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MNOCTYIIJIEHHUE *'Cs B 3EPHO SIPOBOM IMIIIEHUIIBL TIPU PASHBIX YPOBHSIX
A30THOI'O 1 KAJIMMHOT'O MIUTAHUS HA AHTPOIIOT'EHHO-IIPEOBPA3OBAHHOM
TOP®SIHOM MMOYBE

Annortauus: Ha repputopun Pecriydnuku benapych B cocTaBe 3arpsS3HCHHBIX paAHOHYKIUIAMHA CEIbCKOX035HCTBEHHBIX
3eMellb 3HAUUTEJIbHBIC IIIOMAAN 3aHUMAIOT aHTPOIIOTeHHO-IIPeo0pa3oBaHHbIe TOPQHbIE MOYBbL. 3a MOCIEAHHUE TOABI IPOBE-
JICH uenbn‘/i pana HCCHeﬂOBaHHﬁ, B KOTOPBIX U3Yy4Y€HbI JUATHOCTUYCCKUE ITPU3HAKH, CBOMCTBA U IJ1I010pOAu€e, PEKUMbI MUHE-
paIBHOrO MUTAHUS PAaCTEHHH Ha 3THX rmouBax. OIHAKO HCCIEIOBAHMUS MO0 MUTPALUY PaJUOHYKIIUIOB, BINSHUIO Pa3THYHBIX
arpoIpHeMOB Ha IIOCTYTICHUE UX B IIPOAYKIIUIO CEIILCKOXO3SIMCTBEHHBIX KYJIBTYP HE IIPOBOAMINCE. B cTaThe M3ydeHo mocTy-
rwierue ¥’Cs B 3epHO SIPOBOi MIICHULIBI B 3aBUCHMOCTH OT YPOBHEH a30THOTO M KAJUIHOTO MUTAHUS PACTEHUH TIPH BHECCHUH
PasHBIX /103 a30THBIX U KAJHHHBIX YAOOPEHUH Ha aHTPOIIONEHHO-Pe00pa30BaHHOM TOP(SIHON TIOUBE. YCTAaHOBIIEHO, YTO MPH-
menenne N, P K - ymenbmaet conepkanue ’Cs B 3¢pHe 110, OTHOIIEHHIO K KOHTPOIIO Ha 15-22 %, a Mpu cOBMECTHOM MpH-
MEHEHUH MUHEPAIBHBIX YI00OpEeHHH, MEIbCOACPIKALIET 0 yI0OPEHHsI U peryisaTopa pocta pacteHuii — Ha 34 %. MuHnmaisHoe
HaxkoruieHue *’Cs sipoBOii MIICHHIIEH 0TMEYaeTCs TP a30THO-KaauitHoM cooTHowmenuH 1:(1,0—1,2). TIpu cootHomeruu 1:(0,2—
0,6) HabmromaeTcss AEUIUT a30Ta W yBEIMUCHNC KOHIIEHTPAIWM PAJUOHYKIHJIA B 3€pHE M3-3a CHMIKEHHS YPOXKAHOCTH.
VYBennueHne HaKOIUIEHUS PaJHOHYKIHIAa B 3epHE HAOMIOaeTcs MpH COOTHOmeHuN Bbime 1:1,5. Pe3ynbraTsl ncciaenoBaHuii
TI03BOJISIIOT OMPEACSTUTD JOMYCTHMBIE IUTOTHOCTH 3arPsI3HEHUS aHTPONIOTeHHO-TIpeobpa3oBanHoi TopdsiHoit mouss! '¥'Cs u om-
THUMaJIbHBIE JI03b] MUHEPAJIBbHBIX YA0OPEHUH HPU BO3JIEIBIBAHUHN SPOBOIT MIICHHUIIBI HA MTUIIEBBIEC U (ypaskHbIE [EITH.

Kuarouesbie cioBa: *’Cs, yaeiabHast akTHBHOCTb, KO3O(DGHIMEHT epexo/ia, aHTPOIIOreHHO-IpeoOpa3oBanHast TOphsiHas
104Ba, yIoOpeHus, Kaluii, a30T, ypOBHHU, COOTHONICHNUS, IpOBas IIICHUIA
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ACCUMULATION OF ¥CS IN SPRING WHEAT GRAIN AT DIFFERENT LEVELS OF NITROGEN
AND POTASSIUM NUTRITION IN ANTHROPOGENIC-TRANSFORMED PEAT SOIL

Abstract: Anthropogenic-transformed peat soils occupy significant areas in the territory of the Republic of Belarus in
composition of agricultural land contaminated with radionuclides. A number of studies have been carried out in recent years
where diagnostic features, properties and fertility, regimes of mineral nutrition of plants on these soils have been studied.
Howeyver, studies on radionuclides migration, impact of various agricultural practices on penetration into agricultural crops
have not been carried out. The article dwells on study of '*’Cs penetration into spring wheat grain depending on the levels of
nitrogen and potassium nutrition of plants when various rates of nitrogen and potassium fertilizers were applied on anthropo-

genic-transformed peat soil. It has been determined that N, P, K, application reduces ¥’Cs level in grain by 15-22 % com-
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pared to the control, and when combined with mineral fertilizers, copper-containing fertilizer and plant growth regulator — by
34 %. The minimum accumulation of ¥’Cs in spring wheat is determined at nitrogen-potassium ratio of 1:(1.0-1.2). At the
ratio of 1:(0.2—0.6) nitrogen deficiency and increase in radionuclide concentration in grain are observed due to yield decrease.
Increase in accumulation of radionuclide in grain is observed at the ratio above 1:1.5. The results of researches make it pos-
sible to determine the allowable contamination density values of the anthropogenic-transformed peat soil with '¥’Cs and opti-
mal doses of mineral fertilizers for cultivation of food and forage purpose spring wheat.

Keywords: ’Cs, specific activity, transfer ration, anthropogenic-transformed peat soil, fertilizers, potassium, nitrogen,
spring wheat
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I'eneTH4eckue 0COOEHHOCTH MOYB OKA3bIBAIOT CYIIECTBEHHOE BIUSHHE HA MIPOLECCHI COPOLINH pa-
JUOHYKIUJOB U MHTEHCHBHOCTH IEPEX0/ia UX B pacTeHHs. B 3aBUCHMOCTH OT CBOWCTB IOYB COAEP-
*aHue oOMeHHO# (opmbl pagronyknuaoB s *’Cs Bapeupyet ot 9 10 40 %, mus *°Sr — ot 64 10
93 % [1-5]. I1o 00OOIIEHHBIM MHOTI'OJICTHUM JIaHHBIM, TOJYUYEHHBIM B Pa3HBIX CTPaHaX, HAKOIJICHHE
37Cs u *°Sr B 3epHE 3JIaKOBBIX KYJBTYD Ha MECYAHBIX MOYBaX BBIIIE, YEM Ha CYTJIMHUCTBIX, B CPEIHEM
B 1,5 pa3za [6].

B HayuHOI TuTepaType NUMEIOTCs POTUBOPEUNBRIC JaHHBIC TIO BIAVSTHUIO THPOMOp(hU3Ma IMOYBBI Ha
MUTPALUIO PaTUOHYKIINIOB B CUCTEME «TI0YBa—pacTeHuey. HabiarogaeTes kak NOBBIIICHHE TTIEpeXoia ux
B PAaCTEHHS C yBEIMYCHUEM COJIEP)KaHHS BJIATH B MOYBE, TaK U OTCYTCTBUE BIUSAHUASL. OTMEHaeTCs TAKKe,
9T0 KO3 QUIMEHTHI HAKOILICHHSI PaJAMOHYKIINIOB IPAKTHUECKH HE MEHSIOTCS OT THAPOMOP(U3Ma MOYBEI,
OJTHAKO MOKET BO3pacTaTh OOIINI BBIHOC MX 3a CYET YBEIMYeHHS Oromacchl pacTeHuit [7-9]. BausHue
ruapomMopdu3Ma MoYBbl Ha OHOJOTHYECKYIO AOCTYITHOCTh PAAMOHYKIINIOB CBS3BIBAIOT C (JOpMaMHu Ha-
XOXJIEHUS UX B [MOYBE U MTPOYHOCTHIO CBSI3U C MUHEPAJIBHBIMHU U OpraHuyYecKuMu Kosutongaamu [10, 11].

YcTaHOBIIEHBI BBICOKHE TApaMETPhl OCTYTICHUS PAAHOHYKIIHJIOB B pacTEHHS Ha TOP(siHO-00I0T-
HBIX TT0YBaX, YTO CBS3aHO C WX BBICOKOM €MKOCTHIO KATHOHHOTO OOMEHa MPH HU3KOM MOBEPXHOCTHOM
3apsijie. ITO MPUBOAMT K aIcCOPOLIMHU 3HAYUTEIBHBIX KOJIMYECTB BEIIECTB B (hopmMax, TOCTYIHBIX pacTe-
HUSM. Ba)XHYIO pOJIb 3716Ch UTPAIOT TAKIKE TYMYCOBBIE KUCIOTHI [12].

