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GENESIS’ IDEA AND DEFINITION FOR PEDOGEOCHEMICAL BARRIERS
OF HEAVY METALS’ MIGRATION

Abstract. The aims of this study were to consider the genesis’s idea «geochemical barriersy
and to invite a definition for «pedogeochemical barriers» by example of heavy metals’ migration.
Object of this study — scientific publications that show the results of heavy metals’ content and
distribution in soils. The concept of geochemical barriers was formulated by A. I. Perelman in 1961.
At first ideas of this concept have been used for: 1) ordering of the geochemical conditions at
hypergenesis zone, 2) justification the concept of geochemical field; 3) mathematical modeling of
geochemical processes, 4) effective mineral exploration. With the passage of time, this concept has
become successfully implemented in lithology, hydrogeology, soil science, geochemistry
environment. In the XXI century geochemical barriers used in the development of rehabilitation
technology of contaminated lands and limit the spread of pollutants. The concept of geochemical
barriers began to be used in soil science, through the work of V. A. Kovda (1972), A. A. Rode (1975),
M. A. Glazovskaj (1988). Later, the list of researchers who used this idea in their works has increased
significantly. However, these researchers: 1) was performed a mechanical transfer this idea from
geochemistry to soil science, 2) use this idea mainly for environmental protection, 3) used exclusively
of the geochemistry methodology and of the geochemistry classification schemes. As for soil science
the best analogue of «geochemical barriers» should recognize the term «pedogeochemical barriersy.
An essence pedogeochemical barrier, in our opinion, is as follows. In hypergenesis zone the
geochemical barriers act as «situational and contrasty» phenomenon. In soil profile the
pedogeochemical barriers act as «substation and reaction» phenomenon. We are supposed to that the
soil profile is a multiaspect complex of pedogeochemical barriers. At that some of them can be
localized within several soil horizons. At the same time, several such barriers can be located in one
soil horizon. Therefore, in the refined form, a pedogeochemical barrier should be understood as part
of the soil profile, where, as a result of the formation of special conditions for substitution-reaction
interactions, the accumulation of certain chemical elements occurs. Designed by A. 1. Perelman's
doctrine of geochemical barriers has found a varied and successful application in geochemistry,
geology, lithology, mineralogy, and in other contiguous sciences. At present, the ideas of this exercise
are very important for a fundamental understanding of the biogeochemical functions of the
pedosphere as the theoretical basis for preserving the biosphere and improving the soil in conditions
of modern technogenesis. In our understanding, the pedogeochemical barrier is part of the soil profile,
where, as a result of the formation of special conditions for substitution-reaction interactions, the
accumulation of certain chemical elements occurs. In further studies it is expedient to consider:
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mechanisms of action, typology, parameters of pedogeochemical barriers, and also to analyze these
parameters on the example of heavy metals in chernozems of ordinary and southern.
Key words: soil, heavy metals, geochemical barriers, pedogeochemical barriers.
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FEHE3UC IOEI TA AE®IHILIA
NEAONEOXIMIYHUX BAP'EPIB MIMPALLII BAXXKUX METAIB

Anortanis. Ha migcraBi aHamizy pe3yibTaTiB BIACHHUX IOCIHIIKEHb Ta y3aralbHEHHS JaHHX
HAYKOBHX ITyOJiKaliii MpoaHaIi30BaHO CyYacHi MOTJIAM IIOAO MOHATTA «TeOXIMiYHHH Oap’epy», a
TaKOX PO3TIITHYTO iHBA3il0 FOTO MOHSTTS B IPYHTO3HABCTBO. 3pOOJIEHO BHCHOBOK, IO KOHIIEMIIiS
reoxXiMiyHuX Oap’epiB HaJ3BHUYaHO aKTyalbHA JUIS CY4acHOro IpyHTO3HaBcTBa. OnHak crpodu ii
BIIPOB/DKEHHSI HOCWJIM 30BHILIHII MeXaHIYHUN XapakTep i ToMy Oynu Manope3ynbTatiBHi. CyTHICTh
i OCOOJMBICTH IefOreoXiMiYHMX Oap’epiB moisirac B NMpuHIUI iX JAii. BOHM HposBIAIOTBCS SIK
«cyOcTaHIiiiHO-peakiiiHii  (QeHOMEeH», a KIAacH4YHi TreoXiMiyHi Oap’epu — 5K «CUTYyaliiHO-
KOHTpacTHUil (eHOMeH». Y MNOAANBIINX JOCHIKEHHAX MOLULTGHO PO3MSIHYTH: MEXaHi3Mu il,
TUTIOJOTII0, TapaMeTpu MeIOTeoXiMiYHMX Oap’epiB, a TaKOX NPOAHATI3yBaTH I MapaMeTpud Ha
MPUKJIaIl BAKKUX METaJliB Y YOpHO3EMax 3BHYAHHUX 1 MiBICHHUX.

