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IToxazana 6omee yeM 200-1eTHSISA UCTOPUS M3YYSHUS POJI U (DYHKIIMI KpeMHUS B CUCTEMe IToYBa—pacTe-
Hue. [IpuBeneHbl OCHOBHBIE HAIIPaBJICHUS MCCIEI0BaHMI, TTOCBSIIIEHHBIX KPEMHUIO, BKIIIOYAst U3yUyeHUe
BJIMSTHUSI KPEMHUEBBIX ITPETapaToB Ha MOIBUKHOCTD TSKEJIBIX METAJUIOB M Ha YCTOMYMBOCTD PACTEHUM K
KJIMMAaTUYeCKUM M3MeHeHUsIM. O000I1IeHbl KpeMHUIIOMOCpeTOBaHHbIE MEXaHU3Mbl JETOKCUKALIMU 3a-
IPSI3HEHHBIX KaIMUEM TTOUB 1 CHIDKEHUS aKKYMYJISILIUY KaIMUST paCTEHUSIMU. BbimeieHbI 3 TpyIIThl KpeM-
HUEBBIX arpOXMMUKATOB: KpeMHUlicoaepxKallue MOYBEeHHbIE MEJUOPAHThI, KPEMHUEBbIE yIOOPEHUST U
6rocTUMYIATOPBI. OTMCaHBl TIPUHIIMITEI BO3IEMNCTBUS 3TUX TPYII arpOXMMHUKATOB Ha CHCTEMY TTOYBa—

pacTeHue.
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BBEAEHUE

3o071a pacTeHUI SBISIETCS CAMBIM TIEPBBIM MUHE-
pPaJTbHBIM YIOOpEeHUEM, TPUMEHSIEMBIM Y€JIOBEKOM 1
10 CBOEMY XMMHMYECKOMY COCTaBY M BO3ICHCTBUIO
SIBIISIETCS KPEMHUEBBIM TIpenapaToM. [IpeBHue 3eM-
JIETIENBIIBI, pacuMIast 3eMITI0, CKUTAIIM JieC U 30Ty
CMEIITBAJIN ¢ TTOYBOM. B mpeBHepMMCKOM rocymap-
CTBE 30JTy PaCTeHWI MCITOJIb30BaIM IJIsT TIOBBITIIEHWST
TLUTODOPOINS MCTOIEHHBIX 3eMelTb. O0 3TOM TTHCcal B
cBoux Tpynax Beprummii: “JIuiab ObI THI IIOYBY ChI-
PBIM YIOOPWII IIeNpO HABO30OM WJIM HEYMCTOM 3071011
yTOMJIEHHOE€ moJjie mochiman” [1].

Bonee 2000 net Ha3am KATANIBI yIOOPSIIU TTIOUYBY
30JI0 PUCOBOM COJIOMBI, IJIsI KOTOPOU XapaKTepHO
BbIcOKOE cofepxaHue SiO,, Ha3bIBas ee “OrHeHHbIM
HaBo3oMm” [2]. CnenmalibHbIl yKa3 uMmepaTopa o0si-
3bIBAJI KUTAUCKUX 3€MJIEIEbIIEB OCTABJISITh 4YacTh
pUCOBOIf COJIOMBI B TTouBe. B HacTosiiiee BpeMs1 Ku-
Talickue hepMepbl MPOIOJIKAIOT MOJIb30BaThCS arpo-

! Pa6ora BoimonneHa Mpu Noaepxke MUHUCTEPCTBA HAyKU U
Bbiciiero o6pasoBaHusi PP, tembr Ne 117030110139-9 wu
121040800103-6.

XUMHWYECCKUMU TIpUEMaMU, BKITIOHAIOIIMMMN IIPUME-
HEHUC pHCOBOﬁ COJIOMBI M 30JIbI.

I[IpuMeHeHNEe KPEeMHUEBBIX MPENapaToB B CElb-
CKOM XO34iCcTBEe nMMeeT 0osee yeM 150-y1eTHIO0 nc-
TOPHIO, a ICCIIENOBAHMS POJIA 3TOTO BJIEMEHTA B pa3-
BUTHUU pacTeHUI ObIIM HavaThl 0oee 200 et Ha3azn.
Eie B xoHiie 18 Beka yueHble ((DpaHILy3CKUIA XUMHUK
JI. BoxkmneH, HeMmenkuii reorpad ¥ HaATypaJIWUCT
A. I'yMOOnBaT, OpUTAaHCKUUN XNUMUK M arpoxXmMHK
I. 3B1) yKa3anu Ha IIPUCYTCTBUE KPEMHMS B pacTe-
augx. B 1814 r. I. IsBu Hammmcan o KpeMHUM Kak 00
aJeMeHTe MUTaHus pacTteHuii [3]. OH mmepBBIM Havas
n3ydgeHue GopM KpeMHUS B PACTEHUSIX U IIPEAIIONO-
KUWJI, 9TO KPEMHUM, aKKyMYJIMPOBAaHHbBIN B SIIUACP-
MaJIbHBIX TKaHSX, 00eCIIeYMBaeT MEXaHUUYECKYIO 3a-
IIUTY pacTeHUsI OT Goje3Heil U aTaKk HACCKOMBIX.
BnocnenctBun Ha OCHOBaHUM JAHHBIX 00 3JIEMEHT-
HOM cocTtaBe pacteHuit 0. pon JImbux mpuiren K
BBIBOJY O TMOTEHIIMATbHON BaKHOCTH KPEMHUEBBIX
ynoopenmii [4]. OH BIIepBbIC B TSINIMIYHOM 3KCIICpU-
MEHTE MCCIIEIOBAJl BIMSHUE CUJIUKATa HATpUSI Ha
pacTeHUsT caxapHoii cBekibl. [ToMruMoO yBenmYeHUS
ypoxkaitHocTH, FO. JInOmx oTMeTII MOBBIIIIEHHOE CO-
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nIepxKaHne caxapa B cBekiie. Padotsr JImbmxa mociy-
KUJIA TOJTYKOM IS IPOBEACHUS MOJIEBBIX UCIThITA-
HUIl CcHIMKaTa HaTpUsl B KadyeCcTBE KPEMHHEBOTO
ynoopenus. B 1856 J.B. Lawes opraHnn3oBaja MUKPO-
nosieBoi akciepuMeHT “Grass Park” wa Poramcren-
CKOM OITBITHOM CTaHIIMM B AHIINM [5]. JlaHHEBII 5KC-
MEPUMEHT IIPOIOJIKAETCS IO CUX TIOP, €ro pe3yIbTa-
Thl CBUIIETENLCTBYIOT O IOJOXUTEIBHOM BIUSHUU
CUJIVKATa HATPUSI HA MPOAYKTUBHOCTD TpaB [6]. DT
paboTHI TTOCIYKUIIM HAYaJIOM VCCIEIOBAHUN BIIUSI-
HUS KpEMHHEBBIX ITpernapaToB Ha ¢ocdaTHoe COCTO-
sSTHUE TT09B [5].

