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OT NMEPEBOINYHUKA

Hayku o 3emiie M31aBHA NPEACTABJSIOT HHTEPEC He TOJBKO [JIS CHEIHaJHCTOB.
B wamm gmu, korma 6sarogapsi COBEepUIEHHOM TeXHHKe H KOCMHYECKMM MeTolaM Hc-
clenoBanuii MEdopManys O HameH IVIaHeTe HEH3MePHMO BO3pocja, TaKoil HHTepec
NPOSIBJSIIOT caMble INHPOKHE CJIOM HaceseHHs. DTO BhIpaxaercs H B GOJIBLUIOM CIpoce,
KOTOpHIM TOJIB3yeTCsl HaYYHO-NOMyJspHas JauTepatypa o 3emse. K Takomy xaHpy
OTHOCHUTCS TpeJJlaraeMblfi BHHMAaHMIO COBeTCKOro uuTatenss Ttpyn [xaner YorcoH —
H3BECTHOTO aHIVIHACKOro reoJora, mpodeccopa reosoruH DBpHTaHCKOro KoJIefxa
Hayku H TexHHKH («MMnupuan-koamenxks), uiena Koposesckoro ofmectsa comeficT-
BHSl Pa3BHTHIO €CTECTBO3HAHHS.

B ne6ousbiuoit mo 06beMy KHHTe aBTOP CTPEMHTCS OXBATHTb OYeHb LIMPOKHH Kpyr
BONPOCOB, CBA3aHHHIX C NMO3HAHHEM 3eMJH H 3HaYeHHeM TIeOJIOTHH B JKHU3HHM UesOBeKa.
IpuBoaATcs cBefileHHs] 00 SHEPreTHYECKHX M BOJAHBIX PECypcax IJIAHETH, PYLHHX H
HepYJAHBIX IOJIe3HBIX HCKOIAeMBIX, O TeOJIOTHH H reHesuce HedhTH M rasa, o IPHPOA-
HBIX CcTpofiMaTepHaJaXx. PaccMaTpHBAIOTCS CJIOXKHBIE ITPOLECCH, IPOHCXOAsIINE B GHO-
cdepe. Bosblioe BHHMaHHe yHessiercs npobJieMe 3arpsisHeHHsl OKPYXKalolledl cpensl,
PalHOHAJbLHOTO pa3MelleHHss Pa3IHIHBIX OTXOAOB. JlaeTcs mpeicraBjieHHe O TeoJIOTH-
YECKHX, reoH3uYecKHX H F€OXHMHUECKHX HCC/IeNOBaHHSX, B TOM YHCJIE O COBpeMeEH-
HBIX MHCTAHIHMOHHBIX (KOCMHYECKHX H a3p0(dhOTOMETDHUECKHX) METOIaX.

T'naBHo#t mpoGaeMofl, mpoxoAsiuefi yepe3 BCIO KHHTY, OCTaeTcsl DOJIb UeJOBeKa
B mpeoGpasoBanun 3eMaH. V3MeHsst OOGJMHK IJIaHETH, 4YeJlOBeK BCTYMaeT B CJOXKHBIE
B3aHMOOTHOUIEHHsI ¢ mpHpofof. IIpH 5TOM OH NOJKeH NpeABHAETb NOCJeACTBHS cBoOeit
nesitenbHocTH. KHHra, 3aTparupawmoiiast Takde npobsembl, HMeeT BCe OCHOBAHHS 3aMH-
TepecoBaTh CaMBIil IIHPOKUEH KDYr YHMTaTeseH.

OTpenpHble 4acTH TepeBofia J06e3HO MPOCMOTPeJH H CAeNaNH NOJe3Hble 3aMeua-
HHSI CHENHAJMCTHl MO PasjuuHbIM oTpacism reotoruu: B. JI. Teunn, B. B. ToayGes,
JI. A. Tpy6os, A. E. T'ypesuuy, A. U. Kupunukosa, B. C. Jlazapes, M. T. Jleii6coH,
JI. C. Pexxkos, O. U. Cynpyuenko, B. K. lIlumanuckuit. Psii 1eHHEIX COBETOB moJy-
yeH InepeBoxuukom oT B. B. I'pubroBa, A. M. Huxuruna, V. B. Pefinuna, 1. 0. Uepe-
nanoBa, K. A. Uepuurosa, JI. H. lapnenok, 1. M. IIrytura u JI. A. BaBxXukos-
ckofi. Texnuyeckyio paGoTy MO TOATOTOBKe PYKONHCH K CJade B H3LaTeNbCTBO BHI-
noanuau T. O. 3axapxkesckas u O. C. dunarosa. Bcem nepedHcIeHHBIM JHLAM
NepeBOAYHK BEIPAXKaeT CBOIO NPH3HATEJBHOCTD.



NPEAUCJIOBHE

MHorne NpUPOXHBIE DeCypChl, HCIOJb3yeMBle YeJOBEKOM, — 3TO -
nap 3eMHHX HeJlp; 06pa30BaJINCh OHH O] BO3MeACTBHEM reosionHyec-
KHX TNPOIIECCOB, B XOJe KOTOPHIX 3eMJs Da3BHBanach N0 CBOEro Co-
BPEMeHHOTO COCTOSIHHS, T. €. MOKa He CTaja TakoH, KaKOA MH ee BH-
nuM cefigac. Uro6e paso6paThcsi B 3aKOHOMEPHOCTAX DaclpenesieHus
3THX DeCypcoB Ha Hamlefi nmjaHeTe, HYXXHO pacnojaraTh HTAaHHBIMH O
MX TPOHUCXOXKIEHHH H TeoJIoTHUeCKOH npuypoueHHoctH. [Tostomy Hay-
KH O 3eMJie HMEIOT UYpe3BHYAMHO ILIHPOKOE MPaKTHUYECKOE TNpPHUMEHe-
HHe, BKJIIOUasi Takue o6JacTH, KakK BOJHBIE DeCypCH, HepreTHUEeCKHe
pecypcH, TODHOe JeJ0, TpaXMJaHCKOe CTPOHTeJBCTBO, CeJIbCKOe XO-
390CTBO H 31paBOOXpaHeHHe. BOJNBIIHHCTBO DEOJOTOB B TOT HJIH HHOW
MepHON CBOefl NesTeNbHOCTH BBIHYXKIEHB pellaTb MPOGJeMEBl, Hemo-
CPEJCTBEHHO CBSI3aHHBIE C NPHKJAanHONH reosornelt. CoBepllleHHO oOvYe-
BHJIHO, YTO MOTPe6HOCTL B 3KCMepTax Ajas 3To# o6mHPHOK OTPACIR
BO3pacTeT B BynyieM.

[TourH Bce CTYNEeHTH, H3ydYalollHe HAYKH O 3eMJe, IITYIHPYIOT NPH-
kjnanHyio reosoruio. Ha crapmux Kypcax oM ofecnedeHH CIelHaJb-
HBIMH yYe6HHKaMH, INOCBSIIIEHHHIMH TAaKHM YacTHHIM JHCLHILIHHAM.
KaK MHXKeHepHasi TeOJOTHS HJH TeOJIOTHSI DPYIHHX MeCTOPOXKIAEHHI.
PasyMeercsi, nasi CTyZeHTa-MepBOKYPCHHKA, KOTODHIN elle He HauaJ
CHEeNHaTH3HPOBATLCA B KaKON-TO ONpefeseHHON 06J1aCTH, 3HAUHTENILHO
TPYIHee COCTaBHTb NMpENCTaBJeHHe O LIMPOTE NHaNa30HA NPHMEHEHHs
reoJIOTHYECKHX 3HAHHA 1751 paspelieHHs] NMPaKTHYECKHX INpo6jieM TIo-
BceHeBHOM XKH3HU. [IpH CO3MaHHH 3TOW KHHUITH aBTOP 3ajajics LEJbIo
nath ofllee npeicTaBleHHe O NPHKJIAXHOM reOJNOTHH, MOHATHOE AJS
Ka)XJ0ro, KTO 3HAKOM C TIPDHHIHNHAJBLHBIMH TIOJIOMKEHUSIMH HaVK
o 3emse. KHHra paccynrana B mepByIO Oouepelb Ha CTYAEHTOB MEPBOTO-
BTOpOro roga o6ydeHHs, HO §1 HANEIOCh, UYTO OHA NPENCTABHT HHTEDEC
H IJIsT aCTHPAHTOB, U AJS TeX, KOMY MPUXOMHTCS CTAJKHBAThCH C Teo-
JIOTHYECKMMH npobJjeMaMu NpH paboTe B CMeXHBIX 06JacTsIX, HATpPH-
Mep, AJsl CIEeNHaJHCTOB, H3yYaloUHX NpobaeMbl OXpaHBl OKPYKalolle
Cpensl.

OcHoBHOe colep:kaHHe KHHTH H3JI0XKEHO B MIECTH riaaBax (2—7),
KaxJast U3 KOTODHIX IOCBSILEHAa ONHOM H3 OCHOBHBIX OTpacJsefl NMpH-
KJIafgHo# reosorud. IlepBast m 3akmwountenvHas (9) riaBb sSBASIOTCS
06061maloMHUMH; B HHX 06CY&KAA0TCs 06/1aCTH NMPHMeHeHHS NPHKJIal-
HO# reoJiorud. B mpenmocsennesr (8) rsiiaBe onHCaHBl OCHOBHBIE MeETO-
HHKH, HCIOJIb3yeMble CIIeNHAJHCTAMH N0 IIPHKJIALHON reoJiorHu. B uH-
Tepecax 9YHTaresef, 4To6b OOJIErdHTL YCBOEHHE NPHBOLHUMON HHGDOD-
MalHuH, SHAYHTEJbHAs YacTb (paKTHUECKOrO MarepHasa TIpelcTaBjeHa
B BHle TaG/JHI M DHCYHKOB. DTH [NaHHble HMeIOT BajKHOe 3HAUEHHEe, W
C HHMH CJIeJyeT NeTaJbHO 03HAKOMHTHCS.

B saxiioueHne si xouy BHIPA3HTb CBOK IMyGOKYIO 61arolapHOCTb
TeM MHOI'MM TreoJioraM, KOTODhHle TepIEeJHBO MOMOTajJH pasobparncd
4aBTOPY B LeJOM psiile BONIPOCOB B TEUEHHE BCEro MEPHOLA HAMHCAHHS
KHHTH, a NOAYac H HCNpapJsany ero omuHOKH. B gacTHOCTH, s xXoTena



6Bl BBICKA3aTh UPH3HATEJNHLHOCTH MOHM KOJLJIEraM M cryfleHTaMm bpurau-
CKOrO KOJIJIeJ’Ka, KOTOpble I10Ka3aJH MHe, HaCKOJbKO MOXKeT OHTb
yBJIEKaTeJbHA TNPHKJIaLHasi reosorusi. Most 6J1arolapHocTb ajgpecoBana
TaK¥Xe BCeM TeM JIHLaM M OpraHH3al#siM, KOTOpble Pa3PEIlH/In HCIOJb-
30BaTh UX ONyGJHKOBAHHBEIE WJIH HeONMYOJHKOBAHHBIE JAaHHBIE HPH IOA-
FOTOBKE HJIIIOCTPATHBHOro Marepuasa. OCHOBHble HCTOYHHKH HJLJIIOCT-
pauuil B KHHre YKa3aHbl B COOTBETCTBYIOUIMX MOJPHCYHOUHBHIX IMOJIH-
CHX.

Hocaner Yorcon, «UMnupuan-konnenx», Hoabpp 1982 r.



1. YEJIOBEK U 3EMJIs

1.1. BBEJLEHHE

C JOHCTOPHYECKHX BpeMeH 4esioBedyecKHe OOIIMHBI 00JajajH Ka-
KUMH-TO IPAKTHYECKHMH 3HAHHAMH O MecTe CBOoero oOuranus (0 3eM-
JsX, Ha KOTOPbIX OHH XKHJIH), HMEJH IpPeJACTaBJeHHEe O TOM, KaKue
noJle3Hble HCKONMaeMble (MOPOAHW H MHHepasel) TaM umelorcs. [eficr-
BHTEJbHO, B T€YeHHe MHOTHX CTOJIETHH [PAaKTHYECKOEe HCIOJIb30BAHHE
LAHHBIX TIEO0JOrHH 3HAYHTEJbHO OOrOHSAJIO TeOpeTHYeCKHe acleKThl
reosiornyeckoit Hayku. OgHako B XIX # XX Bekax npousolles nepeso-
POT B HAUIHX NPeACTABJIEHHSX O CTPOCHHH H HCTODHH Pa3BHTHs 3eMJIH
B 1eJoM. He roeops yxe o TOM, 4TO CTaJIO HaCylUHOH HEOOXOAHMOCTBIO
paspelieHHe psifia MPAaKTHYECKHX NPoOJeM, CBS3aHHBIX C HCIOJb30Ba-
HHEeM HOPUPOJHBEIX PecypcoB IJIAHETHI.

C pocToM Hace/eHHs 3eMJIH H WIHPOKHM pa3BHTHEM NPOMBIILIIEH-
HOCTH HeoOXOAMMOCTb OLEHKH 3eMHBIX pPeCypcoB, AOCTYNHBIX AJs Ye-
JIOBEKa, H NPHHSATHE PAalLHOHAJbHHX PeLIeHHH IO BONpOcaM AaJibHEM-
uiero pocra AOOHYH IIOJE3HBIX HCKONAEMbIX CTAHOBSATCs BCe OoJsiee H
6oJiee 30604 HEBHBIMH. JIHIlaM, 3aHMMAIOIKM OTBETCTBEHHBEIE NpAaBH-
TeJbCTBEHHHE NOCTH, NPOMBILIJIGHHHKaM, a TaKXke NpeilpHHAMAaTe-
JISIM, CBSI3aHHHIM C CEJbCKHM XO3fHCTBOM, HEOOXOLHMO XOPOUIO pas-
6upaTbCsi B TeOJOTHUECKHX (aKTOpax, ONpele/siOlUX pelleHHe Tex
HJIH MHBIX OPAaKTHYECKHX 3ajay. JTa KHHra JOJOKHA JaTh ofliee
MpeAcTaB/eHHe O NPHKJIAJHOH TE€OJIOTHM HE TOJIBKO OyIYLIHM Ie0JO-
raM WJH reopu3HKaM, HO H TeM pPabOTHHKAaM, OCHOBHOH CIelHaJb-
HOCTBIO KOTOPHIX SIBJSIIOTCS TPa<JlaHCKOE€ CTPOHTEJIbCTBO, FOPHOE [e-
JI0, CeJbCKOe XO3SMCTBO, 3allliTa OKpy:Kalolled cpeibl. KHura He mpe-
TEHJYyeT Ha poJb yueOHHKA (B TaKHX CHeLHA/bHBIX PyKOBOJCTBAaX HeET
HEJOCTaTKa); OHAa HalHCcaHa C y4eTOM TOro, YTO YMTaTes]b 3HAKOM C
OCHOBAMH T€OJIOTHH H C Te0JOTHUECKOH TepMHHOJOrHeHd aubo HMeer
JOCTYIl K CTAHZAPTHHIM yYeOHHKAM.

Hu oana npuk/anHasi HaykKa He cyulecTByer 000cob/enHo. Pyko-
BOACTBYSICb OCHOBHBIMH NPHHIHUNAMH NPOQHUJHPYIOILEH HAyKH, CIELH-
aJIUCT MO NPUKJIAJHBIM AHCUHIJIHHAM 005i3aH CUHTATBHCS U ¢ (paKropa-
MH, IOAYac O4YeHb HAJEKHMH OT paccMaTpuBaeMol oTpacJau. [lpeamo-
JIOXKHM, HaopuMep, YTO OOHApyXKeHH [ABa HeOGOJbIIHX PYIHBIX MECTO-
POK/eHHs, NPHYEM OAHO — B MAaJIOHACEJEHHOM perxoHe, a JApyroe —
B J@BHO OCBOEHHOM CEJbCKOXO3SHCTBEHHOM pafioHe. Ec/iH reosoruve-
cKHe (paKTOPHI B 0O0OHX cyyassx NPHOJH3HTENbHO OJHHAKOBHI, PelleHHe
0 IepBOOYEpPeNHOCTH pa3paGoTOK TOro HJH HHOIO MECTOPOXKAEHHS
IOJIXKHO OBbITb, MO-BHIHMOMY, NPHUHATO HCXOAS H3 SKOHOMHYECKHX, CO-
I[HAJbHBIX H IOJHTHYECKHX COO0paxKeHHH.

C nzpyroil cTopoHBbl, (UHAHCOBAas HJH CTpaTeruyeckas BaxHOCTb
BHOBb OOHapY:KEHHOIo AEeHCTBHTEJbHO KPYNHOIO MECTOPOXKJIEHHS JaeT
THFAaHTCKMH CTHMYJ [JIst ero pa3pabGoTKH AaKe NPH YCJIOBHH BHICOKOH
ce6eCTONMOCTH, KOTOpasi OIpefessercs HeoOXOAUMOCTbIO KPYIHBIX
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KaNHuTAJOBJIOXKEHNHA, YIrpo30H COLHAJIBHBIX NEPEBOPOTOB HJH 3HAYH-
TeJbHBIM 3J1€MEeHTOM pucka. [IpHHSITHE TOro M/ HHOTO PEIeHHS IHK-
TyeTCsl CIPOCOM M TMOTpPeGJieHHEM COOTBETCTBYIOLIEro IOJIE3HOTO HCKO-
MaeMoro, JKH3HEHHHIM YPOBHEM HacejeHHs, €ro o6pasoM KH3HH,
a TakXKe IIKaJoH HeHHocTefl MaHHOro o6IiecTBa. XOTS TaKHe BOMPOCHI
HEBO3MOKHO HCUYepIIbIBAIOILe OCBETHTh B HAYYHO-IONMYJSIPHOH KHHTE,
HMeeT CMBIC] [aTh KpaTKHii 0630p OGIIHX BONPOCOB, HAA KOTOPBIMH
NpHXOAUTCH paGoTaTh CIHENMAJHCTaM, H3ydYaloUM HaykKH o 3emJe.

1.2. PECYPCHI

Cuipre, 106HBaeMOe H3 3€MHBIX HeJp, C TOYKH 3peHHs noTpelbie-
HUST MOXKHO KJacCH(MUIHPOBATL B COOTBETCTBHH C €0 HCNOJIb30BAHHEM.
Ara kaaccuduranmusa (tabia. 1.1) sBasieTcss TOH OCHOBOMN, Ha KOTOPOMH
NIOCTPOEHa BCs ONMHCATeJbHAsl 4acTh NaHHOH KHUrH. COBepIIeHHO SICHO,
4TO MOTpe6HOCTb B JIOGOM CHIpbe BapbHPYeT KaK BO BPeMEHH, TaK H B
npoctpanctBe. [Torpe6HOCTH NpeBHEro 4ejoBeKa OBIIM CPaBHHTEJIbHO
OrpaHHYeHHBIMH: 3TO CTPOHAMAaTepHAJbl, CHIPbe IJs TOHYaPHOTO Mpo-
M3BOJACTBA, yKpallleHH#, opynuit Tpyna u opyxus. IlpombiuienHas
peBOJIIONMS TPHHECHA C COG0H He TOJBKO pacuiupeHue norpe6Hocrefi
YeJ0OBeKa, HO W TEXHHYECKHH INporpecc, rJaBHBIM 06pa3oM B TOPHON
MPOMBILIJIEHHOCTH, METaJJyprun u Jo6blde MOJe3HHX HCKONaeMBIX.
B XX Beke morpe6JieHHe MHOTHX BHJOB CHIPbSI OINpeleJsieTcsl BO3pOC-
IIAM XKHU3HEHHBIM YpOBHeM HacesneHus. Hamnpumep, Ha rpaduke
(puc. 1.1) neMoHCTpHpYeTCsl mpsiMasi 3aBHCHMOCTb MeXJy NnorpebJieHH-
€M 3HEprHH M JOXOIOM Ha AyUIy HacedeHHs B cepeanHe 70-Xx romos.

Jobriua MHOrMX BHJOB €CTECTBEHHOro chphsi Bospocia ¢ 1900 r.
10 MeHbUIEH Mepe Ha NOPSAOK; NPEACTABJSETCS BEpPOATHBIM, YTO IO-
no6Hast 3aBUCHMOCTb COXPAHHUTCS M B ganbHeliieM. [IpubnnsurenbHbie
JaHHBEe O Ho6brue yrias, He)TH W HEKOTOPHIX MeTaJJIOB MPHBOAATCS
B CJefyIOmHUX raaeax. [las Toro 4yro6u obecneduTs Gyaylee uesoBe-

Ta6auuma 1.1. MpuponHbie pecypchl, HEOGXONHMBIE UYEJOBEKY
(B Kpyrabix CKOOGKax Ha3BaHbLI PecypChl, He SBJSIIONIHECH
NOJIE3HBIMH HCKONAeMbIMH )

Pecypcnl Hcrounukn pecypcos
BonHble 3amachl IToBepXHOCTHBIE H NOJ3EMHEIE BOJHI
DHeprus (sneprernueckne | I'oploune HCKONmaeMble; aTOMHasl, THAPO3JEKTPHYe-
pecypcei) cKkass M reoTepMalibHas 3SHeprusi; (CoJHeuHas
SHEprusl, CUla BeTpa, OPraHHYeCcKHe BelecTBa)
Metannst PynHbeie MecTOpOXKAeHHS
CrpouTe/bHEIE MaTePHAaJIL CTpouTeNbHHE KaMeHb, IPaBHH, MECOK, IVIHHA H T. X.;
(opraHnyeckHe M CHHTETHUYECKHe MaTepHaJIbl)
Hemeranninyeckoe CHpbe FopHele  moponst ¥ MHHepaswl;  (pacTHTeNbHBIE H
JKHBOTHBIE MPOLYKTH)
INumeBsle pecypcHl (Pactenns u xuBOTHBIE); YLOGDEHHS, BHOCHMbIE B
I0YBY JJISi MOBBILIEHHS] yDOXKaHHOCTH
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UM H J0XOJ Ha AYmY HaceJeHHud. HocTh. COOTHOIIEHNE MeXAy mnorpebJe-

H 3a-
CoOTHOLIEHHe OCHOBaHO Ha I(H(!)DOBHX HAaH- HHEM SHepr"“ 1 SﬂepreT"quK“M

HBIX, MOJYYEHHBIX KOMNaHHe#l «BpHTHUI meT- tpatamu B CIHIA.

poneym» nansi cepeiuHs! 1970-X ToAOB; 3TO 0
. gsiT 32 100%.
COOTHOIIEHHE H3MEHHJOCh B De3yJbTaTe pe3- YposeHp 1970 r. TpHEAT 3 h
KOro IOBBLIIIEHHS CTOHMOCTH 3HEDPTHM Iocie
1974 r. (cpaBHuTe c puc. 1.2.).

yecTBa, HEOOGXOJUMO MOATOTOBHTb PEaJHCTHUYECKHE IPOTHO3HI €ro Io-
Tpe6HOCTEll M MPOBECTH yUeT MPHUPOAHBIX pecypcoB. OCyIIeCTBHTb H TO
1 ApYroe HeJerko.

ITporuosupoBaHue crmpoca BKJIKOUaeT B cebs NPEANOJIOKHUTENbHYIO
OlLIeHKY (hakTOpOB, 06yCAOBAHBABIINX NOTPe6/eHHe B MPOLUJIOM: H3Me-
HeHHe YHCJEHHOCTH HaceseHHs, CKOPOCTb 3KOHOMHYECKOTO Da3BHTHS,
YPOBHH LIeH H T. . DTH NPOTHO3Hl 3a4acTyl0 CBOASITCS Ha HeT Hempel-
CKadyeMbIMH coObTHAMU (pHc. 1.2) 71H60 TeXHHYECKHM IIPOrpeccoM,
KOTOPHIH H3MEHsieT yCTAHOBUBLIHECS HOPMHI pas3BuTus. IIpumepom
MOXKET CJIYXHUTb H300peTeHHe IBUTATe/si BHYTPEHHEro cropanus, GJa-
rogapsi yemy B Hayaje XX CTOJIETHs] Pe3KO BO3pocja MOTPeGHOCTH
B Hedru. [ToaToMy He NPUXOAUTCS YAUBJASATHCS TOMY (Bakry, 4to onyo6-
JIHKOBaHHbIE IIPOTHO3bl, MOATOTOBJIEHHBIE Da3HBIMH CIHENHaJHCTaMH,
COBEPLICHHO He CXOXH MeXAy coOoH.

IToutn crosnp e TPyAHOH Mpo6/eMOll SBJSETCS OLEHKA 3aMacoB
MOJNIE3HBIX HCKONMaeMBIX (3TO HHYYTb He Jerye IPOrHO3HPOBAHHS
crpoca!). Bompoc 3ToT HemocpeACTBEHHO KacaeTcs J060ro reoJora.
Jo6biua HEBOCMONHHMBIX PECYpCOB, TaKHX KaK YroJb HJH pyAHBIE
HCKOIlaeMble, sBJsieTcsl orpaHudeHHOH. OrTlenbHOe MeCTOPOXKIeHHe
HJIM TPyNNa MeCTOPOXKJEHHH HMeIOT XapaKTepHBIH LHKJ Da3sBHTHSL:
OTKpHITHE, pa3Befika, POocT H06buH, cnax fo6bruu (puc. 1.3). ITocraBku
CBIPbSI NPOMBILIJIEHHOCTH NOAJEPXKHBAIOTCS TOJBKO 6jarofapsi OTKPH-
THIO HOBHIX MECTOPOXKJAEHHH.

[ludpr 3anacoB MOJIE3HBIX HCKOMaeMbX, NMOACYHATAHHBIE MJIS JIO-
Goro onpejeJeHHOro OTpe3Ka BpeMeHH, eCTeCTBEHHO, YYMTHIBAIOT NaH-
Hple TOJILKO IIO TeM MeCTOPOXKJEeHHAM, KOTOpBle H3BECTHB Ha 370
BpeMs. [locnenyomue OTKPHITHS OTpaXkaloTCs Ha pacyerax B Gosee
nosaHuil nepuol. OxkasbiBaeTcs, 4TO M3BeCTHbIE 3alachl MHOTHX BHAOB
CBIPbSI C TedeHHEeM BPEMEeHH BO3PacTaloT, HeCMOTPS Ha HX HHTEHCHBHOE
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Puc. 1.3. Mcropusi ropHomnpo- S, moic.ri ‘

MbIHIJIEHHOI O permuoHa. Pa3Burue, 0 _(MOHueHmpam)

fipouBseTaHye M yNajoK Ha INpH-

Mepe O0JIOBOPYAHOrO permoHa B Fys
[Oro-3anannol Axraun.

B nepuoX MaKCHMaJbHOro pacisera

(XIX BeK) B pa3paGoTKe IDHHHMAaJIHU

ydyacTHe Gosee 300 mnpeAlpHHUMATE-
Je#, a B 1960 r. M3 HHX OCTanocCh

JHIIB ABOE; Bolpoc o Oyayimeir Ao- 2+

6bl4e 0JIOBa OCTAeTCsI OTKPBITHIM (10

namubiM M. Topma [British Geolo- S T W G N B W L T B
gist, 1981 r.]). 1800 1850 1900 1950 1980e.

norpe6aenne. Hanpumep, onyGauxoBanHele B 1978 r. noKasaHHBIe
3anaco HC(I)TI/I [0 MeHbIIe#i Mepe B 8 pa3 BhIlIE NOACYHTAHHBIX B KOHIIE
BTOPOH MHPOBO# BOHHBI, YTO 0OYCJOBJEHO OTKPBHITHEM HOBBIX TpOMan-
HBIX MeCcTOpOoXAeHHH (tab.a. 1.2).

IIudpe, xapakrepusylomue H3BeCTHbIE 3a1aCHl HCKOIAEMOIG ChIPbS,
MOT'YT H3MEHHTbCSl IOJ BO3AeHCTBHEM COOBITHI, HHYero o0Liero He
HMEKIIHX C IreoJIOTHYeCKHMH SBJIEHHSIMH. HaanMep, MexXAyHapoAHbIe
CIIOpBI, Kacawiiuyecs IOpUAHYECKHX IIpaB Ha BJajJieHHe I‘JIYGOKOBOILHI)IMH
MHHEpaJbHEIMH pecypcaMu, O6yAYT CyLIeCTBEHHO BJHATb Ha OLEHKY
6yllymHX IIOCTAaBOK HHKeJIsl, Mapranua H APYrHX MeTaJlJOB. Bnaro,zlapﬂ
HOBHIM MeTOJaM JOOHIUH H TEXHOJOrHUecKOH 06paboTKH Py MECTOPOXK-
JAEHHUsA, CUHTABIIHECHd HepeHTaﬁeJIbeIMH JIsA p33p360TKI/I, BO MHOTHX
ciayyasx ObliM NepeBefleHBl B KaTerOpHI0 MEeCTOPOXKIEHHH C MPOMBIII-
JICHHBIMH 3ailacaMH.

IlpuMepoM 3TOro C/y:KHT BHeIpDEHHe METOAHKH H3BJeUeHHS MeIH H3 PYA C colep-
Kanuem Merajuia meHee 1%, uTo 06GecrneyHJio BO3MOXKHOCTb SKCINIyaTallH¥ OTPOMHBIX
3aJiexxeil BKDANJIEHHBIX MEIHBIX DYyJH, SBJSBLIHXCS CJHIIKOM OeIHBIMH JJs LOGBYH
npu npexHelr Meronuke. C [aJbHeHIIMM YCOBepIIEHCTBOBaHHEM TEeXHOJOIHH o6ora-
UIEHHA CTaHeT, OYEeBHAHO, BO3MOXKHBIM H3BJeKaTbh Melb H3 CHJHKAaTOB (B HacTrosuiee
BpeMs Me[b AOGHBaeTCsl IVIaBHBIM 06pa3oM H3 cyabpuaoB). IIpH cOBpeMEHHOM ypOBHe
TEXHOJIOTHH 3TO HEOCYIECTBHMO H3-3a KpaliHe BHICOKHX dHepreTHueckux sartpart. OTpa-
6oTaHHasl MOPOJLA M3 OTBAJIOB PYAHHKOB IPOILIJIOTO CTOJIETHS HHOTAA C YCIeXOM INOA-

Bepraercsi nepepaboTke ¢ LeJblo JaH60 GoJee TIIATEJbHOTO H3BJIEUEHHs JOGHIBaBILe-
rocsi nepBOHaYaJbHO KOMIIOHEHTa, JHGO NOJyYeHHs KaKoro-HHOyab ADYroro Merasia.

Ta6arma 1.2. Ony6anKkoBaHHbBIe AOKa3aHHble 3anacel HedTH
(man. GappesieR) NO CTaTHCTHYECKHM NAHHBIM KOMNAaHUM
«BpuTHII meTpoJaeym»

Fon CesepHan Cpenuuit B;‘:K;"g:e“}:esa Muposbie
AMmepHKa Bocrox CCCP n Kuras) 3amnacsl
1949 80 000
1969 48 300 332 800 480 600 540 600
1978 42 000 369 600 555 000 649 000

IIpumMewanue | Gapperb paBer 35 ramioHam (BeauxkoGpHTaHMs) MM 42 rajajoHam
(CILIA). Onue aHramiickuii Gappeab paBen 163,7 s, Gappens CIIA — 159 Ja; aHTIMACKHA ranjioH
cocrasasier 4,54 s, raanon CIIA —3,78 a.
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Ilpu coBpeMeHHBIX MeTOMaX SKCIUIyaTallHH 3ajlexkedl yriieBOLOPOLOB 3auactyio GoJblue
NOJIOBHHH 0o0ulero ofbeMa 3amacoB 3TOTO LEHHOTO CHIPbA OCTaHeTcsi B Heapax. Co-
BEpIIEHHO OYEBHJHO, YTO H3BECTHBIE 3aNachl YIJEBOJOPOJOB IIPH YCJIOBHH yCOBepLIEH-
CTBOBAHHSI TEXHOJIOTHH AOGBIYH MOIVIA Ghl 3HAYHTEJbHO BO3DACTH.

Kaxyiieecs yBennueHHe H3BeCTHBIX 3allacOB KaKOro-IHGO ChpbA
MOXKeT ABHTbCS pe3y/bTaTOM pOCTa LEH Ha 3TO ChIPbe, IOCKOJBKY
MECTOPOXKJEHHs, CUMTABIINECS HepeHTaOeJbHBIMH, B 3TOM CJyyae Ie-
PexXoJsiT B KATErOPUI0 MECTOPOMKAEHHH, MOAJNEXAIHX SKCIJIyaTallHH.

Takasi curyanus orpaxeHa B
tabJa. 1.3, cocraB/JeHHOH! B COOT-
BeTCTBUH C AaHHBIMH Komuccun
no aroMuo#i sxepruu CIIA o
3anacax ypaHa B 1960-x ropgax.
ST0 NOATBEPKIAETCS U HCTOPH-
ed TpPOH3BOJACTBA AJIOMHHHS B
IepHoJ BTOPOH MHPOBOH BOHHHL.

JoctynHocTh 3amacoB moJies-
HHX HCKONlaeMHX — 3T0 (pakTop,
00yCJIOBJIEHHBIHl HE TOJIbKO HX
HaJIHuHeM; Ha HeM CKa3bBaloT-
Cfl, HalpuMep, TakHe ocoOeHHOC-
TH, KaK MeXAyHapOIHOe II0JO-
JKeHHe H COLHAJbHBIE B3aHMOOT-
HoleHUs. Pacnpenenenne ropio-
YHX H PYAHBIX HCKONAeMBIX IIO
3eMHOMY [Iapy HAacCTOJbKO He-
paBHOMepHOe, 4TO JAa)Ke BeJH-

Man. 6appenei & cymuu
0 5 10 15 20

T T T —

KAHAZA

CLIA 277

T

oz
H0XKHAS %
AMEPHKA
3AN.
EBPONA %l:::]
AmPukAm

BNL.UCP 1
BOCTOK |_]

ANOHUA b
V7] Aoberva

ABCTPANUA 4 Tlompe6nenue

Puc. 1.4. Cnpoc u npeggoxenre. Co-

OTHOLIEHHE MEXAY A00biued M morpes-

aeHuem Heptn B 1980 r. [Financial
Times].

JHo6uiya (nmorpe6aenne) 1 Gappeab B CYTKH
cooTBeTcTByeT 50 T B roA.

Ta6nnma 1.3. PaspabGarbiBaeMbie
3amacel. KoneGaHuss ueH Ha mnpumepe
NOTEHLHAJbHBIX PECYPCOB ypaHa B
CHIA B cepenune 1960-x rogos (paH-
Hble Komuccun mo aromHoil aHeprum
CIIA).

TpamnunoHHHE pecypch peHTabelb-
HO paspaaThiBaTb INpH ILeHE 8—
10 poumar. 3a 1 ¢yur (18—20 moar. 3a
1 xr) xonuewrpara UsOg (Ha yposHe
ued 1960-x rozos). B CILIA nauGosee
pPacmpoCTpaHEHHBIM HCTOYHHKOM YpaHa
SBJSIOTCA BKpalJleHHMe DYAH B mec-
YaHHKaX.

Herpapnuuonusie pecypchi  mogJe-
KaT paspaboTke NIpH GoJslee BHICOKHX
3aTpatax B CBSI3H C DOCTOM pHIHOUHHIX
i (34

Llena 3a 1
¢GYHT KOH-
HeHTpaTa
Us0,, noaa. ¥YpaHOBoe Chipbe
(ypoBeHb
1960-x
ronoB)
10—15 Poccrinu TYroIv1aBKUX
MHHepaJioB  (MOHAIHT),
MOpCKHe docharts,

ypaHcojJepiKaliae  JIHI-
HHT, yroub, HedTb

15—30 PuonuroBue TydH, yIiA-
CTHle CJaHUB C COAep-
JXaHHeM ypaHa 65 ppm
30—50 Kucible wiaH  menoyHBe
H3BepXXEeHHEle  NOPOAB
C CcORepXaHHeM YpaHa
15 ppm, Topus 45 ppm

50—100 Mopckas Bojga ¢ coaep-
JKaHHeM ypaHa
0,003 ppm

100—500 I'pannTH (Bce pa3sHOBHA-

HOCTH) C coJepiKaHHeM
ypaia 4—5 ppm, TO-
pust 15 ppm

IlIpumeuanue. | ppm==10—¢ (omHa
MHJIJIHOHHAA HOJS).




KHe JlepXaBbl He MOTYT COXPaHHTh 10JiHYI0O aBTOHOMMIO IO BCEM IIPH-
poxHbiM pecypcaM. HecoorBercTBHe MexXAy NPOH3BOACTBOM H HOTpeO-
JieHHeM HedTenpoAyKToB (puc. 1.4) sBiasercs NpeKpPacHOH HJIIOCTpa-
nueit s1oit nmpobyeMul. Takoe HecoOTBETCTBHE OKa3ajo BO3/JEHCTBHE HA
NOJIMTHYECKHE COOHTHS B crTpanax bJanxkuero n Cpeanero Bocroka
B TeueHHe IIOCJAeJHHX JAecATHaeTHH. EcaM roBopuTh O MeTaljax, TO
clenyeT OTMETHTb, YTO KPYIHBHE 3alachl HHKeJd, XpPOMa H 0JIOBA CO-
CPENOTOYEeHH B IpefeJax CPaBHHTEJbHO HEMHOTHX MeCTOPOXK/IEHHH.

1.3. HAPYWEHUWE FrEOJIOTMYECKOI0O PABHOBECHHA

EcrecTBeHHast HeyCTOAYHBOCTb (DHSHUECKOH CPeLbl B TeYeHHE MJIH-
TeJIBHOrO BPEMEHH NIPHBOAUT K H3MEHEHHSIM B Xapakrepe pednbeda,
ypoBHe MHpPOBOro oKeaHa W pexHMe I'DYHTOBHIX BOA. Ilogo6Hble H3Me-
HeHHs] MOTYT 0Ka3aTb KaTacTPpo(HUECKOe BO3JeHCTBHE Ha yesoBeye-
CKYyI0 JKH3HeIesITeJbHOCTb, KOTJa Ha JIIOAeHd O6pYLIHBAIOTCS 3eMJeTps-
CeHHusl, HaBOJHEHHs HJH ByJKaHHYeckHe u3BepxkeHHs. Illpuxomurcs
TaK¥Ke CYHTATbCS C MODPCKHMH IPHJIMBaMH M OTJIMBaMH. Bce 3TH mpo-
IecCH HapylIaloT PHTM 4YeJOBeuYecKoi HesTeJbHOCTH. KX BosneiicTBHe
MOXeT OBITb CMAT'Y€HO IPH YCJOBHH NpPOBEJeHHs TLlaTesJbHBIX HalbJio-
NeHHH 3a ONACHHMH SIBJEHHUAMH, a TaKxke Pa3yMHOro IJIAHHPOBAHHA
pasBelOYHHIX, 3KCIJyaTalHOHHBIX H HHXKEHEDHO-CTPOHTEJbHBIX PalboT.

[Tomo6ubie mpo6seMBl BO3HHKAIOT H B TeX CJydasix, KOrja BMella-
TeJbCTBO YeJOBeKa HapyllaeT CyLiecTBYIOLlee NPHPOJHOE PaBHOBECHE.
Hanpumep, uaMeHeHue sanama@ra, CBsi3aHHOe C BHIPyOKOU JIeCOB HJIH
pacrnaxupaHHeM Npepuil, HMesJo KaTacTpodHUecKHe IIOCAeACTBHS: 3DPO-
3HIO 0YB, HCTOILEHHE MOYBEHHOIO CJIOs, Pas3JHBH peK H T. 4. B cBoio
OYepelib COOPYXKeHHe aBTOCTPaj HJH IJIOTHH, NDHUBOASILEE K Hapylle-
HHMIO YCTOHYHBOCTH €CTECTBEHHHIX CKJIOHOB, MOXKET IOJIOXHTb HadaJo
LeJIoOMy psily HEIpepHBHO AeHCTBYOUIHX omosasHed (puc. 1.5). Hekonr-
POJIHpYeMHI OTBOJ MOJ3eMHBIX BOJ H3 CKBaXHH MOXET BHI3BaTh
TMPOHHKHOBEHHE B NOA3eMHHE pe3epByaphl COJEHHX JHOO TeXHHYECKH
3arpsiI3HEHHHX BOA.

[1po6seMH, cBsi3aHHBIE CO B3aHMOOTHOILEHHEM YeJioBeKa H IeoJIorH-
YeCKOH Cpedbl, H3y4alOTCsl CllellHaJHCTaMH II0 HHXEHEDHOH TIeOJIOTHH
H BOIIPOCAM OXPaHHl cpeAbl. DTH NpobjeMbl HOCAT KOMILJIEKCHBIH Xa-
pakrep, HH OAHA H3 HHX He fIBJISETCS «YHCTO» Te0JIOTHYEeCKOH, OAHAKO
BCe OHH B TOH HJIH HHOH CTelleHH CBSi3aHBl C reoJIOTHEH H MOAPOOHO
paccMaTpUBAIOTCSl B NMOCJAEAYIOUIAX IJIaBax.

Uro06bl yclenrHo MPOrHO3HPOBaTh NPHPOAHBIE H3MEHEHHsI U CBOAUTD
0 MHHHMYMa BpelHOe BJIMSIHHEe Ha NPHPOAY AesTeJbHOCTH YeJOBEKa,
Heo6X04MMO T1yGOKO MOHHMATh (AKTOPH, ONpelessoliie XO4 reoJio-
THYECKHX MPOLECCOB HA MOBEPXHOCTH 3eMJIH.

OnHako OZHHM TOJILKO IeoJoraM pegKO TPHXOLHTCSH pa3pabaThi-
BaTb 3((eKTHBHBIE MEPONPHATHS LJS yCTpaHEHHUs TPYAHOCTeH H omac-
HOCTEH reoJIOTHYECKOrO Xapakrepa. DTO B HepBYIO ouepelb OIpeness-
eTcsi HaJpydHeM COOTBETCTBYIOIUHMX TEXHHYECKHX H (PUHAHCOBHIX BO3-
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Puc. 1.5. HeycrofurBocTb ckJI0HOB. MoWwHBIA 0nMOJ3eHb, BOZHUKIIKA NPH NPOKAAJKe
mocce B mrate Koaopano B 1957 r. (no nauubim Bapue6u).

MOXKHOCTEH H BO BTOPYIO oyepelb — HaMepeHHSIMH [PaBHTEJbCTBEHHBIX
OpPraHoB ¥ HYyXKJIaMH HX H30HpaTeJell, 3aMHTEPECOBAHHBIX B HCIOJb-
30BaHHM NPHPOAHLIX pecypcoB. B BennkoO6puTanuy, KaK 4 B OOJbLIHKE-
CTB€ BHICOKOPA3BUTHIX CTPaH, Jiiobas AesiTeJbHOCTb, CBSI3aHHAsl C Hapy-
LIEHHeM MPHPOAHOrO pexHMa (ropHsle paboThl HJIH TpaxKAaHCKOe
CTPOHTEJIbCTBO), a TaK¥kKe BBINYCK NMOTEHUHAJbHO TOKCHUHHIX BeIECTB
CTPOro KOHTPOJIHPYIOTCS 3aKOHOAATeIbCTBOM. Takoe 3aKOHOLATEIbCTBO
NPOSBHJIOCL 4Ype3BhIYaHHO 3¢ (deKTUBHO B 06s1aCTH 34paBOOXpaHEHUSA
(B BennkoGpuranun 3apasHble 3a6osieBaHHs, NEPEHOCHMBEIE MODPCKHM
nyteM, ObLIM TOYTH JHUKBHAMPOBAHB HauuHas ¢ cepeiuHbl XIX Beka,
a CMEepTHOCTb, 00ycJ/IOBJEHHAas 3arpsi3HeHHeM aTMoc(ephl, 3HAYHTeb-
HO CHHXXKeHA Ha NPOTSKEHHH XKH3HH aBTOpa).

[Tpsimble 3aTpaTH Ha 3ApaBOOXpaHEHHe OKa3ajHCh OYeHb BHICOKMMH. Hampmmep,
OpuTaHCKas NPOMHILIEHHOCTh 3aTpauHBajia B cepedmHe 1970-X rogos, Mo NPHGIH3H-
TeabHBM nofcueraM, 500 MiH. QYHTOB CTEPJHHNOB HA OCYIIECTBJIEHHE MPaBHTENBCT-
BEHHOA NPOrpaMMH, OrpaHHYHBaONIell BHGPOC NPOH3BOACTBEHHHIX OTXOKOB B aTMO-
cdepy. BmosHe moHATHO, 4TO B c1a6OPa3BUTEIX CTPaHaX, GODIOLHXCS 32 HHAYCTPHa-
JIH3ALKIO, KOHTDOJIO Haj 3arpsi3HeHHeM aTMochepHn yHelsercs eile HeLOCTATOYHOE
BHHMaHHe.,

Ha EspomnefickoM KOHTHHeEHTe, Tle CYLIECTBYIOT OMNpefejeHHHe Pa3JHUYHsI B 3aKO-
HOJATeJbCTBAX PpAa3HBIX CTPAH, BO3HHKAIOT 3HAYHTeNbHBle TPYNHOCTH B CBSI3H
¢ 9KCIUIyaTalWed KPYyNHHX peK, IlepeceKalollHX TPaHHIbl HECKOJbKHX TOCyHapcTs.
INotenunan PefiHa Kak OCHOBHOTO HCTOYHHKA BOLOCHAGIKEHHS B TyCTOHACEJEHHBIX
Hupepnanaax pesko CHHXKAeTCs H3-32 HAJHUHS BPeNHHX NpuMeceld, CIYCKaeMbIX
B DeKy HHAYCTPHAJbHEIMH KOMILIEKCAMH, DACIOJOXKEHHEIMH BHIE [0 €ro TeUeHHIO.
Bricokasi crenenp 3apaxkeHHs OJb6H NPOMBILVIEHHEIMH CTOKAMH MOATBEPRKAZETCH
aHOMAJIbHO BHICOKMMH KOHIIEHTPAIHSIMH TSXKEJHX MeTa/uIoB, 06HApYXHBaeMHX B pyC-
JIOBBIX OcafiKax. MexXIyHapoAHHe COIVIAIIEHHS B LEJIAX pas3pelleHHs MOROOHBIX Hpo6-
/1M — TI0Ka 4YTO Hmesio OyAyliero.
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He roBopst yxe o (pMHAHCOBLIX M MPaBOBHIX CJOXKHOCTSX, CleLyer
NPH3HATH, UTO JIOLH PEJKO CUHTAIOTCS C POJIbIO Ne0JIOTHYECKHX (aKTo-
POB IIpPH OCYLIECTBJIEHHH TeX HJIH HHBIX MeponpuaTHil. BoccraHnosienne
TakKuX roponos, kak CaH-®Ppannucko u TokHo, HA TOM Xe CaAMOM MeCTe
nocje KaTacTpo(HYecKHX 3eMJIETPSICeHHA HJH MOBTOPHOE 3acelieHue
IJIOAOPOJHBIX CKJIOHOB BYJIKAHOB IIOCJIe Pa3pYIIMTEJNbHBIX H3BEPXKEHHH
OTYET/IHBO CBH/ETEJNbCTBYIOT O TOM, YTO JIIOJH He CIOCOOHB I€0JIOTH-
9eCKH MBICJHUTb H He KeJaloT CUYHTAThCA C ONAaCHOCTSIMH, O KOTOPHIX
NpeAynpeKaaoT IreoJOrH.

CrnenHa/nucThl, H3yyaloliHe HayKH o 3eMJe, He B CHJIAX 3aCTaBHTb
HeaJbHOBHAHBIX JIIOJeH MO JOCTOHHCTBY OLIEHHBAaTb POJb TeoJIorHye-
CKHX peajibHOCTeH, HO MOJII HX 3aKJIOUaeTcs B TOM, YTOOH, MmO Kpafi-
Hell Mepe, 1aTh BO3MOXKHO 60Jjiee TOTHHI MPOTHO3 O BEPOSITHOCTH TOH
HJH HHOH KaracTpodml.

2. BOIOA

2.1. BBELEHHE

Boma — HeoTheMJ/ieMast 4acThb BCEro :KHBOro Ha 3emue. Bes BoxH
yesjoBeyecKass KHU3Hb Obla Obl IPOCTO HEBO3MOXKHAa. Boma Heo6Xo-
JIHMa Kak ISl CeJIbCKOXO3SHCTBEHHBX KYJAbTYp, TaK U AJS AOMAIIHHX
JXHBOTHBIX, HE TOBOPS YK€ O BCECTOPOHHEM ee NPHUMEHeHHH B IIpO-
MblOIeHHOCTH. IlpocsiexkuBaercss ueTkasi TeHZEHUHS 3HAYUTEJBLHOTO
BO3pacTaHusl NOTPeOHOCTH B BOJE C IOBLILIEHHEM KH3HEHHOTO YpPOBHS
HaceJIleHHsl 3eMHOro mapa. Bce 6oJibliiee KOJHYECTBO BOABI CTAHOBHTCS
HeOOXOAMMBIM He TOJIbKO AJIsi IPOH3BOACTBEHHBIX, HO M AJsl GHITOBHIX,
CIOPTHBHBIX U APYrux Hyxkn desnoBeka. [lotpeGienne Boasl B Benuko-
O6purannu B Havaje 1970-x romos cocrasasio 300 ;1 HA Ayly HaceJe-
HHS.

Henocratok BoAbl sIBJSIETCS OTPaHMYMBAIOIIAM (AKTOPOM B pas-
BHUTHH NOJIYNYCTHIHHEIX 006JiacTell 3eMHOrO 1Iapa, 3eMJH KOTOPBIX MOTJIH
Obl CTaTh MJIOLOPOLHBIMH IIPH YCJOBHH HX opomreHus. M maxe rtawm,
rae MOXIHM BHIMATAIOT B JOCTATOYHOM KOJHYECTBE, TaKHe TyCTOHACe-
JIeHHble perHoHsl, kak 3anapnnast EBpoma unu CeBeprasi Amepuxa, Hc-
IBITHIBAIOT 3HAYHTEJNbHble TPYAHOCTH B COXPAaHEHHH HeOOXOLHMBIX
3amacoB YHCTOH BOABL. XapakTep npo6/eM, CBI3aHHBIX C COXpaHEHHEM
BOAHBIX DecypcoB, MeHSeTCS B 3aBHCHMOCTH OT KJauMara, pesabeda
MECTHOCTH, I'e0JIOTHYeCKOT0 CTPOEHHS, a TaKxKe OT ob6pasa JKH3HH Hace-
JeHHs. Jl106oe BogocHa6xKeHHe ONUPAeTCss Ha KPYrOBOPOT BOAH B IIPH-
pole, 3aXBaTHIBAIOUINI BHEUHIOK 060/IOUKY 3eMJi H BEepPXHIOI 4acCTh
ee JHTOC(EepHl, H BKJIIOYAeT BO3BpalleHHE BOJABl B IPHPOJAHYIO CHCTEMY.

2.1.1. TAAPOTEOJIOTMYECKHN 1LLHKJI

B sutocdepe BoAa comepkuTCs B mopax U Gosee KPYMHBIX MOJIO-
CTSX TOPHBIX NMOPOX JHOO HAaXOAHTCS BO B3aHMOCBSI3H CO CJaraloluMu
nopoisl MHHepanaMu. Boxbl okeano, Mopeil, a Takxke IOBEPXHOCTHHE
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Puc. 2.1. Tupporeonoruyeckuit WUKJ ¥ pa3jiMYHbe BHABl €r0 M3MEHEHHMs! TOJ, BO3jel-
CTBHEM JesiTeJIbHOCTH YeJoBeKa.

BOJAHBI CYIIH, COZepIKalluecss B peKax, o3epax M JeJHHKAX, COCTaBJSIOT
B COBOKYIIHOCTH THApOchepy.

B atmocdepe Boma BcTpeuaercst B pasJsIHUHBIX COCTOSIHUSIX (OT Hapo-
06pa3HOr0 10 TBEpAOr0) — B BHAe O06JAKOB, AOXKIA, CHera U T. A.
[TonBuKHOCTB BOABL BO BCex (pasax OmpefessieT ee CIoCOGHOCTH mepe-
MeIaThCsl U3 OLHOH Cpelbl B APYTYIO MOJ HEHCTBHEM TeMIepaTypHhIX
U3MEHEHHH, CHJIBl TAXECTH, a TaKXKe XUMHUYECKHX H OHOJOTHYECKHX
npoueccoB. COBOKYNHOCTb BCeX NepPeMelleHH i BOALl COCTaBJSIET IHIPO-
reoJOrHYecKUd nHKI (puc. 2.1).

Bona nonapgaer B atmoctepy B BuIe mapa, o6pasymouierocs IpH
HUCIIapeHHH 3eMHOH BJark, a TakXe B pe3yJbTaTe TPAHCHHpAIHWH pac-
TeHHH M JABIXaHHA XKHUBOTHBIX. M3 aTMocdepbl Boma BO3Bpallaercs
B BUJe NOXK/s WM CHera, Nafarmllux Ha 3eMJI0 NMoJ AeHCTBUEM I'paBH-
TaIlHOHHBIX CHJ H COCTaBJSIOUHX B OOIIEM TO, YTO MBI HAa3bIBAeM aTMO-
chepHBIMH ocajkaMHu. Bésblias yacTh TaKHX OCaJKOB BHOBb [IOCTYNAeT
B atmocdepy, a ocrasbHas (0GbeLHHsIEMasi TEPMHHOM <«CTOK») JHO0
CTEKAaeT B MOPs U PeKH, COeAHHsACh ¢ ruapocdepoil, mubo npocauuBa-
eTcsl yepe3 INOYBY B Heipa 3eMJiH, TeM CaMBIM TOMNOJHSS COGOH mo-
BEePXHOCTHbIE HJIM TPYHTOBHIE BOMHI.

[ToBepxXHOCTHBIE BOJBI MEPEMEIIAlOTCs INOA BO3AEHCTBHEM CHJIBI
TSKECTH 110 HalpaBJEeHHIO K MOpPIO, IPHYEM Ha BCEM MPOTSKEHHH HX
MHUTPallHH OCYLIECTBJISIETCS] MEPHOAMYECKHH OOMEeH KaK C MOA3EMHBIMH
BOJaMH, TaK U ¢ aTMocpepoii. Mopss u OKeaHB NHTAIOTCS BOXOH 3a
cuer atMocepHBIX OCaJKOB M DeK, a OTHAlOT ee He TOJBKO B aTMO-
chepy, HO Takke B JauTocepy B BHIAE MOTpeGEHHON BOABI, 3aXBATHI-
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BaeMOil OT/IaraloLIMMHCs ocafkaMu. ['HAPOrecJornyecKnil UK/ 3aBep-
IIAeTCs] BHITECHEHHEM MOrpeGeHHBIX BOJ B Ipollecce AHa- U 3MHreHesa.
JlonosiHHTe/IbHBlEe MOCTYIJIEHHs] IOBEHHJIBHBIX BOJ M3 HHXKHHX dacTei
3€MHOH KODBl M BepXHEH MAaHTHH IPH HHTPY3HBHOH NeATEJIbHOCTH H
MeTaMop(dH3Me KOMIIEHCHPYIOTCS 1O HEKOTODOH CTeNeHH IepPeHOCOM
NOJ3EMHBIX BOZA B GoJsiee riyGoKHe TOPH3OHTHl B Mpolecce CyOAyKIUHH
(morpy:KeHus) JHUTOCQEPHBIX IJIHT.

2.1.2. THAPOXHUMUSA

Tak Kak NOXKJAeBas W CHEroBas BOJA OGBIYHO COIEPIKHUT MAaJIO NPH-
meceli, KpoMe pacTtBopeHHoro yriekuciaoro raza COg, TO CTOK, NHTa-
IOIHA PEeKH UM NMOJA3eMHBlEe BOXBI, SIBJSETCS «mpecHbBIM». OnHAKO M IO-
BEeDXHOCTHbIE H TDPYHTOBBIE BOABI NPH B3aHMOAEHCTBHH C TOPHBIMH
MOPOJaMH M TMOYBEHHBIM CJIOEM 3aXBaTHIBAIOT PaCTBOPEHHBbIE H KOJIJIO-
HJIHBIE BellecTBA M 000raiarTcs OPraHHYECKUMH KOMIOHEHTaMH,
00pasyOUMHCS B X0J€e Pas3/IHYHBIX GHOJOTHYECKHX NPOLECCOB, B TOM
YHCJIe YeJOBEUECKOll KU3HEeAeATETbHOCTH.

OG1mee KOJHYECTBO TBEPABIX BELIECTB, PACTBOPEHHBIX B NOBEPXHO-
CTHBIX BOJAaX, OOBLIYHO COCTaBJIseT He 6ojiee HECKOJbKHX HeCsSTKOB HJIH
COTeH yacTefl Ha MHJIJIMOH, OJJHAKO 3TO COJepKaHHe CTAaHOBHTCS KyJla
6osiee BLICOKHM B paHOHaX BHYTPEHHEro CTokKa B Ipefesnax obJjacred
C 3aCYLLTHBBIM KJIHMAaTOM, TIi¢ B CBSI3H C CHJbHBIM HCIIapEHHEM KOH-
IEeHTpalKs coJiei 3HAYHTeJbHO MOBHIIaercs. CocTaB IMOA3EMHBEIX BOJL
BapbHUPYeT B 3aBUCHMOCTH OT THIIAa BMeUIAOLIUX M[OPOJ, Xapakrepa
BLIBETPMBAHHSI M KOHIEHTpPaUWH BOZOPoAHBIX uoHOB (pH), kKoropas
onpefesseT KHCJAOTHOCTp BoAabl (mpu pH=7 Boma He#iTpasnbHas;
<7 —xHcJas; =7 — LIeJ0YHAsT); CYILIeCTBEHHYIO POJIb HIPaeT OKHC-
JIUTENbHO-BocCTaHOBHTENbHBIN moTeHuuan (Eh). JlokasnbHble n3meHe-
HHSI COCTaBa BOJABI BHI3BIBAIOTCS MOCTYIJIEHHEM IOBEHHJIbHBIX BOJ, Hecy-
IMX PAaCTBOPEHHblEe BELIECTBA MarMaTHYECKOro MPOUCXOXKICHHUS, a TaK-
Xe IOCTyIJIeHHeM BOJ M3 TOpOJOB, ceseHuil u ¢ dpepm. B Taba. 2.1
NPHBOAATCS HAaHHBIE O COCTaBe BOJA B PAa3/JHMUHBIX cpelax Hapsiy co
CBeEHHSMH O JONYCTHMBIX Npenesax COIepXKaHHUS PasjHyHbIX KOMIIO-
HEHTOB B BOJe, IPeJHA3HAUEHHON I/ HYXKJ 4eJOoBeKa.

[1aBHBIMH HEOPraHHYECKUMH KOMIIOHEHTAMH IOBEPXHOCTHHIX M
MOJA3eMHBIX BOJ, SIBJISIIOTCS KaTHOHBI BOJAOPOJA, KaJblHs, MarHus, HaT-
pust, kanust 1 anuoHel COz2-, HCO;~ (xapGonat u Gukap6onat), Cl-
(x10pun), SO42 (cyibdar) u OH- (ruppoxrcun). YKecTkocTb BOIHI
00yCJIOBJIHBAETCS NMPHCYTCTBHEM H36GBITKAa HOHOB, 6MKap60oHATOB, 06pa-
3YIOUIUXCS B PE3yJbTaTe PACTBOPEHHST H3BECTHSKOB H JPYTHX H3BECTKO-
BHIX IOPOJ, JIHGO HAJUYHEeM HOHOB CyJb(}aToB, INOJNyYaIOUHXCH MPH
pPacTBOpEHHH THICA, a TAaKKe IIPH OKHCJIeHHU Cyabdunos. Bsaumonei-
CTBHE JKECTKO# BOLBl C MBLIOM NPHBOAHT K 0GpPa30BAaHHIO HENPUSTHOTO
MIEHHCTOTO OCaJKa.

C‘H/ITaeTCﬂ, 4YTO HaJH4YHe 6PIKap6OHaTOB COo31aeT BPEMEHHYIO XECTKOCTb BOJAHI,
MOCKOJBKY OHa MOXKeT GBITD yCTpaHeHa KHIFYEHHEM, B pe3yJsbTaTe KOTOPOro BHIIA-
JaeT B 0CafoK KapOoHaT Ka/jbuus. Hakump, 3acopsiomasi mapoBble KOTJB, TPYGH H

6akd 1Js1 KHIAYeHHs B PalOHAaX PAaclpOCTPaHEHHsl JKECTKOH BOJEBI, HaKaIJHBaeTcs
B pe3ysabTaTe 3TOoH peakuuH. Uto6nl H3GexkaTb BbIMaJeHHS TAaKOrO OcCafKa, HHOTAA
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Ta6anuma 2.1. Xumnueckkii cocraB BOX

Paasnrudble BOAH

QO6niynast Markast Boja

JKecTka® BOZAa H3 BEPXHEMEJOBBHIX OTJIOXKeHHH AH-
a7

Mopckas Bopa

Paccosbl, comepxkamue MeTaJNH (rIyGHHHHe yua-

ctke Kpacroro Mops)
Paccosisl Ha HeTHHX MeCTODOMJEHHSX

IlonycTiMEle IpeleJH COLEPXKaHHA DAacTBOPEHHEIX
MHHepaJbHHX BEelIeCTE B IOJ3EMHBHIX BOJaX
ABCTpajiHH

Bopa, ucnosib3yeMasi JIJisi OBITOBHIX HYXA
Bopa, mpuMeHsieMasi TIPH OPOLICHHH 3eMelb

[TpoMruiieHHble
H T &)

BOJHI

Boma nns moeHHst OBeLl

(nns

NapoBBIX

KOTJIOB

O6uiee KOJHYECTBO
pPaCTBOPEHHBIX MIHepaJbHbIX

Bemects, %

0,002—0,006
no 0,04

3,5
25

0,2

1,5

XHMHUECKHA COCTaB pacTBODEHHBIX MHHEPAJIbHBIX BELIECTB B

peYHBHIX H MODPCKHX BOJdax

no 65

0,05—0,1
1

KomnoseuTn, %

Boza HCOT | ci— | SO27| Br— | Nat | K+ | Mgt %Ca2+ Fe2+ | 510
Peunas 49,1 66 | 94 | — 53 1 1,9 | 34 126 | 05 | 11,0
Mopckas 02 {553 [ 7,7 | 0,05 | 306 Lt | 37 1,2 | — —

KoHueHTpanuu pasyiyYHbIX 3/7eMEHTOB B BOAax (ppm)
- i o S I
Sreuentsi ronsemme sarpasenisie Tatone (Hemto: |  paccoms:
mponme | Clow-Atw, | Jeowwh, | (e
As 11 0—29 150 —
B 0,0 240—2500 — 8
Cu 0,0 0—20 — 1
Fe — —_ 3—215 81
Pb 4,0 0—6 - 1
Mn —_ — 7—283 82
S — —_ 1o 5000 —_
Sr — 130—1400 —_ 48
Zn — 10—80 — 5
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fipUXOLHUTC MONB3OBATHCS CHEUMHANLHHIMH CMATIMTESIMH, KOTODHI®, PEarnpys ¢ OH-
KapOoHaTaMH, JalOT PACTBOPUMBIH npoAyKT. UTO 2Ke Kacaercsl IKeCTKOCTH, ndycnoB-
JICHHOH NPHCYTCTBHEM Ccy/ab}aToOB, TO €e HEBO3MOKHO YAAIUTh KHISIYEHHEM; 3TOT THII
KECTKOCTH NPHHSITO HA3KIBATH IOCTOSIHHBIM. BBICOKOE COJEepIKanHue Cy/ib(aroB mpuiaer
Bole KOPPO3HOHHEIE CBOHCTBa (BCJAeICTBHe 00pasoBaHHA Caaboro pacTBopa CepHOH
KHCJIOTBI), YTO NPHBOAHT K DPAaspylICHHIO METAJJIHYeCKHX (OCOOEHHO IKeJe3HbIX) co-
opy:KeHHil # OeroHa.

Bricokoe colepxanHe XJOPHAOB AcJacT BOAY HENPHIOAHOH st noTpebicHudA
Kak JMOJAbMH, TaK H LOMAIUHHM CKOTOM. BO MHOrux ray6oKHX BOJOHOCHBIX FOPH3OH-
Tax, HampHMEp B BOJOHOCHBIX KOMIVeKcaX DBoabmoro Apresnancxoro Daccefina
B ABCTpaJiHH, ypOBeHb COAEpIKaHHs XJODHAOB MOXKeT IpeBHIIATb Hpelel, AONyCTH-
MBUi [pY HCIOJB30BAHHH BOAM [Jisi NHTbA H OPOLIEGHHs 3eMeNb. PaccoJibl Ha MHOTHX
He(TSHbBIX MECTODOXKAEHHSX HMeIT elle OOJbIIYIO COJNCHOCTb, YeM MOPCKas BOJAA.

Opraniueckie BeLIeCTBA NOCTYNAIOT B IIOBEDPXHOCTHBIE H HOA32M-

HbHle BOAHW B pesyJabTaTe MPOLECCOB pasJiOKeHHs, B TOM UYHCJHE
C yyacTHeM MHMKPOOPTaHH3MOB, a TaKXKe BCJEJCTBHE 3arpsisHeHH: BOJ
OLITOBBIMH, CEJbCKOXO3SHCTBEHHBIMH H TIPOMBIIVIEHHEIMH OTXOJaMH.
Ammonuit (NHj) saBasgercss onnuM u3 Haubojiee pacnpocTpaHeHHBX
NPOAYKTOB, 0GpasyloLUXCs NpPH IPOLECcax pas/oXKeH#ds, U [0 €ero
MOBLIIIEHHOMY COJEPZKAHKHIO Mbl MOXKEM MOJY4YHTb INPHOJU3UTENBHOE
NpeACTaBjeHHe O CTENeHH 3arpsA3HEHHOCTH BOJBI OpPTaHHYECKHMH Be-
mecTBaMu. Mepoll cosep:xanus aMMOHHS ¥ JPYTHX OpraHHYecKHX BOC-
cTaHOBHTeJefl (COOTHOCHTENIBHO C KOJHUECTBOM KHCJI0POAa, moTped-
HOTrO AJisl HX OKHCJIEHHS) $IBJsieTCs TaK HasbiBaeMmasi GHOXHMEYecKas
norpe6Hocts B kucioponge (BIIK). 3nauenne BIIK, pasnoe 74 ppm,
PEKOMEHIOBaHO B DBeJHKOODHTaHHH KaK MaKCHMaJibHO [OIyCTHMOE
IJis pPeuHBIX BOJ, KyHa I[OCTYNalT pas/iuyHble CTOKH, NMpOIIeAIIHe
yepe3 OYHCTHHIE COOPYXKEHHS.
[aBHasi omacHOCTb MAJsi 3L0POBbSI 4eJOBeKa HpPH yNoTpelJeHHH
BOJBI, CONepiKallell opraHdyeckHe NPHMECH, Iomnajarouiye co CTOYHH-
MH BOJAaMH, ONpelesserTcss NPHCYTCTBHeM OaKrepHid — IepeHOCUHKOB
3apasHblX 6oJsie3Held. BakTepHu rHOHYT NPH IIOJHOM OKHCJIEHHH OpPraHH-
YeCKHX BellecTB, OLHAKO OHH MOTYT COXPAaHHTbCS B BOJE, He MOABEPT-
mekcsi COOTBETCTBYIOLIEH 06padoTKe, a TakxKe B BOJOeMax H BOLOCTO-
Kax C 3aCTOHHBIM PEXHMOM.

Mopckas Boga, cocraBasgiomas 6osee 90% Bcex MOBEPXHOCTHBEIX
BOJ, TIJIAHETHl, COAEPKUT 0K0JIO 3,5% pacTBOPEHHBIX TBEPABIX BEIIECTB,
BKJIIOUAIOIMX IOYTH BCE H3BECTHblE XMMHUECKHE 3JIEMEHTH, XOTs OBl
B HHYTOXHBIX KosuuecTBax (cM. Tab.u. 2.1). CoseHOCTb H COCTaB MOD-
CKOii BOABI GCTAIOTCSI MOCTOSIHHBIMH, 32 MCKJIIOYCeHHEM HEOOJbIIHX 3aMK-
HyThix OaccellHOB, I'le 3TH MapaMeTpbl MOTYT H3MEHATbCS BCJCACTBHE
ucnapeHdsi ub0 npuTokKa peyHblx BoA. IlorpebGenHble BOABI, COAepKa-
Hecss B MOPCKHX OCajKax, H NOA3EMHBbIe BOJbl, Haxo[sllHecss B MOA-
CTHJIAIONIHX MOpPCKHe GaccefHBl TOPH30OHTaX, OOBIYHO SIBJASIOTCS COJle-
HBIMH, XOTSl H OTJIHYAIOTCs 1O COCTaBY OT MODCKOH BOJBI BCJEACTBHE
o6Mmennblx peakuu#l. CosieHble W IpecHble NOJA3EMHBIC BOJBI CONpHKA-
caworcs BOIM3H OeperoBoil JIMHHUH, IPU 3TOM MOBEPXHOCTh MX paspela
cMmelnaercsi K Mopio au6o K Gepery noj JAeHCTBHEM €CTECTBEHHLIX 1
HCKYCCTBEHHBIX (PAKTOPOB.

Yro Kacaercsi THAPOreQJIOrHYecKOro LHKJAa B IIeJOM, TO coobuia-
[OLLLHeCs] BOJABI BHEIIHHX 060J04ek 3emHn (aTMO-, THAPO- H JIHTOC(HEpHI)
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HOALePKUBAIOT npnénusmenbﬂmﬁ XHMHYECKHH 06asaHc, IIOCKOJbKY
IOCTYIJIEHHE BeLleCTB B IPOLECCe pPacTBOPEHHSI TOPHBIX MOPOA HJIH
OOMEHHBIX peaklHil B ONHHX MeCTax KOMIIEHCHPYeTCs BbIIaJeHHEM
ocankoB (mpeuunurauuei) B Apyrux. IlogoOHBle H3MEHEHHSI HMEIOT
0COGeHHO BaxKHOe 3HAUYeHHe JJSI 30Hbl, PACIOJIOXKEHHOH BhHIILE 3epKaJa
TPYHTOBBIX BOJ (30Ha aspalMu), M [/ 30HBI Pa3BUTHs SNHUrEeHETHUe-
CKHX mnpoieccoB. M3aMeHeHHsI XHMHYeCKOro COCTaBa MOBEPXHOCTHBIX H
MOA3eMHBIX BOJ COYETAIOTCsl, pa3yMeeTcs, C npoueccaMu npeobpasoBa-
HHUSI KOPEHHBIX MOpPOJ, 4YTO HMeeT O0J/bIIOE NPAKTHYECKOE 3HAYEHHe
151 GOPMHPOBAHHSI MOYB M IepepaclupefeseHuss MeTaslJoB B 3eMHOM
Kope.

2.1.3. BOJA, UCITOJIb3YEMAS IJisd HY)KI YEJIOBEKA

Koria Mbl TOBOpUM O BOAHBIX pecypcax, TO HMeeM B BHAY IOBepX-
HOCTHEBIE U II0JI3eMHbIe NPeCHBIe BOABI, KOTOpble MOI'YyT OBITb HCIIOJ/b30-
BaHH BOJH3H MecTa HX InoTpebJeHusi au60 TPAHCIOPTHPOBAHH Ha
HEKOTOPOE PacCTOsiHHE MmO Tpy6aM, akBeAykaM, KOJOALAM H OypOBHM
ckBaxuHaM (tabj. 2.2). CTouHble BOJBl MOT'YT IIOCTYyNaTh HEIOCPENICT-
BEHHO K MECTYy OYHCTKH, JHOO OTBOAUTBHCS C MOMOIIbIO BOLOCTOKOB H
CTOYHHX TpyO B Apyrue paiioHwl. IIpu MOAroTOBKE K HCIOJb30BAHHIO
BOAHBIX PECypCOB B NEPBYIO ouepelb HYKHO YYHTHIBATb HX KadeCTBEH-
HYI0 XapakKTePHCTHKY, HaJeXKHOCTb H CTOMMOCTb 3KCIJiyaranud. Tam,
rfie aTMochepHBle OCaJKH BBIIAJAIOT B JOCTAaTOYHOM KOJIHYECTBE, a
NJOTHOCTh HaceJieHHs CPAaBHHTEJbHO HeBeJNKa, BOJLY MOXKHO 6paThb
HEeNoCPeJCTBEHHO M3 PeK, 03ep U HerJyGOKHX KOJIOJALEB, a 3arps3HeH-
HYI0 BOLY BHOBb CIyCKaTb B IOUYBY JHGO B PEUHYIO CETb; IPHU 3TOM
JONyllleHHble HapyIIeHHsl NPHPOLHON CHCTEMBI OKaXYTCS He3HAUHTeNb-
HBIMH.

Ta6auma 2.2. UCTOYHMKH BOLHBIX PecypcoOB

Boust HcTouHUKH

TloBepXHOCTHHIE PoauukH, 0a3HCBl, KOJOALLI — MeCTa IOAbeMa TPYHTOBBHIX
BOJ Ha 3eMHYIO NOBEPXHOCTb.

Peku, sefHUKH, 0O3epa.

AxBenykH, KaHaJEl, TPyGONPOBOXE — HCKYCCTBEHHEIE BOJOBO-
JBL.

Bonoxpanunuia, 3amnpy:KeHHHe IJIOTHHAMH; KOTJIOBaHH H
Kapbephl, 3alloOJHEHHbIe BOJOH.

CounieHBle BOJBI, 06pa3oBaBIUHeCsT MPH OGECCOJNHBAHHH PaCTH-
TeJIbHOTO NMOKPOBA.

Bonbl, BOCCTaHOBJIEHHEIE INIyTEM OYHCTKH CTOYHHIX BOJ

IMonseMHble BimsnoBepXHOCTHEIE OTVIOXKEHHS (&/JIIOBHE, NeCuaHsle [IOHBHL,
BaJyHHBIe TIJIHHBI), BCKDHITHIE MEJKHMH CKBa)KHHAMH.

BonoHoCHHIE TOPHSOHTH B KODEHHHIX I[OPOAAX, BCKPHITHIE
MeJIKHMH CKBaXXKHHaMH.

ApresnaHckne GacCefiHB, BCKPHIThie TMIyGOKHMH CKBaXKHHAMH.

BoloHOCHBIE CJIOH, PeXHM KOTODHIX IOAJEP:KHBAeTcs HCKycC-
CTBEHHBIM IOJNHUTHIBAHHEM

A £ 23 i i S 7 . et R e AT e - e e .
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Il BOmOCHAOKEHHsI TOPOAOB, KAK MPABUJIO, MPUXOUHTCS COOPY-
»KaTh BOLOXPAHMJIHUILA WK OYPUTh CKBAXKHHBI, YTOGHI BCKPHITH BOLOHOC-
Hble TODH3OHTBI, YacTO pAaCHOJOXKEHHBE Ha 3HAYMTENbHOH IJyOuHe,
Ju60 TOBTODHO HCIOJB30BATh CTOYHEIE BOJBI, MpeAycMaTpHBas HX
nepepaboTKy, OGBIYHO LOPOrOCTOSIIYI0. DTH MpoLecChl B GosbuIell U/
MEHbLIeH CTeneHH HapymaloT yCTAHOBHBINHIACS BOJAHBIHA 6ajaHc, cosna-
Basg HOBble YPOBHH 0asuca JPEHHPOBaHHs, yCKOpsis JHOO 3aMeniss
MHTDAalHI0 NOA3EMHBIX BOJ, NOHHXKAsl yPOBeHb BOLHOIO 3€PKaJa, BHIO-
H3MeHss paclpe/ieieHue CONEHbIX HJIM 3arpsisHeHHBIX BoA. Kpome Toro,
B OYHIIEHHBIE CTOYHBIE BOJABl MOTYT IIONACTb HOBble PACTBOPEHHbIE
BelleCTBa.

CoBepiIeHHO OYeBHAHO, 4TO NMpoGJeMBl obecledyeHHsl 3amacaMH YH-
CTOH BOAB HE MOTYT pElIaThCs B H30JSALHMH OT BONPOCOB, CBSI3aHHBIX
C yAaJieHHeM (OTBOJOM) 3arpsisHeHHbIX BoA. I1o3TOMY OCHOBHOH OLEH-
KON IPHHHMAaeMbIX PEIISeHHI JOJKHO ObITb yMeHbLIeHHe MNOOOYHBIX
3¢ (eKTOB OT HapyIIeHHi THAPOre0JOrHUeCKOro LHKJA.

2.2. BBAUMOOTHOWEHUE ATMOC®EPbl U THAPOC®EPDI

[omoBoit 06beM aTMocdepHBIX 0CaJKOB — HOKAS U CHera — KOHT-
poaHpyercsi ocOGEHHOCTSMHU KJuMaTa U penabeda TOH HIM HHOA MecCT-
HocTH. CpeJlHerogoBoe KOJHYECTBO OCAAKOB, BHINAAAIOIIUX HA €JHHHIY
njomany, xosaebaercs or 2500 MM u 6ojiee B HEKOTOPHIX 06JACTSX
TPOIHYECKHUX LIHPOT A0 25 MM B apHAHBEIX 30HaX.

Toapko Manast yacTh rogoBOro o6’beMa OCafKOB CTAHOBHTCS NOTEH-
IHaJbHBIM HCTOYHHKOM BOAH Ha 3emJe. [laxe B Takoi obsacta yme-
peHHOro KJauMmara, Kak BenukKoOpUTaHHS, OKOJIO IOJIOBHHBI BblIAJa-
IOLIUX aTMOC(EepHBIX O0CafAKOB BCKOpe BO3BpallaeTcs B aTMocdepy
BCJIEJCTBHE HCIIaDEeHHs M3 NOBEPXHOCTHOI'O CJIOS], BKJIIOYas NOYBY, H
TPaHCIHPALUM DAcTeHHH; B XKAapKUX HJH 3aCyLIJUBHIX PerdoHax 3TH
norepu 3HayutespHO Gosbme. Hanpumep, B pailone Iseprieiiica BO
®nopune (CILIA) B pesynabraTe NeHCTBHS 3TOr0 TIpollecca, IOJYYHB-
LIero Ha3BaHHE «3BANOTpaHCHUpalus», Tepsiercs: okosao 809% ocankos.

OxujaeMble OTEpPH BJArd IPH NAHHBIX KOHKPETHBIX YCJIOBHSIX IS
CIIJIOIIHOIO PacTHTEJbHOI'O NOKPOBa ONPEENSIOTCS TMOHATHEM <«IIOTEH-
nuajbHas 3Banorpancnupauds» (I19). dror mapamerp Bo3pacraer ¢
IOBHIILIEHHEeM TeMIlepaTypHl, YBeJHUEHHEM CKOPOCTH BeTpa W NOA Aeli-
CTBHEM COJIHeYHBIX Jydel; BequunHa [12D obparHo mponoplHoHaJbHa
BJIAXKHOCTH. JlJIUTe/bHEIE IEDUO/B], B TeueHHe KOTOpHX [1D npesrimaer
BbITaJleHHe OCaJKOB, NPHBOAST K PAa3BUTHIO AeHLHUTA BJIAXKHOCTH B
NoYBe, B TO BpeMs KaK B MEePHOAH!, H306UIyOLIe OcaJKaMH, B MIOYBEH-
HOM cJloe HaKaluBaeTcss H3OnTOYHAs BJsara. Bomuwlit 6anaanc, obyc-
JIOBJICHHHH 3TOH 3aBHCHMOCTBIO, H3MEHSeTCs KaK MO Ce30HaM, TaK H
mo 6oJsiee JJIHTENbHBIM BpeMeHHHM HHTEpBaJiaM.

IIpo6aeMH BomOCHaGKeHHsI 0COOEHHO OCTPO BCTAalOT TaM, The LOJ-
roe BpeMsi COXPaHseTCs BOAHHIH Aepuuur. B mosysacymiuBeix H 3a-
CyUITHBHIX 06J1acTAX 3TH Npo6JeMbl 06ycIOBIEeHbl COBMECTHBIM BO3AeH-
CTBHEM HEJOCTATOYHOTO KOJIHYECTBA BHINAMAIONIHX OCaJKOB H
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CHJIbHBIM 3((hEeKTOM HCIapeHHs:, YTO B CBOIO odepelb OlipeleJsiercs
HH3KOH arMOC(EepHOH BJ/IaXXHOCTBIO H BBICOKMMH JHEBHBIMH TeMIlepa-
Typamid. Eciau nocrynJjeHHe BJard IpeBHIIaeT moxasarenab [13, To
MBI HIMeeM CTOK B IIOBEPXHOCTHBIE H IOJ3eMHblEe BOJBI; B 3aBHCHMOCTH
OT KJIHMAaTHYeCKHX YCJOBHH OH BapbHpPYyeT OT MeHee 5 cM Ao OoJee
250 cM B rox. DoJIBUIMHCTBO NOBEPXHOCTHBIX BOX, B TOM uucJe 6OJb-
1Iasi 4acTh OCaJAKOB, BHINAJAIOLIHNX NPH KpaTKOBPEMEHHHIX JIHBHAX, He
3a/lepIKUBasCh CTEKAET B MOpE.

CyliecTBeHHBIE YJy4LIeHHs B HCIOJb30BAHHH BOJHBIX PECYpPCOB
MOIYT OBiTb HOCTHTHYTHl IyTeM COOPY2KEHHSI BOLOXPAHHJIHIL B BepXx-
HHX y4acTKaXx BOJOCOOPHBIX IJONIafeli; TaKue BOAOXPAHHJHUILA CJy-
JKar AJisi peryJiupoBaHHsi BOAHBIX IIOTOKOB HAa PAaCIOJIOXKEHHBIX HHXKe
TeppuTOpHsX. B Tex pernonax, rie no KIHMaTHYECKHM YCJIOBHUSIM at-
MOC(epHble OCaJ(KH IONOJHSIOT CTOK B JOCTATOUHBIX KOJIMYECTBAX, BCE
BOJOTOKH, 338 HCKJIIOUEHHEM CaMBIX MEJKHX pYyYbeB, He MEePechXaioT
KPYIVIbiH TOA W JIpeHaXkHasl CeTb pasrpyKaercs HeNOCPeACTBEHHO
B MOpCKUe OacCelHHl.

B sacym/uBbiX (apHIHBIX) pErHOHaX AaKTHBHOCTL MHOTHX peK
HRIIOCTOSIHHA; BMECTe ¢ TeM BOJa B TAaKHUX [EePECHIXAIOUIHX BOLOTOKAX
NPOJOJIKAET TeYb CPEIH aJII0OBHAJbHBIX OT/JIOXKEHHUH MO JIOXKEM pEeKH;
3Ty BOAY MOXHO OOHAapyKHTb, NPOJeJNaB HerJyOOKHe 3aKomylIkH. Ta-
KHE BOJIOTOKH MOTYT HE HMETb BBIXOAA K MOPIO; TOTJa OHH HOHTAIOT
€BOHMH MaBOJKOBBIMH BOJAaMH BHYTpPeHHHe BOLOCOODHBlE OacCelHHI, |
rge  o0pasylorcs BHYTPeHHHe MOPsS H HENOJIrOBeuHble MJafeBble
osepa *. OOuiabHOe HCIapeHHe B TaKHX GacCefiHaX MPHUBOAMT K KOH-
LHeHTPALUUK COJIel KaK B IIOBEDXHOCTHHX, TaK H B IOA3EMHHIX BOMAX,
a MECTaMH — K OTJIOXKEHHIO 3BallopHTOB. B pesyabraTe HeryyGoRO
3aJjieraroliie MOA3eMHbie BOABI MOTYT CTaTh HENPHUPOMHHMH KakK [IJis
HYK]( YeJIOBeKa, TaK H IJs1 Hppuraumuu (cMm. taba. 2.1).

Béuabmas yacts aTMOCEPHEIX OCaJKOB B KAPKHX MOJyapUAHBIX H
4pHAHBIX 30HAaX BhIMajaeT B IEePHOAB pPeJKHX TpO3, CONPOBOXK/IA-
IOIUXCSl JIMBHEBBIMU AOXKASIMH, H OBICTPO TepsieTcsi, €CJH TOJbKO He
NPHHSATh MEPHl 0 HX 3aJepiKaHHIO.

2.3. BBAHMOCBSI3b NOBEPXHOCTHBIX H NMOJA3EMHBIX BOJ,

B6su3u or 3eMHOi IIOBEPXHOCTH BOJla MOZKET IIPOCAYHUBATHCS CKBO3b
nopel H Oosice KpymHble MOJIOCTH B [0pPoAax, 06pasys B3aHMOCBSI3aH-
HYI0 CHCTeMY NOJA3eMHEIX BOA. 30Ha HACBHIEHHs (caTypauiH), B mpeje-
JIax KOTOPOH Bce MYCTOTH LIeJHKOM 3allOJHEeHBl BOLOH, HauHHAeTCs Ha
riyOHHAaX OT HEeCKOJIbKHX METPOB A0 HeCKOJbKHX COTEH METPOB OT IIO-
BEPXHOCTH 3eMJIH. BepxHeli rpaHHLEll 30HH CJIYXKHT 3€pKaJIo TPyHTO-
BBIX BOJ, a ero KOH(Qurypauusi u riayGHHa 3aJeraHus OnpelesiioTcs
B3aHMOOTHOLICHHEM MEXKAY MOJ3eMHBIMH H NOBEPXHOCTHHIMH BOJAMH.

* o
Menkue BpeMeHHbie 03€pa, BO3HHKAIOMHE HA IVIAHSX (mHHIIax GecCTOUHHIX
BIAJHH) BO BJIAXHHeE Ce30HB H IepechXaolle B 3acCyUUIHBbE. (34ech H Aafee
U0 BCel KHHMe [PHMEUaHHS CAlelaHbl IePeBOAYHKOM.)
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Puc. 2.2. 3epxano rpyHTOBLIX BOJ. oS0, Seprarno
< R epyHmossix 800
a — ToJIoXKeHre BOJIHOTO 3epKaja H TOoTOK i Podiur Pexa

\-
IDYHTOBBHIX BOJA B NPOHHI@eMBIX TNOPORAX ‘M~//

(moxasan crpeaxamu); 6 — BAHSIHHE H3MeHe-
1 8oka ..

BHsl TPOHHIIAEMOCTH BMEU[AIOIIHX TOPON Ha

YPOBEHb TIDYHTOBHIX BOJ; 8 — KosieGaHus aceueRy T

3epKaJjia TPYHTOBRIX BOJ B pafloHax ¢ Ma-

JBIM  KOJHYECTBOM aTMOChEPHBIX 0CafKOB

(pexa mnepecelxaeT NpH JOCTHMKEHHH BOJIHBIM

3epKanoM Haubosiee HH3KOrO YpOBHS; CKBa-

MHH2 A J1aeT BOAY TOJBKO B TOM ciyuae, 6

€CJM 3ePKaJio TPYHTOBBIX BOJ PpAacIONOXKeHO

JIOCTaTOYHO BEICOKO, B TO BPEMsi KaK CKBa-

XXHHA B GYHKIHOHHDYET NOCTOSHHO).

TFopurie mopoas: I — npoHHmaeMbie, 2 — He-

NpOHHN aeMEble.

Kopoue rosopsi, Boga npocaunsaercs yepe3 30HY a’palyH, pacHojio-
KECHHYI0 Hal BOAHBIM 3€DKaJiOM, H BBITEKAeT H3 HACBILIEHHOTO TPyliTa
HHIKe BOJHOrO 3epkasia. ITOT (pakT HeOGXOAHMO YUHTHIBATH NpPH pac-
IPENC/ICHHH pE3epPBYapoB W IpH BHIOOpPe MecTa HJsi CNYCKa CTOYHBIX
Bon (puc. 2.2).

[Tonoxxenne BORHOrO 3epkasa OGBHIYHO onpefesieTcsl M0 YPOBHIO
CTOSIHHST BOJABI B OTKPBITBIX TPEUIHHAX HJIH B KOJOALAX U OGypoBHIX
CKBaXKHHaX. BMmemaromue e MOpoAbl HACHIUICHE! NPHOIH3HTENBHO Ha
METp BBILI€ 3TOTO YPOBHS, 3JeCb BOAA YAEePXKHBACTCS B MEJKHX NOpax
CH/IaMH MOBEPXHOCTHOrO HaTsikeHHs. B aroit 30He mpeobaanaior oxuc-
JIATEJIbHBIC YCJOBHSI X BOAa B3aHMOJEHCTBYeT C MHHEpaJaMH BMela-
X TopoJ. BelnecrBa, mepexoisimpe B PacTBOPHMOE COCTOSIHHE,
MOTYT OBITh IePEOT/IOKeHbl BOJH3H 3epKaja TPYHTOBBIX BOJ.

[ToBepxHOCTH BOZHOTO 3epKasa B 06ILIEM COOTBETCTBYET (C HeGOoJIb-
IIHMK OTKJIOHEHHSIMH) XapakTepy peabeda MeCTHOCTH (cM. puc. 2.2).
B Tex mecrax, rje 3epkaJo rpyHTOBBIX BOJ epecekaer 3eMHYIO NIOBEpPX-
HOCTb, BOSHHKAIOT POAHHKH. Bosora Him osepa orBedaoT MecraM, Iu-
TaeMBIM TPYHTOBBIMH BOJAMH 30HBI HACHIeHHs. B 3acymauBeIx 06-
JacTAX BOAHOE 3€pKaJo Ha MNPOTSKEHHH GoJblued 4dYacTH roja
HaXOQHUTCsT 3HAUMTEJIbHO HHXKE [IHA MOJHH H JHIIbL H3PELKa NepeceKkaer
3€MHYIO MOBEPXHOCTb; B TaKHX MeCTaX MOSBJIOTCS 0asuCH. B apuu-
HBIX 006/1aCTSAX peyHble BOABI, KaK NMPaBHJIO, NPOCAUMBAIOTCS B IPYHT
HJH TEPSIOTCS B MOACTHJAIOIIKX NOPOJAX H 3TH PEKH TO BHIXOLAT Ha
TIOBEPXHOCTb, TO HCYE3AIOT.

Beime mamu nama ofmas cxema pachpefeseHHsi MOA3EMHBIX BOJ;
B NEHCTBHTENLHOCTH OHa B GOJbIUEH HJH MEHbIUEH CTENeHH H3MeHs-
€TCs, 4TO 3aBHCHT TJIABHRIM 006Pa3oM OT NMPOHHLIAEMOCTH MOJCTHJIA-
omux nopox. Ilopoas! ¢ HH3KOH MPOHHIAEMOCTHIO 3AMELJSIOT JABHIKe-
HHe BOJHOro MOTOKa B 30He as’paumud. TaMm, rle OHH mepeMeKaloTcs
C NOpOJamMH, HMEIUIMMH XOpOIIYI0 NMPOHHIAEMOCTb, B MOCACIHUX MO-
HKeT CHOPMHPOBATHCS IIOABELICHHBIH BOMOHOCHBI TFOPH30HT (Hampu-
M€p, B aJIIOBHA/BHBIX OTJIOKEHHUSX, IePEKPBIBAIOMINX [JIHHHCTHIE TOPO-
Ael). Tam, rae BOMM3UM 3eMHOH NOBEpPXHOCTH yepenyloTcs 6GoJsiee o
MeHee NPOHUIAEMBIe CJIOHM, BOJA, 3aNlpyKeHHAs BBEPX MO BOCCTAHHIO
1acTOB MeHee NMPOHHUAEMBIMH NMOPOAAMH, MOXET 1aTh HAauajo poi-
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Huky. Takue yc/J0BHS MOrYT CO3JaBaThCA BOJH3M IDaHHI| TEKTOHHYe-
CKHMX HapyNIeHH}I, y BHIXOA0OB Ha NMOBEPXHOCTb HAKJIOHHBIX IJ1aCTOB OCa-
JOYHBIX MOPOJ JU6O y JaeK H APYTHX HeGOJBIIMX HHTPY3HBHBIX TeJ.

B 30He HachllleHHs1 NPOHHIAeMble BOJOHOCHBIE CJOH MOTYT OHIThH
HaJeXHO H30JHPOBaHBl OT OCTAJbHOH CHCTEMBI MOA3EMHBIX BOJ HENpO-
HHLAeMBIMH CJOSIMH (BOZLOYIOpaMHu), PacIHOJIOXKEHHBIMH KaK CBepXy,
TaK H CHH3y. Bola B TaKOM 3aMKHYTOM BOJOHOCHOM TFOPH30HTE HAaXO-
JUTCS Ha rJy6OHMHE TO0J HAaINopOM; OHA AOJIKHA IOJHATHCS IO BEPXHErO
YPOBHSI BOLOHOCHOI'O TODH30HTA NpPH BCKPHITHH €ro KOJOAIAMH HJIH
MeJKHMH ckBaxuHaMu. CTpyKTypa, MOKa3aHHas Ha pHC. 2.2, cosnaer
apTe3HaHCKHe YCJOBHS — TaKHe, MPH KOTOPHIX BOAA MOXKET MOMHATHCS
[0 CKBAXKHHAM HaJ MOBEPXHOCTHIO 3€MJH IO NbEe30MEeTPHYECKOr0 YpPOB-
Hs, TeM caMbiM 00YCJIOB/JIMBasi BO3HHKHOBEHHE eCTeCTBEHHBIX (DOHTAHOB.

2.4. MTOPUCTOCTb U NPOHULUAEMOCTb

Crnoco6HOCTh MOPOAB BMeEIIaThb M INPONYCKaTb pas3/jHyHble (JIIOH-
OBl — BOJY, pPaccoJibl, ra3 HaH HedTb —06ycaoBleHa [ABYMs He3aBH-
CUMBIMH APYT OT Apyra dakropaMu; 06beMOM MOPOBOrO MPOCTPAHCTBA,
rie MoXeT cojaepx)artbcs Guonpy (MOPHCTOCTb), H 3 HeKTHBHOCTHIO,
¢ xoTopo# o cnoco6eH MUIPHPOBATH CKBO3b IIOPOBBIE NPOCTPAHCT-
Ba (mpoHunaemocts). ITopHUCTOCTh OOGBIYHO BBIpAXKaeTCsl OTHOLIEHHEM
o6bemMa mnop (IyCTOT) MOPOAB KO BceMy ee 06beMy. DTa BelHUHHA
Kosebsercst ot Gosiee 50% B mouBax, PHIXJBX OCaJKax W MHPOKJIACTH-
yeCKHX 06pa30BaHUAX INOYTH A0 HYJasd B KPHCTAJNJIHYECKHX IIOPOJAX,
3aJIeralolUX Ha 3HAYHTENbHHX TyIybuHax (tabna. 2.3). dddexrunHasn
HOPHCTOCTb, ONpefensieMast coobIAaUMucs nopamu (6e3 yuera H30-
JUPOBAHHBIX II0p, HANPHMEp TrasOBBIX INY3HIPHKOB *), mpexcraBisieT
HauboJbLINi HHTEpPeC [JsI THIPOreoJIOTOB H TeoJoroB-He(TSHUKOB.

Bce nmycroTel (mophl) MOryT OBITH MOJPAas3esieHbl Ha Ba OCHOBHBIX
tTHna: 1) MeJKHe NMyCTOTHI, NMPOMEXKYTKH MEXJIy MUHEPaJbHBIMH 3ep-
HaMH — MeX3epHOBLIe NpPOCTPaHCTBA; 2) Gosiee KPYNHBIE, HO pPeIKHE

Ta6uunua 2.3. MpoHunaeMocTb W MOPHCTOCTh TOPHLIX MOPOJ

Topuc-'
TToponnt Tocrg,"c% IMponnnaeMocTs, cM/c
TaneuyHuKH, IpaBUAHAKH 25 —-45 1—10-3
ToHKO3epHUCTHIE IeCKH, ajeBpH- | 45—50 10—8—10-5
TH
T/iuHBI, aneBPHTOBBIE INTHHBI 35—556 10-5—10-°
IMecuanuku 10—30 |[B sty rpynny nonagamoT MOPOXBI-KOJI-
H3BecrHsikn 5—25 JIEKTOPBHl MHOIHX He(dTSHBIX MecTo-
pPOXKACHHIT

* Tlosoctn B MarmMaTHYeCKOH NOpoJe WM B MHHepaJe, 06pa20BaHHEIC Ta3aMu
TipH 3aCTHIBaHHH TOPOJ.
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[10JIOCTH — IJIOCKOCTH HanJjacTOBaHUsi, TPEU{HHBl OTAEJbHOCTH H T. K.
BOJIBIIHHCTBO NpPOLECCOB [HareHe3a H SIMreHesa *, NPOUCXOMSMIHX
[IOCJIe CefHMEHTallui, B pe3yJjbTare OoJjee TECHOH YMaKOBKH 3€peH, a
TaKXe HMX lleMeHTalHH NPHBOASAT K YMEHBbIIEHHIO IOPOBOTO MPOCTpPaH-
CTBa. B yXe ymJIOTHEHHBIX NOPOZAAX, BHIBEJAEHHHX Ha 3eMHYIO NOBEpPX-
HOCTb M IOJBEPTaioLIMXCS 3PO3HH, PasBHBAIOTCA OOBIYHO OTKPHITHIE
TPeIIHHB (KaK CJeACTBHE yMEHbIIEHHS JaByeHHs). BriBerpuBanue
BHI3bIBAET YyBeJHUYEHHE HOPHCTOCTH, IOCKOJIbKY IOJ, €ro BO3LEHCTBHEM
IPOHCXOJHUT Je3HHTerpalys MaTepHaJa CyllecTBOBaBlIel paHee rOpHOW
NOPOAB; OCOGEHHO OILYTHMO 3TH IPOLECCH CKa3HBAIOTCA Ha H3BECT-
HSIKaX, PaCTBOPEHHe KOTOPBIX NPUBOAHT K PACIIHPEHHIO HMEIOLIHXCS
TPeLHH.

IIponunaeMocTh MOPOA MOXKeT OBITh BBIPAaXKeHa CKOPOCTBIO, C KO-
TOPO# (JIIOUAB! (KHUAKOCTb, Ta3) IPOXOAAT CKBO3b IIOPOAY B HalpaBJe-
HUHM THAPABJIHYECKOrO IpPajHeHTa; TeM CaMHM, INPOHHLUAEMOCTb SBJs-
eTcsl IVIABHBIM (paKTOpPOM, ONpPeeJsIOlIUM OLleHKY NOPOAK NpH H00BIYe
BOJIH, He(TH Hidrasda. Koagduuuent nponnnaemMocty K, HIM ruapas-
JIHYecKasi MPOBOAHUMOCTb, ONpefeJsieTcsi ¢ MOMOIbI0 3akKoHa Jlapcw,
Kotophii raacur, uro K=Q/(iA), rae Q — pacxon ¢.iounna; i — ruf-
paBJIHYECKHH rpajueHT; A — IJOIaAb NONEePeYyHOro CeYeHHS HCCIedy-
emoro o6pasua. ITopoasl, B KOTOPBIX TPEILMH HEMHOrO U MEX3epPHOBblE
IIOJIOCTH OTHOCHTEJbHO MaJibl, HMEIOT HH3KYI0 NPOHHIaeMOCTb. [VIHHBI,
9BANOPHTH, MHOTHe H3BECTHAKH M KPHCTaJJHYeCKHE IOPOAb Ha TJy-
6HHe OTHOCSITCSI K KaTeropuu cjaabonpoHunaemblx. boJee kpymHosep-
HHCTBHle OCaJl0YHble MOPOJBI, TaKHe KaK IeCUaHHKH H KOHIJVIOMEDAaTHI,
HMel0T 6oJsiee BBHICOKYIO IpOHHL@eMocTb. K Xopowmo HnpOHHIaeMBIM OT-
HOCSITCA TaKXKe H3BeCTHSKH (CTAHOBSILHECS KaBEeDHO3HBIMH B Pe3yJb-
TaTe PacTBOPEHHS HJIH AOJOMHTH3aLHH) U OOJBIIMHCTBO BHIBETPEJBIX
HJIH CHJIBHOTPEIMHOBATHX MOPOXL.

CKOpOCTb NpOXOXKJAeHHsT (JIoMAa MO B3aUMOCBSI3aHHBIM TpPeLIMHaM,
0co6eHHO B M3BECTHSIKAX, rje TPELUIMHBl MOI'YT GHITh pacIIHpPEHHl B NPO-
lecce pacTBopeHHusi, 6oJjiee 3HAYHTEJIbHA, YeM CKOPOCTb ABHIKEHHS €ro
yepe3 IOPOBBlEe NPOCTPaHCTBA. V3aMepeHHs] NMpPOHHLAEMOCTH, NIPOBOISA-
muecs B 1aBopaTopHAX NMPONYCKAaHHEM BOIBI Yepe3 06pasisl Pa3IH4YHbIX
IIOPOJ, OKA3hIBAIOT CKOPOCTb €€ MPOXOXKJEHHS CKBO3b MeJKHE IOpHI.
ITonyueHHble gaHHBIE MOT'YT He COOTBETCTBOBATh NPOHHIIAEMOCTH HC-
clelyeMbX IIOPOA B NDHUPOAHBIX ycJoBUAX. MamepeHHsI cKopocTH ma-
JeHHS U IOCJHeAYIOILero mnoAbeMa (BOCCTAHOBJIEHHSI) YPOBHS BOJADI
B CKBaXXHHaX, NPoOypeHHBIX Ha ONpeJeJeHHBbIX PACCTOSHHSIX OT CKBa-
JKHHBI, U3 KOTOPOH OTKauyMBaercsl BOAA, JalOT Oojee peasbHBIE Npe-
CTaBJIGHUS] O THAPABJIHYECKOH NMPOBOAMMOCTH, IIOCKOJIBKY B 3TOM CJYy-
Yyae YYMTBIBAeTCS NPONYCKAHHE KHUIKOCTH CKBO3b TPEIIHHBl H (PHKCH-
pyIOTCs JIOKaJbHble H3MEHEHHsI IPOHHIaeMOCTH.

* JluareHe3 — npeo6pasoBaHHe OcajKa B OCA4JOYHYIO TOPHYIO NOPOAY B Npolecce
YIJIOTHEHHS] H (QH3HKO-XHMHYECKOro ypaBHOBEUIHBAHHSI CPefbl. DIHreHe3 — BTOPHYHbLIE
MHHEpaJIOrHyecKHe H CTPYKTYDHEle H3MEHEeHHsS OCaJOYHBIX TOPHHIX NOPOJ B COBOKYII-
HOCTH Cc H3MEHEHMSIMH coJiepXalluxcs B HMX (JIoHAOB (BOAH, HedTH, rasa); 3mu-
reHe3 HacCTyIaeT Ilocje 3aBeplleHHs JHareHesa.
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2.5. MOTOK NOA3EMHBIX BOJL

IIO}LSQMHI:JQ BOJbI 11OL4 BOS,U.GI:IC'I‘BHeM Hanopa JABHIKYTCS U3 pai’xonou
C BBICOKHM INOTeHIIHAJOM K paﬁOHaM C HHU3KHUM IIOTEHIHaJ/JOM, CTeKas
(eCJH/I HCIIOJIB30BATDb oémeanHHToe Bmpameﬂue) C BbICOKOI'OPpHBIX
y4acTKoB K HH3MeHHHIM. Ha HeGosibmux raybuHax ¥ B OAHOPOJAHBIX
nopomax JHHHH TOKa B IlJaHe HpHﬁJII/BHTeJIbHO HNePrneHANKYIsAPHBL
K H30JIMHHSIM BOAHOrO 3epKaJsa (rujpousoruncam). Bojga omyckaercs
IO BO3BBILIEHHCCTSAMH H BOAopasae/saMu U NOAHHMAETCA K AOJHEAM
H JIOIIHHAaM, iepeceKarnluM BOALHOE 3€pKaJio. Ha 6GoJiee 3HayuTeNbHBIX
I‘JI}/‘6HH'&X BC/JIEACTBHE BBICOKHX HAmOpOB BOXA CTPEMHUTCA IMOAHATHCH
BBEpX, TaK 4TO aTMOC(I)eprIe BOABI MOTYT 0OKasdTbCd CMEHIaHHBIMH
c HOFpeéeHHHMI/I BOLaMH, <«BbI2KHMAaeMbIMH» B pe3yJbTaTe YIJOTHE-
HHUA MOOpOL, aub0o ¢ OBEHHJILHBIMH BOOJAMH MAarmMaTHyeCKOro IIpoHucC-
XO0X IeHH.

OcHOBHBIE CHCTEMBEI BOLHOH UHPKYJSUHYE BCErAa MOAU(DHLEPYIOTCS
B COOTBETCTBHH C OCOOEHHOCTSIMH I€0JOTMUeCKOro CTpOelind peruona.
[ToToxk KHJIKOCTH 3aJepKuBaeTCs nopoaaMy, UMEIOIHMMH HU3KYIO IIPG-
HHIIAEMOCTDb, a JIMHUU TOKa OTKJIOHSIOTCSI BOJIH3HU rpaHul HEnmpodupa-
€MBIX IIOPOL. HanpaBﬂeHHe [IOTOKAa B IipeAeaax CHJAbHOTPEIIHHOBATHIX
BOJOHOCHBIX TFODHU30HTOB OoIpeleJisdeTcs OpHeHTHpOBKOﬁ TpellkiH, N[O
KOTOpBIM IIPOTE€KAaeT OCHOBHAsI 4YacTh BOJHOH MaccCHI. B BOJJOHOCHBIX
FOPH30OHTAaX, OrpaHHYEHHBIX BOJAOYIIOpaMH, NMOTOK XKHUAKOCTH HAIpaBJEH
IPpEUMYIIECTBEHHO mapaJijiieJIbHO HalJaCTOBAHHIO, XOTs, KakK NIpaBuJIG,
TaM eCTb HEKOTOpOe mpocaynBaHHE CKBO3b npuJerariiue BOLOYIOPEL
3 cocenqHHe BOLOHOCHEIE TOPH3OHTHI.

CorJyiacto 3aKOHY ﬂ,apcn CKOpPOCTb BOAHOI'o IOTOKa B BOJOHOCHOM
OpH30HTEe 3aBHCHT KakK OT FHAPpaBJIHYECKOro Hamopa, Tak H OT CliG-
co6HOCTH BOIOHOCHOro rOpH3OHTa IPONYyCKaTh KHIKOCTH. OTKprTbIe
TPELIUHB B MOPOJAX HJH KPYIHBIE COOGIIaoNUHecs IOPE B rpaBUHHO-
rajieYHelX OTJO0XKeHHSIX oObecleyuBaior co3maHyue TakKax NPUPOAHDIX
pezsepByapoB, KOTOphBIE 11O (bOpMe H CKODOCTH IIOTOKa INCUYTH HEe CTJH-
JaKnTCAd OT IIOBEPXHOCTHBIX BOJOTOKOB.

Hanpasienne # cKOpOCTh MHrpAalMH TOA3EMHBIX BOA MOIYT OHITh ONpeie/eHH
pasauyHBIME crnocoGamu. [IpsiMble MeTOZBI HCHOJB3YIOT BBeleHHE H TPOCACKHBANHE
3a nepeMellleHHeM KpacHuTels HJIH KakKoro-mubo Apyroro Ge3BpefHOr0 MapKHpPYIOLIETro
BelllecTBa. KocBeHnble MeTOXB NpeLyCMaTpHBAlOT MATEMaTHYECKOE MO/EJHPOBIHHE
MIO/(3€MHOr0 TIOTOKA OTHOCHTEJbHO H3BECTHRIX IIYHKTOB IOANHTBIBAHMA H OTKAUKH
rpynTOBEIX BOA. C Hauwana 1950-x rofoB IIHPOKO HCHOMB30BAJIOCh HAJNHYHE TpPH-
s (°H) 8 moxnesoit Bose. B pesysbrarte mposenenwsi TEPMOANEPHHIX HCHBITAHUIT
5 1950-x ¥ B 1960-x rogax 6hlI0 OTMEUEHO 3HAYHTEJBHOE BO3PACTAHHE KOHIeHTpalHH
TPHTHA B NOBEPXHOCTHEIX, a 3aTeM H B IIOJ3eMHHX BOXaxX. [IpHCYyTCTBHE TPHTHS
HCMOJIb30BAJIM JJISi HCCJENOBAHHS CKOPOCTH MOANHTHIBAHHS BOJOHOCHHX TOPH3OHTOB
TaM, TJle NONOJIHeHHe 3alacoB IOJ3eMHBIX BOJA OGYCJOBJEHO cKOpee NpCcauyHBaHHe

B TDYHT MOX/JEBOH BOABI, HEXeJH IOCTYIUIEHHEM CMeLIaHHBIX TPYHTOBLIX BOJ H3
COCEJIHUX BOXOHOCHHIX ITACTOB.

2.6. PALUOHAJIBHOE HCIIOJIb3OBAHHUE
BOAHbIX PECYPCOB

IIOCKO.Hbe CylmecTByeT TeCHass H JOCTATOYHO CJOXKHAf B3aUMO-
CBA3b MEKAY NOBEPXHOCTHBIMH H IHMOA3€MHBIMH BoAaMH, IpencraBJif-
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eTCsl BMOJIHE €CTECTBEHHBIM, UTO BCSIKOE H3MEHEeHHEe B IOBEPXHOCTHHIX
BOJaX MOBJeYeT 3a cOO0H H3MEHEHHS B T'PYHTOBHIX, U HaoGopor. Oue-
BHJHO, 4TO TakHe MOAHGHKAIUH MOryT OBITh BEI3BAHBI CAMBIMZ DAas-
JIHYHBIME NpHYHHaMH. Tak, W3MeHeHHS B BBIMAJeHHUH aTMOChEpPHEIX
0CaKoB O6YCJIOBIMBAIOT KPATKOBPeMeHHHe KoJeGaHHs YPOBHS IDyH-
TOBBIX BOJ, B TO BpPeMSl KaK NPOLOJIXKHUTEJbHBIE HAPYIIEHUS DPCKHUMA
NUTa"usl BOXOCOOPHBIX NJIOWIafeH NPHBOAAT K H3MeHeHHIO 6aanca
5pO3MH.

