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NMpeaucnosue

DKOJIOTMYECKasi TEOXUMUS — 3TO HAYYHOE HAIIPaBJICHUE, B pAMKaxX KOTOPOTO
(bOpMHPYIOTCS TPUHITUTIEI TEOXUMHYECKOTO MOHUTOPUHTA OKPYKAIOIIEH CPEeIbI,
BBISIBJISIIOTCS. TEXHOTEHHBIE W3MEHEHHUS TeOXUMUYECKOro (ona Ouocheps! B
LHEJIOM M OTHEIBHBIX JKOJOrO-TE€OXMMUYECKUX CHUCTEM, HX BIUSHUE Ha
OPUPOJIHYO Cpeoy UM Ha 4YeloBeka. B HacTosmemM  CIpaBOYHHKE
paccMaTpUBAIOTCSI  BONPOCHI  MHUTpallMK W TpaHchOpMalMi  BEHIECTB,
XUMHUYECKUX 3JIEMEHTOB B 3KOJIOIO-T€OXMMHUYECKHX cucTtemax. [lpu 3ToM B
TEPMUHAX U ONPEIEIECHUSAX PEICTABICHBI CIEIYIONINE ACTIEKThI:

1) Oxoeeoxumus cucmem. JlanamadT Kak 3KOJIOTO-TCOXMMHUYECKAsk CUCTEMA.
OO6mume o0coOeHHOCTH MHTpanuu. Murpanus XUMHYECKHX JJEMEHTOB B
paznuuHbIXx  JaHAmadTax.  XapakTepUCTHUKAa  MEXaHWYEeCKOH,  (PU3UKO-
XUMUYECKOM, OMOTEHHON U TEXHOTE€HHOW MUTpaIUu.

2) Oxoeeoxumus npoyeccog. THIBI DIEMEHTAPHBIX H TEOXUMHUYECKUX
naHama@ToB  (IKOJIOTO-TEOXMMUUYECKHX CHUCTEM), YCIOBUA U (PaKTOpPbI
MUTpalMi. 3aKOHOMEPHOCTH M OCOOCHHOCTH TIOBEJCHUS TapareHHbIX
accolMaliiii 3JIEMEHTOB B COBPEMEHHBIX TMPUPOJHBIX M TEXHOTCHHBIX
nanamadTax u cpenax. TexHoreHHass MUTpalys U YCTOMUMBOCTh T€OCHCTEM.

3) Okoceoxumusi onemenmog. 1'€OXMMHUS  OTHENBHBIX  XHUMHUYECKUX
AJIEMEHTOB M WX TPYNN B Pa3HBIX Npolleccax M cucTeMmax (MpUPOAHBIX H
TeXHOTeHHBIX ). [louBoreoxumus.

[IpuBeneHbl OCHOBHBIE TEPMHHBI U TOHSTHS, UCHOJb3yeMbI€ B T'€OXUMHUHU
nanamadTa, OMOTEOXUMUM, PKOJOTUM U XMUMUHU MOYB (pa3ziesl MOYBOBEACHUS),
AKOTOKCUKOJIOTUHM. OTH HAay4yHbIE HAIPaBJICHHUS HEMOCPEICTBEHHO H3y4aroT
MUTPALMI0 W TpaHCHOPMAIMIO BEIIECTB, XWMHUYECKHX DJJIEMEHTOB, HO C
Pa3IMYHBIX METOJIOJIOTMYECKUX MOo3uIuil. TeM He MeHee, KaKk OTMEeYaeT
B.B. J100poBoJIbCKHii, B HACTOSAILEE BPEMsI pa3rpaHUueHUuE OMOTE€OXUMUYECKUX,
AKOJIOTO-TEOXUMHUYECKUX,  TMOYBEHHO-TEOXMMUYECKMX W  JaHAmadTHO-
T€OXMMUYECKUX UCCIIeT0BaHNM BechMa yclIoBHO (JloOpoBonbckuii B.B. OcHOBBI
ouoreoxumun. M., 1998). Jlns u3ydeHUss U WMHTEPIPETAIUU XUMUUYECKOTO
cOoCcTaBa KOMIIOHEHTOB JIAHAWA(TOB M TMOTOKOB BEIIECTBA HCIONb3YIOTCS
NPEICTaBIICHUS] COBPEMEHHOW XMMHUU: (PU3NUECKOW XMMUU, HEOPTAaHUUYECKOU U
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OpraHUYeCcKON XMMHHM B KOMILUIEKCE C METOJIaMU XUMUYECKOTO U (PU3UUECKOTrO
aHaus3a.

HNmess  coOCTBEHHYIO TEOpHIO, MeToAbl H  chepy  IpUIIOKEHUS,
JKOJIOTMYECKass T€OXMMHUS B 3HAUMUTEIBHON CTENEHH HCIOJb3YET TEOPHIO U
PAKTUKY CMEXHBIX HayK: KPOME€ COBPEMEHHOM XMMHH, 3TO Treorpadusi Mmoys
(kaTeHapHBId  TOAXOJA,  30HAJBHO-NPOBUHLMANBHAA  AuddepeHnnanus
MIOYBEHHOT'O0 TOKPOBa, MOYBEHHO-reorpaduyeckoe KapTorpadupoBaHUE U
parioHupoBanue), Ouoreorpadust (reorpadus pacTeHHM, Te€000TaHHKA),
reomopdosiorusi  (BogocOOpHBIE ~ OacCeiiHbI,  CKJIOHOBHIE  IPOIIECCHI),
najneoreorpagusi (3BOJIOLUS OPUPOJBI B KAWHO30€), TUAPOJIOTHS CYIIH
(ruapoxuMus, y4€HUE O CTOKE), KJIMMATOJIOTHUA (MUKpPOKJIMMAT, BOAHBIA U
TEIJIOBOM OanaHc, paauanus, TeMIleparypa, OCaJKd, HCHapeHue u Jp.),
kaprorpadus 1 reonH(pOpMaTHKa (IKOJOTHYECKOE KapTOrpadUpOBAHHUE).

[Ipy u3y4eHUM TE€OXMMHUYECKHUX aCIEKTOB B3aMMOJCHCTBHUS NPUPOIBI H
oOlIecTBa MCIMONb3YIOTCS JIaHHbIE 3KOHOMHYECKOM reorpaduu, SKOHOMUKH:
IOTOKH CBIPbsl U TOTOBOW NPOIYKINHU, TEXHOJOIMYECKUE LHUKIIBI, PA3MEIICHHE
MIPOU3BOJICTBA, 3KOHOMUYECKOE PpPAaWOHUPOBAHHUE, SKOJOT0-3KOHOMHYECKHE
aCHeKTHI U JIp.

Ocoboe MecTO B CHPAaBOYHHUKE YAEJIEHO MUTpalud U TpaHCPopMauu
coenuHeHn TAxKENBIX MeTauioB (TM). MHorue ompeneneHus U3JI0XKEHBI Ha
npumepax murpauuu TM B pasznuuHbIX nporeccax W jda”amadrax. Octpora
AKOJIOTMYECKUX TMPOOJEM BbI3BAJIA HEOOXOJUMOCTh M3YyYEHHS TEXHOTE€HHOM
murpati TM, OJHAaKO ypOBEHb TEOPETUYECKOIO OOOOLIEHUS CYIIECTBEHHO
OTCTaéT OT HAKOIUIEHUs (QakTuueckoro Marepuana. OYEBUAHO, YTO IS
U3YYEHUS TEXHOTECHHBIX TE€OXMMHUYECKMX ITOTOKOB TSDKENBIX METaIOB
Ba)XKHEUIIEH CTAHOBUTCS CUCTEMA «OTXObI (ATMOC(EPHBIE BBINAACHNUS) — IOYBA —
pacteHusi (KUBOTHBIC)». B clipaBOYHMKE OTpPa’KE€HbI PE3yJbTaThl COBPEMEHHBIX
UCCJIEIOBAHNMN 110 TEXHOIC€HHOW MUTPALIMU TSKEIBIX METAJIJIOB.

CrpaBoYyHUK  MpeJHa3HA4eH I CTYAEHTOB, OOy4YaloIIUXCS IO
AKOJIOTUYECKUM CIIELIUATIBHOCTSIM.
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A

Ab6uozeHHbIl naHowagpm

JlanamadT, A9 KOTOPOro XapakTepHa TOJIbKO MEXaHW4yecKas U (PU3UKO-
XUMUYecKass Murpanusa. AOUOreHHble JIaHaAmadThl MOPUMHUTHUBHBL — MX
0JIHOOOpa3re roBOPUT O MaJIOM KOJUYecTBEe MH(pOpMaluu camMod MpoCTod e
(GopMbl — HeopraHuuyeckoil. BplnenstoT cienymoomue rpynmnbsl a0MOreHHbBIX
nanamadToB: 1) ¢ okucnurenbHOM aTMochepoit (COBpeMEHHBIE 3€MHBIE); 2) C
BOCCTAHOBUTEIBHOM arMmocepoit (coBpeMeHHble HaHamadTel BeHepbl u
Mapca, BeiMepuIne 3eMHbIe); 3) 0e3 atMocdepsl U Tuapocdepsbl (JIaHamaPThI
JIynsl, MepKypusi, aCTEPOUJIOB).

AemomopghHbIe noyenl

[Io4BBl aBTOHOMHBIX JaHAMIA(TOB, CYHIECTBYIOIIME B YCIOBHUSIX XOPOIIEH
a’paluu. ITO MOYBBI aTMOC(HEPHOrO YBIAXKHEHUS HAa XOPOIIO APEHUPOBAHHBIX
dopmax penbeda, ri1yOHnHA TPYHTOBBIX BOJ — OoJiee 6 M.

AzponaHowaghm

TexnorenHass naHAmaQTHO-TEOXUMHUYECKAsi CHCTEMa, OCHOBY KOTOpPOM
COCTABJISIIOT ~ 3€MJIEJICIIbYECKME TUIOIIAAM M  HMCKYCCTBEHHO CO3JaHHbIC
ouoTuyeckue cooOlecTBa. ArpoyianamadTel TPEACTaBISIOT OCOOBIM OTPSI
TEXHOTEHHBIX JaHAMA(TOB, BaKHEHIIEH TC€OXMMUUYECKOW XapaKTEPUCTHKOM
KOTOPOTO, KaKk W B OOJBIIMHCTBE MPUPOIHBIX JAHAMA(PTOB, CIYKHUT
OMOJIOTUYECKHUI KPYTOBOPOT aTOMOB, OTJIMYAIOLIUNACA OT UCXOJAHBIX OMOTE€HHBIX
JaHAA(TOB: 3arachl u CTPYKTypa (duTOMacchl MOJIHOCTBIO
TpaHC(HOPMHUPYIOTCS, CUIIBHO TPAaHC(POPMUPYETCS KPYTOBOPOT a30Ta M APYTUX
OMOTeHHBIX 3JIEMEHTOB. | TaBHOE Ha3HaueHHe arpojaHamadTa — MPOU3BOIUTH
MAaKCUMYM CEJIbCKOXO35MCTBEHHONW NPOAYKIUU — BCTYNAET B MPOTHUBOPEUHUE C
3arpsi3HEHUEM CpeJlbl, BOZHUKAIOUIUM B pe3yibTaTe XUMHU3ALUU U IPYTUX BUIOB
arpotexHoreHe3a. Tak, OCHOBHBIM HMCTOYHHUKOM TOCTYIUICHHMSI TSKENBIX
METaJUIOB B arpojaHamadTsl SBISIIOTCS HECTaHIAPTU30BAaHHBIC YIOOpEHWS,
OTJIMYAIOIIMECS BBICOKUM YPOBHEM COJEpXkKaHUS KOMIUIEKca MeTauioB. TM
BKJIFOUAIOTCSI B MECTHBIE MUTPALMOHHBIE LMKJIbl M YAaCTHUYHO BBIHOCSTCS 3a
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npenensl  arpoiasamadToB.  JlaHHBIE  yKa3bIBalOT Ha  CEJIEKTHUBHYIO
KOHIIEHTpAIMIO B pacTeHusx npuopurtetHoix TokcukantoB (Hg, Cd, Pb). B To
KE BpEMsl pacTeHHs O00JIaal0T 3alMUTHBIM MEXaHW3MOM HPOTUB BBICOKHX
koHueHTpauuid TM. [loaToMy npH 3KOJOTMYECKHX OLIEHKaX arpojaHAIadToB
HEOOXO/IUMO YUYWUTHIBATh BUJOBYI0 OHOTr€OXMMHYECKYIO CHEIUAIU3AIUIO
CEJIbCKOXO3SIUCTBEHHBIX KYIBTYP.

AzpomexHuyvyeckue MemoOdb! peKynbmueayuu 3a2psi3HEHHbIX 1046

Meponpusitrs, BKIIOYAIOIIME BHECEHHE MUHEPAIbHBIX YAOOPEHWH, YTO
BEeET K OOECIEYCHHUIO ONTHUMAIBHOTO COCTOSIHMSI PACTEHUH W CHUKEHHIO
TOKCHMYECKOI'0 JIEWCTBUS Ha HUX 3arpsasHsonmx BemecTtB. Heobxoaumo
BbIOMpaTh YCTOMUMBBIE K 3arps3HEHUI0 METAJUIAMHM CEJIbCKOXO3SIIICTBEHHbIE
KyJIbTYpbl, y KOTOPbIX B TMHILYy HCHOJb3YIOTCA IUIOABI, TaK KaKk B
PENpPOIYKTUBHBIX OpPraHax pacTeHUH KOHUEHTpALMs 3arps3HSIOLIMX BEIIECTB
HOBBIIIAETCA MTO3XKE, YEM B BET€TaTUBHBIX.

Az2pomexHoz2eHe3

TexHOreHe3, BKIIOYAIOMIMK CIIEAYIONIME BUIbI BO3IACHCTBUN: XUMH3ALMS,
ruipomenropanuss (OpolleHHe, OCYIICHHWE), pachlalika I04YB, 00e3JeceHHe,
3pOo3Usl MOYB, OIYCThIHMBaHUE JIaHAWAPTOB, Jerpajanus JaHImapToB
(coBOKymHOE  BO3JICHCTBUE HECKOJBKMX BHUJOB arporexHorenesa). [lo
MHTEHCUBHOCTH U XapaKTepy BO3JCWUCTBUS BBIIEISIOTCS JIBa T€OXMMHUYECKUX
TUIIA arpoTeXHOreHe3a: 1) MmpsiMoe reOXMMHUYECKOE BIIUSIHHE arpoTEXHOreHe3a
Ha TMPUPOJHbIE JaHAMA(THl, K KOTOPOMY OTHOCUTCA XHMH3ALUsl CEJIbCKOTO
XO35UCTBA W arpoTeXHOTeHHass o0paboTka 3emiM; 2)  KOCBEHHBIC
F€OXMMUYECKHE TOCIEICTBUS, BOSHUKAIOIIUE B PE3YyJIbTaTe IMAPOMEINOPALINHY,
9PO3UHU MOYB, 00€3JIeCEHUs], ONYCTHIHUBAHUS U JIPYTUX MPOLIECCOB JErpagaliiu
JaHAma@ToB. OTU TUOBl  ONPEIEHSIOT MPEUMYLIECTBEHHO IUIONIAJHOE
(xumu3zamusl) WIM  JUHEWHO-TJIOMaAHOe  (OpOIIEHHE) PpaclpOoCTPaHECHUH
3arpsi3HEHUsl. ATPOTEXHOTEHEe3 BIMSET Ha NPUPOJHYIO Cpeay B T100aibHO-
peruoHaibHOM MaciTabe, 0COOEHHO B PErMOHAX AJIUTEIBHOIO MHTEHCHBHOIO
3emiieIeTusl.

A3omapukcupyrowyue 6akmepuu

['pynna  MOYBEHHBIX  MHUKPOOPTaHM3MOB  —  KIyOCHBKOBBIE U
CBOOOHOXKUBYIIME OaKTepUH, 00JAJAI0NINE HCKIIOYUTEIBHON CIIOCOOHOCTHIO
ycBauBaTh U3 BO3JyXa aTMOC(EpHBIN a30T U B MpOIecce KU3HEAEATEeIbHOCTU
oOpa3zyrolme |3 MOJICKYJISIPHOTO a30Ta OeIKU U JIpyTHue OpPraHUuYecKUe
COEIMHEHMS a30Ta, KOTOpbIE HCIOJIB3YIOTCA pacTeHUsMU. DHKcalUIo a30Ta
OCYIIECTBISIIOT ~ OTJENbHbIE CIIEHHUAIU3UPOBAaHHbIE OakTepuu cemeicTBa
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Azotobacter W B ONpeAeiIEHHBIX YCIOBHUSAX CHHE-3€JICHBIC BOIOPOCIIH.
Pa3noobpa3Hbie o cocTaBy KOMIUIEKCHBIC COSIUHEHUS TIEPEMEHHO-BaJICHTHBIX
anemenToB (Fe, Mn, Cr, Al, Ni, Cu, Ag u 1ap.) ¢ aMHUHOKHCIOTaMH,
KETOKHCJIOTAMH, OPTaHUISCKUMH KUCIIOTaMH, aMHHAMH U TIP., 00pa3yroIIrecs B
pe3yabTare a3oTdukcanyu, 00Jaal0T MOBBIMICHHOM PAaCTBOPUMOCTBIO M TEM
CaMbIM  YCKOPSIIOT ~MUTPalMI0 3THUX JJIEMEHTOB, YCHUJIMBas  IPOILECC
«CaMOOYHILICHUSD TI0YB.

Asomdapukcayus

[Iponecc XUMHAYECKOTO (MHKPOOHOIOTHYECKOTO) IIPEBPALLICHUS
aTMOC(EepHOro ra3o00pa3HOro a30Ta B HUTPAThl UJIM aMMOHUNHBIE COCTUHEHUS.
B nouBe ocymecTBisieTcs: npeodpa3oBaHre HHEPTHOTO MOJIEKYJISIPHOTO a30Ta B
bopMBbI, TOCTYIHBIE JJisl BKJIIOYEHUS B OHOJIOTHYECKHI KPYTrOBOPOT. SApKum
MOKa3aTeyieM MOBBIIICHHOTO COAEPKaHUsI B MOYBE TSKEIIBIX METAIJIOB CITYKHUT
YPOBEHb a30T(HUKCUPYIONIEH AaKTUBHOCTH, ONpPEAENseMbIi alleTHUICHOBBIM
MeToioM. DddexT mnojaBiIeHUS a30TPUKCUPYIONIEH eATeIbHOCTH IOYB
U30BITOYHBIMM ~ JI03aMH  METauIOB, K KOTOPBIM HE  aJlallTUPOBaHbI
MUKPOOPTaHU3MbI, MOXKET OBbITh MCIOJIb30BaH ISl OIEHKA HWHTEHCUBHOCTH
TEXHOTCHHOTO 3arpsi3HeHus mo4yB. [IpombliiieHHas ¢ukcarusi aTMocdepHOro
azota — HauOoJiee CHJIbHOE BMEIIATEIHCTBO B CUCTEMY MPHUPOJHBIX IUKIOB
MacCcOOOMEHa XUMHUYECKUX DJIEMEHTOB.

AkeanbHbIl (cybakeanbHbIl) naHOwagm

KoHeuHoe 3BE€HO KAaCcKaJHOW CHCTEMBI Pa3IMYHOIO MOPSIAKA: OT MPOCTOU —
KAaT€Hbl, T/I€ OHO CIYXUT NPUEMHHKOM MUTPALMOHHBIX MOTOKOB C
AJIEMEHTApPHBIX BOJOCOOPOB, JIO CaMOM CJIOKHOM KacKaJHOM CHUCTEMBbI —
JTaHAIIaQTHO-TEOXMMUYECKONW apeHbl, B KOTOPOW aKBaJbHbIC JAaHAMA(THI
MPEJCTABICHbl KPYMHBIMU pEeKaMHU W 03€paMH, KyJa MOCTYMNaloT BEIIECTBA C
00npIION BOJOCOOPHON TMJIomaau. AKBaJbHbIE JaHAWA(THI MNPEICTABISIOT
co0OO0l CJIOXKHBIE TMHAMUYECKHE CHCTEMbI, KOTOPbIE aKKyMYJIUPYIOT TBEPIbIE U
pPacTBOPEHHBIE BEIIECTBA, BEIHOCUMBIE W3 PACHOJIOKEHHBIX THIICOMETPUYECKU
BBIIIIE ABTOHOMHBIX, TPAH3UTHBIX U CYNEPaKBAJIbHBIX JIAHAMAPTOB. AKBaIbHBIC
naHamadTel BKIOYAIOT B Ce€0s1 BOJHYIO MacCy, )KUBOE BEIIECTBO, JOHHBIC HIIbI
U 3aHUMAIOT pa3jauyHbie (OPMBI MOJABOJHOTO penbeda. Cyurtaercs, 4To IO
COCTOSIHUIO aKBAJIbHBIX JAHAMA(DTOB MOXKHO OIICHUTH COCTOSIHHE TPHPOIHOU
Cpelbl ¥ CTeTIeHh TEXHOTCHHOW Harpy3KH Ha JIaHamadThl BCEro BojgocOopa.

AKmueHasi KUCJIOMmHOCMb M0Y8bl

Kucnornoctb, oOycioBivBaeMass HaJu4MeM B TIOYBEHHOM pacTBOpE
CBOOOJTHBIX HEOPTaHWYECKUX U OPTaHUYECKUX KUCIOT. AKTHUBHAS KUCIOTHOCTH



20

ompenensiercss nmo BenuuuHe pH BogHON BHITSDKKU. M3MeHeHHE KHCIIOTHO-
OCHOBHOT'O pPaBHOBECHS B IOYBE BIIMSIET HA MEMOpPAHHBIM MOTEHLHAT KOPHEH,
TaK Kak, HampuMmep, MpH CHIKEHHH pH MOYBEHHOro pacTBOpa MOAABISAETCS
JUCCONMAIINS aKTUBHBIX TPYII JIUIUIOB, MPOTEMHOB M JIPYTUX KOMIIOHEHTOB
KJIETOYHOM MeMOpaHbl, TOHUXKAETCS OTPUIATENIbHBIA 3apsii MOBEPXHOCTH
KOpHE M Kak CJEICTBHE NPEUMYIIECTBEHHOE IIOTJIONICHHE KAaTUOHOB U3
pacTBopa 3arpyansercs. HapyiieHune mpoleccoB MOTJIOMIEHUS MUTATEIbHBIX
BEIIIECTB KOPHEBBIMH CHCTEMaMH DPACTCHHH yCyryOiseTcs W3MCHCHHSIMHU B
COCTaBE MOYBEHHOr0 pacTBOpa. JJOCTYITHOCTh BaKHBIX OMO(DHUIBHBIX 371€MEHTOB
Kalbllisd, MAarHus, Kajius TajaeT B pPe3yJbTaTe WX BBIIICIAYNBAHUS U3
puzochepsl B Oonee THyOOKHE TOYBEHHbIE TOPU30HTHL.  [loBBIIAIOT
MOOUJILHOCTh HEKOTOpBIE DJIEMEHTHhI (TSDKENbIE MeETasuibl), OOJaJaroIIne
(bUTOTOKCHUYECKUMH CBOMCTBaMU. [10ABMKHOCTD 3JIEMEHTOB U, CJIEIOBATENIBHO,
OTACHOCTh MX COXPAHEHHWS M HAKOIUICHWS B TMOYBAX CYIICCTBEHHO 3aBUCAT OT
pPEeaKIMK Cpebl.

AKmMueHbIll 6UOMOHUMOPUH2

MOHUTOPUHT,  WCMOJB3YIONMK  IUIAHIICTHBIE  METOABl  MHIUKAINH
3arpsi3HCHMS, OCHOBAHHBIC Ha CBOMCTBAX HU3IINX, OCOOCHHO SMU(PUTHBIX MXOB,
JUIIATHUKOB U HEKOTOPHIX BUOB BBICIIUX PACTEHUM (OTAENIbHBIE copTa Tabaka,
KJIEBEp U JIp.) aKTUBHO MOTJIONIATh MOJUTIOTAHTHI U3 aTMOC(EPHOTO BO3AyXa U
MTOYB.

AHUOHO2€HHbIe XUMUYeCKUe 3J/1IeMeHMbI

DneMeHTHI, JIETKO 00pa3yroline pacTBOPUMBIE aHWOHHBIE M KapOOHATHbBIE
koMmiiekcel — B, V, Mo, As, S, Cr. CnocoOHOCTH 3THUX DJIEMEHTOB
00pa3oBbIBaTh B MICIIOYHOW CpPEIE€ PACTBOPHMMBIE AHMOHHBIE M KOMILUICKCHBIC
COCTMHEHMUSI CYIIICCTBEHHO PACIIUPSIET AUAMTa30H UX MUTPAIIHAH.

AHUOHBLI 06MeHHbIe

Haxonsmmecs B MOYBEHHOM  TOTJIOMIAIONIEM  KOMIUIEKCE  aHUOHBI,
CIOCOOHBIE PKBUBAJICHTHO OOMEHHMBATHCS Ha aHMOHBI B3aUMOJICHCTBYIOIIETO C
nouBoi (TBEpaON (ha3zoif) pactBopa. OCHOBHAs 4YacTb OOMEHHBIX AHHMOHOB
HAaXOJUTCSA B TIOYBAX Ha TMOBEPXHOCTH THAPOKCHIIOB >Kelie3a M aFOMHHMS,
KOTOpPbIE B YCIOBUSAX KHCJIOW pEaKIMd HWMCIOT ITOJIOXKHUTCIBHBIA 3apsl.
NHTEeHCUBHO MOTJIOMIAIOTCS aHUOHBI OPTraHOTEHHBIMU MTOYBAMHU U TOPU30HTAMHU.
B 06MeHHOi1 (popMe B mouBe MoryT mpucyrcrBoBath annonsl C1, NO3 ', SeO,”,
MoO,*, HMoO, . O6menHbie docdar-, apceHaT- U CynbhaT-aHHOHBI MOTYT
colepkaTbCs B IOYBaX B HEOOJIBIIMX KOJMYECTBAX, TaK KaK OTH aHUOHBI
MIPOYHO TIOTJIOMIAIOTCSI HEKOTOPHIMU KOMIIOHEHTaMU TBEPJBIX (Pa3 MOYBHI U HE
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BBITECHSIIOTCSI B PAacTBOpP IpPU BO3AECUCTBUHM IPYrux aHUOHOB. llormoieHwne
AHUOHOB TIOYBAMH B HEOJArompHUsTHBIX VYCIOBHUSIX MOXKET TMPUBOIAUTH K
HAKOIUICHUIO PAJIa TOKCHYHBIX BEILIECTB.

ApudaHumHble pacmeHusi

Bunbl pacreHuii, BO3HUKIIME B apWAHBIX JaHamadTax MU HSHEPTUYHO
HaKaIUIMBAIOIINE AHUOHOTCHHBIC MHUKPOSJIEMEHTHI. 3aKpersisich
HACJICJICTBEHHOCTBIO, APHUJIAHUTHOCTH MOXKET MPOSIBUTHCS W B TYMHUJHBIX
napamadTax (MpU MUTPAIMM  APUIAHUTHBIX BUIOB). PallmoHANBHO TaKke
BBIJICTISITh U ApUJIAHUTHBIC BUBI )KUBOTHBIX (A.Jl. AliBa3siH).

Acnekmbl 2eoxumuyeckoll 0esimesibHOCMU op2aHU3Mo8

1) Opranu3mbl Kak HENOCPEJICTBEHHbIE KOHIIEHTPATOPHI JJIEMEHTOB, B
pe3yJbTare JACSATEIbHOCTH KOTOPhIX OOpa3yloTCs TOpHBIE TOPOJLI  C
opranHoMopdHON CTPYKTypou u TekcTypou. 2) XKuBoe BemiecTBO kKak (haxkTop,
onpenensomuil GU3NKO-XUMUUECKUE YCIOBHUS MUTPAIMU 3JIEMEHTOB B JJAHHOM
o6uokocHoi cucreme. 3) CymmapHbiii 3GHEKT AeSITEIBHOCTH KUBOTO BEIIECTBA
3a TEOJIOTUYECKYIO UCTOPUIO: OPraHU3Mbl BBICTYNAIOT B KAUYE€CTBE BaKHEHIIETO
dakTOpa MUTpALIUU SJIEMEHTOB, ONPEIEIISIONIET0 BCIO FTEOXUMUIO0 3€MHOU KOPHI.

Accumunsayus

YcBoeHne OpraHnu3MamMu IOCTYIIAKOIINX U3 OKPYKAIOLIEH Cpeabl BELIECTB B
IIPOLIECCE CO3JaHUS KUBON MATEPUM.

AmmodapunbHbIe XuMUu4YecKue arieMeHmbl

DJIeMEHThI, COCPEAOTOUEHHBIE B aTMOC(epe: UHEPTHBIE Ta3bl, a30T; BCEro 7
anemeHToB (B.M. lN'onpammuar).

Ammoxumu4eckull (2a3oebili) MemoO rnoucka

['eoxuMHuYecKuii METOJ TMOUCKA MECTOPOXKACHUM, 3aKII0YaeTcsi B OTOOpE
nmpo0d Bo3ayxa. ['a30BbIe METOJbI MPUMEHSIOTCS NP MOUCKAX PaTUOAKTHUBHBIX
pya, HeDTIHBIX W Ta30BBIX 3aiexeil. IMeroTcs nanHbie 00 ux 3(PEeKTUBHOCTH
IIpU IIOMCKaxX W JAPYTUX THUIOB PYAHBIX MeCTOpoxacHuul. I[Ipsmon meron
MOWCKOB HE(TH W Ta3a OCHOBAH Ha OMNPENCICHUU MeTaHa M TOKEIBIX
YTJIEBOJIOPOJIOB B MIOYBEHHOM BO3]IyX€, B BO3/yXe OYpPOBBIX CKBaXXHH, B KEPHE.
B psge palioHOB, 0COOEHHO B TOPHOCKJIATYaThIX, 3TOT METOJ AT XOPOIIHE
Pe3yNbTaThl U TTO3BOJISIET OOHAPYKUBATH 3AJICKH HA TITyOMHE COTEH METPOB.
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b

Bakmepuu, pacwennsrowue knemyamky

['pymnna MOYBEHHBIX MHUKPOOPTAHU3MOB, BBI3BIBAIOIIUX PA3JIMYHBIC BHJIbI
OpoxkeHusi, HaOOIaeMble TPU PaA3JIOKEHUU MHUKPOOAMH OpPraHUYEeCKUX
COCIMHEHUH (MOJIOYHOKHUCIIOE, CIUPTOBOE, MACISHOKHCIOE, YKCYCHOE,
IPOIHUOHOBOKHUCIIOE, alleTOHOOYTHIIOBOE U Jp.). BaskHOe 3HaueHue aiis BOAHOU
MUTPAllMd UMEIOT KOMILUIEKCHBIE, OCOOEHHO BHYTPUKOMILICKCHBIE (XEJIaTHBIE),
COCMHEHHUS] METAJUIOB C KHUCJIBIMH OPTraHUYECKUMHU MPOIYKTAMH, B OOJIBIIOM
KOJIMYECTBE OOpa3yIolMMHUCI B TYMYCOBBIX TOPHU30HTax IOYB B PE3yJbTATE
OpOKEeHUS, YACTUYHOTO PA3JIOKEHUSI TTOCTYNAIOIUX OPraHUYECKUX COCTUHEHUN
0 0oJiee MPOCTHIX: KapOOHOBBIE KUCIOTHI, aMUHOKHUCIIOTHI, MPOCTHIE caxapa,
apoOMaTUYeCKHe COEIUHEHUS (MOau(EeHOoNbl), KHUCIOTHl JKUPHOTO psija,
TFETEPOLMKINYECKUE  COCAMHEHUsT  TUMA  XUHOJMHA, TYMUHOBBIE U
dynpBokuciaorel (M.B. SkymieBckas).

Bakmepuu-aMmMoHuUgukamopbl

['pynna MOYBEHHBIX MHMKPOOPTaHU3MOB, SIBIISIONIMXCS THUJIOCTHBIMU
OakTepUsIMU U BBI3BIBAIOIIUX THUEHUE OCTATKOB PACTEHHUM, TPYMOB YKUBOTHBIX,
pa3lo)KeHHEe  MOYEBUHBIL.  AMMOHU(DUKAIUMA —  MHUKPOOHOJIOTMYECKas
TpaHchopMalMsi a30Ta OPraHUYECKUX COCAMHEHHM (IJIaBHBIM  00pa3oM
AMUHOKHUCJIOT) B HMOH aMMOHHUS WM aMMuak. Pa3jokeHue OpraHudeckoro
BEILIECTBA NPOTEKAET B a’POOHBIX YCIOBHUSIX M COMNPOBOXKIAACTCS AKTHBHBIM
oOpazoBanuem CO,. B mpouecce rHueHUs y4acTBYIOT a’3pOOHBbIE OAKTEPUH —
B. subtilis, B. mesentericus, Serratia marcescens, Oakrtepuu poma Proteus;
rpudbl poma Aspergillus, Mucor, Penicillium; ana’po6st — C. sSporogenes,
C. putrificum; ypobaktepun — Urobacillus pasteuri, Sarcina ureae,
pacCIICIISIONINE MOYCBUHY.

Bapbep akonozau4yeckul

[Tonoca tepputopuu (peka, KaHas, Jiecomojioca, 3eiaéHas 30Ha W T. 1),
KoTopasi 0jarojiapss MECTHBIM OCOOCHHOCTSIM JaHAmadTa WIK PacTUTEIHHOTO
MOKPOBAa MOXKET CIY>KUTh MPENITCTBUEM JJIsi PACIPOCTPAHEHUSI TEXHOTCHHBIX
3arps3HEHUM WK JIPYTUX BPEIHBIX JI MPUPOTHOM CpeJibl areHTOB.

benmoc

Opranu3mbl, OOHWTAIOIINE HA HE BOAOEMA W B JOHHBIX WiIax. Pazmuyaror
(bUTOOEHTOC, MPEICTaBICHHBIN Ha MEJIKOBOABSIX B OCHOBHOM MakpohUTaMH —
BOJHBIMU PACTCHHUSMHU, TNPUKPEIUVIEHHBIMU K TPYHTY (BOJOPOCIH, KaMBbIII,
POTOJIMCTHUK, TPOCTHUK U JIP.), ¥ 3000€HTOC: KUBOTHBIC, IEPEABUTAIOIINECS 110
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MOBEPXHOCTH TPyHTa (MOJUIIOCKH, PaKoOOpa3HbIC), MPUKPEIUVIEHHBIE K TPYHTY
(ryOKH, KOpaJIJIbI U JIp.) U OOUTaroIue B HEM (YEPBHU, MOJITIOCKU, UTJTIOKOXKHE),
MHOTOYHUCJICHHBIC OaKTEePHUH.

BuozeHHasi Muz2payusi XuMu4ecKux 3sieMeHmos

Onpenensiercas ABYMS TMPOTHUBOMOJOXKHBIMHA, HO  B3aUMOCBSI3aHHBIMU
npoueccamu: 1) oOpazoBaHHEM KUBOTO BEIIECTBA U3 DIIEMEHTOB OKPYKAIOIIeH
cpedbl; 2) pa3oXKEHHEM OpPraHMYeCKUX BelIeCTB. B COBOKYMHOCTH 3TH
poLecchl 00pa3yroT €IUHbIA OMOJIOTHYECKHI KPYrOBOPOT aTOMOB. BhIAENAOT
CIEAYIOIUE CTaUU OMOTEHHOW MUTpanuu: 1) paszioxkeHue rOpHbIX MOPOJ MO
BJIUSIHUEM OHOTEHHBIX (PaKTOPOB C OOpa30BaHUEM PACTBOPHUMBIX COCIUHECHHIA,
2) W3BIIEYECHUE W3 BO3JyXa M BOJHBIX PACTBOPOB OMOTECHHBIX JJIEMEHTOB H
HaKOIUICHUE MX B OpraHu3Me; 3) HAKOIUICHUE, PA3JI0KEHUE U MUHEPATU3ALMS
OTMEPIINX OPraHUYECKUX OCTAaTKOB. B pe3ynbTaTe MHOTOKPATHOTO MOBTOPEHUS
OMOTEHHBIX IIMKJIOB HAKOIUICHHE OJJIEMEHTOB B BEPXHHMX TOPH30HTaX IIOYB
MOJKET OBITh BEChbMa CYIIECTBEHHBIM.

BuozeHHoe MuHepanoobpa3oeaHue

OO6pa3oBaHue MPU Pa3IOKEHUU OPraHUYECKUX BEILIECTB B TEJIaX PACTCHUM U
KUBOTHBIX MHUHEPAJIOB, KOTOpPHIC BXOJSAT B COCTaB KJIETOYHBIX BBIJICJICHUM,
CKeJieTa, MaHIUpsl, PAKOBUH U T. II.

buozeHHOoCMb

[Tokazarenp obiel ouorenHocth (b,) — OTHOIICHHUE CPEAHMX COJCPIKAHUI
AJIEMEHTOB B 30JI€ PACTEHUM KOHTMHEHTOB K Kiapkam Jutochepsl. b,
IPENCTaBIsAeT COOOW  OMOTeOXMMHYECKYIH0  KOHCTaHTy. AHaJOTHYHBIM
MoKa3arelb JJisi OPTraHW3MOB KOHKPETHBIX PETHOHOB, MECTOOOUTAHUM WIIH
OTJICTTFHBIX CHUCTEMATHUYECKUX TPYIMI UMEHYETCs CHEeIUaIbHOW, WM YaCTHOM,
ouorenHocthio (b.) PMeMEHTOB, KOTOpas MOJ BIUSHUEM CHUCTEMAaTUYECKUX U
AKOJOTUYECKUX (PAKTOPOB MOKET CYHIECTBEHHO OTJIMYAThCA OT OO0IIei
ouorennoct. YactHas 6uoreHHOCTh (b)) 2JIeMEHTOB MEHSIETCSI B 3aBUCUMOCTH
or ¢a3pl Bereralyu, BO3pacTa OpraHuW3Ma, TOYBBl U JIPYTUX YCIOBUH.
Coneprxanue OOJIBIIMHCTBA 3JIEMEHTOB B 30JI€ 3HAUUTENIBHO OTJIMYAETCS OT UX
CpeldHEro cojepkaHusi B 3€MHOM KOpe, TaK KaK pacTeHUs HW30UpaTesIbHO
MOTJIOIIAIOT 3JIEMEHTHI.

BuozeHHbIlU naHOwaghm

JlanamadT ¢ BegymuM 3HaYe€HWEM OMOTEHHOW MUTPAIMU U TOMYUHEHHOM
pOJIbI0  (PUBMKO-XUMUYECKMX U MEXaHUYECKUX TMpoleccoB. B  OHOreHHbIX
naHamadTax >KMBOE BEIIECTBO, TMOTJoIIas U TPaHCHOPMHUPYS COJTHEUHYIO
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DHEPruio, OOYCIOBIMBACT BaXHEUIIME YEPThl MUTPAIUU  XUMHYECKHX
DJIEMEHTOB.

Buozeoxumu4eckass akmueHocmb euda

CrocoOHOCTh BHJAa HAKAIIMBATh XMUMHUYECKHE DJIEMCHTHI, BBIpAKCHHAS B
CyYMMapHbIX KJapkax KOHIEHTpanuu. OHa BBIUMCISAETCS OTACIBHO IS
KaTMOHOTEHHBIX M aHUOHOTEHHBIX 3J1eMeHTOB (A.[[. AliBa3siH).

Buozeoxumuveckass aHoManusi

VY4acTKH MOBBIMIEHHBIX KOHIEHTPAMKA METAIUIOB B PACTEHUSIX, OPraHU3Max
Y BEPXHEM FOPU30HTE MOYBHI.

Buozeoxumuyveckass uHOUKayusi

AHaJIN3 OTBETHOM PEAKIMH YKOJOTO-TCOXUMHUICCKUX CHUCTEM (JIaHIIadTOB)
Ha TEXHOTEHE3 W OIICHKA COCTOSHMSI TEXHOTEHHBIX JIaHIIAa()TOB, OCHOBAHHBIC
Ha CIOCOOHOCTH PAcCTEHUN aKKyMYJIMPOBATh 3arps3HSIONIME BEIIECTBA BOJIM3U
TEXHOTCHHBIX HMCTOYHUKOB. buorecoxumuueckas HUHAUKAIMS  BKJIIOYAET
ONPEACICHUE COJACPKAHUS TSKEIBIX METAJIOB W JIPYTUX IOJUIIOTAHTOB B
pacTeHMsIX, BBIOOP HMHAMKATOPHBIX BHUJOB W OPraHoB sl OMpoOOBaHUS,
BBISIBJICHUE OMOr€OXMMHUYECKUX OPEOJIOB. bruoreoxumudeckas MHIUKAIUs 1aET
“HpOpMAIMI0O O 3arpsA3HEHUM PACTEHUM MPEUMYIIECTBEHHO B TMEPUOJ
BEre€TallMi M JIOCTAaTOYHO AaKTUBHOM BOJIHOM MUTrpalMd  MOJUIFOTAHTOB,
MOCTYIAIOIINUX U3 3arpS3HEHHBIX 1MO0YB. MHAMKAIMOHHOE 3HAYEHUE JIMCTBEHHBIX
JIEPEBLEB BHIIIE, YEM y TPaB; a KOpa JAEPEBbEB — YHHUBEPCAIBbHBIN WHIUKATOP
3arpsisHeHusi. OnHuM U3 3(G(PEKTUBHBIX WHIUKATOPOB 3arpsi3HEHUST BO3IyXa
SIBJISIETCS KOPa COCHBI, HE UMEIOIIas (PU3MOJOTUUCCKUX TIPEICIIOB MOTJIOMICHHS
3arps3HUTENCH u criocoOHas K AKKYMYJISIIIUN MOJUTFOTAHTOB.
buoreoxnmuueckue opeosibl B KOPE COCHbI TOPA3/I0 NPOTHKEHHEE U HA TTOPSIOK
KOHTPACTHEE, YEM B CHETE U MOYBAX.

Buozeoxumuy4eckasi NPoeuUHyUS

PalioH, B KOTOpOM KOHIICHTpalUsi XUMHYECKUX COCAUHEHHM B BEPXHUX
TOPU30HTaX MOYB U OPTaHU3MaX B CHITY MPUPOJIHBIX MPUYUH OKA3bIBACTCS BBIIIIE
WM HWXKE ONTUMAJIbLHOIO YpOBHA. bHOreoxmMuyeckue MPOBHUHIUU — 3TO
TeppuTopun, rae ¢uiopa u ¢ayHa, a BO MHOTHX ClIydasX M JIIOJU PE3KO
pearupyroT Ha cojepKaHue B aTMocdepe, MmoyBax, BoJax, MPOAyKTaX MUTAHUS
ONpPEACAEHHBIX XHUMHYECKHUX JJIEMEHTOB, — paloHbl PaclpoCTpaHEHUS
ounoreoxumuueckux duaemuit (A.I1. Bunorpanos).

Buozeoxumu4eckas cneyuanusayusi pacmeHull

CwMm. ['eoxumuueckuti ombop 31emMeHmo8 pacmumenbHOCmbio.
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Buozeoxumuyeckasi popmyna
dopMyna 3JIeMEHTapHOTO JiaHAmadTa, HWMEIONas BHA HEMPaBUILHOM
IpoOu: Ha MeCTe LEJOr0 YHcia YKa3bIBACTCS TUIIOMOP(HBIA 3JIEMEHT, B
CKOOKax IOcCJe HEr0 — PacTBOPEHHBIA B BOJI€ T'a3, B YUCIHTENE YKA3bIBAIOTCS
WHIUKATOPHBIC  PACCESHHBIE  JJEMEHTBI, Y  KOTOPBIX  KOd(DPHUIMEHT
OHMOJIOTHYECKOro MOorIouieHust Ooblie KO3(QUIIMEeHTa BOAHOW MUTpAIUH, B
3HaMeHaTele — ANEeMEHTHI ¢ 00paTHbIMU cooTHOIIeHUsIMU Kg u K. st otnuyus
aBTOHOMHOT'O 3JIEMEHTapHOro JaHamadpra OT MOAYMHEHHOTO B (opmyle
MOCJIETHET0 HaJ TUIOMOPGHBIM 3JIEMEHTOM CTaBUTCS 3HaK «*». Hampumep,
Ca? 02:Mo, Cu, Zn, Mn
dopmyna Sr O3HA4YaeT, YTO MMEETCS aBTOHOMHBIN
AJIEMEHTApHBIA JaHamadT, B KOTOPOM TiepepacrpesieiicHue XUMHUUYECKUX
AJIEMEHTOB MPOUCXOAUT MPHU HATMYUHU OOJIBIIOTO KOJMYECTBA MOHOB KAJIbIIMS B
MOBEPXHOCTHBIX BOJIaX © CBOOOJHOTO JOCTyINa KUCIopoda, T. €. B
c1a0oMICIOYHONW OKUCTUTENbHOM cpeae. B Ouonormyeckuii  KpyroBopoT
HanOoJiee aKTHUBHO BOBJICKAIOTCS MOJMOIEH, MeAb, IIMHK, MapraHei, a B
IMOBEPXHOCTHBIE W TPYHTOBBIC BOJbl WHTEHCHBHO MOCTYNAa€T W MUTPUPYET
CTPOHIIUU.

Buozeoxumuyeckasi aHdemus

bosne3Hu KUBOTHBIX, PAaCTEHUI, a MHOTJIAa U 4YeJIOBEKa, BHI3BAHHBIC PE3KUM
neduuruToM WK u30bITKOM 31emMeHToB (A.I1. Bunorpanos).

Buozeoxumuyeckue oco6eHHOCMU Op2aHU3MO8

ConepkaHue SJIEMEHTOB B  CHCTEMAaTUYECKUX E€AUHULAX  Pa3HOro
TaKCOHOMHUYECKOI0 paHra (Bujaa, pojaa, CeMeHcTBa U T. 1I.).

Buozeoxumuyeckue npoeuHyuu muna F ¢ cunbHowe104HbLIMU 800aMu

ConoBble BOABI 00pa3yrOTCS B Pa3IMYHBIX JIAHAIAPTHO-TE€OXUMHUYECKUX
YCIOBUSIX: B COJIOHIIAX, B ApPUJHBIX BYJIKAaHMYECKHX PErMOHaX Ha ydacTKax
pasrpy3Ku CUIBHOIIENOYHBIX TuaporepM (Boctounas Adpuka, Kanudopaus u
Ip.), TIPU BBIXOJI€ HAa MOBEPXHOCTh «HEPTAHBIX» BOA U T. 1. BumoobpazoBanue
3lIeCh TPOTEKAaeT B YCIOBUSX Je(PUIMTa MHOTHUX BaXHBIX OHOZJIEMEHTOB,
ocobenno Ca. ComoBbie BOJIBI OJIATONPUSATHBI JIsl MUTPAIMKM U HaKoTUieHus Na,
Li, B, Zn, Cu, Ag, Be, Si, Ge, Sn, Ti, W, Mo, Y, peako3eMenbHbIX 3J1€MEHTOB
UTTPOBOM TIpymibl. BHOreoXxumMus MHOTMX 3THX SJEMEHTOB HE HU3Yy4Y€Ha, U
MOHO TOJILKO MpernojaraTh, Kakue 0COOEHHOCTH OPTaHU3MOB B ITPOBUHIIMSIX
tuna F 00ycrnoBieHbl MOBBIIIEHHBIM COJICPYKAHUEM B CPEJI€ PEIKUX 3eMenb, Y,
Zr U ApYTUX 3JIEMEHTOB «CO/I0BOM Murpaiuuy. [IpoBunnuu tuna F go cux nop
HE MIPUBJICKAIINA JIOJKHOTO BHUMAaHHUA HCCIIEIOBATEIICH. K
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Najaeo0MOreOXUMUYECKUM TMPOBUHIUSAM THUMA F OTHOCHUIM MHOTHE PalOHBI
pacnpocTpaHeHUs1 KPACHOLIBETHBIX JaHAmA(TOB epMcKOro nepuoa B Poccun,
Mena, najeoreHa U muouieHa B Cpennelt Asum u Kazaxcrane, sonena B CIIA
(A.W. IlepenpMman).

Buozeoxumuyeckue nposuUHYUU muna S ¢ CUIbHOKUCIIbLIMU 800aMu

[TpoBuHIIMY Kacca S; ¢ CEPHOKUCIBIMU BoAaMu GOPMHUPYIOTCS Ha y4acTKax
OKHUCJICHHUSI TOPHBIX TOPOJI W Py, COASPKAIMUX MUPUT U JIPYTHUE CYIb(PHUIBL.
[Ipu yyactum paznuuHbIx OakTepuid 31ech oOpa3yercs cepHas kuciaoTa, pH Box
noHmwxkaercst 10 2 — 3, mecramu g0 0, B BoJax MNpHOOPETAIOT BBICOKYIO
NOJABMKHOCTh MHOTME METaUlbl, KOTOpPbIE HAKAIUIMBAIOTCS PACTCHUSIMH,
o0ycioBNIMBasi OMOTEOXMMHUYECKUE HSHACMHUU. TaKOBbl IIUHKOBBIC, MEIHbBIC U
IpyTHE MPOBHUHIINH, 0COOEHHO XapaKTepHbIC TSt CKJIaA4aThIX
METAJJIOTEHETUYECKUX TOSCOB: 3TO CEPEOpSHBINA MOSIC, MPOCTUPAIOLIUNCS HA
3anage AMepuku oT AJsicku 10 OTHeHHOW 3eMid, pyJHbIE IPOBUHILIMM Y paia,
Tanp-Illansa, AJBOUUCKOrO CKJIAQA4aToro TIosica W JAp. B mponuibie
rCOJIOTUYECKHE DIMOXU MajJeoOUOreOXUMUYECKUE TPOBUHIMUA C H30BITKOM
MHOTUX PYJHBIX 3JEMEHTOB, BEPOSTHO, ObUIM IIEHTpAMH BHI000pa30BaHUS
opranu3MoB, obOoraméHueix Cu, Pb, Zn, Ni, Cd u apyrumm MeTajjaMu.
[IpoBuHIIMYU Kilacca S; C COJITHOKUCIBIMU BOJAMH MU3BECTHBI B BYJIKAHUYECKUX
obnacTsix, rae 3a cu€r npoaykra ByiakanuzMa HCl uayT kucibie HOXKAH, TEKYT
COJISTHOKHUCJIIBIE PEKH, 0O0Pa3yIOTCsl UCTOYHUKH, 03€pa, MOYBbI, UMEIOIIUE HU3KUIA
pH. B Bomax BBICOKO cOJiepKaHUE aATIOMHHUS, JKejie3a, OHU 4YacTo OOorarhbl
GbTOpPOM U XJIOPOM, HO COJIEp>KaHHE XaTbKO(DWIBHBIX METAJJIOB MOXET OBbITh
HeBbICOKUM. [lomoOubie mpoBuHnMM u3BecTHH Ha Kamuatke, Kypuiibckux
octpoBax, B Snonuu, WMHAOHE3MM U Apyrux BYJIKAHUYECKUX O00JIACTIX
(A.W. IlepenpMman).

Buozeoxumuyeckue nposuHyuu muna V ¢ HelimpasnbHbIMU
u crnabowesioYHbIMU 800amMu

JlaHHBIE TIPOBMHUMM XapaKTEPHBI ISl JIECOCTENH, CTENEW W IMYCThbIHb, a
TaKXXe JJII TYMHUJIHBIX TEPPUTOPHH, CIOKEHHBIX KapOOHATHBIMH IOPOAMHU.
[TaneoOuoreoxuMuyeckne MPOBUHIMU TUTA V CYIIECTBOBAIU HA TEPPUTOPHUH
Poccun B 4eTBepTHUYHBIE JIEAIHUKOBBIE 3MOXH, B JEBOHCKOM M IIEPMCKOM
nepuojax, Ha Teppuropun CpenHeil A3um — B KOHIIE I0PbI, MEJIOBOM MEPUOAE U
kaitHo3oe. Kmacc V) — T0OpOBUHIMU C TPECHBIMH, IPEUMYIICCTBEHHO
TUIPOKapOOHATHO-KAJIBIIMEBBIMUA BOJAMHU. XapaKTEPHBI PACUICHEHHBIN, pexke
MJIOCKOPABHUHHBIA pebedbl, MPeo0IagaroT HEe3aCOJCHHBIE MOYBBI. APUTHBIN
KJIUMAT OINpeeni 3€Ch CPAaBHUTEIBHO CIa0y0 MUTpAIUIO Kablus, daopa u
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¢ayHa B OCHOBHOM HE HCIBITHIBAIOT ACPUIUMTA ITOTO AJIEMEHTa, ACHUIIUT
MHOTHX JIPYTUX 3JEMEHTOB BbIpaXkeH ciabee, ueM B mpoBuUHLMIX Turna W, HO
BCE KE OH TIOJHOCTBIO HE HCKIo4aercs. Bo3MokeH 31ech W HM30BITOK
AJIEMEHTOB C COOTBETCTBYIOIIMMHU JHAEMUAMH. B pailoHax ¢ TyMHJIHBIM
KJIMMaToOM MPOBUHIUU KJacca V pacnpocTpaHeHbl Ha KapOOHATHBIX M JIPYTUX
nopoaax, OoraTbiX KaibllieM U MarHuem. I[lpoBuHimu kimacca V, — c
CUJIbHOMHHEPATM30BAHHBIMU XJIOPUIHO-CYIb(GAaTHBIMU BOJAMH, 3aCOJCHHBIMU
MOYBaMHM, KaK U MPOBUHIMHU Kjacca Vi, pacipOCTpaHEHBI B CTEMAX U MyCTHIHSX,
3aHUMAaIOT OTPOMHBIE IJIOMIAJAN, OCOOCHHO B JIEMIPECCUAX peibeda 0eCCTOUHBIX
obnactet (Ilpukacnmiickasi, TypaHckas W Jpyrue HHU3MEHHOCTH, COJIsSHas
nycteins [emre-Kesup B Mpane, 3aconennbie koTioBuHbI Tubeta u [alinama B
Kurae u T1. n.). OpraHusmbl 37€Ch CYHIECTBYIOT B YCIOBHUSX BBICOKOIO
comepkaHuss B mouBax M Bojmax Na, Mg, Cl, cynbsdar-uona. 9To LEHTpPHI
BHJ1000pa30BaHMsI MHOTUX ceMeicTB pactenuid (A.U. Ilepenbman).

Buozeoxumuyeckue nposuHyuu muna W ¢ KucnibIMu U KUcabIMu
aneesbIMu 800amMu

OTH NOpPOBUHUMU MIMPOKO PACIPOCTPAHEHBI B paliOHaX C TyMHUIHBIM
KJIMMaToM, ¢ JaHAmaTamMud TYHIPHI, Talrd, HIMPOKOJIUCTBEHHBIX JIECOB,
BJIQKHBIX CYOTPOIUKOB U TPONMUKOB. Kucioe BhIllIeauiBaHuE MOYB MPUBOIUT
31eCh K PE3KOMY JAeQUIMTY MHOTHX OHO3JIEMEHTOB, YTO OIpeAeIsieT
MUHEpaJIbHOE TOJI0aHKe (payHbl, HU3KOE COJEPKaHHE B OpraHU3Max KaJlbIIUs,
Pa3BUTHE PA3NIMYHBIX «OMOTEOXMMHYECKUX OHIAEMUN nedunutHoctuy. B
HEKOTOPBIX MOYBaX BhICOKA MOJABWKHOCTH Al, Fe, u pacTeHust HakarmBarT 3TH
ANIEMEHTHI (HampuMep, B 30J1¢ IJIAyHOB, Yas JAecsITKH nporeHToB Al,O3). U aTn
MPOBUHIINM, BEPOATHO, OBLIN LIEHTPpaMHU BUA000pa3oBaHus. buoreoxumMmieckue
npoBuHIMK THa W OBLIH IMIMPOKO paclpoCTpaHeHbl Ha Tepputopuu Poccuu B
HUKHEM KapOOHe, KOHIIE Tpuaca U I0pe, MHOTHX 3MoxaxX Mela u majeoreHa. K
kiaccy W; OTHOCSTCS MPOBUHIIMU C KUCJIBIMH BOJAAaMH M TOYBAMU, a K KJIaccy
W, — ¢ KUCIBIMH TJI€eBbIMM MOYBaMH, OOJIOTHBIMH W TPYHTOBBIMHU BOJIaMH,
OoraTelMH PacCTBOPEHHBIMU OPTaHUYECKMMH BEIIECTBAMH. DTO B OCHOBHOM
3a00J710Y€HHBIE HU3MEHHOCTH, HO B pailOHaX C MHOTOJIETHEW MEp3JIOTOW OHH
pacrpocTpaHEHbI U Ha BO3BBIIIEHHOCTSIX, U B ropax (A.U. Ilepensman).

Buozeoxumuyeckue npoyecchbl

[Iporecchl, reOXMMUYECKHE MO CYIIECTBY (KaK 3aKOHOMEPHbBIC MUTpaIuu
XUMHUYECKUX DJEMEHTOB), HO TMPOTEKAIoIMe HE TOJ  BO3ACHCTBHEM
reoJIoTUYecKnX (aKTOpOB, a B PE3YNIbTATE KUZHENEATCILHOCTH OPTaHU3MOB.
buoreoxumuueckue nporecchl UMEIOT [UKIMYECKUN XapaKkTep.
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Bbuozeoxumu4deckul aHanu3

AHaJIN3 OTBETHOU PEAKIIMM OPraHU3MOB Ha TEXHOTE€HE3 Ha MOJIEKYJISIPHOM U
aTOMapHOM YpOBHSX, 3aKJIIOYAIONIMICS B BBISBICHUU OHUOT€OXMMHUYECKUX
AHOMaJINM.

Buozeoxumu4veckuii Memod rnoucka

MeTton TmouCKa MECTOPOXKICHUH, 3aKIIOYAONIIMICI B 0TOOpe mpod
pacTteHud, mnpo0 U3 BEpXHEro ropu3oHTa MouyBbl. CylIecTBO MeToja
3aKJIFOYAE€TCS B BBISIBJICHHM  YYacTKOB  IOBBIIIEHHBIX  KOHLEHTpALUA
pPyA000pa3yIomux 3JIEMEHTOB B PACTEHUSAX, MNPOAYKTAX HUX OTMHUpAHUS U
MeTadoJIu3Ma. OnpoboBanue pacTeHui MO3BOJISIET OOHapYyXUTh
OMOT€OXMMUYECKHUE OpeoJibl, a [0 HUM U CaMH MECTOPOXKICHHUS.
buoreoxumuueckre MeTonbl OCOOCHHO BaKHBI TPU IOUCKAX PYAHBIX TeJ,
NEPEKPBITBIX MOPEHOM, 30JIOBBIMH TE€CKaMU W APYTUMH aJUIOXTOHHBIMU
OTJIOKEHUSIMU. MeToIKa OMOr€OXUMHUYECKUX MOUCKOB HEOJIMHAKOBA B PA3HBIX
nanamadrax (A.IL. Bunorpanos, [.I1. Mamora, C.M. Tkamuu, H. bpynaun,
P. Bpykc, A.JI. KoBanesckuii, I'. Yoppen).

Buozeoxumuyeckul ¢punbmp no4eni (nedocghepni)

bakrepuanbHast cucrema, 3amumiaromas arMocpepy OT MOCTYIUICHUS
pacCesiHHBIX YTJIEBOJOPOJAOB M Jpyrux BemiecTB. [.A. 3aBap3uH BbICKa3all
TUNIOTE3Y O HAJIUYMU B TI0YBE MHUKPOOMOJIOTHYECKOTO  MEXaHU3Ma,
3aMBIKAIONIETO METHJIMPOBAHHBIE COCAMHEHUS (TSKENBIX METaUIOB) BO
BHYTPUIIOYBEHHBI KPYTOBOPOT W TaKMM 0O0pa3oM MPeJoXPaHSIOIIero
atMocepy oT ux noctyrmienus. [Ipouecc MeTuIu3aIMu MeTaaioB 00yCIOBJICH
NEeATEIbHOCThIO OaKTepUii, B TO € BpeMsl OJIHa U3 MOP(OJIOTHYECKUX TPYIII
Oaktepuit — rTHUdoOaKTepUn — CHocoOHAa  KCMOJIb30BAaTh  Pa3IUYHBIC
METUJIMPOBAHHbBIE COECTUHEHMUSI.

Buozeoxumus

Hayka, nzydaromias »Ku3HeAesITeIbHOCTh OPTaHU3MOB B Ka4eCTBE BEIYIIIETO
dakTOpa MUTpALIUU U PACTIPEICTICHUS MAaCC XMMUYECKUX 2JIEMEHTOB Ha 3eMJIe.

BuouHOukauus

AHanM3 OTBETHOM peakiMy OpPraHu3MOB (OMOMHIMKATOPOB) HA TEXHOTEHE3,
T.e. aHaau3 Mopdojorndeckux, ¢U3HUOJIOTHYECKUX, MPOAYKIUOHHBIX H
MONYJIAIIUOHHO-TUHAMUYECKUX W3MEHECHUI. BBIICISIOT cleayronme KpuTepuu
BbIOOpa OwowHaukaropoB (rmo CremaHoBy U [Ip.): UIMPOKUM apea,
OBPUOMOTHOCTh ¥ OBPUTOMHOCTH, OCEMJIOCTh (OTCYTCTBHE MUTPAIINi),
YyBCTBUTEIHHOCTh K  TOKCHKAHTaM,  TOJEPAHTHOCTb,  JAOWIBHOCTD,
AHTUCUHAHTPOITHOCTh, BBICOKAsT  YHUCJICHHOCTh, OTCYTCTBUE  KOJeOaHUM
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YUCJICHHOCTH, MaJIO€ YHWCIO BHJIOB, JIETKOCTh (HAJEXKHOCTh) OIpe/eTeHus,
pa3pabOTaHHOCTh CHUCTEMATUKH, HW3YYEHHOCTb MOP(OJIOTUU U HIKOJOTHH,
M3YYECHHOCTh 3aKOHOMEPHOCTEH HAKOIUICHUS TOKCHKAHTOB, W3YYCHHOCTH
MEXBHJIOBBIX pa3U4Mii B HAKOIUICHMM TOKCHKAHTOB B TIpEAeiIax pPOJOB H
CEMEHNCTB, JOCTaTO4YHas macca MpoObl (OTHOCHUTENbHAs KPYMHOCTh Pa3MEpoB
BUJIa), TPEICTABUTEIHCTBO OT PAa3HBIX 3BEHBEB TPODOJAMHAMUYECKUX IICIEH,
BKJIIOYAsl TPOIYILIEHTOB, MPOCTOTAa MOOBIYM W y4deTa, HEHaHeceHue yuiepOa
MOMYJISIIASM B pe3yJbTaTe MEPHOIUYECKOTO oTOOpa. CuuTaercs, 4TO TaKUM
KpUTEpPHUSM OTBEUAIOT, HANpHUMEp, CISAYIOIMHe BHIBL: 1) OOBIKHOBCHHAS
Oypo3yOka (Sorex arancus); 2) eBpomeiickuii kpot (Talpa europaea);
3) anrarickuii kpot (Talpa altaica); 4) Oypsiit measens (Ursus arctos); S) nock
(Alces alces); 6) pspkas moneBka (Clethrionomus glareolus); 7) kpacHas
noneBka (Clethrionomus ritilus). B HacTosimiee BpeMsi mpencTaBiIeHUE O
OMOMHIMKATOpaX BBINLJIO 3a PAMKH IMOHWMAHHS WX TOJBKO JIMING KaK BHUIOB,
CIIOCOOHBIX KOHIIEHTPUPOBATh TOKCUKAHTHI. HIMKAaTOpaMu MOTYT OBITH JIIOOBIE
Ouonoruyeckre OOBEKTHI HAa BCEX YPOBHSIX OpraHU3aiuu (OT CyOKIETOYHOTO JI0
AKOCHUCTEMHOTI0). B aTOM mj1aHe 3amaun OMOMHAUKAIIMA BO MHOI'OM COBIIQJA0T
C 3aJlauaMM YKOTOKCHUKOJIOTUH.

Buonozuyeckas ycmolivueocmes 2eocucmem

O11eHKa BOCCTAaHOBUTEIBHBIX M 3AIIIMTHBIX CBOMCTB OHMOTHI ([1.I'. 3BATHHIIEB,
O.E. Mapdenuna, I'.'M. 3enona, 10.I". I'enbuep).

Buosniozuyeckue MemoObI peKysibmueayuu 3a2psi3HEHHbIX 1046

CrocoObl  OYHCTKM TpPyHTa C HCIIOJIB30BAaHUEM MHUKPOOPTaHU3MOB,
CIIOCOOHBIX TIPEOOpa3oBaTh TOKCHUYHBIE COCIUHEHUS B HETOKCHUYHbBIC WIIU
MOTJIONIATh TOKCUYHBIE PATUOHYKIIUIBI, UTO, OJTHAKO, TOTPEOyeT B JaJIbHEHUIIIEM
cOopa MUKpPOOPraHU3MOB. bHoOJOTHMYECKHE METOAbl O0E3BPEKMUBAHUSI TOYB
OCHOBaHBI Ha CIIOCOOHOCTH pa3IMYHBIX IMTAMMOB MHKPOOPTAHU3MOB B
Ipoliecce KU3HENEATeTLHOCTH pasjiaraTh WIM yCBauBaTh B CBOEH Ouomacce
MHOTHE OpraHWYecKue 3arpsisHuTenu. B mporecce Ounoo6e3BpeKUBaHUS
IIPOUCXOUT BTOPUYHOE 3arpsA3HEHHE aTMOC(EepHOTO BO3ayXa MPOTYKTaAMHU
THUCHUS KIETOK MHKPOOPTaHM3MOB — CEPOBOJOPOJOM W  aMMHAKOM.
buonornyeckass O4YMCTKAa dYamie BCEro HMCIOJIB3YETCS IS HEHTpad3ariu
OPTraHUYECKUX TOKCHUKAHTOB M TSDKEIBIX METAJJIOB, a TakKe Aa30THBIX U
¢dbochOopHBIX COETMHEHHI B TTOYBAaX M TpyHTaX. buonorudeckrne MeToIbl MOKHO
YCJIOBHO  TOJAPA3ACIUTh  HAa  MHUKPOOHMOJErpajailiio  3arpsi3HUTENEH,
OMOTIOTJIONICHUE U TIepepacipeiesieHe TOKCUKaHTOB. MukpoOuoaerpanamus —
9TO JCCTPYKIMS OPTraHWYECKUX BEIIECTB OMPEACIICHHBIMU KYJIbTYpaMH
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MUKpPO(IIOpbI, BHECEHHBIMU B TpyHT. [Iporecc OuopasziokeHus MPOTEKAaeT ¢
3aMETHOM CKOpPOCTBIO TMpU ONTUMAIBHOW TEMIIEpPATYpE U  BJIAXKHOCTH.
MuxkpoOuonerpaganus MOXKET ObITh HCIOJb30BaHA BO BCEX CIydYasx, TIeE
€CTECTBEHHBII MHUKPOOMOIIEHO3 COXPaHUJ >KU3HECIOCOOHOCTh M BHJIOBOE
pazHooOpasue. XoTs Npolecc HAET KpailHe MEUIEHHO, ero 3((eKTUBHOCTb
BbICOKa. buonornomenue (puropeMenuaius) — 3T0 CIOCOOHOCTh HEKOTOPBIX
pacTeHUM U MPOCTEUIINX OPraHU3MOB YCKOPSTh OMOIETPaaliii0 OPTaHUYECKUX
BEIIIECTB WJIU aKKyMYJIMPOBATh 3arpsi3HEHUS B KJIETKaX.

Buonozauyeckul kpy2osopom

1) KpyroBopoT OHOTCHHBIX JIEMEHTOB M BOBJICKACMBIX MM JIPYTHUX BEIICCTB
B DKOCHCTEMax, B Ouocdepe Mexay HUX OMOTUYECKHUMH M aOUOTHYECKUMU
KOMIIOHEHTaMHU.

2) lluknuyeckass MUrpaiusi 3JIE€MEHTOB B CHUCTEME «IOYBa — PACTCHUE —
IOYBa».

Bbuomemunu3ayusi

Cepust GMOTCOXMMHUUECKUX MPEBpAICHUH B BOJAX U MoYBax JaHAIIadTOB,
OoraTbIx OpraHMYEeCKUMU COSTMHEHUSIMU U COJIEPKAITUX CBOOOIHBINA KUCIOPO,
MPUBOJAIIUX K OOpa30BaHUIO JIETYYUX METAJUIOPTraHUYECKUX COEIUHEHUM
(Tuma  MEeTWIPTYTh, TeTpaMeTWa CcBUHENl u Jp.). CHocoOHOCThIO K
METHUJIMPOBAHUIO (QJIKIJIMPOBAHUIO) O0O0JIaIal0OT TMPAKTHUYECKH BCE MUKPO-
OpraHu3Mbl — OaKTEpUU U TPUOBI, U, CIENOBATEIHHO, MPOLIECC MOXKET MPOTEKATh
B JIOOBIX TMOYBAX MpPU TOMaJaHUU B HHUX TDKENBIX METAIOB WU HX
pou3BOAHBIX. Hanbomnee akTUBEH OH B a3pOOHBIX YCIOBUSIX, P HEUTPATHHON
peakiMy Cpelbl W TOBBIIICHHOW Temmeparype. AKTHBHO (DYHKIIMOHUPYIOIIAs
MUKpPOOHAsi CHCTEMa IMO3BOJISIET MOYBAM «CaMOOYHUIIATHCS» OT MOMAAONINX B
HUX pa3HOOOpa3HBIX TOKCUYHBIX XUMHYECKUX BEIIECTB MyTEM MPEOoOpa3z0BaHUs
B JieTyune coeauHenus. [Iporiecchl OMOMETUIN3AIMN HEAOCTATOUYHO H3YYEHBI,
OJIHAKO HMEIOT OOJbIIOE 3HAYCHHE YIS adpajbHOM MUTPAIMN  TSHKEBIX
METaJIJIOB.

Buocma3sus

buonornueckoe  paBHoBecue. COOTHOIIEHHE  MacC  PacTBOPUMBIX
COCIMHEHUHN U TBEPABIX B3BECEN B PEYHOM CTOKE B 3HAUYUTEIIBHOM MEPE 3aBUCUT
OT XapakTepa pacTUTENIbHOCTH cymu. akTbl CBHAETEIBCTBYIOT, YTO Ha
MPOTSKEHUU TE€OJIOTUYECKOM HMCTOPHUM 3TO COOTHOUIEHHWE HEOJHOKPATHO
U3MEHSJIOCh (TeopHsi OMOPEKCHUCTa3ur). DMOXU OHMOCTa3UU XapaKTEePU3YIOTCS
IIUPOKUM  PaClpOCTPaHEHUEM  YCTOMYMBBIX  JIECHBIX  (PUTOIIEHO30B,
MPENSTCTBYIONIUX ~MEXaHWYECKOHW HSpO3WM TOYB, HO CHOCOOCTBYIOIIUX
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BOBJICUCHUIO XMUMHUYECKUX 3JIEMEHTOB B BOJHYI0 MHUIPALAI0 B PACTBOPUMBIX
dopmax (I'. Dpap).

