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IMATEHETHYECKHE H3MEHEHUSA BOJOBMEIIAIOHIUX IIOPOJ MO/
JEACTBUEM TEXHOI'EHHBIX ®AKTOPOB

ONHreHeTHYECKHE M3MEHEHH BOJOBMEIIAIONIAX MOPOJ HMEIOT LUIHPOKOE paciipo-
CTpaHeHHE B Ipefleslax reonornyeckoi cpensl. Hanbonee monHo oHH W3y4YeHB! B CBA3M ¢
MECTOPOXKICHHAMH IOJIE3HBIX HCKomaeMbix [1].

ITon neficTerHeM pa3sTMYHBIX IMUTEHETHYECKHX TIPOIIECCOB (hopMHpYHOTCA pazHoo6-
pasHbI€ [10 CTPYKTYPHO-BEIIECTBEHHBIM IIPH3HAKAM 3MUIIOPOBLI HIH BTOPHYHEIE NOPOJIEL
YacTHBM ClIy4aeM MpOsABIEHHA SIIMreHe3a  ABMAKOTCH  IHAPOTEpPMAaNbHO-
MeTacoMaTH4eckHe 00pa3oBaHMs (TMAPOTEPMATNTEI), ¢ KOTOPBIMH CBH3aHBI MHOIMOYMC-
JIEHHBIE MECTOPOJKICHHS MOJIE3HBIX HCKOMaeMBIX [2].

ONUreHeTHYeCKH  MPONECCHl  BBIXOAAT 33 pPaMKH IIPEBMATOIHTORO-
FHAPOTEPMANTBHOIO H Cpe/lHe-HU3KOTEMIEPATYPHOIO THAPOTEPMANLHOI0 METOCAMOTO34.
OHH IHPOKO NPOABIEHE! B NPUIOBEPXHOCTHBIX YCIOBHMAX 30HBI IMIEPreHesa. Dopmupo-
BAHHC KOp BBIBETPHBAHHA, Pa3IHYHbLIX 30H OKHCIIEHH, B 1EJOM Pa3BUTHE BTOPHYHOMN MH-
HEPANN3AIMY 0] AEHCTBHEM ONpe/IeNIeHHO HANpPaBICHHEIX (H3NKO-XHMHYIECKHX IIpoLec-
COB 00sA3aH0 JITHIEHEe3Y.

B cBA3H ¢ 9THM snureHeTHYECKHe H3MEHEHHS MOMKHO ONPE/IEHTh KaK CTPYKTYPHO-
BEIIECTBEHHBIC MPeoOpa3oBaHHs MAaTePHHCKHMX IOPOJ, KOTJa MX MEPBMYHbIE CTPYKTYp-
HEIE, (PH3UKO-MEXaHHYeCKHe, MHHEPAIO-TIeTporpadHueckie i reOXHMHUYECKHE [apaMeTpEI
NOJ NeHCTBHEM HEPABHOBECHBIX YCTOBHIl B CHCTEME BOJa-NOpoja, 06YCIOBIeHHBIX pas-
JIHYHBIME IPHPOJHBIMH MM TEXHOT€HHBIMH IIpOlECCAMH, H3MEHSAIOTCA H NPH 3TOM BO3-
HHKAET COBEPIUEHHO HOBAS cpelia ¢ HabopoM 3MHNOPO/| Pa3THYHON CTENEHH 3aMeIeHNA.

H3bsThle U3 HEeAp 3eMIM pasHOOGpPa3HbIe MOJE3HBIE HCKOMAaEMble M NPOAYKTHI HX
nepepaboTKH CO3JAI0T B MPUNOBEPXHOCTHON YACTH 3eMJIM HEPABHOBECHBIE YCIIOBHS, KO-
TOPERIE NPHBOIAT K PasiIHYHOTO pofa HaMeHeHHAM. IIupokuii Kpyr XHMHYECKHX 31MeMEH-
TOB, BOBJI€YEHHBIX B KPyroobopoT nmoj AeHCTBHEM TeXHOTEHHBIX NpPOLECCOB, 3arpA3HieT
noa3eMHubIe BOABL M3BecTHO, UTO rujpoxuMudeckas cHelHaTn3alns TPYHTOBBIX BOJ BO
MHOroM 00yCIIOBJIeHa COCTaBOM BOOBMemaomux nopo [3]. [lpupoankie Boasl HAXOIAT-
CA B OTHOCHTETbHOM PABHOBECHH C BMEINAIOIIEH HX CPeOii.

