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AnHoTauus. Hccredosanus npogoounu 6 pamkax npoepammol 20Cy0apCmeeHH020 AepOIK0N0UHECK020 MOHUMOPUH2A 8 020-3aNA0HO
yacmu Llenmpanvroco Yeprosemvs Ha meppumopuu beacopoockoii obnacmu. Ilousennbiii NOKPog AecocmenHoll 30Hbl npedcmagneH
uepHozemamu munudnsimy. O6pasybl NOUbL U 3ePHA AHANUUPOBANU 8 AKKPEOUMOBAHHOU UCNBIMAMENbHOU 1abopamopuu no obue-
npunamoim memodurxam. Teppumopus o6aacmu nocae asapuu va Yeprobvirvckoit ADC 6 1986 200y nodeeperace paduoaKmusHoMy
3aepA3HeHUI0. YemanoeaeHo, 4mo no cpedHemy 6an080My COOEPICAHUIO 8 NAXOMHbIX YEPHOZEMAX MUNUYHbIX MAdCenble Memantbl 00-
pasyrom yéviearowuii pso (me/ke): Mn (345) > Zn (36,5) > Cu (13,9) > Pb (10,3) > Co (8,48) > As (4,18) > Cd (0,23) > Hg (0,022),
10 co0epI*Ccanuio NOOBUNCHBIX (PopM 3aKoHoMepHOoCcmb unas: Mn (16,7) > Pb (0,40) > Zn (0,39) > Cu (0,09) > Co (0,08) > Cd (0,05).
Ilo yoenvroii akmuernocmu paduonykaudst odpasyrom pso (bx/xe): “K (530,2) > 22Th (38,1) > ?*Ra (23,8) > ¥7Cs (17,3). Ilpe-
BbIUUEHUI HOPMAMUBOE OPUCHMUPOBOUHO U NPEeOeabHO 00NYCIMUMBIX KOHUEHMPAUUL U3YUAeMbIX INEMEHMO8 8 NAXOMHbIX NOY8aX He
Habadanu. ObecheueHHOCMb NAXOMHBIX NO48 nodeuicHbiMu Gopmamu Zn, Cu u Co HU3KAA, 045 NOBbIUEHUS YPOICAUHOCIU CEAbCKO-
X03AUCMEEHHBIX KYAbMYP PEKOMEHAYemcs: BHOCUMb MUKPOYOOOPeHUs ¢ Smumu dneMenmamu. B 3epHe 03umoii nueHuybl cooepicanue
U3YUAeMbIX INEMEHMOE U YOeabHas akmueHocmb 57 Cs Obiau CyuecmeenHo Huice npedeabHo 00NYCMUMbIX YPOBHEIL.