B 1870 r. Benukuii pycckuit xumuk .. MeHne-
JIeeB TIPEITOXKIIT UCTIOTb30BaTh aMOP(MHBII IMOKCHT
KpPEeMHHSI B KadecTBe yOOOpPEeHUs, OCHOBBLIBAsICh Ha
ero BhICOKOIT pactBopumocTu [7]. B 1881 r. amepu-
KaHCKas ¢pupma “Zippicottes” BIepBbIe 3aIIaTEHTO-
BaJla IpMMEHEHNE CUJIMKATa KaJIbIIUComepsKaIIero
oTxona B KauecTBe ynoopeHus [8]. B 1898 r. mpodec-
cop W. Maxwell, n3y4ast nouBeHHBII ITOKpoB ['aBaii-
CKHX OCTPOBOB B ITOMCKE YIaCTKOB [IJIsSI BBIpAIIBa-
HHUs caXapHOTO TPOCTHUKA, BIIEPBBIC IPOaHATU3M-
poBaJ TIOYBY Ha coaepKaHWe ITOCTYITHOTO JUIS
pacteHuit kpeMHwus [9].

Cpenu repBhIX paboT, MOCBSIIIEHHBIX POJIM KpEeM-
HUS, B (GPU3NOJIOTUM pACTEHU CeayeT OTMETUTh pa-
0oTHl (paHIY3CKMX M HEMeIKHX Yy4YeHbIX: Pierre
(1866 1.), Jodin (1883 1.), Kreuzhage n Wilf (1884 r.);
Sommer, 1926 1.) [10, 11]. A. Grob (1896 r.) uccneno-
BaJ (DOPMBI U CTPYKTYPY KPEMHUS B pACTUTEIbLHBIX
KJeTKax. [1omyyeHHbIE UM Pe3yIbTaThl TIOAKPETTHIN
runotesy I. IaBu 00 yCUIIeHNY TPOYHOCTU SMUAEP-
MaJIbHBIX TKaHEH U yJacTUM Si B MeEXaHUYECKOM 3a-
IIATE pacTeHUI OT HACEeKOMBIX 1 Oone3Helt [12].

B 1915—1917 rr. anoHckuit yuyenbsiit 1. Onodera
nociie padbotel B Kenurcoeprckom u Kemopumkckom
YHUBEPCUTETAX WHUIIUMPOBA U3yYeHUE KpeMHUE-
BbIX ynoopenuii B Silmonuu [13]. Ero pabotsl mmociay-
KVUTH Ha4aJIoM MCCIIeIOBAHUS POJIM KPEeMHUS B pac-
TeHUSX prca. B manbHelieM opraHM30BaHHEIE S~
HOI1 TIporpaMMoif MHOTOYMCIICHHBIE SKCITIEPUMEHTHI
moATBepaIn 3(PPEeKTUBHOCTb BHECEHUS KpeMHIeE-
BBIX ynoopeHuit o puc [14—16]. B 1955 r. MuHu-
CTEPCTBO CEJTbCKOTO XO3SUCTBA, JIECOBOIACTBA U PBI-
6osioBcTBa SIMOHMM ODUIMATBEHO PEKOMEHIOBAJIO
BHECEHME CWJIMKATa KaJIbLUS TOIL KYJIbTYypy pHca
[17]. Cpeny OCHOBHBIX IIPUYHMH, 00YCIOBUBIINX peE-
IIeHe MUHUCTEPCTBA, OBLIH CIIEAYIONINe: PUC — OC-
HOBHasI CEIbCKOXO3MCTBEeHHAs KyabTypa SITmoHm —
XapaKTepU3yeTcs] BBICOKOM aKKyMyJISIUeil KpeM-
HU; B SITTOHUM pacripocTpaHeHa MHTEHCUBHAS CH-
cTeMa BBIpaIllUBaHMS prica, BKIIOYAIOIasl MpruMe-
HEHHEe BHICOKUX 103 a30THBIX YIOOpEeHUI, 4TO IIPH-
BOIUT K CHIDKEHUIO YCTOMYMBOCTH pacTeHHWit K
OOJIC3HSIM M HAaCeKOMBIM-BPEIUTEIAM, PHCOBBIC
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MOYBbI OOBIYHO 00eAHEHBI OMOAOCTYITHBIM KPEMHU -
€M; B KaueCTBEe UICTOYHMKA KPEMHUSI MOXXHO UCTIOJb-
30BaTh JeIIeBbIe NIJIaKU (CUTUKAT KaJIbLIUs), SIBJSTIO-
IIMecs OTXOAAMU METAJLUTYPTUYECKOI MPOMBIILICH-
HOCTHU; TIPAKTUKYEMOE BOCIIOJIHEHUE aeduiinuTa
OUMOIOCTYIMTHOTO KPeMHUSI MTyTeM BHECEHUSI PUCOBOI
COJIOMBI OTPAHUYEHO B OCHOBHOM HM3-3a HEAOCTAaTKa
paboueii CUJTBI.

