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KiroueBble ciioBa: 6noyno0peHus; rpaHyIMPOBaHHBIE YIOOPEHHS; MUKPOOP-
TaHU3MbI; IPOJIOHTMPOBAHHBINA 3(D(DEKT; CHIKEHUE BHIOPOCOB a30Ta; YBEJIHMUYCHHUE ILIO-
JIOPO/IUSI TTIOYBHI.

AHHOTaMsA: PaccMOTpeH Croco6 moiydeHus: rpaHyIMpOBaHHOTO OPraHOMUHE-
pasibHOrO OMOYAI00peHMs, 00IaIAI0NIero MPOJOHTUPOBAaHHBIM JeiicTBUeM. CTpyKTypa
ynoOpeHHs MPEeCTaBIIsieT MHOTOCJIOWHYIO TpaHylly, IEpBbIi CIIOW KOTOpOW, HaHECEH-
HBII HEMOCPEACTBEHHO Ha sapo npuiutpoBaHHoro NPK-ynoOpeHus, NpUBOANT K 3a-
MEJUIEHHOMY BBIACJIECHHIO MTUTATEIbHBIX BEIIECTB M OTPHLATEIBHOMY TaKCHCY MHKpO-
OpraHu3MoB. BTOpoii cil0if COAEPKUT OPraHUYECKYI0 COCTABISIONIYI0 M MHKpOOpra-
HHU3MBI, KOTOpbIE 00ECIEYNBAIOT MOBBIMICHNE IUIOOPOANS MOYBBI M YIIydIIAlOT OHO-
JOCTYIHOCTh ynoOpenus. TpeTnit cioif siBisiercst THApO(GOOHBIM 3aUTHBIM TTOKPHITH-
€M, CO3/IaIOIUM ITOJIOKHUTEIBHBIH TAKCHC MHKPOOPTaHU3MOB U MPEI0TBPALIAIOIINM HX
MPEXIEBPEMEHHYO aKTHBALIMIO U Pa3repMETU3AIMI0 BHYTPEHHUX CIIOEB TPaHYJIbL.

BBenenue

B Hacrosmiee Bpemst HAOIIOIAETCSl CTPEMUTEINIBHBIN POCT HACEIEHUs IIaHeThl, MO~
3TOMY COBpPEMEHHBIE CIIOCOOBI BEJECHHS CELCKOTO XO35iiCTBa HANpaBJCHBI HA ITTOBBI-
IIEHHE YPOXKaHHOCTH KyJbTYp, YTO JOCTUTACTCS YBEIMUCHHEM KOJIMYECTBA BHOCHMBIX
B [TOYBY MHUHEPAIBHBIX yH0oOpeHui. OgHaKo ype3MepHOe MX UCIOIb30BAHUE MTPUBOIUT
K BO3HHMKHOBEHHIO CJICAYIOIINX CEPbE3HBIX IKOJOTMYECKHX MpoOJIeM: Jerpajanun
Y 3PO3UH HOYBBI, HCTOIIEHHIO OPTaHUIECKOTO BEILECTBA B HEH, 3acCoieHHI0 U 1p. s
UX pEIIeHHs TPeOyIOTCS HOBbIE METO/bI BEICHUS CEIILCKOTO X03AHCTBA, KOTOPBIE OCHO-
BaHbl Ha 3()(PEKTUBHOCTH, FIKOJOTUYHOCTH U OE30MACHOCTH PUMEHEHHS COBPEMEHHBIX
BUI0B ynoOpenui. Tak, ynoOpenusi, oOiajarouiue NpPOJOHTHPOBAHHBIM S(PPEKTOM,
CIIOCOOCTBYIOT CHMIKEHHIO BBIOPOCOB a30Ta 3a CUET PA[MOHAIBHOTO MUTAaHHS CEIbCKO-
XO3SHCTBEHHBIX KYJBTYp, @ yJOOpPEHHSI C COJEpKaHHEM OpraHM4YecKoro cyocrpara
U MHKPOOPTaHM3MOB OOECIIEUHMBAIOT IOJAEPKaHNE KYJIBTYPHOTO CJIOSl M ITOBBIIIAIOT
TUTOJIOPO/INE TIOYUBBI, @ TaKKe OMOJOCTYITHOCTb ITMTATENBHBIX BEIIECTB JUIS PACTCHUI.
W3 BbIIETIEPEUNCIIEHHOTO CIIEAYeT, YTO pa3padoTKa Crocoda MOydeHHs TPaHyIupo-
BaHHOTO OPTraHOMHHEPAIFHOTO OHOYAOOpEeHHS, O0JIAAIONIeT0 MPOJIOHTHPOBAHHBIM
NeficTBHEM, SBISIETCS] aKTyallbHOHM 3a/adeii, HalpaBIeHHON Ha pelleHre mpooieM, BO3-
HUKAIOLINUX Mepel TPOU3BOJUTENSIMH CEITbCKOXO3SICTBEHHOM MTPOTyKINH.

