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Cy1ecTByeT psii JaHHBIX, CBUACTEILCTBYIOUINX 00 YCHJIIEHUH MUTPALNU PAAHOHYKIHIOB U3 I10-
YBBI B PACTEHUS TI0J] BIMSHUEM a30THBIX YIOOpeHHH [1-4], T03TOMY ¢ MeNbl0 YMEHBIICHUS HaKOTIe-
Hust ¥’Cs u *°Sr B pacTeHHEBOMYECKON MPOMYKIUK Ha (POHE MOBBIMICHHBIX 103 (HOCHOPHBIX U KaJIUii-
HBIX YZOOpEHHUI pEKOMEHAYETCS OTPAaHUYUBATH 103bI a30THBIX YAOOPCHHI.

[IpuHATO CyMTaTh, YTO OCHOBHASI NPUYMHA yBenuueHus noctyruienns ’Cs u *°Sr B pacteHus npu
BHECEHMH a30THBIX YIOOPEHUH — BO3MOXKHOE ITOJKUCIICHUE [IOYBEHHOTO PACcTBOPA B PE3YJIbTAaTe IOBBI-
IIEHUs TTOJBHKHOCTH B MOYBE AJIEMEHTOB IMUTAHUA, B TOM YHCJIE U PAAHOHYKIUJIOB. TaK, yCTaHOBIIEHO,
4TO JJINTENBHOE TIPUMEHEHUE BBICOKUX /103 A30THBIX YIOOpeHHH B ()OpME aMMHAYHON CEJIUTPBI BBI3bI-
BAET MOJIKHUCIIEHUE TIOYBEHHON Cpefibl, TOCKONbKY NH], B3aMMOIEHCTBYs C MOYBEHHBIM TIOTJIOMIAIOIIAM
xomrutekcoM (I1I1K), monkucnsier mouBeHHbIH pacTBop [5]. OmHAKO MPSIMBIX JAHHBIX 00 N3MEHEHHH peak-
UM [IOYBEHHOTO PAacTBOPA MPU BHECCHUH OTHX WM JPYTHMX aMMOHUHHBIX (JOPM a30THBIX YAOOpeHHH
HET, IPUBOASATCS JIUILB CITy4Yan, KOraa JJTUTEIbHOE PUMEHEHUE CaMbIX (PU3HOJIOrHUECKH KHUCIIBIX a30THBIX
yI0OpeHUH B TeUCHUE HECKOIBKUX JECATHIICTHUH N3MeHs110 pH coneBoil BBITSHKKH JEPHOBO-TIOI30JIUCTOM
no4BHI ¢ 4,8 10 4,6 ¥ MOBBITIIATIO THIPOIUTHYECKYTO KUCIOTHOCTD OT 4,4 110 6,1 Mr-skB Ha 100 T IOYBEL.

B nayuHo#i nuTepaType BBICKa3bIBAIOTCS Pa3Hble MHEHHUS O BIMSHUU Ha MEpexo]] paHOHYKIUIO0B
U3 MOYBBI B PACTEHUS a30THBIX YAOOPEHUH, COAEPKALINX pa3Hble OPMBI a30THOI'O COCAMHEHUs (HU-
TPaTHYI0, aMMOHUITHYI0, aMUJHY10). VI3BeCcTHO, 4TO pa3Hble HOPMBI a30THBIX YAOOPEHUH MPOSBIAIOT
pa3nuyHOE JeMCTBUE Ha PEeaKIMIO MOYBHI MpU UX BHeceHUuU U B3aumojeictsue ¢ IITTK. Hutpatusie
¢opmer azora (NaNO,, Ca(NO,),) ABASIOTCS PU3MONOTHYECKH IENOYHBIMU YI0OPEHUSIMH, AMMOHU K-
ueie Gopmbl (NH,),SO,) — dusuonornuecku kuciabimu. Amuansie Gopmbl (CO(NH,),) Takxke dusno-
JIOTUYECKHU KHUCTIbIE, IOCKOJIbKY KapOaMuJ, pasiarasich B I0YBE HA AaMMHAK U YITIEKHCIIOTY, MOXKET TaKKe
CHoCcOOCTBOBATh CMEIICHUIO PEAKIIUU CPeJIbl B CTOPOHY MoAKHCcIeHUsA. OHAKO Mociie YCBOCHHS a30Ta
MOYEBHHBI PACTEHUSIMU B [IOYBE HE OCTAETCA HU IEJIOYHBIX, HU KUCIOTHBIX OCTAaTKOB.

VYeunenue nornomenns *’Cs npu BHECEHUH a30THBIX YZ0OpeHHI B aMMOHHMIHOW (opme 00bsic-
HSETCsl YBEINYCHUEM KOJIMYECTBA MOABMXKHOIO PAIMOHYKIMJA B IOYBE IOJ BIUSHUEM THIPATHUPO-
BAaHHBIX MOHOB aMMOHUS, KOTOPhIE UMEIOT C PaJMOLe3UeM CXOAHBIM MO BEIMYMHE MOHHBIN paamnyc
U CIIOCOOHBI BBITECHSITH €0 U3 MECT COPOIIMH B IOYBEHHBIH PacTBOP, B TOM YHCIIE U KPUCTAIITNIECKON
pemetky MuHepanos [6, 7]. Onnako, u NH;, u K necopbupyer *'Cs Kak ¢ MOBEpXHOCTH MOYBEHHBIX
YacTHI, TaK U C IIOBEPXHOCTH KOpPHEHl [§], HO ciienyeT OTMETUTh, YTO MPU NPUMEHEHNUHU KaJIUs COnep-
JKaHUE PaIMOHYKIUAOB LIE3Us B PACTEHUSIX MHOTOKPATHO YMEHbBINAETCS, a IPH MPUMEHEHUH a30THBIX
ynoOpeHui — yBeTUYHBaeTCS.
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[lomoOHast TouKa 3peHus 10 JaHHOMY BOIIPOCY CYIIIECTBYET W B 3apyOexxHbIX paboTax. Tak, oTme-
yaetcst [9], 4To MPOUHYIO CBsA3b MEKAY *’Cs" ¥ MITUCTBHIMH YaCTUIIAMHU TIOUBBI MOXKET Pa3pyIIUTh U30bI-
ToK MOHOB NH}, mosToMy BHECEHHE aMMOHMIHBIX a30THBIX YI0OPEHHH MOXKET I0-PAa3HOMY BJIMAThH Ha
3arpsasHenue KynsTyp. C ogHol cropoHsl, n30biTok NH) B nouse npusoaut k pasbasienuto 'Cs', uro
CHIYKAET TIOTJIONICHHE, B TO K€ caMoe BpeMst H30BITOK 3TOTO KaTHOHA MOYKET ITPUBECTH K JIECOPOLINH yIKe
ceszanHoro *’Cs’, uro yBennuuBaet norsomieHue. C Ipyroi CTOPOHBI, BHECEHHE HUTPATHOM (hOPMBI a30-
Ta TaK)Ke yCHIMBaeT roroinenue V’Cs paCTeHHsIMH, XOTs ¥ B MEHBIIEN CTENEHH (B CPETHEM B 2 pa3a), 4eM
a3oT B amMoHuitHOH (hopme [10]. DTOT (hakT mIIoxo cormacyercsi ¢ U3BECTHON 3aKOHOMEPHOCTBIO, COCTO-
AlIed B CTUMYJISILMK HPUTOKA B PACTEHHS KaJlksl M IPYTHX KaTHOHOB (B ToM uucie u *'Cs) Ha done NO,.