' Hapymenns npuposnoro 6ajnaHca, CBS3aHHBE ¢ HCITOJb30BAHHEM
BOJHBIX DeCypcoB s obecrmeueHHs] HeGOJBIMHX TOPOJNOB W JEeDEBEHb,
galme BCero OKa3hBAIOTCS HE3HAUHUTEJbHBIMH, TaK KAaK HMCTOYHHKAMH
BOIBI B NaHHOM cJydyae sIBJASIOTCS B OCHOBHOM DeKH, 03epa H Hersay6o-
XHe CkBaxHWHHB. C Jpyrofi CTOPOHH, COBPEMEHHBIe rOpoja, HacedeHie
KOTOPBIX COCTaBJISIET MHJLIMOH 4esJOBeK W 6ojee, HCNOJB3YIOT B Kawe-
CTBe BONHBEIX PECypCOB OTHajeHHble HCTOUHHKH, IVIY6OKO 3ajeramoline
BONOHOCHBIE mJIacTH MJH KPYNHBle pe3epByapw. UTo ke Kacaercs
CTOYHHIX BOJ, TO OHH B 3HAYHTEJbHON CTeNeHH 3arps3HSIOT HHKHUE
V4aCTKH NPEHAXHHX cHcTeM JHO60 cOpaceBalTCS TNPSIMO B MODe.
Huxe omucansl mekoTophle cayuaw, HJJTIOCTPUPYVIONIHE DasJuIHui
XapakKTep UCIOJb30BAHHS BOLHBIX PECYPCOB.

2.6.1. AHTJIUS U ¥Y3JbC

ExenneBHoe morpe6iieHne BOAH HACEJTEHHEM TAKHX BBICOKODA3BH-
THIX IPOMBIIIJIEHHEIX DErHOHOB, KaK AHIJIHS H Y3JbC, Ha NPOTSKEHHR
30 mer Bo3pocso BnBoe W K 1970 r. mnpeBHICHIO 9 MJDI. rajioHOB
(oxosmo 41 mapn. n). Ilpu cpaBruressHo 671aronpHSITHOM KIUMATE ¥
LOCTATOYHOM KOJIHYECTBe aTMOCGhEPHBIX OCaJKOB, KOTODHIE CBOHCTBEH-
HB AHIJIMH, OHAa He JOJIXKHA HUCIBITHIBATL HEJOCTATKa B BOZE, OJHAKO
clenyeT OTMETHTh HaJIHUHe B CTPaHE Cepbe3HbIX MpobJeM, CBA3aHHBIX
¢ pacmpeleseHHeM BOIHBIX pecypcoB. [lejo B TOM, U4TO OCHOBHAH
Macca HaceJeHHst AHTJIHH cOCpPeloTOYeHa B IOXKHBIX H BOCTOUHHBIX 06-
JACTHAX, B TO BpeMs Kak 66JbIas 9acTh A0XKIel BHIaAaeT B FOPHCTHIX
3amafHBIX MeCTHOCTSIX. K TOMY Ke MPUXOIHUTCS CUUTAThCS C 3arps3He-
HHEM peK HH¥Ke 110 TE€UEHHI0 OT KPYIHBIX MPOMBIIJIEHHHX IIeHTPOB.

B wnacrosimee Bpems 70—75% Boxbl, morpebasemoit B AHTIHH H
Yanbce, mocTymaer u3 MOBEPXHOCTHHIX Box U 25—309% — u3 moaseM-
weiX. BomocHaGikeHHe W OYHCTKA 3arpsi3HEHHBIX BOJ OPTaHH30BaHH B
AHrsinu u Yaabce 1m0 perHoHasbHoMy npuHuHNy. KoHTpoJIB 32 IpeTBo-
peHHeM HX B XH3Hb OCYIIECTBJsIETCS NeCsAThbI0 PernoHanbHEIMH YIpaB-
JIeHHSIMH BOAHHIX pecypcos (PYBP), rpanunsl AesiTeqbHOCTH KOTOPHIX
B 06IlleM COBIALAIOT C OUEPTAHHUSMH TPUPOAHBIX BOLOCOGOPHHIX Gaccefi-
HoB (puc. 2.3).

Cucrema BomocHa6xkeHHs1 B AHIJIHH H Y3Jbce onpenesisieTcsl COBMe-
CTHHIM HCIOJb30BaHHEM PECYPCOB MOBEPXHOCTHBIX H INOJ3EMHBIX BOJ.
B 0o6BIUHBIX VCJIOBHSIX peka o6GecrneuyHBaeT 3amachl YHCTON BOJBI IIPO-
MOPIHOHATBEHO MEKEHHOMY CTOKY, KOTOPHH He mpeBuimaer 10% or
cpeanero ctoka. Pacxom mMHOrux pex Bequko6GpHUTanuu 3aperynupoBaH
IyTeM COOPYIKEHHS BOJOXPaHMJHIL BOMM3H MX BepxoBheB. [Ipu Bwima-
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E Ocadku > 1000 mm /200
Maommocms wacenenus >300 qen /nm?

Puc. 2.3. Pa3Melenne BOAHbIX pPecypcoB B AHIVIMM U Yaibce.

& — B3aHMOOTHOIIEHHSI MEXJAY TePPUTOPUSIMH PeruoHajbHBIX yHOpaBJeHHH BOAHBIX pecypcos,
palioHaMH C GOJBIIHM KOJHYECTBOM aTMOChepHBIX OCajKOB H DaffOHaAaMH C BBICOKOH KOHIEHT-
panueli HaceJleHHs.

Tepputopun PYBP: 1 — Hopt-¥Yact, 2 — Hoprym6puan, 3 — CeBepH-TpeHT, 4 — MlopKuup,
5 — Aurauan, 6 — Temsa, 7 — CayTepH, 8 — ¥Yaccekc, 9 — Cayt-¥Yact, 10— Yannc (Hanuonaman-
HOe YIpaBjeHHe BOJHBIX PecypCoB).

6 — raaBHble BOJOHOCHbIE T'OPH30HTHI.

1 — 10pCcKHe M3BeCTHSIKH H TpPHACOBble INeCYaHHKH; 2 — BepXHEMeJIOBBle IODOABI; 3 — BepXHeMe-
JIoBble FOPH3OHTHl B TPETHUHRIX TIVIHHAX; 4 — HHXKHEMEJOBbIE 3eJIeHbI¢ MECKH,

IeHHH OOJIBIIOro KOJHYeCTBA aTMOC(EpHBIX ©OCaAKOB BOIBI CKAaIlIH-
BAIOTCS B 9THX pesepByapax [Js NMOJAayH HX NPH 3acyXe B IPEHAXKHYIO
cucremy. IIpaMeHeHHe Takoro Meroia NO3BOJSET, C OXHOH CTOPOHHI,
YB@JHYATh 3aMachl YHCTOH BOAHI, a ¢ APYrof — u3baBUThCH OT He0OXO-
JAHMOCTH HCIIOJIb30BATh JOPOTOCTOSIIIME H MaJIONpHBJIEKATEJbHBIE TPY-
GOMpOBOMH], MPENOCTaB/As peKe CaMOil TPAHCIOPTHPOBATH AKKYMYJIH-
poBaHHY10 BOAY. B HHM30BbSX MHOTHX pek, ocoGenno Temsnl B paiioHe
JIongoHa, HMEIOTCS JONMOJNHHTENbHBIE XpaHHJMIA, B KOTOPHIX BOAA
NPOXOJHUT OYHCTKY H 3aTeM IoAaeTcs no Tpybam mnorpebHTeIO.

Boner peuHoit ceTH CMeMIMBAIOTCS C MOA3EMHBIMH B BOJLOHOCHHIX TO-
PH30HTAaX Ha pas3/JHMYHBIX 3Tamax csoero mytd. Hampumep, B pafione
Jlonnona Bona, BbIKaUHBaeMasi H3 BEPXHEMEJIOBBIX OTJIOMKEHHI, HCIOb-
3yeTcsl JJIs 3allOJIHEHHS BOJOXPAHHJIHIL B 3aCYIUJHBHE MEPHOMH, a
BOJa, TMOCTymamollas M3 [OBEPXHOCTHBIX HCTOYHHKOB, ynoTpeGJsercs
IUIs] MOANMUTHIBAHUST BOAOHOCHHIX MJIACTOB, KOTJAA 3TO NO3BOJISET HaJIH-
une pecypcoB. OCHOBHOH HEAOCTAaTOK TAKOH CHCTEMBl BOAOCHAGKEHHS
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¢BsI3aH ¢ HeOGXOAUMOCTbIO HMeTh KPYIHble BOAOXPAaHU/HIIA KaK B TO-
pPHCTBIX MeCTHOCTSX (¥3abc u IleHHHHBI), TaK M B HH3MEHHHX 006Jia-
CTSX, TAE yKe HE XBaTaeT 3eMJH H JJf CeJbCKOro XO3fIWCTBA, H MJis
JKUJHIIHOTO CTPOUTEJBCTBA.

Bona HHXHHX TeueHHH peK, NMPOTEKAIOIMX Yepe3 TYCTOHACEJEHHBIE PaHOHH, CO-
JEePKHT 3HAYHTEJbHYIO NPHMeCh 06paGOTaHHHX CTOYHHLIX BOA. IIpHeMJsieMoe KayecTBO
TaKOH BOAE 06ecrneduBaeTcsi OYHCTKON CTOYHBIX BOJ HA BCeM NPOTSIKEHHH peKH. XoTd
GakTepHaJbHOE 3apaXKeHHe BOIB MoOXeT GObITb IIOYTH IOJHOCTbIO JHKBHIAMPOBAHO
CTaHAAPTHEIMH METOJaMH, B TOM YHCJe INyTeM OKHCJEHHS OPraHHYeCKHX OTXOJOB,
OIHAKO LEJBI psii BPeAHHX IpHMecell (HHTpaThl, ocTalouiHecss OT yA0OpeHHi; CHHTe-
THUECKHe OYHCTHTEJNH; TsKeJble MeTa/UIH, HCHOJE3yeMble B NPOMBILLIEHHBIX IpoIec-
cax) SBJSIOTCS AOBOJbHO CTOAKHMH. Ecin He o6pabaTeiBaTh HX HOJKHBIM 00pasoM
B MecTax cOpoca, OHH MOTYT 3arps3HHTb BOJLY [0 TaKOH CTeNeHH, 4TO CHEJaloT ee
HENPHrONHOH MAJsi NHThS,, a B XYAIIeM cJaydae NPHBeAyT K rubenn pacrenHuil, pu6 H
HaceKOMHX. B 1973 r. cuutasoch, YTo GOJILIIHHCTBO KPYMHBIX pek BeaHkoGpHTaHHH
colepixajlo B BEPXOBbSIX NHTLEBYIO BOAY BBHICOKOTO KauecTBa, OJHAKO HHXKHHe Tede-
HHs TpeHTa W JIpyrux pek GBIIH HACTOJIBKO 3arpsidHeHH, uTo ¢ayHa H ¢Juopa B 3THX
palioHaXx He MOIVIH HOPMaJbHO CYIIeCTBOBaTh. KapauHaJbHBHIE MePHl IO BOCCTaHOBJE-
HHIO KadecTBa BOAW TeM3H JajiH OWIYTHMbie pe3yabTaThl B KoHue 1970-x rozmos,
KOrJla TaM BHOBb NOSIBUWJIHCH, Pa3J/IHYHbIE BHABI DPEYHHIX PHIG.

[Toxgsemuble BOAR HOGHIBAIOT, KAK MPABUJIO, OOIIENPUHITHIMH METO-
JaMy — nyTeM GYpeHHs] MHOTOUHCJIEHHBIX MEJKHX CKBAXKHH B aJlJIIOBH-
aJIbHBIX U JIeIHHKOBHIX OTJIOKEHHSX, a TaKXKe B HECKOJbKHX OCHOBHBHIX
BOJIOHOCHEIX FOPH30HTAX, 3aJIeTalolIUX B PA3JHYHBIX TOJIIAX Me3030§-
CKOTO M TPETHYHOTO Bo3pacTa. Bésblas 4acTb nmaJeo30HCKHX OTJOXKe-
HUil BelHKOGDUTAaHMH HMeeT HACTOJBKO BHICOKYIO IJIOTHOCTB, UTO CO-
JlepXKaHHe B HHX CKOJIbKO-HHOYIb 3HAUYUTENbHBIX 3a11aCOB BOABI HCKJIIO-
YyeHo,
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Puc. 2.4. Boauble pecypcnl JIOHZOHCKOro GacceiiHa B BEPXHEMEJOBBIX OTJIOMKEHHSX.

a — eCTeCTBeHHble YCJOBHSI IOTOKa TIPYHTOBBIX BOJ Ha Y4YaCTKaX BOJOHOCHBIX T'ODH30HTOB, He
oI paHHYEHHBIX (CIJIOLIHbIE CTPEJKH) H OrpaHHYeHHLIX (IITPHXOBBIE CTPEJKH) BOJAOYIODaMH;
6 — BauAHME J[esITENbHOCTH 4YeJOBeKa Ha H3MeHEHHe BOJHBIX DeCypcoB (HH}KHHE BOJOHOCHBIE
nJacThl — 3eJeHble MeCKH HHXHero Meja —B IeJsaX YHOPOLIeHHST CXeMbl Ha pHCYHKe He
NMOKa3aHBbl).
1 — anmoBHaJbHBIE OTJOXKEHHs; 2 — 30LeHOBBIi Bojgoynop (dopmanus JIOHEOHCKHX TIJIHH);
3 — BEPXHEMeJIOBOH BOJOHOCHBIH TODH30OHT; 4 — HHXKHEMEJIOBOH BOJAOYNOP H HOACTHJIAIOUIHe
cod; § — MOTOKH MNPeCHLIX BOX; 6 — NOTOKH COJIEHBIX BOJ,
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ApTtesnaHckue ycioBus o6GecneuuBalorcsi B JlonmoHckom 6Gaccefine,
rZle BOJOHOCHBle MJacThl, 3ajieraloniie B TOJIIAX BepXHEro mMeJja H 3e-
JIEHBIX MECKOB MEJIOBOTO BO3PacTa, NPUYPOUEHH K IIMPOKOM CHHKJIH-
HaJH W OrPaHHUEHH CBepXy M CHH3y TJHHHCTHIMH BOAOYMOpamy
(puc. 2.4). Hanop BOZH, NOAJepKHBAEMHI YPORHEM BOAHOTO 3epKasia
B MOBEPXHOCTHHIX BHIXO/IaX BePXHEMeJOBHIX mopox Ha xonmax B Hopr-
Hayne u UnnrepHe, GBI B NpOUIIOM AOCTaTOUEH NS oOecreyeHis
¢onranos Ha Tpadanprapckoit mjiomanaH, OAHAKO B pe3VJInTaTe HHTEH-
CHBHOJ1 OTKauKH NaBJIeHHe NMOHH3uJoch H B 1965 r. mbesomerpuueckuit
YpOBeHb TI'PYHTOBHIX BOJ OKa3ajcst Ha 80 M HHXe CpeJHere YpORHA
Mopsl. DTH H3MEeHeHHs NPHBENH TaKkKe K IPUTOKY COJICHEIX ROI B BOPX-
HeMeJIOBhle BOJOHOCHBIE TODU3OHTH. BoAHHIfA 6ananc MoALepIKUBACTCS
B KaKOH-TO cTelleHH 6iaronaps HCKYCCTBEHHOMY TONMUTHIBAHHIO 3THX
TOPH30HTOB.

2.6.2. MONYAPUNHBIE U APHJTHBIE PETHOHS!

ABcTpasus xapakTepU3yeTCsl HH3KMM CPEIHErofOBHIM YDOBHEM aT-
MochepHBIX ocankoB. XoTs GoabmuHCTBO ee nacesaenus (80%) ckoH-
IIEHTPHPOBAHO B CPaBHHTEJBHO XOpOIIO OOBONHEHHBIX TNpHODEKHBIX
pafioHax, Ha 3aCYIUJIHMBHIX BHYTPEHHHX TEPPUTOPHSX JOJKHEB 0becrmedn-
BaThCsl BOJON MHOTOYHCJEHHBIE CTafa OBell H KPYIHOIO POraToOTo CKOTa,
a TaKXe pa3bpocaHHble HaceJeHHBIE MYHKTH, TJTaBHBEIM 06pasoMm dep-
Mbl H DYIHHUHEE TOCeNKH. Boma mns KpymHbXx ropoaoB Bocrouno#t
ABcTpanun TpaHCIOPTHPYETCS YacTo Ha GOJIbIINE PACCTOSIHHS 11O
Tpy6aM W3 BONOXPAHHJHIL, PACHOJOKEHHBIX B TOPHCTHIX MeCTHOC-
TaX. CoopyKeHHe 3THX BONOXPAHUJHIL Tpe6veT 3HAUUTETbHBIX (H-
HAHCOBHIX 3aTpatr. Bosbmio#t Apresmanckuit BaccefiH, rne riaBHHE
BONOHOCHEIE T'OPH30HTH CJOKEHH Me3030HCKHMH TNecuaHukaMu, obec-
MeyHBaeT MOCTYIJIEHHe TPYHTOBHIX BOJ M3 TMYGOKHX CKBaXKHH Ha Of-
UIHPHBIE TEPPHUTOPHH BHYTPEHHHX PaHOHOB CTPAHH.

ITeHHOCTh BOIHBIX PECYPCOB B MOJYaPHAHBLIX DErHOHAX CHUIKAGTCH H3-3a RBICOKGH
KOHIIEHTPAUHH B BOJE PACTBODEHHBIX COJIeH, COMEPIKAHHE KOTOPBIX MOYKET NDeBHICHTH
YPOBEHb. MPpHEMJEMBIl N/ OPOLIEHHS 3eMeNb M TOoeHHsd ckoTta (cm. taba. 2.1). lna
NOTIOJIHEHHS] NMPHUPOAHHX BOLHBIX PECYDCOB HCIIOJB3YIOTCS ONMPECHHUTENbHEIE YCTAHOBKH,
JeficTBYIONIIHe TJIaBHHIM 06pa3oM B 06JaCTSIX DPACPOCTPAHCHUS COJEHHIX MOA3EMHBIX
BO/l. B nmuranax ma 6ynymee mpeaycMatpHBaeTcs 00beqHHEHHE CYNIECTBYIOUIHX CHCTEM
C TePMaJbHBIMH HJIH ATOMHBIMH ONPECHUTENSIMH, MepepabaThBAIOMIHMHE MOPCKYIO BOAY
NJIS. PA3JIHIHBIX HYXKJ TOPOJOB.

[Tpo6iema mMOMOJIHEHHSI BOXHBIX PECYPCOB OCOGEHHO OCTPO CTOHT
s crpad Banxuero u Cpennero Bocroka, rue GuicTpHil pocT HedTe-
RO6BIYH CONMPOBOXKJAAETCS PACIIHPEHHEM CTPOHUTENbCTBA. [1OBEPXHOCT-
HHle, a TaKXe 6JH3MOBEPXHOCTHHIE TPYHTOBHIE BOIBI, YACTO 3aXBATHI-
BaIOLIHe COJIH W3 3BANMOPHUTOBBIX OTJIOMKEHHH, IOMOJHSIOTCS B HEKOTO-
pPHIX pafioHaXx BOAZaMH M3 TJYGOKHX BOJOHOCHBIX TOPH3OHTOB.
Hy6ufickuii nmecyaHuk — BepXxHeMe3030HCKasi anjiloBHabHas Gopma-
nus, NoAcTHiaaomas obmupHble Teppuropuu JInBuu, Erunra u Cu-
HANCKOTO IMOJYOCTPOBA, SBJSETCS XOPOIIHM BOJIOHOCHBIM TODH30HTOM.
OnHako cynst mo NaHHBIM HCCJEeNOBaHHM, mnpoBeneHHblx Ha CHHaf-
CKOM TnoJyocTpoBe, G66sblIag 9acTh BOAK B 3TOM TOPH30HTE OTHO-
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Puc. 2.5. Bopnsie pecypcen
B apuAHbIX (3aCYyNNIHBBIX) o
obnactax. Cxema u paspes y‘*ww\\f <
B paiione ropona TerepaH. W o
W

wwé

xp. Anebop3

I — rpaHulbl  BO3BBIIIEHHDLIX
o6nacrelt; 2 — paltoR Terepa-
Ha, OrpaHHYeHHBI 4YepTOH ro-
poia; 3 — yd4acTKH pacmpocT-
PaHEHHA INOJ3eMHBIX BOA C
KOHIeHTpaluell pacTBOPEHHBIX Terepaniz
Bemects 0,07% (mo JAaHHBIM

Ox. JI. Huana u K. .

Ixonca [1968 r.]).

0. 2,5 Sum 0
Terepah

Cnou A r Croy Bu CI
TN S
7/ Hopenbie nopodel -

CHTCSl K IUIIOBHAJIbHOMY HepHomy *, Korophii 6bi1 30 THIC. JeT Hasal.
B cBsi3an ¢ TaKO# rHIOTE30H YMECTHO 3aJaTb BONPOC: MOXKET JIH ec-
TeCTBeHHAsl MONNHTKA INPH COBPEMEHHBIX KJIHMATHYECKHX YCJIOBHAX
ofeclneynTb BOCIIOJHEHHe BOJBI, YIIeAlIed H3 IPHPOLHHX pe3epBya-
POB B pe3yJbTaTe OTKAYHUBAHHH?

Cronuua Mpana Terepan cHaGxkaeTcss BOAOH H3 OObEIHHEHHOH
CHCTeMBI IIOBEDXHOCTHBIX H IOA3EMHBIX BOA. Boja mocrymaer 1mo BOJC-
Bofam u3 p. Kapaii, nporekatoueii npubausurenbro B 40 KM K 3amany
OT TOpojia, rae 6sarogapsi MOLIHOH IJOTHHE, CTPOHTENLCTBO KOTOPOIi
G0 3aKoHYeHO B 1960-x rogax, o6pasoBaJjioch Bojoxpanuanie. [Tox-
3eMHBlEe BOJBl INOCTYNAIOT M3 MOIUIHBIX aJ/IJI0BHAJbHBIX OTJOMXKEHHH,
NpeJCTaBJICHHBIX TPAaBHUHO-raJledHBIM H OOJOMOYHBIM MaTepHajioM.
VIcTOYHHKOM CHOCa sIBJISleTCsl HaxOoAslMiAcsa K ceBepy or Terepana
xp. Anb60p3, HCHBITABIIMA MOIHSITHE B HefaBHee BpeMs (puc. 2.5).
AnnoBHE NJIOXO OTCOPTHPOBAHHBIH H HEPaBHOMEPHO IEeMEHTHPOBAaH-
HbIH, IpHYEM LEMEHTOM HHOTAA CJAYXKHT THIC; IOPHCTOCTL 3THX OTJIO-
KeHHit cocrasJisier He MeHee 24 Y.

M3-3a HaJu4Yus MHOTOYHCJEHHBIX IPOCJOEB ¢ Oosiee HH3KOH NPOHH-
11aeMOCTbIO JBHKeHHEe BOJBl BKPECT HaIJIACTOBAHUSA [JOBOJIbHO OrpaHH-
gyegHoe. [ToTok rpyHTOBHIX BOJA, HAYILIMH COrJIaCHO HaIlJacTOBAHHIO,
HanpaBJieH B OCHOBHOM K Iy oT ¢poHTa rop. Boawl mocrynarmor
B QJUIIOBHIl 10 pycsaM HECKOJIbKHX IOCTOSIHHO TeKyIIHX DeK H psia
HeOOJIbIIHX peueK C IepeMeKalolHUMCsl CTOKOM. 3Ta KapTHHA, OJAHAKO,
YCJOXHSETCST B pe3ysbTaTe CTPYKTYPHBIX HapylIeHHH H KoJieOGaHHI
Bojonponunaemoctd. Camble HHXKHHe cJOH A (NO-BHAHMOMY, IJIHOIe-
HOBOT'O BO3DAcTa) CMSTH B CKJIaAKH IIHPOTHOTO NPOCTHPaHHs. BoAHbIM
II0TOKaM, TEKyIIUM B Bhlliegexalnux cjaossx B u C (oT IJIHOIEHOBHIX
JIO COBPEMEHHBIX), NMPEeNATCTBYIOT XpeOTHl, COOTBETCTBYIOUIHE YACTHUHO
3POAHPOBAHHBIM AHTHKJIHHAJIBHBIM CKJIAAKAM.

c

xp.Anbbop3

* JloXAJHBHI TEPHOA; TEPMHH HCIOJIb3YeTCs NPH XapaKTepHCTHKe NOCJjesiefdHH-
KOBbIX KoJeGanuil KIHMaTa (YepeloBaHHe IVIOBHANbHHIX NEPHOLOB C 3aCyLIJIHBLIMH).
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IloBepxHocTHEIE BOAEI, CTeKalomMe ¢ Top, HMEIOT LIEJOUHOH COCTaB, HO COAEp-
xat MeHee 0,02% TBepAnIX BelllecTB. B IpyHTOBEIX BOJaX, HaxOASIHXCS IO TOPO-
oM, comepxurcs 6Gojee 0,1% pacTBOpeHHBIX BeleCTB, B TOM YHCJE XJOPHAOB H
cyJbhaToB, 06pa30BaBIIHXCS H3 3BANOPHTOB B aJIIIOBHAJbHHIX OTJIOXKeHHAX. Boawl
M3 aJIIOBHS JOOBIBAIOT OGEIYHBEIM BOCTOYHBIM CHOCOGOM — COOPYXKAIOT TOPH30HTAJb-
Hble TajJepeH (TaK HasblBaeMble KaHaThl), NMPOPHIBASl MX B HAKJIOHHBIX HacTAX aJllio-
BHaJIbHBIX HAHOCOB [0 IlepecedeHHs C BOJHBIM 3epKajJoM. JDTa CHCTeMa paeT 22—
24 myiH. M® BOIBl €3KEroJHO, OTKayka BOJBl M3 OYDOBHIX CKBaXKHH H KOJIOALEB obec-
[eYyHBaeT MpUMEePHO CTOMBKO Ke. EciM sTH IHOPH CONOCTaBHTb C OGHEMOM ecTecT-
BEHHOr0 NPHTOKA TPYHTOBHIX BOJ B aJUIIOBHAJbHHX OT/I0XKeHusix Terepana, cocraB-
asgoomuM  60—70 muH. M® eXerofHO, CTaHET $CHO, YTO COBPEMEHHBE HCTOYHHKH
NOJA3eMHBIX BOJ MOTYT JaTh B GyIyIleM TOJbKO BecbMa OTpaHHUEHHLIE IOIOJHHTEND-

HEIE BOAHBIE PECYpCHL.

3. QHEPITETHYECKHE PECYPCHI

3.1. PECYPCbl BOSOBHOBJISIEMBIE
1 HEBO3OBHOBJISIEMbBIE

Jlo npoMbIIIJIEeHHOH peBOJIOLHHM 6OJblias YacTb SHEPreTHYeCKHUX
notpeGHOCTeli yeJOBeKa YJOBJETBOPSJAChL 33 CYET HCTOYHHKOB, KOTO-
pHle B OCHOBHOM CYHTAJINCh BOCHOJHHMBIMH; TAKHMH HCTOYHHKAMH CJY-
JKHJIH JepeBbsl H IPyTHe PacTeHHs, XXHBOTHbIE, a TAKXKe SHEPrHsi BOAH,
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Puc. 3.1. Poct norpeGieHuss 9Hepruu (MO CTATHCTHYECKUM JAaHHBIM Bedanko6pu-
TaHHH).

—_— s —
oy T T 1 l L

Ha Bpeske NoOKasaHa OTHOCHTeJbHAas HONS OCHOBHBLIX HMCTOYHHKOB SHepPrHH B OOIleM SHepreTH-
4eCKOM KoMIlJeKce BenHKOGpHTaHHH.
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Ta6anma 3.1, Ucrounnkin anepiuii

HcTOuHHKH Buabl 5HeprHH H HCTOYHHKOR
Bo3o6HoB/sieMBIE CosHeyHasl SHEPTHS.
T'uaposHeprusi (SHeprusi pek, BOJIH, NPHIJHBOB).
Cuya Betpa.

TeoTepMaJjibHasi 3HEpPrHs.
OpraHHuecKHe BellecTBa

HeBo3so6HoBJ1ste- Tsepmoe TomauBo (WCKOMaeMsle yruid, GHTYMHHO3HBlE CJAHIBI
Mble (roproune H TNIeCYaHHKH).
HCKOIIaeMble) JKugkoe tomiuBo (HedTh).

IIpuponuwlit ras.
ArtoMHas 3Heprus

BeTPa M COJHIA. B pasBuBamwInuxcs CTpaHax M cefdac B OCHOBHOM
HCIIOJIb3YIOTCSl Te K€ HCTOUHHKH 3Hepruu. JlJhTesbHAast SKCIJyaTalHs
TAKHX DeCypCcoB IOBJIeKJa 3a cO6OH 3HauHTeJbHble H3MEHEHHS B IPH-
pPOJHOM paBHOBEeCHH; HampuMep, BEIpPyOKa JecOB NpHBesa K obeaJjece-
HHIO OTPOMHBIX TE€PPHTOPHH.

['HranTckuii pocT HepreTHYECKHX PAaCXOAOB B IOCJe[]HHe [Ba BeKa
OKasaJjicsi BO3MOXKHBIM 0J/1arojapsi HCIOJb30BAaHHIO IOPIOYHX HCKOIae-
MBIX: yrJs, HeTH W npupoAHoro rasa. Ob6uiee motpeGieHue 3THX Be-
IecTB (MPUMEeHSAIOMIUXCS He TOJbKO B KayecTBe IOPIOYHX MaTepHasioB,
HO M KakK Chlpbe IJIsg XHMMHYeCKOH NPOMBIIIJIEHHOCTH) BO3POCJIO BTpOE
B nepByio nosnoBuny XX croserus (1900—1950 rr.) u eme pas npu6-
JIU3UTEJNBHO YTPOMJIOCH 32 €ro TpPeTbI0 UeTBepTh, T. e. K 1975 r.

I'oproune HcKomaeMble, COCTaBJAIOLINE B HACTOsILee BpeMs GoJiee
909% Bcex 3HepreTHYECKHX 3aMacoB IJIaHeTHl, MPeACTaBJsIOT cOGOH He-
BO300OHOB/IsIeMble pecypchl. XOTSl MBI He pacloJiaraeM INOJHBIMH JaH-
HBIMH O TeX MX KOJIHYecTBaX, KOTODble K HACTOSIleMy BpPeMeHH OCTa-
JHCb B 3€MHBIX HeJpax, OOJIBIIMHCTBO CIELHAJHCTOB NPHIIIH K BHI-
BOJAY, YTO IIDH COBPEMeHHBIX TeMIax IOTpe6GJIeHHsT 3TH HCTOUHHMKH
6yAyT MCUepNaHbl B JydlleM CJydae 3a HECKOJbKO croseTHii. Coro-
CTaBJIEHHE JKH3HEHHOrO yPOBHS M NMOTpebJjeHuss sHepruu (cM. puc. 1.1)
N03BOJISIeT IIpeANo/araTh, 4T0O MHPOBas NOTPEOHOCTh B PA3JHUHBIX pe-
cypcax Bospacraer (puc. 3.1). DTu coobpaxeHHs, COMJIACHO KOTOPHIM
KOpeHHble HM3MEHEeHHs B IPHMEHEHHH Da3/IMUHBIX BH/IOB SHEpreTHue-
CKOro chipbsl B OHkalimne 50 jieT MOTYT 0Ka3aTbCs Heu3GeKHbIMH,
CTHMYJ/IMPOBAJH HCCJIEN0BAaHHS 1O NpO6GJeMaM HCIOJNb30BaHUS siIep-
HOTO TOpIOYero M BOCHOJIHEHHsI BO30GHOBJISIEMBIX SHEPreTHYECKHX pe-
cypcoB. B Ta6s. 3.1 npuBeseHB JaHHBIE 0 OCHOBHBIM MPHPOAHBIM pe-
Cypcam, LOCTYNHEIM [Jisl 9KCIIyaTally B HacTosIee BpeMs JHGO MOJ-
namomumcs: nepepaborTke.

3.2. TUAPOSJNEKTPUYECKAS dHEPT U

DHeprus BOAbI, TeKyIIEH NMON AEHCTBHEM CHJIBI TSKECTH, CJAYKHJIA
Ha NPOTSIXKEHHH CTOJIeTHH U NpHBENEHHs B ABHJKEHHe KoJieCc BOJs-
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HbIX M@JDLHUIL H APYIHX arperatoB; HbiHe OHA HCMOJG3Yercest B 3HA'H-
TesJIbHO GO0Jlee IIHPOKHX MaciuiTabax, B TOM YHCJC JJisl BPAaUleHHST Typ-
6un rugpossektpocranuuii (I'DC). I'mapossnexrpuyeckas Heprus, Bbl-
pabaThiBaemasi TaKuM cnocoGom, cocrasisger 5—100 coBpemenHoro
NPOH3BOACTBA 3Hepruu. Boma 13 BOAOXPaHMJIHIL, —COOPYXKaeMBIX Ha
pekax, moctynaer K resepartopam I'DC, pacno/ioKeHHBIX HHXKE IO Te-
YEHHIO; TPH 3TOM HAMOp BOABl H ee 0ODBEM ONpENe/AIT BbHIPAGOTKY
SHEpIHH.

[ToTeHnnanbpHble BO3MOXKHOCTH THAPOSHEPreTHYECKHX CHCTEM 3aBH-
CAT OT KOJIHUeCTBA aTMOC(EpHBIX OCAaAKOB, pasMepoB BOLOCOOPHOMN
IJIOI AN U HAaJHUHs 6JArONPHSITHBIX MECT JiJisl COOPYIKEHHs NJIOTHH H
I'3C. DoabIIHHCTBO KPYMHBIX 3HEPrOCHCTEM COCPEIOTOYEHO B BO3BHI-
HIEHHBIX O06JIACTSAX C BBICOKMM CPEIHErOJOBBIM YPOBIEM aTMOCQepHBIX
0cajxoB JH6O Y HX TpaHHI, a Takke BOJIM3M OLICTPHH H BOJOIALOB
B HHIKHHMX TEUEHHSX TAaKMX KPYNHHEIX pex, Kak Bousbpra, Hun nau 3awm-
6esu. ['eosorpueckue acneKThl CO3JaHHS THAPO3HEPTOCHCTEM CBSI3aHbI
C COOpYKeHHeM BOJOXPaHH/HLL W BHIOODOM HaJeKHBIX yYaCTKOB O]
IJOTHHHL.

3.3. TEOTEPMAJIbHASI 9HEPIUA

TensioBOH NOTOK, MAYLUIHH M3 3€MHBLIX [JIyOHH, COCTaBJsIeT Ha MO-
BepxHocTH 3eMau B cpegHem meHee 0,1 Br/m2 TensnoBoil mOTOK MOXKeT
CJYXHTh TMPaKTHUECKHM HCTOUYHHKOM SHEPTHH TOJbKO NPH aHOMAJbHG
BEICOKHX €ro 3HaueHHsX. ['eoTepMHUeCKHH rpafiHeHT B pa3JIMUHLIX pe-
ruoHax usMeHnsierca ot 10°C/KM B Ipejfesax JpeBHHX KOHTHHEHTAJD-
HBIX KpaToHOB 10 40°C/KM u 6oJjiee B obJiacTsax HeqaBHeit Ju00 COBpe-
MEHHO} BYJKaHHUECKOH AesiTeJbHOCTH. Dosiee BLICOKHE 3HAUEHHS Tell-
JIOBOTO IIOTOKA 3aperucTPHpPOBAHBI B PafioHAX aKTHBHOH LHUPKYJSIHH
BOAHBIX INOTOKOB, NEPEHOCALIHX TemJ0 H3 TJIYOHH K IOBEPXHOCTH
3eMsH, 1 B HENOCPeNCTBEHHOH OJIH30CTH OT MarMaTHYECKHX OUYaros,
rjie reoTepMHYeCKHi TPajHeHT BOJH3H 3€MHOH [OBEPXHOCTH MOXKET
npeBbiath 100°C/kM.

HcTouHukaMu reoTepMaJsbHOH 3HEPTHH Yalle BCEro CJyXKaT MpH-
pOIHBIE TOpsiUHe BOJABl HJIH Nap, KOTOpble MOT'YT IPHMEHSIThCs AJS He-
NOCPEACTBEHHOr0 O6OrpeBaHHs 3LAHHH JHOO AJs NMOJYYeHHS] 3JIEKTpPO-
sHeprud. IIpucyTcTBHE KOPPO3HOHHBIX F€OTEpMAaJibHBIX PACTBOPOB CO3-
laeT NPH 3TOM LeJbl# psig TpyAHOCTeHd. CHUCTEMBI TOPSIUHX MaJIOBOJO-
OGHJIBHBIX TOPHHIX NMOPOJ, B KOTOPBIX TEIJIO IlepefaeTcss Ha LJIyOHHe
HEeCKOJIbKHX KHJIOMETPOB, TaKxkKe MOI'YT HaHTH NPAKTHYECKOe INpHMe-
#HeHue, lcnosp3oBaHNe TENJIOBHIX SHEPTETHUECKHX DPECYPCOB JHMHTH-
pyeTcst reoJIOTHYeCKHMH (DaKTOpaMu, Tak KakK HEOOXOAHMMBIE YCJOBHS
IJIS. 9KCIIyaTallid 3THX PECYpPCOB HMEIOTCS MNPAKTHYECKH TOJBKO B
BYJKaHHYeCKH aKTHBHHIX peruoHax. bBéJbmas yacTh TensoBof sHep-
run B Mcianauy nmoctynaetr HMeHHO U3 3Toro uctounuka. [Igas Hoso#
3enannuu (CeBepHbIA ocTpoB) u MTanumu 3Ta 10Js COCTaBJISET COOT-
BercTBeHHO 11 u 3% . HMcnonn3yioT reoTepmanbHylo 3SHEPTHIO TakxKke
CHIA (B wrate Kanudopuus), rocynapcrsa Llentpansioit u [OxHO#
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Awmepuxy, Coserckuii Cor03. MHOrHe CTpaHbl, PaClOJIOXKEHHble B Mpe-
nenax THXOOKeaHCKOTO BYJKaHHUECKOro mosica v AQpHKaHCKON puGbTO-
BO# CHCTEMH, IO BCed BEepPOSTHOCTH, CTaHYT NDHMEHATL ee B Oyay-
meM.

HMcnappus — cTpaHa, He HMeomlas ToOpIOUHX  HCKONMAGMHBIX. — PACHOJ0XKeHa
HCKJIIOYHTENbHO YHAAYHO C TOUYKH 3PeHHs] HCIOJb3OBAHHA reoTepMaJsibHOH 9SHEPrHH,
MOCKOJIPKY ~ OHAa OPHEHTHpOBaua pKpecT npoctHpanus CpelrHilo-ATJaHTHYECKCrO
xpe6Ta B pafOoHe aKTHBHOTO PaspacTaHusi MOPCKOTO AHa. Ha TeppHTOPHH, OrpaHHYeH-
Hoit moJsocofi 100-KHJIOMeTPOBOH 1NMpHHBI M BKIIOUAiOMiell CpelHHHO-OKeaHHYECKHH
xpebeT, MepHONHYECKH NPOHCXONAT H3JMHSHUS J1aB H3 TPEIUMH M LEHTPAJbHEX Kepl.
IeotepMuueckuilt rpaguent o npefesax stofi noJoce pocruraetr 100°C/kM H yMmeHb-
HIAeTCA CUMMETPHYHO 1O 06e CTOPOHHI OT Hee. IlepeHoc NMPHPOJXHOrO Temaa B padoHe
Cpenunno-ATsanTHYeCKOro  xpe6Ta  ONpefelsieTcs 3HAUGHWSIMH TOpAAKAa 55—
60 MBT/kM2. TepmasbHble (JIOHAH, HArpeBalOLIHeCs B KOHTAKTE C JABaMH [0
200—300°C Ha ruy6uHe HeCKOJbKO KHJIOMETPOB, YJIaBAHBAIOTCS BOJHSH 3eMHOH IIO-
BEPXHOCTH H HCIOJL3YIOTCS JJs IPOH3BOJCTBA 3JeKTpo3Heprud. OHH TaKKe HaNpaBis-
0TCA N0 Tpy6aM HeMoCcpeACTBEHHO B PeHKbiBHK [ [OJAYH Teml1a Ha 3aBOIH,
B XKHJBle JOMa H OpaHIKepeH.

B Hraauy reotepmanbHas sHeprHs TOCTYMaeT B OCHOBHOM H3 Jlapaapesio —
MECTHOCTH, DPAaCIoOJIOXEHHOH Ha ceBepe cTpaHbl. I[lap, moAHUMAOLIMiCA M3 3eMHHX
HeJp, 31eCh HCIO0JIb30BAJICA yXKe HeCKOJbKO CTOJIETHH Ha3aj LJIs MOJdyYeHHS] GOPHOMN
KHCJIOTH. B aToM pafione HeT AeHCTBYIOIIHX BYJKAaHOB, HaGJIOAAIOTCA TOJbKO (yma-
poasl. Ilpenmosaraercs, d9ro nPHUMHON 3TOH TepMAaNbLHON AHOMANHH IOCIYKHIO
MOJIO[0e HHTPYSHBHOE TeJO, HaXOAsIleecss Ha 3HAUMTENbHOUN ruyGHHe.

[Ipuponuslit map, BEIXOAAIMA Ha NOBEPXHOCTL MOJ AaBJeHHeM 25 6ap HpH TeM-
nepatype noutu 200°C, conepKHT 3HAUHTENbHOE KOJHUECTBO IOBEHHJBHHIX (JIOHIOB
u ofnafaeT BHCOKOKOPDO3HOHHBIMH CBOHCTBAMH, YTO OINpPeleJseTcss XUMUUECKHM
COCTaBOM DACTBOPEHHBIX B HeM BemecTB. CileflyeT yNOMSiHYTb, YTO HMEHHO B 3TOM
nape Brepshble Ha 3emye Obl1 OOHAapyeH TesHil (YCTAHOBJEHHBIH X0 3TOTO TDH
HCCJIEIOBAHHH COJHEYHOrO CIIEKTpa).

MeHee MHTEHCHBHBIE HCTOUHHKH I'eOTeDMAaJsbHOW 3HEpru# BCTpeya-
I0TCSl BAJI OT paiioHOB aKTHBHOTO BysakaHuama. Hampumep, B Beau-
KOODHTAHHH BBISIBJEHBl JBE€ 30HBl C OTHOCHTEJNHHO MOIIHBIM TeIJIOBHIM
MOTOKOM; MOTEHLHAJ/IbHbIEe BO3MOXKHOCTH T€PMAaJbHBIX aHOMAJMH BHYT-
pu 3THX 30H u3yyaoTrcs (puc. 3.2). B lOro-3amamHoii AHraum Jo-
KaJbHBIH HMCTOYHMK TemJa, KOTOPBIH MOMKeT OBITh HCIOJb30BaH B

Puc. 3.2. Tensiosolt noTok
HQ TEPPUTOPHU AHIJIUH M
Yaubca.

BolneneHs paltoHbl, B mpege-
JaxX KOTOPBIX MOXHO HCHOJb-
30BaTh TIe0TEPMAJBLHYIO 3Hep-
ruo  (CpaBHMTEJNBHO  MaJo-
MOILHYIO).
VI30/IHHHH TeMNJOBOro IOTOKa
JlaHBI B MHKpOBAaTTax Ha
KBajzpaTHHI# MeTD.




CHCTEMe MaJjIOBOAOOGHJILHBIX TOPSUMX INOPOJ, YCTAHOBJEH B TepLHH-
CKHX TpaHHTaX, oforamieHHbIX DaJHOAKTHBHBIMH 3JIEMEHTAMH — Ka-
JIHEM, yDaHOM, TOpHEM.

Tensnle ueTounuku barta cresnanu 3TOT aHIVIMACKUH TOPONOK 31paB-
HUILEH ellle BO BpeMeHa PHUMCKO# HMOepHH. BHIXOAB TOPSAYHX HCTOUHH-
KOB B IEHTPAJbHbIX, I0XKHBIX H BOCTOUHEIX pafifoHax AHIJIHM pacrnoJo-
JKeHbl B 0CaJouHblX 6accefiHax Me3030HCKOTO — TPETHUYHOTO BO3pacTa
HJIH TIPUYyPOYEHBI K HX rpaHuunam. HarpeB nojasemHbIX BOJ B 3THX pe-
TMMOHAX MOXKeT OBITh CBSI3aH OTYACTH C I'1y6OKHM 3ajeraHueM HX HC-
TOYHHKOB, OTYACTH — C TMOCTyINJEHHEM TelJIOBBIX MOTOKOB H3 OMe30-
30HCKOro (hyHgaMeHTa. XIMIOIUUPCKUHA OcafOuHblH OaccefiH BO MHOTHX
OTHOIIEHUSIX HanoMuHaeT [lapuiKCkuil, KOTOPHIA SBJASeTCS NMOCTABILH-
KOM TeIJIOBOH 3HepPruy, HAyUIeH Ha o6orpeBaHHWe 3IaHHH B MaPHXK-
CKHX npeaMmecTtbsix. OJHaKO MeIJeHHOe BOCCTAHOBJIEHHE HCIIOJb30BaH-
HOMl SHEPTHH B 5TOM paloHe MOKeT IPHUBECTH K OTKa3y OT IpHMEHEeHUs
TAaKHX 3JHEPreTHYECKHX HCTOYHHKOB KaK HEJOCTATOYHO 3KOHOMHUHBIX.

3.4. SJEPHOE TONJIUBO

PanuoakTuBHBI pacnmajn ypaHa, TOPHS H JPYTHX 3JeMeHTOB — OC-
HOBHOH HCTOYHHK TENJIOBOH 3HepTHH B 3eMHOH Kope. Ilponecchl, cBfi-
33aHHbBle C pacLIeNJeHHeM aTOMHOTO $1Apa, HCIOJb30BAJIHCL MJIS HOJY-
YeHHsl 5HePrHH CO BpPeMeHH BTOPOH MHPOBOH BOHHBL. MrHOBEHHOE BHI-
cBOOOK/IeHHE BHYTPUSAepPHOH SHEPTHH BOIJIOUIAETCS BO B3PHIBBI aTOM-
HBIX 60MO6; ynpaBJisieMble e NPOLECCH pacLIeneHHss aTOMHHIX sfiep
B peaKTopax JeJaloT BO3MOXKHBIM HCNOJb30BaHHE 3TOH 3HEPTHH B
MHPHBIX LeJIX — JJIsi IPOMBIIIIEHHBIX # OBITOBBIX HYXKI.

B macrosimee Bpemss B 20 cTpaHax Mupa, riaBHBIM ob6paszom EB-
ponsl u CeBepHOii AMepHKH, AENCTBYIOT OK0J0 200 NpOMBINIJIEHHBIX
peakTopoB. B 1976 r. okono 109% 3JeKTpo3Hepruu, noTpebJsBIiIeHCs
B Besuko6puranun, 6blJI0 MOJYUEHO Ha AaTOMHBIX 3JIEKTPOCTAHIIMSX.
[TosTOMy MHOrHe paccCMaTpHBAalT CTPOHTEJLCTBO aTOMHBIX 3aBOJIOB
H 3JIGKTPOCTAHIUMI KaK OCHOBHOE CPeACTBO NPEOLOJIEHHUS SHepreTHye-
CKOTO KpH3MCa, HACTYIJIEHHe KOTOPOTrO MPEACTAaBJIAeTCS HEH36eKHBIM
MO Mepe BLIPAa6OTKH TOPIOUMX HCKOMAeMBIX, T. €. HCUepPHaHUs OOBIUHBIX
HCTOYHHKOB 3Hepruu. Pa3BUTHe aTOMHOH 3HEPreTHKH SIBJsIETCS Mpej-
METOM NyOJHYHBIX JHCKYCCHH, BO3HHKAIOMIMX B CBS3H ¢ HEOOGXOIH-
MOCTBIO YYHTBHIBATH KaK €€ HeCOMHEHHble SKOHOMHUECKHe IpeuMyllie-
CTBA H TeXHHYECKHe BO3MOXKHOCTH, TaK M TMOTEHIIHAJLHYIO OMaCHOCTh
3apaxKeHus OKPYKalIel CpeAbl PaAHOAKTHBHLIMH BelleCTBaMHU.

Macmrabel 6€30MacHOr0 HCMOJNB30BAHHS aTOMHOH HEPTHH, KOTO-
pble paHO MM NMO3AHO OyAyT Ompeje/ieHbl, 2 TaKKe XapaKkTep TEXHH-
YECKHX CPeJCTB, IPUMEHsIeMbIX DU e€e NPOH3BOACTBE M IKCIIyaTalluy,
HaXOAATCS B 3aBUCHMOCTH OT NIpPOGJieM, CBSI3aHHBIX C BO3MOIKHOCTbHIO
KOHTPOJIUPOBAHHUSl CJAYYAaHHBIX yTeYeK PaJHOaKTHBHLIX MAaTepPHAaJOB, C
COBEPIIEHCTBOBAHHEM METOJ0B 00€3BpeKUBAHHUS PaLUOAKTHBHBHIX OT-
XOJIOB, CBEJEHHEM JO0 MHHHMyMa pacCeHBaHHs pPAaAHOAKTHBHBHIX Be-
LIECTB B pe3yJibTaTe BO3MOXKHBIX aKTOB caboraxka HJH TEPPOPUCTH-
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YeCKHX NeHCTBHI H, HaKOHEl, C YCTAHOBJEHHEM KOHTDOJS HaJ siuep-
HEIM OpY3KHEM.

I'naBHOe chIpbe, HEOOXOAMMOe 1Jisi NMPOU3BOJACTBA ATOMHOM 3HEp-
THH TIyTeM pacIlenJyieHus snep, s3to ypas. Ero uzoron ypan-235 jerko
pacuiensisieTcst; 60Jiee pacHpOCTPaHEHHBI) M30TOU ypaH-238 Hexenum,
HO MOKeT OBITb NMpeBpalled B KOPOTKOKHBYLIHI PacHIensieMblii 3Jie-
menT nuytonnit-239. IloaTromy g peakropax ucmosbayercs JHO60 ypaH,
HCKYCCTBEHHO OOOTaleHHBIH H30TONOM ypaH-235, nmubo mIyTOHHI-239.
B peaxkrtopax Ha GBICTPBIX HEATPOHAX NPHMEHsIETCS MPOllecC NpeBpa-
IWleHHs1 ypaHa B miayToHud, IlayroHu#, comepxamufics B oTpaboTaH-
HOM aTOMHOM CLIPhe, MO3KeT GBITb H3BJIeUeH H3 Hero MOBTOPHO, OXHAKO
MHOTHe JpyriHe paJHOaKTHBHBIE 3JIeMEeHTHl, 00pa3ylolluecs B PEaKTO-
pax, NMpeBpallalOTCsy B KOHEUHOM HTOTe B OTXOAHBI, AJISI KOTODPHIX 10JI-
JKHBI CO3aBaThCsl 6e30MacHEe XPaHUIIHILA.

[TockoapKy ypaH siBJsSIeTCSI TPHPOAHBIM CBHIPLEM JAJSl  TOJNY4EHHS
aTOMHO#l SHEeprHH, OH oKa3aJjcsi OOBEKTOM HHTeHCHBHBIX IIOHCKOB H
Pa3BeIkKH B TeYeHHe MOCJeNHUX jaecsiTHaeTHii. Bsaronaps 6ousbiioft
IIeHHOCTH ypaHa ropHble MOPOABI Aa)Ke CO CPABHHTENLHO HEBBLICOKHMH
€ro KOHIIEHTPAUHUSIMH CUMTAIOTCS, KaK OblO TMokKazaHo B Tabus. 1.3,
MOTeHIHAJbHBIMU PYAHBIMH TeJaMHu, [JlaBHEIe MHHEpaJbl ypaHa — ypa-
HUHHUT H ypaHoBas cMoJKa (HacTypaH), HuMelouue obuywn GopMmyay
U4t0,2~. U3 ypaHconep:kallux MHHEPAJOB CJeLyeT Ha3BaTh TaKKe
KobGHUHHT (THIPOCHIHKAT ypaHa); CYHIECTBYIOT H JPYTHe, XyiKe JHar-
HOCTHDYeMble, IPHPOAHBIE coelHHeHHs ypaHa. OKHCJIeHHble «XKeJThble
NPOAYKTHI® — KaPHOTHT W ypaHodaH — AAIOT XapakTepHHE NSATHHCTHIE
06pa30BaHUs BOKPYT CKOIJIEHHH YPaHOBHIX DYI.

MeTonel MOHCKOB ypaHa OCHOBAHHI I'VIaBHBIM 006pa3oM Ha pajHOaK-
THBHBIX CBOHCTBax 3Toro sjgemeHTa. CHNEKTPOMETPHI, PErHCTPUPYIOLIHE
BHIJEJIEHHe DaJHOAKTHBHBIX YaCTHI[ B BO3LYyXe WM HAa 3€MHOH NOBEpX-
HOCTH, MOTYT OBITh HCIOJIb30BaHBl (C HEKOTODHIMH OTOBOPKaMH) /sl
BLISIBJICHUS] TOBBIIIEHHBIX KOHLEHTPALHH ypaHa H HCCJENOBaHHSA aHO-
MaJini, 0OOHapyXKHBAeMBEIX NPH OOGBIUYHBIX T€OXHMHYECKHX DEKOTHOCIH-
pOBKax.

OcHoBHO#I 06beM MHDOBOH NPOAYKIHH Gasupyercss Ha ypaHe, J10-
6bIBa€MOM H3 OCaJ0YHBIX NMOPOJ. MICTOUHHKaMH ypaHa B 3THX NOPOJAX
SBJISIOTCS CKOIJIEHHst O0GJIOMOYHBIX MHHEDaJoB JIHOO BENIeCTBa, 0CaXK-
HamuiHecss U3 ypaHCOLEpIKAIIUX TPYHTOBHIX BoA. UTOOH MOHSATHL reHe-
3UC 3THX 3aslexed, HeoOXOLMMO YUUTHIBATh, UTO YPAHHHHT H Jpyrue
MHHepaJbl, B KOTOPHIX CONEPIKHUTCS YeThIPpeXBaJICHTHBIH ypaH, JIETKO
P&3J1aralTcsd B OKHUCJAUTEJNbHOH ob6craHoBke. [ToaTomy B mpouecce BHI-
BETPHUBAHMS TOPHBIX NOPOL ypaH OCBOGOXKAAETCS, a 3aTeM INepeoTJa-
raeTcslt TPYHTOBBIMH BOZAMH M THIPOTEPMAJbHBIMH PacTBOPaMH.

Bce ypanoBEle MecTOpOKIeHHsI, CBsI3aHHBle C DOCCHIISIMH, HMEIOT
paHHenpoTeposoiickuit Bodpact (=2 wmapa. ser). Ilo naHHBIM Heko-
TOPbLIX CIELIHAJHCTOB, OHH GHITH COPMUPOBAHHEL B TOT NMEPHOM, KOTAa
6saronaps HH3KOMY COAEPIKAHHIO KHCJIOpPORA B aTMOC(hepe ypaHUHUT
¥ ypaHOBas CMOJIKA TOUYTH HE pa3pyuiajucb MpH BHIBETPHBAHHH M Ha-
KalJIMBAJIUCL BMeCTe C IDYTHMH TSXKeJBIMH MHHepanamu. Hanbosee
KpyINHble MECTOPOXKIEHHs1 TAaKOTO TeHe3uca NPHUYPOUEHH K CHCTeMe
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Puc. 3.3. ¥Ypanosoe pya-

// i » Hoe Teso (paspes).
/Z/%/%/g/zg;g///%z XapaktepHast ¢opma 3asera-
s S = HHSI YPaHOBbIX DYA B Mecda-

HHKaX — DPYAHBIA «pOoJLII-
¢poHT», 06Pa30BAaHHLIA MHIle-
pasH30BAaHHBIMH PAacCTBOPaMH,
HanpasJieHHe KOTOPBIX IOKa-
3aHO CTpeJKoft B ImpaBoft ua-
CTH PHCYHKa. MOUIHOCTb Ta-
KHX DYJAHBIX TeJ JOCTHraer
HECKOJILKHX MCTDOB.

ydHoe:: mesio

7 _
BurBatepcpany B IOxHo#t AdpHKe, a Takxke K Kommiekcy I'ypoH B
pafione Kamnaxckoro mura. B Gaccefine Baahna-Pusep (Ourapwo,
Kanazna) ypaH cKOHIEHTPHPOBAH B MaJOMOLIHOM 6a3ajibHOM rajieyHOM
FOPH30HTE TOJIIIH JIODEHCKHX KBapIHTOB, 3aJIerajlleM HeCOrJaCHO
Ha BBIBETPEJIOi MOBEPXHOCTH apXeHCKHX I'PaHHTOB, PynHas 30Ha, com-
pOBOXK/aol1ast 3TO HEeCOorJiacHe, MPOCJEKHUBARTCSA B BHJe CJOS XKEJNTO-
BAaTOro LBETAa MOLIHOCTHIO OKOJIO 1 M Ha IJIOI(AaAH B HECKOJIbKO COTEH
KBaJPAaTHBIX KHJIOMeTPOB. B mpesenax 30HB BBIABJIEHB OTYETIHBO
BHIpaXKEHHbIE YPaHOBblE aHOMAJIHH, KOTOPhle DPEerHCTPHPYIOTCS CHEeKT-
pOMeTpaMH H (DHKCHPYIOTCS Ha FeOXMMHYECKHX KapTax.

VYpaH, NepeHOCHMBI B DPaCTBOPEHHOM BHJIE UHPKYJHDYIOIWIHMH BOAAMH, MOXeT
KOHIIEHTPHPOBATbCS B NPOHHIAEMBIX OCAaNOYHEIX INOPOAAX HA BOCCTAHOBHTENbHBIX
Gapbepax — TaM, Tle NPHCYTCTBYET OpPraHHUecKoe BEUIeCTBO JHOO H3MeHsFeTCs TeoxH-
Muueckas obGcranoska. bosee 909 tekyme#i nponykuun ypana B CIIA ocroBaHO Ha
pa3paboTke MeCTOPOXKJeHHii Takoro THna. Hamboaee BaxkKHble H3 HHX IPHYPOYEHH!
K KOHTHHEHTAJbHHIM KPACHOLBETHHIM OTJIOXKEHHSM OT Me3030HCKOTo A0 TPeTHUHOro
Bo3pacra Ha mi1ato Kosaopano, na teppuropun KOThl H COCEHHX IITATOB, TJe DYIHHII
MartepHas ocaxjajcs B NPOHHIIAEMBIX NeCYaHHKAX, IMIaBHBIM 06pasoM Ha pacTHTeNb-
HBIX OCTaTKaXx JuGO B BHIe DYIHBIX CKOIUIEHHH THHA «poaI-GpoHT»>* (puc. 3.3.).

B sacywuBbix pationax 3ananuoii Ascrpanun u IOro-3anannoii Adpuxu ussect-
KOBHe KODKH (KaJbKpeThl), OTJIOXKHBIIHECS H3 HACHILIEHHBIX T'DYHTOBHIX BOJ, HHOrIa
OKa3HIBAIOTC YPAHOHOCHBIMH, a2 HMEHHO Ha TeX YYacTKaX, Ile B KOPEeHHBIX IOpOAax
O0TMeYaloTcs HeOGHIYHO BHICOKHE KOHIEHTPalHH ypaHa.

3.5. TOPIOYHE UCKOMAEMBIE. HE®Tb U I'A3

3.5.1. BBELEHHUE

Topioune HCKomaeMble —HeDTb W NPHPOAHBIH ras, HCIOJIbL30OBaHHE
KOTOPHIX JIEXKMT B OCHOBE Da3BHUTHS HHAYCTDHH HA NPOTSKEHHH IO
KpafiHell Mepe ABYX IOCJIeJHHX croseTHi (cM. puc. 3.1), ob6pasosa-
JIMCh U3 pPa3/jMYHBIX (OPM OPraHMYECKOTo BellecTBa, 3aXOPOHCHHOTO B
IPEBHHX ocankax. B Tex ciayuyadx, KOrZa OCYIIECTBJSJIOCH IOJHOE
OKHCJIEHHE, OpPraHHYecKoe BEIIeCTBO Pa3jarajoch B BEPXHHX CJOSX

* Pynnble Tea ypana qu60 BaHagusi S- mian C-06pasHofi ¢HopMH B MONEPEYHOM
CeYeHHH CPefH OCafQYHHIX NMOPOJ, B OCHOBIOM MECYAaHHUKOB.
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AKKyMyJ/JIMPOBAHHOH Macchl ocaakos, Koraa ke OKHCJeHHe OblIo HE-
MOJIHBIM, YaCTh OPlaHHYeCKOro BelllecTBa COXpaHsijack B IOPOAAax B
BHJE Pa3J/IMUHBIX COeJHHeHH# (yr.aeBoioB, GesakoB, JunuuoB). Cropa-
HHE HX B IPHCYTCTBHH KHCJOpDOJa 3aBepliaeT IPOIECC OKHUCJEeHHS,
NpPOTeKAIOWEro ¢ BblAe/JeHHeM 60JbUIOr0 KOJHYECTBA SHEPrHH.

['eHesuc u CBOHACTBAa JByX OCHOBHBIX BHAOB TOPIOYMX HCKOIae-
MBIX — He(TH ¥ NPHPOJHOrO rasa, ¢ OJHOH CTOPOHBI, H YIJd, C ApY-
roji — COBepIIeHHO pa3juyHbl. HedTp ¥ raz npeacras/siioT COOOH
CJIOXKHYI0 CMECh DPa3JIMYHBIX YIJEBOLOPOAHBIX COEIHHEHHH, o00paso-
BaBIUUXCSI B OCIIOBHOM H3 OpPraHMYeCKOro BelleCTBd, KOTOpoe Haxam-
JUB4JIOCL B CeAHMEHTAIMOHHbIX, Uallle BCEro MOPCKHX, Oaccelinax.
JKuaxue u rasoobpasiibie yrJeBOAOPOAE, €HepHPOBAHHBIE pPacCedH-
HbIM OPraHHYECKHM BellleCTBOM, CPABHHTEJNBHO JIETKO MEIDHDYIOT IO
IPOHHIIAEMBIM IOpOAAaM M COOHPAIOTCS B IPHPOAHBIX JOBYLIKAaX, KO-
TOphle MOTYT pacloJaraTthcsg Ha 3HAUUTEJbHOM PacCTOSAHHH OT MecTa
HX TeHepalnuu, YTroJibHble K€ CKOIJIEHHS (OPMHDPYIOTCS B OCHOBHOM
H3 Ha3E€MHBIX, B TOM uHcJe GOJIOTHBIX, PACTEHHIl H OCTAIOTC Ha MecTe -
cBoero o6pasoBaHus, 3ajeras NPEUMYILECTBEHHO B KOHTHHEHTAJbHHIX
0CaJ0YHBIX MOpOAaXx.

3.5.2. TEOJIOTUYECKAS OBCTAHOBKA

YrieBoLopoAs He(PTAHBIX M Ta3oBBIX 3aJsexkeidl 06pa3oBajuCh IO
GoJiblllefi 4acTH B MeJIKO3eDHHCTHIX He(TerasoMaTepHHCKHX OCaAKaXx:
uiax, IJIHHAaxX, Meprenasx, kapbonarax u ap, Ilopoan, cmocoGHBle ak-
KYMYJIHPOBATb 3HAUUTE/bHblE KOJHUECTBA MUTPHDPYIOIIHX B HHX HedhTH
H rasa, NOJYUHJIH Ha3BaHHe HNPHPOJHBIX pe3ePBYapoB HJH KOJJIEKTO-
poB. HauboJsiee pacnpocTpaHeHHble KOJJEKTOPHl NMpPEACTaBJIEHbl IJIaB-
HBIM 00pa3oM INecuaHHKaMH U KapOoHaTaMH.

Heb6onbuine CKONJEHHS YrJeBOLOPOAOB HMEIOTCS B OTJIOMKEHHSIX
JOKeMOPHHCKOro BO3pacTa, XOTsl HNPOMBIILJIEHHBle He(TsSHBle 3ajexKu
TaM He OOHapy:keHHl. HeKoTopble KpynHble MECTOPOXKAEHHs He(DTH U
rasa, HanpuMep B npoBuHHUHH Asbbepra B Kanane, cBsizaHbl ¢ maJjieo-
30HCKHMH KOJIJIEKTODAMH; HCTOYHHKH 3THX YIJIEBOLOPOJOB, MO BCei
BEDOSITHOCTH, HMEIOT TaKxKe MaJeo30fCKHi Bo3pacT ¥, xorg GoJee
80% noGeiBaeMoji 31ech B HacTOsilllee BpPeMsi He(TH IOCTyNmaeT U3 Me-
3030HCKHX U TPETHUYHBIX OTJIOXKEHHH.

IIpeo6nananne OTHOCHTEJNBHO MOJIOABIX MO BO3PACTy CKOIJIEHHH
YIJIEBOAOPOAOB 00YCJ/OBJIEHO, NO-BHIUMOMY, KaK mepedopMHpPOBaHHEM
6osiee [peBHHUX HX 3aJjexkel, Tak W GoJsiee NMOJHBIM IpeoOpa3oBaHHEM
MaTepUHCKOTO OpPraHH4YecKoro BemlecTBa. HexoToprie rasoo6pa3sHble
yTJIeBOJOPOAL!, 0COOEHHO MeTaH, OOHApYykKeHbl CPeAH JeTYUHX IPOAYK-
TOB BYJKaHHUYECKOH AesTebHOCTH. OJAHAKO 3TH HCTOUYHHKH HEOpraHH-
YEeCKOTO INPOHUCXOXK/JEHHS He MIPaJu NMPAKTHUECKH HHUKAKOH pOJH NPH
(bOpMHPOBAHHH H3BECTHBIX MECTOPOXKAeHHE He(dTH u rasa.

* HauGoJsiee xpynuvie HedTsiHBle MecTOpOXKIeHHs Benukux paBHHH Kauaipl cBsi-
3aHbl ¢ AEBOHCKHMH pH({aMH, NPHYPOUeHHBIMH K Bnaguue Iamontcen (3anagunas
AnnbepTa).
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Opraﬂmcc;\’oe BeulecnBO, 34XOPOHCHHOC B noTenumanbHo tedrerd-
30MaTEPHUHCKHX OCaJOUYHBIX FOPHBIX NMOPOAax. 06pa3oBasoCh, BEPOSTHO,
U3 NPOJAYKTOB pacrnaja MJIaHKTOHHBIX OPTaHU3MOB (KOTOpble B OrpoM-
HBIX KOJIHUEeCTBax CKAIIBAJHChL B NMOBEPXHOCTHBIX CJOAX BOJ MOpeH H
KPYIHBIX 03€p) B YCJIOBHAX HEJOCTATOYHOIO JOCTyNa KHCJIOPOAA. DTH
pacTHTeJbHbIE H KHBOTHBlE OCTATKH 3aXODOHSIOTCA B OCaJKax B BHIE
6echopMEHHO MacChl — CMECH DPa3/IMYHBIX OPraHHYeCKHX COeIHHEHHH,
MOJIyYuBILIEfi HAa3BaHHE «CaNpOIesby.

YrieBogopoAbl, 00pa3oBaBLIHECss B IPECHOBOAHOH cpejae, OOBIYHO
OCTAIOTCSI B MaTePHHCKHUX IOPOAAaX; NOJYUalOTCss OUTYMHHO3HblE HJIH
ropioune cjaHiupl (HedTh H3BJEKaeTCsl 113 HHX NEPEeroHkoit). burymu-
HO3HBle CJIAHIBI BCTPEUAIOTCS B OTJIOKEHHSX BepxHero Kap6oHa Mup-
genn-Bannn (Iotnanaus), a takxke B CIIA Ha TeppUTOPHH IITATOB
Baitomunr, Ota, Kosopano, rie oHu NpuypoueHH K 30LEHOBOH (op-
mauuu ['pun-Pusep, croxeHHOH ocajKaMH OPOMHOro o3epa, KOTOpoe
BO3HHKJIO B IepHOJ BO3AbiMaHHsi CKaJHCTBIX TOp. DTH MECTOpOXKe-
ausg K 2000 r. cMoryT naBaTh exelHeBHO a0 160 Thlc. T HedTH.

B Mopckoii cpere anaspo6GHBIE YCJOBHS, HEOOXOoAHMBIE IJ5 (Pop-
MHDOBAHHA canponens, o6yCJ0BAEHH, C OLHOH CTOPOHBI, BHICOKOH GHO-
JIOTHYECKO} MPOAYKTHBHOCTHIO MOBEPXHOCTHBIX CJIOEB BOABI, a C JPY-
roiff — 0Co6eHHOCTAMH 0acCefiHOB, B KOTOPBLIX IHPKYJsIHs o6oralieH-
HBEIX KHCJODOJOM BOJA orpaHudyeHHa. Hampumep, B HacToslee BpeMs
JHO YepHOro MOpsl YaCTHYHO MOKDPHITO OOraTbIMH OPTraHHYECKHM Be-
IIeCTBOM YepHBIMH HJIaMH, KOTOpHE OTJaralTcsi B aHa’pOOHBIX, 3a-
CTOHHBIX YCJIOBHSIX, NOJYUYHBIIHX Ha3BaHHE 3BKCHHHBIX (OT ApeBHerpe-
yecKkoro HauMeHoBaHus UepHoro Mopsi — «IIOHT DBKCHHCKHIY).

HedremaTepuHcKne nOpOAB Ha MHOTHX MECTODPOMKIEHHSIX aKKyMy-
JUPOBAJHChL 3a PHGOBLIMH H ApyruMu 6appepamu JH60 B Y3KHX Ke-
J06ax, BO3HHKIINX B pe3yJbTaTe PHU(PTOOOPA30BAHUS HJH TJILIGOBBHIX
aucaokanuit. Hanpumep, Me3o030fickue HedTeHOCHBIE GacCedHbl, OKalM-
Jsoliye 3anajfHoe nobepexbe Adpukd, cHOPMUPOBANHCh, MO BCEH
BEPOATHOCTH, B TO BpeMs, KOr4a Ha MmecTe AT/iaHTHYecKOoro H Mumuii-
CKOr0 OKEaHOB CYILIeCTBOBAJH TOJBKO y3KHE MOPsi, MPOTSHYBLIHECS
BJ0JIb KOHTHHEHTAJbHbIX OKpaHuH.

Opranuyeckoe BeLIECTBO, 3aXOPOHEHHOE B IIOCJIEJOBATENbHO OTJaA-
raBUIMXCS CJIOSX OCAJKOB, B YCJOBHSIX HENPEPHLIBHOTO WX NOTPYKEHHS
npereprneBaer (HapsiAy ¢ BMeLJAOUHMH MOPOAAMH) KaTareHeTHUECKHe
u3MeHeHus *. IIpn mocTeneHHOM NOBBILIEHHH TEMNEPaTyphl U AaBJEHH:
B HeM HAYMHAIOTC MpPOUECCH 00pa3oBaHUS XKHAKHX H rasoo6pasHbIX
YIJIEBOJOPO/IOB, KOTOpPHIE 060COOJSIOTCS OT MaTEPHHCKOTO BEIIECTBA.
[Tpoueccsl GopMHPOBaHHs YIreBOJOPOAHBIX COEIHHEHHH B OCHOBHOM
HAYT B auanasone temmnepatyp ot 40a0 150°C **. Taxum o6pasom, Ko-

* Ilpu xaTaresese IPOMCXOAHT YMEHbIUEHHe MacChl PAcCCESIHHONO OPraHHYecKOro
BELECTBA BCJEACTBHE IOTEPH JIETYyUHX KOMIIOHEHTOB, OCTATOYHOE OGYIMIEPOKHBAHHE H
TNOCTENeHHOe NPpeoOpasoBaHHe ero MOJEKYJSPHOH CTPYKTYpHL.

** Pa6oTaMH COBETCKHX TIeOJIOTOB YCTAHOBJEHO, UTO B HHTEpBaJe TeMIePaTyp OT
80—90 mo 150—170°C 0c060 HHTEHCHMUUHPYIOTCH MPOLECCH IeHepally YIJIeBoA0pPo-
IoB. JTOT 3Tam NOJYYWJ HasBaHHE IJIaBHOH asnl Hedreobpasosanus (T OH).
B ruaBnyio ¢asy oGHUHO MPOHCXOAHT MaccoBasi SMHTPauHsi YrJIeBOAOPONOB H3 Ma-
TePHHCKHX NOPOJ.
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Puc. 3.4. Co3peBanue yr-

JIEBOJOPOOB. Yeneeodopoder:
B JseBoli 4aCTH pHCyHKa TIO- ras
KazaHbl MaKCHMaJibHbie TeM-
nepaTtypHble IpeleJsbl HerTe- Heapesble
Tamensie

Heg@mu u ea3s

CpedHue u
Jnieekue Hegpmu

leem cnop:

JNleekue

o6Gpa3oBaHHusI. sol \
£ A2\ D 3pensle
=
a S ) 2 (mMukpoHegpmes)
= o)
@ ) =
ot Hegpmu u 2a3
100°C V
HayansHeli .
(cnabold) Cyxod eas
memamoppu3m TN

JHUECTBO TeHEPHPOBAHHOH He(PTH KOHTPOJHPYETCS TIeOTePMHYECKHM
IrpaJHEHTOM H CKOPOCTBIO NOTPYIKEHHS OCaAKOB.

[TockobKy mJIst DOCTHIKEHHS] ONTHMAJIbHOM TeMIepaTyphl HedTeoO-
pPa30BaHUSA MaTEPHHCKOe OPraHHYeCKoe BEleCTBO JOJKHO NOTPYy3HThCS
Ha IyOHHY HECKOJbKHX KHJIOMETDPOB, B 6accefiHax cO CPaBHHTEJbHO
MaJIOMOLIHBIMH OCaJKaMH TFeHepPHPYIOTCS TOJIbKO HeOOoJbliHe KOJHYe-
crBa HedpTH. C APYrof CTOPOHHI, CJAHIIKOM OBICTpOE MOTPYyIKEeHHe Ocal-
KOB JHOO NOrpy:KeHHe B PafiOHaX ¢ OCOGEHHO BBICOKHM reoTepMHYe-
CKMM TDaJHEeHTOM MOXKET NPHBECTH K TOMY, 4TO HedTeMaTepHHCKHE
IOPOABI, MUHYSI KPHTHYECKYIO 30HY, OKaxKyTcs B 06J1aCTH OYeHb BBICO-
KHX TeMIlepaTyp, NPH KOTOPHIX OPTaHHYECKOe BEIIECTBO NOABEPraercs
rny60KOH HeCTPYKIHH.

Xon 3THX HPOLECCOB ONpelessieT TJIyOHHY SKOHOMHYECKOTO Ipe-
JeJia, HHXKe KOTODPOrO HeJb3s OXKHAATh MNPOMBIIIIEHHBIX He(dTAHBIX
ckomsleHn#t, Takue 3asexu HepTH peNKO BCTpevalTcss TIaybxe 6—
7 KM, XOTS MeTaH MOXKET FeHepHUPOBATHCS HAa OOJBIINX TIIyOGHHAX B pe-
3yJbTaTe NPHPOJHOrO MOJYKOKCOBaHMsA yriaedi, Hexkoropoe mpeacras-
JIEHHEe O TeMIlepaTypax, NpH KOTOPHIX MPOXOJUJIO Npeobpa3oBaHHe TeX
HMJIM HHBIX OCAQZOYHBIX NOPOJ, MOXKHO INOJYYHThb Ha OCHOBAHHH H3yue-
HHUSl KOMILJIeKCa JHareHeTHYeCKHX MHHepaJsoB, a TaK¥XKe [0 BHAOH3Me-
HEHHSIM CPaBHHUTEJbHO MHEPTHHIX crnop (puc. 3.4).

4ePHLIL KOPUYHEBGIT OPAHMEBLIT Henmell

3.5.3. XUMHS HE®TH H TA3A

[Tpupoansie ¢Jouasl He@TSHONO psLa MPEACTaBASIOT cO60# cMecH
MHOTHX OPTaHHYECKHX COeIHHEHHH, KOTOPhle MOXKHO YCJOBHO MOJpa3-
JeJUTb Ha GMTYMBbl (HACTOJBKO BSI3KHE, UTO OHH MPAKTHUECKH JIHLIEHHI
TeKy4ecTH), HedTb H NPHPOAHHIH ra3. Takue uX CBOHCTBA, KaK IJIOT-
HOCTb, BSI3KOCTb H TeMIlepaTypa Haua/ja KHIEHHS, J[OBOJBHO IJIABHO
H3MEHSIIOTCS OT CPAaBHHTEJbHO BLICOKHX 3HAYEHHH, XapaKTepHBIX AJsS
6uTyMOB, 110 6OJiee HH3KHX, CBOMCTBEHHBIX HedTaM (Tabda. 3. 2).

YrneBoJopoabl, Kak CJeLyeT H3 CAMOrO CJOBA, COCTOSIT HCKJIOUH-
TeJbHO M3 YIJIE€POJAa W BOAOPOJA, CBSI3aHHBIX MeXAYy CO0O# Tak, 4To
OHH 00pa3syloT HECKOJIbKO OCHOBHBIX MOJIEKYJSIPHBIX THIOB. JIpyrue
OpraHHyYecKHe COeJHHEHHs HE(DTH KPOMe 3THX 9JIEMEHTOB CONEPKAT
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Ta6auua 3.2. Pazauunbie BUABI TOMJHMBA, MOJYy4aeMOro M3 HedTn M
rasa (mepeuncsleHBl B NOPsAKe MOBHILIEHHS TeMIepaTyphl Hadaua KHIIEHHS1)

TeMmnepaTtypa ITaot-
PpakuuH HadaJa KH- HOCTb,
nenus, °C r/cm®

XpaHeHHe H
NpHMEHeHHe

Ipuponupiii  ras (vaime — — Tpaucnoprupyercs 1o  Tpy6o-

Bcero MeraH CHy) poBoJaM HEMOCpe/ICTBEHHO
OT Ta30BHIX MECTOPOXKIEHHH
au60 TNepeBO3HTCH B CHHUKEH-
HOM BHJE, HCIOJIb3yeTcs MJIs
NPOMBILIJIEHHEX M OBITOBBHIX
HyXJ, a TaKxe Ha 3/eKTPO-
CTaHUHSIX

«Bannonnbiii rass (rvias- 0—10 — MoxeT XpaHHTbCS B CXKHXKEH-
HHIM ~ o6pa3om  OyTaH HOM BHJe B CTa/JbHLIX KOH-
C4Hio) TeliHepax  OPH  YMEPEHHOM
LaBIEHUH;  HCTOJb3yeTcs B
OCHOBHOM [Jis1 OBITOBBIX HYZKJ{

Jlerkue QUCTHIAJNATH Hed- <160 0,74 |BeHsuH (ra3onuH) s aBTOMO-

™ Gunei u aBuabeH3WH IJs Ca-
MOJIETOB C TODUIHEBBIMH JBH-
raTesIsiMHu

CpefiHHe AUCTHIIATH Hed- 160—350 0,80 |Kepocun (B AHramu — «napa-

TH GHH») H ApyrHe COeNHHEHH,
Jamouiie IH3eJIbHOEe TOIVIHBO,
ropiouee JJs DPeaKTHBHEIX Ca-
MOJIETOB, INPOMBILIIEHHBIX H
GLITOBBIX ~ NaPOBBHIX  KOTJIOB;
HCIOJIB3YIOTCS TaKXKe Ha 3Je-
KTPOCTAHIHAX

Tsaxenre OoCTaTOYHBEIE >350 0,83— |Tsxenoe XHAKOE TOIVIMBO (Ma-

¢pakuuu HedTH 0,95 3yT M ApP.); HCIONb3yeTcss Ha
KopabisX, B IPOMBIULJIEHHBIX
NapoBHIX KOT/IaX, Ha 3JEeKTPO-
CTaHIHUAX

TBepase napaduab — — UcnoabsyioTcst  Ig  GHITOBBIX
HYXI

Cepy, a30T M KHCJODPOA; B MaJBIX KOJHYECTBAX MPHCYTCTBYIOT TaKxKe
XJIOp, BaHAIHH, HHKEJb, MBIIIbSIK H JPYyTHe MeTasJbl, MHOrHe M3 3THX
MHKDPOKOMIIOHEHTOB OKa3BIBAIOTCSI BPeJAHBIMH NPHMECAMH K HedTenpo-
IYKTaM, H HX IPHXOJAHMTCS YAaJsATh B Ipouecce mnepepaboTKu HePTH.

B HedTH NPUCYTCTBYIOT TPH OCHOBHEIX KJacca YrJeBOLOPOLOB: ma-
padHuHOBHIE, Ha(QTEHOBbIE H apoMaTHdecKHe (puc. 3.5).

ITapacdHHOBEE yrieBOAOPOAH (aJKaHH), cOAepkKallde MAaKCHMAaJbHO BO3MOXKHOE
KCJIHYECTBO BOAOPOJAa (IpelelbHEIE YrJIeBOAOPOABI), 06pa3yloT MOJEKYJn ¢ HOp-
MaJIbHBIMH (Hepa3BeTBJEHHBIMH) JHOO C Pa3BeTBJIEHHLIMH YIVIEBOJOPOAHBIMH LENSMH.
@opMyJsia rOMOJOrHYeCKOro psifa napaduHOBEX YrieBoxopofoB — CnHonie. Meran
CH,, B KOTOpDOM BCe UeTHIpe BaJIGHTHOCTH YrJepoJa HAacHILEeHbl YeTHIPbMSI aTOMaMHu
BOZOPOZA, MOXKHO CYHTAThb HayasJbHBHIM cOeguHeHHeM 3Toro psiga. draH CoHg xapak-
TepU3yeTcsl HaJHUHeM YIVIEDOLHON LEMH ¢ ABYMsl aTomMaMi yriepoia. Beicuine diensi
pana c 6oslee NJIHHHBIMH LENSIMH MOTYT CyIlecTBOBaTh B BHAE H30MepOB, pasJjHya-
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HLHKCS KOJNHYECTBOM H pacnojloXeHHeM
GokoBbix Uenell., HeHacrhillleHHBIE aHAJOTH
HpeleJbHEIX  YIVIeBOAOPOROB (ojdedHHH),
xapakTrepusylomuecsi 6oJiee HH3KHMH 3Ha-
YeHHSMH OTHOLIEHHSI BOJOPOJA K Yryepo-
Iy H HaJHYHeM JBOMHBIX CBs3eH MeXAy
HEKOTOPBIMH COCEJHHMH aTOMaMH yTJje-
pona, obpasyoTcsl B pesyJabTaTe psja
NPOMLILIJICHIIBIX ~ TPOIECCOB; OHH  MOTYT
fpeBpawaTbCd B MpefebHblE YIJEeBOLO-
poOAbl NMYyTeM TPHCOEJHHEHHS aTOMOB BO-
Jlopoza.

Moonurinycckie HadTeHb!, HIH IHK-
JonapadHHOBbIE YrJIeBOLOPOAb  (LHKJA-
upl), umcior obwyio GopMyay CnHaa.
Hx cTpyKTYpY MOXHO TNpPEACTaBHTh KakK
napapuHOBYIO LleNb, B KOTOPOH HBa KOH-
LUEeBLIX aToMmMa yrJepojga o6pasylT 3aMK-
HYTHIH IHKJI (MCTJII0) BCJAENCTBHe Yjale-
HHSI 110 OJHOMY aTOMy BOJOpOJAa Ha Kax-
oM KoHUe uenH. LIHKJIOreKcaHsl HMEIOT
IIECTHYIEHHOEe KOJILLO AaTOMOB YIJepoJa,
a  LUKJIONeHTaHbl — OsATHugenHoe. [Ipu
3TOM LHKJB KakK TOro, Tak H APYroro THia
MOTyT <«00pacTaTb® HODMAaJbHHIMH HJH
pa3BeTBJAEHHBIMH GOKOBHIMH IIENSIMH.

OcCHOBY CTPYKTYDH apOMAaTHYECKHX YT~
aeBonoponos (o6wasa gopmyna CnHayn—g)
cocTaBjsieT OeH30JbHOe KOJbLO (HIH s[-
po) CeHg, B KOoTOpOM Kaxiwii aTtom yr-
Jepofla HMeeT JBOHHYIO H OXHHAapHYIO
CBSI3H C COCEJHHMH aTOMaMH YIJepoia.
HenacelenHbe yri1eBoLOPOAE TAaKOrO TH-
1a BCTPeYaloTCs B IPHPOAE, a TaKkKe MO-
[T ObITb MOJYYeHbl HCKYCCTBEHHHIM IIy-
TeM H3 HadTeHOB B IIpolecce Jeruapore-
HHU3aLHH.

CTpyKTypHEIE H30MepH YrieBoJopo-
0B HMEIOT OJHHAKOBOE YHCJIO AaTOMOB,
HO DAacnoJIoXeHbHl OHH B Da3JHYHBIX cOYe-
TaHUSAX.

K HeyrsieBogopoaHbIM coenHHe-
HUSM He()TH H NPHPOJHOrO rasa
OTHOCSITCSL Te, KOTODBIE HMEIOT B
CBOEeM cocrtaBe cepy u asor *. Co-
JAepKaHue cephl B He(pTAX KoJieb-
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Puc. 3.5. CoctaB H CTPYKTypa yrieso-
JOpOJOB.

Jaercst or 1 1o 5%, npuyem cepHHCTOCTb HedTell B PA3HBIX MECTOPOXK-
AGHHSX PAa3/NHyHA. B Jlerkux He(TAHBIX (paKUUSX cepa MOXKET IpH-
CYTCTBOBATb B BHJE pacTBopeHHoro ceposogopona (H:S); B Taxennix
$pakuusx, rae COLEPKUTCS OCHOBHAS YacCTh Cephl, STOT SJEMEHT MO-
KeT ObITh CBs3aH C YIVIEDOAHBIMH IEMSMH HJIH KOJbLAMH. A30T
BCTpeuaercs B CBOGOAHOM (HECBSI3aHHOM) BHAE B IPHUPOZHOM rase;
B He(TH OH, KaK NPaBHJIO, BXOAUT B COCTAB ALHK/IHUYECKHUX (cocros-

* K Heyr7eBOAOPOAHEIM KOMIOHEHTaM He(TH OTHOCAT TaK¥Ke KHCIODOACOLEPIKa-
IiHe opraHHUecKHe COELHHEHHA. Bce STH KOMIOHEHTH, HMeIOIIHe B CBOEM COCTABE
Cepy, asoT, KHCIOPOA, OOBEAHHAOT MOA OOLIHM HA3BAHHEM FeTEPOATOMHBIX COELMHE-

HHH,
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{1iX U3 He3aMKHYTLIX liemed) H LHK/AHYECKHX coejnuciui. B mop@u-
puHax HedTeH, CXOAHBIX NO CBOEH CTPYKType ¢ xyopoduJiaom, o0OHA-
pPYXeHbl BaHAAHH H HHKeJb, NPHYEM COJePXKaHHe BdaHALHA MOXKET
pocturathb 0,1%, a aukeas — 0,01%.

COBOKYIIHOCTb OPraHHYECKHX COEAHHEHHI H KOJIHYECTBEHHbIE COOT-
HOLIEHHA MexKAy HHMH B Ipeleax HeQTSHOH 3ajexH OIpeessIoT
cnocoGbl nepepabOTKH HePTH, a B KAKOH-TO CTemeHH H OGJIACTH NpH-
MeHeHHs1 e€ KONCYHBIX NPOAYyKTOB. Ha HedrenmepepabaTniBaroLIHX 3a-
BoJax He(pTb NEPEroHKOH pasJeJsiOT Ha pasJHYHble THIBI TOIJIHMBA,
NpuYeM B NEPBYIO Ouepedb OTACJSIOTCS (PpaKUUH C HU3KHMMH TeMIepa-
Typamu KulleHus (cM. TabJj. 3.2).

[IpupojHEIll ra3 COCTOMT IIPEHMMYILEeCTBEHHO M3 METaHa M ero ro-
MoJioroB napaguHoBOro psiia (4o OyTaHa), B HEM COJEPKATCs TakKxKe
BOJASIHOH Iap, a30T, YIVIEKHC/bIil a3, BOAOPOA U TeJui; APYrux IpHMe-
ceii MaJjio. )KuikHe NpOAYKTHI NEPErOHKH ¢ Haubo/ee HU3KHMH TEMIIe-
patypaMH KHIIEHHS, H3 KOTODBLIX NOJy4yaioT OeH3HH, COJAepiKaT pasBeT-
BJIeHHbe NapaduHBl, UUKJIONapa(uHbl (LHUKJIONEHTAHbl K LHKJIOreK-
CaHbl) M apoMaTHYeCKHe YIJeBOAOPOAH, llociaenHue sBasOTCSA LeEH-
HBIMH KOMIIOHEHTaMH, IOCKOJIbKY H3 HHX IOJIy4aloT GEH3HHBI C BBICO-
KHMH OKTaHOBBIMH uYHCJaMH. Bo ¢paknusax c 6oJiee BHICOKHMH TeMIle-
paTypaMH KHIIeHHs NPHCYTCTBHe Napa¢HHOB C HOPMAJbHBIMH LEMNSIMHU
H HeOO0JIbLIOTO KOJIHYeCTBAa apOMAaTHYECKHX COEAMHEHHH MNOBHIIIAET Ka-
YeCTBO JH3eJbHOTO TOIIHBA.

CepHucthie coelMHeHHs HedTH 006/1afalOT KOPPO3MOHHBIMH CBOM-
CTBAMH, W NO3TOMY HX yAaJSIOT PasjHUHBIMH chnocoGamu. Tskesoe
JKHAKOe TOIJIMBO (MasyT H Jp.), UCIOJb3yeMOe B MAaPOBBIX KOTJAX H
Ha TEMNJIOBBIX 3JIeKTPOCTAHLHAX, COAEPKHT 3HAUUTEJbHOE KOJIHYECTBO
Cepel, KOTOpasi MPH CrOPAaHHH OKHCJsAeTCs A0 CEPHHCTOrO rasa, 3arpsis-
HSIIOLIET0 aTMocdepy.

3.5.4. MUTPALLUA U AKKYMYJIALUUA YTJIEBOLOPOJLOB

[Ipu ynioTHeHHH, AHA- U SMHTeHe3e TOPHBIX MOPOJ NPOHUCXOJHUT Bbl-
JHMaHHe MOPOBBIX KHAKOCTEH H3 TOHKO3EDHHCTHIX OCaJKOB (TakKHX,
KaK TJIMHBI), KOTODbI€ IIPH 3TOM 3HAYHTEJbHO COKPAIAOTCs B 00beMe.
Tak kak GOJBUIHMHCTBO He(TEeMaTEPHHCKHX IOPOJ HMeET TOHKO3epHH-
CTyl0 CTPYKTYpPy, 3TOT NpOLeCC JaeT HayajJo NepPBHYHOH MHrpalyyu
yIJIEBOJOPOAOB, KOTOPble MEPEeMENIanTCs B HANPABJEHHH MOPOI-KOJI-
JIEKTOPOB. YTJIEBOAOPO/IEBI, OCTaBLIHECS B MAaTePHHCKHX IIOPOAAX,
CXOJHBl ¢ MHIDHDOBABUIMMH H3 HHX H, TaKHM 006pasoM, SIBJISIOTCS
«yJIHKaMH» MPOIIeAIefi MHIPAlHH H MOTLYT CJY:KHTb YKa3aTeJsiMH
NPHCYTCTBHS He(pTAHOH 3aJexH.

[locie mpoHMKHOBEHHsI HE(TH W rasa B NPOHHLAEMbie MOPOABI Xa-
PaKTep HX ABH)KEHHs MEHSETCs; HauHHAeT OCYLIEeCTBJIATLCS BTOPHUHAS
MHTpalust — Npoiecc, OOYCJIOBJNEHHBLIH TeMH e (GaKTOpaMH, 4TO H
ABHKEHHE NOPOBHIX BOA. B mpoHMIIaeMblx moponax, mHOPHCTOCTb KOTO-
PEIX MOXKET ObiTb OLEHEeHa OT cpPeAHeH J0 BBICOKOH, yrJeBOLOPOALI
CIIOCOGHBI KaK 3a[epPXKHBATbCSs,, TaK U TPAHCIOPTHPOBATBLCS UEPE3 HHX.
Henponunaemele cJIon onpeiesiioT HanpaB/eHHe ABHMKEHHS YIJIEBOJLO-
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ponOB, a npu GIArONpHATHOM 3ajleraHdH 06pPasyioT Gapbepnl («moK-
PHIIKH»), NPENATCTBYIOUIHe HX JdaJbHEHIIeMy NepeMelleHHIO.

[lo psdy cBOHCTB HE(PTL U r'a3 OTJIMYAIOTCS OT BOABI, YTO H Omnpere-
JsieT pas3jiiyusi B YCJOBHSX pa3MellleHHs 3THX (JIOHI0B B HeApax.
Ha nHauanbHBIX CTaJAHsAX MUTpalHu He(dTb 3aMOJIHAET TOJDbKO 4acCTb IO-
pOBOro NpoCTpaHCTBa, 00pasysi Kane/bKH, He CMEIIHMBAIOIIHECA C MO-
poBBIMH Bojamu. Ilpouecc murpamuu MoxkeT NPOXOAHTbL AOCTAaTOUHO
aKTHBHO TOJIbKO IIOCJIE TOTO, KaK He(Th 3amnoJIUHT [IPaKTHYIECKH BCIO
CHCTEMY NyCTOT B nopoje. Ilpu 3ToM B pernoHa/jbHOM BOJHOM IOTOKe
BO3HHKAaeT IpPajJHeHT [aBJeHHs, OOyCJOBJHBAIOUIUH JaJjibHEHIIee ABH-
JKeHHEe JKHAKOCTH.

OTheJibHblE e KOMIIOHEHTHI, 00/afaliie pas/lHIHON BA3KOCTbIO H
IJIOTHOCTBIO, JBHIKYTCS C PA3HBIMH CKOPOCTAMH: 4eM TsikeJjee YrJeBo-
HOpPOJBI, TeM MeHblIe OHH YAaJflOTCsA OT oyara reHg¢pauuu, Huskas
IJIOTHOCTh OOECHeuHBAeT MJABYYeCTb MKHUAKHX YFAEBOJOPOJOB, UTO
NPHUBOAHUT K HX CKOIJIEHHIO HaJ yPOBHEM BOJAbl B NMPOHHIAEMOM MJacTe
H K 3al0JIHEHHIO HMH Han6oJiee BBICOKOH 4acCTH CTPYKTYPHOH JIOBYLIKH.
CJielyeT OTMETHTh, YTO MHTPalLiusl yIJI€BOJOPOJAOB He NOMYHMHSETCS 3a-
KOHAM IMKJHYECKOH LHPKYJ/ISLHH, yCTAHOBJEHHBIM AJS1 BOAHL.

[IyTu Murpauum yr/ieBOJAOPOLOB SABJSIOTCS OJAHOHAINPAaBJeHHBIMH —
oT He(TerazoMaTepMHCKHX HOPOJ K 3€MHOH IIOBEDXHOCTH; MPH 3TOM
OrpPOMHBIE KOJIMYecTBa He(TH M rasa, BHAEJAOLINECS B BHJAE NOBEpX-
HOCTHBIX BBIXOZOB, TEPSIIOTCA B pe3yJbTaTe HCIAPEHHS H OKHCJEHHS.
W3 Hedranbix «o3ep» TpHHHAAAA, NHTAIOUIMXCA 34 CUET He(TENmposB-
JeHnd, ao6biBaeTca acdanabT. OrpoMHBIE CKOMNJIEHHS OHTYMHHO3HBIX
necyaHukoB AtaGacku B npoBuHuuu CackauyeBaH (Kanama) mpuypo-
YeHbl K MEJIOBHIM OTJIOXKEHHMSIM, HECOIJIaCHO 3aJjeramlllMM Ha Hedre-
HOCHBIX H3BeCTHSIKax JeBoHa. HedTb, mocrynamouiass B OTJI0XKEHHS
¢opmauun Mak-Meppeii, o6/1a1aeT BLICOKOH MJIOTHOCTbIO H BA3KOCThIO,
[I03TOMY ee HeJsb3si A0ObIBaTh BHIKAUHBAHHEM M3 NPHPOAHBIX pe3epBya-
poB. Pecypchl He)TH B OHTYMHMHO3HBIX NeCuaHHKax ATabacKu NpeBbI-
mator 80 MaH. T, JJoGbua ee OCYLIECTBJSETCS NYyTeM OTKPHITOH «pas-
pabOTKH» OHTYMHHO3HBIX NECUYaHHKOB C HCIOJb30BAHHEM KOBIIOBBIX
3KCKaBaTOPOB M APYrOil TEXHHKH.

[Tourn B 60% KpymHBIX He@TAHBIX MECTOPOXKIEHHH KOJJIEKTOPHI
npeicTaBJeHb NecuaHHKaMH. B KauecTBe KOJIJIEKTOPOB (DHIYypHPYIOT
Takxe HM3BeCTHSIKH, B TOM 4HCJe DH(OBble H TPEIIMHOBATblE, U KaBep-
HO3HBle JOJIOMHTHL. JIerkue yrieBOLOPOALI (BCIJbIBAONIHe HA MOBEpX-
HOCTh BOJbl) HaKalJHBAIOTCA B JOBYIIKaX MOJ BbllIeJeKal[HMH He-
NpPOHHLAaeMBIMH IIACTaMH. B pOJIH NOKpPHIIIEK BBEICTYHAIOT OOBIYHO
apPTHJIJIMTE, MEPTeJH U 3BaNOPHUTHl (IJIaBHBIM 06pa30M THIICHI).

CyuiecTByeT HECKOJbKO Pa3HOBHJAHOCTeH JOBYIIEK HepTH U rasa.
Crparurpaduueckde U JUTOJOTHYECKHE JIOBYLIKH ABJSIIOTCS, KaK Ipa-
BHJIO, NIEDBHYHBIMH H 00pa3yloTcsi 0OBIYHO B pe3yJ/bTaTe JaTePasbHBIX
H3MEHEHHH ocafoyHblX (anuii. B6ausu GOpPTOBHIX dYacTell ocanou-
HbIX 04aCCeHOB JIMH30OBHAHBIE TeJa IeCYaHHKOB JHOO PHQOBHIX H3Be-
CTHAKOB MOTYT N€PEKpPbIBATHCA T[VIMHHCTBIMH CJaHIaMH HJIH 3BanopH-
tamu, [lecuaHuKH B TaKOH reoJioruyeckoil 06CTAHOBKe MOTYT CJIarath
6as3asbHble CJI0H TPAHCIPECCHBHBIX (aruil, npubpexHble OTMENH, Gaphl,
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Puc. 3.6. Hedrauvie no-
BYIUKH. PoJb JuroJioruye-
cKoro ¢akropa Ha mpume-
pe OeJbTOBBHIX OTJOMKEHHH
MHCCHCHITHS (HHKHETO
Kapbona) B Jiyusuane
{CHLIA) (no  AaHHDbIM
C. B. IpeitGepa u II. 3.
Motrepa [1969 r.]).

[TpoHnnaemMoe MecuaHoe TeJo
ofpasoBajocb B pe3yJabTaTre
3aloNIHEeHHS NeCKAMH pyKaBa
\peBHeH JeanThl. DTO  Teso
(MaKCHMaJbHasg MOUIHOCTb AG
40 M) oxaliMJasieicsi M Iepe-
KpbiBaeTcss  IepecianBaloliu-
MHCSl CJaHLeBaTBIMH TJIHHA-
MH, TJIHHHCTBIMH CJjaiillamH,
aJeBpONIHTaMH H TOHKO3EpHH-
CTBIMH IleCYaHHKaMu. Banytue
Hafi, TNeCYyaHLIM TeJOM BO3-
HHKJO BCJELCTBHE HEPAaBHO-
MepPHOro YIJIOTHEHHS OCaAKOB.
1 — mecxH; 2 — IrqHHa H TAl-
HHCTBI@ CJIaHLbl; 3 — TUIMHHC-
Tele  CJaHUbl,  aJeBPOJHTHI,
TOHKO3EPHHCTHle  TeCYaHHKil;
4 —- 13BeCTHAKH; § — naJ’eore-
UYQHUS.

OTJeJISIOIMe JIATYHBl OT OTKPHITOrO MOp$, JH00 Oapbepnl B NPOTOKAx
U pykaBax menabT (puc. 3.6).

Pudnl npeacraBasior coGoit X0JAMO- HJIH rpsifooGpasnble H3BECTKOBBIE MOCTPOKH,
CJIOXKEHHble KOJIOHHAJbHBIMH KOpaJllaMH, MIIAHKAMH H APYTrHMH NMOPOA006pPa3yIOLIHMY
opranuaMamu, OHH (HOPMHPYIOTCS B MOPCKOH (TemJoif H 4HCTOH) BoJe Ha HeOOJBIIHX
ray6uHax. Pudn uacto okaHMJsgioT moGepexbs JHGO OTHENSIOTCS OT KOPEHHOro
Gepera KOpaJUIOBHIMH JAaryHaMH, rje akKyMYJHDYIOTCS MeJKHH KJacTHYeCKHH MaTe-
puaa H ob6JoMKH pudoB. PHdoBble H3BecTHAKH 0Opa3yloT JIMH3OBHAHBIE MJIH BHITSHY-
THle TeJa, IlepeMexkaloinecs: ¢ 6ojiee TOHKO3€DHHCTHIMH OCajKaMH; NMPH GJarompHsT-
HHX YCJIOBHAX MOryT (OpMHPOBaTbCs CTpaTHrpaduyeckHe JOBYINKH. DddeKkTUBHASA
MOPHCTOCTh H MPOHHLIAEMOCTh PHGOBLIX IOPOA M CBA3aHHEIX C HHMH OTJIOXKEHHI ompe-
Jeasiercs B OoJiblIel CTENEHH TaKHMMH BTOPHYHBIMH IMIpPOLECCAMM, KaK 3aMelleHHe,
pacTBOpeHHMe M HePeOT/IOXKEHHe OCaJ0YHOro MaTepHala, 4eM NepBHYHOH (XOTH, Kak
IpaBHJO, BeCbMa BEICOKOH) NOPHCTOCTBIO OCaAKa.

CJaenyer OTMETHTb, YTO PH(OBble KOMIJIEKCH SBJAIOTCS HaleX-
HBIMH BMECTHJ/IMLIAMH He TOJbKO AJs He(TH H rasa, HO Takxke MJd
CBHUHIIOBO-IHHKOBBIX PYJA, OTJIATaBLUIMXCS M3 MHTDHDYIOLIMX COJIEHBIX
pactBopoB. [IpuMepaMu akKyMyJisilMH KaK yrJeBOLOPOLOB, TaK H DYyA-
HbIX MHHEPAJIOB MOTYT CJYXKHTb AeBOHCKHe pH(pbl B Auanbepre (Ka-
Hana), KOTopble (OPMHPOBAJIHCH [1apaJJeJbHO CTPYKTYPHBIM <«IIOJHS-
THSIM» CEBEPO-BOCTOYHOTO NpOCTHpaHus (puc. 3.7).

CTpPYKTypHBle JIOBYIIKH BO3HHMKAIOT B pe3yJ/bTaTe MNOCTCeIHMEHTAa-
[HOHHBEIX TEKTOHHUYECKHX IMPOLECCOB — CKJIAAYaTOCTH, pPa3pBIBHHIX Ha-
pylIeHH#, HakJOHa nyactoB (puc, 3.8).

AHTHK/IMHANbHBlE CKJAJKH, CJayxKallhe JOBYLWIKAMH AAS HedTH H
rasa, MoOryt ObiTb OOHAapy:KeHBl IPH TeO0JOTHYecKoM (CTPYKTYpPHOM)
KapTHPOBaHHH JHGO NPH reOdH3HYECKOl pasBelKe; BHISIBIEHHe HX —
O/lHa M3 NepBHIX 3aJ4au IOHCKOBO-Pa3BeNOUYHBIX paboT. BOJbIIHHCTBO
NPOAYKTHBHBIX AHTHKJIMHAJBbHBIX CTPYKTYp, Pa3BUTHIX, HalpHMep, Ha
Bauxuem n CpenHem BocTOxe, HMeWT CPaBHHTeNLHO NPOCTOE CTpoOe-
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Sseanopumst

500 kM

Puc. 3.7. Pudwi.

a — HedreHocHble pHGB BepxHel mnoxrpynnsl dax-ITofiHT; 6 — BMeulalonllie MOPOABI CBHHIOBO-
IHHKOBBIX 3aJiexked ©OapbepHoro KoMmIlekca llafiH-TIoliHT; 6 — CpelHeleBOHCKHN GapbepHblil
pud B ceBepo-BOCTOWHOH vuacTH KaHajbl, OTAENSsIIOIIMiI OCaJKH OIKDHITOrO MOpSI Ha cesepe Of
3BallOpITOB 3aKpbiToro OGaccellHa Ha ore (no pagubim M. JI. Bapcca u np. [1970 r.],
Jx. P, Kaftas [1981 1.]).
I, II — o3epa (Ha puc. 8): I — Bouabmoe Measexbe, /I — Bonboe HepoabHHYDLE.
I — CBHHIOBO-IIHHKOBEIE DYJHble TeJa; 2 -— pHBI; 3 — TOHKO3epHUCThle KapGoHaTsl; 4 — 3BaMNo-
PUTBI; 5§ — TJIMHHCTbIE CJAHIE; 6 — JMHUS HajBHra.

Puc. 3.8. ConsiHOKyMoOAbHAA JOBYII-

Ka piaa Heprn. CoasHoit kymoa Im-

nay B Jlynsmane (CIIA), mpopsi-

Barouw i necyaHylo tdopmanmuio

Aaesinc (mo panubiv I, 3. Msppes
[1968 r.]).

IMoka3aHel M30THICH KPOBJH TecyaHbIX
CJ0eB H pafHajbHble Da3JIOMBEL.

o
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Hue. MHTeHCHBHAsg CKJA[uaTOCThL B NECUAHHKAX HJH H3BECTHSKAX MO-
JKeT MPHUBECTH K pas3pbiBaM H, CJe[OBAaTEJbHO, K IOTEPe He(pTH uepes
pasjinyHble TPEUIUHBI. 3HaHue MOpP(OJIOTHH CMSTOTO B CKJIAAKH IJa-
CTa-KOJIJIEKTOPAa COBEPIIEHHO HeoOXOAHUMO MAJisi MPAaBUJIBLHOTO OIlpene-
JIeHUS] MECT 3aJI0KE€HHST CKBaXKHH.

3BaHOpI/ITbI, 3aJjierampniue cpead OCaAO4YHBbIX TOJIII, NpeaACTaBJIAIOT
GOJIbIIOf; MHTEpeC AJsS Te0JIOTOB-He(dTAHHMKOB, Bo-mepBHIX, OHH, KakK
npaBuJoO, B 3HAYHTEJbHOH CTENeHH HENPpOHHIla€Mbl H IIO3TOMY MOLYT
CJYXKHTb NPEBOCXOJHBIMH NOKDHIIKaMH. BO-BTOpHIX, HH3Kas IJIOT-
HOCTb M BBICOKAs NJIACTHYHOCTb 3BANOPHTOB OOYCJOBJHBAIOT BO3MOXK-
HOCTb HX BE€PTHKAJbHOIO IIJIACTHYECKOro TeYeHHda C noabEMOM MeEpe-
KPBIBAIOIIHX OCAAOYHBIX IOPOMA, YTO MPHBOIAHUT K o6pasoBaHmo TaKHX
CTPYKTYP, KakK COJIIHbIE KYyINoJia H COJsIHble AaHTHKJHWHAJMH, KOTOphLIe
MOTYT CJYXKHTb JIOBYIIKAMH He(TH H rasa.

Posib 3BanopHTOB — HENMPOHHIAEMBIX MOKPHILIEK — MNOAKPEMJISIETC TAKHMH IPH-
MepaMH, KaK HaJH4YHe 30H cebxa ¥, B npelesax KOTOPHIX COJIH, BHIIaJalollHe H3
[IOPOBBIX PAccOJIOB B NPOLECCEe aKKYMYJSIUM OCaIKOB, MOTYT JIOKAJH30BaThcsl BOJIH3H
6opToB OCaf04HbIX 6accefiHOB, T. €. 0 HANpPaBJEHHIO BO3MOXHBIX NyTell MHrpalHH
yrJeBonopofoB. Bo3zmelicTBHe coJIsIHOM TEKTOHHKH (HJIH TraJOKHHE3a) B TEKTOHHUECKH
cTabHJIBHEIX perHoHax, Takux Kak 1oxuble mwrtaThl CIIA uam oxnas yactb CeBepHOro
MOps, OKasblBaeT ONpejeJieHHOe BJHSHHe Ha pa3MelleHHe HedTAHbIX 3anexeid. Hedrts

H ra3 MOTYT CKalIHBaTbCs y KPOBJIHM COJSHBIX KymoJaoB JHOO 3aHMMaTbh HauGoJsee
BHICOKHe (BBEPX II0 BOCCTAHHIO IJIACTOB) YYacCTKH HapYLIEHHBIX MJACTOB.

JIoBymKH MOryT OBITb CBSI3aHBl TAaK¥Ke C Pa3pbIBHHIMH HapyLIEHH-
SIMH, NPUBOAAIIUME B HENOCPEICTBEHHBII KOHTAaKT NPOHHIaeMble H
HeNpOHHI[aeMble FOPH30HTH], KaK 3TO HMeeT MeCTO B palioHe rpabeHoB
Bukunr u Ilentpanpubiit B CeBepHoM Mope, CylnecTBeHHas, XOTA H
KOCBEHHAasl CBs3b 3aJiekell He(TH W rasa ¢ pa3pbIBHOH TEKTOHHKOH
obycsoBseHa TeM (aKkTOM, YTO MHOTHe He(dTErasoHOCHBIE TOJINH ak-
KyMYJHDOBaJHCh B OaccefiHax, OrpaHUYEHHBIX AH3BIOHKTHBHBIMH Ha-
pywenuamu. Hedprausle mectopoxnenuss CeBEpHOTO MOpS CrPYIIIHPO-
BaHbl BJOJb PA3BETBJEHHOH DU(TOBOH CHCTEMBI, a He(pTeHOCHHle Oac-
ceiinel AHrosibl, T'a6oHa u BocTouHo#i AQpPHKHM NpHYpPOUYEHBI K Me30-
30HCKHM 30HAM TOpPCTOB ‘U rpabeHOB, KOTOpBIE N0 pa3geseHuss [oHi-
BaHBl Pa3BUBAJIUCL B BUAE COPOCOBLIX GeperoBLIX JIHHHI.