XUMHYECKH arpecCHBHbIE 3arps3HeHHbIE TEXHOTEHHBIE BOJIBI, [IONAJas B BOJOHOC-
HBIC TOPH30HTRI, HAPYIIAKOT CIIOXKUBILIEECS PABHOBECHE B CHCTEME Boa-1opoaa. Ilpu stom
o nelcTBHEM TEXHOTCHHEBIX BOO 3arpA3HAETCH HE TONBKO BOJA, HO H MPOHCKOOAT HIITCH-
CHBHBIE SITHTeHETHYeCKHe Npeobpa3osanus BOAOBMeNaONNX nopon. HenzbexHo, XUMH-
HECKH al'pecCHBHAaA BOJA NMPHBOAMT K M3MEHEHHI) HX CTPYKTYPHO-BELIECTBEHHEIX Mapa-
METPOB JI0 T€X MOp, MOKa He OYAET JOCTHIHYTO paBHOBECHE B CHCTEME pacTBOp-mopoza. B
Pe3yNbLTAaTE BOKPYT OHara 3arpA3HeHHs (OpMHPYETCs OPEoJ 3[HIeHETHYECKOro 3aMelne-
HHS BODOBMEIIAIOMIMX MOPOJ, HMEIOIINHA 3aKOHOMEPHOE BHYTPEHHEE cTpoeHue. [lopoisl,
H3MEHAACE I10J1 NCHCTBHEM TEXHOreHe3a, JOKaIM3YIOT NaHHEIH HETaTHBHEIH IpoIlecc B
Npefeiax orpaHHYEHHOro IPOCTPAaHCTRA, aKKYMY/IUpPYIOT Oobliie 0OBeMEl 3arpa3HHTE-
JIeii, KOTOPERIE CHAralT MHHEPATBHYIO OCHOBY H ONpedeifioT Ie0XHMHYECKYH) CIICI[HaIH-
3aI[HIO BHOBE 00pa3yloLIUXCH SITHIOPO]I.

['unpoxsMuveckie mapaMeTpsl TEXHOTGHHEIX BOJI OIIpeAeNATCs HabopoM MaxKpo-
H MHKPOKOMIOHEHTOB. [IpH 3TOM MaKkpOKOMIOHEHTEI ONMpeNensioT COCTAR x{HHepa.r'1H3a~
IHH BOJI, K HUIM OTHOCHTCA BEUIECTBA, COAEPKAHHA KOTOPBIX npessimatt 10 mr/am’. Bto
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THIPOKAPOOHATEI, CyNbhATEL, XI0PUIILI, PeKe HHTPaTHl, (propunael, hocdarel, kapGonarer,
a TAKOKE KANBLMit, MarHuii, HATPHI, pexe Keneso, MuKpoa/eMeHTEl XapakTepH3yIOT ri-
POTEOXHMHYECKYIO CICIHATH3AUMIO BOJ, MX KOHUEHTPALMA He npersimmaer 10 mr/m’.
JlaHHoe meneHue yCIIOBHO, OJHAKO MMeeT noa coboit onpepenennoe obocuosanne. Co-
ACPKAHHE MAKPOKOMITOHEHTOB B BOJie Dosiee yeroiiunpo. OHO HMeeT OTHOCHTENLHO pas-
HOMEPHOE paclpe/ieNieHtie B Npeaenax BOIOHOCHOTO TOPM30HTA, MX KOHIEHTpamus nime-
HSETCH NOCTENEHHO. PacTipe/ienene MUKpO/IEMEHTOR B TIpe/ie/iax BOJOHOCHBIX rOPH30H-
TOB HOCHT HEPABHOMEPHBIH THCKPETHEIH XapakTep. Bricokue KOHIIEHTPALHH Ha He3Ha4H-
TENEHOM PACCTOAHHH CMEHSIOTCA HH3KMMH, ¢ pasnuiuei B 100 u Goxee pas. Heemorps na
IT0, MHKPOKOMITOHEHTEI 3aKOHOMEPHO JIOKATH3YIOTCS B IPEIENaX SIUIEHETHUECKOTO Ope-
0714, KOHIEHTPHPYACH B OTIPEJIEIEHHEIX 30HAX,