Buocdgpepa

['nobanpHasg cucteMa, B KOTOPOW B HEPa3pbIBHOM CBSI3M CYIIECTBYIOT, C
OJIHOM CTOPOHBI, HHEPTHOE BEIIIECTBO B TBEPJIOH, KUJIKOM 1 Ta30BOM ¢azax, a ¢
Ipyroil — pasHooOpa3Hbie QOPMBI KU3HU U UX MeTabonuThl. B ocHOBe Bcex
KU3HCHHBIX TIPOIIECCOB JIGKUT OOMeH BemecTB. [lo »aToif  mpuumHe
B3aMMO/JICHCTBUE OPraHU3MOB C OKPY)KAIOLIEH Cpelol MPOUCXOAUT B opme
HUKIMYECKUX TMPOLECcCOB MaccooOMeHa. [Iukibl  pa3HBIX paHroB B
COBOKYIMHOCTU OOYCIIOBJIMBAIOT TJIOOAIBHYIO CHCTEMY OOMEHAa XMMHYECKHUX
AJIEMEHTOB, KOTOpasi 00JI1aJlaéT BBHICOKOM CIIOCOOHOCTBIO K CaMOPETYIISIUU.
Baxxnas 0COOEHHOCTh MUTIPALIMOHHBIX LUKIOB B Onochepe — Ux
HE3aMKHYTOCTh, BO3MOXXHOCTh CBOOOJHOTO TEpPEeXoj/ia MUTPUPYIOUIUX MacC U3
OJIHOTO IIMKJIA B APYTOil WM YaCTUYHOTO BBIBOJIA U AKKYMYJIMPOBAHUS B KAKOM-
6o mpupogHoM pesepByape. CoueTaHME MHOXKECTBA HE3AMKHYTBHIX ITUKIIOB
OmpeeNseT pa3BUTUE U YCTOMYMBOCTh OUOoChephl: HApYIICHUE B TY WIH UHYIO
CTOpOHY OanaHca Macc OJHOTO LHKJIA KOMIIGHCHpPYETCS 3a CU€T JpYrux,
COIIPSDKEHHBIX C HUM.

buomuyHocmsb

OTHo1IEHNE COJIepKaHUS IJIEMEHTA B CYyXOM BELIECTBE OPraHU3Ma K KJIapKy
ouochepnl. JlaHHBIM  TOKa3aTeNb  BKIIOYAET B ceOS  JaHHbIe 1O
pacupoCTpaHEHHOCTH 3JEMEHTa HE TOJbKO B JUTOChEpe, HO M 4YacTH
atMocepsl, rtumpochepe u mnouBax (H.®. I'mazobckwmii). KonmenTparus
MHUKPODJIEMEHTOB B PACTEHUSX 3aBUCUT OT OOJIBIIOTO YHCJIAa HE3aBUCHUMBIX
(GakTOpoB: OT COJAEpKAHUS DIEMEHTOB B IMOYBOOOPA3yIOIIUX MOpOJaxX, HX
MHUHEPAJIOTMYECKOr0 COCTaBa, TUIA TOYB, pefibeda M PaCIOIOKEHUS YPOBHS
TPYHTOBBIX BOJI, MOP(HOJOTUUECKUX OCOOCHHOCTEN pacTeHU, 0COOEHHOCTEN MX
Beretaruu u 1p. [losTomMy pacnpeneneHue KOHIIGHTpaluii B 00Opasiax
PaCTUTEIIBHOCTH OMPEAEAETCS CTAaTUCTUYECKUMHU 3akoHamu. [lo MHeHuro
ouoxumukoB (X. boysn, 1966) u reonoroB (A.JI. Kosanesckuii, 1975),
HauOojiee YacTo pacmpeieieHue MNpuOamXKaercs K  JiorapupMHUUecKu
HOpPMaJIbHOMY 3aKOHy pachpeneiieHus. Ha reoXxumMudeckux aHOMaJIUsIX
YCUJIMBAETCSI KOHTPACT COAEPKAHUSI PACCESIHHBIX METaUIOB B Pa3HbIX
pacCTEHUSAX M WX YaCTAX, YTO OTPAKAETCA HA BO3PACTAHHH BapHaOETbHOCTH
KOHIICHTpALIH. DOT0  sABJEHUE  TIPEJIOKEHO  HCMOJB30BaTh  MpH
ouoreoxumuueckux nouckax pyz (B.B. oOpoBonbckuii, M.B. Pxxakcunckas).
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BuogunbHoCcmb

Knapk KoOHIEHTpanuu »JeMEeHTa B JKMBOM BemlecTBe. HaumbOombiein
onoduibHocThi0 06nagaeTr C (7800), menee O6uoduibasl N (160) u H (70).
bnusku no 6uodunsHOoCTH annoHorennsie 3neMentsl O (1,5), CI (1,1), S (1,0),
P (0,75), B (0,83), Br (0,71) u 1. n. Haumenee 6modmipasl Fe (0,002) u Al
(0,0006). To ecThb XHBOE BEIIECTBO B OCHOBHOM COCTOMT M3 DJJIEMEHTOB,
o0pa3yrolux ra3oo00pa3Hble U PACTBOPUMBIE COEIMHEHHUS, €r0 COCTaB JIy4llle
KOppenupyeT ¢ COCTaBOM Tujpocepbl U aTtMochepbl, 4YeM JUTOCHEpHI.
[IpeoOnaganne B JnaHgmadTax ONPENETEHHBIX CUCTEMATUYECKUX TPy
OpraHu3MOB, OTPOMHOE pPa3HOOOpa3ue KJIMMaTa U TEOJOTMYECKOrO CTPOCHUS
ONpENENSIIOT ~ CBOEOOpa3We  XUMHUYECKOTO COCTaBa JKHMBOTO  BEIIECTBA
KOHKPETHBIX JaHAmadTOB, €ro OTIWYHE OT KJIapKoB. Tak, *HUBOE BEIIECTBO
cosioHyakoB oboraieHo Na, Cl u S; B opranuzmax cremneid muoro Ca, HO Majo
Al, Fe; opranu3msl BIaXXHBIX TPONMUKOB, HampoTuB, Oenubl Ca u Ooratsl Al.
[loaToMy cpenHuil 3JIEMEHTApPHBIM COCTaB >KMBOIO BEIIeCTBa JaHAIIAadTa
SIBJISIETCS BaXKHBIM CUCTEMATUYECKUM MPU3HAKOM.

Buoxumu4eckass akmueHocmb No4e

AKTUBHOCTh TI0YB, OIlEHMBaeMas 1O (EPMEHTATHUBHBIM I[OKa3aTEsIM.
NudopmaTuBHO SIBIIICTCSI aKTUBHOCTbD JIETUAPOTEHA3bI (kmacc
OKCHUJIOPEAYKTa3), TaK KaK YpPOBEHb OTOr0 IOKa3aTeyss 3aBUCUT OT
WHTEHCUBHOCTH  TIPOIIECCOB  HUTpUPUKAUM, a30TPUKCALNUU, JIBIXAHHUS,
NOTJIONIEHUS TOYBOM Kuclopoja. OnpenenstoT Takke aKTUBHOCTb ypea3bl U
docdhorazel  (kiMacc TUAPOTA3) U HMHTEHCHUBHOCTh JbIXaHHWS TIOYBBI IO
BBIJICJIEHUIO COa,. Tsoxénbie METAaJIIIbI WHTUOUPYIOT BAXKHBIC
MUKPOOHOJIOTUUECKHE TIPOIIECCHI B MOYBE, B MEPBYIO 04Yepeab TpaHCHOPMAIIUIO
COCIMHEHUI YTJepojia, €ro BBICBOOOKICHHE W3 Pa3JIMYHBIX OPraHHUYECKUX
COCAVMHEHUA B BHUAE YIIEKUCIOTHL. TsKENble MeTauibl MOTYT OKa3bIBaTh
MHTUOUpYyIolee JeUCTBUE U Ha MPOIECC €CTECTBEHHOI'O0 BOBJICUEHHUS a30Ta B
OMOJIOTHYECKUIN KPYrOoBOPOT — a30T(PUKCAIUI0. DTO MPOUCXOAUT MpPU O00OUX
TUMAaX  a3oTukcanuu, Kak CUMOMOTHYECKOW  (TIOKa3aHO  yrHETCHHE
KUBHENICATCILHOCTH a30T(OUKCUPYIOMNUX KIYOSHBKOBBIX OakTepuil), Tak W
HecuMOMOTHYeCKO. BoznelicTBre TSHKENBIX METaNIOB HA HECUMOMOTUYECKYIO
a30T(UKCAIMI0 3aBUCUT OT THIIA TOYB M CUJIbHEE MPOSBISETCS Ha OCTHBIX
nouBax. B 1enomM BiIusiHUE TSHKENBIX METAIJIOB HA MUKPOOHBIE COOOIIECTBA U
MHUKpPOOMOJIOTUYECKHE TMPOIECChl B TOYBE OMPEICISIETCS THIIOM TSHKEIOTO
MeTallia, €ro 1030, (GOpMOI COCTMHEHNS, CBOMCTBAMM 3arpsI3HICMBIX ITOYB.
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Buoxumu4ecku akmueHoe mexHo2eHHOe eeu,ecmeo

BemecTBo, nelcTByIolEe, MPEXKJIEe BCEro, Ha >XKUBBIE OPraHU3MBL. IJTO
OOBIYHO THUMOMOPGHBIE ISl KaKIOTO BHAA MPOU3BOACTBA BHICOKOTOKCHYHBIC
noJuTtoTanThl ¢ HU3kuMuU kiapkamu (Hg, Cd, Pb, Sb, Se u np.), obpasyroiue
0ojee KOHTPACTHBIE OTHOCHUTENIbHO (OHA Opeosbl M MPEACTABISIONINE
omacHOCTh miisa ¢iopsl, dayasl u denoBeka (M.A. ['mazoBckast). Bee Tsokénbie
METalibl, OCOOCHHO MO OTHOUIEHUIO K BBICHIMM >KMBOTHBIM M YEJIOBEKY,
TOKCUYHBI ¥ MOTYT BBICTYNaTh B KayecTBe OMOXMMHUYECKH aKTUBHBIX
TEXHOT€HHBIX BemecTB. OHM momajaroT B OPraHU3M C MHILEH, BOAOW, MHpH
BJIBIXaHUU 3arpsI3HEHHOTO BO3/1yXa U B 3aBUCUMOCTH OT XUMUUYECKOUN (hOPMBI HX
COCIMHEHW MHOT/AA JIOBOJIBHO OBICTPO BBIBOAATCS U3 opranusma. Ho
ompenesi€HHas WX YacTh 3aJEPKUBACTCSI B OpraHax M TKaHSIX, BCTynas B
COCIMHEHHE C OWOTeHHBIMHM JJIEMEHTAMH U paaukaiamMu. Tak Kak »3Tu
COCIMHEHHsSI HE YYacTBYIOT B HOPMaJIbHOM OOMEHE BEUIECTB U JUIA
OOJIBIIIMHCTBA U3 HUX XapaKTEPHbI JJIUTEIIbHBIC MEPUOIbI MOTYBbIBEACHUS (OT
MECALIEB 10 JAECATKOB JIET), IMPOMCXOAMUT IOCTENEHHOE Hakoruienne TM,
BeyIllee K PA3IUYHbIM MOPAXKEHUSIM U TSHKEIIBIM XPOHUUYECKUM 3a00JIEBaHUSM.
Tské€nple MeTauibl — 3TO B OCHOBHOM IIOJUTPONHBIE SI/IbI, KOTOPBIE C
OTHOCUTEIBHO HEOONbIION W30UPATENbHOCThIO HAKAIUIMBAIOTCS B Pa3HbIX
OopraHax M TKaHSIX W JalT I[HUPOKUH CIHEKTP TPYAHO JTUArHOCTUPYEMBIX
natosiornii. Ux BapuaHThl 0OYCIOBIIEHBI COUYETAHUSMU C JCHCTBUEM IPYTHX
MATOTEHHBIX areHToB. [103TOMy razoBbie BBIOPOCHI, CTOYHBIC BOJBI, TBEPIBIC
IPOJYKTHI CIOKHOTO TMOJUMETANIBHOTO COCTaBa — HauOOJee OMacHbIC BUIbI
MPOMBIIUICHHBIX OTXOJ0B. HaKomieHuto HSTUX COEJUHEHHM B TOYBaxX, IO
M.A. I'ma3zoBckoii, cmocoOCTBYIOT mpolecchl: 1) m3oMopdHbIe 3amelieHus B
peméTKax TIIMHUCTBIX MHUHEPANoB; 2) cOpOIMs HMOHOB METAUIOTJIMHUCTHIMU
MUHEpalaMH, OCOOEHHO aiodaHouaamMu; 3) COOCAXKIEHHUE C OKCHUIAMHU U
TUAPOKCUIAMU, OCOOEHHO JKene3a; 4) o00pa3oBaHHE MAaJIONOABUKHBIX
KOMILJIEKCHBIX OPTaHOMETAJUIMYECKUX COEANHEHUM.

BbydhepHas 30Ha (cucmema) noyenl

Ha ocnoBe mokasarenss pH BOOHOM CyCIIEH3MM ITOYBBI YCIOBHO BBIACIISIIOT
5 OydepHBIX CHUCTEM WM 30H, B Mpeeiax KOTOPhIX MPOUCXOAUT MOTpebdieHre
npotoHoB: 1) kapOonatHas (6,2<pH<8,6) — mepexon kapOOHATOB B
OuKapOOHAThl C BHICBOOOXK/IEHHEM B MOYBEHHbIM pacTBOp Ca; 2) cCHUIMKaTHas
(5,0<pH<6,2) — BBIBETpHMBAaHHE CHUIMKATOB C BBHICBOOOKIECHHEM B IOYBEHHBIM
pactBop katmonoB | — III rpymm; 3) karuonooOmennas (4,2<pH<5,0) —
BHe/peHne Kucibix KaTuoHOB B IIIIK ¢ BbITECHEHMEM B MOYBEHHBIN PACTBOP
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oOMeHHBIX ocHoOBaHuM; 4) amomunueBas (3,0<pH<4,2) — pacTBOpeHue
AIIOMOCOJIEpPKAIUX MHUHEPAJIOB C BBICBOOOXK/IEHHEM B TOYBEHHBINH PacTBOp
monomeproro Al*; 5) xemesmas (2,5<pH<3,0) — pacTBOpEHHE MOTYTOPHBIX
OKHCIIOB ¢ oOpasoBanmeM noHoB Fe®'. KommomeHTs GydepHbIX crcreM (3a
UCKJIIOUEHHEM KapOOHATOB) MPUCYTCTBYIOT B TOM WMJIM MHOW CTETIEHU B KaXKIOM
BUJIC MOYB, OJTHAKO B PAa3JIMYHBIX HHTEpBajax 3HaueHuid pH oaHa U3 30H
MoJiy4aeT BeAyllylo poib. KuCIOTHBIE OCajKku, TOoCTynas B IOYBY,
HEUTpAM3YIOTCS B TE€UCHUE BPEMEHH, OmpenesieMoro O0ydepHoit EMKOCTBHIO
nerictytorieit 30861 (Ulrich, 1980).

ByghepHocmb noys

1) CrnocobHOCTh TOYB MPOTHUBOCTOATH W3MEHEHWIO0 3HaueHuit pH mnpu
BO3JICHICTBUH KUCJIOT WJTHU IIETIOYEH.

2) bydepHOCTh TTOYB IO OTHOIIECHUIO K 3arpS3HSAIONINM TIOYBY JIEMEHTAM —
CIIOCOOHOCTH MOJIJIEP’KUBATH KOHIIEHTPAIIUIO AJIEMEHTOB B TIOUBEHHOM PAaCTBOPE
Ha TOCTOSSHHOM YypoBHe. CyuTaeTcs, 4YTO MPU HU3BICUCHUH METAIOB U3
MIOYBEHHOT'O PacTBOPA PACTCHUSIMHU MJIM HUCXOJIAIIUM BOJHBIM TOTOKOM MOTEPH
WX BOCIIOJNHSIOTCS M3 3amaca d3JEMEHTOB B cocTaBe TBEPABIX ¢a3. [lpu
M30BITOYHOM TTOCTYIUICHWW 3JIEMEHTA B TIOYBY B PACTBOPEHHOM COCTOSIHUH OH
MOJKET U3 MMOYBEHHOTO PACTBOpPA MEPEXOIUTH B COCTAB TBEPBIX (a3, MOBBIIIAS
3arac MOJBUKHBIX COCTMHEHHM 2JIEMEHTA.

B

Budbi Mu2payuu xumuyeckux 351eMeHmo8

1) Mexanuueckas wurpauus; 2) (GU3MKO-XMMHYECKass MUTpalus;
3) 6uorennas murparius; 4) rexnorennas murpamus (A.U. Ilepensman).

BuOdbi noeedeHusi 3a2psi3HsIOW,UX seujecme 6 s1aHOwaghmax

1) Conpspk€HHBIE — COXpaHSETCS] M3BECTHOE COOTHOIIEHUE MEXKIY
MOCTaBKOW BEIECTBA M 3arpsi3HEHUEM I0YB, PACTEHU W JOHHBIX OCAJIKOB,
Jexallee B OCHOBE MNPUMEHEHHUS KOHUENUUHU JACTOHUPYIOMIMX Cpen IpHu
9KOJIOT0-T€0OXUMHYECKUX OLICHKax TE€XHOT€HHBIX JaHAmadTOB;
2) NMCCOHAHCHBIM — CONPSDKEHHOE COOTHOILIEHWE HAPYIIAETCS B TY WU HHYIO
CTOPOHY (T€XHOTE€HHBIH T'€OXMMUYECKHM JHMCCOHAHC): a) aKKyMYJSTHUBHBIN
JUCCOHAHC — BO3HUKAET, KOT/1a MPUPOJHBIE U MPUPOIHO-TEXHOTCHHBIE (PAKTOPHI
MUTpALMU YCHJIMBAIOT OTHOCUTEIBHO HEOOJBIIOE IO KOHTPACTHOCTU U 00BEMY
BBHIOPOCOB TEXHOTEHHOE 3arpsi3HeHHe, O) OocHabNsrommii JAUCCOHAHC —
BO3HUKAET, KOTJa, HAIPUMEpP, BO3JEUCTBHE MOIIHBIX TEXHOTEHHBIX BHIOPOCOB
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MUHUMU3UPYETCS  KHUCJIBIM  BBIIIEJIAYMBAHMEM M3  MOYB  JIETKOTO
IPaHYyJIOMETPUYECKOTO COCTaBa, HMMEIOIUX K TOMY JK€ OY€Hb HHU3KHl
npupoausiii pon (A.H. Ilepensman, H.C. Kacumos).

BnusiHue npupodHbix naHOwaghmHo-2eo0xXxuMuyeckux ¢ghakmopoe
Ha 2e0XUMUI0 MexHO2eHHo20 aHdwaghma

N3y4eHo HEeIOCTAaTOYHO, HO MOKHO BBIACIHUTH JIBA OCHOBHBIX €ro BHUJA:
1) akkymynupyroiiee, CBS3aHHOE, HalpuUMep, C TOJIOKeHHeM JaHamadra B
KOHEYHBIX OacceiiHax MECTHOTO CTOKa, TSDKEIBIM TI'paHyJIOMETPUUECKUM
COCTaBOM MOYB U IMOYBOOOPA3YIOMIMX MOPOJ U BBICOKUM HMPHUPOIHBIM (POHOM
TSDKEBIX METAJIJIOB, PA3BUTHEM IMOBEPXHOCTHOTO TIEPEYBIAKHEHUS U OTJICCHMUS,
HIEJIOYHBIM ~ (POHOM TMO4YB; 2) MOOWIM3UPYIOIIEE, BBI3BAHHOE KHUCIBIM
BBIIICIAYMBAHUEM METAJUIOB U3 I0YB, OCOOCHHO XOpOIIO BBIPAKEHO Ha
OYBOOOPA3YIOIIKX MOpoAax JIETKOTO TPaHyJIOMETPUUYECKOT0 cocTaBa M Jp.
(A.N. Ilepensman, H.C. KacumoB).

BHewHue ghakmopbi Muepayuu

JlanamadTHO-TEOXUMUYECKUE  YCIIOBUS,  ONpENETSIoNe  TOBEACHUE
AJIEMEHTOB B  Pa3MYHBIX OKHUCIUTEIHbHO-BOCCTAHOBUTEIBHBIX, IIEJIOYHO-
KHUCIIOTHBIX U Ipyrux odcrtaHoBkax (A.E. depcman).

BHympeHHUe ¢hakmopbl Muecpayuu

CBoiicTBa XUMHUYECKHUX 3JIEMEHTOB, ONPEAEIIIEMbIE CTPOCHUEM aTOMOB, — UX
CIIOCOOHOCTh ~ JaBaTh  JIETy4yWe, pACTBOPUMBIE H  HWHEPTHBIE  (POPMBI
(A.E. ®epcman).

BodHas Muzpayusi xumMmu4ecKux afemMmeHmoe e saHowagme

OU3NKO-XUMUYECKass MHUTpaIdsg XHMHYECKHX OJEMEHTOB B  BOJaX
nauamadTa, ocymectpigeMas nyTém nudQys3un, KOHBEKIIUU WIH UX COYCTaHUIN
(xoHBekTHBHOM MU Y3Hn). BONBIIMHCTBO XUMHUYECKUX DJIEMEHTOB MUTPUPYET
B MOHHBIX, MOJEKYJISPHBIX WM KOJUIOMIHBIX PACTBOpPAX B COUYETAHUU C
cycneH3usiMi. Boja HaxXoaUTCS B CJIIOKHBIX OOpAaTUMBIX B3aMMOOTHOIIEHUSX C
OpraHu3MaMy, TOPHBIMU [opoaaMu, aTMOC(EepOoH. Baxuenmmmn
KOMIIOHCHTAMH SBJIIIOTCS pacTBOpEHHBIC Ta3bl, ocobeHHo O, CO,, H,S.
3HaunTeNbHAS YaCTh PACTBOPEHHBIX BEIIECTB HAXOAUTCS B (DOpME MOHOB, Cpen
KOTOpBIX ~ mpeobmagaror  Ca®*,  Mg”, Na’, HCO3;, SO.,5, CI
(«111€CTUKOMITOHEHTHBIM COCTaBy). Bce BOBI cofiepikaT TakKe MOHBI H" u OH,
pOJb KOTOPBIX YPE3BBIYAMHO BeEJMKA. Majlo coaep:kaHue paclpOCTPaHEHHBIX
anemeHToB Ni, Co, Cu, Zn u npyrux TM (oObrdHO HE OoJjee 10°-107 /7).
Kpome noHoit ¢popmbl pacTBOpEHHBIE HEOPTAHUYECKUE COCTUHEHUS HAXOSITCS
B (QopMe MOJEeKyn M KOJUIOMAHBIX 4acTHll. Bemuka poiab U pacTBOPEHHOTO
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OpraHUYECKOTO BEIIEeCTBA. XapaKTepHa TaKKe MUTPAIUs TOHKONH MyTH U OoJiee
KPYIIHBIX B3BCIICHHBIX 4acTuil. [lodTm Bce BOJbI — OWOKOCHBIC Teia, T. €.
COJIepKaT KUBOE BEIIECTBO. ['a30BbI M MOHHBINA COCTaB BOJ JaHAmadTa BO
MHOTOM 00s13aH JeATEIbHOCTH OpPTraHW3MOB, KaK TEX, KOTOPHIE HaXOMATCS
HETIOCPEJICTBEHHO B BOJOEME WJIM IOYBE, TAK M TEX, KOTOPHIE HACEISIOT
o6s1acTh (popMHUPOBAHUS BOJ, MUTAIONINX JIAHHBIM BOJOEM WM MOYBY. XUMU3M
MOYBEHHBIX U TPYHTOBBIX BOJ| 3aBHCHUT TaKKe OT MX MOABMKHOCTH. CBOOOIHBIC
TPAaBUTALIMOHHBIE BOJIBI HAXOMSTCA B TPEIIMHAX, KPYIHBIX MOJIOCTSX W JIETKO
MEPEMEIIAIOTCA 110 MOYBEHHBIM U BOJOHOCHBIM TOPU30HTAM. Y CTAHOBJIEHO, YTO
COCTaB BOJI M MHHEpaJIOB B JjaHamadTe BO MHOTOM OIpEACsAeTCS He
paBHOBecCHEM (MUJIM HE TOJIBKO UM), a TJIABHBIM 00pa30M KHHETHKOM IPOIIECCOB.

BoObi, 6e0HbIe pacmeopEHHbIMU Op2aHU4YeCcKUMuU eeujecmeamu (poo e00)

K HUM OTHOCSATCS BOABI HEKOTOPBIX TOPHBIX PEK, BBICOKOTOPHBIX O3€Ep,
apUIHBIX JaHIIIadTOB.

Bodbi, 602amble pacmeopEéHHbIMU Op2aHU4YeCcKUMU eeujecmeamu
2ymycoeo20 psida (pod eod)

Bojbl, mupoko pacnpocTpaHeHHBIE B TYMHUJHBIX JaHamadTax, sl HHUX
XapaKTEepHbI TYMHUHOBBIE U (DYJIbBOKHCIIOTHI, MPOYNE OPTaHUYECKHE BEIIECTBA, B
COEIMHEHUHU C KOTOPbIMU MUTPUPYIOT MHOTHE SJIEMEHTHI.

Bodbi, 602amble pacmeopEHHbIMU Op2aHU4eCcKUMU eeujecmeamu
HegpmsiHo20 psida (pod eod)

Boapl, B cocTraBe pacTBOPEHHBIX OPraHUYECKHMX BEIIECTB KOTOPBIX
peo6J1aIatoT HU3KOMOJICKYIISIPHBIC )KUPHBIC KUCTIOTHI, 00HAPYKHUBAIOTCS TAKKE
Ha(pTECHOBBIC KHUCIOTHI, OCH301, TONYOJd, (DEHOJIBI, CIHUPTHI, CIOXKHBIE d(PHUPHI.
Ectb u BemecTBa ryMmuHOBOrO psja. B nmanamadrax Takue BOJbl PeAKHU.

BoOdbI, npoMexXymoyYHbie 1o codep)XxaHuio pacmeopéHHbIX Op2aHU4eCcKuUX
eewecme (pod eod)

K HUM OTHOCSTCSI OKEAHUYECKUE U MHOTHUE APYTHUE BOJIBI.

Bmopu4HbIl (3nu2eHemu4ecKul) 2e0XuMu4ecKul opeos1 paccesiHusi

[TpuponHoe oOpazoBaHue, cPopMHUPOBABIIICECS B PE3YIbTATEC BHIBETPUBAHUS
Y ICHyJAlWH PYJIHOrO TeJla U MIEPBUYHOIO Opeosa MECTOPOXKAeHUs. Paznuyaror
JUTOXUMHUYECKHE OpeoJibl (B TMOYBaX, IMOPOJAax), THUIAPOreOXUMUUECKUE
(B BOmax), armoreoxumuueckue (B arMmocdepe), OHOreoXHuMHUYECKHUE
(B opraHn3mMax U MoyBax).

Bmopou 6uozeoxumuyveckull npuHyun

DBOIONMUSA OPraHUYEeCKOro MHpa pa3BUBajach B HAMNPABICHUU YCUJICHUS
ouorennoit murpanuu (B.W. Bepnaackuii).
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BbieempueaHue

CwMm. ['unepeenes.

BbiwienayueaHue

[Iporiecc MOCTENEHHOTO PACTBOPEHUS U yAAJICHHUS M3 MOYB U TOPHBIX MOPOJ
MOJABMKHBIX 3J€MEHTOB. [Ipy 3TOM TOUYBBI M TOPOABI OOOTAIMAIOTCS MEHEe
MOJABWKHBIMU 3JIEMEHTAaMU U MUHEpajaMu. BrllllenaynBaHuEe UTPaeT Ba)KHYIO
posib B (pOpMHpPOBAHMM XMMHYECKOTO COCTaBa BOJI. PaHee BblleIauyMBaHKE
U3y4aJIOCh TMPEJICTABUTEIISIMA Pa3HbIX HAyK: [OYBOBEIAMH, JIUTOJIOTAMH,
TUApOreosoraMu, MuHepagoramMu u T.J. OJHAaKO HE3aBUCUMO OT OOBEKTa BO
BCEX CJIy4asiXx UMEET MECTO B3aUMOJICHCTBUE BOJ C TUTOC(HEPOH, YTO O3BOJISET
paccMaTpuBaTh  BBIIIEJIAYMBAaHUE C  OOIIMX TEOXMMHUYECKUX  TO3MIIUI
(C.JI. lIBapueB). B cooTBeTcTBMM ¢ Ki1accaMu BOJ BbIAeNseTcs 12 Ki1accoB
BBIIIEJIAYUBAHMS. XOPOIIIO U3YUYEHO CEPHOKHUCIIOE BBIIIEIAUYMBAaHUE HA BBIXOJAX
Cynb(UIHBIX PpyJ, KHCJIO€ BBIIEJAaYUBAHUE B  TPOMUYECKUX  KOpax
BbIBETpUBaHUsI U TMoyBax. C HUM CBSA3aHO YyA&JICHUE W3 TOYB U TMOPOJ]
npeumyiiecteeHHo Ca, Mg, Fe, Ni, Cu, Co, Zn, Sr u np. [ 1mieaodHoro
BBIIIEIaYMBaHUs XapakTepeH BbIHOC Si, Ge, Mo u JIpyrux aHHMOHOTCHHBIX
dJIEMEHTOB. BakHO€ 3HaueHHEe HMEIOT TaKXke KHCIOe IJIeeBOE, COAOBOE U
npouee BeimenaunBanue. Ilo W.C. Tompnbepry u gap., B mpoleccax
BBHIIIEIAYMBAHUSL WUTPAET POJIb U DJICKTPOXUMUUYECKOE MepepacnpeiesieHue
METAJJIOB: BBIHOC MX W3 BMEIIAIOIIUX MOPOJ U OCAKICHUE HA T€OXMMHUYECKUX
Oapbepax. B 71a00paTOPHBIX AKCIIEPUMEHTAX AJIEKTPOXUMHUYECKOE
BBIIIEIaYMBAHUE ObUIO YCTAaHOBJIECHO HA MOPOIIKAX MECYAaHUKOB, KBAPIIUTOB U
np. Ilpu 5ToM B aHOJIWTE HAKAIUIUBAINCh AHMOHOTECHHBIC JJIEMEHTHI U YacTh
kaTtuoHoreHusix (Si, Al, Mg, Fe, Pb, Cu), a B karonut noctynanu Ca, Al, Mg,
Fe u npyrue KatMOHOTEHHBIE 3JIEMEHTHI. 11 MHUKPOIJIEMEHTOB CTENEHb
U3BJICUCHUSI JOCTUTajla JIECATKOB TPOIEHTOB. IlpakTHueckoe 3HA4YCHUE
MOJOOHBIX MCCJICIOBAHUN BEJIMKO, B YACTHOCTHU, NPHU OXPAHE OKPYKAIOIICH
Cpebl, TOA3€MHOM BHIIIEIaUUBAHUU Py, CTPOUTEILCTRE.

r

eoxumuyeckasi aHomanus

Y4acTku TOpPHBIX MOPOJ C TMOBBILIEHHOM KOHLIEHTPAUKUEH PaCCETHHBIX
AJIEMEHTOB  (M3MEHEHHWE COJICp)KaHUS  PACCESIHHBIX  DJIEMEHTOB  OYCHD
KOHTPACTHO Ha OTPaHUYCHHOM TUIOIIAIN ).
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Feoxumuyeckas dbipa

YyacTok, B KOTOPOM Ha KOPOTKOM pAaCCTOSHUM PE3KO H3MEHSIOTCS
TUAPOTCOXUMHUYECKUE YCIIOBUSI, YCUIMBACTCS MOABUKHOCTD 3JIEMEHTOB BILIOTh
710 MX UCUe3HOBEHMs B 30HE «IbIpbD» (H.M. EHuKeeB).

reoxumuyeckas Kknaccugukayusi 2azoe 6uocgpepbi

(A) AxTtuBHbIe Ta3bl. 1. Heopraamueckue rassr; a) okucautenn: O,, Oz, NO,,
H,O,, NO; 6) Boccranmosutenu: H,S, H,, H,Se, NHs;, N,, N,O, CO, Hg.
B) TOJISIPHBIE Ta3bl, BIUSIONIME MPEUMYIIECTBEHHO Ha IMIEJIOYHO-KHUCIOTHBIE
ycaousi: CO,, H,0, HCI, HF, SO, SO; 2. Opranudeckwe Tra3bl —
yraeBojiopoabl U ux mnpousBoanbie: CH, CoHg, CsHig, CoHi u o mpyrue
OpraHUYecCKWe COCIMHEHHS (B TOM  4YHCJE  DJIEMEHTOOPTaHUYECKHE).
(b) IlaccuBnwie ra3el (uHeptHbie): Ar, He, Ne, Kr, Xe, Rn (mo A.N.
[Tepenbmany).

reoxumuyeckas Knaccugukayusi unoe, No080OHbIX 048

Cpenu moABOAHBIX MOYB (MJIOB) B MOPCKUX U MPECHOBOJIHBIX BOJOEMAX C
HauOoJiee pacnpoOCTPaHEHHONW HEUTPATBHOU U CIa0OIIETI0YHON peaKiueil cpeibl
BBIJICIISIIOT TPU T€OXMMUYECKUX Kjlacca M COOTBETCTBYIOIIUE UM TOPU3OHTHI:
a) OKUCIUTEIbHBIC WIbI; O) TJIeeBbIE WIIbI; B) CEPOBOJOPOAHBIC (CYIb(MUTHBIC)
unbl. B akBanpHBIX JaHamadTax OKUCIUTENbHBIE, TJIEEBbIE U CEPOBOJOPOIHBIC
KJIACChl U TOPU30HTHI UJIOB 3aKOHOMEPHO COUYETAIOTCS B Mpejeax MOABOIHOM
KaTeHbl, XOTSA OTACJBbHBIM KJIACC MOXET paclpOCTPAHAThLCI Ha COTHH
KBaJIPATHBIX KUJIOMETPOB JIHA, @ HA0OP TOPU30HTOB MPODUIIT MOKET MEHSATHCA.
Oco0EeHHO Ba)XHOE 3HAYEHHE HMMEIOT TPaHUIBl MEXIy TOPU30HTAMHU, TJe
dopmupytorcs reoxumuueckue 6aprepsl (A.U. Tlepensman, B.B. batosin).

Feoxumuyeckas Knaccugukayusi NPUpPoOHbIX 800

['pynmebl: a) X0JI0AHBIE U c1a00TepMalIbHBIE 30HBI TUIIEPreHe3a U Ouochepsl;
0) ropsune u ymepenHo neperpetsie (50 — 200 °C); B) cuibHOIEpErperbie
(200 — 375 °C); r) ®mouansie (Bbime 375 °C). Tumnbl: a) KUCIOPOIHBIC;
0) rieeBbie; B) cepoBOAOpOAHBIC. Kilacchl: a) CHIIBHOKHCIBIE;, 0) KHCIBIC H
c1a0OKHUCIbIC; B) HEHUTpallbHBICE M CIIA0OIICIOYHBIC; T) CHIIBHOIICIOYHBIC.
CewmeiicTBa: a) ynbTpamnpecHbie; 0) MpPEcHbIE; B) COJOHOBATHIC; T) COJEHBIC,
n) paccosibl. Pompl: a) Oorarbie pacTBOPEHHBIM OPTaHUYECKUM BEIIECTBOM
(POB) rymycoBoro psna; 0) 6orareie POB HedTsiHOrO psina; B) Oenubie POB;
I') TMPOMEXYTOUHBIE MO COJIEP)KAHUIOD PACTBOPEHHBIX OPraHUYECKUX BEIIECTB.
Bunel: runpokapbonatHeie, cynbbaTHbie, XJaopuaabie u ap. (A.W. Tlepenbman).

Feoxumuyeckasi Muzspayusi

[lepemeriieHre aTOMOB XMMHUYECKHX JJIEMEHTOB B 3€MHOM Kope, OOBIYHO
BEyIIEE K HX pACCESHUIO WM KOHIIEHTpAlMU. ['€0XMMHUUYECKOEe H3y4YEHHE
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OpOJ U MOYB MMOKA3a10, YTO KPYrOBOPOT XMMUUYECKHUX DJIEMEHTOB B IpoOIlecce
AK30r€He3a 3aBUCUT OT (PU3UKO-XUMUYECKUX VYCJIOBHM, BIMSIONIUX Ha
PacTBOPUMOCTh 3JIEMEHTOB, KOTOPhIE MPUCYTCTBYIOT B OnpenenéHHon cpeje. B
3aBUCHUMOCTH OT O3THUX YCIOBUM XUMHUYECKUE DJIEMEHThl HAXOASTCA WM B
paccessHHOM COCTOSIHMM, WM HaKalJIMBAaIOTCS B IMPOIIECCE MUIpaluu
(A.E. depcman).

Feoxumuyeckasi npoeuHyus

Tepputopusi, B nipefieiax KOTOPOil TOpHBIE MOPOJIbl OJTHOTO THUIA 00J1aIat0T
BBIJICPKAHHBIMUA ~ CTaTUCTUYECKUMHM TapaMeTpaMH, B TMEPBYIO O4Yepeb
COJEpKaHUSI OJHOTO WJIM HECKOJIBKMX pacCesaHHbIX »3JeMeHTOB. CpenHee
COJICp)KAaHUE HEKOTOPHIX D3JIEMEHTOB B OJHOTHUIIHBIX THOPOJAax Pa3HbIX
FCOXUMHUYECKUX MPOBUHIUA MOXKET CHUJIBHO pa3inyathbcs (B HECKOJIBKO pas).
[Ipr 3TOM XMMHYECKHMH COCTaB AJTHUX IIOPOJ, ONPEAEIIEMBIN COIEPHKAHUEM
[JIaBHBIX 3JIEMEHTOB, OCTAETCSI OJJMHAKOBBIM WJIM UMEET OYEHB CIa0ble OTIUYHS.

Feoxumuyeckasi coeMmecmumocmb MexHO2eHHbIX eo3delicmeuli
C HanpaeJsieHUsiMuU NPUPOOHbIX MPOYECccos

TexHoreHe3 MoeT OBITh COBMECTUM C OCHOBHBIMH TPUPOIHBIMU
npoleccaMi W YCWJIMBaTh HMX, YMEHbIIATh YCTOWYUBOCTH (HAmpumep,
BO3/ICHCTBUE KHUCIBIX aTMOC(EPHBIX OCATKOB HA KHUCJBIC JIECHBIE IMOYBBI) U
BBI3BIBaTh JOMOJHUTEIbHYIO MOOWJIM3ALUIO TSOHKETBIX METAIOB. TexHOTeHe3
MOXXET OBbITh HECOBMECTHUM C HaIlPaBJIECHUEM MPHUPOJHBIX MPOIIECCOB: KUCIbIC
OCaJIKi, BbITIaJasi Ha KapOOHATHBIC TOYBBI, HEHUTPATU3YIOTCS, B PE3YJIbTATE
MOYBbI TPOSBJISIOT YCTOMYMBOCTH K TEXHOTEHHOMY BO3ACHCTBUIO. Takum
o0pa3om, mpupoIHasi 0OCTAHOBKA B 3HAUUTEIIBHOM MeEpe ONpeIesieT MOBEICHHUE
MPOJIYKTOB TeXHOreHe3a, noctynaromux B sanamadt (H.I1. Connuena).

Feoxumuyeckasi ycmolivueocme 2eocucmem

CrocoOHOCTh K CAMOOYHIIICHUIO OT MPOJAYKTOB TEXHOTECHE3a, 3aBUCAIAs OT
CKOPOCTH XMMHUYECKHUX MPEBPAIICHU U UHTEHCUBHOCTH BBIHOCA MOCIEIHUX U3
TE€OCUCTEM.

Meoxumuyeckasi ycmoulyueocmsb naHowaghma

Cnoco6HoCTh JaHamadTa W €ro KOMIIOHCHTOB K CaMOOYHIIEHHUIO OT
MPOJIYKTOB TEXHOTE€HE3a (MX BBIHOCY WJIM MEPEBOJY B MHEPTHOE COCTOSHHE).
[TouBbl B 3HAYUTEIBHOM CTEMEHU OMNpeAesaoT OydepHble BO3MOXKHOCTH
nanamadra. OCHOBHYIO pOJib B TMOJJECPKAHUM YCTOMYMBOCTH JaHAmadTa K
TEXHOT€HE3Y WUIPAIOT MOACTHIIKA, OPTraHOT€HHBIE M T'YMYCOAaKKyMYJISITUBHBIE
ropu3oHTHl 104B. CTaOMILHOCTH TMOYBEHHOTO TMOKPOBA IMO3BOJSIET COXPAHSTh
MOCJIEI0BATEILHOE PACIIOIOKEHHUE PJIEMEHTOB IKOJIOTO-TEOXUMUYECKUX CUCTEM
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(mannmadToB), T. €. COXpaHseT HUX CTPYKTYpy Kak OJHO U3 YCIOBUU
ycrouuBocty (M.A. ['mazosckas, I.B. Morty3osa, JI.LK. CagoBHUKOBA).

Feoxumuyeckasi popmyna

®opmyna srneMeHTapHOro JnaHAmadTa, WMEoIAas BHJI HENPaBUIbHON
IpoOu: Ha MECTE LIEJOr0 Yucjia B KBaJIpaTHBIX CKOOKaX YKa3bIBa€TCSl KJlacc
naHamadTa, B YUCIUTENE — MHUIPUPYIOIIUE DJIEMEHThl (B CKOOKax —
MPEANOJOKUTEIPHO ~ MUTPUPYIOIIME), B  3HAMEHATEIE€ —  DIJIEMEHTHI,
ocaXkJarolrecss Ha TeOXUMUUYECKuX Oapbepax (B CKOOKax — MPEUMYIIECTBEHHO
OCaXJarIuecsd), IMocie ApoOM YKa3bIBAIOTCA 3JIEMEHTHI, MUTPHUPYIOUIUE U
ocaxkJarluecs B paBHOUM creneHu. Hampumep, reoxumudeckas dopmyna
CUJIBHO 3200JIOUEHHBIX Ta&KHBIX JaHAIIAPTOB, pACTIPOCTPAHEHHBIX HA MJIOCKUX
c1aboIpeHUPOBAHHBIX paBHUHaX 3arnajaHoi Cubupu, Meniepsl (aBTOHOMHBIE U
cynepakBajbHble JIAHAMIAPTHI KUCIOM  TJIEEBOM  TailrM) HMEET BUJI:
I_I+ e O, N, P, K, Ca, Na\....

- H,0 €e” , H"

leoxumuyeckas akonoaus

Pa3nen skosiorny, 3agaga KOTOPOrO COCTOMT B M3YYEHUM B3aWMOJCHCTBUS
OpPraHU3MOB M UX COOOIIECTB C T€OXUMHUYECKON CpPEelIoH, a TaKKe OpraHU3MOB
Mexay coooii (B.B. KoBanbckuit).

Feoxumu4yecku aemMoOHOMHbIU slaHOWaghm (3K0Js1020-2e0XUMUYECKasi
cucmema)

DKOJIOTO-TeOXMMHYECKass CHCTEMa, HE3aBHCHUMAas OT OHMOTC€OXMMHYECKHX
MPOLIECCOB, MPOUCXOAIINX HA COCETHUX YUACTKaX.

Feoxumu4yecku asMOHOMHbIU 351eMeHmapHbIU 1aHowaghm

DnemeHTapHas DKOJIOTO-T€OXUMHUYECKAas CHCTEMA, B KOTOPOM
BHyTpuiIaHAIIa(QTHEIH MacCOOOMEH MEXIy €€ KOMIIOHEHTaMU MPOUCXOJUT
CPaBHUTEJIbHO HE3aBUCMMO OT COCEIHUX DOJEMEHTApHbIX JaHamadToB, a
MacCOOOMEH C OKpYyXalolled TEeppUTOpUe  MOANEPKUBACTCA  TOJIBKO
IIOCPEJICTBOM TIepeHoca Macc uepes Tpornochepy.

reoxumuyecku NoGYUHEHHbIU NaHOwWaghm (3K0/1020-2e0XUMUYECKas!
cucmema)

DKOJOro-re0XuMHuYecKas cucTeMa, KOTOpas dbopmupyeTcs
(pyHKUMOHUpPYET) TOA  BO3JACHCTBUEM  OHOT€OXMMHUYECKHX  IPOIIECCOB,
NPOUCXOASAIINX HA  OKPYXKAlOlIed  TEPpUTOPHHM, OTKyJa  BBIHOCATCS
OIPEICTIEHHBIE XUMUYECKUE DJIEMEHTHI.
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reoxumuyecku NOOYUHEHHBIU 35IeMeHMmapHbIU laHowaghm

DneMeHTapHasi  AKOJOTO-F€OXMMHUYECKasi  CUCTeMa, CUCTEMaTHYECKHU
MOJTy4aroIasi C BOAHBIM CTOKOM JOTIOJIHUTEIBHOE KOJIMUECTBO JIEMEHTORB.

Feoxumuveckue uHOUKamopbI

XUMHUYECKHE DJIEMEHThI, UX COCIUHEHHUs, MO0 M3MEHEHHSIM OCOOCHHOCTEH
pacripeneneHns KOTOPHIX B Pa3IMYHBIX TCOXUMUYECKUX 00BEKTaX (B TOM UHUCIIC
U B Pa3HBbIX COCTaBHBIX YACTSAX IM€OXUMHYECKOIo JIaHAmadTa) BeIyTCs MOUCKU
MECTOPOXKJICHHH  TIOJIE3HBIX  HMCKOIMAEMBIX TIEeOXUMHUYECKUMH  METOJIaMH.
['eoxumuueckne  MHAUKATOPBI,  KOTOPbIE  COOTBETCTBYIOT  OCHOBHBIM
XHMHYECKUM 3JIEMEHTaM, CJIararolliuM Teja MOJIC3HBIX UCKOIMAeMbIX, HA3bIBAIOT
npssiMbiIMH.  MIHAUKATOpBI, HE COCTAaBISIONIME OCHOBY TeEJl  MOJIE3HBIX
HCKOITAE€MBbIX, HO YaCTO SIBJISIOIIMECS UX «CITyTHUKaMW» WA CBS3aHHBIC ¢ HUMHU
ONpPEACIEHHBIMU  3aKOHOMEPHOCTSIMH, TOJIYYWJIM Ha3BAaHME KOCBEHHBIX
WHJIUKATOPOB.

Feoxumu4yeckue MemoObI NOUCKa

B 3aBucuMocTH OT 00BEKTa aHaIM3a pPa3IMyaloT JUTOXUMHUYCCKUN
(METaIIOMETPUYECKUM),  THAPOTCOXUMHUYECKUH,  OHOTCOXMMHYECKUH |
aTMOT'COXUMHYECKUM (Ta30BbIiI) METOAbI TOMCKOB MECTOpOXIeHuu. Teopus
r€OXMMUYECKUX METOJOB MOUCKAa U OCOOEHHO MOHATHE 00 Opeoiax paccesHus
MMeeT OO0JIBIIIOE 3HAYCHUE W JJIs PEIICHUSI YKOJIOTUYECKUX 3a7ad — OOpbOBI C
3arpsi3HEHUEM OKPY’KAloIllle cpeabl W MOHUTOpHHra. Paspyimaromieecs Ha
36MHON TMOBEPXHOCTH PYIHOE MECTOPOXKICHHE M OO0pa3yloluecs MpU ATOM
BTOPUYHBIE OPEOJIbl PACCESHUSI OKA3aIMCh XOPOIIEH MOJIENbI0 3arpsi3HEHUs
cpenbl  oT JokanbHoro wucrounuka (H.M. Cadponos, A.Il. Conosos,
B.A. CokonoB u ap.).

reoxumuyeckue npouyecchbl

Cwm. 'eoxumuueckas muepayus; Buovl muepayuu xumuueckux s1emeHmos.

leoxumuyeckuli 6apbep

VYyacTku 3eMHOM KOpBI, B KOTOPBIX HAa KOPOTKOM PACCTOSIHUM MPOUCXOIUT
pEe3K0O€ YMEHbBIIIEHNE NHTEHCUBHOCTH MUTPALIMM XUMUYECKUX DJIEMEHTOB U, KaK
CIIEICTBHE, WX KOHIICHTpaIusa. B OCHOBY KiacCH(pUKAIMM TE€OXUMUYECKUX
O0apbhEpOB MOJOKEHBI BUJIBI MUTpAIU. BeigenseTcs ABa OCHOBHBIX MX THIIA —
MPUPOJIHBIE U TEXHOTCHHBIE, KOTOPhIE, B CBOIO OuUepe/lb, MOAPA3CIAIOTCS Ha
TpU KJlacca: MEXaHWYeCKHe, (PU3NKO-XUMUYECKHE ¢ OHOreOXMMHUYECKHE
Oappepel. CocTaB W TNPOTSHKEHHOCTh ITOTOKOB TEXHOT'CHHBIX BCIIECCTB B
naHmadTax KOHTPOJIUPYETCS oOrei TaHAaQTHO-TEOXUMUYECKON
00CTAaHOBKOM M Ppa3IMYHBIMM TE€OXUMUUYECKUMU OapbepaMH. YUEHHE O
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F€OXMMUYECKUX Oapbepax MOJHOCTHIO MPUMEHUMO MJIs aHaiu3a M IMPOTHO3a
NOBEJACHUS XUMHUYECKUX BEIECTB B 3arps3HEHHBIX MOYBAX, A1 00OCHOBaHUS
MPAKTUYECKUX MEPONPUSATUN MO JOKamu3aluu 3arps3HeHus. CuuTaercs, 4To
TATBHEHIIAM Pa3BUTHEM YYCHHS O TCOXMMHYECKHUX Oaphepax MODKHO CTaTh
DKCIEPUMEHTAIbBHOE W MAaTEMaTUYECKOE€  MOJIEIMPOBAHHE  MPOLECCOB,
IPOTEKAIOUIMX Ha Pa3HOOOPa3HBIX TEOXUMUYECKUX MPAHUIIAX U B MOTPAHUYHBIX
«reoxumuueckux s3koroHax» (A.U. Ilepenbman).

leoxumuyeckuli epadueHm

Pe3ynbTaT MOCTENEHHBIX WM PE3KUX HM3MEHEHUH XapaKTEPUCTUK CPEbI,
BBI3BIBAIOIIUX KOJEOAHMS paclpelieieHus] M COJCPKAHUS XMUMHYECKUX
leMeHTOB B JaHamadrax. ['€oXuMHUYEeCKHe TPaJUEHThl CYIIECTBYIOT B
pacTUTENIbHOM, TIOYBEHHOM W B JPYIrMX KOMIIOHEHTaxX JjaHamadra.
['eoxumuyeckre rpaAueHThl BO3HUKAIOT Ha JIOKAJIHHOM, PErHOHAJIBHOM H
rJ100aJIbHOM MUTPALIMOHHOM YPOBHSIX U OOBIYHO CBSI3aHBI C BOJHBIMU WIIH
BO3JIyIIHBIMUA TOTOKaMu. Ha rio0asbHOM ypOBHE OHHU BKJIIOYAIOT TaKXKe
KoJIe0aHMs TPUTOKA COJIHEUHOM HPHEpruu B JaHAmadTsl. B mpupose rpaiueHTsl
00yCIIOBJIEHBI, KaK MPaBWJIO, €CTECTBEHHBIMU TPOIIECCaMU, OJHAKO HEKOTOPbIC
M3 HUX OBIBAIOT CHPOBOLIMPOBAHBI HEMOCPEIACTBEHHO JIEHUCTBUSIMU YEJIOBEKa U
4acTO U3Yy4arOTCS B CBA3HU C 3arPSA3HEHUEM OKPYIKAIOILIEH CPEBL.

reoxumuyeckul naHlwaghm

[Taparenernueckas accouuanus COMPSIAKEHHBIX AJIEMEHTAPHBIX
JaHAA(TOB, CBA3AHHBIX MEKIy coO0i murpauuei sneMeHToB (b.b. [1onbiHOB,
A.N. Tlepenbman).

reoxumuyeckuli MOHUMOPUH2

HaGmrogenne 3a TreOXMMHUYECKMMH  TapaMeTpaMyd  MPUPOJHBIX |
TEXHOTCHHBIX JaHAmadToB. [lo wuepapxum naHamapTOB WIH HKOCUCTEM
MOHUTOPHUHT JICJIUTCSI HAa KOMIUIEKCHBIM (IKOCUCTEMHBIN, T€OCUCTEMHBIN) U
KOMITOHEHTHBIM  (aTMOC(hEpHBI, BOJHBIA, OHOJIOTUYECKHM, TMOYBEHHBIN).
JlanamadTHO-TEOXUMUYECKUA ~ MOHUTOPUHT  XapaKTepU3yeT  IOBEICHHE
AJIEMEHTOB HE TOJBKO B OTJEIbHBIX KOMIIOHEHTaX, HO U B JaHamadTe B 1EJIOM.
[TosToMy MmeTomoJsiorusi reoXumMuu jdaHamadTa OCOOCHHO ajeKBaTHA LEJIAM
KOMIIJIEKCHOT'O 3KOJOTHYECKOTO0 MOHUTOPHHTA.

reoxumuyeckuli om6op afeMeHMo8 pacmumesibHOCMbIO

N3bupatenpHas (CeNEKTUBHAS) aKKyMYJISIUS ONPEACIEHHBIX PACCESHHBIX
AJIEMEHTOB pacTeHusMH. OTOOp TMPOUCXOAUT B PACTUTENBHBIX KJIIETKaX
Omarogapsi KOMIUIEKCOOOpPAa30BAaHUIO — CIIOCOOHOCTH psija dJEMEHTOB K
00pa30BaHUIO CTOMKHUX KOMIUICKCHBIX OpPraHHYECKHMX CcoeAuHeHHi. B
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OMOJIOTUYECKOM OOMEHE METallbl Ha MOJIEKYJISIPHOM YpPOBHE COEAMHSIIOTCS C
OuoMosexynamMu  (JTUOUAbl, OCJNKH, MEeNTHAbl, AaMUHOKUCIOTHI U  HX
npou3BoiHbIie) B ocHOBHOM uepe3 S, N u O. Ilo E. A. boiiuenko (1966), Fe, Zn,
Cu’, Cd, Hg, a Taxxke Pb npeanodruTensHo coeHAIOTCS ¢ CEPOCOAEpKAIIUMU
rpymamu, Cu®, Ni u Co — ¢ asoTHbiME, Mn’*, KaKk U S-3JIEMEHTBL, — C
KHUCIIOPOJO0COAECPKAIUMU TPYIIIaMHU.

reoxumuyeckulii pennukm

Acconmanys XuMUYeCKUX 3JIEMEHTOB, BO3HUKIIIAS B JIAHIIIA(TAaX MPOLLIBIX
3MOX.

reoxumuyeckuli cnekmp

JlomaHass JHMHMSL — PAHXXUPOBAaHHBIA pAI KJIAPKOB KOHIEHTPALUH
(paccesiHMs) DIIEMEHTOB B KOpPE BBIBETPUBAHUA (MOpOJAx, MoYBax M T. I.).
['eoxuMuyeckuid CHEKTp IMO3BOJSET CpPABHUBATH pPa3HbIE CHUCTEMBI 11O
pacupesesieHuI0 B HUX MHOTHX XUMUYECKUX 3JIEMEHTOB.

leoxumuyeckuli hoH

Cpennee copepx’aHue XUMUYECKOTO JIEMEHTA Il JaHHOTO THUIIA TOPOJ B
ONPEAECTEHHOM palioOHE.

leoxumuyeckoe none

3eMHO€ IPOCTPAHCTBO C ONPEACIEHHBIMA COACPKAHUSIMU XHUMHYECKUX
a7eMeHTOB U ux coeaunennii (A.U. Tlepensman).

Feoxumuyeckoe conpsixeHue

3aKOHOMEpPHOE COYETaHWE AIEMEHTApHbIX JIAHAWA(TOB B F€OXUMHYECKOM
nanamwadTe — CBA3b MOTOKOM BEILECTBA CEPUU 3IJIEMEHTApHBIX JaHIIIA(PTOB,
HAXOJISAIIUXCS Ha PA3HBIX YPOBHSX penbeda.

Meoxumus kackadOHbIX cucmem

HampaBnenue, pasgen TreoXuMUM JaHamadpTa, W3y4darOUuid MPOIECCHI
MUTpPAllMM W KOHIIGHTPAIlMM BEHIECTB B KAaTEHapHBIX H 0acCEeHHOBBIX
TaHAIIAQTHO-TEOXUMUYECKUX  CHUCTeMax (TeOXMMHS KaTeH, aKBaJIbHBIX
naHaAwadToB peK, 03€p, BOJOXPAHWIULI, NEIbT, MPUOPEKHOW 30HBI MOped U
okeaHoB). Karenapnas (mpupoaHas W TEXHOTE€HHas)  JIAHAIMIA(THO-
F€OXMMHUYECKAsl MUTpalusi, CONPsHKEHHOCTh W AuddepeHuanus, MNOUCK
aJIeKBaTHBIX €l HAaTypHBIX MOJENEN W pe3yJbTaThbl UX WCCIECIOBAHMS JIEKAT B
OCHOBE COBPEMEHHOW reOXUMHH JaHAmadTa U SKOJIOTHIECKONH T€OXUMHUU.

Feoxumusi naHdwagpma

HaydHoe HampaBiieHHe, M3y4arolllee HUCTOPUI0 aTOMOB B JaHAIadTe, T.e.
MIPOIIECCHl MUTPAIIMY M KOHIICHTPAIIUU AJIEMEHTOB B jaHamadrax. B reoxumun
naHAmadTa UCTOPUYECKUN TOIXO0J pa3pabaTbiBaeTCs B JBYX HaINpaBICHUSX:
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UCTOpUYECKAs] TEOXUMHUSl JaHamapTa U3ydaeT OIBOJIOIUI0O COBPEMEHHBIX
naHAmaToB, a NajleorcoXumus JnaHamadra — OCOOEHHOCTH JiaHAadTOB
IPOIUIBIX TEOJIOTUYECKUX JMOoX. B reoxumum mnanamadTa HCCIETYIOTCS
cBOicTBa JaHAMA(THOW CHUCTEMBI M OCOOEHHOCTH €€ (DYHKIMOHUPOBAHUS H
pPa3BUTHS MYTEM aHAIN3a MUTPALMN XUMHUYECKHUX 3JIEMEHTOB.

Feoxumusi mexHo2eHHbIX naHOwWaghmos

Hanpasnenue, pa3zgen reoxuMuu lasamadra, U3ydyaroluuil 3KOr€OXHMHUIO
TOpOJIOB, arpoIaHAIIA(QTOB, TOPHOMIPOMBIIIJICHHBIX JTAHAMA(TOB U JIp.

FemeponumHusbii naHOwaghm

JlanamadT, 0Opa3oBaHHBIM Ha PA3IMYHBIX TOPHBIX MOPOJAX, MPUUYEM ITH
pa3IMuus U3MEHSAIOT B3aUMOJIECTBUE MEXAY TOPHBIMU MOPOAAMU U JPYTUMH
qyacTsaMU Ja”amadgra.

ludpozeoxumuyeckuli Memod rnouckKka MecmopoxoeHul

3akmrodaercss B 0TO0Ope mpoO BoAbl. BOMM3M MECTOpOXKACHUN COAepKaHUE
AJIEMEHTOB B BOJAaX BO3pacTacT B JECATKM U COTHH pa3. [IpenmyniectBom
TUAPOT€OXMMUYECKOTO METO/A SIBJISIETCA BO3MOXXHOCTb OOHApYKEHUsl IIyOOKO
3aJIeraloluX pPyIOHbIX Teld. Meron >(QQeKTHBEeH MpU IOUCKAaX YPaHOBBIX,
MEJIHBIX, MOJIMOJAEHOBBIX, OOPHBIX U APYyrux MectopoxaeHuil (A.A. bpoackuii,
I'.A. T'onesa, C.P. Kpaiinos, A.A. Caykos, I[I.A. Y0108 u 1p.).

Fudponumuyveckasi kKuciomHocms MNo4ebl

OOycnoBnMBaeTCs MOHAMHU BOJIOPOAA, NIPOYHO CBA3AHHBIMH B IOYBEHHOM
MOTJIOIIAIOIIEM KOMILIEKCE U BBITECHSAEMBIMH M3 MOYBEHHOT'O MOTJIOIIAIOIIETO
KOMIUIEKCA MPU B3aUMOJICVCTBUM ITOYBBI C PACTBOPAMH LIEIIOYEN WIIM COJIEH,
THJIPOJIU3YIOMIMXCS ¢ 00pa30BaHUEM T'MIPOKCHI-UOHOB (Harpumep, 1H pacTBop
arerara HaTpusl).

F'udponozuyeckasi KOMNIEKCHOCMb

[lecTpoTra (KOMIUIEKCHOCTb) 3JIEMEHTApPHBIX JIAHAIIA(PTOB, CBA3aHHAs C
HEpaBHOMEPHBIM IepepacrpeiesieHueM aTMOC(hEepHBIX OCaIKOB M BbI3BaHHAs
OCOOEHHOCTSIMH Me€30- M Mukpopenseda. ['maposornyeckass KOMIUIEKCHOCTb
0COOEHHO XapakTepHa [l ClIa0OAPEHUPOBAHHBIX M  HEJPEHUPOBAHHBIX
Hu3MeHHoctel  (3amagHo-CuOupckasi, Ilpukacnuiickas u  ap.). Ilo
C.C. HeycrtpyeBy, HCKIIOUHUTEIBHO IIUPOKO PAa3BUThl TUIPOJIOTHUYECKHUE
KOMIUIEKCHI Ha TJIOCKUX aKKyMYJISITUBHBIX PaBHUHAX.

rudpomopgpHbIe noyesni

BonoHacelieHHbIE TTOYBBI € 3aTPYAHEHHOW a’panuel. OTO  IOYBBI
U30BITOYHO YBJIQKHEHHBIC, XAPAKTEPU3YIOIIHECS OTCYTCTBHEM JIpeHaXka U
riyOWHOM 3ajieraHusi TPyHTOBBIX BOA 70 3 M. M30bITOUHOE yBIa)KHEHUE, TEM
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OoJiee HACBHIIICHHE TIOYBBI BOJIOM, MOJABISIET MNPOAYIUPOBAHHE JAUOKCHA
yriaepoja MUKpoopraHudmMamu. OJHOBPEMEHHO YCUIIMBAIOTCS aHa’dpOOHBIE
MUKpPOOHOJIOTUYECKUE TPOLIECCHI, COMPOBOXKIAIONINECS 00pa30BaHUEM METaHa,
CEpPOBOAOPOA, METUWIMPOBAHHBIX COCANHEHUM TAKEIBIX METAIIOB.

lunepzeHes

BroiBeTpuBaHue — TmpollecC MPUCIOCOOTCHUS K YCIOBUSIM Ouochepsl
MUHEPAJIOB ¥ TOPHBIX TMOPOJ, OOPA30BABIIUXCS B TIIYOMHHBIX YCIOBHSX.
[IpoucxomuT B pe3yiabTaTe W3MEHEHHs (U3UKO-XMMHUYECKOH OOCTaHOBKH, B
KOTOpOM (hOPMHUPOBATIUCH TU MOPOJABI, MUHEPAJIBl IPU UX MONAJAHUU B 30HY
BbIBeTpUBaHusA (runeprenes3a). [[OCTOSHHBIM NPUTOK COJHEYHON HHEPTUU K
36MHOM IOBEPXHOCTHU OIpeAenseT OoJiblIoe pa3HooOpa3ue TUIepreHHbIX
MIPOLIECCOB, UX CIOXHOCTbh, HEPABHOBECHOCTh, OOraTcTBO 3HEeprueul. Iloatomy,
HECMOTpPSI Ha HU3KHUE TEMIIEPATYPhI U JABJICHUE, XUMUYECKUE DJIEMEHTHI B 30HE
TUIIEpreHe3a MUIPUPYIOT OYE€Hb HHEPIUYHO; 34ECh JOCTUIAaeTCs BBICOKAs
g epeHnnanus BelecTBa u 00JbIINe KOHLIEHTPAUU OTAEIbHBIX 3JIEMEHTOB,
HE U3BECTHBIE B TMIIOTEHHBIX YCIOBUAX. Y CIIOBHO BBIBETPUBAHUE PA3JIEIAIOT HA
¢usnueckoe, XxuMHueckoe M Oumosiormueckoe. C XMMHUYECKOW TOYKH 3pPEHHUS
BBIBETPUBAHUE MOXET OBITh ONUCAaHO KAaK COBOKYIIHOCTh IPOLIECCOB
pacTBOpPEHHUs, TUApATalUM, TUAPOJIN3a, OKUCICHUS, BOCCTAHOBJICHUS U
KapOoHaTH3auu: 1) pacTBOpeHHEe — MUHEPAJIbl PacCTBOPSIOTCA B BOAHOU (hase;
2) ruapatanus — B MUHEpajgax BO3pacTaeT COAEpKaHue BOABI; 3) TUIPOIU3 —
peakiysi MHHEpPAJoB C BOJOW, Jarolias HOBbIE MOHBI W/WUIU HEPACTBOPUMBIE
KOMIIOHEHTbI; 4) OKHUCIEHHWE — BXOXIEHUE KHUCIOpPOJAa B XHUMHUYECKHUE
COCIMHEHHSI WJIM NOBBIIICHUE BAJIEHTHOCTH 3JIEMEHTOB; 5) BOCCTAHOBJICHUE —
peakuuu, OOpaTHblE OKHCJIEHHMIO; 6) KapOOHaTH3alusi — TpeBpalleHue
coeMHEHU B KapOoOHaThl, BbI3BaHHOE morjomeHrueM CO,. Xumuueckoe
BBIBETPUBAHNE NPUBOAUT K Pa3pyLIEHHUIO HCXOAHBIX MUHEPAJIOB U IEPEXOMY
AJIEMEHTOB U3 OTUX MUHEPAJIOB B PACTBOPBI U B3BECH.