Ha tepputopun paamoaxTuBHOrO 3arpszHeHus PecriyOnuku Benmapyck B cocTaBe celnbCKOXO3s1H-
CTBEHHBIX 3eMellb TOP(SIHO-O0JOTHBIE TOYBBl 3aHMMAIOT 3HAYMTENbHBIN YIeNbHBIN Bec. Beencraue
JUTUTEIIFHOTO M MHTCHCUBHOI'O CEJILCKOXO3HCTBEHHOTO MCIIOIB30BaHMS BO3HHUKJA MpobieMa TpaHc-
(hopmarnu arposiaHamaGTOB C OpraHOTeHHBIMH TOP(PSHO-00TOTHRIME IOYBAMU. B CTPyKType OYBEH-
HOT'O TIOKPOBA METMOPUPOBAHHBIX 3eMeJIb MOSIBUIMCH HOBBIE PA3HOBUAHOCTH TOP(SIHBIX TIOYB C YMEHb-
HIATOIIUMCS COJIEpP)KaHWEM OPTaHMYecKOro BellecTBa. B pesymbrare 3TH 3eMJIM CTajld MPEACTaBIAThH
co0OH CIOXHBIC MOYBEHHBIE KOMOWHAIIMH, Pa3JIMYAIOIIUECs] BOJHO-BO3AYIIHBIM PEKUMOM, COEpIKa-
HHEM OPTaHWYECKOTO BelIecTBa W ApyruMu cBoiictBamu [13, 14]. Ha mecTe TophsHO-00TOTHEIX TTOYB
00pa30BaluCh aHTPONOTEHHO-IIPe0Opa30BaHHbIe TOP(SIHBIE MOYBBI, BKIIOYAIOIIKE JIeTpaJupOBaHHbIC
Top(sTHO-MUHEpANbHBIE, MUHEPAJIBbHBIE OCTAaTOYHO-TOP(SHBIE W MUHEPAIbHBIE TOCTTOP(SHBIE TO-
YBBI, KOTOPBIE COTJIACHO KJIACCH(PUKAMKA OTHECEHBI K JETPOTOPQSIHBIM pa3HOH CTEMEHW MUHEpaJu-
3aruu [15]. B HacTosmee BpeMs TUI0IIa i aHTPOTIOT €HHO-TTPe0Opa3oBaHHbBIX TOP(SHBIX TTOYB COCTAB-
nstoT okosto 200 ThIc. Ta, B TOM 4Kcie B Hanbolee 3arpsi3HEHHBIX paiioHax bpectckoi, ['omenbckoit
1 MoruneBckoit oomactei — okojio 100 ThIC. Ta, M B IEPCIIEKTHBE MOTYT JOCTUTHYTH 350 THIC. Ta 1 60-
nee [16]. [To ypoBHIO coliep:KaHUsI OPraHUYECKOTO BEIECTBA, BOAHO-(DU3UUSCKUM H arPOXUMHUECKUM
CBOMCTBAM 3TH MOYBBI 3HAYMTEIHHO OTIIMYAIOTCA KaK OT TOP(PSHBIX, TAK U OT MUHEPAJIBHBIX 10o4B [17].

3a mocyeAHUe okl IPOBEACH LEIbIN Psiji UCCIIEOBAHHUM, B KOTOPBIX U3YUYaJINCh AHATHOCTUYCCKUE
TIPU3HAKH, CBOMCTBA U IJIOZOPOIUE aHTPOIIOTEHHO-TTPEOOPA30BAHHBIX TOP(SIHBIX TIOYB, PEKUMBI MUHE-
pajbHOTO MUTAHUS CENbCKOXO3IHCTBEHHBIX KYJIBTYp Ha 3TUX nousax [18, 19]. OnHako OTCYTCTBYIOT pa-
OOTHI TIO MCCIEOBAHUIO TIOBEICHHSI PATMOHYKITUIOB M TIOCTYTUICHHUS X B PACTEHUS Ha JAHHBIX MOYBAX.

HaGnromaercst TeHACHIIMS YBEIMYCHUS ILIOMAACH T paIiPOBAHHBIX TOPPSHBIX MIOYB, YTO TPeOy-
et Ooree yrayOJeHHOTO W MacITaOHOTO U3YYEeHHS BIUSAHUS WX MJIOAOPOAHS HA KOJIMYECTBEHHBIE TIa-
pameTpsl iepexona *’Cs u *°Sr B celTbCKOX03HCTBEHHBIC KYJIBTYPbI, CIOCOOOB U TPUEMOB IIPUMEHECHHU ST
ynoOpeHuit Ha ATUX MoYBaxX ISl pa3paboTKU peKoMeHJanuii mo ux 3(GGHEeKTHBHOMY HCIOIb30BAHHIO
Y CHIDKEHUIO HAKOTUICHUSI PAAMOHYKIIHAIOB B POy KITHH.
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OCHOBHBIM arpOXMMHUYECKUM TPHEMOM, CHIDKAIONIIMM MocTyIuieHne ¥’Cs B CeIbCKOXO03SICTBEHHbIC
KYJIBTYPBI, SIBISIETCS BHECEHHE KaJIMWHBIX ynoOpeHnid. Ha mouBax pa3HOro reHe3uca 1moj| BIUSHUEM Ka-
nus noctyruieHne V’Cs B CelIbCKOX035HCTBEHHBIE KYJIBTYPbI MOXKET YMEHbIIAThes oT 2 110 20 pa3 [20-22].
[lonoxxutenbHast poIb €0 B CHUKEHHUH MOCTYIUIEHUS PATUOHYKIUIOB B CEIHCKOXO3SIICTBEHHYIO TPO-
IyKIIMIO BO3pacTaeT Ha (poHe ONTUMANBHBIX TTapaMeTPOB MUHEPAJILHOTO MUTAHUS pacTeHui [23].

CHuKeHue nepexoa paJuoHyKINJI0B B PACTEHUS PU BHECEHUH KaTMHHBIX YA0OpEHUH CyIIECTBEH-
HO 3aBUCHUT OT UCXOAHOW 00ECIIeYeHHOCTH MOYBBI IOJBHKHBIM KasineM [24]. YcTaHOBICHO; YTO YPOBEHb
CONepyKaHMsI TIOJBHIKHOTO KAJIUs B TIOYBE, MTPEBBIIIICHHE KOTOPOTO He CHIKaeT HakoruieHue *’Cs B mo-
JIEBBIX KYyJBTypax, coctaBisieT 240—260 MI/Kkr rmouBbl. BHECEHHE BBICOKUX 103 KaJIHMHHBIX. YI00PCHHUI
(180—240 kr/ra) Ha cnaboobecneueHHbIX TTouBax (150 Mr/kr mouBsl) cHUKaAET B 1,5-2,7 pasa copepkaHue
1¥7Cs. Ha nouBax ¢ MoBbIIIEHHBIM (250 MI/KT MOYBBI) U BHICOKHM (350 MI/KT MOYBBI) COEPKAHUEM TTOI-
BIDKHOT'O KaJIsi BHECCHHE TOBBIILICHHBIX J103 KAJTHHHBIX yI00peHui Maao3hGeKTHBHO [25].

B otiinume oT kKanus a3oTHbIE yA0OpeHUs, 0COOCHHO B MOBBIIICHHBIX J103aX; YBEIUYUBAIOT B 1,5—
4,0 paza HaKOIUIEHHE PAJUOHYKIIUJIOB B CEIbCKOXO3SIMCTBEHHBIX KyNbTypax [26]. IIpuHsaTo cuuTars,
YTO OCHOBHOM MPHUYMHON BhICOKOTO Tepexona '’Cs m *°Sr B pacTeHus MpH BHECEHHH a30THBIX YIO0-
OpeHHMii SBISETCS BO3MOXKHOE IMOJIKHCICHNE MOYBEHHOTO PAacTBOPA, B pe3ylibTare 3TOro HadmrogaeTcs
MTOBBITIICHHUE TIOABUKHOCTH B TIOYBE 3JIEMEHTOB TUTAHUS, B TOM YHCJIe U PAIUOHYKIUIOB.

VYeunenue noromieHus ¥’Cs mpu BHECCHUH a30THBIX yI00PSHUM OOBSICHSETCS MOBBIIICHUEM KO-
JUYecTBa MOJBUKHOTO PaJMOHYKJINAA B MOYBE MOJA BIUSHHUEM TUAPATHPOBAHHBIX MOHOB aMMOHHS,
HMMEIOIIUX C PaJuOIe3ueM CXOJHBIN MO BEJIMYMHE WOHHBIA PAJHYC U CIIOCOOHBIX BBITECHSIThH €TI0 U3
MeCT COpOIMHU B IOYBEHHBIN pacTBOp [23]. OmHako HUTpaTHAs (hopMa a30Ta TaK)Ke YCHITUBAET TIOTJIO-
mwenne *’Cs, X0Ts ¥ B MEHbIIICH CTeneHu (B CpelHeM B 2.pa3a), 4eM a30T B aMMOHHUIHO# popme [27].
[pennonaraercs, 4To NMOBBIICHHOE HaKoIIeHHE '*/Cs B PaCTEHUSX IIPU BHECEHHH a30Ta MOXKET IPOUC-
XOJIUTH B PE3YJIBTATE CJBUTA B COOTHOIICHU X DIIEMEHTOB. B TIOYBEHHOM pacTBope [28].

JleiicTBre a30THBIX YIOOPEHUI Ha MUTPAIIMIO PATUOHYKIIMIOB B CUCTEME «II0YBA — PACTEHHE) 3a-
BHUCHUT OT COOTHOILIEHUS a30Ta W Kajus, YTO TOATBEPKIACTCS UCCICAOBAHUSIMU, TPOBEIACHHBIMU Ha
TEPPUTOPUH PAJTMOAKTHBHOTO 3arpsizHeHuss Poccum. B MoneBBIX ombITax HAa JEPHOBO-TOA30IUCTHIX
MECYaHBIX MMOYBAX YCTAHOBJICHO, YTO yBeJNWYeHUE akKyMyJsiiuu *’Cs B paCTCHHUSAX OT a30THBIX yII0-
OpeHmii HaOMIOJaeTCs MPU CYKEHUH COOTHOIICHHS JOCTYIHBIX PAcTEHHUSIM a30Ta M KajHs B TOYBE
Hmwke (1:3)—(1:4). BHecenne xanuiHBIX yHOOpeHU B OoJiee BBICOKMX JI03aX, Y€M a30THBIX, CIIOCO0-
CTBYET CHIDKCHHIO 3arpsizHenus nponykunn. [Ipu pacmmpennu N:K 6omnee (1:3)—(1:4) cymecTBeHHO-
IO YMCHBIIICHHS HAKOIUICHUs pacTeHussMH *'Cs He mpoucxoanio [29].

Ilens HacTosieH paboOThl — M3yUYeHue noctymicHus *’Cs B 3epHO SIPOBO# MIIEHHUIIBI B 3aBUCHMO-
CTH OT YPOBHEN M COOTHOILIEHU I @30THOTO U KAJIMHHOTO MUTAHUS PACTEHUN NTPYU BHECEHUU PA3HBIX /103
A30THBIX U KaJTUHHBIX yAOOpEHUN Ha aHTPOIOTreHHO-IpeoOpa3oBaHHON TOpdsIHON TIOUBe.

