Ha npaBax pykonucu

bapanosckasa Haranbs BiagumuposHa

3AKOHOMEPHOCTH HAKOIUIEHWA U PACITIPEJJEJIEHUA
XUMHNYECKHUX 3JIEMEHTOB B OP'TAHU3MAX
[NPUPOAHBIX U ITPUPOAHO-AHTPOITOI'EHHbLIX 9KOCUCTEM

03.02.08 — Dkomorug

ABTtopedepar
JFiCCepPTalY Ha COMCKaHUE YUEHOUN CTEeNeHH
JOKTOpa OMOJIOTMYECKUX HAyK

Tomck — 2011



Pabora BrimonHeHa Ha kadeape reodKOJOTHU U TeoXuMUM MHCTUTYyTa MPUPOAHBIX
pecypcoB OI'bOY BITIO «HanunonanbHbIA HCCIIeIOBATEIbCKUI Tomckuii
MOJIMTEXHUYECKUN YHUBEPCUTETY.

Hay4HbIi KOHCYJIBTAHT: JOKTOP Ie0J0ro-MUHEPAIIOTHYECKUX HAYK, Tpodeccop
Puxsanos Jleonun IlerpoBuy

OdunmaabHbie ONMOHEHTHI:  JIOKTOpP OMOJIOTMYECKUX HaYK, ITpodeccop
Beszean Bukrop CepreeBuu

TOKTOp OMOJOrMYECKUX HayK, CT. Hayd. COTP.
Crpico Asekcanap UBanoBu4

JOKTOp OMOJIOTrMYECKUX HAyK
Kypanos bopuc /Imurpuesny

Benymasi opranu3anus: NuctutyT BogubIx u skonorudeckux mpodiem CO PAH
(MB3IT CO PAH), r. bapnayn

3amura cocroutrcs 19 oxtsa6ps 2011 roma B 13.00 uwacoB Ha 3acemaHuu
mucceprauronHoro coera J[ 212.267.10 mpu ®I'BOY BIIO «HamuonansHslit
uccaenoBaTenbckuii ToMckuii TocygapcTBeHHbIN yHUBepcuter» (634050, r. Tomck, mp.
Jlenuna, 36).

C nuccepranueid MOXXHO O3HAKOMUThCS B Hayunoit Oumbnmoreke Tomckoro
TrOCYyJapCTBEHHOTO YHUBEPCHUTETA.

ABTtopedepar pazocian «7»centsiops 2011 rona

VYueHslil cekperapb
JUCCEPTALlMOHHOTO COBETA,
KaHJ. OUOoJ. HayK IIpocekuna E.I1O.

2



BBEJAEHHUE

AxmyanvHocms padomsl onpeNENseTCs HEOOXOIUMOCTBIO PpeIIeHUs MPOoOIIeMbI
BBISIBJICHHSI 3aKOHOMEPHOCTEN HAKOIUIEHUSI M paCIpeleieHUs] XUMUYECKUX 3JIEMEHTOB B
)KUBOM BEIIIECTBE B KOMIUIEKCE C OKPYXKAIOIIMMHU €ro reocepHbIMU OO0O0JOYKAMHU Ha
OCHOBE CHCTEMAaTH3allM¥ 3HAHUW 00 JJIEMEHTHOM COCTaBE J>KHBBIX OpPTraHU3MOB M WX
JOTIOTHEHHMSI 110 AJIEMEHTaM, OCTAIOIIUMCS MaJIOM3yY€HHbBIMHU.

3amava momydeHuss uHOpManuu OO0 BJIEMEHTHOM COCTaBE€ OTIEIBHOTO >KHUBOTO
OpraHu3Ma W WX COBOKYITHOCTH ObLIa IOCTaBJI€HA Mepej] HayYHBIM COOOIIECTBOM €Ille
B.W. Bepnaackum B Hauazne mponuioro cronetus (Bepnaackuii, 1922). 3HauMTENbHBIN
BKJIQJ, B €€ pelleHue ObLJI BHECEH KOJUIEKTHMBOM IEepBOM B Mupe buoreoxmmmueckoit
naboparopun «bBUOT'EJD», oprannzoBannoit B.M. BepHanckum 1 BO3rIaBisieMol B pa3HOE
Bpems  A.Il. BunorpagossiM, B.B. KoBanbckum,  B.B. EpmakoBeiM.  HapaGoran
3HAYUTENBHBIA MaTepuaa O GYyHKIIMOHAIBLHON POJIM OTIACIBHBIX XUMUYECKUX AJIIEMEHTOB, O
¢bu3noNOruuecko HOpMe I HEKOTOPhIX U3 HUX Ojarofaps MHOTOYHUCIEHHBIM
WCCIIEIOBAHUSAM, MPOBOAUMBIM B TEYCHHME MHOTHUX JIET U OTPAKEHHBIM B BHUJEC TPYIOB,
cTaTei, CBOJOK M crpaBouyHUKOB (Bunorpamos, 1932, 1935; Tkamuy, 1959; Boiinap, 1960;
Bowen, 1966; boysn, I'm66onc, 1968; bama, Jlusmmun, 1973; Koambckuii, 1974;
I'nazoBckue, 1982, 1988; Kuct, 1987; Kabara-Ilenanac u Ilenamnac, 1989; Caenxo, 1992;
WBanoB, 1997; wu gap.). PesyabTaThl 3THX HUCCIENOBAaHUNA OCBEHICHBI B TpyJax
buoreoxumuyeckoit naboparopuu 3a BCe BpeMsi €€ CYILECTBOBaHUS, a Takke B paboTax
psana uccinenoareneir (Mamrora, 1963; Underwood, 1977; Iyengar et al., 1978; Ryabukin,
1978; Bowen, 1979; Anke, 1979; Bucku, Parr, 1982; ®opteckpto, 1985; AiwiH, 1991;
Omcnu, 1993; u ap.). M3yyanucs BONpockl MUTPALIMU OTAEIBHBIX JIEMEHTOB B Ouocdepe,
UX HAKOIUICHHMsI OTAEIbHBIMH YacTSIMH PACTUTEIbHBIX OPraHU3MOB, B3aUMOJICHCTBUE
AJIEMEHTOB B CHUCTEME «OKpY’)Kaollas cpeia — >KUBOW OpraHU3M», BHUJOBBIE OTIUMYUS
KOHIIEHTpAINH, HAINYHE OMOTEOXMMHYECKHX OaphepoB U CIIOCOOHOCTH K Oe30apbepHOMY
HAKOIUICHUIO DJJIEMEHTOB, BO3MOXHOCTh MPAKTUYECKOTO NPUMEHEHUS TpPU [OUCKE
MECTOPOKJICHUH MOJIE3HBIX MCKOMAeMbIX, (OPMUPOBAHUS OMOr€OXMMHUYECKUX MPOBUHLIUN
(Bunorpanos, 1932, 1938, 1954, 1957, Warre, Delavault, 1960; Ksnnon, boyanc, 1962;
AnnepByn, 1962; I'paGoBckas, ActpaxaH, 1963; Mamtora, 1964; IIsiimk, 1971; babenko,
1971; Koansckuit, 1974, 1982; bpykc, 1982; Kosaneckuui, 1984, 1999; Unpun, 1985,
1991; Anekceenko, 2006; Kabara-ITennuac, 2007; Epmakos, 2008, 2009; u np.). Pab6ot no
U3YYCHHUIO HAKOIUJICHUS OTAENbHBIX 3JIEMEHTOB B JKMBBIX OpraHuM3Max TaK MHOTO, 4TO
TOJNBKO 3a mepuos 50—60-Xx TroJOB MPOILIOTO CTOJETHS OHU COOpaHbl B HECKOJBKO
oubnuorpapuueckux TOMOB («MHKpO3JIEMEHTHI...», 1964; «buonormyeckas...», 1965).
HaGntonaercs oOmeMupoBasi TEHACHIMS HW3YYEHHUs] JJIEMEHTHOTO COCTaBa oOpraHu3Ma
YeJioBeKa IS 1eJIel KOPPEKTUPOBKHU M MPOPUIAKTUKH 32007I€BAEMOCTH B paMKaX Pa3BUTHUS
HOBOTO CTPEMUTEIIBHO Pa3BUBAIOIIETOCS HAYYHOTO HAIpPABJICHUS HA CTHIKE MEIULIVHBI U
OMOJIOTMH, C OAHOM CTOPOHBI, U T€OJIOTUHM U TEOXUMHUU — C JAPYroi, Tak Ha3bIBaeMas
«Menumunackas reojorus» («Essentials...», 2005; Selinus, 2010) .



Becbma oOmmpHas uHpoOpManus NpelicTaBieHa MO H3Y4YEHHIO (PYHKIIMOHUPOBAHUS
OTJEJIbHBIX KUBBIX OPraHu3MoB B ycioBusix TexHoreHe3a (Kpupomyukwuii, 1971, 1984;
[Tokatunos, 1992; PuxsanoB, 1993; besens, Ilanun, 2008; Xyiikoa, 2001, 2009;
[Tozonoruna, 2003, 2008, 2009; u ap.). MHTEHCUBHO H3yYallUCh BOMPOCHI MUTPALUU
xumudecknx sneMeHToB (barosH u ap., 1990; Usamos, 1991; bamkun u np., 1993) u
paccMaTpUBAINCh BO3MOXKHOCTH Pa3pabOTKHM HOPMATUBHBIX TIOKa3aTeled aisa  1enen
9KoJIoru4eckoro HopmupoBanusi Tteppuropuilt (denopos, 1976; Kpusomyuxuii, 1988;
[I'onuapyk, Cunopenko, 1986; Wzpasne u ap., 1991; Cremanos, 1991; Toapsinp,
[ToxapkeBckuii, 1991). 3HauuTeNbHO MNPOABUHYJIUCH 3HAHUS B O00JACTH H3y4YEHUS
MUKPOSJIEMEHTO30B JKUBOTHBIX M YEJIIOBEKa, B TOM YMKCII€ BbI3BAHHBIX BIUSHUEM
TeXHOTCHHBIX (DaKTOpoB Ha opraHu3Mm denoBeka (babenko, 1971, 2001; ABubH, 1990;
Cycnukos, 1999, 2000, 2003; I'uueB, 2000; Ckanbubiit, 2000, 2004; Pesuu u ap., 2003,
2004; Memkos, 2003, 2006; Jlenucona u ap., 2009).

Bonpiioil Bkiaag B pa3BUTHE HAyYHBIX 3HAHUW OO0 SJEMEHTHOM COCTaBE >KHUBBIX
OpPraHU3MOB BHECIM YYCHBIE CHOMPCKOTO PETHOHA, YTO OTPAXKEHO B MHOTOYHCIICHHBIX
paborax mocneanux jeT (MockButuHa, 1989, 1999, 2000; BopobreBa, Menpener u ap.,
1992; Ilokatunos, 1992; Kypanosa, 1992, 2003; bosipkuna, baitkoBckuii, BacunbseB u np.,
1993; Puxsanos, 1993, 2006, 2009; Anam u ap., 1994; Bonkotpy6, 1995; ITonos, 1996,
2000; babenko A.C., 2000, 2006; CaBuenko, 2000, 2008; MockButuna, Koxanos, 2002;
Jleonoga, 2008, 2009; Kypaunos, 2009; u ap.).

AKTyaJIbHOCTh ~JAHHOW TEMaTUKU TMOATBEPXKAAETCS IOCTOSIHHBIM — HAayYHbBIM
WHTEPECOM YYEHBIX pa3HbIX HamNpaBJCHUN (TEOJIOTHS, MEIUIIMHA, OWOJOTHS, XUMHUA) U
peryJIipHBIMUA KOH(EPEHIUIMH, MPOBOJUMBIMU Kak B Poccuu, Tak ¥ B pa3HBIX TOpPOJaxX U
cTpanax 3a pyoexom (baky, 1958; Pura, 1959; Kues, 1965; Ynan-¥Ym, 1960; KpacHospck,
1964; Owmck, 1969; WUrtanus, 1993; I'penusa, 1997; ®panuwms, 1999; Isemus, 2000;
I'epmanus, 1996-2002; u ap.). B mocneanue rojbl UX CHUCTEMATHYECKU MPOBOIMIIN:
npodeccop M. Anke («Mengen ...», 1999-2001) B I'epmanun; Codust u Cepxxk DpMuIOT-
[Toner B I'peumm (2005, 2007, 2009), npodeccop M.C.Ilanun B Kazaxcrane
(«Tsoxensbrie...», 2002-2010).

HecmoTpst Ha CTOJIb 3HAYUTENBHYIO UCTOPHUIO M3YUYEHHUS SJEMEHTHOT'O XHMUYECKOTO
COCTaBa KaK OTJEIbHBIX >KMUBBIX OPraHU3MOB, TaK M HUX COBOKYIHOCTH, OCTA€TCs Psia
npobneM, TpeOyrommux pemeHus. Ha Ham B3risaa, HauOosiee akTyaldbHBIMH W3 HHUX
SBJISIFOTCS CIIEYFOIITHE:

1) cymecTBytoT mpoOensl B HM3YYEHUW DJIEMEHTHOTO COCTaBa OPraHOB M TKaHEH
YeJIOBEKa, MPOKUBAIOIIETO B PA3HBIX MEOXMMHUYCCKUX YCIOBHUAX, C IENbI0 MPO(HIaKTUKH
BO3MOJKHBIX 3JIEMEHTO30B MPUPOJAHOTO U TEXHOTEHHOr'O XapakTepa, €CTh HEOOXOJUMOCTh
YCTaHOBJICHUS CHICTIM(UKN IJIEMEHTHOTO COCTaBa MATOJIOTHYECKH U3MEHEHHBIX TKaHEH ISt
BBISIBIICHHS IPUYUH BO3HUKHOBEHUS MaTOJIOTHI;

2) BeCbMa BaXXKHBIM SIBJIICTCSI TIOMCK HOBBIX HOPMATHUBHBIX I[IOKa3aTeled it
T GepeHITUPOBKHA TEPPUTOPHH TI0 IKOJIOTO-TCOXUMHUUECKUM MPU3HAKaM U (OPMHUPOBaHHS
B JaJbHEHIIIEM SKOJIOTO-TIPABOBBIX aKTOB M0 3allldTe HACEJICHUS M BO3MOXXHOCTH



CTpaxOBaHHWS JKU3HM U  3JI0POBBSl  JIIOACH, MPOXKUBAIOIIMX HA  IKOJIOTUYECKH
HEeO0JIaromoIyYHbIX TEPPUTOPHSIX;

3) ocTaeTcs aKTyaldbHBIM U BOMPOC 00 M3YUCHHUH OTMCIbHBIX XUMUYECKHUX DJIEMEHTOB,
CBEJICHUM O KOTOPBIX Mbl MPAKTHUYECKH HE MMEEM, HO KOTOpPHIC MOTYT SIBISITHCS BEChMa
BOKHBIMA KOMIIOHEHTAMH B CJIOKHOH IICTIOYKE B3aMMOCBS3CH, BBIpAKAIOIICHCA B
CUMOMOTHUYECKOM M aHTarOHUCTUYECKOM COOTHOIIICHUH BHYTPH OpraHu3Ma. Tak, HeCMOTps
Ha JIOATYI0 UCTOPUI0 M3YYEHHUS OTHENbHBIX DSJIEMEHTOB — JaHHbIE U3 apXuBa
A.I1. BunorpanoBa (Yunk, 1926; Schiaparelli, 1880; Burkser, 1931; Hoffman, 1942; u np.)
— Ha CETOJHSANTHUHN JIEHb MPAKTUYECKH OTCYTCTBYET WH(GOPMAIHS O COACPKAHUU B JKUBBIX
OpraHu3Max, HapuMep, aKTUHUOB, PEIKO3EMEIIbHBIX U psAJia IPYTUX IJIEMEHTOB.

Ilens pabomst — BBISIBUTH 3aKOHOMEPHOCTH HAKOIUICHUS W TIEpepacnpeeicHus
XUMUYECKUX DJJIEMEHTOB B KHMBOM BEIIECTBE HA TEPPUTOPUSIX C Pa3HOM CTEMEHBIO
MIPUPOTHO-TEXHOTEHHOHN TpaHCHOPMAITUH SKOCUCTEM.

Jlna 0ocmudicenusa nocmaegieHHOU Ueau NPeononazaioch pewums ciedyrujue
3a0auu:

1. M3yuuThb 3JIEMEHTHBIM COCTaB >KMBOTO BEIECTBA IPHUPOJIHBIX U IPHUPOIHO-
AQHTPOTOTEHHBIX 3KOCHUCTEM U YCTAHOBHUTH OOIIME W PErHMOHANIbHBIE 3aKOHOMEPHOCTHU €Tro
dopmMupoBaHHS

2. BbIIBUTP OCHOBHBIE 3aKOHOMEPHOCTH HAKOIUICHHS B JKHMBOM BEIICCTBE U
M3YUUTh TMPOCTPAHCTBEHHOE pacHpeiesieHHe SJIEMEHTOB B paiioHax Cco  claldbiM
MPOSIBJICHUEM TEXHOTeHe3a Ha TeppuTopuu tora Cudbupmu.

3. VYcTaHOBHTH OCHOBHBIE 3aKOHOMEPHOCTHM HAKOILJICHWS B XKHUBOM BEIIECTBE U
M3YUYUTh TMPOCTPAHCTBEHHOE pACHpPEEICHUE JJIEMEHTOB Ha TEPPUTOPHUSAX C  SIPKO
BBIPKCHHBIM TIPOSBIICHHEM (DaKTOPOB TEXHOTCHE3A.

4. YCTaHOBUTh 3aKOHOMEPHOCTH MHUTPAIMM XHUMHUYECKHUX DJIEMEHTOB BHYTPHU
YKUBBIX OPraHU3MOB U UX B3aUMOCBSI3b C AJEMEHTAaMHU, MOCTYMAIONIUMU U3 KOMIIOHEHTOB
OKpY’KaroIel cpeipl, Ha IpUMepax KOHKPETHBIX JIOKAJbHBIX YKOCHUCTEM.

5. M3yuuth 0cOOEHHOCTH (HOPMUPOBAHUS DJIEMEHTHOTO COCTaBa OPraHOB, TKAHEH U
30JIbHOTO OCTATKa YE€JIOBEKA B 3aBUCHUMOCTH OT HKOJOTHYECKOW CUTyalluu Ha TEPPUTOPHUHU
€ro MpO>KMUBaHUS.

6. BBbIACHUTH OCOOCHHOCTH JACTOHUPOBAHUS SJIEMEHTOB B COCTaBE MAaTOJIOTUYECKU
W3MEHEHHBIX OPTaHOB M TKaHEH YeIoBeKa.

Oovekmamu ucciedosanus SBISUINCh: KUBOE BEIIECTBO  (PacTUTEIHHOCTD,
KUBOTHBIC, YEIIOBEK — pa3IMYHBIC OpPraHbl, TKaHW, >KHUIKHE CPEIbl) €CTECTBEHHBIX H
ypOaHU3UPOBAHHBIX 3KOCHCTEM, a TaKXKEe KOMIIOHEHTHI OKPYIKaOIIEeH ero cpenbl (MOYBHI,
MMUTHEBBIE BOJIBI, HAKUITH TUTHEBBIX BOJ).

3awuuiaemole nOJI0IHCEHUA:

I. B ecrecTBeHHBIX OJKOCHCTeMaX C TCOXHUMHYCCKUMH  aHOMAJIHUSIMH,
00yCTIOBICHHBIMHU T€OJOTMUECKUMU U METAJUIOTCHUYECKUMHU OCOOECHHOCTSIMU TEPPUTOPHH,
JKMBOE BEIIECTBO, BKIIOYAsl TKAaHU YeJIOBEKa, XapaKTePHU3YeTCsl BBICOKHM COJEp)KaHUEM H
nepepacupeieieHieM psfa dJIEMEHTOB B COOTBETCTBUM C €ro HEOJHOPOIAHOCTHIO H
coxpaHeHHeM 3akoHoMepHocTel MenneneeBa—Knapka n Opno—I'apkuHca, 4TO MO3BOJISET
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IpearnoiaraTh Ha 3THX IUIOMIAIAX PA3BUTHE OPYACHEHUS PA3IMYHBIX T€HETUYECKUX THUIIOB
(ypan, cyppma, 30JI0TO M Jp.). B JexkapcTBEHHBIX pPACTEHHUSX TAaKMX 30H HEKOTOpbIE
AJIEMEHTHI MEPEXOAST B COCTaB (PapMaKOJIOTUYECKH AKTUBHOTO SKCTPAKTa, YTO MO3BOJISIET
IPOrHO3UPOBATH Je4eOHBIN 3(PPeKT BO3aEHCTBUSI.

2. B 30Hax TEXHOreHe3a IPOMCXOAWT HU3MEHEHHE KaK YpOBHEH HAaKOIUICHUs
XUMHUYECKUX 3JIEMEHTOB B COCTaBE KMBOTO BEIIECTBA, TAaK U WX OTHOIICHUH, YTO MUMEET
UHIUKATOpHOE 3HaueHue. JlJis mpeanpusTuil siIepHO-TOIUIMBHOTO IMKJIA CHeU()UIHBIMU
aprsitorest U, Th, TR, Br, (Pu); mis nedrexumuueckoro mpousBojctBa — Sb, Br; mus
NpeanpUsTUI HHEPreTUYECKOro KOMILJIEKCa u MeTatoo0padaTheIBaroLIeit
npomeiiuienHoctn — Fe, Cr, Sc, Co, U, Th, TR; mns arponpoMbIIINIEHHOTO KOMILIEKCA —
Hg.

3. BHyTpupernoHanbHble 0COOEHHOCTH MUTPALlMU 3JEMEHTOB, CIEHU(PUUECKUX IS
KOHKPETHBIX TNPUPOAHBIX U TPHUPOJHO-AaHTPONOTEHHBIX HSKOCHCTEM, IOCTYNAIOMIMX C
OpOAYKTaMU NHUTaHUsS, BOJOM M BO3AYXOM B OpraHM3M 4elloBeKa, (OPMHUPYIOT €ro
OMOTeOXMMHUYECKUN TOPTPET HE TOJIBKO MPU YCIOBUU HOPMAIBHOTO (PYHKIIMOHHPOBAHUS,
HO U mpH narosoruu. OCOOEHHOCTH 3JEMEHTHOIO COCTaBa MAaTOJOTMYECKH H3MEHEHHBIX
OpraHOB M TKaHEH 4eroBeKa HEOOXOAMMO YUYUTHIBATh NP HOPMHPOBAHUU TEPPUTOPUH U
NPOBEACHUN MEIULMHCKUX MPOYUIAKTHIECKUX MEPOTIPUSTHIA.

4. B opraHu3me >XMBOTHBIX M 4YeJIOBEKa IO YPOBHIO HAKOIUICHUS W IOKa3aTessiM
KOHIICHTPUPOBAHUSI UIACHTUDUIIMPYIOTCS OMOT€OXUMHUYECKHE Oaphepbl, (GopMupyrommecs
noJi BIUSHUEM (HAaKTOPOB BHYTPEHHEH Cpeapl M XMMHUYECKUX CBOWCTB 3JEMEHTOB U
oTpaxkarouiye ux M30bITOYHOE MOCTYIJICHUE U3 BHEIIHUX cpel. OnpeneneHue ux Haluuus u
cnenu(UKH BO3MOXHO IpPU CPaBHEHUHU KOA((UIMEHTOB NEPEXo/ia 3JIEMEHTOB BHYTpPU
OpraHu3Ma, a TaKK€ B CPaBHEHMHM C MX COACPXAaHUEM BO BHELIHEH Cpele M aHaau3e
pacnpeieseHus] Ha TEPPUTOPHH.

Hayunas nosusna:

[TomyueHnsl HOBblE 3HaHUS 00 YPOBHIX HAKOIUIEHHUS 3HAUYUTEIBHOIO KOJMYECTBA
XUMHUYECKUX 3JIEMEHTOB B KMBBIX OpraHM3Max, BKJIOUas YEJIOBEKA, U UX 3aBUCHUMOCTU OT
YCIIOBUH (DyHKIIMOHUPOBAHUS SKOCHCTEM.

BbisiBieHbl  IPOCTPAHCTBEHHbIE  3aKOHOMEPHOCTH  PACIpEACNICHUST  XUMUYECKUX
AJIEMEHTOB IO IaHHBIM COCTaBa KUBOT'O BELLIECTBA U YCTaHOBJIEHA B3aUMOCBSA3b YPOBHEHN UX
HaKOIUIEHUs] B 3aBUCHUMOCTHM  OT  OCOOGHHOCTEH  I'€OJIOTUYECKOrO  CTPOCHMS,
METaJJIOTeHUYECKOM crieliu(puKU pailoHOB U KayecTBa MUTHEBBIX BOJ.

YcTaHOBIEHBI HEKOTOPBIE OCOOCHHOCTH (HOPMUPOBaHUS OMOTEOXUMHUYECKUX OapbepoB
BHYTPHU DPA3JIMYHBIX OPraHU3MOB, MOKa3aHbl 3aKOHOMEPHOCTH HMX H3MEHEHHs B HOpPME U
MaTOJOTUU MTPU UX B3aUMOCBSA3U C OKPYIKAKOLIEH CPEION.

BoisiBieHBI 00IME M 4YacTHbIE 3aKOHOMEPHOCTH HW3MEHEHMsS B HAaKOIUIEHHHU U
COOTHOIIIGHUU DJIEMEHTOB B JKMBOM BEIECTBE TEPPUTOPUNH C TMPUPOJHBIMH U
TEXHOT€HHbIMM HMCTOYHMKAMHU BIUSHUSA, MPEAJIOKEHbl HWHAMKATOPHBIE IOKa3aTeNlH
OTHOILIEHUH 3JIEMEHTOB B JKUBBIX OPraHU3Max TaKUX TEPPUTOPUI.