Yao0peHust npoJIOHTMPOBAHHOIO e CTBUS

BobIIMHCTBO MUHEPAJIbHBIX yIO0OPEHNH, UCIIOIb3YEMbIX Ha CEIbCKOXO3SHCTBEH-
HBIX yrojpsix Poccum A MOBBIIEHUS YPOXKaHHOCTH KYyJbTYp, SIBIAIOTCS a30TCOAEP-
JKAIIUMHU (aMMHaJyHasi CelIuTpa, KapOammu, ClIoxHble ynoOpeHus). Takue ynoOpeHus
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OYEHB JIETKO PAaCTBOPSIOTCS B BOJIE, IPH ITOM HE B MOJHOW Mepe MOTpeOIIIOTCs pacTe-
HUsIMU. B pesynbraTe 3TOro W30BITOYHBINH a30T yJIETy4nBaeTcsi B aTMOoc()epy U BBIMBI-
BAeTCsl [PYHTOBBIMH BOJIAMH, YTO IMPUBOJUT K BO3HUKHOBEHHIO CEPbE3HBIX IKOJIOTHYE-
CKHUX MpO0JIeM, TaKMX KaK 3pO3usl O4BbI, 32001a4MBaHIe BOJOEMOB, KHCIOTHBIE JIOXK-
Ji, U30BITOYHOE COJIepPIKaHKUE a30Ta B MPOJAYKTAX IMUTAHUS JJISl YEIOBEKa U KUBOTHBIX,
paspymeHie 030HOBOTO cinos U Ap. [1]. Ans MUHIMHA3AaIUU PUCKOB UX BO3HUKHOBEHUS
HEOOXOAMMO JIOOUTHCS TMOBBILICHUS! YCBOSIEMOCTH MOTPEOISIEMOro PacTeHUSIMU a30Ta.
OnHUM M3 CIIOCOOOB JIOCTHIKEHHS STOTO SIBJISICTCSI UCIIONIb30BaHUE yI0OPEHUI TPOJIOH-
TUPOBAHHOTO JIeHCTBUS [2].

Jlist monydeHust TakuX YAOOPSHHUH B OCHOBHOM MPUMEHSIOT TPAHYJISTOPEI TapeIlb-
4aToro U 0apabaHHOTO THUIIOB, alapaThl C MICEBIOOKIDKEHHBIM ciioeM [3], mpu 3ToM
UCXOJIHOE a30TCOJIEpXKAIIEE PO MOKPHIBACTCS MaJIOPAaCTBOPUMBIMH WIIUA TTOJTHOCTEIO
HEpPacTBOPUMBIMHU 00OJI0UYKAMHU.

[Ipu ucronp30BaHUK yIOOPEHHUH MPOJOHTUPOBAHHOIO ACHCTBUS BBIJCICHUE IH-
TaTEIbHBIX KOMIIOHEHTOB B ITOYBY IMPOMCXOAUT MMOCTEIIEHHO Yepe3 MOPbI BHEIIHEH Karl-
CyJIbl, 4TO 00ECHeYMBaET CTAOMIBLHOE U IIPOIODKUTEIBHOE MMTAHUE PACTCHUS B TeUe-
HHE ero XKU3HEHHOro nukia. CTOUT OTMETUTbh, YTO MOKPBITHS, 00ECIeYHBAIOIINE [IPO-
JIOHTUPOBaHHBIH 3(deKT, TOIKHBI CAMU HECTH MOJIE3HBIA Ul PACTEHHH WJIM TOYBBI
(l)yHKL[I/lOHaJ'I WA ABJIATBCA pasdjiara€MbIMH, HC HAKAIJIUBATHCA U HE 3arpA3HATH MMOYBY.
Hop™mbl BHECEHHS TaKUX yJOOPEHUI HHXKE 110 CPABHEHUIO C TPAAUIMOHHBIMH, YTO CIIO-
COOCTBYET HE TOJIbKO CHM)KEHHIO HETaTHBHOI'O 3KOJIOTHYECKOTO BO3JECHUCTBUSI HA OKPY-
JKAOLIyI0 cpely, HO ¥ pecypco-, TpPyJO0- M SHeprocOepexeHuIo 3a cuer Oojee paruo-
HAJIBHBIX MPOU3BOICTBA, TPAHCIIOPTHPOBKH, XPAHCHUS i BHECCHUSI.

