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1. YCTOUUMBOCTS ITPUPO/THBIX CUCTEM

VXyaeHHe COCTOsHUA OKpYxaloleli cpeabl npuobperaeTr obiierUiaHe-
TapHeIi MacmTab. 3TO CO3MAET pealibHYI0 Yrpo3y COXpaHeHHIo 6Hochepsi.
Xu3HEHHO BaXXHBIM CTAHOBHTCS TakKe BONMPOC BbDKWBAHMs Y€NIOBEKa B 3THX
ycloBuiX. JKosioryyeckas 6e3o0nacHOCTb Ho/bkHA ObiTh obecriedueHa HE TOMb-
KO HBIHELIHEMY, HO U MOC/EAYIONIHM NOKOoJIeHusM. He n0mycTuTs JKon0rnye-
CKOTO PHCKa, NMPH KOTOPOM BHEIIHWE BO3JCHCTBHA, NMPEAMNOJIOKMTENLHO HE
HaHOCAUIME Bpela CEerofHd, MOTYT OKa3aTbc NaryOHbIMM AA IKOCHCTEM
6ydyiero, noApbiBas OCHOBBI €€ CYIUECTBOBaHMA — OfAHa W3 OCHOBHBIX Hayu-
HBIX 3aia4 6mwkaiimero Oynymero. OnpeaeneHue NOCAEACTBUIA TEXHOTEHHO-
ro BO3AEHCTBUA Ha NPUPOLY, H3MEHEHUA MPaHHULL CYLUECTBOBAHMSA JKOCHCTEMBI
M €€ COCTOAHMHA, a TalKe YPOBEHb NOMYCTHMbIX AHTPONOrEHHLIX HArpy3ok
HEBO3MOXHO MO3HaTh 6e3 3HAHMA NPEACJIOB YCTOWYMBOCTH IKOCHUCTEMBI, ME-
XaHu3MOB €c¢ JOpMUPOBaHUA U CNOcOOOB MPOSABNECHHA YCTOWYMBOCTH CHCTE-
MBI €CTb €€ CMIOCOGHOCTL COXPaHATh CTPYKTYPY M NONAEPKHBATh (GYHKLIHOHH-
POBaHME B YCIOBUAX MEHAIOLIErocs BHEIHETo BO3AEHCTBHA M NIO3TOMY Hayd-
HO 0GOCHOBaHHbIH TPOrHO3 NOBENCHUA YKOCHCTEM IIPH aHTPOMOTeHHbLIX Ha-
rpyskax TpeGyeT onpejeneHus, pa3paboTKu H HCIIONb30BAaHUA MPEXKAE BCEro
nokasateiell MX yCTOH4YUBOCTH:

OTHOCUTENIbHO MHTEHCUBHO TEOpHs 00 YCTOHYHBOCTHM 3KOCHCTEM Hayala
paspabatbiBaThes B 70-80 € roast XX Beka.

Teopus ycTOHIMBOCTH 3KOCHCTEM K BHEWIHEMY XHMHUYECKOMY BO3JEHCT-
BHIO U METOJIbI ONpEAEICHHA e KOJNYECTBEeHHbIX ToKkasaTenei HeoOXxoaumbi
IUIS1 PeLICHHUA LIMPOKOTo Kpyra npobiieM, CBA3aHHBIX C

paLMOHATIbHBIM HCNONb30BAHNEM MPHPOAHON Cpelbl H METOAaMH
€ro OCYLUECTBIIECHH,
OLCHKOH HMHTEHCHBHOCTM M CKOPOCTH H3MEHEHWS 3KOCHCTEMbI B

TEXHOTEHHOM 30HE,

obocHoBanueM AU PepeHIMPOBAHHBIX MEPONPUATHI MO OXpaHe U

PEKyJIbTHBALINN HapYyLICHHBIX 3KOCUCTEM,

NIPOTHO30M pa3BUTHA IKOCUCTEM U NOCIEACTBHAMU aHTPOTNIOr€HHOTO

BO3JECHCTBUA HA HHUX,

opraHusaunei 3K010ry4eckoro MOHMTOPHHIA,
OfpeJie/IecHHEM TPaHHL, HOPMaibHOTO (YHKHMOHHPOBAHHA 3KOCH-

CTE€M ¥ METOAAMU HOPMHPOBAHUS HAarpy3oK,

Knaccuuxaneil MpUpOAHO-X034HCTBEHHBIX CHCTEM.

Vyenne 06 yCTOHYHBOCTH 3KOCHCTEM BIUHOYAET Kak obLiue noaxoisl K
UCCTIC0BAHMIO 3TOr0 APUPOAHOTO SBIEHHS, TAK M OLEHKY creunprdecKux
3JIEMEHTOB YCTOHYMBOCTH KaxJ0# u3 npupoasbix cped. Ilonarue "ycToidu-
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BOCTb", OTHOCHTENbHO JIEKO BOCHPUHUMAEMOE Ha HHTYWTHBHOM YPOBHE,
HMeET psiA clnoxHocTeld ipyu ero popMysdpoBke. C ORHOR CTOPOHLI, MPH TO-
NbITKE JaTh 0010 KOHCTPYKTHUBHYIO OPMYJHPOBKY ONpele/ieHHE CTpaaacT
HEKOTOpOil HeorpeAeneHHoCTo0. C Apyroil cTOpoHbl, Hepenko obuiue onpe-
DENeHHsA TOHATHUA YCTOHYMBOCTH PacHiEHAIOTCS Ha MHOXKECTBO YacCTHBIX,
KKJ0€ U3 KOTOPBIX OTpaXKaeT JiMllb KakHe-TO OTC/bHbi€ CTOPOHBI 06BLEKTOB
HCCIIeI0BaHMA, U 32 YACTHBHIMU SBJACHUSAMM He NMPOABIAIOTCS OOIIHE H ITIaBHBIE
CBOMCTBA.

MO3KHO BBIAEIUTD A OOLIHX 1A BCEX NMPUPOAHBIX CPEJL NONOKEHHI:

1. VcToi4uBOCTS — 3TO Creuu(uyecKoe BHyTPEHHEEe HEOTbeMIEMOE (UM-
MaHTEHTHOE) CBOUCTBO Jit000i NpUpOaHO# cucTeMsbl. Cuctema obpa3osanacs
¥ CYLIECTBYET, @ 3TO 3HAYMT, YTO OHa npHoOpena yCTORYMBOCTh B XO4€ CBOETO
o6paszoBanus, MPHILLIA K CETOJHALIHEMY COCTOSHHMI) 4€pe3 PAA NPOMEXYTOH-
HBIX COCTOSIHHH, KOTOpPblE€ HE COCTOIMCH MO IPUUMHE MX HEYCTOHUMBOCTH.
Jlro6as cuctema B kakoi-T0 Mepe 00JianaeT yCTOHYMBOCTBIO YK€ MOTOMY, YTO
CYLIECTBYET.

2. B naubosiee o6iieM ciyuae yCTOAYUBOCTb — 3TO CNIOCOBHOCTL CUCTEMBI
NpY BHELIHUX BO3JEHCTBUAX COXPaHATh CBOM OCHOBHBIE CBOKCTBA, TO €CTh
NONIEPKUBATH CBOIO CTPYKTYPY M (YHKLMOHUPOBAHHE.

Ion cTpykTypo#i cHCTEMbI IOHHMAIOTCA COCTABJAIOLIME €€ IEMEHTHI W
uX cBa3N. [Ipu 3TOM peanusyeTcs MPUHLMN pa3yMHOH JOCTaTOMHOCTH. Xapak-
TEP H YMCIEHHOCTb COCTABJIAIOILMX CUCTEMY KOMIOHEHTOB TaKOBbI, YTO CHC-
TEMa MMEET BO3MOXKHOCTb COXPAHATLCA B YCJIOBUAX MEHSIOLUETOCS BHELIHErO
BO3JEHCTBHA.

PyHKUHOHHPOBAHUE CUCTEMbI MOHUMAETCS KaK H3MEHEHUE CTPYKTYPbl BO
BpeMeHH. CII0XKHMBILNECS CBA3M MEXAY KOMIIOHCHTaMH 00YC/IOBJHMBAIOT OCO-
OEHHOCTH CTPYKTYpbI CHCTEMBI H €€ YCTOWYMBOCTb, KOTOpas B MpoLecce
($YHKLHOHUPOBaHUA CNIOCOGHA ee NOAJEePKUBATD.

3. MexaHusMm ycTOHUMBOCTH 1060 MPHUPOAHOM CUCTEMBI — 3TO MEXaHH3M
HOPOTHBOCTOSHUA CUCTEMbI BHEILIHEMY BO3IEHCTBHIO.

4. CriocoGHOCTb pa3NYHbIX MPHPOAHBIX CHCTEM K YCTOHYHUBOCTH MOXET
ObiTh Ha3BaHa UX FOMEOCTa30M. I'OMEOCTas — 3TO COCTOAHHE BHYTPEHHErO
AMHAMHYECKOr0 PaBHOBECHA B MPUPOIHOI cucTeme, 00ycnoBIEHHOE CMOCO6-
HOCTbIO €€ CONPOTUBIIATLCA BO3AEHCTBHIO (haKTOPOB BHYTPEHHEH M BHELIHEH
npuponbl. Cnoso "romeocTtas” 3TUMOJIOTUMECKM CBA3aHO C FPEYECKHM CII0BOM
"stasis", 4To oGo3HayaeT "HenoABIKHBLIA", "cTabunbHeli". [IpupoaHBIM cHC-
TeMaM CBOWCTBEHHA CaMOPETy/IALMs, T.6. CIOCOOHOCTh perynsapHO BOCCTaHaB-
JIWBaTh CBOM BHYTPEHHHE CBOMCTBA M10CJE BHEUIHEro BO3AeicTBUS. OOIWHOCTD
BCEX NPUPOAHBLIX CUCTEM B TOM, YTO HAXOLACh B COCTOSHHM AMHAMUYECKOrO
PaBHOBCCHA, OHM CMOCOOHBI 00ecneuuTh P CBOHCTBEHHBIX MM COCTOSHHIA,
npebriBas B KOTOPbIX, CHCTEMa OCTAETCA B paMKaxX OAHOTO MHBapHaHTa, 4TO U
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TIO3BOJIAET €H COXpaHHWTb CBOW OCHOBHBbIE 4epThi. COCTOAHME CHCTEMbI MOA-
JAEPKMBAETCS 3@ CYET PETYJAPHOro BO3OOHOBEHHSA €€ OCHOBHBIX BELIECTBEH-
HBIX CTPYKTYP M €€ JHEPreTHYEeCKOro COCTOAHUS.

5. YCTOHYMBOCTb CHCTEMbI KOJIMYECTBEHHO MOXKET ObITh OLEHEHA TOJBLKO
10 OTHOLIEHHIO K OMpeAeNeHHOMY BHIY Bo3aeicTBuA. [1pu xapakTepucTHke
YCTOHYMBOCTH ()aKTOpP BHELIHEro BO3AEHCTBUA HOMKEH ObITh yKa3saH KOH-
KpeTHo. OTcyTCTBHE HMHpOpMaLHHU O BHIE BO3NEHCTBUA O3HA4YAET OTCYTCTBUE
uHdopmauy 00 yCTOHYMBOCTH CHCTEMBbI, HOO W3MEPHTH YCTOHYMBOCTbL CHC-
TeMbl "BOOGWIE", KaK YCTOIYMBOCTH K JIOOOMY BO3IEHCTBHIO, HEBO3MOXKHO.

6. YcToi4MBOCTb —- 3TO NOTEHLMA CUCTEMbI. B oTIMuKE OT nokasatesnei
CTPYKTYpbl M (YHKUMOHUPOBaHHS, M3MEPUTh €€ HEMOCPEACTBEHHO HEBO3-
MOXHO. [ToTeHUHan cUCTEMbl peaTU3yCTCa KaK OTKJIHMK CHCTeMbl, KaK €€ OT-
BETHAd peakuyus Ha BHELLHee BO3AEHCTBHE ONPENENICHHOTO BAA.

7. YcroiyuBsocTh JitoOOH CUCTEMBI MOXKET ObITh OLEHEHA MWL B KOH-
KPETHBIX NPOCTPAHCTBEHHBIX M BPEMEHHBIX paHMLAx [PH OINPEAEIECHHBIX
yCJIOBHAX Harpysku uspecTHoro ¢akropa. Heobxoanma uxdopmawms o TOM,
Kako#l (hakTop BO3AEHCTBOBAN M HAa KaKyl0 CHCTeMY, B TeYE€HHE KaKoro Bpeme-
HM M C KaKoi cunom.

MO>XHO BbIACINTD IBa OCHOBHBIX BHJA YCTOHYHBOCTH 3KOCHCTEM:

1) cnoco6HOCTh CHCTEMBI B TEYEHHE 3alAHHOTO BPEMEHH COXPaHATb He-
W3MEHHBIM CBOE COCTOsIHME TpU BHEWIHEM BO3ACHCTBHM; AJS 3TOTO NOHATHA
UCHIONIB3YIOT TEPMHHBI: CONPOTHBIAEMOCTb, HHEPTHOCTD, CTaOUIbLHOCTD, PE3H-
CTEHTHOCTb, HEUYBCTBHTEJILHOCTb, HEBOCTIPUUMYHBOCTb, NPOTHBOCTOAHNE,

2) cnocoGHOCTb CUCTEMBI PEarHpoBaTh Ha BpPEMEHHOE BHELIHEE BO3ACHCT-
BHE HEKOTOPbIM M3MEHEHHEM CBOEr0 COCTOSHMA, HO BOCCTAHaBJIMBAThL €ro
NOCJIe NpEXpaLicHUs BO3ACHCTBUA, 3Ty CMOCOOHOCTh HA3BIBAIOT YNPYroCThHIO,
pereHepaumeii, BOCCTaHaBIMBAEMOCTbIO, CAMOBOCCTAHOBNEHHEM, HOpMaiU3a-
uHe.

3a CyeT COMpOTUB/AEMOCTH CHCTEMa COXPaHAET IJIaBHbLIE, XapaKTepHbie
4€PThi B TEUEHUE ONPEAEIEHHOrO BPEMEHH [IPH BHELIHEM BO3AECHCTBUM Kako-
ro-TO MJIM KaKHX-TO (PaKTOpOB, HEKOTOPbIE M3MEHEHHA B CHCTEME NMPH 3TOM
NPOUCXOAAT, HO CKOPOCTH MX HW3MEHEHHA CTONb HECYLUECTBEHHBI, YTO OHH
HE3aMEeTHbI 0€3 creuaibHbIX UCCeA0BAHHIA.

3a cuer ynpyrocT cucTeMa crnocofHa BO3BpaillaTbCs B MCXOAHOE COCTOsI-
HHE 110CJiE NPCKPAILEHUS BPEMEHHOr0 BHELUHEro Bo3zeicTBuA. Yem GwicTpee
CHCTEMa BO3BpAILAeTCs B UCXOIHOE COCTOSHUE, TEM OHA ABjsieTcs Gonee rud-
KOM, ynpyro#.

Hapsany ¢ aByms BbilueHa3BaHHBIMH, HEPEIKO BBIACJIAIOT €IlE TPETHI BUA
YCTOMYUBOCTH, KOTOPYIO Ha3biBalOT MacTiyHOCThIO. [loa miacTMYHOCTBHIO
NOHAMAIOT HAIMYUE Y CHCTEMbl HECKOJIbKUX PaBHOBECHBIX COCTOAHHH M €€



Cnoco6HOCTU NMEPEXOAUTH U3 ORHOTO COCTOSIHUSA B IPYTHe, COXPaHss [IPU 3TOM
OCHOBHbIC BHYTPEHHHE CBA3M.

IL1acTHUHOCTh MOXHO PacCMaTPHBATh Kak COCTABHYIO YacTb U NMEPBOro, U
BTOPOr0 BHAOB YCTOHUMBOCTH. B TakoM ciryuae CONpOTHBIIAEMOCTD IIPEACTaB-
JIAETCSl KaK COYETAaHHWE ABYX BMAOB YCTOHYMBOCTH, B PE3ynbTaTe KOTOPHIX
COCTOSHHE CHCTEMbI TIOJIEPIKUBACTCS HE KaK CTPOro MOCTOAHHOE U HEU3MEH-
HOE, 2 KaK PaBHOBECHOE, KOTOPOE COXPAHAETCH 3a CYET CYIIECTBOBaHMS CEPUH
MHBapUAHTHBIX CTPYKTYP.

I'mbKoCTL CHCTEMBI B 3TOM Cllydae paccMaTpuBaeTcs Kak ee cnoco6GHOCTh
K BO3BpALIEHIMIO B HCXOJHOE COCTOSAHHME B YCIIOBUAX YepeloBaHNs piaa obpa-
THMbIX PaBHOBECHBIX cocTosHui. CouetaHue cBoifcTB rMbKkocTH (BoccTaHaB-
JIMBaEMOCTH) M IUIaCTMYHOCTH paccMarpuBaeTcs kak OydepHas crnocoGHOCTH
CHCTEMBI.

Hepenxo Tepmus "6ydepHocTs" ynoTpebisioT kak CHHOHMM YCTOHYHBO-
cti. Ho 311 nonATus He uneHTHuHbl. BydepHOCTh — 3TO OAUH U3 MEXaHU3MOB
YCTOHYMBOCTH CUCTEMBI.

OnnuM U3 MPU3HAKOB YCTOMYMBOCTH CHCTEMbI ABJIAETCS YpOBeHb QUIyK-
TyalluH €e nokasateneil. YeM MeHbllle QyKTyaulu COCTOSHMH CHCTEMBI, TCM
ona crabwibHee. CucreMa ¢ Gonee BbICOKUM ypoBHEM (yKTyallMM NoKa3are-
Neit ABNAETC yalle Beero Gosiee ynpyroi, niacTHIHOIM.

HanHoe ompesenenue, Kak U TPH BO3MOXHBIX BHJAa YCTOWYMBOCTH, ABNS-
I0TCA CMpaBeUIMBbIMK UIA J1I0060ro BHAa H paHra CHCTeM, And Jroboi M3 MX
XapaKTEPUCTHK, A (aKTOPOB, BPEMEHHOTO UHTEpBAlA, COCTOSHUN W HHBa-
PHAHTOB CHCTEMbI, a TaKXKe Ula Mmoboro yucia U Habopa nepemMeHHbIX, KOTO-
pbl€ ONUCHIBAIOT CHCTEMY.

HasganHeie BHABI YCTOWMMBOCTH MO3BOASIOT KIacCMGUUUPOBATh pasHbic
OIpENENCHNS YCTOHUMBOCTH KaK MHEPTHOCTb, BOCCTAHABJMBAEMOCTh M IUla-
CTHYHOCTb MW MX KOMOUHaLwmii (cxema 1).

Cxema 1. CooTHolleHHe pa3HbIX BHIOB YCTON4YMBOCTH MPUPOAHBIX CHC-
TEM

CTabWILHOCTD YIpPYrocThb
— ~ .
HHEPTHOCTb IU1aCTHYHOCTh BOCCTaHABJINBAEMOCTh

W3BeCTHEI ONpenesicHHs MOHATUS YCTOWYMBOCTH, KOTOPBIE BKJIIOYAKOT
MHblE COYeTaHUd Ha3BaHHbIX BUAOB. Hanpumep, B Tabnuue 1 npuseseHa oaxa
w3 Knaccubukalmii onpeneneHdss NOHATHA "yCTOHYMBOCTH" KaK COYETaHMS
naeptHoctH (M), Bocctanarnusaemoctu (B), wiactuunocty (I1) (tabn.1).



Tabnuya 1. Coomnowenue obugux gpopm ycmousueocmu ¢ pasludHuiMu onpe-

Oenenuamu nouamus "yemovuyugocms” (Bawkun u op., 1993)

Tepmun
yCTOHYHMBO-
CTH

ABTOp, roj

OrnipeseneHne NoHATHA

O61wasn
dopma

Ycroituu-
BOCTh

Crabunb-
HOCTb
HuBapuant-
HOCThH
Huepuus
TTocTosHCTBO
VYnpyrocts
I'nbKoCcTD

[peobpakeHcKni,
MyxuHa, 1978

Apmanz, 1983

Kynpusinosa, 1983

[Ty3auenko, 1983

Holling,1973
[Ty3aueuko, 1983
Westman, 1978
Orians, 1975
Holling,1973;
Csernocanos, 1976

ConpoTHUBAsSEMOCTb BHEIL-
HHUM BO3ICHCTBUAM M
CrnocoOHOCTb K BOCCTAHOB-
JIEHHIO CROMCTB, HapyILCH-
HBIX 3TUM BO3AEACTBHEM
Cnoco6HOCTb BO3BPALLATH-
¢ TI0CJie BOMYILICHUS B
HCXOJIHOE COCTOSIHHE
Cr1ocoGHOCTE aKTHBHO
COXPaHATh CBOIO CTPYKTYPY
" Xapaktep ¢pyHKUMOHHPO-
BaHUs B NPOCTPAHCTBE U
BPEMEHH TPH U3MEHSIO-
LIAXCSA YCIOBUAX CPEibi
Crioco6HOCTb H3MEHATHCA
10/l BO3ACHCTBUCM BO3MY-
UICHUA, HO BO3BpALUAThCA B
HCXOJIHOE COCTOAHUE
CBOMHCTBO HE UBMCHATH
CBOE COCTOSIHUE IPY BHElU-
HHUX BO3ACHCTBHAX

Hanunuue Heckonbkux
YCTORYMBBIX MOJOKEHUHA
PaBHOBECHS, B KOTOPbIC
CHCTEMa [EPEXOIHT 1104
BO3/ICHCTBHEM BO3MYIlle-
HMS, COXPAHAS [IPH ITOM
BHYTPEHHHC CBA3U

U+B

H+B+I1

Il

OueBuaHa YCIOBHOCTb N106Oro JeneHus yCTOYHMBOCTH Ha Pa3Hbie BHAbL,
BO-TIEPBBIX, NOTOMY, 4TO JitoGoe BHelliHee BO3ACHCTBUE BEAET K KakMM-Iu60
M3MEHEHHAM B JKOCHCTEME, BO-BTODBIX, NOTOMY, YTO abCOMOTHO MOJIHOE
BO3BPAlLCHHE CHCTEMbI B UCXOLHOE COCTOSHUE HEBO3MOXHO.

B vHOCTpaHHO#H nuTepatype Ui BbIPAXEHHM HA3BAHHBIX TOHATHA MC-
NOJIB3YIOT 4Yallle BCero TepMuHbl vulnerability, sensitivity, susceptibility, oGo-
3HaYyalomue YA3BHMOCTb MJIM UYBCTBHTENBHOCTb CHUCTEMBl, W TEPMHHbI
sustainability, stability, xapakTepusytouue ycToiunBOCTb, COCOOHOCTbL CHC-
TEMBbI BbIAEPXKMBATD HArPY3KH.
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Taxkum o6pasoM, moj yCTOMYMBOCTBIO NMPUPOAHON CHCTEMbI TMOApasyMe-
BAETCA €€ CNocOOHOCTh COXpaHATh BHYTPEHHIOW CTPYKTYPY MOJ BIMAHHMEM
BHELIHEro BO3AeHCTBUA. OTAeNbHbIE KOMIIOHEHTbI €€ MPH 3TOM MOIYT OCTa-
BaTbCHA MpPaKTUYECKH HEYYBCTBUTENbHBIMM K KOHKPETHOMY BO3ICHCTBMIO,
TIEpeXOols U3 OQHOTO MHBAPHAHTHOrO COCTOAHMA B [pyroe, Apyrue — CHocob-
Hbl MEHATb CBOE COCTOSHHE, BHIXOAS BPEMEHHO 32 paMKM MHBapUaHTa M BO3-
Bpalllasich B HCXOAHOE COCTOSHME Yepe3 HEKOTOPOE BpPeMs Mociae Mpekpauile-
HHs1 BO3JEIICTBUA.

TokazaTtenn ycTo#aNBOCTH IKOCUCTEMbI MOryT ObITh ONpPEAENEHbl HA OC-
HOBE HaTYpPHBIX HabJIlOeHHI MO OTKJIMKY CMCTEMbl Ha BHELIHEE BO3NCHCTBHE.

KonudectseHHble Moka3aTeaH YCTOWYUBOCTH K TEXHOI€HHOMY BO3IEHCT-
BHIO MOTyT OBbIThb ONpelencHbl N0 U3MEHEHHIO Noka3aTenefl CTPYKTYphl M
(GYHKUHOHHPOBaHUA CHCTEMBI O] BAMSHHEM KOHKPETHOro dakropa, BO3ACH-
CTBYIOILErO Ha CUCTEMY C Pa3UYHOM CWIOH B T€UEHUE OMPEAENEHHOro Bpe-
MEHH, a TAKKE 10 BENUIHHE NpeesibHbIX Harpy30K, [PH KOTOPBIX CHCTEMA He
MEHSET CBOE COCTOSHME, WIIM MO TOMY BPEMEHH, KOTOpOE HEOOXOAUMO CUCTE-
M€ [UI BOCCTAHOBNEHHA CBOEIO COCTOSHMA. |

Bce BbilleHa3BaHHbie OOLIME MPUHUMIBLI MCCNENOBAHHA YCTOHUMBOCTH
[OpUPOIHBLIX CUCTEM B [ONHOI Mepe ACHCTBYIOT NMpPH aHalu3€ YCTOH4HUBOCTH
MOYB.

YcTo4HBOCTY TMOYB KaK YCTOHYMBOCTH "BOOOILNE" KO BCEM BMAaM BO3-
nciicTBUS U 6€3 onpeneneHHOro yka3aHusa 3TOr0 BUJAA BO3JEHCTBUA HE Cyllle-
CTByeT. MHTYHUTUBHO BocHpUHHMaeMbiii 06wmii Te3nc 06 ycToif4uBOCTH NOYB
Kak 06 UX CrOCOOHOCTH B LIEAOM NPOTHBOCTOATh W3MEHEHHIO BHEIWIHHX (ak-
TOpOB 6€3 CylLieCTBEHHbIX M3MEHEHUH OCHOBHbIX [TApaMETPOB UMEET HeoIpe-
JEneHHbIH xapakTep. YTeepxaeHue o6 obiei ycTOHYUBOCTH N10YB NO3BOJIAET
[IpEeAnonaraTh, 9To BbINONHEHa NPAKTUYECKU HEOObATHAA 3ajaqa Mo XapakTe-
PHCTHKE CIIOCOOGHOCTH IOYB COXPaHATh CTPYKTYpPY M (YHKUHOHMPOBAHHE,
CBOACTBEHHBIE UM, NTPU BCEX BO3MOMHBIX BUAAX BHEIUHEro BO3AEHCTBUA H UX
KOoMOHHaLUH.

B neficTBUTENBHOCTH e MOYBBI C pa3HOM YCTOWUMBOCTLIO HAa pPaBHOE
BHEIIHEE BO3JCHCTBHC PEarnpyroT 110-pasHOMY, a OIHA ¥ Ta XK€ MO4Ba IPOAB-
JIAET pa3NAMIHYtO0 yCTOMYMBOCTb K Pa3HbIM BHJaM BO3JECHCTBHUIM.

Knaccuuxalua BUIOB YCTONYMBOCTH NOUB (aKTHIECKH COMPOBOXKAACT-
¢ xnaccupuxalyedt BUIoB ((PpakTOpPOB) BHCIIHETO BO3NEHCTBMA Ha NOYBEH-
HYI0 CUCTEMY, KiaccuuKaumeii caMux MO4BEHHbIX CUCTEM, Kiaccudpukamen
KOMIIOHEHTOB MOYBEHHBIX CHCTEM, CIOCOOHbIX MPOABIATH TOT WM APYroi
BH] YCTOHYMBOCTH.

[IpaxTHyeckoe 3HaYEHHE HCCAEIOBAHHUI YCTOIYMBOCTH MOYB HENMOCPEACT-
BCHHO CBA3aHO KaK C METOAOJOTHEH HOPMHPOBAHHA COAEPIKAHMA Pas3lIM4YHbIX
XMMMYECKHX BEIUECTB B NOYBAX, TaK M C ONPEAETEHHEM BEPOSTHOCTH IKOJIO-
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TMYECKOro PUCKa NpU TOM WIHM ApYroM BHAE Aerpajgauud nous. OQuH U3 He-
JIOCTaTKOB CHCTEMbl CAHHUTAPHO-TUIHEHHYECKOr0 HOPMUPOBAHHS COAEPKaHHSA
Pa3IMYHBIX XMMHYECKUX JIEMEHTOB B Pa3iMyHbIX MPUPOAHLIX CPEAax COCTO-
HT B TOM, YTO OH@ OPHEHTHPOBaHa Ha 30poBbe YenoBeka. Ho akonoryyeckas
0e30MmacHOCThb JOMKHA PaCCMaTPHBATHCA HE TONBKO MO OTHOLIEHHIO K YEIOBe-
KY M K HBIHEIIHEMY NOKOJEHHIO JIOfeH, Ho obecrequBaTh 6€30MacHOCTh KO-
CUCTEMBI B LICJIOM, FapaHTHpYys 6€3011acHOCTD /IS NOCHEAYIOUIMX MOKONECHUHA.
DTy MPOrHo3bl HEBO3MOXKHBI €3 XapaKTEPUCTUKH YCTOWYMBOCTH 1104B H 3KO-
CHCTEM B LIEJIOM.