BrlisiBieHbI 3aKOHOMEPHOCTH (OPMHUPOBAHMS 3JIEMEHTHOI'O COCTaBa JIEKAPCTBEHHOMU
PacTUTEIBHOCTH, 0COOCHHOCTHU €€ (HapMaKOJOTHYECKH aKTUBHOTO HKCTPAKTA, YCTAaHOBIICHA
cnenuduKa pacpeieIeHHs 2JIEMEHTOB BHYTPU OMOJIOTHYECKUX CUCTEM.

VYcranoBneHa crnenuduka  B3aMMOOOYCIOBICHHOCTH  HAKOIUICHHS  XMMHYECKUX
2JIEMEHTOB B JKMBOM BEIIECTBE HA TEPPUTOPHUSAX CO CMEIIAHHBIM THUIIOM MPUPOJHO-
TEXHOT€HHOTO BO3JCHCTBUS C IUTOTCHETHYECKUMHU IOKA3aTeIIMU KpPOBU 4YeJlOBEKa U
HAJIMYMEM MaTOJIOTHIECKUX 00pa30BaHUM B €T0 OpraHU3Me.

[Toka3aHbl 3aKOHOMEPHOCTH W3MEHEHHs 3JIEMEHTHOI'O COCTaBa BHYTPH OpPraHU3MOB,
(YHKIMOHUPYIOUIMX B HOPME U MATOJIOTHH, U MX B3aUMOCBSI3b C OKPYIKaIOLIEH Cpe1oi.

[IpennoxeHbl MHAMKATOPHBIE I10KA3aTENM OTHOLUIEHUH 3JIEMEHTOB B OpraHU3Max
OPUPOAHBIX U MPUPOIHO-aHTPOIOTEHHBIX SKOCUCTEM.

Jlocmosepnocmey  3auuuiaemvlx  noaoxyceHuinl  odecrieyeHa — IPUMEHEHHEM
COBPEMEHHBIX METOAMK HCCIIECJOBAHUS, 3HAYUTENbHBIM KOJMYECTBOM MpPOO KHUBOIO
BEUIECTBA, M3YyYECHHbIX COBPEMEHHBIMH BBICOKOUYBCTBUTEIBHBIMU aHAJIUTUYECKUMU
METO/IaMH Ha MIMPOKUN CTIEKTP XUMHUYECKHUX 3JIEMEHTOB (0T 26 10 63), 601bIuM 00BeMOM
9KCHEPUMEHTAJIbHBIX JAaHHBIX, MPOAHAIU3UPOBAHHBIX M 00paOOTaHHBIX C HPUMEHEHHEM
CTaTUCTHMYECKHX METOJIOB aHAJIN3a, a TAK)KE TNIyOMHON MpopaboTKKU MaTepualia.

Ilpakmuueckas 3nauumocmsp:

[To xuMu4eckoMy cocTaBy OMOCYOCTpAaTOB YEJIOBEKA BBISBIEHBI 30HBI U YYaCTKU C
MaKCHUMaJIbHOM  CTENEHbI0  TEXHOTEHHOW  TpaHcpopMmManuu  NPUPOJHOM  Cpenbl,
HEOMaronpusATHOW ISl TPOXKUBAHUS YEJIOBEKAa, MPEUIOKEHbI HOBBIE OMOMHIMKATOPHBIC
MOKa3aTeau OIEHKM KayecTBa MPUPOJIHOM cpeapl M OMOTr€OXMMHUYECKUE KpUTEpUu
9KOJIOTMYECKOU OLIEHKU TEPPUTOPHUH.

Co3nanbl cxemMaTHuecKue KapThl TOMCKOM o00JacTd MO YPOBHSM HAKOIUIEHUS
AJIEMEHTOB B TKaHSAX OpraHu3Ma yesoBeka (KpOBb, BOJIOCHI, IIUTOBUAHAS Keje3a), a TAKXKe
B [TI0YBAX, COJIEBBIX OTJIOKEHUSX (HAKUIIN) TUTHEBBIX BOJ.

VYcraHoBiaeHue (QaxkTa HAKOIJICHUS XMMHUYECKHMX 3JEMEHTOB B OHOJIOTHYECKH
aKTUBHOM (DpaKIMU JICKAPCTBEHHBIX pAacTeHUM (KHSDKUK CUOUpCKUil (Atragene speciosa
Weinm.), naba3uuk Bs3oaucTHBIA (Filipendula ulmaria (L). Maxim), u ansbpenus
nonukmas (Alfredia cernua (L.) Cass)) MO3BOJMIO COBMECTHO ¢ (apmakojgoraMu
Cubupckoro rocyaapcTBeHHOro MeauuuHckoro ynusepcurera (CubI'MVY) u HMuctutyTa
dapmakonoruu CO PAMH (E.A. Kpacnos, W.B.IllunoBa) cnenaTh mNpenyiokeHUE O
HEOOXOJIMMOCTH y4eTa 3TOT0 SIBJICHUS MPU CO3JaHUH JIEKAPCTBEHHBIX MPEenapaTos.

YcTaHOBIEHHbBIE TEHACHLIMY B U3MEHEHUU HAKOIUIEHUS] XUMUYECKUX 3JIEMEHTOB U UX
accollMalliii B OpraHU3Me Y€JI0BEKa B HOPME U IPU pa3HbIX BUaX MATOJOrUH (Ha IpuMepe
UIMTOBHUIHOM KeJie3bl U TKaHEeW KapAMOBACKYJSPHOW CHCTEMBI YEJIOBEKA) MOTYT SIBJIATHCA
OCHOBOM I POTHO32 U MPO(PHUIAKTUKY 3a00JI€BA€MOCTH HACEICHUS.

CoBmectHo ¢ mnemmatrpamu Cubl'MY (E.M. KonapateeBa, C.C. CrankeBud,
H.A. bapaGaim) Ha mnpumepe HM3yuY€HUST XUMHUYECKUX DJJIEMEHTOB B CHCTEME «TPYIHOE
MOJIOKO MaTepu — MouYa MIIAJIeHIa» pa3padoTaHbl METOJUYECKHE PEKOMEHIAlMU IS
MPAKTUYECKOTO 3PAaBOOXPAHEHHUSI.



Pe3ynbTaThl HMccnegoBaHU MOTYT OBITh HKCIIOJIB30BaHbl C II€JIbI0 OpraHU3alUu
MEIMKO-3KOJIOTUYECKOTO ~ MOHHTOPHHTAa  TEPPUTOPUM,  pa3pabOTKH  MPAKTHUECKHX
pEeKOMEHJAIMI sl yJIy4dllIeHUusl HKOJIOTMYEeCKOW CUTyallM W BBIPAOOTKM HOPMATHBHBIX
FEOXUMHUYECKUX MOKa3aTeNeH AJisk 30HUPOBAHUS U HOPMUPOBAHUS TepPUTOpUH. MaTepuabl
MOTYT OBITh TOJE3HBI JUIS CIIyKO OpPraHOB 37PaBOOXPAHEHUsS, OXPaHbl MPUPOABI U CIIYKO
MOHHUTOPHHIAa 32 COCTOSSHUEM NPHUPOAHOM  cpenbl. Marepuanbl — BBIIOJHEHHBIX
UCCIEAOBAaHUN HUCIIONB3YIOTCS MPU YTEHUU KYPCOB JICKUUWA W MPOBEACHUU MPAKTUUYECKHUX
3aHATUN 10 JucuuIinHaM «['eoXuMusi, TE€OXMMHUYECKMH MOHUTOPUHI OKpPY’KaroIlIeu
cpenp», «MenuuuHckas reojorus», «buoreoxumus» ANg CTYAEHTOB U MAarucTpoB
ToMCKOTO MOTUTEXHUYECKOTO yHUBEpcHUTeTa. HaydHbie pe3ynbTaThl pabOThl HCIIONB3YIOTCS
JUTSL TaJIbHEHIMX uccienoBanuii u paspadotoxk B HUU dapmakomorun CO PAMH.

DaxkmuuecKuilt mamepuan u memoovl ucciedosanus. B OCHOBE auccepTanuu
JIeXKaT pe3ysIbTaThl UCCIIEI0BAHUN, IPOBOJAUMBIX aBTOPOM B Ipoliecce padoThl Ha Kadeape
F€0AKOJIOTUU U T€OXUMHH TOMCKOTO MOJUTEXHUYECKOT0 YHUBEpcUTEeTa B iepuoy ¢ 1999 no
2010 roxpl, mpexae Bcero Ha TeppuTopun Tomckon u YensOunckoi obmacteit. Marepuan
JUIsl CpaBHEHUs OTOMpascs u3 psga peruoHoB Poccuum (tepputopun HoBocuGupckoit,
Pocrosckoii, KemepoBckoii, UpkyTckoit obmnacreit, Pecnyonuk Xakaccusi, Anraii, TriBa,
Anraiickoro, 3abaiikansckoro (r. KpacHokamencka), Kpacnonapckoro kpaeB (r. AHama)) u
Kazaxcrana (ropomoB IlaBmomap u Punnep). B pabore paccMOTpeH W HCHOIb30BaH
Marepuai, MPEeJAOCTaBICHHBIA KOJUIETaMU M3 YHUBEPCUTETOB M WHCTUTYTOB T. Tomcka:
Cubupckoro roCyJIJapCTBEHHOTO MEJIULIMHCKOTO YHUBEPCUTETA, Tomckoro
rocyJapCTBEHHOT0 yHUBepcHuTeTa, HayuHo-ucclienoBaTebckoro MHCTUTYTa (apMaKoJIoruu
CO PAMH, a Ttaxxke IlaBnogapckoro mnemarorunueckoro wuncturyta (r. IlaBmomap,
Pecniy6bnuka Kazaxcran), Macturyta reoxumun Ouochepst IOxHOro QenepanbHoOro
yHuBepcurera (r. HoBopoccuiick), BypsTckoro rocy1apcTBEHHOTO YHUBEPCUTETA, a TAKXKe
COTPYJIHHUKAMHU MEIUIIMHCKUX ydpexacHui Tomckoit obnactu. YacTe paboT mpoBeicHa B
pamkax rpaHta MuHuctepctBa obpazoBanus u Hayku P® («KomruiekcHasi olieHKa
AKOJIOTMYECKOro coctosiHus Tepputopuu roray Ne I'P 01200504848, uns. Ne 02200602444)
u denepanbHoil neneBoi nporpammsl («lccnenoBaHue 3IEMEHTHOIO COCTaBa OpraHU3Ma
YEJI0BEeKa KaK OCHOBA IS Pa3BUTUS UAEH MEAUUMHCKOW reojorum», Ne 2011-1.2.2-141-
005), pykoBoauUTENEM KOTOPBIX SIBJISIACh aBTOP. ABTOPOM TIOJHOCTBIO TPOBEACHBI
TUTaHUpOBaHUE PaboT, OTOOP OOJIBINEH YacTH MaTepualia U ero npoOONoroTOBKa, aHATU3
MOJIyYEHHBIX Pe3yJbTaTOB, (OPMYIHPOBKA 3ALIUIAEMbIX TOJOKEHUN, KIIFOUEBBIX BBHIBOJIOB
Y PEKOMEHJALIHM.

[To pesynbratam paboThl ModyudeH maTteHT Ha u3oOpereHue Ne 2298212 «Cnocobd
ONpEJENICHNS YYaCTKOB 3arpA3HEHUS] YPAHOM OKPY>KaOILEH Cpebl».

AHAIIUTUYECKUE WCCIIEIOBAHMS TMPOBOJAWINCH B COBPEMEHHBIX JIa0OpATOPUSIX:
Kadeappl T€0IKOJIOTHH U TEOXUMUU TOMCKOTO MOJIUTEXHUYECKOT0 YHUBEPCUTETA, T. TOMCK
(anamutuku — A.®. Cyasiko, JI.®. boryrckas, I'.A. babuenko), UHCTUTYTa reoOXuMuu UM.
A.Il. Bunorpagoa CO PAH, r. MUWpkyrck (anamutuku — [I.I1. Cannumuposa,
H.H. [TaxomoBa), Xumuko-aHamutuueckoro IieHtpa «llmazma», 1. ToMmck (aHaTUTHK
H.B. ®entonuna), a Takke B ananutudeckoit madoparopun CO «bepesosreonorus» OI'VII
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«Ypanreonoropasseaka» MIIP Poccun, r. HoBocubupck (anamutuku W.I'. Oununuyk,
K.H. llleBuenko). B  ocHOBy paboThl TNOJOXXEHBI  PE3yNbTaThl  COBPEMEHHBIX
BBICOKOUYBCTBUTEJBHBIX ~ METOJOB  aHalM3a — HMHCTPYMEHTAJIBHOIO  HEHUTPOHHO-
AKTUBALIMOHHOTO M HMHAYKTHBHO-CBSI3aHHOM IUIa3Mbl €  MAacC-CIIEKTPOMETPUUYECKUM
okonyanueM (ICP-MS), xkpome TOro, HCHOJB30BAINCH JAHHBIE 3SMHUCCHOHHOIO
CHEKTPAJIbHOTO W PEe3yJbTaThl Ja3epHO-TIOMUHECHEHTHOr0, JIa3epHO-CIEKTPaIbHOTO,
paaguorpaguueckoro M PEeHTTeHOCTPYKTYpPHOTO  aHanu3oB. Bce  aHanmuTHyeckue
UCCIICZIOBaHUSI TPOBEACHbl B AaTTECTOBAHHBIX M AKKPEIUTOBAHHBIX JIAOOpATOpUSAX C
WCIIOJIb30BAaHUEM CTAHAAPTHBIX 00pa3noB cpaBHeHus: (cranaaptei MAI'ATO «Cyxoe
MOJIOKO», «JIuct 6epesbn» (puc. 1), «SD-M2/TM (mopckue ocanku), a Takxke DK-1 (amones
kaHajackas) u BUJI-1 (Gaiikanbckuii m)).

1000, Mr/kr
=
= AN
1
0.1 J
i}.m L L) L) L) 1 L) L L) L L) L) T T L) T L) T T T T ¥
Ma, Ca, 8c Cr Fa, Co Zn Br Rb & Cs Ba, La Ce Sm Eu Th Yo Lu Th U
% % % %

Puc. 1. ComnocraBnenue pesynbraroB MHAA (Ilacnopr-cranmapr MAT'ATD «JIuctea
oepesbl»; SAI'Jl — snepHo-reoxumuyeckas jaboparopusi Kadeapbl T€OIKOJOTUM W TE€OXHUMHHU
ToMCKOTO MOTUTEXHUYECKOTO YHUBEPCHUTETA) (TI0 OCH OpIUHAT — MI/KT)

[Tpy >TOM OCYHIECTBIISAJCS BHYTPEHHUH M BHEIIHUNA KOHTPOJb MapayljiesIbHbIMU
OTIPENICTICHUSIMA ~ DJIEMEHTOB  Pa3HBIMU  aHAJIUTHYECKUMH MeTonamu. [lorpemHocTsb
orpeneaeHus OOJIBIINHCTBA AHATU3UPYEMBIX 3JIeMEHTOB He mpeBbimana 10-20 %.

B nenom npoananuzupoBano 1848 mpoO sxuBoro Bemecta, 201 mpoba moussl, 368
po0 COJIEBBIX OTJIOKEHUM (HAaKUIK) TUThEBbIX BOA U 107 mpo6 Boakl (Tadu. 1).

Tabnuya 1.
O6T>CM 1 METOAbI UCCIICAOBAHU
Oo0iee
YupexkIeHus U CIIEIHaTUCTEI,
OO0OBeKT KOJIH- Bun
Pernon B COTPYAHUYECTBE C KOTOPHIMHU
HCCJIEIOBAHUS 4eCTBO aHan3a
MOJIYYCH MaTepUa
mpo0
Tomckast 001acTh,
YensOnnckast 001acThb
645 N TITY
P. Xakacus, P. Anraii,
P. TriBa
Bonocsl gereit NHAA N
36 Hpxyrckas o6macts BI'Y, Taiicaes T.T.
IIT'TIN, Koporoa H.IL.,
132 P. Kazaxcraun [TaiimopnanoBa b.X.




MIPOIOJDKEHUE TAOIHUIIHT 1

NHAA, TIIY, CIMY, UnpuHCcKUX
Ananmuz H.H., Uneunckux E.H.,
KonuuecTBa | MartkoBckas T.B., pailonHbie
ToMcKas O6MACTE MHUKDPO- 6ompHUIEI TOMCKOTO U
325 ’ SJIEPHBIX | 3bIpPSIHCKOTO paiioHoB Tomckoii
Kposs uenoseka Yensibunckas 001acTh SpHTPO- o6mactu, Cyxux FO.I1., TTorop
LIUTOB, B.A1., MencecTphl CENbCKUX
f-paamo- MenyudpexaeHuid ToMckoi
rpadus obmactu
38 WpkyTtckast o6macThb NHAA BI'Y, Taiicaes T.T.
[I{uToBumHAS
eresa 117 TomcKas oGacTs MHAA CTMY, Jleuncosa O.A.
(maTonmoruyecku
M3MEHEHHBIE TKaHH)
AopTanbHble
KJIaItaHbl
(narooruseciu 21 Tomckas 061acTb MHAA TI'Y, JTamanosa JLM.
W3MEHECHHBIE C
pa3HoO# CTENEHbIO
KaJIbITUHALIAN )
TITY, Mopr Tomckoro paiiona
EHONCHIHLL 50 Tomckast 061acTh VHAA, Tomckoi oGéIign, ®deaopoB
MaTepHall OpraHoB U = = ICP — MS, —
TKaHEeH 4YeJIoBEeKa Kpacronapckuit kpaii OCIIA, IO®Y, UHCTUTYT reOXuMHUH
13 (r. Anana) JIa3epHO- ouocdepsnl, AekceeHko B.A.
JIFOMMHE-
307bHBII OCTaTOK Hosocubupcr, CUEHTHBIA | TITY, COTpYIHUKU TOPOICKHX
78 PocrtoB-na-/lony,
OpraHu3Ma 4YeloBeKa HoBoky3Helk KpEMaTOpUEB
MOoJI0KO JKEHIINH 64 CI'MY, Konnpatsena E. .,
Moua ereit 64 Tomckast 00611acTh NHAA Crankesnu C.C.,
bapabamr H.A.
Tomckast 061acTh, TITY, HUN dapmakonorun CO
JlekapcTaeHHbIe u 87 P. Anraii, P. Xakacus, VHAA, PAMH, CFI\(P/}S;? Kpacuos E.A.,
ATOMUHIE PACTEHIA KpacHospckuii kpait SCHA [Munosa U.B.
61 P. Kasaxcram [IT'TTY, Aceinbexosa I'.E.,
JIuctes npeBecHBIX ’ VHAA [TaiimopaanoBa b.X.
pacTeHuit 20 Tomckas 06nacTsb, TITY
3abaiikanbCKui Kpan
Oprassl 1 TKaHU
pEUYHOH pPHIOHI, 10478+
MJIEKOITUTAIOIIINX 9 Tomckas o0acTs NHAA TITY
(moMarnTHss CBUHBS)
Y MOJIOKO KOPOB
Haxunp nutseBoit Tomcxas obnacts, nl;liﬁﬁo’-
BOIBI 368 Yenabunckas 001acTh, OMMUHE- TITV, BI'Y, Taiicaes T.T.
HpxkyTtckast obmactp cleHTHBI
Tomckast 061acTh,
Housa 201 UensbuHCcKast 0671aCcTh VHAA Ty
JlazepHo-
IIuteeBas Boda 107 Tomckast o6nacTb JIIOMUHE- TITY
CLIEHTHBIN
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Anpobayus pabomot u nyéoaruxayuu. OCHOBHBIE TIOJIOKEHUS TUCCEPTALMOHHON PabOThI
u3nokeHol B 89 myOmukamusx (3 monorpaduu, 13 crareii B pOCCHUCKHX JKypHAax,
BKJIIOYEHHBIX B mepedueHb BAK, um 14 B 3apy0eXHbIX M POCCHUHUCKMX HAy4YHBIX
peleH3UpYyEeMbIX KypHajax, 29 ctareil B 3apyOeKHbIX HAyUHbIX cOOpHUKax TpyaoB U 30 B
MaTepHalaX BCEPOCCUICKUX M MEXIyHApOJHBIX KOH(EPEHIIUiA, MPOBOAUMBIX B Poccum).
PesynbpTaThl uccienoBaHuMM MO TeMe AUCCEPTAIlMM JOKJIaAbIBAINCh HAa KOH(epeHIusX,
CHUMIIO3UyMax U Omoreoxummuueckux mkojax B Poccum m 3a pybexxkom: III Poccuiickoit
Oouoreoxumuyeckon mkoje «l'eoxumuyeckass 3KOJOrUsi U OMOTCOXMMHUYECKOE H3YUYCHHE
TakcoHOB Ouochepr» (I'opHo-Antaiick, 2000), MexayHapogHOW HAyYHO-TEXHHUYECKOM
koH(pepeniuu «I opHo-reonornueckoe odpazoBanue B Cubupu, 100 net Ha ciayxOe HAyKH U
npou3BoacTBa»y (Tomck, 2001), msTom MeXayHapOJIHOM CHMIIO3UYME CTYJACHTOB,
aCIIMPAaHTOB M MOJIOJBIX YYEHBIX UMEHH akaaeMuka M.A. YcoBa, OCBAIEHHOTO CTOJETHIO
ropHo-reojiorudeckoro oopazosanusi B Cubupu (Tomck, 2001), 3-m Konrpecce monoabix
y4deHbIX U crnernuanuctoB «Hayku o uenoBeke» (Tomck, 2002), Beepoccuiickoit HayuyHOM
KOH(EPEHIIMN C MEXIYHAPOIHBIM y4acTueM «BriusHue 3arps3sHeHHs] OKpYKaroIel Cpe/bl
Ha 3710poBbe uenoBeka» (HoBocubupck, 2002), MexnynapoaHoil koHpepeHmn « Tskensle
METaJlJIbl, PaJUOHYKIIUbI U 3JIEMEHTHI-OMOPUIIBI B OKpY:Karolien cpene» (CeMunaiaTuHCK,
Pecnybmuka Kazaxcran, 2002, 2006, 2008, 2010), 2-if MexayHapogHoi KOH(epeHIHH
«PaMoakTUBHOCTh M PaJIMOAKTUBHBIE SJIEMEHTHI B cpejie oOuTaHusi uyenoBeka» (Tomck,
2004), «5™ International Symposium on Trace Elements in Human: New Perspectivesy»
(Adunsl, I'perns, 2005), nHa V MexayHapogHol OHOT€OXMMHUYECKON IIKOJIEe « AKTyallbHbIE
nmpoOaeMbl TeoxuMmuueckort akonorum» (Cemunanaruack, P. Kazaxcran, 2005), «Metals in
the environment» (Bunbnioc, JIutsa, 2006), «International Symposium on Trace Elements
in the Food Chain» (byganemr, Benrpus, 2006), «International Symposium of
Herpethology» (bonn, I'epmanus, 2006), «CoBpemMeHHbIE TPOOIEMbI TEOXUMHUHU, TEOJIOTHH U
MOMCKOB MECTOPOXKJEHUU MOJie3HbIX uckomaeMbix» (Munck, benapycs, 2007),
«CoBpeMeHHbIE TPOOJIEMbl T'€0IKOJIOTUM M COXpaHeHUs OuopazHooOpaszus» (buiikek,
Ksipreizeran, 2007), «I'eoxumust 6uocepsr» (HoBopoccuiick, 2008), «Ananutuka Cubupu
u Jlamprero Bocroka: VIII Hayunas xomdepenmus» (Tomck, 2008), «7™ International
Symposium: «Trace Elements in Human: New Perspectives»» (Adunsl, ['perus, 2009), 3-i
MexnayHapogHoil KoHpepeHIMH «PaTnoakTUBHOCTh U PaIMOAKTUBHBIE AJIEMEHTHI B CpEie
obutanus yenoBeka» (Tomck, 2009), VI-XII bruoreoxumMu4eckux 4TEHUSX, MOCBIIIEHHBIX
namsatu B.B. KoBansckoro (Mockga, 2005-2010).

Cmpykmypa u 00vem padomwl: AuccepTalusi COCTOUT U3 BBeAeHUs, 6 TJasB,
BBIBOJIOB U pekomeHmanmit. OOumit oobem — 373 crp., Brimtoyas 207 puCyHKOB U 72
tabmuupl. Crnucok  autepatypbl  coctaBiser 500 HMCTOYHHMKOB, B TOM  YHCIE
80 MHOCTpaHHBIX.

Cooepotcanue padomol:

Bo BBemeHum 000CHOBaHa aKTyaJbHOCTh BBIOpAaHHOW TEMbl U MPOBEACHHBIX
uccineaoBanuil. OmnpezeneHbl LEIM M 3aJauyd  JUCCEPTALMOHHOW paboThl, H3JIOKEHBI
OCHOBHBIE pe3yJIbTaThl, 0003HAUEH BKJAJ aBTOpa B HCCIEIOBAaHUS IO JaHHOW Teme,
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OTpakeHa Hay4yHas HOBH3HAa pPA0OTBI W TMPAKTUYECKAsh 3HAYUMOCTHh TIOJYYEHHBIX
pE3yJIbTATOB.

B mepBoii riaBe omnucaHbl MaTepHalibl U METOJbI HCCIEIOBAHHM, MPeICcTaBICHO
000CHOBaHME BRIOPAHHBIX JIJIST UCCIICIOBAHUS BUIOB KUBBIX OPTaHU3MOB.

Bropasi rigaBa oTpakaer CTeNeHb HW3YYEHHOCTHU M COBPEMEHHOTO COCTOSIHHS
poOIeMBI.

B Tperbeii riaBe mokazaHbl OCOOCHHOCTH PACHPEICICHHS JIEMEHTOB B KUBOM
BEIIECTBE B 3aBHCHMOCTH OT SHJOTEHHBIX U IK30TCHHBIX (PAKTOPOB, BIMUSIOUIUX HA ATOT
nporecc, MpUBeACHBI (PaKThI CICHU(PUKA KOHIICHTPUPOBAHHSI PAIMOAKTUBHBIX 3JIEMEHTOB B
YKUBBIX OpTraHU3Max Pa3HOTO YPOBHSI OpPTaHU3AIIHH.