[poriecchl HaHECEHUsT 00OJIOUEK HA TPAHYJIBI MPUMEHSIOTCS HE TOJIBKO ISl TIPO-
M3BOJICTBA yOOPEHUI B XMMHUYECKON MPOMBIILILICHHOCTH Poccnu, HO U B (hapMalieBTH-
YEeCKOM, MUIIEBOW MPOMBIIIICHHOCTH, Uil MHKAMCYJSIIIUA TOKCUYHBIX OTX0/0B [4],
PEKyJIbTHBAILMH 3arpsi3HEHHbIX He(ThI0 NOouB U Jp. B Poccuu Ha phiHKe ymoOpeHwus
MIPOJIOHTUPOBAHHOTO JACWCTBUS O COCTOSHUIO Ha 2023 1ol B OCHOBHOM TIPEICTABICHBI
npousBogumMbie AO «MXK «EBpoXum» (UTEC® — xapbamuza, oOpaOOTaHHBIN MHTH-
ouropom ypeasst NBPT) u AO «[apnen» (Bona Forte Ceolong — yobpenust ¢ 1eosiu-
TOM), XOTsI cCedac MPOBOASATCS U IPyTrUe OTEUECTBEHHbIE Pa3pa0OTKH.

OpranomuHepanabHble U 0MOy100peHUsI

OfHUMH U3 COBPEMEHHBIX TPEHJIOB SIBIISIOTCS HOBBIC BHIBI yJIOOPEHHH, KOTOpPBIE
HE TOJBKO YBEJIMYMBAIOT IUIOJOPOANE MOYBBI HA MEPHOJ MX NMPUMEHEHUsS, HO M yIyd-
LIal0T KYJBTYpPHBIA CIIOM BO BPEMEHHOM NEpCHEKTUBE. B 4acTHOCTH, K HUM OTHOCSITCS
ynoOpeHus, CoAepsKallie He TOJIBKO MHHEpaIbHYI0, HO 1 OPraHHYecKylo (OpraHOMH-
HepalbHbIE yI0OPEHNS) 1 MUKPOOHOJIOTHYECKYIO (OMOYA0OpEHHST) COCTABIISIOIINE.

OpraHoMuHepasabHble yIOOPEHUS COIEPKAT NMUTATEIbHbBIC BELIECTBA, MOBBIIIAI0-
Mye MI0A0POJHE OYBbL. Ba)kHO OTMETUTB, YTO B COCTAB TAKHUX YAOOPEHHI 4acTO BXO-
AT OPraHnvdcCKue Cy6CTpaTbl, KOTOPBIC SABJIAIOTCS HO60‘leIMI/I MMpOoAYKTaMH HUJIN OTXO-
JaMH XMMHAYECKHUX MPOU3BOACTB. DTHM JOCTHTAcTCs CHHEPreTHUeCKuil 3(exT oT co-
qe€TaHuA JBYX AKTyaJIbHbIX COBPCMCHHBIX TeH}IeHLII/Iﬁ B XHMMHYECKON TEXHOJIOTHMH —
9KOJIOTMYECKH O€3011aCHON YTHIM3alUMK OTXOZOB IIPOMBIIUIEHHOTO ITPOM3BOACTBA
C BO3MOXHBIM HOJYYEHHEM HOBBIX IPOJYKTOB, 00ECIEUMBAIOIINX YHUKAIBHBIE BBICO-
K03(h(eKTHBHBIE BO3ZMOXKHOCTH MPUPOJIONIOIH30BaHNSI.

K O6moynoOpeHmsiM OOBIYHO OTHOCAT TIpenapaThl MHUKPOOPTaHU3MOB, KOTOPEIC
CIOCOOCTBYIOT YBEIMYEHHIO IUIOJOPOAMS MOYBHI 33 CUET MOBBIIICHUS KOHLECHTPALHN
Wi OMOJOCTYITHOCTH JIEMEHTOB, COJEpKaInXcsi B Hel. MHUKpOOpPraHU3MBI BOCCTa-
HaBJIMBAIOT €CTECTBEHHBIM IMKI LUPKYJSIIUN IMUTATEIbHBIX BEIECTB B MPHPOE, Je-
JAI0T MOYBY OoJiee II0JOPOIHOM, co3/AaBast U MOANEPKUBas B HEl TpeOyemoe Konude-
CTBO OpraHuyeckux BemlecTB. K OnoymoOpeHHsM, HalpHMep, OTHOCSATCS OaKTepHH,
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SIBIISTFOIIIMECS] ACCOIMATUBHBIMU, CUMOMOTHYECKUMU a3oTdukcaTopamu u pocharmodu-
mm3upyromue Oakrepuu. OCHOBHAS OIS NPEACTABICHHBIX Ha PBIHKE OMOYymoOpeHuit
MPOU3BOJIUTCS B HKHUJAKOH (opme. 37eCh MepCIeKTHBHBIM HAIPABICHUEM SIBIISIETCS CO3-
IaHue OMoynoOpeHUH B IpaHYJIMPOBAHHOW (hopMe, MOCKOIBKY 3TO JenaeT ux Ooiee
yIOOHBIMH JIJIsl TPAHCTIOPTUPOBKH, XPAHEHUS U IIPUMEHEHUSL.