VCTOWYHBOCTD NMOYB HENMOCPEACTBEHHO CBA3aHA C MX CNOCOOHOCTBIO Bbl-
NONHATL 3Kojoryueckde QyHxumu. MIMeHHO CnOCOOGHOCTL TIOYB COXPaHATH,
MOALEPKUBAThL M BOCCTAaHABIMBATL CTPYKTYPY M (pyHKUHOHuWpOBaHue oOy-
CNIOB/IMBAET KaK IUI00POAMe MOYB, TaK U 3aliWTHBIE CBOMcTBa noys. Ha 3toM
OCHOBaHHH MOXXHO PacLUMPHTh ONpejeNeHe YCTONUUBOCTH MIOYB M [IOHUMATh
ee Kak CIIOCOOHOCTb MOUBbI BLINOJHATE KONOrHyeckue PyRKUMH, COXpaHAs
CBOM CBOCTBA.

C coxaJIeHHEM CileyeT MPU3HaTh, YTO B Pa3/MYHbIX AOKYMEHTaX 3K0JIO-
TYECKOro TOJIKA HEPEAKO HCHONL3yeTCs TEPMUH "YCTOWYMBOCTH NO4B" 0€3
YNOMHHAHHUS BHAOB BO3JCHCTBHUSA, €ro pasMepoB, KOJIMYECTBEHHbIX NIOKA3aTe-
Jieit ycTo#IMBOCTH. Takoe MHEHHNE BhICKa3bIBaeTCs npu 0OOCHOBaHUM H BbIGO-
pe 0OBEKTOB A/l BBIMONHEHMA DPas/IMUHBIX 1IPOM3BOJCTBEHHBIX 3alad, MpH
OLIEHKE 3KOJOTMYECKOrO COCTOSIHUA PErHOHOB B LIETIOM, NPH Pa3sMEICHUM
HOBbIX OOBEKTOB MPOMBILLIEHHOCTH W NIp. ABTOpbL, r0BOpsA 06 "yCTOHUKBOCTH
noys", WK 06 "IKonormdeckoit EMKOCTH" TEPPUTOPHH, ONMUPAOTC HEPEAKO
HE Ha KOHKPETHBIE KOJIMYECTBEHHbIE MOKA3aTENM YCTOMYMBOCTH K PasHbIM
BMaM BO3JCHCTBMA, a Ha MOKasaTeN# YCTOHYMBOCTH K KaKOMY-TO OLHOMY
BUIy Bo3jeicTBMA. B Takux ciiydyasx aBTOpb! ONpaBAbiBAOTCA TEM, 4TO 3a-
TPA3HAIOILMX BEILECTB BLIYCKAeTCs oueHb MHOTO (Gonee 300 Thicsu HauMme-
HOBAHHI1 y)Ke CYIUECTBYCT M 3TO KOJIMYECTBO €XKEroHO YBENUUNBACTCSA Ha 1-2
THICA4H), YTO pasMep MOCTYMUBIUMX B OGUOCOEPY XUMUMECKHX BEILECTB, HE
CYLIECTBOBABLIMX B [PHPOJE, M3MEPAETCS MWUIHOHAMH M YTO OUEHMTBH YyC-
TOAYHBOCTL KO BCEM 3TUM BEIECTBAM HEBO3MOXHO. TeM He MeHee, 3anaua
OLEHKU YCTOWYMBOCTH NOYB B GOJBUIMHCTBE CITy4acB HMMEET KOHKpPETHBIH
XapakTep M TpebyeT KOHKPETHOrO peleHus.
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2. OPTAHU3ALMA U ®YHKIIMOHUPOBAHHME TTOYBBI KAK
CUCTEMbI COEJITMHEHUI XUMWUYECKHUX 3JIEMEHTOB —
®AKTOP U PE3VJIbTAT YCTOMUUBOCTH ITOYBBI K
XUMHUYECKOMY BO3JEMCTBHIO

Haubonee 3¢dexTuBHBIM MeTOZOM MCCNEIOBaHUA CBOMCTB U (YHKUHO-
HUPOBAHMA NMOYBEHHOMN CHCTEMBbI ABJIAETCSA CUCTEMHBIH aHaIM3.

[To4Ba — 3TO cnoxHas NpUpoaHas GHOKOCHasA cHcTeMa, koTopas GOpMH-
pyeTcs B pe3ynbTaTe B3auMOJEHCTBHAS KOMIOHEHTOB GHOTHUECKOH U abNOTH-
4EeCKOIi pUpoabl U KoTopas Gojee, 4eM Kakoe-1Mb0 Jpyroe npupoaHoe obpa-
30BaHHKE, NOJBEPKEHO aHTPONOTCHHOMY BO3ZIEICTBUIO B CBSA3M C €€ YHUKaJ1b-
HbIMHM JKOJOTHYECKMMH QYHKUMAMU. VYCTOWHYMBOCTb MOYBbI K BHELIHEMY
BO3/IeHicTBMIO ofecneynBacT HopMaabHoe (GYHKLMOHMPOBAHUE CBA3AHHBIX C
1104BOH OpraHHU3MOB, OMOTIPOLYKTHBHOCTL H OMOXHMMYECKOE Ka4eCTBO Bhi-
pallieHHOH Ha 3THX MoYBax NpOoxyKuun. MHOroakTOpHOCTL M CIOXHas opra-
HU3aLMs NOYBEHHONM CHUCTEMbl AenaeT Mat03(QPEKTHBHbIM HMCCICAOBAHHUE €
MIOMOILLBIO METOJOB aHATH3a U CHHTE3A.

CornacHO OCHOBaM CHCTEMHOrO aHajlu3a, NOYBa pacCMaTpPHBAETCA Kak
CIIO)XHO OpraHM30BaHHas MPHpoLHAs cucTeMa OuocdepHoOro Tuna, ans KoTo-
POH, KaK M JUIs BCEX CHCTEM TaKoOro THHA, XapaKTepHa MepapXxuueckas opra-
HU3auMsa. BoifeneHue ee KOMIIOHEHTOB MOXeT ObITh pa3HOOOpa3HbIM B COOT-
BETCTBHU C peIIAEMON 3aavei.

Kak oTkpeiTas AMHaAMMYECKas CHCTEMa, MOYBA XapaKTEPU3YyeTCa HaJIM4u-
€M OpraHM30BaHHBIX W CTaOWIM3HPOBaHHLIX B ONPEACNICHHBIX IpaHULiax Mo-
TOKOB BEILECTBA M DHEPTUH. DTH MOTOKM WCHbITHIBAIOT NEpUOJHYECKHE CMeE-
MICHHA OT HEKOTOPbIX KpalHMX 3HaueHuil B CBA3U C JEWCTBHEM pa3siM4HBIX
(akTOpOB, HapylAOUMX COANAHCHPOBAHHOCTL MPOLECCOB (YHKUHOHUPOBA-
HUA cucTeMbl. [IpH 3TOM QYyHKUHOHANIbHBIE HAPYLIEHUA B YCTOHYHBBIX CUCTE-
MaX, B OTJIMYME OT HEYCTOHYMBBIX, KOMIIEHCHPYIOTCA MpoLieccaMy BO30OHOB-
NeHus, ¥ 6oJibIIas yCTOWYHBOCTL CBOMCTBEHHA G0OnEe CIOXHO OpraHHU30BaH-
HBIM CHCTEMaM. "

YCTOHYHBOCTE 6HOr€OLEHO30B U KOHKPETHO MOYBEHHLIX CHCTEM obectie-
YHMBAETCA 32 CYET MEXaHW3Ma OOpaTHLIX CBs3el, MOCTOSHHO BOCHPOW3BOIA-
X U MOIEPXKHBAIOIKX TIOTOKH BELIECTBA U JHEPTUW, CBA3aHHBIE ¢ MpoLec-
caMH TpaHcpopMallK U NIePeMelLEHUs IPOXYKTOB MOYBOOGPa30BaHMUA.

HexoTopbie 3aKOHOMEpHOCTH (OPMUAPOBAHHS YCTONHYHMBOCTH MPHPOIHBIX
CUCTEM MOTYT ObITb NpPOAHANM3MPOBaHbl HA MpPUMEPE YCTONYHBOCTH IOYBEI
unu GuoreolieHo3a B LE/OM, cOPMUPOBaHHBIX TOA BAHSHHEM Pa3iHYHBIX
NPUPONHLIX (PaKTOPOB.
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[NouBsa sABNsgETCSA MOACHCTEMOI reOXMMHYECKOTO JaHAIa(Ta Kak CHCTEMbI
Gosiec BBICOKOIO YpoBHA. B TO ke camoe BpeMs oHa caMa MOXeT ObITh pac-
4JICHCHAa Ha NOACUCTEMb] Oosiee HU3KOro ypoBHA. M B TOM, # B IpYroM Ciyyae
BCE KOMITOHEHTH! CHUCTeMbl (T.€.[I0ACHCTEMbI) CBA3aHLI MEXITy coboi mocro-
AHHO NeliCTBYIOLMMH HOTOKAMH BEILECTBA.

KaxnoMy MepapXxuueckoMy YpOBHIO CBOMCTBEHHbI COOCTBEHHbIE YCTOM-
YUBbIE U HEYCTOIYMBbIE KOMIOHEHTBI, IPHIEM HEYCTOHYHBOCTb OQHOrO 6/10Ka
CHCTeMbl KOMIEHCHPYETCA COCTOSHHEM IPYTMX. BHYTpeHHs yCTOMYMBOCTDL
obycnoBieHa onpeaeneHHbIM HabopoM HU3UIECKHX, OHOJOTHYECKHX U XUMU-
4eCKHX CBOHCTB, PUCYILMX KOHKPETHOW MOYBEHHOI cUCTEME, U NMPOABIAETCS
B 3aBUCHMOCTH OT HANpaBJ/IEHUS U MHTEHCUBHOCTH AeHCTBHA BHELIHHMX (ax-
TOPOB - B TOM 4HCJ/Ie OT 1OJIOXKeHHs B pelibede, HAlIPABICHUA BHY TPUIIOUYBEH-
HOFO CTOKa, KPYTHM3HBI M JKCMO3MIMHM CKIIOHOB, NMOYBOOOpasytomuX MOpoi,
MPOEKTUBHOIO NMOKPbITHSA, TUAPONOTUM, TUTIA 3€MJIETIOIb30BaHus U. T. 1.

Kax mpaBuiio, Gosiee cloKHO opraHu3oBaHHbIE MO4YBbl B MPHPOIHLIX YC-
NOBUSX B MEHbIUEH Mepe M3MEHSIOT XapakTep CBOEro (YHKUMOHHPOBAHMs
NpK BO3AEHCTBUH BHEIUHUX (PAKTOPOB, OIHAKO NPH BOSHHUKHOBEHUM Hapyiue-
HUii npoueccbl BO30GHOBIIEHUA B HUX UAYT MeJleHHee U MeHee nosHo. [lpu-
MEPOM MOXET CNY)KHTb CPaBHEHHE YCTOWYHBOCTH JIECHbIX GHOTCOLEHO30B C
CYIIUHMCTHIMU TTOYBAMH U GMOreOLCHO30B C fecyalibiMHU [109BaMH B IL1aKop-
HBIX ycnoBuiX. ITepBrie oTHOCATCS Kk Gonee 3pesbiM U CI0XKHO OpPraHW30BaH-
HbIM 10 CPaBHEHMIO C MECUAHLIMK U NPOABIAIOT GOJbIIYIO YCTOHYHBOCTL K
BO3/ICHCTBHIO pasjiMuHBIX BHEHUX (akTopos. Hampumep, AvHamKKa HX BOJ-
HO-TCILTIOBOrO pexuMma Gonee crabunbHa, B TO BpeMs Kak NECHaHbIC MOYBbI
3MMOIi CiIbHEE MPOMEP3AIOT, JIETOM CUJIbHEEe MCCYIIAIOTCS, JeULIMT JIEMEH-
T0B MTUTaHKUS B HUX MPOSBIAETCA PaHbile U B Honblueli cTeneHu (0coOeHHO B
TYMHJIHOM KiUMaTe). DTH pasnuyus o0yCIOBIMBAIOT Pa3NuyHs U B COCTOSHHH
BbICIIMX pacTeHuit. HecTabWmibHOCTD OOJIbUIMHCTBA >KU3HCHHO BAXHbBIX Ul
pacTeHHii [oKasaTesieil y mecyaHbiX No4B NPUBOIUT K TOMY, YTO B YCJIOBHAX
YMEPCHHOIO K/IMMAaTa Ha HBHUX BbDKMBAeT JIMLIL cocHa OOLIKHOBCHHAs, B TO
BPEMS KaK Ha CYTJIMHHMCTBIX fI04Bax ¢ 6osice cTaOUIbHBIMM YCIOBUSMH T10CeE-
asioTcs Gonee NMPOABHHYTHIE B 3BOJIIOLMOHHOM OTHOLIEHUH TOKPbITOCEMEH-
ubic. Jlpyu BoBieYeHun B 06pabOTKY CYr/IMHUCTbIE MOYBbI TaKXkKe MPOABAAIOT
OoNbIIYK YCTOHYMBOCT K BETPOBOH 3pO3MH, HOJbLUIE COXPAHAOT 3arac e-
meHTOB nuranus (JJo6posonbekuit, Hukutun, 1990).

B 10 xe BpcMs 1mpud BO3HMKHOBEHHM CEpPbEe3HbLIX CTPYKTYpHO-
(GyHKUMHAIBHBIX HapylueHuii Gosiee CA0XKHO OpraHu30BaHHbIE NOYBbI BOCCTa-
HaBIMBAKOTCA MEUIEHHEE 0 CBOMX HCXOMAHbIX [I0Ka3aTteliei. DTo CBA3aHO C
TEM, YTO jleMEHTapHbIE TIOYB0O0PA30BaTe/IbHbIE NIPOLECCHI, HOPMUPYIOLLLE U
noaaepxusaiouiue npodpuib 6onee cIOKHbIX GOPM, OKa3bIBAKOTCH MHOTOHHC-
JIEHHEE Y Pealiu3yIOTCA B TEUEHUM UTUTEeNIbHOTO BpeMeHU. Kpome Toro, Hapy-
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IICHHE COCTOSHUSA TOYBbI BJIeUeT 3a co0oi M3MeHeHHe cocTosHUA GHOlIeHO3a,
a BO300HOBJICHHE €€ BaXKHEHIIUX CBOMCTB U ()YHKLMOHAIbLHBIX NPU3HAKOB, B
CBOIO O4epellb, TpeOyeT BOCCTAHOBIEHNA HCXOZHOTO COCTOSAHUA OuOLICHO3a ©
€ro MHOFOYHC/ICHHBIMHU TpoduueckuMu cBa3imMH. [Tocnenuee e npeacrapns-
eT coboii TeM Oosiee TpyaHYlO 3ajady, 4eM Oojiee CIOKHOA H NIJIOIOPOAHO#M
6bLna NOYBa, Ha KOTOPOI GHOLIEHO3 OPMHUPOBANICA.

IpoTnuBo3po3uoHHas CTOMKOCTL MOYB K BO3ACHCTBHIO BOMHLIX H BETPO-
BbIX NMOTOKOB 00yCJIOBJI€HAa €€ CNOCOOHOCTBIO MOAACPKHBAThH NOCTOSHHBIMH
CBOMCTBEHHBIE HM CTPYKTYPY, IPaHy10METPHYeCKHIi M arperaTHblii COCTaB.

H3yyas MexaHu3Mbl (JOPMHPOBaHUA YCTOHYUBOCTHU NOYB K XUMUIECKOMY
BO3/IEHCTBHIO, Mbl PacCMaTpPHBaeM MOYBY KaK MPHPOIHYIO CHCTEMY COEIuUHe-
HHH XMMHYECKHX DJIEMEHTOB.

OTOT Noaxon TMO3BOMNSET BbISBUTb MECTO MOUBbI B CHCTEME COCAWHEHMIA
XAMHYECKHX 3JIeMEHTOB OuoreoueHo3a, nanaumadra, 6uoctepsl. B 1o ke
BpeMsl OHa MOXeT ObiTb NMOAPA3AENEHA Ha NOJCHCTEMbI COCAMHEHMII XUMUYe-
CKHX 3/1eMeHTOB DoJiee HU3KOro YPoBHA (NOYBEHHbIX FOPU3OHTOB, (a3 no4skl,
OTAENbHBLIX IPYINN COEANHEHHH Pa3HbIX XUMHYECKHX JIEMEHTOB).

Hammuue xapakrepHoro i kaxaoro THia Mo4B MOYBEHHOro Mpoduns
COY€TaHKS TOPU30HTOB BbIHOCA M HAKOILUIEHWA BelleCTBa B ONpeleSeHHbLX
dopmax sBNSAETCA OTpakeHHEM, CBUAETENLCTBOM 3EMEHTAPHBIX MOYBEHHBIX
NPOLECCOB, NMPOTEKAIOIIMX B YCIOBHAX AeHCTBYIOWMX (akTopoB nouBoobpa-
30BaHMs, CBOHCTREHHBIX KaXAOMY THITY NOYB. Y CTOIYHBOCTb BEIIECTBEHHOrO
cocTaBa MOYB (MOYBEHHOro NpoQmif) — 3TO CBUAECTENBCTBO YCTOWYMBOCTH
MOTOKOB BEIIECTBA C Y4aCTHEM COEAMHEHMIT pa3HOi yCTONUUBOCTH.

Inonopoane moyBbi co3faeT CTaOWILHOCTL MOTOKOB B CHCTEME IMOYBa—
pacteHue. TlouBa npogBifeT yCTOHYMBOCTL Kak K BHECEHHIO BELIECTB C
yAOOpEHUAMM, TaK M BHIHOCY HX C YPOXKAEM.

Opranu3oBaHHOCTb [OYBEHHOW CHCTEMBI M0 HEPAPXMUECKOMY THUMY Jje-
KHT B OCHOBE ee ycToHuuBocTH. Kaxbiit ypoBeHb NouBeHHOH cUcTeMBI dop-
MHPYETCS NOCTOSHHO ACHCTBYIOLMMH MOTOKAMH BelleCTBa, KOTOpble cOanaH-
CHPOBaHbl U MOJJEPKHBAIOTCA XapaKTEPHbIMU Ul KaXKIOTO YPOBHA MpoLiec-
CaMy, OTJIMYAIOUIMMHCS TIPUPONOHN, MEXaHHW3MaMU, MacliTaboM U Hampasiie-
HHEM JIEHCTBUA.

CucTeMo06pasylollye OTHOMIEHUS HA KaXIOM M3 yPOBHEH CHCTEMb! Xa-
PaKTEPU3YIOTCA COOTBETCTBYIOLIMMU MaciuTabaMu nepeHoca BEIeCTB U MPH-
ponoi NpoueccoB B3aMMOACHCTBUS KOMITOHEHTOB. DTH XKe Mpouecchl o0y-
CJIOB/THBAOT ¥ COXPAaHEHHE CTPYKTYpbl, M (YHKLMOHUPOBaHUE PazIUYHbIX
YPOBHEH CHCTEMBbI MOYBEHHBbIX COCAMHEHMH XUMMYECKUX 3JIEMEHTOB, u Gy-
GepHele CBOMCTRA MOYBLI K BHELIHEMY BO3/eHCTBIO (Tabamua 2).
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Tabnuya 2. Hepapxuueckas opzanuzayus u mexanusmol 6yghepHocmu cucme-

Mbl COCOUHEeHUN XUMUYECKUX IEMEHMOB 8 NOY8ax

YposeHb Cucrema Cucremoobpasytowue npouecchl 1 | Iloacucremsl
MeXaHH3Mbl OydhepHOCTH CHCTEMBI
Belecrsento- | JnemMeHTapHas IMpouecchbl cuHTE3a, paspylile- [Ipounocss-
¢azoBoiit cHCTEMa CO- HUs, TpaHCOPMalMM BEILECTB B | 3aHHBIC Bellle-
CAMHCHU pesyibTare peakuui oOCax/1CHUs- CTBa, 104~
XHMHYECKHX | pacTBOpeHHMs,COopOLMH-aecOpOLMH, | BHXKHLIE CO-
JJIEMEHTOB B | HOHHOrO 0OMEHA, M'MAPONH3aA, IUCCO~ |  €AMHEHUS
royBax HHAIMK, KOMILIEKCOOOpa3oBaHus, | TBEpABIX (a3,
OKHCJIEHUS-BOCCTAHOBJICHHS pacTBop,
MOYBEHHBIH
BO31YX, M04-
BcHHas Ouota
Ilousenno- | Cucrema co- [Ipoueccn BoaHoOM ¥ GHOreHHOM Mopdonsi,
npodunbHe | eanHeHui BHYTPHIIPOQUILHON MUrPALIMY Be- | TOPHU3OHTEI
XUMHUYECKHX ILECTB
JIEMEHTOB
TIOYBEHHOTO
npoduis
buoreoneno- | Cucrema co- | Ilpoueccsi nepepacnpenenchus se- | [lousa, nopo-
THYCCKHMIA €ANHEHHUI mectBa B GuoreoueHose Jbi, BOJIB,
XHMHUYCCKHX BO31yX, OHo-
3JICMEHTOB LICHO3
6roreoueHosa
JlanmuagrHo- | Cucrema co- | [lpouccesl narepanbioit MUrpaunu 1 | DieMeHTap-
rcoOXHMHUYe- €AMHEHMI | aKKYMYJIALIMHM BEleCTB B NaHnmadre | Hble jaHi-
cKuit XUMHYCCKHX wagTsi
3JIEMCHTOB
nanamagTHo-
FeoXuMuye-
CKOM apeHbl
Buocdepusiii | Cucrema co- Ipouecchl rnobanpHoro oOMeHa [ouBeHubId
€JIMHCHUH BELLCCTB MOKPOB, aTMO-
XUMHYECKHX cdepa, ruapo-
INIEMEHTOB cdepa, auto-
6uocdeps cdepa, puro-
cepa

Creunduueckue 4epTsl 1OYBEHHON CHUCTEMBI OTPAXKEHbI B OPraHU3allHH
37IEMEHTApHOH CHCTEMBbI CoeaMHeHHH moboro xumuyeckoro sneMeHTa. OHa
npencTasaseT cob6oil MpicIeRHO abCTparupyeMyro CUCTEMY BCEX COCAMHEHHMI
mo60ro XMMHUYECKOro 3eMEeHTa B COCTaBE TBEPHbIX, IKHAKHUX, ra3000pasHbIX
(a3 nouBb OpPraHH4eCKO#l W HEOPraHW4ECKOW NPHPOAbL, B3AHMOCBA3AHHBIX
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npoieccaMy TpaHCOpMaLMK M MepepacTipefie/ieHns BellecTBa H JHEpPruH,
MPOTEKAIOIIUMH HA BellleCTBEHHO-(a30BOM ypoBHe. MarepuanbHbiM HOCHTE-
JIeM 3JIEMEHTapHBIX CHCTEM BCeX XHMHYECKHAX IJIEMEHTOB SAB/AETCA MWHH-
MaiibHbIY 00bEM MOUBEHHON Macchl (MOPGOH, FOPU30HT), B KOTOPOM TIPUCYT-
CTBYIOT BCe HEOOXOAMMEIE COCTABIIAIOLLME 3TOM CHCTEMBI( cxeMa 2).

Cxema 2.OnemenmapHas cucmema coeOUHeH U XUMUYECKUX
INEMEHMOB NOY8bl

l'lepnozuwecxax NOBTOPACMOCTb TaKHX OOHOTUIIHO OPraHU30BaHHbIX HH-

TMPOYHOCBABAHHLE COEIMHEHMS PACTBOP
MEHEpANbELIC OpraEEvecKme
OpraENNecKEe —GRoMBOCa OH X37 L
MUREDANE! ——VAMEECTHE | | -
Gl .
~ 3 TYMYCOBHI® i | HHO—H' —HL
OKCHITH B pecTBOpEMIE
TUIPORCEIN conma
. — | ]
[ OpraHo-MMHEpAALHLIC J i -
MOYBEHHREIN
BO3IVX
TNOIBHKHBIE COEIMHEHHSA TBEPIBIX ®A3
aacopSmpopaHuEe ——  ofMenHLIC l
\
XHMEICCKR mm’;/ BAOTA

BapHAHTHLIX CTPYKTYp (DOPMHUPYET CUCTEMY COeIMHEHMIl XMMHYECKHX 3Jie-
MEHTOB TIOYBEHHOro MNpodins, B3aUMOCBA3aHHBIX MpoLeccaMd BOXHOH U
GuoreHHoM BepTHKaNbHOW MUrpaiu. B3aumoneiicTBHe MpOLECCOB KaXHOTO
MEePapXHU4eCKOro ypOBHA BEAET K CO3AaHUIO CUCTEMBbI OYBEHHBIX COEAMHEHUIA
XUMHYECKMX 3JIEMEHTOB COOTBETCTBYIOLIEH KaTerOpuH.

Ilepepacnpenenenne XUMHYECKHX 3J1€EMEHTOB MeEXIY KOMIIOHEHTaMu
OHoreoneHo3a, HapALy € BEWECTBEHHO-()a30BLIMU MPEBPALLEHUAMH XHUMHYE-
CKUX BEUIECTB M MX BHyTpHNpoduibHoWl Murpauueil, gopmupyer cucremy
TNOYBEHHBIX coefuHeHHH 6HoreoLieHo3a, @ NPouecchl aTepalbHOM MuUrpauny
¥ [J106aJIbHOTO NMepeHOca BEIECTB BedyT COOTBETCTBEHHO K CO3JAHUIO CUCTe-
MbI OYBEHHBIX COeMHEHUH NaHAadTa 1 Grochepnl B uenoM. OpraHusaums
¥ 3KOJIOrH4E€CKas pojib NOYBEHHBIX CUCTEM auTponocgepsl, cHOpMHUPOBaHHOM
O/t BIMSIHMEM TIPOU3BOACTBEHHOM AEATENLHOCTH Y€N10BEKA, 3aBUCHT OT YPOB-
HS KOHUEHTPALMM 3TUX BELIECTB M OT COBMECTHMOCTH WIH HECOBMECTHMOCTH
NOTOKOB 3THX BEWIECTB C NPUPoAHbIMH. CTeneHb CIOXKHOCTH OpraHM3auuH
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CHCTEMBI OIPeNieIAeTCA KaK YHCIOM BXOMALIHX B €€ CTPYKTYPY KOMIOHEHTOB,
TaK Y CJI0’KHOCTBIO (POPMHUPYIOLIHX HX IOTOKOB BEILECTB.

TMouBeHHas cHCTeMa COEAWHEHMH XUMMUYECKHX I3NEMEHTOB COICPKHUT
KOMMOHEHTHI, ObecneunBaloL1e ee CTabHIbHOCTb, UHepTHOCTL. Ho oHa Takke
INPOSIBIIAET B ECTECTBEHHbIX YCIOBUAX CMOCOOHOCTH K BOCCTAHOBICHMIO uac-
THYHO pa3pyllIEHHbIX MOYBEHHBIX KOMIIOHEeHTOB. Hampumep, skcnepuMeH-
TajlbHO [I0Ka3aHa BO3MOXKHOCTb MATpU4YHOH AOCTPOMKHM B MOYBAX 4aCTHYHO
paspylIE€HHBIX TyMyCOBbIX BEIECTB, BO3MOXKHOCTb CMHTE3a B [0YBaX IJIMHU-
CThIX MHHepanoB. ¥V pa3BUTHIX [04YB CNOCOOHOCTH K CaMOBOCCTaHOBJICHHUIO
BbIpaXkeHa Haubosiee CWILHO, MOCKOJbKY B HUX OKa3blBAaeTCs B HATM4MH UC-
XOZHbIH MaTepuall [UTs HeCKOJIbKUX HabOpOB reHeTHYECKHUx ropuzonToB. Crio-
COOHOCTb K BOCCTAHOBJICHHIO MMPOSBIIAETCHA U Yepe3 MEXaHU3Mbl XMMUUYECKOMH
6ydeprocTi. HanpuMep, HapyllieHde KMCIOTHOCTH MOYBEHHOTO pacTBopa noja
NEHCTBMEM IIOCTYIUIEHHSt KHCIIBIX OCAJKOB KOMIEHCHPYETCS pasiv4HBIMH
peaKuuAMn HEHTpaiM3aLMU: KaTHOHHBIM oOMeHOM, copOumed, peakuuamu
BLIBETPMBAHHA MHHEPAIOB, pacTBOpeHHEM KapOOHATOB.

HUrak, ansg Toro, utobbl ompeneiuTh KOHKPETHO YCTOHYMBOCTb MOYB K
pa3sHbiM BHIaM BHEIIHEro XUMHYECKOro BO3AEHCTBUA CIeXyeT O0CCHeYuTh
cJieTyIoIuKe OCHOBHBIE YCIOBHS:

- Ha3BaTh ()aKTOp, MO OTHOINEHMIO K KOTOPOMY aHAIM3MPYETCs YCTOM-
YHBOCTb CHCTEMBI,

-BbIIBMTb YPOBEHb OPraHM3alLMM CHUCTEMBI, YCTOMYHBOCTb KOTOPO#H
NpPEeNCTOUT ONpeesinTb,

-BbIABUTb KOMMOHEHTbI, OTBETCTBEHHbIE 33 CTaOWIBHOCTD M TMOKOCTDL
CHCTEMBI,

-OTpe/IeINTh BAPbHPOBAaHUE NMOKa3aTesel, Kak XapaKTEpUCTUKY WHBa-
PHAHTHBIX COCTOSHUI CHCTEMBI,

- BbIIBHTb MEXAHW3Mbl TPOTUBOCTOSHKS CHCTEMbl BHEIHeMY BO3jeii-
CTBHIO.