KiioyeBblie cJI0Ba: MOHUMOPUHE, MANCENble MEMANLbL, PAOUOHYKAUObL, YHePHO3EM, A2POIKOCUCIEMA, NPEOeAbHO-00NYCIUMAS KOHUEH-
mpayusi, y0eabHas aKmugHoCHb
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Abstract. The research was carried out as part of the state agroecological monitoring program in the southwestern part of the Central
Chernozem region in the Belgorod region. The soil cover of the forest-steppe zone was represented by typical chernozems. All analytical
studies were carried out in an accredited testing laboratory according to generally accepted methods. The territory of the region after the
accident at the Chernobyl NPP in 1986 was subjected to radioactive pollution. As a result of the studies, it was found that the average
gross content of typical heavy metals in arable chernozems forms the following decreasing series (mg/kg): Mn (345) > Zn (36.5) > Cu
(13.9) > Pb (10.3) > Co (8.48) > As (4.18) > Cd (0.23) > Hg (0.022). In terms of the content of mobile forms of heavy metals, the pat-
tern is slightly different: Mn (16.7) > Pb (0.40) > Zn (0.39) > Cu (0.09) > Co (0.08) > Cd (0.05). According to the specific activity of
radionuclides, they form a series (Bc/kg): 40K (530.2) > 232Th (38.1) > 226Ra (23.8) > 137Cs (17.3). There was no excess of the stan-
dards of the approximate permissible and maximum permissible concentrations of the studied elements in the studied arable soils. The
availability of arable soils with mobile forms of Zn, Cu and Co is assessed as low, in which microfertilization containing these elements
is recommended to increase crop yield. In winter wheat grains, the content of the studied elements and the specific activity of the 137Cs
were significantly lower than the maximum permissible levels.
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B cBsI3M ¢ mMpPOKMM TIPUMEHEHUEM TSDKETbIX Me-
tauioB (TM) B IIPOMBILIJICHHOCTA M PAIUOHYKJINIOB
B SIIEPHON 3HEPreTHKe BO3PACTaeT PUCK 3arpsi3HEHMUS
arpo3KOCUCTEM 3TUMH TMOJIOTAHTaMU. TepMUH «TsI-
KEJTble METAJLTBl» WCIONB3YIOT 11 OOJBIINON TPYIIIBI
METaJIJIOB C aTOMHOM Maccoii 6osee 40, K Helt XKe 4acTo
OTHOCSIT MBIITBSIK (MeTautonna). Hekotopeie TM (Mn,
Zn, Cu, Co) y9acTBYIOT B (pM3HUOIOTMIECKIX IIPOIIECCax
pacTeHUi U YeloBeKa, UX HAa3bIBAIOT MUKPOJIEMEHTAMM.
OCHOBHbIE €CTECTBEHHBIE PATMOHYKIIUIbI, YAETbHAS
AKTUBHOCTb KOTOPBIX MEPUOANIYECKN KOHTPOIUPYETCS
B mouBax, — 22Ra, ?*Th u “K, uckyccreHunie — ¥’Cs

u *°Sr. OHHU ITONAmaioT B aTPO3KOCUCTEMBI ¢ aTMOcdep-
HBIMM OCagKaMK M Ha JOJIFO€ BpeMsl IEIOHUPYIOTCS
BTouBax. [1, 13]

I'maBHBIC aHTPOITOTEHHBIC UCTOYHMKHU ITOCTYILIE-
Hus TM B mOYBBI — MPEANPUITHS IIBETHON MeTa-
JIYPTUM ¥ MAIIMHOCTPOCHUSI, TEIJIOBBIC BIIEKTPO-
CTaHIIMHU, TpaHCHOPT. B pe3ynbpTaTe aHTPOIOTCHHOM
sMuccuu TM UX KOHLEHTpalMyu B MPOMBIIIJIEHHO
Pa3BUTHIX paiioHaX MPEeBbIIIAOT (OHOBbIC 3HAYCHUS
B JecITKM pa3. boiblloe KoaM4yecTBO MX ITomnagaeT
B TTOYBY ¢ ocagkaMu cToyHEIX Box (OCB). [13, 14]
IIpu BBICOKMX I03aX BHECEHMS BaXXHBIM MCTOYHUK
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noctyruieHus TM B TOYBBI — OpraHu4ecKue yamoope-
Hud. [9]

IMocne aBapuu Ha YepHoGbUTECKOM ADC B 1986 romy
Oosblasg yacth LleHTpanbHoit Poccun moasepriach pa-
JIMOaKTUBHOMY 3arpsi3HeHuto. B beiaropoackoii oonactu
WCKyCCTBeHHbIE pamuoHykmasl Cs u “Sr oOHapyxe-
HBI IIPAKTUYECKH Ha BCEi TEPPUTOPUH, HO CHJIbHEE BCETO
MOCTpaaa BOCTOUYHBIE paiioHbI, rae oKojo 140 Teic. ra
MAalllHU OBbLIM 3arpsi3HEHBbI PaauoLie3ueM (KPUTUYECKUA
pamuoHyKiMA) B peneiax 1...5 Ku/xkm?.