I10 0DyCIIOBIEHO TeM (GaKTOPOM, YTO 110 OTHOMIEHHIO K J000MY IPHPOTHOMY HITH
TEXHOTEHHOMY NPOIECCY 3aMEIIEHUs BCC MAKPO- H MHKPOKOMIIOHCHTRI II0JIPA3AEIsIOTCS
Ha:

— TIABHEIE, KOTOPRIE KOHIIEHTPHPYIOTCS B SMHIEHTPAX aHOMATHH H ONpeIeNsioT ¢u-
3HKO-XHMHYECKYIO H MHHEPAIOr0-TeOXHMHUYECKYIO HalpPaBIeHHOCTE Mpolecca;

T GGH}"ICTB?I’UH.I,HE:, KD"IICHTPE[HHH KOTOPEIX BOSpPACTAET B HPEHEJIH.X AHOMATHH H
CBS3aHA C CO/IEPKAHHEM [JIABHBIX KOMIIOHEHTOB;,

— JEKOHUEHTPHPYIOIIHECs, KOTOPLIC HCIBITHIBAIOT BEIHOC H3 3MMIEHTPOB Opeona
DIMTENesa, TOKANH3YACL B ero nepudepHiHbIX 30Hax;

— HHEPTHELIC, KOHHEHTP&HHH KOTOPBIX OCTAETCH npatcmqecm HEHM3IMEHHOH,

IIpu 5TOM cymecTByeT 3aKOHOMEPHOCTh — 4eM MaciuTabHee H MOJIHEE MpPOSBICH
IPOLECC MUTEHETHUECKOTO 3AMEIICHHA, TEM OTYET/IHBEE BRIPAKEHE! 30HANLHOCTh, I~
(hepeHIHAaIHA MAKDO- H MHKPOKOMIIOHEHTOB, TeM OOJBHINM MX KPYI' BOBJIEYEH B JaHHEI
npolece H TeM Dollee YeTKO OIIpeIeNeHa NO3UINI KOMIOHEHTOR B MpefleNaX BhileleHHbIX
TPy,

Ilpesncrapnennas TeopeTHdyeckad Oa3za MMeeT DOJbLIOE NPAKTHYECKOE 3HAYCHHE
IIPH ONpeleNeHnH HCTOYHHKOB 3arpasHeHus M MacmTaboB ero nposeaeHus. [locnennee
CBAZAHO CO CIOCODHOCTRIO BOJOBMEINAMOLIHY [IOPO JIOKAIM30BATE DOIBIIHE OOLEMEI 3a-
TpA3HHUTENEH U TeM caMbIM OTPaHHYHTE pacTlpocTpaHeHHe 3arpA3HeHHBIX BOJ, B Mpefenax
OIIPEJEIEHHOr0 IIPOCTPAHCTBA., 3HAd 3aKOHOMEPHOCTH CTPOEHHHA OPEOJIOB OJIHIEHE3a,
MOMHO, IIpH PEryIADHLIX HEI'E_'_}EII'U,JIEHHHK, OIPENEIHTE CKOPOCTE TIPOABRHIKCHHA TIpOIlecca
JATPAIHEHHA. Bee srto JeTaeT BECEMA aKTYVA/IEHEBIM [IpoBeNcHHES Donee NnoJaHoro H3YYeHHHA
EHKDHOMC]JHGCTCﬁ CTpOEHHA ('.I]JECI.'IGB SMHATEHE3d, HX MHHEPATOIQ-reOXHMHYECKHX OCO-
DeHHOCTEH.

TH.KUI‘U [JD,II.E. HCCIeTOBRanHA IIIJCIHE,IEE'HLI dBRTOPAMH B pﬂ.ﬁﬂliﬂ BITHAHHA 30JI00TBAIIOR
Jlyranckoii TOC B 2002 rogy [4].