B d4erBepToii ryaBe B TpexX TMOArJaBax MPHUBEACHBI PE3YJNbTAThl H3YUYCHUS
TPaBSIHUCTOM ¥ JAPEBECHOM pPACTUTEIBHOCTH B CICAYIONIMX aclekTax: creruduka
HAKOIUICHUSI DJIEMEHTOB B JIEKAPCTBEHHBIX PACTEHUSX, OO0JIAAIONUX HOOTPOMHBIM U
aJanToreHHbIM dJ(p¢deKkTaMu BO3JAEHCTBUS, MpOaHAIM3UPOBAHA HMHAMUKATOpPHAs pOJib
JJIEMEHTOB B MX COCTAaBE B MECTaX C HAIMYMEM MPUPOIHBIX U TEXHOTCHHBIX UCTOYHUKOB B
OKpY Kalollel cpejie; mpuBelieHbl (PaKThl Mepexoaa OTACTbHBIX XUMHUUYECKHX AJIEMEHTOB U3
HAJ3EMHOHN YacTH JICKAPCTBEHHBIX PACTCHHIA B (hapMaKOJOTHUECKH aKTHUBHYIO (DpaKIHUIo,
BBIJICTICHBI OOINME 4YEePTHl AITOrO TMpoIecca W OTIIMYUS B 3aBUCUMOCTH OT BHUIOBOU
NPUHAJICKHOCTH; OMNucaHa crnenuduka GOopMUPOBAHMS AIEMEHTHOTO COCTaBa PAaCTEHUU
ypOaHU3UPOBAHHBIX KOCHUCTEM Ha mpumepe Tomoiis uepHoro (Populus nigra L. 1753),
MOKa3aHa WHIWUKATOPHAs POJb DJIEMEHTHOTO COCTaBa JIMCThEB ATOIO BHUJA PACTEHUH U
BO3MOXKHOCTh ~ TMPOBEJICHUS  pallOHUPOBaHUS  TEPPUTOPUM  TOPOJAOB HAa  OCHOBE
OMOTeOXMMHUYECKUX TTOKa3aTeeH.

B nsATOi riaBe paccMOTpeHBI 3aKOHOMEPHOCTH HAKOIUICHUS M pacIpeneicHUs
AJIIEMEHTOB U MX COOTHOUIEHHUS B OpraHHU3MeE JAOMAIIHUX >KMBOTHBIX (CBUHEHW — Sus scrofa
domestica Linnaeus 1758 (Artiodactyla, Mammalia)), Ha TeppUTOPUAX C Pa3HOW IKOJIOTO-
F€OXMMHUYECKON CUTYyaIUEH.

B miecToii riiaBe mpuBeACHBI PE3yIbTAThl U3YyUECHHS] OCOOCHHOCTEH, CrielUPUKU U
3aKOHOMEPHOCTEN pacnpe/iefieHuss XUMHUECKUX JJIEMEHTOB B OpraHu3Me COBPEMEHHOIO
yenoBeka. B 5 moarmaBax paccMOTpeHBI MPOLIECCHl HAKOIUIGHUS M OCOOEHHOCTH
pacripenienieHus: 56 XUMHUYECKHX DJIEMEHTOB B 25 HCCIEQyeMBIX OpraHax 4eJIOBEKa,
MPEJICTABICHbl PE3yJbTaThl HCCIEIOBAHUI PETHOHAIBHBIX OCOOCHHOCTEH SJIEMEHTHOIO
coctaBa (63 XMMHUUYECKHX JJIEMEHTAa) 30JIbHOTO OCTaTKa OpraHu3Ma >uTejed 3amaaHo-
Cubupckoro pernona (r. HoBocubupck, r. HoBokysnernk) u FOxHoro peruona (r. Poctos-
Ha-J{oHy), TpHUBEAECHBI pE3yJbTAaThl HAKOIJICHUS, PpACIPEACNEHUs W COOTHOIICHUE
AJIEMEHTOB B BOJIOCaX JETEM M KPOBHU KUTEJICH TOPOJICKUX M CEIIbCKUX HACEJIEHHBIX
MYHKTOB C aHAJM30M MPOCTPAHCTBEHHON CTPYKTYpPhl Ha TEPPUTOPUAX MPUPOIHBIX U
TEXHOTE€HHBIX TE€OXMMHUYECKUX aHOMaJuil. YJeleHO BHUMaHHUE TMpolleccaM IMepexoaa
AJIEMEHTOB M3 MapajieIbHO OTOOpPaHHBIX Cpell (BOJOCHI JeTell — KpOBb JAETed — IOouBa
npuycageOHbIX YYacTKOB — COJIEBbIE OTJIOKEHMsI (HAaKWIb) TMUTHEBBIX BOJ U3
BOJIOHArPEBATENIbHBIX MPUOOPOB (YallHUKH) — BOJA) C HCIIOJIb30BAaHHUEM METOJIOB,
NPUMEHIEMBIX B T'€OXUMHUYECKUX HUCCIEeNOBaHUAX (pacueT Kod(h(UIIMEHTOB 0OOTallleHuUs,
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BOJHOM MWrpanuu, KoHUeHTpauuu). [Ipoananu3upoBana crneuuduka HAKOIUICHUS
3JIEMEHTOB B NATOJOTHMYECKA W3MEHEHHBIX TKaHAX OpraHu3Ma JIIOAEH, CTPaJarolInX
pa3HBIMU BUJAMH MATOJOTMHM IIUTOBUAHOM >KeJie3bl M MMEIOIIMX MpoOJIeMbl B OpraHax
KapJAMOBACKYJISIPHOM CUCTEMbI, PACCMOTPEHBI MTPOLECCHl YCBOCHHSI XUMUYECKUX JIEMEHTOB
U3 pa3HbIX TNPOAYKTOB MHUTaHUA (MSCO CBHMHEW, MOJIOKO, BOJQ, STOAbI), BKIOYas
0COOEHHOCTH TiepepacHpeieieHHs] SJIEMEHTOB B MOJIOKE JKEHIMH U MOY€ MX MIIAQJICHLEB,
MPOKUBAIOIINX HA TOPOACKOU U IPUTOPOJHON TEPPUTOPUSIX.

B BbIBOAAX W pekoMeHJaNUsAX PadOThl TMOJBEICHbI WTOTM MCCIEIOBAHMS,
chopmMyJIMpOBaHBI OCHOBHBIE BBIBOJIbI, JaHbI MPAKTUYECKUE PEKOMEHIAIIHH.

bnazooapnocmu:

ABTOp BbIpakaeT riyOoKyro OJaroJapHOCTh BCEM, KTO CIIOCOOCTBOBAJ HAKOILIEHUIO
Marepuaia, I[I03BOJIUBIIETO, B KOHEYHOM MWTOre, IPOBECTH BCECTOPOHHMI aHalu3
0COOEHHOCTEN HAKOIUJICHUS U paclpeesieHuss XUMUYECKUX 3JIEMEHTOB B CUCTEME <GKMBOMU
OpraHu3M — OKpyKarolas cpena»: 3aBeayromemy nadopatopueit « bBMOT'EJl» TEOXU
PAH, npodeccopy, a.6.H. B.B. EpmakoBy 3a koHCydbTalMu, MHOIIACPKKY, MOMOIIb H
OpraHu3anuio paboThl C apXUBHBIMM MaTepuallaMH JabopaTopuM, a TaKXKe BCEM €€
corpynnukam; tpodeccopy, a.0.H. M.C.Ilanuny, npodeccopy, a.0.H., mpodeccopy
C.B. Cagenbeny, a1.0.H. [.B. Moty3oBoii u 1.6.H. E.A. KapnoBoii 3a nmosie3Hoe obcyxaeHue
OTHENBHBIX pa3fenoB paboTel; mnpodeccopy, a.0.H. H.H. UnpuHCKMX W A.M.H.
E.H. MnpuHCKUX 3a MPEAOCTABICHUE MATEPUAIIOB KPOBU U NIPOBEACHUE [IUTOTCHETUYECKUX
uccienaoBanuit; nmpodeccopy, A.M.H. T.B. MaTkoBckoil 3a mpeaocTaBiIeHUE OMOTOTHUECKUX
MaTepuasoB MO OT/IEIbHBIM HACeIeHHbIM MyHKTaM ToMckoro paitona; mpodeccopy, A.T.-
M.H. B.A. AnekceeHKO 3a MpeAOCTaBICHHBIM 30JbHBIA MaTepual OHOINCHUU HEKOTOPBIX
opraHoB xutenei KpacHogapckoro kpast 1 o0Cy»XIeHUE OTIEIbHBIX MOJOKEHUN pabOThI;
npodeccopy, n.r.-m.H. E.I'. fI3ukoBy 3a OeclieHHbIC COBETHI U IMOMOIIb [0 OpraHU3AIUU
oTOOopa U aHanu3a MpoO MOYBBI U HAKUIH MUTHEBBIX BOJ Ha TEPPUTOPUHU ToMcKoii obnacTu;
npodeccopy, a.dapm.H. E.A. KpacaoBy u k.papm.H. W.B. [llnnoBoii 3a npenocTaBieHHBII
MaTepHa Iy MPOBEICHUS UCCICOBAaHMH 10 (hapMaKOJIOTHUECKH aKTUBHBIM SKCTPAKTaM H
dbpakuusaM JeKapCTBEHHBIX pacTeHuit; mpodeccopy, aA.M.H. E.W. KonaparbeBoil, K.M.H.
H.A. bapa6am u k.M.H. C.C. CTaHKEBUY 32 TECHOE COTPYJAHHYECTBO B HCCIICIOBAHUIX IO
U3YYCHHIO MOJIOKa KOpPMSIIMX Marepeil M Mouu ux jaeredd; 1.0.H., mpodeccopy
H.C. MockButuno#i u k.0.H. B.H. KypaHoBoii 3a I1ieHHBIE COBETHI W TIOMOIIb; 1I.0.H.
b.X. Hlaiimopnanosoi, k.6.H. H.I1. Koporoa u k.6.H. I'.E. Acbui0exoBoii 3a OJACPKKY H
COJICHCTBHE B UCCIICIOBAaHUSX KMBOTO BellecTBa Ha Tepputopun PecrnyOnuku Kaszaxcran;
npodeccopy, a.r.H. T.T. TaiicaeBy 3a oOpraHuzalui0 HCCICIOBAHUN HA TEPPUTOPHUHU
UpkyTckoit obnactu u coxelictBue B oTOOpe KOMIUIeKca MpoO; mpodeccopy, I.T.-M.H.
C.M. ApGy30oBy u k.r.-m.H. B.A. JlomapeHKO 3a IICHHBIE COBETHI TMPU OOCYKICHUU
B3aMMOCBSI3M COCTaBa KHMBOTO BEIECTBA C TEOJOTMYECKUMHU (HAaKTOpamH; K.I.-M.H.
N.C. CoboneBy 3a MOCTOSHHYIO TOMOIIb, KOHCYJbTAIIUIO, TMOJACPKKY U OpPraHH3aIUIO
pabot mo otbopy mpob Ha TeppuTopun TOMCKON 00JacTH; TJIaBHBIM BpadyaMm pPalOHHBIX
6onpHUI, ToMmckoro u 3wIpsiHCKOTO paiioHOB Tomckoit obmactu — k.M.H. FO.U. Cyxux u
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k.M.H. B.f. [lonoBy, maronmoroanaromy C.HO.denopoBy 3a momoiib B 0TOOpe mMpod
OMOTICHITHOTO MaTepuana, MEAULIUHCKOMY TepCOHaTy OOJBbHUIl HACEJICHHBIX ITyHKTOB
Tomckort u YensOuHckol obOacTeil 3a opraHu3ainui padoT Mo OoTOOpPY Mpod KpPOBH.
['myOokyro mpu3HaTENbHOCTh aBTOpP BbIpakaeT K.M.H. O.A. JIeHUCOBOM 3a J0Jroe TeCHOe
COTPYIHUYECTBO B M3YYEHHMM HAKOIUICHUS JJIEMEHTOB B TKAHAX IIUTOBUIHOW JKEJE3Bl, a
TaKXke COTPpYIHHKY ToMCKOro rocyaapcTBeHHoro ynuBepcureta JI.M. JlamanoBol 3a
NpEeJOCTaBICHUE  MaTepualioB I M3Y4YEHHMs  [ATOJIOIMYECKMX  00pa3oBaHUi
KapAUOBACKYJIIPHOM CUCTEMBI 4esloBeKa. VICKpEHHIO NPU3HATENBHOCTh aABTOP NPUHOCHUT
K.I.-M.H. A.B. BonocTHOBY 3a momollb B MPOBEIECHUU HKCIEPUMEHTAIBHBIX pPaboOT MO
paguorpaduueckoMmy aHanu3zy kpoBu, K.I.-M.H. T.H. Wrnarooit 3a oT0Op 301HHOTO
MaTepuajia OpraHu3ma 4eJlOBeKa, aKTUBHOE ydacThe B MPOOOMOJTrOTOBKE, MOIACPKKY U
nomoiib, a Takxke ObBmMM acnupantam JI.B. [lIBemoBoit u T.A. MoHTrOIuHOM,
y4acTBOBABIIKM B IPoO00TOOpax U MpoOONOArOTOBKE, U CTYAEHTaM Kadeapbl T€03KOI0T U
U F€OXMMUH, aKTUBHO 3aHUMAIOIIMMCS HAyYHOU pabOTON M CIOCOOCTBYIOIIUM peaau3alun
CIIOHOTO M JUIMTEIBHOTO Ipolecca HakomuieHus HayuyHblXx 3HaHuil (b.P. Cokroesy,
T.Y. Jamaunosoii, E.A. l'anoukunoii, E.A.JlutycoBoit u apyrum). Ocobo OnaromapHa
ObIBLIEMY WH)XEHepy Kadenpsl reo3konmorun u reoxumun B.C. bapanoBckomy 3a
OeClIEeHHY!0 TIOMOIb B IOATOTOBKE TIpaHUuecKkoro Marepuana, a TaKkKe HWHXEHEpY
B.B. XyxoBy 3a noguepxky 1 noMolis B opopmiaeHrH paboThl.

ABTOp mpu3HarenbHa ~ Oe3BpeMeHHO  ymieamemMy  k.I.-M.H. | B.B. EpmoBy

3a IIEHHBIE COBETHI 110 METO/IaM CTaTUCTUYECKOW 00pabOTKN MaTepuana.

[TpuHoiy GrarogapHOCTh BCEM COTPYAHHKAM Kadeapbl T€03KOJIOTHMH U T'€OXUMUHU, U
MOUM JpY3bIM M POJHBIM, KOTOPBHIE€ TMOMOTaJIHM, KOHCYJbTHUPOBAIU IO PA3TUYHBIM
BOIIPOCAaM M IIPOCTO MOAIEPHKUBAIIA MOPAJIBHO.

Bolpaxkato  r1yOOKyr0 — IPHU3HATENIBHOCTh  CBOEMY  HAy4YHOMY  KOHCYJIbTaHTY
npodeccopy, n.r.-m.H. JLII. PuxBaHnoBy, Ha TpOTSDKEHMH BCeX JeT pPabOThI
CIOCOOCTBOBABIIIEMY MOEMY HAYYHOMY TTOMCKY.

OCHOBHBIE 3AIIIUIIIAEMBIE TIOJIOXKEHUSA U UX OBOCHOBAHUE

Ilepsoe 3awuwaemoe nonoxcenue: B ecmecmeennvix sKocucmemax ¢
2COXUMUYECKUMU AHOMATUAMU, 0OYCI0BNEHHBIMU 2€0N0SUYECKUMU U MEeMAallo2eHUudecKumu
0COOEHHOCMAMU — MEPPUMOPUU,  JHCUBOE  BEUECmB0,  GKIIOYAS. MKAHU — YeloseKd,
Xapakmepuzyemcs 6blCOKUM COOepICAHUeM U nepepacnpeoeneHuem psiod 1eMeHmos 6
cOOmMemcmeuU ¢ e20 HeOOHOPOOHOCMbIO U COXpAHeHUuem 3aKkoHomeprHocmel Menoeneesa—
Knaprxa u Oooo—Iapxunca, umo noszeonsem npeononazams Ha 3Mux NIOWAOAX pa3eumue
OpYOeHeHUsl PAa3IUYHbIX 2eHemu4yeckux munog (ypaw, cypvma, 3010mo u op.). B
JIeKAPCMBEHHBIX PACMEHUsX MAKUX 30H HEeKOmopbvie 3JeMEeHmbl Nepexoosm 6 COCmas
Gapmaxonocuueckyu aKmugHO20 IKCMPAKMA, 4mMo NO38045em NPOSHO3UPOBAMb Ne4eOHblil
aghghexm 6030eticmausi.

XuBoe BemecTBO HEOJHOPOJHO IO CBOEMY COCTaBy, 4YTO OOYCIIOBJICHO
T hepeHIupPOBKON CIOCOOHOCTH K HAKOIUIEHUIO M TEepepaclpe/ieIeHuI0 3JIEMEHTOB IS
pa3HBIX BUJIOB, YacTell, TKaHel, crenuukoi (U3MOJIOTHYECKUX PEAKIUi OpraHu3Ma u
BHYTPEHHHX (PaKTOPOB €T0 pa3BUTHUs, aOMOTHYECKUMU (PaKTOPAMH IKOCUCTEMBI, B KOTOPYIO
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OH BXOAUT MU psaoM Jpyrux npuuuH (PuxsanoB, bapanosckas, 2006; u np.). Tak, u3
MPAKTUKH OMOTCOXMMHUYECKUX WCCICOBAHUI XOPOIIO W3BECTHO, YTO pAa3HbIE YacTH
pacTeHuil M30MpaTeIbHO HAKAIUIMBAIOT T€ WIM HHbIE BHUABI MHUKPODJIEMEHTOB, YTO
MOATBEPKIACTCS HAIIMMU HCCIEAOBAHUSIMU ATOAHBIX: YepHuKa (Vaccinium myrtillus 1.),
KItokBa oObIkHOBeHHast (Vaccinium oxycoccos L. (1753)) u nexapcTBeHHBIX: Jaba3HHUK
Bs30MCTHBINA (Filipendula ulmaria (L). Maxim) pactenuii. Hampumep, kKopHeBas 4acThb
pacTeHus Jaba3HUKa BI30JIMCTHOTO HAKATUIMBAET 3HAYUTEIILHO 00Jiee BRICOKHE KOJTUYECTBA
OOJIBIIOTO PsAJla XUMUYECKUX AJIIEMEHTOB 10 CPABHEHUIO C HAJ[3€MHOM, YTO UMEET OOJIbIIOe
MPAKTUICCKOE 3HAYCHHE, TOCKOJIBKY pedYb HJIET O YacTH JICKaPCTBEHHOTO pPaCTCHWSI,
obnaaroniero 1e4eOHbIM (HOOTPOITHBIM) 3((HEKTOM BO3/IEHCTBUS Ha OpTraHU3M YeJIOBEKA.

AHanu3 JOCTYNHBIX HaM OOOOIIEHUN M CBOAOK IMO3BOJSIET yTBEPKIaTh, YTO IO-
BHJIUMOMY, JUTsl 60JIe€ BRICOKOOPTAaHM30BAaHHBIX OPTAaHM3MOB XapaKTepHa BO3PACTAOIIAs TI0
Mepe SBOJIIOIMU HE3aBUCUMOCTH COCTaBa BHYTPEHHEH Cpelbl OT COCTaBa OKPY KAIOIIMX
npupoHbIX cpen («Yemnosek...», 1977; Omcnu, 1993; Epmios, 2003; Epmakos, 2005, 2008;
Anexceenko, 2000, 2006; Bowen, 1979; Lindh, 2005; Kuct, 1987; Kabata-Pendias, 2007; u
ap.).

B.M. Bepnaackuit (1939) oTmedan, YTO KOJIMYECTBEHHbIE OMOTC€OXUMHUYECKUE
CBOWMCTBA SIBJISIOTCS CHEMUPUISCKUMH XapaKTePUCTHUKAMH OPTaHW3MOB, HX pac u
reHepanuii; n30upaTelbHO TMOIJIONast 3JIEMEHThl U OTpaxkas B cBoed ¢dopMe U cocTaBe
(U3NKO-XUMUYECKHE CBOMCTBA Cpebl, OPTaHU3MBI, OJJTHAKO, HE U3MEHSIOT CBOETO CpedHe2o
cocmasa (Bepnanckuii B.M., 1939). Amnanu3 mnoiy4eHHBIX HaMM MaTE€pUAJIOB
CBUJIETENICTBYET, YTO B OCOOCHHOCTSIX paCTpeAesiCHUs] CPETHUX COJNEPKAHUM XMMHUYECKHUX
DJIEMEHTOB B H3YYCHHOM JKMBOM BEIIECTBE COOMIOAAIOTCS 3aKOHOMEPHOCTH —UX
HAKOIUICHHSI, COOTBETCTBYIOIIME BCEOOIIMM 3aKOHAM WX paclpejesieHuss B 00beKTax
MaTepuaibHOro mupa: MengeneeBa—Kiiapka o pacnpocTpaHEeHHOCTH AJIEMEHTOB Pa3HBIX
Macc u Omno—lapkuHca 0 4epeqOBaHUU AJIIEMEHTOB C YCTHHIMU M HEUYETHHIMU HOMEPAMHU

(puc. 2).

Ne Ca Se Cr Fe Co Zn Br Rb Sr Ag Sb Cs Ba Hf Ta Au Ce SmEu Th Yb Th U
Puc. 2. Pacnipenesnenue 31eMEHTOB B COJIEBBIX OTIOKEHUSIX (HAKHITN) TUTHEBBIX BOJ U B
KpPOBHU 4eJIOBEKa (MI/KT, IIIKaa Jorapudmudeckas)

OTH 3aKOHOMEPHOCTH COXPAHSIIOTCS MpPU PACCMOTPEHUH OCOOCHHOCTEH 3JIEMEHTHOIO
cocTaBa TKaHEHl YenOBEKa Ha TEPPUTOPUAX HE TOJBEPKEHHBIX HHTEHCUBHOMY
TEXHOTeHHOMY Bo3zeicTButo (puc. 3). IlpucyTcTByromue B TakMX MeCTaxX MPHUPOJHBIE
JOKaJIbHbIE TE€OXMMHUYECKHE AaHOMaJUH, OOYCIOBJIEHHbIE (PAKTOpaMH TIe€0JIOrHYECKOro
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CTPOEHUSI M  METAJUIOTEHUYECKUMH  OCOOCHHOCTSIMU  TEPPUTOPUHU,  ONPENEISIOT
cnenuduueckue 0COOEHHOCTH pacrlpeAeNieHUs] XUMUYECKHX 3JIEMEHTOB B COCTaBE KHBOTO
BEIIECTBA. JTO MPOCIS)KUBAETCS KaK MPU aHAJIN3€E OTEIbHBIX PETHMOHAJIBHBIX MIOKa3aTeNe,
TaK U B OT/AEJBHBIX pailoHax 001acTH, OT/IEIbHBIX HACEIICHHBIX MyHKTaX.

10000
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E //\
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01 /

o W 5 - e d
0,001 : Ad

NaCa Sc Cr Fe Co Zn Br Ro Ag Sb La Ce Sm Yb Lu Hf Au Th U
=4— Bonocbl =¥ KpoBb

Puc.3. U3menenue coaep:kanusi 3JIEMEHTOB B COCTABE BOJIOC M KPOBU YEJIOBEKA CEIbCKUX
HACEJICHHBIX TYHKTOB MaJjo TpaHC()hOPMHUPOBAHHBIX TEXHOTEHE30M TEPPUTOPUH.

B uwactHOCTH, pernoHanmbHas TPUPOAHAS CHEIU(PUKA COCTaBa BOJIOC JKUTENEH
PecnyOnuku TyBa oTMeuaeTcst B BUJIE BBICOKMX KOHIEHTpalMii koOanbTa, YTO yKa3bIBaeT
Ha MPOSIBJICHUE H3BECTHOM KOOAIbTOBOM OMOT€OXMMHYECKOW MPOBUHIMU C BBICOKUMU
COJIep KaHMUSIMHM ATOTO 31eMeHTa Bo MHorux cpeaax (Komambckuit, 1974); a ocobeHHOCTH
HAaKOIUICHUs] 3JEMEHTOB B Bojiocax dxureneil PecnyOmuku VY30ekucraH omnpenesieHHO
CBUACTEIBCTBYIOT O HAaJMYUA B OTOM PETHOHE 30J0TO-CYpPbMSHBIX TPOSBICHHUN
(accommanust Au — Sb — Hg) (tabm. 2). JlokanbHble NPOSBIECHUS T€0JOTHYECKOro (akTopa
BO3JICHCTBUSI YCTAHOBJIEHbl HAMHU Ha MpPHUMEpPE M3YUYEHHs >KMBOTHBIX, PACTEHUN W TKaHEU
yesoBeka. Tak, B opranu3sMe ampuOuil, 0OOUTAIOIKUX B OKPECTHOCTSIX HACEJIEHHOIO IMYHKTa
ManunoBka Tomckoli 001acTH, pPACHOJNIOKEHHOTO B 30HE LHMPKOH-UIBMEHUTOBOTO
MECTOpPOXKJIEHUSI, TMPUPOJHAS TEOXMMHUYECKass aHOMalMsl TMpPOSABIAECTCA B  BHJE
JIECSITUKPATHOTO TMPEBBIICHHUSI CPEIHET0 COJCpXKaHWS DIEMEHTOB 10 BBIOOpKE, C
KOHIIEHTpalnuen crneunUuYHbIX A 3TOr0 TUMA MPOSBICHUN PEIKO3EMENbHOr0 CHEKTpa
AJIEMEHTOB, a Takxke Topus u raguus (Kuranova, Baranovskaya, 2003, 2005).