Onpenenenvie copepxaHuss TM U pagMoOHYKIUIOB
B TIOYBAaX BKJIIOYEHO B TIPOTPaMMYy TOCYIapCTBEHHOTO
MOHMTOPHHTA 3¢MeJlb. B paMKax JIOKaJIbHOTO arpo3Ko-
JIOTUYECKOTO MOHUTOPUHIA arpoOXMMUYECKON CITy>KOO0i
Poccuu nepronnyecku aHaTU3UPYeTCsT COIEPKaHUe ITUX
TOKCUMKAHTOB B paCTeHUEBOAYECKOM MpoayKLuu. [15]

s KOppEeKTHOI  arpo3KOJIOTMYECKON OLIEHKU
YPOBHSI 3arpsi3HEHUST TIOYBEHHOTO ITOKpPOBa HEODOXO-
IUMO 3HaTh coiaepxxaHue TM u ecTeCTBEHHbBIX paluo-
HYKJIUAOB B (POHOBBIX, HE MCIIOJb3YEMbIX B CEJIbCKO-
XO3STMCTBEHHOM IIPOM3BOJACTBE ITOo4YBaX. POHOBHIN
MOHUTOPUHT MTPOBOST HA 3€MJISIX 0CO00 OXpaHsIeMbIX
npupoaHbix Tepputopuit (OOIIT). st hOHOBBIX TOYB
XapakTepHa BbICOKasi MPOCTPAHCTBEHHAs! Bapuabeshb-
HOCTb cofepxaHusi TM U paIiuoOHYKIUIOB, 00YCIOB-
JIeHHasl B3auMoAeicTBUEM (PAKTOPOB: OCOOEHHOCTU
BOIHOIO, KMCJIOTHOTO, OKUCJIUTEJIbHO-BOCCTAHOBUTEIIb-
HOTO PEeXMMOB, IPaHyJIOMETPUYECKOr0, XMMUYECKOTO
Y MUHEPAJIOTUYECKOI0 COCTABOB. [2]

Llenb paboThl — MpoaHAIUM3UPOBAThb U OOOOIIUTH
JaHHBIE MOHUTOPWHTA II0 COHEPKAaHUIO OCHOBHBIX
TM u pagoOHYKJIMIOB B MOYBAX U paCTEHMEBOAUECKOI
MNPOAYKIIMY arpoO3KOCUCTEM JIECOCTEITHON 30HHBI LleH-
TpajibHO-YepHo3eMHoro paiioHa Poccuu.

MATEPUAJIBI U METObI

HccnenoBanusa mposommnu B 2016—2022 romax
B JiecocTenHoil 30He benropomckoil objactu, pac-
MoJIOXKEHHOM Ha toro-3amage LleHTpanbHO-YepHo-
3emHoro paioHa (IIYP). Cambie pacrnpocTpaHeHHbIe
B JIECOCTEITHOM 30HE TTOYBBI — YEPHO3EMbI TUTTUYHBIE,
KOTOpPBIE B CTPYKTYpE MAIIHU 3aHUMAIOT 3,52 MIIH ra
(32,9%). [11]

Ha naxoTHbIX mouBax ObLIO 3a/I03KeHO 22 pa3pe3a uep-
HO3eMa TUIMMYHOIO TSDKeJIoCyIIMHUCTOro. B 3anoBeaHu-
ke «benoropbe» (yuacTok «AMcKasl cTernb») Ha LIETMHHOM
YepHO3eMe TUITMYHOM — OIMH pa3pe3. B maxoTHBIX MO-
yBax cpemgHee comepxanue B cioe 0...25 cM pU3nIecKoit
IIMHBI — 56,8 %, opraHnYeckKoro BelecTsa 1mo TIopyHy —
5,6%,pH, — 6,7, B uenmHHOM nouse — 57,3, 10,1 1 7,0%
COOTBETCTBEHHO.

OO6pasiibl MOYBHI ¥ 3epHA aHAJTM3UPOBAIM B aKKpe-
JNUTOBAHHON UCTIBITATEIbHOU Jab0opaTOpUm. YAEIbHYIO
AKTUBHOCTb paguoOHyKIuaoB 2*Ra, 2*?Th, “K, ¥Cs
B IIOYBE U 3€PHE O3UMOM MIIIEHUILIBI OIIPEACIISIIIN METO-
JIOM Y-CHEKTPOMETPUM HA CIIEKTPOMETPE-PATUOMETPE
ramma-6era-uznyyeHuiit MKI'b-01 «PAJISK». Bano-
BOE ColepKaHue 3JEMEHTOB (9KkctpareHT SM HNO,)
¥ KOHIIEHTPALIMIO WX TTOABMXHBIX (DOPM B TIOUBE, M3-
BJIEKaeMbIX alleTATHO-aMMOHUHBIM OyepHbIM (AAD)
pactBopoM ¢ pH — 4,8, onpenensiiu METOAOM aTOMHO-
SMUCCUOHHOM CITEKTPOMETPHH. [6]