- 3a/1aTb WIH OTNPEAENNTb pa3Mepbl BHELIHEN HAarpy3KH.

- ONpe/Ie/INTb BPEMEHHOH HHTEPBAT BHELIHETO BO3AEHCTBHA,

~OMpeaC/iuTb KOMH4eCTBEHHbIC OLIEHKY U3MEHEHHUs NOKa3aTeieid, OTBET-
CTBEHHBIX 3@ CTaOHIBHOCTL U THOKOCTh CUCTEMBI,

MonenupoBanue 9KOCHCTEMBI B UEIOM B J1a00paTOPHBIX YCIOBHAX He-
BO3MOXHO. BO3MOXKHO ee MaTemMaTH4eckOe MOIENMPOBAHHE, HampUMep, IIy-
TEM TNOCTPOEHUS PErpecCHOHBIX YpaBHEHWH, CBA3bIBAIOLIMX MOKa3aTeNau
CTPYKTYPbl M (YHKLUHMOHUPOBAHMA CHUCTEMBI C Harpy3KaMH, WiH MyTeM No-
CTPOeHUs. QYHKLMOHANBHBIX MOJENEH, ONMCHLIBAIOLIMX MEPEMELLEHHE, aKKy-
MYJSLUI0, TpanchopMaumio BeecTs B cucteMe. B naGopaTopHbiX YCioBUsAX
BO3MOXHO MNOJIyYeHHE NapameTpoB NMOACHCTEMbl Ha BELIECTBEHHO—()a3oBOM
yposte. [IpoGjema cocToUT B TOM, Y4TOOLI METOIbI MOMY4EHHs NApameTpoB
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YCTOHYMBOCTH NOYB B J1aOOPAaTOPHBIX YCIOBUAX KaK MOXKHO Oojiee COOTBETCT-
BOB&IM NPUPOAHBIM 3aKOHOMEPHOCTAM, 4TO obecneunBano Obl GoNbILYIO
aIcKBaTHOCTb NIPUMEHSEMO MoJeNH.

[TokasaTensiMu CTPYKTYphlI TIOYBbI KAK CHCTEMbl COSAMHEHMH XMMUYECKUX
37IEMEHTOB MOXHO CYMTaTh MepedeHb M COOTHOILEHHWE TEX COEMMHEHUH ,B
COCTaB KOTOPBIX BXOAAT COCTABJIIOLME OYBY XUMHYECKHE dieMenTrl. Cpean
XMMHYECKHX 37IEMEHTOB H X COeIMHEHMHi B MIOYBE YCIOBHO MOXHO BBIACAHTH
IPYIINbI, C KOTOPHIMHU CBA3aHO BLITIONHEHHE NOYBOH ee Pa3sHOOOpasHBIX QyHK-
umit. Si, Al, Fe, Ca, Mg, yriiepon oTHOCATCS K Ipymnine TUNOMOPQHLIX, XHMMH-
deckuX MeMeHToB. CollepaHue M COOTHOIUCHHE COETMHEHUN 3TUX 3JIeMEH-
TOB B no4yBe (OPMHUPYETCH O BIMSHHEM YCTOHUUBbLIX, CPOPMUPOBABLUMXCA
B TeYeHUE [UIMTEJILHOTO BpeMeHH OHOTHYEeCKUX ¥ abMOTHYECKMX TMOTOKOB
BEIECTB, OOYC/OBIEHHBIX COBOKYMHBLIM IHe/CTBUEM H3BECTHBIX (AKTOPOB
NouB00Opa30BAHKA.

Tunosas NpUHALIEXHOCTh TOYB ONPEIENIETCS B OCHOBHOM MO 06IIEMY
COAEPXKAHUIO [JIABHLIX TUMOMOP(HBIX XUMHYECKHUX JIEMEHTOB W HMX pacmpe-
AENeHHIO B NOYBeHHOM npodune. C 3THMH NapameTpamy cBsi3aHO (HOPMHUPO-
BaHMe BOXHEHIINX IMarHOCTUYECKUX CBOHCTB IOYBBI.

Cpeanee conepxanue Si B BepXHeil METPOBOH TOJIE 30HAIbHLIX TOYB
eBponeiickoit yactu GbiBiiero CCCP konebnercs ot 29 no 40% Al ot 1 no
14%, Fe ot 1 no 12%, Ca ot 1 0o 5 %, Mg ot 0,1 00 2% Ha a6COMOTHO CyXyHO
HaBecKy nousbl. Cpesiee coepxkalue yriaeponaa rymyca kosiebiercs ot 0,5 no
3,1%. B aT0T paa He BKIIOYEHB! TOPhsHbIE NOYBLI, 060rallleHHbIE OpraHuye-
CKMMH BelECTBaMU U o0eIHEHHbie MUHEpAIbLHBIMM, BCTPEHAIOLIMECS B pa3-
HBIX MPUPO/HLIX 30HaX. Yncno TMnoB npoduibHOro pacrnpeieeHus XuMHuue-
CKMX 3/IEMEHTOB He MeHee 12, kaxablii U3 HUX €CTb Pe3yNbTaT OAHOTO HIH
HECKONbKKX 3JIEMEHTAPHLIX NMOYBOOOpa3OBaTelbHbIX MpoueccoB. M3Menenue
oblero conepikaHHa 37€MEHTOB B NOYBE 110 CPABHEHHMIO C MaTEPHHCKOM I10-
poJoi xapaktepusyeTcs ymeHblieHHeM Koddduiuenta aupdepenunanuu ot
1 10 0,50 n menee u yBenuueHueM kodbduumenta nuddeperunanuu ot | go
1,25 u Gonee. CooTHOMmEHHe OTAENBHBIX COCIMHEHMI KaXKIO0ro U3 XUMUYe-
CKMX JJIEMEHTOB €CTh OTpa)KeHHE CTAOWIBHOCTH MPOLECCOB MUIPALMK, aKKy-
MYNALMH, TpaHcdopMaLu ux B nouse. Hanpumep, cooTHOIEHHE CBOGOIHBIX
(HECHNHMKATHBIX) M CUIMKATHLIX COCAHMHEHUIl Kene3a ABJSeTCA MoKasaTeleM
HHTCHCHBHOCTH  BbIBETpHMBaHMA (EPPUCIIMKATOB U IPYrMX IHKenes3o-
CO/lepXKallMX MepBUYHbIX MUHEpanoB. YeM Bbillle [0/ HECHIMKATHLIX COelH-
HEHWi Kejle3a OT UX oOliero comepxkanus, TeM NIyOxe Mpoluen MpouLecc
BbIBETPHBAHUA. Ha OCHOBaHMM COOTHOMICHHS KOJIMYECTB CBODOIHBIX H CHIIM-
KaTHbIX coeAuHeHui xenesa C.B. 3oHH pasmesnn noussl Ha psaf rpyni: gep-
PALIMTHBIE, B KOTOPbIX COAEPXaHUE CBOOOIHBIX COeMHEHNI Kele3a COCTaB-
aser 12-28%, a  cuimkatHeix 72-88%, QeppcHauiMTHBIE C cOAEpKAHHEM
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3THX ABYX Ipynn coeguHeHuii xene3a 32-79 % u 21-65 % w cHalnuTHbIC —
COOTBETCTBEHHO 17-46 % U 54-85 %. B cBO10 ouepelb Cpely HECHIIMKATHBIX
cocMHeHH  Kee3a padfiMyaloT CoeUHEHHs, OTHeCEHHBIE k 6onee ycToivu-
BbiM (YCJIOBHO Ha3blBA€MBIM OKPHUCTAJLIM30BAHHBIMH) H K MEHEE YCTOHYHMBLIM
(ycnoBHo Ha3biBaeMbiM amop¢ubiMM). [IpeoGiamaHue MepBoil Ipynnsl Han
BTOPOH XapaKTepHO I MOYB C BHICOKHM TEPMHUUECKUM PEXHMOM, Iie Ce30H-
HOC NEPeyBIaXHEHHE OTCYTCTBYET WIM He MPOSABIAETCA. A MeHee yCTOuH-
Bbie HECWIMKATHblE COeqMHEHUsA JKese3a (YCJIOBHO Ha3biBaeMble aMOPGHBLIMHU)
CBOMCTBEHHbI 10YBaM ¢ U30bITOYHBIM IPYHTOBBIM KM MOBEPXHOCTHBIM MEpE-
YBOKHEHHEM.

3HayuMo BbIXOAALUEe 32 PaMKH NMPUPOIHBIX (uIyKTyaumit H3MeHeH e M0-
TOKa COEMHEHHH 3THX 31€MEHTOB (Kak B CTOPOHY YBENHYEHHA, TaK U B CTO-
POHY YMEHbBIIEHHA) NOA BAWAHHEM HPUPOJAHBIX U AHTPOTIOreHHLIX (HaKTOPOB
BbI3bIBAET U3MEHEHHE OOIIMX H YaCTHBIX OYBOOOpPa3OBaTENbHBIX MPOLIECCOB,
4TO MOXET B KOHEYHOM UTOre MPUBECTH K MOABICHHIO HOBBIX KaueCTB MOYBbI,
K 00pa3oBaHMIO MHOrO THHA (NOATHUIIA, Pa3HOBUIHOCTH) MOYB.

CrocoGHOCTb TOYBBI TOANEPXKHBATh YPOBEHb M COOTHOILIEHHE THIIO-
MODPQHbIX XUMH4ECKHX JIEeMEHTOB XapaKkTepu3yeT YCTOMYMBOCTb MOYBbI Kak
cneunduiecKoro MpUpoaHOro o6pasoBaHus.

buorenHsic 3nemenTsl N,P.K, a Takoke ¢pu3noncriiecky LeHHble MHUKPO-
3JE€MEHTBI NIOYBbl OTHOCATCHA K IPYMNIe OCHOBHBIX JJIEMEHTOB ITUTAHUA pacTe-
HWH, C HUMMU CBA3aHO BBINOJHEHHE NoYBOH dyHKUMH Wiogopouus. [locTosHHO
U3BIMAEMbIE U3 MOYBbI C YPOXKaeM, 3TH 3JIEMEHTHI BOCNIONHAIOTCS, KaK MpaBu-
710, BHECEHHEM Y noOpeHHil. OCHOBHO# yCTOHYHBOCTH CUCTEMBI NI0YBA—pacTe-
HAA-YI00pEHUs SABISIOTCA MOCTOSHHO JelCTBYIOLIHE MOTOKH COeIMHEeHMH
6MOreHHBIX XMMHHYECKHX 3JIEMEHTOB, NepepacnpeieisioUMecs MeXay riaB-
HBIMH COCTaB/IAIOIIMMA 3TOH cHucTeMbl. Ha colepkaHHe M COOTHOILECHHME
rpynn COeAMHEHUH ITHX 3JIEMEHTOB CYLIECTBEHHO BJIMAIOT XapakTep NOYBO-
o0pa3oBaHus, BUI HCMOJIb30BAHUs MOYB, THI PacTeHUM, CHCTEMAa arpOTEXHU-
yeckux meponpusaTui. Cpensee conepxanue gocgopa B noysax kosebnercs
or 0,02 a0 0,11%, cpeau MuHepanbHbIX coeautenuit pocdopa B noysax ry-
MUHOH 30HBI MpeoGafatoT pocdarl, CBA3AHHBIE C HKENE30M U ATIOMUHHEM,
2 B fI0YBaxX CyXHX cTenei — TpyaHopacTBopuMble ocdaThl kanbimus. Coaep-
*KaHue NOABHKHBIX CoeAHHeHUH docdaToB B Mo4BaxX, KAaK NPaBWIO, CHHXKAET-
C 10 Mepe YBEAMYEHMS KOHTHHCHTAJbHOCTH M 3aCyulTMBOCTH kiaumara. Co-
AepxaHue MoABMXHbIX docdaros (onpeneneHHslx 1o merony Kupcanosa) B
cpellHeM B JI€PHOBO-NOJ30IUCTBIX MoyBax Konebnerca B npeaenax 8-12 P,Os
mr/100 r noyBbl, B KapbOHATHBIX MOYBAX (B BLITAXKe Mauuruna) ot 1,5 1o 3,0
mr P,O5/100 r nouss!.

HocTynHel pacTeHusM TpexkJe BCEro MOABIKHBIE coeauHeHus OGuoreH-
HBIX JJIEMEHTOB B COCTAaBE TMOYBEHHOrO PacTBOpa M B COCTaBe TBEpAbIX (has3.

19



YpoBeHb cOfepKaHUA HX BapbUpyeT B ropasno Oonee MUpPOKHX Tpelenax,
yeM obuuee conepxaHue. McTouHHKM BapbMpOBaHUA Noxa3aTens obycnosie-
Hbl KaK MpPOCTPaHCTBEHHOM, TaK U BPEMEHHON H3MEHYHMBOCTHIO MPHPOIHBIX
takTopoB, r1aBHYIO POJib CPEAM KOTOPBIX BHIMONHAOT YCI0BHUA BIAKHOCTA U
TeMIepaTrypbl, a TaKxke cocrosHueM OuoThl B nouse. Ilagenne Hwxke onrh-
MaJIbHOTO YPOBHSA CONEPIKaHUA COeIHHEeHU! OMOIEHHDBIX JIEMEHTOB B TOYBE,
NpeBbiilieHHE ONTUMAILHOTO YPOBHS, HapylieHUe OanaHca 3]EMEHTOB B NIOYBE
1 B pacTEHHAX HE BjeueT 3a coOoli, Kak NpaBWiio, UBMEHEHHE THIIOBOM MpH-
HaJJIOKHOCTH No4B. buoMacca, ypoxaii 1 KauecTBO MPOAYKUMH, OAHAKO, TIPH
3TOM MajaeT.

CrnocoGHOCTb NOYBbI MOAACPKUBATh YPOBEHb M COOTHOLIEHHUE MUTATENb-
HBIX 3JIEMEHTOB B CHCTEME MOYBA—PACTEHHs XapaKTepU3yeT YCTOHYMBOCTH
N0YBbI KaK UCTOYHMKA NTHTaHUsA PacTeHUi.

Jins noys pasHblx NPUPOLHbIX 30H, OTHOCALIMXCA K Pa3HbIM Kiaccuduka-
LIMOHHBIM TpymnnaMm, OJHHM W3 ToKasarejell yCTOHYMBOCTH FyMyCHOIo CO-
CTOSHUSA TOYB ABIACTCA TOKA3aTeNb yOuHbl r'yMHQHUKaLHH, WU3MEpseMblit
oTtHomieHneM Cry:Coi. CpenHue 3HaueHUs 3TOr0 OTHOUICHUA MEHSIOTCH B
npenenax ot 0,44 — 0,59 B nouBax ¢ nepuofoM 6HONOrHIECKOH aKTMBHOCTH
50-90 nueii (TyHApOBbIE, MOA3ONHKCTHIE, Oypble JeCHbIE, cepo3eMbl) a0 2,30-
2,90 B nouBax Cc nepuoaoM Ouonoruyeckoii akTuBHocTH 154-170 nHedt B rogy
(uepHo3eMbl). YCTOMYHBOCTbL MepHojaa GUONOrHYECKOH aKTUBHOCTH, TO €CThb
NepHozia, KOra YCIOBHUS TeMIEpaTypsl M BIAXKHOCTA ONaronpusTHsl A 6uo-
JIOTHYECKON AEATENbHOCT MUKPOOPraHU3MOB, 00€creuuBaeT YCTOHYHUBOCTD
MHTEHCHBHOCTH Npouecca ryMuduKauuy B noysax U GopMHpOBaHHE rymyca
32KOHOMEPHO M3MEHSIOLIErocs COCTaBa.

B TeXHOTreHHBIX YCNIOBUAX MO4YBa MOMABEPXKEHA NOCTOAHHBIM HarpyzkaM
3arpsA3HAIOILMX BeICCTB. BO3MOXHOCTH BbIMOAHEHUA TTOYBOH IKOJOTMUECKHX
GYHKUMA OpAMO CBsI3aHA ¢ YCTOHYMBOCTBIO €€ K 3arpA3HAIOIINM BEIUECTBaM.
TlocTosAHHO nelicTBYIONIME B OTKPLITOM NPUPOAHOl CUCTEME NIOTOKHU BelLECTBa
CBA3LIBAIOT MOYBY ¢ aTMoc(epoili, ¢ ruapocdepoii, ¢ KUBLIMH OpPraHU3MaMHK.
DTN TOTOKM BelleCTBAa MOAEPKUBAIOT HOPMaibHOE (YHKUMOHUPOBaHME

JIKOCHCTEMBI U SBJIAIOTCS OCHOBOH ee )/CTOﬁ'-lMBOCTM K BHCLIHEMY BO3JEHCT-
BHIO.
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3. MEXAHU3MBI YCTOMYUBOCTH ITOYB K 3ATPSI3HAIOLLHM
BELLIECTBAM

3.1. ®akTopbl, onpee/AlONHe YCTOHYABOCTH NOYB K 3arpa3-

HAIOIMHUM BellecTBaM

VCToYMBOCTL MOYB 1O OTHOLUEHHIO K 3arpsA3HAIOLIMM BEIECTBAM pac-
CMaTPHBAETC B KOHTEKCTE pAJa MpPOLECCOB, MPOTEKAIOIMX B MPHPOAHO-
TEXHOFeHHOM KOMIUIEKCe: NOCTYIUIeHHs HOJUIIOTAHTOB B IO4YBY, INPAMOro
BIIMAHMA 3arPA3HAIOLIMX BEILECTB HA MOYBEHHYIO GHOTY, BIUAHWA 3arpa3HeH-
HBIX TMOYB Ha COMpejeibHbIE C TOYBOH MPUpOAHbIE BOAbI M pacTeHHa. Urto
KacaeTcs pa3MepoB MOCTYILIEHUS 3arpA3HMIOLIMX BEWIECTB B MOYBY, TO Macca
HX — Pe3ynbTaT MPOM3BOACTBEHHON AEATEIHHOCTH HEJIOBEKA, TO €CTh pa3siny-
HbIX TEXHOJIOTHYECKHX (AKTOpOB, a TakXke YAaJleHHOCTH UCCIEHYeMbIX NOUB
OT HMCTOYHMKA 3arpA3HEHNsA, CHJIbl M HANpaBleHHs BETpa, penbeda TeppuTO-
pun. CBOHCTBa NOYB Ha MOCTYILIEHHE B HUX 3arpA3HSIOLIMX BEIUIECTB BINAHUA
He OKa3bIBAIOT, MT03TOMY 00 YCTOMYMBOCTH 1104B K 3alrpA3HEHMIO Ha N3HHOM
Talie mpolecca roBOpUTh He npuxoautcs. CBoiicTBa NMOYB NPOABAAIOT cebs
Kak (paKTophl, BAMAIOLIME HA 3KONOrMYECKHE MOCJIEACTBUA MX 3arpA3sHEHMs.
TIpAMbIMH MOKa3aTeNsMH COCTOSIHMS 3arpA3HEHHBIX TMOYB ABJMOTCA obliee
coJepiKaH1e NOJUTIOTaHTOB U COAEPXKAHHE UX NOABIDKHBIX COEAMHEHMH.

CriocoGHOCTb MOYB OrPaHHYKBATL OTPHLIATENLHOE BAHAHUE NOLIIOTAHTOB
Ha XMBble OpraHM3Mbl MOYBLI OOYCNOBJIEHA pasfoXKeHHEM 3THX BeLIeCTB 10
HETOKCHYHBIX IJIM MEHEe TOKCUYHBIX COENMHEHHI, CHIDKeHHeM CONepKaHUs
MHIPaLMOHHOCHIOCOOHBIX COEIMHEHHH 3arps3HAIOUIMX BEWeCTB B MOYBAX
MyTeM MPOYHOro 3aKPEeIUICHHS HUX MOYBEHHLIMH KOMIIOHEHTAMH, WM, HaTpo-
THB, ITyTeM UX BbIHOCA U3 IO4BEHHOr0 Npodus.

PaccMoTpetine ycTONYMBOCTH MOYB K 3arps3HeHHIo LenecoobpasHo npo-
BOJMTb C MO3ULMI MOABWKHOCTH 3arpA3HSIOLIUX BElecTB, Oy(hEepHOCTH nous
¥ cnocoGHOCTH MOYB BLIMOJNHATE cheLubuueckye QYHKUUM B JDKOCUCTEME.
3TH SABJIEHUA TeCHO BaUMOCBs3aHbl. BydepHOCTb TpanuLMOHHO paccMaTpuBa-
€TCA Kak CocOGHOCTh NOANEPKHBATh COCTAB [I0YBEHHOIO PacTBOpa B yCJ0-
BUAX MeHsIOlerocs BHellHero Bo3jeicTBuA. Hanpumep, KNCIOTHO-OCHOBIAs
OydepHOCTb NOYB paccMaTpHBaeTCs KaK CMOCOGHOCTb MOYB CONPOTHBIATHCH
n3meHeHmo pH npu BozaeiicTBuM kMcnoTel WM ocHoBanua. Henocpencteen-
HO C II0YBEHHbIM PacTBOPOM CBsi3aHa CMIOCOOHOCTh 3arpA3HEHHLIX NOYB BJU-
ATh Ha COCTaB NPUPOJHLIX BOJ U pacTeHuii. [lorouas 3arpA3HaOWMe Belie-
CTBa U OFpaHH4MBas TAKHM 00pPa3OM UX TOCTYIUIEHHE B PacTBOp, NMO4Ba TeM
CaMbiM 3alIMIIAET COMpelenbHble C MO4BOM Cpedbl OT 3arpssHenus. Coctas
NOYBEHHOTO pacTBOpa oNpeAeseTcs paBHOBECHEM B CUCTeMe TBeplas ¢asa
NOYBbI ~ 1OYBEHHbIA PACTBOP, WIH MOABHKXHOCTHIO XMMHYECKHX 3JIEMEHTOB.
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Tokazatensamu NOABMHKHOCTH XMMHYECKHMX BELIECTB CJIYXKAT yPOBEHb KOHLIEH-
TPalKMH BEWeCTBA B MOYBEHHOM pacTBOpe (MoKasarelb aKTyalbHOH MOABYK-
HOCTH) ¥ 3aMac MOIBHXHBIX COCAMHEHW! XHMUYECKHX BEILECTB B TBEPAbIX
¢dazax nous (mokasatenb MOTEHUUANbHOWH MOABMXHOCTU). [lpu H3BAEYEHUH
3JIEMEHTOB M3 MOYBEHHOrO PacTBOpa PacTEHHAMM WM NPH BHIHOCE HX MPO-
MbIBHbIMM BOJIaMM MMEHHO M3 3TOTO 3arnaca BOCHOJHAETCH I0Teps NNeMEH-
TOB, GJlaroJaps 4eMy UX COAEpXKaHHe B MOYBEHHOM pPacTBOPE MOXKET BOCCTa-
HaBNMBaThcd. B CBOIO odepens, NpH MOCTYIUIEHHH B OYBY XHMHUECKMX Be-
IECTB B COCTaBEe XUIKUX aTMOChEPHBIX BbillaJeHUH, 3TH BELIECTBA YaCTUYHO
NEpexXoiaT B COCTaB TBEpAbIX (a3 MouBbl, MONOJHAA 3aMaC MOTEHUMAILHO
NOABUXHBIX COEAUHEHHUI.

Takum 06pa3oM, BepoOsATHOCTb BO3HMKHOBEHHA JKOJIOTHYECKOrO pHCKa
BC/IEAICTBUE 3arpsA3HeHUs MOYB B MojasisouieM OonbLIMHCTBE 00ycioBieHa
ux GydepHocTbio.

B cooTBeTcTBMM CO cxeMoii uepapXuueckoif OpraHu3alMH MOYBEHHOMH
CHCTEMBI COEAMHEHMI XMMMYECKHX 3JIEMEHTOB 3TO sBJleHHE MOXKeT ObITb
Ha3BaHO GydepHOCTBIO CHCTEMbI Ha BEILECTBEHHO-(a30BOM YpOBHE ee opra-
Hu3aUnK. QaKTHYECKH pedb UAET O CIIOCOGHOCTH KaXA0ro Mo4yBeHHOro ropu-
30HTa TIOAAEPXKMBATb KOHLEHTPALMIO XMMMYECKMX JJIEMEHTOB B TOM 4ucie
TNOJUTIOTAHTOB, B OYBEHHOM PAacTBOPE Ha [MOCTOSSHHOM YPOBHE.

CnocoGHOCTB MOYBLI BBINOIHATh 3aLIUTHbIE PYHKUHH B IKOCHCTEME B YC-
JIOBUSIX 3arpA3HEHMs peanusyeTcs MoA BIUAHUEM TpeX rpPYNI NPOLIECCOB:
BbIHOC 3arpA3HAIOIIMX BEIECTB M3 T0YB, TPaHCPopMaLus UX B MOYBE A0 He-
TOKCHYHBIX WIM MaJOTOKCUYHBIX COeIUHEHHIA, 3aKpEILICHUE 3arpA3HAICLINX
BelecTB nouBoii (['nasosckas, 1978).

3. 2. Buinoc # paccesinne 3arpsi3HsIIONIHX BEUlECTB U3 NOYB

Ha npouecc BausioT e rpynnsi ¢pakTopos. K dakropam BHeuiHel npu-
polibl OTHOCATCA KOJMYECTBO OCALKOB, CKOPOCTb BETPa, COOTHOWIEHHUE Ocal-
KOB U WCTIAPAEMOCTH, THIICOMETPHYECKOE MOJIOKEHUE TEPPUTOPHHU, IPaHyJio-
METPUYECKHH COCTaB NO4YBOOOPa3yIOIMX IIOPOJ U NOYB, KOTOphie 00YCA0BIIH-
BAIOT HAIWYME B NMOYBEHHOM MNpotHIe NOTOKOB BJlard, cnocobHoi mepeHo-
CUTh 3arpsasHsioltde BeuiecTsa. Cpean (akTopoB BHYTPEHHEH NPHpO/bI Bbl-
AeJSIIOT Te, KOTOPBIE BJMAIOT HA MOMNOIUCHUE 3arPASHAIOIIMX BElECTBa MOY-
BaM# ¥ TCM CaMmbiM ONpENE/SIOT YPOBEHb KOHLEHTPALMN BELIECTB B MUIPU-
pyrouiem pacTBope. Hepeako cpeau HuX BbienseTcs rpaHyJloMeTpUUeCKHil
COCTaB KaK OfMH M3 BeAywMX (akTopoB, BiUsiOwMil kak Ha opMUpOBaHUE
BOZIHBIX [TOTOKOB, TaK K Ha MOIJIOLIEHHE BellecTB NoyBoi. CiaedyeT OTMETUTD
3KOJIOTHUECKOE 3HAaU€HKe MpoLecca "cOpachiBaHui" 3arpA3HAIOLIMX BEHIECTB
3a NpefieNbl NMOYBBI WIK 3jIEMEHTApHOro jJanawadra. 3a cyet ITOro Mpoliecca
MOXET NPOUCXOAUTHL YACTUUHOE CaMOOYMIIECHUE TOYB, HO HE DKOCHUCTEMBI B
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LEJIOM, TaK Kak MOJUIIOTAHTBl COXPAHSIOTCSA B 3KOCHCTEME, TOJIBKO Nepemenia-
iCh M3 [OYBHI B IPUPO/HbIE BOALI H JaJiee B Apyrue JaHamadTel.

