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CymiecTByeT psill TaHHBIX, CBUAECTEIBbCTBYIONNX 00 YCHJICHHH MUTPAIUU PAIUOHYKIHIOB U3 TO-
YBBI B PACTCHHUS I10]] BIIMSIHUEM a30THBIX yA00peHui [1—-4], mo3ToMy C IEeNbI0 YMEHbBIICHUS HAKOILIC-
uus Cs u *°Sr B pacTeHHEBOMYECKOM MPOMYKIIUY HAa (POHE MOBBIMICHHBIX 103 (HOCPOPHBIX U KaTHii-
HBIX yIOOpeHMI PEKOMEHTyeTCsS OTPAaHUYUBATh J03bI a30THBIX YIOOPEHU.

IIpuHSATO CYMTATh, YTO OCHOBHASI MPUYMHA yBennueHus noctymieHus *’Cs u *°Sr B pacteHus npu
BHECEHHH a30THBIX YI00pEHHI — BOBMOXKHOE TIOJIKHCIICHHE MOYBEHHOT'O pacTBOpa B Pe3yibraTe TOBbI-
HICHHS TIOBM)KHOCTH B TIOYBE AJIEMEHTOB MTUTAHUS, B TOM YUCIIE ¥ PAAHOHYKIHIOB. Tak, yCTaHOBJICHO,
YTO JTUTEIFHOE MPUMEHEHHE BBICOKHX J103 a30THBIX yI0OpeHui B (hopMe aMMHUAYHON CEUTPBI BBI3bI-
BAET MOJIKHUCIIEHNE MOYBEHHON CPe/ibl, MOCKONbKY NH], B3aMMOIEHCTBYS ¢ IOYBEHHBIM MOITIONIAFOIIMM
komrutekcoM (I111K), mogkucisier mouBeHHBIH pacTBop [S]. OmHaKo MPSAMBIX JAHHBIX 00 M3MEHCHUH PEak-
I[MU TIOYBEHHOI'O PAaCcTBOpa MMPU BHECEHUM TUX MUJIU JIPYTUX aMMOHUUHBIX (DOPM a30THBIX yI0OpEHHMIA
HET, IPUBOJISITCS JIUIIb CITyYau, KOrJa JUTUTEIBHOE TPUMEHEHHE CaMbIX (PH3UOJIOTMYECKU KUCIIBIX a30THBIX
ynoOpeHuii B Te4eHNE HECKOJIBKHX JIECITHIIETHI N3MeHsI0 pH cOeBOM BBITSIKKY JIEPHOBO-TTOA30IHCTON
TOYBHI ¢ 4,8 110 4,6 ¥ MOBBIMIAJIO THAPOIUTHISCKYTO KUCIOTHOCTS OT 4,4 110 6,1 Mr-3kB Ha 100 T MOYBHI.

B Hay4HOI nmuTepaType BhICKAa3bIBAIOTCS Pa3HbIe MHEHHSI O BIMSHUN HA NIEPEX0J] PaJUOHYKITHJIOB
U3 TOYBBI B PACTEHUS a30THBIX YAOOPEHHMI, coepKaluX pa3Hbie (OpMBbI a30THOT'O COeTUHEHUsI (HU-
TpaTHY10, aMMOHHIHYIO, aMUAHY10). FI3BeCTHO, 4TO pa3Hbie POPMBI A30THBIX YAOOPEHUH MPOSIBISIOT
pa3nuyHOe JCMCTBHE Ha PEaKklMIO0 MOYBbI MPU UX BHeceHWM M B3aumojeinctBue ¢ [IITK. Hutparueie
dopmer azora (NaNO,, Ca(NO,),) ABIAIOTCA PU3HOTOIHYECKH IIENOYHBIMU YI0OPEHUIMH, aMMOHM-
ueie Gpopmbl (NH,),SO,) — dusunonornuecku kucabimu. Amuansie Gopmbel (CO(NH,),) Takxe ¢usno-
JIOTHYECKU KUCITbIC, TOCKOJIbKY KapOaMuI, pasiarasch B [I0YBE HA aMMHUAK ¥ YTIICKUCIOTY, MOXKET TaKkKe
Croco0CTBOBATh CMEMICHUIO PEaKIMU CPeJlbl B CTOPOHY MOAKHUCIeHUs. OIHAKO MoCcIie YCBOCHHS a30Ta
MOYEBHHBI PACTCHHUSIMH B TIOYBE HE OCTAETCSA HU IIEJIOYHBIX, HA KUCIOTHBIX OCTAaTKOB.

