PAITHALIMOHHAA BUOJIOTHA. PATHODPKOJIOTHA, 2023, mom 63, Ne 2, c. 199—-210

PATTMOHYKJIWIBI

YK 539.163:631.4:58.009

MOHUTOPUHT '¥Cs, *°Sr U K B CEPBIX JIECHBIX IIOYBAX
1 PACTEHUAX PEINEPHBIX YYACTKOB BJIAAMMMUPCKONM OBJIACTU

© 2023 r. A. A. Yrkun'*

! Heanosckas cocydapcmeennas cenvckoxosaiicmeennas axademus um. JI.K. Benasesa, Heanoso, Poccus
*E-mail: aleut@inbox.ru
IMoctynuna B penakiuio 28.02.2022 1.

ITocne mopa6otku 07.11.2022 1.
IMpuHsaTa k nyoaukauum 21.12.2022 1.

INpencraBneHsbl pe3ybTaThl pAqUAllMOHHOTO MOHUTOPUHTA CEPBIX JIECHBIX TTOYB PETIEPHBIX YYaCTKOB CEJib-
CKOXO3SCTBEHHOTO Ha3HayeHust BiaguMupckoii o6nactu, mpoeneHHoro B 2011 u 2016 r. MccnemoBaHu-
€M yCTaHOBJIEHbI (POHOBBIE 3HAYEHUS YIeJIbHBIX aKTUBHOCTEM MCCIIeyeMbIX PAANOHYKIIUIOB B TIOYBaX pe-
MEPHBIX YY4acTKOB. [10 MIOTHOCTH 3arpsi3HEHUsI MaxoTHOTo ropu3oHTa oy *’Cs u ?°Sr 6bu1 onpeneeH
YPOBEHb 9KOJIOTUYECKOI 0O0CTAaHOBKM, UTO MO3BOJIMJIO OTHECTH IMOUYBBI BCEX PETIEPHBIX YUaCTKOB 001aCTU
K He3arpsiI3HEeHHbIM TEPPUTOPUSIM, TIPUTOAHBIM O€3 OrpaHUYESHUIA JIJIsI CETbCKOX03CTBEHHOI'O UCITOJIB30-
BaHUA. YCTaHOBJIEHBI MOIITHOCTh 9KCIIO3UIIMOHHOI 103b1 Y-u3ayuenus nous u Bkaan **K u ¥’Cs s popmu-
poBaHue y-(oHa nouys. KoppeasiiMoHHBIM aHAJIU30M ONpenesieHbl BIUSHUE OTAEIbHBIX (GU3UKO-XUMUYE-
CKMX CBOWCTB MOYB Ha MOBEJEHNE U paclipelie/ieHUe PaaMOHYKIUAOB B MOYBE U B3aMMOCBSI3U MEXIy ca-
MHMMH pamvoHyKIMnaMu. Vicxomst W3 3HayeHWi ymeipHOi aktuBHoctH 'Cs u 2Sr B pacTuTenbHOMN
MPOMYKLIMHU, BEIPAIEHHON! Ha MoYBax perepHbIX yuacTKoB B 2011 u 2016 1., GbUIM MOCTPOCHBI PSAbI KYJIb-
TYPHBIX PACTEHUI, C yObIBaIOIIE CITIOCOOHOCTHIO K HAKOTIJIEHUIO U3 MOYBBI JAHHBIX paIUOHYKIUIOB. Best
BBIpallleHHas paCTUTENIbHAS MPOMYKIIMS MO BCEM BUIIaM KYJIBTYP IMOJIHOCTHIO YIOBJIETBOPSJIa CAHUTAPHO-
TUTMEeHMYECKAM HOPMaM, MPeIbsBIsSeMbIM K OrpaHideHuio conepkanust 'Cs u ?Sr B pacTHTENTbHBIX
KOopMax (3eJIeHast Macca, CoJIioMa U 3¢pHO) U IullleBoii mponykunu (s16;10ku). I1o koaddpunmentam mepe-
XoIa GbUIO YCTAHOBJICHO, YTO MPOLIECC TIepexona St 13 TOYBbI B PACTEHHSI BCEX BULOB MPOTEKAI MHTEH-
cuBHee, ueM niepexon ¥’ Cs. PaccuntanHble K03 OUIIMEHTHI IMHEITHO KOPPeIISIUT MEXKIy 3HAUSHUSIMU
ynenbHol aktiBHOCTH ¥7Cs 1 2%Sr B HouBax M pacTeHUSIX TO3BOJIMIIN BISIBUTD CHITY M XapaKTep X 3aBU-
CUMOCTEH.

Kmouesble cioBa: panuaioHHbIit Monutopunr, 'Cs, 2Sr, 40K, cepas necHast mouBa, pacTeHuUs1, perep-
HBle y9acTKH, Bragumupckas 061acTh

DOI: 10.31857/S0869803123020121, EDN: EPFPEG

[TouBEI SIBJISIIOTCSI OCHOBHBIM “IENO” MOCTYMAar0-
IIUX B HAX Pa3IUYHbIX 3arpsi3HUTENIEH, B TOM YKCTIE
HCKyccTBeHHBIX pamuonykinuaoB (MPH), xortoprie
MOTYT B 3HAYUTEJbHBIX KOJIMUECTBAX HAKAILJIMBATbCS
B pacTUTEIbHON MPOAYKIIMU, TTOCTYIATh C HEM B Op-
raHU3M CEJIbCKOXO3SIMCTBEHHBIX XUBOTHBIX U YeJIO-
Beka. [To maHHBIM psifa uccienoBareyieil, OCHOBHOE
3arpsi3HeHUE TOYB U KYJIbTYPHbBIX PACTEHUIA arpoiie-
HO30B Ha TeppuTopun Poccuu cBSI3aHO C NOJTOXMU-
symmmu UPH: ¥'Cs (T, = 30.17 net) u *°Sr (T, =
= 28.79 ner) [1].

Kpome MPH, mmouBsl, Kak mpupogHble OOBEKTHI,
c(OpMUPOBAHHBIE NPH 3BOJIOLUM 3eMJIM, TaKXKe
MOTYT COZIepXaTh B ce0€ U €CTECTBEHHbIE PaTUOHYK-
suasl (EPH), koTopbie 00yclioBIMBaOT NPUPOIHBII
pagnanmoHHbI (GoH 1ouB [2]. K umciry Hambomee
pacnipoctpaHeHHbIX EPH B nousax orHocures “°K ¢
nepronoM nosypacnana T, = 1.28 - 10° ner [1].

Bo Bnanumupckoil o61acTi, Kak B XOPOIIIO pas3-
BUTOM arpapHOM PEruoHe, pacliojIOXKEHHOM B II€H-
Tpe EBponeiickoii yactu Poccuu, BcTpedyaroTcs mou-
BBl Pa3JIMIHOIO THUIIA, CPEAU KOTOPHIX HAaNMOOIbIINIA
WHTEpPEC IIPEACTABIISIOT IUIOHOPOAHBIE Cephbie Jec-
HBIE TIOYBBI, HA KOTOPBIX BO3JIE/IbIBACTCS IIMPOKUIA
Ha0Op CEeNbCKOXO3SIMCTBEHHBIX KYIbTyp. B HayuHOIi
JINTepaType UCTOYHUKHU IOCTYIUIEHUS U OCOOEHHO-
cti HakoruteHus ¥7Cs, 2°Sr n K cepbIMu 1eCHBIMUI
IOYBaMM M PacTEHUSIMU B ITOYBEHHO-KJIMMaTU4e-
CKUX YCIOBUSX BnaguMupckoii 00JIaCTU OCTarOTCS
HEJIOCTAaTOYHO M3ydeHHI [3] 110 cpaBHEHMIO C ITOYBa-
MU Apyrux permoHoB Poccuu.

Llenps HacTOSIIIIETO UCCIIeIOBAHUS 3aKI0Uaiach B
MIPOBEICHUN JTOKAJILHOIO PaguallMOHHOIO MOHUTO-
pUHTa CephbIX JIECHBIX IMOYB PEIEPHBIX YYAaCTKOB
CEJIbCKOXO03SIMCTBEHHBIX yroguii Bnagnumupckoit 06-
JIACTU Ha Hajauuue copepxaHus B HUX ’Cs, 2°Sr u
YK, onpenesieHUN BIUSHUSA OTAEIBHbBIX (PU3NKO-X1-
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Puc. 1. [TouBeHHas Kapta Bramumupckoit o6actu.
Fig. 1. Soil map of the Vladimir region.