B CIIIA B niepBoii yeTBepTr XX BeKa BO3HUK MH-
Tepec K KpeMHUEBBIM MMTOUBEHHBIM MEJIMOPaHTaM KakK
ajJlbTepHaTUBE U3BECTU Ha KUCJbIX MoYBax. B kaue-
CTBE KPEMHUEBbIX MEJIMOPAHTOB ObLIO MPEMNIOXKEHO
KCIIOJIb30BaTh OTXObl METAJITYPTrUUECKOM MTPOMBIIII-
JleHHOCTH 1 301y [18, 19]. B 1936 1. A.S. Ayres opra-
HU30BaJl MEPBbIE MOJIEBble HWCIIBITAHUS CUIMKaTa
KaJIbIIMS B KaUeCTBE yIOOpeHMsT Ha TaTEPUTHBIX MTOY-
Bax [aBaiickux octpoBoB [20]. B manbHeiilem ero
HCCea0BaHus ObLIU MTPoaoKeHbl Bo Popune, rie
B HacTosilliee BpeMsl KpeMHHUEeBble YIOOpeHUs
YCIEIIHO MPUMEHSIOT MPY BbIpalllMBaHUU puUca, ca-
XapHOTO TPOCTHUKA Y Ta30HHOM TpaBhl [21, 22].

B navane XX Beka B Poccuu kpeMHUIA Kak OHUO-
(GWIbHBIN 2JIEMEHT MPUBJIEK BHUMaHUE TIOYBOBEIOB
M.B. Twopuna, K. Tempoiina, A.H. CabGaHuHa,
A. KpsbutoBa [2, 23]. Temoii Maructepckoii paboThbl
A.H. Cabanuna 6nu1a “O KpeMHe3eMe B 3epHe IIPo-
ca: (Panicum miliaceum L1L.)” (1901 r.) [24]. [1oBBI-
IIEHHBI MHTEPEC BbI3bIBAJIU BOMPOCH B3AUMOBJIUSI-
Hust coenuHenuii Si, P u Al [25]. B 1930-e roabl B
CCCP npobnemoii B3zaumopeiicTBust ¢ochopa u
KPEMHUS 3aHUMAJIMCh Takue yuyeHble Kak A.W. Jlut-
keBud 1 K.JI. Ackunasu [26, 27].

HMcxitounTebHOTO BHUMaHUS 3aCJIyXKMBAKOT TPY-
nel B.M. BepHanckoro, KOTOpbliAi OTHEC KPEMHUI K
LIUKJIMYECKUM XUMUWYECKUM 3JIeMEeHTaM, MOIBep-
JKEHHBIM TTOCTOSTHHBIM U3MEHEHUSIM U MpeBpallleHU -
saMm [28]. UccnenoBaHne 6MOreOXMMUYECKOTO KPYro-
Bopota Si B 6uocdepe 66110 npoaorkeHo A.I1. Bu-
HOIpamoBbIM [29].

Bo BTOpOI1 nonoBuHe XX Beka UccieloBaHUSI pO-
JU U (QYHKUUN KpeMHUST ObLIM MPOAOJIKEHBI B
CCCP, CIIIA u 3ananHoii EBpomne. B To Bpems oc-
HOBHO€ BHUMAaHUE YIEJSJIU U3YyYEeHUIO TeopeThuye-
CKMX acIeKTOB (DyHKUUI KPEMHUSI B CUCTEME T10Y-
Ba—pacTeHue. HeocnopuMbIM JIMAEPOM B 3TOM Ha-
yyHoM HamnpaieHuu sBiasuicss CCCP. Murpauuio
KpeMHUS B TpyHTax 1 nmouBax usydyanu M.N. Imoc-
auHa (1980 1.), A.T. Hazapos (1976 1.), 1.M. AMMoO-
coBa u B.E. IIpuxonsko (1979 1.) [30—33]. Cpenu
MPUCYTCTBYIOIIMX B MPUPOAHBIX BOAAX MOABUKHBIX
KPEMHHUEBBIX COENUHEHUI ObUIM BbIAEJIEHBI MOHO-
MepHbIE U TUMEPHbIE KpeMHUEBbIe KUCIOThI, MO~
KpeMHHUEBbIE  KUCJIOTBI, KpPEeMHUMOpPTaHUYeCKUue
¢opMbl KpeMHUEBOM KUCIOTHI [34]. AHamu3upys
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MHOTOYMCIIEHHBIE paGOTHI O HAKOIUJICHUU KpeMHe3e-
Ma, B.A. KoBna mpuimesn K BEIBOY, UTO TIPOIIECC MU-
rpaliii M aKKyMYJSIHUM COCOVMHEHU KpeMHUS B
noyBax — siBIcHWe YHMBepcanbHoe [35]. HecmoTps
Ha pa3BUTUE (DYHIAMEHTAIbHBLIX 3HAHWI B Halleil
CTpaHe, B MPaKTUKE CEJIbCKOTO XO3SCTBa KpeMHUE-
BbI€ COEIMHEHUSI, B TOM YMCJIE ILIAKA MeTaJUTypri-
YyeCKUX KOMOMHATOB, 6oJjiee IIMPOKOe MPUMEHEHIE
HAILITM JUIST YIIYYIIEHUS TOYBEHHOIO IIJIOHOPOAVIS
(SlmoHuMsT) M OJ1sT METMOPAlIMK KUCJIBIX 1T0YB (3amaj-
Has EBporra).