Otmevaetcs [11], aTo myurnieid hopMoii CTaHIAPTHBIX H MEIJICHHOACUCTBYIONIUX a30THBIX Y00pe-
HUH TOA SPOBBIE U O3UMBIC 3€PHOBBIC KYJBTYPHI Ha JIEPHOBO-TIOJ30JUCTHIX MMOYBAX C TOUKH 3PEHUS
CHIDKEHHS TIOCTYIIJICHUSI PAJIMOHYKIIUJIOB B PACTCHHEBOJYECCKYIO MPOAYKIIHIO SIBIISICTCS MOUYEBUHA, 3a-
teM — cynbdar ammonus u KAC. Onnako B apyrux padorax [12] ModeBuHa, cynbdaT aMMOHUS U aM-
MHUaYHas CeJTUTPa Mo HaKoMIeHu o ¥’Cs B MPOAYKIIMU CYIIECTBEHHO HE pa3inuyannch. CiaeaoBaTenbHo,
BIUstHUE (DOPM a30THBIX YIOOPEHU Ha MOCTYTNIECHUE PAJHOHYKIUIOB B PACTEHUS SBIAETCS TOCTATOU-
HO CJIOKHBIM U Pa3HOCTOPOHHUM ITPOIECCOM.

Lenp Hacrosime paboThl — U3ydeHUE BIUAHUS (DOPM a30THBIX YAOOPCHHM, pa3Inyaromuxcs Xa-
pakTepoM M MHTEHCUBHOCTBIO TpaHCGOpMaluu B mouse, B3aumozneiictsust ¢ [1I1K u motpedienus pac-
TeHHUsIMH, Ha HakorieHHe “’Cs celbCKOX03SHCTBEHHBIMH KYJIBTYPaMU Ha JICPHOBO-TIOI30JUCTHIX CY-
MecyaHbIX MOYBAX Pa3HOM CTENEHU THPOMOP(HOCTH.

O0bexTHl U MeTOABI UccaenoBanuii. VcciaemoBanus mpoBoauian B 2008—2010 rr. B ycrmoBusIx
MOJIEBOTO OmnbiTa Ha Tepputopuu 3emiienonb3oBanusi CIIK «3apsHckuity CiaaBropojckoro paioHa
MorwuneBckoit obmactu. B 2008 . Bo3nenbiBaim 3epHOO000BYIO cMech (menromka + osec), B 2009 . —
SIpOBYIO MIeHUIy copta MyHK, B 2010 1. — naii3y Ha 3eJIeHyI0 Maccy.

OO0BEKTOM HCCIIeIOBAHUS BBICTYIIATH JIEPHOBO-TIO30JUCTHIE CyliecyaHble aBTOMOp(Has U rieeBa-
Tasi Ha BOJJHO-JICTHUKOBBIX PBIXJIBIX CYIIECAX MOYBHI. ATPOXMMUUYECKHUE MOKa3aTenu mouB (Am):

JIEPHOBO-TIOJI30JIUCTAs Cylecyanas apTomopgnas nousa: pH, ., 5,93, conepxanue rymyca — 2,1 %,
P,O, - 218, K,O — 173 mr/kr noussl, T — 5,5 mr-3k8/100 r nousst, V — 60 %,;

JEPHOBO-TIONI30MIMCTAs Cynecyanas rieesaras nousa: pH, ., 6,3, conepxxanue rymyca — 2,3 %, PO, —
117, K,O — 210 mr/kr moussl, T — 7,6 mr-o5ke/100 r moussl, V — 93 %.

[TnoTHOCTE 3arps3HeHus aBToMopdHO# mouBkl coctaBnsia 14,5 Ku/km? (537 kbk/M?), rieeBartoit
mouBsl — 13,3 Ku/km? (492 xBbr/m?).

HccnenoBanust mpoOBOAKIIH B 3BEHE 3€pHOTPaBsHOr0 ceBoodopora. B 2008 1. Bo3aensiBamu 6000B0-
3JIaKOBYIO (TIEJTIONIKO-OBCSHYI0) CMECh (0Bec copTa CTpemer] U meltolka copta Yerbsackas), B 2009 . —
SPOBYIO MIIEHHUITYy copTa MyHK, B 2010 1. — maif3y copra Ynanas-2. DIeMeHTHI TEXHOJIOTHHU BO3/IETbIBA-
HUSI KyJTBTYpP COOTBETCTBOBAJIM MPUHSATHIM OTpaciIeBbIM peraamenTam [13].

A3zotasle, pochopHbie (cynepdochaT aMMOHN3UPOBAHHBIN) M KaTUHHBIE (KaJIHi XJIOPUCTHIN) yI0-
OpeHUs BHOCHIIH TIepe]l TOCEBOM KyJbTyp. CXema omnbITa ¢ pa3HbIMU J03aMH U (popMaMu IPUMEHEHHS
a30THBIX ynoOpeHul, no3amMu pocHOpHBIX U KaTMHHBIX YA0OpEHU IpeAcTaBieHa B Ta0. 1.

Ta6anuma 1. CxemaonbiTa, Kr/ra . B.

