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PafnoakTyBHbIe 130TOMbI CS B 3HAYUTE/ILHOM CTEMEHWN OMPeaensioT TSHXKECTb pagralMOHHbIX aBapuid ¢ BbIGPOCOM paamo-
AKTUBHbIX BELLECTB B OKPYXXatoLLyto cpefy. [103TOMY aKTya/ibHbIM B/ISIETCA BbISIB/IEHVE 3aKOHOMEPHOCTEN NX MOBeAEHNS B pas-
JINYHBIX 3KOCUCTEMAX, MEPEX0 Mo MULLEBLIM LIENSIM, a TakKe MOUCK 3PMEKTUBHBIX METOAOB BO3AENCTBMSA Ha 3TW MPOLECChHI.
Llenb nccnegoBaHUs - MOMCK 3aKOHOMEPHOCTEN HakomieHust 131Cs TpaBAHUCTLIMU PacTEHUAMU eCTECTBEHHbIX 3KOCUCTEM Ha
3Tane OTAa/leHHbIX MOCNeACTBUI KaTacTpodbl Ha YepHobblibekoit AQC. PaboTbl MPOBOAUANCE HA TPEX 3KCMEePUMEHTa/IbHbIX
NoSINroHax, PacrosioKeHHbIX Ha paccTosiHUM 13-16 KM OT anuueHTpa aBapun. Ha KaXk4om MosIMroHe 3a/10)KeHbl MPO6HbIe N1o-
LWAaAKK, Ha KOTOPbIX U3yYeHa XapaKTepucT1Ka pacTUTE/IbHOM0 NOKPOBa 1 Nnousbl. [1719 NOATBEPXAEHUS BIIUAHUSA PEXMMA YBaX-
HeHMs Ha HakoneHue 137Cs pacTeHUsIMY Takke 6bl/1 MOCTaB/1eH MUKPOBEreTaLMOHHbIN OMbIT. AHa/IM3 pe3yibTaToB HaBMOAEHWIA
B TPaBAHMCTbIX 3KOCUCTEMAX He MO3BO/N/ BbISBATL HEMOCPEACTBEHHYIO CBA3b MEX/Y NMOoKasaTe/1IsiM/ Ba/I0OBOr0 3ar Psi3HEHUS Mo-
uBbl 137Cs, copep>kaHveM ero pacTBOPMMOiA, MOHOOBMEHHOI U TabUbHON (hOPM HaX0X/AEHWS B MOYBE C HAKOM/IEHVMEM PaaMOHY-
KNnaa HaasemMHbIMU yacTsamMu Elytrigia repens (L.) Nevski, Calamagrostis epigejos (L.) Roth, Poapratensis L. n Carex brizoides
L. Cpean Komnekca afamyeckux hakTopoB Hambosee TECHYH CBS3b C YAe/bHOW aKTUBHOCTbIO 131Cs B HAaA3eMHbIX YacTsIX
3/1aKOBbIX pacTeHWii UMelT 06beMHAsA 4018 BOAb! B MOYBE, COAepXXaHune B Heli nogBumkHoro K20 1 nabunbHOM, 13BIeKaeMoii
TeTpadeHnn6opaToM, hopmMbl pagmoHyknnaa. O6paTHbIN SKCMOHEHUNaIbHBIV XapaKTep CBS3M 3TUX NapaMeTPOB C HAKOMJIEHVEM
131Cs onocpefoBaH K-3aBUCUMbIMU MeXaHU3MamMu MornoweHns Cs u CHKeHeM 3ththeKTUBHON anddysmm K 13 noYBeHHOro
pacTBopa K NOBEPXHOCTM KOPHS NPV YMEHbLLIEHWW BMIRXKHOCTY MouBbl. [ns Carex brizoides K-3aBUCUMbIV MEXaHU3M perynsiuum
KOPHEBOro nornoLleHnst Cs He NOATBEPXKAEH. DKCMEPVMMEHT B KOHTPOIMPYEMbIX YCI0BUSIX MOATBEPAW CYLLEECTBEHHOE YBENN-
yeHre HakoneHns 137Cs 31aKoBbIMU PaCTEHUSIMU NMPY CHKEHUU BNaroobecneyeHHOCTU, 00YC0B/IEHHOE aKTMBaLe MepeHoc-
unkoB K ¢ BbICOKOI apPMHHOCTBIO KaK K 3TOMY 3/1EMEHTY, Tak 1 K Cs.
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ABTOpbLI:

AnekcaHap Hukonaesny HWKMTUH - KaHAWAAT CENbCKOXO-
3A/CTBEHHbIX HayK; 3aMecTUTe/b AMPeKTopa MO Hay4yHOM pa-
6ore.

Onbra AnekcaHfipoBHa LLlypaHKoBa - Hay4HblIli COTPYAHUK Na-
6opaTopun pPasno3KoNorum.

Cepreii AnekcaHipoBuy KanuHMYeHKo - KaHaugaT 6uonoru-
YecKMX Hayk, [OLEHT; 3aBefytoluii nabopatopueii cnekTpome-
TPWMN 1 PagNOXUMUN.

MuuweHko Erop BukToposuu - 3aBeaytowuii nabopatopueii
pasvo3KoNormu.

Nedepa MFanuHa ApkajbeBHa - HayuHbIA COTPYAHMK nabopaTo-
pUK pPasno3KoNormu.
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BnarogapHocTb. PaboTa BbiNoNHeHa Npy noagepXKe FocyapCTBEHHON NPOrpaMMbl HayUYHbIX ccnefoBaHuii «Mpupoao-
nonb3oBaHMe 1 akonorma» Ha 2016-2020 rogbl.
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Radioactive cesium isotopes often significantly determine the severity of nuclearaccidents with the release ofradioactive
substances into the environment. Therefore, identifying the patterns of their behavior in various ecosystems, their transfer
in food chains, and design effective methods for regulation of these processes are of current interest. The aim of this
work was to find the patterns of 13/Cs accumulation by herbaceous plants in natural ecosystems at the stage of the remote
consequences of the Chernobyl NPP disaster. Three experimental sites were selected at a distance of 13-16 km from the
accident epicenter. At each site, sample plots were established to study the characteristics of the vegetation cover and soil.
To confirm the impact of the moisture regime on the accumulation of 13/Cs by plants, a vegetation experiment was also
conducted. The analysis did not reveal a direct link between the gross soil contamination indicators with 13fCs, its soluble,
ion-exchange, and labile forms in the soil with the accumulation of the radionuclide by the above-ground parts of Elytrigia
repens (L.) Nevski, Calamagrostis epigejos (L.) Roth, Poa pratensis L. and Carex brizoides L. Among the complex of
edaphic factors, the closest relationship with the specific activity of 13/Cs in the aboveground parts of cereal plants is
associated with the volumetric water content in the soil, the content of mobile K20, and the labile form of the radionuclide
extractable with tetraphenylborate. The inverse exponential character of the relationship between these parameters and the
accumulation of 13/Cs is mediated by K-dependent mechanisms of Cs absorption and a decrease in the effective diffusion
of K from the soil solution to the root surface as soil moisture decreases. For the sedge, the K-dependent mechanism of
regulating the root absorption of Cs was not confirmed.

