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CraTbs NocesillieHa U3y4eHNio MHAMKATOPHBLIX CBONCTB 3MEeMEHTHOro CocTaBa
BOAHbIX pacTeHUIn ceMelcTBa psickoBble (Lemnaceae). [laHHOe CEMeNCTBO pacTeHWIn
MOXET BbICTyNaTb Kak ONTUMarbHbIi FeOMHAMKATOP MO NPUYMHE HamM4ns LUMPOKOro
apeana pacnpocTpaHeHusi, BbICOKO CKOPOCTW NpupocTa Gruomacchl 1 yCTONYMBOCTM
K 9Koreoxummyecknm obctaHoBKaM OKpyxatoLlen cpedbl. BeinonHeHHble nccnenosa-
HWS 3aTparmBaloT ogHy U3 Hanbonee akTyanbHbIX NPOBIEM reo3KonorMm 1 9KOreoxm-
MUK, NONCK OBBEKTUBHBIX MHAMKATOPOB COCTOSHMS OKpYy>atoLLen cpedbl. MNpeacras-
neHbl AaHHbIE NO coAepXKaHUo 28 XMMUYECKUX ANEMEHTOB B PSCKOBbIX, ONpeaenéH-
HbIX C MUCMOMb30BaHNEM NUHCTPYMEHTAarIbHOr0 HEMTPOHHO-aKTMBALIMOHHOMO aHanunaa.
M3yyeHbl cTaTUCTUYECKMe MoKa3aTenu BapuaTUBHOCTU XUMWUYECKUX INIEMEHTOB B
3aBUCYMOCTW OT MPUPOAHO-TEXHOrEHHbIX OBCTAHOBOK panoHOB Tomckon obnacTw.
O6beKT: BOOHbIE pacTeHns ceMencTBa psickoBble (Lemnaceae). Llenb: onpegenexve
N3MEHEHNS HOVMKATOPHbIX noka3aTenen coaepXaHus U COOTHOLLEHNS XUMUYECKNX
3MEeMEHTOB B COCTaBe pPacTEHU CeMeNcTBa PACKOBbIE B 32aBUCUMOCTU OT 3KOMOro-
reoxmMmMm4yeckon obCTaHOBKM TeppuTopum Tomckow obnacti, copmMupoBaHHOW B
pesynbTate KOMMSEKCHOro BO3AENCTBUSA MPUPOAHO-TEXHOTEHHbIX (haKTOpOB cpeabl.
C ucnonb3oBaHMeM reoXnMUYeckux NOAXOA0B onpedeneHa crneumnduka gpopmmposa-
HUS 9NIEMEHTHOIO COCTaBa BOAHbIX PACTEHUI B 3aBUCUMOCTM OT r€03KONOMMYECKON Ch-
Tyauun pernoHa, BbISIBIIeHbl MHAMKATOPHbIE NoKasaTesniv COOTHOLLEHUS peaKo3emerb-
HbIX W PaAMOaKTUBHBIX 3NIEMEHTOB B pPanoHax pacrofiokeHns NpeanpusaTnin Hedrene-
pepabaTbiBatoLLelt MPOMbILLIEHHOCTU, SAEPHO-TONMIMBHOIO LMKIA, a TakKe Hannyms
NPUPOAHbIX aHOManui. YCTaHoBMeEHO, YTo oTHoweHne La/Ce B psAckoBbix TOMCKON
obnacTtu BapbupyeT B y3kux npegenax ot 0,2 oo 0,6, cpegHee 3HadeHne cocTaBnsieT
0,4. BennunHa otHoweHuss Th/U nameHsieTcs B WwmMpokmx ananasoHax: ot 0,02 go
154. B uenom nokasaHo, 4TO 3feMEHTHbIN COCTaB PACKOBLIX MOXET CBUAETENLCTBO-
BaTb O CIOXMBLUEWNCS 3KOINOro-reOXMMmnYecKon cutyaunm nccrnegyemon Tepputopum
N CAYXWUTb NHANKATOPOM COCTOSIHUSI OKpYXatoLLen cpeapi.
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The work is devoted to the study of the indicator properties of the elemental
composition of aquatic plants of the duckweed family (Lemnaceae). This plant fam-
ily can act as an optimal geoindicator due to its wide distribution area, high rate of
biomass growth and resistance to eco-geochemical environmental conditions. The
carried out research touches upon one of the most pressing problems of geoecology
and ecogeochemistry, the search for objective indicators of the state of the environ-
ment. The data are presented on the content of 28 chemical elements in duckweeds,
determined using instrumental neutron activation analysis. Statistical indicators of the
variability of chemical elements depending on the natural and man-made conditions
of the regions of the Tomsk region have been studied. The object of the research isa-
quatic plants of the duckweed family (Lemnaceae). The purpose of the research is to
determine changes in indicator indexes of the content and ratio of chemical elements
in the composition of plants of the duckweed family, depending on the ecological and
geochemical situation of the Tomsk regionterritory, formed as a result of the complex
influence of natural and man-made environmental factors. Using geochemical ap-
proaches, the formation specifics of the elemental composition of aquatic plants de-
pending on the geo-ecological situation of the region have been determined, indicator
indexes of the rare earth and radioactive elements ratio have been identified in the ar-
eas where oil refining industry enterprises, the nuclear fuel cycle are located, as well
as the presence of natural anomalies. It has been established that the La/Ce ratio in
duckweeds of the Tomsk region varies within a narrow range from 0,2 to 0,6, the ave-
rage value is 0,4. The value of the Th/U ratio varies over a wide range, from 0,02 to
154. In general, it has been shown that the elemental composition of aquatic plants of
the duckweed family carries information about the current ecological and geochemi-
cal situation of the study area and can serve as an indicator of the environmentstate.

Acknowledgments: the article was prepared on the basis of materials received with the support of the interregional
grant of the Russian Science Foundation (No. 20-64-47021; 20-67-47005).