Marepuaabl W MeTOABI HcCJIeA0BaHUId. lcciieoBaHUsI MPOBOAMIIA B CTAI[MOHAPHOM IIOJIE-
BOM OIBITE HAa TEPPUTOPHUHU 3emienonb3oBanus [ocynapcTBenHoro npeanpusatus «Hosoe Ilomecke»
Jlynunenikoro paiiona ‘bpectckoit obsactu B 2012-2014 rr. OOBEKTOM HCCIICIOBaHUS SIBJISJIACH
TOp(STHO-MUHEPAJIbHBIE TIOYBBI. ATPOXMMUYECKUE TIOKa3aTeu naxoTHOro (0—25 cM) cliost TOYBHI clie-
TyIONIHe (CpeaHne 3HadeHs): opranndeckoe BemectBo — 60,4 %, obmuit a3ot — 1,71 %, MuHEpaTHHBIN
azor — 112,8 mr/ke nouss! (95 kr/ra), pH, ., — 5,44, nonsuxusie Gpopmer (8 0,2 M HCI) P,O, — 748 mr/kr
nousbl (620 kr/ra)u K, O — 625 mr/kr noussl (520 kr/ra). I1noTHOCTS 3arpasHenus noussl *’Cs xoseba-
nack ot 137 no. 167 kbk/M? u B cpemneM cocraBisia 148 kbk/m?.

BoszaensiBann sipoByto mineHuiy copta Poctanb. @ocdopHble U KanuiiHbIe yI0OpEeHUs BHOCHIIH
nepes moceBOM, a30THBIE YAOOpEHHs Tiepel MOCEBOM M B IOAKOPMKY B a3y BbIXola B TPYOKY pacTe-
Huii. CxeMa orpITa mpuBeeHa B Taod. 1.

Pa3meniene AeSHOK B OIBITE PEHAOMHU3MpPOBaHHOE. [ [OBTOPHOCTH BapUAHTOB B OIBITE YETHIPEX-
kpatHast. O0Iast MIomab ISISTHKH COCTaBsia 29 M2, yueTHast omaas — 24 M2,

ATpoXuMHYECKHEe TIOKAa3aTeNH TMOYB OMPENENSTN 10 CICAYIOIINM METOJANKAM: OPTaHHYeCKOe Be-
mectBo — 1o Tropuny B mogudukaruu [IUHAO no 'OCT 26212-91; pHKCl — HOTEHLIIMOMETPUUYECKUM
meronom 1o ['OCT 26483—85; noasukHbIie hopMmbl hocdopa u kanus — 'OCT 26207-91; oOuruii a3ot —
I'OCT 26107-84; N-NH, — I'OCT 26489-85; N-NO, — mo 'OCT 26488-85.
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Ot1bOop mpoO TMOYBEI, TMOATOTOBKY IOYBEH- Ta6numna 1. Cxema npumenenus yoopenuii
HBIX M PaCTUTEIbHBIX MPOO JJIS ONpPEIeICHUS B ONBITE
CONIepIKAHUS 137Cg MIPOBOMIIH TIO METOIHKaM'. Table 1. Fertilizers application scheme in experiment

VaenbHyto akTuBHOCTH *’Cs (BK/KT) B TOUBEHHBIX O ——

npo0ax orpeaensiiii Ha y—f-crekrpomerpe MKC- HbIX y0GpeHHii, Kr/ra Car RDuxe

ATI1315, B pacTuTeIBHBIX 00pa3ax — Ha y-CIeK- Bapuan omsira nepen | B 933 BuIxona aang\I Pflglﬂ““

TpoMeTprueckoM Komiuiekce Canberra-Packard. nocerom ;ﬁﬁﬁ% '

OcHoBHasI OTHOCHTENBHAs MOrPEUIHOCTE U3ME- |1 Kourpoms

peHuil npu noBepuTearHOM UHTEpBajie P =95 % | (6e3 ynobpennii) - - 0,1

He npesplimana 15-30 %. Annaparypuas ommbka |2.P, K - - 1,2

n3MepeHuit He mpeBbimana 15 %. s onenku mo- |3, P K., _ N 0.8

crymiaeHus *’Cs U3 o4YBbI B PACTCHUS PACCYUTBI- |4 P K., _ _ 0,6

BaJTH Koau(bcpnuneHT nepexoza (K ) — otHomenne |5 NP Ko, 60 7 13

YACILHOH aKTUBHOCTH PajHOHYKIUAA B PACTEHE- [\ p i 0 30 15

AX K IJIOTHOCTH 3arpsI3HEHUS MIOYBBI HA €IUHULLY

rwiontaau (bk/kr:kbk/m?). ; I:I‘Z"E’OEZO - 0 % L8
[lonyuennsle naHHble 00pabaThIBald METO- Cuzo‘oz‘jr Pp 90 30 1.8

JlaMH KOPPEISITHOHHO-PETPECCHOHHOTO aHAaTN3a
C HUCHOJB30BAaHUEM KOMIIBIOTEPHOI'O IMPOTPaMM-
Horo obecrreuerus (Excel 7.0, Statistic 7.0).

Pe3yabrarhl 1 ux o0cyxkaenue. B Hamux MCCIeAOBAHUAX MPU TIOTHOCTU 3arpS3HCHUS TTOYBBI
Y7Cs no 5 Ku/km? yenbHasi akTHBHOCTh PaJMOHYKJIM/IA B 3¢pHE sIPOBOM MIIEHHUIIBI JaKe B BapHAHTE
0e3 nmpuMeHeHus yao0peHuit (KOHTpoJib) He npesbimaia 20-bk/kr u cocraBuna B cpeadem B 2012 1.
6,67 br/xr, B 2013 . — 18,15 u B 2014 r. — 16,23 Bbx/kr. Paznnuus B comepxanuu ’Cs 1mo rojgam cocTaB-
nsui 2,7 pasa (Ta6m. 2). bonee Hu3Kkue 3HAYCHU ST OTMEYAIUCh BO BIaXKHBIE TobI. [1o cTerenn yBIaxHe-
Hus 2012 u 2014 rr. xapaktepuzoBaiuch kak Braxubie — I TK coctaBunu 1,66 u 2,02 COOTBETCTBEHHO,
a 2013 r. 6pu1 cmabo3acymauBbiM — I ' TK pasen 1,16.

TaoOnwuuma 2. BausiHue 103 a30THBIX M KAJIHITHBIX Y100peHuii Ha coaep:kanue 3'Cs
B 3epHe sipoBoi nmeHuubl, Bx/Kkr

Table 2. Effect of doses of nitrogen and potassium fertilizers on '*’Cs level in spring wheat grain, Bq/kg

Bapuant oneita 2012 1. 2013 1. 20141, Cpennee 3nauenne | [[POLEHT K KOHTPOIO
1. Konrpois 6,67+1,99 18,15+5,44 16,23+4,87 13,68 100
2.P, K, 5,72+1,72 14,60+4,38 14,22+4,34 11,51 86
3.P,K,, 4,67+1,38 14,07+4,22 12,54+3,76 10,43 76
4.P.K,, 5,2141,56 14,20+4,24 11,32+3,39 10,24 75
5N P.K,, 8,404£2.52 13,10+3,86 10,58+3,15 10,69 78
6. N, P K., 9,23+3,01 14,10+4,22 10,58+3,10 11,30 83
7.N, P K, 11,4243,49 14,61 +4,53 8,90+2.71 11,64 85
8.N,, P K, + Cu,, + PP 7,89+2.47 12,09+3,27 7,05+2,07 9,01 66

[Ipumenenue GOcOPHBIX U KaNMAHBIX ynoOpenuii B nosax P, K nipu conepxanuu B nouse P,O,
748 u K, O 625 MI/KT n04Bbl CHUKANO HakomyleHue 'Cs B 3epHe 10 OTHOIMIEHUIO K KOHTPOIIIO oT 12 J10
20 % B 3aBHCUMOCTH OT TO/a, a B cpefaHeM Ha 14 %. JlanbHeliniee MOBBINICHUE 103 KaJus ObLIO Me-
Hee s(dexruBabIM. AKTUBHOCTH *’Cs B 3epHe NMpu yBenuueHuu 103bl B 1,5 pasa (K, ) ymMeHbummach
B cpeHeM Ha 24 % Kk KOHTpomo u Ha 8 % Kk BapuaHty ¢ K. YiBoeHHe 103bI KaquAHBIX y100peHni
(K,(,) IPaKTUYECKH HE CIIOCOOCTBOBAJIO CHUKEHHIO COIEPKAHUSA PAIMOHYKIIM/IA B IPOAYKIUH IO OT-
HOMICHUIO K BapuaHTy P, K . .

' TToussl. OT60p 1npo6 : TOCT 28168-89. — Been. 01.04.90. — M. : Uzn-Bo cranmaptos, 1989. — 6 c.; PagunaunoHHbIi
KOHTpPOJb. OTOOP P06 CENBCKOXO3IUCTBEHHOTO ChIPhst 1 KopMoB. Obmue Tpebosanus : CTh 1056-98. — Beex. 01.07.1998. —
MuHck : Bencrangapt, 1998. — 7 c.; Paguanuonusiii kKoHTpoib. [logroroBka npo0 aiist onpenesieHus cTpoHIusa-90 paanoxu-
mudeckumu Metogamu : CTh 1059-98. — Been. 01.07.1998. — MuHck : ['oc. koM. o crangaptuzannn Pecr. bemapycs. — 28 c.
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Bnusinue a30THBIX ymoOpenuii Ha moctymieHne ¥’Cs B pacTeHHsI 3aBHCENIO OT J03 MX BHECCHHUS
1 METEOPOJIOTUYECKUX YCIIOBUI BETETAIIIOHHOTO IEPUO/Ia B TO/IbI UCCIIeOBaHU. B ycrnoBusax BiaxHo-
ro BereTannoHHoro neproaa 2012 r. mpuMeHeHue mepest MoCeBOM SPOBOH MIIeHUIB 60 Kr/ra neicTBy-
FOIIIET0 BEIIECTBA a30THBIX yaoOpeHuid (Bap. 3) CnocoOCTBOBANIO YBEIUUYCHUIO YACIBHON aKTHBHOCTH
7Cs B 3epne B 1,8 pasa no orromenuio k pony P, K - . AsoTHas moakopmka B a3y BbIXOaa B TPyOKy
pactennii B no3e N, (Bap. 4) He NpUBENa K CYIECTBEHHOMY MOBBIIIEHUIO HAKOTIEHUS PaiHOHyKJIH 1A
B IIPOyKIIMHU TI0 CPABHEHHMIO C MPEANOCEBHBIM BHECEHHEM N, Torna Kak Oosee BhICOKas Jl03a a30Ta
(N,,) B 9Ty a3y ysenuuuna conepxanue *'Cs B 3epne B 1,4 pasa.

