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IlpeaucioBue

Jleca obecneunBaOT CTAOUJILHOE COCTOSIHUE BCEX XKHUBOTHBIX M PACTHTENBHbIX
COOOLLECTB KOHTHHEHTAJILHOIO MNPOCTPAHCTBA Halllel MJIaHEeTbl. JTO COCTOSIHUE
pPE3KO HAPYILAETCS HE TOJIbKO YHUUYTOKEHHWEM JIECOB ISl YAOBJIETBOPEHUA HYXKA
YeJIOBEYECTBA, HO M BO MHOIOM 00fA3aHHBIMM €My JIECHBIMH Mokapamu. JlecHble
MoKapbl OKa3blBAKOT BO3ACHCTBHE MPAKTHUECKH HA BCE KOMMOHEHTbI MPUPOAbI —
ruapocoepy, uochepy, atmochepy, KIMMaT, )XKUBOTHbII MHUP, MOUYBEHHBIA MOKPOB,
OuoreoxMmuueckue nokaszareau nanmwadproB u T.a. ExerogHas armocdepHas
SMUCCUA MbUIM W a’po30fieil OT JIeCHbIX MOKapoB 0O0BEMOM COMOCTaBUMa ¢
BbIOPOCAMH TUX KOMIOHEHTOB OT BYJIKAHMYECKON aeaTenbHOCTH 3emian — 20-150 u
10-200 MJH. TOHH COOTBeTCTBeHHO. [lo3TOMY MHOrHMe wucciaenoBaTe/ld CUUTAKOT
JIECHBIE TOXapbl CaMbiM MOLIHBIM (pakTopoM npeodpasoBaHus npupoabl. Ocodoe
MECTO B npolOjeMax JeCHbIX MOXapoB 3aHMMAET BTOPUYHOE TMepepacnpeacsicHue
XHMHYECKUX DSJIEMEHTOB B JaHawadTax. BbiABlIEHHE 3aKOHOMEPHOCTEH TaKoro
nepepacrpene/ieHus W sBAAETCA TJIaBHbIM NMPEAMETOM PacCMOTPEHHS HacTOALIEH
KHUTH.

[Ipu cropaHuu 0aHOM TOHHBI PacTUTENILHOCTH B aTMocdepy Bbiaenserca 125
Kr okcuaa yriaepoaa, 12 kr yrneBoaopoaoB, 2 Kr OKCHAA a30Ta M 22 KI YroJbHOM
neuti. OTMETHM, YTO CPEAHMI 3amac TOJIbKO OJHOW JIeCHOW MOACTHJIKH B Jiecax
Cubupu cocrapnser 11 TOHH/Ta, XOTA B OTAE/IbHBIX €€ PETHOHAX 3TO 3HAYEHHWE BbILUE
B 3-5 pa3a v Oonee. TpaBbl, KyCTApDHHKH M MEJIKMH MOAJIECOK (TO €CThb TO, YTO B
OOMILLUMHCTBE CYYaeB CropacT AaXKe NPpU HU30BBLIX NoxKapax) Ao0aBasOT COAa €lIe
5 TOHH/ra. B AbIMOBBIE SMUCCUM BOBJIEKAIOTCA Pa3/IMuHbIE TOKCHKAHTBI, B TOM YHCIIE
TAXKENbIE METANIbl U UCKYCCTBEHHbIE PAAUOHYKIIH/bI, COAEPIKALLMECS pA3/IMUHbIMU
KOJIMYECTBAMU BO BCEX JIECHBIX FOPOYMX MaTepUalax.

JlecHoi maccuB Cubupu 3anumaet okono 80 % nokpeITOM necom naowanm
Poccuu (552 MaH. ra). ExxeroaHo Ha ee TeppUTOPUM BO3HUKAET B cpeaHeM 30 Thicau
necHblX noxapos. [IpuOnnKEeHHas OUEHKa T[UIOWAAM [OXKapOB BCEX BHIOB

pacTuTeNbHOCTH B CHOMPH €XKEeroJIHO cocTaBisieT 0Kojio 10 MJIH. ra. 3a noKapHblii



nepuos cropaer npubnausutessHo 20 MJAH. TOHH OvoMacchl M B arMmocdepy
BbIOpAChIBAETCA 2 MJIH. TOHH NMPOAYKTOB FOPEHHS.

C 2000 no 2012 rr. B pa3nuuHbIX pertoHax CMOUpH U NpUiieralolmx pailoHax
Kasaxcrana, HauOosiee OuHM3KO  pacnoyioKEHHbIX K  CeMUnalaTUHCKOMY
HCMBITATENILHOMY  MOJIMTOHY, aBTOpPaMM  HM3YYE€HO [MOBEAEHHE HCKYCCTBEHHbIX

paauOHYKJIMAOB (QDSr, IJ'F"'Cs, EEi

Pu) u tsaoxenmx metannos (Cd, Hg, Pb, Zn, Mn, Cr,
Ni, Co, V) npu necHbix noxkapax. UccnenoBaHuAMH O0XBaueHO 25 JIECHBIX MOKapHiil
OT MOYKApOB Pa3jIMYHOrO THMA M Pa3sHOro BO3pacTa, a Takxke (POHOBbIE M NMONaBLLIKUE
noa AbiMoBOH wuielid nnowanu. [IpoBeaeHHbIE CpPaBHEHUS CPEAHMX COACPKAHUM
3JIEMEHTOB Ha (POHOBBIX, BBIFOPEBLIMX W TMPWJIEralOlMX K rapiam ydacTkax
NO3BOJIM/IU KOJIMYECTBEHHO OLICHHTb BLIHOC MUTPHPYIOLLIUX 3JIEMEHTOB M3 NMOXKapHILLL
H OCAXXACHUE HX Ha Npuierarowux TeppuTopusax. CyMMHPOBaAHHE AAHHBIX MO BCEM
00BbEKTaM MOKa3bIBAET, YTO MPH BEPXOBbIX M0OKapax akTHBHO MUrpHpytoT -~ Cs, *’Sr,
Hg, Cd, As, Zn, Mn, B MeHbluel creneHd — Pu u Pb 1 noBbilaioTes coaepkaHus B
ropejibix nousax pyaHbix snaeMeHToB (Ni, Co, Cr v ap). B 3aBucUMOCTHM OT TUNa
no)kapa M HEKOTOPbIX APYruX (PaKTOPOB AMHUCCHS NEMEHTOB MOXKET AOCTUraTh |5-
20 u paxe 50-60 % HMCXOAHOrO WX KOJIMYECTBA B HA3EMHbIX JIECHBIX FOPHOYHUX
marepuanax (riaBHeIM 00pa3om, JIECHOW MOACTUIIKHM). [lo Hawum OueHKam,
€KEroAHass SMHUCCHSA OTAE/bHbIX TAXKEJAbIX MeTanioB M3 noxapuw, Cubupu
coctapnsieT ot 1-2 (Hg, Cd, As, Sb) no aecaTkoB u Thicsu TOHH (Pb, Zn, Mn).

[lpuneratowme K noxapuimiam Tmjowaad ¢ MOABETPEHHOH  CTOPOHBI
3arpsA3HAIOTCA  MUTPUPYIOWMMHU  dJieMeHTaMu. [Ipd  HH30BLIX [MOXKapax, Koraa
BbITOPAIOT JIMIIb Ha3eMHbIE KOMIMOHEHTHl JIECHOrO OMOreoueHo3a, NPOUCXOAUT
nepepacnpejeieHue JJIEMEHTOB BHYTPH BbIFrOPEBLUEH MJIOLWAAH, MO sipycaMm Jieca UK
HE3HAYHUTENIbHbII BLIHOC MX 3a mnpeaeibl noxkapuuia. B oTaenbHbIX cliyvasnx, npu
OTCYTCTBHM BETpa, MNPOUCXOAMT HAKOIUIEHHWE Ha MUIOLAAM [OXKapHLIa Aaxe
3]IEMEHTOB-MUTIPAHTOB.

Murpauusa OJHMX M HAKOIJICHUE APYTMX JJIEMEHTOB Ha TOPENbIX MAOLIAAsX
COMPOBOKAAETCA HE TOJIKO M3MEHEHHEM I€OXHMHYECKHX MOKaszaTeneil MmouBEHHOro
NOKpoBa, HO M (POPM HAXOKACHHUS TAKENBIX METANIOB B MOYBEHHO-PACTHTEILHOM

nokpose noxkapuil. Kax npumep: TpaBsHMcTas pacTUTE/NbHOCTbL W TpuObI Ha



NOCTIMUPOreHHbIX MJIOWAAAX, BO3HUKAIOLIMX OT HH30BLIX MOXKApOB, cCoAepikKaT
3HAYUTENIbHO MEHBLUUE KOJIMYECTBA JIEFKOAOCTYIMHbIX A pacTeHUid (POpM TaKHX
OMacHbIX TOKCHMKAHTOB, KaK pTyTb, KaJAMMH MW cBHHel. Ha ropenbix noupax
COJIEPIKUTCS MEHBLUE HCKYCCTBEHHBIX PaaMOHYKIMI0B. Takum oOpa3om, JIECHbIE
noxkapbl nNpeodpasyloT HE TOJIbKO BHEWHHWE, HO W, TaK CKa3aTb, CKpPbITHIC
(OMOreoXHMHYECKHKE) NOoKazaTeNu JaHawadToB.

M3-3a rnobanbHOro M3MEHEHHs KJIMMaTa YMCO KPYMNHBIX JIECHBIX MOXKapOB BO
BCEM MHMpe exeroaHo Bospactaer. B Cubupu Kk koHuwy XXI Beka puck
BO3HMKHOBEHHUS SKCTPEMAJIbHBIX TMOKapOONacHbIX YCNOBUH BO3pacTeT, H B 30HY
YBEJWYEHHS 3TOI BEPOATHOCTH aodaeatca JanbHuit BocTok v [Ipumopee. Bripouem,
Mo OAHUM COOOLUEHMSIM, KaXKAYK MHUHYTY € nuua 3emiu O€3BO3BpaTHO MCYe3aeT
OJIMH-TIOJNITOpa reKTapa JECoB, MO APYrHM — KOJMUYECTBO JIECOB YBEJIMUYUBACTCS. ITO
FOBOPUT TOJALKO O TOM, YTO €AMHOINO KOPPEKTHOrO NOAX0Aa K PELIEHHIO NpodJieMbl
NECHBIX TMOXKApOB B LEJIOM Ha 3emMj€ B HAy4yHOM MHPE HE CYILIECTBYET.
CnenoBarefibHO, HE  CYLULECTBYET M OOLUEYESIOBEUECKOr0  BOCMPUATHS  3TOM
npooJsieMbl. ABTOPbI YOEKAEHbBI, YTO MUPOJIOrHYECKas necHas npoosiema B Poccum,
Ja U BO BCEeM MHUpe, HE MOKeT OblTb OcTaBjiecHa 0€3 BHHMMaHWA HE TOJIbKO
MEXAYHAPOAHbIX 3KOHOMHUYECKHX, OKOJIONMUYECKMX W APYrHX OpraHu3auumii w
COOOLIECTB, HO W MPaBUTEJILCTBEHHBIX OpraHoB Bcex cTpaH. Heo0xoaumo, HakoHel,
YSACHUTb, UTO JIECA — ITO HE TOJIbKO Ba)KHbIH SKOHOMHUUYECKUH pECYpC, MECTO OTAbIXA
HJIM cOopa AMKOpaCTYLUMX TMHIUEBLIX MPOAYKTOB BO MHOrHX pervoHax CuHOupw.
«Jleca — nerkue HaweH naaHeTbl» - 3TO HE MPOCTO KpacHBbIE CNOBA, U O€31YMHOE

HaK GecnevyHoe OTHOLIEHUE K HUM HEeJ0MYCTHMO, €C/IH He MPOCTO NPecTyHO.



JIMk nnaHeTbl — OHOChepa — XUMHYECKH PE3KO
MEHSETCA YeJIOBEKOM CO3HATEe/IbHO H IJIaBHbIM

obpa3zom Becco3HaTeNbHO.
B.H. Bepuaockui

BBEJAEHHUE

Beoanas undgopmaums. “Ifo oannvim Global Fire Monitoring Centre, obuas
niaowaosb, NpoUOeHHas NpupooHvimu  noxcapavmu 6 Poccuu na 09.08.2010 o.
npeeviuiana 15 man. 2a (Oannvie co cnymuukoevix cmanyui crexcenusi 3a MODIS,
NOAD u Landsat). I'openue necos npoooadicaioco u 6 ceHmabpe mecsaye, Kak 6
€6PONCUCKOU, MAax U 6 a3uamckou dacmsx Hauteu cmpansl. [Jeimosast 3aeeca HAO
Eeponetickou wacmvio Poccuu pacnonzinace no ozpomuon meppumoptiu. Muposas
nUpoRoeUYeCcKas 0OCMANOEKA OCMABANAC, HANPANCEHHOU U 6 NOCTCOVIoUjUe 200bi.

Amepurancrkaa accoyuayus kapouono2oe (American Heart Association) 6 2010
200y ONYOIUKOBANA HAYYHOE 3AA6AEHUEC O MOM, YMO CYUeCmEYem CEA3b MeMCOy
3GCPAZHEHUEM B8030VYXA MEIKUMU YACMUYAMU, 8 OCHOBHOM umerujumu pasmep 2,5
MUKPOHA U MEHbULE, U CEPOCYHO-COCYOUCMBIMU 3ADONeBAHUSAMU (CCLIIKA).

Kax ceuoemenvcmeyem enasa /lenapmamenma 3opasooxpanenus Mockebt A.
Cenvyoesckuu, na 9 aeeycma 2010 cooa cmepmnocmos ¢ Mockee docmuena ypoens
npumepro 700 uenosex 6 OeHb, Mo20a KAK 6 O0ObluHble OHU MO 3HAYEHUE
cocmaensem 360—380 yenosex e oOenv. Koauuecmeo 66130606 cKopou nomouju
6o3pocio 0o 10 mbicay 6 0eHs (6 0ObiuHbIEe OHU — 7,5-8 mMblcAY).

Obwee yucno eocnumanuzayuu yeeauyuioco na 10 %, cocnumanuzayuii 0oemeti
— Ha 17 %. OcHoeHblie no8oObI 0OpalyeHUll — CepOeyHO-COCYOUcCmble Namoioluu,
OPOHXUAIbHAS AcmMa, 2UnepmoHuYeckan bones3nb, npobiaemvl ¢ aéekumu. Tlpu smom
YUCAO UHCYALMOG GBIPOCAO HE3HAYUMENbHO, d YUCAO0 UHPAPKMOE COKPAMUIOCH
(hitp://ru.wikipedia.org/wiki/). (Ilo HalleMy MHEHMIO, HECOOTBETCTBHE PE3KOro
BO3pACTaHMUsl YMEPILUX JIHOJIEH U COKpalLEHHE KOJIMuecTBa WH(PAPKTHHUKOB rOBOPUT
TONBKO O TOM, YTO HE BCE U3 HUX BBIKHUIIN).

Coenacno  0syxaemuum ucciredosanusim  aaoopamopuu  s3xor02uu HIHH
MeouyuHvl mpyoa u sxonocuu (2. Huma), 6 nepuod necHviX NONCAPOE 8 20pOo0e
803pPOCAA  00PAUYACMOCTTIL 30 CKOPOU MEOUYUHCKOU hnomoubio 6 3-4 pasza, a

cmepmuocms — 6 10-13 pas.



Bechoii 2015 roma Ha rore CuGupu mpou3ouuiM MaciutabHble noxapel. B
Xakacuu mnoxapoMm ObUIM YHHYTOKEHbI KMJIbI€ MOCENKM W AavyHbie COOOLIECTBA.
[Torubnu moaum. 3HauuTeNbHbIE MIOLIAAd Bbiropesu W B 3abaiikanbe. MecTHbIe
AKUTENIM B POCCMM TpagMIIMOHHO MO BECHE NYCKAKOT Naibl, 4TOObI YyJAJUTh
NPOLLIOrOAHIO TpaBy. TE€mng cyxas nmorojaa v BeTep NPHUBEIU K TOMY, YTO OFOHb B
Xakacuu pacrpocTpaHsics ¢ OOMbLIONH CKOPOCTHIO, 3aXBaThIBasA MOCIEAEHUS.

JIbIM OT HU30BBIX MOKAPOB, KaK MPaBUJIO, HE MOJAHUMAETCS Bbile 1 KM, HO 15
anpens 2015 ropa ropenue necoB B 3abalikaibe coBnaino ¢ (POpMUPOBaAHUEM B
paiione Uutel kpynHoro wuukinoHa (http://cliffmass.blogspot.ru/2015/04/siberian-
smoke-reaches-northwest.html). B pe3ynbrare, kak nokaszanu uccieaopanus NASA,

ABIM OT MOKapoB ObUT MOAHAT Ha BeICOTY 10 kM (puc. 1).
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Puc. 1. Pacnonoxenue uueiiga apima ot noxkapos B 3abaiikanbe 15 anpens 2015
rona (http://www.earthobservatory.nasa.gov/[OTD/view.php?id=85733).



A 18 anpens 2015 roma BepXOBbIMM BO3JAYILIHBIMH TEYEHHUSAMH IbIM OT
3abaiikanbckux noxapoB Obul nepHecEH uepe3 Tuxui OKeHa M JOCTUT 3amagHoro

nobepekbs CeBepHOit AMEPUKH (pHC. 2).
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Puc. 2. I{bl 'ﬁomépoﬁ B 3abaiikaibe AOCTUT 3aMajgHoOro mnodepeKbs
CeBepoaMepUKAHCKOTO KOHTUHEHTA 18 anpend 2015 .
(http://www.earthobservatory.nasa.gov/I0OTD/view.php?1d=85733).

Haile MHOroneTHee M3yYeHHue 3KOr€OXUMHYECKUX NMpoOJeM JECHBIX MOXKapoB
B pa3iuyHbX peruoHax CuOuUpU MNOKA3BIBAET AKTUBHBIA BBIHOC C JIBIMOBBIMU
uuieiaMyd TaKMX OMACHBIX TOKCHKAHTOB KaK PTYTh, KaJAMHUM, CBUHEL, MBILILAK U
MCKYCCTBEHHBIE pagUOHYKIUAbI — Le3uil-137, cTpoHUUii-90 U U30TOMBI MITYTOHUSA
[Shcherbov, 2012]. HauBHO mosiaraTh, 4TO TOJBKO YIJIEKHMCIIBINA ra3 HAHOCUT Bpell
3J0POBBIO JIIOACH: NMpHBEACHHBIH HAaO0Op TOKCHMKAHTOB, MOMAAAIOILIMX B OpraHHU3m
naxe B HEOOJBIIMX KOHUEHTPALMAX, HE MOJKET HE OKa3aTh HA HEr0 HEraTUBHOIO
BIUAHUA. DTO B 0COOON CTENMEHW OTHOCHTCA K CJIy4asiM COUYETAHHOIO BO3ACHCTBHS
TAXKEIBIX META/JIOB WM  OpPraHHYECKUX COE€AUHEHUM ¢ HUCKYCCTBEHHBIMH
paaMoHyKIMaaMu. Bce 3TH KOMIIOHEHTHI B pa3/IMUHBIX KOJIMYECTBAX BOBJICKAKOTCS B
aTMOC(EPHYIO MHUrpalMio IbIMOBBIMH LIJICH(AMH JIECHBIX T0XKapoB. ABTOPbI

[MNOJIHOCTBKY OTAAKOT cebe oTueT B CrpaBCAJIMBOCTH MHCHHUA T[apauenbca O TOM, HTO



“BC€ €CTb NHUILA U BCE eCTb A1 . OAHAKO Bpsj JIW KTO COMHEBAETCs B TOM, UTO B
CAHMTAPHO-TMTMEHUYECKHX KPyrax OOOCHOBAHHO CYLLECTBYET MOHATHE “TOKCMKAHTDI
MOBBILLIEHHOW OMACHOCTU™ WJIM “MEpBOro Knacca , U Tak panee. OOLaa TeppHTOPHS
NeCOB 3€MJIM, THOHYILUMX B OrHe, 3a nocjieaHue roapl Bbipocaa ¢ 300 no 400 mH.
rekrapoB [www.annews.ru/news|. Bce Bo3pacraroliee KolM4eCcTBO JIECHBIX NMOXKApoB
M pasMepa UX TUIOIIAJCH, a TaKkKE BPEAHOE BO3ACHCTBME IbIMOBBLIX LINEH(OB Ha
310pOBbE JIOJEH MO3BOJAET HaAM YTBEPKAaTh NpoOieMy JIECHBIX MOKapOB B HaLUEH
cTpaHe U B CHOUpH, B YACTHOCTH, NpobaemMoit o0Lerocy1apcTBEHHOro Maciirada.

[lo cooOweHusm cpeacts MaccoBo  HMHpoOpMaUMH, NUPOJOrHYecKas
obctaHoBka B necax ctpanbl B 2011-2014 rr. (HayuHbIX JAHHBIX MOKA HET) CBOUMM
macwitTabamu npesbicuna nokasarenn 2010 r. Her OCHOBaHWI CuMTATb 3TH TpH
NOCNECAHHX roJ1a HCKIKOUYMTEBHBIMU MO KOJMYECTBY U pasMepam MIOLWAACH JECHbIX
noapoB. Takue cuTyaumm K KoHUy XX BeKa CTajlM NOBTOPATLCA BCE Yalle W Yalle.
[To npornozam, u XXI| BeKk B 3TOM MJAHE HE YCTYNHUT CBOEMY MPEALIECTBEHHUKY
[Flannigan et al., 2006].

JIONArocpoYHbie TMPOrHO3bl HE AAKT OCHOBaHWW Ana Onaroaywus. H3-3a
rnoGanbHOr0 U3MEHEeHHs KJMMaTa YMC/0 KPYMHbIX JIECHBIX M0XKapOB BO BCEM MHPE
€KErogHO BO3pacTaeT, TAaK KakK TMepHOAOB JKApKOW W 3acCyLIMBOH TMMOrojpl
ctaHoBuUTca Oonbwe. B Cubupu Kk koHuy XXI Beka puUCK BO3HUKHOBEHHUS
SKCTPEMAJIBHBIX MMOXKAPOONACHBIX YCJIOBHH BO3PACTET, M 30HA YBEJIWYEHUS ISTOV
BEPOATHOCTH 3alHMET MOYTH BCIO €€ TEPPUTOPHIO, BKIIKOUYAA OMPOMHBIE NPOCTPAHCTBA
HanbHero Bocroka u [Ipumopbs [Manesckuii-Manesuu u ap., 2007]. HabntoaeHus
aBTOPOB NOCJEAHUX 15 NeT B pa3UUHBIX perMoHax, 0COOEHHO B JIECHBIX MacCHUBax,
pacnoJIoKEHHbIX BOJIM3KH OONbLIKMX FOPOJAOB, JAaKOT HAM OCHOBAHWE MMOATBEPUTD
O00OCHOBAHHOCTb 3THX MNEPCMEKTHB JIECHOH nuposoruueckoi npobiembl Cubupm.
Cubupckue  Jieca  CTAHOBATCA  3alOXKHMKaAMM  OypHO  pa3BHMBAIOLLErocs
aBTOMOOMWJ/ILHOIO TPaHCMOpPTa, COMPOBOKAAIOLUIErocs pe3KuM HamnjblBOM rOpoKaH B
MECTa OTAbIXa M AO00bIMKM JUKOPACTYLIHMX TpaB, OPEXOB, rpuOoB M aroa. JloGaBum K
OTOMY MW HENpPOAYMAHHYIO MNOJUTHKY OXpaHbl M 3KCIUlyaTauul, BeAylYyK K

COKpPALCHHUK WTATOB JICCHbLIX C.]'I}/}Kﬁ.



BeipaxkaeM npu3HaTeNLHOCTL BCEM COTpYAHHKam nadopatopuun Ne 216 UT'M
CO PAH, B pa3Hoe BpemMsa M B pa3JMYHOW CTEMNEHH YYacTBOBABLIMX B
IKCNEAULUMOHHBIX W JabopatopHbiX  uccheaoBaHusx:  H.B.AHapocoBoi,
K.O.bagmaesoii., A.A. boryw, B.B bynawkunoi, O.I" ['ankosoii, U.C.2KypKoBo#,
C.b. 3askunoi, JLI.MBanoBoii, B.H.Unbuuoii, H.B.Mwmyk, [I'.C.JIyauHoii,
H.B.Makaposo#, W.H.Manukosoi, M.C.MenbryHosy, JLIL.MuuypuHo#u,
A.C.Crenuny, B.JI.CtpaxoseHko, @.B.Cyxopykosy, B.A.Xoabko, H.U.HUepHakoBoii,
C.T.lLectemo. [pUHOCUM UCKPEHHIOKW 0J1aroJapHOCTb 3a NOMOLLL B 00CAE10BAHUH
noxapuil padotHukam deaepaibHOrO areHTCTBA JIECHOro Xo3dicrBa ANTaincKoro
kpas v Pecnybnuku Antaii B.H.AreeBy, A.H.I'aBpununy, JI.A.I'opoxosy,
H.[1.Uukosy, I1.B.@®enotkuny, A.W.IMatbiamupiny v JLA.YwakoBoi, a Ttakke
Ha4YallbHUKY  OTIena  JKonpoceelleHus  HauwonanbHoro  mapka — AnxaHaii
M.U.YuMUTOBY M pPYKOBOAMUTENMO AKLIMHCKONO MEKPaHOHHOrO 3KOJOrHYECKOro
ueHTpa YutuHcKoil obnactu (B TO Bpems 3TO HasbiBajoch Tak) HO.A.SlkyboBuuy 3a
noMoulb B paborax Ha oObekTax 3abaiKalbCKOro Kpas. ABTOpPbl CHUTAKOT CBOUM
MPUATHLIM  J0JIFOM  BbIPA3uTb CBOK) MCKPEHHIOK OaaronapHOCTb  Ka3aXCKUM
KoJuieraMm: reHepansHomy aupektopy 'Y “l'ocynapcTBeHHbIH JIECHOH MPUPOAHBINA
pe3epar “Cemeii Opmanbl” B.M.)KakaeBy v ero corpyanukam A.B.bopoBkoBy,
T.0O.I'anamosy, C.A.AyraHnbaeBy, A .M.Kynbaukosy, A.A.bekcynraHogy,
b.T.Kynpanosy, A J1.Kyuy, K.E.Omapbexosoii, B.M.feHKo, a Takke npopekTopy
Mo Hay4yHoW paborere W MEKIYHApOAHbIM  OTHOLWIEHHAM, Mnpodeccopy
Cemunanatuickoro neparoruyeckoro uHceruryra M.C.Ilanuny. be3 ux nomouu
BbINOJIHEHUE MCCJICAOBAHUI B JIEHTOUYHBbIX Oopax CemMunanaTMHCKOro MpUUPTHILLbS
Ob1/10 Obl HEBO3MOJKHbIM.

PaGoTbl BbINONHANACL Npud noaaepxkke rpaHtoB Poccuiickoro ¢oHaa
¢pyHaameHTanbHbIX ucenenoanuii Ne 04-05-64-057 u Ne 10-05-00370.



I'VIABA 1. COCTOJAHHUE BOITIPOCA

buomacca, HakannuBaemas JiecamM, cocrtaBiaser 90% Bceii HazemHOMH
6uomaccel. Ee Bennumna pocruraer 1650x10°-1911x10” ToHH cyxoro BewecTsa.
Mmes BaKHOE KJIMMATOPETYJIMPYIOLLIEE, MOYBO- W BOJO3AILMTHOE 3HAYEHHE, JIECHOM
NOKpPOB 3eMJIH CIIYIKMT OAHHUM M3 rJaBHbIX (pakTopoB ycroituuBocTH Guochepbl U
TpeOyeT MOCTOAHHON 3a00Tbl, COXPAHEHUSI U BO300HOBJEHHUA. ONHAKO, C Ka)bIM
roooM MoLLaAb JIECOB HAa Halled MNJAHETEe HEYKJIOHHO COKpalLAETCs W3-3a BCE
BO3pacTalolMx Jjomwaneii BbIpyOOK MW JecHblX noxapo. [lo coolieHuam
«Poccuiickoro paaguo», €KeCeKyHAHO ¢ nua MJaHeThl ucue3aeT 0koJio 1,5 ra necos.
Ha nonwo Poccum npuxoaurcsa 22,5 % mupoBoro 3anaca apeBecHHbl [COKONOBCKHIA,
1989]. DToT (dakt 00s3bIBAET BCE MPABUTEIbCTBEHHbIE H 3KOHOMUYECKHUE CJYKObI
CTpaHbl OOpPaTUTb CEPbE3HOEC BHUMAHHE HA JIECHYIO MUPOJOrHUECKYHO Npodaemy.

Jlec, kak camocToATeNbHbIH 00beKkT naHawadTa, B njaHeTapHoOM macluTade
OKa3bIBa€T OrpOMHOE BJ/IMSAHHE HA MHUIPALMIO Pa3/IMYHBIX BELIECTB MPUPOAHOIO M
TEXHOF€HHOr0 MNPOMCXOKJIEHHUSA, BKJIKOYAs TOKCHYHbIE XMMHYECKHE 3JIEMEHTI,
MCKYCCTBEHHO CO3aHHbIE OPraHUYECKHE COEAWHEHMUS W PAAMOHYKIIMAbl, TO €CTb
BELUECTBA, paHee HEWU3BECTHble TMpupoae. MHOrMe KOMMOHEHTHI  JIECHOrO
OMOreoLeHO3a ABJISAIOTCSA aKKyMYJISITOpaMH ATHX BELLIECTB, NPENATCTBYSA MX pPa3HOCY
No 3eMHOM NOBEPXHOCTH W Urpas polib OMoreoxumuyeckux OapbepoB [AJIeKCaxuH,
Tuxomupos, 1991]. Mexay TeMm, N0 MHEHHIO HEKOTOPbIX MCCEN0BATENCH, JECHON
NOKPOB MJAHETbl HAYMHAET NJOXO CNPaBASATLCSA ¢ AHTPONOreHHbIM npeccom. Kpome
TOr0, CaM OH BCE€ 4alle U MacluTabHEee BLICTYNAET B POJIM MCTOUHHMKA 3arPA3HAOLLIMX
BELLIECTB B aTMocdepy B pe3yabTate pacliMpeHUst MJIollaaei, YHUUYTOXKAeMbIX
NECHBIMU noxapamu. Bneuatnsioueit vmocTpaumMein 3Toro MojaoKeHUs CJyKaT
NIECHBIE MOKApbl MOCJEAHUX JIET HE TOJIbKO B HAlUEH CTpaHe, HO U BO BCEM MHpE.
[IpyBEAEHHbIE HA MEPBBLIX CTPAHULIAX 3TON KHUIH JAaHHbIE O noxapax B MOCKOBCKOM
pErMoHe HEe MOrYT CUMTATLCH MCKIHOUUTEIbHBIMU. C HEMEHbLUEH WHTEHCHUBHOCTBLIO

necHble noxapsl npoaoskanu 6ywesars v B 2011-2013 rr. (puc. 3).



Puc. 3. CymMMapHO€ pacrnoJioKE€HHE JIECHBIX MOXKAPOB HA 3€MJIE 3a MEPHOJ C
20.07 no 29.07.2012 r. (NASA Earth Data).

EcTecTBEHHBIMM MCTOYHMKAMHU 3arps3HEHHss aTMOC(EPHOTrO BO3AyXa CHyKaT
BYJIKaHbI, BLIOPOCHI JIECHBIX NOXKAPOB, NbLIbHbIE OYpH, neduisdimsa, MOPCKHE LITOPMBI
1 Taiidynbl. Kak OyaeT nokazaHO HHiKe, BBIOPOCHI JIECHBIX IMOKapOB B HACTOsLIEE
BpeMs HEe COBCEM NMPABHJIbHO OTHOCHUTh K MPHUPOAHBIM HCTOUHHKAM.

CTpeMUTE/IbHOE pa3BUTHE Pa3/IMUHBIX OTpacieil MPOMbILIJIEHHOCTH, XUMHH U
TPAHCNOPTA, CO3JaHHUE OrPOMHBIX 3aNacOB TEXHHYECKHX M OBITOBBIX OTXOJIOB,
BO3HUKHOBEHME HOBBIX, PAHEE HEW3BECTHBIX Ha 3eMJI€ CHHTETHYECKHX BELIECTB M
pPaAMOAKTUBHBIX H30TOMOB, BBIBOJ U3 3€MJIETIONIB30BAHUS OrPOMHBIX TEPPUTOPHUI B
pe3ynbTare pa3pabdoTKH MECTOPOKACHUH MOJNE3HBIX HCKOMAEMBbIX — BCE 3TH H MHOTHE
apyrue gakTopsl MPUBEIH K PE3KMM U3MEHEHHUSIM OKpYyXKatolleil cpeapl U B LEIOM
yBomoLu 6uocdepsl. B HacTodee BpeMa ueaoBeuecTtBo npou3poauT 100-200 Thic.
HaUMEHOBAHUN U CHHTe3UpyeT OoJsiee 18 MuH. BewecTB [Apckuid v ap., 1997]. K
KOHLY XX BeKa HAKOMWJIKChH BIOJHE apryMEHTUPOBAHHBIE W OOILLIMPHBIE CBEACHUS
no MaciitadaM aHTPOMOreHHOro 3arpsa3HeHUst TMpPUpOAbl  CTAOMJIBHBIMHU U
palMOAKTUBHBIMHU 3JIEMEHTaAMH; NoObIYa BCEX BHAOB ChIpbsl cocTaBMNia okosio 300
mapa. T BewecrBa. Cro1a BXOAAT U BCKPBILIHBIE pa0dOThbl, BMEILAKOLIME H MYCTHIE
MOpoJbl, CKJIAAMPOBAHHE KOTOPBIX MOXKET COMPOBOXKIAATbCA HE TOJIBKO 3pO3UEH,
nokapamu uwim orisiBamu [Janunos-lanunbss u ap, 2007], HO 1 XMMHYECKUM HX

pa3noKeHUeM, BEIYLUIMM K BTOPUYHOMY 3arpsi3HEHHUIO JaHawadToB [AJIEKCEEHKO,



1989]. Cpean MHOKecTBa BEIMKUX HAyUYHO-TEXHUYECKWUX NOCTHKEHUM koHua XX
BEKa HEMaNOBa)XHad poOJib MPUHAANEIKUT HAYYHOMY TMNPU3HAHHUIO MCUYE3HOBEHMUS
eavHcTBa [pupoanl v Henoseka.

AHTPONOreHHas 3MUCCHs (METATYPrus, aBTOTPAHCNOPT, CHKUIaHWE TONJIMBA,
XUMMUYECKAs MPOMBILICHHOCTb U T.A.) AN MHOTMX TSKENBIX METANIOB K KOHUY
MPOLLUJIOro BEKa NPEBLICKIA MPUPOAHYIO (3pO3Us MOYB, BYJIKaHbl, KOCMUUYECKAA MblIb
U np.). JlecHble noxkapbl, OTHOCHBIUMECA paHee K NpUpOAHbIM ¢daKTopam, B
HAcCTOSILIEE BPEMS MHOIFMMHM MCCIEAOBATENSAMM, BKIOYAas U aBTOPOB ITHX CTPOK,
OTAQIOT TMPEANOYTEHUE AHTPONOreHHOW TMPUUYUHE BO3HMKHOBEHUS TMOXKApPOB.
Kaxercsa, uto cnoa B.H. Bepuaackoro [1983], BbiHeceHHbIe HaMu B 3nurpad,
3ByYaT JOCTATOYHO aKTYalbHO M B MJIaHE U3YYEHMS BIIMSAHMSA JIECHBIX NOKApOB Ha
M3MEHEHUE MHOTMX XapaKTePUCTHK Cpeibl OOMTAHHUS YellOBeKa — JaHaladra.

Kosdduument moOumM3auuu (OTHOLLIEHHWE AaHTPOMOreHHBIX BBLIOPOCOB K
npupoanbiM) ans Pb cocrasnser 16, Cd — 7.7, Zn — 5,5, Cu - 7, Hg — 0,3, Sb — 34
[ManaxoB, Maxoubko, 1990]. Insg pTyTd OTMEYEHHasi BEJIMYMHA HE MOKET ObITh
MpU3HaHA KOPPEKTHOM, MOCKOJIbKY HEKOTOPbLIE MaHHbIE MPOTHUBOPEYAT HTHM
cBeaeHHAM: B Hayane 80-X roaoB npowsioro Beka aHTponoreHHas IMUCCHS HIEMEHTA
B atmocdepy npeBbicuna npupoaHyro noutd B 1,5 paza (3600 u 2500 TOHH
cootBeTcTBeHHO) [Nriagu, 1988]. Tlo-Buaumomy, nocineaHee onpeaencHue 0Oonee
BEPHO, MOCKOJNbKY aaxe B atMochepHoMm Oroxere CuOupu, KOTOpas HE MOJMKET
CPaBHUTLCS MO MacluTadaM PTYTHOIrO 3arps3HEHHUs] ¢ €BPONEHCKOI 4acThio HallueH
CTpaHbl WJM pPa3BUTBIMM CcTpaHaMu EBponbl M AMEpPUKH, aHTPOMNOreHHas
coctaBisowas (340 1/ron) noytd B nNsATb pa3 npeBbiliaeT npupojaHyo (70 1/roa)
[Aroabuuuep v ap., 1995]. B cepeanne XX Beka 3a 70 JeT cxkuraHue yris aano
0K0J10 290 ThIC. TOHH MbILLbSKA, & €KeroAHasd CyMMa BCEX aHTPONOreHHbIX MOCTaBOK
AS B OKpyKarwwyto cpeny oueHuBaetcsd B 45 teic. TOHH [Fergusson e.a., 1972]. B
LIEJIOM OLEHKHM TUIOTHOCTH BbIMAJEHUS MMKPO3JIEMEHTOB M3 aTtMmocdepbl ans
pa3nuuHbIX POHOBBIX PAHOHOB Y Pa3HbIX ABTOPOB KOJICOIIOTCS B LUMPOKUX Npeaenax
H UMEIOT CIIEAYIOLHE 3HAYCHHS (Hrfcmzron): Co — 0,02-63, Cr — 14-690, Cu - 3.,6-
1300, Ni — 7.2-1400, Pb — 30-840, Zn — 67-8900, Cd — 5,6-38 [PoBunckuii u ap.,

1994]. K navany XXI Beka Temnbl npupocTa KOMMYHalbHbIX (ObITOBBIX) OTXOJ0B



BO3POCJIM HACTOJILKO, UTO exerojHoe X obpaszoBanue aocturio 800 miH. T,
Yenosek ctan aodbiBaTh okono 300 mapa. T Bewecta [[lanuwnos-/lanunbsad u ap.,
2007]. AHTpONOreHHOe BO3CHCTBHE HA OKPYKAIOLLYIO YEIOBEKA Cpeay K KOHLY XX
BE€Ka JOCTUINO TaKUX OFpPOMHBIX MacwiTaboB, 4YTO BOMPOCH XUMHYECKOIrO
3arpA3HEHUA JOJIKHbI PacCCMaTPUBATLCA HE TOJLKO B chepe €ro HemoCcpeACTBEHHOIO
BJIMSIHUM HA 3]0pOBbE YEJIOBEKA, HO M Ha rpsaayime nokonenus. [Moaromy BnonHe
000CHOBAaHHO NPO3BY4YaNO0 MHEHME Hay4HoOi oOwecTBeHHOCTH Ha KoHdepeHLmu
OOH no okpyxatowei cpene u pazsutuio (Puo-ne-Kaneiipo, 1992 r.) o npobaeme
3arpA3HEHUs OKpYXKalwei cpeabl U 340pOBbA HACENCHMA 3€MJIM KaK OAHOW U3
cambix BaxkHbIX [KonTior, 1992]. TlpeactaBnsercs BecbMa akTyalbHbIM YIJyONeHHOE
W3YUEHHE NMOBEACHUS XUMHUUYECKUX 3JIEMEHTOB BO BCEX 3BEHbSIX MX MMUIPALIMOHHBIX
nyteit B naHawadTHbIX ycnoBuax. [lTogoOGHBIM — MCCIIEAOBAHUAM  MOCBSALIEHO
OrpoMHOe KoJuuecTBo pador. He oOolineHbl BHUMAHMEM M JIECHbIE MOXKaphbl:
NUPOJIONMYECKON JIECHOH npoOneMe MOCBSIIEHbI COTHW cTareil, COOPHMKOB,
MEXKYHAPOAHbIX U perHoHaNbHBIX KOH(pEepeHUMH, Kak B Poccuu, Tak 1 3a pyoekom.
Ha sTtoM (poHe CONMaHO BbIFAAAT a’3pO30JbHbIE UCCIEA0BaAHUS CHOMPCKUX YUEHbIX,
HO KOJIMYECTBEHHAs CTOPOHA SMMCCHUM TSKENbIX METAUIOB W HCKYCCTBEHHbIX
pPaAMOHYKJIMAOB, OCOOEHHO B MX COBMECTHOM HAXOXACHWUH, OCTACTCSA MPAKTHYECKH
HEU3y4YeHHOH. A aad orpomMHoi maow@aad CuOupu 3Ty npobiiemy CMeNo MOXKHO
Ha3zBaTb OenbiM NATHOM. MIMEHHO Ha KOJMYECTBEHHYK) CTOPOHY COBMECTHOI
MUrpaLy CTaOUIBHBIX 3JIEMEHTOB H MCKYCCTBEHHbIX PaJilMOAKTUBHbBIX H30TOMOB NpPH
ropeHuu CHOMPCKUX JIECOB HANpPAaBJICHbl HALLIM UCCNIEA0BAHUA.

Bce »3Kk30reHHble MpPOLECCHl, KOHTPOIUPYIOLIME MOBEAECHUE XUMHUYECKUX
3JIEMEHTOB (NOYBOOOpa30BaHHEe, XHMHUYECKOE H (PU3HUYECKOE BHIBETPUBAHUE, IPO3HS,
BOJIHAsl MUIpaLMsi, UCNapeHHe, O3epHOe 0CalKooOpa3oBaHWe U T.A.) — ITO nepeas
CIMYNEHb eCmecmeeHH020 nepepacnpeoesenuus INeMeHmo6 Ha ROGEePXHOCHU 3eMill.

Kak BUAHO M3 nepeuncieHHbIX (aKTOPOB, BaXKHYIO pOJib AN MHOTMX M3 HUX
Urpaer Bo3aywHas wmurpaums. OcaKaarolMecs ¢ MNbUICBbIMM, adpPO30JbHBIMMU,
J0K/JAEBbIMH HWJIM CHETOBbIMH OCAJKaMH 3JISMEHTbl C TOH WM WHOW CTENEeHbIO
MPOYHOCTH 3aKPensTcs Ha OMOreOXMMHUUECKUX Oapbepax (A€pHOBOM CIIOE IMOYB,

JOHHBIX  OTJIOKEHUAX 3aMKHYTbIX BOJOEMOB, JIECHbIX NOJACTUIKAX, MXax,



nuwaiHuKax, Topdax, XBoe AepeBbeB U T.J.). ITO UX METACTAOUNILHOE COCTOSIHUE B
KOMIMOHEHTaX Ha3eMHOro OMOreoLeHO3a HapyIIAeTCd HE TOJbKO pa3lMUHbIMH
npoLeccaMu €CTECTBEHHOM MHrpauuu 1no TpopHUECKUM [ensiM, HO U JIECHbIMH
nokapamu, 4YTO CIEAYET OTHECTH KO BMOpoU NOBEPXHOCMHOU MUCPAYUOHHOU
CMyneHu unu K emopuuyHomy nepepacnpeodeaenuro. Ilog 3TMM  TEpMHHOM,
HECOMHEHHO,  MOjJpa3syMeBaeTCsi M BCA  AHTPONOreHHass  ACATENbHOCTD,
CONPOBOXKAAKOLIAACA BbIOpOCAMH NOOLIX BELLECTB B aTMOChepy, NOUYBEHHbIH MOKPOB
WK BOJIHYIO cpeny (cM. anurpad).

CuMTaercsd, 4TO 3@ MHJUIHOHBI JIET CYLUECTBOBAHHUSA 3€1€HOI0 NOKpPOBa 3€MIIH
NIECHbIE OMOreOLIEHO3bl NPUCNOCOOUIINCEH K NECHBIM MOXapaM, KaK K NepUOAMYECKH
NEHCTBYIOLLIEMY MPHPOAHOMY (akTopy, MO3TOMY npeajaranochb paccmMaTpuBaTh
OrOHb HE KaK paspylIMTENbHYIO CHJTY, @ KaK €CTECTBEHHbII (akTop BO3ACHCTBUA HA
oKkpyxXkawiuytro cpeay [Myp, 1982]. Benen 3a MHOrMMH MccaenoBaTe/IIMM, Mbl
nojlaraéM, 4TO B HACTOSILUIEE BPEMS, KOrJa OCHOBHOW NMPUYUHOW BO3HMKHOBEHHUS
NIECHBIX MOXapOB B Hall€W CTpaHE CUMTAETCS 4eoBeYEeCKHit (pakTop, MHEHHE O
€CTECTBEHHOM (akTope (T.€. npupoaHom!) He coBcem BepHO. B kauectse
J0Ka3aTebCTBA NPUBEIEM CIICAYIOLHWE AaHHbIE,

Exerognas nebuieBas M a’3po30/bHAs  OMHMCCHUS  JIECHBIX  MOXKapoB
KOJIMYECTBEHHO COnocTaBuma ¢ BbiOpocamu BYJKaHOB —20-150 u 10-200 maH. TOHH
cooTBeTcTBEHHO [ManaxoB, MaxoHbko, 1990]. Ilo 3kcneptHbiM oueHkam OOH,
€KEroHO Ha 3emJie JIECHBbIMM MOXKapaMu OXBaTehiBaeTcs miowaab ot 350 no 6350
MAH. ra. [byabiko u ap., 1986]. npuuem 3a nocneanue 250 ner oTMeyaercs poct
YacTOThl MX 3KCTpeMaibHbIX TMpodBieHui. Kak mnoka3aHo Bbille, TPUYHHOI
BO3HMKHOBEHHUS NOXAPOB CAYXAT rpo3bl WU YEIOBEUECKUH (PAKTOp, KOTOpbIH K
HACTOSILLIEMY BpPEMEHH MpUodpen JoMUHUpYIollee 3HavyeHue: 90-95% [Konombilues,
2002] necHblx BO3ropaHuii 0043aHO uenoBeKy. CyLIECTBYET MHEHHME W O Oonee
BLICOKOI MacluTabHOCTU aHTpornoreHHoro gakropa — 99% [Hauunor-JlaHuabaH U
ap. 2007]. Iloka3arenbHbIMU B 3TOM OTHOLUCHWM CITY)KAT HAOJOAEHUA aBTOPOB B
baiikanbckom pernoHe Poccuiickoii ®enepaupun B 2003-2005 rr., roe HMMEHHO

BOJNIM3U ropoaos nNoOYTH HE OCTANOCh YHACTKOB Talru, He HpOﬁﬂeHHbIK O'HCM 34



nocineanue 10-15 ner. DTo nerko onpenensercs CMEHOM XBOWHBIX JIECOB Ha
JICTBEHHbIE (MPEUMYILLIECTBEHHO OCUHOBBIE U OEPE30BLIE).

JIecHOl MOKpOB MaaHeTbl 00eCneYMBaET CTAOMNBHOE COCTOSIHUE )KMBOTHBIX W
PaCTHTENbHBIX COOOECTB 3EMIIH. ITO IKONOrHYECKOE COCTOAHHUE PE3KO HApYLIAETCA
JIECHBIMM  MOXKapaMH, OKa3blBalOWHUMMK  BO3JECHCTBUE TMPAKTHYECKM Ha BCe
KOMIIOHEHTHI NpUpoabl — ruapocdepy, duochepy, armocdepy, Kiumar, KUBOTHbI
MUp, TMOYBEHHbIA MNOKPOB, OMOreOXMMHYECKHE nokazarend jaHawadpToB U T.A.
[TooTOMYy npeacTaBiseTcss COBEPIICHHO OMNpaBAaHHbLIM MHEHHE OOJbLIMHCTBA
MccrenoBaresieil 0 JIeCHbIX Moxapax Kak o0 O4HOM M3 caMblX MOLIHBLIX (PaKTOpPOB
rnobansHoro npeobpazoBanus 6umocdepsl 3emau [Heinselman, 1973; CanoxHHKOB,
1976; Cannukos, 1981; Stocks et al., 1989; ®@ypses, 1996; Agee, 1996; Johnson,
1996; Stocks et al., 1998; 'onpammep, 1999; Certini, 2005; Cortez & Morais, 2007 u
ap.].

Ponb noxapoB HE OrpaHMuYMBAETCS YHUUTOKEHHEM JIECHBIX HACAXKIACHUN —
MECT OOMTaHUA OrFPOMHOrO YMCJAa BUAOB KWUBOTHLIX, NTULL U MUKPOOPraHU3MOB,
NOBLILLIEHWEM SPO3MOHHBLIX CBOWMCTB MOYB, HapylleHWEM BoaHOro OanaHca,
3a00/lauMBaHUEM TEPPUTOPHI, HW3MeHeHWeM KiaumaTta u T.a. [Mutch, 1970; 262
Viereck, 1973; CannukoB, 1981; Smith, 1950; Wexler, 1950 wu ap.].
HccnenoBaHMAMH MOKa3aHO, YTO TOPEHHE JIECHBIX MAaCCHMBOB COIMPOBOXKIAETCS
BLIHOCOM B atMocdepy OrpOMHOr0 KONMHYECTBA OPraHUYECKUX COCAUHEHMIA,
MCKYCCTBEHHbIX PaaUOHYKIIMAOB W TsKeNblX metannoB [KoneioB u ap., 2003;
Kyuma u ap. 1994; Lloyd, 1970; Lewis, 1974; AGayparumoB, 1990; Paliouris et.al.,
1995; Azapos, 1996; Lujaniene e.a., 1997; Johnson et al., 2004; Samsonov et.al.,
2005; llepboe u ap., 2006 u MHorue Japyrue]. 3a CUYET JECHbIX MOXKapoB
VBE/IMYMBACTCA  KOHUEHTpaLMs noaaBasiowlero OONbIIMHCTBA  KOMMOHEHTOB
MUHEPAIbHONO COCTaBa M OPraHMYECKHX BeElIECTB B aTMOC(EepHbIX OcaaKax,
CHEKHOM TOKpOBE M TajblX Bojax. B pe3ynbTare BbINajJeHWs Ha AHEBHYHO
NOBEPXHOCTb MHWHEPAIBHBIX BEIIECTB € a3pO30JsMM M BBIHOCA M3 NOXKapHUILL
CTOpPEBLUMX H OOYTJEHHBbIX PacTHTENIbHbIX OCTATKOB PE3KO BO3pacTaeT XUMHUYECKHH

CTOK pek [MBaHoB u ap., 1978].



MccnenoBaHusMH NoKa3zaHO, UYTO YacTHLbl MOKAPHLIX AbIMOB, BLIHOCUMbIE B
BEpXHHE cJIou aTtMmocdepbl, CTAHOBATCA LIEHTPAMH KOHJCHCALlMKM MapoB BO/bl,
oOpa3ys kannu. Kakaas kanns BHYTpH obOjiaka JbiMa 3axXBaThbiBAa€T €ro pas3jiMyHble
YACTHLIbI M BbINAJAET HA 3€MHYIO MOBEPXHOCTb B ApyroM mecrte [I'puH, JlekH, 1969;
MennukoB, 1984]. DTUMHU LEHTpaMU KOHLEHTPUPOBAHUS BELLUECTBA 3aXBaThIBAKOTCH
TAK)KE TAXKEJIbIC META/Ibl U PAAUOHYKIKAbI. PazMep yacTuu Urpaet 3HaYUTENBbHYIO
pOAb, HANPUMEP, B MUTPALUHU 3TUX XHUMHUYECKUX 3JIEMEHTOB: YEM MEHbLUE YacTHLA,
TeM GO/bLIE pacCTOAHHE, HA KOTOPOE OHW OyayT nepeHecenbl [Davison e.a., 1974].
Hapaay ¢ mMexaHusmaMu “MOKporo” ouMuieHua atMocdepbl CyLLecTBYeT H “‘cyxoe”
OCaXKAEHHWE 4acTHll AbiMa MOJ ACHCTBHEM cuibl TskecTH. CrneaoBaTenbHo, Oonee
KpYMHbIE 4acTHLbl OCAAYT BOAM3M Mokapuiwia, 6onee Menkue — aand. Iloatomy
MHEHHE MHOIMX HCCieAoBaresed O BTOPUYHOM 3arpA3HEHUM HOBBIX TEPPUTOPHI
MUKPO3JIEMEHTAMM W HUCKYCCTBEHHbIMHM  PaJMOHYKJIMAAMH B pe3yJbTare
aTMOC(EepHOro nepeHoca UX AbIMOBBIMM LiNeHdaMu npeacTaBisSeTCs BNOJHE
0OOCHOBAHHBIM.

[lpy cunbHBLIX MoOXapax AbIMOBbLIE a’pO30JH, HECYLLUME Ha cebe pasziuuHbIe
3arpsasHAOLLME BElEeCTBa, MOTYT NMOJAHUMATLCA Ha BbICOTY 110 3-8 u aaxe 10-12 km,
pacnpocTpaHasaCh HA ThICAYH KM M B OTAC/IbHBIX CHAy4YasaX YBEIH4YHUBaAs 103y
paaMOaKTUBHOIO BO3/eHCTBUA Ha HaceneHue [llazyxun u ap., 2004; Smith, 1950;
Bull, 1951; Kopopuenko, 1958; Cadle, 1972; I'puropwes, Jlunaros,1978]. Dto ke
3aME€YaH1e OTHOCHTCA K PTYTH, KAAMHIO U APYTHM THKEIbIM MeTaanam [Manaxos,
Maxonbko, 1990; HMnbun, 2002 wu ap.]. Bmecte ¢ TEM, BO MHOrMx ciayyasx
OTMEYAKTCA OOJIbIIME PACXOKACHUA B OLIEHKE BbIOpachiBaeMbIX B artmocdepy
XMMHYECKUX INEMEHTOB U coeiMHEHH [Pacyna, 1986]. DTo 3ameuaHue OTHOCUTCS U
K TOKCHMKaHTaM 1-ro kjacca (pTyTb, KajaiMui, cBuHeu). Hanpumep, exeroanas
raodanbHas SMHCCHUA PTYTH OT TEXHON€HHbIX MCTOYHHUKOB OoueHuBaeTcsa ot 1660 no
2200 1/rop [Pirrone et al., 1996; Pacyna e.a. 2003; Pacyna et al., 2003].

[Ipu cropaHuu OaHON TOHHBI PACTUTENLHOCTU B aTMOocdepy Bbiaenserca 125
KI OKCHJia yrjepoaa, 12 Kr yrneBoJopo/ioB, 2 Kr OKCHJA a30Ta U 22 Kr YroJibHOMH
nouin  [Konapareea, 2005]. B AbIMOBbIE SMUCCHM BOBIEKAKOTCA pa3fiMyHbIE

TOKCHKAHTLI, B TOM HHCJIC TAKEIIbIC MECTAJJIbl U HCKYCCTBCHHLIC PAAHOHYKJ/IMALI. an



KPYMHBLIX JIECHBLIX TMoOXKapax MpOHCXOAUT KaracTpoduueckas sMaHauusa pajoHa
[Boesoann, Jekrepes, 2003], npoayKtamu KOTOPOro SBJASKOTCH HW30TOMNbI paaus
(RaA, RaB u RaC). DTty n3otonbl UMEIOT NPOAOIKHUTENBLHOCTb KU3HU B ACCATKH
MUHYT, OJIHAKO COBMECTHOE HAXOXAECHUE C WCKYCCTBEHHBIMH PAAMOHYKIMAAMH,
TSOKEJbIMU METalllaMM M OPraHHYeCKUMH COEIAMHEHHSIMU BbIHYKAaeT oOpaiarb
oco0oe BHMMaHME Ha nOBbiEHHE 3(PPEKTUBHOCTH CPEACTB 3alUMUTHI JHOJCH,
3aHUMAKOLIIMXCS TYLIEHUEM JICCHBIX M0XKapOB.

To 0BCcTOATENBCTBO, YTO B HACTOSALLEE BPEMS AHTPOMOr€HHas COCTABAAKOLLASA
pEe3KO JOMMHHUPYET B BO3HHUKHOBEHHUM JIECHBLIX MOKApPOB, Mbl, BCIE€A 3a APYTHMH
MCC/IC0BATENSAMH, TBEPAO MPHACPKMBAEMCA MHEHHUA O JICCHBIX noXKapax, Kak o0
antponoreHHom (dakrtope [CadponoB, Bakypor, 1981], nbo kakasa pazHuua Mexay
CKMIaHWEM KAaMEHHbIX YIJIE€H WJIM JKUAKUX YIJAEBOAOPOJOB B MNevax WM
YHEPreTHUYECKUX YCTAHOBKAX M JIECHbIX MAacCHBOB Ha KOPHIO? HecoOMHEeHHO, cOObITHSA
NOCJAEAHUX JIET NOKA3bIBAKOT, UTO Npobiema NECHbIX NoXapoB B PoccuU He a0MKHA
OCTaBaThcs 0€3 BHUMAHUSA HAYUYHOM W 9KONOrMYeCKON 00LIEeCTBEHHOCTH.

B nocneaHue pecsATMNETHSs BO MHOMMX CTpPaHaX OTHYETIIMBO MPOSBIAETCS
HarpaBjieHWe B CTpaTerMd W TaKTUKE MOXKapOTYLIEHHA, CBHACTELCTBYIOLIES O
CMEHE MOJUTHKHK “MOKAPOTYLIEHUA Ha “‘noxapoynpasineHue . OHa 3aKI04aeTes B
TOM, YTO, BO-TEPBLIX, €CTECTBEHHbIE JIECHbIE MOXKApbl MPU3HAKOTCA 00s3aTe/IbHbLIM
(aKkTOpOM CaMOpa3BUTHS TaCKHbIX JIECOB, a BO-BTOPbIX, CYMUTACTCA, YTO HH
(HU3UYECKH, HU SIKOHOMHUYECKH HEBO3MOIKHO OOpPOTHLCS CO BCEMHU MokKapaMmu. 3TO Tem
0oJiee 3HAYMMO, €CJAW YYMUTHIBATb MOJOXKHTEIbHOE BJIMSHWE HEKOTOPbIX HH30BbIX
NOKapoB Ha JieCHble 3KocHCTEMBI. [ToaTomy Gopbba aomkHa OblTh M30MpaTENLHON B
3aBUCHUMOCTH OT LIEHHOCTH JIECOB W TEPPUTOPHAJIBHBIX NOKA3aTE/ICH.

JInd  OuUEeHKM nNOTEHLMalbHOW TOPUMOCTH JIECOB MPUMEHSAIOTCS  Tak
HA3bIBAEMbIE “HHJEKCHI MOXKAPOOMaCHOCTH”, OAHAKO €AMHOro Mnojaxoja K MX
ONpeae/ieHHIO He CYLUECTBYET, KaK He CYLUECTBYET U MEXKAYHApPOAHbIX CTaHAApTOB
ans ux BbluuchaeHus [Turner, 1978; Van Wagner, 1975]. Ha Haw B3rnsa, yacras
CMEHa COCTOsiHUA aTtMmocdepbl M cnadas CTerneHb NPOrHo3a MOroJAHbLIX YCJIOBHUM
MO3BOJIAIOT TOJLKO B OOLLIMX YepTax NpeaAcKa3aTh NOKapoONnacHOCTb, MO3TOMY S

COBMEILEHHUS KOHKPETHbIX reorpaMyeckdXx TOYEK M MPOrHO3UPYEMbIX AaT



BO3HMKHOBEHHUA JIECHbIX MNOXApOB MHAEKCHI 3TOr0 Mokaszarens NpeacTaBisioTCs
JOCTATOUYHO 3(PEMEPHBIMH.

B 1984 r. npu nepenere u3 Skyrcka B HoBocuOupck ¢ BeicoTel 10 KM 0aHUH U3
aBTOPOB Hac 12 TaeKHbIX MOKapOB OJHOBPEMEHHO (T.€. B T€Y€HHE | MUHYTbI). U 3TO
TOJILKO B WJUIKOMHHATOpe ¢ oaHoro Oopra camonera. [lo HabGatoneHusM aBTOpoOB,
€XKEroHO B KOHLE anpens Mecaua Ha denepanbHOH Tpacce ot HoBocubupcka no
bapabuncka (300 KM) HOUBLIO KAXKETCs, YTO 3eMJid rOpUT 0€3 BCAKUX MepepbiBOB B
NpocTpaHcTee. BeceHHue nanbl CTaad HACTOALWMM OMYOM JIECOCTENMHOW 30HbI
3anaaHoil CuOupu, ocobeHHO BAOJAb aBTOMOOMIIbHBLIX Tpacc. HecomMHEHHO, Bechb
KOMIIJIEKC TMPOLECCOB, COMPOBOXKAAIOLIMX JIECHBIE TMOXapbl B 3THX paiOHax,
HapylwaeT 3KOJIOTMYECKOE pPaBHOBECHUE, YCTAHOBJIEHHOE BeKamMHu (HOPMHUPOBAHUS
nanawadra.

M3nuuiHe roBOpUTbL O 4pe3BbIYAMHO CNAadOH  3aCeNEHHOCTH  TaeKHbIX
NPOCTPAHCTB CEBEPHbLIX oOnacTei Hawel CTpaHbl, 4YTO CJOYXKHT BECOMbIM
aprymMeHTOM B NoJib3y OOAbLIMX TPYAHOCTEH, a uWHOoraa W Oecrnoje3HOCTH
OpraHu3auMu TYLUEHUS CHOMPCKUX TaexHbIX noxapos. [losTomy npeanaraemas
cTparterus “‘nokapoynpasieHuda” B OopbOe€ ¢ NecCHbIMM MnoXKapamu Ajs OrpOMHOM
TeppuTopuu CHOMpH npeacTaBasdeTcss OCOOCHHO pauUMOHAIbHON. TeM HE MeHee,
LIMpOKOMACIUTA0HbI aTMOC(EpPHBbIA pa3sHOC BBLIACAAECMbBIX TMPU MMOXKApax BELUECTB,
BKJIFOUAs TAXKENbIE METAUIbl U PAJHOHYK/Mbl, COBMECTHOE BO3AEHCTBHE KOTOPbIX
Ha JKHMBble OpraHW3Mbl TMOBLILIAET MX HEraTUBHOE BO3JCHCTBUE, OO0s3bIBAET
YKOJOTMYECKHE M CAHWUTAPHO-THFUEHUYECKUE CAyKObl, a TaKKE HAYUYHYHO
O0LLIECTBEHHOCTb M CPEACTBA MACCOBOIM MH(pOpMaALIMK OOPaTHThL CEPLE3HOE BHUMAHHE
Ha JIECHYK TMUPOJOrHYECKYI0 npoOnemy B Hawen crpaHe. Heobxoaumbl M
pPELWUTENIbHBIE ACUCTBHUA BAACTHBIX CTPYKTYP MPOTHB HApPYLWMTENEH JIECHOIO
3aKOHOJATENbCTBA, K COXKAJIEHHIO, [0 CHX TNOp OCTaloLErocs BeCbMa
HECOBEPLUEHHBIM.

Takum o00pa3oMm, JIECHBLIE [OXKapbl, OXBaTbIBAOUWIME BCE KOMMOHEHTHI
OuoreoueHo3a M ULEAbIE JIECHbIE MAacCUBbI M CO3JAIOIIHE «TTOXKAPHYIO MO3auKY»,
npeacTapnaoT coboi apnenue nanawadptTHoe [Menexos, 1948]. C reoxumuuecKkor

TOYKH  3pEeHMUs, “TOPEHHUE — OTO HHTEHCHUBHbICE XUMHUYECKHE  pPEaKLHH,



CONPOBOKAAIOLIMECH CBEUYEHWEM W TeIsIoBblAe/ieHHeM. B OosibLUMHCTBE Cllyyaes
TAKHE XHMHUYECKUE PEAKUMH ABISAKOTCA OKMCIMTENbHBIMM peakuuamu. HHorna
TEPMHUH «TOPEHHE» MPUMEHSAIOT B LUIMPOKOM CMBbICAE — KO BCEM OKHMCJIMTENbHbIM
peakuusaM BooOuwie” [Kymarau, 1979]. Tak 310 MnM vHaAvye, HO TOPEHHUE JIECHbIX
MAacCMBOB OYEHb YacTO COMPOBOKIAETCS Pe3KOH NepecTpoikoi naHawadra |
CMEHOH (PU3MKO-XMMHUYECKUX [OKa3aTeNeH MOYBEHHO-PACTUTENILHOIO [OKPOBA.
DKOJOrO-réeOXMMHUUYECKOH CTOPOHE JIECHBIX TMOKAPOB C AKUEHTOM Ha TKeNble
METa/llbl U MCKYCCTBEHHbIE PAAMOHYK/IKbl MOCBALUEHbI HALIW MCCIENOBAHUSA, HE
NPeTeH/1yOLHE HA COBEPLUECHHYIO MOJIHOTY pPELIeHHUs] BCEX BOMPOCOB, CB3aHHLIX C

rOpEHUEM CHOMPCKHUX JIECOB.



I'JTIABA 2. OBIHIUE CBEJAEHUS O JIECHBIX ITOKAPAX

B rpy0oii cxeme, JIECHbIE noXKapbl NOAPA3AEJIAKOTCS HA HH30BbIEC, BEPXOBBIE H
noa3eMHble (nouBeHHble). [loxap onpenendercd Kak CTHUXHMIHOE, HEynpasisemMoe
pacnpoOCTPAaHEHUE OrHA MO JNECHbIM MiowaasiaM. [epMUH “‘HeynpaBnsgeMoe” HeE
OTHOCUTCA K JICHCTBHUAM JIOJICH, HanpaBJEHHbLIX Ha TyLIEHHE Moxkapa. OCHOBHLIE
NPUYKMHBI BO3rOpaHUs JIECOB MOKHO pa3fe/IMTh HAa JIBE CAMOCTOATE/bHbLIE TPYIIIb:
€CTECTBEHHbIE W aHTponoreHHble. K ecTeCTBeHHBbIM NPUUYMHAM OTHOCATCS OObIYHbIE
rpo30Bbie SIBJIEHUS W TaK Ha3blBaEMbi€ “‘CYXME TIpo3bl’, K aHTPONOr€HHbIM —
BbI3bIBAGMbIC  YE€JNOBEKOM MCKYCCTBEHHO WM  HernpeaHamepeHHo. [loxapsl,
BbI3bIBAEMbIE WCKYCCTBEHHO, MPUHATO HAa3blBaThb YNPAaBAAEMbIMH, MOCKOJIbKY HX
UEJbIO CAYKWUT YHHUUYTONKEHUE MO0KApOONacCHbIX TOpPHOYMX MaTepUalloB, YaleHHE
OTXOAOB  Jjecopa3paboTOK, JECOO3A0POBHTENbBHLIE MeponpuaTHa (Ooppba ¢
HAaCeKOMbIMU M OOJIEBHAMM JAEpPEBbEB, pacCHYMCTKa I[UIOIWAAOK [JId pa3BeaACHUS
Ca)KeHLEeB W T.1.). Ham npeacrapnsercd, uro necam Cubrpu HaubOoNbLyO ONACHOCTb
NpeACTaBJIAT HAMEPEHHbIE MOMKOrU A1 nocaeayrouend Boipyoku. [Ipumepsl Tomy
aBTOpbI HAONOAAM caMKu UM UM coodwanu necHuku. Hanpumep, noxap 2007 roaa
B Kapakanckom 6opy HoBocubupckoit o6nacTi BO3ZHUK MPaKTUYECKH OJHOBPEMEHHO
B YUETHIPEX TOUKaAX Oopa.

HenpeaHamepeHHble  MoXapbl  MPOMUCXOAAT MO pacCeAHHOCTH  WJIH
HEPALLAMBOCTH Joaek B Jjecy. [IpyuMHOI €ro BO3HUKHOBEHHUA MOryT ObITb
OpOLLUEHHBbIE HEMOraleHHbIE CMNUYKM MJIM OKYPKM (TaKkuMe no)kapbl 4Yallle BCEro
NPOUCXOAAT BIOJbL JAOpPOr), OCTaBJIEHHblE 0€3 MNPUCMOTpa KOCTPUIIA M JakKe
OYTBIIKH, KOTOPbIE HEPEAKO HrparT pojib JMH3, COOMPAIOLIMX COJIHEUYHbIE JIYYH B
OJIHY TOUKY.

[leppoanyHOCTL U YaCcTOTa BOSHUKHOBEHUS JIECHBIX MOXKAPOB OT “CYXUX  Ipo3
00YCJIOBNUBAETCA KOJIEOAHMEM KIIMMATHUYECKHUX YCnoBuii. Hanpumep, Ha TeppuTtopru
OJHOr0 M3 KKHLIX JIECX030B AnTaiickoro kpas 3a nepuoa ¢ 1933 no 1947 rr. ot
rPO30BbIX Pa3pAaoB BO3ZHUKNO 23% BCEX JIECHBIX NOXKApOB, a B 3acywiusom 1951 r.
— 83% [IlapamoHoB, UinyTuH, 1999]. OnHo U3 TakuxX siBN€HWIH Mbl HaOJKOJaNu B

2007 r. Ha roro-3zanajlHOM OKOHYaHMM NEHTOYHbIX OopoB B OO0bL-HMpTbiLICKOM



Meskaypeube (Goto 2). OJHAKO 3TOT PErHOH MOKHO CUMTAaTh CKOpee UCKJIHOUYEHHEM

13 Bcex o0cneaoBaHHbIX HaMu B CHOupH.

®oto 2. [Ipy TakOH morojae B KOro-3anajHOM OKOHYaHWM JIEHTOYHBIX OOpOB
OO0p-HMpTHILLCKOr0 MEXAypeubss 4acTO BO3HMKAIOT IMOXKApbl OT “‘Cyxux’~ rpo3 ((porto
aBTOPOB).

['po3oBast cocTaBngromas B NMPUUMHAX BO3TOpaHMs JIECOB HMEET CJIOKHBIC

UCTOKH. [lokapbl OT MOJHUN HE ABAAIOTCA CIYYalHBIMU M NPEACTABIAKOT COOOH
WTOT 3aKOHOMEpPHOro mnpolecca B CUCTEME COJIHLE — aTtMoc(epa — JuTochepa —
ouocdepa. [lepnoanueckn NOBTOPAIOLLMECS MOXKAPHBIE NMEPHUObI CBA3AHBI C TEM WIIH
WHBIM LIMKJIOM M3MEHEHHUsl COJIHEYHBIX U reodusuveckux mnpoueccoB [CaHHMKOB,
1995]. [loBblllieHHAass COJIHEYHAss AaKTUBHOCTb BENET K [MOBBIMICHUIO YacTOThI
BO3HMKHOBEHUA rpo3. CyleCTBEHHYIO POJIb UrPalOT W aHTPOINOreHHble (PaKTOpbI:
1964 ron 3HaMeHOBAJICA CHUKEHHEM COJIHEYHOM aKTHUBHOCTH, OJHAKO B KOHIE 1963
roja MpoOUCXOAWIO HauOonbliee KOJMMYECTBO BO3AYIIHBIX SAEPHBIX B3PbIBOB,
BBI3BABILUMX JIOTIOJHUTENbHYIO 3JIEKTPU3aLMI0O HUKHUX CJOeB atMocdepsl |
CIIPOBOLIMPOBABILUMX BCIUIECK TIpo30BOM aedarenbHOCTH [[AMutpues u ap., 2006;

JImutpueB u ap., 2011].



[lpoeeaeHHble B ['epMaHMM CTAaTUCTMUECKUE HWCCIAEJOBAHMA CBS3M JIECHBIX
NoXxapoB € rpo3amu MokKasaau, 4To MX 00llas 4acTb B CyMME BCEX MMOXapoB HE
npesbitiaer 10 %, oaHako npu 3TOM pa3Mep BbIropaeMoi Mjiouwaau oT rpo3 UMeeT
BBICOKYIO 3HAYUMYK KOPPENSUMOHHYK) 3aBUCUMOCTb € 99 % BepoATHOCTH.
[IpyuKuHON 3TOro CIYXKHMT, Kak NpaBuio, OOJbLIOE OMO3AaHHE PETMCTPALMH JIECHBIX
NOXapoB, BO3HUKAKOLWMX OT po3. DTO NPEnsITCTBYET UX ONEPAaTUBHOMY TYLUEHMIO,
OTYEro OroHb ycrnesaeT npoiTu Gonbluune Tepputopun [Eposa, 2003].

Paznuuator nBa THna ropenus JII'M — nnameHHoe M OGecnaameHHoe.
HanouseHHble MaTepuanbl (onaja, NOACTUIIKA, MEJIKHE CyUbs U T.A.) FOPAT MaMeHeM,
Huxe — OecriameHHo [AmocoB, 1958]. OpHako nocneaHuii THM  HaWKMU

HaOM0AEHHUAMHU OTMEYaCa HE BCerna.

Hauano noxapoB npoucxoaut no cxeme: npu temneparype 100-150° C uper
HcnapeHue BOoAbl. C NOBBILLIEHMEM TEMIEPATYpPbl HACTYMAET MPOLECC pa3fioKEHHUS
mMarepuajla ¢ BO3NOHKOH JIETYUMX BELIECTB, 0OpasyrowMX € BO3AYXOM [OPHOYYIO
cmech, Kotopad Bocnaamenserca npu 270-290° C. Tlpu 400-500° paznoxeHue w
BbIJIC/ICHUE Ta30B 3aBeplIaeTCs M JajlbHeilllee TOpeHHEe TMPOUCXOAUT TMpH

temnepatypax ao 1000° C [ YepBoHHblid, 1981].
PaznuuHble  TUNBI  MOXapOB  COMPOBOXAAIOTCA  Pa3sHOM  CTEMEHBIO

KOHUEHTpauMd XWMHUYECKUX DJIEMEHTOB B abIMOBOM uwieiidge. Hanpumep,
HCcreaoBaHUAMU B OnvakHEH 3oHe Bo3aeicTBud apapuu Ha YADC u B bpaHckoii
00/1acTH MOKa3aHO, YTO MPU HU30BOM MOXKape B AbIMOBOM a3p030Ji€ MPOUCXOAUT
MOBBILLIEHHE KOHUEHTpauun ~'Cs B 25 pa3 no CpaBHEHHIO ¢ (DOHOBBIM, a MPH
pepxoBoM — B 100 pa3 [Konsiios u ap., 2003].

[Mpu Huzoeom noxcape (poto 3) cropaer JecHas NOACTHIIKA, JHULIAKHHKH,
MXH, TPaBbl, OMaBLIXE HA 3€MJII0 BETKU U T. I. CKOpPOCTb ABUKEHUSA NOXKapa no BETpy
0,25—5 km/u. Temneparypa ropenus okono 700 °C (umHorpa Bbiwe). Beicora
niameHu 1o 2,5 M. HecmoTpsa Ha cnabyro cuily OrHs NMpH HU30BLIX NMOXKapax, Harap
Ha CTBOJIAX ACPEBbEB C NOABETPEHHON CTOPOHBI HEPEAKO HabAOAaCa HaMu 10 5-6 M
U paxe 7-8 M, OCOOEHHO pacnpoCTpaHEH BbICOKMH U HEOAMHAKOBbIH Ha pa3HbIX

CTOpPOHAX CTBOJIA Harap B Oepe30BbIX Jiecax.



HuzoBbie noxapsel jensrcs Ha Oerible U yeroituusele. [Ipu 6ernom HU30BOM
no)kape Cropaet BEPXHAS 4acThb HAMOYBEHHOrO MOKPOBA, MOJAPOCT M TMOAJIECOK.
Takoii noxap pacnpocTpaHseTcss ¢ OoJbLIOH CKOpOCTBIO, 00XOAs MecTa ¢
MOBBILLIEHHOW BJIAKHOCTBIO, TMO3TOMY 4YacTh IUIOAAM OCTAE€TCA HE3aTPOHYTOH
orHeM. bernele nokapel B OCHOBHOM MPOMCXOAAT BECHOM, KOrAa MpPOCHIXAET JIMILb
caMblil BEpXHUI C/ION MENKUX rOpOYKUX MaTEPUAsIoB. Y CTOWYUBBIE HU30BBIE MOKAPbI
pacrnpoCcTpaHAKTCA MEMJIEHHO, TIPH 3TOM MOJHOCTBLIO BBITOPAET KUBOM U MEPTBBIH

HarmoO4YBEHHBIH MOKpOB, CHJIbHO o0r OparlOT KOPHH H KOpa ACPCBLEB, MNOJHOCTBIO

CroparoT MOApPOCT H IMOJIECOK.
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®oto 3. [pumep TUNHYHOTO HU30BOrO Nnoskapa (http://firecom23.ru)

Bepxoeoit necnoit noxcap (Gpoto 4) oxXxBaTbIBaeT JIUCTbA, XBOIO, BETBU U BCIO
KPOHY, MOKET OXBaTUTh (B ClIy4yae MOBaJbHOIO MoxKapa) TPaBIHO-MOXOBOM MOKpPOB
no4Bbl U nojapoct. CKOpoCcTh pacnpoctpaneHus ot 5 po 30 km/4. Temneparypa ot
900-1200 °C. PaspuBarorcsi OHU OOBIYHO NpU 3aCYLUTMBOH BETPEHOH MOroje w3

HH30BOrI0 Ioxkapa B HACAKACHHAX C HH3KO OIIYILICHHBIMH KPOHAMH, Ha TCPPUTOPHAX



C Pa3HOBO3PACTHBIM JIECOM, a TaKXke Npu 0OMJIBHOM XBOWHOM nojpocrte. Bepxosoii
noxkap — 310 OOBIYHO 3aBepLuarolascs cragus noxapa. O6nacTe pacnpoCTpaHEHHs
KOHTPOJIMUPYCTCA HaAIlpaBJICHHCM  BCTpPa, I{OTDphIﬁ B HCKOTOPBIX CAydYadaX MOKET
CTPEMUTENIBHO MEHATHL CBOE HAMpaBjleHUWE H3-3a [Mepenajga TEMIeparyp Haa
noxkapuiem W ceexeil nuowaapto.  [lostomy necHele  moxkapel  OOBIYHO
COMPOBOXKIAKOTCS JIOKAIBHON LMPKYJALMER BO3AYIIHBIX MOTOKOB, 3aBUCALIMX OT
BHEIIIHEr0 BETpa, CTpaTU(PUKALMKU OCHOBHOIO MOTOKA, METEOYC/IOBHI U TaK najee

[Jlexkenun u ap., 2005].
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@®orto 4. Ilpumep HHM30BOro mnoxapa, Nnepexondllero B Oerjbli BEpPXOBOH
http://news2.ru.

BepxoBbie nmo:Kapbl, Kak 1 HU30Bble, MOT'YT ObITh O€IrJIBIMH WJIH YparaHHbIMU H
YCTOWYUBBIMHU WM MNOBaJIBHBIMU (poTo 4 W 5). Ilpu noBaJibHOM mnoXkape Jiec
BBIFOpAET NMOIHOCTBIO. [1pH BEPXOBBIX Moxkapax oOpasyetcs OoblIasg Macca UCKP U3
ropslMX BeTBeH W XBOW, JIETAIMX Nepes (PpOHTOM OrHs U CO3JAKOLIUX HU30BHIE
NO)Kapbl 3@ HECKOJIbKO JECATKOB, & B Cly4ae yparaHHoro mno)kapa MHOrjaa 3a
HECKOJIBKO COTEH METPOB OT OCHOBHOro ouara. llepemaabl temMnepatyp NpH 3TOM

MOIryYT OOCTHIaTh TAKOH CHJIBI, YTO CO3Jal0IHecs BHXPEBLIC TMOTOKH CNOCOOHBI



BbIBOpPAYMBATh J1IepeBbsi C KopHeM. [loBajibHbIE BepXOBbIe MOTOKH YaCTO OTMEUAIUCH
B 90-X roaax npoLnoro Beka u ocodoii cuibl AOCTUIIIM B pa3ivUuHbIX MecTax Poccun
neroM 2010 ropa. Cneayrouime asa rojga (2011 u 2012) He ycrynanu emy no
macutadbam.

[ToBaiibHBIE BEPXOBLIE MNOKAPbl COMPOBOKAAKTCA MNPAKTHUYECKH MOJIHBIM
BbIFOPAaHUEM HE TOJIbKO HazemHbiX JII'M, HO U apeBocTOA, 0HAKO 4acTo OObLIME
nepeBbss (180-250 ner) ocraloTca SKMBBIMM @K€ KOraa Harap Ha CTBoJax
(dbopMUpyeETCA BbILLE NOJOBUHBI BbICOTHI EpEBA.