BeedeHue. [Npn npoBeaeHUN reoaKornoru-
YEeCKMX MCCrNefoBaHUn BeECbMa BaXkHbIM BOMpPO-
COM SIBMSIETCA MOUCK Haubornee 4yBCTBUTEMb-
HbIX MHOMKATOPOB, CMOCODOHLIX pearMpoBaTtb Ha
N3MEHEHNE MNPUPOAHO-TEXHOrEHHON CUTYyaL MK
[8]. B oTHOLWEHUM BUoMHAMKAUMM BUSIHUE Kak
aHTPOMOreHHbIX, Tak U NPUPOAHBLIX PaKTOPOB Ha
BGuonornyeckme cMcTeMbl U UX COCTOSIHUE BECH-
Ma cyllecTBeHHO. OQHOBPEMEHHO peakumn Ha
BO3LENCTBMNE MPOSBNSATCA B COOTBETCTBUN CO
CBOEW NpefpacronoXeHHOCTbIO (BO3pacT, nuTa-
HWe, reHeTuYeckas yCTOMYMBOCTb U T. A.).

Mpu aTom GuonHAMKATOP UMEET psg npe-
WUMYLLECTB MO CPABHEHMWIO C KOMMOHEHTAMU He-
XMBOW Mpupoabl. Bo-nepBbix, OHWU CyMMUpPYOT
BCe OMonornyeckn BaxkHble JaHHble O cpefe U
CMOCOOHbI OTpaXkaTb €€ COCTOsIHME B LIEMOM.
Bo-BTOpbIX, 3TO 3KOHOMMYECKas Lienecoobpas-
HOCTb MO CpPaBHEHWIO C NMPUMEHEHWEM [OPOro-
CTOSLLUMX METOOO0B MccrnenoBaHusl. B-TpeTbux,
MO COCTOSIHNIO OMOOObEeKTa MOXHO CyauTb O

CTeneHn BpedHOCTWN BELLECTB OMS XUBOW MNpu-
poabl U T. 4. [4].

AxkmyanbHocmb. [1oUCK MHAMKATOPOB CO-
CTOSIHUSI OKpY>KatoLLel cpenpbl SIBNSIETCA OLHOM
N3 akTyarnbHbIX NPOBrem reoskonorMm n aKoreo-
XvMun. [pr 3TOM CyLLLECTBEHHOE BHUMaHWE yae-
nseTcs UMeHHO OMoobbekaM, KOTopble Crnocob-
Hbl AaTb OOBLEKTUBHYIO OLIEHKY 1 YCTAHOBUTL CTe-
NneHb TOKCUKOIOMMYecKoro BO3AeNCTBUS. YUnTbl-
Basl LUMPOKMIA apear Npou3pacTaHusl 1 BbICOKYH
AKKYMYISILMOHHYHO CMOCOOHOCTbL pacTeHWn ce-
MeNCTBa PSICKOBble, OTMETUM, YTO MX 3NEMEHT-
HblA COCTaB SIBMSIETCS BecbMa NepcrnekTUBHbIM
C TOYKM 3pPEHMUST BUOTEOXMMMNYECKON HONKALMN.

O6bekm/npedmem uccnedoeaHusi —
BOOHblE  pacTeHWss CceMeicTBa  pPsiCKOBble
(Lemnaceae).

L.Ieﬂb.' onpenenntb AMeHeHne MHOMKaTop-
HbIX Nokasartenemn cogepXXaHna N COOTHOLLEHUA
XUMNYECKNX 3rNEeMEHTOB B COCTaBe paCTeHMVI
cemencTBa pACKoBblE B 3aBUCUMMOCTU OT 3KO-
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NOro-reoXMMmM4Yeckon oBCTaHOBKU TepputTopun
Tomckon obnactn, COPMUPOBAHHOW B pe-
3ynbraTe KOMMIIEKCHOro BO34EeVCTBUS MPUPOA-
HO-TEXHOreHHbIX (DaKTOPOB cpebl.

3adayu uccnedosaHusi:

1) M3yunTb rEO3KONMOMMYECKYI0 CUTYyaL MO
Tepputopum Tomckon obnactu n onpegenvTb
BapuaTtMBHOCTb 3NIEMEHTHOr0 cocTaBa pacTe-
HUA CeMelncTBa PSCKOBble Kak Haubonee 4yB-
CTBUTENBHOrO KOMMOHEHTa NPUPOOHO-TEXHOTEH-
HbIX CUCTEM PErMOHa;

2) oueHUTb coaepxaHue W pacnpegene-
HMEe XUMUYECKNX SEMEHTOB, B TOM Yucne pea-
KO3eMenbHbIX M PaguoaKTUBHbIX, U BbISIBUTb X
WHOVMKaTOPHOE 3Ha4YyeHWe B pacTeHUsX cemewn-
CTBa PSICKOBbIE HA TEPPUTOPUN aOMUHUCTPaTUB-
HbIX panioHOB Tomckon obnacTtu;

3) uccnepoBaTb 3aBUCMMOCTb 3MIEMEHTHO-
ro cocrtasa, HOPMUPYHOLLErocs B pacTEHUSAX Ce-
MencTBa PACKOBbIE OTHOCUTENLHO BO3MOXHOMO
WCTOYHMKA €ro NOCTYMMEeHNs;

4) BblAeNUTb PErvoHarnbHY reoxmmMmuye-
CKyt0 crneumanmnsaumio pacTeHmMn ceMencTBa ps-
CKOBble Ha TeppuTopum Tomckon obnacTu.

Memodonozuss u memodsi uccnedosa-
Hus. B kavectBe 0ObekTa mccnegoBaHUs Bbl-
OpaHa cmecb OByx pogoB Lemna u Spirodela
BOOHOrO  pacTeHUs CeMencTBa  PSCKOBble
(Lemnaceae). aHHble poabl ceMencTBa OTHO-
CATCA K rpynne nnemncroutos, CNOCOBHbIX 06-
pasoBbiBaTb 00LWMe PUTOLEHO3bI U KOHLEHTPU-
poBaTb BOMbLUNHCTBO XMMUYECKUX SNIEMEHTOB B
oamMHakoBbIX Npegenax [6; 15].

