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BBenenune

['eoxumuyeckass MO3aMYHOCTh Ouochepbl, OOYCIOBICHHAs  Pa3IUYHBIMU
MPUPOJIHO-TEXHOTEHHBIMHU yCIIOBUSIMU, 3HAYUMO MEHSETCS B CBSI3M C DPa3BUTHEM
yeioBeka W oOmiectBa. JloOblua TMONE3HBIX HMCKOMAEeMbIX, HX TmepepadboTka
WCIIOJb30BaHUE U YTWIM3AIUs, CTPOUTEIBCTBO W OKCIUTyaTalusi MPOMBIIUICHHBIX
00BEKTOB BEJET K 3HAYUTEIHLHON CMEHE I€0dKOJIOTHYECKUX YCIOBUM CYIIECTBOBAHMS
YKUBBIX OPraHW3MOB, BKJIIOuUas 4desioBeka. [IoBBIIEHHOE MOCTYIUICHHE OMpPEIeICHHBIX
XUMUYECKUX AJIIEMEHTOB B MPUPOJHYIO CPEAY SPKO OTPAKAETCA B DIIEMEHTHOM COCTaBe
Oouotbl. JKuBble OpraHU3Mbl  CTAaHOBATCS  T€OMHJUKATOpPAMH  AHTPOIOTCHHOM
peoOpa3oBaHHOCTH JIOKAIBHBIX TeppUTOpHil. OCHOBHBIE PE3YJIbTAThl HMCCIIECIOBAHUS
XUMHUYECKOT0 COCTaBa OMOJOTMYECKUX OOBEKTOB: PACTEHUM, KMBOTHBIX U YEJIOBEKA,
KaK TE€O0IKOJOTMYECKUX HHAMKATOPOB OBLIM MpeJcTaBlieHbl B paborax Bunorpamosa
A.I1., Bunorpanosoit JI.JI., KoBansckoro B.B., Jlo6poBonsckoro B.B., Ilepenbmana
A.N., KoBaneckoro A.JI., Kucra A.A., Kabdatei-Ileaauac A. u Ilennunac X., Tkanuua
C.M., Caenko I'.H., ABupina A.Il., Mamoru JI.I1., Bowen H.J.M., Fortescue J.A.C.,
Kalani D.K., KapoponkoBa A.A., Puma M.A., EpmakoBa B. B., Mouceenko T.U.,
Cycnuxosa B.JI., Arajkansina H.A., C.®. TrotukoBa, B.A. Anekceenko, M.C. Ilanuna,
Mansruna M.A., Unsuna B.b., Xpucrodoposoit H.K., IlyzanoBa A.B. m mHOrumx
JPYTUX aBTOPOB.

CoBpeMeHHbIE T€0IKOJIOTMYECKUE UCCIIeI0BaHUS pa3InuHbIX Tepputopuil (benan
JLH., B.H. Ynauun, B.C. besens, I[lanuuer A.M., A.M. Csico, B.J[. CtpaxoBeHko,
10.B. PoGepryc, JleonoBa I'.A., Kopo6oBa E.M., Kypammuua H.T'., IllaiimapganoBa
b.X., Koporox H.II. u MHOTHE Npyrue) noKa3piBatoT GakT TECHOW B3aMMOCBS3HU JKUBBIX
OpraHu3MoOB CO cpenioid, 0 kotopoi ropopui emie B.W. Bepuanckuii (1960). Onnako, Bo
MHOTMX HCCIIEIOBAHUSX OTCYTCTBYIOT JaHHBIE O B3aUMOJEHUCTBHUSIX XHUMHYECKHUX
AJIEMEHTOB B paMKax pPa3HbIX JIOKAIbHBIX 3KOJOrO-T€OXMMUYECKUX YCIOBUM, PEIKO
paccMaTpUBaeTCs MX MIMPOKUM CHEKTp, Majl0 BHUMAHHS YAEISIETCS KOMIUIEKCHOMY
NOAXOAY C NPUMEHEHHEM MOJEIU OLEHKH BO3JCHUCTBUS HAa KUBBIE OPTraHU3MBI.
OpHako,  ClOXXKHasg  DJKOJOTMYECKass  OOCTAHOBKAa  JIOKAJIBHBIX  TEPPUTOPHIA,
oOyCIIOBJICHHAsT ~ TEXHOTECHHBIM  BO3JICHCTBHEM  IPOMBIIUICHHOCTH, CO3/1aeT
HEOOXOIMMOCTh TaKOW OIICHKA TMOTEHIIMATBHOIO HETAaTUBHOTO BO3JEHUCTBHUS Ha
3I0pPOBBE HACEIICHUS.

Meron Ouenku xuzHeHHoro mukia (OXILI), oquH W3 BeAylmMX UHCTPYMEHTOB
AKOJIOTUYECKOTO MEHEIKMEHTa B EBpomeiickoM coro3e, MO3BOJISET OTCIIEKUBATH
BEJIMYMHY W 3HAYUMOCTb BO3JEHCTBUSI HAa OKPYXKAIONIYI0 CpeAy, M YelOBEUECKUU
oprauu3Mm. B Poccuiickonn ®enepaunu JaHHBIA METOA B CBS3M C NPUHATHEM
MexayHapoaHbix ctanaaptoB — 'OCTer PUCO 14040-14043 (IIputyskamosa, 2007)
Bce OOJblIIEe BXOAWT B NPAKTUKY OLIEHKH PUCKOB JUIsl HACENEHUS M DKOCUCTEM
(Cunopenko, Muxee, 2017; IlepmunoBa, 2017; SAmantanudoBa, 2015; CrapocTuHa,
VnanoBa, 2013; MamamxkanoB, Cupopenko, Jlarymkuaa 2011,). Mogens mmupoxo
npuMeHsieTcsi B paboTax MHOCTpaHHBIX ucciaenoBateneit (Pefia, 2018; Ortiz de Garcia,
2017; Rosenbaum, 2011) u npu3HaHa MUPOBBIM Hay4dHbIM cooOiiecTBoM. [lokazarens
HETaTUBHOTO BO3JeUCTBUS — Xapakrtepuctuueckuidi ko3dduuuent (CF) saBnsercs
TaOJUYHBIM 3HAYCHHEM, MpeajiaraeéMbiM MojeNblo st 25 Heopranumdeckux u 3000
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OpraHMYECKUX COEIMHEHHH B 3aBHCHUMOCTH OT TEPPUTOPUAIBLHOIO PACIONIOKEHUS
pernoHa. B nmanHoii paloTte, oAHaKoO mpeIaraerca MOAM(PUKALMS JAHHOTO
KO3 (pUIMEeHTa ¢ TOMOUIBIO BHEAPEHUS PE3yIbTaTOB OMOT€OXMMHYECKOTO aHajau3a
TEPPUTOPUU C PA3JIUYHOU DKOJOrO-T€OXMMHUYECKOM CHUTyallMed, C LEeIbl0 HX
JanbHEHUIIEro paHKUPOBAHUS, YTO ONPENEIIAET U AKTYalbHOCTb UCCIIEOBAHUS.

Hean padorhl. OlLieHKa T€0’KOJIOTMYECKOr0 COCTOSHUS JIOKAIBHBIX TEPPUTOPUIA
Cubupn, 3abaiikanbs u KazaxcTtaHa ¢ UCHOJIb30BaHUEM IIOKa3aTeNEd 3JIEMEHTHOI'O
COCTaBa OPraHOB M TKAHEW MIIEKONMMUTAIOMIMX W UX PaHXKUPOBAHHE IO CTENEHU
TOKCUYHOCTU OT/AEIbHBIX 3JIEMEHTOB.

Jlnist e€ perieHust ObUIM MOCTABJIEHBI CIEAYIOIINE 3aJaUM:

1. [IpoBecTtu 0TOOP MPOO OHOJOTMYECKOTO MaTepuana MIEKOMUTAIOMEro SUS
scrofus domesticus Ha JOKaJIbHBIX TEPPUTOPUAX C PA3TUYHBIMU T€OIKOJIOTUICCKUMHU
YCTIOBHUSIMH ()YHKIITHOHUPOBAHUS IPUPOTHO-TEXHOTEHHBIX CHCTEM;

2. VY CcTaHOBUTH MHJIMKATOPHBIE MOKA3aTEIU COJAEPKAHUS KOHUEHTPUPOBAHUS
Y COOTHOUIICHUS] XUMUYECKUX AJIEMEHTOB B OpraHax M TKaHsIX, a TaKxke OMOJIOru4ecKon
KUJKOCTH OpraHM3Ma MIIEKOMUTAIOLIEro Jis JIOKaldbHBIX TeppuTopuid Poccun wu
Kazaxcrana;

3. BoisiBuTh  OmMoeroxuMuueckyro creuuduxky ¢opmMupoBaHus OapbepHBIX
CBOICTB CHCTEM OPraHoB U €€ U3MEHEHHUE B YCIOBUSX YpOAHHU3AIMU M XO3UCTBEHHOU
JeSITeIbHOCTH YeJIoBEeKa

4, MoauduiupoBath METOJT pacyeTa XapaKTepUCTUYECKOTO  (akropa
TOKCUYHOCTU [IJIsl 3JI0pPOBbSI HAceleHHs C ucrnoyib3oBaHuem wmoxaenu USEtox c
BHEJPEHHEM Pe3yJbTaTOB XMMHUECKOT0 aHallh3a OTOOpaHHOTO OMoMaTepuana;

S. PamxupoBaTh TEppUTOPHUH IO BEIUYMHE XapPaKTEPUCTUUECKOTo (akropa
TOKCUYHOCTH JUIsI 37J0POBBSI HACETICHHUS.

OcHoBHBbIE 3alIUIIaeMble MOJI0KEHHS :

1. B pasznu4HBIX 3KOJOTO-TEOXMMUYECKUX YCIOBHUSX CpeAbl OOUTaHUSA B
opranu3zMe miekonuTaromero (Sus scrofa domesticus) GopMupyroTcs cnenupuaHbIe
KOppESIMOHHbIE B3auMOCBs3M xuMuueckux nemeHToB ¢ Cr (Eu-Cr-Yb I[laBnomapckas
obmacte r. Dxubacry3; Cr--Ca, 'asumypomckuii 3aBoj, Taiina, Kanra, YpoBckue
ko 3abaiikanbekuit kpaii ; Cr-Sb moc. KwxkupoBo, Bepxunee CeuenoBo Tomckwmii
paiioH), W3MEHAIOTCS aOCONIOTHBIC colepX aHus H KOA(DPHUIIMEHTH KOHIEHTPAIUU
XUMUYECKUX D3JIEMEHTOB, H3MEHSAIOTCA oTHomeHus 3iemeHtoB (Th/U, Rb/Cs), uro
MOJKET CIIy>KUTb UHAMKATOPOM ITHX yCIOBHII.