TectoBast KyapTypa — o3uMas MIIEHUIIa, KOTOpas
B CTPYKTYpE MOCEBHBIX IU1oIIaneit benropomnckoii ooa-

ctu B 2016-2020 romax 3anmmana 26,8%. AHanusupo-
Banu 30 po6 3epHa. BanoBoe comepkaHue 3JIeMEHTOB
B 3e€pHE OIPeIeIIsUTN IO OOIIETTPHUHSIITEIM METOAVKAM. [6]

B kauectBe MeTona rpadMYECcKOro MpeacTaBACHUS
pacnpenenaeHuss TM U paaiuOHYKJIUIOB B TMOYBE MC-
TOJTb30BaJI M300pakeHWe B BUAE «SIIIUKA C ycaMu»
(Box-Plot): apmdmernyeckoe cpemHee, ITOBEPUTEIIb-
HBI MHTEPBAJI K CPefHEMY 3HavyeHuIo (x * t,8.) —
«SIIUK», pa3MaxX BapbUPOBAHUS — <YChI».

PE3VYJIbTATBI 1 OGCYXKIEHUE

ITo BaioBOMy comepzkanmio B ciioe 0...25 cM yepHO3e-
Ma TUIIMYHOIO yJacTKa «SIMCKasl CTelb» roCyIapCTBEeH-
Horo 3anoBenHuKa «beoropre» ((hoHOBas MouyBa) 3Je-
MEHTBI 00Pa3yIoT yObIBAIOLIViA psia (Mr/KT): Mn (416) >
Zn (43,6) > Cu (12,7) > Pb (10,6) > Co (8,8) > As (4,41)
>Cd (0,22) > Hg (0,018).

Cpennee BanoBoe comepxanue Co, As, Cd u Pb
B IMaXOTHBIX YepHO3eMaxX TUIMYHBIX OBLIO COIOCTa-
BUMO C KOHIIEHTpalMeil 3TUX 3JI€MEHTOB B (POHOBOM
noyBe. BanoBoe conepxaHue Hg B 1ie1MHHON MOYBe
COOTBETCTBOBAJIO HIDKHEMY TIpeNesly BapbUpPOBaHUS
KOHIIEHTPAIIMU 3JIEeMEHTa B MaXOTHOU TmouyBe. PoHO-
Boe BasioBoe copepkaHue Zn 1 Cu OBLIO BBIIIIE, YEM UX
CpeIHsIsI KOHIIEHTpALKs, HO B IIpeesiaX BApbUPOBaHUS
3TUX NapaMeTPOB B MaXOTHBIX NTouBax. MOHOBAsI KOH-
LHeHTpaluss Mn — HEMHOTO BBIIIIE BEpXHETO 3HAYEHUS
colepXKaHUS 371eMEHTAa B ITAXOTHBIX MoYBax (puc. 1).
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Puc. 1. Banosoe conepxanne TM B naX0THOM cJioe 4YepHO3EMa
THIWYHOTO, MI/KT.
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Tabnuua 1.
CopepxaHune NOABWKHBIX GOPM TAKENbIX METaJIOB B NTAXOTHOM YepHO3eMe TUNUYHOM, MI/KT !
MpenenbHo . BapuaumoHHo-CTaTUCTUYECKME MOKA3aTENN COiEPKAHNSA INEMEHTOB B NOYBE
Copepxanue YpoBeHb HU3KOI
Inemext B GOHOBOI NouBe RonycTmas 0becneyeHHoCTI X+t sx lim V%
KOHLieHTpauua o ,
Mn 19,7 140 <10 16,7+2,68 9,30...30,2 36,2
Pb 0,62 6 — 0,44:+0,04 0,25..0,59 19,9
In 0,69 23 <2 0,39+0,05 0,24...0,68 29,3
(u 0,10 3 <0,2 0,09+0,01 0,05..0,16 319
(o 0,10 5 <0,15 0,08+0,01 0,04..0,15 31,1
« 0,05 — — 0,05+0,01 0,01...0,07 259