B nepuog ¢ 2013 no 2021 r. ocywecTBnan-
cs1 0T6op NPO6 PSICKOBBLIX BO BPEMS BEreTalmoH-
HOro neproga pacTeHus, C MIOHS Mo aBrycT. [po-
Obl pacTeHW cemMencTBa PsiICKOBble OTOBpaHbl
13 MPUPOAHbLIX 3BTPOPHLIX BOOOEMOB, XapaKkTe-
pusylowmnxcsa ctosyen nnu cnabo Tekyluen Bo-
non, Ha TeppuTtopun 107 HacenEHHbIX MYHKTOB
BCex 16 aAMMHMUCTPATMBHbLIX PaioHOB TOMCKON
obnactu. MNpobonoarotoBka Bktoyana B cebs
BbICyLUMBaHWE Npo6 pacTeHW nNpyv KOMHaTHON
TemnepaType A0 BO3AYLLIHO-CYXOro COCTOSIHUS U
romoreHm3auuio (Npobbl UCTUPaNUChL B araToBoOw
CTyrnKe).

AHanmMTnyeckum MeToAOM B [aHHOW pa-
foTe ABMNANCA WHCTPYMEHTAaNbHbIA HENTPOH-
HO-aKTMBaLMOHHbIN aHanu3 (MHAA), kotopbin
NPOBOAMIICA Ha WUCCNENoBaTENbLCKOM peakTope
WPT-T B apepHo-reoxummnydeckon naboparopum
MWHOL, «YpaHoBas reonorns» TOMCKOro nonm-
TEXHMYECKOro yHMBepcuTeTa (arTectar akkpe-
anTtaumm Ne POCC RU.0001.518623 ot 10 ok-
Ta6ps 2011 1., aHAaNUTUKM — CT. Hay4. COTPYAHMK
A. ®. Cygpbiko u J1. ®. BoryTtckas). Vicnonbaye-

MbI @HANUTUYECKUIA METO[, ABMSIETCS BbICOKO-
YyBCTBUTESNbHbIM, MOrPELLHOCTb OBHapyXeHUs
cocrtaenset 10 %.

B cBA3M coO cTatMcTUYEeCKn 3HAYUMbIM OT-
nuynem pacnpegeneHns Bcex aHanmsmpyembix
3MNeMeHTOB B MakpodmTax Ha wuccregyemom
TEpPpUTOPMM OT HOPManbHOro, MPUHATO pelue-
HVEe B Ka4eCTBe CPEeAHUX 3HAYEHUIN XMMUNYECKUX
3MNEMEHTOB B PSACKOBbIX Ha Tepputopun Tom-
cKour obnacTu ucnonb3oBaTh X CpeaHne reome-
TpUYeCcKne 3Ha4YeHus.

[na kaxgoro agMUHUCTPATUBHOMO paroHa
Tomckon obnactn onpefgenéH Ko duuneHT
koHUeHTpaumn (K)) nccnedyembix anemMeHToB B
PSICKOBbIX, KOTOPbIN NPEACTaBAET COOTHOLLUEHNE
CcpedHero reoMeTpu4ecKkoro 3HavyeHus arnemeHTa
B MakpoduTe Ha Tepputopuu agMUHUCTPaTUB-
Horo panoHa Tomckon obnactu (C) n cpegHero
reoMeTPUYECKOro 3Ha4YeHUs1 3TOro aremMeHTa B
psickoBbIX Ans Poccun B Lenom (Ccp) [1]:

K. = C
C Cep

PaspabomaHHocmb membl. PacTteHus
cemencTBa psickoBble (Lemnaceae) siBNATCS
YHUKaNbHbIM OBBHEKTOM, KOTOPbIN Halén npu-
MeHeHue 1 B oyHOAMeEHTanbHbIX U B NpUKNaa-
HbIX Haykax. OCHOBHOW NPWYMHOW aKTUBHOIO
nccrnenoBaHMs AaHHbIX PacTEHUMI MOCIYXMMO
X MOBCEMECTHOE PacnpocTpaHeHune, npocToe
MOpONorMyeckoe CTpoeHue, YTo genaer ux
YCTONYMBBIMU K U3MEHEHMUIO (DAKTOPOB cpenbl
0obuTaHUsA 1 B TO e BpeMs YyBCTBUTENbHbIMU
C TOYKM 3PEHUst MHOUKALMWN BRMSIHWUS YCMOBWUWA
cpenpbl. [aHHbii MakpodUT OTNNYaEeTCs BbICO-
KOV KOHLEHTPALUMOHHOW CMOCOBHOCTLIO MO OT-
HOLLEHMIO KO MHOMMM XMMWYECKMM BeLLecTBaM,
YTO MO3BONSAET €ro NPUMEHATb B TOM Yucrne U
AN O4YMCTKM CTOMHbIX Bog [13; 14].

TeppuTtopuss Tomckon obnactv HaxoguTes
B HOro-BOCTOMHOM 4actu 3anagHo-Cubupckon
paBHWUHbI. [JaHHbIN PErvoH OTNMYaeTcs Hanu-
YnMeMm pasnuyHbIX MECTOPOXOEHWUN MONE3HbIX
MCKoMaeMmblX, a Takke HepaBHOMEPHO pacrpe-
OEnéHHON TeXHOreHHON Harpy3koun. B uenom no
aAMVHUCTPaTUBHOMY AerneHunto B obrnactu co-
cpenoTo4eHo 16 parioHoB.

YunTbiBad NOBCEMECTHYIO BCTPEYaeMoCTb
PSACKOBbIX Ha TeppuTopun ToMckom obnacTtu u
Pa3HOMNMaHOBOCTb 3KOrEOXMMUYECKON CUTya-
LMW OaHHOro pervoHa, BblSIBIIEHWE 3aKOHOMeEp-
HOCTEN (OPMMPOBAHUS PErMOHanbHOro arne-
MEHTHOrO CoCcTaBa BOAHbIX PACTEHUN, a Takke
onpegeneHne ero NHAMKaTOPHbIX CNOCOBHOCTEN
ABMSETCS OCHOBHOW 3afa4en BbINOMHEHHbIX UC-
cnefoBaHui.
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Pe3ynbmamal uccriedogaHusi U ux o6¢cyx-
deHue. o pesynbratam aHanusa 3reMeHTHOro
COCTaBa PSICKOBbIX MONyYeHbl CTaTUCTUYECKME
napameTpbl CoAepXaHUsi XMMUYECKNX ArEMEHTOB
B UCCreayeMblX pacTeHUsX Ha Tepputopun Tom-
CKomn 0bnacTu, KoTopble npvBedeHbl B Tabn. 1.