2. DJeMEHTHBIM COCTaB OpPraHOB H TKaHE MJICKOMUTAIOIIUX OTpa)xaeT
cnenu(uKy TEXHOT€He3a TEPPUTOPHIl KX OOWTaHHS B BHUAE KOHIICHTPUPOBAHUS
OTIPE/IETICHHOTO CIEKTpa 3JEMEHTOB Ha OapbepHBIX opraHax. B smOproHax Memkux
MJICKOTIUTAIOUINX B YCIOBUSX BO3aelcTBUs CpeaHeypalbCKOro MeEACTIaBUIbHOTO
koMOmHaTa HakarmBarTcs Sb, Cr, P33 (Sm, Ce, La, Lu), Zn, Br, U.Ha manentapaomM
Oappepe JKEHIIMH-KUTENBbHULl MPUOIMKEHHBIX K CeBEepHOMY MPOMBIIIJICHHOMY Y31y
paiioHoB konneHTpupytotTcss Th, Br, Zn, Sm, Hf. B 30ne Bo3gelictBusi CeBepHOTO
NPOMBIIUIEHHOTO  y3ma  Tomckoro  paifoHa  Takxke  Hapymaercs  pabora
remMatrosHuedanuueckoro Oapbepa € aKKyMyJIHMpOBaHHEM B TKaHAX TOJOBHOTO U
criuHHOTO Mo3ra Rb, Ba, Au, Fe, Cs. B 30He nelicTBus 100bIBaIOIIEH U SHEPTreTUIECKOM
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MPOMBIIIIEHHOCTH Topoja OKu0acTy3 MAaKCUMaJbHOE HAKOIUIEHUE HIIEMEHTOB
MPUXOAUTCS Ha Oapbep TOJICTOrO KUIIEYHUKA.

3. PaccuuTaHHBI MHAEKC TOKCHYHOCTH YBEIUYMUBACTCS TMOJ BIUSHUEM
ypOaHU3alMKU U XO3SIIICTBEHHOM ESITeIbHOCTH YelloBeKa. Pacuer nHaeKkca TOKCUYHOCTH
AJIEMEHTOB JUISl 3/I0POBBSl HACEJIEHHS COTJIACHO UX COJAEPKAHWUIO B MBIIIEYHOW TKaHU
MJIEKOIUTAIOLIEr0 MPHU HOPMAJIU3ALMK K TOYBaM IO3BOJISIET PaHKUPOBATh TEPPUTOPUU
10 CHUYKEHUIO TIOKA3aTeNsl B CIAEAYIOLIEM MOPSIIKE:

1. Jaa Cr 3alaiikansckuit kpaii> I[laBnogapckas obnact> Pecnybnuka TriBa>
Tomckas obnacts™> Bocrouno-Kazaxcranckas o6mactpb

2. dna Zn, As, Sb, Ba 3abaiikanbckuii kpait> I[laBmomapckas 00acTh>
BocTtouno-Kazaxcranckas obnacte> Tomckas obnacts> Pecniy6nuka ThiBa.

DaKkTHYECKHMH MaTepPUAJ U METOAbI UCCJIeIOBAHM .

B ocHOBY auccepTalliOHHOW pabOThl MOJOKEHBI PE3YNbTaThl HCCIEIOBAaHUMH,
IPOBOJUMBIX JMYHO AaBTOPOM, a TAaKXKE€ COBMECTHO C COTPYJAHUKAMHU OTHEJICHUS
I'eonornn  WuxenepHon  mkonsl  Ilpupomneix  pecypcoB  HamumonanbHOro
UCCJIEI0BATENBCKOr0 TOMCKOTO MOJIMTEXHUYECKOTr0 yHHMBepcutera. B pabore Takke
pPacCcMOTPEH M MCIOJIb30BaH Marepuall, IMpeJIOCTaBICHHbIN KOJJIEraMU—COTPYIHUKaMU
uHctutyTa r. ExarepunOypra (Muctutyt Okonoruu Pacrennit u XKusotasix YpO PAH)
U matepuain, oroopanHbiii B ropoge Tomck k. M. H. CrankeBuu C.C., pyKOBOAMUTENb
LleHTpa nogAepKKu rpyJHOTO U PAllMOHAJIBHOIO BCKapMJIuBaHus I. Tomcka.

B pamkax pabGotel ObL10 paccmorpeHo 186 mpoO opranoB u TkaHel CBUHBH
nomairHe#n (Sus scrofa domesticus), npeACTaBISIOIIMX BCE CHCTEMbl OPraHOB
AKUBOTHOTO. {7151 OTKpOMa KMBOTHBIX, BRIOPAHHBIX ISl HCCIIEIOBAHUS, UCIIOJIb30BAIHUCH
2 copra komMOuKOpMOB, oTBeuatoniue TtpedoBanusiM ['OCT, Bo3pacT KHUBOTHBIX
cocTaBIsll OT 3-6 MecsneB. OCHOBHBIE TEPPUTOPUU OTOOpA TIPOO: HACETECHHBIE MyHKTHI
KwxupoBo u Bepxnee CeuenoBo Tomckoro paitona Tomckoit obmactu (Poccusi) u
ropoxa Dkubacty3 IlaBmogapckoit o6nactu (Pecnybnuka Kaszaxcran), niis mpoBeaeHuUs
CPaBHUTEIBHOIO aHalii3a pacCMaTpPUBAIWCh JAHHbBIE, TOJYy4YEHHBIE [0 JAPYrUM
pernonam Poccum m KazaxcraHa, a IMEHHO IOCEJIKM YPOBCKHE KIIHOYM, ['a3uMypckui
3aBoj, Taitna, Kanra 3abaiikanbckoro kpasi, mocenok XoBy-Akcel Pecryonuku TriBa a
Taxoke mocenok [lytunnieBo Boctouno-Kazaxcranckoii o6mactu Kazaxcrana.

JI1s1 KOJIMYECTBEHHOIO OMNpPENETICHUS XUMHYECKUX 3JIEMEHTOB B KOMIIOHEHTaX
MPUPOJHON Cpelbl UCIOJb30BAIUCH CIEAYIOINIME METOAbl: HWHCTPYMEHTAJIbHbIN
HEUTpOHHO—aKTUBAIIMOHHBIN aHanu3 (MHAA), macc-ciekTpoMeTpusi ¢ UHAYKTUBHO
ceszanHoi 1iazmoit (MCII-MC). Ananu3 o6pasioB metogqom MHAA mpoBoawmics Ha
0a3e wuccnenoBarenbckoro sgepHoro peakropa WPT-T B smepHO-TeOXUMUYECKON
naboparopun  (AI'JI) kadeapbr TeodKoJOTMM W TEOXUMHHM  HarmoHambHOTO
uccinenoBaTeabckoro  TOMCKOro  MOJUTEXHUYECKOTO  YHHUBEpPCUTETa  (aTTecTtar
akkpenutaruu RA.RU.21AB27 ot 08.04.2015); ananutuku — c. H. ¢. A.®. Cyasiko u
JI.®. boryrckas) cormacao unctpykiiun HCAM BUMC Ne 410-®. Ananu3 o6pas3ios
meronom HMCII-MC npoBoawics B aHanuthdeckoM 1HeHTtpe OO0  «Xumuko-
aHamutudyeckuii 1neHtp «llmazma» (pykoBoautens — @emronnna H.B.). Bopa
OuoJioruyeckas aHaJIu3UpoOBaJlaCh B AKKPEJUTOBAHHOM HAy4YHO-00pa30BaTEIbHOM



ueHtpe «Boma» HanumonalbHOro uccienoBaTeiabcKoro TOMCKOro MOMUTEXHUYECKOIO
YHUBEpCUTETA (PyKOBOAMUTEND LeHTpa K.r-M.H. Konbuiosa 0. T)).

JloCTOBEpHOCTh 3aIIMINAEMBIX IMOJO0KEHMH o0ecreyeHa CTaTUCTUYECKH
3HAYUMBIM KOJIMYECTBOM npoo, MPOAaHATU3UPOBAHHBIX COBPEMEHHBIMU
BBICOKOUYBCTBUTEJILHBIMU aTTECTOBAHHBIMU aHanmuTuueckumu wmetogaamu (MHAA,
HUCII-MC) B akkpeIuTOBaHHBIX JIA0OpATOPUSIX, a TaKXKe IIIYOMHOW NpopadbOTKU
(pakTUYECKOro MaTepuaia ¢ UCIOIb30BaHUEM COBPEMEHHBIX METOAOB CTATUCTUYECKOMN
00pabOoTKU U TUTEPATYPhI TIO TEME UCCIIETOBAHUSI.

Hayuynasi HoBu3Ha. BrnepBrie npu M3yuyeHHM 3JIEMEHTHOTO cocTtaBa 176 mpob
opraHoB u TkaHed CeuHbM gomamHed (Sus scrofa domesticus) meromamu MHAA u
HUCII-MC ycraHOBIEHbl HHJIUMKATOPHBIE TOKAa3aTeNH COOTHOLIEHUS XHUMHYECKUX
AJIEMEHTOB B OpraHax M TKaHSIX MJEKOMUTAIOIIUX, OOUTAIOIIUX B YCIOBHSIX
(GYHKIIMOHUPOBAHUSL JIOKAJIBHBIX MPUPOJAHO-TEXHOTEHHBIX CHCTEM Ha TEPPUTOPUU
Poccum u  Kazaxcrana.  YcranoBnena  crneuudpuka — (QYHKUMOHUPOBAHUS
OMOreoOXMMUYECKUX OapbepOB BHYTPH OPraHU3MOB MJICKOMUTAIOMIMX (IIALEHTAPHBIN
Oapbep, remarodHIedannueckuii 6aprep, Oapbep MHUIIEBAPUTEIBLHON CUCTEMBI) U €€
U3MEHEHHE B YCJIOBHUSIX TEXHOreHe3a. MoauduIMpoBaH pacyeT XapaKTepUCTUYECKOTO
K03 (UIIMEeHTa TOKCUYHOCTU [UJII 5 XUMHUYECKHUX DJJIEMEHTOB Uil 4 JIOKaJIbHBIX
tepputopuii  Cubupu, 3abaiikanss u Kazaxcrana. BmepBble mnpeacTaBieHO
paHXHpOBaHUE JIOKaIbHBIX TeppuTopuii Cubupm, 3abaiikanbs u Kazaxcrana mo
BEJIMYMHE XapaKTEPUCTUUECKOT0 KO3(P(PUIIMEHTAa TOKCUYHOCTH JIJISl 3I0POBbs HACIICHHUSI.

IIpakTnyeckas 3HaYMMOCTb. BhiABIeHHBIE 0COOEHHOCTH KOHIIEHTPUPOBAHUS U
pacrpeneneHuss XMMUYECKUX 3JIEMEHTOB B opraHax M TKaHsX CBHHBM JOMalIHEN Ha
TEPPUTOPUAX  C  PA3HBIMU  TEOPKOJOTMUYECKUMH  YCIOBHUSIMU  TIO3BOJISIET
muddepeHMpoBaTh UX MO CTETMEHH IKOJIOTHYECKON HArpy3Kd, YTO MOKET SBISATHCS
MOJIE3HBIM  JIONIOJTHEHUEM K  MPOBEACHUIO  T'€OIKOJIOTMYECKOr0  MOHUTOPHUHIA
TEPPUTOPUH.

Merton moaudukanuu Moaeau oneHku Bo3aeicTBus USEtox ¢ ucnonp3oBaHreM
pEe3yIbTaTOB XMMHUYECKOTO aHaliM3a MOYKET HUCIIOJIb30BAThCS B KAYECTBE JIOKAIBHOIO
JIOTIOJTHEHUSI B OIIEHKE TOKCHYECKOTO BO3JCHCTBHS Ha HacejeHue. JlaHHBIM METOoJ
MO3BOJISIET PACIIUPUTH MOJEIb C UCIOJIB30BAHUEM JIOKAIBHBIX TAHHBIX O XUMHUYECKOM
COCTaB€ MUIIEBOIO0 MPOAYKTa — CBUHHHBI, U B JAJIbHEUIIIEM MOKET NPUMEHATHCS B
OLICHKE PUCKOB IS 3/10POBbsI HACEJIICHHS NU3y4aeMbIX TEPPUTOPHUN.