An experimentunder controlled conditions confirmed a significant increase in the accumulation of 137Cs by grass plants
with a decrease in moisture availability, caused by the activation of K transporters with high affinity for both this element
and Cs.
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BBeneHue

PagnoakTuBHble n3otonbl Cs (1ACs, 13HCs, 131Cs) MMEKOT TEXHOMEHHOE MPOMCXOXAEHME M MOryT nonagatb
B OKPY>KaoLLYH0 cpeay npu WTaTHOM (DYHKLMOHUPOBAHWM 1 aBaPUIHBIX CUTyauUmMsaX Ha 06beKTax sfepHoro To-
NIVBHOIO LUMK/A, a TaKXe NPW UCMbITaHWAX ALepHOro opyxus. 131Cs [1] 4acTo CTaHOBUTCSH OCHOBHbLIM [0300-
6pasyoLWwnm paguoHyKINLOM AN15 YenoBeKa U 6MOTbI Ha MPOTSXKEHUW NPOAO/MHKUTENIBHOIO NEPUOLA OTAANIEHHbIX
NOCNeACTBUI pajuaLMOHHbIX aBapuii. B Ha3eMHbIX 3KOCUCTEMAax OH COCPeA0TayMBaeTCsl MPEeVMYLLECTBEHHO
B MOYBE, OTKYJa MOXET MOCTynaTb B NULLEBbIE Lenu, BegyLme K Yenoseky. OfHOI 13 Hanbosnee ah(heKTUBHbIX
Mep CHWKEHUS [,03 BHYTPEHHEr0 06/1y4eHNs HaceneHus oT 131Cs ABNfeTCA orpaHUYeHme ero nepexoja B cucteme
«ro4yBa - pacteHue» [2].

[na paspaboTkn 1 ahheKTUBHOIO MPUMEHEHNA Mep PavalMOHHON 3alWnUTbl Heobxoanma WHGopMaLUs
0 BAUSIHUN Pa3IMYHbIX (hakTOPOB Ha NoBefeHNn RCs B CUCTeME «MOYBa - pacTeHue». Mo3ToMy eCTECTBEHHO, UTO
60/1bLLIOE BHMMaHWe UccneaoBaTenein yaensetcs aTomy sonpocy [3-10]. Bbiio ycTaHOBMEHO, YTO AaNeKO He BECb
3anac RCs B nouse 40OCTYMNeH A1 KOPHEBOrO NOT/OLWEHNS, NOCKO/bKY OH MNOCTYNaeT B PaCTEHUA NPEUMYLLLECTBEH-
HO 13 MoYBeHHOro pacTeopa [11; 12]. CooTHOLIeHME Mexay copbuueit Cs B TBepAoi hase 1 KOHLIEHTpaLueli ero
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B MOYBEHHOM pacTBOpe BbipaXkaeTcs KO3(h(MLMEHTOM pacnpeaeneHus, coctasnstowmum nopsigka 10:105 [13],
1 NOCTENEHHO yBENMUMBAKOLLMMCA CO BpEMEHEM MOC/e NonajaHns paguoHyKIvMaoB B noysy. B TBepoit hase no-
yBbl CS TaKXKe MOXXET HAXOAUTCA B PasfIMUHbIX COCTOAHUAX: B MOYBEHHOM MOT/IOLAI0LLIEM KOMI/IEKCe, Ha y4acT-
Kax cenekTuBHOW copbumn (FES) 1 Ha yyacTKax BbICOKOCENEKTUBHON copbuun [14; 15]. C TeyeHWeM BpeMeHU
npomcxouT nepepacnpegeneHve RCs mexay sTMMu popMamu, NPUBOASLLEE K CHUXKEHWUIO ero 6MoNornyeckoin
[JOCTYNHOCTU («3aKPenieHnio»). BaXKHYIO posib B 3TUX MpoLeccax UrparoT TakuMe (akTopbl, Kak cofepxaHue
B MOYBE IMIMHUCTLIX MUHEPANIOB, Ka4eCTBEHHbIE U KOMIMYECTBEHHbIE XapaKTEPUCTUKN OPraHNYecKoro BeLlecTsa
nousbl, pH, KoHueHTpauuna K+ NH4+B nouseHHOM pacTsope [6; 16]. B cnydyae BbinageHuii RCs B cocTase To-
NIMBHbIX YaCTUL,, CNeayeT TakKe YUMTbIBaTb AMHAMUKY X pacnaga v Beixoga RCs 13 nx coctasa [14].

mapatupoBaHHble MOHbI Cs+ 6/IM3KM MO CBOUM XapaKTepUCTUKaMm K rmapaTupoBaHHbIM MOHaM K+ 1 moryT
NPOXOAUTL Yepe3 KaHaslbl U HEKOTOpble TpaHCMeMOpaHHble NepeHOCUUKM MOC/efHero, no3aTomy mMeTabonnsm
Ka/ims y pacTeHUI BNUAET Ha nornoLLeHre noHos Cs 1 X nepepacrpes/ieHne no opraHam v Tkavam [11; 12; 17).

B cBA3K ¢ 0CO6EHHOCTAMM MOBeLEHNSA B NOYBE 1 KOPHEBOro nornoweHns RCs, 3aBUCMMOCTb UX HaKoMNIeHUs
B pacTeHMaX OT (PaKTOPOB OKPYXAIOLLEN cpefibl UMeeT CNOXHbIA XapakTep, U3MEHAIOLWMIACA BO BpeMeHW. Bme-
CTe C TeM BblsiBfIEHNE [aHHbIX 3aKOHOMEPHOCTEN BAXHO A1 OLLEHKM 1 NPOrHo3a pagno3aKonornyecknx nocnes-
CTBWIA aBapuii ¢ BbIGPOCOM pafoakTUBHBLIX BELLECTB B OKPYXKAIOLLYIO cpedy Y 3PMEKTUBHOIO NPUMEHEHUS Mep
pagmaLMoHHON 3aLnThl.