Heo0X0auMO OTMETHTB, YTO B HALUMX UCCIEAOBAHUIX BCTPEUAIUCh BCE THIbI
JIECHBIX MOXApOB, OJHAKO Yalle BCEro OTMEYAICS CMELAHHBIA HX BMA,
XapakTepu3ylowWmniicd pas3fIMiYHOM  CTEMeHbID  BbIFOPAHWUA  JIECHBIX  FOPHOUMX
matepHanioB. Hepenko pake npv  YCTOHUYMBBIX HHM30BBIX [MOXapax Ha rapsx
OCTaBaJIUCh YYAaCTKU HEOOJNIbILIMX pa3MEpPOB, HE 3aTPOHYThIE OTHEM. Takue sBNEHHUS,
KaKk OyJeT MOKAa3aHO HMXKE, CJYXKAT HAJCKHbIM OOBEKTOM M3YUEHUS MHUrpaLUu
3/1eMeHTOB. OAHaKo W Tpu 00CnenoBaHMM TNOKApULL OT MOBAJbHbIX BEPXOBbIX
NoXKapoB MNOAOOHBLIE YYACTKH OTMEYaauCh. [IpHUMHON BO3HWKHOBEHUS OONbLIKMX
MIOWAAEH, CBMACTEJLCTBYIOWUX O pa3sHOM THMNE [M0Kapa, CHAYKWIHW BECEHHME
MUPOJIOTHYECKHE COOBbITMA Ha OOJblIMX OObEKTax (COTHM MJM ThICAYM Tra) CO
3HaUUTENbHBIMK Nepenanamu peabeda. Hanpumep, noxkapuiue pasmepoM okosio 4
ThIC. ra B paiioHe n. EpectHas HoBocuOupckoil obnactu xapakrepusyeTrcs 4acToi
CMEHOI pe3yJbTaTOB MOBAJLHOTO W HU30BOr0 noxapoB. B urtore BbiropeslIne
MJIOWAAK C pa3sitv4HON CTeneHbto BbiropaHusa JII'M 3aHumalotr cto-agectu U Oonee
KBaJPaTHbIX METPOB. JTO CBSA3aHO C 30JI0BbIM JlaHAWA(GTOM COCHOBOro Oopa, rae
OTACJIbHBIE AHOHBLI BbICBIXA/IH paHbLUC, YEM MOHHIKEHHBLIC TTPOMCIKYTKH MCKY HHUMH.
[loBanbHbli Mokap B paiioHe n. MupHblii (AnTaiCKuil Kpai), npousowleni B
CEpEelMHE JIETa, OCTaBHJ mocae ceda nycCcThiHIO 0e3 ManeHluuXx CciaeaoB pa3HOW
crerneHn BbiropaHus JII'M. B T0 xe Bpema, Ha oaHoi u3 rapeit B SAmano-
Heneukomom AO (paiioH n. BblHranypoBckuii) Ha (OoHE NpakTUUYECKU MOJHOro
BbIrOpaHus Bcex HaszeMHbIX JII'M HaGmopanuch OTAENbHbIE CHHY3UH JIMWWAHHUKOB

2 oy
pazmepom 10-20 cm”, npeBpalleHHbIE B TaK Ha3blBaEMbIil “KOKCHUK™. O0pa3oBacs oH



B pe3yibTate OOYIIIMBaHUS U CTIEKaHUA JIMILAHHHUKA C MOBBILIEHHON BJIAXKHOCTBIO U

€r0 HEMOJIHOIO BLIFOpPaHUs MPH BO3ACHCTBHU BBICOKUX TEMIIEPATYP.

®oto 5. [Ipumep BepxoBoro nopajibHoro mnoxapa (http:/ru.redtram.com/catalogue/
ukraine/job/20091019/9/). B mnomoOHyr0 0OOCTAaHOBKY aBTOpBHl MOMaid B
KpacHoapckoM kpae B mae mecsue 2012 roaa.

Ecnu npu HU30BBIX MoOKapax 00pb0a ¢ OrHEM MOKET BECTUCH YCIIELLIHO JAKE C
MPUMEHEHUEM TEXHUKH, TO MOBAJIBHBIE MOKApbl TMPEACTABIAKOT COOOH O4YEHBb
BBICOKYIO OINAaCHOCTb, M HEPEAKO OTMEYAIOTCH Cllydau THMOEM TeXHUKHA U JIOAEH,
NONaJgaUIMX B OTHEHHYIO JIOBYLIKY. DTO CIY4YaeTCs NPU BOSHUKHOBEHUHU BUXPEBBIX
MOTOKOB M3-3a HENPEJCKa3yeMOro HW3MEHEHUs HanpaBJICHUs JBUKEHHUS OTHA.
[leyanbHbIM TPUMEPOM MOXKET CIYKUTb OObLIOH (Gonee 26 Thic. ra) TOMOJIUHCKO-
PakutoBckuii moxap 1997 r. B neHrouyHom 0opy Auntalickoro kpas. [[lapamoHOB,
Hmytun, 1999]. U ecim notepu apeBECHHBI MOYKHO C TOM WM WHOM CTEMNEHBIO
TOYHOCTH OMNpPEAEIuTh B JCHEKHOM BBIPAKCHHUU, TO YEJIOBECYECKHME MOTEPHU
(PMHAHCOBOMY OIPEICCHUIO HE TTOIIEkKAT MO ITHYECKUM CoobpakeHusam. [Tostomy

KOMIICHCALIMA UX HOCHUT BCCraa yCHOBHbIﬁ XapaKkTep.



[ToBanbHbIE BEpXOBBbIE MMOXKAPbl OCOOCHHO ONACHBI B MECTaX MpPOKHUBAHUS
moned. Tpu nepBeiX roga BTOpOro AECATHIETHS B HaWIEH CTPAHE O3HAMEHOBAIHCH
MHOKECTBEHHBIMH ClIydasiMHM CcropaHus ueneix aepeseHb. Ha ¢oto 6 mnokaszana
JEPEBHA, pACMOJIOKEHHAs HA OKpauHe JEHTOYHOro Oopa B AJNTACKOM Kpae,
BBLIFOPEBLLIAS TOYTH MOJIHOCTBIO M OTCTPOEHHAs BHOBB (poTo 6). Takux aepeBeHb B
Poccun B nepuon ¢ 2010 mo 2013 rr. OpUI0O MHOrO, HO HE BCE M3 HUX YJAIOCh

BOCCTaAHOBHTE.

E:il; QEat T

-

®oto 6. JlepeBHs HukonacBka — He €IMHCTBEHHOE MMOCEJIECHUE, MOJHOCTHIO
norudee ot JecHoro noxkapa B Poccun B 2010 r. Ha 3agHeM muaHe
BOCCTaHOBJICHHAs ACPEBHA.

Kpome  BuaumbiX  naHAmaTHBIX ~ W3MEHEHHWH,  BbIpaXKalOWUXCs B
MCYE3HOBEHUH JIECOB M ONYCTHIHUBAHWW TUIOWIAMCH, noxapbl HecyT ¢ cooi

HE3AMECTHBIC HA HepBblf:I B3rjiaa H3MEHCHHWA BHYTPCHHHE, TO €CTb TCOXHUMHYCCKHE, HO

TAKGKEe OTPAKAKLHUE PE3YIIbTAaThl BEPXOBbLIX H HU30BBIX BUJIOB TOKapOB, O HEM nomer

peub HUXKeE [JKypkora, 2014...2; XKypkoea, 2015...1; LLlepbos, 2011].



I'JIABA 3. XAPAKTEPUCTUKA OCHOBHBbIX
JIECHBIX 'OPIOYNX MATEPHUAJIOB

JIeCHblE 3KOCMTEMbI M OTACNbHbIE MX 3BEHbA BIMOJHE OOOCHOBAHHO
NpUBJIEKAOT BHUMAHKWE UCCiieoBaTesel NPOoLUecCOB 3arpa3HEeHUs PUPOAHON Cpebl.
OTpuruarenbHOE BO3ACHCTBHE 3arpsi3HEHMA BO3AYXAa B MEPBYIO OUYEPEIb NMPOABIAECTCS
Ha XBOMHBIX MOPOAAX pacTEHMil, HA JIUCTBEHHBIX BHAAX POJb NPAMOro BO3JEHCTBUS
HE3HAYMTE/IbHA M3-3a €XeroaHoro cOpacbiBaHua auctebl [['yrman, 1990]. B
HEKOTOPBIX HCCIEAOBAHUAX YCTAHOBIEHBI KPUTHYECKHE H JIETANIbHBIE KOHLIEHTPALWH
METAJJIOB, HANpPUMEp, B XBo€. OLEHKHK 3TH AJ11 OJHUX U TEX JKE JIEMEHTOB Y pa3HbIX
ABTOPOB pPACXOJATCS BECbMA 3HAUYMUTENLHO. Crleayer OTMETUTb U OFPpaHUUYEHHOCTb
CIUCKa 3/1IeMeHTOB B OTAEAbHbIX padoTax: Ni — 30-40, Cr — 15-50, Zn — no 75 mr/kr
[Kptoukos, 1990; Veijalainen, 1998].

K necHbiM roprouum matepuanam (JII'M) oTHocsTCa BCe cnOCOOHbIE TOpETh
KOMITOHEHTbl OMOreoueHo3a: AEPHOBbLIM CINOW TMOYB, JIECHbIE TMOJACTHIIKH, MXH,
NUIWAHHUKK, TpaBbl, KYCTApPHUKK, XBOS WJIM JINCThbS, BETBHU, KOpa AEPEBLEB, ONaj,
BANCKHUK, TOP( W aApeBeCHHA. OTACNbHBIMU FOPHOUYHUMH MATEPHAIAMH CUHTAIOTCS
rpynnbl U BUABI JIECHBIX PAacT€HUH, UX MOP(PIOrHYECKHE YaCTH M Pa3sHOBHAHOCTH
PACTUTENbLHLIX OCTAaTKOB, KOTOPbIE MPH3HAKOTCS OAHOPOAHBIMKU B KaKOW-1M0O
KOHKpEeTHOH cBA3M. OaHAKO BCA OpraHuyeckas macca JeCHoro OuoreoueHo3a
NOJIHOCTLIO CropaeTr peako W o0blyHO mnpu noxapax He Oonee 20-30 % Bceid
opranuveckoii maccol [KypOarckuii, 1970]. D10 cBsIZaHO C TeM, 4YTO CBEXKas
ApeBecHHa B OOJIBLUMHCTBE C/IYYaeB OCTAaeTCS HEBLITOPEBLUEH AaKe MPU CaMbIX
CHUABHBIX MOKapax. A €€ 3anacbl Mo CPaBHEHUIO C 3amacaMH APYrux KOMIOHEHTOB
NIeCHOro OUOreoLeHo3a No Macce 3HaYMTEJIbHO BhILLE.

Onaoom  CUMTaETCs  COBOKYMHOCTb BCEX  MEJIKMX  4acTeil  JIECHOI
pPacTUTENLHOCTH HAa NOBEPXHOCTU NOuBbl. ClO/la K€ OTHOCAT M OTMeplune cTedu
TpaB, COXPaHAIOLME BEPTHKAIBHOE MOJIOKEHHE (34€Ch U AAJIEE NPU ONpPEAENEHUH
JI'M B GonbuinHcTBe caydaeB mbl uutHpyem H.I1. Kypbarckoro “HccnenoBanue
KOJIMYECTBA M CBOKMCTB JIECHBIX roprouux marepuanos” 1970). B 3aBucumocTtu ot
THMNa Jieca cocTas onaja pasyinyeH. Hanpumep, onaa U3 XBOM COCHBI M Keapa OObIYHO

3aropacrtca JICrko, a MJOTHBIH €J10BbIH MpH 5TOM HC TOPHUT H 344ACPKHBACT



pacrnpoCTpaHeHUE HU30BBIX MOXKAPOB. 3anachl €ro KoJiedMTCs B OUYEHb LIMPOKUX
npeaesax U B MOJIOAbIX COCHAKAX €ro KOJIMYECTBO BbILIE, YEM B CTApbIX.

['eoxuMHnueckass poJib onajaa 3aKalyaeTcs B TOM, 4YTO OH (DUKCHpYET
COBPEMEHHbIE  aTMOC()EPHBIE  BBIMAACHHUS, HE CTAplIe  OJHOro-ABYX  JIET.
3aaepiKaHHbIE HA HEM T[bUIEBbIE M a3p030JIbHbIE YaCTHLUBI €  pPa3jIM4YHbIMH
XUMHUYECKHMH DJIEMEHTAMU MOTYT ObITb CMbITbl JOKAEBbIMM W TajlbIMM BOJAaMH B
HWXKeNexalmue C¢JIoM noyBbl (B OOJNIBIIMHCTBE HaWKMX OOBLEKTOB — JIECHOM
NOACTHIIKH).

O16op npod® onaana TpeOyeT BHMUMATE/NbHONO NOAXOAA, MOCKO/bKY rpaHULA
MEXAY HUM W HHXKENEeXalEH JECHOM MOACTHIIKOW MOYTH YCIOBHAS M HA4alo cos
pa3naratoieinca XBOH WK JIMCTBbI MOKHO HE 3aME€TUTh. MekK1y TéM UMEHHO Ha 3TOH
rpaHyLE MPOUCXOAMT HU3MEHEHUE COAECPKAHWI MHOTHX XMMHUYECKHX 3JIEMEHTOB W
UCKYCCTBEHHBIX paJHOHYKnuaoB. [lpu pocratouHom onbiTe paboT onpeaesneHue
rpaHuUbl MEKAY OMaJoM U JIEKAIMMH HUKE CAOAMH MOACTUIKH 0CODOro Tpyaa He
nNpeacTaBseT.

Jlecnas noocmuiaka — 3TO BEPXHUH TOPU3OHT MOUBbI (Ag), MPEACTABJIEHHbII
pasfaralolummcs opraHuueckuM Beltecteom (35 % no macce, Gosee 70 % no
00bEMY) C MPHUMECHKD MHHEPAJIbHbIX KOMIMOHEHTOB. MOLIHOCTb MOJACTHUIIOK PEAKO
npeBbiwiacT 20 cM. B HUX BbIAETAIOT TPU NOArOpPU30HTA: BEPXHUK (L) npeacrasiieH
CBEKHMM OMaAOM C MPAKTHYECKHU MOJIHBIM COXPAHEHUEM CBOCH HCXOOHOW (hOpPMBI;
cpenHuit (F) ¢ 4acTHYHO COXpPaHMBLWIMMM pPacTUTENbLHBIMM OcTaTkamMHu. B Hem
MPOMUCXOAAT WHTEHCUBHBLIE MPOLECCHl pa3pyLUCHUS Onaga M HAYMHACTCA CHHTE3
rYMYCOBOIO BELUECTBA; B MOArOPU30HTE [ McUHe3atoT BUAUMBIE CJIe/1bl PACTUTEIbHbBIX
OCTaTKOB, MPOUCXOAUT NAJbHEHLIUA CUHTE3 U 3aKPENJCHUE r'YMYCOBbIX BelECTB. K
HWKHUM  YPOBHSIM  TOJICTUJIKM  PAaBHOMEPHO  YBEJIMYMBAETCA  COJEpKAHHE
MUHEPAJILHOW KOMIIOHEHTbI, UYTO OTPAXKAECTCAd B MOBLILUEHHH 30JILHOCTH B €€
BEPTUKAILHOM pa3pe3e. MuHepanbHas cocTaBasfiowlas NOACTUIKH UMEET ABOMHOM
FPEHE3UC: C OAHON CTOPOHbBI, MOCTENEHHOE OOOraleHUE €€ KOCHbIM BELECTBOM MAECT
CHU3Y M3 NOJACTHIIAKWMUX TMOPOA B pe3yabTare AeATE/IbHOCTH MHUKPOOPraHu3MoOB,
NMOYBEHHbIX KUBOTHBIX WJIM MPUTOKA BJIark B 3aCYLUJIUBLIE MEPUOABI, C APYrod — B

pe3yJbTaTte 30JI0BOr0 TMPUBHOCA MbUIEBLIX W a3PO30JbHBIX YAaCTUL NPOMCXOAMT



HacCbILLEHUEe MMH BEPXHHUX TOpU30HTOB noAacTuiaku [l[lyraues, 1983; Tuxomuposa
1983]. Bce 3TH cnoKHbIE MPOLECChl ABAAIOTCS NPUYMHON TOrO, YTO YETKYIO MPaHULLY
MEXKAY TMOArOPU3OHTAMH MPOBECTH TPYAHO: KakK TMpaBuiO, MNEepexoabl 3TH
MOCTENEHHBI M YaLle BCEro ONnpeaesisseMbl TOAbKO CMNEUHANBbHBIMH NIPHEMAMH, TAKHMH
KaKk M3MEepeHHe yaellbHOro Beca, BenuuuHbl pH cycneHsuii uim 3onbHoCcTH. OaHAKO
MU O3TH MNpPUEMbI B OCHOBHOM TOJIbKO MOJYEPKUBAIOT TMOCTENEHHOCTb CMEHBI
NPOLIECCOB, MPOUCXOAALMNX B JIECHOW NOACTHIKE.

DOpMHPOBAHUE JIECHOW MOACTHIIKM — 3TO pEe3YJbTAT B3aMMOJEHCTBHUS BCEX
MHOTOUYUCIEHHbIX MPOLECCOB H KOMIOHEHTOB JieCHOTro OuoreoueHosa, GpurtoueHo3a
u noubl [KoBaneHnko, 2004]. Henb3a HE cOrnacMThCa ¢ MHEHHMEM HMCCIIEI0BATENCH,
paccMaTpuBarOLMX MNOACTUAKY KaKk 0COOYyK MOACHCTEMY JIECHOro OHoreoueHosa
[Cykaues, Hputuc, 1964]. [lepemenieHHe HCKYCCTBEHHBIX PAJHOHYKIUA0B U3 KPOHbI
AEPEBLEB MPOUCXOAUT HE Cpa3y M 3aBUCUT OT MHOTHUX NMpHiuH. Ho B LesoM npouece
AN NUCTBEHHBIX MOPOJA JJIMTCA OKOJO roja, a Ajsi XBOHMHBIX — [0 Tpex JieT
[Tuxomupos, 1972]. [Tocne 3Toro paauoHyKIMAbl B 3aBUCUMOCTH OT BUAA APEBOCTOS
C Pa3IHYHOW CKOPOCTbIO MUIPUPYIOT B MHHEPAJbHYIKD 4YacTb MOJ MOJACTHIKY: B
JIMCTBEHHON MOACTHIKE Yxke uepe3 4 mecaua M3 moacTiku yuuio 30 % “'Cs
[MapTiowoB u ap., 1993]. B XBOHHbIX NOACTHJIKAX NPOLIECC MPOTEKAET MEAJICHHEE.

B necHbIX coobLiecTBax MOACTUIIKU UTPalOT BECbMA CYLUIECTBEHHYIO poJib. C
OJHON CTOpPOHbI, OHHW CJayXarT cyOcTpaToM /s TpopacTaHUsl CEMSAH JIECHBIX
pacTeHHi, ICTOYHHKOM W MOTEHUHAJIbHBIM pe3epBOM OUOreHHbIX BELECTB H MHOITHX
BOJAOPACTBOPHUMbIX OPraHHYECKUX COCAUHEHUH, 4TO 00yCnoBauBacT GopMUpOBaHUE
cneunduueckoii cpeabl B pusocdepHoi 30He noapocta. C apyroi CTOpoHbI, BaXKHas
pOJIb NIECHBbIX MOJCTUIIOK 3aK/T0YaeTC B UX OUOreOXMMHYECKOH HH(POPMATUBHOCTH
[HeuaeBa, 1983]: oHM sABAAKOTCA CaMbIM FJIABHLIM FE€OXUMHUYECKMM Oapbepom Ha
MyTH MUrpalHH XHMHUYECKHX DJNEMEHTOB B JecHoMm OuoreorieHo3ze [Shcherbov,
Lazareva, 2012]. bapbep O3TOT CHNOXKHbBIH MW BHYTPU HEro MNPOUCXOAMT
nepepacrnpeic/iCHUE EMEHTOB, 3aBUCALLEE OT MHONMX NApaMeTpoB, TAKMX Kak
M3MEHEHHUE BJIAXKHOCTH UJIM TemIiepatypbl. Hanpumep, noBbilieHUe TemnepaTtypbl ¢ 2
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BbICYLUWBAHUE NOJACTUIIKM BEAET K pe3koMy ero BbicBoOOkaAeHUI0 [Witkamp, 1972].



M ¢ Tperbei CTOpOHBI, MOJACTU/IKK, UMES MOBCEMECTHOE paclpOoCTpaHEHUE, ropsT
npu J0OOM THME noxapa U B OO/blUEH CTENEHH, YEM OCTAIbHbIE KOMIMOHEHTDI
OuoreoueHosa, CiayxaT HCTOYHUKOM aTMOC(EPHON MUrpauuu 3eMEHTOB W/
nepepacnpeacsieHUy UX No nioLaam rnoxapuiua.

[poueccbl OMOreHHOH aKKYyMYJISILIMK MUKPO3JIEMEHTOB B JIECHLIX MOACTHIIKAX
CJIOJKHbl U 3aBUCAT OT MHOKECTBA MPUYMH. DTO COOTHOLICHHE KHUBOTO M KOCHOrO
BELIECTBA, CKOPOCTb ryMH(HUKALUWKU Ornaaa, Ce30HHble KonebaHus  YCJIOBHI
MUHepanu3auuu v Tak aanee [JlonGosckasa, 1975; MonuanoBa u ap., 1979].
Paz/iiuHbIC 3JIEMEHTBI B 3aBUCUMOCTH OT THIIA JIECHBIX MOACTUIIOK MPU pa3oKEeHHUH
OpraHMYecKoro BelecTBa BeAyT cedsa no-pasHomy. Hanpumep, MUrpaumoHHblil psaa
30JIbHbIX 3JIEMEHTOB B OAHOTUITHBIX MOACTHIKAX BbIrISAUT Tak: Na> K > Mn > Ca >
Mg > P > Al > Fe > Si [Kocreukosa, Llanosa, 1977]. [Moa BiausiHueM MOYBEHHOTrO
KUBOTHOIO HaceJeHHs MNPOUCXOAWT HW3MENbYeHHE MOJACTHIOK M Onajaa, uTo
MOBBILLIAET COACPIKAHUE B HUX MOJBHIKHBIX ()OPM 1 BblLLLEJIAUHBAHUE UCKYCCTBEHHBIX
paanonykauaos [Reichle e.a., 1971]. Kak 6yaer nokazaHo HUXKe, 3Ta poJib JECHbIX
MOJACTUIIOK MPH U3YUYEHUU TPOLIECCOB MUTPALUM XUMHUUYECKUX 3JIEMEHTOB OCOOEHHO
YCHIIMBAETCS CaMbiM BbICOKMM cpean Bcex JII'M coaepikanumeM B HHUX TAXKENbIX
META/IJIOB U MCKYCCTBEHHBIX PAJMOHYKIWAOB. B 3KOMOrMueckom acnekre JiecHbIe
MOACTHJIKM MTPalOT OJIHY M3 CaMbIX CYWIECTBEHHBIX poJieil CpeI MHOMOUYUCIEHHbIX
reoOXuMHUYecKuX OapbepoB HaA nNyTH atMOC(EpHOH MUrpALUU  Pa3JIUUYHBIX
3arpsi3HALLIMX BELLECTB MO pa3iu4vHbIM sipycaM jeca [['puiunna u ap. 1991].

Ha cesepe Cubupu (a0 72° CLL) nouBeHHbIH Ci10i OTTauBaeT Mexee, 4em Ha |
M, TaK KaK MOX M noAacTujika (15-35 cm) urparoT poJib TernjoBoro skpaxa. Ilocne
JECHbIX MNOKapoB rayOMHA OTTauBaHUS YBE/IMYMUBACTCA, BCJAEACTBUE UYEro ee
nmioaopoanbie (pyHkuun noseiwaoTes Ha 30-40 ner [CadpoHoB, BojokuTuHa,
1999].

OueHb Ba)KHO M TO, UTO JIECHbIE MOACTUIIKU — 3TO €IMHCTBEHHbIH KOMIOHEHT
NnecHOro OMOreoLeHo3a, KOJHUYECTBO KOTOPOrO B TE€X MJM MHBLIX JIecax MOXHO
ONnpeaeuTb ¢ HEeOOJNBIUMMU Tpyao3aTpaTaMH, €CJIM CPaBHUBATh HX [0 3TOMY
napameTpy ¢ ApyruMu KOMIOHEHTAMHM JIeCHOro duoreoleHosa. B neHTouHbix 6opax

OOb-HpThilICKOro MexXaypedbst UX 3anacel, No HawuMm onpeaeneHusm [LllepGos u



ap., 2008], cocrasastor 10,8 1T/ra cyxoro Beca BewectBa. M3mepeHHas Hamu 1o
HECKOJIbKMM JECATKAM TOYEK MJIOTHOCTb JIECHbIX MOACTHIOK cocTaBnseT 0,28 r/cm’
CYXOro BelIeCTBa. ITO HA MOPAAOK Bbllle, 4eM y MxoB (0,046) u nuwaiHukos (0,018
r/em’). ONHAaKO, B KaKJOM KOHKPETHOM C/lyuae M3y4eHHs MHpPOIOrYecKHX 0ObEeKTOB
WA B pa3NuYHbIX pernoHax CHOMPH MJIOTHOCTb JIECHBIX MOACTHIIOK KoJsiehnercs B
LMPOKKUX Mpelesiax, YTo B MEPBYIO OYepe/lb 3aBUCHT OT COUYETAHHUSI PACTUTENbHBIX U
MUHEpaibHbIX KOMMOHEHTOB. B GopeanbHbIX Jsiecax 3anacbl JIECHBIX MOACTHIIOK
umeHaoTcsa oT 15 no 78 1/ra [buenbkoBckuit u ap., 2003]. B ceBepHoM nosyapuu
OT JIECOTYH/pbI K TPOIMMUYECKUM JlecaM Macca NoACTHIKK naaaet ot 60 ao 1,5 1/ra, a
3anachbl yriaepoja B NoJACTHIKAX cokpaiuarotes noutd B 150 pa3 (ot 730 no 5 kr/ra),
kanbuusa —B 11 pa3 (¢ 650 no 60 kr/ra) [Tutnanosa, LLinGapesa, 2012].

Mxu u numaunuku crnocoOHbl OKa3bIBATh CYLIECTBEHHOE BJIMAHME Ha
BO3HUKHOBEHHE M pPaACNpOCTPAHEHHME JIECHOTO MoXapa B TeX 00JacTaX, A€ OHH
JOMUHUPYIOT cpeau Bcex HanouBeHHbIX JIT'M. K Takum niowansm cieayer OTHECTU
npuapkTuyeckue pernoHbl Cubupu, rae 4acto OTMEHaeTcsi CIJIOWHONW MOXOBO-
JMIIAHHUKOBBIN MOKPOB. B HOKHBIX pPEeruoOHax 3TU pACTEHUs Yalle BCEro MrparoT
pOJib NMNEPBOro 3B€HA B BOBHUKHOBEHHWH NoXKapa.

JInwaiHUKK COCTOAT M3 JABYX MNPOTHBOMONOXKHBIX B  (PU3HOIOrHUYECKOM
OTHOLLUEHUH KOMIOHEHTOB — KNETOK retepoTpodHoro rpuba u  aBTOTpOdHOI
Bogopociu. Cneunduueckas GHOXUMHUS NUILIAHHUKOB H AHATOMO-(PU3HOIOrMUECKHE
OCOOEHHOCTH CTPOEHUSA, HE BCTPEUAIOLLMECH Y APYTUX pacTeHHil, 00YCIOBANBAIOT UX
BbICOKYIO  MOIJIOTUTEJIbHYKO  CIIOCOOHOCTb [0  OTHOLUEHHUIO K  pa3/IHyHbIM
3arpsi3HuTeNnsM, brnarogaps 3TMm CBOMCTBaAM OHM YCBauBalOT BOAY ([10XKAb, CHET,
TyMaH, poca) Bcel MOBEPXHOCTbIO M O4YeHb ObicTpo. KycTHCTble fulLIAiHUKK
CPAaBHUTENbHO ObICTPO PACTYT BO BCEX KJIMMATUUYECKHX 30HAX: OHH JAIOT NMPUPOCT 10
2-7 ¢cm B roa. B cpeanHem BoO3pacT OOMBIIMHCTBA JIMCTOBHUAHBLIX W KYCTUCTBIX
nuwakiHukoB He npebiwaet 50-100 ner [lFapubosa u ap., 1978; ['pywBuLKMiA,
AKunun, 1978]. Ha ceepe 3anagHoit CuOMpM HWIKHAA 4ACTb KYCTUCTBIX
NMUIIAHHUKOB, KaK MpaBWIIO, MPEACTaB/leHAa WX CTHUBLUMM BELLIECTBOM, B KOTOPOM
O0bIYHO COCPEIOTAYMBAETCA OCHOBHOE KOJHYECTBO UCKYCCTBEHHbIX PaJMOHYKIUAOB

[LLlepGoB, CrtpaxoBenko, 2003]. MHTEHCMBHOCTbL MOIJIOLIEHHUS BbINAJAOWMUX M3



atMocepbl  pajiMOHYKIMAOB y 3TMX pacteHuid B 20-100 pa3 Bbilne, yem Yy
TpaBAHUCTBIX pacTeHuil [Moucees, Pam3aes, 1975].

B cyxyiwo noroay B OJHMX M TeX K€ MeCcTaX MXM H JIMIWARHUKK
BOCIJIAMEHAKOTCS 3HAYUTENBbHO ObICTpEE, YEM TpaBbl, KYCTAPHHUUKH U HAXOASALIMNECS
NOJA HUMHM JIECHBIE MOACTHIKHK. [T03TOMY ONMBIT MHOTFOYHMCIEHHBIX UCCAEAOBAHUH W
COBOKYIMHOCTb BceX cBOWCTB JII'M no3ponsitoT npusHate KYCTUCTbIE JIMLUAHHUKK
Hanbonee MokKapoonaCcHbIMM CpPEAM pPacTUTENbHbLIX coobuiecTB. Ha BTOpoM MecTe
CTOAT 3esieHble MxM. [locnenHee MECTO OCTaeTCs 3a KYKYLKWHBIM  JIbHOM
(Polytrichum commuiine), HeCMOTPs Ha TO, YTO OH OObLIYHO 3aHMMAET HAUMEHEe
BJIQXKHBIC MECTA.

B Hawwux wuccnenoBaHusax Haubonee pacnpoOCTPaHEHHBIMU CIYKWIU 3€TeHbIe
FHJIOKOMHUEBBIE W SHTOAOHTOBbIE MXHM (HaubonEe pacnpoCTPaAHEHHbIE W3 HHX
Hylocomium splendens w Pleurozium schreberi), a Takke TaK Ha3bIBa€Mblii
KYKYWKUH neH (Polytrichum commune). Cpeau HazeMHbIX (3NUIelHbIX) KYCTUCTBIX
JvwainukoB aomunupoBanu Cladina stellaris, CI. rangiferina, CIl. Sylvatica w Cl.
Alpestris w npyrue, a cpeaM APEBECHbIX (ANUPUTHBLIX) — pa3NUUHBbIE BUAbI poJa
Usnea.

BnaXXxHOCTb 3THX pacT€HHH 3aBUCHT OT BJIAXKHOCTH BO3AYyXa W AJd TNMOJHOro
YBJAXKHEHUA JOCTATOMHO 2-4 MM OCaJKOB, OJIHAKO YK€ Ha BTOpPOH JEHb Mocie
noxnsa ona nagaer ao 40-50 %. [lpu TakoM ypOBHE HACBILUEHHOCTW BJaroi OHH
MOTYT ropetb. B uenoM snuwaiHUKKH BbICbIXalOT ObicTpee, yem Mxu. [lonHoe
HaCbILEHUE BAArod y MXOB M JUILIARHUKOB MOXeET coctaBasate 300 %, a vy
carnoBbix — 10 400 %. [1pu 3TOM charnym mokeT ropete npu 100 % BnaxHoCcTH
[HecTepos, 1945].

Pacnipenenienne paauOHYKNMAOB B TeNax MXOB M JIMWIAHHUKOB 3aBUCHT OT
BUAOBbLIX OCOOE€HHOCTEH O3THUX pACTEHUH W B MEHbIUEH CTENEHW OMNpPEACIAeTCA
(PM3UKO-XMMHUYECKMMH CBOMCTBAMHU JJIEMEHTA WJIM BMAOM cyOcTpaTta, Ha KOTOpPOM
OHWU TMNPOU3PACTAIOT. ITO OOYCNOBIEHO TEM, HMTO PAAUOLE3UH W PAAUOCTPOHLMMH
Hapsay ¢ MX aHanoramu, KajabLMEM U KaJlu€M, YHACTBYKOT BO BHEKOPHEBOM MUTAHHUH
MXOB MW JuwaiiHukoB [Kynukoe u ap., 1976; MonuanoBa, boueHuna, 1980;

Tuxomupora, 1983: MamuxuH u ap., 1994].



B 3aBMCMMOCTH OT THMa JI€COB HA JOJIKO KYCTHCTBIX JIMIIAHHWUKOB W 3€JIEHbIX
mxoB npuxoautca ot 9 1o 40 % ot obuero koawuecrBa HazeMHbix JII'M. B TecHoi
CBAI3M C 3THUM HAxXOAATCA MU MOLLUHOCTH HMX cJIoeBULlL. B OOHOM M TOM e pPEervoHe
HAMH OTMEYAJIUCb KYCTUCTBIE JMWAKHUKK pocToM oT S5-10 po 15-25 cm, uto
3aBUCEJIO OT BJIAXKHOCTH MECT MX Mpou3pactaHud. KyCcTUCTbie NHILAHHUKK B CHAY
CBOEro HEOOBIYHOIO A/ pacTEHUi CTpOeHUA (CHMOMO3 BOJOPOCIH W rpubda) MeHee
MJIOTHbLI U O0Nee COPOLMOHHOEMKH MO CPAaBHEHHIO ¢ MXaMH. [To3TOMY ropsAT OHH
ObicTpee U 60EE BLICOKHM MJIaMEHEM.

OTMeuaemoe B auTepaType ABYKpaTHOE NPEBbILIEHHE YIACIbHOW aKTHBHOCTH
"Sr u "°’Cs B nuuaiinnkax no cpasHenmnio co mxamu [[Tossikos, MenbHukos, 1998] B
HEKOTOpPLIX Clydadx He MNOATBEpP)KAACTCA HalWMMHM ucciieaoBaHuamu. C camoro
Hauana MCCNeNOBaHUN CEBEPHOH MULLEBON LIEMOYKH «JIMLIAWHUK— OJIEHb—UYEOBEK)
6bila OTMEYeHa TMOBbIIEHHAA YJAenbHas AaKTHBHOCTb '~ CS B BEPXHHX UacTAX
KYCTUCTBIX JIMIWIAHHUKOB B CpaBHEHWHU ¢ OazanbHbiMu [JItoGalueBckui u ap., 1993;
Moucees, Pam3aes, 1975; HwuxHukoB u ap.; 1969; Hanson, Palmer, 1965; Liden,
Gusstafson, 1967 u ap.] IlouHTEpBANbHOE W3YYEHHE KYCTHCTbIX JIHILIAKHUKOB B
Amano-Heneukom AO B OOJIBLLIMHCTBE CIIyYaeB MoKa3aio MOBbILIEHHYI aKTUBHOCTh
paauoue3ns B UX HWKHHUX 4acTax. B 3TOM pernoHe nmoa pactywium JIMIWIAHHUKOM
NPaKTUYECKU BCErja OTMEYaeTCd CrHUBILAsS Macca camoro jJullaiHuka, KOTOpbIH,
KaK HaMm MpeAcTaB/sAETCs, JJOTMYHEE OTHOCHTbL K JIECHOU moacTHiKe. OObIYHO 3TOT
cnoii cocraBnger He Oonee 1-1,5 ¢cM W ciayxutr HaubOonee SPKO BbIPa)KE€HHbLIM
reOXMMHUYECKUM OapbepoM Ha MYTH MUTPAUMU MCKYCCTBEHHBIX PaaHOHYKJIUIOB.
Hanpumep, yaenbHasi akTHBHOCTb - 'CS B 3TOM CJIO€ BCET1a Ha MOPSAA0K-1Ba BbILLE,
YeM B HWIKHMX 4aCTAX KYCTHCTbIX JuwaiHukos [Lllepbos u ap., 2000; Lllepdos u
ap., 2001].

Mmerores  cBeaeHMA O  HEOAMHAKOBOM  HAKOIUIEHWM  PAaJHOHYKIWAOB
AUWaiHUKAMHA  Kakoro-iubo OAHOro BMAQ, MNPOU3pacTAlOLMMH HA Pa3/IMUHbIX
nopoaax. JKCNEPUMEHTAMMU TOKa3aHa BO3MOXKHOCTb MOTJIOLIECHUS PaJHOHYK/IMAOB
NMHLWAHHUKAMUA HE TOJILKO U3 BO3yXa, HO U U3 MOYBbI YEPE3 HHIKHUE YacTH NOJCLINEB
[Tpouukas wn ap., 1971]. B CBA3M C 3TUM BbICKA3bIBACTCA MNPEANONOKEHHE

[HudontoBa, 2000] o BAMAHUM MEXAHMYECKOrO COCTaBa, CTPYKTYPHbIX



oco0eHHocTel U crneuupuku (GU3UKO-XUMHUECKUX CBOICTB MOYBOOOpa3yioLEro
cyOcTpaTa Ha MEXaHW3Mbl TMOCTYIMJICHUS PAJHOHYKIMAOB B JIMILIAWHUKH M3 TOYB.
PaccuntanHas BenvunHa 3(PQPEKTHBHONO 3KOIOTMYECKOro noayourweHus (7 2.44)
SMUPUTHOrO NULIANHHUKA OT '*TCs cocTaBuna 4 rona, s HAMOYBEHHBIX JTULIAHHHUKOB
u mMxoB — 2 roaa [Tpouukas, 1971]. CywecTBylOT JaHHble M apKTUUYECKMX
NMUIIAHHUKOB, XapaKTEPU3YIOIUE 3TY BEIMYHMHY B OOJ€e LLIMPOKOM Juana3zoHe 3—
13 net [Liden, Gustafsson, 1967; Martin, Koranda, 1971]. B UepHoObLILCKOI 30HE
oTmeuaeTcs 00jee AaKTUBHOE MOMOIIEHWE PaAHOHYKIHAOB ISNUpUTAMH, YEM
SNUredHbIMU NUIaiHuKaMu. [lpn 3TOM BO3AE€HCTBUE BLICOKHX (B COTHH U ThICAYH
pa3 MPEBbLILLAIOLLIMX MOKA3aTelM A0 aBapuM) A03 PaAWOAKTUBHOCTH Aa)Ke BOJIU3U
aBapUHOrO peakTopa He Bbi3BaNO KaKUX-AMOO BU3YyalbHO Hab0AaeMbIX aHOMaSHA
B pa3BUTHH cioeBulll | baspos, 1991].

M3BecTHO, 4TO pa3Hble BUbI JIMIWIAWHUKOB (PUKCHPYIOT pPaJUOHYKJIMIbl B
paznuuHbiX KonuvvecTBax [Tpowukas., 1971; Kreuzer, Schauer, 1972; HudoHntoBa,
1997 v ap.]. Hamu nokaszaHo Gonblwoe pas3ivyMve B 3arpsA3HEHHOCTH PaauMOLE3UEM
Pa3nUUHbIX BHUIOB AMUIEHHbIX JUIIAHHUKOB, MPOM3PACTAIOLIMX HA OrPaHUYEHHbIX
TEPPUTOPUAX B COBEPLICHHO OAMHAKOBBLIX NaHAwadTHbIX ycinoBuax. B 1998 r Ha
oaHol u3 miaowanok pazmepoMm 10x10 m B IlypoBckom paiione SAmano-HeHeukoro
AQO okono noceaka CamOypr coOpaHa KOJJIEKUMSA HEKOTOpPbIX BUAOB JIUILIAWHUKOB
(MX BMAOBOE OMPEACIICHHE TPOBEACHO ABTOPAMH MO JIMTEPATYPHBIM HCTOYHHUKAM
[["fapuboBa u ap., 1978]), akTUBHOCTB paanoLIE3Us B KOTOPBIX pa3jiMyaiack B 2,5 pasza
(IHCS, bk/kr):

Alectoria ochroleuca — 58

Stereocaulon tomentosum — 56

Cladina stellaris — 70

Cladonia cornuta — 86

Cetraria islandica — 141

Cladina mifis — 144

KoHeuHo, equHu4Has npoda MOXKET JaTh HCKa)KEHHbIE CBEIEHUS 10 XapaKTepy
JEMOHEHTHbIX CBOWCTB TOr0 HJM HMHOrMO BHMAA JIMILAHHMKOB MO OTHOLIEHUIO K

MCKYCCTBEHHBIM  PaJMOHYKAMAAM WM KaKUM-TMOO APYTMM  3arps3HUTENSIM.



Hanpumep, Cetraria islandica, 3aHumarowias B NpuBeI€HHON BbIOOPKE BTOPOE MECTO
Mo YPOBHIO coaepskanns "~ Cs cpeiu LWeCTH BHIOB, B APYrHX MECTAX TOro Xe paioHa
NOKa3bIBAET CAMYIO HU3KYIO CMOCOOHOCTb KOHLEHTPHUPOBAHUSA 3TOr0 PaauOHYKIIWA.
Kak Oyzer nokasaHO HWXKe, CYLECTBYKOT APYrHME [PHYMHBI HEOAHOPOAHOrO
pacrnpeneneHnus XMMHYECKMX KOMIMOHEHTOB Ha HeOonbluX niaHwerax. K atomy
cieayeT n00aBUTb U HEOJHO3HAYHOE MOBEICHUE IEMEHTOB MMOC/E BbINAAEHUA UX C
aTMOC(EepPHbIMU OCAAKaAMH.

[lpoBeneHHbIE HAMM OMbITbI MO BBEACHUIKD B BEPXHHUE YACTH JIMILIAWHUKA
Cladina arbuscula pactsopos ¢ coaepxanmem Hg 0,12, Cd — 0,19 u Pb — 12 mr/n B
2002 roay mokasajau yepe3 rojl pe3koe Bo3pacTaHWe KOHLIEHTPALUMUHU 3THX 3JIEMEHTOB
B BEPXHEH W HHIKHEH 4acTAX TANNOMOB pacTEHHA, a TaKKe B MOACTHIIKE W NECKE.
Uepes Ttpu roga (2005 r.) coaepKaHHWE ISTHUX TAKEIbIX METAIOB BO BCEX
MEPEUYUCIIEHHBIX KOMIMOHEHTAaX MNPAKTHYECKH BEPHYJOCh B MPEKHEE COCTOSAHHE.
HMHbiMU cnoBaMH, OYMIIEHWE NUIIAHHUKA OT BbICOKOTOKCHYHbBIX 3arpa3HUTENEH
npousowio 3a Tpu roaa. [lpu 3ToM BU3yallbHO 3aMETHBIX BHELIHMX HM3MEHEHUH Y
NAIWAWHUKOB He Habmwopanocs. Ilpu BBEIEHUHM paCTBOPOB HENOCPEACTBEHHO B
MOACTWIKY (MUHYS JIHIIAHWHWKH) Yepe3 roJl OTMEUEHO HE3HAUMTE/IbHOE MOBbLILIECHUE
COACPKAHUA PTYTH H KaAMHUS B BEPXHUX PU30MAAX JIMLLIAHHHUKA C MOYTH TMOJHBIM HX
ucuezHoBeHnem K 2005 r. B HMKHUX pu30MJaX COAEpKAHME BCEX TOKCMKAHTOB
NpOJ0JIZKaN0 pacTy ABa roja, 3aTéM CTajlo CHWXaTbCA. B nMoacTUiIKe KOHuEeHTpauus
MX pocsia aBa roja, 3areM cTa0Wiu3MpoBajiacb. AHAJIOTMYHOE TMOBEIEHHE 3THX
3JIEMEHTOB OTMEUYEHO U B MECKE, C TON JIMLIb Pa3HULIEH, YTO B KOHLIE IKCNEPUMEHTA
MX COJIEp’KAHUE CHU3WJIOCH A0 UCXOAHOro ypoBHA. KOHEUYHO, AaHHBIN 3KCNEPUMEHT
JHLbL B HEOONBLUIOH MEPE MOKET COOTBETCTBOBATL MPUPOAHOMY MPOLECCY B YaCTH
NOCTYINEHHS 3arpsA3HUTENCH: B PUPOAE OHU MONAAANT B JIMIUAHHUKK MEJIEHHO, B
HaLLIEM 3KCMEPHMENHTE — yaapHO. BrnonHe BO3MOXKHO, YTO MOCTENEHHOE MOCTYIIIEHHE
W3 arMocdepbl KaKUX-TMOO TOKCHMUHBIX 3JIEMEHTOB MOKET YCBaWBaTbCA
NHIIARHMKaMK 00Nee NPOUHO M, CIICI0BATEIbHO, HA O0NEE NJIMHHBIE CPOKH.

Xe6o0a Oepesves. 110 MHEHUIO MHOTUX UcClieaoBaTene, XBod AEpEeBbEB CITYKUT
HAJCKHbIM ~ MUHAMKATOPOM  AHTPOIMOreHHOr0  3arpsA3HEHUsi TMPUPOAbl, YEM U

O0BACHAETCA MOBLILLEHHbIH MHTEPEC K Hel CO CTOPOHbI MCCEA0BaTe/IeH MOBEeACHUS



TAXKENbIX METANNOB M MWCKYCCTBEHHbIX paaMOHYK/IMAOB B  JNaHawadTax.
[1poaOMKMTENBHOCTD KM3HM XBOW 3aBUCHT OT BO3pacTa AEPEBbEB, BbICOTbI HaA
YPOBHEM MOps, reorpauyeckoro nojoxkeHus necoB. B BepxHeli uactn aepera
NOJArOBEYHOCTb XBOH HHMKE, C MOBbIIEHUEM pesibeda OHA YBEAUYUBAETCS, C CEBEpa
Ha tor — cHuwkaetrca [Kupruzos, 1981]. B ycnoBusax CHJIBHOTO armMocgepHOro
3arpsi3HEHHs OMaacHUe XBOM HAOMOAaeTCsa YXKE B MEpBblii roa KH3HU [ApMHULIKO U
ap., 1967].

['oBOps 00 WHAMKATOPHBIX CBOMCTBAX XBOM OTHOCHTENBHO TAXKENbIX
METAJIOB, C/IEAYET OTMETUTb, UYTO 3TH €€ CBOICTBA ropasio HWKE, YEM Y JIECHBIX
NMOACTHIOK, MXOB W JIMWIAWHHKOB. OJHAKO MpH HMCCIEAOBAHHUAX PATHOAKTHBHOIO
3arpA3HEHUs XBOs MNPEACTaBiAseT COOOM OYEHb MHTEpPECHbIH OOBEKT: YPOBEHb
CONEP)KAHHS MUKPOIIEMEHTOB M HMCKYCCTBEHHBIX PaJWOHYK/IMIOB, Hanpumep,
paauole3us, YeTKO 3aBUCUT OT BO3pacTa XBOW. IJTO YTBEP)KAEHUE OCHOBAHO Ha
pe3yabTaTax HallKWX MUCCleNoBaHUi BO MHOIUMX pervoHax Cubupu.

[lpu BbinageHun W3 atMocdepbl  a’po30/ieiil ¢ MCKYCCTBEHHBIMH
pPaaMOHYKJIMAMH 3arpsA3HEHUE XBOU B KPOHAX MOJIOABIX COCEH YMEHBLUAETCS CBEPXY
BHM3. B HEKOTOpbIX ciydasx cTeneHb 3arpAa3HeHus pasiauyaeTrcsa Mo sApycam B
HECKONIbKO pa3. Bbicokas 3aaepkuBaioiias crnocoOHOCTb XBOW MO OTHOLIEHHIO K
MCKYCCTBEHHBIM paaHOHYKAHAaM ( 'Sr) Gblna MOATBEPIAEHA IKCTIEPHMEHTANBHO.
[locne cmbiBa paauone3uss 4MCTOHW BOAOW NOJ JaBjieHUEM Oosibluas 4acTb
paauoCTpOHLMA ocTaBasack Ha XBoe [[TuckyHoB 1 1p., 1996]. Moaonas xBost Gonee
aKTUBHO, Y€M CTapas, 3axBaTbiBAa€T a’pO30JibHbIE YaCTHLIbl, HecyulMe Ha cebde
pa3inyHble XUMHUYECKUE DJIEMEHTbl, OPraHHYeCKHe COCAMHEHHUS W MCKYCCTBEHHbIE
PaauOHYKJIW/ibl, HAPUMEP W3OTOMbI ¥7Cs [Mpknuenko u ap.,1994]

HecmoTpst Ha TO, YTO B HaWKX AAJILHEHLLIMX MOCTPOCHHUAX XBOS HE 3aHMMAeET
ONpEACNAIOLIEro MOJMOXKEHUsA, B paioHax padoT OHAa HMEET BECbMA COJIUIHBIE
3anachl. K coxaneHunio, NpMBECTH UX KOHKPETHYIO BEJIMUMHY AJIA KaKAOro perdoHa
WK XOTs Obl 0OBEKTA HE MPEICTABIAETCA BO3MOXKHBIM.

Kycmapnuuxu u mpaest B Cubupu u Ha JlanbHem BocToke XapakTepHbl s
NECHbIX, HE MOKPbLITHIX JECOM TMIOW@AACH, BO3HUKILUX B pe3yabTaTe BbIpyOOK M

rapei. B MOHWIKEHHBbIX y4yacTKaX XBONHBLIX JecoB 3anaaHoil CHOUpH HEepeaKo 3TH



KOMIOHEHTBI JIECHOrQ OMOLEHO3a MPEACTABAIT COOOH OCHOBHYIO HaCTh Ha3€MHbIX
JII'M. B ropuctbix paiiOHax pacnpOCTpPaHEHbl TEMHOXBOWHBLIE Jeca ¢
npeobjiaajaHueM B NOKPOBE KPYMHOTPABHLIX BUAOB U NANOPOTHUKOB.

O0uweunsBecTHa MNOXKApPOONACHOCTbL CYXOW BECEHHEH TpaBbl, M3-3a 4ero
BECEHHME MaJibl MHOTAA OXBaTbIBAIOT COTHU MeKTapoB B JiecocTenHoil 3o0He CHOMpH.
[lo mepe pocta HOBOro TpaBsAHOro MOKPOBAa KOJMYECTBO BO3HMKHOBEHUH MOXKapoB
NOCTENEHHO YMeHbLUaeTcs. PaznnuHbie BUABLI TPaB U KYCTAPHHUKOB MIPAlOT pa3HYHO
pOJb MNpU JECHBIX TMOXKApaX: KaKasg-TO 4acTb MX YCHJMBACT [MOKapbl, Apyras
3aMeNIAeT pacrnpocTpaHeHue orus. [1oatomy HeKOTOpbie TpaBbl U KYCTAPHUKH MOTYT
ObITb MPUMEHEHBI TMPH CO3JAHUM NPOTHBOMOXAPHBIX 3aWMTHbLIX nonoc. Cpeau
KyCTapHUKOB HanboJiee noxapoonacHsl 0aryasHUK 1 Bepeck [ KypOarckuid, 1957]. B
necax CuOHpHU 3anachbl NUWAHHUKOB, MXOB U MOJCTUJIKH B CpeIHEM COCTaBNAOT 11
T/ra cyxoro BewecTBa. MX MOIHOCTL KoebneTca B OUYE€Hb LWHPOKUX Npeaenax: B
cocHskax 3anaaHoi Cubupu ux BebicoTa B cpeaHem coctasaseT 10 cm. OgHako B
HekoTopbiX Jiecax Cpeaneld CHOMPU OHM 3HAYUTEJIBHO BbILLE U MOTYT AOCTUraTh 13-
25 ¢M, a ux 3anacel — 20-30 1/ra [Samsonov e. a., 2005]. IToanecok U noapocT B
maccy HazemHbiX JII'M BHocaT ewe 5 1/ra [Kyp6atckuid, 1957].

B OOsbLUMHCTBE ClyyaeB Y4Y€T 3anacoB JIMILIANHHUKOB, MXOB, KYCTAPHHKOB W
TpaB Ha 3HAYUTENLHON TEPPUTOPHUH KaKOro-aubo perMoHa WM Aaxe B paiioHe
OMpPENENEHHOr0 MUPOJIOTMYECKOr0o OO0ObEKTa MPEACTAB/IAETCA BECbMa HENErKoi
3a/1a4eil, 0OCOOEHHO B MeCTaXx MX NATHUCTOrO pacrpocTtpaHeHus. [1o3ToMy TONILKO
NECHas MOJCTHIKA, MOJACYET 3anacoB KOTOPOH B KaXKIOM KOHKPETHOM CJy4ac He
COCTaBJIIET 0CO0Oro Tpy/a, MOXKET AaTh BO3MOKHOCTh MPOU3BECTH KOJIMYECTBEHHOE
ONPEACNCHUE SMUCCUM TOW WM WHOH rpyMmbl 3JEMEHTOB MPU JECHbIX MOXKapax.
BaxkHo noayepkHyTb, 4TO pacueTbl KoJAuW4ecTBa aTtMocdepHoil  Murpailuu
CTaOMNBHBIX DSJEMEHTOB M HCKYCCTBEHHbBIX PaAMOHYKIHWAOB MOXHO YBEPEHHO
NPOU3BECTH TOJILKO HA OCHOBE CPABHEHMSI UX COAEPIAHHUS B BEPXHEM Clo€ (5 cM)
NOYBEHHO-PACTUTEBHOIO NOKPOBA (POHOBOK MAOWAAN U FOPENbIX NOYB. A BEPXHUI
cnoii B necax CuOupu, Kak npaBulo, NPEACTABIEH JIECHOH MOACTHIKONH. B
OOJIbLLIMHCTBE 00C/AEA0BAHHBIX HAMU pailOHaX JaHHBIMH MO JULIAKHKUKAM, MXaM WK

TpaBaMm, NOMaJalOLMM MHOrAa B npoly, MOXHO npeHeOpeub 6e3 ocoboro yuiepbda



1. UCTUHBI. VICKIIOUEHWeM HW3 3TOro TpaBujla CIy)KaT CEeBEpPHbIE TEePPUTOPUU

3anagHoit CuOupH, rae OTMEYalOTCa OrpPOMHBIE TJIONIAAW, TMOKPBITHIE CIJIOLIHBIM

KOBPOM KYCTUCTHIX JMwaiiHuKoOB (doto 7). Ho naxe B 3TOM ciyvyae oOBEMHbBIE

3anacel JIMIIAHHUKOB HA OTPAHUYEHHON TOUKE OTOOpa NMpOoObI CTAHAAPTHBIM KOJIBLIOM
- p

(S=34 cM") HecpaBHHMBI C JIECHBIMM MNOACTWJIKaMH. Bellle ObUIM NpPUBENEHBI

CPABHUTCJIBHBIC JAHHBIC INIOTHOCTH IMOACTHIIOK, MXOB H JIMIUAHHHUKOB.

! ; RS, g b

-

®oto 7. CnaomHoii MOXOBO-JIMIIARHUKOBBIA MOKPOB OYE€Hb XapaKTEepeH s
CEBEPHBIX pailoHOB, HO Ha tore CUOHpH OTMEeUaeTcs OUeHbpPeaKo ((POoToO aBTOPOB).



I'JIABA 4. JECHAS IIMPOI'EHHAA ITPOBJIEMA B CUBUPH

JlecHoii maccuB CuOupu 3aHumaeT 552 MJH. ra, uyTo cocrasiaset okono 80 %
MOKpPbLITON Jiecom muowaau Poccun. 3aech exerogHo BO3HMKaeT 0kKoao 30 ThiC.
nosxapoB, B aTMoc(epy BbiOpachiBaeTcad 2 MJH. TOHH MPOAYKTOB FOPEHUS, MPUYEM
BIIMAHUE adpO30JIbHBIX SMHUCCUH MOJKET MPOCTHPATLCS HA COTHH W THICAYH KM.
[Banenaunk, 1996; Bauruuu, 1953). ExxeroaqHo Ha 3TOi TEppUTOpPUM BO3HHUKAET B
cpeaHem 30 ThicSY JIECHBIX NOXKAPOB 0€3 MX PerucTpaliv B 30HE JIECOTYHIpPHI (pPUC
4). TlpubnuykeHHasi OLEHKAa NJOWAaAW MNOXApOB BCEX BUJAOB PaCTUTEILHOCTH B
OopeanbHbIX JiecaX Poccum exeroaHo cocranser okoao 10 maH. ra. Ha necHbie
yroabsi MNpUXoAauTca OT 5 a0 8 MAH. ra. 3a MnoapHbli nNepuoa  Ccropaet
npubausuTesibHo 20 MAH. TOHH Guomaccel U B atmocdepy BbiOpachbiBaeTcad 2 MJIH.
TOHH TMPOAYKTOB ropeHus [Banenauk, 1996]. [lonHoe KonMUECTBO a3p030JbHOM
3MMUCCHH TIPH JIECHBIX noxkapax BapbupeyT B npeaenax 100-300 kr/ra, To ectb 1-3 %
OT KOJIMYECTBA Croparouero jecHoro marepuana [CamcoHos u ap., 2003].

[To apyrum naHHbiM, B OopealibHbIX JlecaXx POcCHH noxapbl MOryT NPOXOANUTD
Ha nowaad B 12 MaH ra, B Kanaage — 2,4 miad ra, Ha Ansacke W B CKaHAUMHABUKW —
0,2mau ra [Conard, Ivanova, 1997]. B 2002 r. Toabko Ha OrpaHUYEHHON
TEPPUTOPUH B Mexaypeube pek JleHa — Buioi necHbIMHU MnoKapamu MporaeHO
5man ra [CamcoHoB u ap., 2003]. Kak BMAHO, OCHOBHOE KOJMYECTBO JIECHBIX
NoXXKapoB Hawel cTpaHbl NpUuxoanuTcsd Ha CuOupb. 3a nocieaHue ABa-TPU CTOJETUA
nJow@aab TEMHOXBOMHBIX JleCOB B HekoTOopblX paioHax Cpeanen Cubupwu
3HAYUTENIbHO COKPATUIACh B CBA3M C MOCJIENOXAPHOM CMEHON MX HA OEpe30oBbIC W
ocuHoBbl€ [[Tonos, 1967].

[lepbie Tpu roga BTOPOro JAECATHIETHA XX B. XapaKTE€pU3YIOTCH
NOBBILLIEHHLIM  KOJMYECTBOM KpynHbIX noxkapoB B CuOupu. [lo aaHHbIM
AUCTAHUHMOHHOrO 30HAMPOBaAHUA, TONBKO 3a vionb 2012 r B KpacHospckom Kpae
JIECHbIMU MOXKapaMu oOXBaueHa TeppuTopus ~1 MIH ra (ycTHoe cooOueHHe
['.A.WBaHoBok, UuctutyT neca CO PAH, KpacHosapck). Bo Bpems 3KkeneanuiHOHHOIA
MOe3JKU B BOCTOYHbIE pernoHbl CHOMpPH B MIOHE TOTO XK€ roja B paioHe r. AUMHCKa

HaMH OTMEYaIHCb o4Yary 0O0JIbLUMX JIECHbIX NnoxapoB O AAHOBPCMCHHO B MNATH TOYKaX.



Hawu HaOnoaeHus nocjieAHUX ABYX JECATUJIETHH B pasiM4yHbIX 00JacTiax
3anagHoit Cubupu (HoBocuOupckas, Kemepockas oOnacth, AnTaiCKuii Kpaii,
Amano-Heneuxkuin AO, uneHtpanbHble yinycbl Pecnybnuku Caxa (AkyTtus),
KpacHospckuii kpaif, Hpkyrckas oOnacte, 3alaiikanbckuii kpai, PecnyOnuku
bypsatus u TeiBa) NOKa3bIBAIOT, YTO KOJMYECTBO JIECHBIX MOKapOB BO3pacTaeT. ITo

JaeT OCHOBAaHUE CUYMTATh CaMYK BBICOKYIO OLIEHKY MacluTaOOB CUOMPCKHX JIECHBIX

MOKapoB, MPUBEIECHHYIO BhHILIE, B OTAEIIbHBIE OBl BIOJIHE pealibHOM (puc. 4).

Puc. 4. Cxema pacnojiokeHus OCHOBHBIX O4aroB JIECHBIX MoxapoB B Poccuu
o coctosgaHuo Ha 13.07.2012 r. (no AaHHBIM MOXKAPHOH UH(POPMALIMOHHON CUCTEMBI
FIRMS).

Poab yenoBeka B BOBHMKHOBEHHMH JIECHBIX MOKAapOB BO3HUKIIA HE ceroaHa. U3
MCTOPUU OCBOEHHUS CJIaBIHAMM 3aJIeCeHHBIX MnpocTpaHcTB BocrouHoi EBpornbl
W3BECTHO, YTO Pa3BUTHE 3€MJICENIUA XapaKTEPU30BAJIOCh BBDKMIAHWEM OIrPOMHBIX
JIECHBIX TeppuTopuii. B 3HauuTenbHO OoJiee no3gHue BpemeHa ocBoeHue Cubupwu
BBI3BAJIO MOBBILIEHHE YaCTOTHI MMOKapOONAaCHEIX CE30HOB 10 cxXeme: 17-18 Beka — 2-
3 pa3a B ctonetue, 19 Bek — 11-26 pa3, 20 Bek — 2—3 pa3a 3a 10 ner [MBanoBa, 1995].

B XIX crojieTuu KpynHbBIMM JIECHBIMM MOKapaMu XapakTepu3oBaiauch 19135,
1921, 1932, 1934, 1955, 1958, 1972, 1975 [Banenguk u np., 1979] (croga MOXKHO

npuniocoBats U 1997, 2010-2013 rr, korna B HoBocubupckoii odnacti, AntaiickoM



1 KpacHOApCKOM Kpasx BBIFOpeJIH JeCATKU U COTHH Thicsu ra). B 1915 r. cubupckue
nosykapsl pacrnpoctpaHsinuck ot Tobosbcka 10 JleHbl u OyiieBany ¢ Mas 1Mo ceHTA0pb,
oxBaTuB orHem Gonee 12 muH ra [[IlocTakoBuu, 1924].

[HInpoko oceemanace karactpoduueckas nuporeHHas oOctaHoBka B Poccuu
JeToM 1 oceHbro 2010 roaa, Koraa ropeim AecATKU AepPeBEeHb, TMOJIK JIFOAW U JIECHBIE
ciyk0Obl coBepiieHHO Oblin OeccriibHBI eped orHem. B ceHTa0pe Toro roja Ha oro-
3anane ANTaickoro Kpas Mexay cenamu bactan u HukonaeBka, pacnoioKeHHBIX Ha
OKpauHe JICHTOYHOrO COCHOBOro Oopa, oOrHem, npumeamuMm u3 Kasaxcrana,
npoiineHo noutu 13 TeI¢/ ra (poto 8). B bacrane cropeno 3 noma, B HukonaeBke
312 nomoB. TonpkO mnoTEpU JpeBeCHHBl OleHeHBI B 17,5 mapa pyoneit. s
PacUYMCTKH BBITOPEBIIMX MJIOMIaAei OT MOrudIIkX aAepeBbeB ObLIM MPUBJICUEHBI BCE

JIECOOXpaHHBIE CITYKOBI AJITalicKOro Kpas.

@®oto 8. XapakTtep BeiropeBLuei njow@aau B paioHe cen bactan u Hukonaepka (ror
Antaiickoro Kpas).



Ecte Bce ocHOBaHus cuutaTh, uto 2010 T, HEe HB/ISETCS UCKIKOUEHUEM B
JIECHOM MOXKApHOM CHUTyalMH Ha TEppUTOpUMM Hauleil ctpaHbl U1 B Cubupu B
yacTHOCTH. Hanpumep, nuponoruueckas obctaHoBka B MpKyTckoii o6nactu neTom
2003 r. BpaA i yCTynana cutyauuu Hag EBponelckoit yacTeio Hawel crpanbl. Cyad
10 MHOTOYMCJIEHHEIM ovaram moxapor (poto 9), HEBO3MOKHO MPEANONOKHTh, YTO

BUHOM WX BO3HUKHOBEHHUS CITYKHIIU TaK HA3bIBAEMBbIE “‘CYyXHUE” IPO3bI.

®doto 9. @parmeHT kKocMuuecKkoro cHuMka Upkytckoii oonactu B urone 2003 r.

JUia ynoOcTBa CcpaBHEHHMS H3y4YaeMblX OOBEKTOB M3 DPa3/IMYHBIX PErHOHOB
Cubupu HaMu BbIOMpAIUCh COCHOBBIE WIIM MPEHMMYIIECTBEHHO COCHOBBIE Jieca.
OpHako Ja”AwadTHOro pas3jiiuus IIOLWAAeH, eCTeCTBEHHO, U30exaTb He yAaloCh.
Tem He MeHee, Haubonee yaoOHO pacCMOTPETb KaKOW-TO OJWH PErHoH AJid
CpaBHEHUS TMUPOJOrHYECKUX OOBEKTOB pa3HOro BO3pacTa M BUJA MOKAPOB.
Y100HBIM HaM MPEACTaBIAKOTCS YHUKAIbHbIE TaK HA3bIBa€MbI€ “JIEHTOYHBIE OOpBI”
Ha tore 3anagHoi Cubupu. B Mexaypeube O0u U MpThilua, rope Hamu 00C/Ie10BaHO
camoe OOJIBIIOE KOJMUYECTBO OOBEKTOB U HEKOTOPBIE MOCTPOCHUS OCHOBBIBAKOTCA Ha
IAHHBIX MO ATUM JIeCaM.

B roro-zananHoit yactu G0pbl NpOTArUBarOTCA CIUIOWHON 200-KKJIOMETPOBOM

30HOH BAOJIb mpaBoro Oepera Mprhiiia, OT KOTOpPOH Ha CEBEPO-BOCTOK O MOHMBI



OO0u BbITAHYTBI JIB€ Y3KHE JIEHTbl, COXPAHUBLUMECA TOJIbKO B JIOKOMHAX ApEeBHEro
ctoka. K ceBepy OT HHX B TOM )K€ CEBEPO-BOCTOYHOM HarpaBieHUH OTMEYAIOTCA ELLIE
AB€ JIeHTbl. bopoBble 10KOUHBI, rAe pacnofaratoTcsi JIGHTOUYHbIE OOpbl, CNOKEHbI
YETBEPTUUHBIMH TE€CYAHBIMH OTJIOKEHUAMH M MPEACTABAAOT cOo00i OyrpucTo-
rpsAOBbIE U IPsAA0BO-JI0KOUMHHBIE QOpMBI penibeda, CYLLECTBEHHO Npeo0pa3oBaHHLIE
30JIOBOM AECATENbHOCTBIO. [10/1 COCHOBBIMHU MECYAHBIMKU IPSAaMU Pa3BUTbl AEPHOBO-
cNabonoa30UCThLIE OrJIEeHHbIE TOYBbLI, HO Yallle BCEro noj JIECHOW MOACTHIKOM
3a/1€ralT XOpOLIO OTCOPTUPOBAHHbLIE CpeHE3EPHUCTbIE TMecKH [[louBbl..., 1959].
[Tnowank NeHTOUHbIX GOPOB 3aHUMAET OKO0JO | MJH ra.

AHaIOrMYHBIE COCHOBbIE OOpbI 3aHMUMAKOT OOLLUMPHBIE MPOCTPAHCTBA Ha
npaBoOEPEKHBIX TEPPUTOpUAX HE ToJbKO HMpthiwa, HO W OOM rae uX
pacnpoCTpaHEHHE HWMEET HEMPABUIIbHBIE OYEPTAHHA, JIHLLIb HEACHO BBITAHYTHIC B
CEBEPO-BOCTOYHOM  HamnpasieHuu. Penbed 3aecbk 30M0BbIA, TakKe YETKO
BbIPAXKCHHBIH, MHOrAAa C TaKMMM KPYTbIMM CKJIOHAMHW [IOH, KaKM€ OYEHb PEIKO
OTMEYAIOTCA B JICHTOUHbIX OOpax. DTO MO3BOJIAET MPEANoN0KUThL OapbepHYIO pOJib
HUptbima 1 O0M Ha NyTH nepeHoca MEeCYaHOro marepuana M3 MOAYNyCTbIHHbIX
npocTtpaHcTBe BocrouHoro Kasaxcrana. [ToaATBEpKIEHHMEM 3TOro IpearnonoKeHUus
CNY)KaT COBEPLIEHHO OJIMHAKOBbIH 30M0BbIiH penbed, NMPaKTHUYECKH OAMHAKOBBI
MHUHEPAJIbHBIW COCTaB MecYaHbIX OTJIOKEHHH, CXOAHbIH XapaKTep JeCOHaCaKIEHHH,
a TakKe cyuectBoBaHue B pailoHe r. Cemeir (CemMunanaTHHCK) noj necHaHbIMH
HaHOCaMH 3aXOPOHEHHBIX MOUYB B 0OpPLIBUCTOM npaBom Oepery Mpthbiwa.

[1o MHOroNIETHUM HAOAOACHUAM NMEPBOM NONOBUHBI 20 CTONETUSA B JIEHTOUYHBIX
Oopax B cpeaHeM npoucxoaut 200 mokapoB B roa, orHeM OXBaThbIBA€TCA MNJIOLLAAb
oonee 10 thic. ra [['pubanoB, 1960]. OaHako B OTACAbHbIE rojbl 3Ta LUKdpa MOXKET
yBE/IMUMUBATBLCA B AecsTh pa3 [Baurnuu, 1953]. HabatoaeHus no roiMuHbIM KoJbLam
JCPEBLEB MMOKA3bIBAKOT, YTO B JICHTOYHbIX OOopax AnTaiickoro kpas 3a 270 ner Ha
oaHONW M ToOW xe njowaau noxapbl noeropsauchk |1 pa3 [Banenauk, 1996].
[Tosxapamu MHOrga OXBATBLIBAIMCH THICAYH Ma YHHKAJIbHOIO COCHOBOTO JIECA.

3a nocneanue 15 ner (1991-2005 rr.) B CemunanaTMHCKOM PpPEruoHe
KOJIMUYECTBO JIECHBIX MOXapoB coctaBu/io 3502 Bosropanus, T. €. 6onee 233 B roa.

[Mo nanueim T'Y “T'JITIP "Cemeii Opmanbr” Ha 27.07.2006 r. (korga npoBOaHIIMCH



Hallk MCCle0OBaHMA), C Hauana nokapoonacHoOro ce3oHa Ha TEepPPUTOPHH
Cemunanatuackoro Ilpuupteiwiba 3apeructpupoBarHo 302 cinyyas Bosropanuda. o
KOHLIA MOYKapoonacHOro C€30Ha OCTaBaoCh €le TpH MecALa.

B fmano-Heneukom AO (IlypoBckuii ¥ KpacHOCENbKYNCKWi paiiOHbl),
HECMOTpS Ha Pe3Koe OTMYHME MO JIaHAIWAPTHBIM OCOOEHHOCTAM OT KIJKHbIX paiiOHOB
3anapHol CubupH, COCHOBbIE OOpbl NOAOOHBI OMUCAHHBLIM BbILLE: TOT XK€ 30J0BbIH,
HO MEHEE pEe3KO BbIpaKEeHHbIN penbed, Te ke XOpollo OTCOPTUPOBAHHBLIE MECKH,
OAHaKo ©Oonee MOWHbIA MOXOBO-JMIIAHHUKOBBIH MOKpOB. W Ha paBHMHHBIX
MNJIOAASX LWHPOKO pacnpocTpaHeHbl COCHAKU. B cMelwaHHbIX Jiecax noskapuiua
HAMH HE O0CNEAOBAIIMCH, MOCKOJBKY 3aHATHIC MMH Tuowaau ObuiM OOLUMPHBLI W
3aHATHI LWHWPOKOJIMCTBEHHBIM JAPEBOCTOEM M T'YCThIM KapJMKOBBIM KYCTAPHUKOM, YTO
CBUIETENbCTBOBAIO O ObuibiX noxapax. Kpome TOro, OoCHOBHas 4acTb JIECHBIX
MacCHBOB B paioHax Hawux paboT pacrnojaranacb HHU3KOPOCAbIMH CEBEPHbIMH
COCHaMM Ha TOP(AHUKAX, YTO HE COOTBETCTBOBAIO HALLKUM YCNOBUAM MACHTHYHOCTH
naHawa@THLIX YCJIOBUH A9 CpPaBHEHMS MUPOJIOrHYECKHX 00BLEKTOB. B ycnoBusx
Kpaiinero Cesepa U3y4eHO TpU 00bEKTA B COCHOBBIX M CMELLIAHHBIX JIECAX, OAWH U3
KOTOpbIX 00CNea0BaH cpa3y NOCie MoKapa, YTO MCKJIKOYAET BTOPHUUYHbBIE MPOLECCHI
MUIpalMy Ha BbIFOPEBLUCH MJIOLLIAAM.

B baiikanbckom peruvone (Mpkyrckas oOnactb, PecnyOauka bypstus u
3abaiikanbCKui  Kpail) oOcfienoBaHHbIE MOXapuilla HaxoAdATCs B Npeaenax
HU3KOTOPHBLIX TEPPUTOPUH M BO3HHUKJM Hallle BCEro TakKe B COCHOBbIX WJIM
CMellaHHbIX Jecax. CambiM  CYIECTBEHHbIM OTIMYUEM OT OMMCAHHBIX BbILIE
Mmiow@aaei cnykut B LeaoM 00Jiee MOLLHbIA COi AeCHOH NMOACTHIIKKW WIIM XOpOLIO
BbIDA)KEHHbIH JAEPHOBBIA TFOPU3OHT MMOYB Ha JAEIIOBHAJIbHBIX CYIJMHKaxXx. B 3Tom
pervoHe u3yueHo 6 mnokapuill pa3snu4yHoro Bospacrta. JIpa oObekTa Mccaea10BalMCh
HaMH, KOr/1a Ha MoXapuLUe ele OCTABATHCh TIICHOLUE YUACTKH.

Bo mHorux peruoHax CuOupu B Hactoswee Bpems OecneyHoe, a Hepeako
XHUILHUYECKHU-TIOTPEOUTENIBCKOE OTHOLLIEHME K JIECY 3HAMEHYETCS XalaTHbIMU WJIH
npeJiHamMepeHHbIMU  nojkoramud. Haubonee wvacto npuxoautcess HadmoaaTh
no)kapuila B NONYJNSPHbIX MECTAaX OTAbIxa UM cOopa aroa W rpuboB. TakoBbl Tak

Ha3bIBaEMble “pAMbI” — COCHOBbIE Jleca B BEPXOBbIX 0010TaX Ha KIKHOW OKpauHe



BactoraHckoli paBHHHBI (ceBepHble paiionbl OMckoit 1 HoBocubupckoit obnacreii u
3anaj ToMCKO# 0051aCTH), a TAKXKE YHUKAIbHBIE COCHOBBIE OOpPBI, pacnoiaratoLmuecs
BLITAHYTBIMH B CEBEPO-BOCTOYHOM HampapJIeHUM JIeHTaMH OT OeperoB MpThilia Ha
BocTOKe Kaszaxcrana no OeperoB O6u B HoBocuOupckoit oOsactH 1 AnTaicKom
Kpae. DTOT CIUCOK C MOJHBIM OCHOBAaHHUEM MAOJUKEH OBITH JOIMOJHEH palloOHaMU
Cpenneit Cubupu u baikaabCKOro 3KoJ0OrM4eckoro peruvoHa. IlokaszarensHa u
JAeiMoBas 3aBeca Haja HosocuOupcekoi oOnacteto B JieTHHE nepuoiasl 2005 uiu
2012 rr. ot noxapoB B KpacHosapckoM Kpae. JIbimoBo#i 1neid ot 3Tux noxapos
HaOmojalics HaMW Yy rpaHun, ANTaiCcKoro Kpas ¢ BOCTOYHBIMHM 0ONacTIMU
Kazaxcrana. [lonoOGHbie aBiaeHus 90-X rojax Mpouuioro BeKa 4acTO OTMEYaIMCh
HaMH BU3YaJbHO BO MHOTUX peruoHax CHOMpPH NpH NPOBEACHUN SKOM€OXMMUYECKUX
uccnenoBanuil. Kak Oyjaer MokazaHO HWKE, WCKYCCTBEHHBIE pPAaJMOHYKIMIbI B
a’3po30Js1X ABIMOBBIX LLIEH(OB OT CHOUPCKUX JIECHBIX TMOKAPOB HEKOTOPBIMU

Hay4YHBIMU HAOJIIOIEHUSMH PETUCTPUPYIOTCS 32 COTHH KM OT MCTOYHHKA.
e

@®oto 10. Thicsun rekrap B 1Oro-3anajHoM OKOHYAHUHM JICHTOYHBIX OOpOB
npeBpallleHbl B TTOAYNYCThIHHBIE TaHAadTh! (poTo aBTOPOB).



B paiione r.Cewmeli (Pecnybauka Kazaxcran), a Takxke B IOro-3anajHbix
paioHax ANTaiNCKOro Kpas HEKOraa NMpeKpacHblE COCHOBBLIE OOpblI MPEACTABASAIOT
cOOOM yapyuarollee 3pesidle: COTHH, a MUHOTAA M ThICAYH TEKTap BBIIOKEHbI W
npespaweHsl B nycroiHio (poro 10). Huuero, KpoMme paavkanbHbIX MEp MPOTUB
HacelleHus, JiecHble CayKObl npeanpuHATe He MoryT. [loatomy pelueHuem
KazaxcraHckoro ['ocyaapCTBEHHOro JIECHOrO npupoaHoro peseppara “Cemeit
OpmaHbl” B NOXKapoonacHble Mepuoabl Bbe3d B OOpbl 3anpeueH WM paspelucH
TOJIbKO MO OCOObIM MJIATHBLIM MPONYCKaM. JTO MPHBENO K TOMY, YTO B HACTOSLIEE
BpeMsl OCHOBHOH NpPUYUHOW BO3HUKHOBEHHS MNoxkapoB B (CeMHNalaTUHCKOM
[IpuupTbilube chayxKat “cyxue” Trpo3bl — PEAKOE HCKIOUYEHUE CpPEeAr JIECHBIX
TeppuTOpUil B paiiloHax, KOHTPOJMPYEMbIX JECHbIMU cayxkbamu AnTalickoro kpas, B
JIEHTOUYHBIX OOpax akTUBHO MPOBOAATCA JIECOBOCCTAHOBUTESIbHBIE pabOTbl HA MECTE
noxapuil. OAaHAKO COKpamEHUE YMCJIEHHOCTH JIECHUKOB, HE CnocoOCTBYET
YCNEUWHOMY Pa3BUTHIO PEKYbTUBALMOHHBIX paloT.

B 1997 r. Ha TEppUTOPUM YHHUKAJIbHbIX JIEHTOYHbIX OOpPOB TOJILKO B
ANTalCKOM Kpae 3a noxkapoonacHblii nepuoa (¢ 8 anpens no 12 HoaOps) BbIropesno
140 ToIC. ra neca, norubnu 14 yenosek, oOwmMid yuep6 coctapui 6onee 1 TpuiinoHa
pyoneii B ueHax 1997 r. [[lapamonoB, Uytux, 1999]. B HoBocuGupckoii o6nactu B
mae 2007 rona orHem Oblna OXBaveHa MnJoiaab, pasmepom okoJio 10 Teicay rekrapos
npekpacHoro Kapakanckoro dopa. Croaa e MOKHO OTHECTH HabIOAeHHS aBTOPOB B
baiikanbckom peruone (PecnyOnuka byparua, 3abalikanbckuil kpaih m UpkyTtckas
obnacte) B 2005-2007 rr., Koraa BOAM3HM ropo10B HEBO3MOXKHO ObLI10 HAlTH yyacTKa
Taru, He MPOMAEHHOroO OrHem 3a nociaeaHue 15—-18 ner. UmeHHO B 3TOT nepuoa
Havyanocb OOBaJIbHOE MPUOOPETEHUE HACENIEHUEM AaBTOMOOMJIBHONO TPAHCIOPTA,
noeJjiekilee 3a co0Oi MaccoBOe HacTyIUieHUe Ha npupoay. Kak cieacreue — peskoe
YBEJWYEHHE JIECHBIX MOXKapOB.

[1o naHHbIM “T'OCyIapCTBEHHOro A0KNaAa O COCTOSHUM OKpYIKaloLIEH cpenbl
UutuHekoi obnactu™, 3a Tpu roaa (1997-1999 rr.) Ha ee TEppHTOPHH BLIFOPENO
okono 650 Teic. ra. [locToaHHO pacTyT niowanu, npoiaeHHbIE nokapamu. Toabko B

necxo3ax OacceiiHa P XHJIOK 3a noc/ieiHUE ABajauaTh JET BbII'OpCBLUAA TUIOIIAaAb



yBennuuaace noutu B 200 pasz (¢ 1097 ra B 1981-1985 rr. no 217 700 ra B 2003 r.)
[baroBa, ®@aneiiuuk, 2006].

B Ilyposckom 1 KpacHocenbkynckom paioHax Amano-Heneukoro AO Hamu
HaOMIOAIMCh MHOTOYMCJIEHHBIE MOKapulla pasjJIM4HOro BO3pacTa pasMepamd B
COTHHU W ThicAuM ra. B ueHtpanbHbiX yaycax Pecnybiumku Caxa (AkyTusa) noytu B
Ka>XX/10M TOYBEHHOM pa3pe3e (MX MHOrME JECATKH), U3YHYEHHOM 10 riyOuHbl S0—
80 cM, Ha pa3nMyHBIX MHTEpBajaX OTMEYAJMChb TPU3HAKU JPEBHUX NOXKapos. B
PecnyOnuke TbiBa YHUKalbHbIH banra3biHCKUM COCHOBbIH OOp (CaMblil HOXKHbIA B
Hallel CTpaHe) BbINOKEH HEOAHOKPATHbIMU MOXKapaMu MOYTH HanoloBUHY. Baoab
dbenepanbHOli Tpaccel MockBa-BnaauBoctok Ha 600-KHIOMETPOBOM OTpE3KE OT
HoBocuOupcka no Omcka Oepe3oBbl€ Jieca €KEroaHO CTpaaaloT OT BECEHHHUX
CENbCKOXO3AMCTBEHHbIX NnayioB. [locne ABYyX-TpeX TakuX akToB Jieca MMOHYT. JTH
NpUMepbl OECKOHEYHBI.