VYeunenue nornomenus *'Cs npu BHECEHUHM a30THBIX YA0OpeHHI B aMMOHHIHON (opme 00bsic-
HSIETCS YBEIMUCHUEM KOJIMYECTBA IMOJBHIKHOTO PAJAMOHYKIIN/A B TIOYBE IOJ BIHUSHUEM THAPATHUPO-
BaHHBIX MOHOB aMMOHUs, KOTOPbIE UMEIOT C PaJHMOIEe3UeM CXOTHBIM M0 BETUYMHE WOHHBINA pajuyc
Y CTIOCOOHBI BBITECHSTH €70 M3 MECT COPOITMH B IOYBEHHBIN PacTBOP, B TOM YHCJE U KPUCTATTHYECKON
pemeTku MuHepasos [6, 7]. Oxnaxo, u NH;, u K* necopoupyer "’Cs kak ¢ MOBEepXHOCTH MOYBEHHbIX
YacTHUL, TaK U C MOBEPXHOCTH KOpPHEH [§], HO clienyeT OTMETHTbh, YTO MPU NPUMEHEHUHU KaJUsl CONep-
JKaHUE PAIMOHYKIUIOB LIE3Us B PACTEHUSIX MHOTOKPATHO YMEHBINAETCS, & IPH MPUMEHEHUHU a30THBIX
yI0OpEeHUH — yBEITMIUBACTCS.
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[lomoOHas TOYKa 3peHus MO JaHHOMY BOIPOCY CYIIECTBYET W B 3apyOexHBIX paboTtax. Tak, oTMme-
gaeTcst [9], uTo mpouHyro cBsi3b MexAy “’Cs’ M HIMCTBIMHM YaCTHIIAMH MOYBBI MOJKET Pa3pyIIUTh U30bI-
ToK HoHOB NHJ, mosToMy BHECEHHE aMMOHMMHBIX a30THBIX yI0OPEHHH MOXET I0-Pa3HOMY BJIMATH Ha
3arpsasHenne KynsTyp. C omHoi cropoHsl, n30bTok NH; B mouse npusogut x paszdasnenuto *’Cs’, uto
CHIDKAET TIOTJIOIEHHE, B TO JK€ CaMOe BpeMs H30BITOK 3TOT0 KaTHOHA MOYKET MTPUBECTHU K IECOPOITHH yKe
cesizanHoro ¥’Cs', uro yBenuuuBaet noronieHue. C Ipyroi cTOPOHBI, BHECEHHE HUTPATHOH (GOPMBI 230-
Ta TAKXKE yCUIMBaeT noryonieHue ¥’Cs pacTeHUAMHE, XOTs U B MEHbIIIEH cTereHH (B CpeTHEM B 2 pa3a), ueM
a3oT B aMmMoHuiiHoU (opme [10]. DToT (pakT mI0X0 cornacyercs ¢ U3BECTHOW 3aKOHOMEPHOCTBIO, COCTO-
e B CTUMYJIALMK TIPMTOKA B PACTEHHUS KaJlusl M IPyTUX KaTHOHOB (B ToM unciie 1 *’Cs) Ha pone NO,.

Ormeuaercs [11], uto ayudrer GopMoii CTaHIAPTHBIX M MEIJICHHOACHCTBYIOLIUX a30THBIX YI00pe-
HUW TIO]l IPOBBIE W O3UMBIE 3€PHOBBIE KYJIBTYPHI Ha JIEPHOBO-TTOJ30JIMCTHIX TTOYBaX C TOYKU 3PEHUS
CHWKECHHS TIOCTYTUJICHHS PaJIMOHYKIIHIOB B PACTEHUEBOIUECKYIO TTPOAYKIIUIO SIBJISETCS MOYEBHHA, 3a-
TeM — cynbdaTt ammonus 1 KAC. Onnako B apyrux padorax [12] moueBuHa, cynbdaT aMMOHUS U aM-
MHUa4YHas CeIUTPa Mo HaKkormiIeHuo ¥’Cs B IPOJYKIMH CYIIECTBEHHO HE pa3inyaiuch. ClienoBaTeIbHo,
BIUsiHUE (POPM a30THBIX YA0OpEHHI Ha TOCTYTIICHHE PAAHOHYKIIHIOB B PACTCHHUSI SIBISICTCS AOCTATOU-
HO CJIOKHBIM U Pa3HOCTOPOHHUM IIPOIIECCOM.

Lens HacTosIEeH pabOTHl — M3yUYEeHHE BIUSHHUSA (GOPM a30THBIX YIOOPEHU, Pa3TUYarOIINXCs Xa-
paKkTepoM M WHTEHCUBHOCTHIO TpaHchopMaIuu B mouse, B3anmoseiicTsus ¢ 111K n morpebnenus pac-
TEHHUSIMHU, Ha HakoruieHHe “’Cs celbCKOXO3SHCTBEHHBIMH KYJIBTYPaMU Ha JIEPHOBO-TIO30JIUCTHIX CY-
MeCYaHbIX MOYBAX Pa3HON CTENEHH THIPOMOP(PHOCTH.

O0bexTHl U MeTOAbI HccaenoBanuii. ViccnenoBanusi nposonmwiu B 2008—2010 rr. B yClIOBUSX
MOJIEBOTO OMbITa Ha Tepputopuu 3emienonb3oBanus CIIK «3apsuackuity CrnaBropoackoro paiona
MorueBckoit obactu. B 2008 1. Bo3mensiBaau 3epHO0000BYIO cMech (merormka + osec), B 2009 1. —
SIPOBYIO MILIEHUILY copTa MyHK, B 2010 . — maii3y Ha 3eJIeHy0 Maccy.

OOBeKTOM HCCNeIOBaHUS BBICTY AT JEPHOBO-TIOA30JIUCTHIE CyllecyaHble aBTOMOp(Has U rieeBa-
Tas Ha BOIHO-JICTHUKOBBIX PBIXJIBIX CYTIECSX MOYBBI. ATPOXUMHUYECKHE TIOKa3aTeau Mo4B (Am):

JIEPHOBO-TIOI30JIUCTAs CyTecyanas aBTomopguas mousa: pH, ., 5,93, conepxanue rymyca — 2,1 %,
PO, - 218, K,O — 173 mr/kr noussl, T — 5,5 Mr-5ks/100 r noussl, V — 60 %;

JIEPHOBO-TION30/IMCTAsl Cynecyanas rieesaras nousa: pH, ., 6,3, conepxxanue rymyca — 2,3 %, PO, —
117, K,O — 210 mr/kr noussl, T — 7,6 Mr-5k8/100 r moussr, V — 93 %.

[TnoTHOCTH 3arpsi3HEHUsT aBTOMOPGHOI MmouBkl coctaBisuia 14,5 Ku/km? (537 xkbk/M?), rieeBartoit
mouBsl — 13,3 Ku/km? (492 kbk/m?).

HccnenoBanus mMpoBOAKIIN B 3BEHE 3ePHOTPaBIHOro ceBoobopoTa. B 2008 r. Bo3nenbiBanu 6000B0-
3JIaKOBYIO (TIETIOIIKO-OBCSHYI0) CMECh (0Bec copTa CTperer 1 Meltolka copta YeTbsackas), B 2009 . —
SPOBYIO MIIeHUITY copta MyHK, B 2010 T. — maiizy copra Yaanas-2. MeMeHTH TEXHOJIOTUH BO3/IETBIBA-
HUSI KyJBTYpP COOTBETCTBOBAJIA MIPHHSATHIM OTpaciIeBbIM peraamerTam [13].

