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BBEJAEHHUE

ObecnieueHre MNPOAOBOJIBLCTBHEM  SIBISICTCS OJHOM W3 TJABHBIX  3ajad
rOCYJapCTBEHHOIO YIPABJICHHS Ha MPOTSKEHUUM BCEH HCTOPUM YEJIOBEYECTBA.
[IpoGnema HEXBaTKU MPOJIOBOJILCTBEHHBIX PECYPCOB BO BCEM MHUPE B COUYETAHUU C
€XETOHBIM POCTOM HACENIEHUSI HaXOJIUTCS B LICHTPE BHUMAaHUSI MUPOBOTO COOOIIECTBRA,
HO TTOKa He Hanuta cBoero penieHus (['omomesckas U. C., Aragonosa O. B., 2011).

HoBble OuoTtexHonoruu, mOpUMEHSIEMbIE B CEJIbCKOM XO34HCTBE, IIOKa HE
MO3BOJIWIIM PELIUTH MPOOJIEMY MPOJOBOJIBLCTBEHHON Oe3onacHoCcTH. KpoMe Toro, onbIT
BbIpamiuBaHuss u mnotpedsnenus ['MO-npoAyKTOB NpUBEI MHOTMX 3KCHEPTOB U
MPOU3BOJIUTENIE K Pa304apOBaHUIO B TOM, YTO 3TH TEXHOJIOTMUM HE TOBBIIIAIOT
YPOXKAWHOCTh M NPUBOAAT K HEKOHTPOJIUPYEMOMY MOTPEOJICHUIO MECTULIUIOB
(YepnukoB B.A., Anekcaxun P.M., 'onyoeB A.B. u ap., 2000).

Kpome TOro, 3arps3HeHuE TMOYBBI TSKEJIBIMA METaUIaMH, BBUAY OOJIBIION
TEXHOT€HHON Harpy3ku Ha arpoja”amadr, cnocoOCTBYET MaJCHHUIO0 NPOIYKTUBHOCTH
arpoIeHO30B, CHUKCHUIO YPOXKaWHOCTH M KadecTBa mpoaykiuu (Ouapenko M. M.,
2000; Yepnsix H. A., Munamenko H. 3., Jlagonun B. ®@., 1999), a yBenuuenue 1ieH Ha
yIOOpeHHs BBI3BIBAET MOTPEOHOCTh B JIbTEPHATHUBHBIX arponpueMax, KoTopble OyayT
IKOJIOTUYECKH W dKOHOMHYecKH  3¢dektuBHbl.  [loaTomMy  coBpemMeHHOMY
CEJIbCKOXO3SIICTBEHHOMY ~ MTPOM3BOACTBY HEOOXOAMMO HCIOJIb30BaTh MEPEIOBBIE
Hayuynsle goctTmkeHust (Poko M.K., Vumesamc P.C. u Ammsucoroc II., 2002). B
nocJielHee BpeMsi B PaCTEHUEBOACTBE MPUMEHSETCS HOBasi (hpopmMa MUKPOYAO0OpeHUi 1
CTUMYJIITOPOB POCTa B BUAE€ HAHOYACTHUI] METAILJIOB.

CneunamucraMu  Ps3aHCKOrO  TOCYyZIapCTBEHHOIO  arpOTEXHOJIOTMYECKOTO
yauBepcuteta umenu I1.A. KocteiueBa (PI'bOY BO PI'ATY) cBeiie 10 ner Benercs
W3YyYEHHE MUKPODJEMEHTOB B BHUJE HAHOJMCHEPCHBIX YAaCTHI], MPOBOJSATCA
WCCJICIOBAHMSI 110 MX BIMSHHUIO HA JKMBBIE OOBEKTHI, B TOM 4ymcie pacTeHus. Co3gaH
OonpmIOl  3a7en B 0O0JAaCTM  TEXHOJIOTMM  TOBBILIEHUS  YPOXKAWHOCTH
CEJIbCKOXO3SIICTBEHHBIX KYJIBTYp IIyTEM OJHOKPATHOW MPEANOCEeBHOW 00pabOTKH

CEMsIH HaHOYaCTHUIIaMH MCTAJIJIOB.


https://www.elibrary.ru/author_items.asp?refid=861561700&fam=%D0%A7%D0%B5%D1%80%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2&init=%D0%92+%D0%90
https://www.elibrary.ru/author_items.asp?refid=861561700&fam=%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D1%85%D0%B8%D0%BD&init=%D0%A0+%D0%9C
https://www.elibrary.ru/author_items.asp?refid=861561700&fam=%D0%93%D0%BE%D0%BB%D1%83%D0%B1%D0%B5%D0%B2&init=%D0%90+%D0%92
https://www.elibrary.ru/author_items.asp?refid=204838187&fam=%D0%A7%D0%B5%D1%80%D0%BD%D1%8B%D1%85&init=%D0%9D+%D0%90
https://www.elibrary.ru/author_items.asp?refid=204838187&fam=%D0%9C%D0%B8%D0%BB%D0%B0%D1%89%D0%B5%D0%BD%D0%BA%D0%BE&init=%D0%9D+%D0%97
https://www.elibrary.ru/author_items.asp?refid=204838187&fam=%D0%9B%D0%B0%D0%B4%D0%BE%D0%BD%D0%B8%D0%BD&init=%D0%92+%D0%A4

AKTYaJIbHOCTb TeMbl HMCCJIAEA0BAHUA. B COBPEMEHHOM CEIIBCKOM XO3SIMCTBE
AJIEMEHTHI MMUTAHKS BHOCSATCS B ITOYBY B COCTaBE COJICH METAJJIOB Pa3IMIHON (POPMBI U
COOTHOIIIEHUM, MpPU H3TOM B HHU3BKUX KOHILEHTPAIUSAX MHUHEpaIbHbIE YI00peHus
Maj03(pPEeKTUBHBI, @ B BEHICOKUX MOTYT OBITh TOKCHUYHBI JIJII PACTCHUN U OKPY>KArOIICH
cpenbl. [IpuMeHeHue 3JeMEHTOB B HaHOpa3MEpHOW (opmMe B MUKPOKOHIEHTpAIUSIX
MO3BOJUT YMEHBIIUTh HArpy3Ky Ha IMOYBY U OKPYXKAIOUIyI0 cpeay 0e3 CHMXCHHS
arpoHOMHYeCcKo 3(P(HEKTUBHOCTH, TaK KaK II0 CBOEMY JCHCTBHIO OHH MOTYT
BBITIOTHATh (PYHKIHMIO CTUMYJSATOpPOB pocTa (ApcentbeBa M.II. B coart., 2007; A.A.
Nazarova, S. D. Polischuk et al., 2014; Bunorpaznos /I.B., Iloranosa JI.B., 2009). B
paboTax OTEUECTBEHHBIX YUEHBIX JIOCTATOYHO IIMPOKO OMUCAHBI MO3UTUBHBIC 3PHEKTHI
IIPEANIOCEBHOU 00paboTKH CEeMsSIH HaHOYaCTULIAMU METAJIJIOB Ha
cenbcKkoxo3siiicTBeHHbIe pactenus (Bunorpanos [.B., IToranosa JI.B., 2009; AmmieeBa
JLLE. B coaBrt., 2001). Iloka3zaHo, 4TO HAaHOYACTUIIBI METAJUIOB CBOMM YHEPreTHUYECKUM
BO3JICUCTBUEM CTUMYJIHPYIOT MPOIECChl CAMOOPTaHM3aIMU OHOJIOTHUECKUX CHCTEM,
TEM CaMbIM aJaTUPYs PaCTUTEIbHBIE 00BEKTHI K BHEITHUM ycioBusiM (A. A. T'yces, O.
A. Axumona, FO. A. Kpyrsakos [u np.], 2013; Ilomumyk C.JI. B coast., 2017; G.I.
Churilov, S. D. Polischuk et al., 2018). Oco0eHHOCTh XUMHUYECKOTO B3aUMOIECHCTBHS
YIBTPAAUCIEPCHBIX HAHOYACTHIL C JKUJIKON CPEIOM KUBBIX CUCTEM SBISETCA OAHUM M3
onpenenstonmx (akTopoB B CTUMYJIUPOBAHWUU PA3BUTHS PACTCHHM, YTO JaeT
BO3MOXXHOCTh MPUMEHEHUSI HAHOMETAJUIOB B KA4eCTBE MHUKPOYAOOpEHUU U
CTUMYJIITOPOB POCTa, 00JaIAIOIIMX MPOJIOHTUPOBAHHBIM JICUCTBUEM, BBIPAKAIOIIEMCS
B MPOAOJDKUTEILHOM HX BIUSHUU Ha PETYSLUUI0 MUHEPAIBHOTO MHUTaHUA,
YTJIEBOJIHOTO OOMEHa, peakiuu ¢oTocuHTe3a U asixanue kietok (Kyuxup M.B., 2014;
ITanos I'.B., ®onmanuc K.9., 1999).

B pabore paccmarpuBaeTcs BapuaHT MPUMEHEHUS HAHOYACTHI[ MEIU, OKCHJIA
MEIU W HAHOKOMIIO3UTAa MEIU JJisi OJHOKPATHOW MPEANOCEeBHONW 00pabOTKH CEeMsH
OBOIIHBIX KYJIbTYp B Ka4eCTBE CTUMYJIATOPOB pocta. HaHOUacTUIbI HA OCHOBE MeIu
BBIOpaHbl, TaK Kak Meab U €€ COeAUMHEHUS TMPUHUMAIOT aKTUBHOE YydYacTHE B

MOCTPOEHUU HEOOXOAUMBIX OENKOB M (PEpMEHTOB, a TakKe B MpoOIlEccCaXx pPOCTa H



pa3BHUTHS KJICTOK, TKaHel, pacrenuii (borocmorckas O.A., I'mymenko H.H., 2007,
butronkuit H.IT., 2005; Inmutpues A. /L., 2018, Oxyniios M.M., 1949).

Hear wucciaenoBaHusi 3aKioyaliach B W3YYEHUU BIMSHUS U OLICHKE
(G ()EKTUBHOCTH WCIIONB30BAHUS HAHOYACTHIlT HA OCHOBE MEIU pPa3HBIX (HHU3UKO-
XUMHUYECKUX CBOWMCTB MPHU BHIPAIIMBAHUM CBEKJIbl U MOPKOBH Ha CEpOil JIECHOM MOYBE.
B kadecTBe TECT-OOBEKTOB HCIOJIb30BAIM KOPMOBYIO, CTOJIOBYIO CBEKIY U MOPKOBb,
IIUPOKO PACHPOCTPAHCHHBIX W HUMEIONIUX BaXXHOE XO35SMCTBEHHO-DPKOHOMUYECKOE
3HAuYCHUE.

CnenyeT OTMETUTh, YTO PE3yJbTaThl HSKOJOTHYECKHMX U OHMOXHMHYECKUX
UCCIICIOBAaHUM  JICHCTBUSI HAHOMATEPUAJIOB HA  KUBBIE CHCTEMBI  JOBOJIBHO
npotuBopeurBhl (I'onpiMuyk A.YO., CaBenweB I'.I'., 3pikoBa A.Il. , 2012; I'MomuHCKuH
N.B., CmupHoBa B.B., Xorumuenko C.A., 2010; Aruoja V., Sihtmae M., Kahru A., 2015;
ChoW.- S., Cho M., Jeong J. (etal.), 2009). OTmeuaeTcs pa3indHas peakius pasHbIX
BUJIOB pACTEHUWW Ha JEWCTBHE HAHOYACTUIl OJHOTO M TOrO0 K€ MeTaia, HO
OTJIMYAIOMIETOCS MO KOHILEHTPAMU U (PU3MKO-XUMUYECKOMY CcTpoeHuto. Cutyarus
YCIIOKHSIETCA HAJIMYMEeM OOUIUPHOW, MOCTOSHHO TMOTOJHSIOMICHCS HOMEHKIATYpOH
HAHOMATEPUAJIOB, a TAKXKE Pa3HOOOpa3ueM METOAUYECKHUX IMOJXO0JI0B, UCMIOJIb3yEeMbIX
IpH U3y4YeHHH uX Omojorudeckoi aktuBHocTH (bamadanos B.M., 2009; Kosanenko JI.
B., flnmapos A. X., ®onamanuc I'. ., denoto M. A., 2014).

Kiaccuuecknm crocoboM OIIEHKHM CTENEHU BO3JECUCTBUS HAHOUYACTHI] SIBIISICTCS
U3YYCHUE BUTAIBHBIX U MOPGOMETPUUECKUX MTApaMETPOB PACTEHUH O] BO3ICUCTBHEM
HaHoMatepuasioB. [1ogo0HbBIE MCCIEOBaHUSI BO MHOTHX CIIydasiX MO3BOJISIIOT CleIaTh
BBIBOJIbI O OMOJIOTUYECKOW aKTUBHOCTH, (DPUTOTOKCUYHOCTH TECTUPYEMOI'O BEIECTBA,
He mpuberast K 0oJiee CIOXKHBIM U Joporoctosmmm Metoaukam (X. Yxkao, M. Jlo, FO.
Yeup B coaBT., 2017). B cBoeii paboTe MBI HCXOAMJIM W3 TOTO, YTO CCIIH IPH
BO3JICUCTBUM HAHOYACTHI[ MPOUCXOJUT CYIIECTBEHHOE OTKJIOHEHHE ToKa3aTenen
OMOXUMHUYECKOTO CTaTyca PacTEHUH OT HOPMBI, TO OTO MOXET CIYKUTh CUTHAJIOM O
HETaTUBHOM BO3JCHCTBUM WM HAJIWYUU TOKCHYECKoro »ddekra co CTOPOHBI
HaHoMaTepuasioB. COBOKYNMHOCTh Hay4yHbIX AaHHbIX (Tumomenko A. H., KonecHukoB

C. NU., Kazees K. III., Akumenko [O. B., 2017; Casnuna H.B., Cepruesuu A.A. B
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https://www.elibrary.ru/author_items.asp?refid=437106854&fam=%D0%91%D0%B0%D0%BB%D0%B0%D0%B1%D0%B0%D0%BD%D0%BE%D0%B2&init=%D0%92+%D0%98

coaBrt., 2014; Chen Z., 2006; Antmudepoa U. B., 2012) o HaHOUacTHIIaX YKa3bIBACT HA
TO, YTO OHHM OTHOCSTCSI K HOBOMY KJIACCy COCIMHEHUM, M XapaKTEPUCTUKA UX
MOTEHIIUAJIBHOW OIACHOCTU JIJIsi 3/JI0POBbSI UEJIOBEKA W COCTOSHUS Cpellbl OOWTaHUs
SBJIIETCSI 0053aTEIILHOM.

B 3agaum ucciaen0BaHus BXOAWIIO!

1. U3yunTh OMOJIOTHYECKYIO aKTUBHOCTh HAHOYACTHIl HA OCHOBE MEJHM B 3aBUCHMOCTHU
OT CTPOCHUSI, pa3MEPOB U KOHIICHTPAI[MU Ha KOPMOBOM, CTOJIOBOW CBEKJIE U MOPKOBU B
71a00paTOPHBIX YCIOBHUSX.

2. HccnenoBath Haubosiee JEHCTBEHHBIE KOHIEHTpAIMM HAHOYACTHI[ JJIsi OLICHKHU
YPOKaHOCTH M KaueCTBa KOPHEIJIOI0B B MOJIEBBIX YCIOBUSX.

3. OnpenenuTth U3MEHEHUE COJIEPAKAHUS METAJJIOB B IIOYBE MPU BBIPAILIMBAHUN CBEKJIbI
Y MOPKOBH C MPUMEHEHUEM HCCIIEAYEMbIX MTPEnapaToB.

4. MHccnemoBaTh coliepKaHWE€ MeOW B KyJIbTypax B IIPOIECCE pOCTa IOCIHE
MPEANOCeBHON 00pabOTKHU CEMSIH U3y4aeMbIMHU MperapaTamu.

Pemienne naHHBIX 3a7a4 MO3BOJWJIO CJEJIaTh BBIBOJ O II€JI€CO00Pa3HOCTH
HCIIOJIB30BaHUs HAHOYACTHUIl MEAU Pa3HBIX (U3UKO-XUMHUYCCKHUX XapaKTCPHUCTHK IS
MOBBIIIIEHUS MPOAYKTUBHOCTH CBEKJIbI U MOPKOBH.

Crenenb pa3padloOTAHHOCTH. Teopernueckas 51 METO0JIOTHYECKAs
OCHOBa JuccepTanu 6asupyerca Ha padorax Uypunosa ['.U., [Homumyk C.JI., ['yceBa
A.A., Hazapoont A.A., I'mymenko H.H., ®omnmanuca I.9., Kyukupa M.B.,
NBanbrueBoit FO.H.

Onnako, 00aCTh NIPUMEHEHUS HAHOMATEPHUAJIOB B KUBBIX CUCTEMaX HE JI0 KOHIIA
M3yuyeHa, B TOM 4YHUCJIE B PACTEHHUEBOJCTBE, KOTOpBHIE CBSI3aHbI C HECKOJbKUMU
dakTopamu:

- OTCYTCTBHUEM UYETKOTO MEXaHW3Ma JICMCTBUSI HAHOYACTHUI] HA KUBBIE OOBEKTHI B
CpPaBHEHHH C HAHOKOMIIO3UTOM;

- CTaHJapTU3allUeM XapaKTepUCTHK HAHOYACTHII, IOJATBEPXKAAIOIMIMX HX
OMOJIOTUYECKYIO aKTUBHOCTH;

- pUCKaMH, CBSI3aHHBIMH C MaJlOl M3YYEHHOCTHIO TOKCHYECKHX CBOWCTB

HaHOMATEPHAJIOB.


https://www.elibrary.ru/author_items.asp?refid=772435305&fam=%D0%90%D0%BD%D1%86%D0%B8%D1%84%D0%B5%D1%80%D0%BE%D0%B2%D0%B0&init=%D0%98+%D0%92

Hayynassi HoBu3Ha. BrepBble HM3y4e€HO JEUCTBHE CHHTE3UPOBAHHOIO
HAaHOKOMIIO3UTa, COCTOSILIEr0 W3 HAHOYACTHI] MEIM M  BOAOPACTBOPHMBIX
nonucaxapunoB. Ilokazanbl paznuuus B Ouojgornyeckux 3(Qekrax, CBSI3AHHBIX C
OCOOCHHOCTSIMH ~ CTPYKTYpbl HAaHOYACTHI[ Ha TpUMEpe MeTajula, OKCHIa H
HaHOKoMno3uTa. OnpenesieHbl YCI0BUS M SKCIEPUMEHTAbHAS MOJENb MOCTYIUIEHUS
HAHOYACTUIl B OMOOOBEKTHI MOCPEACTBOM CO3JaHUsl BOJHBIX cycrieH3uil. [lokazana
CB3b <«d(pdekra mMampix 103» (MJI) ¢ OMOJOrMYEeCKOW aKTUBHOCTHIO HAHOYACTHI[ H
orcyrctBue  3pdekra MJl mng nHaHokommos3uTa.  Pa3paGotana u mnpoBeneHa
KOMILJIEKCHAsI ~OLEHKAa JKOJIOro-OMoJIorndeckux 3(P(EKTOB ¢ HMCHOJb30BaHUEM
MPEJCTABUTENICH OBOIIHBIX KYJIbTYP B MOJIEBBIX YCIOBUSIX.

IIpakTHyeckasi 3HAYMMOCTb PadOTHI 3aKITIOYACTCS B HAYYHOM OOOCHOBAHHMHU
OIICHKH OUOJOTMYECKON aKTMBHOCTHM HAHOYACTHUI[ MEIU Pa3HBIX (PUIUKO-XUMUYECKHUX
CBOMCTB, BKIIIOYAIOIIEH W3yYEHUE PEAKIUNA OBOUIHBIX KYJIbTYp Ha JIEWCTBUE
HAHOYACTUIl, TJI€ OTBETHBICE pEaKIUu OOYyCIOBJICHH HamuuueM 3P PexToB
OMOAKKYMYJISIINKM, «MajbIX J03», a TaKXKe HU3MEHEHHEM aKTUBHOCTH (HEPMEHTHBIX
cucteM. JlaHHble pe3ynbTaThl HWCCIEIOBAHUI HWCIOIB30BaHbl ISl  ONpEACIICHUs
ONTUMAJbLHBIX KOHIICHTPAIIMH HAHOYACTUIl C I1EJIbI0 TOBBIINICHUS YPOXKaHOCTH,
HAKOIIJICHUSI ~ OMOJIOTMYECKH  aKTUBHBIX  COCJUHEHUM, TIOBBIICHHUS  KadecTBa
KOPHEIUIOJ0B.

Pe3ynbTaThl HCCieI0BaHUN UCIIOIB30BAIMCH MIPU BHIMOJHEHUU (PUHAHCUPYEMBIX
HUP:

- HUP B 2015 rony no teme: «COBEPIIEHCTBOBAHUE TEXHOJIOTMM TPOU3BOJCTBA U
NOBBIIIEHHE A(PPEKTUBHOCTU UCIOJIB30BAHUS CPEICTB BO3JENbIBaHUSA, YOOpPKH U
NEPEBO3KU KOPHE-KIIyOHE-TIJI0JIOB B YCIOBUAX CEIHCKOXO3IUCTBEHHOTO MPOU3BOCTBA
Psi3anckoi oOnacTiy;

- HUP B 2018 — 2020 rr npu noaxaepxkke PODU no teme: «Teopernueckue
OCHOBBI OHMOJIOTUYECKONW aKTMBHOCTH HAHOYACTHI] PA3INYHBIX (DU3UKO-XUMUYECKUX
CBOMCTB C Y4E€TOM OMOAKKYyMYJISIIIUU U d(PPeKTa «MaybIX 103».

MeTono/10TSE W MeTOAbI HCCHAeA0BAHMSA. MeETomoJ0rusl UCCIe0BaHUs

0asupyeTcs Ha (yHIaMEHTAIBHBIX M MPHUKIAIHBIX padoTax, MOCBSIIEHHBIX W3YYEHUIO
8



tokcuuHoct HY, ¢usuko-xumuueckux cBoiicte HY wu ux Ouonmormyeckoir u
OMOXMMHUYECKON aKTUBHOCTH U COOTBETCTBOBAJIA IIOCTABIECHHBIM 33a4aM.

[IpoBeneH 0030p JIUTEpATypHBIX  HMCTOYHMKOB, KOMIUIEKCHBIM  aHAU3
pe3ynpTaToB OMO(pU3NUECKUX, MOPHOIOTUIECKUX, STCKTPOHHO-CIIEKTPOCKOTMYECKUX U
NoJIeBbIX uccienoBaHuil. IIpoBeneHa oOleHKa OCHOBHBIX NapaMETpOB, IOJy4YEHHbIE
pe3ysIbTaThl AHAIUTUYECKH U CTATUCTUYECKH 0OpabOTaHbl, MPEACTABICHbl HAYYHOE
00OCHOBaHUE U BBHIBOJIBI.

Pabota BbINIOJIHEHA HA OCHOBAHMM HAlpaBJICHUS HAyYHOU JESITEIbHOCTU By3a IO
TeMe: «Pa3zpaboTka M arpo3’koyIorHueckoe OOOCHOBAHHME COBPEMEHHBIX HAYyKOEMKHX
TEXHOJIOTMA B MPOU3BOJACTBE, XpaHEHUH, NEepepadOTKE CEIbCKOXO03HCTBEHHON
IPOAYKLIHUHA W JIECOBOCCTAHOBIIEHHMW» pazzaen 1.4.1 «buoCcOBMECTUMOCT HAaHOYACTHUIL
pa3IMuHOM MpUpPOABl M pa3pabOTKa HA HUX OCHOBE OMOJOTMYECKU AaKTUBHBIX
IIpenapaToBy.

JIabopaTopHble M TOJIEBBIE HCCIEIOBaHMS MO BO3JACHCTBUIO HAHOYACTHI[ Ha
OBOILIHBIE KYJIBTYpbl MPOBOJMUIM HA BBICOKOTOYHOM HAayKOEMKOM 00opynoBaHuu. B
paboTe ObLIM HCIOJIH30BAaHbI CTAHIAPTHBIE U pa3pabOTaHHBIE METOMbI JIAOOPATOPHBIX
MCCJIEIOBAHUN MO3BOJISIOIIMX U3YUYUTh BIMSAHUE PA3HBIX TUIIOB HAHOYACTHI] Ha POCT U
pa3BUTHE CEMSH M NPOPOCTKOB CTOJOBOM, KOPMOBOM CBEKJIbI M MOpKOBU. OHHU
NO3BOJIWJIM  YCTAHOBUTH OTBETHBIE PEAKIMU OBOIIHBIX KYyJbTYp Ha CTENEHb
OMOJIOTMYECKOM aKTUBHOCTH HAHOYACTHII, OOYCIOBIEHHBIX X Pa3MEpPOM, CTPYKTYpOil,
KOHLIEHTpaMel 1 XUMHYECKUM COCTaBOM.

OcHOBHBIE 10JI0KEHUSI, BBIHOCUMbIE HA 3alIUTY:

- Ouosornyeckass aKTUBHOCTb BO3ACHCTBUS HAHOYACTUI[ MEAHM, OKCUAA MEIU H
HAaHOKOMIIO3UTa Ha POCT U Pa3BUTUE CEMSH U IPOPOCTKOB CBEKJIbI 1 MOPKOBH;

- YpOKallHOCTh M KauyeCTBO KOPHEIUIOAOB TOCI]E MPEANOCEeBHON 00pabOTKU CeMSH
HAaHOYACTHUIIAMH;

- aHAJIM3 COJIEPKAaHUS METAJUIOB B MOUYBEHHBIX 00pa3liax ONBITHOTO MOJIS;

- COJep)KaHWe MeAM B KyJIbTypax B IMpOIECCE pocTa IMocie oO0paboTKH CeMsiH

M3y4aeMbIMU IIPENApaTaMU;



JI0CTOBEPHOCTb JKCIEPUMEHTAIBHBIX JTAHHBIX M PE3YJIHTATOB MX O0OOIICHUS
MOATBEPKIAETCA JOCTATOYHBIM OOBEMOM SKCIEPUMEHTAIBHOTO MaTepuaia, BpEMEHU
HAOJIOZICHUM, paHAOMHU3AIMEH TeCT-00bEKTOB, HCIIOIb30BAHUEM anpOOUPOBAHHBIX
Meroauk uccienoBanuii 1 'OCToB, cTaTHCTHUECKUM AHAIM30M 3KCIIEPUMEHTAIbHBIX
JaHHBIX ¢ IPUMEHEHHEM JHMCIIEPCHOHHOTO MeToja 1o mporpamme Statistica, Microsoft
office excel.

AnpobGanus pe3yabraToB. OCHOBHBIE IOJOKEHUS IUCCEPTALMOHHON pabOTHI
ObLIM TIPE/ICTABJICHBl Ha CIEAYIONIMX Hay4dHBIX KoH(pepeHuusx: [V MexayHapoanas
Hay4HO-TIpakTuyeckas KoH(pepeHuus «HaHomarepuansl u kuBble cucTeMbl», 2016,
MockBa; HarmonanpHass HayyHO-TIpakThueckas koHpepeHuus «l/IHHOBaIIMOHHOE
pa3BUTHE COBPEMEHHOIO arponpoMbIIUIEHHOTO KoMmiuiekca Poccum», @I'BOY BO
PI'ATY, 2016, Psa3anp; 68-as MexayHapoaHas Hay4YHO-TIPAKTUYECKass KOH(PEPEHIUS
«IIpyHIUIIBI U TEXHOJIOTUU 3KOJOTU3AallMM MPOU3BOACTBA B CEJIBCKOM, JIECHOM U
peiOHOM x03siicTBe», @I'BOY BO PI'ATY 2017, Psazanb; 69-as MexnyHnapoaHas
Hay4YHO-TIpakTUyeckas KoHpepeHuus «HHOBAllMOHHOE HAy4YHO-00Pa30BaTEIHLHOE
obecricueHrEe arponmpoMmbIlIieHHOro Komruiekcay, ®I'BOY BO Pr'ATY, 2018,
Psizanb; | X Exxeronnass Koudepennuss HanotexHnonoruueckoro ob6mectBa Poccun,
HUTY MUCHUC, 2018, Mocksa; HOOumneiinas HaIlmoHajdbHas HAay4YHO-TIPAKTHYECKas
koH(pepenuus «l[loTeHrman HaykKM W COBPEMEHHOTO OOpa3oBaHUsI B pEHICHUU
npuoputeTHbixX 3a1a4 AIIK u necnoro xozsiicteay, ®I'bOY BO PI'ATY, 2019, Psa3ans;
Hayuno-nipaktudeckas koHdepenims «COBpeMEHHbIE OMOTEXHOJIOTHH: OT TEOPUU K
KOMMepYecKoMy NMpoayKTy», 2019, TambO0B u 1p.

PaboTa sBisercs moOeauTeneM MHOTHX KOHKYpPCOB: MOOEIUTENb MPOrpaMMbl
«YMHUK-2016»; mobenurens koHkypca «Heopranuueckune yaoOpeHUsT U TEXHOJIOTHH
Oynymiero» MuHUCTEPCTBa CEIIbCKOTO X03siiicTBa PO B HOMuHauu: «JIydmuii mpoexT
B 00JIaCTU CO3/IaHUS HOBBIX BUOB HEOPTAaHHMYECKUX yI00peHuii» - 2017; MOJI01e)KHOTO
KOHKYPCHOTO TipoeKTa, noaaepxkanHoro PODI Nel18-33-00510 tema: «TeopeTuueckue
OCHOBBI OMOJIOTMUECKON aKTMBHOCTH HAHOYACTUI] PA3TUYHBIX (PUBUKO-XUMUUYECKUX

CBOMCTB C yueToM Ouoakkymymsiiuu U 3 dexra «Mampix n03» - 2018; mobenurens

10



nporpammbel  «CTAPT» - 2019, cepebpsinas menainb «3a YCHEIIHOE BHEIPEHHE
WHHOBAIIMNA B CEILCKOE XO3IUCTBO» - 2021.

[To Teme nuccepranuu omyonukoBaHo 12 crateil, U3 HUX 3 B pELIEH3UPYEMBIX
HAyYHBIX W3JIaHUAX, peKkomMeHaoBaHHBIX BAK, 5 omnyOnukoBaHHBIX cTaTel, B
3apyOEKHBIX JKypHalIaX, BXOJSAIIMX B MEXKIYHApPOJIHYIO 0a3y JaHHBIX M CHUCTEMY
nutupoBanus WoS u Scopus. Mimeetcst mareHT Ha uzooperenue Ne2735268 «Cpencto
JUIS TIPEINIOCEBHONW 00pabOTKU CeMsIH CEeIbCKOXO03WCTBEHHBIX PACTEHUI U CIOCO0 ero
MPUMEHEHUS.

JInunblii BKJAA aBTOpa. ABTOpP YydYacTBOBaja B pa3pabdOTKE MpPOrpaMMBbl
UCCJIEIOBAHMM, MTOCTAHOBKE LeNM M 3aAad K padote. [lpoBenenue nabopaTOpHBIX U
IIOJIEBBIX OMBITOB, aHAJIM3 M CTATUCTUYECKas 00paboTKa MOIY4YEHHBIX PE3yJIbTaTOB,
U3JI0O)KEHUE  TOJYYEHHOTO  OAKCHEPUMEHTAIIbHOIO  MaTepuaja B JIUCCEpTalUuu
OCYILIECTBIISUIOCH  TaK)K€  HENMOCpeACTBEHHO  aBTopoM.  Couckareirem  Obuin
HOJIFOTOBJIEHBl M OMyOJMKOBaHbl HAy4YHbIE CTaTbU, PE3YyJIbTAThl HCCIEIOBAHUIM
JOKJIa/IbIBAJIMCH HA KOH()EPEHUUAX, OJyYEH MaTeHT Ha U300peTEeHNUE.