B Cubupu aktuBHO npoBoasTcs paboTbl MO HU3YUYEHHUIO JIECHBIX MOXKAPOB.
HcenenytoTes necHble roprouue MaTepualibl, 3KOJOMMYECKHE NOCEACTBHUS MOKAPOB,
BEETCS MOACTHPOBAHUE NPOLIECCOB FOPEHUS JIECHBIX MAaCCHBOB M PpacnpPOCTPAHEHUS
AbIMOBbIX LWEH(POB, pa3pabaTbiBAOTCS CUCTEMbI KOCMUUYECKOTO MOHUTOPUHIA U T.].
[["'puinH, 1992; Kypbatckuii, 1970; IlapamonoB, Uinytun, 1999; Cannukos, 1995;
W MH. ap.]. CyluecTBEHHOE€ BHUMaHWE YAEIEHO a3pO30JibHbIM MCCAEA0BAHUAM
NOBEAEHHA XUMMYECKUX BJIEMEHTOB MpH ropeHuu necos [CamcoHoB u ap, 2008;
Baryshev et al., 1995; McRae et al., 2006; Samsonov et al., 2005], HO
PaaHOIKOIOrMYECKME ACMEKTbl JIECHOH MUPONOrMu BOOOLIE HE pacCMaTPUBAJIMCD.
Mexay TeM, KaHaACKHE Y4YeHble TMpeanojaratoT, 4YTO TMPUUUHON MNOBLILLIEHUS
aKTUBHOCTH paauouesus B atMocdepe KaHanbl B A€THUE NMEPHO/IbI MOTYT CNYKHTb U
cUOUpCKHE NecHble noxkapbl [PaaguoakTuBHbIE. .., 2007].

AKTHBHOE HCCJIEA0BAHHE TMOBEACHHA HCKYCCTBEHHBIX PaAMOHYK/IMAOB TMpH
NIECHBIX MoO)Kapax, Hauyasuieecs nociie YepHoOblibekoi aBapuu (1986 r) B Hawei
crpaHe W 3a pyoexom [Paliouris et al., 1995; Aszapoe, 1996; Lujaniene et al., 1997],
HHKaK HEe CIpOBOLUPOBAJIO pabOT B 3TOM HarpaBiaeHUU B CUOUPH, HECMOTpPS HA TO,
YTO Ha BCEM €€ TEPPUTOPHM BbINAAAIM PAJUOAKTUBHBLIE OCAJKWM OT AIEPHbIX

MCMbITAHWH, aBapuii, NOA3EMHbIX B3pbIBOB M T. . Tak uTo BCce naHawadrTel 3TOM



OFPOMHOM  TEPPUTOPHUM B  Pa3HOM CTEMEHHM 3arpsi3HEHa HUCKYCCTBEHHBIMU
PaAMOHYKJIUJAMH.

Toneko B 2000 r. npu NpoOBEACHUH 3KOJIOTO-reOXUMHUYECCKUX HAOMIOICHHUI Ha
tore u Kpaitnem Cepepe 3anagHoii Cubupu HaMU BBITIOJTHEHBI MEPBbIC UCCIEA0BAHUS
COBMECTHOTO MOBEACHHS TAKEIBIX METANIOB U UCKYCCTBEHHBIX paJlHOHYKIUIOB MpH
JECHBIX Mokapax. HacKoMbKO HaM M3BECTHO, MOA00OHBIE padOThl HA 1AHHBIA MOMEHT
OTCYTCTBYKOT MOJIHOCTBIO HE TONBKO B Cubupu, HO u B Poccum B uenom. Kak
MPaBHIIO, PeUb UAET OTAEIBHO O KAXKAOH U3 ITUX IPYIIIN, HIA O KAKOM-HUOYAb OJTHOM
3JIEMEHTE, HO Yalle BCEro B a3PO30JIbHOM acCleKTe.

Jlecubie noxapel nociaeanux jaer (2010-2012rr.) B 3anaaHoii Cubdupw,
KpacHOAPCKOM Kpae U HEKOTOPBIX JPYruX pailoHaX XapaKTepU30BallUCh KaK CBOUMU
macutabaMu, Tak U cuioi orHd. Hanpumep, IbIMOBOM LTeH(] OT JIECHBIX MOKapoB
2012 r. B KpacHosipckom kpae (doto 11) npoctupasncst a0 rpaHuil AnTaickoro kpas

¢ PecnybOimkoi Ka3axcrtaH (ecTh OCHOBaHHKE MoJiarath, YTO M AaJIbLUE).

@oto 11. Hrone 2012 r. LlenTtpanbHaa yacte Antaiickoro Kpas. JpIMKa OT
necHbIX noxapoB B KpacHosgpckom kpae. Jlo npoTuBonosiokHoro oepera He dosee
400 m (doto aBTOpPOB).



I'JIABA 5. UCTOYHHUKH TSIKEJLIX METAJLIOB U UCKYCCTBEHHBIX
PAJIMOHYKJIUJIOB B JIAHJIIA®TAX CUBUPU

Bo Bce KOMMOHEHTHI OMOreoLeHO3a XHUMHUYECKHE DIJIEMEHTbI MM  HX
CO€/IUHEHHUS B TOM WJIM UHOM COOTHOLLUEHHH MOCTYMNAKT ABYMSA MYTAMH — KOPHEBBIM
WJIH BO3AYLUHbIM. ATMOC(EpPHbIH MEPEHOC Pa3WYHBIX BELLUECTB AHTPONOrEHHOIO
MPOUCXOKAEHUA CIIY)KMT OJAHUM M3 OCHOBHBIX MCTOYHMKOB H3MEHEHHUS HX
NMPUPOAHOro OHOreXMMHYECKOro ypoBHA B Janawadrax. Ho €ciii no OTHOLIEHHUIO K
CTaOMNIBHBIM  DJIEMEHTaAM  KOMMOHEHTbl OMOr€OlIEHO3a TMNPHUBLIKIM B MPOLECCE
MHOTOBEKOBOI  3BOJIIOLIMKM, W 00JaJal0T HEKOTOpOHW  TOJIEPAHTHOCTBIO, TO
HEOHO3HAYHON MOJKET ObITb UX PEAKLMA HA NOAB/ICHHE B ) KU3HEHHOM NMPOCTPAHCTBE
MCKYCCTBEHHBIX PaAHOHYKJIMAOB HJIH OPraHUUYECKHX COEAMHEHHH — BewecTB A0 20-
ro BCKa HC3HAKOMBIX PacTUTC/IbBHBIM KOMMNOHCHTAM W KHUBOTHLIM obuTarenam
[1pupoasl.

[ToCTOAHHBIA POCT AHTPOMOr€HHOrO BO3ACHCTBUS HA CUOMPCKHE TEPPHTOPHU
Hawei cTtpaHbl B XX B. LUMPOKO OCBELIEH B HayyHoW auteparype. OUEHKH
MJIOTHOCTH BBINAJACHHH MHMKPOIJEMEHTOB 1Sl Pa3ivyvHbIX (POHOBBLIX PaHOHOB
KOJIEONIOTCA B LUMPOKUX MpEaenax (Hr/{:m2 B roa): Co — 0,02-63, Cr — 17-690; Cu -
3,3-1300; Ni — 7,2-1400; Zn — 67-8900; Cd — 5-38 [beyc v ap., 1976; PoBUHCKUI U1
ap., 1994]. Kak BHAHO W3 MPUBEAECHHBIX 3HAYEHWH, OPUEHTUPbI BeCbMa
npuONU3HTE/bHbIE. ECTECTBEHHO, AaHHbIC /19 KOHKPETHbIX PErHOHOB WJIM rOpOa0B
HE MOryT CUMTATbCs CTaOUJIbHBIMM: OHM BO MHOFOM CBfi3aHbl C KOJIeOAHUAMMU
3KOHOMMYECKMX  TMOKa3arejleid, pa3BUTHEM WM  CMNaaOM  MPOMbILJIEHHOTO
NPOU3BOJCTBA, TPAHCMOPTA, pa3pabOTKH MECTOPOKAEHUH MONE3HBIX HCKOMAEMBIX,
TO €CTb ¢ JMObIM TNpPOAB/JICHUEM YEJIOBEYECKON aedaTe/ibHOCTH. [lostomy B
AONOJTHCHHC K NPUPOAHbIM NI'COXHMHYCCKHUM Gapbepam MOABHUIIUCHL MHOIMOYHCIICHHLIC
T€XHOIE€HHbIE PAa3HOBWAHOCTH, BKJKOUarlMe B ceOa nake ObITOBbIE COLMAJIbHbIC
Gapbepbl [AnekceeHko, 2006]

B 3aBHCHMOCTH OT BBICOTHI NPOMBILIIEHHBIX BLIOPOCOB (OPMUPYIOTCS
NOKaJbHBIC,  PErMOHANbHbIE M TA00aNbHBIE  BBIMAJCHHUA,  BJIMSAIOLIME  HA
MMKPO3JIEMEHTHbIH COCTaB MOYBEHHOro nokpora. MccnenoBaHud nokasbiBalOT, YTO

PErHOHAJIbHBIC, 4@ TCM Oosnee rnodanbHbIE BbIMAJACHHS B LIEJIOM HE CONMpOBOAKIAKOTCA



CYLLECTBEHHbIM YBE/MYEHUEM KOHUEHTpauui MeTaljloB B nouBax [Manaxos,
Maxonbko, 1990]. Opnako noOCTOsIHHBbIM pocT B  koHue 20-ro cronetus
AHTPOMOrEHHOr0 Mpecca Ha CEBEPHbIE PErMOHbI OT KPYMHLIX HHAYCTPHAJIbHBIX
LEHTPOB (OCOOEHHO 3aMETHO OH CTaJl NpOABAATLCA B 40-50-X Ir.) CAYKHT NPUUHHOI
TOro, 4TO AAJbHHI aTMOC(hepHbI nepeHoc cnocodbeH (GopMHPOBATL HMMAKTHBIE
30Hbl, B KOTOPbIX TEXHOr€HHAs COCTABJIAIOLIAA MO TAXEJbIM METannaM MOKET
JOCTUraTh 3HAYEHHH, NpUCYLMX KpynHbIM ropoaam [Mitchell, 1957; Barrie, 1986;
Barrie et al., 1985; BwunorpanoBa, 1993:; BuHorpanosa, Eropos, 1996; Ebcees,
Kpacoeckas, 1997; LlleBuenko u ap., 1997].

OCHOBHBIMM MCTOYHMKAMKU rA00aNBHOrO MNEepeHoCca TAKEIbIX METANJIOB M
HEKOTOPbIX APYrHX MajblX 3JeMeHToB B Cubupu ciayxat HopHIbCKHMI KoMMUekc,
obnactb Ky3Heukoro Oacceiina, baiikanbckuii M SIKyTCKMii peruodbl [BuHorpanosa,
Eropos, 1997]. Kpome TOro, CyuiecTByOT perHOHa/IbHbIE U NTOKaJbHbIE UCTOYHHKH,
BKJ1aJl KOTOPbIX B U3MEHEHWE re0OXMMUUecKoro oHa Toil MM uHOM 00s1acTH BeCbma
sHauuTeneH. Ilpumepom  moxer cayxute Hopunbckuit  ['MK, obnactb
PErHOHANBLHONO  3arps3HEeHUs OT AEATENbHOCTM KOTOPOro TMpOTArMBAacTCa  OT
BOCTOUYHBIX M LIEHTPaJbHbIX paioHoB fmano-Heneukoro AO no yctes p. JleHbl
[Benos, 1993].

JIpyruM npumMepoM peruoHajibHbIX UCTOUHUKOB MOKET CAYXKUTb ajIMa3HOE W
30/10TOAOOBIBAIOLIEE MPOU3BOACTBA BOCTOUHBIX PErMOHOB CTpaHbl. [lepoe M3 HUX
CONMPOBOKAAETCA MOCTYNNEHHEM B JIaHAIa(Thl TAKKX 3J1eMEHTOB Kak Mn, Al, Ni, Ti,
Sr 1 ap., HO 0COOYIO ONACHOCTL MPEACTABAET COOOM TalIMii, CoaepKaHHe KOTOPOro
B Boaax oborarutesnbHbIX (hadbpuk npeesbiwaeT ITJIK B 800 pas. I[lpn nobbiue 3on0ta
M3BJIEKAeTCa OrpoMHoe koauuectBo Pb, As, V, Zn, Cu, Mo, oaHako rjiaBHoe
3HaAYeHWe umeeT pTyTb. Hanpumep, B Boae oaAHOH H3 peK (AKyTusa), B OacceliHe
KOTOpOi pa3padaTbiBa€TCA PACCHINMHOE 30JI0TO, COAECPKAHWE PTYTH CcocTaBjseT 92
mr/n npu TTIIK ans npupoansix Boa 0,5 mxr/a (CanlluH 2.1.4.559-96). B pe3ynbrate
pa3paboTOK YroJibHbIX MECTOPOXKAEHHWI MblJib, B KOTOPOH OTMEUYaKOTCH BbICOKHUE
KoHueHtpauuu Mg, S, Ti, Mn, Co, Zn, Cu ¥ T.a., pa3HOCHUTCA Ha OOJbllIKE

pacctodaHua [Konbuios u ap., 1993].



PazpaboTka yrieBoJAOpPOAHBIX MECTOPOMKIASCHUN COMPOBONKAACTCI HE TOJLKO
B€CbMa pacnpOCTPaHEHHbIMH SABJICHUSMH pa3iuBa HeTENpPOAYKTOB, HO H BBIHOCOM
NPUPOAHBLIX PAAUOHYKIUAOB HAa AHEBHYHO MOBEPXHOCTb C MJIACTOBBIMM BOJAMMU
[Hartman, Reznicek, 1986; AxmenoB u ap., 1998]. B OypoBbix pacTBOpax H
3arpsI3HEHHBLIX HEPTHIO MOYBAX OOBIYHO OTMEYAIOTCS TMOBLILIEHHBIE KOHUEHTPALMH
Cd, Zn, Mn, u pnaxe uepe3 20 ner OpolueHHble OypOBbI€ MJOLLAAKU NPEACTABIAIOT
COOOH MCTOYHMKH 3arpA3HEHHUs TYHAPOBBLIX SKOCUCTEM THKEIbIMU MeTaljlaMu
[JlaBpunenko, JlaBpunenko, 1998]. Tsxkenbie Merannbl MOryT MOCTYNarh B
MOYBEHHO-PACTUTE/IbHBIH MOKPOB U B pe3yJibTaTe aBapuiHOro pasivBa He(TH, YTO
OYeHb YaCTO CllyyaeTcs Kak Ha camMuX Hedrenpombiciax, TaKk M Ha
HedrerpyOonpoBoaax. PeKyabTHUBAUMOHHBIE MEPOMPUATHA TMNMPU  ITOM  4acTo
NPOBOAATCA MPOCTHIM BbIKMraHWeM He(TH, TO €CTb NpOLUeccCOM, CXOAHbIM ¢
JIECHBIMU TOXKapaMH M BEAYILUMM K PacLUMpPEHHUIO OPEOJIOB 3arpsa3HeHus. Bce aTu
MHUMJIEHTHL B TOW WM MHOW CTeneHu CcrnocoOCTBYIOT pacnpoOCTPAHEHUIO
paaMOHYKJIMAOB B CHOMPCKHUX NaHAlIadTax.

B Hawell npakTHKe 3KOreOXMMUUECKUX MCCNENOBAHUI HEpPEeAKO OTMEYasIuCh
ciyyan “‘TOYEYHOrO” 3arpsa3HEHHs KOMIMOHEHTOB OHOreoueHo3a, OJHAKO LWHUPOKO
NPOSABJIEHHOrO HAa AOCTATOYHO OrpaHWYeHHOHW TeppuTOpuU. Hanpumep, 0kKoj0 mn.nm.
CamOypr u Tapko-Cane (Ilypoeckuii paiion fAmano-Heneuxkoro AQO) B paspesax
NMHIWAHHHUKOB, C(arHoBbIX MXOB W TOp(OB HEPEAKO OTMEUAIHCh YparaHHble
coaep:kaHua cBuHua — 500—-600 u OoJsiee MI/Kr B BO3AYLIHO-CYXOM BELLECTBE
[LLlepOoB, CtpaxoeHnko, 2002], Toraa Kak oOblYHOE €ro COAepXkaHUe Ha CeBepe
3anagHoii Cubupu konednerca B npeaenax 10-50 mr/kr. MHTEpecHO, 4TO Baanu ot
NOCEJIKOB TAKOI0 BbICOKOIO 3arpsi3HEHUs MPaKTHUYECKU HEe oTMevanocb. Bo3MOoKHOI
NPUUUHON BBICOKMX COAEpXKAHWUI CBHUHLIA B PACTUTE/IbHbIX KOMMOHEHTaX MOXKHO
NpU3HATL MPOHU3BOJIbHBIN pO31MB aBTOMOOMIbLHOrO TonauBa: 70 % BCeX BbIOpOCOB
CBMHLIA B aTMoc(epy CBA3AHO C MCMOJIb30BAHWEM 3TUJIMPOBAHHOrO OeH3uHa. XOoTH
COEpIKAHHE CBMHLA B aTMOC(EPHBIX OCaaKax B HEMPOMBILLIEHHbIX 30HaXx CuOupwu
CYLLIECTBEHHO HUKE, YeM B eBponelckoit yactu Poccuu (0,05-0,3 u 4,5-7,3 MKr/n
COOTBETCTBEHHO), COpachiBaTh CO CUETOB 3TOT UCTOUHHUK HET OCHOBAHMIA, TeM Oonee,

UTO CYLIECTBYIOT 00Jiee BLICOKME OLEHKM TaK)Ke M PTYTHOro 3arpasHeHus Cubupu



[AronbHuuep v ap., 1995]. K Tomy ke U OXOTHWUMI npombicen B 3Toi npoblieme
UIrpacT 3aMETHYKO pOJib — B BOJAHO-OOJIOTHBIE YroAbl HAWIEH CTpPaHbl €XEroaHo
nonajaet A0 1400 T ceuHua [CHakuH, 1998]. T1pu pabotax B Amano-Heneukom AO
B OAHOIH npole Top(a, oTOOPAHHOIrO BAANM OT HACENEHHbIX MYHKTOB, HAMH Oblna
OoOHapy KeHa OXOTHHUYbs ApOOb.

HecmoTps Ha conuaHblil NpoMbILNEHHbIH noTeHUHan Cubupu, OHa HE MOKET
ObITb OTHECEHA K PErMoHaM ¢ BbICOKOH TEXHOMeHHOMN Harpy3Kkoi B CMy €€ OrpOMHbBIX
MPOCTPAHCTB M HECPABHEHHO ciabee pa3BUTLIM MPOMBILLIEHHbIM KOMIIEKCOM, YEM
B eBponeickoi yactu Poccuu 1 B pa3BUTLIX cTpaHax. Bmecre ¢ Tem HekOoTOpble ee
palOHbI 3arpsA3HAOTCA J0CTATOYHO owyTumMo. Hanpumep, B oTAenbHbIX oOnactax
3anagHoi CuOMpH BBLIOPOCHI BPEAHBIX BELUECTB B aTtMocdepy NpOMBILLAEHHBIMH
O0BEKTaMK COCTABAAIOT (ThICAY TOHH B roa): Tomckas — 230, Antaickui Kpakh —
383, HoBocuOupckas — 421, Omckas — 461, KemepoBckas — 1221, TromeHckas.-2982
[LLIoiixeT u np., 1994]. Cneayer nonaratb, 4TO aHTPOMONEHHOE BO3ACHCTBHUE Ha
nanawadTel CuOupu B LEJOM HaXOAMUTCA HA YPOBHE NMPUBEAEHHbIX Moka3areneil. [1o
KpalHeil Mepe, OIMH TONbKO MPUMEP PTYTHOrO 3arpsizHeHus [AronbHuuep v ap.,
1995] MOXKeT CBMAETENLCTBOBATL B M10JIb3Y TAKOro npeanoioxkenud. Hawe uzyuyeHue
MHUKPOJIEMEHTOB B JAOHHBLIX OTJIOXKEHHMAX O3€p MMOKa3alo, 4TO 3a ABAALUATHIN BEK
noctynnenve As, Cd, Zn, Pb u Hg na niowane Anraickoro kpas yBEJAMUWIOCH B
1,4-1,8 pasa |LLlepbos u ap., 2003], a 3TOT pErHOH HEJb351 OTHECTH K MPOMBbILLJIEHHO
Harpy:KeHHbIM. 3aleras HEMHOro Bhepea, OTMETHM, YTO WMEHHO 3Ta rpymnna
3IEMEHTOB HaudOJIEe aKTUBHO BOBJICKAETCA B aTMOC(HEPHYIO IMUCCHUIO MPH JIECHBIX
noxkapax. CBH/A€TE/ILCTBA TEMITOB NMPOMbILLJIEHHOTO pa3BuTHa CUOMpHU 3a mocieaHue
25 ner no3BOJSIAIOT YTBEPIK/IAThb, YTO AHTPONOreHHas Harpy3kKa Ha 3TOT OrPOMHbIi
perdioH Bpsil JIM CYLECTBEHHO YyBeNWuuTcs B Onumkaiiiiem Oyayuiem. [lostomy
NPUBEACHHDBIC BbILIE 3HAYEHHA MOTYT CIYKHTb OPHUEHTHPOBOUYHBIMH B TEYEHHE
J0JIFTOrO BPEMEHH.

K anTponoreHHomy Bo3aeHcTBuio Ha naHawadgpTel Cubdupu HEoOXOAHMO
N00aBUTHL paJvauHOHHBIN (aKTop: Bca ee Tepputopus (Kak M Bce (CeBepHoe
nonywapue 3emiau) B 1949—1963 rr. Haxoaunach Mo SHEPruyHbIM PagHOAKTHBHBIM

npeccom [M3pasnb, 2006; Maxonbko, [laBnosa, 1997; Ilnytonmii..., 1994].



[IpuunHOl 3TOro MNOCNYXKUAM MCIBLITAHUS AJAEPHOrO0 OpyXKHUs B aTtMmocdepe,
npopoauBiunecs CoserckuMm Coto3om, CoeauHeHHbiMu LllTatamu  Amepuku,
BenukoOpuranuein, @panHumeit u Kwurtaem [HoBosemenbckuii..., 2000]. Ha
tepputopur CCCP  nefictBoBano  aBa  MCObITATENIbHBIX  moauroda. Ha
CeMunanatuHckoM noauroHe ¢ 1949 npo 1962 r. npousBeneHo 124 OTKpBITHIX
(Ha3eMHbIX W BO31YLUHbLIX) B3pbIBOB, HA HoBo3emenbckoMm — 90 ucnbitanuit. Kpome
TOro, Ha OOOMX MOJIMFOHAX W B APYrUX PerHoHax cTpaHbl (NMPEUMYILIECTBEHHO B
Cubupu) Braotb 10 1990 r. npoU3BOAMIUCH NOA3EMHbIE B3PbIBbl, HEKOTOPbIE U3 HUX
MHOr1a 3aKaHYMBAJHCh BLIOPOCOM HA MOBEPXHOCTb UCKYCCTBEHHBIX paJiHMOHYKIUAOB.
HecmoTps Ha CymiecTBEHHYIO pa3HULYY KoJiMuecTBa B3pbiBOB Ha noauronax CCCP,
MO CYMMapHOMY 3HEpProBbIACNECHUID ¢ YUYETOM [MOA3EMHbIX MWCMbITAaHWH Ha
Hososzemenbckuii npuxoaurcs 94 %, na CemunanatuHckui — 5.5 % [/dybacos,
Jlymuk, 3eaeHuoB m ap., 1994; Uzpasnb, 2000; u mH. ap.].

PapuaunoHHOW npodaeme MOCBAWEHO OFPOMHOE KOJIMUECTBO MOHOrpaduui,
cTaTei, TEMAaTMYEeCKHX KOH(epeHUMU U coBewanuii. JloctaTouHo ynomsHYTb JBE
MexayHapoaHblX KOH(pEpeHUHH, npoBeacHHbIX B MockBe «PaJHOaKTUBHOCTbL MpH
s7epHbIX B3pbIBaxX U apapuax» (2000) u «PaanoakTHBHOCTD 10OCJIE 5A/I€PHBIX B3PbIBOB
u aBapuii» (2006). PerynsapHo npoBoaatcs MexayHapoaHbie KOH(pEpeHUHH B
Tomcke noa obuM Ha3BaHWeM «PaJMOaKTMBHOCTb W paJiMOAKTUBHbLIE 3JIEMEHTHI B
cpeae odutanusa venoseka». B r. Cemeii (Cemunanatunck) PecnyOnuku Kazaxcran
HauuHass ¢ 2000 r. npoBeneHO ceMb MeKAYHApPOJAHbLIX Hay4YHO-TIPAKTHYECKHUX
KoHpepeHuuit « Tsxkenble MeTamibl U paJUMOHYKIUABI B OKpYyKatowei cpene». Bee
COBEIIAHUA U KOH(PEPEHLIMU NMEPEUUCIATh HE UMEET CMbIC/Ia: nMpodJieMa cepbe3Has M,
Mo-BUAMMOMY, HECKOHYaemas (HanoMHuUM @ykycumy). U Cubupp B 3TOM
OTHOLIEHHWH — He UCKIKYeHue. Ha ee TeppuTOpUHM ASHCTBYIOT NpeanpUAaTUs
aaepHoro uMkna B Tomcke um KpacHospcke, CYLECTBYKOT MYHKTbl 3aXOPOHEHHS
aaepHbIX 0TX0/10B. B paiionax 3anaanoit Cubupm, npumbikarowmx kK Ypany, 10 cUx
nop OLLYLWAETCA PaAMOAKTUBHOE 3arpsA3HEHME OT aBapuM Ha XMMKoMOuHaTe «Mask»
B UensaOuHckoi odnacTu.

[locTynaBiune B atMmocdepy paaMOaKTUBHLIE NMPOAYKTHI MOCAE BbINAACHHUA HA

3eMHYIO  MOBEPXHOCTb  copmupoBanu  riodanbHblii  ¢oH. OH  nposaBieH



HEPAaBHOMEPHO: B BbICOKHX LIUPOTAX HECKONbKO HHMKE, YeM B CpelHUX, W
MaKCMMaJIbHbIE €ro 3HauyeHus npuxoaarca Ha 40-50° c.w. [M3pasnb, 2006]. B
paznuuHbiX Mectax CeBepHoro mnogywapusa HaObmoaalTea pasHbiX  (GopM W
pasMepoB MJIOLAAM, HA KOTOpPbIX 3a(pUMKCUPOBAHHAs AKTUBHOCTb [1OJrOXKHUBYUIMX
U30TOMOB LE3Ud U CTPOHLMUSA NMPEBLILIAET (JOHOBBIE YPOBHH, UYTO CBUJIETENLCTBYET O
NOKaNbHbIX pagHOAaKTUBHbLIX BbinaaeHusx [JlroGawesckuii u ap., 1993; bontHesa u
ap., 1977].

K nauany 1974 r. noctynaeHue B atmocdepy A0ArOKUBYILIMX PaJHOAKTHBHbIX
W30TOMOB MPAaKTHYECKH CTaOMJIM3UPOBANIOCH W B TMOCJAEAYKOWHE TOAbl HOBBIX
BLIOPOCOB, CMOCOGHBIX CKONBbKO-HHOYAb 3aMETHO HW3MEHMTh 3amachl '~ Cs B
MNOYBEHHO-PACTUTENILHOM MOKPOBE HALUEW CTPaHbl, HE OTMEUAJIOCh 10 anpes Mecsaua
1986 r., korna npouszouna YepHoObinbekas apapusi. Ee utorom Obul BbIOpOC B
Tponocdepy paiMoOM30TONOB ¢ AKTMBHOCTbIO oaHoro MKu (10°). PaanoakTHBHble
OCaJIKM pacnpocTpaHuiuch Mo Bcemy CeBepHOMY Mojyllapuio, HO HauboJjee
3arpA3HEHHbIMM  OKa3aJIuCb €BpoMneickue pervoHsl [MaxoHbko u  ap., 1990].
KoHeuHO, mpuBEAEHHbIE HAa PpUC.S cieAbl  3THX  BbINMAACHUH  OTpaXaroT
pacrnpene/lieHus paJMOAKTUBHBLIX OCAAKOB TOJIbKO OJHOrO [HA M HE OTpaxaroT
peasibHOI KapTHHbI, MOCKONbLKY MX BLIOpOC B arMocdepy MpoaoKancs HEKOTOPOE
BpeMs 0 3aKpbiTUs aBapuiiHOro 0a0ka. B HEKOTOpBIX K3 00C/NE10BaHHbIX PETMOHOB
OCHOBHbIM MCTOYHHUKOM PaJHOAKTUBHOIO 3arpsA3HeHHs Ha pydexke XX u XXI BB.,
MO-BUAUMOMY, CIIEIyeT CUYMTaTh HE SJepHbIe HCNbITaHUs, a YepHOOBLILCKYHO
aBapuio. O0 3TOM CBUAETENLCTBYIOT paboThl Ha CeBepHOM Ypase U NMpHJIeraloux K
Hemy TepputopudaX [Hudontoea, 2003]. TlonbitaeMca 0O0OCHOBaTbL Halle

npeanoJIOKCHHUC.

Hawummn pabotamu Ha tore 3anagHoii Cubupu B BEepXHMX TOPU30HTAX
UEPHO3EMOB 0JI1 «YEPHOOBIIBCKOW» KOMITOHEHTbI ¥cs peako npesbiwana 30%
[['aBwiuH u ap., 2000]. B 2000 r., 1. e. cnycta 14 ner nocne HepHOOLUILCKON aBapHu,
onpeaenenue 'Cs B 12 npoGax [epHOBOrO FOPH30HTA MOYB M3 HEKOTOPbIX
ueHTpaabHbIX HacneroB PecnyOnuku Caxa (AkyTuq) nokazano €ro akTHBHOCTb OT
0,14 no 0,19 bk/kr. Yuer nepuoaoB nonypacnana Y7Cs (30 ner) m 134Cs (2,04 rona)

NMnpH nepecucTax Ha BpEMA BBINNAACHHUA TMOKa3bIBACT, YTO CPCIAHCC KOJIHYUCCTBO



«YEpHOOBUIECKOTO» pamuoue3us B mouBax cocraBiser 74,6 %. B HekoTopbIX
nyHkrax orbopa nmpo6® ero aons aocturana 100 %. Bo mxax u numaiinukax (10
ONMpeNeNICHUH) CpelHee 3HAUYE€HHE HECKOJIbKO HHke — 40 %, HO B OJHOM cClly4ae
pacyeTaMu ycTaHoBJIeHO okoJio 100 %, a B ogHoi#l npode JIeCHOH noaCTUIKU — 72 %

[CyxopykoB u ap., 2000].

Puc. 5. PacyeTHOE nNPOCTPAHCTBEHHOE PACHPEACICHUE PAJUOAKTHBHOCTH Ha.
CeBepHbiM  nosywmapvem Ha 10-it geHp nocne  YepHOpOBUIBCKON — aBapuu
(Jlugepmoneckas naGoparopusa u [lenaprament suepretuku CIUA, Lange et al.,
1992), nurupyercea no: [Capuenko, 1997].

EcTb faHHBIE O 3HAYMTEJBHOM MOBBILIEHWM AKTMBHOCTH PaJHOLIC3Ud U
pPaJMOCTPOHLIUA B MOXOBO-JTHIIAHHUKOBOM TMOKPOBE TMPUAPKTHYECKUX paiioOHOB
Vpana u 3anaanoii Cubupu nocne 1986 r. [Hudonrora, 2000]. Hamu nokaszaHo, uto
H TUIYTOHHEBOEC 3arps3HeHHe CHOMpPH TarKe CYLUECTBYET B Pa3/IMYHBIX PErMoHax
[ILllepOor u ap., 2013]. EctecTBEHHO, HCTOYHUKAMM TUTYTOHMA (OJHOIO M3 CaMbIX
CWJIbHBIX TOKCHMKAHTOB), KaK M JPYrMX JOJrOKHUBYIIMX HUCKYCCTBEHHBIX

paaguoHYKIUAOB, B JaHawadrax CHOUPH CHYKUIH SIEpPHBIE HCMBITAHUA Ha



CemMunanatTiHCKOM M HOBO3eMEJNbCKOM TMOJMIOHAX, TaK Ha3biBaemble “MHpPHbIE™
B3pbiBbl, aBapusa Ha HADC, a Taike aearenbHocTb KpacHospckoro I'XK, Tomckoro
CXK, u “*Yengadbuucka-40" (uau 10 “Mask™).

OnpeneneHublii BKNaag B paavoakTUBHOE 3arpsasHeHue CuOupu BHECHH
NoJ3eMHbIE B3pbIBbl, OCHOBHAs 4acTb KOTOpbIX U3 300 npou3BeaeHHbIX B CCCP,
Oblj1a BBIMOJHEHA HA €€ TEPPUTOPHHU UJIK B HEMOCPEACTBEHHON ONM30CTH OT HEE — HA
HososzemenbckoM wnu CemunanaTHHCKOM saaepHbIX noauroHax [[ybacoB w ap.,
1994]. HekoTopble UCNbITAaHUS 3aKaHYMBANUCL aBapUeid, YTO MPUBOJAMIO K BbIBOAY
Ha  3€MHYI0  [OBEpXHOCTb  paJHOAKTHBHBIX  MPOAYKTOB.  TpaeKkropuu
pacrnpoCTpaHEHUss  PaJMOAaKTHMBHLIX O0NAKOB, KaKk MNpaBWIO, OKa3blBAIMCh
HernpeaAcKasyeMbIMU, MNPUMEPOM YEro MOKET CAYKUTb XapakKTep nepeHoca
BO3AYLLUHbIX MACC OT OJHOr0 M3 B3pbIBOB HA CeMHnanaTHHCKOM noauroxe. [lpu stom
paaAuOaKTUBHBIE CJI€Abl OT WUCIMBLITAHUH HAa O0OMX MOJIMFOHAX UMEKOT MPUUYAJIUBYIO
TPAEKTOPUIO U OOHAPYIKHBAKOTCA Ha OFPOMHBIX NPOCTpaHCTBAxX (pUc. 6 u 7).

Jlaske npu OTCYTCTBUU aBapUiiHbIX CUTYalLMA CKBO3b PbIXJIbIE TOPHbIE MOPOAbI
MOrYT MpOCA4YMBATLCA AOUYEPHHE NPOAYKTbI PAAHOAKTHBHOrO pacnana WHEPTHbIX

razos. Paquonzoronsl > Kr u ¥’

Xe, UMEIOLME KOPOTKUI NMepuoa nojiypacnajia, B
pe3y/IbTaTe AAEPHbIX MPEBPALLCHHIH MEPEXOAAT B aTOMapHble ~ St u °'Cs, KOTOpbIE
KOaryJupyrT ¢ atmochepHbiMU a3po30/iaMu. KoMMYeCTBO 3THX pPaAWOHYKIIMAOB
HEBEJIMKO H OCO0OI OMAacHOCTH B 3KOJIOrMYECKOM AaCMEKTE OHW HE MPEACTaBjAIOT
[Maxonbko, IlaBnoBa, 1997]. Kpome TOro, Bo3MOMXKHbI€ CEHCMHUYECKUE TMOABHIKKH
3€MHOH KOpbl B pailOHaxX CKBAKMH C MOA3EMHbLIMM B3pbIBAMM CIMOCOOHBI HAPYLUWTD
3aTAMIIOHUPOBAHHbIA CTBOJI M AaThb BbIXOA PaJAHOHYKIMAAM Ha 3€MHYIO
NOBEPXHOCTb. HO U npH HEHApPYLIEHHbLIX CTBOJAX MO CEWCMHUYECKUM MPHUYHMHAM
paaMOHYKJIMABI, cojepikaluecss B 00pa30BaHHLIX B3pbIBAMU pe3epByapax, MOryT
MUTPUPOBATH C MOA3EMHBIMH BOJAMH MO 30HAM pa3pbiBHbIX HApYyLWIEHUH [HoMu0oeB U
ap., 1993]. Tlo MHEHHIO MHOrMX wuccieaoBaTteliei, BCE 3TH [AaHHbIE BbI3bIBAIOT

HEOOXOAMMOCTD MpuaaHuia cratyca pPaiglHoOdKTHBHbIX OTXO040B BCCEM MCCTaM

NMpPOBEJASHUS NMOA3EMHBIX AEPHBIX B3pbIBOB [MACHUKOB M ap., 2000].
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Puc. 6. TpaekTopus nepeHoca BO3AYyIIHBIX Macc OT mecta B3pbiBa 16.04.1974 r. Ha
CeMHMNIaNIaTUHCKOM MOJIMTOHE: KPYTA — TNpU3eMHas; KBaapaTbl — Ha BbIcOTE 1,5 KM
[Maxonsbko, [laBnoea, 1997].

B HekoTOppIX paiioHax HaIKUX HCCIIEAOBAaHUNH MOJYYEHbI CBHAECTENBCTBA
3aMETHOrO 3arps3HEHUsI KOMIIOHEHTOB OMOreOl€H03a, BO3HHUKILErO 3HAYUTESBLHO
MO3Ke OKOHYAHHMS OTKPBITEIX MCTBITaHWI (mocyie 1962 r.) Ha sAaepHBIX MOJUIOHAX
CCCP [Illep6os, 2005]. Tak B paiione Teneukoro o3epa (Pecnybdnuka AnTaii, noc.
ApTeiOall) MXM, BBIPOCIIME Ha Kpble AoMa, KpbiToil wudepom nocne 1980 r.,
coAep/KaT paauolIe3uii ¢ akTUBHOCTBIO A0 598 bi/kr, a Ha moBaneHHom B 2000 r.
nepeee — 10 40 Bx/kr. AHalOru4Hoe SABJACHHE OTMEUYEHO B paiioHe HoBocuOupckoro
Axanemropoaka (60 bi/kr). B oqHoM u3 necyaHbIX KapbepoB Amano-Heneukoro AO
NOAOOHBIE PACTeHMs, HAYaJl0 PoCTa KOTOPBbIX OTHOCUTCS HE paHee ueM K 1984 .
(kappep oOpaszoBan B 1983 r), 3arpssHeHbl '¥ICs B BEPXHMX MHTEpPBAJAX TaJJIOMOB
3aMETHO BbILIE, YeM B HKHUX — 97-183 u 7-83 bk/Kr, cooTBeTCTBEHHO. B neckax, Ha
KOTOpPBIX MpOoU3pacTaid MXH, ITOT PAAHOHYKIHA HE OOHapy»eH. OTMETUM, 4YTO
00bIlYHO BO MxaxX CuOupu paaMoLe3Wii KOHUEHTPUPYETCS B HHKHHX YacTix

pacrenuii. HanpaiuBaercs BbiBOJ 00 aTMOC(EpHOM MOCTYIUIEHHMH PAJIUOHYKIIMIA B



OTMEUEHHBIE PErHOHbI 3HAYMTENBHO [MM03KEe MPEKpalleHUsT aKTUBHBIX HCIBbITAHUM
anepHblX ycTpoiicTB Ha noauroHax CCCP u CLIA. Bo Bcex 3THX ciyyasx, Mo-
BUUMOMY, CllelyeT UCKaTh «4epHOOBIILCKYIO» MPUYHHY, TeM OoJiee UTo 11 ceBepa

3anaaHoit Cubupu oHa nokaszaHa [Hudontora, 2000].
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Puc. 7. Tpaekropusa nepeHoca BO3AYIIHBLIX Macc OT mecta B3peiBa 12.09.1973 r Ha
HoBO3eMeNbCKOM MOJIMIOHE: Kpyr — Mpu3eMHasl; KBajapaT — Ha BeicoTe 1,5 KM;
TPEYroJIbHHK — Ha BbICOTE 3 KM [Maxonsbko, [1aBiosa, 1997].

KoHeuHO, HHTepEeCHBI HCTOYHHKH MOCTYIJIEHHS B aTMOC(EPY HCKYCCTBEHHBIX
PaJMOHYKIMAOB B Hacrosllee BpeMsa. HecoMHEHHO, 3TO BeTpoBas 3pO3ud,
pPacTUTENBEHOCTh U JIECHBIE MoXKaphl. JleaTeIbHOCTh YesIoBeKa CKOpee YBEIWYUBAET,
yeM yMmeHbluaeT aedctBue 3TUX ¢akrtopoB. Hampumep, pacnaxupaHue OrpoMHBIX
TEPPUTOPUH, YHHUTOKEHHE JIECHBIX MACCHBOB XMIIHHYECKMMH BBIpYOKAMH WIIH
no)kapaMmu TMOBBILIAIOT 3PO3HOHHEIE CBOWCTBA NMOYBEHHOTO MOKPOBA, B TOM HIJIM HOM
CTETNEHU 3arpsi3HEHHOTO UCKYCCTBEHHBIMU PAJMOHYKIIHJAMU. DOJIOBBIE JIM BOJHBIE
MUTPALMOHHBIE TIPOLECChl  CMOCOOCTBYET AOMOJHUTEIBHOMY pPaJMOAKTUBHOMY

3arpAa3HEHUIO  HOBBIX ]'IJ'IDLLI,E!,D,EFL TpﬂHGI’IHpﬂL{,HH ANEMCHTOB H3 pPacTUTCIBHOIO



NOKPOBA TaKXKe CJAYKUT MPUUYUHONH aTMOCHEPHOro nepeHoca pajuoOHyKIHMAOB (Kak,
BMNPOYEM, U APYTUX 3arpA3HUTENEH ).

3aMETHbIH BKNaa B pagHOaKTUBHOE 3arpsasHeHue CHOMpH, 0COOEHHO ee
BOCTOYHBIX pPAaMOHOB, BHECJAH HAACPHbIE HCMNbITAaHUA Ha JIOOHOPCKOM AaepHOM
nonuroHe B Kurae, nposoaguBwimnecs ¢ 1964 no 1980 r. [Hemokanos, CasesnbeBa.,
1991]. Henb3s cOpacbiBaTb €O CYETOB MW pPa3/iIM4HbIE aBapUM HA AACPHbBIX
npeanpuaTusax (UepHoOblb, XuMHUYeckie kKoMOMHaThl B KpacHospcke u Tomcke,
KOCMUUYECKHE aMnapatbl, TMOABOJAHbIE JOJAKM W T.A.). Hanpumep, mnocne
UepHOObIILCKOI  aBapuH  CyMMapHas aKTMBHOCT ~'Cs M 'Cs B MOXOBO-
nuwakiHmkoBom nokpoe CpeaHero Ypana ospocna B 20—40 pa3 [HudoHToBa,
1997]. B TpaBAHUCTON pacTUTENBHOCTH 3TOMO PervoHa KOHUEHTpaUMs W30TOMOB
LUE3Hd BO3pPOCJA HA MOPAJOK, HO B TEYEHUME TpeX JIET YMEHbLUUIACh [0
nepBoHauanbHbIX ypoBHei [Hudgontosa, Kynukos, 1990].

OtMetum W HedrerasoByro npodsiemy. Ilpu nodblyue, TpaHCMOPTHUPOBKE U
nepepaboTke HePTH W raza B OKPYKAWOLLYIO cpeay NOCTYNarT eCTECTBEHHBIE
paaMOHYKIMABl M3 uenouek pacnaga U, “*Th u “K [Exugun u ap.. 2005]. B
MeCcTaxX aBapUiHbIX pa3jIMBOB HE(TH W 3aXOpPOHEHUs OYpPOBBLIX LIIAMOB OTMEYAETCs
BO3HWKHOBEHHE pPaJMOAKTUBHbIX aHOMasMii. Tak, HA OJHOM M3 MECTOPOKAECHHIA
Amano-Heneuxkoro AO noBbllweHWe ramma-poHa aocturio 5600 mkP/yac
[MockoBueHko, 1998]. Kpome Toro, no0biua HE(TH CONMPOBOMKAAECTCA BLIHOCOM Ha
IHEBHYIO TMOBEPXHOCTb JONTOKHMBYILMX HM30TOMOB Ra™™* *** ¢ npomayktamu X
pacnaga (Kyaa BXOAMT M PaaoH), AKTUBHOCTb KOTOpPbIX aocTuraet coteH [bk
[Ky3HeuoB, Yrapos, 1996]. Ha ToHHY n00biTOH HepTH B OKpYyKalOLLy cpely
nocrynaer 57 nbk wW30TONOB paaus, W PAAHOIKOJOrMYECKOE BO3JCHCTBHE
HeTENPOMBICIIOB HA OKPYKAIOLLYIO Cpey B ThICAYM pa3 NpeBbILIAET BO3ACHCTBHE
ADC [HoBosemenbckuit..., 2000; IlonskoB, 1996]. OcBoeHne HedTerazoBbix
MECTOPOXKJIGHUH  COMPOBOXKAAETCS  YHUUYTOKEHUMEM  MOXOBO-JIMILIANHWKOBOIrO
NMOKpPOBa, YTO TaKKE TMOBBILIACT DPO3UOHHBIE CBOWCTBA MNO4B. PanuMOHYKIHUBI,
HaXoadLUHeCsd B COCTaBE MENKO3eMa, NEPEHOCATCA Ha HOBbIE MJIOWAIH.

Hawu uccnenoBaHus UCKYCCTBEHHBIX PaAUOHYKIHAOB 0asUpYOTCS IaBHbIM

OﬁpﬁBOM Ha ﬂpOGﬂ'E‘-MB paanoue3nsi, B 3HAYHUTCIIBHO MEHbLLIEH CTEeneHwu YACJIICHO



BHUMaHHE PaJHOCTPOHUMIO M u30oTonam mniaytoHust, OO0bACHAETCS 3TO HE TOJILKO
JOPOrOBU3HOM OMpeAeneHus ABYX MOCIECAHUX PAgHOHYKIUAOB, HO U UX Pa3/IMYHbIM
BO3JCHCTBHEM Ha 4ejoBeka. Jlonroe Bpemsa CUMTANOCh, UYTO OCHOBHYIO
pPaaMaLMOHHYK) OMACHOCTb [ JKMBbIX OpPraHu3MOB MpPH TPOBEASCHUU SAAEPHBIX
HCTIBITAHMIl MpeacTaBaseT coboii  Sr. OaHako Ha BTopom eBponeiickom KoHrpecce
Accouuauuu no paavanoHHoi 3awmte (Benrpus, 1972 r.) Ob10 nokaszaHo, 4To ¢
TOYKH 3PEHUA  HEXKENATeSIbHbIX TEHETUYECKHX U COMATHMKO-CTOXACTHUYECKHX
nocneacTBuii obnyuenns, " Cs B 715 pa3 onachee, yem Sr [Mowucees, Pam3aes.
1975]. MHorouucineHubimu padotamu [[Tagnoukas, 1997, Battarbee, 1993; u ap.] B
NOYBAX YCTAHOBJIEHA 00Jee BbICOKAS MHUIPALMOHHAS CMOCOOHOCTb ~ Sr, yem y - Cs,
UTO WUIIOCTPUPYETCS WX  pacnpenesieHdeM B MOYBEHHbIX MpoPuisX uTo
MOATBEPIKACHO M HAWKUMK uccneaoBaHusamu |CtpaxoBeHko W ap., 2004] B
pa3nuyHbiX pernoHax CuOupu Ha pyOekKe NMpoluIoro U HbIHELWIHEro BEKoB (puc. 8).
OpaHako B pae CTpaH BCTPEUYCHbl Ciyyau OOpaTHOrO COOTHOLLEHUA: MOJABHKHOCTh
paavone3us okasanace nosbilieHHOW [Evans, Dekkerp, 1967; bapxynapos u ap.,
1973; Moucees, Pam3aes, 1975; u ap.]. 10 paznuuue, ckopee Bcero, 0043aH0 Kak
MHOro0oOpasHio TUIOB MOYB, TAK H BPEMEHH NMPOX0KACHHUS PaJHOAKTHBHBLIX 00J1aKOB
HaJ TOW MJIW UHOHW TEPPHUTOPHEH.

PannoakTuBHas 3arpA3HEHHOCTb, OTMEYaeMas MHOIMOYUC/IEHHbIMU aBTOpaMH
BO BceX pernoHax CeepHOro noaywapus 3em/iH nocie MpeKkpalleHHs OTKPbIThIX
ucnoiTaHuii  Ha nojguroHax CCCP w CIHA, noareBepkaeHa MW HAILUMMU
MCC/IeOBAaHUAMH B pasfinuHblX paiioHax Cubupu Ha pybexke XX u XXI BB. K
HacTOSILIEMY BPEMEHM OT r00alibHBIX BbIMAASCHUH, aBapuid Ha MpPeaAnpUATHAX
IACPHOIO LMK/IA M APYrUX UCTOUHMKOB, KAK OTMEYalOoCh BbILIE, AOCTYMHbLIMU AJis
U3YYEHHUS OCTAlOTCA PAJMOAKTHUBHbIE M30TOMbl LE3MA W CTPOHLMSA, MEPUOa
nojypacnaga KoTopblx cocrapaser 30 jer, a TakkKe MIYTOHWA. AKTHUBHOCTH
pPaJHOAKTUBHBIX CTPOHLMA M LUE3MA TNPEKpAlICHHUAd OTKPbITbIX HCMBITAHHH Ha
AEPHBIX MOJIMFOHAX — OCHOBHBIX MOCTABIIMKAX UCKYCCTBEHHbIX PaJHMOHYKJIMAOB B
atMocepy, COKpaTHJiaCb K HaCTOSIEMY BpEeMEHH YxKe 0oJiee YeM BJBOE W CO
BpemeHeM BooOwEe ucue3HeT. OroBopumcs, eciii He OyAeT HOBbIX aBapuil Tuna

UepHoObina wnu  @ykycumbl. HM3oTonbl  nayToOHMS, 3TOro0 OY€Hb OMACHOrO



paguoHyKiauaa (nepuoa nojypacnaaa 24 TeIiC. JIeT), €we J0aroe Bpems OyayT
HaxoauTbcss B Ouocdepe. [loatomy nmpodiema mayTOHUS 3aCHYKMBAET OTACIbHOTO

pPacCMOTPEeHMUA.
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Puc. 8. Xapaktep pacnpenenerns = Cs u *°Sr (BK/KF) B MOYBEHHBIX MPODUIAX:
a— Anraiickuil kpaii, 6 — HoBocubdupckas obnacts, B — Pecnybnvka Anraii

ABapuu Ha TPeANPUATHAX SACPHOrO LMKIA CIYYallUCh HEOJHOKPATHO.
Hanpumep, 6 anpena 1993 r. Ha CUOMPCKOM XHMHYECKOM KoMOuHare (r. CeBepck
Tomckoit obnacTu) mpou3olleN UHLMIAEHT, B pe3yJibTaTe KOTOpPOro 3a mnpeaeamu
komMOMHaTa oOpa3oBajlach 30HAa PaJUOAKTHBHOrO 3arpsA3HEHHMS IUIOWAABK OKOJIO
100 km”. B nactosiiee Bpems na Tepputopun CKX pacnonoskeno 50 XpaHWHIL
JKMIKHUX M TBEPABIX palMOAKTHBHBIX OTX0A0B ¢ CYMMapHOi MOLIHOCTBIO 125 M Ki
[bynaros, Uupkos, 1994].

Hccnenosanus nokazanu [Hocos u ap., 1993; Ky3ueuor u ap., 2000; u ap.],
YTO KA4YE€CTBEHHbIH COCTAaB M COOTHOLIEHME WCKYCCTBEHHBLIX PaJMOHYKIIH/IOB,
MOCTYNAIMIUX B peuHyto cuctemy Enuces co cOpocamu ot KpacHospckoro ['XK
(r. XKene3Horopck), 3HaYMTENbHO OTIMYAKOTCA OT COCTaBa rinodanbHBIX BbIMAJAECHHIA.
B 3n0BHANIBHBIX OTIOKEHHAX YacTO HAOMIOAAIOTCS TaK Ha3bIBaeMble “TOpsAYMe
YacTUIpl, B COCTABE KOTOPBbIX OOHApYKEHbl PAJMOAKTHBHbIC W30TOMbI LIE3HUs,

eBporus, KoOanbTa, TUIYTOHWS M aMepuiud ¢ oOwed ynelbHOW aKTMBHOCTBIO B



COTHM, a HHorAa 6oJee munnoHa bk [Koeaner u ap., 2002; Cyxopykos u ap., 2004;
uap.J.

Jlo UepHoOblibCKOil  KaTacTpodbl aBapusi Ha XUMKOmOMHaTe «Masky
29 ceHtaOpa 1957 r. cuuTanacb CaMOH 3HAYUTENBHOM — AKTUBHOCTH €€
paanoOaKkTUBHbLIX BblIOpocOoB oueHuBaeTcs B 20 maH. B 30He paanoakTUBHOrO
3arpA3HEeHUs oOKaszanacb miowmaabr YenaduHckoih u  TroMeHCKoH obOnacrteil B
23 000 km” ¢ HaceneHuem oKkono 270 Thic. YelnoBek. B paaHOAKTHBHBIX BbIGpOcax
BaXKHASA POJib MPHUHAMIICIKUT MNYTOHHIO.

Ectb npumepbl yyacTusi mjyTOHUA M B aBapuilHbIX BbIOpOCAX MOA3EMHbIX
ucnbiTanuii. Hanpumep, npesbiieHne rao6anbHOro ypoBHs mo ' 'Pu B paiioHe
B3pblBa C YC/OBHbIM Ha3zBaHueMm “KpartoH-3” B SKyTMM COCTaBMIO B CpeaHEM
175 pa3. Kak BUAHO M3 pucC. 8, BOCTOUYHBIE U CEBEPHBLIE PaWOHbI MO 3arpsA3HEHUIO
HMCKYCCTBEHHbIMM pagMOHYKAWAaMH OT YepHOOBIILCKOW aBapuM CYHIECTBEHHO
orauyaroTess or tora 3anaaHoi Cubupu. Ilpu sTOoM paznuuue oulywaercs v no
COOTHOLLEHHIO M30TONOB MAYTOHUA. Kak Ham npeactaBaseTcs, 3TO ABJSHUE MOIKHO
OTHECTU K cneayrolum odcrosarenscTteaM. McenenoBaHuaMu B paloOHE MOA3EMHOrO
snepHoro B3pbiBa “KparoH-3” B fAkyTuu nokaszaHo, 4to B BoAax p. Mapxu BOJIM3U
o0beKTa AKTHBHOCTb MAyTOHMA-238 B 30 pa3 Bblwe AaKTHBHOCTH — - 'Pu
[ApramonoBa, 2012]. OaHako, npumepsl MoA00HLIX B3pbIBOB B KpacHOsApCKOM Kpae
(HM3KOE 3HA4Y€HUE aKTMBHOCTH Pu-238 Ha Bcex 00BEKTax) CBHUAETENLCTBYIOT 00
MCKJIKOYMTENILHOCTH ““MapXHHCKOi™ aBapuu [2KopHsak u ap., 2013].

McTOYHMKAMK [UIYTOHUS MOFYT CAYXKWTb TakKe pas/iuyHble aBapuM Ha
KOCMMYECKHX annapatax U MOPCKUX CYJax, a a’po30JIbHbl€ YacCTHLIbl, COAECpIKaLHe
MJIYTOHUI, MOryT MecAuaMuM M [axe [rojamMuM HaXoAUTbCs B aTrMmocdepe.
JIONONHUTEIbHBIM UCTOYHUKOM MYTOHUA B JaHawadTax CuOUpH MOryT CNyKUThb
aTOMHble Oaraped MEAMUMHCKOrO Ha3HAY€HWA, MCTOYHHUKH CBETA 1A MAasKOB,
OaKeHOB, CTBOPHBIX 3HAKOB M JPYrMX KOMMAKTHbLIX SAAEPHbIX YCTAHOBOK C
TEPMOIMUCCUOHHBIMU npeoOpazosatenaMu [[lnyTonuii..., 1994]. Bnosne peanbHO
MPeAnoJIOKHUTL UIYTOHUEBOE 3arps3HEHUE OT paspylIEHUs TaKUX YCTPONCTB H

OTMCHCHHBIX BbBILUC ATOMHLIX B3PbIBOB B Pa3/IHYHbBIX MCCTAX CHGHPHZ MOoA3CMHBLIC

B3pbIBbl MPOBOAMJIUCL B  Pa3HOOOpasHbIX UEAAX, MO3TOMY TEXHOJOMHYECKUE



YCTDOFICTBEI M CaMH 3apAanbl, pasiHdyaluce 1O COCTaBy pPAaaHOHYKIIHAOB H

XHUMHWUYCCKHX BJICMCHTOB.

®

Takum oOpa3om, aHTponoreHHoe 3arpsasHeHue Cubupu TaKENbIMU
METa/NaMH, OTJIMYAKOLLEECsA OT (POHOBOIO YPOBHA, HOCUT B OCHOBHOM PErMOHAIbHBIN
XapakTep, CBA3aHHbLIM C HEPAaBHOMEPHBLIM pacnpeiesieHUEM Ha €€ TeppPUTOPHHU
NPOMBILLJIEHHBIX LEHTPOB. He wucknouawoTcs w  jokanbHbie  (pakTopbl  THMA
OXOTHUYLEr0 MpPOMbICAA WAM aBTOTpaHcnopTta. PaaMoakTHUBHOE 3arps3HEHHE OT
MHOTOUYUCIEHHBIX UCTOYHUKOB PACNpOCTPAHEHO MPAKTHYECKK MO BCEH €€ MAOLLA/IH.
JIns MCKYCCTBEHHbLIX PaAMOHYK/IIMAOB B LEJOM XapaKTepHa MpeuMYLUECTBEHHO
LLIMPOTHAS 30HANLHOCTb pPacrpeieieHus, Ha KOTOPYK HAJ0XKEHA OTYeT/IMBas
KOHTPAaCTHOCTb, MPOSIBISAIOIAACA Ha r100aJlbHOM, PEruOHajJibHOM M JIOKallbHOM
ypoBHAX. Kak OyaeTr nokazaHO HHKE, Ha 3TOM (POHE MOBCEMECTHO OTMEYAETCA M
MHMKPOYpPOBEHb, KOT[a, HampuMmep, pa3HMLA YAenbHON akTuBHOCTH ~'Cs B
MOBEPXHOCTHOM CJIO€ MOYB MJIK B JIMIIAMHMKAX HA paCCTOSAHUM 2—3 M ApPYr OT Apyra
MOXKET pa3/iMvyaThCs B JIBa pas3a.

B oTanuue OT TAKEJIbIX METANIOB, BbIOPOC KOTOPLIX B aTtMocdepy HUMeEeT
Oonee WM MEHee paBHOMEpHbIM  XapakTep, MOCTYIUIEHHE MCKYCCTBEHHbIX
PAAHOHYKITIHAOB AWCKPETHO, TO €CTb 3aBHUCHUT OT KaXIAOIo H3 B3PLIBOB AJACPHLIX
YCTPOMCTB Ha ABYX McnbiTarelbHblX nonuroHax CCCP - CeMunalaTMHCKOM M
Hoeoszemensckom unu ot YepHoObing. B CBfA3M ¢ 3TUM B KOMIOHEHTaX
OuoreoLeHo3a paavole3uil U paJHOCTPOHLMI pacnpeaesieHbl no nJaowaad Uid B
BEPTUKAJILHOM pa3pe3e KOMIMOHEHTOB OMOreoLeHo3a B 3aBUCMMOCTH OT X YyAAPHOro
NOCTYNJEHUS B COCTaBe pPaJWOAKTUBHBLIX BbIMaACHHWH. DTa 3aBUCUMOCTb OTUETJIMBO
BbIpAXKEHA B  LUMPOTHOM  paCOpeC/ICHUM  JOJITOXKMBYILIMX  MCKYCCTBEHHBIX
paaunonyknuaos ('Sr, *'Cs u *7"**"Pu). CambIm apkuM npuMepoM Takoro xapakrepa
pacnpeiesieHus paauoLe3uss B KOMIOHEHTAX OMOreoLeHO3a MOXKET CIYKHTb
pasznnuHas yJelibHag aKTUBHOCTb PaJHOLE3HUs B JIMWIAHWHUKAX OJHOrN0 M TOro ke

BUA B CEBEPHBIX U KOXKHBIC pernoHax 3anaaHoi Cudupu (cm. HUXKE).



[ TaBHBIMK JEMOHEHTAMU PaJMOAKTUBHBLIX M30TOIMOB W TIXKEJbIX METaloB,
BbINAJAOLIKMX W3 aTtMoc(epbl, B pa3HYHbIX NaHamadTax CyKaT LEeJIUHHbIE MOYBbI,
NOHHbIE OTNOKEHHUSA 3aMKHYThIX BOJA0OEMOB, TOpPAHbIC 3aN€KH, MXH H JULLAHHUKH, B
MEHBLLUEH CTENEHH, XBOA, JMCTBA U KOpA AEPEBLEB, TPaBbl U KYCTApHUKH. KOHEUYHO,
NPOLECChl €CTECTBEHHOIO pacnajaa, MHUrpauMd W OHMOJIOTMUYECKOro BbIBEICHMS
paagMOHYKIIMAOB B TEYEHUE JIMTEIILHONO BPEMEHW W3MEHWIIM WX MEPBOHAYAIBHOE
pacnpeneneHus B pasjiIMuYHbIX s3KocucTemax. [1oaTomy cunTaercs, YTo COBPEMEHHbI
YPOBEHb AKTHMBHOCTH pPaJHMOM30TONOB B KOMIOHEHTAX OHOreoueHo3a e€cTb
MCKAXKEHHOE CBHUACTEJILCTBO YPOBHS OblibIX 3arpsa3HeHuil. OJHAKO NpPUBEACHHLIS
BbIILIEC JAHHBIC MO3BOJIAKOT MPEANOJOXKHUTb, YTO CYILIECTBYIOT (PaKTOpbl, KOTOpbIC
4YaCcTO HE YYMUTBHIBAIOTCA [PH PETPOCNEKTUBHOM OMPEACICHUN 103 paaualMOHHOIO
BO3/ICHCTBHA HA HACE/IEHHE.

[TonaBiiMe B KOMMOHEHTHI JIGCHOTO OMOreoLeHo3a TSKeJble METalabl W
MCKYCCTBEHHbIE pPAJUOHYKIHMIbl OT PpasjM4HbIX MCTOYHMKOB HE MOrYT HE
pearupoBaTb Ha re€OXMMHYECKHE W3MEHEHUS PaCcTUTENIbHO-MOYBEHHOrNO NOKPOBA,
HEW3MEHHO TPOUCXOAALLHE MPH JIECHBIX MOXKapax. ITUM npobfeMaMm NOCBALLIECHbI

HallH HCCJICA0OBAHHA.



I''TABA 6. OBBEKTHI U METOAbBI UCCJIEJOBAHUSI

B teuenue noutu 20 neT 3KOreOXUMHUYECKHX HccaeaoBaHuii nadoparopuu 216
HUI'M CO PAH konnektuBoMm coOpaH OOLIMPHBII MaTepuasl No TAKEAbIM MeTajljiam
M HWCKYCCTBEHHBIM  PaJMOHYKJIWJaM B  pa3iuyHblX  pernoHax  Cubupwu
(HoBocuOupckas, Tomckas, Kemeposckasa, Hpkyrckag obOnactu, 3adaikanbCKWiA
Kpai, SImano-Heneukuit AO, pecnyOnuku Caxa (Axkyrtusa), TeiBa u byparus). Bo
Bcex 0€3 MCKJIIOYEHMS KOMMNOHEHTaX OuoreoLieHo3a (MOYBbl, JOHHbIE OTJOKEHHS
03€p, TOPPAHBLIE 3aNE€HKH, JECHbIE NOACTHIIKH, MXH, JIMILIARHUKH, KYCTAPHUKH, TPaBbl,
KOpa M XBOA JepeBbeB) ONpeseieHa y/elbHas aKTMBHOCTH '~ CS, B MeHbLueii

0 ” 238, 239+2
CTEMNEHH — " SF W elle B MEHbLIEH — > Opy.

bonbiuag yacts padboT npoBoaAKSIACH
MO BpPEeMEHHbLIM MnporpaMmaM WM  JOroBOpaM, [MOITOMY  KOJIMYECTBEHHbIE
COOTHOLUCHHUS AaHANM30B HA HCKYCCTBEHHbIE PAaJAMOHYKIMABI OMNPEACISUIMCh MX
LEHOBbIMM napameTrpamMu. B CBA3M C 3THUM KOJIMYECTBO aHaAM30B HaA TJIYTOHWM
OFpaHUYEHO, a KaKue-1udo 00OOLIEHHA B OTHOWEHHH 3TOr0 MCKYCCTBEHHOIO
paJMOHYKJIMAAQ BO3MOXKHbI TOJILKO M0 JICCHBIM MOJACTHIIKAM W MOYBaM.

B nepuon 2000-2013 rr. B HekoTOpbiX pernoHax Cubupu (puc.9)
obcnenoBaHo 27 NUPOAOrMYECKUX OOBEKTOB, [MPEACTABIACHHbIX MOXKapullaMi
pasHoro BoO3pacTa, pasMepa MW THNaMM MoapoB. HekoTopble noxapuiua
o0cnenoBaHbl cpa3y nocie noxapa, ApPYrHe — 4epe3 HECKOJbKO JIET Moche HX
o0pa3oBaHMsd, a Ha APYrux ObUIM MPOBEACHbI PEKYJIbTUBALMOHHBIE pPadoOThl 1O
BOCCTAHOBJICHHIO JIECHBIX HacaXXaeHHi. OOBEKTHI pacnoNoKEHbI MPEUMYLLECTBEHHO
B COCHOBBIX JiecaX, HO B pasHblX JaHawadtHbix ycnousax. Ha Ceeepe 910
necoTyHapa, B Anraiickom kpae v B HoBocubupckoii o6sacth — Gopbl HA AKOHHOM
penbede, B baitkanbCKOM pEruoHe — HU3KOropbe.

[IpeameroMm uccneaoBaHUs MOCAYKUIU MOKAPHILA W TIPUIIETalolUe K HUM
MJIOLIAAM CBEXKEro neca (He 3aTPOHYTHIE OTHEM), B PAa3/IMUHbIX peruoHax Cubupu u
npunerarowux paioHax PecnyOaukn Kaszaxcran. B HosocuOupckoi obnactu
odcnenoBaHo 2 o0beKTa, a Antaiickom Kpae — 11, B Amano-Heneukom AO — 3, B

HpkyTtckoii obnactu — 2, B 3a0aiikanbckuii kpae — 3, B Pecnyonuke bypsatusa — 1, B

CemunanatuHckas obnactu Pecnybauku Kaszaxcran — 5. [loxapuiia sABAstOTCA



pPE3yABTATOM MOKAPOB PAa3JUYHOIO TUIA — OT BEPXOBBIX MOBAJIBHBIX 10 HHU30BBIX
OernbiXx. Ha HEKOTOpBIX OOBEKTAX BBIACIAIOTCA IUIOMAAM C Pa3IMYHON CTEMEHbIO
BBITOPAaHUsl BEPXHETO CJIOA TOYB M JIECHBIX TMOJACTHIOK. MHOrna Ha miomaam rapu
HaOroAanmuch HEOOJIBIIHE YYacTKU (He Oosiee 3x3 M), OOOMAEHHBIE OTHEM, II€ MXH,
JUIIAAHUKA © JApyrue JiecHele roprovyue Marepuainbl (JII'M)  coxpaHuiuch
MOJHOCTBIO. Takue SBJICHUA, KAK OTMEYAJOCh BbILIE, CBA3aHBI € Pa3IM4YHOM

CTEINEeHBI BJIAXKHOCTHU Ha3zeMHEIX JIT'M.
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Puc. 9. Cxema pacnono;xeHuss OObEKTOB B JICHTOUYHBIX Oopax:

1 — SAmano-Heneuxkuit AO, 2 — HoBocubupckas obnacte, 3 — AnTtaiickuii kpai, 4 —
UpkyTrckas obnacte, 5 — Pecnybnuka bypartus, 6 — 3albaiikanbckuii kpail, 7 —
Pecnybnuka Kazaxcran



OnTuyeckum U3ydyeHHMeM B Mpodax ¢ [Moxapull YCTAHOBIEHbI 30Jlbl,
00yrneHHble parMEeHTbl MENKMX BETOK U KOPbl, @ TAK)KE MONYPa3NOKUBLUMXCA MX
aHaNoroB M3 HWKHUX MHTEPBAJIOB 5-CM cJ10s. B abcositoTHOM OOMbLUWHCTBE Clly4aes
KaKMX-TMO0 MUHEPANIbHBIX WM OPraHWYECKHX HOBOOOPA30BaAHUM MUPOJIOrHYECKOM
NPUPOAbI (CNEKAHUA, LWAPUKK W T.T.) B FOPENbIX MoYBax He oOHapykeHo. JIMweb Ha
nokapuue BoiHranyposckoro oobekra B AHAQO oOHapyKeHbI NAOTHBIE CMNEKLIHUECS
OCTaTKW JIMWAWHUKOB (TaK Ha3blBae€Mblii “KOKCHK) — pe3yabTaT BO3ACHCTBHS
BbICOKOWH TemnepaTypbl Ha BIQXHbIH nuiiaiHUK. B 3TUX 00pa3oBaHuUsAX yaesbHas
AKTUBHOCTL "~ 'Cs B cpeaHeM coctauna 640 bk/kr, Toraa kak B cinerka odropenbix
nuaiHUKax B TpU pa3a Huxke — 212 Bk/Kr. B CBeXXHUX pacTeHUAX 3a NnpeacnaMu rapu
VAENbHAs aKTUBHOCTb pafiloLie3us B 3TOM palioHe KoJiebaeTcs B LUMPOKUX npeaenax
(15-152 bk/kr), cocraBnsiga B cpeaHem 60,3 BK/Kr, 4TO NpakTHYECKH BABOE HHIKE
cpeasero no AHAO [LLlepOos u ap., 2000].

Oméop npo® s onpeaeneHuss MUrPauUH  DJIEMEHTOB  NPOBOAMIICS
CTaHapTHbIM CTAJIbHBIM KOJLLIOM (auaMeTp 82 MM, BbicoTa S0 MM, 00bem 264 cm3),
NPUMEHSEMbIM MPH IKOMEOXMMUUYECKUX HCCneaoBaHUAX. Konblo BNPECCOBLIBANIOCH
B BepxHHEe 5 ¢M HazeMHbix JII'M, kyaa BXoAauiaum MXM, JiIMLIAWHUKKU, TpaBbl, OMNaji,
NOJCTHIIKA WJIK I€PHOBBIH CJIOH NMOYBBI, TO €CTh TO, YTO MOIJIO FOPETH MPH MOXKApE, a
TaKKe BEPXHAA (Hecropaemasl) 4acTb MOYBBI, T.€. MECYAHbIA WM CYIJIMHUCTBINA
maTepuan. Ha noxkapuiwiax npobbl npeactaBiaeHbl npoaykramu cropeswux JII'M
(30J1a, cayka, MEJKHE YIJM) W BEPXHUM CJIOEM MOYUBBLI. 3a MpeaesaMu rapu Hiu
BHYTPHU €€ Ha OOOHAEHHBIX OrHEM y4acTKax OTOOpaHbl MpoObl JIECHBIX MOACTHIIOK,
MXOB, JIMIWMANHUKOB, XBOM, HA HEKOTOPbIX [MOXKapulax — Kopa AEpPEeBbEB W
ApeBecdHa. B nuuwaiHUKax, mMxax M JIECHBIX MOJACTUIIKAX H3YUYEHO MNOCIOMHOE
pacrnpeneneHue 31EMEHTOB.

JU1a KOppPEKTHOro CpaBHEHHS JAHHBIX MO Pa3sNU4HLIM MOXKAPHUILAM BbIOpaHbI
O0OBEKTbl MPEMMYLIECTBEHHO B COCHOBBIX MWJIM CMELIaHHBbIX JecaX, Haubosee
pacnpoCTPaHEHHbIX B PErMOHAX HALUWMX HMCCIEA0BAHUNA. 30HBI JIECOCTENM 3anaaHoi
Cubupu, rzae JnecHas MNOJACTHIKA B OCHHOBO-OEPE30OBBIX OKOJKAX ObICTPO
MUHEPAIU3YETCA, MNUPONOTrHYECKHME OOBEKTbl TIIATE]bHOMY OOC/IE0BAHUIO HE

NOJABEpPraiuch, MOTOMY YTO B a0COMIOTHOM OGOJBIIMHCTBE C/IyYaeB MOXKapoM



OXBaTbIBAJIMCH JIMLLIL CYXHE TPABOCTOM B anpelie Mecsaue, HE HAHOCA CYLIIECTBEHHOrO
Bpeaa Jecy. C pocTOM HOBOH TpaBbl Mnoxapbl npekpawanicb. M TONbKO
MHOTOKpPaTHbIE MOBTOPEHUSA MOYKAPOB HAa OJHOM M TOM K€ MECTE BEJM K MoTepe
OCHHOBO-0€pPE30BbIX HACAKIACHHUH.

Tam, rae 1o 66110 BO3MOKHO, MapLupyThl 0TO0pa rnpod BbIOMpaNUCh MO CXeMe
“HaBEeTpEeHHas CTOPOHA — MOMKAPULLE — MOJABETPEHHAA CTOPOHA™ M BbISICHEHUS
B/MSIHUS [10’Kapa Ha FeOXUMMYECKUI COCTaB MOYB MNoXapuila U npuierarolien K
HEMY TMJIOWAAH. ODTOT CMOco0 OTHOCUTCA TOJBKO K MoKapuuiaMm HeOOoIbIlIoro
pazmepa (ot 2-5 no 10-15 ra). Ilpu noBanbHbIX Mokapax Ha OGOJbLIKMX MAOLWAAAX
ABHIKEHHE BETPA 4acTO MEHAET CBOM HAMNpaBJ€HHs B pe3ysibTaTe PE3KOro nepenana
TEMIEPATYp B Ppa3jIMYHbIX ydacTkax nokapuiwia. [loatomy wu3yueHue BAMAHMSA
nokapa Ha 0OOrami€HUE KOMITOHEHTOB OMOre€oL€HO03a TEM HJIM MHbIM XMMHUYECKHUM
3JIEMEHTOM WJIM PAAMOM30TONOM Ha MOJABETPEHHON CTOPOHE B 3TOM Cliyyae Tepser
cMmbIci. OObIYHO BLIOOP pacCTOAHUH MEXKAY TOYKaMH OTOOpa KOHTPOJHpOBAICS
pasMepaMu NoXKapuila, a JJIMHa TPaHCEeKTa — M3MEHEHHUIMHM JJaHALIA(PTHBIX YCIOBHIA:
Npd HUX OAMHAKOBBIX MapameTrpax AOCTaTOYHbIM cumTasnca ordop 10-12 npod 3a
npeaenamMu rapu. Ilpy 3ToM BbIGOP MecTa OnpoOOBaHHMA Ha TPAHCEKTE HUMEJ
ClIyYaiHbIH Xapakrep, TO €CTb Tam, rJ€ OCTAHABJIMBAIOCH LLIArOBOE H3MEPEHHE
paccTOAHUA MEXKAY TOYKAMH. PacCTOsAHUA onpeaensanch pasmepaMmm noKapuiua.

B ropuctbix obnactax BelOMpalMCh MJIOLIAAH U TPAHCEKTbI C OJMHAKOBBIMH
FHMNCOMETPUUYECKUMH W 3KCMO3ULMOHHBLIMH XapakTepucTUKamHu. WM3BeCcTHO, uTO
COAEPKAHHE HCKYCCTBEHHbIX paaMoHyKkanaoB ('Sr um °’Cs) B MnovBaX TOpPHbIX
o0n1acTeil 3aBUCHT OT BLICOThI HaJ YPOBHEM MOpPS M pacrolokeHus mecta orbopa
npod NMo OTHOWEHHUK K 4yacTaM cBeta [[‘aBmmu v ap., 1993; HwudourtoBa, 1997,
2000, 2003].

baHK H#aHHBIX MO COAEP)KAHMIO DEMEHTOB B Pa3JMUYHBIX KOMIOHEHTaX
OuoreoueHo3a (NECHbIX MOACTHIIKAX, MXax, JUIAWHUKAX, XBOWHOM omnajae, Kope,
APEBECUHE, TpaBax M JIECHOM [OJIPOCTE) OCHOBBIBAETCS Ha cOOpe marepuHalioB B
NEPEYUCICHHBbIX BbILLE perdoHax, a Takke B pecnyonukax Anrtail, TeiBa, Caxa
(Skytuns), Tomckoil u Kemeposckon obnactax. ITOT OaHK NPOAOSIKAET €XKEroHO

MOMOMHATLCS NPU NPOBEJACHHH CMEKHBIX HCCAENOBaHMM B APYrMX peruoHax



Cubupu. EnumHnynabiMu  npobOamu  OuoreoueHosza npeacrtasieHol  PecnyOinuka
Xakacus, DBEeHKHICKUH HauHOHanbHbIH OKpyr (KpacHOspCKuMii Kpaii) U 3anonspHblii
paiioH p. AHabap B IKyTHH.

CnHCcOK 2/1eMEHTOB M paAMOHYKAMAOB BKmouaeT B ceba Hg, Cd, As, Sb, Mn,
Zn, Cu, Pb, Cr, Ni, Co, V, Mg, U, Th, K, gﬂSr, mCS, »91240p, B HEKOTOPbIX Clyyasx
NOJIYYEHbI CBEICHUA W NO NOpoa000pasyroluM 3nemeHTaM. KoHueHTpauus MUKpo-
H MaKpO3J1€MEHTOB onpeaeneHa METOA0M aTOMHO-a0COPOLIMOHHOM
CneKTpooTOMETpUM B BapuHaHTaX MIAMEHHOW M SNIEKTPOTEPMHUUYECKOH aTOMHU3ALMH
(PTYTH — METOAOM “XOJOAHOr0 napa’), MWCKYCCTBEHHbIE U €CTECTBEHHLIE
PaaUOHYKJIWJbl — FAMMAa-CNEKTPOMETPUUECKUM METOA0M, MHOraa — meroaom [1I1/1
raMMa-crneKTpoCKONMKW Ha KOJIOJE3HOM JeTeKkTope, a Takxke anbda- u 0OdTa-
pPaaHOMETPHH.

OCHOBHbIE 3a]a4Hd MPOBEACHHBLIX HCCIIEAOBAHUN — BBISICHEHUE TMOBEACHMS
TSXKEJIbIX METAVIOB M MCKYCCTBEHHBIX PaJUOHYKIIMAOB MPH JIECHBIX MNOXKapax M
ONnpeae/ICHUE KONUYECTBEHHOI CTOPOHbI MHUFpPaulMU 3JIEMEHTOB B MUPOJOrMUYECKOM
NpoLIECCE HAa KOHKPETHbIX OOBEKTAX — pellauChb CPABHEHWEM KOHLEHTpaLWi
3N1€MEHTOB Ha (DOHOBBIX (MPUJIEralOLLHUX K MOXKAPHILY TEPPUTOPHAX) H BbIFOPEBLLIMX
niaowaasx. Jna pewenus Oonee macwiTaOHbIX BOMPOCOB NPUBJIEYEH Hawl OaHK
J@HHBIX MO COAEPKAHHUIO 3JIEMEHTOB B pa3/IMUHbIX KOMMOHEHTaxX JIECHOro
OMOreoueHoO3a M3 BCEX NEPEYMCIICHHBIX BbILLE PAHOHOB, a TaKXKE JIMTEPATYPHbBIC
JNAHHBIE MO CPEJHEr00BOMY KOJIMYECTBY NoKapoB B CHOMpPH W CpeaHMM 3anacam
necHoi noactuiku [Bagenauk, 1996; Kypbarckuid, 1957; v ap.].

OtpenbHble 00bEKTHI 00C/EAOBaHbI Cpa3y MNOC/E TMpeKpalleHUus Mnoxapa,
Apyrue cnycts roa wid 0Oonee, a HEKOTOpble — MOCAE TMPOBEACHUA HA HUX
PEKYJIbTUBALMOHHBIX MEPOMPHUITHI MO BOCCTAHOBJCHUIO JIECHBIX HacaXaeHui. Bee
o0pa3ubl BbICYWIMBAIMCL [0 BO3AYLIHO-CYXOrO COCTOSIHMS B MNOJIEBBIX H
nabopartopHbiX YycaoBusx. OnpeaeneHue KOJMUYecTBA MUTPHPOBABLIMX 3JIEMEHTOB
NPOBOJAMJIOCH HA OCHOBE CpPaBHEHUSA HMX COJACPKAHMM HA TrOpenblX M CBEXKMX
MJoLaasXx.

[logroroeka npo® K aHaiM3aM MOpOBEAEHA NO CXEME: BbLICYLIHBAHWE —

HW3MEIBYCHHUEC — KBApPTOBAHHC — B3BCLUMBAHHC — F&MM&-CHQKTDOMGTPHL{{?CI{Hﬁ



aHau3 o0pa3LoB Ha Cs — aTOMHO-a0COpPOLIMOHHbIH aHaNMK3 Ha TAKENbIE METAJIb
(Hg, Cd, Pb, Cu, Zn, Mn, Cr, Ni, Co, V, Sb) nu HEKOTOpbIe ApYrue 3IEMEHTbl —
69Ta-paanoMeTpHuecKuii aHanu3 Ha  Sru > > Pu.

Onpenenenne Cs'”’ B KOMMOHEHTAX JECHOrO GHOreoLEeHO3a BBIMOJHEHO Ha
raMma-crneKTpomMeTpax ¢ KOJOAEC3HBIMH CLUMHTHIUIAUMOHHBIMH Kpuctamamu Na(Tl)
pasmepamu 200x200 u 150x150 mm. KonnuecTBeHHas npuBsa3Ka Ajs onpeaeieHus
€CTECTBEHHBIX PAAHOHYKIMAOB OCYLLUECTB/IEHA NO 3TaloHHbIM obOpasuam. Beicokas
YPPEKTUBHOCTb KONOAE3HBIX CLMUHTHIUISATOPOB MMO3BOJISET pPealiu30BaTb BBICOKYHO
YUYBCTBUTEJILHOCThL K pPaauMoOLE3Hi0 B MPUPOIHLIX cpeaax 0e3 npeaBapuTe/IbHOro
XMMUUYECKOTO KOHLIeHTpupoBahus. [lpesen oGHapyskenms '~ CS nmpH MaccoBoM
raMMa-cneKTpoMeTpH4eCKOM aHanuse coctasiser 1-5 bk/kr. AHanu3 npoeeaeH no
METOAMYECKUM pa3paboTkam Haiwei naboparopun [bobOpos, ['opman, 1971].
MeTposiorHuecKkie XapakTepUCTHKH YCTAHOBOK BBLIBEAECHbI CTaHAAPTHBLIX 00pa3LoB
ropHbix nopon [["aBiwun, bodpos, 1979].