Marepuanbl, TIOJY4eHHbIE B  MPOILIECCE  BBIMOJHEHUS  padoThl, OBUIH
UCIIOJb30BaHbl MpPU TOATOTOBKE MPAKTUYECKHX 3aHATUH 10 Kypey: «OueHka
sKoJoruueckux pucko» B Otaenenuu ['eonornu MuxenepHoit mkosbl [IpupoaHbix
pecypcoB TOMCKOro NOJIMTEXHUYECKOTO YHUBEPCUTETA ISl IOJATOTOBKH OaKaIaBpOB 110
CHEUUAIBHOCTH «OJKOJOTHSI U NPUPOJONOJb30BAHUE», a TaKKe MOTYT OBITh
UCIOJNb30BaHbl B  Kypcax «OJkojorus», «l['eoxumusi KHUBOro BeIIECTBaA» U
«MeaunuHcKasi reoJorus» AJid NOArOTOBKM MAaruCTPOB MO HAIMPaBICHHUIO « DKOJIOTUS U
MPUPOJIONONIB30BaHUEY. [lonyueHHble NaHHbIE MOTYT OBITh HCHOJIB30BAHBI OpPraHamu
3IpaBOOXPAHEHUS U IPUPOIOOXPAHBI.

AnpoGanusa padorbl. OCHOBHBIE pe3yJIbTaThl JIUCCEPTALIMOHHOW pPadOThHI
obcyxnanuck Ha Beepoccuiickux 1 MexayHapoaHbIX CUMIIO3UYMaX U KOH(GEPEHUIUSIX:
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MexayHapoJJHOM HAay4YHOM CHUMIIO3UYME CTYJ€HTOB M MOJIOJBIX YYEHBIX HM.
akanemuka M.A. YcoBa «lIpoGnemsl reonorud u ocBoeHus Heap» (r. Tomck, 2015—
2019); «Medgeo 2016» (r. MockBa 2016); MexayHapoaHOW KOH(EPEHIUH
«PanoakTUBHOCT, W PpaJUOAKTHUBHBIE SJIEMEHTHl B cpele oOuTaHusi uenoBeka (T.
Tomck, 2016); Mexaynaponnoit kondepenunun «Ecodesign» (r. Tokuo, Snonus,
2018); Mexnaynaponnoit koudepenruu CEST 2019 (o. Pogoc, I'pennst 2019). Kpome
TOT0, Pe3yJbTaThl TUCCEPTAMOHHONW pabOThI JOKJIAIbIBAINCH HA HAYYHBIX CEMHHApax
B otnenenuu ['eonorun TIIY (r. Tomck, Poccust), u naboparopuu 12M HanumonanbHoi
BBICIIEH LIKOJIBI UCKYCCTB U pemeced (r. bopno, ®panuus).

Myoaukanuu. OcHoBHOE COJIep’)KaHMEe W Hay4dHble  PE3YJIbTAThI
JUCCEePTAIMOHHON PaboThl omyOaukoBaHbl B 11 cTaThiX W Te3ucax IOKIAI0B, B TOM
gyucie 2 B KypHalax, pekomeHaoBaHHbIX BAK u 2 mHaekcupyembie B 0azax JaHHBIX
Scopus u Web of Science.

CrpykTypa M 00bem padorbl. J[uccepraiusi COCTOMT U3 BBEACHHS, § TIJIaB,
3aKJTIIOUEHMs], CIUCKA JINTEPAaTyphl U TPUIIOKEHUS, U3JIOKEHHBIX Ha 157 cTpaHuiax
MalIMHOMUCHOTO TekcTa. OHa BKitoyaeT 93 pucynka u 28 Tabmaui. Ciucok TuTepaTypbl
coaepkuT 166 HICTOUHUKOB, 74 U3 KOTOPBIX HA UHOCTPAHHOM SI3BIKE.

Bo BBemeHMM yKa3zaHbl aKTyaJIbHOCTb HCCJIEIOBAHUM, OIpEJENICHbl IeNb U
3a/1a4uM, TIOKa3aHbl OCHOBHBIE pE3YyJbTaThl, MPEJCTaBIICHA WX Hay4YHass HOBHU3HA U
NpaKTUYecKass 3HAYMMOCTh, a TaKKe 0003HA4YeH JIMYHBIA BKJAJ aBTOpa M ampoodarus
pabotel. B mepBoil r1aBe paccMaTpuUBAIOTCS OCOOEHHOCTH (YHKIMOHUPOBAHUS
OMOreOXUMUYECKUX OapbepoB KUBOTO OpraHuW3Ma, M HCKIIOUYMUTENbHAs pOJib
AJIEMEHTHOTO cocTaBa opraHoB CBuHbM JomamiHeil (Sus scrofa domesticus) kak
MHANKATOpa TE€O0IKOJOTHYecKuX 00cTaHOBOK. Bo BTOpoOil riaBe paccMaTpuBarOTCs
CIOoCOOBI  aHaNM3a SKOJOTUYECKOTO COCTOSHHSI OKpYXalollel Cpelbl, H3yuYeHUe
IPUPOJHON Cpellbl OMOTCOXMMUYECKUMU METOJaMH UCCIEOBAaHUI U METOAOM OIICHKU
KU3HEHHOTO LUKIa. B Tperbeil riaBe NPUBOAUTCS KpaTKOE TI'€OTEKTOHUYECKOE
JUTOJIOTUYECKOE M METAJUIOTEHMYECKOE  OMMCAaHME W Te0’KOJIOTrHyecKas
XapaKTEPUCTHUKA pAaOHOB UCCIEN0BaHUs. B yeTBepTOM IjIaBe OMUCHIBAIOTCS METOAUKA
IIPOBEACHUS HCCIICIOBAaHUM, CIIOCOOBI OoTOOpa MpoO, UX MOCHeayroield MOATOTOBKE,
METO/IaX aHalu3a, MpUeMax MaTeMaTUYecKol o0pabOTKM JaHHBIX, a TakKkKe
Meroguyecknx ocHoBax Mojenu USEtox. IlaTasi riiaBa mocBsllleHa CTaTUCTHYECKUM
rnapaMeTpaM HaKOIUICHHS 3JIEMEHTOB B opraHu3Me CBUHBU JOMAaIIHEH, pacCUUTAHbI
CpeIHUE COJACp)KaHUs, PACCUUTAHbl KOXD(DUIIMEHTHl KOPpeNmslMd W BapUallud
AJIEMEHTOB BO BCEl W3yueHHOW BBIOOpKE. B mIecToll rJjaBe paccMaTpUBarOTCS
OCHOBHBIE MHJIUKATOpPbI TeXHOreHe3a. [[poBe/ieH CpaBHUTENbHBIA aHATU3 COACPIKAHMS
XAMHYECKUX SJIEMEHTOB B TPO0aX OPTaHOB M TKAHEH MIICKOIUTAIOIINX, OTOOPAHHBIX HA
Tepputopun Tomckoro paitona, 3abaiikanbckoro kpas u I[laBmogapckoit obmactu. B
ceIbMOIl TIJIaBe OIMKCBIBAIOTCS OCOOCHHOCTU pAaCHpENeNIeHUs] U KOHIIEHTPUPOBAHUS
AJIEMEHTOB B 0ApbEpPHBIX CUCTEMAX OpraHoB. BocbMas riiaBa mnocsiieHa MIPUMEHEHUIO
moxenmn USEtOX mpu omeHKe TOKCUYHOCTH AJIEMEHTOB [IJISi 3[0POBbS HACEJCHUS, a
TaK)K€ METOJUKE PACUYETOB XaPaKTEPUCTUUECKOTrO Kod3(PuUIMeHTa TOKCHUYHOCTHU C
UCIIOJIb30BaHUEM JIOKAJIbHBIX JAHHBIX, KAK Ha YPOBHE PETHOHOB (UCCIEIOBAaHHBIE B
paboTe 00y1acTH), TaK U HA YpPOBHE CTpaH (COOCTBEHHBIE pacueTbl U JUTEPaATypHbIC
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JaHHble. B 3ak/il04eHMH paccMaTpUBAIOTCS OCHOBHBIE PE3YyJbTaThl W BBIBOJBI IIO
IUCCEPTALMOHHON padore.

JInunblii BKJIAA aBTOpa 3akiroyaerca B otOope 33 mpod OMOJIOrHYecKOro
Marepuana CBUHBM JOMAaIIHEH Ha TeppuTopuu ropoja Ixkubacty3 I[laBmomgapckoit
obnmactu. B moaroroBke mnpo6 k xumudeckum anHanuzam MHAA, UCII-MC, u
BBIJICJICHUIO BOJbI OMOJIOTMYECKOW M3 OpraHu3Ma MIJIEKONMUTAIoLEero meronom JluHa
Crapka. ABTOp mnOpuHUMaAJ YydacTHe B OTOOpe TMpod Ouomarepuaa MEIKUX
MJICKOMUTAIONIMX COBMECTHO C COTPyAHUKaMu HHCTUTyTa H5KOJOTMU pPACTEHUU U
KUBOTHBIX YPaJabCKOro OTACHCHUS AKajeMuud HayK. ABTOPOM JIMYHO IPOBEJCHA
CcTaTUCTUYEeCKass o00paboTka BCeX [JIaHHBIX, JaHa MHTEpPHIpeTaIus MOJTYYSHHBIX
pe3ynbTaToB U CHOPMYIHPOBAHBI 3aIIMIIAEMbIE TOJOXKEHUS. ABTOPOM MPOBOJIUICS
pacuer xapakTepucTuueckux koddduuuentos Tokcuunoctu s Cr, Zn, As, Ba, Sb, a
TaKXe MpU COBMECTHOM pabore ¢ HayuHbIMH pykoBoautesimu (Belyanovskaya et al.,
2019) Obia paspaboTaHa METOIUKA pacueTa XapaKTePHCTUYECKOro Kod(pQHIMeHTa
ToKkcruyHOCcTH B Mojiea USEtox.