MHUYECKHX CBOICTB ITOYB Ha MOBEICHUE M3ydaeMBIX
pamuonykaunaoB (PH) B cucreme “nouyBa—pacre-
HHe”, BO3MOXHOCTHU IOJIy4eHUs 0€30ITaCHOM pacTU-
TEeJIbHOI MPOOYKIINM, COOTBETCTBYIOIICH CAHUTAPHO-
TUTUEHUYECKUM U SKOJOTUISCKUM TPEOOBAHUSIM.

KoMIuieKcHas OleHKa COBPEMEHHOIO YPOBHSI Y-
usnydenus u conepxanusa 3’Cs, °Sr u “K B cepbix
JIECHBIX ITOYBAX U KyJIETYPHBIX PACTEHUSIX arPOLIEHO-
30B Bragumupckoit 061acTi IIpoBOIMIIACEH BIIEPBEIC.
JlaHHbIE, OTyYeHHBIE B XOI€ TIPOBEIEHHOIO MOHM-
TOPMHTA, B HAYYHOI JINTEpAType PAHEE HE HAXOAUIIN
CBOETO IIIYOOKOTO M3y4E€HMsI M OCBELIEHMSI, YTO I10-
BBIILAET LIEHHOCTb U aKTYaJbHOCTb MPOBEIEHHOIO
MCCIIEOBAHMUS.

MATEPHAJIBI U METOINKA

ATpoxXrMn4YecKoe W paauojioTM4eckKoe o0ciIeno-
BaHMSI IIOYB PEIIEPHBIX YIACTKOB M KYJIbTYPHBIX pac-
tTeHmit Ha conepxanue ¥'Cs, °Sr u “K nposonuinu B
2011 1 2016 ., B COOTBETCTBUM C €KETOAHBIM MOHM-
TOPUHTOM MOYB 3eMeJIb CEIbCKOXO3SMCTBEHHOrO Ha-
3HAYCHMS HA NEBATU PEIEPHBIX yJ4acTKaX, 3aHSITHIX
CEepbIMU JIECHBIMU IMMOYBAaMU, PACIIOJOXEHHBIMU Ha
Tepputopun Bnagumupckoii obimactu (puc. 1), my-
TeM 0TOOpa 00pa3loB PACTCHUI 1 ITOYB 13 ITaXOTHO-
ro ropuszoHTa (0—20 cM) [IJIsT aHaJIM30B.

KpyTusHa cKJI0HOB pernepHbIX YJ4aCTKOB HE Mpe-
BhilIajia 3.5°. PenepHble y4acTKM pacliojiarajiuch, B
OCHOBHOM, Ha IaXOTHbBIX 36MJISIX U KOPMOBBIX €CTe-
CTBEHHBIX YIOIObsIX, IIpeobiafaloias pacTUTEIb-
HOCTh YYaCTKOB — KYJIbTYPHBIC pacTeHUs: BUKA MO-
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cesHas (Vicia sativa L.), oBec 1oceBHOI1 (Avena sativa 1..),
KJeBep po30Bblit ( Trifolium hybridum L.), TuMmodeeB-
Ka nyroBast (Phleum pratense L.), KyKypy3a caxapHasi
(Zea mays L.), mmenuna msarkas ( Triticum aestivum L.),
poxb (Secale cereale 1.), suMeHb OOBIKHOBEHHBIH
(Hordeum vulgare L.), KO3MITHUK BOCTOUHBI (Gale-
ga orientalis Lam.), s610Hs noMmamnHsst (Malus domes-
tica Borkh.) u 31akoBo€ pa3HOTpaBbe B BUIE TTOJICBU-
bl cobaubeit (Agrostis canina L.) 1 MSITIMKA JTYTOBO-
ro (Poa pratensis L.).

OO01as MmIoaab CEPBIX JECHBIX ITOYB PEMEPHBIX
Y4acTKOB cocTaBuja 386 ra.

C OTOenbHOTO PEMEPHOTO YIACTKA B 3aBUCUMOCTH
OT €ro IUIOLIAIM C IIOMOIIbIO TPOCTHEBOIO Oypa OT-
OMpaJii HECKOJIbKO CMEIIaHHBIX OOpa3lloB ITOYBEL.
OmuH cMelIaHHBIM oOpa3en, Maccoil okojo 0.5 KT,
cocTtaBisicsa U3 25—30 TodeyHBIX TPOO M B CpemHEM
oToupascs ¢ KaxkablXx 6—7 ra Ijoliaagu pernepHoro
yJacTka.

CMemaHHyl0 MIpoOy pacTeHUIA Maccoil OKOJIO
0.5 KT HATypaJlbHOM BJIAXKHOCTU COCTABIISIIM U3 8—
10 ToueyHBIX TTPOO.

ITpoOBI MOYB M pacTeHU OTOMPAIN C OTHUX U TEX
K€ JIoKalliii penepHbIX y4acTKoB. OToOpaHHbIe 00-
pas3lbl IOYB U PACTEHMIA BBICYIIUBAIN A0 BO3AYIITHO-
CYXOTO COCTOSIHUS Y U3METbYAI HA MEJIbHUIIC.

Du3MKO-XMMIYECKHEe aHAJIM3bI MOYB OBLIA BBI-
MOJIHEHBI TIO CJEAYIOIIUM METOIUKaM: OOMeHHas
KUCITOTHOCTb (PHk(p): TOCT P 58594—2019; o6MeHHbIE
ocHoBaHUsl Kaibuus U MarHust (Ca u Mg): TOCT
26487—85; opranmyeckoe BemecTBo (C,,,) (1o Tio-
puny B Mmogudukauuu [IIMHAO): TOCT 26213-91;
Ne 2
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MOHMUTOPUHT 77CS, SR U “K B CEPBIX JIECHBIX [TOYBAX

cyMMa MorjolleHHbIx ocHoBaHU (S) (mo Kanrneny):
TI'OCT 27821—88; dpakuuu pu3n4ecKoil IIIUHBI U
una (mo KaunHckomy) [4].

Ompenenenre PH B mouBax m pacTeHUSIX BBITION-
HSUJTU TI0 TIPUHSITBIM B PagroOMOJIOTMYECKOM Tpak-
tuke Metogukam: ¥’Cs u ?°Sr B nouse U pacTuTelb-
HbIX oOOpasuax mpousBoawiIuM Ha npubope YCK
“I'amMma ITmoc” (Poccust), cormmtacHO METOMMYECKUM
pexkomeHaauusm [5] u TOCT P 54040—2010, B cueT-
HBIX 00pa3nax Ha CUMHTWUISLIMOHHOM raMMa-, 6e-
Ta-CHEKTPOMETPE C MCIIOJIb30BAHNEM IIPOTPAMMHO-
ro obecrnieuenus “IIporpecc” (BHUMNDTPU, 2003).
OTHOCUTEIbHASI IOTPEIITHOCTD OIIPEACICHUS YICIb-
Hoii aktuBHocTu MPH He Gomee *+10%. I'amma-
CIIEKTPOMETPUIO MPOO IMOYBHI IPOBOAMIN B TEOMET-
puu cocyna MapuHenu oobeMoM 1 J1, pacCTUTETbHO-
CTH — B TEOMETPUU “IeHTa’ TTOCIIE €€ CYyXOTO 030JIe-
Hus npu Temiieparype 450°C.

H3mepenue MBO/] y-uznydyeHus: TPOBOIWIU CO-
DJIACHO METONMYECKUX YKa3aHWil IO TPOBEIECHUIO
KOMILJIEKCHOTO MOHUTOPUMHTA IJIOAOPOIUS MTOYB 3€-
MeJTb CETbCKOXO3STMCTBEHHOTO Ha3HAYeHHUST [6].

MBI y-u3nydeHus1 U3MEPSUIU B ITOJIEBBIX YCIIOBU-
SIX Ha BbICOTEe 1 M HaJ ITOBEPXHOCTHIO ITOYBBI CIIMH-
TWUISILAOHHBIM T€0JIOrOPa3BeIOYHBIM PaIruOMET-
poMm CPITI-68—01 (Poccus). Ha xaxxmom penepHoM
y4acTKe MPOBOIWIN BOCEMb 3aMEPOB, C MOCEIYIO-
LM IIOICYETOM CPEIHETO 3HAUYSHMSI.