FunepzeHHbIl MemacomMamo3s

[Ipouiecc, korga HEYCTOMYMBBIE MUHEPAIBI 3aMEUIAI0TCS YCTOMUYUBBIMU O€3
CYLIECTBEHHOr0 u3MeHeHusi o0béma. Ilpm 53TOM pacTBOpeHHE CTapbIX
MUHEPAJIOB MPOTEKAET OJHOBPEMEHHO C OTJIOKEHHUEM M3 pacTBOPA HOBBIX:
TBEPAOE COCTOSIHHE CHUCTEMBI COXpaHSAETCA. [MIEepreHHbli MeTacoMaro3
pacnpocTpaHéH BO Bcex JaHamadTax, HO Hanboyiee dHEPrHUeH BO BIAXKHOM
KJIuMare, rae ruapokcusl Fe 1 Mn 3ameniaroT riMHUCTbIE MUHEPalbl (KBapI U
noJieBbIe MMaThl u3MeHstoTcst Mmenblie) (B.B. JloOpoBosibckuin).
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neeeasi o6cmaHoeka

BoccranoButenbHasi 0eccepoBOJIOPOJIHASL Cpela, IOoKa3aTelieM KOTOpOn
ABJISIETCSL  coJiepkaHue (KOHIEHTpalusi) YIJIEBOJIOPOJOB, PAaCTBOPEHHBIX
opraungeckux coeaunernii, Fe”*, H, (A.U. Tlepensman, 1989). TopHbIe mopos!
Y TIOYBHI B TJICEBOM OOCTAaHOBKE MPUHUMAIOT OEyI0, CU3YI0, CEPYIO M 3CJIEHYIO
okpacky. Ilpu mepexome B OKHCIUTEIBHYIO OOCTaHOBKY (T.€. TIPH JOCTYIIC
CBOOOJTHOTO KHUCJIOpPOJ/Aa) OKpacka M3MEHSIETCsl Ha Oypyl0 B OCHOBHOM 3a CUET
nepexojia Fe?* B Fe*,

neeebie 800bI, mun 2s1ee8bix 800

BoccranoBurensHbpie Boabl 0e3 H,S dopmupyrorcs tam, rae mano O; u
MHOTO OPTaHUYECKUX OCTATKOB. AHa’poOHbIe OaKTepUHu 3/1€Ch OKHUCIISIOT
OopraHhyeckue BeliecTBa 3a c4€T O HeopraHMyeckux coeAuHeHui. B Bopax
nosieisiiorest CHy, Fe?*, Hy, Mn® 1 mpyrue wons! u coenuaenns. Tak KaKk BObI
cogepxar mano SO,”, To H,S He 06pasyercs win oOpasyercst B 04eHb MajbIX
KOJIMYECTBAaX; BBICOKYIO MOJBIKHOCTH mHpuoOperaroT Fe m Mn, otuactu u
JPYTUe METaJlIbl, BXOJAIME B COCTaB OPraHUYECKHX KOMIUJIEKCOB. B mouBax,
ocaJikax M KOpE BBIBETPHMBAHMS PA3BUBACTCS OrJIEEHHUE. DTH BOJBI OCOOCHHO
XapaKkTepHbl Jisi O0JOT TYHOpP, TalTH, MMPOKOIMCTBEHHBIX JIECOB, BIAXKHBIX
TponukoB u Jiecoctenu (Eh Hmxke +0,4 B, mectamu Huke 0). [[BeT orjieeHHbIX
nopoy Oenbli, CU3bIiA, CEpBIid, 3eJIEHBIN, IECTPHII (C OXPUCTHIMU MATHAMU).

eeeble unbl, 2neeebie 20PU30HMbI NOOBOOHbIX 1046

XapakTepHbl 1Ji1 BOJOEMOB BJIXKHOTO KJIMMaTa, HarmpuMmep 03€p TYHIPHI,
Talry, BIAXHBIX TPOIMUKOB, TJ€ MNPOAYILUPYETCS MHOIO OPraHUYECKOro
BEILIECTBA, a JJIi OKUCJICHUSI OCTAaTKOB PACTEHUN M JKUBOTHBIX HE XBaTaeT
kuciopoaa. CynbdaToB B BoJgax Majio, U B WJaX Pa3BUBACTCS OKUCIUTEIbHAS
obctaHoBKa 0€3 CEpOBOJOPOJIA, JKEIe30 M MapraHell BOCCTaHABIMBAIOTCH,
dopmupyeTcst TieeBblii TopuszoHT (G) TéMHO-ceporo, cu30ro, 3€JI€HOBATOTO U
OXPHUCTO-CU30TO 11BeTa. KapOoHATHBIE TJIeeBbIE UIThI XapaKTEPHBI JIsI IECOCTEITHOM
MW CeBepHOM uacth cremHoi 30HBL Eh B ropmsonte G (-0) — (-150) wmB.
Tunu4yHBIM TPOSIBJICHUEM TJICEBBIX WJIOB SBJSIETCS camporens. B mpoduie
MOIBOJTHOM TOYBHI TJICEBBIN TOPU30HT OOBIYHO 3aJIETAET IMOJ| OKHCIUTEIbHBIM
ropuzoHToM (O), HEPEAKO MEXTy HUMH (HOPMHUPYETCS MEPEXOIHBINH TOPU3OHT
(OG) ¢ MeHee BOCCTAaHOBHUTEIbHBIMU YCIOBUSAMHU. I10J IJieeBBIM TOPHU30HTOM
00CTaHOBKAa 4acTO CTAaHOBHUTCS 00Jiee OKUCIMUTENIbHOM, MOJA HUM (QopMUpYETCS
npyroit mepexonHsiii TopuzoHT (GO), HUXKE KOTOPOro OOBIYHO 3ajieraeT
okucieHHas utodupoBannas nopoja (A.U. [lepensman, B.B. batosn).
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Ineeenili 2zeoxumuyeckuti 6apbep (C)

BoccTanoButenbHbIN (U3UKO-XUMHUECKUN Oapbep, POPMUPYIOUIHICS Mpu
pe3koM yMmeHblieHnd Eh mpu BcTpede KHUCTOpOAHBIX BOJA C TJIEEBOM Cpeaou.
[upoko pacnpocTpaHEéH B KpaeBoil 30HE OOJOT TYMUIHBIX JaHamadToB. s
aToro Oapbepa XapaktepHa koumeHtpamus Mo, U, Se, Au, Cu u apyrux
anementos (U —U": Se®*—Se’ Au*—Au% Cu*—Cu'—»Cu’ u 1. 1)
(A.N. IlepenbMman).

ropHonpoMbIwneHHbIU naHowagpm

TexHoreHHas JaHIaPTHO-TEOXUMHUYECKas cUcTeMa, OCHOBHast
r€OXMMHUYECKAs YepTa KOTOPOU — c1ab0 KOHTPOIMPYEMOE paccesHUE OOJIbIINX
Macc BEIIECTB C AHOMAJbHO BBICOKUM COJIEP)KAHHEM 3JIEMEHTOB, KOTOPOE
HAOJIOMAaeTCsl MPU J00BIYE TOJIE3HBIX MCKOMAEMBIX. OJTO IUIONMIAA TOYTH
MOJIHOTO YHUYTOXKEHUS TMPUPOJHBIX JIAHAMA(TOB, 3aHATHIE CKBAKUHAMM,
IaxTaMH, KapbepamH, OTBaJlaMH IMOPOJ, OTXOJAMH NEPBUYHOTO OOOTallleHUs
Py, YTOJIbHBIMU TEPPUKOHAMH, TPAHCIIOPTHBIMU MAarucTpayisiMu u Jp. ['1aBHbIe
TF€OXUMHUYECKHE 0COOEHHOCTH TOPHOINPOMBIIIEHHBIX JaHAmadToB
ONPENEIISIOTCS TEXHOTEHHBIMH MTapaMeTpaMu, BTOPOCTEIIEHHBIE — MPUPOAHBIMHU.
Cneunduueckass 0COOCHHOCTb TOPHOINPOMBIIUICHHBIX — JAHAIIAPTOB  —
HaJOKEHWE TEXHOTEHHOTO 3arpsi3HEHHUs Ha MPUPOJHBIE TI'E€OXUMHYECKHE
AHOMAQJIMM — BTOPUYHBIE OPEOJIbI M TOTOKH PACCESTHUS MECTOPOXIACHUN B
MOYBAaX, PACTCHUSX, IOBEPXHOCTHBIX U MOA3EMHBIX BOJIAX.

ropodckue noyesbi

[TouBbl, WMEHOIIME CO3JAHHBIM YEJIOBEKOM IOBEPXHOCTHBIM  CJIOMN
MOIIHOCTBbIO Oojiee 50 cM, TMOJy4EHHBId TMEpPEMEIIECHUEM, HaChIIaHUEM,
norpedeHnemM WU 3arpsi3HEHUEM MaTepHUaIaMU ypOaHOT€HHOTO
IIPOUCXOXKIEHUS (CTPOUTEILHO-OBITOBOM Mycop Hu aAp.). JIroboi mpoduib,
IpPETEepIICBIINN HApyIICHUS, U3MEHEHUsT WK J00aBJICHUS Marepuaia MeHee
50 cM, Ben€T cedsl Kak MPUPOJHOE TEJO, ECIIH TOJIBKO OH HE MOJABEPICs PE3KOMY
M3MEHEHUIO (HampuMep, MOYBbI 3amevyaTaHbl clioeM acdaibTa WIA LIEMEHTA B
15 cM). AmnHanoruyHblii TMMOKa3aTeldb OBLT TPUHAT B  aMEPUKAHCKOU
knaccudukanuu (Keys to..., 1994). Bce mouBsl Topojia pa3aeisitoTCs Ha TPYIIIBI
IIOYB: €CTECTBEHHBIE HEHapyLICHHBIE, €CTECTBEHHO-AHTPOIIOT€HHBIE
MOBEPXHOCTHO MPeoOpa30BaHHBIC, aHTPOIMOTCHHBIE TTyOOKONMpeoOpa3OBaHHBIC
ypOaHO3EéMbI W TIOYBHI TEXHOTEHHBIX TOBEPXHOCTHBIX IMOYBOMOJAOOHBIX
oOpasoBanuii — ypooTtexHo3éMbl. K xumudecku mpeoOpa3oBaHHBIM TOPOICKUM
MOYBaM OTHOCAT: 1) TOYBBI MNPOMBIIIJIEHHO-KOMMYHAQJIBHBIX 30H: CHJIBHO
TEXHOTCHHO 3arps3HEHHbIC TSKETBIMU METaNIaMH U JAPYTUMU TOKCHUYHBIMU
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BELIECTBAMU, KOTOPBhIE M3MEHSIOT MOYBEHHO-MOTJIOMIAIONINN KOMILUIEKC IOYB,
pelesbHO COKpaualoT OuopazHooOpa3ue MOYBEHHOW OMOTHI, JENAI0T IMOYBY
MouTH aOWOTHUYHOW; YIUIOTHEHHBIE, OECCTPYKTYypHBIE, C BKIIOUCHHUSIMHU
TOKCMYHOTO HEMOYBEHHOTO Marepuana o0béMoM Oonee 20 %; 2) mMOYBHI,
POINUTAHHBIE OPraHUYECKUMU MACISIHO-OCH3UHOBBIMHU SKMJIKOCTSIMH; OHH
bopMHpYIOTCS HA TEPPUTOPUM OEH303aMPaBOYHBIX CTAHIIMNA U aBTOMOOMIIBHBIX
CTOSIHOK, KOT'/Ia Macyio U O€H3UH MOCTOSHHO MPOHUKAIOT B IpyHT. K XxuMuuecku
peoOpa30BaHHBIM U 3aTrPS3HEHHBIM MTOYBAM MOTYT OTHOCHTHCS M TEXHOTEHHO-
3arpsi3HEHHBIC TTOYBBI, B KOTOPHIX COXPAHSIETCS TCHETUYECKUA PO,

Nopodckoii naHOwagm

Texnorenusii nangmadrt ropoga. ['opoma — 3TO MOIIHBIE HCTOYHUKH
TEXHOTEHHBIX BEIIECTB, BKIIOYAIONIMXCS B PETHOHAIBHBIC MHUTPAIIMOHHEIC
UMUKl [J1aBHBIE TEOXMMHYECKHE OCOOEHHOCTH TOpPOJCKHX JaHamadToB
OTIPENEISAIOTCS TEXHOTCHHBIMU MTapaMeTpamMu, BTOPOCTENIEHHBIE — MPUPOTHBIMHU.
B ropoackux manmmadTax BBIAETSIOT (QYHKIIMOHAIBHBIE 30HBI: a) MapKOBO-
pekpeanioHHasi; ©0) arpoTeXHOreHHas; B) CeIuTeOHas; T) CeIUTeOHO-
TpaHCIOpPTHas; J) MpoMbinuieHHas. Haubonee CcUIIBHOE TEXHOTEHHOE
BO3/ICIICTBUE Ha NPUPOJHYIO CpEy U YEJIIOBEKa MPOSBISETCA B KPYIMHBIX
IIPOMBIIICHHBIX TOPOJIaX M 30HAaX, KOTOPHIE MO MHTEHCHUBHOCTU M IUIOLIAIH
AHOMAQJIMA XWMHUYECKHX JJEMEHTOB TPEJICTABIAIOT CO0OM TEXHOTCHHBIC
F€OXUMHUYECKHE U OWOr€OXUMHYECKUE MPOBUHIUU. IKOJOTHMYECKUE OJIOKU
MPOMBINIUICHHOTO ~ TOPOJa, MEXAYy KOTOPBIMH  (OPMHPYIOTCS  TIOTOKH
3arpsA3HSIONIMX BEIIECTB, YCJIOBHO JENISATCA HAa TPU TPYNMbL: a) UCTOYHUKU
BBHIOPOCOB, K KOTOPBIM OTHOCUTCS TIPOMBIIUICHHBI KOMIUIEKC TOpO/a,
KUIHIITHO-KOMMYHAJIBHOE XO3SMCTBO M TPAHCHOPT; 0) TpaH3UTHBIE CPEIbI,
HETOCPEJCTBEHHO MPUHUMAIOIINE BEIOPOCHI, 1€ MPOUCXOIUT TPAHCTIOPTUPOBKA
M YacTUyHas TpaHchopMalusl 3arps3HSIONIMX BEHIeCTB, — armocdepa,
atMocepHble  BBINAJCHHUS, BpPEMEHHBbIE U  TMOCTOSHHBIE  BOJOTOKH,
MTOBEPXHOCTHBIE BOJIOEMBI, TPYHTOBBIE BOJBI; B) JICMIOHUPYIOIIUE CpEIbl, B
KOTOPBIX HAKAIUIMBAIOTCSA U MPEOOPa3yrOTCs MPOAYKTHI TEXHOT€HE3a, — JOHHBIE
OTJIOXKEHUSI, TOYBBI, PACTCHUS, MUKPOOPTAaHU3MbI, TOPOJCKHE COOPYKEHUS,
HaceJeHUe ropoja.

'padueHm 2eoxumu4veckoz20 6apbepa

W3menenne reoxumuueckux mokaszarened m (t, p, Eh, pH u 1. 1) B
HAIPaBJICHUM MUTPAlMA XWMHUYECKHX DJIEMEHTOB HAa3bIBACTCS TPATUCHTOM

-m

dm m
O6aprepa G: G T W Gz%, rae M; — 3HAUYCHHE TeOXMMHUYECKOTrO
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nokazareias 10 Oapwepa; M, — mocie Oapbepa;, | — mmpuHa OGapbepa.
NHTEHCUBHOCTh  HAKOIUIEHUST ~ DJIEMEHTa  YBEJIMYMBAETCI C  POCTOM
KOHTPAaCTHOCTU U TrpajaueHTa Oapbepa. JlanamadTHO-reoxumuueckue 6apbepbl
0o0JagaloT  pa3iMyHOM  MPOHMIIAEMOCTBIO  JUJII  MOTOKOB  BEHIECTB H
onpenenEHHON €MKOCThIO MO OTHOIIEHUIO K OTIEIbHBIM KOMIIOHEHTaM U KO
BCEU UX COBOKYITHOCTH.

F'ymudokamHble pacmeHusi

Buner pactenuii, chopmupoBaBImmiecs B TYMHIHBIX JaHmmadrax, rae
peo0Iagar0T KUCIbIe MOYBbI, | HHTEHCUBHO HAaKaIUIMBAIOLIME KATUOHOTEHHBIE
AJIEMEHThl M cjabee — aHUOHOTEHHbIE. 3aKpEeIUBISICh HAacleACTBEHHOCTHIO,
T'YMUJIOKATHOCTh MOKET MPOSIBUTHCS M B apUIHBIX JIaHamadTax (Mpyu MUTPALUH
TYMHUJOKATHBIX BHUAOB). PallMOHANIbHO TakXe BBIIEIATh T'YMHUIAOKATHBIC BUJIBI
KUBOTHBIX (A.Jl. AliBa3siH).

'ymuHoesble kucriomsbi

KucnoTel, OCHOBHBIMM CTPYKTYPHBIMHU €IWHUIIAMU MOJIEKYJIBI KOTOPBIX
ABJISIIOTCS. CKOHAEHCUPOBAHHASI LIEHTpalbHAas 4acTh (sAp0), OOKOBBIE LENU U
nepudepuueckue (GyHKIIMOHAIBHBIC TPYIIIB: KapOOKCHJIbHBIE,
(PEHONTUAPOKCUIIBHBIE, ~ METOKCWJIbHBIE,  KApOOHWIbHbIE,  XHHOWIHBIE,
aMUHOTPYMNIBL. SIPO COCTOMT W3 CKOHACHCHUPOBAHHBIX apOMAaTUYECKUX H
TeTEPOIUKINYECKUX KOJIBIIEBBIX COCTMHEHUM, OOKOBBIE 11NN — U3 YTIIEBOIHBIX,
aMuHOKUCHOTHBIX W apyrux rpymnn. Cormacho J.C. Opnory (1974),
CTPYKTypHasi siu€iika T'YMUHOBBIX KHCIOT U3 JAEPHOBO-TIOA30JIMCTOM ITOYBHI
uMmeeT Bu Cy73H1830g6N11, 13 uepHo3éma — C73He103,N4. B coctaBe ryMuHOBBIX
KHUCIIOT cojepxkanue yriaepoaa konednercs ot 40 no 60 %, azora — ot 3,5 1o
6 %. PeaknuoHHas CHOCOOHOCTh TYMHHOBBIX KHCJIOT CBsi3aHa C
KapOOKCWJIBHBIMU M (PEHOJTUJIPOKCUIIBHBIMU TpYyNaMu, BOAOPOJT KOTOPBIX
MOXKET 3aMellaTbCs APYTMMHU KaTHOHAMU. B mouBe 0OBIYHO MPUCYTCTBYIOT HE
CBOOOJIHBIE TYMHHOBBIC KHCJIOTBHI, & UX COJIM: TyYMaThl KaJIbIIWsI, MarHusi U Jp.
['yMHUHOBBIE KHUCIIOTBI HE PACTBOPSIOTCS B BOJE, HO XOPOIIO PACTBOPHMBI B
miesoYHbIX pactBopax. CojaepikaHue TYMUHOBBIX KHCIOT B IOBEPXHOCTHBIX
BOZAX OOBIMHO COCTABISICT ACCATKH M COTHH MHKPOTPaMMOB B 1 aM° MO
YIJIepO/Ly, AOCTHTasi HECKOIBKUX MIUTHTPaMMOB B | IM° B MPUPOAHBIX BOIAX
JIECHBIX U OO0JOTHUCTHIX MECTHOCTEH, MPUaBas UM XapaKTepHbIN OyphIit 11BeT. B
BOJIC MHOTHX PE€K TYMHUHOBBIE KHCIIOTHI HE OOHapyxkuBaroTcs. KoHreHTpamus
METAJIJIOB B TYMHHOBBIX KHCJIOTaX HE TOJBKO 3HAYUTEIBHO BBIIIE UX
KOHIICHTpAIlMM B T[I0YBaX, HO TaKXKe BBIIIE CpeAHEH KOHIICHTpAIluu B
PaCTUTEIILHOCTH.



50

F'ymyc noye

OCHOBHBIMH KOMIIOHCHTAMH SIBJISSFOTCSI TYMUHOBBIE W (DYJIHBBOKUCIOTHI, HX
COJId, a TaKkke TYMHH — CBOEOOpa3HBbI KOMIUIEKC TYMYCOBBIX KHCIIOT,
CBSI3aHHBIX C BBICOKOJUCIIEPCHBIMA MUHEpAJIbHBIMU 4YacTHIAMU. ['ymMyC MoyB
UTPAET IBOSAKYIO PoJib. C OJTHOM CTOPOHBI, OH BBICTYIAET KaK UCTOYHHUK a30Ta U
JIPYTUX HJIEMEHTOB, MPUOPUTETHO HEOOXOAMMBIX [JI BBICIIUX PACTCHUU H
OCBOOOXKIAIONIMXCA M3  OPraHUYecKoro  BEIIeCTBA B pe3ysbTare
MUKPOOHOJIOTUYECKON JleaTeNbHOCTH. C APYroi CTOPOHBI, TYMYCOBBIE KHUCIIOTHI
U UX TMpOU3BOAHBIE Onarogaps OCOOCHHOCTSIM MOJIEKYJISIPHOTO CTPOEHUS
AKTUBHO BIIMSIOT Ha MHUTPALMI0 U AKKyMYJSIIIUI0 XUMHUYECKUX HJIEMEHTOB B
nenocdepe. [lo 3Toit mpuYKrHE T'yMYCOBBIE BEILIECTBA SIBISIOTCS BAXKHOUM 4acThIO
MeXaHU3Ma PEryJIUPOBaHUs MUTPAIMOHHBIX TTOTOKOB B meocdepe.

l'ymycoesbie kucriomsbi

['ymuHOBBIE U (DYTBBOKUCIOTHI, OOBEIUHIEMBIC 110]] HA3BaHUEM T'YMYCOBbIC
KHCJIOTBI, HEPEJIKO COCTABIIAIOT 3HAUUTEIbHYIO 100 OPraHMYEeCKOro BEIleCcTBa
OPUPOAHBIX BOJ W MPEJCTABISAIOT COOOM CIIOKHBIE CMECH OHMOXUMHUYECKU
YCTOMYMBBIX BBICOKOMOJIEKYJISIPHBIX COEOUHEHHI. [JaBHBIM HCTOYHUKOM
NOCTYIUICHUS TYMYCOBBIX KHUCJIOT B IPHUPOJHBIE BOJbI SIBISIOTCA IOYBBI H
TOP(PSHUKHU, U3 KOTOPBIX OHU BBIMBIBAIOTCS JOKJIEBBIMU U OOJOTHBIMU BOJIAMH.
3HauUTEIbHAS YaCTh TYMYCOBBIX KUCJIOT BHOCUTCSI B BOJIO€MbBI BMECTE C IBLIBIO
WK 00pa3yeTcsi HEMOCPEACTBEHHO B BOJOEME B Ipoliecce TpaHchopMaluu
<GKMBOTO OPTraHMYECKOI0 BEIIECTBa». |'yMyCOBbIE KHUCJIOTHI B MOBEPXHOCTHBIX
BOJAaX HAxoJATCS B PAaCTBOPEHHOM, B3BEIIEHHOM M KOJUIOMJAHOM COCTOSIHUSIX,
COOTHOIICHHSI MEXIY KOTOPBIMU ONPENENSIOTCS XMMUYECKHM COCTaBOM BOJ,
pH, Ouonoruyeckoil curyanuei B Bogoeme u Apyrumu gakropamu. Hamuuue B
CTPYKType  (QyabBO- ¥  TYMHUHOBBIX  KHCJIOT  KapOOKCWJIBHBIX  H
(EHONTUAPOKCUIIBHBIX ~ TPYII, AaMHHOTPYIIT CHOCOOCTBYET 0OOpa3oBaHUIO
MPOYHBIX KOMIUIEKCHBIX COCIMHEHUN TYMYCOBBIX KHUCJIOT C METaUIaMu.
Hekoropas 4acTh I'YMYCOBBIX KHUCJIOT HaXOJUTCS B BUJIC
MaJIOIMCCOIMUPOBAHHBIX COJIEH — rymMaToB W (ynbBaTOB. B KHCIBIX BOjax
BO3MOXHO CYIIIECTBOBAaHHE CBOOOIHBIX (DOPM TYMHHOBBIX U (DYIBBOKUCIIOT.
I'yMycoBbI€ KHCIOTHI B 3HAUUTEIBHON CTENIEHU BIMUSIOT Ha OPraHOJIENTUYECKUE
CBOMCTBAa BOJIbI, CO3/laBasi HENPUATHBIM BKYC MW 3amax, 3aTpyaHSIOT
Ne3UH(EKINUI0 MW MOJy4YeHHe O0co00 YHUCTOM BOJABI, YCKOPSAIOT KOPPO3HUIO
MeTaioB. OHM OKa3bIBAIOT BJIMSHUE TAaK)KE€ HA COCTOSIHUE U YCTOMYHMBOCTh
KapOOHATHOW CHCTEMBbI, MOHHBIE W (Ha30BbIC PABHOBECHUS W pACTpEICICHHEC
MUTPAIMOHHBIX ~ (opM  MHKpoOdJieMeHTOB.  [loBbIIlIEHHOE  CoOJEpKaHHE
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TYMYCOBBIX KHCIIOT MOXXET OKa3blBaTh OTPHUIIATEIHHOE BIHUSHUE HA Pa3BUTHE
BOJHBIX PACTUTEIBHBIX U SKUBOTHBIX OPraHU3MOB B pe3yjibTaTe pPE3KOTro
CHIKEHHSI KOHIIEHTpAIlMd PACTBOPEHHOTO KUCIOPOJa B BOJIOEME, MAYIIErO Ha
UX OKHUCIICHUE, U UX Pa3pYIIAIONIEro BIUSHUS HA YCTOMYMBOCTh BUTAMUHOB. B
TO K€ BpeMsl MpPU Pa3iI0KEHUU T'YMYCOBBIX KHUCIOT 00pa3yeTcs 3HAUMTENIbHOE
KOJIMYECTBO IEHHBIX [UJII BOAHBIX OPraHU3MOB TMPOJIYKTOB, a HX
OpraHOMHUHEPATIbHBIE KOMIUIEKCHI MPEICTABISAIOT HauOo0JIee JIETKO YyCBauBAEMYIO
dbopMy TIMTaHHUS PACTCHHA MHUKPOAJIEMEHTaMH. I[lOYBEHHBIE KHCIOTHI —
T'YMUHOBBIC (B IIEJIOYHON cpele) W OCOOEHHO XOpOIINO PacCTBOPUMBIC
(GyJIBbBOKUCIIOTHI — UTPAIOT HAMOOJIBIIYIO POJIb B MUTPAIIUU TSKEIBIX METAILIOB.

a

JeycmopoHHul 2eoxumuyeckul 6apbep

bapeep, oOpasyrommuiics Ha ydacTKax BCTpEeYHOM wmwurpauuu BoA. g
JIBYCTODOHHMX  0aphepoB  XapakTepHa  accolyanus  DJEMEHTOB  C
IIPOTHUBOIIOJIOKHBIMHU CBOMCTBAMU (HaAIIpUMeEp, METaJUIOB U HEMETAJUIOB).

Hecepnyus

JIBr>keHre cyxoro oOJOMOYHOro Marepuania (Tecka, APECBbI, IIEOHS) B
BEPXHUX YaCTAX CKIOHOB 3a CU€T M3MEHEHHUs ero o0bEéMa MpU KoJIEOAHMSIX
temrepatypsl (C.C. BockpeceHckmit).

JecmpykyuoHHasi akmueHoCcmb 3/1eMeHIMoe mexHo2eHe3a

XapakTepusyeT CTENEHb OMACHOCTH 3JIEMEHTOB IJIA KUBBIX OPTaHU3MOB U
paBHa OTHOIICHUIO TEXHO(MUIBLHOCTU dJEMEHTa (C YYETOM COJECp>KaHMs €ro B
yrisix) K ero ouodpunsHoctu (Ha cyme) (J) (M.A. 'ma3zoBckas).

Hecmpykuust naHOwagma

Hapymenue cTtpykrypsl nanamadTa, MpOIECCOB OOMEHA BEIIECTB H
SHEPruu B HEM, a TakKe CTAaOMIBHOCTU BCIEJACTBUE OTPHULIATEIBHOTO
BO3JICHCTBUS HA OTJICJIbHBIC KOMIIOHEHTHI JaHAmadTa 1 Ha JJaHamadT B 1[eJI0M.

Hecynbgpypusayus

OxucreHne OpPraHWYEeCKUX BEIIECTB aHAdPOOHBIMU OaKTEPHUSIMHU 3a CUET
BOCCTaHOBJICHHS CyJb(aToB. Bo Bcex cucreMax, coaepxk aiiux OpraHUYeCKHe
BEILIECTBA U CYJIb(AThl U HE COJIEPKAITUX CBOOOTHOTO KUCIOPO/ia, pa3BUBACTCS
NeATEeNIbHOCTh  Jecydbpypusupyrommx  Oakrepuit  (IecyiabdypuzaTopsl),
OTHUMAIONIUX KHUCIOPON y Cynb(haToB JUISI OKHCJICHHS OPTaHWMYeCKOTO
BemecTBa: 2Cq,, + S0, — S* + 2CO,. IMumeii s >TUX MHKPOOPTaHU3MOB
CIy’KaT MHOTHE OpPraHUYECKHE COCTUHEHMS PACTEHUU WM >KUBOTHBIX, He]TH,
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OUTYMBI, pacCesTHHbIEC B OCaJI0OYHBIX MOPOJaX, TXKEIbIC YTIEBOAOPO/Ibl, HAUUHAS
C rekcaHa, W Japyrue coeauHeHus. JlecynbhypuzaTopbl pa3BUBAIOTCS MpU
OOBIYHBIX TeMIlepaTypax (HO OHHM YCTAHOBJIEHBI WM B TOpPSYMX BOJAX) B
COJIOHYAKaX, Wiax MOpPEU M COJEHBIX O3EP, B MOA3EMHBIX BOJIAX, MECTAMU U B
MOpckoi Bojie. B pesynbrare aecynbdypuzanuu B movBax, uiax U MOA3€MHBIX
BOJAX  HAKAIUIMBAETCA  CEPOBOJAOPOJ, BO3HHKAET  BOCCTAHOBUTEJIbHBIN
CEPOBOJIOPOAHBIN Oapbep.

HdempumoczeHe3s

Hakormienne B nanamadTax HEpa3IOXKUBIIMXCA M TOIYPa3I0KUBIINXCS
OCTaTKOB pacTeHuii u KuBOTHBIX (M.A. I'mazoBckas).

Hecuyumnsbie anemeHmsbi 8 naHowaghme

XUMUYECKUE DJIEMEHThI, J00aBJICHUE TOABUKHBIX (POPM KOTOPHIX B
naHamadT ysenuuuBaer omomaccy. K HuM B pa3ubix Janamadrax otHocsTes O,
N, P, K, F, B, J, Cu u mHorue apyrue 3neMeHThl. OJUH U TOT K€ BJIEMEHT
MOJKET OBITh IEPUIIMTHBIM B OJHOM JIaHIIA(TE U U3OBITOYHBIM B JIPYTOM.

Hegpnrokyus

CaMOInpoHu3BOIBHOE JIBM)KEHHE BSI3KOIUIACTUYHOM Macchl (IIOYBBI, KOPBI
BBIBETPUBAHUS U Jp.).

HdedbnsiyuorHHas komnnekcHocmeb

[lectpoTra (KOMIUIEKCHOCTB) OJJIEMEHTApHBIX JaHAMA(PTOB B Tpenenax
OJIHOTO Me3openbeda, 00yCIOBIEHHAs JEATEIbHOCTHIO BETPA.

HuazeHe3

IIponecc nmpeBpalleHust 0CaiKoOB B TOPHBIE ITOPOJIBI.

E

Emkocmb 2eoxumuveckozo 6apbepa

MakcumanbHble KOJIMYECTBAa BEIIECTB B MOTOKE, KOTOPBIE JAaHHBIN Oapbep
CIOCOOEH BBIICPKUBATH B TEUEHHUE UIUTEIBLHOTO BPEMEHU 0€3 HapYILIEHUs €ro
CTPYKTYPHBIX ¥ (PYHKITMOHAJIBHBIX CBOUCTB. Tak, EMKOCTh IIEIOYHOTO Oaphepa
B TIOYBAX M3MEPSETCS KOJIMYECTBOM KapOOHATOB, CIIOCOOHBIX HEHTPaTU30BaThH
KMCIIbIE TMOTOKH. EMKOCTh COpPOILIMOHHOrO 0Oapbhepa 3aBUCUT OT EMKOCTH
MOIJIOIICHUSI TI0YB, PBIXJIBIX OTJIOKEHUH, JOHHBIX OCAJKOB W MOIIHOCTH
COpPOUPYIOIEr0 CIOS. EMKOCTH BOCCTAHOBHUTENBHBIX U OKHCIHTENbHBIX
0apbepoB 3aBUCUT OT KOJMYECTBA BOCCTAHOBUTEICH WM OKHUCIHUTENCH, YTO

00yCJIOBIIEHO MHKPOOHOJIOTHYECKON aKTHBHOCTBHIO cpenbl (M.A. ['ma3zoBckas,
1988).
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X

Xeneszobakmepuu

HctuHaHbIE  JKene300aKkTepuu — Tpynma  OOJIMraTHO-aIuao(pHIbHBIX
aBTOTpOHBIX OakTepuii, I KOTOPBIX OKHCIEHHE JByXBaJieHTHOro Fe
SIBIISICTCS. UICTOYHUKOM SHEPTUU — JIBIXaTENBbHBIM akToM. OKHCIEHUE XKelle3a B
KHACTIOW cpele TPOUCXOAWT C Yy4acTHEM CHEIU(PUIECKUX Keae300aKkTepuid,
nanpumep Thiobacillus ferroxidans. Ipouece oxucnenns Fe**—Fe®* unér 3a
cu€T KMCIOPOJa BO3IyXa M ¢ 00Opa30BaHUEM PHEPIHH, KOTOPasi UCIIOJIb3YeTCs B
dbopme anenosuntpudocharo (ATD) mma  Pukcauu CO, 1o Tumy
XeMocHHTe3a. VCTUHHBIE >Kelle300aKTeprur XEMOJIUTOABTOTPO(PHI YHACTBYIOT
TaK)XKe U B MIpeBpalieHusx cepbl. C 3TUMHU MpOIIeCCaMu CBA3BIBAIOT 00pa30BaHME
HEKOTOPBIX JKEJIC3HBIX PY/I.

Xueoe sewecmeo

1) [TocTostHHO cylIecTBYIOINIAs TUIAHETapHAs COBOKYMHOCTh Opranu3MoB. C
MO3UIIMNA TEOXUMHUHU paccMaTpUBAETCS Kak 0cobast opMa MaTepuu.

2) COBOKYITHOCTh KUBBIX OPTaHU3MOB, BBIp@KEHHAS B CIUHUIIAX MACCHl U
sHeprud. MOKHO TOBOPHUTH O KMBOM BEIIECTBE OTACIbHBIX MaTePUKOB, CTpaH,
mopei, nanamadros (B.W. Bepnanckwuii).

3

3akoH 6uosi02u4eCK020 Kpy2080pPOMa XUMUYECKUX 3/7IeMEeHMOo8

B nmannmadgre XuMudeckue 3JIEMEHTHI, TIOTJIOMAsCh )KUBBIMU OpraHU3MaMH,
BXOJIAT B COCTaB OPTraHUYECKUX COCIWHECHUW, WX Tela «OPTaHU3yIOTCS». DTO
IIPOLIECC HETIHTPONUMHBINA (SHTPOIHUS CUCTEMbl YMEHBINACTCS), XUMUUYECKUE
AIIEMEHTBI 3apsKAIOTCS DHEPTHUCH, CTaHOBSTCS r€OXUMUYECKUMU
akkymynsitopamu. [lpu  pas3yiokeHUW OpPraHUYECKUX BEIIECTB  DHEPTHs
BBIICIIACTCS, «TCOXUMHUYCCKHE aKKyMYJSTOPBI paspsbkaroTcs». Hocuremsammu
DHEPTMM B OCHOBHOM CTAHOBSTCS TIPUPOJHBIC BOMABI, MPHOOPETAIOIIHEC
arpeCCUBHOCTD M COBEpIIAOIIUE B JaHAadTe OOJBIIYI0O XUMUUYECKYIO padoTy.
Oto mpomecc oSHTponmiHBIA. [locTynmatenpHoe pasButue aHmmadTa
OCYIIECTBJISICTCSA dYepe3 CHCTEeMY TaKHX KpPYrOBOPOTOB, B XOJI¢ KOTOPBIX
3aKOHOMEpPHO  Hu3MeHsieTcss Takke wuHpopmauus (B.M.  Bepnanckuii,
B.b. ITonsinoB, B.P. Bunbsimc).

3akoH BepHadckoz20

Murpaiusi XUMHYECKUX AJIEMEHTOB B OMoc(hepe OCYIIECTBISICTCS WIH TPH
HETMOCPEACTBEHHOM yYaCTHH KHUBOTO BelllecTBA (OMOreHHAass MUTpAIlus), UK JKe



54

OHA MPOTEKAET B Cpe/ie, TEOXUMUYECKHE OCOOEHHOCTH KOTOPOH OOYCIIOBIICHBI
KUBBIM BEIIECTBOM — KaK TEM, KOTOPOE B HACTOSIIEE BPEMS HACEIISAET TaHHYIO
OMOKOCHYIO CHCTEMY, TaK U TeM, KOTOPOE JEHCTBOBaJIO B Onocdepe B TCUCHUE
reojiornueckoit ucropuu (popmynuposka A.U. Ilepensmana).

3akoH Knapka - BepHadckozo

Bce aieMeHTBI €cTh Be3A€, peUb MOXET HATH TOJBKO O HEAOCTATOYHOMU
YYBCTBUTEJILHOCTH aHAJIN3a, HE MO3BOJISIONIETO ONPEICIUTh COJIEPHKAHUE TOTO
WM WHOTO JJIEMEHTA B W3y4aeMOH CHCTeMe. DTO TMOJIOXKEHHE O BCEOOIeM
paccessunn xumudeckux aeMmeHToB H.M. CadpoHOB mpemiokuia MMEHOBATh
3akoHoM Kiapka - BepHajckoro.

3akoH KOHCMaHmMHoOCMu Kosu4ecmea ueoz0 eeujecmea 6uocgepsbl

KonuuectBo *uBOro BemiecTBa (OMOMAacchl BCEX OPraHU3MOB) Ouochepsl
JUIsl JaHHOM Teosornueckoit anoxu noctosHHo (B.U. BepHanckuit).

3akoH MakcuMu3ayuu 3Hep2uu u UHghopmayuu 8 3eosiroyuu

Haunyumumu 1miancamMu Ha caMOCOXpaHEHHe o00JiajjaeT cucrema, B
HauOOJIbIIEH CTENEHU CIOCOOCTBYIOMIAs IMOCTYIUIGHHIO, BBIPA0OTKE W
3¢ (PEeKTUBHOMY HCTOJIB30BAHUIO SHEPTUU U UH(POPMALIH.

3akoH onmumansHocmu

Jrobass cuctema c HauOousbiied 3(GHEKTUBHOCTHIO (YHKIIMOHUPYET B
HEKOTOPBIX XapaKTEPHBIX AJIsI HEE MPOCTPAHCTBEHHO-BPEMEHHBIX MpEeax.

3akKkoH npoepeccusHO20 pazeumusi 3eMHOU KOpbI (eepxHell 060/1049KU
nnaHemsl)

3eMHasi Kopa M BEpPXHSS MaHTHUS TIPEACTABISIOT COOOW  CIIOXHYIO
JTUHAMHYECKYIO CUCTEMY C OOpaTHBIMU CBSI3SIMU; HEMPEPBIBHOE MOCTYIICHUE B
CUCTEMY COJIHEUYHON »HHEpPruu, a TaKkKe TIIYOMHHON OJHEPruu OIpeaeIiseT
HaINpaBJICHHOE pa3BUTHE TEKTOHOChEpsl W Ouocdepbl, B X0/I€ KOTOPOTO
YBEIIMYMBAIOTCSI MX  CIOKHOCTh M pa3HOOOpa3ue, HEPaBHOBECHOCT,
HaKaIjuBaeTCsi  CBOOOJHAsT  DHEPrusi, YMEHBIIAETCS  JHTPOMUs.  ITO
MPOTPECCUBHOE PA3BUTHE OCYIIECTBISCTCS Yepe3 CUCTEMY MOCIEI0BATEIbHBIX
TCOXMMUYECKUX IMKJIOB —  TEKTOHOMAarMaTH4eCKuX MW  OuoChepHBIX
(A.W. ITepenbMman).

3akoH paszeumusi cucmembi 3a c4EM okpyxarouseli eé cpedbl

JIrobast cucrema MOXKET pPa3BUBATHCS TOJBKO 3a CYET MaTepHaibHO-
DHEPTeTUYECKUX U MH(POPMAIMOHHBIX BO3MOXKHOCTEH OKPY’KAIOIICH €€ Cpelbl;
a0COJIIOTHO U30JIMPOBAHHOE CaMOPa3BUTHE HEBO3MOXKHO.

3anpewéHHasi accoyuayusi 31eMeHmoe

Accomnuanus 3JeMEeHTOB, HEBO3MOXKHAsI B JaHHOW CHUCTEME.
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3aconeHHbIlU naHOwagm

JlanamadT, a7 KOTOPOTO XapaKTePHO HAKOIUICHHWE JIETKOPACTBOPHMBIX
CoJiel, UX aKTHMBHOE Y4YacTHE B OMOJOTUYECKOM KPYTOBOPOTE JJIEMEHTOB H
BoaHOM Murpamuu (A.U. [lepenbsman).

3axopoHeHHbIl (No2pebEHHbIU) opeost paccesiHUs

Opeon paccesHus, HE TMPOSBIAIOMNNUCT HA TOBEPXHOCTH: IEPEPHIB B
HAKOIUICHUU OTJIOKEHWH M BO3pACTaHME B HUX aAJUIOXTOHHOIO MaTepualia
CIIOCOOCTBYIOT SKPAHUPOBAHUIO T€OXUMUYECKON aHOMAJIHH.

3onbHOCMB

[Ipo1eHT 30J16I OT CYXOTO OPTaHUYECKOTO BEIICCTRA.

3o0/1bHbIE 351eMEeHMbI

XUMHUYECKHE 3JIEMEHTBI, KOTOPBhIE TPHU TOJHOM pa3pylIeHUH OpraHu3Ma
(ucnapeHuu BOJbI U CTOPAHUM OPTraHUYECKOro BEIECTBA J0 YIIEKUCIOTO rasa)
00pa3yloT MHHEpPAIbHBIM OCTaTOK (3011y). BaxHo omnpenensats BOJHBIC
MUTPAHTHI HE TOJIEKO B )KMBBIX OpPTaHM3Max, HO U B 30J1€. B 3051¢ MOXHO OoJee
TOYHO BBISICHUTH COOTHOIIIEHHE 30JbHBIX JJIEMEHTOB, BXOJSIIUX B COCTaB
OpraHOB M TKaHEH >XUBOTO OpraHW3Ma. 3HATh OTHOCUTEIBHOE COJIEp)KaHHE
XUMUYECKUX DJEMEHTOB B 30JI¢ HA3eMHBIX pPACTCHUH HEOOXOAUMO IS
COTIOCTABJICHUS WX ¢ KOHIICHTPAIMEH 3JIEMEHTOB B MUHEPAIIBHOM CyOCTpare, Ha
KOTOPOM OHH TPOM3PACTAIOT M M3 KOTOPOTO TMOJYYarOT 30JbHBIC 3JIEMEHTHI.
Conepsxanue OOJIBIIMHCTBA DJIEMEHTOB B 30JI€ 3HAYUTENIBHO OTJIMYAETCS OT UX
CpPEIHEeTO COjIep’)KaHus B 3€MHOM KOpe, TaK KaK pacTeHUs H30UpaTeNbHO
MOTJIONIAOT  DJIEMEHTHl. VIHTCHCHMBHOCTH  TOTJIONMICHUS  XapaKTEPHU3yeTCs
OTHOIIEHUEM KOJMYECTBA DJICMEHTA B 30JI€ PACTCHUH K €r0 KOJMYECTBY B MIOUYBE
WK TOpHOM mopoje (ecM. Kosghguyuenm buonocunecko2o no2noweHust).

30oHa apudHas

Teppurtopusi UM MPUPOTHO-KIMMATHYECKAsE 30HA C MaJbIM €CTECTBEHHBIM
YBIQKHEHHEM — 3acynuidBas (MOMYMYyCTBIHM W TYCTBIHH). ApuaHas
30HAJILHOCTh 3aBHCHUT OT YyBIaXHEHUsA. B TEmmoMm cyxom kiaumarte OoJee
XapaKTEPHO BOCXOJSIINEE IBMKCHHUE MHUKPOAJIEMEHTOB (TSDKENBIX METaJIOB).
Apuauzanus KiuMara, CMEHAa TPOMBIBHOTO THIAa BOJAHOTO PEXHUMa
HETIPOMBIBHBIM, HAJMYHUE MEP3JIOTHI B TMpO(HIIe CYIIECTBEHHO YBEIUYHBAIOT
OMAcCHOCTh 3arps3HCHUS TI0OYB M  YMCHBIIAIOT MX CIIOCOOHOCTh K
CaMOOYUIIICHUIO.

3oHa 60opeanbHas

30Ha JiecoB yMepeHHOTo mosica. OO0masi OMOreoXuMUYecKass 0COOCHHOCTh
JIECHBIX 3KOT€OCHUCTEM — TIIPOJIOJDKUTEIBLHOE 3aJICP)KMBAHUE ITOTJIOMIEHHBIX
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XAMHYECKUX DJJIEMEHTOB B JKMBOM BemecTBe. OCHOBHas YacTh OHOMAcCCHI
HAaxXOJMWTCS HaJa mouBol. B pesynbpTaTe 3aMemsIeHHOro OHOJIOTHYECKOTO
KpYroBOpOTa Ha [IOBEPXHOCTHM IIOYB 3aJieraeT CJoi cinabopasiioKEHHBIX
MIPOJTYKTOB OTaja — JieCHasi moAcTIiKa. [Ipeobmamanne aTMoChEpHBIX OCAIKOB
HaJl WCIIAPCHHEM W MPUCYTCTBUE JIETKOPACTBOPHUMBIX T'yMYCOBBIX KHCJIOT,
00pa3yroIIUXCs MPU Pa3I0KESHUH PACTUTEIBHBIX OCTATKOB MUKPOOPTraHU3MaMH,
Cpeau KOTOPBIX 0CO00 BaXHYIO pOJb MIPAIOT TPHUOBI, CIOCOOCTBYIOT
(hOpPMHUPOBAHUIO KHUCIBIX CUCTEMATUYCCKH MPOMBIBHBIX MOYB. J[JIsl BCeX THIIOB
MOYB JICCHBIX JIAaHAMA(PTOB XapaKTepHAa AaKKyMYJISIUS SJIEMEHTOB ITHTAHUS
pacTeHUd B JIECHOM MOJACTHUJIKE, MOJ KOTOPOH pPAaCIOJIOKEH TOPU30HT HUX
BbIHOCA. EmIE HUKE KOHIIEHTpaLMs 3JIEMEHTOB IOCTENEHHO YBEJIWYHUBACTCS
BILUIOTH JI0 TOYBOOOpa3yrolieil moposl. [l MOBEpXHOCTHBIX BOJ OOpeaIbHbBIX
nanamadToB  XapakTepHA  HHU3Kas ~ MUHEpajau3aluss W MPUCYTCTBUE
3HAQYUTEIBHOTO  KOJIMYECTBA PACTBOPUMBIX OPraHUYECKUX  COCIUHECHUIA.
DKCIEpUMEHTAIBHOE H3YYEHHE MUTPAIMOHHBIX (OPM TSDKEIBIX METaIoB B
BOJaX JIECHBIX JaHAMAPTOB II0KA3aJl0 Ba)XHOE 3HAYCHHE KOMILICKCHBIX
OpraHUYECKUX COCIMHEHHUI METAJJIOB, a TAKXKE YaCTUI] KOJUTOUIHBIX Pa3MEpPOB.
biarogapst 6MOreoXUMHYECKOMN JIEATEIIbHOCTH MUKPOOPIaHU3MOB (00pa3oBaHue
B II0YBaX BOJIOPACTBOPUMBIX KOMIUIEKCHBIX OPraHUYE€CKUX COCIMHEHUI) B
BOJIHYIO MUTPAIIMIO BOBJICKAIOTCS 3HAUYUTEIHHBIE MACCHI TSXKEIBIX METAJLJIOB.

30Ha eymuOdHas

Tepputopuss Wi  OPUPOJHO-KIMMATHYECKAass 30HA C  BBICOKUM
€CTECTBEHHBIM YBJIQXXHEHHEM (HampuMmep, [IO0XKAEBbIe TPOMUYECKUE Jieca).
I'ymuHas 30HATLHOCTH OMPEAEISAECTCS B OCHOBHOM Pa3IMUMUSIMU B KOJIUYECTBE
Teria (MpU ONTUMAJILHOM YBIaKHEHHH). B mienom B mouBax, popMupyromumxcs
B MNPOXJaJHOM BJIQXXHOM KJIMMAT€, BBHIMBIBAHHE MHUKPOIJIEMEHTOB (TSKEIBIX
METAJJIOB) BHU3 MO MNPOQWII0 TOYBBI TMPOSIBISETCS CHJIbHEE, YeM UX
HAKOIUICHHE, €CJIM TOJIBKO HET OOJIBIIIOr0 MPUBHOCA 3TUX AJICMEHTOB B TIOYBY.

n

Uepapxusi npupodHbIx cucmem (NPupoOHbIX JaHOwaghmos,
3K0J1020-2€0XUMUYECKUX cUCmem)

OyHKIMOHAIBHOE COMOAYMHEHHE (BXOXKIEHHE Oojiee MEKUX M MPOCTHIX B
0oJiee KpYIHbIE CIIOKHBIE) CUCTEM PA3IMYHOrO ypoBHs. [IpuMepom uepapxuu
OPUPOAHBIX CHUCTEM MOKET OBbITh PsAI: dJeMeHTapHbld Janamadpt (damms,
OMOreoleH03, HIKOCUCTEMA) — MECTHOCTh — Yypouunle — JaHamadr -—
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nanamadTHas 30Ha — ¢Gu3UKO-Teorpaduueckuii cexktop — omocdepa. Kaxbrit
YPOBEHb HEpaApXHH MMEET CBOM OCOOCHHOCTH KPYroBOpPOTa BEUIECTB: TaK, Ha
MEPBBIX YPOBHAX MPeo0agaloT BEPTUKAIBHBIC CBS3M, Ha MOCIEAYIOUIUX BCE
OOJIBIIYI0O PO B KAueCTBE CHUCTEMOOOPA3YIOUIMX HAYMHAIOT UTpaTh
TOPU30HTAIBHBIE WM JIATEPAIIbHBIC CBSI3H.

N36b1MmoyYHbIE 351emMeHmbI 8 laHOwaghme

XUMHYECKHE DIEMEHTHI, YAAICHHE KOTOPHIX M3 JaHAma(Ta yBEINYUBACT
MIPOIYKIIUIO KUBOTO BemecTBa. K HUM B pasubix nanamadTax otHocsates Cl, S,
Na, Cu, Ni, Fe, F u ap.

Usomoppusm

B3auMHoe 3amelnieHHe MOHOB B KPUCTALIMYECKON CTPYKType Oriaromaps
OJIM30CTH UX PAJINYCOB.

Ummuepayus

[TocTyreHne XMMHUYECKOTO 3JIEMEHTa (COCIMHEHUS) B CUCTEMY.

Ummobunusayus

O06e31BUKUBAHUE — MPEKPAIIEHUE MUTPALMUA BEIIECTB, YMEHBIIAIOIIEE UX
AKTUBHOCTbH (HAIIPUMED, B TOHHBIX OTIIOKECHUSIX ).

UMmnakmHbIl 2eo0xuMu4ecKuli MOHUMOPUH2

CrnexxeHre 3a pernOHaIbHBIM U JIOKAJIbHBIM aHTPOIIOT€HHBIM BO3JE€HCTBUEM
B MECTax KPHU3UCHBIX IKOJIOTMYECKUX cuTyaruid. COBpeMEHHbIE UCCIEIOBAHUS
BEIyTCs MO CIEIYIOUMM HampaBjieHHsM: 1) aHanu3 3aKOHOMEpPHOCTEH
dbopMUPOBaHUS TEXHOTEHHBIX MOTOKOB 3arpsi3HSIONIMX BEIIECTB B Pa3IMUHBIX
TaHAIAQTHRIX 30HAX; 2) HM3yYCHHE pPEaKIMid OTKIWKA IMOYB M TMPUPOJIHBIX
JaHAIAaPTOB, 3KOJOTO-TECOXMMUYECKUX CHCTEM B II€JJOM Ha TEXHOTEHHOE
BO3JCCTBUE; 3) WM3yuE€HHE B MOJEIBHBIX OIbITAX BIUSHUS 3arps3HSIONINX
BEILIECTB Ha IMOYBBI M MPOLECCHhl TpaHChHOpMaIllUU 3arps3HSIONIMX BEIIECTB;
4) ompeneneHue HWHAUKATOPOB 3arps3HEHUs] MOYB B IEISX MOHUTOPHUHTA,
5) o0ocHOBaHME MEPOINPHUATUN MO MPOTHO3Y U CHUKEHHUIO OTPHUIATEIIBHOTO
BO3JICMCTBUS TEXHOTEHE3a Ha TIOYBBI.

UHeenmapu3ayuoHHbIe 3K0/1020-2e0XUMUYECKUE KapMmbl

KapThl TEXHOr€HHBIX MCTOUYHHMKOB 3arpsi3HeHHs ¢ Yy4€ToM oO0béMa U
CTPYKTYpPBI BBIOPOCOB, CTOKOB M OTXO0JI0B. OHU OTHOCSITCS K TUITY JOCTaTOYHO
MPOCTHIX AHATUTHYECKUX KapT. VICTOUHHMKHU MOKa3aHbl, KaK MPaBUJIO, TOYKAMH,
MyHCOHAMHM, 30HaAMH BO3/ICHCTBUSI.

UudukamopHble aneMmeHmMbI

PaccesiHHble AJ€MEHTHI, NPUHUMAIOUIUME Y4YacTHE B OMOJOTMYECKOW WM
BOJAHOW MWTrpallii ¥ XapaKTepU3YIOIIME TMPoIecC BHYTPUIAHAMA(PTHOTO
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nepepacnpenenenus. s kaxmoro nanamadTa BBIACISIOTCS J1BE OCHOBHBIC
IpyNIbl  WHIUKATOPHBIX AJEMEHTOB, CIOCOOCTBYIOIIUE TE€OXUMHUYECKOMY
COMPSDKEHUIO: TlepBasi — HauboJee UHTEHCUBHO BOBJIEKa€MbI€ B OMOJIOTUYECKHIA
KpYTOBOPOT, BTOPasi — B BOJHYIO MUTPALIHIO.

UHOukayuoHHbIe 3KOI020-2€0XUMUYECKUE KapMbl

CocTaBisioTCsS MO JAHHBIM T€OXMMHUYECKOTO MOHUTOPHHIA U MOKA3bIBAIOT
W30JMHUSMH, 3aJMBKOW, 3HAKAMH PacHpelesieHuE OTIENIbHBIX 3arps3HSAIOIINX
BEILIECTB B BO3[yX€, MOYBaX, BOJAX, PACTECHHSIX M APYrMX KOMIIOHEHTax
nanamadTa. ITo KapThl aHATUTUYECKOTO TUIA (CTAaTUYECKUE U JUHAMUYECKHUE).

UumeepanbHas ycmoliyueocms 2eocucmem

Omnpenensier  yCTOMYMBOCTD ~ T€OCUCTEM KO  BCEMY  KOMIUIEKCY
AHTPOIIOT€HHBIX Bo3aecTBui. Cpenu psijia napaMeTpoB COCTOSIHUS 3KOCUCTEM,
UTPAIOIIMX pOJIb B OLEHKE KX YCTOWYMBOCTH B LEJIOM M HUX OTAEIbHBIX
coctaBisironmx (CHakun B. B., u nmp. OueHka coCTOSHUSI U YCTOWYHMBOCTH
skocucteM M., 1992. 127 c.), Goybimas 4acTh HEMOCPEACTBEHHO CBS3aHa CO
CBOMCTBaMH IOYB. DTO MPEXKIE BCEr0 XapaKTEPUCTUKH YUCTO IOYBEHHBIE,
3aTEM MApaMeTpbl, CBS3aHHBIE C MPOAYKUMOHHBIMU MPOLECCAMU U C
npoueccamu TpaHc(OpMallMd OpraHM4ecKoro BemiecTBa. B kakoi-to mepe
MTOYBEHHBIMH (PAKTOpaMH ONPENEISAIOTCS MPOEKTUBHOE MOKPBITUE, CHEKTP
KU3HEHHBIX (OpM, BHAOBOE pa3zHOOOpazue u Hekotopble apyrue. IlosTomy
0COOEHHO BaKHBI Pa3pa0OTKU MPHUHIIUIIOB OLIEHKU COCTOSIHHSI M YCTONYHBOCTH
MIOYB, OCHOBAaHHbIE HAa METOJAaX HOPMHUPOBAHHUS OTAEJBHBIX IOKa3aTeiel c
HOCIEAYIOUIMM HMX CYMMHUpPOBaHHEM IO OajuibHOM cucteme. B kadectse
apamMeTpOB COCTOSIHHSI TIOYBBI TPEJIararoTCsi: KaTHOHOOOMEHHBIE CBOMCTBA;
rymyc, cojaepxkanue C 1 MOITHOCTh TYMYCOBOI'O TOPU30HTA; BOJHO-(U3UUECKUI
pexuM (TPOMBIBHOM, HEMTPOMBIBHOM, MEPUOIUYECKHA MPOMBIBHOM); TIOJIOKECHHE
B JaHgmadre (MOBUATBHOM, TPAH3UTHOM, AaKKyMYJISITABHOM); KpyTH3HA
CKJIOHa. B 4wmcimo mokazareneid KadecTBa II0YB, ONPEACHAOMMX X
YCTOWYUBOCTD, BKITIOYAIOT TAK)KE XapaKTEPUCTUKY MMOYBOOOPA3YIOIMIUX MTOPOJI U
THUII IPUPOJIHON PACTUTEIILHOCTH.

UHmeHcueHocmb 6uo2eHHOU Muzpauyuu
M

Py :HAX — WHTEHCHBHOCTb OMOJIOTMYECKOIO IOIJIOIIEHHs, KOTOpas

psIMO TIPOTIOPITMOHANIBHA KOA(D(PHUITMEHTY OHOJOTUYECKOTO TOTJIOMEHUS Ay.
M/R — oTHOIlIEHHE KOJUYECTBAa 30JIbI K KOJHMYECTBY TOPHBIX IMOPOJ M IIOYB,
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HaxOoIAIMUXCS B chepe MOCATAEMOCTH PACTEHUM; BEIWYMHA TIOCTOSHHAS IS
JaHHOTO JlaHmadra.
NUnmeHcusHOCMBb (U3UKO-XUMUYECKOU Muz2payuu

db 1
WuTeHCHMBHOCT, MHUTpanund P :FE’ rae db/b — orHOCUTENBLHAA 4YacTh

aTOMOB, TIEpEIICAININX B TMOJBUKHOE COCTOSIHUE B €IWHMUIY BpemeHHu t
(A.W. IlepenbMman).

UHmeHcueHble napamempbl Muzspayuu

KomuuecTBo BeliecTB, KOTOpPOE€ B E€IWHUILY BPEMEHH TNIEPEXOJUT B
MOIBMYKHOE COCTOSIHHME (HarpuMmep, B mpupoanbie Boabl) (A . Ilepensman).

Uckonaemble noyenl (pennukmoebie no4ebl, nedosumsi)

HenepeMeménuble TOpHBIE TMOPOABI, JIUTOJOrO-TEOXMMHUUYECKHUE CBOWCTBA
KOTOPBIX BO3HUKJIU B pPE3yJibTaTe€ MOYBOOOPA30BAHUS U €r0 MOCIEIYIOIIETO
M3MEHEHHUS YMUTCHETUYECKUMU (HAJI0KEHHBIMH) MPOIIECCaAMHU.

UcnapumenbHbIl 2eoxumuyeckuli 6apbep (F)

duznKo-XUMUYECKU Oapbep, (PopMUpYIOMMICA B apuUIHBIX JaHamadTax
MpYU UCHAPEHUU BOJABI B COJISIHBIX 03€pax, 3aCOJICHHBIX IOYBaX, Ha KOTOPOM
koHneHtpupytotcs Ca, Na, K, Mg, F, S, Sr, Cl, Zn, Li, N, U, Mo u npyrue
anemeHTsl (A.U. Ilepenbman).

K

KackaOHble naHOwaghmHo-2eoxuMu4yeckue cucmemabl

[Tapareneruueckue accouuanu AJIEMEHTAPHBIX naHAmadTHO-
FCOXUMHUYECKUX CHUCTEM, II€JIOCTHOCTh KOTOPBIX OIpPENeIsieTcs MOTOKaMHU
BEILIECTBA, PHEPTUU M HMH(POPMAIIMU OT BEPXHUX THUIICOMETPUYECKUX YPOBHEH
penbeda k HrkHuM (M.A. I'mazoBckas).

KamuoHozeHHbIe xumuyeckue anneMeHmMbl

DJIEeMEHThI, KOTOPhI€ MOJABMXKHBI B CJIA0OKHUCIIBIX IMOYBAX, IMOTJIOMIAKOTCS
JIEpeBbsIMU M KyCTapHUKaMd M MOTYT  KOHIEHTPUPOBATHCS  Ha
OMOTre0OXUMHUYECKOM Oapbepe B T'yMYCOBBIX TOPHU30HTAX THUAPOMOPQHBIX MOYB:
Sr, Mn, yactnuno Ba u Zn.

KamuoHbi o6mMeHHbIe

Haxopsmuecs B MOYBEHHOM TOTJIONIAIONIEM KOMILUIEKCE KaTHOHBI (KaTHOHBI
TBEP 10K (ha3wl), CIOCOOHBIC K SKBUBAJICHTHOMY OOMEHY Ha KaTHMOHBI pacTBOpA.
OOMeHHBIE KAaTHOHBI HAaXOMSITCS Ha OOMEHHBIX TMO3UIUSIX TIUHUCTHIX
MHUHEPAJIIOB U OPraHUYECKOr0 BEUIECTBA, UX COCTAB CHJIBHO pa3Jinyaercs B
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MOYBaxX Pa3HBIX MPUPOAHO-KIMMATHUECKUX 30H. B TYMHAHBIX 00JacTAX H
TYHAPOBBIX, MOJ30JUCTHIX, OYPBIX JIECHBIX MTOYBAX, KPACHO3EMAX M JKEJITO3EMaX
cpemd 9THX KaTHOHOB mpeobmamaror noust A%, AI(OH)*, AI(OH)," u H'. B
apuAHBIX I[OYBAX — YEPHO3EMAaX, KaIITaHOBBIX, cepo3éMax — OOMEHHBIC
KaTUOHBI TPEACTABJICHbI MPEUMYIIECTBEHHO Ca® u Mg2+, a B 3aCOJICHHBIX
noysax — Takxke Na'. Bo Bcex mouBax cpequ 0OMEHHBIX KATHOHOB BCET/IA €CTh
HebobIoe koaruecTBo K. HexoTopebie TsxkENbIE METAIIIBI (Zn2+, Pb2+, Cd*" u
1p.) MOTYT TPUCYTCTBOBAaTH B IOYBAaX B KAa4eCTBE OOMEHHBIX KATHOHOB
(K.K. T'enpoiirr).

Kupaca

[InoTHass >kene3ucras Kopa, oOpasyromascs Ha JaTepuTax IIOCKHUX
BO3BBIIIIEHHOCTEMN MOCJIE YIaJE€HUs 3PO3UEH PHIXJIOr0 MOKPOBA.

KucnopoOHbie 800bI, mun KUc/10pPOOHbIX 800

Jns  momoOHBIX  BOJ  XapaKTepHO TMPHUCYTCTBHE CcBOOOmHOTO O,
MOCTYMAIOIIET0 M3 BO3JyXa WM 3a CYET (OTOCHMHTE3a BOAHBIX pacteHuil. Eh
Boiie 0,15 B, uwacto Beimie 0,4 B, Fe wamie Bcero Haxonutcs B dopme Fe*.
Kucnopoansie Bojbl 001a1a10T BHICOKOM OKUCIUTEIBHON CIIOCOOHOCTHIO, B HUX
JEUCTBYIOT a3pOOHbIe OAKTEPHH, OKHCIIAIONINE oprannueckue Beniectsa 10 CO,
u H,0, npoucxoauTt okuciieHuEe U Heopranndeckux BemecTs. S, Cr, V, Se 31ech
UMCIOT BBICOKHE CTEIICHU OKHCIICHUS M 00pa3yloT pacTBOPHMBIC COCITUHCHUS —
cynbdaThbl, XpoMaThl, BaHAJaThl, ceJieHaThl. B nanmamadTax ¢ npeodiagaHueM
OKUCIIUTENIbHOW CpeAbl ATH JJIEMEHTHl HMEIOT BBICOKYI) MHIPALMOHHYIO
CIIOCOOHOCTb.

Kucnbie u cnabokucnbie 800bl, Kn1acc KUucsbix U cnabokucsbix 600

Orto Bombl, pH koTophiXx KojeOmercs or 3—4 mo 6,5; gamie Bcero ux
KUCJIOTHOCTh ~ OOYCJIOBJICHA  PAa3J0KEHUEM  OPraHUYECKUX  BEIIECTB,
NPUBOJAIIUM K TocTymieHuto B Boay COj, QyIbBOKHCIOT W JPYrux
OpraHUYeCcKuX KHUCIOT. Eciiu B TOpHBIX MOpOAax MaJIO MOJBMYKHBIX CHIIBHBIX
KaTUOHOB, TO KMCJIOTHOCTb HEUTPAIIM3YETCS] HEMOJIHOCTHhIO M B TOYBAX M KOPE
BBIBETPUBAHUS TOCIOJICTBYeT ciabokucias cpena. B Takux Boaax JIETKO
MUTPUPYIOT METAJJIbI B hopMe OMKapOOHATOB M KOMIUIEKCHBIX COECIUHEHUH C
OpraHUYECKUMHU KHCJIOTaMH. [TomoGHEIE BOJIBI pacrpocTpaHeHbl
HCKITFOUUTENTFHO IMUPOKO B TYMUIHBIX JaHAmadTax.

Kucnbit eeoxumuyeckutl 6apbep (E)

DU3NKO-XUMUYECKUN Oapbep, BOZHUKAIOUINI TPU pe3KoM yMeHbleHuu pH.
Ha xucnom Oapwbepe ocaxpatorcsa Si, Se, Mo, Ge u Jpyrue aHMOHOTEHHBIE
snemeHnTsl (A.U. [lepenbman).
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Knapk

CpenHee 3HaU€HHE OTHOCUTEIBHOTO COJICPKAHUSA XUMUYECKUX AJIEMEHTOB B
3eMHOM KOpe U IPYTUX TJI00aNbHBIX U KocMHuueckux cucremax (A.E. @epcman).

Knapk koHueHmpauuu

OTHoOLIEHUE COJIEpKAHUSI XUMMUUYECKOTO 3JIEMEHTa B TOPHOU MOpojie, pye,
MuHepatie (A) K KJIapKy 3Toro 3jeMeHTa B 3eMHO# kope: Ky =4/K. Takxke kiapk
KOHIICHTpAIIMU UMEHYIOT Kak «BepHaay (B.M. Bepnaackuii).

Knapk paccesiHusi

Bennunna, oOpaTHas KJIapKy KOHIIGHTPAllMM, — OTHOIICHUE KJapka
aJIEMEHTA B JINTOC(Epe K ero cojiepkanuto B uzydaemoii cucreme (Kp).

KoecepenmHocmb naHOwagma

CpoiictBo  manamadTa, BBITEKAIOIIEe W3  CHUCTEMHOIO  MOAXO0Ja,
BOXHEHITUMU (PaKTOpaMH KOTOPOTO SIBIISIOTCS OWOJIOTHYECKUN KPYTOBOPOT,
penbed, TeoJOTUYECKOe CTPOEHHE, TEXHOreHe3; 3TH (DaKTOPhl CBS3BIBAIOT
MEXK]Iy cO00M BCe KOMITIOHEHTHI JIaHmadTa U CyIIECTBEHHO BUIOM3MEHSIOT UX.
B mpuponnbix manamadTax 4yeM WHTEHCHBHEE OMOJIOTMYECKHH KPYTrOBOPOT
aToMOB, TeM OoJbllle KOT€PEHTHOCTh JaHamadra. Bbicokas creneHb
KOTEPEHTHOCTH XapakTepHa, HAMpuUMep, Uil TYMHUAHBIX PaBHUH, TJIE
PaCTUTENILHOCTh HAXOJUTCS B MOJHOM COOTBETCTBUU C OCOOCHHOCTSIMU TOYB U
BoA. K nanamadram ¢ HU3KOM KOT€pEHTHOCTBIO OTHOCSITCS, HAIIpUMEp, MHOTHE
MYCTBHIHU: COCTaB TOYB 37IeCh MOXXET OBbITh CJ1a00 CBS3aH C JESITEIBHOCTHIO
pacTUTENbHOCTH. lIOHATME O KOrEPEeHTHOCTH IPUMEHMMO W K aHAIU3Y
TeXHOTeHHBIX JanamadroB. [lo cpaBHEeHHMIO ¢ MPUPOAHBIMHU JaHAIIAdTaAMU
KOT€PEHTHOCTh B HHMX PE3KO YMEHBINACTCS MPU 3arpsi3HEHUH OKPYKAIOIICH
cpensl (A.N. Ilepensman, H.C. KacumoB).

KomnnekcHbIlU 2eoxumuyeckul 6apbep

bapeep, bopmupyromuiicss mpu COBMEIIEHUH B OJHOM MECTE Pa3TMYHBIX
F€OXMMHUYECKUX TMPOIIECCOB; OOpa3yIOIIUICS B PE3yibTaTe HAJIOXKEHUS IBYX
WJIA HECKOJIBKUX B3aMMOCBSI3aHHBIX TEOXUMHUYECKUX MPOLIECCOB.

KoumpacmHocmb 2eoxumuyeckozo 6apbepa

XapakTepu3zyeTrcsi OTHOLIEHUEM BEIIMYMHBI T€OXUMHUYECKUX MOKA3aTesel B
HaInpaBJIeHUH MHUTpaluu 10 U nocie 0aprepa (S). IHTeHCUBHOCTh HAKOTUICHUS
AJIeMEHTa YBEJIMYUBAETCA C POCTOM KOHTPACTHOCTHU U TpajueHTa 6apbepa.

Koumpacmuocmb muepayuu

Paznmuune moBedeHWs 37eMEHTOB  (MOOWIM3AalMK, pPACCEHMBAHHS W
KOHIICHTPAIIMHU) B Pa3HbIX YacTAX JaHAmadTa Wik pasHeix JaHamadpTos. OqHu
AJIEMEHTHI 00JIaal0T BBICOKOM KOHTpPAcTHOCTBIO (Zn, U), npyrue — HHU3KOM.
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MasnokoHTpacTHbIE 3JIeMEHTHI Be3zie win sHepruydHo (S, Cl), uiam odensb cinabo
(Zr, Th u 1. 1) mMurpupyror. Mepoil KOHTPACTHOCTH CJIYKHT OTHOIICHHE
K03 (UIIMEHTOB BOJHONW MUTPAIIUU JIJIST Pa3HBIX MPOIIECCOB.

KoHnuenyus «<xumu4eckux 6om6 3amedneHHo20 delicmeusi»

Teopus OBICTPBIX, MOPON KATACTPOPUUECKUX TCOXMMUUYECKHX W3MEHEHH
CBOMCTB JaHamadTa, OOYCIOBICHHBIX HW3MEHEHUSIMU (PAKTOPOB MUTPALUU
TOKCHUYHBIX XHMHYECKHX DJJEMEHTOB (KoseOaHus YpPOBHS TPYHTOBBIX BOJI,
KHUCJIOTHBIE JTOKIW U JIP.), U CBA3aHHBIX C HUMH MOCIEICTBUNA — MOOMIIH3AIINH,
paccestHusl, KOHIEHTpPAllUM TOKCHKAHTOB, BEAyIIMX K HEXeIaTeIbHbIM
skosorudeckuM s dexram (B. Crurnmanu, I'. Xekcrpa u np.).

Kopa ebieempuegaHus

[Ipoduns, cocTosiuuii W3 TOPU3OHTOB MOCTENEHHOTO HW3MEHEHUS
TUTMIOTCHHBIX CUJIMKATOB B THUIEPTEHHBIC TJIMHUCTHIE MUHEPasbl, HAXOIAIIUICS
BHEe cdepbl mouBeHHbIX mporeccoB. [lo AWM. Ilepenbmany, 3TO pBIXJbIe
POJYKTHl M3MEHEHUS TOPHBIX TOPOJ, OOpa3yIoIMXCA I0J] MOYBOM 3a CUET
MOCTyNalwImuX u3 He€ pacTBOpPOB. JlJIsi KOPHI BBIBETPUBAHUS XapaKTEPHBI
IIMPOKOE Pa3BUTHE MPOIECCOB OKHUCICHUS M THApPATAIIMU TPU OTCYTCTBUHU
OMOTEHHOM  aKKyMyJISIIIUM ~ DJEMEHTOB  TOJA  BIUSHHEM  PacTECHUM
(A.W. Ilepenbman, 1989). Haumnas ¢ BepXHEro Iajgeo30s HaMeyaeTcs
HECKOJIBKO AMOX IIyOOKOM MOYBEHHO-THIEPTrEeHHOW TpaHc(opMaIuy BellecTBa
TOPHBIX TIOpPOJT W 0Opa3oBaHMs KOp BbIBeTpuBaHusA. WX o0pa3oBaHue
MPOUCXOJIUSIO B TEPUOABl JUIMTEIBHOM OHMOCTAa3MM TyMUIHBIX JIECHBIX
¢duTorieHo30B. B mocnenyronme nepuoasl PeKCUCTA3UMH U DHEPTUYHON dPO3UU
KOPBI BEIBETPUBAHUS PAa3MbIBAIUCh, & UX MUHEPAJIbHbIE KOMIIOHEHThI BXOJIUJIU B
COCTaB OCAJIOYHBIX OTIOXKEHUW. VHTEHCUBHOCTH MPOAYLHPOBAHUS CIIOAKHBIX
MPOJYKTOB MeTabonu3Ma OWMOTOW CyHIM SBJISETCS BaXHBIM  (AKTOPOM
TUTNIEPIEHHOTO  MpeoOpa3oBaHUs  KPUCTAUIMYECKUX TOPHBIX TMOPOJ U
oOpa3zoBanusi Kopbl BbIBeTpuBaHHs. [lo comepaHuio 3JIe€MEHTOB, Haubojee
BIUSIOMIUX HAa  OMOJIOTMUECKHH  KPYroBOPOT, BBIACISIOT 4  TPYIIBI
OYBOOOPA3YIOIIMX MOPOJI (KOP BHIBETPUBAHMS): 1) MOPOABI MPEUMYILIECTBEHHO
JErKOro COCTaBa C PE3KO MOHMKEHHBIM T€OXUMHUUYECKUM (POHOM OUOJOTUYECKHU
BKHBIX DJIEMEHTOB (JUTFOBUAJIbHBIC U (DIIFOBUOTJISIIUANIBHBIC TIECKH U CYIIECH B
TYMUAHBIX 30HAaX, KBapUUThl W [p.); 2) TOPOAbl C OKOJIOKJIAPKOBBIMHU
COICP)KAHUSIMUA  DJIEMEHTOB —  JIECCOBUIHBIE IOKPOBHBIE  OTJIOXKEHUS,
CUJIMKATHBIE KHCJIbIC, CPEIHHE, OCHOBHBIC TOPOJbI U Jp.; 3) MOpPOABI C
MOBBIIIICHHBIMU ~ COZIEP)KaHUSIMM  METAJUIOB, HampuMep  yJIBTPAOCHOBHBIC;
4) mopolibl C PE3KO aHOMAJIbHBIMU COJIEPKAaHHUSIMU D3JIEMEHTOB B paloHax
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MECTOPOXKICHHUI. Pa3nnyaroT NpuUpOIHbIE U TEXHOTCHHBIE KOPHI BHIBETPUBAHUS
(B.B. JIo6poBoIbCKUIA).