3.5.5. PA3BBEJLKA H PA3BPABOTKA MECTOPO)XIEHHUH
‘ HE®TH U TA3A

[Toncku HeTH HAYMHAIOTCS C NPEABAPHTENBHOIO H3YUEHHs MOTEH-
[IHaJbHO IepPCIEeKTHBHOTO pailioHa. IIpH noJsyuyeHHH NOJIOKHTENbHBIX
pe3yJbTaTOB NPHUCTYNAIOT K BHISIBJIEHHIO NPOAYKTHBHBIX OOBEKTOB M/
IIOCTaHOBKH 60Jiee N€TaJbHBIX NOHCKOBO-Da3BelouHblx pabor, OcHOB-
HblE€ [OKasaTejH NPUCYTCTBHS HePTH M rasa, KOTOpble HeoGX0IHMO
O0GHApYXHUTh B HCcAeLyeMOM paloHe, yxke 3HAKOMBI HaM 10 IIpejbl-
IyIIHM pasjenaM — 3TO HajMuhe MOIUHBIX MOPCKHX (hpaHepO30HCKUX
TOJII B Ieb(OBBIX 30HaX. OCOOEHHO G/AaronpUsiTHH 0CaLKH, KOTODhle

* 3acoJioHeHHEe PABHHHBHI, COJISIHBIE Maplid HJH MOKPHIThlE COJIBIO NMPHGpPEeXKHbie
y4acTkn (HampuMmep, BJoJb GeperoB Ilepcuackoro 3asuBa).
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Puc. 3.9. TlocnenoBaTesbHOCTL OT/IOMKEHHS cJoeB. TpH naukH CJOEB, BBISIBJIEHHBIX
ceficmyueckum npoduanposanuem (mo paHHbiM P. M. Muruema, [II. P. Beiina,
C. Tomncona [1977 r.]).

IosepxHoctn pasgmena I u I] ycTaHOBJAeHH MO HAJHYHIO, HE3HAUHTEJNbHBIX YIJOBbIX HecCoraa-

cuit, dukcupyeMblx Ha ceficMonpoduasx. IToBepXHOCTH HECOrJIacCHO 3ajieraHHsi Mayek OTpaxaloT

BPeMEeHHBIH 1epepelB B  OCaJAKOHAaKOIJIEHHH; ImJjactel [/—15 u 20—23 npeaCTaBJeHb

HETOJIHOCTBIO; B JIeBOH YacTH MoBepXHOCTH | oTMeuaeTcs 35pO3HOHHOe Hecorsacue. (O6paTuTe
BHHMaHHMe Ha BeJHYHHY BEPTHKAaJbHOTO MpeBbILIEHHS.)

aKKYMYJIHPOBAJUCh B GacceiHaX C OrPaHHYEHHON UHUPKYJsAlHeHd IpH-
JOHHBIX BOJ H COJEpKAT B CBOEM pa3pe3e KakK TOHKO3eDHHCTHIE IIO-
pOMBI, TaK M NpOHHIaeMble NI€CYAHHKH M KapOoHaTh. Boéabmas uwacTs
He(TSHBIX CKOIJIEHHE STOrO THNA, MO KpafiHe# Mepe B 3amajHOM IO-
JYUIAPHH, yXKe Pa3BelJaHa, H HAayaJbHBIH 3Tal NMOHCKOBO-PAa3BEIOUHBIX
paboT cMecTHJICSI B OCHOBHOM B NpHOpexHBEle 06J1aCTH MOpel H okea-
HOB.

Tam, rae B pesy/bTaTe NPOBENEHHS NPeIBapHTENBHBIX a3p0(hOTO-
MeTPHYECKHX, Fe0()U3HUECKHX, Ie0JOTHYECKHX H APYTHX HCCJIENOBaHUH
o6HajlexkuBalOlHe NPOTHO3B Ha He(hTh M ra3 B IeJOM NOATBEDPKIAA-
I0TCSI, HA TEPCNeKTHBHBIX CTPYKTypax AOJKHHE OBITL NPOOYpEeHHLl OHmop-
Hble HJIH NapaMeTpuHueckue ckBaxuHbl. Ilpu oOHapy:xeHHH He(dTH
TIOHCKOBO-pa3BefouHble paboTH BCTYNAlT B HOBYIO (pasy, Korga B pe-
3yJbTaTe OypeHHss H re0O(pH3HUECKUX HCCJIENOBAHU BHIAEJSIOT JIOKAJb-
Hble He(Tera3oHOCHbIE CTPYKTYDHI.

s ycraHoBJeHHSs MODQOJIOTHH CKJANOK, COJISIHBIX KYIOJIOB,
CTPYKTYDHBIX (B TOM YHCJe Pa3JOMHBIX) M CTPATHrpacHyYeCKHX JIOBY-
IIeK UCIOJBb3YIOTCS METOABl CTPYKTYPHO-TEKTOHHYECKOTO aHaJu3a, rpa-
BHMETpPHYECKHe H CeHCMHYeCKHe HCCJIeJOBaHHS.

Ha ocHOBe pe3yJsbTaTOB perHoHaJIbHBIX CEHCMOpPa3BeLOYHBIX paloT
OBl1 CO3laH METOj HCCJELOBAHMS DPa3pe3OB Pa3jIMUHBIX OTJIOXKEHH,
NOJIYYHBIIMH Ha3BaHHe «CeHcMHueckas crpaturpacuss, [lpu ero wuc-
N0JIb30BAHUH yAaeTCs BBIAEJNUTb NAYKH HJIH IJIACTHl TeHETHUECKH B3aH-
MOCBSI3aHHBEIX IOPOJ, OTPAHHMYEHHBIX CBEPXY H CHH3Y YIJIOBHIMH HECOT-
JIACHSIMH, KOTODBle XOpOLIO pAaclNo3HAITCI Ha ceficMorpammax
(puc. 3.9). Koppessiuusi pa3pe3oB CTAHOBHTCSI BO3MOKHO} MOTOMY, UTO
KaxJasi Iayka MJH CJOfi HMeeT CBOM 3HAUeHHs] CEeHCMHUYECKHX mapa-
METPOB, TAKHX KAaK CKODOCTb PaCHpOCTPaHEHHs] CKBO3b HHX ceficMo-
BOJIH, XapaKTepH3YyeTCsl HaJM4yMeM HJH OTCYTCTBHEM BHYTPEHHHX OT-
pakalIiux TOPH3OHTOB H T. 1. IIOoBEPXHOCTH HeCOTJIaCHOro 3aJsleraHus,
KaK N'PaBHJO, OTBeYawT ¢daszaM TpaHCrpeccHil, peppeccHil HJIH 3PO3UH,
BO3PACT KOTOPHIX MOKET OBITb YCTAHOBJIEH MaJIEOHTOJIOTHYECKH — MO
NaHHBIM H3Yy4YeHHsl OKaMeHesoCcTed, QOHapyKeHHbIX B KepHe CKBaXMUH,

4 3ax. 1333 49



B pesysabrate 6ypeHHsi MOXKHO MOJNYUHTb 60./bLIOE  KOJHUECTBO
camoii pasHooGpasHoii uHpopmanuu (3a 16 ser B CeBepHoM MOpe
6b110 po6ypeno moutH 1800 pasBenOYHBIX H DKCIIyaTANHOHHLIX CKBa-
XUH Ha HedTh u rad). HenospexneHHbl# KepH, U3BJIEKAEMbI H3 CKBa-
JKHHBl Ha [IOBEPXHOCTb, NAeT CYUIECTBEHHYIO HOIOJHHTENbHYI0 HH(Op-
Manuio no u3yyaeMoMy paspesy. Onnako 66Jblnasi yacTb pasbypuBae-
MBIX MOPOJ MpPEACTaBJeHa OGBIYHO B BUIE MEJKHX 00JOMKOB (Ijgama),
BEIHOCHMBIX NPOMBIBOYHOH XKHJKOCTbIO, HHDKYJIHUPYIOIIEH B CKBaX<HHE.
Taxo#i oxHOO6pa3HBI NpPOIECC, KAK PerucTpalus aHajlu3oB OypOBOro
uiama, obecleunBaeT TeM He MeHee NOJydeHHe HeOOXOAHMBIX JaHHbBIX
O JIHTOJIOTHYECKOM COCTaBe M 3MHIeHETHYECKUX H3MEHeHHsX BMeIlalo-
IIUX HOPOJ.

dusnyeckve CBOACTBA TOPHBIX MOPOJ MOTYT (DHKCHPOBAThCA aBTO-
MaTHYeCKH — HeNOCPEICTBEHHO [0 IO0Ka3aHHSIM KapOoTaxHBHIX NPUOO-
POB, CIIYCKaeMBIX B HeOOCaxKEHHYI0 CKBaXKHMHY 10 TOrO, KaK CTEHKI e€
HAYHYT ONJBIBATbh MM ochlnmathcs. Hambosee BaxKHble JaHHbBlEe MBI IO-
JyyaeM, HCHOJb3Ys 3JeKTPOKapOoTax, OCHOBAHHBIH Ha CONPOTHBJIEHHH
H APYTHX 3JEKTPHUECKHMX CBOHCTBAX MOPOJ, U3MEHAIOUIUXCS B 3aBHUCH-
MOCTH OT IIOPHCTOCTH U COCTaBa MOPOBHIX xujakocteld. Hanpumep, pac-
COJIBl ABJSAIOTCSl XOPOIUHMH IIPOBOJAHHKAMH IO CDaBHEHHIO C IIPeCHOH
BOZOH MM >KHAKHMH yriaeBojopojaMH. Ha KapoTaxKHBIX JAHarpaMm-
Max, PErHCTPHPYIOIINX eCcTeCTBEHHYI0 PaAHOAKTHBHOCTL NMOPOA (ram-
Ma-KapoTaxk), MOTYT ObITh BBISIBJIEHB AHOMAJIH, COOTBETCTBYIOIIHE
BBLICOKHM YDPOBHSIM CONEpXKaHHs TAaKHX 3JIeMEHTOB, KaK Ka/lui, pyounu
WJIH ypaH; OHH, KaK NpaBHJO, GEIBAIOT NPUYPOUYEHbl K TJIHHHUCTEIM (ap-
THJJIMTOBLIM) mopoznaM. Ilo mokasaHusam 3J€KTpo- W raMma-xaporaxa
MOTYT GBITh NOJYYEHB JaHHBIE, MO3BOJISIONIHE IPOBOJUTH KOPPEsiuHIo
pa3pe3oB HENOCPEJCTBEHHO OT CKBaXKHMHEI K CKBa)KHHe. DTO NPEACTAB-
JsieTcsl 0COOEHHO BaXKHBIM, TaK KaK OJHH M Te Ke OTJOXKeHHsd, OOHa-
PYKEeHHBle B yHaJeHHBIX APYr OT JApPYyra MecCTaX, MOI'YT HMeTh MHOIO
o61ux ocobennocreit (puc. 3.10, Taba. 3.3.).

H7as ycraHOBJieHHsl NPUOJIHU3UTENBHBIX Da3MepoOB M OCOBEHHOCTEH
CTpOeHUS He(DTSHOH 32JeKH HYKHO NPOOYDPHUTH LEJBIH pPsj CKBAaMKUH.
Uro6nl ofecneunTh NpPaBUJIbHOE BeleHHe OYpPOBHIX Da3BeNOYHBIX pa-
60T, HEOOXOAMMO pacnojararth JaHHBIMH O MOP(OJOTHH H pasMmelre-
HHH KOJIJIEKTOPOB, 06 HM3MEHEeHHsX TOPHCTOCTH MOPOA, O TIJaybuHe 3a-
JIEraHHusl H HArJIOHE NOBEPXHOCTH BOAOHE(DTSHOTO KOHTAKTa.

B KOHeyHOM cueTe H3 NOPOBOTO NPOCTPAHCTBA NPHPOJHBIX pe3ep-
BYapOB MOKeT OLITb H3BJeueHa TOJBKO HEKOTOpas 4acTb HedTH; KO3d-
(DUIIMEHT H3BJEYEHHS, ONpe/eNdolHil BEXon nobeiBaeMoii HedTH, H3-
MeHsieTCsl B 3aBHCMMOCTH OT OCOOEHHOCTCH TOTO HJIH HHOTO MECTOPOK-
nenusi. Ony6JIMKOBaHHBle JaHHble O JOKa3aHHBIX 3amacax (CM. Tab..
1.2) ocHoBaHH Ha olleHKe 06mero o6bveMa He(TH, HAXOAAIIEH s B He 1~
pax, U Ha MPUHSATOM BO3MOXKHOM KO3((pHLHEHTe H3BJeUueHus. Eciy KO-
JIHYECTBO JOCTOBEPHBEIX 3allacoB SB/SETCsg IMPHEeMJEMBIM /51 paspa-
60TKH JaHHOTO MECTOPOKAEHHsI, MOXKHO MPUCTYNATh K €ro 3KCI1yara-
unu. HavanpBoe 1aBseHHe *KHAKOCTH MOXKET OKAa3aThCsl JOCTATOUHBIM,
4yTOOBl 3aCTaBUTh He()Th ABHraTbCS K 3€MHOH IOBEPXHOCTH; Ha BoJiee
NO3/HHX sTamnax pa3pabOTKH MeCTOpPOXkKAeHHS HedTh MPHXOLHTCS YiKe

&0
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Omden, | Famma-| lMnomwocme |[nyGuua,

AMumosnoeus
Apyc Hapoma| o 25 oms M
R Il Ao
3060
Okcgopd I nunucmere
unu caanysl
Kumepudm
3090
Puc. 3.10. dparmest ka-
pOTAaXKHOH AMarpaMmMbl Mo
CKBAXHHE HA MeCTOPOXK-
aeaud Hunua B cesepHoOM Honnexmopei-
yacty CesepHoro Mops Cpednan 3120 |necuanuru
(no panabiv Y. A, da- opa ¢ monKumMU

npocianoAmu
2NUHUCTbIX
cranyes

Gpaiira [1980 r.]).

3150

g e AW WP PURPA VAV B APAWY

3180

I nunucmele

Nledac CAOHUSI

- LV AW\NWNM/\M

H3BJIEKaTb BBIKAYMBaHHMeM M3 HelAp. Ha MOpPCKHX MECTODOXKAEHHSX,
PachoJIOKeHHBIX B NPUOPEKHBIX 30HAX, YCThsi CKBAKHH CBSI3aHHBI C OT-
POMHBIMH 3KCIIyaTalHONHBIMH NJaTGOPMaMH, KOTODble MOTYT OBITb
YCTAHOBJIEHB! Ha TPYHTe NpH IIy6HHE BOAB A0 150 M.

B’ ecTecTBCHHBIX YCJIOBHUSIX HE(TDH, 3alOJHSIOLIAS NPHPCILHBlE pe-
3epByaphl, HaXOAUTCA NMOA OOJBIIMM HJIH MEHblikM AaBjeHueMm. Korama
CKBa)KMHa BCKPbIBAeT NMPOAYKTHBHBIY IIJIACT, IPHHHMAIOTCS HEOOXOJMH-
Mble MepHl NpPEeAOCTOPOXKHOCTH, YTOOLI NPeAOTBPATHTbL BHE3AIHOS BBI-
JesleHHe JIeTy4ydX KOMIIOHEHTOB U3 HedTH JHOO BHIOPOC MeTaHa HJIH
JAPYTHX rasoB, CKOIHMBLIMXCS B KpOBJe pesepByapa. Ilo mepe Toro kak
He(Th (MJIM ra3) H3BJEKAIOTCS M3 CKBAXKHHBI, BCe HOBbIC Macchl (JIIOH-
J0B IIOCTYNAIOT K ee 3a00I0 CO CKOPOCTbIO, KOTOpasi 3aBHCHT KaK OT
BA3KOCTH CaMOi He(dTH, Tak U OT NPOHHIAEMOCTH BMEUIAIOUINX MOPOL.
OTH (PaKTOPBl ONpeNeNsIoT TeMI J06bUH: OH OyAeT GoJiee BBICOKHM
NpU HaJHUYMi JETKHX He(TeH M TPEUIMHHBIX (a He MOPOBBIX!) KoJJIEK-
TopoB. Bocxozsiuee nBHKeHHe He(DTH Ha HAYAJNbHON CTALHH SKCIIya-
TalHH MECTOPOXKACHHsi OOJIeryaeTcss ee MJIABYYeCTblO, BHITECHEHHEM
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Ta6anua 3.3. Undopmauus, noayuaeMas npu Gypenny H Kapotraie CKBAXHUH

o

MeTtoabt
HCCJIel0BaHHUll

CopmepxaHHe HHMOpPManHu

Wsyuenne cmaom- | JIHTOJOrHYECKHH CcOCTaB NOPOJ, MOPHCTOCTb, MPOHHILAEMOCTb,
HOTO (Henapy- MOILHOCTb JIHTOJOTHYECKHX eIHHHL (CJI0eB, NMavek H T. X.),
IIeHHOr0) KepHa cTpaTHrpadHyeckoe INOJMOXKeHHe (M0 OPraHHYeCKUM OKaMe-

HeJIOCTSIM), yIVIbl NafeHHs MOpOoj, CJIeAbl MHTPAlUH yrie-
BOJAOPOJOB

Hayuenne  oGsoM- | JIHTOJOTHYECKHI COCTaB, TOPHCTOCTb, NPOHHUAEMOCTh, C1pa-
KOB NOpPOJ tTHrpadHueckoe MoJOXKeHHe ([0 MHKpodayHe H MHKPO(JIO-
(mnama) pe), caelpl MHrPALHH YIJIEBOJOPOJOB

Anaus  ckopocrefi | TBepaocTh pasGypHBaeMbIX NMOPOJ
6ypeHHus

Hccnenosanue [IpucyTcTBHE YIJIEBOZOPOLOB (MO3BOJsAET INpeAnojaraTh Ha-
MIPOMEIBOYHOH Juyde HeTH H rasa B MOPOBBIX (JIIOHAAX); BA3KOCTL pac-
KHAKOCTH TBOpa (U3MeHsieTCsl C TeMIepaTypof); IPOHHKHOBEHHe pac-

TBOpPAa B CTEHKH CKBaXHHBl (YyKa3blBaeT Ha CTeNeHb TpeliH-
HOBATOCTH HJIH MOPHCTOCTH MNOPOA)

TemnepatypHbie leoTepMHuuecKkuit rpagHeHT, TPaJHeHT TeNJIOBOTO MOTOKa
H3MepeHHs B
CKBaXKHHe

DJIEKTPOKapOTa K ITopucrocTb, cocTaB MOPOBBIX JKHAKOCTEH (HAmpHMep, yriie-
(u3mepenne 3Jiex- BOJOPOAB — IIOXHE 3JIEKTPHYeCKHe TNPOBOMHHKH, pacco-
TPOIPOBOLHMO- JIBL — XOpOILHe)

CTH, COIPOTHBJIE-
HHA H T. 4.)

Panxuomerpus PannoakTHBHOCTb (BBICOKAsl NePBHYHASA yKasblBaeT Ha IPHCYT-
(ramma-kapo- CTBHe IVIMHHCTHIX CJaHIEeB B paspe3e; BTODHYHas CBsi3aHa
Tax) C MOPHCTOCTLIO NMOPOZ)

AxkycrHueckuii  Ka- | JIMTOJIOrHUeCcKHe H3MeHEeHHsi IIODOA, XapakTep IOPHCTOCTH

porax (peru-
CTpalmHs  CKOpO-
CTH  NIPOXOXJe:
HHS  3ByKa B
FOPHBIX nopo-
Aax)

HedTH NONOIIBEHHOH BOJOH, KOTOpas NPOABHTaercs B CTOPOHY OoJiee
HU3KHUX [JABJEHHH, a TakxKe BO3JeHCTBHEM rasa, BBLIEJSIOLIErocs NpH
CHHKEHHH [aBJIEHHS.

KoadduuueHdT H3BJIE€UEHHS BHIPaXkKaeTCsl NPOLEHTHLIM COAEPKaHHEM
yIJ1€BOJOPOAOB, KOTOPble MOTYT OBITH AO0OBITH. IIpH HCHOJIBL30BaHHU
MepBHYHbIX MeTOLOB A00bYH (Ha HayaJbHBIX ee 3Tamax) M3 paspaba-
THIBa€MOH 3aJsiexkH H3BJeKaeTcs oOblyHO He Gosee 20—409% HedTH.
BropuuHbie MeTOAB KCIVIyaTalMH (HA NMOCJELYIOUHX 3Tanax), 3HaUH-
TeJbHO MOBHIIAIOUIHe BHIXOA He(dTH Ha IEJIOM psile MECTOPOXKACHHH,
npeiycMaTPHBAIOT BBHITECHEHHE He(TAHBIX (JIOMZOB H3 MJacTa-KoJ-
JOKTOpa MOCPEICTBOM 3aKauMBaHHs B Hero BOJAH uepe3 CKBaXKHHY.
ITOT MeTOJ 3aKOHTYPHOTO 3aBOJHEHHsS MEeCTOPOXKICHHH aHa/JOTHYeH
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METOAY HCKYCCTBEHHOI'O NHOAIHTHLIBAHUSA BOAOHOCHBIX TOPH30HTOB. Ko-
5 (PHLHEHT H3BJICUEHHS NPHPOAHOrO rasa 3HAUHTE/NbHO Bbllle, YeEM
HedTH; Ha HEKOTOPBIX I'a30BBIX MeCTOpPOXKJAeHHAX OH jocturaer 90%.

3.5.6. HEKOTOPbBIE HE®TEIFA30HOCHbBIE NMPOBUHU KU
CpenHuit Bocrok

BuTymBl Kak CTpPOHTEJbHble MATEPHAJbl HCIOJAb30BAINCH C JOHUCTO-
PHUYCCKHX BpeMeH, YNOMHHAaHHe O MepPBoM HedTSHOM KOJOALE OTHO-
curcst npubausutesbHo XK 500 r. 10 H. 3.; oH ObLI mpopHT B Ilepcun
npu Japuu Besnkom. B namu aaun mecropoxzaenus Cpendero Bo-
CTOKa * He TOJIbKO JaioT 0oJiee TPETH MHMPOBOji NMPOAYKLHH He(pTH, HO
H COJepiKaT 3HAUHTENbHO OOJblle NOJOBHHBI BCEX [JOKAa3aHHBIX 3ama-
COB 3TOr0 IOJIE3HOr0 HcKomaemoro (cM. tab.u. 1.2). DT MecTopoxie-
HHS NPOTATHBAIOTCS B BHJE CEPHOBHAHOH 30HBI 4Yepe3 HECKOJbKO
crpad — Mpak, HMpan, Kyseiir u Caynosckyio Apasuio —k [lepcun-
ckomy # OmanckoMy 3anuBaMm (puc. 3.11), nme HedTsIHble 3a/eXH
paspabaTbiBaloTCAd I[PH NMOMOILM MODPCKHX OYPHJIBHBIX HJaT(HOpM.
He¢renobblua B 3TOM pernoHe Hayajach MeXJy INepBOH H BTOPOHU
MHPOBBIMH BOHHAMH, HO 32 3TOT Nepuoj] OBI0 NOOGBITO OTHOCHTEJbHO
HeboJblIoe KosnyecTBO HedTH. [locne BTOpofi MHPOBOH BOHHHI HOGHI-
ya HeTH 3Jech pe3ko BO3pocia, H K 1973 r. rogoBas NpOAYyKUHS ee
cocraBuaa oxkoso 1300 muH. T.

Hedtsinple Mectopoxkienus CpenHero BocToka mpHypOuyeHBl K ce-
BEPHO#i OKpaHHe OBbIBIIEro CylepKOHTHHeHTa ['OHJBaHa M 3aJeramoT B
paioHe, OKaHMJIEHHOM C ceBepo-BOCTOKa AJbnuiicko-I'umasalickum
IO/ BHKHBIM IIOSICOM, Pa3BHMBABIIHMCSl B TeU€HHe MEJOBOrO — TPETHU-
Horo fepuogoB. B mpegesax ¢opaanza H  APYTHX  KpaeBBIX
obJiacTefi NOABHXKHOTO [0sCa OTJIOXKEHHE MEJKOBOAHBIX MOPCKHX
OCaJikOB Ha OTHOCHTEJbHO YCTOHYHBOM OCHOBAHHH NPOLOJKAJIOChH, C
HeOOJIbIINM IIePePbIBOM, OT KaMEHHOYTOJBHOIO IO CPeLHEeTPETHYHOTO
BpeMeHH. [loctynsenne B 6accefin 06JIOMOYHOrO MaTepuasa ObJIO OT-
paHHYEHHBIM, aKKyMYJHPOBAJHChL I'MIaBHEIM 00pa3oM H3BeCTHSKH, I'JIH-
HHCTBIe TIOPOJBl U 5BAllOPHUTHL.

Bo BHyTpenHux yactax Adpo-ApabCKOro KpaToHa paspesbl ITHX
OTJIOXKEHHH XapaKTepH3YIOTCS Cl1a60i HapyLIEHHOCTbIO H MPOSIBJIEHHEM
COJITHOH TEKTOHHKH. Bl ceBepo-BOCTOYHOH YaCTH pEruOHa KpPYIHBIE H
OTHOCHTEJIbHble MPOCThie AaHTHKJ/HHAJbHbBlE CKJIAAKH OOYCJOBJIHBAJIH
(opMHpOBaHHe OTPOMHBIX CTPYKTYPHBIX JOByLIeK nJs HedTu. CeBepo-
BOCTOYHOH TpaHHLEll OCHOBHBIX IPOJYKTHBHBIX DafiOHOB sIBJISIETCS
Xp. 3arpoc — JiHHeHHass 30Ha MHTEHCHBHBIX TEKTOHHYECKHX pPa3J/IOMOB,
pa3sBUBAIOIINXCH, NO-BHANMOMY, Ha MECTe APEBHHX IIOBHEIX HJIH TpaHC-
(OPMHBIX AHCIOKALHIA,

YTo Kacaercst reosIOTHYeCKOro CTPOEHHsS, TO He(TEHOCHAass 30HA
Cpennero BocToka Bo MHOroM cx0fHa C APYTHMH KOHTHHEHTAa/JbHBIMH
OKpauHaMH, KOTOpble SIBJISIJIHCh YCTOHYHMBBIMU 006./1aCTSIMH, nporu6a.-

* B aMepUKaHCKOH M aHMVIMHCKOH JIMTepaType NOHHMAaeTCsi KaK COBOKYMHOCTb
crpan Bunxkunero u Cpeanero Bocroxa.

53



‘HOUONAY XIHEI0D KHLHdeed odJoxodum IgHOyed
— % ‘BE€el H HI(QOH BHHATWOJOLIOW — ¢ ‘MIHKOHDO — 7 ‘MWwerodou HWHNO9hH(PJOWBLOW HIGHHIKOLD  ‘LHOWeTHAD HusdgudQWavNoxY —
‘(ownHdo10(oder) uumAdor HoudArufdro mwdod youndarsedex dowudu — ‘HWERMEHLO9HGEH KRHHOWOLD ‘BY
TEUND BEHIUTHHLMHLHE — 9 'eHOMISd BHHROAID OJOMOShMIONOSI HOLHOWOUe XMAOLOMOH 9HO) BH HHHOTKOJOLIIW EHHOMOWeed BWOXD — D

‘(1adex 1HowIedd) BOLO0g 0IOHYRd) BHHIYWOJOLIIW SMHBLPIY °Jf'g "oHd

snroe nNNIHVW O

NHO00S 0S¢ 0

54



IIMMHCSL B TeYeHHe JJINTENbHBIX IEpHOAOB BpeMeHH. HckiounTtennHo
BBICOKHE KOHUEHTpAIHH YIJeBOJOpPOJAOB B Ipelesiax 3TOH 30HBI o0yc-
JIOBJIEHBI, NO-BUAHUMOMY, YAHBHTEJbHO yAAUHBIM coueTaHueM psaa 6Ja-
TONIPHATHLIX (PaKTOPOB, KPaTKas XxapakTePHUCTHKA KOTOPHIX IPHUBOJAHTCS
HUXKeE,

1. Mopckre OTJIOXKEHHSI, COLepKallle OPTaHHYeCKHi NETPHT, BKJIOUAIOT OAHMH
HJIH HECKOJIbKO FOPH30HTOB, OGOrallleHHBIX calponeJieBHIM BelleCTBOM. I'naBHble Hed-
TeMaTePHHCKHe IOPOJAB HMEIOT, MO Bcelf BEPOSITHOCTH, Me3030HCKHH BoO3pacT.

2. HedremaTepuHCKHe NOPOABI NEPEMEKAIOTCS C NPONHMIAEMBIMH CJIOSIMH, CIO-
COGHBIMH Y[IEDXKHBATb XKHIKHE YIJIEBOLOPOAH. BOJBUIMHCTBO Me3030MCKHX IOPOA-
KOJIIEKTOPOB MPEACTABJIEHO BEPXHEIODCKHMH H HHXKeHeMeJNOBHIMH KapOoHaTaMH (Hu3Be-
CTHAKH Qopmaunn TamMama); B BepXHEMEJOBbIX HM3BECTHAKAX M IIECUAHHKAX COZEp-
XKHTCST OTHOCHTeNbHO MeHblle HedTH. HesHaunTeqbHOe KOJNHYECTBO rasa (BepOSTHO,
IIOCTYNAIOLEr0 H3 HHXKeJeXallHX YTOJbHBIX IIACTOB) HMeeTCs B IEPMCKHX OTJIOXe-
uusax. HanGosee snauMTe/bHBle NPHPOAHBIE pe3ePByaphl TPETHYHOrO BO3pAcTa, IAe
COCPEJlOTOYEHE OCHOBHbIe NPOAYKTHBHble TOPH3OHTH HPaHCKOH He(TH, — 3TO OTJIOXKe-
HHSI MHOLIEHOBO!H HM3EBeCTHSIKOBOH (opmanuu AcMapi.

3. ITouTn HempephiBHOE OCaNKOHAKOMJIEHHE, IPOLOJIKABIIEECS B TeUeHHE JJHTEb-
HOro BpEeMeHH, O6YCJOBHJIO XOPOLIYID COXPaHHOCTb YIVIEBOAOPOJOB, NOCKOJBKY IpdA
9THX YCJOBHAX OBIIM OYEHb DPeIKH TeKTOHHYECKHe HapylleHHs HIH (asel 3pO3HY,
KOTOpble MOIJIH CIOCOGCTBOBATb MX paccesiuuio. [VIMHHCTHIE CJIaHIBI, MepresH WJIH 3Ba-
MODHTHl MEPEKPLIBAIOT pa3J/HUHBIE NOPOABI-KOJNJIEKTOPBl, NpHuYeM Haubosee BaXKHYIO
pPOJIb CPeAM 3THX MOKpHIIEK HrpaloT BePXHEIOPCKHe, HHXKHe- H CPeIHEeTPeTHYHbe
MOPOJARI, JiekKallde Ha MNPOAYKTHBHBEIX ropusonrax B CayaoBcko#i Apasuu, Hpaune n
gacTHyHO B Ilepcuickom 3anuBe.

4. llupoxass CKJaA42TOCTh B MOLIHBIX KOMIETEHTHBIX* M3BECTHSKAX B TeUEHHE
cpellHe- H NO3JHETPETHYHOro BpeMeHH o6yc/oBH/Ia 00pa3oBaHHE KPYMHBIX NOPSIMEIX H
HAKJIOHHBIX aHTHKJHHaJeH, NPOC/eXHBAIOUIUXCS B HaNpaBJeHHH HX OCEBHIX JHHHI HA
MHOTHe AeCATKH KHJOMeTPOB. TpemHHOBATOCTb B CBOLOBBIX HYaCTfAX CKJAANOK INOSHI-
IIaeT NPOHHL@AEMOCTb IIIACTOB-KOJJIEKTODOB H 00yc/lOBJHBAeT OCOGEHHO BHICOKYIO
NPOAYKTHBHOCTb Psifia CKBaxKHMH. Jle6HT HEKOTOPHIX CKBAXKHH, NPOGYPEHHBIX B TpeIlH-
HOBATBHIX H3BeCTHAKaX ¢opmaunun AcMmapH, AocTHraerT 4 THIC. T HehTH B CYTKH.

5. HecmoTpss Ha OTHesbHble TeKTOHHUeCKHe HAPYLIEHHS, BHI3BAHHBIE CTOJKHO3E-
nieM Ac¢po-Apabekoit n EBpasufickoll Tyel6, paccMaTpHBaeMBI He(TEHOCHBIH DerHcH,
B OTVIH4He OT 0OpaMJIAIOIIMX €ro Ha CeBepo-BOCTOKe rop 3arpoc u Anb6op3, He He-
NbITAJ HH CHJBHBIX Da3pbIBHEIX [HCJIOKAUUil, HH TIJIyGOKO# 3p03iH. 3HAUMTENbHAs
4acTb M3BECTHSKOB AcMapu H GOJIbIIHHCTBO Me3030HCKHX H3BECTHSKOB OKa3alHCh
HHXKe GasHca 3PO3HH H [0 HACTOSINEr0 BPeMEHH MePeKPHIBAIOTCS HeNpOHHIIaeMbIMH
MOPOAAMH.

l0:xnsie paiionst CLIA

B reuenue muorux Jer CHIA 6binM Kak KpPYHNHEALIHM NPOH3BOLHU-
TesleM, TaK ¥ KPyHHeHIIHM noTpebuTeseM HedTH B MHpe; HAUpHMeEp, B
1973 r. Tam ObIO0 HOGBITO Gosiee 18% u HCHmOJAB30BaHo oKojso 30%
oT o611ero KojuuecTBa MHpPoBO# HedTH (Tabum. 3.4). [lepebie CKBaKHHDI
ra HedTh OblM npobypensl B cepennne XIX Beka B IOxubix Anmnana-
yax, TAe 3aJ0Jro 0 TOro ObIJIH H3BECTHH MHOTOYHCJIEHHBle He(Tenpo-
sBJIeHHs] Ha 3eMHOH moBepxHOCTH. OgHaKo Haubosee 3HAUHUTEJbHLIE
MECTOPOXK/IEHHS I0XKHBIX wWTaToB U Kasmudopuuu (kKamudopuuiickue
nawT HblHe GoJsee 659% cpenHerofoBOH NPOAYKIHH HedTH) He Oblan
oOHapyKeHBl 10 HayaJa Hallero Beka.

* nOpOlIbI, crnocoGHbIe IIPOTHBOCTOSTh TEKTOHHYECKOMY [AaBJIEHHIO, HMeEKLIHe
NpH 3TOM MHHHMAJbHBIE CJIEABl IINIACTHYECKHUX neQ)opmaum?x HJIH H3MEHEHHSI MOIIHOCTH
CJIOEB.
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Puc. 3.12. Hedranble MecTOpOKIEHHS UEHTPAJBHBIX H I10XK-
Hbix pafionoB CILA.

1 — cknajpuaTtele nosica; 2 — HedTerasoHOCHble palOHHI.

Ecsoi He cuMTaTh MECTOPOKIEHHH, pPACIOJIOXKEHHBIX B IPUOpPEKHON
(wenndoBoi) 30He W Ha Assicke, ocHOBHBEle 3ajexu Hedptu CIIA K
HACTOSIIEMY BpeMeHH MOJIHOCTbIO Pa3BefaHbl, a HOBBIX 3HAUHTEJbHEIX
Hax0J0K YIJIeBOXOPOIHBIX CKOIJIEHHH CTAHOBHTCS BCe MEHbIlle H MEHb-
me. O6beM [OKa3aHHBIX 3amacop He()TH BCe €Ille BHICOK, OTMEYaeTcs
HX pocT OJarogaps NMpPHMeHEeHHI0O BTODHUHEIX METOJOB HOGBIYH; HMe-
IOTCSl TaKXKe OTPOMHBIE PEecypCHl IO Cero BPeMEeHH OuYeHb MaJo HC-
IIOJIb3yeMbIX GHTYMHHO3HHIX CJIaHIIEB, BMecTe ¢ TeM, KaK MOKa3aHO Ha
puc. 1.4, saBHOe npeo6jajaHue noTpebieHus Haj noObueil HedTH B
CHIA cBuaeTesbCTBYET 0 TOM, YTO 3Ta CTPaHa H B 0603puMOM Gyay-
IleM OCTaHEeTCSl HMIIOPTEPOM YIJIEBOLOPOLHOTO CHIPhSI.

Hedrsaubie mectopoxknenus Kansaca, Oxnaxomsl, Texaca u Jlyu-
3HaHBl, TaK e Kak u Mectopoxpaenus Cpennero Bocroka, Jiokasanso-
BaHBl BOJIM3H JpeBHeHl KOHTHHEHTAJNbHOH OKPaHHB, B PErHOHE, HCIIHI-
THIBAaBLUIEM B TeuyeHHe IJIHTEJILHOIO BpeMeHH ofllee yCTOHYHBOE IO-
rpyxeHue (puc. 3.12). Ha atoM, omHaKo, CXOJACTBO 3aKaHUMBAETCS.

Ta6aunuma 34. NoGbiua Hepty B 1973 1.

Cytounast

Peruonst nobniua,

MJH. T
CHIA T 14
Cpenunit Bocrok 3,3
CaynoBckast Apapust 1,3
Bce HedTeno6biBaolHe CTPaHB (MO0 MPHOJIH- 9,1

3UTEJbHBIM T0JCUYeTaM)
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Hedraubie mectopoaennss CILA npuypouensi npedmymectBeiio i
06JIOMOUHBEIM OTJIOXKeHHsiM, B Mectopoxaenusx 3amaanoro Texaca,
Kanzaca u OxsaxoMmbl He)Th MOCTyMaeT H3 I1aJI€030HCKHX IECYAHH-
KOB, MHCCHCHIICKHX H3BECTHSIKOB M IIeDMCKHX DH(OBBIX KOMIIJIEKCOB.
Hzonupyomumy MOPOJaMH SIBJSIIOTCs TVIMHHCTBHE CJIAHLUBl H 3Bamno-
PHTBI; NOCTEAHHE CJAYXKAT MOKPBIIKOH /51 MEePMCKHX PH(MOBBIX H3-
BeCTHAKOB B 3amanaHoMm Texace.

Mecrtopozx/aenust HedTH, pacnosoxkeHnnoie B pailone Mekcukan-
CKOTO 3a/JuBa, BJoJb nobepexxuit mratoB Texac, JlyusuaHa u Muccu-
CHIIH, IPHYPOUEHbl K OTPOMHOMY KJIHIIOBHAHOMY T€JY MOPCKHMX H KOH-
THHEHTAJIbHbIX OTJIOXKCHHH OT Me3030HCKOIo IO TPETHUHOro BO3pacra,
3aMelalouuXCcs N0 HaNpaBJeHHio K MeKCHKaHCKOMY 3aJMBY OCalKaMHu
najaeo-MuccuCHIIM. DBaNOpPHTHl NEPMCKOTO H TPHACOBOro BO3pacrTa,
NOACTHJIAIOUIHE NPOAYKTHBHEIE FOPHU30OHTHl Ha 3HAUMTEJbHOH IJIOLIAIH
H IIPOCJIeXKHMBAIOIIHecs: MOA JoxeM MeKCHKaHCKOro 3anauBa, (popmu-
DYIOT MHOTOYMCJIEHHbIe COJITHEIE KyNoJia M AHANHphbl, K KOTODBIM NPH-
ypOueH Lenabld psj HeOOJbIIHX HEPTAHBIX MECTOPOXKICHHH B MHpH-
6pexHOH 30HE 1O 06€ CTOPOHBI OT GeperoBOH JIMHHU.

CeBepHoe Mope

PasBenka u paspa6oTka 3ajexeil HedTH U raza B CeBepHOM MODeE,
CBSI3aHHBIE C BBINOJHEHHEM JOPOTOCTOSIIMX H TEXHHUECKH CJIOKHBIX
ONnepaunui B YCJOBHSIX MOYTH MOCTOSIHHOTO BO3JEHCTBHSI IITOPMOBBIX
BOJIH, He NMPOBOJHJIMCH BIJIOTb 1O BTOPOH MOJOBHHBI XX CTOJETHS.
Jlo6riua rasa 6mlna 3aecr, Hauata B 1960-x romax, a HepTH —B ce-
penune 1970-x rozmos. Ilpeanosarasock, uto A06bua HeTH B Bpuran-
ckom cektope CeBepHoro Mops B 1980-x romax OyZerT cOCTaBJATb
90—150 mJH. T B roj (c NOCTeNeHHBIM CHHKEHHeM JneOHTa K KOHILY
CTOJIETHSI), YTO MO3BOJIUT OOECHEUHTh HA KAKOe-TO BpeMsi MOTPeGHOCTH
Benuko6puranuu. Obiiee KOJHYECTBO 3aNacoB yIrie€BOLOPOJOB B 3TOM
perHoHe 10 CHX IOD NMOJIHOCTBIO He YCTAHOBJEHO,

HedrsHble MecTOPOXKIEHHS 3a/€raloT B CHJIBHO Pa3GUTOl pa3phiB-
HbBIMH HapyIIEHHSAMH CeBepO-3amnajHoi yacTH EBpomnefickoro KpaToHa,
KOTODBIH He HCIIBITHIBAJ OPOTEHHYECKHX [BHKEHHH C KOHLA paHHero
najneo3ost (puc. 3.13). B pesysbpTare nepHOLHYECKOro OCaAKOHAKOMJIeE-
HHUSl B [IOCJIENO3/HENaJe030HCKOe BPeMsi cpOpMHpOBAJIacCh TOJIA Mpe-
HMYILECTBEHHO MOPCKHX OCaJKOB M€3030HCKOrO M TPeTHUYHOTo BO3pacTa
MOIIHOCTbIO B HEKOTOPHIX MECTaX 3HauHTeabHO Gousbuie 4 kM. OCHOB-
Has Macca OCaJKOB aKKyMyJHpOBajacb B pa3BETBJEHHOH CHCTeMe
IlentpanpHoro rpabena (uam mosyrpabeHa), chpOpMHPOBABLIErOCsi B
NepHoJ PacCTSKEHHS OKEaHUYeCKOH KOpHl, UTO NPEeJIIecCTBOBAJO pac-
KPBITHIO ATsaHTHUecKOro okeaHa, CenuMeHTalMOHHEIH Gacceiin Cesep-
HOTO MODSI OKa3aJcsl B KAKOH-TO CTelleHH Da3/eJeHHBIM Ha CEBEepPHYIO
H IOXHYI0O YacTH CTPYKTYPHBIMH <INOJHSITHSAMH», HPOTSHYBIUIUMHCS C
nepepeiBAMH OT CEBEPO-BOCTOYHOH OKOHEYHOCTH AHriuu no Gepe-
ros Jlanumu.

[Mpupoaneiit ras (6e3 compoBoxkiamouieil HeGTH) OGHApYKEH B 3a-
nagHbBIX pafioHax M0XKHOH yacTu CeBepHOro MOps. 3[€Ch HHKHeNepM-
CKHe CJIOH XOPOIIO COPTHPOBAHHBLIX 30JIOBBIX MECUaHHKOB (TaK Has3bl-
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Puc. 3.13. Hedraunbie mectopoxkpaenus CesepHoro mops.
IMokasaHo pas3MelleHHe MeCTODOXKJEeHHH B mpefenax rpaGeHOB M BOJAM3I HHX.

I — mecTopox aeHus: HebTH M Trasa; 2 — pas3jioMbl (ONMYyLIeHHOE KPbi1o COPOCOB OTMeyeHo Oepr-
wWTpHXoM); 3 — naathopMbl; 4 — NOAHSITHSA.
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Puc. 3.14. Crpykrypa rpaGesna Bukunr no paspesy AA’ B ceBepHoli uyactu Cenep-
Horo mops (cM. puc. 3.13) (mo gammeim P. X. Kupxa [1980 r.]).

OSpamaer Ha ceGs BHHMAaHKe DAa3JHUHe CTPYKTYPHBIX OCOGEHHOCTel CHJIbHO DasBHTHX pasno-

MAMH TPHACOBHIX — HH}KHEMENOBHIX OTJIOMEHHA H MeHee HApYLICHHbIX BeDXHeMeJdoBhiX — nnefi-

CTOIeHOBHIX OTJIOXEHHHA. B CcKBaxuHax oOHapyxeHa HedTb, NOCTYNAaoWas H3 PasJOMHHX
JIOBYIIEK.

BaeMblfi KpacHbIi JexeHb), NPEACTABJAIOMHEX co60H 30HY NPHOpEK-
HBIX [IOH, KOTOpble OKa#MJISJIH IIHPOKOe MEJKOBOJHOE 03€po, ABJf-
I0TCS. MOPOAAMH-KOJIJIEKTODAMH, a MepeKphIBAlolHe HX 3BaNlOPHTHL
nexmreiiHa (BepXHEro OT[esa NEePMCKOH CHCTEMbI) — MOKPBILIKAMH.
HcTounnKOM Tra3006pas3HbIX yIJIEBOJOPOJOB CJOYXKaT, I[0-BHIUMOMY,
YrJeHOCHBIE TOJLIM KapOoHa.

HebTsiHble CKOIUIEHHS C ra30M HJH Ge3 rasa IWHPOKO PacrnpocTpa-
HEeHbl KaK B I0KHOH, TaK M B CEBepPHOH YacTH CeJHMEHTaIlHOHHOro Gac-
cefina. OHu TOpHYPOYEHH K ME3030HCOKHM M TPETHUHBHIM NOPOAAM H
CKOHIIEHTPUPOBAHBI TJIaBHBIM 06pa3oM BOJIH3H LEHTPANbHOH PHPTOBOH
cHcTeMbl. BepxHeopckue (KHMEDHIXKCKHE) TJIHHHCTBIE CJIAHIBI CUMTA-
I0TCS OCHOBHBIMH He(hTeMaTEePHHCKMMHU NOPOAAMH, a NIeCUaHUKH, pasje-
JIeHHbIE NepeMeKallUMHUCs ¢ HUMH CJIaHIIAMH, — [VIABHBIMH TIPHPOJ-
HBIMH pe3epByapamu pernoHa, CTpaTurpaduueckne JOBYIIKH 06pa-
30BaHbl JIHH30OBHJHBIMH NECUYaHHKAMH JHOO CJIOSMH, BBHIKJIHHHBAIO-
IUMHCS B De3yJabTaTe MOJOTHX YIVIOBBIX HECOIVIACHH; CTPYKTYpHbIC
JOBYWKH CHOPMHPOBAHE B OCHOBHOM HODMaJIbHBIMH COpPOCaMH HJIH
(B6aH3H 10:KHOTO TMOGEepexbst MOPS) CONSHBIMH aHTHKJIHHAJISIMH H K-
moJiaMH NMepMCKOTo Bo3pacra.

V3MeHeHHs] MOLIHOCTH H JIHTOJIOTHYECKOTO COCTaBa TPHUACOBBIX —
HHKHEMeJOBHIX OCaJKOB CBsi3aHbl ¢ pa3BuTHeM lleHTpaJbHOro rpabena
u rpaGeHa BUKHHT M CONDSI:KEHHBIMH C HHMH TJILIOOBHIMH  JHCJIOKa-
uusimu (puc. 3.14); sra cTamgus CONPOBOXKAANAChL IOPCKOH BYJKaHHUE-
CKOH 1esaTesIbHOCThbI0. BepxHeMeJsioBble W TPETHUYHBIE OCAJKH, IOC/IENO-
BaTeJbHO OTJiarasic, o6pasoBaju Ha ADeBHeM pHU(pTE CIJIOWHOH II0K-
POB MOIIHOCTBHIO 710 3 KM.

3.6. TOPIOYUE HUCKOIAEMBIE. YIJIEHOCHBIE $®OPMAILLUU

3.6.1. OBIIAS XAPAKTEPHUCTHKA

HckonaeMble YIJIH PAa3JIMYHLIX YIVICHOCHBIX (opMalui, KOTOpble
CJYKHJIH TONJIHBOM JJIfl Pa3BHUBalolleficst MPOMbILIeHHOCTH EBpons H
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CeBepHo#i Amepuku B XIX Beke n p Hauajse XX Beka, 10 CHX NOD
oGecrneynBaior GoJsee 209% mnorpeGienns sHepruu B CIIA u oxouso
409% B 3anansos Espome; 5—109% yris uaer Ha CHIpbe MJIS XHMHUe-
CKOl NMpOoMBIIJIeHHOCTH 3anajna. Muposas NpOAYKIMs KaMEHHOTO yTJIst
B 1981 r. npesricniia 2400 MuaH, T. JlocToBepHBle 3amachl yruieii B EB-
pore, Cesepuoii Amepuke u CCCP He OyaAyT, o Bceli BEpOSITHOCTH,
HCUepIaHbl 3a GJHKafIIMe IBa-TPH CTOJIETHS, H MOKHO OXKHAATb, YTO
no6brua yrasi B XXI BeKe NpeBHICHT 106GBIUY He(TH U rasa.

B Hacrosimee BpeMss pa3paGoTKa YroJibHBIX MECTOPOXKAEHHH sB-
Js1eTCsl CPaBHHUTENBHO OIPaHHYEHHOH He H3-3a Fe0JJOTHYECKHX YCJIOBHH,
a 110 COIMATLHBIM M S5KOHOMHUECKHUM NpHunHaM. I1pH oTKpHITOH 106bYe
VIJIs, MacitTabsl KOTOPOH MOIVIH OBITh 3HAUHUTENIbHO PACIIMPEHH, 0CO-
6eHHo B BocTouHbix paiionax CIIIA, ocraercs u3phiTas, H3yBeyeHHAs]
MECTHOCTb C YHHYTOXKEHHBIM NMOYBEHHBIM HMOKPOBOM M BLIPabOTaHHLIMHU
YIJIEHOCHBIME MJ1acTamu. TpeOyercss mpoBedeHHe MHTEHCHBHBIX BOCCTa-
HOBHTEJIbHBIX paboT, UTOOB OKPECTHBIA JaHAWadT He NPHBOJAHJI B
yxac Hacejenue. [Tpu nonsemHoMm ke cnoco6e HOOHIYM YIilsl, KOTOPBIH
npeobJsiafaer, HanpuMmep, B BeqHKOGPUTAaHUH, IIAXTEPHl BHIHYKIEHLI
paboTaTh B THKEJBIX, 3a4aCTyI0 OMACHBIX YCJIOBUAX.

TpanuuuoHHBIE METOMABI, BKJIIOUAIOIIHEe 00HEMHYIO BHIEMKY M TpaHC-
TIOPTHPOBKY VIVt HA 3€MHYI0 MOBEPXHOCTh, HEIHE B 3HAUHTEJBLHOH CTe-
TIeHH M3MEHUJHCh GJyarofaps MexXaHH3alHd pabouux Impoleccos, B He-
KOTOPBIX CJIy4asix M3 yIJig Ha MecTe ero JOGHYM FOTOBSAT YTOJBbHYIO
CYCIeH3HIO, KOTOPYIO YK€ MOXHO BblKauaTh Ha noBepxHocTb. Cyasi mo
BCceMy, B Oylymem HalAyT WIHPOKOe NPUMEHeHHe W ADYTHe METOJbI:
NpeBpalleHue yrJjs B TOPIOYHH ra3 HENOCPeNCTBEHHO B WIAXTaX HJIH
3Ke BbIpafoTKa 3JEeKTPOIHEPTHH B MOJ3eMHBIX ycJaoBUSX. Exerommas
nobulua vrag B Benmuko6putrannu k KoHny 1970-x rogoB cocraBusia
oxoJ6 125 mJH. T.

VriieHOCHBIE CEPHHU CJIAaTAlOTCST MPEUMYIIECTBEHHO NopoaamH, chop-
MHDOBABIIMMHUCS B pe3yJbTaTe 3aXOPOHEHWs, AHa- M KaTareHeTHye-
CKOTO Npeo6pa3oBaHUsl OIPOMHBIX MacC pacTHTeNbHOro nerputa. Opra-
HHYecKas Macca, HCTOUHHKOM KOTODO# SIBJISIIOTCS B OCHOBHOM Ha3eM-
Hble pacTeHHus, (HOPMHUPYETCsS NPEHUMYIUIECTBEHHO H3 TaK Has3hIBaeMOH
JIECHO} IIOJCTHJIKH, HaKalJuBawIllefics B Jecax, a Takxke B GuHsje-
’Kamux 60J10Tax W B pycJgax BOJZOTOKOB. HacTHUHO CTHHBIIHE JApeBec-
Hble H MATKHe PacTHTeJbHble TKAHH aKKyMYJHPYIOTCS Ha MECTe CBOEro
3aXOpDOHeHHs] B BuOe cjoeB Topda (TOpGSHHUKOB), AJIsT KOTOPHIX Xa-
PaxKTepHHl HHU3Kas IJIOTHOCTb H BBLICOKAs MOPHCTOCTh. Karareneruue-
CKHe TNPOLECCH NMPHBOAAT K YIJIOTHEHHIO TOP(A, UYTO COMPOBOXKAAETCS
ylaneHneM BOJBl H JIETYYHX BELIECTB, MOBBLILIEHHEM COLepPKAHHS yrie-
pona. Taxum 06pas3oM, nepBOHAYaJbHBIE PACTHTEIbHEIE OCTATKH MOTYT
nocne/10BaTebHO Npeo6pasoBaThCs g NMaacTbl Topda, JUrHUTA, Gyporo
Y KaMEeHHOro yrJjefl H, HaKOHell, aHTpaUuTa.

PacnpocTpanenue yrieHOCHBIX CepHii BO BpeMEHH H B POCTPAHCTBe
KOHTPOJIHPYETCs] 3BOJIOUHOHHBIMY, KJIHMATHYECKHMH M TeoJjloruue-
ckuMu ¢dakrtopamu (Taba. 3.5). Tak kKak HCXONHOe BEIIECTBO YrJef
06pa3oBasoch U3 BBHICUIHX HA3€MHBIX pacTeHHil, pacnpocTpaHEeHHe 3a-
JIeKel yIJisi, M0 CYIIeCTBY, OTPAaHHYEHO BepXHEMaJe030HCKHMH H MOCT-
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TaGuaunma 3.5. Crpaturpaduyeckoe MoJoXKeHHe H rcorpaduueckoe
pacnpocTpaHeHHe OCHOBHBIX YIVIEHOCHBIX (hopmaumi

Mepron Bpgﬁgf“’ﬁfﬁc"jg PerdoHsl (yram)
HersepTHuHbIf, Cyb6apKTHUYECKHE palioHbl (TopdsiHUKH).
HeoreHOBBIN ®PI'; TI'IP; CCCP, VYxpauna, paioH
03. DBaiikan (quruutel, Gypnie yIJIH)
[TasieoreHoBHIf IOxuas Espona; CCCP, Vkpauna; CIIOA
(siuruuTH, GypHle YIVIH)
MenoBoit ——100——| cccP, Cubups; I'NIP; ®PI; Kanana, Cka-
JIACThIE TOPBI
YOpckui CCCP, Cubupp; Kurait; [Oxnsas Espona
(6yprie yraH)
Tpuacossiit —200—— | Kura#, IOubHanb; BocrouHnle paiionsr CIIA
INepMmckuit IOxnass Adpuxa; Bpasunus; Apcrpanus;
WUnpusi; CCCP, Cubupp (ronaBaHCKHe YT-
au); Kuraii (6HTyMHHO3HBIE YIVIH)
Kamennoyroapunifi | ———-300 ——
Bepxuuit orzen Cunesuss (ITHP, UCCP); Becrdamua (PPI);
Besbrus; Dpanmus; Benuko6puranus;
CIIA (6urymunosueie yrau); CCCP, Cu-
6Hpb
Huxuuit oraen CCCP, MockoBckuil GaccellH (JHTHHUTHI)
IleBOHCKHI ———400——/| Paspurue pasHOOGpasHLIX ~BHIOB HA3EMHOI
¢dJopHl
Panuenasneosoii- ——500 —— BeicokopasBuThie (OPMBE  HaseMHOH (JIOPH
CKHA OTCYTCTBYIOT

najneo30HCKHMH 0CaJKaMH, KOTOpble aKKyMyJHDOBAJHUCb MOCJE NOSAB-
JIEHHs1 Ha 3eMJie DACTHUTeJNbHOTO NOKpoBa. Penkue yrosbHblE IJIACTH,
BCTpeuamluecss B 6ojiee APEBHHX OTJIOXKEHHSX (HampuMmep, aHTPallH-
TONMOJAO6HBIE LIYHTHTH B HH KHENaseo30HCKOM paspese Banrufickoro
IIMTa), UMEIOT, NO-BUANMOMY, BOAOPOCJEBOe NIPOHCXOKEHHE,
Bnarogaps He BroJHe ellle NOHSITHOMY CTEUEHHIO OOGCTOSITENBCTB,
3HaYuTeJbHAs YacTb MHUPOBHIX 3amacoB yrjeir cdopmupoBasjach Ha
MPOTSIKEHHH OTHOCHTEJNbHO KOPOTKOI'O™ BPEMEHHOro OTpe3Ka — BCero
OKOJIO 75 MJIH. JIET, IDHYPOUEHHOTO0 K KOHIy NO3JHEro IaJ/eo3osl, Ko-
raa o6wupHble Tepputopud EBpomnel, CeBepHoii AMepHKH M OBIBIIETO
CyNnepKOHTHHeHTa ['OHJIBaHa GBbIJIH MOKPLITHl T'YCTHIMH JIeCAMH, HOCJY-
JKHBUIMMH HCXOJAHBIM MaT€pPHAaJOM JJIsi MOUIHBIX YrOJbLHBIX CKOIJIEHHH,
Mesosoiickue 3anexu yrieii mupoko pacnpocrpatensl B8 CCCP (Cu-
6upn), B KuTae, a Tak:ke BROJIb BOCTOUHBIX CKJIOHOB CKa/HCTHIX TOp B
Kaunane; TpeTHuHble yrau xopomo uspectisl B ['JIP, ®PI u CCCP.
Topd, 06pa3oBaBIIHACA B OCHOBHOM IOCJe IJEHCTOLIEHOBOTO JeIHHU-
KOBOrO MEepHOoJfia, SBJSAETCA TPAaLHIMOHHBIM TOIJHBOM, OCOGEHHO B
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Mornanauu u Upnannuu. Kak v cienoBasno oxuaarh, caabomeraMop-
CpPISOBaHHbIe yIJiH BCTpeuarTCs CpeAHd OTHOCHUTEJIILHO MOJIOABIX OCaX-
KOB, B TO BpeMsl Kak BerHenaJIeosoy”xcxne yIVId SABJIAIOTCA, KaK mOpa-
BHJiO, BBICOKOMETaMOP(H30BAHHEIMH.

Béuabiuasi uwacts yraeo6pasylolinX JiecOB, OYEBHAHO, NPOHM3PACIa/ia B YMepCHHO
TEIVILX W CyOTPONMHYECKHX paffoHaXx €O CPeJHHM M BBHICOKHM KOJHYCCTBOM aTmocdep-
HBIX OCAJKOB, T. €. B KJIHMAaTHUECKHX YCJOBHSX, KOTOPHE CIHOCOGCTBOBAJH KaK OBICT-
POMY DOCTY, TaK H BHIOBOMY pasHooGpasuio JecHwuix pacrtexuf. IlepMmo-kap6oHoBbie
yrau TomaBanbl, ONHAKO, NMEPEKPHIBAIOT JeAHHKOBBIE OTJIOXKEHHs JHGO nepeciaHBa-
I0TCS ¢ HHMH H, CJeL0BATeNLHO, MOIVIH (POPMIpPOBATHCH B YCJIOBHSAKX XOJOAHOTO HJIH
cy6apKTHUCCKOr0 KJAHMATa, aHAJOTHYHBIX Te€M YCJOBHSM, IPH KOTOPHIX HAKalJUBaJHCh
nocieJeAHHKOBHe 3ajexXH Topda B Cesepuoit Espome. Cpenn yraeo6pasymomnieif
¢nopr T'onzBaHel JOMHHHDOBaJ, NO-BHAHMOMY, OXHH DoA — Glossopteris, mpencra-
BUTE/IH KOTCPOrO OTJ/IHYAIOTCS HENPHXOTIHBOCTBIO H KH3HECTOHKOCTBIO.

XapakTepHble PHTMHUECKHe H3MEHEHHsi B pa3pe3ax YrJeHOCHBIX
CepHHl M YacTas IepeMeXaeMOCTb B HUX KOHTHHEHTAJbHBIX H MOPCKHX
0CaJKOB CBHJETEIbCTBYIOT O HEYCTOHYMBOM PAaBHOBECHH B 3TIX TakK
Ha3blBaeMHIX INapajuueckux 30Hax *. B cpaBHHTeNbHO HeOOJBLIHMX
MeXTOopHBIX 6acceliHax (pOpMHPOBAJHChL MeHee KPYIHBIE yroJibHble 3a-
JIeXKH; B KaueCTBe NpHUMepa MOXKHO NPUBECTH MecTopoxiAeHnne CeHr-
drteenH B npenenax llentpanbroro maccuBa (Ppanmus).

3.6.2. HCXOJHOE BEIIECTBO YIJIEX
U KOHEYHDBIE NPOAYKTHI YTJIEPNKALLUU

HcxonHblM MaTepnasoM MNase030HCKHX yryleH NOCHYXKUJIH CHOpO-
Bre (IAMOPOTHHKH, IJIAYHBI, XBOIIH H Jp.), a TaKiKe CEMeHHble pa-
CTE€HHsl APEBHUX IPVYIII, B HACTOdllee BpPEMsd PEJHUKTOBBIX HJIh BOBCE
HCUE3HYBIIMX C JHIa 3eMJH, Me3030iCKHe U TpPeTHUHBle VYIJIH
(puc. 3.15) cdopmupoBasuCh I'IaBHBIM 0Gpa30M M3 TOJOCEMEHHBIX H
NOKPBITOCEMEHHDBIX, CXOOIHBIX C COBPEMEHHbBIMH TpyIIaMud CE€MEHHBIX
pacTeHHH. 3a cUeT BCeX 3THX PACTUTEJbHBIX TPYII JieCHAs IMO)(CTHJKA
[IOMOJIHAMaCh IO CYLIEeCTBY CXOAHLIMH OPraHHYeCKHMH KOMIIOHEHTaMH.
JIMTHHH — OCHOBHAsl COCTABHAsl 4acTh JPEBECHHBI — H 1&JIJI0J103a, 4B-
Jdawuiascgd MaTepHalsoM KJETOYHBIX CTEHOK paCTeHI/Iﬁ, OTHOCATCA K
yrJiesoLaM, NOCTPOCHHBIM M3 CJOXKHBIX MOJIEKYJ, COAEpKaLLHX yrJe-
ponA, KUcJOpOd U BOAOPOA. KYTI/IKyJIbI JIUCTHEB, IblJIbIlAd H CIOPbI CJIO-
JKEHBl M3 BOCKOOODPA3HOTrO YryeBOAOPOAA — KYTHHA, COCTOSLIECTO B OC-
HOBHOM H3 yrJyiepoaa U BoLOpona.

Becb aToT pacTuTelbHBI OpraHuYecKWHl Marephas pasjaraercs MojA JeiCTBHeM
pasMHYLbIX rpHOKOB, a TakXe aspOGHBIX H aHASDOOHBIX GakTepHil, NPHYeM yKasaii-
HBIH TIpollecC CONPOBOXKJAAeTcs BHIAEJCHHEM B CBOGOLHOM COCTOSIHHH YIVIEKHCJIOrQ
rasa, BOAbB, BOJAOPOAA U MeTaHa. B BocCcTaHOBHTeJBbHOH o6GCTaHOBKe 3acTofiHbBle IPYH-
TOBble BOAbl OOGOralleHbl T'YMHHOBHIMH KHCJIOTAMH H JIPYIHMH DAacTBODEHHHIMH Be-
IIeCTBAMH, 3aJePKHUBAIOMIMMH GaKTepHaJbHble MNPOIECCH, YTO NPEHSTCTBYET MNOJHOM
Jerpajlaliid OpraHHYeCKOro BellecTBa. [JOJYCTHHMBLIHH pacCTHTEJbHBIH MaTepHasa OKi-
3blBaeTcss B JasibHelilleM HACHIUEHHBIM OPraHHYeCKHMH KHCJIOTAMM, Pa3/HYHBIMY
CIHDPTaMH, XHPOBHIMM KOMIIOHEHTAaMH H YIJIeBOJOPOAAMH; YacTO IPUCYTCTBYIOT CYJll-

* 30HB Pa3BHTHS NMepEMEKAIONIHXCS MOPCKHX H KOHTHHEHTAJbHbIX OCaJKOB, OT-
JIaralolMXCsl B KpaeBLIX YaCTAX MOPS HJIM B NPHOPexHBIX 06JacTsAX, NePHOLHYECKH
3aTOIVISIEMBIX MODEM.
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Puc. 3.15. Tpernunbie guriutsl (Hoioron-A66or, IOro-3anannas Anriius).

OGpaTHTe BHHMaHHe Ha HeGoJbluHe CGPOCH, Hapyulaluiie HOPMaJbHOoe MNPOCTHPaHHE IJIUCTOB.

¢uapl, ofpasoBaBliHecss Omarofapsi 6akTepHasbHO!H MAeATesbHOCTH. Heopraumuueckuii
06JIOMOUHBIl MaTepHaJl, INPHBHECEHiBHl BETPOM H BOJHBIMH NOTOKaMH, 3arpsi3user
opranHyecKHe cMecH H 006pasyeT B YIMISIX HEropioule KOMIIOHEHTH — 30Jy. Takwue
3JIeMEHTHl, KaK ypaH H BaHaJHH, B BOCCTAHOBHTEJbHOH OOCTAHOBKE JIETKO MEPEXOjsi-
IlHe B CBSI3aHHOE COCTOSIHHME, OCAXAAlOTCS H3 PAacCTBOPOB M MOTYT KOHIIEHTPHPOBAThLCS
B YI'I9X B 3HAUHTEJLHOM KOJHUECTBE.

[Ipouecch ynJoTHEHUS, [HA- W KaTareHe3a NPUBOASIT K 00€3BOKHU-
BaHHUIO, MIOTEPe JIETKHX YIJeBOLOPOAOB M (OPMHPOBAHMIO TBEPABLIX Op-
raHMYeCKHX KOMILJIEKCOB M3 PacTBOPOB, HACHIIIAIOLIHX OPraHHYecKoe
BemecTBo. ConeprkaHue yriaeposa npH 3TOM NOBHIIAETCS OT MeHee YeM
509% 1o 90% wu GoJsiee ¥ OTHOLIEHHE YIJIePOAA K KHCJIOPOAY HEYKJOHHO
Bo3pacraer. Jlerkue yrsieBogopojnl (rjaaBHeIM o6pasoM meraH CH,),
BHIJEJISIIOIHECS TIPH KaTareHEeTHYeCKHX IIpoleccax, MHTPHPYIOT H3
MaTepPHHCKHX IIOPOJ M MOTYT HAaKaIlJIUBAThCS B NMOPOAAX-KOJJIEKTOpPAX
B KayeCTBe «CyXOro» mpupoaHoro rasa. Ciaabo- u cperHemeramopdu-
30BaHHble YIJIH NIPH eCTECTBEHHOM CrOPAaHHH B BOCCTAHOBHTENbHBIX yC-
JIOBUAX MOTYT NPOAYUHDPOBaThb 6o0Jjiee TsKeJble YIJIEBOLOPOIBI, DTOT
IpoLecC HCNOb30BaJICs ¢ Hayasa XIX Beka mpu moJiyueHHH yroJbHOTO
rasa, NpUMeHsBIIErocs AJs ocBellleHHss u oromsenusi. O6pasyomuics
IpPH 3TOM TBepPJblH OCTATOK — KOKC (XapaKTepHOro ry6uaroro o6/nka)
faer 6e3llbIMHOE IJIaMsi; OH HCIIOJb30BAJICsi PaHblle B GOJIBIIOM KOJIH-
YJeCTBE Ha TeIJIO3JEKTPOCTAHIHsIX. [IpH €ro CropaHdH BbIJEJISJIHC
cepa M ApyTHe NPUMECH, 3arpsi3HsiBLIME aTMOChepy.

[TonaBadmomee OGOJbUIHHCTBO KaMEHHBIX YIJIeH, HCMNOJb3YIOUIMXCS
B NPOMBILIIEHHOCTH, COCTABJSIOT 'yMYyCOBEIE YIJIH. OTJIaraBIIHecs in
situ M3 pacTHTEJbHBIX OCTATKOB CMEMIAHHOrO COCTaBa. BhICOKOMeTa-
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Tabauuma 3.6. KoMnoHeHTbl BbICOKOMETaMOP(H3OBAHHBIX yrieH

Vrau KoMnoHeHTbI

Opraﬂnqecxne KOMIIOHEHTHI

Cymycosue KnapeH — TOHKOpacC/lOEHHbIE CMeCH, B KOTOPBIX BBIAEJSIOTCS
clelyoluiie TPH KOMIIOHEHTa:
BHTDHHHT — 4yepHas, OmecTswmas, OoraTtas yIieBOAaMH
pacTuTe]bHass TKaHb, HMIPDErHHPOBaHHAs 3aTBeplAeB-
IUHMH TeJAMH, 06pa3oBaBUIHMHCSA B pe3yJbTaTe pas-
JIOXKEHHS] OPraHHYCCKOTO BeILeCTBa;
MHKDHHHT — YePHBIH, MAaTOBBIH KOMIIOHeHT, 006pa3oBaB-
LIKfics H3 CHOp, KYTHKYJB H AD.;
(IO3HHHT — YepHHIH,  MOPOIIKOOGPA3HHl  JApeBeCHBIH
yroJjib, BCTPEYAIOUIHACA 110 IIJIOCKOCTSAM HAaCJOEHHS.
Hiopen — TBepAbIf,, MACCHBHBIN, JIHIUIEHHBA 6Je€cKa yroJb,
C/IOXKEHHBIH GOJsblllefi 4acTbl0 MHKDHHHTOM M (IO3HHHTOM

CanponesneBue KeHHesb — CXOMHBIA C AIOPEHOM yroJb, 06pasOBaBUIHHCA M3
TOHKO3eDHHCTOTO O0G/JOMOYHOTO MaTepHasa, B TOM YHCJe H3
yTJIeBOAOPOAHBIX KOMIIOHEHTOB.

Borxem — yroib co 3HauHTeNbHBIM COJEPXKaHHEM BOJOPOCIE-
BOH TKaHH.

Top6aHHT — yrosb, 06pa3oBaBIIKACS NPEHMYLIECTBEHHO H3
BOAOpOCJIei

HeopranuueckHe KOMIOHEHTH (30J1a)

F'ymycoBne u canm- | OG/oMOuHble IeCKH, ajJeBPHTHI, [VIMHBEI, Kap6oHaTH (aAcopGH-
pomnesieBHe pyiolHe ypaH, BaHaAH# H T. A.), CyJb)HIEI

MOp(H30BaHHBle TyMyCOBble yrau (Ta6J. 3.6) — OsecTsiiue U OGBIYHO
XODOILIO paccoeHHBle, OJiarofiaps 4eMy OHH JIETKO pAacKaJsblBalTCs.
YrieBoAbl U ApyrHe COeIHHEHHs, H3 KOTOPHIX COCTOSIT TyMYyCOBBIE YIJIH,
PeIKO COXPaHAIT CJeAbl KJIETOUYHOH CTPYKTYPHL.

CanponeneBble yryil OTHOCHTEJNBbHO GOJIble 0GOralleHbl YrJeBO0-
pojaMH, M HCXOJHBIM HX MaTepHaJoOM MOryT ObITh KaK CIIOPH H
IBJIBIA BBICIIHX DACTEHHH, TaK M OCTATKH BoAopocjell. KeHHesbckue
yrau (KeHHea M), o6pasyiolinecsi, KaK NPaBHJO, NPU OTJIOKEHHH HC-
XOJIHOTO MaTepHasa B 3aCTOHHBIX BOJOEMax, SIBJSIOTCSI BTOPOCTEIeEH-
HBIMH KOMIIOHEHTAMH YIJIeH M NPHCYTCTBYIOT B OOJIBIIMHCTBE YTrOJib-
HBIX 3aJjiexked. Borxeabl — 3To yruu, moJyuuBIIHECS YAaCTHUHO H3 BO-
NOPOCJIEBHIX OCTATKOB; TOPGAHUTH (Pa3HOBHIAHOCTH KeHHEJeH) B oc-
HOBHOM CJIOKeHbl BOfopoc/siMHi, CanponeneBsle yriu 06/1analoT XKHp-
HBIM 6JIECKOM H DPaKOBHCTHIM H3JIOMOM, JIETKO BOCIIAMEHSIIOTCS IpH
HHU3KHX TemnepaTypax. B pesysibraTe meperoHkd H3 HHX MOTYT GBITH
NOJIy4eHHl ra3 H He(dTb.

3.6.3. YIJIEHOCHBIE OTJIO)KEHHUSAA EBPOTIbI
U CEBEPHOM AMEPUKH

BepxHena/eo3oiickne KaMeHHOYTOJIbHBle OTJIOXKEHHS MPOTATHBA-
1oTcst yepes Bcio EBpony u CeBepHyio AMepuky K CeBEpPHOH rpaHuile
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a CEBEPHASA
AMEPKKA

CEBEPHAA
ADPUKA

Pre. 3.16. PacnpocTpaHeHHe YIVIEHOCHBIX OTJOMXKeHHM BepxHero KapGoHa (MeHCHJb-
BaHHS ).

a — pasmelleHHe YIVICHOCHBIX Qopmalull OTHOCHTEJbHO AmNanayckoro u I[epIHHCKOro TrOpHBIX
MOSICOB B NpeiesiaX CYHeDPKOHTHHeHTa JlaBpasus; 6 — yraeHocH:l GaccetH B IOxHOM VYsabce
(BesnKoOGpHTAHUS); NOA3EMHble 3aJieKH H BbIXOAB Ha LOBEPXNOCTb YrOJBbHEIX NJIAaCTOB NPHYDPO-
YeHbl 3jJeChb K MNPOAYKTHBHBIM OTJIOXKEHHAM BepXHero KapGoHa; MeCTOPOXKIEHHsI DPacCHOJIOXKeH:!
HeNoCPeACTBEHHO K CeBepy OT OpOoreHHUecKoro (GpOHTAa TepUHHHJ H CHJILHO AHCJIOLHPOBAHDI;
B CTPYKTYDHOM OTHOWeHHH OGacCelH npeicTaBiaseT COGOH aCHMMETDHYHYIO CHHKJHHZJIb C OTHO-
CHUTEJNBHG KPYTIBIM IOKHBIM KDbIJIOM, HapyIIeHHYIC NONepeiHbIMH Pa3JioMaMH.
I — yrneHocHbie ¢dopmaunuu; 2 — norpeGeHHbie YroJbHble 3ajiekH; 3 — OGHaXKEHHs YIVIeHOCHBIX
nopol; 4 — pa3pbiBHble HapylUeHIHs.

[epuuHcko-Annasauckoro CKJAag4aToro Inosica; OHH 06pasylT ONHH
U3 KPYIHEHUINX CKOIJIEHHH KaMEHHOro YrJsl Ha 3eMHOM inape, OCHOB-
HOJI 3Tall HAaKOMJeHHs YIJIeHOCHBIX OCaAKOB (mo3auuii kap6oH B EB-
polle H COOTBETCTBYIoUIHH eMy neHcusanBaHuid B CeBepHoit AMepuxe)
COBIIaJ ¢ NOCJeIHHMH CTaJHSIMH OPOU€HHUECKO!H AesTeJbHOCTH, KOTAa
C BO3JBIMAIOUIMXCS TE€PIHHCKHX TOp CHOCHJCS OGJOMOYHBIH MaTepHa
Ha InapaJjiiuecKHe paBHHUHBI, OKaHMJSIOIIHE HX CeBePHBIH GopJanp
(puc. 3.16).

OcHoBHasi Macca OCafKOB IIpelCTaBjeHa T'JIMHHCTHIMH CJaHilaMi i
leCYaHHKaMH HEMOPCKOro IIPCHCXOXKAEHHS, UYepeNyIOlIHMMHCs CHH3Y
C MODCKHMMH OCaJKaMH, OTJaraBLUIMMHCS B TeUe€HHe KPaTKOBPEMEHHBIX
TPAHCI'PECCHH, a CBepXy — C NPOIVIACTKAMHK YIJIS M IOACTHJAIOLIHMHU
cjaossmu (seat earths *). B ocHOBHOM Ta ke HOCJIeNOBAaTEIbHOCTH OT-
JIOXKEHHH MHOTOKpPAaTHO IOBTOPSIETCSI B pa3pe3ax OCafOoYHBIX PUTMOB,

* AHrVIMACKHME TeDMHH, HCIOJb3YeMblH 1Jisi 0603HAUEHHs! CJIOS MOPOA, NMOACTHAA-
IOLIEro yroJbHH MJacT. DTOT cJOH IpeicTasisier co60f IPEBHICIO MOYBY, HA KOTOPOH
NpoH3pacTasa pacTHTENbHOCTh, 00Pa30BaBIIast YroJb.
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HJIM LMKJOTEM, MOLIHOCTH KOTOPBIX COCTaBJsAeT NpHOIH3UTeILHO0 20 M
(raba. 3.7). Kaxkjaas UMKJIOTEMA 34KaHUMBAETCH yrOJbHBIM T1J1aCTOM,
cOpMHPOBAHHBLIM B [IEPHOJ TEKTOHHYECKOH CTa0HJILHOCTH. DTOT NNACT
CMeHsIeTCsl CJIeAYIOLHM JIUTOJIOrO-CTPAaTHIPapUUeCKHM TMOApasjele-
HHEM OGJIOMOUHBIX, HHOI'LA MODCKHX OCaJKOB, OTBEYAIOIIHX CyllecT-
BeHHOMYy H3MeHeHHIO 6asuca 3pos3ny M (MJH) xapakrepa OCaJKOHa-
KOINEHMsl, YTO KOHTPOJIHUPYeTCss TeKTOHHYecKnMu (paxkrtopamu. Oraein-
Hble LHKJIOTeMbl COXPAHSIIOTCS Ha OOIUUPHLIX T€PPHUTOPHAX H BblIeJs-
JOTCSl B paspe3ax PasBeJOYHBIX CKBaXHH MO XapakKTEepPHHIM JHTOJOIH-
yecKMM H (PayHHCTHUECKHUM OCOOEHHOCTSIM.

XoTsl MHOTHe yroJibHBIE MJACTBl WJIH CepHH (TPYyNIbI) TJIaCTOB
HMEIOT IIHPOKOE IJIOHIaJHOe paclpocTpaHeHHe, NPUIOAHOCTh AJIsl pas-
paboTKH olpejessiercss KaK NePBHYHOH, TAK U BTOPHUYHOH CJIOKHOCTHIO
ux crpoeHusi, HaMeuaembiit K pa3paboTKe yroJIbHBIA IJIACT MOKET OKa-
3aThCsl pas/ieJeHHBIM Ha JBa HJM HECKOJbKO 60Jiee TOHKHX NpOIJACT-
KOB B T€X CJyuasiX, KOrja HeoGBIYHO OBLICTPOe ONyCKaHHe TeDPPHTOPHH
IIPUBOJHJIO K 3aTOIJIEHHIO JIECOB H IOCTYIJIEHHIO HJIOBOTO MaTepHaJa.
Becp yrosbablil miaact gu60 Kakas-TO €ro 4acTh B IeDHOA aKKyMyJisd-
IIHH MOTJIH OBITh paspyllIeHBl PeYHOH 3pO3Hell, a Pycso NOTOKA — 3a-
IOJIHEHHBIM JIMH30BHIHBIMH HJIM MIHYDKOBBLIMH ME€CKaMH.

BaxHoe 3HaueHue JJis reoJOrOB-yIVIEpa3Be/ UUKOB UMeeT H3yUeHHe
CKJIaAYaTOCTH ¥ PA3PBHIBHOH TEKTOHHKH HA IMOCJAEIHHX dTamnax IrepiuH-
CKOTO OpoOreHe3a, a TaKiKe BO3LEHCTBHs 3PO3HH, NpellIecTBYIOIICH
(HOpMHPOBAHHUIO BhIIIEJEeXKAIEro yexJa NePMCKHX H ME3030HCKHX OT-
JIOKeHHHA. DOJIbIIHHCTBO MeCTOPOXKAEHHH BeankoOpHTaHHH NpPHYypO-
YeHO K ILIMPOKHM, OCJIOKHEHHBIM pa3/jOMaMH CHHKJIMHAJISIM, KOTOpHle
paszesieHbl Ha YacTH NPHIOAHATHIMHE, OJBEPraBIIHMHUCS IPO3HH yUaCT-
KaMH, OTKyJa CHOCHJICS OGJIOMOUHHI MaTepuaJs, YJYacTBOBAaBUIMH B
(hOpMHpPOBAHHH TOPOL  NPOAYKTHBHBIX YTJIEHOCHEBIX CBHT (CM.
puc. 3.16).

Ta6auma 3.7. llukaoremsl yroJbHbix dopmanui

Peruou LlukaoTEeMBI
Bocrounne Ilennn- | ¥Yrum. IMpocreiimue IHKIBI
HH (AHrims) Pe/IHKTOBHIE MOYBH — Ma/1€0CO. COCTOSIT TOJMBKO H3
HeMopckue IVIHHHCTBIE CJaHIBI. 3THX 3JIEMEHTOB

AJIeBpPOJIHTHL H NECYaHHKH.

HeMopckue rIHHHCTBIE CJIaHIBL.

OcHOBaHHe LHKJIa — MOPCKHE IVIHHHCTHIE CJaHIBl (IPHCYTCT-
BYIOT He B KaXKIAOM [HKe)

Oraito (CIIOA) Yra.

HeMmopckue TvHHBL

I'7uHHCTBIE CJIAHUBl W TNeCYaHHKH, IIPEHMYIUECTBEHHO MOp-
CKHe,

OcHoBaHHe NHKJIA — H3BECTHSKH MOPCKOTO INPOHCXOKAEHHS

IlpuMeuaHue B aMepuKaHCKOH JHTepaType Yriu OGBIYHO pacCMaTpHBAIOTCSI B Kaye-
CTBe 6a3aJbHBIX CJIOEB IHKJOTEM; IOCJeNO0BaTeJbHOCTb, NPHBeJdeHHast B Tabauie, COOTBETCTBYeT
npuHATOH B BeNMKOGDHTaHHH IJfi IHUKJOTEM TOrO XKe MOpsiiKa.
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B Beawrun u Pype (®PI) B6an3n TepUHHCKOrO OPOTeHHYECKOro
(GpenTa yroJblble MJIACTHl HOABEPIJIUCh MHTEHCHBHOH CKJIaA4aTOCTH H
OBIJIH HapyuweHsl HajBUraMi. YroJbHble MECTOPOXKAEHUS, HE UMeKlIne
BBIXOJ(A HAa 3€MHYI0 NOBepXHOCTb, B Llenrpaspnoii, OxHo# 1 Bocrou-
KOl AHCJINHM  HECOrJIacHO NepeKPHIBAIOTCH HEHAPYLUIEHHBIMH CJIOSIMU
MEePMCKHX M Me3030UCKUX nopoia. Taxkue MecTOpPOKIeHHST pa3pabaThl-
BatoTcst 3aKpHITLIM crocobom B Kenre, Horrunreme, Jlapeme u mpuJe-
raroiux vactsix CepepHoro mopsi. CpaBHUTeJNRHAsT HMPOCTOTA AOOBIUH
YIS TaKHM CIOCOOOM  ONpenesisiercsl BbIAePXKaHHOCTbIO M 1L@JOCT-
HOCTBIO IIJIACTOB, OTCYTCTBIIEM MHKPOCOPOCOB M CJeJ0B pasMbiBa, a
TaKKe OTHOCHTEJIbHBIM IOCTOSTHCTBOM KayecTBa yrJied.

[TockosbKy coopyiKeHHe TiTyOOKHX 11aXT 3KOHOMHYECKH HEeBLITOAHO,
pPACCTOSIHHE, Ha KOTOPOEe YroJibHble 3aJleXKH MOTryT paspabaThlBaThCs
BHH3 10 MAaJEHHIO NJIACTOB, SIBJAETCsS OrpaHuyeHHEIM. KpoMe Toro, Tex-
HHYeCKHe TPYAHOCTH, BO3HUKAIOU[ME NMPH MeXaHM3alHuH Tpolecca H0-
OblUM Ha pasHBIX YPOBHSAX TJIyOHH, MOIYT NPHBECTH K HepeHTabeJb-
HOCTH pa3pabOTKH YrOJIbHBIX 3aJjexefi B palioHax ¢ MHTEHCUBHOH pas-
DBIBHOH TeKTOHHKOH. Be3omacHOCTh TOPHBEIX BHIpaGOTOK ONpeNessieTcs
XapaKTepPHBIMH OCOOGEHHOCTSIMH KPOBJIM M TMOYBBl YrOJBHOIO IJIacTa.
Hasnuune TOHKHX TPOMJACTKOB B BBIIIEJEXKAIIHX CJOSIX MOXKET BbI3-
BaTh OODYIIeHHe KPOBJIH., PHIXJble MOJCTUIAONIHe MTOPOALl («IpeBHHE
TNOYBBEI») MOTYT BCNYyYHBATBHCS M T€M CAMBIM NPUBECTH K Pas3pyLIeHHIO
non3eMuo#l Bolpa6oTku, IlpoHHIaeMble MeCYaHUKH, COPOCHI HJIH 30HEI
CHJILHON TPELIMHOBATOCTH MOTYT CIOCOOCTBOBATH INPOHHKHOBEHHIO
BOABl B 1IaxTy. MeraH (WJHM «PYIHHYHBIE Tas»), MNPOCAYHBASICL H3
OKPYIKAIOUIHX NMOPOJ, MOIKET BLI3BAaTh B3DHIB; 3Ty ONACHOCTb MPENOT-
BpAaIllal0OT XOPOLIO HAJIAKEHHOH NMOA3eMHOH BeHTHJslnueld. XOTSI MBI
nMeeM obliee npeacTaBieHHe 060 BceX 0GCTOSTENLCTBAX, CBSI3aHHBIX C
HapylUIeHUSAMH TeXHHKH 6e30IacHOCTH BeleHHs NOA3eMHBIX paboT, Ka-
TacTpodbl BO3MOKHO H36exKaTh, TOJTbKO HMesl NeTasbHyl0 HHdOpMma-
IHIO O COCTOSIHUM KaxKAOH OTHEeJbHOH BEIPAGOTKH ¢ YU€TOM CTPYKTYp-
HBIX OCOGEHHOCTE 3aJiexell Ha caMoji paHHel CTajHH UX pPa3paGoOTKH.

4. METAJ1IJIbBI 1 UX PECYPCbI

4.1. BBENLEHHUE

4.1.1. PYOHBIE MECTOPO)XIEHUSA

BO.HbU_IPIHCTBO MeTaJlJIoB, HCHOJIb3YyeMBbIX B NPOMBIIIJIEHHOCTH, Ha-
XOOHUTCSI B 3€MHOMI KOpe B MaJibIX KOHILGHTP&L[PIHX, COCTaBJAIIHNX, KaK
NpaBHJ/IO, HECKOJbKO BeCOBHIX yacTell Ha MHJJIHMOH *. Jlo6blua 3THX

* 3T0 cnpaBelHBO 1151 Lesoro psima snementoB (As, Mo, Sn, W, U u np.),
O/IHAKO MIOTHe 3JCMEHTH, 00/ia/lalouiue MeTa/UIHIeCKHMH CBOfICTBAMH. COAepKaTcs
B KOHIEHTPALHIX, KOTOPhle HAa OAHH-IBA H GoJlee NMOPAAKOB HHXKE YXKA3aHHBIX aBTO-
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MOoJEe3HBIX HCKOMaeMblX OKa3blBae€TC 3KOHOMHYECKH BBLITCAHOH TOJILKO
B TeX CJayuasxX, Koraa Mbl HM€eM JeJOo C DyAaMH, NPOIEeIIIHUMH, TaK
cKasaThb, Ipouecc nNpHponHoro oGoramenus. HMHbIMH cioBamu, usBie-
YeHHe 3THX pyA U3 HeAp CTAHOBHTCA MNPaKTHYECKH BO3MOXKHBIM, KO-
rAa KOHIEeHTpanusi XHMHUYECKHX 3JIEMEHTOB B 3eMHOH KOpe BO3pacraer
He MeHee ueM Ha /[Ba NOPAJKA MO CPABHEHHIO C HX CPeHHM — KJap-
KOBLIM — cofiepkanneM **  CoOTBETCTBEHHO DyJHBle MECTOPOKIEHHSI
NpeacTaBJsAIOT CO60H ecTeCTBEHHBlE CKOIJIEHHsy PYJA MeTaJlJIoB, pa3pa-
6oTka KOTOPHIX sBJseTcs lesecoobpasHoit ***, TIpu oieHKe MOTEHIH-

Ta6nrnua 4.]. OueHKa MOTEHUHANbHBIX PYAHbIX MECTOPOKAEHHM

®axTopsl YuurneiBaeMble mapaMeTpbl H YCJOBHS

Teonornueckne 1. TraBubie MoOJe3HbIe KOMIOHEHTH DY, HX KayecTBO, COPT-
HOCTb (MPOIEHTHOE COREPIKAHHE METAJJIOB B PYLE).

2. BoaMoxKible CONYTCTBYIOIIHE MeTa/uibl (HampuMep, TPH-
CyTCTBHe cepe6pa B KauecTBe NPHMECH B MOJHMeTaJlIHYec-
KHX pYZaX TOBHILIAeT LEHHOCTh CBHHIOBO-UHHKOBBIX Me-
CTOPOXKIEHHI).

3. Pasmepnl H CTpOEHHE PYIHHIX Tell.
4. TIporHo3Hele 3amacel PyI.
Hobuun  u  panb- | 1. Meromuka ROGHIYM DYAHBIX HCKOMaeMblXx (OTKPHITAas HJIH
Hefimei mnepepa-+ nomxseMuasi pa3paboTKa MECTOPOXKAEHHUS).
GoTKH (MeTan- | 2. VcioBHS H3BJEUEHHS TOJE3HBIX KOMIOHEHTOB H3 DYA
JypTHH) PYA (TexHONOTHUECKHe CBOHCTBA pYZbl, ee 06OraTHMOCTb); BO3-
MOXHOCTb peHTaleqbHON mNepepalOTKH PYAHHIX KOHLEHTDA-
TOB.

3. IIpuroZHOCTh KOHEUYHHX INPOAYKTOB NepepaloTKH pYIHBIX
KOHIIEHTPATOB /s HRaJbHefillero NMPOH3BOJACTBA (HaNpHMeD,
IIPH BHITVIABKE CTANH JKeJaTeJbHO, YTOOb B XKeje3Hol pyne
TPHCVTCTBOBANH B HEGOJNBIIOM KOJHYECTBE TaKHe INPHMECH,
kak docdop).

. CTOMMOCTb MeTaJlJIOB Ha MHDPOBOM pHIHKe (C yueToM Clpo-
ca B Oynyiem).

VYenonusi paspaGoTKH MeCTOPOKIEHHS, CTOHMOCTb JOGBIUH
pya.

Bonpoch 3akoHoZaTebCTBa NPHMEHHTENBHO K NOGHYe I10-
JIe3HBIX HCKONaeMBIX.

BepositHocTh H3MeHeHHS B Oy[ylieM COLHAJIbHBIX, MOJHTH-
4eCKHX WJIH 3KOHOMHUECKHX YCJOBHH, YTO MOXKeT BO3JeHCT-
BOBaTb Ha XOJ pa3paGoTKU MeCTOPOXKIEeHHS

Ilpouue

(o] (3] —

b

pOM; C Ipyro#i CTOPOHH, I/ 3HAYHTEJNbHOIO YHCJA 3JEMEHTOB XapaxkTepHbl GOJibliHe
KOHUEHTPAIHH, HAaNPHMeED, KJapK Kese3a gocturaer 47 000, a amomunus 75100 seco-
BHIX YacTell Ha MHJJIHOH.

** JKesezo Hu3pJeKalOT M3 PYA, B KOTOPHIX CrO KOHIEHTPALMS BCer0 HAa OMHH
NOPSIMOK (H MeHbllle) NpPEeBhIIaeT KJapKOBOE, aJIOMHHHIA — H3 HedeJHHOBHX CHEHH-
TOB, Ille COAepXaHHe aJIOMHHHS B cpeliHeM He 6oJblie KaapkoBoro. OIHAKO 30JI0TO
Ro6HIBAIOT H3 PYA C KOHUEHTPALHell 3TOrO 3/eMEHTa He MeHee UeM HA TPH NOPSAKA
BHIIIIe KJIaDKOBOH.

*** MecTopoxeHHe — NPHPOJHOE CKOIUIGHHE TIOJIE3HOTO HCKONAeMoro, KOTOpOe
B KOJMYECTBEHHOM M KaueCTBEHHOM OTHOIUGHHH MOMeT ObITb MPEAMEeTOM NPOMBIUJIER-
HOM paapaéoﬂm NPpH AAaHHOM COCTOSITHHH TEeXHHKH H B JAHHBIX 3XKOHOMHIECKHX YyCJ0-
Busix [[eosoruueckuit cnosaps. M. Henpa, 1978, 1. 1, e. 423].
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Ta6auua 4.2. Cpeavee comepxanve pas3iHYHBIX 3JEMEHTOB B 3eMHON Kope M
HX KOHHIEHTpalus B pyAax

[Mpenenst
conepa- KouneHTpanHst B o6pasuax
AnerienTR Huil B 3em- pasTHUHBIX DYA, %
110if Kope,
%
Al, Fe, Mg 1—10 | Xp. Xamepcses, Fe =65
Ti, Mn 0,1 Maprannesble KonkpenuH, Mn<{40
S 0,01
V, Cr, Zn, Ni, Cuy, 0,001 | Mecropoxnenue Kam6anma, Ni 3,5%; wmea-
Co, Pb Ho-noppuposrie pyas, Cu 0,5—1
U, Sn, As, Mo, W 0,0001 | Hauusie mo ypaHy cM. B Taba. 1.3
Sb, Cd, Hg, Ag 0,0001 | Pud Mepenckn, OymBeJbACKHH  KOMIUIEKC,
Pd, Pt, Au Pt + Pd 0,00057

aJbHOTO DYAHOTO MECTOPOXKACHHA HeOOXOJHMO YUYHMTLIBATH KakK OCO-
GeHHOCTH MeTaJIIyprHUecKoll nepepaboTKM pPYZA, TaK H 3KOHOMHUEC-
KHe (DaKTOpHI.

Xors MBI He co6HpaeMcsi J€Ta/bHC PAacCMaTpHBaTh HereoJoruye-
CKHe aCNeKTHl, YUHTHIBAIOUIHeCs] NPH NPOBEJEHHH Te0J0T0pa3BeloYHbIX
pa6or, B Tabs. 4.1 npuBeseM psaA JaHHBIX 06 OCHOBHEIX (haKTOpax, Ko-
TOpble MOTYT O0Kd3aTh peIalollee BIHsHHe HA SKOHOMHUECKYIO OLEHKY
MeCTODOX/IEHHS.

O6Hapy:KeHHe TOTO HJH HHOTO 3J€MEHTAa B aHOMAaJbHO BLICOKHX
KOHIIEHTPALUAX HNPOHCXOJLHT, padyMeercsi, Kpafite penko. Ilostomy,
H3yyasi pyAHblE MECTOPOKAEHHS, Mbl, KaK IIpaBUJIO, HMeeM [LeJ0 ¢ He-
OOLIYHBIMH T€0JIOTHYECKHMH siBJeHUSAMH. [Ipn cpaBHenHnu cpenuero co-
JepKaHUs Pa3JHUHEIX 3JEMEHTOB B 3eMHOH KOpe ¢ HX BBICOKHMH KOH-
LEeHTPalUsIMH B MPOMBIIIJIEHHBIX PYAHBIX MECTOPOxKAeHHsX (TabJ. 4.2)
CTAHOBHTCS OYEBH/HBIM, HACKOJBKO IpOLECCH pPyAo06pasoBaHUs OT-
KJIOHSIOTCST OT OOBIYHBIX «TeOJIOTHYeCKHX HOpM». Crenuduka 3THX mpo-
[IECCOB B OCHOBHOM NpOABJSETCA B XapaKTEPHBIX OCCOEHHOCTAX PYA-
IibIX MHHEepaJoB.

4.1.2. MUHEPA/IOT UM

Bésabuyio yacTh mOpoz006pasyolnX MHHEPAJOB COCTABJSIOT CH-
JINKATHl, B TO BPeMs Kak MOAaBJjsiolliee GOJbIIHHCTBO DYAHBIX MHHe-
pasoB BXOJAHUT B COCTAB TaKHX NMPHPONHBEIX COeHHEHHH, KaK CyJabGH/H,
cyabdaTo, okueasl u Ap. (rabna. 4.3). Ilo dusuueckum cBOHCTBAM H
XHMHYECKHM OCOOEHHOCTSM pYIHblE MHHEpPA/abl pe3Ko OTJIHYAIOTCA OT
nopoA000PAsYIOUIMX CHIHKATOB, YTO NMpPeNONpesessieT O0COGbe YepThl
HX TNOBeJeHHUss NPH MarMaTHYeCKHX H OCANOUHBIX PyA006pa30BaTEJb-
HBEIX 1poreccax, JTH CBOHCTBa 06YCJOBIMBAIOT NMPEXK/Ie BCEro crocob-
I0CTh Cerperalui PYAHBIX MHHEpAJOB OT OCTajbHOH Maccel. Taxk, 6.a-
rogapst CBoefi OTHOCHTEJIbHO BBICOKOM IJIOTHOCTH CYJIb(MHABI H OKHCJLI
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Ta6auuma 4.3. CxemaTHueckas KJaaccM(UKalUus PYAHBIX MHHEpPaJOB

CoefMHeHHs XapaKTepHCTHKa

Cyapbuan O6mas ¢opmyna AnXn, rie A —oOIHH HIH HECKOJbKO Me-
Ta/JIoB; X — cepa, MBILbAK, CypbMa, BHCMYT, CeJeH HIH
teqayp. Takue anements, kak Ag, Co, Cu, Fe, Hg, Ni, Mo,
Pb, Zn, o6pasyior BaxHble cyabbHIAb B NpPHPOAE

CyJbdocosn O6was q)opmyna AmBnSp, rne A —omMH HJIH HECKOJbKO
Meta/ioB; B — As, Bi uwan Sb; S — cepa
OKHCITH, ruapo- | Cpenn HuUX BCTpeualoTCsi pyIHBIE MHHepaJIbI TaKHX MeTaJlIoB,
OKHCJIHI, coJtu kak Cu, Cr, Fe, Mn, Ti, Sn, W, Zn, Th,
KHCJIOPOAHBIX
KHCJIOT

CaMopoxusie  3ne- | B ux uucae Ag, Au, Cu, Pt u Hemeramn C (B BHIe anMasa)
MEeHTH

Tanmounn,  kapGo-
HaTH, HHTPAaTH,
Gopathn, ¢ocha-
TH, BoJbbpaMa-
TH, CHJIHKATHl

MeTaJlJIOB, a TaKxkKe CaMODOAHbIe 3JeMeHTHl 060CO0JSAI0TCS B Ipouecce
ocanouHoi AuddepeHnnanuy, o6pasys TAxeNyl0 MHHEpaJbHyro ¢pak-
LIHIO.

B GoJblIHHCTBEe MeCTOPOXJAEHHH IJIaBHble DYAHHE MHHEDasbl BCTPEUAIOTCS COB-
MECTHO ¢ KBapueM, KaJblHTOM H JPYTHMH MHHeDa/JaMH, He HMEIOLIHMH, KaK MPaBHJO,
NPAKTHYECKOIT HMEHHOCTH. DTH <«HEHYXKHble» MHHepaJbl, MOJYYHBUIHE HA3BAHHE XKHJb-
HBIX, MOTyT HaBaTb ONpPeJeseHHYI0 HHbOpPMauHiO 06 YCIOBHAX DPYA00GPa30BAHMA.
OTiocHTe b HOR cOflepKaHHe PYIHBIX M JKHIbHBIX MHHEPAJOB B PYIe, 3 TaKikKe CTeNeHb
TPYAHOCTH OTHAeNEeHHS HX HAPYT OT APYra BJHMSIIOT Ha peHTaGesbHOCTh Pa3paboTKH
TOTO HJH HHOrO MecTopoxleHHs. Hampumep, BKpamieHuble cyJdbbHIHbIE PYAB CO-
CTOAT H3 BMeINAIOLIEl NMOPOAH], B KOTOPOH paccesiHbl (BKDAIJIeHb!) PYAHBIE MUHEpasl
B BHIe OTHEJbHBIX MEJKHX 3eDeH H MHHepasbHBIX arperaToB. MacCHBHBIE XKe CYJb-
¢uiHBle DYAB COCTOAT NPAKTHYECKH LENUKOM H3 PYHHBIX MHHEPAJOB H CONEpKAT
OYeHb MaJio TmycTod mNopoxbl; oHH ¢GopMHPYIOT GoraTele DYAHBIE Tesa, TakHe Kak
JIMH3HI, IITOKH, KapMaHH H Jp.

Jns nmosyueHHsi JOCTATOYHO MOJIHOH XapaKTepHCTHKH PYAHBIX MH-
HepaJioB HeOOXOAUMO HCCJIeJ0BaTh UX XMMHUECKHH COCTaB H H3YYHThb
CTPYKTYPY KpHCTaJJHUYECKHX pelleToK. MHorue MuHepasjbl, OIHAKO,
MOTYT OBITh YBEPEHHO HAEHTH(QHIHPOBAHHI B WITyhaxX HJIH B NOJHUDPO-
BaHHBIX HIHGax (Tak Ha3blBaeMbIX aHuULIH(ax) MO HX XapakTep-
HBIM (pU3HUECKUM CBOHCTBAM HJIM NPH MOMOLIH AOBOJbHO IPOCTHIX Me-
TOJLOB JHaTHOCTHKH.

Camo co6oii pasyMeercs, UYTOo CHELHAJHCTH 3HAKOMHI ¢ KPHCTaJ-
jorpaduuecKuMHy OCOOEHHOCTSIMH M C (DU3HYECKHMH CBOMCTBAMH DYI-
HBIX MHHEPaJIOB, Ha OCHOBAHHH KOTOPHIX OHM JHMArHOCTHPYIOTCS (Tab.,
4.4) . Henpospaunbie MHHEDAJB H3YYalOT B aHILIH(AX, MOMENlaeMbIX
0e3 MOKPOBHOIO CTeK/a Ha CTOJHK CelHaJbHOr0 MHHEPaJOrHIeCKOoro
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Tabauma 4.4. OcHOBHble AHATHOCTHYECKHE HPHU3HAKH,
HCNOJIb3yeMble IJS ONpefeleHHst PYAHBIX MHUHEPAJIOB

CpoficTBa H

Hccenyemble XapaKTE€DHCTHKH (IPHMeEpHI)

MeTOoAb!
Kpucrannorpadpu-
yeckad Xapakre-
pHCTHKA
IIBer, uepra, Gjeck
ITnoTHOCTB
Teepaocts
MarautHbie  cBO#-
cTBa
DIeKTPONPOBOJ-
HOCTh
PmoopecieHI s
PannoakTHBHOCTD
OnruueckHe  CBO#i-
cTBa

[IpusHaku, cBsizaH-
HBE C BTODHYHH-
MH H3MeHEeHHSTMH
MHHepaJoB

Mukpoxumuueckuit
aHaJu3

[Monuuft ananus

HccnenoBanne KpH-
CTaJNIHUeCKOH

CTPYKTYPHI

CHHTOHHS{, CHMMETDHSl KPHCTaJJIOB, THIHMYHBIE KPHCTaJwIOrpa-
¢dbuuecckne GOpMBI, ABOHHHKH M T. A.

BombUIHHCTBO 6/1arOPOJHHIX METa/JIOB, CY/AbGUAOB H CyabdHo-
coJiefl HMEIOT MeTaJslJInyecKHil GJseck

BoJIbIUMHCTBO PYAHBIX MHHEpAJoB, Kak IMpaBuslo, HMeT 60-
Jlee BBICOKYIO IWIOTHOCTb MO CPaBHeHHIO ¢ cwiHkaTtaMu. Ca-
MopojHbie 3jgeMeHTH (Au, Ag) H MHHepajbl, B COCTaB KO-
TOPHIX BXOASIT CBHHELl M 30J0TO, OTJIHYAIOTCSl OYeHb BHICO-
KOH IIOTHOCTBIO

Pyuubie MuHepasdsl KaIacCHQHUUUPYIOTCS MO TBEPAOCTH COIVac-
HO mKajse Mooca (ot 1 go 10 ycr. ex.). MHKDPOTBEPAOCTD
onpefessiercsi 1o LikaJje BHkkepca (K MATKHM OTHOCATCS
MHHepa/ibl ¢ HoMepaMH <85, K MHHepaJaM cpejHeld TBep-
noctH — ¢ HoMepamu 85—230, kK TBepALIM — C HOMEPaMH
>230)

MarseTuT siBAsieTCsl CHJILHO MArHHTHBIM MHHEPaJaoM, HHPPO-
THH HMeeT MeHee SIDKO BHIPaXK€HHEIE MarHHTHble CBOHCTBA,
psiA LPYTHX MHHepasioB IIPHTATHBAIOTCS 3JE€KTPOMArHHTOM

Braropoaubie Merasanl 067afal0T BBICOKOH 3J1€KTPONPOBOJ-
HOCTHIO, TaK e KaK OOJBbIIHHCTBO CYJLOHAOB H CyJabdo-
coJieft MeTaJsJIOB

Hexoropsle MuHepasibl, HalnpHMep IeeqHT, (DJIIOOPECUHDPYIOT B
yabTpadHOJETOBOM H3JIyUEHHH

Hanyuenne, cBsi3aHHOe C pPaJHOAaKTHBHBIM pacliajoM YypaHa,
TOPUA H HEKOTODBIX APYTHX 3JeMEeHTOB, (PHUKCHpyeMoe cuer-
yukoM [Tefirepa; AJsl JHAarHOCTHKH DPaJAHOAKTHBHBIX MHHe-
pajioB HCIOJL3YeTCs TaK:Ke 4YyBCTBHTEJIbHAs ILICHKA

Orpaxare/ibHasi CIOCOGHOCTb H JABYOTpar<eHHe

Okucienne cynbpuA0oB H cyJabdocoiell HEKOTOPHIX METa/JIOB
NPHBOAHT K MOSBJIEHHIO SADKO BbIPAXKEHHBIX JHAarHOCTHYe-
CKHX IIPH3HAKOB (HAampHMep, <«NaBJHHbS pyAa» Ha OJecTs-

IIMX OKHCJEHHBIX IIOBEDXHOCTAX MHHEepPaJoB MelH; cephie
NanopOTHUHKOOGDa3Hble CPOCTKH  HEKOTOPHIX ~ MHHEpaioB
MapraHna)

MeTon KOHTAaKTHBHIX OTNEYaTKOB, NPHMEHSeMBIH [/ HCCJIENO-
BaHHsi MHHepajJoB B INONHPOBAHHHIX 06pa3uax — aHmuIH(ax

BrimosHAeTcs ¢ NOMONIBIO 3JEKTPOHHOTO MHKDPOCKOIA

[lpuBnekaeTcss  PeHTTEHOCTPYKTYDHBII  aHaJaH3  (IOJyuyeHHe
PEHTIreHOrpaMM)

MHMKDOCKOIa, B KOTOPOM HCIIOJIb3YIOTCA MOJISPH30BaHHbLIE HaJalolui
U OTPaxKEHHLIH JIyud CBeTa.

OcHOBHBIEe ONTHYECKHE CBOHCTBA PYAHBIX MHHEpaJoOB, KOTOpbHIE He-
06X0JMMO YCBOHTb CHellHaJucTaM, 3TO — IBeT, OTpaxaTejabHas CIO-
co6HOCTL H JABOHHOE OTpa)KeHHe, HJH AByOTpaxkeHHe * (A aHH30-

* Croco6HOCT, MHHEDAJa H3MEHATb CBOM IBET NPH HCCAENO0BAHHH B OTPAMeH-
HOM TOJISIPH30BAHHOM CBeTe€ B 3@BHCHMOCTH OT OPHEHTHPOBKH.
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TPONHBIX MuHepasoB). Orpaxaresblias Ci1ocoBHOCTD  OmpenessieTest
OTHOCHUTEJIbHBIM KOJIMYeCTBOM CBETa, OTPAaKEHHOr0 OT [OBEPXHOCTH
paccmatpuBaemoro MuHepaja. OTHOcCHTeNbHAsi OTparkaTesbHast CIO-
COBHOCTb MOMKET OLITh YCTAHOBJIEHA IIyTeM CPaBHEHMs Pa3jIHYHBIX MH-
HepasioB B oaHoM aHumHde. KosuuecTBeHHBlE 3HAYeHHs 3TOro mnapa-
mMeTpa uamensiorest or <10% Ans 60MbLIHHCTBA CHIHKATOB JIO >90%
JUISL caMOpOIHOro cepebpa.

MuoxkecTBO APYrHX CIOCOGOB MOXKET OBbITh HCIOJb30BAHO IPH H3Y-
yenuy anumiudos, HanpuMep, oTHoCHTENbHAS TBEPAOCTh ONPEAEACTCS
PasaMYHOM CONPOTHBJISEMOCTBIO MHHEPAJNOB MOJHpOBKE. KosnuecTBeH-
Hasl OlleHKa TaKoro CBOHCTBA, KaK MIKPOTBEPI0CTb, IPOBOJUTCS IYyTEM
H3Mepenust yrayoJ/eHnii (oMATHH, 3a3y6PHH), GCTABJEHHbIX aJMa3HBIM
pe3noM MOJ ONpeseJIeHHbIM JaBJCHHUEM.

Kpome OMHCAHHBIX METOMOB LIMPOKO NPUMEHSIETCSi MHKPOXHMHUE-
cKMi anasus. JlJis nonyuyeHHs HYXKHOTO pe3yJ/bTaTa Ha cpe3 MHHepasa
HNOMeLaloT XHMHYECKH]l PeareHT; NpH 5TOM MOKCT OLITh HCIOJbL30BaHA
cnenuanbHasg Gymara, IPONHTAHHAS COOTBETCTBYIOIHMH DEaKTHBAMH.
B mpucyTcTBHM TOrO HJIH HHOrO MHHepajsa OyMara H3MeHsieT CBOH
uBer (B 3aBHCHMOCTH OT IIPONHTOYHOTO COCTaBa).

4.1.3. TEHE3UC PYIHBIX MECTOPOXIEHHUM

Pyjtble MeCTOPOXKIEHHS KAaCCHPHUHPYIOTCS DO yCJIOBHSAM HX 00-
y

pasoBaHHs M THNY 10JiesHOro uckomaemoro, IlpuBenennas 3jech KJiac-

cuduxanus (tabs. 4.5) NOCTpoeHA HA Te€OJIOTHUECKOH OCHOBE.

Ta6aunua 4.5. Knaccupukauug pyaHbIX MecTOpOMKieruit
(Ha reoJiorxteckolf OcHOBe)

TTpoueccs,
00yCNOBHBLINE
o6Gpa3oBaHre
MeCTOPCIKAeHAR

THObl MeCTOpPOXAEHHR

B

MarMarHyeckue Co6cTBeHHO MarmMaTHyeckHe, oOpasoBaBIIMecss B IIpolecce
KPHCTAJ/JIH3allHH MarMaTHYeCKHX DPacilJIaBOB.

ITrieBMaToONHTOBEIE, 06pa3oBaBIIMeCss H3 OCTATOYHBIX Marma-
THYECKHX (JIOHLO0B.