[Iposinenne crneunuku MOTUMETAINYECKOTO MecTopoxaeHus Ksi3puuan B
Pecniybnuke Anrtail oTpa3uioch B BHJIE HAKOIUICHUSI B JIEKAPCTBEHHOM PACTEHUU KHSIKHK
cubupckuil (Atragene speciosa Weinm.) CBUHIIA B KOJIMYECTBE B 3—5 pa3 MpeBbIILIAIOLIEM
€ro cojJepkaHue B Apyrux npodax u nuuHka — B 2— 3 pasa (Llunosa, bapanosckas u np.,
2002). Ilpu cpaBHEHUHU TMOJYYEHHBIX JAHHBIX IO TPEM BUIaM JEKAPCTBEHHBIX PACTCHUU
(xusxUK cubupckuit (4. speciosa Weinm.), naba3Huk Bsi3onuctHb (F. ulmaria (L)
Maxim.), ansbpenuss nonukmas (Alfredia cernua (L.) Cass), H3yYEHHBIX HaMH
(bapanoBckas u np., 2008; Ilmiosa u ap., 2002, 2008), OblIO0 BBISBIEHO, YTO JUISI BCEX
BUJIOB XapaKTEPHO KOHICHTPUPOBAHUE B TOBHIIICHHOM KOJIMYECTBE TAKUX AJIEMEHTOB, KaK
dochop, kammii, Menp M MOJMOAEH. 3HAUUTENbHBIE PACXOXKICHHUS B COJACPKAHMIX
OTMEYAroTCs Ui anb(peanu 1Mo OJO0BY, I KHSOKHKA — IO CTPOHIINIO, Oapuio, KaJMUIO,
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TEpOUIO W EBPOIMHIO, XKEJIe3y M XPOMY, COJIEpKaHHWE KOTOPHIX B JAaHHBIX BUIax Ooiee
BBICOKOE, YTO MOKET OBITh 00YCIIOBIEHO OCOOEHHOCTSIMU TEPPUTOPUU UX MPOU3PACTAHUS U
OTpaXkaeTcs B psax OHMOIOTUYECKOTO MOTJIOIMICHHUS 3JIEMEHTOB.

Tabnuya 2.
XapakTepUCTHKa YPOBHS HAKOIUICHHS 3JICMEHTOB (IT0 MAKCUMAaJIbHBIM U
MUHUMAaJIbHBIM 3HAYCHHSIM) B BOJIOCAX JKUTEJICH Pa3HBIX PETHOHOB.

Pernon Coaep:xanue XuMHYecKHue 3J1eMEHThI
ToMckas 00J1aCTh MakcuMajbHOe Ca, Sc, Cr, Fe, Br, Sm, Eu, Hf, Th
MunumajabHoOe -
Yeassounckas odgactr | MakcuMalbHOE Zn, Lu
MuHuMaJIbHOE Se, Cr, Fe, Co, As, Br, Ag, Cs, Ce, Yb,
Ta
Hpxyrckas odaacTh MaxkcumajibHoe Hg
MunumajabHoe Sc, Sr, Ba, Eu, Tb, Yb, Lu, Ta
Pecnyboiuka Xakacuss | MakcumaabHoe Sr, Cs, Ba, Ce, Tb, Yb, Ta, U
MuHuMaJIBHOE Sc, As, Hf, Au, Th
PecnyOsiuka Aarai MakcumasbHoe Zn
MuHuMaIbHOE Se, Cr, Fe, Co, As, Se, Br, Rb, Ag, Cs,
Ce, Yb, Ta
Pecny0inka MaxkcumajibHoe Rb, U
Kazaxcran MunumajabHoe Se, Ta, Hg
Pecnybsiuka MakcumajibHoe Na, Sc, Sb, La, Au, Hg
¥Y30ekncran (mo | MunuMAaIbLHOE Ca
aaneiM  JLH. Kyk,
1990)
Pecny0siuka ToiBa MakcumasibHoe Co, Ag
MuHuMAaJIBHOE Zn, Rb

HpuMeanue: ueenom gvloesienbl JJllIemMenntol, ecmpedarouuecsi 6 MAKCUMAJTbHOM UTU
MUHUMATIbHOM KOJIUYeCmee 6 60J10Cax dcumeneti moaibKo 6 00HOM pecuone.

HemanoBaxxHbpIM (akToM SIBISIETCS TO, YTO CYLIECTBYIOT Pa3ivuusl B COACPKAHUHU
psizia 3JIIEMEHTOB HE TOJIbKO B HAJ3E€MHOM, HO U B (PApMaKOJIOTUYECKU aKTHUBHOU (PpaKIuu
JIEKapCTBEHHBIX pacTteHuil. [IpumeuarenbHO, 4TO BO (pakiUU KHSIKMKA CHUOUPCKOTO B
npeolIiagaroieil KOHIEHTPAIMK COAEPKATCS HATPUiA, CypbMa, XpOM U OpOM — 3JIEMEHTHI,
COCTaBJIIOIIME OCHOBHYIO 4YacTh 30JIbHOIO ocraTka. Kpome Toro, cinenyer OTMETUTH
JIOCTaTOYHO BBICOKOE COJIEpXKAHWE JIAaHTaHa, Lepus U Topus. B Toxe BpeMs sl Apyrux
W3YUYCHHBIX JJIEMEHTOB (HAmpuMep, Kaiblus, jKejie3a W Jp.), UTPAIOIINX 3HAYUTEIIbHYIO
poJib B HOPMAJIbHOM (PYHKIIMOHMPOBAHUHM >KUBBIX OPraHU3MOB M COJIEPXKAIIUXCS B
3HAQUYUTENIPHBIX KOJIMYECTBAX B HAA3€MHOM dYacTH KHsDKUka cuoupcekoro (I1umoga,
Bbapanosckas u ap., 2002, 2008), He xapakTepeH Mepexo B aKTUBHYIO (hpaKIIHUIO.

AHaM3 aKTUBHBIX (pakUuid ABYX APYTUX JEKAPCTBEHHBIX PAcTeHUU — anbhpeauu
MOHMKIIIEH U JIaba3HUKA BSI30JIUCTHOTO — TOKa3aj, YTO TaKUE JIEMEHTHI, KaKk XpoM U OpoM
TaK)Ke MepexoAsT B (hapMaKOJIOTMYEeCKH aKTUBHBIM AKCTPAKT M HAKAIJIMBAIOTCS B HEH B
OONBIIMX KOHIEHTPALMSX, MO0 CPaBHEHUIO ¢ Haa3eMHo. OgHAKO B psAaX HAKOILICHUS
3JIEMEHTOB B aKTUBHOW (PpaKIMy pacTEHUN MO CPaBHEHHMIO C HAJ3EMHOW CYIIECTBYIOT U
ornuuns. Tak, B akTHUBHOW ¢pakiuu 1aba3HUKA TOTOJHUTEIBHO KOHIEHTPUPYIOTCS
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radHuii, cepedpo, JIaHTaH, KeJie30, KOOANBT, 5 peKO3eMENbHBIX JIEMEHTOB, TOPUH, ypaH U
taHTajd. Heo0X0oaMMO OTMETUTb, YTO 3HAUUTEJILHOE KOJUYECTBO NPOO 3TOr0 pacTeHHS
oroOpano B ToMCKOM pailoHE B 30HE paCIOJIOKEHUS MECTOPOXKACHUS LUPKOH-
WIBMEHUTOBBIX PYyJ. A B aKTUBHYIO (pakiuio anb@peauu NepexoasT IUHK, KOOalbT,
TOpUi, raQHUM, CKaHIUN U PEIKO3EMENIbHbIE — JIIOTELMH, JaHTaH U camapuil (tadm. 3).
BaxxHo, 4TO HEKOTOpHBIE JIEKApCTBEHHbIE CBOMCTBA ATUX PACTECHUN ONPEAEISIOT XUMUYECKHE
AJIEMEHTHI, COJEpKallluecs B 3HAYUTENbHBIX KOHLIEHTpAlUsIX B OKpyXarouieil cpeae u
nepexosiye B ux akTuBHyo ppakuuto (Ilmnosa u ap., 2011).

[IpucytcTBre MPUPOAHBIX T€OXUMUYECKUX aHOMAJIUN HAXOAMUT CBOE OTPaKEHUE U B
cocTaBe TKaHeil uenoBeka. Tak, aHamu3 MPOCTPAHCTBEHHBIX 3aKOHOMEPHOCTEU
pacnpeneieHusl ypaHa Ha Tepputopur ToMckoil 00JlacTH MO JaHHBIM €ro HAKOIUICHHS B
coCTaBe BOJIOC JIETEH 3TOM TEPPUTOPHH CBUIETEIBCTBYET, UTO 3TOT IMOKA3aTENb JOCTATOYHO
YETKO COOTBETCTBYET paHEE BBISBICHHOM Tre0JIoraMH, THMAPOTreoJIoTaMH U Te€OXUMHUKaMU
30HE T'€0JOr0-T€OXUMUYECKOH HEOAHOPOIHOCTH, 3a()UKCHUPOBAHHOM Ha CTHIKE IMEpexoja
MOpPCKUX (B 3amagHoOd YacTH 00JacTH) U MNPUOPEKHO-MOPCKUX M KOHTHHEHTAJIbHBIX
OTJIO)KEHHI Me3030icKoro uexiia 3anaaHo-CHOUMpCKOW HU3MEHHOCTH, a TaK)Ke CMEHE
ruaporeoxumudeckux tumoB Boj (EpmamoBa u mp., 1974; Hazapos, 2004; Ilop, 1997;
JHomapenko, 2008; Cob6ones, 2010; BopobbeB u ap., 2008; u ap.).

Tabauya 3.
Creundurka HaKOIIEHUS 3JIEMEHTOB B (DApMaKOJIOTHYECKH aKTUBHOM IKCTPAKTE
JIEKapCTBEHHBIX PACTEHUN

Psaja npenMyniecTBeHHOT0 HAKONJICHUS
3JIEMEHTOB B (papMaKoJIOrH4ecKn
Buja nexkapcTBeHHOro pacTeHust
AKTHBHOM JKCTPAKTe OTHOCHTEJIbHO
HAJ3eMHOM YacTH
Kuskuk CHﬁHpCKHﬁ Na32 - Sblo - CI‘S — BI'2 — Tho’s - Ce0,7 - Lao’ﬁ
(Atragene speciosa Weinm.)
Jla0a3HUK BA30JIMCTHBIN Cry4 — Hf16 — Ag10 — Brs — Nag— Sby — Smj »—
(Filipendula ulmaria (L). Maxim) Lu,7; — Lay;— Fey; = Coyy — Cero — Tagg —
Ui3—Thy,
Aub(ppennsi IOHUKIIAS Zn3) — Thys — Hfge — Crs3 — Luzg — Lay7 —
(Alfredia cernua (L.) Cass) Sm;,; — Scq5— Bri;—Sry;— Asq

HpI/IMe‘-IaHI/IeI IOBCTOM BBIJACJICHBI 3JICMCHTHI, OGH.[PIC AJId TPEX U3YUYCHHBIX BUIOB paCTeHHﬁ.

OTa 30Ha TMpearnojaraerca Kak TIOTEHIMAIbHO YpPAaHOHOCHAs Ha BBISBICHUE
THAPOTCHHBIX YPAaHOBBIX MECTOPOXKJICHUW. AHAJIOTWYHAs 30HA, HO, IO-BHIUMOMY,
o0ycCJIOBNIEHHAs! JPYTUMU T€OXUMHUYECKUMHU TMPOIECCAaMH, OTMEYAETCS B IOT0-BOCTOYHOM
yactu obnactu (puc. 4). AHaiu3 MaTepUalIOB MO HAKOIUICHUIO U MPOCTPAHCTBEHHOMY
pachlpeieieHHI0 30JI0Ta M CYpbMBI B COCTaBE BOJIOC JETe HAa TEPPUTOPUHM PANHOHOB
Tomckoi 0061acTi MOATBEPXKAAIOT CAEIaHHBIE PaHEee re0JIOraMu BBIBOJIBI O TEOXUMHUUECKOM
crieruanu3aiy JaHHOW Tepputopun Ha 3Tu 3nemeHThl (MBanosa, 2001; ApOy3os, 2007;
Mexubop, 2009; u np.), onpenemnstomencss 0COOCHHOCTSIMU Te€0JOTHYECKOTO0 CTPOCHHUS
peruoHa. ITH reOXMMUYECKHUE U METAIUIOTEHUYECKHE OCOOCHHOCTH PETrHOHA HAXOJST CBOE
OTpaXCHUE B XUMHUYECKOM COCTABE MOYB, SBJISIOIIMXCS OCHOBHBIM 3BEHOM B IICTIH: TTOPO/Ia
— mouBa — pacteHue — >kuBoTHOe (uenoBek) (Mmbunu, 1991; Ceico, 2007). Becbma

18



MEPCNEKTUBHBIMU HA BBIABICHUE 30J0TO-CYPbMSHOIO OPYJACHEHHUs, IO pe3yJibTaTaM
M3y4YeHUs] TKaHEW 4eloBeKa W MPHUPOAHBIX cpell (IOYBa, COJIEBBIC OTJIONKEHHUS MUTHEBBIX
BOJ), SBJSIOTCA IOXKHAsT W IOTO-BOCTOYHAs 4YacTH TOMCKOW 00JacTH, K KOTOPBHIM, B
YaCTHOCTH, OTHOCUTCS 3bIPSIHCKUM paiioH.
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Xumuyeckuin coctae Bogbl (no O.A. AnekuHy)
1. Knacc 2. Mpynna
rMapoKapBoHaTHBI HaTpueBas [+ + 1] marnueso-Hatpuesas (Mg > Na)
XTNOPUAHBIN KanbLuuesas kanbuueBo-HaTpueBas (Ca > Na)

7,7/ xnopunHo-ruppokapBoratHelin [ 1| HaTpueso-kanbumesas (Na > Mg) kanbuueso-marHuesas (Ca > Mg
CMeLLaHHOro TpexkomMnoHeHTHoro (Na, Mg, Ca) coctasa

--------- Munepanusauws, r/n

— — KOHTYp nnowaam nepcnekTBHON ypaHOHOCTHOCTM
N0 reonorMYeckUM AaHHbIM

— — KoHTyp nnowaaun nepcnekTMBHON YPaHOHOCTHOCTH
no GMOreoXMMUYECKUM AaHHbIM

] »XenesopyaHbii GacceiH

...\, 30Ha NepCneKTUBHOI YPaHOHOCTHOCTH
Puc. 4. Cxemaruueckast KapTa pacrpeesieHusl ypaHa Ha Tepputopun ToMckoit o0nacTu, mo
JAHHBIM 3JIEMEHTHOIO0 cocTaBa Bosioc nered (I'eonoro-reoxumuueckass M I'MIpPOreOXUMHUYECKas
OCHOBa KapThl BbINONHEHa 1o MaTtepuanam H.A. EpmamoBoit u np. (1974), B.A. JlomapeHko
(2009), 1.C. Cob6omnea u mp. (2009)).

U, mr/kr

006 01 017 029 0,77

AHanu3 3IEMEHTHOTO COCTaBa BOJIOC JIETeH M CHeNM(HKH WX pacmpenesieHus] Ha
TEPPUTOPUH PACIPOCTPAHEHUsI OCAJOUYHBIX pyJa Keje3a bakuapckoro MecTopoxaeHus,
SIBJISIIOIIETOCS. 4acThlo KpynHeiiiero 3anaaHo-CHOMPCKOTo Kelle30pyIHOro OacceifHa
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(Huxonaera, 1967; CypkoB, 1981) mnoka3zai, 4YTO 3Ta T€0JOrO-reOXMMHUYECKas
HEOJHOPOJHOCTh TaKXK€ HAxXOAUT cBoe oTpaxkeHue. CTpyKTypa opeojia BBICOKHX
KOHIEHTpALMi ’Kelle3a, KoOalbTa M XpomMa IMPUYpOUYEeHAa K TpaHUIle KOHTYpPOB
MecTOopoXkIeHusA. TOT ¢akT, 9TO 3TH TEPPUTOPUU OTHOCHATCS K 30HAM C HE3HAYUTEIHHOU
TEXHOTE€HHOM Harpys3koi, TOBOPUT O TOM, YTO Ha (pOpMHUpOBaHHE SJIEMEHTHOTO COCTaBa
BOJIOC OKa3bIBAE€T 3HAYUTENIBHOE BIHUSHUE MPUPOAHO-TEOXUMHUYECKAsT COCTABIIAIOIIAS.
CrnenoBaTenbHO, SHAEMHUHM OHMOTCOXMMHUYECKOM MPUPOABI, OOYCIOBICHHBIE BIMSHUEM
AQHOMAJIbHO BBICOKOT'O TOCTYIUICHUSI AJIEMEHTa W3 TEOJIOTHUYECKHX CTPYKTYp, MOTYT
IPOTHO3UPOBATECS C WCIOJB30BAHMEM IIOKA3aTeNeld dJIEeMEHTHOTO COCTaBa TKaHEU
YeloBeKa. JTO MMEET BAKHOE MPAKTUYECKOE 3HAYCHHE B MPOQUIAKTHKE 3a001€BAEMOCTH
HACEJICHHUS.

Takum o0Opa3oMm, B 30HaX NPHUPOJHBIX TCOXMMHYECCKHX aHOMAJIUH, 00YCIOBIICHHBIX
TEOJIOTUYECKUMU U METaJUIOTeHMYECKUMH OCOOCHHOCTSIMU, HAOJIIO/Iae€TCs TOBBIIICHUE
KOHIEHTPALMH CHEIU(PUYHBIX XUMUYECKUX 3JIEMEHTOB B COCTaBE KUBBIX OPraHU3MOB Ha
¢done cobmrofeHnss OOUIMX TE€OXMMUYECKHX 3aKOHOMEpPHOCTEH UX pacmpeaeieHus (3aKoH
MenpneneeBa—Knapka, Ongno—l'apkuHca) U ¢ y4eTOM HEOJAHOPOJHOCTH B 3aBUCUMOCTH OT
OHJIOTCHHBIX ()aKTOPOB, YTO (PUKCUPYETCS NP aHAIN3E YPOBHEH HAKOTUICHUS SJICMEHTOB, U
UX MPOCTPAHCTBEHHOTO PACIIPEICICHUSI.

Bmopoe 3amumaemoe nonosycenue: B 30nax mexnozeneza npoucxooum uzmeHeHue
KaK YpOGHell HAKONJIeHUSl XUMUYECKUX INeMEHMO8 8 COCMABe JHCUBO20 Geujecmed, mak U ux
OMHOWEHUL, YmMO umMeem UHOUKAMOpPHOe 3Hadenue. /s npeonpusamuli 10epHo-moniu8HO20
yuxkna cneyugpuunvimu aensiomes U, Th, TR, Br, (Pu); 0na Hegpmexumuueckoco
npouzgoocmea — Sb, Br; 0na npeonpuamuil dHepeemMuUuecKoco0 KOMHUIeKca U
memannooopabamulsarowei npomviuiiennocmu — Fe, Cr, Sc, Co, U, Th, TR, ona
aA2ponpoMblUIeHH020 Komniekca — Hg.

DONEeMEHTHBIA  COCTaB  KMBOTO  BEIIECTBA  HCHBITHIBAET  3HAYUTEIBHYIO
TpaHcGopMaIlMio B 30HAX MPOSIBICHUS TEXHOTEHE3a. DTO OTpPa)kaeTcsl KaK Ha YPOBHSIX
HAKOIUICHHUSI XMMHYECKHX DJEMEHTOB, (OPM HX HAXOXKICHWH, TaK WU B WU3MCHCHHUU WX
cooTHomeHUd. Ha TeppUTOpUsSX ¢ PA3BUTHIM PaA3HOMPO(HIBHBEIM MPOMBIIIICHHBIM
MPOU3BOJICTBOM B 3JEMEHTHOM COCTaBE€ HMBOTO BEIIECTBA HAa pPa3HbIX YPOBHSAX €ro
opraHu3auuu HaOJIOJaeTCsi HMHTEHCUBHOE (OTHOCHUTENBHO (DOHA) KOHLIEHTPUPOBAHUE
crnenuUYHBIX XUMHUYECKUX DJIEMEHTOB C JIOKAJIbHBIM XapakTEpPOM HX pachpeleieHHs U
HapyLIEHUEM OCHOBHBIX T€OXMMUYECKUX 3aKOHOB HAKOTIJICHUSI.

Tak, nHamu ycranosieno (IllaiimopmanoBa, AcwutoexoBa, bapanosckas, 2010), uro
HAKOIUICHHE 3JIEMEHTOB B JINCTBE JPEBECHBIX pacTeHUN ypOaHU3MPOBAHHBIX KOCHCTEM
3aBUCUT OT CTCTICHH DPAa3BUTHS MPOMBIIUICHHOTO CEKTOpa M CHCHU(PUKHA €r0 BBHIOPOCOB.
Hampumep, nist pa3BUTOrO MpOMBIIIUICHHOTO KoMriuiekca ropoaa IlaBnomapa PecnyOnuku
KazaxcTtan xapakTepHO KOHIIEHTPUPOBAHHUE B JUCTHAX TOMOJS yepHOro (Populus nigra L.)
TaKUX DJIEMEHTOB, KaK XpOM, KOOajabT, IMHK W psfa IPYTHX, XapaKTEePH3YHOIIHXCS
cnenupUIHBIM paclpeeICHUeM Ha €ro TEPPUTOPHUH.

Crnemnuduka 30761 TUCThEB Topoaa KpacHokaMeHCKa, rpaoo0pa3yonuM 00bEeKTOM
KOTOPOTO SIBIISICTCS MPEANPHUSATHE 110 AOOBIYE U NepepaboTKe ypaHOBON PyIbl, 3aKII0YAETCS
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B 3HAYUTEIILHOM KOHICHTpALUKU ypaHa BOJIM3M TEXHOT€HHOI'0 MCTOYHHKA C MmocCjICaAyromuM
YMCHBIICHUCM C€T0 COACPIKAHUA B 30JIC JIMCTHCB TOIIOJICH MO MCPC YIAJICHHOCTHU OT

npeanpusTus (puc. 5).
-l E
1 2 3 4 5

Homepa Touek otbopa npob

Puc. 5. Xapakrep HM3MEHEHHs KOHUEHTPALMM ypaHa B 30JI€ JHUCTHEB TOIOJISI YEPHOTO
(Populus nigra L.) no Mepe npuOmkeHus: oT GOHOBOM TEppUTOPUH (TOUKU 1— 2) K 30HE BIHUSHUS
MPEINPUSATHIA TT0 JOOBIYE U TIepepaboTKe ypaHa (Touku 3— 5)

NNCTBEB,
mr/Kr

(= I N TV R S

coeprKaHue B sone

Jlnis ropona TomMcka XapakTepHO HEPAaBHOMEPHOE PACIIpEIeIeHUuE 3JIEMEHTOB Ha €ro
TEePPUTOPHUH, BapbUPOBAHHE MX HAKOIUIEHUS B JIUCTHSIX B 3aBHCHMOCTH OT roja oTtOopa
po0, paiioHa roposa, 4To 00yCIOBICHO HEPABHOMEPHOCTHIO BBIOPOCOB MPEANIPUATHIL, B TO
BpeMsl Kak Juid ropojaa AcuHo, pacroyiokeHHoro B 100 km ot r. ToMcka mo po3e BETpOB,
XapakTepHO Haubojiee HU3KOE COJEepKaHUE MPAKTHUECKH BCEX H3YYEHHBIX SJEMEHTOB.
OTmeuaroTcsi TakKe W3MEHEHHUS TOKa3aTeNell OTHOLICHWH JJIEMEHTOB Ha 3THX
TeppuTopusix. O4eBHIHO, YTO HambOOoJee OIIyTUMbIE HX H3MEHEHUS XapaKTepHbl IS
Tepputopuu ropoja KpacHokameHncka (tada. 4).

Tabauya 4.
NuaukaTopHblie MOKa3aTean OTHOIIEHUM 3JIEMEHTOB B 30J1€ JIUCTHEB TOIOJISL YEPHOTO
(Populus nigra L.)
Ornomenus r. Tomck r. Kpacnokamenck | r. [laBioxap r. ACMHO
3JIEMEHTOB
Th/U 0,9 1 2,4 0,3
Na/Ca 0,006 0,007 0,03 0,004
La/Ce 0,6 0,7 1,2 0,6
Br/Na 0,03 0,1 0,01 0,02
U/Ca 0,5x10’ 1,2x10’ 0,2x10’ 0,5x10’
Br/U 39 136 37 12
La/Yb 13 22 15 10
(La+Ce)/(Yb+Lu) 29 48 27 23
U/Br 0,1 0,03 0,1 0,1

Hakomuienne nndopmanuu 00 3J€MEHTHOM COCTaBe APEBECHOW PAaCTUTENBHOCTU B
pa3HBIX PErMOHAX CIOCOOCTBYET BBIPAOOTKE YHMBEPCAJIBHBIX IOKa3aTesleldl H3MEHEHMs
OKpY>KalolIei cpenbl U B JalbHEHIIEM MPUBEAET K BHIPaOOTKE HOPMATUBHBIX MOKa3aTelen
0 CyMMapHOMY HAKOILJICHHIO 3J€MEHTOB B >KMBOM BEIIECTBE, TaK K€, KaK 3TO ObLIO
CIEJIaHO JJISl TIBLIEadPO30JIbHBIX BhlNaieHui u mouskl (Caet u ap., 1990).

AHanu3 JKUBOTO BELIECTBA HA TEPPUTOPUAX CO CXOKUMU TEXHOTE€HHBIMU
UCTOYHMKAMM TO3BOJIMJ HaM CAelaTb BBIBOJ O CHEUU(UYECKUX  DJIEMEHTax,
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HAKaIUTMBAIOIINXCS B OJIMHAKOBO aHOMAJIBHO BBICOKHX KOJHMYECTBAX, KaK MPaBUJIO, BEIIIE
YPOBHS YCIOBHOTO (DOHA HA TEPPUTOPHUAX C PA3TUYHBIMH MPUPOAHBIMH T€OXUMUYECKHUMU
00CTaHOBKaMH W BHE 3aBUCUMOCTH OT HHX.