Jlia oTHOCHTENBHOH OLIEHKH CHOCOOHOCTH MOYB K CaMOOYHUIIEHHIO OT
MOJLTIOTAHTOB HEPEAKO NPUMEHAIOT CHCTEMY 3KCMEPTHBIX OAIBHBIX OLEHOK.
MNpuHuyn sxcneprHbiX OauIbHBIX OLEHOK OCHOBAH Ha pPamKHpOBaHMH
CBOMCTB, BJMAIOIIMX Ha BbIHOC, TPAHCGHOPMALHIO WIM Pa3pylleHHe 3arpss3-
HAIOIIMX BeLlecTB. DTOT NPMHLMN BriepBble MpuMenuna M.A. I'nasosckas s
3KCIIEPTHOH OUEHKH CroCOOHOCTH K BBLIHOCY MOJUTIOTAHTOB M3 MOYB Pa3sHOro
rpaHyJIOMETPHYECKOTO COCTaBa W pa3HOro BoaHoro pexxuma. CorjacHo 3Toi
OLICHKE, OTHOCUTEJIBHO OoJiee BbICOKas ONACHOCTb 3arpsA3HEHHA MOYB Xapak-
Tepusyetcsa GOJbUIAM YKCIOM KpecToB (OaLioB). AHaNOTHYHbIN cnocol mis
OLEHKH YCTONYMBOCTH NMPHUPOIHBIX KOMILIEKCOB B LIEJIOM, /Ul OLEHKH YCTOM-
YUBOCTH TMOYB K AHTPOTMOrEHHOMY BO3JEHCTBHIO H JlaHAWAadTHO-
reoxumugeckoro kaprupoBanus nous npumenwn H.IL. Connuesa (1982),
W.H. Bykc (1987), B.J. BacuiseBckas (1990), B.B. Cuakun (1993). O6mum
ABAAETCA TO, YTO NpH GajnbHON oueHke OTACAbHBIM (pakTopaM NpHAAETCS
pasHblif BEC B 3aBUCHMOCTH OT UX [peanosiaraeMoi 3Ha4UMMOCTH B mpoLeccax
B3aUMOJCHCTBHA NOYB C MOJUIIOTAHTAMH, B MpOLECCaX MHUIPalMM, aKKyMyls-
uMH, Tpakchopmaimi 3arpsswiomux BemlecTB. Cnoco® HOCUT Ha3BaHMeE
"IKCTIEPTHBIX OUCHOK" M OMUPAETCA KAk HAa M3YYCHHOCTb IOBEAEHUA NOJLNIO-
TAHTOB B MPHPOAHBIX Cpelax, Tak M Ha NPoPecCHOHANU3M CIELMANTUCTOB,
NPUCBANBAIOIIMX OALIbi TEM WIH HUHbLIM CBOMCTBAM NOYB U JaHAWA(pTOB B
nenom. HegoctatkoM 37Ol CHCTEMBI ABASETCS TO, YTO B HEH OTCYTCTBYET
aHaNM3 PEAILHOTO MOTOKA BEMIECTB B KOHKPETHOH MOYBEHHOH CUCTEME, a
TaKKe KONMYECTBEHHbIC NapaMeTphl MPOLECCOR TpaHCGopMaLUK M nepeMe-
ILEHMS BELIECTB B AHAIM3UPYeMOM OObeMe MOuYBbI MM B PaccMaTpUMBAEMOM
Aanjmadre. ITO BeAET K TOMY, 4TO GaUibHblE OLEHKH HAIOT MOPANOK, a He
KOHKPETHBIE KOJMYECTBEHHbIE MOKa3aTeJH YCTOHUMBOCTH MOYB K 3arps3He-
Huio. OHM ABNAIOTCA OCHOBOM IUIA PamWKUPOBaHUA HU3ydaeMbiX OOBEKTOB MO
MX cNOCOOHOCTH MOAJIEPKUBATh B MO4YBE KOHLEHTPAUMIO MOJUHOTAHTOB B
NOJBIDKHOMH (opme.

Ilpu McnoabE30BaHMK JKCIIEPTHLIX OLEHOK HE MPENNoNaraeTcs, YTo Mo4Ba,
YCTOHYMBOCTL KOTOPOH K 3aIpA3HAIOIIHM BELIECTBAM oOlieHeHa BJBOE 60Jb-
UM yucnoM 6amwios, criocobHa npH BABoe Goablueli Harpyske obecrneyuthb
TOT XK€ YPOBEHb MOABHIKHOCTH NOJUIIOTAHTOB, YTO M noyea, OydepHas crio-
cOOHOCTB KOTOPO# OblLIa OLlEHEHA BABOE MEHLIIMM GaioM.

Tabnuua 3 xapakTepu3yeT OTHOCHTENILHYIO ONACHOCTb MOYB K 3arps3He-
HHIO (MM ONACHOCTb 3arpA3HEHUA) Kak GYHKUHMIO BOJHOTO PeKMMa M MeXa-
HHMY€CKOro COCTaBa MoYs.
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Tabnuya 3. OmuocumenvHas OnACHOCMb 3a2PAIHEH U HOHE

( I'nazoeckasn, 1978)

Koadduuuent Ipanynomerpuieckuit cOCTaB ¥ HAJIMHUE MEP3JIOTHI
YBIQXHCHUA, BOA- Tlecku u CyrnuHku I niuHbI Mep3nora
Hbl#i PeXIM cynecu
>2, pesko + ++ +++ +++
LIPOMBIBHOH
2-1, IpOMBIBHOH ++ +++ +4++4+ | ++++
0,5, HenpombIBHOH +++ +++++{+++++ )+ ++++
<0,5, pe3ko ++++ | +++++ | FH++ -
HETIPOMbIBHOMR

PeanbHble HaGmoNeHHs 32 COCTOSHHEM 3arpPA3HEHHbBIX MOYB MOKA3bIBAIOT,
YTO MHTCHCHBHOCTb BbIHOCA 3arpA3HAICIIMX BELIECTB, HAMPUMED, THKEJBIX
METALIOB, B paMKax 0003pMMOT0 BpeMEHH B OONbIOM YHUCIE CIy4acB HEBe-
auxa. HampuMep, BLIHOC METAUIOB M3 3arpsA3HEHHBIX OypbiX JieCHbIX HO4YB
TIpumopckoro kpasd, CBOHACTBA KOTOPBIX (KHCJIas PEakina U NPOMBIBHOH BOA-
HBIA peXHM) ONaronpuATCTBYIOT MHUIpalMH HOHOB METANOB, HECYILECTBe-
HeH. Tsbkenble METaUTbl OCTYNAIOT B NOYBBI PETHMOHA € XKHAKUMH, TBCPABIMU
H a>po30JbHBIMA BbIOpOcaMy KOMOUHaTa N0 nepepaboTKe LBETHBHIX PYA M B
Gonbuteit yacTy 3akpemwstorcs B nouse. U3 nouseHno# toamy BoiHocuTed 1-3
% oT macchl noctymiBLunx Pb, Cd u He Gosee 10% Cu, Zn. Onupasch Ha 3T
LMOPLI, MOXHO MpeamnoaraTh, YT0 4aCTHYHOE CaMOOYHLUEHHE MOIJIO ObITh
JOOCTHUTHYTO 3@ COTHH WM TohiCA4YH JeT. Ho 3a 370 BpeMs mornoiueHHbIe Me-
Tallbl COCOOHB nepeliTu B Gonee MpOYHO CBA3aHHble GOPMbI U CTaTh €ile
MeHee CnocoOHbIMM k MHUrpaumi. Pacuetst M.A.T'nazosckoii (1997), Buinon-
HEHHbIE Ha OCHOBE JaHHLIX O NPUBHOCE U BHIHOCE METALIOB M3 MOYB ['epma-
auy, [lonpwy, CHIA, YexociaoBakuu, OKasanu, 4To BpeMms, HeoOXoaummoe
wis BeiHoca Cd M3 3arpA3HEHHBIX TEXHOTEHHBIX MOYB M3Mepserca 75-380
ronamy, Hg 500-1000 , ana As, Cu, Ni, Pb, Se, Zn 3toT nepron BpemeHH
6mmsox x 1000-3000 rogam u Gosnee. [Touy oTnuuaeT OT APYTMX Cpel upes-

BbIYaMHO HM3Kas CIOCOOHOCTb K CAaMOOYHILEHMIO OT HEOPraHM4eCKUX NoJLNo-
TaHTOB.

3.3. Tpanchopmanus npoIyKTOB TEXHOreHe3a B MOUBE, Nepe-

BOJ HX B COCTAaB COCAHHERHI MeHee ONACHbIX HJIH HeONaCHBIX

AJst IKOCHCTEMBbI

tn NPOLIECCHI TTIPOUCXOJIAT B 3arpA3HEHHbBIX MMOYBaX, OHHU o0ecneynBaoT
9aCTH4HOE WIH MOJNHOE CaMOOYHMINEHHE MOYB OT 3arpA3HAOUIMX BELIECTB,
CHW)KEHHE WIH JIMKBHAALMIO 3KOJIOTMYECKUX NMOC/ieACTBUH 3arpAa3HeHuUs no4B.
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OnHako o6iactb UX AeHCTBHA OrpaHMYMBAETCA NPEMMYIUECTBEHHO MOJ-
JIOTaHTAMM OpTaHM4ecKoil MpUpoasl: He(PTh H HEPTENPOLYKTHI, TepOHLA b,
AECTHUMAbL U Apyrue GHoumIbl. 3a cueT Pa3iokKEHHs OpraHH4ECKUX 3arpss-
HSIONIMX BELIECTB BO3MOXXHO CAMOBOCCTAHOBJICHHE T109B.

®dakTophl, obecneyHBaiOMe CaAMOOUHUICHHE MOYBLI OT 3arpA3HAIOIIMX
BEIeCTB OpraHU4ecKol MpUpOibl, TakkKe Aendrcs Ha ae rpynnbl. K dakro-
pam BHEWHEH NPUPOAbI OTHOCATCE CyMMa [OJIOXKMTENIBHBIX TEMIIEpartyp,
BJIQXHOCTb, YPOBEHb COJIHEYHO!N paJualyH, HATUIHe B atMocdepe aKTHBHRIX
OKHCIIMTENIEH, KOJMYECTBO OPraHHYECKMX BEILECTB B [10YBE, TO €CTh T€, KOTO-
pbie BAMAIOT HA HHTEHCHBHOCTb a0HOTHYECKHX M MHKPOGMOMOTHYECKHUX MPO-
LIECCOB Pa3/OXEHUsl OPraHHIECKHX NMOJUIIOTaHTOB. Pollb (akTopoB BHYTpEH-
Heil NpUpPOJbI BLINONHSAIOT TAaKHE CBOMCTBA NMOYB, KAK KOJMYECTBO M Ka4eCTBO
OpraHM4€cKHMX BEIECTB, BOAHO-BO3AYIUHbIH pexkuM nous, pH U Apyrue cBoii-
cTBa. DTH CBOJCTBA, C OHON CTOPOHbI, 06€CNEeUNBAIOT ONTUMA/ILHEIE YCIOBUA
IJI3 pa3BUTHA MHKpoOOLEeHO3a, A1 OHOXUMHYECKOH aKTUBHOCTH MMKPOOpra-
HU3MOB M Pa3NiOKEHHUA MOJUIIOTAHTOB, C APYroii — OHH 00YCNOBIMBAIOT 32-
KpEIUIEHHE OPTaHWYECKHX 3arpsA3HAIOLIMX BELUECTB, YTO BJIMAET KaK Ha MOA-
BEPKEHHOCTb UX MUKPOOMONOrHYECKOH NECTPYKLMH, TaKk M HAa HX MHrpauun-
OHHYIO CTIOCOOHOCTD.,

3a CyeT ITHMX MPOUECCOB BO3MOXKHO HaCTHHHOE HJIM TOJHOE CAMOOYMLLE~
HHE OT OPraHM4ecKMX MOJIIOTAHTOB HE TOJILKO IOYBbI, HO M KOCHCTEMbI B
LEJIoM.

Ha onpeneneHHoM 3tatie Mccie]oBaHUsA 3KONOTHYECKUX NOCACACTBHI 3a-
rpA3HEHMs MOYB OPraHM4eCKHMU NOJUIIOTAHTAMH HOJYYWIH PacnpoCcTpaHeHHe
IKCNEPTHBIE OLEHKM 3arps3HeHHs Mous. PaspaboTka IKCHEPTHBIX OLEHOK
TpOBOAMNIACE Ha OCHOBE aHalW3a NPOLECCOB TpaHcdopMmauuu NPOAyKTOB
TEXHOTeHe3a B noyse. B pesynabrate ananusa ObiiM BbISBJIECHB (aKTOPHI,
BIMAIOLIME HA NPEBPAIUCHNAA NOJUIIOTAHTOB B NIOYBE W reorpaMueckue 3aKo-
HOMEPHOCTH UX MPOSABIEHHA.

3arps3HAIOlME BEIECTBA OPraHMYeckoi IPUPOIb] B MOYBE NOABEPTAOTCA
CICAYIOLIMM TIPEBPALUEHHAM: COPOLMH OPraHUYECKMMH W MUHEpaIbHBIMH
KOJUTOWJaMH, HCNAPEHHIO C NOBEPXHOCTH, NOTJIOLIEHHIO KOPHAMH pacTeHHH K
TPAHCNOKAlUUM B pacTeHHs, GoToxumuteckoi u MukpobHonormdeckoi necr-
PYKIMH, OOTJIOIEHHIO MOYBEHHBIMH KOMINOHEHTaMH W OMOTOH, MHrpauuu ¢
[OYBEHHOH Biaroi. Buabpl ¥ MHTEHCHBHOCTH NMPOLIECCOB NMpEBPAIIECHUA OT-
AENBHBIX IPYNIN OPraHUYECKMX BELUECTB 3aBUCAT OT MHOXKECTBA MOYBEHHBIX,
GroKTIMaTHYECKHX, GOTEOXUMHMYECKUX yCIOBHIA.

Ilonxon, ocHoBaHHbIM Ha MOMy4YEHHWH 3KCIIEPTHBIX OLEHOK, ObL1 HCMOJb-
3oBad, Hanpumep, M.Jl. BornaHoBo#t, M.U. I'epacuMoBo#i npu oLieHKe MO-
CNENCTBHI 3arps3HeHMs TaXoTHLIX mouB P® mecruumaamu. B kagectse Be-
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AYUWMX MPOLECCOB TpaHCHhopMaLMK NECTHLUNAOB B NI0YBE UMM ObUTH BbIOpaHbI
[IpoLecChl COPOLIMHM 1 MUKPOOUOJIOrHYECKON JECTPYKLH.

Jns 6anabHOM OLEHKM MHTEHCHBHOCTH 3THX MpoLieccoB ObUIH COCTaBJIe-
HbI JIB€ NIPOMEXYTOUHBIE MATPHLLI, B KaXAOi M3 KOTOphlX B (popMe onpele-
JIEHHOTO YHMCJia GajuioB ObUIO YYTCHO BJIMAHME CBOMCTB MOYB, C KOTOPHIMH
CBs3aHbI Npoliecchl TpanchopMmaLuy nectulaoBs. [Ipoueccsl copouMu MoJry-
YWIM cpeay HUX HauboJbIIKi MaTeMaTHYECKUi Bec.

TlepBas MaTpuuia xapakTepH30Bala MHTEHCHBHOCTb NPOLIECCOB COpOLMH
NECTHLMAOB H Obll1a cOCTaBNeHa HA OCHOBE JIMTEPATYPHBIX JAHHLIX O COJEp-
KAHHU ryMyca, (U3M4ECKoil IHHbl B BEpPXHHX TOPU30HTaX MO4YB, BOJHOIO
pexuMa 3emiieensueckux paiionoB Poccuu.

Btopas MaTpuua xapakTepuzoBasia NpeanojiaraeMyto akTHBHOCTb MHKPO-
OpraHM3MOB B Pa3iOKeHMH necTHUUAoB. OCHOBOH 11 GajulbHBIX OUEHOK
3THX CBOWCTB MOYB NOCHYXKWIA JUTEPaTypHbIE JaHHble 00 06imell YncaenHo-
CTH MHKPOOPIaHM3MOB B 10YBaX 30HANILHOTO PAJa, O NEpUO/ie aKTUBHOMU Aed-
TEJIbHOCTH MUKPOOPraHU3MOoB (€r0 XapakTepH30BaIK N0 NoKa3aTensM TMApo-
TEPMUYECKOr0 pexiuMa), 00 aKTMBHOCTH COJIHEYHOM paauaiyu (moxasarenu
COJIHEUHO! paauauuy u npononmmenbuocm COJIHEYHOFO CHAHHMA 3a BereTa-
LIMOHHBIN NEpHOL).

CnenytomM 3tanom Obi10 00benuHeHWE [BYX OLIEHOYHBIX MaTpHIl
(copOLMH M JETOKCHKAUUM) B OKOHYATEIbHYIO, F€ MOYBbl ObLIM CIpYNAMPO-
BaHbl B COOTBETCTBUU C GajllaMu, NMPENONI0KHTENbHO OTPaKaIOIUMK NOTEH-
UMAIBHYIO IKOJIOTUYECKYIO ONIACHOCTb HAKOIUIEHUA NECTULIMIOB.

TakuM 00pa3oM ObLTM BLIABICHBLI TIOYBbI, 3arPA3HEHHE KOTOPbIX HU3KUMH
¥ YMEPEHHBIMH 103aMH BHECEHUs TIECTUIM/IOB HE CONPOBOXAaeTcs O0bLIOH
OMNACHOCTBIO 3arPA3HEHMA 3KOCHCTEMBI. B 9Ty rpynny BouuiM NpEeMMYILECT-
BEHHO IIOYBBI MOA30JHCTOrO psja, KOTOPbIE MPH HU3KOM COCOOHOCTH K Ae-
TOKCHKAaLHH 00NafaloT OJHOBPEMEHHO U HU3KOH COPOLIMOHHOMH EMKOCTBIO 110
OTHOUICHHIO K MECTULLIAAM.

K noysam c BbiCOKOH 3KONOrHM4eCcKO# ONAacCHOCTBIO 3arpA3HEHUs MEeCTHLH-
namMM OBUIM OTHECEHBI YEPHO3EMBbI, JIyrOBO-KALITAHOBLIE, JIyTOBbIC MOYBBI,
KOTOpbIE NPEATNOI0KATENLHO 001aal0T BbICOKOH K CpeaHeil crocoOHOCTLIO
pasjiarath NEeCTHULMbL, HO ONACHOCTh MX 00YCJIOBEHa BLICOKOH YACpKHBalO-
el cnocoOHOCTBIO NOYB.

B nocnennee necatiierue Bce Gonblliee pacnpocTpaHeHUE MOMYHaOT Me-
TOBI MATEMATHYECKOTO MOJENUPOBAHUSA IMOBEACHHUSA MECTULMIOB B MOYBax.
OnHUM M3 NPUMEPOB MOXET CIYXKHUTh MOJAETHPOBaHHE HPOLECCOB MOriOLIe-
HHMA PAZIOM TI0YB MECTHULMAA aTpasdHa U MX BIMAHMA HAa [PYHTOBbIE BOJbI,
BbinonnenHoe 10.A. CnupugonosbiM, B.C. TopbatouiM, I'.E. Jlapumoii
(1997). B ocHOBY MoOZaeMpOBanus ObLIO MOJIOXKEHO KOJMYECTBEHHOE OIKCa-
HHE TPOLIECCoB, 00YCNOBIHBAIOINMX NEpeXO] MECTHLUHUAOB U3 OYB B MPYHTO-

26



Bbie BOABI. Bbina mpoBepeHa BepuduKaiuus psia MateMaTH4eckux MoJeneH,
OMMCLIBAIOILMX MOBENEHHE NECTHMLMAOB B nouBe. J[Ig 3TOro B MOJNEBbIX U
nabopaTOpHBIX YCIOBHAX ObUTH ompeieneHbl HeoOXonuMbie NMapameTpbl. B
YHCNIO TIAPaMETPOB, MOMHMO [03bl NIpenaparta, BXOMWIHN MOKA3aTeNH MOJBHXK-
HOCTH MpeTNapaTa, ero CnocoOHOCTH COXPAHATLCA B MOYBE. DKCIIEPUMEHTAb-
HO OblAu onpeneicHbl KOIHYECTBEHHbIE NOKA3aTeNU NPOLECCOB TpaHChopMa-
MM NECTULIMIA: MEPHOA NONypa3noxkKeHus, koapduumeHt copouun, koapdu-
LIMEHT [epeNBMKEHHs nmpenapata ¢ Biaroil. CpaBHEHHE IKCTICPUMEHTA/bHBIX
DaHHbIX M TOJIy4EHHBIX PACYETHLIM ITYyTEM PE3yJbTaTOB MOKa3alo, YTO HaH-
Gonbliee COOTBETCTBHE PEAIbHBIX U PACYETHBIX JAHHBIX JAET UCIONb30BAHHE
mozenu PLM (pecticide leaching model), B kotopoii nporHo3upyemsie ypoBHH
COEPXaHMs OCTaTOYHbIX KOJMYECTB MNECTHUMIOB pPacCHUTLIBAIOTCA Kak
(GyHKLMA NPOLECCOB ACrpajalii MeCTULUAA, ero COPOLMM U BBIHOCA BOIHBIM
NOTOKOM. BBIABNCHO BAMAHME HA 3TH NPOLECCH CONEPKAHUA OPraHHUECKHX
BEILECTB B NOYBE, IOPO3HOCTH, ILIOTHOCTH U BJIAXKHOCTH N0YB.

3.4. 3akpelieHue N04BO# MOIIOTAHTOB H OrPAaHHYEHHE HX

MHTIpanHH

@Duxcauys 3arpa3HMAIOIIMX BEIIECTB CBA3aHa C NpoueccaM copOumu-
accopburH, HOHHOrO oOMeHa, 00pa3oBaHuUA TPYIHOPACTBOPUMBLIX OCAAKOB
coneil. K axropam, BAMsiOLMM Ha XO4 3THX NPOLECCOB OTHOCATCS pasMep
NOBEPXHOCTH MNOYBEHHBIX YaCTHIl, KOJMYECTBO M KAYeCTBO OpPraHM4YECKUX
BELUECTB H NIMHUCTBIX MUHEPATOB, KATHOHHO-0OMEHHbIE CBOUCTBA, KUCJIOTHO-
OCHOBHBIE M OKMCITUTE/ILHO-BOCCTAHOBHUTEIIbHLIE YCJIOBHS 1 APYTUE.

Oco6CHHOCTb OMUCaHUA 3TOr0 NPOUECCa COCTOUT B HEKOTOPO TEPMHHO-
JIOTHYeCKOH HeNoCTaTroyHOCTH. [loJib3yach TOABKO TepMHHAMH 00 00uicM
COJIEp/KaHMU 3arpA3HAIOLUMX BELUIECTB M WX MOABWKHOCTH, TPYAHO PACKpPHITh B
THOJIHOM Mepe mousATHe 00 YCTOHYMBOCTH MO4B K 3arpA3HEHHIO U 00 3Konoru-
YECKOH OIIAaCHOCTH 3arpA3HeHus noye. YeM Bblllie CIOCOOHOCTD MOYB NPOUHO
3aKperUisATb 3arpA3HAIONIME BCLIECTBA, TEM HIDKE WX MOJABHXHOCTb B 1OYBE,
TE€M MeHee ONacHbi 3arpA3HEHHbIE MO4BbI A 3KOcHcTeMbl. OHAKO, CHHXKE-
HME MOABHXHOCTH MOJUIIOTAHTOB, 0COOGEHHO HEOpraHWYEeCKOoi NpHpoabl, 00y-
CNOBJICHO HX IIPOYHBIM 3aKpEIUIEHUEM B NOYBE, YTO MPH NPOYHX PaBHbIX yc-
JIOBUSIX KOPPEAMPYET C [OBbIIIEHHWEM MX ofuero coaepxanus 8 nouse. Ha-
3BaTh GOJICe YCTONUMBOM K 3arps3HEHMIO NOUBY C GOMbLIEH CIOCOBHOCTBIO K
3aKPEIUICHUIO TIOJIIIOTAHTOB HeJOTHYHO. Ho MMeHHO B TakuX 1104BaX OTHOCH-
TEJIbHO HHXXE MOABIKHOCTh M MMIPAUHMOHHAA CHOCOOHOCTL MOJIIOTAHTOB.
Onnako ¢ 3THMHM XKe MOYBAMH MOXET ObiTh CBA3aHA ONMACHOCTb BTOPHYHOM
MOOWIN3aIUM paHee 3aKPEIUIEHHBIX B MX COCTABE 3arpA3HSIOLIMX BELIECTB,
ABJIEHHE, KOTOpOC Monayywno HassaHue "chemical time bomb"- xumuyeckas
3amMelleHHas OoM0a, OTJIOXKeHHas 3KOTOKCHKOJNOTHYecKas onacHocTb. [lo
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sro#i nprunHe M.A. I'nasoBckoit GbLnM BBEEHB! TAKHE MOHATHS KaK 3K0JIOro-
r€OXMMHMUYECKas CEHCOPHOCTh YU 3KOJIOr0-reOXHMHUYECKasi ONacHOCThb, KOJHYe-
CTBEHHBIMHU NOKA3aTEJIMI KOTOPbIX ABIAIOTCA YPOBHH COAEPKAHUS NOABHK-
HBIX COCIMHEHHH XUMUYECKUX BEWIECTB U KOI(PQPHUMEHTBI, PACCUMTAHHBIE C
MX NIOMOMLIBIO. A JUIS OLICHKH HaKOILIEHMA o0LIero cCoaepXkaHus NoJUOTaHTOB
B TNI0YBAX MCIMOJIL30BANKCH MOHATHA O TEXHOTEHHON aKKyMYJLMH, O MOCTEX-
HOTeHHOH TE€OXMMHIUECKOH KOHcepBaTHBHOCTH. JUis OawibHON 3KCTEpTHOH
OLEHKH HM3MEHEHHs MO4YB TNOJ BJIUSHHEM 3arpsA3HEHHs, CMOCOOHOCTH MOYB
HEHTpAIN30BaTh OTPULATENILHOE BO3ACHCTBUA TEXHOMCHHBIX BEUIECTB ¥ TAKUM
06pa3oM CHWKATb IKOJOTHYECKHE MOCHEACTBHA 3TOrO BO3ACHCTBUA, €10 pac-
CYMTBHIBAICA CyMMapHblii 3¢ dexT yBeauueHus B Mo4Bax Kak NOABHIKHBIX CO-
€IMHEHHH NOJUIIOTAHTOB, TaK M UX O0LIEro coaepxaHus.

Mexanmnsmbl 6ydepHOCTH NMOYB NO OTHOLICHHIO K KHC/IOTHOMY BO3JEMCT-
BHIO, @ TAKXKE K OPraHMYeCKUM M HEOpraHWYeCKHM IOJUIIOTAHTaM, MOCTY-
NalolMM B MoYBY B GopMe KATHOHOB H aHHOHOB, 3@ CYET MPOYHOr0 3aKpeIuie-
HHA ¥X TIOYBOH HMEIOT U obLiMe, U cneldUYecKHe YePThi.

BanneHbIE OlIEHKN YCTOWYMBOCTH MOYB K 3aTPA3HEHHUIO M IKOJIOMMYECKOH
OMACHOCTH 3arpasHeHus Oblnu paspaboransl M.A. I'masoBckoi Ans OLIEHKH
YCTOHYHMBOCTH LIMPOKOTO psna noys (76 TMNOB 30HAIbHBIX H HHTPa3OHallb-
HbIX 10YB) K pa3/lM4HbIM Harpy3kam. PaccMarpuBanoch BO3JIEHCTBHE KHCIOT,
KaTHOHOTEHHbIX HEOPraHMYECKUX MOJLIIOTAHTOB, MPUMEPOM KOTOPBIX ObLIM
BBIOPAHBI META/LTLI,  aHHOHOTEHHBIX 3arpA3HAIOLIMX BEILECTB, HA NpUMEpe
BO3JCHCTBMA HA IOYBY COeAMHeHuii (Topa M ceiaeHa. BbuiM MoOABEPrHyTHI
aHanusy cneuuduueckue 0CoOEHHOCTH B3aHMMOMEHCTBHMA KOHKPETHBIX IPyNil
TNIOJUIIOTAHTOB C KOMIIOHEHTaMU OTIpEJENIEHHBIX THIIOB NOYB. B ocHOBY Ganiib-
HBIX OLEHOK OBIN MOJIOKEH aHANM3 BIHMAHMA BCEX M3BECTHBIX MPOLCCCOB
B3aMMOJICHCTBHA Ha3BaHHBIX [PYNN XUMHYECKUX BEMIECTB C noysaMu. Pac-
CMATPHBAIHChL CONPSIKEHHbIE MPOLIECCH MepeHoca, 3aKpeIuieHus U TpaHcdop-
MalMH XUMHYECKKX BELIECTB B M0YBE: PAaCTBOPEHMS — OCAXKIACHUA, OKHUCIICHHUS
~ BOCCTAHOBJIEHHS, copbumn — necopOuuy, GHONOrMYEcKOro MOrJIOMICHHA —
BO3pAILEHUA C OPraHHYECKUMH OCTaTKAMH, BHIHOC BELIECTB B PaCTBOPEHHOM
COCTOAHHMHM M3 MO4YB C BOAHBIMHM MOTOKAMH — HAKOIUIEHHE MX B NouBax. Taxue

OlIeHKH ObLnM paspaboranst M.A. ['/1a30BCKOM B 4aCTHOCTH [UIA KMCJIOTHBIX
OCafIKOB.

3.4.1. By(depHOCTb MOYB N0 OTHOWIEHHIO K KHCJIOTHOMY BO3AeiiCTBUIO
H3yuenne xucnoTHo-ocHoBHON OydepHocTu 1ouB umeer naubonee Liu-
TeNeHYK ucTopiio. IlpuiulanHoe 3HaueHue nepBhix pabor no GydepHocTH
1048 GbLIO CBA3aHO, MIABHbIM 06pa3oM ¢ MPOOIEMOl MOYBEHHON KUCIOTHO-
CTH U pacyeTamu 103 U3BECTKH Uil HEXTPaIM3alMK CHWILHOKHUCIBIX T104B, & B
TiocjielHNe AeCATUIIETHA MHTepec K 3Toit pobieMe BO3poc B CBA3M ¢ HeOna-
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FONPUATHBLIM BO3ACHCTBHEM KHC/BIX OCAJAKOB HAa IIOYBbI W IKOCHCTEMbI MHO-
[UX CTpaH CEBEpHOro nojymapus. [oJ KHUCIO0THO-OCHOBHOI OydepHOCTHIO
NOHUMAETC CIOCOOHOCTb MOYB NPOTHBOCTOATH H3MeHeHWIO pH noa Bo3aeH-
CTBUEM KHCIIOT HJIM OCHOBAHHUIA.