[lenomko-oBesiHas cMech SpoBas nuenuna [Taiiza

1. KonTposb (6e3 ynodpenwuit) 1. KonTposnb (6e3 ynoopeHwuii) 1. Konutpouib (6e3 ynoOpenwmii)
2. P60K150 — Gon 2. P‘)OKISO — Qon 2. Pk — dou

3. @on + N, 3. @on + N, 3. ®ou + N,

4. ®on + N 4. ©on + Ny, 4. ®on+ Ny

5. @on + N, 5. @on + N, 5. @on + N,

6. Dou + N\ 6. ®on + N, 6. o + N,

— 7. @on+ Ny 7. @on + N, rc

[Ipumeuanmue Ilpn obosHaueHun (HopM a30THBIX YIOOPEHHH HCTIONIB30BATH CIEAYFOUIME COKpareHus: N ——
KkapOamuyi (MoueBuHa); N —MOYEBHHA MeUIEHHOAEHCTBY0IAst; N — aMMOHHIi CepHOKUCIIBIH (Cynbdar ammonns); N, —aMMOHHI
a30THOKMCIIBIN (CennTpa aMmmuadnas); N, . — JKHJIKOe a30THOE y1o0peHHe (CMeCh pacTBOPOB KapOaMuia M aMMHAYHOH CEUTPEI).
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PasmMeriieHue IesTHOK B ONBITE — peHAOMU3MpoBaHHOE. O0mas miomasis AeassHkr — 20 M?, yueTHas
wiomia s — 15 M. [IOBTOPHOCTH BAPUAHTOB B OIBITE — YEThIPEXKpPATHASI.

MeTeoponoruuecKue ycuoBUs BereTallMOHHBIX TIEPHOIOB CYIIECTBEHHO pa3nuyvanuch. [lo crenenu
yBIaXHEeHUs (BenmnuuHe Tuaporepmudeckoro kodddumuenta [ T. Censannona) 2008 u 2009 rr. xa-
pakTepu30BaInCh Kak n30bTouHo Braxueie, | TK = 2,0 u I'TK = 2,2 cooTBeTrcTBeHHO, a 2010 T. — KaK
3acymuussiid, ['TK = 0,6.

VnenbHy10 akTHBHOCTB *’Cs B IOYBEHHBIX ITpo0ax onpenesnsuim Ha y—fB-cnekrpomerpe MKC-AT1315,
B PaCTUTEIBHBIX — Ha CIIEKTPOMETpHUUIECKIX KoMmIIekcax «Tennelec» n «Canberray [14]. AnmmaparypHas
omunOka n3mMepeHuit He npesbimana 15-20 %. B nouBeHHBIX Tpobax onpenensuin: Tymyc — no TiopuHy
B Mogupuranuu LIMHAO no I'OCT 26212-91 [15]; pH, ., — moTenuuomerpudeckum Metonom [16]; mox-
BIKHBIE (hopMBbI (hocdopa u xkanus — 1o Kupcanosy [17]. [lonydenHbie qanable 00pabaThIBalid METO/IA-
MU IHCMIEPCHOHHOTO U KOPPEIAIHOHHO-perpeccuonHoro ananu3a o b. A. JlocriexoBy [18] ¢ ncnomns3o-
BaHUEM CTaHJapPTHOTO KOMITBIOTEPHOTO MporpaMMHoro odecneuenus (Excel 7.0, Statistic 7.0).

Pe3yasTarhl 1 ux 00cy:kaeHune. Ha 1epHOBO-1IO30IMCTHIX aBTOMOP(hHON U TJeeBaToOl cyrecya-
HBIX [TOYBaX, MNIOTHOCTH 3arpssuerus ¥'Cs 14,5 u 13,3 Ku/km? cooTBeTcTBeHHO, cpenuum (173 mr/kr
MOYBBI) M IOBBIIIEHHBIM (210 MI/KT TIOUBBI) COAep)KaHUEM MOABMIKHOTO Kallusl B MAXOTHOM CJIO€ yIeNb-
Hast akTUBHOCTH '*'Cs B 3epHe 6000BO-311aKOBOIT cMecH Ha KOHTpouie (0e3 mpuMeHeHHs yIoOpeHnil) Ha
aBToMopdoii mouBe konebanack B mpenenax 16,6-22,3 bk/kr, Ha TieeBaroit mouse — 17,1-19,4 Br/kT.
Coneprxanue *’Cs B 3epHe spOBOH MIICHUIIBI HAa aBTOMOP()HO# rouBe He mpessbiiialo 8,0 bk/kr, Ha rie-
eBatoii mouse — 6,4 bk/kr (puc. 1).

Brecenne pochoprbix u KanmuiHbIX ynoOpenni nox 606080-31akoBy 0 cmech B no3ax P K obe-
criednsio cymiecTBeHHoe cHmkeHne *’Cs B 3epre. Ha aBToOMOp(hHO#T MoYBe aKTUBHOCTH PaJIHOHYKIIHIA
yMeHbIInIach B cpeneM ¢ 19,1 o 9,5 Br/kr (B 2 pa3a), Ha riieeBaToi mouse — ¢ 15,2 1o 9,4 br/kr (B 1,6 paza).

Pasnbie (hopMbI a30THBIX yI0OOpPEHH, KOTOPBIE TPUMEHSITH IIepeJT TOCeBOM 0000BO-371aKOBOH CMe-
cu B f03e 60 Kr/Ta, 0-pa3sHoMY TIOBJIMSIIH Ha mocTyruienne ¥’Cs B 3epHOO0O0BYIO CMECh, MX JIEHCTBHE
TaKKe 3aBHCEI0 OT TUAPOMOP(HHOCTH TTOYBBI.

Ha aBTOoMOp(hHO#T NOUBE B BapHaHTaX ¢ MPUMEHEHUEM a30THBIX yI00peHuit akTHBHOCTD ¥'Cs B 3epHE
xonebanace B cpeanem ot 10,0 o 15,9 br/kr (HCP = 4,58). JlocToBEpHOE yBEIMYEHUE CONAEPIKAHUS
paaMOHYKJIHJA B IPOIYKIHMH MO0 OTHOIICHHIO K (ochopHO-KanuitHOMy (GoHY M BapuaHTam ¢ aMMHU-
a4gnoi cenutpoii (N ) u KAC (N, ) nabmronanocs npu BHeceHuH cynbdara aMmonus (N ). @opmel
A30THBIX yI0OpeHuH — MoUYeBHHa, aMmMuadHast cenuTpa 1 KAC — CymecTBeHHBIX pa3nduil MeX Ty COO0H
HE UMEIIH.