Tak, ans mpennpusATAd SAASPHO-TOTUIMBHOTO IMKIA CrieUU(UIHBIMEU sBIsitoTCs U,
Th, TR, Br, (Pu); ans HedTexumuueckoro mpousBojacTBa — Sb, Br; mis npeanpustuit
APHEPTETHYECKOTO KOMIUIEKCa U MeTallmoo0pabdaTsiBatomeld mpomeitiieHHocTH — Fe, Cr, Sc,
Co, U, Th, TR; arponpoMbIIIJIEHHOTO — pPTyTh. OJTa crneuupuka OOHapy>KeHa HaMH,
IOMUMO PACTUTEIbHBIX OOBEKTOB, B COCTAaBE pa3IMYHBIX TKaHEW 4YelloBEKa: KpOBH,
BOJIOCAX, IMUTOBHIHOW jKele3e, MOYe MIIAJICHIICB M MOJIOKE KOPMSIIMX WX MaTepeH, a
TaKKe B MOJIOKE KOpOB, OpraHax M TKaHAX pbIO, ampuOuii m miexkonurarommx. Taxk,
MaKCUMAaJIbHbIC KOHIIEHTPAIMU PTYTH (TIPEBBINICHUE HAJ[ PETHOHAIBHBIM YPOBHEM B 4—6
pa3) xapaKTepHbI AJIs BOJIOC JIeTel pailoHOB, B KOTOPBIX MPeo0agaeT arpornpoMbIIUICHHBIN
komIuieke (puc. 6). IlocTynieHue 3TOro BHICOKOTOKCHYHOTO 3JI€MEHTa B OPraHU3M M €ro
HAKOIUICHHE B BOJIOCAX HACEIICHUS MOXKET MPOMCXOTUTHh adPOTCHHBIM ITyTEM IPH MBUICHHH
NOYB, INOO TIO MUIIEBOH 1IETH Yepe3 BhIPAIIEHHBIC HA 3TUX MMOYBAX MMUIIEBHIC TPOAYKTHI.

KoxeBHMKOBCKMIA paioH LLlerapckui panoH

KpuBoOLLEeMHCKUIA pafioH

Puc. 6. Koa¢ppunueHTsl KOHIEHTpaK (OTHOCUTEIBHO PETHOHANBHBIX CPEIHUX 3HAUCHHI)
AJIEMEHTOB B BOJIOCAX JIETEH, MPOKMBAIOIINX B CEIbCKOXO3MCTBEHHBIX pailoHax Tomckoil obmactu

Nmeer MecTo M H3MEHEHHE OTHOUIEHUH 3JIEMEHTOB CO CXOJHBIM XapaKTepoM
YBEJIMYCHUS WM YMEHBIIICHHUSI OTHOCUTEIIPHO UCTOYHUKOB BO3JIEHCTBUS (TA0J. 5) ¥ 4YETKOU
muddepeHIIUPOBKOM HACENCHHBIX IYHKTOB IO BEJIWYMHE JTHX OTHOIIeHui. Tak,
MaKCHUMaJIbHOE COJEpXAaHUE ypaHa XapakTepHO JJid BOJIOC JKUTENEH IOCENIKOB,
pacmoiOKeHHbIX B 30He BiusHus Cubupckoro xumuyeckoro komomnara (CXK) —
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I'eoprueska, HaymoBka, Uepnas peuka (FOkca), a Ttaxxke mis ropona Cesepcka, s
KOTOPOT'O OHO SIBJII€TCS IPaio00pa3y oM.

Tabnuya 5.
NuaukatopHble MOKa3aTEIN OTHONIEHUM 3JIEMEHTOB B TKAHSAX YEJIOBEKA
ITaTosoruuecku
30HBI Bouioc M3MEHEHHAS
DTHOmIEHNSsI Kposb
TeXHOT€HHO bl " IMUTOBUIHAS
7JIEMEHTOB . | yeJI0BeKa
o BJMSIHUA | JeTei JKeje3a
yeJoBeKa*

Na/Br OIMKHASA 29 244 3.5
JAJILHAA 189 711 29
Br/U OIMKHSAS 22 1060 138
JAJILHAA 72 70 165

Th/U OIMKHSASA 2.5 1 0.002

IAJILHAA 0.2 0.07 0.04

La/Yb OIMKHASA 30 0.2 1
AAJIbLHSISA 32 4,4 6,3

(La+Ce) / OTMKHSAS 22 0.5 2.5
(Yb+Lu) AAJIbHSISA 30 8.4 6.9
La/Ce OIMKHASA 0.9 0.7 0.5
HAILHAA 4 4 2.5

Ilpumeyanue: * — cyxoe BEIIECTBO.

Opeon pacnpocTpaHeHUsl BBITSHYT 10 OCHOBHOM po3e BETPOB (pHUC. 7), UTO MOXKET
yKa3bIBaTh Ha BO3MOKHOCTh a3POT€HHOT0 MOCTYTUICHHUS 3TOTO 3JIEMEHTA.

BrisiBneHHas mpoCTpaHCTBEHHAS JIOKAIM3AIHs PAAMOAKTUBHOTO DJIEMEHTA B COCTaBe
BOJIOC JIETeH JIOCTATOYHO XOPOLIO KOPPECTIOHAMPYET C IUIOTHOCTBIO BhIMajgeHns ' Cs,
YCTAHOBJIEHHOTO 1O JIaHHBIM aj’poramma-chbeMku (PuxsanoB, 1997). Ilpaktuuecku
NOJIHOCTHIO COBMAAA€T C OSTUM OPEOJOM M 30HA TMOHHUXKEHHOTO OpOM-ypaHOBOIO
OTHOIIEHUSI. DJTO OTHOIICHHWE OBLI0O PACCMOTPEHO B CBSI3M C BBICKA3aHHBIM paHEe
npennonoxenrem (bapanosckas, Puxsanos, 2002) 0 BO3MOXHOM IOCTYIJIEHUU Opoma ¢
npeanpuaruii  CXK, MNOCKOJIbKY JaHHBIM 3JIEMEHT TMPUCYTCTBYET B  IIEMOYKax
paauoaktuBHoro pacnana (I'yces, Jmutpues, 1988). Hamu 3adukcupoana (bapanosckast,
2003) dbopmupyromasicss OpoMHasi CyOpOBUHIUS, AJI1 KOTOPOH XapaKTePHbI KaK BBICOKHE
KOHIICHTpAIlMK dSTOTO DdJEeMEHTa (coiepkaHne Opoma B BOJOCAX M KPOBU IKHTEICH
tepputopun CeBepHOT0 MPOMBIILIIEHHOTO y371a T. Tomcka cocraBusiet 6onee 10 mr/kr), Tak
U HapyIIeHHUE €ro OTHOIICHUH C OTJENbHBIMU 3JIeMeHTaMu (oTHoueHue Br/Na cocrasisier
st Bojioc — Oonee 0,02, nyist kpoBu — 6oiiee 0,002). Ananorust HakoIuieHus: Opoma U ypaHa
ormeueHa panee B paborax H.C. MoOCKBUTHHOM, JIJIsi TIOYEK MEITKUX MIICKOMHUTAIOIIMX B
3one BiusHUA CXK (o Puxsanos, 1997). B oTiuure ot Bojioc, B KPOBH OTHOIIIEHHE Opoma
K ypaHy HUMeeT O0OpaTHYI0 KapTHHY — BBICOKHE IIOKA3aTeNId dSTOTO0 OTHOIICHHS
COOTBETCTBYIOT 30HaM TeXHOreHe3a. BeposTHO, 3TO CBsI3aHO C TE€M, YTO UMEHHO OpoM
SBIIIETCS 3JIEMEHTOM, yHAclIeOBaHHBIM KPOBBIO OT MOPCKOM BOJbI, a CJIEIOBATENIbHO, C
JNETOHUPYIOIICH cpenodl (B JaHHOM cllydae — BOJIOCHI) Oyaer HabmomaThcsi oOpaTHas
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KapTHUHA, KaK 3TO MPOUCXOJUT C MOPCKON BOJION M mouBoil. HeoOX0auMoO OTMETHUTH, YTO
no100Hast 3aKOHOMEPHOCTH 3apUKCUPOBAaHA HAMU JIJISl OPraHu3Ma JOMAIlIHEH CBUHbBH.
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Puc. 7. Cxemarnueckasi kKapra pacrpeeieHus ypaHa (MI/KT), COIEPIKAIEerocsl B BOJIOCAX JIETEH
Tomckoro paitona

Brisiiiena Takke omnpesneneHHas 3aKOHOMEPHOCTh B M3MEHEHUH BEJIMYWHBI JTaHTaH-
[EPUEBOr0 OTHOLIEHUS B Bojocax neredl. HaOmromaercs TeHACHIMS €ro W3MEHEHWS,
OTMEYEHHAsl JJi1 OTHOILICHUW APYruX JaHTAHOWIOB, MOJAYEPKHUBAIOINIAS YMEHBIIECHUE ITHX
noKasaresieil Mo Mepe YJAJICHHOCTH OT OCHOBHBIX OOBEKTOB PA3IMYHOTO IMPOU3BOJICTBA,
cocpenoToueHHbIX Ha Tepputopun CITY. YcTaHoBieHo, 4TO B BOJOCaxX JI€TEl HACEIECHHBIX
MyHKTOB, TOJIBEP)KCHHBIX BIMSHUIO MPEANPUITUN SICPHO-TOIUIMBHOTO IMKJIA, 3TOT
MoKasarejlb M3MEHsSIeTCs B auamna3oHe 3HadeHud — oT 0,5 mo 1,7. bonee BwvIicOkmMe ero
3HAYEHUS! COOTBETCTBYIOT 30HAM KOMILIEKCHOTO TEXHOT€HHOTO BO3/eicTBus, a MmeHee 0,5 —
YCJIOBHO (JOHOBBIM paiOHaM.

UccnenoBanusi, mpoBOguUMBIE B paliOHE pa3MEILIECHHUS KOMIUIEKCAa MpPEeANpUsITHI
SJIEPHO-TOIUTMBHOTO IMKJIa, PACIIOIO0KEHHOTO B HEMOCPEACTBEHHO Oim30cTH OT T. ToMckKa,
CBUJETEIBCTBYIOT O  (OPMUPOBAHMHM  TPHUPOAHO-TEXHOTCHHOW  T'€OXHMMHYECKOU
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CyOIPOBHHIAY UTOMAABI0 B HECKOIBKO THICSY KM’, TIPU3HAKHA KOTOPOH MPOSIBISIOTCS BO
BCeX OOBEKTaX OKpYyXarolled cpelpl, B TOM 4Mcie U B KUBOM BemectBe (bapaHoBckas,
Puxpanos, 2002, 2004; Baranovskaja, Rikhvanov, 2002; Rikhvanov et al., 2006;
Baranovskaya, 2010). CrnoxxHas NpupOJHO-TEXHOTEHHAs CHUTyalusi 3TOW TEPPUTOPUU
CIOCOOCTBYET HAKOIJIEHUIO B COCTaBE KMBOT'O BELIECTBA MIMPOKOTO CHEKTPa XMMHUYECKHX
AJIEMEHTOB, 4TO0, 10 AaHHbIM BO3 (1989), HeraTuBHO cKa3bIBacTCs Ha COCTOSIHUH 3/I0POBbS
YeJIoBeKa. YPOBHU HAKOIUJICHUS M3YUYEHHBIX XUMHUYECKHX JJIEMEHTOB B BOJIOCAX JETel
MO3BOJIWJIA JIOCTATOYHO YBEPEHHO BBIJEIIUTH OCHOBHYIO 30HY TEXHOTE€HHOI'O BO3/IEHCTBHUS
Tomck-CeBepckoii TPOMBIIIIICHHOM arimoMepanuu («IKoJoro-reoxuMuueckue...», 2009), B
mpenenax KOTOpPOW, B YAaCTHOCTH, OOHapyX eHbl OTKIOHEHHS W LHUTOTEHETHYECKUX
nokazateneil kpoBu HacesneHus (bapanosckas, Unennckux, 2002). [lonoO6HbIE OTKIOHEHHUS
UTOTCHETUYECKUX TOKa3aTelell M MACHTHUYHOCTh CHENM(PUKH HAKOIUICHUS AJIEMEHTOB
TKAHbIO 4YEJIOBEKA BBISIBJICHO HAMHM B 30HE BIMSHHS MPEANPUATHUS SIIEPHO-TOTUIMBHOIO
mukiaa I[10 «Mask» B YensOunckoit obnactu. CpaBHEHHE MAHHBIX C pe3yJbTaTaMH,
MOJyYeHHBIMU Ha TEPPUTOPUHU (PYHKIIMOHUPOBAHUS MOAOOHOTO MPEANPUATHS, MO3BOJIUIO
YCTaHOBUTh HMHJIWKATOPHBIE 3JEMEHTHI, CIeUU(UYHBIE Ui TAaKOro poJia BO3JCHCTBUA
(Tabn. 6). K HUM OTHOCATCS OpoM, peaKO3eMENbHBbIC JJIEMEHTHI (B TEPBYIO OYEpEIb
JTIOTENMA W UEepuid), U3 PaguoaKTUBHBIX — Topud W ypaH. Kpome Ttoro, cmneunduka
BO3/JICHCTBUSL SACPHOTO TEXHOTEHE3a Ha OpraHu3M 4YeloBeKa 3auKCHpOoBaHa HaMHU IO
pe3yibTaTaM HM3y4YeHHs KpoBU MeTojgoM ockosiounoil (f) pagworpaduu. B ornuume ot
KPOBH HaCEJICHHUS, MPOKMUBAIOIIETO BHE 3THX 30H, TJIe paclpeeieHue TPEKOB JEICHUS OT
PaZMOHYKIUAOB paBHOMEpHOEe, B 30He BamsHua mnpennpustuid ATL[ wabmomaroTcs
MUKPOBKITIOUCHHUs (HAHOMHUHEpanbl) aemsmmxcs anementos (U2, Pu, Am u ap.) B Buze
«3BE€3/1» U CKOIUIEHUH (TaK Ha3bIBa€MBIX «ropsiunx yactuly (Puxsanos, 1997)).

C wucnonp3oBaHMEM B KauecTBe (pOHA PETHMOHANBHBIX YpPOBHEH cpenHei
KOHLEHTpallMM XHUMHYECKHX D3JIEMEHTOB U MPOBEACHHUS CPaBHUTEIBHOIO aHallu3a
3aKOHOMEPHOCTEH paclpeiesieHUs] 3JIEMEHTOB Ha YCIOBHO-(OHOBBIX TEPPUTOPUSIX U B
30HaX BO3ACHCTBUS NPOMBILUIEHHBIX NPEANPUITHI, YCTAaHOBJIEHbl HWHAUKATOPHBIE
AJIEMEHTHI, XapakTEpHbIE I BO3JACHCTBUSA NOMHMMO NPEINPHUATHI SIEPHO-TOIUIMBHOIO
LMKJIA, TaK ke He(pTerazogo0bun U NepepadOoTKH, TOIUIMBHO-IHEPreTUYECKOr0 KOMILIEKCa
U MeTajionepepadaTbIBatoel MPOMBIIUIEHHOCTH (Ta0I. 6).

B nenom, MOKHO KOHCTaTUPOBATh TOT (PaKT, UTO CHELM(PUKA TEXHOIE€HE3a HAXOIUT
OTpa)k€HUE B BUJE M30BITOUYHOTO, 110 CPAaBHEHUIO C (JOHOBBIM IOKAa3aTesIeM, HAKOIIJICHUEM
AJIEMEHTOB B Pa3IMYHBIX OMOJOTMYECKUX CpeAax C MpPOSBIECHUEM B BHJE WICHTHYHBIX
KOMIIOHEHTOB. JlJI1 yenoBeKa, Kak IOKa3ajJd MCCIIEIOBaHUsA, AMANA30Hbl KOHLEHTpaLUn
AJIEMEHTOB BechbMa BeIMKUA. OJHAKO B YCJIOBHSIX TEXHOTEHHOTO JaBJICHHSI HAKOIUIEHHE
OTJEJIbHBIX 3JIEMEHTOB BEChbMa KPUTUYHO M XOPOLIO OTPaXaeT CHeuu(UKy 3TOro BIMSHUS
Ha pa3IMYHBIX TeppuTopusix. Tak, Hamu Obul ycraHoBieH (PuxBanoB u np., 2011;
bapanosckas u np., 2010; Urnatosa u np., 2010) dakT HaKOIJIECHUS aHOMAJIBHO BBHICOKHX
KOJIMYECTB 30JI0Ta, OJI0Ba, a Takxke Sb, Bi, Ti, V B opranuzme xuteneit r. HoBocubupcka.
DTO OCTaTOYHO YBEPEHHO OOBSCHAETCS PabOTON pacmoyOKEHHBIX 37ech aduHaKHOTO
3aBojia u OnoBokomOuHata. Kpome Toro, /uist 30JIbHOTO OCTaTKa YeloBeKa U3 3TOro ropoaa
XapakTepHO cHenu(pUYHOE COOTHOILICHHE TOpUS U ypaHa, XapaKTepuzyemMoe HU3KHUMU
3HAYEHUSIMU, 4YTO OOYCIOBJIEHO NpucyTcTBUEM HoBocHOUpPCKOro 3aBoAa XUMHYECKUX
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koHueHTparoB (H3XK), Ha xoTopoMm mpousBoasATcs siaepHOe TOMIuBO. Panee, /st »Tou
TEPPUTOPUHM TOJOOHYIO CHEHU(PHUKY OTHOIIEHUS TOpUS K YypaHy B IOYBAX OTMETHII

JLII. PuxBanos (1996).

Tabnuya 6.

buoreoxumuueckas cneruduka Bo31eUCTBUS pa3HONPO(UIBHBIX MPEANPUATHI Ha
OnoJIOTHYEeCKHe TKAHU YeJIOBEKa, MPOKUBAIOIIETO HA PA3TUYHBIX TEPPUTOPUIX

Texnozennwtii Teppumopus Oovexkm Buozeoxumuueckan cneyuguka
UCHOYHUK UCc1e006aHus
Tomcxasn Th21— Lul5— Fe9—- Sc9— Hf8—
oGnaCTID Bomzcu Co6— Cr5,8— U5,6— Br4,9—
(CXK) oemeil Sm4,5— La3,6— Ce3— Ca2— Znl,6—
Aul,4— Rb1,2
Yenaounckan Thl,9— Nal,7— Brl,5- Cel,2—
Ipexnpusitus oonacme (IIO | Bonocet oemeii Lul,1-Lal,l1- Col- SmI- Ul-
siIePHO- «Mask») Znl
TOIJIMBHOT'O Yenadunckasn Sb3 Rb1,2 Hf1,1 UI Lul YbI Sr1
HHUKJIA oonacms (I10 | Kpoew uenoseka
Znl Col Fel
«Masnky)
Tomcxan Ce2l — Br9,5— La7 — Hf3,6 —
oonacmep Kpoeb uenosexa Th3,5 - Yb3,3 - U2,5 - Na2,4 -
(CXK) Sc2,3 - Cr2,1 -Sb2—-27Znl,8 -
Rbl,4—Col,l — Se0,9 — Fe0,9
Th5—- Hf2,6— Au2,3— Sm2,2—
Sc2,1- Cal,7- Crl,6— Col,6—
peonpunmus Bonocwet oemeii Cel,5- Sh1,4— Brl,3— Agl,3—
nedmezazodovsiun u Tomckan Fel,2— Nal,2— Rb1,1- Lal,1-
Hedmenepepatomxu oonacmo Znl-Ybl- Lul- Ul
Zn92— Sm7— Cr6— Na3,8— Yb3,3—
Kpoewv oemeit Br2,6— Ca2—- Sb2— Scl,8— UI-
Aul
Zn 61 — Crl16 —Sc7 — Br5 — Na4
Kposb nereii —Co2 - Aul,6 — Rb1,2 - Agl,1
—Ybl
Sm13— La8— Fe5,3— Sc5-
MpeanpusTus Bogochl Hf4,9- Lu3,7-U3,7- Cr3,3—
TONIHBHO- ereii Br3,2— Co3— Au2,2— Th1,8-
HEPIeTHYECKOIo Yb1,7- Sb1,7- Agl,7- Cal,7-
KOMILICKCA B Tomckan 7Zn1,3— Cel,1- Na0,8
N 00J1acTh Moutoko Co029- Cr21- Sc15- La6— Br5-
nepepadoTKu KOPMSILIUX Smd— Ce3— §b2,8- Au2,6-
r. Tomcka marepeii Rb2,2- U2,2- Hi2,1- Lu2-
Agl,8— Znl,4- Yb1,3— Th0,7
Moua Hf5,6— Ce4,2— Sm4— Au3,9—
HOBOPOK- Cr3,6— Lu2,6— Sc2,2— U1,7—
Brl,4- Agl,4— Thl,4- Rb1,1-
JEeHHbIX

Yb1-Sb0,7

HpI/IMe‘IaHI/IeZ KpaCHbIM OTMCYCHBI J3JICMCHTBI, BCTPCYAIOMIUECA B JBYX H Oonee TKaHAX B
KOJIMYCCTBC, MMPCBLIIIAIOIICM (bOHOBI:Ie 3HAYEHMS JJIS Ka)KI0ro THUIIA TEXHOIEHHOI'O BO3IEHCTBHS.
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B r. HoBoky3Helke B 30JbHOM OCTAaTKE OpraHM3Ma 4esIOBeKa IO CPAaBHEHHUIO C
HoBocubupckom konmentpupyrorcs Na, K, Al, Mg, P, Ca, Cu, Ga, As, Se, Br, Rb, Sr, Y,
Zr, Nb, Ba. JlaHHbIi CHEKTp CX0XK C FT€OXMMUYECKUM CIIEKTPOM BBIOPOCOB C IPOU3BOJICTB
HoBoky3Helnkoro aqroMUHUEBOTO 3aBOJIA, JIBYX METaJUIypPrHYECKUX KOMOWHATOB, a TaKXKe
IPYTUX TPEANPUATHN [aHHOW TEPPUTOPUU U COOTBETCTBYET CIHEUU(PHUKE YIrOJbHBIX
MECTOPOXKJIEHUH,  pa3pabaThiBa€MbIX  HEMOCPEICTBEHHO Y  TOPOJCKOHM  4YepThl
r. HoBoky3Henka (ApOy30B u ap., 2003).

B uenom, TexHOTeHHBIN (akTOp CKa3bpIBaeTCs JMJiI OpPraHU3Ma COBPEMEHHOTO
TOPOJICKOTO JKUTENsi MHTEHCUBHBIM HAKOIJICHHEM TAaKUX AJIEMEHTOB, KaK CBUHEI], 30J10TO,
KaJIMHUH, KOHIIEHTPAIMU KOTOPHIX 3HAYUTEIHHO BBIIIE HE TOJIHBKO OTHOCUTEIBHO YCIOBHBIX
($OHOB, HO M KJIAPKOB JAPYTHX CPEJl U CPEIHUX MOKa3aTesei 1mo BeIOopke (puc. §).

Puc. 8. Koa¢d¢unmeHnr HakoruieHWsl 3JI€MEHTOB B OpraHax W TKaHAX dYeloBeKa (chIpas
Macca), OTHOCUTEIHFHO TeOXUMHUYECKOTO Kilapka Hoocdepsl (ouocdepst) (o ['mazockomy, 1982)

TengeHnus WX  HAKOIUIGHWS B aHOMAJbHO  BBICOKMX  KOHIICHTPAIIMSIX
CBUJICTEIILCTBYET O CBOEOOpa3HOM «OOJIe3HHW IMBHIM3AIMWY», 3aKJIIOYarolieics B
KOHIIEHTPUPOBAHUU 0CO0O0 TOKCUYHBIX KOMIIOHEHTOB, OTHECEHHbBIX, corimacHo ['OCT
17.4.1.02-83, k XuMHYEeCKUM BeliecTBaM | kiacca ormacHocTy. HakorieHrue 3TUX 3J1eMEHTOB
MOKET CBHJICTEIIHLCTBOBATh HE TOJIBKO O TIPOOJIEMax YeIOBEKa, KaK )KHBOTO OpraHu3Ma, HO |
0 TCHJICHIIUAX TIOOAIBHOTO M3MEHEHUsSI OMocdephl B 1EIOM, XapaKTePHBIX OCOOSHHOCTSIX
reoxumuu TexHoreneza XXI Beka, ee metasnuzaruu (Puxsanos, 2010).

Taxum obpasom, npu aHaiuze XUMUUECKO20 IJIEMEHMHO20 COCMABA MHCUBO2O
seujecmsa ObLIO YCMAHOBIEHO, YMO HAOI00AMC MEeHOCHYUU UBMEHEHUS. COOePHCAHUS.
mex u3 HUX, KOmopule XapaKkmepHul 0/ 8blOPOCO8 PACNOJIONCEHHBIX 8 HENOCPeOCMBEeHHOU
Onu30Ccmu  NPOU3BOOCMBEHHLIX 00beKmos. B kauecmee UHOUKAMOPHO2O NOKA3AME]s
9KOJI02UHEeCKO20 ~ COCMOAHUA ~ MAKUX  Meppumopuilt.  yeaecooopasHo  UCHOTb308AMDb
noxkasamenu COOMHOULEHULL DJIeMEHMO8 U NPOBOOUMb AHAIU3 OU02EOXUMUUECKUX Ds008
HAKONJICHUSL DJIEMEHMO8.
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Tpemuve 3auuuiaemoe nonox3cenue: Buympupezuonanvusvie ocobenHocmu muepayuu
NeMEeHMO8, cneyuhpuueckux OJisi KOHKPEMmHuIX NPUPOOHBIX U NPUPOOHO-AHMPONOSEHHBIX
9KOCUCmeM, NOCMYNAWUX € NPOOYKMAMU NUMAHUA, 8000U U B030YXOM 6 OpP2AHUZM
yenogexa, Gopmupyrom ez2o OUOCOXUMUYECKULl NOpmpem He MOJIbKO Npu YCl08UU
HOPMAIbHO20 PYHKYUOHUPOSaHus, HO u namono2uu. OcobenHocmu 21eMeHmHo20 cocmasda
NAmMoN02UYeCcKU USMEHEHHbIX OP2aHO8 U MKAHell Yelo8eKd HeoOXO0O0UMO YYUmvléams Npu
HOPMUPOBAHUU — MEPPpUMoOpUU U NPOBEOCHUU  MEOUYUHCKUX — NPOPUIAKMULECKUX
Meponpusimutl.