B reojorsyeckoM CTPOEHHH TEPPUTODHH pa3sMelleHHs 30JI00TBAIOB NPHHHMAIOT
}"IG.ETHE Nopoasl MEIIOBOIO H T-IC»TEEPTH‘IHOTO BO3DACTORB. BEPXHEMEJ’IDBME nmopolkl Ipei-
CTaBJIEHEl CBETIIO-CEPEIMH TIIHHHCTEIMH MEPTrefisiMH, MENONOI00HBIMH MEPIEIAMH C BbI-
COKHM COJEpKAHMEM KpPEMHHEBOH ranbkd. MONIIHOCTE OTIOXKEHHH COCTaBIAeT OKOJOo
400 M. YeTBepTHUHEIC ALTIOBHATLHBIE OTIOKEHHS [IPEJICTABNECHE] B OCHOBHOM, Pa3HO3Ep-
HHCTREIMH TIECKaMH C HPDCHDHMH I''THH, C}"I"JIHHKGB. MaxcuMaibHas MOOIHOCTE JaHHEIX

OTIIOXKEHHH B TIpe/ieNax H3y4aeMoro yJacTka cocTaBuia 21 M.

Brinensemele 1Ba rOPH30OHTA MOA3EMHBIX BOJI CBA3AHEI C A/LUIOBHATEHEIMH HETBCP-
THYHBIMH H BEPXHEMEJIOBBIMH OTIOMCHHAMH. BogoBMemawiiHe [1opoJikl Bﬁ,-'l,ﬂiIDGHLaIX
TOPH30HTOB Pa3[ENEHbl PErHOHATBHO BhIIEPKAHHOM 3aK0JIEMaTHPOBAHHOH 30HOH Bepx-
HEll YacTH TPEeIIHMHOBATHEIX MEIOBBIX OTIOKEHHH. Me#xny BOJOHOCHBIMH FOPH30HTaMH H
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noBepxHOCTHEIMK Bojamu pek Cepepckuit Jlowen, Ajinap u Escyr cymecrsyer TecHas
rujipaennyeckas cBasb. [Ipu 9T0M aTMOCchepHbIE OCaIKK W TeXHOTEHHEIE BOJLI B PE3Yilh-
Tare UHQUIBTPALMH IPOHUKAIOT B AJUOBHATLHBIA BOJIOHOCHLIA TOPH3OHT U Janee Yepes
THAPOTe0JOrHYeCKHe «OKHA» 30HBI KOJIBMATAIMHE B BOJIBI BEPXHEro Mena. Pasrpysxkatorcs
T0/I3¢MHBIC BOJIBI B MECTHYIO IHApPOrpaguyeckyo ceth B peku Cepepckuii Jouen, Aiimap
i EBcyT, Kya HampaBIeH YKJIOH IOA3EMHOIO MOTOKA.

IIpoMBIIITEHHO-9K0IOTHYECKIM coto3oM «Jlonbace-Azorre, XXI Bek» B paiione
BaHaHuA 307100TBaNoB Jlyranckoii TOC opranusoBana peXHMHO-HabmOgaTenBHAsS CETh,
cocroamas K3 40 cksaxkuu. [lpu stom 20 ckBamuu 000py10BaHEI HA ALIHOBHANBHEI rO-
pu30HT U 20 HA BEpXHEMEIIOBOH,

OIHO3HAYHO YCTAHABIMBAETCS 3HAMMTENLHOE TEXHOTEHHOE BO3JEHCTBHE Ha IOJ-
3€MHEIE BOJBI H BOJOBMELIAOIIME IOPO/Ll €O CTOPOHEI 30m00TeainoB Jlyranckoin TOC.
ITpu 3TOM HabDop KOMIIOHEHTOB-3arps3HUTENeH /I8 ATTOBHAILHOIO M BEPXHEMEIOBOTO
TOPH30HTOB OJIMHAKOB. AHOMAJBHEIE KOHI[EHTPALMH YCTAHABIHBAIOTCA 1A MUHEpAH3a-
uun po 2,04 ITAK; cynsdaros go 1,46 ITIK; xmopunor mo 1,73 ITIK; xeneza mo 2,17
ITJK; mapranma mo 1,5 TIIK; uunka go 1,5 THIK; menn go 1,1 THOK; aukens go 5.2 TIAK:
kobansTa g0 2,2 [JIK; cernna go 2,1 IJIK; xamvus no 2,3 TTIK.