Knrouosi cnosa: tpynm, eadicki memanu, eeoximiuni 6ap ’epu, nedoceoximiuni bap epu.
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FEHE3NUC WOEU U AEDPNHULINA
NEAONEOXUMUYECKUX BAPBEPOB MUIPALIMN TAXENbIX METANINOB

AnHoTanms. Ha ocHOBaHMM aHAIM3a Pe3yJITATOB COOCTBEHHBIX MCCIECAOBAHUN U 0000IICHNUS
JJAHHBIX HAy4YHBIX IMyOJMKalMii PAacCMOTPEHBI B3IJISABI Ha IOHATHE «TEOXUMHYECKHH Oapbep» H
MpOaHATN3UPOBAHA MHBA3HS ITOTO IOHATHS B I0uBOBeieHNe. ClenaHo 3aKIIoueHe, YTO KOHIIEIIUS
TEOXMMHUUYCCKUX 0apbepoB UpPE3BBIUAHHO aKTyalbHA IJIsI COBPEMEHHOTO IOouBOBeneHus. OmHaKo
NONBITKA €€ BHEIPEHUs HOCWINM BHENIHMH MEXaHWYeCKHH XapakTep M HO3TOMYy OBUIH
Majope3ysbTaTUBHEL. CyIIHOCTE M OCOOEHHOCTH IEIOr€OXMMHYECKUX OapbepoB 3aKIIOYaeTcsl B
NpUHIMIE WX JedcTBus. OHM NPOSBISIIOTCA KaK «CyOCTaHIIMOHHO-PEaKIHMOHHBIH (eHomeH», a
KJIACCHYECKHE TeOXHMMHMYECKHe Oapbepbl — KaK «CHUTYallHOHHO-KOHTPAcTHbIH (eHoMmen». B
JAIbHEHIINX HCCIeIOBAHUAX LeIeco00pa3HO PacCMOTPETh: MEXaHW3MBI JEHCTBHS, THUIIOJIOTHIO,
HnapamMeTphl MeI0reOXMMUYECKUX 6apbepoB, a TaKkKe NPOaHaIU3UPOBATh ATH MapaMeTphbl Ha PHUMEpe
TSDKEJIBIX METAJIOB B YePHO3EMaX OOBIKHOBEHHBIX U FO)KHBIX.

Knrouegvie cnosa: nousa, msdicenvie Memanivl, 2eoxumuieckue 6apvepbvl, nedo2eoxumuieckue
bapvepoi.

BBEAEHUE

[Ipobnema cOamaHCUPOBAHHOTO B3aMMOJEHCTBHS YeJIOBEKa M MPHUPOIBI 10 CHX IIOp
OCTAaeTCAd HEPELUICHHOM M II03TOMY OY€Hb aKTyajabHOW. IIpu 3TOM Il JOCTUXKEHUS
9KOJIOTHYECKOr0 KOHCEHCYCa OYEHb BAXKHO NMOHMMAHUE YHUKAJIbHEHIIMX CBOMCTB IOYBHI
Kak HE3aMEHMMOTO KOMIIOHEHTa Ouocgepsl, ee «OMOreOXMMHYECKOW MeMOpaHbl» W
«TEOXUMHYECKOT0 peakTopa». Takyke HEOOXOAMMO OTMETUTh, YTO K YHCIy aKTyaJIbHBIX
3aJa4 COBPEMEHHOIO IIOYBOBEACHUS OTHOCAT YPE3MEPHOE HAKOIUIEHHE B I0YBAX
3arpsiIsHUTENCH, CPeAM KOTOPHIX 0COOOTO BHUMAHMSA 3aCIy>KHBAIOT TSDKENbIE METaJUIbl
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(TM). O6mmenpru3HaHHO, YTO Ype3MEPHOE COACpP KaHNUEe METAIUIOB B II0YBAaX OOYCIOBINBACT
psl HEraTUBHBIX MOCIEACTBUN st Ouocdepsl U 310poBbs nojeil. Kpome toro, TM
XapaKTepU3yIOTCsl UIUTENbHBIMH TI€PHOJAMH  TIOMYBBIBEACHUS U3 IMOYB, KOTOPBIE
U3MEPSIOTCS IECSITKAMU M COTHSIMU JIET, a B psiJie cirydaeB — U Thicsiuamu Jet (Bradl, 2005;
Dobrovolskyi, Nykytyn, 2000; Hryshko et al., 2012; Savosko, 2016).

B nocnennne 10-20 ner pa3paboTtaHo W anpoOUpPOBaHO pPsifi OYCHb A(PPEKTHBHBIX
TEXHOJIOTMA O3JOpOBJIEHHMS TO4YB, 3arpsi3HEHHbIX TM. OpHako B IOJABISAIOIIEM
OOJIBIIMHCTBE CITy4aeB 3TH TEXHOJIOTUH BEChbMa JIOPOTOCTOSIINE U MEJICHHO IEHCTBYIOLINE,
YTO CYIIECTBEHHO OTpaHWYMBAeT MX IIMpOKoMacmrtabHoe mnpumeHeHue. Iloatomy Tak
aKTyaJeH INOWCK HOBBIX WJIEH M 0OOCHOBaHME MHHOBALMOHHBIX KOHIIEMINMIL, KOTOpBIE OBI
TIO3BOJIMJIY TIOHSITh M MOOMIIM3UPOBATh ECTECTBEHHbIE PETEeHEPAIMOHHBIE CBOMCTBA TIOUBHI.

Cpenn ITOCTMKEHWH HAYYHOH MBICTH BTOPOW TONOBHHBEI XX BEKa 0C000€ MECTO
3aHMMAaeT KOHLEMIM reoxumudeckux Oaprepos (Perelman, 1961). Bpems m mpaktuka
MOKa3all €€ COCTOSITENBHOCTh B PEIICHUM Pa3HOOOPAa3HBIX MPOOJIEM I€OXHMHH, B TOM
yruciae M OOyCIOBJICHHBIX 3arps3HCHHEM OKpysKaromied cpenpl. OJHAKO NPEANpHUHSATHIC
IOIBITKKM HMIIJICMCHTAIIUHU 3TOM nacu B TIOYBOBCACHUC BLIABUIIUCH IMPAKTUYCCKH
6e3pe3ynbTaTUBHBIMU. OCHOBHAsi NPHYMHA 3TOTO — BHEIIHMA MEXaHMYECKHH ITOAXO],
OTCYTCTBHUE JIOJDKHOTO BHUMAHUsI K OCOOGHHOCTSIM MOYBBI M K €€ YHHKaJIbHOH CTPYKTYPHO-
(YHKIIMOHAJIBHOW OpraHn3alyy.