[Tpu comectHOoM pumMenernu N, 1po6Ho (N, mepen nocesom u N, B a3y BeIxofa B TpyOKy
pactenui), Menbconeprkainero ynoopenuns (Cu, ) 1 perysasaropa pocta pacTeHUH HAOJIOAAIOCh HEKO-
TOpOe CHIKeHHEe nocTyruieHus: ¥Cs B pacTeHHs 110 OTHOLICHUIO K BapHAHTaM/C BHECEHHEM TOJBKO
A30THBIX y10OpEeHUH.

B ycmoBmsax cmabo 3acymmmnBoro BereramwoHHOro meproma 2013 T oTMedasiochk 0osee BBICOKOE
nakoruteare *’Cs spoBoii mineHuIei mo cpaBHeHuio ¢ BraxkabiM 2012 1. Ha kouTpose u Ha dochop-
HO-KaJMiHOM (DOHE ATO TIPEBHIIIEHNE cocTaBisio 2,7-3,0 pa3a, a B BapuaHTax ¢ a30THBIMU yI0OpEHU -
mu — 1,3-1,5 paza. Paznuuus B cofepkanny paJMOHYKIIM/A B 3€pHe Mexkay-porom P K =1 Bapuantamu
C pa3HBIMH JI03aMH a30Ta ObLIM HE3HAYUTEbHBIC. Y/IeAbHAS aKTHBHOCTD °'Cs M3MEHSIACh B Ipeneaax
13,10-14,61 bk/kr. MuHuMabHOE HAKOILICHUE pamuoHYKIuAa (B cpexHem 12,09 bk/kr) Habm0ma10Ch
IIPY COBMECTHOM NMPHUMEHEHUH a30THBIX H MEAbCOAEPIKAILETo YA0OPEHHS U PETysTOpa pocTa PacTeHUH.

B 2014 1. (BmakxHbIC YCIOBHS BETCTAIIMOHHOTO IEPHOA) a30THBIC YIAOOPCHHUS CIOCOOCTBOBAIH
CHIDKEHHIO HakoruieHust 7Cs B 3epHE SPOBOM MINEHHIIBI IO OTHOMICHHIO K (hocHOpHO-KATHHHOMY
(Gony. MuHMMaIbHOE COMEPKAHNE PATUOHYKIIMIA OTMEYAJIOCH B BADMAHTAaX ¢ BHECEHWEM N M IpH
COBMECTHOM BHECEHHH N, . MEIbCOIEPKAIIETO YI0OPEHUS, M PETYJIATOpAa POCTa PaCTEHHH, KOTOPOEe
coctaBuiio 8,90 u 7,05 BK/KT COOTBETCTBEHHO.

Takum o6pasom, B 2013 u 2014 rr. a30THBIE yn0OpeHns 1axke B MOBBILIEHHBIX 103aX (N, ) HE OKa-
3aJIi CYIIECTBEHHOTO BIMSHUS Ha yBeIHueHue noctymienus *’Cs B 3epHO sipoBO# mureHuIbl. [1pu co-
JepKaHUW paauoHyKiIuaa Ha (ochopHo-KanmitHOM oHe B cpexrem 3a Tpu roga 10,43 bk/kr akTus-
HOCTh €r0 B BapuaHTaX C pa3HBIMH JI03aMHU U CPOKaMU BHECEHHsI a30THBIX yJOOpeHHil koiebaach
B npeaenax 10,69-11,64 br/kr. [lpumenenue nonnoro muHepanbaoro ynoopenus (NPK) criocobcro-
BaJIO CHIDKCHUIO HakorieHus 'Cs spoBOi NINECHUIICH 10 OTHOIICHHIO K KOHTPOJIto (0e3 yao0penuii)
Ha 15-22 %, a 1pu cOBMECTHOM MPUMEHEHUH MHHEPaIbHbIX YA0OpEeHU, MenbcoaepKallero yaoope-
HUSI B peryisiTopa pocta pactenuii — Ha 34 %.

Pacuersl kod(duienToB nepexopa “’Cs U3 MOYBBI B 36PHO SPOBOI MIIEHHIIBI TOKA3aJH, YTO 32
TOZIBI KICCIIEIOBAHNN B 3aBUCHMOCTH OT METEOPOJIOTHUECKUX YCIOBUN BEreTAIIMOHHBIX TIEPHUOIOB pasiiu-
qus B iepexoze ¥’Cs B 3epHO coctaBuiau 1,5-1,8 pasza. Ha KOHTpOIbHOM BapHaHTe KOAPQPUITUEHT Tepe-
xoza Bapeuposali o rogam ot 0,064 no 0,113 bk/kr: kbk/M?, a B cpenrem 0b11 paBen 0,088 br/kr:kbk/m?.
B BapuanTe ¢ BHeceHneM (HOocHOPHBIX ¥ KaTUHHBIX yaoOpeHuii B go3ax 60 u 80 Kr/ra COOTBETCTBEHHO
OH CHH3HJICS TI0 OTHOIICHHUIO K KOHTPOJIO B CpefHeM Ha 14 %, Bemn4yrHa ero U3MeHsJiach 1o rogaM ot
0,058 10 0,086 mipu cpentieM sHauennu 0,076 bx/kr:xbk/m*. ITpu Buecenuu K ) u K, mepexon paauony-
KJINJIa YMEHBIINJICS 110 OTHOILIEHUIO K KOHTPOJIBHOMY BapHaHTy Ha 24 u 25 % COOTBETCTBEHHO U COCTa-
BHUJI B CpEe/IHEM 3a TpH rofia uccienoanuii 0,067 u 0,066 Br/kr:kbk/m? (puc. 1).

A3oTHbIC ya00peHus, BHOCHUMbBIE B f03ax 60, 90 u 120 kr/ra, Ha (oHe P, K,,, HE npuBENM K M0-
BBIILICHUIO KOAP(QHUUHUEHTOB Nepexoaa paJuoHyKIUAa B 36PHO M U3MEHSUIMCH B CPEIHEM 3a TPH roja
oneiToB B npeaenax 0,064-0,069, T.e. 6butn Ha yposne dona P K . Kpome Toro, nonomHuTensubie
00pabOTKIL ITOCEBOB MEIbCOACPIKALINM YAOOPEHHEM U PEryIsiTOpaMH POCTa PACTEHUH 3HAYUTEIBHO
CHUKAJTHBEJIMYNHY 3TOTO ITOKa3aTels.

W3ydeHo BIMSHUE COOTHOIICHUS a30THOTO M KAJIMHHOTO MUTAHKS pacTeHuil Ha HakoruieHue *'Cs
spoBoil menuneld. CopepikaHue JOCTYIHOTO PACTEHUSM a30Ta PAaCCUMUTHIBAIM KaK CyMMY MHUHe-
palBHOTO a30Ta (a30T HATPATOB, OOMEHHOTO AaMMOHHSI) B TITAXOTHOM CJIO€ TTOYBHI M a30Ta YIOOPEHUH.
VYpoBeHb KaNMHOTO MUTAHMS ONpenessuii 0e3 BHECEHU s KaTuHHBIX yIOOpEHUH U MPU BHECCHUH UX
B nmo3ax ot 80 g0 160 kr/ra ¢ naTepBanoM B 40 Kr/ra AeiicTByromero Bemectsa. [Ipu onpenenennn co-
oTHomIeHus a3oTa Kk Kanuto (N:K) 3a enuHuny npuHuManu Kaauid. JlaHHOe COOTHOIIEHNE H3MEHSIIOCh
B unTepBane 1:(0,1-1,8).
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Puc. 1. Koappurrents nepexona *’Cs B 3epHO sipOBOI IIIIEHUIBI B 3aBUCHMOCTH OT 103 a30THBIX M KAJHHHBIX YI00peHuii,
Bx/kr:xBk/m?

Fig. 1. Ratios of 1¥’Cs transition into spring wheat grain depending on doses of nitrogen and potassium fertilizers, Bq/kg:kBg/m?

[IpoBeneH KOppensiiuOHHO-PErPECCUOHHBIN aHAIU3 AaHHbIX cooTHouleHuss N:K u HakomieHus
37Cs stpoBoii mieHuIeH. YCTaHOBJICHBI TECHBIE B3aMMOCBS3M COOTHOIICHUSI 430Ta U KaJHsI B MHTAHUU
pactenuii ¢ yaenbpHOM akTHBHOCTHIO 'Cs B 3epre (R=0,85) mxosddunumentamu nmepexona ’Cs B 3ep-
HO (R=0,79). KoppensimoHHbIE 3aBUCUMOCTH MEXAY ‘@HAIU3UPYEMBIMU TOKA3aTEIsIMU OMHUCHIBAIH
KBaJIpaTUYHBIMH YPAaBHCHHUSIMH C TTOJTMHOMHAJIBHOHN JIMHHEH TpeHaa (puc. 2).

MuHuManbpHOE TOCTYIUICHHE PAIHOHYKINAA B 36pHO HAOMIOAANIOCh MPH a30THO-KaJIMHHOM COOT-
Homenuu B auanazone 1:(1,0-1,2). Ilpu Gonee y3xom cootnomenuu (1:(0,2—0,6)) u, ciemoBaTenbHO,
neduimTe B a30Te HAOMIOAANOCH yBenndeHHe KOHUeHTpauuu “’Cs B 3epHe B pe3ysbTare CHUKEHUS
YPOXKAWHOCTHU SIPOBOI MIIEHUIbI. BHECCHNE MOBBIMEHHBIX 7103 a30THBIX YJI00pEHHUH Ha HU3KOM (OHE
KaJIM{HOTO MMHUTAHUS PACIIUPSIIO COOTHOIICHUE a30Ta K KaJIUIO, YTO COMPOBOXK/IAIOCH 00pa3oBaHUEeM
KaJHMITHOTO AeuuuTa 1 ocinadbneHueM guckpuMuHanuu *’Cs 110 OTHOLICHUIO K KaJIHIO MPU MOCTYILIe-
HUU €ro W3 MOYBBl B PACTCHHS. YBEIMUCHHE HAKOIUICHUS PAJMOHYKIUA B 3epHE HAOIIOIANI0OCh MPH
paciipeHun COOTHOLIEHHS a30Ta K Kajuto Beie 1:1,5.

CrieoBaTeNIbHO, KaK IMOKa3bIBAIOT pe3yJIbTaThl HMCCICIOBaHMi, yBeauueHue HakoruieHus ''Cs
B pPacTEHUSX NMPH BHECEHHH a30THBIX YAOOPEHHII ONpelelsieTcsi He TOJIBKO MOBBIIICHUEM HX JI03, HO
TaKKe 3aBUCUT OT YPOBHSI IPUMCHEHHS KaTUMHBIX yIOOPEHUH, T.€. OT cOalaHCHPOBAHHOCTH a30THOTO
Y KaJIMMHOTO MUTaHUS PACTEHUH.