Hns ouenku nepexoga MPH u3 mouBsl B pacre-
HUSI pacCUYUTHIBAJICI KO3(PPUIMEHT HAKOIUICHUS
(K,), paBHBIii OTHONLIEHUIO YIEIbHOW aKTUBHOCTU
MPH B pactenusix (Bk/Kr cyxoit Macchl) K €ro akKTHB-
HocTtu B mouBe (BK/KT cyxoii Macchl).

Koadduument nepexona (K,) onpenensuim Kak
OoTHoIlIeHUe yaenabHol akTuBHOCTU UPH B pactenu-
s1x (BK/Kr cyxoil Macchl) K MIOTHOCTHU 3arpsi3HEeHUsI
MOYBbI HA EAMHUILY TIOLIAAN (KBK/MZ).

IIpu craTucTrYecKoit 00pabOTKe JaHHBIX IIPOBO-
WU MPOBEPKY 3aKOHA HOPMAJILHOIO pacrpenee-
HUsS ¢ TTomollbio KpurepueB Koimmoroposa—Cwmup-
HoBa u Illamupo—Yunka. CpegHue ypoBHU 3Hade-
HMIA M3y4yaeMbIX TIIOKa3aTejaeld B MCCIEAYyeMbIX
oOpaslax Mpu HOPMaJlbHOM pacIlipelAeiEeHUU CpaB-
HMBaJIM MEXIY COOOM C MOMOIIBIO IBYXBHIOOPOYHO-
ro t-xkputepusi CTbIOAEHTA U151 3aBUCHUMBIX IIEPEMEH-
HBIX, IPU HEHOPMAaJIbHOM — C IIOMOIIbIO KPUTEPUSI
Bunkoxcona. s BBISIBACHUSI B3aMMOCBSI3E IIpU
HOpMaJIbHOM pacIipeaejeHUn Mpu3HaKa pacCUUThI-
BaJI KO3(h(UIIMEHTH MapHOI JTMHEWUHON KOoppeJsi-
nuu IlupcoHa, ¢ UCIMONIb30BaHUEM CTaTUCTUYECKOM
rnmporpaMmsbl “Statistica” (Bepcus 10).

PE3VJIBTATDI

AKKYMYyJISILUSI, paciipeie/ieHne U MUTpaiust pa-
JIVUOHYK/IUJIOB B IIOYBAaX 3aBUCSIT OT MHOI'MX (DAKTO-
pOB, Cpeyl KOTOPHIX BaxKHOE 3HAYEHUE UTPAIOT CO-
JIiep>KaHue OpraHUYeCKOro BellleCTBa M ero Kade-
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CTBEHHBIN COCTaB, KUCJIOTHOCTh TIOYBEHHOI CpEIIbI,
XUMUYECKUNA, TPAHYJIOMETPUYECKUIA U MUHEPATIOTU-
YEeCKHI COCTaBbl, XapakTep YBJaKHEHUs, peabed
MEeCTHOCTH ! 1p. [7].

Jng wm3ydeHWs BIUSHUS (QU3NKO-XUMHUUECKUX
TokasaTejieii TTo4B Ha OCOOEHHOCTU ITOBEIECHUS B
HMX M3y4aeMbIX PagUOHYKJIMIOB ObLIO IPOBEICHO
arpoXuMmuUYeckoe 00cie10BaHUE CEPBIX JIECHBIX II0YB
pENepPHBIX YYaCcTKOB, €ro pe3ybTaThl IIPUBEIECHBI B
Tabn. 1.

Cepble JIeCHbIE OYBBI YYACTKOB B CpEIHEM UME-
JIV TIPEUMYIIECTBEHHO CPEIHECYINIMHUCTHIM COCTaB.

CpenHsiss 00ecIeYeHHOCTh ITOYB OpraHUYeCKHUM
BEIIIECTBOM Ha MPOTSKEHUM BCETO Ieproaa HadIo-
JIEHUsI COOTBETCTBOBAJIA HU3KOMY YPOBHIO colepKa-
HUs, a cpenHee conepxkanue Cy,. B IOYBaX y4aCTKOB
MaJio MOoABEePTajloch U3MEHEHMUIO.

ITouBsl yuacTtkoB B 2011 I. OTJIUYAIUCH TIPEUMY-
IIECTBEHHO CJIaDOKUCJION peakiiveid cpenbl, a B
2016 r. — cabOKMCIION U GJIU3KOM K HENTPaJIbHOI.
B cpenHeM, cepblie JieCHbIE TOYBBI UMEJIU CIa00KUC-
JIYIO peaKkliuio Cpebl.

O0OecriedyeHHOCTh IToYB 06MeHHBIM Ca B TeueHUue
MOHUWTOPWHIA, BOCHOBHOM, COOTBETCTBOBAJIA ITOBBI-
IIIEHHOM CTeneHuW, a OOMeHHLIM Mg, mpeumyle-
CTBEHHO, COOTBETCTBOBaJIa OYE€Hb BLICOKOU CTEIIEHU
B 2011 r. 1 BeICOKOM — B 2016 T.

CpenHee coagepkaHue ocHoBaHuii Ca u Mg oTBe-
YaJio IOBBIIIEHHOMY 1 BEICOKOMY COJIEPXXaHUIO UX B
noyBe cooTBeTcTBeHHO. OtMeTrmM, yto ¢ 2011 1o
2016 . IPOM3OLILIO0 CHUXXKEHME CPEIHETO COmEpKa-
Hus Ca u Mg B ITouBax y4acTKOB.

CpenHsist 1oJ1st npucyTcTBUsI 0OMeHHBIX Ca 1 Mg
B OOIIIEM COCTaBe MOMIOILIEHHBIX KAaTUOHOB B 2011 u
2016 r. cocraBisuia — 91.9 u 84.5% COOTBETCTBEHHO,
YTO FOBOPUT O BaXKHOI POJIM JAHHBIX BJIEMEHTOB B
Mpolieccax reHe3nca M XUMH3Ma M3ydaeMbIX ITOYB.
IIpocnexuBaeTcss TEHACHLMSI CHVDKCHUSI COIepXKa-
HUSI OOMEHHBIX OCHOBAaHUA, MPEANOI0KUTEIBLHO 110
MMPUYMHE UX BLIMBIBAHUST U3 KOPHEOOUTAEMOTO CJIOS
BHU3 110 NpOoGUJII0 U BBIHOCA TOBAPHOIT 4aCThIO YPO-
XKasl CeJIbCKOXO3SICTBEHHBIMY KYJIBTYPaMU.

3HayeHMs1 CyMM MONJIOIIEHHbIX OCHOBaHUI (mapa-
MeTp §) MOYB OOJIBIIMHCTBA PEMEPHBIX YYACTKOB COOT-
BETCTBOBAJIM TOBBILIEHHBIM CTETIEHSIM 00eCIieYeHHO-
ctu. CpenHsisi BeJIMuMHa S MOYB y4yacTKOB 3a Tepuro
HaOmoneHnii ymenbinmiach Ha 0.6 cMoib(akB)/100 T
TOYBHI.

OTMeTrM, YTO BapbMpOBaHUe BCeX (DU3NKO-XUMU-
YecKMX ToKazaresieil CephIX JIECHBIX TOYB YYacTKOB
MOAYMHSUIOCh 3aKOHY HOPMAaJIbHOTO pacrpeaeeHUsl.
3HaueHusi kputepueB KomMoropoBa—CMupHOBa U
lanmupo—Yunka ymoBIeTBOPSIIN CIEAYIONINM YCIIO-
BuUsM: p > 0.2 u p > 0.05 cCOOTBETCTBEHHO.

