDA30BAlHs H MpPEJCTaBASIOT COO0H 3aKOHOMEPHYIO MpO-
CTPAHCTBEHHO-TEHETHUECKYI0 COBOKYIHOCTb NOYBEHHOTO IOKpOBa H GHOreo-
XHMHYECKHX TpOoleccoB. [1oaToMy MX Ielecoo6pasHo HasblBaTh IMOYBEHHO-
reOXHMHYECKAMH JaHAmapTaMH.

[TouBeHHO-TeOXHMHYECKHUH JaHAWAadT XapaKrepH3yeTcs ONpPefeNeHHON
HCTOpHeli W HampaBJeHHEeM IOYBEHHBIX IPOIECCOB M CJOXKHBIUMMCA THTOM
IIeJ0TE0XHMHUUECKOTO GasaHca NMPOAYKTOB BLIBETPHBAHHA H NMOYBOOGpasoBa-
nusa. Pasnuyaior ciaefylouiHe OCHOBHBIE TPYNNBE JanaumadTos.

ABTOMOp(HbIE (aBTOHOMHbIE MJH CaMOCTOSITeJbHBIE) JaHAWA(Th, IJTOT
N JaHamadToB GOpMHUPYETCH HA IJIATO, BOAOPA3/lenlaX MM Ha APEBHHX Bhl-
cokux Tteppacax. OH xXapakxkrepHsyercs ITyOOKHM YPOBHEM TPYHTOBBIX BOJ,
OTCYTCTBUEM IOCTYIJIEHHH PACTBOPEHHBIX BEINECTB M3 I'PYHTOBHIX BOJX B NMOY-
BeHHble TOPH3OHTHI, NpeoGaafaHieM TEeOXMMHUYECKOTO Bhllioca HaJ aKKyMy-
asinuell, TPOTHBOPEUHBHIM CoueTaHHeM OHOJOTHYECKOTO KDPYroBopoTa Be-
IECTB, BEAYIIETO K AKKYMYJSALHMH OPraHOTE€HOB B TyMyCOBOH OGOJIOUKE, H
TeOXMMHYECKOTO BHHOCA, BEAYIIEro K OOCIHEHHIO NOYB ¥ KOPbl BLIBETPH-
BaHHA.

3nech Heo6XOomMMO pas3iHuaTbh NEPBHYHBIH aBTOMOPQHBIN mangwadr,
CB3aHHBIN C BojopasgenaMu M (opMHPOBAHHEM 3JIIOBHS Ha H3BEDKEHHBIX
WM IUIOTHBHIX OCAJOYHBIX MOPOAAX, H BTOPHUHLIA aBTOMOPGHHBIH JaHAmaQT,
BO3HHKAIOmMA Ha APEBHHX BHICOKHX AKKYMYJSTHBHEIX Teppacax, rie ¢op-
MHpPYETCS HeO3JIOBUM.

JIMHTeNbHOCTE 3JI0BHAJNBHOTO TOYBOOGPA30BaHNsl BO BTOPHYHLIX &BTO-
MOp(HBIX JaHAmadTax MeHbIIAas; OOBIYHO B HUX TaKXKe MOXKHO KOHCTaTHPO-
BaTh PEJHKTOBBIE MPHU3HAKH JipeBHeHN aKKyMYJsILUH NPOLYKTOB I0YBOOGpPaso-
BaHUs U OyoreHesa, NPHHEeCEHHBIX paHee U3 MEPBHUHEIX aBTOMOPQHHIX Jaij-
madToB.