Koaghpuyuenm akkymynsiyuu yanepooda

OTHoOlIEHUE YTJEpo/ia, CBSI3aHHOIO Ha EIWHUIIEC IUIOIIAJU B TIpoliecce
roJIOBOT0 (POTOCUHTE3a, K KOJMUYECTBY YIJIEpO/a, BBIICIUBILIEIOCS B COCTAaBE
CO, 3a rom u3 mouBbl B armocdepy 3a Ccu€T pazpylieHuss MEPTBOIO
OpraHUYECKOTO BEIIECTBA.

KoaghgpuyueHm ammozeoxumMu4yeckol akmueHocmu

KoadduimenT, paBHblii OTHOIIEHUIO KOJTUYECTBA AJIEMEHTA, MOCTYIAIOIIETO
C ocaakaMu, K HX KOJWYECTBY, motpednsemomy pacteHusiMu (KA)
(M.A. I'nazoBckas).

KoagpgpuyueHm asapo305bHOU akKyMynssyuu (KOHUeHmpauyuu)

OTHollIeHHE conepKaHUs dJIEMEHTa B TBEPIOH (aze a’po3ois (4) K KIapKy
3TOTO K€ AJIEMEHTAa B I'PAaHUTHOM CJI0O€ KOHTHHEHTaIbHOW 3eMHOU Kophl (K):
K.=4/K. Tlpu dhopmupoBaHuH a’3po30Jicli KOHICHTpAIMS OIHHUX DJIEMCHTOB B
TBEPJBIX YACTULAX A3PO30JeH BO3pacTaeT Ha | — 2 MaTreMaTH4eCKHX MOpsIKa
10 CPAaBHEHUIO C TpaHUTHBIM cioeM Jautocdepsl (Cd, Pb, Zn), a npyrux — cnabo
Mensietcs (V, Ti). Cuurtaercss yCTaHOBICHHBIM, YTO a’p030Jid 000OramaroTcs B
Tpornochepe onpeAciEHHBIMU XUMHUYECKUMHU JJIEMEHTAMH, MOCTYIAOIMIMMHU B
naporazoBoM cocTostHUM. CIOXKHYI0 MpoOJieMy MpeNCTaBIseT YCTAaHOBJICHHUE
HMCTOYHUKOB TIAPOTa30BOTO IMOTOKA TSKEIBIX METAUIOB U OJNU3KUX UM
AJIEMEHTOB € NepeMeHHOM BalleHTHOCThIO (B.B. JloGpoBosibCKHMi).

KoaghgpuuyueHm 6uozeoxumuyeckKkoli akmueHocmu

OTtHomieHre TOTPeOJICHHUsT BJEMEHTa >KMBBIM BEIIECTBOM B TOJl K €ro
BBIHOCY C MOHHBIM CTOKOM C KOHTHHEHTOB B OKE€aH WJIM U3 KPYMHBIX PEUYHBIX
0acceiinoB (KB) (M.A. I'mazoBckas).

Koaghpuyuenm 6uozeoxumuyeckol nodsuxHocmu

OTHOLIEHUE COJepkKAHUS DJIEMEHTA B CyXOM BEILECTBE PACTEHUU K €ro
NOJABWKHBIM, JIOCTYIIHBIM [iJIi PACTEHUN BOJHOPACTBOPHUMBIM, COJIEBBIM,
OpraHOMUHEpPAJIbHBIM  (hopMaMm,  HU3BIEKAaEMbIM M3  TIOYB  CJIAOBIMU
pactBoputensimu  (By). JlaHHBI TOKa3aTenb XapakTepusyeT AOCTYIHOCTh
AJIEMEHTOB DPACTCHHSIM W CTEICHb HCIOJIb30BAHUSA MMM TOABWKHBIX (hopm
AJIEMEHTOB, cojaepkamuxcs B mouBe. KoadbduimeHT OHOIOrHYecKoro
noryomenust (Ay) OTpakaeT CKOpee TMOTEHIMAIbHYI0 OHOTeOXMMHYECKYIO
MOJIBMXKHOCTD 3JIEMEHTOB, 00Jie€ OOBEKTUBHYIO KApTUHY AA€T KodhduuneHt By.
3HaueHus By y OONBIIMHCTBA JIEMEHTOB OOBIYHO 3HAYUTEILHO BBIIIE, YeM Ay
(H.C. KacumoB).
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KoagpgpuuyueHm 6uosiocu4ecko20 rnoasiou,eHust

YacTHOE OT ACJCHUS COJICPKaHUSI XUMUYECKOTO JIEMEHTA B 30JI€ paCTEHUs
Ha €ro cojiep>kaHue B MOYBOOOpa3yrollel mopoje Wid B MOYBE, HA KOTOPOM
npouspacraer gaHHoe pacteHue (Kg mwm Ay). MHTEeHCHUBHOCTh OMOJIOTMYECKOTO
NOTJIOUICHUs] B JIaHAmadTe MpsAMO MPOMOPIHOHATbHA  KOIPPUIUEHTY
Oouonornueckoro moriomenus. KoahdumuerT OMOIOTHYECKOTo MOTJIOMICHUS
MEHSIETCA B 3aBHCHUMOCTH OT (ha3bl BereTalluu, BO3pacTa OpraHu3Ma, MOYBHI U
JIpYyrux ycjaoBuil. B mepBoM npuOIMKEHUH BCE 3JIEMEHTHI MOKHO Pa3/IeIUTh MO
rJ100aJbHBIM 3HAUYEHUSIM UHTEHCUBHOCTH OMOJIOTMYECKOTO MOTJIONICHUS Ha JIBE
Oosbiive rpynnbl. K mepBoil OTHOCATCS T€, KOHLEHTPALMS KOTOPHIX B 30JI€
OoJibliie, ueM B 3eMHOM Kope. OcoOeHHO aKTUBHO 3axBaThiBaloTcs B, Br, I, Zn u
Ag, y kotopbix Kg > 10. [/Ins 3HAUMTENbHON YacTU PACCESHHBIX 3JIEMEHTOB
10 > K5 > 1: Cu, Mo, Mn, Sr, Pb, Co, Ni u npyrue Merauibl. X BakHas
dbusuosornyeckas posib TBEPAO yCTaHOBIICHA WK mpenanonaraercsa. Ko Bropoi
IPYIIE OTHOCSTCS AJIEMEHTHl C HU3KOW MHTEHCUBHOCTBIO MOTJIONICHMUS,
nMmeromme K; < 1. Hekoropele W3 HHX NPUCYTCTBYIOT B 3€MHOM KOpE
IPEUMYIIECTBEHHO B (popmax, TpyJAHOIOCTYNHBIX /it pactenuit (Ga, Zr, Ti, Y,
La), apyrue TokcuuHbl W T03TOMYy orpanuueHHo moriomtatrorcs (F, U).
(b.b. TlonbHoB, A.U. [lepenbman)

Koaghpuyuenm eodHoli muzpayuu

OTHoOIIIEHHE KOHIEHTPAIMK 3JIEMEHTa B CyXOM (MHHEpPaTbHOM) OCTaTKe
BOJIbI K €r0 KOHIICHTPAIIUU B TOYBOOOPA3YIONIUX TTOPOAaX WU MOYBAX JAHHOTO
paiiona (Kg). B nmanamadre xkor)PuiMeHTs BOJHON MHUTpPALMU DJIEMEHTOB
OTHOCSITCS JIpYyT K APYry Kak HMHTEHCUBHOCTU uX murpauuu. KosddumueHt
BOJIHOM MHUTpallid MOKET YCTaHABJIMBATHCS ISl 30HBI THIEPreHe3a B IIEJIOM,
JUIS1 OTJEIbHBIX BOJIOHOCHBIX TOpU30HTOB U T.1. (A.U. Ilepenbman).

KoaghgpuyueHm 2udpozeoxumuyeckoll akmusHocmu

KoadduureHT, paBHbIil OTHOIICHUIO KOJUYECTBA IJIEMEHTOB, BRIHOCHUMBIX
HOHHBIM CTOKOM, K HX KOJHUYECTBY, TMOCTYMAMOIIEMy € aTMOC(epHBIMU
ocaakamu (KN) (M.A. I'na3oBckas).

KoaghgpuuyueHm decmpyKyuoHHOU akmueHocmu

OTHoIIeHNEe MOCTYIUICHUsI lieMeHTa B Ouocdepy (1o0b1ua, CKiIaaupoBaHue)
K MMOTPEOJICHUIO pacTUTENIBHOCTHIO U Jp. (M.A. I'mazoBckas).

KoaghgpuyueHm omHocumenbHo20 noznouwseHuUsi (OmHocumesibHoe
codepikaHue asieMeHma 8 sudax pacmeHuli — OCBP)

buoreoxumuueckuii mapameTp — OTHOCUTEIBHOE COJEPKaHUE XUMHYECKUX
AJIEMEHTOB B BHJAX, PACTyIIMX B COIMNOCTaBUMBIX YCIOBUSIX (T. €. B OJHOM
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anemeHTapuoM nanamadre): OCBP=C,/Cr, rne C, — conepxkanue 3j1eMeHTa B
uzydaemom Buje, a Cr — B atanonHoMm. CojepkaHue dJeMeHTa B 30Jie 0epé3bl
miockosmctHoil A.JI. KoBaneBckuii npunsi paBHbIM 1 (3tanioH). Ecniu OCBP
IIPEBBIIIACT 2,5, TO TaKUE PAaCTEHUsI OTHOCAT K KOHLEHTPATOPaM, a €CIIM MEHeEe
0,4 — k nexonuenrparopaM. Kouuentparopel: a) cmadeie (2,4 — 4,0);
06) ymepennbie (4,0 — 25,0); B) wunredHcuBHble (25 — 400 u Oomee).
Jlexonnenrparopsl: a) cinadeie (0,4 — 0,25); 0) ymepennsie (0,25 — 0,04);
B) unTeHcuBHbIe (0,04 — 0,0025). XuMuueckuil COCTaB pacTEHUI 3aBUCUT OT UX
CHUCTEeMAaTUYECKOTO TOJOXKEHUS U T€OXUMUYECKUX OCcOoOeHHOCTel nanamadra.
st mekoropbix anemeHToB OCBP He 3aBucuT OT naHAMAQTHBIX YCIOBHIA
(A.JI1. KoBanesckuit).

KoagpgpuyueHm omHocumesnibHoU yenaxHEHHOCMU

OTHoOllIEHHE CYyMMBbI aTMOC(EpPHBIX OCAJKOB K BEIMYMHE HCHAPIEMOCTU
(Ky). B.I'. Tomy6eB (1974) npoananu3upoBai apeansl paclpOCTPAHCHUS IIOYB
BCEX TUIOB U YCTAHOBWJI CIEAYIOIIME UHTEPBAJIbl OMHOTUITHON YBIAXKHEHHOCTH
nangmadros: 1) kpaiime cyxme — Ky < 0,20; 2) cyxue — 0,20 — 0,40;
3) ymepenno cyxue 0,40 — 0,75; 4) ymepenno Bmaxkueie — 0,75 — 1,20;
5) Bnaxnsie — 1,20 — 1,95; 6) oucHb Bnaxkubie — 1,95 — 2,90; 7) 0c000 BiIakKHBIE —
Ky > 2,90. IlepBble Tpu HMHTEpBalla XapaKTEPHU3YIOT TEPPUTOPHH DPA3JIMYHOM
CTENEHW apUIHOCTHU, TPU MOCJIEAHUE — TyMHUIHbIE. IHTEpBanl OTHOCHUTEIBHOM
YBIQXKHEHHOCTH, XapakTepusyemblid koddduuuentom 0,75 — 1,20, Hameuaer
o0JacTd ¢  ypaBHOBEUIEHHbIM  BOAHBIM  OamaHcoMm.  Koadduument
OTHOCUTEIHHON YBIQXXHEHHOCTH MOXHO BBIYHCIUTH U 1O CE30HAM, IMOJIYYHUB
BO3MOXHOCTh BBIJICJIUTh BPEMEHA Tojla OJaromnpusATHBIE W HEOIaronpusiTHbIC
st camoouwnienust mous (B.B. lokyuaes, H.I'. Beicotikmii).

KoagppuyueHm npeobpasoeaHus e3eeweHHo20 eewjecmea eod

OTHOmIEHNE CpeAHEN KOHUEHTPALUHM JJEMEHTa B PEYHOM B3BECH K €TI0
KJIApKy B KOHTHHEHTaJIbHOU 3eMHOI Kope (Kp). Ilo 3HaueHusim koadduirenta
Kp BBIIETSIOT TPU TPYMIIBI 3JIEMEHTOB. DiieMeHThl nepBoi rpymmsl (Ca, Na, Sr,
Ba, Li, Mg) xapakrtepusytorcsi Kp MEHbIIE €AUHUIBI, T. €. YMEHBIICHUEM
OTHOCUTEJIBHOTO COJEP)KaHUsI BO B3BECSX 10 CPaBHEHUIO C KIAPKOM
IPAaHUTHOTO CJI0SI 3eMHOM KOpbl. Bropyto rpynmy obpasytot anements! (Ti, Zr,
Ga, Fe, Mn), y kotopbix Kp paBHBI WK HEMHOTO 0OJbIle eauHuIbl. K TpeTbeit
rpynmne otHocsTcs anemeHThl (Pb, Zn, Cu, Ni, Co, Cr, V, Cd), xoHneHTpamnms
KOTOPBIX BO3pacTaeT BO B3BeCsX, a 3HaueHUs Kp — oT 2 mo 9. BeIpaxeHHas
AKKyMYJISIIIUS  TSDKENBIX  METAJJIOB B PEYHBIX B3BECSX JaéT OCHOBAHHE
MIPEANOaraTh, YTo TO SIBJICHUE CBA3aHO C OMOT€OXUMHUYECKIUMU TPOIIECCAMH.



66

KoaghgpuyueHnm manaccogpunbHocmu

OTHoOlIEHHWE MEXAy KOHIEHTPAMSIMU B CYMME pPacTBOPUMBIX COJEH
Mopckoi Bojmbl W B miax (Ky). Tak, kodddumumeHT Tamacco@uIbHOCTH
MIOKa3bIBAE€T, BO CKOJIBKO pPa3 JAHHOTO 3JeMeHTa OOJblIe B COJEBOM 4YacTH
OKEaHMYECKOM BOJIbI IO CPABHEHUIO C OCAJIKOM.

KoagpgpuyueHm mexHo2eHHOU KOHUeHmpauyuu (aHomMasibHocmu)

OTHollIeHHE COJEpX aHUsl DJIEMEHTa B pacCMaTpuBaeMOM aHOMAJIbHOM
00BeKTE K ero (POHOBOMY COJIEPKaHHIO0 B KOMITOHEeHTax aumadra (K.).

KoaghgpuyueHm mexHo2eHHOU mpaHcghopmayuu

CooTHOIIEHNE TOCTYIUIEHUS JJIEMEHTa B TEXHOIE€HHBIM W NPHUPOIHBIN
nanamadtel (B.I1. YuBaToB).

KoaghgpuyueHm amuccuoHHOU Haz2py3Ku

Koadduiment, mokazpiBaromuii KOIUYECTBO BHIOPOCOB HA OJHOTO KUTEIS B
roj.

KpuozeHre3s

[uneprene3 mnpu HU3BKUX Temmeparypax. [ns Hero xapakTepHbI
MOBBIIIEHHAs PACTBOPUMOCTh ra30B B BOJaX, NMOHWKeHHEe pH Box, ycuieHwue
BBIIIIETITAYMBAHUS KapOOHATOB. Murpaiusi B MEP3JBIX TOJIIAX MPOUCXOAUT B
pe3yJbTare MepeBIKEHUS IIIEHOYHOW BJIard U pacTBOPEHHBIX B HEW BEIIECTB,
MEHbIIlee 3HaueHue wumeeT auddysus. B  MEP3NBIX TpyHTaAX KOJUIOUIBI
KOaryJMpyroTCs, YTO MIPUBOJUT K HAKOIUJIEHUIO B TIOYBaX U KOPE BHIBETPUBAHUS
IbLUIEBATON (PpaKIUU — MPOJIYKTa arperamnuu. B Mep3ioTHBIX JaHamadTax Kopa
BBIBETPUBAHUS YaCTO COBIaaeT ¢ mouBoi (A.A. TIOTIOHOB).

Kpumud4eckas kucrnomrasi Hazpy3ka

MakcuMallbHOE KOJIMYECTBO OCAXKIAIOLIMXCA KHUCIOTHBIX KOMIIOHEHTOB,
KOTOPOE€ HE  BbI3bIBAET XUMHUYECKUX  M3MEHEHUW, MPUBOIAIINX K
JOJITOBPEMEHHBIM ~ HETaTUBHBIM  BO3JICUCTBUSIM  HA  CTPYKTYpy H
(GYHKIIMOHUPOBAHUE SKOCUCTEMBI. PacuéTr KpUTHUECKUX KHUCIIOTHBIX Harpy3ok
Ha TIOYBY MOXKET OBbITh OCYIIECTBIIEH OAJaHCOBBIM METOJIOM, HCXOJSAIIUM U3
MIPEANOOKEHUS O PAaBHOBECHOM COCTOSIHUM TPOIIECCOB HMOHHOTO OOMEHa:
CL(AC) =BC, -BC, -ANC, -AC,, tme CL(AC) — xpuruyeckas Harpyska
KkucnoTHocTH, BCy — ckopocTh BEICBOOOXKIEHUSI OCHOBHBIX KaTHOHOB (Ca, Mg,
K, Na) npu BeBeTpuBanuu MwuHepanoB, BCy — mormomieHne OCHOBHBIX
KaTMOHOB KopHsiMu pacteHuii, ANC_ — moTepu KHUCIOTHO-HEHTpaIU3YIOIICH
CIIOCOOHOCTH C TIOBEPXHOCTHBIM W BHYTPUIIOUBEHHBIM cTOKOM, AC, —
MIPOIYIIUPOBAHNE MOHOB BOJIOPOJAA TIPHU TpaHCHOpPMAIMKM a30Ta B TOYBE. XOTS
OaJIaHCOBBIN METO]T HE YUNUTHIBAET BCE COBOKYITHOCTH MOYBEHHBIX MPOIIECCOB H
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U3MEHEHHUS] UX MHTEHCHUBHOCTH 1O MOYBEHHOMY MPOQUIIIO, OH HCIOJb3yeTCs
JUTsl pacu€Ta KpUTHYECKUX HArpy3oK, HarmpuMmep, ist JiecHbIX ouB (Sverdrup et
al., 1990).

Kpumu4yeckue anoxu

Onoxu, Korja BbIMUPAIM LEJble CHUCTEMaTHYECKUE TPYNIbl (IOpsl U
dayHbl, a TakKe 3MOXU OBICTPOTO PA3BUTHSA HOBBIX CHCTEMATHUYECKUX TPYIIIL.
TakoBbI BEIMUpaHNE MHOTHX 36MHOBOJIHBIX M TATIOPOTHHUKOOOPA3HBIX B KOHIIE
ajeo30s, SAMIEPOB B KOHIIE MeJia, OypHOE Pa3BUTHE TOKPHITOCEMEHHBIX B TY K€
AMOXY, Pa3BUTHE MJIECKONMTAIONIMX B MajeoreHe u T. 1. Kputudeckue snoxu
PUBJIEKAIOT 0cO00€ BHUMAHUE MPU MAIEO0OMOTEOXUMUYECKUX UCCIICOBAHUSX.

KceHobuomuk

UyxkepoaHoe sl KMBBIX OPraHU3MOB BEIIECTBO, HE MPUCYTCTBYIOIIEE B
HOpME B OKpyXkaroleit cpene. Hanpumep, necTUIUIbI WIIA THOKCUHBI.

KceHobuomuu4eckull npogusb

COBOKYIIHOCTh 4YY>KE€POAHBIX BEIIECTB, COMAEPIKAIIMXCA B OKpPYNKaKOMIEH
cpene (Bojae, Mo4YBE, BO3AYXE M JKMBBIX OpraHu3Max) B (opme (arperaTHoM
COCTOSIHUM), TIO3BOJISIIOIIEH UM BCTYIAaTh B XUMUYECKUE U (DU3UKO-XUMUYECKUE
B3aUMO/ICUCTBUS c OMOJIOTUYECKUMU 00bEeKTaMHU YKOCHUCTEMBI.
KcenoOuotnueckuit mpoduiib cieayer paccMaTpuBaTh KaK OJMH U3 BaKHEHIITNX
(dakTOpoB BHEIIHEH cpenapl (Hapsay C TeMIepaTypoil, OCBEIIEHHOCTHIO,
BJIQXKHOCTBIO, TPOPUUECKUMU YCIOBUSIMU U T.J.), KOTOPBII MOXKET ObITh OMTUCAH
Ka4ueCTBEHHBIMU M KOJIMYECTBEHHBIMU XapaKTEPUCTUKAMMU.

KymaHbi

MeTtaknHeMaTH4eCKUEe CTPYKTYPBI, OOpa3yromuecss MpU OCAKIACHUH TI0
TpEUIMHAM U MOpaM, OCH KOTOPBIX OPUEHTHUPYIOTCS OJMHAKOBO (00pa3yroTcs,
KaK MpaBUJIO, B BUAEC TOHKUX TJIUHUCTHIX TIEHOK). ['eoxumudeckas poJib 3THUX
MUKPOCTPYKTYp U3yU€HA HEJOCTATOUYHO.

n

JlaHOwaghmHo-2eoxumMuyeckasi apeHa

OTKpBITOE aKKyMYJATHBHOE 3BE€HO — HauOojiee CJOXKHAs KacKagHas
JaHAAaQTHO-TEOXUMUYECKasi cucTeMa (MIPOTUBOIOJIOKHO KaTeHE), B KOTOPOil
aKkBaJIbHbIE JIaHA(PTHI MPEACTABICHbBl KPYNMHBIMUA pEeKaMu U 03€paMu, Kynaa
MOCTYTAIOT BEIIECTBAa C OOJBIION BOAOCOOpHOW miomanu. KaTteHsl U apeHsl
NEPBOrO0 U BTOPOTO MOPSAJKOB IMPEACTABISAIOT COO00M JIOKaJdbHbIE KaCKaJHbIE
CUCTEMBI, SIBIISIOIIMECS 0Aa30BbIMU JIJIsl YCTAHOBJIEHUSI OCHOBHBIX OCOOCHHOCTEN
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nanamadTHo-reoxumMudeckor auddeperimanuu Tepputopun. MccaemoBaHus
Ha 3TOM ypOBHE Aal0T MHPOPMAIHIO O PaIMAIBHON MOYBEHHO-TEOXUMUYECKOM
1 OMOTEOXMMHYECKOW KOHTPACTHOCTH JAHAMA(TOB, JATEPATLHONH MUTPAIAH
BellecTB. B 3aBUCHMOCTH OT MOpsAKa BOAOCOOPHBIX OAcCCEHOB BBIIETSIOT
MHUKPO-, M€30-, MaKpo- u Meraapensl (M.A. I'ma3oBckas).

JlandwagmHo-2eoxumuyeckass kKameHa

['eoxumMudeckoe COMpsDKEHUE AJIEMEHTApHBIX JaHAMAa(TOB Ha CKiIoHE. B
3aBUCHUMOCTH OT CJI0KHOCTH MPOCTPAHCTBEHHOM CTPYKTYPBI, B IEPBYIO OUEPEIb
JUTOTEHHOTO CyOCTpaTa, KaTEHbI NENATCS Ha MOHOJUTHBIC U TE€TEPOJIUTHBIC.
MoHOIUTHBIE KaTEHBI PaCIoNararoTCsa OOBIYHO B KaCKagHBIX CHCTEMax
BOJIOCOOPHBIX OacCeMHOB 1 — 2-r0 MOPSAIKOB, TA€ NEOXUMUS CylepaKBaIbHBIX
JaHamadTOB MPAKTUYECKHU MOJHOCTHIO ONMpPENEseTCS MUTpAlUe BEIIECTB U3
ABTOHOMHBIX  JaHamadToB. ITO  ABTOXTOHHBIE WU  TECOXHUMHUYECKU
NOAYMHEHHBIE KaTeHbl. B KackagHBIX cHCTeMax O0oJie€ BBICOKHX IOPSIKOB
(bOpMUPYIOTCS B OCHOBHOM T'€TEPOJUTHBIE KaTeHbI. BeIecTBo B HUX MOCTyHaeT
U3  JIpyrux  JaHamadToB, U OHHU  HA3bIBAIOTCA  I'COXHMMHUYECKH
CIa00MOTYMHEHHBIMHY, UM AJJIOXTOHHBIMH.

JlaHOwagmHo-2eoxumu4eckasi cmpykmypa

CM. @onosas ceoxumuieckas Cmpykmypa iaHoumagpma.

JlaHOwagmHo-2eoxumuyeckue KoaghguyueHmsol

CrenuanbHble TTOKa3aTelH, XapaKTepU3yIollie HHTCHCUBHOCTh BOBJICUCHUS
XUMUYECKUX JJIEMEHTOB B IUKJIMYECKYIO MUTPAIUI0 B  DBJIEMEHTAPHBIX
napamadTax (Kaapku KoHIeHTpauuu Ky, K03(G(GUIHMEHTHl OHUOJIOTHYECKOTO
noronieHus Ks, koahGuimenTs BogHON Murpanuu K, u ap.).

JlaHOwaghmHo-2eoxumMmu4eckue ycrioeusi Mu2pauuu MsiHKenbix
Memasnoe u paduoHyKnudoe

OTtoOpaxkaroTcsi CHeruaibHOW T€OXUMUYECKON (POpMyIION, MUMEIOIIeH BUI
HETPaBWIHHON APOOU: B YUCIHUTENE — KJIACChl BOJHON MUTpalMy JaHamadTos
(xkuchpiii H', Kucaelii rieeBblit H+—Fez+, kanbiuesblt Ca?* w p.), B
3HaAMEHATeJIe — BHJIBI aHOMAJWi Ha TCOXMMHYCCKHX Oapbepax, T. €. MHJCKCHI
FCOXMMHUYCCKHX OaphepoB (THUIIBI KOHICHTPAIIMH XMMHYECKHX JJICMEHTOB Ha
reoxumudeckux Oapnepax mo A. U. Ilepeasmany — B3, C2, A6 u ap.). BaxxHoe
3Ha4YCHUE JJISI MUTPALUK THKEIIBIX METAUIOB U PAIUOHYKIUAOB B JIaHAmadTax
UMEIOT pefibed, TeoJIOrMYecKoe CTpOeHHEe, BHUJ TEXHOTeHE3a W HEKOTOpPhIC
JIpyrue 0cOOCHHOCTU (HAampUMep, HAJTU4Yre MHOTOJIETHEH Mep3ioThl). [loaTomy
TCOXUMUYECKUE JAaHIIMAPThl XapaKTePU3YIOTCS PA3IMYHBIMU  yCIOBUSIMHU
BOJHOM MUTpallMd METAJUVIOB M WX KOHIEHTPUPOBAHMUS HA TCOXUMHUYECKHUX
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Oapbepax, CBEJCHHS O KOTOPBIX 3alMCHIBAIOTCS B YCIOBHBIX OOO3HAYEHUSIX,
HarpuMep: KoctpoMckue arponanamadTs — H, H*—Fe?'/ C2,C6, D2, G2, G6.

JlamepanbHas 2zeoxumudeckass cmpykmypa

NHBapuaHTHBIE CBSI3M T[EOXMMHUYECKH COMPSHKEHHBIX  CHCTEM — THUIIA
«aBTOHOMHBIHN JMaHAIadT — NOAUMHEHHBIN JaHamadT» (L-ananms).

JlamepanbHbIl 2eoxumuyveckull 6apbep

bapeep, oOpasyromuiics TpW JIBWKEHHH BOJI B CYOTOPU30HTAIHHOM
HaIpaBJIeHUU (HampuMep, Ha TPAHUIIE DJIEMEHTAPHBIX JIaHIIIapTOB).

Jlamepum

1) [TouBBI U KOPBI BHIBETPUBaHMS, OOOTaméHHbie ruapokcuaamu Fe u Al.

2) XKene3uctpie akKyMyJIsIIUHU, CBI3aHHBIE C TPYHTOBBIMH BOJIAMH.

Jleccusax

BpiMbIBaHME TOHKOAMCIEPCHBIX YaCTHI[ M3 CaMOM BEpXHEW YacTu
MOYBEHHOTO MPOGUIIS U OCAKICHUE UX B CPETHEH.

Jlumoeodoc6opHbIl 6acceliH

O6nacTh 3eMHON TOBEPXHOCTH, APCHHUpPYyEMasi €AUHUYHBIM MOTOKOM WU
LEJIOW PEYHOM CHUCTEMOM, — 3TO BEPTUKAIBHO OPraHU30BAaHHAS T€OCHUCTEMA C
npeo01aaHieM HUCXOSIINX BEIIECTBEHHBIX MOTOKOB, 00JIACTh KOHIIEHTPAIIMH
aTMOC(EPHBIX OCaJIKOB M TPYHTOBBIX BOJ. JIOMUHHUpPOBaHHE HK30TEHHBIX
IIPOLIECCOB  TO3BOJISIET  OMPENEINTh OTU CHUCTEMBbl KaK HECTaOWJIbHBIC,
JUHAMHUYHbIC, TJA€ BeAyluM (aktopoMm BeICTymaeT penbed. BomocOopHbie
OacceilHbl OTIMYAIOTCS COOCTBEHHBIM clieuuuueckuM penbedom, (Hopmbl
KOTOPOTrO  MMEIT  CYIIECTBEHHOE  3HAUYEHWE U1  XapaKTepUCTUKHU
NOTEHIUAJIbHBIX 3alacoB BJIard, BEJIWYMHBI CTOKA, MEPEMENIEHUS TBEPAOTO
Marepuajia, WHTEHCHUBHOCTH MUIpAIlUd XHUMHUYECKUX JJEMEHTOB, 4YTO B
KOHEYHOM UTOT€ BJIUsET Ha ((OPMUPOBAHUE TTOUBEHHO-PACTUTEIHLHOTO MOKPOBA.
Bce 310 no3BoseT TpakTOBaTh OACCEMH KaK OJUH U3 CaMbIX (PyH/IaMEHTAJIbHBIX
reoMopOJIOTHYECKUX DJIEMEHTOB U CBUJETEIBCTBYET 00 YIOPSIAOYECHHOCTH B
nammadTe (CTalMOHAPHOCTH JaHAmadTa), KoTopas BbIpaXaeTcss B BHUJC
CUCTEMAaTUYECKOM M TIOBTOPSIOIICHCS 3aBUCHUMOCTH MEXKIY CKIIOHAMH,
MOYBAMM, MECTOIOJIOKECHUEM W WHTEHCUBHOCTBIO JEATECIIBHOCTH IOTOKOB.
Kaxnprit OacceliH orpaHudeH BojopazfenaMu. B KadecTBe BHYTPEHHHUX
OCHOBHBIX MOP(OJOTUUECKUX DJIEMEHTOB BBIJESIOTCS: CTOKOBAas CHCTEMa
(mepucToBUIHAS WM JPEBOBUJIHASI PYCIIOBAsl CUCTEMA), CKIIOHOBas MOJICUCTEMA
(lucTbeBUAHAS WM JIONMACTHEBHUIHAS) W BojAopasien, (UKCUpYeMbld mpu
KapTorpadupoBaHUU B BUJI€ OAHOMEPHOI Bojopa3aenbHON TuHuu. [IposiBienue
¢dakTOopoB MOYBOOOpa30BaHMSI HA PA3IUYHBIX MOP(POJOTUYECKHX HIEMEHTAX
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HEOAHO3HAa4yHO. [loATOMY CTpyKTypa MHIpPallMOHHBIX IOTOKOB M CTPYKTypa
MIOYBEHHOT'O0 TIOKPOBA OIPEACINSIOTCS CTPOCHHEM OacceilHa, a ero pas3iuyHbIe
MOP(OJIOTUUECKUE DJIEMEHThI XapaKTEPHU3YIOTCS W PA3IMYHBIM TTOYBECHHBIM
COep)KaHUEM. bacCeMHOBBIM MOAXOA MPU HU3YYEHHH H MPEAOTBPALICHHUU
TEXHOTEHHOTO 3arpsi3HEHHs] TPHUPOAHBIX Cpel MNPUOOPETaeT BO3PACTAIONIYIO
poJib, TaK KaKk MMEHHO MO BOJAOCOOPHOM CeTH HJET MHUTpaius OONbIIMHCTBA
TOKCHYECKHUX BemecTB. [[09TOMy NyHKTBI 3KOJOTMYECKOTO MOHUTOPHUHIA
JOJDKHBI Pa3MENIaThCs C yYEeTOM CTPYKTYPbl BOJOCOOPHOW pPEYHOU CETH
(T.A. Tpudonona).

Jlumonozuyeckasi KoMnnekcHocMb

[lectpoTra (KOMIUIEKCHOCTH) 3JIEMEHTAPHBIX JIAHIIIAPTOB, CBsA3aHHAs C
pa3IMuueM TOPHBIX TOPOJI B VYCJIOBHUSAX OJHOTO DSJEMEHTa Me3opelbeda
(Ttockuii Bojiopasien, CKIOH U T.J.).

JlumodgpunbHbie xumuyeckue 3neMeHmMbl

DOnemeHThl, obnaaronue OONBIIUM CPOJICTBOM K KHUCIOPOY, U3 KOTOPBIX
chopMupoBaHbl 3eMHas kopa U MaHTHs (54 snementa) (B.M. IN'onbammuar).

Jlumoxumu4veckuii Memod roucka

['eoxuMHUYEeCKUi METOJ TMOUCKA MECTOPOXKACHUM, 3aKII0YaeTcss B OTOOpE
npo0® mouB u gentoBus ¢ rayounsl 0,1 — 0,2, uHorma oxosio 0,5 m. IIpoOsr
oTOMpaloTCSd MO CETKE, YacToTa KOTOPOW 3aBUCUT OT MaciTaba ChEMKU
(06pruno 1:10000 — 1:100000). AHOManbHBIE YYaCTKH HEPEIKO SBISIOTCS
«PYIHBIMU aHOMAIUSIMU» U PUYPOUCHBI K MECTOpOXKIaeHusiM. Ho cyiiecTByroT
u cnabple  Oe3pynHble aHOMalIWH, (QOPMHUPYIOIIMECS Ha  y4acTKax
pactpoCTpaHEHUsi  TMOpPOJl,  OOOTAIEHHBIX  OTACIBHBIMUA  3JIEMEHTaAMHU.
be3pynubiMu gBiSIIOTCS W «IaHAMadTHRIE aHOMAJIHMM», OO0pa30BaBIIUECS Ha
reOXUMHUYECKUX Oaphepax.

JluxeHouHAukayus

Metoapl omnpeneneHusl CTENEHU 3arpsi3HEHUsT Cpelpl MO0 XUMHUYECKOMY
COCTaBy JUINAWHUKOB. Bprauciasior kodQPUIMEeHTsl HUX OHOJIOTUYECKOTO
MOTJIOIIEHUSI, KOTOPBIE PACCUMTHIBAIOT KaK OTHOILICHUE COJICPKAHUS DJIEMEHTA B
JUIIAHHUKE K €ro KOHIIEHTpAIlMU B KOPHEOOMTAEMOM CJIO€ MOYBBI. JTO HAET
BO3MOXHOCTh ~ OIIEHUTh OTHOCUTEIBHYIO CIIOCOOHOCTH pa3HBIX  BHUJOB
JUIIIAHUKOB OJTHOTO MECTOOOWTaHUS KOHIIEHTPUPOBATH JIEMEHTHI U BBISBUTH
TaKUM 00pa3oM BUJIbI-MHIUKATOPHI. JIUIMMAaWHUKH SBISIOTCS OMOMHIMKATOPAMHU
Ha 3arpsi3HEHHE TOYB TKEIBIMU MeTauiamu. [lokazaHo, 4TO HaNOYBEHHBIC
JUIIAHHUKA UMEIOT 0o0Jiee TOCTOSIHHBIN psifi TOTJIONIEHUS, YeM SMU(UTHBIC.
JInmraitanky 3QGEeKTUBHBI U TPU WHIUKAIMA aTMOTEXHOTCHHBIX 3arpsi3HEHU.
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CuuTaercs, YTO JMIIAKHUKAMHA METAJUIBl TIOTJIOLIAIOTCS B pE3yJIbTare
naccuBHOM u(@dy3uu  a’pO30JbHBIX YaCTUI[ B KIETOYHBIE CTPYKTYPHI.
Paznuyaror Tpu rpymnnbl METOJIOB JIMXEHOMHUKAIUMU: 1) METO/bl, OCHOBaHHBIC
HAa M3YYCHUM HW3MECHEHHUM, MPOUCXOASIIMX B JMUIIAWHUKAX II0J BIIHSHHUEM
3arps3HEHUM; 2) METOJbl, OCHOBAaHHBIE HAa H3YyUYCHUH H3MEHEHUW BHJJIOBOTO
COCTaBa JUIIAHHUKOB, MPOUCXOAAIINX O] BIUSHUEM 3arpsi3HEHUN; 3) METOIbI
W3YUYEHUsI JTUITAaHHUKOBBIX COOOIIECTB B 3arPsSI3HCHHBIX pallOHaX U COCTABJICHUE
CIICHUAJIBHBIX KapT.

JlokanbHoe (MO3auyHoe) pagHogecue 8 cucmeme

Korna cucrema B 11€JI0M HEpAaBHOBECHA M B HEH MPOTEKAIOT CTAllMOHAPHBIE
IIPOLIECCHI, CBSI3aHHBIE C U3MEHEHUEM TEMIIEPATYypPhl, NABICHUA, KOHI[CHTPALIUU
BEIIECTB, OJHAKO B KaXJIOW KOHKPETHOM TOYKE 3TH MApaMeTpPbl MPUHUMAIOT
[IOCTOSIHHOE 3HA4Y€HHUE, YTO U OIPEACHACT BO3MOXHOCTH HA OTACIBbHBIX
ydacTKax JOKaJIbHOro paBHOBecHsa. OHO BO3HHMKAaeT Mpu Oosee MeIJICHHOM
M3MEHECHUU mapaMeTpos, yeM YCTaHaBJIMBAETCS paBHOBECHE
(J.C. KopxuHckuit).

Mansie peku

Peku, OacceliH KOTOpPBIX pacnoJiaraeTcsi B OJIHOM reorpauueckoil 30He, HO
TUAPOJIOTHYECKUN PEKUM IO/ BIMSHUEM MECTHBIX (PAKTOPOB MOXKET OBIThH
HECBOWCTBEHEH [IJISl PEK ATOM 30HBI, K KATETOPUM MAJIbIX PEK OTHOCSTCS PEKH,
uMeronme Oaccelin rwiomanaso He 60oiee 2000 KM? (BomocOopHBIe OaccerHbI
1 — 2-ro mopsankoB). Mopdomorndeckoe cTpoeHHe OacceiiHa Mallol peKH
OTpa)kae€Tcsi B €ro  COOTBETCTBYIOIEM  JIAHAMA()THOM  PUCYHKE
(reon300paKeHUM), COCTOSIIIIEM M3 CTOKOBOM M BOJIOPA3JeIbHONM CHCTEM.
[TocnenHsisi, B CBOIO oOuepenpb, MPEACTABICHA JABYMS B3aUMOCBS3aHHBIMU
AJIeMEHTaMUu: HIKHUM — (daHgamMu (HanOosee yCTOMYMBBIMU K Pa3pyIICHHIO
dbopMamMu) U BEPXHHUM, AMMIPOKCUMHUPYIOIIMMCS TyTOH, KOTOpas COCIUHSCT JBa
cocennux (anna. Paznuuus B pUCyHKaX CTOKOBOW CHCTEMbI (TIEPUCTOBHIHAS
WM JAPEBOBHUJHAS PYCJIOBas CHUCTEMa) CBHUIICTEILCTBYIOT O (DOPMUPOBAHUH
pa3IMUHBIX TUMOB OacceiHOB. McciienoBaHusi MOKa3bIBAlOT, UYTO CYIIECTBYET
JOCTaTOYHO TECHas  B3aMMOCBS3b  MEXKIY  XapaKTEPOM  CTPYKTYypHOM
OpPraHU30BaHHOCTH  0acCeMHOB M MOJCTUJIAIONIMM  T€OJIOTHYECKUM
dbyHIaMeHTOM. YCTOWYMBOCTh K BO3JCHCTBHUIO D3K30TCHHBIX MPOIECCOB U
9PO3UM BBIIIE Yy TOYB JIOMACTHEBUAHBIX O0acCEWHOB; JUCTHEBUHBIN THII
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OacceliHa CBUIETEIBLCTBYET O BBICOKOM IOTEHIIMANIC K JCHYIAIlMHd CKJIOHOB M
nerpaganuu nmouB (T.A. Tpudonosa). B kackaaHbIX cHcTeMax BOJOCOOPHBIX
OacceitHoB 1 — 2-TO TOpPSAIKOB pacroJiaraloTcsi OOBIYHO aBTOXTOHHBIC WIIH
FCOXMMUYECKH  TMOJYMHEHHBIE  KAaTE€Hbl, TECOXUMHUSI  CyNepakBaJIbHBIX
JaHama@ToB B KOTOPBIX MPAKTUYECKH IMOJHOCTHIO OMPEACIICTCS MUTparueit
BEILIECTB U3 aBTOHOMHBIX JIaHIIa(TOB.

MecmoposxdeHusi Nose3HbIX UCKONaeMbIX

VYyacTku 3eMHON KOpPbI, MUHEPAIHHOE BEIIECTBO KOTOPHIX MO KOJUYECTBY,
Ka4eCTBY M YCIIOBHSM 3aJIeTaHUsl MPU JAaHHOM 3KOHOMUYECKON KOHBIOKTYpE
MPUTOAHO JJIs1 TPOMBIIIIIIEHHOT'O UCIIOJIb30BAHMUS.

Memannomempusi, Memasisiomempudyeckasi CbEéMKa

CMm. Jlumoxumuueckuiit Memoo nouckd.

Memod knapkoe

Meton naHama@THO-TEOXMMHUYECKOTO MOHHMTOPHUHTA;, TaK Ha3bIBAIOTCS
WCCIICIOBAHUSI PACHPOCTPAHEHHOCTH XUMUUYECKHX DJIEMEHTOB B Pa3JIMYHBIX
MPUPOJHBIX Cpelax — OT TIJIo0anbHbIX reocdhep 10 JIOKAIBHOTO YPOBHSA
(manamadToB, IKOCUCTEM).

MexaHu4yeckasi deHydayus

[Ipomiecc (9posms, abpasus, sk3apanms, aedusus), XapaKTepu3yeMblIid
JBYMS TIOKAQ3aTEJISIMU: CTOK — PAacXo/]l B3BEIICHHBIX YAaCTHII, TPOXOISIINX Yyepe3
CTBOP pPEKHM B TOjA, T/TOA; MOAYJb CTOKa — CTOK B3BEIICHHBIX HAHOCOB,
OTHECEHHBIM K TIUIOIIAQIM peYHOro OacceilHa WM peruoHa, KOHTHUHEHTA,
T/(kM*Tox). MexaHuuecKas ACHyIALs H3MEePSeTCs, KaK [PABHJIO, [UIS OXHOTO
M TOTO K€ PEYHOr0 OacceitHa Mpyu U3MEHEHUU TEXHOTEHHOW HAarpy3KHu.

MexaHu4eckasi ughghepeHyuayus

[Iporiecchl, OCHOBHBIMHM areéHTaMHl KOTOPBIX CIY>KaT CHJIa TSKECTH, TeKydast
BOJa, BeTep, JEA, TMOMUUHSIOTCS 3aKOHAM MEXaHWKM M HE 3aBUCAT
HETIOCPEICTBEHHO OT XMMHUYECKUX CBOMCTB 3JIEMEHTOB, OCHOBHOE 3HAYCHUE
IpUOOPETAIOT BEIWYMHA, TUIOTHOCTh M (opMa dYacTUll (YaCTHUIBI OJIU3KOTO
pasmMepa U OJM3KOM TIUIOTHOCTH OCaXJAlOTCs BMecTe). MexaHudeckas
muddepeHpanuss NPUBOAUT K H3MEHEHMI0O M XHMHYECKOIO COCTaBa
OTJIOKEHHH, T. K. TJIMHHUCTBIC (PaKIMKM TIOYB M IIOPOJ IO CPAaBHEHUIO C
necyaHsIMHM OOBIYHO cozepikat oounbire Fe, Al, Mn, Mg, K, V, Cr, Ni, Co, Cuun
MeHbIe SiO,. DT0 00BACHISTCS TEM, YTO MPH BHIBETPUBAHMH COeIUHEHUS Fe,
Al, Mg u K yyacTByIOT B 0Opa3oBaHUU TJIMHUCTBIX MHHEPAJIOB, KOTOPHIC
copoupytot V, Cr, Ni, Co, Cu, Zn u Apyrue 3JI€MEHTHI.
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MexaHu4eckasi Mu2payusi XUMU4eCcKuUX 3/71eMeHmoe

[ToquuHsieTcsi 3aKOHAM MEXaHUKHU: OOpa30BaHHUE POCCHINEH, BETpoBas U
BOJHAsA 3pO3Us U T. A. MexaHnuyecKkass MUTPalysl 3aBUCUT IPEUMYIIIECTBEHHO OT
BEJIMYMHBI YaCTHL] MUHEPAJIOB U MOPOJ, UX IUIOTHOCTH, CKOPOCTH JIBHKCHUS
BOJI, BeTpa. XUMHUYECKHUE CBOICTBA SJIEMEHTOB YaCTO HE UMEIOT 3HAUECHUS.

MexaHu4eckasi cypgho3usi

BrIMbIBaHUE U TTEPEOTII0KEHNE HA MEXaHUYECKUX Oapbepax TOHKUX YAaCTHII.
OTO SBJIEHUE BaXXHO YYUTHIBATh MpPH MOHUCKax 30J0Ta. C MeXxaHMYECKOu
muddepeHnnanmueid CBsi3aHO 00pa30BaHWE JIIIOBUATBHBIX, AJUTIOBHATBHBIX,
JETIOBUATBHBIX, MNPUOPEKHO-MOPCKUX, DOJIOBBIX U JICTHUKOBBIX POCCHINEH
(pynst Au, Hg, Sn, W, Zr, Ti u 1p.).

MexaHu4eckue MemodbI peKybmueayuu rno4ye

Mexanudeckue crocoObl J€3aKTUBAIMK BKIIIOUAIOT CHSATHE U JalbHEiIee
3aXOPOHEHUE  3apaKEHHOTO  CJIOS  TIOYBBI, 3aCBIIKY IOYBBI  CJIOEM
HE3arpsiI3HEHHOTO TpyHTa, INIYOOKYI0 BCHAIIKYy WIM TMEPEeBOPOT IuIacTa.
Mexanuueckue nMpuéMebl: a) yajlieHue BepXHero, Hauboiiee 3arpa3HEHHOTO CII0s
MIOYBBI U €T0 3aXOpOHEHUE; 0) HAaHECEHUE Ha 3arpA3HEHHYIO MTOYBY CJIOS YUCTOM
IJIOIOPOIHOM 3€MIM MOIIHOCTBIO 10 10 cm. JIns 3arpsi3HEHHBIX Y4YacCTKOB
TEPPUTOPUM CPABHUTEIHLHO HEOOJBIINX pa3MepoB (YU4aCTKOB JOPOT, MOABOPHS,
OTOpPOJIOB, 3EJICHBIX 30H TrOpOJIOB) MOKHO MPUMEHSITh
BBICOKOTIPOU3BOIUTEIBHBIM METOI TUIPOKIACCU(UKAIIMK TPYHTA, TP KOTOPOM
OonpIasi TOJIsI 3arpsi3HEHHM KOHILIEHTPUPYETCS B MEJKOW (pakuuu TPyHTA,
cocrtasirstronteir 10 — 20 % o01ero ero oosema. B ganpHeiimem >ta HeOOIbIIas
4acTh TPYHTA YBO3HUTCS Ha 3aXOPOHEHHUE, a OCTaBIIAsiCd OCHOBHAs Macca YyKe
YUCTOTO IPYHTA BO3BPAIACTCS HA TE K€ YUACTKU 3€MJIU. DTOT METO/I TTO3BOJISIET
n30eXkaTh BPEIHOTO BO3JCHCTBUS Ha CBONCTBA TOYB, COXPAHEHHE KOTOPBIX
HEOOXOMUMO JUIsl CENIbCKOXO3SMCTBEHHOM WJIM, TI0 KpailHeW wepe, s
XO3SIMCTBEHHOU I€SITETbHOCTH.

MexaHu4eckuli opeosn paccessHUsi

Opeon, hopmupyromuiics npu GU3NIECKON JE3UHTETPAMH PYIHBIX TEll B
AIIOBUAIBHO-ICIIIOBUANIBHBIX W APYTUX PBIXJBIX OTIOXKEHUAX, B KOTOPBIX
MUHEpaJIbHbIE KOMIOHEHTHI Py MPUCYTCTBYIOT B BHUJEC YCTOWUYMBBIX B 30HE
TUTepreHesa NepPBUYHBIX U BTOPUYHBIX MUHEPAJIOB.

MuepayuoHHble MTOMOKU 8 2e0XUMUYeCKOM laHOwagme

BbiiensoT TpU TVIABHBIX THUIA MOTOKOB XHMHUYECKHX D3JIEMEHTOB U HX
COCIMHEHUI B T€OXUMHUYECKOM JanamadTe: 1) OCHOBHOW MUTPAIMOHHBIN ITHKIT;
2) nanamadTHO-T€OXUMHUYECKUH MOTOK; 3) BHENaHAMA(THBIA F€OXUMUYECKHI
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noTOK. OCHOBHOM MHIPAallMOHHBIA ITUKJI XapaKTEPHU3YETCA MPEUMYIIECTBEHHO
BEPTUKAJILHBIM IEepEeMEIICHUEM BellecTBa U OJIM30K 0oJiee Y3KOMY MOHSTHIO
OMOTeOXUMHYECKOTO  KpyroBopoTa. JlaHamadTHO-TEOXMMHUYECKUH  TTOTOK
0oTOOpakaeT  HEMpephIBHOE  MOCTYMAaTeIbHOE  JBM)KCHHE  BEIIECTBA B
naamadTax (Harpumep, aTMOC(EpHOro Bo3Ayxa B AIIOBHAIBHOM JaHIIadTe
WIK BOJBI B aKBaJlbHOM JaHAmAa(Te) U MOXKET BbI3BIBATH (PU3MUYECKHE WU
XUMHUYECKUE TMEpPecCTpOoMKH B JaHAmadTe, CBS3aHHbIE C YJaJICHUEM WIU
NpUBHOCOM BemiecTBa. Korjga BemecTBO  yaansieTcss WM, HA000pOT,
MPUBHOCUTCS B JaHamadrt, ¢popMupyeTcs BHENMAHAMADTHBIA T€OXUMUYECKHUMA
HOTOK. DTOT MOTOK OyJeT MOJIOKUTEIbHBIM B CIyyae MPUBHOCA BEILECTBA B
maHamapT W OTPUIATEIBHBIM MPU yJIaJeHUW BelecTBa W3 JaHamadra.
OCHOBHBIEC TOJIOKEHUS W MPUHIUIIBI, HEOOXOIUMBIE I KOHCTPYUPOBAHUS B
oOlmeM BUIE MOJENIEH MUTPALHUOHHBIX MOTOKOB XHWMHUYECKHX JJIEMEHTOB U
coeauHeHui B nanamadrax, obutn chopmynupoBansl O.U. Koznosckum (1972).

Muezpayus 3a2psizHsilouje20 noyey XUMU4ecKoz20 eeujecmea

['opusoHTanbHOoe ¥ (WIKM) BEPTUKAIBHOE IMEPEMEUICHHE XHMHUYECKOIO
BEIIIECTBA, 3arpsi3HSIONIETO0 TOYBY, W (WJIM) U3 TOYBBI B JPYrue€ OOBEKTHI
MIPUPOHON Cpeibl U OOPATHO.

Mukpobuosnozcuyeckass mpaHcgopmayusi 35IeMeHmoe (MsiKEnbix
Memarnnoe) 8 noysax

K rimaBHBIM MHUKPOOMOJIOTMYECKHM SIBIICHUSM B IpoIleccax KPyroBopoTa
BEILIECTBA B MOYBAX OTHOCATCS: 1) MEPEHOC 3JIEMEHTOB B KIIETKU WM U3 HUX;
2) U3MEHEHHUE 3apsAa aTOMOB 3JIEMEHTOB; 3) B3aUMOJCHCTBUE 3JIEMEHTOB C
OpraHMYeCKMMHU BEUIECTBAMHU C 00pa3oBaHUEM (PYHKUHMOHAIBHOW CHUCTEMBI,
4) oOpa3oBaHuE KOMIUIEKCOB JJIEMEHTOB C OPTraHMYECKUMM KHUCIOTaMU H
IPYTUMHU BEILIECTBAMU, BBIJICISIEMBIMU MUKPOOPTaHU3MaMu;
5) MUKpOOHMOJOTUYECKAs] AaKKyMYJSIIUST WM MOOWJIM3alUs  DJIEMEHTOB;
6) MHUKpoOOHMoJIOrHMUYecKasi JETOKCHKAlMs OTpPaBJIEHHOM MOuYBbl. MuUKpoOMOTa
OTBETCTBEHHA 32 MHOYKECTBO PA3JIMYHBIX MPOIECCOB B TOYBE — OT MOOUIIU3ALINH
70 AKKyMYJSIIIMA ~XUMHYECKHX JJIEMEHTOB, OJIHAKO Haubojee BaKHAS
MUKpoOHosiorndeckasi GyHKIUS B TIOYBE — OTO PA3JIOKEHUE PACTHTEIBHBIX H
KUBOTHBIX oOCTaTkoB. llomaBnenne wu (WaM) CTUMYISIIUS OWOCHHTE3a Yy
MUKpPOOPTaHU3MOB TSDKENBIMU METalllaMd 3aBUCHUT OT CBOMCTB OpraHu3Mma,
xapaktepa Metauia U pH mouBbl. B ecTecTBEHHBIX OHOT€OXMMHUYECKHUX
MPOBUHIUAX, TJE ToYBa oOOOTameHa THKETBIMU METaNIaMU, TMOYBEHHBIC
MUKPOOPTAaHU3MBI TIPOSBIISIOT MOBBIIIIEHHYIO CTIOCOOHOCTH K CBSI3BIBAHUIO ATUX
AJIEMEHTOB IO CPAaBHEHUIO C OOCAHEHHBIMM MPOBUHIUSAMHU, UTO OOBSICHSET,
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BO3MOYHO, aJIalITUBHbBIC SBJICHUSI B OTHOLIEHUU ATUX T€OXUMUYECKUX (haKTOPOB
cpenbl  (C.B. JlerynoBa, B.B. KoBanbckuii, 1978). Ilo coBpemeHHBIM
MIPEACTABIICHUSIM ~ MHUKPOOHOJIOTHYECKUE TOCIEACTBUS  3arpsi3HCHUS  TTOYB
TSOKETBIMA ~ METAJUIAMH  ONIPENEIISIOTCS  BO3MOXKHOCTBIO — TpaHChOpPMAaIuu
METaJIOB TMOYBEHHBIMM MHMKPOOPTaHU3MaMH, BO3JEHCTBUEM METAUIOB Ha
cocTaB U (DyHKIIMOHMPOBAHKE MOYBEHHON OMOTHI. Hanbobiyto onacHOCTb IS
BBICIIMX OPraHU3MOB, B TOM 4YHUCJIE€ U JUJIS YEJOBEKa, MPEJCTaBISIOT
MOCJIEICTBAST MHUKPOOHOW TpaHcpopManmuu HEOPTaHWYECKUX COCTMHCHHM
TSOKENBIX METAJUIOB B OPraHO-METAJUIMYECKUE COCTUHECHUSL.

Mukpob6uonozuyeckoe npespauwjeHue MmapaaHya e no4yee

[IpeBpaiienuss Mapradiia B O4Be BKJIIOYAIOT MPOIECCHI €r0 MOOMIN3AlUU
U3 YCTOMYMBBIX NPHUPOAHBIX COEIWHEHHA (MHUHEpaloB), OOpa3oBaHHE W
pa3pylieHne METAUIOPTAaHNYECKUX KOMIUICKCHBIX COCIWHCHUN, OMOTEHHOE
OKHUCJICHHE M aKKyMYJAIMI0 MUKpOOpraHu3Mamu, BoccTaHoBieHue. Haunbonee
U3YYCHHBI MUKPOOPTaHW3M, YYACTBYIOIIUN B OKHCJICHHUM U aKKyMYJSIHH
mapranna, — Metallogenium. B oxucnuTenpHBIX Mpolieccax, pa3pylICHUH
MUHEPAJIOB W Pa3JIOKCHUH OPTaHOMUHEPATbHBIX KOMIUICKCHBIX COSAMHEHUHN C
MapraiiieM Y4acTBYIOT IIOYBEHHbIE TpUOBI, TeTepoTpodHbIE OaKTEpHH,
npocTtekobakTepun poja Pedomicrobium. BoccTtaHoBieHHe OKHCIOB MapraHiia
OCYIIECTBISIOT  (PaKyJIbTaTUBHO-aHadPOOHBIE MHUKPOOPTaHU3MBI, KOTOpHIC
MTOHMKAIOT OKHCJIUTEIIBHO-BOCCTAHOBUTEIHHBIN MOTEHIIHAIT Cpepbl.
Crnenmpuvecknx BOCCTAHOBUTEJCH MapraHila THIA JACHUTPU(PUKATOPOB HET.
bakTepun, aHaJOTHYHBIE IKEIC300KUCIISIONIAM  XEMOJHUTOABTOTpodam, B
IpUPOJC HE OOHAPYKEHBI.

MuHepanu3sayusi op2aHU4YecKux eeujecme

COBOKYMHOCTh MPOLIECCOB PA3JIOKEHUS] OPraHUYECKUX BEIIECTB, B XOJE
KOTOPBIX XHMHYECKHE DJICMEHTHI BBICBOOOXTAIOTCS W3 CJIOKHBIX, OOTraThIX
SHEPTrUel OpPraHUYeCKHX COEAMHEHUN W CHOBa 00pa3yroT Oosiee MpPOCThIE U
Oonee Oemnple SHepruer MuHepanbHble coenuHeHus (CO,, H,0O, CaCOs,
N32804).

MuHepanogunbHble 35ieMeHmbl

XUMHUYECKUE AJIIEMEHTBI c 00110 CIIOCOOHOCTBIO K
MuHepaoodpazosanuio (U, S, Se u ap.) (E.M. KBsaTkoBckuii).

MuHepanogobHbie 3nneMeHmsbl

XUMUYECKHUE AJIEMEHTHI ¢ Majol CIOCOOHOCTHhIO K MUHEPaI000pa30BaHUIO
(Ga, Ra, Sc, In, TI, TR u ap.) (E.M. KBsaTkOBCKHIA).
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Mo6unusayus

[TepeBoa B pacTBOp OOBIYHO HEPACTBOPUMBIX COCTUHEHUN, MUHEpANIOB. Tak,
MOOMJIM30BaHHbIE B Ppe3yJbTaTe MPOLIECCOB BLIBETPUBAHUA (TUIEpPreHe3a) U
no4yBOOOpa3oBaHusl (MEOreHe3a) MacChl METAIOB, HE BKJIIOYEHHBIE B
OMOJOTHYECKHUl KPYrOBOpOT M HE (pukcupyemblie B memocdepe, MOCTYNamT B
MMOBEPXHOCTHBIE BOABI U MUTPUPYIOT C PEYHBIM CTOKOM.

MoOdynb aspanbHO20 nocmynseHus (Mokazamesb Nbisieeol Ha2py3Ku)

[locTyIUICHHE BEIIECTB C aTMOC(EPHBIMH OCAAKAMH M IIBLIBIO, T/KM
(I1.B. EnnateeBckuii, B.C. ApxxaHoBa).

MoHumopuHa xuMu4eckKo20 3a2psi3HeHUs1 NoYebl

CucrtemMa peryyisipHbIX HAOIIOJICHUM, BKJIIOYaromias B ceOsi HaOIIOICHUS 3a
(paKTUYECKUMHU  YPOBHSIMHM,  ONPEICIICHHE  IPOrHOCTHYECKUX  YpPOBHEH
3arpA3HEHHOCTH, BBISIBJICHUE NCTOYHUKOB 3arpsI3HEHHOCTHU MTOYBHI.

MoHonumHbIl naHOwaghm

JlanamadT, B 00pa3oBaHUU KOTOPOTO YYAaCTBYET KOMIUIEKC TOPHBIX OPOJ,
OJIM3KUX B JIUTOJIOTMYECKOM OTHOIIECHUU.

MowHocmb anemeHmapHozo naHowagma

PaccrosiHue oT BepXHEW rpaHUIbl 3JIEMEHTAPHOTrO JIaHAmAadTa 10 HIKHEH.
BepxHusis rpaHuna HaxoauTcs B Tpomocepe U ONpeAesseTcs 30HOM
pacrpocTpaHeHus MbUIM (U3 JAHHOTO WJIM COCEAHEro jaHmmadTta), oOuTaHus
Opranu3mMoB. HuxHel rpaHuliel B psie CIydaeB ABISAETCA TOPU30HT IPYHTOBBIX
BOJ (BKJIIOUUTENHHO). UeM pazHooOpaszHee djeMeHTapHbIN JaHamadT, T.e. 4eM
Oosibiiie B HEM MHGOPMAIMU U YE€M OHA CJIOKHEE, TeM OOJIbIIIE U MOIIHOCTh
AJIeMEHTapHOIO JaHAmadTa.

Myma6unbHoe coedQuHeHue

CoenuHeHne NEPEMEHHOIO COCTaBa — ATO NPEUMYLIECTBEHHO T€IH H
HEYCTOWYMBBIE KOJUIOMIHBIE MHUHEpPAIbl, 00pa3ylolue psj MNPOMEXKYTOUHBIX
CTaAWil OT HCXOJIHOTO Teys 10 OTHOCUTEIBHO Oosiee YCTOMYMBOW (POpPMBI,
obnanaromieit kpucramumiyeckod crpykrypoi (A.E. depcman). Hauboinee
BaXKHbIE COCTaBHBIEC YACTH JIaHIIIa(Ta, ONpEeNsIoe ero cBoeodpasue, uin
HAXOZATCSI B KOJUIOWIHOM COCTOSIHUM, WJIM B TPOIIECCE CBOETO 00pa3oBaHMs
IPOLUIH Yepe3 KOJUIOuIHOE cocTosiHue. Hakorenne Koyon10B (MyTaOMIIbHBIX
COEIMHEHMI) MPONOPIUOHAIBHO UHTEHCUBHOCTU U JITUTEIBHOCTU MPOTEKAHUS
B TEOXMMHUYECKUX JIaHmadTax OMOJIOTHYECKOTO KPYroBOPOTa JIEMEHTOB. DTO
npaBuio Obuto chopmymupoBano AWM. ITlepenbmanom u umeeT OoJbIIoe
3HAUYCHHUE TIPU HM3YYCHHH PA3BUTHS JIAHAMA(TOB M MHUTPAIUA XUMUYCCKUX
AJIEMEHTOB.
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H

HaHocbi

YacTuupl — NeCOK, MbUIb U TJIMHA, MEPEHOCUMBIE BOJIOM U TMOCTEIEHHO W3
He€ ocenaromme. M3-3a pa3nMuHBIX CKOPOCTEW OCaXKICHUS YacTHUIl Pa3HOU
IJIOTHOCTH M pa3MEpPOB HAHOCHI, KaK MPABHUIIO, COCTOSIT U3 MECKA, MbUIN U TJIMHBI
B YHCTOM BHJIe (MeXaHH4ecKas nuddepeHImanus).

He3azpsisHéHHas1 6UOKOCHasi cucmema

Cucrema, B KOTOpOM KoJieOaHHWS KOHLEHTpaumuu U OamaHc Qopm
HAXO0XKJICHUS TEXHOTEHHBIX BEILIECTB HE HapyUIAOT ra3oBbl€,
KOHIIEHTPAI[MOHHBIE M OKHUCIUTEIHbHO-BOCCTAHOBUTEIbHBIE (DYHKIIUU >KUBOTO
BEIIIECTBA, HE BBI3BIBAIOT HAPYIICHUS OMOTCOXMMUYECKUX IMHINEBBIX IIETEH,
KOJIMYEeCTBA M KauecTBAa OMOJOTMYECKOW MPOIYKIMH, HE CHIDKAIOT ¢
reHeTH4eckoe paszHooOpaszue. HapyiieHue Ha3BaHHBIX YCIOBUN O3HAYaeT
TEXHOTEHHYI0 TpaHChOpPMAIMIO WIH Ppa3pylIeHUE MPUPOJHON CHUCTEMBI
(M.A. I'mazoBckas).

Hetcmon

Bonsbie opraan3msl 30Hb6I 0 — 5 CM M NMOBEPXHOCTHOM IIEHKM HA TPaHULIE
BO3/lyX — BOJa. DTO 30HA CTYIICHUS XU3HMU, B IMEPBYIO Oudepeqh OakTepwii,
KOJIMYeCTBO KOTOpbIX B mi€Hke B 500 pa3 Oonblne, yemM Ha TriayOuHe
(M.B. Topnenko u gap.). Ha koHTakTe BO31yX — BOJa JAECUCTBYIOT CHJIBI
MMOBEPXHOCTHOTO HATSKEHUSI, HA HEro MOCTYymaroT aTMoc(epHbIe a’po30Ju,
HECYIIUE TSKENBIE METAIUIbI, MECTUIUABI M JApyrue nourtoTanThl. Llupoko
U3BECTHO TIOBEPXHOCTHOE 3arps3HEHUE BOJOEMOB HE(PThIO Jaxe Mpu
MOMaJlaHu B HUX  HE3HAUMUTENbHBIX  KOJUYECTB  HEPTEIPOIYKTOB.
[IpunoBepxHOCTHAsA IUIEHKA — KOMIUIEKCHBIA JIBYCTOPOHHUM TI'€OXMMHUYECKHUM
Oapbep: KUCIOPOAHBIN, TEPMOJAMHAMUYECKUN, OUOTCOXMMHUYECKUN U Ap., HA
KOTOPOM OCKAAIOTCS XUMUYECKUAM JIEMEHTBI U3 BO3AYIITHOW M BOJTHOM CpE/I.

HelimpanbHbie u cnabouwenoyHbie 800bl, K1acc
HelimpanbHbIX U crnabouw,esioYHbIX 800

Boaslr umeror pH ot 6,5 nmo 8,5. Mx peakuus yacto ompeaesnsercs
oTHoleHrueM OukapOoHara Ca k ero kapOoHaTy wiH xe oukapoonarta Ca k CO,.
OTH BOJBI MEHEe OJaronpuATHBI Il MUTpPAMU OOJBIIMHCTBA METAJUIOB,
KOTOpBIE OCaXIalTcs B (hOpME HEPACTBOPHUMBIX THAPOKCHIOB, KAPOOHATOB U
IpYrux  cojed. AHHOHOTEHHBIE  JJEMEHTBl, HAMNpPOTHUB, MUTPUPYIOT
cpaBHUTENBHO JieTKo (Si, Ge, Ag, V, U, Mo, Se u ap.). Takue mouBsl 0COOCHHO
XapaKTepHbI JJIs1 apuHBIX JaHAadTOB, BOJ HM3BECTHSIKOB M H3BEPKEHHBIX
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nopo, Mopeit 1 okeaHoB. [Ipu pa3nokeHUH OPraHUYECKUX BEIIECTB B HUX TOXKE
obpazytorcs CO, W OpraHM4ecKue KHCIOTBl, KOTOpPbIE IOJHOCTHIO
HeltpanusytoTcs CaCO; u apyrumu muHepaniamu Ca, a takke Mg, Na, K,
KOTOPBIMHU OOTaThl TOYBBI U TIOPOJIBI.

HekmoH

COBOKYITHOCTh CBOOOJHO TUIABAIOUIUX MIIEKOMMUTAIONINX, PHIO W KPYIHBIX
0€Cro3BOHOUHBIX. {151 OIEHKH 3KOJIOTMYECKOTO COCTOSIHUS BaXHOE 3HAYCHHE
UMeeT OMOTCOXUMHYCCKUN aHalIM3 HAKOIUICHUS TSDKEIBIX METAJUIOB M JIPYTUX
3arpsA3HSAIONIMX BEIIECTB B PhIOAX B 3aBUCUMOCTHM OT CIOCO0A MUTaHUA H
opraHa, CoJiep>KaHusl SJIEMEHTOB B BOJIaX, (PU3UKO-XMMUYECKUX MapaMeTPOB BOJ
U JIOHHBIX ocankoB. CuuTaercs, 4TO B XUIIHBIX PbIOAX MHUKPOIIEMEHTHI
HaKaIlJIMBAlOTCAd MEHbIIE, YeM B IIaHkTodarax u OeHtodarax. VckimtoueHue
COCTaBJISIET PTYTh, KOTOpas Ha MOPANOK M Oojee HAKaIUIMBAE€TCAd B KPYIHBIX
xumHuKax. Opranbl pbl0, KOHTAKTUPYIOIIME C BOJOM U  CiyXKallue
cBOeoOpa3HbIMU OapbepaMu Uiu GUIbTpaMu (KOKa, Yelrys, skabphbl, IJTABHUKH ),
a TaKXKe HEKOTOpble BHYTPEHHUE OpPTraHbl, OCOOCHHO I€YeHb, M30UPATEITHHO
HaKaIlJIMBalOT MHOTHUE MUKPO3JIEMEHTHI. CoJiepKaHUe XUMUYECKUX JIEMEHTOB B
ppI0ax MpeTeprieBaeT CE30HHbIE KOJIEOAHHMS M HM3MEHSETCS Ha MPOTSKEHUU
AKU3HEHHOTO [IUKJIA.