IIpeBbliIeHUST yPOBHEH MpeneIbHO-I0MYCTUMbIX KOH-
nenrpauuit (ITAK), ycranoBnenHsix mist Hg (2,1 Mr/xr)
u Mn (1500 mMr/kT) He HaOmonanu. He BBIsIBIEHO TIpe-
BBIIICHUS YPOBHEH OPHEHTHUPOBOUYHO-IOITYCTHMBIX
koHneHTpanuii (OK) B TSKEIOCYNIMHUCTBIX ITOYBAX
cpH > 5,5 mnst Zn (220 mr/kr), Cu (132), Pb (130), As (10)
u Cd (2 mr/Kr). [8]

M3yyaembie 4YepHO3EeMbl TUIWYHBIE JIECOCTEII-
HOIT 30HBI XapaKTepHU3YIOTCS 00Jiee HU3KUM BaJIOBBIM
cogepxaHueM TM 1o CpaBHEHUIO C YepHO3eMaMU
OOBIKHOBEHHBIMM cTenHoM 30HbI LIYP. D10 cBs13aHoO,
B IIEPBYIO o4epenb, ¢ 00Jee TSKEIbIM ITPaHyIOMETPU -
YeCKUM COCTABOM IMOYBBI U HU3KUM BhIIlIeIauYMBaHUEM
TM u3 maxoTHOro cjosl B cTernmHoit 3oHe. Hanpumep,
CpeiHee BaJIOBOE COJEpXKaHUWE B MaXOTHBIX YepHO3e-
MaX OOBIKHOBEHHBIX Mn, Zn, As, Co, Pb 1 Cd Brite,
yeM B TUIIMYHBIX Ha 52, 6,4, 1,3, 1,03, 0,9 u 0,12 mr/xr
COOTBETCTBEHHO. [7,9,15]

OCHOBHOI aHTPOIOTE€HHbII MCTOYHUK IOCTYILIE-
Hust TM B mouBHI arpoakocucteM benropoackoii 06-
Jlact — opraHudeckue ynoopeHus. 3a 2010-2014 roast
¢ HUMHU B 1oyBy BHocwiu: Pb — 76,3, Cd — 74,0, Hg —
76,2, As — 41,2% o6uiero nocrymienus. baranc TM
ObUI OTPULIATETBHBIM. [9]

B 2015-2018 rogax ¢ opraHU4YeCKMMU YIOOpPEHUSI-
MM B [TaXOTHbIE ITOYBBLI BHOCWIM Mn — 79,3, Zn — 86,3
1 Co — 66,6% ob1uero mocrymieHus. bagranc Mn u Co —
OTPULIATEJIbHBIN, ZN — MNOJIOKUTEIbHBINA. [15]

s mporHo3upoBaHusl HakoruieHuss TM B pac-
TEHUEBOIYECKON MPOAYKIIMM HEOOXOIAUMO MMETh WH-
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Puc. 2. YaenabHast aKTHBHOCTb PAIHOHYKJIHUIOB B IAXOTHOM CJIO€
YepHO3eMa TUIIMYHOTO, BK/KT.

dopmanno He TOJIBKO 00 MX BaJOBOM COACpPXKAHMH,
HO ¥ KOHLEHTpaluu MOABUKHBIX (popM B mouse. [15]
Ha conepxanuvie mogBrxXHbIX GopM TM CUIbHO BIUSIET
KHCTOTHOCTh ToYB. [Ipu momienraunBaHUM peakivu
MOYBEHHON Cpenbl MOABUXKHOCTb OoJblIMHCTBA TM
cHuKaetrcs. [J1s1 4epHO3eMOB TUIIMYHBIX JICCOCTEITHOM
30Hbl [[YP B mpolecce ceabCKOXO3SIMCTBEHHOIO MC-
MOJIb30BaHUsI XapaKTePHO CHCTEMaTUYECKOE ITOAKKC-
JIEHWE B OTJINYME OT YePHO3eMOB OOBIKHOBEHHBIX CTETI-
HOI 30HBI, KOTOPHIM CBOMCTBEHHO TOJIIETAaYUBAHUE.
IMoaToMy comepkaHue TOABWXHBIX (hOPM OOIBIINH-
ctBa TM B yepHO3eMax TUIMWYHBIX HECKOJIbKO BBHIIIIE,
YyeM B OOBIKHOBEHHBIX. [7, 9, 15]