Llens paboTel — paccMOTpeTb TEHE3UC UAEM W NPEMIOKUTh JASHUHUIHIO
MeJIOT€OXUMUYECKUX 0apbepoB Ha MPUMEPE MUTPALIMHU TSKEJIBIX METaJUIOB.

MATEPWAIbI U METOAbI UCCNEQOBAHUN

OOBEKT HCCNeNoBaHUA — HAy4yHbIC ITyONMKAIMK, Kacalolluecs CONACPKAHHUI U
pacopenenenus TM B moyBax.
Mertonsl mccnenoBaHMd —  QopMmanmzanusl, WAeaNHM3alysi, adcTparupoBaHUE,

WHIYKISY/ IeAYKINS, aHAIN3/CHHTE3, aHAJIOTHS, KIIacCU(UKAITI U MOJSITNPOBaHHE.

PE3YJNIbTATbI U X OBCYXXOEHWUE

T'eoxumuueckue 6apvepvr muzpayuu. Kak HaMu 1oJaraercsi, Hay4YHO-TEOPETHIECKOM
«TpenTedeiny y4eHHs O TeOXMMHUYECKHX Oapbepax ciemyer mpmsHaTth B. W. Bepnanckoro,
koTopbIM emie B 20-e roapl XX Beka BHEPBbIE OblIa BBICKa3aHA MBICIb O 3HAUYMMOM BIIMSIHUU
reOXMMHYECKOH OOCTAaHOBKM Ha pE3yJIbTaThl MHUIPALMM 3JIEMEHTOB B KOPE BBHIBETPUBAHHS
(Vernadskyi, 1969). Ho ona ocTamace 0e3 JODKHOTO BHHMAHHS TCOXMMHKOB, U B
20-50-e rompr XX Beka BOCTOP)KECTBOBaJAa MapagurMa O JOMMHHPOBAHHM CBOWCTB
XMMHYECKHUX 3JIEMEHTOB, KOTOPhIE B OCHOBHOM H TPEIONPEACISIIOT UX PAaCIpeieeHHUE B 30HE
runepruHesa. [Ipy 3ToM BiIMsiHUE Ha MUTPALIUIO XUMUYECKHUX 3JIEMEHTOB BHEITHUX (haKTOPOB
NPU3HABAJIOCH JIMIIL Ha YpPOBHE BTOpWYHBIX d¢dekroB (Saukov, 1950). Omnaxo
HAaKOIUIEHHBIE K cepeanHe XX BEKa MHOTOYMCIICHHBIC IAaHHBIE CTaJll CYHIECTBCHHO
MIPOTUBOPEUYUTH 3TOH napagurme. Mx TBopueckoe ocMbiciaeHue noaroikHysio b. b. IonbHosa
K WIee Mpuaath Oolblliee 3HAUCHNWE T'€OXUMHYECKOH cpene Mpu OOBSICHEHHH COAEPKAHMS
XUMHYECKHX dieMeHTOB B sanamadrax (Polyinov, 1956).

PazBuBast oty wMmbicib, A. W. IlepenbmaH NpeIONKUI HOHITHE/KOHIICTIIHIO
reoxumudeckux O0apbepoB (Perelman, 1961). B ero TpakToBKe reoXuMHUYecKUe Oapbepbl —
9TO «T€ Y4acTKH 3€MHOW KOpBI, B KOTOPBIX Ha KOPOTKOM PACCTOSIHUU MPOMCXOIUT PE3KOe
YMEHbILIEHNE MHTECHCUBHOCTH MHIDAIlMM XUMHYECKUX DJIEMEHTOB M, KaK CJEICTBUE, WX
koHneHtparus» (Perelman, 1989).

B panmpmeiimiem, B 60-80-¢ rTompr XX BeEKa, COCTOSITCILHOCTh KOHIICHIUU
reOXMMHYECKNX OapbepoB ObLIa HEOJHOKPATHO MOATBEpXKICHA. Tak, TEOpEeTHYECKUMHU
NpUOOpPETEHNAMH HAyKH CJIEOyeT Has3BaTh €€ YCICHIHOE HCIIOIb30BaHHWE  JUIA:
CHCTeMaTH3alli TEOXUMHIECKOH 0OCTAaHOBKM B 30HE TMIICprUHE3a; 000CHOBAHMS MTOHATHS
TEOXUMHYECKOTO TMOJIST; MaTeMaTH4eCKOro MOJEIHPOBAHUS TCOXHUMHUYECKHX ITPOIECCOB.
Kpome Toro, 3Ta KOHIEMNIHS M03BOJIMIIA IPOBOJUTE Ooiiee 3¢ GEKTUBHBII MOUCK MONE3HBIX
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UCKOMaeMbIX. BMmecTe ¢ TeM Hemp3s HE OTMETHTh, YTO pPACHpPOCTpaHEHUE WACH
TeOXMMUYECKUX 0apbepoB OCYIIECTBIIOCH B OCHOBHOM JINIIb T€OXUMHUKAMHU, T€OJIOTaMU
U, KaK UCKIIFOUeHHE, reorpadamu.