I'mapomopdnsie (kKanuaisipHo-rugpomopdiHbie, cynepaKBajbHbie) JaHA-
wadTel. Otr naHgmwadTer popMupylorcs obbuHo Ha I u II akKyMyasiTHBHBIX
pEeUYHHX, NPHMOPCKHX HJH O3€PHBIX Teppacax WM 5KBHBAJEHTHHIX MM HH3-
MEHHOCTAX. [ DYHTOBHE BOJB 3[eCh JIeKaT OGBIUHO GJIH3KO K NOBEPXHOCTH
(<3—4 M) ¥ BO MHOTHX CJyUasx uepes KaMy KanUJsipHO-IJIEHOUYHBIX BOC-
XONAIIYX pacTBOPOB B TOH MJIM HHOH MeDe OKa3blBAaIOT BJAHSHHE HA ITOYBO-
o6pa3oBaTesNbHBE NMPOLECCH H XKU3HEAEITENbHOCTh PACTHTEIBHOIO NMOKPOBA.
B 5TUX yC/OBHAX NPOMCXOANT YAaCTHYHASA AKKYMYJSUHS NPOLYKTOB BbIBETPH-
BaHUs, NouBooOpa3oBaHuss U GHoreHe3a, BBIHOCHMBIX T'DYHTOBHIMH BOJAMH
U3 aBTOHOMHBIX JaHAIIA(TOB BOZOpa3fesna W BRICOKHX Teppac.

FuzpoMopduble MaHma@Th ABASIOTCA KaK OBl NepeXOLHBIMH, 3JI0BHAb-
HO-aKKYMYJISATHBHBIMH. 37€Ch DPOHCXORHUT YaCTHYHOE CYMMHpPOBAHHE Hed-
TEJIbHOCTH GHOJIOTHYECKOT0 KPYroBOPOTAa, aKKyMYJHPYIOUEro OpraHoTeHHBle
COeIMHEHHUS B NOYBaX, ¥ F€OXHMHYECKHX NPOIECCOB HAKONJIEHHS MPOLYKTOB,
IMPUHOCHMBIX T'PYHTOBLHIMHM BOXaMH CO cTOPOHHL [l TaKuX Haubosee HOX-
BHXKHBIX COeJUHEeHHH, KaK XJOpHIBl U cyiabdarsl miesnoueli, obsacts cymep-
aKBaJbHBIX MaHAwadToB #ABAsieTcd o6gacTblo TpaH3uta. 19 KapGOHATOB
KaJblMsl, coefMHeHnH MapraHua, xejes3a W KPeMHHS 3TOT JaHmwadpt uaire
ABNseTCcd aKKyMYJSTHBHBIM.

184



AKKyMyasiTuBHble Janamadrel. Jlanuele ganpadTel GOpMUPYIOTCS Ha
OTPHILATENLHBIX 3JeMeHTax peabeda —~- meabrax U noimax, | HagnoiMeHHHIX
Teppacax, B MOJABOAHBIX YCJOBHSX JaryH, 3CTyapHeB, MOPCKOI'O MEJKOBOAbS
HJIF 03€P, a TaKXKe B 30HE NOATONJIEHHS CYIIH, T. €. Ha HM3KHX 3aTONJSIEMbIX
Teppacax ¢ GJM3KHMH TPYHTOBBIMH BOJAMH.

It naugwadTsl B TOYBEHHO-TEOXHMHUYECKOM OTHOILIEHHH TeHEeTHUECKH
HECAMOCTOATE/bHE®, TAK KaK OHH NOJYYalT 3HAUATEJNbHYIO 4acTb IPOLYK-
TOB BHIBETpHBaNug, MoysooOpa3cBaHHs M GHOTENC3a CO CTOPONEB!, C BOJHBIM:

Puc. 65. TunHuuble coueTaHHd OCHOBHHX MOYBEHHO-reOXMMHUECKuX Janauadros

O6bsicuenuss cM. B Ta6i. 46

TBEPABIM U XMMHUYECKHM CTOKOM, & TaKXKe B BHJE 30JI0BBIX H aTMOC(EPHBIX
ornoxenuii. Hanpasienne 6nosornueckoro KPyroBopoTa BeLIECTB W HAIpas-
JEHHe TeOXMMHUYECKHX NMPOLECCOB 3[eCh COBNAZaloT NoaHocThio. M nepsoe, #
BTOpPOE NPUBOLHT K oboramieHuio Janpwadra s7€MeHTaMH MHHEPaJbHOTC
NHUTAHUS PACTEHHI W INOXBHKHBIMH COERMHEHHSIMH Pa3HOro THIA.