Bbln0 Nogo6paHO TPY 3KCNEPUMEHTASIbHBIX MOAUIOHA. Ha KaXKA0M 13 HUX 3a10XeHbI NPOBHbIE NIOLLaAKN,
Ha KOTOpbIX U3y4YeHa XapaKTepucTuKa pacTUTeNbHOr0 NOKPOoBa 1 NoyBbl. A8 NoATBEPXAEHNUS BNAHUS PEXMMA
yBNXHEHWS Ha HakonneHue 131Cs pacTeHMsAMM Obl1 NOCTaB/IEH MUKPOBEreTaLMOHHbIN OnbIT. CobpaHHbIn Habop
[aHHbIX NOCNYXXWUN OCHOBOW ANS aHanM3a 3aBUCUMOCTU HakonieHus 13Cs Haf3eMHbIMW YacTAMMW PacTeHU OT
3patmyecKnx (hakTopoB 1 (HOPM HaXOXKAEHUA pafuoHYKNUAa B MOYBe.

Pe3ynbTaThbl BbINOHEHHOIO aHa/IM3a PacKpbIBalOT BUAOCNELUDUYECKYIO peakLmto HakonneHns RCs Hafa3eM-
HbIMW YacTAMMW PacTeHMIN Ha AeACTBME TaKUX (haKToOpoB, Kak obecneveHHOCTb K, BnaroobecrneyeHHOCTb, coaep-
XaHue 06MeHHbIX Ca, Mg B Mo4Be, COAepXXaHne OpraHMYecKoro BeLLecTBa, fONS FIMHUCTON pakuum.

MaTepuanbl U MeTOAbl UCC/e0BaHUA

JKCnepuMeHTalbHble NONUIOHbI. 19 NPpoBefeHNs UCCNef0BaHNS ObIN0 3a/10XKeHO TPU SKCNePUMEHTaNbHbIE
nonuroHa (J1M-1, 1MN-2 n JIMN-3) B eCTeCTBEHHbIX 3KOCUCTEMAxX CYXOAOMbHbIX NYroB, PacnofiOXKEHHbIX Ha
paccTosHUK 13-16 KM OT YeTBEPTOro 3Heproboka UepHoOObINLCKOW aTOMHOM 3/1eKTPOCTaHLMUW, B OKPECTHOCTAX
6bIBLLE AepeBHM MacaHbl. [Mo4YBa Ha BCeEX SKCNepUMEHTaNbHbIX y4acTKax 4epHOBO-M0A30/11CTas cynecyaHast. Ha
KaXXOM 3KCNepMMEHTa/IbHOM NMOANTOoHe 6b110 BblgeneHo 20 NPo6HbIX Naowaaok 2°2 M. Nonesble UccnefoBaHuUs
NpPoBOAMANCEL BeCHOMR-neTom 2020 r., HemocpeACTBEHHO OTOOP 06pasL0B PacTeHWid M MOYBbLI OCYLLECTBAANCA
B UIOHe.

CpefiHee NPOEKTUBHOE MOKPbLITUE PACTUTESILHOrO MOKPOBA Ha SKCMEPUMEHTASbHBIX NOMUIOHAX COCTAaBANO
100 %, 75 n 60 % Ha JIM-1, JIM-2 n J1M-3 cooTBeTCTBEHHO. [N BbISABNEHNS 3aKOHOMEPHOCTel HakonneHus 13Cs
Ob111 BblGpaHbl Hanbonee pacNpoCTPaHEHHbIE Ha MOMIOHaX BUAbI pacTEHWIA: Nbipeit nonsyuunii (Elytrigia repens
(L.) Nevski), BeliHuK HaseMHbIii (Calamagrostis epigejos (L.) Roth), matnnk nyrosoii (Poapratensis L.) n ocoka
TpacyHkoBugHas (Carex brizoides L.). Kpome 3Tux BUAOB, paCTUTENbHOCTb Ha 3KCNEPUMEHTaNbHbIX NOANTOHAX
6blna npeactaBneHaAgrostis canina L., Calamagrostis arundinacea (L.) Roth, Deschapsia cespitosa (L.) Beauv.,
Corynephorus canescens (L.) P. Beauv, Trifolium hybridum L., Artemisia vulgaris L., Polygonum orientale L.,
Rumex acetosa L., Asarum europaeum L., Melandrium album (Mill.) Garcke, Viola arvensis Murr., Ranunculus
acris L., Lupinus polyphyllus Lindl., Veronica chamaedrys L., Equisetum arvense L. 1 gpyrux TpaBsHUCTbIX
pacTeHuil. B cocTaB O4eHb paspeXXeHHOro ApeBecHOr0 spyca BXOAAT Takune BUAbl, Kak 6epesa nosucnas (Betula
pendula Roth), ay6 yepelwuyatbiii (Quercus robur L.) n cocHa 06bikHoBeHHas (Pinus sylvestris L.).

MuKpoBere TalUnoHHbI onbIT. B KauecTBe MOAENLHOIO PacTeHNS MCMO/b30BaHa NiLeHNLa ApoBast. PacTeHus
BbIpaLMBaINCL B KOHTeNHepax 06beMOM 1 f, HaMOJIHEHHbLIX MOYBOIA, OTOOPAaHHOW B YAaCTHOM MOABOPbE Ha
TeppuTopmm BbIBLLIErO HACeNIeHHOro NyHKTa boplueska. MoyBaxapakTepru30Baiach O4eHb BbICOKUM COAEPXaHNEM
opraHmnyeckoro BellecTBa (4,27-6,33 %) 1 HeliTpanbHON KMCMOTHOCTbIO (6,6-6,7). Coaep)KaHne MOABMXKHOIO
thocthopa (P25 oueHb BbicoKoe (1552-3245 mr/kr), nogsmxHoro Kanusi (K20) - Bbicokoe (224-372 Mr/Kr).
CofepxxaHue 06MEHHOro MarHus M KaibUWs NOBbIleHHOe. MouBa XapakTepusyeTcs CPefHVMMW 3HAYEHUSMM
rMaponnTMYeckoi kucnotHocth (0,89-1,20 MM/100 r), emkocTu nornouieHmns (41,2-68,9 mM/100 r), cTeneHn
HacbILWEHHOCTN OcHoBaHuAMYK (97,1-98,7 %) 1 CyMMOI1 NOrNOLLEHHbIX OCHOBaHuiA (40,0-69,2 mM/100 ).