DKCraJanHOHHBIE, TeHeTHUYeCKH CB3aHHble C BYJIKaHHYECKHMH
oyaraMH.

Hekoropnle ruapoTepMalbHble

CelHMeHTALHOH- PoccrinHele, o6pa3oBaBUIHeCss B pPesysbTaTe INPOLeEccOB (H3HU-
HHE YeCKOT0 BHIBeTPHBaHHS. XeMOreHHble (B TOM 4YHCJe MODCKHe
rJIy60KOBOJHEIE) .

OcraTouHble W TMPOJAYKTH BHIBETPHBAHHS.
Hexcropeie ruzpoTepManbutie

Meramopopuue- ITupomeracoMaTHueckHe, NPHYPOYEHHKHE K SHAO- H 9SK30KOH-
cKHe TAaKTOBH!M 30HaM HHTDY3HML.

Jlpyriue MeracoMaTHUYecKHe,

MecTOpOXIEeHHS PAaCCMOTPEHHHIX BHIIe THIOB, H3MEHEHHHE
nox aeficTBHEM TNpOLECCOB MeTaMopdH3Ma

TuaporepMannb- JKunrhwle,
Hble MeracoMaTHUecKHe
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Puc. 4.1. ®opmupoBaiKe pyaHoro a

tena. Jise craamu pynood6pasosa-

HMSl, TIOKa3aHHble HA NPUMEpPe Ho-

JIOCYATBIX IKEeJEe3HCTHIX KBApPIHTOB

xp. Xamepcae#t (3anapmas AscT-
paJjus).

KpynHoe ocaJouyHOe MeCTOPOXIEHHEe Ke-
ne3a (a) mnpeacraBleHO CTPATHOODPMHBI-
MH 3ajexaMH. B paltone MayHT-¥sita-
6eK W Ha JpPYrHX YydacTKax pYIHOro
noJisi B pe3yhbTaTe NOCTCEIHMEHTALHOH-
HBIX MPOLECCOB COJEepXKaHHe KeJje3a Ha-
cTonbKO Bo3pocio (6), 4To paspaborTka
MECTOPOXK/eHHs  CTajla SKOHOMHYECKH
BbIrOAHOMH. IIpOCaION TIVIMHHCTBIX CJaHLEB
B KBapUHTaX CJHYXHT MapKHPYIOIIHM
TOPDH30OHTOM, KOHTDOJIHPYIOLUIMM BBICOKO- ayHT-
KayeCTBeHHble pyAbl (npodHap mo naH- —_— Yainbek
HeiM M. Humoy [1976 r.], 3KCKypcHs
XXV MTIK, nyresomuteab Ne 50).
1 — apxelickui ¢yHIaMeHT (TPaHHTH H 6
MeTaBYJKaHHTHI); rpynnsl: 2 — ®op-
TeCKb10, 3 — Xamepcaelt (KeJse3ucTole
KBapuUHThH), 4 — Yaitny (2—4 — HHXKHHH
TMpoOTepo30#); 5 — rAHHHCTBIE  CJAHIBI;
6 — KeJe3Has pyra (remaTuHT) C colep-
JXaHHeM xkeJse3a > 63%; 7 — pasJyoM.

Hrouwibdcrui

Mayut-Yaiinbek

CymecTByeT NMpHHUMUIHAJbHOE Da3jHyHe MeXIy pPYAAaMM CHHreHe-
THYHBIMH, BO3HHKIIHMH OJXHOBPEMEHHO C BMEIIAIONIMMHU NOpoiaMu (B
pesyJbTaTe OLHOTO M TOTO K€ I'e0JIOTHUEeCKOTo mpouecca), U pyLaMH
SNUreHeTHYHBIMH, 00pa30BaBIIUMHUCS TNOCJTIe cHOPMHPOBAHHSA IOPOJ, B
KOTODHIX OHH 3aKJIOYeHH. B 1esoM pylbl, NPOHCXOKIEHHE KOTODBIX
CBSI3aHO C MarMaTHYeCKUMH H OCAJOYHBIMH IpOIlecCaMH, Kak Ipa-
BHJIO, CHHI'€HETHUHBIE *; DYABl MHEBMATOJUTOBOTO H THIPOTEPMAalb-
HOrO reHe3uca SIBJSIOTCS 3NUreHeTHYHBIMH, Kak mokasaHo HHKeE, OT-
HeceHHe MECTOPOXKJIEHHH K TOMY HJIH HHOMY THIY — CHHI€HETHYHOMY
WJIH 3NHT€HEeTHYHOMY — JOCTaTOYHO YCJIOBHO.

XO0Ts1 MecTOpOXKAEeHHs, B TOM YHCJIe H KPYIHbE, MOTJIH OBITh CHOp-
MHPOBaHHl B pe3yJbTaTe €IMHOrO OLHOAKTHOrO Ipolecca (HampuMep,
XPDOMHTH COOCTBEHHO MarmMaTHYecKoro resesuca), (HOpMHDOBaHHe
6GOJIbIIMHCTBA PYAHBIX MECTOPOXKIAEHHH 06YCJOBJIEHO AEHCTBHEM MHO-
roCTaAMAHBIX PYyA0006pa3yIoMiux NPOIEecCOB. DTO eCTECTBEHHO, TaK KaK
KOHIIEHTPAllUH MHOTHX MeTaJIJIOB B 3€MHOH KOpe OYeHb HH3KHe (CM.
Tabs. 4.2).

Moo npusectH ABa npuMepa. DopManMsi MONOCYATHIX MKEJE3HUCTHIX KBApPIUHTOB
xp. Xamepcaedr (3anainast ABcrTpaims) Oblia oforamieHa ejesaoM B pe3ysbTaTe
XeMOTeHHHIX (OpraHOreHHBIX) MPOLECCOB B NEPHOJ CeJHMEHTAlUHH H SBJSETCS, CJACHO-
BaTeJbHO, CHHIEHETHUHOH BMeINAIOUIHM OTJIOXKeHHsIM (cM. pasfen 4.4.4). Cpenne
ColepXaHHe Kesle3a B pyle HHKe 55%, odHAKo ero nepepacrnpeleneHHe B pe3yJb-
TaTe NOCAeAyIOLEeHd (ashl CKJIAAYaTOCTH H TPEUIMHOBATOCTH IIPHBEJIO K IOBHIIEHHIO
KOHIIEHTPAllHH MecTaMH 10 65%, M ocHOBHBIE CKOMJIEHHsS KeJNe3HbIX PYA OKaz2aJjuCh
NpHYPOYEHHBIMH K YyYacTKaM BSIHreHeTHYHoOro obGoramenus (puc. 4.1). Bropoit mpu-

* Peuyp uper o TaK Ha3biBAeMBIX COOCTBEHHO MarMaTHYECKHX MECTOPOKIEHHSIX
(cerperallHOHHHX, JHKBAIHOHHBIX H [p.); NpHMePaMHM CHHIEHETHUYHBIX OCaIOYHHEIX
MECTOPOXKIEHHHA MOTYT CJIYRKHTb HEKOTOPble MECTODOXKAEHHS KeJle3a H Mapraia.
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Mep: OJIOBSIHHBIC py.lbl, paspabaTeiBaeMble B HeGOJBLINHX Macwitabax B LEHTPaJbHOM
yacth CBasuienia, nepeoToKeHbl H3 KODH BEIBETPHBAaHHA, o6pasopasiueiica Ha
TNErMaTHTaX, COAePKAIUX KaCCHTEPHT (SnOy). KoHuentpauusi ol10Ba B HeH3MeHNEHHBIX
MerMaTHTax HHKe NPOMBILUIEHHOH, ONXHAKO YaCTHYHOe YJaJeHHe DAIMOKEHHLIX MoJe-
BBEIX INNAaTOB H APYTHX CHJHKATOB NOJ BJIHSHHEM DasJHUHBLIX NOBEPXHOCTHBIX NpOIec-
coB 06ycJoBUJI0 TOBBIIEHHe KOHLEHTPAIMH KACCHTEPHTA, YTO JAeJaeT SKOHOMHYECKH
npHemJieMoil Jo6bITy 3TOH PYAHI.

Ha sakaouuTesbHON CTagHu PyLoOOPa30BaHHs YyacTO NPOHUCXOAHT
BHeJpeHHe TOPSTUNX XHMHUYECKH aKTHBHHIX (uronnos, PacTBopuMocTb
H YCTONYHBOCTb MHOTHX DYyAHBIX MHHEDAJIOB HM3MEHSIOTCS B 3aBHUCH-
MOCTH OT OKHCJIHTEJIbHO-BOCCTAHOBHTEJLHOrO NMOTEHIHajNa M BOLOPOM-
Horo nokasatesns pH. Hanpumep, mpouecc okuciaenus cyiabduaoB 60-
Jiee aKTHBHO IIPOXOLNT B a3poGHO# (OKHUCJIHUTENBHOH) cpefe.

MecToHaxoxeHHe Haubojee KPYNHBIX DYAHBIX TeJ B Ipelenax
TOH MJIH MHOH TNPOBHHIMH YaCTO OKAa3bIBaeTCs HENPeICKa3yeMbIM, OT-
ciola ¥ BO3HHKJIA IIOFOBOPKA PYAOHCKaTeNell «30JI0TO HAXOAHUTCS TaM,
rie ero HaxonsT». Mel He CTaBHM 3anady AeTasJbHO PacCMOTPETH BCe
acHeKThl NOHUCKOB PYAHBIX MECTODOKAEHHH, HO CjelyeT OTMETHTb, YTO
pelrampliee 3HaueHHe KakK AJs NOHCKOBHKOB, TaK H MAJil T€O0JIOrOB-
PYIHHKOB HMeEIOT Te (aKTOPE, KOTOpHle CIOCOGCTBYIOT ONpeleseHHIO
MOJIOJKeHHs JII060r0 MeCTOPOXKAEHHS Ha IJIONafH M B paspese.

4.2. PASBEJKA PYJHBIX MECTOPO)XLEHUM

OTKpBITHE HOBOI'O PYAHHKA OGBIYHO SBJISIETCS KOHEUHEIM pe3yJibTa-
TOM MHOTOJIETHUX HCCJIENOBAHHHA — Pa3BelKH MECTODOKIEHHUs, Onpee-
JIEHHs] er0 SKOHOMHYecKoro noreHnuana (rabma. 4.6). dtan pasBenku
MECTOPOXK/JIEHHs] TOTO MJIH HHOTO IIOJIE3HOTO HCKOmaeMoro Tpebyer
3HAUHTENBHEIX 3aTpar; Hanpumep, B CeBepHol AMepuke 3a IMEepHOJ
1950—1970 rr. atu 3atpathl cocTaBuiH a0 1% oO6mes cTouMOCTH HO-
OBITBIX METaJJIOB.

[TepcnexTHBHBIe TEPPHTODHH, BBHIAEJEHHBIE B De3yJbTaTe PEKOTHO-
CIIHDOBOYHHIX HCCJeJOBAHHH, a TakKxke CIYYaHHBIX OTKPBITHH (MHOTHE
PYIONpOsIBJIeHHs1 OblIM OOHApy:KeHHl 6Jarofaps YCHIHAM <«JIHKHX>
pyAoHuckareJieft), Tpe6yloT GoJsee netasbHoro usyuenus. OHO mpPOBO-
JUTCS C LeJbIO BHISIBJIEHHS M OKOHTYDHBAHHS DYAHBIX TeJ, KaK BLIXO-
JAAIKX Ha 3eMHYIO NOBEPXHOCTb, TaK M PACHOJIOXKEHHBIX Ha HEKOTOPOH
rny6une. Kpome Toro, He06X0AHMO NPOAHANH3HPOBATh (HAKTOPHI, KOHT-
pOJIHpYIOlIHE Da3MelleHHe PYAHBIX TesJ B HCCJeayeMoM peruone. [lpu
NIOMCKaX HOBLIX MECTOPOXK/EHH{ B Npelesax H3BECTHOTO PYAHOrO MOJIs
VUHUTBIBAIOTCs] T'€OJIOTHYECKast O6CTAaHOBKAa M CTPYKTYPHble B3aHMOOT-
HOIIEHHS yKe 0OHAPYKEHHBIX PYAHBIX TeJl. '

Boanee TOYHBIE METOAH OCHOBAHBI HA HCIIOJb30OBAaHHH XapakKTepHBIX CBOHUCTB pya-
HBIX MHHEpaJIOB: HX IJIOTHOCTH, 3JICKTPDONPOBOAHOCTH, MAarHUTHOCTH 6o (}UIH YpaHa
M TOPHS) pafHoaKTHBHOCTH. OKpallleHHHle B <«DIKaBhle» KOPHUHEBATO-Gyphle LBeTa
30HHl OKHCJIEHHs CY/IbOHIOB METAJJIOB — JXeJe3HBle SNk, GOpMHpYIOIHecs B MPO-
necce BbIBETDHBAHHUSA cyanmm{mx 3a-ﬂe)Keﬁ, MOTYT CJYXHTb HaHeXHBIM IOHCKOBBIM
KPHTepHeM PYAHHX MeCTOPOkKZAeHHH. OGNOMKH TOPHBIX MOPOJA C MPH3HAKAMH DYIHO

MHHEpaJIH3allHH B JIEAHHKOBHIX HJIH aJUIIOBHAJIbHBIX OTJIOKeHHsIX JHO0 aHOMAaJbHO
BBICOKHe COAepiKaHHs MeTaVIOB B TOHKHX (ppaxumix LIJIHXO0B, HAMBITBIX H3 pycno-
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Tabanua 4.6. Cranuu pasienkin PyAHBIX MECTOPOXKIeHHH

Cranun

HcenenoBanud H  HX
npeanoChIIKH

PesyJabTaTel H
BapHaHTHI pelleHHR

Pentenne o Hauase
paspelKH MeCTo-
poXKIeHHS

Pernonanpuble pe-
KOTHOCLHPOBOY-
Hble  HCCIef0Ba-
HHS

Crennann3upoBaH-
Hoe H3yueHHe
NIePCIEKTHBHEIX
panoHOB

HeranbHoe  u3yue-
HHEe H  OleHKa
PYAHOro Tesa

T'eosorvueckye TNpeANOCHVIKH, CIIO-
co6CTBOBaBILHE $HOpPMHPOBaHHIO
OpPYAEHEHHS HYXKHON'O THIA.

HaHHble 0 noGbiye DPYAHBIX MOJe3-
HBIX HCKONaeMhX B IIPOILIOM.

Haxonk  XeJe3HHX WUIAN  HJIH
LPYTHX TIDH3HAKOB  HENPOMBILI-
JIEHHBIX PYJXONPOsiBIEHHH

AsporeodusnueckHe  HCCAENOBAHHS
(MarHUTOMETPHYECKHE,  3JIEKTPO-
MarHUTHBE,  PaJHOMeTPHYECKHE,
rpaBHMeTPHYECKHE) .
TFeoxuMuyeckas PeKOrHOCIHPOBKA
(ompo6oBaHHe HOHHBIX  OCaJKOB
BOJOTOKOB H BOJOEMOB).
Teosornueckass aspodoTocbeMKa H
¢doTOCBEMKA CO CIYTHHKOB.

Hasemunass reosoruyeckass pekOrHoO-
CUHPOBKAa (HampuMep, MapLIPyT-
Hble TNepeceyeHHsi BKDECT H3ydae-
MBIX TOJIII)

Teosmoruyeckoe KapTHPOBaHHE.

reoHanyecKHe CHEMKH
(rpaBuMeTpHYecKasi, MarHHTOMET-
pHyecKas, MeTOJAOM 3JeKTPHye-
CKHX CONPOTHBJIEHHH M T. H.).

leoxumMHyecKHe CBEMKH C [AeTaJb-
HEIM onpo6oaa}meM PYyCJIOBBIX
0CaJKOB, HAaHOCOB H IIOYB.

IMpoxonka xaHaB H 1wypoB,
peHHe pa3BeJOYHBIX CKBaXHH

Hasemunie

6y-

Jeranbupie  TomorpadHyeckas H
reoJioruueckasi CbeMKH OObeKTa
MIOHCKOBO-Pa3BeJOYHbIX PaboT.

[Tpoxonka O6ypOBEIX CKBaXHH, Ka-
poTax.

[lerporpaduueckoe u
HCCJIEIOBaHHS KepHa.

Or6op ¥ aHaJH3 PYAHHX 06pasiloB

XHMHYECKOoe

Teosnoruueckass uHTEpIpe-
Talusl reopH3HIECKHX H
reOXHMHYECKHX aHoMa-
Juili, Oo6HapyXeHHe BhHI-
X0J0B pPYAHHX TeJl Ha
3eMHYI0  NIOBEDXHOCTb,
nojaya 3asiBOK.

OTkas OT TNpOBejeHHs
JajbHeHInX, OGoJiee me-
TaJbHHX pabor Ha Oec-
NepCHeKTHBHEIX  TeppH-
TODHSIX, aHHYJHPOBaHHE
HaMeyeHHOH INpOrpaMMhbl
HCCJIeOBaHH A

OTKpBITHE HOBHIX MeCTO-
pOXMAeHHH, TIIofaya 3a-
SIBOK.

O6Hapy:xeHHe
HBIX  («CJIelbIX»)
HBIX TeJl.

OTkas OT MNpHHATOH MpO-
rpaMMHl H OT NpoBeje-
HAS Da3BeJOYHBIX PaboT

norpeGeH-
pyAa-

Pemierse 0 pasBUTHH HO-
6GBIYH.

ITpexkpamenne paGor.
OTKa3 OT NOJAYd 3asiBKH

BHIX OCaJKOB, MOIYT CBHAETEJLCTBOBATh O IPHCYTCTBHH PYAHOTO TeJld, PaCMOJIOXKEH-
HOTO Bbllle MO TeYEHHIO OT Mecra or6opa mpo6. Ilpoxoaka MeskHX WYpPPOB H KaHaB
MOXeT CJYXHTb JJIsSl BCKDBITHSI NMOYBEHHOTO CJIOS HJIM HAaHOCOB, a TaKxe AJs o6Ha-
PYKeHHS] NOBEPXHOCTHHIX PYAONPOSIBJICHHH H KeJE3HbIX ULJISAI.

[Toce o6Hapy:KeHHs1 PYAHOTO Tesla HAauyMHAETCsl AeTajlbHOe H3yye-
HHe ero MOp¢OJIOTHH H cocTaBa pyA. Ha srtoif cTanum passenku Kap-
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Puc. 4.2. PaspaGoTka MECTODOXKAEHHA OTKPHITBIM ciiocoGoM. JioOblya iKene3Hod
pyabl B Xu66unre, mrar Munnecora, CLIA (aspodorocHumMok).

THPOBaHHE pYAHBIX MJoLlafell [ONOJHAETCs1 OypeHHeM, KapoTa:KeM
CKBajKHH, KOMIIJIEKCHbIM HCCJICOBaHHEM K€PHA W aHAJH30M 006pasIoB
PYA; 3TO NO3BOJISIET YCTAHOBUTb HaJHYHe (HJH OTCYTCTBHE) IPOMBILL-
JIEHHOTO OpYIeHeHHs M OIpeJeJHTb leHHOCTh MeCTODOXKAEHHS B lie-
JgoM. Mcnonbp3oBaHue TOH HJH HHOH METOAMKH pasBelKH OIpejessercs
pasMepaMH MeCTODOXKJAEHHS, a TaKiKe OCOOCHHOCTSIMH CTDOEHHS H Te-
HeTHYEeCKUM THIIOM PYAHBIX TEJI.

HeGospiine pyaHble TeJa ¢ OYeHb LEHHOH MHHepaau3auuei (Ha-
IpUMep, 30JI0TOHOCHBIE KMJIBI) MOXKHO paspabaThiBaTh € MOMOIIbIO
wmyp¢oB, KaHaB Jub60 MejkuX waxT, KpynHble ke 3ajexH, CJIOXKEH-
Hble CPaBHHTEJNbHO MaJOLEHHBIMH pyAaMu (HanpuMep, MeIHO-NOpdH-
POBLIMH HJIH HEKOTODBIMH 3K€JIe3HBIMH) OOBIYHO 3IKCIVIyaTHPYIOT OT-
KPHTBHIM crnocob6oM (puc. 4.2). I'nmybokas pasBeika C CONYTCTBYIO-
LIUMH ef 3aTpaTaMM H TeXHHYECKHMH TPYILHOCTSMH IPHMEHSIETCS B
OCHOBHOM /IJIs1 PyJAHBIX T€J, BbIAEPXKAHHBLIX MO IMPOCTHPAHHIO H COAEp-
JKall¥X BBICOKOLEHHbIe DyAbl (HanmpuMep, 30J10TO- H ypaHCOAepiKa-
mue pudsl BursaTepcpanpa).

4.3. MECTOPO)XAEHUS, CBA3AHHDIE
C MATMATHYECKOW OESAATEJbHOCTbLIO

4.3.1. MATMATU3M U CONNYTCTBYIOUIUE EMY NMPOLLECCHI

Marwma, o6pasoBaBiuasicCssi B pe3yJbTaTe YaCTHYHOrO paclJaBJIEHHUSA
BellleCTBA MaHTHH M IJIyOOKHX yacTefl 3eMHOH KOpBI, COJEPXKHT Me-
TaJlJIbl, KOTOpble B IIPOLECCE KPHUCTANJH3alUWUH pacmiaaBa 060cobas-
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oTest, (GOPMHPYst MarmatHueckue MecTopoiKaeHnsi. OCHOBHBIE THIIB
PYAHBIX MECTODOXKAEHIIH, NPsSIMO HJ/IH KOCBEHHO CBS34HHBIX C Marmari-
YECKHMH Ipolueccamu, npuBeiensl B Tabu. 4.7 (cM. Takxke TabJa. 4.5).

Co6CTBEHHO MarmaTHYeCKHE MECTOPOKAEHHs O0pa3yloTCs B Ile-
PHOZL 3aTBep/eBaHUs HHTPY3HBHBIX NMOPOA H JIOKAJH3YIOTCS OOBIYHO B
npefejax MarmMaTHYeCKHX KOMIIEKCOB *. 3a CYeT METaJljIOB, BBLIEJIS-
IOLIHXCS1 H3 aKTHBHOTrO, 60raToro KOMIOHEHTaMH OCTaTOYHOro Marma-
THYECKOI'O paciijiaBa Ha NOCJeAHeH CTaJHH ero KpHUCTaJJH3auHH, (op-
MHPYIOTCSl TaK HasblBaeMble NHEBMAaTOJHTOBblE MeCTOpoKAeHHS. OHH
NOJYyYaloTCa B pe3yJbTaTe PeakKUHH MEXAy JeTyudMH OPOLAYKTaMH
MarMaTHuyeckoro ouara H 06pasoBaBIUUMHUCs paHee MoponaMH., Takue
MECTOPOXK/IEHHs] BCTPEUaloTCs B MaJblX HHTDY3HsSX, a TaKxke B BHIe
JKHJ H MeTacoOMaTHYeCKHX PYAHBIX Tes., IlMpoMeracoMmaTrnyeckue Me-
CTOPOK/JAEHHs 06pa3ylTcsl MPH BBICOKHX TeMIiepaTypax B Ipolecce
B3aHMOJEHCTBHS PYAHBIX SMaHAUHi C BMELAIONIMMH IIOPOJaMH.

Ouronbl, BBIIENSIONIHECS H3 KepJ MOABOAHBIX BYJIKAHOB, MOTYT
CO3J1aThb 3KCraJissidOHHBIE MeCTOPOXKAEHHMs; BYJKaHHUeCKHE rasbl, MO-
CTynapliue H3 KepJ Ha3eMHBIX BYJK4aHOB, MOTYT IIDUBECTH K (QOPMH-
poBaHHI0 QyMapoJbHEIX MecTopoxkAeHHH. LIMpKy/asuus B rOpHBIX IO-
poAax BOJ, HarpeBaeMblX NMOJAHHMAIOUINMCS H3 TVIYOHH MarMaTHYeCKHM
pacmnjaBoOM U YaCcTO UMEIOLIHX IOBEHHJbHOe NPOHMCXOXKIEHHE, IPHBOLHT
K 06pa30BaHHI0 THAPOTEPMAJbHBIX H METaCOMAaTHUYeCKHX PYIHBLIX TeJ;
JJIST HAX XapakTepHo 30HAJbHOE DAaCIOJIOKEHHE BOKDYr IJIYTOHHYe-
CKHX JH60 CyOBYJKaAHHYECKHX LIEHTPOB.

OpyleHeHHe W €ro THN, NPHCYIIHe TOH HJIH HHOH MarMaTHuecKoO#H
NPOBHHLHH, ONPEAeNATCS COCTABOM MAaTePHHCKOH MarMmnol H JH(de-
peHLMalliefi MarMaTHYeckoro pacijaBa B Ipolecce 3acTeiBanus. Ilo-
CKOJIbKY 3TH OCOOEHHOCTH 3aBHCSAT OT TeKTOHHYECKOH OOCTaHOBKH,
MarMaTH4YeCKHe IPOBHUHIHH MOTYT OBITh MOAPA3AEJIEHHl Ha CiaeLYIollHe
[ATb THIIOB,

1. AxTHBHHe (paspacTaioinecsi) OKPaHWHbl JHTOCHEPHBHIX IUIHT (CPELHHHO-OKea-
HHYECKHe XpeOThl) — acCOLHAalMH IJIaBHBIM 06Pa30M OCHOBHBIX H YJbTPAOCHOBHBIX
HBBES)KEHHHX nopona.

. JIeCTPYKTHBHHE OKpDaHHH JHTOCHEPHBIX IJIHT (OPOTeHHYECKHE NOsICa, BYJKa-
HHYECKHe OCTPOBHHIE AYI‘H) — acCoUHalHMH OCHOBHBIX H H3BECTKOBO-LIEJIOYHBIX nopoxn,
BKJIIOYaa TPAHHTOHIHI.

3. KOHTHHGHTaJIbHHe pH(i)TOBbIe 30HBI — aCCOIlHAlHH OCHOBHHIX H YJAbTPaOCHOB-
HbIX IIOPOX.

4. KonTHHeHTa/bHble KPaTOHH (YCTOHUYHBLIE BHYTPEHHHE YYACTKH JHTOCHEPHHIX
IJIAT) — 4CCONHAIMH OCHOBHHIX, IEJOYHHIX, PeXe KHCJABIX [OPOJ; KHMGEepJHTHI.

5. PanHeokeMODHICKHe 3eJleHOKaMeHHble 110sica, He HMElOIlHe aHaJoroB B 6oJee

MOJIOABIX o6pa303aﬂnﬂx,—accouﬂaunn OCHOBHBIX IIOPOJ, CONPOBOXKJAAlOUIHECs II0pO-
JAaMH KakK yJbTPaOoCHOBHOrO, TaK H KHCJIOTO COCTaBa.

Kak BuaHo u3 Ta6J. 4.7, Te WJIH HHBIE METaJIJIB MPEHMYIIECTBEHHO
aCCOLMHPYIOT C HU3BEPKEHHBIMH MOPOJAaMH OINpeJeNEeHHOr0 XHMHYe-

* Co6CTBEHHO MarMaTHYeCKHe MECTOPOXKIEHHs MOAPA3LENISIOTCS Ha paHHeMar-
MaTHYeCKHe (CerperalMOHHBIE), [O3JHeMarMaTHueckHe (THCTEPOMArMaTHYeCKHe) —
o6pasoBaBIlHeCs M3 OCTAaTOUHBIX DYJAHHIX PaciJaBOB, H JHKBaLHOHHbE — 06pa3oBaB-
IIHeCs MyTeM pasfielleHHsl PacniaBa Ha JBe HECMeLIHBAIOIIHecs MKHIKOCTH: CHJIHKAT-
HYIO ¥ PYAHYIO.
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CKOTO cocTaBa, Tax, XpoM, HHUKe/b M IJIaTHHA MOYTH HCKJIOUHTEJbHC
CBSI3aHBl C OCHOBHBLIMH HJIH YJbTPAOCHOBHBIMH HOpoJaMH. Meznb, UHHK
U 30JI0TO YacTO KOHLEHTPHUpPYWTCS B auddepeHnunarax * or cpelrnero
O OCHOBHOTO COCTaBa, PACHPOCTPAHEHHBIX B INPOBHHIIHAX OCHOBHOTO
ByJKkaHu3ma. Melb, IIHHK, CBHHEI, 30JI0TO, cepe6po H MOJHOIEH acco-
[HHPYIOT C pa3HOOOPA3HHIMH BYJKaHMYeCKHMH IOPOJaMH H3BECTKOBO-
LIEJIOYHOro psia, NPUYPOYEHHBIMH K OCTPOBHBIM JyraM H OpOreHHYe-
CKMM MosicaM, B TO BPeMsl KakK 0JIOBO, BOJb(PaM H ypaH TATOTEIOT K
IJIyTOHHYECKHM H CyOBYJKaHHYECKHM LEHTpaM, e Pa3BUTH IOPOAH
KHCJIOTO cOCTaBa. YpaH, TOPHH W peJKO3eMeJbHbIe 3J1€MeHThl KOHIIEHT-
PHPYIOTCS B IIEJOYHHIX KOMILJIEKCAX, a HCTOUHHKAMH aJiMa30B sBJs-
I0TCS, N0 CYLIECTBY, TOJbKO KHMOEDJHTHI.

4.3.2. COBCTBEHHO MATMATHYECKHE MECTOPO)XKIIEHHUA

[IpoMbiljieHHEle MECTOPOXKAEHHSI XpOMa, HHKelsl H MeTaJljJoB
TPYNOB MJATHHE (GOPMHPYIOTCS B HHTPY3HSAX YJIbTPAOCHOBHOIO — OC-
HOBHOrO cocTaBa (Jgu60 3MH30MYECKH — B J1aBax) B pe3yJbTare Mar-
matuyeckoit aucdoepennuanun. Kpucramausanus xpomura (Crq0s),
eIHHCTBEHHOI'0 MHHepaja XpoMa, KOHTPOJHPYETCS COCTABOM Marmhl H
Colep:KaHHeM B Hell xucmaopoja. IIpu ompeneseHHBIX yCJIOBHAX AOCTH-
raeTcs KpHTHUeCKas CTaius, KOTja 3TOT MHHepaJ KDHCTAJJIH3Yercs B
6OJIBIIHX KOJHYeCTBAX 1, MOCKCJbKY OH 06JsafaeT BHICOKOH IJIOT-
HOCTBIO, CKaIlJIUBAeTCsl HA JHE MarMaTHUecKoil kamepnl. B' pesy/braTte
Ccy6ropH30HTAJbHEIE CJIOH, 0OOralleHHble XDPOMUTOM, IEPEMEXKalTCs CO
cJ105iMH, 06pa30BaHHEIMH NOTPY3HBIIHUMHCS Ha AHO CHJMKAaTaMH DaH-
HUX cTaiu#t GOPMHPOBAHHUS — OJHBHHOM, IMPOKCEHOM HJIH IJIaTHOKJA-
oM. M3 pyaHBIX MHHepaJOB BCTPEUAIOTCSI MArCHeTHT H HJIbMEHHT, a
TaKKe CaMOpOJHas IJAaTHHA.

Bce HasBaHHBle PyAHBIe MHHEpaJbl LOOBIBAIOTCS B OYIIBEJIbACKOM
komnsekce (IOxmasi Adpuka) —B onHoil n3 Haubosee PYHLOHOCHHIX
uHTpy3ui mMupa (puc. 4.3). JoxkemOGpuiickuji 6YIIBEIbACKUE KOMILJIEKC
o6pasyeT rpynny rHFaHTCKHX 4aimeoO6pas3HBIX TeJ — JIONOJHTOB, Npej-
CTaBJIEHHBIX PACCJOEHHBIMH HHTPY3HSIMU ra66po, HOPDUTOB H aHOPTO3H-
TOB, JOCTHIAIOUIUX MaKCHMaJbHOH MOIIHOCTH 8 KM. JIHODHTHI H rpa-
HHTHI, OOOrallleHHble »KeJle30M, KPeMHHeM, IIEJOUHBIMH MeTajlaMH H
JIPYTHMH 3JIeMEHTAMH, NPEACTaBJISAIOT COOOH KOHEeUYHBIH OCTaTOUHBIR
OPOAYKT 3TOH MarMbl. OHH NepPeKpPHIBAIOTCS 2-KHJIOMETPOBBIM I'PAHHT-
HBIM TeJIOM, 06pa30BaBIIUMCs, NO-BHAUMOMY, B pe3ysbTaTe pacliaB-
JIGHHS KODBl MOJ BO3JEHCTBHEM ropsideii OCHOBHO Marmul. PynHble
MECTOPOXKIeHHs OYIIBEJbACKOrO KOMILJIEKCa [aloT TakKHe MeTdaJllHl,
KaK XpOM, IIaTHHA, IVIATHHOUIbI, 3KeJe30, BaHALHH, 0JI0OBO U Ap. 3a-
JIe3KH B PacC/IOEHHBIX HHTPY3HSX, KaK IPaBHJIO, NPHYPOUEHH K COOT-
BeTCTBYIOLIUM YPOBHSAM HHTPY3HBHOTO TeJa.

Kouuenrpanus HHKeNIs B HHTPY3HBHBIX KOMILJIEKCax OOYCJIOBJIEHA
YaCTHYHO TeM OGCTOSITEIbCTBOM, YTO PACTBODHMOCTH CYJb(UAOB B CH-

* HNubdepenuuaTel — Nopois, o6pa3oBaBlidecs B pe3yJbTaTe [POLECCOB AHG-
¢epenyHanHy MarMaTHYECKOrO paciJiaBa.
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Puc. 4.3. BymBeasackufi kKomnJjekc. CxemMaTHuecKasi reoJjoruyeckas {a), o63op-
Hasi (0) KapThl M XapakTepHblil pa3pes 6au3 PacrenGypra (8).

Puc. a, 6: I -—rpaHuTH; 2 — 6a3ajbHble CJIOH; 3 — NnepeKpbiBaiouiHe cjaou; C — anamasn: Au,
U — 30JI0TO H ypaH B NOPOAAax CepHH BHTBaTepcpaHX.
Puc. 8: | ~—nmojgomBa KOMIIEKCa, OCaJouyHble INOPOJABI MNpPOTEPO30si, JexKallue Ha apxeflcKoM
meTamopdudeckom ¢GyHmameHTe; 2 — GasanbHasi 30Ha; 3 — KpPHTHYeCKas 30Ha, pacCJa0eHHLIe
H3BepXKeHHble MopoAbl (ra66po u T. A.): 4 — pud MepeHCKH; 5 — riaBHasi 30Ha, pacCJaOeHHble
HODHTH, ra66po, aHOPTO3HTHI; 6 — ra66po; 7 — riaBHasi 30HAa, HOPHTHI C NpOCJOSIMH ra66po;
8 — BepXHSsl 30HA; 9 — KHCJble HMHTPY3HBHble MNOPOABI; /0 — KPOBJS KOMIJEKca, IPOoTepo3ofcKHe
JiaBbl, MepeKphIThble OTJOMXEHHSIMH cepHH Kappy.

JHKaTHOH Marme orpaHnueHHasi. [Ipm ompeneseHHOM comepXKaHUH
cepsl CyJb(UAHBIA PacliaB, B KOTOPOM eCTb HHKEJb, MeIb H KeJje30,
oGocobssiercss B (opMe KamneJseK; COeIHHsISACb, OHH 06pasyioT JocCTa-
TOYHO NJIOTHBIE XKHIKHE Tesa, H3 KOTOPHIX MOTYT ObITb c(OPMHPOBaHHI
3aJle;Kd MaCCHBHBIX CyJb(GHUIHBIX PYI, COAePKAUX NMUPPOTHH, NMEHTJI-
JIAHAHUT ¥ XaJbKOIHPHUT; OHH YaCTO JIOKAJHU3YIOTCSl BOJIHM3H OCHOBAHHS
HHTPY3HH U060 B MNOJCTHJAOIIUX NOpoiax (B BHAe KHJI006pa3HBIX
TeN).

HeCOMHEHHO, prHHEI‘;II]_II/IM HCTOYHHKOM }1061)1‘{1/1 HHUKeJIST SIBJISIETCSA
nokeM6pHuiAcKuii jonoaut Caa6epu B npoBuHuuKu OHtapuo (Kanana) —
HHTPY3HBHOE TE€JIO CJOXKHOTO COCTaBa. B HeM mpencTaBiieH psJ Mar-
MaTHYeCKHX IIOPOX — OT Ma(hHYeCKHX (HOPHTOB) Y NMOJOIUBHI IO KHC-
JEIX B KpOBJIe MHTPY3HH. Hukeabcopepxkamue cyabQUAHEE pPyAbI
BCTpevaroTCs 10 NepHdepHu MaccHuaa.
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43.3. THEBMATOJIUTOBBLIE U THPOMETACOMATHYECKHUE
MECTOPO)XIEHHA

OcTatounkie (hJIOHAB, COXPAHHUBIINECS NOC/e KPHUCTANIH3AUNH OC-
HOBHOW WacTH MarMaTHYeCKOro TeJsa, 060TallleHsl TAKHMH 3JIEMEHTaMH,
Kak Kanui, pyOunni, GEpHJUIHH, JUTHH, ypaH H TOPHH, H JETyUHMH
xomnouentaMu (H0, CO,, F, Cl, P u S). Mens, 0/0BO, Bobhpam H
HHOGH# MOryT O6pasoBLIBATH C JIeTYyYMMH KOMIIOHEHTaMH CJOXKHBIe
COe/lHHEHHS] M OTJAaraThCsl NMPH Ipolleccax IMHEBMATo/NH3a B Jaikax,
JKMJAaX W MeTacoOMaTHUeCKHX TejaX. [aKde NPOIECCH, TPOXOAAIIHE
o6erygo mpu temmepatype 550—600°C, HauGosee 4acTH B Operesax
IPAHHTHBHIX MAaCCHBOB H ILEJOYHHIX HHTPY3HBHBIX KOMILIEKCOB, a
Tak:Xe BOJU3H OT HHX.

IMermaTuThl, HauboJjiee THINHYHbIE TPOH3BOAHBIE MarmMaTHYeCKHX
(GJIIOUI0B HA MO3MHHX CTAAHSAX HX (HOPMHPOBAHHS, XapaKTEPHU3YIOTCS
HeOOLIYHO KPYIHBIMH Pa3MepaMH MHHepaJbHBIX 3epeH. uTO 00YyCJOB-
JICHO KaK aKTHBHBIM POCTOM KPHCTAJJOB, TaK U BO3AEHCTBHEM JIETY-
YHX KOMMOHeHTOB. ['paHUTHBIE TerMaTHTH COCTOSAT B OCHOBHOM H3
IIeJIOYHBIX MOJIEBBIX IMATOB, KBapiia U MyckoButa. O6oralineHnsle pas-
JHYHEIMH MMHEpajlaMH TPaHHTHBle MErMaTHTBH MOTYT COAEPXKAaTb Typ-
MaJiMg, Tomas, O6epWsJI, JIHTHELYIO CJIONY, a TaKxke KaCCHTEDHUT
{SnOy) — enMHCTBEHHHII MPOMBILITEHHO BAaxKHBI MHHepaJ 0JIOBa.
Kpome Toro, B 3THX TOpOZax BCTPeYalOTCs MHHepasabl BOJb(ppaMa,
vpanoBas cmoJsika, TopuaHuT (ThO,) u unepuiiconepixauluii MHHEpaJ
moHauuT. [IpoMblinyieHHass UEHHOCTh NErMaTHTOB OIPENeNseTcs He
TOJILKO COAEeprKaHWeM pPeJKHX 3JEeMEeHTOB, HO W TNPHUCYTCTBHEM CaMmo-
UBETOB, KPYMHOKPHUCTAJNJHUECKHX IOJIEBBIX UINATOB H JeHCT CJIONHI,
HCMOJIB3YEMBIX KaK KepaMHUecKHil U H30JSIIHOHHBIA MaTepHall.

BsanMomeficTBHe JIETYUHX KOMIIOHEHTOB €O C(OPMHPOBABIIUMHCS
paHee HM3BEP:KEHHBIMH JIHGO C BMELAIOIMMU NOPOAAMH MOXKeT MNpPH-
BOJIUTb K 3aMEUIEHHUI0 TOJIEBLIX LIMATOB MYCKOBHTOM W (MJIH) TypMa-
JUHOM; 3THM IpoleccaM B IPAHHTAX HHOTJA COMYTCTBYET BHIJeJEHHE
KaccuTepuTa. DPdeKTHbe NPOAYKTH KOHTAKTOBHIX H3MEHEHHH Mo-
poI — CKapHBl — MOXKHO HabJ104aTh B HM3BECTHSIKAX, 0COOGHHO B TeX
cJyuasix, KOTIa JieTyude KOMIOHEHTH Gorathl xkene3oM. CKapHH Npel-
CTaBJSIIOT COOOH KPYIMHOKPHCTAJIJIHUECKHE arperaTel CHJIMKATOB Ke-
Je3a W Kajablusg B Mpamopax *. Co ckapHzMH MOTYT OBITb CBSI3aHBI
IPOMBILIJIEHHBIEe CKOIJIEHHST MAaTHETHTA, TeéMaTHTa U CYJb(pHIO0B,

KJIaCCH‘leCKHM NpHMEPOM IHEBMATOJHTOBBIX MeCTOpO}KlIeHH}':I MOTYT CJAYXHTH
DYAHBIE TTOJISA IOro-Sanamioﬁ AHI’JIHH, TpHYpPOUYEHHbIE K TepUHHCKHM IpaHHTaM, KOTO-
pble paspabaThiBasHCh emie B JOHCTOpHUeckoe Bpemsi. OOGHa)kaiouiyecs Ha 3eMHOR
[IOBEPXHOCTH TPAHUTH TIPEACTaBJSIOT COGOH TmpemnapHpOBAHHBIE YYacTKH KpPOBJIM
norpebensoro 6atosuta. [To-BHAHMOMY, MMEHHO BOKPYrL 3THX HHTPY3HBHEIX LEHTPOB

OCYUIECTBJISIJICS TTHEBMATONH3 H (HOPMHPOBAJIHCL THAPOTEPMANbHEIE CHCTEMH (pHC. 4.4).
ITermaTuTOBBIE NaliKH H CHJJIB, NMPOPBLIBAIOIIHE NaJe030HCKHe cJaHUHW (KHJIac **),

* B coBeTckoff reosiorHyeckoil JHTepaType NMOL CKapHAMH NOHHMAIOT MeTacoMa-
THYeCKHe 00pa3oBaHHs, PA3BUTHE KaK B KOHTAKTOBHIX 30HAaX KapPOOHATHBHIX H CHJIH-
KaTHBIX IOPOXA, TaK M BHE HX, M CJOXKEHHble BHICOKOTEMIIEPATYDPHLIMH H3BECTKOBO-
MarHe3naJibHo-KeJIe3UCTHIMH CHITHKaTaMH H aJIOMOCHJIHKATaMH.

** AHrIHACKHH TepMHH, NPHHATHEH 1Js o0603HaUeHHs JIOGHIX TODHHIX TOpPOJ,
HoABeprurHxcs MeTamMopdH3My B KOHTaKTe C FPaHUTaMH. '
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Puc. 4.4. Pynuoe nonae IOro-3ananHoit Awrrauu. Pacnmpejenesue NHEBMaTOJHTOBBIX

MECTOPOXKJEeHU 0J10Ba, THALOTEpMAJbHLIX MECTOPOXKAEHMH MeAH, CBHHIA, IMHKA,

cepedpa M JAPYrMX MeTAJ/UIOR, a TaKKe 3ajexed NIACTHYHBIX TVIMH W KaoJuHA (MO
JaHHbiM Jix. Mypa, ¢ HeKOTOpbIMH M3MeHeHusMHU [1982 r.]).

Ha pucyHKe NoKa3aHa B3aHMOCBSI3b MeXKJY TepIHHCKHMH TIPaHHTAMH M pas3MelleHHeM pPYAHBIX
MeCTOPOKAEeHHH.
1 — naneoreHoBble OCajJKH, B TOM YHCJE I'IACTHYHBle TVIHHBI; 2 — MEePMO-TPHACOBbIE OTJOXKEHHUS;
3 — nmpeanosaraeMbelii TJYGHHHBIH KOHTYD TpalHTHOro GaTonuTa; 4 — IPDaHUTHL (BBIXOABI Ha
3eMHYIO INOBEPXHOCTb); 5§ — PYHONPOSIBJIEHHST OJIOBAa; 6 — CHCTEMbl MELHOPYIHBIX XKHJ; 7 — MKHJbL
CO CBHHIOBBIM OpYAEHEHHeM H CONYTCTBYIOLIMMH MHHepasamu (Zn, Ag, Sb, uHorga Ba);
8 — 20HBl KaOJUHHU3ALHH.

IIPOCIEXKHUBAIOTCA OT TIPAHUTOB K THAPOTEPMAJILIIBIM KBApUEBBIM KHJAAM. XapaKTep-
HBIMH MHHEpaJlaMH HE€ TOJbKO MAJS NEerMaTuToB, HO U OJd KOHTAKTOBO-3aMEUIEHHBIX
nopoa ABJAITCA MYCKOBHT H TYDMAaJHH. chfwcﬂu, COCTOsIIMEe IOYTH HaLeJ0 H3
KBapua, MyYCKOBHTA M TOIla3a, M KBApPU-TYPMAJHHOBEIC TODOAL ABJAITCA KOHEUHBIMH
NPOLYKTAMH IIDOLIECCOB 3aMelleHUs.

3anexu oJ0Ba H BoJAb(pama, MPeICTABJISHHLIX COOTBETCTBEHHO
KaCCHTEDHUTOM MU IIEeJHTOM, NIPHYPOUEHBl K BHYTPCHHEH (9HIOKOHTAaK-
TOBOH) 30He TDAHHTHBIX HHTPY3HH. DBHelHssd (3K30KOHTAKTOBAs)
30HA IIHUPUHON 5 KM u 0oJiee XapaKTepH3YyeTcs pa3BHTHEM THIPOTEp-
MaJbHLIX CYJAb(HUAHBIX MECTOPCXKJAeHUH. B mnpemenax 3Ttolt 30HH 3a-
JIeXKH LHHKAa H MeJH PacCHoJOKEHbl NPEHMYIIeCTBEHHO BOJU3H IPaHUT-
HBIX TeJ, a CKOIUIEHUS] CBUHLOBO-UHHKOGLIX DY JOKaJ/JH30BaHB HA He-
KOTOPOM YyJhaJieHHH OT HHX. Cropaandyeckd MNpejACcTaBJeHbl ypaHOBast
CMOJIKa U APyrue MHUHepaJbl ypaHa.

4.34. 3KCTAJSIUHOHHBLIE U CYBBYJKAHUYECKHE
MECTOPO)XJLEHHUS

Pynuble MecTtopoxkienusi, o0pasoBaBlIfecss B pesysbTaTe BYJKa-
HUYECKOH HedATeJbHOCTH, MOTYT JIOKaJH30BAThCs B JaBax, B Ty(oreH-
HO-0CaJOYHBLIX TOJIIEX, & TaKxkKe B HEerJIy6OKO 3a/Ieraroliux HHTPY3UB-
HbIX MaccHBax. VIHOrJa MecTopoxjieHHs DPaclo/aratoTcsi BOKPYT Bhl-
BOJIHBIX KaHAJOB BYJK4aHOB, 10 KOTOPBIM MarmMa MOJHMMAeTcsi Ha TO0-
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BEPXHOCTb H3 3eMHBIX HE1p, JHOO BOJIH3H BYJKaHHYECKHX KDAaTepoB, U3
KOTOPHX OHA H3JHBaeTcsi. TpeTHuHble ByJKaHHYECKHe [POBHHIHUM Ha
sanane CesepHoit AMepuku, B LlentpanbHoii AMepuke u B AHxax, co-
nepikaT GoraThle W Pa3HOOGpa3Hble DYAHbIE KOMIOHEHTHl (cM, TabJl.
4.7).

Brixoj pyAOHOCHBIX (DJIIOHIOB, NMOCTYNAIOUWIHX H3 XKEpJ IOABOA-
HBHIX BYJKaHOB, B HEKOTOPBIX MecTax (Hampumep, Ha aHe Kpachoro
MOpsi) MOKeT HPHBOJAHTb K ()OPMHDPOBaHMIO MHHEpAJH30BaHHBIX pac-
COJIOB BHICOKOM IIOTHOCTH, CKaIlJIHBAIOUIHXCS B INOHHMXKEHHBIX ydacT-
Kax JoHHoro pesibea. Cpean pyAOHOCHBIX OCaZOUHBIX MOPOJ, OTJIO-
JKHBIIMXCS B TAKHX YCJIOBHSIX, MOXKHO YNOMSHYTb IIOJIOCYUaThle KpeM-
HHCTHle CJaHIUB (4épThl), colepiKallne MHHEpaJbl XKejle3a H Mapras-
IIa; MeCTaMHd BCTpPEUAlOTCSl PYAHble Teja C CYJb(HIHBIM XKeJe3HbIM,
MEIHBIM HJIH IHHKOBBIM OpyaeHeHneM. CorsiacHO mojcyeraM B Iary6o-
koil BnaguHe Kpacunoro Mopsi Atraantuc-II Haxomutes 2,5 MaH. T
LHHKA,

DKCraJIIiHOHHBIE 3aJIeXKH CYJb(QHAOB 4YacTO NPEACTaBJiEHBI MOJO-
CYATBIMH PYAaMH H OOBIYHO JIOKAJH3YIOTCS HaJ BEPTHKAJbHBIMH TPY-
6000pa3HbIMH 30HAMH MHHepaJ/H3allH, NPHYPOYEHHBIMH K KaHaljaM,
[0 KOTOPBIM PYAOHOCHBIe (DJIIOHABI MOJHHMAIOTCs K IMOBEPXHOCTH MOD-
CKOro jJaHa. K 3KcrajsilMOHHbIM CyJb(QUAHHIM MECTOPOKAEHHSM OCT-
POBHBIX Jyr OTHOCSITCS, HapHMep, MeJAHble 3ajexu THna Kypoko
(SImonus).

M3 ByJKaHHYECKHX [a30B HA3eMHBIX BYJKAHOB MOLYT OTJaraTbCs
cepa W CyJibUAB HEKOTOPHIX METAaJIOB (MbIlIbsIKa, PTYTH H Ap.), 00-
pasylomux HHKpycrauuu *. CoBeplIeHHO OYE€BHJAHO, 4TO Ha TAKHX Me-
CTOPOXKIEHUAX OCOOEHHO CKAa3bIBAeTCs BJIHSIHHE IIPOLLECCOB 3PO3HH H
BLILLEJTAYUBAHHS, B CHJIy Uero OHH COXPaHAIOTCS TOJbKO B MOJOABIX
BYJIKQHHYECKHX NPOBHHLHUAX.

B cy6ByJKaHHUECKHX PETHOHAX pyAHble MECTOPOXKIEHHSA NPEIACTaB-
JIeHB NMOPGHPOBBIMH (BKpDAalJIeHHBIMH) MeIHBIMH PYZaMH, HMEOIIHMH
BaxKHOE NpPOMBILINEeHHOe 3HaueHHe, OHU NMPUCYTCTBYIOT BO MHOTHX Me-
3030HCKHX M TPETHYHBIX OPOTEHHYECKHX NOSiCaXx M OCTPOBHHIX JAYyrax,
rje pa3BHTHl H3BECTKOBO-IEJOYHbIE BYJKAHUTH (puc. 4.5).

OpyneHenye Takoro THma JIOKaJH3yercss OOHYHO BOKPYr HeGOJIBLIHX IO pasMepy
(kax mpaBHJIO, MeHee 3 KM B JHaMeTpe) ILITOKOB OT I'PaHOJHOPHT-MOPGHPOBOro KO
MOHIOHHTOBOIO COCTaBa, PAacCMOJIO2KEHHBIX Ha I‘JIY6PIHe He GoJiee HECKOJbKHX KHJIO-
METPOB OT 3eMHOH TNIOBEPXHOCTH.

Pyllbl, COCTOsIIIHEe M3 NMHPDHTA H XaJbKONHpHTA (HHOI‘I[a CONPOBOXK AAIOIHUXCA MO-
JUGLEHHTOM) KOHLEHTPHDPYIOTCS B BepXHell YacTH TAKHX MHTPY3HBHBHIX TeJ, NPOHHKas
o6buH0 H B GoKoBhle mopoibl. Kak BHAHO HA NpUMepe MeIHO-TIOPHHPOBHX DPYA
Bunrema (wrar FOrta, CIIA), B HHX 4acTo Ha6/iofaeTcsi KOHIUEHTPHUECKas 30HAJb-
HOCTbD. BHyTPEHHﬂH 30HAa XapaKTEepH3YyeTCs pacceﬂm—xoﬂ BKpaMJIeHHOCTBbIO Cy-’lepHﬂ,OB
Meln H (HJH) MOJHOJeHa; OHa OKaHMJIfeTcs 30HOH, B IHpefeNax KOTOpOH Te xKe
cyabhHAN 06pasyioT TOHKYIO CeThb NPOXKHJKOB (HHOIAA C NPHCYTCTBHEM MHHEpaJoB
CBHHIA, UHHKA H cepebGpa). Bmemalomue nopoA B PYAHBIX 30HAaX, a MECTaMH jaxe
34 UX npejejlaMH CHJbHO H3MEHEHBl BIIJIOTb A0 06p330Bah'H$i XJIOpHTA H MYCKOBHTA2,
KOTOpble B psfe ciaydyaeB COIPOBOXAAIOTCA KaJbIHTOM, 3IHAOTOM H TIVIHHHCTBIMH
MHHEpaJaMH.

* WMHKpycTauHH — KOPOYKH HJIH TBepAble MHHepaJbHble 0GOJIOYKH Ha IOBepPXHO-
CTH TOPHBIX NOPOA.
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Puc. 4.5. Mectopoxaenus noppuposbix pya (no gannbimM K. k. [ukcona).

g — pacnpeje/ieHHe IJaBHLIX MECTOPOXK/JEeHHA MeAHO-NIOP(GHPOBLIX H MOJHOGAEHOBBIX PYA B Hpe-
Aesax THXOOKEAHCKOTO OPOreHHYeCKoro nosca; O — OpyAeHeHue, NPHYPOYEHHOE K HHTDY3HB-
HOMY TeJy TrpaHORHOPHT-NOpdHpPOB HenpaBHabHOH (opmbl (Bunrem-Kanbod, wrat lOta, CIIA),
Ha Bpe3Ke II0Ka3aHbl pasMepbl OTKPHITOH TOPHOH BbIpaGOTKH (Kapbepa).
I — UHTpy3HBHBle MNOPOJABI (rPAaHOLHODHT-NOPDHUPHI); 2 — MeAHO-MOPHHPOBBIE H MOJHGLEHOBLIS
PyAbl; 3 — 30HA PAa3BHTHS MEAHOPYAHBIX XKIJI; 4 — Pa3jioMBI.

Pynoo6pasoBanue 00yCJ/0BJEHO, NO-BUIMMOMY, GBICTDHIM Ocaxje-
HHeM JIeTy4HX CePOCOJepiKalllHX KOMIIOHEHTOB IO Mepe NPHOJIHKEHHUS
MarmMaTHyecKoro paciviaBa K 3eMHOi moBepxHocTH. Korza ruaporepMet
pPacnpoCTPaHsSIIOTCS MO COOTBETCTBYIOLUIHM haHajaM B BHAE TIa30BLIX
pacTBOPOB, CO3[aeTCsl BHICOKOe [ aBJIeHHe, 4TO NPHBOJAHUT K paspylie-
HHI0O OOKOBHIX IOPOA. B 06pasoBaBIIMXCS TPELHHAX OTJIAraloTCs MH-
HepaJibHble KOMIIOHEHTHl 3THX (DJIIOHAOB, BCJIEJICTBHE YEro IPOUCXOLHT
(OopMHpOBaHHE BHEIIHHX 30H MHHEPaJH3alMH B BHJE CETH MeJKHX
JKHJI M NPOKHUJIKOB *. Bennocts Mennnix pya (~ 1% Cu) u paccesn-
HBIA THI OpyAeHeHHs TPeOYIOT CIVIOIIHOH BBHIEMKH DYAHOH Macchl OT-
KPBITHIM cnoco6oM. OAHAKO 3HAYHTe/bHBlE 3aNachl PyA, a Takxke BO3-
MOZKHOCTb IIONyTHOH JOOLIYH HEKOTOPOro KoJHyecTBa cepeGpa H 30-
JIOTa OOPEAENAIOT BHICOKYIO SKOHOMHYECKYI0 LeHHOCTb paccMaTpHBae-
MbIX MECTOPOXKIEHHH.

4.4. PYAHDBIE MECTOPO)XAEHMLY,
CBSAI3AHHDIE C NPOLLECCAMHU CEJUMEHTALLUH,
JUATEHE3A U BbIBETPUBAHMUS

4.4.1. PYJIHASL MUHEPAJIM3ALLKSI B OCALOYHBIX TOJILLIAX

PynHBIM MECTOPOXKIEHHSIM OCaJOYHOTO TIeHE3HCAa CBOHCTBEHHHI B
ofuiemM MHOTHE XapaKTepHble Y4EPTHl OCaJOYHBIX MOPOA (Talba. 4.8).
Pynubie tesa, 3aJjieraioiine COINIaCHO HAaN/IaCTOBAHHIO BMeEINAIOLIHX

* UiToxBepKOBHIl THI OpYJAEHEHHS.
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MOPOR, NOJYTHIHN Ha3BaHue CTPaTHhOPMHBIX. BOJbIIMECTBO TaKUX Te
uMelT mractoofpasuyio dopMmy. Pacmpenenenne ocanouHBIX  PYI,
KOHTPOJMHpYeMOe ClenH(GHUEeCKHMH YCJIOBHSIMH  OCaJKOHAKOIJIEHHS,
onpegensercs nmaneoreorpaduueckMMH M ¢danHanbHEIMH  haKTopaMH.
Onrako cTpoeHne MHOTHX MeCTODOXKJIEHHH NeTanbHO OTPa)kaeT BH/0-
H3MeHeHHq, 06yC/IOBJIeHHble BJIHSHHEM AHareHeTHUeCKHX H (HJIH) HU3-
KOTeMnepaTypHbIX THAPOTEPMAJIBHLHIX IIPOLECCOB, [efiCTBOBABUIMX B
TIOCTCeIHMEHTAUHOHHKIA MEePHO.

B xojne 3THX mpolleccoB Ha CTeHKax TPEUIHH H IPYTHX INOJocTel 06-
pasyooTrcst HeGOablUINe KeJBAKH cYJb(HIO0B, a TaKxKe KPHCTAJJIHUECKHE
Kopouku, 3asexH, c(hOpPMHPOBABUINECS B PE3YJIbTATE MEPEOTIOKEHHS
PYAHOrO BellleCTBAa B Mpelenax OCAAOYHON TOJIIH, MOTYT U He OHIThb
CTpPOro COTJIACHBIMH BMeIIaIOUMM MOpPOAAaM, XOTs MHOTHE H3 HHX SB-
JIAIOTCA CTPAaTH(hOUIHPOBAHHLIMH, T. €. NMPUYPOUEHHBIMH K ONpejesyeH-
HOMY cTpaTHrpaduiecKoMy MOApa3aeseHuIo.

44.2. MECTOPO)X I EHUS, NPUYPOUEHHLIE
K OBJICMOYHBIM NMOPOINAM

Poccrinable MecTOpOXAeHHS 06pa3yloTCs B pe3yJsibTaTe aKKyMyJsi-
UVH 3ePeH TAMXKeJBIX MHHePasoB, OCBOOOJHUBIIIHXCH B TPOUECCE BHIBET-
puBanus Gosiee APeBHUX PYAOHOCHBIX Toa. OHH hopMHpYIOTCS cpenu
aJITIOBHAJBLHLIX H GeperoBhIX OCaJKOB, I'lé MeXaHHUeCKass COPTHPOBKa
06/I0MOYHOTO MaTepHasa AONOJNHSETCss aKTHBHBIM BO3J€HCTBHeM BOJH
M TeyeHHH. DOJIBIINHCTBO M3BECTHBIX DPOCCHINIEH HMEIOT MOJIOAOH TIeo-
JIOTHYECKHI BO3PACT; MHOT'He M3 HHX NPHYPOUEHB K COBpPEMEHHBIM
PEeUYHBIM CHCTEMAM H MOPCKHM MOGepeIKbsIM.

30JI0TO a/MMIOBHANBELIX POCCHINEH, BO3HHKINHX INPH Pa3pyLIEHHH
KOPEHHBIX MECTOPOXKJEeHHH — MHAPOTEPMANLHBIX JKHJ TPETHUHOTO BO3-
pacTa, 6BIJIO I'IaBHEIM OOBEKTOM 30J10TOH Juxopanku XIX — Hauana
XX cronerus, oxsartusmeit Kanudopuuio u Knonnaiix. Kycrapuas no-
6bl4a 30J10Ta M3 POCCHIIEH NMPOBOAMJIACH NYTEM OTHEJEHHS er0 OT My-
CTOH MOPOAHI, UTO NOCTHTaJOCh HIJTHXOBAHHEM — NPOMBIBKOI DBIXJIBIX
aJIJIIOBHAJIbHBIX M JE€/I0BHAJBHBIX OCAaAKOB B JIOTKAX MJIH KOBILUAX.

Peunble ¥ MOPCKHE DOCCHIIM KAaCCHTEPHTa COCTABJSIOT GOJAbLIVIO
4acTb PecypcoB 0J0Ba, no6nBaemoro B Manaisun u Tausnanme, rae
MaTEePHHCKHe KOPEHHble MOPOJHl — OJIOBOHOCHblE T'PaHHTH — JATHPY-
I0TC] B NMEPBOM CJyuae NMO3AHHM [ajie030eM, a BO BTOPOM — DaHHHM
mMe3030eM. MHOrHe M3 3THX 3ajexeill MOTYT pa3pabaThBATHCS C HC-
TO0Jb30BaHHEM Apar H 3eMJjieuepnasok.

Bosee npeBHHe POCCHINHM BCTPEYAIOTCS B TeX Ke JIHTOJOTO-(allH-
aJbHHX YCJOBHSX, HO TAK KaK a/lIIOBUAJNbHBIE H GeperoBble OT/IOXKE-
HHSl MOJIBEPraJjIuCh MHTEHCHBHON 3DO3HH B TeUeHHe NJIHTEJNHHOrO Bpe-
MeHH, 3TH POCCHIITH HE CTOJIb LIMPOKO PACHPOCTPaHEHbl, KAK COBPEMEH-
Hele. OnHa rpynna JAOKeMOGPHHACKHX 3ajexel 30/10Ta U (Mau) ypaHa,
KOTODHIE CKOpee BCEro NEPBOHAYAJBLHO SBJSITHCL POCCHIMSIMH, HMeeT
Ype3BblUAHHO BaykHOe 3HA'leHHe, DTO — 30JI0TO- H ypaHCOojepIKallHe
KOHrJioMeparsl cepun BurtBatepcpana, kotopeie pasButhl B HOxHO!
Adpuke, re ycraHoBJeH HX THNOBO# paapes, B DBpasuauu (30J10TO-
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pyanoe Meciopoxienne JKako6una), B Kanaje (ypanoHOCHbie 3a€xi
Bnaing-Pusep K cesepy or 03. ['ypoH) u, BoaMoxHO, B CeBepHOM
ABctpanuu (ypas).

B paiione MorannecGypra (IOAP) mopoasl apxeickoro ¢yHaa-
MeHTa, COoJep¥Kalllhe CHJPOTEpMaJsbHble MECTODOXKAEHUs 30JI0Ta, He-
COIVIaCHO NEePeKpHIBAIOTCS MOIIHOH TOJIIeH, CaMblM BaXKHBIM 3J€Mei-
TOM KOTODOJ sIBJisieTcst cepust BuTBarepcpaHi, OTJIOXHBIIAACS OKOJIO
2600 man. jger Haszan (pHc. 4.6; 0630pHYK® KapTy CM. Ha pHC. 4.3).
OcajouHasi TOJIIA, CJOXKEHHas IepecJauBalOUIUMUCS NeCYaHHUKaMH,
KOHIJIOMepaTaMHi M TJIMHHCTBIMH CJlaHL@MH, c;0pMHpOBajsach B Oac-
cefine paamepaMu mo MeHbllefi mepe 350X 250 xM. Bojauble HOTOKH,
fepeHocuBiiye OOJOMOYHBIH MaTepuas, BIajajJd B 3TOT OaccedH B
pa3HbIX MecTax y €ro CeBepPHOro M CeBepo-3anajHoro Geperos.

PynHble 3ajieXKd OTHOCSITCS K THIY CTPATH(QHUHPOBAHHLIX; OHH J0-
KaJIA30BaHbl B CJIOSIX KOHIVIOMEPATOB, MOLIHOCTL KOTOPBIX OOGBiYHO
COCTaBJ/IsSIeT BCero HECKOJIbKO MeTpoB. KOHriomepaThl, HOJiyulBLiHe
MeCTHOe Has3BaHHe pHGOB HJIH OAHKETOB *, HanboJ/iee LIHPOKO Pa3BUTHI
BOJIH3H CeBepHOI OKpaMHBI OaccefiHa, IJle HPOCJOH ¢ 60oraThiM Opyne-
HeHHeM IpPeJCTaBJAIOT CO00i pPyCJOBble 3aJ€XKH, PajAHAIbHO PaCXOls-
IIYecs OT MeCT BIakeHusi peK B OaccefiH. «Pudb» oOHaxaloTes Ha
HOBEPXHOCTH B Ipejesnax Morannec6ypra, HMEBHO TaM, I'le OblIH Haif-
J€HHl TlepPBLEIE 30JI0THle POCCHINH.

KonrnoMeparsi cocTosiT ¥3 HeGOJbLUIHX Trajiek KBapLa, JIOTHO <«YNAKOBAHHBIX»
B LEMEHTHpyIoLleli Macce, CJOXMEHHOH 0O/JOMKaMH KBapld, LHPKOHAa H XPOMHTa Ha-
pAly ¢ HHPUTOM, YPAaHHHHTOM M MeJbYaHlIMMH YaCTHLAMH 30/10Ta. YDaH 3akJjioueH
IJIaBHEIM 00pa30M B TOHKHX HPOXHJIKaX, a GoJblluasi 4acTh NHPHUTA (COCTABJSIOMIETO
Ao 10% nopoim) pcrpevaercs B BHLE TOHKHX 3€DHHCTHIX MO3aHYHBIX 00pa3oBaHHA,
KOTOpble, [0 BCell BEPOATHOCTH, KPHCTAJVIH30BaJHCh in situ. Ha ocHoBanHH mpHBegeH-
HBIX JI4HHBIX MOKHO CAeJaTb BHIBOA, 4TO 5TH PYABl IO CBOEMY IIPOHCXOXKAEHHIO
SBAAIOTCA He OCaf0YHBIMH, a& SIHIeHETHYHBIMH T[HADOTEPMAaJbHBIMII 3asIeXKaMH, IIpH-
YPOUYCEHHIMH K KOHIVIOMEPATaM, KOTOPHE, OYeBHAHO, OKa3aJHCh AOCTaTOYHO IPOHHIA-
€MBIMH JJI IPOHHKHOBEHHSI B HHX DacTBOPOB-MHHePaJH3aTOpoB. B nacrosimiee Bpems
MHOTHE TI'e0JIOTH CYUHTAIOT, YTO PYyJHEE TeJa IepBOHAYaJbHO C(HOPMHDOBAJHCH B BHAE
pOCCHINEH, HO BIOCJAEACTBHH ObLJIH H3MEHEHH! NOJ JAeHCTBHEM AHareHeTHYECKHX H (HJIH)
CHAPOTEPMAJILHBIX IPOLECCOB.

[ pyrHe pyIHble MECTOPOXKAEHHS BO BMeELLAIOMIHX OOJOMOYHHIX IO-
polax YNOMHHAJHCh B CBA3H C YPAHOBHIMH pylAaMH THOA <«POJI-
GpoHT». AHaJOrHUHBIE KPACHOUBETHbie DPyAbl MEAH ¥ BaHanus cdop-
MHPOBAJICh B Pe3yJ/bTaTe PeaKUHH C MeTaJJOHOCHBIMH I'MIPOTepPMab-
HBIMH pacrtBopaMH (cM. Tabua. 4.8, mynkr B.IV). Msuorue riiMHHCTHE
OTJIOJKEHHS, 0COOEHHO C OTHOCHUTEJILHO BHICOKHMH KOHLEHTPaLUsMH Op-
raHHYeCKOro BellecTBa, COAEpPIKAT HOHbl XMMHUECKH aKTHBHBIX MeTaJl-
JIOB, aACcOopOUpOBaHHBe HA TJIMHHCTHIX YaCTHYKax, H CyJb(HIbI, 06pa-
3yIOLIHECss B pe3yJbTaTe BOCCTAHOBJIEHHS! CYJb(aTOB B MOPCKOIl BOJE.
3aJjiexxu TAKOro THNA IPEACTaBJEeHb NMEPMCKHMH MEIHCTHIMH CJIaH-
mamu, pasBuTeiMu Ha tepputopuu I'IP u Iloabimn; sTo 6HTYMHHO3HBIE

* T1noTHble KOHTJIOMEPATHl, COAepiKallie rajbKy KHJIbHOTO KBapua, 3akKJioueH-
HOFO B KPEMHHCTOM LieMeHTe.
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Puc. 4.6. Cepus BurpatepcpaHp.

Ha cxemarnyecko# kapre (@) NoKasaHbl TpeAloJiaraeMble IepBOHAYaJibHLIe DPa3Mepbl CeJUMeH-
TallUOHHOro 6acceffHa BHTBaTepcpaHJ H MeCTa BIafeHHSI B Hero pek, IPHBHOCHBIIHX 06J0-
MOUHBIf MaTepuas. Ha Gosnbuiel! uacTu GaccefiHa OTJOMKEHHsSI cepuH BurtsaTepcpaH] NorpeGeHs!
noj oTioxeHHsSIMH ¢opmanuit Benrtepcmopn, TpaHcBaanb H Gojiee MOJOABIX Toaw. IayGokue
IUAXTH BKPBIIH 30JI0TOHOCHbIE I'OPH3OHTHI.
1 — nopoxst dyHmamenra; 2 — cepust BurBaTepcpaHI; 3 — MecTa BIaJeHus pPeK B CeJHMeHTa-
IHOHHBIA GacceifiH.

Ha crpaturpadudveckoli KoaoHKe (6) oTpaxceHO IOJIOXKeHHe B pa3pe3e cepHd BuraTepcpaHp
H JIOKajbHO passuTof ¢dopmanuu JoMuHHHOH-PH, mNepekpoiBaiolell 30JOTOHOCHBIE IOPOJAbI
dyHRameHnTa.

1 — apxeft, meramopduueckuii (GyHZAMEHT — IDAaHHUTH! U Io0sica 3eJeHOKAaMEeHHBIX IOPOA C LIH-
POKO pacCHpOCTPAHEHHBIM 30JI0TBIM OpyAeHeHHeM; 2 — HHKHHH mpoTeposoft, ¢desb3udeckue (Kuc-
Jible CBEeTJIOOKDAIleHHble) BYJKAaHHTHI H 30JIOTOHOCHBIE OCaJouHble NopoAbl dopMauuu Jomu-
HHOH-Pud; 3 — cepust BuTsaTepcpanj, KBapHUTBHl H IVIHHHCTBle CJaHIBl (Gosbliell dYacTbio aJ-
JIIOBHaJIbHbIE), TIlepeciaHBaloOIIMecss C KOHIJoMepaTaMH, CoJepXXallHMH KBapHmeBYIO TIaJbKy,
K KOHIVIOMepaTaM IpPHYPOYEHO 30J10TO-ypPaHOBOe opyleHeHHe; 4 — cepusi BeHTepcmopi, JaBbl
OCHOBHOI'O COCTaBa, KOHTHHEHTAJbLHBIE OCAAKH; 5 — cucreMa TpaHcBaanb, KBaPIUTHI, JOJOMHTHI,
IOJIOCYaThle KEeJe3HCThie KBapUMTHl, TJIHHHCTBle CJIaHIBbl, Qeab3ndecKue JaBbl; 6 — BePXHHHA
nporepo3oft u ¢aHeposol, oTiOXKeHHsT cHcTeMbl Kappy (KOHTHHeHTaJsIbHbIE OCaJKH).

i
il

Puc. 4.7. Mecropoxpe-

HHfT  MeAM  (NMOKa3aHb

CKpelUIeHHBIMH  MOJIOTKA-

mu) B mpeneaax Karanr-

ckoro mosica, 3am6us (mo

aagabiM - @, Menpedar-
COHa).

=N N>

ITokasaHO B3aHMOOTHOIUEHHE
MEXIY PYAOHOCHON HHXHe-
posHCKON rpynmo#t u dyHra-
MeHTOM. PyloHocHas ¢opma-
IHS  MOIIHOCTBIO 1—65 M
CJ0XKeHa [JoJOMHTaMH, oGpa-
30BaBIIHMHCS M3 BOMOpOCE-
BBIX DHGOB, H UYEPHBIMH TJIH-
HHUCTBIMH cJjaHnamMn (okafim-
JSIOWUMH 3TH pubbl), K KO-
TOpPbIM NpHYpPOUYeHa MeRHO-
cynbbuaHAad MHHepaJu3auHs.
| — ¢yurament, MeraMopdHueckHe NOPOAB M TIPaHHTH; 2—4 — HIXKHepO3HCKash rpynma (Mout-
HoCcTh 10 100 M): 2 — dopmanuss PyTyosas, NpeHMyLleCTBEHHO NecYaHHKH, 3 — pyAoHOcHas dop-
manusi, 4 — dbopManuss XSHrHHT-YOJJI, TNeCYaHHKH, TJIMHHCTble CJaHIbl; 5 — BepXHEPOIHCKas
PpyNma, JOJOMHTHl, TJHHHCThie CJHAHLIBI, KBapuuThl, 600 M; 6 — rpynna Mpaiuua, TIVIHHHCTbie
ClaHnkbl, MOJOMHTHE, 600 M.
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JOJIOMHTHCTHIE cyaHlbl (Tak HasbiBaeMmblil Kyndepundep), OTIOKHUB-
mMecst B COJIOHOBATOBOJHOM anaspo6HoM 6Gacceiine, M3 Hux mosyuaioT
rl1aBHBIM 06pa3oM Melb U B HECKOJbKO MEHbIIEM KOJHYeCTBE — CBH-
Hell H IHHK,

Hakoner, cienyer ynomsuyts o Mensom nosice Llentpannnoit Ad-
PHKH, XOTSl TaM BMeILAoll[He NMOPOABLI IMpeACTaBJeHH Kak 00J0MOu-
HBIMH, TaK M KapBOHATHBIMH OTJOKeHHsMu (puc. 4.7, cm. Tabx. 4.8).
[Topoabl BepxHeNOKeMODPHHACKON KAaTAHICKON HAATPYNNLEl HeCOTJIaCHO
3ajeraioT Ha ¢yHIaMeHTe, CJIOXKEeHHOM TIpPaHUTAaMH H KPHCTajiude-
CKHMH CJaHUaMH. Huxuue TOMUIK KaTAaHrCKO# ¢GopMauHHu MpencTas-
JIeHBl KOHTHHEHTaJbHBIMH OTJOKEHHSIMH, M3MeHeHHe xapakTtepa ocap-
KOHAKOIJICHHS, UTO OOYyCJOBHJIO MeJHYI0O MHnHepaJH3alHio, MOC/eNo-
BaJIO 3a BTOPKEHHeM ciofa Mopsi. PyaHbe Tena, clOXKeHHbBle TTHPHTOM,
XaJbKONMHPHTOM, GODHHTOM H XaJIbKO3MHOM, JIOKAJH30BaHBl B TJIHHH-
CTHIX CJ0AX PYAHOH (HDOpPMAUHH U OTUETIHBO KOHTPOJHPYIOTCS 0CaANOU-
HBIMH dauusamu. PynHble 3a71exd H3MEHSIHCh NOJ BJIMSIHHEM IIpollec-
COB DACTBOPEHHS H MEPEOTJOKEHHS B NepHOoJ CKJIAaAYyaTOCTH H MeTa-
MopduaMa B KOHUE TOKeMODHACKOH 3pHL.

4.43. MECTOPO)XKIEHHUZ B KAPBOHATHbLIX NMOPOJAX

MHuorue u3BeCTHSIKH, OCOOeHHO pH(}OBHIE, HMeIOT NePBHUHbBle IIY-
CTOTHl W BTODHUHBIe MOJIOCTH, BO3HHKIIHe B NpolLecce NOJOMHUTH3ALHH
HWJIM XMMHYECKOro BbiBeTpuBaHus, [103TOMy Takne mNOPOABI SBJAIOTCS
6/1arOnpUSATHBIME AT GOPMHUPOBAHHS MOCTCENHMEHTAHOHHBIX W THI-
poTepMaJsIbHEIX PYAHBIX TeJ, a Takxke 3ajexeii HedTH u rasa. CBHH-
IIOBO-IIMHKOBEle MECTOPOIKAEHHS MHCCHCHIICKOTO THIA NPEeACTaBJIEHH
cTpaTHGOPMHEIME 3ajeXKaMHd, NPHYPOYEHHBIMH K TOJIIaM KapOoHarT-
HBIX TTOPOJ; OHH CJIYXaT ONHHM H3 IVIaBHHIX PECypCcOB CBHHIIA U IMHKA
B CUJA. MeCTOPOXK/IEHHST TOTO THNA PACIOJOXKEHB! Ha CTHIKE IITaTOB
Muccypu, Tenneccu u Oknaxoma. OHH JIOKaJH30BAHBI B H3BECTHAKAX
passiuuHoro Boapacra (oT KeMGpus A0 Kap6oHa), NMpeuMyleCTBEHHO
MeJKOBOJAHBEIX pUDOBHX (auuii. CBA3b ¢ 3TUMH OCALOYHBIMU (palHAMHU
XOPOUIO TIPOCJEKHBAETCsl Takke Ha mectopoxienuun Ilain-TlofinT
B6su3n Boabimoro HeBosrwnunero ozepa 8 Kamame (cm. puc. 3.7),
NIPHYPOUYEHHOM K JIeBOHCKOMY pHY.

[naBHBIE pynHBIE MHHepaJbl CBHHHA M UHHKAa — rajsendt (PbS) n cdanepur
(ZnS) — BMecTe ¢ THNHMYHBIMH JKHJIBHBIMH MHHepajJaMH GJIOODHTOM, GapHTOM H
IpYrMMH HMHOTJa CJaraloT IJIaCTOBblE 3aJIeXH, HOo 6oJiee YacTO — MeTacOMaTHUeCKHe
PyAHBe Tesa HenpapHJIbHOH (OPMB. DTH MHHepaJbl BCTPeUaloTcs TAKXKe B BHIe
KDHCTAJJIHYECKHX arperaToB, BEIIOJHSAIONIHX TPEIIHHH H 06Da3ylOIIHX DYIHHE JHJKL
[To cocTaBy XHMAKHX BKJIOUEHHH B CYJbGHUANBIX HJIH XUJIGHBIX MHHEPaNaXx MOXKHO
NPEANONOXKHTb, YTO OTJIOKEHHe PYLHOTO BEUIeCTBA MPOHCXOJHJIO B CHJIbHOMHHEpaJIH-
30BaHHEIX Bojax mnpH Temnepatype 100-—150°C. Msoronublii cocTaB cBUHIA CBHIE-
TEJLCTBYeT O TOM, YTO 3TH PACCOJH NEPEHOCHJH PYAHBIE KOMIOHEHTBHI, MPOHCXOXK]Ie-
HHe KOTODBIX CBSI3aHO C HECKOJbKHMH HCTOYHHKaMH. BO MHOIHX MeCTODOXIEHHSX
06HapyKeHO NPHCYTCTBHe YIJIEBOLOPOLOB (B HE3HAUHTENHHOM KOJHYECTBE), UTO CIIO-
cobcTBoBaJ0 GoJiee aKTHBHOMY TPOTEKAHHIO PYA006Gpa3yIOLIUX MPOLECCOB.

OpyneHeHHe MHCCHCHIICKOTO THIA OOBIYHO CBSI3BIBAIOT C pacco-
JIaMH, BBI2KHBAae€MbIMH TIOJ BO3IEeACTBHEM MHA- U 3NMUTeHEeTHUYECKUX npo-



[1eCCOB H3 MOLIHBIX TOJLI, DTH HorpeGeHHble MHHEDAIH30BAHHEIE BOAHI,
garpeTnie B pe3ysbTaTe INyGOKOro MOrPYKeHHs, 3aXBaThBa/H PylHble
KOMIOHEHTH M3 OCAaJOYHBIX MOPOJ, MO0 KOTOPDHIM OHM MHIPHPOBAJH
BBepX II0 BOCCTAHHIO NJIACTOB K OKpamHaMm GaccefiHa JHG0O K €ro Bo3-
BLIIIeHHbIM yuacTkaM. OTioXKeHHe CyJbGHIOB MOXKeT OHITb 06yC/OB-
JIEHO H3MEHeHHsIMH TeMIIepaTyphl H COCTaBa PacTBOPOB NPH HX BHeApe-
HHH B NPOHHLAEMbIe H3BECTHSKH,

4.44. )XEJIE3HBIE PYJbl

Bo.iee 90% o6lierg KOJHYeCTBA KeNe3HHX pyX, ZOOHBaeMHX exe-
rondo B Mupe (800—900 MuH. T), MPHXOAHTCA HAa MECTOPOXKICHHSA
ocafoyHoro resesuca. ®OpMHpPOBaHHE 3THX MECTODOXIEHHA H 10-
BOJILHO CXOJHEIX C HHMH MapraHIeBbx 3ajexel (cM. Tabi. 4.8) obyc-
JIOBJIEHO TJ1aBHBIM 06pa3oM TeM, uTo 3akucHoe (Fe?t) m oxuchoe
(Fe3*) xene3o B a3pOGHBIX YCJIOBHSX BelyT cebst mo-pasnomy. Oxrumc-
Hble COeTHHEHHs JKeje3a MOYTH HePaCTBOPHMBI B NIOBEPXHOCTHBIX BOAAX
H YCTOMUHBH B NPHUCYTCTBHH KHCJI0poAa Bo3ayxa. IlosTomy xeneso,
o6pasyiolieecsl IPH NMPoLECcCcaX BEIBETPHBAHHSA, NOJIKHO HAKAMJIUBATHCH
B BHJe OKHCHBIX COEIMHEHHH B PHIXJIBIX OCTATOYHBIX OTJIOKEHHSIX JH60
B MOPOBHIX MPOCTPAHCTBAX aJIJIOBHS. SIpKO-KpacHHIE, KODHUHEBHIE HIIH
x)eartbie 1Bera rematuta (Fe,O3) W rHApookuCia Kese3a — JHMO-
HHTA — ABJIAIOTCS MPUYMHON XapaKTepHON «Kese3HCTON» OKDacKH Ja-
TEPUTOB, JKEJE3HBIX LIJIAN W KPACHOUBETHHIX OTJIOXKEHHH KOHTHHEH-
tTaabHbix dauuit. )Keseso B pacTBopax MepeHOCHTCSI IMIaBHBIM 06pas3oM
B 3aKkHCHOH (opMe; MeTass Jerko BBHIIajaeT B 0CaN0K NPH M3MEHEHHH
noxasareneit Eh uwiu pH nu6n npu cMeIMBaHHK PeUHBIX (IPECHBIX) H
MOPCKHX BOJ.

VeTofiTHBOCTL COENMHERHT 3aKHCHOTO ¥keJse3a Oblia, 0 BCeH Bepo-
ATHOCTH, 00Jiee BBICOKOfl B panHejokeMOpHHACKOe BpeMsl, KOorjna H3-3a
OTHOCHTEJEHO HHU3KOTO VDOBHSI OPTaHHUYECKOH KH3HeNesITeJbHOCTH 3eM-
Hag aTmocdepa Oblia He CcTOJbL Gorata kucaoponoM. [Tostomy He yaH-
BHTE/ILHO, UTO CPENU JKEJE3HBIX PYI OCAJ0YHOIO NPOHUCXOKJEHHS BhI-
A@JSIOTCS IBe TPYIIEl, PAa3JHYHbIE MO CBOEMY XHMHYECKOMY COCTaBY:
1) mosocuaThle KeJe3UCThle KBAPIHUTH, NaTHPyeMble PaHHUM H0KeMO-
pHeM — OT apxes 10 DAHHEro MpoTepo30s: 2) JKeJe3HSKH NpeuMmyle-
©TBeHHO thareposoiickoro Bo3pacra (puc. 4.8).

[TonocuatTee xejesaucThe KBapuuTH. IT0 Bauboaee
BAXKHBIA HCTOYHHK KeJe3HbIX PYA HAa 3eMHOM Iape. ['aBHble MeCTO-
pOXKIerus roro Buna celpbs Haxoastcs B CHTA (paiion 03. Bepxuee,
cM. puc. 4.2), Kanane (m-os JlaGpamop). CCCP (¥Yxpauna) *, Bpa-
3uaun, 3anangofi ABcrpanun (Xamepcseft). Bo Bcex 3THX perdoHax
Kese30pynHble (hopManun o6paszymor crpatudOpPMHbBIE 3aJeXKH MOII-
HOCTEIO JI0 HECKOJILKUX cOTeH MeTpoR. OHIl IIMEIOT 3HAUHTEJNbHOE MJIO0-
1agHoe DACIPOCTPAHEHHe M BHIIEPKUBAIOTCS MO NPOCTHPAHUIO HA
150 kM u 6oJee.

* HauGoJslee XOpOWIO H3YUCHHBIMH H IPOMBILIJIEHHO BaXKHBIMH MECTOPOXK/EHHSMH
weyesucTeix kBapuuTon B CCCP aBastorcs Kpusoft Por u Kypckasd mMarnutHas aHo-
mamus (KMA).
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Puc. 4.8. )Keneauvle pyasl ocamnowHOro

renesuca. B3auMoOCBs3b  XMMuuecKoro

COCTaBa PYA H THINOB OCANOYHBIX
nopon.

JdokeMOpHAicKHe TOJOCYATBIE  JKeJe3HCThie
KBapuHThl (/) — rjaBHble MHDOBBIe pecypebl
XKeje3a B HacCToflllee BpeMs — ColepKaT
MeHElle rJHHo3eMa 1o cpaBHeHHIO ¢ daHe-
DPO3ORCKHMH JKeJe3HIKaMH (2). JlaTepHTsl
¥ GOKCHTEI, 06pa3oBaBIUHEeCs] B peayabTaTe
XHMHYECKOTO BBIBETPHBAHHS aJIOMOCHJIHKA-
TOB B YCJOBHAX TPOIIHYECKOTO KJIHMarTa,
Grarogapst  BLIUIEJTAYHBAHHIO KpeMHeseMa
OTHOCHTENBHO O06GOraImaloTCs TJAHHO3EMOM H
XKele3oMm.

SlOz Fe203

B ccorBercTBHH ¢ Ha3BaHMEM NMOPOABI 3THX KeJE30PYAHBIX dopma-
OHA MMEIOT TOHKOMOJIOCUATYI0 TEKCTYpy, OOYCJIOBJIEHHYIO YepeaoBa-
HHEM CBETJIO- H TEMHOOKDAIIeHHBIX MPOCJ0EeB, CJOKEHHBIX COOTBETCT-
BEHHO KPEMHHCTBIMH CJaHIAMH H 3K€Je30DyAHbIMH MHHEpajiaMH; IIH-
PHHA NOJIOC cOCTaBJisieT OObIUHO HECKOJIbKO CaHTHMeTPOB. OCHOBHBIMU
KOMIIOHEHTaMH IIOPOJI SIBJSIOTCS KDeMHEe3eM M OKHCJ/BL JKejlesa: Marhe-
THT U (HJIH) TeMAaTHT; MHOTJA BAXKHYIO POJIb UIPAIOT JKeJe3HCThie Kap-
OoHaTel (CHAEPHT) H CYJab(puAbl (MHPUT) *.

OTJ0KeHHe KeNe3UCTHIX TOJII IPOXOAUJO, 0-BHIHMOMY, B MEJKO-
BOJHBIX, TEKTOHMUYECKH CTaOHJbHBIX OacceliHax, Kyjaa He IOCTyIaJ
(n1M mouTH He mOCTymaJ) OoGJOMOuUHBIH Marepuas. [Io MHEHHIO HeKo-
TOPBIX HCCJIeloBaTe/el, OKHCIEHHE KeJjge3a Ha MEeCTO ero OTJIOXKEeHHs
00yCJ/IOBJIEHO B OCHOBHOM OakTepHaJbHON JAesdTelbHOCTbIO. OKHCJBI
Keqesa cocraBisior 40—60% GoJbIIMHCTBA I[MOJOCUATHIX XKeJe3HBIX
pyZA; oHH paspaGaTHIBAaWOTCS, KaK MP&BUJO, OTKPBITHIM CHOCOOOM, B
OrDOMHBIX Kaphepax. DBoJiee BBICOKHE KOHIEHTpAIlHH Kese3za (OKOJIO
65%) ormeuarorcs Ha TeX yuacTKax, rje MPOUCXOJIMJIO MOCHELyIolIee
npupoJHOe oborauieHne pya reMatuToM (cM. puc. 4.1).

Qanepo3olicKkue KeJe3HSAKH. XOTad 3Ta DPAa3HOBHJIHOCTb
JKeJIe3HBIX PYJ PACIPOCTPaHEHA MeHee LIMPOKO MO CPAaBHEHHUIO C MOJIO-
CUaTBIMH KBapUHTAMH, B CBO€ BPEMS OHA Chirpaja HEeMaJOBaXKHYIO
po/Jb B HCTOPHH 4YeJOBEUeCTBa, TAK KAaK 3TH PyJbl OB OCHOBHBIM
HCTOUHHKOM KeJe3a u paspabarsiBanuch B Eppone u CenepHo#i Ame-
pHUKe B IIepHOA NPOMBILIJEHHOH peBoTIounH. PaccMarpuBaemas rpynmna
BKJIIOUAET MHHETTOBble pyJbl (OOJHTOBBIE JHUMOHHTE) U3 IOPCKHX OT-
JoxeHu# Dapsaca u Jlorapuurun B Bocrouno#i ®paHiuuu, OpCcKHe
KesesHAKH HopTXsMNOTOHWINpaA U APYTHX MeCTOpoxIeHUil Bennko6pu-
TaHHH (TaKXKe IOPCKOrO BO3pacra), CHJIyPHHACKHe »KeJe3Hble pPYAbI
Kaunurouna B CUIA.

OT1esbHbBlE KeJe30PyAHbIE TOJLLI 3TOH IPYIIEL PEIKO NPOCTEXKHU-
Batorcd OoJsiee ueM Ha 20 KM, a O MOLIHOCTH OSBIYHO HEe IIPEBHINIAIOT
15 M. Kaxk npasuJjio, ciaraiouue ux NOPOJAH HMEIOT O0JHTOBOE CTpPOe-

* TylaBHBIMH DYAHBIMH MHHEDAJaMH JKeJe3HCTHIX KBaDLHUTOD SIBJIAIOTCT MAarHeTHT
(MM MapTHT) H TeMaTHT; OHH CONPOBOMKIAIOTCS XJODHTOM, CEDULUHTOM, GHOTHTOM H
ap. CumepuT BcTpedaeTcs OYeHb PeAKO, CyJbGHIB OTMEUAlOTCs TOJLKQ R HU3MEIEH-
HBIX MOPOJIAaX, B KeJe3HOH PYAe OHH NPAaKTHUECKH OTCYTCTBYIOT.
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HIIC H IICPEeXOoAsIT MO IJoMaAHd 11 IO paspe3y B MEJNKOBOJHLBIE necua-
HUKH U H3BECTHsKH. Ha OOAbUIMHCTBE MECTOPDOXKIAEHH B KauecTBe
TJIaBHOTO MHHEpaJia NPHCYTCTBYeT CHJIIKAT 7K€/1e3a — LIaMO3UT; BCTpe-
4aloTCs [eMAaTHT, CHAEPUT U APYrHe MHHepaJsbl. B OyTHMBIX KOHLEHT-
palusax OPHCYTCTBYET IVIHHO3eM, B TO BpeMs Kak oTHomenue Si/Fe 6o-
Jlee HH3KOe, 4eM B 0JIOCUATHIX :KeJEe3UCThIX KBapuurax (cM. puc, 4.8).

4.4.5. MECTOPO)KIJAEHUST HA OKEAHUYECKOM I HE

Ha riy6OKOBOXHOM OKeaHHUeCKOM JHe, KyJda yKe He [OCTymaeT
IIPHHOCHMBIN € cylIH OOJOMOUHbI MAaTepHaJ, HAKAIJIUBAIOTCS KpeM-
HHUCThie JIHOO H3BECTKOBbIE 003Kl *, CBH/ETE/LCTBYIOLIHE O BLICOKOH
OPraHHYeCKOfi MPOAYKTUBHOCTH OacceifiHa. Ha HEKOTOPBHIX yyacTkKax
OKeaHHUYeCKOro JHAa NMPU MEAJIEHHOM OCaJKOHAKONJIEHUH CO3Jal0TCA yC-
JIOBUSI 1JiS OOMEHHBIX PeakIUi MexXAy MOPCKOH BOJOH H BYJKaHHU-
TaMH, KOTOpble NpoTekaioT HaunboJjee 3(pGhEKTUBHO B Caydae MOPHPOJI-
HOTo oforalieHHs BOJ PYAHBIMH KOMIOHEHTaMH B pe3y/bTaTe H3Bep-
JKeHHUH TOIBOJHBIX BYJKaHOB.

Prixsiple »esne30-MapraHlieBble OCajgKH MEpPeKphIBAIOT BYyJKaHHUe-
CKHe TOPOJABI Ha HEKOTOPHIX CPeJHHHO-OKeaHUuYecKux xpebrax. Map-
raHieBble KOHKpeIHH 06pa3yioT OOIIMpHBIE IOABOJHEIE CKOIJEHHS;
JacTo MUHepaJibl MapraHila BCTPeUarmTCs B BHIe KODOK, HapacTaIIUX
Ha ob6yoMKax mopojJ. MapraHueBble pPy[dbl NOKPHBAIOT 3HAUYHTEJNbHBIE
YYacTKH OKEaHHYeCKOTo JI0Ka B TPONHMYECKHX IMHPOTAX; 3TO OCOOEHHO
xapakTtepuo anas Tuxoro okeana K samany ot LleHTpaspHO# AMepHKH.
OCHOBHEIMH KOMMOHEHTAMH KOHKDEIHH SBJSIOTCS OKHCJBl H THAPO-
OKHCJBl MapraHia; B HEKOTOPHIX PENHOHAX B KOHKPEIHSAX TPUCYTCTBY-
IOT HUKeJb, MelIb W ADYrHe MeTaJJIbl, CYMMapHOe cOnepKaHHe KOTO-
PBIX JIOCTHraeT HeCKOJbKHX NpoleHTOB. HaJsnune Bcex 3THX MeTaJJoB
JleJlaeT CKOIJIEHHS] KOHKpelHH IOTeHIHAJbHbIMH PYAHBIMH 3aJ€XKaMHy,
3aCJyKHBAWOIUMH pa3paboTKH B 0603pUMOM GyayIIEM.

4.4.6. POJIb NPOLLECCOB BLIBETPUBAHMUA

CyJabbhuasl 1 MHOTHE IPYrHe MHHepaJbl JIEFKO paspyluarTcs NpH
BHIBETPHBAHHH B OKHUCJUTENbHOH 06CTaHOBKe. Py/nHbIE KOMIIOHEHTH, He
nepexoJsiliHe AOCTATOUHO JIEFKO B pacTBOPUMOE COCTOSIHHe HAa 3€MHOH
TIOBEPXHOCTH, OCTAIOTCSI HA MecTe CBoero o6pas3oBaHusi, UTO MPHUBOIUT
(mocsie BRIHOCA PaCTBOPHUMBIX BENIECTB) K (hOPMHPOBAHHIO OCTATOU-
HbIX MecrtopoxaeHHH. [Iponmcxonut Kak Obl mMpHPOAHOe OGOralieHune
GeHBIX KOPEHHBIX PYI B Pe3ysbTaTe OTHOCHTeJLHOrO HAKOIJEHHs He-
PacTBOPHMBIX MPOAYKTOB BLIBETPHBAHHSI B NOBEPXHOCTHBIX 3JI0BHAJL-
HO-J(eTI0BUAJBHLIX CJIOSIX.

K MecTopoxAeHHSAM TAKOrQ THIIA OTHOCATCS 3aJ€KH CHJIMKATOB
Hukess (HampuMmep, Ha octpoBe HoBas Kasemonus), o6pasoBaBuiuecst
B IpolLecCe BLIBETPHBAHMS YJIbTPAOCHOBIBIX NOPOJ, COMEPIKAIIHX 60-

* T'y60KOBOAHBIE HJBl —— IICTATHUECKHe OCAJKI, COCTOSIIHE M3 ININHHCTBIX MHHC-
pajioB H OCTAaTKOB CKeJeTOB (KapOOHATHBIX HJIH KPEMIIHCTHIX) MOPCKHX OPraHH3MOB.
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raTblil HAKEJEM CHJHKAT — OJIMBHH., KOHILEHTPALHs HHUKEJs BCJIELCT-
BHe YaCTHYHOTO yJaJieHHsi PAaCTBOPHMBIX BeELIECTB BO3pacTaer oT
0,3% B MaTepPHHCKUX KOpEHHBHIX mopogax o 1,5—2,5%.

MHTencHBHOe XHMHUYECKOe BbIBETDUBAHHE MPOSBJSETCS HaHOOJee
3¢ PeKTHBHO B CyOTpONMHUYecKHX 0O6JacTsX, IJe Ce30HHEBle JIHBHH 00yc-
JIOBJIMBAIOT IEPHOAHYECKHe KOJIeOaHHSI yPOBHs IDYHTOBHIX BOJ H XO-
LIyI0 IPOMBIBA€MOCTb 30HBI pocauyuBaHHus. [Ipoucxojsiife BCIEACTBHE
3TOro U3MeHeHHs mokasatesefi Eh u rnasueim o6pasom pH cmoco6-
CTBYIOT Pa3J/IOXKEHHIO MOJIEBBIX LINATOB H Ke€Je30MardHe3naJsbHBIX CHJIH-
KaTOB U BBIHOCY LIEJOYHHIX MeTaJJoB. B HTore ocyuiecTB/sieTcs ocra-
TOYHOE HaKOIJeHHe KaOJHHA, a TaK:Ke OKHCJIOB M THJIPOOKHCJOB psina
aneMeHTOB. [locsie HHTEHCHBHOIrO BBIIIENAYHBAHUS PACTBOPUMBIX KOM-
[IOHEHTOB OCTAIOTCS TBEpAble H 3€MJUCTBle KOPKH, YCTOHUHBHIE K HPO-
meccaM BBIBeTPHBaHHsI. JlaTepuThl 4acTO OBIBAIOT OO6OrallleHBl OKHC-
JaMH H THIPOOKHCJIaMH Keje3a (FeMaTHTOM H JHMOHHTOM) H OKpa-
IIeHBl B P3KaBO-KpacHble, 6ypele H KesTble ToHa. OHM LIMPOKO pac-
IpOCTpaHeHbl Ha [JPEBHUX SPO3HOHHBIX [OBEPXHOCTAX B HH3KHX
IIHPOTAX; YaCTO HCIIOJB3YIOTCS B KauyeCTBe CTPOHMTENBHOIO MaTepH-
ajla, a MHOTAA — KakK JKeJesHast pyna.

BokcuTH, coCTOALIHEe B OCHOBHOM M3 THADOOKHCJOB aJIOMHHHS,
OTHOCHTEJIbHO MeHee LIHMPOKO PaclpOCTPaHEHBl H Pa3BHBAIOTCS IIpe-
HMYILIECTBEHHO Ha TPaHUTaX, IOJEBOIUNATOBBIX [EeCYaHHKAX H TJIH-
Hax — IIOPOJax C HU3KUM COJepKaHHeM xeJje3a. TpeTHuHble GOKCHTHI,
c(popMupOBaBLIHeCs B 30HE BLIBeTpHBaHHUs, OOHapyxKeHbl Ha OCTPOBE
SImaiixa u BOnn3u mnoGepexbsi CypuHama. Paspaborka GOKCHTOB,
rJIaBHOH pylbl Ha a/lOMHHHH, TpeOyeT OOJhILIHUX IHEPTeTHYECKHX 3aT-
parT, u NO3TOMY aJlOMHHHeBble 3aBOJAbl CTPEMSITCS OOBIYHO pacnoJia-
rath BOu3u I'AC. Korma Bo BpeMsi BTOPOIl MHUPOBOil BOHHEI CIIPOC Ha
AJIIOMHHUH NpeBLICUJ 00'bEM ero TPaJHLHOHHOH AOGHIUH, TPOH3BOACTBO
sToro Merassja B CIIA Bo3pocsio BTpoe 3a CYeT HCIOJIL3OBAHUSI He-
NPOMBIIIJIEHHBIX B OOBIYHBIX YCJOBHSIX CHJIHKATHHIX PYI.

HekoToprle MeTaJlnbl, 0CBOOOKAAOIINECsT H3 CYAb(HIOB B Mpolec-
Ce BBIBETPHBAHUS, BBIHOCSTCSI T'PYHTOBBIMH BOJaMH BIriy6b, 3a mpe-
Jlebl 30HBI OKHCJIeHHs. BcsefcTBHe 3TOro B 30He OKHCJIEHHs Hakar-
JIUBAIOTCS OTHOCHTEJbHO OO€NHEHHbIe DYAHBIMH KOMIIOHEHTaMH COEJH-
HeHHsi, 06pasyiollHe KeJe3Hble UIANb (CM. pasjen 4.2). VsMenenue
reOXMMHYECKOH 0OCTAaHOBKH BOJIM3H YDOBHSI TPYHTOBLIX BOJA HPHBOJIHT
K MEePeOTJNOXKEHHI0 MeIH, HUHKA U APYTHX METaJIOB H3 30HHI OKHCJIE-
HHsl B 30HY BTOPHYHOTO OGOTalleHHUSs], I'le KOHIEHTPAIHH STHX 3JeMeH-
TOB BHIIE, YeM B 3aJIeralliux Ha OoJjbliefi IiIyOHHEe KOPeHHHIX (He
H3MEHEHHHX IOBEPXHOCTHBIMH NpPOLleCCAMHU) PYAHBIX Tesax.

4.5. BSAHMMGCBA3D MEXY NPOLECCAMHU
PYAOCOBPA3OBAHUS, METAMOP®U3MA U TEKTOTEHE3A

MHorde MeraMop(HUeCKHe TOJIIM COLEPXKAT PYAHBIe 3aJIEXKH; Me-
TaMopGH3M 110 NPaBy CUHTAIOT OJHHUM H3 BAXKHBIX PYA006PasyioIHX
npouecco. HenaBHHe HCCleNOBaHHs, OQHAKO, NOKAa3aJH, YTO CpaBIiH-
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1@IBHC  HEMHOIHE MECTOPOXKIEHHST 00pas3oBasiich HEMoCPeUCTBEHHO
Mol Bo3jgelicTBueM IpoleccoB Meramop¢usma. Haubosee u3BeCTHHIMU
MeCTOpOKAeHHAMH TAKOTO THIIA SBJAIOTCS MHPOMETacoMaTHUeCKHe 3a-
JIe3KH, C(OPMHPOBABIINEC B KOHTAKTE C IJIyTOHAYECKHMH HHTPY3HSAMH.
Ilpyrue, GoJee IIHPOKO PACIHPOCTPAHEHHBIE, MECTOPOXKIEHUsT 00pasy-
I0TCSl 34 CYeT paHee CYIIECTBOBABUINX PYAHBIX TeJ, MeTaMOp(H30BaH-
HBIX COBMECTHO C BMEIAIOIIHMU MOPOLaMH.

Xopowo H3BECTHHIH NPHMeD TAKHX MECTOPCXKAEnUH — KpYNHBe cTpaTHOpMHbIE
3aJie’H MacCHBHBEIX cyJb@uaoB Bpoken-Xuna B Hosom Oxuom Yaabce. Bmemaromue
3TH 3aJIeXXH HOPOJABl NMPEACTAaBJEHH CH/bBHO Pa3pyIIeHHBIMH NHPOKCEHOBHMH IDaHyJH-
TaMy H aMduboNHTaMH, 00pPa30OBABLIHMHCA H3 BYJNKAaHHYECKHX 1l OCaLOYHBIX IOPOJ.
PynHEE Teaa, CIOXKEHHHE MPeRMYIIeCTBEHHO KDYNHO3ePHHCTHIMH chajepuToM H
rafneluToM, 06pasyloT COrJiacHble JIMH3OBHIAHBIE 3aJeXKH, NPHYPOYEHHble K HECKOJbKHM
CXKaTHIM CKJaAKaM; MOIIHOCTh pPYAHHX JHH3 pocturaer 50—100 M B wmapaupHOH
yacTH CKJafoK. CTPYKTypHHle H TEKCTYpPHHIE OCOOEHHOCTH pPyJ CBHIETEIbCTBYIOT O
HEeOJHOKPATHhIX JedopMalHAX, KOTOPHM INOJABEPrajuch pyliikie TejJa BMecTe C BMe-
WaoIKUME TIOPOJaMH; 3TO O3HayaeT, YTO PYAHass MHHepa/M3alHs MpeAllecTBOBAJa
npoueccaM MeramopdusMa. B pesyabTaTe mocjefylOLIHX H3MeHeHHII IepBOHayalbHas
Npupoja pPYAHBIX Tesl OHJIa HAaCTOJNbKO 3aMacKHPOBaHa, HTO yXKe HET BO3MOXHOCTH
YCTAHOBHTD, KaKOe NPOHCXOX/eHHe HMeJH 5TH PyAH — BYJKaHHYECKOe HJIH 0CaJovYHOe.

PynHele 3ajiexy, npeicTaBleHHBe CyJabQHAaAMH JHOO OKHCJAAMH
MeTaJlJIOB, H3MEHSIOTCS [IOJ BO3JEeHCTBHEM BLICOKHX TeMIepaTyp H
JaBJIEHH}: OPOHCXOAUT HEePEKPUCTAJJIH3alHs M (HJIH) HOBOOOpa3oBa-
HHE MHHEpaJioB; BO3HHKAIOT 60Jiee KPYNHO3€PHHCTHe CTPYKTYPHl B pe-
3yJIbTaTe YBEJHUEHHS Pa3MepOB MHHepaJbHBIX 3€DEH; OCYUIECTBJIA-
I0TCA TakzKe pas3juyHble AeQopMalud PyAHBIX Tesl (CKJIaa4yaToCTh, pas-
pbiBHble HapyLIeHHs H T. A.), DTH IPOLeCCH HEH30€KHO NMPHBOLAT K
H3MEHEHHI0 pa3MepoB H (OPMBI PYAHOrO Tesad, YTO HAAO YYHTHIBATH
IpH pelLIeHHH BONpOca O BHIOOpe METOJAHMKH pasBelkH H paspaboTKH
TOr0 HJH HHOTO MECTOpPOXKIEHHS.

4.6. THAPGTEPMAJIbHDIE )KUJIbHBIE CACTEMDI

Baxuast posib rOpsiuHX BOJHBIX PACTBOPOB KaK MHHEpaJsH3aTOPOB
noJUepKHBaiach HeOAHOKpaTHO. I'HApoTepMaJbHbe (DJIOHAB  MOLYT
BLIHOCHTD IEJIBIH Psi METaJ/lJIOB U3 MarMaTHUecKHX 04aroB, OCaJ0YHBIX
HaccefiHOB HJIM W3 paHee MHHEPAJH30BaHHBEIX TOJIL. DTO, KaK IPaBHIIO,
coJleHble PacTBOpbl, TeMIepaTypa KOTOPHIX KoJsebJeTcs B AHala3oHe
150—160°C. J)Ku/bHble rHJpPOTEPMAaJIbHbIE MECTOPOKIAEHHS SBJSIOTCH
Ba;XHEIMH HCTOUHHKAaMH 30JI0Ta (KaK HEINOCpEeJCTBEHHBIMH, TaK H HI-
pallUIMH POJIb «IIOCTABLUIMKOB» 6JaropofiHOro MeTaJJja AJs 30JI0TO-
HOCHBIX POCCHINEH), a TakKe CBHHLA, LIHHKA, Cephl, BOJb(paMa H BHC-
MyTa.

OTJs0KeHHe MHHEPAJIOB H3 THAPOTEPMAJbHBIX pPacTBOPOB OGBIYHO
NPOHUCXOTHT BCJIEACTBHE H3MEHEHHsi TeMIepaTyphl, NaBJieHUs, 3Haye-
guii pH uau Eh. Ilpu ruaporepMajbHOM DyA00OOpa30BaHHH BO BCeX
caydasix HabJIOJAIOTCs SIBJIEHHs 3aMelleHHs GOKOBbix mOpox. Oue-
BH/HO, UTO XKHJIbHBIE MECTOPOXKIEHHS HaubGoJsee yacTo 00pasyiorTcs B
BepXHHX TODH30HTAX 3€MHOH KOpBHI, Ile HMEIOTCs OTKPBIThle TPELIUHEL;
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Puc. 4.9. I'upporepmanbHas xuiaa (dporocuumox I1. 'eppapna).

KpycrudukalunoHHasi TeKcTypa oGpa3oBaHa B pe3yJbTaTe IOC/IEJOBaTeNbHOrO0 HapacCTaHusi KpH-

CTaJIJIOB HAa CTeHKaX OTKPHITOH TpPEIIHHBbI; OT CTEHOK TPeIIMHB K ee IEeHTPaJbHOH YacTH H3

pacTBOpa OTJararTcs CjeAylollue TIJaBHble PYAbl H JKHJbHble MHHEpaJbl: LIEEJHT, KapGoHaThI,
chanepur, KaabUuT (pyAHHK Ksppox, KamGepneHnm, AHrius).

PYAHBIe KHJbl ObIBAIOT NPHYPOYEHH TaKXKe K 30HAM TEKTOHHUECKHX
HapyueHHH.