B kadecTBe mapaMeTpoB GaIbHOM OLEHKH YCTOHYUBOCTH NOYB K KHCIOT-
HbIM Harpy3kam M.A T@'nasoBckoit Oblin BbiOpaHbl CiemylOUlde: MOLIHOCTD
ryMyCHpOBaHHOTO FODM30HTA M MONCTWIKM (Tak Kak OHH 00yClNOBIMBAIOT
0COOCHHOCTH peakuuH HeoOMEHHOro CBA3bIBAHMA MPOTOHA OPraHWYECKHMH
KUCJIOTaMH MOICTWIKM M TNOYBEHHOro rymyca), pH, eMkocTe nornowesus
KaTMOHOB, CyMMa OOMEHHBIX OCHOBaHHMH U 110/ 00OMeHHBIX HOHOB Na+ (oHM
obecneunBaioT o6MeHHbIE peakuyn NpoToHoB ¢ ocHoanuamy ITT1K), Hanmaue
kapOOHATOB (C HUMH CBS3aHb! HEWTPANV3aLUMUA POTOHOB 3a CYET PaCTBOPEHHS
kapOOHaTOB W HelTparu3auus npoToHoB GukapbonaTamu H KapOoOHaTaMHU
noyseHHOro pacrsopa), OBII, coxepxanne amopdHbix ruapokcunoB Fe n Al
(C HUMM CB3aHO NOTNOIEHHE AHHOHOB, B TOM UCNE CYyJb(ATOB, KOTOPBIE
MOryT oOyCNOBJAMBAaTh NOABJEHUE TIWAPOKCHABHBIX HOHOB, BIMAIOIIMX Ha
YPOBEHb KHCJIOTHOCTH B nouse). HauGonbiuumii mareMatudyeckuil Bec Obli
MPUCBOEH CYMMapHOH MOLIHOCTH ropn3ontoB A+O, yposHio pH u npucytcr-
BHIO KapOOHATOB NP MaKCUMalIbHbIX YPOBHSAX 3THX NMOKa3aTeaeH.

[lepeueHb BbIOpaHHBIX MOKa3aTeNcH BIUTIOYA YaCTUHMHO H TE, KOTODBIE
ObUTM KCNONb30BaHLI PAAOM IPYrHX MccnegoBaTcieil s XapakTePUCTHKH
€nocoGHOCTH MOYB HeiTpanu3oBaTh npotoHsl. Iloaxons! Ux k BbIGOpY noka-
3aTeneil KHCAOTHO-OCHOBHOM GytepHocTH noys pasnuuHbl. OIHH OCHOBaHbI
Ha y4aCTHM pa3jIM4HbIX KOMMOHEHTOB MOYB B ()OPMMPOBAHMH KHKCJIOTHO-
OCHOBHO#1 OydepHOCTH B pasHbIx AMana3oHax pH, apyrue — Ha npejnosnarae-
MOM BAUAHHH HE TOJbKO XMMHYECKUX CBOMCTB NOYB, HO M APYrux (pakTopos,
BIIMSIOILMX HA NIEPEMEIIEHHE BEILECTB B JaHailadTe.

Hanpumep, b. Yiabpuxom (1980) 6bina npeanoxeHa cxema 304 6ydepHo-
CTH K KHMCIOTHOMY BO3ICHCTBHIO KapOOHAaTOB, CHJIMKAaTOB, MOYBEHHOIO NO-
TTIOMIAIOIIET0 KOMIUIEKCA, HECHITHKATHBIX COSAMHEHUH Xene3a M allOMUHMA,
cnocoOHbIX K HelTpanu3auuy IpOTOHa B pasHoii obnactu pH, kotopas nosy-
4uila INKPOKOE PacTpOCTpaHeHue M ABIsAeTcd OHUM U3 npuMepoB auddepeH-
UMpOBaHHOM oueHku OydepHocTy no4B no auanasoHam pH (Tabnuua 4)

B.Jl.BacunbeBckas nonosHuia nepeveHb IO4BEHHO-XHMHYECKUX Tiapa-
METPOB, HCIMOJIb3YCMbIX I JKCNIEPTHBIX OLEHOK YCTOMYMBOCTH No4YB, 61O-
r€OUCHOTHYECKMMH M JIAHAWAPTHO-TEOXVMMHYECKMMHU [I0Ka3aTeJAMHU: THN
nananagra, pensed, nouoodpasyloumas nopoaa, yBiaxHeHue, Teruoobecre-
4€HMe, TOAHYHBbI NPUPOCT PACTUTENLHOCTH, WHTEHCHBHOCTb pa3fiOKEHHUA
PacTUTENLHBIX OCTATKOB, 3aMac rymyca, CejibCKOX03siCTBEHHas OCBOEHHOCTD
TEPPUTOPHUH.
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Tabnuya 4. Cucmemsi, onpedensiiougue GyghepHocme no4e Kk KUCAOMAM, RO
ouanazonam pH (Yaepux, 1980)

Bydepuas 30Ha (Bemect- JnanasoH OCHOBHOI1 NPOAYKT peakiuH
BO, onpexensoee Sydep- 3HayeHui pH (mpoucxonaluMe B 0YBE
HOCTB) XMMHYECKHE HIMCHEHUS)
Kap6oHarnas 6ydepHan 30Ha 6.2-8.6 Ca(HCOs), B pactsope
(CaCO05) (pacTBopeHne kapboHaToB,
BbILLE/IAYMBAHHE KAJIBLIMS)
CumikartHas GydepHas 30Ha 5.0-6.2 I aMHKCTBIe MUHEpaBI (33~
MeEILUEeHHE Ha TIPOTOHBI KaTHO-
HOB LIEJOYHDIX ¥ IIEI0YHO-
3eMeJIbHbIX METAILIOB, BXO-
AAUIMX B TIIMHUCTBIC MMHEDa-
abl; Bospacranue EKO)
BydepHas 30Ha, cBa3aHHas ¢ 42-5.0 Heo6MeHHble HOHBI
OOMEHHbIMH peaKUMAMH: n [(AKOH),>™)"] (BbITECHE-
nue Ca** nporonom u3 IMK;
cHuxenre EKO)
oxcubl Mn O6MenHbIH Mn®" (cHukenue
CTENEHU HACHILUEHHOCTH)
TIMHUCTBIC MHHEPATh O6Mmenubit AP* (cHinkenme
CTeNeHH HACBILEHHOCTH)
MEXTIAKETHBIE NPOCIOAKH Al -ruppoxkcucyabar
ruapokcuaa Al (aKKyMYJISLMS KUCJIOTbI B
(AOH),>™) ciyyae npuroka H,S0,)
AniomuHuesas 6ydepras 30Ha AP B pactsope (BbITECHEHHE
(MexmnaxerHbli Al, Al- <42 AOMHUHHS U3 TIHHUCTHIX
ruJpokcucynbdar) CHJIMKATOB 110 CXEMeE:
AIOOH + 3H" - AP*+2H,0)
XKenesucras 6ydepuas 30Ha Fe’* (sbrrechenve Fe*, pas
<3.2 pyUIEHVE FTMHHCTBIX MUHE-

pasioB, pacTBOpeHHE FHAPO-
kcupoB Fe)

[pn GawibHON OlEHKE YCTOMYMBOCTH IOYB K KHCJIOTHBIM Harpy3kam
M.A. I'nasoBckoii Ha ocHoBaHHH 0006wIEnHs Gonbloro ofbeMa AuTEpaTyp-
HbIX JaHHBIX O KOJMYECTBCHHOH B3aUMOCBA3U MEXIY NapaMeTpaMH mpouec-
COB TpaHChOpPMaLMH MOJUIIOTAHTOB C Bbillie HA3BAHHBLIMM CBOWCTBAMH LIMPO-
KOTO psija NoYB KaXIOMy H3 mokasaTesiei Ang kakaol rpynnsl nous Geuin

TIPUCBOEHBI OALIBHBIEC OLIEHKH.

Hanee 76 THnoB nows GbLiM pasieieHsl HA TPYNIbl (neAOGHOMBI) C pas-
JMYHOH YYBCTBHTELHOCTBIO M YCTOHYMBOCTBIO MOYB K KHCIIOTHOMY BO3JI€ii-
cTBHI0. OKa3anoch, YTO BEPOATHOCTb BO3HHKHOBEHHS YKOJI0THYECKOI ONacHo-
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CTH BCIICJICTBHE BO3JICHCTBUA HAa TOYBHI KHMCJIOTHBIX OCaJKOB, HaubGonbmas y
HO/J30JIMCTHIX T0YB, Y GOPOBLIX NECKOB, APKTHIECKUX M TYHAPOBBIX TOYB, a
HaHMMEHbIIas — Y YEPHO3EMOB, JIYTOBBIX M0YB, COJIOHIIOB H CONIOHYAKOB.

M./1. BornaHoBa wiaccuuUMpoBaia NOYBL PaBHHHHLIX TeppHTOpHii PP
K KHCJIOTHBIM OCaJIkaM 110 YPOBHAM KHCJIOTHOCTH IO4YB, COepXKaHuio 0OMeH-
HbIX OCHOBaHM U CTENEHM HACHILIEHHOCTH M0YB OCHOBaHUAMHY ( TabJ1. 5)

Tabnuya 5. Yemoiivugocmv novs pagHurHwvix meppumopuii P@®
K kucnomuwvim ocaoxam (bozoanoea, 1991)

[pymma ycroii- | Tun mouswr | IlapameTpsi, xapaktepusyiomue yCTOH4H-
YHBOCTH BOCTb N04B
PH cymMma 06-  [creneHb Hachl-
MEHHBIX OC- | LICHHOCTH
nosanmii, | [ITIK ocHoBa-
HHsIMH, V, %
mr-ke/100r °
TIOYBBI
QOueHb YyBCT- | MOA30IKCTSIE,
BHTE/BHBIE JIEPHOBO-
NOA30/IUCTHIE 3,0-5,5 <3 <S
HyBcTBHTE 1B~ AEPHOBO~ .
HblE
TOMBOMHETEE | 5.0-6,0 5-10 50-70
Cnabo4yBCcTBH-| JAepHOBO-
TeNbHbIE NOJ30UCTHIE,
cepsle Jec-
Hbie, 6ypose- 6,0-6,5 10-20 70-85
MBI
VcroituuBeie | cepbie nec-
HBIE, YEPHO-
3eMbi, KAlIITa- 6,0-7,0 >10-20 >85
HOBBIE, Iep-
HOBO-
KapGoHaTHbIe
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Jia xapaktepucTHKd OydhepHOCTH NO4YB MO OTHOIIEHMIO K KUCAOTHLIM
Harpys3kaM LIMPOKO NMPUMEHAIOT UMUTALHOHHOE 1abopaTopHOE MOAEC/IHPOBa-
HUe mnpotiecca. BydepHOCTh OLEHUBAIOT MO €MKOCTH M MHTEHCHUBHOCTH OY-
¢eprocTn. EMkocTh GydepHocTn xapakTepusyer obiiee KOIUYECTBO KUCHOTbI
WK OCHOBaHMs1, KOTOPOE HEOOXOAUMO NMPUOABUTH K MOUBEHHOW BBLITSHKKE HIU
CYCNEH3UH, 4T0Obl U3MEHUTH 3HAUYeHHE pH OT ypOBHA, MPHCYILETO NOYBE, WK
A0 YPOBHS, CBOWCTBEHHOTO NMpHOABAAEMOH KUCIOTE WIH OCHOBaHHIO. JTOT
noKas3aTelb MOXHO BbIYMCIUTh IpadMueckH, Kak ruiolaab GUrypbl, 3aKno-
YEHHOH MEXTy KPHBLIMHM MOTEHIMOMETPHYECKOrO TUTPOBAHMA MMOYBLI U HE-
6ydepHoii cucteMbl, HampuMep, kBapuesoro necka. Mepoil MHTEHCHBHOCTU
6yhepHOCTH MOXKET CITYXUTb KOJMUYECTBO KUCIOTH WIH OCHOBaHHUS, KOTOPOE
HyXHO N00aBHTb B CHCTEMY, UToObI H3MeHHTh PH pacTBOpa Ha eaMRHLy. OTOT
nokasarenb caM 3aBucur ot pH.

Coxonora T.A. ¢ corpynaukamu (1997-2000) npumMenwia ang uccneio-
BaHuA OydepHol cOCOOHOCTH K KHUCABIM OCAAKaM INOA30JIHUCTLIX MOYB sec-
HbIX GHMOreoLIeHO30B OXKHOM Talird MeTon O6ajJlaHCOBBIX PacyeToB Ha OCHOBE
noJieRoro U J1abopaTopHOTO MOAENUPOBaHMs 3aKHC/IeHus MoYB. B xoae nmone-
BOI0 IKCIIEPHMEHTA NOYBY 06pabaThiBaid MOAETbHBIMM KHCIIBIMH OCaAKaMU C
pH3 u3 pacyera oT IBYX rogoBbIX HOPM OCaJKOB 3a roj (IpH NMPOTOHHOH Ha-
Tpy3Ke, SKBUBAJIEHTHOH 12 kMonb/ra) 1o 10 rogoBbIX HOPM 0OCaJKOB 3a 5 JIET
(ipy cymMmapHo#i MPOTOHHOI Harpyske, SKBUBaJIeHTHOH 60 kMoib/Ta). bonb-
II0e BHHUMaHHE B 3KCrepHMeHTE ObLIO yAeleHo MexaHu3MaM OydeprocTH
OPraHOTEHHLIX TOPU3OHTOB I04B, KOTOpbIC 4YacTo ONpeNeNfiOT M3MEHECHUE
N0 BIMAHMEM KHCIOTHBIX OCaJKOB COCTOSAHHUSA MOA30JMCTBIX MOYB B LICJIOM.
YcTaHoBiIeHO, 4TO 3(QEKT KUCIOTHOrO BO3LEHCTBHA ObUl CYIUECTBEHHO OC-
nabiieH yxe B MOACTIIKE, OCOGCHHO B ec BepxHell 4acTH (B ropusoHrte L
MOLHOCTBIO 2-4 cM). Helitpanusylomee nelicTBie KUCTOTHBIX OCA/IKOB INpel-
TNOJIOKHUTENILHO CBA3aHO ¢ MoOwiH3aumedl pocdatoB U OKCanaroB Kajiblus U
Marius NOACTWIOK, a TaKXKe peaklusiMu oOMeHa ¢ HOHAMH Ca”, Mg2+, K'
obmenHoro komiuiekca. [lepefing B coctar uaAKOM (asbi MOACTIIOK, KATHO-
Hbl fajee ObUIM TEPEHECeHbl B HIDKENEKALUe MUHEPAJIbHBIE TOPH3OHTHI
TIOA30JIMCTOM MOYBBI, TAC BCTYNWIA B Peakuudn MOHHOTO oOMeHa. BHeapeHue
kaTuoHoB B [II1K compoBoxkanock BbITECHEHHEM M3 Hero HoHoB Al'*. B pe-
synetate B II[TK BepXHUX MHHepanbHbIX TOPH3OHTOB HOA3ONUCTHIX JIOYB
NOBBLICKIACh CTEMNEHb HACBHIIEHHOCTH OCHOBAaHUAMHM, YTO, COOTBETCTBEHHO,
YCHIHIIO MX CNOCOOHOCTL K Helitpanuszauuu nportoHa. CylecTBeHHas 4acThb
NPOTOHOB OKasajiach MOTJIOLIEHA MAaTepHaloM NOACTWIOK GesoOmeHHo. He-
CMOTpA Ha CHWXkeHHE pH B BEpXHHX MHHEPIbHBIX TOPH30HTAX MOYB, aBTOPhI
yCTaHOBWIH moBbilieHHe B HUX EKO, npeanonoxurejibHO cBA3aHHOE C I10-
[JIOMEHUEM CYNb(aTHBIX HOHOB.

32



MogeibHbI#i KCIEPUMEHT MO KCCICIOBAHMIO KUCIOTHO-OCHOBHOH Oy-
GepHOCTH METOAOM HENPEPLIBHOTO IOTEHUMOMETPHYECKOTO THTPOBaHUA
NOYBEHHBIX CYCNEH3Hii M03BOJMI BBISBHTH PONb OTAENIbHBIX OY(DEpHBIX peax-
UMl B HEHTpaNM3aUMM [POTOHOB. YCTaHOBJIEHO, YTO B OPraHOT€HHBLIX TOpH-
30HTax B uMHTepBasie pH 4-5 BeqyluM ABiseTCA BBITECHEHHE MPOTOHOM 00-
MeHHBIX ocHoBanuii u3 IINIK, a B wntepBane pH 4-3 - pacTBopeHHe conei
CWIbHBIX OCHOBaHMH OpraHMYeCKUX KHCIOT C MOCIEAYIOIKM [POTOHMPOBa-
HHEM aHMOHOB M JMCCOLMAlMell KOMIUIEKCHBIX coefHHeHHi Al u Mn ¢ opra-
HUYECKHMHM UraHaamMi. UTo KacaeTcsi MUHEpaibHBIX FOPH3OHTOB, TO B IHMa-
nasoHe pH 5-3 Bemymymu OydepHbIMH peakuUMAMHU SBISIOTCA BbHITECHEHHE
npoToHoM o6menHoro Al** 1 0GMEHHBIX OCHOBaHMIi 1 MPOTOHMPOBAHKE TH-
POKCHJIBHBIX TPYNN HA MOBEPXHOCTH 4acTHL aMOp(hHBIX rMApoKcuaos Fe u
Al

banancoBbie pacueTsl nokasand, YTo 3QQPeKTUBHOCTL BO3NEHCTBHA KH-
CIIOTHBIX OCaAKOB 3aBHCHUT OT COCTaBa MO4B (IPaHyJIOMETPHYECKOr0, MUHEPa-
JIOTHYECKOr0), 103bl U JUINTEIbHOCTH KHCJOTHOTO BO3JEHCTBHA.

OpraHoreHHble OPH30HTHI MOA3OJNMCTBIX NOYB, obecreunBas B 3HA4H-
TensHOM Mepe HX Oy(epHOCTb K KHCIOTHOMY BO3JICHCTBHIO, IIPH 3TOM Camu
YaCTHYHO CHIKAIOT 3Ty CIOCOOHOCTH IO/ BAUTHUEM KMCJIOTHBIX OCAKOB.

Jns nporHo3a ycToHYMBOCTH NOYB K KHCIOTHBIM Harpy3kam HEPeIKO Mc-
HOJIb3YIOT MHOIOYMCICHHBIE JaHHble 00 IKCIEPHUMEHTANBHO OMNPEACIEHHbIX
YPOBHSX NoKa3ateneli yCTOHYMBOCTH NOYB ¥ UX KOPPENALHIO CO CBOHCTBAMM
N04YB, BIMAIOMMMHI Ha KHCIOTHO-OCHOBHYIO Oy(epHOCTD.

MouBsl, comepxatue kapOOHaThl, YCTOHYMBBL K KHCJIIOTHOMY BO3JCHCT-
Buo. B cuity akTBHOCTM npoueccoB woHHOro obmena B uHTepsane pH 4-5
HOYBbl TAKXKE MPOABNAOT BLICOKYIO OydepHylo cMocOOHOCTb K KHCAOTaM.
IoyBbl HeKkapOOHATHBIE, CO CNaboKHUCIHOM peakiMel, 6au3Ko#H K HEHTPaNLHOI,
B KOTOphIX OydepHOCTh MpeAnOOXHTENILHO O00YC/OBICHa pPacTBOPEHHEM
CHJIMKATOB, Haubonee YyBCTBHTENbHbI K KHCIOTHBIM ocaikam. B cnaboxuc-
JbIX NOYBAX YCTAHOBJEHbI KOppEiALMOHHBIE CBA3M Mexay GydepHocTelo, a
TAIOKE CONEPKAHMEM TIyMyca H OKCAIaTHOPAcCTBOpMMOro Al, HCXOmHBIMH
BearunHaMu pH (BoaHO#M u coneBoil BeITSKEK), CoepkaHueM rymyca, kapbo-
HaTOB, FUAPOJUTUYECKOH KHCIOTHOCTBIO, EMKOCTBIO MOMJIOLLEHHS, CoepiKa-
HHCM OOMEHHOTO AHOMMHHA, CTENEHbIO HACHIILEHHOCTH MOYB OCHOBAaHHAMH,
COOTHOIUEHHEM TiecyaHoi/unHcTol (pakuuii, ¢ cofepxkanueM WIHCTOH ¢pak-
WM. YCTaHOBJIEHA CBA3b MEX/Y YCTOWNUMBOCTHIO I109B K KHCIOTHOMY BO3/€EH-
CTBHIO H CIIOCOGHOCTBIO NOY4B aACOPOHPOBATD CYJIb(aT-HOHBI.

Jlis oneHKU M NPOrHo3a BAMAHUA NMOAKUCICHHA NOYB, 2 TaKke pacieTa
KPUTHYECKHX KHCJIOTHBIX Harpy3ok paspaboTaH psx MaTeMaTHYECKHX MOJc-
Jed. Onua n3 Hux — Nutrient Cycling Model — 0THOCHTCS K MOZENAM, OMKUCHI-
BAIOLMM NpOLIECC B3aMMOJCHCTBHA MOJUBOTAHTa € NMoYBoi. B ocHOBY mnoso-
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KEHa KMHETHKA pslia MPOLECCOB HeTpanu3aliH MpPOTOHA B PacTBOpE MOY-
BCHHOTO TOPM30HTA: NPMBHOC XMMHMYECKHMX BELICCTB M3 BBILIENECKALIMX 04~
BEHHbIX FOPU30HTOB B HHXENeKALIM, peakLHy C y4aCTHEM MOHOB HMTpATa u
aMMOHMS, KATHOHHBIN 0OMEH, rmorolleHHe cyibdaTos. Mozens mpeanosara-
€T MCIMONIb30BAHKME PAfia MAPAMETPOB, NMOTYIEHHBIX KCHNEPUMEHTAIbHO. CKO-
POCTh Pa3liokKeHHs OPraHMYeCKHX BEIECTB, CKOPOCTb HUTpudHKaLMy, K0I¢-
¢duuueHT agcopbuun cynspaToB M KaTHOHHOrO O0O6MEHA, CKOPOCTh BbIBETPH-
BaHUsA CHJINKATOB.

Ota Maremarudeckasd MOJEIb MOXeT ObITh MCTOb30BaHA IS OLEHKH
BO3/JEHCTBUSA HA MOYBBI HE TOJNBKO KHUCIBIX OCAJKOB, HO M JPYTHX MNOJLIOTaH-
TOB HEOPT4HWHECKOH npupoanl. TeopeTuyiecKkoi OCHOBOMH Ui ONMUCAHUA Mpo-
HeccoB MOOHIM3AUMM M MMMOOWIN3alMK 3arPA3HAIOIMX BELIECTB B MOYBAX
ABNAETCA YueHHe 0 6OoreoXMMHUYECKHX Gaphepax.

3.4.2. BydepHocTb NO4B N0 OTHOLIEHHIO K HEOPTraHHY€CKHM 3arpas-

HSIIOLUHM BelllecTBaM KaTHOHOTeHHOH 1 aHHOHOTeHHON NPUPOALI

BydepHocTh MOYBEHHOTO PacTBOpa IO OTHOLICHHIO K 3arpA3HsIOLIMM Be-
1eCTBaM OOYCJIOBJIEHAa reTEpOreHHbIM COCTABOM PAcTBOpa, €ro EKTPOHEH-
TPAILHOCTEIO, @ TAKXKE CIOCOGHOCTBIO XMMHUECKHX BEILECTB K pasHoobpas-
HbIM PEaKLMAM B3aWMOAEHCTBUA C TBepAbIMH Pazamu no4ys. [lpupona Toro
AVHAMM4YECKOTO paBHOBECHA, KOTOpoe OObeAMHsSET BeLeCTBAa PacTBOpa M
NOIBIKHBIX COSAMHEHUI TBEpIbIX (a3 MouBbLI packpsiBacT mpupoxy Oydep-
HOCTH MOYB M MEXaHU3MbI BIUAHHA Ha Hee pasiuyHbIX (akTopos.

AHajnu3 MexaHusMoB Oy¢epHOCTU MOBEPXHOCTHBIX M TPYHTOBbIX BOJ (B
TOM 4UCiie NMOYBEHHBIX) B oTHOmeHuu woHoB Fe(Ill) Moxer ObiTh OQHMM U3
NPUMEPOB BLIABJIEHHA (AKTOPOB, BIMIIOUIMX Ha 3TO BaXHEilee CBOACTBO
NOYBEHHBIX PaCTBOPOB.

IToyBeHHbIE pacTBOpbI N JIM3UMETPUYECKUE BOAbl CMOCOOHBI TOMAAEPHKHU-
BaTh KOHUEHTpauuio B Hux uonoB Fe(IIl). Tlpeanonaraercs, uro 31a crnoco6-
HOCTh OOeCrieyHBaeTCA Kak JUHAMMYECKHM PaBHOBECHEM PEAaKLIMM pacTBOpe-
HMA-OCRKAEHMA TOHKoaucnepcHbix (win aMopdHsix) yactuy Fe(OH)s;, Tak u
PaBHOBECHEM B CHCTeMe CBOGOIHBIX HOHOB Fe'' u CBA3aHHBIX B pa3HOOGpas-
HBIC KOMILIEKCHl ¢ OPraHH4Y€CKUMH M HEOPraHM4eCKHMMH Jinravaamu. OnHum
U3 TIpUMeEpOB MOXET ObITh 3aBHCMMOCTb koHueHTpauuu Fe(1ll) B pactBope ot
yposHs pH. B BonHo# cycnensuu ruapoxcuaa Fe(OH); mpu pH 6-11 xoHueH-
Tpauus Fe(Ill) ocraetcs oTHOCUTEILHO MOCTOSHHOM, TAaK Kak Mpeobnanatoei
dopMmoii MeTaiLia B pacTBOpE ABIMOTCA HelTpambHbie yacTuibl Fe(OH),’, a mx
Konu4uecTBo B pactsope oT pH He 3aBucut. ConepikaHue e 3apsiKEHHbIX, OT
pH 3aBHCHMBIX T'HPOKCOKOMILIEKCOB, Fe(OH)**, Fe(OH)* u IpYyrux, B 3TUX
YCIOBHSX B pacTBOpe OTHOCUTENBHO Mano. Casur pH ot 6 10 11 nox BausHu-
€M KHMCIIOThl WM ILUEJIOYM HE BJIeYeT 3a co0oii M3MEHEHHs KOHLEHTpauuu
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Fe(III) B pactBope. /loGaBneHre HOBBIX MOPLMH PACTBOPHUMABIX COENHHEHMH
XKeJle3a TalKe He BeleT K TMOBHILICHWIO KOHLEHTpPalM¥ MeTalla B pacTBope,
TaK KaK 3E€MEHT B 3THX YC/IOBHAX BhINAAaeT B OCafOK B ¢popMe MMAPOKCHAA.
B mpucyrtctBun conu Fey(PO,); 06nacthb yctoituuBocTu konuentpanuu Fe (I11)
B PacTBOpe CyXaeTcsl B CTOpOHy Gonee Kucnoit peaknuu (auanasod pH 6nu3-
xu#i k 5). [logkucnenue pacreopa xo pH 3 u noamenaunsanne ao pH 7 seaer
K yBenmuueHHo koHueHTpauun Fe(I1I) B pacTBope nouTtu Ha iBa nopsaxa.

Konuenrpauus Fe (11I) MoxeT coxpaHATLCA B ONpPEEICHHOM HHTEpBANE
pH nmaxe B npucytctBun ¢ynsBokucnor (PK), oba3aTeabHLIX KOMIOHCHTOB
NOYBEHHbIX PACTBOPOB IYMHIHON 30HBI, CHOCOOCTBYIOIIMX MOBHILUICHHIO B
HHX KOHLEHTpalu snemeHTa. IIpu coaepxanun ¢ysnbBOKHCIOT B PacTBOpE,
6amskoM k 100 mr/i, koHuenTpauus Fe(lll) noanepxuBaeTcs Ha NOCTOSHHOM
yposHe npu pH 4-6. Takaa ctabunbHocTh 00ycnoBieHa npeobiiajaHHeM B
3THX yCIOBUAX TuapokcodynbsatHeix koMmmutekcoB Fe(OH), @K . Ilpu yse-
JHYEHHHU CTeneHU HachimieHus pactsopoB Fe(Ill) M opraHM4ecKHMMH BELIECT-
BaMy 00pa3yioTcs 30JM, NPOTYKTEI MX KOAryJiUMH M KOJUIOMAB], YTO Cnocob-
CTBYET nojepxxatmo koHueHtpauus Fe(11I) B pactBope.