3mech TakKe 1e1ecoo0pa3sHO pas3nuuaTh ABE Pa3HOBHAHOCTH JaHAWad-
TOB: GECCTOYHbIE (HELPEHHPOBAHHBLIE), KOrAa BCE NPOAYKTH BOJHOTO TBEp-
JIOTO M XMMHUYECKOTO CTOKa, NOCTYNalolde CO CTOPOHBI, COXPAaHAIOTCS B IIpe-
Zenax JaHpwadTa ¥ HaKaNJ¥BAalOTCS B HEM, H YaCTHYHO JPCHHDOBAHHLIE,
KOrZa 4acTh HanboJjiee MOABHKHEIX NPOAYKTOB YHOCHTCS BOLAMH TOBEPXHO-
CTHOTO HJIM NOJA3eMHOTO CTOKA.

B Kaxaol U3 NPHPOAHHIX 30H POPMHPYETCS] CAMOCTOSATENbHbIH THI COYe-
TaHUs TMOYBEHHO-TeOXNMHUECKHX JaHZmadToB (puc. 65 u taba. 46). B ycao-
BUAX NYCTHIHU BOZOPasjessl 0OHYHO 3aHSITHi OCTATOYHO 3aCOJeHHbIMH JEC-
COBLIMH TOJILIAMH C BHICOKOMJIOZOPOAHBIMH CeDO3eMHBIMH NouBaMH. JlpeBHHE
BBICOKHE TEppachi 3aHSATHl CEPO3EMaMH, TAKLIDOBUAHHBMY H TAKbIPHBIMH MOY-
BaMH. AKKyMYJSITHBHbBIEe JaHAA(TEl TpeJCTaBjaeHbl CyAb(aTHO-XJ0PUIHbI-
MH, XJOPHAHBIMH M XJIOPHAHO-HUTPATHHIMH COJIOHYaKaMH, WIOPaMH, COJSIHbI-
MY IpPA3SMH, COJEHBIMH 03eDaMH.

B o6sactu crenel Bojopasfessl 3aHsITH YepHO3EMaMH Ha KapOOHATHBIX
JECCOBHAHBIX CYIVIHHKAX M Jéccax, a Teppachl Jyroso-4epHo3eMHBIMH NOYBA-
MH, 4aCTO C COZLOBBIMH COJIOHIAMH H COLOBBIMH COJOH4YakKaMu. [as akkymy-
JISITHBHBIX JIaHAIIA(TOB XapaKTepHBI JYTroBO-G0JOTHbIE HJIH JYTOBO-COJIOH-
YaKOBble NOYBBI M COJOHYAKH COJZOBOTO H COXOBO-CYJb(aTHOTO THIA 3aCO-
JIEHHUSI.

B o6mnacta cyxofi CTenH aBTOHOMHBIE JaHAMAa(TH 3aHATH KapOOHaTHHIMH
JECCOBHAHBIMY CYTVIMHKAMH H TVIHHHCTBIMY OTJIOXEHHSMH, B KOTOPHIX OOBIU-
HBI OCTaTOYHHE coJH. ITouBH OTHOCSTCS K Ipynne kamraHoBwmX. Ha reppa-
cax (OPMHPYIOTCSI COJNOHIOBHIE NMOYBHl B KOMILJIEKCE C KAIITAaHOBLIMM; H Te
M IpyrHe cojepkKaT OGHIbHbIE CKOIIEHHsI H3BECTH, THIICA H JErKOpacTBOPH-
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Ta6auna 46

Tpumepsl NOYBEHHO-TEOXHMHYECKHX JAHNWAGTOB B PAa3MuHbIX MPUPOIHBIX 30HAX
(coueTalne Kopbl BHIBETPHBAHHS H MOUB)