Ona  uccnefoBaHMS  BAMSHUA peXUMa YBNAKHEHWA B OMbiTe Obl10 NPeaycMOTPEHO 3 BapuaHTa:
1) onTManbHOe YBaXXHEHWE - BblpallMBaHWe pacTeHWi Npy BAXKHOCTY NoyBkl 70 % OT MO/THOM BAaroeMKoCTy
(MB); 2) NMOHWXeHHas BAaroobecrneyYeHHOCTb - BblpalMBaHWE PacTEHWIA MpyU BAaXHOCTKU nouBbl 40 % OT
MB; 3) nepemMeHHOe YBNaXXHEHWe - BblpallliBaHWe pacTeHWiA Mpyu BNaXXHOCTU nousbl 40 % oT B B nepBble
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21 cyTKuM 1 nocnegytollee gosefieHne BNaxXHOCTM Ao 70 % ot MNB. OnbIT BbINOAHANCA B 4-KPaTHO MOBTOPHOCTU
B (PMUTOKOMHaTe C MOCTOAHHO TeMnepaTypoli Bo3ayxa 18 °C v ocBeLleHVeM Ha NPOTsXeHUN 18 4 B cyTku ¢ AP
100 MM c-1m-2 BnaXKHOCTb MOYBbI KOHTPONPOBAaCb BECOBLIM METOAOM.

OT60p 06pa3yos M mamepeHns. O6pasubl NOYBbI Ha NPOOGHLIX MaoWagKax OoTéupanncb CTaHAAPTHLIM
Npo600T60PHMKOM gnameTpom 4 cM Ha rinybuHy 20 cm. C Kaxkgoro npobHoro yvyactka otémpanocb no naTb Npoo
MEeTO0M KOHBepPTa, KOTOpPble CMELLMBAUCH B O4HY U YNAaKOBbLIBA/IUCH B NONUITUNEHOBbIE NakeTbl. OJHOBPEMEHHO
C NOYBOWA 0TOMpanMcb 06pasLbl HaA3eMHbIX YacTeli BbIOpaHHbIX BUAOB PACTEHUIA NyTeM Cpe3aHWs CEKaTOPOM Ha
BbICOTe 3 CM OT NMOBEPXHOCTU MOYBLI. B MMKpPOBereTaLMOHHOM OMbITE pacTeHUs cpe3annch Ha BbicoTe 0,5-1 cmM,
noyBa A4n1s aHaM3a 0ToMpanach M3 Kaxgoro cocyga. O6pasubl pacTeHWi YNakoBbIBAUCL B MOMUITUIEHOBbIE
NakeTbl.

Mpob6bl pacTeEHWA M MOYBLI B3BELLUMBANMCH Ha 3MEKTPOHHbLIX Becax B feHb 0T6opa Mpob6 (cbipas macca)
M MOoC/e BbICYLUIMBAHMA MPU KOMHATHOI TemnepaType (BO3L4yLUHO-Cyxas Macca). Cofep)kaHue Biarv B royse
N pacTuUTeNbHbIX MPo6ax PaccUMTbIBA/IOCh MO PasHULE MeXAY CbIPOA M BO3AYLUIHON Maccoi. BbiCylleHHble
Npo6bl NOYBbI MPOCENBASIUCH YEPE3 2-MUIUMETPOBOE CUTO W NEPEMELLNBAINCD.

YnenbHas akTUBHOCTL 131Cs onpefensnachk ¢ UCNONb30BaHMEM ramma-cnekTpomeTpa Canberra Packard ¢ Ge
JeTekTopom GX2018. OTHOCUTeNbHAs OWNOKA M3MepeHuin coctaBnana 5-10 %. CTaHAapTHbIMU MeTOdamu
B 06pasLiax nousbl ONpefensnnch Takue MNokKasaTenn, Kak CofepXxaHue rNnHbl B MeXaHM4YecKom cocTase; pH
(8 KCI); cogepxaHne obmeHHOro NH4+ cogep>XaHne OpraHMY4eckoro BELLEeCTBa; CofepKaHune NnogBuXHbIX P205
n K20; cogepxxaHue MOHOOOMEHHbIX Kanus, KaslbLms, MarHus, Lesus (cmecu n3otonos u 13(Cs); cofepxxaHue
pacTBOPUMbIX Kanus, KanbLus, MarHus, Lesms (cMecu n3oTonos v 13(Cs); cofepxaHue nabunbHbIX (U3BNEKaEMbIX
TeTpatheHnN6opaToOM HaTpUs NPM IKCNO3ULMK 24 4) Kanusa 1 Lesns (cMmecu nsotonos v 131Cs); o6bemMHas [0Ns
BOAbl B MOYBE.

AHanu3 AaHHbIX. AHan3 AaHHbIX U NPeAcTaBNeHne pPe3ynbTaToB OCYLLECTBASANCL C MOMOLLLI0 6UBMOTEKN
Python Pandas, Geopandas, numpy, Sklearn, Pyplot n Seaborn. INMpu onucaHuM uccnefyemblX Mokasarenei
Haxo4unn cpefHeapuMeTUUECKOe 3Ha4YeHUe, CpefHEKBAAPATUYHOE OTK/IOHEHWE, MefuaHy, MeXKBapTU/bHbINA
pa3max. OLEeHKY CBA3U MeXY NnokKasaTensaMu onpeaensnm no KoadduumeHTaM paHrosoin koppenauumn CnmpmeHa
(RS. Ans aHanm3a BAUAHUS OTAeNbHbLIX PAKTOPOB Ha HaKOMeHWe pafMoHYKAuAa pacTeHWsMU UCNO/b30BaIn
KpuTepuin Kpackena - Yonnuca (H), a 3HauMMOCTb pas3fiMumii MeXZay BapuaHTamu OnbiTa yCTaHaBAUBaIM Mo
t-kpuTepuio CTblofeHTa. BbISBMIEHHbIE CBA3M 1 Pa3nnuyums Mexay nokasarensMu cumTany 3HaumMbiMum npup < 0,05.

Pe3ynbTaTbl UCCNeA0BaHUA U UX 06CYXAeHMe

XapakTep 3arpA3HeHus 3KCNepUMEHTaNbHbIX NOAUIOHOB 137Cs. NOTHOCTb 3arps3HeHus nousbl 131Cs
(M3) Ha NpobHbIX NAoLaKax BapbUPYeT B LUMPOKUX Npefenax: oT 980 ao 5327 KbK/M2co cpefHUM 3HaYeHu-
em 2973 KBk/M2 B npegenax aKcrnepyMeHTa/IbHbIX NOMMUIOHOB 3arpssHeHne 131Cs xapakTepusyeTcs BbICOKUM
YPOBHEM MO3an4yHOCTU. OOBACHEHUEM 3TOMY SIB/SETCA CYLLECTBEHHbIWA BKaA TOMAMBHbIX YacTuL, BbiNafeHUs
KOTOPbIX HOCUAWN AVUCKPETHbI BEPOATHOCTHbLIW XapakTep, B OTIMUMe OT 6onee paBHOMEPHOrO BbINAAEHUA KOH-
[eHCaLMOHHOW KOMMNOHEHTbI 3arpasHeHuns [18]. Pa3nuums B cpefHMX nokasaTensx M3 131Cs mexay nccnefosa-
TeNIbCKAMM NONIUTOHaMMN He NPOSBNAIOTCA.