HenonHoe 2eoxumuyveckoe conpspkeHue

ConpsbkeHHe HE COJIEPXKUT OJIHOTO U3 KOMIIOHEHTOB, XapaKTEPHBIX ISt
KaTeH (aBTOHOMHBIM, CylepaKBajJbHbII WM CyOaKBaJbHBIN JTaHIIadT).

Henpo4HocopbupoeaHHbIe (hopMbI 35IeMEHMO8 (MsKENbIX Memarsisios)

KonuuectBa snemeHToB, skctparupyembie 1H pactBopom HCI. Jlydmas
UHJIWKAIUsA  3arps3HEHUs  [OYB  TSOKEIBIMM  MeTallaMu  — 10
HEMPOYHOCOPOUPOBAHHBIM (PopMaM.

Hecneyudgudeckasi aOcopbyusi Memasnsioe no4eoli

KaTnonsl MeTamioB 3aHUMArOT HAa MOBEPXHOCTU TBEPAOrO Tella MECTa C
HU3KOM SHEpPrueil CBsI3U, MPU ATOM H30TEPMbl METAIJIOB PACHOJIOKEHBI MOJ
HEOONbIIUM yIJIOM K ocu abcuucc (mojyoras kpuBas). Hecnemuduyecku
afcopOMpOBAaHHbIE  KAaTHOHBI  CBA3aHbl ¢  TBEPAOM  (Pa3oil  MOYBHI
MPEUMYIIIECTBEHHO HOHOOOMEHHBIMH CBSI3SIMHU.

Humpudpuyupyrowue 6akmepuu

['pynna moyBeHHBIX MuUKpoopraHu3mMoB — Nitrosomonas u Nitrobacter.
[Iponiecc HuTpudukanuu HUAET B JBa dTana: MpeoOpa3oBaHHE aMMHaKa B
HUTPUTHBIH WOH OJIHUMHU OaKTEepUsIMH, a 3aT€M B HUTPATHBIM — JPYyTUMHU.
Nitrosomonas 001a1af0T CIOCOOHOCTHIO OKUCTISATH aMMHAK (00pa3yroNuiics KaK
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pe3yNbTaT KU3HEAEATEILHOCTH aMMOHU(UIIUPYIOMINX OaKTepHii) 10 a30TUCTOM
KHUCIIOTHI, 00pa3ysa HUTpUTHI. [Ipu nesrensHoctu Nitrobacter a3oTuctast KUciaoTa
OKHCJISIETCS 0 a30THOM W TpeBpamaercs B HUTpaThl. Hutpuduiupyrommue
OakTepuu 005amar0T aBTOTPOMHBIMH CBOWCTBAMH W HCKIIOUYUTEIHLHOM
cnenupuunoctsio AeiictBus (C.H. Bunorpanckuit).

(0

O6MeHHasi KUCZIOMHOCMb MoY4ebl

OOyclioBIMBaeTCd HOHAMHM BOJOPOJA U  AIOMUHUS, CBSI3aHHBIMU C
noyBeHHbIM Toriomaromum komiuiekcom (ITIK). OTta dpopma kuciaotHocTH
onpenensiercs no Bzaumoaeicteuto [1I1K ¢ HeliTpanbHbIMU consiMu (HarpuMmep,
11 pactBop KCI).

O6MeHHbIe hopMbI 31IeMeHmMoe8 (MsKEnbIX Memarisios)

KonumdectBa »IeMEHTOB, SKCTparupyeMble aleTaTHBIM pacTBOpoM. B
3arpsA3HEHHBIX  TI0YBAX, IMMOJABEPKCHHBIX aHTPOIIOTCHHOMY BO3JICHCTBHIO,
HaOIr0/1aeTCs MOBBIMIEHHOE coneprkanue metamioB (Cu, Zn, Cd, Pb, Cr, Ni),
u3BiekaeMbix pactBopoM 1| H CH3COONH,.

OkucnumenbHasi KucsiopodHasi o6cmaHoeka

Cpena, xapaktepuzyemasi MPUCYTCTBHEM CBOOOJHOTO (aTMoc(epHOro Wiu
pacTBOpPEHHOTO B Boje) Kucioponaa. OcalovHble MOPOJbI, 00pa30oBaBIIUECS B
KHUCIIOPOJHOM 0OCTaHOBKE, OKpaIIeHbl OOBIYHO B KENTYIO0, OYPYIO M KPAaCHYIO
oKpacky B ocHoBHOM 3a cuét Fe (l11).

OkucnumenbHO-e0CcCMaHo8uMesibHasi 30HaJlbLHOCMb CUCMEeM

CMeHa OKHCIHTEIbHO-BOCCTAHOBUTEIBHBIX YCIOBHH B TIOYBax, Kopax
BBIBETPUBAHUA, uiax, BO/IOEMAX. AHanuzupys OKHUCIIUTEIIbHO-
BOCCTAaHOBUTEJIHHYIO 30HAJILHOCTh pa3nuyHbix cuctem, A.U. TlepensMan BbIBeN
clenyroniee TMPaBWIO: TEOXMMHUYECKas padoTa KUBOTO BEIIECTBa CoO37alia
npeobJialaHie PEe3KO OKUCIUTETbHOM OOCTAaHOBKM HAa 3€MHOM TMOBEPXHOCTH,
CMEHSIONIEHCS ¢ TITyOMHOM Ha BOCCTAHOBUTEBHYIO.

OKucnumenbHO-80cCcMaHo8uUMesIbHbIE YCI108Us1 800

O1eHUBAIOTCS 10 OKUCIUTEILHO-BOCCTAaHOBUTENIbHOMY noTeHInany Eh. Ilo
OKHCJTUTEIIBHO-BOCCTAHOBUTEIHHBIM YCIOBHUSAM B JIaHAMA(TaX BBIICISIOTCS TPH
TUIA BOJ: 1) KUCIOPOAHBIC; 2) TyieeBbIe; 3) cepoBOaOopoaHbIe. OHU 3aBUCST OT
coaepxkanus B Boge O,, Hy, H,S u npyrux razos, Fe*, Fe**, S, HS, H*, OH u
JIPYTUX KOHOB, MOJIEKYJI OPTAaHHMYECKUX BEIIECTB.
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OkucnumernbHble unbl, OKUC/IUMeEsIbHblIe 20PU30HMbI M0O800HbLIX 1048

OO6pa3yrotcst B MOpsiX, 03€pax, pekax, BOJOXPaHUIIUIIAX, T/I€ TOCIOACTBYIOT
KHUCIIOPOHBIE BOJIbI, CO3/IAI0TCS YCIOBUS sl TiepeMeruBanusi Boa. OcoOeHHO
XapaKTepHbl OKHUCIIUTEIIbHBIC YCJIOBUSA [JIs IECUYAHO-AJIEBPUTOBBIX OCAJKOB
NpUOPEKHBIX 30H, B KOTOPHIX MajO OpPraHUYECKUX OCTAaTKOB. OKUCIUTEIHHBIN
ropu3oHT () OOBIYHO pacnoyiaraercsi y MoBEpPXHOCTU JHA, €r0 MOIIHOCThH OT
MUJUIUMETPOB JI0 TIEPBBIX JIECATKOB CAHTUMETPOB. OH UMeeT KENTYyI0, Oypyro U
KpPacHYIO0 OKpAacKy 3a CUET OKUCIEHHBIX (opM sxenesa. [Ipu Heirpansubix pH
snaueHuss Eh o0bryno (-50) — (+150) MB. Ilo 11e109HO0-KHCIOTHBIM YCIOBHUSIM
BBIJICJISIIOTCS.  CHJIBHOKHCIIBIE, KHCIIble, HEUTpalibHble, CIa0O0IIeIOYHbIE H
CUJILHONIEIOYHBIE PA3HOBUIAHOCTH OKHUCIUTENbHbIX wWiIoB (A.U. Ilepenbman,
B.B. barosn).

OkucnumernbHbIU (KUCIOPOOHbIL) 2eoxumuyeckuli 6apbep (A)

OU3UKO-XUMUYECKUN Oapbep, POPMUPYIOIIMICT NPH PE3KOM YBEIHMYECHHH
Eh, nns xoToporo xapakrepHa koHuentpauus Fe, Mn, Co, S. bapbep 4, kak
MIPaBUJIO, SIBJIAETCS] KUCIIOPOIHBIM, HAIIPUMEDP B MECTAX BBIX0/1a HA TOBEPXHOCTH
rIeeBbIX BOJ, oboraméHubx Fe’* m Mn®*, rme ocaxmaroTcsi X THAPOKCHIBL,
o0Opa3ysl «0KeJIe3HEHHE B 30HaX pa3jiOMOB», JKEJI€30MapraHIeBble KOHKPELINH,
00J0THBIE W 03€pHBIE PyJbl. OKUCIUTENbHBIN Oaphep MOXKET BOSHUKHYTh M B
YCIOBUSIX BOCCTAHOBUTEIBHOM CpeAbl, HAIpUMEp, NpPU CMEHE PE3KO
BOCCTAaHOBUTEJIHLHOM OOCTAHOBKHM HAa BOCCTAHOBUTEIHHYIO, & TAKXKE MPU CMEHE
c1abooKuCIUTENbHON Ha okuciuTenbuyto (A.H. Tlepenbman).

OnacHble omxo0bl

OTX0/bI, KOTOpBIE COEPKAT BPEAHBIE BEUIECTBA, 00JIaJaolIMe OMAaCHBIMU
CBOMCTBaMM WJIM COJAEpKallMe BO30yauTeNnel MHPEKIIMOHHBIX 00Je3HEe!, Tubo
KOTOPbIE MOTYT TMPEICTaBISTh HEMOCPEACTBEHHYI0 WM MNOTEHIUAIbHYIO
OMACHOCTb JUISl OKPY’)KaloIIeW NPHUPOJHOM CpeAabl M 3J0pPOBbS UEJIOBEKA
CaMOCTOSTENIbHO WJIM IIPHU BCTYIUIEHUM B KOHTAaKT C JIPYTMMHU BellecTBamu. B
MepevYeHb OMACHBIX OTXOJ0B BKJIIOYEHBI OTXO/bI, 00Ia1al0IIKe XOTS Obl OJTHUM
u3 OTaCHBIX CBOWCTB: PaINO0aKTUBHOCTEIO, UH(PEKIMOHHOCTHIO,
B3pPBIBOONACHOCTHIO,  OTHEONACHOCTBIO,  OKHCIUTEIBHOM  CIIOCOOHOCTHIO,
KOPPO3UOHHOCTBIO, 3KOTOKCHYHOCTBI0, TOKCHYHOCTBIO.

Onmumu3sayusi mexHozeHe3a

Teopust co3maHus ONTUMAIBHBIX TEXHOTEHHBIX JaHIa@TOB IS
pPa3JIMYHBIX MPUPOAHBIX palioHOB. OpHA M3 BAXKHBIX MNPAKTUYECKUX 3a7ad
OpraHu3allMd TEPPUTOPUU: B KAKIOM JaHamadTe [TODKEH OBITh IICHTP
yIOPABJICHUS, PETYJIUPYIOIIMA B3aUMOOTHOUIEHUS MEXAY €ro 4acTsIMH,
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pemaronii - 3agady onTuMu3anuu. Takue 3amauum  pa3pabaTbiBalOTCS B
AKOHOMHUYECKOH reorpadun, HaunmHas ¢ kinaccuueckux pador H.H. bapanckoro
n H.H. Konocosckoro.

OpeaHu4eckasi 2e0Xumusi

Hamnpasnenue, wu3ydawoliee OpPraHUYECKUE COCIAMHEHUS B OCAJOYHBIX
nopojax. Beigenstorcs coeauHEeHHs] YIVIMCTOM M OuTymMHOM rpymnm. HMx
M3YYEHHEM 3aHUMAETCSl TEOXUMHUS YTl U TEOXUMUS HEPTH U TOPIOYNX T'a30B.

Op2aHu4eckoe gew,ecmeo rno4ebl

Paznmuuator Tpu riaBHble rpymnmbl ¢GopM: 1) rpyOblii Tymyc — He
Pa3NOKMUBIIMECS WM CIA00Pa3IOKUBIIMECS OCTAaTKH PEUMYIECTBEHHO
PacTUTEIBHOTO MPOUCXOXKIEHUS; 2) MOJEP — OCTATKH, OOpa3ylollue PhIXJI0e
YEPHOE BEIECTBO W3 M3MEJIBYEHHBIX U CHJIBHO W3MEHEHHBIX PACTUTEIbHBIX
OCTAaTKOB; 3) COOCTBEHHO TyMyC — aMOp(HBIE CKOIUIEHHS OT XOpOUIO
IPO3PAaYHBIX  CBETJO-KENTBIX JIO IUIOXO  MPO3PAYHBIX  TEMHO-OYpBIX.
[lepeunciennbie (opmbl — HamboJiee yCTOWYMBBIE KOMITIOHEHTHI B TIOYBAX,
00pa3yroTcs B YCJHOBHUSAX XOpolieil aspamuu. TspkEnble MeTamibl CIOCOOHBI
00pa3oBbIBATh  CIIO)KHBIE KOMIUIEKCHBIE COEAUHEHUS C OpPraHuyecKUM
BEILIECTBOM MOYBBI, IO3TOMY B IMOYBAaX C BBICOKUM COJEpPXKAHUEM I'ymMyca OHH
MEHEee JOCTYNHBI Ui IOMIOLIEHUs pacTeHusAMH. OpraHnyeckoe BELIECTBO
MOXET IEMCTBOBATH KAK BAXKHBIM PETYJSATOP MOJABUKHOCTH TSKENBIX METAJIOB
B mnouBax. OpHako B OOJBIIMHCTBE MUHEPAIbHBIX I0YB OPraHUYECKOE
BELIECTBO HE mpeBblaeT 2 % oO0miero Beca MouBbl, TO3TOMY OHO HE MOXKET
ObITh HAaMOOJIee BAKHBIM KOHTPOJIUPYIOMIUM (PAKTOPOM B TIOBEJACHUH METAJIJIOB
B [TI0YBAX.

OpzaHo-MuHepasibHble (hOPMbI 35IeMeHMo8 (MsiXKEnbIX Memasios)

KonnuecTta 351eMeHTOB, 3KcTparupyemsie pactsopoM DI TA.

Opeon paccesiHusi

OOpazoBaHue, B KOTOPOM pYIHOE TEJIO HAXOIUTCA Kak Obl B dYexJie
MOCTENEHHO YObIBAIOLIEH KOHLIEHTPAIM1 METaJJIOB.

OCcHOBHOE 2e0XUMUYECKOe CONpsiKeHue

[lonHOE TreOXMMHYECKOE COMPSHKEHWE B YCIOBUAX  OJHOPOIHOTO
re0JOrM4YeCcKOro CTpoeHMs 0€3 PENUKTOB MPEIIECTBYIOLIEH CTaIuu.

OcHoeHoOl 2eoxumuyeckuli 3akoH B. M. N'onb0wmudma

Krnapku 31eMeHTOB 3aBUCAT OT CTPOEHHUS aTOMHOTO S/Ipa, a UX MUTpalus —
OT HAPY>KHBIX AJIEKTPOHOB, OMPEICIAIONINX XUMUUYECKUE CBOMCTBA 3JIEMEHTOB.
O10 1IIyOOKOE 0000lLIEHHE HYXKIAeTCd B KOPPEKTHUBAX: MUIpALMS 3JIEMEHTa
ONpeeIIsieTCsl KaK €ro XMMHUYECKUMH CBOMCTBAMU, TaK U BEJIMYMHON KJapkKa.



82

OmkpbimbIl opeos paccesiHUsI

Beixogsmuii Ha  MOBEPXHOCTH  OpPEOJl  paccesiHus, 0Opa3oBaHHBIN
MaJIOMOIIIHBIMHA OTJIOKEHUSIMH, B COCTaBE KOTOPBIX Mpeo0aanaroT OOJIOMKH
MECTHOI'0 MaTepuasa.

OmHocumernbHoe codep)xaHue 3/7IeMeHmMoe 8 3aeUcCUMOCMU Oom ce30Ha
(onc)

buoreoxumuyecknil mapameTrp, XapakTepru3yeT OTHOCUTEIBHOE COJICPKaAHUE
aneMeHToB B 3aBucuMocTu oT ce3oHa: OUC=C,/Cgqc, Tne C, — comepxaHue
JAHHOT'O JIEMEHTA B 30JI1€, B IpoMexyTouHol (aze, a Cy ¢ — B (pase co3peBaHus
WM B 3UMHHUH Tiepuoj; (JUIS JEpEeBbEeB M KYCTAPHUKOB). XMUMHYECKHN COCTaB
OpPTraHU3MOB MEPUOAMYECKH MEHSAETCS. 3aKOHOMEPHOCTH YCTAHOBJICHBI IS
ONpEeICIEHHBIX BUJOB U HE SIBJIAIOTCA YHUBEpPCAIbHBIMU. B 11e10M HanboJIbIIast
CE30HHAsT W3MCHYMBOCTh XapakKTepHa JJIsI MOJIOJBIX PACTylIIMX OPraHOB
(JIMCTBSI) ¥ HAUMEHBINAs — JUISI CTaphIX (CTBOJ, KpymHbIE KOpHHU). C BO3pacToM
COCTaB PACTCHUN TAaKKE€ MEHSETCS, B YACTHOCTH YBEJIMYHUBACTCSA 30JIbHOCTH
(A.JI. KoBaneBckuii).

OmHoweHue codepixaHusi asieMeHmoe e opa2aHax pacmeHuti (OCOP)

buoreoxumuueckuii mapamerp — OTHOIICHUE COJEp)KAHUS DIEMECHTOB B
opranax pactenuii: OCOP=Cy/Cro, Tne Co — coaepkaHue H3y4aeMoro
3JeMeHTa B uccieayemoM oprane, a Cro — B 3TaJoHHOM. [[J11 HEKOTOPBIX
aneMeHTOB OCOP MeHsieTcss Ha 1Ba MaTEMATHYECKUX TMOPSAIKA. XUMUYECKUAM
COCTaB OpPraHoOB pACTCHUN HEOJAMHAKOB: HaAMOOJIe€ BBICOKO COJIEpKAHUE
METAJUIOB B JIUCTBAX W TOHKUX BETBSIX, MEHBIIE — B KOPHSAX M KOPE,
MUHUMaIBHO — B JipeBecuHe (A.JI. KoBaneBckuit).

Omxo0bI 2anbeaHU4YecKuUx npouzeodcme (2asibeaHowslaMbl)

BxirouaroT B ceOsi HEWTpajbHbIE WJIM IIEJIOYHBIE OTXOJbI, COJEpXKaIlue
TUAPOOKUCH METAJUIOB, HEUTpAJIM30BaHHBIE U OO0E3BPEKEHHBIC IIUAHUCTHIC
COCMHEHHUS, OTXOJbI, 0Opa3yroIuecs Mpu 00C3KUPHUBAHUU METALTHYSCKUX
ITOBEPXHOCTEMN, OTXOJBI, coJieprKaIme KHUJIKOE CTEKJIO, OTXOMbI
noaurpauIeckod MPOMBIIUICHHOCTH. TBepable OTXOAbl BKJIIOUYAIOT B CeOs
[UIaM TaJbBaHUYECKUX TMPOU3BOACTB, (POTOPE3UCThI, OPraHUYECKUE TBEPIbIC
OTXOJIbl, TIECOK M TPYHT, 3arpsi3sHEHHBbIC He(PTEMPOIyKTaMH, SAOXUMUKATHI 3-TO
u 4-ro kimacca TOKCHUYHOCTH. IllmamMbl rajgbBaHMUYECKHX MPOU3BOACTB WU
ranbBaHonamel  (I'II) mpeacraBmsitor coOOW  CYCHEH3WIO WM TACTYy
TUAPOKCHUAOB pa3nuyHbix TM. [anbpBaHomuIaMbl —SABIISIFOTCA  OCHOBHBIMU
UCTOYHHKAMHU TOCTYIUICHUS TSDKENBIX METAJIOB B  OKPY’KAIOIIYIO CpEny.
Yrunmuzanus rajabBaHOIILIAMOB I10 CBOEH 3HAYUMOCTH CIIeIyeT
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HEIMOCPEACTBEHHO 3a YTWIM3alMENd pPaJHOaKTUBHBIX OTX0N0B. Ilo cocraBy
B.M. MakapoB BbIICIWI 5 OCHOBHBIX Tpynn muiamoB: 1) [NaibpBaHOIIIaAMBI
MOCJIE DJIEKTPOKOATYJISIIIMOHHOW OYMCTKH CTOYHBIX BOJ, conaepxaiue 50 % u
6onee >xene3a B mepecuéte Ha Fe(OH)s. Conepkanue Kaxaoro Buaa APYTUX
TSOKENBIX METAIOB, KaK MpaBuiio, He npesbiiaeT 10 %. 2) T'I, obpasyrommuecs
MOCJIE PEAarcHTHOM OYHUCTKMA CTOYHBIX BOJ IPHU HCIOJB30BAHUM B KAyECTBE
3allleJIAYMBAIOIIETO PEareHTa «M3BECTKOBOIO MOJIOKa», B CBA3UM C YEM B HUX
COCTaBE€ JIOMUHUPYET KaJlblIMi, cofepkanue Kotoporo B nepecuéte Ha Ca(OH),
nocturaet 25 — 28 %. Ilpu stom coxaepxkanune Fe(OH); He mpesbimaer 20 %.
Hpyrue wMeramuisl B 3ton rpynne [Tl comepxkarcs B KoiMdecTBax, HeE
npespimaomux 10 % kaxmoro Buma. 3) I'lll, oOpasyromiuecs Takxke MpH
pEareHTHOM OYKMCTKE, HO COJEp)KaHHE JKeJie3a MOXKET IMPEBBINATh €ro
kosmmuectBO B [Tl BTOpOWM rpynmel, Tak Kak JUIslI BOCCTAHOBJIIEHUS Xpoma
IIECTUBAJICHTHOTO  MCIHOJIB3YyeTCSl  OTpa0OTaHHBIA  TPaBWIBHBIM  PacTBOD,
conepxammii FeSOy4. 4) K uverBéproit rpymnme otHocstes 'L, obpasyromuecs
IpU PEArecHTHOM METOJ€ OYMCTKH CTOYHBIX BOJ, KOT/a 3alleIadyuBaIOLIIUMU
peareHTaMH SIBJISIFOTCS KaJIbIIMHUPOBAHHAsI COAa WM HaTpueBas Iiesioyb. B
ATOM CJIy4ae HU OJMH METaJUl HE JOMUHHUPYET, @ UX COAEPKAHUE B MEPECUETE
Ha TUAPOKCU] cocTaniseT He 6onee 10 % kaxpgoro. 5) B nsaTyro rpynmy Bxoasr
', conepxkamuie Hapsay C TSKETBIMU METAUIAMH U KaJbIIUEM MPOIAYKTHI
TPaBJICHUS TTIOBEPXHOCTH AJTIOMHHUS, KOTOPbIE TAKXKe MOCTYMAlT Ha CTAHIUIO
Heutpamu3aumu. WX comepxanne He npesblmaeT 10 %, a BBICYIIEHHBIN
npoaykT Ooznee nucnepced (B.M. Makapos, 2001). [Iponecc BblmenaurBaHus
U3 TaJbBaHOIIAMOB 3aBEPIIACTCS 00pa30BAaHHEM COJIbBATHBIX KOMILIEKCOB —
COCMHEHUN PACTBOPEHHBIX HMOHOB TM HM  MOJEKYJl  pacTBOPHUTEIS.
UccnenoparenssMu oTMEYaeTCs, YTO MOJISIpHAs TEIJIOTa BbIIIEIaYMBaAHUS
0JIM3Ka K BEJIMYMHE peaKIMu 00pa30BaHUs MOJIEKYJ BOJbI U3 HOHOB BOJOPOJAA U
TUAPOKCUJI-MOHOB, a JTUMUTUPYIOIIEH CTaauel mpoiecca sipisiercs nudpdysus —
B M30TEPMHUYECKUX YCIOBUAX TMPOIECC MPOTEKaeT BO BHEIIHEeAU(PPy3noHHON
oOjacTu.

OuyeHka 800HO-MuU2payUOHHOU onacHocmu omxoda (sew,ecmea)

s mpeBapuTeNbHON OLIEHKH BOJHO-MUTpaninoHHou onacHoctu (OBMII)
0TXOJ]a UCIIOJb3YETCSI OPUEHTHUPOBOYHBIN BOAHO-MUTPALIMOHHBIN MOKa3aTelb,
KOTOPBIM XapaKTepu3yeT BO3MOKHOE OTPUIATEIBLHOE BIMSHUE OTXOAa Ha
yCJIOBUSl JKU3HH W 3J0POBbE UEJIOBEKAa B pe3yJbTaTe MUTpPAIlUUd  €ro
KOMIIOHEHTOB B TPYHTOBBIE U MOBEpXHOCTHBIE BoAbl. OBMII onpenensercs no
pe3yibTaTaM KOJIMYECTBEHHOTO XMMHUYECKOT0 aHallh3a alleTaTHO-aMMOHUHHOTO
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oypepnoro (OBMIls) u BogHoro (OBMII;) »skcTpakToB, OTpa)xaroumx
CoJIep’KaHue B OTXO/IC MOJABMKHBIX U BOJOPACTBOPUMBIX (DOPM JIEMEHTOB.
Pacuer BenMMYMHBI OPUEHTHPOBOYHOTO BOJHO-MUTPAIMOHHOTO ITOKA3aTEIsI
MPOBOAUTCS MO pe3ysibTaTaM XHMHUYECKOro aHaiu3a Oy(pepHOro 3KCTpaKTa
orxoaa (OBMIlIg) u BogHoro sxctpakta (OBMII;) no dhopmynam
OBMII; = Zﬁ 1 OBMII, = Zﬁ,
— [ — [1JIK;
rae Cgju Cpj — daxkTuueckue KOHIEHTPAIMH I-T0 KOMIIOHEHTa B Oy(hepHOM H
BOJHOM 3KCTpaKTax cooTBeTcTBeHHO, Mr/m; ITJIKj— mpemensHO nomyctumas

KOHIICHTpAIUsl COAEpMaHUsI JaHHOTO KOMIIOHEHTa B BOJE BOJOEMOB, MI/JL.
Kitace onacHoctu orxona o Bennurnae OBMII onpenensercs B COOTBETCTBUM C
CII 2.1.7.1386-03. IIpu nosiy4eHHM pa3HbIX KJIACCOB OMACHOCTHA OAHOTO U TOTO
K€ OTXOJa IO YKA3aHHBIM IOKA3aTEIsIM NPUOPUTET OTHACTCS pe3yJbTaram,
noxyyeHHbIM 10 OBMIIs, KOTOpBI OTpakaeT HE TOJIBKO €ro pealibHyl0, HO U
IIOTEHIUAJIBHYIO OIIACHOCTb.

W3yyeHue Murpanuud HWHIPEIMEHTOB OTXOJa IO MNPOPUII0 IOYBBI B
PACIIMPEHHOM JKCIIEPUMEHTE MPOBOAUTCA B CTAMOHAPHBIX OMNBITAX C YYETOM
KOHKPETHBIX IOYBEHHO-KJIIMMATHUYECKUX YCJIOBUH, CHEUUPHUKHA OTX0Jda H
npeanojiaraeMoro crocoba ero yruiausauuu. Jloza BHeceHHMs OTXoAa
paccYUTHIBACTCA 10 HaNOOJIEee TOKCUYHOMY KOMIIOHEHTY ¢ ydueTtoMm ero IIJIK, u

IIpEAIogaraéMo Harpy3ku Ha mnouBy. l[lokazareneM BOJHO-MUTIPALMOHHOMN
OTMACHOCTU SIBJISIETCS TJIyOMHAa MHUTpAIlMd KOMIIOHEHTOB OTXO0/a MO MpOoduIIio
MOYBBl M YPOBEHb cojepkaHus ux B GuibTtpate. OdPexT Murpanuu
ompenensiercss mno KpatHoctu npeBblieHus [IJIK, misg  onpenensieMbix
37eMeHTOB. PaHkupoBaHHWe OTXOJa MO KjlaccaM OIMACHOCTH MPOBOAST B
cootBercTBuM CII2.1.7.1386-03.
OuyeHka 8030yWHO-MuU2payUOHHOU onacHocmu omxoda (sew,ecmea)
[IpenBapurenbHas OLEHKA BO3AYIIHO-MHUIPAlMOHHOW OITACHOCTH OTXOJa
MIPOBOJIUTCS NPU HAJIMYMHU B HUX JIETYYUX BEIIECTB PACUETHBIM METOAOM.
Ecnm u3BecTHO JaBiieHHME HACHIMIEHHBIX MapoB npu temnepatype 20 °C,
TO MAaKCHMaJbHO BO3MOXHYI KOHIIEHTPALMIO BELIECTBA IIPU 3TUX YCIOBUIX
MO>XHO paccyuTaTh MO cleayrolie popmyie:
~ M -P-1000
- 183
Ecnu naBneHre  HAChIIIEHHBIX  MApOB YCTAHABIMBAECTCA NPU JIPYIUX
TeMIIepaTypax, TO pacueT MPOBOIUTCS 1O popMyIie:
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C :16-M -P-lOOO’
T
rae C — MaKCHMaibHO BO3MOKHASL KOHI[GHTPALHS BEIIECTBA B BO3LYXE, MI/M;
M — MonexynsipHbIA Bec BellecTBa; P — maBieHHe HACHIIICHHBIX MAapOB IpU
20 °C, w™wm pt. ct.; T — abcomoTHast  Temmeparypa, K, mpu KoTopoii
MIPOM3BOUIIOCH OIIpeIeTICHUE JaBJICHHs HACHIIIEHHBIX apOB.

Ecnu pacderoM yCTaHOBIEHO, YTO KOHLEHTpAalMs WM JaBJICHUE
HACBHIIIEHHBIX MTapOB BEIIECTB, CO3AAIONINXCS B MPU3EMHOM CIIO€ BO3[yXa IpHU
temneparype 50 °C, 6ompmie yem ux IIJIK,, B armocdepHOM BO3ayXe, TO
HE00XO0IMMO MTPOBEICHUE PACIIMPEHHBIX UCCIETOBAHUH.

OKCNIEpUMEHTANIBHOE M3YyYEHHE  MUTpalUud  HMHTPEJUEHTOB  OTXOAa B
atMoc(epHbIi BO3JyX  MPOBOJUTCS B CTAalMOHApPHBIX  YCIOBUSX B
MHUKPOKJIMIMAaTUYECKUX KaMepax, o0ecreurnBaroIInuX BO3MOKHOCTh
YCTaHOBIICHUS pPa3IMYHBIX  MMOYBEHHO-KIMMATHYECKUX  IMapaMeTpOB

(Temmeparypa,  BJIQXHOCTh M IIp.). YPOBEHb  BO3AYLIHO-MUIPALMOHHOM

OITACHOCTH  OIPEAENACTCA KPATHOCTBIO IPEBBILICHUS HI[KMp KOMIIOHEHTOB

orxoja. PawxupoBaHue OTXOAOB MO KJaccaM ONAcCHOCTU OCYLIECTBIISIETCS B
cootBetcTBum ¢ CII 2.1.7.1386-03.

OueHka 3Kos102u4eCcKo20 puckKa

[Ipotiecc onpenenenns BEpOSTHOCTH Pa3BUTHUSI HEOIArONMpUSITHBIX YPHEKTOB
CO CTOpPOHBI OHOreoleHo3a B  pe3yjibTaT€ U3MEHEHUH  Pa3IUYHbIX
XapaKTePUCTHK cpedbl. BaKHBIM 3JIEMEHTOM OIICHKH JKOJOTHYECKOTO pPHCKa
SBIIICTCS BBISIBICHHE OIACHOCTH, CBS3aHHOW C BO3MOXHBIM MAaCCHUBHBIM
BO3JCHCTBHEM Ha CpeAy pa3lIuYHBIX XUMHUYECKHX BEIIECTB (M3MEHEHHE
KCEHOOMOTHYECKOro Npouist cpeibl) U OMNpeesieHue BEpOSTHOCTU TaKOro
Bo3zeiicTBus. Kak mpaBuio, OlieHKa SKOJOTMYECKOrO pHUCKa IMPOBOJUTCS B
dopMe 3aKa3HOrO HCCIEAOBAHUS, BBIMOJIHAEMOTO C LEJIbI0 MOJyYEHHUs
nH(pOpMaMu, HOCSIIEW MEePCHEKTHUBHBIM WM PETPOCHEKTUBHBIA XapakTep H
HEOOXOAMMON 3aKa3uuKy (3aKOHOJATEIbHbIC, YNPABICHUYECKHE CTPYKTYPhI H
T.A.) JAJI1 TPUHATHS aJAMUHUCTPATUBHBIX perieHuid. [loatomy B oTiauuue oT
HayYHBIX  OKOTOKCHKOJIOTHYECKHMX  HCCIEAOBaHWWA, B  XOA€  KOTOPBIX
paccMaTpuBalOTCd OOBEKTHUBHBIC 3aKOHOMEPHOCTH peakiuii OuolleHo3a Ha
JEUCTBUE CTpeccopa, MPU OINPEACIICHUH JKOJIOTMYECKOr0 PHCKa B KauecTBe
OOBEKTOB Cpeibl, MOANEKAIUX H3YUYEHHIO W 3allUTe, MOTYT BBICTYNATh
XapaKTePUCTHUKU OMOCUCTEMBI, HUMEIOIUE AaHTPOMOLIEHTPUUECKOE 3HAYEHHUE, a
TIOPOM U OTAETBHBIC AJIEMEHTHI OKPYKAIOIICH UeIoBeKa MPUPOIbl, CyOEKTHBHO
BOCTIIpUHUMAEMble  OOIIECTBEHHHIM MHEHHEM Kak BechMa 3HA4HMMBbIE.
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Merononorusi OIEHKH YKOJOTHYECKOTO pUCKa /10 KOHIA He paszpaborana. B
MOJIABJIAIONIEM OOJBIIMHCTBE CiIy4aeB €€ BBIBOJBI HOCST KayeCTBEHHBIH,
ONMCATENbHBIM XapakTep. llonbITKM BHEAPUTH METOABI KOJUYECTBEHHOU
OLICHKH CTaJKUBAIOTCA C CEPbE3HBIMU TPYIHOCTSIMH. IJTO OO0YCIOBIICHO
CJII0KHOCTBIO SKOCHCTEM, KOMILIEKCHOCTBIO BO3JICHCTBUS Ha CpPEAY CTPECCOPOB
(HE TONBKO XHUMHUYECKOH, HO W (PHU3NUECKOM U OHOJOTHYECKOM MPHUPOIBI),
HEJJOCTATOYHOW H3YyYEHHOCTBIO XapPaKTEPUCTUK 3KOTOKCUYECKOW OIACHOCTH
OOJIBIIOTO KOJWYECTBA KCEHOOMOTHKOB, HCIIOJIb3YEMbIX YEIOBEKOM M T.1.
[TockonbKy mporeaypa OUEHKH PHUCKa CJIOKHA W B 3HAUUTENIbHOM CTENECHH
CTpaJaeT H3BECTHOM HEONPEIEICHHOCTBbIO, C LEJIbI0  CTAaHJIAPTU3ALNN
uccienosanuii U.S. EPA pa3pabortano u yTBEpAWIO IJIaH MPOBEJACHUS TaKUX
pabotr. OH COAEPKUT ONHUCAHHE TOCIEIOBATEIBHOCTH PEIICHHs 3a/1ayH,
OpraHu3allMd W aHaJlIW3a JAHHBIX, y4e€Ta HEONPEIEIEHHOCTEN M AOMYIIEHUH C
LEJIbI0 TMOJyYEeHHs] B KAKOW-TO CTENEHU YHU(PUIIMPOBAHHON MPUOIU3UTEIBHOM
uH(bOpMAIIUM O BEPOSTHOCTH PAa3BUTHSA HEOJATONMPHUATHBIX DKOJIOTHYECKUX
s¢p¢pekroB. CornacHO 3TOMY IUIaHY OLEHKA HKOJIOTUYECKOTO PUCKA BKIIIOUAET
stansl: 1) popmynupoBaHue mpoodieMbl U pa3pabOTKa MIaHa aHAIN3a CUTYyallUH,
BKJIFOYAIOUIUE: COBMECTHOE OOCYKJICHHUE LIeJIeH MCCIEA0BAHMS CIEIUATNCTAMU
0 OLEHKE pHUCKAa M JUUAMH, NPUHUMAIOUIMMU PEIICHUE; OIpeIeICHUE
XapakTepUCTHK  TaK  Ha3bIBAEMBIX  CTPECCOPOB, nox  KOTOPBIMU
MO/IPAa3yMEBAIOTCAd HE TOJIbKO TOTEHIMAIBHO OINACHbIE BEIIECTBA, HO H
AHEPreTUYECKHe TMOJIsl, HOHU3HPYIOUAas paguanus U JaXKe pe3Koe U3MEHEHHE
TeMIEpaTypbl U JAp.; UACHTU(DUKAIUIO IKOCHUCTEMbI, IMOJBEPKEHHOU PHUCKY;
UACHTU(UKAIIMIO BO3MOXKHBIX JKOJOTHYECKUX 3(P(HEKTOB; BBHIOOP 3HAYMMOU
MEpbl OTBETA, UCIOJIb3YyEMON B KAUECTBE MHJIEKCA BIUSHHS HA OPTaHU3M WIIU
HKOCHUCTEMY B LIEJIOM; BBIOOp KOHUENTYaJbHONW MOJEIM PHUCKA, B paMKax
KOTOPOM aHAIM3UPYIOTCS HUCXOJHBbIE JaHHbIE;, OLICHKY HAJEKHOCTHU JIAHHBIX,
BepU(UKAIIMI0O TOYHOCTH MOJCIH; pa3pabOTKy M MPOBEJACHUE MPOrpPaMMbI
MOHUTOPUHIA; 2) aHalIu3 DJKOJOTUYECKON  CHUTyallMd, BKJIIOYAIOIIUN:
XapaKTEPUCTUKY YCIOBHM W  YPOBHEM  BO3JCHUCTBUSA; XapPaKTEPUCTUKY
AKOJOTHYECKUX 3PPEKTOB; aHAIU3 SKOJOTMYECKUX OTBETOB C YCTAaHOBJICHHEM
npoduiield  103a-0TBET; NPOBEPKY HAJAEKHOCTH HCIOJIb3YEMBIX JaHHBIX;
3) XapakTepUCTHKa HKOJOTHMYECKOTO PHUCKA, BKIIOYAIONIASl: WHTETPUPOBAHUE
npeapayield nHpopMaIuu ¢ onpeaeacHueM Kod()PUIMEHTOB PUCKA; OTIMCAHUE
pPUCKA; MHTEPIPETALUUI0 3HAYUMOCTH HKOJIOTMYecKuX 3(P(EeKToB; mnepenavy
uH(pOpMAIMHU [0 XapaKTEPUCTHKE PUCKA C AHAJIM30M HEONPENEIeHHOCTEH s
pa3pabOTKH YNPaBIEHYECKUX PEIICHUN.
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OueHoYHbIe U NPO2HO3HbIE IKOJI020-2€0XUMUYECKUEe Kapmbl

HocAr mnpenMymecTBEHHO KOMIUIEKCHBIM M CHHTETHYECKHM XapakTep
(KapThl KOMIUIEKCHOTO, a TakK€ CHHTETHYecKoro tuma). K HUM OTHOCATCS
MEAUKO-TEOXUMHUECKHE  (MEAMKO-IKOJIOrO-TaHAapTHbIE) KapTbl, KapThl
DKOJIOTMYECKOTO PHUCKA, KapThl NOTCHLIHAIBHOM ONACHOCTH 3arpsA3HEHUS
OPUPOIHBIX cped. B MeronndeckoM OTHOLICHHH HAmOOJIee CIOXKHBI KapThl
AKOJIOTO-T€OXUMHUYECKOTO0 PAMOHUPOBAHUSA, HA KOTOPBIX OLIEHKA TEPPUTOPHUH
YUUTHIBAET TEXHOTEHHBIE W TPUPOJHBIE (HAKTOPHl MUTpPAIMM M CTENEHb
HKOJIOTMYECKOTO PHUCKa JJIi KOMIIOHEHTOB JaHAamadTa, JaHamadra B LEeJIOM U
HACEJICHU. CocraBnenue 10JOOHBIX KapT OCHOBBIBACTCS Ha
reOMH(POPMALMOHHBIX TEXHOJOTHAX.

n

Maneo6uozeoxumusi

HampaBnenue, wusydaromniee TE€OXUMHUYECKHE OCOOEHHOCTH OpraHM3MOB
npouuibix reosiorudyeckux amox (B.M. Bepuanckuii, S.B. Camoiinos).

MapazeHHas accoyuayusi anemMeHmMo8

CoBmecTHasi ~ KOHIEHTpaAlMsl  JIEMEHTOB,  OOYCIIOBJICHHAas  €JUHBIM
nporeccoM.  Accoruarusi MOXKET ObITh Kak OJHOBPEMEHHOW, TakK M
HEOJHOBPEMEHHOM, CBS3aHHOM, HAPUMEP, C MOCIEI0BATEIbHBIM OCAXKICHUEM
aneMeHTOB U3 Boj. lloHsTHEe maparenesuca 3J€MEHTOB NMPUMEHUMO U K OoJee
KpYIHBIM cHcTeMaM — JaHamadram, bacceiiHaM pek, Bceld buocdepe.

Mapamempsi 2eoxumuyeckozo 6apbepa

1) HampaBnenue wurpanuM XUMHYECKHUX OJEMEHTOB JI0 Oapbepa;
2) HampaBJICHHE MUTPAIIMA XUMHUYECKUX AJIEMEHTOB Tocie Oapbepa; 3) o0nacTb
KOHIICHTpPAIUHU 3JIEMEHTOB.

MapyuansHoe codepxaHue anemMeHma

Yacts oT o00mero cojaepkaHusi XUMHYECKOTO OJIEMEHTa, KOTopas
M3BJICKAETCS M3 00pasila MPUPOTHOTO BEHIECTBA, OTOOPAHHOTO MO CTaHIAPTHOM
METOJIMKE C UCIOJIb30BAaHUEM SKCTPArupyrolINX pacTBOPOB €IUHOTO COCTaBa B
TEUEHUE OMPENCIEHHOT0 BPEMEHHU M TP 3aJaHHBIX Temmeparypax. [[aHHbie o
napIyagIbHOM COJICPYKAHUM TPEACTABISIOT OOJBIION HMHTEpEC, OCOOECHHO MpHU
M3YYEHHH TOYB U PEUHBIX WIH O3EpHBIX HaHOCOB. [Ipom3BecTu mapuuaibHbINA
aHaJu3 OJHOTO U TOTO K€ DJIEMEHTAa MOKHO C MOMOIIBIO Pa3IUYHBIX BUJIOB
BBITSDKEK U DKCTparupyromnux Bemniects. KoHnenuuu o01iero, OTHOCUTEIBHOTO U
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NaplUaIbHOTO COJIEPKaHUST SJEMEHTOB HUMEIOT (PyHIaMEHTalbHOE 3HAYCHHUE
JUTSI TEOXUMUHM JIaHIaTa U 9KOJIOTHYECKOW T€OXUMUHU.

lNMaccueHbIli 6UOMOHUMOPUH2

Cocrowut B aHanmM3e CBOOOIHO KUBYIIIMX OPTaHU3MOB.

lMedozeHes

[Ipouiecchl 0Opa3oBaHHs TOYBEHHOrO MPOQPMIs, B KOTOPHIX IOMHUMO
peakiuii, BXOJSIIMX B MPOIECC BHIBETPUBAHUS (TUIIEpreHe3a), YYacTBYET P
JOTIOJIHUTENIBHBIX CHEU(UUECKUX peakiuil. ODTH peakluh, XOTSA OHU H
Ype3BbIYAHO Pa3HOOOpa3Hbl, BKIIOYAIOT CIEAYIOIIME 3JIEMEHTAPHBIC aKThI:
1) moctyrnieHue OpraHuYecKuX ¥ MHUHEPAIbHBIX BEIIECTB B MOYBY; 2) MOTEPS
ATUX BEHIECTB MOYBOMW; 3) MPOCTPAaHCTBEHHOE MEPEMEIICHUE STUX BEIIECTB B
MOYBE KaK BEpPTUKAIbHOE, TaK W TOPU3OHTaIbHOE; 4) mpeBpallCHUs
OpraHUYECKUX W MUHEPaJIbHBIX BEIIECTB B MOYBE. DTHU MPOIIECCHI MOTYT OBITh
KOHCTPYKTHUBHBIMU U JIECTPYKTUBHBIMUA. Ha paHHMX CTagusix BBIBETPUBAHUS U
OYBOOOpPA30BaHUSI COCTAaB MHKPOIJIEMEHTOB B TIOYBE, Kak MPaBUIIO,
HAcJIEeAyeTcss OT MaTepuHCKOoW mnopojbl. Co  BpEeMEHEM  COCTOSIHHE
MUKpPODJIEMEHTOB B TOuYBE HauvHaeT AU EepeHIMpoBaThCS MOJ ACHUCTBUEM
JOMUHUPYIOIIUX TOYBOOOPA30BATEIBHBIX MPOIIECCOB.

lMedozeoxumuyecku akmueHoe mexHo2eHHoe 8eu,ecimeo

BemectBo, mpeobianaromiee mo macce B BbIOpocax, KOTOpPOE H3MEHSET
IETOYHO-KUCJIOTHBIE U OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIE YCIOBUS MIOYB. JTO
B OCHOBHOM HETOKCHYHBIE 3JIEMEHTHI C BbICOKMMHU Kiapkamu: Fe, Ca, Mg,
LIEJIOYHBIE 3JIEMEHTBI, MUHEPAJIbHbIE KUCIOTHI. [leqoreoxumMmmyeck akTUBHBI U
HEKOTOPBIE I'a3bl, HAIPUMEDP CEPOBOAOPOJ, METAH, U3MEHSIOLIME OKUCIUTEIBHO-
BOCCTaHOBUTENbHYIO 00cTaHOBKY Murpaiuu (M.A. I'mazoBckas).

MedocedumeHnmni

[TepeoTnio)keHHBIN MaTepuan APEBHUX IMOYB U MEAO0JUTOB, COXPaHUBIIMN
CBOMCTBA, MPUOOPETEHHBIE TTPU OBLIOM MTOYBOOOPA30BAHUM.

lMepeuYHbIl 2e0XUMUYECKUU OPEOoJs1 paccesiHUsI (MecmopoXXOeHusl)

Ta yacTb MECTOPOKICHUM, KOTOPast OKPYKaeT PyAHOE TETO.

Mepebili 6uo2eoxumuyeckuli NPUHYUN

OnHO W3 OCHOBHBIX CBOWMCTB JKMBOIO BEIIECTBA — CTPEMIICHUE K
MIPOTPECCUPYIONIEMY YBEITUYCHUIO TIOCTOSSHHO BO300HOBIIIEMOM JKMBOW MAaCCHI
u K MAaKCHUMaJbHOMY  3aIOJHEHUIO JOCTYITHOTO MPOCTPAHCTBA
(B.N. Bepuanckuit).

lNepnrosul

Ocrarounsble peunble oTioxkenus (B.B. Jlamakun).
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lMepcucmeHmHocmb XumMu4yecKo20 eewjecmea e no4ee

[IpoaomKUTETBHOCTD COXpPaHEHUS OMOTOTHYECKON AKTUBHOCTH
3arpA3HSAIONIET0 XUMHYECKOIO BEIIECTBA, XAPAKTEPU3YIOIIAs CTEIEHb €ro
YCTOMYMBOCTU K TMPOIECCY pasliokeHHus. buoTudeckas u abuoTHyecKas
TpaHchoOpMaIis XHUMHYECKOTO BEIIECTBA MOXKET MPUBECTH K CICTYIOIIIM
pesyabTaram: 1) oOpazoBaHue 0o0Jie€ TOKCHUYHBIX MPOJYKTOB, B TOM YHCIE
oOnmagarouMx  OTHaJeHHBIMM  d(d@dexTaMu HWIM HOBBIMH  CBONCTBaMU;
2) oOpa3zoBaHH€ TMPOAYKTOB C 0OoJjiee BBIPAKEHHBIM BIUSHUEM JIPYTUX
KpUTEpPUEB OMacHOCTU; 3) oOpa3oBaHHME MPOAYKTOB, TOKCHUYHOCTH KOTOPBIX
OnM3ka K TOKCHYHOCTHM MCXOJHOTO BemiectBa; 4) oOpa3oBaHuE MeEHEe
TOKCHUYHBIX MPOAYKTOB. [IepCUCTEHTHOCTh OOBIYHO XapaKTEepU3yeTCsl BpeMEHEM
MOJIYCYIIIECTBOBAHUSI XMMUYECKOTO BEIIECTBA B 00BEKTAX OKPY>KAIOIIECH CPEJIbI.
K nmepcUCTEeHTHBIM OTHOCSAT XHMHUYECKHE COCIMHEHUS C IEPUOAOM
noiycyuiectTBoBanus oosnee S0 qHEH.

lTnaHKkmoH

COBOKYITHOCTh OPTaHW3MOB, [TACCUBHO IJIAaBAIOIINX B BoJoEMax. Paznnuaror
¢buTO- U 300MUIAHKTOH. B MpecHOBOAHBIX BOJIOEMAX (PUTOIIAHKTOH COCTOUT U3
JIATOMOBBIX, CHUHE-3€JIEHBIX U 3€JEHBIX BOJIOPOCIEH, a 300ILUIAHKTOH — W3
payKoOB U KOJIOBpaTOK. Brimensercs u OakTepuoruiaHKTOH. DUTOINIAHKTOH —
OCHOBHOM MPOAYILIEHT OPTaHUYECKOTO BEUIECTBA B BOAOEMAX U HAYAJIbHOE 3BEHO
OMOre0OXMMHUYECKUX IMKJIOB MHOTHUX 3JIEMEHTOB B BojoéMax. Pacrmpenenenue
XMMHUYECKUX JJIEMEHTOB B IUIAHKTOHE, BOJAX M JOHHBIX OCaJKaxX BOJOEMOB
CyIIM XOpOUIO KOPPEIUPYET, YTO ONPEAENISCT BBICOKOE HHIUKAIMOHHOE
3HaQYeHUE IIJIAHKTOHA. YCTAHOBJIEHO, 4YTO W (DUTOIJIAHKTOH CEJIEKTUBHO
KOHIUECHTPUPYET TSKENBIE METAUIBl. BCleACTBHE 3TOM  CEJIEKTUBHOCTHU
KOHIIEHTPALlMM HEKOTOPBIX 3JIEMEHTOB B BOJAX MOIYT CE30HHO IOHMXKAThCH,
TOrJa Kak JAPYrue 3JEMEHThl MOTYT IEPEeXOAUTHh B PAacCTBOP NPU OTMHUPAHUU
PaCTUTEIBLHOCTH.

Mnowadsb ebisieneHuss anneMeHMapHo20 jaHowagma

Haumenpmag 1uiomanb, Ha KOTOPOM  pa3MENIAlOTCA BCE  4YaCTH
aneMeHTapHoro nanamadTa. B cBOEM TUNMUYHOM MPOSIBICHUHU DJIEMEHTAPHBIN
maHAmagT JAODKEH TPEACTaBIsATH OJWH ONpENeiEHHBIA THIl pernbeda,
CJIOKEHHBIA OJTHOM MOPOJOM MM HAHOCOM U TOKPBITBIM B KAXIbIA MOMEHT
CBOETO CYIIECTBOBAHUSI ONpPEEIEHHBIM PaCTUTEIBbHBIM co00IIecTBOM. Bee ot
YCJIOBHSI CO3/Ial0T OMPENENEHHYI0 Pa3HOCTh TMOYBBI U CBUACTEIBCTBYIOT 00
OJIMHAKOBOM Ha TPOTSHKEHWW DJIEMEHTAapHOro JaHamadpTa pa3BUTHH
B3aMMOJIEUCTBUS MEXy ropHbIMU nopoaamu v opranuzMamu (b.b. [1onbiHOB).
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Uem cnokHee AJeMEHTapHbIN JaHamadT, 4eM UHTEHCHBHEE B HEM IMPOTEKaET
MUTpalMsl XMUMHYECKHUX DJIEMEHTOB, 4YeM OoJibllie BHJIOBOE U Ipouee
pazHooOpaswue, T.e. 4eM OoJblie B HEM MHGOPMAIHK, TEM OOJbIIEe W TUIOMIAIb
BhIsiBIICHUS. [101maap BEISIBIICHUS — 3TO BayKHAs KOHCTAHTA, UMEIOIast OOJIBIIIOE
3HaYEHHUE JUIsl KjIacCU(pUKaIMKU 3JIEMEHTAPHBIX JTaHAIA(TOB.

lMoeedeHue seujecme, xXumMu4yecKkux 3/1leMeHMOe8 8 2eocucmemax

COBOKYITHOCTh TPOIIECCOB MOOWJIM3allMM, pPacCEUBaHMs, KOHLIEHTpalUUU
BEIIIECTB, XUMUYECKUX DJIEMEHTOB.

lMoz2nowarowul KOMNeKc

[Toponsl, hpakius mouBkl, ciocobHas kK nonHomy oomeny (K.K. I'expoiirr).

lMoanowjeHUe MspKENbIX Memarsisioe MUKpoopa2aHusmMamu

CM. Tunbt MUKpoOUONO2UHECKO20 NO2NOUIeHUsI DNIEMEHMO8 (MANCENbIX
Memannos).

lModeuxHbie hopMbI 35ieMeHMoe (MsKésnbIX Memassios)

[IpencraBieHbl JErKOPACTBOPUMBIMU U OOMEHHBIMHU (DOpMaMU U YaCTUYHO
dbopmamu, CBI3aHHBIMHA C OPTAHUYECKUM BEIIECTBOM MOYBEI. OTIpenenstoTCs 1o
aHAJIN3aM B BBITSDKKE alleTaTHO-aMMOHHIHBIM OydepHbIM pactBopoM (pH = 4,8).
Pacnipenenenrie MmOABMKHBIX  (QOpPM  IJIEMEHTOB B IMOYBaX BO MHOIOM
OTpENENSIeTCS TEXHOTEHE30M U JIAHAMA(THO-TEOXUMUYECKUMU YCIOBUSIMHU.
Oc00EHHO WHTEHCHBHBI aHOMAJIHMH TOJBMXKHBIX (DOPM B MOYBAX aBTOHOMHBIX
naHAMaQTOB U HABETPEHHBIX K TEXHOTEHHBIM MCTOYHUKAM CKJIOHOB, a TAKXKE B
CyNepaKkBaJbHBIX JIaHAMAaPTaX — HA MOOEPEKBIX PEK, 03€P W BOJOXPAHMIIHUIII,
KyJa 3arps3HUTENM TOCTYMAlT C TOBEPXHOCTHBIM, BHYTPHUIIOYBEHHBIM H
TPYHTOBBIM CTOKOM.

lModeuxHble xumuyeckue coedQUHeHUsI 8 no4ee

XapakTepu3yrTcs 1O COJICPKAHUIO BEIIECTB B TTIOYBEHHOM PacTBOPE WJIM B
COCTaBE COJIEBBIX BBITSDKEK M3 TMOYB. Tak, 3amac MOABMKHBIX COCIWHCHUN
TSOKENBIX METAJIOB B CcOCTaBe TBEPABIX (a3 MOYBBI HAXOAT IO aHAIW3aM
COJICBBIX BBITSKEK, BBITSIKEK pPa30aBICHHBIMH KHCIOTAMU WA IIEIIOYaMH,
AKCTparupyrouiee NeHCTBUC KOTOPBIX YCHIJICHO MIPUCYTCTBUEM
KOMITJIEKcooOpazoBarenield,  TakoBa,  HampUMeEp,  BBITSHKKA  alleTaTHO-
aMMOHUIHBIM OyhepHbIM pacTBopoM ¢ pH = 4,8. TloaBuxHbIe POPMBI THKETBIX
METaJUIOB JOCTYIHEE JIJIi OPTaHU3MOB M AKOJIOTHYecKH Oosee omacHbl. OaHAKO
M3-3a BapbUPOBAHUS COJNEPXKAHUS W Pa3HOOOpaszusi METOJIOB AKCTPAKIIUH
METAJUIOB W3 Pa3IUYHBIX IMOYB HAASKHBIC MPEICIbHO  JIONMYyCTHMbBIC
KOHIICHTPAIMH TOJBIKHBIX (POPM TSHKENBIX METAIOB HE YCTAHOBJICHBI.
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lNokazamenb uUOHHO20 cMoOKa

'010BO# HOHHBIH cTOK ¢ | kM mIomanu Gacceiina peku (Py). oHHBIH CTOK
— KOJIMYECTBO MUHEPAIIBHBIX PACTBOPUMBIX BEUIECTB B )KHIKOM CTOKE.

lNMokazamens nbineeoli Haepy3Kku

CooTHOIIEHUE KOJWYECTBA MHUIM B TEXHOTEHHOM U MOPUPOJIHOM
nauaamadTax (E.I1. Copokuna u mp.).

lMonuuyuknu4yeckue apomamu4eckue ya2s1ee000p0o0bi 8 1aHowaghmax

BbicokOMOJIEKYISIpHBIE  OpPraHUYECKUE COCAMHEHHsS] OCEH30JIbHOTO psija,
pasnuyarontuecss mo 4uciy O0eH30JbHBIX Koiell (0T 2 10 7). OHM MMEIOT Kak
MPUPOHOE, TaK M TEXHOTEHHOE IPOUCXOXKIeHHE. TexHoreHHole I[IAY
00pa3yroTcsa NpU CKUTAaHUU YTIIEBOJOPOJAHOTO TOIUIMBA B MPOMBIIIJIEHHOCTH U
SHEPreTUKe, MPOU3BOJICTBE KOKCa, paboTe JBUraTeseii BHYTPEHHETO CropaHusl.
N3-3a cBoeil TOKCMYHOCTM W KaHueporeHHoctH IIAY  oTHeceHbl K
MPUOPUTETHBIM 3arps3HstomuM  BemectBaM. K IIAY  orHocsaTca CcOTHM
COCMHEHUN, Cpelu KOTOphIX Haubojee TOKCUYHBI 3,4-OeH3mupeH u 1,12-
OCH3IEepUIICH, OCOOCHHO YacTO OIpejeiieMble B O0BEKTaX OKpYKarollei
Cpelnbl, a TakKe HaTaluH, aHTpalleH, MUPeH, Xpu3eH, (eHaHTpeH, GIyopaHTeH,
OcH3aHTpareH, KopoHeH u Ap. 3,4-0cH3nuped B 70 — 80 % ciaydaeB 3aHUMAET
MIEPBOE MECTO CPEIA BEUIECTB, ONMPEACISIONIMX BEICOKUN YPOBEHD 3arps3HECHUS
TEXHOTeHHBIX JaHAmadToB. Texnorennsle anoManuu [TAY B cHe:)XKHOM MTOKpOBE
BOKpPYr MeTajuryprudeckux komOmHatoB u TOIl[ wacto wumerwT Ooiee
KOMITAaKTHYI0O KOH(HUTYpaIMi0o U BBICOKYIO KOHTPACTHOCTh IO CPAaBHEHUIO C
aHoManusMu TskEIbIXx MetamaoB. IIJIK gna ITAY, B uwactHocTH misa 3.,4-
OeH3MUpeHa, YCTAHOBJEHBI TOJBKO ISl BOJOEMOB — 5 Hr/n. Ilomagaromiue B
MOYBY W MpupoHbie BOJbI [TAY MOTryT MUTpUpOBaTh, CBSA3BIBATHCSA TBEPABIMU
dazamu  ©  B3BeCsAMHU, TpaHCHOPMUPOBATHCS B  JIPYTUE  COCIUHEHUS.
3akoHomepHOoCcTH  afcopOmuu  [TAY  kak  HemossipHbIX — TUIPOPOOHBIX
COCAMHEHUN pPa3IMYHBIMA MHUHEPAIbHBIMU W OpPraHWYECKUMHU YacCTUIAMU
MOJHOCTBI0O HE U3Yy4yeHbl. B umnciie mexanusmoB pazpymieHus [IAY ocobeHHo
BaXXHBI JIBa: TpaHcPopManus KOHKPETHBIMH BHUJAMH MHUKPOOPTaHU3MOB U
doToxumuyeckas nectpykiusa. OmHaKO cpear OOJBIIOro CIEKTpa COCIUHEHUN
apoMatuueckoi mpuposl [TAY Hanbosee ycTOMYNUBBI B TOYBAX.

lMonHoe 2eoxumuveckoe conpsikeHue

Bxntoyaer B ce0si aBTOHOMHBINM, CyNEpakBaJbHbII M CyOaKBaJbHBIM
nauamadTe (KaTeHa).
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lMonsi ycmou4ueocmu MuHepasioe U UOHO8

CooTHotieHue MEKTY KOMITOHEHTaMHU ocse JIOCTHXKECHUSA
TEPMOJIMHAMUYECKOT0 paBHOBECHsI, BhIpaxkeHHOe B hopme Eh-pH-nuarpamm, Ha
KOTOpBIX 1O ocu abcuucc oTkiaabiBatoT pH, a mo ocu opaunar Eh. B Takux
KOOpJIMHATaX YETKO OrPAaHWYMBAIOTCA TIOJA CYIIECTBOBAHUSA PA3JIUYHBIX
MHHEpPaJIOB M HOHOB. Jl;14  mpoOHEccOB  PacTBOPEHHS-OCAXKICHUS
MaKpOKOMITOHEHTOB cocTaBiienue Eh-pH-amarpamm BronHe mnpuemiemMo, HO
IUISL TSOKENBIX METAJJIOB OHU HE BCETZIa OTBEYAIOT JIEMCTBUTEIBHOCTH, TaK Kak
napameTpel Eh u pH XapaktepusyroT paBHOBECHBIE YCIOBHSI U YKa3bIBaIOT
JIIIb, B KAKOM HAMPABJICHUU MONAYT PEAKINU C YYACTUEM TSHKEIBIX METAJIIOB
(ecnu OHM HAuYHYTCA), a cienoBaTenbHO, U Murpanus TM. OgHako U3BECTHO,
YTO COCTaB BOJI, [I0YB, MUHEPAJIOB BO MHOT'OM OIIPEJIECIISIETCA HE PABHOBECUEM, A
IJIaBHBIM 00pa3oM KMHETHKOM mporieccoB. Tem He meHee Eh u pH sBusitorcs
BOXHEHIIIMMU T€OXMMHUYECKUMHU TapaMeTpaMH NPUPOIHBIX BOJ JaHAmadTa u
ouocdepsl.

lNopoesie 800bI

OTHOCHUTENIbHO HEMOJIBH)KHBIE TTOYBEHHBIC, HIIOBBIE W TOPHBIE (ITOPOJHBIC)
pactBopbl. OHHU cBsi3aHbl ¢ TBEPAOW (a30ii MOBEPXHOCTHBIMH CHJIAMH
KaWUBSIPHOTO WJIM KOJUIOUJIHOTO XapakTepa (TUIEHOYHAsl BOJa, KamwUIspHas
BOJIa U T. /1.). DTU BOJBI JIUTEILHOE BPEMS COMPUKACAIOTCS C MOPOIaMH, YaCTO
HAXOJISTCS B PAaBHOBECUU C HUMH. ECTh CBUIETENHCTBA O OMOTEHHOM XapaKTepe
dbopmupoBaHus coctaBa mopoBbix pactBopos (I1.A. Yaom0B).

NMomeHyuanbHass 6uo2eoxumuyeckasi NOOBUXXKHOCMb

OTHOLIIEHUE CONEp)KAHUSA JJIEMEHTa B 30JI€ PACTEHUM K €ro BaJIOBOMY
COAEPKAHUIO B TOYBAX.

loyea
Bepxuuii ropu3oHT auTOC(hEpHl, BOBICYEHHBIM B OMOTEHHYIO MUTPAIIUIO
MpA y4YaCTUH PACTCHUH, >XKUBOTHBIX M MHUKpoopraHu3moB. I[louBel — 3TO

O0COOCHHO HEPaBHOBECHBIE, UPE3BHIUANHO JUHAMHUYHBIC OMOKOCHBIE CHCTEMBI.
boraTtcTBO TOYB CBOOOMHOW SHEPTHEH OMNMPEACIUIO0 YPE3BBIYAHHO PE3KYIO
muddepeHnranuo XUMUYECKAX JJIEMEHTOB MO MPO(IIII0, OTPOMHBIA POCT
pasHooOpasus (uHbopmainuu). B pesynaprare MOYBOOOpAa30BaHUS BEPXHUU
TOPU30HT JIUTOCHEPHl MOIIHOCTBIO 1 — 2 M pacusieHsieTcsi Ha ropu3oHTHl (A0,
Al, A2, B1, B2 u T.1.), npu4éM KaXIblii U3 HUX MPEJCTaBISIET cOO0H 0Cco0yI0
(GU3UKO-XUMUYECKYI0 cucTeMy. [IpuHIMNUATBPHOE OTIMYUE TMOYBBI OT KOPBI
BBIBETPUBAHUS COCTOWT B OMOTEHHOUW aKKyMYJISIITUU DJIEMEHTOB I10J] BIUSHUEM
PaCTUTEIIBHOCTH, KOTOpasi OTCYTCTBYET B kKope. K uuciy BaxkHeWmmx (pu3uko-
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XUMUYECKUX TPOIECCOB, OOYCIOBIMBAIOIIMX pacHpelelieHue pa3iIndHbIX
AJIEMEHTOB B MOYBaX, OTHOCAT: 1) BhINIETAYMBAHUE U3 MOYBBI; 2) OCaXICHHUE;
3) BKIIOYEHHE B MHHEpaibl;, 4) aacopOLMs MHHEpPAIbHBIMH KOMIIOHEHTaMU
MOYBBI; 5) afcopOIust OpraHnYecKuM BerecTBOM. [louBa — 3710 crienuduaeckuit
KOMIIOHEHT Ouocdepbl, TMOCKOJIbKY OHa HE TOJBKO TE€OXUMUYECKH
AKKyMYJUPYET KOMIIOHEHThI 3arpsi3HEHHM, HO M BBICTYNAET KakK MPUPOIHBIMI
Oydep, KOHTPOTUPYIOIMIHIA MEPEHOC XMMHUYECKUX 3JIEMEHTOB M COCIUHEHUN B
atMocdepy, ruapochepy W JKMBOE BEIMIECTBO. [sDKENTBIE METAIBI M JIPYTHC
MOJUTIOTAHTBI, TOCTYMAIOIIME W3 PaA3JIMYHBIX HMCTOYHUKOB, TOMAJAIOT B
KOHEYHOM MTOI€ Ha IIOBEPXHOCTh IIOYBBI, U UX JaJbHEHIIEE TIOBEACHUE 3aBUCHUT
OT €€ TeOXMMUYECKUX M (U3NYECKUX CBOMCTB. 3HaHUE JOMHHHMPYIOIIUX
peakuuii ¥ (GopM COEOUHEHUH IO3BOJSET MPOTHO3UPOBATh MUTPALHIO KaK
MPUPOJHBIX, TAK U TEXHOTEHHBIX AJIEMEHTOB.

lNoyeeHHas1 kKameHa

Coueranue NOYB NPUOIM3UTEIBHO OJHOTO T'€OJIOTMYECKOTO BO3pacTa,
0o0pa30BaBIIMXCS HAa CXOJHBIX MATEPUHCKUX TIOpOJaX MU B  CXOAHBIX
KJIIMMAaTUYECKUX YCJIOBHSX, HO MMEIOIIMX Pa3HbIE XapaKTEPUCTHKU B CBS3H C
pazuuusiMu B penbede U yCIOBUSX €CTECTBEHHOro jApeHaxka (lonaxsio P.JI. u
ap. [TouBbl: BBeIcHHE B TOYBOBEACHUE M PACTEHUEBOACTBO. M., 1971).