CTPYKTYpHBIE H TeKCTYPHble OCOGEHHCCTH THIPOTEPMAJbIBIX KHJI
OOGBIYHO OTPAaxKalOT IMPOLECC BBIIOJHEHHS TPEIUHH HJIH MyCTOT MyTeM
[I0CJIEI0BATENLHOTO HAPACTAHUSI KPUCTAJJIOB OT HX CTEHOK (puc. 4.9);
B pe3ysbTare obpasyercs nosocyatas (Tak HasbiBaemasi KpycTH(dHKA-
IIHOHHAs) TeKcTypa. I'peGeHuaToe CTpOeHHe KHJ OOYCJOBJEHO Ha-
[paBJEeHHBIM MePHeHIUKYIAPHO K CTEHKaM TDPEeLIHH POCTOM KPHCTAJJIOB
KBaplla, KaJbllUTa H JPYIHX MHHepaJOB NPH3MATHUECKOro raburyca.
OnH yacTo GHIBAIOT NPEACTABJIEHH XOPOUIO O6PA30BAHHBIMH KPUCTAJ-
JlaMH, HAapacCTAIIMMH [0 HANPaBJEHHIO K He 3aIMOJHEHHOH MHHEpa/b-
HBEIM BEIIeCTBOM IEHTPaJIbHOM YacTH TPELIMHBl HJU APYTOH IIOJOLTH.
[IpoxoxKaeHne THAPOTEPMAJbHBIX PACTBOPOB IO TPelIHHAM M CBS3aH-
Hble ¢ 9THM H3MeHeHHs1 GOKOBBIX IOPOJ NPHBOAST K 3aMeLIeHHIO CJa-
raplux HX 06pa3oBaHHi NJIOTHBIMH MEJKOKDHCTAJNJIHYECKHMH arpera-
TaMH XJIOPHTA, LOM3HTA, CEPHUIHTA, KaJbLHTA, a TaK:kKe TJHHHCTHIMH
MHHepaJaMH. XapakTep OpyAeHeHHs, TOT HJIH HHOH KOMILJIEKC XKHJIb-
HBIX MHHEPAJIOB 3aBHCST OT TeHeTHUYECKOH NPHPOJLl PYAOHOCHEIX pPacT-
BOPOB H OT TeMIlepaTyphl pyL006pa30BaHHus.

[Tpumeprl perHoHaJbHON 30HAJBHOCTH, NPH KOTOPOH pacmpefiesleHHe KaK PyIHBIX,
TaK M JKHJbHBIX MHHEPAa/JOB olpefetseTcs B NePBYIO OYepelb TeMIEPATypoli pyxo-
06pa3oBaHHs, MOXHO BHJAETb Ha MECTODPOXJAEHHSAX, INPHYPOUEHHBIX K CTPYKTYpPaM,
OKafiMAsIOIIMM TepUuHcKHi GatoauT B IOro-3amagHodt Aurimum  (cMm. puc. 4.4), a
TaKkxe Ha MECTODOXIEHHH MeIHO-NOpGHPOBHIX pyA paliona Buurema nHa 3anage
CIIA (cm. puc. 4.5). Ceepo-Tlennnnckoe pyaHoe noJje B CeBepHoli AHIJIHH
(puc. 4.10), B mpemesiax KOTOPOTO JKHJH, 3aJIeraillde B NMOPOAAX KAMEHHOYTOJLHOIO
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Puc. 4.10. Tupporepmanbuvie Mecropoxnuenus CeBepHoli Aurauu (Mo JAHHLIM
Jx. Mypa [1982 r.]).
a — paclupejesieHHe DYAHBIX JKHJ B Ipelenax HoKapGOHOBOTO TIpaHUTHoro GyHmameHTa (pyx-
Hple mnoas: [ — Jle#k-Auctpukrt, Il — Cesepo-IleHHHHCKOe); & — HIOTETHYECKHH paspes, [aio-
i npeficTaBieHHe 00 YCJIOBHAX DPyHoo6pazoBaHHsA (KaMGeDJeHICKHe JKese3Hble DYABl B OC-
HOBHOM CJIOXXEHBI T'eMaTHTOM).
[ — yyaCTKH KOHIEHTPallUH DYAHBIX KHJ; 2 — NPUGIMSHTENbHBIH TNYOGUHHBIA KOHTYD KaJeJoH-
ckoro 6aTosuTa (AeBOH); 3 — KajeLOHCKHE TIPaHHTHl; 4 — NYyTH LUPKYJASIHH THAPOTEPMAaJbHBIX
D2CTBOPOB H TeNJIOBhlE IIOTOKH B TPaHUTHOM GYyHJaMeHTe, BO3HHKAalOI(He 3a CYeT PaJHCaKTHB-
HbIX 3JIEMEHTOB.

Bo3pacTa, chOpMHpOBaJHUCh B KOHIE NaJze030s, IHpelcraBiser cobofi cBoeo6pasHy:
KOHIICHTPHYECKYI0 CTPYKTYpPY. LIeHTp 9TOH CTPYKTYPHI DAcmOJIOXKeH Haj forpeGeHHsM
JOKapOOHOBBHIM TIDaHHTHBIM  MAacCHBOM, GOraThiM paJHOAKTHBHBIMH 3JIEMEHTAMH.
ITo-suauMOMy, STH 3JeMeHTLl OKasblBajii Bo3JelicTBHe Ha ¢opMHUpOBaHHE PYA KAK
HCTOUHHK TEIVIOBOrO II0TOKA, KOHTPOJHPOBABIIEr0 KOHBEKIHOHHYIO CHCTEMY LHAPKYJIs-
[MH THAPOTEPMAJbHBIX PaCTBOPOB.

5. HEMETAJIJIMYECKOE CBbIPbE

5.1. BBEIEHHE

Munepansl, ropHble NOPOAB U HCKYCCTBEHHBIe BEIeCcTBa, paccMar-
pHB@aeMble B 3TOfi Iy1aBe, Ype3BLIYAiHO pPa3HOOGpa3HHl KakK II0 COCTaBy,
TaK H 110 06J1acTSM HX IpPHMeHeHHs. DTa rpymna BMellaeT caMble pas-
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Hbl€ NPHPOJHEIE COEIMHEHHS — OT TAKHX WIHPOKO DACHPOCTDPAHCHHBIX
10pOJ, KaK IVIHHBI, nOObIBaeMble B OTPOMHOM KOJHUECTBE, [0 PEAKHX
AparoneHHbIX KaMHell, HAIPHMep aJMa30B, MecTa paspaboTOK KOTOPHIX
Ha 3eMHOM IIape MOKHO COCUHTATL MO NaJblaM.

B nepByio ouepens MB mocTapaemcsi MO3HAKOMHTb BAC C €CTECTBEH-
EBIMH MaTepuaJgaMH, HCHOJb3YeMBIMH AJIsi CTPOMTENbCTBA PassIMUYHBIX
COOPY3IKEHU{, NOCKOJbKY OHH NPEeNCTAaBJASIOT co6o# HanboJee BasKHbIE
pecypcul HepYAHOTO CHIPbS, XOTsl Obl Guaroaaps uX OrPOMHBIM 3amna-
caM. Benen 3a 3THM nonbiTaemcsi LaTh IIPEACTaBJEHHE O CHIPLE, MpPH-
MeHSeMOM B TOHYapHOM IIPOM3BOJACTBE, TaK KaK OHO BKJIIOUAET MHOTHE
BelecTBa, SBJASIOUINECS OLHOBPEMEHHO H cTpoiimarepuanamu, Bmecre
pPaccMaTPUBAIOTCY OPraHHYECKHe XHMHKAJHH M TPOHU3BOAHHIE HedTe-
XUMWYECKOTO CHHTe3a, HeCMOTPSl Ha BCe Pa3HOOOpa3He UX KOHEUHHX
IPOIYKTOB. MHUHepaBl COMSIHEIX OTJIOKEHHH — 3BAMOPHTH — ONHCaHEI
B ClenHaJbHOM pasnede. KoHell IJIaBHl IOCBSIIIEH JIParoneHHbIM H fo-
NeJIOUHHIM KaMBSIM H HEKOTODHIM IeKODATHBHBIM MaTepHasaM, IpHUeM
naHa MX caMasi obuiasi, He IpeTeHAyIOIlasi Ha MOJHOTY XapakTepH-
CTHKA,

BrauvaJie cefyeT OTUeTIHBO NIPEACTABUTL cebe, B KAKOM OTPOMHOM
o0beMe M3BJEKAlOTCs M3 3€MHBIX HeAp Haunbosee BaKHBIE HepYAHEIE
uckonaemple. IIpy CTPOHTENBCTBE KPYMHOTO HHIYCTPHAJBLHOIO KOMI-
JIeKca TOJbKO Ha TIPOU3BOJACTBO 6eToHa Heob6xonuMmo okoJso 2000 T ar-
perata *, a Ha NPOKJaJKy | KM HOBOH JOPOTH €ro YXOAHT IO MeHbuef
mepe 10 000 . B Hauane 70-x ron0B B BeTHKOGPHUTAHUH €3KETrOAHO A0-
6niBasocs 100 MJIH. T mecKa, uyTo COTOCTABHMO ¢ TOXOBOH  106LIuei
yras, Crimydne cTpofiMaTepuasbl H3BJIEKAOT U3 HEAp OGBIYHO OTKPHI-
THIM CIIOCOOOM — B Kapbepax H KaMeHOJIOMHSX, IPHYEM H3-32 BLICOKOL
CTOHMOCTH TPAHCIIOPTHPOBKH 3TOTO CHIPbS CTApalOTCs BHOHPAThL MeCTa
Pa3paboToX KaK MOKHO OJHKe K CTPOHTEJBbHBIM IJomagkaMm (puc.
5.1). HenpepreHo BO3pacramuiasi moTpeGHOCT, B CTpOAMAaTepHasax
Hapsiay ¢ HeOOXOAMMOCTBIO OXPaHbl OKPYiKaIOIleH CPEIBl 34CTaBJSIOT
RO3BPAIIATLECY K MOBTOPHOI 3KCIJIyaTalldd CTapblX KaphepoB, paape-
30R R JIPYIHX OTKPLITHIX BHIPAGOTOK, a TaKkKe CTHMYJUDVIOT pasBHUTHE
NOOLIYA CHIIYYHX CTPOHMATEPHANIOB B 30HAX MJsKEH, 3CTyapHeB H HA
ADYTHX y4ACTKAX TPHOPEIKHOTO METKOBOADSI.

[

5.2, CTPONTEJIbHLIE MATEPHUAJIBI

5.2.1. CTPOUTEJIbHbBIN KAMEHL U WIUSGEPHBIA CJAHEL

MItyunpfi (610UHBIN) KAMEHb B TeUeHHE BEKOB CJYXKHJ MaTepua-
JIOM, HTPamUINM TJIaBHYH DOJb B CTPOHUTENbCTBE Pa3JHMUHBIX 3HaHHH,
MOCTOB, NODTORHIX COOPYKeHHA W APYTrHX o0BeKTOB. B Hacrosiee Bpe-
M5l KaMeHb B 3HAYHTEJLHON Mepe 3aMeHsieTcssi GETOHOM U CTaJblo.
OO6bIuHBIH CTPOMTENHHBIA KaMEHL M3TOTABJIHBAETCs B OCHOBHOM M3 Ipa-

* JlicGoit TBepABlt crpofiMaTepHas (Tecox, TrpaBHH, HMIIAK H ADP.), HCMOJIb3VEME
NpH CMRIIUBAHHUH C NeMEHTOM H ?:C(ba.TIL-.TOM: IPpUMEHSeTCsT INg TDOHU3BCJICTBA dero-
Ha, LITYXaTypKH, Kak 6ajacT NPH CTPOHTEJbCTBE Jopor, B KauyecTEe (Joca H T. I.
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Puc. 5.1. Tlecok u rpaBuil. Pajion Aunecc B CeBepo-Boctounoii Ilotnauauu, rae
8 1970-x rogax NpeAmoJNarajoch MIMPOKOEe NPOMBIIJIEHHOE CTPOUTENLCTBO (B UacT-
HOCTH, BO3ReJleHHe 3aBojJa HedTsHOro oGopynosanus B ropoae Hurr).

Ha cxemaTHuecKolf KapTe [OKa3aHO pacnpocTpaHeHHEe IPUTOAHBIX AJ pPa3pabGoTKH JeJLHHKOBLIX
NMeCKOB H T'paBHiiHO-rajiedHBIX OTJOXKEHHH, o6pasyloumnx B pesnbede BuITAHYTHIE TIpSAbl. DTH
rpaast cOPMHPOBAJHCHL MOA JHAeHCTBHEM BOAHLIX IIOTOKOB, MNPOTEKABIIHX BAOJb JEXHHKOBOTO
rnokpoBa JHGO ToJ HHM. BaH30CTh OGBEKTOB pPa3paGOTKH K JOPOMKHLIM MAarucTpajsiM H DeKaM
ofJiertaeT TPAHCHOPTHPOBKY CTpPoNMaTepHaNoB H JeJaeT BO3MOXKHOH HPOMBIBKY IleCKa M rIpa-
BHSI Ha MeCTe HX JAOGBIYH.
I — tunan, BanyHHBIE TJHHB, 2 — TOPQSHUKH; 3 — MJIOXO COPTHPOBAHHBbI TrajieyHo-rpaBHAHBIA
MaTepHaJ B aJleBDHTOBOH OCHOBHOH Macce; 4 — NecYaHO-TpaBHilHble OTJIOKEHHS, TepeKphIBalo-
IIHe CJOH TajibKH H TpaBHsl; § — JIEJHHKOBble IIeCKH, IDaBUHHHKH H aJIeBPUTHI, YaCTHYHO Nepe-
paGoTaHHbIe INOCTIEANHKOBBIMH MODCKHMH IpolleccaMH (HeGoJsblive Tesa HelpaBHJIbHOH GopMBI,
cJloiKeHHble IMeCKOM H TIpaBHeM); 6 — xKeJe3Hasl Jopora.

HHTOB, MACCHBHBIX NMECUaHHMKOB U H3BECTHSIKOB, KOTODHle NOOLIBAIOT B
BHJ€ NPSAMOYTOJbHLIX 6JIOKOB, He UMEIOLHX BHYTPEHHHX TPEIHH.

CrpoiiMaTepraJibl, HecylHe AOCTATOYHO OOJIBIIYIO HATPY3KY, JOJXK-
HBl 00/1a1aTh BBICOKOH NPOYHOCTHIO Ha cxKaTHe W Ha ciaBur, Ilng obuau-
LOBKH (hacaloB ¥ BHYTPEHHHUX CT€H 3[aHHH, a Takxke AJS MOIIEHHUS
JOPOT LIMPOKO HCIOJIb3YIOTCS Pa3/jHYHble TOPHble NOPOABI: H3BEPIKEH-
Hble (NPEeUMyIIeCcTBEHHO MOpPGHPHI), MPaMOpHI, U3BECTHSIKH C OKaMe-
HeJoCcTAMH, Tydsl (Hanmpumep, 6appoylesnbCcKHe BYyJKaHHTH Kam6Gep-
JIeHla), TPaBePTHHH U T. A. TpaJHIMOHHBINA KPOBEJBHLIH MaTepHAT —
3T0 IH(pEepHbIH cJaaHen (WJIH eCTECTBEHHBIH WH(ep), pacKasbBaio-
IIHfCS 1O MJIOCKOCTSIM CJIAHIIEBATOCTH HA TOHKHE POBHble MJIHTKH. Oc-
HOBHO# HCTOYHHK JOObIUM IH(bepHOro cjaHna B Bennko6pUTaHHH —
TOJIIH KeMOpuiickux caanuneB CeBepHOro YaJnca.,

Haubosee npouHBIfl CTPOHTENBHEI KaMeHb MOJYYaeTCs U3 TpaHu-
TOB M JAPYTHX MarMaTHYeCKHX MOpOJ, 06JafalolIuX MAacCHBHOH TeK-
CTYpO#, HU3KOH MOPHCTOCTHIO H CJIOKEHHBIX YCTOHYHUBHIMHM K Daspyiie-
HHIO MuHepasnamu (puc. 5.2). [TecuaHuku, 0COGEHHO ¢ H3BECTKOBHIM
11eMEeHTOM, JIerKO pas3pyIllaioTcsl NMoj AeHCTBHEM IPOHHUKAIONIEH B HHUX
BOJBI; U3BECTHSKH B ellle 6osiblieli CTENEeHHM pAaCTBOPAIOTCS H yalle
BCTYNAIOT B XHMHUYECKHE DEaKIMM, NPHUBOASLIHE K HX PAa3JOKEHHIO.
Hepsupasa Ha mepeuync/iIeHHbIE  HEJOCTATKH,  HMEHHO  H3BeCT-
HAKH HCIOJb30BAIHCh Ha cTpouTesbecTBe B IOkHO# — AHruum.
3nech cpelHEIOPCKHE H3BECTHSKH KPEMOBOTO ILBETa yKpallaioT 60Jb-
LWIHHCTBO CaMBIX JKWBONHCHBIX 3nanuit Bara, Oxcpopaa u Korcyosna.
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Puc. 5.2. PasHag ycTOAUMBOCTL TOpHLIX MNOPOA K BbiBeTPUBAHUIO (doTOCHAMKH
M. I'pes).

PesysbTaThl BBIBETPHBAaHHSI B TOPOJACKHX YCJOBHSIX INOKas3aHbl Ha MABYX IpeaMeTax H3 Kaden-
panpHoro co6opa cB. IlaBna B JIoHIOHe.
a — GiocT cB. AHApesi, DaHee HaXoAMBIIMHACS Ha NbeldecTase y 3anajHoro dacaga cobopa; u3-
BECTHSIK (IIOPTJIAHNCKHH KaMeHb), H3 KOTODOro H3BasitHa CKYJBITYpa, CHJIBHO IOBpeXAeH 3po-
3HeH; 6 —rpaHuTHass TymGa, cTosast BOJH3H TOro e 3amafHoro ¢acama; KakK BHJIHO Ha
dorocHuMKe, rpaHuThl [llema mouTH He NOCTpPafajH OT BHIBETPHBaHHSI.

[MopTnanackuii KaMeHb (M3BECTHSK MO3JIHEIOPCKOr0 BO3DPacTa), H3 KO-
TOPOTO CJIO}KEHbl MHOTHE HCTODHUYeCKHe coopy:keHusi JIoHZOHa, paxyer
Hal rjas, Koraa Mul Jio6yemcs co6opom cB, IlaBja u APYTHMH Lepk-
BSIMH, BO3IBHTHYTEIMH M0 TmpoekTaM Kpucrodepa Pena *.

CoxpaHeHHe KaMeHHOH KJaAKM — (GyHAaMEHTd, Ha KOTOPOM IIOKO-
UTCs LEJBIH DSl 3JaHUI H MAMSITHUKOB, NMPEACTABJSIOLIUX HCTOPHYE-
CKHH HHTepec, CBsI3aHO ¢ GOJBIIMMH TPYAHOCTAMH. [J1g mpeoposieHus
MX HajJo YYHTHIBATh KaK XapaKTepHbe CBOHCTBA CcaMOré INPHPOJHOrO
MaTepHasa, Tak U KJMMaTHUeCKHe OCOOEHHOCTH pafioHa CTPOUTEJb-
crBa. [J1aBHOH NPHYHHOM MOBpEXAEHHS CHHUHKCOB H JPYTHUX HCTODHYE-
ckux nmamsiTHUKOB JlpeBHero Erumnta siBisieTcst BetpoBas 3posus. B Ce-
Bepo-3ananHoii EBpome mpoiecc pas3pyuieHHsi CTPOHUTENLHOrO KaMHs
onpejessieTcsl rIaBHBIM 00pa3oM AeHCTBHeM BOJBI, NPOCayHBalOlIeHCs
B NMOPOBbLIE TIPOCTPAHCTBA U B MEJKHE TPeIlHHKH MOPOL.

dusnyeckoe BbIBeTPHBaHHE, OOYCJOBJEHHOe BJIHSIHHEM IIPOIECCOB
NpOMEep3aHHsl U OTTAHBAHHA, yCYryOJfeTCs XMMHUECKHMH DEaKIHAMH,
MPOTEKAIOLUMH DM MOCTYIJIEHHH B BOABI TAKHX PAaCTBOPHMHIX KOMIIO-
HEHTOB, KaK YIVIEKHCJBIH Ta3, CepOBOJOPOMA, CEPHHUCTHIH ras. B Tex

* Pen Kpucrodep (1632—1723) — anrauiickuii apXuTeKTOp H yYeHBIH, KpymHefi-
WHi TpPeACTaBHTEJb AHIVIMACKOro Kjaaccuuuama. IlocTpoeHHBle HM JKHJBlE JIOM3 H
LLEPKBH OT/IHYAIOTCS Pa3HOOGpasHeM KOHCTPYKTHBHBIX H HPOCTPAHCTBEHHBIX pelleHHH.
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NMEeCKOM ISl CKPeIJIeHHsl KHPIHYHON MM KaMeHHOH KJaikH. DBynyuu
CMeIaHHBIM C O60JIbIIMM KOJHUECTBOM arperara, OH HCHOJIb3yeTcs JJIsi
npousBoJCTBa GeToHa. OCHOBOH IleMeHTa SIBJIAETCA KapOOHAT KaJb-
11Hs1, H3 KOTOPOrO YacTh YIJIEKHCJIOro rasa yaaJeHa Harpesandem. Hus-
KOCODTHBI I[EMEHT MOXKHO MOJYUHThb IIyTeM O0XKHTa H U3MeJIbYEHHUs H3-
BECTHSIKOB, B TOM UMCJe IVIMHHCTHIX, [IOpT/IaHALIEMEHT (3TO OTKpHITHE
XIX Beka) moJsiyyaioT B pe3ysbTaTe HarpeBa CMeCH H3BeCTHsSKa M TJIH-
HBI [0 TeMIIepaTyphl, JOCTATOUHOH AJsi 06pa3OBaHUsl CHJIHKATOB KaJlb-
uus. BO3HHKIIHE NPH 3TOM LIeMEHTHBHIH («KaMeHHBI#») KJIHHKep pas-
MeJIbYaloT A0 MOPOIIKOOODPA3HOTO COCTOSIHHS (pasyMmeercs, OH HOJIXKeH
XPaHHTbCS B CYXOM BHJE).

['1aBHBIMH MCTOUHHKAaMH CHIPbs [JI51 U3TOTOBJIeHHs1 LeMeHTa B Be-
JUKOODHTAHHH CJIyKAaT KapOOHATHLIE OTJOXKEHHSI CEHOHAa (BepXHHH
MeJ1), Me3030ACKHe H KaiHO30#CKHe IvinHbl I0ro-Bocrouno# AHrauu, a
TaKKe M3BeCTHSKH Kap6oHa H OJHOBO3PACTHBIE HM IJIMHHCTHIE CJIAHIIBI
B ADYrHX pafioHax cTpaHbl. OCHOBHBIMH KOMIIOHEHTAMH L€MEHTa $§B-
JSIIOTCS H3BECTh, KpeMHe3eM U IVIHHO3eM; POLEHTHble OTHOLUIEHHS 3THX
KOMIIOHEHTOB MOTYT BapbHPOBAThb TOJIBKO B ONpeIeJeHHBIX NpeAenaax.
B umesom psine ciayuaeB paspyluieHHe CTPOHUTENBHEIX OOBEKTOB OBLIO
06yCJIOBJIEHO HCIOJL30BAHHEM HENPOYHOro GeTOHa, B COCTaB KOTOPOTO
BXOIHJ L[EMEHT CO CJHIIKOM BBICOKHM COJ€p:KaHHEeM IJIHHO3eMa.
K mpuMecsaM, ynydiraiolidM KayecTBo L€MeHTa, MOXKHO OTHECTH Belle-
CTBa, MMEIOIIKE B CBOEM COCTaBe MAarHui, HanpuMep AOJOMHTH. [Ipu
BLICOKOH TemIlepaType OHH NepexoisaT B mepukJaas (MgQO), Kortopwli
3aTeM MOXKeT ruiparupoBatbcs fo Opycura (Mg-H,O) c ysesnue-
HueM o6veMa. Cynbduibl U cynbdaTel NPEBPAIAIOTCH B LIEJOYHBIE
Pa3HOCTH, YTO TaKxKe BbI3LIBAET H3MeHeHHe 00beMa 1IeMEHTHOH MaccCHl.
JKeneso, mapranen, ¢ochop 1 GTOpP MOIYT BCTynaTb B PeaklMH, B pe-
3yJbTaTe KOTOPHIX YXYAIIaeTcsi KauecTBo KOHEUHBIX MPOJYKTOB.

5.2.4. KHPITUY U YEPENMHULA

KupnHuu #3roToBJASIOT U3 000KKEHHOH T'JIMHBI yxKe 6ojiee TpPeX Thi-
cayeneTHil. ExxerogHoe NpoH3BOACTBO KkupNHYa B BesnkoOGpUTaHHHU 10-
CTHIJIO HECKOJIbKHX MHUJJIMApAOB IUTYK. I'VIMHA, HAyIlasg Ha H3rOTOBJIE-
HHEe KHpIOHYa, JOJIXKHA OTBeYaTb ONpPENeJeHHBIM KOHAMIHAM. BOJbl
JOJIKHO OBITb CpaBHHTEIbHO HeMHOro (17,5—199%), uro yMeHbuiaer
ONIACHOCTb YyCaAKH KHPIIHYa BO BpeMs cymkd. HesHauuTesbHOe KOJIH-
4ecTBO YIJIEKHCJOrO KaJbLHS U aJeBPHTa * MOBHIIAET MPOYHOCTL H
CHHKAeT yChIXaHHe KHPIIHYHOH TIVIHHBI, a TPHCYTCTBHE XKeje3a OKpa-
UIMBaeT KHPIHY B NpHUATHBIE ToHA. COmepiKallue B INIMHE OpraHHYECKHe
BeIlecTBa, cropas NpH OOXKHre, CHHKAIOT 10TPeGHOCTh B TOIJIHBE, a
CJIe10BaTeNbHO, U 3aTpPaThl Ha Hero.

Konnuuuonusle riiuHel BCTpeuanTcsi B BeIHKOGPHTAHHU CPeLH TJIH-
HHCTHIX OTJIOXEHHH OKC(hOpIACKOro sipyca (BepXHsis 10pa); 3TO CHIPbE

* AseBpur (CHIHT) — OGJIOMKH NOPOA HJIH MHHepa/bHble 3epHA, MEHbIIHe N0 pas-
Mepy, ueM 3epHa GUeHb MEJKOro Ilecka, HO GoJlee KPYNHBIe, YeM Tpy6bie TJIHHHCThIE
qactuupl (mpubmusutenasuo 0,01—0,1 mm).
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n‘épepaSaTbIBaloT MHOrHEe KHpPNHYHBlE 3aBOAMI. linﬂ NpPOU3BOACTBA KHP-
[MYa HCIOJB3YIOT H JApyrie IJIHHBI KakK Me3030HCKOro, Tak H TpETHY-
HOro Bo3pacta. BooGlue roBopsi, KHPIIHYH TeX HJIH HHBIX COPTOB MOXKHO
M3TOTOBJISITh M3 CaMBIX PasJHUHBIX MarepuasoB. Hampumep, B cyo6-
TPONHYECKHX padHoOHaxXx H3 JIaTePUTOB (kcraTh, later mo-yaTelHH O3HA-
HayaeT «KHUPHOHY») IIOJYYaroT INPOYHBIE M A0JTrOBEYHhIE cTpoiiMare-
pHaJb B BHJE CTaHIapPTHEIX 6J0K0B. VIMeHHO TakHe GJIOKH NpHMeHs-
JIACh TIpH CTPOHMTEJNbCTBE MHOTHX XpaMOB M JABOPLOB B Kamnyuuu H
Taunauge.

5.2.5. CTEKJIO

Creksa0 (KaK IPUPOJHOE, TaK H MCKyCCTBEHHOE) MPeJ]CTaBJser co-
60fi mepeoxJakAeHHYI0 XKHAKOCTh (pacmiaB), upe3BblYafHO BHICOKAs
BSI3KOCTb KOTOPOH NPENSTCTBYeT HOHAM PacllOJIOXKHThCS B ONpeleseH-
HOM TIOpsi/iKe M 06pa3oBaTh KPHCTAJJIHUECKYIO CTPYKTYpy *. CTekio
SIBJISI€TCS] IPO3PAYHBIM HJIH NMOJYIPO3PayHbIM M30TPOIHEIM BEILECTBOM,
pa3GUBaOIMMCS [IPH yAape Ha OCKOJKH C PaKOBHCThHIM H3joMoM. Oc-
HOBHbIE CBOMCTBA, KOTOPBIMH JOJIKHO 00/1afaTh OOLIYHOE CHJIHKATHOE
CTeKJIO, — 3TO MPO3PauYHOCTh, TOMOTeHHOCTb K GeclBeTHOCTh. Ero moay-
yaloT naaBkofi kBapua (SiO;) B HPHCYTCTBHH TakKHX H00aBOK, Kak
Kap6OoHATHl KaJblUs HJIH HATPHA JHOO CynbdaT HATPHS.

Hanuuyne HEKOTOPHIX MpHMeCed NPHAAeT CTEKJy TOT HJIM HHOH
uBer (HampuMep, 3ejieHasi OKpacka «OyTHIJIOUHOrO» CTEKJa Olpene-
JSIeTCSI B OCHOBHOM IMPHCYTCTBHEM Keje3a). BmecTe ¢ TeM mNpHMecH
NPHUBOAST K CHHXKEHHIO TOMOTEHHOCTH cTekja. [TosTomy st u3roros-
JIEHHsI CTeKJIa NIPUMEeHSIIOTCA MeCKH M3 AudGhepeHiupOBaHHbIX U XOPOLIO
COPTHPOBAHHBIX OCa/JKOB, IPEHMYIIECTBEHHO Ieab(POBbIX (auui. ['1as-
HEIMH HCTOYHHKAMH CTEKOJIbHOTO CHIPbSI C/IYKAT KBaplleBhle IeCKH, Ie-
CYAHHKH C KPEMHHCTBIM L€EMEHTOM, a TaKke METaMOP(HYECKHE TIO0-
pPOABl — KBaPLHTHL.

5.2.6. CTPOUTEJIbHbIN TUNC, INTYKATYPHLIE
U U30JSLLHOHHBIE MATEPHAJIL]

CrpouTtesbHblil runc (ane6acTp) M WITyKaTypka HCMNOJb3YIOTCS B
OCHOBHOM IIPH OTAEJOYHHIX paboTax AJjs obecrnedeHus IJ1aJKOH MOBEpX-
HOCTH CT€H H TOTOJNKOB, VICXOZHBIM CHIpbeM AJs NOJYYEHHS STHX Ma-
TEPHAJIOB CJIYKHT MPHPOAHBIH THIC— BOAHHIA Ccy/abhaT KaJbLHs
CaS04-2H,0. Ecau stor muHepan Harpets g0 110—120°C, o Tepsier
YacThb KPHCTAJJIH3alHOHHOK BOAHL. [Ipu 3TOoM o6pasyercst Gesblil mO-
POIUOK — CTPOHTEJIbHBIH, HJIH IWITYKaTYpPHBIH, THIC («NapHKCKHH aje-
Gactp»), 3aTBepAeBalOUIMi NpH B3aHMOJEHCTBHH € BOLOH **. B Ha-

* Ilo arperaTHOMy COCTOSIHHIO CTEKJO 3aHHMAaeT NPOMEXYTOYHOE MOJOoXKenHe
MeXIy TeJaMH XKHIKHMH H KPHCTaJJIMUeCKHMH; XapakTepHa OODAaTHMOCTb INepexoja
H3 XHJIKOrO B CTEKJOOOPa3HOE COCTOsIHHE.

** HcXonHBIM CHIDbEM [JIS TAaK HA3BIBAEMBIX BO3LYLIHBIX BSKYIIHX MaTepHajIoB
CJYXKHT MHHepaJ aHrHAPHT — cyabdar kameuus (CaSO,). Iloayuyaemble H3 Hero
NPOAYKTHl — AHTHAPHTOBHIE H OTHEJIOYHBIH IEMEHT, SCTPHXTHIC — XOPOIUO H3BECTHH.
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CTosAlee BPeMs Yaile MNOJb3YIOTCS T[OTOBBIMH IITYKATYPHBIMM IJIH-
TaMH, HeXKe/JH THICOBBIM TOPOMIKOM; 3TH IIJIUTHl MPOTHUTHIBAIOTCS aJjle-
6acTpoM, CMEIIaHHBIM C KaOJHHOM.

[lpuponHEIME BellecTBaMH, H3 KOTODHIX B TE€UE€HHe MHOTHX JIET IIO-
Jyyaju M3OJSLHOHHBIE M OTHEYNOpHHE (3KapOCTOMKHE) MaTepHaJbl,
ObLIM MHHEpaJbl, 06beHHsieMble 101 06UIMM Ha3BaHHeM «ac6ecT». Onu
06pasyloT MroJbpuaThle HUTEBHAHbIE arperathl (BOJIOKHAa), KOTOpHIE
MOJKHO HCIIOJIb30BATh JAJIS1 M3TOTOBJIEHHs acGecTOBOH TKaHH, BOHJOKA
uad MIMT. [J1aBHBIE MHHePAaJIBl, CJy3KalllHe OCHOBOMH JJIsi H3rOTOBJIEHHS
TeXHUYEeCKOTo ac6ecTa, — 3TO XPH30THJ-acOecT (TOHKOBOJIOKHHCTAs
pPa3HOBHUJHOCTh CEpIEHTHHA, NPOHUCXOXKIEeHHe KOTODOrO CBSI3aHO CO
cnabbiM MeTaMop(pH3MOM BMELIAIONIHX NMOPOJ), TpPeMOJHT-ac6ecT (M3
rpynnsl aMmduboyoB, TakKe NPUYPOUEHHHIH K cjJaboMeTaMOp(dH30BaH-
HBIM NOPOZAaM) M HATPOBBIH KPOKHAOJHT, 06Pa3yIOIIMi KHJIL B I0JO-
CyaTbIX KeJe3HCTHIX KBapuurax (cm. pasgen 4.4.4) *. To obcrosaresnn-
CTBO, YTO ac6eCTOBble BOJIOKHA JIETKO NPOHHKAIOT B JIETOYHYIO TKaHb
YyeJI0BeKa, MpelonpeliesisieT pe3koe OrpaHHyeHHe, a B OYIyILIeM U IIOJ-
HOe NIpeKpalleHHe HCIOJIb30BAHUS 3THX MATepPHAaJIOB.

Ilpyrue mnpHpPOJAHBIE H30JSIUOHHBIE BeIIECTBA — 3TO AHATOMHT
(o3epHble OCanKH, CJIOKEHHBIE KPEMHHUCTBHIMH OCTaTKAMH PacTHTEJb-
HBIX MUKDOOPIaHH3MOB), BEPMHUKYJHT (XJOPHTOTNOMOOHLI MHHepal,
ofpasylouuiics B Cc1a00HM3MEeHEHHBIX YJIbTPAOCHOBHBIX MOPOAAX) H
MeJIKoyelryfuaras cJa0ja.

5.2.7. BUTYM U ACOAJBT

Psin pa3HOBHAHOCTEH TEMHBIX BSI3KHX, COAEPIKAIIHX YIIeBOLOPOLLI
IPHPOJHBIX MPOJAYKTOB BCTpPeUaeTcs B BHAE KHJ, 6ecPOPMEHHBIX CKOII-
JeHufi (4acTo 3aMOJIHSIOIMAX Pa3JHUHBE BIAAUHBI) H AaxKe OHTYMHBIX
«03ep». OHu o6pa3yloTcsi U3 HedTel, NOTEPABIIMX B NOBEPXHOCTHBIX
YCJIOBHSIX BCJIEACTBHE HCIApeHHs CBOM Haubojee Jierkue (Gpakiuy.
ActanbT Takoro mpoHCXoxJAeHHs (HampuMep, TPUHHIAACKHH) B Tede-
Hie MHOIHX JIeT HCIIOJIb30BAaJICSl B KaueCTBe BOJOHENPOHHIAEMOro Ma-
TepHaJa, a Takxe AJs CKpenJieHHs MeOHs NpU achanbTHPOBAHUH HJIH
TyMPOHUPOBAHHU JOPOXKHBIX NMOKPHITHH (B TOM UHcJe NS NMOKDPHITHSA
THOA «MakajgaMm»). JIasg TOH e LleJIM MOXKHO IDUMEHSITb H Pas3JjiudHble
TEMHBIE CMOJIHCTHIE BellleCTBa, 00pa3ylolinecss B Hpolecce NePeroHKH
He(TH.

5.3. KEPAMUYECKOE CbIPbE, OTHEYINOPHbIE MATEPHAJIbBI
A HANTOJIHUTEJ U

Fopmku, Kpy:KKH H Apyras AOMauHAs YTBapb H3JaBHA H3rOTaB-
JIMBAJHCb H3 IIACTHYHOH (ropLIeYyHO#) IVIMHBI, OT(HOPMOBAHHOMH, a

* Xpusorui-aclect o6pasyercs NPeHMyLIECTBEHHO B THAPOTEPMAJbHO-H3MEHEH-
HBIX, GOraThiX MarHesWeH yJbTPaOCHOBHHIX nopoxax. TpemosnT-acGecT (aKTHHOJHT-
acGect, aMHaHT) BCTPEYaeTCs B KPHCTAIMUECKHX CIAHIAX H OCHOBHbIX H3BEPIKEHHBIX
NOPOJaX, MOABEPTIIHXCS THAPOTEPMANBHOMY MeTaMopH3My.
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3aTeM npocymeHHoﬁ noa COJIHEUYHbIMH Jy4YaMH aubo nyTeM HarpeBa-
HHSl B CIIELlHaJIbHOH OGKHIOBOH IEYH.

JleficTBMTeIbHO, HA BceX NOHCTODHYECKHX CTOSIHKAx yalle Bcero 06Hapy:KHBalOT
OGJIOMKH TJHHSIHOH NOCYZB; HMEHHO N0 HHM yJAaeTcsl Han6GoJiee TOYHO YCTAHOBUTH
BO3DACT CTOSIHKH H OMNPENEJHTb, K Kakoil KyJbType OHa OTHOCHTcs. JJIS mpocThIx
TOHYApHBIX I/IBJIeJIHﬁ MOXKeT OBITh HCIOJb30BaHa NPpakKTHYECKH mobas T'JIHHa, H DO3TO-
My [pH H3TOTOBJIEHHH KYXOHHOH IOCYJbl, JpPEHaXKHBIX TPYO, UepenHIB!, LBETOUHHIX
TOPWIKOB H JPYrHX OLITOBBIX INpPeAMETOB OOBLIYHO HAYT B XOA MECTHBIE PECyPCHI.
I'nuna, npuMeHsieMas B TOHYApHOM Jelle, MOXET HMeTb Das3jHUHYK OKPAacKy — OT
6enoft 10 kpacHoBaTo-6ypoit. ['IHHSHAst MOCYAa, K&K NMPaBHJIO, COXPAHSET MOPHCTOCTD
nocyne o6XHra, HO 3Ty NOCYAY OOHYHO MOKPHIBAIOT ri1a3ypnio. TeppakoTa (KepaMH-
YeCKHe HerJasypoBaHHHE Hu3JeJHsi), ¢asHc u JAeabdT (He NOKPHTHIH IJa3ypbio
¢asiHC) — XOPOILIO H3BECTHHE NMPOAYKTH TOHYADHOTO HCKYCCTBA.

®apdopoBrie H3MCNHS, B TOM YHCJE TOHKYIO KeDaMHKY BLICHIET0 KadecTBa (BKJIO-
yasg Kak HauboJiee H3bICKAHHBIE CEPBH3bI, TaK H OOLIYHBIE 3JIEKTPHYECKHE H30JISITODHI
H N1a60paTOpHYI0 TOCYAYy) HAeNAlOT W3 IVIHHBL C BBICOKHM COJEPXKAHHEM KAOJHHHTA
ALSiO,0(OH)gs. Ilpn u3roToBNeHHH KepaMHKH u ¢apdopa yBaaXKHCHHAS TJIHHA
IepeMEeIIHBAETCs C MPHPOAHLIMH HJIH HCKYCCTBEHHHIMH (DJIIOCAMH, TAKHMH KaK PasMo-
JIOTHE B NMOPOINOK KpeMeHb, KBapl M moJeBofi mmnart. ITocne ¢dopMoBaHHS H CYIUKH
KepaMHueckass Macca mnojBepraercsi oO6GXKHry mOpH TeMIepaTtype NPHOJIH3HTENbHO
1200°C, B mpouecce KoToporo o6pa3yeTcs CTEKJOBHAHBIH pacmiaB. Tak Ha3bBaeMBIH
aHrJHHCKHE TBepAHt dapdop comepKHT docdar KaablHsd, NMOJYYaeMBII MyTeM Ipo-
KaJlMBaHHS KOCTeH XXHBOTHHIX. LIBer, oTZenka u Gueck ¢apdopa 3aBHCAT OT BHAA
raasypH, nobasisieMolt mpu o6xHre.

Yucrelmni, BHICOKOCOPTHBIH KAOJHHUT, HAYIIHA Ha H3TOTOBJIEHHE
tdapdopa, uMeeT rHAPOTEPMAJbHOE H IHEBMATOJHTOBOE HPOHUCXOXKIE-
HHe; OH o6pasyeTcss B OCHOBHOM IIDH pa3pyLIeHHH COAepIKallHX MoJe-
Bhle LINATH H3BEPKEHHBIX MOPOJ, MPEHMYLIeCTBEHHO rpaHuToB. B Be-
JUKOOPHTAHHH KaOJHHHTOBEHE TJIHHBI BHICHIErO KayecTBa BCTPEUAIOTCS
B repunHckux rpanurax (IOro-3amanuast Aurius, cMm. puc. 4.4). Buen-
peHue B HHUX TepMaJLHBIX XHMHUYECKH aKTHBHLIX DacCTBOPOB IPHBEJO
K KQOJIMHH3alMH MOJIeBBHIX IIIATOB M pa3PYIIEHHIO TPAHATOB ¢ 06paso-
BaHHeM pBHIXJOro MaTepHaJja, colepikaliero o6/JOMKH KBapua. [is
U3BJeYeHHs (BHIMBIBAHHSI) KAaOJHHA HCIOJBb3YeTCsl CHJbHAs CTPys
BOJBI; 3aTeM KaoJIHH OTJessieTcss OT KBaplUeBHX 06JOMKOB B OTCTOH-
HHKaX.

B nacrosimee Bpemss CenT-Octena (KopHyous1) siBisieTcs: OCHOBHBIM
IIEHTPOM Npou3BojcTBa ¢apdopa B AHrinu. MeHee YHCTHIE KaMOBHIE
TJIMHBEl, 06pa30BaBIIHECS] B Pe3YJbTAaTe BLIBETDHBAHHUS H INEPEOTJIONKE-
HHSl KAOJHHHTOBLIX IVIHH, OGHADYXKEHH CPelH O3ePHEIX OTJIOKEHHH
panHerpeTnyHoro Bo3pacta B Bosu-Tpeiicu wu Ilerpokcroy (eBoH-
urup).

Hanonnutenn, ucnonbayeMmble /g yBeJquueHHs1 o6bemMa GyMaikHOM
Macchl, KayyyKa H NPOAYKTOB He(TEeXHMHUECKOrO CHHTe3a, MOJYYaioT
H3 HMHEPTHHIX IVIHHHCTHIX MuHepasnoB H 6apura (BaSO,), xoropuit
IIPUMEHSETCS TaKXe B KayeCTBe YTSKEJHTeJs [VIHHHCTHIX pPacTBOPOB
npH 6YpeHHH He(TSAHHX CKBaXKHH.

MurepasbHEe BelllecTBa, (OpMa M XHMHYECKHe CBOHCTBA KOTOPHIX
CYLIeCTBEHHO He H3MEHSIOTCS NPH BBICOKOTEMIIepaTypHOM Harpese,
C/IyXaT OTHEYNODHBLIMH MaTepHaJaMH pJjist GYTEPOBKH CYILIMJIbHBIX H
OGXKHIOBHIX Teyel, KaK J1a60paTOPHBIX, TaK U 3aBOJACKHX. DTH Mare-
pHanbl HaxXOAT TaKxKe DasjHyHOe NpHMeHeHHe B 3JEKTPOHHOH H XH-
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Ta6anua 51. Orneynopusie matepnatbl M TEXHHYECKAs KepaMHKA
\

s s et et 2

Buyx chipbs

HcTOYHAK CHIpbS

KoHeuRHR NpOAYKT H
NpAMEeHeHHe

OrHeynopHHe IVIHHH

Keapuesre
KBapIUTH

TNIeCYaHHKH,

JoOMHTH

Margesnr (MgCOs)

CepneHTHHHTH, OJHBHHO-

BHE TOPOJH
Myaaur  (3AL0; - 2Si0y)

T'annosem (AlxOs)

Tanpk, creaTur

Okucasl GepHIHs, LHp-
KOHHS, TODHS, Marsus

I'yuHb, DOACTHJAAMOIIHE YIVIe-
HOCHBle ITaCTH KaMeHHO-
yrolsHHX OTJIOXeHH#H (Be-
JIHKOOPHTAHHSA)

BepxHekaMeHHOYTOJIbHHE OT-
JIOKEHHS (BeanukoGpura-
HHS)

Marse3naspHbee  H3BECTHSKH
KaMeHHOYTOJbHHX H IepM-
CKHX H3BEeCTHSKOBHX ¢op-
Mmauuit (BenukoOGpHTaHHA)

YIbTPaOCHOBHHE NOPOJH,
nojBeprigecs caabomy
MeTaMOpGOH3MY (T peuns,
IOrocanasusi); MeracoMaTH-
YyecKHe 3aJIeXXH B H3BeCT-
Hikax (YpaiabckHe TODH,
CCCP)

YbTDAOCHOBHHE  H3BepIKeH-
HHe TOPOAH

AnoMOCHAHKAaTH  (CHJLJIHMA-
HHT, KHaHHT, aHJAMYy3HT)
H3 MeTaMOp(H30BaHHHX

[VIHHUCTHX TIOPOX
BOKCHTH H CXOJAHHE C HHMH
NOPOJH, o6paboTaHHEIE
KayCTHYECKOH COA0H
Meramoppu3oBaHHEE MarHe-
3HaJibHble H3BECTHSKH
Depusii, IUPKOH, MOHAIHT H
JpyrHe MHHepaJH H3 Ier-
MaTHTOB H pOCCHINeH

OrHeynopHb# KHPIHY AJIs
GLITOBHX H MPOH3BOA-
CTBEHHBIX Ieyei

CHJIMKATHHA KHPIHY ISt
OGKHI'OBEIX H IUIaBH/b-
HBIX Ileyed

OrHeyHnopHHIH KHPIIHY
JJIs Keje3o- H craje-
IVIaBUJIbHHIX Teqel

To xe

»

CBeun 3aXHraHusd, [ApY-
roe 3JeKTpooGopynoBa-
HHue

TexHuyeckass kKepaMHKa
Hsonatopu Asa pajHo-

TeXHHKH
Texuuueckas KepaMHka

MHYECKOH NPOMBILIJIEHHOCTH. OTHeyNOpH M TeXHHUYECKYI0 KepaMHKY Io-
Jy4aiT KaK H3 IPHPOAHBIX MHHEpAaJOB, TaK H IOCPEACTBOM XHMHUe-
cKoro cuHte3a (tabJa. 5.1).

54. OPFTAHUYECKHWE XUMUKAJIUU U IIPOAYKTbI
HE®TEXUMHWYECKOIO CAHTE3A

Jler 50 Ha3ax, He roBOps yxe O OoJiee NaJE€KHX BpeMEHax, MOYTH
BCe TOpIOYHe INOJIE3HBle HCKONaemble — He(dTb, ra3 H yrojb, H3BJEKae-
Mble M3 3€MHBIX HeJAp, — HCHOJb30BAHCh (AKTHUECKH TOJbKO KakK
TomauBO, Tenepbp 3HAUMTENbHAsE 4aCThb MHPOBOH JOOBIYH YIJIEBOAOPO-
JIOB CJYJKHT HCXOAHBIM ChipbeM AJIsI He(TEXHMHYeCKOro NIpOH3BOACTBA
(Ta6a. 5.2). XuMHUecKas HHAYCTPHS BBHIIYCKAeT OTHOCHTEJbHO HeMIO-
pOrHe 3aMeHHTEJH NPHPONHBLIX OPraHHYEeCKHX H HEOPraHHYECKHX Ma-
TepHaJIOB.

HcxoaubnMu OpPraHH4eCKHMH CO€AHHEHHAMH, M3 KOTOPBLIX MOJY4alOT MHOTHE CHH-
TeTHYECKHe MaTE€pHaJB, ABJAIOTCA HH3IIHE HEHaChILUEHHBbIE Oﬂéq)HHbl (STHJICH H HEKO-
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TaGanma 592 Tiponssonusie medTH W yras (3a HckmOueHWeM TOIVIHBA)

Bun KoHeuHble BelecTsa

[ponyxTH nepe« | CmasouHbie Macia.
TOHKH JlopOKHBIE GHTYMEHL.
INapadun.
Moromne cpencraa
Mpoayktsl  ray6o- | AMMHAaK H COJNH aMMOHHS — HCXOAHOe ChIpbe JJIsi CHHTe3a

KOrO  pasioxe- 430THHIX yJNOGpEHHH.
HHS Yraepos — cepbe st J06aBOK, INOBHIAKOLIAX  NPOYHOCTD
CHHTETHYECKOTO KayuyKa, a Takxke JMJIs YIJIEPOAHHX BO-
JIOKOH
IMosnnMepht ITnacTMacchl (NMOMHSTHJIEH, NOJHCTHPOJI, NOJHBHHUJIXJIODHI).

CHJIHKOHOBHIE CMasKH.
CHHTeTHYeCKHe BOJIOKHA (HEeHVIOH, TepHJEH, aKpHi).
Kpacurean u Kpackm.
QapManeBTHUECKHe IpenapaTsl.
VIHCeKTHUH/H.

PeaxTHBHOE TOIIIHBO.
BapuiBuaThHe BelecTBa

e T S— S e s

Topsle Apyrue). Takue ojeuHH MOJYJalOT IVIABHEIM 06pa3soM U3 napaUHOBBIX Yrie-
BOJIOPO/OB (&JIKaHOB), coAepKaIluxcs B HedTH, ¢ MOMOLIbIO BHICOKOTEMIEPATYPHOTO
KPEKHHIa. OJTOT MPOIeCC NPHBOAHT K PAa3pHBY MJHHHBIX YIJIEBOAOPOAHHX wLemei
H K YRaJleHHI0O H30HTOYHOro Bojopoja. IlosysaeMble TakHM IyTeM PpasHOOGpasHHe
NPOAYKTH CJYXKAaT «CTPOMTEJbHHIMH OJIOKaMH» JJf CHHTe3a BHICIIHX IIOJHMEPOB,
B KOTOPHIX B3aHMOCBSI3aHbl THICAUH H JAeCATKH THICAY aTOMOB. BJsarojapsi mpoueccam
TNOJIMMEPH3alHH CO3JAI0T aHAJOrH MOJIEKYJ J[PeBEeCHHHl, XJIONKa, LIeJKa H MHOTHX
JAPYTHX NPHPOJHHX BeLIECTB.

5.5. IPOU3BOJAHBIE 9BANNIOPUTOB

OBanoOpPHTHl — XeMOT€HHble OCaJAKH apHAHBIX (3aCyLIJIHBBIX) 30H —
SIBJISIIOTCS] HCXOAHBIMH BELIECTBAMH MJIs MOJYYeHHS! LeJIOTO psia XH-
MHKaJIUA U yA0OPEHHH, IPUMEHSIOTCS] OHH H BO MHOTHX ADYTHX NPOHU3-
BoAcTBax (rabu. 5.3).

Mopckue 3BaNoOpHUTH, BEIIAAAIOIHe B OCAJ0K M3 BOA C BBHICOKOM
KOHIEHTPaUHeHd COJIH, aKKyMYyJHDPYIOTCS HA HHe 3aJHBOB H JaryH, ya-
CTHYHO OTIIHYDOBAHHBIX OT OTKPHITOTO MOPS, a TaKKe B OKaHMJIAIOLIUX
MOpCKHe GacceiiHbl 30HaX «ce6xa», TJle PhiX/ble AOHHble OCAIKH, IPO-
NHTaHHBIE pAccosiaMH, Bce GOJibllle 06OramamTes COISIMH MO MEpe HC-
napeHust BOABL. [lOHHBIE OCaAKH COCTOSIT IPEHMYLIECTBEHHO M3 CyJlb-
¢aroB Kasbuua (THICA MJIH AHTHADHTA) U KaMEeHHO} COJIH; B HHX NpH-
CYTCTBYIOT HeOOJblIHe, HO OLIyTHMble NIPUMECH COJIEH HATPHUS H Mar-
HHS («TOPBKHX coJiefi»), a Takxke 6poMa H HOAA.

OBanoOpUTEl HEMOPCKOTO MPOHCXOXKIEHHs, OTJIATAIOIIHECS B COJIs-
HBIX 03epax, pOpMHDPYIOTCs B 06/1aCTH BHYTPEHHEro CTOKa C mpeobJia-
JNalomHUMH NPOLECCaMH HCIapeHus. B aTHX ciayuasix cocTaB MHHepaJoB
9BAIOPHTOB ONpEJE/SETCS COCTAaBOM IIOPOJ, PA3BHTHIX HA TePPHTOPHUH
Booc6opHOro Gaccefina. O6JlacTH pa3BUTHS APEBHHX 3BANOPHUTOB He
COBHANalOT C COBPEMEHHBIMH, YTO OODBACHsETCA APelH(pOoM MaTepPHKOB.
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Ta6uarua 53 3sanopuroBsie MHHEPaNH M 06aacTH HX NpPUMeEHEHHS

A PR TS 7  FOR  AETS

MuHepaJn

Ycaosuss o6pa3oBaHHs,
pacnpocTpaHeHHe

Hcnoab3oBaHue

Cyabdars

Tunc (CaSO,-2H,0),
annugpur (CaSOy)

Ancomur (MgSO,-

H,0

MupaGuaur (NapSOs-
-10H,0)

Camoponnas cepa (S)

Tamonab

Tanur, KaMeHHas CcOJb

(NaCl)

CunbBur (KCI)

Kapuasar (KCl-
-MgCl,-6H,0)

Hopatu Kanbuus, Ka-

JIHS, XpoMa
Kap6onatst

Hatpur (NapCOs-
-10H,0)

Boparu
Bypa (N32B207 . IOHQO)

Hutparn

Cenurpa (KNO;), Ha-
TpHeBas CeNUTPa
(NaNOQ;), xOMIIeKc-

HbBI€ COJIH KaJus, Ha-
TPpHsA, MarHusa

Munepan paHHero ocaxe-
HHS,, OGYCJIOBJIEHHOIO HH3-
KOH DacTBOPHMOCTBHIO, MO-
XeT BcTpeuaTbest 6e3 Jpy-
I'HX 3BalOPHTOB

CBsI3aH C TO3NHHMH CTajHsI-
MH 006pa3oBaHHA 3BaAlOPH-
TOB MODCKOTO TeHe3Hca

ConoBele 03epa

OGpasyercs B COJIIHHIX KY-
nojiax M3 THICA H aHTHI-
pura B pe3yJabTaTe 6aKTe-
PHAJNBHOA JesTeJbHOCTH

Ocaxpaercss paHblie KaJaHi-
HBIX COJIeHl H IO3[Hee IHII-
ca

IMo3nuuit MuHHepan 3amelle-
HHSI B OTJIOXKEHHSIX KaJHH-
HBIX COJlel

Murepan MOpPCKHX 3BalopH-
TOB INO3/FEH cTajuu obpa-
30BaHASl (cTafusi TOPbKHX
cogieit)

ITo6oyHBIE TNPOAYKT
CKHX CeJIHTD

YHJIH -

B pacrBOopax COROBHIX 03ep

B sBanopuTax HeMOpPCKOro
NPOHCXOXKAEHHS;  IOCTYI-
JeHHe Oopa MOXeT OBITb

CBsA3aHO C THAPOTepMaMH

B Hemopckux 3Bamopurax,
[JIaBHBIM 006Da3oM  UHJIHH-

CKHX

CrpoutenpHblfi rumc (ane-
6acTp),  IITYKaTypHBE
MaTepHaJsBl, CepHas KH-
cJoTa, HHCEKTHIIHAHI,
ya06peHus

JlekapcTBeHHBIE CDeJCTBA

Bymara, tekcruib, Kpa-
CHTEJIH, B3pHIBYATHIE
BelllecTBa, YAOOPeHHs

Ceprast kHcsI0Ta, yaobpe-
HHUSA

KoHcepBupylomue  cpen-
cTBa, KayCTHYecKast CO-
Jla, KPacKH, MBLIO, HH-
CEeKTHIH/IHI, JIeKaperT-
BEHHBIE IIpenapaTk

CHJIBBHHAT  (CHIBBHH ¢
raJquToOM) — KaJHiHoe
yao6peHue

Ynobpenus

AuTHcenTHYECKHE cpen-
CTBa, HOMHAL, (HOTOXH-
MUK aJIHH

MBIJIO, KayCcTtHyeckass co-
Aa, CTeKJOo

Cnasypy,
6yMmara,
KOX

9MaJlg, CTeKJIo,
o6paboTka

Yno6penus, B3pBIBUATHIE
BellecTBa, a3oTHas KHC-
JoTa
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MORCKOd BOALI

Puc. 5.3. Pacnpocrpanenve nepmckux 3aiexeil morama (kapGomara Kanna) B Ce-
sepHofi Espone (a) u TuioBoi auronoruueckuii paspes B paiiome Wlracdypra (0).
B nepmMckoM Mope (UexuiTeiH), XapakTepHaylolleMcsi BBICOKOH KOHLEHTpauueit cosed, 3sparno-
PHTH OTJIarajJHCh B JBYX OacceliHaX, OXBaThIBAIOIIHX coBpeMeHHoe CeBepHOe Mope H IpHJe-
rapomue paitoHel Ccymd. B 3sBamopurax [OxHOro G6accefiHa, MOLIHOCTb KOTOPBIX /OCTHraeT
100 M H 6ojee, 3aPUKCHPOBAHO OO YeThipeX WHKJOB OCaJKOHAKOIJIEHHS.
1 — 3BamoOpHUTHI, MpeJCTaBJeHHble NPEHMYLIeCTBEHHO TrajuToM; 2 — KapOoHaTsl (MeCTaMH OTMe-
Jal0TCs 3BAlOPHTHI); 3 — Cylla.

['naBHBIE MPOMBILIIEHHbIe MECTOPOKIEHHs 3BanopuToB B EBporne mpH-
YPOUEHB K IePMO-TPHACOBBIM OTJIOXKEHHAM (0CO6eHHO K 06sacTaM
pa3BuTHA LexIiTefiHa), a Takke K CPeJHETPETHUYHHIM OCaJKaM.

B of6nluHoii Mopckoi Bome (cM. Taba. 2.1) comepxurcs 3,59% pacTBOpeHHHX
BeNIeCTB, GOJBIIHHCTBO KOTOPHIX MOCTYNHMJO TyAa B Pe3yJbTaTe CHOCAa Pa3pyIIEHHOrO
MaTepHa/Ja OOHAXKHMBLIHXCS Ha 3eMHOU IIOBEDXHOCTH BEIBeTpPeJbIX NOpoA. OTJoxeHHe
Naxie HaHMeHee PACTBOPHMBIX MHMHEDaJOB HAaUHHAETCS TOJNBKO IIOCJE TOro, Kak o6beM
BOJHOH MacChl YMEHbUIHTCSI NPHOJH3HTENBHO BABOE; HaHOOJee e PacTBODHMEE IOpb-
KHe COJIH HATPHS H MarHHs 0oCax<AaloTcs TOJBKO HA 3aKJIOYHTEJBPHOM 3Talle Ipolecca
ucrnapenus. [losToMy B MOpPCKHX 3BamopHTax Ha6mofaercs XapakTepHas IOCJENO-
BATEJIbHOCTL OTJIOXKEHHH OT THICa M aHTHADHTA N0 MOLIHBIX COJSHEIX IJIaCTOB H B
KOHEYHOM HTOre MO TFOPBKHX coJiel, NMPeACTaBJSIOIHNX 3HAYHTEJbHYIO IEHHOCTb, HO
NOBOJIBHO PEAKO COXPAHSIOWMXCst B paspese. Hapyllenus xoja NPOLECCOB HCIApeHHs
H KOHLEHTpPAlUMH coJiell B pe3yJbTaTe MPHTOKOB HOPMaJIbHOH MOPCKOH BOABI MOTYT
NPHBECTH K IOCJeN0BaTeNbHON CMeHe IHKJIOB OcaJKoHakoreHus (puc. 5.3).

Jlpyrue HCTOUHHKH KaJHHHBIX COJieH, HMeollHe 60JibllIoe 3HAUEHHE,
IpHypOYEHB! K MepMCKHUM 3BanmopuTaM Hplo-MeKCHKO, K HHXKHETPETHU-
HbIM OCaIOYHHIM noponaM PeifiHckoro rpafeHa, a Takxke K 6GaccefiHy
d6po B Hcnanuu. KameHHass coip (rajuT) — MHHepaJ, NpHCYTCTBHE
KOTOPOT0 B IHIIe HEO6XOJHUMO [Jisl 3L0POBbSl UeJOBEKa H JKHBOTHBIX, —
C IOHCTOPHYECKHX BPeMeH fBJIsJaCh OObEKTOM TOPIOBBEIX OIepallui.
Ona sHaunTesbHO GOJIee IIHPOKO pPacHpoCTpaHeHa IO CPAaBHEHHIO C Ka-
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JUHAHBIMH CONsiM U, KpynHbIE MQCTO‘pO}Kﬂ.eHI/lﬂ raJiuta npuypodenbl K
TPHACOBBIM OTJIONKeHHSM EBpomL.

Hemopckune sBanoputhl 60Jiee pasHooOpasHLl MO COCTaBy, MHpPHYEM
npeobiajaHne T€X WJIM HHBIX PA3HOBHAHOCTEH 3THX COJIEH H HX Cpap-
HHTEJbHAsS LEHHOCTb ONpeNeNsIoTCs XHMHUeCKHM COCTaBOM MOPO/,
IpeACTaB/JIeHHEX B Npefenax BOAOCGOPHEIX 6ACCEHHOB, H COCTABOM Be-
LIECTB, BLIAEJNSAEMBIX IPH BYJKAHHUYECKHX OSKCrajslHsiX H HEKOTOPBIX
Apyrux npoueccax. Comosble o3epa ¢ MpUCyTcTBHeM KapboHara HaTpHst
BCTpeUaloTCs B 3acylliuBoil gacTu Bocrouno-AdpuxaHckop pHPTOBOH
30HH, Tle IHUPOKO PA3BUT ILEJOYHOH H MadHuecKuii ByJIKaHU3M. B co-
JasHbix o3epax IOTH # apyrux cpeiHesamaubix mrato CIIA coxmep-
)karesd 6ypa * u cXoAHble ¢ HeHl MHHepaJibl. YHHKAJbHbBE COJSIHBIE Me-
CTOpOKIeHUs1 B nmycThiHe ATakama (Uuiu) coay:KaT OCHOBHBIM HCTOY-
IHKOM JZOGLIYH HHTPATOB KaJjiks M HAaTpHsi (CeNHTPLI), a TaKkKe HOJLH-
IOB Hapsiay ¢ 6opaTamu, cyJjbdaTaMyu H KaMEHHOH COJIbLIO.

@OopMHDOBaHUE COJSHBIX 3aliekel, PaAcCNpOCTPAHEHHHLIX K 3amany
oT AHz Ha mpoTsKeHuu Gosiee 700 KM, MO-BHAUMOMY, CBSI3aHO C ypes-
BHIUA{HO 3aCYLIJTUBBLIM KJIHMATOM, COXPAHHBINHMCS CO CPEIHEeTPETHY-
HOrO BPEMEHH, a TaK¥XKe C MaJOUHCJAEHHOCTBIO B TAKHX KJIMMAaTHUECKHX
YCJIOBHSX pacTeHHii u OaxTepuit, morpebasiiomux HUTpaThL. [Ipucyrct-
BHE HEKOTOPHIX MHHEpPaJOB 00YyCJIOBJIEHO MPOIleCCaMH aHICKOTO BYJKa-
HH3Ma. MICTOYHHKOM coJief, B TOM 4YHCJe HHUTPATOB, COTJIACHO COBpe-
MEHHBIM THIIOTe3aM MOXKeT ObITb NpHOOHHasi 30HA, oforaiieHHas op-
raHH9eCKHMH BeIllleCTBAMH, H3 KOTOPHIX 06pa3yercs aMMHAakK, oTJaralo-
IOIINHACS B BUJAE CYXOro Oocajka,

5.6. POCPOPUTHI

®dochop — 3/1eMeHT, COBEPIIEHHO HEOOXOAMMBIH MAJS  KH3HEHHBIX
npoueccoB, Uro xke xacaercs ¢ochaTHbIX yroOpeHHUil, TO OHH HIpaioT
OCHOBHYIO POJIb B NOBHIIIEHHH MJIOAOpoZHsi mouB. Bosnee 809 rtakux
yno6peHui MONyYalOT U3 OCafouHEIX (GochopuToB. '1aBHBIE cTPAHBl —
sKcnopTepsl pochaTHeix yrobpennin Mapokko, Tynuc, CIIA, CCCP u
Toro. B HekoToprix ¢dochopuTax NPHCYTCTBYIOT MOBLIIIEHHbIE KOHLIEHT-
pallUd TaKHX 3JEeMEeHTOB, KaK ypaH, peJKHe 3eMJid, BaHaau#, pTop u
Jlazke 30JI0TO; HX H3BJIEKAIOT HOIYTHO.

®ocdoputhl 06pa3yrOTCss Ha JHE MOpPeH H OKeaHOB GHOXHMHUECKHM
nyTeM, BCTPeuasCh OOBLIYHO B ACCOLHALMH C OPraHHYECKHMH BEIIeCT-
Bamu, OHH IpejCTaB/eHE KOHKPEeUHsIMH H KeJIBAKaMH, a TAKKe CIJIOLI-
HBIMH 3€MJHCTBIMH MAacCaMH CBeTJIO-CEepPOro IBeTa, IVIaBHBIM MHHEpa-
JIOM KOTODHIX SIBJISIETCSI allaTHT, HMEIOUIHH caMoe BBICOKOe cOJepiKaHue
docparos (coseir opTodochopHOii KrcaOTH), PochopuThl  (0cO6EHHO
CpeIHETPEeTHYHONO BO3pacTra) 3aJerarorinsitu Ha coBpeMeHHOM oKea-
HHUECKOM Joxke y mobepexuii Kaaudoprun, Cesepo-3anansosi u IOx-
Hofi Adpuku, Asctpasnun, HoBoit 3enannun u 3anannoi yactu IOxHoi

* Mmunepan G6eJoro, CHHero, 3eneHoro uau ceporo usera (NapB,O7-10H;0);
seaseTcs pyxod Ha 60p.



Awmepuxru. Ilo Bceli BepOATHOCTH, OHH NPHYPOUEHHl K y4acTKaM alBeJ-
JINHTa — 30HaM BOCXOJSIIMX TJYOHHHBIX BOX, OOOTalieHHHIX IMOJIE3-
HBIMH KOMIIOHEHTaMH.

Bosee npesuue 3anexu HOCHOPUTOB, HANIPHMeD IO3LAHEMEJOBHIE —
panHerpernunble ¢pochopuTel Mapokko, (HOpPMHUPOBANUCH, TO-BHAH-
MOMy, B MEJKOBOAHBIX 3a/luBax, rle ¢ocdopcoaep:kauige opraHuye-
CKMe OCTaTKH OblIH IepepaloTaHb B YCJIOBHSX CJ1a6Oro AOCTyNa KHC-
gopopa. OueHb LIMPOKO pacnpocTpaHeHsl (GOCHOPHUTH IIO3THENO-
KeMO6pHHCKOro — KeMOPHHACKOro BO3pacTa, MHOTHe 3ajieXH KOTOPBIX
6blTH OOHapyIKeHHl JHLIb B HelaBHee BpeMs. DTOT (HakKT MOxKeT CJay-
JKHTh JOKa3aTeJbCTBOM TOTO, UTO IPHCYTCTBHe CKEJETOB BHICOKOpas3-
BHUTHIX KHBOTHBEIX He sIBJIsieTCs 06s13aTesIbHBIM yCJOBHEM nJisi 06paso-
BaHusA (ochopuToB, PochOPUTH 3TOTO BO3PACTA H3BECTHH B IpEAEIax
Bretnama, Kurass, CCCP, HUunuu, Bpasuann, a Takxke B CeBePHBIX
pafionax llentpasnbHoii AbpukH H B ABCTpasHH.

5.7. APATOLEHHBIE, NOXEJOYHDBIE
U JEKOPATHUBHBIE KAMHHU

MuHepasbl U ropHble INOPOABI, HMEIOIIHe KaK NPaKTHYECKYIO TaK H
SCTETHYECKYI0 IIeHHOCTb, BKJIIOUAIOT LEJBIH PAJ NPHUPOLHBIX COeJHHE-
HHH — OT JparoieHHbIX KaMHeH, yKpamalmoluiixXx KOPOJEBCKHe perasuy,
JI0 PA3JIHUHBIX OXP H yMOp *, KOTOphle B IIPEKHHe BPeMEHa CJYKHJIHA
OCHOBHBIM CHIDbEM JJISI H3rOTOBJIEHHS MHHepa/JbHBIX Kpacok. Jlparo-
IeHHBle KaMHH paiyloT Iya3 6oraTcTBOM Kpacok, INpO3pavyHOCTbIO H
cBepKaHueM rpaHefl. AnMas, pyOuH H candup OTIMYAIOTCS IJIOTHOH
yIIaKOBKOH aTOMOB B KDHCTAJIJIMYECKHX peIleTKaX, HEeSCHO BBbIpaXKeH-
HOIl CIaHHOCTHIO, BHICOKMMH NOKa3aTeJsIMH IPEeJOMJIEHHS H TaK Ha3Hl-
BaeMbIM ajMa3HbIM OseckoM (Ta6a. 5.4). Bce 3TH KauecTBa BHIABJSA-
I0TCSl TPAAMIHMOHHONH TEXHHKOH OTpaHKH, YCHJHBAIoLIell BHYTPeHHee OT-
pazxenue cBera (puc. 5.4). Kpome Toro, ns1s anmasa xapakTepHa CHJIb-
Has Jgucnepcusi, 6jarofaps 4eMy BO3HMKAeT Hrpa CBeTa Ha TIpaHsX
KDHCTaJJIOB, Iepe/MBAIONUXCsl BCeMHM IBeTaMH paayrd. MHckioun-
TeJbHO BBICOKasl TBepJOCTh (mo imkaJje Mooca TBepJocTb anmasa 10,
KOpyH/Aa 9) ompejesseT NPOMBIIIIEHHO® HCIOJIb30BaHHE 3THX MHHepa-
JIOB B KauecTBe abpa3suBOB H PeKYUIHX HHCTPYMEHTOB.

I'panat, nupkoH, 6epuya u Tomas — GoJiee PacHpoOCTPaHEHHble MH-
HepaJ/bl; HX KPHCTAJJIBl MOTYT OBITh OTHECEHBI K KJACCy AparoleHHBIX
KaMHeH TOJbKO IPHU ONpeleJleHHBIX yCJOBUsIX, Penxo BcTpeuarolnnecs
sIPKHe LBeTa y OOBIYHO TYCKJEIX MHHEpaJsoB, TAKHX KakK KBapl, obyc-
JIOBJIEHHl B NEPBYIO O4epelb NMPHCYTCTBHEM B HX COCTAaBE 3JIEMEHTOB-
npumecefl. IIBer 3eseHON pasHOBUAHOCTH OepuJia — H3yMpyLa —
Takxke Omnpejnessercs, KaK INPaBHJIO, XPOMOM HJIH BaHagHeM, B TO

* YMO6pa — NpHPOMHBIA MHHEDAJBHBIH NHIMEHT KPacHOBATO-KODHUHEBOTO IBETa,
Gomee TeMHBI, YeM OXPa; COCTOHT H3 OKHCJIOB MapraHiia, THADPOCKHCIOB Xejesa,
IJIHHO3eMa H T. I, ‘
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BpPeMsl KaK LBET ero CHHeii pPa3HOBHAHOCTH — camndupa — o6yc/oBjen
KeJe30M HJIH THTaHOM. SIpKasi OKpacka MHHEPaJOB MOxKeT ObITb CBf-
3aHa TaKxe CO Crenu(pUIECKHMH OCOOEHHOCTSMH HX KPHCTaJNJIHYECKOH
CTPYKTYpH. MCTOUHHKaMH MHOTHX [AparoieHHbIX KaMHeHd sBJSIOTCA
H3BepKeHHble TopoAasl. Py6unbl u candupel Kamnyund u Taunanna
IPHYyPOYEHBl K HEKKaM INEJOYHBIX 6a3aJIbTOB.

IlepumoT (AparoueHHasi pa3HOBHAHOCTbH OJNMBHHA, Ha3biBaeMasi Tak-
’Ke XDH30JIMTOM, 0 KoTopoM ynomuHaer Ortessio *) BcTpedaeTcs B BHJE
BKPaIlJIECHHHKOB B OCHOBHBIX Nopojax. KopeHHEIM HCTOUHHKOM a/JMa30B
SIBJISIeTCsT KHMOEPJIUT — HeoObIYHASl YJIbTPAOCHOBHASI H3BEDKEHHAsS IO-
poja, 3ajerarllas B BHAe AaeK HJIH LUUJIHHJDHYECKHX TeJ, KOTOphIe
Ha3blBalOTCs TPyOKaMH.

ITo Bceit BepoaTHOCTH, Tpy6KH (HOPMHpPYIOTCS B pe3yJ/bTaTe B3PLIBOB MIYGHHHBIX
rasoB. OcoBGeHHOCTH cocTaBa KHMGepJHTOB H TOT (DaKT, YTO BO MHOTHX KHMGepJn-
TOBBIX TeJlaXx OOHApYyXKeHBl KCEHOJNHTH MAHTHAHBIX NOPOA (3KJOTHTA HJH IepHAO-
'rma%, CBHETeNbCTBYIOT O GOJIBLIMX IMyOHHaX 06pasoBaHHS MaTEPHHCKOTO DaciljiaBa.

KCIePHMeHTaJbHble HCCIeLOBaHUSI IIO3BOJHJIH NPHATH K BBHIBOAY, 4TO aJMa3bl
YCTOHYHBHE TOJBKO Ha ray6HHaX, mpeBbimanmux 150 xM. IlpencraBisieTcs BEpOSTHEIM,
4TO aJMas3ocojepiKalive KHMOepJHTOBble MarMbl MHTPHDOBAJH NPHOGJH3HTENBHO
C TaKHX IJyGHH, Hecs NPAKTHIECKH He OIJIaBJIEHHBIe KCEHOJHTH H KCEHOKDHCTH **.
MaHTHIHOrO BellecTBa. BMecTe ¢ anMasaMu B Py KCEHOKPHCTOB NpeNCTaBJIeH TaKikKe
MarHe3HaJbHBHIH TrpaHaT OHPON, SBJSIOIHACT MHHEPAJOM-CIYTHHKOM ajMa3a; ero
NPHCYTCTBHE CJYXKHT IOHCKOBBIM IpH3HAKOM. IIHpom BCcTpeuaercst B pa3iHYHBIX
TOBEPXHOCTHHIX HAHOCAaX H PYCJNOBBIX OCajKaX, KyAa OH MONajaeT H3 pa3pyllaeMBIX
BHIBETPHBaHHEM KHMOEpJIHTOB.

IlparouneHHble KaMHH 00pa3ylOTCss TaKxe B NEerMaTHTax H B MeTa-
Mop(dHUECKHX NOPOAAaX, Tle BHICOKHe KOHIEHTPAaIMH JIETYYHX KOMIIO-
HEHTOB CIIOCOGCTBOBAJH (POPMHPOBAHHIO KPYNHHBIX KpHCTaunoB. Takue
MECTODOXK/eHHUs], HeGOJbIIHe N0 pa3MepaM, HMEIT T'He31000pasHyio
dopmy; pa3pabaTbiBalOTCSI OHH OOBIYHO OTKPHITHIM CIIOCOOOM (e[HH-
CTBeHHAas TOpHas MOPOJa, COZepiKallas ADATOLEHHble KaMHH, IIPO-
XO/IKa KOTOPOfi IJyOOKHMH TODHBIMH BBIDAa6OTKaMu DPeHTabesbHa, —
3TO aJMa30HOCHBIE KHMOGEPJHTH). YCTOHUYHBOCTb, NPOYHOCTH U BHICO-
Kasi MJIOTHOCTh MHOTHX CaMOLBETOB IO3BOJISIOT MM COXDAaHATHCS B He-
H3MEHEHHOM BHJE, B TO BpeMs KaK MaTepPHHCKHe NOPOJbl Pa3pyualoTcs
NOJ J1efCTBHEM BHIBeTPHBAHHs M JPYrHX mpoueccoB, «CHHASA 3eMJIs» —
MPOAYKT BHIBETPUBAHHs KHMOGEDPJHTOB, KaK IPaBuJo, OoJjee aaMaso-
HOCHA, YeM HeH3MeHeHHBIH KHMOEpJIHT.

B mpouecce mepeHoca BOoZaMH CaMOLBETHl Hapsiiy C APYTHMH Ts-
JKeJBIMH MHHepajaMH OTJEeJSIOTCS OT PHIXJBIX O0CajgkoB, o6pasys
GoJiee MJIH MeHee 3HauMTeJbHble CKOMJeHHs. Pocceimn Ha peke Opal-
JKeBas, a TaKKe B OTJIOXKEHHsIX APeBHHUX miskeldl Hamubuu sBiasiorcs
OCHOBHBIM HCTOYHHMKOM n06GbIuu anmaszoB B IOxHOi Adpuke (cm, puc.
4.3). B poccuinsax Illpu Jlanku o6Hapy:keHBl candup, pyOHH, IHPKOH
H IpyrHe MHHEpAJIHI,

* Orenno: «He sra 6b Gena, //Tak s Ha uesblli MHp H3 XpH3oaura //He npome-
san ee..» [[ekcmup B. IToan. co6p. cou. Ilep. B. Ilacrepmaka. M., 1960, 1. 6,
c. 415].

** BkpaIlVleHHHK, UYXJAbIH JaHHOM IOpOJe, 3aXBaueHHBII MarMo#f NMpH ee BHEA-
PeHHH U NpeNCTaBJIeHHBIH (B OTJHYHE OT KCEHOJNHTA) KPHCTAJIOM. '
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Tabauwa 54. [AparoueHHble

CocraB, TreHe3HC

1lBeT M Jpyrue XxapakTepHbI®

HauMmeHnosanue NPH3HAKH
Anmas IpuponHas gpucranauyeckas [IperMyiiecTBeHHO  GecLBeTHBIH;
¢dopma yriaeposa, o006pasylo-| BHICOKHA II0Ka3aTesb IIPeJIOM-
mascsi NPH OueHb BHICOKMX| JIeHHs, BeCbMa BLICOKHE TBep-
TeMIepaType H [IaBJeHHH J0CTh, TJIOTHOCTb, HHCIepCHs
Py6un Kopyuzn (Al,Os) Kpaceuit
Candup Y CHHHH, XenaThf
Uaympya Bepumn (BeAlsSigOs) 3eneHblt
AxkBamMapHH » Baenno-rony6oi
Tonas Al,SiO4(OH, F). JKenrsif,, pO30BHY, roay6oit
1lapKOH ZrSiO, Ilpu HarpeBaHHH OKpacKa CTa-
HOBHTCSi Gosiee HHTEHCHBHOMR
), aJIoMO- i i .
Tpanath JKenesoMarsesHajibHEE KpacHslfl, 3eneHHA H AP
CHJIHKATH

T'opHsll XpycTadb
AmerHCT

Kazn

Onan

Arar

«ConyGoit  JIxx0H»

Bupiosa

Jlsinuc-nasypn
(/1a3yput)

Ane6actp

SIHrapp

Ksapu (SiOg)
HarpueBblfi NHPOKCEH KaJeHT H

Hedpur (M3 rpymmsl amuoo-
JIOB)

Si0; - H,0

XajuefoH (MacCHBHBIH CKpBHITO-
KpHCTa/NIMYecKHA  KBapum  C
omnajaoMm)

daoopur (CaFe)

Boaumii Qochar MeAH H adio-
MHHHSA

Cepocofepxalui
HAHBIA MUHepaJd TPYNIbl
JlaJauTa

Tune  (CaSO,-2H,0),
(CaCOy)

¢deapamnaTo-
co-

KaJblIHUT

Hckonaemas cmona

BeciBeTHHIH, NPO3payHEH

[ypnypHBIf,,  ABIMYATO-KEATHE

MaccHBHHE BOJIOKHHCTHIE —arpe-
raTel; LBeT Cephlfl, 3eJeHHH

3eJieHBlll, KpacHHH;
Hrpa L BETOB
aMOpQHBIA

Tony6oit,
XapaKkTepHa
(omazecueHunHus);

KOHHeHTpPI'{eCKH-SOH'dJleaH OK-

packa (cepble M KOpDHYHEBa-
THIE TOHA)
MaccuBHHH, MpaMOpPHO-roay60i

(mo cuHero), cepuff, NIypmyp-
HBIH

IepenuBuato-roay6oi

MaccuBHBIf, SPKO-CHHHHA, Mpa-
MOPOBH/HEI
ToHKO3epHHUCTHIH, G6eJOCHEXKHHIH,

HHOT'ZA Cephlf

JKenToBaThif, 30JI0THCTHIH
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H MNONENOYHbIe KAMHK

Teonornueckasi MpHypOYEHHOCTD,
BMellaloliHe MOPOIbI

OcHOBHBIE paftoHb!
pacnpocTpaHeHHS

Kum6epaurs, BEIBETDEJIbIe KHMGEDJIHTHL
(«cuHs  3eMJA»); aAJTIOBHAJILHBIE H TIPH-
OpexkHBle (MOPCKHE) pPOCCHIMH

[lenoynrle 6a3aibThl, 6GelHBE KpeMHE3eMOM
MeTaMopbHYeCKHe MOPOJBI; POCCHIIH

Hel‘MaT‘HTbI, TPAHHTHI

”
neI‘MaTHTbI, FPAHHTH; aJJIIOBHAJbHbIE DOCCHI-
1

HpeHMyH.leCTBeHHO aJI/TIOBHAJIbHBIE  POCCHIITHA

MeraMoprueckHe CJIaHUH, CKapHB; a/UIIOBH-
aJilbHBHle POCCHIIH

IpamuTH, IerMaTHTH, THAPOTEDMAJLHBE KH-
JIH

Meramopduueckne nopoan, 06pa3oBaHHLIE B
YCJIOBHSIX BBICOKHX HaBJEHHI

He6onbmne HH3KOTEMNEpAaTypHEHE THAPOTED-
MaJIbHble KHJBI, MeracOMaTHuecKHe 3ajie-
KH

I“HﬂpOTe‘pMaﬂbele XKHWJIbl K MHHIOAJHHBL B
OCalOYHBIX H BYJKAHOreHHBIX IIOpodax

He6onbiue THpOTEpPMAJIbHBIE XKHJBI, MeETa-
COMATHYeCKHE 3aJIeXKH

30HBl OKHCJIEeHHS] MEeNHBIX PYA

KoHTakTOBO-MeTacOMaTHUECKHE 3aJIeXXH B H3-
BeCTHAKax

aBaHopHTbI, CTaJJarMUTOBBEIE HATEKH

[MasneoreHOBHE OCafKH MOPCKHX MNOGepexHit
H 3CTyapHeB

IOxnas Adpuka (IOAP, HawmuGus),
3ananHas A¢prka, CCCP (Cubupn)

Kamnyuusi, Tawmmaupn, DBupma, Ipu

Jlanka, BocrouHasi AscrpaJus

Konym6usi, Bpaswius, IOxuas AdpH-
Ka

CCCP (¥Ypan), Bpasuaus, 3umbalse
HIpu Jlanka, Bupma

IOxuas Adpuka

Bpasunus, Ypyreai

lorananaus

Kurat, bBupma, Isaremana, CIIA

(Kanudopuus), HoBas 3enanaus

Ascrpanus (Ksuncienn), CHIA (He-

Baja), MekcHka

Pacnpocvpaﬂeﬂﬂe NOBCEMECTHOE

Anrus (Jep6umup)

Wunus, Upan, CHIA (Apusona)

Upan, Adranucran, CCCP (o3. bait-
KaJ)

CpenusemHoMOpbe (H06LIBaeTcst ¢ IJIy-
6OKOH  [PEBHOCTH, BO3MOXHO CO
BpEMEH erHNeTCKHX (apaoHOB)

[ToGepexbe Banruiickoro Mops
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benvid ceem ;

Usemmnodi
cnexmp

Puc. 5.4. Aima3 GpuiiHaHTOBOM orpaHku (a); 3QQeKT BHYTPEHHEr0 OTPAXKEHHS H
aucnepcin csera (6) (nmo pamnbim M. V. ®Pmpucaiinca u 0. M. byamana [1944 r.).

W3 MeHee 1leHHBIX, HO TOXe KPAaCHBHIX CaMOIBETOB, HCIOJb3yEeMbIX
B IOBEJHPHOM JeJjie, H IDH CO3JaHHH OPHAMEHTOB H MO3aHK, MOXKHO
YIOMSIHYTh TaKHe IVIOTHBle 3€PHHCTHIe arperaThl, Kak xaj *, JasypuT
H ajnebactp **, CKpHTOKpHCTa/IuYeckue oO6pa3oBaHMs oNajJ H arar H
HEMHOTHe MHHepaJbl OPraHHYeCKOro IPOHCXOXKAEHHS, HAIpHMep SsH-
Tapb, [lojen0uHEle KAMHH HAIJIH CBOe NPHMEHEeHHe B MO3aHKe, HHKPY-
CTalHH H CKYJbNType HApsAAYy C HEKOTOPHIMH T'OPHEIMH INOPOAaMH, He-
[OJIb3YyeMbIMH H B CTPOHTEJbHOM JAeJe («IUTYy4Hble KaMHH»). MOXKHO
YIOOMSHYTL TaKxKe MsATKHe, JIETKO NOAjalouiHecs 06pabOTKe TOpHBIE
HOPOJABl — CePNeHTHH M KHPOBHK (MBIIbHBIH KaM€Hb HJ/H MAacCCHBHBIH
TaJbK).

Mpamop (MeTaMOP(U30BAHHBI/ H3BECTHSIK) CJYKHJI OCHOBHBIM
MaTepHaJsoOM IpPH CO3JaHMH CKyJbNnTyp B JlpeBHeil I'peunn u JlpeBHeM
PuMe u B 310Xy HTaJbsHCKOro Bo3poxkpaenus. Me3030iCKHe H3BECT-
HSIKH, CpPefH KOTOPBIX OTMEYAIOTCsS MHOTOUHCJ/IEHHBIE BHIXOABI MPamopa,
wHpoKo pacnpoctpanednl B OxHoit EBpone, I'maBHBIME MecTamu pas-
pabOTKH 3asexeid Mpamopa AJs APEBHHX TPEKOB OBLIH, BEPOSITHO,
Artuka u Kuknajbl.

Eme onna rpynna MHHepaJoOB, KOTOPYIO CJAeAyeT Ha3BaTh, — 3TO
NPHPOJHBIE KPACHTEJH, IPHMEHSIBIIMECS B NPEKHHe BDEMeHa AJs pas-
JIHYHBIX POCIHCeH; B HallM JAHH, OJHAKO, HMH IOYTH He MNOJB3YIOTCA.
OKHCJBl H THAPOOKHCJIBL K€J1e3a, COlepiKalliuecs B MOpOJe, MPHAAIOT
el pasHoo6pasHble oTTeHKH., OXpH, 006pa3yioluiHecss B 30He OKHCJEHHS
cyabbuAHBIX MecTopoxkaeHu# (xp, Tpymoc, Kump), ucnoab3oBanuch
IJIs1 TIOJyYeHHsI JKEJITOH, KODHUYHEBOH H KDPAacHOBaTo-GypoOH Kpacok.
[IpuMech OKHCJIOB H 'HAPOOKHCJIOB MeIH NPHAAeT MOPOJEe 3€JEHYIO HJIH
CHHIOI0 OKDacKy, NPHCYTCTBHe KoOasibTa —rogybylo, a Jasypura —
TeMHO-CHHIOIO (yJIbTPaMapHHOBYIO).

N

* Ilop HasBaHHeM «XKal» OOGBELHHSIOTCH ABa MHHepaja: KaJeHT (HAaTPOBHI
&JIOMOCHJIMKAT M3 TPYNNbl NMHPOKCEHOB) H HepPHT — IJIOTHAsI CKPHITOKPHCTAJIHYe-
CKasi Pa3HOBHJHOCTb AKTHHOJIHTA.

** TlpupomHBIA aJeGacTp — CHeXHO-6eslafi BOJIOKHHCTas pPa3HOBHAHOCTb THIICA.
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6. TEOJIOTMYECKHE ACITEKTbI
UH)XEHEPHO-CTPOUTEJIBHBIX PABOT

6.1. BONPOCbI YCTOMYHUBOCTH PE)KUMA
3EMHOM NOBEPXHOCTH

[Ipuponnslii JaHAwAdT BO MHOTHX CTpaHax IpeTepres CyIeCTBEH-
Hble M3MEHEHHs B pe3yJbTaTe MHOTOCTODOHHEH JeATeJbHOCTH YeJso-
Beka. Bripy6ka siecoB n 06paboTKa 3eMeJb MJs HYXK/J CeJIbCKOTO XO-
3aficTBa ¢ JOHCTOPHYECKHX BpPeMeH NPHBOJAHJH K NOCTENEHHOMY H3Me-
HEHHIO PACTHTEJBHOIO IMOKPOBA, MOYBEHHOIO CJIOS M BOJHOTO peXHMa.
B cpaBHHUTeJbHO HelaBHeM INPOLIIOM BCJELCTBHe DA3BHTHS I'PakAaH-
CKOTO CTPOMTEJHLCTBA M T'OPHOM NPOMBILIJIEHHOCTH CYIIECTBEHHO IIpe-
06pasuanch GEperoBble JIMHHM MOpeil M 03€p, peuHble CETH H 3€MHOH
peibed. Bee atu mpeo6pas3oBaHHss TaK MJIM MHAuye CBSI3aHBI ¢ YaCTHY-
HBIMH OTKJIOHEHHSIMH T€0JIOTHUECKOH H 3KOJIOTHYECKOH CHCTEMBI IIja-
HEeTHl OT HX HOPMAaJbHOTO COCTOSIHHSl, M €CJH He HAyUYHTbCS NpPEABH-
JIeTb W CBOEBPEMEHHO IPeNOTBPAllaTh HexKeJaTeJbHble IOCHeACTBHS,
MOT'YT Pa3BHUTbCsI HEOOpATHMBIE MPOLECCH, BHI3LIBAIOIIHE NIOCTOSHHbIE H
mMpoKoMacuTabHbe HapyLleHus: IPHPOAHOro paBHoBecus. Cpean HaH-
60Jlee U3BeCTHHIX M PAaCIPOCTPaHEHHBIX HAPYIIEHHI TAaKOrO PoAa MOXK-
HO Has3BaTh ONOJI3HH, HaOJI0JaeMble, HampuMep, MpPH NPOKJaLKe
IPYHTOBBIX M K€JEe3HBIX HOpor (cM. pHc. 1.5); ciexyer ymomsaHyThb
TaKKe [pocelaHHs TPyHTa, 4acTO BCTPeUarollHecs B MecTax pa3pabo-
TOK YTOJIbHBIX MeCTOpOxJAeHHH (puc. 6.1).

Puc. 6.1. TloBpexaeHue AOPOrM B pe3yJbTaTe NPOCAAKH TPYHTa
(¢oto BapHeGu).
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B ato#f ryiaBe MBl paccMOTPHM JBa OCHOBHBIX MOMEHTH, 4 HMEHHO:
1) ¢akTopsl, BauspUHe HA YCTOHYHBOCTL NPHPOAHEIX CHCTEM H HC-
KYCCTBEHHBIX COOpy»KeHHil; 2) HaHOoJiee CyLIeCTBeHHEIE Ipeo6paso-
BaHMs JaHAmadToB H HCNOJb3YEMbIX 3eMe/lb B PE3yJabTaTeé Kak ecre-
CTBEHHBIX MPOLECCOB, TaK H JAEATeJbHOCTH YeJIOBEKa.

Jloisi mpaBH/IbHOH OLEHKH YKAa3aHHBIX ABJIEHHH HEOOXOAHMO HMETh
JOCTATOYHO MOJHYI0 HHGpOpManuio 00 OCHOBHBIX XapaKTepPHCTHKAX
TOPHBIX MOPOJ, CJAYXKALINX OCHOBAHHMSMH Da3JIMUHBIX cOOpy:keHHH. Ta-
KHe XapaKTepUCTHKH BKJ/IOYAIOT OLEHKY (DPH3HKO-MeXaHHYeCKHX CBOHCTB
rPYHTOB (KOPEHHBIX MOPOJ HJH MOBEPXHOCTHBIX OTJIOXKEHH) H ompene-
JISTIOT BO3MOXKHOCTb KOHTPOJISE Haj MOTEHIHAJIbHO pa3pyLIHNTENbHBIMH
upoueccamy. He Hano 3abbiBaTh, UTO He BCe I'€OJOTHUECKHE ABJIEHHS,
HDpaloliine OTPHUATENbHYIO POJb B KU3HH YeJOBEUCCTBA, CBA3aHHI
C BMeILUATeJbCTBOM uejioBeKa B NMpHUpoAy, Benb u camOii 3eMHOI KOpe
CBOHCTBEHHO COCTOSIHHe HEYCTOHYHMBOI'O PaBHOBECHS H MHOTHe €CTeCT-
BEHHbBIE IIPOLECCH B ONpELeJeHHBIX YCJOBHAX SBJSAIOTCA NaryOHLIMH
AJI 9eJIoBeKa.

6.2. NIPOABJIEHUS HAPYIIEHUN NMPUPOLHOTO
PABHOBECHA

6.2.1. ABH)XKEHHE NMOPOI NMOa JENCTBUEM
CHJIbl TA)KECTH

'paBHTaLMOHHBIE CHJIBl SIBJASIOTCS MOUIHBIM (haKTOPOM, BJIHSIIOLIHAM
Ha YCTOHYHBOCTbL 3eMHOH moBepxHocTH. M3 3Toro ciaenyer, uto BOA-
HBle MacChl, CKOIJIEHHSI HaHOCOB H TJIBIGBl KOPEHHBIX MOPOJA IHpPH OT-
CYTCTBHH JOCTAaTOUYHO HAJEXHOTO yIopa CTPeMSTCS IHOJ JeHCTBHEM
CBOEr0 Beca CMECTHTbCs BHH3 IO CKJIOHaM. MejseHHoe, HO HeoOpaTu-
MOe IepeMellleHHe MaTepHasja B COUETAaHHH C BHE3aMHBIMH DE3KHMHU
NOJBHKKAMH, NPHUBOJANIMMH K 00OpPa30BaHHIO ONOJI3HEH, 06BajioOB H
rpsI3eBLIX IIOTOKOB, HACTOJBLKO ONACHO, 4TO NPHXOAHMTCSl 3aTpavyuBarTh
MHOTO BDEMEHH H CPEeACTB Ha INpeloTBpAallleHHe 3THX KaTacTpoduue-
CKHX SIBJIEHHH JHOO BO3MeLIaTb NMPHYMHEHHBIH HMH yuep6 (TOJIbKO 3a
oguH 1973 rox pemoHT (enepanpHbix gopor B CHIA o6orrencs B
43 MJH, JoJL.).

[Toutn npu Bcex IpaBHTALHOHHBIX NepeMelleHHsiX TPyHTa pewular-
liee 3HAaUYEHHE HMMeEeT BOMA, KOTOPas, KAaK CMa3Ka, YMEHbIIAeT CHIY
CIIeNJIeHUs] MeXAy YaCTHIAMH NMOPOJA H YBJAXKHSET BO3MOXKHEIe IIJIO-
CKOCTH CKOJb:KeHHs, Ha NnpoTsxkeHHH BCeil HCTOPHH uYeJOBeuecTBa
60JIBIIMHCTBO KaTaCTPO(PHUYECKHX OINOJ3HEH, CEeJIeBBIX H PSI3EBHIX II0-
TOKOB BO3HHKaJIO Nocjae Oypb M NepUOJHUECKHX JIMBHEBBIX JOXK[IeH.
Hpyrue ¢axTophl, BAHAOIIHE Ha HApylIeHHe NPHPOJAHOTO paBHOBECHS,
€BsI3aHbl C YHHUTOXKEHHEM DAacCTHTEJBHOrO IIOKPOBA, C PE3KUM YBeJH-
YEHHEeM KDYTH3HBI CKJIOHOB, INOBLILIEHHEM CeHCMHYeCKOH BuUOpalLHHu
H T I

Cymectsyer ueawil psaf CBOHCTB KOPEHHBIX NOPOA M YIJIOTHEHHBIX OCAfKOB,
OObEeLHHsAEMBIX COINIACHO HHXKEHEPHO-IeOJIOTHUECKOH TepMHHOJOTHH TNOJ HA3BaHHEM
«TPYHT», KOTOPble CNOCOGCTBYIOT NEpeMellleHHI0 MaTepHaja BHH3 IO CKJOHAM:
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—— BBICOKOE THAPOCTaTHYECKOE NaBJEHHE;

_— cnaboe cuemsenre 3epeH B OcajKax, IycTas TPCLLHIOBATOCTb BOJM3N MIOCKO-
CTell HAINIACTOBaHHd, KOHTAKTOB, YY2CTKOB CJIaHIEBATOCTH B TBEPABIX NMOPOXAX;

—— HAJHYHe HENPOHHIAEMBIX CJICEB, SKPAHHPYIOIIMX TPYHTOBHIE BOJBI, BCJECTBHC
4ero o6pasyercsl «cMas3Ka» OINOJZHEBBIX HOBEPXHOCTEH;

— BCTPEYaeMOCTb IIIACTOB M IIPONJIACTOB <«CKOJb3KHX» HJIH <«IOJN3YUHX» INOPOJ,
TakMX Kak [VIHHBI, 3BallOPHTHI, aHTPALHTH H Jp.;

— najeHne NOPOX B CTOPOHY CKJIOHOB, BAOJbL MOTEHIHAJbHBIX IVIOCKOCTEH CKOJb-
¥KEeHHS (MMH MOTYT ObITh IJIOCKOCTH HACJIO€HHs, TPELIMHBI, KOHTAKTH JHTOJOIHYeCKHX
pasHoCTeil, pa3JlOMBI, Y4aCTKH paccJaHUeBaHus U T. [1.).

BoamoxHOocTs H36€:XKaTh BO3HHKHOBEHHS! OIOJI3HEBHIX SIBJIEHHH B
XOJle CTPOUTEJBLCTBA AOPOT, B3JETHO-NIOCAJOYHBIX IOJIOC, MJIOTHH, 3/a-
HUA U APYTHX OGBEKTOB JHOO MO ero 3aBepIIEHHH 3aBHCHT OT yMe-
H¥sI BOBPEMsI PAClO3HATb H BBHIIEJUTh HEYCTOHUHMBBHIe NMODPOABI, CTPYK-
Typel U (OpMBL pesseda ellle HA CTAAUH HHIKEHEPHO-T€OJOTHYECKOTr0
KapTHPOBaHHs, 3a HCKJIOUeHHeM HABOJHEHHH, BO BPeMs KOTODHIX IipH-
XOAMTCH CUHTATHCS B OCHOBHOM C JAESATEJbHOCTbIO BOAHBIX IPOTOKOB,
MaccoBBle NepeMelleHug IPYHTa NMOA AeHCTBHEM CHJBI TSKECTH MOXKHO
KnacCH(UIMPOBATL CAEAYIOUHM 06pa3oM: a) MeJJIeHHble JBHKEHHUS
BHH3 10 CKJIOHaM, HanboJiee XapaKTepHBIe /il €CTeCTBEHHOTO CIO0JI3a-
HHUSl TJIaBHBIM 006pasoM ChHIMyuero mMatepuasna; 6) OBICTpble JBUKEHHS
IO CKJIOHAM, THIIHYHbLIE AJsI CeJIeBEIX IOTOKOB, MPEACTABJISIOMUX COBO0H
cMech 0OJIOMKOB TBEPJAOTO MaTepuaJja C BOJOH, M JJd OHOJ3HEH, NpH
KOTOPBIX OT OCHOBHOI'O MAacCCHBA OTPHIBAIOTCS Iesble OJIOKH TPYHTa H
CTPEMHUTEJBHO CMELIAaIOTCs BAOJbL NJIOCKOCTeH CKOJbXKEHHs; B) mHpoce-
llaHWe W BCIyuYHBaHHe (BBIMUpAHHE) TPYHTA B CBSI3H C Nepepacrpeje-
JIEHHEeM Harpysok.

IlepemenieHne MO CKJOHY IOYB, PBIXJIBIX HAHOCOB, JIeTIHHKOBEIX OT-
JIOXKEHHH, BbIBETpesblX HJH 06JOMOYHBIX 0Opa3oBaHUi U APYroro He-
VIJIOTHEHHOTO MaTepHaja COBEpIIaeTcs B TeUeHHe IJIHTENBbHOTO Bpe-
MeHH, 0COOeHHO B TeX MeCTax, IJle 3TOT MaTepHas NoJBepraercsi Ie-
PHOJHYECKOMY BO3JEHCTBHIO YBJAXKHEHHs M BBLICBIXaHUS, IpoMep3a-
Hus W orrauBaHusa (puc. 6.2). Ilpu MenJeHHOM croJ3aiHu MaTepHasa
JepeBbs, ONOPHBIE CTEHbl, H3TOPOAH M APYTHe MPEAMETHl, a TaKxKe OT-
JleJIbHBIe TJIBI6B KOPEHHBIX NOPOJ NPHOOPETAIOT HAKJIOKHGCE MOJIOKeHHe
¥ MOTYT 3aNlpOKHHYThCS. JJaMO6bl M ONOpHBIE CTEHB PaCTPECKHBAIOTCS
# nehOpMHUDPYIOTCS; Pa3pylUIAlOTCAd JApeHaxKHble TPYyOBI, TIasonpoBOJIHI,
JINHHH 3JIeKTpOIepelau M Jpyrhue Maructpaju. [[BuKeHHe OIOJ3ai0-
MKUX Macc MOxKeT OBITb 3aMeJJIeHO B pe3yJbTaTe COBepIIeHCTBOBAIHS
JIpEeHaKHOH CHCTeMBl, 4 B HEKOTOPHIX caydasx 6jarogaps Imocajakam
JIePEBbER H CO3LAHHIO TPABSIHOTO IOKPOBA.

CeseBble NOTOKH, COCTOSAIIHE M3 BOJOHACHIIIEHHBIX NMPOAYKTOB pas-
PYLIeHHs1 IIOYBEHHOro M OGJOMOYHOTO ([AeJIOBHAJBHOTO) MaTepHasa,
NPUXOAST B JBHXKEHHe BHE3alHO H IepeMellaloTcss ¢ 6OJbLIOH CKO-
pOCTbIO. DTH JIaBHHOOOGpa3Hble NOTOKH MOI'YT CHOCHTb KDYIHBEIE CO-
ODY2KEHHS H YyBJIEKaTb 3a COOOH TMIaHTCKHe TJIBIOB NOPOA. 3HAUH-
TeJbHYIO YacTh CeJIeBHIX NOTOKOB, uHorga Oosee 309%, cocraBiaser
BOJA, U JBHUXKYTCS OHH B BHJE T'yCTOIJIACTHYHBIX, BA3KHX HJIH KHIKHX
Macc, 4acTo 3POJAHDPYIOIIHX MOJACTHJIAIONIHE IOPOABl, 3apoxKieHHe Ta-
KHX MOTOKOB MOKeT ObITb 00yCJIOBJIEHO 3eMJIeTPsSICeHHsIMH, o6BasaMH,
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Puc. 6.2. Onoasnesble siBaeHusi. Onoasenp B Pefipu-Haa (Hopcermnp, BeankoGpu-
tanusa) (mo panueiM JI. Bpanncena m JI. K. Jlxonca [1976 r.]).

OGpamalor Ha ceGs BHHMAaHHe IMOJIOTOZ MafieHHe MJAacTOB B CTOPOHY MOpPS H IIDHCYTCTBHE IIO-
JaTAHBLIX IVIHH, N0 KOTOPbIM IpPOH30OIIJIO CIOJ3aHHEe BepXHeH TOJIUH 3eJeHbIX IeCKOB Mena.
IMosoxkeHHe CJ0s KPEeMHHCTHIX CJaHLEB YKasbiBaeT Ha TO, YTO OINOJ3aHHe CONPOBOXKAAaJ0Ch
3aNPOKUABIBAHHEM IIaCTOB.
1 — KpeMHHCTble CJaHUBl (4€pPThI); 2 — TOHKO3ePHHCTBIe TeCKH (BepxHsAs Toauma dopManuu 3e-
JIEHBIX I1€CKOB); 3 — MeCYaHHCThie TJIMHbI HHXXHEMEJOBOM TIJIMHHHCTOH TOJINH (TOJNBTCKHH sIpyC);
4 — nepecnanBaHHe H3BeCTHAKOB H TIVIHH CpelHero JeHaca; 5 — TpeUIHHOBAaTbleé TIJIHHBI H aJieB-
PHTBl HHXKHero Jefaca.

MCKYCCTBEHHBHIMH B3pDBIBAMH M JADYTHMH NpHuMHaMu, Hanpumep, no
MHEHHIO CIIEIMAJHCTOB, CeJeBOH MOTOK, OOPYIIUBLIMICS HA WIBEACKHH
ropor I'éra B 1950 r., GBI cIpOBOLMPOBAH BOMBaHMEM CBaj B le-
YCTOAYHUBHIHA TPYHT.

[ToTokH ByJIKaHUUECKOH I'pA3H — Jiaxaphl (TEPMUH HHIOHE3UHCKOro
MIPOUCXOXKAEHHS) YacTO CONYTCTBYIOT cy6aspaJbHEIM H3BEPIKECHHSIM.
HaxkonJeHHs NHPOKJIACTHYECKOro Mareprana, o6pasyloliuecss MpH
SKCIJIO3HBHBIX H3BepIKEHHSX, CTAHOBSTCSI HEYCTOHUYHUBBIMH B Pe3yJb-
TaTe BJIATOHACHIIIEHHS 3a CYeT JOXKMAeH, TaJoro cHera M BOABI, BHI-
IJIECKHBAaeMOil H3 BYJIKaHHUECKHX 03ep (MaapoB). OKCIJIO3HBHOE
u3Bepakenne ByjskaHa Cenr-Xesnenc Ha 3amale CIIA B 1980 r. compo-
BOKIAJOCh 00pa30BaHHEM HECKOJBKHX IPSI3eBBIX NMOTOKOB, B momcro-
pHUECKHe BpeMeHa TIpsi3eBOH NOTOK, CIYCTHBIUH{ACA Cc ropsl PefiHup B
3TOM 3Ke permoHe, NoKpela Teppuropuio 6osee 300 xm2. Ilpu ussep-
KeHuH BesyBus B 79 T. H. 3. BOSHHK MOUIHBIH I'PSI3eBOH NMOTOK, IIOTJIO-
TUBIIM{ ropol I'epKysnaHyM, HAXOZUBHIMHCS Ha DPACCTOSHHH 7 KM OT
KpaTepa BYJKaHa; IPH 3TOM I'OPOJ OKa3aJCsg MOrpeGeHHBIM MOJ CJI0eM
JKHUAKOH TIP3y, MOIMHOCTb KOTOpOro gocturajna 20 .

UyBcTBUTE/bHBIE TJIHHBL U 3bI0yuHe NEeCKH TNPEeACTaBJSIOT CO6O0MH
TakHe 00pa3oBaHHUsl, B KOTOPHIX OOJIOMOUYHBIfi MaTepHaJ XapaKTepH-
3yeTcss OCOGEHHO PBHIXJIOH TEKCTypoH («YIakKOBKOH») H, cJefoBa-
TeJIbHO, BBHICOKOH BOJOHACHILIEHHOCTbIO. ITH OCAAKH Pa3iKHKAIOTCS
JHOO TNpeBpAalllaloTCs B IJBIBYH INpPH CaMbIX HE3HAUHTEJbHBIX Hapy-
LIEHHAX IPUPOJHOTO PABHOBECHs, MPHUYEM OHH MOTYT CTeKaTh 110 CKJO-
HaM, eCTECTBEHHBIH# YKJOH KOTOPBIX COCTABJIiET BCEro HECKOJLKO Ipa-
nycos. Hannume mnpocsoeB MOPCKHX IVIMH-IJIBIBYHOB B JIeIHHKOBBIX
OTJIOKEHHUAX TOJIOLCHA NMPHYHHHJIO GOJibiuofi ymeps BO BPeMA CTPOH-
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TeNLHBIX PaboT B ckanAHHaBcKHX ctpaHax H B Kamane. Hanpuwmep, nHa
HuaMenHocTH CB. JlaBpentus, K BOCTOKy OT OTTaBbl, TJIHHUCTbIE CJIOH
Jlena HeOJHOKpAaTHO NPUXOAMJH B JBHXKEHHe, B pe3yJ/ibTaTe 4yero oc-
HOBAHHsl 3JaHHH CTAHOBHJHCh HEYCTOWUHMBBHIMH, HOPOru GJIOKHpOBa-
JIECb, @ NOJIST Pa3pyLIaiuch.

B' ropHO/MOGHIBAIOIIHX ¥ INPOMBIIIJIEHHBIX paHOHAX 3HAYHTEJbHYIO
OMAaCHOCTh MPEACTABJSIOT Macchl 06J10MOYHOrO Martepuasa, o6pasyio-
uipecss NpH pa3pylleHHH wiTabesefl PyAbl W OTBAJIOB NYyCTOH NMOPOJHI;
3TO 0COGEHHO ONACHO B TE€X MeCTax, I'le HeyCTOHUHBBlE CKJIOHH H He-
6/1arONpHsITHBIE CTPYKTYPHbIe H THIPOr€OJIOTHYECKHE YCJIOBHSI MOTYT
BHI3BATh NEpeMellleHHe 3THX MacC. Ha yroJpHBIX MeCTOPOXKAEHHAX
IO:kHOrO VY3iabca, I'ie B BEDXHEMEJNOBLIX YTJIEHOCHBIX OTJIOXKEHHSX BO-
JIOTNIPOHHUI[a€Mble CJIOM TNECUYaHHKOB OTPAHHYEHBl aPTUJJIHTOBLIMH Iay-
KaMH, B TeYeHHe HeCKOJbKHX [eCATHJeTHH mycTas IOpoja cKalJuBa-
Jach Ha KPYTEIX CKJOHaX Y3KHX HOJHH. KartacTpoduyeckuit motok
1966 r., pa3pymmuBIIHi cebCKyw KONy B A6epdane  MOryOMBILHH
6oJiee 140 uyesoBek, 3aponauicsi Ha 40-MeTpOBOH BepIUHHE HNOPOLHOTO
orBasa. [lpuumHON KaTacTpO(H IMOCTYXKHJIO DasMBHBaHHe BOLAMH B
NePHOJ, OCEHHHX JIHBHeH NONOWIBEL OTBAJa, KOTODBIfi pacnoJaraJgcs
BOJIM3HM JIMHHM BEIXOJA MCTOYHHKOB, NPHYPOUYEHHOH K OOHAXKEHHIO ap-
THJJIMTOB, DTO NPOJOJKAJIOCh A0 TeX MOp, NOKAa BOAOHACHIIEHHBIN
TPYHT HMXKHEH 4acTH CKJOHA He NMpeBPATHJICA BHE3alHO B CeJeBOH IO-
TOK, YCTPEMHBIUH{Ca BHHM3, K JOJHHE H YBJEeKWHH 3a coboit Maccy
60Jiee cyxux 06JIOMKOB, cjaraBIINX OCHOBHYIO 4acTb OTBaJja, MIMeHHO
Ha IpHUMepe TaKHX Pa3PYUIHTEJNbHBIX SBJEHHH CTAHOBHUTCS OUEBHAHBIM,
HACKOJIbKO TINATEJNBHO CJeAyeT H3YYHTb MECTHOCTb, IIpEXKIe ueM Ijia-
HHDOBATb pas3MellleHHe OTBAJOB JHOO BO3BeJeHHe TeX HJIH HHBIX CO-
OPY2KEHHH, CO3JalollMX OLUIYTHMYIO HArpy3Ky Ha TPYHT.