HeBo3moxxHo He ynoMsiHyTh P. Aitnepa, Beauko-
ro XUMHKa, oyosmkKoBaBiiero B 1979 r. xinaccuue-
ckuit Tpyn “Xummsa KpeMHedema” [36]. Ero pa6ora
JIO CHIX TIOD SIBJISIETCS] OCHOBHOM JJ11 MOHUMaHUs (hu-
3UKO-XMMMWYECKON aKTUBHOCTH aMOP(PHOTO TOHKO-
JIUCIEPCHOrO KpeMHe3zeMa. JIpyruMm BblIAIOIIMMCS
YYEHBbIM B 00JIaCTM KPEeMHUIOPraHW4YeCcKoil XUMUU
aBisercsa akageMuk M.I. BopoHkoB, co3maBimii
MNEePBbIM B MUPE OMOJIOrMYECKM aKTUBHBIA KPEMHMIA -
opraHuyeckuit npenapar MuBajg u 0o60CHOBaBIINiA
BO3MOXHOCTb 3amellleHus yacTu pocdopa B MoJe-
kynax JHK n PHK nHa atombr kpemuus [37, 38].
M.I. BoponkoB coBmectHo ¢ I'M. 3emuan wu
A.IO. JlykeBunn Hammcan KHury “KpemHmMii u
JKU3HB”, THe TMepedyeHb JUTepaTyphbl, MOCBAIIEHHON
DOJIM KPEMHUSI B XKU3HU PACTEHUM,, KUBOTHBIX, MUK~
pOOPraHM3MOB U 4YeJloBeKa, HacUMThIBaeT OoJjee
4000 nHaumeHoBaHwuii [39]. B aT0 Xe BpeMs paboTanu
TakWe ucciaenoBarean KpeMHus, kKak E.M. Kapnuc-
Jie, MOKa3aBUIMN BBICOKYIO 3((MEKTUBHOCTh KpeM-
HUEBbIX MTpenapaToB 151 >KUBOTHLIX [40], u aHTIMii-
ckuii mpodeccop 1. bupuani, usyyaBiiuii BIUsSHUE
aKTUBHBIX (hOpPM KpPEMHUsS Ha 3M0pOBbe Jioneit. 3a
CBOH paboOTHI B JaHHOI obnactu . bupyann ynocro-
WJICSl 3BaHUS pblllaps OT KopoJieBbl BennkoOpura-
Huu EnuszaBetsl Bropoii [41].

[Mo-BuoMOMY, BEPITWHON WMCCICIOBAHUS POJIHU
KPEMHHMS B XXKUBBIX OpraHU3Max CTaJl CHeIIMaTbHBIN
HOOEJIEBCKUIT CUMITO3UYM, TTOCBSIIIICHHBIN KpEMHUTO
[42]. MBorue craTbu M3 COOpPHUKA CUMIIO3WyMa IO
CHX TIOP SIBJISTIOTCS aKTYaJbHBIMU U HETIPEeB30OMICH-
HBIMU.

Pa3BuTre xuMuu u gemeBrU3HA arpOXMMUKATOB B
KoHIIe XX M Havasne XXI BeKa CUJIbHO 3aTOPMO3UIN
HCCJIEOBAaHUE U MPaKTUIeCKOe IIPUMEHEHNE KpeM-
HUlicomepKallux mpemnaparoB. Bo MHOrom 3To 6bLIO
CBSI3aHO C HE3PEJIOCThIO DKOJIOTMYECKOTr0 MHUPOBO3-
3penus. Hanmpumep, Ha 3amazae 1mouyBy pacCMaTpuBa-
JIM UCKJTIOYUTENILHO KaK CyOCTpaT IJIsI BEIpaIllMBaHUSI
CEJIbCKOXO3SICTBEHHBIX PACTCHMM, O4eHb 9aCTO UT-
HOpUPYS NOHSITHE O IJIOAOPOINHU II0YB M €ro 3Haue-
Hue. [lectMmabl 1 TepOULIMABI IIPENOTHOCHIN KaK
JIOCTIDKEHUSI, HEe HMCEIOIINE aJbTCPHATUBEI, IIpU
3TOM BKOJIOTUYECKN YMCTBIE CITOCOOBI ITOBBLITIIEHUS

YCTOMYMBOCTHU PAaCTEeHU K Pa3IMIHBIM CTpecc-(haK-
TOpaM pacleHUBAJM KaK YMBIIUICHHYIO TUBEPCHIO
1O OTHOIIICHUIO K yCIeXaM ToraalrHeil xumun. B pe-
3yIbTaTe (bMHAHCHUPOBaHHWE paboT IO W3yYEeHUIO
KPEMHHEBBIX COCIUHEHW B CHCTeMe MOYBa—pacTe-
HHE PE3KO COKPATUIIOChH.