C 1enplo ONTUMH3ALUHN  PA3MEIICHHs CeNbCKOXO3AMCTBEHHBIX KYJIBTYP IO TOJSIM M PadOvYuM
y4acTKaM Ha 3arpsi3HCHHBIX PAaIMOHYKIUAAMU 3EMIISIX TPOBOJUTCS OLIEHKA X PAHOIOTHIECKON TTpH-
TOHOCTH Ha OCHOBE OIPEAENICHHsI TPEICIBHO JOMYCTUMOM MIIOTHOCTH 3arpsi3HeHus mouBbl *'Cs win
%Sr. Ha ocHoBanuu ko3¢ duiineHToB nepexona *’Cs B 3epHO SpOBOM IMIIIECHHIIbI, TOJTYUYSHHBIX Ha pa3-
HBIX YPOBHSIX MPHUMEHCHHsI MUHEPATBHBIX yIO0OPEHUH, ONpeeNieHbl TOMYyCTUMbIC TUIOTHOCTH 3arpsi3-
Henus nousk! ([I1 ) npu Bo3zenbIBaHMY €€ [ HOJyYEHHUs 3epHA Ha MHUILIEBble U (QypaskHble LEH,
OTBEUAIOIIETO PeCyOIMKAHCKUM JIONMYCTUMBIM YpoBHSM (PIIY) n A0MyCTUMBIM yPOBHSIM, IIPUHSATHIM
B pamkax TamoxeHnHoro coto3a (1Y TC). PacueTsl mpoBOIUIUCH IO Clenyoliei hopmyoe:

__Ay
YK, 37

rae AT — nomycTumasi MIOTHOCTh 3arpA3HEHMS MOYBBI pajnoHykauaoM, Ku/km?; 1Y, PIY — nomy-
CTUMBIH YpOBEHb B paMKax TaMOXEHHOr0 COI03a M PecnyOIMKaHCKUN TOMYCTUMBIA YPOBEHb COlEp-
KaHWUS PAJMOHYKIIU/IA B TIPOAYKI[MU COOTBETCTBEHHO, BK/KT, 11; K — K09 )ULHMEHT nepexoia paano-
HYKJIH/Ia 3 TI0YBbI B PACTEHHEBOYECKY IO MPOAYKIHI0, BK/Kr:kbk/M?; 37 — ko3 unneHT nepecuera
HKwu/kr B BK/KT.

HIT
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Puc. 2. Bzaumocssizu coornomenust N:K ¢ akrusaoctsio ¥/Cs B 3epHe (@) 1 ko3 uiinentamu nepexozaa *’Cs
B 3€PHO APOBO NuIeHu1s! (D)

Fig. 2. Correlation of N:K ratio with ¥’Cs activity in grain () and ratios of '*’Cs transition into grain (b) of spring wheat

[pu nmporxHo3e 1oMyCTUMOH TIIOTHOCTH 3arpsI3HEHUS! [TOYB YUUTHIBAIIN ONPEJICIICHHYIO CTEIIeHb KOH-
CEPBATUBHOCTH (ITPOYHOCTH MPOTHO3a), TMPEIYCMaTPUBAIONTYI0 N3MEHEHHSI KOd(PPHUITUESHTOB TIepexoaa
PaZMOHYKIIUAOB B PACTCHUEBOAUYECKYIO IPOAYKIHIO, CBSI3aHHBIX C 0COOCHHOCTSIMH IT'MIPOTEPMUIECKUX
YCJIOBHH BEreTaLlMOHHBIX TEPHOJOB, KONeOaHUs KOTOPhIX oueHuBaroTcs B +30 %. B Hammx ouenkax
JOMYCTUMasl INIOTHOCTH 3arpsi3HeHus mo4uB.’Cs, r/ie BO3MOXKHO MTPOU3BOACTBO MPOAYKIHH H3y4aeMBbIX
kyneTyp B npeaenax PIAY umu AY TC, npuHumManacek Ha ypoBHe 70 % OT pacueTHOI BEIMYHUHBL.

B ycnoBusix pajimoakTUBHOTO 3arpsi3HEHUS 3eMellb HanOolee )KECTKO HOPMHUPYIOTCS IO CoJiepiKa-
HUIO PaIMOHYKIINIOB TIPOIOBOJIECTBEHHBIE CETTLCKOXO3SICTBEHHBIE KYJIBTYPBL: 3€PHOBBIE (03MMasi POXKb,
03¢MMasl MIIeHNTIA TIMEHb, sIpoBasi IIISHNIIa, OBEC), 3epHOO000BBIE (TopoX), KapTodensb. B coorBeTcTBIN
¢ PITY, coneprxanue '¥’Cs B 3epHe Ha MHUILIEBbIC LETH HE TOJDKHO mpeBbimarh 90 Br/KT, a B 3epHe Ha JeT-
ckoe niutanue — 55 Br/kr?. ComacHo TexHuueckomy pernamenty Tamoxennoro coroza (TP TC 015/2011)
«O 6e30MacHOCTH 3epHa, IOMYCTHMBIH ypoBeHb ¥’Cs B 3epHe Ha MUIeBbIe 1ien coctaniseT 60 Bi/kr.

MeHee «OKeCTKHE» HOPMATHBBI YCTaHOBIICHBI Ha coaepxkanue V'Cs B 3epHe (ypaskHoM. [Ipu moryye-
HUW HOPMATHBHO YHCTOTrO. iestbHOro Mojoka (¥’Cs < 100 bx/m) PIIY paawonykinaa B 3epHo(dypake co-
crapisiet 150 Br/Kr, mpw nosyveHnn HopMaTuBHO dnctoro msica (¥’Cs < 500 Bk/m) Ha 3aKII0YATETBHON
cragun otkopma — 480 br/kr. Texumueckum periamentom (TP TC 021/2011) «O 6e3omacHOCTH MHUIIEBON
MPOAYKIMU» B paMKax TaMOXKEHHOIr0 COr03a MPUHST HOpMaTuB Ha copepykanue *’Cs B msice 200 Br/kr.

YcTaHoBIIGHO, UTO Ha TOPPSIHO-MHHEPAJIBHON MTOYBE C COJCPKAHUEM MOABIKHBIX GopM ochopa
" Kaausa 748 m 625 MT/KT TTOYBBI COOTBETCTBEHHO M NMPUMEHEHUH MHHEPATLHBIX YIOOPESHHUH SPOBYIO
MIIEHUITY MOXKHO BO3/EIBIBATH 0€3 OrpaHUYEHHU 110 TIOTHOCTH 3arpsi3Henus ¥’Cs 11 mpon3BOACTBA
(ypakHOTO 3epHa IIPH UCIIOJIB30BAHUU €r0 AJIS MOJTYUYCHHS LIEIBHOIO MOJOKA M MsCA, OTBCUAIOIINM
HOPMATHBHBIM TPEOOBAHUSIM IO COJCPIKAHUIO PATUOHYKIU A (Ta0t. 3).

2 PecnyOIMKaHCKHE JIOMYCTUMbIEC YPOBHH COJICPIKAHUS PaIHOHYKIH/IOB 11e3usi-137 u cTpoHIHs-90 B MUIIEBBIX MPOTYK-
tax u nutbeBoit Boge (PAY-99) : 'H 10-117-99 : yTB. nocranoBienueM [71. roc. canurap. Bpaua Pecn. benapyce 26 amnp.
1999 r., Ne 16 // Har. peectp npaBoBbix akToB Pecrt. benapych. — 1999. — Ne38. — 8/309.

> O 6e30MacHOCTH MHIIEBON MPOJYKIIMU: TeXHHYECKUil periaaMeHT TamoxkeHHoro coroza : TP TC 021/2011 : npunsr
09.12.2011 : Berym. B cuury 01.07.2013 / EBpas3. axoH. komuc. — MuHCck : ['occtanmapt, 2012. — 196 c.
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TabOnwuma 3. Jlomycrumple IIOTHOCTH 3arpsisHenus '7Cs TOpQsiHO-MUHEPAIbHOI NOYBBI IPH NPOU3BOACTBE
3epHa SPOBOii MIIEHULbI B 3aBHCHMOCTH OT €ro 1eJ1eBOro Ha3HaYeHu sl

Table 3. Allowable contamination density of *’Cs in peat-mineral soil at production of spring wheat grain
depending on its intended use

3epHO Ha MHIIEBbIE LEIH 3epHo Ha (GypaskHbIe LeTn
PJIV-99
e I L E s
1. KonTtpons 13,0 21,3 14,2 35,6 40,0 40,0
2.P K, 15,0 24,6 16,4 40,0 40,0 40,0
3.P K,y 171 28,0 18,6 40,0 40,0 40,0
4.P K, 173 283 18,9 40,0 40,0 40,0
5. NP Ko 17,9 29,3 19,5 40,0 40,0 40,0
6.N, P K, 17,1 28,0 18,6 40,0 40,0 40,0
7N P K, 16,5 27,0 18,0 40,0 40,0 40,0
8. N, P K, +Cu,, +PP 21,2 34,7 232 40,0 40,0 40,0

bonee xecTkue orpaHHUYeHNUs] yCTAHOBJIEHBI B OTHOIIEHUH pa3MELIEHMs IPOBOM MIIEHNIIBI Ha TOP-
(bsTHO-MUHEpaTBHBIX MOYBaX MPH BO3ACTBIBAHUN €€ JJIs OJTYUCHHsI 3¢pHa Ha IETCKOE MMUTAHUE U 3ep-
Ha Ha MMUILIEBbIC LM C AOMYCTHMBIM cofepxanueM *’Cs, npruHsITOM B TaMmoxeHHOM coro3e. [TonyunTs
MPOIOBOJILCTBEHHOE 3€PHO € COACPKAHNEM paaroHyKiIH A 10-60 BK/KT BO3MOYXKHO U MJIOTHOCTH 3a-
rpsi3HeHHs MouBbl 10 19,5 Ku/kM> 1 npUMeHEHHH HEBBICOKHMX /103 a30THBIX ymobpenuit (N P, K ),
TIPY BHECEHUH MOBBIMECHHBIX /103 (N, ) — TP MJIOTHOCTH 3ar pAHEH s 10 18 Kn/km?,

B 10 ke Bpemsi cOBMECTHOE MpUMEHEeHNEe a30THBIX YA00peHuii B 1o3e 120 Kr/ra, MeabCcoaepriKaIiinx
yIoOpeHUi 1 peryisaTopoB pocTa pacTEHUH MO3BOJISET MOMyYaTh 3€PHO HA MHUILEBBIC LEIH C COACPKa-
aueM 3’Cs menee 55—60 BK/KT Tpu BO3JEIBIBAHMH IIIEHUIIB HA [TOYBAX C IIOTHOCTBHIO 3arPA3HEHMUS
10 21,0-23,0 Ku/xm>.