C uenbto ganbHewnwero cpaBHeEHUs U pac-
YéTa KO3 PULMEHTOB KOHLEHTpaUumn B Tabn. 1

npvBefeHbl Takke OaHHble O CPefHMX reome-
TPUYECKNX 3HAYEHUSAX INEMEHTOB B PACKOBbIX
no Poccun, paHee nony4eHHble aBTopamu [8].

Ona Tomckon obnacTu Hamu paccyuTa-
Hbl K 1 NOCTpOeHbl reoxumuyeckue psabl
OISl PACKOBbIX KaXX40ro agMUHUCTPaTUBHOTO
pavoHa OTHOCUMTENbLHO cpeaHero no Poccumn
(Tabn. 2).

Tabnuua 1/ Table 1

CraTucTuyeckne napameTphbl pacnpeaeneHms XMMMYeCcKUX arIEMEHTOB B pacTEHUsIX CEMeNCTBa PSACKOBbIE
Ha Tepputopumn Poccum (Ha cyxoe BellecTBo, Mr/kr) / Statistical parameters of the chemical elements distribution

in plants of the duckweed family on the territory of Russia (on dry substance, mg/kg)

L o .8 < = ) 3 oy s
oS ESQg e<Sx g S 934 o
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Te| 28885% s S8¢¢ 253" 1855 S€ed
g S iR . eS8 : 2
52| &335% | S¥SEEE | §essd | §esté | Segs | ow
s8| 2ERSY | 28358082 | 395 Sefc? $§988 | >
S w 0%8¢n OESo T3ILSE £38S<% Ioo®
A 32 Eg& AN S35E¢ S3SEw Ex S g
) S3y* Q= E S9N E o X
L g8R$s g°§s 39898 o
') g w“ ® E =~ ] E =~ Q
Na 3566 3238 520 13617 0,9 67
Ca 17150 14744 4958 75577 0,9 72
Sc 0,2 0,4 0,004 9,5 2 144
Cr 1,8 2,6 0,1 57, 1,4 145
Fe 3908 6423 150 56708 1,6 88
Co 4,7 8,8 0,5 96,5 1,9 128
Zn 31,7 31,7 1,1 341 1 109
As 2,6 3,8 0,3 42,8 1,5 127
Br 15,7 20,8 0,1 179 1,3 100
Rb 16,8 18,3 41 61,6 1,1 52
Sr 91,4 84,5 10,0 579 0,9 73
Ag 0,1 0,1 0,01 70,9 1 629
Sb 0,1 0,1 0,01 1,2 1 106
Cs 0,05 0,1 0,0003 3,6 2 145
Ba 95,6 139 9,8 1599 1,5 99
La 0,7 1,5 0,03 18,6 2,1 113
Ce 1,9 3,8 0,08 105 2 147
Nd 0,8 1,3 0,001 13,8 1,6 106
Sm 0,2 0,4 0,01 6,2 2 114
Eu 0,02 0,1 0,001 9,7 5 192
Tb 0,02 0,04 0,0002 0,7 134
Yb 0,06 0,11 0,001 1,7 1,8 127
Lu 0,01 0,02 0,001 0,3 2 125
Hf 0,1 0,15 0,001 3,8 1,5 147
Ta 0,01 0,02 0,001 0,5 2 153
Au 0,002 0,003 0,0002 0,03 1,5 125
Th 0,2 0,3 0,0001 7,4 1,5 144
U 0,1 0,1 0,003 5,1 1 162
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Tabnuua 2/ Table 2

Feoxumunyeckme psabl XMMUYECKUX NIEMEHTOB B pacTeHMsAX CeMeNCTBa PsICKOBbIe Ha TeppuTopuun
aAMUHUCTpPATUBHLIX parioHoB Tomckomn o6nactu / Geochemical series of chemical elements in plants
of the duckweed family on the territory of the administrative districts of the Tomsk region

Kozhevnikovsky

Kon-eo
HaumeHosaHue uccnedo8aHHbIX
. .. eodoémoe / Feoxumuyeckuli psid / Geochemical series
patioHa / District name Number of studied
reservoirs

AnexcaHaposcii / Eu,, - Cs,—Ba, - Ta,-Tb,, - Cr,, - Co,,— Fe, — La, — Hf, - Yb,

Alexandrovsky 28 -Ce,,-Sc,,—2Zn,,~Th,,—Lu,,—U,,-Br,,—Sm,,-As, —Au, -
Nd1,9 B Sr1,9 - Na1,a - Ag1,7 - Rb1,5 B Sb1,4 - Cao,s

Kapracokciwi / Eu,, - Co,-Ta,,—Au,,-Fe,,—Lu,,-Cs, —Hf,, - Yb,, —As,—Th,,

Kargasoksky 13 -Nd,,-la,,-U,,-Ba,,~Tb,, - Ce,,—~Sm,,—-Zn,-Sc, ;- Rb, . -
Br,,—Na,,—Sr,, —Ag,—Cr, - Sb, - Ca,,

Napabenboiwii / Eug, - Cs, — Co;— Ce, -~ Tb, ,— Yb,,—Au, ;- La, - Lu,, — Fe,, —Nd,,

Parabelsky " -Sm,,-Sc,,—Th,, - Hf,, - Ta,,-As,,—Ba,,—Cr,,—Br,,—Na,, -
Zn1,s B U1,5 B Rb1,3 B Sbw,z _Agm B Sr1 B Cao,e

Konnatwesckuii / Cs,,—Ta,,— Eu,,-Tb,,—Hf, .- Yb,,—Co,, —Lu,—Cr,,— Sc,, —

25 Th,,-La,.,—Ce,,—Nd,,—-As,,.—-Sm,,-Sb,,-Br,,—Fe,,— U, -

Kolpashevsky 38 35 34 34 29 27 24 24 23 16
Zn1,s _Au1,e B Ag1,e B Ba1,6 - Rb1,4 - Na1,2 - Sr1,0 B Cao,&

BepxHeKeTCKui | Tb3y7 - Csz,e_ sz,s - Taz,4 - Ndu - 802,1 - wa - Ce1,a - Thw - Eu1’6