CopepxaHue N onpeaeneHo Ha ocHoBe “HUHCTPYKUMM M METOAMYECKUM
YKa3aHHUAM MO OLEHKE paaualMOHHON OOCTAaHOBKM Ha 3arpsa3HeHHOH TepPUTOPHN’,
NPUHATOW  METOJAMYECKOH  ceKuuer  MekBeJOMCTBEHHOW  KOMUCCHMH MO
paaMalUOHHOMY KOHTpOJO npupoaHoit cpeabl npu ['ockomruapomere CCCP
17.03.1989 r. AKTMBHOCTb ~ ST W3MEpeHa No M30ToNy Y, HAXOAALLEMYCH C HUM B
COCTOAHMW  paJMOaKTHBHONO  paBHOBecus, Ha paauomerpe PYb-0IIT ¢
UCTO/Ib30BaHWEM  HU3KOo(oHOoBoro  Osnioka  perektupoBanus  BJIKB-06I1.
YyecTBUTENBHOCTL METOAA cocTaBnseT He Oosiee 0,1 br/kr (HaBecka 50 rp).
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AKTHBHOCTb M30TOMOB ~°Pu u **Pu B 0TOOpaHHbIX Mpobax W3MepeHa o-

CIIEKTPOMETPUUYECKUM MeToAoM Ha o-cnektpomerpe 7184 ¢upmbl EURISYS
MEASURES. B ananuze ucnonab3oBasoch pajguOXMMHUYECKOE BbIAEIIEHHE NO
onyonukoBaHHoi metoauke [[TaBnoukas, Macoenoe, 1996; [Ilasnoiukas, 1997]. Jlns
perucTpauuu O=-MU3J1Y4Y€HUs MCIOJIb30BAIUCh BbICOKOpa3pellatOliue KpPEMHHEBbIE
nerexktopbl Tna PLUS 300-15 ¢ paspewenuem 15 k3B 1 HU3KODOHOBBIN JETEKTOP
ULB-450 (17 k3B). KoHTposib OCYLIECTBAANCA NPUMEHEHUEM CTaHJAPTHOrO
pacTBopa MJIyTOHMA-242 No 4734, YyBCTBUTENBHOCTL ONPEACJEHUS HW30TOMOB

nmiytoHus coctasser 0,05 bi/kr ang 20-rpamoBoit HaBeCcKH



ATomHO-abGcopOunoHHoe onpenenenune coaepxanusa Cu, Mg, Zn, Cd, Pb, As,
Sb, Cr, Mn, Co, Ni W JApyrux 53JE€MEHTOB OCYIIECTBICHO MNJaMEHHbIMU U
IEKTPOTEPMHUECKMM METOAaMKM aTtomu3alum, a Hg — metonoM “xonoaHoro napa”
[[TonyskToB, 3entokosa, 1979; Cumonoea, 1986; Anapocoera u ap., 1990; ®ypcos,
2006]. TlpumeHsnucb aTtoMHO-aOCOpOLMOHHBIE crieKTpoMeTpbl SP-9 ¢upmbl Pue-
Unikam B niaMeHHOM BapuaHTe “BO3/yX — aUETUIEH M “3aKMCh a30Ta — aleTHIeH”,
npuGop 3030B ¢upmbr Perkin-Elmer ¢ pryTHO-ruapuaHoii npuctaekoii MHS-20 u
cnektpoorometp 3030Z Toii ke ¢upmbl. [lpenenbl oOHapyKeHUS SNEMEHTOB
npuBeaeHbl B Tab. 1.

Onpenenenue BeauunHbl pH BOAHBIX BbITSKEK (CyCnieH3Mi) U3 Mpod CBEKUX U
ropejiblX niowaneii npoBeacHo no onyOonMKOBaHHbIM MeTtoauKam [[lycToBanos,
Cokonosa, 1957], ananTMpOBaHHbLIM K HCCIEJOBAHUAM TUIMEPreHHbIX 00pa3oBaHMii
(OCaf0UYHbIE MOPO/bl, KOPbl BHIBETPUBAHUA U T. 11.).

Tabnuua 1. [1penenst oOHapyKeHUs 21EMEHTOB aTOMHO-a0COPOLIMOHHBIM METOA0M

JJIEMEHT [TouBbl PacteHus NEMEHT [TouBsbl PacTeHus
Hg 0,01 0,01 Co 5,0 0,03
Sb 0,20 0,03 Cu 2.5 1,0
Cd 0,015 0,001 Cr 7.5 0,5
Pb 6.0 0,1 Zn 0,5 0,1
Ni 7,5 0,1 Mn 3,0 2,0
As 1,0 1,0 Mg 2,5 1,0

AHanuTHUeCKHe padoThl BBINOJIHEHBI NO AaTTECTOBAHHBLIM METOAMKAM B
AHANUTHYECKOM LIeHTpe W J1abopaTopuu TFeOXMMHUH pelKHUX SJIEMEHTOB W
skoreoxumun HMI'M (panee OUITM) CO PAH, akkpenutoBaHHbIX B «CucTeme
aKKpeJMTalMu aHaIMTHYECKUX fabopaTtopuii (LEHTPOR)», 3aperuCTPUPOBAHHBLIX B
MdenepanbHOM areHTCTBE MO TEXHUYECKOMY PEryjMpoBaHMIO W METPOJIOTMHU MOA
Ne POCC RU 0001.510590. Pe3ynbTaTbhl aHAJIM30B NPUBOAATCS HA BO3YLLIHO-CYX0O€
COCTOSIHME BELIECTRBA.

[Ipy IKOreOXMMHUYECKMX HCClIeIOBAaHUAX OOAbLIOE 3HAYEHHE HMEIOT
TuwiatebHoe oOcnienoBanue navawadra u npo6ooTéop KOMNOHEHTORB OMOreoLeHO3a,
ABASIOIIMXCA NEPBbIM 3BEHOM TPOPHUUECKMX LENeid, HanpaBieHHbIX Ha 4YellOBeKa.

[locrtaHOBKa pa3s/IM4HbIX 3aaa4 HU3YUCHHUA NCPEUHHUCIICHHBLIX BbILLIEC KOMIIOHEHTOB



OuoreoueHosza uiau o0bekToB naHjwadra TpedyeT UHIMBMAYAJIBHOrO Mojaxoaa K
BbIOOPY cHcTEMbl MNpodooTOOpa. M HMKAKHE€ MWHCTPYKUMH WM PEKOMEHAALIMU
obwero nnana [TpebGoBaHus..., 1990] B KaKJIOM KOHKPETHOM cliyyae (HU3yueHMe
FEOXUMHUYECKUX XaAPaKTEPHCTHK MMOYB, MOXOBO-JIMLIAHHHKOBOIO MOKPOBA, JIECHBIX
MOXKAPULL W T.A.) HE MOTYT MPEAYCMOTPETL BCEX TOHKOCTEN CUCTEM OOCIIEA0BAHUS
TOrO MJIH HHOro 0O0BEKTA: CpeauM HUX €CTb noAoOHbIE, HO HE ObIBAaET ABYX
OAHHAKOBbIX. MTHCTPYKLMK AAKOT JIMLLL 00LIEE HanpaBiieHHE.

[lpy nnowaaHoMm o6CAE€NOBAHMM NOYBEHHOINO WAM MOXOBO-JHMILIARHWUKOBOro
NOKpPOBa CYLIECTBEHHOE 3HAY€HUE UMEET YYEeT MO3aMYHOro BbINAAEHUS pa3/IUYHbIX
3IEMEHTOB M3 aTtMmocdepbl (HE3aBUCHMMO OT MPUPOJbI UX NpoMCXOoXaeHusa). Ha
pucytke 10 nokasaH npumep pacnpeneieHus - Cs npu onpoGOBaHNUK MOYB METOIOM
"KOHBEpTa'. ITOT METOA OOBIYHO TMPHUMEHAETCA MNPU  DKOMCOXHMMHUYECKHX
uccaenoBanusax | bypenkoB m ap., 1994, 1997; Kopanb u ap., 1993; Kosanb,
Ky3bMuH, 1994] u npumeHsncs Hamu BO MHOruXx peruoHax Cubupu [["aBwumu u ap.,
1993; ManukoBa u ap., 1994; Dkoreoxumusi..., 1996; lllepGos u ap., 1996, 1998;
CyxopykoB W ap., 1994, 2000 ]. C nomoilibkd TakHWX MPHEMOB JIErKo
YCTAHABJIMBACTCS MO3aHYHOE paJHOAKTHBHOE 3arpsa3HeHue. KOHTpacTHbIA XapakTep
pacnpenesieHus paauoue3usl MOJIYYEH HaMM M Npu  OOCNEAOBAHUM KYCTUCTBIX
nvwaiinnkoB Cladina Stellaris B Simano-Heneukom AO (puc. 10).

B ropuctbix nanawadrax 0onee npuMeHUM npeanoxeHHblii Hamu [LLlepOos,
2004; lllepooB u ap., 1996] meron onpodoBaHusa nouB “B JauHUKO~ (puc. 11). Ha
NpUMEpPe pacnpeacicHUs paadoue3us TMOKa3aHO, YTO 3TOT CMocod TakK XKe
HH(OPMATUBEH, KaK U “KOHBEPT .

HepaBHoMepHOe BbINaaeHUe pajMOHYKAWAOB (KaK M APYrHX XHMMYECKMX
37IEMEHTOB), OTMEYAeMO€ MHOIMMU MCClIe0oBaTe/IIMU  NMOYBEHHOrO MNOKpOBa
OrpomHbix Tepputopuii |HU3pasne, 2006; [laBnoukas, 1974, 1981; JhoOaweBckui U
ap., 1993; TIaBwiuH u ap., 1993], npoasaserca 1 Ha MUKpOypoBHE (cM. puc. 10 u 11).
[lpyunna >TOro ABNCHUA OOBACHEHA DKCMEPUMEHTANBHBIMH HCCIICIOBAHUAMM,
KOTOpbIE MMOKa3aJi, YTO Macca OTJOXKEHHOro BELECTBA a’p030Jis Ha JIOBYLUKAX,
pacnoioKEeHHbIX B 1 M Apyr OT apyra, MOXKET pa3iHyaTtbea Ha nopaaok [JlyHCKui,

EsceeB, 1965]. OpgHako Bpsaa JIM Takoe SBJAEHWE CYLUECTBEHHO OTPa3UTCd Ha



COJEPIKAHUM CTAOMIIBHBIX JIEMEHTOB B JIECHBIX TMOACTHIIKAX, MXax, JIMLIAHUKAX,
XBO€ MJIM JIMCTBE AepeBbeB W T. 1. Cauuikom 3demepHa “aspo3onbHas 1ob0aBka™ Ha
€DDHE CCTCCTBCHHOIO COACPIKAHHUA 5THX 3JICMCHTOB B IMEPCHHCJICHHBIX KOMIIOHCHTAX
necHoro OworeoueHosa. Jlpyroe naeno, HCKYCCTBEHHBIE PaJIHMOHYKIWIBL: OHH
MOSIBUJIMCH B MPUPOJE KaK HOBOE BELIECTBO HA MYCTOM A HUX (pOHE, MOITOMY
MOYTH JO00E HMX KOJNUYECTBO OyJeT 3aperMCTPUPOBAHO  AHATMTUYECKUMHU

HCCJICI1OBaAHHUAMMU.

109 107

27 Q“’

35¢cmM 1.5¢cm

1.5 cm

2.5¢cMm 35¢cM
10\ g /129

19 39

Puc. 10. Pacnpepenenune 7 Cs (BK/Kr) B KYCTHCTBIX JIMIIAiHHUKAX M JIECHBIX
noAcTUJKaX Ha “kouBepre” B SMano-Heneukom AQO. B kpyre BepxHas uudpa —
akTUBHOCTh (BK/Kr) B JMIIAHUKAX, HWKHAS — B MOJACTHIAKOLIEeH nouyse; 3,5 —

MOLIHOCTb NC€PHOBOI0 CJ104.
®
®

46

e
hﬁ-‘?*}\

?4& ?M- ?
¥

3 2
Puc. 11. Pacnpenenenne ~'Cs (mKu/km®) mpu ompoGOBaHMH MOYB “TO JHHUH
yepes Kaxapie 2 M B PecnyOnnke TriBa.
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B cocraBe a’po3osieil UCKYCCTBEHHBIE PAAMOHYKIWABI U THXKENbIE METajllbl
NMEPEHOCATC HA OrpPOMHBIE PACCTOSHWA, JOCTHIalOLME ThICAY KHIIOMETPOB, W
BbIMNAJAOT HAa 3€MHYIO TMOBEPXHOCTb, GOPMHUPYS TNATHUCTbIM XapakTtep HX
pacrnpeneneHuss B MOYBEHHOM H PaCTUTENbHOM MOKpoBe. OOHAKO BaKHbIM JU1s
HallUX AaNbHENLIMX MOCTPOEHUR ABNAETCA W W3YUYEHHE XapaKTepa pacrpeacieHus
3JIEMEHTOB B BEPTHKAILHOM pa3pe3e HazeMHbIX JII'M, Takux Kak JE€CHbIE MOACTHIIKH,
KYCTUCTbIE JIMIIARHUKH U 3eJIeHbIe MXU. [IpH 3KONOrHYECKUX UCCIEI0BAHUAX B 3TOM
MJIaHE BaXKHbIM OOBEKTOM CJ1YKAT JOHHbIE OTIOKEHUS BGECCTOUHDBIX O3€p.

Cpa3y noclie npekpameHus OTKPbITbIX MCMbITAHHH sAEpHbIX YCTPONCTB Ha
nonuroHax CCCP u CIHA (n0 1963 r.) wLiMpoKo pa3BEepHYBLIMMHUCA padoTamMu Mo
npobnemMe paauoaKTUBHOrO 3arpsA3HEHWs MUILEBLIX lleMNeil KOPEHHOro HaceleHus
Kpaiinero CeBepa 06bil0  MOKa3aHO, YTO OCHOBHOe KkomuuectBo Cs'’
COCPE/IOTOMMBAETCA B BEPXHUX pHU3OMIAX KYCTHCTHIX JHIIAHHUKOB [Moucees,
Pam3aes, 1975]. DTO Nos0kKEHUE MPOAOIIKANO OCTABATLCSA HE3BIONEMbIM B HAY4HO
nuteparype noaroe Bpemsa. Hawmmu uccnepoBaHusaMu koHiua 90-x roaos npouioro
BEKa ObLI0 NOKA3aHO, YTO B a0COMOTHOM OOJILIIMHCTBE MOCAOHHOrO OnpodoBaHMS
NMUIIAAHMKOB HauOosiee O0OralleHHbIMU PaaMOLE3UEM OKA3aJlMCh HE BEpPXHHUE, a
HWKHHE HuX uvactu [llep6oB wu ap., 2001; ILlep6os, CrtpaxoBeHko, 2003;
CrpaxoBeHko, Illepbor, 2005]. Tlo-Buaumomy, B MepHOa OTKPLITbIX HCMbITAHWIA
ANEPHBIX YCTPOMCTB W HEKOTOPOE BPEMS MOCIIE HUX 3TOT PAAHOHYKIIU OCTABAJICH B
BEpXaX CHHY3MH, KOTOpbIE OYMIIANMCL OT HEro no mepe pocra. HemanoBakHbim
(aKTOPOM MOCIYXKHJIO U TO, YTO aTMOCHEPHBIE BbINAACHHUSA CO BPEMEHEM OUYHMLLAIUCH
OT MCKYCCTBEHHbIX paauoHYKnnWaoB. OaHako YepHoOblibckas aBapud 1986 ropa
BHOBb MOC/YXHWJIA NPUUUHON PaJIMOAKTUBHOIO 3arpsizHUs CEBEPHbIX TEPPUTOPUIi
3anaaHoil Cubupu [Hudontosa, 2000], uTo OTpa3unoCh MOBBLILIEHHEM YA€AbHOM
AKTUBHOCTH paJMOLE3Usi B KYCTHUCTBIX JiHwanHukax Smano-Heneukoro AO
[LLlepGoB 1 ap., 2000].

Eule OOHUM pacTHMTENbHLIM KOMIMOHEHTOM, TPEOYIOLIMM TIIATEIBHOIO €ro
npodooTOopa TMNpH  3KOJIOMMYECKUX HCCIIENOBAHUAX, CAYKHT XBOSl JIEPEBbLEB.
PaGoramu B paiioHax Kpaiinero CeBepa HaMM MOKa3aHO pa3jIMYHOE COJAEPIKAHUE

MCKYCCTBEHHbIX PAaJUOHYKAMAOB W TAXKENbIX METAUIOB B XBOE€ [EPEBbEB PAa3HOro



BO3pacTa U pas3jiInuHbIX XBOWHHbBIX nopoa |CtpaxoseHko U ap., 2002; Llepdos u ap.,
2001]. Ha opnoii u3 nnowaaok pasmepom 80x%150 m B IlypoBckom paiione fAmano-
Heneukoro AO B xBoe 35-netHero keapa 3adukcupoBaHo 118 Bk/kr cyxoil macchl,
Ha keape 170-180 ner — 78 br/kr. PaccrosaHue MEKAY NEPEBbAMH HE NPEBBILLIANO
7 M. 31ech Xe B XBOE CTapoil JMCTBEHHHLb! YAeNbHAS aKTMBHOCTL ~ CS COCTaBH/A
40 bk/kr, a y pactyweit psaaoM Monoaoi cocHbl — 188 Bk/kr. PazHuLa akTUBHOCTH
paaMoues3us B MOJIOJOW M CTapoil XBoe Kejpa AOCTUrNa TMOYTH 5.5 pa3a, Y COCHbI —
9.5 pa3za. ITH JaHHbIC CBUAECTENLCTBYIOT O TOM, YTO TPH MOXKapax B MOJIOAbIX Jiecax
XBOSl MOKET CJIYKHMTb HWCTOYHMKOM MOBBLILWEHHOIO MOCTYIMJIEHUA XHMHUYECKHX
3/IEMEHTOB B aTMOCchepHyo MoOuau3auuo. Huseaupyrowmm Gaktopom npu OLEHKE
BKJAJa XHMMUUYECKHX DJIEMEHTOB B JbIMOBON el oOT pa3HOBO3pACTHBIX
NOKA3aTe/IeH Jieca CIHYKHUT TO OOCTOATENbCTBO, YTO Yy CTapblX AEPEBLEB KPOHA
CYLIECTBEHHO OOlIMpPHEE, a 3HA4YUT, M 3anacbl XBOM BbILUE, YEM B MOJIOABIX
HACaXK/ICHHUSX.

[Toatomy [ns  pewleHdsa HawMx 3a7a4  ONpeAeNeHHUs  MUIrpPaLMOHHOM
CMIOCOOHOCTH TSKENBIX METAUIOB M HUCKYCCTBEHHBIX PAAUOHYKIHIOB pa3ielieHue
XBOHW [0 BO3pacTy WM MPHHANICKHOCTH K TOM WAW WMHONH XBOMHOW nopoae
pelaoLLEero 3Ha4eHUs1 HE MMEET, MOCKObKY MpU NOXKape ropAaTt BCE€ BUAbI XBOH.
[lpencraBnsgercs nNpaBOMEPHbLIM NPUBEACHUE CPEIHMX 3HAUEHUN MO BCEM pPEruoHam
0e3 pa3aeneHus Ha BUbl M BO3PACT JAEPEBLEB, MOCKOJbKY OFHEM OXBATbIBAKOTCS BCE
NPEACTaBUTENN pacTeHUid 0€3pa3/IMuHO K UX BO3PAcTy W BUAOBOH NPHHALNEKHOCTH.
B Hawmx pacueTax npUMEHAIOTCA CYMMapPHBIE AAHHBIE MO COACPHKAHHIO CTAOUIIbHBIX
XMMHUYECKHUX IJIEMEHTOB B XBOE€, JIECHBIX MOACTUIKAX, MXaX, JIMIIAHHUKAX U APYrUX
KOMMOHEHTAX J€CHOro GMOreoLeHo3a nNo BCeM 00Ce10BaHHbIM peruoHam. Pazuuna
CpeIHHUX KOHUEHTpauuH 3NE€MEHTOB B pasiuMyHbIX 00nacTax CuOMpH B LEIOM
HEBEJIMKA, YTO OTJMYAeT HMX OT MCKYCCTBEHHbIX PaaAHOAKTHBHBLIX M30TOMOB,
pacnpeaenuBIIMXCca B JaHAIadTaX U KOMMOHEHTAX JIeCHOro OMOreoLeHo3a Becbma

HCPABHOMCPHO H KOHTPACTHO.



I'V/TIABA 7. COAEP’KAHHUE U PACIIPEJIEJIEHHE XUMHUYECKHUX
QJIEMEHTOB U HCKYCCTBEHHbBIX PAJTMOHYKJ/IN10B
B JIECHBIX I'OPIOYUX MATEPHUAJIAX

7.1. CoaepxaHue paAHOHYKJIHA0B H THKeAbIX METAJLJIOB
B JIeCHbIX ropouux matepuaaax (JIF'M)

MccnenoBaHusiMM NoKaszaHo, 4TO 0OJbLLUAsA YacThb MOXKapoOB, MPOUCXOAALLIMX HA
Halled nNJAHETe, OTHOCHTCA K HU30BbIM MX MPOSABAEHUAM, KOrAa OrHEM
OXBaTbIBAETCS JIULUb HUXKHUMH JIECHOH IPYC U HA3€MHBbIE JICCHbIE TOPIOUHE MATEPHUAIIBI
(onaa, necHas NMOJACTHIIKA, MEJIKUH KYCTapHHMK, OMAaBLUME BETKU, MXH, JIMIUAHHUKK U
TpaBAHUCTAs PacTUTENIbHOCTh). Kak oTMmMeyanoch Bbille, HAOAOACHWUA MOCASAHUX
NECATHUJIETUH CBHUAECTEJNLCTBYIOT O TOM, 4TO 00wWas miowaab, MOABEPriasacs
BbIFOpPaHUIO Ha 3emiie, yBeauuunachk ¢ 300 go 400 MiH. ra, npuYeM KOJAMYECTBO
NOXXKapoB, OXBATHIBAIOLMX OONbLUKXE MIIOILIAAM, BO3pACTACT. TaK 3TO WM HHAYE, HO
INA peleHnss OCHOBHOW 3aJayd Halero HW3y4YeHUs MNUPOJIOTHYECKHX OOBLEKTOB
(KOJIMYECTBEHHOE OINPENCIIEHHE MHUIpalHKU 3NEMEHTOB MPH JIECHBIX MOXKapax H
OMOreOXUMHYECKOE COCTOSHHE TMOCTIHPOreHHbIX MJIOWAaaeiH) OCHOBHOE€ BHUMAaHMWE
OblIO  YAENEHO OHUOJIOTMYECKUM KOMIMOHEHTAM HMIKHEro spyca JecoB. DITO
ONpaB/IaHO TEM, YTO KOJIMYECTBEHHbII YuyeT OMOKOMIIOHEHTOB BEPXHETO sApyca JIECOB
— mpouece, Bceraa TpeOyloLMii BbICOKHX TpyAo3aTpar, a 4Yalle BCEero W MpocTo
HEBO3MOKHbIN. [103TOMY yueT BEepXHEro sipyca B HallUX MOCTPOCHUAX MPAKTHUYECKU
HE YYacTBYET WJIM YYACTBYET JIMLIb TUIOTETUYECKH, A TJIaBHAsA poJib OTBEACHA
JIECHBIM MOACTUNKAM.

[lppBOoAMMbBIE HMWXKE CpPEAHME COJEpPKAHUA DINEMEHTOB, OCHOBBIBAKOTCA Ha
cOope KOMIMOHEHTOB JIECHOro OMOreneHo3a B pasiuyHbiX peruoHax Culupu 3a
NOC/NEAHHE JBA C JULIHUM AECATUIIETUA. ECTECTBEHHO, 9TH JaHHbIE HE MPETEHAYIOT
Ha CTOMPOLIEHTHOE OTPAKEHUE UCTUHOM KApTUHBI FrEOXUMHUUYECKOro COCTaBa JIECHbIX
NOACTHJIOK, MXOB, JIMIIAHHMKOB W aApyrux JII'M anga Bcero 3Toro orpomMHoro
npoctpaHcTBa. OnHako B OJaMKaWlinMe NECATUICTHA BpAA JIM MOKHO OXKHIAAThb
CYWIECTBEHHOIO HW3MEHEHHUS TMPUBOAUMbBIX HAMW OULEHOK CpPEAHHMX COIAEpPKAHUM

TAKCJIBIX MCTAJIOB W CCTCCTBCHHLIX PaiHOHYKIIMAOB B pPa3JIMYHbIX KOMIMOHCHTAX



necHoro OuoreoueHosa. OO0 3TOM CBUIETENLCTBYET MOCTOSHHO MPOA0JKatoLIeecs
HAaKOMNEHUE KOJUIEKTMBOM Hallei nabopatopuv ©OaHKa JaHHbIX: YBEJIMYEHME
KOJIMuecTBa 00pa3LioB MPaAKTHYECKU HE BAMAET HAa M3MEHEHUE CPeIHMX MoKa3aTeneil.

JlaHHbIE pacnipeaeneHus €CTECTBEHHbIX PaAHOHYKIMIOB B JIMILIAHHUKAX W
MXax MOKAa3bIBAKOT, YTO pa3dpoCc MX COAEpPXKAHUN B paMKax MPUBOJAUMBIX BbIOOPOK
JOCTUIacT OJHOrO-ABYX MOPAJAKOB, OJIHAKO MO CPEAHUM 3HAYEHHUAM U1 OTACJbHbIX
pPEerMOHOB TaKOM KOHTPACTHOCTWM He Hadmwonaerca (tabdbna. 3). JIMib B HEKOTOpPLIX
CllyyasX OTMEYaeTCsl NOBbILIEHHAS KOHUEHTPALUHUS HEKOTOPBLIX PAJIHOHYKIHIOB (CM.,
Hanpumep, ypaH B xBoe MUpKyTckoi obnactu, Topuii — B XBoe 3abaiikanbCKoro Kpas
M T.4.). B pasHooOpazuu coaepxkaHuil €CTECTBEHHO MNPEANONOKUTb BJIMSHUE
reOXMMHUYECKUX 0COO@HHOCTE NOYBEHHOrO NOKPOBA NPUBEAEHHbLIX 00acTei.

B oTnuyue OT €CTECTBEHHBLIX PAIHOHYKIIUIOB, 3aBE1OMO TEXHOIC€HHbIE YCs
APYrM€ HCKYCCTBEHHbIE PpPaJUOHYK/IMALI pacnpeaesieHbl B COOTBETCTBHM C  HX
HEPAaBHOMEPHLIM aTMOC(EPHBIM BbIMAJACHUEM HA TEPPUTOPUID TOTO HJIM HHOrO
peruoHa. Camas BbICOKas MCKYCCTBEHHAs paJMOAKTUBHOCTb CEBEPHbLIX paiOHOB
3anaaHoi Cubupu — 3TO, HECOMHEHHO, PE3YJbTaT MPOXOXKACHWUA PAAHOAKTUBHBIX
00J1akOB OT #epHbIX ucnbiTanuii Ha HoBo3zemenibeckoM nonurone. Henpenackasyemoe
pacnpoCTpaHEHHE  PaJHOAKTHBHBIX  BBIMAACHUH  OKa3aJoChb  AOMOJHUTENBHOM
NMPUYUHOW TOBBILEHHOINO 3arpsa3HeHUs, CBA3aHHOro ¢ YepHoObINLCKON aBapHeid
[Huponrosa, 2000, 2003]. [lpHuMHY HEKOTOPOro MOBBILWEHUA COAECPKAHUA
paadoue3us B nullIaiHWKaxX 3adailkanbekoro kpas U PecnyOonuku Caxa (SAkyTum),
OTHANCHHbIX OT ucnbiTate/ibHbIX noauroHos CCCP, ckopee Bcero, ciaeayer
CBA3bIBATH C SAEPHBIMM MCNbITAHUAMU Ha JIoOHopckom nonuroHe B Kwurae:
pa,[lHOH.I{THBHbIe BblMaaCHHUA OT STHX HCNbITAHHUH pﬂCﬂpOCTpﬁHHHHCh B OCHOBHOM Ha
BOCTOUYHbIE peruoHbl Poccun [Martywenko v ap., 1997; Uenokanos, CaBesibeB,
1991].

HecMoTps Ha lMpokuii pa3zdpoc 3HAUEHUIA, B LIENIOM 3NUGMUTHBIC JHUILIAHHUKH,
COOpaHHbIC B MECTAX COBMECTHOrO NPOU3PACTaHUsA C ICPEBLEB HA PA3NIMYHON (HO HE
Bbilue 4-5 M) BbICOTE, 4acTO OOOraieHbl pajguoLIe3HEM 3HAUYUTEJIbHEE, 4YeM

HA3€MHbIC KYCTHCTBIC Pa3HOCTH.



Tabnuua 2. CoaeprxaHue eCTeCTBEHHBIX (I/T) U AKTUBHOCTb MCKYCCTBEHHBIX
paauoHYKAHA0B (BK/Kr) B KOMNOHEHTAX JieCHOro duoreoueHo3a Cudupu

U(Ra) Th K Sy 'Cs ~8.248%py
JlecHble noaCTHAKH
N 268 266 262 259 265 152
Min/max 0,16-6.5 0,20-7,7 0,05-1,3 11-88 15-392 0,27-5,46
X 1,13 1,92 0,57 30 112,9 1,93
MenunaHa 0.89 1,68 0,42 30 90 1,20
S 0,73 1.11 0,29 16 63.9 1,66
Jncn. 0,30 0.59 0,07 267 2513 2,77
CT. OTKN. 0,60 1,10 0,27 13 56 1,37
Bapuauus 80 72 64 54 70 86
JInwanH1ku
N 452 452 452 - 455 -
Min/max 0,01-1,90 0,01-3,8 0,01-1,3 - 2-402 -
X 0,66 0,70 0,26 - 78 -
MenunaHa 0,60 0,50 0,16 60
o 0,45 0.77 0,26 - 87
Jucn. 0,20 0.60 0,07 - 7499 -
CT. OTK. 0,36 0,51 0,18 - 64 -
Bapuauwns 68 110 99 - 110 -
MXxH
N 81 78 79 - 81 -
Min/max 0,10-5.4 H.0.-4.1 0,12-1,12 - H.0.-216 -
X 1,25 1,24 0,43 - 69 -
Menuana 0,85 1,20 0,40 - 70
S’ 0,76 0,94 0,22 - 45 .
Jlnen, 0,57 0,89 0,05 - 2014
CT. OTK. 0.55 0,79 0,18 - 3
Bapuauws 73 69 48 - 65
TpaBbl
N 57 57 57 - 57 -
Min/max H.0.-5,40 H.0.-8,7 0,12-2.81 - H.0.-20,0 -
X 0,70 0,69 1,09 - 3 -
MenuaHa 0.55 0.60 1.04 - 0 -
g 0,74 0.68 0,63 - 2 -
Jucn. 1,06 1,98 0,40 - 21 -
CT. OTKIL. 0.67 0.75 0.51 - 3 -
Bapuauns 126 159 58 - 179
XBo#
N 121 121 121 - 121 -
Min/max H.0.-3,0 H.0.-2,8 H.0.-0,98 - H.0.-3,70 -
X 0,72 0,46 0,39 - 18,2 -
Menauaua 0.60 0.40 0.40 - 3
S? 0,69 0,50 0,19 . 3,7
Jucn. 1.22 0.75 0,08 - 1238
CT. OTK. 0,81 0,54 0,21 - 23 -
Bapuauwns 109 135 61 - 202 -

90 239 240
[Mpumeuanue: B rpadpe ~Sr v = Pu nnga Bcex KOMMOHEHTOB OMOreoLeHo3a, 3a

MCKJIFOYEHHEM JIECHBIX MOACTHIIOK, JAHHBIX HEAOCTATOYHO NS MOAYUYEHHUS CPEAHUX
" 2

3HaYeHWH; n — KOJHWYEeCTBO nNpod, X — CcpeaHee cojaepskaHue, S~ -

CpeaHeKBaApaTHYHOE OTK/IOHEHHUE; NPOYEePK — HET AaHHbIX, H.0. — He OOHapYKEHO.



Tabnuua 3. CpaBHeHue coaepKaHUii eCTECTBEHHBIX PAJHOHY KJIUI0B (MI/KT)

U yaenbHOM akTUBHOCTH Cs-137 (BK/Kr) B anwaliHMKax

C pa3lH4YHbIMH YCIIOBHAMH NMPOHU3PACTAHHA

Peruon n U(Ra) Th K 'Cs
] 159 0,7 1,0 0,2 30
A ittt (H.0.-0,49) (H.0.-8.,0) (H.0.-2,3) (H.0.-212)
I 5 0,9 0,2 0,3 48
(0,4-2,5) (H.0.-0.5) (0,2-0,4) (33-64)
] 41 1.4 0.4 0,2 48
Pesnyiita A (H.Fi.-?} (H.0.-2,2) (H.0.-0.8) (33-64)
" 10 3 1.4 0,3 29
(H.0.-17) (H.0.-5.7) (H.0.-0,6) (10-78)
I 79 0,7 1,0 0,2 25
HoBocuOupckas (H.0.-3,7) (H.0.-3) (H.0.-1,5) (H.0.-187)
obnacrthb n 7 1,5 1,8 0,5 40
(0,6-2,6) (1-2,8) (0,3-0.7) (20-84)
A 0.5 0,4 0,2 155
A L 237 h0-76)  (Ho-27)  (Ho-08)  (7-685)
I 76 0,8 1,1 0,2 18
(H.0.-2) (0,1-2,8) (H.0.-0,60) (3-392)
HpkyTtckasa obnactb 1.0 11 0.4 13
I 44 ’ ’ ’
(H.0.-5.5) (0,1-9.4) (H.0.-1.8) (2-247)
3abaiikanbckuii kpaih | 23 I 1.7 0,3 50
- (H.0.-3,1) (H.0.-13) (0,1-1,9) (H.0.-241)
I 18 0,6 0,9 0.3 45
Pecnybnuka Caxa (H.0.-2) (H.0.-4,3) (H.0.-1,2) (5-159)
(AxyTna) I 4 0.6 0.7 0.3 46
(0,3-1) (0,5-1) (0,2-0,4) (16-73)

[Ipumeuanue: Bo BTopoil KonoHke | — nuwaiHuky 3nureinsie, 1l — nuuanHUKKU
SMUQPHUTHBIE, B CKOOKax — pa3dpoc JaHHBIX, H.0. — HE OOHAPYIKEHO.

Uro Kacaercst €CTECTBEHHBIX PAJAMOHYKIWIOB, TO UX COAEPKAHHE B MOYBAX
3aBUCHUT IaBHbIM 00pa3oM OT YpPOBHsA B MO4YBoOOpasyrowmx nopoaax [ PuxeaHos,
1996]. B nouBeHHbLIX NPOPUIAX MPOUCXOAUT MEPEPACNPENCICHUE DJIEMEHTOB MO/
BJMSAHHUEM M3MEHEHHs BJIAKHOCTH, TeMNepaTypbl, HW3MEHEHHs COOTHOLUEHUS
OPraHUYECKOr0 M MMHEPaJbHOrO BewWecTBa U T.N. TOpuH MNPEHMMYLLUECTBEHHO
CBA3bIBAETCS C TEPPUNEHHONH COCTABSAIOLICH, a YpaH OXOTHee ¢ opraHuveckoi. Ilpu
3TOM ypaH 0onee nojaBuxeH, uem Ttopuii [ Turaesa, 2000]. [losToMy B MUHEpAIBHO-
OpraHUYECKUX CUCTEMAX Ba)KHBIM TMOKa3aTeNemM pasnnuyusa reOXMMHUYECKOW MpUpOb

U u Th cnyxur Ttopuii-ypaHoBoe oTHowieHHe. CpeaHss BeJW4YMHA €ro Aans

OONbLWIMHCTBA  MEHETHMYECKMX TUMOB TMOYB B pas3jIMuHbIX  JlaHawadTHO-
KJIMMaTHUYECKUX 30HAaX BapbUpyeT B npeaenax 3-5 [Puxsanos 1996]. B
OO/IBLLUMHCTBE  CllyyaeB  MHAMKaTOpHoe oOTHoweHue Th/U  ykasblBaeT Ha



NpeANOUYTUTENIbHOE HAKOMJEHUE YypaHa B JAPEBECHbIX, a TOpHS B Ha3eMHbIX
nuwaiHukax. Tak B AJNTalicKOM Kpae OTHOLUEHHE «INUPHUTHBIC/INUIEHHBIE
cocrapnser (,22/1,42 coorBercTBeHHO; B PecnyOnuke Anrtaii — 0,46/3,5; B
Hosocubupckoit obnactn — 1,2/1,42; B SAkytuu — 1,15/1,52. U1 TONbKO B HEKOTOPLIX
pailoHax baiKkaJbCKOro pertoHa OTMEYaluch MOBBLILUEHHbIE COAEPKaAHWs TOpHS B
KOMIMOHEHTaX OWoreoueHosa: 34eCb COOTHOLLUEHHE TOpUs M ypaHa HWMeeT
NpOTUBONOJIOKHbIN xapaktep — 1,7/1,1 [LLlep6os u ap., 2008].

KoHeuHo, necHble MOJACTUIIKH,  Cly)Kallie€ OCHOBOM A JIGCHOM
pPacTUTESIbHOCTH, HE MOTYT CUMTATbCA MOUYBEHHBIM CI0OEM B MOJIHOM CMbIC/IE 3TOro
cnoBa u3-3a crneundukn ux popmupoBanus. Pe3koe npeobnagaHue B HUX JIECHOrO
onajaa HajJl MUHEPaNbHOW YacTblO ABASETCS NMPUUUHOM HU3KOrO 3HAUYEHHUs BEJIMUHWHBI
Th/U, Hanpumep, B Antaiickom kpae — 1.4. B pacTutenbHbix 00beKTaX OHO U TOro
HUKe (Tadn. 4).

37
Ta6nuua 4. CoaeprkaHue eCTECTBEHHbIX PAAHOHYKIMAOB (I/T) U AKTHBHOCTb '~ CS
(BK/Kr) B IECHBIX rOpPHOYMX MaATEpHaNax JIEGHTOUHBIX OOpOB

JII'M n U Th K (%) Th/U Cs-137
[ToacTunkm 17 1,66 2,36 0.82 1.4 97.6
JIMmanHUKK 15 0,84 0,85 0,34 1,0 33,0
XBO4 5 0,76 0,38 0,46 0,5 1.4
Kopa 3 1,77 0.7 0,04 0.4 11,8
TpaBbl 5 0,63 0,23 0,76 0.4 1,7

[TpumeuaHue: n — koaruecTBO onpeaeeHni. Ipesecuna — 3 br/kr, mxu —47.

Bce npuBeneHHble CBEASHHS YKA3blBAIOT HA CHOKHbIE B3aMMOOTHOLUEHUS
TOpUA W ypaHa B KOMMNOHEHTax JiecHoro OuoreoueHos3a. B ocoOoi creneHn s31o
OTHOCUTCA K HX MNOBEAEHUID B JIECHbIX [MOACTHIIKAX, 3aKjIluarlmuxX B cede
OpraHUYE€CKOE M MHUHEpPAIbHOE BELIECTBO B Pa3/IMUHBIX COYETAHMAX Ha pPa3HbIX
reHeTHYECKUX ropusonTax. Ho TwarensHoe paccmMoTpeHue coctaBa Toro MJiM MHOro
KOMIOHEHTa M pacnpeieneHHe B HEeM YypaHa W TOpUs BCerjla BbIABASET
NPeANnOUYTUTENLHYIO OHOr€OXMMHUYECKYIO CBA3b YpaHa C OPraHMYeCKUM BELLECTBOM,
a TOpUA C TEPPUIEHHBIM, DTO YETKO OTPAXKaeTcs U B MUPOreHHOM JIECHOM NpoLeCcee.

Ham npeacraBngercs, 4TO cOoAepikaHUs I3NEMEHTOB B Tadn. 4—6 MOIKHO

paccMaTpyBaTh Kak penepHbie ans nanamadgro Cubupu. HecmMoTps Ha TO, 4TO B



npejefax Kaxaoil BblOOPKHM NO peruoHaMm pa3zépoc coaepKaHuil MUKpPOIIEMEHTOB,
KAK W €CTECTBEHHbIX PAaJAMOHYKIMAOB, UMEET IMPOKUE Npeaesibl, CPeIHHUE HX
BEMUUHBI coaepikadusa B JII'M u3 pa3nuuHbIX pErMOHOB pa3HATCA HE3HAYUTENbHO. B
OTJIMYKE OT CTAOHJIbHBIX NMEMEHTOB, UCKYCCTBEHHbIE PAJMOHYKIHAbI UMEIOT OfHY
XapaKTEepHYIO 4YE€pTY — 3TO WX €CTECTBEHHbIii pacnaj, BeAyuMd K MOCTOAHHOMY
COKpalEHUO cojgepxkaHid. M paHO wiaM no3nHO OHM nepeiayT B CTaOMIJIBHOE
cocTosiHMEe. B Hacrodilee e BpeMs OHM HMEKT €lle OJHY XapaKTepHYK YepTy,
00s3aHHY0 cnocol0y HX TMOCTYMIEHUK) B  KOMIIOHEHTbl OWOreoueHosa —
MCKJTIIOUMTE/IbHO aTMocdepHblit nyTh. Beliie ObulM  paccMOTpPEHbl  NPUUHHBI
HEPaBHOMEPHOrO  BbINAAEHUs  pPagMOAaKTHBHBLIX  aTMOC(pepHbIX  OCaaKkOB B
nangwagdrax Cubupm.

Kak BuaHO w3 naHHbIX Tabn.6 M puc. 12, B UEIOM CaMbIMH HHM3KHMH
CPEIHUMH COIEPKAHUAMHK THKENbIX METAIOB XapaKTepH3yeTCsd TPaBAHHUCTDI
NOKPOB, & MXM, JIMLIAHHUKHU W JIECHBIE NOACTHIKH — Haubonee BbICOKMMU. Bbille Ha
npuMepe MXOB U JIMLIAHHMKOB OTMEYaJloCh, YTO 3TH BECbMa PacrpOCTPAHEHHbIE B
Cubupu KOMMOHEHThbl JNecHOro OMOreoLeHo3a ¢ pa3HOW, HO MPEUMYILIECTBEHHO
BbLICOKOM AKTUBHOCTHIO MOTJIOWAKT TOT WM HHOW 3nemeHT. Hanpumep, Mxu
OXOTHEE HAKAl/IMBAOT MApraHel U pTyTh, YEM JIMILIANHUKH, & IHIIAWHWUKH B CBOIO
oyepeb aKTUBHEE KOHLCHTPUPYIOT CBUHELl M CypbMy. OaHAKO MHOrAA B OTAE/bHBIX
TOYKAX pe3y/bTaThl cpaBHeHWH npuodpeTaroT oOpaTHblii xapaktep. TpyaHO cka3arth,
3aBMCHT JIM 3TO OT NeOXMMHYECKUX MOKasaTeNel cpeabl WM CYLLECTBYIOT KaKHe-TO
aApyrve npuuvHbl. HECOMHEHHO OJHO: B UEJOM Cneuu(UUecKoe CTPOSHUE
OTACJIbHBIX pacTeHUH W BEKaMH BbIpadOTAHHOE B3aUMOJCHCTBHE C JKM3HEHHBIM
NPOCTPAHCTBOM O0YCIOBIUBAKOT UX H3DOUPATENBHYIO TOIGPAHTHOCTD MO OTHOLIEHHUIO
K TOMY WJIH HHOMY XHMHYECKOMY 3/IEMEHTY.

Bmecte ¢ TeM MnornoiieHue 3JeMEHTOB pPaCcTUTENIbHBIM TMOKPOBOM HENb34
OOBACHUTL OAHWUMH HWHIAMBHAYAJbHbIMH CBOWCTBAMHU  OTAEbHBIX PACTEHHA.
KoappuumeHtsl HakONJEHUs SNEMEHTOB (BEMYMHA OTHOLUEHUS COAEpIKaAHUS
yneMeHToB B cucteme “JII'M/nouBa™) CBUIETENbCTBYIOT O TOM, YTO HE€ OjJHA
TOJICPAHTHOCTb CJYKUT MNPUUYUHOH BBICOKOH WM HU3KOM CTENEHW HAKOMJIEHUS

XUMHUYECKHUX KOMITOHEHTOB OTAC/IbHBIMHU NMPEACTABHTE/IAMHU JICCHOIO GnoreoueH03a.



Tabnuua 5. CpeaHee coaepkaHie MMKPO3JIEMEHTOB B JIECHBIX FOPIOYHX MaTepranax

Cubupwu

Cd Pb Cu Zn Mn Cr Ni Co Sb V Hg
JInmaitHuku

n 123 120 122 121 122 120 123 123 92 119 122

Min 0.010 09 0,7 12,0 10 0.3 0.6 0,07 0,03 05 0015
Max 0,590 340 180 46,0 569 37.0 6.7 540 290 9.0 1,070

X 0,137 224 4,3 20,9 156 3.9 1.9 0,51 0,44 32 0,081
M 0,100 4.0 2.8 19,0 115 23 1,6 040 0,12 2.6 0.053
S? 0114 748 5,0 7.2 139 5.1 1,2 0,72 0.64 1.9 0,122

Muen. 0013 1.0 249 516 8654 263 14 052 041 35 0015
Cror. 0080 308 27 51 108 30 08 043 047 15 0049

Bap. 83 335 117 34 89 130 63 118 144 58 152
JlecHbIE NOACTHIIKH
n 138 120 121 120 133 135 133 135 125 135 138
Min 0.007 1.6 0,7 7.0 24.0 0.9 0.8 0.2 H.O. 1.8 0,012
Max 0430 66,0 28.0 2230 2737 78 24, 8.0 1,7 41,0 0310
X 0,132 10,9 10,0 55,0 1001 16 7,2 3,1 0,24 12,2 0,115
M 0,092 8.3 9.6 41 660 94 6,3 2.8 0,20 10,2 0,100
S? 0,106 3.9 6,3 43 993 16,5 1,8 0,23 0,23 8.1 0,074

Jduen. 0,011 425 28,2 1819 54373 273 20 3.3 0,05 65.5 0.06
Cror. 0,085 5.8 4,0 33 731 11,6 3.4 1.4 0,14 5.6 0.062

Bap. 80 81 53 78 99 103 62 59 95 66 65
MxH
n 98 95 95 96 02 95 95 97 94 94 98
Min 0,020 1.1 1,2 6.7 54 0.3 0.5 0,04 0,02 0,2 0,019
Max 0540 114 11.3 70 1300 20.0 14,7 4,00 0,34 13.0  0.260
X 0,172 6.4 5,9 39 420,6 5.8 3,7 1,26 0,12 556 0,103
8 0,079 2.1 1.8 11,3 228 4.2 # 0.74 0,07 3.00 0,048
M 0,150 6.3 5.5 41,0 392 5.0 3.0 0,93 0,09 4,05 0,084
Juen. 0,105 6.7 4.8 198.0 65551 153 8.2 061 0005 586 0/003
Cror. 0,079 2.1 1.8 11,3 2038 2.9 2,0 0,62 0054 195 0,040
Bap. 61 40 37 36 61 68 74 65 64 57 53
Tpasbi
n 54 55 57 57 55 54 53 54 55 22 52
Min 0,010 0.2 1,7 9 8 0.2 0.3 0.02 0,02 0,10 0,001
Max 0.500 3.5 14,0 63 275 10,0 8.8 0,80 0,37 1,80  0.076
X 0,097 1,2 5,1 24 9% 2.8 1,7 0,18 0,06 0,54 0,019
S° 0.083 0.8 3.0 14 66 2,7 1,5 0,15 0.07 048 0011
M 0,90 1.1 4.8 20 70 1.9 1,2 0.14 0.03 032 0,018

Jduen. 0,007 0.6 8.8 191 4338 7.2 2.3 0,02 0,01 0,23 0,000
Cror. 0,054 0.6 2,2 10 54 2,0 1,0 0,11 0,05 0,38 0,007

Bap. 86 66 58 58 73 97 88 86 128 90 58
XB04
n 121 121 121 121 121 121 121 121 121 0] 121
Min 0,009 0,10 0,7 8 40 0.1 0.2 0,01 0,010 0,00 0,001
Max 0,500  7.00 5,9 84 987 5.5 7.5 0,70 0,260 1,20 0.210
X 0,094 1,42 3,0 34 366 1,2 1.4 0,19 0,068 051 0,024
S’ 0.111 1.06 1.0 15 217 1.1 1.1 0,18 0,059 031 0,020
M 0.40 1,10 3.0 32 327 0.8 1,2 011 0,040 0,63 0,021
Nuen. 0,016 3,07 7.9 279 61204 10,1 3.0 10,1 0,015 0,60 0.004
Cror. 0,096 1,07 1.5 14 185 1.7 1.1 0.67 0,067 0,52 0.031
Bap. 123 110 78 48 69 172 101 560 151 103 162

[Ipumeuanue: X — cpeaHee, S° — cpeaAHEKBaApaTHYHOE OTKAOHeHHUEe, M — menuaHa,
Jlucn. — nucnepcus, CT. OT. — CTAHAAPTHOE OTKIOHEHKE, Bap. — Bapuauus, H.0. — He
0OHapyIKEHO.



1000

100 ~

10 -

0.1 4

0.01

0.001
Cd Pb Cu Zn Mn Cr N1 Co Sb V Hg

Puc. 12. Xapakrtep coaep:kaHus 3JIeMeHTOB B pa3iimunbiX JIT'M (r/1):
1 — necHbie MOACTUIIKH, 2 — NMAIIAWHUKH, 3 — KOpa COCHBI, 4 — IPEBECUHA.

Tabnuua 6. CpenHee coaepKaHue MUKPO3JIEMEHTOB (MI/KI') B KOMITOHEHTAX
OuoreolicHo3a B balikanbCKoM peruoHe

Cd Pb Cu /n Mn Cr Ni Co V Hg
[Touswl (42) 0,046 12 11,4 57.9 1297 47 17.2 11,2 57,9 0,035
Jum. (22) 0,13 6.6 3,2 27.8 275 2.4 1.57 0,63 346 0,077
Mxu (15) 0,072 4.7 4.46 35,8 1017 5.6 1.9 0.83 3,2 0.073

XBos (38) 0,035 0.93 2,96 24.7 381.4 1,0 1.16 0.26 0,23 0,022
OrHomenne conepskanmii 31eMeHTOB “nousa/pacrenue” (Ky)

JInmaiHuk 2,8 0,55 0.28 0,48 0,21 0,05 0,09 0,06 0.06 25
Mxu 1.56 0.39 0.39 0,62 0,78 0,12 0,11 0,07 0.06 2,09
XBost 0,76 0,08 0.26 0.43 0,29 0,02 0,07 0,02 0,004  0.63

[TpuBeneHHble B Tadus. 6 mpuMepbl MOKa3bIBalOT, YTO B 3THX [Mpoleccax
y4aCTBYIOT W BHElWIHWE (akTopel. EciM UMHK W MapraHeu, OTHOCALIMECH K
OuoduiaM, BBIMOJHAIOT BaXKHbie OMOXMMHYECKHE (PYHKLMH B pacTeHUAX, TO HX
JAOCTAaTOYHO BbICOKME KO PuumeHTsl OHOJOrHMYECKOro HaKOIUIEHWs  JIETKO
OOBACHMMBI KM3HEACATENBHOCTBIO J3THUX pacteHui. HoO Takue 3sneMeHThl, Kak
KaagMUH, PTYTb W, OTYACTH, CBHHEL, HE ABJAIOTCA KU3HEHHO HEOOXOHUMBIMHU JUIA
JMIIAHHUKOB, MXOB M XBOW. [lo3TOMYy mnpHYHMHON NOBBILIEHHBIX 3HAYCHHMH

Ko3(punpieHra OGHONOrHYECKOro HAKOIUIEHHUA VY ATOH IPYINbI 3JEMEHTOB MOTYT



ObITb TOJILKO BHELLHKE (pakTopbl. Cyas 110 BCeMY, OHH JOJIKHbI HMETh aTMOCHEPHYIO
NPUPOAY: BCE TPHU SMEMEHTA HAYUYHBIMHW HCCAEI0BAHHAMH OTHECEHbI K AKTHBHBIM
BO3AYLUHbIM MUrpaHTaM [Manaxoe, MaxoHubko, 1990]. Kak Oynet nokasaHo HHIKE,
MPU JIECHBLIX TMOXKapax MMEHHO OSTH 3JIEMEHTbl COBMECTHO C HCKYCCTBEHHBIMH
paaAloOHYKAWAAMHK O00pa3yroT rpyrnny HauboNee SHEPrHYHO MUTPUPYIOLUUX B COCTABE
AbIMOBBIX LNEH(OB. [TOCKONbKY BCE HALK MCCNEAOBAHUs MPOXOAUIU B (POHOBBIX
pailoHax BAalH OT MPOMBILUUIEHHBIX LUEHTPOB, TO MNPUYHHONW BO3HUKHOBEHMS
BbICOKHX KO3(PHULUMEHTOB OMONIOrHUYECKOr0 HAKOMJAEHUSA KaJAMMS, PTYTH W CBMHLA
NUIWAHWKAMH, MXaMH W XBOEH, Ha Halll B3rd], ClIeAYET CHUTATD JIECHBIE NOKaphl.
AHTPNOreHHOE JIHAHUE HA MPUPOAY OCOOEHHO OTUETIMBO MPOSBISETCA HA
npuMepe NoBblLLIEHHON KoHLeHTpaunn 'Cs B JITM Ha cesepe 3anaaHoii CHGHpH:
31€Cb OHM 3arpA3HEHbl PAAHOLIE3HEM 3HAYUTEIBLHO BbILIE, YEM B APYrUX pEerHoHax.
KOHTpacTHOCTL  cojepakaHWs  €CTECTBEHHBLIX  PAJMOHYKIMAOB B  Pa3iM4YHbIX

KOMMOHEHTaX OMOreoneHo3a BbipakeHa ropasjo ciadee (tadu. 7).

7.2. IlpocTpaHCTBEHHOE pacnpe/eieHue 3J1eMeHTOB

B 00C/1€I0BAHHBIX PErHOHAX

ECTECTBEHHO CUMTaTh, YUTO YPOBEHb 3arpsA3HEHWSA TOrO WM HHOrO PEruoHa
CuOMpPH THKENbIMU METANIaMH MJIM UCKYCCTBEHHBIMH PAaAMOHYKJIMAAMH HAXOJWTCS
B NpsAMOH 3aBUCMMOCTH OT €0 HaCbILIEHHOCTH MPOMBILIEHHbIM MPOU3BOACTBOM H
pacnoJjIoKEeHUs OTHOCHUTENIbHO  IBYX  MCMbITATENbHBLIX  SIAEPHBIX  MOJUIOHOB
Coserckoro Coro3a. OTHOCHTENBHO  TAXKENbIX METANNOB  PaHOHbI  HALMWX
MCCIEA0BAHUH  MOJKHO YBEPEHHO OTHeCTH K (DOHOBBIM, TNOCKOJbKY OHM
pacnojoXeHbl BAaJM OT MPOMBILUICHHbIX UEHTpOB. [lo-uHOMy oOcTtoMT Aeno ¢
MCKYCCTBEHHBLIMH paguvoHykauMaamu. Kak nokasbiBaeT npuMep JMLIAHHUKOB H XBOM
(CM. BbIWIE), CPEAHHE COACPKAHMA ECTECTBEHHbLIX PAAHOHYKIIMAOB B O3THX
KOMMOHEHTaX OMOoreouleHo3a M3 pasHbiX PaMOHOB pa3MyaloTCs HE3HAUYWTESILHO,
HECMOTPSI Ha OFPOMHBIE PACCTOAHMSA, pasaenstowue paionsl pabot. Hanpotus,
aKTHBHOE BMELUATESbCTBO B NPUPOY MCKYCCTBEHHBIX PaJHOHYKIUIOB MPOSABUIIOCH

BECbMAa KOHTPAacTHO, 4YTO OCOOEHHO YETKO BMJHO Ha CpaBHEHWH YpPOBHEI



sarpasHeHds  paavouesneM  fmano-Heneukoro AO w  AjTalickoro  Kpas.
HepaBHOMEpHOCTb  3arpsA3HEHWs  pa3iMyHbIX perdoHOB CUOHpPH  OTYETIMBO
NPOABJIAETCAd U Ha pacnpeac/eHUU MCKYCCTBEHHbIX PaJMOHYK/IWAOB B OT/IEJ/IbHbIX
KOMITOHEHTAaX JIECHOro OuoreoueHos3a. [IpuvuHbl 3TOro ABJIEHHWSA, TMO-BUAHUMOMY,
pazHooOpa3Hbl. HekoTopbie M3 HUX OBbIAW NpHUBEAEHBbI BbIWE, HO HEOOXOAMMO
MOATBEPAUTL 3TO KOHKPETHBIMH NpuMepamu. PaauauumoHHbie npoOnembl ABYX
OTMEUYEHHbIX perHoHoB 3anaaHoil CHOMpPH MOKa3bIBAOT, YTO OHHU HE peLlaeTcs JIULLb
OMM30CTBIO K UCNBITATENLHBIM /1IEPHBIM MOJUIOHAM.

Ha pyGexe XX u XXI| BekoB yae/ibHass aKTUBHOCTb YICs B KYCTHUCTbIX
nuwaiHukax AnTtalickoro kpas coctaensana 38 Bbk/kr B Smano-Heneukom AO —
120 br/kr [Illepb6oB u ap., 2000]. PaccTosiHue oro-zanaaHblX M LEHTpPaSIbHbIX
paiioHoB AnTtaiickoro kpasa ot CemunanatuHckoro noaurona 100-250 kM, a no
camoi ceBepHoi Touku — 500-550 kM. Ha ceepe 3anaaHoil Cubupu IlypoBckuii
KpacHocenbkynckuii paiionst AHAO oTcToaT oT HOBO3EMENLCKOrO MOJMroHa Ha
1000 km. Ha CemunanatuHckom nonuroHe ¢ 1949 no 1962 r. npousBeaeHo
124 oTkpbiThIX B3pbiBa, Ha HoBo3emenbckom — 90. OaHako Mo CymMMapHOMY
SHEPrOBbLIACNCHUIO C YUETOM MOA3EMHbIX UCTIBITAHWIA HA MEepBbli U3 HUX MPUXOJUTCSA
5,5%, a na Bropoii — 94 %. Cam coloii HanpallMBaeTCs BbIBOJ O BEJIMYMHE
IHEProBbIACJCHUS S7EPHBIX B3PbIBOB Kak O peliawlleM daktope B pacnpeaeaeHuU
paarOaKTMBHOrO 3arpA3HEHUs NaHAWAadTOB B pa3nuyHbIX paiioHax Cudupm.

Paznuune paanoakTUBHOrO 3arpsA3HEeHWs OTAEAbHBIX perdoHoB CHOMpH
OTMEYaEeTCs U Ha Oosiee Meakux njaowaaax. Ha puc. 13 npuBeacHsl JaHHbIE HALLIKUX
MHOTOJIETHUX MCCJIEA0BAHHIA 3KOJIOrHYECKOro cocTosiHUS AnTakickoro kpas. Ha 3Toi
CPaBHUTENIbHO HEOOJIbLLIOW TEPPUTOPHH OTUETIUBO BbIACIAETCA HECKOJIBKO YYaCTKOB
pasjM4yHOH BENWYHHbI C MOBBLILUEHHOH BEJMYHMHOH PaAHOAKTHUBHOIO 3arpsa3HeHUs
LUENMHHBIX NMoYB. Takoil XapakTep MmiowaaHoro pacrnpocTpaHEHHUs paalOaKTUBHOIO
3arpAa3HeHHsl, HECOMHEHHO, 0053aH HEepaBHOMEPHOMY BbINAAECHUIKD OCAJIKOB, 4TO
OTMEYAJIOCb  MHOrMMU  uccaeposarenamu  [Jlrobawesckuii u  ap., 1993;

Muxaiinosckas u ap., 1995; CyxopykoB u ap., 2000; v ap.].



Tabnuua 7. Cpennee coaepkaHUe €CTECTBEHHBIX PaJMOHYKIWAOB (I/T) U yaenbHas
akTHBHOCTDb ~ Cs (BK/Kr) B MIIAHHUKAX U XBOE M3 pa3iMuHbIX paiionoB Cubupu

Peruou n U(Ra) Th K P'Cs
JInwaniuuku
AnTaiickuii Kpaii 179 0,7 1,0 0,2 30
(0,3-4.8) (0,3-8,0) (0,02-2,3) (H.0.-212)
UpkyTckas obn. 64 0.83 1.4 0.22 29.2
(0,3-4,9) (0,3-4,8) (0,02-0,7) (1-169)
Hosocubupckas 147 0,7 1.0 0.2 30
o0n. (0,3-3,7) (0,2-3.0) (0,02-1.5) (H.0.-187)
3abaiikanbcknii 23 0,99 1.71 0,14 50,3
Kpail. (0,3-13) (0,2-13) (0,1-1,0) (H.0.-241)
Pecn. Caxa (AkyTua) 48 0,6 0.9 0,3 45
(0,2-2,0) (0,3-4,3) (0,02-1,2) (5-159)
AHAO 129 0,5 0.4 0.2 124
(H.0.-7.6) (H.0.-2,7) (0,1-0,8) (7-364)
XBoA
AnTainckuii kpai 51 1.0 0.5 0.4 4,0
(0,3-4,3) (0,2-2.5) (0,1-1,3) (H.0.-27)
HpkyTckas o6i. 74 2.4 0,3 0.4 3.0
(0,8-5,9) (0,1-0.4) (0,2-0,8) (H.0.-21)
Hoeocubupckas 32 1.0 0.79 0.5 9.0
o0u. (0,2-3.1) (0,2-3.7) (0,2-1,0) (H.0.-25)
3abalikanbckni 34 1.6 0.6 0,3 5.0
Kpai. (1,1-2,5) (0,4-1,0) (0,1-0.4) (4-7)
Pecn. Caxa (AxyTHa) 11 1,0 0.7 0,7 5.0
(0,2-3,5) (0,3-1,4) (0,02-1,2) (H.0.-19)
AHAO 56 1.1 0.6 0.4 67
(0,3-7,3) (0,2-2,8) (0,1-0,8) (6-384)

[IpumeuaHue: H.0. — He OOHapYXKeHO; B CKOOKaX — pa3dpoc 3HaUYE€HHH.

Ha ¢oHe M03aMuHOro pacrnosioKeHUs 3arpsA3HEHHbIX Y4acTKOB B naHawadrax
ANTaNCKOrO Kpasi OTYETIIUBO MPOCICIKUBAECTCHA CEBEPO-BOCTOUHOE MX NMPOCTUPAHUE U
BeepooOpa3HOe pacnpeaeieHHe no Mepe ynaneHus ot CEMHUNaNaTHHCKOro NMOJMroHa.
HecoMHEeHHO, XapaKTep pacnoJio:KeHus Mnaolaaei ¢ noBbILEHHON 3arpsA3HEHHOCTbIO
00sA3aH JOMHUHHPYIOWMM B 3TOM PErHOHE KOro-3anajiHbiM BETPaM: TOJBKO MPHU 3THX
HamnpaBJEHUAX TPOBOAMIMCH siAEPHbIE B3pbiBbl Ha (CeMUNaJIaTHHCKOM MOJMIOHE.
[Touty cBoOOAHass OT pagMOAKTUBHOrO 3arpsA3HEHUs 3anajHas Nnaolaib Kpas —
CBUAETENILCTBO TOrO, YTO pPaAUOAKTHBHbIE 00j1aka OT B3PbIBOB IMPOXOAMIW HaJ
TEPPUTOPUEH ANTAaCKOro Kpas B J0OCTAaTOYHO Y3KOM «Kopuaope». OaHaKo Bbille
Obl10 NOKa3aHO, YTO TPACKTOPHUS ABUIKEHHUSA 001aKOB OObIYHO HMEET OUYEHb CJI0XKHbIi

Xapakrtep. BrnofiHe BEpOATHO, YTO H 3anajHble paioHbl AnTalcKoro kKpasa OblIH



MOKPBITHl PAaJUOAKTHBHBIMH 00JIaKaMH, HO 3TO MOIVIM OBbITh YK€ BTOPUYHBIE MX
MPOXOXKAEHMA. IDTO ObIBAa€T 4acTO, HO AKTMBHOCTb BBIMAJACHHUH paJMOaKTHMBHBIX
OCaJIKOB MPU STOM 3aMETHO yMeHbluaeTcd. Henb3s He yuUuThIBaTh M 30J10BbIH (hakTop
B pPaJMOAKTUBHOH XapakTEpPUCTHKE OTMEYEHHBIX TEPPUTOPHI:  COACPIKAHME
MCKYCCTBEHHBIX PAaAMOHYKJIMIOB B IOYBAX MOBBLILAETCA C YMEHBLIEHWEM pa3mepa
YacTULl, @ MMEHHO OHHU HauOOJIee SHEPrHYHO MOJBEPIKEHbI BETPOBOMY IEPEHOCY.

UucnoBele 3HAUYEHUs 3arpsA3HEHUs MoMAau AnTaiickoro Kpas uzoronaMmu Sr, Cs u

Pu Bo MmHOrux Toukax copnanatot [CyxopykoB u ap., 2000].
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Puc.13. Cxema pacnpeneneuus Cs-137 Ha TeppuTopuM ANTaiiCKOro Kpas
[CyxopykoB u ap., 2000].

[TpuBeieHHBIE TIPUMEPHI VACITBbHOM AKTHBHOCTH €CTECTBEHHBIX
PAAUOHYKJIMAOB H PAaJMOLE3Us B XBO€ M KYCTUCTBHIX JIMIIAWHHKAX M3 Pa3IMYHBIX
perioHoB CHOMpPH TMOKa3bIBAOT OTHOCHTEJbHO POBHBIC 3HAUYEHHs, CPEM KOTOPbIX
Pe3KO BBIICSIOTCS JaHHBIE MO PaJUOAKTUBHOMY 3arpssHeHuto fAmano-HeHelkoro
aBTOHOMHOTO okpyra (AHAOQO). KoHeyHo, mOBbIlLIEHHAA AKTHBHOCTb PaaHUOLIEC3Us B
oonelwiMHcTBe JII'M 3TOrOo pervoHa oOsizaHa OJM30CTH HBTOr0 peruoHa K
HoBo3eMenbCKOMy HCIBITATEIBHOMY MOJMIOHY, OJHAKO CYIIECTBYIOT AAHHBIE U O

3aMETHOM BJIMSIHUHM OoJice MO31HHUX ('-[epHOGLIJILCKHX) PaqHOKTHBHBIX BBINAJCHUH B



Topdax, KycTucteix nuwaitnukax poaoB Cladina, Cladonia v HanOUBEHHbIX MXax
poaoB Hylocomium, Pleurozium w Politrichum [Hudoutoa, 2003].

Cpenu BceX pacTUTEAbHbIX KOMMOHEHTOB caMbiMK ¢a00 HakKanJIuBalOLUMHU
OO/ILIUMHCTBO M3YYEHHBIX HAMH TAXKEIbIX METAIOB SMBISETCS XBOsS JACPEBbLEB
(naHHble npuBoaATca 0€3 BMAOBOW WHAMBHMAYaNM3alUMK XBOWHBLIX MOpPOA), O YEM
CBUJICTE/ILCTBYET BEJHYMHA OTHOLLUCHUS “XBOSA/MOACTUIIKA”, a TAKXKE APEBECHHA W
TpaBbl. Bbilue Ha npuMepe MXOB W JIMWIAHHUKOB OTMEUaNoCh H30MpaTebHOE
NOrfOWEHHE OTAENbHbIX XHMHYECKHX 3/IEMEHTOB pPa3/IMUHbIMH  PACTCHUSAMM.
[ToniyyeHHble AaHHbIE MO3BOJIAIOT NpeArnosaraTb HE MOYBEHHbIA, a aTMOC(epHbIi
MCTOYHHUK MX MOCTYMNJEHHUS B JIMWAHHWUKK. [lO-BMAMMOMY, HAKOIMJIECHHUE PYAHbIX
snemeHToB (Cu, Zn, Cr, Ni, Co v Mn) mMxamu 4BngeTcd ClEJIACTBHEM
HHAUBHUAYAIbHbIX OMOXUMHYECKHX OCOOEHHOCTEH 3TUX PACTEHHA.

[lpuBeaeHHbIE B TEpBLIX pa3aenaX KHUMM JaHHbIE O JIECHBIX MoXKapax,
KacaloLMecs NaHAWA(PTHLIX WKW ro0anbHbIX aCNEKTOB, AOIKHbI ObITb AOMOJHEHBDI
CBEJCHHUAMH, OTHOCALLUMMUCS HEMOCPEACTBEHHO K noxkapuuam. Peub wuaer o
XapaKTEPUCTUKE KOHKPETHbIX OOBEKTOB H M3MEHEHHH OTACAbHbIX (PU3UKO-
XUMHUUYECKUX CBOWCTB MOYBEHHOrO MOKPOBA 3a CYET BbLIFOpaHUd oOpraHuku. M3
Tabinubl 2 BUAHO, HTO NOKAPHULLA HMEKOT CaMbli pas3jiMuHbIi BO3pacT U OTOOpaHbI B
pazauuHoe Bpemsa. JIng Hac BaKHO MNOJYEPKHYTh, UYTO HEKOTOpbie M3 OOBEKTOB
(Tapko-Cane, 3aBbsanoBo, Bonuuxa, UpKyrckoe, 3araryii, Ynan-Ya3) o0cienoBaHbl
HaMH cpasy Mocae noxapa, 4YTO MCKIKOYAeT BJIMAHHUE pas3/iMUyHbIX (PAKTOPOB Ha

nepepacnpciaciCHUC 3JICMCHTOB B I'IOCTI'IHpOFeHHbIﬁ [epuoAa.

7.3. PacnpenesieHne 3/;ieMEHTOB B KOMIIOHEHTAX OHOreoLeH03a

3a 1991-2010 rr. npu 3KOJIOrMYECKUX UCCIEAOBAHUAX B PA3IMYHBIX PErHOHAX
Cubupu, cobpaH coJMaHbIM OaHK JAaHHLIX MO COAEPIKAHMIO THKEJbLIX METAJIJIOB,
€CTECTBEHHbIX M HCKYCCTBEHHbBIX pAJUOHYKIUAAX B Pa3/IHYHbIX KOMITOHEHTaX
OvoreoueHo3a. OH NOCTOAHHO MNPOJONKAET TOMOJHATLCA, HO MOXKHO CMEJO
YTBEPXK/JaTh, YTO [OKa3aTeNM MO TAHKEIbIM MeTa/uiam  and  OOJIbLIMHCTBA
KOMMOHEHTOB B Onukakee Bpems (20-30 neT) MOryT M3MEHHUTLCA NO TEXHOT€HHbIM

MPUYMHAM, OAHAKO BPSA I 3TO NPOU30HAET KapAUHAIBHO WK XOTS Obl HACTOMBKO



3aMETHO, YTO MOKEeT JAaThb MOBOA Ads nepecmMoTpa (POHOBLIX TEOXMMHUYECKHX
XapPAKTEPUCTHK  OTMEYEHHBbIX BbILIE KOMIIOHEHTOB JIECHOrO  OMOreoLeHo3a.
[loaTBep:KA€HMEM 3TOr0 T€3Uca MOTYT CAYKHTb AaHHbIe Tadul. 6, NMOKa3biBaKOLLKE,
4yro cocras paszauyHbiXx JII'M onpenensercs npeuMyECTBEHHO JlaHAWAPTHO-
reOXMMHUYECKUMM  nokKaszarelnaMu  cyOcTpata, a 18 HUCKYCCTBEHHbIX
pPaaMOHYKJIMAOB — arMoc(epHbIMK BbinaaeHUAMU. CheayeT OroBOPUTLCS, OAHAKO,
UTO MPUBEAECHHBIE BbILIE AAHHbIE [0 MUPOreHHON MUrpaurMyd HEKOTOPLIX TAMKENbIX
METAJIJIOB CBHAETENLCTBYIOT O BO3MOYHOCTH JIOKQJIbHOrO HM3MEHEHHMSA YPOBHS HX
coanepkaHuii B nanawadrTax Cubupu. VYTepkaath riaobajibHOe H3MEHEHHE
FrEOXUMHUYECKOrO (POHA Mbl MOKEM JIMLLIL TMITOTETHYECKH.

JIna noHumaHMA XapakKTepa [MOBEIAEHHUS DJEMEHTOB TMPH JIECHBIX NOXKapax
OYE€Hb BaXXHO 3HATb HE TOJbKO M3MEHEHHE 9THUX NapameTpoB, HO U BaNOBOE
COJACpIKAHME SJIEMEHTOB, a TaKKE XapaKTep WX pacrnpeie/ieHus B KOMMOHEHTax
OuoreoueHo3a. BusyanbHo Habawopaemble HM3MEHEHMSA M (PU3HMKO-XUMHUECKHE
OCOOCHHOCTH MOYBEHHOINO MNOKpOBA MNOXKapull HE MOryT HEe OTpa3uThCi B
FEOXMMHYECKOH XapaKTEpUCTUKE TrOpesblX MOYB WU MNPOU3PACTAIOIIMX Ha HHX
pacteHWid. HecoMHEeHHO, uepe3 AOCTaTOMHO KOPOTKHMH NPOMEXYTOK BpPEMEHH
pPaaMOCTPOHLMI M paaMOLE3HH NPEKpPATAT CBOE CYIIECTBOBAHME B JaHawadrax
Cnbupn, HO NAYTOHMH OYAET CYLLECTBOBATHL B MEPEUUCIEHHBIX KOMMOHEHTaxX €le
ThiCAYM JeT. TONbKO 3po3Ust W MNOBEPXHOCTHbIE BOAbl OyAYT MOCTENEHHO
crnocobcTBOBaTL €ro MurpauMu. OaHako, 3po3ust B Jlecax U LEIMHHbLIX MOYBaX —
(akTop 3pemepHblii B CHITY BLICOKMX MPOTEKTOPHBIX CBOMCTB AEPHOBOIO CJIOS.

OTHOCHUTENIBHO  MHMIPALMOHHOM  CTOPOHBI  BOMpOCAa  CJAEAYyeT OTMETHTH
F€OXMMHYECKOE POACTBO IUIYTOHUSI M PAJHOLE3UA, O YEM CBHAECTEJILCTBYET,
HarpuMep, TMNpPaKTHYECKH MNOJHOE COBMAJCHUE XapakTepa HX BepTHKaJIbHOro
pacnpeaeneHus B JIECHBIX NMOACTHIAKAX (puc. 14), a ues3uii-137 cnado noABHUIKEH B
nouBax [[TaBnoukas, 1996, 1997].

[lpy wu3yyeHuu noBeAcHUS CTAOMIbHBIX SJEMEHTOB W HMCKYCCTBEHHbBIX
paauOHYKIIMAOB, MONABLWKUX B JECHON MOJAOr aTMOCHEPHBIM WU MOUYBEHHBIM MY TEM,
BAXXHbIM MOMEHTOM CIYXKUT XapakTep HWX BEPTUKAAbHOINO pacrnpeacfieHus B

HazeMHbIX JITM. JIng JecHbIX TMOACTUIOK, MXOB M JIMIWIAHHHUKOB Haubonee



XapaKTepHO YBEJIWYEHUE COACpKAHUA TAKENbIX METAVIOB M  HCKYCCTBEHHBIX
PaaMOHYKJIMJIOB B CPeJHMX M HMKHHUX MHTepBajiax. Ckopee Bcero, 310 CBA3aHO C
YBEIMUEHHUEM COPOLIMOHHON €MKOCTH pasjiaralouierocs opraHM4yeckoro marepuana
OTMEUEHHBbIX KOMIIOHEHTOB JIECHOro OWOreoneHo3a, [MOTOMY 4TO pe3Koe
YMEHBIICHHE aKTUBHOCTH BCEX PaJMOHYKIHIOB B CAMOM HHU3Y MPOQHUIIS HAYMHAETCS
Ha TpaHuLEe C MOACTUJIAIOUIMM TOYBEHHBIM MOKpoBOM. B OojblIMHCTBE Hawiux
O0BEKTOB MOYBOOOPA3YIOLMMU TMOPOAAMU  CIIYXKWJIM  30JIOBble MECKaMH WIH
ACMIOBUANBHBIE CYIJIMHKH, Yallle BCEro CoJepKaBlIMe OpPraHUYyecKui matepual

TOJIBKO B CAMBIX BEPXHHUX HaCTAX HA KOHTAKTE C JIECHOH I'IOJ_'[CTHHI{OFL
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Puc. 14. Tlpumep pacnpeneneHusi MCKYCCTBEHHBIX PaaUOHYKIHWJOB, TAKEJIbIX
METaJIIOB M APYTUX 3JIEMEHTOB B BEPTHKAJABHOM MPOdUIIe JISCHOM MOICTHUIIKH.

M3 npuBeneHHbIX Ha puc. 14 rpa@uMKOB MOMXKHO YBEPEHHO BbIJICJIUTH
HECKOJIBKO TpYI CTA0WIBHBIX M PAAUMOAKTUBHBIX 3JIEMEHTOB [0 THOY MX
pacnipenernienuss B npoduie JiecHoll mnoxacTwiku, KoHueHTpauus OO0JbLIMHCTBA
3JIEMEHTOB U MCKYCCTBEHHBIX PAaJHOHYKJIMAOB VBEJIHYHUBAETCA MO0 MEpe HapacTaHHs
MHTEHCHBHOCTH CHHTE3a I'YMHHOBOIO BELIECTBA U JOCTUIaeT MAKCHMYMa Ha rpaHuLe
MOJACTHJIKM C MOACTUJAKOIMM IEeCKOM HWJIM CYTrJIIMHKOM (uWHTepBan 13—14 cMm), B
KOTOPBIX cOJep:KaHue nagaetr 10 MUHHUMyMa. M3 3TOi 3aKOHOMEPHOCTU OTUETIHUBO
BBINAIAIOT PTYTh, KAAMUNA U CypbMa, KOHIIEHTpAlMsl KOTOPbIX HAYMHAET NajaaTh YiKe

B UHTepBasie 10 cM. IloaHO# CaMOCTOSITENBHOCTBIO pacripefeneHus BbIIeaseTcs



Oepuiuuii, coaepkaHue KOTOpOro B paspese MOACTHIIKM PaBHOMEPHO MaaaeT CBepXY
BHM3, 4TO XapakTepu3yeT OTOT SJEMEHT Kak T[OJHOCTbIO CBA3aHHOIO C
nopoaoodpasylolMMH  MUHEpanaMi MO4YBOOOpasylollMX nopoa (ciiojamMH U
noneebiMH wnaramu). Peskoe naneHue copepkaHus aOCOMKOTHOro OOJIbLIMHCTBA
JJIEMEHTOB B MECKE MO3BOJIAET NPEANONOKHTb, YTO XapaKTep pacnpeacieHus uX B
paspesze MNOACTUIKM OOYCJIOB/IEH HAKOMJIEHWEM B HEl MblIEBOH COCTaBIsIOLIEH
aTMOC(pepHbIX BbiMaACHHIA.

CopOumns Bcex COEAMHEHHWH pPTYTH MONIOKHTENbHO KOppenupyeT ¢ Cope M
KaTHOHOOOMEHHOH €MKOCTbIO MOYB, a TakyKe 3aBUCUT OT BellM4MHbI pH, nocturas
HauboNbLUel WHTEHCHMBHOCTW NpU 3HAYeHWsaX 4-5. AHanoruMyHas 3aBUCMMOCTb
ormevaercs My kaamusa [KabGarta-lIlenauac, Tlenamac, 1989]. HUsmepenue pH B
CYCNEH3HWOHHBbIX Npenapatax paspes3a JeCHOH NOACTHIKH no onyOJWKOBaHHOM
metoauke [IlycTtoBanoB, 1957] nokaszaso uM3MeHEHHME BEJIMUMHBI 3TOr0 napameTpa
umMeHHO B padre 4.4-4,7 ¢ pe3kum TMOBbLILLIEHUEM 3HAYe€HUS N0 5,3 HA rpaHule
NOACTUIIKM C MecKkaMH. AHanorudHoe pacnpeaeneHue BenuuuHbsl pH B npodunsax
MNOACTHJIKM OTMEUaNoCh HaMMU paHee M B Apyrux perHoHax CuOupu [Manukosa,
2003]. laxe B TakoM y3KOM auana3zoHe kosiebaHus BeanuumHbl pH 3ameTHa oGparHas
CBA3b C 3TUM MNOKa3aTelieM Cpelbl COAEep:KaHWH PTYTH, KaaMMs, PaauoOCTPOHLMSA,
pPaauoLEe3usi U HEKOTOPBIX APYTUX 3JIEMEHTOB, 4TO 0COOEHHO 4YeTKOo HaljroaaeTcs B
CaMbIX HHKHUX MHTepBanax npopuns NOACTHIIKH.