AnoeralbHbe SJIK)BHaJIbHO-aKKYMyHﬂTHBHHE A KyMyJsTHBHBHIE

O6nacTb BAAXHHIX TPOMHKOB (ZIOKJIEBHIX JIecos)

-1. BoxkcuroBast kopa, asmautdeie | II. Kaonuuurosast xopa, KearoseMsl, Kpac- | I1l. UepHbie BoAwl, Jyroso-Go-
NOYBLl, KPaCHO3EMBI lHO3eMul, JlaTeprTH JIOTHBIE TIOYBHI, Maprapue-

BO-3KeJe3nC TR 6oJI0Ta,

HHOTAa KucJaeie Gosota

O6acTb TPOIMKOB C CYXHM TEPHOAOM

1. Amantuse KpacHosemuctole |Il, JKeseancrsit sdartepur, deppaniurHete | 114 UepHble 600THBIE, JAyroSLe

nouBH [I0YBLI, YePHEIZ XJONKOBBI: MOHTMODHJ- r/leesble TOYBbI, COAOBbIE H
JIOHNTOBbIE HOYBEl, OCTATOUHBIE COROBLIE H3BECTKOBbIE 03€PaLH_OTJIO0-
NOYBHI Keuus -

OGnacTb TPOMHYECKHX M CYGTPOMHYECKHX MYCTHHD

.I. JIpeBHHe aJJHTHEIE, CHAJIHNT- | I, Cepo3eMHO-TaKbIPOBRIE MOYBH, runco-| III. CoJoHYaKH, COMAHBIC TPS3H

Hbl€ KOPBI, OCTAaTOYHO 3aco- Bble, H3B2CTKOBHIE, H3BEeCTKOBO-Kp2MHe- U o03epa, [JTHHRCTO-COJIOH
JICHHBlIE KOPbl, KaMeHHCThI# Bbl¢, H3BECTKOBO-XKCJAE3UCTHZ, COJSHO- YaKOBbIE PA3JIMBbLI, ASJBTO-
3J1I0BHH, CePo3eMbl HA Kapﬁo- CHBIE KOpBI, COJIOHYaKH  OCTATOYHEIE, Bble JIHMaHbBl C CEPOBOAC-
HAaTHBHIX IOPORax, KpacCHbe MOHTMOPHJIJIOHHTOBBE [JIHHBI, TraJieyHu- pOAHOﬁ TPA3BIO
K8p60HaTl{ble TO4YBEI KOBBIC TramaZbl ¢ XHMHYeCKUMH oCajka-

MH

OGnactb creneil, caBaHH U CPeld3eMHOMOPIKAX CYXHX JIECOB

.1, Uephosemul u yepHoszemosuA- | II. Uepnsle Jayroenie kapGonarheie {noussl | 111, OCOKOBONTPOCTHHKOBEIC

Hble MOYBHI Ha KapOGOHaTHRIX npepui, Yepilbie MOHTMOPHJJIOHHTOBBIE, Topda, MOHTMODHILIOHHTO-

Nopojax, KOPHUHeBbIE H Kall- CMOJIMKUBL, COJMOHIB PasHoro poja, co- Bhle H COJOBhle I JeeBbie

TaHOBbIe MOYBHLD; JOBHIE W COMIOBO-CYJIb(haTHLE JyroBbie TIOYBLI, COJISIHEIE Tps3¥ (H
TOYBBL o3epa

OG1acTh JlecOB YMEPEHHOTO H XOJIOJHOrO_Nosica

:1. CHasuTHas Kopa, 6yposemsi | II. TTousl npepnit (Gpiouusembl), TeMHbIS III. HusHHHEIE  OCOKOBO-TpOCT

JIeCHBIC, MOA30JUCTbIE, Cephie Jyrospie OKeJde3HeHHnle, WHOrAa KapGo- HuKOBble 60J10Ta, GOMOTHBI
JlecHple NOYBbI naTHelE, OYEHb PEJKO C NPH3HAKAMH CO- Fe- u Mn-pyasi, OTJOXe
JOBOTO 3aCO/IeHHs HHsl BUBHAHWTA, HHOTJA KUC

Jple 6ONOTHBIE NOYBEL

MbIX cogselt. JIs aKKYMYJSTHBHHIX JaHAIA(TOB XapakTepHbl KODKOBEIE
XJOPHAHO-CYIb(aTHHE COJOHIE], COMIOHYAKH H COJSIHbIE 03€pa H IPA3H.