Marepuajbl 1 METOABI

HccnenoBanue HallpaBiieHO Ha CO3/IaHKE J1a0OPATOPHON TEXHOJIOTHU TIPOU3BOJICT-
Ba IPOTOTHNA TPAaHYJIMPOBAHHOIO CJIOKHOTO OPraHOMHHEPAIBLHOIO OHOym0o0peHws,
00J1a/1a10IIero MPOJIOHTUPOBAHHBIM JIEHCTBHEM, CTPYKTYpa KOTOPOTO 3alaTeHTOBa-
Ha [5]. Ee cxemarnueckoe m3o0paxkeHHe NOKa3zaHo Ha puc. l. I'panyna ynoOpenwms
MPE/CTAaBISIET COOOH CIIOXKHYIO MHOTOCIOMHYIO CTPYKTYpPY, BKIIOYAIOLIYIO SOPO U3
BEIITyCKaeMoro npombiiieHHo NPK-ynoOperus ¢ conepxanneM KOMIIOHEHTOB B COOT-
Homennn 1 :1:1, MPOW3BENEHHOTO METOIOM MPWUIUPOBAHHUA B TPaHYIAIHOHHOM
Oamne. J/lnameTp szpa cocTaBiser 2...3 MM.

Ilepguiii c0i MOKPBITHA (POPMUPYETCS U3 CHELNABHOTO COCTaBa HA OCHOBE CEPBI
¥ HAaHOCHUTCS HEMOCPEACTBEHHO Ha PO IO TEXHOJIOTHUH OKaThIBaHUS, OOeCHeunBas He
TOJIBKO TIPOJIOHTMPOBAHHOE JICHCTBUE MUHEPAIBbHOW COCTaBIISIOIIEH yI0OpeHus, HO
Y OTPULIATENBHBIN TaKCUC MUKPOOPTaHU3MOB. Bmopoii CIOW MOKPBITUSI CONEPIKUT Op-
raHMYEeCKYI0 COCTaBJISIOUIYIO C 3apaHee PaBHOMEPHO BHECEHHBIMH B HEE€ MUKpOOpra-
HU3MaMu  Bacillus subtilis (ceHHas manoyka), WHOKYJIMPOBAaHHBIMH Ha Kpaxmale.
Br10op Takux MHKpOOPTaHM3MOB OOYCIIOBJIEH TEM, YTO OHH CIIOCOOCTBYIOT yBeNMue-
HUIO IIJIOIOPOJIMS MOYBBI, @ TAK)KE CIIOCOOHBI BBIJEISTH OMOJIOTMYECKH aKTHBHBIE BeE-
IIECTBA, KOTOPbIE MOBBIIIAIOT YCTOMYMBOCTh PAaCTEHHH K OOJE3HAM UYTO B KOHEYHOM
CYeTE CIOCOOCTBYET YBEIMUYCHUIO YpOKaitHOCTH [6]. Tpemuil cIOH, H3TOTOBICHHBINA Ha
OCHOBE CTEapHHOBOI KHCIJIOTHI, SIBISIETCS THAPO(POOHBIM 3alIUTHBIM ITOKPBITHEM JUIS
MPE0TBPALICHUS PEKIEBPEMEHHOTO HAPYIICHUS! CTPYKTYPBI IPaHyJIbl M aKTHBAILUN
MHUKpPOOPIaHM3MOB IPU BHECEHHH YyHOOPEHHS M €r0 HaXOKAECHHM B II0YBE MEHEE 3a-
IUIAHUPOBAHHOTO cpoka. OH Takke 00eCHeYrBaeT IOJIOKHUTENBHBIN TAKCUC MUKPOOP-
raHu3MoB. Takasi CTPYKTypa TpaHyJibl OOCCIICYMT HMX HAIPABICHHOE IBUKCHUE MPH
JIeTICHNH OT LeHTpa K nepudepuu (B CTOPOHY MCTOYHHMKA IIUTAHUS) JUIS IPEJOTBpalLe-
HUSI COKPALIEHHsI TPOJIOHTMPOBAHHOTO JEWCTBHSI HEOPTaHUYECKOTO SI/1pa, YTO MOTJIO OBl
MPOM30MTH 3a CUET BO3/ICHCTBHIS MUKPOOPTaHU3MOB Ha BHYTPEHHHH CIIOM.

Taxoke CTOMT OTMETUTb, YTO HCIOJIB30BAHHBIE MUKPOOPTaHN3Mbl HHOKYJIMPOBAHbBI
Ha KpaxMmaie, KOTOPBIH sBJsieTcs: OnopasnaraeMsiM [7] u tuapoduiasHEIM [8] MaTepua-
oM. buopaznazaemocms — HEOOXOOMMOE CBOWCTBO, OOECIEUMBAIOIIEE OTCYTCTBHE
HAKOIIICHUSI KpaXMaia B TI0UBE, eUOPOuUIbHOCHb CTIOCOOCTBYET OoJiee OBICTPOIl aKTH-
BallM MUKPOOPTaHU3MOB.