Verkhneketsky 2 -La,,—Ag,;-Cr —Lu ,—2Zn -Ba ,—Sb  ,—Au —Rb,—Co,—
Aso,s B Bro,e B Cao,e B Feo,e B Sro,s B Hfo,e B Na0,4 B Uo,a

. . Tbe,o - Css,s - Ta4,4 - Yb3,7 - Nds,e - Sm315 - U3,1 - Baz,g - Hfz,a - Coz,7

YaunHckuit / Chainsky 2 -Sc,,-Cr,,—Th,,—Eu,,—La,, - Zn, —Ce,—Fe,;—Ag,s—Na, -
As,,—Lu,,—Rb —Au, -Sb,,—Sr ,—Ca, —Br,

. Eusy8 —-Ta, - Hf4v2 - Ces,7 - Tb3’7 - Lu3‘6 - Las‘s - Cssy5 - Sa(:&1 - Nd3'1
Monarosckwit / 5 —Th.—Yb,—Sm, —U..~Co..~Cr.—2Zn .~Ag..-Na .—Br . -
Molchanovsky 3 3 2,6 24 1,8 1,5 1,4 13 1,3 1,3

Fe1y1 —Au, —As, —Rb, -Ba, - Sr, - Sb(ng - Caoy9
0 Y CS13,6 - Tam,s - Ces,s - Tha,1 - SC7,6 - Cre,e - Lae,e - Tbe,s - er,s - Ybs,4
ngvzon“::;ls;;m ! 9 - Sms,s - Lus,a N Nda,a N C03,4 _Aus,s - U2,7 - Asz,e - Fez,s - Brz,o - Ba1,9 -
Sb1,9 B Ag1,5 B Caw,a - Rb1,z B Sr1,1 - Zr"1,1 B Nao,a
. Cs,,—Eu,,-Th,,—Lla,, - Sc,,—Sm,,-Yb,, - Ce,,— Hf,, - Lu,
Kpusoiemrcrmit / 6 —Ba,.—Co —Ta —As, —Fe —Sr —Tb .—Ag .—Nd  —Cr —
Krivosheinsky 1.9 17 16 1,6 1,6 1,5 1.5 14 14 13
Ca,;—Au,,-Sb,-U —Na,,—Br,,—Rb ,-Zn,,
o Eu,, ¢ Cs,,—Hf,s-La, ;- Cr,,—Nd, - Yb, - Sc,,—Co, ,—Br, ,
pakapami/ 10 —C6,—Th, Sm..—Fe.-Ba,-Ta.-Zn.-Sb . —Lu —Tb
akcharsky 18 14 14 14 12 12 12 11 11 1,0
B Auo,g B Cao,g - Uo,a - Rbo,s B Aso,7 B Nao,e - Sro,e B Ago,s
. Eu,, —Ta, - Co,, —Nd, —Sm, —As, —Tb,,—La,—Yb,,—Cs,¢
E;{J’?ggg&"”” / 2 —Br,,—Ce,— Lu,, - Hf,, ~Ba,, — Sb,. - Sc,,— Th,, — Cr, — Fe, -
Ag,,-U,,-Au,—Ca, —2Zn - Sr,—Rb,,—Na,,
. Eu15,z - Aus,s - Brz,z - Coz,z - sz,w - Taz,1 - Ybz,1 - La1,9 - CS1,3 - Fe1,8
AcmnHoBckuit / Asinovsky 6 -Nd,,-As,,-Ce,-Tb —Ba  -Sc,6 —Lu ,-Cr,-Th —Sb -
Srm - Ca1,0 - U1,0 - Hfm - zno,e _Ago,e - Rbo,g - Nao,s
Cs,—-Cr,—Eu,,—Ta,,—Sm,,—Yb,,—La,—Sc,,—Ce,, —Tb, -
3bIpAHckuin / Zyryansky 9 Lu,,—As, - Sb,, - Fe, ;- Th,,—Nd, - Co,-Ba,,—Br,,—Zn -
Hf1,3 - Ca1,3 - Sr1,3 - U1 - Rb1 - Auo,s _Ago,e - Nao,e
. Euzg,s - Agzz - CS5,1 - Ta4,4 - Ybs,s - Ass,s - Hfs,s - Lu3,4 N Ths,z - Las,z -
Tomckun / Tomsk 56 Cr,,-Sc,, - Tb,—Nd, - Sm,, - Ce, - U,,—Fe,, - Sb,-Br,,—Ba,,
-Au,,-2Zn ,-Co,,—Ca, , —Sr,—Rb 6 —Na,
. Ag47,5 - Taz,a - Eu1,9 - CO1,9 - Yb1,7 - Ca1,5 - SC1,5 - I"“'1,5 - I‘a1,5 - Ndu
LLerapckuit / Shegarsky 6 -Th,,-Tb,,-Sm ,-Na,  —Au , —As  —Hf ;—Ce ;-Sb ,—Zn,
B Fe1,z B Ba1,z - Sr1,2 B Rbm - Bro,9 - Cso,g - Cro,g - Uo,a
Y Eu53,8 - Agzs,z - Taa,e - Css,z - U5,8 - Ths,a - SC5,3 - Tb5,1 - Yb5,1 - Hf4,7
Koxesrimkosckui / 18 ~la,, - Ce,, - Lu,, —Nd,,— Sm, - Cr,, - Br,,— As,, ~Au,, - Co, , -

Fe,,—Sr,;—Sb,;-Ba,,~Rb ;- Ca,,~Zn,,—Na,
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B uenom gns Tomckonm obnactu xapakrep-
HO KOHLleHTprpoBaHue psickoBbiMn Sc, Cs, pea-
KosemenbHbIX anemeHToB (P33) n Ta oTHocu-
TenbHO cpegHux no Poccuu. Mpu 3TOM Kaxabin
a4MUHUCTPATUBHbBIN paiOH UMEET CBOE UHOUBU-
AyanbHOe reOXMMNYecKoe «InLOo».