Ctpykrypa u 00beM padoThl. [luccepranionHas paboTa COCTOUT U3 BBEACHUS,
YeThIpPEeX TJIaB, BBIBOJOB, CIIMCKA JMTEPATyphl U Mpuiiokennid Ha 134 ctpanunax. OHa
BKirowaer 28 tabmui, 38 pucyHkoB, 9 mnpuioxkeHuid. CHUCOK HCIOIb30BAaHHON

JIUTEPATYphl copep uT 177 uctounuka, 43 U3 KOTOPHIX 3apyOeKHBIX aBTOPOB.
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I''/TABA 1. OB30OP JIMTEPATYPbI

1.1. Poan MHKPO3JIEMEHTOB IJIsI pOCTa U pasBUTHUA CeJIbCKOX03SCTBEHHBIX

KYJbTYP

Huss  Toro  4YroObl  MOJy4yaTh  BBICOKME U YCTOMYMBBIE  YpOKau
CEJIbCKOXO3SIICTBEHHBIX KYJBTYpP OJHUM M3 TJaBHBIX YCJIOBUN SBIISICTCS HaJU4Ke
HEoOXOMUMBIX MHKpodieMeHToB (Jlyomkosckuit I'.T., Hopomkeswu E.M., 1988;
HUcmarunos, P. P., 2011). Ponp ux wmHororpanHa. OHM NPUHUMAIOT Yy4yacTuUE B
(GbU3MONOrMYecKuX U OUOXMMHUUYECKUX TMPOIECcCax, AaKTUBU3UPYIOT JESTEIbHOCTD
TOPMOHOB, ()EPMEHTOB U BUTAMUHOB, YCKOPSIIOT pPa3BUTHE M CO3PEBaHUE CEMSH, a
TaK)K€ YBEJIIMYUBAIOT YCTOMYMBOCTH KYJIBTYp K (hakTOpaM BHEIIHEH Cpe/ibl U O0JIE3HSIM.
K nmpumepy, npu takux mukpodneMeHtrax kak Co, Mn, Cu, Mo, Zn pacteHus mydiie
YCBAaWMBAIOT MAaKpOYAOOpEHUST M TPOYUE TMHTATEIbHbIE BEIIeCTBA U3 IOYBBI,
COOTBETCTBEHHO POCT U pa3BUTHE ycKopsieTcs u ynyumaercs (Hazaprok B.M., 2007).

Psin ydeHbBIX Ha3bIBAIOT MUKPOIJIEMEHTHI «3jieMeHTamu )u3Hu» (buttonkuit H.I1.
2005; Ancnok I1.M., 1990; Jumutpues, A.Jl., 2018), akneHTUpys, yTo 06€3 HUX KU3Hb
pacTeHHU U KUBOTHBIX CTAHOBUTCS HEBO3MOKHA. [Ipu HeXBaTKe 3JEMEHTOB B MOYBE
MPOUCXOJUT CHUKEHHUE CKOPOCTU MPOTEKAHUS IPOLIECCOB, KOTOPbIE OTBEYAKOT 3a
pa3BUTHE PACTUTEIBHOTO oOpraHu3Ma. B pe3yinbraTe MNOTEHIMANA PACTEHHUS HE
MOJTHOCTBIO peain30BaH, C(HOPMHUPOBBIBACTCS HU3KOE KAaueCTBO ypoxKas, a 3a4acTylo
pacteHus u BoBce norubarot (Menpauuyk M.A., 2004).

KadecTBO U ypoxkaiHOCTbh KYJIbTYp IJIaBHBIM 00pa3oM 3aBUCAT OT JOCTYMHOCTH
U B3aUMOCBSI3M DJIEMEHTOB MHUTAHHUS PACTUTEIBHOTO OpraHu3dMa. OTH YCJIOBUS
00€CTIeYMBAIOT XOPOIIYIO TOTIIOMAEMOCTh MUKPOIJIEMEHTOB pacTenneM. Hemocrarok
MUKPOIJIEMEHTOB JIOJIKEH BOCIIOJHSITHCS, TaK KaK 3aMEHUTh UX JPYTUMH BEIIECTBAMU
Henb3s (BemoycoBa E.H., 2016; Boopenko M.A., 2009). OpueHTHpOBAaHHOCTH B
HEOOXOJIMMOCTH W PEaKIMU pPACTCHUW Ha BIUSHUE MHKPOAJIEMEHTOB SBISCTCS
NPEINOChUIKON ISl MCIOJB30BaHUS MUKPOYAOOPEHUN C 1IEJIbI0  yBEIUYCHUS

NPOAYKTHBHOCTH U CTOWKOCTH K 3a0oseBanusm (Munees B. I'., 2006).
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1.1.1. IToryiomieHHe MMKPO3JIEMEHTOB PACTEHHEM

OOmIbHOE COEpKaHUE B TIOYBE MUTATENIbHBIX BEUIECTB HE TOBOPUT O TOM, YTO
OHHM TIOTIAAYT B PACTCHHUS. DJIEMEHTHl NMHUTAHWS YCBAWBAIOTCS 3a CUYET BHEIIHUX H
BHYTpeHHUX (akTopoB. B mepBylo ouepeab KyiabTypa HYXIACTCS B KOHKPETHOM
HAa0oOpe XHMHYECKUX  COCJUHEHUM, CBA3AHHBIX C €€  UHIAMBUIYaJIbHBIMU
0COOEHHOCTSIMHU, THUIIOM KyJIbTYpHI 1 (ha3oii pazutus (Cackesuu I1.A., 2009).

[Ipy TOYBEHHOM TIUTAHUU TOCTYIUICHUE MHUKPOAJIEMEHTOB B PacTEHUS
MPOUCXOIUT W3 TOYBHI Yepe3 KOpHH. BMecTe ¢ TeM Mo HaIW4YWI0 MHUKPOAJICMEHTOB
MOYBBl CHJIBHO pPa3lIWYarOTCsA. MUKPOIJIEMEHThl PACTCHHSIMU HCIIOJIB3YIOTCS B
HOJIBIKHOM (BogopacTBopuMoii) u HemoasuxHou (opme (Topukos B.E., 2010). B
MOCJIETHEN TPOTEKAIOT CIOKHBIE OMOXUMUYECKHUE MPOIIECCHl C yUacTHEM TYMHHOBBIX
KHCJIOT TIOYBBI, JO TOTO KaK MHUKPOAJIEMEHTHl MOMaayT B pacteHue. Bo MHormx
CJIy4yasx MPOIIECCHI ATU MPOUCXOIAT IOCTATOYHO MeasieHHO. [Ipu cUiibHOM OpOIIEHUU
IPYHTa BBIMBIBAETCS OOJIbINAs YACTh MOJBMKHBIX (hopM MHUKpO3JieMeHTOB (TpeThsikoB
H.H., SIronun B.A., TymukoB A.M. u ap., 2004).

PacTteHnst muTaroTCS HE TOJHKO MMEIOIIMMHUCS B TMTOYBEHHOM PAacTBOPE MaKpoO- H
MHUKPO3JIEMEHTaMH, HO ¥ HOHaMH, cBsi3aHHbIMM B Kosutonaax (bemoseposa T.A., 1990).

Komtonapl XapakTepu3yroTcss M3JIMIIHEN MHOBEPXHOCTHOW HHEPrueu, KOoTopas
MOJKET TiepeiaBaThCsl PACTECHHIO.

[Io mnpuymHE HIEKTPOCTATUYECKOTO OTTAJIKMBAHMUS KIETOUYHBIX CTEHOK U
OJHOMMEHHBIX  3apsJ0B  AHUOHOB  KOJJIOMJOB C  HU3KUM  COJEpIKaHHEM
MUKPOIJIEMEHTOB, HallpUMep, TaKUX KaKk MOJHOIeH, OOp, MOTJIONIEHHEe aHMOHOB ATHX
MUKpPOAJIEMEHTOB 3HAUWTEIBHO 3aMenmiisieTca. B cpene  MHKPOIJIEMEHTOB — TPHU
HEOOJBIINX KOHIIEHTPAIMAX O00pa3yloTcs Hambojee YCTOWYHMBBIE C KIETOUYHBIMHU
000JI0UKaMH CBSI3U.

[To Bceli BEpOSATHOCTH B KOJUIOMJAX MPU HEOONBIINX KOHIIEHTPAIUSX HOHOB
NIEpPBOHAYAIEHO HACBIIIAIOTCS CAalThI, KOTOpPhIE 00pa3yroT Hanboyee YCTOWYUBBIE CBS3U
C KaTHOHAMHU MHUKPOZJIEMEHTOB, BKJIFOUas KOOPIUHAIIMOHHBIE. 3aTeM MPUCOCTUHIIOTCS

(yHKUIHMOHATIBHBIE TPYIIIIbI, IJ€ CBA3M C KATHOHAMHU MUKPOXJIEMEHTOB Iopa3Jio ciiadee.
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B0O3MOXXHO COMEpHUYECTBO MEXAY HOHAMH, KOTOpPHIE O00JIaal0T CXOKUMU
CBOMCTBAMH M MEXaHU3MaMHU TMOIJIOMICHUS. DTO OO0YCIIaBIMBAETCS CTPYKTYypOu
Hanoyactull (EpmoB B.I'., 2009). PacteHuss moriomarT HOHBI B 3aBUCUMOCTH OT
KOOPJIMHAIIMOHHBIX CBOWCTB, WX paaWyca, BEIUYHHBI W 3apsna, KodhPHUIMeHTOB
mubdy3un, a TakkKe MOJIAPU3YIONIEH M TUIpAIMOHHOM crocoOHOCcTH. B mepuoj
MOTJIOIIEHHUS. KOpPHEM, MpH MEpeMENIeHMH W Ha JTale BKJIIOYEHUS B METa0oJIM3Me
pacTeHHUsI JIEMEHTHI B3auMOIeUCTBYIOT Mexay co0oit (ITonmos B.K., 1982).

K npumepy, cBUHEI] TOPMO3UT BIUTHIBAHUE U MEPEMEICHUE B MOOET pacTeHus
[MHK, EJ€30 W MapraHell, BCJIEACTBUE YEro MPOUCXOJIUT HApYIICHUE CBS3bIBAHUS
MEXIY KOMIUIEKCOOOpa30BaTEIsIMU, KOTOPBIE YYAaCTBYIOT B IIE€PEHOCE HMOHOB, C
MUKpossieMeHTamMu. [10100HbIN (pakT MpUMEeHUM JUIsi MarHusi IO OTHOLICHUIO K IIUHKY.
Metanmiasl MOTYT AEMOHCTPUPOBATh KOHKYPEHIIMIO MEXAY €000l B (DepMEHTHBIX
CUCTEMax 3a MecTa CBsi3bIBaHMs ¢ anooenkoMm (Tamanos B. M., 2014). DTo BeIpaxaetcs
CKOPOCThIO OMOKATAIMTUYECKUX PEAKITUH.

YuuThiBasi BBINIECU3IIOKEHHOE, MOXHO CJelaTh BbBIBOJ, 4YTO JJISI KaXXJOro

IMOTJIOIICHUA MUKPO3JICMCHTA PACTCHUCM CBOU 0cOOBIe MEXaHU3MEL.

1.1.2. Meanb B :KM3HM pacTeHHH

Meos. BocnpuuMYMBOCTb MEIU  CENBCKOXO3SMCTBEHHBIMM  KYJIbTypaMu
paznuuyHa. Hanmpumep: mmenuna, sSUYMeHb, OBEC, JIEH, KyKypy3a, MOPKOBb, CBEKJIA
00J1a1at0T BBICOKOW BOCHPHUUMYHMBOCTBIO K MEIH, a TaKUE KYJIbTYpbl Kak KapToQenb,
TOMar, cosi — cpenHel. CyleCTBEHHOE 3HAYEHHE TAKKE MMEET COPT KYJNbTYpHI, OT
KOTOPOIO 3aBHCHUT CTENEHb MPOSBICHHUS CUMITOMOB MEIHOM HEAOCTaTOYHOCTH
(Okynio M.M., 1949).

OcoOeHHOCTBhIO MeAM SBISETCA TO, YTO ATOT MHKPODJIEMEHT MPUHUMAET
ydacTHe B TakKMX Ipoleccax Kak: (OTOCHHTE3, JeJICHUE KJIETOK, CHMHTE3 Caxapos,
TPAHCIIOPTUPOBKA CaxapoB M3 JIUCTheB pacTeHui. Cojaep:kaHue MeAu B MUTAHUU
pacTeHul B HY)KHOW CTENEHM B 3€PHOBBIX KyJIbTypax yBeJIWYUBaeT O€JOK, B IUIOJAX

CTUMYJIMpPYET HakorsieHne BuUTamMuHa C, B KOPHEIUIOJAX YBEJIMYUBAET caxapa, a
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TaK)XK€ TIOBBINIAET YCTOWYMBOCTh PACTEHUNW K OaKTepUaTbHBIM W TPUOKOBBIM
3a0oneBanusaM (Kocteuies J1.A., 2009).

[lo OuoxuMuyeckuM CBOMCTBAM U (YHKIMSIM MeIb CXOJIHA C IKEJIE30M.
MukpoanemeHT crocoOeH MeHsATh BajgeHTHocTh (Cu2+ < Cut) u co3maBaTh
cTaOWIIbHBIE KOMIUIEKCHI. B KybTypax HeOosbllasi KOHLEHTpalus cBoOO HbIX Cu2+ u
Cu+ 110 99% naxonurcs B Bujae komiiekcHbIX hopm (Nomyokuna H.A. B coasrt., 2010).

JIist Menm  XapakTepHO CPOJACTBO € aMHHOKHCiIoTamMu. OHa ydacTByeT B
(bepMEeHTAaTUBHBIX OKHUCIUTEILHO-BOCCTAHOBUTENBHBIX peakiusx. B pactenusix Oonee
60% MUKpPO3JIEMEHTA COCPEIOTOYEHO B JUCTHSAX, B KOPHSIX OHA HEIMOJBHUXHA, 32 CUET
CBSI3H C KJICTOYHBIMHU CTCHKAMU.

HexBarka Meqin OoKa3bIBaeT BIMSHUE HA POCT BEr€TATUBHON MacChl MEHbIIIE, YEM
Ha (HOPMHUPOBAHHE CEMSTH M 3€pPEH. ITO TOBOPUT O TIOHIKCHUH aKTUBHOCTH ()EPMEHTOB,
KOTOpbIE y4YacTBYIOT B Iiporeccax (OTOCHHTE3a M JbIXaHUs. OTH HapyIICHUS
CKa3bIBAIOTCS Ha 3HepreTrueckoM ooOMeHe pactenuit (Uypuios I'.U., Banbsiuesa FO.H.,
[Tomumyk C./. B coanrt., 2013).

[Ipu uzyueHuu MeAHbBIX yHoOpeHud u ux 3((PEKTUBHOCTH B 3aBHCHUMOCTU OT
MOYBCHHBIX YCJIOBUH YCTAHOBJICHO, YTO Ha CIIA0OKUCIBIX M HEUTPATbHBIX TMOYBAX
YpOXAWHOCTh  BBIIIIE, YE€M Ha CHJIBHOKHCIBIX. 3JeCh MEIHbIe YIAOOpEHUS
manodddexruBnsl (TperssikoB H.H., Sronun B.A., Tymukos A.M. u ap., 2004).

Menp wurpaer OOJBIIYIO POJb B XU3HH PACTCHHH, MO3TOMY €CTh 3HAYMMOCTH
MoMcKa M pa3paboTKu A(DPEKTHUBHBIX MEIbCOJEPKAIUX YIA0OpEeHH B OE€30IMMacCHBIX
dbopmax, He BIUSIOMIMX Ha HAKOTUICHWE HU B MOYBE, HU B pacTeHuH. OgHON 13 dhopm
SIBJISFOTCSI MUKPOY100peHusl Ha ocHoBe HaHouactull (Yypwuios, I'. W., 2009; Uypuios
J.I'., HazapoBa A.A. B coaBT., 2012; Cymununa M.M., 2004; UsausiueBa F0.H., 2012;
3opun E.B., 2001) mnposBisitonue OHOJOTHYECKYIO AKTUBHOCTh U OKa3bIBAIOIIHE
BIUSIHUEC HA MMMYHHUTET M YCTOMYMBOCTH K HEOJArompUsTHHIM (hakTOopaM BHEUTHEH

CpPEIIbI.
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1.2. bBuoJsioruyeckas poJjib OKCHA0B U HAHOYACTHII METAJJIOB

B nmocnegHue roabl MHTEHCUBHO BEIYTCS HaydyHble M IPAKTHUYECKHUE
UCCJIEIOBAHUSI O JICMCTBUM HAHOMATEPUAJIOB MPOMBIIIJICHHOTO MPOUCXOXKIACHUS Ha
okpyxaroryto cpexny (Cepreesa O. B., 2009; Tperbsixor FO. /1., l'ymumun E.A., 2009).
Oto mpenmnonaraerT HeOOXOAMMOCTh HCCIIETOBAHUMN JUIsl U3YUYECHUS TyTEeW MOCTYIUICHUS
YacTUI] HAHOMATEPUAJIOB B JKHUBBIE OpPraHU3MBI, a TaKXKEe HX pacnpeerIeHus,
HAKOIUICHWs, BKJIFOYAs OIpeJecHre cTeneHn ux TokcnmuHoctu (Zhu X., Zhu L. et.al,
2009). Bakna ¥ BO3MOKHOCTh BKJIIOUYEHHSI UX B OHMOreHHBIC KpyroBopothl (Uypuios
I'.'1., 2009). PacTenus, ABIAACh NEPBUUHBIMU MPOAYLIEHTaAMH OMOMACChI, OOJBIIMHCTBA
MUIIEBBIX MHUPAMHUJ B HA3eMHBIX DJKOCHUCTEMAaX, OJHU W3 KIIOYEBBIX OOBEKTOB
nono0HbIX uccnenoanuit (Zhu H., Shipp E., Sanchez R.J.,, 2000). Ilpu stom
HaOJI0/1aeTCsl pa3uyHas peakiys pa3HbIX BUIOB PACTEHUM HA CXOXKHUE BO3JCHUCTBUS
(O6bumuna W.B., 2021). B HacTosiiee Bpems BO3pOC HHTEPEC K HCIIOJIb30BAHUIO
HAHOYACTHUI] METAJJIOB B CelIbcKOM xo3siiicTBe (Snmapos A.X., Anues I11.A., Slnnapos
N.A. B coaBt., 2014; Makapor B.B., 2014). Jlonrue roapl HEOOXOIUMBIC 3JIEMEHTHI
MATAHUS PACTEHUN BHOCWUJIM B MOYBY B BHJIE COJIEH, KOTOpPBIE MHPH PACTBOPECHUH,
MOCTYMNAIOT B KJIETKU PacTEHUN B BUJIe UOHOB. Mco/ib30BaHNEe HAHOYACTHUI] METAJIJIOB B
BUJIC MHKPODJIEMEHTOB OKa3bIBAaCT BJIMSHUE HA JKUBBIC KIETKH OpPraHW3MOB U
MpEeNIOoTBpaIacT HEraTUBHOE BO3JEHCTBUE AHHMOHOB COJiEH HAa HUX OHUOJIOTHYECKYIO
nestenbHOCTh (CrenanoBa WM.A., TMomumyk C.[., Yypwmos A.I'. u agp., 2019). B
pe3ynbTare  JIIUTENbHBIX  UCHBITAHUM MO  HU3YyYEHUIO  (PUBHKO-XUMHYECKHX,
OMOJIOTMYECKUX M TOKCHUKOJOTHYECKUX CBOWCTB HAHOYACTUI[ METAJJIOB, OKCHIOB U
HAHOTPYOOK IMOJy4€HBbI HEKOTOPHIE PE3YJbTaThl 00 IKOJOTUYECKUX IMOCIEACTBUIX HUX
WCIIOJIb30BaHUsl B CEIbCKOXO3SIICTBEHHOM IMPOU3BOJCTBE, KaK CTUMYJISATOPOB POCTA U
Pa3BHUTHS CEIbCKOXO03sHCTBEHHBIX pacTeHuit (Oouauna M.B., 2021; Kocomamosa H.I.,
Muponos C.1O. B coasrt., 2010).

YHUKaJIBHOCTh HAHOMATEPHAJIOB 3aKJIIOYAETCS B TOM, YTO BEIIECTBO MPEOBIBAET
B COCTOSHUU, TJI€ MPOTEKAIOT KBAaHTOBO-MeXaHW4YeCKue 3P(HEKThI U OTCYTCTBYIOT

crpykrypubie nedektsl (MBanoBa B.C., 2004). OHu sABASIOTCS aHAOOJMYECKUMHU M
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oOnamaroT  (U3MUECKONM  aKTUBHOCTBIO, OKa3bIBAIOT  BIMSHHE HA  CUCTEMY
KU3HEJCITEIbHOCTH OpraHu3Ma BO MHOTO pa3 CHJIbHEE, YeM W3BECTHBIC COJHU
munepanoB (CmupHoBa E.A., I'yceB A.A., 3aitieBa O.H., 2011). HanouyacTtuis xxenesa,
KoOanpTa, MEAHM, MapraHia U CeJeHa NPOSBISIOT OOJBUIYI0 OHOJOTHYECKYIO
aKTUBHOCTh, TaK KakK JaHHBIC DJJIEMEHTHl yYacTBYIOT B  OKHUCIUTEIHHO-
BOCCTaHOBHUTENBHBIX IPOIIeccax, MPOSBIISAA MepeMeHHyI0 BaneHTHOCThH (UYypwmmos I'.1.,
Hazaposa A.A., AmmieeBa JI.LE. u np., 2010).

Okojorudeckue U Ouosorndeckue A(P(EKThl HAHOYACTHI[ TEXHOTECHHOTO
MIPOUCXOKJICHUS K HACTOAIIEMY BPEMEHH HE MOJTHOCTHIO M3YUCHBI JJI UCCIEIOBAHUH,
B CBSI3HM CO CIIO)KHOCTBIO WX BBIJICJICHUS B YHUCTOM BHUJE W3 MPUPOJHBIX MPOIYKTOB, U
NPOTUBOPEUYMBBIMA JTaHHBIMH B HAy4YHBIX HCCIEJAOBAaHUSAX TIPH OIEHKE WX
0€30MacHOCTH. OtMmeyaeTcss poOCT 4Yucha MyOJHMKalUWd, JI€MOHCTPUPYIOLIUX
tokcuueckue 3¢ dextsl Hanouactul, (HY) ¢ xapakrtepubimM pazmepom menee 100 HM
(T'ycer A.A., 2016; Chen Z., 2006; Rotini A., Gallo A., Parlapiano 1., 2018). Ho ux
CBOMCTBA 3aBUCIAT OT MHOTHX (aKTOpOB: criocoba MOMydeHHUs, pa3MepoB, ILJIOLIAAN
MOBEPXHOCTH, XUMHUECKOTO cocTaBa. Bece 3t gaktopsl, BKitoUast 3PheKT Maibix 103
ObuM W3y4deHbl B Hammx Oojee panHux padorax (Churilov G., S. Polishuk, 2015;
Churilov G. 1., Polishchuk S.D., 2013) u moka3aHO, YTO HaHOYACTHI[BI MCTAJIJIOB
Kenesa, MenH, kodanpra pasmepoM 20-80 HM 001a1af0T OMOJIOTHYECKON aKTHBHOCTBIO
U MOTYy TIPUMEHSATHCS KaK CTHMYJISTOPBI pOCTa XKMBBIX cucTeM. C OTHOW CTOPOHBI,
aHaJIN3 UMEIONTNXCS HAYIHBIX JaHHBIX CBHJIETEIILCTBYET O BHICOKOW CTCIICHW HOBH3HBI
U aKTyaJbHOCTH TIPEIIOKCHHOTO  HANpaBJICHHWS — HW3YYCHUS  BO3ACHCTBUSA
BBICOKO/IMCIIEPCHBIX YaCTHI[ TEXHOTCHHOTO MPOMCXOXKACHHUS C KICTKAMH PACTCHHH C
IETbI0 Pa3pabOTKH TEXHOJIOTMH WX HMCIOJB30BAHHUS B KAYECTBE CTUMYJIATOPOB pOCTa
CCIIbCKOXO3SIMCTBEHHBIX KyNbTyp. C Apyrod CTOPOHBI, CYIIECTBYIOT TPYAHOCTH B
JTAaHHOM HAINpaBJICHHUH, CBS3aHHBIC C BO3MOXHOCTHIO OHMOAKKYMYJISAIIHH TSDKEIIBIX
METaJIOB B BHJI€ BHICOKOI(DPEKTUBHBIX YACTHUI] U COSTUHEHUH, YTO TpeOyeT 0coOoro
BHHUMaHUs K Bompocam 3kojioruu u 6e3zonacuoctu (Khalaj M., Kamali M., Khodaparast
Z., Jahanshahi A., 2017). IIpobGmemoii ocTaeTcsi OIEHKAa 3KOTOKCHKOJIOTMYECKOTO

MPUMEHEHUSI HAHOYACTHUII, pa3pad0TKa aJIFTOPUTMOB UX KOMIUIEKCHBIX HCCIEIOBaHUM,
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OTIpe/ieNIeHNEe OCHOBHBIX O0BEKTOB UCIBITAHUHN U TeCT-QYHKIUI, (POPMUPOBAHNE OCHOB
pa3pabOTKM HOPMATHBOB IO H»Kojormdeckoi Oe3omacHoctu (I'yceB A.A., 2016).
BaxxHoe 3HaueHHE MMEIOT MCCIIEIOBAHUS 110 OMPENEICHUIO TPAHUIl TOJEPAHTHOCTU U
OIICHKE YCTOMYMBOCTH  OPTaHM3MOB K  ¢akTopaM MPUPOJTHO-TEXHOTEHHOTO
MIPOUCXOK]ICHUS.

Crneunrduka TOKCUYHOCTH HAHOYACTHUI[ 3aKJIIOYAETCS B TOM, YTO IMOCIEIAHHE,
Oyayuyn HE XapaKTepHbIMH OOBEKTaMU JUIsI JKABOW TIPHPOABI, SBISIOTCS HE
OnojerpagupyeMbIMid U MOTYT HAaKalJIMBaThCid B opraHusMme. B oTcyTcTBHE sIpKO
BBEIPOKEHHOTO OCTPOTO TOKCHYECKOTO 3(PdeKTa, 3TO MOXKET MPHUBECTH K CKPBITHIM
napymenusm (Nagajyoti P.C., Lee K.D., Sreekanth T.V., 2010). /loka3aB Hajmmdue
MIPOHUKHOBEHUS, PACTIPEICICHUS U HAKOIUICHHS] HAHOMATEepUaJoB B TKAaHSIX PacTCHH,
MOXXHO TPEIOJIOKUTh BO3MOXKHOCTH TEpeAadyd WX TMOTOMCTBY, 10 TpO(HUECKUM
nermssM u T.a. Jyg 3TOM 1enu HamboJee MEePCHEeKTUBHBIM M3 HUMEIOIIMXCS Ha
CETOJHSAIIHUN JICHb METOJOB SIBIISICTCS METOJ 3JeKTpoHHON Mukpockornuu (Cysnanes
W.I1., 2009).

CrnenyromuM I1aroM, TMO3BOJISIONIMM BBISBUTh CKPBITHIE TOBPEXKIAIOIINE
BO3JICHCTBHSI, M OTIPEACIINUTD BIMSHAEC HAHOYACTHUI] UCKYCCTBEHHOTO MTPOMCXOXKICHHS Ha
(U3HOIOTUYECKUE MEXaHU3MBI, SIBIISIOTCS HCCIIEIOBAHUS OMOXMMHUYECKOTO CTaTyca
TecT-00beKTOB. M3BECTHO, UTO M3MEHEHHE KOHIICHTPALMHM BAKHEHIINX OMOMapKEepoOB
pacTeHUI: aHTHOKCHIAHTHBIX ()EPMEHTOB, TAKUX KaK MEPOKCHU/IA3bI, OKCHIOPEIYKTA3hI,
1 (UTOTOPMOHOB, TAKHWX KaK ayKCHHBI, THOOEpEeIMHBI, IMMTOKWHUHBI, aOCIIU30Bas
kuciaora (cucrtemaTndeckoe HaumeHoBanue [S-(Z,E)]-5-(1-Hydroxy-2,6,6 -trimethyl-4-
0x0-2-cyclohexen-1-yl)-3-methyl-2,4-pentanedienoic  acid) cnocoOHBI — OTpa3HTh
HeraTUBHBIN d(DPeKT, oka3zpiBaeMblil (pakTopamMu cpeapl Ha TOMEOCTa3 PACTUTEIHLHOTO
opranusma (MBansiueBa FO.H., 2012). B pabotre Mbl HCXOAUM U3 TOTO, YTO €CJIU MPH
BO3JICHCTBUM HAHOYACTHUI[ MPOUCXOJMWT 3HAYUTEIBHOE OTKJIOHEHHE TOKa3aTenei
OMOXMMHUYECKOTO CTaTryca pPacTeHUH OT HOPMBI, TO 3TO MOXET OBITh MPU3HAKOM

HCTATUBHOI'O HWJIM TOKCHYCCKOIO CO CTOPOHbBI HAHOMATCpPHAJIOB BOS)IGI\/’ICTBI/ISI

(MBanbiueBa FO.H., 2012).
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N3ydyeHo BIMSHUE HAHOYACTUI[ Ha OWOJOTMYECKYH0 AaKTHBHOCTh IIOYB U
mukpoopranu3Mbel Pseudomonas fluorescens, Trichoderma koningii, Bacillus cereus , E.
ColiM-17 (rect-cucrema «DKOJIOM»), KOTOpPBIE YYTKO pearupyeT Ha HW3MCHCHHS
OKpyxarwomiei cpeasl. HMmeroTrcss JaHHble O  BIMSHUM  METAUIMYECKUX U
METaJUIOKOMILJIEKCHBIX HAaHOYACTHI[ W YIJIEPOJHBIX HAHOTPYOOK Ha OakTepHalibHbIE
nonyisuuu (Mykhailiv O., Zubyk H., Plonska-Brzezinska M.E., 2017; Matopun JI.H.,
KapareeBa A.B., OcunoB B.A. B coant., 2010) omHako m3ydaembie B JaHHOW paboTe
HAHOYACTUIIBl  METAJJIOB  OMPENEICHHBIX  (PU3MKO-XUMUYECKUX  XapPaAKTEPUCTHK
MPAaKTUYECKU HE BIUAIOT Ha OakTepuaidbHble nomyisuuu. Peakius va HY okcumos
MeJId, IMHKA, CUJIBHO 3aBUCHUT OT UX KOHIIEHTpaluu B mouBe. Hu3KHME KOHIEHTpaLUU
OKCHUJIOB MOTYT CTUMYJIMPOBATh OAKTEPUH, KOTOPBIE MPEANOI0KUTEILHO UCIOJIb3YIOT
MEXaHHU3Mbl PE3UCTEHTHOCTH, TO3BOJSIONIME UM pPacTh, HO TPU  BBICOKUX
KOHIICHTPAIUSAX BEKUBAEMOCTD MOMYJISAIIUU 3HAYUTEIBHO YMEHBIIAETC.