IMoyeeHHas1 Mukpobuoma (Mukpodgbsiopa)

B coctaBe MHKpOQIOphl TOYBBI MNPUHATO BBIAETATH (U3MOJOTHUECKHE
IpyNIbl MUKPOOPTaHU3MOB, KOTOPBIE YYACTBYIOT B Pa3IUYHbBIX Mpolleccax U Ha
pPa3HbIX 3Tanax IMOCTEIEHHOIO  pAa3JIOKEHUS OPraHUYECKUX  BEIIECTB:
1) Oakrepuu-amMmMOoHUGUKATOPBL, 2)  HUTpUUUHpYIOUME  OaKTEpHH;
3) asordukcupytomnme Oaktepun; 4) OaKTEpHH, PACIICIUISIONIAE KJIETYATKY,
BBI3BIBAIOIIME PA3IMYHbIE BHIBI OpOKEHHH; S5) OakTepuu, y4acTBYIOLIUE B
KpYroBOpOTE cepbl, *kKemneza, ¢ochopa U Apyrux 3JIEMEHTOB: CEpoOaKTEpUH,
&Kele300aKkTepun W T. 1., Pa3sHOOOpa3Hble BHJIbI KOTOPBIX OCYIIECTBIISIIOT
OKHCJIEHUE U BOCCTAHOBJIEHUE ITUX COeTUHEHU. MUKpOoOHMOTa OTBETCTBEHHA 3a
MHOXXECTBO pa3JIMYHBIX IMPOLIECCOB B TMOYBE — OT MOOWIM3ALUU [0
AKKyMYJISIIUA XUMHUYECKHX DSJIEMEHTOB. Y CTOMYMBOCTH IOYB OOYCJIOBJIECHA
[JIaBHBIM ~ 00pa3oM  CIOCOOHOCTBIO ~ MHUKPOOPTaHM3MOB  OCYIIECTBIISTh
TpaHchOpMaLMIO U TEOXUMUYECKYI0 MUTPALMIO MOJABISIONIETO OOJIBIIMHCTBA
XUMHUYECKUX 3JIEMEHTOB (HE MeHee 65 3JeMEHTOB MOJIBEPTraloTCsl MUKPOOHOMY
BO3JIEHCTBUIO). XOTSI MUKPOOPTraHU3MbI YyBCTBUTEIbHBI KaK K A€PUIUTY, TaK U
K M30BITKY TSDKENBIX METaUIOB, OHM MOTYT aJanTHUPOBAThCS K BBICOKMM HX
KOHLIEHTpaLusIM B OKpYyXarowei cpeae. JoMUHUpOBaHME MHUKpPOOPTraHU3MOB
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OpU Pa3IMYHBIX KOHUEHTPALUMSIX TSHKENBIX METAJUIOB ITO3BOJIAET Pa3/ICiIUTh
JIMana3oH TOJIEPAHTHOCTH MUKPOOHOTO COOOIIeCcTBa HA HECKOJIbKO Y4aCTKOB —
aJanTUBHBIX 30H: 1) 30Ha roMeocTa3a, B KOTOPOl M3MEHSAETCS MHTEHCHBHOCTD
MUKpPOOMOJIOTUYECKUX TPOIECCOB (BO3pacTaHME CyMMapHON OHOMacchl);
2) 30Ha cTpecca, B KOTOpPOM MPOUCXOMAST CYHIECTBEHHbIE W3MEHEHUS
coobmiecTBa; 3) 30Ha PE3UCTEHTHOCTH — PE3KO COKpAallaeTcsl COCTaB
cooOmiecTBa, a  JIOMHHAHTaMU  CTAHOBATCS ~ PE3UCTCHTHBIC  BUJIbI
MUKPOOPTaHU3MOB (SIBJI€HUWE KOHIIEHTpAallMM JOMHHHpPOBaHuA); 4) 30HaA
penpeccur — MpeKpalaeTcss pa3BUTHE MHUKPOOPIaHM3MOB Ha MOBEPXHOCTH
nouBsl (JleBun, ['yzeB u gnp., 1989). Benuumna 30HBI ompenensieTcss Kak
IUAana3oH KOHUEHTPALMi XWMHUYECKHX BELIECTB, B Mpeleraax KOTOPBIX
COXPaHSIOTCS BBIJIEJICHHBIE BBILLIE YPOBHU TOJIEPAHTHOCTH.

lMoyeeHHbIe KOM6UHayuu

CodeTanue 3JIE€MEHTAapHBIX IIOYBEHHBIX apeanoB. K  IOYBEHHBIM
KOMOMHALIUAM OTHOCATCS IOYBEHHbBIE KOMIUIEKCHI, MSATHUCTOCTH, COYETaHUS,
Bapualuu, Mo3auku, Tametsl U T.4. (B.M. ®punnany).

lMpedenbHo donycmumoe Konu4ecmeo 3a2psi3HsIoW,e20 noyey

xumu4eckoeo sewecmea (M4K)
MakcumanbHass MaccoBas JOJS  3arpsi3HSIONIETO IOYBY XHUMHUYECKOTO

BEIIIECTBA, HE BBHI3BIBAIONIASA NPSMOTO WM KOCBEHHOTO BIIUSHUS, BKIIHOYAs
OTHEJIBbHBIEC IIOCJIECICTBUS, HAa OKPYXAIOILIYI0 CpEeAy M 3I0pPOBbE UEIOBEKA.
H.I'. 3eipunbiM u A.M. OOyXOBBIM IMOKa3aHO, YTO OCHOBHBIMH (haKTOpaMH,
rusitomiMu Ha [TJIK TsoxEnpIX METaioB B MOYBAax, SIBJISIIOTCS UX MIECITOYHO-
KUCJIOTHBIE CBOMCTBAa M COJEPKaHUE Tymyca, ONPEICIAIOIINE YCTOMYHUBOCTH
MOYB K 3arpsi3HEHHIO 3TUMU dJIEeMEHTaMu. {1 KaaMus U CBUHIIA 3aBUCUMOCTD
Mexny pH mous u IIJIK moutn snvHelHas, T. €. B KHCJIbIX M IIEJTOYHBIX MTOYBaX
ux [IJIK moryTr ornuuarbcs moutu Ha mopsanok. [Tostomy ITJIK Heobxomumo
YCTAHABIMBATh IS KPYNHBIX TOYBEHHO-TCOXUMHUYECKUX PETHOHOB, JJIs
F€OXMMHYECKUX aCCOLMALMM TMOYB CO CXOJHBIMHM IIETOYHO-KUCIOTHBIMUA U
OKHCJIUTEIHbHO-BOCCTAHOBUTEIHHBIMA YCIIOBUSIMH M O0JIAAIOIMU  OJIM3KUM
YPOBHEM YCTOMYMBOCTH K 3arpA3HSIOLINM BEIIECTBAM.

lMpedenbHo donycmumoe cocmosiHUe no4e

YpoBeHb, NMPU KOTOPOM HAYMHAECT U3MEHSTHCS ONTUMAIBLHOE KOJIMYECTBO U
KaueCTBO CO3/IJaBa€MOT0O >KUBOTO BEIIECTBA, T.e. OUOJOTUYECKAs MPOIYKIIHS.
JI71 SKOJOTMYECKOW M CAaHUTAPHO-TUTMEHUYECKOW OICHKHU 3arpsA3HEHUS MOYB
UCTIONB3YIOTCSA MpenenbHo aomyctumbie koHueHtpauuun (ITJJK) snemenToB,
YCTAHOBJIEHHBIE OJKCIEpUMEHTaIbHO. CoAepKaHWE DJJIEMEHTOB B MOYBaX
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(Hanmpumep, TOPOJIOB) HOPMHPYETCS OOBIYHO 4Yepe3 3HAUCHHs] MOYBEHHO-
r€OXMMUYECKOro (oHa, KIapku JUTOChHEpbl M TPENeNbHO JOMYyCTUMBIE
KOHUEHTPAIMU JJIs1 [OYB OJHOM T€OXHMMHUYECKOM accouuanuu. [loaBukHbIE
(GOpMBI 3JIEMEHTOB, TSKEITBIX METAUIOB JIOCTYIMHEE JUIsli OPTraHu3MOB U
AKOJIOTHYeCKH Oojiee omacHbl. OJHAKO HM3-3a BApbUPOBAHUS COJEPKAHUS U
pazHo00pa3usi METOA0B PKCTPAKIIMK METAJJIOB U3 Pa3IMYHBIX NMOYB HaAEKHbBIE
peleNbHO TOMYCTUMbIE KOHIIEHTPALIMH MOABUKHBIX (OPM TSKEIBIX METAIIIOB
He ycTtaHoBlieHbl (M.A. ['11a3oBckas).

lMpecHbIe 800bI, cemelicmeo npecHbIX 600

O6mass wmuHepanuzarnuss Bojg 0,1 — 1 r1/n. OHM XapakTepHbl s
OOJBIITMHCTBA PEK U 03P BIAKHOTO KJIMMAaTa, MHOTHX IPYHTOBBIX, MJIACTOBBIX U
TPEUIUHHBIX BOJ, COCTABJISIOT TJaBHYIO 0a3y NHUTHEBOTO U TEXHUYECKOTO
BOJIOCHA0XKEHUSI.

MpuHyun «ecroOHOCMU» 8CEX XUMUYECKUX 3/IeMeHMo8

Cwm. 3axon Knapxa - Bepnaockoeo.

lNMpurnyun Jle lWlamenbe

1) M3MmeHeHus B PaBHOBECHBIX CHCTEMax IMPOUCXOMST B HaMpaBJICHUH,
MIPOTUBOAEUCTBYIOIIEM BHeEImHeMY Bo3aeucTBuro. [lpuamun Jle Illarense
MO3BOJIAET OMNPEAEIUTh HAIpPaBICHUE Ipoliecca NPH H3MEHEHUH BHEIIHHUX
YCJIOBUHM — JIaBJICHUS, TEMIIEPATypbl U KOHLEHTpauuu. OH NPUMEHUM TOJIBKO K
PABHOBECHBIM CHCTEMaM, €r0o KCIOJIb30BAaHHE MpPU aHAJIU3€ HEPaBHOBECHBIX
CUCTEM BEIET K OLIHOKaM.

2) O6o6mennbii npuniun Jle Illarenbe: Bcskas cTallMOHApHAs CUCTEMa
CTPEMUTCS M3MEHHUTHCS TaKUM 00pa3oM, YTOOBI CBECTH K MHUHUMYMY 3 dekT
BHelTHero Bo3naenictus (popmynupoBka A.JI. Taxtamxsina).

MpuHyun MuHuMyMa Ouccunayuu (paccesiHusl) 3Hepa2uu

[Ipy BeposSTHOCTM pa3BUTHSL Tpollecca B  HEKOTOPOM  MHOXKECTBE
TEPMOJAMHAMHUYECKH JOMYCTUMBIX HAMNpPABICHUN peaIu3yercss TO, KOTOPOE
obecrieunBaeT MUHUMYM paccesinus suepru (JI. Oncarep, U. [Ipuroxun).

MpuHyun NodeuwxHbIX KOMMOHEHMO8

['eoxumudeckas 0COOCHHOCTH JaHAmad)Ta ONpeaeseTcsl AJIEeMEHTaMH C
BBICOKHMU KJIapKaMH, HambOosee AKTHUBHO MUTPUPYIOIIUMU u
HaKarumBaronmmucs B qanaom nanamadre (A.U. [lepensman).

MpuHyunN MopMoXXeHuUs1 XuMuYyecKkux peakuyul

Eciu B cucreme OIWH U3 pPEareHTOB IMPUCYTCTBYEeT B KOJUYECTBE,
HEJJOCTATOYHOM ISl peaju3allid BCEX BO3MOXHBIX peakiui, TO OyayT
OCYILECTBIISTHCS JIMIIb T€ PEAKLHH, JJIsI KOTOPBIX XapaKTEPHO MAKCUMAIbHOE
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XUMHUYECKOE CPOJCTBO. OTH pEakluu, «pacxoays Ha cels» AePUIUTHBIC
peareHThbl, MNPEMATCTBYIOT pEAJIM3alli JIPYTUX BO3MOXHBIX PEaKIUd — C
MEHBIIIUM  CPOJICTBOM, YacTO W C MEHBIIMM TEIUIOBEIM 3 deKToM
(A.W. IlepenpMman).

lpuHyun yenmpanusayuu

3HadeHue BELECTB B JIaHmadTe ONpeAeNsaeTcsl He TOJbKO UX CBONCTBAMU,
HO U TIOJIO)KCHHEM B TMPOCTPAHCTBE OTHOCUTEIBHO IieHTpa JaHamadrta. [Ipu
TCOXMMUYECKON  Kiaccupukanmuu OWOKOCHOW CHCTEMBI  (ITOYBBI, KOPBI
BBIBCTPUBAHMS, WA, JaHAmadTa B IEJIOM) 3a OCHOBY CIEayeT Oparth
reoxuMuyeckue ocooennoctu e€ nentpa (A.U. Ilepenbman).

lMpupodHo-mexHo2eHHbIe 2eoxumuvecKue npoyeccsbl

1) Murpauus B TpaH3UTHBIX cpefax (atmocdepe, Boaax); 2) UMHCCUS —
3arpsi3HEHUE JICTIOHUPYIOIIUX CPEI: IOYB, PACTEHUW, JOHHBIX OTIIOXKEHHM,
HaceneHus; 3) TpaHcpopManus, METa0oJu3M, JalbHEHIIas MUrpamus Hu
BTOpUYHAA aAKKyMYJSIIMA TOJUTIOTAHTOB (CXeMa MPHUPOIHO-TEXHOTEHHBIX
MpPOIECCOB  MpU  A0ObIYE HW  MepepadOTKE  MOJE3HBIX  HCKOMAeMBbIX
H.II. Connuenoit).

lMpupodHo-mexHo2eHHbIU naHOwaghm (cucmema)

Cucrema, B KOTOPOM Ba)XHYIO POJb UTpaeT OMOJIOTHUYECKUN KPYyrOBOPOT
AJIEMEHTOB, COYETAIONNI B ce0e MPU3HAKK TEXHOTCHHBIX U MPUPOJIHBIX CUCTEM,
KOTOPBIE HAXOISITCS B HEM B pa3HBIX COOTHOIICHUSIX (arpoiaHamadThl, TapKu U
PEKpEallMOHHBIE  30HBI  TOPOJAOB, MEJIMOPUPYEMBIE 3€MJIA, AKBAaJbHbBIC
naHamadTe ¥ T. 11.).

lMpupodHbie unbi

JIoHHBIE OTJIOKEHUSA, MOABOAHBIC MOYBBI. B CTpOE€HMM W CBOWCTBAX WJIOB
MPOSIBJIIFOTCS. CTOPOHBI MOJBOIHOTO OCaJKOHAKOIJICHUS M MOYBOOOpa30BaHUS.
C onmHON CTOPOHBI, Wbl MOAYMHSIOTCA JIMTOJIOTO-TEOXUMUYECKOU W
TUAPOAMHAMUYECKON auddepeHuanum 0caJouyHOro Ipoiecca B KadecTBe
COBPEMEHHOTO T'€0JIOTHYECKOr0 00pa3oBaHus — JOHHOTO ocanka. C apyrou —
OMOJIOTUYECKU KPYTOBOPOT M MPOLECChl paguaibHON auddepeHumanm,
MPUBOJAIIME K PACUJICHEHUIO WJIa TI0 BEPTHKAIW Ha TOPU30HTHL. Wbl — 3TO
HEpPaBHOBECHbIC JMHAMHYECKHE OWOKOCHBIE CHCTEMBI, OOTaThbie CBOOOIHOM
sHeprueu. Mnbl HACBILIEHBI BOJAOW, BaXHYK POJIb B UX TF€OXHUMHUHU WUTPAIOT
OKHUCJIUTEIHbHO-BOCCTAHOBUTEIBHBIC M COPOIMOHHBIE Tporiecchl. Mibl cimyxar
WHTETPAJIbHBIM ~ WHJIUKATOPOM TEXHOTCHHOW Harpy3ku Ha BOJOCOOPHI.
Paznuyaror npupoaHbIe U TEXHOTECHHBIE WITHI.
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lMpupodHbIl 6uozeoxumudeckuli bapbep

Y4acTok yMEHBIIEHUS WHTEHCUBHOCTH OMOTEHHOW MUrpanuu (yroJjibHbIC
3anexu, Topd, KOHIIEHTPALUU HJIEMEHTOB B TelaX OpPraHu3MoOB U T. [I.).
BaxnelmuM neno, rjie HaKaruMBaKOTCS 3arps3HSIONINE BELIECTBA, SBISIOTCS
BEPXHUE TYMYCHUPOBAHHBIC TOPU3OHTHI NIOUB. 3€Ch CO3MAETCS JAJIsI XUMUUECKUX
BEIIIECTB OMOTEOXMMHUYECKHUI Oapbep.

lMpupoOdHbIl naHOwaghm

CnoxHasi HEpaBHOBECHAsI JMHAMUYECKasi CUCTEMA 36MHOM MOBEPXHOCTHU, B
KOTOPOM MPOUCXOIUT B3aUMOJICHCTBUE W B3aUMOINPOHUKHOBEHUE SJIEMEHTOB
JUTO-, THUAPO- M aTMOCQephl; CUCTEMa, B KOTOPOM BaXKHYIO pOJIb UIpaeT
OMOJIOTUYECKUM  KPYrOBOPOT  DBJEMEHTOB.  BOJBIIMHCTBO  MPUPOHBIX
JaHAIAaQTOB OTHOCUTCA K OHOKOCHBIM CHCTEMaM, B KOTOPBIX JKUBBIE
OpraHu3Mbl M HEOpraHUYecKas MaTepusi TECHO MEXIy COOOW CBSI3aHbl U
B3auMo00ycioBieHbl. [loacuctemsl nanamadra — OMOKOCHBIE MPUPOHBIE TENA!
MOYBBI, KOPHI BHIBETPUBAHUS, KOHTUHEHTAIbHBIC OTJIOKEHHS, TOBEPXHOCTHBIC U
TPYHTOBBIE BO/JIbI, PU3eMHasi aTMocdepa.

IMpupodHbIl MexaHu4eckKull (2eoxumuyeckul) 6apbep

Y4acToKk pe3KOoro yMEHbIICHUS UHTEHCHUBHOCTU MEXaHWYECKOW MHIPALUH.
K TakuM ywacTkaM MNpUYypOUYEHBI pA3JIUUYHBIE MPOAYKTHI MEXaHUYECKOU
g depeHuranuu 0caaKoB.

IMpupoOdHbIl husuko-xumu4yeckull (2eoxumudeckull) 6apbep

Y4acToK PpE3KOro YMEHBIIECHUS HWHTEHCHUBHOCTU (DU3UKO-XUMUYECKOMN
Murpanuu. Takue ydacTKd BO3HMKAIOT B MECTaX W3MEHEHHS TeMIepaTyphl,
JABJICHUS], OKUCIUTEIHHO-BOCCTAHOBUTEIIbHBIX, IIEIOYHO-KUCIOTHBIX U APYTUX
ycnoBuid. [IpuponHbie U TEXHOTEHHbIE (PU3UKO-XUMUYECKUE Oaphephl 10 CUX
NOp MPUBJICKAIOT TJIABHOE BHUMAHUE UCCIIEA0BATENEH.

lMpomo4Hocmb 2eocucmemsbi

MexaHu3M BBIHOCA YYXKEPOJHBIX BEIIECTB B XOJI€ HOPMAaJIBLHOIO
dbyHKIIMOHUpOBaHUA. Tak, MPOTOYHOCTHIO OOJIAJAOT TOYBBI T'YMHUIHBIX
naammadToB. [IpOTOYHOCTH CHWXKAETCSI OMOJOTHYECKUM  TOTJIOMICHHEM
AJIEMEHTOB B 3KOCHUCTEME, U TE€M CaMbIM YMEHbIIAETCS €€ YCTOMYMBOCTH K
3arpsisHeHuio. Ho B ciydae u3bsaTus NpOayKIUu (B arpocucTeMax, Hampumep)
IPOTOYHOCTH OyJieT yBenuuuBaThes (Apmanm, 1989).

Mpouyecc yemeHmayuu

AKKyMyJIAIHsT BOAHBIX MHUTPAHTOB, B pe3yibTaTe KOTOPOM 0oOpasyroTcs
IJIOTHBIE TOPU3OHTHI B TOYBAX, KOpPaxX BbIBETPUBAHMS, KOHTHHEHTAJIbHBIX
OTJIOKEHUsIX. TakoBbl WILTIOBHAIIbHBIC TOPU3OHTHI MOA30UCTHIX, COJIOHIIOBBIX,



98

YEpHO3EMHBIX I10YB, OKPEMHEHHBIE TOPHU30HTHI KOpPbI BBIBETPUBAHUS U
KOHTHUHEHTAJIbHBIX OTJIOXKEHUMN (CUIBKPUTHI), KEIE3UCThIEC NaHIUPU JaTEPUTOB
(Kupachl), W3BECTKOBBIE KaJbKPEThI M THUIICOBBIE KOpBbI NyCThiHb. [Iporeccsl
neMeHrauud, 1o B.B. JIoOpoBoibCKOMY, YacTO pa3BUBAKOTCI MYTEM
TUIIEPreHHOI0 METACOMaTO3a.

Mpouecckl noyeoobpasogaHusi
Cwm. Ileoocenes.

P

PaduanbHas 2eoxumu4deckasi cmpykmypa

CrpykTypa, oOTpaxaromas XapakTep B3aUMOACHCTBUS W COOTHOIIECHUS
MEXAY  KOMIIOHEHTaMHM W  OJOKaMu  dJEeMEHTapHOW  yaHamadTHO-
FeOXMMHUYECKOW CUCTEMBbI. BceieacreBue Murpauuu XUMHAYECKHUX 3JIEMEHTOB
AJIEMEHTAPHBIN JIaHAMA(PT HEOJHOPOJECH B BEPTUKAJIHLHOM HAIpPaBJICHUH, YTO
CO311a€T paguaIbHyIO r€OXUMHUYECKYIO CTPYKTYPY (sipychI),
XapaKTEPU3YIOMIYIOCS PSIIOM  JIaHAMA(PTHO-TEOXUMUYECKUX KOA(DPUITMEHTOB
(R-ananms).

PaduanbHbili 2eoxumudeckuli bapbep

bapeep, hopmupyromuiica npu cyOBepTUKaIbHON (CHU3Y BBEPX WUJIU CBEPXY
BHU3) MUTPALMA PACTBOPOB B MOYBAX, 30HAX Pa3IOMOB, KOPax BBHIBETPHUBAHMSI
UT. 1.

PatlioHupoeaHue meppumopuu

BrisiBinenue nanamadTHBIX MHAUBUIOB KaKOU-THOO TEPPUTOPUH.

Pacconbl, cemelicmeo paccosios

O6mast munepanu3zaiusa Boa >36 (50) r/n. OHu xapakTepHbl IJIs COMEHBIX
03€p, YaCTUYHO JUISI TPYHTOBBIX BOJ CTE€NEH U IYCTbIHb. Paccoibl ABIAIOTCA
HMCTOYHUKOM COJIeH U MHOTUX penkux 3yemeHToB: J, Br, B, Li, W u np.

Pekcucmasus

Hapymenune  Omonormueckoro  paBHoBecus.  COOTHOIIEHHME  Macc
pPacTBOPUMBIX COCIMHEHUN U TBEPBIX B3BECEH B PEUHOM CTOKE B 3HAUUTEIIBHON
MEpE€ 3aBUCHUT OT XapaKTepa PaCTUTEIbHOCTU CyIIH. DaKThl CBUAETEIbCTBYIOT,
YTO Ha NPOTSHKEHUU I'€OJIOTMYECKON UCTOPUU ITO COOTHOIICHUE HEOJHOKPATHO
U3MEHSJIOCH (Teopusi OMOpeKcucTazur). B amoxu pekcucTazuu Iioaab JIeCoB
CUJIBHO COKpAILla€TCs; BCIEACTBUE 3TOr0 AKTUBU3UPYIOTCA JAEHYAALUOHHO-
APO3MOHHBIE TPOIECCHl MU B PEUYHOM CTOKE MpeodsafaroT TBEPJbIE B3BECH

(I". Opap).
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Pekynbmueayus 3a2psi3HEHHbIX 048

BoccraHoBnenne 1mogopoaMss IOYB, HCHOPYEHHBIX U 3apaKEHHBIX
3arps3HeHUsIMU. BeienstoT Mmexannyeckue, Gu3ndeckue, XuMHIecKue, (Pu3nKo-
XAMHAYECKUE U arpOXUMUYECKUE METO/IBI.

PydHoe merno

Ta 4YacTp MECTOPOXKIEHHUS, B KOTOPOW COJNEPKAHUE PYIAHBIX 3JIEMEHTOB
JIOCTUTAECT BEJIMYMH, JOIYCKAIOIIMNX UX IKCIUIYaTaLUIO.

C

CamoopezaHu3auusi naHOowagma

MexaHu3M oOOpaTHBIX CBSI3¢M MHUTpallid aTOMOB, KOTOPBIN OIpeaesseT
IIEJIOCTHOCTh M KaYECTBEHHOE CBoeoOpasue JaHamadTra, CylecTBoBaHue B HEM
caMmoperyiupoBanus. B nanamadre nporecchl caMmoopraHu3aiiy OnpeaestoT
€ro yCTOMYMBOCTb, MOCTOSIHCTBO CTPYKTYPbl M (PYHKIIMI, UX COXpPaHEHHE IMpHU
W3MEHEHUM BHEIIHUX yciaoBuil. llocnenHee monydmsio HaMMEHOBaHHUE
«OTHOCHUTEIIbHOM CaMOCTOSITEIbHOCTH JIaHAIIadTa.

Camoo4yuweHue noys

WckntoueHue 3arps3HsIOMIMX BEHIECTB M3 OMOJOTHYECKOTO KpPYyroBOPOTA.
CHmxeHue 00IIero CoACpKaHUs 3arps3HSIONINX BEIIECTB MOXKET MPOUCXOIUTh
B MOYBE MPU PA3TOKEHUHN UX JO HETOKCUUYECKUX COCIUHEHUN U TIPU MEPEXOJIe
WX W3 TOYBBI B COIPEICIbHBIE CPEIbl B PE3YJIbTATE CIEAYIOIINX MPOIECCOB:
ucriapeHust (B cocraB atMocdepbl), BbIHOCA C BOJHBIMH TOTOKaMHu (B
ruapocdepy), BBIHOCA PACTCHUSMH.

Canponernb

Komnonanas cryaeHucTas Macca xKeaToro, 0yporo Wi 3eJICHOBATOTO IBETa
(rHUOM  O3€pHBIA  WJI); TOMHUMO OPTaHUYECKUX BEIIECTB  COJCPIKHUT
MHUHEPAIBHBIE COCAUHEHUS, NPEUMYIIECTBEHHO TJIMHUCTBIC YaCTHIIbI,
MPOJYKT 3pO3WM MOYB W Topoxa OacceitHa o3epa. [lapamerpsr campomerns:
Eh =0 B; pH =6 —7; 3ompHOCTE 20 — 60 %.

Cedumenmauyus

OOpa3zoBaHue BcEeX BHJIOB OCAJKOB (0CaAKOOOpa3o0BaHWE) B pe3yJbTaTe
COBOKYITHOTO BO3JCUCTBUA (DU3UYECKUX, XUMHYECKUX ¢ OHOJIOTHYECKHUX
MPOIIECCOB, TPOUCXOAIINX B Onocdepe.
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CepoeodopodHasi eoccmaHosumersibHasi obcmaHoeka

Cpena, xapaxtepusyemast Hammarem H,S, HS™, S, ¢ xapaKkTepHBIM 3amaxoM
cepoBogopoaa. LIser mopoa 4YEpHBIN, CEpbIN, PEKE 3€TEHBIN. MHOTHE METAILIBI
00pa3yIoT TpyJIHOPACTBOPUMBIE CYIb(UIBI.

CeposodopodHbie (cynbghudHbie) 00bl, mun cepo8odopoOdHbIX 800

Boawer comepxar H,S, HS', mectamu SZ'; Fe u MHorme npyrue meTauibl
4acTO HE MUTPHUPYIOT, TaK Kak 00pa3yroT TpyAHOPACTBOpUMBIE Cyiabhubl. L{BeT
IOPOJ W TI0YB  YEPHBIM, CEPBIM, 3€JIEHBIA. TakWe YCIOBHUS CO3JAKOTCS B
GECKHCIOPOIHBIX BOax, Gorateix SO,°, rie aHadpOOHbIe GAKTEPUN OKHCISIOT
OpraHUYECKUe BEIIECTBA 34 CYET  BOCCTAHOBJICHUS cyJb(aToB
(necynbypuzanuu). IlosiBnenue B Bomax H,S (mHorma mo 2 r/m u OGoiee)
IPUBOJUT K OCaxaAeHUI0 MeTayioB. OriieeHue He pa3BuBaercs. Benmnunnbsl Eh
Huskue, yacto Huxke 0 (1o —0,5 B). CepoBogopoaHbie BOABI XapaKTEPHBI IS
COJIOHYaKOB M WJIOB COJIEHBIX O03€p CTENed W NYyCThbIHb, I TIIyOOKHX
MOJ3EMHBIX BOJI HEKOTOPBIX PaiOHOB U .

CepoeodopodHbie (cynbghudHbie) unbl

dopMuUpYIOTCS B CyJb(paTHBIX BOJOEMAaX CTEMHOW M MyCTHIHHOW 30H, TJIE
pazBuBaeTcs Jnecyinbypuzanus, npoxayuupyercs H,S, oOpasyercs BomHBIN
cynbpu xKele3a — TUIPOTPOUITUT, UMEIOIUM YEPHBIA 1IBET. B conéHbix 03épax
9EPHBIA  THAPOTPOMIHUTOBBIA TOPU3OHT (Gpes) €  ONIYTUMBIM — 3aIlaxom
CEPOBOJIOPO/IA 3ajieraeT OOBIYHO IO MAJOMOITHBIM OKUCJICHHBIM TOPHU30HTOM
U MMEET OYEHb HM3MEHYHMBYIO MOIIHOCTH (OT MEJKHUX IISITEH AUaMETPOM B
HECKOJIbKO  CAaHTUMETPOB JI0 TEPBBIX JCCATKOB caHTUMETpoB). OH
XapakTepuzyeTcsi Hanboyiee BOCCTAHOBUTENIbHBIMU ycioBusiMu: Eh B cpemnem
(—100) — (-200) MB, unoraa u Huxe. Cucremor nepexoaHbix ropu3oHToB (OGs,
Gres2, GOs) OH cBs3aH ¢ BBIINIE- M HIDKEISKANTUMU, KaK IIpaBUiio Ooliee
okucieHHbiMH, crosimu (A.U. [lepensman, B.B. barosn).

CepoeodopodHbIl 2eoxumuyeckuli bapoep (B)

DU3NKO-XUMUYECKUN BOCCTAHOBUTEINbBHBIN Oapbep, (HopMUpPYIOIIMIACS TpH
peskoMm ymeHbiieHun Eh TaMm, Tr1a€ KHCIOpPOIHBIE W TJEEBBIE BOJIBI
KOHTaKTHPYIOT C CEpOBOJOPOJHON cpemoii. Ha Gaphepe ocaxmaroTCs MHOTHE
MeTaJlIbl, 00pa3yroIue HEPaCTBOPUMBIE CYIb(UIBI, XapaKTEPHO HAKOILICHHE
Cu, Au, Ag, S, Se, U, Mo u apyrux snementoB (A.U. [lepenbman).

CudepopunbHbie xXuMu4yeckKue 3sieMeHmbl

Tsxénple AIEMEHTHI C TUIOTHOCTBIO OKOJIO 7, M3 KOTOPBIX C(hOopMUPOBAHO
Metaimueckoe sapo 3emnu (11 simemeHTOB). DTO TUNHMYHBIE METAJLIbI,
UMEIOITHE XUMUYECKOE CPOJICTBO K yriiepoay (¢ oOpasoBaHrueM KapOOHATOR), K
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docdhopy (bochartsr), k cepe U KpeMHHIO (CyabdaTel, CyIbhuabl, cUIUKaThI). K
cunepoduabHbiM 25eMeHTaM otHocaT: Fe, Co, Ni, Mo, Tc, Ru, Rh, Os, Ir, Pt
(B.M. lNonpammMuar).

CunbHoKucble 800bl, KIIacc CUNIbHOKUCIIbIX 800

Bonasr umeror pH < 3 — 4, oHu pacrpocTpaHeHbl IUPOKO, HO, KaK MPaBuilo,
Ha HeOoNbIIMX TIUIoWAAsaX. KHCIOTHOCTh TakuxX BOJA OOBIYHO 00s3aHA
OKHUCJICHUIO THPUTA U JAPYTUX AUCYIb(PHUIOB, MPUBOAALIEMY K OOpa30BaHUIO
H,SO,. B cepHOKHMCIBIX BOAAX JIETKO MUTPUPYET OOJBIIMHCTBO METAJUIOB, B
tom uucne Fe, Cu, Al, Zn u ap. B Bynkanuueckux pailoHaxX H3BECTHBI U
COJITHOKHUCIIbIE BOJbL. bonbliiee pacnpocTpaHeHHWE CHIIBHOKUCIBIE —BOJIBI
MOJIYYHUJIA B TEXHOTEHHBIX JaHAmadTax.

CunbHouw,ennoYHbIe 800bl, KNacc cubHOWe/104YHbIX 800

Boael ¢ pH > 8,5 00b14HO 00s13aHBI CBOEH peaKIMeil MPUCYTCTBUIO COJIbI
(NaHCO;, pexe Na,COs;), BepHee monoB Na', HCOj, CO;*, OH. B
LIEIOYHBIX COIOBBIX BOAAX JIETKO MHTPUPYIOT KpeMHe3dM, rymarsr, Al (AlO?),
Mo (MoO,*). Bonpmasi Tpymma 5IeMEHTOB, COCIUHEHHS KOTOPHIX TPYIHO
pacTBOPUMBI B HEUTpPaJbHON M CIIa0OIIETOYHON Ccpele, B COMOBBIX BOAAX
o0JanaeT BBICOKON MHTPAIIMOHHOW CIOCOOHOCTBIO, TaK KaK B ATUX YCIOBHUSIX
BO3HUKAIOT KapOoHaTHbIe pacTBopumble Komruiekchl (Cu, Zn, Be, Y wu
pPEAKO3EMEIBHBIE AIEMEHTHI UTTPOBOU TPyNIbl, Sc, Zr U JIp.).

Cucmemamuka 6uo2eoxumuyeckux NPo8uHyul

1) B.B. KoBanbckuil nepBblii HAMETUIT TPU TAKCOHA MPOBUHUMUMN: PETUOHBI
ouocdepsl, cyoperuonsl 6nocdepbl 1 OMOTCOXUMHUYECKHE TPOBUHIIMH. PernoHsl
ouocdepsl UMEIOT MPU3HAKK TOYBEHHO-KIMMATHUYECKUX 30H (TaéXHO-JecHas
HeuepHO3EMHasl 30Ha, JIECOCTENHAas M CTENHasl YepHO3EMHAs 30Ha, CyXOCTEeHasl,
MOJIYTyCTbIHHASI M MYCThIHHAs 30HA, ropHas 30Ha). Cpeau cyOperuoHoB OH
MPEJIOKUIT pa3indyarh Takhe, B KOTOPHIX KOMOMHHUPYIOTCS MPHU3HAKK PETHOHA
M0 KOHIICHTPALUSIM, JOCTHTAIOIIMM TOPOTOBBIX BEIUYHH, COOTHOUICHUSIM
XUMHUYECKUX  DJIEMEHTOB, BO3MOXXHOMY  IMpPOSIBICHHIO  CIEUU(PUUECKUX
OMOJIOTHMYECKUX  peakuuid, © CyOperHoHbl, TPU3HAKK KOTOPHIX HE
COOTBETCTBYIOT XapaKTepUCTHKE peruoHa. Ilocinemnue oOpasyrorcs HaA
PYOHBIMH TeJaMH, B OCECCTOYHBIX pailoHaX, B palloHax BYJKaHU3Ma, TPHU
TEXHOTCHHOM 3arpsisHeHuu. lIpumepamu ciyxar Uuarypckuii MapraHUEBBIN
cyoperuon, 3amamHo-Cubupckuii OopHBIM cyOpermoH u ap. B mpenmenmax
CyOpEeTrHOHOB BBIACISAIOTCS OMOTEOXMMHUYECKUE TPOBUHIIMU C XapaKTEPHBIMH
peaKIusIMy OPraHU3MOB, YHACMHUECKUMHU 3a00JIEBaHUSMU.
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2) Cucrematuka ¢  JaHAIIAQTHO-TEOXMMHUYECKHX  MO3UIUNH  TIO
A.N. llepenpMaHy OCHOBaHa Ha TE€OXHMHYECKHUX KPUTEPHUAX, K KOTOPBIM
OTHOCSITCS. TUIOMOP(MHBIE JIEMEHTh M T€OXMMHYECKUE CBOMCTBA MPUPOIHBIX
BOJl — TIIOBEPXHOCTHBIX, TOYBEHHBIX W TPYHTOBBIX. OT TIE€OXUMHUUYECKUX
ocoOeHHOCTe  BOJ  3aBUCUT  JeUIUT U  H3OBITOK  BJIEMEHTOB,
ouoreoxumuueckue 3HaeMHH. CocTaB TUMOMOPQHBIX 3JEMEHTOB U T'€OXUMUS
IPUPOJHBIX BOJ U IOJOKEHBI B OCHOBY BBIJICJICHUS JBYX BBICIIMX TaKCOHOB
CUCTEMAaTUKH OHOT€OXUMHUYECKUX MPOBUHIMNA — TUIOB M KiaccoB. llpu
BBIJICJICHUA TPEThETO TAaKCOHA CHCTEMAaTHMKA — BHJIOB TMPOBUHIUH —
UCIIONb3YyEeTCs KpuTepui, npemnoxeHHbld A.Il. BuHOrpagoBbIM UM TPUHATHIN
B.B. KoBanbckuMm, — nepumut wuiam U30BITOK XUMHUYECKUX DJIEMEHTOB B
OKpY)Kalollel cpeAe, CBS3aHHbIE C HUMH OWOTCOXMMHUYECKHUE DHIECMUHU
(A.I1. Bunorpanos, B.B. KoBanbckuii, A.W. Ilepensman).

Cucmemamuka no4e nNo cmeneHu MexHO2eHHO20 U3MeHeHUs!

1) IlpuponHbie TOYBBI; 2) TEXHOTEHHO-TPUPOJHBIE MOYBBI, 3) MPUPOIHO-
TEXHOTEHHBbIE TOYBbI; 4) TexHO3EéMbl. [IpuMepamMu MOJHOCTHIO TEXHOTEHHBIX
MOYB — TEXHO3EMOB — CIIy’KaT MCKYCCTBEHHBIE TTOUYBOTPYHTHI, TPYHTOCMECH Ha
TEPPUTOPUU TTPOMBIILJICHHBIX MPEANPUATHN, KapbepoB, IMIAXT U T. M., HEPEIKO
COJIEpIKAIlINE€ BBICOKHE KOHILIEHTPALIMM TOKCHUYHBIX 3JEMEHTOB. (cTalbHbIE
TPYNIbl  OTPaXArOT OOJBINYI0 (MPUPOIHO-TEXHOTEHHBIE) WM MEHBIIYIO
(TEXHOT€eHHO-TIPUPOJHBIE)  CTENEHb  NpeoO0pa3oBaHUs  UCXOJHBIX  IOYB
TexHoreHHbIMU  miporieccamu  (A.H.  T'emnagumeB, H.II.  ConHuesa,
M.N. I'epacumoBa).

Cucmemamuka mexHO2eHHO-U3MEHEHHbIX 1048

B kauectBe kpuTepueB KiacCU(UKAIIMU TPEIAraloTCs XapaKTePUCTUKH:
1) Tum  TEXHOTEHHOrO  BO3JACHCTBUS  HA  MMOYBY  (MEXaHOT€HHO-
TpaHC(POPMUPOBAHHBIE  TOYBBI;  THAPOTEHHO-TPAaHC(HOPMUPOBAHHBIE — —
OpOLIaEMbI€, OCYIIAeMbI€; TEXHOXUMU3UPOBAHHBIE — arpo-, UHAYCTPUAIbHO-,
KOMMYHaJIbHO-; 9KpPaHUPOBaHHbIE — ac(haabTOM, KAMHEM H Jp.); 2) TEKYyIIH
TEXHOTE€HHO-O0YCIOBJICHHBIM  mpouiecc  (MOYBBI € H3MEHSIOIIKUMHUCS
OKHCIIUTEJIbHO-BOCCTAHOBUTEILHBIMUA U IIEJIOYHO-KUCIOTHBIMU CBOMCTBAMU:
NOJKUCIISIIOLIMECS,  OllleJlayuBaolIuecs,  3a0ojlayuBaromuecss W T.1.;
AeTyMUPUIUPYIOIIHECs, TYAPOHU3UPYIOLUIMECS W T. ., 3POAHUPYIOIIHEcS,
OTJIMHUBAIOIIMECS W J1p.); 3) XapakTep CTPOSHUS HOBOOOPA30BAHHOTO
MOYBEHHOTO0 Tpoduas U  OCTaTOYHbIE TMPU3HAKH  KMCXOJHON  TOYBBI
(CEepHOKHCIIBIN COJIOHYAK Ha CKAJIBIIMPOBAHHOM IOA30JI€, 3aCOJICHHAS] TEMHO-
KallITaHOBasl 1o4Ba U T.11.). CUCTEeMaTHKa U T€OXUMUSI TEXHOT€HHO-U3MEHEHHBIX TTOYB
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HaxomsaTcss B crtaauu craHoBieHus (A.H. I'emnagueB m ap.). TexHoreHHo-
M3MEHEHHBIE MTOYBHI BHIJEISAIOTCS B COBPEMEHHOM Kiaccudukamnuu mous Poccun
(B.[. ToHkoHOTOB # 11p.).

CumyayuoHHbIe ((pakmopHbIe) 3KOJS1020-2e0XUMUYeCKUe Kapmbl

1) Ha ananuTu4eckux KapTax STOTO THIIA M300paKAIOTCA T'€OXUMHUYECKHE
0COOCHHOCTH JlaHmadTa, CyIEeCTBEHHBIE JI OIEHKH €ro COCTOSHUS. TaKOBBI
KapThl Omomacchel, pacmpenenenus rymyca, pH, Eh, rpamymomerpudeckoro
cocTaBa MOYB U OTJIOkKeHUH U ap. 2) K Oonee ciio)XHOMY KOMIIEKCHOMY THITY
OTHOCATCS COOCTBEHHO JIaHAIMA(PTHO-TEOXUMHYECKUE KapThl, HAa KOTOPHIX
MOKa3aHbl (PaKTOPbl MHUTPAIMU DJIEMEHTOB, a TAKXKE IMOJYUYUBIINE IIUPOKOE
pa3BUTHE KapThl YCIOBUN MHUIpAlUU 3arpsi3HSIONIMX BEIIECTB B Pa3IMYHBIX
KOMIoOHeHTax JjgaHamadra. Ha HuUX KpoMe TreoXMMHUYECKHMX OCOOECHHOCTEH
naHamadToOB MPUBOAMUTCS XapaKTEPUCTHUKA YCJIOBUM MUTpallid U €€ OlICHKa
NPUMEHHUTEIIBHO K TSOKENBIM METaIaM, IMOJULIUKINYECKUM apOMAaTHYECKUM
YTJIEBOJIOPOIAM U IPYTHM MOJUTFOTAHTAM.

ConéHble 800bI, cemelicmeo COJIEHbIX 800

O6miass muHepanuzamuss Boag 3 — 36 (50) r/n. K HuUM OTHOCSTCS
OKE€aHMYECKHUE, MHOTHE MOBEPXHOCTHBIC U TPYHTOBBIE BOJIbI JaHAIIA(TOB. DTO
caMbl€ PacipOCTPAHEHHBIE BObI ILNIAHETHI.

Conugpnrokyus

Teuenue rpyHTOB.

CosiloHoeamble 800bl, cemelicmeo CoJIOHO8ambIX 800

O6mas munepanu3anus Boa 1 — 3 r/1. Onu Haceimensl CaCO3z;, MgCO; u
gactnuyHo CaSQy. IToaTOMy pacTBOpstomas CriocOOHOCTh BOJ ocliabjieHa, TpH
HEOO0IBIIIOM MOBBIIIICHUHT KOHIICHTpAIUU u3 HUX OCaXIar0TCS
TPYIHOPACTBOPUMBIC COJIM, KOTOPbIE OOYCJIOBJIMBAIOT KapOOHATHU3AIUIO U
OTUIICOBAHUE MOYB M MOPOJ. Takue BOJbI IIUPOKO PACIHPOCTPAHEHBI B CTEIISIX,
NYCTBIHSAX M CyXuX caBaHHaX. Cpeld COJIOHOBAThIX BOJ MO>HO BBIICIIUTH
nojiceMeiicTBa ciaboconmoHoBareix (1 — 2 1/1), comonoBareix (2 — 5 1/1) u
CHUJIbHOCOJIOHOBATHIX (5 — 10 1/1).

Copb6yuoHHbIlU 2eoxumuyeckul 6apbep (G)

OU3NKO-XUMUYECKUN Oaphep, BOZHUKAIONINI HAa KOHTAKTE BOJ| C TIIMHAMH U
npyrumu copbentamu. Ha G-6apnepax konnentpupyrores Ca, K, Mg, P, S, Rb,
V, Cs, Zn, Ni, Co, Cu, Pb, U, As, Mo, Hg, Ra u npyrue sneMeHTbl. OTH
Oapbepbl XapakTepHbl IS KpaeBbIX 30H 00JI0T (Topd), HLTFOBHAIBHBIX
[JIMHUCTBIX TOPU30HTOB TMOYB W KOP BBIBETPUBAHUS, T'YMYCOBBIX T'OPHU30HTOB
M0YB, KOHTAKTA IJIMH U NMECKOB B ayuttoBUM U T.1. (A.W. Ilepenbman).



104

Cneuudhuyeckasi adcopbyusi Memassios rno4yeou

CopOuwsi, Korja Ipyu HU3KUX KOHIICHTPAIUAX B PACTBOPE THKETBIC METAILIBI
B MIEPBYIO OYEPEb 3aHUMAIOT Ha TIOBEPXHOCTH TBEPAOTO TeJia MECTa C BHICOKOU
SHEpPruer CBSA3U, MPU ATOM H30TEPMbI METAIIOB PACIOJIOKEHBI MOJT OOJBIIUM
yrioM K ocu abcmuce. Criennduaeckn aacopOMpOBaHHBIE KATHOHBI CBSI3aHBI C
TBEpAOM  (Pa3oii  MOYBBI  MPEUMYIIECTBEHHO  KOBAJICHTHBIMH  WJIH
KOOPAWHAIMOHHBIMU  cBsi3siMU.  Creruduueckas ajacopOius 00ycloBieHa
T'YyMYCOM TIOYB U THJIPOKCHUJIAMH XKejle3a, 00pa3yIoIMMy TOHUYalIIe TIEHKA Ha
IVIMHUCTBIX dYacTulax. MoHBI THKETBIX METAIOB CIOCOOHBI CHEU(PUISCKH
a7IcopOUpOBATHCSl MOYBAaMU C OOpa30BaHUEM OTHOCHUTEJIHLHO MPOYHBIX CBS3EH
KOOPAMHAIIMOHHOTO TUIA C MOBepXHOCTHbIMU OH-TpynnaMu antoMOCUIMKATOB
WM ruapokcuaa amroMuans. Crienududeckas ajcopOius Ooliee n3duparebHa,
yeM Hecrenudpuueckas, ¥ 3aBUCUT KaK OT CBOMCTB COpOUPYEMBIX MOHOB, TaK M
OT HPUPOLI PYHKIIMOHAIBHBIX TPYIII, MO3TOMY TSXKETBIE METAIbl SHEPTUYHO
aZcopOUpyIOTCSl TMOYBAaMM M3 PacTBOPOB. MexaHu3M crenupuieckoro
norJionieHust 0ojee CBOMCTBEHEH, HAlpUMEp, CBUHILY, YEM IIMHKY M KaJMUIO.
KoaddummeHnTsl CceNneKTUBHOCTH, pacCUMTaHHBIC 11 OOMEHHOM peaKIuu
KaTUOHOB TSDKEJIBIX METAJIOB C TOTJIONMICHHBIM KaJIbIIMEM, IOJITBEPKIAIOT
MPEUMYIIECTBEHHOE TOTJIONIEHUE TSDKENIBIX METAJIOB [0 CPaBHEHUIO C
KaJIbI[UEM, a B PSIAY TOKEIBIX METAVIOB CEJIEKTUBHOCTH aJICOPOIIMU CBHHIIA
6osiee yeM B 1000 pa3 BeIlIe, YeM IIMHKA U KaIMUS.

CmayuoHapHocmb naHlwaghma

YcroituuBoe coctosinue nanamadTa, XxapakTepru3yeMoe BhICOKOM CTENEHbIO
KorepeHTHOCTU. Hepeako »To sBiaeHHEe 0003HAYAIOCh KaK «COCTOSIHHE
paBHOBecus». OnHako naHAmadT SBISETCS MPUHIIUIUAIBHO HEPABHOBECHOM
CHCTEMOM, YTO CBSI3aHO C HEMPEPBHIBHBIM MOCTYIUICHUEM B HETO COJHEYHOU
sHEepruu W e€ TpaHcopmalmeld B DHEPIHI0 TCOXHUMHYECKHUX ITPOIIECCOB.
HepaBHoBecHOCTh XapakTepHa W [JIi MEXAHUYECKHUX TMPOLECCOB, O UYEM
CBUJICTEJILCTBYIOT MOCTOSTHHO TEKYIIME PEKH, BETPHI, HECYIIUE MECOK U MbLIb,
MHOTHUE Jpyrue siBjaeHus. [lodTomy TpakTyeMoe B Tpyldax «pPaBHOBECHE B
naHamadTey B TOJABISIONIEM OOJBITMHCTBE CIIy4aeB 0003HAYaeT WHOE
sBJICHHE — cTarmoHapHocTh Janamadta (A.U. Ilepensman, H.C. Kacumog).

CmpykmypHbIlU yeHmp naHowagma (3Kos1020-2e0XUMUYeCKoOU cucmemabl)

OOBeKT, TPUPOJIHOE WIM TEXHOTEHHOE 00pa30BaHME, UTPAIOIIEE BEIYIIYIO
POJIb B JAHHOM AKOJIOTO-TEOXUMHUUYECKON CHUCTEME; ONpeeIIeT CBSI3H, €IUHCTBO
u ympaBiaeHue B JaHamadte. BoiabmmHCTBO JaHMMa(TOB OTHOCHUTCS K
[IEHTPAJIM30BaHHBIM cUCTeMaM. B mnpupoaHom mnanHamadre IEHTPOM YacTo
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CIy’KaT  TIOYBBl M PACTUTEIBHOCTb  BOJOPA3JECIBHBIX  YYaCTKOB
(«BOJIOpa3ACNbHBIA  LIEHTP»), OMNpENESAIoNMEe MHOTHE T'€OXUMHUYECKHE
0coOeHHOCTH JaHAmapToB OoJiee HUBKUX THIICOMETPHUYECKUX YpPOBHEH.
Texnorennsie naHAmAa@THl, Kak MPaBWIO, MOJUIECHTPUYHBI: HapsAy C
«BOJIOPA3ACIbHBIM IEHTPOM» (YHKIMU IIEHTPA BBIMOJHAIOT HCTOYHUKU
TEXHOT€HHOTO BO3JEHCTBUS, CHCTEMA YIIPABICHHS TOPOJIOM, MPEINPUATHEM,
depmoii u 1. 1. B anemenTapHoM naHAmadTe rIaBHBIM TOPU3OHTOM (SIPYCOM),
ONpENENSAIOIUM CBOEOOpa3He CHUCTEMBI B LEJIOM, KaK MPaBUIO, CILY)KUT
BEpXHUH TOPHU30HT TOYBBl A, e HauOOJEe SHEPrUYHO Pa3JIararTCs
OpraHMYECKHWE  BEILIECTBA, MPOUCXOJAT  HauOOJbIIME MpeoOpa3oBaHUs
MUHEpAJIbHOW YacTU. B HEKOTOPBIX 3JIEMEHTApHBIX JaHAadTaXx TJIABHBIM
MPU3HAETCA APYrod TOPHU30HT, HANpPHUMEpP, B COJOHILAX LIEHTPOM SBIISIETCS
COJIOHIIOBBIM TOPU30HT B ¢ 0OMEHHBIM HATPUEM.

CybakeasnbHbll (akeasnibHbIl) 35ileMeHmapHbIl naHowaghm

DnemeHTapHbIN JJaHamadT, Il KOTOPOro XapaKTepeH MPUHOC MaTepuaia ¢
TBEPIABIM M KUJAKAM OOKOBBIM CTOKOM. Paznmuaror (M.A. ['nmazoBckas)
TpaHCaKBaJIbHbIE (PEKH, TPOTOUYHBIE 03EPA) U aKBAJIbHBIE (HEIIPOTOUYHBIE 03€Epa)
naHAma@Tel. AKBaJbHBIE 3J€MEHTapHbIE JaHAA(THl NPEACTaBIAIOT CO00M
YYaCTKH C OJIMHAKOBBIMH PACTUTEIBHBIMH COOOIIECTBAMH, PACIIOIOKEHHBIE Ha
OJTHOPOJHBIX 3JIEMEHTaX MOJBOJHOTO peinbeda, B TMpenerax KOTOPHIX
dopmupyeTcsi onpenenéHHbld TUN JOHHBIX OTioxkeHuil (A.Jl. XoBaHCkuii).
ABTOHOMHBIE  TIO3MLMM  aKBAJBHBIX  JIAHAIWIA(TOB  HE  BBLACIAIOTCS.
DneMeHTapHbIe aKBaJIbHbIE JaHAMA(TH B OCHOBHOM SBJISIFOTCS TPAH3UTHBIMU U
akkymyssiTuBHbIMU (b.B. [TonbiHOB).

CyMMma 30/1bHbIX 3JIEMEeHMO8

[IporneHT BemiecTB, u3Bnekaembix 1H pactBopom HCI u3 305161

CyMmapHbIU nokazamersib 3a2pPsi3HeHUs

[Toka3arenb, XapaKTEpPU3YIOIIMM CTENEHb 3arpsA3HEHHs]  acCcolMaluu
3JIEMEHTOB OTHOCHUTENBbHO (oHa: ZC=y Kc-(n-1), rme Kc — ko3(hUIHMECHTHI
TEXHOTCHHOW KOHLEHTpanuu Oosbiie 1 (wam 1,5), N — 4YKCIO 3JIEMEHTOB C
Ke > 1 (wm 1,5). CymmapHblii MOKa3aTellb 3arpsi3HCHUS MOXKET ObITh
ompeneneH Kak g BCeX D3JEMEHTOB B OJHOW MpobOe, Tak M s y4yacTka
TEPPUTOPUHN MO TEOXUMHUYECKON BbIOOpKE. OlleHKa OMACHOCTH 3arps3HEHHs
IIOYB KOMIUIEKCOM 3JIEMEHTOB IO IOKa3aTest0 ZC MPOBOAMUTCS MO OLIEHOYHOM
mIKajge, Trpajaludyd KOTOpOMl pa3pabOTaHbl HA OCHOBE HW3YYEHHUS COCTOSHUSA
3I0POBbsSI HACEJICHMSI, POKUBAIOILLETO HA TEPPUTOPUSIX C PA3TUUYHBIM YPOBHEM
3arpsi3HeHust moyB: ZC < 16 — nomyctumasi, Haubojiee HHM3KUN YpPOBEHb
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3a00JIeBaeMOCTH  J€Te W MHHMUMYM  (YHKIIMOHAIBHBIX  OTKJIOHEHUH;
16 < Zc < 32 — yMepeHHO OIacHas, YyBeJIWYeHHE OOIIero ypOBHS
3aboneBaeMocTH; 32 < ZC < 128 — omacHas, yBeluyeHHE OOIIETO YpPOBHS
3a00JIeBa€MOCTH, YHMCJIa YacTO OOJCIOMMX JeTei, JeTel ¢ XPOHUYECKUMHU
3a00JICBaHUSAMHU, HapYHICHUSAMH (QYHKIMOHUPOBAHUS CEPACUYHO-COCYIUCTON
cucTtembl; ZC > 128 — upe3BbIYaiiHO omacHas, yBeJIWYEHHUE 3a00JIEBaCMOCTH
JCTCKOTO HaCelleHUs, HapYIICHHE PEMpPOAYyKTUBHOW (YHKIUN KCHIIUH
(yBemnueHne CiaydaeB TOKCHKO3a MNP OCEPEeMEHHOCTH, IPEKICBPEMEHHBIX
POJIOB, MEPTBOpOKaaeMocTH, TunotTpoduit HoBopoxaeHHbix) (FO.E. Caer).

CynepakeasbHbIl 3/1eMeHmapHbIU 1aHowaghm

OnemeHTapHbl  JaHAmadT, OTIMYAIOIIUNACA  ONM3KUM  3aJleTaHhEeM
TPYHTOBBIX BOJI; TIOCIIEHUE OKA3BIBAIOT CYIIIECTBCHHOE BIIMSHUE HA JIAHIMIAQT,
TaK KakK IMOCTaBJISIOT Pa3INYHBIC BEIIECTBA, BBIMBITHIC M3 KOPBI BHIBETPUBAHUS U
nouB BojopasnenoB. Paszmuuator (M.A. ['nmasoBckasi) 3lieMEHTapHBIC
maHAmadTel  TpaHCCYINEpakBalibHble W COOCTBEHHO  CyNepaKBaJIbHBIE
(3aMKHYTbIE TOHMKEHUS cO ca0biM Bo10o0MeHOM) (b.b. [ToasiHOB).

T

TanaccogunbHbIl 351IeMeHm

DJIEMEHT, aKKyMYJIUPYIOIIUNCS B PACTBOPEHHON COJIEBOM YacTH BoAbl (J,
Br, Cr, S u np.). TanaccopunbHbie 3J€MEHTHI OYE€Hb CJIa00 BBIHOCITCS W3
pacTBopa B MWJIbBI M TIOCTENEHHO HAKaIJIMBAIOTCA B MOPCKON BOJE.
TanaccodunbHble 3JEMEHTHl HAXOMSTCS B PACTBOPEHHOM COCTOSSHUM COTHH
TBICSIY JIET U OoJIee.

TepmoduHamu4eckulli 2eoxumu4deckull 6apbep (H)

Ou3uKo-xUMUYeCKud  Oapbep,  BO3ZHUKAIOMMNA  TMPU  YMEHBIICHHUH
MaplUUAILHOTO JABJICHUS YTJIEKUCIIOTO ra3a U YBEJIMYEHUH TeMIlepaTyphl, B
pe3yJibTaTe CO3[al0TCsl YCIOBUS ISl BBIJICJICHUS YTJIEKUCIIOTO ra3a U3 BOJI; Ha
Oapbepe ocaxaarorcs paziuunble kapooHaTsl (Fe, Mn, Cu u Ap.) U B NepBYyIO
ouepenb KaibIUT. bapeep QopMupyercss B MecTaX pe3KOTO TOHIKCHHUS
nasyieHnsi CO, B MOJ3EMHBIX U TPYHTOBBIX BOJaX, HA HEM OCAXKIAIOTCS KaJbLIUT
U Jpyrue KapOOHATHI: Ca2++2HC03'=CaC03+COZ+HgO. Tak oOpasyroTcs
KaJIBIIUTOBBIE TpPaBEpPTHUHHI B MECTaX BbIXOJAa Ha 3EMHYIO IOBEPXHOCTH
VIJIEKUCTBIX ~ MCTOYHHUKOB,  KaJBIIUTOBBIE  TOPU30HTHI B  MOYBAX W
KOHTHHEHTAJbHBIX 0Ti0XeHUsIX (A.W. Ilepenbman).
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TexHob6uozeoma

JlannmagTHO-TEOXUMHUECKHE  CHUCTEMBI  CO  CXOAHBIM  YPOBHEM
F€OXMMUYECKOW YCTOMYMBOCTH M CXOAHBIM XapaKTepOM TEXHOTECHHOM
reoxumudeckor Tpancopmaruu (M.A. I'mazoBckas).

TexHo2eHHas1 aHOManus

Anomanus, oOpa3yromasicss B KOMIOHEHTax JaHamadra B pe3yibTare
MOCTYIUIEHUS PA3JINYHBIX BEIIECTB OT TEXHOTCHHBIX NCTOYHUKOB, ITPEACTABIISAET
co00Oll HEKOTOphIi O0BEM, B Tpelaesax KOTOPOro 3HAYEHUS AaHOMaJbHBIX
KOHIIEHTpauun JJIEMEHTOB OoJbIIe (OHOBBIX 3HAYECHUU. ITo
pacupoCTpaHEHHOCTH BBIACIAIOTCS TJIO0AIbHBIE, PETrHOHAIBHBIE, JIOKAJIBHbBIE
TEXHOTE€HHbIE aHOMaJIMU. [10 BIMSHUIO HA OKPYXAlOUIYI0 Cpely — MOJIE3HbIE,
BpeaHble, HeWTpanbHbie. [lo cpene o00pa3oBaHHS TEXHOTEHHBIE AaHOMAJHH
JeNSATCST  Ha  JIMTOXMMHYecKue (B TO4YBaxX, IMOpojax, CTPOCHMSIX),
TUApOreoXuMuYeckre (B BOJlax), aTMoreoxumuyeckue (B arMmocdepe, cHere),
ouoreoxumuueckue (puto-, 300- U aHTponoreoxumudeckue). [lo pmurenbHOCTH
JIEUCTBUSA UCTOYHHMKA 3arpsi3HEHUS: KPAaTKOBPEMEHHBIEC (aBapHilHbie BHIOPOCHI),
CpPEIHEBpPEMEHHbIE (C  MpEKpalleHUEeM BO3JCHCTBUS), JOJITOBPEMEHHBIC
CTaIllMOHApPHBIE (AHOMAJIUU 3aBOJIOB, TOPOJIOB, arpoJIaH A TOB).

TexHOo2eHHasi 30Ha eblujeslayueaHusi

VYyacTok, oOpa3yroluiics, Kak IpaBuio, MPU BbIIIETAYMBAHUN METAIJIOB U3
pyd, OTBAJIOB, XBOCTOXPAHWIHIN. 3O0HBI BBINIECIAYMBAHUS BO3HUKAIOT KakK B
pe3ynbTaTe LEJeyCTPEMIIEHHOTO TEXHOJIOTMYECKOTO BO3ACHCTBUS HA IOYBBHI U
TOpHBIE MOPOJIbI, TAK U 32 CYET KOCBEHHOIO, MHOTJIa OTAAJIEHHOTO IO BPEMEHH U
MECTy T€XHOreHe3a. Takue 30Hbl BHIIIEIAYMBAHMS JOCTUTAIOT U PETHOHAIBHBIX
MacmTaboB.

TexHO2eHHasi Kopa ebleempueaHust

HckyccTBeHHOE Teo, c(opMmHpoBaBiIeecs B pe3yJbTaTe TEXHOTC€HHON
TpaHcopMalii  TPUPOJHONM  KOPbl  BBIBETPUBAHUSA, T'COXMUMHUYECKHE
OCOOEHHOCTH  KOTOPOTO  ONPEACNAIOTCS  CHEUU(UYECKHMM  XUMUYECKUM
COCTaBOM: TEXHOTCHHBIC CBOMCTBA MOJIHOCTHIO WJIM SIBHO MPEOOJIaNaroT Haj
npupoaHbiMu. HawmOonee wu3ydeHbl TEXHOTEHHBIE KOPHI BBIBETPUBAHUS Ha
pPYIHUKAaX, BCKPBIBAIOIIUX CYIb(UIHBIE MECTOPOXKACHUS, T/A€ KHUCIOPOL
POHUKAET K CYIb(UIHBIM PyJaM U 3HAYUTEIIbHO YCKOPSET UX OKUCIEHHUE (WU
BbI3bIBaET €ro). B pesynbrare pH Bog Mectamu nonmxkaercs no 0, popmupyercs
HCKYCCTBEHHasi 30Ha OKHCIEHUSI — TEXHOIEHHas CEpHOKHUCIas Kopa
BBIBETPUBAHUS, U3YUCHUE KOTOPOU UMEET OOJIBIIIOE TPAKTUISCKOE 3HAYCHUE.
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TexHO2eHHasi Mu2payusi

Murpamusi, cBA3aHHas C OOIIECTBEHHBIMH MPOIECCAMH, OIPEACIACTCS
COLIMAJIbHBIMU 3aKOHOMEPHOCTSIMU, XOTS €l IPUCYIIH U O0siee MpoCThie (POPMBI
IBWOKEHMs. Pa3nuuaroT JBa T€OXMMHMYECKHUX THIA TEXHOTEHHOW MMIpPALUH.
1) Murparusi, yHacineaoBaHHas OT 6uocdepsl U B JajdbHEHIIEM HCKYCCTBEHHO
u3MeHEHHas. Tak ke Kak u B Ouocdepe, B TEXHOTCHHBIX JaHmadrax
IPOTEKAET OMOJIOIMYECKUN KpPYrOBOPOT, 3JIEMEHTbl MHUIPHUPYIOT B BOJAX U
atMocepe. DTO MO3BOJISIET YCTAHABIMBATH PAAbl MUTPALUU, TUIIOMOP(HBIE
AJIEMEHTHI, KO3(PPUIMEHTH OMOJOTUYECKOTO MOMVIOMIEHN. Takue NOHATUS, KaK
«Ouomacca», «eXKeroiHas NPOAYKIUs», «JIePUIUTHbIE H HU30BITOYHBIC
ANIEMEHTBD», MPUIOKUMBI K TeXHOreHe3y. 2) Murpauus, dyxnas ouocgepe. B
TEXHOT€HHBIX JIaHAMmAa(TaX NPOTEKAIOT XUMUUECKHE PEaKlUU, HaXOAII1ecs B
PE3KOM IPOTUBOPEUYUH C MPUPOJHBIMU YCIOBUSMHU, 00pa3yroTCsl XUMHUUYECKUE
coeMHeHus, B Ouocdepe He CyIIECTBOBABIIME, 00Jaarolue CBOWCTBAMH,
HEU3BECTHBIMU Y TPUPOJHBIX MaTepuaynoB. Hakonen, uwyxiael Ouocdepe
AKCIOPT, UMIIOPT W JPYTrU€ BUIbI MUTPALMH, MOJYMHSIOMIMECS COLUUATbHBIM
3aKOHaM.

TexHO2eHHas1 Mugpayuss MsXXEnbIX Memarsioe

Bun TexHoreHesa — Murpanus TOKENBIX METAUIOB, OCYLIECTBIIsieMasl B
MIPUPOJHO-AHTPONIOTEHHOM CHCTEME «OTXOJbl (aTMOC(EpHBbIE BBINAJICHUSA) —
nousa». CylIeCTBYIOT pa3IMYHbIE OLEHKH OMACHOCTU OTXOJI0OB, 3arpsi3HSIOIIUX
3emito. HanOonee omacHbl T€ TOKCUYHBIE TEpPaNoOUIIOTAHTBI, KOTOpBIE U
F€OXMMUYECKH U OMOXMUMHUYECKHU MOJIBH>KHBI U MOTYT MOMACTh B MUTHEBYIO BOAY
WIM B pacTeHus. DTO B MEPBYID OUYEpEAb COCIMHEHHUS TSHKEIBIX METAIJIOB.
Hapsiny ¢ BeIOpocaMu mpennpusiTuii UMEIOTCS MHOTOYMCIIEHHBIE YYaCTKH, I/Ie
CKJIQJIUPYIOTCSI OTKPBITHIM CIHOCOOOM OBITOBbIE M MPOMBILIUICHHBIE OTXOJIbI
(1Iako- M 30JI00TBajbl, XBOCTOXPAaHWIMINA, cBaikH). Ilo KoHueHTpauuu u
KOMILIEKCY TSDKENBIX METaUIOB aHOMAJMU 3/1€Ch HE YCTyNawT BbhIOpocam,
ABJISISICh  MCTOYHMKOM TIOBTOPHOM SMHUCCHMM B OKpYXamwllylo cpeny. B
pe3ynbTaTe BO3AYIIHOW M BOJHOM MHUIPALMM TEXHOTEHHBIE OPEOJBI BOKPYT
CBAJIOK B HECKOJBbKO pa3 OoJbllie TEPPUTOPUH, OTBEAEHHOM MOJ OTXOMIBI.
OTxoap1, TaKUM 00pa3oM, CIIOCOOHBI BBI3BIBATH TPAHCHOPMAITUIO MPUPOTHBIX
CUCTEM B NPHUPOAHO-TEXHOTEHHBbIE U Ja)ke TeXHOTeHHble. OTHUM M3 TIABHBIX
MEXaHU3MOB HAOJII0JaeMON TpaHcpopMalUd U SIBISETCS TEXHOTEHHAas
MUTPALMS TSOKENBIX METAUIOB U JIPYTUMX 3JIEMEHTOB B CHUCTEME «OTXOIbl —
nouBay. Jns nangmadToB, 3arpA3HEHHBIX TMPOMBIIUICHHBIMH  OTXOJaMHU,
TexHoreHHas Murpaius TM siBisieTcs BeayIlIMM IpoleccoM npeoodpa3zoBanus. B
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OYBEHHOM Tpoduiie GopMuUpyercs TEXHOTEHHBINH MOTOK paccestHUsl TSKEIbIX
METAJIJIOB, UMEIOIINN YETKYI0 IPOCTPAHCTBEHHYIO CBSI3b C €r0 UCTOYHHKOM —
TBEPABIMU  TIPOMBIIIUICHHBIMA ~ OTXOJaMH, a HaOJrojaeMas TEXHOTCHHAs
aHoManmss TM  xapakrtepuszyercss JIHMHAMHUYHOCTBIO W HEMOCTOSHCTBOM
napaMeTpoB MOJUMMETAUIBHOTO 3arpsasHeHus. I[lepepacnpenenenue TM umeet
BBIPA)KEHHBIN MMITYJIbCHBIM XapaKTep: Ha HaydaJbHBIX 3Tanax npuBHoca TM B
TYMYCOBOM TOPH30HTE (POPMHUPYETCSI «UMITYJIbC» — MAKCUMYM KOHIEHTpPAIIHii
TM, KOTOpBIN B JaJbHEHUIIEM IO NEHCTBUEM KHCIBIX (DHIBTPAIMOHHBIX BOJ
CMEIIAETCA B HWKEJIEKAIINE TOPU30HTHI. TEXHOTEHHAs MUrpauus TIKEIBIX
METAJJIOB B CHCTEME «OTXOJIbl — IIOYBa» — IMPOLECC HHBAPUAHTHBINW, T.€.
XapaKTep HUTOTOBOTO PACIPECIICHUs] METAUIOB IO IMOYBEHHOMY MPO(HIIO
Ka4eCTBEHHO HE 3aBHUCHUT OT BHJIA XUMUYECKUX cOeNMHEHU TM, BHECEHHBIX C
MPOMBINUICHHBIMU OTXOJIaMH, TaK KaK JIEUCTBYET YHUBEPCAJIbHBIA MEXaHU3M
MOOMIM3AIMM U TEpepaclpesiesieHUs] METaJUVIOB M3 OTXOAOB U  TOUYB,
ONpENENIIEMbI TMHAMUYECKUM pPABHOBECHEM «AKKYMYJSILIUSL — KHUCJIOE
(xkucnotnoe)  BoeimenayuBanue»  (JILA.  Iupkun, T.A. Tpudonosna,
H.B. CenuBanosa).

TexHo2eHHas1i mpaHcgopMayusi coeOUHeHUU MsKENbIX Memasioe
8 noyse

Psin xuMu4eckux npeBpaiieHuil, OCyIeCTBISIEMbIX TP MUTPAIIUN TSIKETBIX
METAJJIOB B CUCTEME «OTXO/IbI (aTMOC(epHbIe BhINaZeHus) — mouBa». HecMoTps
Ha 3HAUUTENTBHOE pa3zHooOpa3ue (OpPM COCNUHEHHM TSDKEIBIX METaJJIOB,
MOCTYNAIOIIMX B TTOYBY U3 OKPY’KarOIIEH cpeibl, (pa30BbIi COCTAB PJIEMEHTOB B
COCTaB€ BBIOPOCOB, OTXOJIOB MPEANPUATUM JOCTATOUHO OJHOTHUIEH H
MPEJICTABICH MPEUMYIIECTBEHHO TBEPABIMU OKCHUIAAMH W TUAPOKCHIAMH, a
TaK)K€ HEKOTOPHIMH MaJlOpacCTBOPUMBIMHU cosisiMu. KonmdecTBo CcynbhumoB u
BOJOPACTBOPUMBIX (pakiuii THKETBIX METAVIOB CPaBHUTEIBLHO HEBEIHKO.
[Iponiecc Tpanchopmaliu MOCTYNUBIIMX B TMOYBY B MpOlECCE€ TEXHOreHe3a
TSOKENBIX METAJJIOB BKJIIOYACT CEAyroNue cTaauu: 1) BeiienauyuBanue TM;
2) TpaHcopMmaius, CBA3aHHAs C JEMOHUPOBAHUEM W OOMEHOM HOHOB TM
MMOYBEHHBIM  BEIIECTBOM; 3) mpeBpamieHuss npu nepeHoce TM B
buIbTpalIMOHHOM TOTOKE; 4) MHKpoOHosiornueckas TpaHchopMmalus W
TpaHchopMalus npu norjomeHud TM pacTeHUsIMU.