Puc. 1. CxemaTuyeckasi CTPyKTYpa
rpaHyJIMPOBAHHOT0 MHOTOC/JI0HHOTO
OpraHOMMHepaJIbHOro 0oy 100peHMusI,
00.12/1210111eT0 TIPOJIOHTHPOBAHHBLIM JlelicTBHEeM:

1 — sapo u3 cnoxuoro NPK-ynobpenus; 2 — cnoii mo-
KPBITHSI, 00eCIIeYMBaIONIHI MPOJIOHIMPOBAHHBIN I deKT
NIEHCTBUS MHHEPAIBHON COCTaBISIOMIEH yHOOpEHHS
(noctrenenHoe BeicBoOOXIeHHEe NPK B TedeHme xwus3-
HEHHOTO IIMKJIAa PAacTEHMs) M OTPHLATENIBHBIH TaKCUC
MHKPOOPTaHU3MOB; 3 — CJIOH MOKPBHITUSI B BUJI€ OPTaHHU-
4ecKoro cyOcTpaTa A WHKAICYJIHPOBAHHBIX B HEM
MHKPOOPTaHU3MOB; 4 — MHKPOOpPTaHm3Mbl Bacillus
subtilis, THOKYTMpPOBAaHHBIC HA KpaxMaie; 5 — 3alUTHBINH
rHApOGOOHBI CJI0H, 00ecreYnBarOmUil MOJ0XKUTENb-

HBII TAKCHUC MUKPOOPTaHH3MOB
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TexHoMOrus MOyYeHNsI MHOTOCIIONHOM CTPYKTYpPBI I'paHyJiibl OTpadaTbiBaiach Ha
mab0opaTOPHOM TapeIbuaTOM TPAHYISATOPE, YCIOBHAs CXeéMa KOTOPOrO NpHBEACHA Ha
puc. 2. [TapameTpbl paboTHI TpaHyIATOpa MOAOOPAHBI TaK, YTOOBI OOECIIEYNTH PaBHO-
MEpHOE pacIpeeseHue U IIepeMelINBaHNe TPAHyJT B TApeJIKe anmapara.

Ilepsoiii cnotl TOKPHITHS M3 COCTaBa HA OCHOBE CEPhl HAHOCHIIM B BHUJIE paciliaBa
¢ Temmeparypoii 150 °C B xommuectBe 40 macce. %. OueHKy MPOJIOHTHPOBAHHOTO (-
(hekra ya00peHsl MPOBOIMIA HA OCHOBE JAHHBIX O KHHETUKE YaCTHYHOTO PACTBOPEHHUS
s/pa rpaHyjibl B BOJE, IOJIy4€HHBbIX u3MepeHueM koHueHTpauuu NPK B pacrtBOpe
B XOJI€ TIpoliecca MpU KOMHATHOM TeMmepaType. XapakTepHbIi BUJ KPHUBOI pacTBOpH-
MOCTH NOKa3aH Ha puc. 3. KoHIeHTpauio MuTaTeIbHbIX BEUIECTB, BBIJCIUBIINXCS U3
TpaHyJIBI, OIPEJIEISUIN pePPaKTOMETPUUECKIM METOJIOM.

CTOHUT OTMETHTB, UTO B KAYECTBE OCHOBHOTO KOMIIOHEHTA IIEPBOI0 MOKPBITUS cepa
BEIOpaHa HE CIlydaifHO, OHAa cama HMCIIONIb3YeTCs B KauecTBe yIOOpEHHs, YIIydIIaeT yc-
BOCHHE a30Ta PACTEHHSIMH, CTUMYJIHPYET CHHTE3 aMHHOKHCIIOT M y4acTByeT B 00pa3o-
BaHUH Xyopoduia. [IepBrle rcciaeqoBaHus N0 MTOKPHITHIO yIoOpeHuii cepoii B Poccun
IIPOBOAWINCE elle B cepennHe XX Beka. B Hacrosiiee BpeMst BEAyTCsl aKTUBHbIE HAyu-
Hble pa3paboTKK N0 MOAU(DUKAIMY JTAHHOTO MOKPBITHS JJIsI TAbHEHILIEr0 COBEPIICHCT-
BOBAHHMSA U YIIYYIICHUS €TO CBOMCTB.

Bmopoti cnoti MOKPHITHS HAaHOCUIIM C UCIOJIB30BAaHHEM B KAYeCTBE CBS3YIOIIETO
paciiaBa CTCapHHOBOW KUCIIOTHI Ipu Temrieparype He oosiee 70 °C U 0HOBpEMEHHO
moJlaue MUKPOOPTaHu3MOB Bacillus subtilis, AHOKYJIMPOBAaHHBIX Ha Kpaxmalie, B BUJC
MOPOLLIKA.