Peakunonnas cnocoonocts HY B amanazone g0 ~ 20 HY sBistorest ropasio
0oJiee peakTUBHBIMM M ONacHbIMU. HaHodacTHIbI OKCHUIIOB Oo0jiee pacTBOPUMBI U
B3aUMOJICUCTBYIOT, YTO OCOOEHHO XapakTepHo /st ZnO ¢ MeMOpaHHBIMU JIMIIUAMU U
TUOJIOBBIMU TpymnnamMu (pepmMeHTa W OEIKOB, KOTOpPbIE BaKHBI MJig OaKTEpUATIHLHOIO
JIBIXaHUA, a TaKKe TPAHCMEMOPAHHOTO M BHYTPHKJIETOYHOTO TpaHcropta. ['eHneparius
A®K (akTuBHBIX (OPM KHUCIOPOJIa) WTpaeT KIIOYEBYIO POJbL B 3TOM IIpoliecce,
MOCKOJIbKY ToBpexaeHue MmemOpan, JIHK u kneTouHbIX OENKOB SBISETCS PE3yJbTaTOM
nericteus ADK (3axaposa O.B., 2019).

N3ydenne BAMSHUS HAHOYACTUI[ METAJIOB Ha Pa3IUYHBIX KyJIbTypax
BBITIOJTHSETCS, B TOM YHCJIE€ COBMECTHO C M3roToBUTENsIMU. VMIX CBOICTBA HampsiMyro
3aBUCAT OT Pa3MEPHOCTH, METOOB u3rotosieHus u ap. B padore (I'yceB A.U., 2007)
n3y4deHbl 3P(HeKThl HAHOOKCHUIOB U MOKa3aHo, 4TO 0oJiee (PUTOTOKCUYHBI HAHOYACTHIIHI
ZnO, mocne mux yactumbl FesOy SiO, m Al,Os; OrmeuaeTcs, 4TO IMPH MEHBIINX
pazmepax ZnO yBeJIWYMUBAETCSA UX TOKCUYHOCTb.

B pabotre (I'yce A.A., 2016), uccnemoBanbl 3(PheKTbl BOAHBIX CYCIECH3UM
HAHOYACTHIl: MHOTOCTEHHBIE yriepoaHbie HaHOTpyOku (MYHT), okcuaa amroMuHus,

OKCcHJa IIMHKA U IUHKA (ZN) Ha ImpopacTaHUe CEMEHU W POCT KOpHA IJIeBela, cajaTta,
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orypua u kykypy3sl (S.D. Polishchuk, A.A. Nazarova, N.V. Byshov [et al.], 2017).
Hanookcun nmHka w  amoMuHuss B KoHueHTpammu 2000 wmr/m uHrubupoBanu
MpopacTaHue CeMsIH KyKypy3bl U TuieBesia. MHOTOCTEHHBIE YIJIepOIHbIE HAHOTPYOKH B
TOM K€ KOHIIEHTPAIIMX Ha000POT HE BBI3BIBAIM HETaTUBHBIX d()h()EKTOB.

HanowacTtuipl Menu B NHUTATENbHOM cpeie i MPOpAIMBAHUS PACTCHHH,
yrHETaIH MpoIiecchl BereTanuu ¢acosu 3ouotrctoi (Phaseolusradiatus) u mireHuisr B
koHnenTparusax 300 u 570 Mr/a cooTBETCTBEHHO. METONIBI SHEPTOAUCTIEPCHOHHOMN
CHEKTPOCKONHNH U 3JIEKTPOHHOW MUKPOCKOIUU MOATBEPIUIIN COJAEPKaHNE HaHOYACTHII
MeM B TKaHsX pactenuid (MY 1.2.2742-10, 2010), 4uro u BEI3BaJIO YTHETECHHE.

B nayunwix pabortax (Lin D. , 2007; Onbxosckas .II., borociosckas O.A. B
coaBT., 2019) paccmarpuBaeTcsi TOKCHYHOCTh HaHOXKeJIe3a Ha IPUMEPEe NPOPaIMBaHUSA
CEeMsIH JIbHA, SIYMEHsI C MpeABapUTeNlbHONM 00paboTkoi B go3ax ot 0 mo 5000 mr/m.
Hauunas ¢ n1o3e1 250 Mr/11, MpouCXOauiIo yrHeTeHue pa3BuTus pactenuii. B goze 1000
MT/J1 HACTYIaJI0 MOJHOE MOIABJICHUE UX POCTA U PA3BUTHSI.

Bmecte ¢ Tem, ecThb J0Ka3aTeabCTBA IMOJOXKUTEIBHOTO 3((deKTa, KOTOPHIH
HAHOYACTHUIBl META/JIOB OKa3bIBalOT Ha pacrteHus. B Tpymax yuenwix ( Kutskir
M.V., Nazarova A.A., Polishchuk S.D., 2012; Yypwios I'.1., HazapoBa A.A. B coaBT.,
2010) pasBepHyTO paccMaTpUBacTCs BO3JCHCTBHE HAHOYACTHI[ METAUIOB Ha
Ouosioruyeckue OOBEKTBI: BO3JCHCTBHE HAa METAOOJUYSCKHE IIPOIECCHI; METObI
MOJIYYCHUSI OTOM  WH(OOpPMAIMU; METOAbl CTaHJAPTHU3AIMM HAHOYACTHI[ Kak
OMOJIOTUYECKU AKTUBHBIX KOMIIOHEHTOB; pa3pa0OTaHbl CHOCOOBI TOMOTEHHU3AIMH U
pazaenenus yHU(UKALUK TMOBEPXHOCTH HAHOYACTHII ([e3arperais, yJabTpa3ByKOBas
00paboTKa U IEHTPUPYTUPOBAHUE).

Nudopmarus o cBONCTBaX HAHOMATEPUAIOB BKIIIOYAET JaHHBIC O (HU3UYECKUX,
(U3UKO-XUMHYCCKUX, MOJICKYJIIPHO-OMOIOTHIECKHUX, IIUTOJIOTUIECKHUX,
(GU3HONOTUYECKUX, TOKCHKOJIOTHYECKMX U JIKOJOTHYECKUX  XapPaKTEPUCTHKAX
nanomarepuanoB (Oxaha V. Kharissova, H.V. Pasika Dias, 2013; Muxaitmos M./,
2012).

bonee Toro, ST HaHOMETAUIBI CTUMYJIUPYIOT TIPOIECC aJamnTaluud M|

CcaMOOpraH13anuu OMOJIOTHYECKHUX CHCTEM K BHEIIHUM YCIOBUSAM 3a CUHCT HX
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sHEpreTrdecKkor A((PEKTUBHOCTH, a TAK)KE CHIDKAIOT BIHMSHUE HETATHBHBIX MOOOYHBIX
s dexToB dakTopoB okpyxarorieit cpensl (I'yceB A.A., 2016). B 2000 roay, B KoTopom
npeoOiafany 3acylUIMBbIE TOTOAHBIE YCJIOBHS, YpPOXKAWHOCTH 3€JIE€HOM Macchl B
KOHTPOJIBHBIX HCCIEAOBaHUSX Oblia HHU3KOW. OJHAKO, B BapHaHTaX C MPUMEHEHUEM
HAaHOYACTULl METAUIOB ypOKallHOCTh yBenumuunack Ha 20-30%. B ycmoBusx
ype3mepHoi BiaxkHoctd B 2002 romay CTUMyIHpyoliee JIeHCTBUE HAHOYACTUIL
METAJIJIOB TAK)KE MOBBICWIIO YPOKAUHOCTh BUKH.

[IpeaBapurenbHas o0paboTka CeMSsIH BUKH yIbTPAIUCTIEPCHBIMU
METaJUTMYECKUMH TTOPOITKaMH Kele3a, kobanbTa U Menu B koHmeHTpanusx 0,01-0,08
r/Ta HE BBISIBWIA B PACTCHUSX U3MEHEHUS T€X MUKPOAJIEMEHTOB, UTO MPUMEHSIIUCH JIJIs
oopaborku cemsH (N.I. Golubeva, Y.N. Ivanycheva, 2013). Kpome Toro, Oblia
npoBejieHa 00padoTKa CEeMSIH KYKYpPY3bl M1 BUKM HAHOXKEJIE30M U HAHOMEBIO, U 3TO HE
WU3MEHWIO COJIepKaHUE JIEMEHTOB B ouBe. CBONCTBAa HAHOYACTHIL 3aBUCST OT CIoco0a
UX TMOJYYCHHMS, pa3Mepa YacTHIl, BIusmomero Ha 3¢ dextuBHocTh HaHoMeTauia (Elzey
S., 2010; CaBuenko C.O., 2016).

N3yuen psg HaHOPOPM OKCHIA MEIU, MOMYYEHHBIX (PU3NKO-XUMUYECKUMHU
METOJIlaMU, KOTOpBIE PA3IUYaloTCs MO BEIWYUHE YACIBHON TMOBEPXHOCTH B 2 pasa.
KonnenTparuu kaxmoro mnpemnapara coctapisuiy 0,1 u 0,2 r/Ha 1 xr cemsH. Beicokue
KOHIIEHTPAI[MU BCEX MPENapaToOB CHUKAIOT YHEPTUIO MpopacTaHus ceMsH Ha 11 u 12%,
HO HE BIIMSIIOT Ha X BCxoxecTb. Bce HY okcuaa menu mokaszaiu 3alliuTHBIE CBOKMCTBA
NpOTUB  TOYBEHHBIX martoreHoB. Kpome Toro  Habmomanach  Cleayromias
3aKOHOMEPHOCTh - YE€M BBIIIE yAEIbHAsA MOBEPXHOCTh HAHOYACTHUII, a CJIEIOBATEIBHO,
MEHbIIIE WX pa3Mepbl, TeM OHU O00JagarT OoJjiee BBICOKON OHMOJIOTMYECKON
aKTUBHOCTBIO.

Mertannuyeckiue HaHOYACTHUIIBI 00JIalal0T JJIMTENIBHBIM JACHCTBUEM, MEIJICHHO
MOJIBEPTalOTCsl OKHCIICHUIO B TOYBE, OHHM CO3/IAaI0T HEOJArOMpUATHBIE YCIOBUS JIJIS
OOJIE3HETBOPHBIX MHUKpoopraHuzMoB. [Ipm 3TOM B mpoliecce pocrta pacTeHUN W B
KaueCTBE MHUKPOAJIEMEHTOB HCIOJIb3YIOTCSI HAHOYACTUIIBI U UX OKHUCJICHHBIE (POPMBI.
Pacrenuss pacxomyror HYU B Teuenme Bcen Bererauuu. /J[nsd OBOIIHBIX KYJIBTYP

3 PEKTUBHO COBMECTHOE MPUMEHEHHE HAHOMETAJJIOB C mecTuiuaamMu. OTMbITHBIC
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pacTeHusi, CeMeHa KOTOphIX Obutm oOpaboransr HY xenmesa, pa3BUBAINCH JIydIle
KOHTPOJIBHBIX W IUIojoHOmeHne Habmogaim panbire (Welch R.M., Norvell W.A,,
1993).

Yrineponupie HanoTpyOku (YHT) cmocoOHBI mMpOHWKATH dYepe3 TOJICTYIO
000JIOUKY CeMsH. OTO TOJATBEPAWIN WCCIEAOBAHUSA C IIOMOIIBI0 pPaMaHOBCKOU
CTIIEKTPOCKOIINH U MPOCBEYMBAIOIICH 3JIEKTPOHHON MUKpockomuu (pucyHok 1). Ho kak
OHH TIOMOTAIOT MOCTYIUICHHIO BOJBI IMOKa He sicHO. 1o apyrum mpanabM (Kookosbies
C.H., 2012), VHT xak pa3 MeIarT 3TOMY.

(/\_2 + Seeds Exposed to CNTs + Seeds Without CNTs

o W

Raman Intensity (a.u

1400 1480 1600 1580 1800 ALl 1700 1780 1800
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Pucynok 1. O0Hapyxxenne YHT BHyTpH ceMsiH C MOMOIIbIO paMaHOBCKOM
cnexktpockonuu (A); TEM uzo0paskeHust kopHen 25-THEBHON paccaibl, BRIPAIICHHOM
Ha cpeze 6e3 YHT (B) u ¢ YHT (C)

Asropamu (Kocomamosa H.U., Muponoe C.}O. B coast., 2010; KomnokonbiieB
C.H., 2012) npennoxxeHO OOBSICHEHHE: BO3MOXHO, HAHOTPYOKH, MPOHHUKAsS CKBO3b
000J104YKy ceMsiH, 00JIeryaroT MOCTYIIEHUE BOJBI K 3aPO/IbIIILY.

C 1enpio MpOBEPUTH HA MPAKTUKE B JICMCTBUTEIBHOCTH, YAaCTUIIBI CYIIMIIA TIPH
temneparype 250°C Ha npoTskennu 120 MUHYT, a 3aTeM Onpenesisiii 3MEHEHUE Beca.
Oxazanoch, 4TO COJep)KaHWE BJIard B CYXOM CEMEHHU TMepeA IMOCEBOM B Cpeay
coctaBiisier okoyio 18,4%. CemeHa, XpaHUBIIHECS B OOBIYHON IMHUTATCIBHOM Cpeic B
TeueHue 2 nHeu, coxepxkanu 38,9% Bmaru. B cpeny ceMeHa, MOCESIHHBIE C

HaHOTpyOKaMu, coaepxaimu 57,6% xuakoctu. M3 3Toro cruemyer, 4To HaHOTPYOKHU
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CIIOCOOHBI K HAKOTUICHHUIO BOJABI M IPOPACTAHUIO CEMsSH. Pe3yibTaThl MOTYT OKa3aThCs
MOJIC3HBIMH  JIJII  Pa3BUTHS CEIICKOTO XO3SHCTBA, CagOBOJCTBA W DHEPTETUKHU
(mpou3BOACTBa OMOTOIIMBA), U UX, OE3YCIOBHO, CIEAyeT YUUTHIBATh MPHU pa3padOTKe
(UTOTOKCUYECKUX TMPOTOKOJOB B paMKax 3TOH paboThl. Bo3MOXXHO, 4TO Ha OCHOBE
YIIIEPOIHBIX HAHOTPYOOK, MOKHO CO37aTh CHCTEMBI JJOCTAaBKH MMUTATEIBHBIX BEIIECTB K
pacTeHHMsIM, a MUMEHHO co3jaaTh HaHoymoOpenus (Tripathi S., 2011; DeRosa, M.C.,
2010).

Takum oOpazom, HU meTamioB M WX COCIWHEHUH IMEpPCIEKTHUBHBI B KadyeCTBE
CTUMYJIATOPOB POCTAa, HO TOJIBKO TMOCIAE HSKOTOKCHKOJOTHUYECKOW JKCIEPTHU3bI

HaHOYAaCTHIl 1 KOMILICKCHOT'O U3YUCHHA NX CBOMCTB.

1.3. XapaxkTrepucTHKAa U OHOJIOTHYECKHE 0COOEHHOCTH CBEKJIbI

CBexia - 3TO OJHAa W3 YacTO  BCTPEYAIOIIMXCA  HCIOJIb3YEMbIX
CEeIbCKOXO3SUCTBeHHBIX KynbTyp (Jleyno B.M., 2011; bypenun B.M.,1998). Ee
BO3J/ICJIBIBAIOT KAK Ha MUIIEBbIE, TaK W HAa KOPMOBbIE M TexHHYeckue uenu. OHa
MPEACTaBIAET COO0I TPABSIHUCTOE PACTEHHE, OTHOCSIIEECS K CEMEUCTBY AMapaHTOBbIE
(panee Mapessie). beiBaeT ofHONIETHEE, ABYJETHEE WIM MHOrojeTHee. Paznmuaror
TaKue BUbI CBEKJIBI KaK: CTOJIOBasi (OOBIKHOBEHHAs ), KOPMOBAsI, caxapHasi, JJUCTOBAs.

Cmonosasn (00bIKHOBEHHA) CBEKNA.

OTnuydne cOpTOB CBEKJIBI CTOJIOBOM XapaKTepu3yroTcs GopMoi KOpHEIIoaa, ero
OKpacoM, BKYCOM, a TaKxke CO3peBaHUEM U ypokaeMm. Hanboiiee Bbgatonmecs: copra ¢
TEMHO-KPaCHOM OKpAaCKOW KOpPHEIIOAa, MPU MONEPEYHOM Cpe3e OTCYTCTBYIOT Oelble
Koibia. Jlms HUX XxapakTepHa VYAJIMHEHHAs, OBaJbHAas JUOO0 oOkpyrias dopma
KOpHEIUIoAa, TEMHO-KpacHasi MSKOTh C KOJIbIIlaMd TEeMHOTo 1Bera ((¢iosma)
YepeAyIOUIUXCsl CBETJIBIMU KOJIbIIaMU (KCHIIEMA).

CronoBas cBekJIa BKJIO4YaeT B ceOs caxapa (16%), Oenxu (1,4%), OerauH,
dbonueByro kucinoty, Butamud C, Butamusbl rpynn B, PP, Gorara muHepaibHbIMU

COJIsIMU.
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B cBekie mpeoOnamaer Goibloe COAEp)KaHHE CaxapoB, a MMEHHO Caxapo3bl
(6omnee 62% cyxoro BemecTBa), 9TO ONMPENSISET €€ MUIIEBYIO IIEHHOCTh. DTO MPUCYIIIC
CEJIbCKOXO3SIICTBEHHOM KYyJIbType, TaK Kak (PEpMEHT MHBEPTa3bl BO BpEeMs CO3PEBAHUS
U B HayaJlbHBIM TMEpPUOJ XpaHEHUS MPOSBISET HE3HAUUTEIbHYI0 AKTUBHOCTH, UTO
BJIUSICT Ha HAKOIUICHHE caxapo3bl B KOpHeIoAax. [ KyabTyphl XapakTepHO HaTu4ue
TaKMX MMHEpAJbHBIX BEIECTB KaK HATpUM, MapraHel, KaiblHi, Kaauil, ¢ocdop,
KOOaNbT, Kene30, cepa, a TakXKe JOCTAaTOYHO BBICOKOE COACpX aHHE MEKTHHOBBIX
BelecTB (110 2,5%). M3-3a 0coObIX CBOMCTB MeTabOMU3Ma U MPUMEHEHHUS B OOJIBIIUX
KOJIMYECTBAaX a30THBIX YAOOpeHWH, CBeKJa CHOCOOHAa HaKalMBaTh, 3a4acTyIO
npesblimarommii 3Hauenus 111K, HuTpatHbiid a30T. 9TO €€ CyIEeCTBEHHBIN HEJOCTATOK.

B mporiecce pazBuTHS TPUMEHSIOT KOMIUIEKCHI BUTAaMHUHOB B KOMOWHAIIUU C
KOOATbTOM, JKENe30M W aMHHOKHUCIOTaMHU [UJIi HOpMajdu3alud OOMEHa BEIIEeCTB
KYJbTYPBI.

CBekJia XapakTepu3yeTcs HepaBHOMEPHBIM HapaCTaHUEM MAacChl KOPHEIUIOAOB U
muctbeB (Bypenun B.M., 1998). VX HanOobIIMi MPUPOCT - KOHEI[ aBr'yCTa, MO3TOMY
HaJIMYUE CaxapoB U CYXOr0 BEIIECTBAa CHUXKAETCA 3a CUET MOTPEOJeHMs BEIECTB Ha
nocrpoerne TkaHei pacrenuit (Cemenona JL.I'., Loy O.B., 1998). Uepes HekoTOpoe
BpeMsl, MpU TO3IHEH yOOpke (KOHEIl OKTAOps) HAKOIUICHHE CYXHX BEIIECTB B
KOpHEIUIOJaX YBEIWYMBACTCSA, TaKMM O0pa3oM, MOJIYyHarOT ypoxkKaill C TOBBIIICHHBIM
COJIEP’)KaHUEM CaxapoB U CYXHUX BEIIECTB.

Bonbiioe 3HaueHre MMeeT palMOHAIbHOE MPUMEHEHHE YAOOpEeHUu JUisl pocTa U
pasButus pactenuil (I'peunmmikwmnaa 10.1.,2012). Tak, npu BHECEHUH OOJBIINX 03
yAOOpEHUM KOPHEIUIONbI TOJIy4aloTCsl KpYyIHbIE, 0oJjiee JEepEeBEHUCTHI U ObICTpee
3arHUBAIOT, 3a CUYET [OBBIIIEHHOTO COJEP’KaHUS a30TUCTBIX COEIUWHEHUH, a
HEMPaBUILHOE COOTHOIIIEHUE a30Ta, (hocdopa, Kanus MOKET MIPUBECTH K UX 3aJCPKKE B
pa3Butuu. CyIECTBEHHYIO POJIb TAKXKe UTPAIOT MUKPOAJIEMEHTHI Me/lb, LIUHK, JKeJe30,
Oop ® mp., TaK KaK BXOJSAT B COCTaB (PEPMEHTOB, MUTMEHTOB, BJIMSIONIUX HA Pa3BUTHE

KYJIbTYPBL.
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Kopmosasa ceekna.

OTO TeXHHUYEcKas KyJlbTypa, OyiM3kas MO MOP(HOJIOrMYecKMM NpHU3HAKaAM K
caxapHoi CBekje, HO Oojee ycroiumBas k xononxy (FOxum I'.II.,. MapteiHoB B.M,
KarkoB A.A. B coant., 2009; Konomeiiuenko B.B., 2000). Mmeer crmabopa3BHTHIA
KOpEHb M, B 3aBHUCHUMOCTU OT COpTa, paszinuyHyio ¢opmy (KOHUYECKas, OBajbHasl,
OKpYTJIasi), OKpacky (KpacHasi, Oenasi, keyitasi) kopHeriona. Ee Bo3/enbiBaloT Ha KOPM
CEJIbCKOXO3SIICTBEHHBIM JKUBOTHBIM, TaK KaK COJEPKUTCA OOJIbIIOE KOJUYECTBO
MUTATEIbHBIX BEIIECTB, OJATONMPHUATHO BIUAIONIMX HA UX MPOTYKTUBHOCTH, a TaKKeE
JErKoCcTh  MepeBapuBaHMsl W ycBoeHuda. KopMoBas  cBekja  HachllIeHa
JIETKONepeBapUBaEMbIMK YTJIEBOJAMHU, BUTAMUHAMHU, AaMUHOKHUCIOTAMHU, COJIEP>KaHUEM
npoTernHa (HaJMYKMe MpoTenHa B OOTBE B 2 pa3a OoJiblie, yeM B KopHemioaax) (Tamun
B.B., 1981).B 1 Kr KOpHEIIOI0B KOPMOBO# CBEKJIBI cojiepskuTcs 80% BOBI, KJICTUATKH
— 1,5%, nporeun — 0,9%, cyxue Bemecta — 10 15%, caxap — 5%.

[Ipu co3peBaHrU KOPHEILIO YIIIyOJIeH B MOYBY Ha OJIHY YETBEPTh CBOCH JIJIMHBI,
32 CYeT Pa3BUTOM WIEHKU, YTO HE JOCTABISIET TPYAHOCTEH MpU YOOpKEe ypoKas,
KyJIbTypa JOCTaTOYHO HEMpUXOTauBa B xpaneHun (Punatosa B.U., 2003).

JIns  XOpoluxX ypoXaeB CBEKIYy HYKHO BBIpalllUBaTh Ha CyNEeCYaHBIX,
CYIJIMHUCTBIX TIOYBaX, C OOJBIIUM COAEp)KaHWEM 4YepHO3eMa, a TaKKe HaTUIueM
JOCTYIHBIX MHUTATEIbHBIX BELIECTB B MouBe. Ha mouBax, mpeapacnoyioKEHHBIX K
3a00/1aUMBaHUIO, KHUCIBIX, 3aCOJEHHBIX MOYBaX KOPMOBas CBEKJa JAaeT HeOorarbie
ypoXxau.

HeGonbmioe  konuuecTBO  pabOT  MOCBALIEHO  W3YYEHUIO  BO3ACHCTBUSA
MHKPODJIEMEHTOB ~ Ha  YpPOXAWHOCTh  CEIIbCKOXO3SWCTBEHHOM  KyJbTypbl. B
uccrnenoBanusx (N.I. Golubeva, Y.N. Ivanycheva, 2013) npu npumeHeHnn ya00peHuit
C KOOabTOM, JTMOO yAOOpPEHUIl C MEJbI0 IMyTEM BHECEHHUS! UX MOJ KOPMOBYIO CBEKIY,
OTMEUaeTCsd yBEIMYCHHE ypoxas KopHerogoB Ha 12-18% wu 15% 1w/ra
COOTBETCTBEHHO. B HEKOTOPHIX paboTax B KaueCTBE MUKPOYIOOPEHU MCTIOIb3YIOTCS
COJIM MUKPODJIEMEHTOB, ITyTEM 3aMayuBasi CEMSIH KOPMOBOW CBEKJIbI ME€pe] BHICEBOM, U
B OTJACJIBHBIX CIIy4dasx oOpabOTKOW B BETETAIMOHHBIA MEPHOJl PACTECHUN MyTEM

onpbickuBaHus. Tak, 00paboTKa ceMsH TMepes] BHICEBOM pacTBOPOM CyJib(aTa MapraHiia
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YBEJIMYWIIA YpPOKAWHOCTh KOPHEIUIOAOB Ha 7 %, a MpH ONPHICKUBAHUU JTUM Ke
pPacTBOpPOM B BETCTAIMOHHBIN MEpHOa ypoxkailHOCTh Ha 4,5-6% Obut Bhie. Cynbdar
IIMHKa B 3aBUCHUMOCTH OT THIIA TMOYBBI TPU 3aMaYMBAHWHM CEMSH IEpea BHICEBOM
YBEIIMYUI YpPOKaUHOCTh KyJIbTypbl Ha 6-10% u Ha 5-7% mnpu ONpbHICKUBAHUU B
BEreTAIIMOHHBIA TIepruoA. B HCCleoBaHMAX NPYrUX aBTOPOB OTMEYAETCS BBICOKAS

JIEMCTBEHHOCTh MApTaHIIeBBbIX U OOPHBIX YIOOPEHUH.

1.4, XapakTepucTHKA U 0MOJIOTHYECKHE 0COOEHHOCTH MOPKOBH

MOpPKOBb NPUHAIJIEKHUT K CEMEUCTBY CENBACPENHBIX. DTO ABYJIETHSAS KyJIbTypa:
B MEPBBI TOJl U3HU O0pa3yeTcs poO3eTKa JHUCTHEB U KOPHEIUION, BO BTOPOH —
cemeHHOM KycT 1 cemeHa (Mcmarwmios P. P., 2008). Otingaercs X0J10/10CTORKOCTbBIO, €€
ceMeHa MOTYT mpopacTath mpu temmeparype +4...+5 °C. Hambonee omrtumanbHas
TeMIIeparypa sl pocTa U pasBUTHS KyIbTypsl +15-25 °C. TTox BO3aeHCTBHEM HU3KHX
IUTIOCOBBIX TEMIIEpaTyp OKpac KOPHEIJIOJa CTAaHOBUTCS cBetiiee. [Ipy MOBBIIEHHBIX
TEMIEpaTypax, B COYETAHUU C TOHM)KEHUEM BJIAKHOCTU IIOYBBl KOPHEIIOBI
neopMUpyroTcs U rpyoetor.

KynpTypa TpeboBatenbHa K CBETYy M HE TepnuT 3aTeHeHue. JlJis BBICOKUX H
KaueCTBEHHBIX YPOXKaeB JOJKHO OBITH Xopoliee ocBemienue. [Ipu 3arymennn noceBos,
B 0OCOOCHHOCTHM B TMepBble (a3bl pa3BUTHS, MPOUCXOIUT HEXBATKAa OCBEIIEHHOCTH,
KOTOpasi MPUBOAUT K BBITATUBAHUIO PACTEHU M B HUTOrE 3HAYMUTENBHO YXYJIIAET
BUTAMUHHYIO IICHHOCTh, BETMYUHY U KauecTBO ypoxkas (TrokaBun I'.B., 2007).

MOpKOBB XOpOILIO MEPEHOCHUT 3aCyXy, HO €CIIM MPOJOJLKUTENBbHOCTh OoJee 20
THEH TpeOyeT OpOIICHHUS.

KopHeBas cuctema MOPKOBH pa3BUBAETCS I0CTATOYHO OBICTPO. OHA CTEp)KHEBAs,
U JIOCTUTAeT TIIyOuHBI 10 2 MeTpoB. KopeHb BepeTeHOBHUIHBIN, pa3iudyHON (HOPMBI U
OKpPaCKH, B BEPXHEHM YacTH MSCUCTO-YTONIEHHBIN. DOpMUPOBAHUE KOPHEIJIOAOB
MPOUCXOJIUT 3a CYET YTOJIICHHUS TJITABHOTO CTEP>KHEBOT'O KOPHS U OTJIOKEHHUSI 3aIMacHBIX
MATATEIbHBIX BEIIECTB. Macca 3aBUCHT OT COpTa, MOXKeT jocturath 6onee 200 T, 1imHa

oTr 3 nmo 30 cm. dopma KOPHEMIOAOB AOCTATOYHO pa3jiMyHA: UUJIWHAPUYECKHUE,
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OBaJIbHBIE, BEPETEHOBHJIHBIE, OKpYTJjble, KoHn4yeckue. Ilpu paspese nabmomarorcs 2
YTOJIIEHHBIX CJIOSl: BHEIIHSAS KOpa, MOKPBITas KOXKHUIEH W BHYTPEHHUN CTEPKEHb —
JPEBECHHA.

Koxuna y xkopHemiofa o4yeHb TOHKas M BOJA JIETKO NPOHHULAET yepe3 Hee. B
NEepHOJIbl 3acyXu 0€3 OpOIIEHUS MOPKOBb OBICTPO BSHET, a TAKXKE YBEIMYHUBACTCS
BOCIpUATUE K IpUOKOBBIM 3a0osieBaHusM. [locie miuTenbHON 3acyXy Mpu OOUIBLHOM
BBINIQJICHUH OCaJIKOB KOpa PACTPECKUBAETCS, a IPEBECHHA Y KOPHEIIOAOB YTOJIIAETCS.

Ha mepBoM roay Xu3HM JUCThS MOPKOBU COOpaHbl B PO3ETKY U HMMEIOT
CJIOHOMEPUCTBIN, MPAKTUYECKU TPEYrojibHbIA BuA. Ha BTOpoM rojy >kKM3HM OHM Ha
KOPOTKHUX YE€pellKax U PacClIMpPEHbl y CTE0IIsI, yCTOMUMBBI K 3aCYLUIMBBIM MEPUOAM.

CouBerrsi MOPKOBU - 3TO CIJIOXKHBIE 30HTHKM C PacnpoCTEPTBIMH BO BpeMs
[BETCHUS JIydaMU pa3HOW JJWHBL. B LEHTpe 30HTHKA HAXOAWTCA TEMHO-KPaCHBIN
BETOK. L[BETHI C >KeNTOBATHIMU JINOO KpacHOBATHIMU JienecTKaMmu. [1101asl MOpKOBU
OBIBAalOT MpPOJOJITOBATHIE, HO 4alle OBaJlbHOW (opmbl, AByceMsHkH. IlnomoBas
000JI0YKa COAEPKUT MHOTO Macia, KOTOPOE MPENATCTBYET NMPOHUKHOBEHHUIO BOJBI B
CeMeHa, 3aJiepKuBas HaOyxaHHe W MX IpopacTtaHue. Ho MOBBIIIEHHbIE TeMIIEpaTypbl
yIEeTYyYuBalOT J(QUPHBIE Macia, TEM CaMbIM YCKOpsSs Mpouecc HaOyXaHus U
IpOpacTaHusl.

Takum 00pa3oM, TemrepaTypHbI peKUM, KaueCTBO CEMSIH, OJTOTOBKA, CIIOCO0
U IIyOMHa HX IOCEBa BIMSIOT HA CPOKH NOsiBIeHUs BcxoaoB. Yepe3 10-15 nueit
oOpasyeTcsi TepBbI Hactosumi Juct. [lpu ONaronpusiTHBIX YCIOBHSIX pa3BUTHE
KOPHEIUIOAOB M UX YTOJIIEHUE TPOUCXOAUT 1o npomectBuur 40-60 gHEN OT moceBa.