baarogapnocTu. ABTOp BbIpa)kaeT OrPOMHYIO OJIaroJIapHOCTh HAYYHOMY
PYKOBOJIUTENIO, JIOKTOPY OMOJOTMYEeCKHMX HayK, mnpodeccopy kadeapbl OTAETCHUs
reosioruu bapanoBckoit Hatanse BrnagumupoBHe, a Takke HaydHbIM KOHCYJIbTaHTaM,
PhD beptpany Jlaparty, PhD, npodeccopy HarponansHo# BICHIEH MIKOJIBI UCKYCCTB
u pemecen, bopno Huxons Ileppu 3a HayyHOE CONPOBOXKAEHUE, BCECTOPOHHIOKO
HOJIICPXKKY, TIOHUMAHUE, MOTUBAIIMIO U MOMOIIb HA BCEX 3Tallax peaju3aiuu padoThl.
OcoOyto 05aroJapHOCTh aBTOP BBIPAXKAET JIOKTOPY I'€OJIOTO-MUHEPATIOTHYECKUX HayK,
npodeccopy otaenenus reonoruu Puxsanoy Jleonuny IleTpoBuuy 3a 1ieHHBIE COBETHI,
PEKOMEHJAIMM ¥ BCECTOPOHHIOK MOMOINb. ABTOp MPHU3HATENEH 3a IMOMOIIb BCEM
COTPYIHMKAM U CTylaeHTaM otaeneHus reosorum HWIIIIP  TIIY, corpynHukam
HanmonanbHOM BBICIICH MIKOJBI UCKYCCTB M pemeces, bopno @paHuus. 3a LEHHBIC
COBETHl W/WIM  TPENOCTaBICHHUE MaTepuana, aBTOp BBIPAXKACT  OTACIBHYIO
npu3HaTenbHOCTHh TIpodeccopy, k.0.H. H.IT. Koporox, n1.6.H. B.C. besems, C. B, k.0.H.
MyxaueBoi, n.r—M.H. E. I'. SI3ukoBy, npodeccopy, n.r—m.H. C. . ApOy30By, K.I.—M.H.
A. P. Slnantaunosoii, k.r-m.H. PhD T.A. Bpatek, acnupantam M.A. Jlepuria3zoBoii, A.
H. 3no06unoii. ABTOp TriyOOKO OylarogapeH HCIOJTHUTEISAM  AHAIMTHYCCKUX
uccienoBanuii: c.H.c A. ®. Cynsiko, JI. B. boryrckoii, A.A. Xsomesckout, FO0.I'.
KombeutoBo#t, H.B. ®entonmHoil. ABTOp BBIpakaeT o0co0yl0 OJIarogapHocTh 3a
BCECTOPOHHIOIW  moaAepkky A.M. bensHoBckomy. PabGora BeIOIHSATIACHE TIpH
(UHAHCOBOM MOJACPIKKE CIIOHCOpPA MAPTHEPCKOM HCCIIEOBATEILCKON IEATEIHbHOCTH
HanmonanbHOM BhICIIEH IIKOJIBI UCKYCCTB U pemecel, T. bopao @panuusa — KOMIIaHUA

AMVALOR.

HIOJIOKEHUE 1. B pa3zauunsix IK01020-260XUMUYECKUX YPCI0GUAX CPeObl
obumanusn 6 opeanuzme maexkonumarouie2o (Sus scrofa domesticus) gpopmupyromes
cneyuguunvle KOppeasyuoHHble 63auUMocea3u xumuueckux rnemenmos ¢ Cr (Eu-Cr-
Yb Ilasnooapckaa oonacme 2. Ixudacmys; Cr--Ca, I'azumypomckuii 3a600, Taiina,
Kanza, Ypoeckue xknwuu 3aoaiikanvckuii kpait ; Cr-Sb noc. Kuyxcupoeo, Bepxnee
Ceuenoso Tomckuii paiion), usmeHAOMCA AOCOIOMHBIE COOEPHCAHUA U
Kod(hpuyuenmol  KOHUeHmMpauyuu - XUMUYECKUX  IINEMEHMO8,  UIMEHAIOMCA
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omuowenusn nemenmoe (Th/U, Rb/Cs), umo modxcem cayxucums UHOUKAMODPOM
IMUX yCio6uil.

Bnusnue oxpykaromen cpenbl Ha DJIEMEHTHBIM COCTaB KUBBIX OpPraHU3MOB
HEOCHIOpUM, M reorpauyeckoe pacrojoKEHUE pPEeruoHa WrpaeT BEAYyLIyI0 pPOjib B
(GOpMHUpPOBAaHUM XMMHYECKOTO COCTAaBAa JKMBBIX OPraHW3MOB. AHAIW3 BaJOBBIX
KOHLEHTpalMil XUMHUYECKUX HJIEMEHTOB B TPEX CHCTEMaX OpPraHOB (KOCTHAs TKaHb,
KUIICYHHUK, MOKPOBHBIC TKaHW) MIiekonuTaromero CBuHBA aomainHss (Sus scrofa
domesticus) mTO3BOJMII BBISIBUTH DJIEMEHTHI CIEHU(PUUYHBIC JUISI KaXIO0H W3ydeHHOH
Teppuropu (puc. 1).
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w==ToMcKa# 001acTh. P ===TTaB10apckas 061acTs, PK 3abafkalbCckHH Kpail, PO

PI/ICYHOK 1. I/IHI[I/IKaTOpHBIG: N3MCHCHUA COACPKAHUA XHUMHUYCCKUX OJJICMCHTOB B
opraHax H TKaHAX, OTO6paHHLIX Ha HU3YYCHHBIX JIOKAJIBHBIX TCPPUTOPHUAX, MTI/KT

30JIBHOI'O OCTaTKa, IIIKaJia JIOl“apI/I(i)MI/ILIGCKaH
IHpum.: PO — Poccuiickas @edepayus,; PK — pecnyonuxa Kazaxcman

[Io aGCONMIOTHBIM 3HAYEHHUSIM COJEPKaHHUS OpraHbl M TKAHU >KHUBOTHOTO U3
3abaiikaibcKoro kpas omimuaroTcess oT Tomckoir obnmactu u I[laBmomapckoi oOnactu
(Pecnyonmka Kaszaxctan) Oosnee BBICOKMMH KOHIICHTPAIMSIMU BCEX HW3YYCHHBIX
XUMHUYECKHX DJIEMEHTOB, C HEKOTOPBIMU HCKIIOUYCHUSMHU. TomMckui panioH ToMmckou
00JaCTH OTJIMYAETCsA TOBBINICHHBIMUA KOHIIEHTparusiMu Br, Au Bo BceX H3Y4YEHHBIX
nmpo0ax, W TPEHMYIIECTBEHHO B OpraHax JIbIXaTEIbHOW W KPOBEHOCHOW CHUCTEM.
Opranbl W TKaHM >KMBOTHOTO U3 Topoma Oxubacty3 I[laBmomapckoii o6macTw,
HakarumBaroT Na, Zn, Rb, Ag, Sm, Lu, ¢ npeumyIiecTBeHHBIM KOHIICHTPHPOBAHUEM B
OpraHax IHWIIEBAPUTEIbHOM W ONOPHO-IBUTraTENbHOW cucreM. Pacnpenenenue
cnenuUIHBIX JJIEMEHTOB BHYTPH OpPraHW3Ma 3aBUCHT OT PETHOHAJIBHOTO aCIeKTa.
Opransi-nokanusatopel Br, Au, Na, Zn, Rb, Ag, Sm, Lu B pa3HBIX HCCIIEeIyeMbIX
palioHax He coBnaaaroT. ONUCAaHHBIE BBIIIE PA3TUYUS KOHIIEHTPAIMHA BEPOSITHO
CBSI3aHBI C PA3IMYHBIMU MYTSIMU MOCTYIUJICHUS 3JIEMEHTOB B OPraHU3M.

PervonanbHbIil acniekT (OPMUPOBAHUS JIEMEHTHOTO COCTaBa OPraHOB U TKAaHEH
KUBOT'O0 OpraHu3Ma TakyKe OTpa)KaeTcsl MPU aHAIN3€ KOPPENSIMOHHBIX CBSI3€U MEXKIY
sanementamu. [locTpoeHre 3HAYMMBIX MX KOPPENSLMOHHBIX cBi3ed (>0,7) B 301bHOM



ocTaTke Omomarepuaia IMOKa3bIBACT, YTO BO BCEX BBHIOOPKAX OCHOBHBIM 3JIEMEHTOM,
00pa3yromuM OOJIBIIMHCTBO CBSI3EH ABJISICTCS XpOoM (puc. 2).

Th |
Sr Ca‘Na‘ ‘Yo [ sr -/ ca )

o e e . s Pucynok 2. KoppensuuouHeie
) . Eu | _
— A\ " B3aMMOCBSI3M XHUMHUYECKHUX D3JEMEHTOB B

oo ) ' o
Rb | Cs | S gnaapean s» | 30;1bHOM ocTaTke CBUHBM momainHeit (Sus

obnactbr. Rb { Cs |

Swacrys = - c‘ scrofa domesticus), (>0,7 npu
|_a. ) . KpI/ITquCKOM 3HAYCHHU A KOB(I) (I)I/H-H/IGHTa
cr - ca | . TomcKwii paiioH 4. S3HAYUMOCTHU 095)

Kuxuposo, BepxHee

Sc |
CeueHoBO

Cs
3abalika/IbCKKii Kpaii c.
lasumypcKuii 3asog, Kanra,
TaiiHa, YPoBCKMUE KAOUn

b |

Xpom B Tpex BbiOOpkax (Tomckwuii paiton Tomckoit oOnacTh, HacenEHHbIE
NyHKTHI 3a0alkaJbcKOTO Kpas, r. Jkubacty3 [laBnogapckoii o6iactu) Bener ceds mo-
pPa3HOMY, CBSI3BIBAsSCh C JJIEMEHTAMHU B 3aBHCHMOCTU OT Tepputopuu. B mpobax u3
DkubacTy3a XpoM oOpa3zyeT 3HAUMMbIC KOPPEJSIIMOHHBIC CBS3U C PEAKO3eMETbHBIMU
aneMmentamu. B mpobax u3 Tomckoit obmactu xpom koppenupyet ¢ Fe, Co, Sh, nanusie
AJIEMEHTHI SBIISIOTCS TUITMYHBIMH JIS BRIOPOCOB MECTHBIX Tpou3BOJCTB (PuxBaHOB,
2013).

Jlns ipo6 u3 3abaiikanbCcKOro Kpas XapakTepHOU SIBISETCS acCOLMAINS XpoMa C
kanbieMm. [logoOHOe B3aMMOOTHOIIIEHHWE HE MOXKET OOBSICHATHCS HCKIIOUUTEIBHO
MPUPOTHON COCTABIISIONIEH, MOCKOJBKY HW3BECTHO, YTO JUJISI KOCTEM M3 3TUX JBYX
METAJJIOB HMMEHHO KaJIbIIU{ SIBJISIETCS OCHOBOM THIpPOKCHJIANaTUTa — OCHOBHOTO
MUHEpaia KOCTHOM TKaHW. CuJIbHAs HEraTUBHAsA CBSI3b MEXKIY XPOMOM M KaJlbIUEM
BEPOSATHO SIBJISICTCSl CJICICTBUEM AHTPONOTEHHOM 3arpy>K€HHOCTHM M YCHUJICHHOTO
MOCTYIUICHHSI XpOMa B KMBOW OpraHu3M, BCJICICTBHUE YETO JAHHBIA MeETajdl HAauyWHACT
3HAYUMO CBSI3bIBATHCS C KAJIBI[UEM.

I[Ipy »3TOM JHeTanpbHO paccMaTpuBas KOPPEIALMOHHBIE  B3aUMOJICHCTBUS
3JIEMEHTOB TOJIBKO B KOCTHOM TKaHU (puc. 3), MOXXHO OTMETHUTh, YTO 3HAYHUMBIC
OTPHULIATEIBHBIE KOPPEALMOHHBIE CBSI3H AJIEMEHTOB C KaJIbIIUEM OTMEUYAIOTCS TOJIBKO B
KOCTHOM TKaHW JKMBOTHOT'O M3 HACEJICHHBIX IMYyHKTOB 3a0aiikalbcKOTo Kpas. 311ech K
KQJIBIMIO, TIOMHUMO XpOMa TIPOSBISIOT aHTAarOHW3M TaKWE JJIEMEHThI Kak OpoM B
KOMIUIEKCE C TOPUEM.