B 1999 r. rpynmna sHTYy3uacToB, 3aHMMAaBIINXCS
HccaeqoBaHMEeM KPEMHUSI B CEJIbCKOM XO3SIHCTBE,
OpraHM30BaJja MepByO MEXIYHAPOIHYIO KOH(DepeH-
muio “Si in Agriculture”, KkoTopasi IIpoliljia B TOpoje
@opr-Jonepaeiin (turat @uopuna, CIIA) [43]. Bei-
JIO IPUHSTO pelIeHUe O CO3AaHMU HAyYHOI'O COO00-
1IeCTBa U151 KOOPAUHALIMM UCCeNOBaHWi B JaHHOM
o0JlacTu U O moaJepxKe Ou3Heca, BKIoUYasl pas3pa-
0OTKy CTaHAZApTOB M TIOMOIIL B cepTudUKaIUn
KPEeMHHUEBBIX MpernapaToB 151 CEJIbCKOTO X03s1CTBRa.
C 3TOro BpeMEHU MeXIyHapoIHble KOH(MEepeHIINU
“Si in Agriculture” mpoxonuiau pa3 B 3 roga: B Slmo-
Huu (2002 r.), bpasumuu (2005 1.), KOxHoit Adpuke
(2008 r1.), Ilexune (2011 1.), Crokrombme (2014 r.),
HMumum (2017 1.) u CILHA (2022 r.). Beuio nipennoxke-
HO MpU M3YYEHUU KpEeMHUIcoaepXKallux COeauHe-
HUI1 B BEreTallMOHHBIX BKCIIEPUMEHTAX CUMYJIUPO-
BaTh KaKoii-11mbo cTpecc, T.K. AeCTBUE KpeMHUS Ha
pacTteHus1 HauboJiee 3HAYMMO MpPU HEOJIAronpusiT-
HBIX ycJIOBUSIX pocTa [44]. Bbuiy HaiaeHbl y4acTKu
TeHOB, OTBEUAIOIIMX 32 AKTUBHBIN TPAHCIIOPT KpeM-
HUS B pacTeHusix [45]. BnepBble ObUIM TIpeacTaBiie-
Hbl TEOpEeTUUYEeCKHWE U TMPaKTUYECKUE OCHOBBI MC-
MOJIb30BaHUSI KPEMHMEBBIX COEIMHEHUI B KaueCTBe
OUOCTUMYJIATOPOB [46]. OgHAKO A0 CUX ITOP OCTAIOT-
csl HEpellIeHHBIMU TaKue Mpo0JieMbl, KaK YHU(UKa-
LISl METOJOB MCCJIENOBAHUSI KPEMHUEBBIX COSAUHE-
HUII B CUCTEMe MoYBa—pacTeHUe U cepTUdUKALIUS
arpoXuMHMKaTOB Ha OCHOBE KpeMHUs1. McKiTioueHremM
MOXET CIIY>KUTh MHaUS, Tie KpeMHUI Kaaccuuiiv-
pOBaH B KauyecTBe BaXKHEHIIIero mMUTaTeJIbHOTO 3Jie-
MEHTa, perjaMeHTHPOBAaHO 1IEHOOOpa3oBaHUE, Ka-
YeCTBO U KOJUUYECTBO KpeMHUIicoaepKalluxX Ipo-
nykToB [47].

B nmepBoMm necsatuiietnu XXI Beka ocTpo BcTaida
MmpobyieMa  3arpsi3HEHUsI  CeIbCKOXO3SIMCTBEHHBIX
YroJuii TSDKEJIBIMU MeTa/ulaMUu B pe3yJibTaTe HEKOH-
TPOJIMPYEMOTO BHECEHUSI yIOOpEeHUi, B YaCTHOCTH,
dochopHBx. OcoO00e BHUMaHME OBLIO YASIeHO Kaj-
MUIO — BJIEMEHTY C HEOOJbIIIUM TOKCUUECKUM JIeii-
CTBUEM Ha pPacTeHWsI, HO CWJIbHBIM TOKCHUYECKUM
JIeiCTBMEM Ha 4YejoBeKa. bbUIO yCTaHOBJIEHO, YTO
MPAKTUYECKN BCE CEIbCKOXO3SIMCTBEHHBIE TTOYBBI
3ananHoii EBporbl, o6enx Amepuk, A3uu (Kpome
Poccuu u cpenHeasnaTckux pecnyoink) u ABCTpa-
JIUU 3arpsi3HEHbI KaaMueM. bbUN BbIieI€HBI OTPOM-
HbIE CYMMBI Ha pelIeHue 3TOi MpoOIeMbl, OCOOEHHO
B Kutae. B pe3synbrare ObU1a BhIsABIeHA 3(PhHEKTUB-
HOCTb KPEMHUEBbIX COEAUHEHUN 11 NETOKCUKAIIUN
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KaIMUS U IPYTUX TSOKEIbIX METAJIOB U MBIIIbSIKA B
MOYBE U MPEAOTBpAIleHUSI UX aKKYMYJISILIUUA B TIJI0-
nmax pacteHuii [48]. UHTeHCUBHBIC MCCIIENOBAHUS B
5TOi1 00JIACTU TO3BOJIVJIN BHISIBUTH PSII HE M3BECT-
HBIX paHee KPeMHUI-UHAYLHUPOBAHHBIX MEXaHU3-
MoB. B HacTosIiee BpeMsT YMCIIO padoT, ITOCBIIIEH-
HBIX B3aMMONEHCTBUIO KpPEeMHUS U KaaMus, He-
YKJIOHHO pacTeT. Pe3ymbTaThl MccleqoBaHU ObUIU
00O0OIIIEeHBI B psifiec 0030pOB, B KOTOPBIX OMHUCAHBI
MpsIMBIE M OTTOCPEIOBaHHBIE MEXaHU3MBI IeCTBUS
pasIMYHBLIX (OPM KpEMHHSI Ha TOIBWKHOCTb U
TpaHCIOPT KaIMUS B CUCTEME MoYBa—pacreHue [49].