CnegyeT OTMETUTb, YTO B paMoHax C Bbl-
COKMM pa3sBuTuem HedTerasogobbiBatoLero
komnnekca (HIMOK), K KOTOpbIM MOXHO OTHe-
ctn AnekcaHgpoBckui, Kapracokckun un [la-
pabenbcknin, MO pesynbTatam 3NeMeHTHOro
coCTaBa PSACKOBbIX MOXHO BbIAENUTb CXOXYIO
9KOMNOro-reOXMMUYeCcKyto cuTyaunto, KoTopas
NPOSBMSETCS B BbICOKOM COAEep>XaHUu B ps-
CKOBbIX BCEW rpynmnbl aHanuanposaHHbix P33,
a Takke ypaHa, 305r0Ta, XpoMa M HeKOTOopbIX
Opyrux.

YcTaHoBrneHHble accounaumy, BKIOYaro-
me Takme anemMmeHThl, kak Sb, Br, As, Au un Cr,
ABNATCS cneunduyHbIMU B parioHax pasmMeLle-
HUSA MECTOPOXAEHUI HEPTH, FOe OCYLLEeCTBNSAET-
Cs AeAaTernbHOCTb No ux Aobblve 1 nepepaboTke.
Mo ganHbiM T. C. LWaxoson ¢ coastopamu [10],
HedTb BCEX HePTerasoHOCHbIX NPOBUHLMI 060-
rawjeHa no OTHOLLEHWIO K KNapKy Ans BepxHen
KOHTUHEHTanbHOW KOpPbl TakMMK 3reMeHTaMmMu,
kak As, Sb, Au, Cr. 3T anemeHTbl NpuBeaeHbl
B KayecTBe nHankaTopos A Tepputopun HIOK
Mo AaHHbIM U3yYeHUsi pasnMyHbIX KOMMNOHEHTOB
npupoabl (CHer, Tanas Boga, carHoBbleE MXU U
nuwanHukm) [7].

MHTepecHbIM aBnsieTca hakT KOHLEHTPUPO-
BaHWS Y BblAENEHUS B OTAENbHY accoumnaumio
BMeCTe C XpOMOM M1 cypbMom rpynnsl P33. Pa-
Hee HeKOTOPbIMWM aBTOpaMu yKasblBarocb, YTO
NPUCYTCTBME 3TOW FPYnnbl HAa TeppUTOPMU pac-
NONOXeHWUs NpeanpuaTMn HedTedobbiBatoLLEN
n HepTenepepabaTbiBatoLLen oTpacnm B 60nb-
LLUeN CTeneHn CBA3aHO C TEXHOTEHHOW CoCTaBns-
lOLLLeN, B YACTHOCTU C NPUMEHEHNEM KaTanu3aa-
TopoB [Tam xe].

Bonpoc o npucytcteumn P33 B npnpogHbIxX
cpepgax HedbTe4oObIBAKOLWMX TEPPUTOPUN N NX
WHOMKATOPHOW PO OCTaETCs [OUCKYCCUOH-
Hbim [10].

lMpenctaBneHHble B CTaTbe AaHHble Moka-
3bIBatoT, 4To Ha TeppuTtopusax HIOK B anemeHT-
HOM COCTaBe PACKOBbIX UMEET MECTO YMeHbLLe-
HUEe CyMMbl peaKo3eMenbHbIX aneMeHToB Ao 11
Nno cpaBHeHWIO ¢ 19 Ona TeppuTOPUN  KOXHbIX
panoHoB pernoHa (KoxeBHMKOBCKMIA U Towm-
ckun) n 20 — ana TeppuTOPUN PacnonoXeHns
xenesopygHoro 6accenHa (KonnaweBckuii un
Bakuyapckuii parioHsl). Ans KonbiBaHb-Tomckon
cknagyarton 3oHbl (KTC3) BbicOkMe copepxa-

Hna P33 B pasnuyHbiX NPUPOOHbLIX KOMMOHEH-
Tax BCreACTBME reoriormyeckon cneumdukmn oT-
MeuvatoT pasHble nccnegosatenu [3].

B uenom, psickoBble Tomckon obnactu xa-
paktepuaytotca P33-cneynanusaunen, kotopas
BblpaXkaeTCsqd B KOHLUEHTPMPOBaHUW MpenmyLLle-
CTBEHHO 3MeMeHTOB nérkow noarpynnbl. [pu
3TOM B psife nNpob psickoBblX KoXXeBHWKOBCKOIO
1 TOMCKOro panoHoOB OGHapPY>XEHO MOBbILLIEHHOE
copepxarue U, 4To MoxeT BbITb CBSA3aHO B Nep-
BYIO ovepefb C MHOFOYUCIIEHHbIMU PYAONPOsiB-
NEeHVsIMN OaHHOro anemeHTta B rpaHutax KTC3
[2; 10].

YunTbiBad BbICOKYD Pa3HOCTOPOHHOCTb
OTpacneBoro pasBUTUS PerMoHa, a Takke Hanu-
yne Ha TeppuTopumn HedTenepepabaTbiBarOLLMX
3aBOJOB, NPEANPUSATUA aTOMHOM NPOMbILUMEH-
HOCTW ¥ BbICOKOPAa3BUTON ropHodobbIBatoLEN
oTpacnu, aNeMeHTHbIN COCTaB PACKOBbLIX MOXET
WUMETb BbICOKYI0 WMHAMKATOPHYI POfb C LENbo
OLIEHKW 3KONOro-re0OXMMNYECKOro COCTOSIHNS pe-
rmoHa.

[Ona BbIIBNEHMS 9KOMOro-reOXMMmMYecKomn
06CTaHOBKM U MHAMKALUN TEXHOMEHHOro 3arpsis-
HEHWS1 HaMW UCMONb30BaHbl BEMWUYMHBI OTHOLLE-
HWUst pagmoakTuBHbIX (Th/U) n pegkosemenbHbIX
anemeHTOB (La/Ce) B psckoBbIX, YTO NpeacTas-
NEHO Ha PUCYHKe.

La/Ce B psackoBbix Tomckon obnactu Ba-
pbupyeT B y3kux npegenax ot 0,2 oo 0,6, cpea-
Hee 3HayeHue coctasnget 0,4. [Ins psickoBbIX
XapakTepHo Oonbluee KoHueHTpuposaHue Ce
oTHOcuTenbHO La. 3Ta 3aKOHOMEpPHOCTb coxpa-
HAeTCcsa Ans 6onbLUMHCTBA MCCnegyeMbiX BOOO-
EMOB.