BriBoabl

1. @ochopubie u KanuiHbe ynoopenus B.ao3ax P K, npu conepxanuu B aHTPONIOr€HHO-NPE00-
pasoBanHoi TopdsHoi nouse P,O, 748 1 K,O 625 Mr/kr noussl cHuxaiu HakoryeHue 'Cs B 3epHe
SIPOBOH MIIIEHUIIBI TT0 OTHOIIEHHWIO K KOHTPOIto Ha 12-20 % B 3aBUCUMOCTH OT r0lla, B CPEIHEM Ha
14 %. JlanpHeliee noBbIIEHUE 103 Kainus Oblo MeHee 3 dexTuBHbIM. [IpuMeHeHne noaHOro MuHe-
panbHOro ymoopenus (N, P, K )yMeHbmano conepxkanue paguoHyKIUIa B 3€pHE 110 OTHOIICHUIO
K KOHTpOIO Ha 15-22 %, a mpu COBMECTHOM NMPUMEHEHUH MUHEPAJIBbHBIX YIOOpEHHUH, MeabconepKa-
IIEro yI00pEHUs U peryisaTopa pocta pacteHu — Ha 34 %.

2. Ha aHTpomoreHHo-mnpeodpa3oBaHHOi TOPGSHOW MoYBe MHHUMAaIbHOE HakoruieHue *'Cs sipo-
BOHl MIIEHHUIeH oTMeuaeTcss Mpu a3zoTHo-KanuitHoM cooTHommenun 1:(1,0-1,2). Ilpu cooTHomeHun
1:(0,2-0,6) HabmromaeTcss AEPUITUT a30Ta U yBEIHYEHUE KOHIICHTPAIMH PaHOHYKIIHIa B 3e8pHE U3-3a
CHIDKEHUS ypokallHOCTH. BHeceHne MOBBIIEHHBIX 103 a30THBIX yI0OpPEHUH Ha HU3KOM (OHE Kaluii-
HOT'O MUTaHUS pacmupsieT cooTHomeHne N:K, 4To conmpoBoxaaeTcst 00pa3oBaHHEM KaJIUHHOTO Jedu-
nuTa U ocnabieHueM AucKpuMuHanuu *’Cs 1Mo OTHOIICHHUIO K KAJIHIO MPH MOCTYIUICHHMH B PACTCHUSI.
VBenudueHue HAKOIUICHHS PaIHOHYKIHIa B 3¢pHE HAOII0aeTCs TPH COOTHOIICHHH BhIte 1:1,5.

3. Ha anTpomnorenHo-mpeoOpa3oBaHHON TOPQSHOI MOYBE SPOBYIO MIIEHUIY MOKHO BO3JIEJIBIBATD
0e3 orpaHUYCHMH MO TIOTHOCTH 3arpsizHeHus *’Cs 11 IpOU3BOACTBA (hypaskHOTO 3epHA TP UCHOJb-
30BaHMM €O ISl [TOJTyYEeHHU s LIEJIbHOI0 MOJIOKa M Msica. Pa3Memars KyapTypy JUIsl IPOU3BOJICTBA 3€pHA
Ha MAWICBBIC 1enu ¢ comepkanueM *'Cs 10 60 Bk/KT BO3MOXHO IMPH TJIOTHOCTH 3arPsI3HEHUS TOYBBI
10+19;5 Ku/kM> ¥ BHECEHMH HEBBICOKHMX J103 a30THBIX y100penuit (N, ), a Ha ()OHE MOBBIMICHHBIX 7103
(N,,,) = npu nuotHocTH 3arpasHenus a0 18 Ku/km’. CoBMeCTHOE NIPMMEHEHUH a30THBIX yH0OpeHui
B o3¢ 120 kr/ra, Meabconepx amux yI00peHH U PeryIsiTOpOB pPOCTa PaCTCHHUI MMO3BOJISET MOIyYaTh
3epHO Ha MHUIIEBBIE Ten ¢ comepkanneM *'Cs menee 55—60 BK/KT mpu BO3JEIBIBAHUH IIIICHUITE HA
MoYBax C MJIOTHOCTHIO 3arpsizHenus 10 21,0-23,0 Ku/km?.



172 Proceedings of the National Academy of Sciences of Belarus, agrarian series, 2018, vol. 56, no. 2, pp. 164—174

Cnucok ucnoJjib30BaHHBIX HCTOUHUKOB

1. Cuicoesa, A. A. DKCIEpUMEHTAIBHOE MCCIIEIOBAHUE U MOJCIMPOBAHUE NPOLECCOB, ONPEACIAIONUX OABUKHOCTD
%0Sr u ¥’Cs B cucreme nouBa — pactenue : aproped. auc. ... kaua. 6uoi. Hayk : 03.00.01 / A. A. Ceicoesa ; Bcepoc. Hayy.-uc-
ClIell. UH-T C.-X. PaJIHOJIOTHH U arpodkoioruu Poc. akan. c.-x. Hayk. — O6uuHCK, 2004. — 29 c.

2. IlyTn Murpanuy MCKYCCTBEHHBIX PaJAMOHYKJIHIOB B OKpyskatomel cpene. Paxnoskonorus mocie YepHoObu1s /
JI. k. Anmun6u [m np.] ; mox pen. ®. Yopuepa, P. Xappucona ; nep. ¢ auran. . B. I'puuyxka [u ap.]. — M. : Mup, 1999. =511 c.

3. Moucees, 1. T. N3y4enue nosenenust ’Cs B OUBAX U €ro MOCTYTIJICHHS B CEIILCKOXO3HCTBEHHbIE KYJIBTY DBl B 3aBH-
CHMOCTH OT pa3nn4HbIX GpaxTopos / M. T. Moncees, I. . Arankuna, JI. A. Pepux // Arpoxumus. — 1994. — Ne2:=C. 103—118.

4. Imucenvckas, U./J]. HakonneHnne paguoHYKJINIOB PACTCHHSMHU B 3aBHCHMOCTH OT HAIpPaBICHHOCTH ITPOIECCOB
noyBooOpaszoBaHus u crerneHu ruapomopdusma / M. JI. lImurensckas, B.1O. Areer / [louBsl, ©X 3BOJIOIHS, OXpaHa U TI0-
BEIIIICHNE MPOM3BOANUTEIBHON CIIOCOOHOCTH B COBPEMEHHBIX COLIMAIBHO-I)KOHOMHUYECKHX YCIOBHSX : MaTepHaisl | ceeszna
Benopyc. o-Ba mouBoBenoB / Akaj. arpap. Hayk Pecn. benapyck, Benopyc. Hayd.-ucciie. WH-T TOYBOBEICHHUS M arPOXUMHUH,
Wu-t1 neca ; penkon.: 1. M. bornesuu [u np.]. — Munck ; I'omens, 1995. — C. 272.

S. Hlmueenvckas, M./]. 3arps3HeHHe MHOTOJIETHUX 3JIaKOBBIX TpaB Le3ueM-137 u ctpoHnueM-90 B 3aBUCUMOCTH OT
tunoB u cBoiictB mous / W. JI. lImurensckas, . A. Ebumosa, T.B. ApactoBuu / [louBeHHBIC UCCIICIOBAHHS U PUMEHE-
HHUe yI0OpeHHil : Me)KBeIOMCTB. TeMart. ¢0. / benopyc. Hayd.-uccien. HH-T TOYBOBEICHUS W arpoXxumMun. — Munck, 2001. —
Beim. 26. — C. 270-288.

6. Nisbet, A. F. Soil-to-plant transfer factors for radiocaesium and radiostrontium in agricultural systems / A.F. Nisbet,
R.F. Woodman // Health Physics. — 2000. — Vol. 78, N3. — P. 279-288. DOI: 10.1097/00004032-200003000-00005

7. I'ynaxun, M. B. BnusiHue BIIQXXHOCTH TIOYBHI HAa OCTYyIUIeHHE cTpoHIHA-90 1 e3usi-137 B pacrenus / U. B. I'ynsakun,
E.B. IOxgunuesa, O. M. JleBuna // Arpoxumus. — 1976. — Ne2. — C. 102-107.

8. Moucees, 1.T. O BIUSHMU BIQXHOCTH MOYB Ha mnocTyruieHue '*'Cs’ B CelIbCKOXO3SMCTBEHHBIC PACTCHUS /
W.T. Moucees, ®. A. Tuxomupos, JI. A. Pepux // Arpoxnmust. — 1974. — Ne7. — C..124-127.

9. Kacvanuuxk, C.A. 3aBucumocts nepexona Cs-137 B TpaBbl HOHMEHHBIX JYTOB OT NPUPOAHBIX U PErYIHPYEMbIX (ak-
topoB / C.A. Kackssnuuk, A.M. Kotouu / ®@yHIaMeHTAIbHbBIC U MPUKJIAIHBIC aCTICKThI PAIUOOHOTIOTHH: OUOJIOTHUYECKHE
3¢ PEeKTH MaJbIX 03 U PaJHOAKTHBHOE 3arpsi3HEHHE cpe/ibl (PaIH0IKOJOrMYeCKHe 1 MeINKO-0HOIOrHUeCKHEe TIOCIIeICTBH S
katactpodsl Ha HADC) : Te3. noks. MexayHap. Hay4d. KoH}., Munck; 16—17 anp. 1998 r. / Un-T paguobuonoruu Ham. akaz.
Hayk benapycu, Men. paauon. Hayu. ueHTp Poc. akaza. men. Hayk ; peakodi.: E. ®@. Kononns [u ap.]. — Munck, 1998. — C. 108.

10. Pepux, JI. A. Bnusinue cBOMCTB mouBsl Ha Tpancdopmaruio-Gopm *’Cs u MOCTYIIICHHE €ro B CEIbCKOXO3IHCTBEH-
ueie pactenus / JI. A. Pepux, U. T. Moucees // Arpoxumus. — 1989.—Ne 8. — C. 96-100.