JIsist BeIpaliMBaHUs MOPKOBH HEOOXOAMMBI MOYBBI C TJIYOOKMM MAaXOTHBIM CIOEM
U BBICOKHM cozepikanuem rymyca (MamxecoB B.U., 2009). Tsokenble CyrIMHUACTBIC U
IJIMHUCTBIE TIOYBBI I HOPMAJIBHOTO Pa3BUTHSI MOPKOBM HeENpUrogHbel. Ha Takux
NOoYBax MOSBJICHHE BCXOJOB 33JEPKUBAETCS, KOPHEIUIOABI CHJIBHO Pa3BETBISIIOTCS U
IPY XpaHEHUU TOPAXKAIOTCA cepoil U Oenol THIIIBbI. BoMopoaHbIi moka3aTeah MOYBbI
JUI. HOPMAJIBHOTO Pa3BUTHUS KYJbTYphl NOJKEH coorBercTtBoBaTh pH 5.5 — 7,0, T.€.
nmoyBa JOJOKHA OBITh HEUTpanmbHOW OO0 ciabokuciod. Ha CHIBHOKHMCIBIX MOYBax

3HAYUTEJIBHO CHUYKACTCS YPOKAUHOCTD.
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MOpKOBB MO BBIHOCY NUTATENbHBIX 3JIEMEHTOB 3aHUMAET OJHO U3 JIMIUPYIOIINX
Mect (Konomeituenko B.B., 2000). B BeretanuoHHBIN NEepUOJ SJIEMEHTHl MUTAHUS
pacTeHreM NOTpeOsoTCs HepaBHOMEpHO. Hampumep, MOpPKOBb NOIJIOHIAET Mallo
azota. Ero HexBaTrka crocoOCTBYET MEIJIEHHOMY HAapacTaHUIO JIUCTHEB, B UTOT€ OHU
KeNTerT U orMuparoT. [Ipum u30bITKE a30Ta HAOMIOAAETCS CUIIBHBIA POCT JIUCTHEB,
KOPHEIJIOAbl (OPMHUPYIOTCS MEIJIEHHO, TOHMXKAETCSl COJIEp KaHHUE caxapa, B HTOTe
JIEKKOCTh MPHU XPAHEHUH, TOBAPHBIE U BKYCOBBIE KAY€CTBA IMMOPTSTCS.

JUis  HOPM@JIBbHOTO  pa3BUTHUA  KYJbTYpbl  HEOOXOIUMBI  ONpEAEIICHHBIE
MUKPOAJIEMEHTBI - CE€pa, )KeJIe30, MapraHell U ApyrHe.

[Ipy HexBaTke Kaiusl B IOYBE YCTOMYMBOCTh pacTeHUl K 3a00JieBaHUSM
cHwkaercs. Hapymaercs peXuM  BO3AYIIHOTO  IHTAHMS, JIMCTbS  PacTCHUS
NpUOOPETAIOT KpanmyaTo-KeNTblii OKpac.

®ochop yBeIMUMBAET CaxapuUCTOCTh KOpHEIUIOAOB. [Ipu ero HexBaTke JIUCThA

CTAHOBATCA KPpaCHOBATOI'O OTTCHKA.

1.5. DKkoJ1010 - OMOJJOrHUECKHE ACTIEKTHI JeHCTBUSA HAHOYACTHIX

[Ipumenenrne MHUKpO3JIEMEHTOB B (opMe coJiell BiedeT 3a CcOo0Oil OMacHOCTh
HETaTUBHBIX TIOCIEACTBUN, BBI3BAHHBIX 3arpsS3HEHUEM OKpyKaroumied cpeabl, B
yacTHOCTH mo4BeHHOro mokpoBa (Yepubix H.A., 1999; Tamxapa H.®., 2001).
ANBTEpHATHUBOM MOTYT CIYKUThb pa3paldaTbiBaeMble MHUKpPOYIOOpEHHUsS Ha OCHOBE
HaHOJUCIIEPCHBIX MeTauioB. [loBbIlIeHHAas OMOJIOrMYECKasi aKTUBHOCTh HAOJIOaeTCs
NPy y4aCTUU B OKHUCIUTEIHHO-BOCCTAHOBUTENIBHBIX MPOIECCaX HAHOYACTHUI] MEJH,
xKene3a U KobanbTa, B CTPYKType GepMeHTOB u 0enkoB. Bo3moxkHOCTh 3 PeKTHBHOTO
HCIIOJIB30BaHUsl B PACTECHUEBOJICTBE HAHOAUCIIEPCHBIX META/UIOB B auara3oHe (20-45
HM) TIoka3zaHa B pabotax (Tumomenko A.H., Konecuukos C. U. B coast., 2017; Kymkup
M.B., 2014; Hunyamsunu B.C., Munkuna T.M. B coaBrt., 2017)

B pamkax >Tux paboT M3y4ye€HO BO3/ACHCTBUE HAHOMATEPHUAJIOB Ha PACTUTEIbHbBIC
OpraHU3Mbl, BO3/ICHCTBHE HA META0OTUYECKUE TIPOLIECCHI, JIeTpafanus ONOJIOTHIECKUX

OOBEKTOB MpU B3aUMOJEHCTBUM C HaHomartepuanamu. [lomydeHHas wuHpopManus
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CONEP)KUT CBEACHUS O CBOWCTBAX HAHOMATEPHAIOB, (U3UKO-XUMHUYECKYIO,
ITUTOJIOTHYECKYIO, MOJIEKYJISIPHO-OMOIOTHIECKYTO, TOKCHUKOJIOTUYECKYIO u
HKOJIOTHYECKYIO XapaKTePUCTUKHU.

B pesynbrare uccnenoBaHuii:

- JIOKa3aHa OWOJIOrMYecKass U JKOJIOrMYecKkass 0e30MacHOCTh HAHOJUCIEPCHBIX
METaJUIOB, UX TOKCHYHOCTh MEHBIIIE TOKCUYHOCTH MUHEPAIbHBIX coJied B §8-12 pas;

- C TIOMOIIBI0 COBPEMEHHBIX (PU3UKO-XUMHYECCKUX METOJIOB aHAJIN3a, 30HI0BON 1
AJIEKTPOHHON MHUKPOCKONHUH, IMOATBEPXKICHO OTCYTCTBHE HX HAKOIUICHUS B IOYBE,
pPaCTEHUSIX M MPOAYKTAX KUBOTHOBOJICTBA;

- YCTaHOBJICHO, YTO HAHOYACTHIIBI JKejie3a, KoOajabTa, Memu oO0JamaroT
MPOJIOHTUPYEMBIM JIEHCTBHEM.

buonornyeckoe  mMpUMEHEHWE  HAHOYACTHII  OCHOBAaHO  Ha  crmocobe
MUKpPOAJIEMEHTHOTO BO3JCMCTBUSI HA KJIETKU pACTEHUM KaTHOHAMU METAIIOB,
COCTABJISIFOIIMX TMPOJYKT JUCCOIMAIMU coJjied MeTamioB. Ho B ero oTimyuun
KOJUTOMHBIE METAJIBI 00JIaat0T OOJIBIIMMH PECypcaMH B a30THOM M YTJIEBOJHOM
oOMeHe, IbIXaHWM KIETOK, (hoTocuHTe3e, a Taxke nutanuu (S.D. Polishchuk, A.A.
Nazarova, 2014).

Jloka3aTeTsCTBOM TMOJIOKUTEIBHBIX PE3YIHTATOB MCIOIB30BAHUS HAHOAUCIIEPCHBIX
METAJJIOB B POJU CTUMYJSTOPOB POCTA W PA3BUTHUS SABIISIOTCS MHOTOYHMCIICHHBIC
OKCIIEPUMEHTAIBHBIC TOKA3aTelH, MMOYYCHHbBIC MPU WCCIICIOBAHUN Ha Pa3HOOOpa3HBIX
CENbCKOXO3SMCTBCHHBIX KYJIBTYpax: s’dMEeHb, KyKypy3a, mimeHutia u mp. (S.D. Polishchuk,
A.A. Nazarova, 2015).

HanouacTuipl MeTayuioB OJaronpusiTHO OKa3bIBAIOT BO3JIECHCTBUE HAa CTOMKOCTD
KaIryCcThl K OOJIE3HSM, B YAaCTHOCTH TPOBEJACHHBIMH HCCIICIOBAHUSIMU OBLIO BBHISBJICHO
byarummanoe aeiicteue HUM Co,Zn, Mg mpoTuB KamyCTHOM KuWibl. MEXIy Tem,
neiicterie HUM nipoTHB 4epHO HOXKKHU KaITyCThl 0Ka3aJioCh Majiod(h(HEKTUBHBIM.

Taxke O6buT0 ycTanoBieHo (Samoylova M.V.,.Churilov D.G, Byshov N.V., 2017),
41O npu ucnonb3zoBaHuu HUM Ha kiyOHsIX kapTodensi BpeJOHOCHOCTh PE30KTOHHO03a
cHu3niack Ha Beex Bapuantax: HY Co 12-15% , HY Fe — na 20-25%, HY Cu — na 10-

15%.
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Takum oOpa3om, Mo pe3yjibTaTaM MPUBEACHHBIX HCCIEAOBAHUN MOXHO CJIENaTh
BBIBOJT O I1€JI€CO00PA3HOCTH TPUMEHEHUS HAHOMATEPHUAIOB Ha CEIIbCKOXO3SHCTBEHHBIX
KYJIbTypax, MO3BOJISIOLIUX PACKPHITh OMOJIOIMYECKUH MOTEHIIMAT PACTEHUSI U YBEITUYUTh
KAueCTBa ChIPbSL.

Opnako B JuTepaType Majio paboT o OHOJOrMYecKOHM aKTUBHOCTH U
HKOJIOTUYECKOW 0€30MacHOCTH OKCHIOB. Takue padOThl aKTyaJllbHbl W UMEIOT
TEOPETUYECKOE U MPUKIIATHOE 3HaUeHUE. MaKkcuManbHasi aKTUBHOCTb YaCTHUI] 3aBUCUT OT
CTPYKTYpbhl OOOJIOUKH CEMsIH, KOHIIEHTpAalluM M XHUMHYECKoro cocraBa. Eciu Mbl
paccMaTpyBaeM HE KOHIICHTPAIMIO BELIECTBA, a KOJUYECTBO ATOMOB, IMPOSBISIOLIMX
OMOJIOTUYECKYIO aKTUBHOCTh, TO KOJMYECTBO CEMSIH B T€KTAPHOM HOPME BBICEBA KaXIOU
KyJbTypbl HMMeeT 3HaueHue. [[MOTHOCTh 000J0YKM CeMsSH MOXET ObITh CBsi3aHa C
pa3MepaMy HAHOYACTHIl, a XHMHYECKas MPUPOJa HAHOYACTUI[ C TEHETUYECKUMHU
OCOOCHHOCTSIMU COpTa WM TUOpHIAa KyJIbTypbl. B KadecTBe TecT-OOBEKTOB B paboTe

BI>I6paHI>I OBOHIHBIC KYJIBTYPBI MOPKOBL M CBCKJIA.

1.6. HaHoOKOMNO3UTHI, KAK OCHOBA CO3/IaHHUsI HAHOPA3MEPHbIX MaTEePHAJIOB

HIMPOKOr0 IMANA30HA BO3/1eiiCTBUA

Ocob60oe MecTo B HacTOsIIIEe BPEMsI CpeId MHOXKECTBA HAHOYACTHUI] U HAHOCTPYKTYP
3aHMMAIOT HAaHOCTPYKTYPbl TEXHOTEHHBIX CTPYKTYP M MPUPOAHBIX OMomoiaumepoB. B To
K€ BpEMsI NTOBBILICHHBIA UHTEPEC BBI3BIBAIOT HAHOCTPYKTYPUPOBAHHBIC IIPOU3BOIHBIE HA
OCHOBE OMOCOBMECTHMBIX MPHUPOJHBIX IMOJIMMEPOB W MNPOAYKTHI UX MOIU(DUKALUU.
Hcronb30BaHUE NMPUPOJHOTO MMOJHMCAXAPUIA B COYETAHWHM C HAHOYACTHIIAMH METAJIIOB
(HYM) B xauecTBe cTabuimsaropa 1 pereHepaTropa HaHOYACTHIL JaeT BO3MOXKHOCTh CTaTh
NPOCTBIM MU TEXHOJOTMYHBIM CIOCOOOM TMPOM3BOJICTBA HAaHOPA3MEPHBIX MaTepUalIOB
IIUPOKOTO CIHEKTpa JIeHCTBUA. MOXXHO KOMOWHHUpPOBATh MPUPOAHBIE MOJHCAXapUIbl U
IIPOLIECCHI, TMPOMCXOAIIME HA HAHOYPOBHE C HMCKYCCTBEHHO M3IOTOBJICHHBIMU
HAaHOYACTULIAMUA. DTH HAHOKOMIIO3UTHI, KaK CPEACTBO JIOCTaBKH, TOTOBbI BUIOU3MEHHUTD
peLenTopsl U OPUEHTHPOBATH HYKHYIO OMOJIOTMYECKYIO PEaKIMI0 B IPaBHJIBHOM

Hanpasienun (Yypwnos I'M., Ooummuna N.B., 2020). I[IpumeHeHue moaucaxapuaoB
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aKTyaJlbHO JIJIsi TPOM3BOJICTBA HAHOCTPYKTYPHUPOBAHHBIX MATEPHAJIOB Oyarofaps WX
MHOTOMEPHOU (DU3NOIOTUICCKOW AKTUBHOCTH (MOIYJISAINS SHIOKPUHHOW CHUCTEMBI U
Jp.).

MeTonabl CMHTE3a UTPAIOT BAXKHYIO POJIb B PE3YJIbTATE U3YUYECHUS U MPUMECHEHUS
HYM - cnocoGCcTByeT 1M [IaHHBIA METOJ TMOJYYUTh YaCTUIIBI COOTBETCTBYIOIIHUE
TpeOOBAHUSIM HAay4YHOM M MpakTUuecKou 3amayu. OCHOBHOM MpoOJieMON Ha JaHHBIN
MOMEHT OCTAa€TCs MOJY4YEHUE OIPEACICHHOIO pa3Mepa HAHOYACTHUIL], COXPAHSIOIINX
BBICOKYIO XMMHUYECKYIO U OUOJIOTHYECKYI0 aKTUBHOCTh B T€UEHHUE MPOIOJKUTEIHLHOTO
BPEMEHH.

MeTtajuinueckre HaHOYACTHIBI 00J1a1al0T 0COOBIMA XUMHUYECKUMH CBOMCTBAMHU -
IIOBBILICHHONM PEAKTUBHOCTBIO, MOCKOJIBKY OHHM CKJIOHHBI K aTOMHOMY W HOHHOMY
oOMeHy, aacopOMpYIOTCS Ha pa3WyHbIX MOBEpXHOCTAX. C OJHOM CTOPOHBI, 3TO
IIO3BOJISICT MIOJIy4aTh HOBBIE MaTepualibl M BEILIECTBA, HO C JApyrod croponsl, HY
METAJUIOB JIETKO BCTYIIAIOT B PEAKIUIO C JAPYTMMH XUMHUUYECKMMHU COCIUHEHUSMU U
arperupyroT, YTO CKa3bIBACTCS Ha UX KOPOTKOM mepuojae aktuBHoctu (Yypwmmos I'.U.,
Hasaposa A.A., Ammieesa JI.E., 2010).

[TosTomy, mipu pa3zpaboTke METOAOB CHHTE3a ISl MPOJJICHUS UX aKTUBHOCTH,
CTOMT yJIeJIUTh BHUMaHHE cTadmnmu3anuu HUM.

B kadecTBe BOCCTaHOBHTENS W CTaOWIM3aTOpa MOTYT BBICTYNaTh YaCTHIIBI
MPUPOIHOTO MOJIUCaXapuaa.

Cnenyer Takke OTMETHTb, YTO TIPU HCIOJB30BAHUM  TMOJIMUCAXAPUIOB,
OTJIMYAIOIINXCS BEJIMYMHAMU MOJIEKYJISIPHBIX Mmacc, CTETEHBIO
METWITEPU(PUITUPOBAHUS  OCTAaTKOB  TaJaKTYPOHOBOM  KHCIOTBI, COJIEpKAHUEM
HEUTPAJIBHBIX MOHOCAXAPUAHBIX OCTAaTKOB, MPOTSHKEHHOCTBHIO JIMHEWHBIX Y4YaCTKOB, a
TaKK€ CTPOEHHWEM Pa3BETBIEHHBIX 00JIACTEH MOJEKYJbl, MOXHO CYIIECTBEHHO
M3MEHSATh XapaKTEPUCTUKNA HAHOYACTULl U HAHOCTPYKTYP, YTO, B CBOIO OYEPEb, MOXKET

NPUBECTH K CYIIECTBEHHOMY H3MEHEHHIO X (YHKIIMOHAIBHBIX CBOMCTB (AHAPHUEBCKHIA

P.A., Parynsa A.B., 2005).
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BoiBoAbI 110 EPBO IJ1aBe

MukposieMeHTbl Heo0XOoJuMasi 4acTh OHWOJOTMYECKHM AKTHUBHBIX COEIMHEHUHN.
OHu BXOAAT B cOCTaB OENKOB, BUTAMUHOB, (DEPMEHTOB W WIPaAlOT BAXHYIO POJb B
CTUMYJISLIMM POCTa U Pa3BUTHS PACTCHHM, BBIMOIHSS pa3InyHble (PU3HOJIOTUYECKUE U
ounonornyeckue ¢yHkuuu. [Torck HOBBIX (HOPM HUX BBIpAXKEHHUS — 3ajadya aKTyalbHas.
Hcnonb30BaHre KIACCUUYECKUX MUKPOIJIEMEHTOB B BUJIE COJICH OMACHO 3arpsi3HEHUEM
OKpyXaroiei cpenbl. AJBTEpHATUBOW MOTYT ObITh HAHOYACTHUIIBI METANIOB U UX
COCIMHEHUA B YIABTPAJUCIIEPCHOM COCTOSIHMU. HaHOo4yacTuIIbI JKene3a, Meld, Mapraiia,
KoOajbTa U JPYTrUX METAJUIOB CIIOCOOHBI OKa3bIBaTh BO3JEHCTBHE HAa OMOJOTHUECKYIO
aKTUBHOCTb. OHU TMPOSIBISIIOT MEPEMEHHYIO BAJICHTHOCTh, YYaCTBYSl B OKHUCIIUTEIIBHO-
BOCCTAHOBUTEJBHBIX Mpolieccax, mpolieccax oOMeHa 1 JbIXaHHUs.

B 00630pe nmoka3zaHa akTyalbHOCTh BHEJIPEHUSI HOBBIX (JOPM MHUKPOYIAOOPEHUM U
CTUMYJIAITOPOB pOCTa B BUJE HAHOYACTUIl METAJJIOB, KOTOPbIE CIIOCOOHBI
CTUMYJIMPOBATh MPOIECC afanTallid OOBEKTOB M CaMOOPraHU3alluu OMOJIOTHYECKUX
CUCTEM K BHEIIIHMM YCJIOBHUSIM C YYETOM TOTO, HACKOJIbKO OHM BCTYIarT B cuily. Ho
Opy TMPUMEHEHWHM HAHOMATepUajoOB, TMPEXKJE BCEro, BO3HUKACT BOMPOC UX
B3aMMOJICVICTBHS C OKPYXKAIOLIEH CPEIOW, BIUSHUE HA PACTUTEIIbHBIN U )KUBOTHBIA MUP
¥ Ka4ecTBO MPOAYKTOB muTaHus. Hapsay ¢ »TuM HaOmrogaeTcs HEIOCTATOK HAYYHBIX
3HaHUM 00 PKOJOTUYECKON 0€30MacHOCTH HAHOYACTHI] U MEXaHU3ME UX JCHCTBUS Ha
JKUBBIE CUCTEMBI. DTH BOIPOCHI TPEeOYIOT OTBETa MPEXIE, YEM HMX HCIIOIH30BATH B
KaueCTBE CTUMYJIATOPOB POCTa M Pa3BUTHS, B TOM UYMCJI€ OBOIIHBIX KyIbTyp. OcoObIH
WHTEpEC TMPEACTABISIOT KOMIO3UTHI ~ TEXHOTEHHBIX HAHOYACTUIl W MPUPOJHBIX
ouononumepoB.  [IpumMeHeHune  TPUPOTHOTO  TOJUCAXapujia  COBMECTHO  C
HAHOYACTHIIAMH METAJJIOB B KAUECTBE CTAOMIIM3aTOpa U BOCCTAHOBUTES MIPEAIoiaraet
CO3/JaHHE€ HAHOPA3MEPHBIX MaTEpPUaJOB IIMPOKOTO JHala3oHa  BO3JEHCTBHUS,
YCWJIMBAIONUX WX OMOCOBMECTHUMOCTH C JKMBBIMU CHUCTEMaMHU. DTH HAHOKOMITO3UTHI
TrOTOBBl BUJIOM3MEHATH PELENTOPhl W OPUEHTUPOBATH HYXKHYH OHOJOTHYECKYIO

PCAaKIMIO B IIPABHUIIBHOM HAIIPABJICHHM.
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T'JIABA 2. OBBEKT U METOJINKA UCCJEJOBAHUI
2.1. O0beKTHI HCCIEeA0BAHUM
Jlns mpoBefeHUs Ja0OpaTOPHBIX M TOJIEBBIX HCCIAEAOBAHUM OBLIM BHIOpAaHBI
OBOIIHBIE KYJBTYpbl CTOJIOBasi, KOPMOBasi CBEKJIa U MOPKOBb CIEAYIONIUX COPTOB:
CBEKJIa CToJIOBasl «/leTpoilT», cBeksia KopMoBas «IKKeHIopdCKas KeaTas» U MOPKOBb

«HanTtckas 4.

2.1.1. XapakTepuCcTHKa COPTOB CeMsIH, HCI0JIb3yeMBbIX B padoTe

2.1.1.1. XapakTepHCTHKA COPTA CBEKJIbI CT0J10BOM «leTpoiiT»

CopT cBeKJIbI CTOI0BOM «JleTpolT» pazpaboTaH UTATLSIHCKUMU CEJIEKIMOHEpaMH
Y BHECEH B poccurckuil ['ocynapcTBeHHbI peectp. LleHUTCs cpeau OropoaHHUKOB U
bepMepCKUX XO3SHMCTB, TaK KaK XapaKTEPU3YETCsl BHICOKOM BCXOMKECTHIO U YPOXKAEM —
He MeHee 95%, JIeTKOCThIO B YOOPKE U XpaHEHUH, YCTOMUHUBOCTHIO K HEOIArONpUsTHBIM
dbakTopam OKpyXkarolen cpe/ibl, OTTUYHBIMU BKYCOBBIMU Ka4€CTBaMHU.

JlaHHBIN coOpT cpemHecmenbiii B co3peBannu. Hopma BeiceBa 8 - 10 kr Ha 1 ra.
Bcexonwsl Ha 7 - 14 genps nocie moceBa. [lomHoeHHBIN 04 oOpasyeTcs B CpeaHeM
yepe3 95 nHeit oT Bcxo10B. KopHEro sl riajikue, OKpyTribie, HHOT/Ia OBaTbHOM (hOPMBI
¥ OAMHAKOBBIE MO pa3mepy. Macca kopremtoga 100 - 200 rpamm. YpoxkanHocTh 35 -
68 T/ra.

MsikoTh 6€3 KOJBIEBATOCTH U JKECTKUX BOJIOKOH TEMHO-KPAcCHOTO I[BE€Ta, COUHAs
W craakas Ha BKyc. VIMeeT MOBBINIEHHOE cojaep)kaHue cyxoro BemectBa 17-20%,
caxapucTocTh 10 14%, m03TOMY MOKET JOCTATOYHO JOJITO XPAHUTHCSI.

[IpeniecTBeHHUKH: TOMAT, OTypell, KapToQeb.

JIocTOMHCTBA CBEKJIbI copTa «JleTpodT»: HENpUXOTIMBOCTH B BBIPAIIMBAHUU,
XO0JIOJJOYCTOMYMBOCTh, BBICOKAsi BCXOXKECTh M YPOXKAWHOCTb, XOpOLIasl JIEKKOCTh MPH
XpaHEHUHU.

Henoctatku cBekibl copta «JleTpoitT»: HeOOIbIoN pa3Mep I1o01a.
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2.1.1.2. XapakTepuCTHKA COPTa CBeKJIbI KOPMOBO# «JKKeHAOp(CKAas HKeaTas»

CBekna  «DKKeHIOp(CKasg IKelTas» KOPMOBas IIMPOKO  HCHOJIB3YETCs
depmepamu, Tak Kak SBISETCS HENPUXOTIMBOW W JOCTYNHOM KyJNbTYpOH MJis
KOpMJICHHUSI OOJIBIIMHCTBA KUBOTHBIX. OTO CpEIHECHENbI, BBICOKOTPOIYKTHUBHBIM
COpT, OTIMYAIOIINICS YCTOMYMBOCTHIO K XOJIOAAM U JJIMTEIbHBIM XpaHeHneMm. Hopma
BbiceBa 10-15 kr Ha 1 ra.

KopHenioasl HUMEIOT HWIMHIPUYECKYI0 (GOpMy, HO pexe BCTPEUaloTCs H
KpYTJIbI€, OKPAC CBEPXY CEPO-3€JIEHOT0 LBETA U JKENThIA K HU3Y. MAKOTh O€Noro usera,
TBepaass. Macca kopHermonoB or 700 go 3000 rpamm. YpoxkaitHocte 80-150 T/ra.
XapakTepu3yeTcsi BBICOKUM COJAEpkKaHMEeM Hoja, Kele3a, LMHKa, Kaiuus, (ocdopa.
Copeprkanue cyxoro Bemectsa 12-12,5%.

Bcexoxkects oT 80 10 96 %. OnTtuManbHas TemMnepaTrypa g TpOpacTaHusl CEMSTH
20-23°C. BereraunoHHEIi epros coctasisier 140-155 cyTok.

[IpeamiecTBeHHUKU: KyKypy3a Ha CHJIOC, KapTo(eiab, OJHOJETHUE KOPMOBBIE
TPaBBbl.

JlocToMHCTBA CBEKIIBI copTa «OKKEeHIop(CcKas >KenTas»: COPT HE MOABEPKEH
LBETYIIIHOCTH, XOJIOJI0yCTOWYUBOCTD, BBICOKOE COAEP/KaHNE BUTAMHUHOB, MUHEPAJIOB U
KJIETYATKH, JIeTKasi yOopKa yposKasi U JIJIUTEIIbHOCTh XPaHECHHUS.

Henocratku cBekiibl copta «IKKeHIopdcCKas KenTash»: BbICOKas YpOkKalHOCTb

JIOCTUTAETCS MPU OINPEICIICHHOM TEMIIEPATYPHOM PEKUME.

2.1.1.3. XapakTepucTtuka MopkoBu copta «Hanrckas 4»

OTnuyHblE BKYCOBBIE KaueCTBa, TOBBIIMICHHOE COJIEpKAHUE KapoTHHA U
HEMPUXOTJIMBOCTh B YXOJZI€ JeJlaeT MOpPKOBb copTa «HauTckas 4» mnomyisipHoil B
WCIIOJIb30BAaHUU Ccpenu (epMepoB M OTOPOAHUKOB. DTO CpeIHecHenas KyiabTypa,
KoTopasi nocturaet co3peanus Ha 80 - 100 cyTku nocie BcxoaoB. Hopma BriceBa 2 - 4

Kr/ra.
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Kopuemnonsl munusapudeckoid GopMbl ¢ TYIBIM KOHUMKOM HUMEIOT OpaHKEeBBIN
OKpac, COUHbIC U clajkue Ha BKyc. [[nuna 14 - 17 cm, macca kopHemiona ot 90 o 160
rpaMM. B TpOMBINUIEHHBIX MaciiTadax YpO>KaHOCTh MpPH YYETe COCTaBa IOYBHI,
MI0CEBa U arpOTEXHUKHU cocTaBisieT 25 - 60 T/ra.

MopxkoBb copra «HaHnTckas 4» XapakTepuszyercs XO0JIOJ0YyCTOMYHUBOCTBIO J0 -
40C, YCTOMYHMBOCTBIO K LIBETYIIHOCTH, OorarcTBoM BuTtaMuHoB C, E, rpymnmel B, K, PP,
MUKPO3JIEMEHTOB (KaJIMi, JKeJe30 U JIp.), IEKTUHOM U KJIETYATKOW, a TAKXKE HATMYUEM
Oera-kapotuHa 10 19,5 Mr mo cpaBHEHHUIO C APYTMMH COpPTaMH, KOTOPBIM MpUAAeT
JAHHOMY COPTY SIPKO-OPaHXEBBIA OKpac.

[IpenmecTBeHHUKH: JIYK, OTypell, YeCHOK, TOMAT.

JlocTonHCTBa MOpKOBHU copTa «HaHTCcKas 4»: COpT HE MOJIBEPIKEH LIBETYIIHOCTH,
XO0JIOJOYCTOWYNBOCTbD, BBICOKAsI BCXOKECTh U YPOKAMHOCTb, JNINTEIIbHAS JIE)KKOCTb.

HGI[OCTEITKI/I MOPKOBH COpTa «Hantckas 4»: Tp€6OBaTeJIBHOCTI> K IIOYBC

(Mamnxecos B.1., 2009).
2.1.2. XapaKkTepuCcTHKA HCNOJIb3yeMbIX HAHOYACTHIl B padoTe

Uccnenyembie vactuiibl Oblmu monmydeHsl B ®I'AOY BO HanwmoHanbHbBIHM
UCCIIE0BAaTENbCKUN TexHOoJMorndeckud yHuBepcuteT MUCuUC XxuMHUYecKuM METOA0M
MyTEM OCAXACHUS THUAPOKCUIOB METAJJIOB M3 PACTBOPOB COJIEH C MOCIEAYIOUIUM HX
BOCCTAHOBJICHMEM B BOJOPOJHOM IOTOKE MpH HHU3KUX Temmeparypax (Tuxomupos
C.A., Tperyoosa 1.B. B coant., 2010; Muxaitnos M./[., 2010).

JUist HaHoyacTull OBUIM ONpeneseHbl (PU3UKO-XUMUYECKHE XapaKTePUCTUKHU:
yIelnbHAs MOBEPXHOCTH (M/T), (aszoBbii cocraB (%), pAacIpeneliCHHE pasMepoB
HaHoyacTull, (popMm-akrop. Ilpu omnpeneneHun yAeIbHON MOBEPXHOCTH METOJAOM
HU3KOTEMIIepaTypHoi  ajmcopOuumu azora mno bBOT npumenssm  anamuzaTop
«Quantachrome NOVA 1200e». CuHTe3 00pa3lmoB MPOBOAWICS C HCIOJIb30BAaHUEM
anmapaTHO-TIPOTPAaMMHOTO KOMIUIEKCAa ISl TMOJYyYEeHHS HAHOJUCIEPCHBIX CHCTEM

xumudeckumu metogamu (AIIK «Hanoxumy). C momoIsio peHTreHo(a30BoOro aHaan3a
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(P®A) na mudpakromerpe XRD-7000 (Shimadzu) Opur onpenenen (a3oBbIl cocraB

(rabymma 1).

