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MNOCTYIJIEHHME ¥'Cs B 3EPHO SIPOBOM INIIEHUIIBI [TPH PASHBIX YPOBHSIX
A30THOI'O ¥ KAJIMMHOI'O MUTAHUSA HA AHTPOIIOT EHHO-ITPEOBPA3OBAHHOM
TOP®SIHOM MMOUYBE

Annortauus: Ha repputopun Pecriydnukn benapych B cocTaBe 3arps3HEHHBIX paAHOHYKIUIAMHI CEIbCKOX03HCTBEHHBIX
3eMelb 3HaUUTEIbHbIE TUIOIAAN 3aHUMAIOT aHTPOIIOT€HHO-IIPe0Opa30BaHHbIe TOPQSHBIE MOUBBI. 3a MOCIEIHIE TOAbI POBe-
JICH uem;n‘/'l pana MCCHeﬂOBaHMﬁ, B KOTOPBIX U3Yy4Y€HbI NUATHOCTUYCCKUEC ITPU3HAKH, CBOMCTBA U IJI010pOaAUE, PEIKMUMbI MHUHE-
paIBHOTO MUTAHUS PACTEHHH Ha 3THX rmouBax. OIHAKO HCCIIEOBAHUS M0 MUTPALUY PAJNOHYKIIUIOB, BIUSHUIO PA3THYHBIX
arpoIpHEMOB Ha IIOCTYIICHUE UX B IIPOAYKIIUIO CEIILCKOXO3SIHCTBEHHBIX KYJIBTYP HE IIPOBOAMINCE. B cTaThe M3ydeHo mocTy-
wtenue ¥’Cs B 3epHO SIPOBOI MIICHULIBI B 3aBUCHMOCTH OT YPOBHEH a30THOTO M KaJIUIHOTO MUTAHUS PACTEHUH IIPH BHECCHUH
Pa3HBIX /103 a30THBIX U KAJHHHBIX YA0OOPEHNI Ha aHTPOIIOTeHHO-IPe00pa30BaHHOM TOP(SIHON OUBE. YCTAaHOBIICHO, YTO MPU-
menenne N, P K - ymenbmaet conepkanue “’Cs B 3epHE 110 OTHOIIEHHIO K KOHTPOIIO Ha 15-22 %, a Mpu cOBMECTHOM TMpH-
MEHEHUH MUHEPAIBHBIX YI00pEHHH, MEeIbCOACPIKAIIETr0 yI0OpEHHsI U peryisTopa pocta pacteHui — Ha 34 %. MuHnmaisHoe
Haxkoruienue *’Cs sipoBOii MIICHHULIEH 0TMEYaeTCs TPH a30THO-KaauiiHoM cooTHowmenuH 1:(1,0—1,2). TIpu cootHomeruu 1:(0,2—
0,6) HabmromaeTcss AEPUIUT a30Ta W yBEIMUCHHE KOHIEHTPAIMU PAJUOHYKIHJIA B 3€pHE M3-3a CHIIKEHHS YPOXKaiHOCTH.
YBennueHne HaKOTJIEHUS PaJHOHYKIH/A B 3€pHE HAOMIOaeTcs MPH COOTHOmeHUN Bhime 1:1,5. Pe3ynbraTsl ncciaenoBaHui
TI03BOJISIIOT OMPEACSTUTD JOMYCTHMBIE IUTOTHOCTH 3arPsI3HEHUS aHTPONIOTeHHO-TTpeobpa3oBanHoi TopdstHoit mouss! '¥'Cs u om-
THUMaJIbHBIE JI03b] MUHEPAJIBbHBIX YA0OPEHHUH ITPU BO3JEIBIBAHUHN SPOBOIT IIICHUIIBI HA MUIIEBBIe U (ypaskHbIE [EITH.

Kuarouesbie cioBa: *’Cs, yaeibHast akTHBHOCTb, KOO()GHIUECHT Nepexo/ia, aHTPOIIOreHHO-IIpeoOpa3oBanHast TOphsiHas
104Ba, yIoOpeHus, Kaluii, a30T, ypOBHH, 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.
However, 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 MPOIECCHl COPOIHH pa-
JTUOHYKJIMJOB U MHTEHCUBHOCTH TE€pexXojia UX B pacTeHHs. B 3aBUCHMOCTH OT CBOMCTB IIOYB COJEp-
xaHue oOMeHHO# (opmbl pagronyknuaoB mis *’Cs Bapsupyet ot 9 mo 40 %, mns *°Sr — ot 64 10
93 % [1-5]. ITo 00OOIIEHHBIM MHOI'OJISTHUM JaHHBIM, MOJYUYEHHBIM B Pa3HbIX CTPaHaX, HAKOILJICHHUE
37Cs u *°Sr B 3epHE 3JIaKOBBIX KYJBTYD Ha MECYAHBIX MOYBAX BBIIIE, Y€M HA CYTJIMHUCTBIX, B CPEIHEM
B 1,5 pa3za [6].

B HayuHOI1 TuTepaType NIMEIOTCS POTUBOPEUNBBIC JaHHBIC TIO BIMSHUIO THAPOMOp(hU3Ma ITOYBBI Ha
MUTPAILUIO PaTUOHYKIINIOB B CUCTEME «TI0YBa—pacTeHuey. Habiroqaercs kKak NMOBBIIICHHE TIEpeXoia ux
B PAaCTEHHs C yBEIMYCHUEM COACP)KaHMS BJIATH B ITOYBE, TAK M OTCYTCTBHE BIHsTHHSL. OTMEUYaeTCs Takxke,
4T0 KO3(D(OUITUCHTHI HAKOILICHUS PAIHOHYKIIUIOB TPAKTHYECKU HE MEHSFOTCS OT THIPOMOp(dH3Ma MOYBHI,
OJTHAKO MOKET BO3pacTaTh OOIIMI BBIHOC WX 3a CYET yBEeNW4eHHsI OMomacchl pacteHnid [7-9]. Bousaue
ruapomMopdu3Ma MoYBbl Ha OHOJOTHYECKYIO AOCTYITHOCTh PAJAMOHYKIINJIOB CBS3BIBAIOT C (JOpMaMu Ha-
XOXKJIEHUS UX B [TOYBE U MIPOYHOCTHIO CBSI3U C MUHEPAJIBHBIMHU U OpraHuYecKuMU Kosutougamu [10, 11].