B nouBe ObL1M BBISIBICHBI CIEAYIOLINE MEXaHU3-
MBbI: aacopOLIMs COeUHEHUI KaaMUs KpeMHUICOo-
JepxXXaluMu npenapatamu [48]; ycuneHue copoum-
OHHOI1 CTOCOOHOCTU MOYB MOCPEACTBOM U3MEHEHUS
IMOBEPXHOCTHBIX CBOMCTB TOYBEHHBIX YacTHUIl IO
IEeICTBMEM MOHOKpPEeMHMEBOM  KuciaoTrhl  [50];
HaIpaBJI€HHOCTb B3aUMOAEUCTBUS KaIMUSI U MOHO-
KPEMHHEBOI KMCIOTHI B TOYBEHHOM pacTBOpE orpe-
neJisieTcsl KOHLeHTpauuei nocinenHeit. Huskue KoH-
LEHTPpALIM MOHOKPEMHIEBOI KUCIOTHI (5—20 MI/KT
Si) CrmocoOHBI YBEIMYNBATh ITOIBMKHOCTD KaaMUsI B
nouse. Bbicokue KOHILIEHTpallui MOHOKPEMHUEBO
kuciioTsl (50 Mr/Kr Si 1 BhIIIE) 00€CIEYNBAIOT UM-
MobOmnm3anuio kanmus [50, 51]; HeKoTopble KpeM-
HUEBble COENMHEHUST YBEIUUMBAIOT Mmokaszareab pH
MOYBbI, TEM CaMbIM CHMXasi MOABUXHOCTb KaaMUs
[52].

s pacteHuii ObUIM oOTIpeleSieHbl Cleaylole
KPEeMHUI-UHAYIIUPOBAaHHbIE MEXaHU3MbI: aKKyMy-
JAMS M ocaxJeHue (HelTpanusalus) KaaMus B
KopHsaX [53]; cHMXXeHMWe TpaHcImopTa KaaMHus TI0
CUMILIACTY U aIloIulacTy pacreHuii [54, 55]; ycune-
HYe cuHTe3a (pepMEeHTOB-aHTUOKCUIAHTOB, CHUXa-
IOIIMX HeraTMBHOE BoameiicTBue Kammust [56, 57];
oOpa3oBaHMe 3aIIUTHOTIO Oapbepa IIyTeM CyOepruHI-
3allMU KJIETOYHBIX CTEHOK KOpHEei [58]; ocnabimeHue
TOKCUUYECKOTO JeMCTBUS KaaMUsl Osarojapsi ycuiie-
HUIO CTa0WJILHOCTH TeHOB [59]; coocaxaeHue Ka-
MU U KPEMHUS B pACTUTENbHBIX TKAHSIX [60]; CBSI3BI-
BaHUE KaAMMUSsI B KJIETOUHBIX CTeHKax [61]; ycuiieHue
CUHTE3a U CTaOWJILHOCTU (POTOCUHTETUYECKUX MHUT-
MEHTOB [62]; copOLIMsI U KATICyIMPOBaHKE OpraHnye-
CKMX M HEOpTaHWYECKMX MOJIEKYJ, BKJItouas Kal-
MUIi, MOJIMMepaMU KPEMHUEBOM KUCIIOTHI [55].

B psine vcciemoBaHMif OTMEYEHO YCUIIEHUE TIOJIO-
KUTEIBHOTO BIUSHUS KPEMHUEBBIX COCOUHEHUIA
TIPY COBMECTHOM BHECEHUH C IPYTUMHM BEIleCTBAMMU.
Hampumep, Ob1a moka3zaHa BbIcOKasl 3(ddeKTuB-
HOCTb COBMECTHOTO TIpMMEHEHHUS KpPEMHUEBBIX
yIOOpEeHW M M3BECTH IJIs CHIKEHUST aKKYMYJISIITUN
pacteHusiMu Kanmust [63, 64]. CuHepreTM4ecKMii
3 dEKT U3BECT U KpeMHMIICoaepKallluX TIpernapa-
TOB OOYCJIOBJIEH CHIDKEHUEM TTOABIDKHOCTH MeTalljla
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B ITOYBE B PE3YJIbTATEC IMMOBLIILICHU S pH noJ 1EUCTBU-
em Ca u CHMXXEHHEM TIOITIOIIECHUA WM TpaHCIIOpTa
KaaMud B paCTCHUU I10/ NEVCTBUEM KpEMHUA.

OpnHOI M3 MPUYMH PACTYIIEro B HACTOSIIES Bpe-
MSI MHTEepeca K KPEMHUIO SIBIISTFOTCS M3MEHSIOLINECS
YCIIOBUSI KJIMMaTa, MPUBEIIINE K yYallleHUIO 3aCyX 1
HexXBaTKe MOJIMBHOU Boawl [65]. COTHU HMcciaenoBa-
HUI, TIPOBEIECHHBIX 3a TIOC/IeaHNEe 2 NeCSATUIICTHUS,
MO3BOJIUIIU BBISIBUTH ydacTue Si B oGecIieueHnH 3a-
LIUTHI CEJIbCKOXO3SIACTBEHHBIX KYIbTYP B YCIOBUSIX
cTpecca TOCPEACTBOM: OOpa3oBaHUSI JIBOMHOTO
Si-snuaepMagbHOIO CJIOSI, MPENSTCTBYIOLIETO ara-
KaM HaCeKOMBIX-BpeauTelieil U pa3BUTUIO TPUOKO-
BBIX 3a0o0JieBaHMi [45]; pa3BuUTHE KOPHEBOI CHCTE-
MBI U yBEJIMYEHUE KOJIMYEeCTBa MUIMeHTOB [17, 43];
HEUTpanu3aluss TOKCUYHBIX COCAMHEHUIN B TKaHSIX
pacTeHuii 6iarogapst BO3AEHCTBUIO MOHOKPEMHUEBOIA
KMCJIOTHI [51, 55]; omrTuMM3aniny MUTpaLAn U TpaHC-
[I0OpTa MUKPO- M MaKpODJIEMEHTOB [66]; CHUKEHUS
YPOBHSI BbI3BAaHHBIX CTpecC-(haKTOPOM OKMUCIUTEb-
HbIX JeCTPYKTUBHBIX TMPOLECCOB MyTEM aKTUBALIMU
CHHTEe3a cTpecc-(pepMeHTOB, BKIIIOYasi acKopbOaTiie-
poKcuaasy, DIyTaTUOHPEAyKTasy, TBasiKOJIEPOKCH-
nasy u ap. [56].