A3otHbIe, pocdopHbie (cynepdochar aMMOHU3UPOBAHHBIN) U KalIMHHBIE (KU XJIOPUCTBIN) yI0-
OpeHMs BHOCHIIM TIepe]l OCEBOM KyJbTyp. CXema ombITa ¢ pa3HbIMU J03aMU U OpMaMu TPUMEHEHUSI
A30THBIX y100peHuH, 103aMu GocHOPHBIX U KAIMHHBIX YI00pEeHU peacTaBicHa B TaoI. 1.

Ta6aumma 1. CxemaonsiTa, Kr/ra . B.

[lentomko-oBCcsiHAS CMECh SlpoBas mmenuna [Taitza
1. KonTpons (6e3 ynobpenmuii) 1. KonTtpouns (6e3 ynoopeHuii) 1. KonTpouns (63 ynoopeHnuii)
2.P K —don 2.P, K, — don 2.P K, — don
3. ®on+ N, 3. ®on + N 3. ®on+ N,
4. Do+ N 4. Qo+ N, 4. Qo+ N,
5. ®ou + N 5. ®on + Ny . 5. ®ou + N
6. ®on + N . 6. ®on + N, 6. ®on + N,
- 7. @ou + Ny 7. Do + Ny

Mpumevanue Ilpu obo3Hasenun HopM a30THBIX YTOOPEHMH HCMOJB30BAIM CIEIyIOMIME COKpamenus: N ——
kapOamuz (MoueBuHa); N —MOueBHHA Me/UIeHHOAEHCTBYowwast; N, — aMMOHHI cepHOKUCIbI (Cyabdar ammonns); N, —aMMomuii
a30THOKMCIIBIH (cenuTpa aMmuauHas); N, . — KHJKOE a30THOE y00peHHe (CMech pacTBOPOB Kapdamu/ia M aMMUa4YHOM CETUTPBI).
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Pa3menienue 1eNsTHOK B OIBITE — peHA0MU3npoBaHHoe. O0Imas ruromas easHky — 20 M?, ydeTHas
mwiomans — 15 M2 TTOBTOPHOCTE BAPHAHTOB B OIBITE — YETHIPEXKPATHAS.

MeTteoponorudeckue ycioBHs BEreTallMOHHBIX MIEPHOJIOB CYILIECTBEHHO pa3audanuck. I1o ctenenn
yBJIaXKHEHHS (BenuunHe rupporepmuueckoro kodpdunuenta [ T. Censuunosa) 2008 u 2009 rr. xa-
pakTepu30BaIuCh Kak u30pTouHO BiakHble, | TK = 2,0 u 'TK = 2,2 coorBercTBenHo, a 2010 r. — kak
3acynummBsii, ['TK = 0,6.

VnenbHyt0 akTHBHOCTB '*’Cs B IOYBEHHBIX ITpodax orpenessuin Ha y—B-cnekrpometpe MKC-AT1315,
B PaCTHTEJIBHBIX — Ha CHIEKTpOMeTpruuecKkux komiiekcax «Tennelec» n «Canberra» [14]. Annaparypnas
omunOKa u3MepeHnii He npesbimana 15-20 %. B mouBeHHBIX Tpo0ax ompenersuim: TyMmyc — o TiopuHy
B Momuduranuu LIMHAO no I'OCT 26212-91 [15]; pH, ., — noTeHImoMeTpuIecKuM METOIOM [16]; moj1-
BHKHBIE (hopMBbI Qocdopa u kanus — o Kupcanosy [17]. [lonyuennsle qanHble 00padaThIBaId METOIA-
MH JUCHIEPCUOHHOTO U KOPPETALUOHHO-perpeccuoHHoro ananusa no b. A. Jlocnexosy [18] ¢ ucnosnp3o-
BaHUEM CTaHIAPTHOTO KOMITBIOTEPHOTO TIporpaMMHoro obecrieuenus (Excel 7.0, Statistic 7.0).

Pe3yabraThl 1 uX 00cy:kaenue. Ha 1epHOBO-TIOJ30IUCTHIX aBTOMOP(MHON | TlieeBaToH cyrecya-
HBIX MMOYBaX, MIOTHOCTH 3arpssuenus ¥'Cs 14,5 u 13,3 Ku/km? cootBeTcTBeHHO, cpenuuM (173 mr/kr
MOYBBI) ¥ HOBBIIEHHBIM (210 MI/KT TIOUBBI) COAEPKAHUEM MTOJBHIKHOIO KaJIUs B IAXOTHOM CJIO€ YACIb-
Hast akTUBHOCTD '*’Cs B 3epHe 6000BO-311aKOBOI CMecH Ha KOHTpoJie (0e3 MpruMeHeHHS YA00peHmit) Ha
aBToMOpdoi mouBe kosiebanack B mpezenax 16,6-22,3 bk/kr, Ha rineeBatod mouse — 17,1-19,4 Br/kr.
Coxeprxanue *’Cs B 3epHe sipOBOIi MIIICHUIIBI HA aBTOMOP(HO# ouBe He npeBbimano 8,0 bk/kr, Ha rie-
eBaroii mouse — 6,4 bk/kr (puc. 1).

Brecenne GochopHbIX n KaIuidHBIX ya00peHuii moa 6060B0-371aKk0By 0 cMech B no3ax P, K . oGe-
criednsio cymiecTBeHHoe cHmkeHune ’Cs B 3epue. Ha aBToMOp(HOIT oYBe aKTUBHOCTH PaJiMOHYKIIHIA
yMeHbImIach B cpenneM ¢ 19,1 o 9,5 br/kr (B 2 pa3a), Ha riieeBaToii ouse — ¢ 15,2 1o 9,4 br/kr (B 1,6 paza).

Paznbie hopMBI a30THRIX YAOOPEHUH, KOTOPHIC TPUMEHSIIN TIepe ITOCEBOM 0000BO-371aKOBOI cMe-
cu B 103e 60 Kr/ra, Io-pa3sHoMy TOBJIHSUTH Ha nocTyrienne V’Cs B 3epH0O000BYI0 CMECh, UX JEHCTBHE
TaKJKe 3aBHCEJI0 OT TUAPOMOP(HOCTH TTOUBBI.