Onos3HH, OCHINH, NPOCEJaHHs H OOBasbl, B pe3yJbTaTe KOTOPHIX
IPOUCXOIHT MacCOBOE€ IepeMelleHHe CaMOro PasHOro MaTepyasna, Mo-
TyT OXBaTHIBATh IJIOLIAJH BO MHOTHE KBaJpaTHble KHIOMETPH. Omnoss-
HEBOe TeJIO, OTAeJHBlLIeeCs OT OCHOBaHHA (6a3uca OmOJ3aHHs), IBH-
JKeTcsl BAOJb OLHOH HJIM HECKOJNBKHX MOBepxHOCTeH. Iljis pacnosHaBa-
HHUS IJIACTOB NOPOJ, 06pa3ywliuX ONOJ3HEBble HAaKOIJIEHHS, HCIOJb-
3YIOT XapakTepHble CTYINEeHH H yCTYNBl, a TaKxXe HAaKJOHBl, H3THOHI
IJIOCKOCTeli HAMJIaCTOBAHHS H APYLHe CJeAbl ONOJI3HEBHIX TNOJBHXKEK.
OcraHubl APEBHHX ONOJ3HEH MOTYTCOXPAaHATHCS B BULE G6ECOPSIIOUHO
PAacIOJIOKEeHHBIX 6YyrpoB M BNAJHH, B KOTOPHIX HHOIZA 3aCTaHBaeTcsl
Boja, JDTH TOmorpaduyeckHe OCOOEHHOCTH CBHIETEJIbCTBYIOT O HEyC-
TOHYHBOM DpeXXHMe IIOBEDXHOCTH, YTO MOXKeT NPHUBECTH K KaTacTpodH-
YeCKHM IOCJIEICTBHUSIM.

BO3HHKHOBEHHIO H PAa3BHTHIO ONMOJI3HEBHIX MPOIECCOB CIOCOOGCTBYIOT
KpyThle CKJIOHH *. Takue CKJIOHBI 4aCTO BCTPEYAIOTCS, HAIpUMED, B TeK-
TOHHUECKH aKTHBHEIX, GBICTPO pa3pyuiaeMblX 3pO3Hefi TOPHBIX paio-
Hax M B NPHOpeXHBIX 30HAaX (MOpPCKHe OGPHIBHI — KAH(H). Bo Bcex
cJyuasix BO3DacTaHHsl KPYTH3HEI CKJOHOB, He3aBHCHMO OT TOro, o6yc-

* OnoJ3yd BO3HHKAIOT BCJEACTBHe HECOOTBETCTBHS KPYTH3HBl CKJIOHA XapakTepy
H COCTOSIHHIO NMOPOJA, CJararouUiHX CKJIOH H €ro OCHOBAaHHE.
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JIOBJIEHO 3710 Bpe3aHHeéM pPEKH B JOJHHY JUOO MOAMBIBOM Geperosbix
06pLIBOB MJIM Ke BBI3BBAHO COODYXKEHHEM aBTOMOOHJBHON n1GO Ke-
JIE3HOH MOPOrH, KaK NpPaBHJO, BO3HHKAIOT OMOJIBHW. [lpeHHpOBaHHE
CKJIOHOB H DS APYPHX HPENOXPAHHTENbHBIX Mep MOTYT OCJIabHTb Ka-
TacTpodHyeckue MOC/IEACTBHS OINOJ3HEH, OJHAKO HX DEAKO ynaercs
NpeJOTBPaTHTb, [IOKA COXPAHSIOTCS YCJOBHS HEYCTOHUHBOIO peKHUMa
MECTHOCTH.

HexoTopblM ONOJ3HSM HayaJbHbil HMIYJbC 3aAIOT CKOIJIEHHS
IPYHTOBBIX BOJ HJIH BHemHue Toauku. Crossanue OJIOKOB TPYHTZ B
y3KHe JOJHHBI MOXKET BBI3BATh KaTacTPOpHIECKHe HABOJAHEHHS BCJIe-
CTBHE 3aNlpYKHBAHHsI PEK W BBHITECHEHHs BOALI U3 03ep. DTH ABJICHUS
Ha6JofaNnch BO Bpemsi onossus Baiont (CeBepnas HMramus), onu-
canHoro B pasnese 6.3.1.

IMoaBonuble OMOJI3HH Ha OOINHPHBIX TEPPHTOPHSAX MOPCKOTO JHA
HauboJiee yacTo BCTPEUAIOTCs B Npejeax HeCTaOUIbHBIX OKEaHUYECKHX
6acceiHOB, [Js1 KOTOPHIX XapakTepHO AOCTAaTOYHO OLICTPOe OCajKOHa-
xomienue, OnoJi3aHHe PHIXJOro MaTepHasa, B KOTODOM CHJIBI CIEILIe-
HHsl 4acTHI[ BeCbMa HE3HAUHTEJbHbl, HHOTJA NMPHUBOJAHUT K (HOPMHPOBA-
HHIO OIIOJISHEBHIX MOKPOBOB, Ha6/0JAaeMbIX B TOJINAX TYPOHIHTOB H
LPYTHX IJIOXO COPTHPOBAHHBIX IECYaHBIX OCAAKOB, OTJIOMKHBIIHXCS U3
TYypOHIUTOBEIX (MyTbeBBIX) MOTOKOB. JDTH MOTOKH, 3apOXKIAIOUIHECs
OOBIYHO TOJ BJHSIHHEM LITOPMOB HJIH 3€MJIETPSACEHHH, NOBPEXIAIOT
foaABoAHbEe KaGeJu U JPYyrHe KOMMYHHKAUHA H TPeACTaBJSIOT NOTeH-
IHAJbHYIO OMAaCHOCTb NpPH 3KCIIyaTaLHUH HeOTAHUBIX MECTOPOXKAEHHH.

[Tpocagka u BChyuHBaHHe (B3[yTHe, BHIIHPaHHE) TPYHTa B Pe3yJikb-
TaTe IepepacrpesiesieHHss Harpy3oK HJH NOTePH IPOUHOCTH IOPOJ MO-
[yT HMeTh MeCTO Ha 3eMHOH MOBepPXHOCTH B TeX CJydyasx, Korja oHa
[OJCTHJIAeTCS HEYCTORUMBLIMH NOPOJLAMH, TAKHMH KakK IJIMHB U 3Ba-
MOPHTHL. DTH sgBJIEHHUsS HAO/MI0JAI0TCS TaKiKe Ha yyacTKax IIPOBENEeHHs
FOPHBIX WJH CTPOHMTEJbHHIX PaboT, B TOM YHC/e HPH OTKDPHITOH pas-
paboTKe MeCcTOpPOKJeHHH INOJIe3HBIX HCKONaeMBIX HJIH CTpodMarepua-
JI0B.

SIB/leHHe eCTeCTBEHHOH pAasTpPy3KH TIDYHTOB Ha TeppUTOpHH Besnko6puranuu
MOXHO HabmogaTe B JouauHax HoprxsMnronmwupa u JIHHKC/ALHIIMpA, TlAe JeHacoBb2
IVIHHBI, NepeKpLIThie 6oJiee XKECTKUMHU nmopoaMH, OKa3aJIHCh BBIBEAEHHLIMH Iid 3€MHYIO
fTI0BEPXHOCTE. 310 NMPOH3OLLJIO BCJAEACTBHE paspyureHydsa BblIENEKAILErc IOCKPOBA,
CJIOZKEHHOro IeCYaHHKaMH, H3BEeCTHAKAMH H XKeJe3HsIKaMHu. Pasr‘pyBKa TJAHHHCTHX
OTJIOXKEHHH OT AaBJIEHHS NepPeKphIBAIOLINX HX IOPOJ NpHBeJda K 00pa3oBanHHio KyIo-
JIOBHJHBIX B3NYTHH, BBIDAXKEHHBIX B pejbede Y3KHMH TpeblsiMH, ODHEHTHPOBAHHBIMU
iOF.’laCéig) oémemy TNPOCTHPaHHIO COBpeMEHHOﬁ JICJIMHBL HAa IMPOTAXKEHHH 15 &M
puc. 6.3).

B menbpmeM macimitabe 3TH SIBJCHHS MOryT OBIThb NpPOCJEXKeHH NPH
NpOBeleHHH TOPHONPOXOAUECKHX PaboT, KOrAa NPOHCXOAHT BHIIMDAHHE
IPYHTa M3-T0J, OCHOBAHHH TOPHBIX BHIPABOTOK — KaphLepOB HJIH TOH-
HeJiel, 0cOGEHHO Ha TeX ydacTKaX, e ypoBeHb TPYHTOBBIX BOJ JO-
CTaTOYHO BBICOKHH. BcmyunBaHme MOKET JOCTHIATb BLICOTHI HECKOJb-
XKHX MeTpoB. B' pesyjbTaTe BepTHKaNbHOH HATPY3KH HA T'PYHT, BBHI3HI-
BaeMOH BECOM COODYKEeHHH 3HAYHTEJbHBIX Pa3MepoB, TVIHHBI H APYrue
NJIACTIYHBIE MaTepPHaJ bl HAUHHAIOT TeYh [0 HANPaBJEHHIO OT HEHTPa
OCHORAHHA K NepH(epHH, YTO NPHBOANT K npocagkaM (yHIaMeHTa.
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».Yumem

Puc. 6.3. CTpykTypn BemyuHBaHusi (B3AyTHsi) B noauHax pexk (mo C. 9. Xoamin-
ryopty [1944 r.]).

2 —— K3pTa pacipOCTPaHeHHd CIPYKTYD BILYTHS, CIOXKeHHbiX JeHacosbiMH TIJIMHAMH, B [JOJHHE

D, YureMm; 6 -— paspes CITPYKTYDLI B3AYTHA H TPHUOLHITHEX €10 BbiMCJCKAIMX CJ0eB Gojee

H#eCTKHX IiCDOK; 8 — BCOyYHBaHHE I'VIMH HA CKJIOHE [OJHHED! (I‘.nl:lﬁh{ NeCYaHUKOB H KeJJe3HAKOB,

ilepeMelllasiCb BHH3 IIC CKJAOHY. OCTaBJAIOT <«rfandJbl» — WIPOKUE TPEL{HHBbl PaCTAXKEeRHs, 3aIoJ-
HsIcMBle 00JIOMKaMIi OHOIISa}O!I.lEl"l Macchi).

I — neffaconule TanuLl, ofpasyiouive CTPYKTYPHl B3AYTHS B LOJUHEe peKH; / — OGHaXXeHUs He-
HapYyUIeHHbIX JeflaCoRbiX IJIMH; 3 — H3BeCTHSIKH, II€CYAHHKH H JKeJe3HSKH HHXKHell TOJNIIH O0OJH-
ToBoH dopMaunny; 4 — NojolliBa TOJIIH HOPTX3MIITOHCKOrOo NecuaHunka; § — chpoc.

! — rnunel, o0pasywouine CTDYKTYphl B3nyTusi; [/ — ruel6bl  KeJie3HAKOB M NeCYaHHKOB,
117 — «rannsl» .

Taxue ABHIKEHHS CONMYTCTBOBAJM BO3BeleHHI0 xoMmiexca «Illemi» na
1oxof orMean Temsnl (JIoHIO0H), BCAeNCTBHE @ero BC3HHKJA Yrpo3a
pPa3pyIieHHss MeTPO-TOHHeJel, MPOJIOKEHHBX 10J peKo#. BTOpPoi Ro3-
MOKHOH HDUYHMHOH NPOCANOK TPYHTa SABJLETCH ecTeCTBEHEOe CC-
jgaGjeHne ero NPOUHOCTH, HalpaBJIEHHOE CHU3Y BBepX. ITO MO:seT
OBITH CBSI3aHO C PACTBODEHHEM H3BECTHSIKOB HJIH COJefl; KpoMe TOro,
1OTEPs YCTOHUMBOCTH OBIBAeT BHI3BAHA MPOXOJKOH TOHHEJEH MW [IaxT,

Tpoueccel ocenanus rpyHTa MOTYT OBITh TaKXKe Pe3yJbTaTOM OT-
KAUKH XKHAKOCTH (BoXbl, HeDTH) HJIM rasa B TeX CJAy4Yasix, KOT/la 3TH
NPOUECCH CONPOBOXKAAIOTCH VIJOTHEHHEM TPVHTA MK BMEL),aloulux
nopox. B pafione ropoma Jlour-Buu (Kanndbopuus) BeIkKaunBanue
HedTH U3 MECTOPOKAEHHUS YUJIMHUHITOH B TeueHHe 30 JIeT IOBJEKJO 3a
cobot npocanxy rpyHrta no 10 m. Ilocrne 1958 r. 3axkayxa BoAH B
TJIACTHI-KOJNJEKTOPHl NPHOCTAHOBHJIA 3Ty NPOCANKY, MOCKOJIBKY 3HAUH-
TeJBHO BO3POCJIO THAPOCTATHYECKOE JaBJeHHE B HeApax.

6.2.2. TJIYEOKHE I'OPHBLIE BbIPABOTKH

OKCNJIyaTalMounbie INaXThl NPH NOGBUE LEHHBIX MeTaJsijioB (Ha-
npuMmep, 30/0Ta B Gacceline ButBarepcpaH/]) AOCTHTAIOT IJIyOHHBEI 2-—-
3 kM. Ha Taxux rayOuHax maxTHble CTBOJB M IITPEKH, TPOXOAKA KOTO-
PBIX NPHBOAMT K CO3[aHHIO NyCTOT B KOPEHHBIX [OpOAax, 06pasyioT
CHCTEMY, XapaKTepH3YIOILYIOCH BHyTPeHHeHl HeyCTOHuHWBOCThIO. [lpm
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BbICOKOM 'HApOCTAaTHYCCKOM

o
. Is JaBJIEHHH, KOTOPOe, KaK INpaBH-
s2 Jio, BO3HHKaeT B MNOJOGHBLIX yC-
§§ ¥ JIOBHSIX, 00BajJ MOXKHO NpPeLOT-
K3 . BPAaTHTb TOJBKO B TOM Ciydae,
Paccmosxue do 3ab6oa €CJIM BMellamliue MOPOIH 06-

JajaloT  AOCTATOUHOH  MpoU-
HOCTbI0. Takue TEKTOHHUYECKHE
Hapyumenuda, kKak cOpocel H 30-
Hbl TPELIMHOBATOCTH, CO3JIAIOT
yrpo3y OO6pyllleHHS TpPH Hpo-
XOAKe H 3KCIJIyaTaluu HIaxt.

6 N Aadra
5 ITostoMy jmJjs UpPHAAHHS TIPOY-
4 % HOCTH BCell CHCTeMe CJelyer B
3 % HeoOXOMUMBIX CJayd4asX IeMeH-
i ok THPOBATH IOA3eMHBIE BhHIPAGCT-
7 // /)(;y,% KM HJIH  [PHMEHATh CHelHaflb-
100 200 300m  HbBIE KDEMNJeHHd.
llpodsumenue aubos > TBepﬂbIe TOPOIBl, Hanpumep

KBaPUHTLl HJH  JNOJEDUTH, MO-
Puc. 6.4. JleficTBHe Harpy3ok Ha NOA3eM- TyT CTaTob X{e}"c"foﬁqn'sw«m nny
Hble TOPHBIE BLIPAGOTKH. H3MEHEHUH BHYTPEHHNX HATDS-
S I e F NS, IR KEHIE BO  BPeMA  NPOXOAK
BLICTPeJIOB B InmaxTax G6acceflHa BurpaTepcpanp II1axXT. HpH 3HAUUTEeJbHOM BO3-
(N — 4ucJI0O TODHBIX  BBICTPEJNOB Ha ENUHHIY
MJIOULafiH BBIPAGOTKH). pactaHuu HanpysoOK BO3MOXKHC
paspyllieHHe  fax<e  KPenKHX
nopon. B 3THX cayyasix MOXKeT NPOH3OHTH TaK Ha3bIBAGMBIH TOPHBIH
BHICTpeJ — BHe3aTHBIi OTPBIB MacChl MOPOJ OT CTEHOK BHIPAOOTKH,
4TO CONPOBOXKIAAETCS ONAYLUIMTEJbHBIM TIPOXOTOM H 00pa3oBaHHEM
MHOTOYHCJIEHHBIX 06JIOMKOB. ['OpHble BBICTPEJBl MMPEACTAB/IAIOT OCO-
Oyi0 OlacHOCTh AJs TIyOOKHMX LIAXT, HampuMmep, B Bureartepcpanpe,
TZle 30JIOTOHOCHBIE KOHIJIOMepAaTHl 3aJeraloT Cpell AOKeMOPHHCKHX
KBApPUUTOB H CEeKyTCAd AadkaMi, HUMEIOUIUMH DasHbie (PH3HKO-MeXaHH-
gyeckune cBoiicTBa (puc. 6.4).

Bona u npupozHHEI ras (B TOM YHCJe JETKO BOCIIaMEHAIOIIHHCS
MeTaH U JpYyrde YIJIeBOJOPOAHBle I'a3bl) HMEIOT TEHAEHIHNIO NIPOHHUKATH
BO BCe XOJOBHIe BLIpAaOGOTKH Ha IIAXTaxX, a NPELOTBPATHTbL 3TO MOXKHO
TOJIKO C [NOMOUIBIO CJAOXKHBIX YCTAHOBOK AJIS OTKAYKH BOJABI H BEHTH-
nauuy. ITocKONbKY HHMKHHE TOPU3OHTHI INYOGOKHX LIAXT PACIOJIOXKEeHH,
KaK [PaBHJO, HHXKe 3epKaJja IPYHTOBBIX BOJ, OKpy:Kaloll¥e MOPOJbI
ABJSIOTCS BOJAOHACHIIeHHEIMU. [loatomy, ecnu pabounit 3a60H Haxo-
JIUTCA B 30HE TPEIIMHOBATOCTH HJH pa3joMa, T. €. B 30He C IOBhLIIIEH-
HO THUAPABJMYECKOH NPOBOLUMOCTBHIO, BO3HHKAET OIACHOCTL 34TOIl-
JIEHHS IIaxThl,

B’ cBsi3M ¢ BO3MOKHOCTHIO 3aBOJHEHHS U BO3HHKHOBEHHS 06BaJjioB
LWIAXTHBIE TEO0JIOTH JOJIXKHBI NPOrHO3HPOBATb MECTOHAXOK/AEHHS 30H
TEKTOHMYECKHX HapYIIEHHMH, a TakKxke pPacloJIoOXeHHe BOJOHOCHBIX TO-
PH3OHTOB IIPH NJIAHHPOBAHHU TOPHBIX pa6or. [lys 3TOro HEOGXOAMMO
NIPOBECTH TeO0JIOTHYECKHe H TeoH3uyeckHe HaO/IOLEHHS HAa 3eMHOH
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IIOBEPXHOCTH, BHIOJHUTH AE€TaJbHOe H3yUeHHe K€pHA M NOJIYYHTh HH-
(bopmManHno Mo JeHCTBYIOIHMM IaXTHHIM ropH3oHTam, [TockonbKky BOJO-
HacCHIIIEHHBIE 30HBl, CBsS3aHHBIE C Pas3jJOMaMH M TPEIIHHOBATOCTLIO,
HMEIOT HH3XK0e 3JIeKTPHUECKOe CONPOTHBJEHHE, TO 3TOMY H IAPYTHUM
NPH3HAKAM MOXKHO OINPEIeNHTh MOJIOXKEHHe MOJOOHBIX 30H H, CJIeNo-
BATEJHLHO, PHHATH COOTBETCTBYIOIHE MEPH NMPOTHB JIOKAJbHBIX 06py-
IIeHHH CTEHOK M KPOBJIH TOPHBIX BEHIpaGOTOK B IpolLecce NMPOXOJKH.

6.2.3. BEUHASI (MHOTOJIETHSSI) MEP3JiOTA

B moaspHBIX, cCy6apKTHUECKHX H TOPHBIX 00JacTsxX, Ile TeMmIepa-
Typa BO3AyXa B TeUeHHe [AJHTEJbHBIX NEPHOJOB BPEMEHH COXPaHseTcs
Ha ypoBHe 0°C MM HHXKe, Pa3BHBAETCS MHOTOJETHEMEeP3Jblif TPYHT —
Tax HasblBaeMas BeyHas Mep3joTa. B paiioHax pacnpocTpaHeHHs
BEYHOH Mep3JI0TH, 3aHHMawlleli okoso 209 MOBEPXHOCTH CyHIH Ha
3eMHOM Il1ape, MB BCTpeUaeMCsl ¢ LEJBIM PSAOM NpobJjeM IIPH COOpY-
JKEHHH M 3KCIIYaTallM{ 3MaHHH, AOPOT M JIPYTHX CTPOUTEJBHEIX 00b-
eKTOB. B aTHX pafioHax BOmpocChl BOLOCHAGKEHHs, a TaKKe pas3Melle-
HHsI TIPOH3BOACTBEHHBIX H OBITOBBIX OTXOJOB MPEACTABJSIOT OCOObIe
TPYAHOCTH. B cBsi3u ¢ 6YPHBIM IPOMBIIITEHHBIM pa3BuTHeM CHOHPH H
CeBepHOH AMEPHUKH H ¢ HEJaBHHMH OTKPHITHSIMH apKTHUECKHX MECTO-
pOXIeHUHA HedTH CHelHAJHCTAM MPHUILIOCH OOpPAaTHTbL MNpPHCTaIbHOE
BHHMaHHe Ha H3yueHHe OCOOGEHHOCTEH DANOHOB paclpOCTPAHEHHS Bedy-
HOH MEpP3JIOTHI,

Cyofi MHOroJIeTHEMepP3JbIX IIOPOJ, B KOTOPOM NOPOBHIE BOAH HaXo-
nATCd, Kak IpaBHJO, B 3aMep3lleM COCTOSIHUH, KojebJjeTcs I0 MOIIL-
HOCTH OT HEeCKOJbKHX JeCATKOB CAHTHMETPOB JO HECKOJbKHX COTEH
MerpoB. OH IepeKpbIBAaeTCs Hal Mep3JOTHBIM CJ0eM (HMEeHYeMBIM
MHOTJI2 CJIOBOM «TaJHK»), B MpepesaX KOTOPOro IpPOIEecCH NpoMep3a-
HHS M OTTAUBAaHHS HOABEPIKEHHl CE30HHBIM H3MeHeHHAM *. B ob6iacrax
PAa3BHTHSI BEYHOH MEP3JIOTH TEMIIEPATYPHHIH DeXHM OYeHb HEyCTOH-
yuBHIH, KoJseGaHHSI TeMHepaTyphl HAO6JIIOLAIOTCST BO BCeX MecTax, 3a
HCKJIIOUEeHHEM pPaHOHOB, HAXOASIIHXCS B HauboJee XOJOAHBIX KJHMa-
THYECKUX ycaoBHsX. [103TOMYy JHake He3HAUHTEJbHble OTKJIOHEHHS OT
HOPMBI MOTYT TNPHBECTH K HeOOGPaTHMBIM H3MEHEHHSIM, CBSI3aHHBIM C
YACTHYHBIM OTTAHBAHHEM MHOTOJIETHEMED3JIOro CJIOS.

Crenuduyeckne OCOGEHHOCTH DPAHOHOB BEYHOH MEp3JOTH  06yc-
JIOBJIEHB! JBYMsl OCHOBHHIMH (akTopaMu. Bo-mepBHIX, 3aMep3aHue B
3UMHHHA NepHoJ, BOAH B TaJHKe UDUBOAHUT K HApaCTaHHIO GOJEBIIUX
MacC JbJa HENOCPEACTBEHHO IIOJ CaMOH IIOBEPXHOCTHIO MOUYBEI, YTO
paspyuiaetr NMoYBEHHHIA cjaofi. Macca HeGONbIINX MODPO3HBIX GYrpoB —
«MUHTO» ** — BRIMHpAeT M3 3eMJIM, HapacTag HajJ MEep3JbIM TPYHTOM,
a BO BpeMs TasiHUS JbJa OHH NpPOCENAIOT, NPeBpallasiCh B 3aNOJHEH-

* Pycckuii OOLIENDHHATEIA TePMHH <«TaJHK»> (OT «TasfThy) HCIOJB3yeTcs A
0603HaueHHsl CJOS He3aMep3Ilero rpyHTa ¢ TeMmepatypoli Beiie 0°C B TeueHHe BCero
rofa W BJarofi B XHAKOA ¢ase, OKPYXKEHHOrO Mep3JIOH TOJIIed TOPHBIX INOPOA;
BCTpeuaeTcs yallle BCeTO B 30HAX «MSITHHCTOM» MHOrOJETHEH Mep3JIOTHL.

** B pameil JurepaType Takue OYrpbl Ha3BIBAIOTCH SKYTCKUM CIOBOM «6yJ-
TYHHSIX>,
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Hble BOJAOH BblemMKkH. HeomHokpaTHble NPOMEpP3aHHsS H  OTTAUBAHHA
NPHUBOJAAT K 06pa30BaHHIO «CTPYKTYPHOIO» HJH «y30DYaTOro» I'PYHTA,
CKOIJIGHHs] I'PaBHHHO-Ta/eYHOr0 MaTepHaJsa Ha NMOBEPXIOCTAX CKJIOHOB
00pasyioT moJIOCH M THDPJSHAB, HapylleHHble COMHQJIOKIHed *. Bo-
BTOPHIX, BO BpeMsi JIeTHEr0 OTTAaHBaHHsi IPYHTA JABHXKEHHe NOA3EMHBIX
BOj OKa3bIBaeTCsl OTPAHHYEHHBIM, TaK KAaK CJIOH Mep3JIBIX NOPOJ CJIy-
KHT 1Ji1 HEX 6apbepoM, HPENSITCTBYIOIIMM IPOCAUHBAHHIO BI/IYOb.
[Toatomy Bona 3ajepiKHBaeTCsl B BepXHeM cCJioe (MOILHOCTBIO JO He-
CKOJIbKHX METPOB), KOTOPHIH TeM CaMBIM pa3phIXJiseTCs.

Karactpoduueckoe paspeIXJenHe rpVHT4, CCUPOBOXAAIOLIEEC BECEHHEE CHEroTas-
HHe, B JIETHHE NEePHOAW NPHBOJAHT K BHIXOAY H3 CTPOA MHOTHX LIOCCEHHBIX H lXeje3-
HBIX JOpOr M B3JIETHO-NOCAMOUHEIX moJoc B aspomoprax. ConudmOKIHS Ha CKJOHAX,
VKJIOH KOTODHIX He NpPeBHIIAeT HECKOJibKHX TPajycoB, MOXKET BHI3BaTb pa3pyLIeHHS
OCHOBAHHWY Pa3JMYHBIX INOCTPOEX; NpH 3aMep3anuyd ke HAOJAIOAAETCST BCHyuHBaHHE
IPYHTA BMECTe C HaXOJSUIMMHCS HAa HEM COOpYyKeHHsIMH. B pesyinTaTe TakhHx sBJe-
HH# HOPOTH OKa3LIBAIOTCS NOBPeXKAEHHBIMH, a OINOPHBIE CEAH 3MaHHH H MOCTOB MOTYT
OuiTL 6yXBasibHO BLIAABJEHH W3 TPYHTa HJH Jaxke BBHIGPOUIEHE HA MOBEPXHOCT.
ITosTomMy camoe riasHOe B YCJIOBHSX BEUHOH MeP3JIOTHl — IIDH COOPYXKEHHH Tex HJH
MHHX 00beKTOB BHGPATH, MECTa, HaHMeHnae NOAREPIKEBHbIE NEHCTBHIO YKasaifHX IDO-
LECCOn, T. e. BHODATh YUaCTKH. MpeCTABJEHHBe KOPEHHBIMH NOpofaMHu JH6o rpy6o-
3€PHHCTHIMH, XOPOLIO [PEHHPOBAHHBIMH OTJIOXKEHHSMH (IPABHAHHKAMH H IECKaMH).

[Tpu cTpouTtenblibix paGoTax BCeX BHAOB, KakK MPaBHJO, OTMeUaeTcs
HapyUIEeHHE TEMNEePaTypHOTO DPexHMa INOACTHJIAIONHX HOPOJ, HHBIMH
CJI0BaMH, HapylileHHe NPHUPOJHOrO paBHOBecus (puc. 6.5). OTranBanue
TPyHTa B JieTHHe MECSIIIBl CTAHOBHUTCS OUeHb HHTEHCHBHBIM M CJIOH Beu-
HOJl MEpP3JIOTHl MOJKET OKa3aThCs HApYLIEHHLIM Ha IeJ0M psfe Yy4acrt-
koB. Tak, mon moporoff, mposoxkeHHod B Hayate 1950-x ronos Ha
Anscke, oTMeuanuch Ce30HHBIE TeMIepaTypHble Koje6aHHd, B 3—4
pasa ImpeBHIIIAIHE HOPMaJbHYI0O CMEHY TeMIepaTyp B HeHapYIIeH-
HOM TpyHTe, DTa A0Opora, Kak 4 MHOTHe JPYrHe TPAacchl TAKOrO THIA,
6plia CHJALHO HCHOpEe:keHa B pe3yJbTaTe NPOCAAKH H MOPO3HOrO BCIy-
ypBauus. CoBpeMeHHble JOPOTH OOGBIYHO NPOKJAABIBAIOTCA Ha MOLI-
HOH HACBINH, NO3BOJSIOUEN H30JIHPOBATH JOPOKHOE NMOKPHITHE OT CJIOS
BEYIONH MEep3JIOTHI.

Hapyuieruss teMmepaTypHOTO pexHMa OTMeUalOTCSl TaKxKe MOJ
3L2HUSIMH HJIH IPYTUMH KPYIHBIMH CTPOUTENbHBIMH 06BeKTaMH, COOpY-
’KaeMBIMH HENOCPeACTBEHHO Ha TpYyHTe, 6€3 H30JHPYIONIEr0 NPOCJIOL.
B pesysbTarte TemaooTnaud OT OCHOBAHHS 3JaHHs K I10YBE IPOHUCXOJLHUT
COKpanleHHe M pa3pylieHHe MHOTOJIETHeMep3Jioro CJO0sl, YTO B CBOHO
ouepenb CHOCOGCTBYeT TUPHTOKY TI'PYHTOBBIX BOJ, KOTODHIE, 3amep3as,
NPEBPAIlAIOTCSl 3aTeM B NOA3eMHHIH Jel. BosneiicTBue xopouwro oran-
JUBaeMbIX 3/1aHuil, mocTpoeHHblx p 1950-x rogax B Bappoy (Anscka),
TIPUBEJO K TOBHIIEHHIO TeMIepaTyphl rpyHTa ma 5—6°C Ha ray6une
Jo 6—7 M OT 3eMHOH NOBEPXHOCTH, BCJEIACTBHE YETrO 3TH 34aHHSA IO-
CTpajajH B pe3yJjbTaTe HePaBHOMEDHOro IPOCENAHHS M DPaCTPeCKH-
Banus, [losToMy coBpeMmeHHBle 1OMa U TPyOONPOBOALI B pafioHax Bed-

* Conndumoxuns (6yKBaJbHO <«TedenHe IOuB») — MepnJennoce (0,6—5,0 cm/ron)
BSIGKOe TeyeHHe BHH3 [0 CKJOHAM IIPOTaHBAIOL(UX, NepeyBJaYKHEHHHX MOUYBEHHHX 3
UPYTHX HECOPTHPOBAHHBIX MaTepPHAJIOB B 30HAX Pa3BHTHUs BEYHOH MEp3JOTH.
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Puc. 6.5. YcrofiuuBocTh TrpyHTa B paiionax pa3BuUTHA MHOroJieTHeil (BeuHoH)
Mep3J0ThI.

a — HapyllleHWe TeMIepaTypHOro pexHMa, OGYCJOBJEHHO€ CTPOHTEJNbHbIMH paGoTaMH: KpPOBJA
MHOTOJIETHEMEP3JIOTO CJIOSI HIICOMETPHYECKH IOHHXKAaeTCsl B TeUeHHEe JETHEero OTTAMBAHHS [OYBHI,
BCJEJCTBHE Yero OCHOBaHHS JOPOTr TepsIIOT YCTOHUHMBOCTDL; [HJisi HM30JSILHH MHOICJIETHEMEpP3JIoro
CJ0Sl M COXPaHeHHs YCTOHYHBOCTH IpDYHTa HeoOGXoAHMa Gojiee MOIUHas TpaBHHHAS HAaCHIIb.
1 — rpaBufiHasi HacCblllb; 2 — YIJIOTHEHHBIH TPYHT MOJ HAaCBINbIO; § — OTTasiBIasi 4acTb MHOro-
JIeTHEMep3JIOTO CJIOS.
6 — TemmnepaTypHble KojeGaHusi: I — ce30oHHble Ha 3eMHOil NoBepXHOCTH, [/ — NepBoHayaJbHLIC
B rpyHre, II] — mocie 3aBeplIeHHS MNPOKJaAKH HOPOTH.

HOH Mep3JIOTH BO3BOJSITCA HAa CBadX, a4 3HAUUT, [I0J, HHMH MOXKET CBO-
GOJIHO LUPKYJIUPOBATbL XOJIOAHHIH BO3AYyX, Ojarogaps dYeMmy COXpaHs-
eTCsl eCTECTBEHHBIH TeMIlepaTypHBIH PeXHM.

6.2.4. CENCMHUYHBIE PAROHBbI

CoBepuIeHHO OYEBHJHO, YTO AJIsi PAfiOHOB C MNOBHIIIEHHOH CeHCMH-
YeCKOH HJIH BYJKAHHUECKOH aKTHBHOCTBIO OCOOEHHO Ba:KHBIM SIBJISETCS
BOIIPOC O COXPaHEHHH YCTOHYHBOIO pexuMa. [JlaBHble CEeHCMHYHBIE
pafoHH H OGOJBIIHHCTBO AKTHBHBIX BYJIKAHOB Haulefl IJaHeThl MpH-
ypOUeHH K I'paHHIlaM JHTOCHEpHBIX IJHT, KOTOPHIE MNepeMeniarTcs
JIPYr OTHOCHTEJBHO LPYra cO CKOPOCThIO HECKOJBKO CAHTHMETPOB B I'OJ
(puc. 6.6). DTH NOABHKKH NOJAPa3AesAIOTCS Ha JaBa Bupa:J u6o mo-
CTOSIHHOE MeJJIeHHOe CKOJIbXKeHHe, JHO0 NepHOAHUYECKOe pe3Koe CMe-
leHHe 10 HeCKOJbKHX MeTPOB BLOJb Pas3iomMoB. Hauasbnble 3¢ hekTh
NOLOOHBIX 3€MJETPSICeHHl O0O0YCJIOBJIeHbl BOJHOOGDAs3HEIMH KoJeba-
HHSIMH, PacIpOCTPaHSIOUHMMHCs OT THIOLEHTPa. DTO MOKET IPHBECTH
K o0pyILIeHHIO 37aHHH, K DasphiBaM raso- U BOJAONIPOBOAOB, KaHAJH3a-
IIMOHHBIX TPYO, NuHHM ssekTponepenay. CeficMuYecKas aKTHBHOCTD COII-
POBOXKAeTCsl 3apOKAEHHeM BOJH (LYHAMH), 3aTANJIHBAIOIHX HHOTLA
obwHpHBEIe y4acTKu nobepexuil. HaBogHEHHS NPOHCXOAAT TakkKe B
pesyJ/ibTaTe pa3pylIeHHs BOAOXPAHMJHIL H BEIXOJA 03ep H3 Oeperos.
3eMyeTpsCeHHAM OOBLIYHO CONYTCTBYIOT IOXKAphl, HAPYIIEHHS KOM-
MyHHKaLlHH, 3arps3HEHHsy BOA M TeM CaMbIM pacCHpPOCTPaHEHHe 3apas-
HBIX 3260/€eBaHUM.

MHOTOYHC/IEHHble YeJIOBEUECKHe KEePTBHl W KaTacTpodHuecKHe pas
pYyLIEHHs] — BOT TPAardyeCKHe IOCJEACTBHSI 3eMJIETPSICEHHH B T'yCTOHa-
CeJIEHHBIX pafoHaX 3eMHOro 1apa (HampuMmep, BO BPEMS TOKHHCKOTO
semyeTpsacenuss 1923 r. moru6so 143 teic. uesosek). UToGH cBecTH
N0 MHHHMyMa pa3pyIUHUTe/JbHYI0 CHJYy 3eMJEeTPSCEHHil, NPHXOAUTCS
CTPOHTb aHTHCEHCMHUHble COODYKEHHs, a Takxke pa3pabaThlBaTb Me-
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Puc. 6.6. Pasmemenne <«ropsyux TOYEK», NPEACTABJSIOUIMX NOTEHIHANbHYIO Ofac-
HOCTb AJIsl YeJioBeKa.

IToka3aHbl 30HBI, NPHYPOYEHHble K KpaeBhIM YacTAM JHTOCHEDHBIX MJHT, H TIJIaBHble BYJKaHH-
YeCKHe IeHTpPHI.
I — nmoxBHXKHBIE OpOTEHHYECKHe Iosica; 2 — CPelMHHO-OKeaHHYeCKHe XpeGTnl M TpaHCHOPMHbBIE
pasnoMbl; 3 — NeACTBYIOUIHE BYJKaHBI.

TOIHKY BBISIBJeHHs1 HaubGosiee ONACHHIX MECT M COBEPLIEHCTBOBATh
ca1yx0y mporHosa zemierpsiceHuit, HHeo6x0AMMO BBINOJHATH JETaJbHOE
reoJIOTHUECKOe KapTHPOBAHHE BCeX CEHCMHUYECKHX TepPpPHTOPHH; HaIo
IIpH 3TOM [JIyGOKO pa3fupaTbCcsl B JIHHAMHKE CEACMHYECKHX TOJIYKOB
IPUMEHHTENHHO K NaHHOMY KOHKPETHOMY PErHOHY.

CeHcMOJIOTOB TIPHBEJIO B HEJOYMEHHe IIOUTP CJY4YaiiHOe OTKPEHITHE,
COCTOsilllee B TOM, UTO H3MEHEHMs [aBJIeHHS XKHIKOH Cpeibl B 30HE
paspuiBoB BOau3u [lenBepa (Kosopano, CIIA) 6blni B3aHMOCBsI3aHbI
C aMIJIUTYJOH M YacTOTOH NOM3eMHBIX TOJYOB B 3TOM paioHe, DTa HH-
TepecHasl 3aBUCHMOCTb OBljIa ycTaHOBJE€HA B Hayajse 1960-x ronos, KO-
raia GBJIO NPOBeJeHO 3aKauMBaHHE CTOYHBIX BOJ B IJIyOOKYIO CKBa-
XHHY, IPOOYPEHHYI0 B TPELIMHOBATHIX NOPOJAax AOKEMODPHHCKOro ¢yH-
naMenta. Torza W BHISICHHJIOCH, UYTO YacToTa CJabblX INOA3eMHBIX
TOJNYKOB HaXOJHUTCS B NpPSAMOH 3aBHCHMOCTH OT o0beMa 3aKauyaHHOH
JKHIAKOCTH. DB chesnaH BBIBOJ, YTO BBICOKOE AaBJeHHE JKHIKOCTH
npoayuupyeT HeboJibliHe (a CJefOoBaTeJbHO, MEHee pa3pyLIHTENbHEE)
CMeLIeHHs] MOPOJ, HAXOAAIIHXCA B HaNpsXKeHHOM cocTosiHMH *. U3
3THX IPHMEPOB MOJKHO CYAHTH, HACKOJBKO CJIOKHB B3aHMOOTHOIIE-
HUSI MeXJy pasHbBIMH (aKTOpaMH, BIHSIOIIUMH Ha CEHCMHUYECKYI0 Xa-
PaKTEPHCTHKY TOTO HJIM HHOTrO pakoHa.

B03MOKHOCTb NpeAcKa3aTh KPyHHBHE 3eMJETPSICEHHsI C TaKOH cTe-
IIeHbI0 TOYHOCTH, YTOOLl yCIIeTh 5BAKyHPOBAThb HAacCeJeHHEe 3a INpejeJbl
ceficMOONacHOr0 pafoHa, ONpeeJsieTCss TOYHOCTbIO IPOTHO3HPOBAHHS

* OreuecTBEeHHAsl NPaKTHKa I0Ka3aja, YTO aHAJOrHYHbY 3G GeKT HOoCTHraercs M
IPH CO3JaHMH HCKYCCTBEHHBIX BOAOXPAaHHJIHIL.
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TaGauna 6.1 SIBACHHS, ciyxaliue NPeABECTHHKAMH 3eMJeTpsiceHHH

OCHOBHBlE
NpH3HaKH KpaTkasi XapaKTepHCTHKa
ONMacCHOCTH
Paspywenus Ha | CHcTeMaTnyeckoe HHMBEJIHDOBAHHE M HCIOJb30BaHHE JaTYHKOB
3eMHOM  TMOBEpX- CMellleHHsT 3eMHOH IOBEDXHOCTH IIO3BOTWVIM YCTAHOBHTbH 3a-+
HOCTH MeTHHEe H3MeHEHHS 32 HECKOJbKO HeJleab JO Hayajga SIOH-
CKHX 3emJieTpsiceHHA 1943 u 1969 r.; aHoMaJbHEE KOJIe-
6aHusi ypoBHS Mopedl M 03ep ObLIH 3aHKCHPOBaHH HeNo-
CpeNCcTBEeHHO Tepe] 3eMJeTPSCeHHsAMH
CefiCMHYHOCTD H3MeHennss 4acToTl H CHJIB HeGOJbUIIMX MOJA3EMHBIX TOJY-

KOB MOTyT ObiTh CBsI3aHBl C HAaJBHTAIOMIHMHUCS KPYIHBIMU
semserpsicenusmu. Harpumep, 3a mepuox 1965—1967 rr. B
paitone Manycupo (SImoHms) rpynnoBble NPOSIBJEHHS He-
6GOMbUINX CEHCMHYECKMX TOJYKOB OBLIH 3apPErHCTPHPOBAHH
BOJIM3H IOTEHIMAJbHBIX SMHLEHTPOB 3eMJIETPACEHHH, KOTO-
pble OPOM30LIIH HECKOJbKHMH MecsLaMH I03[Hee

Lpyrue  reodusu- | VsMeHeHHss MarHHTHOTO TOJA H 3JEKTPONPOBOXHOCTH MOPOA

YecKHe aHOMaJIHH nepes 3eMJIeTpsiCeHHEM
Anomanbunii  pe- | HeoGbuHO OOHJbHEIE NPHTOKH H3 HCTOYHHKOB HJIH TPEIIHH-
XKHM  TI'DYHTOBBIX HBHIX BBIXOZOB B pe3yJbTaTe IOBBHIIIEHHS THAPOCTaTHYECKO-
BOZ ro Hamopa, BHe3alHbe H3MeHeHHS YPOBHS BOAH B CKBa-
XKHUHAX HaGMIONAIHCh 3a HECKONbKO [IHeH H 9acoB [0 3eM-
JIeTPSCeHUs
Brinenenne rasos Vi3menenne CKOPOCTH BHIAENEHHs] PaJoHa W APYDHX ra3oB H3

30H pPAasjiOMOB MOIKET CJHYXHUTb NDPH3HAKOM np‘n6.mmxalou1e-
rocsa 3eMJieTpsiCeHHA

Heo6nuyHoe  noBe- | HecMoTpss Ha HeOQHO3HAYHOCTb STOrO IPH3HAKA, XHTENH ceft-

JleHHe KHBOTHHX CMHYECKH aKTHBHBIX paHoHOB (oco6eHHo B Kurae) o6pa-
Ial0T Cepbe3HOe BHHMaHHe Ha OTKJIOHEHHS B IOBEIEHHH
Pa3JIMYHBIX KHBOTHHIX, YTO MOXKET CJYXHTb NPEIBECTHHKOM
3eMJIETPSICEHHS]

CHJIBL M BPEMEHH INOJA3eMHHEIX yAapoB. HyxHo HayuuTbCsi pacnosHa-
BaTh OTKJOHEHHSI OT HODMAaJIbHOIO CeHCMHYECKOTO pexuma 3a He-
CKOJIBKO MecCsleB, AHEH WM XoTs Obl 4acoB A0 Hayajaa paspylliu-
TeJbHOPO 3eMmJenpsiceHust (rabua. 6.1).

6.2.5. PAMOHBI AKTUBHOTI'O BYJIKAHH3MA

MoO:KHO BBHIZENINTh YeThipe OCHOBHBIE KaTeropHu mary6GHOro BO3Jei-
CTBHUSI BYJIKAHHYECKOH aKTHBHOCTH HA }XH3Hb UeJIOBEKa.

I. ITupoknacruyeckue (MemIoBHe) MoToKH. OHHM GoJblueli gacTbio o6pasyloTcs
NpH KDPYNHBIX H3BEDIKEHHUAX PHOJHTOBHIX * BYJKAHOB. DTO — GHICTPO JBHKYIIHECH
packasleHHble NOTOKH NeIJla H rasa, NOKpHIBalOUIHe OOGUIHPHEIE TEPPHTOPHH H YHHUTO-
JKaloliHe Ha CBOEM IIyTH Bce XKHBoe. XOTSl BO BpPeMsl H3BepKeHHs BYJKaHOB Besynil
(79 r. n. 3.), Kpakaray (1883 r.) u Moun-ITese (1902 r.) moTOKH J1aB BHI3BAaJH KaTa-
cTpodHYECKHe ONYCTOLIEHHS H YHECHH MHOXKECTBO UeJOBEUECKHX MKH3HEH, BCe XKe 3TH

* Puosutsl —rpynna s¢@y3HBHEX NOPOA, B OCHOBHOM MOP(HPOBHX, C BKpal-
JIEHHHKaMH KBapla H IIeJOYHOro I0JIeBOro IIMaTa B CTEKJOBATOH Macce.
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GeCTBHS YCTYMAIOT NOCJEACTBHSIM <«JAeSTeJbHOCTH» NHPOKJACTHUeCKHX NMOTOKOB. Ilpm
WIHPOKOMACIITAOHEIX M3BEPKEHUsX SKCIJIO3HBHOIO (B3DBIBHOTO) THIA BO3HHKAJH
NemnJoBble NOTOKH, HanGoJjlee MOILIHbBIE M OOMHDHBIE M3 KOrAa-1u6o HabuiopaBIUHXCS
yenoBekoM. Hanpumep, B 186 r. H. 3. WrHEMOpHTOBHIA * notok B Tyamo (Hosas
3e/laHAHs) NMOKPHLI TePPUTOPHIO AHAMETPOM 0KoJIo 70 KM.

I1. IMensnonanst. OHu 06pasylOTCs NIPH MeHee MOLIHBIX SKCIJIO3HBHBIX H3Bepike-
HHSX, TaKux Kak usBep:keHne ByJakana Cent-Xeaenc B 1980 r. Ilenyionansl sIBJSIOTCS
6GoJlee YacTHIMH pe3yJbTaTaMH BYJKaHHYECKOH AKTHBHOCTH, HO OTHOCHTEJNBHO MEHb-
1asi CKOPOCTh BBHIMAJEHHS M MeHee 3HAYMTeJbHBIE MacuITabbl PacHpoOCTPaHEHHS CHH-
JKalOT MX BpeJHOe BO3JeHCTBMe Ha NPHUPOAY H desoBeKa. BMmecTe ¢ TeM Haxe TOHKHe
CJIOH Tema MOTYT YHHYTOXKHTb DaCTHTEJBHOCTb, a 0oJiee MOLIHBE MENJONaibl IpH-
BOAAT K Pas3pyUIeHHIO 3MaHHH H IOBPeXAEHHI0O KOMMYHHKamuil. Jlaxaphl mnpencraB-
JSAI0T TaKyl0 Xe OMNAacHOCTb, KaK H ApyrHe rps3eBHe IOTOKH, PacHpOCTPaHSIOLIHECS
¢ GOJIBIIOH CKOPOCTBIO.

II1. JlaBoBble mOTOKH. OHH H3JIHBAIOTCS MPEHMYINECTBEHHO H3 Ga3aJbTOBHIX BYJI-
KaHOB, BHJEJAIIIHX JaBH C OTHOCHTEJbHO HH3KOA BA3KOCTbIO. JIZBOBEHIE IOTOKH
paspywaloT 3[aHdsi, NPHCTaHH M AOPOrH Ha cBoeM nyTH. KaracrpoduueckHe H3Bep-
JKeHHsl, CONPOBOXKAaeMble IOTOKAMH JaB, MPOHCXOAAT BPeMd OT BPEMEHH Ha CKJOHAaX
TakKHX BYJKaHOB, Kak DTHa (CHuuaus), H B BYJKaHUYECKH aKTHBHbIX pafionax Hec-
nanaun u aBajiieB, XOTsi YeslOBeUeCKHe KEPTBH IPH 5TOM, KaK NPaBHJO, HEBEJHKH.

IV. HaBoguenus. Ilpu nposIBNEHHSX CeHCMHYECKOH aKTHBHOCTH HABOJHEHIS
06bIYHO OHIBAIOT HE3HAYHTEJNbHBIMH [0 cBOHM Mactutabam. OHH 00ycaoB/eHH JHGO
ONyCTOIIEHHEM KPaTepHEIX 03ep, JHGO NMOANPYKHBAaHHEM peUHHX pyced. BoJee pas-
pyliHTesJbHBlE HABOJHEHHMS MPOHCXOAAT B TeXx CJaydassX, KOIa NHPOKJIACTHUeCKHE
TIOTOKH MJH KDYIHHE IenJonajbl BH3HBAIOT NepeMellleHHs OOJbIIMX BOAHBIX MaccC.
HecMmorpss Ha TO 4TO HaBOAHEHHS — 3TO INOOOYHLIE SIBJEHHS IPH BYJKAHHYECKHX
H3BEPKEHHSX, MJ 4YeJoBeKa OHH 3auacTylo OHBalOT ryOuTeJbHHMH. Hampumep,
BO BpeMs H3BepxeHHs Kpakaray B 1883 r. u3 36 TecAY MOruGMIMX NPH 3TOM JIOfeH
GOJILIINHCTBO YTOHYJO B BOJHAX IYHAMH, POHECIINXCS 10 30HACKOMY IIPOJIHBY MOCJIE
H3JIHSIHHA B MODe IMHPOKJIACTHYECKHX NOTOKOB **,

XapakTep M 4acTOTa BYJKAHHUECKHX H3BEDXKEHHH 3aBHCAT B 3Ha-
YHTEJHHOH Mepe OT T€HETHYECKOH NPHPOJAB MaTepPHHCKOi Marmbl. OT-
HOCHTeJIbHO CIIOKOHHEIE M YaCThle H3JHSHHSA J1aB XapaKTepPU3YIOT raBafi-
CKHH THMI BYJKaHH3Ma, HanbGoJsiee THINHYHBIH AJs 0a3aJbTOBHIX BYJKa-
HoB, V3BepxkeHUs BYJKAHOB 3TOr0 THIA IPENCTABJISET OTHOCHTEJIbHO
MEHBIIYI0 YIpo3y AJs KHU3HH W HMYILeCTBa yesoBeKa. HecpaBHeHHO
0oJiee MOIHbIE B3DLIBHLIE H3BEPIKEHHS BYJKAHOB C BEHIAEJNEHHEM BsI3-
Kux (0cOGEHHO DHOJIUTOBBIX) JaB NPOHCXOAAT HACTOJbKO pPELKO, 4TO
MBI He HMeeM IIOKa IIOJIHOIO NpeACTaBJeHHs o MX 3HAYMMOCTH B 00-
IeM IUKJe ByJKaHH3Ma.

B pesysnbpTaTe KOHTPOJST HaA AesATENbHOCTbIO HEKOTODHIX BYJIKAHOB
BBISICHHJIOCh, YTO NOJ’b€M MarMmbl 10 COOTBETCTBYIOIIMM KaHaJjaM, Ipel-
UIECTBYIOIIHA MHOTHM HM3BEPXKEHHSM, NPHBOLHUT K LeJOMY DPsLy pas-
pYLIeHHHI Ha 3eMHOH INOBEPXHOCTH, K INPHTOKY TeINJOBOH SHEPIHH W3
Help (HMHOTZa BCKHIIAeT BOJA B KPaTepPHHIX 03€pax), K MAarHUTHHIM
aHOMAJIHSIM ¥ BO3PACTAHHIO CefiCMHYECKOH aKTHBHOCTH. IIpoGJiema 3a-
KJII0uaeTCst B TOM, YTOOBI HCHOJb30BaTh INepeyHCJeHHble H OpYyrue
NPU3HAKH HAJBUTAIOIIErocs U3BEPKEeHHs NJs Hay4YHOTO IPOTHO3a Kak
€ro BPeMeHH, TaK U IpeAnosaraeMblX MacmTabos.

* MIrHuMOpHTH — IOPOABI, 06pasoBaBLIHecs B pe3ysbTaTe KOHCOJMAAUUH Tiel-
JIOBBIX NOTOKOB H OTJIOXKEHHIl MaJsALUIMX TYY.

** llyHamu, KaK NIPaBHJIO, BO3HHKAIOT B De3yJbTaTe TEKTOHHUECKHX ITOJABHKER
MODCKOI'O JiHa, EBI3bIBAICIIHX 3eMJIETPSICEHHS, B TOM YHCJe KaTacTpoduIecKHe.
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6.3. BONOXPAHUJIUIIA U PETYJIMPOBAHUE PE)XMMA PEK

6.3.1. BLIBOP MECT J1J151 COOPY)KEHHUS BOILOXPAHHWJINILL
M1 BONPOCH! YCTOMYHUBOCTH NJOTHH

OcHoBHO} mpo6seMOH, CBSI3aHHOH C HHKEHEPHO-TeOJOrHUeCKHMH
HCCJIeIOBAHHSIMH Ha NPOTSKEHHH 6oJiee CTOJIETHd, SBJSETCS cO3JaHue
HCKYCCTBEHHBIX BOJOXPAHHJIHIL C LI€JNBI0 HCIOJb30BAHHSI BOAHBIX pe-
CypCOB [Ji PHAPO3HEPreTHYeCKHX CHCTeM, HPPHralluM M DPeryJHpoBa-
HHA NaBoJAKOB, B mepByio ouepenb HEOGXOZHMO BCECTOPOHHEe H3YYHThb
Fe0JIOTHUECKHE YCJIOBHS padHOHa, KOTOpble 3a4acTyi MOTYT OKas3aThbCs
BecbMa CJ0XKHBIMH. Kpome Toro, ciaenyer yuHTHIBaTb TakHe (aKTOPH,
KaK; 6/1aronpHsaTHOe PAaCIOJOKeHHe pe3epByapa, MOJHTHYECKas CHTya-
IHg M CTOMMOCTb CTPOMTEJLCTBA. B pslle clyyaeB Hy:KHO NaTh OTBET
Ha 'BOIPOC O HEOOXOAMMOCTH COOPYKEHHSI HCKYCCTBEHHOI'o BOAOEMa
HMEHHO B 3TOM MecTe, a He B KakoM-nu6o japyroM. Hampumep, mpH-
HIJIOCh CO3JaBaTh IieJblil psf pe3epByapos, IpeJHa3HaYEHHBIX JJIs BO-
nocHabxkeHus: KpynHbix ropoaos KamnndopHuu, XoTs BO3BeleHHe THI-
POTEXHHUYECKHX OOBEKTOB B TAKHX BBICOKOCEHCMMYHBIX pafoHax cCOIi-
PSIZKEHO C OTPOMHBIMH (PHHAHCOBLIMH 3aTPaTaMH.

I'naBHble MecTHBIE (PaKTOPH], BJAHSAIOLUINE HA YCTOHYMBOCTh MJIOTHHBI
H Ha TepMeTHYHOCTh BOJOXPAHHJHINAE, — 3TO CTPOEHHE KOPEHHHIX IIO-
pox (cocraB, CTPYKTypa, OCOGEHHOCTH 3aJjieraHus), riiy6HHa H Xapak-
Tep TPYHTOBHIX BOJ, Tam, Ile OCHOBAHHMEM IIJIOTHHBHl CJIy:KaT cjaabnle
NOpOJbl (HEKOHCOJNUAHDPOBAHHbIE OTJOXKEHHS), Harpyska Ha HHX MO-
¥KeT OBITb YMeHbilleHa 6J1arofapsi BO3BeJeHHIO MIHPOKHX faMb, B KOTO-
pPHIX HENpPOHHIIAeMOe «SAPO» (LEeMEeHT MJH BaJyHHBlE IVIHHBI) OKpY-
JKEHO APOGJICHEIM MAaTepHajoOM H CJIOSIMH TOHKO3EPHHCTHIX OCalAKOB.

OuabTpauus BOA IOJ OCHOBAHHE IJIOTHHBI MOKET OBITh YMeEHb-
HieHa IyTeM ONYCKaHHS HENPOHUIAeMOro «s[pa» BHH3 — K KODeHHOR
ocHoBe. Csiaboe ocHOBaHHe IJIOTHHBI MOxKeT OBITh VKDENJeHO NpeaBa-
PHTENBHBIM JPEHHPOBAHHEM H VIJIOTHEHHEM I'DYHTa, a TaKxke LeMeH-
Taluel, KOTopasi OCYLIECTBJSETCS BBEeJeHHEM IKHAKOTO ILEMEeHTHOro
TeCTa, 3MYJbCHH JHOO IIeMEHTHDPYIOUIEro pacTBopa, 3alMOJHAIUIHX Y-
CTOTH H TOpOBbIe MPOCTPAHCTBA B PHIXJIOM MaTepuase. MOXKHO Takke
MOBLICHTb YCTOHYHBOCTh IJIOTHHBI 3a0MBKOH INNYHTOB H CBafl B KOpeH-
Hoe ocHoBaHHe. yKecTkas OGeTOHHAs MJOTHHA BO3BOAHTCS OOBIYHO Ha
KpenKu#x KopeHHBIX mopojax (puc. 6.7). Ilpu BeIGOpe mecT AJsi CTPOH-
TeJbCTBA IJIOTHH M BOAOXPAHUJHIL cjlelyeT u3berath y4acTKOB C pas-
JIOMaMH, KPYNHBIMH HECOTJIaCHSIMM, a4 TaKiKe C PA3BUTHEM TOHKOCJOH-
CTHIX ¥ PaCCJaHLOBAHHBLIX MOPOJ.

3anpy:xuBaHHE DEKH INIOTHHOH BJedeT 3a COOOH HapyluieHne pe-
JKMMa MOBEPXHOCTHBIX M T'PYHTOBBIX BOA. BCiencTBHe 3TOr0 HAYMHAIOT
JeiCTBOBATh IpOIleCCH, HalpaBJeHHble Ha BOCCTAHOBJIEHHe IPH[OX-
HOro paBHOBecHs. B cBsi3H ¢ moBHIneHHeM 6asuca 3pO3HH NOAHMMAETCH
YpOBeHb TPYHTOBHIX BOA. B pesyispraTe Harpyskd Ha NOACTHJIAIONIHE
NOpoJbl, KOTOPYIO OKa3BIBAIOT HAKOMJEeHHble MAacCChl BOAH, PEUHOi aJj-
JIIOBHJI MOJKeT NPHHTH B JBHKeHHe JHOO YIUIOTEUTHCS, @ BAOJb HOBO-
o6GpasoBanHol OeperoBoil JuHHKH OyAyT AefiCTBOBATH 2PO3HUOHHEIE IIPO-
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Puc. 6.7. beronHass mioTHHa (YacThb THAPOdHepreTHyeckoit cuctemnl B [JeH-dppox-
T4, Wotnaunus).

neccel. B Tex MecTax, rae CKJIOHBI DeYHBbIX AOJIHH HeyCTOﬁqHBbI, 3TH
H3MEHEHHUs1 MOTYT BBI3BAaTb MAaCCOBbIE€ IMOABHIKKH, UHOrJAA NMPHBOASAIIHE
K KaTaCTpO(pPIIlECKPIM NOCJEeACTBHAM.

B kauecTBe nmpuMepa MOXKHO NPHBECTH ONOJ3eHb, cayunBliufics B CeBepnoit Hra-
Jun B 1963 r. mocse coopy:KeHHsl MJIOTHHBI Ha p. Balionr (nputok p. IlbsiBe, Bnagma-
oulefl B AapuaTHieckoe Mope). 3Jecb ObIIO CO3JaHO BOJOXpAHH/MIE HA YYacTke,
HEYCTOHYHBOM IO TEOJIOTHUeCKHM YcaoBHAM (puc. 6.8). KopenHoe ocHoBaHHe mox
IVIOTHHOH CJ/IOJK€HO M3BeCTHAKAMH H TJIHHAMH IOPCKOro — MeJIOBOro BoO3pacra, obpa-
3YIOUIHUMH OTKDHITYIO CHHKJHHAJbHYIO CK/IaAKy. B CBSI3H ¢ 3THM IJIOCKOCTH HamJacTo-
BaHHs MOPOJA, B TOM UHCJ/E JIETKO CIOJ3aIOIHe CJAOH TJIHH, 0Ka3a/JHCh HAKJIOHEHHBIMH
B CTOPOHY JIOXKa AOJMHBEL. HeycToH4HBOCTb, H3HAYaJbHO NPHCYILAs TAaKOH CTPYKTYype,
ycyry6uiach CHJBHOH TPEUIHHOBATOCTBIO HOPOJ.

INogvem 3epkaja TPYHTOBBIX BOJA B Ipoliecce 3alOJIHEHHs] BOLOXPAHHJHILA pac-
WHPHJ 30HY caTypaulH no o6ouM 6opTaM HOJHHBEL, M C CepeluHbl ceHTsiOpst 1963 r.
CKODOCTb OMNOJI3aHHS T'PYHTAa B 3TOM MOTEHIHANbHO ONOJI3HEBOM paioHe Bo3pacraJja
or 1 po 30 cm/cyTkH. 9 OKTa6ps omoJsHeBoil G610k o6bemom mnoutH 0,25 kM3 oThe-
JMJCA OT CKJOHA M HayaJ mepeMellaTbhCs BAOJb IIOCKOCTH CKOJIbJKEHHS Ha IJyOuHe
okolo 100 M co ckopoctelo 25—30 cM/ceK H B KOHEYHOM HTOre LENHKOM CIIOJ3
K OCHOBaHHIO CKJIOHA.

Hurepecno, 4Tto «3X0» 3TOr0 ONOJ3HS B BHAe CEHCMHYECKHX COTPsCeHHHl GHLIO
3acukcHpoBano jnaxe B Bpioccene. Korga Besi orpomuasi macca rpyHTa o6pyuiHiace
B BOMOXDAaHW/HIIE, BOJAA U3 Hero Obla BEITECHEHA INOJ TaKHM YyJOBHUIHBHIM Hamo-
POM, 4TO OHa KacKafloM NepexJieCTHyJa uyepe3 KpaH IVIOTHHBI H HH3BeprJacb B JOJH-
Hy p. IlbaBe. B pesyabraTe 3Toii Kartactpodnl mnoribiao 2600 yesosek H GBUIO pas-
PYWEHO HECKOJIbKO AePeBeHb, caMa e IJIOTHHA CYLIeCTBEHHO He MOCTpajasa.
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Puc. 6.8. Karacrpoguuecknii onoasenr B pmoaune p. Badionr (mo panmubim A. Kup-
ma [1965 r.]).

IlokasaHbl pasmepbl onoJsi3Hsl (ceHTsiGpb 1963 Tr.), a TakKe TeppPHTOPUs, 3aTONJeHHash BOJOH
B pe3yJbTaTe 3TOTO OMNOJ3HS.

Puc. a: I — MeJOBble H3BeCTHAKH M MepresH, 2 — H3BECTHSIKH C IIPOCJOSIMH TJHH MaJbMa,

3 — U3BeCTHSIKH Jorrepa, 4 -— H3BeCTHSIKH H MepreJu Jeitaca, 5 — TeKTOHHYeCKoe HapylLIeHHe.

Puc. 6: I — BHeWIHHH KOHTYp omnonasus 1963 r., 2 — TeppuTOpHsA, 3ajuTas MpH HaBOAHEHHH,
3 — 3JIeMeHTBbl 3aJieraHusi NOPOX.

[TockosibKy BOJa, 3amOJIHSIONIAs HCKYCCTBeHHBle pe3epByaphl, Ha-
XOLUTCS B KOHTaKTe C IPYHTOBBIMH BOJaMH, T€pDMETHUHOCTb IJIOTHHEL
34BHCHT HE CTOJIKO OT ee MPOYHOCTH, CKOJBKO OT THAPaBJIHYECKOrO
rpajreHdTa W CIOCOOHOCTH KODEeHHBIX NOpoA 3ajaepxuBaTb Bopy, [lo
IBH;KEHHIO TPYHTOBBIX BOJ, XapaKTep KOTODOrO JOJIKeH OBIThb ycTa-
HOBJIEH [0 Hayaja CTPOHTENbHLIX pabOT, MOXKHO IOJYYHTb NPEICTaB-
JeHue o Maciitabax QUAbTpaluH.

Kak npaBusio, BOLOXPAaHH/HIA, BOLHOEe 3€PKaJoO KOTOPHIX PacIo-
JIOXKEHO HHKe JIOKaJbHOrO YPOBHg TDYHTOBBHIX BOJ Ha OKDPYKAIOUIHX
CKJIOHAX, OKa3bIBAlOTCA BOJOHENPOHHIIAEMBIMH, B TO BpPeMsl KaK BOJO-
XPaHUJHILLA, BOAHOE 3€DKaJ0 KOTOPHIX HaXOJHUTCs BHILIE 3TOrO YPOBHS,
IOCTENEHHO TepPSIIOT BOAY, OTAaBas ee B CHCTeMY INOA3EMHOr0 CTOKa
(puc. 6.9). Ilpumepom pesepByapoB NepBOTO THIA CJIYXKHT BOJAOXpa-
gunuiie KoB-I'pun B IlennuHckux ropax CeBepHo#l AHIJIHH, KOTOpOE
yaepKHUBaeT BOLY, HECMOTDPS Ha TO YTO OHO OKPYKEHO NPOHHIIAEMBbIMH
usBectHsikami, K pesepByapam BTOpOro Tuma OTHOCHTCS AcyaHCKOe
Bonoxpanusuule Ha Huse, BOAE KOTOPOTro MHTAIOT NPOHHIIAEMBIE CJOH
Hy6uiickoro necuanuka. ITocie coopyxeHus 3fech nepBoil NJIOTHHH B

133



Puc. 6.9. Acyanckas naoruna (Erm-
ner).

BoJoHOCHBIE CJIOH TOJIIH HYGHHCKOro Iecs
4yaHHKa, HaKJOHEeHHOH K ceBepy (Io Hampas+
JeHHI0O K CpeauseMHOMY MOpIO), MHTAIOT
0a3HChl, BO3HHKAlOUlHe B TeX MeCTaxX, rie
BOJHOE 3epKajo B 3TOof TOJe MepeceKaeT-
¢l C 8eMHOil MOBepXHOCThbI0. B OKpecTHOs
CTAX BOJOXpaHHJHILA BOJHOE 3epKajo pacs
MoJIOXKEHo, KaK IpaBHJO, Ha BeicoTe 100—
150 M Hax ypoBHeM Mops. MakcHMaJIbHBHIA
ypoBeHb BOAB B BOZoXpaHuanme (182 M)
HaXOJHTCS BHILEe YPOBHS TIPYHTOBBIX BOK,
BCJEJACTBHE Yero BO3MOXKHBI NOTEPH BOAHBIX
pecypcoB (Ha cxeMaTHYeCKOM pa3spese IO+
KasaH peJKHMM KpaloM BO3MOXKHBIA NoJbeM
YPOBHS TIPYHTOBHIX BOJ B ToOJIle HYOHA=
CKOro necyaHHKa).
1 — 0a3uchl; 2 — y4yacTKH CYIUH, pacnoJos
JKeHHble HHXKe YDOBHA Mops; 3 — BBICOTA
BOAHOro 3epkana (Hajz ypoBHeM Mops, M).

1902 r. oa3uchl, pacnoJOKeHHble K CeBE€PY OT IJIOTHHH H NHTaeMble
BOJOHOCHHIMH TOPH30HTaMHM HyGHHCKOTO NeCuaHHKa, HEKOTOpoe BpeMd
MOJIyYaJH NOTMOJHHTE/bHEIH, BCe BO3PACTAIOMIUN NPHTOK BOJHL.

[ToctosinHast mpoGJsema NPH KCIJAYaTAllMH BOAOXPAHHJHIL CBS-
3aHa C IOCTYIJIEHHEM B HHX TOBEPXHOCTHBIX HAHOCOB, TPAHCIHOPTHpYe-
MBIX MHTAIOMIEd pe3epByap PeKod JsinGo OTJaraloulUXcs B HeM B pe-
3yJbTaTe pPasMBIBAHHS COCEIHHUX CKJIOHOB. 3aHJHBaHHe BOJOXPaHH-
JIHLIA NPHBOLMT K YMeHblIeHHI0O 00beMa BOABl M, CJIEL0BATeJbHO, K
CHHKeHHI0 ero 3s¢¢ekruBHocTH. CorsiacHO pesyabTaTaM HCCJIeL0Ba-
Huil, npoBefenubix B CIIIA, BrisscHHIOCH, uTo 159 BOZOXpaHHUJHIL Te-
pAIOT exeronHo Gosee 3% cBoero mosesHoro o6bema. BpenHoe BO3-
JefiCTBHe 3aUMBAHHs MOXKHO CYIIECTBEHHO CHH3HTb, €CJH COOPYIHTb
Ha peKax HaHOCOYJIOBHTEJIH.

6.3.2. PETYJIUPOBAHUE PEYHOIO CTOKA
(Ha npumepe p. TeHneccu)

HHTepecHBIH 9KCIEPUMEHT, CBSI3aHHBIH C 6/1arOyCTPOACTBOM OJHOTO
u3 pernoHoB CHIA (wrarm Tenneccu, Kentykku m Cesepnas Kapo-
JauHa), 6bl1 nocraBneH B GacceiiHe p. TeHHeCCH. DTOT 3KCIEPHMEHT
SIBJISIJICS COCTAaBHOH YaCTbi0 SHEPreTHUeCKOH NPOrpaMmbl «HOBOTO Kyp-
ca» mpesunenta ®Ppankauna [lenano PysBesbra. On 6Bl Hayar B
1933 r. ¥ 3akmaoyaJjcs B NONBITKE YINOPSIAOUHTL BOAOCHAOXKEHHe Ha
TePpPUTOPHU Bopoc6GopHoro Gaccefina p. TeHHeccH. B mnepByio ouepenn
OblJIM CO3JaHbl MHOTOYHCJIEHHBIE TJIOTHHBI M HCKYCCTBEHHBIE BOZOXpa-
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Puc. 6.10. PeryaupoBaHue pexuma BOJLOTOKOB B MIHPOKOM MacmTaGe.

IlokasaHbl MHOTOYHCJIEHHble IJIOTHHBl H BOJLOXPaHHUJIHLLA, COOPYXKEHHE KOTOPBIX OCYyUIeCTBJAJNOCH
NpaBHTENLCTBEHHLIMH OpPraHH3alusIMH B JoJiHHe D. TeHHeCCH.

HUJIMINA B JoauHax p. Tenweccu u ee mputokoB (puc. 6.10). dtu co-
OpyzKeHHsI NPeHAa3HauaNnuCh IJIsl DEIIeHHsT HeCKONbKUX 3aAay, KpaTKas
XapaKTePHCTHKA KOTOPBIX IPHBOAUTCS HHXKE.

I. PerysnpoBanue naBonkoB, OGuibHOe BBIMafaHHe JOXKIEBHIX OCaiKoB B Amma-
Jayax — B BepPXOBbsIX Oacceiina p. TeHHeccH — BHI3HIBAJIO HEOJHOKPaTHbIE HAaBOJHEHMS
Ha NpPOTSXKeHHH MHOrux AecsiTiaetufl. CoopyxeHnne B 1930-x romax Ha IVIaBHBHIX IIDH-
TOKax peKH HCKYCCTBEHHHIX pe3epByapOB I[OMOIJIO pa3pellnTb npobieMy 60pbOHI
C HABOJHEHHMSMM Ha 3HAUHTENbHOH TEPPHTODHH — NIPAKTHYECKH IO BceMy OacceliHy
p. Tenneccn BIJIOTh KO BrajeHus ee B MHCCHCHIM.

B ampene 1977 r. Bcero Jumb 3a 30 wacos B 3amafHoil yacTH Anmajadeil BHIago
nouty 400 MM HOXKJAEBBHIX OCaJKOB, YTO BABOE NPEBHICHIO OXKHIAEMBIH MaKCHMYM.
Xorsa B JHoaMHax npHTOKOB pek Tenneccm u Orailo BO3HHKJIH JOBOJBHO CHUJIBHBHIS
NaBOJKH, NPU OTCYTCTBHH IJIOTHH YPOBEeHb BOABI HHXKE IIO TEUEHHIO OT TeX MeCT, rie
6Bl COOPYKeHH BOJOXPaHHJHINA, OKasajcs O HAa 4 M Bhie; 3T0, Ge3yCIOBHO,
npuBeso OBl K GoJlee 3HAUHTEJNbHBIM ONYCTOIUEHHSIM.

1. ITytu coobulenus. Biarogaps noAbeMy YPOBHS BOJIB, BEISBAHHOMY COOpYIKe-
HHeM IJIOTHH, peka TeHHeccH B CBOeM HHIKHEM TEUEHHH CTaja OTKPHITOH AJf CYIOB
60JIBIIOTO BOJOU3MelleHHs. B pe3y/braTe HOBBIE NPOMBIIIEHHbIE LEHTPH B HOJHHE
TenHeccu oxasajHCh CBSI3aHHBIMH C MOIIHOH BOAHOH apTepHell — pexoit MuccucHin.
Kpome Toro, mosiBH/Iach BO3MOXKHOCTb HCIIOJb30BATh HEKOTOPHE BOLOXPAHHJIMINA Kax
MecTa OTAHIXA.

II1. TupposuepreTuka. OCHOBHOH LeJbl0 NPeoOpa30OBaHUS DPEUYHOH CHCTEMBI GELIO
CTHMYJ/IHDOBaHHe Da3BHTHSI NPOMBILJIEHHOCTH B JoJHHe TenHeccH 6Jaromapsi CTpOH-
TeJIbCTBY THAPO3HEpPreTHYeCcKHX 006BeKToB. B Havase 1940-x romoB sTOT pafion cran
BTOPHIM KPYIHENIINM NIPOHM3BOAMTeNeM rHAposHepruu B CIIIA, uTo mo3BOMHIO B TOAH
BTOpO# MHDOBOH BOHHBEI Pe3KO MOAHATH 3[ech BHIPAaGOTKY aJIOMHHHS, cTand, docda-
TOB H XMMHKaJHH.

IV. TloMomp cenbCcKOMY XO3SHCTBY. B pesyibTaTe BEITOMHEHHBIX PaboT CHH3HJCH
yuep6, HaHCCHMBIE pa3pyLIHTeNbHEIMH HAaBOAHEHUSMH, H MOSBHJIACh BO3MOXKHOCTH
peryJiuposaTh peyHoH CcTOK M Gojiee panHOHAJbHOTO NPHMEHEHHS HPpPHrallHH.
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KpoMme Toro, stH npeo6paszoBanns cnocoGcTBOBajH obecneyeHHIO pafioHa 3SHepPreTH-
4eCKHMH pecypcamH. IlepeunciieHible MEpPONPHATHS B COBOKYNHOCTH IO3BOJIMJH OCY-
LIECTBHTh BO3POXKAEHHe 3eMeJb, paHee OECIVIOANLIX H3-32 NOYBEHHOH 3PO3HMH, XHIIHH-
9eCKOi 3KCIUIyaTalHH H SBHO HEJOCTATOYHOrO BOJAOCHAGIKEHHS.

6.4. NIPUBPE)XHBIE 30HDbI

OueBHAHO, YTO IJSIXKH, AEJAbTHl U 3CTyapuu, T. €, Te€ yYyacTKH IO-
Gepexuil, Ille «BCTPEYAIOTCA» MOpPe H Cyllla, XapaKTEPH3YIOTCS OTHO-
CHTEJIbHOH HEeyCTOHYHBOCTBIO, MOCKOJIBKY OHH IIOJBepraroTcsi OJHOBpE-
MeHHOMY BO3JeHCTBHIO KaK 3DO3HH, TaK M CEIHMEHTaLMH; KPOMe TOro,
Ha HHUX CKa3blBAIOTCS JaKe HE3HAUHTeJbHble H3MeHEHHsi YPOBHS MODsl.
ITocse 3aBepuIeHHS IJIEHCTOLEHOBOTO OJieleHeHHs] KOJeOaHHsS yPOBHS
MupoBoro okeaHa GblIM 0COGEHHO YACTHIMH, O YeM MOXKHO CYAHTb IIO
MHOTOYHCJIEHHBIM 3aTOMJIEHHBIM IOCEJeHHSIM H OKa3aBLUINMCg Ha Ccylle
raBaHsM Ha Pa3JHYHBIX y4acTKaX eBpONeHCKHX mobepexuil. B' cBa3u ¢
3THM YMECTHO BCIIOMHHTb O IpaBiope ¢ U3006paxeHHeM TaK Ha3blBae-
moro CepanuoHoBa xpama (Tounee, xpama Cepanuca) B6ausu Hea-
noJisi, KOTOPYI0 aHTJIMHCKHH ecTecTBoMcHbITaTenp Yapas Jlanean uc-
MOJIb30BaJ AJs1 (POHTHCIHCA H3LAHHs CBOEr0 KamHTaJbHOIO Tpyla
«OcHoBH reosoruu», Beimeaurero B 1830 r. (cm. 060xkKy). Ciensl
JKH3HEeNes I TeJbHOCTH MOPCKHUX JBYCTBOPUATHIX MOJIJIIOCKOB Ha KOJIOH-
HaX 3TOr0 XpaMa, HabaogaeMble 3HAUHTEJNbHO BhIle HX IOKOJed,
CBHJETENBCTBYIOT O TOM, 4TO Nobepexbe BHayaJe HCIBITAN0 INOTPY-
JKeHHe, a 3aTeM IOJHAJOCh Ha BHICOTY 6oJee 7 M.

UesoBeK He MOXKET NPOTHBOCTOATH MOIIHBIM NPHPOAHBIM IIpOILEC-
caM, COBepLIAIOMUMCS B TeyeHHMe MHOTHX Thicsuesneruii. Ho cnenua-
JIUCT-Te0JIOT 0053aH YMeTh IPOrHO3HPOBATH I'€OJIOTHYECKHE COOBITHS
H HayyuThCd paspelliaTh TPYIHBE npobJeMbl, CTOsIINe Nepei YesaoBe-
YeCTBOM.

6.4.1. BALLIUTA BEPEIOB,
COXPAHEHHUE CYJOXOOHbIX KAHAJIOB

Bnonan 6eperos, mojaBepramouiuxcs abpasuy, MOpe OTHHMaeT OAMH
3a APYTHM YYacTKH CYyLIH, NOJPEIBAas OeperoBble CKJaJbl U pPa3MbIBast
nasxku., Kak mpaBuio, 3THM IpoleccaM CONYTCTBYIOT ONOJ3HH. Kpart-
KOBPEMEHHBIMH 3aIIUTHHIMH CPEICTBAMH IPOTHB Pa3pyllaioliero BO3-
JefiCTBUSI MOPCKHUX BOJH H BJOJbGEPEroBbIX TEUEeHHi, NEPeHOCSLIHX
foJpIIMe Macchl HAHOCOB, SIBJSIIOTCS BOJIHOJOMBI, BOJIHOOTGOMHHBIE
cTeHbl u 6yHEl. CaMmol BaxHOH npobJeMOil, 0OAHAKO, OCTaeTCs 3alllUTa
NpHOPEKHEIX HH3MEHHBIX PAaBHHH OT 3aTOIIEHHsI BO BpeMs IITOPMOB
H HeoOBIYHO BBICOKHX HOpPHJAHBOB. Oco60 ysI3BHMBIMH OKa3bIBAIOTCS
JeJbThl KPYNHBIX pek (Hampumep, nenbta [anra B Banr.aapgemr), pac-
[OJIOKeHHbIEe [IOYTH Ha yPOBHE MOPS.

Ecau rosoputs o CeBepo-3anannoin EBpone, To mropmosoe Cesep-
HOe MOpe HEOJHOKDAaTHO 3aTOIJsJI0NpHOpexHble paBHUHE Huaepaan-
noB u Bocrounoit Aurauu. B pesysbrare Bo3BeleHusi 4aMG H BOJIHO-
JIOMOB Ha NpOTSIKEHHH CTOJIETH cHOpMHPOBaIHCh GeperoBblie JIHHUH,
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KOHQUrypalus KOTOPHIX B 3HAUMTEJNbHOH CTeNmeHH OOyCJOBJIEHA Aesi-
TEJbHOCTbIO yYesioBeka. B Humepsnanmax samura noGepexuii B Teye-
HHE BEKPB coyeTaJslach C LIHPOKOMACIITAOHBIM BOCCTaHOBJIEHHEM paHee
3aTOIJIEHHBIX YYacTKOB CyuH. B BenukOGpHTaHHM TMOC/EJHee KaTa-
cTpoduueCcKoe HaBOJAHEHHe Mpousounto B 1953 r. BO BpeMs mTopMa Ha
CeBepHoM Mmope. Brnocaenctsuu 6bliu pa3paboTaHbl MPOEKTHl 3aLIUTHI
JIoHJ0Ha; 4acTb TEPPHUTOPUH KOTOPOro (0koJo 50 KM?) JI€KHT HHIKE
BO3MO;KHOI'O YPOBHsi BOJbI, NMOJHHMAaeMOr0 BETPOHArOHHBLIMH IIPHJIHB-
HBIMH TeueHHSIMH. DTH NPOEKTHl CBOASITCS B OCHOBHOM K COOPY2KEHHIO
6apa, cnocoGHOro OTpaAuTh 3cTyapuit TeM3ml.

AGpa3uoHHbBIe MPOLECCH CONMPOBOXKAAITCS OCaJKOHAKOIJIEHHEM B
peKax, 5CTyapHsiX H B 3aU[HINEHHBIX OT Pa3pyLIMTeJbHOro JeHCTBHS
BOJIH Y3KHX 3aJHBax. DTO NMPUBOAMT K 3aHJIHBAHHIO TaBaHeH, OyXT H
KaHaJIoB, KOTOpble NPHXOAUTCSI HEOJHOKPATHO NMPOYHILATH C IOMOILbIO
Jpar M 3eMJeueplaJok, 4ToObl COXPAHHTb HX NPUTOJHBIMH JIJs CyHO-
XOJCTBa.

6.4.2. BOCCTAHOBJIEHUE NMPUBPE)XHbBIX 3EMEJIb

Huast Toro uto6n OTBOEBAaTh XOTsA OB HeOOJIbIIHE YYaCTKH 3€MJIH
y Mop#l, IPUXOAHTCS OCYylIaTh NpuOpexkHble 3a00/I0YeHHble PaHOHBl —

Puc. 6.11. OcBoeHHE OTBOEBAaHHBHIX Yy Mopsi 3emedb. [loabnep «Cesepo-BocTouHblii»
B Hupepnanpax (aspodorocHumox).
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JaryHsl H 3CTyapuH, OTIOpPOXKEH-
=== Hble OPHPOIHBIMU HJIU ncxthTBeH-
HBIMH HaCBINSAMH, HPefoXpaHsIo-
IMUMH HMX OT BTOPXKEHHS /npn6oﬁ-
HBIX BOJIH M MODCKHX TeuecHH#. Ha
OpuTaHCKOM Mobepexbe (OTTOpHKe-
HHe y MOpsi MPHUTOJAHBIX AJsl oOpa-
60TKH 3eMeJb OCYLIECTBJSJNOCh B
JIOBOJIbHO ~ CKPOMHBIX Macurabax
(nampumep, B palioHe 3a/aHuBa
Yom). B Hunepnannax Ha mpors-
xKenuu Gosee 600 Jser BHIIIOJHAIOT-
cA 3HauyuTeJbHO O6oJiee OOMIMPHBIE
paBoThl MO BOCCTAHOBJICHHIO 3aJIU-
BaemMoil Mopem cymu. OHH BKJIO-
YAJOT IIOCJIEJOBATENbHOE OrOpaxKu-
BaHHe IMOJbAEPOB *  3aMIUTHBLIMU
JambaMu, OCyIIeHHe HX H yJaJe-
| ume coasimbix OTJIOKeHHH  (pHC.
;__.io___‘?(?““ 6.11). B 1980-x romax OCYIIeCTB-
JsieTcsl mporpaMma JpeHHPOBaHHusA
11 ~2013 3eMeJb B TIpefenax AeJbTOBOIO
KOMIIJIEKC?A, BKJIOYAIOL[ero MHOTO-

Puc. 6.12. KOHTpoJb HAX HABOAHEHHS YHCJIEHHbBIe OCTPOBa M NDOTOKH B
MH, DeryinpoBaHMe KAHAJOB MW coopy- Y CIbiX Pefina u [leapanl (puc.
Xenne npornzomTopmoenix 6Gapos B 0.12). Ciemyer xora Obl B CaMblX
ycrbe Wenbawt u Pefina (Humepaad-  of0mux deprax O3HAKOMHTBCA C

RHL). S5THMH TJIaHaMH, 4To0Hl Tpeacra-

1 — yyacTku TnoGepexbsi, PpacrnoyoXeHHble 7 -
NPEeHMYLIECTBEHHO  HHXe  YPOBHA  MOpH; BHTb cebe Te TPYAHOCTH, C KOTO

2 — 6apsl, CoODyzKAeMble HJH NPOEKTHPYe- pBIMHU CTAJIKUBAIOTCH ClIenIaJUCThI
MEHIE; 3 IOTBACPHL NpH  IIHPOKOMACIITAGHBIX MPeod-
pasoBanusx abpagupyeMod CYIIH.

T'ouna, necok u Topd axkymysupyioress B fAeavbrax empawr u Pefima wmaunnasg
¢ NMO3JHEero HeoreHa BIMIOTH JO HACTOSIIIETO BPEMEEH, CKAaIIMBasich B Jarymax H Map-
max, ¢ BHYTDEHHeH CTOPOHBI BAOJMbOEPeroBbX MIoH. IlnefcToueHoBbe — roJIoneHOBLE
0CaJIK¥l TaKOro THIA MOIIHOCTBIO HECKOJBKO JECSTKOB METDOB IIOCTABJAIOT XODPOUIHMIT
MaTepHaJ [IJ CTPOHTENbCTBA HHIKEHEPHO-Te0JIOrMYecKHX coopy:Kkenuil. Ha nporaxe-
HHH HECKOJIBKHX CTOJIETHH B pe3yJ/bTaTe BO3BeleHHs OYH H orpaxjenus nambamu
YCTbeB Y3KHX NPOTOKOB («KPHKOB») HJET IIOCTENeHHOe CpalllMBaHHe OCTPOBOB, CrJa-
JXHMBaHHe MX BHelIHHX ouepTaHHH. OcymleHHe IOJBAEPOB IIPH 3TOM JaeT BO3MOXKHOCTD
HCIIO/Ib30BATh JJIA CeJbCKOTO X03AHCTBA 3HAUMTENBHYIO YacTb HOBOOOpa3oBaHHOI
CYIIH.

[Mepuoznueckne BTOp:KeHHs BojJ CeBepHOro MOpS, NPHYHHSIOMIHE 3HAUMTEJbHBIH
yimep6, 3acTaBHJIM HAACTPOHTb H YKDPENHTb 3allUTHBIE COOPYKeHHA Ha QJaaHrax
COXPaHUBIUUXCS MPHJIHBHO-OTJHBHBIX KaHaJoB. ITocse 6oJbIIMX pa3pylleHHH, BHI3BaH-
HBIX H3BecTHbIM wwTopMoM 1953 r., GeLT paspaboTaH IPOEKT, IO KOTOPOMY Mope
JOJIKHO OTCTYNHTh ¢ GoJbliefl yactd 3TOfl TeppHTOPHH. [/ 3TOr0 yCTbs MOYTH BCEX
NPOTOK AOJKHEL OBITH NEpPeKkphIThl JaMOaMH, pacno/OXKeHHBIMH COIVIAaCHO OO6uIeMy
HNPOCTHPAHHIO MOJOCH BAOJAbOeperoBex Al0H. C OCyLIeCTBJEHHEM YKa3aHHOTO NPOEKTa

* TlonbRepbl — HCKYCCTBEHHO OCYIIaeMEe Mapiud (y4acTKH 3eMesb, 9acTO JeXa-
IHe HUXKE YPOBHS MOpS), OTrOpaKHBaeMble OT OTKPHTOro Gacceiina ¢ MOCIEAYIOIIeH
nepejpavel mox o6paboTKYy.
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Boanl PefiHa M JApyrux pek, pacmpelensiomyecss MO0 MHOFOYHCJIEHHBIM H3BHJIHCTHIM
NpPOTOKAaM H pyKaBaM, 6yAYyT MOCTyIaTh B MOpe IO HECKOJBKHM CTPOrO peryJHpyeMbIM
KaHajlaM, TakKHM Kak «HoBbii Bommbiii myTe» uiad 3ananso-Ileabackuil. Stu KaHaJs
JAOJIKHBL OTKDHITh JOCTyn K PorTepiamy, kpynsefiieMy MoOpckoMy mopty Espomml, M
uepe3 GesbIHICKYI0 TPAHHIY — K AHTBepIeHy.

Kak usMeHsiTcs BCJIEACTBHE YKa3aHHBIX Npe06Pa3OBaHHH TeOJOrH-
YecKHe YCJOBHS STOrO paloHa, IJOMWAaAb KOTOPOro IIPeBHINAET
1000 kM2, mokaxer Oynymee. 3HauuTeJbHOe YNPOLIEHHe OYePTAHHH
GeperoBoii JMHHH (TIIPOTSAXKEHHOCTb KOTOpPO# OymeT cOKpalleHa Ha
600 kM) MoOxXeT BEI3BaThb MOpPCKyl0 abpa3Hio W YCKODHTbL OCalKOHa-
KOIJIEHHe BIOJb BHelIHeH 30HbI GapoB. [locTynseHne peuHblx Boj 4e-
pPe3 HEeCKOJIbKO CIPSMJIEHHBIX KaHAaJOB JOJXKHO CKa3aThbCs KaK Ha OT-
JIOXKEHHH DPeYHHIX HAHOCOB, TaK M Ha pe3y/abTaTax JAPEeHHPOBaHHA
cymn. Haxkonenm, npeBpamieHne COJIOHOBATOBOAHBIX NPOTOK H JaryH
B NIPECHOBOAHBIE BOJAOEMBl H INpeJOTBpallleHHe MOABEMOB M CHAJ0B
YPOBHSI BOJABI NOJIKHH IOBJIHSATb Ha PeXUM TPYHTOBBHIX BOA. TakuMm
006pasom, pacuUIMPEHHe TepPHUTOPHH BO3JAEJEIBAEMBEIX NPHOPEXKHBIX 3€-
MeJlb, NPONHKTOBAHHOE COLHAIbHBIMH IPHUHHAMH, MOXKET, CY/s IO Bce-
My, NPHBECTH K JaJbHEHIIHM HAPYIIEHUSIM NPHPOLHOTO PaBHOBECHS.

6.5. PECYPCbI JJHA MHPOBOI'O OKEAHA

o HemaBHero BpeMeHH H3YUYEHHOCTb OKeaHHYECKOH KOphl Oblia
SIBHO HEJOCTAaTOYHOH 1751 peajbHOH OLEHKH NOTEHIHAJbHHIX PECYPCOB,
CKPHITHIX B ruy6uHax MupoBoro okeaHa. B pesyabprare NpOBeIEeHHEIX
3a ToCJefHHEe JEeCITHJIETHsI HCCJIeNOBaHHH C MCIOJb30BaHHeM Treodu-
3HYECKUX MeTOJ0B, ryGOKOBOLHOro GypeHHs, a Takxke oTr6opa obpas-
OB JOHHOrO rpyHTa (NpH NOMOUIM Apar, AHOYeprarejeH, rPyHTOBEIX
TPYOOK) yZaNoCh YCTAHOBHTH, UTO MOpPCKHe OaccefiHbl COAepiKar Npo-
MHIIJIEHHO 3HAUUMble CKOIJIEHHS] TOPIOUMX H DYIHBIX HCKONaeMbIX.
B03MOXHOCTh HCIOJNB30BAHHA pecypcoB MHpOBOro OKeana 3aBHCHT,
C OIHOH CTOPOHBI, OT HEreOJIOTHUECKHX AaCIeKTOB AesTeJbHOCTH YeJo-
BeKa — OT COBEPILICHCTBOBAHHsI MODPCKOTO 3aKOHOIaTenbcTBa (MOD-
CKOro 1paBa) M Pa3BUTHS TEXHOJOTHH HHXKEHEPHO-CTPOMTEJbHBHIX Pa-
60T B riyGOKOBOAHBIX YCJIOBHSIX, @ C APYrod — OT Pe3y/bTAaTOB IOHC-
KOB ¥ pasBeJKH MOJE3HBIX HCKONAaeMbIX Ha JHe MOpPeH M OKeaHOB.

[IpaBo co6CTBEHHOCTH HA MOJIE3HBIE MCKONAeMble, HaxonsuIHecs Ha
MOpPCKOM JHe JIH60 TIOJ ero MOBEPXHOCTHIO, SIBJASETCS NPEIMETOM IOPH-
IHUECKHX CIIOPOB B TeueHHe aecaTHyaeTHd. [Ipexje Bcero NPHXOTHTCH
CUMTATbCS C MHOTOBEKOBOH Tpaiulnel, corjsacHo KOTODOH MOpCKHE
NpOCTpPaHCTBa 3a TpelesaMH TEPPUTOPHATBbHLIX BOJL MOTYT HCIIOJNb30-
BaThC B CBOHMX ILeJAX KeM yrogHo. HemasoBaxKHHIM JOINOJHEHHEM
K 3TOMY HEMUCAHOMY 3aKOHY CJYXKHT TO 06CTOHT€J’Ib»CT‘BO, 4yTO Trpa-
HHLOBl TEPPHUTOPHAJBHBIX BOJ OO0 CHX nop 3a4acTym He sBJIIOTCH 00-
mienpu3HanHbEIME. Hapany ¢ Bo3MOXKHOCTHIO CBOOOAHOrO IOJb30BaHUSA
OTKPBHITHIM MODEM 3a rocyfapcTBaMM, HMEIOUIMMH MODCKHe TpDaHHIHL,
coxpaHsieTCsl IPaBO 3KCIUIyaTallHH pecypcoB NPHMHIKAIOIIHX K €ro
TEPPHTOPHH YYaCTKOB KOHTHHEHTaJbHOro uienbda. [leperosopsr mOX
srugoii OOH, kacamwmiuecss coGCTBEHHO MOPCKHX 6acCeifHOB, KO Bpe-
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MEHH 3aBepLIEHUS 3TOH KHHTH ellle He IIPHBEJH K 3aKJ/JIYeHHIO [pa-
BOBOI'O COTJIALlIEHHs, KOTOpPOEe MOTJIO OBl NOCJYXKHTb OCHOBO# IJsA Pas-
PEeLIEHHs TeX HWJIH HHBIX CIIOPOB.

OvueHp BHICOKas CTOHMOCTH I'yGOKOBOAHBIX HCCJEIOBAaHMi Ompene-
JsieT IepBOOUEPEAHOCTh TOHCKOB M PAa3BENKH MeCTOPOXIACHHH Jan60
OuYeHb KPYMHBIX, JHO0 COLEPKAUIHX BbICOKOEHHOE CHIpbe. B Hacros-
llee BpeMsi CJeLyeT CKOHLEHTPHPOBATh BHHMAaHHe Ha HauboJsiee Bax-
HOM ChIpbe — Ha CKOIUIEHHX He(TH M rasa B MOLIHBIX OCafO4HBHIX
TOJIIAX, PUYPOUEHHBIX K KOHTHHEHTAJbHBIM OKpPAHHAM HJIH K MHKPO-
KOHTHHEHTaM, a TaKxke Ha MEeTaJIOHOCHBIX OCajJKaX M MapraHueBHX
KOHKDEIMsIX C BBICOKHMH KOHIEHTPallMsIMH HHKeJs, IHHKa, Meau H
IPYruX MeTaJlJIoB.

B npomecce pasBeiKH TaKHX MECTOPOXIEHHH YacTO NPHXOAHMTCA
MOAH(GUUHPOBATh OOGUIENPHHATHE CTaHAAPTHBIE METOMHI; oco6eHHO
5TO OTHOCHTCSI K NMOJABOAHBIM HCCJIEIOBAHHSIM Ha TIJIyOHHAX MNOpsIKa
5 kM. [1epBeIM HEOOXOAUMBIM YCJIOBHEM SBJSETCS HalHYHe ClellHalbHo
060pyOBaHHBIX CYHOB, CIOCOOHBHIX HENOJBHXKHO CTOATH Hajx y4acT-
KOM MpOBeleHHs1 pa3BelouyHbIXx pabor. IIpakrTuyeckoe H3yueHHe NMOPOX
H TeO0JIOTHYECKHX CTPYKTYp Ha MODCKOM [He C IOMOIIBIO BOJ0Ja30B
OTPAHHUEHO CPABHHTENbHO HEeGOIBIIMMH Tay6uHamu. IIpuMeHeHue
Ha GoJiee 3HAUHTEJNbHHIX TJyOGHHAX TMOTPYKHBIX Kamep oO0ecCrneuuBaeT
HENOCPEeACTBEHHOE, XOTSl M HeCKOJbKO OJHOCTOPOHHEe O3HAaKOMJICHHE
C M3yyaeMBIMH OGBEKTaMH, a CKaHHPYIOUIMA cOHap JaeT AOCTATOYHO
NoNHOe TIpefcTaBJeHHe O pesnbede MoOpckoro nHa. [lparupoBaHHe H
riy6okoBogHOe Oypenue obecneuwBaloT MNosNydeHHe TpyHTa AnA IMO-
C/IeAyIONIEro H3yYeHHs] ero cocraBa MOCPEACTBOM TIeOXHMHYECKHX H
nerporpadHueCKHX aHaau30B. I'eoduanyeckne MeETOIBI HCCIeI0BaHHA
12T HHGOPMAIMI0 O TIyGHHHOM CTDOEHHH OKeaHHUYECKOil KOpEHI (cm.
raaBy 8). Buaronapsi MeToAHKe, pa3spabOTaHHOH B PaMKax MEXAyHA-
PONHOTO TPOEKTa TIJIyGOKOBOZHOro GypeHusi, OoOblUHAs pasBelka Ha
HedTh M ra3 MOXKET MPOBOXHUTLCS IPH Iy6uHe MOpst 3—4 KM.

PasMellleHHe TNPOMBILIJIEHHO IeHHBIX 3ajleXedl yrjeBoJA0ponoB
onpenejsieTcsi HAJHYHEM AOCTATOUHO MOIIHBIX OCAafOYHBIX TOJII, CO-
IepiKalluX 3peJoe canporejeBoe OpraHHYeckoe BENleCTBO, NPOIIen:-
lllee COOTBETCTBYIOIIHE CTaJAMM KaTareHeTHUIeCKOro NpeoGpasoBaHHsL.
U3 puc. 6.13 BuaHO, 4TO rIyOOKOBOAHOE OKeaHHYECKOe JOXKe B OC-
HOBHOM IIOKDBHITO JIHIIb TOHKHM CJOeM OCaAKOB. MouiHsle MOpPCKHE
OTJIOKEHHsI, SIBJSIOLINECS BO3MOXKHEIMH OGBEKTaMH ITOHCKOB He(QTH
¥ rasa, IPHYPOUYEHHl IVIaBHBIM 06pa30M K CTA0H/IbHBIM KOHTHHEHTAJb-
HBIM OKPaWHaM, a TaK¥XKe K Y3KHM CTPYKTYDHHIM 3/IeMEHTaM, HallpuMep
Kejo6am.

Paspa6oTka HedTSHBIX MeCTOPOXKIEHUH B YCJIOBHAX OYeHb OOJBIINX ray6uH
HEBO3MOXXHaA C l'l.TIaT(pOpM, HENOJABHKHO 3aKpeIJIEHHbIX Ha MOPCKOM JiHe; TO-BHAH-
MOMY, IIpH 3TOM nauboJiee HEJIeCOOﬁpaSHO NPUMEHATH IJIaByuHe r[JIaT(IJOprI. le’l
JlOébI‘le MapraHueBblx KOHerHHﬁ BO3HHUKAIOT NONOJHHTEJNbHBIE TPYAHOCTH, TIOCKOJIBKY
OHH BBICTHJIAIOT yYacTKH MOpCKOTro AHa B BHAE CJ0A TOJIIIIHHOI'/'I B OIHY-IBE KOHKpe-
UHH; K TOMY e, uToGH pa3pa60TKa STHX JOHHBIX OCaJAKOB Ohla peHTaGelbHOH,
C60PE KOHKPEUHH NOJKHB NMPOBOAUTLCS HA 3HAUHTEIBHOMN IJIOLLAJH.

CyLLIESTBYET emle psg o0s3aTeNIbHBIX YCJOBHH: BO-NEPBLIX, cpefHee CONEpXKaHHe
KOHKpDeIlHH Ha MODCKOM JHe [OJKHO GbITb He MeHbmle 10 Kr/m? npH KOHUIEHTDaUHH
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Puc. 6.13. MoimHOCTh OKEaHHYECKHX OCaJKOB Ha JHe ATJaHTH-
YeCKOr0 OKeaHa.

BuaHO pacmnosioKeHHe MOLUHBIX OCAAOYHBIX TOJIL, K KOTOPbIM MOTYT ObITb
NpUYPOUYEHBl MOTEHLHAaNbHbE Pecypchl YrJieBOLODOJOB.

B HuX 2—3% HHKeNd M MelH (B COBOKYIIHOCTH); BO-BTODBIX, KIHMAaTHUECKHE YCJOBHS
RoJXHB o6ecrnednBaTh NpHO/H3HTeabHO 300 pabouux nHell B romy. Takum ycJoBHAM
0TBeyaloT pasfHyHble paioHnl THxoro okeana y moGepexuit Llentpasbnoii u IOxHOM
Awmepukn. C60p KOHKPEUHH MOXKeT OCYLIeCTBJATbCS JHOO MeXaHHYeCKHM CHOCO60M —
C IpHMeHeHHeM NPOYHBIX KOBIIel HJM JHOYepnaTeneil, 3aKPeN/ICHHbIX HAa TPOCE MEXKIY
IBYMA NBHXXYIIHMHCS MapaJuieJlbHO CYAaMM, JHGO NPH MOMOMH TIHAPaBJIHYECKHX
yCT2HOBOK.

6.6. PUSUKO-MEXAHUYECKHUE CBOWCTBA
FOPHBIX NOPOJ,

IlpeacraBisiercsi HECOMHEHHBIM, UTo HaubGoJsiee Ba)KHOe 3HAUEHHE
IAsl CIIELHAJHCTOB 110 HMHKEHEDHOI re0JIOTHH HMEIOT Te (PH3HYECKHe
CBOMCTBA TOPHBIX IMOPOJA, KOTODble ONPEedeJSIOT MX NOBeHAEHHe B IIO-
BEPXHOCTHBIX HJIH OJIH3NIOBEPXHOCTHHIX YCJIOBHAX. [JlaBHBIMH CBOJCT-
BaMH NPHPOJAHEIX MaTEePHaJIOB, HCHOJb3yeMbIX B KayecTBe OCHOBAHHH
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IJs pa3HYHBIX 3[aHHH, AOPOT, IJIOTHH, AaM6 W APYTHX COOpYKeHHH,
ABJSIOTCS IPOHUIIAEMOCTb, NPOYHOCTb, CXKHMAaeMOCTh M XHMHUECKas
ycrofiuuBocTh. [Ipu BHIGOpE MOAXOAAIIHX MECT [JIs CTPOHTENbCTBa TEX
HJIM UHBIX O6'BEKTOB HEOGXOAHMO YUHTHIBATHL BCE IlePEUYHCJIEHHBIe CBOM-
CTBa, H3Mepsii WX Ha obpasuax B J1a60paToOpHi, a TaKkxkKe IPOBOAA
HeoOXOAMMEIEe TeXHHYECKHe HCIBITAHHSI Ha MmecTe, llenp HcnHITAaHHA —
06HAPYXKHUTh TAaKHEe MECTHble HeJOCTAaTKH, KaK HEOJXHOPOXHOCTb HJIH
HapylleHue CIUIOUIHOCTH MaTepuaJja, HaJHyue TpELIMH, paspH-
BOB H T. [.

OCOGEeHHOCTH NOBEPXHOCTHBIX OTJIOXKEHHH (COrsiacHO HHKEHEepHO-
reo0JIOTHUeCKO TepMHUHOJIOTHH — «HAaHOCOB») H3ydaeT MeXaHHKa TPYH-
TOB, HJH TPYHTOBeJeHHE. PasMepoM 3epeH HJIH 0GJOMKOB PBIXJIBIX Ma-
TE€PHAJIOB, HX COPTHPOBAHHOCTBIO H TEKCTYPOH ONpelessIOTCS MPOHH-
[1aeMOCTb I'PYHTOB, HX YCTOHYHBOCTBL MOJ AeHCTBHeM BEePTHKAaJIbHOH Ha-
TPY3KH H COINPOTHBJEHHe CABHIY. KaK H3BeCTHO, rpaBHii, rajbka H
BCSIKHE IeCKH HaXoJsAT IIMPOKOe NMpPHUMEeHeHHe B Pa3JHUHBIX 06JacTax
HHXKEHEPHO-CTPOHTENbHHX paboT. TOHKO3epPHHUCTHlE AJEBPHUTH, TJIHHEI
H OpraHoTeHHBEIe OCaJKH HMEIOT O6oJjiee OrpaHHYeHHOE [PHMEHEHHe,
TNOCKOJIBKY OHH B BOAHOH Cpele Jierko pasbyXaloT HJIH PacTpecKu-
BaloTcsl. BeHTOHUTOBLIE TI'JIHHBI, 06pa30BaBLINECS H3 BBHIBETPEJHIX BYJI-
KaHHYECKHX IMOpOJ, W HEKOTOPHle IJIMHHCTHIE MHHepaJsH, B MEPBYIO
ouepelb MOHTMODHJIJIOHHT, XapaKTEPH3YIOTCSI OCOOEHHO 3HAUMTENLHBIM
yBeJHuYeHHeM 00beMa NPH yBJAAKHeHUU. [VIHHH, 3ajerarmiuue Ha 60Jb-
WuX rayOuHax (mepeylsioTHEHHblE), NpM CHHUXKEHHH BHEUIHero [Aas-
JIEHHS] TaK3Ke MOJABEPIKEHB pa3OyXxaHHUIO.

®u3uKO-MeXaHHUeCKHe CBOHCTBA M TEKCTypa YIJOTHEHHBIX OCa-
JOYHBIX H KPHCTAJMJIHUECKHX NODPOJ ONpele/sAloT HX ILEeHHOCTb Kak Ma-
TEpHAJIOB AJs OCHOBAHWH IJIOTHH M IPYTHX COOPYXKEHHH; 3TH CBOW-
CTBa HEOOXOMHMO YUHTHIBATH M INPH BHIOOpe MeCT MJs 3aJI0KEHHS
KapbepoB, TOHHEJEH M maxT. I3MeHeHHst TaKHX MOPOJ MOJ BO3LEHCT-
BHEM pa3JIHYHBIX HArpy30K 4acTc OLIBAlOT MeHee 3HAUMMBIMH, UeM
BJMSIHME HX BHIBETPEJOCTH H €CTEeCTBEHHOI TpemuHoBaToCcTH. CHIIB-
HOBBEIBETpEJIBIE H TPEIUHOBAThle NMOPOALI NPEACTAaBJAIOT MOTEHIHAJb-
HYIO ONMACHOCTb He TOJBKO IO NPHYMHE HX HEJOCTAaTOYHOH NPOYHOCTH
H CIOCOGHOCTH K OBICTPOMY pa3pyLIEHHIO, HO H TOTOMY, UTO OHHM MO-
IYT CJAYXKHUTb NMPOBOAHHUKAMH I'DYHTOBBIX BOA W TeM CaMbIM BBLI3HIBaTh
HaBOJHEHHS B IIaXTaX HJIH TOHHEJAX.

BakHocTh NpOBeJeHHd IPefBapUTENbHBEIX HCCHeNOBAaHUI Ha Me-
cTe OHKTyeTcs HeoOXOJNUMOCTHIO YCTAaHOBJICHHS THIIOB TOPHBIX MOPOJ
H OCOGEHHOCTEl HX TPeXMEePHOH CTPYKTYpHL. JleTajlbHOe reoJioruueckoe
KapTHPOBAaHHE TEPPHTOPHH OOLIYHO CONPOBOXKIAAeTCs OypeHuem Med-
KHX CKBaXKMH, CefiCMO- M 3JeKTPOPa3BeAKOH. DTH MeTOAH MpeLHAa3Ha-
YeHBbl AJsl OnpefeneHus TIIyOHHBl 3ajeraHus KOPEHHBIX IOpOJ, MOMI-
HOCTH BBIBETPEJIOro IMOKpoBa W T. A. Hampumep, ocHoBy yuacrka, rae
COOpPYKaeTcsi IJIOTHHA, MOJIXKHBI COCTaBJATb KpellKHe MOHOJUTHHE
NOPOJbI, HE COAeprKallue [POCI0EB H BKJIOUCHHH, MeHee YCTOHYHMBBIX
Pa3HOBUAHOCTEH WJIH 30H CHJIBHOM TPEIIHHOBATOCTH. B 3THX TOJIAX
He JMOJIKHO OBITH YIJIOBBIX HeCcOIJacHii, pa3MBHIBOB M JAPYrux Hapylie-
HUH CIUIONIHOCTH, KOTOPBie MOIJH OB CIOCOGCTBOBATH OGPA30BAHHIO
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onossuefl. Ilpu npoxoake maxr ¥ TOHHeJNEH BBIeMKa TPyHTa B 30HaX
PHIXJIBIX HJIH TPELIMHOBATHIX MOPOJ CONpsXKEHA C ONPeNesIeHHO} omnac-
HOCTBIO. B 3THX c/yyasix HyKHO HCIOJb30BAaTh HaAEXKHOe KpCIIeHHE.