CpaBHeHUEe (PU3UKO-XMMUYECKUX II0Ka3aTeseit
II0YB IO ABYM aHAJIOTMYHBIM 3aBUCUMBIM BbIOOpKaAM
2011 u 2016 r. TOKa3aj10, YTO CYIIECTBEHHBIE pa3JIi-
Ne 2
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202 YTKHWUH
Taomuua 1. ®u3MKo-XMMHUYECKHE CBOMCTBA ITIOYB
Table 1. Physical and chemical properties of soils
Dpaxunsa, % Ca Mg S
Ne penepHoro |Yuciio cMelaHHBIX Paiion Coprs % | PHkc
y4acTka 00pasIIoB, 1 <0.001 | <0.01 cMoib(3kB)/100 T TOYBBI
3 6 1O.-TTonbckuit n/o* | m/o | 2.0 3.2 15.0 2.8 18.3
' 141 [381] 39 | 51 | 146 | 32 | 1938
4 4 10.-Monbekuii /o | m/o | 28 | 55 | 150 | 29 | 19.1
16.2 | 33.7 3.9 5.4 10.8 3.2 16.5
5 4 Cys3nanbcKuii H/o | H/0O 2.3 6.2 13.1 4.2 18.1
22.4 | 349 1.3 5.8 11.0 2.9 19.6
6 3 Cysmansexmii wo |m/o | 27 |54 | 13 | 32 | 156
26.3 | 31.2 1.8 5.2 10.3 2.7 16.9
16 4 AJleKCaHIPOBCKUM H/o | Hjo | 18 2.1 10.6 4.9 209
17.2 | 33.7 2.0 4.9 10.0 3.4 16.3
19 4 KosnbuyruHckuii H/o | B/o | 23 37 | 113 4.7 16.3
18.2 | 34.8 2.5 5.7 10.3 4.0 16.6
30 7 Cy3nanbckuii H/o | /o | 2.3 2.3 | 125 3.5 16.3
13.3 37.0 2.1 5.2 10.6 3.1 13.9
31 10 MypomcKuii H/0 | H/o | L7 | 53 | 54 | L4 | 86
20.9 | 28.1 0.8 5.8 6.6 2.3 9.6
34 10 Cy3nanbeKuit /o | m/o | 3.6 538 | 13.8 5.4 19.7
17.4 | 35.6 34 5.8 11.3 3.3 18.6
M wo |njo | 25 |55 | 120 | 37 | 17.0
18.4 | 34.1 2.4 5.4 10.6 3.1 16.4
m wo |no| 02 [ 01| 10 | 04 | 12
1.4 1.0 0.4 0.1 0.7 0.2 1.1

IIpumevanus. * H/0 — He onpenesuin (To Xe B Taba. 3—4). M — cpenHee apudmMeTUYecKoe 3HaYeHUE (TO Xe B Taba. 2 u 4); tm —
oImMobKa cpeaHero apudMeTnueckoro (To xe B Ta6iu. 2 u 4). [1puBeneHbI cpenHue aprudMeTHIecKre 3HauyeHUs (To XXe B Taba. 2 u 4).

Hapn yeproit — 2011 r., mox yeproit — 2016 ., (TO Xe B Ta61. 2—4).

YUST UMEIOTCS TOJBKO IO COMepKaHUI0 OOMEHHOTO
Ca, 3To MOATBEPXKIAIOCH pAaCYETOM 3HAYCHUI 1-KPU -
tepusi CteiogeHTa (p < 0.05).

PesynbTaTel onpeneneHus yaeabHO aKTUBHOCTH
EPH no3BonstioT nath 60Jiee TOUHYIO XapaKTEepUCTH -
KY pagMaliOHHOM OOCTaHOBKM Ha MCCIIEIyeMOI
TEPPUTOPUU ITyTEM CPABHEHUS UX yOEJIbHBIX aKTUB-
HOCTell B M3y4yaeMoOW ITOYBE C MX OOIIEMHPOBBIMU
WM peruoHadbHbIMU 3HadyeHusMu, a UPH — co
CPEMHECTATUCTUYSCKIM HMX COIACPXKAaHMEM B ITOYBAX
MUpa, OOYCIIOBJICHHOM IJIOOAJIBHBIMM BBINIAICHUS -
MU. YnenbHble akTuBHOCTH 7Cs, 2°St 1 “°K B cepbIx
JIECHBIX ITOYBAX YYaCTKOB IIpeICTaBIeHBI B Ta0I. 2.

ViensHble akTuBHOCTY “°K B 1ouBax IJ1aHEeTHI Ba-
PBUPYIOT B IIIMPOKUX IUana3zoHax. B kauecTBe cpen-
HEMUPOBBIX MPUHATO 3HaYyeHUe 450 BK/KT TOYBHI.
ITo naHHbIM Tuxomuposa, conepxanue “°K B cepbix
JIeCHBIX mouBax Poccum B cpemHeM coCTaBisieT
450 bk /kr [8].

CpenHsa yaeabHas akTuBHOCTB ‘UK B cephbIx Jiec-
HBIX ITOYBaX peIepHbIX Y4acTKOB BiammmMupckoit 06-

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

JIACTHU 32 IepUoa MOHUTOpUHTa 6bu1a B 1.09—1.29 pa-
3a BbIllIe (POHOBBIX 3HAYCHUIA.

Vnenvubie aktusHoctu ¥Cs u %°Sr B cephIx nec-
HBIX ITOYBaX 00C/IeIOBAHHBIX Y4ACTKOB He MpeBHIIIa-
JIV 3HaYeHMWI (poHA TI100aTbHBIX BhITTageHnit — 4—30
u 1—18 Bbx/Kr cooTBeTCcTBeHHO [9] (Tab1. 2).

YcpenHeHHas yaelbHas akTUBHOCTD T10YB y4acT-
koB 1o ¥Cs, 2°Sr u K B 2011 r. 6b11a B 1.12, 1.04 1
1.19 pasa Brie, yem B 2016 T.

IMnotHOCTE 3arpsasHeHus 7Cs u ?°Sr B maxoTHOM
ropusoHTe (0—20 cM) moYB ObLIa 3HAYUTEIHLHO HITKE
JOITYCTUMBIX YPOBHE OTHOCUTEIBHO YIOBIECTBOPU-
TeJIbHOM 3KOJIOrndecKoi o6cTaHoBku B 1 1 0.1 Ku/km?
COOTBETCTBEHHO, YTO MTO3BOJISIET OTHECTH CEPhIE JIeC-
HBIE TTOYBHI YYAaCTKOB K He3arpsiI3HEHHBIM TEPPUTO-
pusm [10].

BappupoBanms 3HaUeHMI ITOKa3aTeeit yaeIbHbBIX
AKTUBHOCTEN W TIUJIOTHOCTEU 3arpsi3HEHUS II0YB
yyacTkoB ’Cs u ?°Sr moguMHsIIMCh 3aKOHY HOp-
MaJIbHOTO pacnpeesieHus pusHaka, mis 'K orMe-
Ne 2
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Tab6auna 2. MoIIHOCTb 3KCITO3UIIMOHHOM T03bI, YAeIbHAasl aKTUBHOCTD 1 INIOTHOCTD 3arpsi3HECHUS II0YB B37¢Cs, 99Sr 1 'K
Table 2. Exposure dose rate, specific activity and density of soil contamination ¥’Cs, ?°Sr and *’K

137Cg 90g, 40K MBI
Ne penepHoro y4yacTtka

Bk/KT Ku/km? Bx/kr Kun/xm? Bk/KT Ku/xkm? MKP/q
; 5.62 0035 | 336 | 0021 | 648 | 4035 | 1L
3.04 0.019 2.03 0.013 492 3.064 12.0
A 681 0043 | 401 | 0025 | 667 | 454 | 120
491 0.030 3.27 0.021 533 3.319 12.0
5 3.12 0.020 2.05 0.013 610 3.799 12.0
3.78 0.024 2.52 0.016 552 3.437 12.0
p 5.06 0031 | 320 | 0019 | 647 | 402 12.0
4.32 0.026 2.88 0.017 455 2.833 12.0
6 3.73 0.022 2.42 0.014 649 4.042 12.0
5.09 0.030 3.39 0.020 518 3.225 12.0
9 4.51 0.027 2.87 0.017 569 3.543 12.0
5.01 0.029 3.34 0.020 541 3.369 12.0
30 3.76 0.023 2.36 0.015 561 3.493 115
3.95 0.025 2.63 0.016 546 3.400 12.0
31 431 0.024 2.84 0.016 335 2.086 7.0
3.55 0.020 2.37 0.013 235 1.463 7.0
1 5.94 0035 | 354 | 0021 | 554 | 3450 | 120
5.33 0.031 3.55 0.021 538 3.350 12.0
y 4.76 0.029 2.96 0.018 582 3.626 113
4.25 0.026 2.83 0.018 490 3.051 11.4
o 0.40 0003 | 021 | 0001 34 0212 05

0.31 0.002 0.21 0.001 33 0.209 0.