Ha aBromMop(HOI#i ouBe B BapHaHTaX ¢ IPUMEHEHUEM a30THBIX YI0OpeHni akTHBHOCTH '*'Cs B 3epHe
xonebanace B cpearem ot 10,0 o 15,9 br/kr (HCP ; = 4,58). JlocToBepHOE yBEIMYEHUE CONEPKAHUS
pPajIMOHYKIIMJA B POAYKIMU MO OTHOWIEHHIO K (ochopHO-KamuitHOMy (GoHY M BapuaHTaMm ¢ aMMHU-
agnoi cenutpoi (N ) u KAC (N, .) Habaromanocs npu BHeceHuu Cyibpara amMoHus (N, ). Dopmbl
a30THBIX yIOOpeHni — MoYeBHHA, aMmMuadHas cenutpa u KAC — cyIecTBeHHBIX pa3Inanuii Mex 1y co0oi
HE UMEJIH.

Ha riieeBaToii moYBe JOCTOBEPHOTO MOBBIIICHUS coniepskanus *’Cs B 3epHe Y BHECEHUH BCeX GopM
A30THBIX yIOOpEHUI MO OTHOIIECHHIO K (pocopHO-KaniiHOMY (DOHY HE YCTaHOBIEHO. B To ke BpeMms
MUHUMAaJIBHOE COIEpXKaHHE PaAMOHYKJIMJA HAONIONAI0Ch B BapUaHTaxX C IMPUMEHEHHEM aMMMA4YHOM
cenuTphl 1 cyibdara ammonust — 8,2 u 8,4 BK/KT COOTBETCTBEHHO.

VYnenbHast akTuBHOCTH *’Cs B 3epHE sSipOBOM IMIIEHUIIBI M3MEHSIIACh M0 BapHaHTaM OIbITA HA aB-
ToMOp(HOI ToYBe B npexaenax 5,6—6,8 bk/kr, Ha riieeBaroii mouse — 5,2—6,0 bk/kr. BenencTeue oueHb
HU3KHUX 3HaYCHUH MOCTYTUICHUS PaIMOHYKIUA U3 TIOYBBI B PACTCHUS HE YCTAHOBIICHO JIOCTOBEPHOI'O
YBEJIMUCHHS €r0 HAKOTJICHHS TI0/I BIUSIHUEM a30THBIX YI00peHUH, KOTopble BHOCKIH B 103¢ 90 Kr/Ta,
M0 CPaBHEHUIO ¢ POCHOPHO-KATHUHBIM (DOHOM, a TAaK)Ke CYIECTBEHHBIX Pa3IHMuuil MKy BapHaHTaMH
C pa3HbIMH (hOpMaMK BHOCUMOTI'O a30Ta.

Coneprxanue *'Cs B 3eneHol Macce 6000BO-371aKOBOI CMECH M3MEHSIIOCH 110 BAPHAHTAM OITbITa Ha
aBToMOp(dHO# ouBe B cpenHeM oT 19,7 no 30,7 Br/kr, Ha riieeBatoii mouse — ot 28,6 1o 47,5 br/kr (puc. 2).

VnenbHast akTuBHOCTH *'Cs B 3eieHO Macce 0000BO-371aKOBOW TpaBOCMecH Ha KOHTpoie (0e3
ynoOpeHuit) Ha aBToMOp(hHON U TIeeBaToi mousax cocrasuia 30,7 u 29,9 bk/kr cooTBeTcTBEeHHO. [Ipn
BHECEHNH (OCPOPHBIX U KaJIMHHBIX ynoOpenui B no3ax P, K . 10CTOBEpHOE CHUKEHUE CONEPKAHMS
PaJIMOHYKJIM/IA B PACTEHUAX HAOII0AaI0Ch TOJIBKO Ha aBTOMOpQHO# nouse — 6,4 bx/kr (HCP = 6,08).
Ha rneeBaroii nouse Ha ¢one PK aktuBHOCTH *’Cs B 3e/ieHOI Macce HECYIECTBEHHO OTIMYANach OT
KOHTpous — 28,6 Bi/KT.

Bnusinue pa3Hbix GopMm a30THBIX YI0OpEHHIA, KOTOPbIE BHOCUIH B 03¢ 60 KI/ra, Ha MOCTYIUICHUE
paznnoLesus B 3eJICHYI0 MacCy TPaB 3aBUCEIIO OT CTENEHU THAPOMOP(HOCTH MOYBBI.

53



BoboBo-3nakoBasi cMecChb (3epHO)
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ApoBas nweHuua (3epHo)
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[l Cpearee sHaueHne =— [ImanasoH OTKIOHEHWN

Puc. 1. Bausiuue popm a3oTHbIX yapobpenuit Ha nocryiuieHue V’Cs B 3epHO 6000BO-371aKOBOM CMECH U SIPOBOM IMIICHHIIBL:
I — xontpous (6e3 ynoOpenuit); 2 — pou PK; 3 —PK+N ;4 -PK+N -5-PK+N;6-PK+N_ ;7-PK+N_ .

Ha aBToMOp$HO# 1oYBe NPUMEHEHUE MOYCBUHBI, aMMuadHoU ceauTpbl 1 KAC He npuBeso K ycu-
JICHUIO TIOCTYTUJICHUS PaTHOHYKJIHAA B MPOMYKIINIO, aKTUBHOCTB €T0 B 3€JICHON Macce B THX BapHUaH-
Tax Kojebanacek B penenax 19,7-25,1 br/kr npu conepxannu Ha pone PK — 24,3 br/kr (HCP , = 6,08).
CymiectBenHoe noBbiieHue *’Cs HabII0aI0Ch TOJIBKO B BAPUAHTE C BHECEHHEM Cylb(paTa aMMOHUS,
I7ie cofiepKaHue ero B 3eJeHOl Macce coctaBmiio 31,4 Bk/Kr.