[TocTOSTHHO M3MEHSIOIIUIACS MPOTIECC MHUTPAIIMH XUMHUYECKUX DJIEMEHTOB TTPUBOJIUAT
K TOMY, 4TO Ha JIOKAIBHBIX TEPPUTOPHSIX (HOPMHUPYIOTCS OMOTCOXUMUYECKUE TPOBUHIIUN
OPUPOJAHOTO M TEXHOTEHHOTO XapakTepa, ONpelesstone crnenuduKky >3IeMEHTHOrO
cocTaBa >KMBOrO BellecTBa. Benymmm ¢akropoM, omnpeaeisitonuM (HyHKIHOHUPOBAHUE
KUBOTO OpraHu3Ma, SIBISIETCSl IMOCTYIUIEHHE BellecTB ¢ mnuiieil u Bomoil. Ilpociaenuts
TOYHOE MOTPEOJIEHHE OPraHU3MOM B3pPOCIJIOr0 YeJIOBEKa KOHKPETHBIX 3JIEMEHTOB — BeCbMa
CIIOXHAs 3a/lada. ITO 3aBUCUT OT MHOXECTBA (DAKTOPOB: pPErHOHA MPOKUBAHUS, YPOBHS
KU3HU, KadecTBa caMuX MNpoaykroB. Hammu, coBmecTHO ¢ corpyanukamu CuOHpPCKOro
rocynapctBenHoro memuinmHckoro yuHuBepcutera (E.M. KowpgparseBa, C.C. CrankeBudy,
H.A. bapa6ai), mist BeIICHEHHUs OanaHca MOCTYIUICHUS JIEMEHTOB M WX BBIBEJCHUS ObUIH
MPOBEJIEHBI MCCIEAOBAHUS 3JIEMEHTHOTO COCTaBa TPYJAHOTO MOJIOKA KEHIIMH U MOYHM HX
HOBOpOXKIeHHbIX aeteit (KonapateeBa u ap., 2008). Dta cuctema, Kak HUKakas Apyras,
XOpOIIIO JEMOHCTPUPYET BIIMSHUE BHEIIHUX (PAKTOPOB, MOCKOJIBKY HOBOPOXKIIEHHBIC JCTH
HE TMOJIyYaroT AJIEMEHThl W3 APYTMX HCTOYHHMKOB, KPOME MOJIOKa Matepu. Pe3ynbTaThl
WCCIICTIOBAHUS TIOKAa3aJIH, YTO B YCJIOBHSAX COBPEMEHHOTO TOpOJa peOCHOK B 3HAUNUTEIIHHOU
CTENIEHU KOHIICHTPUPYET B OpraHU3ME TaKHUe AJIEMEHTHI, KaK KOOalbT, XpOM, CKaHIHM,
€BpPONUI U B HE3HAYUTEIIHHOM CTENIEHN HAKAIlJIMBAET cepeOpo U LIepHUid, B TO BpeMs Kak JJIs
JeTel U3 yciIoBHO (DOHOBOTO palioHa XapaKTEPHBI IHHK, XPOM, MBIMIBIK, KOOAIbT H
cepebpo (Tabu. 7).

Tabnuya 7.
buoreoxnmuueckuii psig KO3UIIUESHTOB B CUCTEME «MOJIOKO MaTE€pH — MOYa peOeHKa
HacesieHHBIN IYHKT buoreoxumMuuyecKuii psajg
r. Tomck, CoBeTcKHii paiioH Scz4 Criq Eu; Coyg Agig Cey
n. TumupszeBo, yc;10BHbIi GoH Agi5CrizZnis Asyg

Ipumeuanue: ygsemom svidenensvl 0dowue 0isi 08YX 8blOOPOK INEMEHMbL.

Anammu3 ko3¢ uureHToB oOOrameHus, MOJyYeHHBIX JJIS OpraHW3Ma 4YelOBeKa —
xutenss ToMckoro pailoHa — OTHOCHTENBHO HMPOAYKTOB IUTAHUS, MPOU3PACTAIOLINX WIH
NPOM3BEJICHHBIX HAa ATOW TEPPUTOPHH, MOKA3al, 4TO MMeeT MecTo auddepeHmpoBanHas
IIOCTaBKA 3JIEMEHTOB M HEKOTOPBIE U3 MPOAYKTOB SIBISIFOTCS UX aKTUBHBIMU MCTOYHHUKAMHU
(tabs. 8). Tak, M3 M3YyYEHHBIX STOAHBIX KYJbTYp, MPOMU3PACTAIOIIMX B OKPECTHOCTSIX
Tomckoro paiioHa, HauOOJbIlIEE KOJIMYECTBO JIEMEHTOB MTOCTABIISIET B OPraHU3M 4YEJIOBEKA
KJIIOKBA. YepHHKa M OpyCHMKA OTJIMYAIOTCS BBICOKUMH COJCPXKAHHUSIMU >Keje3a, KOTOpoe
AKTUBHO MEPEXOAMT B OPraHM3M 4esoBeKka M3 3Tux sAroj. CpaBHeHue Ko3((HUIIMEHTOB
o0oramieHus: OTHOCUTEIbHO MACHBIX MPOAYKTOB — PEYHOM PhIObI M MsiCa JOMAITHEW CBUHbU
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— TO3BOJISIET yTBEPXKAaTh, YTO B PbHIOE COACPIKUTCA OOJBIIE THKEIBIX METaUIOB (XpoM,
XKene30, MUHK, KoOanbT). M3 Msica CBUHBM XOPOIIO YCBaWBACTCS OPraHU3MOM KaJIBIIWA, a
Takke 0apuii U B MEHBIIICH CTENEHN — [IUHK, CTPOHITUH, cepedpo, CypbMa, TOPHUI U YpaH.

Tabruya 8.
Koaddunuents! odoramieHus oprannu3Ma 4eJ0BeKa XUMUYECKUMU AJIEMEHTaMU,
MOCTYMAOIIUMU C PA3IMYHBIMU MPOTYKTAMHU MTATAHUS
(32 OTIOPHBIN AIIEMEHT B3SIT CKaHIMI)

MsicHble u pIOHBIE Mogouynbie
SAroaHble pacTeHUus
JeMeHT NPOAYKTHI NPOAYKTHI
Pr10a Moaoko | Moaoko
Yepuuka | bpycauka | Kinoksa CBuHunHa
pedyHasi KOpPOBbe cyxoe

Na 53 53 53 2 0,5 0,8 22
Ca 0,4 0,5 1,1 0,8 3,6 0,1 2,3
Sc 1 1 1 1 1 1 1
Cr 9 9 71 2,7 0,6 6,8 0,7
Fe 12 12 3,5 33 0,3 4,7 12208
Co 1,3 9 1,2 1,7 0,3 2,5 6
Zn — — — 8 1,3 2 22
As 0,5 0,5 1 0,5 0,3 0,2 —
Br 1,9 2,4 6,3 1,2 0,1 0,2 0,3
Rb 0,1 0,2 0,4 0,3 0,2 0,5 8,8
Sr 0,5 0,5 1 0,4 14 0,5 23
Ag 1,2 1,2 2,3 0,1 1,7 0,4 —
Sb 0,3 0,04 0,2 0,5 1,1 0,2 9,5
Cs 0,1 0,1 0,3 0,2 0,2 0,2 —
Ba 0,4 0,5 0,8 1,2 2,7 0,8 33
La 0,1 0,3 0,3 0,2 0,8 1 7,8
Ce 0,2 0,2 0,3 0,2 0,9 0,2 10
Sm 0,6 0,6 0,4 0,01 0,2 1,6 3,2
Eu 0,2 0,2 0,3 0,1 0,3 0,1 3
Tb 0,4 0,4 0,8 0,1 0,3 1,6 7
Yb 0,4 0,4 0,8 0,6 0,1 0,3 17
Lu 0,7 0,7 1,3 1,2 0,6 0,7 8
Hf 0,1 0,2 0,5 0,2 0,5 0,4 6,6
Ta 0,3 0,3 0,6 0,2 0,4 0,1 3,4
Au 0,9 0,1 0,3 0,1 0,02 0,4 1,4
Th 0,9 0,9 1,9 0,8 1,3 1,3 48
U 1 1 2 0,6 1,5 0,8 18
Se — — — 0,03 — 0,1 —
Hg - - - 0,1 - 0,02 —

HpI/IMC‘-IaHI/IGZ «—>» — HET JaHHBbIX.

[Toctynmenne psima SIEMEHTOB, IO-BHIMMOMY, OOYCIIOBIEHO — CHEHU(PHUKOMI
TEPPUTOPHUH BBIPALIVBAHUSA JKUBOTHBIX. OUYEHb BAXKHYIO pOJIb B KadeCTBE IIOCTABIIHKA
JJIEMEHTOB B OPraHM3M JKUTENe TOMCKOro paloHa HWIPArOT MOJIOYHBIE IPOIYKTHI.
Oco0eHHO 3HauuTeNbHbIE KOA(PUIMEHThl 000TalleHNsl XapaKTepHbl Ui CYyXOro MOJIOKA.
MosiokO KOpOB, BBIPAlICHHBIX B XO3sMCTBaX Ha TEPPUTOPHUAX, IOABEPrarOLIUXCs
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CI1Y,
XapaKkTepu3yeTcsi BBICOKMMH Kod(duumentamu oOOrameHds OpraHu3Ma YeloBeKa

WHTCHCUBHOMY TEXHOT€HHOMY BO3JCHCTBHIO CO CTOPOHBI  MPEATPHUSATHHA
TSOKEIBIMUA METAJUIAMH, TOPUEM, HEKOTOPBIMHU PEAKO3EMENbHBIMU 3JIEMEHTAMU. DTO MOXKET
HEraTUBHO CKa3bIBaThCSl HA COCTOSIHUM 370POBbS YEJIOBEKA.

OToT (aKT MOATBEPXkAAET M aHAIM3 HAKOIUIGHHS 3JIEMEHTOB B MNAaTOJOIMYECKU
W3MEHEHHBIX TKaHsaxX muToBuaHOM xkene3bl (LK), Tak, ycranosneno (Baranovskaya et al.,
2006; bapanosckas u np., 2006; Jlenucoa u ap., 2009), 4T0 HAKOIJIEHHWE 3JIEMEHTOB B
COCTaBE YETHIPEX M3YyUEHHBIX BHUJIOB MATOJOTUN (AyTOMMMYHHBIA TUPEOUTUT, TUDPy3HBIN
TOKCUYECKUH 300, aIECHOMBI, PaK) OTPAKAET XAPAKTEpP T'€OXMMHUYECKON CUTYyallMd PallOHOB
Tomckoii 0651acTH, T/ TPOKUBAIH ONIEPUPOBAHHBIC IO (Ta0d. 9).

Tabauya 9.
['eoxumunyeckas crierudpuka paiioHoB TOMCKOI 001aCTH 10 MaKCUMaJIbHBIM
(OTHOCHUTENIHO PETMOHATILHOTO KOHTPOJISI) KO3 (pHUIIMEeHTaM KOHLIEHTPAIMH 3JIEMEHTOB
B [IATOJIOTMYECKN U3MEHEHHON LIUTOBHUIHOM JKeJe3e

PaiioHbl I'eoxumMuyeckas cneuudpuka
Tomcknii BI’74— Fe4,5— U3,5— Hfz,s— Cl'l,g— Rbl,g— Nal,s— Hg1’3— Sb1,3
ACHHOBCKHIA szo— Fe3,4— N32,7— Bl‘l,g— Rb1,7— Hf1,7— Hgl,s— Cl’1,3— C01,2
HepBOMaﬁCKHﬁ Fe2,4— Hf1’7— Rb1,5— Sbl’s— Hg1,4— BI’1,3— Cr1,3— NaLz— an,l
3prHHCKI/II71 Bl‘l()— Fes— Hg3— Zn1,6— Sb1,3— C01,1— Lal,l
BaK‘lapCKI/Iﬁ CI‘4,3— Fe3,8— N32,4— Rb1,4— SCL3— Sb1,3— Br1,3—
Hapaﬁenbcmm Na2,9— Rbl,s— Alll,7— Br1,5— Hgl,s— Fel’z
KoxeBHukoBckuii | Sbyy— Fe;s3— Hf;,— Najg— Hgis— Rbys— Bri;— Augg
Yanuckuii BI’33— Na3— Fel,s— Crl,G_ Hfl,s— Rbl,s— C01’1
MoJsyanoBcKHii Fes— Hg3— sz,z— N31,9— Cr1,9— Bl‘1,7— Rb1,5— C01,2— Alll,l
Koanamesckuii Brzs— Fe6,2— Naﬁ— Rb3’3— sz,l_ Hf1,8— Hg1,7— C01,2— an
AJICKCﬁHIIpOBCKI/lﬁ Bl‘116— Cl‘4,1— Na4— Rb4— Sb3!7— F63!6— Cez— Hfl’ﬁ— Hg1,4— C01,3— an,l
Hlerapcmm Bl‘269— Sbg— Fe5— Hg4— Na3,4— Cl‘3,4— Th3— Rb2,4— Hfz— Zn1,4
Kapracoxcxnﬁ Sbss— Fe5— CI’4,2— Rbl,s— All1’7— Hf1,7— Bl'l,s— SCl,3— Hg1’3
Kpusomennckui Thss— Nas— Rby7— Bry7— Sb 3— Fe; ;-— Co,— Hgy— Auy7— Lag3— Zng 3
BerHeKeTCKI/Iﬁ Cl'ﬁ— Hgs— Fe4,7— Th3,2— Sb2’7— Brz,ﬁ— Na2,3— Rb1,4— L31,4— Zn1,3—

Auy2Cor

B mnpenenax Tomckoil 005iacTv BbIAEIEHBI TPU OCHOBHBIE TPYIIIBI PaiOHOB IO
pe3yJbTaTaM U3y4YeHHs paclipoCTpaHEHHOCTH 3a00JIeBaHUM IIIUTOBUIHOMN KeIe3bl:

1 — ceBepHble paiioHbl: AJjekcaHapoBckuii, Bepxuekerckuii, Kapracokckuii,
Konmamesckuii, I[lapabenbckuii, YaumHckuit, Haxomsmmecss ceBepHee 58° MIMPOTHI,
UCIBITHIBAIOIME Ha ceO€ BIMAHHUE >KECTKUX KIMMATHYECKUX YCIOBHM, HedTenoObuu,
TPaHCTPAaHUYHOT'O MIEPEHOCA TAKENBIX METAIUIOB 1O J1oyuHE p. OO0Bb;

2 — AcuHoBckui, 3bIpsHckuM, llepBomalickuii, = ToMmckuii, npuieraromue K
MPOMBILIITIEHHOMY Y31y ToMck-CeBepckoil arjiiomMepauuu, TO €CThb HCIBITHIBAIOIINE
MaKCHUMAaJIbHOE BO3/CUCTBHE (PAKTOPOB XUMHUUYECKON MPUPOJIBI U JUISI KOTOPBIX XapaKTepeH
HanOOJIBIIIMKA MPOIEHT 3a00J1€BaeMOCTH;

3 _

Mo14aHOBCKHH,

bakuapckuid, KoxeBuukoBckuii, KpuBomeunnckuii, TerynpaeTckui,

[lerapckuii, TPEUMYLIECTBEHHO CEIbCKOXO3AMCTBEHHBIE PaWOHbI
0o0nacTy, ¢ MUHUMAJbHBIMHU [IOKa3aTeNsiMd 3a00JIEBAEMOCTH 10 HW3YUYEHHBIM BHJIaM

naronorun DK, Tak, Tonbko s TOMCKOro XapakTepHO 3HAYUTEIBHOE HAKOIUICHUE
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ypaHa, AcuHoBckoro, Kapracokckoro u Ko)XeBHHMKOBCKOro — cypbMbl, bakuapckoro u
Bepxuekerckoro — xpoma, Kpusomennckoro — topus. B psae pailoHOB B IaTOJIOTHYECKU
m3mMenenHon K ormewaercsa comepxkanve Au, B JBa pa3a MPEBHINIAIONIEE €ro
coAepkaHue B yCI0BHO 310poBou [IDK.

[Tpu 3TOM, 00JACTSIM C BHICOKOW KOHIIEHTpALMEH 30J10Ta B HAKUIIU MUTHEBBIX BOJ U
nouBe, OOYCJOBIICEHHBIM (haKTOpaMH MPHUPOJHOTIO XapaKTepa, COOTBETCTBYIOT HH3KHE
KOHILICHTPALlMM  JJIEMEHTAa B  IAaTOJOTMYECKM HW3MEHEHHOM IIUMTOBUIHOM  JKEJe3e.
CopnepxaHue 3070Ta CHMJKAaeTcs B IaTojornuecku usMeHeHHoi TkaHu IIDK, oxnako
XapaKTEepHO €ro crnelupruueckoe HaKOIJIEHHE B COCTAaBE aJCHOM.

Obpammaer Ha cebs BHUMaHHE 3HAUMTEIbHOE KOHIICHTPHUPOBAHHME B MATOJIOTMYECKU
u3menenHol 11K ognoro u3 ramorenoB — Opoma. HecmoTpst Ha TO, 4TO 3CCEHIIMATBHOCTD
opoma nokazana JI.C. babenko (1973), .M. Konomuiiniesoit (1970) M. Anke (2001) u np.,
JaHHBIE HAIMX MCCIEIOBAaHUM O KOHLEHTpAlMM 3TOrO0 XHMHYECKOIO DJJIEMEHTa B
natobpazoBanusax Oonee dyem B 20 pa3, CBUIACTEIHCTBYIOT O €r0 HETaTHMBHOM pOJHM B
dopMuUpOBaHUHM 1LEJIOTO psiia MATOJOTHH. OTOT (AaKT corjacyercss C JaHHBIMU
N.H. Bepxosckoii (1962), A.I1. Aipina (2000) 0 BO3MOXHOM KOHKYPEHTHOM aHTaroHU3Me
Opoma, B CBSI3U C 4YeM B keje3e o0pa3yeTcs o Hasi HEAOCTaTOYHOCTh C MOCIEIYIOUIeH ee
runepruiazueit u gopmupoanueM naronoruu. Jns Kpupomeunnckoro, Bepxaekerckoro u
Hlerapckoro pallOHOB XapakTepHO 3HauuTelbHOEe HakomeHue topus (Kx > 2).
[IpucyrctBue B psge pailoHoB B u30biTke Hg, Kak u  JApyrux 3HAYUTEIBHO
HaKaIUTMBAIOIINUXCS XUMUYECKUX 3JIEMEHTOB, TPEOYET OTIAENIBHOIO PAacCCMOTPEHHUS, B TOM
yyciie crneuuPukd MeIUKaMEHTO3HOTO JeueHus OoyibHbIX. OueBHJIHO, UYTO MECTO
MPOKMBAHUS OKAa3bIBa€T OIpEeNICHHOe BIUsSHUE Ha creuuduky 3adoneBanuit LK.
[Tomyuennast uHpopManus MO3BOIMT NporHosupoBaTh mnarosoruu DK Hacenenus u
IUTAHUPOBATH MEPOIIPUATHS IO UX MPOPUITAKTHKE.

W3 crnenupuvHbIX 3J€MEHTOB (TPYIION CpaBHEHHS SBWIHMCH JIUIA C HOPMAJIbHOM
CTPYKTYpOH U (DyHKIMENH MIMTOBUIHOM KeJe3bl, yMepIIre OT ciaydyailHeix npudul, p<0,05)
JUISL  KaXKJIOro BHJA TNATOJOTUA MOKHO BBIJCNINTH: Y3JIOBOM KOJUIOMIOHBIA 300 —
MaKkCMMallbHas KOHIIEHTpalMs JKeie3a, Ooyiee BBICOKHE TOKa3aTenu Kod(puiueHTa
KOHLIGHTpAallUM JJI1 PTYTH, 30JI0Ta, LWMHKA W JIAHTaHAa; aJCHOMBl — 3HAYUTEIBHOE
KOHLEHTpUpOBaHUE Opoma, *kKene3a, PTYTH U KoOajabTa; ayTOMMMYHHBIA THPEOUAUT —
MaKCHUMaJIbHO BBICOKHME PyOMIMIl M cypbMa; pak — XpoM, pTyTh U JaHTaH (tabm. 10). Bo
BCEX T'€OXMMHUYECKUX psiaax narojormdyecku naMmeHeHnou DK nmpucyrctByer Fe, Br, Na,
KoTopsle B 1,5 m OGojee pa3 MpeBBIIAIOT KOHTPOJBHBIA YpOBEHb (Keie3a YCIOBHO-
30pOBOTrO 4YesoBeka). B memom, W3 24 W3y4eHHBIX DJJIEMEHTOB B IATOJOTHYECKU
m3menennor K wumeror Oosiee Bbicokoe conepxkanue 14 (60 %). CnemoBaTenbHO,
IIOJIyYEHHBIE JaHHBIE HE COIJIACYIOTCA C YTBEPKIACHUEM HEKOTOPBIX CIELUATIUCTOB, YTO IS
300HoM3MeHeHHbIX II[DXK xapakrepHa mMOHMMXKEHHAash CHOCOOHOCTh K KOHIUEHTPALMU
XUMHYECKUX JIEMEHTOB.

Takum 00pa3oM, HAKOIUIEHHBII HaMH COBMECTHO C cOTpyaHUKamMu CuOMpCKOro
rocyaapctBeHHoro ynusepcuteta (O.A. JlenucoBa, YepHoroprwok u Ap.) Marepual o
B3aMMOCBSI3M THUPOUJHOM MATOJOIMM M JIEMEHTHOI'O COCTaBa NMPUPOIHBIX CpPEl, MOKa3as
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HEOOXOJUMOCTh MOJIOOHOTO POJAAa UCCIACAOBAHUU Mg Ienel NpodUIaKTUKKA 300HOM
sHAeMHUH. Takoil MOAXOM CEeroJHs pealu3yeTcs BO MHOTHUX CTpaHax MHpPa B HOBOM
pa3BUBarOIIeMCcs Hay4HOM HampaBieHun «Meguruackas reosiorus» (O. Selinus , 2005,
2010).

Tabauya 10.
I'eoxumuueckas cnernuduka pa3audHbIX GOPM MaTOJOTHH IIIUTOBUTHOM JKEIC3bI

Bun

I'eoxumu4yeckuut psig
MaToJOTrHH

Fe3 sz, Naz,3 Bl’2 Cl‘z Hf1,7 Hgl,S Sb1,5 All] ZI]]
YK3 8
Lao,g CO(),7 Se0,6 Ca(),s Smo,z
Bl‘4,s Fe4 Naz,s Hfl,s Rb1,7 Cr1,4 Hg1,3 C01,1 le1,1 Sbl
AJIEHOMBI Auy Laog | Ups Seo,ﬁ SCO,4 Cao,g, Sm,

1
Rb5,5 Sb3 Fe2,5 Cl’z,z Naz,l Bl‘l,s Hfl,l an C00,9 Lao,g

Hgoo | Uo7z | Scos | Seos | Cagg | Smo,
Cr3 Hg3 Fez’9 Bl'z,g, Naz Sb1,4 Rb1,4 Lal’z Hfl’z Zn1
C00,7 SC(),G Cao’5 Se0,5 Smo,z

il

AUT

Pakn

[Mpumedanue: 1UGPOBBIE HHACKCH OKOJO CHMBOJIOB J3JICMCHTOB IMPEICTABIISIOT COOOM
KOA(PUITUEHTH KOHIICHTPAIUH.

AHanu3 pacripeiefieHus: SJIEMEHTOB B COCTaBE TKaHEH KapAMOBACKYJISIPHOW CHUCTEMBbI
TaK)Ke€ II0Ka3ajd 3aBUCUMOCTh (OPMHUPOBAHUSA JJIEMEHTOB B COCTaBE€ MAaTOJOTHUYECKU
M3MEHEHHBIX TKaHEW OT MecTa mpoxuBaHus roaeil (Jlamonosa, bapanosckas, 2009). Tak,
cpaBHeHME TKaHed >xutenei ropogoB Tomcka u CeBepcka BBISIBUIIO 00Jiee BBICOKHE
KOHIICHTPALIMM CKaHIWs, XpoMa, celieHa, OpoMa, cepebpa, JlaHTaHa, radHUS M TaHTaJIa B
coctaBe KBC Tomuueii.

[To-BuauMoOMy, TIpM pPACCMOTPEHUM TKAHEM C OJMHAKOBOM MATOJIOTUYECKOM
CTPYKTYpPOH Ha Pa3HBIX TEPPUTOPHUSAX MBI OyJeM B TEPBYIO OdYepelb HAONIOAATh B HHUX
OTpaXEHUE HSKOJOTO-TEOXUMHUUYECKON CTPYKTYypbl TEeppUTOpUHU, a 3aboneBaHue Oyjaer
XapaKTepru30BaThCcsl OOMIMMHM XMMHUYECKUMH 3jeMeHTamu. K TakuM B JTaHHOM ciydae
OTHOCSITCSI HATPUH, KaJIbLNN, KEIE30.

Ecnu paccmarpuBaTh XapakTep COOTHOUIEHHH JJIEMEHTOB B TMAaTOJOTHYECKU
M3MEHEHHBIX CHCTEMAaX, TO MOKa3aTeJIbHBIMU I IAaHHOM NaTOJOTUH SIBJISIOTCSI OTHOIICHHE
HaTpust K Opomy (puc. 9). B 3Tux Bugax cooTHOIICHUI 601ee BRICOKOE COIePKAHIE HATPUS
COOTBETCTBYET CJIa0OM CTeleHn KalblMHAIMK TKaHed. Takoil ke adexT xapakrepeH ams
opoma. CHI>KEHHE 3THX SJIEMEHTOB XapaKTepHO AJi 00Jiee TSHKEJIOro nmopaxeHus: TkaHeil. B
MOJIyYCHHBIX HaMU Pe3yJIbTaTax, MPOUCXOAUT YMEHBIICHHUE COACPKAHUS IUHKA MO0 Mepe
Pa3BUTHS KalbIIMHALIMKM TKaHEH.