Briienennele cyMMapHBIE Opeosbi 3arpA3HeHHs MMET TECHYI) NpOCTPAHCTBEH-
HYI0 M T€HETHYECKYIO CBA3H ¢ 30mooTBanaMu Ne 1 u Ne 2. Mx dopma corsacyercs ¢ Ha-
NpaBIeHHEM JIBHKEHHA NMOJ3EMHBIX BoI B cTopoHy CuacteuHcKkoro, IlerpoBckoro Boo-
3a00poB nHTEEBOH BoAHI H K p. CeBepeknit Jlonern (puc. 1).

Hanuuke reHeTHYecKH OJHOPOJHOTO HCTOYHHKA 3arpa3HEHHs MOJ3EMHBIX BOJ 1O~
3BONAET YTBEPKIAaTk 00 OJHOHAIPABIEHHOM TEXHOTEHHOM Mpollecce, MPOABIEHHOM Ha
HCCeyeMOH TEpPHTOPHH H HMEIOIIEM OTYETIHBO BHIpRKEHHBIE (H3HKO-XHMHYECKHE,
F’HAPOreOXHMHYECKHE H MHHEPATOTO-TCOXHMHYECKHE 3aK0OHOMEPHOCTH Pa3sBHTHA.

B snuueHTpax 3arpA3HEHHS PACHPOCTPAHEHB! BOjLI ¢ npeobiagaHueM cylibhar-
aHHOHA W HAaTpHil-kaTHOHA. AHHOHHBIH cocCTaB BOIBI 3aKOHOMEPHO MEHSETcs OT LIeHTpa
opeona 3arpA3HeHHs K nepu(epHy B cleayroumeM nopsiake: cyinsharHelii — cyib(arHo-
XJIOPHUAHEIH —» XJIOPHIHBIH —> XJIOPHIHO-THAPOKapOOHATHEIH—>THAPOKAPOOHATHLIH.
JTHM NIPE/ICTaR/IcHA KOJIOHKA 3aMEIleHHS NPHPOAHEIX FHIPOKapDOHATHEIX BOJ TEXHOIEH-
HBEIMM. AHHOHEI CHIIBHBEIX KHCJIOT 3aMEINaloT aHHOHE! Cia0LIX KHCIIOT.

YcTaHaBIHBaeTCs TaKkKe 3aKOHOMEpPHAs CMEHA4 KaTHOHHOIO COCTaBa BOJEI B Ha-
TIpaB/ICHHH: HATPHEBbIH — HAaTPUH-KaTbIHERBIH —> KalbIIHEBBIH —> Kallbl[Hi-MarHHEBEIH.
3jeck OTMeYaeTcs LIeI0YHAs HAllPaBJIeHHOCTh NPOLecca 3arpA3HeH s, KOIJla B SIHICHTPE
KOHILICHTPHPYIOTCS INENOYH, KOTOPHIC CMEHAIOTCH CyOIIeNoYHBIMM MeTallaMH H janee
OCHOBAHHAMH,

HPKD BREIpAMKEHHAA 30HANBHOCTE MOMKET CBHIOETCIBCTBEOBATE O IMOJIHOTE MMpOABJIIE-
HHUS Ipouecca npeobpasoBaHusa BOILI M BMELIAIOIHX ee Iopold. 3arpA3HEHHBIE BOJIEI B
npouecce GUIBTPALMH BAOJE IJIACTA BOJOBMELIAIONIUX IIOPOJ OYHILIAIOTCS, 3arpa3HsI0-
He KOMIIOHEHTBI IPH 3TOM CBHA3BIBANOTCH BEleCTBOM BMEMIAIOMIHX MOPOJ, KOTOPHIC B
pe3yibTare 3TOr0 NPETEepIeBAOT 3HAYHTE/LHEIE CTPYKTYPHO-BELIECTBEHHEIE H3MCHEHH.
[Iponece 3aMellieHHs HMEET ONpeaeIeHHYIO Hel0YHO-CYIb(aTHYI0 HallpapIeHHOCTE.