YcTaHOBIIEHBI BBICOKHE TApaMETPhl OCTYTUICHUS pAAHOHYKIIHJIOB B pacTeHHs Ha TOpdsiHO-0070T-
HBIX TT0YBaX, YTO CBS3aHO C WX BBICOKOM €MKOCTHIO KATHOHHOTO OOMEHa MPH HU3KOM MTOBEPXHOCTHOM
3apsijie. ITO MPUBOAMT K aICOPOLIMHU 3HAYUTEIBHBIX KOJIMYECTB BEIIECTB B (hopMax, TOCTYIHBIX pacTe-
HUSM. Ba)KHYIO pOITh 37I6Ch UTPAIOT TaK)Ke€ TYMYCOBBIC KHCIIOTHI [12].

Ha tepputopun paamoaxTuBHOrO 3arpsizHeHust Pecriy6nuku benmapyck B cocTaBe celnbCcKOXO35H-
CTBEHHBIX 3eMellb TOP(STHO-00JIOTHRIE TIOYBHI 3aHMMAIOT 3HAYUTENBHBIN yIeNbHBIN Bec. BemencTaue
JUTUTEIBHOTO Y MHTCHCHUBHOTO CEJIbCKOXO3SWCTBEHHOTO UCIOIb30BaHUS BO3HHKIIA MpoOIeMa TpaHC-
(dhopMauy arporaHAIIaQTOB ¢ OPraHOTEHHBIMH TOP(STHO-00IOTHRIMHE TTOYBaMU. B cTpyKType IMOUBCH-
HOT'0 TIOKPOBA MEJIMOPUPOBAHHBIX 3eMEJIb MOSBUIIMCH HOBBIEC PA3HOBUIHOCTU TOP(PSHBIX TIOYB C YMCHbB-
MIAFOIUMCS COZIEp)KaHWeM OpPTaHMYeCKOTo BellecTBa. B pe3ynbrare 3TH 3eMIM CTajd MPEACTaBIsAThH
co0OH CIOXHBIE MOYBEHHBbIE KOMOMHAIIMH, PAa3JIMYAIOIIUECs] BOAHO-BO3AYIIHBIM PEXKUMOM, COEpKa-
HHUEM OpPraHWYECKOTO BEIIeCcTBA U ApyruMu cBoiictBamu [13, 14]. Ha mecte TophsHO-00IOTHEIX TTOYB
00pa3oBajuCh aHTPOIOI'CHHO-IIPEOOPa30BaHHbBIC TOP(SIHBIC TTOYBBI, BKIFOYAIOIINE ACTPaANPOBAHHEIC
Top(psTHO-MUHEPANIbHBIE, MUHEPAJIBHBIE OCTATOYHO-TOP(SHBIE W MUHEpaIbHBIE MOCTTOP(SIHBIE TO-
YBBI, KOTOPBIE COIJIACHO KJacCH(PUKAIMU OTHECEHBI K JETPOTOP(IHBIM PAa3HOW CTEIICHU MHHEpau-
3aruu [15]. B Hacrosmiee BpeMs TUIOMA N aHTPOTIOTEHHO-TIPE00Pa30BaHHBIX TOPQSHBIX TIOYB COCTAB-
nstoT okosto 200 ThIC. Ta, B TOM 4Mcie B HanOosee 3arps3HEHHBIX paiioHax bpectckoi, ['omenbckoit
1 Morunesckoit obmactei — okojio 100 ThIC. Ta, M B IEPCIEKTHBE MOTYT JOCTUTHYTH 350 THIC. Ta 1 60-
nee [16]. [To ypoBHIO conepkaHUsI OPraHUYECKOTO BEIECTBA, BOAHO-(DU3UUSCKUM B arPOXUMHUECKUM
CBOMCTBAM 3TH IMOYBBI 3HAUUTEIIFHO OTINYAIOTCS KaK OT TOPQSIHBIX, TAK M OT MUHEPAIBHBIX TI0YB [17].

3a mocnenHue ToAbl IPOBEACH LEbIN psill UCCIASIOBAHUM, B KOTOPBHIX M3yYaJUCh AUATHOCTHYECKUE
MIPU3HAKH, CBOMCTBA U IJIOAOPOIUE AaHTPOIIOTEHHO-TPE0OPa30BAHHBIX TOP(SIHBIX MOYB, PEKUMBI MUHE-
paJIbHOTO MUTAHUS CEJIbCKOXO3UCTBEHHBIX KYJIBTYp Ha 3TUX nouBax [18, 19]. OnHako OTCYTCTBYIOT pa-
0OTBHI 1O MCCIEIOBAHUIO TIOBECHUSI PAIMOHYKIUIOB M IOCTYTUICHHUS NX B PACTEHUS HA JAHHBIX TIOYBAX.

HaGnromaercst TeHACHIMS yBEIMYEHUS ILIOMACH JIerpaliPOBAHHBIX TOPPSHBIX ITOYB, YTO TpeOy-
et 6osee yrayOJIGHHOTO B MACIITAOHOTO M3YUYCHUS BIUSHUS WX TIOJOPONHS HA KOJTWYECTBECHHBIC TIa-
pameTpsl iepexoza V’Cs u *°Sr B ceIbCKOXO03SHCTBEHHbIE KYJIBTYPbI, CIOCOO0B M IIPHEMOB TPHMEHEHHUS
yInoOpeHui Ha ATUX MoYBaX JUIsl pa3paboTKH peKOMEHJanui mo ux 3(Gp(HeKTHBHOMY HCIIOIb30BAHHIO
Y CHIDKCHUIO HAKOTUICHUSI PAAUOHYKIIHJIOB B POy KITHH.
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OCHOBHBIM arpOXMMHUYECKUM TPHEMOM, CHIDKAIOIIMM MOoCcTyIuieHne ¥’Cs B CeIbCKOXO3SICTBEHHbIC
KYJIBTYPBI, SIBJISIETCS BHECEHHE KAJIIMWHBIX ynoOpeHnid. Ha mouBax pa3HOro reHesuca mojl BIUsSHUAEM Ka-
nus noctyruieHne V’Cs B CelIbCKOX035HCTBEHHBIE KYJIBTYPbI MOXKET YMEHbIIAThCst 0T 2 10 20 pa3 [20-22].
[lonoxxutenpHast pOIb €0 B CHWKEHHUH MOCTYIUICHUS PATUOHYKIIUIOB B CEIHCKOXO3SIIICTBEHHYIO TPO-
IyKIIMIO BO3pacTaeT Ha (poHe ONTUMABHBIX TApaMETPOB MUHEPAJILHOTO MUTAHUS pacTeHnui [23].