Tabomuma 1
@da30BbIl COCTaB HAHOMETAIIOB
HY V. da3.cocrtas, % Ocratounoe cox. O,
HOB.,MZ/F 800 °C, %
CuO | 90,5 Cu (12), CuO (67), Cu,0 (21) 11,6
Cu |65 Cu (58), Cu,0 (36), CuO (6) 16,2

Jlns HY Cu BenmdmHa yaenbHOM moBepxHocTH 6,5 M°/T mpu pasmepe 30 - 60 M.
dopm-akrop mmst Beex <10. Vaenpras mosepxHocts CuO 90,5 M%/r mpu pasmepe HU
30-60 uMm.

B Tabnune 2 mpencraBieHBI MapaMeTpbl HAHOYACTHI], KOTOPHIC MPUMCHSIN B
HCCJICIOBAHMUSIX.

Tabmuma 2

OcHoBuble nTokazatenu HY menu, okcuaa Meau 1 HaHOKOMIIO3UTa

Ha3Banue HY Cu HY CuO HK
Pasmep wactuiisr B 30-60 30-60 30-60
OJHOM U3

U3MEpPEHUH, HM

dopmpaxTop <10 <10 <10
(oTHOIICHUE

MaKCHUMAaJIbHOTO

pasMmepa K

MUHHUMAJIbHOMY )

PacTBopumocCTsb B HepacToprmsl ManopactBopumsl | PactBopumsi 20
BOJie Mac. % 3-4 mac.% Mac.%

3apsn IHomoxurensusil | [lom0XKUTENBHBIN IHomoxxurensHbBIN
Y CTOMYMBOCTB K Huskas Bricokas OueHb HU3Kas
arperanuu

Anresus K Bricokas Bricokas Bricokas
MTOBEPXHOCTSIM

pacTeHun
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C nomompro COM «Tescan» «Vega 3» ompeneneHa AHCHEPCHOCTh U
MOp(}OJIOTHs TOTYYEHHBIX HAHOYACTHUI] METANIOB, UMEIOIINX OIU3KYIO K CEepUUECKO
dopme (pucyHok 2, pHCyHOK 3). XUMHUYECKMA M TIpaHYJOMETPUYECKHI COCTaB
HAHOYACTHI] OBLJT UCCIIEI0BAH C MOMOIIBIO CKAHUPYIOIIETO 3JIEKTPOHHOTO MUKPOCKOTA
JSM-6010PLLIS/LA  (JEOL, SnoHus) #  MNpPOCBEYMBAIOUIETO  3JIEKTPOHHOTO
mukpockona JEM 2100 tools (JEOL, SAnonus).

Pucynok 3. COM - uzo6paxkenue Hanogactury CuO
CycneH3un HaHOYAaCTHI] Pa3JUYHbIX KOHILIEHTpAaUWid TOTOBWJIIM Ha OCHOBE
JTUCTUWITUPOBAHHOM BOJIbI, 3aTeM oOpabaThiBaiu B yiabTpa3BykoBod BaHHe [ICH 5735-
05 M15 MuH TTpy MaKCUMaJIbHOW MOIIHOCTH JIJISl TIOBBIIICHUS TUCIIEPCHOCTH MPOOHI.
Ecnu HaHO4acTHIIBI OBICTPO arperupyroT, TO OHU MEHEE OMacHbI JJIsi OPTaHU3MOB, YEM
OJIMHOYHBIE HAHOYACTHULBI, ITOCKOJbKY KPYIHBIM arperar HAaHOYAcCTUL HE MOXKET

MomacTb BHYTPb KIICTKH. CKOpOCTB n JUHaMHUKa OCaXXACHHA B BOAC HAHOYACTHI
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METAJUIOB M OKCHJIOB METAIOB oTiaumyarorcs, HY meramnoB ocaxngarTcs ropasno
MeJIJICHHEE.

Onpenenenbl  HaumboJee  BaXKHbIE  XAPAaKTEPUCTUKH,  BIMSIONME  Ha
OMOJIOTUYECKYIO aKTUBHOCTh HAHOYACTHII.

A) CcHocOOHOCTh K arperaiMy B CYCIEH3UAX: €CIM HaHOYACTHUIIBI OBICTPO
arperupyror, To OHU MEHEEe OIMACHBI JJII OPraHU3MOB, YEM OJMHOYHBIE HAHOYACTHUIIHI,
MOCKOJIPKY KPYITHBIM arperar HaHOYACTHII HE MOXKET IONacTh BHYTPh KIIETKH.
CKOpOCTh U AMHAMHUKA OCAXKJEHHUS B BOJIE HAHOYACTHUI METAIJIOB U OKCUIOB METAJIOB
ornuyarorcs, HU wmeTammoB ocaxmaroTcs Topas3no MeayieHHee. HaHOKOMITO3WTHI B
pacTBope He 00J1a1at0T CIIOCOOHOCTHIO K arperaluu.

b) BbIsBIeHa ruApodOOHOCTh HAHOYACTHUI[ METAUIOB U OKCHIOB, 3TO (akTop,
KOTOPBI BIIMSET Ha B3aUMOJCHCTBHE C KJICTOYHBIMH MeMOpaHamMHu, W oO0JerdacT
MPOHUKHOBEHUE YACTHUIL B KIICTKHU.

B) nana XxapakTepuUCTUKM HAaHOYACTHI[, OCOOEHHO IPU MPOTHO3UPOBAHUU
BO3MOYKHOCTH aKKyMYJISIIIAHA, HEOOXOAUMO 3HATh CTENEHL PACTBOPECHHSI TBEPABIX
HAHOYACTUIl B BOJIE M OMOJIOTMYECKHUX >KHUJIKOCTAX, YTO BIUSET HA UX MUTPAIMIO B
TKaHSAX W OpraHax. BBIABICHO, YTO cpefa BIUSET HAa PACTBOPUMOCTH HAHOYACTHII.
PactBopumocts HY oxcuna menu Beie, yem HY mequ.

B kadecTtBe xuakoctu OblT BeIOpaH (u3monornyeckuii pacrtpop. CycrieH3uu
HaHOMopomKa moMemanu B tepmoctar (37 + 0,5 °C). Uepes ompenenennoe Bpems
oTOMpanu anukBOTy, IeHTpudyrupoBamu (5000 o6/mMun) B Teuenue 30 MuUH C
oTIeJeHUEM TBepaoHd ¢as3pl. B pacTBope ompenesnsiy KOHIICHTPAIUIO MOHOB JKele3a,
kobanbTa Ha cnektpodoromerpe (PD - 303 Apel, Anonus). CornacHo Moiay4YeHHBIM

JTAHHBIM, ITPOBOAMIIM PAcUeT CTEIIEHU PACTBOPEHUSI HAaHOYACTHII, Mac.%.

2.1.3. MeToauka nmoJryy4eHusi HAHOKOMIIO3UTA

J{nst co3manusi HAHOKOMIIO3UTa MCIIOJIb30BaIM HAHOYACTHUIIBI MEIU, U, B KAUECTBE
MIPUPOJHOIO MOJIMMEPA MOJIMUCAXAPU TOPLA ITUYBETO.

[Ipn mpuUroToBneHUM K BBIAEIEHHBIM MHOpomkaMm mnonucaxapuaoB 1 - 10% mno
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Macce A00aBIsTM HaHOYACTHIIBI MeAH ¢ XapakTepuctukamu: APS 25 nm, purity 99,8%,
SSA 30 - 50 m’/g pacTBOpsuIH B Bojie M 0OpaGaThIBaIM B YIbTpa3BykoBoii BanHe I1CH
5735-05 M 10 mun. IlonydeHHbIE HAHOKOMITO3UTBI OCaXKJady 3TAHOJIOM, MPOMBIBAIIN
allETOHOM M BBIIEISIM B CyXoM BHJe (pUCYHOK 4). HAaHOKOMIO3UTBI XOpOIIO
pactBopuMmbl B Bome U 5-20% pactBopel comepxkar 0,000165 - 0,000017

MI/IM° HAaHOMETAJLIA.

Pucynox 4. IIpuroroBneHne HaHOKOMIIO3UTA

st Hanokommio3utoB HY u BOJOpPacTBOPUMBIX TMOJIMCAXapUIOB  MOJIYYCHBI
cnekTpsl ¢ momoinpio MK - dypee, ciekrpomerp Nicolet 380. Ha pucynke 5 npuBenen
CIeKTp HaHOKoMITo3uTa Ha ocHoBe HY menm, pasmepom 30 - 60 HM u monmcaxapua,
BbIICJICHHOTO U3 ropra ntuubero. B 100 r Boasl pactBopsii 1 r monucaxapuna. B
roMoreHHsbIil pactBop nobasmsin 0,02 r HU meau. Ilocine 06paboTku yiapTpa3ByKOM U
ocaxxieHus noiay4dmwin 0,5 r HAaHOKOMIIO3HUTA.

AHanu3 HaHOKOMIIO3WTa TIOKa3aj TMaJeHue OOIel WHTEHCHBHOCTHU CIIEKTpa
oOpa3ioB or 1 K 2, 4TO, CKOpEe BCEro KOPpEIHpYyeT C KOJIUYECTBOM OPTaHUYECKOU
cocTapysitoiiel B mpoode (pucyHok 5). Takke 3amMeTHO oOpa3oBaHUE CIIa0OW JTMHUU B
obnmactu 1200 cM-1 B COBOKYMHOCTH ¢ pOCTOM MakcuMmymMma B obsactu ~ 1250 cm - 1,

YTO MOXET OBITh CBS3aHO C (OPMHUPOBAHUEM B MPpooOe 3pupHbIX cBs3eit Tuna C - O.
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Pucynox 5. Cnektp Hanokommno3uta Ha ocHoBe HU menu, pazmepom 30-60 M u

noJjmcaxapuaa, BeIACICHHOTO U3 Iropla IITHYbETO

3ameteH poct JuHuU ~ 1000 cM - 1, 4TO KaKk mpaBUiIO, CBA3BIBAIOT C HAIMYUEM

CBSI3€H yIIIepOA-KUCIOPOA-METAI, UYTO XapaKTEPHO JIJIsl CTPYKTYPbl KOMIIO3HTA.

JlabopaTopHbie

2.2. JIabopaTopHbIe UCCJIE0BAHMS

HCCJI

CA0BaHUA

MPOXONIIN

nabopaTopuu

HAy4HO-

uccienoBarenbckoro nentpa npu ®I'bOY BO PI'ATY «Hawmouentp mms AIIK».

HccnenoBanusi NpoOBOAMIIM Ha CEMEHAX KOPMOBOM CBEKJIbI «IKKeHAOPQCKas Kenras,

CTOJIOBOM CBEKJIbI «JleUTpoiT» u MopkoBu «HaHTCKast 4».

Cxema onvima. B kadyecTBe KOHTPOJISI MCIOJB30BAIN AUCTHIIMPOBAHHYIO BOJY.

B kadectBe wucciemyeMbix 00pasloB HUCHONb30Baimu cycrnensun HY memn ¢

kounentparueit BemectBa 0,01 — 50 r/kxr cemsn; cycmensuu HY okcuma memam ¢

KOoHIeHTpanuen BemecrBa 0,01 -

koHnenTparueit Bemiectsa 0,01 - 50 r/kr.

50 Tr/kT;

pacTBOPHI

HY wHawokomMmmos3ura C

Memoouka npoeedenusi uccineoosanuii. B uamkax Ilerpu packnanpiBanu Ha

JBYXCIIONHYIO (DUIIBTPOBAIbHYIO OyMary, YBIaXXHEHHYIO BOJIOM C€MEHa MCCIeyeMbIX
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KYJbTYp, KOTOpbI€ B TeueHue 30 MUHYT ObLUIA 3aMOYEHBI B PA3JIMUYHBIX KOHIIEHTPALIUIX
uccienyeMbix npenaparoB. Yamku I[leTpu mnpeaBapUTENbHO NPOCTEPHIIN30BaHbI B
cymmisHOM mKady B TeueHue daca npu Temmeparype 130°C. B oxroii gamke Iletpu
pa3mernianack 1 mpoba cemsiH B koauuectBe S0 mt. [IoBTOPHOCTH UueThIpexKpaTHasi.

[IpopamuBanue npoBoawin B TepmocTaTte 10 CyTOk mpu TeMIiiepaType +22°C B
TEMHOTE.

Ot16op o00paznoB cemssH ocymectBisin o ['OCT 12037 - 81 «Cemena
CEIBCKOXO3SIMCTBEHHBIX KYJIbTYpP. METOIbI ONpENENICHHS] YUCTOTHI U OTXO01a CEMSIHY.

B cootBerctBun ¢ I'OCT 12038-84 «CemeHa CenbCKOXO3SIMCTBEHHBIX KYJIBTYP.
MeTtoasl onpeneneHns BcxokecTd M dHeprum npopactanumsi» u [OCT 22617.2 — 94
«CeMeHa caxapHOW CBEKJIBl. METOIbI ONpPEACIICHUS] BCXOKECTH, OJHOPOCTKOBOCTH M
N0OpPOKAYECTBEHHOCTH» MPOBOJUIN OLIEHKY BCXOXKECTH W HHEPrUi0 NpOopacTaHus
CEMSH CBEKJIbI U MOPKOBH.

DHEpPruro npopactaHus onpenensiain Ha 4 cyTkd, a Ha 10-e CyTku ompenesuiu
BCXOXECTh B % COOTHOILLICHHH.

[Ipu ydere sHepruu MNpoOpacTaHUsi MOACUYUTHIBATIM HOPMAIBHO MPOPOCIIUE U
3arHUBILIKE CEMEHA, a MPU y4eTe BCXOXKECTH MOMUMO YUUTHIBAIM TBEp/ble, HAOYXIITNE
Y TUI0XO MPOPOCHINE CEMEHA.

K HOpManbHO NPOPOCHIMM CEMEHAM OTHOCATCS CEMEHA C XOpPOLIO Pa3BUTHIM
KOPEIIKOM, C HE3HAUUTEJIbHBIM MOBEPXHOCTHBIM MOBPEXKIACHUEM OCHOBHBIX OPTaHOB
MPOPOCTKA, HE 3aTPAruBAKOIIUM MPOBOISAIINE TKAHU.

K HenpopociiuM 1 HEBCX0KMM CEMEHaM OTHOCSITCSL TBEpPJIbIE CeMEHa; Ha0yXIlne
CEMEHa, KOTOpbIE€ HE MPOPOCIH, HO HMMEIOT 3J0pPOBBIM BHJ; 3arHUBIIME CEMEHA C
MSITKHM Pa3IOKHUBIIAMCS SHIOCIIEPMOM; HeHOpMainbHO npopocine cemena (ITOCT P
CemeHa CenbCKOXO03SMCTBEHHBIX KYJIBTYp. MeToIbl onpeesieHus: BexoxecTu, 1986).

Takxke y4uTHIBAIM MOPAKEHHE TUICCHEBHIMH TPUOAMH BU3YyallbHO MO BceM 4
MOBTOPHOCTSIM B BapuaHTte. CTeneHb MOPAXKEHUsI YCTAHABIMBAECTCS B COOTBETCTBUH C
'OCTowm (tabauma 3). O6pabOTKy JaHHBIX MPOBOIWIM IyTEM aHAIN3a JJA00pATOPHOM

OHCPI'UHU IIPOpACTaHUA 1 BCXOKCCTU CCMAH CBCKIIbI © MOPKOBH.
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Tabmuma 3

Omnpenenenne CTENEHN MOPAKEHUS CEMSH TIJIECHEBBIMU TpUOaMu

CeMeHa, IMTOKPLBITBIC IIJICCHCBBIMU CreneHb IMOpaXXCHUS CCMAH

rpubamu, %

Ho 5 Cnabas
o 25 Cpennsisa
bomee 25 CuipHas

3a pe3ynapTaT MpPUHUMAIM CpenHee apudMeTwdeckoe Mo BceMm 4 mpobdam B
BapHUaHTe, eciu OTKJIOHEHHUSI pe3yibTaToB OTJIETTbHBIX po6 oT
cpenHeapu(MEeTHIECKOTro IMoKa3aTess He TPEBBINIajl MoKa3aTeIn, YKa3aHHbIE B TaOIHIE
4,

Tabmuua 4
[TokazaTenu cpegHeapuPMETHICCKOTO TTOKA3ATEIS BCXOXKECTH U IOTTYCTUMOTO

OTKJIOHCHUA PE3YyJIbTATOB, %

CpenneapupmeTHuecKoe 3HaUeHHUE JlomycTMoe OTKJIIOHEHUE PE3YJIbTATOB
BCXOXECTH, % aHaJM3a OTAETHHBIX P00 OT CPETHETO
Juist anann3a 4x50 cemsH, %

99 nmm 1 -2
98 " 2 +4
97 " 3 +5
OT195 1096 " 014 10 5 +6
Or93 1094 " oT 6 1O 7 +7
O190 1092 " ot 8 1o 10 +8
Ot 88 10 89 "ot 11 o 12 +9
Ot 84 mo 87 "ot 13 mo 16 +10
Or79 no83"or 17 mo 21 +11
Ot 74 o 78 " ot 22 5o 26 +12
Ot 65 no 73 " ot 27 no 35 +13
ot 36 1o 64 +14
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Mopdoduznonornaeckne NpU3HAKA ONPEASISUTA TyTeM HW3MEPECHHsS JTMHBI
POCTKa M KOpEIIKa MPOPOCTKOB, a TaK¥Ke ONpEJETICHUsS] MacChl. Y MPOPOCTKOB Ha 4 U
10-e cyTku 3amMepsuin JUIMHY KOPEIIKa U POCTKA B MM.

Maccy onpenensiv NyTeM OTJEJIEHUs KOpEellKa U pOCTKa, 3aT€M B3BEIIMBAIU HA
SJIEKTPOHHBIX aHaIuTHYeCKUX Becax Ohaus Pioneer PA 214 u paccuuThbIBalld CpeaHEe
apu(pMETHYECKOE B KaXJIOM BapUaHTE.

AHanu3bl paCTEHHM W MOYBBI MPOBOJWIA B COOTBETCTBUU C JCHCTBYIOIIUMHU
['OCTamu. Copepxxkanue rymyca B nouse onpenensian no 'OCT 26213-91«IlouBsl.
Mertozs! onpeiesieHus: OPraHMYeCcKOro BellecTBa o Mertoay TropuHa B MoaAu(UKAIUN
HMHAO», pHkc nmorenunomerpuuecku ['OCT 26483-85 «IIpurotoBneHne coyieBOU
BBITSDKKU U onpeaeneHue ee pH no merony LIMHAO», rugipouTHYECKYI0 KUCIOTHOCTD
o ['OCT 26212-91«llouBsl. Onpenenenne ruApoJIMTHIECKON KUCIOTHOCTH IO METOLY
Kanmnena B mopudukanuu [IUHAO», cymma nornomienHabix ocHoBanuii 'OCT 27821 -
88 «IlouBbl. OnpeneneHne cyMMbl MOIIONIEHHBIX OCHOBaHWM mo merony Kammenay.
Omnpenenenve NOABMKHBIX (popm MukposnemeHToB onpeaensan nmo ['OCT P 50684-94
«OmnpeneneHne MOABMKHBIX coeAMHEHUA Meau mno merony lleiiBe u Punbkuca B
moaudukauuu [ITUHAO» , TOCT P 54650-2011 «IlouBsl. OnpeneneHue moaABHUKHBIX
coenuHeHuir dochopa u kamusa mo meronxy KupcanoBa B mommbukanuu [HTHAOY,
xumuueckuid coctaB ['OCT 33850-2016 «ITouBsl. OnpeaeneHue XMMUISCKOTO COCTaBa
METOJIOM PEHTTEHO(DIYOPECIIEHTHON CHEKTpoMeTpun». B pacTuTenbHbIX oOpasmax
Hamnune Meau omnpenensuit  [OCT  33824-2016  «IIpoaykThl MOUIIEBBIE U
MPOJIOBOJILCTBEHHOE  ChIpbe.  VHBEPCHOHHO-BOJIBTAMIIEPOMETPUUYECKUN  METOJ

OIpCACICHHUA COACPIKAaHUSA TOKCUYHBIX 3JICMCHTOB (KaI[MI/ISI, CBHHIIa, MCIU U I_[I/IHKa))).

2.2.1. Onenka OMOHAKOIJICHUS] HAHOYACTHI] B POPOCTKAX € MOMOIIbIO

3JIEKTPOHHOM MHKPOCKOIIUH

JIns OLEHKH BO3MOXHOCTH HAaKOIUICHHWsS HAHOYACTHUI] B CTPYKTYpE pPACTEHUU
IIPUMEHSUICS. METOJ DJIEKTPOHHOM MHKpockonuu. lccnenoBaHus IpoOBOAWIM Ha

aneKTpoHHbIX MHKpockomax (COM) Neon 40 u Merlin, CarlZeiss, ['epmanus. boin
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TaKXe€ MCIOJIb30BAaH IIPOCBEUYMBAIOIINN JJIEKTPOHHBIM MHMKPOCKOII C YCKOPSIOIIAM
Hanpsbkeauem 80-120 kBt «JEOL» «JEM-1400» (MY 1.2. 2742-10, 2010; MY
1.2.2520-09, 2009).

IIoaroToBKY KOHTPOJIBHBIX M OIBITHBIX IIPOPOCTKOB CBEKJIBI U MOPKOBH C
N00aBJICHUEM HAHOYACTHIl MEAM, OKCHJA MEIW M HAHOKOMIIO3UTA ISl AJIEKTPOHHO-
MUKPOCKOIIMYECKUX MCCIENOBAaHUN NpoBOAWIA Ha S-i m 10-i1 neHp mocie Hadana
ombita (JIunickass A.A., Jlesutuna T.I1., 1978). IIpopocTku pacTeHHil MPOMBIBAIN B
JEUOHU3UPOBAaHHOW BOJE, 3aMOPAXUBAJIM C TOMOLIBIO JKUAKOTO a30Ta, 3aTeM
U3MeENbYaIu TNECTUKOM B CTynKe. Marepuan CTynKM M NHECTMKA HE JOJDKEH HMETh
ne(heKTOB MOBEPXHOCTH. Takoe COCTOSTHUE MOBEPXHOCTU CIOCOOCTBYET MUHUMAJIBHON
KOHTaMHHaMU 00pa3uoB. IlomHoe u3MenbueHue oOpas3OB IOCTUraldd C IMOMOIIBIO
00pabOTKH yIbTPa3BYKOBBIM TOMOI'€HU3aTOPOM B T€UeHUE S MUHYT Iipu MoutHocTH 400
Br. llInpuniom oTOupanu mojiyueHHYIO CYCHEH3UI0O U HaHOCWIM Ha ceTKy. Martepuan
CEeTKU: Me€Ib C YIJIEPOJHOU JJIEKTPONPOBOIAIIECH IIIIEHKOW, OHA HCIIOIB3YETCs Ui
IIPOBEACHUST  DJIEKTPOHHO-MHMKPOCKOIIMYECKUX  HMCCIEAOBAaHUN  CTAHJAPTHBIMHU

MCTOJaMHM.

2.3. IoJeBbIe UCCJIECIOBAHUSA

2.3.1. ITouBeHHO-KJIUMATHYECKHE YCJIOBHS NMPOBEAEHNS M0JIEeBbIX ONBITOB

[Tonesie wuccnenoBanus ([JocmexoB b.A., 2011; EnpanoBa E.A, 2002)
nposoawnchk B 2016-2018 rr. B YHULL «Arporexnonapk» npu ®I'bOY BO PI'ATY.
VY4eOHO-Hay4YHbIN [IEHTP pacroJjiaraeTcsl Ha TeppUTOpuu Psa3aHckoi o0iacTu.

Knumat B Ps3anckoit 00macTi HaXOAUTCS B yMEPEHHO-KOHTUHEHTAJIBHOM 30HE,
I1€ YMEPEHHO-XOJOJHAs 3MMa M JOBOJBHO Temioe Jieto. CpeaHEMHOIOJIETHHUE
nokasaTeiu KinMara o0jacTu NmpuBeAeHbl B Tabnuie 5. CpenHerogosas TeMieparypa
BO3/JyXa MOJIOKUTEIbHAS. [IpOoAOKUTENBHOCT, O€3MOPO3HOTO MEPUO/a COCTABIISIET
135-155 nuelt B 3aBUCHMOCTH OT PACIOJIOKEHUS YaCTU PErHMOHA, MECTHBIX YCIOBUH
(Anepuxun ILI., Koctun C.M. B coaBt., 1969). B cpemnem cpeaHeMecsyHas

Temmepatypa smBaps coctaBmser -9,5°C - -12°C, B miome +18,0°C - +19,5°C.
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AOCONIOTHBIA MakCUMyM Temrieparypbl yctaHoBieH B 2010 romy B aBrycre mecsue
+39,5°C, abcommoTHbI MEHEMYM oTMedaeTcs B 1940 rony B sBape -40,9 °C. TomoBast
cymMa ocaakoB B npenenax 600-700 mm.

Tabnuua 5

KnumaTtuueckue CPCAHCMHOTOJICTHHUC JAHHBIC Psi3anckoi obmactu

KianmaTtudeckne 1aHHbIe IMoka3zaTesn
CpeHerooBas TeMIepaTypa Bo3ayxa, 'C 5,4
I'otoBOE KOJIMYECTBO OCAIKOB, MM 560
Cpemnuii 13 aGCOTIOTHBIX MAKCHMYMOB TEMIIEPaTypsl, "C 38-40
Cpemuuii 13 aGCOTIOTHBIX MUHIMYMOB TEMIIEpPaTypsl, "C -40-42
Cymma axTuBHbIX (Bbime 10° C) Temmepatyp 2200-2300
Cymma ocaZkoB 3a Iepro/i aKTUBHOM BereTauuu (co
CpPEAHECYTOUYHBIMU TEMIIEPATypPaMHU BBILIE 10° C), Mm 300
['unporepMuyeckuii KO3pPuuueHT 1,1-1,2
[IpoomKUTENEHOCTE OE3MOPO3HOIO MEPUO/IAa B BO3AYXE,
-~ 110
[TpogomxuTenbHOCTh 6E3MOPO3HOTO MEPHO/a HA
MOBEPXHOCTHU NOUBBI, AHU (¢ 20 Mast 1o 15 ceHTa0pst) 130
28 HOAOPS-2
JlaTa oOpa3oBaHus YCTOMYHUBOTO CHEKHOTO TTOKPOBA
nexaopst
Jlata pa3pyiieHusi CHeKHOTO MOKPOBa 15-18 mapra
Yucno n1HEN B TOLy € YCTOMYMBBIM CHEKHBIM IIOKPOBOM 135-137
BricoTa CHEKHOTO MOKPOBA B KOHIIE 3UMBI, CM 23-27

IOro-3anannsle,
[Ipeobnanaroniye BETphl, HAIIPABIICHHUE
3aragHeIe

l'omoBoii MHUHMUMYM ocaakoB oTMmewaerca B 1943 romy 280 MM, a rojoBou
MakcumyMm B 1990 romy 1008 MM (Ha OCHOBE JaHHBIX CTAaTUCTUKU Ps3aHcKol

MereocTtaHumn). bonee 60% ocankoB BeImagaeT B Teruiblid nepuoa. CymMMa akTUBHBIX
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Temmeparyp cocrapmsier 2200-2300 °C. KnmMartudeckme mokasaTelqd Psi3aHCKOlM
obnactu 3a 2016-2018 roxpl mpeacTaBieHbl HA PUCYHKaX 6, 7 ¥ B MPHIOKEHUU 2.
[lokazatenu, chopMUpOBaHHBIE HA OCHOBE JaHHBIX CTAaTHUCTHKU Ps3aHCKOM

METEOPOIIOTHYECKON CTAHIIUU.

MNokasaTtenu Temneparypbl BO34yXa 3a BereTauMoHHbIN
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Pucynoxk 7. CymMa BBITIABIIMX OCAJIKOB 3a BET€TAMOHHBIN MEPUO IO MECSIIaM

46



Bo Bce rozipl MpoBeAEHMS MTOJIEBOTO ONbITA IOIOHBIE YCIOBUS COOTBETCTBOBAIIN
KJIIMMAaTUYECKOM HOpPME, a OTJAEJbHbIE KOJEOAHUs CPEIHECYTOUYHOW TEMIIepaTypbl
BO3JlyXa M KOJMYECTBA AaTMOC(EpPHBIX OCAJKOB HE OKa3ajld CYLIECTBEHHOIO
BO3JICHCTBHS HAa pacTeHus. B nenom B BereraunoHHble nepuoasl ¢ 2016 mo 2018 rr
npeobiafjalivi MOrO/IHbIE YCJIOBHUS, KOTOPBIE COMOCTABUMBI CO CPEJHE MHOIOJETHUMHU
JAHHBIMHU. 332 MCKJIIOYEHUEM CYMMBI BBINABIINX OCAJKOB IO OTACIBHBIM MECsIaM B
oTnenbHble ToAabpl. OpHako, ciegyer oTMeTutb, 4to 2018 rog B cpaBHEHHH C
IpEIbIIYIMMHU TOAaMH XapaKTepU3yETCs] MEHBILIUM KOJIMYECTBOM OCA/IKOB.

[TouBbl y4yeOHO-HAYYHOTO WHHOBAllMOHHOTO LEHTpa «ATPOTEXHONAPK» Cephle

aecunlie (Matiganos P.B., 2005; Ymakos P.H., Koctun 51.B., 2011).

Tabmauia 6
Onucanre TOYBEHHOTO Pa3pe3a CEPOM JIECHOM MTOYBbI
['opuzonT | MomHOCTS, Onucanue
CM
ALA 15-30, ['yMyCcOBO-aKKyMyJISITUBHBI TOPHU30HT BO BIIAXKHOM

nHorga 40 | COCTOSIHUA TEMHO-CEPBIM, B CYXOM — CEPBIM, CTPYKTypa
KOMKOBATO-0peX0BaTasi, KOMKOBATO-IIOPOIIUCTAsI, JTHOO
KOMKOBATO-TIbUIEBaTas, CIOKEHHE PBIXJIOE, OOUIBHO
IPOHU3aHHBIM KOPHSIMH, IIOCTEIIEHHBIA MEPEXO] B
CIEAYIOIIUN TOPU3OHT

A,B 20 Onon30JiIeHHbIN, MEPEeXOJHbII TOPU30HT KOPUYHEBO-
cepoif, nubO0 OypoBaTo-cepoil, MO0 TEMHO-Cepoi
HEPaBHOMEPHOM  OKpacku, CTPYKTypa oOpexoBaras,
CIIO)KEHHE  pBIXJOE, MOBEPXHOCTU  CTPYKTYPHBIX
OTIEJIBHOCTEN coiepxaT Oelecylo MPHUCHIIKY, HAJIWYHe
nepexojia B CIHEAYIOLIUMHA TOPU30HT 3aMETHO 110
CTPYKTYpE M OKpacke

B 90-120 NnnoBuanbHbIi  TOPU30HT — PA3JUYHOM  MOIIHOCTH
KOpUYHEBO-Oypol b0 Oypoil OKpacku, CTpyKTypa
opexoBarasi, CIIO)KEHHE IUJIOTHOE, B BEpXHEW 4YacTH
npeo0namaroT  Oejechle  MATHA  KPEMHE3EMUCTOMN
IOPUCHIIKA M PACHpPOCTPAHSAIOTCS Ha BCIO MOIIHOCTD
rOpPU30HTA, 00pa3ys TiyOOoKHe SI3bIKU

C [TouBooOpa3yromias Mopoja CBETI0-OyphIX OTTEHKOB,
MOTYT IPHCYTCTBOBATh KapOOHATHBIC HOBOOOPA30BAHMS
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Tun nouBsl: cepas JecHas; MOJTHUIl TIOUBBI: cepast JIeCHasl; PO MOYBbI: OObIYHAS;
PA3HOBUHOCTH MOYBBI: TSKEIOCYTIIMHUCTAS; pa3psi/l MOUBBI: JIECCOBUIHBIN CYTITUHOK.
B Tabmume 7 mpencraBieHa arpoXMMHUYECKas XapaKTEPUCTHKA CEpPOM Jiecou
1moyBkI B ciioe 0-20 cm B 2016 -2018 rT.
Tabmuma 7

ArpoxuMHu4ecKas XapakTeprucThKa cepoit iecHoi mouBsl 2016-2018 rr

I'om |I'nmybuna | ['ymyc | pHker | P20s K,O mr/kr H. S
% MI/KT ITOYBEI mr-3kB Ha 100 T
TIOYBBI TTOYBBI
2016 | 0-20cem | 3,21 5,2 195 113 54 20,8
2017 | 0-20cm | 3,20 50 180 128 5,6 21,0
2018 | 0-20cm | 3,19 51 186 126 5,7 20,8

B cpenHem arpoXxMMHYeCKH€ MOKa3aTeN MOYBHBI 3a 3 T0J1a UCCIIEI0BAaHUN UMENH
CeAyIoNIMe ToKa3aTenu: MmIoTHOCTh 1,1-1,2 1/cM, peakuusi MOYBEHHOTO pacTBOpa
cnabokucnas pH - 5,0 - 5,2, Hanuune rymyca B maxotHoMm ciioe 3,2 %, cojaeprkaHue

docdopa moasmxHOro 180-195 Mr/kr mouss! 1 kamus 113 — 128 Mr/kr.
2.3.2. Cxema 1moJieBbIX ONBITOB

IToneBbie OMBITHI MPOBOAWIMCH CO CIEIYIOUIMMHU KYJIbTYypaMu: CBEKJIa KOPMOBast
copT «IkkeHaopdcekas xkentas» (OnbIT 1), cBekia ctosioBas copt «Jlerpoi» (OnbIT 2)
1 MOpkoBb copT «Hantckas 4» (OnwIT 3).