B kyctucThiX nuuaiiHukax, cooOpanHHbix B AHAO B 2000 r. paguoue3uii
OObIYHO COCPENOTAYMBAECTCS B HWIKHMX 4acTAX TamioMOB. OIHAKO CYILLIECTBYIOT
paspe3bl  NUILAHHWKOB, TrA€  paauouesuil, paguoCTPOHUMHA WU TJIYTOHUNA
KOHUEHTPUPYIOTCA B MX HWKHMX oTaenax. B croeBuliax >nureiiHbiX MXOB
paauole3nidi B pasiinyHblX pervoHax 3anaaHoit CuGupu pacnpeierneH no-pazHomy
(puc. 15). Tlo-BuauMomy, 3TO CBfA3aHO C pa3lIMYUEM BpPEMEHH BbIMAACHUA
paaMOaKTUBHBIX 0caaKkoB. CyLIECTBEHHOE 3arpsA3HEHUE KOMNOHEHTOB OHOreoueHos3a
ot YepHoObuibckoid aBapuu 1986 r. Ha ceeepe Ypano-CuOUpcKoro pervosa, T. €.
cnycTd 23 roaa noclie npeKpaueHus OTKPbITbIX UcnbiTaHui Ha noauroHax CCCP,

u3pecTtHO [Hudontora, 2003].



Cyma no cxoxkectu rpadukoB pacnpeieieHus MCKYCCTBEHHBIX HW30TOMOB
LUEe3Usl M TJIYTOHUA, 00a OHU HE ABJAKOTCS AKTUBHBIMA MUIPAHTAMHU B JIECHBIX
noacTuikax. ITo3TOMY MOBLILIEHWE HX YAENbHOW aKTMBHOCTM K HM3aM paspesa,
CKOpE€ BCEro, CBA3aHO HE C MpoLeccaMH MUrpauMu (COpOLMOHHBIE CBOWMCTBA
MOACTHJIKA YBEJTHUUBAIOTCH 10 MEPE Pa3NoKEHUS Orajaa), a ¢ HAKOMJIEHUEM XBOM U
ApPYroro OpraHM4eCKoro mMarepuajia, B KOTOPOM KOJIMYECTBO ATHX PAaMOHYKIMIOB
najano nocjie npekpaileHusd aKTHBHBIX HCIIBITaHUH Ha CeMHnanaTHHCKOM fJI€PHOM
nosiurone (kouer 1962 r.). CoBepileHHO OYEBUAHO, YTO A/ OCTalbHbIX 3IEMEHTOB
MOAXOAUT AHAJOrHYHBIA MEXAHHU3M IMPOLIECCOB, BEAYIIUX K pachpele/ieHUd UX B

npodune 1eCHOM MOACTUIIKH.
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Puc. 15. Xapaktep BepTHKaJIbHOTO pacnpeneneHus ~ Cs B BEpPTHKAIBHOM paspese
MMJIOKOMUEBBIX MXOB Ha ceBepe (a, 0) v tore (B, 1) 3anaaHoii Cudupm.

M3 ol1uero aist Bcex 3JMEMEHTOB H PaAMOHYKINWAOB XapaKkTepa pacrnpeaeneHus
B BEPTHUKAIbHOM pa3pe3e MOJACTHIAKA C PEe3KMM MNajJeHUeM MX KOHLEHTpauuil Ha
rpaHuLe C MECKaMMU BHIMAAACT PaAUMOCTPOHLMI HM3-3a JOCTATOYHO 3aMETHOrO
COJEpKaHUS B caMOM HM3Y paspesa. MexaHu3M 3aJepKaHHus €ro B MecKax HesceH,
MOCKOJIbKY OHHU MMOYTH HE COJICPIKAT MOTJIOIAIOIIEro KOMIUIEKCa, a €CJIM U COAepIKar,
TO TOJBKO OYEHb Majble  KOJHMYECTBA. MOXKHO  MPEANOSOKHTL  €ro
KOHLICHTPUpOBAaHWE Ha KapOOHATHBIX [UIGHKAX [eCYaHBbIX YacTHL, [OCKOJIbKY
CTPOHLIMI B MOBEPXHOCTHBIX MPOLIECCax TECHO CBA3aH ¢ KanblmeM. He uckmoveHa u
copOuMd paguMOCTPOHLIMA MEJIKO3eMOM I[€CKOB, B COCTAaB€ KOTOPOro OTMEUEHO

[MPHCYTCTBHEC CJIIOAHUCTBIX HIIK INTHHUCTBIX MUHEPAJIOB.



Murpauus 31€MEHTOB B JIECHOM MMOJACTUIKE 3aBUCUT OT MHOIMX (pakTOpOB,
CpE€AM  KOTOpPbIX TNaBHbIMU  SBJSAKOTCA  WMX  MCTOYHMKH, HWHTEHCUBHOCTb
OMOJNIOrHYECKOro NorjoLeH!s: U NojaudyHKIHOHANbHbIE XapaKTepUCTHKH NOYBEHHO-
reoxumHueckux OapbepoB [Manukosa v ap., 2003; ['nasoeckas, 1988], a Takke
COpOUMOHHBIE CBOMCTBA MHHEPATILHON COCTABIAIOLWIEN U OTMEPLLErO0 OPraHUuvYeCcKoro
matepuana. Hawwmmu npeapiayluuMM  UCCNIEIOBAHUAMM  MOKAa3aHO, YTO HAa
COAep)KaHUE M paclpeacsieHHe THKENbIX METaVIOB CYLECTBEHHOE BJIMSHUE
OKa3bIBa€T NpUMeCh KOCHOro marepuana. Crneayer, 0HaKo, OrOBOPUTLCS, UTO Yallle
BCEro Takoi BUJ BIWSAHUA HA paclipeae/eHUe 3JIEMEHTOB NPosABAAeTC B NOACTHIIKAX,
c)OpMUpPOBABILIMXCA B MNOJIE MOPOJA C PpYAHOH MUHepanu3auuei. Bce necHbie
roprovMe mMaTtepualibl UMEIOT pacTHTEIbHOE MIIM pacTUTEbHO-MHUHEpabHOe (MXH,
NUIWAHHWUKH, JIECHBIE MOACTHIIKH, JEPHOBBII CIIOH NOYB) NMpoUcxo)aeHue. CTeneHb
MOrJOLIEHUS Pa3JIMYHBIX 3JIEMEHTOB JKMBBIM BeELIECTBOM pa3Had. Hanpumep, u3
paccmMaTrpMBacMOi HaMM rpynnbel  cpeaHue KO3(pPUUMEHTH OUOTOrHYECKOro
noraoweHus umerotr Zn (0,90), Mn (0,40) u Cu (0,13), cnabdoe — Ni (0,030) u Co
(0,020) u ouenb cnadoe — Cr (0,003) n V (0) [['na3oeckas, 1981]. Cneayer aymartsb,
uto Cd u Hg, a Tem 0ojiee UCKYCCTBEHHbIE PaJMOHYKJH/bl, TAKXKE OTHOCATCH K
3JIEMEHTAM €O CaadbIM  MOMJIOWEHUEM, TOCKOJbKY BCE OHHM HE SABIAOTCA )M
pacTeHHi KM3HEHHO HEOOXOAMMBIMH W, B OTJWYME OT Zn U Mn, HE y4acTBYIOT B
metabonunyeckux npoueccax [Kadara-lIlenauac, [lenauac, 1989]. Tak unu unHaue,
HECOMHEHHO O/1HO: MOBEJCHUE BCEX XMMHUUYECKHX DJIEMEHTOB B JIECHBIX MOACTUJIKAX B
OCHOBHOM  oMnpeaensercs OUOreOXUMMYECKMMU  TMPOLECCaMM,  BbI3bIBAEMbIMU
pa3noXeHHWEM OpraHWKHM, a Takke CcnocoOOM MOCTYMJIEHHMS B HUX MUHEpPaJbHOro
BCLLUCCTBA. EctecTBeHHa H peal{uuﬂ Ka;xKa0oro otacibHOro 3JicMeHTa Ha H3MCHCHHMC
du3nueckux napamerpoB armocdepbl (kKoneGaHuA BIAXKHOCTH, TeMIlepaTyphbl,
JaBlieHunA), Kak 310 Ob1o oT™MeuyeHo ansa paauvouesus [Witkamp, 1969] B rnase o
JIECHBIX Toplouux Marepuanax. HecoMHeHHO, onpeaeneHHas poJb BAWAHWSA Ha
NOBEACHUE XWUMMYECKHX OSJIEMEHTOB B JIECHBIX NOACTHIKAX (Kak oco0oid
pa3HOBUIAHOCTH MOYB) J0JKHA ObITh OTBEJ€HA JKUBBIM OpraHu3Mam, Cpeau KOTOpbIX
OJHO U3 BEAYWIMUX PpoJieH B  OMOr€OXMMHYECKMX MpoLeccax 3aHMMaloT

MHOrOYMC/IEHHbIE OaKTepHanbHble cooOLecTsa [3aBap3uH, Konorunosa, 2001].



I'VTABA 8. IIOBEIEHUE PA/TUOHYKJIM/10B U TAHKEJIbIX METAJIJIOB
IIPU JIECHBIX ITIO’KAPAX

Beicokue Temneparypbl, BO3HUKAIOLIME TMpPU JIECHOM T[OKape, BbIHOC
OFPOMHbBIX KOJIMYECTB MbUIM W a3po30Jiei B aTtMmocdepy, CHOXKHbIE MPOLIECCHI
JABMXKEHHUS W pacnaja AbIMOBOro uuieidga B 3aBUCUMOCTH OT METEOYC/IOBHH,
NOBEACHUSA B HEM TBEPAbIX M JKMAKHX KOMIMOHEHTOB W, HAKOHEL, MEOXHMHUYECKHE
CBOWCTBA caMUX IJIEMEHTOB — BCE 3TO HE MOXKET HEe CKa3aTbCd Ha WX Xapakrepe
MOBEACHHUSA B TMIPOLIECCE TOpPEHHs, TPAHCMOPTHPOBKH M BBHIMAJACHUA HA 3EMHYIO
MNOBEPXHOCTb.

[IpeacraBnsercs npaBUJIbHBLIM JIg HA4alla paCCMOTPEThL MOBEAECHUE IEMEHTOB
Ha NpUMepe KaKuX-1MOO KOHKPETHbIX 00BEKTOB. [ 3TOr0 NOAXOAUT NOKapULIE B
paiione cen bactaH u HukonaeBka, BO3HUKLIEE OT NOBAJIbHOIO BEPXOBOro noxapa B
NEHTOYHOM Oopy Ha toro-3anaae Antaiickoro kpas (Ne 8 Ha puc. 16). Oronb npuiien
u3 Boctounoro Ka3zaxcrana 8 ceHtsa0psa 2010 r. u npu 1oro-3anagHoM BeTpe ObICTPO
MOACTYMHI K OKpauHam OTMEYEHHbIX cell. Kak 3170 00bIYHO ObiBaeT npu OOALLIMX
nojkapax, HarnpasieH1e BeTpa ObICTPO CMEHMJIOCHh HA FOKHOE, 3aTEM MEHAIOCh €LIE
HECKOJIbKO pa3. Ha TywieHue noxapa Obuiv OpOLLEHbl CHJIBI MHOTHUX JIECTIPOMXO030B
ANTaWCKOro Kpas, OJHAKO OCTAHOBUTb OrOoHb YJanocb TONbKO 11 ceHTadps.
[Toxkapuiue npeacrasiseT co0Oi MOUYTH MYCTHIHIO C PEAKUMH OCTPOBKAMHU J1IEPEBbLEB,
BbKMBAHUE KOTOpbIX MpeactaBngetrcss npodnematuudbiM (hoto 11), nockonbKy
OrpOMHbIE MJoWAaAnW okoNo (CemunanarvHcKa, BbiropeBline B cepeauHe 1990-x
roJIoB, /10 CHX MOp MPEACTaBAAIOT coOOH ronoe mecto. Bmpouem, Bce 3aBUCHT OT
NOroAHbIX YCNOBUM.

KoopauHatel nmoxapwuiia: ceepHas okpamHa — N 51-56-52, E 078-22-50;
toykHas okpauHa — N 51-48-30, E 79-31-04; 3anaagnas okpauHa— N 51-48-04, E 079-
17-37; BocTouHas okpauHa — N 51-56-08, E 079-23-50.
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Puc. 16. Cxema pacnojiokKEHUs MUPOJIOTMYECKUX OOBEKTOB B JIEHTOUYHBIX Oopax

AJITAUCKOro Kpas.

udpel B KpyxKax — Homepa noxapuuy: 1 — 3aBbsiioBckoe, 2 — HoBOeropbeBCKoe,
3 — PakutoBckoe, 4 — Cesepckue 1 u 2, 5 — Upkyrckoe, 6 — BonuuxuHckoe, 7 —

Bosnecenckoe. 8 — Hukonaesckoe, 9 — MupHuHckoe, 10 — baesckoe.

®oto 12. Ha sTom mecte netom 2010 r. cToan neHTouHbli 60p.



HMtoru noxapa: 12,9 Teic. ra rapu, U3 HUX JIECHbIX HacaxkaeHu 10, 2 ToiC. ra;
(PMHAHCOBOE BbIpAXKEHME MOTEPb JAPEBECHHbI M TYLLEHUsA noxapa — 17,5 mnpa pyo;
1,4 mapa py6. u3 denepanbHoro OKAKETa Ha BOCCTAHOBUTE/bHbIE pPabOThI
312 cropeBwmx aomoB B ¢. Hukonaeeka u 2 — B ¢. bacran. M3 yctHoro coo0uieHus
pabOTHUKOB JieCHbIX ¢1yK0 BocrouHoro Kazaxcrana, Ha ero TeppuTOpUH BLITOPESIO
OKon0 1/3 naouiaam noxapuiia Ha POCCUHCKOM TEPPUTOPHH.

CpaBHeHHe npo® ¢ (POHOBBLIX M ropenbix Miaowaned Mnokasano 3aMeTHOE

pasziM4yHe HEKOTOPbIX (PU3MKO-XMMUYECKUX NTOKa3aTeNeH:

[Thowanb 3onbHOCTb (%)  OGbemHBIit Bec (r/eM’) pH
doHoBas 69.4(47.7-86.1) 0,58 (0.58-0,64) 5.6(5.4-6.,0)
["openas 96,1(89.2-98.3) 0,97(1,2-0,92) 6,7(6,4-6,9)

Ha ¢oHOBO#H nuiowanan pasdopoc BENWUYHHbI 301bHOCTH cocTaBiseT 44,6 %, a Ha
noxapuwe B 4,8 paza menbwe (9,3 %). Ulupokoe BapbMpOBaHWE 30JILHOCTH B
npodax co CBEXMX MIOWAAECH, HECOMHEHHO, O0YCIOBIEHO KOMMYECTBOM MONABLUEH
B KOJIbLO JIECHOW MOACTHU/IKM, MOLLUHOCTb KOTOPOH B JIEHTOYHOM OoOpy paiioHa
nokapui@a usMmeHaerca B npeaenax 1-10 cMm. BblpaBHUBAHME 3HAYEHUH HTOro
nokasarelis Ha BbIFOpeBLUEH MJIowaad 0093aHO HUBEIIMPOBAHUIO COACPIKAHUIO 30JIbl
B KaKA0M npode. PacTUTenbHbIM Marepyuan v 3014, UrparollMe poJib pa30aBuTeENs B
necyaHoi Marpuie npod, KOHTPOJUPYIOT U3MEHEHUE noka3arteseii 00beMHOro Beca
1 pH. MIX noBbllIeHKE B 5 BEPXHUX CM MOYBEHHOrO MOKPOBA HA MOKapuile 00A3aHO
30JIbHOMY MaTepuany, ¢ OAHOW CTOPOHbI MMEIOLIEMY LUENOYHYIO peakuMio, a ¢
ApYroi — ocnabieHHYIO B CPaBHEHWM C MOJACTHUIIKOH posib pa3daBUTENs MECHAHOI
MaTpULbI.

CpenHee coacpxaHue SJEMEHTOB B KOMMOHEHTaX OuoreoueHo3a ¢ (PoHOBOIA
TEPPUTOPUH  OOCIECOBAHHONO paidloHa CYLLUECTBEHHO OTJMYAeTCss OT CpPeIHHUX
3HaYE€HHH, nojayvyeHHblX Hamu aaa  CuOupn B pesynbTaTe MHOTOJIETHHX
SKOMEOXUMHMUYECKUX MWCCNEAOBAHMI B pasiuyHbIX ee pernoHax (radbn. 1). [Jng
“HUKOJIACBCKOW ™ TEPPUTOPHH YMEHBLUCHHAs B JBA pa3a aKkTMBHOCTb PaJMOLE3UA W
pPaaAHOCTPOHLIMA, MO-BUAMMOMY, O0fA3aHa XapakTepy BbINMAAEHUSA PaAHOAKTUBHbIX
OCaJIKOB HAa TEPPUTOPUIO ANTAHCKOro Kpas, B peE3ylbTaTe YEro CEBEpPO-3amnajlHble

paifloHbl OKa3aluCh MEHEEe 3arpsI3HEHHbIMU, YEM BCE OCTalIbHbIE (CM. BbillE puc. 13).



B pe3ynbTaTe nokapa wactb 3nementoB (Hg, Cd, Pb, Zn, Mn, As, Sb, U, "gr,
“'"Mn u uzotonbl Pu) B pa3nuuHOii cTeneHW Obina BOBJEYEHA B ATMOCHEPHYIO
murpauuio, apyras uactb (Al, Fe, Mg, V, Cr, Ni, Co, Ca, K, Na Li u Be) oboraruna
Mniowaap noxapuviua B pesy/bTaTe MacCMBHOrO HakomjieHus. Takum oOpa3zom, no
XapakTtepy MOBEACHUA NpPHU TMOXKape BCE 3JNEMEHThl MOKHO YC/IOBHO pa3ie/iuTh Ha
JNEMCHTbI-MUI'PAHTbI W MACCHBHbIC 3JICMCHTDI.

Cpenn TaXKeNbIX METa/VIOB UMEHHO aKTHBHbIE MUIPaHThbl (PTYThb, CBUHEL W
KaaMHi) HMEIOT COAEPKAHHE B JIMIIAHHMKAX, MXaX W MOACTHJIKAX BbILLIE CPEAHErO
no Cubupu. BeposTHON MPUUMHON ITOrO MPEMMYLUECTBA, HA Hall B3rJsA, MOKET
CNY/KUTb NEPEHOC 3NEMEHTOB AbIMOBBIMH LIEH(AMH OT OFPOMHBIX JIECHBIX MOXKAPOB
NPOLILIX JIeT B JeHTOUHbIX Oopax [lpuupThiubs. 1o naHHBIM necHoM ciyxObl [Y
“I'JITIP Cemeit Opmanbl” (Boctounbiii Kazaxcran), 3a nepuoa ¢ 1991 no 2005 r.
TONbKO B CEeMUNAJAaTUHCKOM PEruoHe KOJUYECTBO JIECHBIX MNOXKApPOB COCTABUJIO
3502 cayuyaeB Bo3ropaHus, T. €. 0oJiee 233 B ros.

PynHbie anemMeHTbl (XpOM, HUKeNb KoOanbT, BaHaAUi, MarHuii) B BO3AYLIHOMN
MHUIpaLUK MPAKTHYECKH HE YYaCTBYHOT: B OOJIbLUMHCTBE CJIy4aeB HX COAEpPKAHHUE B
HazeMHbIX JII'M paiiona pabot Bbiwe cpeavero no Cubupu (tabn. 1). [lpuuunna
3TOrO pas3iM4yMus HEICHA, OJHAKO KPOME HEPaBHOMEPHOrO pacnpeieieHHs pyIHbIX
3JIEMEHTOB B MECKaX JIEHTOYHbIX OOpOB HHUKOKOW JpYyrol TMpPUYUHBLI HE
npocMmatpuBaercs. B 2Toil cBA3M cieayer OTMETHTb OYEHb LIMPOKUH pasdpoc
CpeHUX COAEPIKAHUIT ITOM rpynIbl 3J1IEMEHTOB B MNOJACTUAKAX (POHOBLIX YYaCTKOB M3
NEHTOUYHbIX OOpoB. Tak, cpeaHuil MokKasare/ib BapbUPOBAHUA AN Pa3IMUHbIX
371EMEHTOB cocTaBaser (r/t): xpom — 16,3-56,1 (pazuuna 70 %), Hukenb — 8,6-39,2
(78 %), xobanbt — 3,2-8,6 (62 %), Banaamii — 25,1-35,7 (30 %). IlpuBeneHHbie
pe3yabTaTbl, C OJHOW CTOPOHbI, MOATBEPAKAAIOT HALIE MPEANnOJOKEHHE O
HEPAaBHOMEPHOM PAacCNpeAcNeHHWHU PYIHBbIX 3JEMEHTOB MO TJIOUW@AAH JICHTOUYHBIX
oopoB. C apyroi CTOpPOHbI, MOXHO YTBEpKAaThb, YTO (POPMHUPOBAHUE AKOHHBIX
NECKOB LLJIO NMOA KOHTposieM ABYX (hakTopos: (1) npuBHOCA MX ¢ HEPABHOMEPHON
COPTUPOBKOI MaTepuajia M3 Kro-BOCTOUHBLIX pailoHOB KasaxcraHa, rae B HEOreH-
YyeTBEPTUUHOE BpeMst (hOPMHUPOBAICS NEHEMJIEH, UK (2) B pe3y/IbTaTe MEHSIOLIMXCSA

WCTOYHUKOB CHOCA C pa3iMUHbLIM COAEpIKAHUEM PYIHbIX KOMMOHEHTOB. [lecTpoTa



nerporpadguueckoro cocraBa 3eMHOW KOpbl B 3TOi 00JacTH 230JI0BOr0 CHOCA
MecYaHoOro Marepuana i JIEHTOUYHBIX OOpOB JIEFKO MOXET ObITb MOATBEPIKACHA
reosIorHYecKoi KapToi atoboro maciutaoda.

JU1a  CpaBHEHMA OCTAIbHBIX XHMMMYECKMX DJJIEMEHTOB C WX CPEAHHM
coaepkaHueM B CuOMpU HALIMX JaHHBIX HeaocTaTovyHO. CambIMH 00OraleHHbIMH
TAKEJIBIMU METAJIAMU U UCKYCCTBEHHBIMH PaJMOHYKIMAAMHU Ha (POHOBOH nuowaau
JII'M aBadtoTCs JIeCHbIE NOACTHAKU. B 0c000# CTEneHn 370 3aMe4yaHHe OTHOCUTCA K
pyadbiM saemeHTam (Cu, Pb, Cr, Ni, Co, V), HaxoxkaeHue KOTOpbiX 00f3aHO B
OCHOBHOM MMHEpaIbHOM COCTaBAANOLIECH. MXH U JIUILIAWHWKH OUYEHb CXOXKH MEeXKay
co0Oi YpOBHEM coAEpkKaHWsi OONIBLUMHCTBA 3/EMEHTOB, CYLUECTBEHHOE pasivMyHe
OTMEYaeTCs TOJIbKO Mo LUMHKY M MapraHuy (tabauua 8). Ha Haw B3rasa, 3To cBA3aHO
C M30MpaTe/ibHbIM TMOTJIOWEHHEM 3THUX 3JIEMEHTOB PACTEHUAMH pa3HbIX BHAOB
[KabGarta-Ilenanac, [Tlenamac, 1989]. [lpeanoututenbHOoe HakoONJIE€HUE LHMHKA
rpubamMu, a MapraHua — 3€JAEHbIMU PACTEHUSIMMU OTMEYAJIOCh HAMM HA OJHON W3
NOCTMUPOreHHbIX MJOWAACH B aHaIOrMYHbIX COCHOBBIX Oopax [LLlepbos, 2011].

UTo Kacaetrcs NoOBEACHHS 3AEMEHTOB MPU MOKape, TO CPEAH HUX BbIAENAIOTCS
CBOCH AKTHBHOCTBLIO KaJMMH, PTYTb, CEJI€H W paauoue3uid — KaKk W BCIOAY OHH
Haubonee akTUBHO CPEAM BCEX 3JEMEHTOB BOBJIEKAIOTCS B aTMOCHEPHYIO 3MHUCCHIO
(Tabn. 9). ¥V HuX BenMuMHA BbIHOCA W3 MOKApULLA COCTAaBISET 0OJbLUE MONOBUHbI
MCXOJHOrO COAEp)KaHWs B JECHbIX noacTuiakax. Hawe npeanonoxkenne 00
aTMOC(EpHOM NMPUBHOCE HEKOTOPLIX JIETYYHUX JIEMEHTOB B 00C/ICIOBAHHBIN paioOH
OT ObUIbIX JIECHBIX MOXKApPOB KOCBEHHO MNOATBEPAKAACTCA XapaKTEPOM  MX
pacnpeneseHus B BEPTUKAIbHOM pa3pese JIECHOM MOACTHIKHU. AHanu3 rpadgukoB Ha
pPHC. 14 noszsoasieT BbIACJIWTb Ipymnibl 3JICMCHTOB, Pa3/IHHAKLHUXCA MEXAaHH3IMAaMH
noctyruieHus B noactuiky. Ilepeas rpynna, B kotopyto Bxoaar Cd, Hg, As, Sb, Zn,
Mn, Pb, Se,"'Cs, *’Sr, xapakTepu3yeTcsi NOCTENEHHbIM MOBbILICHHEM COAEPIKAHMI K
CPEIHMM MHTEpBaJaM. YMEHbLICHHE COJAEPKAaHMM K HU3aM pas3pesa 3NEMEHTOB
NEPBOH rPYNIbl CBUACTENLCTBYET O NMPEUMYILUECTBEHHO aTMOCEPHOM HX UCTOUHHKE
MOCTYIUIEHUS B JIECHYK TMOACTHJKY M OTCYTCTBUM Yy HHUX 3aBUCHMOCTH OT

MUHEPATIbHOH COCTABJIAIOLLEH.



Tabnuua 7. CpaBHEeHUE coaepKaHUsl XUHMHUYECKHUX 31eMeHTOB B HazeMHbIX JII'M pa
CO CPEAHUMHM 3HAYCHHUAMMU 110 Becei Cubupm

Cd Pb Cu Zn Mn Cr Ni Co Sb Vv Hg U

JInaiHKKu

] 0.26 18.2 6,5 33.2 316 15.5 34 1.2 0.15 2.4 0,15 3.4

2 0,137 224 4.3 20 156 3.9 1.9 0,61 (0,44 3.2 0,081 0,66

Mxu

] 0,32 19 6.5 54 817 18 3.3 152 0,21 1.9 0,1 1.6

2 0.172 6.4 59 39 420 5.8 3.8 1.2 011 4,2 0.1 1,04
[MoacTunkm

] 0.62 27 22 75 716 51 14 2.6 0.68 23 0.062 2.3

2 0.139 109 10 55 1001 16 7.2 3.1 0.24 12,2 0,115 1,13

[Ipumeuanue: | — naHHble no paioHy padboTt, 2 — naHHbie no Bceid Cudbupu. Conepx
HCKYCCTBEHHBIX PaIMOHYKIIHAOB — BK/Kr; MpoYepK — HET JaHHbIX.



Tabnuua 8. CoaepxkaHue TAKENBIX METAIOB, ECTECTBEHHBIX (I/T)
M UCKYCCTBEHHBIX (BK/KI) paaMoHYKIHA0B Ha (JOHOBOI K ropenoii nioaaax

DNEMEHThLI-MUTPAHTbBI H PAJAHOHY KJIW/1bI

Hg Cd Pb Zn Mn As Sb Se U Th “Sr "'Cs  Pu
0,031 0,145 12,1 447 640 26 075 029 20 2,5 11,2 47,0 0.87
0,011 0,07 8.5 325 439 23 064 0092 125 264 80 195 073
-64.5 -51,7 -29.8 -273 -314 ~-11, -147 -683 -375 +53 -28.6 -58.3 -l6.1

[Topoioo6pasyioline W CBA3AHHBIC ¢ HUMM 2JIEMEHTDI

Al Fe Ca K Na Li Be Cu Cr Ni Co vV Mg

3.2 1.05 067 146 1,19 75 1.1 16,6 387 139 33 292 020

4.3 1.37 0,67 1,65 141 8. .23 182 422 153 36 30,5 022

+25.6 +23.3 0 +11,5 +15,6 +74 +105 +58 +83 +92 +83 +43 +9.1

[lpumeuanue: Coaepxkanne Al, Fe, K, Na u Ca npuseaeHnl B Bec. %. [leppas
CTPOKa — COJAEpIKaHWEe BJNEMEHTOB Ha (POHOBOW njoOLAAM, BTOpas — TO Ke Ha
noskapuiie, TpeTbs - % UX BLIHOCA/HAKOMIEHUS B NOMKapHILLE.

['paduk paauonesmns MoOJHOCTLIO MOBTOPAET CXEMY pacrpeneeHus KaaMus,
PTYTH, CBUHLA U APYTHX 3JIEMEHTOB, YY4aCTHE KOTOPLIX B aTMOC(EpHOIl MUrpaLnu
NPy JIECHBIX MNMOXKapaX HECOMHEHHO (CM. Bhill€). B BEPXHUX M HUKHMX 4aCTAX
NOACTHJIKM COAEPIKAaHUE ITOrO psiaa 3EMEHTOB, MUHUMAJIbHO.

Pacnpenenenue pyaHbiX, nopoaocoOpasylommx U OMOPHIBHBIX 3JIEMEHTOB
MMEET OMpeACNeHHYI0 TEHACHLMIO PAaBHOMEPHOIO YBENHWUYEHHS COJAepKaHUK OT
BEPXHUX HWHTEPBAIOB K HUKHMUM. B 3TOM 3Ke HanpaBjieHUM TMOBbILLIAETCS
KOJIMYECTBO MHUHEPATIbHOM KOMIMOHEHTbI B JIECHOM MOACTWJIKE, NMOAYEPKUBAEMOE
pacrpeaeieHueM 30JbHOCTH U BenuWuuHbl pH (puc. 17). OTMeueHHasd Ha PUCYHKE
14 cxokecTb XapakTepoB pacnpeacsieHus paauoue3us M TUIYTOHMA B
BEPTUKAJIbHOM pa3pe3e [MOACTHIIKM, B JAaHHOM MNpUMEepe He MNOATBEPHKAACTCH,
NMOCKOJbKY TNAYTOHUH pacnpeiesiviics TakK K€, KaK paavocTpoHuui. Takue
PacXOXKAEHHs CYIKAT CBHAETENILCTBOM pa3HOOOpa3us MOBEACHHWS UCKYCCTBEHHbIX
PaAMOHYK/IMAOB MOCJE BbIMAAECHUS WX B JIECHbIE MOACTUJIKHW. [IpUuKuH 3a€Ch, MO-
BUAMMOMY, MHOTO M WX OOBACHEHHWE MOXKHO HalTH JIMLIbL LENeHanpaBieHHbIMU
UCCJICAOBAHHUAMMN.

B Jaurtepatype OTMEYaeTCs, 4YTO B [MOYBEHHbLIX MNPOPUIAX MOBEACHHUE
CTaOMJIbHBIX U PaJIMOAKTUBHBIX M30TOMOB CTPOHLIMA U LE3Us Pa3irMyaroTcs TOJIbKO

cneur(pUkoi nMocTyniaeHus B MOYBEHHbIA NOKpoB. OAHAKO CO BPEMEHEM NMYTH HX



murpauuu conuxkarores [[laBnoukas, 1974]. C 3TUM NOJIOKEHUEM COTJIaCHbl HE
Bce. He BcTynmas B nojeMuky 00 aHalIOrMM WM pasiv4yMM NYTEH MUrpaluM
pa3nUYHbIX W30TOMOB, OTMETHUM, 4TO IrpaMKn UX pacnpeaeseHUs B BEPTUKAIbLHOM
paspe3e 10-cCaHTUMETPOBONH MOACTH/IKH COBNAAAIOT TOALKO A0 6-ro ropu3oHTa.
Huxxe y craOuabHOro ne3usi MAeT NOBLILIEHUE COJASPIKaHUS C PEe3KUM MNaaeHUEM
TONBKO B MOACTHAAIOLIEM Mecke, a y '~ CS paBHOMEPHO MAfaeT CBEPXY BHHU3 10
MNOJIHOrO MCYE3HOBEHMs. XapakTep pacrpeacieHus cTabuabHOro Ue3us TakoM ke,
KaK y aJIlOMUHMSA, 3JIEMEHTA, 3aB€A0MO CBSA3aHHOI0 C MMHEPAIbLHOH 4acThIO JIECHOMH
MOACTHIIKA. BepodaTHO, TakoW OAMHOYHBIH TNPUMEP HE MOKET ObITH BECOMBIM
apryMeHTOM Aj1si NKOO0OH TOYKM 3PE€HUsl OTHOCHUTEJIbHO MOBEACHMSl CTaOU/IbHBIX W
paJMOaKTUBHBLIX H30TOMOB. Mbl MNPUAEPKUBAEMCS TOUYKH 3pPEHUSA Pa3IMUYHOrO
MOBEACHUSA 3/EMEHTOB, MOCKOJbKY WX MOCTYIJIEHWE B PaCTeHWd U3 TMOYBbI W
BbINaJeHUe U3 aTMoc(hepbl — NpoUecchl pe3Ko pasiuyHble. B nobaBjieHHe K 3TOMY
OTMETHM, YTO Ha OJHOM M3 OOBEKTOB OT HU30BOrO MoOXKapa B JIGHTOUHBIX Oopax
cpeaHee coaepxkanue ctabunbHoro Cs Ha rapu (20 onpeaeneHuii) Ha 5 % Bbilue,
yeM Ha (pOHOBOW MJowWAAM, a coaeplKaHue "Cs Ha noxapuvie (18 aHanusoB)
yMeHbLUMJIOCH Ha 35 %.

Y nopoaoobpasytowmmux aneMeHToB (Al, Na, Ca, K, Fe) n cBa3ubIX ¢ HUMu Li,
Be, Ni, Co, Cr 1 V noBblLLIE€HHbIE COAEPIKAHUS TATOTEOT K HUKHUM WHTEpBanam
npogunss NOACTHIKW, T[A€ YBEAWYMBAETCS pOJib [E€CYAHOro  Marepuana.
EcTrecTBEeHHO, 3TO MpaBUIO AN HEKOTOPBLIX 3JIEMEHTOB WCKaKaercs, NpUYMHOMN
4yero, CKoOpee BCEro, MOKET ObITb WX HEPABHOMEPHOE pacnpeacieHUe B
MHUHEpPaNbHOHW COCTaBJIAIOLLIEH.

[Tony4yeHHble NAHHbIE MO3BONSAIOT FMNOTETHYECKH MPOU3BECTH
KOJINYECTBEHHbIE MOACYETH SMUCCHH 3JIEMEHTOB TPH nokape. s 3Toro uMerorcs
pazMepbl MOXKaApUILA, COACPIKAHUE DEMEHTOB B KOMIIOHEHTax OuoreolieHo3a Ha
()OHOBBIX W rOpENbIX MIIOLIAAAX, HO ONPEAS/IEHUE MUTPALHH 3JIEMEHTOB OCHOBAHbI
TONIbKO Ha CPeAHMX IJis JeHTOUYHbIX OOpoB 3anacax JjiecHoi noactuiakud. K
COKANCHUIO, YYECTb KOJUYECTBO ApYyruX HaszemHblX JII'M  npakTthuecku

HEBO3MOKHO, OJHAKO MOMKHO YBCPCHHO YTBECPKAATb, HYTO MXH H JIMIWAWHUKH



3aHumaroT He oonee 0,5 % nnowaam. [MosTomy Bknaa B 3MUCCUIO IJIEMEHTOB OT
3THX KOMITOHEHTOB OMOreoueHo3a He3HauuTeneH. [lpyroe neno, XBos, Kopa,
MEJIKHE M CpEeIHUE CY4Ybsl JEpeBbEB MW JpeBecMHa. Kak OTMEuYeHO BbllIE, B
CPaBHEHWU C MXAMM, JUMILIAHHMKAMU U JIECHBIMU NOACTUIIKAMH XBOA UMeeET Ooliee
cnabble AEMOHUPYIOLME BO3MOXKHOCTH MO OTHOLUEHUID K TAXKESbIM MeTasjiaM M
MCKYCCTBEHHbIM  pajvoHykauaam. OJaHako, MOLIHOCTH JIECHBIX  T[0XKapoB
NOCTATOMHO A TOro, 4toObl U XBOS CMOrja OTpearupoBaTb Ha aTMOChEpHbIi
BbIHOC, HaNpUMep, paJHOHYKIKA0B. [1pu 3TOM €€ o0orauieHue BO3AYLLIHbIM MYTEM
NPaKTHYECKU COBMajaeT ¢ oboraweHuem HazemHbiX JII'M MX0B, NHILIAHHUKOB U
JIECHBIX NOACTUJIOK (Tabn. 9).

Ta6auna 9. CpaBHeHHe yaenbHol akTHBHOCTH °'Cs (BK/KT) B KOMIOHEHTAX
NeCHOro OHOreoLIeHO3a Ha CBEKUX W MONABLIMX NOJ ABIMOBO# LueH( naowaaax

[Tnowane @DoH [Toa waeligom [Lneiid/pon
KommnoHeHT n X n X

[MToacTunku 12 67,7121 12 185+39 p.
JTuwaiiHuku 10 38,9+15 7 124436 3,2
Mxu 11 21,2%13 7 55,517 2,6
XBo# 21 2,7+1,2 13 6,81+2,3 2,5

TpumeuaHue: N — KONHUECTBO NPo0, X — CpeAHss YaenbHas aKTHBHOCTb ~ Cs.

Jlaxke npu malblX COAECPMAHMAX 3arpa3HuTEe/ell B XBO€ BKJajl OT HEe B
BANOBYH) 3MHCCHIO 3JIEMEHTOB MPH BEPXOBBIX MOKAPAX MOXKET ObITh 3aMETHBIM 32
CueT ec 3anacoB. B NeHTOYHbIX OOpax OHM HECPABHEHHO BbILLE, YEM Y MXOB W
JIMWIANHUKOB, HO KOPPEKTHbIN €€ YUYeT 3TOro napameTpa — 3a4a4a HEBbINOJIHUMAA.

Ellle MEHbLUEH AECNOHUPYIOLIEH CITIOCOOHOCTBLIO XapaKTEPU3YETCA IPEBECUHA,
a TpaBbl W KYCTapHUKU pacrnpoCTpaHeHbl B pailoHe TMOoXKapuiua KpaiiHe
OFpPaHU4E€HHO, Ja K TOMY XK€ COACPKAHME B HUX OOCYKAAEMbIX 3JIEMEHTOB M
paauOHYK/IMA0B B CPAaBHEHMU C UX YPOBHEM B MOACTUJIKAX, MXaX U JMLLAMHHUKAX
BCeraa CyleCTBEHHO HuKe. [loatoMy BCE JaJbHEHLIHWE TMNOCTPOEHUSA Mbl
OCHOBLIBA€M TOJILKO Ha 3amace JIeCHbIX MOJACTHIIOK, YY€T KOTOpPOro BO3MOXKEH
JAX€ OrpaHU4YECHHbIMM CHJIAMM TPU PACCMOTPEHUU JIKOOOro MUPOSOrHUYECKOrO

00beKTa, a B uesioM aas necoB CHOUpH oH u3BecTeH — 11, T/ra (CM. BbiLLe).
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Puc. 17. PacnpeneneHue CTaOMWIIBHBIX 3JIEMEHTOB (MKI/KI) W MUCKYCCTBEHHBIX
paaMoOHYKIUAO0B (BK/Kr) B BEpTHKAIBLHOM pa3pese JIECHOH MOACTUIIKH.



Takum  oOpazom, pesyibTaThl FEOXMMHYECKOro u3yuyeHus bacrtaH-
HukonaeBckoro nokapuila nokasblBalOT, YTO MOXKap, MPOJAOKABLUMHCA TMOYTH
YETLIPE AHS, SBUICA NMPUYUHON aTMOCHEPHOro BbIHOCA OOJIBLUIOIO KOJUYECTBA
XMMHUYECKUX BNEMEHTOB, CPEAH KOTOPbIX €CTb TOKCHKAHTbI MEPBOro U BTOPOIro
knaccoB omachoctu (Hg, Cd, Pb, As, Sb, Sr, "'Cs). B uenom, aHanus
MNOJIYYEHHbIX PE3YJIbTATOB MO3BOJIAET B rpyOOH CXEME pa3fe/iuTh BCE JIEMEHTHI HA
ABE rPYNMbl Mo XapakTepy noBeaeHWsa npu noxape. 1ns obenx rpynn XapakTepHbl
pasnnuHbie Ko3hduureHTor Murpaunu wim yseanuenua (K) B cucreme «poHoBas
MJIOLLIAAL/ TIOKAPHLLED .

[lpuBenem euie oauH npumep. OOBEKT pacrnonokKeH Ha MOJOrOM CKJIOHE
IOr0-BOCTOYHOM 3KCMO3MUMHU B HU3KOTOPHOW MECTHOCTH 3abaiKanbCKOro Kpas B
7km K 3anany ot n. Waga. Tepputopuss OTHOCHTCS K AJIXaHAHCKOMY
HaUMOHaNbHOMY TMapky. Ecau aaHHble no npeablayliemMy oOOBEeKTY MOryT
NOJIBEPrarbCsi COMHEHMIO H3-3a BO3MOXKHOCTH M3MEHEHHS COJEpXKaHWil Ha
NOYKapUILE CaKK U 30J1bl 3a NPOLUEALLIMHA roa OT nokapa a0 ordéopa npod (0ceHHUe
JOKIAW WK Tanble BECEHHHE BOADBI), TO ANXAHAHCKOE MOXKAPHULLE U3Y4allOCh HAMHU,
KOrja Ha Hem euie Koe-rae abiMuiack nousa. [loxkap npousowen 20-23 uioHA B
O€3BETPEHHYIO MOroAy Npu OTCYTCTBMUM A0XkAcH. OnpoOoBaHHE KOMMOHEHTOB
OuoreoleHo3a npoBeaeHo 25 utoHsa. (CreoBaTteNbHO, BJMAHME HaA MNOYKaApULLE
30/I0BOrO MJIH BOAHOrO (PAaKTOPOB B MUIPALIMM AJIEMEHTOB MO MJIOIAAN FApH WK 34
€€ Npeaesbl UCKIKYAETCA, U peUb MOXKET UATH TOJIbKO 00 aTMochepHOH MUrpaiMu
3JIEMEHTOB B COCTaBe JAbIMOBBIX BbIOPOCOB.

OT160p npo6 Ha (GOHOBBLIX M MOMaBLIKWX MOA AbIMOBOM wielhd nolaasx
MPOBEACH B AHAJIONMUYHBIX MOKAPHILY JaHAWAPTHBIX YCIOBHAX, YTO 3aTPYAHANIO U
OrpaHU4YMBaNoO BbIOOpP TOYEK ONpOOOBAaHHUA C OAMHAKOBBIMM FHIICOMETPHUYECKUMHU
nokaszarensamu. KoopavHaTtel Hayana noxkapa (BoctouHas 4acte) — N 50-50-323,
T 113-23-564. Pazmep nokapuiua cocrapisger 22 ra. MakcumanbHas MOLLHOCTb
JlecHOH NMOACTHIIKH 3aMCTHO HHIMKC, YEM Ha I'Ipe,[lbl,[l,y[ﬂ,e[\!l O0OBEKTE U HE l'lpeBblLLlﬂeT
5 cm, coctaeigada B cpeaHeM 1-4 cm. IloacTunky ¢ pe3kuMm nepexoaoM CMEHSAOT

JENHOBUANIbHBIE OTIOXKEHUA WM 0O0NOMOYHbBIN MaTtepuas KOPEHHbIX MOpPOI, WM



cCMeCb 3TUX 0O0pa3oBaHUi C HeOONbLIOW aAoniel rymyca. B ropeabix nousax
NOJACTHJIKY 3aMEHAIOT OOrOpeBLIME OO0 YIIIMCTOrO COCTOAHMUS €€ (PparMEHTbl WUJIU
30/1a. B BEpXHEM 5-CaHTUMETPOBOM CJIOE rOpefibiX MOYB 30JIbHOCTh MOBLICHJIACH €
77.4 no 87.4 % (na 11,4 %), o6bemubiii Bec — ¢ 0,735 no 0,836 r/em’ (Ha 12,1 %),
BeanuuHa pH cycnensuii — ¢ 5,3 1o 5,5 (3,6 %).

JIaHHbIM  OOBEKT OTJIHYAETCA OT MNPEAbIAYLIErO HE TOJbKO CMUCKOM
3M€MEHTOB: 3/1eCb OHU MPEACTaBIEHbl TOJbKO TAKEAbIMU  METalNaMu U
paauoHyKinaaMmu. OQHAKO, HECMOTPA Ha CXOXKHIT XapaKTep NOBEACHUSA MUTPAHTOB,
pe3yabTaTbl CpaBHEHUS OCTaBJIAIOT HEKOTOpblie Bonpochl. Ha AnxaHaiickom
O0BEKTE YUUCICHHOE BbIPAKEHHUE 3MUCCUU KAIMHSA, PTYTH U PaJHOLIE3UsA HUXKE, YEM
Ha bacraH-HukonaesckoM. Kazanock Obl, Bce A0MKHO Obl0 Obl ObITH HAOOOPOT,
NOCKOJIbKY Ha 00bEeKTE ANTAlKOro Kpasi CO BpEMEHHM oxapa 10 ero o0c/ie10BaHms
npoLlea Uenblii roa U, HeCMOTpA Ha ONarofpHUATHbIE KIMMaTHYECKHE YCIOBHA,
Kakas-to audpdepeHumauus Martepuana Ha rapu wmoria npou3oTtH. [losatomy
HUYEM WHbIM, KPOME CHJIbl OTHA M pa3HUllbl MNOroJHbLIX YCIOBUH 3TO pasinuue
00BACHUTDB HENb35. OO0 3TOM roBOPAT U pasMepbl NoxKapuill. Bo3MOXKHONW NPUUHHOM
OTMEUYEHHOTr0 pas3jituud MOXKET CIYKWTb W pa3Hbli  MUHEpaibHbI  CcOCTaB
No4YypooOOpasyloEro cyocTpara: B MEPBOM Clyyae 3TO NECKH, BO BTOPOM —
LEOHUCTO-CYITIMHUCTBI MaTepua, coaepiKallid 3aBeOoMO OOJbLIE CIIOUCTHIX

MUHEPAJIOB C BbICOKOH COPOLIMOHHONH CNOCOOHOCTBIO (XJIOPHUTOB, MNUH, CIIOA).

Tabnuua 10. AKTUBHOCTb HCKYCCTBEHHBIX PaJIHOHYKIHA0B ( BK/Kr) B BEpXHEM
5 CM CJI0€ CBEXKHUX U FOpeibiX NMOUB (AJIXaHAWCKUI OOBEKT)

Ceexxue nuowanu ["apb
H3oTton n X Min-max n X Min-max %
PiCs 17 84,3 38-264 10 43.1 15-83 —48.9
oS 11 33,1 19,1-884 9 19.7  11,1-32.3 —40,5
29.240p, 8 1,7 053278 6 1,5 0,6-2.5 ~12.9

[Mpumeuanue: X — cpeanee apupMeTHUECKOE, N — KOJIMUECTBO ONpeAeeHUiA,

AKTH BHYKO MHIpaurdid pajuoHYKIWAOB BO BpcMA  T1OKapa MOMKHO

npociaciHTb HA NPpHMCPC padHOLC3HA. Cp‘dBHeHHe dKTHBHOCTH 3TOI0 HM30TOIlA4 B



KOMIIOHEHTAX JIECHOro OWOreoleHo3a Ha pa3/IMYHbIX YYacTKaX TpaHCEKTa,
NEPECEKAIOLLErO MOXKAapUIWE W CBEXKMUW JIEC, TMOKa3blBa€T CYLIECTBEHHOE
O0OraleHHe NECHbIX MOACTHIIOK, MXOB, JIMIIAHHUKOB U XBOU AECPEBLEB, MONABLLIMX
noj BJIMSAHUE AbIMOBOro uuieida BOIU3H BbiropeBlueit Tepputopun. Kak BUAHO U3
npuBeAeHHbIX B Tadh. 10 aaHHbIX, Cpeld MCKYCCTBEHHbIX pPaJUOHYKIIWA0B
HauOONbLIEH CNOCOOHOCTBIO MUIPHUPOBATHL M3 MOXKapuula 00JaAaeT paauoLIE3UH,
HauMeHblIei — M30TOoMbl NAYTOHUA. 10 3TUM MapameTpaMm JBa pacCMOTPEHHBIX
NpUMeEpa COBNaaaroT.

Tak ke, Kak ¥ B anTaliCKOM NMpUMeEpE, pa3Hbli€ rPyIIbl 3JIEMEHTOB BeAYyT ce0s
no-pazHomy. Jlanubie tabn. 11 nmokasbiBalOT, 4TO HaubOJEe aKTHBHO M3 BEPXHHUX
5 cM TMOYBEHHO-PACTHUTEJLHOIO MOKPOBA MUTPUPYIOT KaAMUA, CBHUHEL M PTYTh.
ConepkaHue BCEX OCTANIbHBIX JIEMEHTOB B rOpesiblX MOYBaX OCTAJOCh HA TOM XKE
YPOBHE, YTO M Ha CBEXKEH TEPpUTOPUM, a AJIl HEKOTOPbIX TAKEJIbIX METANIOB
OTMeUaeTcs noBblleHHe KOHUEHTpauui (Ko, ni co>1). B TO ke Bpems, B nousax,
nonaswMX MoJaA BJWSAHWE AbBIMOBOro l1ineida, BecbMa 3aMETHO YBEJIUUHIOCH
coaepxkanue Cd, Pb u Hg (2,2, 1,33 u 1,75 pa3za coorBercTBeHHO). Ha 3THUX Xe
nion@aasx Mpou3owWno o0OralleHue pacTUTEJIbHBIX KOMMOHEHTOB JIECHOTO
OuoreoLeHo3a OOJILIUMHCTBOM TSIKEJIbIX METAJIJIOB.

[TockonbKy €cTb BCE OCHOBAHMA AJIi UCKJIFOUEHHS BBIHOCA JJIEMEHTOB M3
noYKapuil MNyTeEM 3pO3MH WJIK CMbIBa JIOKAEBbIMH BOJAMH, TO TMPUXOAUTCS
NpU3HaTh 3TH LUM(pPbl KaK MoKaszaTelb MacwTaboB aTMOC(epHOH MUrpauuH B
COCTaBE a’pO30JbHbIX YacTHLl AbIMOBOro iiniekda, ucnapsaroleHcs BJarH WM
npocroro ucnapeHus. Ckopee Bcero, Bce TpU (dakTopa B pa3MUHON CTENeHU
OTBETCTBEHHbI 32 SMHCCHUIO PA3NTHYHBIX 3JIEMEHTOB H HX COECIUHEHHH.

[TpuBeneHHbIE NpUMEpbl OTHOCATCA K CHIIbHBIM BEpPXOBBIM [OKapam,
MO3TOMY XapakTep MOBEACHUA IEMEHTOB B HUX coBnagaer. [loatomy npuxoaurcs
OCTAHOBUTHLCA €LIE HA OJAHOM OOBEKTE, KOPEHHBLIM 00pa3oM OT/MYAKLIEMCS OT
pa3o0paHHbIX BbILIE MOBEACHUEM MPAKTHUYECKU BCEX PACCMOTPEHHbBIX 3EMEHTOB.
Peub uaer o Bo3HeceHckoM 00bekTe B ANTalickKoM Kpae. 371eCh AbIMOBOW Lieh(

HE BbILLEN 3a MpEeAesibl MOXKapulla, YTO MOBJIEKIO 3a COOOHM YBETWUYEHHE B HEM



coaepkaHus BceX ajemeHToB. [loapoOHo 3TOT 00BEKT OVyaeTr onucaH npu
paccMOTPEHUU (PAKTOPOB, KOHTPOIMPYIOLMX TO WU HHOE MOBEACHHE DJIEMEHTOB

MpH JICCHBIX MOYKapax.

Tabnuua 11. CpeaHue coaepkaHud (r/T) U OTHOLIEHUs IneMeHTOB (%)
B KOMNOHEHTaX OMOreoLeHo3a Ha NoXKapuLIE U 3a ero npeaenaMmu B paiione n. Mns

OO0beKT N Cd Pb Cu Zn Cr Ni Co \Y% Hg
1 12 0.058 904 104 574 29 12,5 7,3 41,1 0,04
i 10 0,033 994 104 56,7 326 16,5 85 50,2 0,031

[lousa m - -43,1 +9,1 0 -1,2 +11,0 +24,2 +14,1 +18,1 -22,5
v 5 0127 12,0 105 71,7 309 11,2 735 390 0,07
vV - 2,2 1,3 1,0 1,23 1,06 09 1,0 095 1,75

I 10 0079 38 29 226 1,54 12 042 22 0,047
Jwwaiung IV 11 0,18 92 34 325 372 1.9 083 46 0,104
v - +228 +24 +1.2 +14 +2,1 +1,5 +2,0 +2,1 +2,2

I 6 0,12 41 43 293 47 1,9 1,7 3,0 0,066
9

Mox v 0,18 56 4,7 457 6,8 1,9 097 35 0,084
V +1,5 +14 +1,1 +1,6 +1,5 - -1.3 +1.2 +1,3
I 14 0014 092 252 356 09 097 028 0,52 0,023
XBos IV 7 0022 094 206 393 19 167 019 054 0,078
vV - +1,6 1,02 -08 +1,1 -20 +1,7 -0,7 1,04 +34

[lpumeuanue: | — ceexas nuowans, [1 — noxapuwe, 1l — ornowenune 11/1 (%) 1V —

niowaab Noa BAUSHUEM AbIMOBOrO wieida, V — oTHolueHue [V/I (pa3).

* ok ok

Bce paccMOTpeHHble HaMKU OOBEKTbl B APYrHX peruoHax nogoOHbl bactaH-
HukonaesckoMy M AJIXaHAMCKOMY XapakTEpOM TMMOBEIACHHUS 3NEMEHTOB, OJHAKO
KaXAblii W3 HWUX WMEET CBOW MHAMBHAYAJbHOCTH MacluTabOB BbIrOpeBlLeii
MJIOLLAAW HWIIH MoKasaTensMu atMocdepHoi smMuccHn. O0001EeHHE aHATMTUYECKHX
JIAHHBIX MO BCEM OOBEKTaM TMOATBEPIKAAET OCHOBHBLIE BbIBOABI TPUBEIEHHbIX

npumepoB (tabu. 12 u 13).



Tabnuua 12. BbIHOC-HAKONMJIEHHWE UCKYCCTBEHHBIX PaJMOHYKIIU/IOB B MOKapPUILAX
pa3MYHbIX PErHOHOB

Paiion, permon  Pasmep, ra [ I Tun noxapa "'Sr “Cs Pu
Amvano-Heneuxuii AQO
n. Tapko-Cane 2 2000 2000  Bepxopoi chabblid -19,6 -26.5 -
n. BeiHranyp 3 1999 2000 BCPXOBO#H ¢1a0bIi - -24.3 -
M. XaHbIMCH 5 1997 2000 BECPXOBOM CHJIbHbIH -22.2 -31.6 -
AJNITAHCKHI KpaK

M. 3aBbANIOBO Sra 1997 1999  BepxoBoii* - -42.3 -
n. H-Eropsesck 2ra 1998 2000  BepxoBoii -30,1 -40.3 -2.0
n PakuThl’ 26 Thic. 1997 2000  Bepx. noBa/bHbINH -27.5 -48.2 -
n. Cesepka-1 10 Teic. 2000 2003  Bepx. NOBa/ibHbINH -30.7 -44.5 -
rn. Cepepka-2 1.5ra 2003 2003  Bepxosoii -25.2 -36.7

n Bonuuxa 1.5ra 1999 2000  Bepx. NOBaNbHbIi -333 -60.2 -15.3
n. BosHeceHnka Sra 2004 2004 HHU30BO# Oernblii +39.5 +39.3 +4
n. Mpkyrckoe I ra 2005 2005  BepxoBoid 21.3- -35.5 -
. MupHbiii 10 Tic. ra 1997 2006  Bepx. NOBAIbLHBbII -34.5 -48.7

n. Hukonaeska 13 thic. ra 2010 2011 Bepx. NOB&IbHbLIN -29.0 -58.3 -16.1
n. baeeo 2ra 2010 2012 HH30BOH+BEPXOBOH +8.7 +13.6 +5,2

HosocuGupckas obnacrb
n. Epecruas 3ra 2004 2004 HU30BO#H Oerblii -14.6 -23.6 -6.1
n. H. Kamenka 13 teic. ra. 2007 2009  Hu30BOI+BEPXOBOA -13.1 -17.5 -
balKaaLCKHH IKONOTHYECKHH PErHOH

n MUns 2ra 2004 2004 BEPX. NOBAIbHbIii -22.1 -49.2 -16,8
n. Apa-Mas 5ra 2001 2004  Bepxosoi -8.2 -27.5 -9.3
n. Obyca 2ra 2003 2003  Bepxoso# -13.6 -29.5 -

n 3araryi Jra 2003 2003 BEPXOBOI - -28.6 -
O3. Xanaupa 8 ra 2003 2004  sepxoBoit -13.2 -29.1 -9.8
r. Ynau—yY i 4 ra 2004 2004 HU30BOH Oerablii - +5 -

Boctrounniii Kazaxcran

n. Tanuua-| Jra 2006 2006 HHU30BOH+BEPXOBOIA -18.9 -25.8 -
n. Tanuua-2 10 Teic. ra 2003 2006 BEPX. MOBAJIbHbI -31.2 -47.1 -23.7
. Moctuk-1 4 ra 2005 2006  Hu30BOI Oernblii -8.9 -15.6 -
n. Moctuk-2" 2 ra 2005 2006  HM30BOIi MO BEpX. -33.2 -55.9 =205
n. Jlononn 3ra 2006 2006  HU30BOM - -10.9 -

[lpumeuanue. B neppoii cTtpoke :I — roa BO3HHKHOBEHHMS MoOXapa, 2 — roj
o0cnenoBaHus; * — peKyAbTHBMPOBAHHbIC NMOXKapHiula, — HU30BOH noxkap 2005 r.
Ha MecTe noxkapuia, Bo3Hukwero 40 net Hazaa. [Ipouepk — HET AaHHbIX.



Tabnuua 13. CoaepkaHue 3JIEMEHTOB Ha rapsix U CBEKHMX MJIOLIAAAX

30Ha Cd Pb Cu Zn Mn Cr Ni Co V He
I 0,059 5.5 7.9 11.4 39.8 25.0 36.9 <3 20,0 0,025

I 0,080 53 10.2 10,6 90,0 29.6 44,0 <3 22,1 0,021
Tapko-Cane I +26,2 36 +30,5 -7,0  +33,5 +155 +16,1 - +9,5 -16,0
AY 0,062 5.6 8.2 12.1 61,2 24.2 38.1 - 21,2 0,032
\% +4,8 +1.8 +3.,6 +5,7 +2.3 -3,2 +3,1 - +5,7 +19.8
| 0,154 6.5 6.8 14.6 47.0 20.8 25,9 2.6 15,0 0,036
XaubiMei 1 0,186 5.9 7.7 17.3 49.5 25.8 30.0 3.0 16/9 0,031
1] +17,2 92 +11,7 +156 +5,1 +194 +13,7 +13.3 +11,2 -139
B | 0.146 7.6 7.0 15.8 62 23.2 36.6 < 185 0,156
bIHTarLy- nm 0118 73 78 134 54 256 396 < 19.8 0,087

POBCKHH . . . ’ : )

1l -19,2 -40 +193 -152 -129 -+94 +7.6 +6,6 44,2

I 0,126 124 16.8 28.3 497 56 39 8.6 25,2 0,062

1 0,109 14,6 17.8 26.7 383 52 38.1 8.4 242 0,046

Bonuuxa i -13.,5 +15 +5,6 -5,7 -22.9 7,1 -2,3 2.3 -4,0 -25.8
AY 0,178 16,0 15,7 35.0 504 53.4 37.6 10 23,6 0,080

\Y% +29,2 +225 -65 +19,1 +14 4,6 -3,6 +14 -6,3 422,55

I 0,161 10,6 19.8 25 324 40,1 29.6 7,1 29.8 0,037
Pakuthbl 11 0,111 8.9 15,9 22,7 250 38.9 30.4 7,2 28,9 0,019
1l -31,0 -16 -197 92 -22,8 -3 +1,0  +1,0 -3,4  -48,6

I 0,093 233 11.6 32 571 16.3 11.5 5.0 25.8 0,093
I 0,143  28.1 11.5 45.5 701 17.1 11,7 5.3 272 0,128
Bosuecenka 11 +35  +17,1 0 +29,7 +18,1 +4,7 +4,7 +5,6 5,1 +27.3
Y 0. 111 26.3 12.5 43.7 861 16.8 11.8 4.8 28,2 0.117
\Y% +16,2 +114 +7,.2 +268 +333 +3,0 +2,5 -4 +8,5 +205

| 0.170 18.4 13.8 51.0 763 29.3 13.9 5.8 30,5 0,086
Cesepka-| 1 0.140 16.0 14.4 45.8 552 28.0 14.4 5.9 323 0,063
11 -17,6 -13 +4,2 -10,2 27,7 -4.4 +3,5 +1.7 +5,6 -26,7

| 0,091 16,2 11,7 41 6035 22,1 11,0 4,7 347 0,096
Cesepka-2 1l 0,049 13,1 10.4 297 419 233 11,8 4.9 323 0,066
11 -46,2 -191  -11,1 276 -308 +52 +6,8 +3.8 5,9 312

I 0,265 210 10,4 50.9 554 19.8 8.6 4,6 235 0.05

SB'CEJ”""' I 009 195 123 388 439 220 108 65 27 0,02
m -638 -7,1 +154 -224 20,7 +11, +20, +292 +74  -60
[ 0.145 12.1 16,6 447 640 387 139 33 292 0.3
Hiconmacn. 1 007 85 182 325 439 422 152 36 305 0014
" m  -51,7 -298 +88 273 -314 +83 48,6 483 +43 -645
IV 0168 132 17.0 484 677 372 144 33 308 0.034
Vo 4137 483 424 +74  +55 39 435 0 +4,3  +88
[ 023 169 141 447 640 482 164 32 324 0.026
BaeBo Il 026 184 139 524 469 429 156 28 341 0.3
M +10,7 +82  -14  -147 267 -11 49 -125 +50 +16,1
[ 0.33 226 10.1 323 716 238 156 6.1 357 0.087
EpecThas I 008 220 105 279 642 260 17.0 66 376  0.057

1 -39,1 -2,7 +38 -136 -103 +83 +82 +7,7 45,1 -39,1

I 0,058 9,04 10.4 57.7 370 29.0 12,5 7.3 41,1 0,044
Il 0,033 994 10.4 56.4 398 32,6 16,5 8.5 50,2 0,031
s 11 -43,1 +95 0 -2,3 +7,0 +11,0 +24  +14,1 +18,1 -29,6
Y 0,127 12,0 10,5 71.7 388 30.9 11.2 7.4 39,0 0,071
\ +74,0 4246 +1,0 4193 +46 46,1 -104 +14 5,1 4380

1 0,410 22,0 14.0 37.0 341 30,0 18,0 6.0 31,0 0,053
Tanuua 11 0,305 21,0 12.8 304 298 294 16,8 6.0 31,0 0,040
1l -256  -2,0 -8,6 178 -124  -23 -6,7 1 1 -24,5

MocTHK-1 l 0,105 14,0 12,0 35,0 378 32,0 19.0 6.0 350 0,047



11 0,092 12,6 11,5 28.0 347 31,0 17.9 6.4 38,0 0,028
111 -124 -10,0 4,2 -20 -8,2 -3,1 -5,8 +6,3 -7,9 -40,4

I 0222 210 11,7 41,7 418 323 201 56 360, 0,049
Tl070Hb I 0165 190 109 369 401 333 189 60 390 0.036
m 257 95 68 -115 -41 +85 60 +67 +77 -265

[Ipumeyanue: [ — HapeTpeHHas cropoHa nokapuwa; Il — noxapuwe; I — %
otHowenus I/11; IV — noaserpenHas cropona; V — % otHoienus 1V/I1.

Paznuuue XAPAKTCPOB [MNOBCACHHA TIAKCIBIX MCTAIOB H HCKYCCTBCHHBIX
PaAUOHYKIIHAOB TIPH BEPXOBBIX TMOBAJIBHBIX W HH30BBIX MOXKapax OTYHETJIHBO
npcacTaejicHo B Tabn. 12 »u HarnaaHo HIUTIOCTPUPYCTCA CPAaBHCHHUCM [MOBCACHHUS

3JIEMEHTOB Ha nosxapuiax O6bs-UpThiLLcKOro Mexaypeuns (puc. 18).
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Puc. 18. Xapakrep noBeaeHHUS TSKENbIX METALIOB M HCKYCCTBEHHBIX
paaMOHYKIIUI0B MPH JIeCHBIX MoxKapax B O0b-HpTHILICKOM MekKaypeUbe.

B texHosoruueckoii nenu «rnpodootdop — npoOdONOAroToBKa — aHalu3y,
Kak Obl THIATEIbHO HU OTPadaThbiBalOCh KaXO0€ €€ 3BEHO, OLIMOKH HEWU3OEHKHBI,
MOSTOMY TOJIbKO CYMMHPOBAHHE pPE3YyJIbTAaTOB [0 BCEM OOBEKTaM MOKET AaTh
0osiee MM MEHEE KOPPEKTHYIO OLEHKY TMOBEICHUS TOrM0 MJIM MHOIO DJIEMEHTAa.
OnHako, MHOrouucieHHole akTOpbl, BMSIOLIME HA TMOBEJCHHWE €ro B
MUPOJOTMUYECKOM Tpolecce, TPeOYIOT OTAENBHOIO UX O0CYIKIEHHSA, YTO U OyJeT
CI€JIAHO B OTACIBLHOM IJ1aBe (CM. HUIKE).

B 3aBucHMMOCTH OT BHjJa MoKapa TEMIMEpPaTYPHBIH BO3AYIWIHBIA CTONO

YBJICKACT 3a coboii HaCTHLbI passiIM4YHOIo pasMeEpa — OT 33p030ﬂ6ﬁ J0 MMECYaHbIX



YacTUL M MHOrja Jaaxe A0 OONbLMX CYYbeB AepeBbeB. EcTeCTBEHHO, KpyIHbIE
YaCTULbl HE MOTYT A0JINO YEP/KHUBATLCA B aTMOCdepe, NnOITOMY OcenatoT BOJIU3H
¢poHTa noxapa. CpaBHEHHE reOXMMHUYECKUX NoKa3aTtesield (OHOBbIX (HaBETpeHHas
CTOpOHA MOXKApHUILA), ropenbiX W MOABETPEHHbIX YYAaCTKOB MHOIMX H3YUYEHHbIX
O0BEKTOB MOKa3bIBAIOT YBEJIMUCHUE COACPIKAHUS SJIEMEHTOB-MUIPAHTOB HA KOHLE
(¢bpoHTAa noXKapa MO CPaBHEHUKD C TMOKA3aTeNdMM MeEpen noxKapuiuem. Takue
BNeHUA ynoOHee Bcero HabmwoaaTh Ha HeOOMbLWIKMX MO pa3Mepam MnoXKapuiuax,
MOCKOJILKY Oosiee MacwraOHbIE NOBAlbHLIE NOKapbl BCEraa COMPOBOKAAKOTCA
pPE3KMM M3MEHEHUEM HamnpaB/lieHUsA BETpa B pe3yJbTaTe HEPABHOMEPHOIO
3aTATMBAHUS B BbICOKOTEMIIEPATYPHBIA CTONO BO3AyXa C NMPUJICTaloUX MIIOIAACH.
DTOT Npouecc pacnpocTpaHsieTcs Mo  naowand  Henpenckasyemo. Cam
aTMOC(epHbIii  BLIHOC MMEET TaKUE€ BbICOKME MNapameTpbl, 4YTO ONPEAECAUTH
HallpaBJleHWe  ABWXKEHUS  AbIMOBOro  uwieiida W palioH  OCaKIeHMs
paccMarpuBaeMblX HAMHU 3N1EMEHTOB HEBO3MOXKHO. [Ipu cnadbix noxapax 310 ecau
M MPOUCXOAUT, TO Hawe Bcero ciado ouytumo. OaHako M 3TOro ObIBaeT
NOCTATOYHO A (PUKCUPOBAHWSA PaA3HHULLI COAEP/KAHHUA DNEMEHTOB MEXKAY
KOMITIOHEHTaAMHU HaBETPEHHOW M MOABETPEHHOM CTOpoHbl. OOoramarTcd UMH M
OCTAIOLLUECSH HE 3aTPOHYTbLIMM OFHEM YYacTKM BHYTpH rapu. llpu s1Oom
MUI'PaHTaMK 000ralarTCs HE TOJLKO MOYBbl, HO U HEBLITOPEBLLUUE PACTUTENIbHBIE
KOMIOHEHTbl Ha OCTaHUAX (J€CHbIE MOJCTHUIIKKH, MXH W JIMILIAHHUKH), a TAKXKE B
NCTANAX KPOHbl JIEPEBLEB (XBOA, KOpa U MEJKWUE BETBU). ITO VYOEAUTENbHO
WUTIOCTPUPYETCS PACNPENCICHHEM PAaIHOLE3Usd NO TPaHCEKTY oTOopa npod Ha
no)Kapuile OT HW30BOro noxapa M 3a ero npeaeiamud okono n. Tapko-Cane B
Amano-Heneukom AO (puc. 19). 3necb NOUYBEHHO-PACTUTE/ILHBIH MOKPOB HA rapu
norepan okono 30 % panuvouesus OT HUCXOAHOro 3HaueHUdA, oOOrallleHUE XBOM
BHYTPU Mokapuwa cocrasuno 33,3 %, a kycrucroro nauwaiHuka Cladina
stellaris — B 2,7 pa3za. Takue sABJI€HUS OTMEUYEHbl HAaMWU BO MHOIMMX PEruoHax, HO
OHH OTHOCATCA TOJILKO K TCM Uﬁ'bel{Tﬂhl? rnc NpoxoauJiH YCTDEHHBbIe HHU3O0BLIC

noxkapbl Ha HEOONbLLOH MIIowaau (~2-3 ra) U npu caadom BeTpe.
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Puc. 19. Pacnipenenenue ~'Cs Ha noxapuiue okosno mn. Tapko-Cane.

Kak ormeuanoch BbilIe, HA KPYMHBIX BBITOPEBIIMX MIOLAAAX, BO3HUKIINX
IMPpH MOBAJIBHBIX BCPXOBBIX MMOYKApPaXx, I'IO,[I,06HI:-I{3 Haﬁﬂ}O,[leHI'IH 3aTPYAHHUTCIABHBI M3~
3a OTCYTCTBUSI OCTAHLIOB BHYTPH rapu. BTopbIM 3aTpyaHIIOUIMM (PAKTOPOM CIYIKUT
CMEHa JaHAadTHBIX YCIOBUI, MPEMATCTBYOLIMX KOPPEKTHOMY OTOOpPY 00pasiion
Ha TPAHCEKTaX «HABETPEHHAs CTOpPOHA —> MOXKAPHILE —> MOABETPEHHAsA CTOPOHA»
(Hampumep, OrpaHUYEHHE PacCrpOCTPaHEHUs OTHA PEKOi, oBparoM, 60OI0TOM HIIH

rpaHuleii necHoro Maccupa). B OONBIIMHCTBE CAy4yaeB MMEHHO 3TOT (pakTop He



NO3BOJISAJT CONOCTABAATL COAEPIKAHUE IJIEMEHTOB HA HABETPEHHOM U MOABETPEHHOM
CTOpPOHAX.

Takum oOpazom, Kakasg-TO 4acThb TSKENBIX METAUIOB M MCKYCCTBEHHbIX
pPaaMOHYKJIMAOB ocenaeT BONM3M MMOXKapuila HAa NOABETPEHHOH ero cropoHe. Ha
npumepe NJAYTOHUS, XOTA OH W Ccnadblii MUTpPaHT, MOKHO YOEOWTbCA B €ro
OCEJaHWM Ha HABETPEHHOW CTOPOHE noapuw@a. Ha Haw B3rnsa, TOMBKO 3TOM
NPUYUHOI OOYCJIOBIIEHO €ro HeOObIYHOE pacrnpencsieHue B MOYBEHHOM paspese,
OTOOPAaHHOM Ha MOABETPEHHON CTOPOHE OAHOro M3 noxapuil B 3abaiKalbCKom
Kpae. 31€Cb aKTUBHOCTb MAYTOHMUs (BK/Kr) paBHOMEPHO CHMXKaAJlaCb CBEPXY BHHU3

yepes Kaxabie 5 ¢cM otdopa npod no cxeme: 0,98 — 0,59 —» 0,18 — 0.18 —

0,04 —> 0,04 —> 0,03. UCKIHOUYUTENBHOCTL TAKOrO pacnpeaeieHus paauoHyKInaa B
AAHHOM TMOYBEHHOM npoduie 3aknwoyaercss B O0bIYHO NPOTUBOMNONOKHOM
HanpaBJCHHOCTH YBEJIMYEHUS €ro COIEepIKaHUM B npoduiae NeCHON NOACTUNKU, TO
€CTb CBEpXy BHHU3 (cM. rn. 7). HuuyeM HHbIM, KpOME HEAAaBHEro BbINaaCHUS
paJMOAKTHBHBIX OCaAKOB Ha paioH ordopa npoduaa, Takoe pacnpeacneHue
00BbACHUTL Henb3d. OcTaercs npu3HaTh B POJIM UCTOYHMKA NMAYTOHHUS B JAaHHOM
MECTE TOJILKO JIECHOHW MoKap.

B Hawmx HaOnoaeHWsIX  nokanbHoe  oboraiieHue  MHrpHPYIOLMX
BO3/IYLUHBIM TYTEM SJIEMEHTOB OrpaHUUMBAETCA MIOLIAAAMH, HENOCPEACTBEHHO
NpUMBbIKAOWKMMH K nokapumam (5—200 M). Hanpumep, B paiioHe Mnokapuil, U Ha
HEBLIFOPEBILUX YUYacTKax BHYTpU HUX (paiioH n.n. O0yca u 3aratyii B UpKyTCKOIi
odnacTu) 3nuduTHbIE NHIWAKHUKKW poaa Usneja, OTOOpaHHBIE C JIEPEBbLEB Ha
BbicoTe 4-5 M, coaep:kat ptytv B 2,1, kKaamusa B 1,4 v ceuHua B 1,3 pasa Oonblue,
yeM MX aHajiorn ¢ (OHOBBLIX TEPpHUTOpHIH TOoro ke paioHa. CpeaHss yaenbHas
AKTMBHOCTb ~'CS B XBOE COCEH Ha (DOHOBbIX MUIOWAASX AJTANCKOro Kpas
cocTaBigeT 2 bk/Kr, a BOJIM3W noskapuil — 0ojiee YueM B Tpu pa3za Bbllue — 0,8 bk/KT.
B 3enenbix mxax Hylocomium splendens, nonaBliMX noja BIMSHUE JILIMOBOIO
waeidga B paioHe n. Apa-Mnsa (3adailkanbCkuii Kpail), coaepkKaHue Kaamus,
pPTYTU, CBUHLA U LUMHKA COOTBETCTBEHHO B 1,5, 1,3, 1,4 u 1,6 paza Bbillie, 4eM Ha

HaBETPEHHOW CTOpOHE. DTH MpUMEpPbl MOMKHO MPOAOJKAThb, HO BCE OHU



CBUJETEJIbCTBYIOT O BO3AYLIHOW MUrpaudu TMEpPeUYUC/IEHHbIX JJIEMEHTOB U
3arpsa3HEHUH, MO KpanHEHW Mepe, NpWICrarlux K noXapHiiaMm rUioLancH.
AHanuTuyeckue aaHHble Tadi. 14 nanlocTpupyroT NPUBEAEHHBIE 3aKOHOMEPHOCTH.

banxKHeH 30HOH HE OrpaHUYMBAECTCA BIIUAHUE [OXKAPOB HA BTOPHYHOE
3arpasHeHue nanawagpros. Tak, B JeHTOUHbIX OopaX AJITACKOro Kpas Ha3eMHbIE
KYCTUCTbIE JMIIAKHUKK poaa KiiaaoHUM Ha miouiaasx, OKpYKarolMX noxapbl B
paauyce 1,5-2 Kkm, yaesibHad aKTUBHOCTb paavole3us coctaBiadeTr 93 bk/kr, a B

cpeaHeM ans poHoBbIX niomanci kpas — 30 br/kr.

Ta6nuua 14. CpaBHenue yaenbHoil aktueHoctd " Cs (Br/kr) B JITM
baiikaibckoro permoHa Ha GOHOBBIX U MPUJIErAIOLKX K MOXKapULLaM TJIoWwaaiax
(balikanbCKHil 3KOJIOrHYECKHH PErHoOH)

@oHOBad Mjaouanb ["apb
O0BLEeKTbI n X Min-max n X Min-max
JlecHble 12 67,7 23-155 12 185 57-420
MOJACTHJIKH
JlMwaiiHUKH 8 17,6 5-43 9 166,2 33-402
Mxu 11 25,8 6-93 7 638 14-124
XBOsI 1€PEBLEB 21 2.7 0-10 13 6.8 0-20

[IpuMeuaHue n — KOJIMYECTBO NMpod, X — yaebHasd aKTUBHOCTb PaanOLIE3Hs.

K coxaneHuto, onpeneneHue pasMepoB [MJowaaei, MnoABepriuuxcs
3arpA3HEHUIO BPEHbIMU 1Sl 310POBbSi XUMHUUYECKHMU 3JIEMEHTAMH OT JAbIMOBbIX
wieidoB, 3a4aya MNPaKTHYECKU HEBbINMOIHUMAA. M rnaBHoe 3aTpyaHEHHE 31ecCh
JEKUT B OTMEUEHHBIX BbillE JaHAWADTHLIX W3MEHEHMAX, HE MNO3BOJSKILIHX
NpOTArMBaTh TPAHCEKTbl HAa Kakue YroaHo pacctosiHus. [losTomy ocrtaercd
MOJIb30BATbCA TONBKO JIMTEPATYPHBIMH AAHHBIMH, UMEIOWMMHU JHUCKPETHBIE, HO
BMNOJIHE JQOCTOBEPHbIE cCBeAEHWA. Hanpumep, M3-3a  JIECHBIX [M0XKApOB B
eBponelckor vactu Poccun B anpene—mae v aprycre 2008 r. KOHUEHTpaumus
paJHOAaKTUBHOIO Ue3us B atmocdepe toxkHON DUHIAHIMM 32 BECEHHUH Mepuoj
yBenruuaach B 10 pa3 no cpaBHEHHUIO ¢ NOKa3aHUAMU 10 3TOro 3nu3ona. Hecmotps
Ha TO, YTO JI€THUH Nepuoa Obll MeHee CypOBbIM, KOHLIEHTpaLUa pTYTH B BO31yXe

DUHASHAWKM BO3pOC/a Ha JBa Mopsjaka, a paauoue3us — B 8 pas [Paatero et al.,



2009]. Ho 310 oueHb 0/in3kue paioHbl. ATMOC(epHass IMUCCUS HE OrpaHUYUBAETCS
OCAKAECHUEM MUIPAHTOB B ONMMKHEH K MoKapy 30HE WJIH B OJIMKHUE PAHOHDI:
BbILUE OTMEUYAJIOCh, 4YTO TMpH ONaronpuATHLIX YCJIOBUAX MHUIpaLUs MOIKET
NOCTUraTb COTEH H ThiCAY KM. B nonb3y 3TOro CBUAETENLCTBYET MOBbILIEHUE
cojep;KaHUs paauoakTUBHOrO Ue3us B arMocdepe Kanagbl B JIeTHUE MeCsIbl,
NPUYUHONW YEro CYMTAIOTCS HE TOJbKO KaHaACKWE, HO M CHOMPCKHUE JIECHbIE
noxkapnbl (cm. ri. 4).

Cpead  pasiiMyHbIX TFEOXHMMHYECKMX  WHAMKATOPOB  IMOBEPXHOCTHBIX
NPOLECCOB BaXHas poOJib TMPUHALINECIKHUT TOPHUI-YypaHOBOMY OTHOWEHUK. Kak
NpaBu/io, Ha ropesioil MIOLIAJAM 3Ta BEJIMYMHA MOBbLILIACTCA 3a cueT Oouee
aKTMBHOIO BbIHOCA ypaHa BO BpeMs noxapa. M3BeCTHO, YTO 3TOT €CTECTBEHHblIA
paauOHYKIMA 00N€e aKTUBHO KOHLEHTPUPYETCS KUBbIM BELLECTBOM, YEM TOPHH
[PuxBaHoB, 1996]. [laHHble U3MEHEHUS BEJUUYUHBI OTHOLUEHHUS TPH HEKOTOPbLIX

noXapax B ANTalCKOM Kpae MOATBEPKAAIOT 3TO nonoxeHue (tada. 15)

Tabauua 15. U3MEHEHUE BEIMYMHBI TOPUI-YPAHOBOIO OTHOLUEHHS MPU JIECHBIX
no)<apax.

OObeKT ®oH [Noxapuiue
Kapakan 1,29+0,62 1,49+0,65
EpectHas 1,05+£0,57 1,81£0,69
Ceepka 1,96+0,91 2,28+0,89
HpkyTckoe 1,73+0,74 2.04+0,90

[lpumeuanue: Bennunna otHowieHus Th/U nocuuTaHa no cpeaHHM COAEpKAHUAM
paaMOHYK/IMAOB HA CBEKHX W FOPEJIbIX MIOLIAAAX).