B cBs3M ¢ TeM, uTO B cHCTEME BOJa — BMEIIAIOIIAN [10poJa ¢ TeUeHHEM BpPEMEHH
YCTAHABIHBACTCH OTHOCHTECNIEHOE PABHOBECHE, COCTAB BOJBI pasnmH4YHbIX 30H IMHUTIEHE3a
COOTBETCTBYET MHHEPAIOr0-re0XHMHYECKHM 0COOEHHOCTSM BMEIIAIONIEH Cpe/ibl B Mpeae-
JIaX 3THX 30H.
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Pue. 1. [HapoxaMudeckas 30HATBHOCTD 3MMTEHETHIECKOT0 opeoia: | — KOHTYp opeoJia cymMmap-
HOTO 3arPA3HEHMA; 2 — XJI0PUAHO-CYIb(aTHBIE HATPHEBBIE BOJLL, 3 — CYIB(DATHO-XIOPHIHEIE
HATPHii-KaTbLHEBEIE BOIBI; 4 — XIOPHIHbIE KATBLHEBBIE BO/bI; 5 — rupokapboHaTHO-
XJIOPHIHEIE MAarHHH-KANkIHEBEIE BO/LI

Takum 06pa3oM, B IIpolccce TEXHOTEHHOIO 3arpa3neHus (GOPMHPYETCs 30HAIBHO-
MOCTPOEHHBIH Opeoil SMATEHETHYECKH M3MEHEHHBIX BMEIIAIONAX BOAY NOPOM, KOTOPLIC
OTpE/IENAT 3aKOHOMEPHOCTH H3MEHEHHA COCTaBa BOMBI OT SMHICHTPOB Opeoia 3arpss-
Henus k ero nepudepun, KonoHka 3MHTEHETHYECKOTO 3aMELICHHS HOBOOOPA30BAHHBIX
MHHEPAIOB B 3T0M HANpaBJieHHN BBINIAANT TAK: CYIb(AThl HATPHA — CyIb(ATh H XJI0PH-
IBI KATBIHA —> XJOPHAB KATbLUHA —»XJIOPHIEl KalbUHA W MarHus — rHApoKapOoHaTE
KambIMg ¥ MAIHHUA—> MHIPOKapOOHATE H kapOoHaThkl Kalbikd, Jlns HEH3MEHEHHOMH 4acTH
KOJIOHKM XapakTepHo Ipeofiajganue kapboHATOB Kalbkius, B MEHBIIEH CTEIEHH MarHis H
xeneza. HopooBpazosaHHEe MHHEPAIE] OPEOTA STIHTCHE3A MOTYT PasBHBATECH aBroMopp-
HO, 3AII0/IHAS MOPBl H MYCTOTH BMEIIAIONKX TOPOA, 1 ncepoMopdHO, 3aMellas nepBHY-
HEle MUHEpais 3epHo Ha 3epHo. [Ipu aToM Habiro/aeTea 3aKOHOMEPHBIH DanaHc BeIecT-
Ba, COMPOBOXKIAOIIHAIICS TTPHBHOCOM TEXHOTEHHBIX KOMIIOHEHTOB M BBIHOCOM H3 30H H3-
MeHeHHs KOMIIOHEHTOB MATEPHHCKIX TIOPOJ M [ePeoTIOKEHHeM HX Ha HepHpepuu opeo-
na. KoMmoHeHTaMH TPETepreBaolaMH 3HAUMTE/IBHEIH BRIHOC B YCIOBHAX MIEIOHHO-
cyb(ATHOTO 3NUreHe3a MOTYT OBITE JULA [ECKOB, BMEIIAIOIIHX ATIOBHAIBHEIH BOI0HOC-
HE1H ropusonT — Si03, a /1s Mepreniel Bepxrero mena — COs, Si0; u CaO.
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Kpome Toro, ormedeHHEIe BelIECTBEHHBIE H3MEHEHHS BMEIIAIONNX MOPOJ comnpo-
BOXKIAIOTCH  CTPYKTYPHBIMH — Npeo0pa3soBaHHAMM H  H3IMEHEHHSMH HX  (H3HKO-
MeXaHHYeCKHX CBOMCTB, YTO, BO3MOMHO, BIHSET HAa CKOPOCTh 3aMieHHs cKpaxkan PHC.
MensioTes Takxe (QHIBTPALMOHHBIE CBOMCTBA BOJOBMEIIAIOMMX [OPOJ, 9TO BHOCHT H3-
MEHEHHA B THIPOAHHAMHYECKHH PEKHM [O/I3EMHEIX BOJ HCCIEYEMOro paiioHa,