Ha rieeBaroii mouBe HaOI01a1ach 00paTHAs 3aKOHOMEPHOCTh. HecyliecTBeHHBIE pa3inyus B Ha-
xornenun ’Cs B 3enennoi macce Tpas (1,5 bx/kr nmpu HCP . = 7,94) Obuin mMexay dochopHo-ka-
JUHAHBIM ()OHOM M BapUAHTOM C MPUMEHEHHEM CyJib(aTa aMMOHHUS, TOI/Ia KaK MO OCTaabHBIM (opmMam
A30THBIX yIOOPEHUH MPOUCXOIUIIO TOCTOBEPHOE YBEIMUCHHUE COMEPKaHUS PATUOHYKINIA B MIPOTYK-
nnu. MakcuMalibHasi aKkTHBHOCTBh €r0 OTMEYallach B BapHaHTE C MPHUMEHEHHEM MOYEBHHBI, KOTOpas
cocraBmiia B cpeqHeM 47,5 bk/kr ¢ konebanusimu ot 39,6 no 54,9 br/kr.

Haxomnenne *'Cs B 3eneHON Macce maif3bl M3MEHSAIOCH B CICAYIONIMX Mpeaeiax: Ha aBTOMOPd-
Ho# mouse — 27,8-32,8 br/kr (HCP = 5,09), na rneesaroii nouse — 27,0-32,2 bx/kr (HCP = 8,37).
He ycTaHOBIEHO MOCTOBEPHBIX Pa3IMIH MEXTy W3yUYaeMbIMH BapHaHTAMH, B TOM 4UCiIe U (HopMamMu
a30THBIX yIOOpEHUH, B COMEPKaHNN PAaTHOHYKIJIHIA B IPOayKIInKA. Habmromanack TOMBKO TCHACHITHS
K yBenn4eHuto aktuBHoctr ¥'Cs B 3eneHoit macce k pony PK npu BHeceHUH Kak Ha aBTOMOP(HOM, Tak
Y Ha IJIeeBaTOM IM0YBE MOYCBUHBI CTAHJAPTHOM.
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Bo6oBo-3nakoBas cmechb (3ereHas macca)
Br/kr
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Mansa (3eneHasn macca)
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] Cpeanee 3HaueHve — [nana3oH OTKNOHEHWN

Puc. 2. Biusaue gopm a30THBIX yaobpeHuil Ha moctyruieHne ’Cs B 3eieHy0 Maccy 6000BO-371aKOBOM CMECH ¥ Mail3bl:
I — xouTpons (63 ynobpenuit); 2 — pou PK; 3 —PK+N ;4 -PK+N_ :5-PK+N;6-PK+N_;:7-PK+N,,

I[H)I OLICHKHU MOCTYIJICHUSA PAAUOHYKIIMJIO0OB U3 NOYBbI B PACTCHH S HMCIOJL3YIOT PA3JIMYHBIC KOJIU-
YECTBEHHBIE TOKa3aTenu: Kodpduuuent nakomnenus (K ) — OTHOIEHUE aKTUBHOCTH PaJMOHY KNI
K eIWHWIE Macchl pacTeHUH u mouBbl (bK/Kr:BK/kT); K03 dunmeHT mepexona (KH) — OTHOILIECHUE
YACIABbHOU aKTUBHOCTHU PAJUMOHYKIIMAA B PACTCHUAX K IJNIOTHOCTHU 3arpsi3HCHHSA IOYBbBI Ha C€OAWHHUILY
mwiomanu (bk/kr:kbk/mM?). B MeXIyHapOIHBIX MyOIHKAIUAX, B COOTBETCTBUU C PEKOMEHIAIIASIMU
Mesx1yHapOgHOTO COr03a PaJHOdKOJIOr MU, MCIIONB3YIOTCS aHAJOrMYHble Tokasarenu: Transfer factor
(F,umn TF) — ananor kodduunenta nakorenus n Aggregated transfer factor (7 ) — aHanor k03 Pu-
nHueHTa rmepexona [19].

Hamu onpenencubl koadduiueHTs! nepexoaa ¥’Cs u3 1epHOBO-MOA30IUCTON aBTOMOP(HOI U Tite-
€BaTOM CyIecYaHoil MOYBBI B 36pHO 0000BO-3]I1aKOBOM CMECH M SIPOBOM MIIEHUIIBI, a TAK)KE B 3€JIEHYIO
Maccy 0000BO-371aKOBOM TPAaBOCMECH M TIAM3bI.

IMapameTpsl epexona *’Cs B 3epHO SIpOBO MIIIEHUIIBI H3MEHSTUCH HA aBTOMOP(HOM MOYBE B Mpe-
nenax 0,013—0,015, na rneesatoit mouse — 0,011-0,014. Koapuimentsr mepexona paarnoHyKIHIa B 3€pHO
06000B0-311aKOBOI CMECH OBLITH BBIIIE, YEM B 3€PHO SIPOBOM MIIICHHUIIBI, K COCTABIISLIA HA aBTOMOP(HOM
u ieesaroi nousax 0,021-0,042 u 0,019-0,035 coorBeTcTBeHHO. bonee BhicOoKMe 3Ha4eHus K momy-
YeHBI B BapuaHTax 0e3 MpUMEHEeHHsI YI0OPEHMI, a TAK)Ke B BApPHAHTaX ¢ BHECEHHEM Ha aBTOMOP(HOM
noyBe Cyib(haTa aMMOHUS, Ha TJIEEBATOM MMOYBE — MOYEBUHBI (Ta0II. 2).
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Tabnwuuoa 2. Bansuue popm a30THBIX yao0peHuii Ha Ko3pPunueHTs Nepexona '¥Cs
B MPOAYKIHIO BO3JeJIbIBAEMbIX KYJIBLTYP

3epHO 3eneHas macca

BapuanT onsita
6060B0O-371aK0Basi CMECh | sIpoBast MILICHULIA 6000B0O-371aKOBasi CMECh naiza