CpenHee coaepkaHue MOABUXKHBIX (popM Mn, Zn,
Cu, Pb u Co B maxoTHOM 4epHO3eMe TUITMYHOM OBLIO
Huxe, a Cd cooTBeTCTBOBAJIO X KOHIIEHTPAIUHU B (hO-
HOBOI1 mouBe. MOHOBOE COAEPKAHUE MOABUXKHBIX COE-
IuHeHui Zn 1 Pb Gb110 HEMHOTO BBILIIE BEPXHETO Mpe-
Jieja BapbMPOBaHUS KOHIIEHTPALIM 3THUX 3JIEMEHTOB
B maxoTHoii 1mouBe. ComepKaHue MOABMXHBIX (DOpPM
TM B MaxOTHBIX YePHO3EMaxX TUTTMYHBIX OBIIIO 3HAYM-
TenbHO Hrke 3HaueHuit 11K (tabn. 1). ObecrnieueH-
HOCTb IIOYB MAIHU MOABIXKHBEIMH dopMamu Zn, Cu
n Co Hu3Kasl, 4YTO OOYCJIOBIMBAET 1IeJ1eCO00pa3HOCTh
MPUMEHEHUSI B arpoOTeXHOJIOTUSIX MUKPOYIOOPEHMIA,
colepKalux AeUIUTHBIC 3JIEMEHTHI. [15]

YepHozembl LIUP, HecMOTpsT Ha BBICOKUIA YPOBEHB
MOTEHITMAIBHOTO TUTOIOPOIMS, XapaKTePU3YIOTCS] HU3-
KHM YPOBHEM 00eCIeUYeHHOCTH MOABMXKHBIMU (hopMa-
MU MHOTUX MMKpoajieMeHTOB. B Jlumeukoii odnactu
K KaTeropuv HHU3KOOOECIEUEHHBIX II0 COACPKAHUIO
MOABXKHBIX (hopM oTHocsATcsT Mn — 19,0, Zn — 95,0,
Co —23,0% obcnenoBanHoi mamrxu. [10] B BopoHex-
CKOIi 00JIacTU B IPYNITy HU3KOOOOECTIEUEHHBIX O CO-
JIepKaHWIO NOIBIUKHBIX hopM Zn, Cu, Co 1 Mn BxomsT
cootBeTcTBeHHO 99,7, 96,5, 94,7 u 61,0% mnaxoTHBIX
nous. [5]

B ¢doHOBOII TTOYBE T10 yIEIbHOM aKTUBHOCTH €CTe-
CTBEHHBIC PaTUOHYKIWABI oOpasyioT psin (bk/Kr):
K (523) > #2Th (38,2) > 2Ra (18,2). B maxoTHBIX TI0-
YBax CpemHssl yaeiabHas aktuBHOCTH K (530,2 Bx/kr)
u ?Th (38,1 bk/Kr) mpakTudecku coBnagaia ¢ ¢o-
HOBBIMM 3HAYeHUSIMH, a °Ra (23,8) Obl1a HECKOIBKO
BbIlIE (puUC. 2). YaeabHast aKkTUBHOCTb UCKYCCTBEHHO-
ro pamnoHykiiaa ’Cs B (hOHOBOM ITOYBE COCTaBJIsLIa
22,1 bx/kr, maxotHoii — 17,3. C moMeHTa YepHOOBLTE-
CKol KaTacTpodbl 6obIas 9acTh '37Cs yxke pacnanach,
TMOCKOJIBKY €r0 Tnepuop nonypacnaza (T, /2) — 30,17 rona.
OrnpeneneHHast 4acTb '3Cs BBIHOCUTCS U3 TIOYBHI C pac-
TEHUEBOMUYECKOM MpoayKiueid. Pa3smepsl Murpauu
137Cs 3a TipeIeJTBl TTaXOTHOTO CJI0ST He3HAUYNTEIHHEL.
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B uccnenoBaHusix, IpOBEAEHHBIX CIYCTS 26 JIET MO-
cie BbimageHuii 77Cs, Ha IMTaXOTHBIX 1ePHOBO-ITOI30JIM -
CTBIX MecuaHbIX moyBax B cjioe 0...20 cM oOHapyKeHO
92,2, 20...30 — 7,6, 30...60 cM — 0,2% 06111er0 KOJINYE-
CTBa 3TOro paauoHyKIuaa. [3]