BreimenaunBanne TM  compoBokIaeTrcss MpeoOpa3oBaHHEM  OKCHJIOB
TSOKENBIX METAUIOB B THUIAPOKCHBI, KapOOHATHI, THIPOKCOKAPOOHATHI C
MOCJICAYIOIIUM  PAaCTBOPEHUEM COECAUHEHHUN TSKENBIX METAIOB. TskEnble
METaJIJIbl MOCTYMNAT B (PUIBTPAT U MUTPUPYIOT B COCTABE MHOTOYHUCIICHHBIX U
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Pa3HOOOpA3HBIX MO COCTaBY KOMILJIEKCOB — COECIMHEHUN PAaCTBOPEHHBIX HMOHOB
TM u monekyn pactBoputerst (H,O) mm annonos kucior (HSO4*, SO~ Cl™ u
ap.). Ilepememienune TKEABIX METAIOB IO TMOYBEHHOMY MPOQUIIO
KOHTPOJIUPYETCS OPraHWYECKHMM W MHMHEpAJbHBIM BEIIECTBOM. Paznuuus B
copOupymomeid  CroCOOHOCTHM  CBSI3aHBl € MPUCYTCTBUEM B MOYBax
cnenuduueck agcopOUpPyIOMUX TSHKENbIE METaJIbl KOMIIOHEHTOB (TYMYCOBBIE
BEIIIECTBA, COCIMHEHUs >Kelie3a, KapOOHAThl), a MPOYHOCTH CBA3U C ITUMH
KOMIIOHEHTaMU  OO0ycCJIOBJIeHa BenuuumHOM pH  moOYBeHHOro pacTBopa.
Tpanchopmanus npu mnepeHoce HOHOB TM B  (QMIBTPAIMOHHOM TOTOKE
COTPOBOXKIAETCS IByMs CIIEIM(PUIESCKUMU sIBIICHUSIMH. Bo-1iepBbIX, 370 3 deKT
AHWOHHOT'O BBIHOCA KaTHOHOB, KOTJ]a 3HAUYUTEINIbHAS YaCTh IMOCTYNUBIINX U3BHE
AHUOHOB COXPAHSIET B MOYBE CBOKO MOOMJIBHOCTh U MUTPUPYET C HUCXOIALIUM
TOKOM BJIard, IPU 3TOM BBI3bIBAET SKBUBAJIEHTHOE BBIIIECIIAYMBAHUE U3 MOYBBI
TM. IlosToMy MUTrpalus TSHKENBIX METAIJIOB MO MOYBEHHOMY NPO(UII0 — 3TO
GYHKIMS HE TOJIBKO IIEIOYHO-KHCIOTHBIX ycioBuil (pH), HO M aHMOHHOTO
COCTaBa KHCIBIX JPEHUPYIOIIUX BOJA. BO-BTOpBIX, BaXHbIM SIBJICHUEM
TEXHOTEHHON  TpaHcopmanuu  sBiIsAeTcd  APPEKT  «IOJIUMETAIIIBHOTO
3arpsi3HeHMs». B peakuusx MOHHOro OOMEHa € IMOYBEHHBIM MOTJIOMIAFOIINM
KOMITJIEKCOM KAaTHOHBI METaNIOB B CHIIy OJIM30CTHM XWMHUYECKHX CBOWCTB
OTHOCUTEJILHO  PaBHOLIGHHBI, = YTO  OOYCJIOBJIMBAE€T  BO3HUKHOBEHUE
CKOHKYPEHLIMM» MEXAY HUMU 3a OOMeHHble mo3uluu. «KoHKypeHIMs»
METaJUIOB TPUBOAMUT, C OJHOW CTOPOHBI, K TOMY, YTO B LEJIOM CpPEIHS
WHTEHCUBHOCTh MUTpaniuu BceX TM B MOTOKE OKA3bIBAETCA OYE€HBb BBICOKOM, C
IpYyrol — B YCIOBUSIX NOJHMMETAJUIBHOTO 3arpsi3HEHUsI PACTBOPUMOCTh H
MUTPAIMOHHAS CIIOCOOHOCTh pfAJia TOKCHUYHBIX METAJUIOB OKa3bIBACTCS BHIIIIE,
YeM Yy OTHAEJbHO B3STHIX coequHeHUH. HamOonplIyro OnacHOCTh AJ BBICHIMX
OpraHu3MOB, B TOM 4YHCIE M [JIs YEJOBEKa, MPEACTAaBISAIOT MOCIEICTBUS
MUKpPOOHOU TpaHc(hopMalii HEOPTraHUYECKUX COCAMHEHHUH THKETBIX METAIJIOB
B opra"o-mMeraummueckue coeauHeHust (JILA. Ilupxun, T.A. Tpudonosna,
H.B. CenuBanosa).

TexHO2eHHOe 2eoxumuyeckoe daesieHue

KonuuecTBo 31emeHTa, BBIBOJUMOE €XKETOJHO U3 TEXHOTEHHOI'O MOTOKa B
MPUPOJIHBINA;, OTHOUIEHUWE €ro K E€JWHHUIIEC IUIONAAd — MOJYJb TEXHOT€HHOTO
reoXUMUYecKoro aasirenns, T/km> (H.®. Tna3oBckuif).

TexHO2eHHOE O)Kesle3HeHue noYye

Bun TexHorenesa, MNposBASETCS MpPU 3HAYUTEIBHOM U JUTUTEIHHOM
MOCTYIUIEHUU KE€Jie3a, KOTOpO€ TMPAKTUYECKH HE BIUAET Ha IIEJIOYHO-
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KUCIIOTHbIE U OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE  YCJIOBUS  MUTPALUH
aneMeHToB. OpHako  Oiaromapsi — 3HAYUTENBHOM  Macce,  IIUPOKOMY
pactpoCTpaHEHUI0O W  METAKOJUIOMTHOMY  MHKPOCTPOEHHUIO  OKCHIBI |
THAPOKCUIIBI  JKeJie3a CTald BaXHBIM (AKTOPOM TMepepacupeneicHus |
AKKYMYJISIIAU TSOKEIBIX METAUIOB U OJIM3KUX MM MOJUBAJIECHTHBIX AJIEMEHTOB
(oOpa3zoBaHre TEXHOTCHHBIX COPOIIMOHHBIX OaphepoB). IIpouHast CBA3b THKETBIX
METaJJIOB C COESMHEHUSIMU KEJI€3a XOPOIIO BHIPAKACTCS BO BCEX T€HETHUECKUX
TOPU30HTaX TOYBEHHOTO mpodmisa. Dukcamus xKejae3oM OoJbIIeld YacTh
TSOKETBIX METAJUIOB, COJAEPIKAIIMXCS B MOYBE, OblIa oTMeUYeHa enié Mutdenom
(Mitchell, 1963) u B mocneayolieM H3y4daiach MHOTUMHU 3apyOeKHBIMH U
oteuecTBeHHBIMH crieruainuctamu (Hildebrant, Blum, 1974; Forbes a. o., 1976;
Norwell, 1980 u ap.). Oxcuabl ¥ TUIAPOKCUIBI JKeJIe3a CBA3BIBAIOT U30BITOUYHBIC
MacChl PACCEeSHHBIX METAJUIOB, TOCTYHAIONIME B IOYBY, W PETYIHUPYIOT HX
MOCTYIUICHHE B  OHOJIOTMYECKUH KPYrOBOPOT W  BOJHYIO  MUTPAIHIO.
KoHueHTpaiuss HEKOTOPBIX TSHKEIBIX METAVIOB B TEXHOTEHHBIX M MOYBEHHO-
TUINIEPTEeHHBIX JKEJIE300KCUIHBIX aKKyMYJAIusax Bo3pactaeT a0 10 pa3 u Gonee
II0 CPaBHEHUIO CO CPEOHMM YPOBHEM MX COJEpXkKaHWs B 3€MHOM Kope. B
OTIETBHBIX CIIyJasX KOHIIEHTpAIMs HUKENsd, KOoOaibTa, BaHAAW, XpoMmMa U
HEKOTOPBIX JPYTMX METAJIOB BO3pacTaeT HACTOJIbKO, YTO 0Opa3yroTcs
nerupoBannbie pyasl (B.B. JloOpoBonbckuii, 1974). Fe He HakarumBaeTcs
OMOTEeHHBIM TYTEM B PACTEHUSAX W T'yMYCOBBIX TOpPH30HTaX mouyB. OJQHAKO TIPH
BBICOKMX cojiepkaHusx noaBmkHoro Fe (cBbimie 500 MI/Kr) NOSIBASIOTCA
CUMTOMBI TOKCHYHOCTH.

TexHo2eHHO€e rnodKucrieHue

Bun TexHorenesa — MmojkuciieHHe aTMOC(EpHBIX OCAaIKOB, BOJ U TOYB B
pe3ynbTaTe dMHUCCHH B aTMoc(hepy OKCHIIOB CEpPhl M a30Ta OT TEXHOTCHHBIX
HMCTOYHHUKOB TIPU CXKUTAHUHM yTisl, HePTH, raza. TeXHOTreHHOE MOIKUCICHUE
MOYB BENET K TOHIDKEHUIO COJIEp)KaHUA B HUX TMOMIONIEHHBIX KAaTHOHOB,
YMEHBIIIEHUIO COPOITMOHHON CIIOCOOHOCTH, BHICOKUM COJIEPKAHHSIM OOMEHHOTO
Al m momBwxHBIX (OpPM THKETBIX METAUIOB, MOOWIM3YIOMIMXCS B KHCIION
cpene. TsokEnmple METAIBI MUTPHPYIOT W3 TOJKHCICHHBIX IOYB M MOTYT
HAKaIUTMBAThCSl B MECTHBIX BOJOEMax. YCWICHHE IIOIBMIKHOCTH TSDKEIBIX
METaJUIOB TPH TIOJKUCIICHWH TIOYB JakKe B Cla003arpsi3HEHHBIX JTaHamadTax
BpeauT peibaM, 4To Ha mpumepe Hg mokazano mist 03ép FOxuoit IlIBermm.
Oco0eHHO CWJIBHOE MOJKHUCIICHUE JAaHAMAPTOB MPOUCXOIUT Ha JIOKAJIbHBIX
ydacTKax pa3MEIICHHs CYIb(UICOACPKAIIMX OTXOAOB M OTBAJIOB, CTOKOB
CWJIBHO KHUCIBIX BOJ, T/J€ (QOPMUPYIOTCS TEXHOTEHHBIC CEPHOKHCIIBIC
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nanawadTel. Bompockl BO3AEWCTBHSA KHUCIBIX OCAaJKOB Ha OHOJIOTMYECKHE
CBOMCTBA NOYBBI TOJBKO HAYMHAIOT pa3pabaTeiBaTbcsd. Bo MHoOrmx paborax
MOKa3aHO, 4YTO BCJEACTBUE Oy(hepHBIX CBOWCTB TOYB M3MEHEHUS  HX
OMOJOTMYECKUX CBOMCTB MOTYT OBITh BHayalle W HE3HAYUTENbHBL. B
HauOoNbIIEH CTENEHW HEraTUBHBIE WM3MEHEHUS IPOCIEKHBAIOTCS B BEPXHUX
IOYBEHHBIX TOPU30HTaX. BIMSHME KHUCIBIX OCAaJKOB HAa OHMOXUMHYECKYIO
AKTHUBHOCTh CHJIBHO 3aBHUCUT OT THIA I[OYB M JUIMTEIBHOCTH BO3JEHCTBHSL.
KpatkocpouHnoe (Tpu Mecsiiia) Bo3AeHCTBHE KUCIbIMU ocaakamu ¢ pH = 3,0
Jake HECKOJBKO YBEIMYMBAIO a30T(PUKCHUPYIONIYI0O aKTUBHOCTb U JbIXaHHUE
0COOEHHO B HEKOTOPBIX JIECHBIX MOYBax. JloiroBpeMeHHOE BO3/€cTBHE OBLIO
O0onee TokcuuyHbIM. Haubonee CHIBHO OTpHUIATENbHBIE  IOCIEACTBUS
MPOSIBJISIIOTCA HAa TECYaHbIX NouBax. B pe3ynbrare BO3IAEHCTBUSA KHUCIBIX
OCAJIKOB BO3MOKHO TIIOHM)KEHHE CKOPOCTM M YpPOBHS MHUHEpaIU3aLMH
OpraHu4ecKkoro BemiecTa. OTMEUYEHO U MOAABIEHUE NPOLECCa HUTPU(PUKALIUU B
[I0YBaXx.

TexHO2eHHOe noduwienavyueaHue u kapboHamu3sayusi

Bun TexHoreHesa, MNpOSBISETCS MPHU 3HAYUTEIBHOM U JUTUTEIBHOM
MOCTYIJIEHUU KapOOHATHOM MbUIH (M IPYTHX IIEJTOYHBIX COCAMHEHUI) Ha (OHE
KHCJIBIX 1104B, Korna pH Bo3pacraer 1o 7 — 8. Breicokoe coaepxanue Ca B 3051aX
HEKOTOPBIX YIJIeH W BbIOpOCax LEMEHTHBIX MPOU3BOJACTB MPUBOAUT K
MOAIIETAaYMBAaHUIO TOYB. Te€M caMbIM MEHSIETCS CpelJa MHIpPaluud MHOTUX
XUMUYECKUX BJEMEHTOB, BO3pacTaeT pojib LIEJIOYHOTO T'€OXHMUYECKOTO
Oapbepa sl TSDKENBIX METAIOB, aKTUBU3UPYETCS MUTPALMS aHUOHOTE€HHBIX
aneMeHToB.  DopmupyroTcs  0coOble  MPHUPOJHO-TEXHOTEHHBIE  IOYBHI,
coueTaronie B Mophonoruu M (U3MKO-XMMHUYECKUX CBOWCTBAX PEIUKTOBBIE
MIPU3HAKU €CTECTBEHHBIX MOYB (3JII0OBUATBHO-WUTIOBUANIbHASA TUdPepeHnanms
npouiist, KAcaash peakius CPeAHUX M HUKHUX TOPU30HTOB) M TEXHOTEHHBIE
SIUTCHETUYECKUE W3MEHEHUS: HEHUTpaJbHYyl0, CIa0OIIeNOuHy0, U Jaxe
ICJIOYHYI0, PEAKIMH JEPHOBBIX M T'yMYCOBBIX TOPH30HTOB, HACBIIIEHHOCTb
norjouiaroniero komruiekca u ap. lllenouynas TexHoreHHas TpaHchopMaius
NOYB BEAET K M3MEHEHUI0 MX Oy(depHOCTH, YBEITUYEHHUIO MOTJIOTUTEIbHOU
cnocoOHocTH. B cremsix u mycThiHAX 3(dekThl KapOoHATH3allMM MEHee
3aMeTHbl. IIpy JOCTM>KEHMM ONpENeN€HHOTro Tmpenena MOoAUIeIaunBaHue
CKa3blBaeTCs Ha NOuYBeHHOW Quope u ¢dayne. IlommenaunBanue ocaakoB
OpuBOAUT K moBbleHUI0 pH kopbl u nuctheB. [Ipu 3nauenusax pH Oonbiie 8
OHO TOKCMYHO M MOXXET BECTH K PACTBOPEHUIO COJEPKAIIMXCS B a’pO30JIsiX
aHUOHOTI€HHEIX d1eMeHToB — Mo, Cr, V.
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TexHO2eHHOe pyOHOe mecmopo)xdeHue

OTBanbl  pynHUKOB U 3dens oboraTutenbHbIX (PaOpHK, KOTOpbBIE
paccMaTpUBAIOTCA B KAU€CTBE PYAHBIX MECTOPOKICHUN B CBSI3U C NOHUKECHUEM
KOHIUIIUU PYI.

TexHO2eHHbIe 2eo0xuMuvecKue npoyecchbl

1) N3BiedyeHue TMOJIE3HOTO MCKOMAEMOro W3 HeAp; 2) HSMHUCCUS B
TEXHOJIOTHYECKHUX Mpolieccax Mpu 00oTalleHUU U niepepadoTke py; 3) aMUCCUs
C BbIOpOCaMH, OTXOJaMH, CTOKaMHM W TOTOBOM Mpojaykiued (cxema
TEXHOTEHHBIX MPOIECCOB MPH 100bIUE U MEPEpadOTKE MOJIE3HBIX UCKOMAEMBIX).
TexHOTeHHBIE  TPOILIECCH  MOTYT CHUCTEMAaTHU3UPOBATHCS MO  pPEeKUMaM
(IOCTOSIHHBIE, TEPUOJUYECKHE, KaTaCTpOPUUECKHE), MOAYJSAM HArpy3ku Ha
cpeny, o0ObéMaM BBIOPOCOB, HCTOUHHMKAM 3arps3HCHHS, XUMUUYECKOMY COCTaBY
BBIOpOCOB, cTokoB | T.1. (H.I1. ConmHiena).

TexHO2€eHHbIe unbl

Unwl, dopmupyronmecss B Tropojax, B MOpyJax M OTCTOMHUKAX Ha
TEPPUTOPUU METAJUTYPrUue€CKUX MPEANPUATHA, IIAXT W PYJHUKOB, Kyda
MOCTYIAIOT MPOMBIIIJICHHBIE CTOKHU. TBEpJasi 4acTh MOJHOCThIO TEXHOTECHHBIX
WJIOB B COTHM W THICAYM pa3 oOoraiieHa OTHOCHUTEIBHO (oHa THKEIBIMU
METaJlJIaMH, OPTaHUYECKUMU COCTMHEHUSIMU: TIOBBIIIIEHO CO/IEp>KaHUe OUTYMOB,
MPOSIBJIAIOTCS ~ CUHTETUYECKUE TMPOAYKTHI, HEHU3BECTHhiE B  Ouocdepe
(FO.E. Caer, E.II. flaun). B paiiloHaX WHTEHCUBHOTO 3EMJICICIIHS JIOHHBIC
OTJIOKEHUsI O0OOoTaIeHbl NECTUIMIAMH, COCAWHCHHSAMHU a30Ta, AJIEMEHTaMH
docdharaeix ynoopenudt, penkumu 3emissmu (AWM. AukacoB). Ilaparennsie
acCOIMAaIIMM DJIEMEHTOB B TEXHOT€HHBIX WJIaX YacTO OTJIWYAIOTCS OT HPUPOTHBIX
accolMaliii HAKOIUICHUEM DJIEMEHTOB-aHTAarOHUCTOB. B  CyIJIMHHUCTBIX W
TJIMHUCTBIX HIJIAX 3a CYET OCaXKJIeHHsS Ha COpOIIMOHHOM Oaphepe Coaep)KaHue
TSOKENBIX METAJJIOB, KaK MPAaBUJIO, B HECKOJIBKO pa3 BBIIIE, YEM B MECUYAHBIX,
CyNeCYaHbIX U aJIEBPUTOBBIX UJIaX.

TexHO2€eHHbIl 8000HOCHbIU 20PU3OHM

Bo/loHOCHBIE TOPU30HTHI MOJ3EMHBIX M TPYHTOBBIX BOJ B pailoHax
MPOMBIIIIJIGHHOTO W MHTEHCUBHOTO  CEJIBCKOXO3SMCTBEHHOTO  OCBOCHHS,
HaxXOJSIIIMECs TI0J MOIIHBIM TEXHOTEHHBIM TIIPEeCcCOM. 3arps3HEHHUE TOuB,
JOHHBIX OTJIOKEHUU, COPOC CTOYHBIX BOJ B BOJIOEMBI NMPUBOJAT K U3MEHEHUIO
XUMHUYECKOTO COCTaBa TMOJ3EMHBIX W TPYHTOBBIX BOJl, HX 3arps3HEHUIO.
Hepenko 3Tu mpouecchl UMEIOT PErMOHAIBHOE PACIPOCTPAHEHUE, UTO CO3MAET
yIpo3y TUTHEBOMY BOJIOCHAOKEHHIO, OCOOCHHO TMPOMBIIIIEHHBIX PErHOHOB.
XapakTepeH TaKKe TEXHOICHHBINW SIUTEHES.
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TexHO2eHHbIU 2aso2eHe3

[Ipomecc  mpeoOpazoBanus  JaHamadTOB  MpU  T00BIYE  HEPTH.
BricokoMuHepann3oBaHHbIE BOJBI TMOCTYIAIOT HAa IMOBEPXHOCTh M Ha (OHE
JIEPHOBO-TIO/I30JIUCTHIX TOYB (POPMUPYIOTCS TEXHOTECHHbIE OUTYMUHO3HBIC
COJIOHYAKH, YTHETAeTCs WM YHUYTOXAETCS HA3€MHAas pacCTUTEIbHOCTh H
NMOuYBEHHass Me3odayHa. 3acolieHHe TOYB COMPOBOXKIACTCS H3MEHEHHEM
€MKOCTH TIOTJIONICHUS, COCTaBa IMOTJIONIAIONIETO KOMIUIeKca (TOSIBICHHE
HaTpUsl), MOAIIECTAYMBAHUEM [TOYBEHHBIX PACTBOPOB, YBEIMUYEHUEM COJEPIKAHUS
OpPraHUYeCcKOTO yIVIEpOJa, HW3MEHEHHEM TIPYNIOBOTO COCTaBa TryMmyca,
OTJICCHHEM, KOHLIEHTPALIMEH OT/IEbHBIX XUMUYECKUX JIEMEHTOB. J[J1s TaéKHBIX
nanamadToB, 3arpsA3HEHHBIX HE(PTENpOIyKTamMu, TEXHOTEHHBIM TrajoreHes
ABJISIETCS] BEAYILIIUM IIpoIlecCOM IpeoOpa3zoBanus JauamadgpToB. B aBToMopHbIX
nouBax He(PTh AKTUBHO MUTPUPYET, AKKYMYJIUPYSICh HA COPOIIMOHHBIX Oapbepax
B I'YMYCOBOM M WJUIIOBHAJIBHOM TOPU30HTaX. 3a CUET MHUKPOOMOJIOITHYECKOrO
MeTtabonu3ma B TeueHue roaa pazpymaercs 10 — 15 % mnepBoHavyanbHO
BHeCEHHOU HedTH. B ruapomopdHbIXx mouBax HE(Th XOPOIIO COXPAHAETCS W
akkymynupyercs B TieeBbiX ropu3oHTax. Ilo H.II. ConHueBoii, TaéxHble
naHamadTel, 3arps3HEHHbIE HEPTHIO W MUHEPAIM30BAHHBIMU  BOJAMH,
MPOXOAST CTaJAMM pPa3BUTUA: (POHOBAs JEPHOBO-MOA30JIMCTas [OYBa —
OMTYMHHO3HBIA COJOHYAaK — OWTYMHUHO3HBIA COJIOHYAKOBBIM COJIOHEL —>
OMTYMHUHO3HBIA COJIOHEN] — OWTYMHUHO3HBI OCOJIOACBAIOIINNA COJIOHEN] —>
J€PHOBAsA MOBBILMIEHHO-TYMYCHAsl OCOJIO/IeNIasi OCTaTOYHO-COJIOHIIEBATas MOYBa.
B TyHmpoBbix nanamadTax yCTAaHOBJICHO HETaTUBHOE BIMSHUE HEDTSIHOTO
3arpsi3HeHUs] Ha MOp(OaHATOMUYECKUE M XUMHUYECKUE CBOMCTBa pacTeHuil. B
CTEMSX U MYCTHIHAX TpaHcPopmMalusi 3arpsA3HEHHBIX TIOYB  IPOTEKAET
3HAUUTETBLHO OBbICTpee 3a CYET wucnapeHus HepTH U MHUHEpATU3AINH,
MOBBINIEHHONW MHUKPOOUOIOTHYECKON U (HEePMEHTATUBHOW AKTHUBHOCTH TIOYB
(H.IT. Connuesna, FO.I'. ITukoBckwii).

TexHO2€eHHbIl 2eoxumu4vecKkul 6apbep

Yyactok, T/I€ TPOUCXOJUT PE3KOE YMEHBIIEHHE HWHTEHCUBHOCTH
TEXHOTC€HHOM MUIpallMd U KaK CJEACTBUE KOHLEHTPUPOBAHHE 3SJIEMEHTOB.
Cpenu TeXHOTEHHBIX OaphepoB (Kak W B MPHUPOJHBIX Oapbepax) BBIICISIOTCS
MEXaHU4YeCKue, PU3NKO-XUMMUYECKHUE U OMOTEOXUMUUYECKHE KJIACChl, TaK KakK B
00pa30BaHUM TEXHOTEHHBIX OaphepOB MOTYT Yy4YacTBOBATh MEXaHUYECKHE,
(bU3UKO-XUMUYECKHE U OMOTEHHBIE MPOIECCHI, HO CYITHOCTh JIAHHBIX 0aphepoB
HE MOXET OBbITh TMOHSATAa 0e3 yu€Ta OCOOCHHOCTEH TEXHOTCHHOW MHTpaIuu.
[TonoOHbie Oapbepbl MOTYT BO3HUKATh CTUXHHWHO B XOJIe TEXHOTEHHOM
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MUTpalMy, HO MOTYT CO3/1aBaTbCi M CIICHUAIBHO C ILENbI0 JIOKAIW3aLUU
3arpsis3HeHus. TexHOreHHbIe 0apbephl MOKHO CO3/1aBaTh, YCUJIUBAs HEKOTOPHIE
pUpOAHbIE Oapbepbl WM (OpMUPYsS HOBbIE Oapbepbl Ha MYTH TEXHOIE€HHBIX
MOTOKOB. bapbepbl 001aal0T pa3auyHON MPOHUIIAEMOCTBIO JJISI TEXHOTC€HHBIX
NOTOKOB M OINpEIEIEHHOW E€MKOCThIO II0 OTHOLIEHHUIO K OTHEJIbHBIM
TEXHOTC€HHbIM KOMIIOHEHTaM M KO BCEHd HX COBOKYHNHOCTH. IloHsATHE
«TEXHOTeHHBbIE TeoxumMudeckue 6apbepb» BBel A.U. [lepenbman B 1976 1.
TexHO2eHHbIlU naHowaghm
Cucrema C IPAKTUYECKU MOJIHOCTBIO TpaHCPOPMHUPOBAHHBIM
OMOJIOTUYECKUM KPYTrOBOPOTOM 3JIEMEHTOB, TEXHOTE€HHBIE CBOMCTBA MOJTHOCTHIO
WIM SBHO TMpeoOJafaroT HaJ MPUPOJHBIMH (OTBAJIbl, XBOCTOXPAaHUIIUIIIA,
ac(abTUpOBaHHBIE TMOBEPXHOCTU TOPOJAOB M Jopor u T. 1.). CBoeoOpaszue
TEXHOTCHHBIX  KYJIbTYPHBIX  JaHAIMIAdTOB  OMPEACNISIETCS  TEXHOTCHHOMU
MUTpalen, COIMAIbHBIMU MPOILIECCAaMU, XOTS B HHUX pPa3BUBAIOTCA U BCE
ocTalibHble BUIbI Murpanuu. l[loteps npupogHoil wHGOpMaUU € U30BITKOM
KOMIICHCUPYETCS pOCTOM TEXHON€HHOHM. B 1menoM B TeoXHUMHYECKOM
OTHOIIICHUHM TE€XHOT€HHBIE JaHamadThl pazHooOpasHee NpUpoAHBIX. M3ydueHue
FCOXMMHUU TEXHOTCHHBIX M TPUPOJHO-TEXHOTCHHBIX JIaHAMA()TOB UMEIO
BAKHOE 3HAUCHHE JUISl PA3BUTHUS PsAla TEOPETUUYECKUX MPUHLHUIOB. Tak, cTajio
SICHO, 4YTO  KOHIENUWA  KaTEHApHOW  aBTOHOMHOCTHU-TIOAYUHEHHOCTU
B.b. TlonbiHOBA MOJTHOCTHIO HE MPUMEHUMA ISl TEXHOTEHHBIX JaHImadToB u3-
32 CYIIECTBEHHOH  MOCTaBKM  DJIEMEHTOB-3arps3HUTENECd B  ObIBIIME
«aBTOHOMHBIE» MOPUPOAHBbIE JaHAmAapTel. JJI1g H3ydeHUsT TEXHOTEHHBIX
MUTPALMOHHBIX TMOTOKOB Ba)XHEWINEW CTAHOBUTCS CHUCTEMA  «OTXOBI
(atMocdepHbIe BBIMAICHHS ) — TOYBBI — pacTeHUs (KUBOTHBIC) — BOJIBI».
TexHO2eHHbIU Heopesibegh (20PHONPOMbIWIIeHHbIX 1aHOwagmoes)
JlanamiadTel, BOZHUKIIINE B PE3yIbTaTe KOPEHHOT'O U3MEHEHUS JIMTOTEHHOU
OCHOBBI U CBSI3AHHBIX C HUM U3MEHEHHI HAIpPaBJIEHUS U CKOPOCTU MPOTEKAHUS
BCEX XMMHUYECKUX IMPOLECCOB, YTO HEPEAKO MPUBOAUT K U3BJICYEHUIO HA
MOBEPXHOCTh M OOpa30BaHUI0 TOKCUYHBIX COEAWHEHUM. Macmtadbl 3THX
SIBJICHUM HACTOJIBKO BEJIMKHU, YTO B HayKe C(HOPMUPOBAIIOCH MPEACTaBICHUE O
TeXHOTeHHOM Heopenbede. Ero ¢hopmbl onpenensoTcs NpUMEHEHUEM TOW WK
MHOU (DOPMBI BCKPBIIMIHBIX pabOT M criocobaMu nepeMenieHns U3BJICUEHHONW Ha
MMOBEPXHOCTh 3EMJIM TOPOJbI. BBIIENAIOT 1Ba OCHOBHBIX THMa Heopenbeda:
MOJIOKUTENIbHBIA  (aKKYMYJIATHUBHBIN), K KOTOPOMY OTHOCSITCSI OTBalbl,
TEPPUKOHBI, HACBIMIHBIE W HaMBIBHBIE TMOBEPXHOCTH, W OTPHUIIATECIHHBIN
(BBIpaOOTaHHBIN) — IIAXThI, KAPbEPHI, Pa3pe3bl, BEIPAOOTKHU U T. A. JIMHEITHbIC



116

pa3Mepbl 3TUX HOBBIX (opM pelibeda ObIBAIOT JOBOJIBHO 3HAYUTEIBHBIMU: HUX
BbIcOTa Hepenko aocturaer 50 — 80 M, mpoTskéHHOCTh — 1,5 — 2 kM. B 30He
dbopmupoBaHusS Heopenbeda BOZHUKAIOT DPO3UOHHBIE JACHYIAIMOHHBIC U
CTOKOBBIE€ MPOIIECCHI, 32 CYET KOTOPHIX MPOTEKAET 3arpsi3HCHUE U 3aWJIMBaHUE
BoJ0EMOB. [Ipn coBpeMEHHOM TEeXHHKE ITyOHMHa KapbepoB gocTuraer 50 w,
IMPUHA KapbepHOTO MOJsA — A0 S5 KM, i1 Pa3MEIICHUS TOPHBIX IOPOJ,
OTCHITIAEMBIX B OTBaJIbI, TPEOYIOTCA ThICSAYU TekTapoB. [Ipu Takoil riayOuHe
BBIPAOOTOK HEM30EKHBI CEPHhE3HBIE HAPYMICHUS THAPOJOTHYECKOTO PEKUMA,
MABOJAIINE K HWCTOIICHUIO TOJ3EMHBIX M TIOBEPXHOCTHBHIX BOA. I[lomoOHBIC
maHAIaThl XapaKTepU3yrOTCs BBICOKOW CTENEHBIO 3arpsi3HEHUs] MOYBEHHOTO
MIOKPOBa, MPUPOJHBIX BOJ M aTMoc(epbl MPOIyKTaMU BHIBETPUBAHUS TOPHBIX
MOpoJi, TPOMBIIUICHHBIMU BBIOpOCAMH, Ta3aMHU TOPSIIMX OTBAJIOB U
TEPPUKOHOB.

TexHO2€eHHbIl opeos1 paccesiHusI

TexHoreHHass aHOMaNMs, HMEKOIIAs YETKYI0 MPOCTPAHCTBEHHYIO U
TE€HETUYECKYIO CBSI3b C KOHKPETHBIM UCTOYHUKOM 3arpsi3HEHUS.

TexHO2€eHHbIl MOMOK paccessHUsi

TexHoreHHass aHomanus, (UKcUpyeMas B TPaH3UTHOU cpene (B BO3AyXe,
BOJIE, YACTUYHO B JIOHHBIX OTJIOKEHHUSIX).

TexHO2€eHHbIU 3nu2eHe3

N3meHeHne cocTtaBa MOA3EMHBIX BOJI M BMEIIAOUIUX TMOPOJ B Pe3yybTaTe
AQHTPOTIOTEHHOT'0 TOCTYIUICHUS 3arps3HSIONIMX BEIIECTB. Tak, Hampumep,
[IaXTHBIE U PYJIHUYHBIE BOJbI UMEIOT YACTO KUCIIYIO PEAKIUI0, CEPHOKHUCIBIN
COCTaB, arpecCHBHBI, COAEPKAT BBICOKME KOHUEHTPALUUH TSKEIBIX METaJJIOB.
BomoHocHble TOpU30HTHI, O00pa3yloIMecs B apHUIHBIX pailoHax 3a CYET
MPPUTAIMOHHBIX BOJ, UMEIOT MOBBLIIIEHHYI0O MUHEpaIUu3aluio, HEUTpaIbHYIO U
IIEJIOYHYI0 PEeaKIUI0 Cpelbl, KOoTopas HeOjaromnpusTHa Jis MUTPALUU
KaTHOHOTEHHBIX 2JIEMEHTOB (TsDKENBIX METAJUIOB).

TexHonedobuoma

['eoxumuueckass accoumanusi MOYB CO CXOJHOW OTBETHOW pPEaKUMENW Ha
OTpeNeIEHHBIE MOJYJIM TEXHOT€HHOTO IMPHUBHOCA TOKCHUYHBIX DJIEMEHTOB
(M.A. I'mazoBckas).

TexHOgbunbHOCMb

OTHoIIeHHE €XEeTOAHON TOOBIYM WJIM MPOM3BOJICTBA DJIEMEHTAa B TOHHAX K
ero kiapky B jutochepe (A.U. Ilepenbman). DakThuecKkd TEXHOMDUIBHOCTH
MOKa3bIBaET, CKOJILKO JAHHOTO JJIEMEHTa B €IWHUIIAX €ro KJiapka JA0OBITO 3a
ron. Horma TeXxHOPMIBHOCTD 3JEMEHTA OMPENENSIOT JUIsl OTASIBHBIX CTpaH.
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OnHako 00bEKTUBHYIO MH(pOpMaIUIO (0COOEHHO AJIS DKOJIOTMUECKUX IIeJieii) B
ATOM CJIy4ae MO’KHO TMOJIYYUTh JJIA CTpaH, UMEIOIIUX OOJBIIYIO IUIONIAIb U
HECIeUATTU3UPYIOITUXCSI Ha TOOBIYE OMPEACIIEHHOTO ChIPhS.

TunomopgHbIe annemeHMbI

DIeMEHTBI, HOHBI, COSUHEHHUSI, B OOJIBIIIOM KOJIMYECTBE PACTBOPSIOIIUECS B
MOBEPXHOCTHBIX M TTOYBEHHBIX BOJIaX, 00YCIOBIUBAIONINE KACIOTHO-IIECIOYHBIC
YCIJIOBHSI M OTIPEICIISIONINE YCIOBHS MUTPAIIUU B JTAHAIIA(TE.

Tunbi Mu2payuu XUuMu4eCKUX 3/1eMeHINo8

Ces3bIBasi TEpEeMEIICHUE XMMHYECKMX DJJEMEHTOB ¢ (QopMaMu HUX
HaxoXJaeHusi, B.A. AJIEKCEEHKO BBIJCISIET TPU OCHOBHBIX THIIA MUIPALIHH.
[TepBbIil THUIT MUTpaAIlMU MPEJCTABISET 000N M3MEeHEeHHE (HOPMbI HAXOXKICHHUS
AJIEMEHTOB 0€3 MX 3HAYUTEJILHOTO MEPEMEILICHHS], HAllPUMEp MEPEXO0/] FJIEMEHTa
13 MUHEpPaJIbHOW (pOpMBI B BOJHBIE PACTBOPHI. J{JIs1 XapaKTEpUCTUKH ITOTO THUIIA
MUTPAIIMM MOXHO HCIOJIb30BaTh KOA(D(PUIIMEHTHI MEpexojia 3JIEMEHTOB U3
oqHOM (opMbl B apyryro. BTopoit TN MuUTrpamuu TpeacTaBiIseT CoOoi
MepeMeIleHue dieMeHTa 06e3 u3MeHeHust popmMbl ero HaxoxaeHus. [Ipumepamu
TaKOT0 TUIIa MUTPALIUM MOKET CIIYKUTb IEpEeMEIICHUE adpo30Jieil B atMocdepe,
00JIOMKOB MUHEPAJIOB B MOBEPXHOCTHHIX BOAAX WM JIEMEHTOB, HAXOJISIIIUXCS
B PAacTBOpPE, MPHU JABUKEHUH MOBEPXHOCTHBIX M MOA3EMHBIX BOA. Tperwil Tum
MUTpAllUK  OOBEAMHSET JBa TMPEABIIYIIMX ¢ COCTOMT B TEPEMEIICHUU
AJIEMEHTOB C M3MEHEHUEM (POpM HX HAXOXJICHHS, HAMPUMEp, MEepeMeIlCHUE
3JIEMEHTOB B TOJ3EMHBIX BOJIaX, PACTBOPAIOIIMX MHHEpadbl Ha MECTO-
POXKIICHUAX, TIEPEXO] U3 MUHEpAIbHOW (OpPMBI B OMOTCHHYIO MPU MOIITHOM
YeXJI€ PBIXJIBIX OTJIOKEHUU U T.1.

Tunbi MUKPO6UOI02U4€CKO20 MO2JIOWEHUST 3/IeMEeHMOo8 (MsKENbIX
Memarnnos)

Bo3MOXkHBI Ba TUIA MOTJIOMIEHUSI METAJUIOB MUKPOOPTaHU3MaMU: MEPBbIN
BKJIFOYAET HECMenU(pUUIECKOe CBSI3bIBAHUE KATHOHOB HA MOBEPXHOCTU KIIETOK, B
CJIOSIX CIIM3M, HAa BHEKJICTOUHBIX MaTpUIaX U T.J.; BTOPOU MpeAcTaBisieT coOoi
BHYTPHUKJICTOYHOE TOTJIOMICHUE, 3aBUCAIIEE OT METabOIMYECKOTO MpoIiecca.
[TonuranaktypoHoBass  KHUCIOTa, OOBIYHBIA KOMIIOHEHT  BHEKJIETOYHOTO
CIIM3UCTOTO CJI0SI KJIETOK OaKTepuid, MOXKET CBS3bIBaTh B KOMILJIEKCHI Pa3IMYHbIC
MHUKPO3JIEMEHTBl. MUKpPOOHOJIOTHYECKAsT aKKYMYJISIIIAST MUKPOIJIEMEHTOB UMEET
00JIbIIIOE 3HAUYCHHE KaK JJIi KPYrOBOPOTa MUKPOAJIEMEHTOB B TIOYBE, TaK U JJIs
JOCTYITHOCTH MX pacTeHUsM. [ puObl 1 aKTHHOMMIIETHI HaOO0JIee YCTOMYHUBBI K
BBICOKMM KOHIICHTPAIUSIM TSDKEIBIX METAUIOB CPEd MHUKPOOPTaHU3MOB, a
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HUTPUPUIUPYIOIIUE MHUKPOOPTAaHU3MBI U MHUKPOOPTaHU3MbI puzochepbl —
CaMbl€ YyBCTBUTEIIbHBIE.

TonepaHmMHocmb pacmeHul K MsHKENbLIM Memaisisiam

CrocoOHOCTh COXPaHITh JKU3HEIEATEIBHOCTh B YCIOBHUSX IOCTOSHHOTO
NOCTYIUICHUS MOJUIFOTAHTOB B MOYBY. DTO MOHATHE OTHOCUTCS KaK K BHJIAM M3
paliOHOB 3HAYUTEIBHOTO XUMHUYECKOTO 3arps3HEHUs, TaK U K OTIEIbHBIM
MPEACTABUTENSIM,  KOTOpPBIE  CHOCOOHBI  BBIAEPKUBAaTh  3HAYMTEJbHBII
TEXHOT€HHBIH Ipecc, Mpou3pacTtas npu 0osiee BBICOKUX YPOBHSAX KOHLEHTPALUU
3JIEMEHTOB. TOJIEPAaHTHOCTH CBsI3aHA C BHYTPEHHUMH (PaKTOpaMu M BKIIOYAET
Takue MeTabOJIMYECKUe MPOLECChl, KaK CEJEKTUBHOE IOIJIOIIEHUE HOHOB,
MOHIKEHHAs] MPOHUIIAEMOCTh MeMOpaH, UMMOOMIIN3allisd MOHOB B OT/IEIbHBIX
YacTsaX paCTeHUM, yAaJICHHEe HOHOB M3 METa0O0JIMYECKHUX MPOIIECCOB C TOMOIIBIO
oOpa3oBaHMs 3amaca B HEPACTBOPUMBIX (oOpMax B pa3IUYHBIX OpraHax,
ajanranus K 3aMeIleHUI0 (PU3MOJIOTHYECKOr0 31€MEHTa TOKCUUHBIM B DH3UME,
yAAJICHUE HOHOB U3 PACTEHUI MPU BHIMBIBAHUU YEPE3 JIUCThS, COKOBBIICICHNH,
cOpachlBaHMM JIMCTHEB, BBIICICHUM Yepe3 KOpHHU. ToJIepaHTHBIE paCTEHHS
MOTYT CTUMYJIMPOBATHCS MPHU MOBBIMICHHBIX KOHLEHTPALUSAX METaUIOB, YTO
CBUJICTCIILCTBYET 00 uX (U3UOJIOTHYECKOW MOTPEOHOCTH B  HM3OBITKE.
OTtaenbHbBIC BUIBI PACTEHUI CIOCOOHBI HAKAILIIUBATh 3HAYUTEIBHOE KOJIMYECTBO
TSDKETBIX METAIOB 0€3 BUIUMBIX MPU3HAKOB yrHEeTeHUs. [[pyrue pacteHus He
MMEIOT Takoh crnocoOHocTu. Haumbomee ycTOWYMBBI K 3arpsi3HEHUIO
TPaBSHUCTBIE pyAepaibHbIe (T. €. pacTyllHe Ha MYCOPHBIX CBaJKaxX, ITYCTHIPSX)
(GuTOIIEHO3bI, 0OpPa30BaHHBIE COPHBIMU BUAAMH PA3HOTPABBS U 37aKOB (MaTh-H-
Mauexa, XBOIll, JIATyK, OOsK, mbIpeit). 13 npeBecHbIX MOpoJ B HacaKICHUSIX
HanboJsiee yCTOWYMBBI K 3arpsi3HEHUI0 Oepés3a, UBa, OCHHA, U3 XBOMHBIX — COCHA.
N3 ecTrecTBeHHBIX (UTOIEHO30B HAM0OJIE€ YCTONYUBHI K 3arpsi3HEHUIO0 COCHOBO-
Oepé30Bblie, 311aKOBBIE (BETHMKOBBIE) U pa3HOTpaBHbIE accouuanuu. [1oMHOCThIO
BBINIAJIA0T B 3arpsi3HEHHBIX 30HAX JIECHBIE Pa3HOTPABHBIE W MAIOPOTHUKOBBIC
accoUualuu € ydacTheM Oopla BBICOKOTO, BacCWJIMCTHUKA, KOIIBITHS
€BPOINEICKOr0, CHBITH, MAallOPOTHUKOB — IMUTOBHUKA MY>KCKOI'O, TOJOKYYHHUKA
JIuaHes. DTH BHUIBI MOXHO CUMTATh HWHAMKATOPaMU Ha He3arps3HEHHBIE
Tepputopun. M3  ecrecTBEHHBIX  XBOWHBIX  (PUTOLIEHO30B  Haubosee
YYBCTBUTEJIbHBl K 3arpsA3HEHUIO MHUXTOBbIE MU OCOOEHHO JIMCTBEHHUYHBIE
npeBocToM. OHM TOJIHOCTBIO BBIMAJAIOT B 30HAX 3arps3HEHUS W CHJIBHO
YTHETEHbI B UCKYCCTBEHHBIX MOCATKAX.

TpaHcnokayus 3a2psi3HsIIOWEe20 1oYey XUMUYECKO20 eeujecmea

[lepexon 3arps3HSIOLIETO MOYBY XUMHUYECKOTO BEIIECTBA B PACTECHHSI.
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TpaHcghopmayuss Muz2payuoHHbIX MOMOKO8

CBsizaHa c TeM, 4TO MO MEPE HAKOIUICHUS HAa TeOXUMHUYECKUX Oapbepax
Pa3JIMYHBIX BEIIECTB BO3MOXKHO HApYIICHHE MCXOJHBIX M 00pa3oBaHHE HOBBIX
O6aprepoB. Hanpumep, nimoBHaibHbI KapOOHATHBIM TOPU30HT POpMUPYETCS B
pe3yibTare TEPMOAMHAMHUYECKUX TPUUMH W TPOSIBISETCS B 00pa3oBaHUU
KabluTa. Jamee KamabIUT BBICTYMAET KaK MIEI0YHON KapOOHATHBIA Oapbep Jis
00JIbIII0# rpyIIIsl 37eMeHTOB (Sr, Pb, Zn, Cd, Co, Cu).

TpaHchopmayusi NoY8eHHO-2e0XUMUYeCKOU cmpyKkmypbl

Tpanrcdopmanust TeppuTopuii, TaHAMIAdTOB B PE3yJIbTATE 3arPSA3HEHUS TIOUYB
MaKpo- 1 MUKPOIJIEMEHTaMU: B MEPBYIO OYEPEb PE3KO BO3pACTACT pajuaibHast
reoxumudeckas auddepeHnmnanus moYBeHHOro npoduiist 3a cYET HAKOILJICHUS
MOJUTIOTAHTOB B BEPXHMX TOPHU30HTAX, a HEPABHOMEPHOCTb 3arps3HEHUSA
MIOYBEHHOT'O TOKpPOBA BEAET K TMOSBICHUIO HETUNMUYHBIX IS TPUPOIBI
COOTHOILICHUM XUMHUUYECKUX DJIEMEHTOB MEXKJYy T[OYBaMU AaBTOHOMHBIX W
MOAYMHEHHBIX JIaHIA(TOB.

Tskénble Memannbl 8 naHOwaghmax

['pyrina XUMHYECKUX SJIEMEHTOB C OTHOCHUTEIBLHON aTOMHOW Maccoil Oojiee
40, NMEIOIIKX IUIOTHOCTB Gosee 5 r/cm’. B IMPUPOJIHBIX JaHAMAaGTaX HAXOAITCSI
MIPEUMYILECTBEHHO B paccessHHOM coctosHuu (nopsanka 0,01 % wu Menee), HO
Mpu ITOM CIOCOOHBI  OOpPa30BBIBATH  JIOKAIBHBIE  AKKYMYJISILUM, TJI€
KOHIIEHTPAIIUS B COTHU U THICSYM Pa3 MPEBBIIIACT KJIAPKOBBIC YPOBHU. TsHKENbIC
METaJJIbl HE BXOJAT B COCTaB OPTaHUYECKUX COCAUHEHUH, U3 KOTOPHIX COCTOST
TKaHU J>KHUBBIX OpraHu3MoB. B TO ke BpeMs mepeMeHHas BaJICHTHOCTH
CIOCOOCTBYET B3aUMOJICHCTBUIO METAJUVIOB C a30T- U CEPOCOJIEepKaAIUMU
(GYHKIIMOHATBHBIMU TPYINIaMU OpPraHUYECKUX COeAMHEHUW. braromaps sTomy
METaJIIbI SBJISIOTCS HEOOXOIUMOM YacThi0 (PEPMEHTATUBHON CHCTEMBI >KMBBIX

OpraHU3MOB — OCHOBBI (DYHKIITMOHMpPOBAHHUSA >KMBOTO BEIIECTBA. MeTallIbl
0o0pa3yloT  TpYIIy  ONACHBIX  3arps3HUTENIEd  NPUPOJAHOM  CpEIbI.
[IpOMBIIIEHHOCTh, TEIUIOPHEPTreTUKA, AaBTOTPAHCHOPT — 3TO HUCTOYHUKHU

MMMAaKTHBIX (YAQpHBIX) TEXHOTE€HHBIX MOCTYIUICHUI METAJUIOB U TEXHOT'€HHBIX
MOJIMMETAJIFHBIX aHOMajuil. BbIsiCHEeHHWe 3aKOHOMEPHOCTEH MaccooOMeHa |
pacnpeneneHrdss MacC METauIOB B JKOJOrO-TECOXMMUYECKHX CHUCTEMAxX, B
TEXHOTEHHBIX JaHamadTax MpeJCTaBIsIeT BECbMa aKTyalbHYIO MPoosiemy.
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YaHeméHHbIU opeosn paccesiHUsA

[110X0 BBIpaKEHHBIN OpeoT paccestHus, ChOPMHUPOBAHHBIN B OTIOKEHUSAX, B
KOTOPBIX JOMUHUPYIOT aJUIOXTOHHBIE KOMIIOHEHTBI.

YnbmpanpecHbie 800bl, cemMelicmeo y/ibmparnpecHbIX 00

O6mass muHepanmm3anus Box < 0,1 1/1. OTH BOABI HE HACHIIIEHBI
MPAKTUYECKU BCEMU MUHEPAIbHBIMU COCIUHEHUSIMHU, IOATOMY W3 HUX HE
OCAXKIAIOTCS COJM; 00JIaIat0oT OOJIBIION pacTBOPsIIOIIEH crmocobHOCThI0. K HIM
OTHOCATCS MHOTHE aTMOC(EpHBbIE OCaJKH, MOBEPXHOCTHBIC U TPYHTOBBIE BOJbI
TYMUJIHBIX JTaHAIIaToB (TyHApA, Taiira v T. 1.).

YpoeeHb 3kosio2uveckoll onacHocmu omxo0da (k/acc onacHocmu omxo0a)
dns okpyxarouwel npupodHoli cpedbl

CreneHp BpEIHOrO BO3JICHUCTBUS OTXOJAa HA OKPYKAIOUIYK MPUPOAHYIO
Cpeldy U uepe3 Hee Ha 4elIOBEeKa, OTBEYAIOIlas YCTAHOBJICHHBIM KPUTEPHUSIM.
OTx04BI M0 YPOBHIO SKOJOTHYECKON OMACHOCTH JIsl OKPY’KaroUIeHd MPUPOTHON
Cpellbl pacIpeieisitoTCs Ha TAATh KilaccoB: | kiacc — BeicokoonacHble; 11 kimacc —
onacHsle; III knacc — ymepenno onacHusle; [V kitacc — manoonacHele; V kiacc —
MPAKTUYECKH HeomacHble. Kiacc omacHOCTM 0TXoaa sl OKpYKarollen
npuponnoir cpeasl (OIIC) ycraHaBnuBaeTcs C LENbIO ONpEACTICHUS W
NpEeAOTBPAIICHUSI TOTEHIMAJIbHBIX IOTEPh €€ KadyecTBa MOJ BO3JIECHCTBUEM
otxona. Knacc omacHOCTHM OTXOAOB OMNpPENENseTcs MO JaHHBIM XUMHYECKOIO
cocraBa  (pacueTHble  MeToApl) W (WIM) WX  IKOTOKCUYHOCTH
(dkcmepuMeHTadbHble  MeTonabl). Kiacc omacHOCTM  oTxXoAa  SIBJsIeTCSA
Ka4eCTBEHHOW XapaKTEPUCTUKON MOTEHIIMAIBLHOIO SKOJIOTMYECKOr0 pHUCKA U
pUCKa Uil 370pOBbSl YEJIOBEKA MpPH MOMAJaHUU OTXOJAa B OKPYKAIOIIYIO
IPUPOJIHYIO CPENY.

Ycmou4yusocmb 2eocucmembl

1) BeposTHOCTh coxpaHeHUsi OObEKTa B TEUEHHE HEKOTOPOrO0 BPEMEHU;
2) cTaOWJIBHOCTH COCTOSIHHSI BO BpPEMEHH; 3) CIOCOOHOCTh BOCCTaHOBJICHHMSI
MPEKHETO COCTOSTHUS TOCe BO3MYIIIECHHUs; 4) CIIOCOOHOCTh aIanTHPOBATHCA K
U3MEHSIONIUMCS  YCIOBUSIM; 5) CHOCOOHOCTH TJIYIIUTh BHEIIHWE CHUTHAJbL
6) CIIOCOOHOCTh HE pearupoBaTh Ha CUTHAIBI;, 7) CIIOCOOHOCTh K JJIUTEILHOMY
HAKOIUICHUIO BPEAHBIX BEIIECTB 0€3 BHAMUMOTO Bpeaa; &) CHocoOHOCTh
COXpaHSTh MPOUW3BOACTBEHHbIE (YHKIUA B  COIHMAIBHO-PKOHOMHYECKOM
cucteme; 9) crmocoOHOCTH JIETKO MPOITYCKaTh 3arpsi3HuTed; 10) OTCyTCTBUE WK
ObIcTpoe 3aTyxaHue KosieOaHuid B cucreMe; 11) cnocOOHOCTH COXpPaHATH
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TPACKTOPUIO PAa3BUTUSA, HAIIPABICHUE TPEHAA. BBIIEIAIOT CIEAYIOLINUE THUIIBI
YCTOMYMBOCTU TeOCUCTEeM: (pu3nMyeckas, reoXuMUYecKas, Ouoyioruueckas u
uHTerpanpHad. TepmuH «reocucrema» BBeaE€H B 1963 1. A.A. CouaBoit
U o3HayaeT (yHIAMEHTAIBHYIO CTPYKTYpHYIO EIWHHUILy Treorpaduaeckoro
naamadTa, KOTopas oObequHsEeT reoMop(osornyeckue, KIMMaTHYECKUE,
TUIPOJIOTUUECKUE DIIEMEHTBHI U DKOCHUCTEMBI Ha OINPEIECIEHHOM YYaCTKE 3€MHOU
IIOBEpPXHOCTH. ['0BOps O reocucremax, HEPEIKO BKIIOYAIOT B HUX CUCTEMBI
pacceneHns, TepPUTOPUAIBHO-TIPOU3BOACTBEHHbIE KOMIUIEKCHI. [Ipn aHammse
F€OCUCTEM pPa3NIMyal0T HECKOJIBKO THUIIOB YCTOMYMBOCTH: 1) reoxumuueckas
YCTOWYUBOCTh; 2)  OWOJIOTMYECKass  yCTOWYMBOCTH; 3)  Qu3nueckas
ycroiunBocTh. Hanbonee paeTasibHO TeOpusi M TOKa3aTeld YCTONYMBOCTH
F€OCUCTEM W TOYB K  TEXHOTEHHOMY  BO3JCHCTBUIO  pa3pabOTaHbI
M.A. I'mazoBckon, H.I1. Comuuesoii, B.Jl. BacunbeBckoil, ApMaHIOM.

Ycmolidyueocmb naHOwaghma

Cnocobnocte smanamadTa COXpaHSATh CTPYKTYPY, (PYHKIHMOHAJIbHBIC
0COOEHHOCTH U BO3BPAILIATHCS B MPENKHEE COCTOSHUE MOCIIE MPEKPAIICHUS WA
OcCJIa0JIeHHs] aHTPOMOT€HHOI0 BO3JAeUCTBHs. JlaHamapT — 3TO cTaluoHapHas
CHUCTEMA, YCTOMYMBOCTH KOTOPOM CBfi3aHA C TEM, YTO OHA HENPEPHIBHO
HOJTy4yaeT CBOOOJHYIO SHEPTHUIO U3 CPEllbl B KOJIMUYECTBE, KOMIIEHCUPYIOILEM €€
CHHKEHUE B cUcCTeMe. bUOTeHHbI NnaHamadT — 3TO CaMOPETYIUPYIOIIAsiCS
HEepaBHOBECHAsI, HO CTallMOHApHAsl (YCTOMYHBAs) CUCTEMA.

Ycmolyueocmb no4ye K KUCSIOMHbIM 8030elicmeusiM

CrocoOHOCTh TOYB MpU TMOHWKEHWU 3HadeHul pH mpoTuBOCTOSTH 10
ONPEAECIEHHBIX IIPEIAECIIOB Pa3PYLICHUIO MOIVIOIAOIIET0 KOMIUIEKCA IIOYB,
JUCTIEpTallid KOJUIOMJIOB M CYCTIEH3UM W WX BBIHOCY 3a Mpenenbl Mpoguis,
MOSABJIEHUIO B PACTBOPE TOKCHUYHBIX COCMHEHUN aTIOMUHMUS, JKEJI€3a, MapraHia
U JIpyrux MHUKpPOdIeMEeHTOB. [lo OTBETHBIM peakuusM Ha KHUCJIOTHBIC
Bo3zaeiicTBus M.A. I'ma3oBckasi pa3fenuiia MOYBbl HAa TPU T[JIABHBIE TPYMIIBI:
1) mouBBI HW3HAYATBLHO KHUCJBIC, B KOTOPBHIX JaJbHEHIIEC YBEIMUYCHHE
KUCJIOTHOCTA  CONPOBOXKIACTCS  3HAYUTEIBHBIM  YXYJIIICHHEM  (U3UKo-
XUMUYECKUX CBOWMCTB W YMEHBIIECHUEM IUIOJOPOUS; 2) TMOYBBl H3HAYAILHO
HEWUTpaIbHbIE UK CIA00IIeIOUHbIE B TOPU3OHTE A U KapOOHATHBIC B TOPU3OHTE
B, B KOTOpBIX KHCIIOTHBIE BO3JICWCTBHS COMPOBOXKIAKOTCA YXYAUIEHUEM JIMIIb
HEKOTOPBIX CBOMCTB; 3) MOYBBI M3HAYAJIBHO IIEJIIOYHBIE U CUIILHOUIEIOYHbIE, B
KOTOPBIX KHCIJIOTHBIC BO3ACHCTBUSI MPUBOASAT K YMEHBIICHUIO IICJIOYHOCTH U
COOTBETCTBEHHO YJY4YIICHUIO psiga cBOWCTB. Hanbosnee YyBCTBUTEIBHBI K
TEXHOT€HHOMY 3aKHUCJIEHHIO MTOYBBI JIETKOTO I'PAHYJIOMETPUUYECKOTO COCTABA, C
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BBICOKOHM BOJIONIPOHHUIIAEMOCTBIO, HU3KUM COJIepKaHuEeM OOMEHHBIX OCHOBAHHMA
U TyMyca, ciaboii cynbdaT-aacopOIMOHHON CITOCOOHOCTHIO, KUCIONW peaKIMeH
1 HU3KOM cteneHbio HackimeHHoctu [ITTK (M.A. I'1a3oBckas).

>

®akmop 6uoakkymynsyuu

OTHOLIEHNE KOHUEHTPALMU COEAMHEHUS B OPTaHU3ME K €ro KOHIIEHTpaluu
B 00BEKTE OKpykawlluel cpeapl. Hanmpumep, COOTHOLIEHHE KOHIIEHTPALUU
MOJUTIOTAHTA B TKAHSAX TMAPOOMOHTA U B BOJIE B COCTOSIHUM PABHOBECHSI.

®akmopbI 2eoxumuy4eckoll ycmolidyueocmu naHowagphmHo-2e0XuMu4ecKux
cucmem

Bbigenensl  TpU  OCHOBHBIE  Ipynibl  (DaKTOPOB  IF€OXHMHYECKOM
yCTOWYMBOCTU. 1) DakTOphl, ONpENesOIMe HHTEHCUBHOCTh BBIHOCA W
paccesHAs TPOAYKTOB TEXHOTE€HE3a: a) II0Ka3aTeld, XapaKTEepU3YHOLIUe
paccestHi€ M BBIHOC IPOJYKTOB TEXHOT€HEe3a U3 aTMoc(epbl, — OCATKU U
CKOpPOCTh BETpa IO Cce30HaM; O) IMOKa3aTelld, XapaKTEepPU3YIOLIUE CKOPOCThb
MUTPALMHU ¥ BBIHOC MIPOJIYKTOB TEXHOIE€HE3a U3 MOYB U IPOTOYHBIX BOJIOEMOB, —
CTOK (II0 CEe30HaM), COOTHOILIEHHE OCAJAKOB M HCIAPEHUs, IOJOKEHUE
TEPPUTOPUM B KAaCKaJHOM CHCTEME, MEXAaHWYECKHI COCTaB IIOYB U TI'PYHTOB.
2) ®akTophl, ONpEAENSIOUIME HWHTEHCUBHOCTH MeTadoju3Ma MpPOAYKTOB
TEXHOTEHE3a, — MOKa3aTeId SHEPTUHU PA3JI0KEHHUS BEIIECTB: CyMMa COJIHEYHOU
paguanuu, kJDxk/ron, cymma Temmnepatyp Bbime 0 °C, KOIMYECTBO
yIbTPapHUOIETOBON pajnali, KOJIMYECTBO T'PO3 B I0Jl, CKOPOCTh Pa3IOKEHUs
OpraHn4eCcKOrO BEILIECTBA (oTaHO-TIOCTUIIOYHBIH KodhpuIeHT),
MHTEHCUBHOCTh (DOTOXMMUYECKHX peakuuid. 3) DakTopbl, ONpEeAEIISIONIIe
BO3MOXHOCTh W WHTEHCHUBHOCTb 3aKpeIUIeHHWs B JaHamadTax MOpOoAyKTOB
TEXHOT'€HE3a WM UX METa0O0JIUTOB: a) MOKa3aTeIM HHTEHCUBHOCTH 3aKpeTICHUs
OPOAYKTOB TEXHOT€HE3a B IOYBAaX, IPYHTAaX M HX HUCXOAHAsA EMKOCTh —
ICJIOYHO-KUCIIOTHBIE M OKHUCJIMTEJIbHO-BOCCTAHOBUTENIBHBIE  YCJIOBHS,
copOMoHHas €MKOCTb, KOJMYECTBO TyMmMyca, THUI TE€OXUMHUYECKHUX apeH
(OTKpBITBIE — 3aMKHYTbI€, KOHTPACTHbIE — HEKOHTPACTHBIE), F€OXUMHUUYECKHE
Oappepbl, MUHEPAJOTMYECKUI COCTaB TOYB M TPYHTOB, HCXOIHBIA 3amac
AJIEMEHTOB, YYaCTBYIOIMX B TEXHOT€HHBIX TOTOKAaX, MPOLECCHl HAJAMEP3JIOTHOM
peTUHU3alMK; 0) MOKa3aTeNd JIOKAJIbHBIX BbINAJACHUN MPOJYKTOB TEXHOTCHE3a
U3 aTMoc(epbl — KOJIMYECTBO U MPOJOJKUTEIBHOCTh TYMaHOB B T'OJl, YUCIO U
OPOJOJDKUTEIBHOCTh IITUIIEH B roia. M3mMeHeHue OTAENbHBIX (PaKTOpoB
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reOXMMHUYECKON YCTOMUNBOCTH (ITOJAKUCIIEHUE, OIIEIaulBaHNE, 3aTOIUIEHUE U
Ap.) MOKET HapyLIUThb OTHOCUTENIBHO YCTOMYMBOE COCTOSIHUE TEXHOTE€HHBIX
naHamadToB M MPUBECTH K OBICTPOM BTOPUYHON MOOMIM3AIMH TOKCHUYHBIX
BEIIIECTB U3 3arps3HEHHBIX KOMITOHEHTOB JlaHamadTta (M.A. ['ma3zoBckas).

®aHo

Hwxkusist  4yacTe  BOAOpa3AeibHOM CUCTEMBI, BbIIETsIEMas B
JUTOBOAOCOOpPHOM OacceifHe Kak crenupuyeckuil reoMopoIOTUYECKUi
AJIEMEHT  JIeNbTOBUAHOW  CTPYKTypbl. DaHI  sABIAETCA  OTHOCHUTEIBHO
CaMOCTOSITENIbHOM, HO TeM HEe MEHEee COMpPsLKEHHOM yacThio OacceitHa. Hukuue
YacTU BOJOPA3AEIbHOW CHUCTEMBI — JEJIbTOBHJIHBIE KOHTYpbl — HHOIJA
BBIIETSUIUCh TPU UCCJIENOBAaHUM 0OacceHOB, HO HE TPAaKTOBAJIUCh KaK HX
aneMeHThl. OIHAKO XOPOILIO H3BECTHO, YTO TpEyroyibHass (opma sBISIETCS
HanOoJiee >KECTKOM M ycToMuuMBOM K naedopmanusam. PaHA HWrpaeT OYEHb
BaXHYI0O poib B (OPMHUPOBAaHMM M (YHKIIMOHUPOBAHUU BOJOCOOPHOTO
OacceliHa: HaJIMYME UMEHHO TakoW reoMopdosoruueckoi Gopmsl B CTPYKTYpe
OacceliHa oOecreuMBaeT €ro CTa0WIbHYI0 KOH(QUIYpanuui U JJIUTEIbHOCTb
cymectBoBanus. Kak sHepreTudyecku cTraOMiIM3upoBaHHbIE (OpMBI penbeda
(aHapl YCTOWYMBBI K pPa3pylLIEHUIO, MO3TOMY IIOYBEHHBI IOKPOB 3/€Ch
XapaKTepU3yeTcs OOBIYHO TMOBBIIMIEHHONM MOLIHOCTBIO MHPOQMIsl M JAPEBHUM
Bo3pactoM.  CrenoBarenbHO,  (aHabl,  OmpeAensis  CTallMOHAPHOCTb
(YCTOMYHUBOCTh) MUTPAIIMOHHBIX IMOTOKOB B  KAacKaJHOW JaHAmaQTHO-
r€OXMMUYECKOM cHUCTeME, OOYCIIOBIMBAIOT T'€OXUMUYECKYI0 YCTONYMBOCTD
BCETO JIMTOBOJAOCOOPHOTO OacceiliHa. YueHue o (aHaax MPUMEHHMO K aHAJIU3y
KaK TPUPOJHBIX, TaK M TEXHOTEHHBIX SKOJOrO-T€OXMMHUYECKUX CHUCTEM
(T.A. Tpudonona).

®Pepcm

PernonanbHasi OLEHKa CpPEIHEro COAEpPNKAHUS XUMHYECKOrO »HJIEeMEHTa
(coemunaenus). Cm. Takxke Kiapk.