OmnbIt 1. Mccnenyemas KyiabTypa - KOpMOBasi CBEKJIA. 1'07pl MPOBENCHUS OMbITA
2016-2018. O6mmas miomans onbita cocramwia 280 m°. Tlnomans oxHoN nensaku 10
M°, ydeTHas IUIOLAAb OHOM ACISHKH - 5 M°. TIOBTOPHOCTb YeThIpexKkpaTHast. OIbIT
OMHO(AKTOPHBIM,  PACIOJOKEHUE  PEHIAOMU3UMpOBaHHOE.  [IpedmiecTBEHHUK — —
cuJiepabHBIN map (parc).

Cxewma ormbITa:
Bapuantr 1 (koHTpOJb) — CeMEHa Tiepell TOCEBOM  ONPBICKUBAIUCH

JTUCTWLTUPOBAHHON BOJIOM.
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Bapuant 2 - cemMeHa ONpPBICKMBAINCh NEPEN IOCEBOM CYCHEH3HEH C
HaHOYacTHUIIAMK Menu (pacxon nerictByromero Bemectsa 0,05 T /kr);

Bapuant 3 - cemMeHa ONpPBICKMBAIMCH TEpell IOCEBOM CYCHEH3Uel ¢
HaHOYacTUIIAaMK Menu (pacxon aericTByromero Bemectsa 0,1 1/kr);

Bapuant 4 - cemMeHa ONpPBICKMBAINCH TIEpell IOCEBOM CYCIEH3HEH C
HAaHOYACTUIIAMH OKcHia Menu (pacxon aeicTByroniero Bemectsa 0,05 T /kr);

Bapuant 5 - ceMmeHa ONPBICKUBAINCH I€pe]l IOCEBOM CYCIEH3UEH ¢
HAHOYACTUIIAMH OKCcHIa Menu (pacxoa aercTBytomiero Bemectsa 0,1 r/kr);

Bapuanr 6 - ceMeHa ONpBICKMBAJIUCh IIEpe] IOCEBOM  CYCIIEH3HEU
HAHOKOMIIO3UTa Meu (pacxon nerctByromiero Bemiectsa 0,05 r /kr).

Bapuanr 7 - ceMeHa ONpBICKMBAJIUCh TIEped IOCEBOM  CYCIIEH3UEH
HAaHOKOMIIO3UTa Me/iu (pacxon aercTByromiero Bemiectsa 0,1 r/kr).
CxeMa pacrmojiO)KEHMsI JIENITHOK TMpejicTaBieHa B TaOmuie 8. ArpoTexHHKa
BBIpAIIUBAaHUSI KOPMOBOM CBEKJIbI OOIIENpUHATAs I JaHHOW KyJIbTyphl (AMHpPOB
M.®., Banees U.P. B coast., 2014) u peruona.

Tabmuia 8

Harnsinnast cxema onbita (4-KpaTHasi HOBTOPHOCTD )

IHoBTOpHOCTH ONBITA BapuaHTbl pacnosioxeHus

I Bl B2 | B3 | B4 | B5S | B6 | B7

1 B6 | B7 | Bl | B2 | B3 | B4 | BS

Il B4 | B5 | B6 | B7 | Bl | B2 | B3

v B2 | B3 | B4 | BS5 | B6 | B7 | Bl

[ToceB mpoBoawica B 2-i aekane ampess, cOOp ypoxas B CepeluHE CEHTSOps.
[ToceB u cOop ocymiecTBIsUIUCh BpyuHYyH0. [loaroToBKka ceMsH K MOCEBY BKJIIOYaja B
ceOsl ONMpBICKUBAHUWE CEMSH HCCIEAyEeMbIMU MpernapaTaMyd COTJaCHO CXEME OIIbITa.
[locne onpbICKMBaHUSA CEMEHA BBIACPKHBAIUCHL B TedeHMe 60 MUHYT, 3aTeM
MPOBOJMJICS TIOCEB HA IIyOuHY 3-4 cM ¢ mupuHON Mexaypsiauid 50 cMm.

OmnbIT 2. Mccnenyemas KynbTypa — CTOJIOBas cBekyia. ['oapl mpoBenenus: onbita 2016-

2018. OOmias r1wiomane ombita cocraBwiaa 280 M-, [Imomans omuout nenstHku 10
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M’ ydeTHas IIOmManb OaHOM HeasHKH — 4,8 M°. [IOBTOPHOCTD deThipexKparTHas. OIbIT
oHO(AKTOPHBIA, PACIIOJIOKEHUE PEHIOMU3UPOBAHHOE. [IpenmecTBeHHUK —
CUJepabHBIN map (parc).

Cxema omnblTa:

Bapuantr 1 (kOoHTponb) — CceMEHa Tiepel TOCEBOM  ONPLICKUBAINUCH
JTUCTWLIMPOBAHHOM BOJOM.

Bapuanr 2 - ceMeHa ONIpPBICKMBAIMCH II€pEll IIOCEBOM CYCIEH3HEH C
HaHO4YacTUllaMK Menu (pacxon nerctBytomero Bemectna 0,05 1 /kr);

Bapuant 3 - ceMeHa ONPBICKUBAINCH T€pE]l IOCEBOM CYCIEH3UEH ¢
HaHOYaCTULIAaMU Meau (pacxop AeiicTByromiero Bemectsa 0,1 r/kr);

Bapuant 4 - ceMeHa ONpPBICKUBAINCh IE€PENl TOCEBOM CYCIIEH3UEH C
HAHOYACTUIIAMH OKCHJIa Menu (pacxon aerctByroniero Bemiectsa 0,05 r /kr);

Bapuant 5 - ceMeHa ONpPBICKUBAIKNCH IME€pEl IOCEBOM CYCIEH3UEH C
HAHOYACTUIIAMH OKCHIa Mequ (pacxo aercTBytomiero Bemectsa 0,1 r/kr);

Bapuanr 6 - ceMeHa ONpBICKMBAIUCH IIEpe] IIOCEBOM  CYCIIEH3HEU
HAaHOKOMTIO3UTa MeH (pacxon AeicTByromiero Bemiectsa 0,05 r /kr).

Bapuanr 7 - ceMeHa ONpBICKMBAJIUCh TNIEPEA  IOCEBOM  CYCIICH3UEU
HAHOKOMIIO3UTa MM (pacxos AecTByromiero Bemiectsa 0,1 T/kr).

CxeMa pacmoJiO)KeHHsI JIeTITHOK TIpe/cTaBlieHa B Tabmuie 9. ArporexHuka
BBIPAIIUBAHUS CTOJIOBOM CBEKJIbI OOIIETIPUHSTAs JJi1 JAaHHOW KyJIbTYpPhl U PETrHOHA.
[ToceB mpoBomwics B 1-if nmekame mas, coop ypoxkas B cepenune ceHTsOps. [loceB u
cOOp OCYIIECTBISIUCH BPYUHYIO.

Tabmuma 9

Harnsignas cxema onbita (4-KpaTHasi IOBTOPHOCTB)

IToBTOpHOCTH ONBITA BapuaHTbI pacnoJioxxeHus
I Bl B2 | B3 | B4 | B5S | B6 | B7
1 B6 | B7 | Bl | B2 | B3 | B4 | B5

Il B4 | B5 | B6 | B7 | Bl | B2 | B3

v B2 | B3 | B4 | BS| B6 | B7 | Bl
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[TogroToBKka ceMssH K TIOCEBY BKJIOYasia B ce€0S ONMPBICKUBAHWE CEMSH
UCCIIEyEeMbIMU TIpenapaTaMy COTJIACHO cxeMe ombITa. [locie ompbhICKMBaHMS CEMEHa
BBIJICP>KUBAIIMCh B TeueHne 60 MUHYT, 3aT€M MPOBOJMUJICS MOCEB Ha TIyOMHY 2 CM C
HIMPUHON MEXAYpsAaui 45 cM.

OmnbiT 3. Hccnenyemass KynbTypa — MOpKOBb. ['onbl ipoBeneHus omnbita 2016-
2018. OOmas miomanab omneiTa coctaBuiaa 280 M-, [Imomans omuou aeiastHku 10 MZ,
yYeTHAs IUIOM[aAb OXHOM aemsHKH — 4 M°. IIOBTOPHOCTb 4eThIpexkparHas. OIbIT
0JIHO(AKTOPHBIM, PACIIOJIOKEHUE PEHIOMU3UPOBAHHOE. [IpeamecTBeHHUK —
cuJepabHBIN nap (parc).

Cxewma ombITa:

Bapuantr 1 (kOHTponb) — CceMEHa Tiepell TOCEBOM  ONPLICKUBAIUCH
JVCTAJITIMPOBAHHOM BOJOM.

Bapuant 2 - ceMeHa ONpPBICKUBAINCH IE€pEll IOCEBOM CYCIEH3UEH C
HaHO4YacTUIIaMK Menu (pacxon nerctBytomero Bemectna 0,05 r /kr);

Bapuant 3 - ceMeHa ONPBICKUBAINCH TI€pE]l IOCEBOM CYCIEH3UEH ¢
HaHO4YacTUIIAMK Menu (pacxon nercTBytomiero Bemectna 0,1 r/kr);

Bapuanr 4 - ceMmeHa ONpPBICKMBAINCH IIE€pEl IIOCEBOM CYCIEH3HEH C
HAaHOYACTHIIAMH OKCHJIa Menn (pacxon aercTByroriero Bemectsa 0,05 r /kr);

Bapuant 5 - ceMeHa ONpBICKMBAIUCh TI€pell MOCEBOM CYCIEH3UEH C
HAHOYACTUIIAMH OKCHJa Melu (pacxo. aercTByroniero BemecTtsa 0,1 r/kr);

Bapuantr 6 - ceMeHa ONPBICKMBAJIUCh TIE€ped IOCEBOM  CYCIIEH3UEH
HAaHOKOMIIO3UTa Meu (pacxon Jaerctryromero Bemiectsa 0,05 r /kr).

Bapuanr 7 - ceMeHa ONpBICKMBAJUCh TIEPEA  IOCEBOM  CYCIICH3UEU
HAHOKOMIIO3UTa MM (pacxo AercTByromiero Bemiectsa 0,1 T/kr).

Cxema pacrnoyiokeHUsl JCJISHOK mpenactaBieHa B Tabiune 10. ArporexHuka
BBIpAIIUBAHUSI MOPKOBU OOIIETPUHSATAS JUIsl JAHHOW KyJIbTypbl W peruona. I[loces
npoBoauics B 3-i1 nmekazae ampens, coop ypoxkas B cepenune ceHtsops. [loceB u coop

OCYUIECTBIISUTUCH BPYUHYIO.
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Tadmura 10

Harmsinnast cxema onbita (4-KpaTHasi HOBTOPHOCTD)

HOBTOpHOCTL OIlbITa Bapl/IaHTbI PaCmoJ0KCHUSA

I Bl B2 | B3 | B4 | B5S | B6 | B7

1 B6 | B7 | Bl | B2 | B3 | B4 | BS

i B4 | BS | B6 | B7 | Bl | B2 | B3

v B2 | B3 | B4 | BS5 | B6 | B7 | Bl

HO,Z[FOTOBK& CCMsJAH K IIOCCBY BKIIIOYajla B cebs OIIPBICKMBAaHHUC CCMSH
HCCIICAYCMBIMH IIpC€raparaMu COTJIACHO CXCMC OIIbITA. ITocne OIIPBICKMBAHUS CEMCHA
BBIACPKUBAJINCh B TCUCHHUC 60 MHUHYT, 3aTCM IIPOBOAMJIICA IIOCCB Ha FJIY6I/IHy 2-3cmc

HIUPUHON MEXIYPSIAN 25 cM.

2.4. MeToauKa CTATUCTHYECKOH 00padOTKH IKCIIEPUMEHTAIbHBIX JaHHBIX

Cratuctrueckass o0paboTKa HSKCHEPUMEHTANBHBIX JAaHHBIX MPOBOAMIACH C
nomoiplo mporpamm Statistica 12.0 u Microsoft Office Excel. Ins gopmupoBanus
BBIOOPKH IKCIIEPUMEHTAIBLHOTO MaTepuaia mo Mop(oJOTUYEeCKUM Iapamerpam Opanu
HE MeHee yeM 25 HaOmiogeHuil. B pucyHkax u Tabnuiax, coaepxaliux BbIOOPKH,
UMEIOLIMEe HOPMaJIbHOE paclipesiesieHHe, JaHHbIe IPEACTaBICHbl B BHUJE CPEAHETO
apumeTnyeckoro + CTaHAApTHOE OTKIOHEHHE. B ciydasx, rae wuccieayemsble
COBOKYNHOCTH HMEJHU  pAaCMpeleieHne, OTIMYHOE OT HOPMaJIbHOTO JIaHHBIE
copMUpPOBaHbI B BUJE€ MEHaH, HWKHETO U BEPXHEro kBapTwiei. Pazmuuus cumranu
CTaTUCTUYECKM 3HauuMbIMH TIpu  p < 0,05, a TakKe HCIOIB30BaIM ITOKA3aTEIb

HaMMEHBIIIEH CYIIIECTBEHHOM pa3HMIIbI TpH 5% ypoBHe 3HaunmMoctu (HCPs).
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BbiBOABI 10 BTOPO# I/1aBe

JIJist pelieHust MOCTaBIEHHBIX 33/a4 HUCCIEAOBAHUS - M3YYUTh OMOJOTMYECKYIO
aKTUBHOCTh HAHOYACTHI[ PA3HBIX (PU3MKO-XHUMHUYECKHX CBOWCTB MEIM, OKCHAA MEAN U
HAHOKOMIIO3UTa MEJH, MX BIHMSHHUE Ha ypOXKAWHOCTh M HAKOIUIEHUE OMOJIOTMYECKH
aKTUBHBIX COCIMHEHUN B OBOIIHBIX KYJIbTypax ObUIO HEOOXOIUMO:

- pa3paboTath TporpaMMmMy © MoAo0paTh  METOAWKH, CBSI3aHHBIE C
BO3MOKHOCTBIO MOAOOpa TECT-00BEKTOB U HAHOYACTHUII, 00JIaJAl0UX OHOJOTUYECKON
aKTUBHOCTBIO;

- OMNpPEJETUTh METO/IbI ONPEIeICHUs] OMOOTMYECKON aKTUBHOCTU HAHOYACTHI] U
AJIEMEHTHl ~ MEXaHW3Ma  B3aUMOJICWCTBUA  BBICOKODPHEPIE€TUYECKUX  CTPYKTYpP
(HaHOYACTUIBI) C JKUBBIMH CHUCTEMaMH, HCHOJb3Yys JIaDOpATOPHBIE YCIOBUS, H
COBpeMEHHOE 000pytoBaHKe (METO/IbI SJIEKTPOHHOM MUKPOCKOTIHH);

- OIICHUTH CBSI3b OMOJIOTMYECKON aKTMBHOCTH HAHOYACTHUI[ METAJIOB C TaKUMHU
XapaKTepUCTUKAMHU HAHOYACTHII, KaK pa3Mep, KOHIICHTpAIus, XUMUYECKUN COCTaB, U Ha
OCHOBAHMH ATUX JIAHHBIX, OMPEJEIUTh 0€30MacHbIe KOHIICHTPAIUU, TTOPOT aKTUBHOCTH
U CTENeHb (PUTOTOKCUYECKOTO JEWCTBUS HAHOMATEpUAJIOB M TMOJTBEPAUTH JaHHbBIC
BBIBO/IbI B MTOJIEBBIX UCTIBITAHUSX;

- onucaTh IOYBEHHO-KJIMMATHYECKUE YCJIOBUS YYaCTKOB [Ji1 NPOBEACHUS
MOJIEBBIX OIBITOB;

- pa3paboTaTh CXEMY M YCJIOBHS JIJIs IPOBEICHHUS MOJIEBBIX UCCIEIOBaHUM.

B kadecTtBe nmelcTBYIOIMMX BEMIECTB ObLIM BBIOpaHbl HaHodacTtumbl Cu, CuO,
HAHOKOMIIO3UT BOJIOPACTBOPUMBIX MOJHCAXAPUIOB C HAHOYACTUIIAMU MEIU.

B kadecTBe TECTOBBIX 0OBEKTOB OIPEICIICHbI KOPMOBasi CBEKJIa « IKKeHIopPckas
JKenTas», crojoBasg cBekina «llerpoiit», mopkoBb «Hantckas 4». IlpoBenenue
71a00paTOPHBIX MCTBITAHUN OCYIIECTBISUIA B HAYYHO-MUCCIIEAOBATEILCKOM IIEHTPE MpHU
OI'bOY BO PI'ATY «Hanouentp nnst AIIK». IloneBbie nccnenoBanusi MpOBOAWIN B
yueoHo-HayuHoM 1ieHTpe npu @I'BOY BO PT'ATY «ArporexHonapk» B 1. CTEHBKHHO

Ps3anckoii 06macTy Ha cepoi JIECHOM MOYBE.
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I''TABA 3. PE3YJIBTATbBI IIPOBEJIEHHBIX I/ICCJIEI[OBAHI/Iﬁ
3.1. Pe3yabTaThl 12a00paTOPHBIX UCCICAOBAHUIM
3.1.1. BuoJiornyeckas aKTUBHOCTH HAHOYACTHI] HA OCHOBE MeJIH B 3AaBUCHUMOCTH

OT pasMepoB N CTPOCHUA

B0o3MOXHOCTP TpUMEHEHUS] HAHOYACTUI[ B KauyeCTBE MHUKPOYIOOpeHUd U
CTUMYJISITOPOB POCTa, O0IAJAIONINX MPOJIOHTHPOBAHHBIM JACHCTBHEM, OOYCIOBICHO UX
B3aMMOJICHCTBUEM C KUAKON CPEION HA KJIETOYHOM ypoBHE. HaHOUaCTHIIBI POSBISIOT
aKTUBHOCTb B KOJJIOMTHOM COCTOSIHMM MpU 00paboTke ynbTpa3BykoM. Ha nmoepxHoctu
HAHOCTPYKTYp OOpa3ylOTCsi HAHO CJIOM C ONPENEJIEHHBIM 3alacoM SHEPruu. ITO
npeanosjaraeT OOMEH TMOBEPXHOCTHOW OJHEPrue U PEeaKIMOHHOW aKTHUBHOCTHIO
HAHOYACTUI] C  KOHTAKTUpPyeMbIMHU  OuooObekTamu.  OOnamas  OOJbIIUMU
BO3MOXHOCTSIMU B MuHepanbHoM nuTanuu (['yceB A.A., 2016) u sHepreTnyeckomn
JEATEIIbHOCTH, JJIsI HEKOMIIEHCUPOBAHHBIX B3aMMOOTHOLIEHUN Ha MOBEPXHOCTH, OHU
00pa3yloT KOMIUJIEKCHBIE COEMHEHUSI C OPTaHUYECKUMH BEILIECTBAMH, KOTOPHIE UMEIOT
pa3Mep, OPONMOPLUHMOHAIBHBIA HAHOYACTHIAM. Takue B3aMMOJECHUCTBHUSL TPUBOIAT K
aKTUBAllUM CHUHTE3a Pa3JIMYHbIX (PEepMEHTOB U (UTOrOPMOHOB, KOTOPHIC YCHUIIUBAIOT
peakiuu (POTOCHMHTE3a M KIETOYHOTO JIbIXaHUSI, YTJIEBOJHOTO M a30THCTOrO0 OOMEHa,
cunte3a amuHoKucaoT (I'yceB A.A., Akumona O.A., Kpyrsakos I0.A. u ap., 2013).

OpnuM U3 noATBepKAeHUN Ouonorudyeckoil aktuBHocty HY siBigercs adexr
«MalbIX J03» - HEMOHOTOHHAsA, «CKaukKooOpa3Has» 3aBUCHMOCTh CBOWMCTB OT
KOHIICHTpAIIMU HaHOYACTUI]. MaKkCHUMyMbl aKTUBHOCTH HAOJIFOAAIOTCS B ONPEIEICHHBIX
uHTepBaiax n03. Ha xpuBble 3aBUCMMOCTH J03a-3Q(EeKT Tmocie MaKCUMyMOB
HaAOJTIOIA0OTCS YYaCTKU CHIDKCHUSI TIOKAa3aTesl, TAK HA3bIBAEMbIE «MEPTBBIC)» 30HBI.

B naGopaTtopHbIX yCIOBHSX OBUIM H3YYEHBl HAHOYACTHUIBI MEIU Pa3HbBIX
pa3MepoB U UX OMOJIOTHYECKasi aKTUBHOCTb.

JIist  W3ydaeMbIX HAHOYACTHUI[, KPOME HAHOKOMIIO3WTA, HaOIIOJaeTCs
KoJeOaTeNbHbI  XapakTep BeIWYMH  MOp(O(U3MOIOTHUYECKUX  TOKa3aTesneu
MPOPOCTKOB KYJIbTYp. Takas 3aBUCUMOCTb OIPEAEieHa BOJIHOBBIM XapaKTEPOM

pacrpoCcTpaHEeHusl MPOCTPAHCTBEHHBIX MEPECTPOeK. HaamolekysipHble CTPYKTYpbI
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MOJi DSHEPreTUYECKUM BO3JCHCTBUEM HAHOYACTHI] YPE3BBIYANHO BaXXHBI IS
MPOTEKaHUS MHOTUX OHOJIOTHYECKHX TMPOLECCOB W Y4YacTUs B TE€HETHYECKOMN
DKCIPECCHUMU.

Bricokas Omosjormyeckas akKTUBHOCTh 3aUKCHUPOBaHA TPU  HHU3KHX
KOHILIEHTpAaIUAX Uil HaHodacTul pazMmepoM 20 ©HM. I[loBblieHue sHepruu
npopactaHusi BbI3bIBaM KoHmeHTpauuu 0,01 r/kr, a nmabopaTopHas BCXOXKECTb
MaKCHMaJbHO TpeBblmana KoHTpoib mpu 0,025 r/kr. IlomoxxuTenbHOe H3MEHEHHE
OCHOBHBIX BHUTQJIBHBIX U MOp(OMETpHUYEeCKUX MoKa3zarejaed Toj JeHCTBUEM
HaHoyacTull 20 HM OKa3aJloCh HAMHOTO BBIIIE, YEM Y YacCTHUIl ¢ OOJIBIIIUM pa3MepoOM
(30-60 um). ITepsrie, B koHneHTpanuu 0,01 I/Kr MOBBICKIN OTHOCHUTEIBHO KOHTPOJIS
sHepruio npopacranusg Ha 16 — 20%; Bcxoxects — Ha 4 — 6%, a 1JIMHA POCTKOB U
KOpemkoB Bo3pocna Ha 41% — 68%. Opnako, mpu JaibHEHIIEM YBETUYCHHUU
KOHIIEHTpAIlMd  3aBUCUMOCTh  «J103a-3(pekT»  Tmepectana  MpPOSBIATHCI, a
KOHIIEHTpaIus | I/Kr BbI3Bajia yrHETEHUE Pa3BUTHS PACTCHUI, BCE MOKa3aTeu ObUIH
HIKEe KOHTposs. CrnemoBaTenbHO, HAHOYACTUII, wuMeromme pasmep 20 HM
MPUMEHSATh B KAuyeCTBE CTUMYJISITOPOB HEOE30MacHO B CBS3M CO CJIOXKHOCTBIO
KOHTPOJISI UX ONTUMAaIbHBIX KOHIIEHTPAIUH.

Hns HY memu mpu pasmepe yactui] 30-60 HM Hambosiee SIPKO MPOSIBIISIICS
abdexT «Manbix 103». DHEprus npopactanus yBenuuywinach Ha 8 — 14%, nnunHa
pocTtkoB Ha 37% — 40%, kopemkoB Ha 18 — 25%. AKTUBHBIMU KOHILICHTPAUMUSIMH CTAJIN
mutst sHeprun nipopactanus 0,05 u 0,1 r/kr; s quHbl Kopemka - 0,1 1/kr; 171s Maccsl
poctka - 0,05 r/kr.

Jlns wactun pazmepom 200 HM OuosorMyYecKasi akTUBHOCTh HE M3MEHsIach B
3aBUCUMOCTH OT KOHIICHTpAIIUH.

beutn npoBeneHbl UCClieIOBaHMS 10 OOHAPYKEHHUIO YaCTHI] Pa3HBIX Pa3MEpOB U
CBOWCTB B TKaHSAX pacTeHUud. MHOrme 4acTulbl, IIONAaaasi BHYTPb PACTEHUM, HE
SIBJISFOTCSl IIMTOTOKCHYHBIMHU, TO €CTh HE MPUBOJAT K THOCIHM WM MYTAIUSIM >KUBBIX
KJ1eToK. OJHOBPEMEHHO C JTHUM, ATH HAHOYACTHIIBI HE YYaCTBYIOT B XMMHUYECKHX
peakiusxX B KJI€TKaX, 4TO MPUBOAUT K MOSBICHHUIO d(PPeKTa HAKOTUICHHS] HAaHOYACTHIT B

Heu3MeHHOM Buje. OJIHaKO, HAKAIIMBasICh TaKUM OOpa3oM, M, Momajas co BpeMeHEeM
55



BMECTE€ C PpAaCTEHHSIMH B OpPraHM3M YeEJIOBEKa, HAHOYACTULBI MOTYT MPHUBOJIUTH K
HapymeHusiM B ummyHHoU cucteme (Yypumos I'.U., Hazaposa A.A., [Tomumyx C.[.,
2010).

B cuny ManeiX pazMepoB HAHOYACTHUL[ E€IUHCTBEHHBIM METOJIOM, C IOMOILBIO
KOTOPOTO BO3MOKHO OJIHO3HAYHO 3a(UKCUpPOBATH HAJUYME HAHOYACTHUI[ B >KHUBBIX
TKaHSIX ¢ UACHTU(PUUUPOBATH WX, SBISETCS MNPOCBEUMBAIONIAS DJIEKTPOHHAs
mukpockonus (MBansiuera FO.H., 2012) (pa3pemienue ontuyeckoro Mukpockomna ~150
- 200 uM). HaHOKOMIO3UT - BBICOKOAHEPTeTUYECKHUE YACTHUIIbI, CTUMYJIHPYS POLIECCHI
pPa3BUTHUS IPOPOCTKOB KYJIBTYD, HE 33JEP’KUBAIOTCA U HE HAKAIUIMBAIOTCS B HATUBHOM

Buje. HaHouacTuIel MeIM Tak)Ke HE HAKAIUIMBAIOTCSA B CTPYKTYpE pacTeHH (PHCYHOK

8).

a) 0) B)

Pucynok 8. ®oTorpadun moBepxXHOCTH KIETOK CO CKAHUPYIOIIETO MUKPOCKOMA!

a - KOHTPOJIbHBIX 00pa3ioB; O — KOpHEH; B - pocTKOB uepe3 10 nHel KoHTakTa
CEMSIH CTOJIOBOM CBEKJIbI C CYCIIEH3USMU HAHOYACTHUL] MEIU
HanouacTuupsl okcuaa Meau, IO CPaBHEHUIO C HAHOYACTHULIAMMU MEIU, TOPMO3SAT
pa3BUTHE CEMSIH CBEKJIbl U MOPKOBH U CHOCOOHBI MPOHHUKATh KaK B POCTKH, TaK U
KOPEIIKK pacTeHUi (pUCyHOK 9). DTH BBIBOJBI YKA3bIBAIOT HAa KPAaWHIO CEPbE3HOCTh
npoOsieMbl MPU WX MCIOJNB30BAHMM B KAau€CTBE MHUKPOYIOOPEHUN M CTUMYJISITOPOB

pocTa M3-3a BO3MOXHOW Mepeauu 1o TpoPUUEeCKUM IEensiM PACTEHHS - KUBOTHBIE

(Metcalfee et al., 2009; Zhu et al., 2009).
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2) 6)

Pucynok 9. ®otorpaduu kopenikon (a) 1 pocTKOB (0) MPOPOIIEHHOM CTOJIOBOM
CBEKJIBI C BUUMBIMH BKITFOUCHUSIMH HAHOYACTHI] okcuaa mean 10 r/kr

Taxoke HedhPeKTUBHO MPUMEHEHUE HaHOYACTHUIl Meu pazMepoM 100 HM U BbIIIIE.
bronornyeckass akTHBHOCTh TaKUX HAHOYACTHUIl HU3KAs W MPAKTUYECKH HE 3aBUCUT OT
KoHlLleHTparuu. Pasmep wactury 200 HM OrpaHMYMBaeT MX JOCTYNl K OpraHeuiam
KJIETKH, HO JJIMTEIbHOE B3aUMOJICHCTBHUE C CEMEHAMH PACTEHUW W YBEJIMYCHUE HX
KOJIMYECTBA BUJUMO CIIOCOOCTBYET OMOAKKYMYJISIIMH, M OHU TMOJIy4alOT BO3MOXKHOCTH
BO3JICUCTBOBATh HA CTPYKTYPY KIETKH. OJEKTPOHHO-MUKPOCKOIMYECKUM aHaJu3,
OCYILIECTBJIEHHBIN ¢ MOMOIIBIO MPOCBEYHUBAIOIIETO AJIEKTPOHHOIO0 MUKpockona «JEOL»
«JEM-1400», nokazan Hamuuyue yacTul ~— pasmepom  Oosbme 100 HM,
CKOHIIEHTPUPOBAHHBIX 34 CUYET CBOMX BBIPAKCHHBIX aJTr€3MOHHBIX CBOMCTB Ha
MOBEPXHOCTH pACTeHHUU, O0OpaOOTaHHBIX KOJUIOMJHBIM pPAcTBOPOM HAHOYACTHIL
(pucynoxk 10). O6paboTKa pacTCHHI KOJJIOUIHBIMUA PACTBOPAMH HAaHOYACTHI[ METAIIJIOB
pa3HBIX pa3MEpPOM B HEOOJBIIOM KOJUYECTBE KOHIEHTPHUPYIOTCS Ha IMOBEPXHOCTU
pacTeHuil, HO TOJBKOB cliyyae pasmepoB HaHoudacTul] 200 HM ajcopOuMs 3aTPyIHSIECT
UX TpoxXoJ dyepe3 MeMOpanbl KkieTku. CregoBaTeNbHO, JUIsI TaKUX Pa3MEpoB
CTUMYJISALHS Pa3BUTHS TIPH OMOAKKYMYJISIIMA WMEET HE TOJIbKO KOHIICHTPAIMOHHYIO,

HO U BPEMEHHYIO 3aBUCUMOCTb.
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Pucynox 10. D1neKTpoOHHO-MHKPOCKOIIMYECKOE N300pakeHe HAHOYACTHI] Ha
MTOBEPXHOCTHU CTOJIOBOM CBEKJIBI uepe3 10 mueit mociie 06padotku HY Menu pazmepom
200 am

[ToBepXHOCTh KJIETKH TMOKpPhITAa MHOXECTBOM PEIENTOPOB, Yepe3 KOTOpbIE
HAHOYACTHIIBl B 3aBHCHUMOCTH OT Pa3MepOB, MPHU MPOUNX ONM3KHX XapaKTEPUCTHUKAX
MOTYT TMepelaBaTh OJMHAKOBBIM 10 TIPUPOAEC CUTHAT BHYTPU KJIETOYHOTO
MPOCTPAHCTBA, 3aIlycKas OMOXMMHUYECKHE pPEaKIUH, a BEIWYMHA OSTOTO CHUTHAJA
3aBUCHUT OT WX KOHIICHTPAIIUH.