CHUKeHUe repexo/ia paaioHyKINI0B B pACTEHUS [TPH BHECEHUN KaJIMWHBIX yJIOOPEHHH CyIIIECTBEH-
HO 3aBUCHUT OT UCXOAHOW 00ECIIeYeHHOCTH MTOYBBI TTIOJIBHKHBIM KasineM [24]. YcTaHOBIEHO, YTO YPOBEHb
ConepyKaHMsI TIOJBHIKHOTO KaJIUs B TIOYBE, MTPEBBIIIICHHE KOTOPOTO He CHUKaeT HakoruieHue *’Cs B mo-
JICBBIX KyJIbTypax, coctaBiisgerT 240—260 Mr/kr mouBbl. BHECEHUE BBICOKUX /103 KAJIMHHBIX YI0OPCHHUI
(180—240 kr/ra) Ha cnaboobecneyeHHbIX TouBax (150 Mr/kr mo4Bsl) cCHIKaAET B 1,5-2,7 pasa conepxaHue
137Cs. Ha nouBax ¢ moBbIIeHHBIM (250 MI/KT 1OYBBI) U BHICOKHM (350 MI/KT MOYBBI) COIEPKAHUEM IO
BIDKHOTO KaJIMsi BHECEHHE TOBBIIICHHBIX J103 KaJTHHHBIX ya100peHuit ManoshdexkTuBHO [25].

B otiinume oT Kanus a3oTHbIE yAOOpPEHUS, 0COOCHHO B TIOBBIIICHHBIX 033X, YBEIUYHBAIOT B 1,5—
4,0 paza HaKOIUIEHHE PAJUOHYKIIUIOB B CEIbCKOXO3SMCTBEHHBIX KylnbTypax [26]. IlpunsTto cuuTars,
YTO OCHOBHOM MPHYMHOU BhICOKOTO Tiepexona '’Cs m *°Sr B pacTeHus NMpH BHECEHHH a30THBIX YIO0-
OpeHHMii SBISETCS BO3MOKHOE MOJIKHICICHNE TOYBEHHOTO PacTBOPA, B Pe3yJIbTaTe 3TOro HalmrogaeTcs
MTOBBITIICHHE TIOABUKHOCTH B TIOYBE 3JIEMEHTOB TUTAHUS, B TOM YHCIIE H PAJIHOHYKIIUIOB.

VYeunenue noromieHus ¥’Cs mpu BHECCHUH a30THBIX yI0OPCHUN OOBSICHSETCS MOBBIIICHHEM KO-
JMYECTBA MOABIKHOTO PAIMOHYKJIHMAA B TOYBE IMOJ BIUSHUEM THIPATHPOBAHHBIX HOHOB aMMOHWS,
HMMEIOIIUX C PaJMOIe3UeM CXOJHBIN M0 BEJIMYWHE WOHHBIA PAJNyC U CIIOCOOHBIX BBITECHSTH €ro U3
MeCT COpOITMHU B TIOYBEHHBIN pacTBOp [23]. OmHako HUTpaTHAS (hopMa a30Ta Tak)Ke YCHIUBAET TIOTJIO-
mwenne *’Cs, X0TsS U B MEHbIIICH CTeneHH (B CpelHeM B 2 pa3a), 4eM a30T B aMMOHHUIHOI popme [27].
[pennonaraercs, 4To NOBBIICHHOE HaKoIIeHUE '*’Cs B paCTEHUSAX IIPU BHECEHUH a30Ta MOXKET IPOUC-
XOJIUTH B PE3YJIBTATE CBUTA B COOTHOIICHHUSIX DIIEMEHTOB B IOYBEHHOM pacTBope [28].

JleiicTBre a30THBIX YIOOPEHUI Ha MUTPAIIMIO PAJJUOHYKIIMIOB B CHCTEME «IIOYBA — PACTEHUE) 3a-
BUCHT OT COOTHOIICHHUS a30Ta U KaJMsl, YTO MOITBEPKIACTCS MCCICAOBAHHUIMU, MPOBEICHHBIMU Ha
TEPPUTOPUH PAJTMOAKTHBHOTO 3arpsizHeHus Poccun. B MoNeBBIX OmbITaX HA JEPHOBO-TOA30IUCTHIX
MECYaHBIX MMOYBAX YCTAHOBIICHO, YTO yBeJHUYCHUE akKKyMyJssiiun *’Cs B paCTCHUSAX OT a30THBIX yIIO-
OpeHuii HaOMIOgaeTCs MPU CY>KEHUH COOTHOILCHHS JOCTYIHBIX PACTEHUSM a30Ta M Kajus B TOYBE
Hmwke (1:3)—(1:4). BHecenne xanuiHBIX yAoOpeHU B OoJiee BBICOKMX JI03aX, Y€M a30THBIX, CIIOCO0-
CTBYET CHIDKEHUIO 3arpsasHenus npoaykunu. [Ipu pacmmpennn N:K Gomnee (1:3)—(1:4) cymecTBeHHO-
IO YMCHBIIICHHSI HAKOIUIeHUs pacTeHusimMu *’Cs He npoucxoanio [29].

Ilens HacTosIEH pabOThl — U3ydyeHHe nocTyIuieHus *’Cs B 3epHO SIPOBO# MIIEHHUIIBI B 3aBUCHMO-
CTH OT YPOBHEMN M COOTHOILIEHUH a30THOTO U KAJIMHHOTO MUTAHUS PACTEHUN ITPYU BHECEHUU PA3HBIX /103
A30THBIX U KaJIMHHBIX yA0OpEHUI Ha aHTPOIOT€HHO-ITPeoOpa3oBaHHON TOP(SIHOH TOYBE.

Marepuanbl U MeTOAbI HcCCJeAOBaHWid. lcciieoBaHUsI NMPOBOAMIIM B CTAI[MOHAPHOM IIOJIE-
BOM OIBITE Ha TEPPUTOPHUH 3emuenonb3oBanus [ocymapcTBenHoro npennpustus «Hosoe Ilomecbe»
Jlynunenkoro paiiona bpectckoit oOsmactu B 2012-2014 rr. OOBEKTOM HCCICIOBaHUS SIBJISJIACH
TOp(sIHO-MUHEpaIbHbIE TOYBEL. ATPOXUMHUYECKHE MoKa3aTenu naxoTHoro (0—25 cM) ciosi OB Clie-
TyIONIHe (CpeaHre 3HaUeHMs1): oprannyeckoe BemecTBo — 60,4 %, obmuit azot — 1,71 %, MUHEpaTHHBIN
asor — 112,8 mr/kr noussl (95 kr/ra), pH, ., — 5,44, nonsmxusie 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-
nachk ot 137 mo 167 kbk/M? u B cpemneM cocraBisia 148 kbk/m?.