Ha rieeBaToii moyBe 1OCTOBEPHOr0 MOBBIIICHHs conepskanus *'Cs B 3epHe npu BHECEHHHU BeeX HopM
A30THBIX YJIOOpPEHHIA TI0 OTHOIIEHHIO K GochopHO-KanuitHOMY (POHY He ycTaHOBIIEHO. B TO e Bpems
MUHUMAJIBHOE COJIEp)KaHHE PAJMOHYKIINJA HAONI0aI0Ch B BapUaHTaX ¢ MPHUMEHEHHEM aMMHUauyHON
CENIUTPBI U cybdara ammonus — 8,2 u 8,4 BK/KT coOTBETCTBEHHO.

VYnaenpHast akTUBHOCTH *’Cs B 3epHE SpOBOM MIICHUIIBI U3MEHSIACH M0 BapUaHTaM OIbITA HA aB-
toMop(dHOIT TTouBe B mIpezenax 5,6—6,8 bk/kr, Ha riaeeBaToit mouse — 5,2—6,0 br/kr. BeneacTere oueHb
HU3KHUX 3HAaYCHUH MOCTYIUICHHUS PaJUOHYKIUAA U3 TIOUBHI B PACTEHUSI HE YCTAHOBJICHO JIOCTOBEPHOT'O
YBEJIMUYCHHSI €T0 HAKOIJICHHSI 110 BIUSHUEM a30THBIX yI0OpeHUH, KOTopble BHOCHIN B 103€ 90 Kr/Ta,
0 CPaBHEHUIO ¢ (poCPOPHO-KATUHHBIM (POHOM, a TAK)KE CYIIECTBEHHBIX Pa3ININil MKy BapHaHTaMU
C pasHbIMH (hOpMaM# BHOCUMOT'O a30Ta.

Conepxanue ¥'Cs B 3eneHON Macce 6000BO-3J1aKOBOM CMECH M3MEHSIJIOCH 110 BapUaHTaM OIIbITa Ha
aBToMop(hHOI ouBe B cperHeM oT 19,7 no 30,7 br/kT, Ha rmeeBaToi mouse — ot 28,6 1o 47,5 br/kr (puc. 2).

Vnensnast akTuBHOCTE 'Y’Cs B 3ereHoOil Macce 0000BO-371aKOBOM TpaBocMecH Ha KoHTpose (6e3
y100peHuii) Ha aBTOMOP(HOI U TieeBatoit mouBax cocraBmia 30,7 u 29,9 Bk/kr cooTBercTBeHHO. [Ipn
BHECEHMH (OCHOPHBIX M KATUHHBIX y100penui B 1o3ax P, K . 10CTOBEpHOE CHMXKEHUE CONEPIKAHMS
PaJIMOHYKJIH/IA B PACTEHUAX HAOIIONAIIOCh TOJBKO HAa aBTOMOpdHO# nouse — 6,4 br/kr (HCP = 6,08).
Ha rneesaroii mouse Ha ¢oHe PK aktuBHOCTH *’Cs B 3eseHOI Macce HECYIIECTBEHHO OTINYAIach OT
KOHTpOJIs — 28,6 BK/KT.

Brusiaue pa3ubeix GopM a30THEIX yIOOpEHUH, KOTOPBIe BHOCUIN B 03¢ 60 KI/Tra, Ha MOCTYILICHHE
paauone3rs B 3eJIEHYI0 MacCy TPaB 3aBHUCEINIO OT CTEMEHU T'HPOMOP(HOCTH ITOUBBI.
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Bo6oBo-3nakoBas cMecb (3epHO)
Br/kr

25

1 2 3 4 5 6 1 2 3 4 5 6
ABTOMOpHast no4vBa [meeBartas noyBa
[l Cpennee 3HaueHune — [lnanasoH OTKINOHEHU

fApoBas nweHuua (3epHo)

B/kr

1 2 3 4 5 6 7 1 2 3 4 5 6 7
ABTOMOpMHasA novsa [meeaTas no4Ba
[] Cpenree sHauyeHne = [lmanasoH OTKIOHEHWN

Puc. 1. Bausiaue opm a3oTHbix ypobpenuii Ha nocryiuieraue 2’Cs B 3epHO 6000BO-3J1aKOBOM CMECH M SIPOBOM IIIICHUIBL:
I — xonrpous (6e3 ynoOpenuit); 2 — pon PK; 3 —PK+ N ;4 -PK+N_ -5-PK+N;6-PK+N_;7-PK+N_ .

Ha aBTOMOp(QHOIi MOYBE TpUMEHEHNE MOUEBHHBI, aMMHadHOH cenuTpbl 1 KAC He mpuBeso K ycu-
JICHHUIO TOCTYIUJICHUS PAAHOHYKIIH/IA B TPOAYKIIMIO, aKTUBHOCTD €TI0 B 3€JICHOH Macce B 3THX BapHaH-
Tax konebanack B npenenax 19,7-25,1 br/kr npu conepxanun na pone PK — 24,3 br/kr (HCP ; = 6,08).
CymecTtBennoe noBsinenne *’Cs HabII0IaI0Ch TOTBKO B BAPHAHTE C BHECEHHWEM CyiIb(ara aMMOHUS,
TZIe cofiep KaHue ero B 3eJeH0i Macce coctaBuiio 31,4 Br/Kr.

Ha rneeBaroii mouse HaOironanack oOpaTHas 3aKOHOMEpHOCTh. HecyliecTBeHHbIE pa3nnudus B Ha-
xornenun “’Cs B 3enennoit macce tpas (1,5 Bx/kr npu HCP = 7,94) Obumn mexay pocdopHo-Ka-
JTUHHBIM (JOHOM U BapUaHTOM C IPUMEHEHUEM Cylb(paTa aMMOHHUS, TOTJA KaK MO OCTaIbHBIM (hopMam
A30THBIX yIOOPEHUH MPOUCXOANIIO TOCTOBEPHOE YBEIMUCHHE CONCPKAHMS PAITMOHYKIUAA B IPOAYK-
U, MakcuManbHas aKTUBHOCTh €r0 OTMEYallach B BapUaHTE C NMPUMEHEHHWEM MOUYCBHHBI, KOTOpas
coctaBmiia B cpeaHem 47,5 bk/kr ¢ konebanusmu ot 39,6 o 54,9 br/kr.