Takum 06pa3om, 6oJiee BHICOKOW OMOJOTUYECKONW aKTUBHOCTBIO U BO3MOXKHOCTBIO
MPAKTUYECKOTO HCIIOIB30BAaHWSA B KAauyeCTBE CTHUMYJISITOPOB pocTa 00JadaroT
HaHovacTullbl pasmepoM 30-60 HM. J[mameTrp mop B CTEHKAaX KJIETKH COCTaBISIET S-
20 HM, YTO W oONpemenseT HX CIOCOOHOCTh K  (PPaKIMOHUPOBAHHWIO YACTHII.
HaHowacTumpl W ®WX arjoMeparbl, pa3Mep KOTOPBIX MEHbBIIIE KPYMHBIX TIOP,
MPEANOJI0KUTEILHO, MOTYT MPOHUKATh BHYTPh KJIETOK U JOCTUTATh IJIa3MaTHYECKOM
MeMOpaHbl (KJIeTo4HOM 000J0ukn). Ho mpomyckHass CHOCOOHOCTH KIJIETOK MOKET
menstbes (Jia G., Wang H.F., Yan L., 2005), T.x. MoryT 00pa30BbIBaTbCSI HOBBIC MTOPHI
(I'yce A.A., 2016), mostomy HaHouyacTuilbl pazmepoMm 30-60 HM OuoNOTHYECKU

aAKTUBHBIE U TTOAUUHSIOTCS 29PDEKTY «MaJbIX J03%.

3.1.2. Bausinue HAHOYACTHIl HA OCHOBe Meau pazMepoM 30-60 HM B 3aBMCHUMOCTH

0T KOHUEHTpauuu Ha MOp¢oHU3N0JI0rHYecKHe N0KA3aTeJ U IPOPOCTKOB

Jlnst uccnenoBaHuil ObUT B3ST MIMPOKUNA AMANa30H KOHIIEHTPALUA B UHTEPBAJIE OT

0,01 r/kr mo 50 r/xr u3 KOTOPOro OBLIN ONpPEICIEHBI JCHCTBCHHBIC KOHIIEHTPAIMH IS
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NPOBEJCHUS  TOBTOPHBIX  JTAOOPATOPHBIX  MCCIEAOBAHMH MO  ONPEIEICHUIO
KOHLIEHTpAaLUH, 11 JaIbHEHIIEro HCIOIb30BAHMS B TIOJIEBBIX OMBITAX.

Ha pucynke 11 nokazaHo BIUsiHHE KOHIIEHTpALMA HA SHEPTUIO NTpopacTanus. Jis
U3y4aeMbIX HAHOYACTHI] HAOIIOAaeTCs KOoJeOaTeNbHbI XapaKTep BEJIWYMHBI SHEPTUU
POpacTaHus B 3aBUCUMOCTH OT UX KOHIICHTPALIUH.

JI71s1 HAHOKOMITO3UTA SHEPTHUSI MPOPACTAHUS MTPU BCEX KOHLIEHTPAIUSAX BBIIIE, YEM
s HY menu u okcuza Menu M MpaKTHUYECKH OMHAKOBAs 1O KOHIIGHTPAIMH 5 T/KT.
D10 00ycHaBIMBAETCA TEM, YTO KOMIIO3UTHI PACTBOPUMBI U SHEPTUS MX BO3JACUCTBUS
ONpEENSIeTCs IBYMsI COCTaBIISAIOIIMMU: BBICOKO aKTHMBHBIMM HAHOYACTHULAMU MEAU U
BBICBOOOKIAEMOI SHEPruil Mojmcaxapuja, Ha CHUHTE3 KOTOPOro 3aTpayeHa, B TOM

YHCJIe COTHEUHas (MIPUPOIHAs) DHEPTHsl.
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KOHIEHTPALUM, I/KI CeMSH

TpuMeuanne: — JOCTOBEPHBIE PA3TMUMS 110 CPABHEHHIO ¢ KOHTpoIeM (p< 0,05)
Pucynok 11. DHeprus npopacTaHusi CEMsIH KOPMOBOW CBEKJIbI oA eiicTBuem HY
Menu, okcuaa meau u HK pasmepom 30-60 um, %
HaunGosee akTUBHBIMU KOHIIEHTPAIMSAMU CTalIM s dHeprun npopactanus 0,05 -
0,1 r/kr (mepBast BoiHa pocta aktuBHOocTH) U 0,5 — 1 /KT (BTOpas BoiaHa). OgHAKO 15
HAHOYACTUIl MEaW M OoKcuaa Meau Oosiee  A(DQPEKTHUBHBI  KOHIEHTpAIUU,

COOTBETCTBYIOIIUE TEpBOW BoJHE — A(M(EKT IeiCcTBUA BhINIE MPU Oo0Jiee HU3KON
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KoHIleHTparuu HaHodactui. HY okxcupma mMenu Menee 3(GEKTHBHBI, OHU TOPMO3ST
rpopactanue ceMmsH B oryimure oT HY mequ.

BonHoBo# xapakTep M3MeHEHUsl Mokazaresnel «ao3a-3¢hdexT» HabmrogaeTcs npu
nevicteun HY menn, okcuaa meau u HK, pasmepom 30-60 HM 1 Ha CTOJIOBYIO CBEKIY,
MOpPKOBb (pucyHOK 12). Ilpu 00paboTke ceMsSH MOPKOBH, KaK U KOPMOBOH CBEKIbI,

HAaHOKOMIIO3UTOM BBICOKAaA C€ro dKTHBHOCTB COXPAHACTCA BO BCCM HHTCPBAJC

KOHIICHTPALIUH.
*
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[Mpumedanue: * - TOCTOBEPHBIC Pa3IMYHs [0 CPAaBHEHHUIO ¢ KoHTposieM (p < 0,05)

Pucynox 12. Dueprust mpopactaHusi ceMsiH MOpKoBH 1o AeiictBueM HY menu,
OKCJia MEIM U HaHOKoMIT03uTa pazmepom 30-60 uMm, %

HaunGosiee akTUBHBIMU KOHIIEHTPAUMUAMHM HAHOYACTUL MEAW TPHU ONPEACICHUU
sHeprun npopactanus ctamm 0,05 - 0,1 r/kr (mepBast BosiHa pocta aktTuBHOCTH) U 0,5 -
1,0 r/kr (BTopas BonHa). jigs 00pabOTKM ceMsiH MOPKOBH HAaHOYACTHUIIAMHU MeJu Oojee
3¢ (EeKTUBHBI KOHIIEHTPAIMH, KaK U JIJIsl CBEKJIbl COOTBETCTBYIOIIME NIEPBOM BOJIHE.

TakuMm 006pa3oM, B Ka4eCTBE CTUMYJISITOPOB POCTa M PA3BUTHS OBOLIHBIX KYJIbTYP
BO3MOKHO NPUMEHEHHE HaHOYACTUL Menu pasMepoMm 30 - 60 HM M KOHUEHTpauueu
0,05 - 0,1 r/kr; HAHOKOMIIO3UTHI TIOJIOKUTEILHO BIMSIOT B 00JIe€ IMTUPOKOM HHTEpBAJE

koHueHntpanuit 0,01 — 25 r/kr.
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BonHoBo# XapakTep 3aBHUCHUMOCTH «103a-3(PPeKT» coxpaHseTcss W sl IpYrux
nokasarened. 1Ipu onpeneneHnn BCXOXKECTU M JUIMHBI IPOPOCTKOB CTOJIOBOM CBEKJIBI
«JleTpoiiT»  ObUIM  TOJY4YEHHl AHAJIOTMYHBIC 3aBUCMMOCTH  TOKaszaTeled  OT

KOHIICHTpAIMH, HO Pa3HbIE TI0 BEIMYMHE OT COCTaBa HAHOYACTHIT (PUCYHOK 13, pucyHOK

14).
*
% *

B KOHTPOIB
®EHY Cu

= HY CuO
mHK Cu

*
0,1 0,5 1 5 10 25 50

KOHUEHTpauus, I'/KT ceMSsIH

120,00

*

*
100,00
- I
0,00

0,01 0,025 0,05

BCXOXXeCTb cemsaH, %
D ©
o o
o f=)
o o

N
o
[=}
S

*

[MpumeuaHue: — JOCTOBEPHBIC Pa3IMyKsl IO CpaBHEHUIO ¢ KoHTposieM (p < 0,05)

Pucynoxk 13. BcxoxkecTh CeMsH CTOJIOBOM CBEKITBI «JleTpoiT», 00paboTaHHBIX
HaHOYAaCTULIAMHU MEIU, OKCUJOM MEY, HAHOKOMIIO3UTOM pazmepom vactuil 30-60 HM,

%

Hawnbonee axkTUBHBIMH KOHIIEHTpAIUSIMU TIPU OINPEIACICHUH BCXOXKECTH CEMSH
CBEKJIBI 1 MOpKOBH sBisTuCh 0,05 - 0,1 r/kr (mepBasi BoJHA pocTa aKTUBHOCTH) U 1- 5

/KT (BTOpast BOJIHA).
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[Ipumedanue: — JOCTOBEPHBIE pa3IUyMsl [10 CPaBHEHUIO ¢ KoHTpoiieM (p< 0,05)

BCXO0KeCTh ceMsiH, %o

Pucynok 14. BexoskecTs ceMsiH MOPKOBH, 00paO0TaHHBIX HAHOYACTULIAMH MEJIH,
OKCHJIOM M€JId, HAHOKOMIIO3UTOM pazmepom yactull 30-60 um, %

[Ipy KOHTaKTe€ ¢ HAaHOKOMIIO3UTOM JUIMHA POCTKOB U KOPELIKOB ObUIAa BBILIE
KoHTpoJs Ha 24-30% B unTepBane koHIeHTparuii 0,01 — 5 1/kr. [Ipu KoHIIEHTpaIUIX
Bblie 10 I/Kr yrueTeHus: He HaOIIAAIOCh.

JlnvHa pocTKOB M KopenikoB npu KoHeHTpauusax HY mexan 0,01 - 1,0 r/kr Obl1a
BBIIIE KOHTPOJIA JJI BCEX M3Yy4aeMbIX KYJbTYp, IPUUYEM KOPEIIKH pa3BUBAIHUCH Oosee
aKTHBHO, YeM pocTku. [Ipu OGonee BbicOkMX KoHIeHTpamus (10 r/kr) mporecc pocra
TOpMO3UJIICS (TIpUIIOKEHUE 3).

IIpn xonrakre HY okxcmma meau ¢ ceMeHamu CBEKIJIBI KOPMOBOM, CTOJIOBOW M
MOPKOBH JJIMHA POCTKOB M KopemkoB 70 1,0 T/kr Obuta BeIie KOHTPOJS, HO HA 6 - 8 %
Hwke uyeM i1 HY wmenu. HanouacTuisl okcuga Meau, IO CPAaBHEHUIO C
HAaHOYACTHUIIAMHM MEIM, B MEHBILEH CTEIEHH OKAa3bIBAIOT BIMSIHUE HA POCT U PA3BUTHE
CeMsIH CBEKJbl M MOPKOBHM, a Mpu KoHueHTpauuu Bbime 10,0 r/kr yrueraror
(mpunoxenue 3).

[loBpiieHue KoHUEHTpauuu HaHodactun Meau ot 0,05 r/kr mgo 0,1 r1/kr
Croco0OCTBOBAJIO MOBBIIEHUIO MACChI Kak pocTKOB (+28,2%), Tak u kopewmkoB (+41,0%)

10-1HEBHBIX MPOPOCTKOB CBEKJIbI KOPMOBOI MO CPABHEHUIO C KOHTPOJIEM (IIPUIIOKEHHE
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4). Ilpm o0pabGoTke cemsiH cTONIOBOM cBekiabl HY Meam macca pocTkoB Obuia
MaKCUMabHOU OTHOCUTENbHO KOHTpoJis mpu 0,05 1/kr (53,8%) u xopemrkoB npu 0,1
r/kr (33,3%). C yBenudenuem konueHTtpauuid HY Menm Macca pocTKOB M KOPEIIKOB
YMEHBIIAINCH, 0COOEHHO UHTEHCUBHO noj nerictBueM HY okcupa Menu (mpuiioskeHue
4).

Macca poCTKOB U KOPEWIKOB CeMsH 10-AHEBHBIX MPOPOCTKOB CBEKJIbI CTOJIOBOU U
MOPKOBH T10 CPaBHEHHUIO C KOHTpoJieM Bo3pacTayim B mHTepBasie ot 0,01 r/kr g0 0,1 1/kT,
B MeHbleW crenenu noj aeictBueM HY okxcupma menu. Maccel 10-THEBHBIX POCTKOB
CTOJIOBOW CBEKJIBI 1 MOPKOBU OBUIM HMKE 110 CPABHEHHIO ¢ KOpemKkamu Ha 6 - 10% mipu
onuHakoBoW koHuUeHTpauuun HY memu m okcuaa meau (mpuwiokeHue 4). YrHereHue
pOCTa HAYMHAJIOCH JJIi KOPEIIKOB MpH KOHIEHTpanuu Bbime 10 I/Kr cpaBHEHUIO C
koHTposieM misi HY memm - 13 % wm okcuma menu - 33%. s HaHOKOMITO3UTA
YTHETEHHsI MPOPOCTKOB HE HAOIIOMANOCh, CIEA0BATEIbHO, OHHM OHMOCOBMECTHUMBI W,
oOnazasi BEICOKOW 3HEprueii, 6marogaps CBOEMY CTPOCHUIO, aKTUBU3UPYIOT MPOIECCHI
CUHTe3a OMOJOTUYECKH AaKTUBHBIX COCAWMHEHUM, BIUSIONIMM Ha METa0OJUYECKue
IIPOLIECCHI.

Hns  peranuzanuu  3ddexta OUOJOrMYECKOM aKTUBHOCTM M BbIOOpa
KOHIIeHTpaIuii HaHouyacTull pazMepoM 30 - 60 HM 3HAYUTENBHO BIUSIONIMX HA POCT U
pa3BUTHE PACTEHUU OBLIM MOCTABJICHBI MOBTOPHBIC JAOOPATOPHBIE OMBITHI HA CEMEHAX
KOPMOBOW, CTOJIOBOM CBEKJIBI U MOPKOBH B JIEICTBEHHOM MHTEpBaje KOHIeHTpauin HY
Meau, okcua Mmeau 1 Hanokomro3uta 0,05 - 10 r/kr.

[To pe3ynbTaTam MpOBEAECHHBIX JA0OPATOPHBIX UCCIIEAOBAaHUN HA CEMEHAX CBEKJIbI
KOPMOBOM B Juama3oHe KoHIeHTpanuit HaHodactun, meau (Cu) 0,05 - 10,0 r/kr,
HaynHas ¢ KoHIeHTpammu 1,0 T/Kr moka3arenu SHEPTUM MPOPACTaHUS U BCXOXKECTHU
3HAYUTEIBbHO CHU3WINUCH (PUCYHOK 15), 1 npu Oosee BbICOKUX KOHIEHTpauusx 10 r/kr
pa3BUTHE CEMSH CBEKJIbI KOPMOBOW CTajl0 HUXE KOHTpoJisi. Hambonee axTuBHO
HaOJIOaeTCsl TOPMOKEHHE JIJIs1 OKCUA MEIH MPU KOHIIEHTparusx Boimie 1,0 T/Kr.

Boisiee BEICOKONM OMOJIOrMYECKON aKTUBHOCTBIO 00J1ajjajl HAHOKOMITO3UT 10 1 T/KT,
BCXOXECTh CEMSIH OCTaBaJIaCh BHICOKOM He 3aBUCHMO OT KoHueHTpauuu HK, a mpu 10

I/KT' COOTBETCTBOBAJIa KOHTPOJIIO (PHCYHOK 15).
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[Mpumeuanue: — TOCTOBEPHBIC pa3IMyusi O cpaBHEHUIO ¢ kKoHTpousieM (p < 0,05)

Pucynox 15. BcexoxkecTb ceMsiH KOpMOBOM CBEKIIBI « IKKeHAOphCKast sKelTas,
00paboTaHHBIX HAHOYACTHUIIAMHU MEIH, OKCHIOM M, HAHOKOMITO3UTOM, %0
Takum o6pa3zom, konnentpanuu HY 6e3onacusl 10 konuentpaiuu 10 r/kr. bonee

BBICOKHME KOHIIEHTpalmuWH, oOco0eHHO mpu mnpuMmeHeHnn HY  okcmma wmeam
Hed((PEKTUBHBI.

AHanmu3 IIUHBI POCTKOB TMOKAa3aj, YTO U3MEHEHUS MPOUCXOAST BOJIHOOOPA3HO:
MEPBBIA CKAYOK JJIMHBI POCTKA JUISI HAHOYACTHIBI Menu HaOmromaercs mpu 0,05 1/kr
+23,6%), Bropo mpu 0,1 r/kr (+21,8 %), TO ecTb MaKCHUMyM TOKa3aTess
3apukcuposan B uaTepsaie 0,05 r/kr - 0,1 r/kr (pucyHok 16).

Pe3ynbraThl omnpeneneHusl IJIUHBI POCTKOB KOPMOBOW CBEKJIBI IMOKA3aJl TaKKe
NMUKH MaKCHUMyMa TpH KOHIeHTparusax Hanokommosuta 0,05 r/kr, 0,1 r/kr (27,2% -
+25,4%). B BapuaHTax ¢ OKCHIOM M€Y JAJUHA POCTKOB U KOPEIIKOB ObllIa MEHBIIIE TTPH
BCEX KOHLIEHTpAUUAX 10 1 I/Kr, HO HE HMXKE KOHTPOJIs, KpoMe KOoHIeHTparuu 10 r/kr,

3J1eCh TIOKa3aTeli ObLIH HIbKE KOHTPOJbHBIX Ha 30,0% (pucyHok 16).
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[Ipumedanue: *— MOCTOBEPHBIC PA3JIMYMS IO CPABHEHUIO ¢ KOHTposieM (p< 0,05); **— mocroBepHbIe

pasyn4us 1o cpaBHeHUIo ¢ KoHTposeM (p < 0,01)

Pucynok 16. JlimHa poCTKOB KOPMOBOM CBEKIIBI « IKKEHAOPQCKast KelTas», CeMeHa

KOTOpOﬁ O6pa6OTaHBI HaHoO4YaCcTHOaMu MCJIHU, OKCHAOM MCIHU, HAHOKOMIIO3UTOM, MM

Haunnas ¢ xoHmeHTpanuu Hanouyactur Meau 1,0 r/Kr, MPOUCXOIUT COKpAIICHHUE
JUIMHBI ¥ Jajiee C TOBBIINICHUEM KOHIIEHTpAllMd HAHOYACTUI] B TMHUTATEJILHOU cpelie
JUTMHA POCTKOB (pUCYHOK 16) M KOpemKoB (pUCYHOK 17) 3HaYUTENHHO MOHMKAETCS TI0
OTHOIIIEHUIO K KOHTpOIt0, ocobenHo mist HY oxcuma memm. [Ipu 10 r/kr HabmomaeTcs

YTHCTCHUC POCTAa POCTKOB U KOPCIIKOB ITPHU MCIIOJIB30BAHUH HAHOYACTUI OKCHIA MCAN

(-28,4%) (pucynoxk 17).

Haunyumme pesynbTaThl oTMeudanuch npu obpadotke HaHokommozutom (HK).

ITokazarenu JJIMH POCTKOB U KOPCUIKOB IMPAKTHUYCCKH HC 3aBUCCJIIN OT KOHIOCHTPAIUHU U

OBLIH JJOCTOBEPHO BBICOKUMH (PUCYHOK 16, prcyHOK 17).
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[Mpumeuanue: — TOCTOBEPHBIC pa3IHuKs O CpaBHEHUIO ¢ KOHTpoJieM (p < 0,05)

Pucynoxk 17. JlnrHa KOpeuIkoB KOPMOBOM CBEKIIBI « DKKeHI0p(dCKast JKenTas, CEeMEHa

KOTOpOil 00paboTaHbl HAHOYACTUIIAMH MEIU, OKCUJIOM M€, HAHOKOMIIO3UTOM, MM
IIpn ompeneneHun BCXOKECTH W JUIMHBI INPOPOCTKOB CTOJOBOW  CBEKJIBI
«/leTpoiT» ObLIa NOKa3aHa aHAJOTMYHAs 3aBUCUMOCTb OT KOHLEHTpPAlMU U COCTaBa

HaHovacTull (pucyHok 18,19,20).

*
100,00 I I * *
I ]

80,00 B KOHTPOJIb
B HY Cu
®HY CuO

HK Cu

60,00

40,00

20,00

0,00
0,05 0,1 1 10

KOHIEHTPALUs, I/KI ceMsIH

nokasarejn, %

TpuMedanue: — JOCTOBEPHbIE PA3IHUMs MO CPABHEHHIO ¢ KoHTposeM (p < 0,05)
Pucynox 18. BcxoxecTs ceMsiH CTOJIOBO# CBEKITBI «JleTpoiT», 00paboTaHHOM

HaHO4YaCTHUIIaMM MCIH, OKCHUAOM MCAH, HAHOKOMIIO3UTOM MCIU, %
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[Mpumeuanue: — TOCTOBEPHBIC Pa3IMyusi O CpaBHEHUIO ¢ KoHTposieM (p < 0,05)
Pucynok 19. /InmnHa poCTKOB CTOJIOBOM CBEKJIBI «JleTpoiT», ceMeHa KOTOpOi

00paboTaHbl HAHOYACTUIIAMH MEJIA, OKCUIOM MEIH, HAHOKOMITO3UTOM, MM
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*
[Mpumeuanue: — TOCTOBEPHBIC pa3IMyHs MO CpaBHEHUIO ¢ KoHTpoJeM (p < 0,05)

Pucynok 20. JlyinHa KOPEIKOB CTOJIOBOM CBEKJIIBI «JI€TpOHT», CEMEHAa KOTOPOU
00paboTaHbl HAHOYACTUIIAMH MEJIU, OKCUJIOM MEIH, HAHOKOMITO3UTOM, MM
3aBUCHUMOCTBH MAcChl pOCTKOB OT moBbIeHUs 4036l HU Menn «kynonooOpaszHasy»,

npudeM muk Maccel (+63%) mpuxoautcst Ha KoHteHTparuio 0,05 r/xr u 0,1 r/kr (+65%)
(pucynok 21). Jlnsa kopemkoB nipu koHieHTpauuu 0,05 r/kr macca noBeicuiiach Ha 43%,

npu koHueHTpanuu 0,1 r/kr Ha 50%.
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[Ipumeuanue: — JOCTOBEPHBIE pa3IMUMs 110 CPaBHEHUIO ¢ KoHTpousieM (p< 0,05); **— nocToBepHble
pasnuuus 1o cpaBHEHUIO ¢ KoHTpoJeM (p < 0,01)

Pucynoxk 21. Macca pocTKOB KOpPMOBOM CBEKJIbI « DKKeHAOP(CKas JKeNnTas», cCeMeHa

KOTOpO# 00paboTaHbl HAHOYACTUIIAMU MEJIA, OKCHUIIOM MEIH, HAHOKOMITO3UTOM, T
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*
[Mpumeuanue: — TOCTOBEPHBIC pa3NyKs O cpaBHEHUIO ¢ KoHTposieM (p < 0,05); **— nocroBepHbie
pasnu4us 1Mo cpaBHEHUIO ¢ KoHTpoieM (p < 0,01)

Pucynok 22. Macca KopemikoB KOpPMOBOW CBEKJIbI « IKKEHAOP(CKas KeTas», CeMeHa

KOTOpOM 00paboTaHbl HAHOYACTUIIAMHU MEJIU, OKCUIOM MEIH, HAHOKOMITO3UTOM, T
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OTH 3dKOHOMCPHOCTHU MPOCIICKUBAIOTCA U JJIA MACCBl POCTKOB CTOJIOBOM CBEKIJIbI

«detpoiity (pUCyHOK 23 , pUCYHOK 24)

0,16
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' |
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0,04
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KOHIECHTpauusd, I/KT ceMsTH
[Tpumeuanue: *— NOCTOBEPHBIC PA3IHYHs 110 CPaBHEHUIO ¢ KoHTpoieM (p < 0,05);

Macca, I

**— NMocTOBepHBIE Pa3IMYUs M0 CpaBHEHHIO ¢ KoHTpoJeM (p < 0,01)
Pucynok 23. Macca poCTKOB CTOJIOBOM CBEKJIBI «/leTpoiT», ceMeHa KOTOpOil

00paboTaHbl HAHOYACTUIIAMHA MEIA, OKCHUIOM MEIH, HAHOKOMIIO3UTOM, T
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0,12
* B KOHTPOIJIb
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37
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* *k
[Ipumeuanue: — MOCTOBEpHBIC PA3IMUUs IO CPaBHEHHIO ¢ KoHTposeM (p< 0,05); — mocTtoBepHbIE
pasnu4us 1Mo cpaBHEHUIO ¢ KoHTpoieM (p < 0,01)

Pucynok 24. Macca KOPEIIKOB CTOJIOBOM CBEKJIIBI «Jl€TpOHT», cCEMEHa KOTOPO

00pa0oTaHbl HAHOYACTHUIIAMH MEU, OKCUJIOM MEJIU, HAHOKOMIIO3UTOM, T
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Pe3ynbTaThl IpOBEIECHHBIX HCCIEAOBAaHUN HAa MOPKOBU MOKA3bIBAIOT, YTO (P (HEKT
IOBBIIIIEHUSI BCXOXKECTU CEMSH MOPKOBH HAXOJIWTCS B IOPSAKE NOBBILIEHUS B ALY

okcun menu, HY meau, HK (pucynok 25).
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[Mpumeuanue: — JOCTOBEPHBIC pa3iNyKsi O CpaBHEHUIO ¢ KoHTposieM (p < 0,05)

Pucynok 25. Bexoxects cemsiH MopkoBu «HanTckas 4», oOpaboTanHON
HaHOYACTUI[AMU ME/IM, OKCHJIOM MEJ1, HAHOKOMITO3UTOM, %0

I'paduk pocTa JUIMHBI ¥ Macchl POCTKOB MOPKOBHU (PHCYHOK 26, pHCYHOK 27)
HanOoJIee IEMOHCTPATHBEH MPU HadadbHBIX KOHIeHTpamusx ot 0,05 mo 0,1 r/kr, a mpu
1,0 r/kr 3Ta 3aBUCUMOCTb PE3KO MPOMAJaeT, U MPHU MOBBIIICHUU 03Bl 3TOT ITOKA3aTelNb
€CJIM U U3MEHSETCS, TO HE3HAYUTEIIBHO.

buonornueckas akTHBHOCTh HAHOYACTHUL[ MEAM Hamboyee SPKO MPOSIBISETCS B
uHTepBane KoHueHtpauud 0,05 — 1,0 1/kr, 4YTO MOXKHO cuuTaTh Haubosee

ONITUMAJIBHBIMHU IJIS1 IMIPAKTHUYCCKOI'0 IMPUMCHCHM.
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[Ipumeuanue: — JIOCTOBEPHBIE pa3IMyus 10 CpaBHEHHUIO ¢ KoHTposieM (p < 0,05)
Pucynox 26. Jlymaa pocTkoB MopkoBH «HaHTcKas 4», ceMeHa KOTopoit 00paboTaHBbI

HaHod9aCcTHOaMHu MCIH, OKCMA0OM MCIH, HAHOKOMIIO3MTOM, MM
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[Mpumeuanue: — JOCTOBEPHBIC pa3IHUKs IO CpaBHEHHUIO ¢ KOHTpoJieM (p < 0,05)

Pucynok 27. JinuHa kopenikoB MopkoBu «HaHnTckast 4», ceMeHa KOTOpoit 00paboTaHbl

HaHo4dYaCcTHOaMu M€, OKCMA0OM ME€AHU, HAHOKOMIIO3MTOM, MM
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[Tpumeuanue: — JOCTOBEPHBIC pa3iHuKs M0 cpaBHEHUIO ¢ KoHTpoaeM (p < 0,05);  — moctoBepHbie
pa3nuyus 1o cpaBHEHUIO ¢ KoHTpoJeM (p < 0,01)

Pucynox 28. Macca poctkoB MopkoBu «HaHTckast 4», ceMeHa KOTOpoii 00padoTaHbl

HaHodYacTHaMu M€, OKCUA0OM MCAH, HAHOKOMIIO3UTOM, T’
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[Mpumeuanue: — JAOCTOBEpHBIC pa3iuyms 1Mo cpaBHEeHHIO ¢ KoHTposeM (p < 0,05); — mocroBepHbIe
pas3nuuus 1o cpaBHeHUto ¢ KoHTposeM (p < 0,01)

Pucynok 29. Macca kopemikoB MopkoBH «HanTckas 4», ceMeHa KOTopoi 00padoTaHbI

HaHodYacTnoaMu M€, OKCMA0OM ME€AH, HAHOKOMIIO3MTOM, I’
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Bosiee BBICOKYIO0 aKTUBHOCTh Ha pAHHUX CTaAUSX MIPOPACTAHUS CEMSIH TIPOSIBISIOT
HAaHOKOMIIO3UT MEAM, 3aT€M HAHOYACTUIIBI MEAW U OKCuJ Menu. OHU MPOHUKAIOT B
KJICTOYHBIE CTPYKTYpbl KOpHEH M POCTKOB C IMOTOKOM BOJIBI Ha PaHHUX CTaIUAX
MpOpacTaHusl CEeMSH TMPEINOJIOKHUTEIIBHO W3-3a WX BBICOKOW  mudPy3rmoHHON
criocobHocTH. B mpoliecce rerepoTpoHOro MUTaHUS OCYIIECTBISACTCS JTUCCOLMAIUS
3alacHbIX MHUTATEIBHBIX BEIIECTB 3a CYET THAPOIUTHYCCKHX (PEepMEHTOB U
OCYILECTBIISIIOTCS] OKUCIUTEIIbHO-BOCCTAHOBUTEIBHBIE MPOIECCHI, SK30T€HHBIE METaJLIbI
BKJIIOYAIOTCSI B COCTaB MEIbCOJICPXKAIUX M JKeJle30coepkKanmx (epMEHTOB
(monudeHonoKcuaa3, HUTOXPOM, IEPOKCUAA3).