Cutyanus cymecTBeHHbIM 00pa3oM n3MeHmnach B 90-e roasl XX Beka, Korjua Hieu
reOXMMHUYECKUX 0aphepoB  CTall  YCHEHNIHO  PEalM30BBIBATBCS B JIMTOJOTHWH,
THAPOTEO0JIOTHH, TOYBOBE/ICHUH, TEOXUMHHU OKPYIKarolllei cpesibl. JIorudeckum cieacTBueM
9TOro crajio mpoBeaeHne MexayHaponHoi koHpepeHunu «['eoxumnueckue Oapbephl B
3oHe runepreneza» (Geohimicheskie bareryi v zone gipergineza, 2002). IIpaktiueckn
OJTHOBPEMEHHO, Oiaromaps crapanusiM ydenuka A. U. Ilepensmana — B. A. AnekceeHko,
MOHSTHE TEOXMMHYECKHX O0apbepoB OBIIO KOMIUIEKCHO W3JIOKEHO B y4deOHHKE
«Oxomoruueckas reoxuMus» (Alekseenko, 2000) 1 B yaue6HOM mocodnn «I eoxummaeckue
Gaprepbn» (Alekseenko, 2003).

B XXI Beke umen reoXuMHYecKiX 0aphepoB YCIEUTHO IPUMEHSUTUCH TIPH pa3padoTke
TEXHOJIOTUI O3[0pPOBJICHHSI 3arpsA3HCHHBIX 3€MENb M OrPAHHYEHHH PACHPOCTPAHEHHS
NOJUTIOTaHTOB. Ilpm 3TOM cUMTanOCh MEPCIEKTUBHBIM HCIIOI30BaTh ECTECTBEHHBIC
OapbepHbIe CBOMCTBA T€OCUCTEM H/WIIM CIIEIHAIBbHO CO3/1aBaTh Oapbepbl MUrpanuu. Kpome
TOTO, 3Ta KOHLEMIUS O3BOJIMIIA T0-HOBOMY B3IJISIHYTh W Ha PsJ aKTyaJbHBIX BOIPOCOB
COBPEMEHHOTO  €CTECTBO3HAHHsS:  OpraHH3alldio, YCTOWYMBOCTH M  OydepHOCTh
O6uoreocucreM;  (OPMHpPOBaHME  IIOUYBCHHO-TEOXMMHYECKMX  KaTreH,  I'€OXHUMHIO
CONPSDKEHHBIX JIAaHIA(TOB.

Hueasua uoeu ¢ nougosedenue. BeposTHO NEPBBIM, KTO HauaJl BHEAPATH MOHATUE
TEOXMMHYECKHX OaphepoB B MOYBOBeAeHHE, OblT B. A. KoBna, KOTOpBIN MPUMEHHUI €€ TIpH
PAacCMOTPEHNH 3aKOHOMEPHOCTEH pachpenesieHnss MuKposiaeMeHToB B mousax (Kovda,
1973). IlpumepHO B 3TO Ke BpeMs TEPMHH «TCOXUMHUYECKHH Oaphep» YINMOMUHAJICS B
TOJIKOBOM CJIOBape no no4BoBejaeHHto moj perakuueir A. A. Poxe (Tolkovyiy slovar po
pochvovedeniyu, 1975).

[lepBbiMU  yueOHBIMH ~ TOCOOMSIMH, TA€ HMIEH TEOXHMMHYECKHX  OapbepoB
HCTIOJNB30BAJNCh B IIOYBOBEJCHHH, CTamu yueOHukH M. A. I'masoBckoit «I'eoxumus
NPUPOJHBIX M TeXHOreHHbIX nanmmadro» (Glazovskaya, 1988) u A. U. Ilepenbmana
«eoxumus» (Perelman, 1989). Tak, M. A. I'nma3oBckas, aHaIM3UPys TEXHOTCHHOE
3arpsisHEHUE JaHAIA(TOB, IPUMEHSIIA TEPMHUHBI «JTaHANIA(THO-TEOXUMUYECKUE Oapbepbh»
U «TIIOYBEHHO-TEOXUMHUYECKHE Oapbhephl», He MMPUBOJIS IIPH ATOM UX ONPENEIICHUN. DTHM XKe
aBTOPOM TaKKe OBLIO PACCMOTPEHO pa3MeElIeHUE TeOXHMMHUYECKUX 0aphepoB B MOYBEHHBIX
npo¢pmix 16 tunos nous. A. U. [lepensMan Ha mprMepe OCHOBHBIX THIIOB TIOYB 3aItaTHON
Cubupn u Kazaxcrana mnpoaHaTM3HPOBAI PACHOJIOKEHWE B TPOQHIE OCHOBHBIX
TC€OXUMHUYECKUX OaphepoB.

BaxHbIM 3TanioM HayYHOH MHBA3UM WAEH TEOXMMHYECKHX OapbepoB B IMOYBOBE/ICHHE
cienyer Ha3BaTh MexayHaponHyro KoH(epeHuuro «['eoxumudeckue Oapbepsl B 30HE
runeprese3a» (Geohimicheskie bareryi v zone gipergeneza, 2002). OnHako B ee Marepuaiax
JOMMHHPOBAJIM: MEXaHWYECKHH IEePeHOC WJIeM W3 TEOXMMHHM B IIOYBOBEICHHE, a TaKKe
ucnoss3oBanue Tumnojoruu A. U. Iepensmana u rpaduueckux cxem M. A. ['ma3oBckoid.