OueHb OJIM3KME K HAIIIUM PE3YIbTATHI 110 YACITbHOMN
aktuBHOCTU *?Th 1 ?Ra moyiyuyeHbl B UCClIeIOBAHM-
gax 1o Boarorpaackoit 06jacTi Ha MaxOTHBIX YEPHO-
3eMax 10XHbIX. B cioe 0...20 cM yaeabHass aKkTUBHOCTh
22Th B cpeaHeM cocrtapisia 40,2 (29,0...52,6 Bk/kr),
26Ra — 21,1 (13,1...39,8 Bxk/kr). CpemHsas yneilb-
Has aktuBHOCTH “K B manHO#T paboTe Oblia BHIIIIE,
4yeM ycTaHOBJIeHHas B benropoackoit obmactu — 625
(523...798 Bx/kr). [2]

Coaepxanue TM u ynenbHasi akTUBHOCTb pPagnio-
HYKJIMJIOB B PACTEHUEBOMUYECKOW MPOAYKINU — BaX-
HeHIlne moKa3aTeiv, XapaKTepu3yIole 3K0JIoruie-
CKOE COCTOSTHME arpo3KOCHUCTeM. BeTwynmHbI qaHHBIX
napaMeTpOB CHJIBHO BapbUPYIOT B 3aBUCHUMOCTU OT
XUMUYECKUX OCOOEHHOCTE BJIEMEHTOB, BUIA pac-
TEHUI, CBOMCTB ITOYBBI U arpOTEXHUKU BO3IEJIbIBA-
HUS KYyJbTyp. B MoJyieBbIX OIBITaX, MPOBEACHHBIX Ha
JIIEPHOBO-TIOA30IMCTBIX ITOoYBaX B HOBO3BEIOKOBCKOM
paiioHe bpsiHCKo#l 061acTy, B 3aBUCUMOCTHU OT MpPU-
MEHEHMS CPEACTB XUMU3AINUM, B 3epHE O3UMOM KM
cogepxanue Cd usmensnocs ot 0,0073 mo 0,0105,
Zn — 20,2...30,1 Mr/kr, yneiabHasi akTUBHOCTb '¥7Cs —
15...84 bx/kr. [3]

ITo comepkaHuiO B 3epHE O3UMON MieHUb TM
00pasyroT yobsrBaommii psa: Mn > Zn > Cu > Pb > Co
> Cd > As > Hg. CpegHee KOJIMYECTBO HanbOoOJIee TOK-
cuuyHbIx 31eMeHTOB Hg, As, Cd u Pb Obu10 cooTBeT-
ctBeHHO B 10,0, 12,5, 2,7 u 1,7 paza HUxXe 1OITYCTUMBIX
YPOBHEM, YCTaHOBJIEHHBIX IS MPOJOBOJBCTBEHHOTO
3epHa. Conepxanue Zn, Cu u Co ObUI0 COOTBETCTBEHHO
B 2,3, 7,4 m 9,5 paza HI:Ke BpeMEHHBIX MaKCUMaJIbHO
nomyctuMbix ypoBHeit (BMY) mist 3epHa, mocrasisie-
MOTO Ha KOPMOBBIE 11eJ11 (TadJI. 2).