CBsi3b  MEXAY COCTOSHHEM  IOMYJSIIMOHHOTO  3JI0POBbSl  HACENEHUS U
OMOTCOXUMHUYECKON CTPYKTYpOH TEPPUTOPUH TO3BOJISIET TOBOPUTH O BO3MOXKHOCTH U
HEOOXOJIMMOCTH pa3pabOTKH IMapaMEeTPOB SKOJIOTHYECKOT0 HOPMHUPOBAHHS HA OCHOBE
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M3Y4YEHHUS] ATOM CTPYKTYpbl KaK B MPUPOJHBIX JaHAmadTax, TaKk U HA aHTPONOTE€HHO-
W3MEHEHHBIX TEPPUTOPHUSIX.

Br/iNa
10000

1000

—_
L 2
4

100 -

10

Conepxanue BEpoma, mrikr

1000 10000 100000

CojepaHue HaTpus, mrikr

Puc. 9. CooTHouieHHe 3JI€MEHTOB HaTpus U Opoma (MI/Kr 30J7ibI) B COCTaBe TKaHEH
KapAMOBACKYJISIPHOM CHCTEMbI YEJIOBEKa C CHJIBHOM CTeneHblo KanpuuHaiuu (1) u ciaboit
CTETNIEHBIO KalbIuHAIINH (2)

Yemeepmoe 3auwuuiaemoe nonodxcenue: B opeanusme swcugommuvix u uenosexka no
VPOBHIO  HAKOWNEHUsi U  HOKA3AMeNaM  KOHYEHMPUPOBAHUS — UOeHMUDUYUPYIOMCS
buoceoxumuueckue oOapvepvl, Gopmupyrouwuecs noo GIUsHUEM @GAaKmopos 6HYmpeHHell
cpeobl U XUMUUECKUX CBOUCME 2JIeMEeHmOo8 U ompasxcaowue ux uzbvlmounoe nocmynieHue
u3 eHewHux cpeo. OnpedeneHue ux HAMUYUsL U CREYUQDUKU BO3MON’CHO NPU CPABHEHUU
K03ghhuyuenmos nepexooa d1eMeHmMO8 GHYMPU OP2AHUMA, A MAKIHCE 8 CPABHEHUU C UX
cooepoicanuem 60 BHewHell cpede U aHaIu3e pacnpeoenenus Ha meppumopul.

AHann3 0COOCHHOCTEW pacmpeesieHUs] JIEMEHTOB B YKUBBIX OpraHU3Max IMO3BOJIUI
BBISIBUTh HaJIMYMe OMOTCOXMMHUYECKUX OapbepoB, OMpEICIsIeMbIX CMEHOH OOCTaHOBOK
BHYTpPEHHEH CpeJibl, CBOMCTBAMU XUMHUYECKUX JJIEMEHTOB M CIEIM(PUKON T€OXUMUUYECKOU
00CTaHOBKH TEPPUTOPHH.

N3yuenne kordHUIMEHTOB Mepexoja 3JIEMEHTOB W3 OpPraHOB MHINEBAPUTEIHHON
CUCTEMBbl JOMAIIHUX CBHUHEH B KpOBb I[O3BOJMIIO YCTAaHOBUTH (DaKT CYIIECTBOBAHUS
OapbepHO (PYHKIIMM CTEHOK JKETyJIOYHO-KUIIEYHOTO TpaKTa y MIICKOMUTAIONMUX TI0
OTHONIICHUIO K (DU3HOJOTUYECKH HEOOXOTUMBIM 3JIEMEHTaM M OTCYTCTBHE TaKOBOW s
TOKCHUYECKUX METaJUIOB, 4TO paHee oTMmedanock B.C besemem mist apyrux >KUBOTHBIX
(bezenb, 1994). Tak, U3 TOHKOrO KUIIEYHHMKA B KPOBb AKTHUBHO BCACBIBACTCA CypbMa C
kod(dduimeHToM 57, B TO Ke BpeMsl TaKUe DJIEMEHTHI, KaK IIMHK, HAaTPUM, OpOM, KaablIUi
MMEIOT HU3KHME mokaszatenu (tads. 11). DTo 03HayaeT, 4TO TOKCHMUYECKHE 3JIEMEHTHI, Kak
HampuMep CypbMa, MOTYT 0e30apbepHO MPOHHMKATh B KPOBb U3 KHIIEYHUKA, NECYCHU U
JPYTUX OpraHOB MUIEBAPUTENILHON CHUCTEMbl U PA3HOCUTCS €10 Mo opranusmy. [lpu stom,
XUMHUYECKHUE JIEMEHTHI MOTYT OCENIaTh Ha OapbhepHBIX OpPraHax JAPYTUX CUCTEM OpTaHU3Ma,
OpuBOJE K WX AUCPYHKIUHU. PaccMoTpeHune OMOTreOXMMHUYECKUX PSIOB TMO3BOJIUIIO
YCTaHOBUTh HEKOTOPHIE 3aKOHOMEpPHOCTH. B wacTHOCTH, B KpOBb W3 OpraHOB
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MUIIEBAPUTEITLHON CUCTEMbI CBUHBH B OOJIBIIEH CTETIEHHU MOCTYNAIOT TaKUE DJIEMEHTHI, KaKk
cypbMa, XpoM u Oapuii. VckimroueHHeM SBISICTCS TOJCTBIM KUIIEYHHK, B KOTOPOM J[Ba
MOCJIEIHUX JJIEMEHTa KOHUEHTpupyrotcsi. Heobxoaumo oTMeTUTh, 4TO KOI(PPUIIUEHTHI
KOHUEHTPALMU AJI CypbMbl BapbupytoT oT 19 (nedens) A0 124 (nompxenyaodHas xenesa u
KEITUHBIM TMy3bIph). DJIEMEHTHI, KO3(PQUIMEHT KOTOphIX Ooiiee IBYX (IMIOMHUMO Tpex
BBIIICTIEPEUUCICHHBIX 3JIEMEHTOB), Pa3jMYHbl B KaXKJIOH CHCTEME: B CUCTEME «KpPOBb —
MUILIEBOJ» — 93TO JaHTaH; «KPOBb — TOHKUN KUILIEYHUK» — LEPUM U KEIe30; «KPOBb —
NEYEeHb» — LEPHUi U TaQHUIl; «KpOBb — MpsiMasi KUIIIKa» — kKeye30 U kobansT. Hanbomnbiee
KOJIMYECTBO TAKUX AJIEMEHTOB XapaKTEPHO JJIsi CUCTEM C MOKENyA04YHOM kene3ou (7) u
YKETYHBIM 1my3bIipeM (5) (Tabm. 11).

Tabauya 11.

Koaddutuents! nepexoia 371eMEHTOB
13 OPraHOB MUIEBAPUTEIBHON CUCTEMBI B KPOBb

KpoBs/Opran buoreoxummu4yeckuiu psia
HI/IIIICBOI[ Sb30 Ba3,5 Cl‘z,4 Laz
C01,3 Fe1,5 U1,3 Eul,szl,l Ta1 AS] SI'] Agl Sm1 Yb] Lll] Tbo,g SC(),7 Ce0,6
Augy Nags Bros Thys Cag,; Csp,1 Rbo,g1 Zng,;
Keaynox Sbigs Cre Baz 7
C01,7 U1,3 Hf1 Ta1 ASl Sl‘l Agl Sm1 Yb1 Lu1 Au1 Ell(),9 Tb(), Feo,ﬁ Ce0,5 La0,4
Sco4 Nags Bros Thos Cag1 Csoq Zngp2 Rboor
12-HepCTHaH Sb43 Ba3,5 Cr2,7
KHIIKAa C01,9 Eu1,7 Ag1,7 U1,3 Sl‘1 Sm1 Yb1 Llll ASl Tbo,g Ceo,s La(),s Feo,s SCo,7 Hf(]’ﬁ
Tao,s
Augy Nags Bros Thes Cagq Cso1 Zngg1 Rbg,g1
ToHkmnii Sb57 CE3,6 Ba3,5 Cl'3,2 F92,7
KHIICYHUK C01,6 U1’3 All1,3 Eul,l Sl’l Agl Yb1 Lu1 AS] Hfo,s Ta0,6 Tb(),g Sm0,7
Lay;sScys Nags Bros Tho Cag, Cso,1 Zng,02 Rbg,o1
Homxemynounas Sbiz4 Cras Fey; Cos Hfs Ces Bazs Auz Euy 6 Lu,
JKeJie3a Ser,0 Uiz Tag; Lag Asq Srp Agi Smy Yby Thy 7
Thy s Nag, Broz Cagz Csoz Rbooi Znoor
Ileyenn Sb]g Hf4 Ce3,6 Ba3,5 Crz,ﬁ
Scl,s COl,s La1,3 U1,3 ASl,l Alll,l Fe1 Sl'l Ag1 Ta1 Sm1 Yb1 Lu1 Tb(),9 Ello,s
Bro;
Cso4 Nagy Thosz Cagr Rboo2 Znoe:
Kenunblii Sbi24 Crzs Lay Hf6,3 Ce3,6 C03’2 Baz,s Fe,
ny3bIpb Eu1,9 U1,3 Ta1 ASl Sl'l Sm1 Yb1 Lll1 Tb0,9 SCO,7
Bryy4 Nay; Cagz Cso,1 Tho1 Ago.02 Rbo,g1 Zngg1 Aug,e1
ToacTwiii Sbs 4
KHIIEYHUK Auy 7 Ta; Agy Aspg
Cros Bapy Cogpy Eugy Brosz Nagz Uy Smgz Thy Cso,1 Sco,1 Fegq Cepq Sror
Lag,os Tho,p2 Cago1 Rboo1 Zng,gos
IIpsimasi KuIIKa Sbis Bazs Cr3 Fey s Coz4
Ell1,5 La1,3 U1’3 Hfl,z Cel,z Ta1 AS] SI'] Sm1 Yb] Lllo,g Tb(),9 SCo,s
Nay s Broz Thos Ago1 Auo Csoq Capes Rboo1 Znoer

[TpuMevaHue: KpacHBIM IIBETOM BBIACICHBI DJIEMEHTHI ¢ KO (UITMEHTOM 5 1 oiee, CHHUM —
2 u Oosiee, cUpeHEBBIM KypcuBoM — 0,5 U MeHee
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Nmeer 3HaueHue TakkKe TO, KaKM€ OJJIEMEHTbl HE MEepexoJsiT B KpOBb, a
KOHIIEHTpHUpYIoTCs B oprane. KoadduimeHt B 3Tom cirydae OyJeT aHOMaJIbHO HU3KUM, YTO
O0COOEHHO SIPKO BUIHO HAa IMpHUMEpE ero mokasarenis Ui TOJCTOro KUIeYHHKa. B 3Tom
OTJiele MHILEBAPUTEIBHON CUCTEMbl KOHLEHTPHUPYIOTCS AJIEMEHTBI B CTOJb BBICOKHMX
COJIEPKAHUSX, YTO OHU CTAHOBATCSI CPABHUMBI C IPU3HAHHBIM JIETIO JIEMEHTOB — KOCTSIMHU.

Tak, cpaBHeHHME (AKTUUECKMX COAEpPKAHUM SJIEMEHTOB B TpyO4aThIX KOCTSAX
KUBOTHBIX M3 PAa3HbIX HACEJIICHHBIX IYHKTOB C TAaKOBbIMH B TOJCTOM KHUILIEYHUKE
MOKA3bIBAIOT, YTO TMOCJIEIHUNA XapaKTepusyeTrcsi 0ojiee BBHICOKUMHU KOHIICHTpAIMSIMU BHE
3aBUCUMOCTH OT MecCTa OOMTaHHUs JKMBOIO oOpraHu3zMa. PacmpenerneHue 3J1€MEHTOB B
opraHax HUIIEBapUTEIbHON CUCTEMbI MJIEKOIIUTAIOIIUX [T03BOJISET MPEAIOoararb HajaIu4nue
MOIIIHOTO OMOr€OXMMHUYECKOT0 Oapbepa Ha YPOBHE TOJICTOTO KHUILEYHHKA, BO3HUKAIOIIETO,
M0 BCEM BUJIMMOCTH, BCJIEJICTBUE UHTEHCUBHBIX IIPOLIECCOB NEpepacpeieICHUs AJIEMEHTOB
B XOJI€ BCAChIBaHHUS OJJIEKTPOJIUTOB U oOpazoBaHus coneld. lloaTBepxaeHuemM 3Tomy
SIBJIIETCS BBISIBJICHHASI KAPTUHA PAcpeCICHHUs PEIKO3EMENIbHbBIX JIEMEHTOB. Tak, UMEHHO
31eCb MAaKCHUMAJIbHO KOHLEHTPUPYETCS LEpUd — EIUHCTBEHHBIM 3JIEMEHT M3 TPYIIIbI
PEOKO3EMENbHBIX, KOTOPbIII MMEET CTENEHb OKUCIEHUS 4+ B OKUCIUTENIbHBIX YCIOBUSX,
MpU 3TOM OH MPAKTUYECKH HEoOpaTUMO YyJalsieTcsi M3 pacTBOPOB, HAKAIJIMBAsACh Ha
cyOcTpate, 00pasys LepueByI0 aHoManuio. PacipeaeneHie aHoOMalIMid B 1IEJIOM 10 OpraHaM
MUIIEBAPUTEIBHON CUCTEMbI CBUHBU XOPOUIO OTPAXAeT CMEHY YCJIOBUN BHYTPEHHEN CpPE/Ibl
OpraHu3Ma B CBSI3U C HayaJOM IMepeBapUBaHus MUILIU BO pTy, rae pH cironsl (mo EpmioBy u
ap., 2003) cocraBusier 6,35—-6,85, nanee — Hauano MOAKUCIEHUA (MUILEBOI) U KUCas cpea
xenyaka, ¢ pH camkennon 10 0,9—1,1 B emyJ04HOM COKE, IBEHAALIATUIIEPCTHON KHILIKE U
pe3kas cMeHa OOCTAaHOBKM B TOHKOM KHILIEYHHKE (TIEPEeXo]l K IIEIOYHBIM YCIOBHSIM,
pH = 7-8).

AHanu3 OpraHoOB JBIXaHMSI M KPOBOOOpAIIEHMs MOKa3al, YTO MEXKIY HUMH TaKKe
CYILIECTBYeT OMOT€OXMMHUYECKHN Oapbep, BBIPAKAIOMIMKCA B OOJbIIEH «METaLTU3ALUN)
KpoBu. Mcxoas u3 aHanm3a Kod()PUIIMEHTOB Mepexoja XUMUYECKUX IJIEMEHTOB U3 JIETKHX
CBUHEH pa3HbIX HACEJEHHBIX MYHKTOB B KPOBb, MOXKHO CJIENATh BBIBOJ, YTO HA OpraHbl
JbIXaHUSl KUBOTHBIX M3 X03dKcTBa KmxkupoBo, pacnonoxeHHoro B 30He BiausHud CXK,
OKa3bIBAET CYLIECTBEHHOE BIUSHUE 3KOJOTO-re0OXUMUYEecKas crienuurka 3Tol TeppuTOpUn
(tabn. 12). Tak, Beicokui kodhduimeHt, noaydeHHsld st ypaHa (13) B u3ydaemoi
CHUCTEME OpraHu3Ma >KMBOTHOT'O 3TOTO HACEJIEHHOIO MYHKTA, [0 CPABHEHUIO C TAKOBBIM IS
opraHu3Ma CBHHBH W3 YCIOBHO (DOHOBOM 30HBKI (1), MOKET KOCBEHHO yKa3bIBaTh Ha (GoOpMy
MOCTYIUIEHUS] AAaHHOro 3jemeHTa. KpoMe ypaHa B JIErKMX CBUHBM B IIEPBOM cCllydae
3HAYUTEJIbHO KOHIIEHTPUPYETCS OTHOCHUTEIBHO KPOBU pPyOMIuUM, OpoMm, 30J10TO, HATpuil,
KaJIbLM{, IMHK W 1I€3UH — 3JIE€MEHTHl, HaKaIJIMBAIOIIUECS U B MUIIEBAPUTEILHOM TpPAKTE,
YTO CBUJETEIBCTBYET O KOMIUIEKCHOM XapaKTepe MX MOCTYIUIEHUS B OpraHu3M. Breicokoe
cojaepkanue Opoma MOXET OBITh CBA3aHO co crnenudukoir TomMckoro paioHa, riae HaMu
paHee oTMmeueHa OpomHas Ouoreoxumuueckas npoBuHius (bapanosckas, 2003;
Baranovskaya, 2004), a Tak e oHa XxapakTepHa B 1ejoM s peruona (bapanosckasi, 2002;
Kanap6aesa, 2009).
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[Tosry4ueHHBIE TaHHBIE MOXKHO MPOCIIUPOBATH M HA OPTaHU3M YEJIOBEKa, MOCKOJBKY
pe3yJIbTaThl CPABHUTEIHLHOTO aHANIM3a OPTaHOB M TKAHEW CBUHBH U YEIIOBEKA MOKa3alld UX
cxoactBo. OMHAKO TO HEKOTOPHIM D3JIEMEHTaM HWMEIOTCS pPa3lIU4Ms: HECKOJBKO BHIIIIC
collep)kKaHWE B OpraHaxXx W TKAHSAX CBHHBH LEPHS, 30JI0Ta, TaQHHSI; W HE3HAYUTEIHHO —
KaJblMst U OpomMa. A B OpraHu3Me 4ejoBeka OoJibllie Oapus, IIMHKA U HE3HAYUTEIBHO —
Kejeza. OTH  OCOOCHHOCTHM MOTYT OBITh CBSI3aHBI KaK C  (PU3MOJOTUYECKUMHU U
OMOXMMHUYECKIUMHU TPOIIECCAMU OPTaHU3MOB, TaK H ¢ (haKTOpOM MecT 0TOopa mpoo.

Tabauya 12.
Koadunmentsr nepexo/ia 2I€MEHTOB U3 JIETKUX B KPOBb JJOMAIITHUX CBUHEH pa3HBIX
HACEJICHHBIX IMMyHKTOB TOMCKOM 00J1acTH

Teppuropus uccjie10BaHUN Buoreoxummnueckuii psix mo kod3dppunmeHTram
nepexoAa 3JIeMEeHTOB U3 JIETKUX B KPOBb

3ona BiauaHunsa CIIY 1. Tomcka (l'l. sz()g an7 Cst BI'16 N2114 U13 All]z’s Cas Th1 =Ta
Kuxxuposo) =Yb=Lu=Tb=Sm=Ba=La=Ag=Sr=As;
Ell(],g Nd0,4 Ceo’g = Fe SCa,z Sba,l =Co Cl"o,oj

YciosHo ¢onoBas Teppuropusa (m. | Zn;g Thy Naz Bryg Euj; Thy; Ta; = Lu = Yb =
BepxHeceueHOBO) Sm=Nd=Ce=La=Sr=Rb=As=Co=Ca =
U1 SC(),s Cl"0,5 =Fe= Hf=Au0,5 Ba0,3 CSoyz Sboyo[

[TpuMedaHue: KpaCHBIM LIBETOM BBIAEIEHBI AJIEMEHTHI ¢ KodpuuueHToM 10 u 6onee, cuHUM
— 2 u Gonee, cupeHeBbIM KypcuBoM — 0,5 1 meHee

AHann3 0coOOCHHOCTEN pacmpenesieHHs] FJIEMEHTOB B OpraHax M TKaHSIX 4YelIOBeKa
MO3BOJIMJI BBISIBUTH HAJTUYME OMOTCOXUMUYECKUX 0aphepoB, O KOTOPBIX yiKe IIUIa peyb Mpu
PaccMOTpPEHUHU 3aKOHOMEPHOCTEHN paclpeiesieHus AJIEMEHTOB OpraHu3Ma MJICKOTUTAOIIHX.

[IpumepoM  MOXET  CIyXHTh (OPMHUPOBAHHWE  COYETAHHOTO  KHUCIOTO U
BOCCTAaHOBHUTEILHOTO OapbepoB Ha TPAHUIIE «BEHO3HAs! KPOBb — apTepHalIbHAsS KPOBb». Tak,
NOCTYNAIOIUN U3 TKaHU YTJIIEKUCIBIA ra3 crnocoocTByeT cHmkeHuo pH u popmupoBanuio
kucioro Oapbepa. Ilpu 3Tom He OyJeT MPOMCXOOUTH PE3KOM CMEHBI, MOCKOIBKY 3TOMY
NpersITCTBYeT WIeNIOYHOM Oydep, OJHAKO, YUYHTHbIBasg CKOPOCTH MPOTEKAHMS peaKlui
BHYTpPH OpraHu3Ma, Mbl HAOJI0JaeM Pa3IMUne B KOHUEHTPUPOBAHUU HEKOTOPBIX AIIEMEHTOB
CTEHKaMHU BEHO3HBIX M apTE€pUAIbHBIX COCYJIOB B OpPraHu3Me kutenei TomMckoro pailona.
Otumu snemenTamu siBisitorest Ca, Ag, Br (mpeobnamaronue KOHIICHTpAIMK B aopTe), Sc,
Cr, Fe, Th, Hf, Hg, Hexkoropple peIKo3eMelbHbIE 3JeMEHTHl (Tpeodanatomas
KOHIIeHTpauus B BeHe). CII0)KHO C TOYKH 3pEHUS] T€OXMMHUYECKOro Oapbepa OOBSICHUTH
U3MEHEHHE KOHIIEHTpaluu OpoMa, KOTOPBIN SIBISETCS BBICOKOMOJBHUKHBIM 3JIEMEHTOM B
mo6b1x yenoBusax (Ilepensman, 1989). Ilo-Buaumomy ero Oosiee BBHICOKHE COIACPKAHHS B
CTEHKax aopThl OOBACHSAIOTCS CMEHOM HE TOJIbKO KHUCJIOTHOCTH M KOJUYECTBa KHUCIOPOAA,
HO M COJIGHOCTH KPOBH, YTO TpeOyeT NOMOIHUTENbHOT0 M3ydeHHus. OcTanbHble 3J€MEHTHI
o0Opa3yloT mapareHnyio accoruaiuio (Anekceenko, 2006), xapakTepHyI0, IO JTaHHBIM
A.N. Ilepensmana (1989), mist HEUTpaIbHBIX U CIA0OKUCIBIX KUCIOPOAHBIX BoJ. CremyeT
OTMETUTH, YTO pH KpoBH M3MEHSETCS B y3KOM AMaNa3zoHE W, KAK MPaBHJIO, COOTBETCTBYET
WHTEpBaly 3HaueHui 7,3—7,4.
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SpualiiiM KHCIBIM 0apbepoM MOXKET CIYXKHUTh MEPEXOJ U3 MUILIEBOJA B XKEIyIAOK
yesoBeka. Bennunna pH cpeapl xkenynouHoro coka pasHa 3,5. Ilpu mepexozae BewiecTB B
JIBEHAIATUIIEPCTHYIO KHILKY 3Ta BEJIWYMHA M3MEHSAETCs, 0Opazyercs ILIeNOYHOW Oapbep
(Tabm. 13), 4To Takke XOpOouIo BUIHO HA IPUMEPE OPraHU3Ma KUBOTHBIX.

Koapdunuentsl mnepexosa 3JIE€MEHTOB CBUAETENbCTBYIOT, YTO U3 IMHIIEBOAA B
KETYIOK, U3 29 H3y4YEeHHBIX 3JIEMEHTOB, 30J0TO M PTYTh NEPEXOJAT B 3HAYUTEIBHOM
KOJIMYECTBE, OCHOBHAs JK€ Macca JJIEMEHTOB ocefaer B numeBone. llpuuem campimu
3HAYUTEIbHBIMU  KO3((ULIMEHTaMH KOHLEHTpalud B OHOTCOXMMHUYECKON cucTeme
CIUIIEBOJ — JKEIYAO0K» XapaKTEPHU3YIOTCsS CKaHIUM, JKeJle30 U JIaHTaH (mpakTtuyecku B 10
pa3 ux coAeprKaHuE B MUIIEBO/IE IPEBBIIIAET 3HAUECHHUS B JKEITYIKE).

Tabnuya 13.
buoreoxumuueckas cnenugpuka HaKOIJIEHUS 3JIEMEHTOB IIPU MEPEXOAE U3 OJJTHOTO
oprasa B Ipyrou

Opransi BbuoreoxuMuueckasi accouuanus
Hnmesou / SC11 Felo Lag,(, Ca(, Zn5 Na4,6 Cl‘4,5 CS3,3 Ag3,5 Rb3,4 Ce2,5 C02,4 Br2,4 Hfl,g
JKeJTYI0K Sbi=Lu=Yb=Sm=Th=U=Se=Ba=Sr=Tb=Ta=Eu
)Kenyzmlc /12 — Cl‘13 = Ag3 = Allz’7 C01’7 Zn1,3 Bl'l,] Sbl =Ce=Sm=Yb=Lu=U-=Hf
NepCcTHAasA KUIIKA =Se=Ba=Sr=Cs=Tb=Ta=Eu=Hg

[Tpumedanue: IBETOM BBIICIICHBI AJIEMEHTHI ¢ KoddduimeHTamu ooiee 1.

HNHnaye cMOTpUTCS cUCTEMa «XKEIyJOK — JBEHAIaTUIIepCTHAs KUIlKa». B Gonbiieit
CTEIICHH B JBCHAALATUIIEPCTHOW KHILKE KOHILICHTPUPYIOTCS TOPHM, CKAHIHUM, JIAHTAaH,
KeJe30, KalblMi, HaTpuil W pyOuauii. B TO ke BpeMs Takoil AJIEeMEHT, Kak XpOM B
3HAUUTENbHBIX KOJIMYECTBAX OCENAET Ha TpaHMIe Cpell, TaK K€ Kak 30JI0TO, cepedpo,
KOOaJbT, B HE3HAYUTEIbHOU CTETIEHU — IHUHK.