Kanui yaue Bcero HakanJMBaeTCs Ha BbIFrOpeBLUMX njowaaiax. Hanpumep,
BO BCEX O0BEKTax JIEHTOUHbIX OopoB 3anagHoi CuOMpH ero HakoMIeHWE B
noxapuiiax koaeonerca or 8,6 1o 16,1 %. Hecmorpsa Ha OuoduibHbIE CBOWCTBA
Kajusd, MOBbILEHHWE €ro COoJAep:KaHUs B ropenoi Maowaau MpoOUCXOAUT TJIaBHbLIM
o0pa3oM 3a cuer 30/bl, /1€ KOHLEHTPHPYIOTCA TOJIEBLIC LINATbl H CAKOADI,
coJaeprKalume 3ToT 31eMeHT. Ho u OMOreHHble COCTaBNAIOLUHE 30/1bl, HECOMHEHHO,

TAKIKE UrparoT onpcaciCcHHYK poJib B oﬁorameﬂ HMH €C KaJIMCM.



3ayacTtylo Haba0JaeMoe MacCMBHOE YBENWYEHUE COAEpP:KaHUS HE TONbKO
METaNNOB, HO W DJEMEHTOB-MUIPAHTOB TMpU CAabbIX TMoXxapax M [OJHOM
Oe3BeTpUM, 3TO HE CBUIAETENILCTBO OTCYTCTBHUS MX MUrpaunu. Paaunouesui,
pPaJMOCTPOHLUA, PTYTb, KAAMUIH U APYTH€ MUIPAHThI BOBJIEKAKOTCS B IMUCCHIO NMpH
MOOOM  TUNE TOpEeHWs  JIECHOM  MOACTWAKM, HO 1Mpu  ciladoM  BeTpe
nepepacnpeacistoTes Kak Mo ropenioi niaouw@aayd, Tak M no spycam Jeca, WM,
OCeJlal0T B HEMOCPEACTBEHHOH GJIM30CTH OT ouara nosxapa.

[lpumep 5STUX ABYX HCKYCCTBEHHbIX PpAAUOHYKIIUAOB HE E€IWHHUYEH.
CpaBHEHHE CpEeAHMX COAEp)KaHWH DIEMEHTOB Ha (POHOBOHM M  BBHITOpEBLUEH
MIOWAAAX MOKA3bIBACT, YTO peakuus PaAUOHYKIMAOB U APYIMX XHUMUUYECKHX
3JIEMEHTOB HA MOPEHHWE JIECHbIX MACCUBOB HE MOXKET ObITh 00YCIIOBIEHO KaKOW-TO
ONHON NpUYUHOW. Pasznuuue noBeacHHs OTAECNbHBIX 3EMEHTOB WM WX IpyIm,
pa3nuyHble YUCJOBbIE XapaKTEPUCTUKW  HAKOIUIEHUS B [OXKapulle HWIu
aTMOC(EepHON MUIpaLMU U3 HEFO M, HAKOHEL, pa3HOOOpa3ue camux NoXxapoB — BCE
TO JO/KHO OTpakaTbCd B TMNOBEAGHHH 3eMeHTOB. OfHako, Kpome oO0uux
paccyKAeHU HEeOOXOAHMbl KOHKPETHBLIE [aHHBbIE, KOTOpPbIC, HAa Hall B3rJAl,
MO3BOJIAT PELWNTL 3Ty NMpobnemy OUOreOXMMMH JIECHBIX MOKAPOB HA CHOUPCKHMX
npumepax.

[TockosibKy B uMkae  «npobootdbop — npobONoAroToBKa — aHaJIM3»
HEW30€XKHbI OIMOKK, ObIJI0 NPOBEAECHO CPABHEHUE COBOKYMHBIX BbIOOPOK NAHHbIX
MO CBEKHUM H TrOpelibiM MUIOLAAAM BCEX MCC/ICA0BAHHbIX noxapuiy (tadua. 16). U3
BbIOOPOK ObINKM MCKIIFOYEHBI TOJBKO PE3YJbTaThl, NOJYUYEHHbIE A1 MOKApULL, e
COAEpPKAHWE NOYTH BCEX DJIEMEHTOB YBEAWYUIOCH. MICK/IIOYEHHE W3 COBOKYITHBIX
BbIOOPOK, € HE MPOHUCXOAMIIO BbIHOCA 3JIEMEHTOB 3a MPEACIIbl NOKapHILA, BOBCE
HE O3HA4aeT, 4YTO B HUX OTCYTCTBOBaJla BO3AYLUHAs MUrpauus srnemeHToB. Ee
HaJIMYUE T[OATBEPKIACTC] YBEJIUYEHUEM COJEPKAHHUA DJIEMEHTOB-MUIPAHTOB
(pTYTH, KaaMHs, CBMHLA, PaavoLE3us, PaJUOCTPOHLUS W T.A.) B XBOE WIM B
MUPUTHBIX JUILIARHUKAX U APEBECHON KOpPE HA MOLIAAY MOoKapHia Uik B camoi
HEMOCPEACTBEHHOH OJIM30CTH OT Hero. OAHaKo KOJIMUECTBEHHbIH YUET SMHCCHHU B

OTOM CJiyHaec NnpakKTHYCCKH HEBO3MOZKCH.



Tabauua 16. CrtaTuCcTHUECKHE MapaMeTPhl MO COBOKYITHBIM BBIOOpPKAM COE€pIKaHMSA
3JIEMEHTOB B MOBEPXHOCTHOM cJioe (5 ¢M) CBEXHX M TOPENbIX MJIoIaIei.

Hg Cd Sb  Mn Cu Zn Pb Cr Ni Co Mg V
Ceeskas nowaap (n=39)
Munumym 0,019 0,046 030 185 2 17 6 3 8 4 0,15 16
Makcumym 0,180 0,440 1,60 1440 34 63 28 78 65 17 048 54
Cpeanee 0,081 0,138 0,69 581 14 37 17 35 18 7 0,24 32
Menuana 0,083 0,119 0,65 508 14 35 17 28 14 6 0,25 31
Cr.orkn. 0,029 0,051 0,19 200 5 9 4 14 8 2 004 6
Bapuauus 46 51 37 46 45 46 20 64 71 36 21 25
["'openas nowaae (n=65)
Munumym 0,010 0,019 0,08 203 4 16 7 9 7 3 0,14 16
Makcumym 0,140 0,218 1,50 1398 25 70 28 93 93 11 0,33 50
Cpeaunee 0,051 0,092 0,52 450 12 31 15 29 16 6 0,23 31
Menunana 0,050 0,088 048 421 11 29 14 24 12 6 0,22 33
Cr.orkn. 0,016 0,031 0,17 126 3 7 4 12 7 1 0,04 6

Bapuauusa, 46 4 48 43 37 30 29 61 89 31 19 23
%o * -37 -33 -24 23 -17 -1 -11 -17 -10 -10 -8 -1

[Ipumeuanue: %* — NMpOUEHT CHUIKEHHMS CpeAHeH KOHLIGHTpalLUMM 3JeMEeHTa Ha

ropejioil IO OTHOCHUTENIBHO CBEKEH, pacCuMTaHHbIH 1O QdopMmye:
(Cpennee,,,-Cpeanee,,)<100/ Cpennee,.
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Puc. 20. I'uctorpaMmbl pacnpeieneHus CONEepKaHUil KaJAMus, PTYTH, BaHaaus U
MarHHs B CBEKHUX U BBIFOPEBILUMX IJIOLAAAX C YKa3aHUEM CPeJAHHX COAepKaHUH Mo
BbIOOpPKE ropesbiX MmiolaacH.



M3 tabn. 15 BMAHO, UTO pazHMLIA MEKAY CPEAHUM COAEP)KAHUEM B BEPXHEM
C/IO€ TMOYB CBEKMUX M ToOpenbix njowaaei s OOJIBIIMHCTBA 3JIEMEHTOB
npesbillaeT oOWUOKY aHanuza (T.e. Gonbwe, 4dem 10%). YUToObl HarisuHo
pacCMOTPETb JAOCTOBEPHOCTH pa3jMuHil OblIM B3ATbl ABa 3JEMEHTa, pasHULIA
COACPKAHUN MEXAY KOTOpbIMU MUHUMaNbHA (Mg u V) U 1Ba ¢ MakCUMaNbHON €¢
BeanunHoi (Cd u Hg) Pacnpeaenenue coaepkaHuii BaHaauWsd W MarHus, KaKk Ha
CBEXKMX, TaK U Ha ropefbiX naowanax, 6Ju3ko K HOpMalbHOMY, XOTS U HECKOJbKO
HE CHUMMETPUYHO (puc. 20). ['OBOpUTH O pa3HULIE HEKOPPEKTHO, HMESA BBHAY
CTaHAApPTHYIO OWMOKY aHanuza. Takum oOpaszoMm, ClEAYET KOHCTATMPOBAThL, YTO
nocJie Mnoskapa COACPKAHUE BaHAAWA MU MArHUsi B BEPXHEM CJIO€ TOPESIOH MOUBI
COXPAHSAIOTCS MOYTH TEMH K€, YTO U A0 nokapa. buoreoxummuuyeckas oCOOEHHOCTb
YTHX JIBYX 3JEMEHTOB OTMEUYEHA HAMM BbILLE.

CoBceM HHaue aen0 OOCTOMT B cjiyyae KaaMUsl W PTYTH, FUCTOrpaMMbl
pacrnpeneyiieHnsi, KOTOPbIX CYLIECTBEHHO pa3Nv4aroTCs: Ha CBEXEH MNJoaau
HaGaonaetTcss oTY4eTIMBO OMMOAanbHOE pacnpeacieHue oO0OMX 3JIEMEHTOB CO
3HAYUTENIbHbIM pa30pocoM B 3HaueHHAX (Tabn. 16, puc. 20). Ha noxapumwax vx
pacripeesiecHHe HOpMallbHOE: cpeaHee (PAaKTUUYECKM COOTBETCTBYET MEAMaHE Mo
BbIOOPKE M CYLLIECTBEHHO HUKE CPEAHETO /151 CBEXKUX TEPPUTOPHIA.

O000wwenne aaHHbIX rnaesbl 11X nosponger caenartbh HECKOJbKO OCHOBHBIX
BbIBOAOB OTHOCHTENLHO MOBEACHUS TSXKENbIX 3JIEMEHTOB, MCKYCCTBEHHbIX
PaAHOHYK/IHA0B M HEKOTOPbIX APYrHX 3/IEMEHTOB NpPH JIECHLIX NoKapax.

1) Bce anemeHThl B rpy0oii cxeme AensaTca Ha ABe OONbLUHE FPYNNbl, NepBas
uxX KoTopniX Bkiwouaetr B cedbs Hg, Cd, Pb, Se, As, Sb, Mn, Zn, U, gy, YCs,
=924py. Bropas rpynna, B kotopyio Bxoast Cr, Ni, Co, V, Mg, Al, Fe, Na, K, Ca,
Li, Be,Th, xapakrepu3yeTcs nacCMBHbIM HAKOMNJIEHUEM B IJIOLIAAM noxapuiua. B
o0eux rpynnax MOXHO BbIACIUTL JIEMEHTbl ¢ UX APKO BbIPAXXECHHBbIMH YEpPTaAMM
aKTUBHBIX WMJIM MACCHBHBLIX, & TaKXXe TMPOMEKYTOYHOrO XapaKkTepa MOBEACHHA.
Hanpumep, BbIHOC U3 MOXKAPULL PTYTH, KAAMHA U PaJIMOLIE3Us] UHOrA NOCTUraeT
0o0Jiee MOJIOBUHbI X UCXOIHOrO COAECpaHUA B JICCHOW MOJACTHKE, a OCTaJIbHbIM

3IEMEHTaM MpHUCyluM Oonee HU3Kue nokaszarenn murpauud. Cpeaw nacCUBHbIX



0c0o00 BBIICIAKOTCA XpOM, HHUKENb KOOAIbT W MOpOJ000pasylolKHe 3EMEHTHI,
TOrJa Kak BXOAALIME B TPYNMNy TAXKEAbIX 3JIEMEHTOB BaHaJWW U MarHHi UMEIOT
MOHWKEHHbIE KOA(DPULUHEHTHI HAKOTIIEHHS.

2) KomnoHeHTbl OnoreoLeHo3a (NECHbIE NMOJACTHIKH, MXH, JULUAHHUKH M
XBOSI AEPEBbLEB) Ha TMpHJEralMX K [MOXKapully naowaasax ¢ NnoABETPEeHHOI
CTOPOHbI, a TakKe Ha OOOMJIEHHbLIX OFHEM VY4acTKax BHYTPH MNOXKapuiua,
o0orailatlTes JeMeHTaMHU-MUIpaHTaMKi B pe3ylibTaTe WX ocenaHus B OnukHeit
30H€. BmecTre ¢ TeM, JMTEpaTypHbIE AAHHbIE CBUACTEILCTBYOT O MNEPEHOCE
HEKOTOPbLIX MUTPAHTOB HA OFPOMHBIE PACCTOAHHUSA, UBMEPSEMbIE ThICAUAMM KM,

3) [NoBanbHbIE BEpXOBBIE MOXKapbl BCEraa COMPOBOXKIAAIOTCSH YMEHbILIEHHEM
COJAEp)KaHUA B MJIOLWAAM TOXKApULLA 3JEMEHTOB-MUIPAHTOB, HO MNpU Oerabix
HU30BbIX MOXKApaX MOXET TMPOUCXOJIMTb WX HAKOMJEHHE B  MOYBEHHO-
pacTHTE/IbHOM TMOKpoBe rapu. OIHAKO BO3AyWIHAsA MUrpauus Tpd 3TOM HE
HCKJTKOYa€TCAa, B I'IOJ'[]::S)Hr yero CBHﬂeTeﬂbCTByeT oﬁorameﬂue XBOH H E}I'IH(IJI—‘ITHHX
JMWANHUKOB Ha CTBOJIAX W BETBSAX JIEPEBbLEB, HaNpuUMeEp, PTYTbO, KaJMUEM,
CBUHLIOM MK PAJIHOLIE3UEM.

OtM  olOuwMe BbIBOALI 0€3 WX AeTaJM3auMHU  3acTaBisAlOT  ¢aenaTh
NPeanoaoKeHHe O TOM, YTO MPHUYMHA KaKoe-THOO MOBEACHUE KOHKPETHbIX
3JIEMEHTOB WJIM WX TPYNMN MNpH JIECHBLIX MO)KapaX He MOKeT ObITb ornpeaeseHa
onHO3HAYHO. [lodTOMYy  HEOOXOAMMOCTb  TILATENBHOIO M BCECTOPOHHErO
pacCMOTpPeHHs1 BCeX AeTaleil MNUPOJIOTHYEeCKOro nporlecca M MX BJAMUSHUE Ha
MOBEJACHUE pa3/IMYHbIX XMMHUYECKHX 3NEMEHTOB oueBuAHa. Kak creacTtBue u3
3TOro TpeOOBaHUS BBLITEKAET M ONUCAHUE KOHKPETHbIX npumepoB, 0e3 uero
HEBO3MOKHO TMOJYYUTh OOBEKTHBHbIC OTBETbI HAa BOMPOCHI, BO3HUKAMOWIME TNMPH
mo0Ooi padore. [lo3atomy caeayrowas rjaaBa OyaeT MOCBALLEHA PACCMOTPEHUIO
NPUYMH, BEAYIIUX K Pa3iMyHOMY [OBEACHHIO TAKEJIbIX META/UIOB W
HCKYCCTBEHHBIX paJIMOHYKAWI0B NpPH JIECHBIX Nokapax B Cubupu.

k ok ok
3aK/ouas paccCMOTpeHHEe MNOBEAECHHS TSKENbIX METAIOB, €CTECTBEHHBIX,

MCKYCCTBEHHbIX PAJIHOHYKIUI0B U HEKTOPbIX MOPOACOOPa3YIOLIUX FJIEMEHTOB NPH



NECHBIX TOKapax, MOAYEPKHEM TJIABHBIE CTOPOHBI 3TOro Mpouecca. 3TO
aTMOC()epHasi MUTpalLMsa, MAaCCUBHOE HAKOIJIEHUE B TMOXKapULIE, MEePOTIOKEHHE Ha
MOJBETPEHHOH CTOpPOHE MOKapula ¢ 00OrameHMeM BCeX KOMIIOHEHTOB JIECHOIO
OuoreoueHo3a U JajbHUil nepeHoc (puc. 21). K coxkaneHuto, YCTaHOBUTh FPaHULLy
MEXKAYy ONMKHHUM M JJaJIbHUM TI€PEHOCOM YCTAHOBUTHL HE TIPEJCTaBJIsSAETCA
BO3MOKHbIM. CKOpee Bcero, OHa 3aBMCUT OT METEOPOJOIMYECKUX YCIOBHI U HE

MOJKeT OBbIThb JJ1s1 BCEX BJIEMEHTOB OJIHHAKOBOM.
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I'JTABA 9. ®DAKTOPBI, KOHTPOJIUPYIOLIHUE ITOBEAEHUE
JJIEMEHTOB IIPU JIECHBIX ITOKAPAX

[lpuBeeHHbIE B 3aKTIOUHUTENBHBIX MYHKTAX MPEeAbIAYLLEi T1aBbl NOJOKEHHS
yOeKaaroT B TOM, YTO OJHO3HAYHOrO OOBACHEHWS TMPUYMH, BIIHAIOLIMX Ha
3MUCCHUIO TSKENbIX METANIOB, €CTECTBEHHbIX U UCKYCCTBEHHbIX PaJMOHYKIUAOB
He cywecTByer. [lo3ToMy, 1o aHaloOrMd ¢ MpeabIAyLMM  pa3aeliom,
npeAcTaBiseTcs YAOOHBIM JETAJIbHOE PAaCCMOTPEHME KOHKPETHLIX TMPHMEpPOB.
HaneskHbl B 3TOM OTHOLIEHUW NMUPOSIOrMYECKUe 00bEKThI JEHTOUHbIX OopoB O0b-
MpThILLICKOro mexaypedbs, rae U3 roaa B rof npoJosiKaloT NPOUCXOAUTD JIECHBIE
noxxappl M rae HaMu o0O0cC/AenoBaHO HaubOosblUee KOJWMYECTBO TMOXKapHil M
NPUIEraloIMX K HUM miowaaeid. 34ech NPUCYTCTBYIOT TMOKapHila pasHbIX
pa3MepoB (OT ThICAY A0 €AMHHUL ra), BOZHUKLIME KaK OT NOBaJbHBIX BEPXOBBIX, TaK
M OT HHM30BBIX Oeryibix nokapoB. Bce OHM pacnofiolKeHbl Ha JIOHHBIX MECKaX, YTO
NO3BOJIAET MCKIIOUYUTL BJHAHWE MMECTPOThI NMOYBOOOpasylowero cyocrpara npu
CpaBHEHMM JaHHbIe MO pa3iuyHbIM noxapuiam. [Ipy 3TOM paccMOTpeHHe
O00BLEKTOB W3 APYrMX PEerdOHOB HaMHM He McKouaercs. OJHAKO TOJIbKO aHanu3
BCEX JAHHBIX MO3BOJIMJ YCTAHOBUTbH OCHOBHbIE (PAKTOPBI, BAUAIOIINWE HA NOBEICHUE
XHUMHUYECKHX JIEMEHTOB NPH JIECHBIX NOXKapax.

@akmop 1. Jlanupie Tabnuu, o000waOWHUX pe3yabTarbl 00CAeA0BaAHUA
26 NUPONOrMYecKuX OOBEKTOB, KyAa BXOAAT NJIOLAAH NMOXKAPHLL U TMpUJEratLLne
K HUM TUIOLIAJAM C HABETPEHHOW MW, rAe 3TO ObLIO BO3MOMKHO M3YUUTh, C
NOABETPEHHONW CTOPOH, TMO3BOJIAKOT OTMETUTH  pa3sHoOOpa3ue  MOBEACHHS
3/1eMeHTOB. [lepBoe, uTo oOpaiiiaer Ha ce0si BHUMAHWE NPU aHaNu3e NMpPUBEASHHbIX
BbILLI€ TA0JIULL, 3TO OYEHb LLIHPOKHI1 pa3OpOC KOJUUYECTBEHHDLIX 3HAYEHHI MUTPaLIUK
MJIM HaKOMJIEHHUS B MOXKapPHLIE KaKOro-iMbo KOHKpPETHOro ssieMeHTa. Hanpumep, B
noXxapuile OT HM30BOro noxkapa okonso n. baeBo kodpPuUHEHT OTHOLLEHWS
yAeNbHON aKTUBHOCTH paauoLe3usi B cUCTeMe «(POH/MOKApULIE» COCTABAET
+13.6 %, y n. Bonuuxa (BepxoBoil noanbHbli noxap) —60,2 %. UHbIMKU clioBamu,
pa3Hula NMOBEAEHUSI 3TOM0 MCKYCCTBEHHOrO PajMOHYKJIMAA NPH JIBYX pa3/iMUHbIX

noxkapax COCTaBJIsieT MOYTH YEThbipe ¢ MONOBUHON pa3a. HakonneHue pTyTH Ha



Bo3HeceHCKOM MoKapuiue OT HU30BOro noskapa cocrasuno +27.3 %, a okono c.
Huxonaeska (BEpXOBOH MOBa/bHBIA NOXKAp) MOTEPU €€ HA NOXKAPHUILE AOCTUIIH
64,3 %. Paznrua Tak:ke 10cTaTro4yHO OOJbLUas — MNOYTH ABA C NOJOBUHON pa3a. OTH
NaHHbIE OTHOCATCA K NnoxKapam pasHoro tuna. Ho paxe npu 0AHOM W TOM XK€ THUME
NOXKapoB 3MUCCUS OJHOTO M TOrO K€ JE€MEHTA MOKET ObITb pasM4HON, OJHAKO
TaKoro 0ONbLLIOro pasiuvusa Npu 3TOM He OyAET.

[ToHaTHO, 4TO camoe 0OJbLIOE KOJWYECTBO BOBJICUEHHBIX B aTMOCHEPHYIO
smuccnto emento (Hg, Cd, As. Pb, Sr’°, Cs"’ u ap.) Gyner murpupoBath B
cOocTaBe TMbUIH W a’posoneil. Ho Korma peubr MAET O peakux caydasx
He3HauuTeNbHOW MUrpauuu pyasbix snemeHTOB (Cr, Ni, Co, Mg u apyrux),
KOTOpbI€ Yawe BCEro BCE-TAKM MACCMBHO HAKalIMBAKOTCA B MOXKapULLAX WIIH
NPUJIEraloIIUX K HUM MIIOLIAAAX, TO 3AE€Ch CeAYeT NPU3HATL poiib 00Jee KPYNHbIX
NbUIEBbIX YaCTHL,

Takum 00Opa3oM, HET OCHOBAHHMI COMHEBATHLCS BO BJIMSIHUM THNA NOXapa Ha
NOBENEHUE KaXIOro M3 paccMaTpuBaemblX 2J1eMeHTOB. M B uenoM MOXKHO
cpopMynHpoBaTh 3aKOHOMEPHO BBITEKAIOLIEE W3 MPUBEACHHBIX BbILIE CBEACHMI
NPaBHIIO: YeM 6bltie CUNA O2HA, MEM 8bliie KOTUYCCMBEECHNAA OUCHKA 6030VILHOU
MUpayuu 31eMeHmoe U mem oouiupree pynna muzpanmog. Ho v npu Kakom-
AMbO OOHOM THUMNE MOXKAPOB ISl OTJENbHBIX 3JIEMEHTOB OTMEYAKOTCS Pa3jHYHbIE
KOJIMYECTBEHHbIC NMOKa3aTeu aTMocdepHOi IMUccUu. COBEPLLICHHO OYEBUAHO, UYTO
NOJ/KHbl  CYLIECTBOBATb W Jpyrue (akTopbl, KOHTPOJUPYHOLLHE MOBEACHHE
3JEMEHTOB MpH NECHOM noxkape. OTBET ClelyeT UCKAaTh B CAMUX KOMMOHEHTax
JIECHOro OMOreoLeHo3a.

@axkmop 2. Cocmosinue 1ecHvIx 2oplodux mamepuanos. Kak ormedeHo
Bbillle, HAACKHBIM WHAHKATOPOM MHOIMX TMOBEPXHOCTHBIX T[EOXHMHYECKHX
NPOLIECCOB CJIYKUT TOpUi-ypaHOBOe OTHolleHue. Ha oaHOM W3 noxapuuy, ¢
pa3nU4HON CTENEHbIO BLIFOPAHUS JIECHOH MOACTUJIKH OTOOpaHo no 6 oOpa3uos,
NPEeACTABAAIOLIMX YHACTKH Oeriioro HM30BOr0 NoXKapa U BEPXOBOro MoOBadbHOrO.
Ha nepBoM u3 HuX cpeanssi BeawuuHa oTHoweHuss Th/U paeusnoce 0,53, Ha

propoM — 1,53. Cpeanee no 30 npoGam, OTOOpaHHbIM CTaHAAPTHBIM KOJBLIOM,



cocraujio 1,4 npu pazOpoce 3HaueHuit ot 0,75 go 2,2. OOweusBecTtHa
NPEeANOYTHTENIbHAA CBA3b YpaHa C OPraHUKOM, a TOpUA C MHUHEPAJIbHOIM
COCTaBJIAIOLIEH BO BCEX MOUYBEHHBIX NpPOLECCax, BKIKOYAA U JIECHbIE MOACTHIIKH.
OaHako 3TOH 3aKOHOMEPHOCTH MPOTUBOPEYAT AAHHBIE OTACIbHO OTOOpPaHHbIX
NIECHBIX MOACTHOK, 3aBeAOMO Oosiee 000ralleHHbIX OPraHuKoii, NOCKOIbLKY OTOOp
CTAHJAPTHBIM KOJIbLIOM OOBIYHO 3aXBaTbIBAET MU BEPXHIOKD YacTb NOACTHJIAKOLLIMX
NOYB: 3TOT MOKa3aTelb OKa3aicid HECKOJbKO Bbile — 2,0 (0,5-4,0). Lunpokuii
auanasoH paszOpoca BenuwudHbl nokazarens Th/U, HecomHeHHO, 00s3aH
pa3zHoo0pa3uio MOLLHOCTH MOACTHIOK MU COOTHOLUEHHIKO B HUX PacTUTENBLHOIO M
MUHEpaabHOro BewecTea. Kpome Toro, B HEKOTOPBIX CJIy4asiX MOXKET NPOUCXOAUTD
oforauieHue MOYBEHHOro Marepuana (a B HalleM C/lyyae M 30JI0BbIX [ECKOB)
C/IIOAMH UMW TOHKMMH TJIMHUCTBIMU YaCTHLAMH. Y CTAHOBIIEHO, YTO KOJMYECTBO
ypaHa B M04YBax BO3pacTaeT ¢ yMEeHblUeHWeM pa3mepa vyactuu [Megumi, Mamuro,
1977 (Llut. no: Kabara-Ilenauac, I'lenauac, 1989); 'apiimn u ap., 1979].

g  uamocTpauuy  3aBUCMMOCTH  TMOBEASCHUS JJEMEHTOB OT COCTOAHMS
HazeMHbIX JII'M HeoO0xoaumMo paccMOTpEeTh ABa 00BEKTA, OAMHAKOBBIX CBOUMH
NUPOJOrHYECKHUMH MokaszatensaMu. Peub HAET 0 noxapax B pailoHe n. BozHeceHka
(AnTaiickuit Kkpaii) u n. Epectnas (Hoeocubupckas obnacte). JlanawadrHeie u
APYI'A€ YCIOBUSA 3THX 00BEKTOB COBEPLLUEHHO WAEHTHUYHBI: 3TO €J1a00 BbIpaXKEHHbIH
30/1I0Bblid penbe() C OJAMHAKOBBIM COCHOBbIM APEBOCTOEM H PACMONIOKEHHEM B
OAHOH KiIMMaTH4YeCcKOH 30He. COoBMajalOT OHM NPAKTHUYECKH OAMHAKOBBLIMU
pasMepaMHM M THUIMOM TMOXapa — HU30BbIE, O€rible ¢ pa3siu4YHON CTENEHBIO
BbIFOpaHUs JieCHON MoAacTUAKM. O6a OHM NPOM3OLLUAM B Pa3iMYHbIC FOAbl, HO B
KOHLIE anpens — Havyasne mas, KOrjaa JecHas NoACTHIIKA MOJHOCTHIO BbICOXJ1A TOJIBKO
OKOJIO NPUKOPHEBLIX YYaCTKOB AEPEBLEB, MOCKOJILKY 34€Ch CHEr TAET 3HAYUTEJIBHO
paHblle, YeM Ha OocTalbHOW TepputopuM jeca (goro 13a). Ha 3tuX HeDONbLIMX
yuyacTkax HaszemHble JII'M (rnaBHbiM 00pa3om 3TO XBOHHBIH oOnaa W JecHas
NOACTUJIKA) BbIFOPAOT NOJHOCTLIO ((poTo 136), a HA OCHOBHOW MJIOLIAAU OTHEM

OXBaTbIBACTCA JIMLWLL BEPXHAA HJIH CPEAHAA UX YaCThb.



®oto 13. HepaBHOMEpHOE TasiHHE CHera B JieCy paHHEH BecHOM (a) cTano
NMPUYUHON Pa3IHYHOrO BBITOPAHHA JIECHOM MOJACTHIIKM BO BpeMs Mo)Kapa B KOHILIE
arnpens (0).

JTU JABa TUMA BBIFOPAHUA JIECHOM TOACTWIKH YCIIOBHO  MOXKHO
paccMaTpuBaTh KaK MMKpPOMOAENb OErjioro HH30BOr0 (YaCTHYHOE CrOpaHHe
MNOACTUIKH) U BEPXOBOrO [MOBAJbHOIO WJIH CHJIbHOIO HHU30BOro (IOJIHOE €€
BBITOPaHUE) MMOXKApOB.

CpaBHEHME CPEAHMX 3HAYEHUH YAECIbHOM AKTUBHOCTH MCKYCCTBEHHbBIX

"Sr, "'Cs, u Pu) U CTaGUIBHBIX SEMEHTOB Ha MOJHOCTBIO

paauoOHYKIIHIA0B (
BBIFOPEBLUMX U O0OMOKEHHBIX CBEPXY YYaCTKAX Jieca MOATBEPAMUIIO MPUBEICHHYIO
BBIILIE 3aKOHOMEPHOCTH HUX TOBEAEHUSA, OOYCIIOBJIEHHYIO Ppa3jIM4HBIM THIIOM
MOXKapOB — AKTUBHbBIA BBIHOC TPYIIbl MUIPAHTOB W MACCHBHOE HAKOIUICHHE
PYIHBIX KOMIIOHEHTOB B NMoKapuiuax (puc. 22, tabn. 17-19).

HecMoTpsi HA MOJMHYIO WACHTUYHOCTb 3THX OOBEKTOB IO MUPOJOrHYECKUM
oKasaTelisiM, NMPUBEACHHbIE B TalJ. 16 naHHbIE MOKAa3bIBAOT [Ba pa3lIM4HbIX
pe3yabTarta rnoBeAcHUs HaubOJee aKTUBHBIX MUIPAHTOB: B OJHOM MOXKAPHILE OHU
HAKOIMUJIUCh, U3 IPYroro akTHBHO MUTPHPOBAIH. Cllyyau HAKOIIJICHUS 3JIEMEHTOB B
rOpeIoN TMJIOLLAAN ITPU HU30BBIX MOKapax OTMEYEHBI B IJ1. 7.

B o0oux caydasX OCHOBHBIM TMOCTaBLUMKOM MUIPAHTOB B JbIMOBbIE
a’po30JIM TOCHYXKHUIIUM JIeCHble moAcTWiIKM. Ha ofoux oObekTax oTMeuaroTcs

HCUYE3aKIIe Majlble KOJIMUYECTBA MXOB M JIMLIAHHHUKOB, YTO MO3BOJISIET l'lpﬁHEGpE‘{b

BKJIAZIOM OT HHX B OOIIYKD 3MHUCCHIO 3JIEMEHTOB. Pe3ynbTaThl CpaBHEHHs



COACP)KAHUH PaAJHOHYKIMAOB W MHUKPO3JIEMEHTOB Ha OMAJCHHbIX CBEpPXY
(MpOMAEHHBIX O€ErJbiM OrHEM) W  MOJHOCTBK) BbIFOPEBLUIMX (MPUKOPHEBHIX)
yyacTkax, ans Bo3HeceHckoro W EpecTHHHCKOro mnoskapuil COBEPLUEHHO
OJIMHAKOBbI: HA MNEPBbIX Y4YACTKAX COAECP/KAHHUE BCEX DJIEMEHTOB M HW30TOINOB
CYLIECTBEHHO BbILIE, 4Y€M Ha BTOpbIX. OQHAKO B NEPBOM W3 HUX B TOpesoi
MJIOWAAH COACPIKAHME OTMEYEHHBIX MHMIPAHTOB BO3POCJIH MO CPAaBHEHHUIO C
nokaszartensiMu (OHOBOH TeppuTopuM, a u3 Apyroro noxkapuiia (EpectHas) oHu
OblK BbiHECEHBI. [10 COOOUIEHUSM NECHUKOB, BOZHECEHCKUI NMOXKap NpoM30LIeEN B
O€3BETPEHHYIO MOroy, YTO UCKJIKOUAIO0 BO3ACHCTBUE BETpa Ha pacnpocTpaHEHUe
OrHA M CMnocOOCTBOBANO ObICTPOM €ro JoKaauzauuud HeOOJbIWHUMU CHJIAMHU
paboOTHUKOB JiecHOM ¢y xkObl. Ho atmocdepHas Murpauus neTyunux 3A€MEHTOB MpH
noxape Obwia. [lpumepoM TOMY CIYKMT COAEp/KAHME PTYTH: B 3MUPUTHOM
NaiHuKe ¢ (OHOBOM nnowaad oHa Ha 27,3 % HUKe, yeM B €ro aHajore,

MCIbITABLIEM BAUSHUE AbIMOBOTO eida — 0,096 u 0,132 Mr/Kr COOTBETCTBEHHO.

Tabnuua 17. Conepxanue 31eMeHTOB (I/T) B (POHOBOM JIECY U HA NOXKAPULLE
(paitoH n. Bo3HeceHka)

3oHa Cd Pb Cu Zn Mn Cr Ni Co Vv Hg

donu 0,093 233 11,6 32 571 16,3 1,5 5.0 25.8 0.093

I'apb 0.143 28.1 11.5 45.5 701 17.1 133 53 27.2 0.129
+35 +17,1 0 +29,7 +18.,5 +4,7 +13,5 +56  +5,1 +27.9

“pHMﬂ‘I&HHE: HuxkHas CTpOKa - % HaKomnaeHUs dJeMEHTA Ha rapH.

Tabnuua 18 CpeaHee coaepkaHue XUHMHUECKHX JIEMEHTOB (I/T) Ha pa3HbIX
y4acTkax BO3HECEHCKOro noxapuua

30Ha Cd Pb Cu Zn Mn Cr Ni Co Sb V Hg

[ 0,156 25 13 523 683 277 13 5,2 1.2 30.3  0.157

Il 0,104 20,7 11,8 353 480 283 124 49 083 303 0068

[ -333 -172 92 -325 -297 +2,1 -4.6  -5,7 -308 0 -36,7
[lpumeuanue: 3oHa | — onaneHHble njaow@anu, Il — MOJHOCTBIO BLIFOPEBLUHE

y4acTku, Il — oTHOWEeHne KoHueHTpauui anemenToB 11/l B %.

Ta6nuna 19. Boinoc/Hakonnenue ' Sr, °'Cs, Hg u Cd (%) B ropenoii niowaau
NBYX OJAMHAKOBbLIX MOKaPUILLL
PaiioH Tun noxkapa Sr “Cs Hg Cd
n. BosHeceHka Hu3zoBoii +39.5 +39.3 +27.9  +35
n. EpecTHasn Hun30Bo}i -15 -23,6 -51,8 -39,1




Cs-137 Sr-90 Pu-239.240 U(Ra) Th K-40
150, <48% 40, 52% 20 44 % 40, +10% 40 8% 40, -21%

120 30 | 1.5 3.0 3.0 3.0
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Z 20 | 1.0 2.0 2.0 2.0
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7 |
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0| 7
0 0 0 0 0 0 *
Hg Cd As Zn Mn Cu
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Puc. 22. AKTHBHOCTb MCKYCCTBEHHBIX paAMOHYKIMAOB (BK/Kr) M cojaepxaHue
TSKENbIX MeETa/uioB  (MI/Kr) Ha OO0OACOKEHHBIX cBepxy (1) M MOJHOCTBHIO
BBIrOpEBIIUX (2) yuacTkax nokapuuia y ¢. Epectnas.

@®oto 13. DnuduTHBI MMILIAKHUK W3 POHOBOI MuoWaaM (a) COAEPKUT MEHbLUE
pPTYTH, YEM UCNBITABLUMI BIMSIHUE ABIMOBOIO LLIEH(a PAI0OM ¢ HU30BBIM MOXKapOM

(0).



B ueHTpanbHO# yacTu Ooablwioro noxkapuuia B paone n. Huxnsaa Kamenka
(Gonee 4 Tbic. ra) ObuiM OTOOpaHbl 00pasubl rOpeabIX MOYB C  YYACTKOB,
NPOHIeHHbIX OErfbiM U NOBaNbHbIM OrHeM. OHHM JIErKO OTJIMYAKOTCA JApYr OT Apyra
HAYMHAKOLIMMK TpopacTaTh TpaBaMH, C OJHOH CTOPOHbI M TMOYTH TMOJHOM
OOHAKEHHOCTbIO MECKOB, C APYTroil. AHAJIMTUUECKHE pe3yAbTaThl NOKa3alu, YTo No
CONEPXKAHUIO 3JIEMEHTOB-MUIPAHTOB (MI/KI), HMCKYCCTBEHHBIX paaHOHYKJIM/IOB
(bk/kr), BeanunH pH, notepb npu npokanuBaHuu (Bec. %) W YACNbHOrO Beca
(r/cM’) 9TM yYacTKM pasnuualoTes BecbMa owyTHMO (Tadu. 20). CpaBHUTH
NPUBEAEHHBLIE [JaHHbIE C KaKUMU-TMOO (OHOBLIMM TMOKa3aTe/IIMU HaMU He
NMPOBEACHO, MOCKOJbKY PacCTOSHUE A0 HUX COCTABJAJNIO ACCATKM KM, a 3TO MO
Haleid MEeTOAMKE HEeAONMYCTHMO: MCXOJHOE COAEpPIKAHWE DJIEMEHTOB  Mbl
onpenenseM TOJNbKO BOAM3M MOXKApHILA C HAaBETPEHHOW cTOpoHbl. [locnaenHui
napamMeTp TakKe MCNOAb30BaH ObITb HE MOKET, [IOCKOJAbKY onpeaeineHue
HaBETPEHHOMH W MOJABETPEHHON CTOPOH MoKapuila Nnpu nokapax TakHx mMaciTaboB
HEBO3MOXKHO.

Tabnuua 20. Pe3yabrarsl CpaBHEHUS COAEPKAHUI 3JIEMEHTOB U HEKOTOPbIX
¢u3MuecKUX nokasaTenei Ha yyacTkax, NpoHAeHHbIX HH30BbIM H MOBaJIbHbIM
noxkapamu (paiion n. Epectnas HosocubGupckoii 06.1.)

He Cd Pb Zn Mn Sb Se As °Sr "“'Cs I pH D

0.061 0250 17,5 542 974 0,78 0,61 1,50 13,2 67,5 33,1 5,14 0,546
0,039 0,146 13,6 394 833 0,70 036 125 89 368 11.0 546 0980
-36,1 -41.6 223 -27 145 -10 -41 -18 -32 - -66,7 -59 +4473

= L -

[lpumeuanue: B nepBom ctonbue 1 — 3nemMeHTbl, 2 — JaHHbIE MO Y4yacTKam
HU30BOTrO NoXkapa, 3 — TO K€ caMOe Mo y4yacTKaM BEpXOBOro noBajabHOro noxapa, 4
— % otHoweHus 3/2, D — nnoTHOCTB (r/em’).

[lpuBeneHHbIe B TaON. 20 aaHHbIC NOKA3bIBAKOT, YTO MOCJAE HU30BOrO NMoXkKapa
B ropesion NJowaan OCTaeTcs €we A0CTaTOYHO OOMbLIOE KOMHYECTBO 3JIEMEHTOB.
[Tpn noBanbHOM BEPXOBOM NOKAPE OHWU BbIHOCATCA AONOJHUTENBLHO NPUYEM 18
PTYTHU, KAAMUA, CE€JIeHA H UCKYCCTBEHHbIX PaJUOHYKJIMAOB 3TOT BbIHOC COCTABJSET
3045 % oT1 ux coaepKaHusl Ha y4acTKax HU30BOro noxapa. Hecmorps Ha 1o, 4uTO

NMOTEPH NPU MPOKAIMBAHUU W YJENbHbIW BEC BEPXHUX MATH CM MOYBbLI HA y4acTKax

MOBaJIbHOIO nNoKapa YMECHbLUHJIUCh NOYTH HAMOJIOBHHY, BCJIHYHHA [JH MNOBBICH1ACH



Bcero Ha 6 %. HGCDMHGHHO, 3TO CBA3aHO C YBC/IHUHCHHCM KOJIHHCCTBA 30JILL,
HM&TO]_I_I,eﬁ HICJIOYHYKO PCAKIHIO, OOHAKO OHa MOrIJIa OBITH YACTHUUYHO YaajcHa C
MoJKapuila S0JIOBBIM WJIM BOJAHBIM (pakTopamu. [lo 3TOM mnpHYHMHE KOPPEKTHOE
YCTAHOBJICHHE 3aBUCUMOCTH MEXKAY KOJWYECTBOM 30JbI M BelMYHHOM pH Ha
NOXKApUILIAX COYCTS Kakoe-TO BpeMs TMocje TMoKapa He TNpeACcTaBlIeTcs
BO3MOXHBbIM. Huuem HHBIM, KpOME€ HEPABHOMEPHOM BJIAXKHOCTH JIMILIAWHUKOB,
HeNb34 OOBACHUTD pPa3JIM4HOC COACPHKAHUE paauOLC3HUA HA MOMKAPULLC OT HU30BOI'O
Oernoro noxapa, U3y4eHHOro Hamu oxkono mn. Tapko-Cane B AAmano-Heneukom AO:
31eCb Ha HeOOoNblIMX, OOOWJEHHBIX OrHEM, YdacTKax (OCTaHLax) OTMevaeTcsd

AKTHBHOE PaJMOAKTUBHOE 3arpsA3HEHHE 3THX pacTeHui (puc. 23).
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Puc. 23. PacnpeneneHue ynenbHoil akTMBHOCTH ' Cs B Jmwaiinukax Cladina
stellaris Ha noxapuie B paiione n. Tapko-Cane (AHAOQO).

Bce npuBeneHHBIE TTPUMEPBI ¢ HECOMHEHHOCTBIO CBH/IETEJILCTBYIOT O TOM,
4TO KPOME BUJA NOXKapa Kak (paKTopa MUrPALUH BJIEMEHTOB U3 MOKAPHIL BUIHYIO
ponb urpaetr u cocrossuue JII'M, a UMEHHO — BJIQXKHOCTh JIECHOU MOJACTHIIKH. ITO
MO3BOJIIET HaM CcOpPMYJIMPOBaThL €lle OAHY MPUYHUHY, OT KOTOPOrO 3aBUCHT
MOBEACHHUE DJIIEMEHTOB TIPH JIECHBIX MOXKApaX: PU3UUECKOE COCIMOAHUE HAZEMHbIX
JIECHBIX 20PIOHUX MAMEPUAN08 CAYHCUM OOHUM U3 (PAKMOPOB, ONPeOeaAIOULUX
MUSPAYUIO INeMEHMOE8 NPU IECHOM nocape.

Daxkmop 3. Xapakmep pacnpeoeieHusi nemeHmos 8 Hazemuvix JII'M.
C camoro Hayajia paaHO3KOJIOrHUYECKUX UCC/IEIOBAaHUH U3BECTHO, UYTO Pa3/IMUHbIC

pacTeHHs TMO-pa3HOMY KOHLEHTPUPYIOT M pearupyloT Ha UCKYCCTBEHHbIE




paaroHykinabl [Rommenga et al., 1967]. B kauecTBe nonoauutenbHoOro (akropa,
HO CaMbIM TECHbIM OOpa3OoM CBSA3@HHOTO C NPEAbIAYLIUM, CTOMT YMNOMSHYTb
XapakTep pacnpeiae/ieHus TAKEAbIX METAIOB U UCKYCCTBEHHbIX PaJUOHYKJIHI0B B
HazemMHblX JII'M. OT 3TOoro 3aBUCAT KOJIMUECTBEHHBbIE NOKAa3aTeJM MUIpaLUu
3/IEMEHTOB Mpu noxkape. HaubGonee XapaktepHoe BepTUKAJbHOE pacnpeaesieHue
MHOIMX 3JIEMEHTOB B pa3pe3e JECHOW MOACTUIIKU — YBEIMUYEHHE WX COACPIKAHHUA K
HWXKHUM  MHTepBanam rnpoduas. B nepuoa akTHBHOrO M3ydeHHs “‘ceBepHOIl
LUEMOYKH™ Srejb — OJIEHb — YEJOBEK BCEMH HCCEAOBATENAMU OTMEYANOCh
MOBBLILLUEHHOE COJEp)KaHUE paauoLe3usi B  BEPXHHUX PHU30MAAX KYCTUCTHIX
nvmwaiHukoB [114 Moucees, PamsaeB]. Takoil Tun pacnpenencHus M3peaka
OTMeUaeTcs M B Hacrodwee Bpems. OAHAKO B KOJIEKLUMUAX JHUIIARHUKOB,
coOpaHHblX HamMu B 1999-2001 rr. Ha Cesepe 3anaaHoit Cubupu, Haubonee
pacnpocTpaHeHHbIM XapaKTepom Obl10 MOBLIWEHHOE €ro CoAepKaHUe B HUIKHHX
yactax [Lllepboe w ap. 2000, 2001]. B 3eneHbIX TrHIOKOMHMEBBIX MXax
pacrpe/ieieHHe 3TOro paJMOHYKJIHAA B OONBLLIMHCTBE C/IYYAEB MOJYUHACTCS TOM
K€ 3aKOHOMEpPHOCTU. OOBACHEHHE 3TOMY HECOOTBETCTBHUIO CIEAYET UCKATh B
0oJiee NO3/AHEM, YEM Ha tore, paaHOaKTHBHOM 3arpa3HEHUH CEBEPHBLIX TEPPUTOPHIA
3anaaHoi Cubupu. UcTouHuk ero — nanubie M.I'. HugoHTOBOWH 0 4e€pHOOBLLILCKUX
BbINAACHUAX (CM. BBILLE).

BeiropaHue BepXHMX 4acTeid MXOB, JIMIIAHHUKOB W JIECHBIX MOJACTHIIOK
CONpOBOXKaeTCA ¢laboi IMUCCHEH INeMEHTOB-MUTPAHTOB HE TOJIbKO MOTOMY, UTO
BEpXHHE 4acTH Ha3zeMHbIX JII'M BbICBIXalOT OBICTPEE, YEM HMIKHHE, HO €LIE U
MOTOMY, YTO B 3THUX KOMMOHEHTAX WX MOBBILLICHHbIE COJASpPIKAHWS HaXoAATCSA B
HWKHUX MHTEPBaAnax, a He B BepXHUX. Ho Oernbie HU30BbIE NOXKapbl NPOUCXOAAT
HE TOJIbKO MpH BlakHbIX HazeMmHbIX JII'M. TlosTomy npu uX paBHOpMEPHOM
BbICLIXAHHUM BEPTHKANLHOE Ppacnpeac/eHHE 3AEMEHTOB B JIECHLIX TMNOACTUIIKAX,
MXax M JiMiaitHukax OyAeT urpaTb CaMOCTOSTENLHYIO POJib B MacliTadax IMHUCCUM

31eMEHTOB (puc. 24 u 25).
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Puc. 24. Ilpumep pacnpenesnieHusi MCKYCCTBEHHBIX PAJHOHYKIMJIOB B KYCTUCTBIX
JIHIIAHHUKAX,
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Puc. 25. Pacnpepenenue Cs-137 (Bk/kr) B BepTUKaIbHOM pa3pe3e KyCTHCTBIX
JTULLIAaHHUKOB.

Taxkum oOpa3om, gBa nociegHux (paxktopa MOKHO ObLIO Obl OOBETUHUTH, B
OAMH, eciii Obl BCe OCTalIbHbIE, a HE TOJILKO 3TH 1Ba, HE ObUIM TECHO CBSA3aHbI
MexKay coboii. [lostomy cneayer nOAYepKHYTb, 4YTO, B KOHEYHOM CHYETE,
KOMIUIEKCHOE B3aUMOAEHCTBHE 3JIEMEHTOB APYT C APYrOM, COCTOSIHHE Ha3€MHBIX
JII'M 4 pacnpeneneHue 3JEMEHTOB B HX BEPTHKAIBHBIX pa3pe3ax OTBEYAlOT 3a
XapakTep MoBeJieHHe MPH JIECHBIX MOXKapax.

Daxkmop 4. Ilozoonsie ycnosusi. PacCMOTpEHHBIE BblLLIE MTPUUUHBI TOTO HJIH

HHOTO TMOBEACHHUSA 3JICMCHTOB BO BpEMsA JICCHOIO IMoXKapa OKa3bIBakOTCA



HEIOCTATOYHBLIMU AJTS BBISICHEHHUSI HEKOTOPBLIX BonpocoB. [IpuBeaeHHbIE CBEAEHHUS
BockpeceHckoro u EpecTHUHCKOrO OOBEKTOB MMEKOT COBEPLUEHHO OAWHAKOBbIC
UCXOMHbIE U MUPOJOrHYECKUe nokaszaread. OaHaKo Ha OJHOM M3 HUX 3JIEMEHTHI
HAKOMUJIUCh, @ U3 JIpYroro OblUIM BbIHECEHbI MOYTHU BCE 3JIEMEHTbI-MUIPAHTHI.
[lpyuunHOi Takoro paziuyus, MO HaWEMy MHEHHIO, MNOCIYXKUAU TMOroHbIE
YCJIOBHS. [To CBCACHUAM, MOJYHYCHHBIM OT JICCHUKOB, OKOJIO I1. Bo3HeceHka nokap
npousollen B OE3BETPEHHYIO MOroay, YTO Jajl0 BO3MOXKHOCTL JIECHBLIM chyskOam
ObICTPO  MOracHTb  OrOHb.  DJEMEHTBbIl, YBJCKAEMbIE TOPAYMM  MOTOKOM,
NOAHMMAJIMCh BBEPX M MO MEpPe €ro OCTbIBAaHMS OCEAAlM Ha IJIOWAAM noXkapulla
WK B pasiuuHbIX spycax jieca. O0bekT y n. EpectHas pacnosioxxeH Ha Oepery
O6¢ckoro BoaoxpaHunuua. [loxap npoxoaun npu HebonbiioM BeTpe (8—10 m/c),
YTO CMOCcOOCTBOBAIO PACMPOCTPAHEHHUIO JbIMOBOro wWehda 3a npeaeinbl ropesoi
niowaay. D10 MO3BOAAET NMpPU3HAThL 3a MOrOAHBIMU YCIIOBUSIMU POJIb OJHOINO M3
¢hakTOpOB, ONPENEASIOUMX MHUTPALLMIO JIEMEHTOB U3 noxkapuul. OqHako ayMmaeTc,
yTo 3TOT (akTop NPUMEHHUM TOJNBLKO K HEOONbIIUM MoXKapam, MNOCKOJbKY
NOBaJIbHbIE BEPXOBbIE MOXapbl COMPOBOXKAAKOTCS 00pa3’0BAaHUEM BHUXPEBbIX
BO3/1YLUHBIX MOTOKOB, 3aTArMBAIOLIMX XOJIOIHBIE MACChl BO3/lyXa € NMPUJIEratolmx K
noskapy niowajaci. A ropu3OHTaNbLHOE ABUIKEHUE JbIMOBOIO LLICH(pa npu Takux
noKapax HeNb3s HE TOJbKO MNpejacKa3aTb, HO M MNPAKTUYECKH HEBO3MOIKHO
BOCCTAHOBUTDL MOCIIE No}apa.

[loBOps O BIHUAHUM METEOPOJIOTHYECKUX YCJIOBUH Ha aTtMochepHyto
MUTPALMIO XHMHUYECKHX JJIEMEHTOB CJEAYET NPUHUMATL BO BHUMAHHUE KaK CUIYy M
HanpasjieHUe BETpa, Tak U COCTOsIHWE camoil atmocdepbl. EcTecTBeHHO, cyxas U
Tensas noroaa OyayT O61aronpusTHBI U1 MHMPalHK, a TYMaHHas W A0KAIWBASA —
ObICTPOMY BbIMBIBAHHIO U OCAXKAEHHUIO MbUIEBLIX W a3PO30JIbHbIX YacTHLL AbIMOBOIO
wieida. Crout 100aBUTL CHOJA U TO OOCTOATENLCTBO, YTO CaM MPOLIECC MOPEHMUS
JII'M npu TakuX pasiiMuHbIX aTMOC(EPHBIX YCIOBUSAX OYAET pa3IuueH.

Bce ckaszaHHOe€ MNO3BOJIIET YTBEPKAAThL CYIIECTBOBAHWE €LIE OAHOro

dakTOpa, OT KOTOPOro 3aBUCHUT PacnpocTPaHeHUe AbLIMOBOIO Liekda npu necHom



no)kape: HO2Z0OHbIE YCA0GUA CIYHCAM OOHUM U3 (DAKMOPOS, 6AUAIOUUX HA 8bIHOC
Wil HAKONJICH e OMOeIbHBIX ITIEMEHMO0E 6 20Pe10U RAOUAOU.

Ha Haw B3rnga, BavsiHue 3TOro (pakropa Ha napameTpbl BO3JYLUHOIO
JABUIKEHUS AbIMOBOro Lufei(a TakkKe He MOANCKHUT COMHEHUI. OmHaKo, BbllIE
HEOAHOKPATHO MMOAYEPKUBAIIUCh Pa3Hble KOJMUYECTBEHHbIE MOKas3aTreld MUrpauuu
MM HAKOMJEHHs1 B rOpenoil njowaau OTAENbHbIX 3JEMEHTOB BHYTPU JBYX
BbIACACHHBIX rpynn. DTH pas3idyuudsd  COXpPaHAOTCA MNpU BCEX OAUHAKOBBIX
HCXOJHbIX H MUPOJIOTHYECKUX YCIOBHAX. ClenoBaTe/ibHO, MPHYKUHA 3TOrO SBJICHHSA
JI0JKHA 3aKJII04YaThCsl B KAKUX-TO CBOMCTBAx CaMHUX 3JIEMEHTOB.

I'eoxumuueckue ceoiicmea nemenmos. PacCMOTPEHHBIE BbILIE MPUMEPDI
HEKOTOPLIX Map 3JE€MEHTOB — MarHusi ¢ BaHaaHeM, HHKels ¢ KoOajJbTOM HIIH
Mapraiua ¢ LIMHKOM MOKa3bliBalOT, YTO 3TH METAIbl BEAYT ce0s MO-pasHOMY H B
psiaaXx «BbIHOC/HAKOMJIEHHE» 3aHMMAIOT MNPOMEXKYTOYHble rMoJjoxeHus. Hert
COMHEHHSA B TOM, YTO nMpeoOpa3zoBaHUE JIECHBIX MOJCTHIIOK, MXOB, JIMILIAHHUKOB W
APYTrUX KOMMOHEHTOB JIECHOrO0 OHMOreoueHo3a B pasjidyHbIE NMPOAYKTbl FOpPEHHs
(30J1y, VI, MbUlb, a3P0O30J4 H T.JA.) NOJ BIMAHHUEM BbICOKHX TEMMEPATYP JECHbIX
NOKapoB J0JKHbI BO3AEHCTBOBAaTb HA BCE XUMHYECKHUE 3JieMeHTbl. [loaTtomy
BbIAEAEHHbIE HAMU IPYNNbl MUTPAHTOB (%Sr, mCs, 239, 24ﬂPu, Cd, Hg, Sb, Pb, Zn u
Mn) 1 uHepTHBIX (Cu, Cr, Ni, Co 1 V) 251eMeHTOB OblJIM paccMOTpeHbl Ha OoHE HX
TEMMEPATYP KHNEHHUSA. A  TMNOCKOJbKY KWUMEHUE BElECTB B abCONOTHOM
OOJIbLLIMHCTBE C/IYYaeB COMPOBOKAAETCA UCMApeHUeM, TO Halle JOMYIEeHUE MOKET
paccMaTpuBaTbCA KAaK O/1HA U3 JETANIEH MEXaHU3MA BIMSAHUA HA BbIHOC 3JIEMEHTOB
B cocTaBe AbIMOBbIX LAeH(oB. [TOHATHO, YTO B KOMMOHEHTaX OHOreoLeHo3a
XUMHUYECKHUE BNIEMEHTbl HAXOAATCA B Pa3UYHbIX COCTOSIHMAX: 3TO U copOuus, M
abcopOLHA, U CJIOJKHBIE OpPraHUYE€CKH-MHHEpalibHbIE COEAIMHEHHU W Tak aanee. Ho
NOCKOJILKY pe€4yb MAECT O JIECHBIX MNoXKapax, a, CJEAOBaTe/IbHO, U O BbICOKHX
TeMneparypax, TO Mbl OOpaTMJIUCh K TE€OXMMHYECKMM JaHHbIM O pa3IUYHbIX
3IEMEHTAX W TMOMbITAJUCh PACCMOTPETL WX MOBEACHUE B 3aBUCUMOCTH OT

TEeMMEpPaTyp UX KUMEHUS, & 3HAYHT U UCTTapEHMUS.



Jlng s3Toro BeiOpaH HauOosee MoJIHO U3yuYeHHbIH HukonaeBckuii 0OBEKT, HA
KOTOpOM OblJIa pacCMOTpPEHA 3aBHCMMOCTD MOBEACHUSA 3JEMEHTOB OT TEMIEpaTyp
X KuneHuda. Okaszanoch, 4To B Kakoil Obl (popMe HH HAXOAWIKCH 3JIEMEHTHI B
KOMIIOHEHTaX JIECHOro OWUOreoLieHo3a, UX arMmocdepHas MHUrpauus B LEJIOM C
HEKOTOPbIMH OTKJIOHEHUSIMU MPSIMO 3aBUCUT OT TEMIIEPATYPHOrO TMOKa3arelis
CaMOro 3JIEMEHTa, KaK 3TO BMJHO Ha ructorpamme puc. 26. OaHako TpedyroTcs

HCKOTOPLIC NOACHCHHA.
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Puc. 26. 3aBUCUMOCTb CTENEHW MHrpALMH 3JIEMEHTOB M3 MNOKapull OT HX

TeMneparyp Kunenus Ha HUKonaeBCcKoM moskapuiiie.

B rpynny Haubosiee aKTMBHBIX MHMIPAHTOB BOLIM 3JIEMEHTBI C CaMbIMU
HU3KUMU Temneparypamu kunenus (1o 1700 °C). M3 3aKOHOMEPHOCTH BbINAaarOT
MapraHell W ypaH, Y KOTOpPBIX O3TOT MokKaszatenb cocrasiger 2151 u 3862 °C
COOTBETCTBEHHO: NPH TAKOH BBICOKOH TEMIEPAType KUIEHHUS OHHU MO MOKa3aTe/IsIM
MHUIpaLldM OKa3aJuCh MEXKIAY MHMrpaHTaMH — KaaMHMEM W CBHHLOM. Beime
OTMEYaJIach CBA3b YpaHa U MapraHiia ¢ OpraHH4E€CKUM BellecTBOM. [1o-BuaumMomy,
aKTUBHAsA MUTPALMs 3THX 3JEMEHTOB CBA3aHA ¢ UX OUO(UIBHOCTBIO U MUTpaLIHEi

B COCTaBE JbIMOBBIX YaCTHL] OpraHu4ecKoil npupoapl. C apyroi CTOpOHbl, HU3KUM



OKazaJicsi BbIHOC MbllbsIKA, XOTA Yxke npu Temneparype 610 °C npoucxoaumt
BO3rOHKa 3T0ro anemeHTa [Kparkuii..., 1977] u 00bIYHO nNpu noKapax OH CTOUT B
yucsie camblX akTUBHbIX MHUrpaHToB [Shcherbov, Lazareva, 2010]. TlpuumnHoii
HU3KOrO TMOKA3aTeNsi B HALLEM Cly4ae MOXKET CAYKWUTb HAXOKIAECHUE €ro B
MUWHEPANbHOM YacTH JIECHOM NMOACTHJIKM U SIPKO BbIpa)K€HHAas CBA3b C JKEJE€30M, B
yactHoctH, ¢ retutom [KabGara-Ilengmac, Ilenauac, 1989], B mnoab3y
CYLWIECTBOBAHUA  KOTOPOro  CBUIETENLCTBYET  JOBOJILHO  BbicOKOoe (=1 %)
coaepxKanue Fe.

Cpeau nacCMBHO HAKamJWBAKOLMXCA 3JIEMEHTOB PE3KO BbINAAAKOT M3 O0LUEN
3aKOHOMEPHOCTH BaHaAUi C MArHUEM, UMEIOLLIUE BLICOKYHO TEMNEPATYPY KUMEHMS,
HO cnalblii BBIHOC, U HATPUH C KaJIMeM, KOTOPbIE HAKAIAWBAIOTCS B MOYKapHULIE, HO
MMEIOT HU3KUI TeMnepaTypHblil rpaauedTt. [lepsas napa — 310 cnabble Guodunsl, a
BTOpasi — Nopoaoo0pasyrollue 3eMEHTbl, KaKk U aJIlOMUHUIA BXOAsLLME B COCTaB
MHOTMX MOpOJ00Opa3yIOIMX MHUHEPAJOB M HE pPEarupyrollMe Ha BbICOKHE
TeMIeparyphbl.

Bce necHble roproune matepuanbl MMEKOT PaCTUTENBHOE (XBO, JIUCTBA, KOpa,
ApEBECHHA, BETBW) WJIH PacCTUTENIbHO-MUHEPAIILHOE (JIECHBIE  TMOACTHIIKH,
JNEPHOBLIM COi noyB) mnpoucxokaeHue. CTEneHb MNOrNIOWEHUA Pa3NUYHbIX
3JIEMEHTOB JKMBbIM BELIECTBOM pa3Has. M3 paccmarpuBaemoil Hamu rpynribl
cpenHue KodpduuueHTbl Ouonoruyeckoro noraoweHus umerot Zn (0,90), Mn
(0,40) u Cu (0,13), cnaboe — Ni (0,030) u Co (0,020) u ouenb cnadoe — Cr (0,003) u
V (0) [ Xumnueckoe..., 1991]. Cneayer aymats, uro Cd u Hg Takxe oTHOCATCS K
3MEMEHTaM CO CadbIM MOTJIOLIEHHUEM, NTOCKOBKY 00a 3MEMEHTa HEe ABIAKTCA A
pacTeHui JKU3HEHHO HEOOXOAMMbIMHU W, B OTJMYME OT Zn U Mn, He y4yacTBYIOT B
meTtaboanueckux npoueccax. [Kabara-Ilenauac, Ilenaumac, 1989]. Tlosromy
MNOBEJECHHUE Pa3IMUHBIX 3JIEMEHTOB BO BPEMs M0Kapa, CKOPEE BCEro, 3aBHCHT W OT
MX JIMYHBIX F€OXMMHMYECKMX KauecTB. MHaue yeM MOKHO OOBACHMTL aKTUBHbIMH
BbIHOC H3 NOXKapHLl, HanpUMEp, MapraHua, WMEKOLLEro BLICOKYIO TeMIlepaTtypy
KWUIEHHUA, a, 3HaYUT, U ucnapeHua? pyroe aeno, kaaMuid U pTyTb, paJHOLE3Ui U

paauoCTpoHUMi. 10 HawemMy MHEHHWIO, X AKTHBHAsg MHUrpauus U3 adCOJNIKOTHOro



OOJBIIMHCTBA MPOCMOTPEHHBIX HAMHM MOJKApHIL[ CBsI3aHA C HU3KON TemrepaTypok
KHATICHHUSA, TOrAAa KaK Y TaKMX PYAHBIX 3JIEMCHTOB KaK BaHaWH, ME/lb, XPOM HHUKEIb
KoOaJIbT M T.[A. OHA Ha IOPAJOK BbIIE, 4 UMEHHO OHHU MMEKIT TEHAECHLHUIO
Hakoruienus B miowaan noxapuua (°C): Hg-357, As — 610, Cs—690, Cd-765, Zn-
907, Mg-1107, Pb — 1744, Mn — 2151, Sr-1384, Cr — 2482, Cu-2595, Ni — 2732,
V u Co — 3000 [KpaTkui..., 1977].

Ecnu nawm npapuia noaxoaar A paadolesus ¢ ero HU3Kol teMnepaTypoi
KHMEHUA, TO HE COBCEM MOHATHO cpaBHeHHE paauocTpoHuua (T = 1384 °C) ¢
MapraHuem (T = 2151 °C) koTopeie BO MHOTMX CJIy4asX COBIAAAIOT XapaKTepoMm
BO3YLIHOH SMHUCCHMU. Minu mpumep MarHus, y KOTOpPOro Temmneparypa KWNECHHS
(1107 °C) 3aMeTHO HMKE, YeM Yy paJhOCTPOHIIMA, a MoKa3aTe/lb MUTPALMH B TEX
0o0BbeKTax, rie OH ofnpeesieH, MOUTH HYJIEBOM WM oTpUullaTe/ibHbIN. [To-BUAUMOMY,
ropopss 00 MCKYCCTBEHHBIX PaJHOHYKIMJAX, CICAYET MMETh B BHAY HMX CNOco0
MOCTYIIJIEHUA W (PUKcalMH B KOMMOHEHTax OWoreoreHo3a. Mbl npuaepKuBaeMcs
MHEHHS B TOM, YTO NMOBEACHUE BJIEMEHTOB, mocTynuBwux B JII'M atmocgepHbiM

HJIH MOYBCHHBIM MYTEM, HC MOJKCT OBITH OJIHHAKOBBIM.
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CpaBHEHME CYMMHUPOBAHHBIX 3HAYECHUH MUrpauuMu 3JEMEHTOB [0 BCEM
o0cnenoBaHHbIM noxapuiaM Cubupu ¢ Temneparypamy KMNEHUS NMOATBEPIKAACT
naHHble o HukonaeBckoMy OOBEKTY O 3aBUCUMOCTH TMOBEAEHUSA 3JIEMEHTOB OT
TEMMEPaTypbl KUNEHUs (puc. 27, yumewnvt pe3yibmamvi HO YYACMKAM C PA3HOIU
cmenenwio eviecopanust JII'M na oovexmax “Epecmnas’” u “Bosuecenxa’™). OaHako
dHAJIU3 TUCTOrpaMMsbl NMOKas3bIBACT, YTO M3 I'IpHBB,.[I,ﬁHHOﬁ 3aBUCHMOCTH BblNnaaardT
Mn u Zn, uMmeloMe BbICOKHE 3HauyeHud Ouoaoruyeckoro norjouueHusa (0,40 u
0.90) u TemneparypHoro nokasarend. [10 Haluemy MHEHHIO, COBMECTHOE BINHUAHHE
ITHX JIBYX CBOWCTB 3JIEMEHTOB CJIY)KUT NMPUUHHONW OCOOEHHOCTH UX MOJIOKEHHUS Ha
NPHUBEICHHOM rpaduke.

Cpend pyaHbIX 2JIEMEHTOB CBOMMM HM3KMMM NOKa3aTelssMU BbIHOCA M3
OTJE/IbHLIX MOXKapuLl, & B CPEAHEM — Jaxe HEOONbIIOro HaKomiaeHus (puc. 235)
BbIACJIAETCS €1lle OAHa napa 3J1€MEHTOB — Me/lb U BaHaAWi. DTH ABa 3JIEMEHTa Npu
NOBBILUEHHbIX KOHLUEHTPaUMAX B MOYBAX BEAYT K XJIOPO3Y U HEKPO3Y, OAHAKO MpPH
OObIYHBIX COJAEPKAHUAX OAMH M3 HUX (MeAb) WrpaeT 3HAUUTENIbHYIO poJib B
(hOTOCHHTE3E, a APYroi (BaHaaWi) CAYXKHT CTUMYJIATOPOM (POTOCHMHTE3A B
pacteHuax [Kabara-Ilenaunac, I'lenamnac, 1989]. 310 naet ocHOBaHME OTHECTH UX K
)KM3HEHHO HEOOXOAUMBbIM [JI1 PAaCTUTENbHBIX OPraHM3MOB, TO €CTb K c€Ja0biMm
Ouodunam, U 3aHUMaTb B HAWMX Ppsaax MNPOMEKYTOUHOE TMOJOKEHHUE MEKIY
LIMHKOM M MapraHuUeM, C OHOH CTOPOHbI, H KOOALTOM C HUKENEM — C IpYTOM.

Mmerowmeca B nuTepatype CBEASHUS O MOBBLILIEHHOW CTENEeHH MMrpaluvM
paauoLe3dss B CPaBHEHUM ¢ JApyrumu paavousoronamu [M3pasrnb, 2000]
MOATBEPKAAKOTCA W HALIMMKM UcclieaoBaHUsMM. [IpuunHa 3TOro, ckopee Bcero,
KpOETCA B MHAMBHAYAJbHbIX CBOMCTBAX JJIEMEHTOB. ECIM 10MYyCTHTH, 4TO
pPaAMOHYKJIMAbLI HAXOAATCA B aTOMApHOM WJIM HOHHOM COCTOAHMM, M Y4YECTb
TeMmneparypy kKuneHus (y paauonesus oHa paeHa 690 °C, a y paaHOCTPOHLIMA —
1384 °C), TO NpUXOAUTCA TMPU3HATH NOBLIWEHHYK BO3AYLUHYK) MHUIPALMOHHYHO
crocoGHocTh W'CS MPH PE3KOM MOBbILLIEHHH TEMIEPATYPbl, B Kakoi Obl opme OH
HU HaXoAujicd B KOMIOHeHTax OuoreoueHosa. OjHako 310 He Oojiee uem

NPeanooKeH!e, MOCKONbKY MPH BbICOKMX Temreparypax (opmbl HaXOXKICHHS



3TUX PAaJAHOHYKIIMIOB B MOYBAX NPETEPNEBAIOT CYLUECTBEHHBIE N3MEHEHUS. TakK 3TO
HJIH MHAY€, HO JJAHHbIE CBUIETENILCTBYIOT: BICOKME TEMIEPATYPbI JIECHOTO MOXKapa
CNY’KAT NPUUYKHOIT Gosee BHICOKOH MHIpaLlMOHHOI cnocoGHocTH °'Cs, uem y  Sr.
Ho B NOBEpXHOCTHLIX YCAOBHAX (B MOYBEHHbIX NPOPUAAX U, B YHACTHOCTH, JIECHBIX
NOJACTHJIKAX) MO 3TOMY IMOKA3aTeMO OHU MEHSAIOTCA MECTaMM.

Ecte ewe OJMUH WHAKKATOP, NOATBEPKAAKOLLIUM MOBbILLEHHbII
MUTpaLMOHHbII XapakTep paauoue3us. B nepuoa McnbITaHUs AAEPHbIX YCTPOHCTB
Ha nonuronax CLUA u CCCP Benuuuna otHowenus °'Cs/”Sr cocrapasno 1,7-1,8
[U3pasnb, 2000]. 1o Hawmum aaHHBIM, NMPOLIECCH MUTPALIMH U NEpepaclipeaAceHUs
MCKYCCTBEHHbIX PAaJUOHYK/IMAOB CNOCOOCTBOBAIM YCTAHOB/ICHHIO K HACTOSALIEMY
BPEMEHU BEJWYMHBI 3TOr0 3HAYEHUs B MOYBEHHOM TMokpoBe CHOMpPHU paBHOW 2
[Ctpaxosenko v ap., 2004; Lllep6oB u ap., 2001]. B BepxHeM 5 cM C10€ CBEKUX
noup B paiioHe noxkapuwa y n. Maa 3nauenne "'Cs/Sr cocrapnser 2,7, a B
ropeiblX MnouyBax — MOUTH B moJrtopa Huxe — 1,84, [lopoOGHOE COOTHOLIEHHE
XapakTepHO U A/ BceX noxapuiy. OYeBUAHOW NPUUYMHON 3TOH 3aKOHOMEPHOCTH
CY)KMT TMOBBbIIIEHHAA neTyuecTh ~ Cs, CrOCOGCTBYIOW@AA €r0 BbIMAJCHHIO HE
TOJNILKO BOJIW3W NOXKapMILl, HO U Ha 00JIee OTAANEHHBIX TEPPUTOPHUSAX.

B 3akntouyeHue paccMOTpEHMS pasiMUHbIX MPUYHH TOrO WIAM  MHOrO
MOBEACHUS 3JIEMEHTOB NPH JIECHBIX MOJKAapax CTOUT HAMOMHUTbL O pa3zHOOOpa3uu
MOBEACHUS KaK CaMUX 3JIEMEHTOB, TaK W PpPacnpOCTPAHEHUsE OFHS B JIECHbIX
MaccuBaX. MOKHO OMNpeAeNeHHO yTBepXkAaTh, YTO B LEIOM HMEHHO COYETaHWE
OTAC/bHBLIX JAC€TANCH 3TUX ABYX CBOHCTB W SABJEHWW B LEJIOM MOryT Jarthb
ONMpeAesIEHHbI OTBET HAa OCHOBHbIE BOMPOCHI HALWIMX MCCAEJAOBAHUI: MOYEMY
OTAEJbHBbIE TPYMNIMbl 3JEMEHTOB BEAYT C€0A COBEPLIEHHO MMPOTUBOMOJIOKHBIM
oOpazom? be3 oTBeta Ha HUX Mbl HE MOXKEM MOJONTH K paspellieHHIO TJIaBHOMo
HAlIero BOMpoOca — KakOBbl MAacCLUTa0bl MUIrpalMH TAKENbIX METAIOB W
MCKYCCTBEHHbIX PaAMOHYK/IMAOB MpPU JecHbIX noxapax B Cubupu? To, uto 3Tm
TOKCHYCCKHEC BCLICCTBA BOBJICKAKOTCA B SMUHUCCHKO € AbIMOBbLIMH IJJH@H(bEIMH,
M3BECTHO M3 MHOIMMX a’po30iibHbIX padoT [Manaxos, MaxoHbko, 1990;

KyueHoruii u ap., 1996] v HaliuxX Ha3eMHbIX HATYPHBIX HAOKOAEHHH B pa3inuHbIX



pernoHax CuOupu [LLlepoor u ap., 2008; Shcherbov, Lazareva., 2010; LllepOos,
bynawikuna, 2012; Lllepbos u ap. 2002].

Takum 00Opa3zoM, aHaNu3 NPUBEACHHbIX BbIlLIE AAHHBLIX MO3BOJISET CAENAThb
BbIBOA O TOM, 4YTO MOBEAEHHE MCKYCCTBEHHbIX PaJHOHYKIHIOB W TAKEbIX
META/UIOB NpU noapax 3aBUCUT OT MHOTMX MNPHUYUH, FIABHBIMH W3 KOTOPbIX
CHyXaT: mun ROMCapa, COCMIOSIHUE JIeCHbIX  20PIOYUX  Mamepuanos,
MEMmeoycno6us, 2eOXUMUYECKUe CEOUCMEA ITIEMEHMO06 U XaApaKmep Ux

pa Cﬂp@d&?fﬂ UA 8 KOMROHEHMAX J1eCHO20 DUuo2eo HEHO3d.



I''TABA 10. MACLLITABBI MUT'PALIUH TAHKEJIBIX METAJLJIOB
N UCKYCCTBEHHBIX PA/IMOHYKJIMAOB
ITPA JIECHBIX ITOJKAPAX B CUBUPH

[IpuBeneHHbIC BbillIe JaHHbIE MOKA3bIBAOT AKTUBHOE YUYACTHE HEKOTOPbIX
3MEMEHTOB B a’3pO30JIbHO-NMBIIEBBIX BbIOpOCAX NECHbIX nokapoB. Cpeau HUX
BakHas  poiib  MPUHAAICIKHWT TAKHUM  BbICOKOTOKCUUYHBIM  3JIEMEHTAM W3
pPacCMOTPEHHBIX HAMH, KaK PTYTb, KaJAMUH, CBHHEL, MbILIBbIK, CYypbMa, CEJIEH W
JOJITOKHBYLLIHE MCKYCCTBEHHBIE PAaJAMOHYKIWABLI — PaAHOLIE3HIl, paJUOCTPOHLIUH
(nepuon nonypacnaaa okoJio 30 set) U niuyToHuit (okono 24 toic. aer). [loHaTHO,
YTO MNbLIEBas YacTb JbIMOBBIX UUICH(POB oOcaKaaeTcss B Mpuiieralolieid K
nokKapMillamMm 30HE WM BHYTPH rapu, a 001€€ TOHKHE 4YacTHULlbl MEPEHOCATCA Ha
paccTosiHUA, onpeaensemMble UX pazmMepamu U aTMOC(EPHLIMU YCIIOBHAMM: 4YeM
TOHbLUE 4YacTULA, TEM AOJbIIE OHA MOXET npedbiBaTe B aTtMocdepe U TEM
3HauUTENbHee OyIeT MyTe A0 €€ BbIMAaJEeHHs Ha 3€MHYI0 MNOBEPXHOCTL. B
COOTBETCTBYIOIIMX  pasgesiax  YNOMUHAIMCb  a3pO30JIbHbIE  HUCCIIEOBAHMUA,
NOKa3aBLIKE, YTO 3TH PACCTOSHWUA MOTYT COCTABJIATh ThICSYH KHJIOMETPOB.

OueHb BaKHbIM /19 MOHUMAHUS POJIM JIECHBIX MOXKapoB B TpaHchopmanuu
reoxumuyeckoro ¢oHa TOW HAM MHOW yvacTH naHawadrTa, OCOOEHHO B
NOXKapooOnacHbIX PEruoHax, CHAYXKUT YCTAHOB/IEHHE MaclITabOB SMUCCHUHM Kak
OTJC/IbHBLIX JJ€MEHTOB, TaKk MU HMX rpynn. B npuHumMne, onocpeaoBaHHO uvepes
HUMCIOLLIUECS CBEACHUA O KOJNMYECTBE MNHUPOJIOTMYECKHX BBIOPOCOB 3TO MOXKHO
ceNnaTb, U NMOACOHBIE MOMLITKM B HAYYHOH JUTEparype cyliecTBytor. Hanpumep,
€CTb JAHHbIC, CBHJACTEJILCTBYIOLIUE O MOCTYIMJIEHWH B atMoc(epy MNpH JECHOM
noxape okono 3 % paavouesds, coaepikalerocs B JeCHOU NoAcTHiKe [YBapoB M
ap., 1996; Ilpouwak u ap., 1997]. Ham Takas oueHka npeacrapisieTcsi Becbma
OCTOPOXHOMN, NOCKOJbKY NMPUBEACHHbIC B rilaBe § CBeACHUS Aal0T 00Jiee BbICOKOE
3HauyeHue. OHa HEOAHO3HAYHA U MOXKET BapbHPOBATh B CaMbIX LLIMPOKUX Npeaenax.
Beilue Ob10 MoOKa3aHo, 4TO, € OAHOM CTOPOHbLI, MPH HWU30BOM OErJoM TMoKape
paauouesuii (Kak U ApYrue MUIrpaHTbl) MOKET HAKOMUTLCA B TUIOLLAAN MTOKAPULLA,

C JApPYro — €ro KOJUYECTBO, BOBJIEYEHHOE€ B aTMOC(EPHYIO MHUrpauuio Mpu



BEPXOBLIX MOBAIbHBIX MOKapax MOXET COCTaBAATbH OOblLUe MONOBUHBLI €ro
MCXOJHOrO COMEPIKaHUS B HA3€MHBIX KOMMOHEHTaX JiecHoro GuoreoueHosa. Bee
3aBMCHT OT MEPEUYMUCIEHHBIX BbILIE MPUYHH, CaAMOW pe3yJIbTATUBHONH W3 KOTOPHIX
CJIYIKMT CHJ1A OTHA.

B03MOXXHOCTb 3arpsi3HeHUsl 3JIeMEHTaMU-MUTPAHTAMH HOBBIX MUIOLIA/IEH HE
BbI3bIBACT COMHEHHA. OH& OTMCUYCHA MHOMMH HUCCNICA0OBATC/IAMU H MOATBCPKICHA
HaLLUMH HATYPHbIMH HAGIIOAEHUAMH. TO NO3BOMSET PaCCMOTPETH OJHY M3 CaMbIX
BXHBIX MpOo0JieM JIECHOH NMUPOJIOrHU — OMpeAeeHHE KOJIMYECTBEHHOH CTOPOHBI
aTMOC(epHON MUTpaUHH XUMHUYECKUX 3/IEMEHTOB, Pewenue 31oi npolaembl HMeeT
HEe TOJIbKO HayuyHbld, HO M npakTudyeckuil uHTepec. [lonbiTKM Takoro poaa B
HaYUYHbIX MCCIENOBAHUAX CYILUECTBYIOT. DTO MOXHO CjeJaTb ONnoCpPea0BaHHO,
Harnpumep, Aas pryTd yepes smuccuo CO. [onyyeHHble Takum 00pa3oM OLEHKH
e)XeroaHoi smuccun Hg anga Hekotopwlx cTpaH Cpeau3eMHOMOPCKOM perioHa
Esponel (Mtanusa, [Nopryranusa, MUcnauusa, ®@panHumus v [lonbiia) cocraBnsiOT OT
400 kr no 4 1/ron. Jlna Poccuu 3Ta oueHka Bapbupyet B npenenax 3,4-24.8 1/roa
[Sinnerella, Pirrone, 2006; Pirrone, Mason, 2009]. Kak BuaHo, pa30poc OLEHOK
HacTONbKO BEIMK, HEBO3MOXKHO TMpEeACTaBUTL cel0e aaxe MNpUOIH3UTENbHOE
CpeaHee 3HaYEHHE.