Jleproso-noosonucmas asmomop@uas cynecuanas nouea

1. KonTpouns (6e3 yrobpenmii) 0,042 0,013 0,068 0,072
2. PK — don 0,022 0,013 0,057 0,067
3. ®ou +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. Pon+ N 0,025 0,014 0,058 0,064
7. ®ou+ N, 0,021 0,014 0,042 0,061
Jepnoso-nooszonucmas eieesamas cynecuands nousa
1. KonTpouns (6e3 yrobpennii) 0,035 0,014 0,069 0,074
2. PK — don 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. ®on + N, 0,020 0,013 0,073 0,065
6. Pon+ N 0,019 0,012 0,088 0,068
7. ®ou+ N, 0,024 0,011 0,087 0,061

CrenyeT OTMETHTB, YTO B yCJIOBUSAX OMNbITA MOMy4YeHbl Oonee Huskue 3HaueHus K "'Cs B 3epHO
SIPOBOM MIIIEHUIIBI 10 CPABHEHUIO C TIPUHATBIMU B PEKOMEHIATEIbHBIX JJOKYMEHTAX, KOTOPBIH COCTaB-
nset 0,036 nis 1epHOBO-TIO30IMCTON CyTIeCUaHOW MOYBHI MTPH 00ECTICUeHHOCTH TOJIBH)KHBIM KaJTHeM
141-200 mr/xT mouBsl [20].

KoaddunuenTs! nepexoaa paJuoHyKIHIA B 3€JIEHYI0 Maccy 0000BO-371aKOBOH TPaBOCMECH U Tak-
3BI KOJIebauch Ha aBToMopdHO# mouBe B penenax 0,042—0,079 u 0,061-0,080, Ha rieeBaToii MOIBE —
0,066—0,115 u 0,061-0,084 cOOTBETCTBEHHO.

Ha ocHOBaHMM MONYUYCHHBIX MapaMeTpoB mepexoga 'Cs B 3epHO M 3CJICHYI0 MacCy HM3y4aeMbIX
CENILCKOX03AUCTBEHHBIX KYJIBTYDP ONPENEIEHbI TOMYCTUMbIE TIOTHOCTH 3arpsasHenus nous (JI1) mpu
BHECEHUU Pa3HbIX (DOPM a30THBIX YAOOPEHUN JJIsl TIOYUSHUsS Pa3JIMYHbIX BUJIOB KOHEUHOHN pacTeHUE-
BO/IYECKON M dKUBOTHOBOIUECKOW MTPOAYKIIMHU, OTBEYAIOIIEH pecTyOTMKaHCKIM JIOMTYCTHMBIM yPOBHSIM
(PAY) 1 1onmyCTUMBIM YPOBHSIM, IPUHATHIM B paMkax Tamoskernnoro coro3a (Y TC). PacueTts mpoBo-
Iuna 1o popmyire

ay

M, =—-"—,
Al K, -37

rae AI1 — nomycTuMas NJIOTHOCTh 3arpA3HEHUS OYBBI pairoHykauaom, Ku/km* 1Y — pecryOnukan-
CKMUI JONYCTUMBIA yPOBEHb WU JAONYCTUMBIA YPOBEHb B paMKaxX TaMOKEHHOrO COI03a COIEp KaHUs
PajiMOHYKIMIA B MpoAyKuuH, br/kr, 11; K — ko3 QuunenT nepexona paiuoHyKIKMa U3 IOYBbI B pac-
TEHUEBOIYECKYIO MPOAYKIHNI0, BK/KT : kbk/M?; 37 — koaddurrenT nepecuera HKu/kr B Bk/KT.

[Ipu nporxose HONycTUMOM INIOTHOCTH 3arpsi3HEHUS MOYB YUUTHIBAJIHM ONPEIEICHHYIO CTEICHb
KOHCEPBATUBHOCTHU (IIPOYHOCTH MPOrHO3a), MTPEAYCMATPUBAIOIIYI0 H3MEHEHUS KOA((PHUIIMEHTOB Hepe-
X0JIa PAJHOHYKIU/IOB B pACTEHHUEBOAUECKYIO TPOAYKIIHIO, CBSI3aHHBIE C 0COOCHHOCTSIMU I'MIPOTEpPMHUYC-
CKHX YCJIOBHH BETETAIlMOHHBIX MTEPHOIOB, KOJIEOaHHS KOTOPHIX olleHuBaroTcs B +30 %. B Hammx oren-
Kax JIOMyCTHMas TIOTHOCTH 3arpsa3Henus mous *’Cs, riae BO3MOXKHO MPOU3BOJICTBO MPOIYKIIMU U3yYa-
eMbIxX KynbTyp B nipegenax PAY unu 1Y TC, npunumanacs Ha ypoBHe 70 % OT pacueTHON BETUYUHBIL.

B ycnoBusx pamMoakTHBHOTO 3arpsi3HEHUS CEIbCKOXO3SHCTBEHHBIX 3eMelb Hambosee >KECTKO
HOPMHPYETCSL COAEpPKAHUE PAJUOHYKJIMJIOB B MPOAYKLHH CEIbCKOXO3SUCTBEHHBIX KYJIbTYp, BO3JE-
JBIBAEMBIX Ha MPOJOBOJILCTBEHHBIE LieaH. Bo3nenbiBaHHE CENbCKOXO3AWCTBEHHBIX KYNBTYp, COMIACHO
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3aKOHONATENLCTBY PecnyOmnuku benapych, pa3penieHo Ha 3eMIIsX ¢ MIIOTHOCTBIO 3arpsisHeHus mous ¥'Cs
10 40 Ku/xm? 1 *°Sr — no 3,0 Ku/km? [21].

B cooTBeTcTBHM C pecmyOIMKaHCKMMU JONYCTHMBIMH YPOBHSIMU, TpenenbHoe copepxanue *'Cs
B 3€pHE 3E€PHOBBIX M 3¢pHOOOOOBHIX KYJIBTYpP HA IMHUINEBBIC IETN HE AOKHO mpeBsimaTh — 90 Br/kr,
B 3epHe Ha jetckoe nuTtanue — 55 Bbr/kr [20]. Cornacno TexHuueckomy perinaMeHTy TaMOXEeHHOTo co-
103a «O Oe3omacHOCTH 3epHay, coaepskanne ’Cs B 3epHe Ha MHIIEBHIE €N HE JODKHO TIPEBBINIATH
60 Bx/kr.