BecbMma nHTEpecHa BbiBNeHHas cuTyauuns
B cooTHoLleHun La n Ce B pACKOBbIX, Npou3pac-
TawLwWwmx Ha Tepputopumn JlyrmHeukoro HedTs-
HOro MeCTOPOXAEHUS, rAe coaepxaHue Lepus
CyLLIeCTBEHHO BonbluUe faHTaHa B nccriegyembix
pacTeHUsX.

B uenom, cornmacHoO MOMyYeHHbIM AaHHbIM
psga asTopoB, Hanpumep B. . CtpaxoBeHko,
E. A. OguHow [9], Ce/La moryT BbICTynaTb UH-
AvKaTopamun 30H NOBLILLEHHON MPOHULIEEMOCTH
ANs BOCXOAALMX (PritongHbIX NOTOKOB, KOTOpble
PUKCUPYIOT BPEMEHHble WHTEpBarbl U3MeHe-
HWUS1 KNHEMaTKKN pa3nomoB pyHaameHTa (dasbl
CXKaTUSA-PACTSKEHMSA).

YUTo KacaeTcs paguOaKkTMBHBIX 3rEeMEHTOB
(cM. pucyHoOK), TO Hanbonee BbICOKME KOHLIEH-
Tpaumm Th n U oBHapyxeHbl AN PSCKOBbIX,
npomuspacrtaBLlUnx Ha TeppuTopumn bakdyapckoro
(Th=7,4 mr/kr, U = 1,1 mr/kr) n KokeBHMKOBCKOIO
(Th =4,1 mr/kr, U=5,1 mr/kr) panoHos.
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6

MHAMKaTopHble COOTHOLLEHUS HEKOTOPbIX PAaAMOaKTUBHbBIX U PEAKO3EMESbHbIX 3/IEMEHTOB B paCcTEHUSAX CEMENCTBA
psickoBble (Cyxoe BellecTBo) Tomckoi obnacTu: a — cootHoweHue La/Ce; 6 — cooTHoweHne Th/U:
1 — ¢. HoBomapuuHka; 2 — ManopeueHckoe HMp.; 3 — ¢. TuMmupsasesckoe (03. [MecyaHoe); 4 — KpanmBuHcKoe HMP.;
5 — JlyruHenkoe HMPp.; 6 — c. Mapbur; 7 — 03. bopoBoe (KonnaweBckuin p-H); 8 — A. TuncuHo; 9 — ¢. CapadaHoBka;
10 — c. Beptukoc; 11 — ¢. MenbHukoBo; 12 — c. BopoHoBo; 13 — ¢. OcuHoBKa; 14 — n. Tasbipbak; 15 — n. Yny-tOn;
16 — c. bakyap; 17 — c. 3bipsiHka; 18 — c. BatypuHo; 19 — n. KysoeneBo; 20 — g. YepHunbLumkoBo; 21 — a. Hagexaa;

22 — c. benoBopoBka; 23 — c. Jlebotep; 24 — c. HaymoBka; 25 — p. Jlatart; 26 — c. Wtatka; 27 — n. Nobena /
Indicator ratios of some radioactive and rare earth elements in plants of the duckweed family (dry matter) Tomsk
Region: a — La/Ce ratio; b — Th/U ratio: 1 — vill. Novomariinka; 2 — Malorechenskoe district; 3 — Timiryazevskoe Vvill.
(Peschanoe lake); 4 — Krapivinskoe district; 5 — Luginetskoe district; 6 — vill. Parbig; 7 — lake Borovoe (Kolpashevo district);
8 — Tipsino vill.; 9 — vill. Sarafanovka; 10 — sell. Vertikos; 11 — sell. Melnikovo; 12 — sell. Voronovo;

13 — p. Osinovka; 14 — Tazyrbak sell.; 15 — Ulu-Yul sell.; 16 — vill. Bakchar; 17 — sell. Zyryanka; 18 — sell. Baturino;

19 — Kuzovlevo sell.; 20 — Chernilschikovo vill.; 21 — Nadezhda vill.; 22 — vill. Belovodovka; 23 — sell. Leboter;

24 — sell. Naumovka; 25 — Latat vill.; 26 — vill. ltatka; 27 — Pobeda sell.

Th/U B psACKOBLIX, C KOHLEHTpaumnen Oax-
HbIX 3NEeMEHTOB Oornblue CpegHuUX Mo PEernoHy,
Ha TeppuTopmn TOMCKOM 0bnacTn MOXHO pasge-
NWTb Ha TPY XapakTepHble rpynmnbl:

1) Th/U ©Gonblue 3: xapakTepHo Ans ps-
CKOBbIX, MpOU3pacTaBLUMX Ha TeppuTopum 6onb-
LUMHCTBA HacenéHHbIX NyHkToB NMapabenbckoro,
Konnawesckoro, [lepBomanckoro m TomcKoro
panoHoB;

2) Th/U ot 1 go 3: xapakTepHo A1is psSCKo-
BbIX, MpOM3pacTaBLnx Ha Tepputopun Bakyap-
cKoro, Kapracokckoro panoHOB 1 HEKOTOPbIX Ha-
CENEHHbIX NYHKTOB TOMCKOroO parnoHa;

3) Th/U meHble 1: xapakTepHO Ansi psi-
CKOBbIX, MPON3pacTaBLUMX Ha TeppuTopumn Anek-
cangpoBsckoro, MonyaHoBckoro, ACMHOBCKOIO U
Ko>XeBHMKOBCKOrO panoHoB.

OGHapyXeHne BbICOKMX  KOHLIEHTpauun
peaKO3eMESbHbIX Y PAagUOaKTUBHbBIX ANIEMEHTOB
B PSICKOBbIX B IOXKHbIX paioHax permoHa MoXxet
ObiTb B MEpBYH oO4vepedb aprymMeHTMpOBaHO
reonorMyeckon cneumngukon TepputTopun, npu
3TOM He MWCKITHYaeTCs BO3AENCTBME TEXHOMEH-
Horo chakTopa [12]. OcobeHHO SIpKO TEXHOreHe3
nposiBrsieTcs npu bonee geransHOM mUccreno-
BaHUM TOMCKOro panoHa B 4acTu MpOCTpaH-
CTBEHHOTO pacnpeeneHnss JaHHbIX 3NeMEHTOB

B MakpoduTe, a Takke OeTanbHO U3y4YeH B OT-
HOLUEHMN OPYrMX NPUPOAHbIX OOBEKTOB pSOOM
nccnegosatenen, Hanpuvep A. KO. NBaHoBbIM,
. B. KOcynosbim 1 ap. [5; 11].