B mocnennne 10-15 ser BHexpeHHME KOHIENIIMM TE€OXUMHYECKHX OapbepoB B
MOYBOBE/ICHUE MMEJIO MECTO B CepuM cTareiHbix myOnukanuii (Gavrilova & Bogdanova,
2000; Gennadiev & Kasimov, 2004; Kasimov et al, 2012; Kharytonov, 2006; Kozlovskyi,
2009; Kuzmin, 2000; Maximovich, 2014; Scheglov et al, 2013; Vodyanitskiy, 2014a, 2014b).
OpHako mis 3THX paboT xapakTepHOo: 1) aBTOPCTBO mperncraBuTeNei «reorpaduyueckoro
JIMBU3HOHA) MOYBOBEACHNS, 2) UCHIONIb30BaHNE Kiacch(puKamoHHbIX cxeM A. . Iepensmana
u M. A. I'mazoBckoii, 3) mpenMyIIecTBCHHAs] HAIPABICHHOCTh HAa YITy4IICHHE COCTOSIHUS
OKpY>Karomiel cperpl, 4) MOIMBITKH OOBSICHUTH 3aKOHOMEPHOCTH PACIPECICHHS XUMUIECKHX
3NIEMEHTOB B MpeJieTax MOYBECHHOTO MPOGMIIsL, KaTeHBbI 1 JTaHAIadTa.

IIpuMepHO B 3TO XK€ BpeMs B 0OCTOsATEenbHBIX MOHOrpadusx (Dabahov et al, 2005;
Kovaleva et al,, 2012; Stepanova & Korenkova, 2010; Trifonova, 2007; Vasilev &
Chaschin, 2011) u y4e6ubIX mocobmsix (Chertko, 2008; Maksimovich & Hayrulina, 2011)
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TaKKe TNPEANPUHUMAINCH IIONBITKM BHEAPHUTH HICH TCOXHMMHYECKHX OapbepoB B
nouBoBefieHne. OOHAKO WX aBTOPBl TaKk M HE BBIIUIM 3a Ipelesbl IOCTYJIaToB
A. . Ilepenbsmana 1 THIIoNIorugeckux cxeM M. A. I'ma3oBckoi.

Henp3s He OTMETHTB, YTO IOYBOBEIBL, KOTOpHIC NPEACTABIAIOT «(PYyHIAMEHTaJIbHBIN
JVBH3MOH» TIOYBOBEICHHUS, O CHX IIOpP BEChbMa CIEP)KAHHO OTHOCATCS K T€OXMMHYECKHM
Oapbepam. Tak, B UX IMyOMUKAIAX, TIe TPEICTABICHO ITI00AIFHOE OCMBICIICHHE JTOCTHKEHHUN
COBPEMEHHOI'O TIOYBOBEJICHHMS U ONpPEIEICHWEe €€ HOBBIX T'OPH30HTOB, OTCYTCTBYET
yrnoMuHaHue 0 reoxumuaeckux 6apbepax (Holubets, 2008; Karpachevskiy, 2006; Shoba, 2009;
Sparks, 2001; Vodyanitskiy, 2010). B To Bpemsi kak B mepeyHe akTyalbHEHIIMX mMpoliiem
TIOYBOBEICHNS] 3THMH )K€ aBTOPaMU O3BYUMBAIOTCSI BOIIPOCHI, CBSI3AHHBIE C OIPE/IEIICHHEM
YHCJICHHBIX MapaMETPOB JKOJIOTMYECKMX W OHOC(HEpHBIX (YHKIMI I10YB; BBISBICHUEM
TIPEJIENIOB YCTOWYMBOCTH TIOYB K AHTPOIIOTEHHBIM 3arps3HHUTENSIM; Pa3paOOTKON TEXHOJIOTUH
CaHallMM U 030POBIICHHS 3arps3HEHHBIX TEPPHTOPHIL; IPAKTUUCSCKON peani3aireil KOHICIIHUH
YCTOMYMBOIO PA3BUTHS B IIPUPOJOOXPAHHYIO NeATENBHOCTB. [1py 3TOM Geroro B3risjia Ha 3TH
MPOOJIEMBI JOCTATOYHO YIS IOHUMAHUS TOTO, YTO OHU COIIPSDKEHBI ¢ XMMUYESCKHMH ACIIEKTaMH
TIOYBBI M €€ TEOXUMHYECKUMH OapbepaMH.

Ileoozeoxumuueckue oapuepoi. B Haulei My OnuKauu KOHLIENIUS
NEJ0re0XUMUYECKUX 0apbepoB MHUTPALUH IIPEAIIONIAraeT CICAYIONIYIO JIOTHKY W3JI0KEHHS:
1) o6ocHOBaHME MOHATHUIHOTO anmnapara, 2) pa3padoTKa U yTOUHEHUE NePUHHUIINH.

Honamuiinoii  annapam.  Kak ~ W3BECTHO,  COBPEMEHHOE  IIOYBOBEACHHUE
muddepeHIMPOBAaHHO Ha  HAIpaBJICHWS, Ha3BaHUS KOTOPBIX  BKJIIOYAIOT  CJIOBA:
«IIOYBOBEJICHHUE», «IIOYBa», «IOYBEHHas». CIeqoBaTeNbHO, KaK aHajlor TepMHUHA
«reoXuMHYecKne 0apbepbl» MOXKHO HCIOJIB30BATh MOHITHE «IOYBEHHBIE TEOXMMHUECKHE
Oapbepbl». OJIHAKO OHO TPOMO3AKO M, IO CYTH, IpPEACTaBIsieT COOOH MPOIYKT
MEXaHHYECKOT0 MEPeHOca UIeH 13 TEOXHMHH B TIOYBOBE/ICHHE.