BoszaensiBanu sipoByto mineHuiy copta Poctanb. @ocdopHble u KanuiiHbIe yI0OpEeHUs BHOCHITH
nepes MoCceBOM, a30THBIE YAOOpEHHs Tiepel MOCEBOM M B IOAKOPMKY B a3y BbIXona B TPYOKy pacTe-
Huii. CxeMa orpITa mpuBeeHa B Tao. 1.

Pa3menienne AeISIHOK B OINBITE PEHAOMU3NpPOBaHHOE. [[OBTOPHOCTH BapUAaHTOB B OIBITE YETHIPEX-
kpatHast. OOIast MIomab ISISTHKH COCTaBIsuIa 29 M?, yueTHast Iomaas — 24 M2,

ATpOXUMHYECKHE TIOKA3aTEeIH TTOYB OMPEIENSIN 10 CICAYIOIIMM METOJANKAM: OPTaHHMYeCcKoe Be-
mectBo — 1o Tropuny B Mogudukanuu [ITUHAO no 'OCT 26212-91; pHKCl — HOTEHIIMOMETPUYECKUM
meronom 1o ['OCT 26483—85; noasuxkHbIie hopMmbl hocdopa u kanus — 'OCT 26207-91; oOuruii a3ot —
I'OCT 26107-84; N-NH, — I'OCT 26489-85; N-NO, — mo I'OCT 26488-85.
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Ot1bOop mpoO TMOYBEI, TMOATOTOBKY IIOYBEH- Ta6numna 1. Cxema npumenenus yoopenuii
HBIX M PaCTUTEIbHBIX MPOO IS OINpPEISICHUS B OnpITE
conepKaHus 137Cg HPOBOJMIIN TIO MCTO,I[I/IKaM'. Table 1. Fertilizers application scheme in experiment
VaenbHyto akTuBHOCTH *Cs (BK/KT) B TOUBEHHBIX

CpoKxH 1 1036l BHECCHUS a30T-

npo0ax ornpeaensiiv Ha y—f-criekrpomerpe MKC- HBIX YA00pCHHiL, KI/ra | Coormomenme
ATI1315, B pacTUTeIBHBIX 00pa3ax — Ha y-CIeK- Bapuan omsira nepen | B 933 BuIxona aSOT& Pflglﬂ““
TpoMeTprueckoM kKomiuiekce Canberra-Packard. nocesom ;ﬁﬁgﬁé '
OcHoBHasI OTHOCHTENBHAs MOrPEUIHOCTE U3ME- |1 Konrpoms
peHuil npu noBepuTeabHOM UHTEpBajie P =95 % | (6e3 ynobpennit) - - 0,1
He npesbimana 15-30 %. Annaparypuas omubka  |2.P K - - 1,2
M3MEpCHNUH He npesbiinana 15 %. Jiist oueHKu mo- 3. P, K _ _ 0.8
crymiaeHus *’Cs U3 o4YBbI B PACTCHUS PACCUUTBI- |4 P K., _ _ 0,6
Banu ko3 puuunent nepexona (K ) — ornomenne |5 NP Ko, 60 - 13
YICIBHON aKTHBHOCTH PaJHOHYKIIN/IA B PACTCHU- [ N, P K, 50 30 s
SIX K IJIOTHOCTH 3arPA3HEHHUS TIOUBbI HA SJIMHUIY - = %0 0 18
wiomiaau (bk/kr:kbk/m?). . N‘”P"OK‘ZO "

[lonyuennsle naHuble 00pabaThIBald METO- C'uzo‘oz‘jr Pp 90 30 1.8

JlaMH KOPPEISIITHOHHO-PETPECCHOHHOTO aHaTN3a
C HUCHOJB30BAaHUEM KOMIIBIOTEPHOI'O IPOTpPaMM-
Horo obecrreuenus (Excel 7.0, Statistic 7.0).

Pe3yabrarhl 1 ux o0cyxkaenue. B Hamux MCCIEAOBAHUAX MPU TIOTHOCTU 3arPSI3HCHUS TTOYBBI
BYCs no 5 Ku/km? yienbHasi akTHBHOCTh PaJMOHYKJIH/IA B 3¢pHE SIPOBOM IMIIEHHUIIBI Ja’Ke B BapUaHTE
0e3 npuMeHeHus 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. Paznuuus B conepxanuu ’Cs 1Mo rojgam cocTa-
nsuw 2,7 pasa (Ta6:. 2). bonee Hu3Kue 3HAYCHUSI OTMEYATUCH BO BIaXKHBIE ToEI. [1o cTerenn yBIaxxHe-
Hus 2012 u 2014 rr. xapaktepuzoBaiuch kak Braxusie — [ TK coctaBunu 1,66 u 2,02 cOOTBETCTBEHHO,
a 2013 r. 6pu1 cmabo3acymnuBbiM — I ' TK pasen 1,16.

TaoOnuuma 2. BausiHue 103 a30THBIX M KAJIHITHBIX Y100peHuii Ha coaep:kanue Cs
B 3epHe sipoBO#i nmeHuubl, Bk/kr

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

Bapnant oneita 2012 1. 2013 1. 20141, Cpennee 3Hauenne | [[POLEHT K KOHTPOIIO
1. Konrpous 6,67+1,99 18,15+5,44 16,23+4,87 13,68 100
2.P, K, 572+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,, 521+1,56 14,20+4,24 11,32+3,39 10,24 75
5N P.K,, 8,40+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 GochOpHBIX U KanMAHBIX ynoOpenuii B no3ax P, K nipu conepxanuu B nouse P,O,
748 u K, O 625 Mr/Kr nousbl CHUKaNo Hakomyienue *’Cs B 3epHe 1Mo OTHOIIEHHUIO K KOHTPOJIIO 0T 12 110
20 % B 3aBHCHMOCTH OT TO/a, a B cpeaHeM Ha 14 %. JlanbHeliniee MOBBINICHHE 03 KaJus ObLIO Me-
Hee s dexTuBHbIM. AKTUBHOCTH *’Cs B 3epHe nmpu yBenuueHuu 1036l B 1,5 pasa (K, ) ymMeHbummach
B cpenHeM Ha 24 % k KoHTpono u Ha 8 % Kk BapuaHty ¢ K. YiBoeHHe 03Bl KaIMAHBIX y100peHuni
(K,(,) TPaKTUYECKH HE CIIOCOOCTBOBAJIO CHUKEHHIO CONEPKAHUS PAIHOHYKIIM/A B IPOAYKIIUH 1O OT-
HOLICHUIO K BapuaHTy P, K . .