Tpemuti monkuii cioti TMOKPBITHS HAHOCWICA B BUJAE MOJAKPAILEHHOTO paclllaBa
CTCAPUHOBOW KHCIOTHI C IIETbI0 BH3YallbHOW OIICHKH KadecTBa €ro HaHECCHHS
W JaJbHEHIIEr0 M3yYeHHUS CTPYKTYPHI MOKPBITHS W TPaHyNbl B menoM. CreapuHOBas
KHCJIOTa SBISIETCSI Oe3BpeNHBIM B OHMOJIOTHYECKOM IDIaHE OPTaHUYECKHM BEIIECTBOM
1 OTJINYHBIM THapododu3aTopom [9].

Puc. 2. YciioBHas cxemMa 3KCIIEPUMEHTAJIbHOMH YCTAHOBKH JUIS1 0OTPA0OTKH TEXHOJIOTHH
MoJIy4YeHHUsl TPAHYJIHPOBAHHOI0 MHOT'0C/I0HHOI0 OPraHOMHHEPAaJbHOr0 0MOyK00peHusl,
00.1a1a1011er0 NPOJOHTHPOBAHHBIM JlelicTBHeM:

1 — TapenpyaThlil rpaHyIATOp; 2 — YEPBSAUHBIIA MOTOP-PEAYKTOP; 3 — YCTPOUCTBO PEryIUPOBKHI
yIJla HaKJIOHA FPaHyJIATOpa; 4 — JUCHEPrUpyollee yCTPOHCTBO; 5 — BO3MLYXOBOJ C KOXKYXOM;
6, 9 — TOHsr; 7, 10 — xomnpeccopsl; § — TEIIoBas My LIKa;

I — coipse; 11 — pacruias noxpsertus; 111, IV — Bozayx
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Puc. 3. XapakrepHblii Bu1 KpUBoii pacTBopuMocTH ¢10:kHOro NPK ynoopenus
¢ IOKPBITHEM HA 0CHOBe cepbl B kKomuecTse 40 macc. %

Baxno, 4yro Mukpooprauusmsl Bacillus subtilis ycTOHYMBBI IPU TEMIepaTypax 10
70 °C, mosToMy Ha BTOPOM M TpPETheM 3Tamnax (OPMUPOBAHUS I'PaHyJIbl HEOOXOANMO
CTPOTO COOMIONaTh TEMIEpaTypHbIE PEXHMMBI MpOLEcca, a TakkKe M30eraTb KOHTAaKTa
MPOMEKYTOYHOIO CJIOSl C BJIArOW JJIsl UCKIIIOYEHHS BO3MOXKHOM MPEkKIAEBPEMEHHOM aK-
THUBALWH KXU3HEHHOTO IMKJIAa MUKPOOPTaHM3MOB.

Pe3yabTaThl M UX 00CyxKAeHHE

Buemnnit Bua u paspes MoydeHHOTO MPOAYyKTa MoKa3aHbl Ha puc. 4. ['panynsl He
MMEIOT BUANMBIX CKOJIOB U Pa3pyLICHUH 000JIOUKH, MX JUAMETP COCTaBIACT 4...5 MM.
IIpu n3mepernu crarndeckoid mpourocty Ha mpubdope UITT-1M mo 'OCT 21560.2—82 [10]
CpelHss MPOYHOCTh Tpanyl coctapisieT 15,4 H.

JlaboparopHbie MUKPOOHOJIOTMYECKUE UCTIBITAHUSI MHOTOCIIOMHBIX IpaHyi (puc. 5)
MOKa3aJy, YTO MPH MPUMEHEHUH NPEICTABICHHOI0 CIOCo0a Ul X MOIyUYeHHUs, KO-
YeCTBO JKM3HECHOCOOHBIX MHKPOOPTAHH3MOB cocTaBiser nopsaka 1,0-107 KOE/r.
Ha pucyHke BHAHBI OCTAaTKM KOITyJIMpYIOIIEeH 000JIOUKH, a TakKe pacTyliue Ha Kpax-
MaJie KOJIOHMH MUKpPOOPraHu3MOB. PacueT rmokaspIBaeT, YTo IpH BHECEHUH MHOTOCIION-
HOTO ynmoOpeHus B mouBy B mo3upoBke 100 kr/ra MukpoOHast Harpyska OyaeT paBHa
1,0-10"* KOE/ra.