B npucytcTBum vosos Ca™ u Mg“2 koHueHTpauus Fe(1ll) B pactBope Me-
HAETCs, HO BO3MOXKHOCTh €€ CTaOWIM3aLMM Ha HOBOM YPOBHE COXPaHAETCA.
Katuons: Ca™ u Mg™?, cnocoGHble k 06pa3oBaniio COBCTBEHHBIX KOMILIEKC-
HBIX COEIMHEHMH C (YJIBBOKMCJIOTAMH, COCTABJSIOT KOHKYpPEHLHMIO HOHaM
Fe(111). O6pasoBanue (ynbBaTHBLIX koMIuiekcos ¢ Ca*? u Mg compoBoxma-
€TCs CHIDKEHHEM B pacTBope Konuiectsa yacTul Fe(OH),PK". OtHocurens-
HOe NOBBINEHHE NOMH Kommiekco Fe(OH);’, crnoco6eTByeT momaepxaHuio
koHuentpauuu Fe(lIl) B pactBope, HO Ha MeHbeM yposHe. Hampumep, B
pacTBOpax ¢ HeHTpanbHOM peakimeil, BbIACTEHHbIX H3 AEPHOBO-NIOA30MUCTHIX
1048 SIXpoMcko# no¥mel, 00lee KOIMYECTBO XKEJIE3a PE3KO CHU3WIOCH NpU
conepauny B pactopax Ca>* 10 410 mr/n, a Mg 2+ 1o 80 mr/n.

YcTOHYMBOCTL KOHLIEHTpALMK JKejle3a B PacTBOpPaX, aHHOHHBIA COCTaBs
KOTOPbIX TpeJCTaBNeH CynbjaTamu, kapboHaTamu, ¢ocdaramu, cazaHa co
CNOcoGHOCTBIO MX K 00pa30BaHMIO Pa3sHOOOPA3HBIX PACTBOPHMBIX KOMILIEKCOB
¢ 2neMeHTOM. [1po4HOCTh H OYeperHOCTh 06Pa3oBaHMA KOMIUIEKCOB 3aBHCHT
oT pH, cBoMCTB KoMIUIEkcOOOpa3oBaTena U ero KoHUeHTpauuu. IToBbieHsue
pH Bezer x nossienuio koHueHtpauuu Fe(111) B pactBope 3a cueT KOMILIEK-
coo6pa3oBaHus, HO JIHIUb A0 TEX NOP, IOKA HE HAYHET CKa3bIBATLCA KOHKYPH-
pyroulee AeHCTBHE NMpoueccos ruaponusa. Hanpumep, npu pH 3-4,5 nosbiuie-
HHE KOHUEHTpauuH docdopa B pacteope oT 1 1o 300 Mr/n yBenM4uBaeT co-
nepxanue Fe (I1IT) B 100 pa3s, a npu pH 7 docdartsl (kak ¥ aHMOHBI APYTHX
MHOI'OOCHOBHBIX KHMCJIOT) Y€ HE OKa3blBAlOT CYIIECTBEHHOTO BIHSHHMA Ha
conepxanne Fe (1IT) B pactsope.
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Takum obpa3oM, OydepHOCTb MOUBEHHOro pacTBopa obecrneunBaeTCs
CMOCOOHOCTHIO €r0 Pas/IMYHBIX XMMHYECKUX COeIMHEHHMH, C OfHOH CTOPOHBI,
Y4acTBOBaTh B Pa3lIMYHLIX PEaKUMAX, C APYro#, BHINONHATL CXOMHBIE ¢YHK-
LIMH B Pa3THYHbIX YCJIOBHAX.

VCTOHYHBOCTL TETEPOTEHHON CHCTeMbI TBepible (asbl — pacTBop 00y-
CJIOBJIEHA Pa3HOil MPUPOAOH MX B3aUMOJEHCTBHSA, HETHHEHHBIM XapaKTepoM
3aBHCUMOCTH MEXIY COEJHHEHUAMH XMMHYECKHX 3JIEMEHTOB B PACTBOpE M B
cocTaBe TBEpAbIX (a3. ITH 3aKOHOMEPHOCTH MPOCIEXKHBAIOTCA NPU aHaHM3e
TIPOLIECCOB MOTJIOMIEHHs MOYBaMH XUMMYECKHX BEILECTB B 00/aCTH Pa3sHLIX
KoHUeHTpauwmii. [TepepacnpeneneHue XUMHYECKHX BELIECTB MEXKIY PacCTBOPOM
¥ TBepIbIMU (a3aMu MPOUCXOMMT B XO€ peaxiuii copOLMM, HOHHOro obMeHa,
ocagxooOpasoBanns. M3zorepmbl Jienrmiopa n ®OpeiHAIMXa, KaK ¥ H30TEPMbI
nonHoro oobMena Keppa-Hukonsckoro, I'anona, onucsiBaiolMe npouecc mo-
VIOMIEHUs Pa3NUyHbIX HOHOB, NMPEACTABILIOT COOOH NOMaHbIE JIHHHH, KOTO-
pbie B INMPOKOM MHTepBaJie KOHLEHTpalLMil pacwieHsoTcs Ha 1Ba wiu Gonee
NpAMOJIMHEHHBIX oTpe3ka. Takoil BHA UMEIOT H30TEpPMbl NOIJIOLIEHHS NMOYBa-
MH HOHOB UMHKA, PTYTH, CBHHLIA, KAIMHA U APYTHX METAJLIOB.

B ofnactH Masibix KOHUEHTpaLMi JJIEMEHTBI NPEANONOKUTENLHO YAEpP-
KUBAIOTCA CNELMPUUECKH 32 CYET XMMHYECKOH CBA3H C MOBEPXHOCTBIO MOY-
BEHHbIX YacCTHIL, NPH NOBHIEHWH KOHUEHTPALMM HApALY C XMMHYECKO#H CBsi-
3bI0 HAYHHAIOT JIEHCTBOBATHL (A MOTOM NMPe06agaTh) MEXaHH3MbI HU3IHHECKOH
copOLMH, 0 4eM MOXET CBUIETEILCTBOBATh M3MEHEHHE BEJIMUHHBI CBOGOHOM
3Heprum npouecca. Ilousbl cIaMK npeanoaraeMoii gpusudeckoil copoumy,
KaK NIPaBMIO, YAEPKHBAIOT JIEMEHTOB GoybIle, 4EM TMPH XHMHUYECKOM I10-
TJIOLIEHHH. :

Takue ke 3aKOHOMEPHOCTH CBOWCTBEHHbI MOTNOILEHWIO NO4BaMH GTOpA,
6opa, Mbimbgka. BydepHocTh pacTBopa MO OTHOLIEHHIO K AHUOHONCHHBIM
3/IEMEHTaM COMNPsDKEHA C U3MEHEHHEM 3apA/ia MOBEPXHOCTU MOYBEHHBIX KOJI-
n0oua0B. B 06nacTH HU3KMX KOHLEHTpauUMil 3JIEMEHTOB MMEET MECTO 3KBUBA-
TIeHTHbIH 0OMEH ¢ rHAPOKCHIIBHBIMYM HOHAMM THIPOKCHIOB Kellesa, ipyu 6osee
BBICOKHMX KOHHEHTPALMAX PacTeT NOIOUIEHHE Ha NOBEPXHOCTH MUHEPAJIOB.

BydepHOCTh MoYB MOXKET ObITh MOBBIIEHa COBMECTHBIM JECHCTBMEM OJ-
HOHANpaBJCHHbLIX TPOLECCOB, MPOTEKAOWUWX B TETEPOreHHOH NOYBEHHOM
CHUCTEME, O YCM MOXHO CYIHMTh 10 3aBUCHMOCTH MorjonieHns noisamu Hg ot
pH. Iornomernue neMenTa MUHMMATBLHO B CiibHOKHCHON cpeae (pH 3), ¢
noseiiieHueM pH copOuus Bospacraer u B mupokoM uHTepaie pH (6-10)
OCTaeTCA NPAKTHYECKH NOCTOAHHON. DTOMY MOXET cnocoO6CTBOBATh KaK mpe-
olnajgaHue B pacTBOpe He3apAXEHHBIX KOMILIEKCOB Hg(OH)zo, TaK ¥ CBOMCT-
BeHHoe 3Toit obnactu pH ysenuuenue EKO, 3asucsimeii ot pH, a Taike no-
BHILIEHME PACTBOPHUMOCTH coeiMHEHNH Hg ¢ opraHuyecKiMH BeiLleCTBaMU.
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PasHoHanpaBieHHbIE POLECCHI, MPOHCXOAAILKE B NTOYBEHHON CYCHEH3UH
NpH 106aBICHHM METALIOB, TAKKE BHOCAT BKJaJ B jopMHpOBaHHE OyPepHBIX
CBOWCTB B 3Toil cucreme. [IpuMepoM CayKMT 3aBUCHMOCTH norjowexus Hg
MOYBAMH B YCJIOBUSIX COBMECTHOIO MPUCYTCTBHA B PacTBOPE IyMYCOBbIX KH-
cloTt 4 xjopupoB. Hg obpasyer ycToifuMBale KOMILIEKCH B C T'YMYCOBBIMH
kucnotaMu ¥ ¢ Cl” monamu. IloBbilleHHE B pacTBOpe KOHLICHTPALMH HOHOB
PTYTH 3a cueT 06pa3oBaHUA PaCTBOPUMBIX XJIOPHAHBIX KOMILIEKCOB PTYTH NIPH
YBEJIHYEHHH B HUX COZIEP)KaHHA XJIOPHIOB ocabnseTcs napauiebHO npoTe-
KaloluM npoueccoM 00pa3oBaHHsA TPYAHOPACTBOPHMBIX KOMIUIEKCOB PTYTH €
FYMYCOBBIMH CO€ANHEHUAMH.

O OydepHbix CBOMCTBAX CHCTEMbI CBHAETENLCTBYET HEMOCTOSAHCTBO KO-
3¢ duumenta celeKTUBHOCTH HOHHOrO oOmena. [Ipu yBenHYEHUN KOHLEHTpa-
LM MOHOB METaUla B pacTBOpe MeHseTca aons 3tux uoHos B IIK, cooTHo-
UICHHe OOMEHHBAIOLLIMXCA UOHOB, U, KaK CJEACTBHE, KO ULMEHT CENEKTHB-
HOCTH MOHHOro oGMeHa. Hanpumep, ecth manuble (ITuHckuii, 1983), uto Ko-
s duument cenekrusnoctn Cd**- Ca®* cepoit necHoii MouBbl CHH3WICA 60-
Jiee, 4EM Ha NMOPAJOK NpU TMOBbIeHUU KoHueHTpauuy Cd B pacteope B 1000
pa3 (puc.1).

6.0 -

50 +

30+

20

KOIDPULMEHT UOHHOTO o6MeHa Cd?'-Ca

0,0 + +
0 0,1 0,2 0,3

axemBaneHTHas aons Cd® s NMNK

Puc.1. 3asucumocms kospduyuenma cenexmusnocmu Cd" -Ca’* om cmenenu
sanonnenus uonamu Cd* IIIK cepoii necnoti nouse:.

JlabopatopHoe MOfenMpoBaHWe B3aMMOAEUCTBUS PacTBOpPOB, COIEp-
KAUMX HOHBI UMHKA, CBHHIA, KAAMHs MbIMibAKA B KOHLEHTPALMAX, KOTOpPblE
npessitaior I1JK ans Box B 10-10000 pa3s, nokassisaer, 4To MOHOOOMEHHas
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CMOCOOHOCTh OPraHOTE€HHBLIX M MHHEPANbHLIX TFOPH3OHTOB MOA30JIUCTOM,
Cepol NIeCHO#, aJuNOBUAIBHON NMOYB MOJHOCTLIO He peanusyercs. Ilpu koH-
LCHTpaLMH 31eMEHTOB B pacTBope MeHee 0,01 H. OHU MOTNOMIAIOTCS TIOYBaMH
MpaKTHYECKH MONHOCTBIO (95-99% oT colepxaHus B pacTsope). [ToBbimieHue
KOHLICHTpallH BeleT K CHHKCHHIO TIOMIOLIEHUs NOYBaMH 3JIEMEHTOB a0 30-
60%, npydeM CHIDKEHHE MOTJIOMCHMS Haubolsiee CYHIECTBEHHO B MUHepasib-
HBIX FOPH30HTaX 10 CPABHCHHIO C OPTaHOTeHHLIMH, a B CYNECYaHbIX 110 CpaB-
HEHMIO C CYTJIHHUCTBIMH, 2 IMEHHO, TIPH NMOBBILICHUH KOHLEHTPALMU 10 MakK-
CHMAJIbHOHM, HMCMONb3yeMON B [AHHBIX OMNbITaX, HANPHMEpP, MMHEPAIbHbBIE
FOPH3OHTH Mof3oaMcThix noye u3 0,02 H. pactBopoB nornomand 20-30%
BHECEHHOIO KoiM4ecTBa uHKa. Haubonbiyo cnocobHOCTh NOrIoMars HOHbI
LIMHKA MPOSABKJI JICCHOM onaj u moACTWwikd 1o 15-18 mr-aks/100 r, HaMMEHb-
WyIo — MOA3ONUCTRIE rOPU3OHTHI, 0.25 Mr-aks/100r.

KoppensunonHas 3aBUCHMOCTb MEXIY NOJIOLIEHHEIMA METAJUIAMH U €M-
KOCTBIO KaTHOHHOTO 0OMEHa MCCIIedyEeMBIX MOYB, Kak MPaBuilo, NpocieKuBa-
€TCH, ONIHAKO KONWYECTBO MOITIOIEHHBIX HOHOB METAJIOB HE AOCTUIaeT Noj-
HOM EMKOCTH KaTHOHHOro o6MeHa npu Tex Harpy3kax, KOTOpbi€ NPUMEHAIUCH
B onbiTe. Konu4ecTBo HMHKA, MOTIOWEHHOTO ONIaZIoM U IyMYCOBbIM FOPU30H-
TOM HOA30JIUCTHIX MOYB, cocTaBwio Juilk 40 % ot EKO, Ans noa3onucTtsix
FOpPH30HTOB- 0K0JI0 10%. 3anoHeHUe OYBEHHOIO MOTJIOIAIOILErO KOMILIEK-
€a HOHaMH METAJLIOB JOCTHraeTcs Npu Hacbimenuu ux 0,5-1,0 H. pacTBopamu.

OnHako mpu 3TOM TOJNLKO YacTh MOIJIOMEHHLIX MOHOB YAEPXKHBACTCA B
o6menHOM coctosiHuM. Cogepxanie oGMeHHbIX hopM HaubobLIee B IyMycH-
POBaHHbBIX FOPH3OHTAaX, HAUMEHbILEE- B MOACTHJIKE M B MHHEPAIbHBIX MOY-
BEHHBIX TOPU30HTaX.

By(epHOCTb 1OYBEHHBIX PAcTBOPOB 1O OTHOWEHMIO K METalaM HeIo-
CPEACTBERHO CBA3aHa C KUCIOTHO-OCHOBHOM 0Y(epHOCTHIO MOYB.

Hpy nornoleHny HOHOB METaNNOB NPOMCXOAMT LIEMb B3aMMOCBA3ZAHHbLIX
peaxumid, oTpaxarolmuxcad Ha OydepHbIX CBOHCTBAX MOYBEHHOH CHUCTEMBI.
[Nornoiense MOHOB METAJLIOB HEKApOOHATHLIMM MOYBAMU CONPOBOXKAAETCH,
KaK MpaBWiIO, MOAKUCIEHHEM PAcTBOPa, YTO CBUAETEIBCTBYET 00 HOHOOOMEH-
HOM WX nornomeHun. Hagenne pH pactBopa Bbi3biBaeT CHIDKEHHE OTpHLA-
TEJILHOTO 3apsAna OPraHWHECKMX COeMHEHHH 3a cueT ocnabieHns HOHH3ALUM
rpynit COOH ¥ ymeHblieHHS MPOTOHM3AlMM [IMHMCTHIX MUHepanoB. Ipu
nepesapsnke kowtouaHbix yacTiy Fe(OH); u AI(OH); u opranuMyeckux Kon-
JIOVI0B aM(OIMTONIHON NPHUPOBI TIOBBIMAETCSA MX MOJOKHTENBHEIH 3apial. B
pesynbTare cHmkaercs EKO, mpu 3ToM yMeHblnaloTcs nokKasaTesld MakcH-
MaJIbHOH COPOLMH METAUIOB M MPOYHOCTH CBA3M MX C I104YBO¥, CHHXAeTCs
KO3((QHULMEHT CENEKTMBHOCTH B OTHOWIEHMH META/LIOB, YBEJIMUMBAETCA HX
nong B IIK, napaer B 1eJoM NOrIOLIEHHE 3NEMEHTOB NOYBoH. B Hachlimen-
HbIX OCHOBAHMAMHM I104BaX MOFJIIOLIEHHE METAJLUIOB BbI3bIBAET YCHJIEHUE KOH-
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KYPEHIMH KaTHOHOB pacTBopa 3a oOMenHeie mosuuvH B [1IIK M cHmxenue
TOMOMEHHsA METAJLIOB.

Ecnd B pacTBOpe MPHCYTCTBYIOT B JOCTaTO4YHOM KOJMYECTBE MOHBI OCa-
OMTENH, TO OTPAHHYMBAETCA POCT KOHLEHTPaLMK METALIOB B PacTBOpE H3-3a
o6pasoBaHusA MX TPYAHOPaCTBOPUMbIX OcaikoB. ViMeeT 3Hau€HHE HE TONBKO
KOHLIEHTPALMA HOHOB-OCAAUTENEH, HO H BPEMSA HX B3aUMOJEHCTBHA C HOHAMHU
MeTauioB. OTHOCHTENBLHO GBICTPO 00Pa3ylOTCA OCafKH MeTacTabGUIbHBIX CO-
€IMHEHUH, NepeXonalue co BpeMeHeM B OoJiee yCTOHYMBBIC, MEHEE PAacTBO-
pUMBIE, YTO BJIEYET 3a CO0OH CHIXKEHHME KOHLEHTpaLMi METALIOB B PaBHO-
BECHOM pacTBOpe.

Cxema neiicTBua MexaHu3MoB Oy(depHOCTH MOYBEHHOrO pPacTBOpa B OT-
HOLICHMN METALIOB (cXxeMa 3) MoKa3biBaeT, Y4TO HOMONHHTENBHOE NMOCTYILIE-
HME MOHOB METAIOB B MI04BY He BEAET K MOBLILICHUIO KOHLEHTPALUMU MX B
NOYBEHHOM pacTBope, €CIH METALIbl He MOTNOLAIOTCA NOYBOM U BLIHOCATCS
HHCXO[ALIMM BOJHBIM NOTOKOM HIH, HAlPOTUB, IPOYHO MOrJOLIAIOTCA TBEP-
ApIMH (a3aMu NoyBbl ITyTeM 06pa30BaHUA OCaAKOB, XEMOCOPOLMH M BHEJApe-
aus B K.

Cxema 3. Cxema 6yghepHocmu noueenno2o pacmeopa no OMHOUleHWIO K UOHam
Memannoe

Hcrounuk HoHos metauios (Me)

Hounsid Chipxenue
Ocaxanenne ‘:;m, nornowenns Me
Ocanox TMouncHubift CopGumonnuii
pacTeop KOMILIEKC
Pacraopenne Copbuns
VYeennueHue
Ao Me 8
mmme,mc Bufrechchue copSusonHOM
Me H, AP* KOMALACKCE
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Yem npolLe OpraHM3OBaHa CHCTEMA COEJHHEHHI XHMMYECKHX 3JIEMEHTOB
B I04B€, TEM CHIbHEE B HEil AEHCTBYIOT MEXaHU3MbI TOJIOXKHUTENbHOH 06part-
HO# cBA3K. TaxoBO HampaBleHuE NPOLECCOB TUAPONN3A M MHApaTallii, OKUC-
JICHWA-BOCCTAHOBJICHHSA, C KOTOPLIMH CBS3@aHbl HavalJibHble CTaJMH BbIBETPH-
BaHus MOpOA M NOYBOOOPa3OBaHWA, IIPOLECCHI BHINIETAYMBAHUA HOHOB M3
PEINeTOK IIMHHUCTBIX MUHEPAJIOB, KOTOpbie OGecreYHBalOT TpaHcdopMaLuio
NEPBHYHBIX MMUHEPAIOB M CHHTE3 BTOPHYHBIX, a TaKKE pacnaj pacTUTEIbHbIX
H XHMBOTHBIX OCTaTKOB C 00pa3oBaHHEM KOHEYHBIX W MPOMEXYTOYHBIX MpPO-
IDYKTOB pa3jIoOKEHHA W BHOBb CHHTE3HPOBaHHLIX BewectB. IIpouecc naet B
Hampas/IeHUH HaKOIUICHHS €ro NMpOIyKTOB.

ITo Mepe pa3suTHA, ycnoxHeHus W yriryGiedus npoiecca nouBoobpaso-
BaHWA CTPYKTYpa CUCTEMBI COEOMHEHHI XHMHUYECKUX DJIEMEHTOB B NOYBE
ycnoxnserca. [IpoHcxonsT conpaxeHHO Npolecchl 0KHCAEHUA- BOCCTAHOBJIE-
HUs, TOJIAMEPH3ALHMU—CIONMMEPU3alMY, MWHEpATH3aALHU-TYMUGHKALUH,
KOMIL1eKC00Opa3oBaHus, acCOLMAlMK, CTPYKTYPoOOpa3oBaHHa M MHOXECTBO
apyrux. MayT peakuuu 3HI0TEPMHYECKOrO H IK30TEPMUYECKOTO THUNA, COBME-
CTHO JEHCTBYIOT M NOJIOKUTENBHBIE H OTPUIIATENIbHBIE OOPATHBIE CBA3H.

ITpoueccsl TpaHchopmalmy BElIECTRA NPOHMCXOAAT MpPH MOCTOAHHOM
BJIMSIHUH TIEPEPACIIPEZICIIEHHA €r0 B TIOYBEHHOM Npodune, B OMOreoueHose, B
nanawadTe B pexHUME CBOMCTBEHHOM 3THM npoueccaM AMHAMHKHM. B nouse
(dopmupyercs CI0KHaA CTPYKTypa FE€TEPOTEHHBIX COSAMHEHUA XHMHYECKHX

3IEMEHTOB, QYHKLMOHHPOBAHUE KOTOPOi (GOpMHpYET YCTOWYMBOCTh MOYB K
XHMHYECKOMY BO3JEHCTBHIO.
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4. TIOT'JIOLIEHHE 3ATPA3HAIOLIMX BELIECTB ITOYBEH-
HbIMH KOMITOHEHTAMMY, BJIMAIHUE HA BY®EPHVYIO
CIIOCOBHOCTH ITOYB

VyeHue 0 MOrnoOTUTENILHOM CNOCOGHOCTH MOYB - OJMH M3 BOKHEMUINX
pasaenoB nousoBeneHuna. K.K. eapoiiueM Gbuti BbiEI€Hb OCHOBHBIC BHIbI
NOTTIOTUTENILHON CcIIOCOOHOCTH noyB. JlanbHeliee pa3BUTHE TEOPHA U METO-
IOJIOTHH NOTNOMIEHHS XMMHMYECKHX BEUIECTB NMOYBAMHM NONYYMIO B paborax
W.H. Awnrunosa-Kaparaesa, H.I. 3wipusa, JI.C.Opnoa, JI.A.BopoGreBoii,
JJ1. Tluxckoro m MHOruMX APYTHX uccienopatencii. BoiABAECHHBIE 3aKOHO-
MEPHOCTH MOTJIOWIEHNS TOYBAMHU H HX KOMIIOHEHTaMH XHMHYECKHX BELIECTB
HaxoJIT MPUMEHEHHE NPH OLEHKE KOJIOTHYECKHUX NOCNEACTBUH 3arpa3HeHHs
MoYB. YCTaHOBJIEHO, YTO MOIJIOWIEHHE MOJUIIOTAHTOB 3aBUCUT OT CJEAYIOLIHX
OCHOBHBIX (paKTOPOB: XMMHYECKOTO COCTaBa U CBOMCTB TBEpAbIX (a3 Moussl,
KOTOpbIE ABJIAIOTCA HOCHTENAMH COpOLMOHHBIX LEHTPOB, CBOMCTB MNOTJOIAe-
MOro BeilecTBa, OOYCIOBJCHHLIX CTPOEHHEM €ro aroMoOB, KOHLCHTPaLMH
TNOTJIOUAEMOTO BEIIECTBA B PACTBOPE, MOYBEHHO-XMMMHYECKHMX YCIOBMH, W3
KOTOPbIX BAKHEHIIMMH ABJAIOTCA KHMCJIOTHO-OCHOBHbIE, HOHOOOMEHHDIE,
OKHUCHTEIbHO-BOCCTAHOBUTEbHBIC.

3aBUCHMOCTH 3TH YCTaHABIMBAIMUCH IKCIIEPUMEHTATLHO ITyTEM MOAEIH-
poBaHMA B N1a00OpaTOpHbIX H MOJNEBBLIX YCAOBUAX BO3JEHCTBHA HA MOUBbLI H
NOYBEHHbIE KOMIMOHEHTHI HCCNIEAYEMbIX BEIIECTB U OMPENCIICHHA NapaMeTpoB
HX TOIJIOMEHNA, @ TAKXKE MyTEM BbIABJICHUS KOPPENALMOHHBIX CBA3EH MEXIY
KOJIMYECTBAMH MOIJIOMIEHHBIX XUMUYECKHX JIEMEHTOB M CBOWCTBAMHU 104B.

3arps3HsIoNIMe BEUIECTBA YACPKUBAIOTCA NOYBEHHBIMH KOMIIOHEHTaMH B
XO[€ peaKuHid OCAXKACHHA WX TPYAHO PACTBOPUMBIX COEIUHCHMIA, HOHHOTO
obMeHa, cneunduyeckoil ¥ Hecneuupuieckoi copbunn. B aTUX peakumax B
pa3Hoit CTENEHM YYacTBYIOT BCE NOYBEHHbIE KOMNIOHEHTh. Co CMOCOGHOCTBIO
BCEX COCTaBNAIOHIMX MOYBBI MOINOLIATH 3arPA3HAIOILME BEIECTBA HEMOCPE-
CTBEHHO cBi3aHa GydepHas cnocoOHOCTh MO OTHOINEHHIO K 3THM BELIECTBAM
MOYBbI B LIEJIOM.

4.1. [Tornomenne XUMHYECKHX BeNIeCTB OPraHH4YeCKHMH Be-

MEeCTBaAMH N0YB

OpraHudecKue BelllecTBa NPOABIAET cebs kKak (akTop MOOWIH3ALUY, M-
MOOGHIM3ALMH, TpaHC(OPMALMH 3arPA3HAIOLIMX BELIECTB B I04YBaX.

OpraHy4eckye BEILECTBA NOYBH YYaCTBYET B MpoOLECcax NMOrOUIeHHs 3a-
TPA3HAIOMIMX BEWIECTB paznvyHod npupoipl. VM CBOMCTBEHHA BbLICOKAs
yzenbHas nosepxHocts, 500-800 M2/r. JUns 3arpsA3HAIONIMX BEIIECTB, KaK U
A1 BeulecT mo6o# NMpHpoawbl, XapakTepHO 00pa30oBaHUE C TyMyCOBBIMHU Be-
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LIECTBAMH Pa3HbIX THIIOB OPraHO- MHHEPAILHBIX COCAMHEHHH: reTepononsp-
HBIX coJjiell, KOMIUIEKCHO-TETEPONOIAPHBIX CONEH, afCOPOLUMOHHBIX KOMILIEK-
coB (AnekcanapoBa, 1980). Xumuueckasd akTHBHOCTb F'YMYCOBBIX BEHICCTB
o6yciioBreHa UX GyHKUINOHATIBHBIMH IPYIINaMH.

B rymarax ¥ ¢ynnBaTax WOHHas CBS3b OPraHMYECKHX BELLECTB C MeTall-
JIlaMH B YCJIOBMAX KMCJION M HEHTpalbHOM peaKkUW YCTaHaB/IMBAeTCd € yya-
CTHEM IMPOTOHOB KApOOKCIIBHBIX TPy, [IPH LIENOYHOH PEAKLMH - C y4acTH-
eM ¢eHONbHBIX H CIHPTOBBIX rpynn. C aMHHOKHMCJIOTaMM CBA3aHbI UX amdo-
JIMTOMAHBIE CBOMCTBa, CMOCOGHOCTH K HOHOOOMEHHOMY IOIJVIOWICHHMIO Kak
KaTHOHOB, Tak M aHUOHOB. MakcuMalibHas €MKOCTb KaTHOHHOTO OOMEHa ry-
MycoBbIX BewiecTB cocrtasiseT 200-400 mr-axs/100r, eMKOCTh aHHOHHOTO
oOMeHa U3MepAETCS MEHBIINAMH BeawunHamu, Gauskumu k 100 mr/aks/100 .
C 1oHHBIM OOMEHOM CBfA3aHa BRICOKAsA NMHAMHUYHOCTb COCAMHEHUH XHMHUE-
CKHX JIEMEHTOB B COCTaBE PacTBOpA U B COCTaBE 0OMEHHOr0 KOMILIEKCa NO4B.