Kaxxnplii pernoH COXpaHsi€T CBOE «TE€OXHMHUYECKOE JIMIO» W TPU OTAECIBHOM
paccMOTpeHnr KOCTHOM cocTasistomend. [IpoOsr u3 ropoga DxubacTy3 mpencTaBieHbI
B3aUMOJICHCTBUSMHU PEAKO3EMEIbHBIX JIEMEHTOB ¢ raHueM M 1e3uem, a B ToMCcKoM
paiioHe accoIaMsIMHU 3JIEMEHTOB ¢ OpOMOM U CYpPbMOM.
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Pucynok 3. 3HaYMMBbIE
KOPPEJISIIIUOHHBIC CBSI3U
DJIEMEHTOB B KOCTHOM TKaHU
Ceunbpn gomainnei (Sus scrofa
domesticus), >0,7 npu
KPUTHICCKOM 3HAYCHUU
kor¢punmenta 3Haunmoctu 0,5)

TaiHa, YpoBCKUe Kntouun

PernonanbHbiii acnekT GOPMUPOBAHMS DJIEMEHTHOT'O COCTaBa OPraHOB M TKaHEH
MJICKOITMTAIOIIETO OTpaXkaeTcs Takke u mpu paccMotpernu Rb-Cs otHomenwust (puc. 4).
OTtu 1Ba 31eMeHTa (POPMUPYIOT 3HAUYMMYIO KOPPENSIIUOHHYIO CBSA3b B 3 HM3YyUEHHBIX
BbIOOpKax. C OJHOUM CTOPOHBI, PYOUAMM U 11€3Uid, KaK IIETOYHbIE METAJUIbl XUMUUYECKH
OJIU3KU IpYT APYTY U TaKKe€ OTHOCATCS K OJHOW F€OXMMUYECKON TUTODUIBHOMN TpyIe
anemeHTOB. OpHako, cootHomienne RD-Cs  sBnsercs uHQOpMATUBHBIM — MpH
pPaH)XKUPOBAHUU TEPPUTOPUN TIO CTEMEHH OKOJIOTMYECKON Harpys3ku, rie pyouaui
npesCcTaBisieT co00il MPUPOAHBIN (akTop (OpMUPOBAHUS DIEMEHTHOTO COCTaBa, a
11€3UM YCIIOBHO TEXHOT€HHBIM.
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Pucynok 4. Toueunas amarpamma pacnpezneneHusi Rb-Cs B mpobax opraHoB u TKaHei

CBunbu qomamnrHei (Sus scrofa domesticus) u3 Bcex M3y4eHHBIX TEPPUTOPHIA
Ilpum.: B) Kpacuwim ysemom evidenena sona eosoeiicmeus CXK — Kuowcupoeo, 3enenvim ¢honosas
30ona — Bepxnee Ceuenogo

[IpoObl, oTOOpaHHbIe Ha Tepputopuu r. Jkubacty3a [laBrnogapckoil obnactu u
3abaiikanbs, UMEIT OoJee BBICOKHME COJepXkKaHUs 1e3usi, 4yeM mnpoObl u3 Tomckoro
paiiona Tomckoi obOmactu. HecmoTpss Ha TO, YTO OpraHu3M MIIEKOMHUTAOUIETO
Tomckoro paiioHa comepXUT Ooiblle pyOuaus, YeM Lie3us, MPU PACCMOTPEHUU BCeE
BbIOOpKH (puc. 4 A), anamm3 Rb/Cs oTHomeHus B opraHax u TKaHSX KHUBOTHBIX BHYTPH
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ToMckoro paiioHa yOeIWTEIbHO TMOKa3bIBa€T IMOBBIILIEHHOE COJAEpXKaHUE 1e3us B
npo0ax, KOTOpble ObLIM OTOOpaHbl B 30HE BIMSHUS IPOMBILUIEHHBIX OOBEKTOB
Tomckoro paiioHa, BkiIovaomux CHOUPCKUN XMMHYECKMH KOMOMHAT, Kak
JOKa3aHHBIN UCTOYHUK 11e3us (PuxBanos, 1997).

Topuii-ypaHoBO€ OTHOILIEHHE B HW3YYEHHBIX NpoOax BapbUpYyeT, OT Ooiee
Bbicokoro B [laBmomapckoii oomactu (Th/U=0,9), 1o otHocHuTeIbHO HU3KOTO B TOMCKOM
paiione (Th/U=0,7).

N3menenue coaepkaHMM U COOTHOUIEHHM  DJIEMEHTOB  ITOAYEPKUBAET
3aBUCUMOCTbh XUMHUYECKOI'0 COCTaBa dUBOT'O BEILIECTBA OT OKPYXAIOILIEH Cpelbl U MyTen
UX TIOCTYIUIEHUS B OpPraHU3M, M IMOJYEPKUBAET COCTOSATEIBHOCTh OMOJIOTMYECKHX
O0OBEKTOB KaK TE€OMHIUKATOPOB H3MEHEHHUS JKOJOr0-T€OXMMHYECKUX OOCTaHOBOK
JIOKaJNbHBIX TEPPUTOPHUH.

HHOJIO’KEHUE 2. Dnemenmuulit cocmae o0p2anoé u MKAHel MAEKORUMAWUX
ompaxicaem cneyu@puky mexHozeHe3a meppumopuil ux oo0umanus 6 euoe
KOHUEHMPUPOBGAHUSA ONPEOETeHHO20 CREKMPaA I1eMeHm o8 Ha dapbepHblx op2anax. B
IMOPUOHAX METKUX MIEKORUMAIOWUX 8 YC106uax 6030eiicmeus Cpeoneypaibckozo
MeoeniasuibHo20 Komounama nakanauearomcesa Sb, Cr, P33 (Sm, Ce, La, Lu), Zn,
Br, U. Ha naauenmapuom oapvepe HceHWUH-HCUMENbHUY, NPUOTIUNCEHHBIX K
CegeprHomy npomvluineHHomy y3iy paiionos, kouyeumpupyrwmcea Th, Br, Zn, Sm,
Hf. B 30ne e6o030eiicmeusa Cesepnoco npomwviuwinennoz2o yszia Tomckozo paiiona
makice Hapywaemca  paboma zemamodInyedanuuecko2o oapvepa c
AKKYMYIAUPOGAHUEM 8 MKAHAX 20]106HO20 U CRUHHO020 mo32a Rb, Ba, Au, Fe, Cs. B
30He Oelicmeusn O0o0vlearowiell u IHEPeMUYECKOU NPOMBIUMIEHHOCIMU 20P00a
IKubacmys MakcumaibHoe HAKONIeHUe 3INeMEeHMmO8 Rnpuxooumcsa Ha oapvep
mMoJICMO020 KUMEYHUKA.

Cornacao paboram A.U. Ilepenbmana, B.M. AnekceeHKo W Jp. B T€0JOTHU
OMOreOXMMHUYECKUMH OapbepaMu Ha3bIBAIOTCS YYaCTKHM TE€OCHCTEM, Ha KOTOPBIX Ha
KOPOTKHX PACCTOSHMSIX, B BHUAY (U3UKO-XMMHYECKUX U OUOJIOTHYECKHX IPOIIECCOB
IPOUCXOAUT HAKOIUICHUE OJHHUX 3JIEMEHTOB M ynajieHHe Apyrux. CXoxKue Mpouecchl
UMEIOT MECTO OBITh M BHYTPU JKMBOTO OpraHW3Ma, BCIEICTBUE wu3MeHeHus pPH
BHYTPEHHEHW cpenbl, (PyHKIMOHUPOBAHUS MHUKpPOOpPraHu3MoB u TA. MmenHo pabota
OapbepHBIX CUCTEM OTIpEIEIsIET HEPABHOMEPHOCTh PACTIPEICIICHHS JIEMEHTOB B )KHBOM
BEIIECTBE, U SBISETCS OAHOU M3 MPUYUH BBICOKOTO KO3 UIIMEHTA X BapHAIIHH.

Cpenu cymecTBYIOMUX 3aIIUTHBIX MEXaHW3MOB OpraHu3Ma 0CO0O0 BBIJCISIFOTCS
OapbepHBbIC U JCTIOHUPYIOIINE CUCTEMBI. BHyTpeHHne Oaphepbl OpraHn3ma, Takue Kak
remaTodHIeannyeckuii 6apbep, O0apbep MUIECBAPUTEIBEHON CHCTEMBI, IUIAICHTAPHBIN
Oapbep CIOCOOHBI CHWXATh MHTPAIMIO DJIEMEHTOB, 3HAYMTEIHHO TMIOBBINIAS WX
KOHIICHTPALIMIO B CBOMX TKaHsIX. OJHAKO, B YCJIOBHUSIX TEXHOT€HHOTO BO3JEHCTBUS
OKpyXarolei cpeasl pabora 3TUX OaphepoB MOXKET Hapymarhcs. Ha mpumepe
OpraHu3MoOB Menkux miekonutaromux Buaa [loneska perkas (Myodes glareolus) sipko
MPOCJICKUBACTCS 3aBUCHUMOCTh MEXKJY HAKOIJIEHHEM XHUMHUUYECKUX »JJEMEHTOB Ha
IJIAlEHTe, 110 Mepe yIalleHHusl OT UCTOYHUKA 3arpsisHeHus (bensiHoBckas u np., 2016).
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30Ha BINAHIIA @oHOBas TeppUTOpHU
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B Tmamenta B 3MGpHOH ETlranenta ™ 35MGpHOH

Pucynok 5. T'eoxumuueckas crenuduka OHOJIOTMYECKOTO MaTepuania MEIKUX
MJICKOIIUTAIONINX,  KOA(G(UIIMEHT  KOHIICHTPAIlMd  OTHOCHUTEIBHOTO  CPEIHETO
apuMETHUECKOTO COACPIKaHMS AIEMEHTOB B BhIOOpKe, MmeToa MHAA

Ha mpumepe mnoctpoeHuss OMOT€OXMMHUYECKHX PSIIOB MOXKHO OTMETHTh, YTO
CYMMapHbIH KO3 (PUIIMEHT KOHIIEHTPALUK B SMOPHUOHE MIIEKOMHUTAIOIIETO 3HAYUTEIHHO
HIU)KE B 30HE, YJNAJEHHOM OT MCTOYHMKA 3arps3HEHUs, YeM Ha TEPPUTOPHUHU
NpUOIMKEHHON K MPEANPUSATHIO.