Hamm pacueThl mokasaji, 4To ceiiuac B MHUpE
€XeTOIHO BHOCAT ~4.5 MJIH T KPEMHMEBBIX arpoXu-
MUKaTOB. B HacTogllee BpeMsi MOXHO BbIIEIUTH
3 IrpyImbl KPEMHUEBBIX MPEnapaToB, UCIIOIb3YeMbIX
B CEJIbCKOM XO3SMCTBE, KOTOPBIE OTIUYAIOTCS HOP-
MaMU BHECEHUS U TPUHIIUITOM BO3IECTBUS Ha ITOY-
BY U pacTeHMUsI.

KpemHuesvie nougennvie meauopanmsl. VX neii-
CTBME B OCHOBHOM HaIpaBJIEeHO Ha YIydIleHHe
CBOICTB MOYBHI, TaKMX Kak pH, cTpykTypa, copomm-
OHHas CTOCOOHOCTH M ApyruX. OOBIYHO TO3BI BHECE-
Hus coctabisiioT 500 Kr/ra u 6onblire. biaaromaps BbI-
COKHM JI03aM JaHHbIE MperapaThl OTYACTH 0bOecIie-
YUBAOT THTaHWE pacTeHWil KpeMHHeM. K HHuM
OTHOCSTCSA CHUJIMKAT Kajublus (B OCHOBHOM IIpO-
MBIIIJICHHBIE OTXOIbI), IICOJIUTHI, TUATOMUTHI, TIep-
JIUTHI, BEPMUKYJIUTHI U npyrue [67, 68]. Cpenu uc-
TTOJIb3YEMBIX B CEJIBCKOM XO3SUCTBE KPEMHUEBBIX
MEJIMOPAHTOB MPe0OIamaroT MPOMEBITIIIIEHHBIE OTX0-
ol (http://www.slg.jp/e/slag/product/hiryo.html;
http://www.euroslag.org/products/statistics/). OnHa-
KO B CBSI3W C T€M, YTO 3a4aCTyIO MIJIAKA MOTYT Mpel-
CTaBJISITh OTIPEACIICHHYIO SKOJIOTUYECKYIO YTPO3Y U3-
3a MIPUCYTCTBUS TSKEJIBIX METAJUIOB M IPYTUX HEOp-
raHN4YEeCKUX 33Fp$[3HI/ITeI[eI7[, X WUCIIOJIB30BaAHUEC B
rociienHee BpeMst cokpammaercs. Ceituac B Poccun
CTaTd aKTUBHO TIPMMEHSITh TperapaThl Ha OCHOBE
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LICOJIUTOB ¥ TUATOMUTOB, HAIIpUMEP, IPOU3BOACTBA
kommanuii Amamukce, TaTapckue 1ieonntsl, PycOKo-
Opranukc, Cubpecypc u ap.

Kpemnuesoie yooopenus. VIX TpUMEHSIIOT C LIEJIbIO
obOecrneuyeHnsI MUTaHWS PACTEeHUI KPEMHUEM 1 BHO-
cat B go3ax ot 40 mo 501 xr/ra. K maHHOI1 rpyrime
MOXHO OTHECTU aMOpP(MHBIA AUOKCUD KpPEMHUS
(MUKpOCWJIMKA, MUPOTeHHas IBYOKMCh KPEMHUS),
KPEMHUEBBIN T'elib, CUJIMKAThl HAaTpus 1 Kanaus [17].
B Hacros1iee BpeMss UMEHHO 3TOT KJIACC KPEeMHU-
coIepXKalllX arpOXUMHUKATOB SIBJISIETCSI CAMBIM BOC-
TpeOOBaHHBIM.

B psine ctpan Boctounoit u HOro-BocTouHoit
A31U B KayeCcTBE KPEMHUEBOTO yIOOpEHUsI BHOCSIT
PMCOBYIO COJIOMY, COAepKaHUe TMOKCHUIA KPDEMHUS B
KoTopoit MmoxeTt nocturaTth 20% [69, 70]. Bo ®mopu-
Jie TIpU BbIpalllMBaHWUW pUca B POTAllMU C CaXapHbIM
TPOCTHUKOM Ha TOp(hSHUKaX CTEPHIO puca 3anaxu-
BaloT B mouBy [71, 72]. B cTpaHax A3uu pUCOBYIO CO-
JIOMY OTpPaHUY€HO UCTIOJIB3YIOT KaK yI0OpeHUE MOYB,
T.K. B OCHOBHOM €€ PAacXOIyIOT Ha KOPM XKMBOTHBIX U
B ctpoutenbcTBe [73]. Kpome s3Toro, cyiectByer
OIMaCHOCTh PacHpOCTPaHEHUsI C COJOMOM HaceKo-
MBIX-Bpenureneii [74].