JaJjoch HEHOPMAaJIbHOE paclpenelieHne YKa3aHHBIX
nokasarteseit. [Ipu cpaBHeHUN MexXIy coOoii 3Haue-
Huit nokazareneit ¥’Cs u 2°Sr 3aBUCHMBIX BBIGOPOK
2011 m 2016 r. BBIIBIEHO, YTO 3HAYMMBIC Pa3TUUUS
OTCYTCTBYIOT (p > 0.05), UTO MOATBEPKIAJIOCH pacye-
TOM 3HaueHwuii --kputepusi CtblogeHTa. PacueT kpu-
Tepust BMIJIKOKCOHA TI0 ymeiabHOT aKTUBHOCTA U
m1oTHoCTH 3arpsisHenns 'K 1Byx 3aBUCUMBIX BEIOO-
pox 2011 1 2016 r. mokasaj, 9To MEXIY HUMU NMEIOT-
cs cymectBeHHBIE paznuuus (p < 0.05).

H3meHeHue 3HaueHuit nokasateneit MBI y-do-
Ha Ha BCEM IMPOTSXKEHUU MOHUTOPMHTA MOMYMUHSI-
JIOCh 3aKOHY HEHOPMaJIbHOTO paclpeIesieHUs] TIpU-
3Haka. [Ipu cpaBHeHUM 3HaYeHUT MBI 3aBUCUMBIX
BBEIOOPOK TT0 KpUTEpHUIO BUIIKOKCOHA BEISIBJIEHO, UTO
JIOCTOBEPHBIX pa3nyuii He umeetcs (p > 0.05).

B cpenHem, 3a BpeMs NMpoBeneHUs MOHUTOPUHTA
MOBJI y-usnydyeHusl cepbiX JIECHBIX MOYB PETNEPHBIX
y4yacTKoB BrnaguMupckoii o6JacTM COOTBETCTBYET
CpeIHEMY 3HAUEHMIO, XapaKTEPHOMY JIJIsI TOYB CeJlb-
cKoxo3stiicTBeHHbIX yronuit Poccun (11.4 MmxP/49) [11].
Kpome Toro, moiayyeHHble HamMu 3HauyeHuss MOJ]
Y-U3JIy4€HUsI TIOYB YYaCTKOB IMOJHOCTBIO MOATBEP-

PAJUALIMOHHASA BUOJIOTUA. PAAMOSKOJIOI'UA

XKIAIOTCId W JaHHBIMU, IIPUBENEHHBIMU B pabote
T.A. Tpudonosoii [12].

ITpoBeneHHBI KOPPEISILINOHHBII aHaIN3 MOKa-
3aJ1 HAJINYME ITOCTOBEPHBIX MPSIMBIX KOPPEISIIIUOH-
HBIX CBsI3€il BBICOKOM cuJiibl Mexny MOJL y-usiyue-
HMS MOYBHI U yaeabHoi aktuBHOCThIO K B 2011 T.:
Fowanyaok) = 0.91 m B 2016 1.0 rvon/a0x) = 0.95, npu
Fyuay = 0.67. CllemyeT OTMETHTB, 9TO M3 psma PH, aB-
nsrommumxes Y-usnydaresnsamu, K oriuuaercs Ham-
GOJIBIIMMY KOHILIEHTPALUSIMU ITPUCYTCTBUSI BO MHO-
TMX MOYBaxX MUpA.

OTCyTCTBYE 3HAYMMBIX KOPPEISIIMOHHBIX CBA3EH
Mexay MOJI y-usnydyeHus: MOYBbI U YAEIbHON aK-
TuBHOCTHI0 ¥'Cs B 2011 11 2016 1.2 F\mp 13705y = 0.15 1
0.06 cOOTBETCTBEHHO, TIPU Fypyy = 0.67, MOXXHO 00B-
SICHUTh OY€Hb HU3KMMU 3HAYCHUSIMUA aKTUBHOCTH U,
clle10BaTelbHO, MaJbIM BKJIanoM ’Cs B hopmMupo-
BaHUE cyMMapHOro ¢hoHa Y-U3JTy4eHUs CephIX Jiec-
HBIX MTOYB y4acTKOB BiiaguMupckoii obiactu.

OTMeueHHBIe KOppEJSIIMOHHBIE B3aMMOCBSI3U
MeXIy (PpU3MKO-XUMUYECKUMU CBOMCTBAMM Cepoit
JIECHOI MOYBBI W YIEJIbHBIMU aKTUBHOCTAMU 3’Cs,
Ne 2
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Taomna 3. KoadduimeHTs! tuHeliHOM Koppensiuuu [TupcoHa Mexay CBOCTBaMU TOYB U yIEeJTbHBIMU aKTUBHOCTSIMU

137CS, 9OSr u 4OK

Table 3. Pearson linear correlation coefficients between soil properties and specific activities 1¥’Cs, ?°Sr and “°K

v /PH| <0.001 o, 55| <0.01 .5 [Coes | PHict| e Ot | 00w | ommyton  |C5| e | 9K

37 1/o H/0 0.44 |—0.13 0.46 —0.14 0.20 _10.99(0.24

0. ~0.33 0.14 | 0.25 -0.28 0.36 0.08 1.00 | 0.08

90g, 1/o H/0 0.41 | =0.15 0.37 —0.18 0.13  [0.99|  [0.19

~0.33 0.14 | 0.25 -0.28 0.36 0.08  [1.00 0.08

w0y H/o. wo 022 ]003| 080 0.44 085  0.24[0.19| _
-0.35 0.80 0.51 |-0.22 0.67 0.72 0.75  |0.08(0.08

IMpumeyanue. 3Haunmble KoadduimeHTs! Koppensunu rnpu p < 0.05 BbiaeeHbI MOTY>KUPHBIM (TO Xe B Tao0. 4): Txpur = 2.36,n =9,

r =0.67.

3Ha4Y

0Sr u YK, a Takxke MeXIy CAMUMHU U3y4aeMbIMU pa-
IVMOHYK/INIaMH yKa3aHbl B Ta0JI. 3.

HauHble 110 ynenbHol aktuBHocty 7Cs u ?°Sr B
KyAbTYpHBIX pacTeHusx u K, ¥’Cs u *°Sr u3 noussl B
pacTeHusI OTpaxkKeHbI B Ta0I. 4.

IMToctrynmenue PH 13 1109B B pacTeHNS 3aBUCHUT OT
THUTIA TTIOYBLI U ee CBOIMCTB. B cenbcKoX03g9iiCTBEHHOI
paguoOMOIOTUN YCTAaHOBUJIOCH ITOHMMAaHUE TOTO,
YTO M3 KUCIIBIX TOYB, 00eTHEHHBIX OCHOBaHUsIMHU Ca
u Mg, JIerKoro rpaHyJIoMeTpudecKoro cocrasa >’Cs
u °°Sr 6oJiee MHTEHCUBHO IIOCTYIAIOT B PACTEHHUS 110
CPaBHEHUIO C BBICOKOIIJIOJOPOIHBIMMA M OOTaTBIMM
OCHOBaHUSIMU mouBamu [13—15].

KpomMme Toro, HemajioBaxkHO€ BIIMsSHNE Ha HAKOII-
nenre MPH pacTteHnsaMu oka3piBaloT M OMOJIOTUYE-
CKr€ OCOOEHHOCTM CeJIbCKOXO3SIMCTBEHHBIX KYJb-
TYyp, 0OyCJIOBJICHHBIE BUAOBOM M COPTOBOM IIpUHA/ -
JIeXHocThI0. HampuMmep, paznuuus B HaKOIJICHUU
90Sr y 3epHOBBIX 1 OOOOBBIX KYJIbTYP, BIPALLIEHHBIX
Ha OMHOM MMOYBE, pa3nyaloTcs B 85 pa3, y KOpHEIIO-
JIOB U OBOIIHBIX KyJbTYp — B 350 pa3 [16], y KyKypy-
36l — B 10—15 pas [17], ¥’Cs y xkapTodens — B 14 pas,
a'y MOpKoBHU — B 2.5 pa3za [18].

OBCYXIEHHNE

MmMeroTcss MHOTOUMCIIEHHBIE JAHHBIE O CBSI3U CO-
nepxanus PH B mouBe ¢ pa3MepoM M yIeJIbHON Mo-
BEPXHOCThIO MMOYBEHHKIX YacTuil [19, 20].