Puc. 5. Poct xynwtypsl Bacillus subtilis
Ha arapu30BaHHOIi cpee HA BTOPbIe CYTKH
KYJbTHBHPOBaHMsA Npu Temmnepartype 37 °C

Puc. 4. ®ororpadus
MOJIy4eHHOT0 MPOAYKTA
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Puc. 6. KayuecTBeHHasi Mo/IeJIb pacnajga MHOTOCJIOHHOI rPaHyJIbI B IOYBe:
1 — muchdy3ust Bob! M3 BHEIIHEH Cpezbl Yepe3 MUKPOIIOPbI 3aIIUTHOTO MOKPBITHS;
2 — pa3pylLlICHUE 3aLUTHOIO IIOKPHITUSA U JeJICHUE MUKPOOPTraHU3MOB; 3 — pa3pylIeHUe BTOPOro
ciost 1 auddy3ust BobI yepe3 MUKPOIIOPBI IIEPBOTO CII0s K AApY; 4 — PAaCTBOPEHUE 1pa
NPK-ynob6penus u iuddysus pacTBOPOB NUTATEIBHBIX BEIIECTB HAPYKY

[To xomu4ecTBY MHHEPATHHBIX H MUKPOOHOIOTHYECKIX COCTABIISIFOIINX BHECECHHE
HOBOTO yIOOpEHUS B yKa3aHHOH TO3MPOBKE PaBHOCWIHHO MCIIOJIE30BAHHUIO TPAIUIIOH-
HOTrO yn0OpeHHs TpH BeCeHHel MojaKopMKe 3epHOBbIX mpu Hopme 100...150 kr/ra
u npenapata baktodopt (takxke comepskaiero Bacillus subtilis) B konuuectse 2,0 ji/ra,
oGecrieunBaroneM MUKpobHyro Harpysky — 1,0-10'? KOE/ra.

Oco0bIt UHTEpEC MPEACTABNISAIOT MEXaHU3MBbI MPOIIECCOB MAcCCONepeHoca, Mpouc-
XOJAIIME BHYTPH MHOTOCIONHBIX TpaHyl B mouBe. KnHeTHKa MaccomnepeHoca B CTPyK-
TYPUPOBAHHBIX Cpelax C MHKpPOOpPraHM3MaMH CIIO)KHa M MHoroooOpasua [11, 12].
[IprunHa KpoeTcs B TOM, 4TO CO BPEMEHEM MEHSIOTCS MacCOIPOBO/IHbIE CBOWCTBA Cpe-
JIbl TIEPEHOCA, BO3PACTACT CKOPOCTH ITOTJIOLICHHSI MTUTATEIbHBIX BELIECTB 3a CUET yBe-
JIMYEHUS] KOHIEHTPALUY MUKPOOPTIaHU3MOB, TIPH UX MHUTaHWHU MPOHUCXOIUT BBIZEICHUE
BEIIIECTB, 3aMEIIISIONINX MPOIECCHl MeTa0oIM3Ma U T.4. VICXOAs U3 CKa3aHHOTO BHIIIE,
paccMOTpUM NWHAMHKY pacliaja MHOTOCIOHHOW TpaHylbl KAa4eCTBEHHO, HCIIONB3YS
MIPUMEPHYIO CXeMY, H300pakeHHYIO Ha pHc. 0.

[Tocne BHeceHMs TrpaHyd yZOOpeHHsS B MOYBY HaunmHaercs AudQy3noHHOE MpPO-
HUKHOBEHHE BJAard B HMX W3 BHEUIHEH Cpejbl 4epe3 MHUKPOINOpbI ruapodoOHOro 3a-
IIMUTHOTO TMOKPBITHSL. MUKPONIOPHI TIOKPBITHSI MOTYT 00pa30BhIBaThCA KakK B pPe3ynbTaTe
JKUBHCACATCIBHOCT MHUKPOOPIraHU3MOB IIOYBbI M JAPYTIMX BHCHIHUX q)aKTOpOB, TakK
U B IIPOIIECCE MPOM3BOJCTBA caMoil rpanyJbl. [locie NMPOHMKHOBEHUS Biark BHYTpPb
IpaHyJIbl IPOUCXOJUT aKTHUBAIMS JKU3HEHHOTO [MKJIa MHKPOOPraHW3MOB, HX JIEJICHHUE,
pacmmpenue odbeMa OpraHM4eckoro cyocrpara W ero paspymenue. OQHOBpEMEHHO
C pacnajioM BTOPOTO CJIOsl HAauMHaeTcss 00pa3oBaHKe MHUKPOIIOP B IEPBOM clioe, obec-
TIEYMBAIOIIEM 3alIUTy HEOPTaHWMYECKOTO sApa U MPOJOHTHPOBAHHBINA P PeKT. AHAIO-
THUYHO TIEPBOW CTAIWH BIIara depe3 o0pa3oBaHHBIE MUKPOMOPH TUPPYHAUPYET BHYTPH
TpaHyJBl K €€ SIpy, MEUIGHHO PacTBOPSET €ro, a 0Opa3yoUIHiiCS PacTBOpP CIOKHOTO
NPK-ynoOpenust MeIeHHO BBIXOJUT HAPYKy U TIUTAET pacTeHHE.