Pe3ynbraThl MPOrHO3HBIX OIEHOK MOKA3aJIH, YTO Ha JEPHOBO-TIOI30JUCTHIX aBTOMOP(hHON U Tiee-
BaTOMN CyINecYaHbIX MoyBax co cpeaHuM (173 MI/KT mo4Bbl) U MOBBIICHHBIM (210 MI/KT TOYBBI) cozep-
JKaHWEM TIOJIBH’KHOTO KaJIus B TAXOTHOM CIIO€ BO3/IENIBIBATH SIPOBYIO MIIIEHUITY JJIS IPOU3BOJICTBA 3€P-
Ha Ha MUIIEBbIC IEJTH U Ha JIETCKOE MUTAHUE AOMYCTHMO TIPH IIOTHOCTH 3arps3Henus ¥'Cs 1o 40 Ku/km?,
Ha ¢one BHeceHUs mon KynbTypy (HOCHOPHBIX U KaTUHHBIX yaoOpeHuid B go3ax 90 u 150 kr/ra coot-
BETCTBEHHO BO3MOXKHO IPUMEHEHHE 0e3 OrpaHWYCHUU BCEX M3ydaeMbIX (OPM a30THBIX YAOOpEeHHI
(MOYEBHMHBI CTaHAAPTHON, MOYEBHHBI MEJICHHOJICHCTBYIOIIIEH, CyIb(haTa aMMOHUS, aMMHUAYHOU CEUTPBI,
KAC) B no3ax 90 xr/ra z. B. (tra0m. 3).

Tab6nuua 3. OrpaHuveHus Mo J0NYCTHMOM MJIOTHOCTH 3arpsi3HeHust mo4us ¥'Cs
NP PUMEHEHHH Pa3HbIX (POPM a30THBIX Y100pPeH Uil 1JIsi MPOM3BOACTBA PA3JIMYHBIX BH/I0B
pacTenneBoI4eCKOii MPOAYKIUHU U 1IeJIEBOro ee Ha3HaYeHus, Ku/km?

®Dopma a30THOTO Y10OpEHHS
Buna npogykiuu IleneBoe Ha3HaueHHE IMousa*

N, N, N, N, Ny

3epHo sIpoBOH Ha numessie nenu, PIY — 90 bk/kr 1 40,0 40,0 40,0 40,0 | 40,0
MIIICHUIBI u JIY TC — 60 bk/kr 2 40,0 40,0 40,0 40,0 | 40,0
Ha nerckoe nuranue, 1 40,0 40,0 40,0 40,0 | 40,0

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

Ha ¢ypax ans npons3BoacTBa eIbHOTO MOJIOKA, 1 40,0 40,0 40,0 | 40,0 | 40,0

PIIY — 100 Bx/n 2 40,0 40,0 40,0 | 40,0 | 40,0

Ha ¢ypax ans mpousBoncTsa msica, 1 40,0 40,0 40,0 | 40,0 | 40,0

Y TC - 200 bx/kr 2 40,0 40,0 40,0 | 40,0 | 40,0

3epHo Ha dypax ans mponsBoacTBa EIHHOTO MOJIOKA, 1 40,0 40,0 40,0 40,0 | 40,0
06000B0-371aKOBOM PV — 100 bx/n 2 40,0 40,0 40,0 | 40,0 | 40,0
CMecH Ha ¢ypax nis npousBoacTsa Msca, 1 40,0 40,0 40,0 | 40,0 | 40,0
AY TC — 200 Bx/kr 2 40,0 | 40,0 40,0 | 40,0 | 40,0

3eseHas Macca J11st mpor3BOACTBA LIETBHOI'O MOJIOKA, 1 40,0 40,0 40,0 | 40,0 | 40,0
6000B0O-3/1aKOBOM PV — 100 Bx/n 2 29,5 - 40,0 | 38,5 | 39,0
TpaBoOCMECH Jlns mpousBoacTBa Msca, 1 40,0 40,0 40,0 40,0 | 40,0
Y TC — 200 Bx/kr 2 31,0 40,0 40,0 | 40,0 | 40,0

3eneHas macca J171s1 npou3BOJACTBA LEIBHOI'0 MOJIOKA, 1 40,0 40,0 40,0 40,0 | 40,0
nans3bl PIY — 100 bx/n 2 40,0 40,0 40,0 | 40,0 | 40,0
Jlnst mpousBoaCTBa Msica, 1 40,0 40,0 40,0 40,0 | 40,0

Y TC - 200 bx/kr 2 40,0 40,0 40,0 | 40,0 | 40,0

* ] — aBroMop(Has o4Ba, 2 — riieeBaras rovsa.

He nuMuTHpYyeTCs TaKkKe IIOTHOCTHIO 3arpsisHeHus '¥’Cs kak aBTOMOP(QHOIi, Tak U riieeBaToi Mo4s
BO3/ICJIBIBAHUE SIPOBOM MIIEHHUIIBI B 000OBO-3JIaKOBOM CMECH MPH MOJTyUeHUH (Pypa’kHOTO 3epHa AJIs
UCIIOJIb30BaHUS €T0 IPU IIPOU3BOACTBE LIEIBHOI'O MOJIOKA U MsiCa (TOBSIIUHBI).