11. JlnHaMuKa BepTHUKAIBHOM MHUTPALMU YEPHOOBUIBCKUX PATUOHYKINI0B B mouBeHHOM mnokpose / E.II. IlerpsieB
[1 ap.] / TeoxuMuueckne MyTH MUTPALMH UCKYCCTBEHHBIX PAJIHOHYKIHIOB B Onocdepe : Te3. 1okiI. V koH., T. [lymuHo,
nex. 1991 r. / AH CCCP, Un-1 reoxumun u aHaiauT. Xumuu uM. B. . Beprnaackoro, Hayud. coet «Pagnoreoxumus YepHo-
osurs» ipu 'EOXHW AH CCCP ; penxon.: JI. M. Xutpos (otB: pen.) [u ap.]. — [Tymmuno, 1991. — C. 25.

12. Cokonux, I A. JlefictBue QyapBo- U T'YMHHOBBIX KHCJIOT HAa MEXaHH3MbI HAKOIICHUS paanoHykiuaoB *'Cs u *°Sr
pacturensHbiMu KyteTkamu / [T A. Cokonuk // Pagroskonorns TopQsiHBIX MOYB : MaTepuasisl MexayHap. koHd., CaHKT-
IetepOypr, 7-11 utons 1994 r. / C.-Iletepb. roc. arpap. yH-T. — CII6., 1994. — C. 23-24.

13. Meeposckuii, A. C. Coxpanenue u 5(Q(EKTHBHOE HCIIOIH30BAHHE MEIHOPHUPOBAHHBEIX 3eMesib B benopycckom
Tonecwe / A.C. Meeposckuii / EBponeiickoe [Toneche — X031iCTBEHHAs! 3HAYMMOCTD U DKOJIOTMUECKHE PUCKHU : MaTepUaIbl
MexayHap. cemuHapa, r. [Tunck, 19-21 uronst 2007 r. / Han. akaa. nayk benapycu [u ap.] ; peaxon.: M. W. Jlumsan [u ap.]. —
Mumnck, 2007. — C. 37-39.

14. Meeposckuil, A. C. [IpobnemMbl UCTIONIB30BaHUS U coXpaHeHus: Topdsubix nous / A.C. Meeposckuii, B.I1. Tpubuc //
HoBocTu Hayku u Texnomoruit. — 2012. —Ne4 (23). — C. 3-9.

15. Leimpon, I C. AuTponioreHHO-TipeoOpa3oBanHbie mouBkl benapycu / I. C. L{piTpoH. — MuHCK : TH-T mOYBOBEICHUS
u arpoxumun Ham. akan. Hayk benapyen, 2004. — 124 c.

16. Atiac moYB CeIbCKOX03IUCTBEHHEIX 3eMelnb Pecrrybmuku benapycs / B. B. Jlama [u ap.] ; Han. akan. mayk bemapycn,
WH-T mouBoBeeHNs 1 arpoxumu ; mox pexa. B.B. Jlansr, A. @. Uepnbima. — Munck : UBL] Mundnna, 2017. — 169 c.

17. DK0I0r0->KOHOMHUYECKOE 0OOCHOBAHHE METHOPALUN TOP(SHO-OO0JIOTHEIX KOMIUIEKCOB M TEXHOJOTHU UX pallHo-
HanpHOTO Hcnonb3oBanus / H.I. Kosanes [u ap.] ; mox o6mr. pen. H0. A. Masxaiickoro. — M. ; Ps3ans : PTATY, 2012. — 300 c.

18. Cemenenxo, H. H. Dxonommuaeckast 3(ppeKTHBHOCTh KOMIIJIEKCHOTO MPUMEHEHHS CPEACTB MHTCHCHU(PHUKALUU BO3-
JIeNIBIBAHUS O3MMOTO TPHTHKAJEe Ha aHTPONOTeHHO-peoOpa3oBaHHbIX TopdsaHbIX mouBax / H.H. Cemenenko, 1. W. Bara //
Mennoparnus. —2010. = Ne2 (64). — C. 123-128.

19. Cemenenxo, H. H. TopdstHo-60n0THBIE ToYBHI [lonecks: Tpanchopmanus U myTu 3G HEeKTHBHOTO HCHOIB30BAHUS /
H.H. Cemenenko ; Ham. akan. nayk benapycu, Un-T Mmenuopanuu. — Munck : benapyc. HaByka, 2015. — 282 c.

20. bozoegutu, M. M. VIToru 1 NEpCNEKTUBEI arPOXUMUYECKUX 3aIIUTHBIX MEP Ha 3arPS3HEHHBIX PAIHOHYKINUAAMH 3EM-
nsix benapyeu / 1. M. Bornesuu / Bec. Haw. akazn. naByk benapyci. Cep. arpap. HaByk. — 2011. — Ne3. — C. 27-39.

21. boeoesuy, U. M. Ponb nnogopoaus MOYB B CUCTEME 3AIIMTHBIX MEp Ha 3arpsA3HEHHBIX PaJMOHYKIMIAMU 3€MIIAX
benapycu '/ Y1. M. bornesuu // Tlnonoponue nouB u 3¢dpexTuBHOE NMpHUMEHEeHUe yaoOpeHuit : MaTepuansl MexayHap. Ha-
y4.-PaKT. KoHd., Munck, 5—8 urons 2011 r. / Ham. akaa. Hayk benapycu, H-T o4BOBeicHUS U arpoxXuMuu, bemopyc. 0-Bo
nouBoBeoB ; pen.: B.B. Jlana [u ap.]. — Munck, 2011. — C. 13-15.

22. Hymsmun, FO. B. MuHUMHU3a1Us TIOCTYIUIEHUS paguoHyKiuaoB ’Cs u *Sr B pacTeHHEBOIUYECKYIO MPOAYKIUIO /
10.B. Ilytatun. — Munck : H-T nouBoBenenus u arpoxumun, 2008. — 267 c.

23. Anexcaxun, P. M. TloBenenue *’Cs B cucTeMe MOYBa — paCTCHHUE U BIMSHUE BHECEHHs YI00PCHHUII Ha HaKOMJICHHE
paanonykiunaa B ypoxae / P.M. Anekcaxun, . T. Mouncees, ®. A. Tuxomupos // Arpoxumust. — 1992. — Ne 8. — C. 127-138.



Becui HanpisinanpHaii akaaomii HaByk benapyci. Cepbist arpapabix HaByk. 2018. T. 56. Ne2. C. 164-174 173

24. [Tymamumn, FO.B. BiusHie KUCIOTHOCTH JACPHOBO-TIOA30IUCTON CyIIECUaHOW TOYBBI M 103 KaJIMWHBIX yOOOpEeHUN
Ha niepexon *’Cs u *°Sr B sipoyto nuenuny / FO.B. ITytsitun, T.M. Cepasi, O. M. Ilerpukesuy // TlouBoBeieHNE U arpoXu-
Mus : ¢0. Hayy. Tp. / UH-T mouBoBeneHus u arpoxumun Ham. akaa. Hayk bemapycu. — Munck, 2004. — Beim. 33. — C. 163-169.

25. Vpoxaii u nocryriieHue paguonykianaos *’Cs u *'Sr B celbCKOX03HCTBEHHBIC KYJIBTYPbI B 3aBUCHMOCTH OT 103
Kanuitaeix yaoopennit / .M. Boraesud [u ap.] // TlouBeHHbIEe HCCIIEIOBaHUS M IPUMEHEHHE YAOOPEHHUH | MEKBEIOMCTB.
temar. c0. / IH-T mouBoBenenus n arpoxumun Ham. akan. Hayk bemapycu. — Munck, 2003. — Beim. 27. — C. 158—169.

26. Ponb XMMUH B peaOMINTAIMK CEIbCKOXO3IHCTBEHHBIX yTOAMH, MOIBEPIIIMXCS PAJHOAKTUBHOMY 3arPSA3HEHUIO /
H.U. Camxaposa [u ap.] // Poc. xum. sxxypn. —2005. — T. 49, Ne3. — C. 26-34.

27. Evans, E.J. Effect of nitrogen on caesium-137 in soils and its uptake by oat plants / E.J. Evans, A.J. Dekker// Canad.
J. of Soil Science. — 1969. — Vol. 49, N3. — P. 349-355. DOI: 10.4141/cjss69-048

28. Moucees, 1. T. K Bompocy 0O BIHSHHM MHHEPAJIbHBIX yI00peHHH Ha JOCTYHnHOCTH '’Cs M3 MOYB CEJIbCKOXO3sIii-
crBeHHBIMH pacTeHusmu / . T. Momucees, JI. A. Pepux, ®. A. Tuxomupos // Arpoxumus. — 1986. — Ne2. — C. 89-94.

29. Tyauna, A. C. 3akonoMepHOCTH TIocTyIUIeHus 'Cs B pacTeHMst U3 I€PHOBO-TIO30IMCTON MECYAHOM TIOYBBI TP BHE-
ceHuu a30THBIX ynoopenuii / A.C. Tynuna, H.I. CraBpoBa, B.M. Cemenos // Arpoxumus. — 2007.— No11. — C. 61-70.

References

1. Sysoeva A. A. Experimental research and modeling of the processes determining the mobility of *’Sr and ¥’Cs in the
soil-plant system. Abstract of doctoral thesis in biology. Obninsk, 2004. 29 p. (in Russian).

2. Warner F., Harrison R. M. (eds.). Radioecology after Chernobyl: biogeochemical pathways of artificial radionuclides.
Chichester, New York, Toronto, John Wiley & Sons, 1993. 367 p. (Russ. ed.: Applbi L. Dzh., Devell L., Mishra Yu. K.,
Vois E. Kh. Puti migratsii iskusstvennykh radionuklidov v okruzhayushchei srede. Radioekologiya posle Chernobylya.
Moscow, Mir Publ., 1999. 511 p.)

3. Moiseev I. T., Agapkina G. L., Rerikh L. A. A study of the behavior of *’Cs in soils and its entry into crops depending
on various factors. Agrokhimiya = Agricultural Chemistry, 1994, no. 2, pp.-103—118 (in Russian).