CopepxxaHue 13fCs B BoZopacTBOpUMOiA hopme B MoYBe MPOOHLIX NAOWAA0K He npesbiwaeT 0,55 % oT Bano-
BOro 3anaca. B moHoo6mMeHHOI dopme HaxoguTea 1,9-155 % BanoBoro 3anaca paguoHyknuga. 3snekaemble
TeTpadeHnnbopatom Cs n K 06b14HO 0603HAYal0T Kak nabusbHble POPMbI M paccmMaTpuBatoT UX B KayecTBe Mo-
KasaTens 3anaca, JOCTYMHOro 15 aKTUBHOI0 KOPHEBOrO MOT/IOWEHNS Ha NPOTSXXeHUM BereTalMoHHOro nepuosa
[19-21]. CnycTa 35 neT nocne aBapum Ha YepHob6blibCckoit ASC B 6/IMXKHEN 30HE 3arps3HeHUs cofepXkaHue
[aHHOM hopMbl pafMOHYKNNAA B MOYBE COCTaBNSET OT 6,7 40 83,8 % OT Ba/10BOro 3anaca co CpefHNM 3Ha4YeHVEM
41,6 % 1 MeXKBapTWUIbHbIM pasmaxom 32,8-48,4 %.

Pa3nnuus B cofep>kaHuy BOLOPACTBOPMMOIM U MOHOOOMeHHON hopM 131Cs Mexay 3KCNepUMeHTaIbHbIMU NO-
NIMTOHaMW He BbIpaXKeHbl Ha (hOHE CUbHOW BapuabenbHOCTN 3TUX NoKasaTenei (puc. 1). CoaepxxaHme nabunbHOM
thopmbl 137Cs B NoYBe 3KCMEPUMEHTaNbHOIrO nonuroHa JIr-1 (Hambonee 6113K0 PacnosioXXeHHOro K 4 3Hepro6o-
Ky YepHobbinbekoli A3C) UMeeT CyLLeCTBEHHO 60/ee BbICOKUIA pa3Max U MeAuaHHOe 3HauyeHne No CPaBHEHMIO
¢ 1MN-2 n Nn-3.

HakonneHue 137Cs pacTeHUsAMU Ha 3KCNepUMeHTanbHbIX NOAUIOHAX. YenbHas akTuBHOCTb 137Cs B Haf-
3eMHbIX OpraHax uUccnefyembix BULOB TPABAHUCTLIX PaCTEHUIA HA NPOOHLIX NaowaakKax coctasnsna or 130 go
2294 bk/kr (puc. 2). CpefHuve 3Ha4eHUs JaHHOMO nokasatens coctasnstoT 997,1, 735,3, 691,6 n 469,8 ana oco-
KW TPACYHKOBUAHOW, MATAIMKA NIYTOBOrO, Nblpes nofi3yyero v BeiHMKA Ha3eMHOr0 COOTBETCTBEHHO. Pe3ynbTaTbl
aHanm3sa c ucnonb3oBaHWeM Kputepus Kpackena - Yonnuca CBUAETENbCTBYIOT, UTO B HakonneHun 13Cs Buia-
MW pacTEHWA OTCYTCTBYIOT 3HaYMMble pasnnumns Mexay sKcnepumeHTanbHbIMK nonuroHamun (H = 0,43-5,98;
p =0,050-0,513).
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ala 6/b B/C
nn-1 nn-2  nn-3 nn-1  nn-2  nn-3 nn-1 nan-2  nan-3
[MonuroH MonunroH

MonuroH
Puc. 1. OueHka cogepxxaHuna 13Cs B 6M0L0CTYNHbIX (hOpMax B NOYBE IKCNEPUMEHTASIbHbIX MOIMTOHOB

Fig. 1 Speciation of 131Cs by bio-available forms in soils of experimental polygons

Puc. 2. YpenbHas akTMBHOCTb 13[CS B Hafj3eMHbIX 4acTAX TPABAHUCTbIX PACTEHUIA Ha 3KCMEPUMEHTaNIbHbIX MOINTOHAX:
1- ocoka TPACYHKOBMAHAS; 2 - MSATIUK NYroBoiA; 3 - Mblpeil MoN3yunid; 4 - BeMHUK Ha3eMHbIiA

Fig. 2. Activity concentration of 13fCs in aboveground parts of the herbaceous plants on the experimental polygons:
1- C. Brizoides; 2 - P.pratensis; 3 - E. 4 - C. epigejos

AHanus ¢ MCrnonb3oBaHWeM Ko3(hguLmeHTa paHrosoii Koppenauuu CrnvpmeHa (Tabn.) nokasan, YTo Hako-
nneHune 137Cs B HaA3eMHbIX OpraHax 0COKW TPACYHKOBUAHOM MMEET NONOXUTENbHYIO CBS3b BbICOKOW U CPeAHE
CUJTbI C KOHLLEHTpaLMel B NoYBe 0OMEHHbIX KanbLWs, MarHus 1 aMMOHUSA, MOABUXHOIO pocdopa, a Takxke ¢ co-
JepXXaHneM rymyca v eMKOCTbIO MOTNOWeHNs. YBenuyeHe 40nn MHUCTBIX YacTUL, B MeXaHUYeCKOM COCTaBe
MOYBLI COMPOBOXAAETCA CHIDKEHNEM HakoneHns 137Cs B HAA3EMHbIX YaCTAX OCOKW TPAACYHKOBUAHOIA.

KoaththmumeHTbl paHroBoi Koppensiumm CnvpmeHa yaenbHOM akTUBHOCTY 131Cs B HaA3eMHbIX YacTsixX BUAOB
TPaBAHUCTbIX PACTeHUI C NOKasaTeNsIMU 3arpsi3HEHNS!, CBOMCTBAMU MOYBbI 1 HEKOTOPbIMUW APYrMU hakTopamu

Spearman’s Rank correlation coefficients of activity concentration of 131Cs
in aboveground parts of the herbaceous plants with indexes of contamination, soil properties, and other factors

Ocoka Mbipeii BeiiHuk MATAnK
TPSACYHKOBUAHAS nonsyuuii Ha3eMHblii Nyrosoi

M3 1BCs, kKbk/m2 - 0,090 0,021 0,056 0,190
Ay 137Cs nouBbl, BK/KF 0,168 0,098 0,062 -0,048
-0,450 -0,456* -0,247 0,619

PacctodaHune go YHAC, Km
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OKOHYaHue Tab6n.