Tabnuua 2.
CopepxaHue TAXeNbIX MeTanNoB U yAeNbHasA akTUBHOCTb
PaavIoOHYKNUA0B B 3epHe 03MMOii NeHNLbl (BNaxHOCTb 14%)

lpenenbHo sonyctumble BapuaumoHHo-cTaTUCTYECKNe
ypoBHY [12] AnA 3epHa, nokasatenu
InemeHT NOCTaBNAEMOr0 Ha
nawweBble | KopMoBble X £t SX lim V, %
Lenu uenu
CopepxaHue TM, mr/kr
Mn - - 2331147 14,6..32,0 16,3
In - 50* 21,9£2,15 12,4..33,7 26,3
Qu - 30* 4,08+0,41 2,06..5,4 24,8
(o - 1,0% 0,105%0,01 0,07..013 15,4
Pb 0,5 50 0,298+0,026  0,163..0,378 22,5
« 0,1 03 0,03740,0043  0,020..0,052 30,0
As 0,2 0,5 0,01620,0015 0,011..0,025 24,1
Hg 0,03 0,1 0,003%0,0003  0,002..0,004 22,1
YnenbHas akTMBHOCTb PaZMOHYKNIE0B, BK/KT
40K - - 37,3£1,86 30,1...48,2 1.8
226Ra - - 6,48+0,50 43..10,2 20,3
232Th - - 5,630,37 35..69 17,4
137Cs 60 180 2,89+0,22 1,6..3,6 20,0

Ilpumeuanue. *BMJ1Y-87 [4].

[To BenuuMHE yAeNIbHON aKTUBHOCTU PaAUOHYKIIU -
IbI 00pa3yioT psa: K > 220Ra > 22Th > '7Cs. CpenHsis
yaenbHass aKTUBHOCTb MCKYCCTBEHHOTO PaaMOHYKIIM-
na '¥Cs 6puta B 20,7 pasza HIKe TOMYCTUMOTO YPOBHS
JUTSL TIPOIOBOJILCTBEHHOTO 3epHa. CpemaHsisl ynenbHast
AKTUBHOCTb €CTECTBEHHBIX pamnoHykKiumnoB “K, 2*Ra
u *’Th mpeBwlana BeJIWYMHY JAHHOTO ITOKA3aTeIIs,
ycraHoBiieHHoro mig ¥7Cs, cooTBeTcTBEHHO B 12,9, 2,2
u 1,9 paza.

BbiBoabl. YcTaHOBJICHO, YTO 1O CPeIHEMY BaJOBO-
MY COIEPKaHMIO B ITAXOTHBIX YEPHO3eMaX TUITMYHBIX
TM BEICTPOEHEI TI0 YOBIBaHMIO (MT/KT) — Mn (345) >
Zn (36,5) > Cu (13,9) > Pb (10,3) > Co (8,48) >
As (4,18) > Cd (0,23) > Hg (0,022), mo comepxa-
HUIO TIOABMXXHBIX (OpM 3aKOHOMEPHOCTh MHAs —
Mn (16,7) > Pb (0,40) > Zn (0,39) > Cu (0,09) >
Co (0,08) > Cd (0,05). Ilo ynmenbHOM aKTUBHOCTU
pamroHykimabl obpasytot psan (bk/xr): 9K (530,2) >
22Th (38,1) > 2?Ra (23,8) > ¥7Cs (17,3). [1peBbliieHMUs
HopMatuBoB OJIK u ITJIK uzyyaembix TM B uccieny-
€MBIX IMaXOTHBIX MoYBax He Habmomaau. ObecreyeH-
HOCTb MaXOTHBIX ITOYB MOABMXHBIMU (hopmamu Zn, Cu
1 Co HU3Kas1, TO3TOMY IS TTOBBIIIEHUS YPOXKATHOCTH
CEITbCKOXO3SIMCTBEHHBIX KYJIBTYP PEKOMEHIYETCS BHO-
CUTh MUKPOYIOOpPEHMSI, COAepKallie 3TH DJIEMEHTHI.
B 3epHe 03uMOIi MIIEHUIIBI KOJIMYECTBO M3YyYaeMBIX
TM u yoenbHast akTUBHOCTB ¥7Cs OBIIIM CYIIECTBEHHO
HUXeE TPeebHO JOIYCTUMBIX YPOBHEIA.
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