7. BBAUMOJLENCTBUE C BUOCPEPOH

7.1. TEOJIOTMYECKHE NPOLLECCHI B BUOCPEPE

[ToBepxHOCTHASl, XUMHYECKH AaKTHBHas 30Ha 3eMJH, B IlpeJenax
KOTOPOH TBepAble TMOPOAB B3aUMOAEHCTBYIOT C BOAHOH H BO3AYIIHOH
060JI04KaMy TJIAHETHI, IBJSETCS eCTECTBEHHOH Cpenoil OOHTaHMS II0YTH
Bcex ¢dopM KH3HU. B 3To#t cpene — 6uocepe — akTHBHAS KHU3HeOesd-
TEJbHOCTb KHBOTHBIX H pPACTUTEJNbHBIX OPraHU3MOB BJHfAeT Ha XOI
TaKHX HeOpPTaHMUYECKUX NPOLECCOB, KAK 3PO3HS, BHIBETPHBAHHE H OCAJ-
KOHAKOIlJIeHHe, H3MEHsIss HX B Ty HJau Apyryio cropony. Ilpupognoe
paBHOBecHe MeXKIy coobIlecTBaMM KHBOTHBIX H DAaCTEHHH H CPenoH
X oOHTaHHUS SIBJISCTCS HOBOJIbHO HEYCTOHUHMBEIM, TaK Kak OHO Hapy-
HIaeTcsl MOJ BJAMSHHEM KJIHMaTHYeCKHX, I'eoMOp(OJOrHYecKHX H Treo-
JIOTHUECKUX YCJOBHH, C OXHOH CTOPOHEI, W IIOJ BO3JAeHCTBHEM 3BOJIO-
IHOHHBIX H3MEHEHHH OpraHuuYecKOM »KM3HH M MHUrpaluu BHIOB —
c npyro#. HesoBeK KaK NOMHHUPYIOIUMHA BHA B OOJBIIMHCTBE DErdo-
HOB HalleH TJIaHETHl HUrpaeT BeAyllyl0 pOJb B OHOcdepe He TOJNBKO
IOTOMY, UTO €ro HAeSTeJbHOCTb NPHBOAHUT K re0JIOTHUYeCKHM H3MeHe-
HHSIM, HO W BCJIEJCTBHE CBOEro HENOCPEeICTBEHHOrO0 BO3JAEHCTBHUA Ha
pasBUTHE 3eMHOH (ayHH U (JIOPH.

B aTO#i rsaBe OOCYXKAAlOTCd HEKOTOpHIE acleKTH B3aHMOCBS3H
MeXAy GHOJIOTHYECKUMH M I'e0JIOTHUECKHMH IponeccaMd. Mel HauHeM
C XapaKTepHCTHKH IIOYBBI — Cpelbl, B KOTOPOH COCYIIECTBYIOT pas-
JIHYHBIE IPeACTaBUTENH pacTuTesNbHOro Mupa. Mamenenus B pacmpe-
JleJIeHHH pacCesHHBIX 3JeMEeHTOB, OJHHU U3 KOTOPHIX COBEpIIEHHO Heos-
XONUMHEl JUISl JKM3HM DAacTeHHH, XUBOTHBIX W YeJOBeKa, a JApyrue, Ha-
060pOT, BpPeAHbl, ONHCAHBl B 3aBHCHUMOCTH OT CTelleHH HX BJHAHHA
Ha CeJIbCKOe XO35ICTBO M 3[paBOOXpPaHeHHe. B cBs3u ¢ 3THM HaM IIPH-
XOJIUTCS YYHTHIBATb BO3MOKHYIO DOJIb, KOTOPYIO HTpaloT TOpHOe HAesI0
H TPOMBILIJIEHHOCTh B Ilepepaclpefie/leHHd TOKCUYHBIX MHHEPAJOB H
snemenToB. Kpome Toro, Tpebyer pelueHusi mpoGjemMa pa3MelleHHs
U 00e3BpexXUBaHUs Pa3JMYHBIX OTXOA0B H OTGPOCOB.

7.2. MTOYBD!

7.2.1. COCTAB IIOYB

[TouBH, nIpexncraBiasiiomue co6Ofi HCXOAHOe 3BEeHO B obOeclneueHHH
NPOAYKTAMHU NUTAHHS BCeX HA3eMHHIX XKHMBBIX OPraHH3MOB, 06pasyloTcs
U3 BBIBETPeJbIX KODEHHBIX IOPOJ MJH PHIXJEX NOBEDPXHOCTHEIX OTJO-
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Puc. 7.1. OGpasoBanue nousbl. PopMHpPOBaHHE NOYBEHHOrO CJOsA in Situ Ha KopeH-
HBIX MOpPOJAaX — U3BECTHAKaxX B Yopuecrepmmupe (AHraus).

JKEeHHII B pe3yJbTaTe HX B3aHMOJAEHCTBHUSI ¢ aTMOC(HEpHBIM BO3LYXOM
¥ BOJOH M MOJ BJMSHHEM KHU3HEACATENbHOCTH DACTEHHH, XKUBOTHHIX H
MuKpoopranu3moB (puc. 7.1). ToJbKO OZHOBPEMEHHOE HaJHYHe TAKHX
NPHPOAHBIX areHTOB, KaK KHCJIOPOX, BOJA M OPraHHYeCKHe BelllecTBa,
MOKeT 06eCneuuTh BHICOKHI ypOBEHb OHOJIOTHYECKOH aKTHBHOCTH IIOYB.

MoiuHocTs copMupOBaBIIErocsi NOYBEHHOro CJOf, I'le Bce IPO-
mecchl HaXOJATCS B COCTOSIHHM OTHOCHTEJBHOTO PAaBHOBECHS, MOXKET
BapbUpPOBATh OT HECKOJbKHX CAHTHMETPOB 1O HECKOJBbKHX METPOB.
IIBeT, cTpyKTypa W coCcTaB IIOYBHl ONpelessioTCs KIHMMaTHUECKHMH
YCJIOBHSMH, OCOOGEHHOCTAMH peabeda, cOCTABOM MATEDHHCKHUX IIODPOZ,
H B CBOIlO Oyepeib MOYBHl ONPeJeNsIOT XapakKTep pPaCTUTEJNbHOTO MHO-
KpoBa. [as mouBeHHOrompoduJIs XapaKTepPHO HaJHUHe 6oJiee HIIH Me-
Hee OTYET/JHBO BBIPaXKEHHBIX 30H 10 BePTHKAaJH, OJHAKO COBMECTHOE
BO3JeHCcTBHEe KOpPHeH pacTeHHH (cKpemsiollee) W POIOIIHX OPraHH3-
MOB (paspHIXJsIOLlee) B TOH MM HHOH CTeNeHH H3MeHsieT CTPYKTYpY
IIOYBEl, COXpaHsis ee TeM He MeHee OTHOCHTEeNbHO MaccHBHOH. UTo
KacaeTcs cOCTaBa IOYBHl, TO OH ONPEAeNsieTCss MPUCYTCTBHEM YeThIpex
TJ1aBHBIX KOMIIOHEHTOB: MHHEPaJbHOH OCHOBHI, OPraHHYeCKOro Bellle-
CTBa, BOABI U BO3AyXa.

MuHepaJbHble KOMIOHEHTH IOUYBBH. DOJbIIHHCTBO MH-
HepaJbHBIX KOMIOHEHTOB IMOCTyNaeT B NOYBY B Pe3yJbTare BHIBETPH-
BaHHSl M pa3pylLIeHHs MaTepHHCKO# mopoxbl. MHOrma comep:xanue Mu-
HepaJIbHOH OCHOBEI MOKET BO3PacTaTh 3a CUYET YacTHI, NPHHOCHMBIX
BETPOM HJIH BOAHLIMH NMOTOKaMH. MuHepaJibHEIe KOMIOHEHTHI, COCTaB-
JfI0lMe, Kak NpaBuao, okomo 509, o6beMa INOYBH, MNPEACTABISIOT
co60fi YacCTHIBI NECYaHOH, aJeBPUTOBOH H TVIMHHCTOH (HEIHTOBOH)
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pasmepHocTH. CTPYKTypPa M cOCTaB NOYBHI 3aBHCAT IJIaBHHIM 006pasom
OT KOJIHUECTBEHHHBIX COOTHOLIEHHH 3THX (PPaKIHi.

Ilecuannie OYBbI — PBIXJIbIE, JierKHue, XOopoulo NpOHHUIlaeMEBIe, JIETKO
BHIeNTauuBsaoTcs. [JIHHHCTHle MOYBBl — TSIXKEJIbIE, BSI3KHe B MOKPOM
COCTOSIHHH M JOBOJIBHO TBepable B CyXoMm, CJIaGOHpOHI/IIJ,aeMbIe, BBILIIE-
JJauuBaIoTcd MeEAJIEHHO. Tpe’rb;{ paSHOBHlIHOCTb noyB, AJs KOTOPOH
NPHHSAT TepMHH <NblIeBarhbie», pasBuTa OOJbllelf YaCTbi0 Ha aJIoO-
BHAJbHBIX paBHHHaX. B 3THX IoYBax IIE€COK, aJ€BPHUT, HJ H IVIHHA
NnpeaAcTaBJ/ieHbl HpI/lﬁJIHSI/ITeJIbHO B PaBHbIX KOJIHYECTBAX; OHH JIETKHue,
IJIONOPOJHEIE H XOpowo nogjaiorcs obpaborke. CrTpykTypa NOYB
Ha BO3JeJIAHHBIX 3€MJIIX H3MEHSEeTCsd IocJje BCIAaIlKH, B pe3yJnabTaTe
Yero B NoyBax MNOBHIMAeTcss MOPHCTOCTb. Jlo6aBka rymyca u ymoGpe-
HHH TaKKe H3MEHSET CTPYKTYPY NOYBHL.

THO TOYBHL B OCHOBHOM 3aBHCHT OT COCTaBa MAaTEPHUHCKOI NOPOAH!, Ha KOTOPOH
noYBa pa3sBHBAETCHA, XOTS Ha 3BOJIONUY MOUBEHHOrO CJOSI CKa3blBalOTCI TaKXke M
KJIHMAaTHYECKHe yCJI0BHs. HanpuMmep, IDAaHHTHI, NecYaHHKH M GoraThle KBaplueMm MeTa-
MopdHUecKHe MOpoAn 06pasyloT, KaK NPaBHJO, TOLIHE IecyaHble MOYBB, B TO BpeMA
Kak Ha IVIHHHCTHIX OTJIOXKEHHsIX, a TaKXKe Ha JaBaX CPeJHero H OCHOBHOTO COCTaBa
¢dopmupyioTc GoJiee TOHKO3epHHCTBle U 0oJjlee MJIOAOPOAHBIE MOYBHL. L3BeCTHAKH
B NPHPOJHBIX YCJOBHAX JIerKo IOJABEPraloTcss PacTBOPEHHIO; B 3TOM MO CYIUECTBY M
3aKJI0YaeTcss XUMHYECKOe BbIBETPHBAHHe NAHHBIX NMOpoA. IIpu ux paspyuenuun obpa-
3yercss HeOoJIbIIOH 00BeM MOYBH, a B psAfe CaydaeB OT 3HAUHTEJBbHOH MacChl H3BECT-
HfKa OCTaeTcs JHLb MaJOMOLIHBIH CJOH TJIMHHCTBIKX IOYB, C(OPMHDOBABIUHICA H3
cOAepXKaliuXxcsl B M3BECTHAKAX TEPPHreHHBIX npumecedl, B mpomecce paspyuenus
YJAbTPAOCHOBHBIX NOPOJX H HAJ PYAHbIMH MECTOPOXKAEHHSIMH BO3HHKAIOT aHOMAaJbHbIE

NOYBHI, B KOTOpPBIX KOHUEHTPauHsa OTAEJbHBIX METaJlJIOB MOXKET ACCTHraTb TOKCHYHOrO
ypOBHSL.

HJIOIlOpOﬂHbIe aJUIIOBHAJIbHBIE MHJbI, NOIOJHSIEMble 113 OTJIO}KeHHﬁ, NPUHOCHMBIX
€XEroAHbIMH IaBOJAKaMH, CJIyXKHIH OCHOBOI AJIsT pacuBeTa APEBHHX HHBI/IJIPBaL[PIE"i
B feabTe Huna u Ha CpenneM Boctoke, ToHKO3epHHCTHIH, €1a60H3BECTKOBUCTHIN NepH-
IIAuKalbHE JIécc TakKe (OpMHDYeT INIOAODOJAHBIE INOYBHI; OHH HIHPOKO PacHpocCT-
paHeHH B HEKOTOpHIX obaacTax Kuras.

HeoGxogumele mjas pa3BUTHS PAacTEHHIl 3JeMEHTH, COAepKalinecs
B MHHEPaJbHOH YaCTH NOYB, MOTYT ObITb YCBOEGHH KODHSIMH PacTeHHH
TOJILKO IIOCJIe TOr0, KaK 3TH 3JIEMEHTHl NOCTYNAT B MOYBEHHble BOJHI.
FaMHHCTBIM MHHepajaM INPHUCYILle CBOHCTBO Tak HashiBaeMOro OCHOB-
Horo o6MeHa; OHO COCTOHT B TOM, UTO 3TH MHHEpaJhl CIIOCOOHHI CO3[a-
BaThb CBOGOJHHE CBS3H M BCTYNAaTh B XHMHUECKHe DEaKIHU C Pa3jHy-
HBIMH KaTHOHaMHu, o0pa3ys HeCTOHKHe COeJHHeHHsd, B KOTOPBIX OIHH
KaTHOHE MOTYT 3aMellaThCsl APYTHMH, HAXOAAIIMMHCA B pacTBope.
FiHHUCTHIE MHHEpaJbl, CBSI3aHHbBIE ¢ OpPraHMYECKHMH MOJEKYyJaMH,
06pasyIoT OTPHLATENbHO 3aPSKEHHBle YaCTHIB (MHIENH), Cnoco6-
HHe a6Gcop6upoBaty H*, Ca?*, K*, Mo?, NH* u apyrue KaTHOHHL.
O6MeHHBIE CBOICTBAa INOYBHEI ONPENENAIOTCS KOJHYeCTBOM HOHOB, KO-
TOpble OHAa CNOCOOHA yHepKHBaTh. DakTepuH MOTLYT CJYXKMTb KaTaJH-
3aTOpaMH B HEKOTOPHIX OGMEHHBIX Ipoleccax.

OpranunueckKkHe BemecTBa. [IpofykTe paspyllleHHs opra-
HAYECKHX BEIlecTB, aKKyMyJHUDYHOUlHecss B IOBEPXHOCTHOM CJOe
NOYBbHI, NepepaGaThiBalOTCs OPraHU3MaMH, KOTOPble MHTAlTCs OTOPO-
caMd ¥ INaflajblo, u pasjaraloTcs B Pe3yJbTaTe XH3HEeAesATEJbHOCTH
gyepBell, 6akTepHil H rpub6kos. TakMM nmyTem NPOHCXOAUT pacmajg pa-
CTHTEJBbHBIX U KHBOTHBEIX OCTAaTKOB Ha 0o0Jjee IPOCThle OpraHHYECKHe
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COeJlHHEHHs M CMElLINBaHHe HX ¢ MHHEPaJbHBIMH KOMIIOHEHTAMH IIOYBHI,
BCJEACTBHE Yyero mouysa mpuobperaer 60Jee TEMHYIO OKpPacky, a CTPYK-
Typa ee mpereprneBaer psii H3MeHeHHil. OpraHuyeckne KOMIOHEHTHE
MOYBH], COCTABJSIOLlHEe HECKOJbKO INPOIEHTOB OT OOLefi ee MaccH,
NOJIY4HJIH OGIIENPHHATOE B HACTOsILIEE BPEMsSI Ha3BaHHE «TyMyC».

B oxucauTesnbHONl OGCTaHOBKE OpraHMYECKHe COeIMHEHHMs pacna-
namTcs B KOHIle KOHIIOB Ha BOJY M YIJIEKHCJHIN ra3. Tam, rie noYBhH
CTAHOBSITCS aHa3POOHBIMH B pe3yJbTaTe cjaaboro APEHUPOBAHHS HIH
CJIMLIKOM OBICTPOrO HAKOIJIEHHs ryMyca, GakTepuajbHOe PasyoKeHHe
MOJKET 0Ka3aThbCsl 3aTOPMOKEHHBIM H pacliaj Ha KOHeuHble NPOAYKTHE
He 3aBepliaeTcs. B XUMHYECKH aKTHBHOH NOYBEHHOH cpele, 0COOEHHO
TaM, Tlle OpraHuyecKue BelleCcTBa OLICTPO AKKYMYJIHPYIOTCA W TPYHTO-
BHle BOJHl CTAHOBSATCSI KHCJBIMH, TaKHe MeTaJJbl, KaK XKeje3o, Map-
ragel, Ko6aJbT, ypaH, BaHaAMi, MOryT 06pa30oBHBAaTh KOMILJIEKCHBIE
MeTaJJIOPraHHYecKHe COeIHHEHHS, NOCTHrasi MPH 3TOM HHOTZa TOKCHY-
HBIX KOHILEHTpalHi.

Ponpr rpyHTOBBHX BOJA M BO3AYyXa. B BHCOKONODHCTHX
noyBax BOfa M BO3AYX COCTABJSIOT B COBOKYMHOCTH OKojo 509 ux
o6bema. IlockoabKy NMOYBEHHBIH CJIOH 3aJjeraer, Kak NPaBHJO, BhHIIIE
YPOBHSI IPYHTOBBIX BOX M He HCIHBLITBIBAET TIOCTOSTHHOTO BJIAroHachille-
HHUS, CONEpP¥XKaHHe BOJB B INYCTOTaX H3MEHsSeTCs B 3aBHCHMOCTH OT
IOXKIell W ucmapeHus. B paiffoHaX yMepeHHOro BHINAJEHHS NOXKIeH
BONa OOBIYHO MPOHHKAET CKBO3b MOYBEHHBIH CJOH M mocTynaer B 60-
Jee TJIy6OKHe TOPH30HTH. 3aJep:KKe BJAard B MOYBE CIOCOOGCTBYeT
NPUCYTCTBHE T'yMyca, a TAKXKe OLIYTHMBIX KOJHYECTB TOHKO3ePHHCTOH
(pakuuH, YTO TOBBHILUIAET BO3AEHCTBHe KaNHMJAADHBIX CHJI. B 3sacyum-
JHUBOM Xe KJHMaTe, Tle NPOHCXOMMT CHJIbHOE HUCIAPeHHe BJATH, MOY-
BeHHbIE BOABI MOJ BJIHSHHEM KANWJJASPHBIX CHJI MOTYT NOIZHMMAaThCS
BBEPX M HCNApPSATHCS, HE MPHHOCS NMPAKTHUECKH HUKAKOH IOJb3HL.

I'pyHTOBEIEe BOABI BBHIHOCST KaK AHHMOHB, TaK W KaTHOHHE Heopra-
HHYECKHX BeILIECTB, BEAENSIONINeCS B pe3yJbTaTe MNPOTEKaKOUIHX
B IOYBe peakluii; B BOAY MOCTYNAIOT TAKXKE OPTaHHYECKHE COeHHEH IS,
obpa3symwlnuecs: B mpollecce pasJsoxeHus ryMmyca. Koria mouBa xopollo
JpeHHPOBAHA, KAaJbIHUH, LIeJOYH W MarHHi# BHIMBIBAIOTCST BHH3 — IIO
HalpaBJIeHHI0 K 3epPKajly TPYHTOBLIX BOJ, NPHYEM Ha MHIE/JIax OHH
3aMeIlalTcd HOHAaMH Bojopona. Ilpomecc BHIeJsauHBaHHS NPHBOLHUT
K 00eHEHUIO BEPXHEro CJOsi MOYBH, KOTODHIH Tepser 3JeMeHTHl, He-
00XOnuMble NJis XKU3HH PaCTEeHHUIL.

B peruonax c 3acyulIHBHIM KJIMMAaTOM HOBEPXHOCTHOE HCIapeHHe
MOXKeT INPUBECTH K HAKOIJIEHHI0O KapOOHAaTOB KaJblUs, cyabhaToB H
HEKOTOPHIX TaJlOHI0B B BBICOKHX KOHIEHTDAIHSIX, B Pe€3yJbTaTe Yero
noyBa CTaHOBHTCS HemsnomoponHoil. [Tocie pauTenbHOrO HCHapeHHs
B NOYBe MOTYT MOSIBUTbCSI TBepJble KOPKH. VX pasHOBUAHOCTH — KaJib-
KPeThl WM KajHuue — CcOoCTOSIT raaBHBIM o6pasom u3 CaCOs, CHIBKPETH
(kpemHuctele kKopkH) — u3 SiO,. [TokasaTenb KOHIEHTPALHH BOXOPOI-
HBIX HOHOB PH Bapbupyer mpuGIU3HTENbHO OT 3 B KHCJBIX MOYBAx A0
9 B usBecTKOBHX (pH=7 orBeuaer HefiTpajbHO# cpene). 3HaueHHEM
pH onpenensiercs xapakrep pacTHTENBHOro MOKPOBa, clOCOGHOTO pas-
BHBATbCA HA TeX HJIM MHBIX MOYBAX. DTOT MOKa3aTeJb MOXKHO NPHOIH-
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3HTENbHO OLEHHTb, HCIOJIb3Yysl TaKHe HHIMKATOPHI, Kak JakMyc. Eciu
M0YBa OKAa3BIBAGTCS CJHIIKOM KHCJIOH HJIH, Hao60poT, mHieJOYHOi,
B Hee IIPHXOAMTCS HOOABJATb HEHTPANTHU3YIOIIHE KOMIOHEHTHI.

[TouBenuble MycTOTH, B KOTOPHIX OTCYTCTBYeT BOAA, OGHIYHO 3aIOJ-
HSIIOTCSI BO3LYXOM, HENOCPEICTBEHHO CBsi3aHHBIM ¢ aTMocdepoit. ITou-
BEHHBIH BO3JyX HACHIIIEH BJIaro#, a KOJHYeCTBO B HeM YTVIEKHCJOrO
rasa HecKoJbKO Gojee BEHICOKOe, ueM B aTmocdepe. ComepKaHue KHC-
Jopojga B NouBeHHOM Bo3nyxe (okoso 20%), kak mpaBuJso, BIOJHE
JNOCTaTOYHOe, 4TOOBI OGECHeUYHTh NOJHOEe pasJjioKeHHe OPraHHUYeCKHX
BEIIIECTB H BOCIPENATCTBOBAThL TeM CAMBIM 06pa30BaHHIO H3GBITOYHOTO
KOJTHYeCcTBa TYMHHOBBIX KHCJIOT, 3alepKHBaIOUIMX Mpouecch O6akTe-
pHaJbHOTO pasnoxkenus. [TouBbl, o6eaHEHHbIe KHCJIOPOJAOM, NMPHOGpe-
T4I0T Cepyl0 WJIM YePHYIO OKPAacKy, HENPHATHBIH 3amax M 4acTo OKashl-
BAIOTCS] HEMJIOZOPOAHBIMH (rJleeBble IIOYBH). BHCTpOe HakomieHue
OPraHHYecKOro BeIleCTBa B yCJOBHAX AedHIHTa KHCAOPOZa MPHBOLHT
K 06pa30BaHHIO TYMHHOBBIX KHCJIOT, K NPHOCTAHOBJIEHHIO GaKTepHaJb-
HON JIesiTeJIbHOCTH, HAKOIJIEHHI0 TOp(da H, caeL0BaTesIbHO, B KOHEYHOM
cyeTe K (JOPMHPOBAHUIO YIJISA.

Asor, cocraBasoomui mourd 809 ob6bema aTMochepr H ABJISAIO-
uiicss HEOGXOAUMBIM MAJIsI ¥KH3HH 3JEMEHTOM, GOJIBIIHHCTBO PAaCTeHHH
He CIocOGHBEI H3BJIeKaTh HENOCPeACTBEHHO H3 IOYBEHHOTO BO3LyXa.
Fonueifi njs OOGMeHHBIX IpOLECCOB a30T B (opMe coJsefi aMMOHHS
NH,, comep:xauuxcs B MOUYBEHHBIX KOJJIOHIAX, JIETKO OKHCJASETCH M0
HUTPATOB (COJIe# a30THOH KHCJIOTH) M, MOCKOJNBKY OOJBLUIMHCTBO HHT-
pPaTOB pacTBOPHMO, BHIHOCHTCSI B INpoliecce BhllenayuBaHus. BJaro-
napsi ToMy uTo (GHKCHpyoline a30T GAKTepHH HAXOXATCH B CHMOHO3e
¢ KOpHSIMH G0GOBBIX pacTeHHH, MOCAAKH 3THX DaCTeHHH HCHNOJB3YIOT
IJ151 COXPaHEHHs IJIOLOPOLUS MOYBHL.

7.2.2. MOYBEHHDbIA NMPO®HUJIb U TUIIbI NTOYB

ITouBeHHbIlt NPOGHIL OTPaXKAET H3MEHEHHS MO BEPTHKAJH B CO-
cTaBe M CTPyKType nouBbl. Camblii BEpXHHII NMOYBEHHBIH cJOi (30Ha
A), 4acTo BHIEJOUEHHBIH, HO OOOTalleHHBIH I'yMycOM, Pe3KO OTJH-
9aercsi OT MOACTHJIAIOLIEro ero cjos (30Ha 5), B KOTOPOM MHHEPalb-
Hble KOMIIOHEHTHl II0Y4BBl HHOrJAa SBJSIOTCS IepeOTJOXKEHHBIMH, U OT
HH2KeJIeXallero cJ10s 30HB B, KOTOpHIH NMOCTeNeHHO NEepeXOgHT B He-
#3MeHeHHble KODEHHbIe MTOPO/BI.

BosznelicTBiHe NOTOKOB TPYHTOBHIX BOJ Ha pa3BHTHe INOYBEHHOIO
npo¢usst 3aBHCHT OT THIA NOYBB M KJIHMAaTHYECKHX YCJOBHH (Tab..
7.1). IloaToMy peruoHaJbHOE pacHpocTpaHeHHe OCHOBHBIX THIOB MOYB
B OOIIHUX YepTax COOTBETCTBYeT KJIMMAaTHUeCKUM 30HaM. MeHee 3HauH-
TeJbHble KOJIeGaHHUSI TUNOB II0YB OOYCJOBJIEHHI COCTAaBOM KOPEHHBIX
Mopox H XxapakTepoM pesbeda. B ropHEIX pafioHax H3MeHeHHs KJIHUMAaTa
N0 BEPTHKaJH BBHI3LIBAIOT COOTBETCTBYIOUIMEe BapHalMH COCTaBa H
CTPYKTYPHl MNOYBHL. JIOKa/JibHBle OTKJOHEHHs OT HOPMBI, CBS3aHHbIE,
HanpuMep, C OMOJ3AHUSAMH TOYB HJAH C HeGOJIbIIMMH 3aJepPKKaMH HX
IPEeHHPOBAHHsI, MOTYT TaKXe 3aMETHO H3MEHHTb Da3BHTHe NMOYBEHHOTO
npoduJs.
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Ta6auuma 7.]. Tunel MOYB B 3aBHCHMOCTH OT KJMMATHYECKHX yCJOBHM

Tunel nous

XapaKTepHCTHKa NOYB

Tyunposbie  (cy6-

apKTHUECKHE)

IMomsonsr  (mopso-

JIUCTHIE)

Cepo-6ypee 10A30+
Janl (6ypele)

YepHO3eMHl (uep-

HO3eMHEIE)

ITycTeiHHBIE

Tpomnuueckne H
cy6TpOnHYecKHe

O6pasylorcss B OCHOBHOM B paiiOHaX MHOTOJeTHeil Mepajio-
Thl. XapakTepH3ylOTCS OrDaHHYEHHHIM BOAOCGOPOM H Heyc-
TOHUHBOCTBIO [PEHAXKHON CHCTEMBI, OGYCJOBJEHHOH JEeTHHM
OTTAaHBaHHEM IMOYB B HaJMEeP3JOTHBIX CJOSX, YTO IIPENsiT=
CTBYeT ()OPMHDOBAHHIO XOPOLIO DPAa3BHTOrO  IOYBEHHOrO
npotuas. IlouBsl IaBHBIM ©GpPa3oM TOHKO3EPHHCTHIE, Ya-
CTO 0OBOAHeHHHIe M aHa3pOOHHe (raeeBeie). diopa yrHe-
TeHHas (NPeHMYILeCTBEHHO KapJHUKOBHE pPacTeHHs )

QopMHpYIOTCS B XOJOAHOM  BJaXKHOM Kiaumarte. 3oHa A
CHJIbHO BHIILEJOYEeHA, OKpallleHa B Oesbie H CBETVIO-CEPHe
TOHa; 30HAa 5 MoXer comepxKaTb TBepJble KODKH C TaKH-
MH 3JIeMEHTaMH, KakK »eJe30, Mapraser, KoGaJbT H T. A.
HM3-3a HH3KOTO YpOBHSI CPeNHHX TeMIepaTyp IPOLECCH
GakTepHa/JbHOTO DA3JIOXKEHHS 3aMe[JIeHHbe; JOMHHHDPYIOT
OKHC/IUTe/bHEIe YCJA0BHSI (B pesy/bTaTe 06pasoBaHHs TIy-
MHHOBBIX KHCJOT); HAeT aKKyMyJsauus topda Hajx 30HOA
A. ®djopa mpencrabieHa IVIaBHEIM 06pa3oM XBOHHBIMH

QOpMHPYIOTCS B YMEPEHHO BJIAXKHEIX KJIMMATHUECKHX YCJIOBH-
AX. B pesyapTate MeHee CHJIPHOTO BHILIEI&UHBAHHS, GHICT-
pee NpOTEKAIOWIHX NPOLeccOB GaKTepHANBHOrO pasJioeHHd
U NepeMeLIMBaHHS TyMmMyca 30Ha A B cepo-Gyphix NOA30JAX
HMeeT GoJiee TEMHYIO OKpacky H GoJsee IVIOJOPOJAHA, ueM B
noxsonax. Piopa — NpeHMyIIECTBEHHO CMeLIaHHBIE Jieca

QopMHPYIOTCS B YCJIOBHSIX IOJNYBIAXKHOLO (CyGTyMHIHOIO)
KJHMaTa. DBplllleslaunBaHue He3HauyHTeJabHOe JHGO BooOGle
OTCYTCTBYET, 4TO OGYCJIOBJIEHO HeGOJBIIMM  KOJHYECTBOM
JIOXKAeBBHIX OcajkoB. B 3oHe 5 mnpoucxogur o6pasoBaHHE
Kap6oHaToB. IlmogopoJHBIE NOYBBI HMEIOT 3HAYHTENbHYIO
MOLIHOCTb, HO JIETKO pa3pylIaloTcst IOYBEHHOH 3DO3Hed.
@Jopa — NPeHMyLIeCTBEHHO JYroBasi DPaCTHTEJbHOCTb, 'Tpa=
BsiHble TIOKPOBHL U T. A.

@opMHDPYIOTC B YCJIOBHAX apHAHOrO (3acyLIIHBOrO) KJ/IHMa-
Ta. ITOYBEI TOHKO3EPHHCTHIC C HHM3KHM COJAepXKaHHEM TyMy-
ca. B pesysbraTe OKHCJIHTEJBHBIX IIPOLIECCOB MOYBHI IPH-
06peTaloT XapaKTepHYI KpacHOBaTO-6ypyl0 OKpacKy; MHpo-
HCXOAHT 3acojieHHe IIOBEPXHOCTHLIX CJI0eB, MecraMu o6pa-
3yIOTCSl TBepJble (KeJe3UCThle WJIH KPEeMHHCTHIE) KODKH

QopMHPYIOTCSI B YCJIOBHSX JKapKOrO BJIAXKHOIO KjauMaTta. B
pesysabTaTe OLICTPO INIPOTEKAIOUIMX IPOIECCOB pasJioXKeHHs
H CHJIPHOTO BHIIeNauWBaHusi o6pa3yercsi 3oHa A, KoTopas
nojJ BO3JeHcTBHEeM 06DaGOTKH HMeeT TEHIEHLUHI0O TepsTh
cBOe IJIOJOPORHME H MOxKeT OBITh JiaTepHTH30BaHa. ®Jo-
pa — HOXKJeBble Jeca (TponuyeckKdue Jeca, IPOHU3PaCTalOlIHe
B palioHaXx ¢ rofOBHIM 06BEMOM OCafAKOB He MeHbue
2500 MM; mJs HHX XapaKTepHa IbILIHAsi BeyHO3eJeHas pac-
THTEJIbHOCTD)
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KiuMaTHueckuil KOHTPOJb (HOPMHPOBAHMS THIOB IOYB OCOGEHHO
APKO BBIPAKAETCSI B HH3MEIHBIX PErnoHax, ¥ MO3TOMY OTHIOJAb HE Cly-
YafHO, 4TO OOLIENpPHHATAsT TEPMHHOJIOTHS TPHHAMJIEKHUT COBETCKHM
H aMepHKaHCKHM creluuanucraM. Kak merasbHo Nnokasaxo B tabum. 7.1,
TaKHe pe3Ko HeOJarONpHATHBlE KJIHMAaThl, KAK aPKTHUECKHH, MYyCTbIH-
HBIH WJIH TPONHYECKHH, CMOCOGCTBYIOT (H)OPMHPOBAHHIO OEIHBIX MOYB,
KOTOpHe OBICTPO HCTOLLAIOTCH B pe3yJbTaTe HHTEHCHBHOH 3KCIIya-
TalHH.

HauGosnee nMpoAyKTHBHBEIE CE@JbCKOXO3SHCTBEHHbIE 30HB Ha 3€MHOM
I1ape HAXOAATCA B YCJIOBHAX yMEDEHHOrO H yMEDEHHO TEeNJoro KiauMa-
Ta, rle PasBUTH Gyphle MOA30JH (MOA30MHUCTHIE NOYBH) M TEMHOLBET-
Hble JepHO3eMHl. B 3THX I0YBaX 3HAUHTENbHAs CKOPOCTb GaKTepHalb-
HOTO Da3J/IOXKeHHst H aKTHBHBII XapakTep PeakiHii ¢ yJaCTHEM MHHe-
pasbHLIX KOMIIOHEHTOB caMu 1o cefe oGecrmeunBaior 06pasoBaHue 10-
CTATOYHOTO KOJIHYeCTBA MHTATEJbHBIX BellecTB. [ljs 3THX NOYB IPO-
mecc BBILEJAauuBaHHsA B 30He A 0Ka3biBaeTcsl HE3HAUHTENbHBIM,
a B sone B samemasiercs GOPMHPOBaHHE TBepAbIX KOPOK. BhICOKHH
YPOBEHb IJIOAOPOJHS MOXKET TNOJAEPKHUBATHCS BHECEHHEM B IOYBY
yoo6peHHuil, MUTaTeNbHbEIE BeLleCTBA KOTOPHIX INEePeXOAsT B XOPOIIG
yCBOsIEMOE PAaCTEHHSIMH COCTOSIHMe NPH AKTHBHOM BO3JeHCTBIM MPO-
IIBETAIONIHX OYBEHHBIX [[EHO30B (COOOIIECTB).

7.3. OBPABOTKA YU OXPAHA [1OYB

7.3.1. YCTOMYHUBOCTb NOYBEHHOIO PEXXHMA

B 3pesofi mouBeHHO! cHCTeMe XKHBOH pacTHTEJbHBIN IIOKPOB He
TOJIBKO H3BJIEKaeT H3 MOJACTUJAIOIIEro CJOsl NUTaTeJbHble BellecTBa,
HO H B CBOIO ouepelb oforaiiaer nouBy, 6sarofaps uemy NOAMEPIKH-
BaeTcsl ONpeleJieHHOoe paBHOBecHe. Ha 3TOT ecrecTBeHHBIH O6aJjiaHc
BO3JeHCTBYIOT NpPHPOAHBIE (aKTOPhl — KJAHMaTHYECKHe M TeoJoruye-
CKHE, B TOM UYHC/JE H HEKOTOPble OTPHIlAaTeJbHBIE SIBJEHHS, HO Kyda
6oJiee pas3pyIIHTENIbHBIMH OKa3bIBAIOTCH H3MEHEHHs, KOTODhle BbI3bI-
BalOTCS JeATeJbHOCThIO uesnoBeka. [Jljs NoxdepKaHHs YCTOHYHBOIC
NOYBEHHOrO peXXHMa TNPHXOLHUTCS, BO-NMEPBHIX, BHUMAaTeJbHO CJeIHTh
32 cOXpaHeHHeM CTaOHJbHBIX (DH3UYECKHX CBOHCTB NOYBHI H, BO-BTO-
pBHIX, obecrneynBaTh €e HEOGXOAUMBIMH THTATEJbHBIMH BEIECTBAMH.
CraluJIbHOCTD NOYBH ONpeNeNsieTcsl COCTOSIHMEM ee pPacTHTeJbHOro
NoKpoBa, 6Jarofapss KOTOPOMY YaCTHIB NOYBH COeNHHSIOTCS, 00pa-
3ys JOCTATOYHO IJIOTHBIH CJOH, CNOCOGCTBYIOIIMI 3aMelJIeHHIO OT-
TOKa JOXKIEBHIX OCafKOB. B mpenenax sToro e 1eJOCTHOrO CJOSI HACT
o6pasoBaHHe ryMyca, TaKXKe yAepKHBAIOUIero NOYBEHHYIO BJIATY.

YHHUTOXKEHHe pAaCTHTENbHOTO IIOKPOBa, YTO MOXKET CJIYYHThCA
B eCTEeCTBEHHBIX YCJIOBHSX B pe3yJbTaTe 3aCyXH, HaBOJHEHHH HJH TO-
KapoB, OOBIYHO CONMPOBOXKAAETCS YCKOpeHHeM ONOJI3aHusi NOYBBHI BHH3
0 CKJOHAM, 4 TaK¥Ke pa3BHTHEM DEYHOi M BETPOBOi 3po3uH. Hepec-
Yyp MHTeHCHBHBIH BHIAC (HAa MOJHOXHOM KOpMY) AOMALIHEro CKOTa,
BHPYOKa J1eCOB H BO3JIeJBIBAHHE TOJbKO 3JIAKOBBIX KyJbTYpD NPHBOMSAT,
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KaK NpaBuJO, K OOHaXXeHHI0 MOYBCHHOIO CJ/OsI H B pe3yJibTaTe 3TOr0
K 3pO3HUH ITIOUYBHI.

B cesepHoii uactd Gaccefina Muccucunn B 1960-x rogax notepu nousenuoft
MAacChl ¢ KyJbTHBHPYeMBIX 3eMesb (UTO GELIO yCTAHOBJIEHO IO KOJIHYECTBY IleDEHOCH-
MOTO PEKoii 0CcaJouHOrOo MaTepHala) OKa3a/HCh [OYTH Ha TPU IOPSAAKA BhHILE, YeM
Ha 3aJjecennblx 3emJasax. Karacrpoduueckass 3acyxa B LeHTpaJbHEIX pafionax CIIA,
nosyuuBiinX oOGpasHoe Has3BaHHe «yama mnbuH» («dust-bowl»), B roasl aempeccuu
(1933—1934 rr.) compoBoXkKJaJjach MELIEBHIMH GypsiMH, OYKBaJbHO YHECLIHMH MOUBEH-
HBI cJiofi ¢ MepecoXIUHx moJeil. B peaymbprate atoro mpHpoaHoro GefcTBHS Ha 6OJb-
nrelf yactd wrata OKJaxoMa NPeKpaTHJIOCh NMPOU3BOJCTBO IIICHKIIHL.

dpo3ust (B IUHPOKOM CMBICJe CJI0B2) OXBAThIBAeT OOGBIUHO HE TOJBKO BEpPXHHH
IJIOJOPOJHBI TNOYBEHHBI! CJIOH, HO Tak:Ke H BBIBETPEJYIO 4YacTb KOPEHHLIX IOPOJ,
06HaXKAIOMUXC B pe3yJabTaTe paspyuleHusi MOYBEl. B palioHax ¢ MOJNYMYyCTHIHHBIM
KJIHMaTOM, TaKHM Kak Ha TeppHTOpHH cpeiHe3amainbix wraTtoB CIIA, passenBanue
MOYBbl CHJLHBIMH ([0 YparaHHbIX) BETPAaMH CONPOBOXKAAETCH DPa3BHTHEM OBpAaros H
CMBIBAHHEM [OYBEHHOH MacChl MOIIHBIMH JIHBHEBHIMH MOTOKaM4d. B KoHeuHoM HTOre
o6pa3yloTcsl pacceyeHHble oOBparaMH GeclJIOfHBe 3eMJH (¢ OOMIENpPHHSITHIM Ha3Ba-
uueM «GelJIeH[»), MOYTH HEeNpPHrOAHEIE AJSI CeNbCKOro X03sfCTBa.

BoccranoBienne 3eMesb, pa3pyIIEHHBIX BeTPOBOIH 3pO3ueH, u 3a-
IepxKaHue TepeMellalolnXcs MecyaHbX JIOH MOXKeT OBITh OCYIIECTB-
JIEHO IyTeM CO3[aHMsi MOKPOBa M3 GBLICTPOPACTYIIHX BHAOB PACTEHHH,
KOTOpble CBSI3BIBAIOT YaCTHIBI ITOYBBL M OOecrnedynBalOT COXpaHEHHe
B Hell BJIarH.

B ropHelx pailioHax NOTepsd MOYBEHHOTO CJOs B pe3y/]bTaTe €ro
CMBIBA H ONOJI3aHHS BHH3 IO CKJIOHAM YCKOPSETCS NOoCJe YHHUTOXKEHHUS
pacrurensrHoctd. B Henane (I'mmanan) sposusi MOuUBH yCHJIHBAJIACh
B MHHYBLIee AECSTHJETHE NapaJefbHO C POCTOM HaceneHus. DBosee
HHTEHCHBHAs BBIpyGKa Jieca Ha JIpoBa M PacIIMPeHHe MJOINafell BO3-
JeJblBaeMbIX 3eMeJb (XOTs M TO H APyroe OblIo HeOOXOAHUMO AJA
obecneyeHusi MOTpeGHOCTEH pacTyIlero HaceJeHHs!) YCKOPHJH paspy-
LleHHe BePXHEero IJOLOPOJHOr0 CJOSI INOYBHI, KOTOPbI B KOHEYHOM
HTOTe OKa3aJiCsi BhIHeCeHHBHIM B DBeHranbckuil 3a/HB. TpaJHIHOHHBIMH
crnocobaMu MpeaoTBpallleHusi TAKHX NMOTepb B NOPHBIX paHOHAxX ABJs-
10TCSI TeppacHPOBaHHE CKJIOHOB M COOPYyXKEHHe JpeHaXHbIX KaHaB IJs
yAaJeHHst H36BITKA BOABL (pHC. 7.2).

7.3.2. YNOBPEHUA

B pesyJabraTe MPOH3BOACTBA CEJBCKOXO3SHCTBEHHOH NPOAYKIHH
{He3aBHCHMO OT TOrO, MMEJH JH MH Jejio ¢ XJeOHHIMH 3J1aKaMH, ca-
XapHBIM TPOCTHHKOM, JiecOMaTepHalaMH, LIEPCTbIO HJIH MACOM) OKa-
3bIBAETCS, YTO M3 r0ja B TOA 4acCTh IJIOLOPOJHOrO CJIOSi MOYBHl OGel-
HsieTcsi. B G/1aromosiydHblx yCJOBHSIX NJIOAOPOJAHeE IIOYB MOXKET BOCIIOJ-
HATBCS €CTECTBEHHBLIM IyTeM, HO uallle BCero NpHXOAHTCs A00aBJATH
B NOYBY yAOGpeHHs, 4TOGH KOMIIEHCHPOBATb YTPaueHHble 3JIEMEHTHI
NOYBEHHbIX KOMIIJIEKCOB M NpefoTBpatuTh obenHeHue mouBbl. C yno0-
PEHHSAMH B NOYBY MOCTYMNAIOT Takue HeOOXOAHMBble IJil XH3HM pacTe-
Huil 3JeMEeHTH, KaK a30T, KaJHil, KaJpLufi, dpochop u cepa (Tabi.
7.2). Opranuueckde ynoOpeHHs,, HapuMep HaBo3 JOMallUHHX 2KHBOT-
HBIX, KOMIIOCT H MOPCKHe BOJOPOCJH, HCIOJb30BaJIHCh NPaKTHUYECKH
C CaMBbIX Mep3hIX IIATOB 3eMJIedeHs.
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Puc. 7.2. TeppacHoe 3emJiefieNne Ha OTKPBITHIX CKJOHAX.

Ha aapod)OTOCHHMKe BHIOHBI Teppachbl, KOTOpPhie BO3JeJIbIBAJHCh B IOpeBHIIe BpeMeHa.

B pepx-
Heli YaCTH CHHMKa — 3aMOK KpecrtoHocues Jle-Kpax-me-Illesanbe, Jlnpan.

EcrecTBenHble HEOPraHIYeCKHe YNOGPEHHS MOJNYYAIOT H3 MaTepHH-
CKHX TODHBEIX NMOPOJ, COJEPKAIIHX MOBBINIEHHbe KOHIEHTPAlHH HE06-
XOAUMBIX 3JeMeHTOB. Takue NOPOAH BCTPEUAIOTCS AOBOJBHO PEIKO,
H TI03TOMY NOJYYeHHE M3 HHX YNOODEHHii fBJSETCS BecbMa HOPOTO-
crosmuM npoueccoM. Tak, B cepenune 1970-x rogos awrimiickue dep-
Mepbl TpaTu/iu Npu6ausutesbHo 300 MJH. (YHTOB CTepJHHIOB exe-
roJHO Ha oforalleHHe MOYBH YAOGPEHHSMH, COEpKAlUMH a30T (Oc-
HOBHO# NHTaTe/IbHBIA 3JeMeHT), pocdop ¥ KaaHi.

[Tocne BHecenHst ynoGpeHHH B MOYBY 3(G(hEKTHBHOCTL HX AEHCTBHSA
ompeje/seTcss TeM, KaK OHH BKJIOYAIOTCS B €CTECTBEHHYIO MOUYBEHHYIO
cucremy. [lponecchl BbilUlesaunBaHHS TPHBOAAT K YAAJEHHIO PacTBO-
PHMBIX BeLIeCTB H3 30HE A, Kyma BHOcATCS ynoGpenus. HurpaTh,
Cy/baTHl, KaJbUHA M MarHHi JErKO BBIMBIBAIOTCS KaK M3 IECYaHHIX,
TaK U U3 NblJIEBATHIX I0YB, a HATPUH yAa/isercs IJaBHBIM 06pa3oM H3
necyaHbX MOYB. PocHOp MOKET CTaTh HENOCTYNHBIM AJsi KOPHei pac-
TEHHH BCJIEJCTBHE BHINAJEHHA B OCAaJOK H Nepexoja B HEPACTBOPHMOe
COCTOsiHHE JIHOO B pe3dyJbTate a6copOUHH ero [VIHHHCTO-TyMYCOBHIMH
yacrunamu. Hakownen, yno6pesus mao6oro suna MOTYT OKa3aThCsl NOJI-
HOCTBIO YJaJIeHHHIMH B IIPOLECCE 3PO3HH NOYBH JHG60 B pe3yJbTaTe
CMBIBA JINBHEBBIMH NMOTOKAMH.

Ilorepn nuTaTeNBHBIX BEINECTB, BHI3BAHHBIE 3THMH NPHYHHAMH,
a TakXe 3arpsAsHeHHe NMOYBLI, 00YCJIOBJEHHOE NOCTYIJIEHHEM HHTPaTOB
B IPEHaXHYIO CHCTEMY, MOTYT OBITb CBeJeHHl 10 MHHHMYMa IIpH CTPO-
rOM COGJIIOJEHHH HEINPEMEHHOrO YCJIOBHS: BHOCHMOE yIOGpeHHe
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Ta6auma 7.2. Ynobpeuuns

OCHOBHOI!
MHTaTeJbHbIH HCTOYHHKH
KOMIIOHEHT

Azor (N) Opranuueckne yRoGpeHHs,, B TOM uHCJe HABO3 JOMAaLUHHX
JKHBOTHBIX, DAaCTHTEJNbHbleé OCTATKH, MOPCKHE BOLODPOC/H,
ppiOHas MyKa, KDOBsiHasi MyKa; BCe 3TH BellecTsa JaloT
OOMeHHBIH 230T.

Asotodukcupyomue GakTepHH B NOYBaX JH60 B CHMGHO3E C
6060BLIMH PAaCTEHHSIMH.

Hurpare:, Hemopckue sBamoputsl Yiin.

Ammuak (NH;) u ero nponssojHbie H3 INPOAYKTOB Iepepa-
GOTKH He(TSAHOTO CHIPbS

Kamuii (K) Opranuueckne YyROoOpeHHS, B MepPBYK OuYepelb KHBOTHOTO
NDOHUCXOXKAEHHUS.
Pana, comn MODCKHX 3BalOpPHTOB
,

Kansnuit (Ca) PakoBHHBI MOJLIIOCKOB H HDYIHX OPraHH3MOB, KOCTH KHBOT-
HBIX.

Kap6onaTHble MOpOJE, B TOM YHCJe H3BECTHSIKH, H3BECTKO-
Bble Ty(dBl, KaJbKpeTH (H3BECTKOBLIE KOPKH)

®ochop (P) Kocrsinas Myka.

I'yano (oxameHeBHmIMH INOMeT MODPCKHX ITHL, HAKONHBLIHHCS
Ha OKeaHHYeCKHX OCTPOBAX; K HacToslleMy BpeMeHH MNpaK-
THYeCKH BBIPabGoOTaH).

Cynepdocdar, nonayyaemsiit 3 $HochopuToB.

IToGouHble NPOAYKTH H3 LiIaka, obpasyiollerocs MHpPH Bhl-
IJIaBKe CTaJH

Cepa (S) CosnsiHple KymoJia (BOCCTaHOBJIEHHe Cepbl H3 THICA).

Cynbduap xenesa

IOJKHO COOTBETCTBOBATh THMNY MNOYBE. Kpome TOro, Heo6XoAHMO BH-
GupaTh HauGosnee OJarONPHSITHOE BPeMsi JJl BHeCeHHs YHAOOpeHHH,
yT06bl 06ECHeunTh BO3MOXKHO GoJjiee OLICTPOe HX YCBOEHHe B NEPHOIBI
AKTHBHOT'O POCTA PAaCTeHHH.

7.4. TEOXUMUYECKHUE ®AKTOPbBl B )XY3HU PACTEHUMN,
JXKHUBOTHDLIX U YEJIGBEKA

7.4.1. ACTOYHUKH MOJIE3HbIX XU BPENHDBIX 3JIEMEHTOB

ITouTH BCe XHMMYECKHE 3JIEMEHTHI, IpeJcTaBJIeHHble Ha IOBEPXHO-
cTH 3eMJH, BCTPeualoTCsi B OYeHb HE3HAUHTEJbHBIX KOHUEHTpalHAX,
oTMedaeMHX KakK «caenbl». Conep:xaHHe JIOOHIX 3JIEMEHTOB B TKa-
HAX pacTeHHii HJM JXHBOTHBIX He HAXOJHTCs, OJHAKO, B NPSIMOA 3a-
BHCUMOCTH OT HMX KOJIHUecTBAa B TOPHBIX MOPOJAX, MOCKOJIbKY Mera-
Gonuueckue (OOMEHHBIE) NpOLECCH B OPraHHYECKOM MHpe NPOTEKaloT
n36upaTesnbHo. MHoOrne paccesiHHble 3JIEMEHTH HIPAlOT BaXKHYIO POJb
XaTaJ{d3aTOPOB NPH OJHOM HJIH HECKOJbKHX OHOJIOTHYECKHX 1pOUec-
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cax M B CHJY 3TOrO SBJSIIOTCS I10-
JIE3HEIMH JJIs1 340DOBbSI KHUBOTHHIX
U uejioseka. MHOrHe sJieMeHTHI, B
TOM YHCJIE HEKOTOPhie H3 TeX OC-
HOBHEBIX, KOTOpble HEOOXOJUMBl AJIs
JKH3HH PaCTHTENbHBIX H JXHBOTHBIX
OpPraHH3MOB, [PH BO3PACTAHHH HX
KOHIIEHTPALlUH BHILIE OIpPeAeJIEeH-
HOTO IIpejesia CTAHOBATCS TOKCHY-
- HbIMH. B ecTecTBeHHBIX YCJOBHUSX
HOIYJISIHUH PACTEeHHH U KUBOTHBIX
NOJIy4yaloT IIHTAaHHE HeNOCPeICTBeH-
HO M3 IIOYBEl, BOABI H BO3JLyXa
(mu60 uyepe3s KOPOTKYIO MHIIEBYIO
1enb) Ha OrpPaHHYEHHOH ILJIOLIA-
nu. Hepmocratouno BEICOKOe (MM
CJAHIIKOM  BBICOKOE — TOKCHYHOE)
CoJepXKaHHe 3JEeMEHTOB , MOMKEeT
— ObiTb CBSI3aHO B IIpefesax TaKHX
TEDPUTOPHH C TEOXUMHYECKUMH
aHOMAaJIUAMH B II0YBaX H TI'PYHTO-

Ph

R

Puc. 7.3. 3aBucuMocTb cocTaBa INOYB
ot marepuHckux mopop (Ioraanans)
{no pmauunim T. C. VYacra [1981 r.]).

ITouBbl, cdopMupOBaHHEIE: @ — Ha TIpaHH-
Tax, 6 — Ha CJIOJHCTHIX CJaHUax (MeTaMop-
$Hu30BaHHBIX TJIHHHCTBIX NOPOAAXx).

R — OTHOUIEHHe  COMepXaHHS  XHMHYECKUX
5JIEMEHTOB B HCCJIeAyeMOH IIOYBe K OCpef-
HEeHHoMy 110 10 TuHIlaM KOpDeHHBIX IIOPOA.

BBIX BOJAXx.

B rex pafionax, raze npousso-
JAT CeJIbCKOXO351HCTBEHHBIE KYJIb-
TYPHl ¥ PasBOASAT JAOMAIIHHI CKOT,
B YCJOBHAX, KOrjga HeoGX0MIMO
HCHOJIb30BAaThb YJLOOpeHUs M I0j-
KODMKY *KHBOTHBIX, B3aHMOCBS3b C

re0OXMMHYeCKOH O0OCTaHOBKOH IIo-
BEPXHCCTHOrO CJIOsl IOYBBI YCTaHaBJHMBaeTcss 6e3 0coboro Tpyma. Ito
Habuogaercs B OOJIbIUMHCTBE [OCENeHUH yesoBeka. sl 1esoro psga
3a0o/JieBaHui, BHI3BAHHBIX HENOCTATKOM JHOO H3OBITKOM TeX WJIH
HHBIX 3J€MEHTOB, OTMeUeHa perdoHajbHas H3MEHUHBOCTb YaCTOTH KX
BCTPe4aeMOCTH. ITO, MO-BUAHMOMY, ONPeAesseTcsl Pa3JHYHBIM conep-
M aHHEM COOTBETCTBYIOIIHX 3JIEMEHTOB B IPHPOJHOK cpeje.

CocraB NOYB M BOJ BapbHPyeT B Pas3/iHYHBIX PErHOHAX B 3aBHCH-
MOCTH OT KJIHMaTa, KOTODBIM ONPEeJEJSieTCsl THI BbIBETPHBAHHS; JIO-
KaJbHO TaKHE H3MEHEHHs OBIBAIOT OGYCJIOBJIEHBl COCTAaBOM KOPEHHBIX
nopoxg. C pOJbIO KODEHHBIX IIOPOA MBI MOMKEM O3HAKOMUTHCS
Ha pHC. 7.3, TZle COMOCTABJISAETCS OTHOCHTE/IbHASI BCTPEYAEMOCTL HEKO-
TOPbIX BaXKHHX pAaCCesIHHHX 3JIEMEHTOB B II0YBaX, pa3BUBIIHXCH
Ha TPaHUTAX W Ha IVIHHHCTHIX mopoaax lllornanauu. Takue ecTecTBeH-
Hhle H3MEHEHHs [OJBEPraloTCsl PAa3JHUHHIM KOJE€OaHHAM NOX BJIHSHHEM
ueJIOBEUECKOH JesiTe/]bHOCTH. BHeceHHe yno6GpeHuil IJ/s1 [ONOJHEHHS
Ade(HUHuTa NMUTATEJbHHX BeLleCTB HE TOJbKO H3MEHSIET COCTAB IIOYBHI,
HO M 3arpsi3HseT NOBEPXHOCTHBHIE H T'PYHTOBLIE BOHI.

PaspaboTka YrosbHEIX W PYAHBHIX MECTOPOXKIEHHH M HOGHIUA He-
METaJIJIHYEeCKOTO CBHIPbsi MPHUBOAAT K HAKOIUIEHHIO OTBAJIOB IyCTOj IO-
pPOIH, H3 KOTOPHX B Ipolecce BLIBETPHBAHHA M BHIeJaYHBAHHS BHI-
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JieJsieTcsl LieJbIH psi)l 3JeMeHTOB B O4Y€Hb BBICOKHX KOHLLEHTPAllsiX,
NOCTYNAIOUIMX B 1OYBbl, PYCJOBBIE OTJOMXKEHHS K TIPyHTOBbie BOJBL
CXO/IHble TIPOLECCHl HMEIOT MECTO Ha NPOMBILIICHHLIX H OBITOBBIX CBAJL-
kax. Ha /suTeliHBIX 3aBOJAX, OYHCTHBIX U JPYFHX IPEANPHUATHAX oOpa-
3yI0TCS OTXOAHI, KOTODble PACCEHBAIOTCS U PACNPOCTPAHAITCSH B BHAE
LbIMOB, Ta30B H CTOUYHBIX BOA. Hakowew, npoueccel saepHoro paciana
IPL HA3EMHBIX HCIBITAHMSX ATOMHOIO OPYXKHS IPHBO/AST K BBILC/ICHUIO
pajHOn30TONOB B aTMocdepy. lIoBbllueHible KOHUEHTPALHH BPEAHbIX
BellleCTB, IOCTYNAIOIIHX B pe3y/bTaTe 4YEJOBEYeCKOH [esiTeNbHOCTH,
HAKJIa[blBAIOTCH Ha NPHPOAHBIE aHOMaJHK (00yCJ/IOBJEHHbIE I'€0JIOTH-
YyeCKHMH (PaKTOpaMH) H B3aHMOJAEHCTBYIOT C HUMH.

B uHcJ/le 371€MEHTOB, IPHCYTCTBHE KOTOPHIX HEOOXOAMMO ISl KH3HH
pacreHui, XKHBOTHBIX H YEJOBEKa, MOTyT OBITb HAa3BAHKL:

a) raasmble ssementl —C, H, O, N, S, Ca, P, K, Na, Cl, Mg;

6) paccesinuble anementhl — Fe, I, Cu, Mn, Zn, Co, Mo, Se, Cr, B.

K uncsy 3/1eMeHTOB, TOKCHUHBIX IIPH aHOMaJIbHO BBICOKHX KOHIEHT-
pallusiX, OTHOCSITCSI MBIIUbAK, KaJAMHH, PTYTb, CBHHEL, CeJeH, a TaKxke
ypaH H HEKOTOphIe APYrHe pajHOaKTHBHBIE JIEMEHTHL.

7.4.2. BJiWJAHUE TEOXMMHYECKHUX AHOMAJIAN
HA CEJibCKOE XO34KCTBO U 3APABOCXPAHEHUE

O MHOrOBEKOBOH OCBEJOMJIEHHOCTH JIIOJEll OTHOCHT@NbHO BaXKHOH
POJIH HEKOTOPHIX 3JIeMEHTOB B COXPaHEHHH 3/l0pOBbs UYeJOBeKa TOBO-
PHT TOT H3BECTHBIH (aKT, YTO APEBHHe IPEKH IpH JEUCHHH aHeMHH
HCIOJNb30BAJH MUTbeBYIO BOLY, B KOTOpPYyIO 3a06JarOBpEMEHHO NOTrpy-
XKalu pKaBHH Meu (TaK KakK KeJe3o HeoOXOAHUMO UeJOBEKY AJst CHH-
Te3a remorjiobuHa B KpOBH). TOJbKO Tenepb HaM yJaercs BbIACHHTD,
CKOJIb Pa3Ho06pa3Hbl paccesiHHble 3JEMEHTHl, yJacTBYIOUlHe B OOMeH-
HBIX TpOIleCCax PAaCTHTENbHBIX H KHBOTHBIX OPTaHH3MOB, XOTsl IyTH
NOCTYIJIEHHS HX TYLa OCTAIOTCA JO CHX NOp He BIOJIHE H3YUCHHBIMH.
B rta6u. 7.3 merajbHO MOKa3aHbl Kak JAeQuUIHUTHble (aHOMAaJbHO HH3-
KHe), TaK H TOKCHUHble KOHIeHTpaluH, 00yC/lOBJeHHBle 3HAYHTEJb-
HBIMH KOJIEGAHHSIMH B COJEPXKAaHHSX paCCesHHBIX 3JIEMEHTOB, YTO
B CBOIO OYepeab YACTHUHO ONpPEIeJsieTcst TeOXHMHUUECKO 00CTaHOBKOM.

CJI03KHOCTh GHOreOXHMHYECKHX IMPOLECCOB, KOHTPOJHPYHIOUIHX TO-
TJIOLIEHHE TIOJIE3HBIX WJIH TOKCHYHBIX 3JIEMEHTOB, MOXKeT OBITH IPOHJI-
JIIOCTPHPOBaHA TPEMs IIPHMepaMHu.

1. dast cunte3a BHTaMHHA Bjp B JKHBOTHBIX OprauuaMax HeoUXOAUMG NPUCYTCT-
BUe KobGajbTa. HeoocTaTok cOAepKaHMs 3TOTO »JjeMedTa IaryGHO OTpPaxKaercs Ha
310pOBbe IKHBOTHBIX; IpH yMepeHHOM (CYOKJIMHHYECKOM) TCUeHHH 3a6oJeBanus OHO
NPHUBOJAUT K 3aMENJICHHIO HX POCTa, a B ciaydyae OOOCTPEHHS AeJO JOXOAHT A0 HCTO-
LIeHHS W MbliegHol AucTpoduu. KobanabT, 3ajep:KHUBAOLIMACA B MoYBe, GYAYYH
CBSI3aH ¢ IVIHHHCTO-TYMYCOBBIMH YaCTHLIAMH, CPaBHHTEJbHO MEMJIEHHO 1I0rJIonia-
eTCsl KOPHSIMH DacTeHHil.

CkoT, BHIpallleHHHIl Ha [JIOXO OpOIIAEeMBIX HH3KOKAYECTBEHHBIX MacTOHINAX
Maunaiisud, He 06HAPYXKHBAJ HHKAKHX IPH3HAKOB, CBHAETEILCTBYIOUIHX O HEAOCTATKe
Kobajpra. Ho MMEHHO mocje TOro, Kak KadecTBO nacTOHm, ObJIO MOBBHILEHO HYyTeM
Hacaxkjenus OBICTPOPACTYIIHX BHAOB pAacTeHHil, Y IKHBOTHHIX CTaJH 3aMeuaThcsl
NPH3HAKH KOOaJbTOBON HENOCTATOYHOCTH. B 3TOM csiyuae 0Kas3asoch, 4TO 6oJjee BLICO-
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Tab6uauma 7.3. PaccesiHHble XMMR4eCKHE 3JIEMEHTBHI M MX BJIHAHME Ia
3J10pOBbE YeNOBEKA M XKHMBOTHBIX

DJeMeHTHI

BosnefictBue 3J1€MEHTOB

VICTOYHHKM H pafioHDBI

Ko6aner (Co)

Menb (Cu)

Hon (I)

JKeneso (Fe)

Cenen (Se)

Mpimbsax (As)

Kaamuii (Cd)

Cpuuenr (Pb)

Pryre (Hg)

TTounKeHHble KOHUEHTPAaLHH

Hexynanne u anemus no-
MalIHHX JKHBOTHBIX

Hcrowenue,
TOJOBOTO
NMacTOHINHBIX
HUX KHBOTHBIX

306 (6asenoBa
JIe3Hb) — HapylleHHe
HOPMaJIbHBIX  (QYHKIHK
IUTOBHJHOH KeJe3bl Yy
yeJjoBeKa H JOMaLIHHX
JKHUBOTHBIX

AHemusi, cBs3aHHas C He-
JNOCTATOYHBIM  CHHTE30M
reMoryo6uHa

3aflepKKa
CO3peBaHHsA
JoMan-

60-

Mulmeynasi  JHCTPodHS Y
SITHAT, BSJIOCTh Cepheu-
HOH MBIIIBEl Yy YeJoBe-
Ka

[TouBel, dopMmupyOIIHecT Ha KHCIBIX
H3BEPKEeHHBX MNOpOoAax, MeCyaHHKaX,
H3BECTHAKAX

Te e ycjoBHsl, 4uTO H Ml K06aJjbTa,
a Takxke I[0YBH, O6OraleHHbE MO-
JHOIEHOM

PafioHbl, MOJBepraBIIHecs oOJieleHeHHIOo
(Anpnbi, Ilupeneu, TI'mmanan, An-

IET).

Iedpuuur wuoxa B nousax Goubel
4acTbl0 0O6YCJOBJI€H HH3KHM YpOB-
HeM ero KOHIEHTPalUHH B BOJAax

Y uwemoBeka HdeHUHT IKeje3a MOMKET
6bITh 06yCJIOBJIEH [NHETHYECKHMH OT-
DPaHHUYEHHAMH HJIH HEKOTODHIMH (H-
3HOJIOTHUECKHMH (axTopaMu

ITecuaHble HJIH CHJBHO BbIIIEJOYCHHBIE
MOYBBI, HHOTAA YEPHO3EMBI; ILIEHT-
paabubie pafionsr CIIA, npoBHHUHA
Couyaup (Kuraft), Hoas 3enan-
THS

IToBbileHHBle (TOKCHYHBIE) KOHIEHTDAHH

W36ITOK MBIIIbSIKA BeIeT
K 3ajJepXKe pocTa pac-
TEHUH; OUYeHb BHICOKHE
KOHILIEHTpalluu OKas3hl-
BAIOTCSl CMEPTEeJbHBIMH
IJIST XKUBOTHBIX

[lepepox deHue TOYeK,
pacnmaj KOCTHOM TKaHH,
IUPPO3 NeueHH

Hapymenne nesitenbHOCTH
NOYeK U HEpPBHOH cHCTe-
MK, 3a/lep:KKa CHHTe3a
npoTeHHa B KPOBH

Hapyumenue pestespHOCTH
LEeHTPaJbHOH  HepBHOH
cucreMel (6GosnesHp Mu-
HaMara)

ITouBbl, 3arpssHeHHble B peayJbTaTe
BHILIETAYHBAHHS  CYAbGHUAHBIX PYA-
HBIX TeJ M pPYyAHBIX OTBaJOB HJH

3apaKeHHble XKHIKHMH TDOMBIILIEH-
HEIMH oTxogaMd. Ciyyan  MBIIIbS-
KOBOTO OTPaBJIEHHsI MOTYT HMeTb H
JpyTHe TPHYHHBL

Te ke ycloBHs, YTO H A/ MBIIIbAKA

Te xe ycaoBHs, 4TO H [/ MHBILbS-
Ka, a Takke 3arpsi3HeHHe MSATKOMH
BOJb NPOMBIIIJIEHHEIMH OTXOAaMH H
NPOAYKTaMH CropaHus O6eH3HHa

Te >xe yCJIOBHS, 4TO H IS MBIIbAKA.
Pafionel B6MH3H HEKOTOPHIX (yMa-
poJ M ByJKaHHYecKHX xepa. B SImo-
Hun (3aquB MuHamara) 3a6oJseBa-
HHe CBSI3aHO C OCOGEHHOCTSIMH IIH-
TaHHs (OCHOBHblE NPOAYKTHl — MOD-
CKHe BOZODOC/IH, COjepallue PTYTh)
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NNpononxenune ta6a 7.3

3eMeHTH BospmeficTeue 3JeMEHTOBR VICTOYHHKH H pafioHn

Monu6aer (Mo) [TonHoXHEIA KOPM NacTGHUIHOIO CKO-
Ta, OOeIHEHHHA Menblo, ueM o06y-
C/IOBJIEHO TNOBBILIEHHOE YCBOEHHE MO-
mubaena. [naBHeiM 06pasoM  MOp-
CKHE YeDHHe TIJIHHHCTHE CJaHIB
PanuoaxTus- 3a6oneBanne HeKOTOPHMH |[IDOAYKTH BHINENAYWBAHHS YPAHOBLIX
HHe 37eMeHTH| ()opMaMH paka; BO3- | 3ajexel, sMaHauWH paloHa H3 pa-
MOXKHH HapyLIeHHst re- | MNHOaKTHRHEIX MaTepuanoB. Ilocren-
HeTHYeCKOr0 KOJa Op- | CTBHS sEPHBIX B3DHIBOB

raHusMa
Cevien (Se) Y  kpymHoro poratoro |Mopck#e uepHBE IVIHHHCTBIE CJAAHUB!
CKOTa M Jouajell — BH-
MajeHHe BOJOC, XPOMO-
Ta, HCTOIIEHWe; B OCT-
poii  dopme — GosesHn

JNbIXaTeJbHBIX nyTet,
peskufi  ymaJgok  CuJi,
XOJII3TC

KONPOH3BOAUTEJbHbIE BUAB pacTeHHfl MeHee 3dekTHBHO cHabxkaan Kob6aJbTOM Macy-
mpecs CTaja, XoTs NOYBEHHBIH cJof He OBl B CYIIECTBEHHOH Mepe oOelHEH 3THM
5JIeMEHTOM.

2. HepmocTaTok MenH, 0coGeHHO 4acTO OGHAPYXHBAaeMEIi B NeCYaHBIX, KHCJLIX
HJIM H3BECTKOBHIX NOYBAX (CM. pHC. 7.3), BeleT K CHHMKEHHIO YPOXKAAHOCTH 3ePHOBBIX
KYJbTYD H BBI3BIBAaeT LeJbH DN 3aboJieBaHHH — OT 3aMeIJIEHHSI POCTa H 3aJepKKH
TOJIOBOrO CO3PeBaHMs JO Cepbe3HBIX OPraHHYeCKHX HApYIIEHH#A U DaHHeH CMEPTHOCTH
cpenH gomamHero ckora. CienyeT IONYEPKHYTb, YTO NPH3HAKH AedhHIHTA MeIH Y
JKHBOTHBIX 4acTO OTMeyaloTcsl B pafioHax, rlle ee COfepXaHHe B NOYBAX HOPMAJbHOE,
HO T/le BBICOKHE KOHIEHTPAIHH MOJHGAeHa NMPENsSTCTBYIOT YCBOEHHIO MelH. B Auraum,
B paioHax, «O0eJHEHHBIX» MEJbI0 H3-32 M30BITKA MOJHOIEHA, IIHPOKO PAa3BHTH TOJ-
IIH TeMHOIBETHHIX CJaHIEeB KAMEHHOYTOJbHOI'O M IOPCKOrO BO3pacTa, COLepIKallHe
JOBOJLIO BBHICOKHE KOHIEHTpauuH Moaubaena. Jlo6GaBjeHHe MefH B INHILY KPYNHOIO
pOraToro ckora crHoco6CTByeT OBICTPOMY DPOCTY MOJIOLHSKA.

3. CpuHel, B BBHICOKHX KOHUEHTPAlHSX BPEelNeH Jsi 3L0POBbsl 4EioBeKa, H, MO-
BUIHMOMY, HMeHHO 3TOT (akTop O0OYCJOBJIMBaeT B HEKOTOPHIX CJAyYasix 3alepiKKy
YMCTBEHHOTO pa3BUTHA JeTedl. Bo muorux pafionax ¢ cyibduanofl MHHepasaH3anueH
OTMEUalOTCsl aHOMAJIbHO BHICOKHE CONEPXKAHHS CBHHLA B PYCJOBHIX OCafiKaX M NOYBaX.
B xauectse npuMepos MoXKHO npusecTH pafionsl Menxun-Xumic u TIeHHHHCKHX rop,
rje BLIBEJIEHHble Ha 3€MHYIO IIOBEPXHOCTb CYJb(HAHblE PYAB CBHHIOBHIX PYIHHKOB
LoJIroe BpeMsl NOJABEPraJHch BhIIeNAauMBaHHIO. B Takux palionHax cojepKaHHe CBHHIA
B DYCJIOBHIX OCafikaX Ha HEKOTODLIX ydyacTkax joctHraeT 3% (mpu (OHOBHIX 3Haue-
musax 0,001—0,0159%).

Kpome TOro, CBHHel, MOXKET aCCOLUMHPOBATb C INDPYTHMH TOKCHYHBIMH 3JIEMEHTa-
MH, TaKUMM KaK KaJAMHi, Melb, IMHK H MBIILIK. YCBOEHHe 3THX 3JIeMEHTOB H3 pac-
TEHHH (a [/ MaJIeHbKHX JeTeldl — IyTeM HemocPeNCTBEHHOTO IONMajaHHs 3eMJH B POT)
B psle PailOHOB NPHBOAMT K cJydasM CBHHIOBOrO orpaBieHHs. OnHako Gouee
YacTHIMH MCTOYHHKaMM 3a60JeBaHHil SBAAIOTCA MArKas BOAa, B KOTOPOH pacTBOPAETCS
CBHHEIl, NOCTYNAIOIMA H3 CTapblX CBHHIOBBLIX BOJONPOBOAHBLIX TPYO, a TakXKe CBHH-
uopble 6e/Hia M BHIXJOMHbIE ra3bl, 06pasylomuecs IpH Cropanni GeHsauHa ¢ IPHMeEChHO
CBHHIA. Hu OIHH H3 3THX HCTOYHHKOB 3apaxKeHHS He CBSI3aH C IOBBIIEHHBIMH KOH-
UEHTPAaUHAMH CBHHIA B NOYBAX MJH B KOPEHHHIX IOPOAAX.
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7.5. MUHEPAJIBI, NPUHOCSIIUE BPE]
3N 0OPOBBIO YEJIOBEKA

3aboneBannst monef,, MCTOUYHMKOM KOTOPHIX NOCHYIKHIH He TOK-
CHUHBIE KOHIEHTPALHUH TeX WJHM HHBIX 3JIEMEHTOB, a BIbIXaHHe Melb-
UaHIINX 4YacTHIL HEKOTOPHIX MHHEpaJoB, OBIH 3aPErHCTPHPOBAHBI
cpenr obuTatesneil HeCKOJbKMX MeCTHOCTEH ¢ aHOMaJbHBIMH YCIO-
BHAMH OKpyXaiouwe# cpenel. OmHAKO B 3HAUHTENLHO OOJblIel cTe-
TlleHH 3TH GOJIe3HH PACNpPOCTPaHEHH CPEAH IPYIN HACEJeHUs, CBS3aH-
HBIX C NPOMBIIJIEHHBIMH IIpoleccaMu, rie Npu o6paboTKe MHHEDPAJIOB
Hen36eXRN0 BABIXAETCS MHHepaJbHAS IbLIL. 3a60/1eRanys BHI3HBA-
IOTCs1 MOCTYILENHEM B OPIraHU3M NBITUHOK JHAMETPOM MeHhire 10 MRM
GO BOJIOKOHEIl IHAMETPOM MeHbIle 3 MKM B KOJHUECTBAaX, IPeBHI-
IarIuX 3aUIHTHBE PeaKIIHH OPraHH3Ma.

Kak Tonero Takwe wacTHmer momamalor B anpBeossl (Mesnbuaiinine
BRO3IVIIHBIE TIY3HIDHKH) JIETKMX, OHH HAYHHAIOT CTHMYJHPOBATL pas-
pacrarie JJErOYHOW TKAHH, UTO COTPOBOXKIAETCH PA3PHIBOM KallHJIISAD-
HBIX COCYIOB. B cBsI3W ¢ 3THM CNOCOGHOCTH aJabBeOs yCBaHBaTh KHC-
Jnopon 6eanamexHo cuuxkaercs. Kaxk cielcTBre Takux H3MeHeHHT,
DO3HHKAET ONACHOCTb 3a60seBaHHs (uepe3 Gosiee MU MeHee MJIHTE]b-
HEIH TepHOj BpeMeHH) TYGepKy/e3oM JHO60 DAaKOM JeTrKHX HJH Jerod-
Hoi mJaeBpHl. IS 3TOro MOCTATOYHO 33COPEHMS JIErKHX HECKOJbKHMH
MEeCATKAaMH IPaMMOB MHHePaJbHBLIX INBITHHOK YKa3aHHOH BhHIIe pas-
MEPHOCTH JM00 NPOHHKHOBEHHS B JIerKHe He 6Ojee OAHOro rpaMMma
ROJIOKHUCTHIX YaCTHYEK.

B Teuenne MHOTHX BeKOB 3TH 3a60/eBaHHst CUMTAMUCh NPOHECcCHO-
HAJbHBIMH CDeIM IIaXTepoB, a TakXke KaMeHIIHKOB M KaMEHOTECOB,
paboTalIIHX B KaMEHOJOMHSIX M Kapbepax. TsKenblM HEIyrom siB-
JIeTCs CHJIMKO3, OOVCJOBJEHHBIH TOMamaHHeM B JETKHe YacTHI CH-
JMUKAaTHOH NBELIH. 3a60seBanusi, CBA3aHHBIE ¢ 3aCOPEHHEM JIETKHX MH-
HepanbHBIMH BOJIOKHAMH, 3aperMCTPHPOBAHB B ONHOH M3 CHJBHO 3a-
THIJIEHHBIX MecTHOCTeH Typuuwu, rie MoJoabe ByJKaHHUeCKHe TOPOIH,
UCroNb3yeMble B KaUeCTBe CTPOIMAaTepHaNoB, CONEPXKAaT BOJOKHHCTHIE
arperaTsl I1eoJuToB. Eme Gosee WIHPOKO pacnpocTpaHeH 3TOT HEAYT
CpellH JIIOJEeH, UMeloIHX Jeo ¢ moObluel, 06paboTKefl HJIH HCHOJb3O-
BaHueM acbecra.

BoJiesnb, nonyuuBiias Ha3BaHHe «ac6eCTO3HC», B OCHOBHOM OO6yc-
JIOBJIeHa OOILEeHHEeM C JBYMS DAa3HOBHAHOCTIMH MHHepaJsa. BosOKHH-
CTBHI CepIeHTHH-ac6ecT (XpU30THN) 06pasyer BOJHUCTHE, «BBIOLIIHECS»
ROJIOKHA, KOTOPHle He INIPOHUKAIOT CKBO3b JIETOYHYI0O TKaHb H B KO-
HeyHoM cuere paspymalorces. HatpueBnie aMbm6osbl KPOKHIOJHT H
ameaut («rosyGoit acGecT») mpeacTaBasioT coGoit Gojiee pOBHHE, XKeCT-
KMe M TPOYHHIEe BOJOKOHIA, OueBHAHO, NMO3TOMy Juua, paboTalolmue
C 9TUMU MHHepajamH, HauboJsee NOJBep:KeHH 3a00J€BaHHIO 3JI0Kaye-
CTEEHHLIMH ONYXOJSIMH, NDPOSABJSAIOIIMMUCT Y HHX CHOyCT HECKOJBKO
JIeT TI0CJIe 3aCOPEHUS JEerKHX BOJIOKHHCTON MBIJIbIO.

Baarogapss HOBHIM MeTonaM Jof6elyu u OGPaGOTKM MHHepaJoB,
a Take YJyUYIIEeHHIO BEHTHJISIMH B IIaxXTax cjlydyan 3a60J€BaHHS CH-
JMKO30M W NPOUYHMH TAXKENBIMH Hexyramu crany Gosee penkuMmu. ro
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2K€ KacaeTcss OIlacHOCTH, CBSI3AHHOH C HCIOJb30BAHHEM <<I‘OJIY6OFO
acGeCTa», 006 3TOM CTaJIO M3BECTHO TOJBKO HEIaBHO; 3TOT MHHepaJ,
OYEBHIHO, NMpPHIETCA 3aMEHHTbL B 6y1[ymeM KakKUMHU-TO IODPYTrHMH H30-
JHDPYIOIIUMH MaTepHalaMH.

7.6. BATPSIBHEHUE OKPY)XAIOLLEW CPENbI,
BOMNMPOCHI PASMEUIEHUSA BPEJHBIX OTXOJ10B

[ToGoynble TNPOXYKTHl YeJOBEYECKOH AEATEJLHOCTH — GHITOBHIE,
CeJIbCKOXO3SIHCTBEHHbIE, NPOMBIIIJIEHHbIE, BOEHHBle H T. H.— PaCCceH-
BalOTCA B BO3AYXE, PacCIPOCTPAHSAIOTCS MO 3€MHOH MOBEPXHOCTH, HPO-
HHKAIOT B TI'DYHTOBble BOABI, NOYBHl H JAPYDHE OTJIOXKEHHS, H3MEHSS
NpH 3TOM ECTECTBEHHOe paclpeneneHHe 3JjgeMenToB (puc. 7.4). 3Ha-
yuTeNbHAs YacTb TaKHX OTXOJOB, XOTS M He paayer raas, 0co6oro
Bpe/la He INPHHOCHT. BOJBHNIMHCTBO OpPraHHYeCKHX OTGPOCOB OKa3bl-
BalOTCsl GBICTPO 06e3BpexeHHBHIMH 6jarogapsi GakTepuasbHOMY pas-
JIOXKEHHI0 W MPOIECCaM OKHCJEHHS M MOTyT OBITh BHOBbL HCIOJIB30-
BaHBl IJIs1 TOANEePXKAHHA NJIOLOPOAHS KYJIbTHBUPYEMBIX 3eMellb.

IIpu peureHnn BompocoB, CBsI3aHHBIX ¢ O6paBOTKOfl M pas3Melle-
HHEM OTXOLOB, HaM MPHXOZHTCS HMETh B BHAY TPH BHAA 3THX 00Opa-
3oBaHui: 1) oueHb rpoMo3aKHe OGBHEKTHI, HANpPHMep OTBAJLl NyCTOM
TIOPOEl, COCTABJISABLIEH KPOBJIO 3aJeXH M YyHajJeHHOH B mpoiecce
OTKPBITOH pPa3paboTKH MECTOPOXKIeHHS; 2) OTXOAHI, Tjae B IOBOJBHO
BEICOKHX KOHIIEHTPAUHMAX NDENCTABJEeHB TOKCHUHBIE METasJhl HJH IPY-
nHe BpelHble COeNHHeHHS; 3) paXHOaKTHBHBIE OTXOMIHI.

3arpsisHeHHe OKDYIKAIOIIEro Hac MPOCTPAHCTBa NPOUCXOAHT IIO-
TOMY, UTO B Pe3y/JbTaTe YeJOBEUEeCKOH NEeATENbLHOCTH B €CTeCTBEHHYIO
cpeny oOHTaHHS TOCTYNalOT BPEeIHBle BeIleCTBAa, BHI3HIBAWINHe 3a60-
JIEBAHUS HJIH K€ CIOCOOHBIE NPHUYHHHTHL YIIEp6 SKOJOTHUECKHM CH-
cTeMaM B LeJ0M. 3arpsi3HeHHe BOJAHI NMPH CNYCKe HEOUHIIEHHBIX CTOY-
HBEIX BOJ Ha 3eMHYI0 NOBePXHOCTh MJH B CHCTEMY I'DYHTOBHIX BOJ $IB-
JISIeTCST ONHHM M3 HaHnboJiee cepbe3HBIX BHIOB HaHeceHHs ymepba
OKpyKatwlie# cpene, ocoOGeHHO B YCIOBHSX TOPOACKOH IKH3HH. ITO
B 3HAUUTEJIbHOH CTENeHH CIOCOOCTBYeT paclnpocTpaHeHuio OGose3Her,
KOTOPBIE NEPEHOCATCS uepe3 BOAY; B HX UMCJe CJHeAyeT Ha3BaTh MH-
3€HTEPHIO, XOJIepy H THD.

CoopyxeHHe 3aKPHITHIX CTOYHHIX CHCTEM, OTBOASIIIMX IKHAKHE
oT6pocH Ha mepepabaThHIBalOIHE 3aBOAH, OBJIO, MOKadyH, caMoi
BaXKHOH Mepo#, obecrneunBuleff MOABbEM OOLIECTBEHHOTO 3[pPaBOOXpaHe-
Hug B Aurnun XIX Beka. B Halle BpeMsi MeHee NOJIOBHHBI HacCeJeHHsI
Pa3BUTHIX CTPAH HMEET IOCTYyN K 6e30MaCHHIM, He3arpsI3HEHHBIM HCTOU-
HHKaM BOJIBl, H MO3TOMY CTPOHTEJLCTBO OYHMCTHBIX CHCTEM BCe ellle
SIBJISIETCS HACYIIHOI moTpe6HOCThI0. CTaHnapTHEE MeTOAR 06paboTKH
BOJBI, BKJIOYAIOIIHE TakHe INpOLEecchl, Kak OakTepHasibHOe pasJjoxe-
HHE M OKHCJIeHHe OPraHHYeCKHX BelleCTB, NJAlOT BO3MOXKHOCThH BO3Bpa-
marth XHAKHe KOHeYHBle NPOAYKTH NepepabOTKH B peKH yKe B OUH-
IIeHHOM BHJIE€; HX MOXKHO Jaie HCIOJb30BaTh MAJs1 MOMNOJHEHHS BOJ-
HBIX PECYpPCOB, NpeIHA3HAYEHHBIX JIs YIOBJETBOpeHHsi OBITOBHIX TO-
TpeOHOCTeH HaceJeHHs.
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Puc. 7.4. CnuB XHAKUX NPOMBILIIEHHBIX OTXOJ0B.

Ha as’podoTocHHMKe BHAHO pacHpoCTpaHeHHe KHJIKHX BBIGPOCOB B MOPCKOH Boje
y moGepexkbsi KamGepaeHaa (AurJis).

Onnako 3THX MeTOJ0B 06paGOTKH BOABI HELOCTATOUHO, YTOGH y[a-
JHTbL H3 OTXOJOB HEKOTOPHle CHHTETHYECKHe COEJHHEHHS, TaKHe Kak
MOIOLIlHe [penaparbl, NPOHHKAIOIHEe B IOBEDXHOCTHBHIE APEHAMKHEIE
cHcTeMBl. TBepAble BEILECTBA, OCaxKAalOL[Hecss B OTCTOHHHKAX, MOXKHO
HHOTZla HCIIOJIb30BaTh B KAUeCTBe OPraHMYECKHX YIOOGPEHHH, HO ecJH
OHH 3arpsi3HeHbl TSKEJBIMH METaJJlaMH M3 NPOMBIIIJEHHBIX CTOKOB,
TO CTAHOBATCS HENPHTOAHBIMH [JIs1 yAOODEHHS NOYBHl H JOJXKHBI GHITH
ynanensl. B KoHeuHoM HTore OOJbIasi YacTh OTXO[0B, 06PaGOTAHHBEIX
OUYHCTHHIMH 3aBOJaMH, COpPacbIBaeTCsl B OKEaH.

[ToBepXHOCTHBIE M TPYHTOBBIE BOABI MOTYT 3arpsi3HATHCS TaKikKe
CeJbCKOXO3SIHCTBEHHEIMH ~ CTOKaMH, pPaCTBOPHMBIMH KOMIIOHEHTaMH
yno6penuii (0COGEHHO HHTPATaMH), PacTBOPAMH, KOTOPble HACHIILEHH!
MeTaJlJlaMH, BBIIEJOYeHHBIMH M3 PYIHBIX LITabesefl, 0TBaJOB u MNpo-
MBIIIJIEHHEIX ¢BaJioK (pHc. 7.5). B pycnoBex HaHocax, oT/aramomuxcs
HHEXe 10 TEUEHHIO OT CTaphX pas3paboToK JuG0 HHAYCTPHAJbHBIX
KOMILJIEKCOB, MOTYT NPHCYTCTBOBATb TOKCHYHbIE METaJJbl B IOBHILIEH-
HBIX KOHIEHTPAUHMSX M (MJIH) DaJMOAKTHUBHEIE JEMEHTH. 3arpsisHeHHe
OKpYKalolleji cpejibl MOXKHO N0Ka3aTh Ha MPHMePe CTAPhIX OJIOBSHHBIX
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Puc. 7.5. 3arpssHenue
a 0 FPYHTOBBIX BOJ HHTpaTa-
0 20 40wme/ MU — OTXOjamMu  ynodpe-
=T T HHA (Mo panubim Y. B.
Yuakuncona u JI. 3. [pu-

101~ Ha [1982 r.]).

a — NOBbILIEHHE  KOHIeHTpa-
20 IHH HHTPATOB 3a IIE€PHOA
1945—1975 rr. B BOJOHOCHBIX
cJ0siX: I — TPHACOBBIX Iecua-
30 HHKOB B  YopuecTeplIHpe,
2 — MeJIOBBIX  FOPDH30HTOB B
rpadctse Cyppeit; 6 — H3Me-

40~ \ HeHHe COJepPXKdHHsA HHTPaTOB
/\/ Yposeno s ¢ raySuHo# (oKTs6pb 1975 r.)
2pyHmogslx 60 B MEJOBbIX  OTJOXKEHHSIX,

50mPy — — — — ——

NOACTHMAOUMX  BO3ZeNblBae-
0 7"7”4:" ) _ Mble 3eMaH B [smmmmupe
1945 1955 1965 19752 (AHraus).

pyauukoB Kopuyosaa (AHrius), rie BBISIBJEHO HAKOIJIEHHE TSMXKEJBIX
MeTaJJIOB B PYCJOBHIX HaHOCaX (Tabi. 7.4).

3arpssHeHHe aTMocepH B pe3yJbTaTe CrOPAHHS HCKONAEMOro TOMNJHBA H Bhife-
JICHHS] IBIMOB Pa3JHYHBIMH ()aGpHKaMH, HeTEOUHCTHTEJNbHBIMH M IJIaBHJIBHBEIMH 3a-
BOJAMH TMPHBOJHT K BPEMEHHOMY HAKOIJIEHHIO rasoB, KalesneK XKHAKOCTH H TBEPIHIX
9acTHYeK B Bo3AyXe (C o6pa3oBaHHeM OGi(eH3BeCTHOro «cmoras). CHycTsl Kakoe-TO
BpeMs 5TH BellecTBa C AOX/ISMH BO3BDAUIAIOTCS HA 3eMJII0 H 3arpsi3HSIOT NOYBEHHEIH
NOKPOB H TPYHTOBble BOAbI. C INPOMBIIIJIEHHONH DEBOJIOLHEN €XErOJHEE OTJIOKEHHS
Ca)H Ha TEDPUTOPHH TaKHX ropoloB, Kak JIOHAOH, cranu gocrurath 1 Kr/m2 ITH
oLIeJIOMJISIIOLHE [TOKA3aTeJH CHH3H/IHCh NOBOJILHO 3aMETHO 3a IOCJIeJHHE NeCHTHIETHS
6sarofapsi BBOAY B JeHiCTBHe 3aKOHORATeNbCTBA, 3alpeLIAIOEro HCHOJAb30BATEH
yroJib B KaueCTBE TONJHBA NPH OTKPHITOM CXKHIFAaHHH H OTCYTCTBHH Ca)KeyJasJjHBate-
Jefi, Tem He MeHee mo 12 r/M2 cephl IpoXOJIXKaeT ocefaTh eXeroJHO Ha INOABETpeH-
HOH CTODOHe Pa3JHYHBIX OGBEKTOB B HHAYCTPHAJbHHIX paiioHax. ITOBHHEH B 3TOM BHI-
Jensiomuiics B aTMocdepy CepHHCTHII auHTHAPHA (COZEepKaHHe Cephi COCTaBJser
B cpenHeM okoso 1,5% B yrae u 3% B HedTH). CepHHCTEIA aHTHIADH[, OKHCJISAACH O
cy/indara, BO3BpallaeTCs Ha 3eMJI0 B BHAE <KHC/IBIX AOXKJeH», YTO BEI3BIBaeT pas-
pYylIeHHe KaMeHHBIX KJIafOK, He TOBOPsS yXke 06 yilepGe, HAHOCHMOM DaCTHTEJIbHOCTY,
peuHo#l H o3epHoi dayHe.

OTxonn NJaBHJBHHIX U APYrHX 3aBOAOB, ocoGenHo B XIX u B nauase XX crose-
THf, COAEPXKAJM LEJBIH pPsJ TOKCHYHBIX METa/uIOB, YTO B CBOIO OYepelb cKas3asoch
Ha TOYBAaX H PYCJAOBHIX OCajKaX, rJe C IOABETPEHHOH CTOPOHBI PAJa HPeANpPHSTHI
o6HapyXKeHB aHOMAJIbHO BBICOKHe KOHIEHTPALMH 3THX MeTaanoB (pue. 7.6). Takue
aHOMAJ/IMH ObLIM BHISIBJIEHB BOJIM3H IHHKOMJIABHJBHBIX 3aBOZOB B lOxHOM Yaince M
Aponmupe (Bpucronnckuit 3anus). Eme Gojlee sipko BBIPaXKeHH 3TH sIBJEHHS B pail-
OHe M3BECTHOro HHKeJeBoro Mectopoxaenus Canbepu (Kamama), rme nabmopaercs
NoYepHeHHe TODHBIX TMOPOJ Ha 3eMHOH IIOBEDXHOCTH, a JepeBbs, PACTYILHE B OKPYyTe,
HMEIOT KapJIHKOBBIH POCT.

Ta6auma 7.4. ComepkaHHe MeTaqioB (ppm) B PYCAOBBIX OCagKaX BOLOTOKOB,
of6ycaoBaeHHoe pyaHOA MuHepanHsaumeirn u paspaborkofi mecTopoxRmeHHl

Paftorn As Cd Co Cu Pb Zn

Anrms w VYamsse (Mool 7—15 | 0—1] 10—20 | 15—30 0—40 [50—200
JlaJIbHble 3HAYEHHS)
Pempyr, Kopuyonn (Mak-| >150 >5 >80 >120 >320 >800
CHMAaVIbHHE 3HauYeHHs )
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Puc. 7.6. Bausuue armocdepsnix 3a-
TPSI3HEHWA W2 COCTOSHHe 3eMHOH no-
BePXHOCTH. 3arps3HeHHe NOYBLI, MO-
BEPXHOCTHBIX BOJL W PACTHTENLHOrO
NCKPOB2 B peaysbTaTe BHIGPOCOR Npo-
MBIIJIEHSX  OTXONOB B aTMocdepy
(ro pannpm I Jluttaa m M. X. Map-
THHa [1974 r.]).

TokasaHa KOHNEHTPaNHT KaIMHS (ppm)
B cbharsyme TOpGSIHBIX GOJOT Ha momBeT-
PeHHOH CTOpPOHe NPOMBINIIEHHOTO KOMILJIEK-
ca ONBOHMYT B TedeHde 1972 r., Korja
npeoGrafanH  BeTPHl  IOro-3allafHOro  Ha-

[paBJIeHHs. i

Sum
]

/ ‘ o \;\“ ,,..__.____‘

Yro6H OrpaHHUNTL 3arpsidHEHMe BOAH M BO3AyXa B Hpolecce Mpo-
MBIIIJIEHHOTO IIPOM3BOJACTBA, COBEPIIEHHO He0OXOAMMO Kak MOXKHO
OBICTPee YHHUTOXKATh MM 06e3BPEXKHBATh TOKCHUHBe BEIIECTBA B He-
NOCPENCTBEHHOH GJH30CTH OT Mecrta HX 06pa3oBaHusi. MaKCHMaJbHO
JIOTIYCTHMble YPOBHH BEHIXOfA BPENHBIX BEIIECTB BO MHOTHX CTPaHaX
OTpeJeJIeHsl CIelHaJbHEIM 3aKOHOJATEeNbCTBOM. B BennkoO6pHTaHHH
NIPHMEHEHHe 3THX 3aKOHOB HA IIPAaKTHKe PYKOBOACTBYeTcsl Hueel
O «JIyUlIeM TNPaKTHYECKOM MEPONPHUATHH»: NpecJenyercst Lienp Orpa-
HUYHTE 3arpsA3HEHHe OKpYKalollled cpelbl Ha YpPOBHe, ITO3BOJISIOLIEM
VIOBJIETBOPDHUTh UHTEPECH OGIIECTBA B IEJIOM.

Bonpoc 06 ymaneHHu paaMOAKTHBHBIX OTXOAO0B, 06pa3yIOMIHXCH
Ha aTOMHBIX 3JIGKTPOCTAHIHUAX, ABJSETCS OCOOEHHO TPYIHODa3pelH-
MBIM. 37eCh MBI HMEeM JeJI0 C ONACHOCTHIO 3aparkeHHs NPHPOTHON
cpenbl panHOM30TONAMM, CaMO IHPHCYTCTBHE KOTOPHIX B Hell HOCHT
apoManbHBI xapakrtep. B orxommsl mocrymaior nepepaGoTaHHBlE Ma-
TepHaJbl H3 ATOMHBIX PeaKTOPOB, 06jiafarouiHe BHICOKOH pagHOaKTHB-
HOCTBIO, 4TO 00YCJOBICHO KOPOTKOKHUBYIIHMH H30TONAMH C MEePHOLaMH
noJypacnaza 10 HeCKOJbKHX JeT. B pesyabrare pacnajga 3THX CO€IH-
HeHu#l 06pasyeTcst 3HAUHTENBHO MeHee PaNMOaKTHBHHIN OCTATOK. Tak,
HalpuMep, OTpaGOTaHHOe simepHOe TOIIMBO, ynaneHHoe u3 Kauan-
CKOTO peakTopa C NEePBOHAYAJNbHOR PaXHOAKTHBHOCTBIO 2 MJIH. KIODH,
yepe3 10 jier HMes0 OCTATOYHYIO PamHOaKTHBHOCTH Bcero 1600 KiopH.
B arnx oTxomax comepXKasHCh W JOJTOXKUBYIIME H30TOMBI, TaKHe Kak
non-129, nesuit-135 u wentynu#i-237, ¢ mepuomamu Inosypacnajga RO
1 MJH. JeT.

BHaanxe, Xorjpa OoTXonbl Oﬁ.ﬂaﬂa}OT MaKCUMaJbHOM PAOIUOAKTHUBHOCTBIO, UX XPaHAT
Ham 3eMHOH TMOBEPXHOCTBIO B H30JHPOBAHHBIX AHTHKODPO3HOHHBIX KOHTeﬁHean.
HOCKOJIbe HEOGXOI{I/IMO CcO31aTh TaKHe YCJOBHS, yToOH! paaHOaKTHBHbBIE OTXOJH OBITH
H30JHPOBAHbI OT GI/IOC(I)epr B TeueHHe 10 MeHbIuelh Mepe MHJIJIMOHA JIeT, BO3HHKIH
JAHCKYCCHH O uenecoo6pa3H0cm HCNONB30BAHUA HEKOTOPBIX TMOA3EMHBIX XDaHHJIHIIL.
Yrobu BOCIIPENSITCTBOBAThL YYAaCTHIO 3aXODOHEHHBIX DAJNHOAKTHBHBIX OTXONOB B ecTe-
CTBEHHBIX I'€OJIOTHYEeCKHX Mpolleccax, HaA0 COBEPUIEHHO 00653aTeIbHO CBECTH J0 MHHH-
MyMa o6MeHHbIEe peakuuH BHYTDH IOJA3eMHBIX KOHTeﬁHGPOB, a' TaKXe MEXIy STHMH
Komer"mepamu U MpHJeraromuMHu rOPHBIMH mMOpoAaMH HJHU NMOPOBBIMH BOJAMH. B na-
CTosllee BpeMsd 06cy>xﬂaeTc51 NpENJIOKEHHE O 3aKJIUYEeHHH DPAJHOAKTHBHBIX OTXOH03
B CTeKJSHHBIE KOHTeﬁHepr HJH, 4TO GoJiee HHTEpPEeCHO C reoJIOTHYECKOH TOUKH 3peHus,

B KOHTeﬁHepr H3 CHHTETHYECKHX, yCTOI"{lJPIBbIX K paaHalnuH MHHEDAJOB. PaccmanH-
BAIOTCSl TaKXKe BO3MOXKHOCTH HCINOJb30BaHUSA I{OHTeﬁHepOB H3 HHEPTHBIX MeETaJJQ8

HITH KOPYHJA.

I,_,
1

i
k\
|

|

.

i

i

i

'

]

|

i

11 3ax. 1333 161



Hns nONroBpeMeHHOro XpaHEHHsl PaJMOAKTHUBHBIX OTXOJO0B HeOGXO[HMa COOTBET-
CTBYIOILLAs] TeosiorHueckass o6CTAHOBKA, IPH KOTOPOH JOOble KUAKOCTH, OKAa3aBIIHECS
3arps3HEHHBIMH, NOJKHBE MOJHHMATbCH K 3€MHOH I[OBEPXHOCTH OYeHb MeIJICHHO H B
BecbMa pas3GaB/ieHHOM BHAE. DTO 00f3aTelbHOE YCJIOBHE HABEJO Ha MBICJb HCNOJb-
30BaTh JJIs 3aXOPOHEHHsI OTXOJ0B 30HY Denboda, rie mo Mepe IOrpyxeHusi KOpoBoft
IVIUTHL OTXOALI BCe TJyGiKe yJa/syHCh OBl OT 3eMHOH NOBEPXHOCTH. YUMTLIBAs ellle
HEKOTOphle JApyrHe coobpax<eHHs, cleAyeT BHIOHPATb TeKTOHHYECKH CTaOMJIbHBIE yya-
CTKH (aceficMHYHBIE, C HH3KHM reoTepDMHYeCKHM rpajaueHToM). IIpy sToM BMemaiouiue
MOPOJBI JOJKHEI COOTBETCTBOBATH CJEAYIOUIHM TPeGOBAaHHAM: OBITb JHOO KpenmKHMH
H HeTPeIIMHOBATHMH (KaK, HampHMep, MaCCHBHBIE TPAaHHTHI), JHGO HENMPOHHIAEMBIMH
H IJIACTHYHBIMH (KaX TVIMHBI HJIH 3BAaNOPUTHI).

3axopOHeHHe DaZHOAKTHBHBIX OTXONOB Ha Iay6uHy Oojiee 1 KM
CHH2KAeT BO3MOXKHOCTh YTEUKHM pajMallHH, TaK Kak IPOHHIaeMOCTh
NOpOX yMeHbllaercss ¢ ray6uHod. Tpe6oBanue H30JASIIUH TaKHX OTXO-
JIOB HAa OYeHb JJIUTEJbHBIH CPOK, a TakxKe TOT (haKT, YyTO NOBeJeHHE
coIepIKalllUXCsi B HHX BPEJOHOCHBIX 3JIeMEHTOB HEJOCTATOYHO XOPOIIO
H3y4eHO, BecbMa 0GOCTpPSAIOT mpo6Jjemy KoHCepBanuu. Heo6xonuMocTb
3aXOPOHEHHSI YK€ CYIIECTBYIOIIMX OTXONOB ATOMHOIO CHIPbsI BHIHYXK-
JlaeT NPONOJIKATb MCCJAEIOBAHHSA, HEB3HUpas Ha HX BHICOKYIO CTOH-
MOCTb.

8. METOJ bl TOUCKOBO-PA3BELOYHbIX
HCCJIEJOBAHHUNA

O} eKTHBHOCTh NPHMEHEHHS TeOJIOTHUECKHX INAHHBIX JJIS TNpaK-
THYECKHX Lesedl, o6CyKIaBIIUXCS B IJaBax 2—7 3TO{ KHHUTH, OIpe-
Jle/iseTcsT B OCHOBHOM IeslecOO6Pa3HOCThI0O BHIGOpAa TeX WJAH HHBIX
METONI0B HcciefoBaHuii. B mepBylo ouepenr Heo6XOnuMo OOHAPYKHTHb
KOHKDeTHBEIH OOBEKT TreoJIOTHYECKO# pasBelKH, HAlNpHMep MOJIE3HOE
HCKONlaeMoe; BO-BTOPHIX, HYXXHO COGpaTh COOTBETCTBYWOIIyI0 HH(GOP-
MalHIo 0 TexX Mecrax, rie 6yLyT NpOBOAUTbCH Pa3BelOYHble UM CTPOH-
TeJIbHHle paboThl; B-TPETHHX, CJAEAYET YUUTHIBATH TMOTEHIHAJbHYIO HJIH
yXKe HMMEIOIYIOCS OMacHOCTb TeX HJIM HHBIX T'eOJIOTHYECKHX OCJIOXKHEe-
Huft. Ha pannem sTane mogo6GHBIX HCC/I€NOBaHUE HEOGXOAUMO NPOBECTH
PEKOTHOCIHPOBOUYHEIE DPaboThHl, 6jarogapsi KOTOPHIM JJIsi OOCIIHPHBIX
TEPPUTOPHH TOJYUYaIOT 3HAUYUTENbHOE KOJHUECTBO CBEIEHHH J0CTa-
TOYHO ONEPATHBHO U NPH HEGONBIIHX (HHAHCOBEIX 3aTpaTax.

HeranbHOe H3yyeHHe KOHKDPETHHIX OGBHEKTOB HMeeT lenbio Obec-
NMeYUTh MNOJyYeHHe NAHHHIX B TakoM 0OBeMe, YTOGH OHH MOTIJIH IIO-
CJIYKHUTb OCHOBOH /sl NaflbHeHIINX pa3paboToK. B MpHBOIHUMON HHXKeE
nHGOpMalUH aBTOP TMOMBITAJCS AATh UHTATENI0 OOllee IPeACTaBJeHHE
0 TOM, KaK MMEHHO HCIOJb3YIOTCH OOGIIENPHHATHIE METOABI NIOHCKOBO-
pasBeOYHBEIX HCCIeN0BaHHH. B KHHre He DaccMaTpuBaloTCs MareMma-
THUECKHE MeTOAH 06paBOTKH NAaHHBIX, TaK K€ Kak H He pasbupawnrcs
JeTaNH NPaKTHYeCKOro NPHMEHEHHs] TOH WJIH HHONH METONMKH — Ha 3Ty
TEMY CYUIECTBYET MHOTO CNeUHaJbHEIX MyOJuKalui.

st ycmemHoro HCNOJNb30BaHHS HAyK o 3eMJye NPHMEHUTENLHO
K HYXKIAaM YejOBeKa CJIeIyeT yUHTHIBATH PerHOHaJbHYIO H(HiIH) JIO-
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Ta6anuna 8.1. Meroubi moMckoBo-pasBefAOuiblx HcCjieAOBanHHM
Bazel (o] 6. CII0JIb30BaHHSA
HCC/eL0BANMUI CHOBHble 00/1aCTH H C

CelficMHueckKne
(MOB, MIIB)

CeificMorpaMMsl
(naHHBIE
MHUYECKOro
IHUPOBaHHs)

I'paBumeTrpuue-
cKHe

ceific-
30H-

MarsuroMeTpH-
yecKHe

DJleKTpopas3Bel0y-
HEle H 3JIeKTpO-
MarHuTHEIE

palIH‘OMe’I‘p-‘H‘-IECKHe

AspodporocbeMra

KocMuueckas
cbeMKa

I'ayGokoe GypeHHe

Teodpusnueckne MeTOABI

BrisiBiienne norpeGeHHHIX (IOA3eMHBIX) CTPYKTYp, IpeHMylie-
CTBEHHO B OCalOYHBIX OaccefiHaX; yCTaHOBJIEHHe OIOPHBIX
TOPH3OHTOB, HECOIVIACHH, CKJIaA4aTOCTH, DPa3PbIBHEIX Hapy-
IIEHHH Ha MECTOPOX/IEHHAX IIOJIe3HBIX HCKONaeMBIX; pas-
BeAKa IOBEDXHOCTHBIX OTJIOKEHHH IOJ  CTPOHTeJbHEHIE
06 BEKTH

Ha6uonennss B pafioHax aKTHBHOH BYJKaHHUECKOM JesTelb-
HOCTH, 30H PasjioOMOB H T. .

BrisiBleHHe CTPYKTYD B OCaJlOUHBIX, METaMOpPGHYECKHX TOJ-
1ax, B HM3BeDXKEHHHIX IOPOJAaX; Ha PEKOTHOCUHDPOBOYHOMH
CTaJHH IIOHCKOB MECTODOXKAEHHH MOJe3HHX HCKOMaeMBIX.
OG6HapyKeHHe aHOMAJHH, CBS3aHHEIX C MOTPeGEHHHIMH Te-
JlaMH H3BEDXKEHHBIX M[OPOJ, PYAHHIMH MeCTOPOXKIEeHHSMH,
COJIAHBIMH KyINOJaMH (JOByIIKaMH [Js HeTH H rasa)

V3yueHHe perioHaJIbHOTO CTDPOEHMs! TOJI H3BEDXKEHHHEIX H Me-
TaMOpdHYeCKHX IOPOJ; HAa DPA3JHYHBIX 3Talax MOHCKOB Me-
CTODOXK/JEHHH MOJNe3HBX HCKONaeMhX. BhisiBleHHe aHoOMa-
JIHH, CBSI3aHHBIX C MOrpe6eHHBIMH HHTDPY3HBHBIMH OYaraMH
H DyAHBIMH (OpMauHsIMH

Merto CONPOTHBAEHHH — JJIs1 TPOCJEXHBAaHHS PYAHBIX Tel
IPH H3YYEHHH CTPYKTYp OCalOYHBIX IIOPOA H B HHXKeHep-
HOH TeOJIOTHH.

DKBHIOTEHIHAJbHEE H HHIYKUHOHHHIE METOJH — JJs OKOH-
TypHBaHHs DYAHBIX TeJ.