Haumnas ¢ xmaccmdecknx pa6otr B. B. JlokydaeBa, nmst 0003Ha4YeHHUS HAyKA O TIOYBE
TaKkKe WCIOIB30BANIOCH MOHATHE «IEAONOTHs. DTHOJOIMs CJ0Ba HPOCTa M OCHOBAaHA Ha
IrPEeYEeCKHUX cjioBax: medov (IeAoH) — MmouBa U Aoyog (Jloroc) — 3HaHHE, Hayka. B aToli cBs3u
YMECTHO MNPEJIONKUTh IOHATHE «XEMOIIeHoIornyeckue Oapbepbl». OIHAKO OHO HECKOJIBKO
He01aro3By4Ho 1 madoCHO, KpOMe TOro — He B IOJIHOM Mepe 0TOOpakaeT CYIIHOCTD SIBJICHUS.

A. U. IlepenbmaH, paccMaTpuBas METOROJIOTHYECKHE OCOOCHHOCTH I'€OXMMHHU Kak
HayKH, HEOJHOKPATHO MOAYEPKUBAJ, YTO F€OXUMHUSI — 3TO He «XUMHUs 3emi». [Ipu stom
UM OTMEYAJIOCh CYILIECTBEHHOE Pa3Ininue MEXy TeOXUMHUEH (IIPEUMYILECTBEHHO «I10JIeBast
HayKa») U XUMHueH (IpenMyInecTBeHHO «iaboparopHas Hayka») (Perelman, 1961, 1972).

Hamu nonaraercs, B TOYBOBEACHMHM CMBICIOBBIM TIOIOOMEM T'€OXMMHH  SIBIIETCS
TEIOTeOXUMUsI, KOTOpasi W3ydaeT CofepKaHWe, MWIPAlMI0O M TpaHC(OPMALMIO OTHEIBHBIX
XAMHYECKHX OJIEMEHTOB M WX MHHepaloB. [losToMy, mo HameMy DITyOOKOMY YOSKICHHIO,
HaMJTy4IIMM aHaJIOTOM TeOXUMHYECKHIX 0aphepoB CIISIyeT NPH3HATH TEPMHUH «IICI0TCOXUMHYECKHE
OapbepbDy. Takke HeNb3s He OTMETHTbh, YTO 3TOT TEPMHH HE SBIICTCS NMPUHIMIMAIGHO HOBBIM H
HalllUM HOBOBBEJEHHEM, TaK KaK OH HEOTHOKPATHO Y)KE HCIHONB30BAICA B psze ITyOJMKALMii
reoxumukoB (Kosheleva et al, 2015; Onoshko & Elovicheva, 2013).

Hepunuyus. B mnepBoM NpUOIIKEHUU TMEIOr€OXMMHUUECKHH Oapbep — 3TO 4YacThb
MOYBEHHOT0 TOPU30HTa/mpodumiist, rae B pe3yibrare (OpMHUPOBaHHS OCOOBIX YCIOBHI
MPOMCXOJUT HAKOIICHNE HEKOTOPBIX XUMUYECKUX DJIEMEHTOB.

PaccMoTpeHre 3aKOHOMEPHOCTEH TMOCTYIUICHHS BEUIECTB B IOYBY W HX
pacnpeeneHus Mo reHeTHYeCKUM TOPH30HTaM T103BOJISIET 0003HAYUTH OCHOBHBIE KOHTYDBI
Wjied TIOYBEHHBIX TeoXMMHYecKux OapbepoB (Savosko, 2000, 2001). Kak wu3BecTHO,
(opMHpOBaHHE XMMUYECKOTO COCTaBa IIOYBBHI IIPOMCXOMUT Ha TEOXMMHUYECKOM Oasuce
MaTepUHCKOH MOPOJIbI MO BIUSHUEM Pa3HOBEKTOPHBIX MUTPALMOHHBIX TIOTOKOB BELIECTB,
KOTOpBIE 00YCIOBIMBAIOTCS THAPOTCHHBIMU U (PUTO/300TCHHBIMU ()eHOMEHAMH. 3eIICHBIE
pacTeHus B pe3ynbTaTe NEHCTBUS «(QUTOMOMIIBD», TEHEPUPYS BOCXOMAIIMN (UTOTCHHBIH
MOTOK, BEIHOCST HA THEBHYIO OBEPXHOCTh MOYBHI OIIPE/ICIICHHOE KOTMYECTBO XUMUYECKHX
3JIEMEHTOB, B TO BpeMs KaK CO3JaHHBIH aTMOC(HEpPHBIMH OCaJKaMH T'MAPOTEHHBIH MOTOK
OOYCIIOBIIMBAET HUCXOISIIYI0 TIPABUTAIMOHHO-TUAPOTEHHYIO MUTPAlMI0 BELIECTB H
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3JIEMEHTOB, KOTOpas YCHJIMBAETCS 3a CUeT OMOTeHHBIX OpPraHMYeCKHX KOMIIOHEHTOB. B
psine ciaydaeB Ipu ONM3KOM 3al€raHUM TPYHTOBBIX BOJ BCTPEUAECTCS M BOCXOJIICE
KanMUIIPHO-THAPOT€HHOE TOCTYIUICHHE XHMHYECKHX 3JEMEHTOB. Takxke HeoOXoammo
OTMETUTb, YTO MTOYBCHHBIN 300KOMIUIEKC 3a CUET MacmTaOHON MepTypOanuy MOYBEHHBIX
Macc CO3/aeT 3000MOTEHHOE pAacHpelieNieHne BEIIecTB. B o0mem, B Mo4YBe HMEOTCA
OTIPEJETICHHBIC 3aKOHOMEPHOCTH COJEpPKaHMS XHMHUYECKHX JJIEMEHTOB B TIpelenax
npoduiIs, YTO TOCIYXHJIO OCHOBOM Juii OQHOM W3 ero kiaccudukammid. [Ipu stom
BBIACTAKOT THUIBI PACIPCACIICHNUA BEIICCTB U XUMUYCCKHUX DJBJIEMCHTOB, JId KOTOPbLIX
XapakTepHa aKKyMYJISAIUs/BBINICIAYNBAHHE B CTPOTO OMNPEACICHHOW YacTd MOYBHI. [lo
HalleMy MHEHHIO, 3TH 3aKOHOMEPHOCTH pAacCHpeleNieHns] XUMHYECKHX DJJIEMEHTOB B
MOYBEHHOM MpOQHiIe MOXHO TakXKe TPaKTOBaTh W KaK pE3ylnbTaT JeHUCTBHS
MeI0OTEOXUMHYECKUX 0apbepOB MUTPALIHH.