B T0 e BpeMst UMEIOTCsI OrpaHUYeHH s 10 IPUMEHEHHIO OTACIBHBIX (JOPM a30THBIX yI0OpPEHUH 10
0000B0-311aKOBYIO TPABOCMECH Ha 3€JICHYI0 Maccy. Tak, Ha JJepHOBO-TIOA30JIMCTON TII€eBaTON CylIeCHaHOM
NOYBE MPUMEHEHNE MOYCBUHBI CTAHJAPTHOM OTPaHUYEHO TIOTHOCTHIO 3arps3Herus ¥'Cs 29,5 Ku/km?
IPU MOJYYEHUH 3€JIEHONH Macchl AJi MPOU3BOACTBA LEIBHOIO MOJIOKA, OTBEYAIOIIETO JOIYCTHMOMY
YPOBHIO TI0 copepskannio pagnonykauaa (100 bk/m), a Takke mIoTHOCTRIO 3arps3uenus 31,0 Ku/km? —
IIPU TIOJIYYEHUH 3€JIEHON MacChl A HPOM3BOACTBA Msica ¢ coepkanueM paguonesus 10 200 br/kr.
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OrpanndeHo IOTHOCTHIO 3arpsisHeHus *’Cs 38,5-39,0 Ku/km? npuMeHeHe aMMHaYHON CeTUTPBI
u KAC mipu Bo31eTBIBAHNH HA TJICEBATON IMOYBE OOOOBO-37TaKOBOM TPABOCMECH HA 3EJICHYIO MACCy JIIS
CKapMJIMBaHUS JOWHOMY CTay W MOJy4YeHHUs LEeTbHOTO MOJIOKA.

B cBs3u ¢ 6onee HU3KUMU MmapaMeTpamu rrepexona '’Cs B pacTeHus IMali3kl 10 CpaBHEHHUIO ¢ 6000-
BO-3JIAKOBOH CMECBIO HET OrpaHHYEHHI 10 ee BO3/IeNIbIBAHHIO Ha 3eJICHYI0 MacCy Kak Ha aBTOMOP(HOI,
TaK U Ha IJIeeBaToH MMouBe.

BriBoabl

1. Baustaue pasHbix (opM a30THBIX yaoOpenuii Ha nmocrymienne *’Cs B pacTeHUs 3aBUCETIO OT CTe-
MEHU THAPOMOPGHOCTH MOYBBI M OMOJIOrMYECKUX OCOOCHHOCTEH BO3JebIBaeMbIX KyubTyp. Ha aBro-
MOpGHOH NouBE BHECEHHE CyJb(haTa aMMOHUS CYIIECTBEHHO YBEJIMYMIIO COACP)KAHUE PATUOHYKIUAA
B 3€pHE W 3eJeHOol mMacce 60060B0-371aKkoBOM cMmecH. [Ipu mpuMeHEeHHH MOYEBHMHBI, aMMHUAYHOW CEIu-
Tpel 1 KAC He Habmr01a710Ch yerienus noctyreHust *’Cs B MpOayKITHIO TI0 CPaBHEHUTO ¢ POCchOpHO-
KaJuitHeIM (oHOM. Ha rieeBaroii mouBe OpMbl a30THBIX ya00peHHii 1o HakorieHuio ¥'Cs B 3epHe
0000B0O-371aKOBOI CMECH pa3iinYyaJIiuCh HECYIIECTBCHHO, a B 3€JICHOM Macce — MaKCUMaJlbHasl aKTHB-
HOCTb paJJUOHYKJIMAA OTMEUCHA IMPU BHCCECHHUU MOYCBUHBI CTaHHapTHOﬁ. He YCTAHOBJICHO OOCTOBEP-
HBIX PA3IMYHI MKy U3ydaeMbIMH (hOPMaMH a30THBIX yH00peHHii B moctymieHnu *’Cs B 3epHO spo-
BOM MIICHUIIBI U 3€JICHYI0 Maccy Maii3bl. Habmonanach TOIBKO TEHICHIMS K YBEIMUCHHIO aKTHBHOCTH
€ro B 3eJICHOW Macce Maii3bl 0 OTHOIEHHIO K (hochopHO-KaTuiHHOMY (OHY MPU BHECEHUU MOYEBUHBI
CTaHJapTHOM.

2. Ha nepHOBO-1I0A30JIMCTHIX CyNIECYaHBIX aBTOMOP()HOM U TJIeeBaTON MOYBax ¢ MOBBILIEHHOHN U cpei-
HEeHll 00eCTeYeHHOCTHIO TIOABUKHBIM KaJlieM BO3MOXKHO NMPUMEHEHHE MOYEBHUHBI CTaHIAPTHOM, MOue-
BHUHBI MEJJICHHOJICHCTBYOIIEH, CyIb(aTa aMMOHHMS, aMMHadHOH cenuTpsl U KAC 0e3 orpaHuYeHwui 1Mo
IUIOTHOCTH 3arpsi3HeHMsI Ho4uBHI *'Cs IIpH MPOM3BOCTBE 3€pHA SIPOBOH ITIICHAIIH! HA MUIIEBBIC U (Qypaxk-
HBIE 1M, 3epHa 0000BO-371aKOBOI cMecH Ha (hypak U 3€JICHONW Macchl Mai3bl 171 TOTyYEHHS! LEJIbHOTO
MOJIOKa 1 Msca.

3. Ha nepHOBO-TIOA30JIMCTON TJIEEBATOW CyIECYaHON MOYBE OTPAaHUYCHO MPUMCHEHHE MOUYCBHHBI
CTaHJApPTHOW TUIOTHOCTHIO 3arpsizHenust ’Cs 29,5 Ku/km? npu moixydeHuu 3ejeHoi Macchl 6000BO-
3JIAaKOBOM TPaBOCMECH JIJIsl TIPOU3BOJICTBA IIEIBHOTO MOJIOKA ¢ cofiepikaHreM pannonykimuaa 1o 100 br/m,
IOTHOCTRIO 3arpsisHeHus 31,0 Ku/km? — mpu mosyueHHH 3eJeHOW MacChl AJis MPOU3BOACTBA Msca
¢ conepkanueM panuonykiauaa a0 200 bk/kr. Takke orpaHM4eHO MPUMEHEHHE aMMHUAYHOH CEIUTPHI
u KAC mnotHocTeio 3arpsiaenus ¥’Cs 38,5-39,0 Ku/km? mpu Bo3aeabIBaHUN O000BO-371aKOBOI TPaBoO-
CMECH Ha 3eJICHYI0 MacCy JJIsSI CKapMIIMBAHUS TOMHOMY CTaay U IMOJIy4YeHHUs LeTBbHOTO 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.