DJIeKTPOMArHUTHEIE METOABl — JJIS ONpeleeHHs IOJMO0XKeHHs
PYAHHIX TeJ, OOHapyKeHHs H perucTpanHH NOAbeMa Mar-
MaTHYeCKHX DacIUIaBOB H3 BYJKaHHUECKHX KepJ

IIpy momckax paJHOaKTHBHHX 3J]eMeHTOB (ypaHa, TOPH:);
IpH KapoTaxe OYPOBBIX CKBaXKHH

JlMCTaHUHOHHBEIE METOMLBI

[Ipn H3y4YeHHH TeOJOTHYECKOTO CTPOEHHs HCCJelyeMblX Tep-
putopuii (asporomorpaduyeckas CbEMKa, as3poreoJoraye-
CKHe PpeKOrHocuHpoBKH). HabmiomeHHs 3a NOTeHUHAJBHO
ONaCHLIMM OObeKTaMH, HalpHMep BYyJKaHaMH. A3pOBH3Y-
aJlbHBIA H a3po(OTOMETPHUYECKHH KOHTPOJb 33 H3MEHEHHIMH
OKDYyKalolleld Cpeln

I'eosornueckre, TomorpaduyeckHe H ApPYNHe HCCJaeJOBaHHSA

HccsegoBaHusl B CKBaXKHHAX

Omnpefiesenne  perHoHaJbHOrO CTPOGHHS W CTPaTHUrpaui
Toi. AHanus 6ypoBoro mJamMa sl JHTOJOTHYECKOH Xa-
pakTepHCTHKH mHOpoJ; cGOpEl MHKpDO(ayHb (B HepTeHoc-
HBIX paifioHax). lleTaJbHHe CTPYKTypPHHle H IeTporpaguue-
CKHe HCCJeNOBAHHA KePHAa CKBaXXHH IIPH IIOHCKax H pas-
BeJlKeé MECTODPOXKAEHHH MOJIe3HHX HCKOMaeMHBX

11
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[Tponoaxcuue t1adu 8.1

Bunn

HCCAeR0BAINA OcHOBHble OO0J4CTH HCLOJb30OBAHHS

|
Mesnkoe H pquoe\ VlsyueHue MOKpPOBa BHIEETPEJBIX HAHOCOB M MOBEPXHOCTHHIX
Gypenue J OT/iOKeHHI. BriGop Mect 1A  HHXKeHepHO-TeOJOTHYECKHX
00DEeKTOB

['eoxuMHyYecKHe U MHHEPAJIOTHYECKHE METOMBI

Pexornocuupo- OmnpoboBaHHe PYCHOBHX M O3ePHEIX AOHHHX 0CaJK0B, OTGOp
BOYHHIE THAPOTeOJIOTHYECKHX MP00, PEeKOTHOCUHPOBOYHHE Mapuipy-
TH B CBS3H C IIOHCKAMH MeCTODOXKIEHHH I[OJEe3HBX HCKO-

HaeMBbIX.

Visyuenne okpyxKawolled cpelH, ee OXpaHa (COCTOsHHe pac-
THTEJbHOIO H JKHBOTHOTO MHpa, BJHSHHe Cpein Ha 310-
pOBbe ueJOBeKa). BHsBJeHHe KOHLEHTPAUHA TAXKENHX Me-
TaJJIOB

LeneBne OGHapyXeHHe MeCTOPOXIEHHH MOJe3HBX HCKONaeMblX; H3yue-

HHe M IpefOTBpallleHHe BO3MOXHLIX IEOJIOTHYECKHX OCJIOXK-

HEHHH H KaTacTpog

[Neprosuueckoe KoHTpoJb 3a KayecTBOM BOAbI H OUHIIEHHBIX CTOKOB; H3yue-
onpoGoBaHue HHe BPENHOrO BO3AEHCTBHA 3arpA3HEHHH  OKpYyKaloiel
cpell

KaJIbHYI0 Te0JIOTHYECKYI0 0GCTAaHOBKY — BCIO COBOKYIHOCTb (PaKTODOB,
OIpeAesOIHX 3aKOHOMEPHOCTH PAaCIpPOCTPAaHEHHs] H TE0JIOrHYecKHe
CTPYKTYPH IIOPOJ, B TOM HJH HHOM perHoHe, NPEACTABJSAIOLIEM LIS
Hac uHTepec. Bce paHHHE, KOTOphle BO3MOXKHO NOJYYHTh Ha OCHOBA-
HUH H3yueHHs OnyOJHKOBAHHBIX KapT, OTYETOB H CTaTeH JHOO IyTeM
HENOCPEACTBEHHRX HaGJIONeHHH B MOJIEBHIX H(HJH) Jab0paTOPHBIX
YCJIOBHSIX, MOIYT OBITb OTHeCEHbhl K TIeOJIOTHYECKHM I[OKa3aTelsiM.

JJsi oOHapykKeHHsI MECTOPOXKIEHHH IOJIe3HBX HCKOIaeMhX HJIH
IJISl BHISIBJIEHHS TEOJIOTHYECKHX CTPYKTYpP HIPHMEHSIOT COOTBETCTBYIO-
uyo meroguky. Creunduka ee ompejeisercs PasjJHYHBIMH CBOHCT-
BaMH IPUPOJHOTO ChIPbSl HJIH TPYHTOB, 4TO HEOOXOAHUMO YYHTBHIBATDH
IpPH [OHCKOBO-Pa3BEJOYHEIX Da00Tax M M3YYEHHH MeCT 3aJI0KeHH:
6ymywux coopyxeHuil. B talbu. 8.1 npuBoguTCA KiacCH(pHKauusa pas-
JIHYHEIX METOJOB MIOMCKOBO-Pa3BeLOUYHLIX HCCJeJ0BaHHM.

8.1. TEO®PU3UUYECKHE METOJLbi

Bnaronaps MeroaaM, OCHOBAaHHBIM Ha DasJHYHM  (DH3HUCCKHX
CBOMCTB TOPHHIX [OPOJ, HaM yHaercsi MOJYyYHTb HH(POPMALHIO O IOp-
HHIX TNOPOfax H CTPYKTypaX, CKPHITBIX MOJ IIOBEPXHOCTbIO 3eMJH H
HEJIOCTYIHKX JIsi HENOCPeJCTBEHHOro HabJIofeHHs. DTH METOAB Ha-
XOAAT LIMPOKOe NpHMeHeHHe B He(TAHOH [EOJIOTHH, HIPaioT BAXKHYIO
poJib IpH pasBefKe NOJIE3HBHIX HCKONAEMbIX, a TaKxke HCIOJb3yoTCs
BO BpeMsi [IpeJBapPHUTE/bHEIX HCCIENOBAHUH YYaCTKOB, OTBOJHMMBIX IO
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CTPOHTEJIbCTBO PAa3/IMUHBIX 3AaHHE M PYAHHKOB. ['eodusnueckue Me-
TOZbI, MO3BOJIAIOLINE PErHCTPUPOBATL Te WJIH HHble U3MeHeHHs B IVIY-
OuHAX 3eMJIH, NPUBJIEKAIOTCA M JJIs [IPOTHO3HPOBAHMsI 1IOTCHLHAJIBHO
OIlaCHBIX ﬂBJIEHPIfl, KaK TPHPOAHBIX, TaK H CBA3aHHBIX ¢ JeATelb-
HOCTBIO 4eJjoBeKa.

8.1.1. CENCMHYECKHE WCCJHELOBAHUSA

Yupyrue BOJHBI, o0pasylouldecs IpH 3eMJerpsiCeHMsiXx WJIH B pe-
3yJbTaTe HMCKYCCTBEHHBIX B3PBIBOB, PACHPOCTPAHSIOICS B TOPHBIX 1i0-
pojax ¢ pas3JUYHBIMH CKODOCTSIMH B 3aBHCHMOCTM OT COCTd4Ba H (H-
3uYecKux CBOHCTB 1m0poA. CKOPOCTh pacmpoOCTpaHeHHs CeilcMHUECKHX
KosieGaHuil H3MepseTcsi OOBIYHO B MeTpax (MJH KHJIOMETpax) B ce-
KyHny. CedCMHYECKHE BOJIHBI OTPAaXKAIOTCs HJIH NMPeJIOMJSIOTCS Ha KOH-
TAaKTaX Pas3J/MYHBIX NOPOJ, XapaKTePU3YIOIIHUXCS pa3HbIMH CKOPOCTSIMH
pacnpocTpaHeHUsi celfiCMHUYeCKHX KoJseOaHHH; IpH 3TOM 4YacTb BOJIH,
OTPa3HBLIKXCS OT Te0JIOTHYECKHX TpaHHIl, BO3BpallaeTcs Ha 3EMHYIO
IOBEPXHOCTb, T/le OHH PErHCTPHPYIOTCS COOTBETCTBYIOUIMMH 11pHGOpaMy
{ceificMoripueMHHKaMH, reO(pOHAMH).

Janxeie 0 CKOPOCTSX PACHPOCTPAHEHUsI BOJH B HOPOAEX, G iUiy-
OUHe W HAKJIOHe NOBEPXHOCTEH pasjesa MEXAY PasyMuHBIMH JHTOJO-
rHYECKHMH OOPa3OBAHUAMH YCTAHABJHBAIOTCS Ha OCHOBe ydyera Bpe-
MeHH IIPOXOXKJEHHS HMIYJbCOB OT IYHKTa B3PEIBA L0 TeO(OHA HJIH
[0 HECKOJIbKHX reoonoB (puc. 8.1). CeficMHuUeCKHH NPOGHUIb CTPOHTTH
0 HaOJIIOJEHUSAM Ha ILIeJoM psijie CeHCMONPHEMHHUKOB, BoOJbMHHCTBO
CEHCMHYECKHX HCCJIEeNOBaHH CBSI3aHO ¢ INPOJOJBHBIMH FP-BoJHaMy,
OTHOCHTEJIbHO 0oJjiee GBICTPEIMH, YeM HOollepeyHble S-BOJIHHL

1lpu Ha3eMHBIX CefCMHYECKHX HCCJEJOBAHHAX HCTOYHHKAMH BO3GYMACHHA YipY-
rHX KoJsleGaHHI CJIyXKaT B3pbIBYATHe BellleCTBa JHOO MexaHHYeCKHe yAapHBIEe YCTpPOii-
cTBa — BHOpaTOphl. [IpH HErJyO6oKOM HNPOHHKHOBEHHH B TOJILY NOpPOJ, HANPHMep AJIA
oIpeje/ieHHs] MOMIHOCTH CJOS aJJIIOBHAJbHEIX HJH JIGAHHKOBBIX HAHOCOB, 3aJeraiouiyx
Ha KODEHHBIX IOPOJax B OCHOBAHHH NMPOEKTHPYEMOTO MOCTa HJIH KaKoro-iuGo APYroro
COOpYKEeHHsI, HeOOXOAMMblE HMIYJbCHl MOIYT OBITH IOJYYeHBl IIPH IOMOIUH YyIapoB
MOJIOTOM HJIH KyBaJJOH NPH PAacCTOSIHHH MeXKJy HCTOYHHKOM H NDHEMHHKaMH He 0o-
Jiee HEeCKOJIbKHX MeTPOB.

IIpu neobxomuMocTH GoJee riy60KOro 30HJHPOBAHHSI 3eMHBIX HEIApP NPHXOLUTCS
HCIIOJIb30BATh TsXKeJOe, IPOMO3JAKOe IPH TPaHCIOPTHPOBKe ofopyuopaHue. B cpsisu
C 9THM Ha3eMHBle celCMHMYecKHe HCCJEOBaHH: OKa3blBAIOTCH JOPOTOCTOSIIHMH, TaK,
croumoctb 100-kunomerposoro ceficMonpoduniss B AHraumM B Hauase 1980-x ronos
COCTABJIA/IA HECKCJIBKO COTEH THICAY (YHTOB CTepPJHHrOB. MoOpCKHE ceficMHUCCKHEe HC-
cJIe/lOBaHUs, TJe B3PLIBH NPOH3BOAAT HAa NMOBEPXHOCTH MOpS, a ceTb reo()oHOB ByiLCH-
PYIOT CIELHaJbHBIM CYLHOM, OGXOAATCA 3HAYHUTENbHO AEILEBJIE.

CKopoCTH pacmpocTpaHeHHs! CefCMMYEeCKHX BOJH DPasjHYHH B IO-
porax pasumux tumoB. CeficMopasBegka HCNOJb3yeTcsi MJsi OOHapy-
JKeHHsl TOBEPXHOCTEH pasjiesia MeXJAy DHIXJBIMH H&HOCHHIMH OTJIOXKe-
HHAMH H KODEHHBIMHM NOPOJAMH, MeXAy OCaAO4HBIMH H MeTaMop(H-
YeCKHMH HJIH H3BEP:KEHHBIMH IOpoAaMu JHOO (B HEKOTOPHIX CJIy-
yagx) Mexnay Oojiee M MeHee aKyCTHYeCKH XMKECTKHMH TpaHHIaMH
0cafoyHHIX MOPOA. B cBs3u ¢ TeM 4TO CeHCMHUECKHE BOJIHB Pacipo-
CTpaHsloTCsl B BOJE CO 3HAUHTENBHO GOsiee BBICOKOK CKOPOCTBIO, YeM
B BO3JlyXe, CKOPOCTb HX PACNPOCTPaHEHHsi B He HACBHILEHHBIX BOJIOM
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Puc. 8.1. Ceficmuueckue BOJIHBI. Hemoiun 1o

IokasaHbl CXeMaTH3HPOBAaHHBIE TPaEKTOPHH
CeHCMHYECKHX  BOJH, HCIOJb3yeMbIX DpH
CeHCMUYECKHX HCC/IelOBaHHSIX METOLAMH OT-
PaxeHHbBIX (MOB) H InpeJOMJEHHBIX BOJH

(MIIB). R -
CKopocTh  pacunpoCTpaHeHHS  NMPOXOJBHBIX ' A ’\ R ARRE
BOJIH, M/C T //2
Eozuyx 330 S S
oja 1450
1TouBBl, mecox 170—800 Ompaieriue flpenounenue
T /iMHMCTBle C/IaHIBl, II€CYaHHKH,
H3BEeCTHSIKH 1500—4000
Meramopdrueckie NOPOJALI >500u
['paHuTHI > 5000

H BOIOHACBHIIUEHHBIX BBICOKONODUCTBHIX II0POAAX TaK¥Ke pe3Ko pas-
JHYHA. [J1aBHOe NpHMeHeHHe cefiCMHYECKHe HMCCJeIOBAHHSI HAXOLAT
OpH NOHCKAaX W pas3Beike HePTSHBIX MeCTOPOXKIEHHH H B HHXKEHEPHOH
re0JIOTHH.

Meton oTpaxeHHBX Boan (MOB). JlaHHBH MeTOx OCHO-
BaH Ha HCNOJb30BAHHH CEHCMHYECKHX BOJIH, OTPaxKaIOUIHXCS OT aKy-
CTHYECKHX TPaHHI[ NMOJOOHO JIyuy CBeTa OT 3€PKaTbHOH MOBEPXHOCTH.
MeTox OTpaKeHHbIX BOJH HMIDAeT OUeHb BAXKHYIO POJIb NPH IIPOBexe-
HHH IIOMCKOBO-pPa3BeJOUYHBIX paboT B OcamouyHblx Oacceiinax. Ha oc-
HoBe MmarepuasoB MOB, o6paGoraunbix ¢ TPHBJEYEHHeM COOTBETCT-
BYIOIIHX MAaTeMaTHYECKHX 3aBHCHMOCTEH, MBI NOJiydaeMm HHGOPMaAILHIO
O MOILIHOCTH JIHTOJIOrO-CTPATHIPa(HUYECKUX NOApPAa3JeeHU (KaXKAOMY
H3 KOTODHIX CBOHCTBEHHA OIpeJeseHHass CKOPOCTb ceHcMHYECKHX
BOJIH), O NPHCYTCTBHH JIH60 006 OTCYTCTBHHM OTUETJIHUBBIX MOBEPXHOCTEH
OTpaxkeHHsi (KOTOPble MOryT OBITb YCTAHOBJIGHHI M CTpPaTHrPaduye-
CKHMH MeTOJaMH 110 KeDHy OYPOBBIX CKBaXKHH). MeToLOM OTpaKeHHBIX
BOJIH ONpE/eNsieTcs TakiKe IOJOXKEHHe B pa3pe3e CTPaTHUrpadpuuecKHux
IepepLBOB HJIM YIVIOBHIX HECOIVIACHH, YCTAHABJUBAETCS HaJHYHe CKJa-
JIOK H pa3phIBHBIX HapylLIeHHUH.

Meron npesnomaenHrex BoaH (MIIB). Merox ocHOBaH
Ha H3YUCHHH CEHCMMYECKHX BOJIH, IPEJOMJISIIONINXCS Ha aKyCTHUYECKH
JKeCTKHX T[paHHLAaX Da3HbBIX MOPOJ. DTOT MeTOJ OCOOEHHO IOoJie3eH
IJs1 OOHapyKeHHsl JIOBYLIEK He(TH M rasda, TaKHX KaK aHTHKJIHHAJH
I cossHble kynoJa. [lpupomnas ceficMmuunocts u3yuaercs MIIB
B Ipefesax H BOJIM3H 30H aKTHBHBIX DPa3/iOMOB HJH BYJKaHHYECKHX
ouaroB. LleHHOCTp 3THX HaOJIOJeHHH [Jisi NPOTHO3HPOBAHHS BO3MOXK-
HBIX T'eO0JIOTHYECKHX KaTacTpod (3eMJETPSCeHHH HJIH BYJKAHHUECKHX
H3BePXKEHHH) onpeneJseTcss BO3MOXHOCTBIO HEINPEPBIBHOIO yuera
CefiCMHYEeCKHX TOJYKOB B TeUYCHHE JJIHTEJbHBIX [1€PHOJOB BPEMEHH.
CeiicMorpadnl, UCIOJNb3yeMble [Jsi 9TOH LeJH, YCUAHBAIOT HMIIYJbCHI,
HOCTynamliie ¢ MOBEPXHOCTH 3eMJIH, H DerHCTPHPYIOT NOJYyYEHHYIO
HH(pOopManuIo.

8.1.2. TPABUMETPUYECKHE UCCJELOBAEUA

YckopeHne cHJBL TSKeCTH (YCKOpeHHE CBOOOJHOrO majneHus) g,
M3MepeHHoe B KakKOH-JHOO OIpeJe/eHHOH TOYKe Ha 3eMHOH IOBEpX-
HOCTH, 3aBHCHT HE TOJBKO OT TaKHX (aKTOPOB, KaK UIHPOTA, aJbTH-
Tyna (BBHICOTHAsi OTMeTKAa), TOmorpadusi MeCTHOCTH, HO H OT FE0JIOTH-
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UECKOTO CTDOCHNS pervona. B pesyapTate IPaBUMETDHUCCKON CHEMKH,
OXBAaTBIRAIOIIEH TEJBIH PsiA 06HeKTOB HCCJAENOBaAHUS, MOMKHO BBHISBHTH
AHOMAJIHY CHJB TSIXKECTH, CBOHCTBEHHBIE TeM HWJIM HHBIM TOPHBIM IIO-
poraM. Tema OTHOCHTENHHO NJIOTHHIX NMOPOJ XAPAKTEPH3VIOTCs M0JO-
KHTETBHLIMHE AHOMAJHSMH CHJIBI TSRKECTH («IHKH» HIH MAKCHMYMBI
H2 T'PAaBUMCTPHUYECKHX KapTax); MOopojaM CPaBHUTEJNbHO JIETKHM, T. €.
ob6sananiiuM HeGOJbIIOH MJIOTHOCTbIO, CBOHCTBEHHL OTPHIATE/bHBIE
aHoMajuu (MHHUMYMBl Ha 3THX KapTax). HTeHCHBHOCTL JIOKAJTbHBIX
anomanuit Moxet gocturath 100 mrasa (1 mran=10-5 m/c?).

Ha3€MHaH I‘paBHMeTpH‘«IeCKaﬂ CbeMKa OOBLIYHO BHITIONTHSIETCST C HeGOJBIIAM 11aroM
HAGMONEHNE M HCNOJMb3yeTcsl A/ 0GHAPYXKEHHsT aHOMAJIHi, HCTOUYHHK KOTOPHIX pacro-
JIOXKEH Ha He3HaYyuTeNpHOf ray6HHEe OT 2eMHON moBepxHocTH. IIpnm MOpcKHX M ocoben-
HO a3DOrpaBUMETPHYECKHX CHEMKAX BHIABJISIOTCS aHoManuu Gosee rayGunnoit mpH-
poIb (Ha ray6HEe no kpafimeft mepe 10 xM). PesysmpraThl rpaBHMeTPHYECKHX
HElﬁJI}OJZlCHHI'/’I 0oOBLIYHO HAHOCST HAa KapTel C Y4YeToM COOTBETCTBYIOIIHX ITONPABOK.
BsenenlieM nonparok 3a cBOGOAHBIN BO3AYX H MPOMEXKYTOUHBIN CJIOH H3MepeHHbe
3IIAYEHHsT CHJILI TSKECTH NPpHBOJATCA K YPOBHIO MOpsI. Taxum o6pa30M, TpaBUMETPH-
yeckas amnoMmanusg IIpeIcTaBJsdACT coboii Pa3HOCTb HaéJ!}OILeHHbIX SHaquHﬁ, TIIpUBEJIEH-
HBIX K YpOBHIO MOPS, M TaK Ha3blBA€MBIX HODMAaJbHBIX SHaquHﬁ, onpenenasseMblx
durypoit 3emin.

WNurepnperanys rpaBEMETPUYECKHX NaHHBIX 6asupyeTcst Ha H3YYEHHH IJIOTHOCTH
MOpoJ; NPH 3TOM MOTYT HCINONL30BAThC ee cpelHHe 3nauenus (puc. 8.2) mmbo
HEenoCPeACTBEHHO H3MEepEHHBIE HA 06pa3uax. TTccne Toro kak YCTaHOBJIEHLI 3HAYCHNA
NIJIOTHOCTH IIOPOJA, MOXHO C NOMOIIbIO MaTEMAaTHYECKHUX METOJOB CMOIEJHPOBATH pas-
Mepsl 1 GopMy Bcell H3yyaeMoH TOJIIH, KOTOpas CO3AaeT HaOMIOJCHHYIO aHOMAJHIO.
Brarogapst mepHOJAMYECKHM IPaBHMETPHYECKHM HCCNEOBAHHAM B PafOHAX AKTHBHBIX
BYJKAHHYECKHX 04YaroB MOXXHO oﬁzxapy}xmb H3MEHEeHHd. 06yCJIOBJ!eHHbXE IOI'BbEMOM
MarMbl elle N0 HACTYIJICHIIA CAMOTO H3BEPIKCHHUS.

I'paBumeTpuUecKuil MeTO[ NPHUMEeHsSeTCs1 [/ H3yUeHHs TeOJorHye-
CKOTO CTDOEHHSI OCaAOYHBIX 6acCefHOB, a TaKke MeTaMOp(UUECKHX
M H3BepXKeHHBIX Topon. ['paBUTAlHOHHBIE aHOMAaJMH NOMOrawoT yCTa-
HOBHUTH (OPMY H TPAHHIBl CeIHMMEHTALHOHHBIX 6accefiHOB H MECTOHa-
XOKJeHHe BBICTYNOB (yHIameHta, BOJIH3H KOTOPHIX B CTPYKTypax
0CaJOYHOH TOJIIM MOTYT OBITb OOHADYIKEHH 3aJieXH YIJeBOLOPOLOB
uan pyn. Hampumep, pernona/jbHOe INOAHSATHE Ha KOHTHHEHTAJIbHOM
mesbhe K BocTOKy ot HleTsaHacKuX OCTPOBOB 0Ka3aJoch NOJBOIHBIM
Xpe6TOM, pa3je/sIONlHM ABa NOTeHIManbHo HedTeHOCHHX OaccedHa.

W3 mpuBemeHHBEIX BblLe NAHHBIX SICHO, YTO FpaBHpa3BelKa HCMOJb-
ayercsl 1JIsl H3YUeHHs TeX Y4aCTKOB 3eMHOW KOpHI, TIje CyIIECTBYeT
naubdepennuanys Mopoj Mo IJOTHOCTH. B cBs3u ¢ BHICOKHMH 3HaUYe-
HUSIMHM TJIOTHOCTH DPYIHBIX MHHepPasoB DYAHBle MECTOPOXKIEHHSA, Kak
NpaBUIO, XaPaKTEPH3YIOTCS MOJOKHTEIbHBIMA TPaBHTAILMOHHBIMH aHO-
ManusaMH. [paBHMeTpHuUecKHe HCCJAENOBAHHS 4YacTo NPHBJICKAOT A/
JIeTaJbHOTO H3YUEHHs yXKe H3BECTHHIX PYIHBIX MECTOPOXIEHHH, TIe
M3MepPEeHHs BHIMOJHAIOT ¢ MAJBIMH NMPOMEXYTKaMu (MeTPH — JeCATKH
mMeTpoB). Marmartuueckue Teja-— MHTPY3HH, ¢ KOTOPBIMH MOLYT 6HITD
CBSI3aHBl PyIHBIE MeCTOPOXKAEHHsS, TIPeNCTaBJAIOT 0osiee KpYINHBIE
06BeKTH TpaBHMeTPHUECKHX HccaenoBanuil. HampuMep, MHOTHE HHTPY-
3UH OCHOBHOTO COCTABa CONPOBOXKIAIOTCS MOJOXKHTEJIbHBIMU T'PaBH-
TAIHOHHBIMHE AHOMAJHSAMH; T'DAHUTHBLIM JKe TeJaM INpPHCYIIH OOCBIYHO
orpunartenpubic anomanun (cM. pue. 8.2). CossiHble Kymnosa (koToO-
phle MOT'YT HTPaTh POJb JIOBYIIEK HJs YIJIeBOJOPOJOB), KaK IPaBHJIO,
J1aI0T XOPOILIO BbIPaKEHHBle OTPHILATE/bHble aHOMANHMH CHJIB TSXKECTH,
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Puc. 8.2. Mlpuvep uCnoONL30BaHKS TrPEBUMETPHYECKHX M MArEHTOMETPHYECKHX HC-
cJie 0BaHHUH.

OTpHuaTeanaﬂ TpPaBHTAMOHHAaslT aHOMaJiHsi U CJOXHAasi MAarHuTHass aHoMaJHud YKa3LIiBalOT Ha
NPHCYTCTBHE TPAHUTOB, JIePEKPBITHIX YeXJOM HecorJaCHO 3aJaeralouux Ha HHX OTJIOX eHHH
Kap6oHa—MeJa.

ITnotHOCTD, T/CM3

Bopna 1
ITecok 2
Ocanounbie MOPOALI 2,2—2,8
Tanur, rumnc 2,2—2,3
Meramopduueckre IOPOALI 2,6—3,0
T'paHHTHI 2,6
OCHOBHble H YJIbTPAOCHOBHbLIE

MOPOABI 2,8—3,3
Cyabbuarl MeTasaaoB 4,0

§.1.3. MATHUTOMETPUYECKHE HCCJEJICRAHUY

MarseTur W ApyrHe MarHUTHBIE MHHepaJssl IPHAAIOT TOPHBEIM IIO-
polaM, B COCTaB KOTOPHIX OHH BXOMSIT, MarHUTHEE CBOHCTBA, M3MEHH-
IOIIecs] B 3aBUCHMOCTH OT COCTaBa, CTPYKTYpPH, BO3pacra U TeHe3HCa
nopox. HamarmwueHHOCTh MOpPON ONHCHIBAGTCS KaK MOAyJeM, Tak H
HanpaBJIeHHEM; HalpaBJeHHE OTBEYAeT MOJIOXKEHHI0 TOro HWJM HHOTO
06beKTa OTHOCHTENbHO NPEBHEro M COBPEMEHHOro MAaTHHTHBIX MOJIO-
coB 3emJu. [TosoxuTesbHBIe H OTPHUIATENIbHbEIE MarHHIHble anoMallili
BBIPAXKAlOTCi B TraMMax M H3MeHsITcs OOHYHO B Ipeaenax
+1000 ramm *.

O6riunas cTpeska KoMIaca, OTKJOHSAIINAsCs OT CBOero Hanpas-
JeHHsi Ha ceBep BOJIM3H BHIXOAOB MATHHTHBIX TOPHBIX IOPOJ, HCIIOJB-
soBasachk eute B XVII croernu B [lIBenuu B kavectse npubopa, npen-
HAa3HAUYEHHOTO [JI TTOMCKOB JKeJe3HOH pynb. B COBpeMeHHBIX MarHu-
TOMETpax POJib CTPEJKH KOMIaca UrpaeT MarHHTHHIA Mpubop, YyBCT-
BUTEJBHEIH K CaMBIM HEe3HAUHUTEJIbHBIM H3MEHEHHSIM MaTHHTHBIX
cBoiicte mopox. OCHOBHOe INpakTHUECKoe IIPHMEHeHHe MAarHHTOMETDHI
HAXONAT NPH H3yUeHHH MeTaMOpP(HUECKHX M H3BEpIKEHHBIX o6paso-
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BaHUM, NJIST KOTOPBIX MAarHATOMETPHUYECKas ChEMKa Jaer HOCTaTOYHO
AETAIbHYIO HH(OPMAIHIO O TAKHX CTPYKTYPHBIX 3JIeMEHTaX, KakK IIpoO-
CTHpAHHUE INIOpOJ, MOJOXKEHHe Da3JIOMOB WJH PacCHpOCTpPaHeHWe HHTPY-
3MBHBIX TeJI, rIy6WHA UX 3aJIeTaHHs U T. L.

Mopckas marHuTHas CheMKa Hrpaer pemaiuiylo poJib B HCCle-
JIOBAHHUH CTPOCHHS OKEAaHHYECKOTo NnHA, B TOM UYHCJe JJs IPOCIexu-
BaHUsl OCeli ero paspacTaHHss W TPaHCGHOPMHBIX pa3sioMoB. Bce aTn
JaHHbIe TIOMOTAIOT BHISIBISITH NMEPCIEKTHBHBIE YYaCTKH, I'Jie BO3MOXKHO
O0HapyKeHHE MECTODOXKIEHHH TOJe3HHX HCKONAeMBIX; JeTajbHas
Ha3eMHasd MAarHuTHasi Cbhbe€MKa IMO03BOJSIeT HENOCPEACTBEHHO HAXOIHTh
3aJIeXXH JKEJe3HHIX U APYrux PyA. Pesysnbrarel Habmomnenuir (mocae
BHECEHHS HEOOXOAMMBIX IIOTPABOK) IPEACTaBJASIOTCS B BHAE XKapT
MATHHTHOrO MHOJIE H MOTYT OBITH HCIIOJB30BAHBI /IS MOJEIHDOBaHUSA
MODP(MOJIOTHH TeOJIOTHUECKHX TeJ, ¢ KOTOPHIMH CBSI3aHBI COOTBETCTBYIO-
IHe aHOMaJuK (KaK 3TO MOKA3aHO Ha puc. 8.2).

OcHoBHAA LEHHOCTH MarHHTOMETPHYECKHX METOIOB — 3TO HX CBOfi-
CTBO «BHJAETb» CKBO3b IIOKPOBbH HEMAarHHTHHIX JHOO cJabOHaMarHu-
UYeHHBIX OCaZOYHBIX TOJIL H OOHAapYXKHBAThH IIPENCTABJSIONIHE HHTEpecC
O0TeKTH B NOJNCTHJANOIINX NopoxaxXx. Hampumep, mokem6pufickue Io-
JocyaThle xkeje3nnle pyAn KpuBoro Pora (Ykpauma) cosmator 1000-
KHJIOMETPOBYIO aHOMAJHIO, 671arofaps 4eMy OHH U OBIIH 06HAPYXKEHBI
MOJ, 4eXJIOM HeMarHHUTHBIX (aHepO30HCKUX OTJOXKeHW# Pycckoii maar-

(bOpMHI.
8.14. 2JIEKTPOPA3BEINOYHBIE U JIEKTPOMATHUTHBIE METOJ bl

Ilenblfi psx MeTONOB, CBSI3aHHBIX ¢ NOHCKAMH H Pa3BEIKOH MOJE3-
HBIX HCKONaeMbIX, pa3paboram 6jaromapss CIOCOGHOCTH NMOPOA NPOBO-
IUTb 3JEKTPHUECKHH TOK M IIOAJEpKUBATh DA3HOCTh 3JEKTPHUECKHX
MOTEHI[HAJIOB (eCTeCTBEHHYIO JH60 HHAYHHPOBaHHYI0). IIpu 3aexTpo-
pas3BelKe MeTONOM CONPOTHUBJIEHHH 3JEKTPHYECKHil TOK IOCTymaer OT
reHepaTopa B 3eMJIIO, NPOXOAsi Yepe3 OBa DPa3HECEHHHIX 3JIEKTPOAa;
IpPH 3TOM H3IMEpPSIOT TajJeHHe HaNpsKeHHS ¢ INOMOIIbI0 BTODOH NapH
3JeKTpONOB. M3yueHue CONPOTHBISHHS TOPHBIX MOPOJ IO FOPHIOHTAN
H BEPTHKAJH OCYIIECTBJSETCS CMEIIeHHeM Naphl 3JeKTPOLOB H3Me-
pPHTEJNbHOH JIMHHH B TODH3OHTANbHOM IJIOCKOCTH JHO60 H3MeHEHHeM
pasHoca 3JIeKTPOJOB INHTAlOMmel JHHHH. DJeKTpopasBerka MeTOJ0M
BLI3BAHHOW TOJAPH3AlHH OCHOBAaHA Ha TOM CBOHCTBe, YTO pPa3HOCTb
NOTEHIIHAJOB B NOPOJAAX, BO3HUKAWOINAs NPH BKJIOUEHUH COOTBETCTBY-
[ollefl YCTAHOBKH, He MCUe3aeT MTHOBEHHO IlOcje OTKJ/IIOUYEHHs TOKa.
1o 06YCJOBIEHO TeM, YTO Ha YacTHIaX MOPOJ — XOPOUIHX NPOBOJ-
HHKOB CO3JAI0TCS 3JeKTPUUECKHE 3apsiHL.

MeTton conpOTHBJIEHHI HCIOJb3YETCS NIPH Pa3BelKe MOJE3HHX HCKO-
IaeMbIX ¥ B HHIKEHEepHOH reoJIOTHH. B OCHOBY MerToJxa MOJIOXKEHO HH3-
KO€ yneJbHOE CONDOTHBJIEHHe (MJIH, HHBIMH CJIOBAMH, BBICOKAas 3JEK-
TPONPOBOAMMOCTL) HEKOTODPHIX PYAHBIX MHHEDPAJOB IO CPaBHEHHIO
C CHJIMKAaTaMH, a BOJOHACHIIEHHBIX NOPOJ — II0 CPABHEHHIO C CYyXHMH.

* MaruuTHHe aHOMa/JHH TPHHSTO M3MEPSTb B HaHOTecsa; | ramma cooTBeTCTBYET
1 uThn
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[Tpn pasBellke pyAHBIX MECTOPONKIEHHI METOMBI CONPOTHBJECHHH
U BHI3BAHHOH MOJISIPH3allMH, HCIOJNb3yeMble IJI OKOHTYPHBaHHsS PYA-
HBIX T€J, MOTYT COYeTaTbCs C METOLOM 3JEKTPOMATHHTHOrO 30HIHPO-
BaHHs. B sTux HccienoBAaHHUSIX NPHUMEHSIOTCS NPHOOPHI, HANOMHHAIO-
IIMe JEeTeKTOPbl MeTaJ/JIOB, KOTOpble CAYXKaT [/ AOCMOTpa MaccaxH-
pOB H (araxa B KOHTPOJBHBEIX NYHKTaX a3pONOPTOB., DJEKTPOMAarHHT-
Hble BOJIHBEI, BO30y:KIaeMble NPHOOPOM, HHAYLUHUPYIOT TOKH B HPOBOJ-
HHKaX, TaKHX KakK Cyab(QHIbl, 4TO B CBOIO Ouepenb PeruCTpUpyeTcs
JNaTYHKaMH JeTeKTopa.

B uHXKeHEPHOH TeoJIOTHH 3JIeKTPOpa3BeiKa IpHMeHsieTcss NpH HC-
CJeJOBAHHHM HEYIJIOTHEHHHIX 06pa3soBaHUll, HWMEIOUIHX BBICOKYIO IIO-
PHCTOCTb; coAepxKaluascs B 3THX Nopax BOAAa, oco6eHHO MHHEepaJHu-
30BaHHAas1, CJAYXKHT OTHOCHTEJNBHO XOPOIIHM INIPOBOAHHMKOM, KoMmekc-
HBIH KapoTaX OypOBBIX CKBaXKHH Ha He(TIHBIX MECTOPOXKIEHHSIX
O0OBIYHO BKJIIOYAeT M METOJ CONPOTHUBJIEHHH, KOTOPHIN NMO3BOJSIET YCTa-
HOBHTb HAJ/IHYHE HJIH OTCYTCTBHE TOPH30HTOB MOPHCTHIX TOpoxy (0CO-
OEHHO eCJTH OHH COLEpIKaT PacCoJibl).

8.1.5. PATUOMETPUYECKHE HCCJENOBAHUA

PannoakTHBHEI pacnaj TakuX IIHPOKO PACNpOCTPAaHEHHBIX B IPH-
POJie 3JIEMEHTOB, KaK ypaH, TOPHH, KaJuil, a TakxKe paJIHOU30OTOION,
00pasyoIIHXCd B PeakTOpaX, CONPOBOXKJAaeTcs BHIIETEHHEM 3JeMeH-
TapPHBIX YACTHI, KOTOpLIe MOTYT OBITh 0OHApy2KEeHBl COOTBETCTBYIOIUMHU
npubopamu. B mwofofi 3amaHHOf Touke OOLIYyI0 PagHOAKTHBHOCTb
MOKHO HM3MepHTh CaMBIM OGBIYHBIM clekTpoMeTpoM. HMcnosb3ys MHO-
rOKaHa/JbHblE NPHOODH, MOXKHO AH(QepeHuHpOBATh PaJHOAKTHBHOE
M3JydeHHe, TNOCTynamollee OT Pa3HBIX HCTOYHHKOB;, HMEHHO 3TH IPH-
6OpHl NPHMEHSIOTCS Kak IPH IOMCKaX H pasBelike PaJHOAKTHBHBIX
3JIeMEHTOB, TaK H JJs1 OOHapyXKeHHsl INOTEHIHAJbHO ONACHBIX HCTOY-
HHKOB PaJHalHH.

Baaronaps aspopagHoOMeTpPUYECKHM METOIaM MOXKHO YCTaHaBJIH-
BaTh PerHOHA/bHble aHOMAaJHH B paclpeleseHHH pajHOaKTHUBHBIX 3Jie-
MEHTOB. DTa METOJHKAa C YCIIeXOM NpuMeHsijach B pafione Kanaiackoro
IIATa JJIS BBHISABJICHHS TEPCIEKTHBHBIX Y4YaCTKOB, 34CJTYXKHBAIOUIHX
NIOCTAaHOBKH 6o0Jjiee JeTaJbHBIX NOHCKOBO-pa3BenouHbix pabor. Hasem-
Has paguOMETPHYeCKass CbeMKa I[03BOJisseT OOHapYyXKHTb OTHeJbHbE
HerJy6oKO 3aJieralolie MeCTOPOXAEeHHs PaJHOAKTHBHBLIX 3JEMEHTOB.

STHMH MeTOJaMu MOXKHO II0JIb30BaTbCSl M IIPH DPELIEHHH IEJIOoro
psina npo6JeM OXpaHbl OKPYXKalollel CPelbl, B IepByl0 OYepelp B TeX
caydasiX, KOrja NPHUXOLHUTCS HMEThb HeJo ¢ DacceMBaHHeM paxHoak-
THBHBIX BELIECTB M3 PYILHBIX OTBAJIOB HJIH CTAPHIX TOPHEIX BHIPabOTOK.
PanunomerpruuecKne MeTOJLB HAXONAT IpUMEHEHUe TaKxkKe NPH HpoBepKe
HaJIMuMsi BPEIHOH IJsl YeJOBeKa pajuHaunHu BOJM3HW PEakTOPOB W LITA-
Gesiel pamvOaKTHBHON PYAbl. DMaHAIMIO PaJOHA, BHACNAIOILIYIOCS H3
30H Pa3JjIOMOB, HCIIOJB3YIOT KaK ONHH M3 HHIHKATOPOB /s INpeacKa-
3aHHs 3eMJeTPsICeHHu .

8.2. JUCTAHUNOHHBLIE METO/ bl

A3po- ¥ KOCMHUecKasi cbeMKa 3eMJIH C CaMOJIeTOB H HCKYCCTBEH-
HBIX CIyTHHKOB — 0OTaTeHlnii MCTOUHMK HH(OpManuun 06 OCOOeHHO-
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CTAX NOBEPXHOCTHBIX CJI0€B JUTOC(hepH W PACTHTEJbHOrO0 NMOKPOBA Ha-
LIel VTaHeThl, a TakKxke 0 ee THApPocdepe u aTMocdepe. MHOTHe H3 STHX
CbEMOK BBINOJIHAIOTCSI C T€OJOTHYEeCKHMH IIeJIMH, a HEKOTOphle CIIyT-
nukH («JIangcar», «[eocaT» W ap.) HCIOJB3YIOTCS [VIABHHIM 06pasoM
I1si cOopa umH(OpMalMH O NPHPOIHBIX pecypcaX. MeTombl CBeMKH,
nepefayn ¥ MaTeMaTHUYECKOH 0OpabOTKH NaHHBIX, IPHMEHsSeMble B Ta-
KHX MCCJEIOBAHHSX, Pa3BHUBAIOTCA OOJblleji 4acTbio Mo JHHHSM 060-
POHHOH NPOMBIIIJIEHHOCTH, H3yYeHHsT KOCMOCAa M COBEPIIEHCTBOBAHHS
CPeICTB CBS3H, NPHYEM COOTBETCTBYIOIHMe NPHOOPH YCTaHABJIHBAIOTCA
Ha OpOMTAJBHBIX CIHYTHHKAaX HJIH caMmoJjeTax JubGo OyKCHPYIOTCsa Ca-
MOJIETAMH; OJHA M3 TAaKUX YCTAHOBOK IOJyuYHJa Ha3Bauue <«DEépa»
(«ITrumas).

CylecTByIOT pa3Hble LEeJH NPUMEHEHHs] AHUCTAHIMOHHBIX METON0B
ucciaen0BaHui B reosorud. C uX MOMOIIBI0O MBI IOJy4aeM Il€HHEle CBe-
JE€HHs O XapakTepe pesbeda M O IeOJOTHYECKOM CTPOEHHH MaJIOH3Y-
YeHHBIX PaHOHOB, KOTOPHE MOTYT OBITH HCIOJB30BAHHl [AJ51 MOBHIIIeE-
HUS 3 (QEKTHBHOCTH M CHHKEHHS Ce6eCTOMMOCTH Ha3eMHBIX DPEKOrHO-
CIMPOBOYHBIX M TOHMCKOBBIX pabor. C NpUMEHEHHEM 3TOH METORHKH
CTaJ0 BO3MOKHBIM OOHApyXKeHHe CTPYKTYp, IPakTHUYeCKH He BHISIB-
JISEMBIX TIPU HAa3eMHBIX HcC/aenoBaHusIX. C NOMOILBIO JUCTAHLHOHHBIX
Ha6JIIOeHUH MOXKHO M3YYUTb HEKOTOPBle 0COOEHHOCTH TeOJIOTHUECKOro
CTPOEHHSI TeX PErhHOHOB, 0 KOTODHIX TPYAHO NOJNYYHUTH IIpelCTaBJIeHHE,
€CJIH OTPaHHYUTHCS MEeTOJaMu Ha3eMHBIX [IOMCKOB H ChEMKH.

Ocraercs paccMOTpeTh MeTOABI, CBSI3aHHBIE C HCIIOJNb30BaHUEM H3-
JyueHHs B IIMPOKOM AManas3oHe AJHH BoJH. MMeercs B Bupy H3/yde-
Hue CosHIlA HJH HCKYCCTBEHHBIX HCTOYHHKOB, TPaHCIOPTHPYEMBIX
Ha cnyTHHKax. OXMHOYHBIA CNyTHHK, NpeIHa3HAYEHHHH MJs CheMKH
KaKOH-TO OlpeJeJeHHOH 4acTH 3e€MHOH NOBEPXHOCTH, MOXKET OXBATHThb
njomans 100X 100 kM; Ha ogHOM Ke a3pOo(OTOCHHMKE, BHIITOJHEHHOM
¢ BBLICOTHl HECKOJIbKHX KHJOMETPOB, (PHKCHPYeTcsl YyUacTOK IIOBEPXHO-
CTH 10 5 KM2.

B xaprorpaduy M reoJorHu UIMPOKOe NMPHMEeHEHHe HAaXOAAT yYepHO-Gesible M LBET-
Hble (OTOCHMMKH, BBINOJHEHHBHle B BHAMMOH o6JacTH crnektpa. C mOMOIIbIO CTepeo-
CKOIMYECKHX HAcaJOK MOXHO IIOJNyYHTb TPEeXMepHOe H300pakeHHe 3eMHOH IOBEPXHO-
cri. Ilocne ycTpaHeHHs ONTHYECKHX HCKaXKeHHH (IyTeM BBeNEHHS COOTBETCTBYIOLIHMX
KOppeKiHuii) (POTOCHHMOK MOXKeT CJIYXHTb OCHOBOH [Jisi IOCTPOEHHS Tonorpacduyeckoil
KapTHL.

Ha Tex yuacTkax, riie pacTHTEJbHBI NOKPOB peAKHil JubO OTCYTCTBYEeT BOBCE,
LeJBIE PsiJi T€OJOrMYECKHX TeJ MOXKeT OBITh NPHOJH3UTENbHO OKOHTYPEH Ha OCHOBE
MOBEPXHOCTHOH OKPACKH H TEKCTYPBI NMOPOJ, OOYC/OBJEHHBIX XapaKTEPOM BHIBETPHBA-
HHSl H TPeWHHOBATOCTH. C NOMOLIBIO (OTOCHHMKOB H3Y4alOT CTPYKTYPHbIE OCOGEHHO-
CTH: 3JIeMEHTHl 3aJIeTaHHsl TOpPOJA, IPOCTHPAHHe CKJAJAOK H Da3phIBHbIX HapyLIeHHH
H T. A. DTH CBEIEHHS MOXKHO MOJYYHTb II0 PAa3JHUHBIM MOAHGHKaUHAM pedbeda,
o6yciosiennbiM AHbepeHIHabHON apo3neil (puc. 8.3).

Jlaxe pjisi pafioHOB € TYCTBIM DAacTHTeJNbHBIM I[IOKPOBOM HJHM ¢ mpeobiaganuemM
BO3JEJbIBAEMbIX 3€MeNlb 0 TONOrpaUUeCKHM OCOOEHHOCTAM MECTHOCTH MOLYT OHITh
BbisIBJIEHB OOLIHEe 3aKOHOMEDHOCTH TI€0JIOTHYeCKOrO CTPOEHHsS; O CJaramolHX 3TH
padoHBl MOPOAAX MOXKHO COCTaBHTb MPEJICTABJIEHHE TaKXKe II0 H3MEHEHHSIM PacTH-
TeJIbHOTO MOKpoBa. ITo3/Hee NpaBHJIBHOCTb HHTEpHpETALHH (OTOMATEPHAJNOB KOPPEK-
THpyeTcsl COINOCTABJEHHEM C [ AHHLIMH HA3eMHBIX CBeMOK («HA3eMHBIH KOHTPOJbY).

C nOMOIIbIO CIIEKTPOrpaMM HEBHAMMOH YacCTH CIEKTpa H3JIy4YeHHS
MOXKHO OOGHApyXKHTh Psil OCOOEHHOCTeH, HeNOCTYNHBIX [/ Hemocpen-

171



Puc. 8.3. MeToiHKa a3pOregaoru4ecuofl ChbeMKH.

Ha aspodoTocHMMKe NOKa3aH y4YacTOK 3eMHOl MOBEPXHOCTH B CeBepo-zamajHoii wactu Llot-
JIaHIAHMH IJIOIaJbl0 HECKOJbKO KBaJpaTHbIX KHJIOMeTpoB. K lory ot o3. JloxaH-®aja Ha OCHOBe
HaGJIOleHHsT CTPYKTYp 3eMHOH NOBEPXHOCTH OGHApyXKeHbl CyOrOpH3OHTaJbHO 3aJeraiouiHe TOp-
PHIOHCKHE (BepXHeLOKeMOPHUICKHe) NeCYaHHUKH, NOACTHJIaeMble MeTaMOpPGHYECKHMH TNOPOAAMH
¢dynnamenTa. C6poc CeBep-CEBEPO-BOCTOYHOIO NPOCTHPAHUSI OTAEJSieT BBIXOJABI MOPOJ TOPDPHJOH-
CKOro BO3pacTa OT KeMODHHCKHX OTJOXEHHH, Ha KOTopble HaJBHHYTbl CHefichl (GyHAaMeHTa.

cTBeHHOro HalbJaiofeHus. [losucnekTpanbHele (MHOrO30HaJbHBIE) H30-
6paxkeHHss 0oCOOEHHO HAIVIIJHO OTPAXKAIOT U3MEHEHHs cocTaBa H CO-
CTOSIHHSI PACTHTEJBHOIO IIOKPOBA; OHH HCIIOJB3YIOTCS NPH PELICHHH
pPas3JInyHbIX [po6J/eM 3KOJIOTHH, CelbCKOTO XO3AHCTBA W OXPaHBl OKpY-
xkatomeit cpefibl. OCOGEHHO HHTEPECHBI ¢ TOYKH 3PEHHUsI I'€0JIOrHYECKOM
HaYKH pajuOJIOKALHOHHble H300paxeHHs (A1 [OJyYeHHs KOTOPBIX
06J1auHbIi NMOKPOB He SIBJIIETCS IOMEXOH), a TaKXKe CHMMKH, BBHIIOJ-
HeHHble B MH(PaKpacHBIX JydaxX, ¢ IOMOIIbI0 KOTOPBIX MOXKHO OOHa-
DYXHTb [PUPOAHblE H HCKYCCTBEHHble HCTOUHHKH TeIla. DTOT METOJ
HCIIOJIb3yeTCsl [Jisl BBISIBJIEHHS JBIMOB, BBIAEJISEMBIX NPOMBILIJIEHHEIMY
06beKTaMH H PacCeuBAIOIIUXCs B aTMOCdepe, a TaKke CTOYHBIX BOL,
cofepXKalluX pasjHuHbE KHIKHE OTXOMbI, CIyCKaeMhe B 03epa, PeKH
H 3CTyapHH.

JiMCTAHIKOHHBIE METOAbl HCCJAeL0BaHUS NPEACTABJAIOT JJIsI HAC OCC-
GHl HHTEpec, TaK KaK OHM JAlOT BO3MOXKHOCTb (PUKCHPOBAThb €CTECT-
BeHHble JHGO CBA3aHHBIE C AEATEJbHOCTbIO UEJOBEeKa H3MEHEHHS, Ipo-
HCXOASLIHe B OINpEeIeJeHHble BpPeMeHHEIe [EPHOIBI: HEACNH, MeCsIbl
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HIH TOIBL. LI 3TOr0 HEOOXOAUMO CONOCTABJIATH d43p0- HJIH KOCMH-
yecKHe ¢oTomMaTepualbl, MOJyYEHHBle B pasHoe BpeMs, MHOrMM Ka-
TaCTPOGUYECKHM SBJICHHSM IPHPOABI: 3EMJETPSCEHHSM, ByJKaHHYE-
CKHM U3BEPKEHHSAM HJIH OIIOJI3HAM — NPEAUIECTBYIOT IO/ HECS
Ha0JII0/(eHHI0 Gosiee MelJIeHHble reOJIOTHYECKHe Ipouecchl. Hampumep,
H3BepIXKEHHe BYJKaHA MOXKeT IIpeABapsATbCSl HOLBEMOM MAarMhel H3
Help, YTO COINPOBOXKJAeTCs BO3PacTaHHEM TeIJIOBOrO H3JYyUeHHs, KO-
TOpoe MOXKeT OBITh 3a(DUKCHPOBAHO NPHOOPAMH C HHPPAKPACHEIMH pe-
gentopaMu. C BBICOTEI MacmTabpl MOLOGHBIX SBJEHHH OLEHHBAIOTCS
Gosnee 0ObeKTHBHO. DBijarozapsi AHCTaHIHOHHON (OTOCHEMKEe MOMKHO
(QuKCHPOBATL M TaKHe MEIJICHHO NMPOTEKAIOUHe NPOLECCH, KAK MHIPa-
LHUsl NeCYaHHIX OTMeNEH H/IM HacTylJleHHe NYCTBIHb Ha IJIOLOPOJHEIE
3€MJIH.

8.3. WCCJIENOBAHS B CKBAXXHHAX

XOTsl CTPYKTYypPHO-F€OJIOTHYECKHI aHAJH3 M TeO(H3HUECKHE Me-
TOJABl HCC/JEJOBAHHH I[O3BOJIAIOT HaM IOJYYHTh [OCTATOYHO BEpHOE
NpeACTaBJIEHHE O 3aKOHOMEPHOCTAX 3ajieraHusi FOPHBIX IOPOA B 3€M-
HBEIX HeJpaX, Bce K€ TOJbKO HEeNOCPeACTBEHHOe H3yueHHe O0GpPasloB
3THX MOpPOJ, OTOOpaHHBIX ¢ 6OJiee MJIH MeHee 3HAUMTENbHBIX IJyGHH
OT [OBEPXHOCTH 3eMJIH, ABJsfeTC Haubosiee HaJeXKHBIM KPHUTEPHEM
IPOBEPKH IPOTHO30B, I1OJNyYaeMBIX C IOMOILbIO BHILIEONHCAHHBIX Me-
TOJOB (CM. paszedasl 8.1 u 8.2).

bypenne ckBaxuH— CaMblii BaXKHBII 1 F€0JIOrOB MeTox cGopa
HH(OPMALMH O 3€MHBIX HEAPAX — SIBJIAETCA H CaAMBIM JLOPOrOCTOSILIHM.
Bypenne oxgnoit 7-kKuaoMeTrpoBoil ckKBaxKubbl B 1980 r. obouinoch Aur-
JuH B 6 MJH. QyHTOB CTepJHHIOB. MejKHe CKBAaXKHHH (rJIyGHHOH He-
CKOJIbKO COT€H METPOB) HCIOJB3YIOTCS IJs NPOBEPKH IEePCIEKTHBHEIX
aHOMaJHH IPH TOHCKaX MECTOPOXKAEHHH IOJE3HBIX HCKONAaeMBIX.
CTeHKH 3KCIJIyaTAllHOHHBIX CKBaXKMH XJIs1 JOORYH BOJAH HJH YIJIEBO-
JIOpOMOB, a TaKxe JJs1 NOJYy4YeHHs reOTepMaJsIbHOH SHEPTHH, Kak INpa-
BHJIO, KpensTcs IeMEeHTHPYIOUMMH BelleCTBAMH JHO0 0GCagHBIMH TPY-
6aMH. DoOJbIIYI0 4acTh 3THX CKBAXKHH IIOC/TIe 3aBeplleHHs pador le-
MEHTHPYIOT.

Dypenue ocyuiecTBiseTcss HPH NOMOIIM OYpPOBHIX KODOHOK, NpH-
coefMHSIEMBIX K OypPHJIbHBIM Tpy6aM. BypoBas KopoHKa JiHGO H3rOTas-
JIUBAeTCSl M3 ClellHaJbHBIX TBEPAbIX CIJIABOB, JHGO BHICOKAas NPOY-
HOCTh ee OOecleYnBaeTCsi BKJ/IOUEHHSIMH aJjMa3oB (anmasHoe Gype-
Hue). PaspylleHne rOpPHBIX NOPOJ AOCTHraeTcss B IpolLecce BpalleHHs
OypOBbIX KOPOHOK HJIM JOJIOT. B KauecTBe OXJaxKAawollero ¥ CMasoy-
HOrO MarepHaja HCHOJb3yeTCs JuHOO OOBYHass Boda (rJaBHBIM obpa-
30M B HerJyGOKHX CKBaXKHHaX), JUOGO IVIMHHCTHH pacTBOp, B KOTODHIH
n06aBJsIOT pasjiMyHble BellecTBa, B TOM YHCJe YTSXKEIHTENH, HallpH-
Mmep Oapwr.

Kopenrbie mnopoabl BhIOypHBaloTcs JHOO B BHAe HENPEPHIBHOIO
cTon6MKa — KepHa, KOTOPHIfi Yepe3 omnpelesieHHble NPOMEXKYTKH Bpe-
MEeHH H3BJE€KAIOT Ha NOBEPXHOCTh IEIUKOM, JHOO B BHIe OGJOMKOB
NOpOJ, BBIHOCHMBIX 43 CKBaXKHHBl BMeCTe C IVIMHHCTBIM DacCTBOPOM.
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lpu passeuxe n paspaGorke pyAHBIX MeCTOPOKAEHHI GOMbIIAS YACTD
KepHa H3BJcKaercs HcHapylleHHOH. HauGosee 1IMPOKO B mpakTHKE
[€0JI0r0-pas3BeioynnXx paboT NpHMEHsercs ajMas3Hoe OypeHue, HpH
9TOM JHAaMeTp KepHa COCTaBJsieT, KakK IpaBHio, 2—6 cm. Ha uedrs-
HBIX MECTOPOXKAEHHSIX CKBAXKHHBI OOBIYHO HMEIOT OGOJBUIHHA AHAMETD
II IOPOJBI H3BJIEKAIOTCS IVIABHBIM 00pasoMm B Bume 060MKOB. Chjom-
HOH KepH 3Jech CTaparoTCs NOJIYUHTh TOJBKO AJs HauGojee BaKHBIX
qacreil paspesa, HalpuMep, KOIJA CKBAXKUHA [IePeCeKaeT JHTOJOIHUE-
CKHE TPAHHIBI HJIH NPOAYKTHBHBIE TOPH3OHTHI.

OCOGeHHOCTH Te0JIONHYCCKOro paspesa, IMPOHIEHHOro CKBaXKHHOIL,
(uKCcHpYIOTCS HA KAapOTaXKHBIX AHarpaMMax, Ilie HaXoAST CBOe OTpa-
JKeHHE XapaKTepHble CBOHCTBAa NPOOYPEHHBIX NMOPOX, a TaKiKe JIHTOJO-
THYECKHe I'PAHUUBl H [VIyOUHB HX 3aseraHus. OHUKCHpPYeTCs H TNOCTYII-
JeHHe MiaMa (MeJKHX OGJOMKOB IOpOA) C TJIHHHCTHIM PacTBOPOM,
Beaen 3a nepBoHauaJbHBIM H3yyeHHeM KepHa npucrynaior K OoJee
NeraJbHbIM €ro HCCIEJOBAHUAM: M3BJEKAIOT H ONPENeNasioT COLEepIKa-
lIylocsi B MOpPOJAax MakKpO- M MHKpodayHy, NPOBOAST KOMIIJIEKCHBIH
aHaju3 HauOoJiee INPEACTABUTEJbHBIX 00pasuoB (B TOM YHCJe H30-
TOIIHBIH) .

Jlono/MHuTeNIbHON 3aKauell Te0OPU3HUeCKHX HCCAENOBAHUI CKBAXKHH
siBJISETCS ONpelesieHHe HalpaBJeHUs HX OypeHusi (MHKJIHHOMETpPHS).
BonburHCTBO CKBaxKMH OypsT BePTHKAJbHO, HO IPH pasBeldke HEKO-
TOPbIX IIOJIE3HBIX HCKONAeMBIX IPHMEHSIOT HakJOHHOe OypeHue.
Ha npaxTHke OTKJOHEHHSI OT 3aJaHHOrO HalpaBJeHHs MOTYT LOCTH-
ratb 90°. ITosToMy HEoGXOAMMO MMETb HOJHOE MPEeACTaBJIEHHE O (aK-
THYeCKOM HallPaBJIEHHH CKBaKHHBI, IIpexkK/Je uYeM OILEHHBATh HCTHHHYIO
MOLIHOCTb H 3JIeMEHTHl 3aJleraHusl NPOOyPEeHHBIX I10POA.

8.4. TEOXHMMWYECKUME i MUHEPAJIOTUYECKHUE METO/ bl

Kosnebanus KOHIEHTpPAUMi KakK [VIABHBIX, TAK H PAaCCESIHHRIX 3Je-
MEHTOB B IOPHBIX IIOPOJaX, MOYBAX M JPYIHX CyOCTaHUHSAX Ha 3€MHOH
IOBEPXHOCTH OTPaXKaloT IVIOLOPOJHE 3eMJH M JalOT IepBoe IpeAcTaB-
JieHHe O paclNpOCTPaHEHHH [O0JIe3HBIX HCKONaeMBHIX B Henpax. [eoxu-
MHYeCKHe METOJbl IIOHCKOB, IIDH KOTOPBIX YYHUTHIBAIOTCS 3TH B3aHMO-
CBSI3H, HUCIIOJb3YIOTCS TVIaBHEIM 00pPa3OM IIpH IOHUCKAaX IOJIE3HBIX HCKO-
MaeMblX, a TaKxKe IIPH pelleHUH NpOoOJeM CeJbCKOro x03fAHCTBa, Me-
JHUIHHBL U OXpPaHbl OKPYKaIOLEH Cpelbl OT 3arps3HeHHU .

PexorsocuiupoBOUHble T€OXUMHUUECKHe HCCJAELOBaHHS, 0OBIYHO OXBa-
THIBAIOIlMe JOBOJIbHO OOLIMPHBIE TEPPHTODHH, OCHOBAaHE Ha ONpPOOO-
BaHHHM Pas3JIMUHBIX TOJIL; 3aTeM 3TH JaHHBle 00pabaThHIBAlOTCS ¢ HC-
[OJIb30BAHHEM CTATHCTHUYECKHX MeTOLOB. B oOJsiacTsx pasBHTHS Me-
TaMOpGHYECKHX M HM3BEPXKEHHBIX MOPOJ, M KOTOPbIX XapaKTePHBI
He3HAUuTeJbHEIE KoseOaHHs B HX COCTaBe M CBOHCTBAx, oTGOp oOpas-
OB II0 OIpefleseHHOH ceTKe (IO B3aHMOIepPeceKaloluMcs NPOPHIIIM)
pelKOo [daeT IOJIOKHTENbHHIH 3@@ekr. Peunbile H O03epHble OCaAKH,
00pa3oBaBIIHEC B pesysbTare 5PO3UH M INePeOTOKEHHsi KOpEHHBIX
IOPOZ, C OAHOH CTODOHBEI, H NOBEPXHOCTHBIX OTJIOXKEHHI — C APYIOH,
(GopMHpYIOTCsi B YCJIOBHSAX BOJOCOOPHBIX OacceiiHoB. CbeMKa, OCHO-
BaHHAsl Ha aHaJiu3e PYCJ]OBBIX OCaJKOB, JaeT HaM [HOCTATOYHO YETKoe
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NpencCTaBleHHe O 3aKOHOMEPHOCTSIX DACIPOCTPaHEHHss MHOTHX XHMH-
YeCKHX 3JI€MEHTOB IPH IIOTHOCTH ONpoOOBaHHs OXHA-IBe TOUKH Ha
1 kM2, Takas cbemka yacto coueraercsi ¢ OT60pOM NPoG pPeyHLIX BOJ,
NCPEHOCANIUX pasJHYHBIC PACTBOPEHHBle BelllecTBa, KaK MHHepaJjbHBIE,
Tak M opraHuyeckHe. B psige ciayyaes npoBOAMTCS ONpo6OBaHMe H pac-
THTEJBHOTO NOKPOBa (GHOreoXHUMHUYECKAasi CheMKa).

TH}K‘:JII:Ie MeTaJJabl OGHapy}KHBZlIOT B HpOﬁHX NpH NOMOUIH IIPOBEPEHHOI'0 BpeMe-
HEM IOHCKOBOI'0O «CTapaTesJbCKOro» MeToja — LIJHXOBaHHS. HpOGbI PHIXJIBIX PYCJIO-
BBIX OCAJKOB NMOMEINAIOT B IVIOCKHH KOBHI MJIM JIOTOK H TPOMBIBAIOT BOJIHOH cTpyei,
JAOCTaTGUHO CHJIBHOH, 4TOGH CMBITh npe06naﬂ,a}onme O KOJIMYECTBY YaACTHUHI IMOYBHI,
a TaKxe 06JIOMKI/I TaKHXx MHHEpaJIOB, KaK KBapll, moJeBble WINAThl, CAOAbI, COCTABJA-
IoIIHe JIETKYIO (bpaKuHIo (HpI/I 3TOM MBI MOXKeM TIOJAYUYHTL MHONOJHHTEJNbHbIE MaHHBIC
O cOCTaBe NOPOM, 3aJeraloliux BHIIIE IO Te‘IEHI/I}O).

OGpasusl rpyura, yacto or6HpaeMble B OYeHb GOJBIIOM KOJHUECTBE (HampuMep,
NpH PeXOTHOCUUPOBOYHBIX CBHEMKAX Ha TEPPHTOPHH AHIMIHMH M ¥Yaabca GHIIO B3ATO
okosio 50 ThiC. MPO6), AHAJIH3UPYIOTCS IKCIPECC-METOAAMH C IPHMEHEHHEeM JIOCTa-
TOYHO TOYHHIX aBTOMAaTHYeCKHX NPH6OPoB. IIpHOGOPHI-aBTOMATHl BHIMOJHAIOT TaKKe
CIIEKTpaJIbHbIE AHaJU3bl — ONpelneNsAloT COAEpPXKAHHA B np06ax a0 35 XHMHYECKHX
2JIEMEHTOB. pe3yJIbTaTbI aHaJUTHYECKHX HCCJIeNOBAHHH HAHOCAT Ha COOTBETCTBYIOIIIHE
KapTel H (HJIH) Ha TepdOJEHTE.

eoxumuueckne aHOMAaJIHH, BLISIBJIEHHBIE Ha PEKOTHOCIHMPOBOYHOH
CTalUH W3YUYeHHUsI TEDPUTOPUH, CTAHOBATCS OOBEKTOM HajbHEHIINX, 60-
Jee JeTaNbHBIX HccaenoBanui. Yamie Bcero NPH TeOXMMHUYECKOH
CbeMKe HMEIOT [eJlo C MeTajjlaMH M HEeKOTOPLIMH IADYrdMH 3JIeMeH-
TaMH, TIPeACTaBJISIONIUMH HHTEpec AJs BO3MOXKHOH IIOCTAHOBKH IOHC-
KOBO-Pa3BeJOYHbIX paboT (K TAKHUM 3JIEMEHTAaM OTHOCSATCS XPOM, Melb,
JKeJe30, HHKeJb, CBUHEN, 0JIOBO, ypaH, IWHK). KpoMe TOro, mpucrasib-
HOTO BHHUMAHHS 3aCJyKHUBAIOT XUMHUECKHE 3JEMEHTHI, CBI3aHHHE, KaK
NpaBUJIO, C PYAHBIMH MECTODOXKACHHUAMH M TOJYUHBIIHEe Ha3BaHHE
3JIEMEHTOB-yKa3aTenel (HampuMep, OPeOJH AHOMAJbLHBIX KOHIEHTpa-
UME MBIIBSKA 06pa3yloTCs BOKPYT CYJIbGOHIHEIX MECTOPOXKAEHHH).
HMurepecubl TakKe aCCOIHHPYIONIHE IPYyr C LPYroMm 3JEMEeHTH, Aalo-
Iipe KJIOY K IO3HAHHIO I'eHe3Hca IEJoro psiia TOPHHIX NMODOX B DPY-
JIOHOCHBIX papionax. Hakownel, nmpu reoXMMHYeCKUX CheMKaX, NPOBOIH-
MBIX C IleJbI0 HM3yUYeHHsl OKpyKamouel cpelbl, (QUKCHPYIOTCS 3Je-
MEHTHI, HE06XOIHMble A/ NPaBHUJIbLHOTO NMHTAHHS WJIH, HA000pPOT, BPeX-
HHe JJs XHBOTHHIX M JIofell (CBHHell, KaAMHH, PaJHOAKTHBHbIe 3JIe-
MEHTHI) .

BosblIHHCTBO 3J€MEHTOB, OOHApYyXKHUBAEMBIX B peuHBIX Ocajkax,
OTpPaxKaloT B OCHOBHOM COCTaB KODEHHHIX IOPOX, M3 KOTOPHIX OHH IIO-
crymuan. TeM He MeHee IpW HHTEPNpPETAlMH I'€OXHMHUYECKHX JNAHHBIX
MPUXOJUTCH YUHTHIBATb, YTO HEKOTODHIE 3JEMEHTH MOTYT OKa3aThCs
B aJIIOBHAJBHEIX OTJIOXKEHHSIX B pe3yJbTaTe BO3JeHCTBUS PasJHUHBIX
IIOBEPXHOCTHHEIX mponeccos. Hanpumep, xejneso u MapraHen KOHUOCHT-
pHUPYIOTCS B pPeyHBIX ocajKaX TaM, rje BOla HMEeT IOBHINEHHYIO KHC-
JIOTHOCTb M OGOTralleHa OPraHHYeCKHM BeIleCcTBOM. YpaH YacTto AaeT
pacTBOPUMble COeNMHEHHs B OKHCJIHTeNbHOH OOCTAaHOBKE, Tak XKe Kak
UVHK, TOp M LeJblil psijg APYTHX 3JEMEHTOB; II03TOMYy HX KOHLEHTpa-
MK B PYCJAOBHIX OCafKax SABJAKTCA OTHOCHTEJBHO MNOHHKEHHBIMH.
JTomoTHUTENbHblE aHAJH3bl PEYHBIX BOJ H HENOCPENCTBEHHOe H3ydenune
06pasioB JOHHOTO TPYHTA TMO3BOJISIOT BBIABHTL «3arpssHeHHe» pyc-
JIOBBIX OCAIKCB MPOAYKTAMH BHIBETPHBAHHS.
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Puc. 8.4. OnpoGoBanne pycJaoBBIX OCAgKOB (110 HEONyOJIHMKOBAHHBIM  JAHHBIM
M. Xefina).

B pesynbraTe oTGopa mpo6 1o peke AJleH H ee NPHTOKaM (K cesepy oT ropoma Tpypo, IOro-
3ananHas AHrHS) OblJIO OGHAapYyXeHO BBICOKOE COfepXKaHHe CBHHIA H LHHKAa B OCalKaX JOH-
HOTro TPYHTa BOJIH3H XXHJBI C IOJHMETAJJIHYeCKHM OpyAeHeHHeM.

1 — GacceftHOBBIft BOJOpasfes; 2 — PYAOHOCHAsl XKHJA.

Ecan o6HapyxeHbl B JOCTAaTOYHO BBICOKMX KOHIIGHTPALHSAX TAXKeE-
Jble MeTasJbl HJAM ypaH B PYCJOBEHIX ocaikaX, Heo6X0oauMo HpPOJOJI-
JKaTb AETaJbHOE ONpoGOBAaHHE OTJOXKEHHH M BOJ C LeJblo NPOCJEXKH-
BaHHA AaHOMAJIMHHBIX 30H BBEpPX IO DEYHOH CeTH BIJIOTH A0 HCTOY-
HHKa 3THX 3JeMeHTOB (puc. 8.4). B pesysbrare nayuenuss nNpHypOYEH-
HBIX K DEYHHIM pycaaM OGJOMKOB KODEHHBIX TOpPOX, INPOAYKTOB
BHBETPUBAHMS M JIEMHUKOBBIX OTJIOXKEHHH, a TAKKE TSXKEJIBIX MHHepa-
JIOB, HAKaIlIHBAIOUIMXCS B PYCJOBHIX OCajKaX, MOXKHO OOHApYXHTb
PyIOHBIE WM XKHJIbHBE MHHEpPasJb JuOO XapaKTepHble MHHepPaJbl —
CIYTHHKH 3aJexell MOoJe3HBIX HCKomaeMhix, IIpumepoM MHHEpaJsoB-
CIYyTHHKOB MOXKeT CJAYXHTb MarHe3WaJbHBIH TpaHaT nHPON, YacTo
BCTpeyalroluiics B KUMOepJHTaX, B TO BPeMsl KaK B GOJBIIMHCTBE ApPY-
THX NOPOJX OH MOBOJIbHO PENOK. DTH TpaHaThl IPUCYTCTBYIOT B KHM-
6epsiuTax B 3HAYHTEJNbHO GOJIBIIEM KOJNHYECTBE, 4eM aJMashl, IO3TOMY
OHH CJyKaT NPeKpPacCHEIM OPHEHTHPOM TPH NMOHCKAX aJMasoB.

B Tex ciayuasx, xorja H3yueHHe T€OXHMHUECKHX AHOMAJH{ HMeeT
CBOEH IeJbI0 OIEHHTh OMACHOCTb, KOTOPOH IOABepraercss OKpyKalo-
mas cpeaa, BHUMaHUe MCCAeN0BATENs AOMXKHO OBITh 0GpalleHo B Iep-
BYIO ouepelb Ha Takue OOBEKTHl, KaK MOYBLI, IOBEDXHOCTHHIC U TPYH-
TOBHIE BOJABI, aTMoc(depHas MNBLIb H CKOIVIEHHS DPa3JUUHbIX OTXOMAOB.
Heno B TOM, 4TO pacTHTe/JbHbIE H KHBOTHBlE OPraHWU3MbLl B OCHOBHOM
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YCBAUBRIOT T€ XHMITYECKHE 3JEMCHThl, KOTOPbe PACCEsHBl B IIePeurc-
JIEHHBIX CyOCTaHIHSX.

Has Toro 4roGH IOJYYHTb NpeACTaBIEHHE O COCTaBe H B KOHEU-
HOM HTOTe OLEHHTb Ka4eCTBO BOJHBIX PECyPCOB, CT€IEHb 3arps3HEHHs
OUHCTHHIX BOA H JPYIHX CTOKOB, OCYIIECTBJIAIT CTaHNAapTHOe ONpO-
GoBaHHe, XHMHYECKHH H APYrHe BHAH aHaju30B. [lono6Hass MeTOAMKA
HCIIOJIb3YeTCsl TaKKe JJIsi PErHCTPALHH M3MEHEHHH, CBA3AHHBIX ¢ MPO-
(uIaKTHIECKHMH MEPOIPHATHSIMH, HanpuMep ¢ 0060cO6JIEHHEM TOpPOJ-
ckoii casikH. IIpu 3ToM ompenesnsioT 3HAaueHHs TaKuUX MOKasaTeJseH,
kak pH, Eh, u ycranaBiuBaloor copep:kaHHe pacTBOPEHHBIX OpraHuye-
CKHX BEIeCTB, TOKCHUYHEIX METaJ/Jl0B U MHKPOOPraHU3MOB.

9. BAKJIIOYEHHUE. POJIb YEJIOBEKA
B FEOJIOTMYECKHUX NMPOUECCAX

B Xoze HamucaHMs 3TOH KHHrH aBTOPY IIPHIIIOCH NEePeCMOTPETh
CBOI0 OIEHKY BO3JeHCTBHS YeJOBeKa HAa TeOJIOTHYEeCKHe MPOLEeCCH.
B cBSI3M ¢ 3THM rpaHHIa MeXAy TeMH HpOLecCaMH, KOTODEe MOXKHO
KBaJH(UIUPOBATL KaK IPUPOJHBEIE, © TEMH M3 HHUX, Ha KOTOPHIX CKa-
3bIBAIOTCSI PE3YJbTATH YeJOBEUEeCKOH [eATeJbHOCTH, IIpeJCTaBJIsieTCs
He TakoH yX pe3koil. B Hamle BpeMs desoBek SIBJSIETCS NOMHHHDYIO-
MM 110 CBOeH poJsu BHAOM OHOcGepH, NpHUeM Iepexon dYesoBeye-
CKOro o0IlecTBa HA CTAJHI0 IIHPOKOTO HHAYCTPHAJBHOTO Pa3BUTHSA
OKasaJl BO3JeiCTBHE Ha Te0JIOTHYeCKHe IPOIECCH He MeHbllee, 4YeM
B I1aJ1e030#CKOe BpeMsl — 5BOJIOLUSA OPOLO0OPA3YIOUUX MHOIOKJIE-
TOYHBIX OpPraHM3MOB HJIM B IO3IHENAaJIC030MCKOE — NOSBJIEHHe Pa3BH-
ThIX ()OPM HA3eMHOH PaCTUTEIBHOCTH.

HesaBucuMo or Halllelf BOJIM U KeJaHUS UeJOBeK BHICTYNAeT B POJIH
reoJIOTHYECKOr0 (¢akTopa H, OyAyuYd TAKOBEIM, OH B3aHMOJeHCTBYET
c ApYrHMH (aKTOpaMH Kak Ha Cylle, Tak U (B MeHblIeH CTENEeHH)
Ha Mope. IIpu H3ydYeHHH BJIHSHHA YeJOBEeKa Ha IeOJIOTHYECKHe NPO-
LlecCHl cJelyeT YUHTHBATb TPH Clelu(pHIECKHEe 0COOEHHOCTH:

— BO-TIEPBBHIX, 3TO BJHSHHE 3aTParuBaeT MNOYTH KaXIylo CPeAy
o0HMTaHHs HA NMOBEPXHOCTH 3€MHOTO I1Iapa;

— BO-BTOpPHIX, MO lIKaje TIeoJIOTHUeCKOro BPEMEHH MJIUTEJIbHOCTD
5TOrO BJHSAHHUSA ellle BecbMa KOPOTKas;

— B-TPETbHX, 3TO BJIHSHHE B OOlleM SBJSETCH KOHTPONHPYEMHIM,
T. e. MOXKeT GHITh OTPAHHYEHO PA3YMHBIMH IpefeJaMu.

[TockoMbKy B KaxAOH M3 NpPeAbIAYLIHX IJIaB KHHI'M MBI paccMar-
PHBaJ¥ NO OTAEJbHOCTH Da3J/iMuHble IPHPOJLHEIE PECYPCHl U B CBSA3H
C 3THM pasHBIE aCIEeKThl YeJOBEYeCKOH MAEATENbHOCTH, NO-BUAMMOMY,
He CJOXKHJIOCh OOUIEro BIEUATIEHHS O TOM, HaCKOJNBKO CYLIECTBEHHO
CKa3aJI0Ch BO3JeHCTBHEe Ue/OBeKa Ha TIeOJOTHYECKHe MpOIeccH B Ie-
jgom. CremeHb 5TOr0 BO3/EHCTBHUSI ONpepessieTcss MOTPeGHOCTAMH desio-
BeueCTBA B NPHPOLHOM Chipbe W M3MEHEHHSIMH 3E€MHbIX JAHIUIA(PTOB
NPHMEHHTEJbHO K TE€M HJIM HHBIM HYyXJaM YeJOBeYecKoro o61lecTBA.

19 2ax. 1233 177
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Puc. 9.1. Pexxum peunHoii cucrembl. IIpHpOAHbIE M MUCKYCCTBEHHBIH PEXKHMB! peKH Ha
BCeM ee MPOTsKeHHH (O6J0K-guarpamma).

1 — BOAHBIN IOTOK, DEryJiHPyeMBlf B 5CTyapHusix NIyTeM JPEHHPOBAHHS H COODPY:KEHHS IJIOTHHBI
(KOHTPOJIb HajA MaBOJAKaMH, PEryJHPOBaHHE CYHOXOJCTBa); 2 — rOpoJ, HCIBITHIBAIOUIUH IMOCTOSH-
HYI0 NOTpPeGHOCTh B BOJE, 4TO CTaBHT MNpoGJeMy OYHCTKH CTOYHBIX H OTPaGOTAHHBIX MPOMBILI-
JIEHHLIX BOX (MpH pellleHHH Bolpoca 06 YHOBJETBOPEHHH TOPOACKHX HYXH HeoGXOAHMO Ipei-
YCMOTpPETh OMACHOCTh HCTOINEHHS BOJAOHOCHOTO TOPH30OHTA H IOCTYIJIEHHS TyAa COJEHbIX BOJ);
3 — rpYHTOBBIe BOAbl B HH3HHAX, e HeoGXOAHUMO INpEeNOXPaHATh OT 3arps3HeHHs aJlJIOBHAJb-
Hble OTJOXeHHs; 4 — HHTeHCHBHOe pa3BHTHe CeJbCKOrO0 XO03SH{CTBAa B paBHHHHOI MECTHOCTH,
rfe OPHXOJMUTCS HCIOJb30BaTh HPPHTrallHi0 M BHOCHTb YHOOpeHHSI B MNOYBY (CJeLyeT YYHTBHIBATb
BO3MOKHOCTb TNOCTYIJIEHHY HEKOTOPOTO KOoJHYecTBa YAOOpPeHHH B peYyHYIO ceThb); 5 — JOPOXKHOE
CTPOHTENbCTBO, CBA3aHHOEe C paGoTof PYNHHKOB (HAMO CYHTATBCI C ONACHOCTBIO OIIOJ3Hell);
6 — MeTaJbl, BblLleJayMBaeMble H3 PYAHBIX ImTaGeseffl H OTBaJOB, OHH MOI'YT NPOHHKAaTb B Deu-
HYI0 CeThb (3Ta ONAaCHOCTh CYIIECTBYET IPH SKCIJIyaTalUH IpaKTHYeCKH JI0GOro pYAHHKA);
7 — BODOXpaHHJHIIA H THIPOIJEKTPOCTAHUHH (MX COOPY>KeHHEe BHOCHT H3MEHEHHSI B DeXHM
TPYHTOBBIX BOJ, a Harpyska, cosjaBaeMasi IJIOTHHOH, MOXKeT IOBJHSITH Ha YCTONYHBOCTb
rpyHra); 8 — TeppacHoe 3eMJjeJeNHe Ha KDPYTbIX CKJOHAaX (MOMXET NPUBECTH K 3PO3HH IOYBHI);
9 — necoHacaxeHHsi, Oaaromapss KOTODbBIM CTOK Ha BONOCGODHOH IJIOL{AJH MOMKET YyMeHb-
matbesi; 10 — MeJKHe CKBaKHHBI (B pe3yJsibTaTe HX 3KCIIyaTalliH aJJiOBUH MoOXKeT OBITb 06ef-
HEH TIDYHTOBBIMH BOJamu); /! — HHAYCTPHAJbHBIA KOMIJIEKC, HCHOJb3YIOUWUH UYHCThIe NPUPOJHEIE
BOJABl H BO3BpAlllalOlufl 3arpsi3HeHHble, KOTOpLle TPEGYIOT TULATEeJbHOH OUMCTKH.

Yro6bl HMeTb MOJNHOE NpejcTaBieHHe O B3aUMONCHCTBUH 4YeJOBEKa H
IPUPOAEI, HYKHO MBICJIEHHO COIOCTABHTL PAa3JIMYHbIE TPOSBJIEHUS Ye-
JIOBEUECKOH JesTeJBbHOCTH C ILeJblM pPSA0M HapylleHHi TeoJorunye-
CKOTO paBHOBecHS. JTH INpolecchl NMPOHCXOAAT, HAIPHMEP, B TaKHX
NPUPOAHLIX PErHCHAX, KaK [eJbThl HJIM NPHOpEXKHble PaBHHHB (DHC.
9.1, 9.2).

CopepiieHHo OueBHAHA HEOOXOAHMOCTH JeTajbHOro IJJaHHPOBA-
HMS M KOOPAHHAIMH Pa3jMYHBIX NpeoOpa3oBaHul, 3aTParuBaIONINX
B TOH HJIM MHOH CTeNeHH OKpyxkKalollyio cpeny. [Ipu oTcyTcTBHM HOJIXK-
HOHM KOOpAHHAIMH MOTYT BO3HHKHYTb Pa3pyLIHTEJbHBEIE I'€OJIOTHUYECKHE
TPOIECCHl; NMpHU COGJIOLCHHH Xe HeOOXOAMMBIX YCJIOBHH yaaeTcs CBe-
CTH K MHHHMYMY HexejaTesJbHble MOOOUHBIE SIBJEHHA. ['eosornueckas
SKCIIePTH3a NPH IJAHHPOBAHHM H KOODAHHALHMH MEePONpPHUATHH, CBS-
3aHHBIX C H3MEHEHHSMH OKpYyXawlleid cpelnbl, HOJNXKHA [IPOXOAHTH
B TPH 3Tana.
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Puc. 9.z. Peka, paspeTBasiomasicsi Ha MHOrouHcJeHHble pykaBa (Hpak).

Ha aSpOd)OTOCH}IMKe BHJHA MHOrokKpartHass MHrpalusi pycja pPeKH, B pe3yJibTaTe 4erc I10CeJKH
MOTYT OBITh paspyuieHbl M BO3JeJbiBaeMble 3€MJIH DPa3MbIThI.

B nepsyio ouepelb CJeAyeT NOJYYHTb Bce HCXOAHBlE AaHHble 06 HCCaeayemoit
TEPPHTOPHH HA OCHOBE TI'eOJIOTHYECKHX, reo(H3MUeCKHX M TeOXHMHUECKHX KapT H OT-
yeToB. Bropoii srtam cBf3an ¢ o6HapyenHeM IOJIe3HHIX HCKOMAaeMbIX (TOPIOUHX,
MeTaJJIoB, CTPOHMAaTepHaJoB H JAp.) M NMOACUETOM HX 3amacoB, a TaKXKe ¢ BHOOPOM
HanboJlee MOAXOASNIHX MECT [JIsi CTPOHTENLCTBA TeX MMM HHHIX OOBEKTOB, HAaNpUMep
ruapocranuuii. Ha TpeTbem sTame HeOOXOAMMO NAaTh OLEHKY BCEM NPHPOJHBIM Pecyp-
caM M HMeTb TOYHBIH NPOrHO3, KaK CKaXKyTCs Ha PA3JHUYHBIX Ie0JOTHUECKHX SBJEHHSIX
yXe CyUECTBYIOIHe HJH TOJbKO NMPOEKTHpyeMble coOopy:KeHHs. [Ipu mporHo3upoBaHuu
oco6oe BHHMaHHe cJeAyeT OODaTHTb HA INOTEHNHAJbHO ONACHBIE TeCJOrHUeCKHe
NIDOIECCHI.

B c6op Heo6xonumoi HHOpPMALMK 1O BCeM 3THM Bomnpocam 00Jib-
WOH BKJIaJ BHOCAT MeXIyHAPOAHble HAyUHble 00benuHeHHst (OCOOEHHO
B 06J1aCTH MOPCKOH reOJIOTHH), a TaK¥Xe HCcaenoBaTesn, paboraoliue
B CHCTEeMe HaIMOHAJbHHIX akajeMu#i Hayk. OJHAaKo OCHOBHYIO OTBET-
CTBEHHOCTb 3a YCIEIIHOe pa3pellleHHe YKa3aHHBIX NpobjemM HecyT
odpuuHaTbHble OPTaHM3allMM, Ha3HauaeMble NPaBHUTEJbCTBAMH DPa3HBIX
CTpaH.

Jo6p4a MOJIE3HBIX HCKOMAeMbIX W BHIOOD MECT 3aJI0XKeHHsI CTPOH-
TeJbHLIX 00'bEKTOB COBIMHO HAXOASTCS B BEACHHH CIEUHAJNBHBIX ;0CY-
JNAPCTBEHHBIX YUp€xkIeHuil (0COGeHHO 3TO XapaKTepHO /s CTPaH Co-
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THAJUCTHYECKOr0 COAPYXKECcTBa), MeXAYHAaPOAHLIX M HAIHOHAJbHBIX
KOMIIaHHA 10 pa3pa6oTke HEPTAHBIX H PYIHBIX MECTOPOKIEHHH,
2 TaKXe YaCTHBIX HHXKEHEPHO-CTPOHTEJNBHHIX (hupM. Ha sakimounrenb-
HOM CTaIHM OUEHKH M TNPOTHO3HPOBAHHS PECYPCOB NOJIE3HBIX HCKOTIAE-
MBIX MPHXOAUTCS YUYUTHIBATH HE TOJBbKO T'eOJIOTHUECKHE, HO M IOJHTH-
9eCKHe, coluasbHble H 3KOHOMHYecKHe ¢(akTOpE. 3HAUMMOCTh KaxK-
a1oro ¢axrTopa ompenesiseTcs TeM, ¢ KaKOro poja OpraHu3anuefi MBI
HMeEM JeJio, a Tak¥Ke 0COOEHHOCTAMH NOJHUTHUYECKOH H 5KOHOMMUYECKOH
0GCTAHOBKM H, YTO BeCbMa CYIIECTBEHHO, NEJOBHIMH KAayeCcTBAMH JIO-
rell, OT KOTODHIX 3aBHCHT IPETBOPEHHE B JKH3Hb STHX MPOEKTOB.

Ocraercs TOJIBKO NMOXKaJeThb, YTO KaK [PABHTEJNLCTBEHHBIE, TAaK H
vacTHble OOBbeAMHEHMS, Ha KOTOpble BO3Jiaraercss OTBETCTBEHHOCTh 34
[ellleHNe TeX WJIH HHBIX TeoJIOTHYecKHX Mpo6JieM, NMouTH HHKOTma He
HMEIOT B CBNEM COCTaBe CIeIHaJHUCTOB B 06/7aCTH HAayK o 3emJe,
B rtakch cutyaunn mpencraBasercs OCOGEHHO BAaKHBIM, UTOGHI CPEIH
DYKOBOIOMTENeH YKAa3aHHBIX OpraHM3anuil, a Takxe CPEAW UIHPOKOTO
Kpyra ucronuutenedl OBLIM JHLA, €CNH M He HMeollHe CIEIHaJbHOTO
TeoJOrHUeCKCro 06pas3oBaHUA, TO XOTa OB pacrosaraiouiHe OCHOB-
HLIMH TIOZH3HHSIMH B O06JIaCTH TeOJIOTHH. TPYIHOCTH COCTaBJIEHHs Bep-
HEIX NOJATCCPOYHBIX NPOTHO30B BO3JIEHCTBUS YeJIOBEKA Ha Te HJIH HHBIE
TPUDCIITBIC T'PONECCH CBSI3aHLI ellle W ¢ TeM, YTO MO IIKaJje IeoJorHd-
9eCKOr0 BPOeMEHH 3TH BO3LEeHCTBHS MPOTEKAIOT Ype3BhluailHO MeIJEHHO
710 CDABHEHWID C KDATKCBPEMEHHOCTBIO YeJIOBEUECKOH JKH3HMH.

ITpencran1enie o NpHpPoaHOM JMauAmadTe Kak O YeM-TO HEH3MEH-
#0M («CTap KaK XOJMBI») HACTOJBKO TJIYGOKO YKODEHHJIOCH B HAIIEM
CO3HAHWH, 4YTO MBI NIOHEBOJe yacto 3a6blBaeM VUHTHBAThL «BPOXKIEH-
HY1I0» HEYCTOMUYHBOCTb OOJNBUIMHCTBA Cpel Ha 3eMHOH MOBEPXHOCTH.
B 1efiCTBHTeNBLHOCTH K€ MHOTHE TeoJIorHdecKue COGHLITHS 33Bep-
ATCA B MNpeleNax OTPe3KOB BpPEMeHH, HM3MEpSeMbIX rogaMu MHJH
naxe JHSAMH, 8 3aMeJJIeHHOCTb I'eOJIOTHUECKMX H3MEHEHHH OTHOCHUTCH
He K CaMHM COGBITHSIM, a K AJIMTEJNbHBIM BPEMEHHHIM NPOMEXYTKaM,
pazessaomuM 3TH co6uTHs. M3 comocraBieHus NEepHOROB BPEMEHH,
B TeYeHHe KOTOPHIX NPOUCXONSIT T€ HJIM HHBle COOLITHS, TIPHPONHHIE,
C OJHOH CTOPOHH,, M OOGYCJIOBJIEHHblE BMEIIATeJbCTBOM UYeJoBeKa —
¢ Ipyro#f, BUJHO, 4TO, HaNpHUMep, YacrtoTa KaTacTpoduueckux 3eMJe-
TPICeHHH, HaBOAHEHHH M BYJKaHHUECKHX H3BEpIKEHHH, COOTBETCTBYET
YacToTe TAKUX CJHydYaeB, KaK NPOPHIBH NJOTHH WM OGBajnl Ha LIax-
tax (ra6ua. 9.1).

IIpn nporHO3HpoBaHHM HEOOGXOAHMO YUMTHIBATL M MeHee pas3py-
IIUTENbHBIE TPOIlEeCChl, CBsS3aHHblE, HANpHMep, ¢ NOABEMOM H IOHH-
eHHeM ypoBHS MupoBoro okeana 60 ¢ GOpMHPOBaHHEM MECUAHBIX
6apoB, KOTOpHIE, OMHAKO, OGYCJIOBJMBAIOT 3HAUUTEJNbHble H3MEHEHHS,
CKA3BIBAIOIINECS CIYCTSI HECKOJbKO cToJeTHH. OT TpalHLHOHHBIX Npes-
CTaBJeHHH O «CTAaGHJbHOCTH® 3€MHOr0 Iapa TNPUXOJUTCA OTKa-
3aThCSA — K 3TOMY MPHBOJHUT HAC H3yueHHEe AJHMTENbHBIX reOJIOTHYECKHX
NPOIECCoB.

Bosnbmoe Gecrnoko#icTBo BHI3HIBaeT ellle M TOT (akT, 4ro MHOTHe
HCTOYHHKH TPAIMIMOHHBIX FODIOUMX M PYAHBIX HCKONMAEMBbIX, NOObIBae-
MBIX M3 3€MHBIX HEJp, HCCAKHYT, MO-BUAVMOMY, Ha NPOTSAKEHHHU XKHU3HH
HEeCKOJIbKHX MOKoJsieHH#. BooG6uie roeops, OOJbIIHHCTBO TOPHAEIX IO-
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Ta6aunuma 9.1. ConocraBleHHe C BpeMeHHOH WKaJOR paszinyHbix coGuITHI,
NPHPOAHBIX U CBSA3AHHBLIX C JAESITENLHOCTBIO MeJOBEKa

MHHHMabHasA CoO6biTHS (KYPCHBOM BBHIZI€JIEHBI COGBLITHS,
NPOIOJIKH- CBsi3aHHbIe C NedATeJibHOCThiO !{enoner{a)
TeJIbHOCTh

CyTkH H Menee [lanenne MereopHTOB.

3eMJIeTpsICeHHs], ONOJI3HH, TPsi3eBble NMOTOKH.

O6sanvt 8 waxrax u Ha pYoHUKax.

JIuBHEBHIE NMABOIKH; NMPOPbIBLL NAOTUH.

OITopMEI, MyTheBHEe TOTOKH, 3KCIJIO3HBHBHIE  BYJKaHHUYECKHE
H3BeDIKEHHs, MHPOKJIACTHYECKHE MTOTOKH.

Obpywenue 2optslx nopod 8 pes3yisbTaTe 63pblé08 HA WAXTAX
u Ha pyoxuxax

Bynxaunyeckas NesiTEJIbHOCTD,

3po3us noussl; NepeMelleHUE XOJIMOB.

3azpasnenue peunvix U 03epHblx B8000EMO8.

Hecsarunerye Murpanns necuansix 6apoB H OTMeJed.

3aunneaHHe raBaHed.

Herowenue 6000HOCHBLX 20DUBOHTOB, MNPOKUKHOGEHUE G HILX

coaenblx 800.

Pacrnaj, KOPOTKOXHBYIIHX DPaJHOAKTHBHHIX H30TOIOB

Cronerne Paspacranne (cnpemuHr) Mopckoro nHa Gonee deM Ha 10 M.

IMoxweM unu TMonMKeHHe YPOBHS MHpPOBOro OKeaHa.

Havenenns xmaumara.

Axxymynsinust topda, alMOBHANLHEIX H IUISAKEBHIX OTJOXKE-

HAR.
Pacnaj HOJNTOXKHBYIIHX DafHOAKTHBHHIX H30TONOB
Munson ser Paspacranue mopckoro nHa Gosee uem Ha 100 M.

DBoJsonysl HOBHX BHAOB ((QJOpH H dhayHm).
CospeBanne HedTH H yIds.

HaxorieEne MOIIHBIX OCafOUYHBIX TOJIL.
DopMHPOBAHHE KPYNHLIX BYJIKaHOB.
Pynoo6pasyiomue mpoueccs

POA M NPYTHX NPHPOAHBLIX BENIECTB OTHOCATCS K BO30OHOBJSIEMBIM pe-
cypcaM, TOCKOJIbKY Ipolecch, o6ycioBUBIINe uX (GOPMHPOBaHHE, NMPO-
IoXawT naefictBoBaTb. OLHAKO eCTECTBEHHBIE CKOpPOCTH HX BOCCTa-
HOBJIEHNSI MOTYT OKa3aTbCsl HACTOJbKO MAaJBIMH 1O CPABHEHHIO CO CKO-
pocTaAMH IOTpebJIeHHs, UTO MO CYLUIECTBY 3TH PeCYypPChl MOXKHO CUHTATh
HeBOCMOJHUMBIMH. UTO 3Ke Kacaercss CPaBHHTENbHO OBICTPO BOCCTa-
HaBJMBAIOIIUXCA PECYPOB, TAaKHX KAax BOJAA HJM NHTATeJbHble Bellle-
CTBa MOYBHI, TO CO3JAETCs BNEYaTJEHHE, 4TO HX OaJaHc B rao6anb-
HOM MacluTabe B OCHOBHOM COXDAaHSIETCSI, OAHAKO B Pa3Hble NePUOIH!
BPEMEHH M B Da3HBHIX MECTax 3€MHOro Llapa TO H HeJ0 OTMedyaeTcs
MX pe3kast HeXBaTKa.

Orpomuble Macchl NMPHUPOAHBIX CTPOMMATEPHANOB COXPAHHJIHCHL IO
HallUX [HEH, TeM He MeHee BO MHOrHX pAas3BHUTHIX CTpPaHax, T. €.
HMEHHO TaM, TIe Ha HHX CYIIeCTBYeT MaKCHMAaJbHBIE CIPOC, OHH 3a-
YacTyl0 CTaHOBSiTCA Ae(hHUIUTHHIMH. TpajHIHOHHBIE PECYpchl NDaKTH-
YeCcKM RCEX TOPIOUMX HMCKONMAaeMBIX W psifa METaJJioB, Kak IpejrnoJa-
raloT MHOTME CTENHANHCTH, 6YAYT ucueprnaHsl B 0603pHMOM GYLyLIEM.
XoTst 1mpeiCTARNSCTCH BTOJHE BEPOSTHRIM, YTO ChIppe Oyjmer MOCTY-
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NaTh U3 3THX HCTOYHHKOB B TeueHHe 6oJjiee INJHTESbHOTO BPeMeHH 6Ja-
rojapsi OTKPLITHIO HOBHIX MECTOPOKAEHHH, COBEpIIEHCTBOBAHHUIO Me-
TOXOB NOObIYH M o6oralleHHs, TeM He MeHee INOJHOCTBbIO JIHKBHIHPO-
BaTh Pa3phlB MeXAy CKOPOCTBIO BOCCTAHOBJIEHHS H TeMIaMu NoTpes-
JIEHUS] IPHPOJHEIX PECYPCOB NMPAKTHUECKH HEBO3MOKHO.

O61iee KOIHYECTBO DYIHBEIX IOJIE3HBIX HCKOMAEMBIX, H3BJEYEHHDLIX
H3 HEeIp 3a BCIO HCTOPDHIO YeJOBEYeCTBAa, OKAa3bIBaeTcsl, OJAHAKO, He-
3HAUUTEJbHBIM [0 CPAaBHEHHIO € KOJHUYECTBOM 3THX PYA, comepxkKa-
UIMXCS B BEPXHHX CJIOAX 3€MHOH KOopwl W B Muposom okeane. Tak,
Hanpumep, yureHHble 100 THIC. TOHH 30J10Ta, HOGHITOrO BO BCeM MHDE
3a MsTb BEKOB CO BPEMEHHU OTKPBHITHS AMEDHKH, elBa Jiu COM3MEDPHUMBI
¢ 10 Mapa. TOHH 3TOro MeTaJjia, pacTBOPEHHHIMH B Bogax MHEpOBOro
okeaHa. Ha ocHOBaHMM NOZOGHBIX CONMOCTaBJEHHH Mbl y6exmgaeMmcs
B TOM, YTO DEeCypCH, OTHOCSILHeCsT B HAacTOsllee BpeMsi K HeTpanH-
IHOHHBIM (pa3paboTKa uX ceffyac elle HepeHTabesabHa), MOTYT NMPHOG-
pectd pemiaiollee 3HadeHHe B OynymeM. Ilpu coBpemMenHOM YpOBHe
TE€XHOJIOTHH NOJYyYEHHe MeTaJJIOB U3 OelHBIX PYA, 0COOEHHO M3 CHJIH-
KaTHbIX MHHepaJIOB, OKa3hlBaeTCs OYEHb JOPOrOCTOSIIMM, TaK Kak
TpebyeT OrDOMHBIX 3HEPreTHYECKHX 3arpar. Ecau OBl cTajJo BO3-
MOXHO H3BJEeKaTh HX M3 NMOZOOHLIX MCTOYHHKOB CO 3HAUHTEJIbHO MEHb-
IIHMH 3aTpaTaMH, 3TO cpasdy ke u36aBHyio Gbl HAC OT HEXBATKH MHO-
ruX MaTepHaJsOB, KOTOPYIO MBI TaK PE3KO OLIYIIaeM.

Uro kacaercs TOpIOYHX HCKOMAeMbIX, TO HeTpPaJHIHOHHBIE ©X
HCTOYHHKH — GHTYMHUHO3HBIE CJAHIH HJAH HedTe- W OUTYMOHACHIIIEH-
HBle IIeCYaHHKH INPEACTaBJSIOT cO00fi OTPOMHBIE pecypchl YIJIeBOIO-
POLOB, KOTODBlEe TOJBKO HEZaBHO Hauaju pa3pabaThiBaThCsi B 3HAUH-
TeJbHBIX Macuitabax. PaauoakTHBHBIN 3JleMeHT YpaH — OCHOBa aTOM-
HOH 3HEPreTHKH — TaKxkKe IIMPOKO paclpOCTPaHEH BO MHOTHX TOPHBIX
NOpPOJax, U3 KOTOPHIX €ro B KOHIIE KOHIIOB HaydaTCsl H3BJIEKaTh.

C reosoruyeckoll TOUKH 3peHHss HHKOMM 0O0pas3oM Hejb3si YTBep-
XKIaTh, YTO 3eMHBIe pECypchl BCKOpe OKaxKyTCsl HCTOLIEHHBIMH. Bes
TPYAHOCTL 3aKJIOYaeTcs B TOM, UTO ellle He Pa3paboTaHa TEXHOJIOTHS
Ui peHTabesbHON MOOBIYM pPsifia NOJe3HBIX HCKONAeMBIX M3 Tex HJIH
HHBIX HCTOYHHUKOB. IIpn paspaGorke HOBHIX METONOB, IPHU3BAHHBIX
ofecrneyuTh HaWJyulllee HCIOJb30BAaHHE pecypcoOB 3eMHOro Iapa
B OauKaiiilive HECKOJbKO CTOJETHH, HeoOXOMMMO YUYHTHIBAThH BCe I€O-
Joruyeckue nauuele. [Ipu sTOoM ciemyer UMeThp B BHAY, 4TO BHeIpe-
HHe HOBBIX METOJOB B NPAaKTHKY SBJISETCS CJOXKHBIM U IJIHTEIbHBIM
nporeccoM. Tak, mepByl W TOCJERHIOI0 CTaaHH INOATOTOBKH HOBOTO
YroJIbHOTO MECTOPOXKJIeHHst K pa3paboTke B Auruuu pasjensier GoJjee
IeCcSTHJIETHS.

Ilpu ocBOEHHH CTapbIX ¥ HOBBIX BHAOB 3€MHEIX PeCypCOB JOJIKHBI
GbITH TPENNpPHHATH 0OJlee COraCOBAHHBIE YCHJHUA AJs MOJJepXKanus
¥ BOCCTAHOBJIEHHS] TEOJIOTHUECKOr0 PaBHOBECHsl, HAPYIIEHHOro B pe-
3ysabTaTe JAesTeJbHOCTH uyesjoBeka. OnHaKo, 4TOOBl AOJNKHBIM 06pasom
KOHTPOJIHPOBATh WJIH MOLHUGHLIMPOBATH KAKOH-TO TEOJIOTMYECKHH IIpPO-
ecc, HeoOXOAUMO BHayaJjie UYETKO INIPeACTABUTH Cefe ero CYLIHOCTb.
[TosTOoMy B pa3/JMUYHBIX HAYUHBIX M NPAKTHUECKHX OTPAC/AAX TeOJIOTH
paBoTalT B TECHOM KOHTAKTe CO CHENHAJHCTAMH MO CMEXHBIM MIHC-
UHIJIHHAM,
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B KkauecTBe NPHMEPOB Tex NMPOOJEM, pellieHHe KOTOPHIX TOPMO3HTCS H3-3a OTCYT-
CTBHS HEOGXOAMMOr0o KOMIJeKca MAaHHBIX, MOXKHO IPHBECTH CJeLYllHe:

— peaxius oKpysKaioulefi CpPelb Ha 3alOJIHEHHE NOPHCTOTO TOPH3OHTA PACTBO-
POM, OTJIHYHBIM [0 COCTaBy OT NEPBHUYHOH MOPOBOH KHIAKOCTH;

— pacmpocrpaHeHHe M H3MEHYHBOC1b IO INVIOLA[H H IO Paspesdy riayGoKOBOLHBIX
METaJJIOHOCHBIX OCaJKOB;

— 3aBUCHMOCTb 340POBbA JIOJEHd U KHBOTHBIX OT XHMHYECKOro COCTaBa II0YBbI;
— InoBeJleHHe PpaAHOAKTHBHBIX 3JIEMEHTOB B YCJIOBHAX 3eMHOH MOBEPXHOCTH.

M3 3TtHX TPUMEPOB BHJHO, YTO OCTAeTCSl HEBBIACHEHHRIM OYEHb
IHPOKUHA KPYr BOIPOCOB; B OyAylleM Xe Ham INPHAETCS paspemiarb
BCce HOBHE H HOBble npoOJeMbl. KoHeuHBII pe3y/bTar AJHTEIbHBIX
NpOLECCOB, HaNpuMep, CTeleHb H3MEHEHHs) NPUPOIHBIX JAHALIA(TOB
B pesyJbTaTe OCYLIECTBJEHHs TAKHX DElHOHAJIbHBIX IIPOEKTOB, Kak
MesqHopauus 3emenb B Huuepnannax, BooOlle HEBO3MOXKHO HPOrHO-
3HpOBAThH cefiyac ¢ HOCTATOYHOH TOYHOCTHIO. PasBuTHe aTOMHOW 3HEp-
reTHKH, 6Jaroiaps KOTOpOH yjnaercss B 3HAUHTE/JbHOH Mepe IpeogoJe-
BaTh «3HEPTeTHYECKHH T0JI0J», ¢ 0COOO0H OCTPOTOH CTABHT BOIPOC
0 HaJeXHOM 3aXOPOHEHHH OTXOJLOB aTOMHOTO ChIPbS.

Kpaiine BaxKHOH sBJsercs Hpobsema KiIuMara. CymHocTp €e 3a-
KJIOUdeTcs B TOM, 4TO KJIHMAaTHYecKHe yCJIOBHS B OYAylLleM OKaxyTcsd,
Mo BCEH BEPOSITHOCTH, CTOJb XK€ HSMEHUYHBBHIMH, KaK M B IPOLLIOM
(puc. 9,3). Ha ary npoGseMy CTOHT ob6paTuTh ocoboe BHUMaHue. Cxo-
POCTb U Tepenaj BO3MOMKHOIO MOBBIIIEHHs (MM MOHHKEHHS) Cpelre-
rof0BOHl TeMIepaTypel H aMIIATYla KoJeOaHui ypoBHsA Muposoro
OKeaHa B pesy/bTaTe OTCTYNaHHs (MK HaPaCTaHHs) MOKPOBA MOJSAP-
HBIX JIbJOB MOIYT OBITh IPEANOJIOKHTEJIbHO BBIUMC/AEHH HAa OCHOBE
COMOCTaBJEeHH C JAaHHBIMH TOcJeJelHHKOoBoro nepuoga. IIpakruuec-
Koe BO3JedcTBHE 3THX (PAKTOPOB Ha BOZHBIE DeCypCH, CeJbCKOE XO-
3HCTBO, HAa YCTONYMBOCTb TIyCTOHACEJEHHBIX TPHOPEKHBIX 30H —
BCE 3TH NpPOOJEMBl OCTAIOTCS HEPEIIEHHBIMHM, TaK e Kak M BOIPOC
0 BO3MOKHOM BJIHSIHHH Ha KJHMAar [OBHILIEHHOro BBIJEJEHHs YIJe-
KHCJIOTO ra3a IIpH CrOPaHUH YV U He(TH.

B o6/acTsix 3HaHMS, CBA3AHHBIX C H3yyeHHeM 3€MJIH, MH He MO-
;K€M BHIIEJNATb YHCTYIO W INPHKJIATHYIO HayKy: Kaxpaas HayuHasg OT-
pacib [OJMKHA ObITh NPUKJIAJHOH, T. €. JOJKHA CIYXKHTb HyX[aM
yejioBeyecTBa. Ha yuyeHBIX Bcell NJIAHETHl JIEXKHT ONpPelesieHHAass AOJIA
OTBETCTBEHHOCTH 3a Te pEIIeHHs, KOTOpPhle NPHHMMAIOTCH Ceduyac HJIH
OyLyT OPHHATH B OyAyIIEM.

Moxer OBITb, YMECTHO 3aKOHUHTb 3Ty KHHIY BBICKa3hbiBaHHEM
yiacTHUKA KOH(EeDPEHIHH 1O Mpolb/ieMaM 3arpssHeHHs arMocdepli
M. V. Xoazreiita [Holdgate M. W., 1979 r.J: «Hawa unenp b KoneunoMm
cyeTe COCTOHT B TOM, UTOOH OLIEHHTb OMACHOCTb 3arps3HeHHs aTMO-
cdeprl. Kakyio OB TEXHOJODHIO Mbl HH HCIOJIb30BAJIH, MOJNHOCTBIO
YCTPGIHHTL STY ONACHOCTh HEBO3MOXKHO. EJHHCTBEHHOE, YEr0 Mbl MOZKEM
JOCTHTHYTb,— 9TO YCTAHOBHTb, 4eM HMEHHO MBI PHCKyeM B TOM HJIH
WHOM CJIydyae U K KaKHM NaryOHBIM M3MEHEHHSM 3TO MOXeT HNPHBECTH.
B KOHIle KOHLOB, 4eM-TO BCE PABHO NMPHIAETCS PUCKHYThL HJHM IOKEPT-
BOBaTh, HO CAMOE BAaXKHOE — 3HATb, YTO MBI JeaeM».
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