KoppensiuoHHBIM aHaIH30M YCTaHABIMBAETCS OTYETIHBAs mudepeHHanms
MHKPO3JIEMEHTOB B pe3ylbTaTe TeXHOreHesa. Bellensrorcs /jBe acCONMHATHBHBLIE IPYIIEL
anemenToB: 1) Ni-Ge-Cu-Fe; 2) Zn-Mn-Co-Pb-Sr-Cr. Mexay 3THMH rpynnams ycraHas-
JIMBAETCA 3HAYHMas OTPHLATENBHASA CBSA3b, TO ECTh YBENTHIEHHE KOHUEHTPALMH JIEMEHTOB
OAHOH TPYIITIBI COMPOBOK/IAETC CHHKEHAEM KOHLEHTPAIMH 3IEMEHTOB JPYTOil Iy
OT0 TaKKe CBUIETENLCTRYET O PA3MYHBIX YCNOBHAX JIOKATH3AIHM JAHHBIX MHKpOAIie-
MEHTOB B IIPE/IENaX OPEOJIOB 3MHI€HETHYECKH H3MEHEHHBIX BONOBMEINAONUX nopo. Pb,
Co, Mn, Cr, Zn 1 Sr cBsi3aibl ¢ KOMIIOHEHTAMHU IEHTPATLHEIX H IPOMEKYTOUHBIX 30H Ope-
ora Texnoreresa: SO4~, Ca?’, CI', - T0 ects onu KOHIIEHTPHPYIOTCS OIHKe K SMHLEHTPAM.
B 1o pems kak Ni, Cu, Fe u Ge 06pa3yior 3Ha4MMyi0 OTPHIATENBHYIO CBS3E ¢ SO4°,
Na™+K*, Ca®* u Cl u HONOKHTETBHYIO cBsi3b ¢ CO3Y, TO €CTh OHM MCIBITHIBAIOT BEIHOC Ha
nepudepHio opeoa.

Taxum obpazom, mporecc 3arpa3HEHHA BOJOHOCHBIX FOPH30HTOB MMEET OJHOHA-
paBJICHHBIH CyIb(ATHO-INEN0YHOH XapaKTep pasBHTHS, NPHBOAALINA K (DOPMHPOBAHMIO
30HAIIBHO-IIOCTPOSHHOTO SMHIEHETHUYECKOTO Opeosia ¢ 3aKOHOMEPHOH aH(hepeHHaluei
MaKpo ¥ MHKPOKOMIIOHEHTOR KakK B BOJIE, TAK H BO BMCIIAIOIIKX e Mopoaax.

BeiBOALI:

1. B mponecce TexHOreHHOro 3arpA3HeHHs MOJ3EMHBIX BOA (JOPMHPYETCS OpEon
SMHTCHETHYECKH H3MEHEHHEBIX BOOBMEIIAIOIIHX [IOPO/L.

2. B npenenax opeona dIHMreHe3a JIOKATH3YIOTCH OonbIIHE O0BEMBI KOMIOHEH-
TOB — 3arpA3HuTeNel, B npouecce Mpeodpa3oBaHKs BMEMIAIOIIAX BOOY MOPOJ POHCXO0-
JHT OYHIIEHHE BOJIEL.

3. Opeon 3MUreHesa HMEET 3aKOMOMEPHOE, 30HAILHOE CTPOSHHE IO OTHOMIIEHHIO K
HCTOYHHUKY 3arps3Henus. B mponecce ero ¢opMHpoBaHUs IIPOMCXOJHT BHOJHE OMpee-
neHHas quddepeHImanys i JI0KaIH3alHs MaKpo- H MEKPOKOMIIOHEHTOB.

4. 3aMelleHHe MEepPBHYHBIX NOPOJ CONPOBOKAAETCS (DOPMHpPOBAHHEM 3MHIOPO,
MMEIOLIHX COOCTBEHHYIO CTPYKTYPY, MMHEPATELHEI COCTAR H TEOXHMHYECKYHO CIIEIHANH-
3ALHI0.

5. JlaHHBIH MOOXO0J K M3YYEHHK) IPOLIECCOB TEXHOTEHHOTO 3arpA3HEeHHs HMEeT
OoJBIIOE IpaKTHYECKOE 3HAYEHHE TIPH ONpejieIeHHH UCTOUHMKOB 3arpA3HEHHS M MacliTa-
00B ero IposABIEHHS.
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