Tabmuma 1. buoreoxumMuueckue psabl KOHIIEHTpAIMM DJIEMEHTOB M CyMMapHBIN
KO2(PUIIMEHT KOHIIEHTPAIIMU B OMOMaTepralie MEJIKUX MJICKOITUTAIOIINX

buomarepua: | [Inanenta OMOpHOH

Teppuropusi NmrmaktHas 30Ha NmnaktHas 30Ha

JIEMEHTBI Bal,g-Ybl,g-AgN-Sml,G-Ta1,4:C0: LU1,3- F62,7-Sb2,2:CF -Cal,g-Sml,g-
U1,2-BI'1,1:C3.-ZH1:AU Ce1,7-La1,5-Zn1,3:Br- U1,1:LU

KKeymm 27 30

Tepputopust KonTtponbHas 30Ha KonTtponbHas 30Ha

DJIEMEHTBI ASly5=CG=U1,3=Sb=CI’=EU1,2=Th=Yb=S AU1,3:Nd-Rb1,2-
m-LU1,1- La=Rb= Fe-Tal,og-Cal,og-Nal,oe- Agl,lef:TbZThZCS-

Zn1101-Tb1 Bal,onga -EU1,07-N8.1,03=U-
SI’1,01:LU
KKeym 30 26

DTa Ke TEeHJICHIUS OTCIEKUBAETCS M MPU PACCMOTPEHUHU BIMSHUSA HKOJIOTO-
r€OXMMHYECKON OOCTAHOBKHM Ha 3JIEMEHTHBIN COCTAaB IJIALEHTHI KUTEIBHUIL TOpojia
Tomcka. Jlnarpamma pacnpeesieHus: COAEpKaHUsI XUMUYECKUX 3JIEMEHTOB B IUIAlICHTE
KEHIMH, TPOXKUBAIOIIUX Ha TEPPUTOPUSIX pa3HbIX pailoHoB r. Tomcka mo3BOJsET
BbIJICUTh JIeHHHCKUI palioH, Kak 001acTh, B IPO0ax KUTEIbHULL KOTOPOH COAEPIKUTCS
OoJiblllee KOJIMYECTBO XUMHUECKHMX DJJIEMEHTOB, 4YeM B IMpodax OmomaTepuaion
AKUTEIBHULL POKUBAIOIIUX B APYroil yactu ropoaa. B 6momarepuane u3 Jlennnckoro
paiiona coxaepxkutcsa Oonbme Ca, Sc, Cr, Fe, Co, Zn, Ba, La, Hf, Th. IIpoGs1 u3
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KupoBckoro paiiona ominuatrorcs coaepxkanusmu Na, Br, Cs, Ce, Nd, Eu, Au, u3
Oxta0peckoro Ta u U. OcoOeHHocThiO JIEeHMHCKOro pailoHa siBisieTcs OoJibliee
conepxkanue Rb, Ag, Lu. BeposiTHO, NpuYnMHOI NOBBILIEHHBIX (B CPABHEHUH C APYTUMU
paliloHaMM TOpOJIa) COAECPKAHUN XUMUYECKUX AIIEMEHTOB B TKaHSIX IUIALICHTHI KEHIIUH,
npoxkuBaromnx B JleHmHckoM M KUpOBCKOM palioHe, SBISIETCA €ro OTHOCHUTEJIbHAs
HKOJIOTMYEcKasi He OJaronoy4yHoOCTh — B CEBEPHOM YacTU ropoja CKOHUEHTPUPOBAHbI
MECTHBIE KOTEJIbHBIE M YACTHBIM CEKTOP, KOTOPBIE SBIISIOTCS MCTOYHUKAMHU YacCTHUIL
niaka, 307el, (Na, Ca, Fe, Zn, Cr, Co) (A3uxos, 2010). Ilo maHHBIM OIIEHKH 3KOJIOTO-
F€OXMMHYECKOTO COCTOSIHUS I'. TOMCKa MO JaHHBIM M3YYE€HUS IbUIEAdPO30JIEU U MOYB,
JlenuHckuii 1 KupoBckuii pailoH BBIIENSAETCS, KAK aHTPOIIOTEHHO HArpyKEHHBIM, TAKKE
B MbLICA’PO30JISIX, OTOOPAHHBIX HA TEPPUTOPUHU JIAHHOTO paiioHa OOHAPYKUBAETCS
HanOOJIbIIIEE COCPEIOTOUCHUE CaXH U 1u1aka (S3ukos, 2010).

——CoBeTckun ——OkTa6pbckuint  ——KupoBckuii ——JIeHUHCKI

Pucynok 6. I'eoxumudeckas cnenuduka IianeHTapHON TKaHU JKUTEIBbHHI] T. ToMmcKa,
KOd(OPUIIMEHT  KOHIECHTPAIIMM  OTHOCUTEIBLHOTO  CPEJHETro  apu(gpMeThdecKoro
CoJIepKaHMsl JIEMEHTOB B BEIOOpKe, MeTor MHAA

Hpyroil 3HauuMoN OapbEpHOW CHUCTEMOU OpraHu3Ma SBISIIOTCS CIU3HUCTHIC
00O0JIOUKH JKENyJOYHOTO KHUIIEYHOTO TpPaKTa U HOCOTJIOTKH. BBICOKOE HaKOIIeHHE
XUMUYECKUX 3JIEMEHTOB B JIaHHOW CHCTEME, KaK IPaBUIIO, TOBOPUT O IMOCTOSSHHOM
MOCTYIUICHUU XUMHUYECKOTO 3JIEMEHTA W3BHE, YTO MOXKET MEHSTHhCS B 3aBUCUMOCTH OT
MOTPEOJICHHOTO KOpMa, MUTHEBas BOJbI, 3arPS3HEHMS] W COCTaBa TOYBHI, KOTOPHIE B
CBOIO OUepe/b 3aBHUCAT OT reorpaduueckoro npoucxoxaeaus (Franke et al., 2005; Kim
etal., 2017; Park et al., 2018).

Pe3ynbTaThl McclieIOBaHUSI MOKA3bIBAIOT, UYTO CPEAM BCEX H3YYEHHBIX CHCTEM
OpraHOB HWMEHHO TMHINEBAPUTEIbHAS CHCTEMa HAKalUIMBaeT B cebe HamOoubiiee
KOJIMYECTBO 3JIEMEHTOB, KaK Ha TEPPUTOPUU I'. JKHOACTY3, Tak U B TOMCKOI pailoHe.
Opnnako, B DkubacTy3e, Kak B 00Jiee SKOJOTMYECKUM HArpyeHHOW 30HE OapbepHbIN
MEXaHW3M MUIIEBAPUTEILHON CUCTEMBI IPOSIBISIETCA sIpU€e, B TO BpeMs Kak B TomMckoM
paiioHe 3Ta CHCTeMa HaKaILUTUBAeT 3JICMEHTHI HapaBHE ¢ KPOBEHOCHOM (pHcC. 7).
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Tomckiii paiion Dxubacrys

——TIlmmeBapiTenbHas clcTeMa ——Kposo-mmMdoodpameHns cucTema —I[IHleBapHTenbHAI cCHCTEMA ——Kpopo-mmvdoobpamenns crcrema
——Mouenonosas cucreMa TlokpoBHas cucTeMa —Mouemnonopas crcreMa TTokpoBHasA CHCTeMa
——ONOpHO-/BHTATEIBHAS CHCTEMA ~—OmnopHo-JBNraTeIbHAA CHCTEMA

Pucynok 7. KospduuueHT KOHIIEHTpAllUM XUMHUUYECKUX DJIEMEHTOB B CHCTEMax
opranoB CuHbHM gomarnHeit (Sus scrofa domesticus) ma Tepputopum r. DKHOACTY3,
Tomckuii palioH, MI/KT 30JIbHOTO OCTaTKa, IIKaJia JIorapupmMuueckas

MakcuManpbHOE  aKKyMYJIHpPOBaHHE JJIEMEHTOB OTMEUAaeTCsl B TOJCTOM
KUIIICYHUKE MOXET OBITh pPAacCMOTPEHO Ha TMpHUMEpPE PEAKO3EMENbHBIX H
palMOaKTUBHBIX 3JeMeHTOB, a Tawke ans Cr, Sb, Ba, Zn, As (puc. 8), kpaiine
TOKCUYHBIX JJIS OpraHu3Ma B  OOJBIIMX 033X, MU KOHICHTPUPYIOUIUXCS
HCKJIFOYUTEIBHO B TKAHAX TOJICTOTO KUIIEYHUKA.

Zn, As, Sb, Cr, Ba

10000

1000

100

0.1
0.01
0,001 Ssssssasesasassssssnssasnnansasd

1 2 3 K 5 6 7 8 9 10 11 12 13 14 15 16 17

12 mepcTHAS KHIIKa Tomas KHIKa TloaB310mHEas KHIIKa Caenas OGo104Has KHIIKA TpAMas KHIIKA
KHIIKA

TOHKHI KHIIEYHHK ToacTsli KHIMEYHHK TIpaMoit KHIIeHHHK

o—— —AS Sb e=m==(Cp e=———Ba

Pucynok 8. Copepxkanue Zn, As, Sb, Cr, Ba B xumeuynuke CBunbu aoMamiHeid (Sus
scrofa domesticus), r. Dxubdacty3, MI/KT 30JIbBHOTO OCTaTKa, IIKaJia JJorapupMuIecKas

AHaJIM3 TIOBEIICHUS PEIKO3EMENIbHBIX M PaTUOaKTHBHBIX 3JieMeHTOB (puc. 9)
MOKA3bIBAET, YTO TOJICTHIM KHUIIEYHUK SIBJISIETCS OCHOBHOM 30HOM MX BCAChIBaHMS, HO
MOBEJCHUE JIEMEHTOB U3MEHSETCSI B 3aBUCUMOCTH OT TeppUTOpHH mpodootdopa (puc.
10). B xumieunuke *KUBOTHOrO U3 r. Dkubacty3a [laBinomapckoil obnactu oTMedaercs
3HAUYMUTENIbHOE TOBBIIICHUE COJEPKAHUSI DJIEMEHTOB B TNPSIMOM KHUIIEYHUKE. ITO
OTpa)kaeT MyTH HMX BBIBEJICHHS W3 OpraHM3Ma, Yero He MPOUCXOJUT B OpPraHU3ME
#UBOTHOro u3 Tomckoro paitona Tomckoil 00jiacTH, TZi€ 3JIEMEHTHI BCACHIBAIOTCS B
TOJICTOM KUIIEYHUKE, U BEPOSITHO MIEPEPACIPEICIISIIOTCSA B OPraHUu3Me.
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Pucynok 9. ConmepskaHue peIKo3eMeIbHbIX U PAIHOAKTUBHBIX 2JIEMEHTOB B KHIIICYHUKE
Ceunbu gomarde# (Sus scrofa domesticus), r. DkubacTy3, MI/KT 30JbHOIO OCTATKa,
IIKaja JorapuMuuecKas

P32 Py

MI

Pucynox 10. Copepxxanue paauoakTUBHBIX OJEMEHTOB B KullleyHnke CBHUHBU

nomarnHed, TOMCKHM paifloH, MI/KT 30JIbHOTO OCTaTKa
Ilpum.: 1 — 0senadyamunepcmuviii KUWeUHUK, 2 — MOHKUL KUWEUHUK, 3 — MOJCMbli KUUEYHUK, 4 —
NPAMOU KUULEUHUK

Kpome Ttoro, Tomckumii paiioH umeeT cnenuuieckue 4YepThl HAKOTUICHUS
AJIEMEHTOB B OpraHax LIEHTPAJbHOW HEPBHOM CHCTEMBI, B HOPME CaMOM 3alUILECHHON
CHUCTEME OpraHuW3Ma, 4TO OBUIO paHee IMOKa3aHO Ha NpHUMEpe OpraHu3Ma dYelioBeKa
(Urnarosa, 2010). B 30ne Bausinust CeBepHOro NpOMBIIUIEHHOTO y371a ropoaa ToMcka
(n. KvxupoBo), Mbl BUJUM, UYTO AHTPONOTE€HHOE BJIMSIHUE HA OpPraHW3M MPUBOJUT K
HapyIIEHUI0 paboThl TeMaTodHIe(haTuIecKoro Oapbepa, W KOHIEHTPUPOBAHUIO
3JIEMEHTOB B T'OJIOBHOM M CIMHHOM MO3T€.