CyIIHOCTB E0TCOXMMUYECKNX 0apbhepoB 3aKIII0YaeTCs B CIeAyIomeM. Tak, B HOHMMaHNH
A. . Tlepenpmana (Perelman, 1989), neiicTBre TeOXMMIYECKHX OaphepOB SIBISIETCS CIICICTBHEM
«CHUTYallMOHHO-KOHTPAcTHOTO (peHOMEHa»: Ha ITyTH MMIPALMOHHOTO IIOTOKA BCTPEYACTCS
YYaCTOK C KOHTPACTHO PAa3IMYAIOLIMMUCS YCIOBHSAMU MWIPALlM, YTO U OOYyCIIOBIMBACT
KOHIICHTPHPOBaHNE XMMIYECKHX JIEMEHTOB B TIPEeiax TAKOro yJacTka (puc. 1).

e~
e
mq e m o>
e et s e T e T e e e
~
I > GO G oo
" o P e P T I D
e e et e e e
P A P O A
-“.‘ -
S S o
1 =TT

Puc. 1. IlpuHuun geiicTBUS H OCHOBHbIEC IAPAMETPbI F€0XUMHUYECKOro 6apbepa
(IMepeasman, 1989)

Hanpasnenus Murpanun XuMUYeCKUX JIeMeHTOB: 1 — 1o Oaprepa, 2— nocie 6apbepa,
3 — 00macTh KOHIIEHTPHPOBAHHS DJIIEMEHTOB Ha Oapbepe (pyIHbIe Tela, aHOMaiH U T.1.),
TEOXMMHUUYECKNE XapaKTepUCTUKH cpensl: m1 — no Gaprepa, m2 — nocie 6apbepa,

L — nnuna Gaprepa.

[To HameMy MHEHHIO, AEHUCTBHUE MEAOTCOXUMHUYECKUX OaphepoB SIBISETCS CIEIACTBUEM
«CyOCTAITHOHHO-PEAKI[IOHHOTO (DEHOMEHA»: T. €. XUMHUECKHE JJICMEHTHI BHYTPUITIOUBEHHBIX
MUTPAIMOHHBIX TTOTOKOB, B PE3yJIbTaTe B3aUMOJCHCTBUS ¢ KOMIIOHCHTAMH TBEPIOW (hasbl
TIOYBBI, KOHIICHTPUPYIOTCS HA OMPENCIICHHBIX YYACTKaX MoYBeHHOTO Tpodmis. [losicHuM 3Ty
MBICTIb Ha Tpumepe coaepkanuss TM B mouBax. Kak wu3BecTHO, B MOYBaxX MeETaJUIbI
MIPUCYTCTBYIOT BO BCEX ee (a3ax: TBEpAOil, KUIKOH, ra3000pa3Hoii u sxuBoi (Savosko, 2003,
2009; Motuzova, 2009). OmHako OCHOBY memoreoxumuud TM, Kak, BIIpOYeM, U BCEX
OCTaJIFHBIX XMMHYECKHUX JJIEMEHTOB MOYBHI, (JOPMHUPYIOT KHUAKAs M TBepHas (a3pl MMOYBHI.
IIpu sTOM TBepmas ¢a3a MOYBBI — 3TO CBOEOOpa3zHasl «IEIOTCOXHMHYECKas MaTpHIiay,
KOTOpasi COAEPKUT OCHOBHOE KOJIMYECTBO XUMHUECKUX AneMeHTOB. JKuikyio ¢a3y nmouss
OOBIYHO  paccMaTpPWBAIOT KaK  «IIEIOTCOXMMHYECKOE IOJie», TI/Ae MaKCHMAaJbHO
COCPEIOTOUCHBI TMOJBIIKHBIC M PEAKI[MOHHO-CIIOCOOHBIC (DOPMBI XMMHUCCKHX JJIEMECHTOB.
BzaumogelictBie ke Mexay TBEpAOW W IKWAKOW MOYBEHHbIMH (azamu  (opMHUpyeT
JIMHAMUYECKOE PAaBHOBECHE I1E€I0T€OXUMHUYECKON cucTeMbl. [[03TOMYy KOMIIOHEHTHI TBEpAOU
(ha3pl MOYBBI, a TaK)Ke peaKkIWH B3aMMOJEHCTBHA 3THX cyOcraHimid ¢ TM sxumakoit ¢assl
TOYBHI U TIPEIONPEACIISIOT MPHHITHIL ICHCTBUS METOTCOXUMHICCKUX 0apbepoB (puc. 2).