' TToussl. OT60p 1po6 : TOCT 28168-89. — Beex. 01.04.90. — M. : Usn-Bo cranmaptos, 1989. — 6 c.; PaguaunonHsiii
KOHTPOJIb. OTOOP P06 CENBCKOXO3IUCTBEHHOTO ChIPhst 1 KopMoB. O6mue TpeboBanus : CTH 1056-98. — Beex. 01.07.1998. —
MuHck : Bencrangapt, 1998. — 7 c.; Paqnanuonnsiii koHTpoiib. [logroroeka npo0 aiist onpenesneHus cTpoHIusa-90 paanoxu-
muyeckumu Metogamu : CTh 1059-98. — Been. 01.07.1998. — Munck : ['oc. koM. o crannaptuzanuu Pecr. bemapycs. — 28 c.
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Bnusinue a30THBIX yaoOpeHui Ha moctymieHne Y’Cs B pacTeHHS 3aBHCENIO OT 703 MX BHECCHHUS
1 METEOPOJIOTMYECKUX YCIIOBUI BETETAIlIOHHOTO IEPUO/Ia B TO/IBI MCCIieOBaHUH. B ycrnoBusaxX BiaxHo-
ro BeretaninoHHoro neproaa 2012 r. mpuMeHeHue mepest MOCeBOM SPOBOH MIIeHUIB 60 Kr/ra neicTBy-
IOIIEr0 BEIIECTBA a30THBIX yI0o0peHui (Bap. 3) criocOOCTBOBAJIO YBEIUUYCHHUIO Y/CIBHOW aKTUBHOCTH
7Cs B 3epne B 1,8 pasa no orHomenuio k pony P, K . . AsoTHas moakopmka B a3y BbIXoaa B TpyOKy
pacrenuii B 103¢ N, (Bap. 4) HE MpUBEIIA K CYyNIECTBEHHOMY TOBBINIEHUIO HAKOIIJICHUS PAJMOHYKITHIA
B IIPOyKIIMHU TI0 CPABHEHHMIO C MPEATNIOCEBHBIM BHECEHHEM N, TOra Kak 0osee BhICOKas 703 a30Ta
(N,,) B 2Ty a3y ysenuuuna conepxanue *'Cs B 3epne B 1,4 pasa.

[Tpu comectHOM pumMenernu N, 1po6Ho (N, mepen nocesom u N, B (hasy BbIXo1a B TpyOKy
pactenui), Menbconeprkainero ynoopenuns (Cu, ) 1 peryasaropa pocta pacTeHUH HaOIHOAANIOCh HEKO-
TOpOe CHIKeHHEe nocTyruieHus: ¥’Cs B pacTeHHs 110 OTHOLICHUIO K BapHaHTaM C BHECEHHEM TOJBKO
A30THBIX Y100OpEeHUH.

B ycmoBmsax cmabo 3acymminBoro BereramumonHoro mepuoma 2013 . oTMmeuanock 0osee BBICOKOE
nakoruteare *’Cs spoBoii mieHuIei mo cpaBHeHuio ¢ BrakHbiM 2012 r. Ha kouTpose u Ha dochop-
HO-KaJMiHOM (DOHE ATO TIPEBHIIIEHHE cocTaBisio 2,7-3,0 pa3a, a B BapuaHTax ¢ a30THBIMU yJI0OpEHU -
mu — 1,3-1,5 pasa. Paznmuuus B cofepkannuy paJUOHyKIIMa B 3epHe Mexay ponom P K 1 Bapuantamu
C pa3HBIMH JI03aMH a30Ta ObLIM HE3HAYUTEbHBIC. YIeabHAs aKTHBHOCTD ¥’Cs M3MEHSIAaCh B Mpeneax
13,10-14,61 bk/kr. MuHUMalbHOES HAKOILICHUE pamuoHYKIuAa (B cpexHem 12,09 bk/kr) Habm0mMaII0Ch
IIPU COBMECTHOM NPHUMEHEHUH a30THBIX H MEAbCOAEPIKAILEro YA0OPEHHS U PEerysiTOpa pocTa pacTeHUH.

B 2014 1. (BmakxHBIC YCIOBHS BETCTAIIMOHHOTO TEPHOAA) a30THBIC YIOOPEHHS CIIOCOOCTBOBAIH
CHIDKEHHIO HakoruieHust 7Cs B 3epHE SPOBOM TMINEHHIIBI IO OTHOMICHHIO K (hocHOpHO-KATHIHHOMY
(Gony. MuHMMaIBHOE CONEPKAHNE PAJUOHYKIIM/IA OTMEYAIOCh B BADMAHTAaX C BHECEHHEM N M IpH
COBMECTHOM BHECEHHH N, . MEIbCOIEPKAIIETO YI0OPEHUS U PETYJIATOpa POCTa PaCTEHUH, KOTOPOE
coctaBuiio 8,90 u 7,05 BK/KT COOTBETCTBEHHO.

Takum o6pasom, B 2013 u 2014 rr. a30THBIE yn0OpeHUs Ja)ke B MOBBIIEHHBIX 103aX (N, ) HE OKa-
3aJIi CYNIECTBEHHOTO BIIMSIHUS Ha yBeanueHue noctymienus *’Cs B 3epHO sipoBO# mureHuIbl. [Ipu co-
NepKaHUW paauoHyKiIuaa Ha GochopHo-KanmitHOM ¢doHe B cpexreM 3a Tpu roga 10,43 bk/kr akTus-
HOCTh €r0 B BapuaHTaX C pa3HBIMH JI03aMH M CPOKaMU BHECEHHMs a30THBIX yI0OpeHuil konebaach
B mpenenax 10,69—11,64 bk/kr. [lpumenenue noiaHoro MuHepanbsHoro ynoopernus (NPK) crocoocTBo-
BaJIO CHIDKCHHIO HakorieHus 'Cs spoBOil MIIEHUIICH 0 OTHOIICHHIO K KOHTPOt0 (0e3 yao0penuii)
Ha 15-22 %, a 1pu COBMECTHOM MPUMEHEHUH MUHEPaIbHBIX YA0OpEeHUI, MeabcoaepKalero yaoope-
HUSI M PETYIIsITOpa pocTa pacTenuii — Ha 34 %.