B opranu3sMe KUBOTHBIX, HCIBITBIBAIONIUX [OCTOSIHHOE  TEXHOIEHHOE
Bo3jelcTBre 0T CeBepHOIo MPOMBIIIJIEHHOTO y3ia . ToMcka, HakamuBaroTes Cs, Ba,
La B romosuoMm, u Cr, Fe, Cs, Hf, Sm B cnuHHOoM Mo3re. B To Bpems Kak oOpraHbl
LEHTPAIBHON HEPBHOM CUCTEMBI MIIEKOINMTAIOIIETO W3 HACEJIIEHHOTO NMyHKTa BepxHee
CedeHOBO HE COJIepKAT IEMEHTOB € KOA3(P(HUIIMEHTOM KOHILIEHTpaluu Bbiie 1. MoxHO
MPEANOJIOKUTD, 4TO aHTPOINOTEHHOE BO3JICCTBUE HapylaeT pabory
remarodHiedannueckoro Oaprepa, MPEMATCTBYIONIErO MOMAJaHUI0 METAIOB B
roJIOBHOM MO3T. JlaHHOE MpEeNNnoa0KeHUEe MOATBEPKIACTCS U 10 pe3yjbTaTaM aHaln3a
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NCII-MC, u cpaBHEHHsS DIEMEHTHOTO COCTaBa OpPraHOB LIEHTPAJbHOM HEPBHOU
CUCTEMBbl HACEJEHHBIX IYHKTOB TOMCKOro paiioHa € TOpoJoM OKHUOACTy30M.
DneMeHTHBI cocTaB OMOMAarepuanoB, OTOOpPAaHHBIX Ha TEPPUTOPUU  TOpoaa
Okubacty3a, CBUAETEIBCTBYET OO AKTUBHOM HAKOIUIEHWU 3JIEMEHTOB, OJHAKO B
3HAYUTEIBHOW MEHBILIEH CTENEHHU, YeM B Ipobax u3 AepeBHU Kuxuposo.

VenoeHo-(oHoBas 30Ha, TO HWmmaxtHas 3oHa, TO

KoadduimenT koHUeHTpalHl
SO = oW R oo o m
Ko3{dnineHT KoBIeHTpaLHH
S = o B oo o oo

2
'

SR,

NaCa Se Cr Fe CoZn As BrRb Sr Ag Sb CsBa La CeNdSmEu Tb YbLu Hf TaAuTh U NaCa Sc Cr Fe CoZn As BrRb Sr Ag Sb Cs BaLa CeNdSmEu TbYbLu Hf TaAuTh U

TOIOBHOH MO3I === TeTKHe Ccele3eHKa o IeYeHb TOIOBHOH MO3T === eTKHE cepane o IETICHB

cepane CITHHHOH MO3T ====TI0YKa cele3eHKa CITHHHOH MO3T === TT04Ka

Pucynok 11. Pacmpenenenne XUMHYECKUX DJIEMEHTOB B opraHax CBHHBH JOMAIIIHEM
(Sus scrofa domesticus) ko3 GHUIMEHT KOHICHTPAIMH OTHOCHUTEIBHO CpPEIHETrO

coziepkaHus B BbIOOpKeE, 1o pesynbTatam MHAA
Ilpum.: TO — Tomckas obracmo, yciosHo-gponosas 30na — depeeus Bepxnee Ceuenoso, umnaxmmuas
30Ha — 0epesrs Kuoxxcuposo

PaGora OapbepHBIX CHCTEM KHBOTO OpraHu3Ma H3MEHSAETCS BCJIEACTBHUE
TEXHOT€He3a.  YCWJIEHHOE  aHTPOINOT€HHOE  BO3JIEWCTBHE  Hapymaer  paboTy
reMaTosHIe()aTnYeckoro M IJIaleHTapHOro OaphepoB, B pe3yjbTaTe YEro JIaHHbIE
CUCTEMbl HAYMHAIOT HAKAIUIMBAIOT MOTEHUUAIBbHO TOKCUYHBIE 3JE€MEHTHl. Opransl ke
IUIIEBAPUTEIILHOW CHCTEMbI (YHKIITMOHUPYIOT KaK MOIIHBIM TPUPOIHBINA Oapbep,
OJIHAaKO UX paboTa TaKkKe 3aBUCUT OT CTETIEHH TEXHOTEHHOTO BO3/ICHCTBHUSI.

HIOJIO’KEHUE 3. Paccuumanuvlii UHOEKC MOKCUYHOCMU YGeIUYUBAEMCA NOO
6UAHUEM YpOAHU3AUUU U XO3AUCMBEHHOU OeamenvHocmu uenoeeka. Pacuem
UHOEKCA MOKCUYHOCMU INeMEHMOE O 300P06bA HACENEHUA CO2NACHO UX
COO0EPIHCAHUI) 8 MBLUUEUHOU MKAHU MIEKORUMAIOU|€20 RPU HOPMATUAUUU K HOUEAM
NnO0360J1€m PAHICUPOBAMb MEPPUMOPUN NO CHUNCEHUIO NOKA3amens 8 ciedylouiem
nopsaoke:

1. /Ina Cr 3abaiukanvckuit kpai> Ilasnodapckaa obaacmv> Pecnyoauxa Toiea>
Tomckasa obracmov> Bocmouno-Kazaxcmanckas oonacmeo;

2. /lna Zn, As, Sb, Ba 3abaukanvckuii kpaii> Ilasnooapckasa ooaracmv> Bocmouno-
Kazaxcmanckasa oonacmv> Tomckaa oonacme> Pecnyonuxa Toiea.

[Tockompky ©6a3za nmamHbix wmomenun USEtOX Brmrowaer mmpoxuii  CHEKTp
aneMeHTOB (3000 opraHMYeCKHX COCAUHEHUM W 25 HEOPraHMYECKUX IJIEMEHTOB-
METaJ/VIOB), JUIsl aHadW3a TOKCHYHOCTH ObUTM BBIOpaHBI  YCIOBHO-TOKCHYHBIE
MHKPO3JIEMEHTHI, BXOAAIIMEe B 0a3y maHHbIX Moaern USEtOX u comepikaHue, KOTOPBIX
obuT0 TpoaHanmu3upoBano merogoM MHAA B pesymbrate uccienosanus: Cr, Zn, Sb,
As, Ba. Jlannbie 351eMeHThI ObLIIM BBIOpAHBI JIsl CPABHUTEIIBHOTO aHAJIN3a TOKCUYHOCTHU
B CBS3U C TUIIOM HUX BO3JICHCTBUS HA >KMBOW OpraHuU3M, TaK, BCE MEPEUUCIICHHbIC
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AJIEMEHTHI, 3a UCKIIOYeHMeM Ba crnocoOHbI BBI3BIBATH MYTAIlUU y MIIEKOMHUTAIOIINX
(Chernuh and Baeva, 2004; Bummneseuxuii, B.}O. Jlensesa, 2012; I'yceBa, 2016).
BriOpanHble 3JIeMEHThl AaKTMBHO HAKAILJIMBAIOTCA B OapbepHBIX OpraHax M TKaHSX
MJICKOMIMTAIONIET0  HAa  BCEX  U3YUYEHHBIX  TeppuTopusx. I[IpoObr  TkaHeit
MUIIEBAPUTEIIBHOTO TpPaKTa >KMBOTHOTO, OTOOpaHHBIE HAa TEPPUTOPUHU T. DKUOACTy3a
[laBnomapckoit o0nacT, cojaepXkaT BBICOKME KOHIIEHTPALlMM BCEX BBIOPAHHBIX
AJIEMEHTOB, a B ToMckoM paiioHe Tosbko AS. B nenonupyromnieit xe cucteme, a UMEHHO
B KOCTHOM TKaHU BBIOpaHHBIE 3JIEMEHThl OCOOCHHO HMHTEHCHMBHO HAKAaIJIUBAIOTCS B
npobax u3 3abailkaibCKoOro kpas, mpuyeM B npobOax u3 cena ['azumypckuit 3aBog Cr
JEMOHCTPUPYET MAKCUMaIbHBIM KOI(D(UIIMEHT KOHIICHTpaIluu, B ATUX Xe Mpodax
aKTUBHO HakaruBaeTcs Zn. Takue anemeHTh Kak Ba, Sb akkymynupyroTcs B KOCTHOU
TKaHW, OTOOpaHHOM B mocenke TakHa. B kocTHOM Mo3re Sb HakamiMBaeTcs TOJIBKO B
opraHax M TKaHSIX J>XMBOTHOIO M3 cejla YPOBCKHE KiIOuM, B TO Bpemsi kak Cr
aKKyMYJIUPYETCS BO BCeX IMpobax KOCTHOro Mosra. l[loTeHnuanbHOE TOKCHYECKOE
BO3JielicTBUE paccunTaHo B pamkax Bepcuud USEtox 2.02 U COOTBETCTBYIOUIUMHU €M
METOAMYECKUMH  yKa3aHUSMH, C MCIOJIB30BAHHEM PE3YJIbTaTOB COOCTBEHHBIX
UCCIICJIOBaHNM, M0 MeToauKe omybaukoBaHnHoi panee (Belyanovskaya et al., 2019),
UCIIONIB3Ysl METOJIMKY pacdeTa XapaKTepUCTUYECKOro Kod(pduimeHTa TOKCHYHOCTH,
ornucanuyio B gokymenrtanuu mozaenu (Fantke et al.,, 2017). Jlng maHHBIX 3J€MEHTOB
paccMaTpUBAIOCh MCKIIIOUHUTEIIBHOE HE KAaHIIEPOIN€HHOE TOKCHYECKOE BO3JIEUCTBUE
BBH/1Y HETIOJIHOTHI IAaHHBIX 110 KAHLIEPOTE€HHOCTHU AJIEMEHTOB.