Kpemuueswte buocmumynsamopst. ITO HOBBIM KJ1acc
KPEMHUEBBIX arPOXMMUKATOB, MCIOJIb30BaTh KOTO-
pble Havalu B HOCAEIHUE 2 AECATUIIETUSI, a MEXaHU3-
MbI BO3JIEICTBUSI HA pACTEHMUS CTAIN U3y4aTh TOJIBKO
B nociaegHue 10—15 net. Kpemuaniicomepkanie 61o-
Mpernaparhbl MPUMEHSIIOT JISI ONIPBICKMBAHUSI pacTe-
HUil B no3ax <10 kr/ra u misi o6paboTKu ceMsiH, a
TaKK€ BHOCST B IIOYBY BMECTE C IOJIMBHOII BOHOM
[75, 76].

B HacTosi111Mi1 MOMEHT B MpoOJaxke MPUCYTCTBYET
pSIl CUHTETUYECKUX KpEeMHUMcoaepXKalluX OMOCTU-
myisitopoB: RBS (Hunepnannsr), AmaCui (Poccust),
Zumsil (CIIA), 9k-Si (Poccust), Biosil (EBpora).

SAKIIIOYEHUE

O06o00I1IeHNe COBPEMEHHBIX 3HAHUU TO3BOJISIET
BbIICJIUTH OCHOBHBIC HaIIpaBJICHUSA BOSHCﬁCTBMﬂ
KpPEMHMEBBIX MpernapaToB Ha IPOAYKTUBHOCTb CHU-
CTEMBI ITOYBa—paCTEHUE.

1. ¥YBenuueHure ypoxKallHOCTU U KauyecTBa IMPOAYK-
MU pacTeHueBoacTBa. KpeMHueBble mpenaparhl
YBEJWMYHMBAIOT YPOXAaHOCTb B cpeaHeM Ha 5—30%.
Joka3aHo, 4YTO KPEeMHHUIl CYIIECTBEHHO ITOBBIIIACT
colepXaHWe caxapa B pacTEHUSAX M MX IUIONAX, B
YaCTHOCTH, BO (DPYKTAX M SITOHAX.

2. BoccraHOoBIeHHE MIOAOPOAMS AerpaglipOBaH-
HBIX MTOYB. AKTUBHbIC (POPMBbI KPEMHUSI BIUSIOT Ha
COCTaB BTOPUYHBIX MUHEPAJIOB B ITOYBE ¥ KOHTPOJIV-
pYIOT TaKue CBOICTBa, KaK BOAOYACPKUBAIOIIAs U
COpOLIMOHHAS CITOCOGHOCTH MOYB.

3. IloBBIIIEHME YCTOWYMBOCTH ITOYB K BETPOBOM 1
BOJIHOM 3PO3UU.

4. CHUXKeHME TOKCUYHOCTU aJIIOMUHUS B KUCJIBIX
moyBax. MoHOKpeMHUeBast KMCJI0Ta IPOYHO CBSI3bI-
BaeT MOABMXXHBIN aIIOMUHUI, 00pa3yst aTIOMOCHIN-
katbl. [To cBoeil a(pPpeKTUBHOCTU KPEMHUEBBIE Me-
JIMOPAHTHI IPEBOCXOIST N3BECTKOBLIE MaTepUAaJIbl.

5. CHuXeHue BbIHOCA TMTATEbHBIX 3JIEMEHTOB
(N, P, K) u coxpaHeHune ux B JOCTYITHOM IJIsI pacTe-
HUit ¢opme. MHOTME KpeMHUEBBIE TIperapaThl Cro-
COOHBI (pU3MYECKM CcoOpOMpOBaTh MUHEpaIbHbIE
yonobpeHusi. MoHOKpeMHUeBasi KUCJI0oTa obecneun-
BaeT 0CBOOOXIeHUE (PUKCUPOBAHHOTO B IMOYBE (poc-
¢dopa B pesyabraTe peakuuu 3amelleHus ¢ocdar-
aHWOHA CUJIMKaT-aHMOHOM B (ocdarax Kaablusl,
KeJjie3a U aTlOMUHMUSIL.

6. YcuieHue 3alllUTHl PaCTeHUIA OT HACEKOMBIX-
BpenuTesieii, TPMOKOBBIX M MH(PEKIIMOHHBIX 3a00J1e-
BaHUi1 6€3 HETaTUBHOIO BIMSHUS Ha OKPYXKaIOIIYIO
cpely, CBOMCTBEHHOTO TTeCTUIUIAM U (PYHTULIAIAM.

7. TloBbIllIeHUE 3aCyXOYCTOMYMBOCTU PACTEHUM
Ha (poHE CHUKEHMS pacxoaa MoJUBHOM Boabl Ha 30—
40% v NOBBILIIEHNE YCTONYMBOCTH K IPYTUM aGHUOTH-
YeCKHMM cTpecc-(dakTopam.

8. YcusieHue yCTOMUYMBOCTU PacTEHUM K COJIEBOit
TOKCUKALIUU.

9. Z[ETOKCI/IKaLII/IH TS2KEJIbIX METAJIJIOB B ITOYBE.

10. YckopeHue co3peBaHUs IUIOAOB pacTeHUI Ha
1—2 Hen u ynydllleHHUE UX Ka4eCTBEHHbBIX XapaKTepu-
CTUK.
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The more than 200-year history of studying the role and functions of silicon in the soil—plant system is shown.
The main directions of research on silicon are given, including the study of the effect of silicon preparations
on the mobility of heavy metals and on the resistance of plants to climatic changes. The silicon-mediated
mechanisms of detoxification of cadmium-contaminated soils and reduction of cadmium accumulation by
plants are generalized. There are 3 groups of silicon agrochemicals: silicon-containing soil meliorants, silicon
fertilizers and biostimulators. The principles of the effect of these groups of agrochemicals on the soil—plant
system are described.

Keywords: silicon-containing soil ameliorants, silicon fertilizers, silicon biostimulators.
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