Mexay Tem, Y4YMTbIBas MNJIOWAAbL BBLIFOPEBLIEro Jieca U 3Has CojaepiKaHHue
3/IEeMEHTOB Ha (OHOBOH MIOWAAM W HA MOKAPHMILE, HETPYAHO BBIYMCIHUTD
KOJIMYECTBO  MCKYCCTBEHHbIX  PaJHOHYKIMAOB WM  TXKEAbIX  METa/lIOB,
BOBJICUYEHHBIX B arMocepHyr0 3MHcCUIO. [lpuBencHHbIE BbILIE OUEHKH M3
JIMTEPATYPHBIX UCTOYHHUKOB MO pajHOHYKIHWAAM, Ha Haul B3rjiian, CYWECTBCHHO
3aHHKeHbl. [103TOMY Mbl nONbITaeMcs 1aTh CBOKO OLEHKY 3MHCCHM JJIEMEHTOB Ha
KOHKPETHBIX 00bEKTax ¢ MPUMEHEHUEM Halero Metoaa noacyero, Hanomuum ee
CMBICJI.

CranbHOE KOJIbLO 3a1aBJAMBAETCS B MOYBEHHO-pACTHUTEBHBIH nokpos. [lpu
3TOM B npoﬁy nonajaaroT JieCHble MNOACTH/IKH, MXH W JIMIUANHUKH, T.e€. BCE
HazemHble JIIM u BepXHUI CJIOM NOUBLI (MMECKH, CYIIIMHKU MW AentoBuid). Ha

noXapve B KOJbUO nonagardT MNpOAYKTbHI TFOpE€HHA W MHUHEpaAlibHad 4YacThb.



[lockapom opraHuMuyeckas 4acTb YHMUTOXKAETCA, [MpeBpallacTcs B 30y WM
BbIHOCUTCSl C AbIMOBbLIM LWieH(pOM. CpaBHeHHE COAEPIKAHUA JIEMEHTOB HA TEX W
APYrHX TUIOWAAAX JaeT TMOoKa3aTe/b UX BbIHOCA WJM HAKOIJIEHWs B Tropesioi
njowaam. Jnga onpeaeneHHss KOJMYECTBA BOBJCYEHHOrO0 B IMHMCCHUIO JJIEMEHTa
HEeOOXOJMMBI TAaKKe MIolaab noXkapuuia v 3anacel HazemHbiX JII'M, B Hawem
ciydae — noactuiok (10,8 T1/ra). Jlnsg cTabUAbHBLIX 3JIEMEHTOB, COAEpPIKAHHE
KOTOPbIX B BEPXHHX 3 CM (N, I/T), KOJIHYECTBO HA OAHOM ra cocrtasaset nx10,8 r/,
a Ha BCEM TMOXKApHLIE TMOJYYEHHOE 3HAYEHHWE YMHOXKACTCH Ha €ero ImnJjowajb.
AKTUBHOCTb WUCKYCCTBEHHbIX pajMOHYKIMAOB u3mepsaeTcd B BK/Kr, moatomy Ha
| ra oHa Oyjaer HaiiieHa yMHOXKeHHeM cpeaHeil akTheHOCTH Ha 1000 u Ha 10,8.

[TpuMep nepBblid, narOWMHA NPEACTABNEHHE O KOJUYECTBE BHIHOCHMBIX MPH
noXkape TSAKEJbIX METAIOB M HUCKYCCTBEHHbIX PaJUOHYKAWJ0B — PakuMTOBCKOE
noxapuiue, camoe OoJbwoe M3 00cC/Aea0BaHHBLIX B JIGHTOUHbIX Oopax. Ero
MCXO/IHbIE [aHHble: roj BO3HMKHOBeHUS — 1997, rong oOcnepoanus — 2000,
pa3Mmepbl — 26 ThIC. ra, TUIM No)Xapa — NOBajibHbIA BepXoBoi. OcTalbHble JaHHbIE
npuBeaeHbl B Tabauue 21. 3anacel Kakoro-nMbo 3jieMeHTa Ha UCXOAHOM MioLaau
(X) nokapuiua JIerko nojacuuTaTe no popmysie

Xep(I/T)'N(10,871/ra)-S(26000ra)=X,

rae Xg, — CPeAHEe COAEPIKAHUE SJIEMEHTA B BEPXHEM 5-CAHTUMETPOBOM MHTEpBaIE
(DOHOBOIr0O PaCTUTEJIbHO-MIOYBEHHOIO MOKPOBA. BLIYMCIMB NPOLUEHT BbLIHOCA, Mbl

NOJIYUYHUM KOJIMUECTBO 3JIEMEHTA, MUTPHPOBABLIETO U3 MOXKapHILa.

Tabauua 21. BeiHOC 351€eMeHTOB U3 PaKMTOBCKOro noxapuiiia

| Cd Hg Pb Zn Mn Sy PICs
2 0,161 0,037 10,6 25 324 30 116
3 1,74 0.4 114,5 270 3500 324 1253
4 452 10,4 30T 70T olt  8.42x10° 3,26x10"
5 31,1 48.6 16,0 9,2 22.8 27.5 48.2
6 14,1 5,05 26T 646 20,71 2,32x10° 1,57x10"

[Tpumeuanue: 2 — cpeaHee coaepkaHue 3ieMeHTa B JIeCHOW noacTujke (r/t), 3 — 1o
ke Ha | ra, 4 — ucxonHOe cojeprkaHue Ha Bceil rmuowanu (kr), S - % BbIHOCA C
nJou@aM noxapuiia, 6 — KOJIMYECTBO BbIHECEHHOrO 3JIEMEHTAa CO BCeHl nJowaau
noxkapuiua (Kr). Tam, rae CTOUT CUMBOJT «T» - TOHHBI.



Tabnuua 22. BeiHoc 3nemenToB M3 HukonaeBckoro noskapuiia

He Cd Se As Sb Pb Zn Mn
0,031 0,145 0,29 2,6 0,75 12,1 44,7 640
0,011 0,07 0,092 2,3 0,64 8.5 32,5 439
-64.5 -51,7 -68,3 -11.,5 -14.,7 -29.8 -27,3 314
0,335 1,57 3,1 28,1 8,1 139,7 483 6,9
4,36 20,4 40,7 365 105 1700 6300 70000

2,8 10,6 27,7 42 15,5 500 1700 22000

[IpumeuaHue cm. Tabdn. 18.

TaGaunua 23. BoiHoC paauoHyknnaoB W3 Hukonaesckoro noxkapuiua (bk/kr)

U Qﬂsr ISTCS 239, ZJ{JPU
2.0 11,2 47,0 0,87
1,25 8.0 19,5 0,73

-37.5 -28.6 -58.3 -16.1
21,6 121 Thic. bk 508 tbic. Bk 9400
281 1,57x10'° 6,6x10" 1,2x10°

105 4,5%10’ 3.8x10" 2x10°

[Ipumeuanue cM. Tadn. 18.

[lpumep eBtOpoii (3T0 bacran-Hukonaeeckoe noxkapuiue) npuBeaeH s
paccMOTpeHUss Oonee WUPOKOro Kpyra 3J1eMeHTOB. HanOMHUM UCXOAHBIE JAaHHbIE
u3 rnasbl 8: pasmep rapu — 10 Teic. ra, cpeaHue 3anachl J€CHOW NOACTUJIKU B
Gopax — 10,8 T/ra, To ecTb Ha BCeil nuowWAAM NOXKapUila 3anacbl MOACTUIKH
coctapasam 108 Toic. T. OaHako 10 Thic. ra — 3TO TOALBKO Ha POCCHHCKOM
TEPPUTOPHH, MOITOMY K MJIOLIAAM MOXKApULIA HA0 NPUIIKOCOBATL €€ 3 ThIC. ra,
BbIFOPEBLUMX HA Ka3aXCTAHCKOW miowaau, uroro — 13 Tbic. ra. Toraa B pe3ysbrare
bacran-Hukonaesckoro noxkapa B armocdepy ¢ AbIMOBbIM LweddoM Obl1o
BbiHeCeHO KaaMmua 13,8 kr, prytu — 3,6 kr, ceneHa — 36,5 kr, mbilubsaka — 54,5 kr,
cBUHLA — 650 Kr, uuHKa — 2,2 T, MmapraHua — 28 T.

OnyO/NMKOBAHHBIE HAMM pPAHEE [AHHbIE MO KOJWYECTBEHHOMY TMOJCYHETY
MUTPaLUH HEKOTOPBIX TAKENbIX METANIOB M MCKYCCTBEHHBIX PaJHOHYKJIMI0B B
cpeaHeMm ana CuOupu [Shcherbov, Lazareva, 2010; Llepbos, 2011, 2012]

OCHOBbIBAJIUCL Ha aHa/iuze 20 00bLeKTOB. 3a UCXOAHBLIE NAHHbLIE ObLIA MPUHATHI:



MUHUMaJIbHas €XxeroaHas rjowaab noxapuiy B CuOupu— 5 man ra [Banenauk,
1996]; cpeanee 3HayeHue 3anacoB JecHOW noacTuiaku — 11 T/ra [KypOaTckui,
1970]. Te xe apupMeTHUYECKUE NACHCTBUA, 4YTO ObIIM MMOKa3aHbl BbILIE [JIs
KOHKPETHBIX TMOXKapuill, AajJd CACAYIOWHE 3HAYEHUs €KEroAHOM aTtmocdepHoi
IMUCCUM OT noxapo B Cubupu (1): Cd — 5,2, Pb — 145, Zn - 511,5, Mn - 8,1
(Thic.), Sb — 4.2, Hg — 2,7, Cs"" — 1,82x10"* Bk nau 49,3 Ku, S’ — 4,75x10"' Bk,
unn 12,8 Ku. Ilpn noacuere cpeaHero no CUOMpPH HAMHU HE YUMTHIBAJIIUCH TE
O0BEKTBI, B KOTOPbIX UCKYCCTBEHHbBIE PAJMOHYK/IMbl HAKAMIMBAIUCH B IJIOWIAAH
noXkapuila OT HU30BLIX Mo)KapoB. Kak otMeuanock Bblllie, MUrpaLUa UX BCE-TaKH
MMENa MECTO, OJHAKO BBINAJCHHE OrPaHUYHUBANIOCH JIMUbL PA3IMYHBIMH SpyCamMu
neca. OO0 >TOM CBMAETENLCTBOBAIO YBEIIHYEHUE COAEpPIKAHHSI DJIEMEHTOB-
MUIPAHTOB B S3MU(PUTHBIX JHINAHHUKAX HA JEpeBbsAX Bblllle Harapa (4-6 M OT
NOYBbl) U B XBOE.

K HACTOALLEMY BPCMCHH YBCIIUHHITIOCH KOJIHHCCTBO AHAJIMTHHUCCKHX NAHHBbIX,
npuOaBUAMCL B OCHOBHOM OOBEKTbI MO HHU30BbLIM TMoXkapaM. EcTecTBeHHO,
NOACYUTATL SMHUCCHIO M0 TaKHM OOBEKTaM MPaKTHYECKH HEBO3MOXKHO, HO
nokKasaTe/ldi HEMHOro yMeHbLHIUChL (Tadn. 24). IToaydyeHHble 3HaAY€HUA SMHCCHHU
3JIEMEHTOB C YYETOM HU3OBBIX MOKAPOB NMOJYUYUIUCH B CPEIHEM B JIBA pa3a HUXKE.
Ho naxe B 3TOM ciiyyae exeroaHas 3MHUCCHUS KaJMMA, PTYTH W CEJIeHa COCTaBJIAET
€AMHULbI TOHH, A8 APYIUX — NECATKH H COTHH W JA)€ ThICAYU TOHH (Mn). ITu
3HAUYEHHUA,  BO-NEPBbIX,  MHHUMAaAJbHbI,  MOCKOJIbKY  OCHOBBIBAIOTCA  Ha
AHANIMTHYECKUX AAHHBIX TOJIBKO MO MOACTUJIKAM, & BO-BTOPbIX, HE O3HAYaKOT, YTO
BCE 3TO KOJIMYECTBO OblIO nepeHeceHo Ha Ooablune paccrosHud. K stomy
HEOOXOAUMO N00aBHTb, YTO Mbl B3fJIM MUHUMAJbHbLIE CPEAHErOJOBbLIE MIIOLAAN
JIECHBIX NMOXKapoB (5 MJH ra) 0e3 ux yyera B TYHAPE, IECOTYHJApPE U B CTensx, e
OHU HE peructpupytotes [Banenauk, 1996]. Caeayer noGaButh 001IME AAHHBIE NO
¢uromacce 100-neTHux enbHUKOB B pervoHax CesepHoit EBpa3uu, KoTOpbIe
NOKa3blBalOT, YTO 3arnacbl HaA3eMHOI (UTOMACCHI, B KOTOpPOH pelualomas posb
NPUHAJICKHUT JIECHBIM MMOJACTH/IKAM, BO BCeX perdoHax Cubupu Ha 1-2 nopsaaka

Boillic 3anacoB xBou [Ycoabue, 2003]. [lostomy cneayer aymaTb, 4TO



NPUBOAUMbIE HAMH NAHHbIE HE3HAUYWTENbHO OTIUYAKOTCA OT HCTHHHBIX 3HAYEHU.
Bknaa B SMUCCHIO TAXKEJIbIX METANNOB OT OCTaNbHbIX JII'M (Menkue cyubs, Kopa)
y4yecTb TPYAHO, NOCKOJIbKY ans Cubupu cpenHue MX 3anachl B JIMTEpaType He
npuBoadarca. Ho cBuaeTenb,CcTBa NMOBBILIEHHOW pPagWOAKTHBHOM 3arpsA3HEHHOCTH
JIMIIAWHUKOB, MXOB U XBOM B CEBEpHbIX paiioHax 3anaaHoi Cubupu (cm. ri. 7)
JAlOT OCHOBAHME CYMTATb 9STH KOMIIOHEHT OMOreoueHO3a Kak COJIMHbIH
JONOJIHUTENBHBIA MCTOYHUK MNOCTYMJIEHWS HWCKYCCTBEHHBIX PaJUOHYK/IMAOB B
AbIMOBbIE LWAEH(DBI. MOXHO JMIIbL YTBEpXKAaTb, UYTO 3anacbl JWIIANHWUKOB B

CeBEPHbIX palOHaX TAaKKe BbILLE, YEM B CPEAHUX U KOKHBIX pertoHax CHOUpH.

Tabnaunua 24. ExxeroaHblii BLIHOC 3JIEMEHTOB M3 NOKapuil B Leaom ajis Cudupu

| Cd Hg Se Sb As Pb Zn Mn U
2 0,16£0,06 0,06+£0,08 0,29+0,12 0,76£0,32 2,6+1,1 14,9£5,1 35,2+£10,9 436185 1,620,7
3 30,6x11,6 33,589  51+31  30,1£16 12+5.8 12,8+6,7 13,617.8 19,7£8,2 22+10,2
4 1,76 0,66 3.2 8,3 28,6 164 387 4,8 kr 17,6
A 8.8 3.3 16 41,5 143 820 1935 24 TbIC. 88
6 2,7 1,1 8.1 12,5 17,2 105 263  47teic. 194
[lpumeuanue: B nepBoil cTpoke: | — 3JE€MEHTBI-MUIrpaHThl; 2 — CpeaHee

coAepKaHUe B MOACTUIKE (r/T): 3 — smuccus, %: 4 — cpeaHuii 3anac B JIECHOI
noacTuinke Ha | ra (r); 5 — oOwmii 3anac Ha 5 mJH ra (T1); 6 — NoJIHas 3MUCCHUS U3
5 maH ra ().

Mbl HE CTajlu nepecMaTpuBaTh JaHHbIE MO UCKYCCTBEHHBIM PaJHOHYKIUAAM,
MOCKOJIbKY  HUX  yJelbHass  aKTUBHOCTb  MOCTOAHHO  CHMIKaerca  U3-3a
CaMOIPOM3BOJILHOrO pacnaja. M jgaxe Kk nepBoMy BapuaHTYy MOJICUETOB ClEAYET
OTHOCUTBCH KaK K OY4E€Hb HEYCTOMUYMBONH OLIEHKE, NOCKOJIbKY CBEeHUs COOMpanuch
KOJJIEKTUBOM Hawei nadopatopur ¢ 1991 no 2014 r. Kanuii u Topuit oObIYHO
HaKanJUBaKOTCA B NOXKapULLAaX, MNO3TOMY W3 PaJUOHYKIMAOB B Tadauue
NPUCYTCTBYET TOJILKO YPaH KaK OMH UX 3JIEMEHTOB-MUIPAHTOB.

JanbHUi nepeHoC MUTrPUPYIOLIMX 3JIEMEHTOB BO3MOKEH TOJBKO TMpH
BEPXOBbIX MOXKapax, a COOTHOLIEHUE MX KOJIMYECTBA C HU30BBLIMM MOKapamu —
Be/IMUUHA >(deMepHas U Naneko He NoCTosiHHas. HecOMHeHHO, A1 OrpoMHbIX

npocTpaHcTB CUOUpU ANMTENBHOE HAXOXKAEHWE B aTMocdepe 3TUX KOJIHUYECTB



pPTYTH, KaaMHsl, CBHHUA W APYIMX CTAOMIIBLHLIX JJEMEHTOB M HCKYCCTBEHHBIX
paAMOHYKIMAOB camo no cede BpAd JM ONacHO, ¢ CAHHUTAPHO-TUFHEHUYECKOM
TOYKH 3peHusA. OQHaKo pewieHre 3TOoH NpodfieMbl JIEKHT 3a pamMKaMH HallUeH
KOMMNETEHLUWH. Mbl JHllIbL NO3BOAMM OOCYAUTbL CBOE€ OTHOLIEHHE K HEH B
OT/Ie/IbHOM pa3sjerne.

B 3akiioueHue OTMETHM, YTO MOACYET MacliTaboB MUrpaLlMd U3 TMOKapHlil
KaKWX-TO KOHKPETHBIX 3JIEMEHTOB MJIM WX TPYIN — AeN0 AOCTAaTOUHO CNOMKHOE W
Tpebytowee Gonbioro kKonuyectsa wHpopmauuu. [TosToMy 0ObIMHO NMPUBOAATCS
JJAHHbIE C OYE€Hb LWWPOKUM BapbUPOBAHHMEM OLEHOK. [IpyMepoM TOMY CHYKMT
NPHUBEICHHAsA B Havajie riaebl ccbulka Ha padboty CuHHepemnsl u [leppone, rae
OLIEHKA €)KeroJJHOW 3SMUCCHH PTYTH OT JIECHBIX MoxkapoB B Poccuu paznuyaercs B
7.3 paza (3,4-24.,8 1/r). Hawa oLieHKa HUIKE HAYa/bHOrO 3HAYEHUA, NPUBEICHHOIO
3TUMMU aBTOpaMu. HO, BO-NMEpBbIX, MOBTOPUM, YTO OHA MMUHUMAJbHA, MOCKOJKY
JIAHA TOJIbKO HA OCHOBE BbIFOPaHMUA JIECHBIX MOJCTHJIOK, a BCe ocTaibHbie JII'M B
HallUX pacyeTax He y4yacTBYOT. BO-BTOpbIX, HALKM 3HAUEHUSI OTHOCATCS TONbKO K
noxkapam CUOMpPU, HO MOKHO ObITb YBEPEHHbIM B TOM, YTO YpPaIbCKUI PErHOH U
CEBEpPHbIC paioHbl €BPOMNEHCKOH TeppUTOpUM POCCHM TakKKe OXBaTbIBAKOTCS
nokapamu, HMHOrJa B HEMEHbLUEH cteneHu. OaHaKO coaepKaHue, Harnpumep,
paJMOHYKJIMA0B B TEX JaHAwWagdTax BbIE, MOCKOJbKY OHM OOMbLIE MOCTpajaiyu OT
UepHoObinbekoi apapuu. [1ono0HOE 3aMeYaHue U K TAXKENbIM METANIaM OTHOCHTCS
B TakKOH K€ CTeNeHU: MNPOMbILJICHHAs W aHTPOMOJOrMvecKasd Harpyska Ha
nanawadTbl ETP ropazno Bbiuie, yem B Cubupu. K Tomy e U npeumyiecTBeHHOE
JNBUIKEHUE BO3AYLIHBIX Macc C 3arnaja Ha BOCTOK B CEBEPHOM TMNOJIyLIApUU
MO3BOJISAAET TMEPEHOCUTb TSAKEAbIE METaMbl  OT MPOMBILUJCHHBIX PAHOHOB

EBp0ﬂ€ﬁCKHX CTpaH I'JlIaBHbBIM OGDEBDM Ha 3arajiHblC PCriOHEI HaLlueu CTpaHGl.



[JIABA 11. BUOTEOXUMUYECKUE ACIEKTbI IOCTIIMPOI EHHbIX
TLJIOMIA TEI

Camo ¢co0Oil nNOHATHO, YTO €CTECTBEHHOE BOCCTAHOBJIEHHE JIECHBIX
HacaXX/IEHWH Ha ropesbiX MJIoWaadx Mociie rnoxapa 3aBUCUT OT MHOMMX TPHUYHH.
Kak OblL10 OTMEYEHO, HA NOXKAPULIAX OT HMW30BLIX [10KAPOB, MPOU3OLLEALLIUX
BECHOMH, HEKOTOpbIC TPABAHUCTLIE PACTEHHsi M TPpUObl HAYUHAKOT PacCTH yKe K
oceHU. Ha cneayrolimii roa nosiBaAsOTCA LWHWPOKOJIUCTBEHHBIE MOPOAbl — OCHHA,
Oepe3a, uBoBble. [lpuueM, pacTyT OHM OUY€Hb ObICTpPO Osaroaapsi MOBbLILLICHUIO
MJIOJOPOAHBIX CBOWMCTB NMOYB B pPE3yJbTaTe O00ralleHuss UX 30J10M. ECTECTBEHHbIM
nyTeM XBOWHbIE APEBECHbIE MOPOAbl HAYMHAKOT pacTH Ha TpeTHH roja, a B
pe3yabTaTe PEeKYAbTHBALMOHHBIX MEPONPHUATUH cpasy Mnocne noxapa, Kak 3TO
OTMEYAJOCh HaMW HAa HMKOJAEBCKOM Mo)Kapuiue B ANTalWCKOM Kpae, rae nocje
OCEHHEr0 NOBABLHOIO NOKapa Y’kKE C BECHbBI LLIJIK BOCCTAHOBUTEIIbHBIE padOThI.

Ha noxapuwax oOT HMU30BBIX MOXKApoOB ObICTPO BOCCTAHABJIMBAETCH
pPaCTUTENbHOCTb, TOrAA KakK TMpH MOBaJbHbIX BEPXOBbIX MOKapaX OCTAETCH
NpakTHYeCKH BblkKeHHas 3eMas. Ha ¢ororpadpuu 2010 rona (Ne 15) nokasano
OAHO W3 MOXKapuil, BO3HUKWIMX B 1997 r Ha oro-zanaae JEHTOYHbIX OOpOB. 3a
yeThlpe roga A0 MoMeHTa ¢doTorpagupoBaHus Ha Hem ObllM  MPOBEICHBI
PEKYJIbTUBALMOHHBIE padOThl, OJHAKO CaXKEHLbI COCHbl NMPUIKHIUCL HE BO BCEX
mecTax. Ho OKoJI0O HECropeBLUMX YYAcCTKOB Jieca YK€ MOSABHJIHCH PEAKHE COCHBI,
B30oLIEIIME camoceBOM. [lo-BUaAMMOMY, MX CEMEHa Monajiu Ha oOOoraileHHbIE
30J10i yyacTKu noxapuwa. IlogBneHue Ha rapsax camoceBa COCHbl MPOMCXOAUT
yepe3 2-3 roaa nocne noxkapa. C aApyroil CTOpOHbl, HA OJAHOM W3 MOXapuil OT
HU30BOrO noXxapa B JEHTOUHOM Gopy, KOTOpoe Mpou3owwio B koHue anpens 2007
r., HAMM BO BTOpPOH TMOJIOBMHE aBryCTa TOrO K€ rojJa OTMEYAIUCh HE TOJIBKO
MacisaTa U pbKMKH, HO M 00poBUKHU. [IpH NoBasbHLIX BEPXOBBLIX NOKapax OCTAETCs
NPaKTHYECKU BbDKKEHHAA 3eMad. Jlpouecchl pocra CaXeHUEB NPy peKYJIbTUBALIMH
MnoJkapuil, OkasbiBaroTcs 0osnee BLICOKMMH, yeM Yy camocesa [[lapamonos, 2002].

BH,[I,MMD, 3TO HC BCCriaa TaK, MOCKOJIbLKY Ha TIMNoXapuume OKOJO A. EpeCTHaﬂ



(HoBocuOupckas obnacte, 2007 r.) COCHBI HayajJlM pacTé CaMOCEBOM YK€ Ha

CIEYIOIIUNA TOA.

®oto 15. Tenepr Hano xaarb 80—-100 ner, korga Ha 3THX ThICAYaxX TEKTapoOB
BO3POJUTCSA JieC B OBIJIOM BUJIE.

[IpenMyLLIeCTBEHHAS YACTh JIECHBIX [MOYKapOB, BO3HUKAIOLIWX B KOHLE BECHHI,
OTHOCUTCA K HU30BBIM BUJAM, ITOCKOJIbKY Ha3€MHbIE TOprOYMe MarepHalibl He
YCNEBAKOT BBICOXHYTH MOJHOCTBIO. Hepeaku HU30BbIE MOXKAaphl U B JIETHEE BpeM4,
OJHAKO B [MOCJEJAHUE TOAbl OTMEYAETCA POCT UHTEHCHUBHOCTH W YBEJIHWYECHUE
miaowaad noxkapon. Iloxkap conpoBOXKIaeTcs KapJAWHANBHONW IEPEeCTPOMKON
MOYBECHHO-PACTUTEIBHOrO MOKpoBa. CaMbIMU Ba:KHBIMH (PaKTOpaMHu, OT KOTOPBIX
3aBUCHT JlaTe€palIbHOE TIepepacipeie/iecHlie KOMIIOHEHTOB ropeliblX MOYB, CIIYKaT €€
rpanynomerpuqem{nﬁ COCTaB H TI'pPaBUTALIUMOHHBIC TTOKA3aTCJIH. Jlerkue 3o0na u
caxka, oOOyrJieHHble (parMeHTbl MEIKMX BETOK MW  KOpbl, a TakKke
MOy pasJ0KUBLIHECS HX OCTATKH MO/ BO3AECHCTBHEM BPEMEHHBIX BOJAHBIX MMOTOKOB

(mokKaeH, TajibiX BOJA) U BETPOB MEPEMELIHBAIOTCA B CaMbIX BEPXHMX FOPU30OHTaX



WAM  nepeMellaloTcss B TMOHMIKEHHblE  y4yacTku  penbeda. EctecTBeHHO,
nepeMELICHUE MaTtepuana ¢ pasnuyHbIMH (PU3HUYECKUMH MOKA3aTeNAMHU BJICHET 34
COOOM MU M3MEHEHHE HCXOIHBbIX NEOXUMHUYECKUX nokaszarenei. Tak, Ha OJAHOM W3
No)Kapuill B  KOro-3anagHoi 4acTW JIGHTOUHbIX OOpOB AKOHHLIH  penbed
CMOCOOCTBOBAJ HAKOMJIEHHIO 30/IbHO-CAXKUCTOrO MartepHana B TMOHWIKEHHbIX
yyacTkax. HMHoOrpa KoJM4ecTBO MpPOAYKTOB CropaHus (30/bl W CaXXHUCTOro
Matepyana) pocturano 90 % B BepxHeM 2-CaHTUMETPOBOM cJioe. H3mMeHeHue
COACpKaHHH Bcex 0O€3 HCK/IIOUEHUSA DJJIEMEHTOB YETKO  OTPasuioch B
rpaBUTALMOHHOM MNEpeMeLUeHUH MaTtepruana rapu. [Ipn 3ToM 31€MEHTBI-MUTPaHTBI
CKOHLCHTPUPOBAJIMCh B OOOrami€HHbIX 30J10M M CaXeHW yuyacTKax ¢ pasHHULEi
OTHOCHUTEJIbHO COJIEpPI)KaHUs Ha OCTallbHOW Naowaau B ASCATKH MPOLEHTOB, a
COJIEpPXKAHHE PYIHbIX 9SJIEMEHTOB (XpOMa, HHUKeEas, Kobanbta W BaHaaus)
yMeHblniIoch (Tad. 25). Cpead MUrpaHToB pe3ko obocobunach ptyTh. Ecan and
KaaMMs, CBHHLUA, UHWHKA, paauouLe3us W paJHOCTPOHLHA pa3HULA COCTaBJACT
coOTBETCTBEHHO 93, 77, 82, 98 U 52 %, TO AN PTYTH OHA UMEET CaMO€ HHU3KOe
3HauyeHue — 10 %. HecOMHEHHO, MOBBILLIEHHAs NETYYECTh €€ ABHIACh NPUYUHOM
MOHHUIKEHHON CBA3M C 30JIbHBIM MarepuanoM. HepaBHOMepHOe pacnpeaeieHHe
30Jbl MO MUIOWAAH TOXKAPHLIA SBUIOCH TMPUYUHOH  BbBICOKOrO  pasjiduMs
COAEpKAaHUN PYAHBIX JIEMEHTOB HA Pa3HbIX Y4acTKaX 3TOW BBITOPEBLUCH 3EMJIM.
Ha ewe oaHoM noapuile B JEHTOYHBbIX Oopax ANTAaHCKOro Kpasi cpeaHss
yAaelbHas aKTUBHOCTb MJIYTOHMSI B ropeliibix nousax cocrasuia 2,02 bk/kr, a B

30J1€, CKOMUBLICHCA HAa MOHMXEHHOM YUYacTKE B YEThIpE pa3a Bbile — 8,43 BK/KT.

Tabnuua 25. CoaepkaHue CTaOUILHBIX EMEHTOB (MI/KI) M MCKYCCTBEHHBIX
panuoHYKIuA0B ( bK/Kr) Ha pa3nuuHbIX yuacTkax TanuuKoro noxapuiia

Cd Pb Cu Zn Mn Cr Ni Co Sb V He Sr° P'Cs  Pu

|

2 005 12 10 17 261 33 21 9 02 40 0036 53 3 0,28
3 071 52 52 92 550 28 14 8 046 34 0,04 11 163 149
4 +93 +77 +81 +82 +53 -15 -33 -1l +57 -15 +10 +52 +98  +8I

[Ipumeuanue: 1 — snemeHTbl, 2 — npoba ¢ yuacTka, rae MoOYTH OTCYTCTBYET

CaKMCTbIH Marepuan, 3 — npoba ¢ yyactka, 00OraieHHOro CaXucToro marepuana;
4 — npoLEHTHOE OTHOoLLIEHHuE 2/3.



[Ipy onpeaeneHHbIX naHAWAPTHBIX YCAOBUAX BETPOBbIMM W BOAHBLIMM
(hakTOpamMu JNIE€rKue€ COCTaBJISIIOLIME TOPEAbIX NOYB BBIHOCATCA 3a MpPEACbl
MoYKapuila, OCaXKJasCb HAa HOBBIX MUOLIAASAX W, CJENOBATE/IbHO, U3MEHAA WX
reoXMMUYECKUil (poH. Bee 3TO OTHOCUTCS K HA3EMHOMY NEPEMELIEHHIO MaTepuraa.
Ho npuBeneHHble BbIlLE [JaHHbIE CBUAECTENLCTBYOT O TOM, UTO BO3AYLUHBIA
NEPEHOC 3JEMEHTOB WUrpaeT MpH MOXKapax HE MEHbIIYIO pOdb MU, NO-BUAHMOMY,
Oosee KUpoKre MacluTadbl.

bonee rny0okHe HHTEpPBAJIbI NMOYBLI 3aTPArUBAKOTCA MEPEMELLIUBAHUEM TPH
MPOBEAEHWH  PEKY/bTUBALMOHHBLIX  padOT  AJIi  BOCCTAHOBJIEHHSA  JIECHBIX
HacakneHui. Tak, Ha noxapuue okono n. HoBoeropbeBckoe (AnTaiiCKHil Kpait),
obcnenosaHHom Hamu B 2000 r., paauouesuii 6611 0OHAPYIKEH TOJNILKO B BEPXHEM
5 ¢M cnoe ropenblx noys. Yepes Tpu roja, KOraa Ha noxapuiie Obuld NMPOBEIEHbI
pPEKY/NbTUBAUMOHHBIE MEPONPUATHA C MNPUMEHEHHEM TEXHWUKH, pPaJUOHYKITUI
3a()UKCUPOBAH MpakTHuecku no Bcemy 40-cantumerpoBomy npodunto nousbl. Ha
no)kapuilie OT BEpXOBOro MOBaJIbLHOrO Mnoxapa B paioHe n. MupHblii (AnTaicKuii
Kpai) yaenbHas akTMBHOCTb PaMOLE3Hs HA HE3ATPOHYTHIX YEJIOBEKOM Y4acTKax
coctaBuna 23,7 bk/Kr, a Ha peKyIbTUBUPOBAHHbIX — TOJIBKO 7.

Ckopee Bcero, MnpupoAHblit (akTop B Mnpoueccax nepepacnpeacicHus
3JIEMEHTOB B MOCTMNUPOreHHbIA MEpUoa MMmeeT 0oJiee LIMPOKHE MacluTadbl, Yem
AHTPONMOreHHblH. BO-nepBbiX, MOTOMY, YTO PEKYJIbTUBALMOHHBIE MEPONPUATHS
MPOBOAATCH HE Ha BCEX BBLIFOPEBLUUX NIOLLAAAX M, CIIEA0BATE/IbHO, 3aTparuBatoT
He Oosiee 40 CM MOUYBEHHOrO NOKpOBa. A BO-BTOPbIX, 30J10BbIE U AKBAMPOLECChHl HE
OrpaHUUYMUBAIOTCS  CAHTUMETPOBbLIMH U3MEPEHUAMM, a  CrnocoOCTBYIOT
MEPEMELIEHUIO TOPEOro MarepHana Ha COTHM METPOB W JaXKE€ KHUJIOMETPOB, B
3aBUCUMOCTH OT CHJIbI BE€Tpa WJM MOTOKOB TajblX W A0KAEBbLIX BOA. MeHblIHe
mMaclTabbl HMEET rPABUTALMOHHDbIA PaKTOpP, AEHCTBHE KOTOPOro KOHTPOJIUPYETCH
neTansiMM pelibeda, a OHU B HEKOTOPbLIX palOHaX UMEKOT HEDONbLLIWE pa3Mepbl.

JIns  paccMOTpeHMs OUOreOXUMMHMUYECKUX  BOIMPOCOB  MOCTIMPOreHHbIX
nnoiuaaeit Obl1 BoIOpaH yaoOHbIN 00BEKT, pacnofioXKeHHbIH B pailoHe n. EpecTHas

Ha Oepery HoOBOCHMOMpPCKOro BOAOXpaHHW/IMILA B COCHOBOM OOpY C OTYETIMBO



BBIPDAKEHHBIM J0JIOBBIM penbedoM W JOCTAaTOYHO MOAPOOHO OMHWCAaH HaMH B
rnaee 9. OH npejcraBnser codoii HeGONbILIOe MOKapHille, BO3HUKILEE OT Oeryioro
HHM30BOTrO MOYKapa ¢ pa3IMYHOH CTEMEHBIO BBIIOPAHUS JIECHOH MOACTUAKU. OroHb
pacnpoCTpaHsIICs TOJLKO MO BO3BLILIEHHBIM MECTaM JPEBHHUX JTFOH.

Husosoi Oernbiii noxap npotuen B anpene-mae 2004 r. u Obl1 00cnenoBaH B
HIOJIe TOro ke roaa. PacturenbHeie mMaTepuanbl coOpaHbl Ha MOKapHlLe CHyCcTs
UETBIpE-LLIECTh JIET B CEpeaWHE JIETHHX TEpUONOB. B CHHCOK aHalu3MpyeMbIX
BELLIECTB BOLIH: BEPXHHE 5 CM MOYBEHHOI'O MOKpPOBA, pa3iuyHbIe BHABI IPUOOB,

CTE0JIM U JIMCThS HBAH-Yas U SPYCHHI{H Ha d)OHOBBIX H BBITOPCBLUHX TUIOLLIAJAX,

®oto 16. Mopdosiorust pacTteHuii UBaH-4asi Ha (POHOBBIX (@) M MOCTIHPOre€HHBIX
(6) nnowaisax B Kapakanckom Gopy. Poct yenoseka 183 cm.

[Teproe, uro obpamaer Ha ce0d BHMMaHHWE HA TOPENbIX TWIOLWAAAX, 3TO
OyHHBIE 3apOC/i WBaH-Yas, CEMEHA KOTOPOro OXOTHO MpOpacTaldOT Ha Or'0JEHHOI
OFHEM 3€MJIe: BBICOTA pAcTeHHWil B cpenHeM cocTaBiaseT okoso 160-170 cm, a y
oTAeNbHbIX 0cobeil — Oonee 2 m (poto 16,0). [lo cpaBHEHHIO ¢ HUMHU OJMHOUYHO
npouspacTatlouMii  MBaH-4aii Ha (OHOBBIX TUIOLIAJAAX BBIMIAIUT KapJIHKOM
(doto 16,a): ero pocr He npebiiaer 60-70 cm. Kpome TOro, Ha OTAENbHBIX
JIMCTBAX OTMEUAETCsl TMpOSABICHHE TMOKYXJIOCTH M HEKpPO3a, 4YTO COBEPLUSHHO

OTCYTCTBYET Y pacCTEHUI ¢ MOXKapuiLa.



Mopdosiorusa pacTeHUit — He €AMHCTBEHHOE MOCIEICTBUE HU30BOIO NoKapa
NS pacTeHui, U, HECOMHEHHO, 00sA3aHA M3MEHEHUSIM TeOXMMHYECKOro COCTaBa
MOYB Mnocie mnoxapa. B nOCTNUpPOreHHbI Mepuoa Ha MOoKapullle AaKTHBHO
NPOU3pacTaloT pasfiMuHble TpuObl (NMPEHMYILHECTBEHHO MacifaTa W PbIKMKH),
reOXMMHUYECKUA COCTAB KOTOPBIX CYLUECTBEHHO OT/IMUACTCS OT WX aHajlorop ¢
(hOHOBBIX TEPPUTOPHIL. DTO NOATBEPKAAIOT AaHHbIE Tad. 3, aHANU3 KOTOPbIX HE
MO3BOJISICT YCTAHOBMTb OOULYIO 3aKOHOMEPHOCTb AJIsi BCeX IpUOOB M pacTeHMid
OTHOCHUTEJILHO pa3HULUbl COAEPIKAHWs SJIEMEHTOB B 00pasuax ¢ (DOHOBLIX U
BbIFOPEBLUNX IJIOLLIAAEH,

JU1s BbIACHEHHMSI MOCTIIMPOreHHbIX 0coO0eHHOoCcTel Obuin coOpaHbl 00pasLibl
MOYB, HEKOTOPbLIX 3€JEHBbIX PacTeHWH U pa3Nu4HbIX TPUOOB, aHAJIOrH KOTOPbIX
MOKHO ObLJ1I0 00OHAPYKUTb HA (POHOBBIX TEPPUTOPUAX, HE MOMABLUKX NOA BIHAHUE
noxkapa. B komiekuuio npoaHaau3MpoBaHHbIX NpUOOB BOLIM pblkUKU (Lactarius
deliciosus), macnara (Suillus luteus), moxoBuku (Ixocotrus varigatus), JUCUYKH
(Cantharellus cibarius Fr.), oneHku (Armillaria mellea), nonocuHoBUKH (Leccinum
aurantiacum). U3 3eneHbIX pacTeHWil yaanoch coOpaTh JUCTbs U cTeOJIn Kunpes
(Epilobium) n nuctba OpycHuku (Vaccinium vitis-idaea).

CpaBHeHHe (OHOBBIX MUIOLAAEH U MOXKAPULLA B LIEJIOM MOKa3bIBAET, UTO HA
rapu ocrtanocbk MeHblie Cd, Hg, Zn u Mn, yem Ha ¢oHOBOIH muowmand. AHanus
AHAJIMTUYECKUX NAHHbIX MOKa3bIBAET pPe3KOoe KoJiedaHue COAepKaHUsi OTAC/bHbBIX
3JIEMEHTOB B pa3HbIX BUAaX rpuOoB. Hamnpumep, KOHUEHTpauuss KaaMus B
JMCHYKax U onsTax Ha (GOHOBOM Miowaau paznuvaercs 6onee uem B 15 pa3 (3,3 u
0,067 Mr/kr cOOTBETCTBEHHO), a Ha noskapHiue — B 49 pa3! PblKMKH U MOXOBUKH
coaepKar pTyTH OOJble, 4YeM BCE OCTallbHblE BWAbl TPUOOB; B CPaBHEHUH C
rpybamyu  JIMCTbA OpYCHUKHM, CcTe€OIM M JINCTbA MBaH-4asg 3aMETHO MEHbLLIE
3arpsi3HeHbl 3TUM OMNACHLIM 3JIEMEHTOM, HO OXOTHEE HaKarnjiuparOT CTPOHLIMM
(B 92 paza!). [lpu 3TOM KMnipel B ThICAYM pa3 Ooraye KajMeM U KaJlbLIMeM, a JIMCThbS
OpycHUKM KanuweM o0eaHeHbl. OTcloaa M WUAPOKHI  pa3dpoc  3HaAYEHMI
Ko3(pdbuuMeHToB OMONOrHuyeckoro norioieHus (K,) HEKOTOpbIX 3JIEMEHTOB-

MUTPAHTOB CPeAU pa3MYHbIX pacTeHnit (Tadu. 26).



Tabnuna 26. CoaepxkaHue (Mr/Kr) TSxKeNbIX METAJJIOB (BTOpasi CTPOKa) Ha
(DOHOBBIX W BLIFOPEBLIMX (TPETb CTPOKA) MAOWAAAX B paiioHe . EpecTtHas

Cd Hg Pb Cu Zn Mn Cr Ni Co V Mg

0,133 0,087 22,0 10,1 323 716 238 156 6,1 357 0,26
0,083 0,057 22,1 10,5 279 642 260 17,0 66 37,6 0,29
-37,6 -39.1 1,0 +38 -13,6 -103 +8,5 +82 +7.7 +5,1 +10,3

[Ipumeuanue: Bropas cTpoka — coaep:kaHue (MI/Kr) 31€MEHTOB Ha (POHOBOIA
NIOW@ANK, TPeTbs CTPOKA — TO K€ Ha MONKAPULUE, HHKHAS CTpoKa — %
BbIHOCA/HAKOMNJIEHHUS ANEMEHTOB. 1N % Sr, *"Csu 2397299PYy BLIHOC COCTABMIT -18,1,
32 u 14,5 % COOTBETCTBEHHO.

Hanpumep, Kaamuii OXOTHO KOHUEHTPUPYIOT PbDKMKH, MOXOBHKM U
OCOOEHHO OMATa, LUUHK — PbIKUKH, JIMCUYKHA, MOJOCHHOBUKH U MacasaTa, Y Kunpes
JIMCTbSA JIy4llle MOMJOIAT KaJIMUI, YeM CTEONIM, HO T€ U APYTHE UHMEIOT BEIMUHUHY
K<l nns Bcex ocTaiNbHbIX 3N1€MEHTOB. JINCTbA OPYCHUKU KOHUEHTPUPYIOT TOJBKO
MapraHell, HO OY€Hb SHEPrMyHO OYMILAKOTCA OT CBMHLA, MEAM U PTYTH, ANd
KoTopbIX BearunHa K,.<0,5 (tabn. 27).

B uenom xe MOXHO yBEPEHHO KOHCTATHPOBATb YMEHBLUCHHUE COIACPHKaHMS
CBMHLIA U MapraHiia y BceX rpu0OB U HaKOMJIEHHE KaAMHUA U PTYTH B OOJIbLLIWHCTBE
npo0 Kak ¢ (pOHOBOM, TaK U C ropesnoi miomanci. Y 3Tux 3J€MEHTOB OObIYHO U B
JAHHOM Clly4ae OTMEYEH cCaMblii BbICOKMH MOKa3arejlb MUIrpauuu Mpu JIECHOM
noxkape. Ha 3TomM (hoHE HEMOHATHBIM BbIFNIAJAUT HE3HAUMTENIbHAS pa3HULIA
cojepKaHus pTyTH B rpubax ¢ (oHoBOil U ropenon TeppuTopuil. CTpaHHbIM
MPEACTABNSIETCS TaKKE€ YCTOMUYMBOE YMEHbLIEHWE COAEPIKAHMSI CBUHLIA BO BCEX
npobax rpubGoB (Mckawouas MOAOCHHOBHKM) C BbIrOpeBllUeH niow@aan Ha ¢oHe
OTCYTCTBHS €ro BbIHOCA NMpH noxape. MHTEPECHO OTMETHTL M NMOBBILLEHHOE (MOYTH
B 1Ba pa3a) COAEpPKaAHHUE LMHKA MOJOCMHOBHKAMHU B CPaBHEHMM C MaCiIATaMHU M
MOXOBUKAMM, HECMOTpPA Ha TO, 4YTO BCE OHHU OTHOCATCA K TIyd4aTbiM
npeactaButenam. Ilpu 3ToM, oaHako, KO3PGUUMEHTHI MOTIOWEHHS Y BCEX NPHOOB

npesbiwatoT 1.



Tabauua 27. KospdpuuueHTsl KOHUEHTPALMK SDNEMEHTOB B rpHOax M 3€JI€HbIX PACTEHHsX

Cd Pb Cu /n Mn Hg

S 4.6 0,07 0.59 2,67 0,009 172
4,2 0,04 0,38 3,53 0,011 2.8

Macsima 112 0.04 0.73 2.75 0.009 0.66
0,96 0,07 0,50 1,90 0,017 1,19

MOXOBHKH 3,53 0007  0.84 1,54 0.007 4.71
3,25 0,007 0.84 1,72 0,009 1,75

[ P 098  0.007 3.37 2.45 0.043 0.57
0,81 0,045 4,57 3,08 0,022 0,47

Onsta 15.03  0.045 1.48 1.98 0.022 0.54
39,5 0,028 5,09 2,36 0,022 0,74

Momocumopmku 122 Q041 396 3,68 0.001 2.76
1,69 0,068 2,0 2,90 0,019 4,38

Kunpeit, THeT 1.8 0015 0.4 0.87 0.18 0.22
’ 1,0 0,007 0,46 0,57 0,36 0,26
Kunpeii, cre6ns 083  0.013 0.35 0.59 0.18 0.15
’ 0,96 0,009 0,53 0,68 0,05 0,19
BisycHi, nHeT 053 0021 037 0.62 2.04 0.23
’ 0,36 0,019 0,25 0,61 3,29 0,19

[Ipumeuanune: Hap ueptoii K 31€MEHTOB Ha CBEXKEH MUIOLLAAM, NMOA YEPTOH TO KeE
camoe Ha noxapuuue.

OyeHb HU3KOE coaepKaHME MapraHua BO Bcex npodax rpudos, Oosee
BLICOKOE B JIMCTbAX M CTEONAX KUIpEs U OYEHb BbICOKOE B JIMCTbAX OpYCHMKH, a
TAKKE NMPEANOUYTHTENbHOE HAKOMJIECHHE LMHKA rpudaMu U OTTOPXKEHUE 3€/E€HbIMU
pacTeHUsAMM — BCE 3TH JaHHblI CBUIETE/bCTBYIOT 00 U30MpaTeNbHON TOJEepaHOCTH
pa3IHvHbIX ﬂpeﬂCTaBHTﬁﬂeﬁ JIECHOH PACTUTEINBHOCTH K OTAC/IbHbIM 3JIEMCHTAM.

B o0wmXx ueprax aHalMTUYECKHE pe3yabTaTbl MOATBEPKAAIOT [PaBUIO
HEOXOTHOrO MNOrJIOWEHHA rpUdaMH W NMPOYUMH PACTUTENIbHBIMH OpraHUu3Mamu
OOJILILUMHCTBA HEOPraHWYECKUX KOMITOHEHTOB MUTATENbHON cpeabl. OaHako A
HEKOTOPBLIX  pacTeHUH  TpeOYIOTCA  HECKOJILKO  MOBBIWECHHBIE  COACP/KAHMS
OTAC/bHLIX  MHUKPOAJIEMEHTOB, KOTOpble JMOO  CBA3BLIBAKOTCA B COCTaBe
“metannogpepMmenTor”’, MO0  chayxKar  KaraauzaropaMu  (PEpPMEHTATHBHBIX
NpeBpalleHnit, Kak 3T0 OTMeuaeTcd, HarpuMep, JJis MapraHua B LMKJIe JTUMOHHOI
kuciaotbl [Mionnep, Jlébdnep, 1995]. TlosToMy aKTMBHOE HAKOMJEHHE 3TOrO
AJIEMEHTA B JIMCTbAX W CTEONAX MBaH-4as WM B JIMCTbAX OPYCHHKW — TOJIbKO

HCKJIFOYEHUE U3 NMEPBOro MOJIOKEHUSA, MOATBEPKAAtoLIEe 0011ee NPaBUo.



[IpeacraBnsiercsi 3aKOHOMEPHbIM HU3KOE COJAEpXKaHME MapraHua BO BCeX
npobax rpubos (B cpeanemM 11,5 mr/kr), 3HauntensHo 6onee Bbicokoe (205 Mr/kr) B
JIMCTBLAX M cTeONSX UBAH-Yad U OUYEHb BbICOKOE B JIMCTbAX OpycHukHM (1785 mr/kr).
LlMHK, HanpoTHB, OXOTHEe HakanjuBaetrcd B rpubax, NpUUYEM €ro KoJIMYecTBa
MPEBLILLAIOT COJAEpIKAHUE B MOACTHIIKAX. DTO CBUAETENLCTBYET 00 U30MpaTE/IbHOM
KOHLEHTPUPOBAHUM MapraHua 3eJeHbIMM pacTeHUAMHU U LMHKA rpuOamH.

HecoMHEHHO, OTMEUYEHHBIMM MEXaHW3MaMU HE OrpaHUYMBAIOTCS TPUUYMHBI
TOFO WJIM HWHOrO B3aUMOOTHOLUEHUS TpHOOB M  3€JIeHbIX pacTeHUH ¢
MUKPO3JIEMEHTHBIM COCTaBOM CcyOcTpaTa MX MpOoU3pacTaHus (B HALLEM Cliyyae 3TO
necHas rMnoactunka). Hanpumep, UMHK BbINOJAHSAET BaXKHble (QYHKLIUMU B
MeTabonu3Me pacTeHuil, a CKOpOCTb M KOJIMUECTBO €ro TMOrJIOWEHHs CHJIbHO
KosieONeTcs B 3aBUCHMOCTH OT BUJA pacTeHUH U ycnoBUi uxX oOutaHusa [Kabara-
[lenanac A., Tlenauac, 1989], uro u HaGnropaerca y HMBaH-yas M OpPYCHHKM.
[Mpumep ryOGuatbiX rpu0OB MaciasaT U MOAOCCHMHOBUKOB ¢ MX OOMbLION pa3HHLUEN
COACpKAHUA PTYTH HE €AMHUYEH. AHAIONMYHbIE PE3yabTaTbl AAeT CpPaBHEHHE
MJIacTUHYaThLIX TPHOOB. VY JIMCHYEK W PbLHKMKOB HaOMOOAETCs LLECTHKPATHOE
pacxoxaeHue coaepxanus ptyT (0,027 n 0,16 r/T COOTBETCTBEHHO), XOTA BCE OHH
coOpaHbl Ha nuowaau, He npesbiwarowed 0,5 ra. Jna mapraHua XapakrtepeH
NPEeUMYLLIECTBEHHbI NEPEeHOC B pPacTEHUAX B MEPUCTEMHBIX (pacTyLUMX) TKaHSAX,
NO3TOMY €ro OTHOCHUTE/bHO TOBbILIEHHbIE KOHUEHTpALMKW OTMEYaroTes, Kak
MpaBuJIO, B MOJIOAbIX OpraHax pacTeHWil. 3TOT 3/1eMEHT B MOYBEHHbIX pacTBOpax
o0pa3zyeT wueablii psig NpOCTbIX M KOMMNJIEKCHbIX WOHOB, a TakkKe OKCHA0B
pasnuuHoro cocrtasa. CoelMHEeHHUs MapraHua crnocoOHbl ObICTPO OKMCAATLCA WM
BOCCTAHAB/IUBATLCS B M3MEHUMBLIX YCJIOBHUAX MOYBEHHOH cpeabl. Ero okcuaHble
COE€IMHEHHS  CNIY’KAT  OTJIMYHBIMM  COpOEHTaMM  TAKENbIX  METANIOB MW
pPaJMOHYKJIUWAOB, YTO MPH AOCTATOYHO LLIMPOKOM pPa3BUTHM MapraHua B MOuBax
MOJKET OCJIOKHATL B3AMMOOTHOLLUEHHE MEPEUNCNEHHBIX INIEMEHTOB C PACTEHUAMM.

[To-BHaAMMOMY, Kakasf-TO poiib B MOCTYIJICHHH SJIEMEHTOB B PAaCTUTENbHbII
OpraHU3M MPHHALICKUT U MX AHTArOHUCTUYECKUM cBoOMcTBaMm. Jlna npumepa:
MapraHlel, OTJMYaeTCd AHTAarOHHCTHYECKUM  B3aMMOOTHOLUEHHEM C  MEIbIO,
)xene3om, GochopoM U IpYrHMU JIEMEHTAMHU, UYTO TAKIKE 3aBUCHUT OT H3MEHEHHMS
NMOYBEHHLIX YCNOBUH. PacTBOpUMOCTb M AOCTYNMHOCTb LIMHKA AJI9 PacTeHUid B
NouyBax CHJIbHO 3aBMCUT OT HACBILIEHHOCTH PacTBOPOB KalibLIMEM U (ochopom, ¢

KOTOPbIMH Y HEro oOHapyKUBaeTca OTpuLaTelbHas Koppeasuus [Tam xe.



DTHU NPUMEPBI OTHOCATCS TOJBKO K JIBYM 3JIEMEHTaM U3 HAILEro CMMCKa, HO U
MX JOCTaTOYHO, YTOOBI MOKa3aTh, HACKOJLKO CJIOKHBI MPOLECCHl TMOBEASHUS U
(GOpM HaXOKIEHUS BCEX 3JIEMEHTOB B MOYBEHHBIX PAacTBOpPaX, B3aUMOOTHOLIIEHHS
MX Mexkay coboii M noctymjieHus B rpuObl W 3efieHble pacteHus. [loatomy
NpUBE/CHHBIE CBEACHMS, a TakKe Hen30ekHble OWMOKM B AHAJIMTHUYECKOH LETH
«npo6ooTdop—> MpoOONOAroTOBKa— aHaliu3», MO-BUIMMOMY, MOTYT CIYKHThb
NMPUYUHON BO3HUKAIOLIMX HESICHOCTEN NpH aHa/IM3e JaHHBIX TalJ. 28.

Ha mocTnuporeHHeIX TIJIOIIAASX OT HU30BBIX MOKAPOB YXkKe 4Yepe3 Troj
NPOUCXOIAT  Jla’)K€ BU3YAJIbHO 3aMETHbICE U3MEHEHHUsI KAYeCTBEHHBIX U
KOJIMYECTBEHHBIX MOKa3aTeliel OTAe/IbHBIX MPeCTaBUTENCH pacTUTEIBHOrO MHUpa:
BO3HUKAIOT HOBBIC IPEICTABUTEIU pacTeHUN (WU YBEJIHUYECHUE KOJIUYECTBEHHOIO
MnoKasaTelis), CeMEeHa KOTOPbIX B OOBIYHBIX YCJIOBHAX HE JOCTHralOT MOBEPXHOCTH
MOYBbL, HO CTPEMHUTEIBHO OCBAUBAIOT €€ OOHAXKEHHBIE OrHeM Iuiowwanu. [1pumepom
B HalEM Cly4ae CIIYXKUT MOJIOJas Mopocib Kumpes, Oepe3bl U OCHHbI HAa Fapd OT
HU30BOro noxapa (cM. ¢oro 17,0). EcrecTBeHHO, MEHAIOTCS U OUOreOXHMHUECKHE

XapaKTEPUCTHKH PACTEHHUIA.

®oto 17. I'pulbl Ha rapsgx OT HA30BBIX MMOKAPOB HAYUHAIOT PACTH B TOT Ke roj (a),
a 6epesa u ocuHa — uepes rog (0).



Tabnuua 28. CoaepkaHue 31eMeHTOB (MI/Kr) B rpudax v pacTeHusX ¢ JOHOBbIX

[ puOHI Cd Pb Cu Zn Mn Ni Co Sh (
PLIKHKH 0.61 LS 6 86 i 1.3 0.07 0.16 0
0.35 0.9 4 93 7 0,93 0,17 0,13 0

MacasTa 0.15 Ld 16 89 7 1.0 0.33 0.15 0
0,08 1,0 11 53 11 0,76 0,33 0,33 0

Moxomn 047 08 85 0 5 0% 017 ol 0
0,27 0.15 8.5 48 7 0,67 0.15 0.27 0

|| — 0.13 0.15 34 79 31 1.7 0.83 0.18 0
0,067 1.0 48 86 14 1.0 0,33 0.50 0

Onsta 2.0 1.0 15 64 16 0.68 0.15 0.25 =<(
3.3 0.64 16 66 14 0,70 - 0.31 <(

[lonocuno-  0.16 0.9 40 119 i 1.0 0.55 0.29 0
BUKH 0.14 1.5 21 81 12 0,7 0.44 0,88 0
Hpan-yaii 0.25 0.32 54 28 130 0.8 0.04 - 0
JucTba 0,086 0.16 4.8 16 231 1.2 0,06 0.
Han-uaii 0.11 0.28 K] 19 132 1.7 0.04 . 0
cTebnu 0,08 0.19 5,6 12 34 2.8 0.04 0
Jlucr 0.07 0.46 3.7 20 1460 0.6 0.14 - 0
OpPYCHUKK 0,03 0.4 2,6 17 2110 0.6 0,22 0

[Ipumeuanue: [IpovyepK — HET JAHHbIX.



Ha baeBckom 00BeKkTE (HM30BOM TMoOkap) B ANTaWCKOM Kpae JIMCTbA
MOJIOABIX Oepe3 ¢ ropenod miIolAad B ABa pa3a KPynmHEE CBOUX (POHOBBIX
aHanoros (dporo 18). B reoXMMMYECKOM OTHOLLUEHUH OHU TaKKE 3amMETHO
paznuyaroTca (tabna. 29). B nucTee ¢ noxapuiua yBENIHYHIOCH COJACPKAHHUE
Nopoao00pasyoOMX 3JIEMEHTOB, MNpUYeM camoe OO0/blIOEe TMOBbILIEHHE
3adukcupoBaHo ans kanusa [JKypkosa, 2013....3 u 7]. HecoMHEHHO, 3TO
O0CTOATENLCTBO CBA3AHO C YBEIMUEHHUEM 30J1bl HA BIFOPEBLUSH NJOLWIAAU: KaK
ObUIO TMOKAa3aHO BbILIE, KAIMH CPEAH BCEX INEMEHTOB HAU0O0€€ MHTEHCUBHO
KOHUEHTPpUpYETCA B 30/1€. ECTECTBEHHbIM HCTOYHMKOM €ro B 30/1aX CJIyXKaT HeE
TONBKO MPOAYKTbl CrOpaHWs PAaCTUTEIbHBIX KOMMOHEHTOB, HO U KaJUEBBIC
NOJIEBbIE LUNATHl — LULUPOKO PacnpoCTPaHEHHbIE MUHEPaJIbl NOYBOOOPA3YIOLIMX
nopoa. DTO JaeT OCHOBAHWE MNPEAnooKuTb, 4TO Bbiropanue JII'M
CONpPOBOXKAAETCA YBEJIMUEHUEM NOABUKHON OpMbl KallUsl B rOpesbiX MouBax.
HUﬂEHH{HHH qJD[JMﬁ HC MOMKCT BO3HUKHYTb OT KaJTHCBbLIX NOJICBbBIX LINATOB,
MOCKOJIbKY OHU CTOAT B paay Haubonee CTOMKHX K BbIBETPHBAHMIO
MuHepanoB. Cie10BaTEIbHO, OHA BO3HWUKAET TOJILKO OT MPOAYKTOB CrOpPaHus
pPacTUTENILHBIX KOMMOHEHTOB. Ha Haw B3rnsa, Takoe [JOMyLIEHHWE He
MPOTUBOPEUUT TMPEAJOKEHHOMY HAMM MEXAHU3MY KaJUMEBOro o0OrameHus
ropesbiX MOYB MPEUMYLLUECTBEHHO 3a CYET KaJMEBbLIX [OJIEBLIX LUMATOB.
[loaTBEPKAEHUEM HTOrO TE3UCA MOXKET CAYXKUTb MMHEpaNbHbI COCTaB
cyneceid M CYrJIMHKOB, cCharalwlux nouypoo0pasyrollie nopoabl paiioHa.
[lpucyTcTBME KaNMEBBLIX TMOJIEBLIX I1UMATOB B TAKUX MNOPOAAX SBJIEHUE
00ObIYHOE.

Tabnuua 29. CoaepxaHue 31€MEHTOB B O€pe30BOii JIMCTBE C (POHOBOH
W rOpesION MJIOLLIAAEH.

Fe K Na Mn Zn Co Ni Cu Cd Cr AsS

¢ 0015 29 382 546 947 033  0.67 4.0 0.2 0,43 9
r 0042 894 104 334  o6l.] 0.4 2.94 4.9 0.14 0,58 15
rp +28 +31 +27 -6 -15 +1.2 +41 +1.2 07 +135 +1,7

[Tpumeuanune: B nepBom crondue «d» - n1aHHbIE NO (POHOBOMH JIUCTBE, «I» - TO
’Ke Ha noxkapuule, r/p — cpaBHeHWe COACPIKAHUI SNEMEHTOB B JIUCTBE C
pasnuuHbIX muowanei (pa3). Fe, K, Na — Bec. %, As — MKI/Kr, BC€ OCTAJIbHbIE
2JIEMEHTbI — MI/KT.



HuTEpECHO OTMETHTH M TO OOCTOATENBCTBO, YTO B JIMCTBE Oepe3 H3
MOYKapPHUILA YMEHBIUMIIOCH COACPKAHUE NEMEHTOB-MUTPAHTOB (Mn, Zn u Cd).
DTO yMeHblUeHHe HeBbIcOKoe (0T 0,7 1o 1,6 pa3a), HO OHO CIIY)KHT €L1e OJHUM
CBUJIETEJILCTBOM MUIPALMK HTUX SJIEMEHTOB W3 MOYB MPH HU30BOM O€Erjiom
noxkape. Ho B TakoM ciiyyae HEMOHSATHO IMOBBILLIEHHE COAEPKAHHS MBILIBbSIKA B
JIUCTBAX C ropenoi rmiowaau. Takoe Oonbwoe pacxoxaeHue (+1,7 pasa)
UCKJTIOYAeT aHAIMTUYECKYIO OLIMOKY, MOCKONBKY OYE€Hb CHJIBHO MPEBOCXOAUT
npeaesl ero 00HapyKeHusa. MOXHO TONBKO Mpeanoaratb H3MEHEHHE POpMbI
HaXOKJAEHHs MBIIIbSIKA NPH MOXKApe MM TOBBILUEHHYIO TOTJOTHTENBHYIO
CIOCOOHOCTh MOJIOBIX JIMCTHEB OEpe3bl K 3TOMY 3JEMEHTY. Becbma BeposaTeH

M CYMMHPOBaHHBIH 3PPEKT ITHX ABYX MEXAHH3MOB.

®oto 18 MopdoJsiorus JTUCThEB MOJIOJBIX Oepe3 ¢ ropenoi (ciesa) U (HoHOBOMH
(cnipaBa) rowmaneil baesckoro oobekTa.

B DSHJ,HX Heprax AHAJIMTUYCCKHC PE3VYJIBTATHI no ABYM
MHPOJIOrHYCCKHM o0beKTaM MNOATBCPKAAKOT oOuiee MmpaBpujio HCOXOTHOI'O

MOTJIOUICHHA ['pHGﬂMH H Npo4YHuMH PACTUTEJIbHBIMH OpraHH3MaMH



OOJILLLUMHCTBA HEOPraHWYECKUMX KOMIMOHEHTOB NUTATE/NbHOW cpeabl. OaHako
JJ11 HEKOTOPbIX pacTeHuil TpeOYIOTCA HECKONbKO MOBLILLIEHHBIE COACPKAHUS
OTACJIbHBIX MUKPO3JIEMEHTOB, KOTOpble JHMOO CBA3LIBAIOTCS B COCTaBe
“metannodepmenToB”, MO0 cayxkar KatanuszatopamMH (pepMEeHTATHBHbBIX
npeBpaileHUil, Kak 3TO OTMeuaeTcs AJjis MmapraHua B LUWKIE JUMOHHON
kucnoTbl [Kabartallenauac, Ilenauac, 1989]. [ToaTomy akTHBHOE HAKOMJICHUE
3TOr0 3JEMEHTA B JIMCTbAX U CTEONAX MBAH-4as WJIH B JIMCTbAX OPYCHUKM —
TOJIbKO UCKITIOUEHHE, MOATBEPKAAIOLIEE 00LLIEE MPABHIIO.

HecoOMHEHHO, OTMEYEHHbIMH MEXaHU3MaMU HE OrpaHU4YMBaIOTCS
MPUYUHBI TOTO MJIM MHOTO B3aUMOOTHOLLICHUA TPUOOB U 3€NEHBIX PACTEHHUI C
MUKPO3JIEMEHTHBLIM COCTaBOM CyOCTpara WX Mpou3pacTaHus (B HalLeM cliyyae
9TO JIECHasl NOACTUAKA). Hanpumep, LIMHK BbIMOAHAET BaXKHblE€ (PYHKUMH B
MeTaboNu3Me pacTeHHI, a CKOPOCTb W KOJMYECTBO €ro MOrJIOWEHHS CHIIbHO
KOJIEONETCS B 3aBUCMMOCTH OT BMAA PACTEHUN WU YCJIOBUM MX OOMTaHUs (UTO
Mbl W HaOJll0aaemM y UBaH-4ast U OPYCHUKH).

Jna mapranua xapakrepeH npeuMyLECTBEHHbII NEPEHOC B PACTEHUAX B
MEPUCTEMATHUECKUX TKaHAX (TKaHAX pocTa), MO3TOMY €ro OTHOCHMTENIbHO
MOBBLILLIEHHBIE KOHLUEHTPALIUKM OTMEYAIOTCS, KaK MPaBuJio, B MOJIOJbIX OpraHax
pacTeHWH. IDTOT 3JIEMEHT B TMOYBEHHbIX pacTBOpax oOpa3yeT uenbli paja
NMPOCTbIX U KOMIUIEKCHBbIX HWOHOB, a TaKX€ OKCHUJI0B pa3/IMUHOrO COCTaBa.
CoeauHeHUS mMapraHua  cnocoGHbI ObICTPO OKHCJIATHCS WJIH
BOCCTaHABIMBATLC B H3MEHUYMBBIX YCIIOBUAX NMOUYBEHHOMN cpeabl [Ilepenabman,
1972].

[lo-BUAMMOMY, Kakas-TO poJib B MOCTYMJEHHH 3JIEMEHTOB B PAacTEHUE
NPUHAAJICIKUT U UX AHTArOHWCTHYECKUM CBOMCTBaM. [l nmpumepa: maprasel
OT/IHYAETCA AHTArOHUCTHUYECKHM B3aUMOOTHOLUEHHUEM C MEAbI, JKEJIE30M
docopoMm M ApYrUMM 3JE€MEHTAMHU, YTO TaKKE 3aBUCUT OT HW3MEHEHMS
MOYBEHHLIX YCJIOBUIl; paCTBOPUMOCTb H AOCTYNMHOCTb LIMHKA /1 pacTeHUii B

noyeax CHJIbHO 3aBHCHUT OT HACbLILWWCHHOCTH pacTBOPOB KaJlbLUUEM H



(dpochopom, ¢ KOTOpbIMU Y HEFO OOHAPYKMBAETCS OTpULATENIbLHAS KOppeasuus
[KaGara-Ilenanac, [lenaunac, 1989].

TH TIPUMEPLI OTHOCATCA TOJNLKO K JBYM 3JIEMEHTAM H3 HaLLEro Crucka,
HO W MX A0CTAaTOYHO, 4TOOblI MOKa3aTh, HACKOJAbLKO CJI0JKHbI MPOLIECChI
noeaeHUs U (popM HaXOXKACHUS BCEX S/IEMEHTOB B MOYBEHHbIX pacTBOpaXx,
B3aMMOOTHOLLEHUS WX Mexay coOoi M moCTynjieHus B rpubbl M 3e/eHble
pacteHusa. [1oaTOMY NpHBEAEHHbLIC CBEACHHUA O B3aWMOOTHOLUEHHM JIECHBIX
rOprOYMX MaTepHaNOB MeKAY COO0H, a TaKke OMOKH B aHAIMTHYECKOH LIenM
(npoGooThop — NpoGoONOAroTOBKa — aHaAU3), NO-BHAUMOMY, MOTYT CJIYKUTb
OTBETOM HA BO3HMKAIOLIME BOMPOCHl TpPU aHAAW3€ MPUBEACHHBLIX 31€Ch
Tabnuu. Ewe oaHo o0CTOATENLCTBO MOKET HWCKaXaTb  pe3y/bTaThbl
B3aMMOOTHOLLEHUS PACTEHUH U MUKPODJIEMEHTHOrO COCTaBa MOYBEHHOIO
MOKpOBa. JTO OJAMHAKOBOE COCTOSAHHUE PACTUTENbLHBIX MATEPHANOB ¢ (POHOBLIX
U ropenblX njowanei. COop Takux marepuanoB 0€3 BIMAHMSA HA HHUX
HACEeKOMbIX M JPYrMX JKMBBIX OpPraHU3MOB HAa KAaKOM-JMOO KOHKPETHOM
NMUPOJIOTMYECKOM OOBEKTE 3ajaya JAOCTaTOYHO TpYAHasd MO MHOIMMM
OOBEKTHBHbIM  NO3UUMAM. [lo3ToMy pelleHWe BO3HUKLIMX  BOMPOCOB
BO3MOIKHO TOJIbKO HAKOMNJIEHUEM HOBbIX JaHHbIX.

B 3akitoueHHe OTMETUM OCHOBHBIE UTOTW M3YUEHHA NMOCTINHPOre€HHOro
COCTOSIHUS  MOYBEHHO-pacTUTENbHOrO nokposa. [leppoe — paznuuHble
pacTUTE/IbHbIE  MHAMBHAbI  MMO-PA3HOMY  pEarupyrOT Ha  W3MEHEHHE
reoxumuueckoro ¢oHa BbiropeBlIWX njoiaaei. Bropoe — ko3 PULUEHTDI
OHONOrMYECKOr0 HAKOMJIEHHS pPas/IMYHbIX DJIEMEHTOB OAHMM W TEM IKe
pPacTUTENILHLIM KOMITOHEHTOM Ha (POHOBOH W MOCTINHMPOreHHON MIOWAAAX HE
NOJAYUHSAIOTCA KAKOW-TO OMNpPeAe/ICHHON 3aKOHOMEPHOCTH: B OAHUX CAYyYasX UX
3HAYE€HUS BbILIE HA rOpenoi niowanu, B Apyrux — Ha (GpoHoBoi. TpeTbe — B
BLIOOpPKAX KAaK MJIACTHHYATBLIX, TaK W ryduaTtbiX BUAOB rpuboB HabMOAAOTCS
pa3HOHAIpPaB/IeHHbIE 3HAYEH U K03 PULIUEHTOB OMONOrHYeCcKoro
MOrNOLIEHNS JAaKE B OTHOLLIEHUW OAHOrO KOHKPETHOrO 35ieMeHTa. YeTBeproe —

KaK HCKOTOPbIC T'I:}I«'I'Gl:::l.J TaK W 3CJICHBIC TPABAHUCTLBIC H APCBCCHLIC PACTCHHUA HA



NoXKapMilllax OT HU30BOr0 rnoXapa MMEIOT HE TOJbKO 0ofiee 310pOBYIO
MOpQONOruI0, 4eM Ha (POHOBLIX TEPPUTOPUAX, HO U Oonee OOHUIbHOE
pacnpocTpaHeHue. ECTeCTBEHHO  CcUMTaTh, YTO BCE  MEPEUYMCIIEHHbBIC
OCOOEHHOCTH €CTb HE YTO MHOE, KAK peaklMsl pacTUTENIbHbIX COOOLIECTB Ha
U3MEHEHUE TIeOXUMMYECKUX XapaKTepUCTHK cpeabl HUX OOUTaHUA Mocie
JIECHOrO noxapa.

3aKaouas  pacCMOTPEHUE  MOCTIMHPOreHHbIX  BOIMPOCOB,  CHEAYET
MPUBECTH MHEHUE OJHOr0 M3 OCHOBATE/bLHBIX MCCIEAOBATENEH JIECHBIX
noxkapos:  “buoreoxumuueckas  3Bomouda  nadawadraolyciosliieHa
MHTEHCUBHOH  MeXOMOreOUEHOTHMUYECKOW  MUrpuWedl  BOAOPACTBOPUMbIX
MUHEPAJIbHbIX COEAMHEH U, KOJIJIOMIOB U MEJIKO3€MOB. 3Ta MUrpauus BEAET K
MNOCTENEHHOMY O0€AHEHUIO MOYB OHUOrEHHbIMU HJIEMEHTAMH TMOBbILIEHHbIX
YVUYACTKOB U 3BTpOPUKaUMK NMOHUKEHHbIX GOpM pelibeda... B uenom noxapsbl
NpeacTaBiastoT  CODOM  CYLIECTBEHHO  3KOJIOTMYECKMM  MEXaHW3MOM
peryJiupoBaHus CTPYKTYpbl, GYHKUHH K 3BOJOUMM Beell Ouocdepbl. U3yueHue
9TUX  ABJE€HUHM  —  BaKHeHWlIad  3ajaya  COBPEMEHHOH  3KOJIOTMH

(«nupoakosiorun»)”. [CanoxkHukos, 1976, ctp. 31].



I'JIABA 12. TPAHC®OPMALHUA ©®OPM HAXOKJIEHUA
TSKEJIBIX METAJIJIOB B ITOYBEHHO-PACTUTEJIBHOM
ITOKPOBE IIPHU JIECHBIX ITOKAPAX

Bce xuMHueckne BelecTsa Wi OTACJbHLIE 3/IEMEHTHI, HaX0AACh B TOM
WX HHOM COCTOSIHMM B JIECHOM OMOreoueHo3¢e U nomnajaas B 00J1aCTb BHICOKMX
TeMMepaTyp Npu JIECHOM MoKape, He MOTyT He pearupoBaThb Ha W3MEHEHHE
(PU3UYECKOrO COCTOAHUSA MOUYBEHHO-PACTUTENBHOIO NMOKpoBa. Het ocHoBaHui
nojaratb, YTO B J3TOH CHUCTEME TSKEJble MeTa/lbl NPEeACTaBiAT coOoi
MUCKNOUEHHE. [IpuBEIEHHDBIE BbILLE CBEACHUS NMPEAbIAYIUMX [IAB MOKA3bIBAKOT
BCE pa3zHooOpa3ue peakuuMd TAkKeJIbIX METalJIOB Ha TMUPOreHHbIe U
MOCTNUPOrE€HHBbIC MPOLECCHl B MOYBEHHO-PACTUTENBHOM TMOKPOBE CUOUPCKHUX
necoB. B 3Toii rnaBe Mbl momnbiTaemMcd paccMoTpeTh TpaHchopmauuio hopm
HAXOXKJEHUA HEKOTOPbIX 3JIEMEHTOB MMPH MOXKapax U OTKIUK PaCTUTE/NbHBbIX
OpraHu3MOB Ha 3TOT NpoLEece.

@®opmam  HaxoxaeHus TM B mnouBax, HX B3aUMOAECUCTBUIO M
QHTarOHUCTHYECKHUM peaKLMaIM B OpraHu3Max pacTeHHil MOCBALEHO OrPOMHOE
konuuecTBo nybOnukauui [Mnbuu, 1973; Aroaun w ap., 1974; Kabara-
[Tennuac, lNenauac, 1989; Mishra, Kar, 1974; Foy e.a., 1978; Kloke, 1979].
[TokazaHo, 4TO MO Mepe MOBbILLICHUS TEXHON€HHOH HArpy3KkW Ha JlaHamadThl B
MOYBaxX YBEJHWYMBAETCA KOJUUYECTBA PaCTBOPUMBIX (POPM TSKeJbIX METAIOB
[Bacunbera, Kapaukuii, 1998]. [lpy wu3yuyeHun OpeosIOB paccesHus B
NMPUPOAHLIX M  TEXHOrEHHbIX JaHAwWAadTax MPUMEHSIOTCS  pa3fuyHbIe
METOAMKU onpeaeieHus (GopM HaxOXIEHUs 3JEMEHTOB — oT 4- no 7-
ctyneHuyarbix cxem |KysHeuos, Llumko, 1990], xota npu nouBoBeaUECKUX
padoTax BbIJEAAIOT TPEUMYLUECTBEHHO TOJbKO MOJABHXKHYK  (popmy
[Conepixanue..., 1979].

B oTtHowmennn tpanchopmanuu GopmM HAXOKACHUS TAKETbIX METAIOB
Ha JIECHbIX TMHUPOrE€HHbIX T[JIOWAASAX MOAO0OHBLIX CBEASCHUHA HaMM He
oOHapy:KeHO. Mexay TeM, NOCTOAHHO OOHapY)KMBAEMOE NMPUCYTCTBHE BO BCEX
KOMIIOHEHTAX JIECHONO OMOreoLeHO3a TAXKENbIX METAJJIOB M y4yacTUE HUX B

pa3jiHYHbIX OHOreOXUMHMYECKHX Mmpoucccax HE MOMKCT HC CKa3aTbCiad Ha



TpaHchopmauuu  Gopm  HUX HaAXOXKAEHWS MO  BO3ACHCTBHEM BBICOKMX
TEMMEPATYP JIECHOrO noskapa. B 0coboii creneHn 3T0 OTHOCUTCS K JIECHBIM
NOJACTUIIKAM, TI€ NPOTEKAKT pas3/indHble OMOreoXMMHUYECKHE TMPOUECChl W
KOTOpbIE CyKAT Haubojlee €MKHUM TEOXHMMHUYECKMM OapbepoM Ha nyTH
aTMOC(epHOro MNOCTYMJAEHUS MW MUIMPaUMH  XUMHUYECKUX 3JIEMEHTOB B
pa3/IMUYHbIX Apycax feca.

MccnenoBaHUAMU JIeCHbIX NoxkapoB B UepHOObLILCKOW 30HE MOKa3aHo,
YTO MOBEAEHUE PAAHOHYKIIUIOB B MOYBE MPH HArpeBaHUH 3aBUCUT B OCHOBHOM
OT COAEPKAHUS OPraHUYECKOro M riIMHUCTOro BewecTsa. [1pu remneparypax B
untepsaie 200-700 °C  yBenuwyuBaeTcs COAEpPKAHUE  paaUOLIE3Us B
BOJAOPACTBOPUMO, OOMEHHON, KapOOHATHON W OKCHAHOW (hpaKuMsX TMOYUBHI.
[pu Gonee BbICOKMX Temmneparypax (~900°) noutu Bech " Cs puKcHpyeTcs B
MEKC10€BOM NPOCTPAHCTBE  [JAMHUCTBIX  MUHEpPAOB, CTAHOBACH
TpyAHOpacTBOpUMbIM.  PaanoctpoHuuii  yxe npu  450°  obpasyer
KMCIOTOPACTBOPUMbBIE M CBSA3aHHbIE ¢ OKCHJAMH JKene3a U MapraHua Gopmsl,
CTAHOBACH TpyaAHO OuoycBaeMbiM [Lujaniene e.a., 1997]. Ce3uii-137 wu
CcTpoHUMIH-90 B nouBax, 3arpsa3HeHHbIX B pe3yybTate aBapuu Ha HADC, Ha 3-
31 % wu 59-90% COOTBETCTBEHHO HAaxoAATCA B MOABMXKHON ¢opme
[MonokanoBa v ap., 1991]. Ectb cBeaeHHs U O NAYTOHUU. Y CTAHOBJIEHO, YTO
€ro BbICOKAs MUIPALMOHHAA CMOCOOHOCTb OOYC/IOB/IEHA HAXOXKIACHUEM B
BojopacTBOpUMOii U oOmeHHoU ¢opmax. [losTomy, Hanpumep, no mepe
yAA€HUs OT 3MULEHTPA B3pblBa BO3pacTaeT AOJA 3TOr0 pajHOHYK/IWaa B
ToHkoaucnepcHbix (100 Mkm) dpakumsx. ns °’Cs Takoii 3aKk0HOMEPHOCTH He
oTMeueHO [AprtembeB, Ymapos, 2005]. IlopoOGHbIX CBEAEHHI MO JIECHOWH
NMUPONOTHYECKON MPoOIeME NIYTOHUA M THKENbIX METAJIOB HaM HaWTH He
yaanocb. OAHAKO, MO aHANONHKU € PaJUOLE3UEM, MPEACTABIAETCA, YTO U ITa
rpynna 3JeMEHTOB [OJKHa [MpeTepneBarb W3MEHEHUWE CBOMX  (opm
HAXOXAEHUS.