Pacuersl kod(duimenToB nepexona “’Cs U3 MoYBbI B 36PHO SPOBOIl MIIEHHIIBI TOKA3aJIH, YTO 3a
TOZIBI ICCIIEIOBAHNY B 3aBUCUMOCTH OT METEOPOJIOTHUECKUX YCIOBUN BEreTAIlMOHHBIX TIEPUOIOB pasiiu-
qus B iepexoze ¥’Cs B 3epHO coctaBuiau 1,5-1,8 paza. Ha KoHTpOIbHOM BapHaHTe KOAPPUIUEHT epe-
xoza Bapeuposal o rogam ot 0,064 no 0,113 bk/kr: kbk/M?, a B cpenaem 0b11 paBen 0,088 br/kr:kbk/m?.
B BapuanTe ¢ BHeceHneM GpochOopHBIX U KaTUHHBIX ynoopeHuii B 1o3ax 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 ipu cpennem snauennu 0,076 bx/kr:xbk/m*. ITpu Buecenuu K ) u K, mepexon paauony-
KJIWJIa YMEHBIIUJIICS 110 OTHOIIEHUIO K KOHTPOJIBHOMY BapHaHTy Ha 24 u 25 % COOTBETCTBEHHO U COCTa-
BHUJI B Cpe/IHEM 3a Tpu roja uccienoanuii 0,067 u 0,066 br/kr:kbk/m? (puc. 1).

A3oTHbIC ya00peHus, BHOCHMbBIE B f03ax 60, 90 u 120 kr/ra, Ha (oHe P, K,,, HE npuBEnM K 10-
BBIILICHUIO KOA(P(QHUIMEHTOB Nepexofa paJluoHyKINIa B 36pHO M U3MEHSUIMCh B CPEIHEM 3a TPH roja
onpiToB B npenenax 0,064-0,069, T.e. 6butn Ha yposne dona P K . Kpome Toro, nonomHuTensubie
00paboOTKM TOCEBOB MEIbCOACPKALINM YAOOPEHHEM U PEryIsiTOpaMH pOCTa PACTEHUH 3HAYUTEIBHO
CHUKAJTH BEJIMYMHY 3TOTO ITOKa3aTels..

W3yueHo BIMSHUE COOTHOIICHUS a30THOTO M KAJIMHHOTO MUTAaHKS pacTeHuil Ha HakoruieHue *'Cs
spoBoil miuenuneld. ComepikaHue JOCTYIHOTO PACTEHUSIM a30Ta PACCUMTHIBAIM Kak CyMMY MHHe-
palbBHOTO a30Ta (a30T HUTPATOB, OOMEHHOTO aMMOHHMSI) B TTAXOTHOM CJIOC TTOYBHI M a30Ta YI0OPEHUH.
VYpoBeHb KaNHIHOTO MUTAHMS ONpenessuii 0e3 BHECEHUS KaTuHHBIX yIOOpEeHUH U IPU BHECCHHH 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 N3MEHSIIOCh
B unTepnane 1:(0,1-1,8).
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Puc. 1. KoapdurrenTs nepexona *’Cs B 3epHO sipOBOY IIIIEHUIBI B 3aBUCMOCTH OT J103 a30THBIX M KAJHHHbBIX 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 cooTHouleHus N:K u HakomnieHus
37Cs stpoBoii MieHHIIEH. YCTaHOBJICHBI TECHBIE B3aMMOCBI3H COOTHOIICHUS a30Ta U KaJHsI B MUTAHUU
pactenuii ¢ yaenpHOM akTHBHOCTHIO *'Cs B 3epre (R=0,85) u xosddunumentamu nepexona ’Cs B 3ep-
HO (R=0,79). KoppensinoHHbIE 3aBHCUMOCTH MEXAY aHAJIM3HPYEMBIMU TMOKA3aTEIsIMH ONMUCHIBAIH
KBaJIpaTUYHBIMH YPAaBHCHHUSIMH C TTOJITMHOMHAJIBHON JIMHUEH TpeHaa (puc. 2).

MuHuManbpHOE TOCTYIUICHHE PAaJHOHYKINAa B 36pHO HAOMI0AANOCh MPU a30THO-KaIMHHOM COOT-
Homenuu B auanazone 1:(1,0-1,2). Ilpu G6onee y3xom cootrnomenuu (1:(0,2—0,6)) u, ciemoBaTenbHO,
neduimTe B a30Te HAOMIOAANOCHh yBenndeHue KoHleHTpauuu “’Cs B 3epHe B pe3ysbTare CHUKEHUS
YPOXKAWHOCTHU SIPOBOI MIIEHUI[bI. BHECCHNE MOBBIIICHHBIX 7103 a30THBIX YJIO0OpEHHUH Ha HU3KOM (pOHE
KaJIM{HOTO MMHUTAHUS PACHIUPSIIO COOTHOIIEHUE a30Ta K KaJUI0, YTO COMPOBOXK/IAIOCH 00pa3oBaHUEM
KaJHUIHOTO AeuuuTa U ocinadbieHueM auckpuMuHanuu *’Cs 110 OTHOLICHHUIO K KaJIHMIO PU MOCTYILIe-
HUU €ro W3 MOYBBI B PACTCHHS. YBEIMUYCHHE HAKOIUJICHUS PAJMOHYKIIUA B 3epHE HAOIIONANIOCh MTPH
paciMpeHun COOTHOIIEHHS a30Ta K Kajuto Beie 1:1,5.

CrietoBaTeNIbHO, KaK IMOKa3bIBAIOT PE3YJIbTaThl HMCCICIOBaHM, yBeauueHue HakoruieHus ''Cs
B PAacTEHUSX NMPH BHECEHHH a30THBIX YAOOPEHHI OINpelesisieTcsi He TOJIBKO MOBBIIICHHEM HX JI03, HO
TaKKe 3aBUCUT OT YPOBHSI IPUMEHEHHS KAJTUHHBIX yIOOPEHHUH, T.€. OT cOaaHCHPOBAHHOCTH a30THOTO
Y KaJIMMHOTO MUTaHUS PACTEHUH.