Hannuume MenKomMCIEepCHBIX YacTul (PpaKIuu
dusuyeckoro uia (<0.001 MM, %) He KOPPETUPYET C
HakoruieHueM usydaeMbix PH cepoii jecHoil mou-
BoOIi. B TO Xe BpeMs, cyns 1o 3HaYSHUSIM KO3 () PUIII-
eHToB Koppessauuu (r = 0.80, mpu p = 0.05), nocro-
BEPHO YCTAHOBJIEHO, UTO COAEPKAHNE YACTULL (ppaK-
mun dusndeckoir mHbl (<0.01 MM, %) TipuBOIUT
TOJIBKO K YBEJMYEHUIO yaenbHOU aktuBHocTH “°K B
nmouse. [IpennoaoXuTebHO, 3TO BHI3BAHO TEM, UTO
40K agcopbupyeTcsl Ha TOBEPXHOCTH MTOUYBEHHbIX MU -

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

HEpAJIOB, pasMep 4YacTHIl KOTOPBIX COCTAaBJISIET OT
0.01 no 0.001 mM.

Conepxanue C,,, 1 ypoBeHb pHyc, He OKa3bIBaIM
137 90
JOCTOBEPHOTO BIMSHMA Ha akkymysauuio 'Cs, 2°Sr
u “K cepoii n1ecHOI OYBOIA.

Oomennbie Ca 1 Mg, a Takke OpyTrue MOIOIIeH-
HbI€ OCHOBaHUS (TTapameTp ) CYIIECTBEHHO BIUSIIN
TOJBKO Ha yaedbHylo akTuBHocTh ‘'K B mouBax
Y4acTKOB.

Bricokyio KOppeasILMOHHYI0 B3aMMOCBSI3b IIpS-
Moii 3aBucumoctu (r = 0.99—1.00, p = 0.05) mexny
npucyrcreueM ¥Cs u °Sr B uccrnenyemoii nouse,
MPEATIONOXKUTEIbHO, MOXHO OOBSICHUTH HEKHMU
CXOXKMMHU MeXaHu3MaMU rnoniolneHus nadiueix MPH
nmo4Boii (Tab. 3).

WccnenoBaHreM ObLIM OINpeNesIeHbl 0CIen0Ba-
TEJLHOCTH KYJIETYP B PS/IaX HAKOIUIEHUS U ITEPeXoa
37Cs m °Sr U3 cepoil JeCHOM IOYBBI PEINEPHBIX
yaactkoB B 2011 u 2016 1. YcraHOBJIEHO, YTO yCPEI-
HEHHOE 3HAYEHME YIEeNbHONM aKTUBHOCTU B 3€JIEHOM
Macce KyJabTyp 1o ¥’Cs cHUXaoch B psALY: KO3JAT-
HUK BOCTOUHBII > KYKypy3a caxapHasl > BUKA [10CEB-
Has, OBEC TIOCEBHOI > KJIEBEP PO30BbIil, TUMOdEEB-
Ka JIyroBas > sTYMEHbB > ITOJIEBULIA CO0AUYbsl, MATINK
JIYTOBOIA; yIebHasl aKkTUBHOCTB 110 St cHuXXaj1ach B
psiLy: KO3JISITHUK BOCTOUHBII > KyKypy3a caxapHas >
> MoJIeBUIIA COOAYbsI, MSITIIMK JIYTOBOM > KJIEBEp pO-
30BBIii, TUMO(EEBKa JIyroBas > BUKa IIOCEBHAs, OBEC
MTOCEBHO > STYMEHb.

MHTeHcuBHOCTD niepexona ¥’Cs U3 mouBbl B pac-
TEHUS CHUXKAJACh B pALY: KYKypy3a caxapHad > KO3-
JIITHUK BOCTOYHBIN > KJIeBep pO30BbIit, TUMO(DEeBKa
JIyroBas > BUKA MOCEBHAs, OBEC ITOCEBHOM > MMOJIEBU-
11a co0aYbs, MIATIIMK JIYTOBOI > STYMEHB; PSI ITIePEX0-
na °°Sr 6bUT CIIEAYIOIIMM: KYKYypy3a caxapHasi > IoJie-
BHUIIa co0aubsl, MSTJIMK JIYyTOBO > KO3JISATHUK BO-
CTOYHBIN > KJIEBEP PO30BbI, TUMO(eeBKa JIyroBas >
> BMKa IIOCEBHAsI, OBEC ITOCEBHON > STYMEHb.

Psnp1 nociienoBaTeIbHOCTH KYJIBTYP IO YASIBHOM
aktuBHOCTU U Ky st '¥7Cs HeconmocTaBUMbI MEXIY
Ne 2
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Ta6mmua 4. [TapaMeTpsl epexona U yaeabHas akTuBHOCTb 127 Cs 1 °°Sr B pacTeHMsIX
Table 4. Transition parameters and specific activity of ’Cs and *°Sr in plants
Ne perepHoro Kystsrypa (51 POy VienbHast akTUBHOCTh, BK/KT K,
yJacTKa 137Cg 90g 137Cg 90g
3 AuMeHb (3eJeHas Macca) 1.18 1.22 0.91 1.57
[Muenuna (3epHo/conoma) 0.91/0.97 0.95/1.07 1.29/1.38 | 1.98/2.22
4 KozngaTHuK (3eaeHast macca) 2.05 2.17 1.29 2.35
Kykypysa (3eneHast macca) 1.72 2.04 1.55 2.63
5 /o n/o n/o n/o /o
ITonesuua, MATIUK (3eJ€Has Macca) 1.32 1.99 1.49 3.36
6 /o H/o H/o H/o n/o
Abnons (a6noxn) 0.51 0.37 0.53 0.59
16 /o n/o n/o n/o n/o
[Monesuua, MATIKK (3e1eHast Macca) 1.27 1.37 1.14 1.85
19 Kresep, TumodeeBka (3eseHas Macca) 1.44 1.57 1.44 2.50
Buka, oBec (3eneHast Macca) 1.32 1.39 1.23 1.88
30 Kuepep, TMModeeBKa (3eaeHast Mmacca) 1.00 1.21 1.18 2.18
[ToneBuuia, MATIUK (3eseHast Macca) 0.83 1.08 0.90 1.82
3 Kinesep, TuModeeBKa (3eeHas Macca) 1.29 1.40 1.45 2.36
Poxb (3epHO/conoma) 0.89/0.95 0.91/0.96 1.20/1.28 | 1.89/2.00
34 Kiesep, TuModeeBKa (3eseHast Macca) 1.33 1.46 1.03 1.88
Slumens (3epHo/conoma) 1.23/1.35 1.31/1.36 | 1.07/1.18 | 1.69/1.75
Samens (3eaeHasI Macca) 1.18 £ 0.03 1.22£0.02 | 0.91 £0.02 | 1.57 £ 0.02
Muenma (sepHo/conoma) 0.91 £0.02/ [0.954+0.03/(1.29 £0.02/|1.98 = 0.02/
0.97 £0.03 1.07 £0.02 | 1.38 £0.02 | 2.22 £ 0.03
Kosngatauk (3emeHast macca) 2.05+0.03 2.17£0.04 | 1.29£0.02 | 2.35£0.05
Kykypy3a (3eneHast macca) 1.72 £ 0.01 2.04+0.02 | 1.55£0.01 | 2.63 £0.03
INoneBuua, MATINK (3eJeHASI Macca) 1.14 £ 0.16 1.48 £0.27 | 1.18 £0.17 | 2.35 £ 0.51
M=*m Knesep, Tumodeenka (3eneHas macca)| 1.27 +0.09 1.41 £0.08 | 1.27 £0.10 | 2.23+0.13
A6a0Hs (16710KM) 0.51 £0.02 0.37£0.02 | 0.53£0.01 | 0.59 £0.03
Buka, oBec (3eneHast Macca) 1.32 £0.02 1.39£0.02 | 1.23 £ 0.02 | 1.88 £ 0.02
Poxb (3epHO,/cooma) 0.89 £0.01/ |0.91+0.01/ {1.20 £0.01/|1.89 = 0.02/
0.95 £ 0.02 0.96 £ 0.01 | 1.28 £ 0.01 | 2.00 + 0.02
Sumenn (3epHo/conoma) 1.23+0.02/ | 1.31 £0.02/ {1.07 £ 0.02/|1.69 £ 0.02/
1.35+0.02 1.36 £ 0.02 | 1.18 £ 0.02 | 1.75 £ 0.03
FYPH rousa/VIPH pacre- Aumens (3eneHast Macca) 0.45 0.57 tpur = 2.78, Fapaq = 0.81
e IMenuia (3epHo/conoma) 0.69/0.46 0.89/0.38 | fypur = 2.78, Fayay = 0.81
KosnarHuk (3eeHas Macca) 0.98 0.82 tpur = 4.30, Fayaqg = 0.95
Kykypy3a (3eneHas macca) 0.62 0.83 fypur = 4-30, Fayay = 0.95
[MoneBuua, MATIKK (3€7€Hast Macca) 0.81 0.27 Typur = 2-78, Fayay = 0.81
Kinesep, TuModeeBka (3es1eHast Mmacca) 0.55 0.62 tpur = 4.30, Fapaq = 0.95
SA650Hs (16710KM) 0.91 0.61 typur = 2.78, Fayaq = 0.81
Buxka, oBec (3eneHas Macca) 0.72 0.59 tpur = 4.30, Fyyaq = 0.95
Poxs (3epHO/Ccooma) 0.84/0.52 0.41/0.57 | typur = 2.31, Fyyype = 0.63
Sumensp (3epHO/CooMa) 0.78/0.61 0.66/0.40 | fipyr = 2.31, ryeq = 0.63
PAIMALIMOHHAS BUOJIOTHUA. PAIMODKOJIIOTUSA  tom 63 Ne2 2023
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Puc. 2. KoadhduimeHTs HaKOTUICHUS B37cs pacTeHUsSIMU.
Fig. 2. Coefficients of accumulation of B¢ by plants.