B.U.BepHaiackuit  onpeaenssi  GopMbl  HAXOKACHUS  XUMMUYECKUX

IMEMEHTOB Kak “‘00JacTH pa3HOro COCTOSIHHA aTOMHBIX CHCTEM™, Cpeau



KOTOPbIX UM Bbie/IEHbI 1) MOJIEKYJIbI M UX COCAMHEHHUS B MUHEpaJax, nopoaax
U T.A.; 2) B KUBbIX OpraHu3mMax; 3) B marmax U 4) B COCTOAHMMU PaCCEAHMS.
[TocneaHeit U3 3Tux Gopm OH oTaaBan “OUeHb BUAHYHO pOJib B MUTMPaLMOHHbIX
npoueccax” [BepHaackuil, 1983, c¢. 48]. UMEHHO MUIrpaLUOHHBIE LMKIIbI
BELIECTBA MIPAlOT BEAYLUYKD podb B (HOPMHUPOBAHMN TEOXMMHYECKHX
XapaKTEPUCTUK CaMOH BEPXHEH 000J0UKH 3EMITH — MOYBE.

B Hactosuiee BpemMs OAHUM M3 CaMblX 3HA4YWTENbHBIX (PaKTOPOB,
ONpeAeAIOLMX MUTPALMIO 2JIEMEHTOB HA 3€MHON MOBEPXHOCTH, NMPH3HAKOTCA
JIECHbIE NOXKapbl, €KeroaHas IMbljieBas W a’po30/ibHAas 3MUCCHUS KOTOPbIX
KOJIMYECTBEHHO COMOCTaBMMA C BbIOpOCAMM BYJIKAHOB (CM. Bbille). CunTtaercs
[[1o6poBonabckuid, 1983], 4To NpoAOTKUTEIBHOCTL CYILIECTBOBAHUSA a3pO30Jieii
B Tponocepe cocrapnger ot 1 go 28 cyrok. IloHATHO, 4yTO GONIEE KpyNHbIE,
MbUJIEBLIE YAaCTHLbI OCAXKAAKOTCA ropasfao ObICTpee, YTO OYE€Hb BAKHO NpH
pPacCMOTPEHHMM TEOXUMMYECKMX MPOOJAEM JIECHBIX NoxapoB. HanmoMHum, yTo
CpeAn MUPOreHHbIX BbLIOPOCOB BBICOKAA pPOJib TMPUHALICIKUT Pa3jMUHbIM
OpPraHHYe€CKUM M HEOPraHMYECKHM COCAMHEHHAM, XUMHUUYECKHM 3JIEMEHTaM,
BKJIKOUAS TAXKENbIE METa/JIbl H HCKYCCTBEHHbBIE PpaJIMOHYKIUABIL. OCaXK1eHHE Ha
HOBbIX MECTaX, HECOMHEHHO, AO/DKHO M3MEHATb TEOXMMUYECKHi (OH
MOYBEHHO-PACTUTEILHOrO nokpoa. Ho 310 OyayT yike HE Te 3JIEMEHTHI,
KOTOPbIE€ HAXOAWIUCH HA KAKOH-JIMOO TEPPHTOPHU 10 MOXKapa.

Hawmn HauyanbHbie paboThbl Mo onpeaeleHvio TpaHchopmauuu (GopMm
HAXOXKJECHUSA TAXKEIbIX METAIIOB TPU JIECHOM MOXKape NMPEeacTaBisioT codoi
npoctoit skcnepumeHt [LLlepbos, 2012; LllepO, Jla3, byaaw, Msar, Kyp u3
«lllepboBa» | Mo CHKUraHUIO JIECHOM MOACTHUIKHU MOJ METANTUUYECKUM KOHYCOM
W YNABJIMBAaHHUIO BLIHOCUMOTrO MarepHasna Ha 3MaJIupOBaHHbIH 3KpaH (CM. puC.
28). UccnenoBanusa npoBOAUIKCH B COCHOBOM 00py HoBoCMOUpCKOH 00n1acTH.
Temneparypa noa 3kpaHoM coctaBuiia okono 400-450 °C, uTo coOTBETCTBYET
VCJIOBUAM HHM30BOro noxapa [YeponHbiid, 1981]. OnTuueckoe usyudeHue
CKOHACHCHUPOBABLLEroCcd Ha 9JKpaHe marepdala nokasajo, 4YTO OH

npeacTapisgeT co00i CMOMIUCTO-CAXKUCTOE BEMIECTBO (aaliee “caxa’).



Pe3ysnbTatel aTOMHO-a0COpPOLIMOHHOIO aHaju3a JIECHOM MOJCTHJIKH M
NPOAYKTOB €€ CKMraHus rnpeacrasicHbl B Tadauue 30. OHU MOKa3bIBAKOT, YTO
TOJILKO PTYTh BeJET ce0s 000COOJIEHHO: B 30J1€ MO CPABHEHHUIO ¢ MOACTHIIKOM
coAepsKaHUe 3TOrO BBICOKO JIETYUYEro 3JIEMEHTA YMEHBLIKOCH B 9 pa3, Kakoe-
TO €€ KOJMYECTBO COCPEeAOTOUYMIIOCh HA 3KpaHe. HecOMHEHHO, BBICOKas
JETYYECTh PTYTU H €€ CBOMCTBO NPEBpPALLATECAd B ATOMAPHOE COCTOSHHE IPH
BBICOKHX TEeMIiepaTypax HE Aajl0 BO3MOKHOCTH OCECTh Ha 3KpaHe M CTalio
NPUYMHOM MHUI'PAlUMM B Ta30BOM COCTaBsAOLICH. bonee noapodHO noBeaeHue

3TOIro CBD&Oﬁp&BHOFO SJICMCHTA Gy,I[ET PACCMOTPEHO HHKE,

Puc. 28. CxeMa mojiy4yeHusl TBEpAOro KoHaeHcaTa npu coxuranud JITM: 1 —
TOMKA; 2 — 3MaJMpPOBAHHBIA MOJAOH; 3 — METaUIMYEeCKUi KOHYyC; 4 —
IMAJIMPOBAHHBIN 3KpaH, CKUraeMblidi MaTepua.

Bce ocranbHble 3JIEMEHTBl CKOHLEHTPUPOBAJIUCE ITPEUMYILECTBEHHO
WM B 30Ji1e, UK B CMOJIMCTO-CAKUCTON (ppakivu. 3HAYEHUs OTHOILLICHHH HX
COAEp:KaHWs B  OTACNbHBIX (pakuuax (Hampumep, ‘‘3o01a/moacTHIKA”)
NOJAYEPKUBAIOT MHAMBUAYAIBHOCTh PTYTH AAaKEe CPEad JETYYHUX 3JIEMEHTOB

(Cd, As, Pb, Sb, Zn u Sb): oHa HACTOJILKO CTPEMMUTENBHO UCMAPSAETCS, YTO HE

YCNEBACT 3aICPiKaTbCi B CAXKE.



Tabnuua 30. Pacnpenenenue 31€MEHTOB B pa3fiMuHbIX MUPOTreHHbIX (PpakLUsiX
NIECHOM NOACTUIIKM (MI/KT)

KomnoHeHT Hg Cd As Pb Zn Mn Cu Co Ni Sb

[MoacTunka 0,27 05 2,5 29 83 344 14 4.4 6,8 0,51

3ona 0,03 1,3 5,7 58 165 680 33 31 12,8 0,77
Caxa 0,35 18 27 36 129 148 14 2,1 3.9 0,96
3ona/noacr. 0,11 245 228 2 1,99 198 236 7,05 1,88 1,51
Caxa/nonacr. 1,3 33, 108 1,24 1,55 043 1,0 048 0,57 1,88
Caxa/3ona 11,7 13,8 4,7 0,62 078 022 042 0,07 030 1,25

JlocTatouHo Beicokas koHLeHTpauus Cd, As, Zn u Mn, ocTtaBlimxcs Ha
IKPAHE, NOBOPUT 00 HUX BBIHOCE B COCTaBE MUPOSOrMYECKOro BELIECTBA, a
pyaHble 3aemMeHTol Pb, Cu, Co U Ni KOHUEHTPUPYIOTCS NMPEUMYLLECTBEHHO B
30/1€, O YEM CBHICTEJILCTBYET UX HHU3KOE 3HaueHue (<I) B CONMOCTaBJIEHHH
“caxa/zona”. Takum oO6pa3zoM, 3TOT NPOCTON IKCMIEPUMEHT NOTBEP/INJ HALUK
JAHHBIE O PA3JHYHOM MOBEACHHH OTACNbHBIX IPYNM 3JIEMEHTOB MPH JIECHOM
noskape.

Caenyloumum 3TanoM TMpPOBEACHUA 3KCMEPUMEHTAbHbIX paboT no
ONMPEAECNEHUIO WU3MEHEHUA (POPM  HAXOWKIACHMS TSKENBIX METalIoOB B
pasinuHbiX HazeMHbIX JII'M UM npoaykrax UX ropeHuss ObUIO NMPUMEHEHUE
METO/IMK CTYMEH4YaToro BblllenaunBaHus. Ha rro-zanane HoBocuOUpcKoi
00/1aCTH B COCHOBBIX JIEHTOYHbIX Oopax ObuiM OTOOpaHbl 00pasipl JIECHOMH
MOJACTHIKH, 3€JIEHOr0 MXa, KYCTUCTOrO JIMAHHUKA, XBOH, KOPbl H JPEBECHHbI
cocHbl. OOpasupl JII'M B nNOAMATUNCHOBBIX MEIIKaxX OBbUIM  YBIAKHEHbI
AUCTHIINIMPOBAHHON BOIOH, MOCKOJABKY COOp MX NPOU3BOAMJICA B 3aCy1L/IMBbIH
nepuoi. OnpeaeneHue GopM HAXOKACHUA IEMEHTOB BbINMOJHEHO METOAUKOM
NOCNeI0BaTE/IbHOrO 3KCTParipoBaHWA Ha OCHOBE 3apyOeKHbIX pa3paboTok
[Tessier e.a., 1979; Fanfani e.a., 1997; Dold, Fantbote, 2002; Dold, 2003],
MOAEPHU3HUPOBAHHLIX B Hawuel Jgadopatopuu [Bogush, Lazareva, 2011]. Tlo
CPaBHEHMIO C KJaccHuecKor metoaumkod A. Tessier [1979], nOMOJHUTENBHO
BblACNAeTCA BOJAOpacTBOpUMAas dbpakuus. Jns BblLLIEIAYHUBAHUS
MOHOOOMEHHOH  (pakuM¥  HCMONb30BaH  aMOHMiITHO-aueTaTHblii  Oydep

(NH4OAc) npu pH=7, NockonbKy KaTMOH aMMOHMA TMOJIHOCTbKO BBITECHSET



Bce MeTtasuibl [Ure, 1996; Bogush, Lazareva, 2011]. Ilpu uccneanoBanun gopm
HaXOXJICHUA JIEMEHTOB B OOratblX OpPraHMYECKUM BELICCTBOM MaTepuanax,
N7l U3BJIGYEHUS KMCJIOTOPACTBOPUMON (pakLiu (CBsI3aHHON ¢ KapOOHaTaMM)
Obl10 npeatokeHo ucnoab3doBaHue NH;OAc npu pH=5, uT0Obl MCKIHOUYUTD
BiusHue Na khnaccuueckoro peareHta — NaOAc. 3ateM M3BjAEKalach
okucasemas dpakuus [Oenoros, Cnuakos, 2008; McLaren, Crawford, 1973]
M noclie He€ MNPOMU3BOJAMIOCH BbilllENauYMBAHHE D3JEMEHTOB, CBS3aHHbIX C
FMAPOKCHIAMH sKenesza (puc. 29). ANMKBOTBI OTACHAJIWCH OT BELUECTBA
METOA0M LUeHTpu(yruposauua. B npojao/ukeHue wuccieoBaHU  ObLaM
MPOBEACHbI JKCMEPUMEHTHI V11 MXOB M JIMIIAWHUKOB C TPUMEHEHHUEM
METOAUKH MOCIEA0BATENbHOIO 3KCTparupoBaHus.

BonopacrBopumas ¢dopma conepkKut Haubonee pacTBOpPUMbBIE H
OMOJIOTMYECKH NOCTYIHbIE CBOOOJHBIE WOHbI, KOMIJIEKCHbIC COCJAUHEHHS M
pPaCTBOPUMbIE OpraHU4eCcKue BELLIECTBA. [lpeanonaraercs, YyTO
OMOAOCTYMHOCTb CHMIKAETCH € KaXKJI0M TMOCNEAYIOIEH BBITSKKOM, M
NErkOAOCTYNMHBIMH CHHTAIOTCSA 3JIEMEHTBI, CBA3AHHbIE ¢ BOAOPACTBOPUMOIN H
MOHOOOMEHHON (pakUUSIMHU, MO CPABHEHUID DJIEMEHTAMH, CBA3aHHbIMH C
nocieaAyIMMHU BbITSKKaMU [Anju, Banerjee, 2010; Jong, Parry, 2004].

ObmeHHas ¢opma — 310 cnabo aacopOMpOBAHHbIE  KATHOHBI,
VIEPKUBAIOIIHECA 3a CUET CNadblX 3NEKTPOCTATUUECKUX B3aUMOACHCTBHH W
3aBUCALLME OT NPOLIECCOB MOHHOIO OOMEHa, TO €CTb MOryT ObITb 3aMEHEHbI
3KBUBAJICHTHBIM  KOJIMYECTBOM  KATHOHOB M3 JPYIrMX  PacTBOPOB.
Kucnoropacropumasa ¢opma, kak mnpaBuio, CBsi3aHHa ¢ kapOoHaTaMu WM
COACP/KUT METaMJbl, aACOPOMPOBAHHBIE HA KapOOHATax, Ha TJIHHHCTBIX
MHHEpanax, Ha OpPraHHYE€CKOM BEILUECTBE W ruapokcuaax xkenesa. Ilostomy
Npy paspylieHUH KUCIOTOPACTBOPUMBIX COCAWHEHUH BO3MOIKHO YACTHYHOE
U3BJICUEHHUE BbLILLEYNOMAHYTHIX ¢pakuuil s3nemeHToB. DopMma, cBA3aHHas ¢
OpraHM4eCKUM BELLECTBOM, WM OKuchasemas ¢opma, T.K. Ha ITOW CTaauu
U3BJICKAIOTCA METa/ibl, CBA3aHHbIE ¢ OPraHHYECKUM BEILIECTBOM, KOTOPOE B

OKHCJIMTEbHOH OOCTAHOBKE pa3pyLIaeTCss W METaMIbl BbICBOOOXKIAIOTCS.



@dpakuus, CBsA3aHHadg C  OKCHIaMH H 3
HcxoaHoe BelecTso

FTMAPOKCHAAMH  JKCJIC3a HW  MapraHua  HJIH

AncTnannposanHans sBoja

BOCCTaHaBJIuBaemas (pakuus. I'uapokeunasl Fe u | iy g

Mn gaBASHOTCS HCHTPAMH CBA3bIBAHHA TAMKCIIbIX
BonopacTeopumas

METANIOB. DT COEIUHEHHS HEYCTOWYUBLI B (ppakups
BOCCTAHOBHUTEILHOH Cpcac KW pacTBOPAKOTCA. 20 mn | M NH,OAc.
pH=7.0, 14, T=25°C

@pakuusa, CcBA3aHHagd C  AJKOMOCHJIUKATHBIM
HoHnoobmenHas

OCTaTKOM. [Ipu OCYLUECTBJICHHH bpakuus
BBILLE/IAYMBAHUA  HA  TOCHENHEH  cTaauM 20 s | M NH,0Ac.

y pH=5.0, 8 u, T=25°C
MPOUCXOAUT PA3IOKEHHE CAMOH XMMMYECKH v

o s . Kuciotopactopumas
YCTOHYHBOH CHJIMKaTHOH qaCTH OCaJKOB P P

(ppakuus

[PenoToB, Cnuakos, 2008: Jlagonun, 2002; P
Jo F,L,
Gleyzes et al., 2002]. . 8 0.02 M HNO,
DJIEMEHTHBIM aHaM3 npod TMpoBeEH Oxkucasiemas
(hpakiius

aTOMHO-a0COpOUMOHHBIM MeTOI0M [CHUMOHOBA,
20 mn 2M NH.OHHCI
B 25 % HOAc

1986]. TH — TIO azpaboTkamM  Halei
l pry pasp pH=2-3, 3 u, T=90+2°C.

nabtoparopun |[KoBajiee H . 20021 ¢
P p [ Ap-, ] BoccravasniBaemas

HCTIONE30BAHHEM AaMAIBraMallii Ha 30JI0TOM {bp:mu;m{cnmauuqﬂc
rupokeuiamy Fe

. e H %
copoente; cnekrpometp pupmbl “Perkin-Elmer T

HF, HNO, .. HCIO,,

(C].I_IA), Moaenb 303 OB ¢ pT}’THD-FH,[[pHI[HDFI HCl(1:1). 5 % HCI
¥
npuctaBkoit MHS-20. Meroauka npoiuia
Ocrarok
TCCTHPOBAHHC B na60paT0pHn HElI.lHOHaJ]bHOFO
6ropo cranpapros CIIA. Puc. 29. IlocnenosatensHOCTh
H3BNeYeHUs ppakuui no
B naneHeiieM 1aji1 MXOB M JIMILIARHHUKOB METOIMKE CTYMEHYaTOoro

BBILLEC/IaYHBAHHA.
ObuUla IMpHUMEHEHa METOAMKA CTYNEeHYaTroro

BbILLCTAYUBAaHUA. Pe3ynbpTarel MCCACAOBAHUA TMOKA3ajld, YTO MO XapaxkTepy
MOBEJACHUS MPH CKUTAaHUM U TiepepacnpeaesieHHIO Mo (QpakuusM 3JeMEHTHI
MOYKHO pa3AeiiuTh Ha HECKOJIBKO rpynil. CxoanpiM 00pa3oM ceds BeayT:

1) HaTpUii U ATFOMHHHIA;

2) KanblKii, MarHuii U CTPOHLIMA;



3) Kanuii U MmapraHeu;

4) xKene30, CBUHEL, HUKEJIb, LIMHK, Meb U KOOAJIbT;

5) KaAMHi 1 MBILIBAK.

KaxeTrcs onpaBaaHHBIM OTAEJILHOE PAacCMOTPEHHE (POPM HaXOKJIACHHUA
MaKpO3JIEMEHTOB.

Hampuii. ConepxaHue HaTtpus B MCXOAHBIX OoOpasuax JMIIaiHUKA H
mxa okosio 0,08 %. B OCHOBHOM OH CBSi3aH 3/1€Ch ¢ OCTAaTOYHOI (pakiuei,
T. €. 50-60 % ot o0lero comepkaHud HaXOJAMTCS B BHUJE MHWHEpPAJIbHBIX
yactul, (puc. 30). 3HauutenbHa aons Na B BoaopactBopumoii (>10 %) u
HOHOOOMEHHOM (okosio 10 %) dppakuuax.

B 3one coaepxanve Na gocturaer 1 % B pe3yjibTaTte MNacCUMBHOIO
oOorawenus: 90 % ero cBd3aHO ¢ OCTaTOYHON (ppakuuei. J1ons noABHKHBIX
(dbpakuuii HaTpUs HE3HAYMTENBHA, OJTHAKO CYMMapHOE COIEPKAHUE DJIEMEHTA B
Bujae BoaopacTBopumoi (145 mr/kr) v wnoHooOMeHHOM (200-240 mr/Kr)
VBEJIMYMBACTCS OTHOCUTEJIbBHO MCXOJHOr0 Marepuasia. 3aMeTHO BO3pacTaeT W
014 HﬂTpHH, CBA3AHHOI'O C opraﬂuqecmum BCLLUCCTBOM.

Copnepxkanue Na B CMOJMCTO-CAXKUCTOM MaTEpHANIE HECKOJILKO BBILIE,
4eM B MCXOJHOM BemecTse (10 0,2 %). B BoaopacTBOpUMOM, HOHOOOMEHHOM,
KHCOTOPACTBOPUMOI W OpraHu4eckoi ¢pakuusax abCOMOTHBIC COACPKAHUSA
€ro TO4YTH TaKW€ K€, Kak B 30/1€, a B OCTATOYHOW MHHEPAJIbHOMH
COCTaBJISAIOLLCH — cyIIecTBeHHO HUke (puc. 30). Takum oOpa3zomM, B MpoOayKTax
CXXHIMaHUA JIMIIAMHUKA M MXa YBEJUYHBAKOTCA AOCONIOTHBIE COAEpPKAHHS

MOABHKHBIX (POPM 3JIEMEHTa OTHOCHUTEIBLHO UCXOAHOIO MaTepuala.
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Puc. 30. ®opMbl HAXOXKICHUSA HATPUS M ATIOMMHUA B pa3iMyHbIX (pakuuax
mawainuka (3JI-1) u mxa (OM-1): (DJI-2 u IM-2) — 30ia, (IJI-3 U1 DM-3) —
CMOJIMCTO-CAKUCTBIN MaTepuas. CoaepiKaHus 3JIEMEHTOB NMPUBEAECHBI B Yo.



Amomunuii, 10JOOHO HATPHIO, B JIMIIAWHUKE U MX€ COLEPKUTCS OoJiee
yem Ha 60 % ot obwero coaep:xkanus (koropoe cocrasager okono 0,1 %) B
BH/IE YAaCTHL| ATFOMOCHJIMKATHBIX MUHEPAJIOB. B OT/IMuME OT HATpUs, OH CBA3aH
C opraHukoli Oonee TeCHO, M €ro MOJABHKHBIE (OPMBI COCTABIAIOT
HE3HAYUTEJAbHYIO JIOJI0 OT BaJOBOIO COACPIKAHUA; CYLIECTBEHHAs 4YacThb
CBSI3aHa ¢ rUApOKcHaaMu kelesa (10 10 %).

B 3o5e BanoBoe conep:kanue Al Bospacraer 10 4 %. OCHOBHas €ro
bopMa HaxokJaeHus — amoMocunukatHad (~80 %), ¢ ruapokcuaaMM skenesa
cBa3aHO OKOJIO 20 %, M TONBKO HE3HAUYUTENbHasg €ro 4acTb MPUXOAWUTCS Ha
KUCJIOTOPACTBOPUMYKO  (NPEANOJOKHUTEILHO 3TO  MEHee  YCTOMYHMBHIE
OpraHU4YecKHe COEIMHEHHS). B CMOJINCTO-CAKUCTOM MaTrepualie BajOBOE
cofiepKaHhe aTIOMUHHMS HUKE, YeM B 30J1€, HO MOXKET nocturath 1 %, nmpuyuem
OCHOBHAs €ro 10Jis 31eCh CBs3aHa ¢ OPraHukom).

Macnuil, xkanvyuit u cmpoHyuil O4eHb CXOAHO BeAyT cels Mpu
CXXUMAaHUM JIMIIaiHUKa U MXa. JInd BceX BEIIECTB, KaK WCXOJHBIX, TaKk W
MOJIYYEHHBIX TMPU CKWUMAaHUKM XapakTepHa OueHb Bbicokas aonsa (>50 %)
MOJBHKHBIX (PpakLMii — BOAOpACTBOpUMOIT M HOHOOOMeHHOM. Bricoka nons
KHCJIOTOPACTBOPUMOI ¢pakuuu, uyTo B oOpasnax JHUINAHHUKA U MXa, CKopee
BCEro, OTpaxaer cojepkaHue  kapOboHatoB  (puc. 31).  DiaeMeHTHI
HakanuBarotres B 3one: Ca 2,5 %, Mg 0,6 %, Sr 120 mr/kr. 3HaynTebHas
70/ 3JIEMEHTOB B 30JI€ CBsA3aHA C TUJPOKCHUIAMM JKejle3a, a B CMOJIUCTO-

CaXXMCTOM MarepHaie — ¢ OpraHuKoOM.
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Puc. 31. ®opmMbl HAXOXKJACHUS KajblLMs, MarHus U CTPOHLMA B pasiuvHbIX
dpakuugax mumakinuka (2J1-1) u mxa (OM-1). ConepkaHue KajJblUg U MarHus
npyBeAcHO B %, CTPOHLIUA — B MI/KT. Ycil. 0003H. cM. Ha puc. 30.



Mapzaney sBnsercs BaxHbIM  OMopUABHBIM  3nemMeHTOM. Ero
coliepKaHud B JIMIIAHHUKE W MXe pasfuuarores Ha nopagok (92 u 900 mr/kr
COOTBETCTBEHHO), YTO CBS3aHO ¢ H30HMpATENbHON CMOCOOHOCTBIO 3THX
pacTeHHWI K MOIJIOWIEHWIO MapraHia (paHee Ha MOCTIMPOreHHBLIX TUIOWAAAX
HaMM OTMeYanoch MOHUKEHHOE coaepkaHue Mn B rpubax [lllep6os, 2011], a
JUIIAHHWKH, KaK M3BeCTHO, 3TO ¢MMOMO3 BOgopocau u rpuba). Ho B oGoux
Cly4yasax TOJBHXKHBIE (pakuuM (BOAOpacTBOpUMas MW  HOHOOOMEHHAA)
coctapigioT 60 % u Gonee oT obLero coaep:kanus. C rUApOKCUIaAMHU Kele3a
U amomocuiukataMu Mn cBsizan He Oosiee uem Ha 10 % (puc. 32). 3ona
JUInaiHuKa naccuBHo oboramaercsa Mn go 0,15 %, a 3o0ma mxa — 10 0,25 %.
Jlons moaBWKHBIX (OpM 3JIeMEHTa CHIKAETCS, HO TIOBBIIIAETCS POJib
KHCJIOTOPACTBOPUMOH  (pOPMBI, HEKOTOPOE  KOJIMYECTBO  CBA3AHO €
opraHu4eckoi ¢pakuued M rugpokcuaamu kenesza. B caxe mapraHuoa
3HAYUTENbHO OOJIblLIE, YeM B MCXOOHOM BELIECTBE, BEJIMKA J0JIs MOABHIKHBIX
($hopM, HAaUOOJILLIOE KOMTUYECTBO Mn CBA3aHO C OPraHUYECKUM BELLECTBOM.

Kaaup. JIna  abcomOTHOrO  OONBIIMHCTBA  JKMBBIX  OpPraHu3MOB
lIeJIOUHbIe W WENouHo3eMebHbie MeTaanbl (Na, K, Mg, Ca) Xu3HEeHHO
HeoOXomuMbL. Bo MXxe W JMIIalHUKE KW MOYTH MOJIHOCTBIO HAXOIUTCS B
BHAE MOJBHKHBIX (Ppakuuii — BOAOPACTBOPUMOI U MOHOOOMEHHOM (puc. 32).
OOoraueHue 30J1bl 3JIEMEHTOM CpPAaBHUTEJIBHO HEBBICOKOE, BCEro B 3 pasa.
ABCONOTHOE comepkaHue MOJBUKHBLIX (popM B Hell Bbillle, HO OTHOCUTEJIbHAs
0N HHKe, IIOCKOJIbKY BO3pacTaeT KOJMYECTBO OCTaldbHbIX (dopMm. B

CMOJTUCTO-Ca’)KMCTOM MaT€pHalic CaMas BbICOKaA TOJIA K cBs3aHa ¢ opraHchoﬁ.
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Puc. 32. ®opmMbl HAXOXKIEHHUS MApraHi@ M Kaiaudd B B pa3/IMYHbIX (Ppakuuax
nuwainuka (2JI-1) u mxa (OM-1). Hpyrue obo3HaueHus — Ha puc. 30.



Keneszo, ceuneu, UUHK, KOOQTbM, HUKEAb U MEOb COCTABIAOT
CNEAYIOULYIO TPYNMY JIEMEHTOB, /151 KOTOPbIX OCHOBHbIMH ()OpMaMH, KaK B
MUCXOJHBbIX BELIECTBAaX, TaK W B MNPOAYKTax, MOJYYEHHbIX B pe3yJibTare
CXKUraHMs, ABNSAIOTCA OpraHuyecKkas W ruapokcuaHas. Jlns kenesa, CBMHUA,
LUMHKA U K0DaJIbTa XapaKTepHO HAKOMJIEHHE B caike U B 3071€. Hukenb U meab B
NPOAYKTaX CKHIraHWs HAKarnjuBalOTCA MPUMEPHO B PABHbIX KOJUUYECTBAX.

Keneso B MwaliHike U Mxe coaep:kutca He 6onee 0,1-0,2 % u cBsizaHO
¢ opraHuko# Ha 50-60 % ot o0wero coaepxanus (puc. 33). [IpucyrcTByoLIKe
YACTULLI NOYBBLl, OCOOEHHO Ha KOPHAX MW B TNPUKOPHEBOW YaCTH,
o0ecneymBalOT B HMCXOAHOH npode HEKOTOpOE KOJIMYECTBO TMAPOKCHIOB
JKeneza M OCTaTOYHbIX MHWHEPaNoB, C KOTOPbIMU CBf3aHa OCTajbHas 4acTb
yemeHTa. Ilpu  CxKUraHuM, 4acTb IKejnesza, CBA3aHHas C OpraHUKoi
VIeTYUUBAETCS, a B 30J1€ 3JE€MEHT HaKaljMBaeTcs 3a CUET MNacCHBHOTO
oboraileHus, U ero cojaep;xaHue coctasnget okono 2 %. OcHoBHOM dopmoii
JKenesa B 30/ ABASIOTCA MMAPOKCUAbI, KOTopbie obecrieunBatroT 55-60 % ot
BaJIOBOro coaepKaHusa ero B npode. C OCTaTOYHBIMM MMHEpallaMH CBA3aHO
20-25 % onemenrta. lonsa kenesa, CBA3aHHOrO ¢ OpPraHMKOM OYE€Hb Mana
(<3 %), HO B BUAE KUCNOTOPACTBOPUMOI hpakiuum oH npucytcTeyet a0 20 %.

B pacreHusx uyacTb Keneza CpaBHUTEILHO HEMPOYHO CBs3aHa C
OpPraHHYE€CKUM BELLECTBOM MJIM HAXOAWTCS B BHJIE KUCJIOTOPACTBOPUMBbIX
OpraHMYeCcKUX COEAMHEHUI: OHO AKTUBHO YYacTBYeT B MeTabO0JHUYeCKHUX
NpoLEeccax, HO MOXKET adCcopOUpPOBATBLCA B BME “Fe, “Fe wnu XenaTHbIX
dbopm [Kabara-Ilenauac, Ilenauac, 1989]. B caxke coaepkaHue kenesa
Bapbupyer oT 0,5 10 3 %, npuuémM donee uem Ha 80 % OT 00LIEro OHO CBA3AHO
C OpraHM4yeCKUM BELLIECTBOM.

CoaepxaHue cBUHUA B 000OMX 00pasuax pacTeHWil COCTaBIAET OKOJIO
12 Mr/kr. DNeMEHT TMpPUCYTCTBYET B MCXOAHBLIX MpodaX B BHAE MEHee
NOJIBUXKHBLIX (Ppakuuii — KMCIOTOPACTBOPHUMOM, CBSI3aHHOM € OpraHU4e€CKUM
BELLIECTBOM, MU B MEHbIUEH CTENEHH BbILIETAYUBACTCA B THAPOKCHIHYIO

cTaauio. B 3o05e coaepkaHue CBHHLA BbillIe, YeM B WCXOAHOM MaTepHale —



~435 mr/kr, a mectamu gocturaer 75 mr/kr. Pacnpenenenue ero no (ppakumsm
BBILLETAYUBAHUA TAKOE XKE, KAaK Yy JKene3a: OCHOBHaA 1045 (55 %) npuxoaurcs
Ha THAPOKCHBI, OKOJIO 30 % CBA3aHO C MUHEPAJIBHOH OCTATOYHOW (Ppakuuei
U nopsaaka 15 % npuxoauTca Ha KHCI0TOPacTBOPUMYKD. CMOJUCTO-CAXKUCThIH
matepuan HaubOosiee oboraméH CBUHLUOM U coaepuT 140 mr/kr sjiemeHTa,

85 % KOTOpOro CBsA3aHa ¢ OpraHUKOM.
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Puc. 33. ®@opMbl HaxOoXAeHHsS jKelie3a, CBHHIA, HUKENS, LWHKa, MeIu H
KoOanbTa B pasanyHblX ¢pakuuax auwmaiHuka (2J1-1) u mxa (OM-1).
Conepkanue skene3a TpuBeneHO B %, OCTajbHBIX 3JIGMEHTOB — B MI/KT.
Hpyrue o6o3HaueHus — Ha puc. 30.

Menb coaepKUTCS B HMCCHAENOBAHHBIX OOpa3suax JWIIaiHWKa U MXa
NPpUMMEPHO B paBHBIX KojuyecTBax (5—7 mr/kr). Bonpmas yacth meranna
CBsi3aHa ¢ OpraHM4ecKuM BemecTBoM (60 %). Hekoropas 10 npuxoauTes Ha
noaBWXHbIE dpakuuu: 5 % BO BceX o0pasuax COCTaB/geT BOAOPACTBOpHMa,
34 % — wnoHooOMeHHas. C ruapOKCHAAMHU Kefe3a CBA3aHO okoio 15 %
aniemenTa U 7-10 % npuxoaurcs HA MUHEPaAIBLHOM OcTatke. B 3051e, Kak v 115
OOJIBILIMHCTBA 3JIEMEHTOB, COJCpPKAHUE MEAW BbILIE, YEM B HCXOJHOM

BemecTBe W coctaBiger 20-30 Mr/kr. 31ech CcoaepikaHHe 3JIEMEHTa,



CBA3aHHOINO C OPraHUMKONW CHHXKAETCA, HO OCTA&TCs 3HAYMTESIbHbIM, XOTS W
CYWIECTBEHHO pasnuyaercas B OTACAbHbIX oOpasuax (ot 20 no 40 %).
3HauMTeNIbHAS J10J19 CBA3aHa ¢ Truapokcuaamu skeneza (ot 40 no 60 %),
OCTaNlbHOE CBA3AHO ¢ MHUHEPAJIbHLIM OCTaTKOM. CrieayeT OTMETHUTD, YTO B 30J1€
0N BOAOPAcTBOPUMONM M MOHOOOMEHHOW (pakuuii KpailHe HU3Kas, XOTS
aOCOJIIOTHBIE 3HAYEHUS MOYTH TAKHUE XKE, KaK B UCXOAHOM maTtepuane. B caxe
coaep:KaHUsa MeaM naxke Huxke, dyem B 3one — 15-20 mr/kr. TloaoGHo
MCXOJIHOMY BELLIECTBY JIMILIAHHUKA U MXxa, meab 3aech Ha 70—80 % cBda3aHa ¢
OpraHMYecKMMH coeaMHeHuamu, Ha 10% — ¢ ruapokcuaamu Kenesa,
OCTaJIbHOE NPUXOAUTCA HA OCTATOUHYIO (PpaKLMIO.

McxoaHoe coaepkaHWe UMHKA B JIMIIAHHUKE U MXe cocraBasger S50-
60 mr/kr. Cymma BOJOpPacTBOPUMONH M HOHOOOMEHHOH (pakuui nopo
npesbiwaet 20 % ot obwero coaepxkaHms, a KUcaoTopacTsopumMoii — 1o 20 %.
OcHOBHast 10115 LIMHKA CBsi3aHa ¢ opraHuyeckum BewecTsoM (ot 40 no 70 %),
U He Oosiee 10 % ¢ ruapokcUaaMu skelie3a U MUHEpanbHOW vacThio. B 307e
COAEP/KAHHE DNEMEHTA B pPasjiMuHbIX O0pasuax OYE€Hb POBHOE U COCTABAACT
190-195 MI/KT: 3/1€Ch INEMEHT nepepacrpeaensaercs MeENKAY
KUCOTOPACTBOPUMON (PpakuMENd M THIPOKCHAAMM KENIE3a MOYTH MOPOBHY H
He Oonee 10 % cBA3aHO ¢ MHHEpaANbHBLIM OCTAaTKOM. CMOJIMCTO-CaKMCThIH
MaTepuan odoraméH uMHKoM 10 290-550 Mr/kr: 3aecb OCHOBHbIE €ro (hopmbl
KUCJIOTOpacTBOpUMAss WM OpraHuuyeckas  (Kak  nojaraloT  aBTOphI,
KUCNOTOPACTBOPUMAS 3TO TOKE OpPraHUYyecKas), 3HAYMTEIbHO YBEJIWUYUBAETCH
B Ca)XMCTOM BeLLECTBE cojepkaHue BoaopacTBopumMoii (a0 18 Mr/kr) wu
HOHOOOMEHHO# (10 25 mr/kr) gopm.

OueHb cX0AHO pacripeaeneHue no d¢opmMam y HHUKENs C LHUHKOM
(puc. 33), a y KobasibTa OIMKE BCErO C MEABIO.

CoaepkaHue kaomusi B ICXOAHBIX Npodax NUaiHuKa U Mxa ONIM3KH U
BapbUpyOT OT | no 2,3 Mr/kr. B nvmaiH1Ke OH riaBHbIM 00pa3oM CBA3aH C
opraHuueckoit yacteio (0T 40 10 80 % ot o0wiero coaep:kaHus), B npodax mMmxa

3HAUUTENbHAA 0151 MPUXOAUTCA HA MOJABHIKHbIE GOPMbl — BOAOPACTBOPUMYIO



(mo 60 %) u moHooOmennyo (1o 15 %). HekoTopoe KOJMYECTBO 3JIEMEHTA
CBS3HO B F'MJIPOKCHAAMHU JKEJI€3a M HAXOJUTCS B MHUHEPAJIbHOM YacTu. B 30max
NUIAHHUKA U MXa COJAEpKaHUE KaJMHs BBIIIE, YeM B UCXOJHOM Marepualie
(no 13 wmr/kr) U Ooablias yacte 2emeHTa (a0 50 %) npuxoauTcs Ha
MOJABMXKHBIE (PpakLMM — BOJOPACTBOPUMYKD W HOHOOOMeHHYt0. Haubonee
BBICOKHE COJIEp)KAHMsl KagMHsl YCTAHOBJIEHBbI B KOHJEHCATe€ ¢ IKpaHa — 37—
38 mr/kr. IIpu a3Tom 40 % 13 HUX COCTABIIAET BOAOpacTBOpUMas opMa, OKOJIO
10 % nonooObmennaa u 3040 % cBsA3aHO ¢ OPraHUKOM.

Haubonee pe3koe nepepacnpencieHUe YCTAHOBJACHO IS MBILIBAKA,
Jlnmaiinuk copepxut 0,5-0,8 mr/kr As, Mox — 1 mr/kr (puc. 34). OcHOBHOE
KonuuecTBO sJieMeHTa (80 %) HaxoauTCA B CBA3M C aKOMO-CHJIMKATHBIM
MUHEpaJbHbIM BEIIECTBOM. B 30J1e MBbILIIbAKA COACPIKUTCS HEMHOTHM oJiee 2—
3 MI/Kr, HO 3J1€Cb C MHHEPAJILHOM 4acThIO CBA3aHO HE Oonee 35 %, ocTanbHOE
JIOBOJILHO ~ paBHOMEPHO  pacnpeaesercs MEXKAY  HWOHOOOMEHHOMH,
KHCJIOTOPAaCTBOPUMOW, OPraHM4YEeCKOH H TUAPOKCHUIHOW (ppakuuamu. Pe3ko
o0oraiéH MBILIBAKOM CMOJIMCTO-CAKUCTBI MaTtepuall, rJe €ro coaepKaHus

coctaBuin 300 u 160 Mr/kr. [1o4TH BECh PIEMEHT CBSI3aH C OPraHUKOMA.
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Puc. 34. ®opmbl HaxoxaeHus Cd U As B pasinuuHbIX Ppakiyax JMIIaHHHKA
(DJI-1) u mxa (OM-1). ConepkaHue 31EMEHTOB NMPUBEACHO B MI/KIr. Jpyrue

o6o03HaueHus — Ha puc. 30.

K cokaneHuio, MeTo/IMKa CTYNEeHYaToro BhILIEIAUMBAHUS HE MOIXOANT
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BBILLICJIAYHUBAKOTCA TPH HArpCBaHHH H HaCTb 3JICMCHTA TCPACTCA B PC3YVJbTATC



ucnapeHud. Iloatomy wuccnenoBaHusi ObUTH MPOAOIIKEHBI C TMPUMEHEHHUEM
OapOotepa (puc. 35). DKCNEPUMEHT MOKa3zasl, YTO B OOJIbIIMHCTBE CIy4acB
PTYTh KOHLUEHTPUpPYETCS HE B 3071€, a B KUJIKOM KOHAeHcaTte u3 Oapdortepa.
OpaHako Kakas-TO 4acTb €€ He ycnena MOJHOCTBIO CKOHLIEHTPUPOBATLCA B
OapboTepe U Oblla BbIHECEHA B COCTAaBE OCTATOYHOrO JAbIMOBOro Luieidpa
yepes oOpatHbii Hacoc. OO0 3TOM CBHMAECTEIbLCTBYET TMOBBILICHHAs €€
KOHLICHTpALMsAd B CMbIBE CO CTEHOK (3,0 MKr/T), OXJaxaAaBIUUXCA B GONbLLCH

CTEMEHH, YeM BHYTpEHHHE YacTH OapooTepa (1,78 mkr/m),

TL_LT

Puc. 35. Cxema nony4yeHus »UJAKOro KOHJAEH caTa:

| — Tomka, 2 — SManupoOBaHHBIA 3KpaH, 3 — KOKYX, 4 — yJaBjIMBarOLLasl
BOPOHKA, 5 — C)KUraemelii Mmarepuan, 6 — 6apborep, 7 — odpaTHblii Hacoc, 8 —
OXJIAKIA0LIMI coCy .

CopepxaHue pPTYTH B KOHJIGHCAaTaX MXa M JIMINAHHWKA HMXKE, YeM B
CaMMX PaCTEHHUAX, UYTO NMPOTHBOPEYUT HCKIIOYMTEIBHOH €€ JIETYYECTH NPH
necHbIX noxapax. [103ToMy naHHbIE 3KCNIEPUMEHTOB B 3TOM HAMpaBJICHHUU HE
MOTYT OBbITb MPU3HAHBI OKOHYATE/IbHBIMM U CIYXKAT JIMLIb OCHOBAHMEM sl
npoBeeHus Oosee yrayOineHHbIX uccaeaoBanuii [JKypkosa, 2013; 1llepboB u
ap., 2014].

KoHe4YHO, NaHHbBI 3KCMEPUMEHT MMEET OMNpPEACTCHHbIE HEA0CTAaTKH,

CpCAHn KOTOPBIX HauOoJiee BaKHBIM ABJIIETCS OTCYTCTBUE BO3MOKHOCTH

noacyceTa OanaHca IJIEMCHTOB, BBIHOCHMBbIX Nnpu [oxKape HJITH



KOHLUEHTPUPYIOLLUXCS B TOM WAM WHON (pakumun. [loguepkHem, uTo nepen
HAMKM TNOKAa HE CTOAJNO TakoW 3aJavyuM: KpOME 3KCMEPUMEHTAIBHOIO
NOJATBEPIKACHUA YCTAHOBNEHHbLIX 3aKOHOMEPHOCTEH TMOBEAEHHSA 3JIEMEHTOB
nNpy JIECHOM MNOXape BaxXHO ObLNO MNpOCAeaAUTL M3MEHEHHE (OopM  HX

HaXOXKJAeHUS OT UCXOAHbIX MaTEPHasoB 10 NPOAYKTOB FOPEHMS.

AHQIMTUYECKME [AaHHbIC TMOKa3ajM, YTO 3JIEMEHTbl B HMCXOAHbBIX
oOpa3uax mxa M JMlIaliHUKa pacnpeieneHbl KpaiHe HEPaBHOMEPHO, K TOMY
K€ OIMH M TOT K€ 3JIEMEHT B WCXOJHbIX MarepuallaX KOHUEHTPUPYETCS B
pasnauuHblx  ¢dopmax. Hanpumep, KaaMuid B JIMIIAMHWMKE  CBA3aH
NMPEMMYLIECTBEHHO ¢ opraHuyeckor uwacteto (1o 80 %), a BO MXy — C
BoaopacTBopuMoit (10 60 %). B pesyabrarte CixKUraHus rpyrna mMUrpaHToB
(Hg, Cd, Pb, As u ap.) akTUBHO Mepepacnpeneiuiach Mexay OTAEIbHbIMH
KOMMOHEHTAMH BbIHOCMMOrO Marepuana, M 0Oonblias 4acTb 3JIEMEHTOB
nperepneBaeT Cepbe3HYI0 TpaHcPopMaLio CBOEro COCTOSHUS B TOW WIH HHOM
¢opme. Hanpumep, B npoayKrax ropeHMsi YMEHbLIAETCA KOJIMYECTBO
NOABHKHbIX (OPM MEAW, CBHHLA H HEKOTOPbIX JPYrHX 3J€MEHTOB, HO
YBEJIMYMBAETCA 3Ta J0J4 Y TaKWX JKM3HEHHO BA)KHbIX 3MIEMEHTOB KaK HaTpWid,
Kanui, Maprasen. CneaoBatesnbHO, OCTaBLUMECS HA MOXKAPUILE WM
MUTPHPOBABLLUME HA HOBBIC MECTA JJIEMEHTbl OyAYT OTIMYATBCH HE TOJILKO
CBOMM KOJIMYECTBOM, HO U OMONOTMYECKOW AOCTYMHOCTBIO A1 PacTEHHH H
KUBOTHBIX, UYTO OTPA3UTC B KOHEYHOM 3BEHE TPOPUUECKHX LENCH — B
yesoBeke. MHbIMM ClIOBamMH, MOYBEHHbIM MOKPOB NOXKapWL MPETEPNEBACT
CYWIECTBEHHYIO TMEPEeCTPOMKY reoXHMMHYECKOro cocrapa. Bebile Obu10
MOKa3aHO, YTO 3TH HM3MEHEHHS OTPAKAKTCA B MHKPOIJIEMEHTHOM COCTABE
pacTUTENILHOINO MOKPOBa MOCTMUPOreHHbIX Muollaaei. BaxkHo nmoavepkHyTb,
yto pacnpeaeneHue aemeHToB-murpaHToB (Cd, As, Pb, Mn) no ¢pakuusam
CTYMEHYATOrO BbILIEAAYHBAHHS MPOJYKTOB rOPEHUA NOKA3bIBAET, YTO BCE OHH
o0oraarT MPEeUMYLUECTBEHHO CMOJIMCTO-CAXKHUCTOE BewecTBo. [Ipn sToMm
OCHOBHbIMH (OopMaMH MX HAXOXKJICHHS B pa3HbIX MNPOMOPUMAX CIIyHKaT
BOJIOPAaCTBOPUMbIE, MOHOOOMEHHBIE W  OpPraHHYECKHE  COCTaBJSIOLIME.
BbinageHue 3TUX 31€MEHTOB U3 aTMOC(hepbl NOBBILAET POJb UX MOABHUIKHBIX

(hopM B MOYBEHHO-PACTUTENBLHOM MOKPOBE HOBBIX MJIOLIAAEH.



I'ITABA 13. DKOI'EOXUMHYECKHUE ACIIEKTbI JIECHBIX
MMO>KAPOB

He TpeOyeT HHKaKMX A0Ka3aTeJbCTB, YTO JIECHBIE MOKapbl MO MHOIUM
napameTpam — fBJieHWE oTpuuarenbHoe. KonoccanbHbie NOTEPU APEBECHHBI,
rudenb MnTul, JXUBOTHBLIX, MOJE3HbIX HACEKOMbIX H HCYE3HOBEHUE OONbLUIMX
MPOCTPAHCTB WX OOMTaHUs, W3MEHEHHME TIHIPOJIOTMYECKUX MoKazarenei,
KiMuMata M ONYCTbIHUBAHME  ThICAY ra, YHHUTOKEHWE  AEPEBEHD,
BO3BHUKHOBEHUE HEPBHO-TICHXUUYECKHX, CEpJACUHbIX, JIErOYHbIX MW JApPYrUX
3a0oneBaHuil MOaeH U aaxe UX rudenu, — Bce W (PAKTbl HUKAK HE MOTYT
cuuTarbcss Onarom. TIpUuMHONW 3TUX ABJEHUH CAYyXKaT MPEeUMYLIECTBEHHO
BEPXOBBIE MOBAJILHBIE MOXKAPbL.

OTpuuarensHas CTOpPOHA JIECHBIX NOXKApOB, C 3KOJOTMYECKOH TOUKH
3pEHUS, 3aKJTHOUYAETCA B YBEJUUYEHUM KOJIMUECTBA MUHEPAIbHOW KOMITOHEHTBI B
MOYBEHHOM TMOKpPOBE W THOENIU PACTUTENLHCTH M MHOTOYMCICHHBbIX BHUIOB
KMBOTHbIX. Pabothl mo Oopbbe ¢ TakMMM noxapamH TPYAOEMKH U
HeGe30nacHbl A JIKOEH HE TOJILKO B CMbIC/E MpsSMOi rubenu, HO U CTOUKM
3pEHU TOKCHYECKHX 3apaKeHuH. JpIMoBbie wuiei(bl Kpome BCEBO3MOMKHbIX
rasoBbIX COCTaBJIAOIIMX HECYT B ce0€ LENbIi CNUCOK TAXKENBIX METAIOB M
MCKYCCTBEHHbIX PAAMOHYKIIMAOB, COBMECTHOE BO3JCHCTBUE KOTOPLIX Ha
JKUBbIE OpPraHu3Mbl, HECOMHEHHO, omnacHo. HccienoBaHUAMM TMOKa3aHO M
PE3KOE BO3pACTaHUE paJloHA.

Ho ectb u Apyras cTopoHa Mo)KapoB, KOrja, ¢ 3KOJMOrMYECKOM TOUKH
3pEeHUSA, UX MOCAEACTBUS OKa3biBAlOT 01arOTBOPHOE BAWSAHUE HA NPUPOAY. ITO
MNOKa3aHHble BbILLIE pe3y/bTaThl O00CAEN0BaHHUA HEKOTOPbLIX MNOXKapuiy OT
HU30BbIX MOXKAPOB. YBEJUUYECHUE B TMOUBE 30JIbHOrO Marepvana u BbIHOC M3
ropenbiX MIOWAACH XMUMHUYECKHUX O3JIEMEHTOB, CpPeAHd KOTOPbIX HaXoJATCH
TOKCHKAHTbl  MEPBOro  Kjiacca OnacHOCTH  (pPTYTb, KaAMHH, CBHUHELL
UCKYCCTBEHHbIE PAAUOHYKAWAbI M T.A.) BJIEKYT 3a COOOH yayulleH’e
IKOJJONMYECKUX TMOKA3aTeNeH MOYB U pPacTUTENbHOro nokposa. [Ipy HU30BBIX

noxxapax, Korjia Ha rapsax oCtaroTcia CCMCHa pElCTeHHﬁ WK MULICSIUI FpHﬁOB,



BOCCTAHAB/IMBAIOLIAACA DPACTUTENIbHOCTL CTAHOBUTCA MEHEe 3arpsa3HEeHHOM
OTMEUYEHHBIMH XHMHYECKHMH 3JIEMEHTAMH U PAJAHOAKTHBHBIMH H30TONMaMHU.
BO3HMKAOT M HOBLIE MNpPEACTABUTEIM  PacTeHWil (MM YBEJIHYEHHE
KOJIMYECTBEHHOrO MOKAa3aTesiA), CEMEHA KOTOPBIX B OOBIYHBIX YCJOBHAX HE
NOCTUralOT  MOBEPXHOCTH MOYBbI, HO CTPEMHMTENLHO OCBauBalOT €€
OOHa)KEHHbIE OrHEM MJOWAAH. [IpUMEpPOM B HawWeEM ciyyae CiyKar 3apoc/iu
WBAH-4as Ha rapyu OT HU30BOTrO MOXKapa.

PaccMOTpEHHbIE /IB€ CTOPOHBI JIECHBIX MOXKAPOB HE WCKJIKOYAKOT JpYr
Apyra, a SBJISAKOTCA CAEACTBHEM MHONOYMCIIEHHBbIX (PaKTOPOB JI€CHOIO
MUPONOrMYECKOr0 NpoLecca, KOTOpbiE B OAHHX Cily4yasX B KOHEYHOM MTOre
NPUHOCAT BpeJ YelOBEKY, B APYrUX OKa3blBAOT eMy J00pYIO YCIyry, Ouuiias
MOYBEHHO-PACTUTENbHBIH MOKPOB OT HEKOTOPbIX TOKCHYHBIX 3JIEMEHTOB.
OaHako B UENOM A1 3€MHOM TMOBEPXHOCTH 3TO HHUBEJIUPYETCA OCEJAHHEM
TOKCHYHbIX MUIPAHTOB HA HOBbIX MIOLLAASAX.

KOHEeYHO, NpUBEACHHbIE HAMU €KErOJHbIE KOJMYECTBA MOCTYIJIEHUS B
atMocepy pTYTH, KaJAMHUs, CBUHLA, PaaMOLE3Usi U PAAUOCTPOHLIMA BIIOJIHE
00OCHOBaHHO MOTrYT ObITb BOCMPUHATHI ckKenTHuecku. MU B 3TOM Heb3s
HUKOFO BHMHHMTb, MOTOMY YTO Ha OrpoMHbie npocTpaHcTBa CHOMpM Takux
KOJIMYECTB SABHO Mallo, Ja U camMHu TMOoXkKapbl NPOUCXOAAT TOJbLKO MOJroaa.
OpaHako, €C/in NMPUHATH BO BHUMAHUE COBMECTHOE MOMAAAHHE 3THX DJIEMEHTOB
B JKMBbIE OpPraHM3Mbl Y€pe3 AbIXaTEbHbIE MYTH, TO TNPEKAE BCEro CAEAYET
UMETDb B BUJlY UX KOMIUIEKCHOE BO3ACHCTBHE HA YenoBeKa. B ocodoii creneHu
3TO OTHOCUTCA K JIIOAAM, 3aHUMAKIIUMCA TYLWIEHWEM TOXKapoB, WM
NnonaaatoLMM B 30HY MX OJIMIKHEro BO3ACHCTBUA. ITa npobJsieMa, HACKOIbKO
MOXKHO CYAUTb MO JUTEPATYPHbIM WCTOYHUKAM, JajleKka OT KOHKPETHOIro
paspewerusa. [loatomy cneayer OCTaHOBMTbCA HA TOKCHYECKHX CBOWCTBaXx
3JIEMEHTOB-MUIPAHTOB.

Cpeny TaXKeNnblX METANIOB “CYyNEPTOKCHKAHTbI® CBHHEL, KaaMHU H
PTYTb OCOOE€HHO OMacHbl s JKMBBIX OpraHu3MoB. OHM OKa3bIBalOT

HCraTMBHOC BJIMAHHUC HA MHOI'HC KH3HCHHbLIC (l)yHHLlHH OpraHu3Ma: HapyuwakT



JHAOKPUHHYIO W HEPBHYIO CHUCTEMbl YEJOBEKA, BbI3bIBAIOT Oecnaoaue,
rOpMOHaANbLHO OOYCJIOBJIEHHBIH pak Tpyad M MNpOCTaTbl, HEBPOJIOrMYECKUE
HapylweHusa y aeted (rMnepakTMBHOCTb, HEAOCTATOYHAd BHUMATE/IbHOCTD).
[ToBbILLIEHHbIE WX COAEPXNAHHUA BbI3bIBAKOT XUMHUYECKYH) HHTOKCHKALHUIO,
3aMeUYeHO MyTareHHoe aelictBue [Anekcees, 1987; beyc u ap., 1976, Kabara-
[lenauac, lNenauac, 1989; llepenbman, 1966; u ap.]. OTawuuTenbHas yepra
CYNEepTOKCUKAHTOB  (Kyaa  clieAyeT  NPUIUIIOCOBATb  JAUOKCHUHBI W
JHOKCHHOMOA0OHbIE BELIECTBA) — Ype3BbIYAHHO BBICOKAA YCTOHYHUBOCTH K
XUMHYECKOMY U OMOJIOrMUYECKOMY pasiiokeHuro, M3-3a cBoeil CTOMKOCTH OHM
HaKamJIMBaroTcs B opraHusMax. Jlnda cCymecTBeHHOro BO3ACHCTBUS Ha
YHAOKPUHHYKO CUCTEMY AOCTATOYHO OYEHb MajblX KOHLEHTpauul, T.e. 3TH
BELECTBA He UMEIOT nopora 6e3onacHoctu [JlaHunos-JlaHuaeaH u ap., 2007].
OcoObIM pa3pyLIUTEbHBIM BO3AEHCTBUEM Ha KUBbIE OpraHu3Mbl 00J1aaaloT
MCKYCCTBEHHbIE  PAJUOHYKJIWAbI, A0 CUX TMOp MNPUCYTCTBYIOLLUE B
KOMIIOHEHTAX JIeCHOro ouoreoueHo3a Cubupu.

Papnouesunii U paanoCcTpoHLMIA, UMEIOLLIME NMEPUOA NoJypacnana OKoJo
30 ser, nocreneHHO HcYe3awT W3 JadaawadToB CuOUpU M, €ClIn He
Npou30iaeT Kakoi-HuOyab katactpodbl Tuna YepHoOblia uim OyKycUMbI,
MOTYT UCYE3HYTb €lLL[€ NMPH HbIHELIHEM NOKOJEHUU Jroaei. OaHaKo njyTOHM
Oyner npucyTCTBOBaTbL B KOMMOHEHTAX OMOreoueHosa eue 24 Thica4u JieT.
COBpeMEHHBbII YPOBEHb COAEpKaAHUS 3TOr0 UCKYCCTBEHHOIro pajMOHYKAUaa B
necHbix noactuiakax Cubupn Heenuk (Antaiickuit kpait 1 HoBocuOupckas
obnacte — 1,04 bk/kr, AHAO — 0,31, Pecnybnuka Caxa (Akytusa) — 1,7 u
3abaiikanbckuii kpaii — 4.,8). OaHakO CTOMT CUYUTATLCA C TEM, 4YTO €ro
HEraTUBHOE BO3ACHCTBHE HA JKMBbI€ OpraHW3Mbl HECPABHEHHO BbILUE, YEM Y
paauoue3uss W paguoOCTPOHLIMA BMECTE B3ATbIX. YJeJbHAsd aKTUBHOCTD
naytoHusa B 200 Teicay pa3 Bbllle, 4em Yy ypaHa. [1py 3ToM OH 04eHb MEeJIEHHO
BLIBOAHUTCA H3 UpFﬁHH.SM&, d CaMbI€ HHYUYTQOMKHEIC €Iro KOJIMYCCTBA CI'IU'CUGHI:-I
BbI3bIBATh TSKEJICHILIME MU MHOIAA NaXe CMEPTEJIbHbIE TMOPAKEHUS JKUBbIX

opranm3dmMoB. [lo3TOmMy ero npuHATO Ha3bIBaTb “‘AAEPHBLIM SAA0M . )14



yesJoBeKa CMEpTEJbTHO OnacHbl BCEro 2 MUKporpamma  TuyTOHMS
[[lnyToHuii..., 1994]. K cuactblo, coaepKaHue MIYTOHUS, KaK W APYrux
UCKYCCTBEHHbIX PAAMOHYKIUIOB, B KOMIIOHEHTaxX JECHOro OHOreoLeHo3a
Cubupu HeBesMKO, a BLIHOC €ro M3 NOXKapuuy He TaK SHEPruueH, Kak y
paauouesus v paauoctpoHuus. Ho 310 He noBoa ocrtasidaTh 6e3 BHUMaHUS
paaruoIOrH4YECKYH CTOPOHY JIECHBIX MOXapOB.

JIeCHbIE MoOXKapbl HAa TEPPUTOPUAX, 3arpsa3HEHHBbIX WCKYCCTBEHHBbIMM
paguonykaaamu (°'Cs, *°Sr, Pu u ap.) ot YepHoGbiibeckoii katacTpodbl,
CNYy’KaT MCTOYHUKAMM BTOPUYHOIO 3arpA3HEHHUA HOBBIX TEPPUTOPUI W
YBEJIMYEHUS 030BbIX Harpy3oK Ha HacesneHue [A3apos, 1996]. B Cubupu 31u
N03bl OT BHYTPEHHEro U BHELLIHEro o0Jy4YeHHUs He MOTYT ObITb BbICOKMMHU B
CHJIy LUMPOKOrO paccesHus WCKYCCTBEHHBIX pajMOHYKAKAoB. OnHako
CYLLECTBYET OHO OOCTOATENBLCTBO, KOTOPOE, HA Hall B3rJaJ, HE MOXKET ObITb
OCTaBJIEHO 0€3 BHUMAHUA.

JIanbHUI NEPEeHOC MUTPUPYIOLIMX SJIEMEHTOB BO3MOXKEH TOJBKO MNpH
BEPXOBbIX NOKApax, a COOTHOLLUEHHE WX KOJMYECTBA C HU30BbIMU NMOKApaMH —
BEJIMYHMHA >(PEMEPHAa U AAJIEKO HE NOCTOsAHHAA. HecOMHEHHO, AJd OrpOMHbBIX
npoctpaHcTB CUOUpH ANUTENIbHOE HAXOXKAEHHE B aTMOC(epe ITUX KOJIMUECTB
PTYTH, KaAMUsA, CBMHLA, pajuOLIEe3us, PaAHOCTPOHUMA U APYrUX TOKCHYHbIX
3IEMEHTOB MOrjo Obl MOKa3aTbCAd MANOONacHbIM, €ciui Obl HE OJHO
00CTOATE/ILCTBO.

Bo-nepBbIX, HaxoxaeHue Joaei BOMM3KM  MOXKapOB, HECOMHEHHO,
OMacHO BABIXaHHEM HE TOJIbKO ra3oB M OPraHMYeCKMX COEAMHEHWH, HO W
TaKWX OMAacHbIX TOKCHMKAHTOB KakK PTYTb, KAaAMHH, CBUHEL, MbIWbIAK H
UCKYCCTBEHHbIE paaMOHYKIKuAbl. Kak mnoauepkuBaercsa MccieaoBaTesiaMH
TOKCHUYHbIX KOMIIOHEHTOB I0XKapoOB, “...C/I0KHbIM BONPOCOM NpPEACTaBIAETCS
CUTyalMs, KOrja Ha uYeJOBEeKa... BO3ACHCTBYET COYETAHUE HECKOJIbKUX
TOKCMKAHTOB, 00najalommux pa3jividyHOd TOKCHKOKWHETUKOW W pa3HbIM
MEXaHW3MOM TOKCHUYECKOro AercTBUA. Oco0Oro BHUMaHMA...3aC/yKWBAET

npoGsema KoMOUHHpPOBAHHOrO AcicTBUS dakTopoB PU3HUECKOM, XMMHUUYECKOI



W TMCUXOJIOTMYECKON MpUpOAbI HAa UEJIOBEKa... YCYryonsiowuM MOMEHTOM
SIBJSIETCS TO, YTO K HACTOALLEMY BPEMEHH €lLIEC HE BMOJHE U3BECTHbI 3aKOHbI
KOHEYHOr0 CyMMapHOro BO3AEHCTBMA HA YPOBHE LIEJIOCTHOrO opraHusma...”
[Mapku3zosa u ap., 2008, c. 195].

Kak noka3aHo  3KCrnepuMEHTalbHbIMM  paboTamMM, CyMMapHoe
BD3,[I_EI-""ICTBHC HDHH?.H[‘J}’IDL]_L&FO I»13J'I}r"-IGHI/IH H HEKOTDPI}IX TAXKCIALIX MCTANOB
VBE/IMYMBACT KOJMYECTBO alOeppaHTHbIX KJIETOK B IKMBBIX OpraHu3zMax
[["epacbkun u ap., 1993; ['epacbkuH U ap., 1996]. JIpyrumu skcnepuMeHTaMu
B LIMTOreHEeTHYECKOH akcnepTuse ¢ npopoctkaMu Vica faba u Crepis lapillaris
BbIABJICHA YETKAs KOppENAUMA MEXAY aKTUBHOCTBLK CyOCTpaTta W YMCIOM
abeppauuii XpoMOCOMHOro M XxpomatoreHHoro Ttuna. JloOaBka TaxKenbIX
METAJIJIOB YBEJIMYMBAET YMCIO TFEHETHUYECKUX noBpexaeHui Ha 30 % no
CPaBHEHHIO ¢ paJHaLMOHHBIMU Bo3AeicTBHAMHU [Cokonos, | anacu, 1991].

Bo-BTOpBHIX, B MOCAEAHEE BpPEMs B HAYYHOH Me4vyaTH pas3BepHyJach
LLIKUPOKAss AUCKYCCHSA MO NOBOAY HEraTMBHOIO BJIMAHMWS HA JKUBbIE OpraHWu3Mbl
CBEPXMAJIbIX [103 MCKYCCTBEHHBIX PAAHOHYKJIMJOB W JIPYTUX TOKCHYECKHX
BELLECTB. JTO CBA3aHO C HEPEWEHHOCTbIO MNpo0JAeMbl  AJIMTENBHOTO
BO3ACHCTBUS HA KUBYIO KJIETKY yAbTpamaibiX 403 PaAHOHYKIMAOB U APYrUX
TOKCUMKAHTOB (Tak Ha3biBaeMblil « DddekT [leTko». OaHUMHU uccneaoBaTeaMu
BNOJIHE apryMEHTHPOBAHHO YTBEPIKAACTCA pas3pyllaloLee BIMAHHE MaJlblX 103
Ha opraHusM uenoBeka |[bypnakosa, 2000; [lanbmuua, 2009], apyrumwu
[Apmonenko, 2007] 3TO nonoKeHWE 3HEpruyHo oTBepraercsa. He saBagach
cneLMaiucTaMy B JAHHOM BOMPOCE, Mbl JIMLIL OTMEYaeM ee, BbiCKazaTh CBOE
MHEHUE CUUTAEM BO3MOKHbIM.

[TosTomMmy Ham npeacraBageTcs, UTO [0 KOHKPETHOrO pelieHUs
OTMEUYEHHOHW nNpOONAEMbI, BONPOCAaM ASMMCCHH TSHXKEIbIX METANIOB H
MCKYCCTBEHHBIX PaJMOHYKJIWAOB MPU JECHBIX NOXKapax cheayer yaeasTh
NOBLILLCHHOC BHHUMAHHKCE. :‘)TU TEM 60.]’[66 Ell{TyaﬂbHO, CCJIH }“{HTbIBaTb, yTo
AbIMOBbIE ULICH(PBI OT JieCHbIX noxkapoB B CHOMpHU MNOKPBLIBAIOT MHOrAA

OFPOMHBIE MPOCTPAHCTBA W AJUTENLHOE BpeMs. Mbl Wb NOAYEPKHEM, UTO



JbIMbl W a3p030JIM JIECHBIX MOXKAPOB HECYT B ce0€ TOKCMKaHThl 0COOO0i
CTEMEHH OMNMACHOCTU. ODTU TOKCUKaHTbl B Jecax CuOupu COCpPEeaOTOUCHBI
rnaBHbIM 00pa3oM B JIECHBIX MOACTHIIKAX, KOTOPbIE TOpSAT NMPU BCEX TUMNax
NoKapoB.

Bce ckazaHHOe MO3BONSET CUMTATh MPUBEACHHBIA BbIWIE MPUMEDP Cell
bacran ¥ Hwuikonaeska Ha ro-zanaae ANnTaHCKOro Kpas OYEHb
HeONaronpuATHbLIM 11 HaceNeHWsA, HaXOJMBLIErocs BCE BpeMs Mokapa B
VCIOBHAX CHJILHOM 3a/IbIMJICHHOCTH. Ha Haw B3rusa, 3T0 HEMUHYEMO JOKHO
ObIIO CTaTbk NMPUYHUHON TMOMNAaJaHUS B YEJOBEYECKHH OpPraHu3M HE TOJIbKO
VIAEKUCIIOro ra3za U ApyruxX COCAUHEHUM, HO U OONbILIOrO YKUC/IA TOKCUYECKUX
BELIECTB, BKJIKOYAA M CMHCOK OTMEUEHHBLIX TAKEeNbIX METalllIoB H
MUCKYCCTBEHHbIX PaAMOHYKAWAOB. Elle OAHUM NPUMEPOM SKOJOrMYECKOrO
HanpsizkeHUd, O0YCNOBACHHOIO JIECHBIMU MOMKApaMM, MOXKET CAYXUTb 1997
roa, Koraa Ha tore 3anagHod CUOMpPHU CNOXKUAUCH ONaronpUATHBIC YCIOBMS
2711 BOBHUKHOBEHMS IeCHBIX U TopdhaHbIX noxkapos. CoepikaHue adpo3oseii B
aTMoc(epe OT NOKAPOB YBEJIUYMIIOCH B JECATKH M COTHU pa3. B abiMmoBOM
weide, oxsatupweM Tepuutopuio Tomckol 1 HoBocuOupcekoit obnacTteit u
AnTaiickoro kpas, oOHapyXuBajaucCb napaduHbl, achanbTeHbl, KapOOHOBbLIE
KUCAOTHI, (peHoNbl, OeH3(a)nupen u apyrue Bewecrtsa. B Hopocubupcke B 3ToT
nepuoa cpeand 3aboneBiiMX OblIM  JHOAM, Y KOTOpbIX 3a(pUKCUPOBAHO
000CTpeHHE XPOHUYECKHX 3a0o/eBaHuii opraHoB AblXaHusa. [lo AaHHBIM
JIETCKOro ajljieprosiorHueckoro LeHTpa, 6-8 okTadps KonuuecTBO OOJBHBIX C
obocTpeHUsMU ajfieproodpasoBaHuii yBaiuumniaoch Ha 50 % no cpaBHEHUIO C
OOBIYHBIMH JHAMH. 3a001€BAEMOCTb HACEJICHUs PAMOHOB, MPUMbIKAOWMX K
noxkapam, ypeauuunoch Ha 15-20 % [Cenereit u ap.,1997]. HecoMHeHHO, K
3TOMY Ha0OpYy TOKCHYECKUX BEHIECTB CACAYET A00ABUTbL M TE TAKEIbIC
METaJUlbl, AKTUBHBII BBIHOC KOTOPHIX M3 TMOXKapHLl OTMEYEH Hramu Ha
npeabIAYLUUX CTPAHULIAX KHHUTH.

TpyaHo npeanonokuTb, Kak MW KOrja npogaBiaTCd MTOrM 3THX M

JAMHOTFOUUCICHHBbIX JApYrMX CHOMpCKMX mnoxapoB. [loaoOHbIX sABACHMI B



Cubupu, n1a n B Poccun B Lienom, nocaeaHue rofbl CTaHOBUTCS BCE DOJbLUE U
Ooablue. [Toatomy Kaxercs 000CHOBAHHOH HEOOXOAUMOCTb MOHUTOPUHIOBbIX
HaOMOAEHHI CO CTOPOHBI CAHUTAPHBIX U MEAMLMHCKHUX CIIYkKO 3a 310pOBbEM

JKUTENEH, nonaslIUX NOJA BJUSHUE AbIMOBBIX ll[ﬂeﬁd)OB.

JIOJIrOCPOYHbBIE TPOrHO3bl MUPONOrHYECKOH OOCTAHOBKM B HALUECH
CTpaHe HE Jal0T OCHOBaHWI Ana Onaronyiuua. M3-3a riobanbHOro M3MEHEHHS
KIMMATa YMCIIO KpPYMHBIX JIECHBIX TMOXKapoOB BO BCEM MHpPE €KErogHo
YBEIIUYUBAETCA, TAK KaK NMEPHOI0B KAPKOM M 3aCyLLTMBOH MOrobl CTAHOBUTCA
Oonblie. B Cubupu K KOHIy XXI BEeKa pUCK BOBHUKHOBEHHS IKCTPEMASIbHBIX
NO’KapoONacHbIX YCIOBUI BO3PACTET, U 30HA YBEIIMYEHHUS 3TOW BEPOATHOCTH
3alWMET MOYTH BCIO TEPPUTOPHIO Poccuu, 3a uckioueHueM JlanbHero BocToka
u Ilpumopes. [lpn noGom Tune noxapa jecHas MOACTHIIKA, KaK OCHOBHOI
HOCHUTE/Ib TSAXKEAbIX METAIOB W MCKYCCTBEHHbBIX PaAWOHYKIWAOB, OyaeT
NOCTaBAATb WX B JbIMOBbIE a3p030JiM, Nepepacrpenensas Mo 3eMHOM
MOBEPXHOCTH B TEX MM HHbIX MacwTadax. B HeKoTopbIX cay4asx
MUTPALUOHHBIE TPOLUECCHl JIECHBIX TMOXKApoB MOTrYT ObITh OrpaHHUYEHbI

nepepacnpencicHUEM BHYTPU NOXKAPUILIA UM NO sIpycaM Jeca.



SAKJIIOYEHHUE
["openue necop B 2007-2014 rr. u naxe B anpene 2015 r. nokasanu,

HACKOJIbKO CEPbE3HO CTOUT JIECHAs MUPOJIOrMyeckas rnpodsiema HE TOJNbKO B
Cubupn wunu Poccun, HO W BO BceM Mupe. HcecnenoBaHus Haluew
nabopaTropuu, KacaroLMecs dKOJIOrHYECKOro COCTOAHUSA HEKOTOPbIX PErHOHOB
CulOupu, oxpatunud npoctpaHctBo ot fmano-HeHeukoro AO Ha cesepe
Cubupu no Pecnybnuk Antait u TeiBa Ha tore U ot TrOMeHCKOIN 00aacTh Ha
3anaae a0 baiikanbckoro 3Jkonoruveckoro pervoHa v Penybnuku Caxa
(JIkyTua) Ha BocTOKe. Tak, HanpuMep, B 3abaiikallbCKOM Kpae BIOJIb TpacChl
MockBa — BiaaMBOCTOK TpYAHO HANTH CONKY, HE MPOMAEHHYIKO OrHEM 3a
nocneaHwe 20 JNE€T: OrpoOMHbIMHU  CBET/IBLIMM  MATHAMH  BbLAENAOTCS
LLIMPOKOJIUCTBEHHBIE Jieca, CTPEMUTENIBHO 3aHABLUME MJOIIAAM MOXKApPULL Ha
TEPPUTOPUSAX, paHEE 3aCEIIEHHBIX NPEUMYILIIECTBEHHO XBOHHBIMM MOPOJaMH.

[To cywiecTBy HalWKMX HWCCACAOBAHUI CAEAYET NOAYEPKHYTb JIBE
CTOPOHBI JIECHBIX MOKapoB, HE UCKIKUYatoWuxX apyr apyra. [TonoxurensHas —
3TO OYMIUEHWE BBIFOPEBIUUX TMJOWAACH OT LUEIOro psaa TOKCUYHbIX
eMeHTOB. CBsi3aHHas ¢ 3TUM, OTpUuUaTeNbHas — 3arps3HEHWE HOBBIX
TeppuTopuii. K Heil HeoOXoauMo N00aBUTHL CTPECCOBBLIE COCTOSAHHUA JIHOAEH,
NOMAaBIUKX MOJA /AbIMOBbIE ULUIEH(HLI JNECHBIX MNOKAPOB U YIOMSHYTOE B
HauaJIbHBIX pa3jieflaX KHUIM YCUJIEHUE 3a00NeBaHHil pa3/IMuUHOro Xapakrepa B
NOXKAPHbIE NEPUOADI.

[TonoxkuTenbHble U OTpUUATENIbHBIE TOCAEACTBHS JIECHBIX [0YKAapOB
TECHO CBSA3aHbl APYr ¢ ApyroM. JIECHble MUPOJOrHYECKUE SBJIEHUSA — 3TO
MOLLUHBIA MEXaHHU3M H3MEHEHUs TEOXMMMUECKMX MOoKa3aTeseil JaHAaAwadToB
Cubupu B pesynbraTe nepepacnpeieeHuss XUMHUYECKUX JJIEMEHTOB M
OpraHHYeCcKHUX COEJHHEHUH MO e€e OrpoMHON TeppUTOpHH. MMEHHO NbIMOBLIE
wiaekdpbl cnykar npHYrHOR 3a00N€BaHUsA YENOBEKAa, HO C JIPYroil CTOPOHBI,
OHHM YBJIEKAIOT ¢ COOOM pa3/IMUHbIE TOKCHYECKHE DJ€MEHTbl U OpraHHYecKue
COCAMHEHHUs, OMULLAS OT HUX MOYBEHHO-PACTUTE/bHbIH NMOKPOB HA OrPOMHbBIX

ninowangax. Ocobo BaxHas POJIb OFHA B 3TOM TNPOLCCCC 3aKNOHaACTCd B TOM,



HTO OYHLUCHHUE KAaCacTCA TCX MUIPAHTOB, KOTOPLIC MOABHIKHbBI B Tpocbnqecmx

HeNAX «MOYBa—>PACTEHHE—>KUBOTHOE MM uenoBek». Croaa OTHOCATCS
MCKYCCTBEHHbBIE PAJMOHYKIHABbI, PTYTb, KaAMHI, MbILIbAK, CBHHEL H
HEKOTOpbIC APYrue 3JEMEHTbI, UMEKOLIME TOKCHUEeCKUe cBoicTBa. HO MMEHHO
3Ta Tpynmna HacbIWACT JbIMOBbIC LIICKH(bI, MOKPbIBAIOLIUE OrPOMHbIC
TeppuTopur CUOUpH B OTaENbHbIE roabl. HECOMHEHHO, eclii pacrnpoCTpaHUTh
Ha BCKO TeppuToputd CUOMPM TE€ KOJIMYECTBA MEPEUYMCIACHHDBIX 3JIEMEHTOB,
KOTOPbIE BBHIAC/SAKOTCA MPHU JIECHBIX NOXKapax, TO MOKET BO3HUKHYTb WILJIHO3US
NOJIHOKM UX O€30MacHOCTH [JIs HaceleHUd. ITO MOAKPENIACTCS €lUe U TEM,
YTO, BO-NEPBbIX, AbIMOBbIE LN (bl MOKPLIBAIOT XOTA U 0OJbLUIKE MIOLAAM,
HO He BCto CuOMpb, a BO-BTOPLIX, KOHLUECHTPALMS 2JIEeMEHTOB ObICTPO MajacT
no Mepe yjlajleHus OoT uctouHuka. CnenoBarenbHo, HauboJiee ONAaCHbIMU 115
3I0pPOBbA JKOAEH MOrYT ObITb NPUIETAKOIIME K NOKapam npoctpadcTea. Ho u
pacCMOTPEHHbIE B TMOCNEAHEH TIJlaBe JKOJOrMYeCKHe MNpoOneMbl Heb3s
octaBiATb 0€3 BHUMaHUA. [lonyyeHHblE JaHHbIE [JAalOT  OCHOBAHHWE
paccMaTpuBaTh MPUBEACHHbIE HAMM 3HAYEHHUSA SMHUCCHHU TSKEJbIX METANIOB U
MCKYCCTBEHHBIX PaJUOHYKIIMAOB AOCTATOMHO “MHUPHbIMU~ M3-3a paccesiHus
3MIEMEHTOB. DTO YTBEPHKACHUE BbIMIAAUT TeM Oojiee YCNOKaUBatOLIUM, €ClU
NMPUHATL BO BHUMAHWE HHU3OBbIE MNOXApbl, MPH KOTOPbIX, KaK MNpaBwJIO,
MPOUCXOIANT HE3HAUUTENbHAsA MUIrpauMsl 3JIEMEHTOB 3a Mpeaesbl NokKapuiua.
OpHako, ObIBalOT NEPUOABI, KOrja AbIMbl JIECHBIX TMOKApOB JepKaTcs B
armochepe Cubupu Heaenamu. Beolilie Obin npueeneH npumep 2012 r., koraa
NMOYTH LIENbIA MECSL, LIEHTPAJIbHbIE paliOHbl ANTAaHCKOro Kpas HaXOAWJIUCh Noj
AbIMOBBIM LUeidom ot noxkapoB B KpacHospckom kpae. [ToaoGHble aBeHus
OTMEYAJUCb HAaMU  HEOJHOKpaTHO npu  20-71€THUX  IKCNEAMUMOHHBIX
MCCIeIOBAHUAX BO MHOTUX peruoHax Cubupu.

3aKn4as BCE CKa3aHHOE BAXXHO MOAYEPKHYTb, UTO NECHBIE MOXKapbl —
3TO MPOLECC AKTUBHOM MEpeCcCTpOHKON OMOreoXMMHMUYECKMX MNOKas3aTeen He
TOJILKO CaMUX MOXKapHMiil, HO U HOBbIX muow@aaei nanawadra. EcrecTBeHHO,

NpoLEeCcChl Nepepacrnpeae/ieHus 3JEMEHTOB B CHUCTEME “‘riouyBa — pacTeHue”



MAYT HE TONLKO TMOA BO3ACHCTBMEM BBLICOKMX TeMmIiepatyp, Bceraa
noareepxaas ciosa B.U. BepHaackoro o ToMm, 4To “MEXKAY KOCHBIM U KHBbIM
BELLIECTBOM €CTh HEMpPEpPbIBHAA, HUKOIa HE NMpeKpallaroasics ¢Bsi3db, KOTopas
MOSKET ObITb BbIPaXK€HA KaK HEMPEPbIBHbIH OMOr€HHbIH TOK aTOMOB U3 KHBOIO
BELIECTBA B KOcHOoe U oOpatHO” [BepHaackuii, 1997, c. 16]. Kak Obno
OTMEUYEHO BbILIE, AHTArOHW3M 3JIEMEHTOB, W30MpaTe/ibHAsg TOJEPAHTHOCTD
pacTeHUi MO OTHOLLUEHWID K HUM U TOMY NOAQOHBLIE ABNEHUS, BO3HUKAKOLLUE
npu B3aUMOJICHCTBUM KUBOMO M KOCHOIO BELIECTBA, MAYT MOCTOSIHHO M
MOBCIOY Ha MOBEPXHOCTH 3eMJIM. M NOUYBEHHO-PACTUTENbHbIA KOMIIEKC
necop CuOMpH, HE3aBUCUMO OT TOro, TropAT OHWU WIM pacTyT 0e3

BEMCLUATC/ILCTBA YCNOBCKA, HC ABJACTCA HCKJIIOUCHHUECM.
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