JlaummadTel TPOMHYECKOH 30HBHl XapPAKTEPH3YITCH OTCYTCTBHEM HauGo-
_Jlee TIOABMXKHBIX NIPOLYKTOB BLIBETPHUBAHHA H N0YBOOGpasoBaHus. [Lis BOMO-
PAa3ienoB W APEBHHX BHICOKHX Teppac XapakTepHa ajIMTHasf KOpa BHIBETPH-
BaHus (GOKCHTOBasl NP KPalHHX CTENEHSX BHIBETPHBAHMSA, KaK Ha FaBain-
CKHX OCTPOBAaX) WJM KHCJIBE KPacCHO3€MHBIE H JKEJTO3EMHBIE MOUBHL.
[TepexoHble 3/MI0BHANbHO-aKKyMYASTHBIbE JaHAWAQTE HA CPEAHHX TEppa-
.cax 3aHATH KAOJIHHHTOBLIMH KPACHOLUBETHHIMH MOYBAMM, HHOTZA OHHM Obora-
Jelbl COeMMHEHHSIMM aJIOMHHMs, Keje3a, Maprasina, o0pasyloiiMH Tak
‘Ha3blBaeMBIll JaTEPHT HHM3KOro YPOBHS H BTOpHUHBIE GOKCUTHL. B akky-
MYASITHBHBIX JaHmwadrax GopMHPYIOTCS CBOEOGpasHbE JIyroBO-GONOTHbIE
TOYBBL C PE3KO BbIpaXKEHHBLIM HaKOIJIEHHEM »Kese3a, MapraHua, opraHuiecko-
ro Bemectsa. MHorma 37Jech KOHCTATHDPYETCSA AKKYMYJSAIHS YTJICKHCIOTO
KaJbIHs.

B caBaHHaxX M MYCCOHHBIX Tponukax Asny, AMepuku H AQpHKH B aKKy-
MYJATHBHBIX M THAPOMODOHBIX JaHAmwadrTax HaG/II0A0TCA CKOMJIEHHS
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aMopdHOro KpeMuesema, o0pa3oBaHHE LEMEHTHPOBAHHBIX UeDPHBIX MOHTMO-
PWIJIOHHTOBBIX IMOYB, OGHJIbHBIE CKOTIJIEHMS YTJIEKHCJIOTO KaJbLHUs, a HHOrAa
COJIHL. .

B o6sacTu NMOA30JHCTHIX JIECHBIX TIOYB Ha JpEeBHHX BoJopasfenax ¢op-
MUDYIOTCS KHC/Jag CHaJJIATHAST KOpa BLIBETPUBAHHA M KHCJHIE, NMOJ30JHCTHIE
JIOUBHI.

CKJOHH ¥ Teppachl TNEPEXONHBIX 3JI0BHAJbHO-aKKYMYJSITUBHBIX JIaHA-
waTOB 3aHSATH GYPHIMH JEPHOBO-TIOJA30JHCTHIMH HJH €/1a00NOA30MHCTEIMH
NOYBAMH, B KOTOPLIX HIIOT[a HAKAIJIMBAIOTCS MUKDOCTSIKEHHS XKeJlesa U Map-
Tanna.

AxkyMmynaTuBHbple JganAmadTH XapaKTepH3yioTcd 06pasoBaHMEM $ICHO
BbIDAMKEHHBIX JKEJE3UCTHIX W MapraHUeBbIX aKKyMyJasuufl, KOHKpeuui, mnua-
cToB (OopTinTefiH), BUBHAHUTA, TOP(PSIHAKOB HHSHHHOTO THIA, 4 B YCHOBHSX
MEJKOBOJIHBIX BOIOEMOB — GOJIOTHO-03epHOA pPYAHL.