Tak, aHOManum ypaHa 1 nioTeums Ha Teppu-
Topun TOMCKOro parnoHa 3aduKCcMpoBaHbl HamMK
B CEBEpPO-BOCTOMHOM 4acTu, MpPUMbIKaKOLWENn K
CeBepHOMyY MpombILnieHHOMY y3ny. [pu cpen-
HUX reoMeTpunyecknx 3HadeHusx (U = 1 mr/kr mn
Lu = 2 wmr/kr) gna ToMCKOro pamoHa Ha Teppu-
TOPUM TaKMX HaACENEHHbIX MyHKTOB, Kak Hay-
moBka (U = 2,5 wmr/kr; Lu = 4,8 mr/kr), Hagexaa
(U = 3,9 wmr/kr; Lu = 4,8 wmr/kr), Kysoeneso
(U = 5,6 mr/kr; Lu = 6,1 mr/kr), YepHUnbLLINKO-
Bo (U = 21,3 mr/kr; Lu = 4,8 mr/kr), cogepxaHune
OaHHbIX 3MIEMEHTOB B PSICKOBbIX MpPEBbILIAET
cpedHve 3HaveHus B ABa pasa u bonee. 3tu
HacCenéHHble MYyHKTbl PacnofoXeHbl Henocpea-
CTBEHHO B 30He BnusaHuA CITY 1, no Hawemy
MHEHMIO, WCMbITbIBAIOT Ha cebe TexHOreHHoe
BO3OENCTBME.

BbieoObl. B pesynbtate uccneaoBaHun
Ha TeppuTopun TOMCKOWM 0bnacTtu onpeaeneHsbl
cpegHue KOHUeHTpauuum 28 XMMWUYECKUX ane-
MEHTOB B BOAHbIX pacTeHMsX CeMencTea ps-
ckoBble (Lemnaceae). BbinonHeH aHanms npo-
CTPaHCTBEHHOrO pacnpeneneHus nccregyembix
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3MNeMeHTOB B BOAHbIX pacTeHMsX Ha TeppuTo-
pvn ToMCKon 06NacTu C Lenblo BbISBNEHUSA pe-
rMOHAaNbLHOW U NOKanbHOW cneungukn arnemMeHT-
HOro CcoCTaBa PSCKOBbIX, KOTOPbIA MO3BOMUN
OKOHTYPUTb 30HbI C XapakTepHbIM YPOBHEM UX
HaKoMNmneHus.

JlatepanbHoe pacnpeneneHne peakosemMernb-
HbIX 3NeMEeHTOB B Makpodute Ha TeppUTOpum nc-
criegyemoro permoHa AeMOHCTPUPYET B MEpBYHO
ovepeab BMsAHNE NPUPOAHbLIX (DaKTOPOB.

OnpegeneHve 9nNeMeHTOB-UHAMKATOPOB B
PSICKOBbBIX OCYLLECTBIIANOCh MOCPEACTBOM Bbl-
MONHEHNsT psaa KpUTEPUEB OLIEHKU MPUPOLHON
N aHTPOMOreHHON COCTaBSALLMX, K KOTOPbIM OT-
HOCUIUCb onpefeneHne 3Ha4eHN COOTHOLLIEHNS
Th/U n La/Ce, conoctaBneHune gaHHbIX Mo coaep-
XaHuo P33 B pacTeHusix, a Takke BbluUCIEHNE
KO3 (PMLMEHTOB KOHLEHTPUPOBAHWS SIIEMEHTOB
B PSCKOBbIX OTHOCUTENBbHO CPEAHUX 3HAYEHUIA.

Mo BenuumHe cooTHoweHuss Th/U pscko-
Bble Ha TeppuTopun ToMCKon o6racTun MOXHO
pa3nenvTb Ha ABe XapakTepHble rpynnbl: ceBep-
Has M UeHTpanbHasa 4acTb pervoHa npeacras-

Cnucok numepamypsbl

neHa nNpevMMyLLeCcTBEHHO TOPWMEBOW NPUPOLON,
B TO BpPEMS Kak 3MIleMEHTHbIA COCTaB pacTeHWUi
IOXXHBIX PaoOHOB XapakTepusyeTcsa npeobrnaga-
Huem U.

BbIsBNEHO, YTO A5 PACKOBbIX XapaKTepHO
bonbliee KoHUeHTpupoBaHne Ce OTHOCUTENBHO
La. OgHoBpemeHHo La/Ce Ha TeppuTtopun Tom-
CKOWM 06nacTu BapbupyeT B y3kuX npegenax (o1
0,2 go 0,6).

CnepyeTr 06paTtuTb BHUMaHWE Ha TO, YTO
TomcKkuii panoH OTNMYaeTCs OT OCTarnbHbIX pan-
OHOB pervoHa HambonbLUMM CNEKTPOM 3reMeH-
TOB B PACKOBbIX, KOHLEHTPaLMM KOTOPbIX KPaTHO
NPEeBbIWAT CpedHne 3HadYeHUs, YTO MOXET B
nepByt0 ouyepedb OTpaxaTb CTeneHb BO3aen-
CTBUS MMEHHO MNPOMbILUMEHHbIX OBLEKTOB Ha
9KOreoxXmMmyeckyro 0BCTaHOBKy. Takke ceBe-
PO-BOCTOMHAsA TEPPUTOPUS [OAHHOIO panoHa,
nMeroLasa HambornbLUMIA TEXHOMEHHbIV MPECCUHT,
XapakTepusyeTcs BbICOKMMU cogepxaHusamm Lu
n U B makpoduTe 1 yBEMUYEHNEM UX KOHLIEH-
Tpauun No mepe NPUBIMKEHNS K UCTOYHKKY 3a-
rpPsi3HEHMS.
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