Haxkomuienne '*’Cs B 3esieHOM Macce Mai3bl M3MEHSUIOCH B CICAYIONIMX Tpeiesiax: Ha aBToMopd-
Ho# nouse — 27,8-32,8 br/kr (HCP = 5,09), na rneesaroit nouse — 27,0-32,2 bx/kr (HCP = 8,37).
He ycTanoByieHO JOCTOBEPHBIX pa3iuuMii MEX1y U3y4aeMbIMU BapHaHTaMH, B TOM YHCIE U GopMaMu
A30THBIX yIOOpEHUH, B COAepKaHUM PAAHOHYKIHNIA B TpoayKunu. Habnronanack TOIBKO TEHACHIHS
K yBenuueHuto aktTuBHoCTH *’Cs B 3eseHoi macce k ¢pony PK npu BHeceHHM kak Ha aBTOMOP(HO#, Tak
Y Ha IJ1I€€eBaTOM MMOYBE MOUYEBUHBI CTaHJAPTHOM.
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Bo6oBo-3nakoBas cmech (3erneHas macca)

60 Br/kr

501+

40+

20

1 2 3 4 5 6 1 2 3 4 5 6
ABTOMOpdhHas noysa [meeBaTtas no4ysa
O CpeaHee 3HaveHue — [nana3oH OTKITOHEHWUI

Man3a (3eneHas macca)

1 2 3 4 5 6 7 1 2 3 4 5 6 7
ABTOMOpHAs noqsa meeBatas noysa
[l Cpeanee 3HayeHmne — [lnana3soH OTKNOHEHWN

Puc. 2. Bnusinue ¢opm a30THbIX ynoOpenuil Ha noctymieHue ¥’Cs B 3eieHy0 Maccy 6000BO-3/1aKOBOM CMECH M Hal3bl:
I — xontpous (6e3 ynoOpenuit); 2 — pou PK; 3 -PK+ N ;4 -PK+N_ -5 -PK+N;6-PK+N ;:7-PK+N_ .

J1st OLICHKHM MOCTYIUJICHUS PAAHOHYKIIMIOB M3 ITOYBBI B PACTEHUS UCIOJIB3YIOT Pa3inyHble KOJIU-
YECTBEHHBIE TI0Ka3aTeNu: KOO(QPUIMEHT HakomleHus (K) — OTHOIIEHNE aKTUBHOCTH PaJMOHYKIIH/Ia
K €IMHMIE MacChl pacTeHud u nousbl (bk/kr:bk/kr); kosdduunent nepexoma (K|) — OTHOWEHHE
yIeNbHOW aKTUBHOCTH PaJMOHYKJIMJA B PACTEHUSX K TUIOTHOCTH 3arps3HEHUs MOYBBI HA COUHUILY
wiomanu (bk/kr:kbk/M?). B MexayHapoaHbIX MyOJUKAIMsIX, B COOTBETCTBUU C PEKOMEHIAIMSIMH
MesxJyHapOoaHOro COr03a Paguo3KOJIOTHH, UCHOIb3YIOTCS aHaJornuHble nokasarenu: Transfer factor
(F,umu TF) — ananor koddunuenta nakorienus u Aggregated transfer factor (7 g) — ananor ko3ddu-
nueHTa nepexona [19].

Hamu onpezesnenst koddduitnentsl nepexona *’Cs u3 1epHOBO-TIOA30IUCTON aBTOMOP(HOM | Tiie-
€BaTOl CynecuaHOH MOYBHI B 36pHO OOOOBO-3J1aKOBOI CMECH M SIPOBOM MIICHHUIIBI, & TAK)KE B 3€JCHYIO
Maccy 0000BO-3JIaKOBOW TPABOCMECH M TMaM3bI.

IMapameTpsl nepexoma *’Cs B 3epHO sIpOBOIA MIICHUIBI H3MEHSJIHCh Ha aBTOMOP(HOI MOYBE B Mpe-
nenax 0,013—0,015, na rneeBatoit mouse — 0,011-0,014. KoaddurueHTs! nepexoaa paguoHyKIUaa B 3¢pHO
0000B0-311aKOBOI cMecH OBIIHM BBIIIE, Y€M B 3€PHO SIPOBOH MILICHHIIBI, H COCTABIISLIIA Ha aBTOMOP(HHOH
u tieesator nousax 0,021-0,042 u 0,019-0,035 cooreTcTBEHHO. bonee BbICOKME 3Ha4YeHUs K momy-
YeHbI B BapuaHTax 0e3 MpUMEHEeHHs YIOOpEHHI, a TaK)Ke B BapuaHTaX ¢ BHECCHHEM Ha aBTOMOP(HOM
NoYBe CyJb(para aMMOHUS, HA TJIEEBATOHN ITOYBE — MOUEBHHBI (TA0II. 2).
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Tab6numa 2. Buausnue popm a30THBIX ya00peHuii Ha KodIpPuuuenTo! nepexoa ’Cs
B NPOAYKUHUIO BO3/1€JILIBAEMBIX KYJIBTYP

3epHO 3enenas Macca
BapuanT onsita
6000B0-3/1aKOBasi CMECh | sipoBast MIIEHULA 060060B0-3/1aK0Basi CMECh naisa
,ZZepHoso—noc)s’ozzucma;z aemomoquna;z cynecddanas noded
1. KouTpous (6e3 ynodpenuit) 0,042 0,013 0,068 0,072
2. PK — hou 0,022 0,013 0,057 0,067
3. @on+N_ 0,029 0,014 0,062 0,080
4. ®on+N,_ - 0,015 - 0,072
5. @on+N_ 0,040 0,014 0,079 0,072
6. ®ou + N | 0,025 0,014 0,058 0,064
7. Don+ N, . 0,021 0,014 0,042 0,061
,ZIepHoeo—noc)sozzucma;z ejeesamas cyneciaHndas noieda

1. Kontpous (6e3 ynobpenuii) 0,035 0,014 0,069 0,074
2. PK — hou 0,022 0,014 0,066 0,073
3. @on+N_ 0,027 0,013 0,115 0,084
4. ®on+N, - 0,014 - 0,066
5. @ou + N, 0,020 0,013 0,073 0,065
6. ®ou + N | 0,019 0,012 0,088 0,068
7. Don + N, 0,024 0,011 0,087 0,061

Crenyer OTMETHTB, YTO B YCJIOBHAX ONbITA MOIyYeHbI Oonee Hu3kue 3HauyeHus K "'Cs B 3epHO
SIPOBOM IMIIICHHUIIBI 10 CPABHEHUIO C IIPUHITHIMHE B PEKOMEHIATEIbHBIX JOKYMEHTAX, KOTOPBIH COCTaB-
nsiet 0,036 muist AepHOBO-TIOI30IUCTON CyIIECUAHOW ITOYBBI ITPU 00ECIICUEHHOCTH MOJIBHXKHBIM KaJUeM
141-200 mr/xr mouBsI [20].