Juddepennuanuss NPOLYKTOB BHIBETPUBAHHA H NOUBOOGPa30BaHHA Jaje-
KO He HcuepubiBaeTcsd 0cOGeHHOCTSMH MakposasHamadros. [opuson-
TanbHas W BepTHKajbHas nuddepeHnuanyus NPOLYKTOB BHIBETPHBAHHA H
nouBooOpa3oBalys pe3KO BhIpaXKeHa B TAKHX I'eHETHUECKH M reoMopgoJoru-
YeCKH IIeJBIX 06pa30BaHUAX, KaK NOHMBI, HeNbTHl MJIH BOLOpa3ielbl. 31eCh
BubdepeHnyanys HIeT yKe B Ipellejax 3JeMeHTOB MHKpo- H Mesopelbeda
# 06yCJOBAMBAET KOMIVIEKCHOCTh NOYBEHIIOTO NOKPOBa. :

Brazuue Ha BOZOpasieNax WIH Ha JPEBHHUX BBICOKHMX Teppacax, moayuas
JIOTIONHATEAbHBIE MACCHI BOJBI 32 CUET TIOBEPXHOCTHOT'O CTOKA, BCeTa Xapak-
TEPH3YIOTCS -OTHOCHTENBHO GOJIbIell BHIEIOYEHHOCTHIO OABHKHBIX NPOAYK-
TOB, YyeM OKpYKamwlee NPOCTPaHCTBO. BMecTe ¢ TeM BOKpYr BIAAHHBI B BHIE
FEOXHMHUECKUX KoJjiell OO0BYHO (DOPMHPYIOTCS NOJOCH NepepaclnpesieseHus u
BTOPHYHOI aKKyMYJSILUM BHIMBITHIX BEIIECTB. B yCJIOBHSX MYCTHIHb M CYXHX
cTenedl JIErKOpacTBOPHMEIE COJIH, BLIHOCACH M3 IIOYB H TPYHTOB BIIAJHH Me30-
penbeda, akKKyMyJdUpYIOTCS B OKPYXKAOIIMX TPyHTax, o6pasys Koabua co-
JIOHUZKOB H COJIOHIOB. B CTemax M3 TaKHX BNaAWH BHIHOCATCS KapGOHATHI
KaNbUHUsl H THIC. .

B yc/noBusX MOA30/HCTBIX M TJ€EBHIX MOYB B NOJOOHBIX BNAJHHAX YCHJH-
BAeTCs] BHIHOC MOJYTOPHBIX OKHCJOB.

OxpyKaiolljde BNaJWHYy NOBBIIEHAS Me30- M MHKpopesabeda aKKyMyJH-
PYIOT 3TH TepeMellleHHble MacChl COeTUHEHNH XKeJe3a, MapraHia, KpeMHese-
Ma. MesopenbedHble NOBHIIEHNS GLHICTPEe MPOCHIXAIOT W MEHbIe YBJaXHS-
10TCs, HHTEHCHBHEE HArpeBalOTCS JIETOM U 60Jee S3HEPTHUHO NMPOBETPHUBAIOTCS.
TlosroMy, KaK npaBuJIO, NOBHILIEHHS Me30- H MHKpopeabeda HHTEHCHBHEe
YCNapsaioT [IOYBEHHO-TPYHTOBBIE BOAHL. B HrOore ofpasyioinyecs B Npenenax
MOUBEHHO-TEOXHUMHYECKHX MaKpPOJaHAIA(TOB NOABHKHbIE COSIUHEHUS aKKY-
MYJHPYIOTCS Ha NOJNIOXKHTENbIBIX 3JEMEHTaX Me30- H MHKpOpeabeda.