Ha nam B3rnsig, cMeHa KMCIOTHOCTH Ha 3THX Oapbepax MPHUBOIUT K MU3MEHEHUIO
KOHIICHTPALIMM PEIKO3EMEIbHBIX AJIEMEHTOB CO CMEHHOW BaJlEHTHOCTHIO, K KOTOPBIM
OTHOCSITCSl TAaKUE€ DJIEMEHTbl KaK LEepuid M eBponuid. Pe3kas cMeHa NOBEAEHUS ITHX
3JIEMEHTOB HaOJIIOAAeTCs Ha ypOBHE MHUILEBOJA (TMEPEeX0] B KHUCIYIO CpPeay JKelyaka) U
JIBEHA/IIATUIIEPCTHON KUIIKHU (IIEPEX0]T OT KUCIIOM K LIEJIOYHOM Cperie).

WN3MeHeHne ycnoBHil BHYTPU JKMBOTO OpraHu3Ma IMPUBOJUT U K IIE€PEMEHE
MoKa3zarejeld COOTHOIIEHWW 3JeMeHTOB. Tak, M3ydyeHHE COAEpKaHUus ypaHa U TOpHUS B
xuBoM BellectBe B 1enoMm (bapanosckas, 2009) u B opranusMe 4YelOBeKa — >KUTEINS
Tomckoit obnactu B yactHoctu (Mruarosa u ap., 2009) — nmokaszasno, 4To OpraHbl U TKaHU 110
COOTHOIIEHUIO A3THUX DJIEMEHTOB O0O0pa3yloT TpPU TPYIIbL: C YPaHOBOW CHEIU(UKOM,
TOpPUEBOM U cMmelaHHo. K opranam ¢ ypaHoBOi crieniuanu3alnueil OTHOCSTCS T€, KOTOPbIE
Y4acTBYIOT B IIPOLIECCE HEMOCPEACTBEHHOIO MOCTYIUICHUSI SJIEMEHTOB U3 BHEIIHEN CPEbI C
MPOAYKTaMU MUTAHUS U BO3IYyXOM, a TaK)Ke OpraHbl U TKaHU, IJI€ MPOUCXOJAT MPOLECCHI
WHTEHCUBHOTO OOMEHA BEIIECTB M MX BbiJeneHus. CMelmanHasi TOpUii-ypaHoBas MpuUpojia
XapaKTepHa B OCHOBHOM /i OPTaHOB SHJOKPUHHOW CHUCTEMBI M KellyAka (arpeccuBHas
KHCIIasl Cpejia, XapaKTepHas JIsl )KeTyIKa ¥ O0JIbIIIOe KOJIMYECTBO OMOTOTHYECKH aKTUBHBIX
BEIIECTB CJIOKHOU CTPYKTypbhl W ¢yHKuui). TopueBas mpupona B OOJbIICH CTENEeHU
XapakTepHa JJisi 0apbepHBIX CUCTEM M OPTaHOB M TKAHEH ¢ HAIMYUEM JIUIIUIHOTO OOMEHa.
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PaccmoTpeHnne 0COOEHHOCTEHl 3IIEMEHTHOIO C€OCTaBa 30Jbl OPraHOB M TKaHEH
yenoBeka (puc.10) MO3BOIMIO yCTaHOBUTH, YTO HAOIIOAETCS 3aKOHOMEPHOE YMEHbBIICHUE
KOHIICHTPUPOBaHMs OOJIBIIMHCTBA 3JEMEHTOB IO CUCTEMaM OPraHoOB OT MOYEINOJOBOM K
SHIOKPUHHOM, bIXaTeIbHON, KPOBO- U IUM(POOOpAIEHUs, TOKPOBHOM, MUIIEBAPUTEIHLHOM
U [0 UCHTPAIbHOM HEPBHOM CHUCTEMBI, YTO MOXHO OOBSICHUTH 3BOJIOLMOHHBIMU
IpOLECCaMU  YCIOXKHEHUS CTPYKTYp U (OpMHUPOBaHUS CBOEOOPa3HBIX «3AIIUTHBIX»
MEXaHU3MOB,  TPEMATCTBYIOIIMX  NPOHUKHOBEHUIO  BEUIECTB M H30MpaTeNnbHO
IPOITYyCKAOIIUX HX.
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Puc. 10. Pacipenenenue 31eMEHTOB 110 CUCTEMaM OPTraHOB M TKaHEH 4YeloBeKa (30J1a, MI/KT)

Hamu uccnenoBanust (bapanosckas u ap., 2009; Jlenncosa u ap., 2010) mokazanu,
YTO UMEIOIIHNE MECTO OMOTCOXUMUYECKUE Oapbephbl UTPAIOT BAKHYIO POJIb B MATOJIOTHUECKH
W3MEHEHHBIX TKaHSIX IIUTOBUAHOW »Keye3bl. Tak, B CTEHKE KalcCyJibl aJeHOMBI
HAKaIUTMBAETCA HIMPOKUN CHEKTP AJIEMEHTOB, MMEIOIMMX 00Jiee HU3KOE COJEepkKaHUE IO
CPaBHEHHIO C I1apay3JIOBOM TKAaHBIO, YTO CBHUAETEIBCTBYET O 3allUTHOM PO
COCMHUTENBHON TKaHU. JlaHHasg COENMHUTENBHO-TKaHHAsl Karcyja OTCYTCTBYET B
3JIOKQYE€CTBEHHBIX Y3J1aX; MO HAIIUM JaHHBIM, B PAKOBBIX Y3JIaX OCTOBEPHO OoJbIlee
conepxkanne Hg u La, yem B noOpokadecTBeHHbIX ajieHOMax. [lo manueiM (Zaichick, 1995),
3JI0KaYECTBEHHBIE Y3JIbl OTIMYaroTcs OosbliuM coaepxkanueM Ag, Rb, Co, Hg mo
CpaBHEHHIO ¢ J00pokavyecTBeHHbIMU. OTCYTCTBHE JAHHOW COCIMHHUTEIHLHO-TKAHHOU
Karcyjbl B 3JI0KAYECTBEHHBIX Y3JIaX MOXKET SIBIISITHCS OJHUM M3 (PAKTOPOB HAKOIUICHUS
TSOKETBIX  JJIEMEHTOB B TakKUX y3Jlax U SBUThCA  (PAKTOPOM  JIOMOJHUTEIBHOTO
KaHLEPOr€HHOIO ICUCTBHUS.

Buisgnenue cywecmeoganus 6HympeHHUX Ouo2eoXuMuieckux 0apbepos cmasum
3a0a4y nepecmMompa nooxo008 K U3YYEHUI0 3AKOHOMEPHOCMEU MUuepayuu XumuieckKux
INEMEHMO8 8 HCUBOM Op2anuzme. Bozmoowxcnvim, na naw 632140, A615€mcs UCHONb308AHUE
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SBHAHUU U MemOo008, MeMmOoOON0UU U3VHEHUS OUOLCOXUMUYECKUX OApbepos, peanu3yemblx
npumenumenvHo K gHewHum cmpykmypam (Ilepenvman, 1989, Anexceenxo, 2003; u op.).

BbIBO/IbI

1. Pacripenenenue 31eMEHTOB B OTHENBHBIX JKHUBBIX OpraHu3max (BKItOuas
OpraHW3M UYeJOBEKa), TaK JK€ KaK M B HMX COBOKYITHOCTH, TIOJYUHICTCS OOIUM
reoxumudyeckuM 3akoHam MenneneeBa—Kinapka u  Opmo—l'apkunca. PerwonanbHbie
O0COOCHHOCTH HAKOTUICHUS XMMHYECKHX 3JIEMEHTOB B JKHMBBIX OpraHU3Max >KUBOTHOTO W
PaCTUTENILHOTO TPOUCXOXKJICHUS, OPraHOB M TKaHEHl dYelloBeKa Ha TEPPUTOPHUAX psiaa
peruonoB Poccuu (Tomckoit n Yensdunckoii, HoBocubupckoii, PoctoBckoii, KemepoBckoi,
Upkytckoit obnacreit, Pecnybnuk Xaxaccust, Anraii, TeiBa, Anraiickoro, 3a0aiikaiabCcKoro
(r. Kpacnokamencka), Kpacnomapckoro kpaeB (r. Anama)) u Kazaxcrana (ropoaos
[TaBmomap u Punnep) 3akimoyaroTcs B KOHIICHTPUPOBAHHWH OTPEIEICHHOTO CIEKTpa
XUMHUYECKUX DJIEMEHTOB B KOJMYECTBE, AHOMAJIbHO BHICOKOM WMJIM aHOMAJIbHO HU3KOM, IO
CPaBHEHMIO C IPYTUMHU PETUOHAMU, BRIOPAHHBIMU YCIIOBHO ()OHOBBIMU TIOKA3aTEISIMHU.

2. [IpoBeneHHbIe HCCNEAOBaHMS MTOKA3aJId, YTO UMEET MECTO Kak IpsiMasi, Tak U
oOpaTHasi 3aBUCUMOCTh MEXIY COJEpKaHWEM XHMHUYECKHX 3JIEMEHTOB B TIOYBE, BOJE,
HAaKWUMUA THUTHEBBIX BOJ W COCTAaBOM JKMBOTO BEIIECTBA. OTO BbIpaXkaeTcss KakK B
CTAaTUCTHYECKHX TapaMeTpax, TaKk U B MPOCTPAHCTBEHHOM pacCIpe/ie]ICHUH 3JEMEHTOB Ha
u3ydyaemblx Teppuropusix. IIpocTpaHCcTBeHHOE pacmpeneseHue XUMUYECKUX 3JIEMEHTOB,
BXOJSIIMX B COCTaB TKAaHEW dYeloBEeKa Ha TEppUTOpuUU TOMCKON 001acTH, OTpaxkaer
TEOXUMHUYECKYIO CIIELUPUKY OPYJACHEHUS pa3IUYHbIX T€HETUUYECKUX TUIOB (ypaH, cypbMma,
30JI0TO).

3. Ha Tteppuropusix, MNOABEP>KEHHBIX BIMUSIHUIO (DAKTOPOB TEXHOT'C€HHOIO
BO3JICHCTBUSL PA3IUYHOTO THUIIA, TPOUCXOUT TIEpepachpeiesiecHue XUMHUECKUX JJIEMEHTOB
B COCTaB€ >KMBOT'O BEIIECTBA C MPEUMYIIECTBEHHBIM HAKOIUICHHEM CHENU(UYECKOTO s
KKJIOTO THUIAa TPOU3BOJICTB CIICKTPOM DJJIEMEHTOB M HApyIICHHEM IIOKa3aTelel uX
COOTHOIIICHUN.  BHOTeOXMMHUYECKMMH  HMHIUKATOPaMH TEXHOTE€HHOTO  BIIUSHUSA
MPEANPUATAN  SIICPHO-TOTUIMBHOTO ITUKJIA SIBJSIFOTCS. KOHIICHTPUPOBAHHE B JKHBOM
BeniectBe U, Th, TR, Br, (Pu); nedrexumuueckoro npoussoactsa — Sb, Br; npeanpusrtuii
SHEPreTUYECKOTO KOMIUIEKCca U MeTaitooOpadaTeiBaroiiei mpomsiiieHHocTH — Fe, Cr, Sc,
Co, U, Th, TR; arponpomsliiuieHHOTO KOMIUIekca — Hg.

4. bronHIuKaMOHHBIMKA  TTOKA3aTeNIIMA ~ BIIUSIHHSI  SIIGPHOTO  TEXHOTCHE3a
SIBJISIFOTCSI TIOSIBJICHUE MUKPOSJCPHBIX SPUTPOIIMTOB B COCTaBE KPOBHU UYEIOBEKA, a TAKXKe
MOSIBIICHHUE MHUKPOBKIIIOUCHUI (HAHOMHHEPAJIOB) AEISIINXCS 3JIEMEHTOB (U™, Pu, Am u
Ip.) B BUJE «3BE3» M CKOIUICHHM (TaKk Ha3bIBAEMBIX «TOPSYUX YaCTHUI). BuisBieHHas
B3aMMOCBSI3b MEXKJIYy YPOBHEM HAKOIUICHUS HEKOTOPBIX XHMHYECKHX JJIEMCHTOB W
KOJIMYE€CTBOM MUKPOSIEPHBIX SPUTPOIIMTOB MO3BOJISIET MPEANOIAraTh HaTM4le HeraTUBHBIX
MTOCJICJICTBUI TEXHOTCHHOT'O BO3JICHCTBHS IS 37I0POBBSI HACCIICHHUS.

5. B opranuzMe OKMBOTHBIX ¥  4YeJlOBEKa CYHIECTBYIOT BHYTPEHHHUE
OMOTCOXUMUYCCKUE Oapbephbl, HATUYHEC KOTOPHIX BBIABISCTCS TIPH PACCMOTPEHUU
kK03 (UIIMEHTOB  Mepexojia 3JIEMEHTOB M3 OJIHOM cucTeMbl B Jpyrylo. B 30Hax ¢
F€OXUMUYECKUMHU  aHOMAJUSIMU  €CTECTBEHHOTO M  TEXHOTEHHOTO  IMPOUCXOXKJIECHUS
HaOJIOMaeTcsl WM3MEHEHUE TIOBEICHUS PEAKUX, PEAKO3EMEIbHBIX W PaJIMOAKTUBHBIX
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AJIEMEHTOB B 0aphepHBIX OopraHax. buoreoxmMmuueckue 0apbepbl UTPAIOT 3AMIUTHYIO POJIb
B MATOJIOTMYECKUX IMPOLIECCaX, OTPAXKAIOT CMEHY yCIOBUI BHYTPEHHEU CpeJibl, BO3MOKHYIO
dbopMy TMOCTYIUICHHSI XHMHYECKHX DJIEMEHTOB. XapaKTep HAKOIUICHUS XUMHUUYECKHUX
JJIEMEHTOB B OpraHax M TKaHSX YeJOBEKa U KMBOTHBIX Ha TeppUTOpHH TOMCKOHN oOnacTu
MO3BOJIIIOT YBEPEHHO TMperoiaratb HAJIMYWE€ HMHTEHCUBHOIO adpOT€HHOr0 MYTH
MOCTYIUICHHS PEJIKO3EMEbHBIX U PaIMOAKTUBHBIX 3JIEMEHTOB (ypaHa, IIepust U JPyTrHx).

6. CpaBHUTEIBHAS CXOJUMOCTb JIAaHHBIX IO CPEJHEMY 3JEMEHTHOMY COCTaBY
OpraHu3Ma 4YeJIOBEKa, NOJYYCHHOMY IMouyTu croinetue Hazan B.J. Bepnanckum, u
pe3yibTaTOB HAIIMX HCCIENOBAaHUN A 63 XMMHUYECKHX 3JIEMEHTOB TOBOPHUT O TOM, UTO
CYILIECTBYeT CTa0MJIBHOCTh B OTUX TMoOKa3zatensax. OJHako CpeaHue IoKa3zaTeNlu
CKJIJIIBAIOTCSI U3 3HAYUTENIbHBIX JMANa30HOB BapbUPOBAaHUS KOHLEHTPAIMN XMMHYECKHX
AJIEMEHTOB, OCOOCHHO PEIKUX, PEIKO3EMENbHBIX M PaJUOAKTUBHBIX. 3O0JIBHBIA OCTaTOK
opraHu3Ma 4denoBeka — xuteins r. HoBocuOupcka — xapaktepusyercss H30bITOYHO BICOKOM
KoHIeHTpanuer Au (7,4 /1), Sn (21,3 r/1), Sb, Bi, Ti, V, Co, Torna kak ajis 4enoBeKa u3
r. HoBoky3Henka TakoBeiMH sBISIFOTCA: Na (13975 mr/kr), K (9016 mr/kr), Al (2351 mr/kr),
P (163255 wmr/kr), Mg, Ca, Cu, As, Br, Rb, Sr, Se, Zr, Ga, Y, Nb, Ba, a B 301pHOM
Marepuaje pOCTOBUYAH HAONIOAAIOTCS MaKcuMaibHble HakorieHus Pb (54,0 mr/kr), Zn
(255,1 mr/kr), La, Yb, Lu, Hf, Ta, Th, U (1,9 mr/kr). ['eoxummuueckoe pa3inyue 30JIbHOTO
OoCTaTKa OpraHrM3Ma 4ejoBeKa TPeX TOpOJIOB C Pa3HOMl CTENEeHbI0 TEXHOTEHHON Harpys3Ku
(PocroB-na-/lony, HoBocubupck, HoBoOKky3HEeNK) MOXeT ObITh OOBSCHEHO Kak
pa3HOOOpa3HbIMU  MPHUPOAHO-KIUMATHYECKUMHU, TEOJOTMYECKUMU U JaHAmadTHO-
TEOXUMUYECKUMHU (haKTOpamMH, TaKk M (aKTOpaMH COBPEMEHHOTO TEXHOTEHe3a (HaIudue
cnenuuyYecKux Mpou3BOACTB). B 1ieoM, HaMeyaeTcsl TeHAEeHIUSI K KOHIEHTPUPOBAHUIO B
OpraHu3Me 4YeloBeKa OTHOCUTEIBHO Kiapka Ouochepbl TakuX 3JIEMEHTOB, KAaK LHUHK,
KaJMUH U CBUHEIIL.

7. DKOJIOTO-TEOXUMHUYECKas CUTYyallusl, CIOKUBIIAACS Ha TEPPUTOPUN TOMCKOM
00JacTH BCJIENICTBUE KOMILJIEKCHOTO MPHPOJAHO-TEXHOTEHHOTO BO3JIEHCTBUSA, OKa3bIBaeT
HETMOCPEJACTBEHHOE BJIUSHUE Ha (HOPMUpPOBAHHME OpPraHOB W TKAHEW 4YeJIOBEKa W
CIOCOOCTBYET  BO3HHKHOBEHHIO  OKOJIOr03aBUCHMMBIX  martonoruii.  [laTomoruuecku
M3MEHEHHbIE TKaHU HMTOBHIHOM xxene3bl (1K) u cTpykTyp KapauoBacKyIsipHO# CUCTEMBbI
(KBC) uenoBeka XxapakTepu3ylOTCs IMepepacrpeieieHueM 3JIEeMEHTOB, B 3aBUCUMOCTH OT
MecTa TpPOXXKMBaHUsA dYeloBeka. Hawmboiiee WHTEHCHMBHO XHUMHYECKHE  DJIEMEHTHI
HAKaIJIMBAIOTCS B IIMTOBUHOM JKele3e B pailoHax obnactu, nmpuieraroimmx Kk CeBepHOMY
npoMeblieHHoMy y3iy Tomcko-CeBepckoil armomepanuu. I[laTonornuecku W3MeHEHHas
OIMTOBUIHAS JKE€JIe3a OTIMYAETCS OT KOHTPOJIA M JAHHBIX JUTEPAaTypbl NOBBILICHHBIM
HAaKOIUICHUEM XHUMHUYECKUX DJIEMEHTOB B IEJIOM, T'C€OXMMHYECKHM pa3zHOOOpa3uem
AJIEMEHTOB, COJIEP>KUT MOBBIIICHHBIE KOJUYECTBA HATPHUs, JKele3a, Opoma, pyounus, pTyTu;
MOHUKEHHBIE — KalbIUs W ceieHa. J[Jsd KakIoro BHUAA MATOJOTUM XapaKTepHA CBOS
cnenuuKka DSJIEMEHTHOTO COCTaBa, YpPOBHEW KOHIIGHTPUPOBAHUS, B TOM YHCIIE
MaKCUMAaJIbHBIX COJICPKAHUM U U3MEHEHHE CYMMapHOTo MOKa3aTelis UX HAKOTICHUS.

3HauUMBIM MOKa3aTesieM HapyiieHus B cTpykrypax KBC mMoryT ObITh COOTHOIICHUS
B €€ TKaHSAX HATpus, KalblMs MU OpoMa, a BapualuMyd B HAKOIUICHMM TaHTana TpeOyloT
0c000r0 BHUMaHUS K PaCCMOTPEHHUIO POJIU JAHHOTO 3JIEMEHTA B Pa3BUTHU 3a00JI€Ba€MOCTH
KapAUOCHUCTEM U JalIbHEUIINX UCCIIE0BAHUN B 3TOM HAINpPaBICHUU.
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PEKOMEHJIAIIUN

1. YcraHoBieHHbIE perHOHANbHBIE YPOBHU HAKOIUIEHUS XUMHUYECKHUX 3JIEMEHTOB B
’KUBOM BEILIECTBE Pa3HbIX YPOBHEW OpraHU3alMu, MOTYT ObITh PEKOMEHJOBAHbI B KaUueCTBE
OLICHOYHBIX PETMOHAJBHBIX TOKA3aTeNeH s BbISIBICHUS (DYHKIMOHUPOBAHUS OpraHU3Ma B
YCJIOBUSAX TOMEOCTa3a U TUIEP- WIH THITOMUKPOIJIEMEHTO30B.

2. ®dakropamu pucka s GOpMUPOBaHUS IucOanaHca XUMHUYECKHUX DSJIIEMEHTOB B
COCTaBe OpraHu3Ma uYejoBeKa: KypeHue, JUIMTeIbHOE TPOKUBAHUE B PailoHe MHTEHCUBHOTO
TEXHOTEHHOTO BO3ACWUCTBUS, 4YacTble TNEPEMEIICHUs Ha TEPPUTOPUU C JIPYTHMH
F€OXUMUYECKUMU 00CTaHOBKAMH.

3. YcranoBneHo, 4to /i T. ToMCKa XapaKTepHBIM SIBISIETCS HETOCTATOK KaJbIUs B
KUBOM BEIIECTBE. Y MEHBIICHHE KOJIMYECTBA ATOT0 AJIEMEHTa HAOII0aeTCsl HA TEPPUTOPUU
OTJENIbHBIX PallOHOB OOJIACTH, a TaKX€ B 30HAX MHTECHCHMBHOTO TEXHOT€HHOTO BIIMSHUA.
TpeOyertcst BoccTaHOBIIeHHE OanaHca 3JIEMEHTA 3a CYET KaJblUHCOoIepKAIUX MTPOYKTOB U
MIPEnapaToB KalblLIHs.

4. HauOonee 3HAYUTENbHBIMU KOHUEHTPALMSIMH 3JEMEHTOB XapaKTepHU3yeTcs
ATOMHAS  KyJbTypa KIIIOKBA, KOTOpas MOXXET PEKOMEHIOBAThCA KaK HMCTOYHHUK
MHUKPOJIEMEHTOB. Y CTaHOBJIEHO, 4YTO MAaKCUMaJbHOM 3((EeKTUBHOCTBIO YCBOEHUS
XAMHYECKUX DJIEMEHTOB XapaKTepU3yeTcs CyXOe MOJIOKO, OJHAKO HeoO0Xoamma
KOPPEKTUPOBKA €ro MOTPEOJICHNUS B CBS3U C BBICOKUM COZEpKAHUEM B HEM Opoma.

5. Crenmduka >I€MEHTHOTO COCTaBa MsCa CBHHEH, BBIPAIIEHHBIX HA TEPPUTOPHH
CeBepHOro MPOMBIIIJIEHHOTO y37a TI. ToMCKa, 3akKiIl4aercsi B KOHLEHTPUPOBAHUU
3HAYUTETHHOTO KOJIUYECTBA TEXHOT€HHO-OOYCIIOBICHHBIX XUMHUYECKAX KOMIIOHEHTOB, YTO
TpeOyeT CrenuaIbHOro U3y4eHus U, BO3MOKHO, HATAKUBAHUSI KOHTPOJIS 32 3TUM (PaKkTOpOM
MOCTYTUICHUS 3JIEMEHTOB B OPTaHU3M YEJIOBEKa.

6. Ilpu cOope mneKapCTBEHHOIO CBIpbSl CIEAYyeT PEKOMEHIOBATh H3yueHHUE
CONCpXaHWSI ~ XUMHYECKMX  JJIEMEHTOB B  HAQJA3€MHOM YaCTH W  aKTUBHOM
(apMaKOJIOrHUECKOM 3KCTPAKTE, MOCKOJIBKY PsJl DJIEMEHTOB, NEPEXOAIIUX B HETO, MOTYT
o0ycnaBnuBath 3P (HEKT J1eueOHOTO BO3ACHCTBHUA.

7. B Tomcko-CeBepckoil  MpPOMBINUIEHHONW — arjoMmepanuu  (GopMupyercs
ycroiiunBass OpoMHasi CyONMpOBHHITMS, I KOTOPOM XapaKTepHBI BBICOKHE YPOBHH
HaKOIUIEHUsI OpoMa B pazNUYHBIX MPUPOJHBIX Cpelax, B TOM YHCIIe BOJIOCAaX M KPOBU
xutener (6onee 10 mr/kr) u Br/Na orHomenus (Bonockl — Oonee 0,02, kpoBb — Oosee
0,002). DOto HEOOXOIMMO YYMTHIBATh MNPU NPOPUIAKTUKE 300HBIX 3a001eBaHUN B
HompnedenuTHONM 30HE, KaKOBOW SIBJISETCS JlaHHas TeppuTopus, T.K. Br sBusgercs
BO3MOKHBIM KOHKYPEHTOM HOJia U MOKET MPOBOIUPOBATH PUCK 3a00JI€BaHUS IIUTOBHUIHOM
KeJe3bl. ITOT JEMEHT TAKXKE SBIISETCS CUIBHBIM HOOTPOIHBIM U TOKCHUYHBIM BEIIECTBOM
(H.B.JIazapes, 1938).

8. Heo0x01MMO y4UTHIBATh OOCTOSTENBCTBO MPOSIBICHUS T€OXUMUUECKIX aHOMAH
Ha Tepputopun ToMcCKONW oOjacTh B OpraHax M TKaHAX 4YelOoBeKa B JUArHOCTUKE
3a00J1eBa€MOCTH HACEJICHUs 00JIacTH.
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