KoadduimeHTs! iepexoia paguoHyKIIKIa B 3eJICHY0 MacCcy 0000BO-31aKOBOI TPaBOCMECH U Taii-
3BI KOJIeOanuch Ha aBToMopdHO# mouse B mpenenax 0,042—0,079 u 0,061-0,080, Ha riieeBaToii MOUIBE —
0,066—0,115 1 0,061-0,084 cOOTBETCTBEHHO.

Ha ocHOBaHWM MOJYUYCHHBIX MapaMeTpoB nepexona ’Cs B 3epHO M 3€JCHYI0 MacCy M3ydaeMbIX
CENILCKOXO03AUCTBEHHBIX KYJIBTYDP ONPEIEIEHBI T0MYCTUMbIE TIJIOTHOCTH 3arpsasHenus nous (11 ) npu
BHECEHUU Pa3HbIX (JOPM a30THBIX YJAOOPEHUH ISl MOJIYYCHUS PA3IUYHBIX BUJIOB KOHEUHOW pacTCHHE-
BOIUYECKON ¥ ’KUBOTHOBOIUECKOW TTPOMYKIIUH, OTBEUAIOIIEH pECITyOIMKaHCKUM JOMyCTUMBIM YPOBHSIM
(PAY) 1 nomycTUMBIM YPOBHSAM, IPUHATHIM B paMkax Tamosxxennoro coro3a (Y TC). PacueTsl mpoBo-
nuny o popmyire

ay

I, =—/—/———,
A, K_-37

I
rae JAI1 — nomycTumas MI0THOCTD 3aTrPA3HEHMS 0UBbI pafguonyknuaom, Ku/km?; 1Y — pecy6nukan-
CKMH JIONyCTUMBIH yPOBEHb WJIM JIOYCTUMBIH yPOBEHb B paMKaxX TaMOXEHHOIO COK3a COAEP)KaHUS
PajMOHYKIKAA B IPOAYKIHH, bK/KT, 11; K — ko> uuunent nepexona paJIMoHyKInIa U3 TIOYBI B pac-
TEHHEBOAUYECKYIO MPOAYKIHI0, bk/kr : kbk/M?; 37 — koaddunmenT nepecuera HKu/kr B Bi/KT.

[Ipu mporxose AOMyCTUMON MJIOTHOCTH 3arpsA3HEHMS TOYB yUHTBIBAJIM ONPEACICHHYIO CTENEHb
KOHCEPBATUBHOCTH (TPOYHOCTH TIPOTHO3a), MPEIYCMATPUBAIONIYIO U3MCHEHUS KOI(PPHUITMSHTOB TIepe-
X0J1a PAAMOHYKJIMIOB B PACTEHUEBOAUYECKYIO IPOAYKIHMIO, CBSI3aHHbIE C 0COOCHHOCTSIMU THAPOTEPMUYE-
CKHUX yCJIOBHH BEereTallMOHHBIX MIEPUOJIOB, KoJieOaHUsl KOTOPBIX oleHuBatoTcst B +30 %. B Hamux ouen-
Kax JIOIMyCTUMas MJIOTHOCTD 3arpsizHeHust mo4B '*’Cs, 11e BO3MOKHO IPOU3BOICTBO MPOAYKIIUU U3y Ya-
emMbIX KynbTyp B ipeaenax PY wmu 1Y TC, npuanmanack Ha ypoBHE 70 % OT pacdeTHON BETUYUHBL.

B ycnoBusix pagMoOakTUBHOTO 3arpsA3HEHHUs] CEJIbCKOXO3AHCTBEHHBIX 3€MeElb Hanboiee KeCTKO
HOPMHUPYETCSl CoiepKaHUE PaJUOHYKIJIHUJOB B MPOAYKIHHU CEIbCKOXO3SUCTBEHHBIX KYJBTYp, BO3/€-
JIBIBA€MBIX Ha MPOJIOBOJIBCTBEHHBIE LIETH. Bo3nenbiBaHne CeNnbCKOXO3AWCTBEHHBIX KYIBTYP, COTJIACHO
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3aKoHONATeNbCTBY PecnyOnuku benapych, pasperieHo Ha 3eMJIsX ¢ TUIOTHOCTRIO 3arpsiHeHus mouB *’Cs
10 40 Ku/xm? u *°Sr — 1o 3,0 Ku/xm? [21].

B cooTBeTCTBHM ¢ pecnyOIMKaHCKHMH JOMYCTUMBIMU YPOBHSMH, MpeenbHoe coaepxkanue *'Cs
B 3€pHE 3EPHOBBIX U 3€PHOOOOOBBIX KYJbTYp Ha MHUIIEBHIC [IEIU HE JOKHO mpeBbimarh — 90 Bk/kr,
B 3epHe Ha nieTckoe nmutanue — 55 bi/kr [20]. CormacHo TexHU4YeckoMy periaMeHTy TaM0oXKeHHOTO CO-
103a «O 0e30macHOCTH 3epHay, copepkanne *’Cs B 3epHe Ha MHUIIEBBIE IIEIH HE JOKHO MPEBHIIIATH
60 Bbk/kr.