4. Shmigel’skaya I. D., Ageets V. Yu. Accumulation of radionuclides by plants depending on the direction of soil for-
mation processes and the degree of hydromorphism. Pochvy, ikh evolyutsiya, okhrana i povyshenie proizvoditel 'noi sposob-
nosti v sovremennykh sotsial no-ekonomicheskikh usloviyakh: materialy I s'ezda Belorusskogo obshchestva pochvovedov
[Soils, their evolution, protection and increase of productive capacity in.modern socio-economic conditions: materials of the
I Congress of the Belarusian Soil Science Society]. Minsk, Gomel, 1995, pp. 272 (in Russian).

5. Shmigel’skaya I. D., Efimova I. A., Arastovich T. V. Contamination of perennial grasses with cesium-137 and stron-
tium-90 depending on soil types and properties. Pochvennye. issledovaniya i primenenie udobrenii: mezhvedomstvennyi te-
maticheskii sbornik [Soil research and application of fertilizers: interdepartmental thematic collection]. Minsk, 2001, iss. 26,
pp. 270-288 (in Russian).

6. Nisbet A. F., Woodman R. F. Soil-to-plant transfer factors for radiocaesium and radiostrontium in agricultural sys-
tems. Health Physics, 2000, vol. 78, no. 3, pp. 279-288..DOI: 10.1097/00004032-200003000-00005

7. Gulyakin I. V., Yudintseva E. V., Levina E. M. The influence of soil moisture on the entry of strontium-90 and cesi-
um-137 into plants. Agrokhimiya = Agricultural Chemistry, 1976, no. 2, pp. 102-107 (in Russian).

8. Moiseev L. T., Tikhomirov F. A., Rerikh L. A. On the influence of soil moisture on the intake of '*’Cs in agricultural
plants. Agrokhimiya = Agricultural Chemistry, 1974, no. 7, pp. 124—127 (in Russian).

9. Kas’yanchik S. A., Kotovich A. M. Dependence of the Cs-137 transfer to grasses of flood plain meadows on natural
and regulated factors. Fundamental nye i prikladnye aspekty radiobiologii: biologicheskie effekty malykh doz i radioaktiv-
noe zagryaznenie sredy (radioekologicheskie i mediko-biologicheskie posledstviya katastrofy na ChAES): tezisy dokladov
Mezhdunarodnoi nauchnoi konferentsii, Minsk, 16—17 aprelya 1998 g. [Fundamental and applied aspects of radiobiology:
biological effects of small doses and radioactive contamination of the environment (radioecological and biomedical conse-
quences of the Chernobyl catastrophe): abstracts of the International scientific conference, Minsk, 16—17 April 1998]. Minsk,
1998, pp. 108 (in Russian).

10. Rerikh L. A., Moiseev,I. T. The influence of soil properties on the transformation of '*’Cs forms and its entry into
agricultural plants. Agrokhimiya = Agricultural Chemistry, 1989, no. 8, pp. 96—100 (in Russian).

11. Petryaev E. P Sokolik G. A., Ivanova T. G., Morozova T. K., Sumrach N. G. Dynamics of vertical migration of
Chernobyl radionuclides in soil cover. Geokhimicheskie puti migratsii iskusstvennykh radionuklidov v biosfere: tezisy
dokladov V konferentsii; g. Pushchino, dekabr’ 1991 g. [Geochemical ways of migration of artificial radionuclides in bio-
sphere: abstracts of the 5th conference, Pushchino, December 1991]. Pushchino, 1991, pp. 25 (in Russian).

12. Sokolik, G. A. The influence of fulvic and humic acids on the mechanisms of radionuclides *’Cs and *’Sr accumula-
tion by plant‘eells. Radioekologiya torfyanykh pochv: materialy Mezhdunarodnoi konferentsii, Sankt-Peterburg, 7—11 iyunya
1994 g. [Radioecology of peat soils: materials of the International conference, St. Petersburg, June 7-11, 1994]. St. Petersburg,
1994, pp. 2324 (in Russian).

13./Meerovskii A. S. Preservation and effective use of reclaimed lands in the Belarusian Polesie. Evropeiskoe Poles’e —
khozyaistvennaya znachimost’ i ekologicheskie riski: materialy Mezhdunarodnogo seminara, g. Pinsk, 19-21 iyunya 2007 g.
[European Polesie — economic significance and environmental risks: materials of the International workshop, Pinsk, June
19-21, 2007]. Minsk, 2007, pp. 37-39 (in Russian).

14. Meerovskii A. S., Tribis V. P. Problems of the use and preservation of peat soils. Novosti nauki i tekhnologii [News of
Science and Technologies], 2012, no. 4 (23), pp. 3-9 (in Russian).



174  Proceedings of the National Academy of Sciences of Belarus, agrarian series, 2018, vol. 56, no. 2, pp. 164—174

15. Tsytron G. S. Anthropogenically-transformed soils of Belarus. Minsk, Institute of Soil Science and Agrochemistry of
the National Academy of Sciences of Belarus, 2004. 124 p. (in Russian).

16. Lapa V. V., Chernysh A. F. (ed.) Atlas of soils of agricultural lands of the Republic of Belarus. Minsk, IVC of the
Ministry of Finance, 2017. 169 p. (in Russian).

17. Mazhaiskii Yu. A. (ed.). Ecological and economic substantiation of reclamation of peat-bog complexes and techno-
logy of their rational use. Moscow, Ryazan, Ryazan State Agrotechnological University, 2012. 300 p. (in Russian).

18. Semenenko N. N., Vaga I. I. Economic efficiency of integrated application of intensification means of winter tri-
ticale cultivation on anthropogenically transformed peat soils. Melioratsiya [Reclamation], 2010, no. 2 (64), pp. 123-128
(in Russian).

19. Semenenko N. N. Peat-bog soils of Polesie: transformation and ways of effective use. Minsk, Belaruskaya navuka
Publ., 2015. 282 p. (in Russian).

20. Bogdevich I. M. Results and prospects of agrochemical protective measures on the lands contaminated with radio-
nuclides in Belarus. Vestsi Natsyyanal 'nai akademii navuk Belarusi. Seryya agrarnykh navuk = Proceedings of the National
Academy of Sciences of Belarus. Agrarian series, 2011, no. 3, pp. 27-39 (in Russian).

21. Bogdevich I. M. The role of soil fertility in the system of protective measures on the lands contaminated with radio-
nuclides in Belarus. Plodorodie pochv i effektivnoe primenenie udobrenii: materialy Mezhdunarodnoi nauchno-prakticheskoi
konferentsii, Minsk, 5—8 iyulya 2011 g. [Soil fertility and effective application of fertilizers: materials of the International sci-
entific and practical conference, Minsk, July 5-8, 2011]. Minsk, 2011, pp. 13—15 (in Russian).

22. Putyatin Yu. V. Minimization of ¥’Cs and *’Sr radionuclide entry into plant products. Minsk, Institute of Soil Science
and Agrochemistry, 2008. 267 p. (in Russian).

23. Aleksakhin R. M., Moiseev 1. T., Tikhomirov F. A. Behavior of ’Cs in-the soil-plant system and the influence
of fertilization on radionuclide accumulation in the crop. Agrokhimiya = Agricultural Chemistry, 1992, no. 8, pp. 127-138
(in Russian).

24. Putyatin Yu. V., Seraya T. M., Petrikevich O. M. Influence of acidity of sod-podzolic sandy loam soil and doses of
potassium fertilizers on the transfer of '¥’Cs and °’Sr to spring wheat. Pochvovedenie i agrokhimiya: sbornik nauchnykh tru-
dov [Soil Science and Agrochemistry: a collection of scientific papers]. Minsk, 2004, iss. 33, pp. 163169 (in Russian).

25. Bogdevich I. M., Tarasyuk S. V., Shmigel’skaya I. D., Seraya T. M., Putyatin Yu. V., Efimova I. A., Ochkovskaya L. V.
Harvest and entry of radionuclides *’Cs and *°Sr in agricultural crops.depending on the doses of potassium fertilizers.
Pochvennye issledovaniya i primenenie udobrenii: mezhvedomstvennyi tematicheskii sbornik [Soil research and application
of fertilizers: interdepartmental thematic collection]. Minsk, 2003, iss. 27, pp. 158—169 (in Russian).

26. Sanzharova N. L., Sysoeva A. A., Isamov N. N., Aleksakhin R. M., Kuznetsov V. K., Zhigareva T. L. The role of
chemistry in the rehabilitation of agricultural lands exposed to radioactive contamination. Rossiiskii khimicheskii zhurnal =
Russian Journal of General Chemistry, 2005, vol. 49, no. 3, pp. 26—34 (in Russian).

27. Evans E. J., Dekker A. J. Effect of nitrogen on caesium-137 in soils and its uptake by oat plants. Canadian Journal of
Soil Science, 1969, vol. 49, no. 3, pp. 349-355. DOI: 10:4141/cjss69-048

28. Moiseev L. T., Rerikh L. A., Tikhomirov F. A. To the issue of the influence of mineral fertilizers on the uptake of '¥’Cs
by agricultural plants from soils. Agrokhimiya = Agricultural Chemistry, 1986, no. 2, pp. 89-94 (in Russian).

29. Tulina A. S., Stavrova N. G., Semenov V. M. Regularities of *’Cs uptake by plants from sod-podzolic sandy soil with
the application of nitrogen fertilizers. Agrokhimiya = Agricultural Chemistry, 2007, no. 11, pp. 61-70 (in Russian).

Caenenus 00 aBTopax

Lvibynoko Huxonau Huxonaesuw — IOKTOp C.-X.
HayK, JOLEHT, 3aM. JUpeKTopa, MHCTUTYT TMOYBOBEACHUS
u arpoxumuu, HannonanpHasi.axagemus Hayk bemapycu
(yn. Kasunna, 90, 220108, r. MuHck, Pecrryoninka benmapycs).
E-mail: nik.nik1966@tut.by

Llawrxo Anexcandp Bukmoposuu — MitaJIInii HayYHbIHA
corpynHuk, WuctutyT paguosoruu (yi. DearoHHMHCKOrO,
16, 246000, r. I'omens, Pecmy6muka bemapycr). E-mail:
shashkoalexandr @rambler.ru

Information about authors

Tsybulka Mikalai M. — D.Sc. (Agriculture), Associate
Professor. The Institute of Soil Science and Agrochemistry,
the National Academy of Sciences of Belarus (Kazintsa
Str., 90, 220108 Minsk, Republic of Belarus). E-mail: nik.
nik1966@tut.by

Shashko Alexander V. — the Institute of Radiology
(16 Fedyuninsky Str., 246000 Gomel, Republic of Belarus).
E-mail: shashkoalexandr@rambler.ru