Ending table

Ocoka Mblpeii BeiHuk MATank

TPACYHKOBMHas nonsyuunia Ha3eMHbI NyroBoii
PacTBopumsblin 131Cs, BK/Kr -0,106 -0,219 0,124 0,524
MoHoOOMeHHbIW 131Cs, BK/Kr 0,071 -0,012 0,206 0,524
NabunbHbln 131Cs, BK/Kr 0,387 0,215 0,112 0,071
pH coneBoii BbITSHXXKMK 0,201 0,206 0,209 0,071
Ca 06MeHHbI, MMONb/100r 0,661** 0,272 0,074 -0,429

Mg 06MeHHbIR, MMONb/100r 0,669** -0,055 -0,316 -0,916**
P205n0aBMXHBINA, MT/KF 0,657** 0,267 0,056 0,167

K20 noaBWXHbIW, MT/KT -0,018 -0,213 -0,610* -0,922**
NH406MeHHbIA, MT/KT 0,620** 0,043 -0,547* -0,667
rymyc, % 0,636** 0,048 -0,350 -0,683
EmkocTb nornowenus, mr/100 r 0,707** 0,142 -0,150 0,024
CTeneHb HaCbIWEHHOCTW OCHOBaHUAMM, % 0,352 0,178 0,001 0,071
Jona rnnHuCcTbIX YacTul, -0,568* -0,365 -0,395 -0,247

O6bemHan fons Bogbl -0,084 -0,585** -0,709** -0,905**
CopepxaHue K B pacteHuu, % -0,094 -0,077 -0,350 0,098
CofepxaHue BoAbl B pacteHun, % 0,209 0,207 0,182 0,119

MpumeyaHuna. *- pasnmuusa Mexay BapuaHTaMu LOCTOBEPHbI Ha YpoHe 3HaummocTyn 0,05, ** - pasnunumnsa mexay sapuaHTamu focTo-
BEPHbI Ha YPOBHE 3HauumocTu 0,01.

Mpy 06BACHEHNN HABMOAAEMBIX KOPPensuuii Hago NPUHSATL BO BHUMaHWeE, YTO aMMOHUIA BbiTecHseT Cs u3
Yy4acTKOB cOp6LMM BbICOKOW creuntmyHocTn [22], Ca2+r 1 Mg2+ BbITECHSAIOT [JaHHbIA 3/1EMEHT 13 MOYBEHHO-
ro nornoLaloLLero Komnnekca [6]. OpraHmMyeckoe BeLLECTBO MOYBbI 3aTPYAHSET hukcauuto 131Cs B nouse [16].
YMeHbLUEHWE A0NW TAVHUCTBIX YacTUL, B MEXaHUYECKOM COCTaBe MOYBbl CHVKAET eMKOCTb Creundmryeckoi
1 Hecneuugmueckoi copbumm Cs. COBOKYNHOCTL BbISB/IEHHbLIX B3aUMOCBSA3€el faeT OCHOBaHUE MPeAnoIoXuUTb,
4TO OCHOBHOE B/IMSHNE Ha HakonneHne 13fCs 0COKOM TPACYHKOBUAHO OKa3bIBaeT coflepxaHue 13Cs+B noYBeHHOM
pacTBope.

B OTHOLIEHNN BCEX 3/1aKOBbIX PACTEHWIA XapaKTepHO MafeHue YAenbHON akTUBHOCTM 13[Cs B Haf3eMHbIX
4acTsAX C pOCTOM COAepXXaHus BoAbl B MoyBe (Ha MOMEHT 0T60pa 06pa3uoB). B 0THOWeEHUN MATAMKaA NyroBoro
BbISIB/IEHbI OTPULLATE/IbHbIE KOPPENSALMOHHbIE CBA3U OYEHb BbICOKOW CUJIbI MEXAY HaKOMIeHWEM PagnoHyKInaa
N cofepXxaHnem NOABMXHOMO Kasvs U MarHua B noyse. [ns BeliHMKA Ha3eMHOro yCTaHOBNEHa OTpuLaTe/ibHas
KOPPEeNsLMOHHas CBA3b CPeAHEN Ch/bl MEXAY HAKOMIEHNEM PagUOHYKANAA U MOABMKHBIM KaIMEM.

Pe3ynbTaTbl HACTOALWMX HABOAEHUIA He NO3BOINAN 06HAPYXKMNTb CYLLLECTBEHHYHO CBA3b YENbHOM aKTUBHOCTY
13Cs B Haf3eMHbIX 4acTAX WUCCMef0BaHHbIX BMAOB PacTeHW C Ba/IOBbIMU MOKa3aTeNsiMy 3arpsisHeHUs MOYBbI
[AaHHbIM PafUOHYKIMAOM 1 C COLepXXaHUeM ero 61MofoCTYNHbIX POPM. BbINOMHEHHbIV aHaWM3 CBUAETENIbCTBYET,
4TO 4119 OCOKM He XapakTepeH K-3aBUCUMbIA MeXaHW3M PerynsiuMm KOpHeBOro MOCTYMIEHUS PagnoaKTUBHbIX
M30TOMOB Lie3usi, TOrAa Kak A/15 3/1aK0B AaHHbIA MeXaHU3M MacKMpYeTCs BIMSAHWEM BAAXHOCTU NoYBbl. COracHo
[23], cCHWXeHMe BNaXXHOCTM NOYBbI NPUBOAMT K AetnuynTy K+B prsochepe 3a CHET CHMKEHUSA CKOPOCTU Anthdy3nm
anemeHTa B noyse. M03TOMy MexaHU3M yCuaeHus HakonsieHns 13fCs npu gedmunTe BAarm B noYse MOXeT 6bITb
aHa/I0rMyYeH MexaHn3My, OTBETCTBEHHOMY 3@ YCWU/IEHUE HAKOMIEHMA PagnoHyKAnaa npu geduunte Kanms.