Pe3ynbraThl IPOrHO3HBIX OLEHOK MOKA3aJH, YTO Ha ACPHOBO-TIOA30JIMCTHIX aBTOMOP(HHOH U Tiee-
BaTOM CyIeCYaHbIX MOYBax co cpeaHuM (173 Mr/Kr mouBbl) U MOBBIIIEHHBIM (210 MI/KT TTOYBBI) coaep-
YKAaHHEM TTOJIBUKHOTO KaJIHsl B TAXOTHOM CJIO€ BO3JICJIBIBATH SPOBYIO MILICHHILY JJIsI TPOU3BOACTBA 3€P-
HA Ha MUINEBbIC [IE]TH U Ha JICTCKOE MUTAHUE JIOMYyCTHUMO NIPH IJIOTHOCTH 3arpssHenus ¥'Cs 1o 40 Ku/km?.
Ha ¢done BHecenus mon KynbTypy GochopHBIX U KaluHHBIX ynoopeHuit B 1o3ax 90 u 150 xr/ra coot-
BETCTBEHHO BO3MOYKHO NPHMEHEHHE 0e3 OrpaHWuYeHUi BceX M3ydaeMbIX (DOpPM a30THBIX YA0OpeHUM
(MOYEBHHBI CTaHIAPTHOM, MOUEBUHBI MEIJICHHOACHCTBYIOIIECH, Cyb(aTa aMMOHHSI, aMMHUAaYHON CEJIUTPHI,
KAC) B no3zax 90 kr/ra n. B. (Ta0i. 3).

Tabnuma 3. OrpanuveHus no J0NyCTHMOM MIOTHOCTH 3arpsi3HeHust mous '¥'Cs
NpH NPUMEHEHNHU Pa3HbIX ()OPM a30THBIX YA0GpPeH Uil 1JIsl MPONU3BOACTBA Pa3JIHYHBIX BH/IOB
pacTeHneBOI4eCKOi MPOAYKIIUU U I[eJIEBOro ee Ha3HaYenus , Ku/km?

®Dopma a30THOTO YA00pEHH s
Bun nponykunu LleneBoe HazHaUYeHME ITouBa*

NM NM\AL\ Nm Nan NK/\C

3epHo ApOoBOi Ha numessie nenu, P1Y — 90 bk/kr 1 40,0 40,0 40,0 | 40,0 | 40,0
MILIEHUIbI u JIY TC — 60 Bx/kr 2 40,0 40,0 40,0 | 40,0 | 40,0
Ha netckoe nutanue, 1 40,0 40,0 40,0 | 40,0 | 40,0

PJIY — 55 Bk/kr 2 40,0 40,0 40,0 | 40,0 | 40,0

Ha ¢ypax ans mpon3BoacTBa HETBHOTO MOJIOKA, 1 40,0 40,0 40,0 | 40,0 | 40,0

PJIY — 100 bk/n 2 40,0 40,0 40,0 | 40,0 | 40,0

Ha ¢ypax ams mpou3BoacTBa Msica, 1 40,0 40,0 40,0 | 40,0 | 40,0

AY TC - 200 br/kr 2 40,0 | 40,0 | 40,0 | 40,0 | 40,0

3epHo Ha ¢dypas aist mpon3BoJICTBa IIETBHOTO MOJIOKA, 1 40,0 40,0 40,0 40,0 | 40,0
0000B0O-3JIaKOBOM PY — 100 bx/n 2 40,0 40,0 40,0 40,0 | 40,0
CMECH Ha ¢ypasx 1i1s mpou3BoacTBa Msica, 1 40,0 40,0 40,0 | 40,0 | 40,0
JY TC - 200 Bx/kr 2 40,0 40,0 40,0 | 40,0 | 40,0

3eneHas macca JlJ1st mpou3BOJICTBA LIETBHOTO MOJIOKA, 1 40,0 40,0 40,0 | 40,0 | 40,0
06000B0-31aKOBOI PY — 100 bx/n 2 29,5 - 40,0 | 38,5 | 39,0
TpaBoCMECH Jl1s mpousBoacTBa Msca, 1 40,0 40,0 40,0 40,0 | 40,0
JY TC — 200 bk/kr 2 31,0 40,0 40,0 | 40,0 | 40,0

3eneHas Macca J17151 mpou3BOACTBA LENIBHOT'O MOJIOKA, 1 40,0 40,0 40,0 | 40,0 | 40,0
Man36l PY — 100 bx/a 2 40,0 40,0 40,0 | 40,0 | 40,0
Jlns mpousBocTBa Msica, 1 40,0 40,0 40,0 40,0 | 40,0

AY TC - 200 br/kr 2 40,0 | 40,0 | 40,0 | 40,0 | 40,0

* ] — aBroMop(Has mouBsa, 2 — riieeBarasi oyuBa.

He numuTHpyeTCs TakKe MIOTHOCTHIO 3arps3Henns *Cs kak aBTOMOp(HOIL, Tak U rieeBaToil MouB
BO3/IE/IBIBAHUE SIPOBOI MIIEHULBI U OOOOBO-371aKOBOM CMeCH IpPU NONYYeHHH (Yypa)kHOTO 3epHa IS
UCTIONIb30BaHUS €T0 IPU IIPOU3BOACTBE IIETBHOTO MOJIOKA U Msica (TOBSIAHHBI).

B T0 e Bpemsi UMEIOTCS OrpaHUYEHHsI 110 IPUMEHEHHIO OTAEIBbHBIX ()OPM a30THBIX YAOOPEHHH 110z
06000B0-3JIaKOBYIO TPABOCMECH Ha 3eJIeHYI0 Maccy. Tak, Ha AepHOBO-TIOI30JUCTON IIIeeBaTOM CyecyaHon
[I0YBE IPUMEHEHNE MOYCBHHBI CTAHIAPTHON OrPaHMYEHO IIOTHOCTHIO 3arps3Henus *’Cs 29,5 Ku/km?
IpU MOTYYEHUH 3€JICHOH Macchl JJis MPOU3BOJICTBA LEIBLHOIO MOJIOKA, OTBEYAIOIIETO JOMYCTHMOMY
YPOBHIO TIO coziepkanuto paguonyknuaa (100 bk/mn), a Takxke miuotHocThio 3arps3Henus 31,0 Ku/km? —
IPH TIOJTYYCHUH 3€JIEHON MacChl JIJIsI TPOM3BOACTBA Msica ¢ coziepkanueM paauonesus 10 200 br/kr.
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OrpaHudeHo mIoTHOCTHIO 3arpsizHenus ¥'Cs 38,5-39,0 Ku/km? mpuMeHeHne aMMHAaYHON CeTUTPBI
u KAC 1nipu Bo3/ie/IbIBAHUY Ha IJIEEBATOM 1M0UBEe 0000BO-3JIAKOBOM TPABOCMECH Ha 3€JICHYI0 MACCy s
CKapMJIMBaHUS JOWHOMY CTaJy U MOJy4EHUs LEeTBbHOTO MOJIOKA.