3akjrouenue

IIpeanoxeH cnoco® MoIy4eHHUss MHOTOCIOWHBIX TPAHYJ CJIOKHOTO yI0OpeHUs Ha
TapeiIbyaToOM TIpaHyIATOpe, COdYeTalomero B cebe mpenmylnecTBa OHOymnoOpeHuit
1 y100peHHii IPOJIOHTUPOBAHHOTO JelicTBHs. JlabopaTopHble UCTIBITAaHUS TIOATBEPANIN
HaJlMuhe IpOoJIOHrupoBaHHOro Hddekra (1 MHUHEpalbHON cocraBisitoleii Oosee
60 CyTOK) ¥ BBDKMBA€MOCTh MUKPOOPTaHW3MOB IPH BBIOPAHHOW TEXHOJIOTHUH (GOpMH-
pOBaHMs MHOTOCIONHHON CTpyKTyphl. ConepkaHHe MHKPOOPIaHM3MOB B TpaHyJax
yno6penns cocrasuio 1,0-10" KOE/r.

JlocTuraemslii MpoNOHrHMpOBaHHBIN 3(dexT neficTBUS HEOpPraHW4YecKoW 4YacTh
yOOpEHHs MTO3BOINT CHU3UTh PUCKH BO3HHKHOBEHHSI 3KOJIOTMYECKUX MPOOIIeM, CBsI3aH-
HBIX C BBIOpOCaMH M30BITOYHOIO a30Ta B arMoc(epy M IOUBY, a ITOBBIIICHHE YCBOSEMO-
CTH NTUTATEJIFHBIX BEIIECTB — YMEHBIINTH HOPMBI BHECEHHUS TAKUX YAOOPEHMII B TOUBY.
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OpraHuueckuil cyocTpaT 1 MUKpoopranuimsl Bacillus subtilis, ”HOKyTMpOBaHHbIE
Ha KpaxmMaJyie, yBEeIMYMBAIOT II0JOPOIUe o4BbL. [103TOMY HOBBIH BUI y1oOpeHHil pe-
KOMEH/IOBaH K HMCIIOJIb30BAHUIO HA MAXOTHBIX 3€MJISIX, CKJIIOHHBIX K MCTOILEHUIO U MOJ-
BEPXKEHHBIX 9po3uu. Kpaxmai, BXOAAMINN B cOCTaB YAOOPEHUs ¥ 00JaJafoiid THIpO-
(UIBHBIMH CBOMCTBaMH, CIIOCOOCTBYET aKKyMYJIALMH BOKPYT TPaHyJ yooOpeHHs Mo-
JeKyJ1 BOJBI, YTO OCOOSHHO BayKHO IIPU MX MCIIOJIb30BAHUM B PETHOHAX, TI€ MOTYT BO3-
HUKAaTh IIEPUOJIBI 3aCyXH.
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Environmentally Friendly Organomineral Bioactivated Fertilizers
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Abstract: The article considers a method for obtaining a granular organomineral
fertilizer with a prolonged effect. The structure of the fertilizer is a multilayer granule,
the first layer of which, applied directly to the core of the prilled NPK fertilizer, leads to
a delayed release of nutrients and a negative taxis of microorganisms. The second layer
contains an organic component and microorganisms that increase soil fertility and
improve the bioavailability of fertilizers. The third layer is a hydrophobic protective
coating that creates positive taxis of microorganisms and prevents their premature
activation and depressurization of the inner layers of the pellet.
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Umweltfreundliche bioaktivierte organomineralische Diingemittel

Zusammenfassung: Es ist ein Verfahren zur Herstellung eines granularen
organomineralischen Biodiingers mit verlangerter Wirkung untersucht. Die Struktur des
Diingers ist ein mehrschichtiges Granulat, dessen erste Schicht, die direkt auf den Kern
des geprillten NPK-Diingers aufgebracht wird, zu einer langsamen Freisetzung von
Nahrstoffen und einer negativen Taxis von Mikroorganismen fiihrt. Die zweite Schicht
enthélt eine organische Komponente und Mikroorganismen, die fiir die erhdhte
Bodenfruchtbarkeit sorgen und die Bioverfiigbarkeit des Diingers verbessern. Die dritte
Schicht ist eine hydrophobe Schutzschicht, die eine positive Taxis von
Mikroorganismen erzeugt und deren vorzeitige Aktivierung und Druckentlastung der
inneren Schichten des Granulats verhindert.

Engrais bio-actifs organominéraux respectueux pour l'environnement

Résumé: Est considéré le procédé de la production d'un bio-engrais organique
granulaire ayant une action prolongée. La structure de I'engrais est un granulé
multicouche dont la premiére couche, appliquée directement sur le noyau de I'engrais
NPK, entraine une libération retardée des nutriments et une réaction négative des micro-
organismes. La deuxiéme couche contient un composant organique et des micro-
organismes qui augmentent la fertilit¢ du sol et améliorent la biodisponibilité de
l'engrais. La troisiéme couche est un revétement hydrophobe qui crée une taxation
positive des micro-organismes et empéche leur activation prématurée et leur
dépressurisation des couches internes du granule.
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