Xapakrepuctuueckuit koapdunment rokcuunoctu (CF), koTopsrit TpeGyeTcs as
OLICHKH BO3JEHCTBUS HA 3J0POBbE YEIIOBEKA WIIM BO3JEHCTBUE HA OKPYKAIOILYIO CpEy,
OOBIYHO OTpeesieTcs] Kak KOMOMHAIMS 3THX TpeX (akTopoB (popmymna 1):

CF=FFxEFxXF (1)

Q@opmMmysia OXBAaTHIBAET JIBA OCHOBHBIX AaCIEKTa, CBSI3aHHBIX C IIOBEJICHHEM
XUMUYECKUX BEIIECTB B OKPYXAIOIIEH cpele M HX HAKOIUIEHWEM, U TepeAadyeil B
tpodudeckux ypoBHsIX (FF —daktop «cynpOb» snemeHTta B 3KkocucteMax U XF -
(bakTOp SKCIO3UIMN) U CBI3aHHBIX C BO3/ICHCTBUEM YETIOBEKA MIIM OKPY>KAIOIIECH Cpe/Ibl
(EF - daxTop apdekra).

daxkTop skcro3uruu (XF) oTpakaeT ypoBeHb BO3JICHCTBUS OKPYKAIOIICH CPEIIbI
Ha TOTPEOJICHHE HACeNeHWEM MOTCHIIMAIPHO TOKCHYHBIX XMUMHYECKHX DJJIEMEHTOB C
numieil. Takum o00pa3oM, BecbMa JIOTUYHBIM SIBISIETCS TOT (HaKT, YTO HUMEHHO
3abaiikanbckuit  kpaih um  IlaBmomapckass o007acTh  SIBIASIOTCS  TEPPUTOPHUSAMU  C
HauBBICIIHM J(P(EKTHUBHBIM TIOTPEOJICHMEM BHE 3aBUCUMOCTH OT HCCIEAYyEeMOTO
anemeHTa. HacenmeHue STUX TEPPUTOPHUI HCHBITHIBAET BBICOKYI0 AHTPOIOIE€HHYIO
Harpy3Kky OT JE€HCTBYIOIIUX B HEMOCPEACTBEHHOUN OJIM30CTU OT KWJIOW 30HBI OOBEKTOB
N00BIBatOIIEH MTPOMBIIIJIEHHOCTH.

PaccmaTtpuBas notpebiaeHre OTAEIbHbBIX AI€MEHTOB, MOKHO OTMETUTh, YTO XPOM
U CypbMa BBIJCHSIOTCS B Py HM3YUYEHHBIX 3JEMEHTOB IO HauOOoJlee BBICOKOMY
3(eKTUBHOMY MNOTpeOIeHUI0 (BenuynHa (paKTopa SKCHO3UIIMH), C UCKIIOYEHUEM MJis
Boctouno-Kazaxcranckoil o0sacTd, rje Ha BTOPOE€ MECTO IO BEJIMYHWHE JAHHOTO
nokaszateisi BeixoauT HUHK. B mocenke IlyrtununeBo Bocrouno-Kazaxctanoit obnactu
HauBBICIIUKA (PAKTOpP SKCMO3UIIMU OTMEYAETCA MJi IIMHKA, 3aT€M MBIIIbSIKA, CYpPbMBbI,
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xpoma U Oapusi. OnucaHHas BbIIIE€ TEHJECHLUA OTPa)KaeT HE TOJBKO OMOJOTMYECKYIO
JOCTYIIHOCTb ~ 3JIEMEHTOB, HO U PETHOHAJBHBIE TE€OXMMHYEKHE OCOOEHHOCTH
teppuropun. [locenok IlyruHueBo Haxonutes B OJU30CTH OT MajeeBCceKkoro pyJaHuKa,
AIIEMEHTAMU-TIPUMECSIMU  BBIOPOCOB KOTOPOTO SIBJISIFOTCA CypbMa, LIMHK, MBIIIbSIK.
MOXHO MpeANnoJOXKUTh, YTO CXOXKHE TEHACHLIMHU T[OCTYIUICHUS DSJIEMEHTOB IS
UCCJEAYEMbIX 30H CBS3aHbl C HX CTENEHbIO OMOJIOTMYECKON JOCTYMHOCTU JUIs
OpraHu3Ma, M OTpa)kaeT XHWMH3M DBJEMEHTOB W aKTHUBHOCTb HUX TIOCTYIUICHHS B
OpraHu3M.

SE-07
4E-07

3E-07 -

1E-07 A

[Kinorpetaenms semecraa/ A€Hb HA KTg counoene oxpysaomedt cpeasi]

O0E+00 -

Tomckas 00maCcTh ITaBrogapckas o61acTs 3aGaiikabcKHi Kpai Pecny6muka TriBa Bocrouno-Kasaxcranckas
o61acTe

mCr mZn mAs ©Sb ®mBa

Pucynox 12. ®dakrop skcmo3uuuu, paccuutanubii mms Cr, Zn, As, Sh, Ba mis
UCCIICIOBAaHHBIX TEPPUTOPHUIL, BO3ACHCTBUE UEPE3 IMOUBBIL, [KTnorpesncnns semecrsa/ IEHD HA

I<1—‘B KOMIIOHCHTE OKp}DI(aIOH.ICﬁ cpem;l]

MoaudunupoBanHblii (PaKkTOp SKCHO3UIUU OBUT SKCTPANIOIUPOBAH B PACUETHI
XapaKTePUCTUCTUYECKOTO KOd(DPUIIMEHTa TOKCUYECKOTO BO3JEUCTBHS, M TIO €ro
pe3yibTaTtaM ObLTH MOCTPOCHBI CPABHUTENIbHBIC ArUarpaMMsl (Pucynok 13).

1E+01

1E+00 -
1E-01 -
1E-02 -

1E-03 -

Lg
[Tamu/Kr]

1E-04

1E-05

1E-06

1E-07

1E-08

Jafalirambermmi Kpaf TIarmonsperas obmacTs Tema Touckas ofnacTs BocTouno-KajaxeTancEas
ofinacTs

mCr mZn mAs =8bh mBa
Pucynok 13. Xapakrepuctuueckuii kodpuiuert, paccautannbiii g Cr, Zn, As, Sb,

Ba nns nccienoBaHHBIX TEPPUTOPH, BO3ACHCTBUE Yepe3 MOoUBy, [lamu/kr]
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PacuuTanHblil ¢ MCHOIB30BaHUEM MOJIU(DULHUPOBAHHOIO (HAKTOpA SKCIOZUIINHU
XapaKTepPUCTUYECKUN  KOA((PUIMEHT TOKCHUYHOCTH  OTpPa)XaeT IOTEHUUATbHYIO
OMMACHOCTh BEIIECTB JJIs 310POBbsSI HACEJIEHUS C YUETOM 3KOJIOTMUECKHX OCOOEHHOCTEH
Kaxaoro pernoHa. CoOrJIacHO TPOBEIECHHBIM pPAacdyeTaM MOXHO OTMETUTh, YTO
OOJIBIIMHCTBO 3JE€MEHTOB MMEIOT HAWBBICUIUN YPOBEHb TOKCHYHOCTH HA TEPPUTOPHUH
HACJEHHBIX MYyHKTOB 3a0alKalbCKOro Kpas. 3a MCKJIIOYEHHEM XpOMa MUHUMAaJIbHBIN
PUCK JJI1 30pOBbsS YEJIOBEKA BBHIOPAHHBIE 3JIEMEHTHI MPEACTABISIIOT IS SKUTEIEH
nocesika XoBy-Akchl Pecriyonuku TriBa. JJjig OOJBIIMHCTBA JIIEMEHTOB PAaHKUPOBaAHUE
MHJEKCA TOKCUYHOCTH IS TOCTYIUIEHHUS C TEPPUTOPUM YEPE3 ITOYBBI BBITJISIUT
ciaeayromuMm obpazom: 3abaiikanbckuil kpait>Ilamogapckas obnacte> BoctouHo-
Kazaxcranckas o6nacte™> Tomckas ob6mactb>TriBa. /s Xpoma B3aMMOOTHOILIEHHE
MEHSIeTCS, Ha TPEThe MECTO IO OMACHOCTU JIJIsi HacejeHeus BbIXoauT PecmyOnmka
TeiBa, a Ha mnocinegHee Bocrtouno-Ka3zaxcranckas oOnacte. Takum oOpazowm,
pEe3yabTaThl OLIEHKH TOKCUYHOCTH 3JIEMEHTOB Ha Pa3HBIX UCCIEAYEMBIX TEPPUTOPHUAX
COTJIacylOTCsl C  MCCJIEAOBAaHUSAMM, MPOBEACHHBIMU  paHEe, MW  IOKAa3bIBAIOT
NOTEHIMATIBbHYI0 TOKCUYHOCTh AJIEMEHTOB HE TOJIBKO B 32aBUCUMOCTH OT KOHLEHTpaUuu
AJIEMEHTOB B OMOMaTepHaliax, HO U pa3Mepa TePPUTOPUHU U TIIIOTHOCTH HACEJICHHUS.

3AK/IIOYEHUE

[IpoBenenHble UCCIeTOBaHUS TO3BOJIMIMN CACNATh CIEAYIONINE BHIBOBI:

1. B ycnoBusax nokansHbIX TeppuTopuit Poccun m Kazaxcrana B opranusme
MJICKOTIUTAIONINX MPOUCXOAUT KOHUEHTPUPOBAHHE CHEUU(DUUHBIX XUMHUYECKUX
AJIEMEHTOB M M3MEHSIOTCS HUX COOTHOIIEHHUS, YTO MOXKET CIYKUTh HHAMKATOPOB
re0dKOJIOTUYECKON 00CTaHOBKHM paiioHa. [[ns opranuzma CBUHBM —JIOMAaIIHEH,
O0TOOpaHHBIX Ha TEPpUTOPUHU ropoja Dkubactysa [laBimogapckoi 001acTu XapakTepHO
KOHIICHTPHUPOBaHUWE Takux osiemeHntoB kak Na, Zn, Rb, Ag, Sm, Lu, ¢ wux
NPEUMYIIECTBEHHBIM aKKyMyJIHpPOBAaHMEM B OpraHax NHUIIEBAPUTEILHOW M OMOPHO-
nBuratenbHor cucteMbl. [ ToMckoro pailoHa XapakTepHO KOHIEHTpupoBaHue A,
Br, ¢ uX KOHIIECHTPUPOBAaHUEM B OpraHaXx JIbIXaTeIbHON U KPOBEHOCHOMN CHUCTEMBI.

2. HezaBucumo oOT permoHa B OpraHu3Me MIICKOMHUTAOIMMNX 00pa3yroTcs
YCTOWYUBBIE KOPPEISAIIMOHHBIC CBA3U DJIEMEHTOB C XPOMOM. [EXHOTEHHBIC YCIOBUS
cpenbl oouTaHusi GOPMUPYIOT pa3IMYHBIE ACCOIMAIIMN JAHHOTO JIEMEHTA, JJIs TOpoja
Okubacrysa [laBnmomapckoit obmactu PecyOonuku Kazaxctan v HaceleHHBIX MyHKTOB
Tomckoro paitona Poccun — monoxurenbHbie, s TOceIeHUi 3a0aiikaabCKOro Kpas —
OTpHUIATETbHBIC.

3. B ycnoBusX TOBBINIEHHOTO AHTPOIMOTEHHOTO BO3JICUCTBHS HAPYIIACTCS
pabota OaprepHBIX OpraHoB. HaumHaeTcsi akkyMyITupOBaHUE XUMHUYECKUX DJIEMEHTOB B
TOJIOBHOM MO3Te€, TUIAIICHTAPHON TKAaH!U U YMOPHOHAX MIICKOTTUTAFOIIHX.

4, MoauduiupoBaHHbI XapaKTEPUCTUICCKUNA KOA(D(DHUIMEHT TOKCHIHOCTH
MO3BOJISIET PAaHXKUPOBATh JIOKaNbHBIE Tepputopun Poccum m Kazaxcrana mo cremeHu
TOKCUYHOCTH OTIIETBHBIX JJIEMEHTOB JIJIsi 370pPOBBS HACENICHHWA. B 1iemom, maHHBIN
MOKa3aTellb XapaKTepu3yeT MocelieHns 3a0aiikaabCKOTO Kpas, KaK 30HBI Hambojee
HAIPSHKCHHOW HArPY3KH IS Y€JI0BEKa.
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