C 1enblo ONTUMH3ALUN Pa3MEIICHHS CEIbCKOXO3SMCTBEHHBIX KYJIBTYp IO MOJSM M PadOYHM
y4acTKaM Ha 3arpsi3HCHHBIX PATMOHYKIUIAMH 3EMIISIX TPOBOIUTCS OLIEHKA MX PaHONIOTHISCKOM TTPHU-
TOIHOCTH Ha OCHOBE OIPEICIICHHSI TPEISSIbHO JOMYCTUMO# TIIOTHOCTH 3arpsi3HeH s mouBbl *'Cs win
%Sr. Ha ocHoBanuu kod¢duineHToB nepexoaa *’Cs B 3epHO SpOBOM IMIICHHIIbI, TOJTYYSHHBIX Ha pa3-
HBIX YPOBHSX MPHUMEHEHHSI MUHEPATBHBIX yIO0OPEHUH, ONpeelieHbl IOMYyCTUMbIC TUIOTHOCTH 3arpsi3-
Henus nousk! ([I1 ) npu Bo3jenbIBaHMY €€ [UIs HOJTydYEHHUs 3epHA Ha MHUIIEBble M (QypaskHble LEH,
OTBEUAIOIIETO PECyOIIMKAHCKUM JIOMYCTUMBIM YpoBHSIM (PIIY) 1 10MyCTUMBIM yPOBHSIM, IPUHSATHIM
B pamkax TamoxenHoro coro3a (1Y TC). PacueTsl mpoBOIUIUCH IO Clenyoliei Gopmyore:

__Ay
YK, 37

rae I — nomycTuMasi MIOTHOCTh 3arpA3HEHUS MOYBBI pajnoHykmuaoM, Ku/km?; 1Y, PIY — nomy-
CTUMBIH YpOBEHb B paMKax TaMOXEHHOro cO03a M PecnyOIUKaHCKUH TOMYCTUMBIA YPOBEHb colep-
KaHUS PAJMOHYKIIU/IA B TIPOAYKI[MH COOTBETCTBEHHO, BK/KT, 11; K — K09 ()ULHMEHT epexoa paano-
HYKJIH/Ia U3 TI0YBbI B PACTEHHUEBOUYECKY IO MPOAYKIHi0, BK/Kr:kbk/M?; 37 — ko3 unneHT nepecueTa
HKwu/kr B Br/KT.

HIT
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Puc. 2. Bzaumocssizu coornommenust N:K ¢ akrusaoctsio ¥’Cs B 3epHe (@) u ko3 uiinenTamu nepexozaa *’Cs
B 3€PHO APOBOH nieHUuus! (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 mporxHo3e 10MyCTUMOH TIIOTHOCTH 3arpsi3HEHUS [TOYB YUUTHIBAIIN ONPEICICHHYIO CTEIeHb KOH-
CEPBATUBHOCTH (ITPOYHOCTH MPOTHO3a), IPEIYCMATPUBAIOINTYI0 N3MEHEHHS KOA(PPHUIIUEHTOB TIEepexoaa
PaAMOHYKIUIOB B PACTEHHEBOIUECKYIO MPOIYKIIHIO, CBSI3aHHBIX C OCOOCHHOCTSIMHU THAPOTEPMHUUECKUX
YCIIOBUH BETETAIIMOHHBIX TIEPUOJIOB, KOJeOaHUsI KOTOPhIX orleHnBaroTcs B £30 %. B Hammx oreHkax
JIOIyCTUMAsl TUIOTHOCTb 3arpsizHeHus mo4B *’Cs, r71¢ BO3MOKHO IPOU3BOICTBO MPOIYKIIUH U3y4aeMbIX
kyneTyp B nipeaenax PIAY unu AY TC, npuaumManace Ha ypoBHe 70 % OT pacueTHOH BEIMYHUHBL.

B ycnoBusX pajimoakTUBHOTO 3arpsi3HEHUS 3eMellb HauOolsee )KECTKO HOPMHUPYIOTCS IO CoJepiKa-
HUIO PaIMOHYKIINIOB TIPOIOBOJIECTBEHHBIE CETTLCKOXO3SCTBEHHBIE KYIBTYPhI: 3¢PHOBBIE (03MMasi POXKb,
o3uMas TIICHAIIA STIMEHb, POoBas MIIEHNIIa, OBEC), 3¢pPHOO00OBEIE (TopoX), kKapTodens. B cooTBeTcTBHI
¢ PV, conepskanue *’Cs B 3epHe Ha MHIIEBBIC ST HE A0HKHO TpeBbimarh 90 Bk/KT, a B 3epHe Ha JeT-
ckoe niutanue — 55 Bbr/kr?. CornacHo TexHuueckomy periamenty Tamoxennoro cotoza (TP TC 015/2011)
«O 6e30MacHOCTH 3epHay, TOMYCTUMBIN ypoBeHb ¥’Cs B 3epHe Ha MUIIeBbIe 1en cocTaiseT 60 Bi/kr.

MeHee «OKeCTKHE» HOPMaTHBbI YCTaHOBIICHBI Ha coaepxkanue V'Cs B 3epHe (ypaskHoM. [Ipu momyde-
HHHU HOPMATHBHO YHCTOrO menbHoro mojoka (¥Cs < 100 bx/m) PIIY paawonykianaa B 3epHo(dypake co-
crapisiet 150 Br/kr, ipu nonyvernn HopMaTuBHO unctoro msica (¥’Cs < 500 Bk/m) Ha 3aKJII0YATETBHON
cragun otkopma — 480 br/kr. Texunueckum pernamentom (TP TC 021/2011) «O 6e30macHOCTH THILEBOM
MPOAYKIMU» B paMKax TaMOKEHHOIr0 CO03a MPUHST HOpMaTuB Ha copepkanue *’Cs B msice 200 Br/kr.

YcTaHoBIIEHO, UTO Ha TOPQSIHO-MHHEPAIBHON MTOYBE C COJIEPKAHUEM MOABIKHBIX (opM dochopa
" Kaausa 748 1 625 MT/KT TTOYBBI COOTBETCTBEHHO M IMPUMEHEHUH MHUHEPATBHBIX YAOOPSHUH SPOBYIO
MIICHUIlY MOYKHO BO3/ICJIbIBATh O3 OrpaHUYCHUIl 10 TUIOTHOCTH 3arpsi3HeHus V’Cs 115 IpOU3BOACTBA
(hypa’kHOTO 3€pHa IIPHU UCHOJIB30BAHUU €r0 JUIS MMOJYYSHHS IEIBHOTO MOJIOKA M MsICa, OTBEYAIOIINM
HOPMaTUBHBIM TPEOOBAHUSIM TI0 COACPKAHUIO PAIUOHYKIHAA (Ta0I. 3).