3aBeprias pacCMOTPCHHE CYNIHOCTH HJIEH TEIOTCOXUMHUYCCKHX 0aphepoB M HX
OCHOBHBIX KOHTYpOB, HEOOXOJUMO OTMETUTh cienyromee. [louBeHHBIH TpodHIH
MIPEICTABISET COOOH CIOXKHBIA KOMIUIEKC TEJOTEOXUMHUIECKAX O0aphepoB. [Ipu aToM omHI
W3 HUX MOTYT OBITh JIOKAJH30BaHBI B MpeZefiaX HECKOJBKUX MOYBCHHBIX T'OPHU30HTOB.
OOHOBpPEMEHHO B OJHOM TIOYBCHHOM TOPHU30HTE BO3MOXKHO DPa3MEIICHHE HECKOJIBKHX
Takux OapbepoB. [lo3ToMy B YTOYHEHHOM BHAE MOJ IEJOTCOXMMHYECKUM OapbepoM
ClieyeT OHUMATh YacTh MOYBEHHOTO MPOQIIs, TS B Pe3ysbTaTe (POPMUPOBAHUS OCOOBIX
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YCJ'IOBI/Iﬁ JJIsL Cy6CTaHI/IOHHO-peaKIlI/IOHHBIX B3aPIMOZ[eI>iCTBHI>i IPpOUCXOAUT HAKOIUJICHUEC
ONPEACIICHHBIX XUMUYECCKNX DJIEMEHTOB.

INoYyBeHHBIH
npoduib

Cucrema «’Kujkas ¢pa3a noussl - TBepAasn dpasa HO‘lel»\

/ Peakuuu: \

0 WOHHBIN 06MEH € NOYBEHHBIM
MOTJIOLAIOIMM KOMILJIEKCOM,

¢ ¢uxcauusa ryMUHOBBIMH

3 KHUC/IOTaMH,
¢ copOLusA IIIMHUCTBIMU
MHHepaJaMu

2— ¢ OKKJIIO3Hs Ha IOBEPXHOCTSIX

okcuzos Al, Fe, Mn;
¢ wusoMopdHOe 3aMelleHUE;

0 IPOHUKHOBEHHE B MEXINAKETHOE
NPOCTPAHCTBO I'VIMH U MEX0y3J/1he

\ Quuenanos. / /

Puc. 2. Ilpunumn geficTBUS H OCHOBHbIE KOMIIOHEHTHI IE0re0XHMHUYECKOro 6apbepa
Hamnpasnenns murpammu TM: 1 — 1o 6apsepa, 2 — mocie Oapsepa;
3 — obnacts koHneHTpupoBanus TM Ha Gapsepe;
K.®.I1. — xuakas daza noussl, T.D.I1. — TBepaas ¢asa noyssl.

BblBOObI

Pa3paboranHoe A. U. IlepenpMaHOM ydYeHHE O TEOXHMHYECKHX Oapbepax HAIIo
pazHOOOpa3HOe M YCIEIIHOE PUMEHEHNE B TEOXUMUH, T€OJIOTHH, JTUTOJIOTHH, MHHEPAJIOTHH 1
B JIPYTHX CONpEIENIbHBIX HayKax. B HacTosImee BpeMs WIEH 3TOTO YYEHHs! OUCHb BAXKHBI IS
(yHIaMEHTaJIEHOTO IIOHUMAaHNsT OHOT€OXMMHYECKHX (PyHKIMIT enocephl Kak TeOpPETHISCKOH
OCHOBBI COXpaHEHMs] Ouocepsl M O3IOpOBJICHUA TOYBBI B YCIOBHSAX COBPEMEHHOTO
TexHoreHe3a. 1109TOMy Tak akTyaJdbHO BHEIPEHHE KOHIICMINM I'€OXHMMHYECKHX OaphepoB B
MIOYBOBEICHUE, TTOCTYJIUPYS IIPU ITOM MOUYBY KaK YHUKAJIBHOE IPUPOTHO-UCTOPUUECKOE TEJIO, a
TOYBEHHBIN NMPOQIIb — KaK KOMIUIEKC €€ BeIyIIMX XapaKTepHCTHK. B HalleM NOHMMaHUM
MEJIOTEOXUMUYECKUA Oapbep — OTO YacTh IIOYBEHHOTO Tpoduis, Te B pe3yJbTare
(opmMupoBaHUsT OCOOBIX YCIOBMH JUIi CYOCTAaIMOHHO-PEAKIIMOHHBIX  B3aUMOJEHCTBUIMA
MPOUCXOAUT HAKOILUICHUE OIPE/ICNIEHHBIX XMMHUYECKUX IEMEHTOB.

B manpHeWmmx mcciaeqoBaHMAX IETIecO00pa3HO PacCMOTPETh MEXaHU3MBI ACHCTBUS,
THUITOJIOTHIO, MTApaMETPhI MEOTEOXUMHIECKUX 0aphepoB, a TAaKKe MPOAHAIM3HPOBATH 3TH
napameTpsl Ha npumepe TM B yepHO3eMax OOBIKHOBEHHBIX U FO)KHBIX.
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