ITpounee cBA3bL METALIOB C OPraHUYECKUMH BEILECTBAMH B COCTABE KOM-
IUIEKCHO TeTeponospHbiX coseil. O6pa3yloTcs OHHM 3a CYET TOro, YTO 4acTh
HOHOB METAJLIOB BXOJIMT B COCTaB BHYTPeHHEMN cepbl MONEKYJIbl [YMYCOBBIX
BEIIECTB, CBA3BIBAETCA AOHOPHO-AKLEHTOPHOH CBA3bIO C aMHHAMH, C Kap6o-
HWILHEIMH 1 JPYTHMH IpyNiiaMd M OKa3bIBaeTCA B COCTABE AHHOHHOH 4acTH
MOJIEKYJbl B COCTOSHMH, HECTIOCOOHOM K oOMeHy. Jlpyras uyacTh MeTasioB
B3aMMOJEHCTBYET C QYHKLUMOHAILHBIMK TPYTNaMH (THAPOKCWIbHOMN, KapOok-
CHNBHOH, cynbdo- rpynnoif) Bo BHeWHei cdepe Noriomaionero KoMIneKca,
M OKa3bIBaeTCA B MOHOOOMEHHOM COCTOSHMU. ITpOYHOCTb 3aKperuleHMs NoJ-
JIIOTAHTOB 33 CYET 00pa30BaHMs KOMIUICKCHOM COJIM 3aBHCUT OT CBOWCTB IMOYB
¥ CBOWCTB 3arpsA3HAIOIIMX BEUIECTB. -

BaxHy10 poab B GOPMHPOBaHUN CBOMCTB KOMILIEKCHBIX COCNMHEHUH Ur-
PAaeT MIrpaeT NoNIAPH3yEMOCTL HOHOB, 00YCIIOBIEHHAsA CIOCOOHOCTRIO MX JJEK-
TPOHHO# 000JI04KH AeOpMHPOBATLCA IMOJ1 BAUSHHEM BHEMIHEr0 MICKTpHue-
CKOrO 1OJifl, B PE3YJbTATE YEr0 y MOHA BO3HMKAET 3EKTPHYECKHA MOMEHT.
Yem Bblilie NONAPH3YEMOCTH HOHA U YEM HUKC KOHLEHTPALMA KaTHOHA B KOM-
ILIEKCE, TEM OH npouHee. U3 pyHKuMOHaILHBIX rpynn HanbGombuieH nonspu-
3yeMOCTEIO 00J1analoT TIPYNMBl, COEpXaliiie ccpy, B MeHbLIEH Mepe 3Ty
CNOCOGHOCTh MPOABISAIOT TPYNMbL, COLEPKAILME a30T U Kucaopod. HoHbl ¢
60IpLIMM pafidycoM 00pa3yloT KOMILIEKCHI € CEPY- COAEPKALLMMHU JUraHIaMH
( Hg, Cd, Ag, Cu), nonst ¢ MeHswnM paguycom ( Ni, Mn, Cr) oTHOCHTEILHO
Gosnbliic CBA3AHDI C JMTAHAAMMU, COUEPKALIUMH 30T U KUCIIOPOA.

Mepoit Mpo4HOCTH CBA3H METALIOB C OpPraHUYECKMMH BELIECTBAMHM SIBIIsi-
I0TCA KOHCTaHTBl YCTOHYMBOCTH KOMILIEKCOB. MeTamnbl o0pasyioT cieaylo-

Wui  yORIBAlOLIMIA PN MO BENHYMHAM KOHCTAHT YCTOWYHBOCTH KOMILIEKCOB!
Cu, Pb, Ni, Zn, Mn.
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O/IEMEHTHI TPyl aHUOHOB TOXe CHOCOOHBI K KOMILIEKCOOOpa3oBaHHIO.
[IpuMepoM MOTYT CIIyXUTb KOMIUIEKCHI 0opa ¢ CanuMUWIOBOH, MOJOYHOM,
acKOopOHHOBOM KHCIIOTaMH, C TyMYCOBBIMH BELLIECTBAMM T0YB.

PacTBOpHMOCTh KOMIUIEKCHBIX coeluHeHuit pasnudyHa. [loa BamsHMEM
CBSA3M 3arPA3HAIOLIMX BEWIECTB C OPraHHYECKMMH BEIIECTBAMM T10YB BO3MOX-
HO KaK OorpaHMYeHHe MX MHIpaLUM, TaK M MNOBbILIEHHE WX MMIPaLHOHHOMN
cnocobHocTH. Peakuun koMiutekcoo6pa3soBaHHA pacLIHpAOT o6nacTe noa-
BH)XXHOCTH META/LUIOB B TPUCYTCTBMM KapGoHaToB, cyibgaroB. bnaromaps
OPUCYTCTBHIO META/LIOB B (JOPME KOMIUIEKCOB OHM MOTYT COXPaHATHCA B
pacTBOpe ¥ He 00pa3oBBIBaTh OCaAKH HAPOKCHIOB MPU OTHOCHTENbHO BBICO-
kux ypoBHax pH. Hanpumep, nonst Cu B npuCyTCTBHM (YJILBOKHCIOT CHO-
coGHBI ynepxuBaThes B pactBope npu pH 8-9, B To BpemMs Kak B BOJHOM pac-
tBope ocanok Cu(OH), o6pasyerca npu pH 5,4-5,6. Ho B 3THx ke yCJIOBHAX
MOHBI ZNn, KOMILIEKChI KOTOPOFo ¢ (yJIbBOKUCIOTaAMH MEHEe TIPOUHBIE, MOTYT
obpasoBbiBaTh 0canok Zn(OH),.

Peakuuu KOMIUIEKCOOOpa3oBaHUA BIMAIOT M HAa NPOTEKaHHE OKMCINTEND-
HO-BOCCTaHOBMTE/IbHBIX peakuuii ¢ ydacrHem MmeramnoB:. OBIl mertannos B
€OCTaBE KOMIUIEKCOB C OPraHH4eCKMMH BELECTBAMH 3HAYHTEALHO BBIILE, YEM
B CHCTEMaX ¢ NPOCTHIMH COJIAMH, HaNpUMep, HOPMaIbHBIA NOTEHLHAN CHCTe-
mbi Fe (11I)/Fe(II) cocraBnser + 0,77 B, a B npucyrcTuu IATA cHuxaeTcs [o
+ 0,18 8. Ilo 3To0it NprunHe obamaroLIne NepeMeHHOH BaleHTHOCTRIO Cr M
Mn MoryT CylecTBOBaTh B I0YBE B OKUCIICHHOM (opMe NPH HU3KUX 3HAYEHM-
ax OBII, 4T0 NOBbLIIIAET MUTPALMOHHYIO CIIOCOGHOCTb 3THX MallONOABHKHbIX
COEIMHEHUH.

Mertajinl cHOCOGHBI YYaCTBOBATh TAKXKE B PEAKUMAX KOAry/IAaLMH, XeMO-
COpOIMH, aire3HHU C I'YMYCOBBIMH BElLECTBaMH, B pe3y.IbTaTe Yero o6pasyior-
Csi aAcOpPOLMOHHbIE KOMIUICKCHI, KOTODhIE TUICHKaMK TMPOKPHIBAIOT MOBEPX-
HOCTb MHHEpabHLIX YacTdl, TlieHKH OpraHo-MUHEpajbHbIX BEILECTB Ha
NIOBEPXHOCTH TJIMHACTBIX MMHEPAIOB CYINECTBEHHO MOBBHILIAIOT HX CMOCO6-
HOCTb COpOMpOBATH 3arpA3HAIONIME BELIECTRA.

4.2. [lori10menne XUuMHYECKHX BeUIECTB IIINHACTHIMH MHHEpa-

JIaMH

KoHLeHTpaliis MHOTMX METAJUIOB B COCTaBE TOHKOAMCIEPCHBIX (pakuumii
NOYB KaK MPMPOIHBIX, TaK ¥ TEXHOrEHHbIX JaHAWA(TOB , KaK NpaBuio, B 2-4
pasa Bhillle, YeM B NOYBE B LeAOM. IT0 00YC/IOBIEHO, [M1aBHbIM 06pa3oMm, 1o-
TJIOTHTENbHON CNIOCOGHOCTHIO MNIMHUCTBIX MUHEPAIOB. [THHKUCTbIE MUHEPATb]
YAEPKHBAIOT 3arPsA3HAIOMUE BEWIECTB B pe3yibTaTe o6MeHHOro u 6e306MeH-
HOro norjowenns. CnocoGHOCTh kK 0GMEHHOMY TIOTJIOIICHHIO METAIUIOB TJIK-
HHCTbIE MUHEpAJIbl IPUOGPETAIOT BCIEACTBHE METEPOBANECHTHOTO H30MOPGHO-
O 3aMelIeHHA B KPEMHEKHCIOPOIHLIX TeTpasapax H allOMOTHIPOKCHILHBIX
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OKTa’paX TOHKOAHMCNEPCHBIX AOMOCUIMKATOB, HAIHYUA HECKOMIIEHCUPO-
BAHHBIX 33pAA0B B AEPEKTHBIX IMyCTOTaX MX KPUCTAJUIOB U HEHACbIIICHHbIX
BAICHTHOCTeH HAa MOBEPXHOCTAX, Yriax u rpausx kpucrtamio. Ilpu 6e306-
MEHHOM MOFJIOIEHHH MOHbI METAUIOB MPEANOJIOKHTEIBHO MOrYT YAEPKH-
BAaThCH B MEXIIAKETHBIX IPOMEXKYTKaX MUHEPAJIOB.

B cooTBeTCTBHM C pasMepaMH YAeNbHON 110BEPXHOCTH MOHTMODHJIOHUT
NOrNIOLIAeT METAJUIOB GoJibiiie ( B MACCOBLIX JONAX), YEM KAONMHWUT, HO YAEp-
AUBAaCT MX MeHee MpoyHo. IlornomeHue kaxAOH €IMHHMUEH MOBEPXHOCTH
MHHEpana onpeAensieTcs 0coOeHHOCTAMU Kak MUHepana, Tak ¥ NoraomaeMoro
aneMeHTa. Hanpumep, yaenbHoe moriouieHue (KOJMYECTBO BEILECTBA, I10-
TTIONEHHOTO eAMHMIeH MOBEPXHOCTH MMHEpAla ) apceHaT-HOHOB KaONMHU-
TOM BbIME, YEM GEHTOHUTOM M THJIPOMYCKOBHMTOM, YTO MOXET ObITh CBA3AHO
¢ 60onbIIMM YKCIIOM Ha €JUHULE €r0 MOBEPXHOCTH TMAPOKCWIbHBIX TPy,
CIIOCOOHBIX K 06MeHY Ha apceHaT-HOHBI.

Merajuibl 0 cHOCOGHOCTH TIOTMIOILATLCS HA IOBEPXHOCTH MHHEPAIoB 00-
pasyioT y6eiBarouuii psa: Ca, Pb, Cd, Zn, Cu. Tlpeanonaraercs, 4To MeTaLIbl
€ KOOpAMHALMOHHBLIM 4YHCIOM 6 , Mn, Cr, Zn, Ni, Cu, Co , akTUBHee NOIJIo-
LLAIOTCS [JIMHUCTHIMM MHHEDATIAMH, T.K. OHH CTIOCOGHbI H30MOP(HO 3aHHMATh
OKTa>IpHYECKMe NIO3MUHMHK B MUHEpaiax. MeTannbl ¢ KOOpAMHALHOHHBIM YHC-
nom Gonee 6 (Hg, Cd) nmeror Gonbuwinit paguyc ¥ He MOTYT 3aKperuisAThCs
noao6HbIM 06pa3oM B MIMHUCTHIX MUHEpaIax.

4.3. lloriomenne XHMH4YECKHX BEMICCTB OKCHIAMH H THAPO-

KCHAaMH xeJjie3a

OkcHpl M THIAPOKCHABI XKeJle3a NMPUCYTCTBYIOT B NoYBe B (OpME OT-
AeNIbHBIX TMCKPETHRIX YAacTHLL Pa3sHOM CTelleHH AMCIIEPCHOCTH M B BUAE ILIe-
HOK Ha NOBEPXHOCTH 4acTHL MHHepasioB. OHM CNIOCOGHbI NOrJI0ILAaTh XUMUYe-
CKHE BEILECTBA B PE3y/NbTaTe COOCAKACHHMA, cneLuuueckoil U Hecneuudu-
YecKoi copOLMH, HOHHOro oOMeHa.

Cooxparoiuecs ¢ rTHAPOKCHIAMHU JKeJie3a BEWECTBA yAEPKMBAIOTCA BCell
NOBEPXHOCTbIO WM BceM 00beMOM ocaika. B mpoilecce rumponusa HOHOB
Kenesa MOABISIOTCA NOJIMAAEPHbIE KOMIUIEKCHI, TIOJMMEpH3alusi KOTOPbIX
BEJIET K 00pa3soBaHMIO OCajika MMAPOKCHIA, C KOTOPbIM COOCRXKAAIOTCH pac-
TBOPEHHbIE BELIECTBA.

vapokcHabl Kene3a HUMEOT (PYHKLMOHANbHBIE IPYINbL, CNOCOGHBIE K
obMenHBIM peakiuysiM. B kucio#t cpefie QUCCOLMANMA UX MAET 110 OCHOBHOMY
THITy, Gnaroaaps 4eMy BO BHELLHEM CJOe KOJUIOMIHOM YacTHilbl POUCXOAUT
KaTHOHHBIA 0oOMeH. B ImenouyHoil cpene muccouyauus MPOMCXOAMT MO KH-
CJIOTHOMY THITY, B KOMIIEHCHPYIOIIIEM CJIOE€ MAET KaTHOHHBIH oOMeH. BOau3u
M303JIEKTPHYECKOA TOYKHM, T.¢ npu pH Gau3koMm K 6,2, FUAPOKCHIbI XKEJe3a
CNOCOOHE! K OOMEHY KATHOHOB M aHMOHOB. JlJIs 0CaakoB MMAPOKCHAOB CBOW-
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CTBEHHa Gonbllasi MpHMecHas €MKOCTh, YTO OOYCJOBNHBaeT HaIM4YME B WX
cocTaBe pasHbIX (PYHKUMOHANBHBIX IpynH, KOTOphble CNOCOOHbLI NOrIOLWATH
Pa3IHYHbIC KATUOHBI M aHUOHBI B WIMpoKoM WHTepBane pH. Hanpumep, nme-
I0TCA IKCTICPMMEHTAILHBIE JaHHbIE, KOTOPble CBUIETENLCTBYIOT O TOM, 4TO
yxe npu pH 3,4 ruapokcuapl Kene3a HAYHHAIOT NPOABAATh CNOCOGHOCTD K
HOHOOGMEHHOMY MOIJIOIEHHIO METALIOB.

4.4. Bansinne KHCJI0THO-OCHOBHBIX YC/IOBHI Ha NOrjiomeHne

XHMHYECKHX BElIeCTB NOYBeHHLIMH KOMIIOHEHTaMM

Ha BenmunHy GydepHoii ciocoGHOCTH MOYB HO OTHOLIEHHMIO K XHMHUYE-
CKMM BEILECTBAM BJIUSIOT KUCJIOTHO-OCHOBHbIE YCJOBMS, MOCKOJILKY OHH OIl-
pelensiorT BaXHeLIHe YCIOBMA B3aMMOJEHCTBUA 3arpsA3HMIOLIMX BEIIECTB €
N04YBEHHBIMH KOMIIOHEHTaMH. KHCIOTHO OCHOBHbIE YCIOBHA ONPEACTAIOT:

a) cTeneHb AMCCOLMALMK H acCOLMalMl XMMUYECKUX BEILECTB B PacTBO-
pe,

6) GopMy HaxoXACHUA YACTHL B pacTBOpE, 3HAK M BEJIMYUHY UX 3apsja,

B) 3HaK ¥ BENMUMHY 3apA/a MOBEPXHOCTH KOLUTOMAHBIX YaCTHII,

I') KOJIMYECTBO MOTTIOMEHHbIX BELIECTB U MPOYHOCTH CBA3H,

I) pacTBOPMMOCTb TPYAHOPACTBOPHMBIX COCAMHEHHH, 00pa3OBaHHBIX 3a-
IPA3HAIONIMMHE BEICCTBAMH M MOYBEHHBIMH KOMIIOHEHTaMH.

Ot pH 3aBHcAT ancop6MOHHBIE ¥ HOHOOOMEHHbBIE CBOACTBA NIOYBEHHOIO
norjomaolero koMruiekca. Ilpu ysenmdenuu pH ycuwinBaeTcs AeTIpOTOHM-
3auMs, a 06pasylolnecs YacTHLbl MPUOOPETAIOT OTPULIATEIbHBLA 3apall.

Honuzaumsa QyHKUMOHAILHBIX TPYIN OPraHMMECKUX BEUIECTB 3aBUCHUT OT
pH: npu pH 5-6 monmsmupyercs oxono 80% rpymm COOH u okono 10%
rpynin OH. 310 o6cTosTenscTBO 00YCNOBIHBAET CTPYKTYPY OOpa3oBaHHLIX
COeIMHEHHI: HOHU3MPOBAHHBIE YaCTHLBI NPUOOPETAIOT OTPULIATENBHBIH 3apal
H C1OCOOHbI OOBENMHATECA B LIETIOUKH, YTO BIMAET Ha MX YCTONYMBOCTh U
MMIPALMOHHYIO CIIOCOOHOCTb.

Ot pH 3aBHCHT He TOJIBKO EMKOCTb KaTHOHHOIO OOMEHAa, HO W ydacTue
pasnMyHbIX MOHOB B HOHHOM obOMeHe. Ilpu noHwxeHun pH nons KaTHOHHBIX
¢bopm MeTannoB B pacTBOpe YBEIHUUBAETCS, YTO BEAET K YCHIICHHIO HX HOHO-
obmenHo#t agcopbumn. Katnounsii 06mer B [ITK ycunusaercs ¢ NOHWKEHU-
eM pH no Tex nop, moxa KOHKypeHLM HOHOB MMIPOKCOHUA PacTBOpa OCTaeT-
Ci CpaBHUTENbHO HHM3koH. Hampumep, moriomienHe HecTHLMIA aTpa3vHa B
dopme katioHa nipu pH 2-5 B 20 pa3 Beiwe, ueM npu pH 7. [na XUMH4eCKux
BEUIECTB, KOTOpbie cOpOUpYIOTCA B (popMe aHMOHOB, 3aBUCHMOCTL OOpaTHas.
Bonbiee konu4ecTBo apceHaT HOHOB NOTJIOMIAETCA B craboleNouHoM cpene,
rae npeoGnanalotT aHMOHLI B ABYX3apanHo# ¢opme, HeM B KUCHIOH cpele, B
KOTOpO# MmpeobnanaloT oaHO3apsaHble apceHAT WoHbl. Haubosiee akTHBHO
aJicopOHpYIOTCs BemecTBa npu ypoBHe pH, 6au3koM k cootsercTBYIOmMM pK
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3THX BEIIECTB, TAK KaK MPH 3THX YCIOBHAX MOJOBHHA OT MX o6Liero konuye-
CTBAa HaXOAMTC B HMOHU3MPOBaHHOH ¢opMe. MaxkcumanbHOe KOJIMYECTBO
pTyTH nornowaerca npu pH 4,5-6,5, To ects B Toit o6nactd pH, rae npeo6na-
JAIOT He3apsxeHHbie Kkomruiexcsl Hg(OH),’, koTopbie NpeHMyIIECTBEHHO
YIEPXKUBAOTCA CWIAMU PpHU3HYeckoii copOLmn.

KHCII0THO-0CHOBHBIE YCIOBHA BIMAIOT Ha MOMIOTUTENbHYIO CIIOCOGHOCTD
KosutouaoB amdonutouaHo# mpupoasi. CnocoGHOCTHIO MOrIoWaTh U KaTuo-
Hbl W aHHOHBI 00NIAfAIOT TNPOTEHMHbI MOYBHI Grarofaps NPHCYTCTBHIO B HUX
kaKk kucaotHeix COOH , Tak M ocHoBHbiXx NH, rpynn. B kucnoi cpene onu
NpUoOpETAIOT  110JI0XKHUTENbHBIA  3apal, B LICJOYHOW- OTpuiaTeNbHbii. C
BO3paCTaHUEM OTPHLEQTENLHOFO 3apfla OPraHWYecKUX KOJUIOMAOB OEKOBO
NPUPOBI CBA3aH POCT IOMJIOMEHUS 3arpA3HAIOIIMX BEUIECTB B KATHOHHOH
¢dopMe Npu MoOAILEIaYMBAHHUM PAcTBOPa M CHIKEHME MX MOrNOLIEHHA MpH
NoJKUCIeHUH. B kuciolf cpefie MAET akTHBHOE NOMIOLIEHHE 3arpA3HAOLINX
BELILECTB B aHUOHHO! (OpMe 3a CHET BO3PACTAIOILErO B ITUX yCIOBUAX I10J10-
XHTENLHOTO 3apsi/ia POTEHHOB.

AmnanoruwyHas 3aBUCUMOCTb XapaKkTepHa /Ul MOINOILEHHS 3arpa3HAIOIKX
BEIIECTB TMAPOKCHAAMH Kelie3a. [IoBepXHOCTh UX B LIEIOYHOMN Cpefe UMeeT
OTpMIATENbHBII 3apAl W aKTHMBHO YIEPXKHBAaeT KaTHOHHI, B LIENOYHOM cpene
OHMU CNOCOOHBI B 0OMEHHOM COCTOAHUM YEPXKUBATh aHHOHBI.

Ot pH 3aBHCHT pacTBOPMMOCTb TPYAHOPACTBOPUMBIX CONIEH 3arpA3HsIO-
WMX BEIECTB. IT0 06YCNOB/IeHO 3aBUCHMOCThIO oT pH konuuecTsBa B pac-
TBOPE pa3snWYHbIX YaCTHL, 06pa30BaHHbIX KATHOHOM H aHUOHOM COJIK C KOM-
TIOHEHTaMH TIOYBEHHOro pacTBopa. C yBeNMYeHHEM KUCIOTHOCTH pacTBOpa
BO3pacTeT Pojib PeaklMii NPOTOHU3AIMHU, NMPOTCKAIOIMX C YYacTHeM aHHMOHA
conn. C yBenvYEHHEM LLENOYHOCTH YBEIWYMBACTCA POib PEaKLMi KOMILIEK-
€000pa3oBaHus, MPOTEKAIOWMX C yyacTHeM KaTHOHA cOjiu. B pesynbrare B
pacTBope CKIa[bIBaeTCs ONpENENeHHas 3aBUCHMOCTb pacTBopumocTH oT pH
U1 KaXJ0ro TpyAHOPaCTBOPUMOrO COCTHHEHUS.

C npouieccaMy B3auMOJEHCTBUA 3arpA3HAIOLIMX BELIECTB C TBEPIUbIMU (a-
3aMH T0YB CBA3aHO (POPMUPOBAHHE FEOX UMUUYECKHX GapbepoB.
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5. YUEHUE O TEOXMMHWYECKHX BAPBEPAX KAK OCHOBA
TEOPHHM YCTOMYUBOCTH 1104YB K XUMHYECKOMY
BO3JAEUCTBHIO

MexaHn3Mbl YCTOHYMBOCTY MOYB K BHEIIHEMY XHMHYECKOMY BO3ACHCT-
BUIO pa3JIHYHbl: BLIHOC 3arpASHAIOUIMX BeLIECTB OGOH MpUPOALI U3 OTACIE-
HBIX TIOYBEHHLIX FOPH30HTOB, H3 MOYBEHHOro NPOQuIs, pasloKEHHE OpraHu-
YECKMX TOJUTIOTAHTOB, MOMJIOMIEHHE 3arpA3HAIOIMUX BEILECTB OYBEHHBIMH
KOMIIOHEHTaMHi M ofecrieueHue 3a CYeT 3TOro 3allUThl COIpPEC/IbHBIX CPEa OT
3arpA3HEHMS.

Jlenenue yCTOMUMBOCTH TOYB K 3arpA3HEHUIO HAa BUJLI HOCHT YCJIOBHBIH
xapaktep. Kak npaBuio, B mo6oM ciyuae NeACTBYET HE €AMHCTBEHHBIR MeXa-
HM3M YCTOHYMBOCTH. B yacTHOCTH, Ha moBo# M3 MeXaHU3MOB YCTOHYMBOCTH
NoYB K 3arpA3HEHHIO BIHUAET WX CMIOCOGHOCTH MOTI0IMATh XMMHYECKHE BElLeE-
cTBa. MHTEHCHBHOCTL Pa3NoXKEHMA OPraHHYECKHX NOJJIIOTAHTOB 3aBUCHUT OT
TOTro, B CBOGOJHOM WIM B CBA3AHHOM COCTOAHMM OHHM HaxXOMATCA B MOYBE.
ITocnennee B cBolO ouepensy onpernenseTcs PUIMKO-XMMUYECKUMHU CBOWCTBA-
MM I0YB NMPH PaBEHCTBE BHEIUHMX YCJIOBUH. BBHIHOC MOJLTOTAHTOB W3 MOYB
HENOCPEACTBEHHO CBA3AH C MPOYHOCTHIO yJePKUBAHUA WX MOYBCHHBIMK yac-
THlamMu. BydepHbie cBOMCTBa MOYBBI ABNAIOTCA NPAMON QYHKUHEH ee MOorio-
TUTEJIbHOH cocoGHOCTH.

OpHHM M3 TEOPETHYECKHUX NOIXOAOB K MCCIEIOBAHMIO MOITOLIEHHS XH-
MUYECKHX 3JIEMEHTOB ABJIACTCA yUeHue 0 GHOreoXMMHYecKHX 6Gapbpepax, Ko-
TOpOE, B CBOIO OYepelb — OAHO M3 OCHOBHBIX TEOPETHYECKUX NOJOXKECHHUH
KOHLIETIMHK 00 YCTOHYHUBOCTH MOYB.

VYuenue o Gaprepax paspaGoraHo A.Sl. IlepensmaHoM. ['eoxumuueckue
Haprephl - Takue yuacTku NaHamadTa, rie IpOHMCXOJUT PE3Koe YMEHbILCHNE
MHTEHCHUBHOCTH MHTPalliH XMMHUYECKMX JJIEMEHTOB H, KaKk CJIEACTBHE, MX
KOHUEHTpHpoBaHHe. Ecii nox reoXuMuueckuM navmmmadpToM nNoHMMaTh "na-
PareHeTHYECKYIO acCOLMALMIO COMNPSXKEHHBIX JJIEMEHTapHLIX NanawadToB.,
CBA3AaHHBIX Mexay coboii murpauneii anementos” (Iepensman,1975), To nou-
Ba MOXET ObITh Ha3BaHa NMapareHETMYECKO! accounauyel CONnpsHKEHHbIX 104Y-
BEHHBIX FOPH3OHTOB, CBA3aHHBIX MEXAY 000l NMPUPOAHBIMM NOTOKAMH XH-
MUYECKHX BELLECTB.

B 31Hx onpeneneHuax noadepKUBaeTcst HAES O TOM, YTO BCE KOMIIOHEHTBI
W N04BBI, H NaHAWadTa B HEIOM CBA3aHbl NIOTOKAMH BEIECTBA B €AMHOE Lie-
Ji0€, IMEHHO 3Ta CBA3b U CO3JaeT MX Kak cneimduieckoe npupoaHoe 00paso-
BaHue. B mouBax TexHOreHHbIX JaHAIA(TOB (OPMHPYIOTCA CMELIAHHbIE
accouMauMd XMMUYECKHX BEILECTB, OCTYNMBMIINX KaK M3 PHPOAHBIX, TakK H
U3 aHTPOTIOTEHHBIX HCTOYHHMKOB.
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I'naBHas posis B OpMMpOBAaHHM MOTOKOB BELIECTBA PasHOro Maclutaba
ABJIAIOTCA NPUPOJHBIC BO/bL: IOYBEHHBIE PACTBOPHI, JU3UMETPHYECKHE BOJIEI,
TPYHTOBbIE BOJBI.

A.WU.Nepenbman suigenii okono 100 kiaccos (Tunos) 6apLepoB Ha OCHO-
BE COYETaHHA cledyoluXx GakTopoB: cOCTaB TBEpAO(a3HOH MATPHUIIbL, COCTAB
BOJ, B3aNMOJEHCTBYIOIIHMX C MaTpuLieH, MEXaHH3M X B3aMONCHCTBHS.

Bce BbifeNeHHblE THIBI TEOXMMHUYECKUX OapsepoB 00BeaMHAIOTCA B 3
[aBHbIE TPYMIBL: MeXaHUdYeckue, Guoreoxummdeckue, (PHU3HKO-XHMHUECKHUE.
Cpeau pu3nKo-XMMHYECKMX GapbepoB BbiieNeHbl KHCIbIE, LIENOYHBIE, KHCIIO-
poaHbie, BOCCTAHOBUTENIbHBIC IJIEEBblE, BOCCTAHOBHTEJIbHEIE CEPOBONOPOI-
HBl€, COPOLMOHHBIE, WCNApUTelbHBle, TepMOAMHamH4yeckue. CopOLMOHHbIE
6apbepbl MOTYT ObITH pa3ieneHbl HA OPraHM4ecKHe, OpraHOMHHEpANbHBIE U
MMHEpalbHbIE, Pa3INYaroIUECs 110 COPOLIMOHHOM eMKOCTH.