[ns OUEHKM COBMECTHOTO B/IMSHWUSA BMAXHOCTU MOYBbl (0ObEMHAs [0/8) U COAEpPXKaHWUs B Hel Kaams
(noaBwHbIA K20, Mr/Kr) Mbl 4ONYCTWAN BO3MOXHOCTb MCMO/b30BaHNS NPOM3BEAEHNS 3TUX ABYX MOKa3aTenei
B Ka4ecTBe napameTpa f/11 NporHo3a HakonneHus 13fCs B HaA3eMHbIX OpraHax 3/1aK0BbIX pacTeHui. Pe3ynbTathl
noKasa/iv, YTO AaHHbI/ MapameTp MMeeT 60/ee TECHYHO SKCMOHEHLMANbHYHO CBA3b C HAKOM/IEHWEM PaAVOHYKN-
[la pacTeHusMu (puc. 3, 6), Yem cofiepXKaHue B NoYBe MOABMXKHOIO Kanua (puc. 3, a). Cpefmn Bcex Mokasarenei
3arpsasHeHuns nousbl 131Cs, HanbObLUErO YYYLLEHNUS MOLENN YAaN0Ch OCTUYb 3a CHET BK/THOUEHMS B Hee cofep-
YXaHWsa pagnoHyKnnaa B nabunibHol (M3BNeKaemoli TeTpadeHnN60paToM HaTpusi) thopme (puc. 3, B).
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Puc. 3. 3aBUCUMOCTb yfieNlbHO aKTUBHOCTY 13/Cs B HaZ3eMHbIX OpraHax 3/1aKoBbIX pacTeEHWI 0T NOABVKHOIO Kanus (a),
npov3BeAeHNS COAEPXKaHUA NOABMXHOIO Kanus U 06beMHOI 01 BOAbl B NoyBe (6), OTHOLIEHUA KOHLEHTpauun nabunabHow
thopmbl 131Cs K NPOM3BEAEHNIO COAEPXKAHMS MOLBUXKHOIO Kains U 06BbeMHOI J0NW BOAbI B nouse (B):

1- MATAVK NyroBoii; 2 - Mbipeil MoN3yumii; 3 - BeHUK Ha3eMHbIN

Fig. 3. Dependence of 13TCs activity concentration in aboverground parts of cereal plants on mobile potassium (a), product of mobile
potassium and volumetric soil moisture (b), and ratio of labil 137Cs to product of mobile potassium and volumetric soil moisture (c):
1- P.pratensis; 2 - E. repens; 3 - C. epigejos
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Puc. 4. 3aBNCUMOCTb COAEPXKaHNSA Kans B Haf3eMHbIX OpraHax 3/1akoBbIX PacTEHUI OT coAepXaHms
MOABVKHOIO Kanus 1 Bfaru B noyse: 1- MATAWK NYroBoOR; 2 - Mblpeil NoN3yunii; 3 - BeHUK Ha3eMHbIi

Fig. 4. Dependence of potassium concentration in aboveground parts of cereal plants on mobile potassium and soil moisture:
1- P pratensis; 2 - E. ; 3- C. epigejos

MSATAMK NYroBoit N BeMHWK Ha3eMHbIi UMEKT efMHO06Pa3HY0 CBA3b MEeXAY HaKOM/AEeHMEeM paguoHyKnuaa
N aHanu3MpyeMbIMi napameTpamun. Peakuus nbipes Nonsyyero HeCKONbKO Apyrasi, YTo CBA3aHO C ero 6onee
BbICOKO NOTPEOHOCTbI0 B Kanum (CPegHas KOHLEHTpauus 3femeHTa B HaA3eMHbIX OpraHax AaHHoOro Bupa
paBHseTca 0,79 %, y BeiHMKa HAa3eMHOro 1 MATAKMKa nyrosoro - 0,50 n 0,57 % COOTBETCTBEHHO).

AHanu3 nonyyYeHHbIX AaHHbIX He BbISBUA 3aBUCMMOCTb HakomnneHus K Hafg3eMHbIMW OpraHamu pacTeHul
OT BNAXHOCTM NOuYBbl. BMmecTe C TeM MPOABNSAETCA TEHAEHUMA K YBE/NMYEHUIO KOHLEeHTpauum [aHHOro
MaKpO3/sieMeHTa B pacTeHUAX OT ero cofep>kaHus B noyse (puc. 4). Mpu 3TOM NONOXKUTE/NbHbIE OTK/IOHEHUSA OT
NNHUN TpeHa 6onee xapakTepHbl AN NNOLWaf0K C 601ee HU3KOW BNaXXHOCTbO. [aHHbIA pe3ynbTaT YKasbiBaeT
Ha cxofHoe ¢ 13Cs COBMECTHOE B/IMSIHWE COAep>KaHusA MOABUXHOIO Kanus 1 BOAbl B Mo4YBe Ha HakonneHue K
Haf3eMHbIMW OpraHamu 3/1aK0BbIX PaCTEHWIA.

HakonneHue 131Cs n K nweHunLeid SpoBoi Npu pasanyHoli BAaXKHOCTMW NOYBLI B MUKPOBEre TaLMOHHOM
onbiTe. [ NOATBEPXKAEHUS PO PEXMMA YBNAKHEHUS MOYBbI B U3MEHEHUU HakornneHus 13[Cs 31akoBbIMU
pacTeHuAMU Oblf1 3a/10)KEH MUKPOBEreTaLMOHHLIA onbIT. py oNTUManbHOM peXxume yBnaxkHeHus (70 % ot MB)
HakonneHve 13(Cs B HaA3eMHbIX OpraHax MieHnLbl APOBOI Ha 26-e CYTKM MOC/e NOSBMEHNS BCXO40B COCTaBUNO
76,2 + 28,0 bK/Kr, a Ha 33-1 CyTKM - yBennumnocb ao 133,1 + 39,1 bk/Kr (puc. 5). Mpu NOHWXEHHOM COAEPXXaHNM
Bnaru B nouse (40 % ot INB) HakonneHve pagMoHyKnuaa Ha 26-e CyTKu Bo3pacTaeT Ha 106 %. K 33-m cyTkam aTta
pasHuMLa HECKO/IbKO CHMXKaeTca 1 cocTasnseT 66,9 %.

[JonoNHWTEeNbHO B 3KCNEPUMEHT BKJIOYEH BapMaHT C WU3MEHAKOLWLEACA BNaXHOCTbO nouysbl: 40 %
oT MNB [0 26 cyT. nocne MNosBfieHUA BCXOLOB C pe3kum ysenuyeHuem fo 70 % ot B nocne. CpefHee
cofepxxaHue 13[Cs B HaA3eMHbIX OpraHax pacTeHW B 3TOM BapuaHTe KaK Ha 26-e CyTKMW, TakK 1 Ha 33-e
MMeeT NMPOMEXYTOUHbIE 3HAYEHUA Mex[y BapuaHTaMy C OMTUMAabHbIM W MOHMKEHHbIM COLEpPXaHMEM
Bnarv B nouse.