B nycteinax Ha MHKpOpedbedHBIX NOBHILIEHHAX NPOHCXOJUT aKKyMYJIs-
1nus HauboJee MOABUKHBIX CoJel, B YACTHOCTH XJIODPUAOB H HATPATOB. B ycjio-
BHAX 3a00J0YEHHBLIX TOUYB CeBepa Ha TaKuX IIOBBIIICHUAX AKKYMYJIHDPYIOTCA
KPEeMHE3eM, OKHCJAbl aJIOMHHHS, KeJe3a W MapraHna, HHOTAA YIJIeKHCAbIH
KaJIbIHi.

Bce 3710 cBHAETCJALCTBYET O TOM, UTO (POPMHUPOBAHHE [TOUB SIBJISETCHA CJel-
CTBHCM HE€ TOJBLKO BCPTHKAJbHOIO IABHXKEHHA TNPOAYKTOB BBIBETPHUBAHHA H
noyBo06Pa30BAHHS, HO U HENPEPHIBHO TEKYILUX NMPOILECCOB IOPH3OHTAJILHOTO
HX JIBUXKEHUS H IepepacnpepeseHus.
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CXEMA JHOPEPEHUHALHH NPOAYKTOB BBLIBETPHUBAHHUSA
H NOYBOOBPA3OBAHHA HA PYCCKOM PABHHHE!

B 30-x rozax B. b. ITonunos (1934) Brickasan nmpeanosnoxeHue, uro Pyc-
CKasl PaBHHHA CJOXKEHA CONPIXKEHHBIMHM THIAaM¥ KOPHl BHIBETDHBAHHS B 3a-
KOHOMepHOH mocjenoBaTenbHocTH. OcraTouHas CHA/MIMTHAS KOPa, MOKPHI-
Baloniasi HauGoJjiee BLICOKYI0 uacTh Pycckoil paBnuus — Knnucko-IMuTpos-
CKVIO Tpsiy,— CMEHSIETCSl B HANPAaBJEHHH K IOTY M CeBepy KapGOHATHOH,
I'lpellCTaB.IIe“HHOI:I J{'e'ccaMH, U 3aTeM K IOTY — XJIOPHUJAHO-CYIb(MAaTHOH aKKy-
MYJISITHBHOH KOpOH.

B Hacrosimee BpeMs HMeeTcs LOCTAaTOYHO MAaTepPHANOB A8 TOTO, YTOOGHI
na npuMepe Pycckofi paBHHHEI paccMOTpeTh OOLIYIO CXeMY HeHOreOXHMUH
BOJHO-aKKYMYJISITUBHBIX paBHHH.

Baxue#iyo poib B (GOPMHPOBAHHH THnepreHHol o060J0ukn Pycckoit
paBHHHBI Chirpajia BeKOBas reOXMMHYECKass MHUTPanus NPORYKTOB BLIBETDH-
BaHHUs, TPAHCIOPTHPYEMBIX Ha3eMHBIMH M NMOA3EMHBIMH BOXAMH JIEJHUKOBBHIX
u nocaenenuukoBuix smox (Koeza, Camonisnosa, 1966).

B mepuopn mnaunboJbliero oJefeHeHHs TOJIHHA MAaTEPHKOBOrO JbJa Ha
Pycckoit paBuute jocrurana 1—1,5 xu. Kpah neanuka BO3BhIIIAACA HaR
paBuuHOK Ha 300—500 #, TOCTMOACTBYS Haj YXOAAIMMH K IOTy NPOCTPAHCT-
BaMH. Taiele BOZbl BLIHOCHJIH MacCy B3BEIEHHOTO M PacTBOPEHHOTO MaTe-
pHaJsia, KOTOpHIfl OT/Iarajcs Ha PasHOM PacCTOSIHAM OT Kpas JEOHMKA B 3a-
BHCHMOCTH OT KPYMHOCTH YaCTHI{ H B COOTBETCTBHH C 32aKOHOMEDHOCTSIMH Me-
XaHHYEC<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>