M.A. I'nasoBckas ucrnosib3oBaia kiaccuuKalmo reoXMMHYECKX 6apbe-
pos A M. Tlepenbmana i rpyNNHApPOBKH accoiMalui MMKPO3JIEMEHTOB, pas-
JMYalOMXCA 0 CIOCOOHOCTH HAaKaIlUIMBaThecA B [I0YBaX (B TOM 4MCIE B Tex-
HOTEHHBIX) B ONPEAEC/NIEHHBIX ycnoBuax. Cpeld NOUYBEHHO-XMMUYECKUX YCIIO-
BHI  BbIIEJICHbI  [VIaBHBIE:  KHCJIOTHO-OCHOBHBIE M OKHCIIMTENIbHO-
BOCCTaHOBHTeNbHbIE. ['eoxuMuueckue Gapbepsl SIBIAAIOTCA HE TOJIBKO MHANKA-
TOpaMM HAaKOIUICHUs B MOYBaX Pa3iMYHbIX XMMHYECKHX JJIEMEHTOB MPHpPOA-
HOr0 M TEXHOTEHHOrO NPOMCXOXIEHHA, HO OHHM XK€ ONMPEACNAIOT U YCTONYN-
BOCTb IOYB K 3arpA3HEHMIO TUMM jieMeHTamH (Ta6i.6).

Jiis kaxnoro 13 6aphepoB XapaKTEPHB! HE TOJIBKO aCCOLMALMM HaKalLI1-
BAIOIUXCS 3JIEMEHTOB, HO W AacCOLMALMU JNEMEHTOB, PacCeMBAIOLIMXCA B
3TUX ycloBuAX. XuMudeckue aemedtn V, Cr, Mn, Co, Ni, Zn, Sr, Pb, Cd
NPy KX BbHICOKOH NIOABHXXHOCTH B KHMCJIBIX PacTBOpax OCa)XKAalOTCA B MO4BAX C
HEHTpAILHOM M leNoYHOM peakiuieil Ha uienoyHoM Gapsepe. Takoe sABnaeHHE
HaboaeTcA, B YaCTHOCTH, B NEPEXOHbIX IOPH30HTaxX BbIIIETIOUEHHBIX Yep-
HO3€MOB. AHHOHOI€HHbIE jeMcHTH (As, Mo, Se), HampoTHB, NOJBMKHbI B
HETOYHBIX YCIOBHAX H OCAXAAOTCA Ha KHCI0M Gaphepe.

Ha xap6oHaTHOM reoxuMuyeckoM Gapbepe, KOraa XJIOpMIHLIE, CyabdaT-
Hbl€, MTMAPOKapOOHATHbIE BO/IBI CMEHAIOTCA KECTKHMU BOAAMM, HACHILICHHbI-
MM YIIEKUCIIOTOH, akkyMynupytotes Ba, Sr. [lpumepoM sasasercs ux Haxon-
JieHiye B KapOoHaTHbIX TOPH3OHT2X YEPHO3EMOB, KALUTaHOBBIX NMOYB. DT Ke
3/1IEMEHTHI KOHLEHTPHPYIOTCA Ha Cy.ibpaTHOM reoXMMHHECKOM Oapbepe 3aco-
JIEHHBIX TI0YB.

Jlns BOCCTaHOBUTENbHONM OGCTaHOBKH XapaKTCPHO HAKOILIEHHE CYlibdu-
IOB METAJLTOB.
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Tabauya 6. Tunv ﬁoueeuno-zeoxwuuuecxux 6apuvepoe (I'nazosckan, 1978 )

Kucnor- | Okuciurens- | Tun 6apnepa ITonBuHOCTH XHMHYECKHX 1€~
HOOCHOB- | HO BOCCTaHO- MEHTOB
Hble BUTE/IbHbIE
ycioBus YCROBHS
CnaGas | Ymepen- | CunpHas
Hast
Kuciisie Oxkucnn- Oxuciurensuslii | Mn, Mo | Pb,Ni,Cr, | Cd, Hg,
TeJIbHbIE KUCIBIH V,As,Se | Cu,Zn
Boccranosu- Boccranosu- Cd, Hg, Pb, Cd, -
et TenabHbll kucaelid | Cu, Zn  |Hg, Ni, Cr,
enbHbIE Cuy, Zn, Co
Heitrpanb{ Oxucnurens- | OKUCIHTEABHBIH Pb Cd, Hg, Zn| As, Se
HblE, e HeHTpaIbHbIH, Cu, Co, Ni,
menoy- H CNOYHOH Cr, Mo
HEIE.
Okucnureb- | OkucnuTeabHbIA Pb Cd, Hg, Zn} As, Se
HbIE, UCMIAPH- | MCOAPHTENbHbIA Mo, Cu,
TENBHOE KOH- Co, Ni, Cr,
LEHTPHPOBa- .
HUeE
Boccranosu- | Bocerawosurein- |Pb, Cd, Cu,| As. Se, Hg, Ni
TeNbHbIE HbI} HEHTpaib- Zn, Mo, V, U,
rJIEEBLIE HBIH LETOYHOMH Ag '
Boccranosu- | BoccranoBurens- | Pb, Cd,Cu, | Mo, V, Ag --
TENbHbIC . Hbli cepoBono- |Ni, Zn, Co,
CEpOBOJOPOL- POaHBI As, Se,Ge
. HblE

BaxkHeAmUM Jeno HaKOTUICHUS XMMHMYECKUX JNEMEHTOB ABISIOTCA BEpX-
HUE TYMYCHPOBAaHHbIE ToOpH3OHTHI. JleficTBHE WX Kkak GHOreOXHMUYECKHX
GapnepoB 00YCNOBNEHO CMOCOGHOCTBHI0 MHOTMX 3JEMEHTOB 0GPa30BbLIBATH
CnaboNONBHXKHBIE COCIHHEHHS C OPraHMYeCKMMM BEIECTBaMM noushbl. Ha-
fpyMMep, NpaKTH4eCKH MOBCEMECTHO B BEPXHWX TOPM3OHTaX M0YB PasHbIX
OPUPOHBIX anMIUA(TOB HAGMIONAETCA MOBBIEHHOE 110 CPABHEHHIO C MMUHe-
panbHbIMH FOPM3OHTaMM COJEpaHue MapraHua, 6opa. Eciu BeicokHii ypo-
BeHb O0OrailleHMs NOJUTIOTAHTAMH BEpXHMX 2-5-10 CM TEXHOTEHHBIX MOYB
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€CThb pe3ynbTaT, UpeX/]e BCEro, TeXHOreHHbIX (akTopoB, TO pe3koe majcHHe
MX COJEPKaHHA B HUKENEKAMX CIIOAX MOYBbI — 3TO NPAMO#H pesynsbTat 3¢-
(eKTHBHOCTH JelicTBHA OHoreoxumuyeckoro Gaprepa. Hampumep, yctaHOB-
neHo Ha 1-2 nopsaka u Gonee nosbilieHHoOe cofepxanue Pb, Zn, Cd, Sn, Ag B
BEPXHUX FOPH30HTaX TexHoreHHnix mo4s [Ipumopbsa. KonueHTpauus Zn B
BEPXHMX ropu30HTax 1odas Hopseruu npessiaer 2%, a koHueHTpauus Pb B
YMYCOBLIX FOPH30HTaX BOJIM3M CBUHUOBBIX pyAHHKOB IOrocnaBuu aocTuraet
2,5%.

B cyGapuaHBIX ¥ apUAHbIX YCJIOBUAX Hab0AaeTCs OCaKIEHHEe METAIOB
Ha WCMapuTeNibHbIX Gaphepax B FOPM3OHTaX CKOIUIEHUA JErKOpacTBOPHMMBIX
cosieli. B o6y1acTH pacipocTpaHeHHs BEUHON MEP310ThI 1IpH HU3KHX TeMnepa-
Typax B NOYBEHHBIX BOJAaX FOPM3OHTOB Haj NPOMEP3alOIMMH FOPU3OHTAMH
KOHLEHTPALWMs PacTBOPOB NOBBIMIACTCA NPH BhHIMOPAXHMBAHUH, YTO COIMpO-
BODKACTCH OFPaHHYEHUEM UX MUTPaLMH.

Ponb ancopOupuoHHOro 6apbepa B MOYBax ¢ MPOMLIBHBLIM PEXMMOM H JUIH-
TENbHBIM 3arpA3HEHHEM BBIIOJHAIOT WINOBUAIBHBIE TOPH30HTH. KOHUEH-
TPUPOBAHHUE CBA3AHO C WUIIOBMHPOBAaHUEM COCAMHEHM XKene3a ¥ MapraHua,
06pa3oBaHHeM OCAAKOB MX OKCHMIOB M THIPOKCHIOB H HAKOIUICHHEM B HMX
Mo, B, As, Zn, V, Cr, Cu, Ni.

Ipu BepTHKANbHOH MUIPALHK BEILECTB B IOYBE 32 CYET CO3AAHMS 30H aK-
KYMYJIALIMHA CO3AAETCA BepTUKAIbHAA nuddepeHuualus NOYBEHHOro npoduis
MO COePKaHHI0 XMMUYECKMX BewlecTB. PaauanbHbie 6aphepel B IOUBE CBA3a-
HbI € 3THMU MPOLIECCaMH, OHM 00ECNeHBAIOT paTHaNTbHYO 1 depeHumalmo
MOYBEHHOTO MPOdUNA U KOHTPONUPYIOT (POPMHPOBAHHE OTIENbHBLIX SPYCOB
BEpPTUKANbHOrO npoduis naHamadra. Xapakrep 6apbepos B pasHbIX 4acTaX
npoduias MOXKET JOBONLHO CUILHO MEHATHCA, B pe3y/bTaTe YEro 4acTo BO3-
HUKACT UX ONpe/ieJIeHHAs CJIOUCTOCT.

Bce aTu Gapbepsl SBNAIOTCS pafiMaibHBIMM (BEPTHKAIBHBIMH) MHKPO-
6apbepaMH, 4acToO MPUYPOYCHHBIMH K MOYBEHHBIM ropusoHTaM. C HUMM CBA-
3aHa MMTPaLEs BELIECTB B CUCTEMC MOUBa — Boja — pacTeHus. OTH 6apbepbl
ABJIAIOTCA 00/1aCTAMH HAKOIUIEHMA—OCaXACHUA NPOAYKTOB TEXHOTeHe3a, OC-
HOBHbIM allliapaToM 3aLUMTLI TPYHTOBBIX BOA OT 3arps3HeHus. B pesyabrate B
npoduie nous MOryT GOpMUpOBATHCA YCTONYMBLIE TEXHOTEHHbIE aHOMANHH.
MoWHOCT, ¥ €MKOCTb TEXHOTEHHbIX 0apbepOB ONpeAeNAlOT HE TONBKO CTe-
NeHb YCTOHYMBOCTH TEXHOTEHHBIX aHOMANH, HO M HANEKHOCTh 3AUUTHI ApY-
I'HX KOMIIOHEHTOB IIPUPOAHON Cpelibl OT 3arpA3HEHUA.

Hapsany ¢ paananbHbIMA MUKpobaphepaMy, GOPMHPYIOTCS NaTepasibHble
MaKpo- ¥ Me306aphepbi.

JlatepaneHble reoxuMudeckue Gaphepbl Ha MMyTH FOPU3OHTANBHONW MUTpa-
UMM BEIIECTB CO3JAIOT IIIOMAAHYI0, COOCTBEHHO NaHAWA(QTHYI0 KOHTpacT-
HOCTb TeppuTOpHH. OHM, KaK MpaBWAO, CTyXaT rPaHHLAMU MEXTy FE€OXHMH-
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YECKH CONpPsKEHHBIMH NaHnmadTamu. B pesynsraTe neiicTBHs JaTepanbHbiX
6apnepoB npoucxomut AuddepeHHais BEIECTBa B KACKAHON reoXuMmye-
CKO¥i CHCTEME.

B kauecTBe NMpUMEpOB MOMIHBIX JIaTePaibHBIX MaKpoOapsepoB MLIA 3a-
rPA3HAIOLIMX BEIECTB (M MHHEPAIbHbIX, H OpFraHHYEeCKHUX) MOTYT BBICTYNaTh
CyliepakBanbHbie NaHNagThi. 3arpA3HAIOMIME BEILECTBA B HUX YIEpKUBAIOT-
€5 MPeMMYIIECTBEHHO Ha afcopOLMOHHLIX Gapbepax. Pasnoxkenue opranmue-
CKHX TOJUOTAHTOB 31€Ch 3aMEUIEHO, CaMOOYUILICHNE TOYB OT HUX MPOMCXO-
T cnabo. B nomiuHeHHbIX naHamagTax B 30He HedTepasnuBa, HampHMED,
MOXET HakaiuBaTscs 10 50% or mocTynuBiuero konuyecrsa Hedprtu. K meso-
6apbepaM OTHOCATCA NOYBBI KpaeBbiX 30H GOJIOT.

AHaJlu3 reOXMMHYECKHX IyTeil MUIPalyy U aKKyMYJIALMM 3arpA3HAIOLIMX
BEIIECTB B NaHIIadTe ONMpaeTcsa Ha yueHue o0 JIeMEHTapHbIX NaHamadTax,
paspa6oranHoe B.b. IMonsiHoBbiM (1956), Ha yueHue o GuoreoueHose B.H.
Cyxauena (1947). Ionatsa 06 snemenTtapHom naHmmadre u GuoreoueHose
COOTBETCTBYIOT ApYT APYTY. DTO NpoCTeiilie TeppUTOPUAbHBIE EAHHHIIBI, K3
KOTOPBIX CKIaAbiBaeTCa N0Gas TEeppUTOPHA.

Ompasck Ha 3TOT NOAXO[, NMPENCTaBIACTCS BO3MOXHBIM BLIABICHHE 006-
JlacTel KOHEYHOH M NMPOMEXYTOYHON aKKyMYNALMH 3arPA3HAIOIIMX BEIIECTB,
HanpaBjieHHI TPaH3UTHOrO NOTOKA, OOHApYXEHHE MpH4UH 00pa30BaHUA OYa-
rOB 3arpsA3HEHUA.

B 3aBHCHMMOCTH OT OpranM3aliui aHamadTa 3arpa3HAIOILKE BelICCTBa 110
pa3HOMY pacmpocTpaHnsioTcs B naHamagre. Korna xoneunslil cO6poc 3arpss-
HAIOIMX BEMICCTB OT WCTOYHHMKA BO3AEHCTBHUA INOCTYNAET MO €CTECTBEHHBIM
WIHM UCKYCCTBEHHBIM [PEHaM B MECTHbIE BOAOTOKH, (POPMHpYETCS IFeOXMMHM-
4ecKas 30Ha pa3HOCa, U1 KOTOpOil XapaKTepHbl BBIHOC M pacCeMBaHHME 3a-
IPA3HAIOLINX BEILECTB 3a Ipe/iesibl TEXHOTEHHOTO Kackaza.

B Tex ciyuasx, KOria moJIHOCTbIO JIOMaeTcss UCXOIHAs CTPYKTypa MUIpa-
UMOHHBIX MOTOKOB TEPPUTOPUH (HampUMeEp, M3-3a NPOCAJOK KPOBJIM B Bhbipa-
GOTaHHOM MPOCTPAHCTBE), CO3AAOTCA 3AKPhIThIE apeHbl MECTHOH aKKyMyis-
LMY BELIECTB, U3 KOTOPHIX 3arpA3HAIOILME BEHIECTBA HE paCCEUBAOTCS.

DopMHpOBaHHE JENPECCHOHHBIX TEXHOTEHHBIX TEOXUMHUECKHX GapbepoB
CBA3aHO C 00pa30BaHHEM PH OTKayKe BOJ AEHPECCHOHBIX BOPOHOK, IIPH 3TOM
HCKYCCTBEHHO 00€33apaxuBaloTcs GOAbIUHE TEPPUTOPUH, HO OIHOBPEMEHHO
(hOpMUpYeTCs eNMHbI TEeXHOTEeHHbIN MOTOK BELIECTB, KOTODHIH cOpachkiBaeT
3TH BEILECTBA 3a NPEeIbl FEOXHMUYECKOH apeHbl. )

B 30He TexHOreHe3a MOXeT NPOHCXOAUTH MOJTHOE WIM YaCTHYHOE paspy-
HIEHHE, a TaKXKe NEpecTpoifka MPUPOIHbIX reoXumiueckux 6aprepoB. MoryT
€O3JaBaThCsl M HOBblE FEOXUMUYECKHE Gapbephl.

Cpenn HMX BBIAEJAIOTCH NOMHOCTRIO MCKyCCTBeHHblE Gapbephl (Hampu-
Mep, CheunaibHas TeXHUKa JUIs QUILTpalLuH), HoBooOpasoBaHHbiE 6apbepsl, B
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TOM 9HCJie BTOPMYHBIE, BO3HUKAIOLIME TIPH 3alUIAHUPOBAHHOM MCKYCCTBEHHOM
W3MEHEHWM NMPUPOAHBLIX NpoueccoB. HanpuMmep, Ha OCYICHHOH TeppHTOpUU
OKHCJINTENLHBIE Gapbephl 3aMEINAIOT riieeBhie, B 30HE BIUAHHA BOJOXPaHM-
JIMILI BOCCTAHOBHTENbHbIE Gapbephbl 3aMEIIAIOT OKUCIIUTENLHbIE.
Feoxummieckne 6apbepsl HMEIOT Pa3IMiHyI0 eMKOCTh. bapbepsl, MposB-
JIOIIME BBICOKYIO €MKOCTh IJ1s1 OJHHX BelliECTB, MOTYT ABJATLCA MAIO €MKU-
MHA L1 Apyrux. Hampumep, riieeBblii CepoBOAOPOAHbIl BRICOKO eMKHii copO-

LMOHHbIH Gapbep W11 MeTalioB, o6nagaeT HAU3KOH eMKOCTBIO Ul HEMeTal-
NOB.
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6. YCTOMUHUBOCTb IT0YB K 3ATPSI3HAIOLMM BELLECTBAM
N OXPAHA ITPHPO/1bI

HecmoTps Ha TO, YTO TEOPETHYECKHE OCHOBBLI H METOMb! XapaKTEPUCTKH
YCTOM4YMBOCTH NOYB K 3arpA3HCHMIO B MONHOH Mepe He pa3paboTaHbl, TEM He
MEHEe, Pe3yJbTaThl, KOTOPBIE YXKE MOTy4YEHbl, OKa3aINCh BOCTPeOOBaHHBIMH B
NPHPONOOXPAHHON AEATENLHOCTH JTH MaTepHanbl HauUld NPUMMECHEHHME B
TakuX cepax OpraHusallid M IPOBEIEHHHM 3IKONOTMYECKOTO MOHHTODPHHIA,
KaK KapTHPOBAaHHE NOYB MO MX YCTOHYMBOCTH K 3arpA3HEHMIO, IPOTHO3 BJIMA-
HHA 3arpA3HEHHA Ha IPyHTOBbIE BOJbl, HOPMHPOBAHHE YPOBHEH COAEPXKaHHUA
3arps3HAIOIINX BELIECTB B NMOYBAaX, MPOBEACHUE 3KONOTHYECKOH IKCNEPTU3hI,
MpOrHo3 3(G¢EeKTMBHOCTH MEPONMPHUATHH [0 PEKYJIbTUBALMH 3arpA3HEHHBIX
NOYB

Ha ocHoBaHup anaimsa cBOMHCTB NOYB OTHENBHbIX PErHOHOB, CTpaH M
NIO4YBEHHOTO IIOKPOBA [UIAHEThI COCTABJIECHBI KapThl YCTOMYMBOCTH IMQ4YB K
pasidIHbIM BHAM XUMHUYECKOTO BO3CHCTBHA.

OnnuM M3 mepBbiX MPUMEPOB NMPAKTHYECKOTO MPHMEHEHUS 3KCIIEPTHBIX
OLICHOK YCTOHYMBOCTH NMOYB K 3arpA3HCHHUIO WIH CaMOOYHMILECHMIO ABJSIOTCSA
CXeMBbl pailoHMpoBaHHs TeppuTopuy ObiBiuero Coserckoro Coro3a no BEpoOAT-
HOH MHTEHCHBHOCTH pa3NiOXEHHs OPraHWYeCKMX 3arpsA3HAIOLIMX BELIECTB B
MOYBE, N0 BEPOATHOH HMHTEHCHBHOCTH CaMOOUYHIIEHHMs NOYB OT MPOAYKTOB
TEXHOreHe3a, nmpeaioxkeHHbie M.A I'1a3oBckoit.

Brigenenne TeppUTOpHANBHBIX €AUHUIL IO CHOCOOHOCTH TOYB K KOHIIEH-
TPHUPOBAHMIO HEPTH U MUHEPATH30BAHHBIX BOI SBUJIOCH OCHOBOH IS BbIAE-
JICHHE TIPOTHO3HBIX NaHAAadTHO-reOXMMHUYECKHX obnacTedl Ha TEPPHTOPHHU
CTpaHbl.

M.A T'nazoBckasi, pa3paboTaB METOAOJIOTHIO SKCNIEPTHBIX OLEHOK MPOTHO-
3a YCTOWYMBOCTH NOYB K PasNM4HbIM MOJUTIOTAHTAaM HEOpraHM4eCKOH MpHpO-
Abl, BBITOJIHUB QHAIH3 MEXaHU3MOB B3aUMOJICHCTBUS HOJIIOTAHTOB C KOMIIO-
HEHTaMH NOYB, XapaKTePHbIX IS NOYB 30HAJIBHOTO psja, a Takxe 00001MB
JaHHeIE O COCTAaBE M CBOMCTBaxX Mo4YB IUiaHeTwl, B 1990 romy npenioxuia
KIacCHQUIMPOBATh UX MO YCTOMYMBOCTH K KMCIOTHBIM ocaakaM. Ha ocHose
3Toi KnaccupHkaumu Obuta cocraBneHa "TIporHo3Has kapra yCTOH4YHBOCTH
TIOYB MHpA K KMCIOTHBIM Bo3zeicTBUAM" B Maciutabe 1:80000000. B nouseH-
HOM TOKPOBE ILTaHETbI ObLIO BBLAENEHO 5 IPYNN MOYB, KOTOPble BKIIOYANy 23
NOArPYIIbl, pa3TMIalouIMecs M0 YCTOHYMBOCTH K KHUCIOTHBLIM BbINAJICHUSM.
KpuTepuaMM BBIAENEHUS 3TUX TPYIN CIYXWIH KOJNMYECTBEHHbIE NOKa3aTeNu
6ydepHocT (M3MeHeHHe ypoBHs pH npu noGasieHHH CTAHAPATHOIO KOJNIHYE-
CTBa KHCJIOTHI K CTAaHAAPTHOH HaBECKE MO4YBbBI), @ TAKXKE KHCIOTHO-OCHOBHbBIC
YCIOBMs MOYB B rOpH3oHTaxX A u B.
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Ha ocHoBaHMH ypoBHEW KHCJIOTHOCTH NOYB, CONEpXaHNSA 0OMEHHBIX OC-
HOBaHMH U CTEHNEHM HAChILIEHOCTBIO OOMEHHOro KOMILIEKCa OCHOBaHMSMH
M. /1. BornanoBoii B Maciurabe 1:8000000 Gbina cocTaBieHa kapTa yCTOHYHBO-
CTH IIOYB PaBHHHHEIX TeppHTOpHHf PP K KMCIOTHBIM OCaIKaM.

Ha ocHoBanuu 6ajlaHCOBBIX pacdeToB, B OCHOBY KOTOPbIX ObliH MOJI0Xe-
Hbl JaHHBIE O KOJIMUECTBE M COCTaBEe aTMOC(HEPHBIX OCa/IKOB, a TAK)XKE NOYBEH-
Has kapta mupa, b.H.Mowuceesbsim (1991) Gbina cocraBieHa Kapra KpHTUYE-
CKHX Harpy30K KMCJOTHbIX BhiNafeHumit 1is noys Esponeiickoii yactn CHI™ u
cTpad bantnu.

Ve CneuMaIBcToOB pasHbiX CTPaH MO COCTaBACHHIO KapT yCTOHYHBO-
CTH MOYB K KHCJIOTHBIM Harpy3kaMH MO3BOJWIM BBHIABUTb TEPPHTOPHM C pas-
HOH 4yBCTBUTEJIbHOCTBIO K KHCIOTHBIM BbIIQfICHUAM. Y CTaHOBIECHO, YTO s
HauGojiee TyBCTBUTENbHBIX NMOYB KPUTHUECKOH Harpys3koil ABIA€TCA €Keroa-
HOE [OCTyIUIeHHe MpoTOHOB B konwyectse 200 3kB/ra. BeicOKyo 49yBCTBH-
TeNbHOCTL MpOABIAOT nouBbl CkaHauHaBuu, rae 82% Bceil TeppuTOopuM
CTPaJaloT OT KMCJIBIX OCAKOB. OTH NaHHELIE NMOCTYXKHIIH OCHOBHOH A1 Mex-
JMyHapoIHOW MpOrpaMMbl CHIDKEHMs Ha Tepputopuu CKaHIMHABCKHX CTpaH
aTMOCdepHLIX BEIOPOCOB OKCHAOB cepbl Ha 85%, a okcHao azorta Ha 30% no
cpaBHeHMIO ¢ 1990 romom.

IpumepoM Kucnosb30BaHHUA CBENEHHH 00 yCTONYMBOCTH MOYB K 3arpasHe-
HHIO M CIIOCOGHOCTH NOYB 3aIMILATh TPYHTOBbIC BOb! OT 3arPASHEHHA MOXET
cnyxnth KapTa ycTOWYMBOCTH K 3arpA3HEHHIO TFPYHTOBLIX BOA AHIJHH M
Vaneca, koTopas ObUia COCTaBlieHa ATEHTCTBOM IO OXpaHE OKpysKawouiei
cpeapl Anrnun B 1987 roxy 8 macmirabe 1:1000000. OcHoBoii a1 cocTaBie-
HUs KapThl MOCHYXWIIM MapaMeTpbl T'€ONIOTHYECKOro CTPOEHHS TEPPUTOPHH
(HanM4ne BOAOHOCHKIX CJIOEB U UX BOJAOMPOHULEAEMOCTb) U MOYBEHHOTO MO-
KpoBa (CNOCOGHOCTh MOYB 3aKPEIUIATh ¥ OIPAaHWYMBATh MMIPALMIO XHMMUUe-
CKMX BCILECTB, 3aBUCALIAs OT XUMHYECKUX U (PU3MUECKUX CBOMCTB MOYB), a
TAKKE NONONHUTEIbHbIE CBEACHHA O THAPOJIOTHN U XHMHH IPYHTOBBIX BOJ.

HccnenoBaHus ycTOHYMBOCTH NOYB K 3arpA3HEHUIO NPUBENH K BLIBOAY O
HeoOXoauMOCTH pa3paboTku AudpdepeHUMPOBAHHLIX YPOBHEH NpenenbHO
HOMYCTHMbIX KOHLUEHTPALMi 3arpsa3HAIOIMX BEeUeCTB B Mo4BaxX. Takoi oneIT
HAKOIUICH B pa3sHbix cTpaHax. B P® pa3paboTaHbl OpHEHTHPOBOYHO AOIYC-
THMBbl€ YPOBHH OOIIEro comepikaHHs METAJUIOB M MbilibjKa B NOYBaxX C pas-
JIMYHOM YCTOHYMBOCTBIO K 3arpSA3HEHHIO, BEJIMYMHBI KOTOPBIX O0YCIOBJIEHBI

rpaHyJIOMETPHYECKUM COCTaBOM IIOUB M MX M KHCJIOTHO-OCHOBHBIMH YCJO-
BUAMH (Tabnuua 7).
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Tabruya 7. Opuenmuposouro donycmumsie konyenmpayuu (OK ¢ yuemom
hoHo8020 cOOepICcanus ) MANCeNbIX MEMANN08 U MBLIULBAKA 8 Nousax (0bujee
cooepacanue, m2/xz) ( 1994)

pynnsi noys Ni Cu Zn As Cd Pb
necyaHbie ¥ cynec- 20 33 55 2 0,5 32
YaHple
KHC/IbIC CYrTIMHU~
CTBIC U TIMHUCTHIE, 40 66 110 5 1,0 65

pH KC1 <5,5

6M3KHE K HE#l-

TpajbHbIM, HEH-
TpaibHble (Cyriu- 80 120 220 10 2,0 130

HHCTbIC H TJIHHH-
creie), pH KCI >5,5

Tabnuua 7 nmoka3piBaeT, YTO OMACHBIE YKOJOTHUECKHE MOCAENCTBUA MOTYT
COTPOBOXAATh 3arpA3HEHUE MECUaHbIX MOUB C KUCIOH peakiuii npu obiiem
COIEPXKaHHH B HUX METAUIOB B KOJIMYECTBE BIBOE MEHBIIEM, Y€M B CYTJIHHU-
CTBIX MIO4YBAX, @ B NI0YBAX C KMCJIOH peakiue#i - npu colepkaHU¥ MeTajuloB
BJIBOE MEHbLIEM, YeM B N04YBAX C HeHTpanbHON min 6IM3KOH K HEHRTPaibHOR
peakumeil.
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