co00ii, B OTHOLLIEHUU ST OTMEYAIOCH COTIOCTABJIE-
HHe TTO3ULIMI B psgax IJisi CMeceil u3 KiieBepa U TU-
ModeeBK1, BUKM 1 OBCa, a TAKKE STYMEHSI.

CrenyeT OTMETUTD, YTO B COJIOME STUMEHSI OOJIbIIIe

HakaruuBaioch Y’Cs u °°Sr, yeM B 3eseHOI Macce
3TOU KYJIBTYPHI.

Cpeny 3epHOBBIX KYJIBTYDP YyielIbHash aKTUBHOCTb
kak 1o '¥Cs, tak 1 o *°Sr B cosloMe 1 3epHe CHIXKA-
JIach B pALY: SYMEHD > MIIEHULA > POXb.

DakTUYECKUE BEIUYMHBI YAEIbHONR aKTUBHOCTU
37Cs 1 ?°Sr (B mepecueTe Ha aBCOIIOTHO CyXO€ Belle-
CTBO) IO BCEM BMIAM KYJIBTYDP ITOJHOCTBIO YIOBIIE-
TBOPSIM CAaHUTAPHO-TMTMEHUYECKUM TPEOOBAHUIM
BIT 13.5.13/06—01 X orpaHWYEeHUIO COIEPKAHUS
7Cs 1 %°Sr B KOPMOBBIX CEAHBLIX TpaBax (3ejeHas
macca) Ha ypoBHe He 6osee 100 u 50 bx/kr u ¢pypax-
HoM 3epHe 371akoBbiX — 200 u 140 bx/kr B chIpoii
Macce COOTBETCTBEHHO [21].

Comnacuo Canllun 2.3.2.1078—01 [22], conepxa-
nue ¥Cs u °°Sr B mogax s6JI0HM HE HOPMUPYETCH,
OIHAKO ILIOABI A0JOHU OTINYAIUCH CPEIU BCEX U3Y-
YaeMBbIX KyJIbTYp HAMMEHbIIMM HakoruieHueM ’Cs u
9Sr.

VcraHoBJIEHHbIE IS KyJIbTyp BenauHbl K, 37Cs

u %°Sr g Hag3eMHO# (UTOMAacChl TPAaBOCTOEB HA
00C/IeOBAHHBIX YYACTKaX YKJIAAbIBAIIUCH B IIPENEIIbI
01 0.12 10 0.36 1 01 0.13 10 0.62 COOTBETCTBEHHO, YTO

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

JIOCTATOYHO XOPOILIO IOATBEPXIAIOCHh 3HAYCHUSIMU
K, ¥Cs = 0.12-2.08 u K, °°Sr = 0.20—0.86, npuse-
JIEeHHBIMHU B pabdote [23].

MHOTOYHCIEHHBIMU UCCACIOBAaHUSIMUA YCTAHOB-
neHo, uyto UPH B reHepaTuBHBIX OopraHax pacTeHUIA
(3epHO, IUIOABI U JIP.) HAKAIJMBAIOTCS B MEHBIIINUX
KOJIMYeCTBaX, YeM B HaA3eMHbBIX BereTaTUBHBIX Opra-
Hax (cosoma, mucthbs) [20, 24]. B Hamem ucciaenona-
HMU 3€pHO O3MMOM PXKU, IPOBOM MIUIEHULIbI U STUME-
H¢ MeHbllle Hakarummsaio kak ’Cs, tak u °Sr no
CPaBHEHUIO C COJIOMOI 3TUX KYJAbTYp. JlaHHBIN (haKT
MOXKET YKa3bIBaTh Ha HAJIMYME y DTUX PACTEHUI 3a-
IIUTHBIX MEXaHU3MOB, MPEISATCTBYIOLINX U3IUIIHE-
My TpoHUKHOBeHUIO ¥Cs 11 *°Sr B reHepaTUBHBIE Op-
raHbl U3 BEreTaTUBHbIX.

Haxoruienue *°Sr BceMM KyJabTypaMU MPOUCXO-
muio B 1.1—2 pasa 6oiee MHTEHCUBHO, 4eM /Cs, o
YeM roBOPSIT MOJIydeHHbIe 3HaUeHus Ky (puc. 2, 3).

Pacuer kKoadpuuueHToB Koppensiuuu ITupcoHa
(p = 0.95), nmokazaj, 4To MeXIy yIeIbHOIH aKTUBHO-
ctbio ¥7Cs u °°St B 3epHe U coJIOME TIILIEHULIBI OTME-

YeHa HEJOCTOBECPHAasd B3aMMOCBAS3b. 137 =
Cs 3epHO/conoma
=—0.13u n

Cs sepho/cortona 0.58, 7.y = 0.81; B 3epHE

" COJIOME pPXHM BbIABJICHA HCOOCTOBCPpHAsA B3aMMO-

CBS3b. rmCs 3epHO/cooMa =0.56u rgoCs 3epHO/CcooMa - 016’

Faaqe — 0.63; B 3epHE U COJIOMe STUMEHST YCTaHOBJICHA
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Puc. 3.KoadbuiimeHThI HAKOTUIEHUS 0gr pacTeHUSIMMU.
Fig. 3. Coefficients of accumulation of 90gr by plants.

IIpsiMasd 3HaduMasi B3aMMOCBA3b: 73 =
Cs 3epHO/cooma
=0.71 1 ry

Cs 3epHO/coioMa - 068’ Fanan = 0.63.

Pacuer koadduuumenros nepexosa ’Cs u ?°Sr
(Tabi. 4) U3 NMOYBLI B CEJTLCKOXO3SIICTBEHHBIE KYJIb-
TypBbI ITOKA3aJ1, YTO Ipoliece nepexona *°Sr u3 noussl
B pacTeHUs BCeX BUIOB IIPOTEKAJI UHTEHCUBHEE, YEM
nepexon ¥’Cs.

IMpu cpaBHenuu 3Hayennii K, 'Cs u °°Sr s on-
HUX U TEX X€ BUIOB PACTEHWH BBISICHUIIOCH, uyTO ¥7Cs

u 2°Sr XyKe MepexXousT B IUIOAbI A0JOHU, U JIYYIlIE —
B 3€JICHYIO MacCy KyKypy3bl.

Cuna KOppesIMOHHON B3aMMOCBSI3U  MEXITY
3HAUYEHUSIMM YaesbHON akTtuBHoctH ’Cs u °Sr B
MOYBaX U paCTEHUSAX U3MEHsUIaCh B 3aBUCUMOCTH OT
BUIOBOI MPUHALJIEKHOCTU KyIbTyp (Tadi. 4). Mex-
Iy paccMaTpuBaeMbIMM TIOKAa3aTeIsIMUA OTMeYallach
CBSI3b TPSIMOIl 3aBUCHMOCTH, IIPEUMYIIECTBEHHO
CpeIHe M BEICOKOM CHITBI B3aUMOCBSI3M.