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

> O 6e30MacHOCTH MHIIEBON MPOJYKIMU: TEXHHYECKUIl periaaMeHT TamoxkeHHoro coroza : TP TC 021/2011 : npunsr
09.12.2011 : Berym. B cuury 01.07.2013 / EBpa3. axoH. komuc. — MuHck : ['occtanmapr, 2012. — 196 c.
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Tabnuma 3. Jlomycrumble II0THOCTH 3arpsisHenus '¥7Cs TOppsiHO-MHHEPAIbHOI NOYBbI IPH NPOU3BOACTBE
3epHa POBOii MIIEHULbI B 3aBHCHMOCTH OT €ro 1eJ1eBOro Ha3HA4YeHu 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 LeTH
PJIV-99
e I e e s
1. KonTpons 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 17,1 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 23,2 40,0 40,0 40,0

Bornee sxecTkne orpaHUYeHHs YCTAaHOBIJICHBI B OTHOLLICHUHU Pa3MELICHUS SPOBOH MIIEHUIIBI HAa TOP-
(bsTHO-MUHEpaNBbHBIX MOYBaX MPH BO3JCIBIBAHUN €€ JIJIS MOJTYUSHHS 3€pHA Ha IETCKOE ITUTaHUe U 3ep-
Ha Ha MMHUILEBbIC LETH C AOMYCTUMBIM coaepxanueM *’Cs, npuHsToM B TaMmoxeHHOM coro3e. [TonyuuTs
MPOIOBOJILCTBEHHOE 3€PHO € COACPKAHNEM paaroHyKiua 10 60 Bk/KT BO3MOYXKHO NIPH MIIOTHOCTH 3a-
rpsi3HEeHHs MouBbl 10 19,5 Ku/kM> 1 NpUMEHEHHH HEBBICOKHMX /103 a30THBIX ymobpenuit (N P, K ),
TIPY BHECEHUH MOBBIMECHHBIX /103 (N, ) — TP MJIOTHOCTH 3arpsA3Henus 10 18 Kn/km?,

B 10 ke Bpemsi cOBMECTHOE TpUMEHEHHE a30THBIX yI00peHuii B 1o3e 120 Kr/ra, MeIbcoepKaniux
yIoOpeHUi 1 peryisiTOPOB pOCcTa PaCTEHUH MO3BOJISET MOMyYaTh 3€PHO Ha MUILEBBIE LIETH C COAepKa-
aueM ’Cs menee 55—60 BK/KT mpy BO3JENBIBAHMHM IIIICHUIIB HA [TOYBAX C MJIOTHOCTBHIO 3arpA3HEHMUSI
10 21,0-23,0 Ku/xm>.

BoiBoabI

1. ®ochopubie u KanuiHble ynoopenus B no3ax P K, npu conepxanun B aHTPONOr€HHO-NPE00-
pasoBanHoi TopdsHoi nouse P,O, 748 n K,O 625 Mr/kr noussl cHuxaiu Hakoryenue 'Cs B 3epHe
SIPOBOH MIIIEHUIIBI TT0 OTHOIIEHHWIO K KOHTpONto Ha 12-20 % B 3aBUCHMOCTH OT rolla, B CPEIHEM Ha
14 %. JlanpHelinee noBbIIEHUE 103 Kanus Oblio MeHee 3 dexkTuBHbIM. [IpuMeHeHne MoIHOro MuHe-
panbHoro ynobpenus (N, P, K ) ymMeHbmIano conepkanue pajuoHyKIUIa B 3€pHE MO OTHOIIECHUIO
K KOHTpOIO Ha 15-22 %, a mpu COBMECTHOM NPUMEHEHUH MUHEPAJIbHBIX YIOOpEHHUH, MeabCcoaepKa-
Iero yaIoOpeHust i peryisiTtopa pocta pactenuii — Ha 34 %.

2. Ha aHTpomoreHHo-mnpeodpa3oBaHHOM TOPGSHOW MoYBe MHHMMAabHOE HakoruieHue *'Cs sipo-
BOHl MIIEHUIEH OoTMeuaeTcss Mpu a3zoTHo-KanuitHoM cooTHomenun 1:(1,0-1,2). Ilpu cooTHomeHun
1:(0,2-0,6) HabmromaeTcst qeUITUT a30Ta M yBEIMYEHHE KOHIICHTPAIMH PaIUOHYKINAA B 3epHE M3-3a
CHIDKEHUS ypokallHOCTH. BHeceHne MOBBIIEHHBIX /103 a30THBIX yIOOpPEeHUH HAa HU3KOM (OHE Kaluid-
HOTO TTUTAaHUs pacmupseT cootHomenne N:K, 94To compoBokmaaeTcss o0pa3oBaHueM KaTUHHOTO aedhu-
nuTa U ocnabieHueM auckpuMuHanuu *’Cs 1Mo OTHOIICHHUIO K KAJIHIO MPH MOCTYIUICHHMH B PACTCHUSI.
VYBeaudueHne HAKOTUICHHS PaINOHYKIUIa B 3¢pHE HAOII0MaeTCs TPHU COOTHOIICHHH BhIte 1:1,5.

3. Ha anTpomnorenHo-mpeodpa3oBaHHON TOPQSIHOI MOYBE SPOBYIO MIICHULY MOYXKHO BO3/EINIBIBATDH
0e3 orpaHMYeHMH Mo MIOTHOCTH 3arpsizHerus *’Cs 11 IpOU3BOACTBa (hypaskHOTO 3epHA TP UCHIOJb-
30BaHMM €r0 JJIsI [TOJy4YEeHUsI LIEJIbHOI0 MOJIOKa U Msica. Pa3Melars KyapTypy U1l IPOU3BOJICTBA 3€pHA
Ha THIIEBLIE Tieau ¢ comepkanreM *’Cs 10 60 BK/KT BO3MOKHO TIPH TIOTHOCTH 3aTPSI3HEHUS TTOUBBI
1o 19,5 Ku/kM* ¥ BHECEHMH HEBBICOKHMX 103 a30THBIX y00penuit (N, ), a Ha (OHE MOBBILICHHBIX /103
(N,,,) — npu nnoTHocTH 3arpasHenus a0 18 Ku/km’. CoBMecTHOE IPMMEHEHUH a30THBIX yHA0OpeHuiH
B no3e 120 kr/ra, MeabconepKalux yI00peHHH U PeryIsiTOpOB pOCTa PACTCHUH MO3BOJISET HOIYyYaTh
3epHO Ha MHIIEBBIE Tenn ¢ comepskanneM *'Cs menee 55—60 BK/KT mpu BO3JEIBIBAHUH IIICHUIIB HA
MOYBaXx C MJIOTHOCTHIO 3arpsizHenus 1o 21,0-23,0 Ku/km?.
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