Pu3uUKO-XUMUYECKasi Mu2payusi XUMUYeCKUX 3/1eMeHmoe

[Ipotiecchl, CYyIIHOCTh KOTOPBIX OMpPEAeNIeTcs 3aKOHAMU (PU3UKH U XUMHH —
muddy3ueit, pacTBOpeHHEM, OCAXKIECHUEM, cOopOIMel, aecopOuued u T. 1.
JIyuynie Bcero m3yyeHa MUTpalvs BEIIECTB B BOAHBIX PACTBOpPAX B BHJI€ MOHOB
(MoHHAsT MUrpanus), 3aBUCAIIAS OT PACTBOPUMOCTH COJIEH, IIEJIOYHO-
KHUCJIOTHBIX U OKHUCIUTEIIbHO-BOCCTAHOBUTENBHBIX YCIOBUHA. VMHBIM 3akoHam
NOIYMHAETCS KOJUIOUIHAS MUTPALIsl, MUTPaLlUs ra3oB.
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Pu3ukKo-xumuyeckue MemooObl PeKyIbmueayuu 3a2psi3HEHHbIX M0Y8

MeTozpl, BKIIIOYAIONINE CIIOCOOBI OYHMCTKH C BBIICICHHEM 3arps3HEHHOM
(pakuuu rpyHTa U ee JaybHeiei 00padoTKOil XUMHUYECKUMU peareHTaMu MpH
CO3/1aHMU (PU3MUECKUX TOJIeH. DTH peareHTbl MOTYT OBbITh KaK O€30MaCHBIMU
I TIOYBBI (Harpumep, (QyIbBOKHUCIOTHI), TaK U UMETh CEPbE3HbBIE MOCIEACTBHS
JUIA TANbHEWIIETO MCIOJIh30BaHMUS TOYB B CEIBCKOM XO3SHCTBE (MHHEpAJIbHbIC
KUCJIOTHI). Du3UKO-XUMUYECKHEe METO/IbI 00pa3yioT HaunOoee
NpeACTaBUTEIbHYIO TPYIIy MeToA0B oOe3BpexxuBanus. Ilpu co3manum
¢u3uueckux moJieil B MOPHUCTHIX Cpelax HAuMHAIOT MPOTEKaTh OJHOBPEMEHHO
MHOKECTBO  (PM3UKO-XMMHUYECKHUX TporeccoB. Ilpu HamokeHHn MO
MEXaHUYECKUX HaPSOKEHUH 3arpsi3HEHHBIN TPYHT WHTEHCUBHO
NEPEMELINBACTCS U MPOUCXOAUT OYUCTKA YAaCTULl TPyHTa OT IOBEPXHOCTHBIX
3arpsi3HeHui. ['mapoauHamMuueckoe BO3JEHCTBUE HAa TPYHT WIM TOYBY
conpoBoxaaercs cyddosueil, BbleIayuBaHueM, aacopouueit, muddysueil u
BBIHOCOM 3arpsi3HEHHI M3 MOPOBOTO MPOCTpaHCTBa TpyHTOB. I[lepcriexTuBeH
METOJT CBEPXKPUTHYECKOW OKCTPAKIMH YTIACKUCIBIM Ta30M OpPTaHHYECKHUX
3arpsiHeHuil.  IlocTostHHOE — 3nekTpuyeckoe  Moje,  NPUIOKEHHOE K

BOJOHACBIIIICHHOMY  TPYHTYy  WJIM  [OYBE,  BBI3bIBAET  NPOTEKAHHUE
AIEKTPOXUMHUYECKUX u ANEKTPOKUHETUYECKUX IIPOLIECCOB. K
ANEKTPOXUMUYECKUM MPOLIECCAM OTHOCATCS: 3JEKTPOJIU3, 3JIEKTpodaoTarus,
AIEKTPOKOATYJISIIUA, ANEKTPOAECCTPYKIHS, AIEKTPOXUMHUYECKOE

o0e33apakMBaHWEe, WOHHBIM OOMEH, DJJIEKTPOXUMUYECKOE OKUCIECHUE U
BBIIIIEJIAYMBAHUE, JICKTPOIUATIN3, a K DJIEKTPOKUHETUYECKUM - AJIEKTPOOCMOC,
aneKTpodope3 U INEKTPOMUTpAIMs. JNEKTPOJIM3 TMOPOBOTO  pacTBopa
3arps3HCHHBIX TPYHTOB M TOYB — OTO OKHCIHUTEIHLHO-BOCCTAHOBHTEIBHBIN
mpolecc, B pe3yibTaTe MPOTEKAaHUST KOTOPOTO MPOMCXOAMUT Pa3IoKEHUE
XUMUYECKUX coeauHeHuil. OH UCHoJb3yeTcs Ui OYMCTKH TPYHTOB OT
MHUKPOOPTAaHW3MOB M HA3bIBAETCSA JJICKTPOXUMUYECKUM 00e33apaKUBaHUCM.
OddexTuBHOCTE MeTOMa 10X0AUT A0 99 %. Ilpu anextpodorauu yaajaeHue
He(DTEMPOAYKTOB MPOUCXOAUT MY3bIPhKAMHM Ta3a, OOpPa3yIOIIMMHUCST TIPH
ANEKTPOIU3E U TMOJHUMAIOIIUMHUCS K MOBEPXHOCTU. DIIEKTPOKOATYJIISIHS — 3TO
MPOIIECC ~ arperaiud  MHKPOYACTHI[ MHUHEPAIBHOTO  TPOUCXOXKICHUS |
OpPraHMYECKUX MOJIEKYN. B MeToze 37eKTpOKoary sy UCTIONb3YIOT KeJe3HbIe
U QIIOMUHHUEBBIC DJIEKTPOABI, TPH PACTBOPCHHH KOTOPBIX OOpa3yroTCs
TUAPOOKCHUJIBI, aJICOPOUPYIOIINE 3arpsS3HEHUS M BBIMAIAIOIINE 3aTEM B OCAJIOK.
DNEeKTPOXUMHYECKOE OKHCIICHUE TPUMEHSAETCS JJIsi OYHMCTKH TPYHTOB OT
XJIOPUPOBAHHBIX  YTJIEBOJOPOJAOB H (eHona. IDPHEeKTUBHOCTh OKHCICHHUS
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denona 70 — 92 %. DIEKTPOXUMHYECKOE BHIIIEIaYMBAHUE — 3TO METO] OUUCTKU
IPYHTOB, OCHOBAHHBIA Ha MEPEBOJIC THKEIBIX METAIOB B MOJBHXKHYIO (hOpMY.
Opnako Meton TpeOyeT BHECEHHS IOTIOTHUTEIHHBIX XUMUYECKUX PEarcHTOB.
DJIEKTPOJIECTPYKIUS OCYIIECTBISIETCA MPU DJICKTPOXUMHUUECKOM Pa3JIOKEHUU
TOKCHUYHBIX OPTraHWYECKMX COCIMHEHUH Ha JJIEKTpoJax ¢ 0Opa3oBaHUEM
HETOKCHYHBIX BemiecTB. [IpenMmyiecTBo MeToja B HHU3KOH CTOMMOCTH H
BBICOKOM 3 dexTuBHOCTH. [IpHu 3eKTpouann3e mopoBoro pacTBopa rpyHTOB U
MMOYB TIPOMCXOJUT OUYMCTKA OT 3arpsS3HCHWA B KOJUIOMIHOW (opme,
obeccojiuBaHME B CpeAHEH YacTH  MEXKIJIEKTPOJHOTO  MPOCTPAHCTBA.
DJIEKTPOKMHETUYECKUE METOJIbl Hayajau IIUPOKO MpUMEHAThCA ¢ 1960-X romoB.
DNIeKTpOKHHETHYeCcKass o0paboTKa MPUMEHSETCS JJI1 OYHMCTKH TJIUHUCTBIX WU
CYTJIMHUCTBIX TPYHTOB. DJEKTPOKMHETUUYECKHUE SIBICHUS, HAOMIOJaromuecs B
MOPUCTBIX Cpelax MpU MPOTEKAHWU TOCTOSHHOTO JJIEKTPUUECKOTO TOKa,
MOAPA3JEAIOTCS Ha AJeKTpoocMoc M a3nekTpodope3. Ilpu anexTpoocmoce
WOHBI, COJAEpXaluecss B JKUIKOCTH, MEPEMEIIAIOTCS  OTHOCHUTEJIBHO
HETIOJIBUKHOM  3apsDKEHHOM TOBEPXHOCTHM MMHEPAJbHBIX YacTHUIl TPYHTA,
yBJIEKasi IPU 3TOM 3arps3HEHUSI, HaXOISIINECS B PACTBOPEHHOM WM KUJIKOM
COCTOSIHUU. OJIEKTPOOCMOTHYECKAss CKOPOCTh MOTOKA MPOMOPLHMOHAIBHA
MIPOU3BE/ICHUIO CUJIBI MOTOKA HA BEJIWYMHY A3€Ta-TOTCHIMAIA U Ha YACIbHYIO
MOBEPXHOCTh MOPHUCTOMN cpennl. Ilpu mpoTekanuu snekTpodope3a B MOPOBOM
MPOCTPAHCTBE TPYHTA, 3aMOJIHEHHOM TOJHOCTBIO WM YacCTUYHO BOJOM,
MEPEMEIIAIOTCA MUHEpaJIbHbIE YaCTUIIBl. OJTO SBJIICHHE UIrpaeT KpaifHe
HE3HAYUTEIBHYIO POJIb B JJICKTPOKMHETUYECKOM TMEPEHOCE 3arps3HEHUN B
JTUCCOIMUPOBAHHON (popMe, HO ONPEACISIONIYI0 B TEPEHOCE KOJUIOWIHBIX H
3apsDKEHHBIX MHUHEPAJIbHBIX YaCTHIl. DJIEKTPOPOpPETHUECKOE IEePEMEIICHHE
KOJUIOMJHBIX W MHUKPOYACTUIl HAOMIOMAaeTCs B MAaKpOMOPUCTBIX TPyHTaX
(mecuanuk, cymnech). llom nelicTBMEeM HampsHKEHUs, MPUIOKEHHOTO K
3JIEKTPO/IaM, KOTOPBIE MOTPYKEHbl B CKBaKHMHBI, BOJa W SKOTOKCHUKAHTHI B
KOJIJIOUJTHOM COCTOSIHUM TIepEeMENIaloTCad K DJCKTPOJAHBIM pe3epByapaM, U3
KOTOPBIX 3aTeéM BOJa C 3arpsA3HEHUSIMHU HW3BJICKACTCS Ha IIOBEPXHOCTh U
OUMIIAETCS OJHUM U3 (PUBUKO-XMMUYECKUX METOAOB. D(PPEKTUBHOCTh OUUCTKH
MOJKET JOXOIUTH 110 99 %.

du3suonoauyeckuli bapbep noz2noweHusi

YpoBeHb KOHIIEHTPAIIUU AJIEMEHTA B PACTCHUH, IIPU JTOCTHKEHUU KOTOPOTO
HAYMHAIOT JEHWCTBOBATh MEXAHU3MBI, NPEMSATCTBYIOIIUE JaIbHEHIIIEMY €ro
NOTJIONIEHUIO. Bpinenstor OapbepHbIi M 0e30apbepHbIl TUIBI MOTJIOIIECHUS
(A.JI1. KoBaneBckuii).
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du3suyeckass ycmou4ueocmp JIUMO2€HHOU OCHO8bI

Jns mouB — mnporuBodpo3uoHHas ycrouumBocth (M.T. Ky3bmenko,
C.C. CoGones, H.1. MakkoBeeB, M.C. Ky3nenos, I'.I1. 'mazyHoB).

dusuveckue MemoObl peKynbmuesayuu 3a2psi3HEHHbIX M046

be3peareHTHbIE METO/bI, BKIIOYAIOIINE MPUEMbI OUHCTKU C YAAICHUEM U3
MOYB M TPYHTOB 3arps3HeHHOl ¢pakmuu. Ilpomecc mnpoucxomut 6e3
IPUMEHEHUSI XUMHUYECKUX PEAreHTOB, UYTO IO3BOJISIET COXPAHUTH IUIOJOPOIUE
NOYBbl W YACUIEBUTH CaM IPOLECC peKyJbTHBAUUHU. OTIEIbHYIO TPYIIILY
COCTABJISIIOT 3JIEKTPOMArHUTHBIE METOJbI, OCHOBAaHHBIE HA TEPMHUYECKOM
s dexTe npu B3aMMOAEHCTBUN IEKTPOMATHUTHOTO U3ITyUYEHHUS C BEIIeCTBOM. B
CBEPXBBICOKOYACTOTHBIX MOJISIX MPOUCXOIUT OBICTPBIA U PABHOMEPHBIN IMPOTPEB
TPpyHTa, TpU HTOM MPOTEKAIOT Jerujaparanus, AUCCOLUalMs KapOOHATOB,
OKHCJIEHUE U JJaXKe IUIaBiieHue. /lecopOupyromuecs opraHuueckue COeIuHEHMs
00€3BpEKHUBAIOTCSA, HANPUMEP, KATATUTUYECKUM MeToaoM. O0e3BpexuBaHuE
OTXOJ/IOB C TIOMOULIBIO YIBTPA(PUOJIETOBOTO U JIA3€PHOTO MU3IYyYEHUH OTHOCHUTCA
TaKK€ K BJEKTPOMArHUTHBIM METOAaM. AKTHUBAlLMS apOMATUYECKHX MOJIEKYI
JaHHBIMU H3JIyYEHUSIMU MPUBOJIUT K JUCCOLMALIUU MOJIEKYJI C 0Opa3oBaHHEM
paZvKalioB U AKTUBHBIX KOMILIEKCOB, OBICTPOMY OKHCJIEHUIO U TIOJUMEPU3ALIHH.
OddexTuBeH 1151 OUUCTKU IPYHTA OT HE(PTENPOAYKTOB yiabTpa3ByK. HauuHas c
KPUTHUYECKOTO 3HAYEHUS 3ByKOBOTO JIABJICHUSI aKyCTHUYECKUX BOJIH, B KUJIKOCTH
BO3HMKAET KaBUTalus. IIpM CXJIONBIBAHMM  KABUTAUMOHHBIX  TMOJIOCTEU
oOpasyroiuecs MUKpPOCTpyu ¢ JuHedHbiMH ckopoctamu 300 — 800 wm/c
CPBIBAIOT C TOBEPXHOCTH TBEPHABIX YaCTULl He(TSIHBbIE 3arps3HEHUs.
OPGDEeKTUBHOCTL OYUCTKU MOXeT jgocturatb 99,5 — 998 %. Ilpu
KaBUTALlMOHHBIX Pa3pbiBax >KUIKOCTH MPOUCXOJIUT HOHHU3ALMS U AKTUBALIUS
MOJIEKYJI, CTUMYJIUPYIOIIUE OKUCJICHUE M MOJUMEPHU3ALMIO YTIJIEBOJOPOIHBIX
MoJieKysl. PaccMoOTpeHHbIE MeETOAbl SBISIOTCS 0a3oi Ais yXKe CO3JaHHBIX
TEXHOJIOTUA  00€3BpEXKMBAaHUA OTXOJOB M MOYB WM  TEXHOJIOTH,
pa3pabaTbiBa€MbIX B HACTOSIIIEE BPEMSI.

dumoHyuod

Jletyuee opraHuueckoe OaKTEpPULIMTHOE COEAUHEHHUE, BBIAEISEMOE
pactenussMu. CocTaB U KOJMYECTBO (PUTOHIUAOB — BAKHBIM T'€OXMMHUYECKUN
napameTp Jnanamadra. B KoHAeHcaTax TpaHCHUPAIMOHHBIX HCHApEeHUN
BBICIIMX pPAaCTEHUH  YCTAHOBJEHbl HE TOJBKO COJM  UIEJIOYHBIX H
IIEJIOYHO3EMENBHBIX ~ 3JIEMEHTOB, HO  TaKXe JIETy4Yue  KOMIUIEKCHBIE
OpraHUYEeCKUE COEAMHEHUS TSKENBIX MeTauioB. OnpeneneHue METauioB B
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COCTaBE OPraHWYECKUX IMApOB aTMoc(epbl MPEeAJIOKEHO HCIOIb30BaTh IS
MOMCKOB PYJIHBIX MECTOPOKIACHUH.

®duMoOMOoKCcUYHOCMb MSKENBLIX MEMasloe

Tokcuueckoe JEUCTBHE TSKENBIX METAIUIOB HAa PACcTEHUs, KOTOpOE
nposBisieTcs: 1) B I3BMEHEHUH MPOHUIIAEMOCTH KJIETOUHBIX MeMOpaH (Ag, Au,
Br, Cd, Cu, F, Hg, I, Pb); 2) B peakiuu THONBHBIX rpymn ¢ KatnoHamu (Ag, Hg,
Pb); 3) B KOHKYpEHITNH C KU3HCHHO BaKHBIMU MeTabomutamu (As, Sb, Se, Te,
W, F); 4) B cpoactBe k QocdaTHbIM TpynmaM M aKTUBHBIM IIEHTpaM B
ageHTo3mHaAndochaTax u ageHosuHTpudocharax (Al, Be, Se, Y, Zr); 5) B
3aMEIICHUH >KU3HEHHO BAXKHBIX HOHOB (IIPEMMYIIECTBEHHO MaKpO3JIEMEHTOB
Cs, Li, Rb, Se, Sr); 6) B 3axBare B MOJIEKyjIaX MO3UILIMKA, 3aHUMAEMbIX KU3HECHHO
BAKHBIMU (DYHKIIMOHAJIBHBIMU TpynnamMu Tuna ¢gocdarta U HUTpara (apceHar,
¢Topun, Oopar, ceneHar, Teiurypar, Boibppamar) (Kabara-Ilenguac, 1989).
Tskénple MeTaJIbl SBISIOTCS MPOTOIUIA3MATHYECKUMU SiIaMH, TOKCUYHOCTD
KOTOPBIX BO3PACTAET MO MEPE YBEIUYCHHUSI aTOMHOM Macchl. TsxkENbie METaILIBI
MOJIpA3/IENSII0OT HAa TPYMNIbl: 1) OYEeHb TOKCUYHBIE — OKAa3bIBAIOT BPETHOE
BO3JICHCTBHE HA TECT-OPTaHU3MBI MPU KOHIICHTPAIIMHA B pacTBOpe MeHee 1 mr/m:
Ag®, Be**, Hg**, Sn**, Co*, Ni**, Pb®*, CrO,”; 2) yMepeHHO TOKCHYHBIC —
OKa3bIBAIOT MHTHOUpYIOIIee BO3JEHCTBUE MpHU KOoHIeHTparusax 1 — 100 mr/mx:
As, Se, Al, Ba, Cd, Cr, Fe, Mn, Zn, apcenaTsl, 60paThl, OpOMaThl, XJOPATHI,
MepMaHraHathl, MOJMOAAThI, CeJeHaThl; 3) CJIIA00TOKCUYHBIE — PEIKO
OKa3bIBAIOT WHTUOMPYIONIEE BO3ICHCTBHE MPHU KOHIEHTPAIMAX 3HAYUTEIHHO
Beime 100 mr/m: Ca®*, Mg®, K*, Na*, xmopusl, GpOMU/IbEI, HOIMIBL, HUTPATEL,
CynbdaThl.

doHoeas 2ceoxuMuyeckasi cmpykmypa saHowagma

[IpencraBnennsi, OTpaXkarolde XapakTep CBI3CH MEXKIY pasInIHBIMH
KOMITIOHEeHTaMy  JlaHamadTa. CBa3M  MeXAy  4YacTsaMu  JaHamadTa
OCYIIECTBJISIIOTCSI B TMPOIECCE MUTPAIMHM BEIIECTBA, SHEPTHH W TEpeadu
uHpopmaruu. CroxHas paguaibHas U JlaTepaibHas TeOXUMHUECKasi CTPYKTypa
nanamadra  TpeOyeT — MCCIENOBaHWS  NpPU  MOHUTOPUHIE  XapakTepa
B3aMMOOTHOIICHHA JJICMEHTOB MEXAY KOMIIOHCHTAMH U TOJCHCTEMaMHU
nanamadra (R-, L-ananuz) (M.A. I'nazoBckas, H.C. Kacumos).

®doHoBbIU 2e0XUMUYECKUU MOHUMOPUH2

Hab6nronenue 3a pacnpeneneHueM U OBEACHUEM XUMUYECKUX DJIEMEHTOB U
COCIMHCHMIA B JaHAmadTax BHE c(epbl BIUSHHUS JIOKAIBHBIX HCTOYHHUKOB
3arpssHeHus. [IpoBoauMbIN HA €AUHOU METONOJOTHYECKOW OCHOBE BO MHOTHX
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CTpaHax, OH MO3BOJISET OLEHUBATH IN100ATbHBIE U3MEHEHUS MPUPOTHON CPEJIbI.
[TosTOMy (hOHOBBIM MOHUTOPHUHT MHOT/Ia HA3BIBAIOT TJ100ATBHBIM.

®dopMbI HaxO0XXKOEHUS XUMUYECKUX 3/71IeMeHmoe (MmsiXésnbix Memassios)
8 NPUPOOHbLIX U MexXHO2eHHbIX 800ax

BoiiensoT naTh riaaBHbIX (OPM HAXOXKJICHHS XMUMHUYECKHX 3JIEMEHTOB B
Bojiax: 1) IlpocThie U KOMIUIEKCHBIE MOHBI. 2) HelTpanbHble MOJIEKYJBl. OTH
nBe rpymmbl Gopm uMeroT pazmep 1 HM U Mmenee. 3) YacTHIlbl KOJTTOUIAHBIX
pazmepoB ot 0,001 mo 0,1 MKM, Ha MOBEPXHOCTH KOTOPBIX HaXOISTCA
copOupoBaHHble HOHBL. 4) BBICOKOAUCIEPCHBIE YAaCTHUIlBl, COCTOSIIHE
MIPEUMYLIECTBEHHO U3 IIIMHUCTBIX MUHEPAIOB U uMeronme pasmep ot 0,5 mo 1 —
2 wMkM. 5) bonee KpynHble B3BEIICHHBIE YacCTUIbI, MPEICTABICHHbIE
00JIOMOYHBIMH MUHEpaJIaMu pazMepoM oT 2 — 3 110 10 MKM.

®dopMbI Hax0XX0eHUs1 3sieMeHmoe (MsiXEénbix MemaJsisios) e noyee

Jnst Toro 4yToObl OLUEHUTh (POPMBI HAXOXKIEHUS WIH (HOPMBI CBS3BIBAHUS
TSOKENBIX METAUIOB (M JIPYTMX AJIEMEHTOB) B TBEPJBIX BEIIECTBAX, ObUIM
pa3pabOTaHbl AHATIMTUYECKUE METOJIUKHU C MCIOJIB30BAHUEM IOCIIEI0BATEILHOMN
sKkcTpakuuu. OJIHA U3 MEPBBIX METOAUK C MOCIEAOBATEILHON KCTPAKIIUEN IS
onpeneneHus: GopM HHTEPECYIOIIEro 3JeMEeHTa B IMOYBaxX ObUIa MpeJIo’KeHa
Teccbe u np. beutn pa3paboTaHbl Takke APYrue — KUHETUYECKUE — METOJIBI
pazneneHusi. Bce 3TM METOAMKM OCHOBaHbI Ha MPEATOI0KEHUH, YTO B MOYBAX
IPUCYTCTBYIOT  cliefytonue (OpMbl  TSODKENBIX  METaioB: 1)  BOJHO-
pacTBOpHUMbIE (HAIIPUMED, B TOYBEHHOM pacTBoOpe); 2) 0OMEHHbIE; 3) CBSI3aHHbIE
B OpraHMYEeCKHUEe COeAMHEHUs; 4) 3aXBaU€HHbIC B OKCHJIAX KeJie3a U Maprasia;
5) coOcTBeHHBIE MHUHEpANbl (Hampumep, kKapOoHaTsl, (ocdarsl U Cyab(UIBI
TSOKENBIX METa/ioB); 6) CBsA3aHHbIE B CTPYKType CHJIMKAaToB (T. €. B
HEpPACcTBOPUMOM oOcTaTke). PacTBopumas u oOMeHHas (OpMbI MPEACTABISIOT
co0ol MOJBIKHYIO (Ppakiuio MeTauioB B mouBe. Jpyrue gopmbl Oosee wim
MEHEE HEMOABWXHbIE. MoOWnu3aluss MeTauioB U3 3TUX (QopM  WiH
TpaHchopMalMs TNOABHXKHONW (PPaKIMU METANIOB B HEMOJBH)KHYIO — OOBIYHO
MPOIECC OYE€Hb MEJJICHHBIN, KOHTPOJHUPYEMBI B OCHOBHOM KHWHETHYECKUMH
dakTopamu.

®dynbeokucriomsi

OCHOBHBIMM  CTPYKTYpPHBIMM  €IWHUIIAMU  MOJICKYJIbl  SIBJISIFOTCS
CKOHJICHCUpOBaHHas IEHTpajJibHas d4acTh (sAApo), OOKOBBIE IeNMu U
nepudepudeckue byHKIIMOHATBHBIC TPYIIIIbL: KapOOKCHIIbHBIE,
(beHONTUAPOKCHIIbHBIE, METOKCUJIbHBIC, KapOOHWIIbHBIE, XWHOUAHBIC. SIpo
COCTOUT U3 CKOHJIEHCHUPOBAaHHBIX apOMATHYECKUX M TeTEPOLMKINYECKUX



129

KOJIBIIEBBIX COEIMHEHMM, OJIHAKO OOKOBBIC IEMU MPEOoOaaloT HaJ SJIPOM.
ConepxaHue KapOOKCUIBHBIX M (DEHONTUIIPOKCUIIBHBIX TPYIIN OOJIbIIE, YeM Y
TYMHHOBBIX KHCJOT. DyJIBBOKUCIOTHI TPEACTABISIOT COCIUHCHHS THIIA
OKCHUKApOOHOBBIX KHCJIOT ¢ MEHBIITUM OTHOCHUTEIIBHBIM COJIEP)KaHUEM YTIIepo/ia
u OoJsiee BBIpaKEHHBIMU KUCIOTHbIMU cBoiictBamu. CoriacHo [I. C. OprnoBy
(1974), ctpykTypHas siueiika QyJabBOKUCIOT U3 JEPHOBO-TIOA30JIUCTON MOYBBI —
C270H3180206N16, 13 "epHo3éMa — CooH2g00177N1s. B coctaBe dynpBokuCIOT
conmepxkaHue yriaepoaa kojeobmercs ot 35 mo 50 %, azora — ot 3 mo 4,5 %.
@OynbpBOKUCIOTH PACTBOPSIOTCS B BOJIE, PACTBOPHI HMMEIOT CHIJIBHOKHCIIYIO
peakmmio (pH = 2,6 — 2,8). Xopomas pacTBOPUMOCTb (PYJIbBOKHUCIOT IO
CPaBHEHHUIO C TYMHUHOBBIMH KHCJIOTAMU SIBJISIETCS MPUUMHOM UX 00Jiee BHICOKUX
KOHIICHTpAIlMi M PaclpoOCTpaHEHUS B TMOBEPXHOCTHHIX Bomax. ComepkaHue
(GyJIBBOKHUCIIOT, KaK MPaBUJIO, MPEBBINIACT COACPKAHNE TYMHUHOBBIX KHCIIOT B
10 pa3 u Gosee. PactBopstomiasi cnocoOHOCTh (PYJIBBOKUCIOT YCUIIMBACTCA MX
CKJIOHHOCTBIO K XenaTupoBaHuio. KoMriiekcHble coequHeHus: (PyIbBOKHUCIOT
MOTYT AaKTUBHO MWIPUPOBATh B NPHUPOIHBIX BOJaX B TakuX (U3UKO-
XUMUYECKUX YCIOBUAX, B KOTOPBIX CBOOOTHBIEC KATHOHBI METAJIOB BHITIAIAIOT B
0CaJIOK.

X

XanbkogpunbHble XuMuYyecKue 3sieMeHmb|

DJIEeMEHTBI ¢ BBICOKHM CPOJICTBOM K CE€pE, COCTABJISIONIME OCHOBHYIO YaCTh
ManTuu 3emi (19 anemenTtoB) (B.M. INonbammMunr).

Xumuyeckas deHylayus

IIponecc, xapakTepu3dyembld JIBYMs [IOKA3aTEIsIMU: CTOK — PacXo]l
PacTBOPEHHBIX BEIIECTB, MPOXOJSAIINX Yepe3 CTBOP PEKH, T/TOJ; MOIYJIb CTOKA —
OTHOIIIEHUE TOJIOBOIO pPacxoja PACTBOPEHHBIX BEIIECTB B OIPEACIEHHOM
CTBOpe peKkH K IUiomagd Oacceifna, T/(km>rTom). Mamepsercs, kak u
MEXaHWUYeCcKas NeHyJalus, IJi1 OJHOTO U TOro ke OacceilHa Mpu HW3MEHEHUU
T€XHOT€HHOU Harpy3KHu.

Xumuyeckue MemoOdbl peKynbmueayuu 3a2psi3HEHHbIX 1048

Metoapl, 3akmrouaronigecs B J00aBJICHUMM K HEUTpaln3dyemMoil macce
XMMHUYECKUX peareHToB. B 3aBUCHMMOCTH OT THNA XUMHYECKOW pEAKLIHNU
peareHTa C  3arps3HCHUEM  IIPOUCXOJUT  OCAKICHHE,  OKHUCIICHUE-
BOCCTAHOBJICHHE, 3aMeIIeHHEe, KOMILUIEKCOOOpa3oBaHue. XUMHYECKHUE CITIOCOOBI
WHAKTUBAllMM  OCHOBAaHbl HAa TMEPEBOJIC  3arpA3HSIONINX  BEIIECTB B
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MaJIOTIOABUKHBIE COCTMHEHUS: U3BECTKOBAHUE MMOYB, BHECEHUE OPraHUYECKOTO
BEILIECTBA, BHECEHHE CWJIMKATOB W TUAPOCUIMKATOB, 00pabOTKa MOYBHI
MEpKanTo-8-TpHa3uHOM, BHECEHHE B TIOYBY HMOHOOOMEHHBIX CMOJ B BHJE
rpaHyisiTa WIM TOPOIIKA, COJAEpXKalIMX KapOOHOBYI0 W THAPOKCHIIBHYIO
rpymmsl B H'-, Ca®*-, Mg®*-, K'-popmax. 3arps3HEHHBIC MPOMBILIICHHBIC
MOYBBI MPOMBIBAIOT Pa30aBICHHON COJISTHOW KHUCIOTOM, a 3aTeéM BHOCAT B HUX
dochopHO-MarHreBbie yAOOPEHUSI M CUWIMKAT Kalblvsa. MeTonbl OCaKIeHUs
OCHOBaHbl Ha MOHHBIX PEAKIMIX ¢ 00pa3oBaHMEM MajOpacTBOPHUMBIX B BOJE
BEIIECTB U 0COOCHHO 3((PEKTUBHBI MPU HEUTpPATU3AIUU TSKEIbIX METAIIOB U
PaIMOHYKJIUJOB. MeEToa OCa)XJACHHUS OpPraHWYECKUX 3arps3HEHUI OCHOBAaH Ha
ABYX THIAaX peakiuil: komIiekcooOpa3zoBaHue U Kpuctamnuzanus. OcaxaeHue
WCIIONB3YIOT JUISI OYUCTKM TpPyHTa OT TOJUXJIOPHPOBAHHBIX OMQEHUIIOB,
MEHTaxJ0p(GEHOIOB, XJIOPUPOBAHHBIX W HHUTPUPOBAHHBIX YTIIEBOJIOPOIOB.
PearenTsl MOTYT OBITH KaK B KUJKOM, TaK U B ra3000pa3Hol (azax. OqHako npu
TOM THPOMCXOAMUT YBEIUYEHHE oO0beMa 00€3BpEKEHHOW Macchl. MeTrobl
YIPaBICHUS] OKUCIUTEIbHO-BOCCTAHOBUTEIBHOW PEAKIMEN Cpelbl MO3BOJISIIOT
MEPEBOUTh COCTUHEHHS TSDKEIBIX METAJIOB M PATUOHYKIHAOB B TPYIHO
pacTBOpUMBIC B BOJAE THUIPOKCHUIBI, a TaKKe pa3pyllaTh IHAHWUIBI, HUTPATHI,
TETpa-XJOPUAbl U APYTUe€ XJIOPOpPraHWYecKue coeiauHeHus. s XxumMuyeckoil
UMMOOWIM3AIMN  MCTIONB3YIOT HEOPraHMYEeCKHe BsDKYIIME BEIeCcTBAa THUIMA
LIEMEHTA, 30Jbl, CUJIMKATOB KaJluid W HATpHUs, M3BECTH M Tresneo0pa3yronmx
BelllecTB (OCHTOHUT WM 1E/UTI0J03a). MIMMOOWIM3AIMIO HUCIONB3YIOT IS
CBSI3BIBAHUS TSKEJBIX METAJIOB, PATUOAKTHBHBIX OTXOJOB, MOJIUIIUKINIECKUX
U apOMAaTUYECKUX YTJIEBOJOPOAOB, TPUXJIOPITUICHA U HEPTEHPOAYKTOB.
HenocraTkoM KOMILIEKCOOOpa30BaHUs SIBISIETCSI HEYCTOMYMBOCTBH BSDKYIIHUX
BEUIECTB K aTrMocepHOM U TpyHTOBOM Biare, OBICTPHIM H3MEHEHUSIM
TEMIEPATyphl, UTO TMPUBOANUT B PE3yJbTaTe K Pa3pylICHUIO KOMIO3UIIMOHHOTO
matepuaia. OObeM OTXOJOB IOCIIE€ KOMIUIEKCOOOPAa30BaHMUSI yMEHbIIAETCS
TOJIbKO B 2 pa3a. TexHoIoruss XuMHYECKOTO OCaxaeHus TsxkeNnbx Metamos (Cr,
Pb, Hg, Ca) u paauoHyKIHIOB B TPYHTAX OCYILIECTBISETCS BBEICHUEM
peakimoHHo-criocoObHoi cmecu (100 ppm cepoBomoposa B a30Te€) B PEakTop,
3aMOJTHEHHBIN 3arpsi3HEHHBIM TPYHTOM. TE€XHOJOTHS XUMHUYECKOTO OCAKIACHHUS
MpUMEHUMa IS TPYHTOB C Pa3HbIM XWMHUKO-MHHEPATBLHBIM COCTAaBOM H
nponuiaeMoctbio. [locine xummueckoit oOpaboOTKH (GUKCHUPYETCS B TOPOC
oonee 90 % TspkenbIx MeTaiwsioB. B TexHomoruu oOpaOOTKHM 3arpsi3HEHHBIX
TPYHTOB HCHOJB3YIOT PEareHThl: W3BECTh, CyIb(haT HATPHs, OKCHUIBI JKee3a,
opraHnyeckui yriepoq. DPGEeKTUBHOCTh OYHCTKH 3aBHUCHT OT PEAKIIMOHHOM
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CIIOCOOHOCTH peareHTa M 3JKOTOKCHMKaHTa. BoOJHBIM peareHTHBIM pacTBOp
CMEIIMBAIOT C TPYHTOM M T[EPEMENIMBAIOT, B pe3yJbTaTe MOJydaeTcs
ruapodoOHBI  TOpomoK. [IperMyIecTBO TEXHONOTHH — B pa3pylICHUH
XJIOPUPOBAHHON OPTaHUKH M HEPTETIPOIYKTOB U (PUKCAITUH TSHKEIIBIX METAIIJIOB.
OOmwMii HEIOCTAaTOK PEareHTHBIX TEXHOJOTUH — 3TO 3aBUCUMOCTH CTEICHH
o0e3BpexxkuBaHusi OT 3P(HEKTUBHOCTH TEPEMEIIMBAHUS W YUCTOTHI pEareHra.
OOpa3yromuiicss TOpPOIIOK He o00yafaeT a0COMIOTHBIMU THAPOGHOOHBIMU
CBOMCTBaMH, W TIPH TOMAJaHUU B TIOPOBOE MPOCTPAHCTBO BOJBI abOpHUTeHHAs
MUKpO(IIOpa TOCTENEHHO pa3jiaraeT OpPraHUYeCKHe BEIIECTBA, BXOMAIIUEC B
COCTaB TMOPOIIKA, YTO MPUBOJAUT K BTOPUUYHOMY 3arps3HEHHUIO OKpY’Karolien
IPUPOAHON cpefibl. B TEXHONIOTUSX XUMUUECKOTO OKUCIICHHSI 9KOTOKCUKAHTOB B
MOYBE HCIOJB3YIOT CIEAYIOIINE OKHUCIUTEIN: KHUCIOPOA, BO3IyX, O30H,
MEPEeKUCh BOJOPOJA M TIEpPMaHTaHAT Kalus. DTa TEXHOJOTrus Hamboyiee 4acTo
MPUMEHSCTCA JJI1 OYMCTKH TPYHTOB OT XJIOPHPOBAHHBIX YTJIEBOJIOPOIOB
(TpUXJIOPATHIICH, TPUXJIOPAMUH, TTOJIUXJIOPITUIICH) B TUAINIa30HE KOHIIEHTPAIIHIA
or 0,2 Mkr/kr no 12 r1/kr. D¢h(EKTUBHOCTH OUYUCTKH TOYBBI C HMCXOJHBIM
cojiep;kanueM TpuxyiopatuieHa 250 Mr/ kr gocturaet 74 — 79 % nipu 00padoTke
3,6 u 7,3%-HbIMH pacTBOpaMu MEPEKUCH BOJOpoJa M Bhimie 98 % — mpu
npumeHenuun 1,5, 3,0 u 6,0%-HBIX pacTBOpPOB TIEpMAaHTaHaTa Kajus.
TexHonornu XUMHUYECKOW UMMOOUIU3AINK (CBA3BIBAHUS) HUCIIONB3YIOT, KPOME
TOTO, JUIA CBS3bIBAHWSA  TSOKEIBIX  META/UIOB,  IMOJHMIHMKINYCCKUX |
apoOMaTHYECKHX yTJIEBOJOPOAOB, XJOpopraHukud. Hemocratkom wmeTona
SBISICTCS. HEYCTOHYMBOCTH OOpa3yIONIUXCS KOMIIO3UTOB K TPYHTOBOH U
atmMocdepHoir  Boge. [lpm uMMOOWIM3AIMKM TPOUCXOJIUT yTpayMBaHUE
He(TENPOIYKTOB KaK UCTOYHHKA SHEPTHUH.

Lemenmauyus
Cwm. Ilpoyecc yemenmayuu.

Lenmp naHowagpma
CMm. CmpyxkmypHulli yenmp aanowagpma.
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LL|

LljenoyHolU 2eoxumuyeckuti 6apbep (D)

duzuko-xuMu4eckuii 0apbep, BO3HUKAIOIIMNA B MECTaX, I7le¢ HA KOPOTKOM
PACCTOSIHUM KHCTasi Cpela CMEHsIeTCsl IEJIOYHOW; [JIi HEro OCOOEHHO
xapaktepHa koHueHtpanus Fe, Ca, Mg, Mn, Ba, Sr, Cr, Zn, Cu, Ni, Co, Pb, Cd
U Apyrux MetamioB. D-Oaprep MoOKeT MPOSIBUTHCA U B IIEJTOYHBIX YCIOBHSX
IIPU CMEHE CJIA00NIETOUYHOM cpeibl Ha cubHOIIEnouHyto (A.U. [1epenbman).

LljenoyHo-KUCIOMHasi 30HasILHOCMb CUCMEM

N3menenue pH B mouBax, KOpax BBIBETPUBAHMS, BOJOHOCHBIX TOPU30HTAX
1o Mepe GUIbTpaIu BO/I.

LljenoyHo-KuCc1IOMHBIE ycrioeusi 800

Xapakrepusyrorca BenuunHod pH. Ilo 1MI€I0YHO-KHUCIOTHBIM YCIOBHUSIM
BBIJICJIAIOT YeThIpe Kiacca Boj JaHamadra: 1) cumpHokucasie (pH < 3 — 4);
2) kucaeie u cnabokuciabie (pH ot 3 — 4 mo 6,5); 3) HelTpanbHbBIE H
cnabomenounsie BoAsl (pH ot 6,5 mo 8,5); 4) CUIBHOIIENOYHBIE BOJIBI

(pH > 8,5).

3

Okonozuyeckas 2eoxumusi

MexaucuuIuinHapHoe Hay4yHOe HampasiieHue (FeoXuMuM JaHamadra,
OMOreOXMMHHM U HKOJIOTUH), 3aHUMAIOIIeecs INeOXUMHUYECKMM MOHUTOPUHIOM
OKpY>KaroIIel Cpe/bl, BBISIBICHHEM TEXHOTCHHBIX M3MEHEHUN T'€OXMMHYECKOTO
¢ona Ouocepbl U MX BIMSHUEM Ha MPUPOJHYIO Cpeay M Ha yesjoBeka. B
HKOJIOTMYECKON T'E€OXMMHM 3HAYUTEIIbHOE BHHUMAHHE YJIENSIETCd MUTpaIiu
XUMHUYECKUX DJIEMECHTOB, MPOUCXOAAIHMX B Omocdepe Mo BO3JACHCTBHEM
aHTPOTIOTEHHBIX MPOIIECCOB.

JKos102u4eCcKUl MOHUMOPUH2

CrnexeHre 3a COCTOSHUEM MPUPOAHBIX CHCTEM M HMX H3MEHEHHEM TOJ]
BO3/CICTBHEM AHTPOIOI€HHBIX HArpy30K. JTO OPraHHW30BAHHBII MOHUTOPUHT
OKpY>Karolled MPUPOAHON Cpelbl, IPU KOTOPOM, BO-TIEPBBIX, 0OECIIEUUBACTCS
MIOCTOSTHHASI OIICHKAa HKOJIOTMUYECKUX YCIOBUHM Cpenbl OOWTaHUSI 4eloBeKa |
OMOJIOTUYECKUX OOBEKTOB, @ TAaK)KE OLIEHKA COCTOSHUS U (PYyHKIMOHAIbHOU
LEHHOCTU 3KOCUCTEM, BO-BTOPBIX, CO3/JAIOTCS YCIOBHUS Ui OIpeAesiCHUs
KOPPEKTUPYIOIIMX JEeUCTBUH B TEX Ccly4yasX, KOrJa LEeJeBble IOKa3aTesu
HKOJIOTMYECKUX YCIOBUM He jgocturaiorcs. Ilpu pa3paboTke mpoekTa
HKOJIOTMYECKOTO MOHUTOPWHTA HEoOXoauMa cienyromas uH(popmams:



133

1) UWCTOYHHKHM TIOCTYIUICHUS 3arps3HSIONIMX BEIIECTB B  OKPYXKAIOIIYIO
OPUPOAHYIO Cpelly: BBIOPOCH B aTMocdepy; cOpoChl CTOUYHBIX BOJ B BOIHbBIC
OOBEKTHI; MMOBEPXHOCTHBIE CMBIBBI 3arpsi3HSIONIUX M OMOTEHHBIX BEIIECTB B
MMOBEPXHOCTHBIE BOJIbI; MOCTYIJICHHE HA 3€MHYIO MOBEPXHOCTh M (WJIM)
BHECEHUE B TIOYBEHHBIN CIIOW 3arps3HSIONIMX U OMOTEHHBIX BEIIECTB BMECTE C
yIOOpEHUSIMU U SIOXMMHUKAaTaMM;,; MECTa 3aXOPOHEHUS W CKJIAJUPOBAHUS
OPOMBIIUICHHBIX ¥ KOMMYHAJbHBIX  OTXOJIOB; TEXHOT€HHBIE  aBapuH,
MPUBOAIINE K BEIOpOCY B aTMocdepy U (WIK) pa3iuBy KUAKUX 3aTPASHSIIOMINX
Y OMAaCHBIX BEIIECTB U T. [I.; 2) MEPEHOCHI 3arPA3HAIONIUX BEIIECTB — MPOIECCHI
aTMOc(epHOro TMepeHoca U MUTpalMM B BOJHON cpene; 3) MpOIEecCH
JTaHAIAQTHO-TEOXUMUYECKOTO TIepepacIipeiesieHus 3arpsi3HSIONINX BEIIECTB —
MUTpalYs 110 TOYBEHHOMY NMPOMUIIIO 10 YPOBHSI TPYHTOBBIX BOJ; MUTpAIUs IO
JTaHIMA(QTHO-TEOXUMUYECKOMY  COMNPSDKEHUIO € YyU4€TOM T€OXUMHYECKUX
0apbepoB U OHMOXMMHUYECKUX KpPYroBOpPOTOB, 4) JaHHbIE O COCTOSIHUU
AHTPONOT€HHBIX HCTOYHUKOB SMHCCUM — MOIIHOCTh MCTOYHHKA M €ro
MECTOIIOJIOKEHHE, THIPOANHAMUYECKUE YCIOBUSL.

JKosoa2u4decKkul puck

BeposaTHOCTh pa3BUTHS y PACTEHUH U KUBOTHBIX (KpOME YEJIOBEKa)
HeOaronpusaTHoIX  3(PPeKkToB, OOYCIOBIEHHBIX BO3JIEUCTBHEM (PAKTOPOB
okpyxarmieid cpeapl. OIlleHKa 5SKOJOTMYECKOTr0 pHUCKAa HampaBjeHa Ha
OTIpe/ICJICHUE BEPOSITHOCTU PA3BUTHUS Y PACTEHUN U MPEICTABUTENECH pa3InUHbIX
BUJIOB JKMBOTHBIX HEOJAronpusiTHeIX 3(PQPEKToB OT BO3ACUCTBUS (PAKTOPOB
OKpY’Karollel cpefbl U HE BKJIIOYAET WU3yUCHHE BJIUSHUS Ha uenoBeka. [lon
AKOJIOTUYECKUM PHUCKOM MOHUMAIOT TAK)KE BEPOSTHOCTh HACTYIUICHUS COOBITHSI,
UMEIOIIETO0 HEOJAronpusTHBIE TIOCIEACTBUS IS TNPUPOIHON Cpeabl U
BBI3BAHHOTO  HETaTUBHBIM  BO3JCHCTBUEM  XO3MMCTBEHHOM WJIM  HHOU
NEATEeIbHOCTH, YpPE3BBIYAaWHBIMU CHUTYAI[USIMH MPUPOJHOTO U TEXHOTEHHOIO
XapakTepa.

JKos1020-2e0xuUMuUYecKas Knaccughukayus sewecme, yHacmeyrowux
8 mexHozeHe3e

CM. Oxon020-2eoxumuneckas Kiaccupukayus mexHo2eHHblX 6030eUCmeull.

Okonoz0-2eoxumudeckas knaccugukayusi mexHo2eHHbIx eo3delicmeuli

TexHoreHHbIe BO3ACHCTBUSA: 1) WuU3BSATHE BEUIECTB W3 JaHamadTHO-
FCOXUMHUYECKUX CHCTEM: a) 0€3 H3MEHEHHUS T'e€OXMMHUHU JIMTOJIOTHYECKOTrO
cyoctpata, ©0) ¢ UW3MEHEHHEM TEOXHMHUU JUTOJOTMUECKOTO CyOCTpara;
2)  TOpUBHOC  BEHIECTB B  JAHAMA(PTHO-TEOXUMHUYECKHE  CHUCTEMBI:
a) TEOXMMHUYECKH aKTHBHBIX BEIIECTB (TOKCHUYHBIX B MaJIbIX KOHILIEHTPALMSIX,



134

HETOKCUYHBIX B  MaJbIX KOHIEHTPALMSAX, TOKCHMYHBIX B  OOJBIINX
KOHIIEHTpPAIUSAX, HETOKCUYHBIX B JIOOBIX KOHIICHTpALMsIX), 0) T€OXUMUUYECKH
WHEPTHBIX BemecTB (yXyALIAIOUIMX TMPUPOIHYIO CpeIy, HWHEPTHBIX IS
npupoasoit cpensl) (H.I1. ConHuesa).

Okonozo-2eoxumuyeckue Kapmsi

Kaptel, mnpumensiembie a8 XapakTEPUCTHUKUA  MPOCTPAHCTBEHHOTO
pacmpesiesieHusl 3arps3HeHNs] U OLEHKU KOJIOTMYECKOTO PHUCKa JJISl YeloBeKa,
pacTeHMid M IKUBOTHBIX. OKOJOrO-T€OXHMMHUYECKHE KapThl, KaK MpaBuio,
BKJIIOYAIOT MHGPOpPMAIMI0O O KOMIIOHEHTax JaHamadToB, JaHIIaQTHO-
F€OXUMHUYECKOH  CTPYKTYpe  TEPPUTOPUU  COMVIACHO  I€OXMMHUYECKHUM
KJIacCU(PUKALUAM TEXHOT€HHBIX JlaHAmadToB. [Ipu 3ToM Hcnonb3yercs Teopust
U METOJMKA TOWUCKOBOM TE€OXMMHUU — TJIABHBIM 00pa3oM T€OXHUMHYECKUX
METO/0B MOUCKOB pyAHbIX MecTopoxiaenuid (FO.E. Caer u ap.). Odopmumnoch
YeThIpe  HaNpaBJECHUS  JKOJOrO-T€OXMMHUYECKOIO  KapTorpadupoBaHUS:
1) unBeHTapu3almoHHoe; 2) cutryanuoHHoe ((pakrtopHoe); 3) MHAMKALUOHHOE
(xapTel MOHMTOpUHra); 4) OLEHOYHOE U MporHo3Hoe. Kaxnomy wu3 Hux
COOTBETCTBYIOT THUIIBI  KapT: a) AaHaJIUTHYEeCKHe; O) KOMIUIEKCHBIE;
B) cuHTeTndeckue. Cnadasi CTOpOHA 3KOJIOTO-TEOXMMUYECKUX KApPT — HEJOYUET
naHAIAaPTHO-TEOXUMUUECKUX OCOOCHHOCTEH TEpPpUTOPUH, POJIUM HPHUPOIHBIX
(akTOpOB B MUTpALIUU 3arps3HUTENICH, CUJIbHAs — MOKa3 TEXHOTEHHBIX a3po-,
neao-, JIMTO-, THIPO- U OMOT€OXMMHUYECKUX OPEOJIOB M TOTOKOB pACCESTHUS
3arpsI3HSIONINX BEIIECTB.

JKomoKcukaHm

[ToroTaHT, HAKONMUBLIMIICS B Cpele B KOJHUYECTBE, JOCTATOUHOM JIJIst
WHUILMAIIMA  TOKCHYECKOTO Ipoliecca B OworeHo3e (Ha Jr000M YpOBHE
OpraHM3aIiH KUBOW MAaTEPHH).

SkomokcukoduHamuka

Pa3znen SKOTOKCHKOJIOTHH, pPacCMaTpUBAIOIIUNA KOHKPETHBIE MEXaHU3MBI
pa3Butuss © (HOpPMBI TOKCHMYECKOIO IMPOLIECCa, BBI3BAHHOIO JIEHCTBUEM
OKOTOKCHKAHTOB Ha OMOIICHO3 M (MJIM) OTJICIbHBIC BUJIBI, €70 COCTaBIISAIOIIHE.

SKOMOKCUKOKUHemukKa

Paznien 3K0TOKCHUKOJIOTMH, pacCMAaTPUBAIOLINI TOBEICHINE KCEHOOMOTHUKOB B
OKpy)Xalollled cpeie: UCTOYHUKM UX TOSBICHHUS; paclpeleieHue B
aOMOTHYECKNX U OMOTHMYECKHX JIEMEHTaX OKPYXAloILel Cpelbl; MpeBpalleHue
KCEHOOMOTHKA B CpeJie OOMTAHUS;, SITMMHHALIUIO U3 OKPYKAIOIIEH Cpepl.
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JKomokKcukosio2usi

MexaucuMIIMHapHOEe HayYHOE HAMNpaBJICHUE, CBA3AHHOE C TOKCUYECKUMU
s pexTaMu XUMUYECKHUX BEIIECTB HA >KUBBIE OPraHU3MBI, MPEUMYIIECTBEHHO
Ha TONYJSALMM OPraHU3MOB M OHOIICHO3bI, BXOJSIIME B COCTAaB IKOCUCTEM.
3aHWMaeTCS  BBISICHEHHEM MEXaHM3MOB (OCOOCHHO OWOXMMHYECKUX H
(U3HOTOTUIECKUX) TOKCHYECKOTO JCHCTBUS aHTPOIOTEHHBIX (DAaKTOpPOB Ha
XKUBBIE OpPraHU3Mbl B TPUPOJHOW CpeAe. OKOTOKCUKOJOTHIO MOYXKHO
paccMaTpuBaTh KaK MEKIUCLUIUIMHAPHOE HAIpPaBIICHUE, Pa3BUBAIOLIEECS Ha
NOTPAaHUYHBIX HAIPABICHUSAX TOKCUKOJIOTUM, DKOJIOTMH, OMOJIOTHUU, T€OXUMHUH,
MOYBOBEJICHUSI M JPYyruxX HayK. OKOTOKCHUKOJIOTHUS HW3y4aeT HWCTOYHUKU
MOCTYIUICHUSI BPEJIHBIX BEILIECTB B OKPYKAIOIIYIO CPENly, UX PACIPOCTPAHECHUE U
TpaHchOpMaIIMIO B OKpYXKalOIIeH cpene, ACHCTBUE HA KUBBIE OpPraHU3MBI.
ConepxaHueM AUCIHUIUIMHBL  «DKOTOKCUKOJIOTHUS»  SABJISETCS  ydeHHe 00
AKOTOKCUYHOCTH. OCHOBHBIE pacCcMaTPUBAEMbI€ BOIPOCHI: XapaKTEPUCTUKA
KCEHOOMOTHUYECKOTO npoduiis cpenbl oOuTaHus, poOIeMbl
SKOTOKCUKOKMHETHUKHU, SKOTOKCHUKOJIMHAMUKH, SKOTOKCHKomeTpuu. [IpoOiema
TOKCUYHOCTH XUMHUYECKUX BJIEMEHTOB TPAAUIIMOHHO HE SABJISJIACh OCHOBHOH B
reoOXuMuu JaHamadra u B DIKOJOTMUECKOW reoxumuu. [loaTomy BiusHHE
Pa3JIMYHBIX 7103 XMUMHYECKUX DJIEMEHTOB Ha PACTECHMS, KUBOTHBIX U UEJIOBEKA,
obecrnieueHue ONTUMAITBLHOU F€OXUMHYECKOU 00CTaHOBKH 150,
KUZHENIEATCIbHOCTH — 3aJla4l AKOJOTHYECKON TC€OXUMUH, CONMMKAIONIHNE €€ C
3KOTOKCHUKOJIOTHEN.

3Kkomokcukomempus

Pa3nen 9KOTOKCHKOJOTUM, B paMKax KOTOPOTO paccMaTpUBAIOTCS
METOJUYECKUE TPUEMbI, TO3BOJSIONIME OLEHUTh (MEPCHEKTUBHO WU
PETPOCIIEKTHUBHO) SKOTOKCUYHOCTh KCEHOOMOTHKOB.

JKOomoKcu4HOCMb

CrnocoOHOCTh JAaHHOTO KCEHOOMOTHYECKOTO Npo(uiisi Cpelnbl BBI3bIBATh
HeOnaronpusTHbIE 3 ()EKTH B COOTBETCTBYIOLIEM OMOLIEHO3E.

Skomokcu4HbIe sewjecmea (omxoohbl)

BemiecTBa uinm 0TXOJbI, KOTOPHIE MIPU MOMNAaJaHUU B OKPYXKAIOIIYIO CPEay
OKa3bIBAIOT WJM MOTYT OKa3aTh HEMEJJICHHOE WJIM OTJIOKEHHOE 1O BPEMEHHU
HEOJIaronpuaTHOE BO3JECHCTBHE HA OKPYXKAIOIIYI0O CpeAy IOCpPEeCTBOM
OMOAKKYyMYJIAIMU U (MJIM) TOKCHYECKOTO BIUSHUS Ha OMOTHYECKHE CUCTEMBI. K
MEPEUYNCICHHBIM ~ BO3JACHCTBUSAM WM OTXOAaM JOOABJISIOTCS BEIIECTBA,
CIIOCOOHBIE TMPOU3BOAUTH (0OpPa30BBIBATH) JPYroe BEIIECTBO (MaTepual),
HarpuMep, TNpU  BBINIETAYUBAHUHU, KOTOpoe o00JagaeT HAKOTOKCUYHBIMU
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CBOMCTBaMHU. ODKOTOKCMYHOCTh 3aBUCUT HE TOJIBKO OT TOKCHYHOCTU
KOMITOHEHTOB OTXOJla, HO W OT CTENEHU HUX TMOJBMKHOCTH B JaHamadTax
(axocuctemax). OCHOBHBIM MEXaHMU3MOM IOMNAJaHHsI KOMIIOHEHTOB OTXOJa B
nanAmadThl ABIAETCSA UCTIAPEHHE JIETYYMX BEIIECTB U BhIlenaunBanue. JIroboi
TECT Ha DOKOTOKCUYHOCTHh JIOJDKEH BKJIIOYATh BBIIIEIAUYMBAHUE, KOTOPOE
IIPOBOJMTCS, KaK MpaBuiio, Bojgoi ¢ pH = 5,6 — 7 (Boja ypaBHOBEIICHHAs C
atmochepasiM CO;). Bona Gepércs B coorHomenun 10:1 k macce oTxoja.
OKCTpakT BMOCJIEICTBUM JUOO TMOABEpraercs XHMHUYECKOMY aHaiu3y Ha
CoJlepKaHUE TOKCHYHBIX KOMIIOHEHTOB (MpakTHKa ATEeHCTBa II0 OXpaHe
okpyxatomeid cpeapl CIIA), nubo wucciaenyercss Ha OMOJIOTMUECKHX TECT-
oobektax (mpaktuka EC). B kauecTBe TecT-00BEKTOB HCMOIB3YIOTCA NadHUM
WJIM OJJHOKJIETOYHBIE BOJIOPOCIIH.

JKOMOH

['panunbl  30H  (ManamadToB), T€ KIMMATHYECKUE YCIOBHUS HOCST
NEPEXOJHBIM XapaKTep U II€ IeOJIOTUYECKOE CTpPOeHUE U (WIM) OCOOEHHOCTH
penbeda MoryT oOyCIOBHUTH MOSIBICHUE PA3IMYHBIX TUMOB JaHmamadToB. Ux
MOIIIHOCTb KOJIEOJETCSI OT HECKOJIbKUX METPOB 10 JECITKOB KHIOMETPOB H
OOBIYHO MPOMOPLHMOHATBHA pa3MepaM TpaHUYaluX JaHAma(ToB. AHAIW3
OTKJIOHEHUW OT 30HAJIBHOCTH YKa3blBa€T Ha BEAYIIYIO pOJb KIUMara B
dbopmupoBanny JaHAMA(THRIX 30H, OJIHAKO KOHKPETHBIE TPAHUIIBI YacCTO
0OyCJIOBJIEHbI HE KJIMMAaTOM, a OCOOEHHOCTSIMU penbeda M TeoJOrHYecKOro
ctpoenud. Jlaxxe Ha paBHMHAX TpaHUUbl 30H (JlaHamadToB) YacCTO
MPEACTABICHBl HE CJIa00 M30THYTHIMU JIMHUSMU, & JIOMAHBIMU KPUBBIMHU: OJHA
30Ha s3bIKaMH BAA€Tcss B JApyryto. OUYeHb YacTO OSKOTOHBI SBISIOTCS
r€OXMMUYECKUMH Oaphepamu, U B UX Mpejenax MPOUCXOAUT KOHIICHTPAIUS
ONnpeenEHHbIX XUMUUYECKUX 3JIEMEHTOB (WJIM WX COEIMHEHUI). TexXHOreHHbIe
mpoieccbl B OOJBUIMHCTBE CIYy4aeB CIOCOOCTBYIOT TAKOMY HAKOIUICHUIO B
skoToHax. [Ipeanonaraercs, HampuMep, YTO JATbHEUIIUM PAa3BUTUEM YUYEHUS O
reOXUMHYECKUX  Oapbepax  JODKHO  CTaTh  SKCIEPUMEHTAIbHOE U
MaTeMaTHYECKOE MOJEIINPOBAHUE IIPOLIECCOB, IPOTEKAIOIINX Ha
Pa3HOOOpA3HBIX T€OXUMHUYECKUX TPAHUIIAX U B MOTPAHUYHBIX «T€OXUMHYECKUX
HKOTOHAX.

OKkcmeHcueHbIe napamempbi Mu2payuu

KonnvyecTBO MUTpUpPYIOIINX BEUIECTB, PACCTOSHUE MUTPALIMH U T. 1.
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AnemMeHmapHbIU naHOwaghm (3sieMeHmapHasi 3K0/1020-2e0XUMUYecKast
cucmema)

CaMblii MENKUH NPUPOTHO-TEPPUTOPUATBHBIN KOMIUIEKC, B Ipelenax
KOTOPOTO BBIICP)KUBACTCS OTHOCUTENbHASL OJHOPOJHOCTD: OJJUHAKOBBIE penibed
U TOpHas MOpOJa, OJWH M TOT K€ MHUKPOKIMMAT, OJHOTHUIIHBIE IOYBBI U
PACTUTENBHOCTD; YUACTOK, SIBJISIOIIMICS XOPOJIOTHYECKOM (IIPOCTPaHCTBEHHOM)
eauHUIEH Onochepsl CyIIm.

AneMeHmMapHbIU NO4Y8€HHbIU apear

[TouBa snementapHoro nanamadra (B.M. ®pumiann).

AneuanbHbIl 3neMeHMapHbIU naHowagm

OneMeHTapHbId JaHAWAaPT, TPUYPOUEHHBIM K IUIOCKMM BOJOpa3lieiiaM ¢
INIyOOKUM 3aJIeTaHUEM T'PYHTOBBIX BOJI, HE OKa3bIBAIOLUIUX 3aMETHOIO BIIMSHHS
Ha  Ouosiormueckuil  Kpyroopor. Pazmmuaror (M.A. T'ma3oBckas):
TPaHCHIIIOBUATIBHBIE (JaHIIIApThl BEPXHUX YaCTEH CKJIOHOB), SJIIOBHAIIBHO-
AKKyMYJISITUBHBIE (HIDKHHUE YaCTH CKJIIOHOB M CYXHX JIOKOWH), aKKYMYJISITUBHO-
ANIOBUANIbHBIE (MECTHBIE 3aMKHYTBhIE€ TOHWKEHUS C TJIYOOKHM YPOBHEM
rpyHToBBIX BoA) (Bb.B. IToabiHOB).

SHOeMuYHbIe sulbl pacmeHull

PacTeHus-KOHIIEHTPATOPbI, KOTOPbIE HYXKJIAIOTCSI B OOJIBIIIOM KOJHYECTBE
ONpPENEIIEHHBIX MUKPOSJIEMEHTOB M MO3TOMY IPUYPOUYEHBI K y4aCTKaM, CHIIBHO
0o0OramEéHHbIM ~ 3TUMHU  dJIeMEHTaMu. Tak, TPOAYKThl  BBIBETPUBAHUS
YJIBTPAOCHOBHBIX TOPOJ CUJIBHO O0OOramieHbl KOOAJIbTOM, HHUKEIEM, MEJbIO,
xpoMoM. Ha Takux mopojax pas3BuUBaeTcs crenu@uueckas CEeprIeHTHHUTOBAS
¢yopa, B cocTaB KOTOPOH BXOIST HEKOTOPHIE BHUJABI COCHBI, POJOJECHIPOHA,
TpaBSHUCTbIE pacTeHUs. Bce OHM OTIMYAIOTCA BBICOKHM COJIEP)KaHUEM
YKa3aHHBIX  DJIEMEHTOB. Hapsgy ¢ MeTamo(QUIbHON ¢braopoii,
KOHLICHTPUPYIOILIEH Cpa3y HECKOJIBKO METAJIOB, UMEIOTCS PACTEHUsSI C Y3KOi
OMOreoOXMMHUUYECKOW  crienuanu3anuet  (ranmeitHas  ¢aopa,  OJIOBSIHHaS,
KoOanpTOBast, MeaHas (yiopa u ap.).

Sonoesle npoyecchbl

[lepenoc BemiecTB B arMocepe W HUX TOCIEOYIONIEE OCAXKICHHUE B
nauamadTax (BUJ MEXaHUYECKOW MUTpaluu). BBIICNAIOT Tpu BUAa mepeHoca
BelecTB B arMocdepe: 1) ctparocdepHsiii (Ha BbicoTax 15 — 60 KM 9acTHIIBI
MOTYT MHOTOKpaTHO Oru0aTh 3eMHOM I11ap); 2) TponocpepHsblid (Ha BbICOTaX 10
8 — 12 kM yacTuilbl MOTYT MUTPUPOBATh Ha COTHU U THICSYM KUIOMETPOB);
3) nokadpHBIN (MHUTpalMs Ha JIECITKA U COTHU KUJIOMETpoB). Ilecok, mbLib,
COJIM TOCTYMalT B aTrMocdepy TMPEeUMYIIECTBEHHO 3a CU€T pa3BUTHSA
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c1a003aKpeTIEHHBIX TIECKOB, TJIMHUCTBIX U JIECCOBBIX TMOPOJ, COJOHYAKOB.
Oco0eHHO 0O0JIbIIIOE 3HAYEHHE H0JI0BbIE IMPOILECCHl HMEIOT B apUJIHBIX
nagmmadgTax, TA€ arMocdepa  CONEPKUT MHOTO  COJSHBIX  YacCTHI]
(H.®. T'nazoBckuii). B yclioBUSIX HEMPOMBIBHOTO PEXHMa COJIM, MOCTYIHMBIINE
u3 arMocdepsl, MOCTENEHHO HAKAIUIMBAIOTCS B MOYBAaX M IpyHTax. Tak Kak
OJIHOBPEMEHHO MPOUCXOIUT U YACTUYHOE BBIMBIBAHUE COJIEW, TO B MOKPOBHBIX
OTJIOKEHHUSIX W DIIIOBUAIBHBIX MOYBaX BO3HUKAET COJIEBASl SMHUTCHETHYECKAS
30HAJBHOCTh,  OTBEYAIOIIAs  PAaCTBOPHUMOCTH  COJIEH:  KaJbLUT, THIIC,
JErKOPACTBOPUMBIE  COJIM.  DOJIOBBIE  MPOLECChl  MPOTEKAIA BO  BCE
re0JIOTUYECKUE TTEPUO/IbI, X POJIb ObLJIa 0COOEHHO BEJIMKA B JICTHUKOBBIC SIIOXH
C MX CyXUM U XOJOJHBbIM KIMNMAaTOM, CHJIbHBIMHU BETpaMH, a TaKXKE B
JIOYETBEPTUYHBIE SIOXM C apUAHBIM KJIUMaToM. ['eoXuMUYeckoe 3HauYCHHE
J0JIOBBIX TMPOLIECCOB B TEXHOTEHHBIX JaHamadTax TpedyeT [aeTaabHOro
nzydenus (A.IL Jlucuupn).

AnuzeHe3

[Ipouieccrl, mpoucxojsmme B chHOpMHUpPOBaBIIEcs TopHOW mopoxae. Psin
0COOEHHOCTE Mpolecca M Jake caM TEPMHUH HCCIEI0BATEISIMU TPAKTYETCS
HEO/IHO3HAYHO.

SpPO3UOHHasi KOMIMJIEKCHOCMb

[TectpoTra (KOMIUIEKCHOCTBH) OJJIEMEHTApHBIX JaHAMA(PTOB B Tpenenax
0JIHOTO Me3openbeda, 00yCIOBIeHHAs NEATEIbHOCTHIO TEKYyUeU BOJIBI.

Apghekm mexHo2eHHO20 yOapHO20 3a2psi3HeHUs

Oddexr, HaOMOAAEMBI NPU TEXHOTEHHOW MHTpAIllMU TOJUTIOTAHTOB Ha
HAaYaJIbHBIX DJTalax BBHIIIENIAYUBAHUS B CHCTEME «OTXOJbl (aTMoc(hepHbIe
BBIMIAJICHUSI) — TIOYBa», KOIJa KOHIEHTPAIMS XUMHUYECKHUX DIIEMEHTOB
(Hanpumep, TKETBIX METAJUIOB) B (PUIIBTPALIMIOHHOM MOTOKE PE3KO BO3PACTAET,
JOCTUrasi MaKCUMyMa 3a OTHOCUTEIbHO KOPOTKHUI MPOMEXYTOK BPEMEHHU. 3aTeM
KOHIIEHTpAIUS MOJUTIOTAHTOB B MOTOKE MOCTETNIEHHO yOBIBAET, €CIIM TOJIBKO HET
HOCTEAYIOUIET0 OONBIIOr0 MPUBHOCA 3TUX 3JEMEHTOB. D((PEeKT yaapHOTo
3arpsi3HEHMs], MO-BUJIMMOMY, IIUPOKO PACIpPOCTPAHEHHOE SIBJIEHUE, KOTOPOE
HEOOXOJUMO  Y4YUTHIBATH  MPU  TEXHOTCHHOM  3arps3HEHUU  TIOYB
IPOMBINIJIEHHBIMUA OTXO0JIaMH. Tak, HarpuMep, OH HaOJI01aeTCs IPU MUTPALIUU
TSDKEIBIX METAJUIOB W3 TajbBaHOILIAMOB B TMO4YBHL. Bemymmum dakTopowm,
YIPaBISAIONIUM BblllleTadyuBaHueM TM W3 rajbBaHONUIaMa, SIBJISETCS PEaKIUs
Cpenbl: B KHUCJOW, U Jaxe clIabOKHCIION, cpelleé rajibBaHOIUIAMBI CIHOCOOHBI
co3/laBaTh HUMIAKTHBIC, YJapHble TEXHOTCHHBIE HArpy3kd Ha TIOYBY
MOJIMMETAIIFHOTO XapakTepa, MpuuéM OOJbINeH CTENeHW BBIMBIBAEMOCTH H
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MUTPALIMOHHON CIIOCOOHOCTH MOJBEPKEHBI Hau00JIee TOKCUYHbIE KOMIIOHEHTHI
(JI.LA. Iupkun, T.A. Tpudonosa, H.B. Cenuanona).

Apgpekm ppakyuoHUpOBaHUS U30MOIOE XXUbIMU Op2aHU3MamMu

KoMnoHeHTHI KHBOW KJIETKH W BHEKJIETOYHBIE META0OJIUTHI, KaK MPaBuIo,
oOoraienbl JErkumMu u3oTonamu. CrnocOOHOCTh Pa3AessTh H30TOIbI JETKUX
AJIEMEHTOB, BO3MOJKHO, MPHUCYIIAa BCEM oOpraHu3mam. Tak, npu (OTOCHHTE3E
PACTEHHs OTAAIOT MPEANOYTEHNUs JIErKoMy n30Tomy ~C, O3TOMY B OpraHH3Max
M UX TPOM3BOAHBIX (YIIsix, HeTH) COACpKAHHE THKEIOro m3oroma —C
nonmkeno, a B CO, MOPCKUX KapOOHATOB — mOBBImEHO. OTHOmEHHE >'S: S
TaKXkKe KojeOJeTcsa: MHUKPOOPraHU3Mbl, BOCCTAaHABJIMBAIOIIME CYJIb(aThl,
HAKATUTHBAIOT JIETKUIT H30TOI °°S, M B 0CaI0UHBIX Cy/Ibpuaax ero Gonpie. Cepa
MOPCKOM BOJIbI, COJIOHYAKOB U COJISTHBIX 03Ep, HAIIPOTHUB, TSHKETAsL.

A

SlenieHue «KOHUeHMpayuu OMUHUPOBaHUSI»

3MeHeHHe TedbIX KOMIUIEKCOB, COOOIIECTB MHMKPOOPTaHU3MOB U
MOYBEHHBIX JKUBOTHBIX IIOJ BIHMSHUEM 3arpsi3HCHUS (Hampumep, TSHKETBIMU
METAJJIaMH): U3MEHSIETCA CTPYKTypa KOMILUIEKCOB MOYBEHHBIX OpPraHU3MOB —
CHIIKAeTCsl 0OTaTCTBO BBIJICNIIEMBIX BUJIOB, 4 B CHUJIBHO 3arpsi3HEHHBIX MOYBaX
MOXET COXPAHUTHCS JIUIIb HECKOJbKO JOMHUHAHTHBIX (opM. SBHBIMU
CTAHOBSTCSL ~ OMACHOCTb  YHUYTOXXEHUSI  TMEPBUYHBIX U  BO3MOXHOCTH
dbopMUpPOBaHUS HETUIUYHBIX JJISI €CTECTBEHHBIX IMOUYBCHHO-IKOJIOTHUYECKHUX
YCIOBUM COOOIIECTB MOYBEHHBIX OPraHU3MOB TOJI BO3JECUCTBUEM BBICOKHX
YPOBHEM 3arpsI3HEHUA TAKETBIMA METAIITIAMM.

SlesieHUe aHUOHHO20 8bIHOCA KAMUOHOB

AHHMOHHBIE KOMIIOHEHTHI (Cyab(aThl, HUTpATBl W JIp.) COXPAHSIIOT B
MMOYBEHHOU Cpe/ie BHICOKYI0 MOOMJIBHOCTh U MUTPUPYIOT C HUCXOJSIIIIUM TOKOM
BJIard, MPHU 3TOM aHHOHBI coeAUHAOTCS ¢ ocHOBaHusMU [IIIK u BbI3bIBAIOT MX
AKBUBAJICHTHOE BBIIIEIaYMBaHNe W3 TO4YBBI. [1000HOE SIBJICHHE TMOIYYHIIO
Ha3BaHHWE «aHHOHHOTO BBIHOCA» KAaTHUOHOB. CpaBHEHHE «aHHOHHOTO BBIHOCA»
HUTPAaTOB U CyJIb(aToB TMOKa3piBaeT 00Jie€ BBHICOKYI0O MOOMIM3YIOIIYIO
CITOCOOHOCTh TIEPBBIX, B OCOOCHHOCTH MO OTHOIICHUIO K aJTIOMUHHUIO, KOTOPHIN
SABJISIETCS (PUTOTOKCHKAHTOM IIIMPOKOTO CIEKTpa JeWcTBUsi. B mpucyrcrBumn
XJIOP-MOHA UHTEHCUBHEE MPOUCXOAUT MOTJIOMIEHUE METAJIIIOB.
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