OueHka cogepxaHusi K B ICTOBOM annapate MLUeHWLbl SPOBOI MOKa3ana, YTo MOHWKEHHOE COAepKaHue
BNarn B noyese MPMBOAWUT K CYLLECTBEHHOMY YBENMYEHMIO HaKoOMneHWs 3Toro anemeHTta (¢ 3,09-4,64 % po
6,18-8,09 %). M3BecTHO, 4YTO Kanwii SBNSETCA OAHWM M3 OCHOBHbLIX OCMOMPOTEKTOPOB Y BbICLUMX pacTeHWUI
[24]. MoaToMy nNwieHnLa B OTBET Ha HEAOCTATOYHYIO BfaroobecnevyeHHOCTb aKTUBUPYET HaKoMNIeHne AaHHOro
KaTuoHa. MOCKO/bKY MCMOoMb3yeMblil B 3KCMepUMeHTe cybCTpaT cofepykan [OCTaTOUHO BbICOKME KOHLEHTpa-
Luy nogsmkHoro K20, To NPOUCXOANN0 MHTEHCUBHOE HAKOMNJ/IEHUE 3/1EMEHTA B HA/13eMHbIX OpraHax MiIeHnLbI.
Mimes BbICOKYHO aihMHHOCTb K Cs+, BbICOKOaththHHbIe nepeHocumku Kanus (HAK) Takxke o6ycnosunu n 6onee
BbICOKYH MHTEHCUBHOCTb HakonieHus 13Cs pacteHneM. B eCTeCTBEHHbIX TPaBAHUCTBIX CO0OLLeCTBaxX Ha (PoHe
JehmumnTa Kanusa B Moyse CHWKEHWe BnaroobecnevyeHHoCcTn akTnsnpyet HAK-NepeHoCUMKKN, YTO MOBbILLAET
WHTEHCMBHOCTbL nornoweHus 13Cs pacTeHNAMU, HO O 3aMETHOM YBE/MYEHUWN HaKOMeHUs K pacTeHUaMU yT-
BepXaTb Hefb3s.
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ala 6/b

Puc. 5. CogepxaHue 137Cs 1 K B HaA3eMHbIX OpraHax niueHuLbl Ap0BOiA B MUKPOBEreTaLOHHOM OMbITe C Pa3/IMyHbIMW YCNOBUAMMU
YBNAKHEHUA: * - pas3nyua Mexay sapuaHTamm OCTOBEPHbI Ha YpoHe 3HauMmocTu 0,05, ** - pasnnuma mexay BapmaHtamu
[OCTOBEPHbI Ha YPOBHE 3HaYMMOCTM 0,01; NS - TUNOTE3a O HANUUYUM PA3NNUNIA MEXY BapuaHTamMu He NoATBepXAeHa

Fig. 5. Accumulation of 131Cs and K in aboverground parts of spring wheat in the experiment with different soil moisture:
* - difference betwen options is significant on significance level 0.05, ** - difference betwen options is significant
on significance level 0.01; ns - difference betwen options is insignificant

3aKJ/IloYeHune

BbINONHEHHbIE HA OTAaNIEHHOM 3Tane pafnMoakTUBHbIX BbiNafeHWi HabNAeHUs B TPaBAHUCTLIX 3KOCUCTEMAX,
pacrnonoXeHHbIX B npefgenax 13-16 KM OT 4 3Hepro6noka YepHobbinbCckoit ASC, He MO3BOMWAW BbISBUTb
HerocpeLCTBEHHYIO CBA3b MeXY MoKasaTesIaMy BaSIOBOTO 3arpsa3HeHns noysbl 131Cs, a TakXKe ero cofep>kaHmem
B pacTBOPMMOMI, MOHOOBMEHHON 1 NabunbHOW (hopMax ¢ HaKoMnieHWeM pagvoHyKInaa Haf3eMHbIMU YacTAMM
pacTeHWUin Ha (hOHe LUMPOKOI BapnabenbHOCTU AaHHbIX MoKasaTeneil.

Cpean Komnnekca 3fauyecknx (HakTopoB Hambosnee TeCHYH CBA3b C YAeNbHOW aKTUBHOCTbIO 13(Cs
B HAZ3eMHbIX YaCTAX 3/1aK0BbIX PACTEHWNIA MeeT BNAXXHOCTb MOYBbI, @ TAKXKE NPOu3BeAeHVe 06BEMHOM 0NN BOAbI
B MOYBe 1 cofiep>kaHue B Held noaBmkHOro K.O. O6paTHbIN 3KCMOHEHLMabHbIA XapaKTep CBA3U 3TUX NapameTpoB
C HakonneHvem 13Cs onocpefoBaH K-3aBUCUMbIMU MexaHU3MaMu NOroweHns Cs pacTEHUSAMM U CHUXKEHVEM
apekTuBHON Andhy3nm K 13 NOYBEHHOrO pacTBopa K MOBEPXHOCTWM KOPHS MPU YMEHbLUEHWN BAAXKHOCTU
nousbl. CoaepxaHue 13fCs B nabunbHOM hopme ABNSETCA NOKa3aTe/ieM 3arpsisHeHNs, Hauboee TeCHO CBA3aHHbIM
C HaKoNJIeHVeM PaguUoHYKANAa pacTeHEM MPY yYeTe BAXKHOCTH NOYBbI U COAEPXKAHWSA B HEil LOCTYMHOro Kaus.

[ns ocokm TpACcYHKOBUAHON K -3aBUCMMbI MEXaHN3M perynsLmMmu KOPHEBOTO NOrNoLLeHns Cs He NOATBEPXKAEH.
HakonneHnue 13[Cs B HaA3eMHbIX 4acTAX JaHHOrO BMAa BO3pacTaeT Mpu BO3AEWCTBUM 3gadmueckux (pakTopos,
06YCNOBMMBAIOLLMX BbITECHEHNE PAAMOHYKIMAA B MOYBEHHbIV pacTBOP M3 pas3IMYHbIX Y4acTKOB ero copoumm
B TBEpAOM (hase NouBbI.

JKCNEepMMEHT B KOHTPOJSIMPYEMbIX YCNOBUSAX MOATBEPAUS CYLLECTBEHHOe YBenuyeHue HakonneHus 13Cs
3N1aKOBbIMW PacTeHUSMU MPU CHKEHUW BNaroobecnevyeHHOCTH, 06YCNOB/IEHHOE aKTMBaLMel nepeHocUnkos K
C BbICOKOI a)HHOCTBLIO KaK K 3TOMY 3/ieMeHTY, Tak 1 K Cs.
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