B cBsi3u ¢ Oosiee HU3KUMHE MapameTpaMu mepexosa *’Cs B pacTeHust Maii3bl 0 CpaBHEHHIO ¢ 6000-
BO-3JIaKOBOM CMECBHIO HET OTpaHUYEHUH 0 €€ BO3JICJIBIBAHHIO Ha 3€JICHYI0 MacCy Kak Ha aBTOMOP(HOI,
TaK ¥ Ha IJeeBaTo! MOYBeE.

BriBoabI

1. Biiusinue pa3Hbix (opM a30THBIX yI00peHnit Ha nocTyrieHue Cs B pacTeHUs 3aBUCETIO OT CTe-
MEHW THAPOMOP(PHOCTH MOYBBI U OMOJIOIMUECKUX OCOOCHHOCTEH BO3AeIbIBaEMBIX KyIbTyp. Ha aBTO-
MOpQHOH TIoUBe BHECEHHE CyJb(aTa aMMOHUS CYIIECTBEHHO yBEJIWYUIIO COACPKAHUE PaTUOHYKIUAA
B 3epHE U 3ejeHol Macce 0000B0-351ak0BOM cMecH. [Ipu mprMeHeHnn MOYEBHMHBI, aMMHUAYHON Ceu-
Tpbl 1 KAC He Habmonanock yeuneHnus nocrymuieHus *’Cs B MpoxyKIUIO 10 CPaBHEHUIO ¢ HOCHOpHO-
KanuifHbIM (poHOM. Ha rieeBatoif mouBe OpMBI a30THBIX yaoOpeHHid o HakoruieHuto 'Cs B 3epHe
0000B0O-371aKOBOM CMECH pa3IN4aJINCh HECYIECTBEHHO, a B 3€JICHOW Macce — MaKCHUMaJlbHasi aKTHUB-
HOCTbh PaJMOHYKJIMA OTMEUEHA IIPU BHECEHUU MOYEBMHBI cTaHAApTHOH. He ycTaHOoBieHO mocToBep-
HBIX pa3InYuil MKy H3ydaeMbIMH (OpMaMH a30THBIX Y100peHuil B moctyruieHnu *’Cs B 3epHO spo-
BOH TIIICHUIIBI U 3€JICHYI0 Maccy maii3el. Habmronanack TOMBKO TEHACHITNS K YBETUUCHUIO aKTUBHOCTH
€ro B 3eJICHOW Macce Mai3bl 0 OTHOIICHUIO K (pochopHO-KaTHitHOMY (OHY NpH BHECEHUH MOUYCBHHBI
CTaHJApPTHOM.

2. Ha nepHOBO-IIOA30JIMCTHIX CyTIeCUaHBIX aBTOMOP(HOI ¥ TJIeeBaTO! MOYBax C MOBBILIEHHOH U Cpe-
Hell 00ecreYeHHOCTHIO TIOBUKHBIM KallieM BO3MOXKHO MPUMEHEHHE MOUYCBHHBI CTaHJApTHOH, MOYe-
BUHBI MEJIJICHHOACHCTBYIOLICH, cylbhaTa aMMOHUs1, aMMuadHol cenuTpbl 1 KAC 6e3 orpannueHuit no
IUIOTHOCTH 3arpsizHeHust To4BbI *’Cs Mpu MPOM3BOACTBE 3epHA SIPOBO MILEHUIIBI Ha TTHIIEBBIC U (Y pax-
HBIE 11eJ1H, 3epHa 0000BO-31aKOBOM cMecH Ha (ypask U 3eJIeHOH MacChl Hai3bl ISl TOJYUYEHUs LEeIbHOIO
MOJIOKa M MsIca.

3. Ha J1epHOBO-TI0/I30JIMCTOM TJIeeBATON CyIeCYaHOW MOYBE OI'PaHUYEHO MPUMEHEHHE MOYEBHHBI
CTaHJAPTHOM IIOTHOCTEIO 3arpsisHenus ¥’Cs 29,5 Ku/km? mpu momy4eHnd 3eJ1eH0i Macchl 6000BO-
3JIAKOBOM TPaBOCMECH JIJIsl IIPOU3BOICTBA LIEILHOTO MOJIOKA C cofiepkanueM paauonykiuaa jgo 100 bk/x,
IOTHOCTRIO 3arpsisHenus 31,0 Ku/km? — mpu monydeHHH 3eJeHONW MacChl Uil MPOU3BOACTBA Msca
¢ congepkanueM panuonyknuaa go 200 bk/kr. Takke orpaHuueHO MPUMEHEHHE aMMHAYHOW CETUTPHI
n KAC mnotHocteio 3arpssaerust *Cs 38,5-39,0 Ku/km? npu Bo3zeapiBaHHE 0000BO-371aKOBOI TPaBO-
CMECH Ha 3€JICHYI0 MaccCy AJI CKapMJIMBAHUS JOWHOMY CTay U MOJIy4YEHHUs LEIBHOTO MOJIOKA.
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N.N. TSYBULKO, T.P. SHAPSHEEVA, Ju. V. SHIPILOV, I.1. ZHUKOVA

RADIOLOGICAL ASSESSMENT OF DIFFERENT FORMS
OF NITROGEN FERTILIZERS ON SOD-PODSOLIC SANDY SOILS

Summary

Researched is the influence of different forms of nitrogen fertilizers on '*’Cs accumulation on sod-podsolic sandy soils
with different hydromorphic features.

Application of ammonium sulphate to sod-podsolic automorphic sandy soil increases essentially radionuclide content
in grain and green weight of legume grass mixture. When urea, ammonium saltpeter and UAM are applied the increased
penetration of '¥’Cs into crops isn’t observed. Concerning ’Cs accumulation in the grain of legume grass mixture the forms
of nitrogen fertilizers don’t differ significantly on gleyic soil. The maximum activity of the radionuclide in herbage is ob-
served when standard urea is applied. It is not established that there is significant difference between the forms of nitrogen
fertilizers in respect of ’Cs penetration into spring wheat grain and green weight of millet. When standard urea is applied
the tendency to the increase of ’Cs activity in green weight of millet in relation to phosphorus and potassium background is
observed.