SAKJIIOYEHHME

Io pe3ynbTaTaM IPOBEAEHHOTO PaAUALIOHHOTO
MOHUTOPHMHTIA YCTAHOBJIEHO, YTO CPEIHUE 3HAYEHUS
yaenabHbIX akTuBHocTei ¥7Cs 1 *°Sr B cepbIX JIeCHBIX
MoYBax peNepHBIX y4acTKOB BiaguMupckoil oGia-
CTH He MPeBbIIIAINA 3HaYeHUIT OHA ITT0OATBHBIX BbI-
MajeHuii. YieapHas aKTUBHOCTD TI0YB YYaCTKOB IO

PAJUALIMOHHASA BUOJIOTUA. PAAMOSKOJIOI'UA

YK obu1a B 1.09—1.29 pasa Bbllle CPETHEMUPOBOIO
moKazaTeNs ¥ TUITMIHOTO 3HAYEHMSI, XapaKTepHOTO
JUTST AAHHOW TTOYBHI.

YCDC,Z[HCHHEIH yacjabHasdaA aKTUBHOCTD ITOYB y49acCT-

xoB 110 ¥7Cs, °Sr n “°K B 2011 T. 6bII1a BBILIE, YEM B
2016 1.

IMpucyrcteue ¥’Cs u *°Sr B cepoii necHoi ouse
00YCIIOBJICHO, B OCHOBHOM, IIOOAJILHLIMU BbITTAae-
Husmu MPH ma Treppuropum o61actu, a cogep>kaHue
4K ompenenserca TeHE3MCOM U (PUBNKO-XUMUUE-
CKUMH CBOMCTBaMM I1OYB.

IMnotHoCTh 3arpsasHeHus ¥Cs u ?°Sr B maxoTHOM
TOPU30HTE IOYB yYACTKOB OblIa 3HAYUTEIBHO HILKE
JONYCTUMBIX YPOBHEH OTHOCUTEIBHO YIOBJIETBOPU-
TEJIbHO 3KOJIOrn4yecKoii 0o6¢craHoBky — 1 1 0.1 Ku/xm?
COOTBETCTBEHHO, UTO IO3BOJISIET OTHECTHU CEPBIE JIEC-
HbIE TIOYBBI BCEX YUACTKOB K HE3arpsI3HEHHBIM TEp-
PUTOPYUSAM, IIPUTOLHBIM 6€3 OTpaHUYEHUIA IS CEJlb-
CKOXO34HCTBEHHOTO UCIIOIb30BaH M.

Dopmupyemoe y-U3TyIeHUE TTOYB yYaCTKOB CO-
OTBETCTBYET CpedHEeMYy 3HaYeHWIO, XapaKTepHOMY
IUIST TIOYB CEJIbCKOXO3SMCTBEHHBIX yromuii Poccum.
Hanb6ompimiii mocToBepHBI BKIaI B GOPMHUPOBAHNE
Y-M3JIydeHus TIOYB oTMedasicsi co cropoHsl YK, a
HAaMMEHbIINH HecyllecTBeHHbI — oT ¥’Cs B Teue-
HHUE BCETO Ieproaa pagualliOHHOTO MOHUTOPUHTA.
Ne 2
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CylecTBeHHAs KOPpEJALMOHHAs B3aMMOCBA3b
OTMEYaJIach TOJBKO MEXIY YIEJbHON aKTUBHOCTBIO
K ¢ yacTuuamu dpakuuyu (GpU3MYECKON IIUHBI, a
taxke Mexay 'K u conepxxanuem o6MeHHbIx Ca, Mg
W IpYTVX ONIOLLEHHBIX OCHOBaHMIA B ouBe. B ocTanb-
HBIX CJIy4asix JOCTOBEPHO OTMEUYEHHOM KOppEIsSLUI
MEXIY IPYruMU (PU3MKO-XMMUYECKUMU CBOMCTBA-
MU TIOUBBI C YAEJbHBIMU aKTUBHOCTSIMU M3y4aeMBbIX
PaIMOHYKJIUIOB He 0OHapyXeHo. BBICOKYIO Koppe-
JSLMAOHHYIO B3aMMOCBA3b MEXIY IPUCYTCTBUEM
137Cs 1 ?°Sr B TouBax penepHBIX y4aCTKOB, BEPOSITHO,
MOXHO OOBACHUTH CXOXMMM MEXaHU3MAMM TIOIVIO-
LIEHUs OAHHBIX PAaJUOHYKJIUIOB CEPOIl JIECHOI
MOYBOMA.

VYcpenqHeHHOE 3HAaYeHMHE YOEIbHON aKTUBHOCTU
3eJIEHOI Macchl KyJIbTyp 110 37Cs cHUXKAaJIoCh B psmy:
KO3JISITHUK BOCTOUHBIN > KyKypy3a caxapHas > BUKa
MOCEBHasl, OBEC ITOCEBHO > KJIEBEP PO30BbIiA, TUMO-
¢eeBka JiyroBasi > sS4MeHb > TOJeBUIIA COOaubsl,
MSTJIVK JIYTOBOiA; 110 *°Sr: KO3JISATHUK BOCTOYHBINA >
> KyKypy3a caxapHas > II0JIEBHIIA COOaubsl, MATINK
JIYTOBOI1 > KJIeBep PO30BHIii, TUMOdeeBKa JyroBas >
> BMKa IIOCEBHAsI, OBEC MTOCEBHOM > IYMEHb.

B conome ssumeHs 6oblie HakarumBanock ¥Cs u
20Sr, yeM 3eJ1eHOI Macce 3Toit KyabTypbl. Cpenu 3ep-
HOBBIX KyJIBTYpP yIeJIbHasd aKTUBHOCTB Kak 1o 3/Cs,
Tak ¥ 110 *Sr B coJIoMe U 3epHE CHUXAIACh B PALY:
SAYMEHD > TIIIEHUILIA > POXKb.

Besmmunnzb! yaenabHoit aktusHocTd ¥Cs 1 2°Sr o
BCEM BHUIAM KYJIbTYp W BbIPALLEHHOMW IPOLYyKLIHNU
ITOJTHOCTBIO YIOBJIETBOPSIJIN CAHUTAPHO-TUTUEHYe-
CKMM HOpMaM K orpaHudeHuio cogepxanus 2’Cs
1 ?°St B pacTUTENBHOI NIPOAYKLMHY, ITPEIHA3HAYEH-
HOI Ha KOPM >KMBOTHBIM U B ITUIILY YEJIOBEKY (SIOJIOKM ).

Cyns 110 MOTy4YeHHBIM 3HaYE€HUSIM KO3 b DUIIMEH-
TOB HaKOIUIeHUs, ronioiieHue *’Sr BceMu pacTeHu-
SIMH Ipoucxoquio B 1.1—2 pa3a 0ojiee MHTEHCUBHO,
yem 7Cs.

Mexay 3HAYEHUSIMU yIeIbHO akTUuBHOCTH ¥7Cs
u °°Sr B ITOYBax U PACTEHUSIX OTMEYAIACHh KOPPEJIs-
LIS TIPSIMOM CBSI3U, B OCHOBHOM, CPEIHEN U BBICO-
KOI CHUJIBI.
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Monitoring of ¥’Cs, **Sr and “K in Gray Forest Soils and Plants of Reference Sites
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The paper presents the results of radiation monitoring of gray forest soils of reference agricultural plots of the
Vladimir region, conducted in 2011 and 2016. The study established background values of specific activities
of the studied radionuclides in the soils of reference sites. According to the density of contamination of the

arable horizon of soils ¥’Cs and ?°Sr, the level of the ecological situation was determined, which made it pos-
sible to attribute the soils of all reference areas of the region to uncontaminated territories suitable without
restrictions for agricultural use. The power of the exposure dose of gamma radiation of soils and the contri-

bution of °K and '37Cs to the formation of the gamma background of soils are established. Correlation ana-
lysis determined the influence of individual physical and chemical properties of soils on the behavior and dis-
tribution of radionuclides in the soil and the relationship between the radionuclides themselves. Based on the

values of the specific activity of '¥’Cs and ?°Sr in plant products grown on the soils of reference sites in 2011
and 2016, rows of cultivated plants were constructed, with a decreasing ability to accumulate these radionu-
clides from the soil. All grown plant products for all types of crops fully met the sanitary and hygienic stan-

dards required to limit the content of *’Cs and °°Sr in plant feeds (green mass, straw and grain) and food
products (apples). According to the transition coefficients, it was found that the process of transition of °°Sr
from soil to plants of all kinds proceeded more intensively than the transition of '’Cs. The calculated coeffi-

cients of linear correlation between the values of the specific activity of 3’Cs and ?°Sr in soils and plants re-
vealed the strength and nature of their dependencies.

Keywords: radiation monitoring, 37¢g, 998, 40K, gray forest soil, plants, reference sites, Vladimir region
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