Takum 00pa3omM, KapTHHA U3MEHEHUS MOP(POPHU3NOIOTHUECKUX XapPAKTEPUCTHK
a1 HY Cu u HK Cu ogumnakoBa. OHU MOBBIIIAIOT SHEPTETUYECKOE COCTOSIHUE CEMSH
pacTeHMi, P ITOM JaHHBIE TOKa3aTeJed BO3pacTalOT, OJHAKO BeJWuYMHA 3(ddekta
3aBUCUT OT XHMMHMYECKOro coctaBa M KoHueHTpanuid misi HY Cu u He 3aBUCHUT AJis
HaHokommo3uTa. (OO6jazas BBHICOKOW OHOCOBMECTHMMOCTBIO, 3a CYET MPUCYTCTBUS
BOJIOPACTBOPUMOTO  MOJIUCAXapuJad, HAHOKOMIIO3UTHI ~ aKTUBHBI TIpU 00O
koHneHTparuu. HY CuO no konnentpanuu 10 T/Kr HE yrHETalOT Pa3BUTHE U POCT
CEMSIH, HO TOPMO3ST JaHHbIE MOKa3zaTeslell 3a CYET PACTBOPUMOCTH M CHOCOOHOCTH

HAKaIUIMBaThCS B CTPYKTYPE PACTCHUMN.

3.1.3. DjieMeHTHBII aHAJIN3 MPOPOCTKOB MCCIeyeMbIX PacTeHUil

beir mocraBien oneiT 1o BiausHHi HY Menm m HY okxcuma mMeam B
koHueHtpauuu 0,1 1/kr npu Oojee IIUTENBHOM HMX JEHCTBUM HAa MPOPOCTKAX
KOPMOBOM, CTOJIOBOM CBEKJIBI 1 MOPKOBH.

DneMEeHTHBIN aHanu3 00pasiia TOMOTeHaTa MPOPOCTKOB PACTEHUM, BHIOTHEHHBIN
Ha CKAaHHMPYIOUIEM 3JIEKTPOHHOM MHUKPOCKOIE, B KOHTPOJBHOM Tpynne (pUCyHOK
30,31,32 u tabnuma 11,12,13) u B rpynmne 3KCNOHUPOBAHHONW HAHOYACTHIIAMH MEIU
pazmepom 30-60 HM, He omnpeneNseT B TKaHAX HakoruieHue meau (pucyHok 33, 34, 35 u
tabauma 14, 15, 16). B cOOTHOIIEHNHU COJepKaHHUS OCTATBLHBIX 3JICMEHTOB OTKJIOHEHUH

OT KOHTPOJIBHBIX 3HAUCHUM Takke He 3aduxcupoBano. Hanmnuue nebosnporo yncna Al
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BEpPOSITHO CBSI3aHO C MCIOJb30BAHMEM B KAyeCTBE IOMJIOKKUA ATFOMHUHUEBOTO
IPEIMETHOTO CTONHMKA. Takke pe3ynbTaTbl MCCIENOBAHHSA IPOJEMOHCTPUPOBAIN
U3MEHEHHUE KOJIMYECTBEHHOI0 COOTHOLIEHUS] MAaKpPO- U MUKPORJIEMEHTOB B ITPOPOCTKAX,
KOTOpPOE€ CHOCOOCTBOBAJIO TIOBBIIIEHUIO OMOMETPUYECKHUX IMOKa3aTeneill pacTeHH,

obpaboTanubix HY menu.

Cnexrp 1

0 2 < 6 8 10 12 14 16 18 20
Monxas wkana 21170 wmn. Kypcop: 0.000 k3B

Pucynox 30. AHanu3 pacnpeneneHus 2JIeMEHTOB B TKAHAX MPOPOCTKOB KOPMOBOU
CBEKJIbI (KOHTPOJIb)

Tabmnma 11

DNEeMEHTHBIN COCTaB MPOPOCTKOB KOPMOBOM CBEKJIIBI (KOHTPOJIb)

DJIEeMEHT Becosont % AtomHbIit %

C 53.78 61.15

O 44.83 38.27

Na 0.21 0.13

Si 0.10 0.05

P 0.17 0.08

S 0.27 0.12

K 0.47 0.16
Ca 0.16 0.05
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0 2 4 6 8 10 12 14 16 18 20

Monxas wkana 34402 wmn. Kypcop: 0.000 k3B

Pucynok 31. AHanu3 pacupeesieHus 3JIEMEHTOB B TKaHSIX MPOPOCTKOB CTOJIOBOM

CBEKJIbI (KOHTPOJIb)

Tabmuma 12
DJIEMEHTHBIN COCTaB MPOPOCTKOB CTOJIOBOM CBEKJIIBI (KOHTPOIIb)
DJIEeMEHT Becosont % AtomHbIit %
C 54.57 61.84
O 44.27 37.67
Na 0.19 0.11
Si 0.09 0.05
0.13 0.06
S 0.21 0.09
K 0.39 0.14
Ca 0.14 0.05
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0 2 4 G & 10 12 14 16 12 20
Nonnan wkana 345954 wan. Kypcop: 0.000 k3B

PI/ICYHOK 32. AHanu3 pacinpCaciacHus 3JICMCHTOB B TKAHAX IIPOPOCTKOB MOPKOBU

(KOHTPOJIb)
Tabmuma 13
DNEeMEHTHBII COCTaB MPOPOCTKOB MOPKOBHU (KOHTPOJIb)
DneMeHT Becosoit % ATtomHBII %
C 62.94 69.81
O 35.39 29.46
Na 0.12 0.07
Al 0.12 0.06
Si 0.57 0.27
P 0.29 0.12
S 0.14 0.06
Cl 0.08 0.03
K 0.13 0.04
Ca 0.23 0.08
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Cnexrp 1

8 10
Monxas wkana 17383 wmn. Kypcop: 0.000 k3B

PucyHok 33. AHanu3 pacnpeesieHus 3JIEMEHTOB B TKaHSIX IPOPOCTKOB KOPMOBOM

CBEKJIbI, 00padboTranHoit HY menu

Tab6muna 14
DJIEMEHTHBIN COCTaB MPOPOCTKOB KOPMOBOH CBEKJIbI, 00padoTanHoit HY menu
DJIEMEHT Becosont % ATtoMmHbINH %
C 62.12 69.55
O 34.54 29.03
Na 0.17 0.10
Mg 0.38 0.21
Si 0.14 0.07
P 0.96 0.42
S 0.63 0.27
Cl 0.11 0.04
K 0.59 0.20
Ca 0.35 0.12
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Cnexrp 1

0 2 < 6 8 10 12 14 16 18 20
Nonxas wkana 19421 umn. Kypcop: 0.000 k3B

Pucynok 34. AHanu3 pacupeneneHus SJIEMEHTOB B TKaHIX MPOPOCTKOB CTOJIOBOM

CBEKJIbI, 00paboranHoit HY menu

Tabmumal5s
DNEeMEHTHBIN COCTaB MPOPOCTKOB CTOJIOBOM CBEKJIbI, 00paboTanHoit HY menu
DIJIEMEHT Becogoit % ATtomHBII %
C 67.15 74.27
O 29.24 24.27
Na 0.23 0.14
Mg 0.29 0.16
P 0.54 0.23
S 0.83 0.34
Cl 0.34 0.13
K 1.03 0.35
Ca 0.35 0.12
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0 2 < 6 8 10 12 14 16 18 20
Nonxnas wkana 26508 wmn. Kypcop: 0.000 k3B

PucyHok 35. AHanu3 pacupeeneHus 3JIEMEHTOB B TKaHIX POPOCTKOB MOPKOBH,

obpaborannoit HY menu

TabOmuna 16
DJeMEHTHBIN COCTaB MPOPOCTKOB MOPKOBH, 00pabotannoii HY menu
OJeMeHT Becosoii % ATomHbI %
C 68.83 76.03
O 26.72 22.16
Na 0.20 0.12
Mg 0.52 0.29
Si 0.22 0.10
0.81 0.35
S 0.72 0.30
Cl 0.13 0.05
K 0.85 0.29
Ca 0.99 0.33

Hannume cuneprudeckux sddexroB k makposnementam Mg, Na, P, Cl mon
JEHCTBUEM MaJIbIX J03 HAHOYACTHI] YCHJIMBACT YYBCTBHTEIIBHOCTH OMOOOBEKTOB K
JIEUCTBUIO JIPYTUX AareHTOB, HO HAKOIUICHUS TSDKEIBIX METAUIOB HE OOHApY>KEHO.

Baxno MOAYCPKHYTL YBCIIMYCHUC HAKOINICHUA KaJlbIus, KOTOpBIﬁ YBCIIMYNBACT
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aKTUBHOCTH META0O0IMYECKUX (DEPMEHTOB,

pPaCcTCHUM.

CHOCOOCTBYSl aKTUBHOMY Pa3BUTHUIO

HO-I[pYI‘OMy NpCACTABJICHBI CIICKTPBI PACIIPCACIICHUA JJICMCHTOB B TKAHAX

MPOPOCTKOB KOPMOBOM, CTOJOBOM CBEKJIBI M MOPKOBH mociie 10-u JHEBHOTO HX

KOHTAaKTa C CYCIICH3UsMU HY OKCHIa MCIH. HpH KOHOCHTpPAIUX HAHOYACTHUI OKCHIA

meau 0,1 r/kr pukcupyeTcst NosIBICHHUE MHUKA, XapaKTEPHOTO JJI MEJH.

0 2 -

6 8 10

Monxas wkana 17498 wmn. Kypcop: 0.000
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14 16 18 20

PI/ICYHOK 36. Ananuz PacipCaciCHus 3JICMCHTOB B TKaHAX ITPOPOCTKOB KOpMOBOﬁ

CcBeKJIBI rTociie kouTakra ¢ HY okcnna menn

Tabnumal7

DJIEMEHTHBIN COCTAB MMPOPOCTKOB KOPMOBOM CBEKJIbI ocie koHTakTa ¢ HY okcuma

MeIu
DneMeHT Becogoit % ATtomHBIN %
C 55.08 62.94
O 41.50 35.60
Na 0.07 0.04
Mg 0.33 0.19
P 0.72 0.32
S 1.53 0.65
K 0.54 0.19
Ca 0.14 0.05
Cu 0.09 0.02
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0 < 6 8 10 12
MNonxas wkana 17042 wmn. Kypcop: 0.000 k3B

Pucynok 37. AHanus pacupeneneHus SJIEMEHTOB B TKaHIX MPOPOCTKOB CTOJIOBOM
CBEKJIbI nociie koHTakra ¢ HY oxcnna menu
Tabnaumal8

DJIEMEHTHBIM COCTaB IIPOPOCTKOB CTOJIOBOM CBEKJIbI Mocie KoHTakTta ¢ HY OKCHIa

Meau
DJIEMEHT BecoBoii % AtomHbIit %
C 56.53 64.29
O 40.20 34.32
Na 0.05 0.03
Mg 0.32 0.18

P 0.74 0.33

S 1.39 0.59

K 0.53 0.19

Ca 0.14 0.05

Cu 0.11 0.03
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Cnexrp 1

2 2 6 8 10 12 14 16 18 20
Monxas wkana 17514 wmn. Kypcop: 0.000 k3B

Pucynok 38. AHanu3 pacnpenesieHus 3JIEMEHTOB B TKaHSIX IIPOPOCTKOB MOPKOBHU

nocie koaTtakta ¢ HY okcuma menn

Tabnuma 19
DJIEMEHTHBIN COCTAB IMPOPOCTKOB MOPKOBHU Tocie kKoHTakTa ¢ HY okcnma meau
DJIEMEHT Becosoi1 % AtomHbIit %
C 58.95 66.50
O 38.24 32.39
Na 0.10 0.06
Mg 0.08 0.04
Si 0.14 0.07
P 0.31 0.14
S 0.82 0.34
Cl 0.23 0.09
K 0.83 0.29
Ca 0.19 0.06
Cu 0.11 0.02

Takum 00pa3om, 3JEMEHTHBIN aHanmM3 oOpasila TOMOTeHaTa PacTeHWM TPYIIIbI,
AKCIIOHUPOBAHHOMW HAHOYACTUIIAMU OKCHJIA MEIU, OMNPEAENSET B TKAaHAX HAKOIUICHUE
Meau B HeOonpIMX KonudecTBax. Ha mgmarpammax mmerorcst xapaktepHbie misi Cu
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nuku. B COOTHOMIEHWM COAEpKaHWsSI OCTAIbHBIX JJEMEHTOB OTKJIOHGHUWU OT
KOHTPOJIbHBIX 3HAaYeHWW HE 3auKcHpoBaHO. AHAIM3 paCHpeACIICHUS JJIEMEHTOB B
TKaHSX TIPOPOCTKOB KOPMOBOM, CTOJIOBOM CBEKIIBI U MOPKOBH, 00padoranHbix HY menn
JOKa3bIBatOT, uT0 HY Meam He HakarIMBarOTCs B TKAHAX MPOPOCTKOB HMCCIICTYEMBIX
KyapTyp. Hanmuuue cuneprudeckux sPekToB Kk MakpodnemMeHTaM (yriepos, docdop,
Kanuil) moj JCWCTBHEM MAaJbIX 703 HAHOYACTHI[ OINPEACTICHHBIX (U3NYCCKUX W
XUMUYECKUX XapPaKTEPUCTUK YCHIIMBAIOT YyBCTBUTEILHOCTh OMOOOBEKTOB K JICHCTBHIO

APYIrux arcHToB B BBICOKHX H03dX. HakonineHus TsKEIIbIX METAIOB HE 06Hapy>1<eH0.

3.2. Pe3yabTarhl M0JI€BbIX HCCJIEI0BAHUI
3.2.1. BrusiHue HAHOYACTHIl HA OCHOBE MeIM HA YPO:KAHHOCTH KOPMOBOIi,

CTOJIOBO# CBEKJIbI U MOPKOBH

[IpeanoceBHast o6paboTka ceMsH cBekibl KopMmoBor cycnenzusmu HU Cu, HU
CuO, HK xonuentpamusimu 0,05 r/kr m 0,1 r/kr okaszana BIMSHHWE Ha TOBBLIIICHUE
ypoxaiHOCTH KOpHeriogoB. OOpaboTka ceMssH KOPMOBOH CBEKJIbI CYyCIIEH3UEH
HAHOYACTHUI[ OKCUIO0B Meau koHueHTpauusmu 0,05 r/xr u 0,1 r/kr okazama Ooiiee
HUA3KOE TI0 BEJIMYMHE BIIMSHUE HA MOBBIIIEHUE YPOKANHOCTH KOPMOBOM CBEKJIBI
«Ixkenaopdekas kentas» (tabmuna 20). OTO TOATBEP)KIAET BHIBOA O HHU3KOM
3¢ (HEKTUBHOCTH HCMOIB30BAHMS OKCHUJA MEIH, KaK CcTUMYyIsiTopa pocta. [Ipu aTom Bce
UCCJICIOBAHHBIE  HAHOYACTHIIBl ~ MPOSBISUIM  ONPENETCHHYI0  OMOJIOTMYECKYIO
aKTUBHOCT.

HauOonbiiee yBenuueHue ypoxailHocTh npu ucnoib3oBanun HK menu B
koHnentparuu 0,05 u 0,1r/kr B 2018 r (+ 16,4 % u +16,1% cootBercTBeHHO). [IpH
00paboTKe cycrneH3ruel HaHOYACTHUI OKCHIA MEAU YPOXKANHOCTh ObLIa BBILLIE KOHTPOJIS
makcumainbHo Ha 7,8% mnpu 0,1 r/kr B 2017 romy. HYU memm taxke oxazamu
MOJIOKHUTENIbHOE BIMsIHUE - mpubaBka coctaBuina oT 11,3% B 2016 romy mpum

koHuentpauu 0,05 r/kr go 16,1% B 2018 rogy npu konuentpamuu 0,1 r/kr.
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Taomuma 20

Y pokaliHOCTh KOPHETIOA0B KOPMOBOH CBEKIIBI « DKKEHAOP(hCKAs JKENTasD C

npumenenrneM HY Cu, HY CuO, HK Cu, 1/ra

cpenHee
VYpoxaliHOCTb, T/Ta 3a 2016-
2018 rr
Ne| BapuarTer 2016 | IIpubGaBka | 2017 | [IpuGaBka | 2018 | IlpuGaBka
IoJ K o K rona K
KOHT]:)OJII'O KOHT]:)OJ_H'O KOHT]JOJII’O T/ra
T/ra| % /ra| % /ra| %
1. | KonTpoas | 95,8 - - 96,1 - - 95,2 - - 95,7
o | HICu 116671100(11.3]110,0 /139|144 | 1091 |139|146| 1086
0,05 r/kr
3, qufK“rO’l 1093|135 | 1401|1008 137|142 | 1106 | 154|161 | 109.9
g | HICUO 1101 4156 | 58 |1004| 43 | 44 | 1021 | 69 | 72 | 1013
0,05 r/kr
5. | HICUO 115541 651 67 11036| 75 | 78 | 1022 | 70 | 73 | 1027
0,1 r/kr
6.| HKCu 116951137(143]107.2111.1 121 | 1109 | 157|164 | 1092
0,05 r/kr
7. (I){FF?K”F 1107|149 | 155 | 1102 | 14.1 | 146 | 1106 | 154|161 | 1105
HCPo: | 1.05 | - | - | 146 | - | - | 235 | - | - i

AKTHBH3aLHMS TPOIECCOB OMOXMMHYECKOTO CHHTE3a MpH Hcmojab3oBannu HY

IpUBEJA K YBEIMYEHUIO YPOKAWHOCTH KOPHEIUIOAOB CTOJIOBOM CBEKIBI «JleTpouT»

(trabnuma 21). BbIXoag KOpPHEIUIOAOB MPH MPUMEHEHHWH HAHOYACTHI[ OKCHIA MEIH

MaKCUMaJbHO cocTaBui Ha 4,5 % Oosbie oTHOCUTEIHLHO KOHTpPOJs B 2017 romy mpu

koHueHntpamuu 0,05 r/kr. [lpu ucnonb3zoBanun HY meam yBenuueHue ypokalHOCTH

KOPHEIUIOJAOB ObLJIO JIOCTOBEpPHO BblIe KOHTpods Ha 14,3% B 2017 romy mnpu

koHneHTparuu 0,05 1/kr.

IIpn npumenennn HK ypoxkall KOpPHEIJIONOB CTOJOBOM CBEKJIbI MaKCHMAalbHO

npeBbIIan KOHTPob Ha 28,4% B 2018 roxy B koutenTparuu 0,1 r/kr (tabnuma 21).
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Tabmuma 21
Y poxkaitHOCTh KOPHEIUIOAO0B CBEKJIBI CTONIOBOM «JleTpoiit» ¢ mpumenennem HU Cu, HY

CuO, HK Cu, 1/ra

cpenHee
o 3a
YpoxaitHOCTb, T/Ta 2016-
Nl B 2018 rr
> | PapHatTyl [IpubaBka [TpubaBka [TpubaBka
2016 K 2017 K 2018 K T/ra
IO KOHT]:)OJII'O Ionq KOHT]:)OJ_H'O Irong KOHTPOHI’O
T/ra| % /ra | % /ra| %
1. | Kommpoms | 353 | - | - | 349 | - | - | 358 | - | - | 353
o | HACu | a92 1 4a1124] 390 | 50 |143| 404 | 46 [128| 400
0,05 r/kr
3| HICu 1405149 1138] 395 | 46 [131| 399 | 41 [11.4| 398
0,1 r/xr
g | HICuO 1 any 108 122|365 | 16| 45| 368 | 1.0 | 28 | 364
0,05 r/kr
g, | HICUO | 000l 141393591028 361 | 03| 08| 362
0,1 r/kr
6. HKCu | ol 6o 11751 422 | 73 [209| 443 | 85 |237| 426
0,05 r/kr
7. HRCu | 50120 1108|448 | 99 |284| 460 102|284 | 443
0,1 r/xr
HCPo: | 236 | - | - 340 - | - | 322 | - | - §

B 2018 rogy moacuuTanu KOIMYECTBO KOpHEIIONOB ¢ 10 M’ 1 CPEIHIOI0 Maccy
KopHeroaa. OHo Haxoawioch B mpeaenax 130 — 135 mr. Ilpu ucnosb3oBaHuu
HAHOYACTHIl OKCUJIAa MU CPEAHSIs Macca KOPHEIUION0B Obljla MEHBIIIE KOHTPOJILHOTO
3HAYCHHS, HO KOJNMYECTBO KOPHEMI040B ¢ 10 M°IpeBBINIAT0 KOHTpOIb Ha 3,6%. B
Bapuante ¢ HY wmenu nHabmromamack oOpaTHas cUTyarusi - OOIIee KOJIHMYECTBO
KOPHEIUIOAOB OBLJIO MEHbIIE Ha eIuHMIy IUomaaun (B cpeaHemM Ha 9,1%), a
3HAYUTEIBHBIM TMPUPOCT YPOKAMHOCTU oOecreynBajcs OONbIlIei CpeaHe Maccoi
KOPHEIUIOAOB 0 CpaBHEHMIO ¢ KOHTpojeM. Ob6paboTka cemsiH HK mMenu yBenuuniia u

2
KOJIMYECTBO U CPEJHIOK MacCy KOpHEMmIoa0B ¢ 10 m”.
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[Ipu ompeneneHun BIUSHUS HAHOYACTHII Ha CeMEHAa MOPKOBU HabOmoganu
YBEIIMYEHHUE YPOKAWMHOCTH BO BCceX BapuaHTax. Kak M B ciydasx ¢ KOpPMOBOW U
cTOJIOBOM cBekoi npu npumeHenun HK yposkaliHocTs Obla Beiiie (Tabnuia 22).

Tabnuma 22
VYpokaitHOCTh KOPHEII0A0B MOPKOBH cTOJI0BOM «HanTckas 4» ¢ npumenennem HY

Cu, HY CuO, HK Cu, 1/ra

cpenHee
YpoxkaliHOCTB, T/Ta 3a 2016-
2018 rr
Ne | BapuaHTbl [TpubaBka [TpubaBka [TpubaBka
2016 K 2017 K 2018 K T/ra
oz KOHTpOHI'O ToJg KOHT]:)OHIO IroJq KOHTPOHIO
tra| % /ra| % t/ra| %
1. | Kontpons | 36,4 - - 36,2 - - 36,7 - - 36,4
HY Cu
2. 425 | 61167 | 413 | 51 |140/| 425 | 58 |158| 421
0,05 r/kr
3, quifro’l 420 | 56 | 153 | 419 | 57 |157| 414 | 47 |128]| 417
g | HICUO | 691 4511231388 | 26| 71| 383 | 16 | 43 | 393
0,05 r/xr
5. | HICUO 1951 26| 71 |405| 43 |118| 389 | 22 | 59 | 395
0,1 r/kr
6. HKCu | 4as 23120042664 [176] 451 | 84 | 228| 438
0,05 r/kr
7| HKCu 4 01761208 |432|70 (193] 453 | 86 |234| 441
0,1 r/kr
HCPys 251 | - | - 1220] - | - | 258 | - | - §

B Bapuantax ¢ HU Menu BbIXOJ KOPHEILIOAOB MaKCUMalIbHO cocTaBmi Ha 16,7 %
OonplIie OTHOCUTENBHO KOHTposist B 2016 roay mpu konueHntpauuu 0,05 1/kr, npu
koHneHTparuu 0,1 r/kr Ha 15,7 % B 2017 rogy. HanouacTtuiel okcuga mMeau ObLIH
MeHee 3¢ (deKTUBHBI, MpudaBka cocTaBuiaa MakcuManbHo Ha 12,3% B 2016 roxy mpu
koHueHTpanuu 0,05 r/kr.

Haunbosnee BpicOKHE MOKAa3aTENN OTMEUAIUCH TTOCIIe 00pabOTKH CEMSH PaCTBOPOM
HAaHOKOMITO3UTa Meau - Ha 23,4 % BbIIE KOHTPOJSA, MPU OTOM CPEIHSS Macca
KOpHEIUI0J]a MOPKOBH OblLiia BbIllle KOHTpoJid Ha 16,4% B 2018 rogy npu KOHUEHTpauu

0,1 r/kr (Tabnuma 22).
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Taxum oOpa3om, Masble 10361 HAHOYACTULl MEAM U HAHOKOMIIO3UTA HA €IUHUILY
Macchl CEMSH OKa3bIBAIOT 3HAYUTENbHBIM  cTuMmynupyrommidi  3ddexrt. s
HAHOKOMIIO3UTA [TOKA3aTENH YPOKAMHOCTH BBIIIE, YEM JUUIS1 HAHOYACTHI] MEIH, TaK KaKk
HAaHOKOMITO3UTHI, 00nanass OMOCOBMECTUMOCTBIO, 3a CHET MPUCYTCTBUS MPUPOJHOTO
KOMIIOHEHTa — IIOJINCaxapuja, IPOSIBISAIOT BBICOKYI0 OMOJIOIMUYECKYI0 AKTHBHOCTD.
HanouacTuipl Okcua MEIU MEHEE aKTHUBHBI 32 CUETUX CIIOCOOHOCTH HAKAaIlJIMBaThCS B

CTPYKTYpE PACTCHUU.

3.2.2. XMMHY€ECKHIi COCTAB U CO/Jlep:KaHie BUTAMHHOB B KOPHeILI01aX

buonornyeckne 0COOCHHOCTH pacTEHUM, a TaKXKe BO3JCUCTBHE OKpPYXKarolen
Cpelbl Ha ypOBEHb MHUHEPAJIBHOTO MUTAHUS OMNPEACISIOT MX XUMHUYECKUUA COCTaB.
DneMEeHTHOE KOJIMYECTBO U COOTHOIIEHWE MHUHEPAJIHLHOTO MUTAaHUS 00YyCIaBIUBACTCS
reHeTH4ecko uHpopMaIuei, 3aJ0KEHHOM B OpraHU3ME€ W XHMUYECKHUM COCTaBOM
nouBbl (Tapacenko C.A., Cmonbckuii B.I'., Tapacenko B.C., 2009). IluratenbHbIe
AJIEMEHTHI, MOCTYNAIOIINE B PACTEHUS, MOTYT YCHJIMBAThCA 3a CYET MPUMEHEHUS
pPa3HOTO poAa CTUMYJATOPOB, B TOM UHCJIE M HAHOYACTHUI] METAJUIOB. Y YUTHIBAS, UTO
AJIEMEHThl MUHEPAJIBHOTO THUTAHUS SBISIOTCS aKTUBATOPaMU MHOTUX (PEPMEHTHBIX
CUCTEM U ONPEAENSIIOT KAa4eCTBO MPOJYKTA, UX HAJIUYUE B PACTUTEILHOM OpraHU3MeE
MOYKHO PaCIIEHUTh KaK MOJOKUTEIIbHBIN CITydail.

Ceekna kopmosasa «IKKeHOOpPcKas rHceamany.

ITocne yOopku ypoxkas B 2017-2018 rr ObUT ompenesieH XMMHUYECKUNA COCTaB
KOPHEILJIOI0OB KOPMOBOM CBEKJIbI (IPHIIOKEHUE 5), KOTOPBIA B 3HAYUTEIHLHOW CTEIICHH
OmpejieNisieT MHIIEeBYIO IIEHHOCTh pacTeHuid. B pactuTenpHbIXx mpobax C
MCIMOJIb30BAaHUEM COOTBETCTBYIOIIUX METOJMK OMPEACISAIN CICIYIONIME TOKa3aTeu:
CyXO€ BEIIECTBO — BBICYIIMBAHUEM B CYMIUILHOM IKady; a3oT oOmuid — mocie
MOKpPOTO 030JIeHUs Ha (DOTOIIEKTPOKOJIOPUMETPE; caxapa — 1o metoay beprpana.

KonunyecTBo cyxoro BemiecTBa B KOPHEIUIOAAX KOPMOBOM CBEKJIbI YBEJIUYHIOCH
MakcuMasibHO Ha 32,5 % B 2018 roay npu ucnons3oBanuu HK B konnentpanuu 0,1

r/kr. CyMMa caxapoB Takke€ BO BC€X BapHaHTax Obuia Bhille KoHTpouss ana HY menu
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0,05 r/xr u 0,1 r/kr +20,5% +22,8% coorBercTBeHHo. HY okcupa Menu B MeHBIIIEH
CTEIICHH YBEJIMYMWIIA COJIEPKAHUE CaxXapoB B KOPHEIUIOAaX KOPMOBOM CBEKIIbI
makcumanbHo npu 0,1 r/kr +9,8%. HK yBenuuun nakorsenue caxapos mpu 0,05 1/kr
+27,2% mpwu 0,1 r/xr +28,9%. OT™MeuaeTcs cHuxkeHue oo1ero azora ot -0,4 1o -4,5% B
3aBUCUMOCTH OT KOHIICHTpAIMH U Tipernapara (IpujaoKeHue S).

Ceekna cmonoeas «/lempoiimy.

HUcnonszoBanne HY cnocoOCTBOBaO0 U3MEHEHUIO XHUMHYECKOTO COCTaBa
KOPHEILJIOI0B CTOJIOBOM CBEKJIBI «JleTpoiT» (mpuiioxeHue 6).

HaOnronanu cokparnieHue o01iero a3ota B KOPHEIUIOAAX OMBITHBIX PACTEHUM OT
0,7% mo 1,1% nmna HY CuO (0,1 r/xr); qs HY Cu B xonnentparmu 0,05 r/kr u 0,1
K/kr -1,9 u -2,3% coorBerctBenno; s HK -3,1 mpu 0,05 r/kr u 0,1 r/kr (mpuaoxeHue
6). B TkaHsx pacTeHuii OCIKHM HaXOAATCS B JMHAMHYHOM PAaBHOBECHH C HEOCITKOBBIMHU
a30TUCTBIMH COeIMHEHUSAMH. OIHOBPEMEHHO C CHHTE30M OCJIKOB U aMHUHOKHCIIOT
nmpoTekaer Iporecc ux pacnaga. CoaepkaHue Oe€lka YETKO KOPPEIUpyeT ¢
KOJIMYECTBOM a30Ta B pacTeHUsX. B BereTaTUBHBIX OpraHax COJEp>KaHHE a30Ta HIXKE,
eIIe MEHBIIIEC a30Ta HAKAIUTMBAeTCS B KOPHEKIYOHEIUIOJaX M OBOIIHBIX KYJIbTypax.
[Ipu 3TOM MO AEHCTBUEM HAHOYACTHUI OKCHUJIA MEM B MHTEpBaje KoHueHTpauuit 0,05-
0,1 r/kr yBeaIm4ImiIoCh KOJWYECTBO cyxoro Bemiecta A0 8% u 9,9%; nia HU menm +
19,4% u nns HK go 20,3%, 4To cBHIETENbCTBYET 00 aKTMBHO HMAYIIHMX IPOIEeccax
CHUHTE3a.

MUKpO3JIEMEHThI  OKa3bIBAIOT  IOJIOKUTEIBPHOE BIMSHUE Ha HAKOILICHHE
ButamuHa C B pacTeHusix. OTo cBuaerenbcTByeT psa pador (B.U. Jleun, O.IL
[TonsixoBa, 1995; ILLU. Ancnok, 1990 u np.). B nuteparype umerorcs parmMeHTapHbIE
cBeaeHUs U 0 BiausHEd HY MerainioB, 001a0a0NUX CHIBHBIMA BOCCTAHOBUTEILHBIMHU
cBoiicTBamMu, Ha conaepxkanHue ButammHa C B pacrenusx (O.I1. Tlomskosa, B.H.
CemuBanoB, E.B. 3opun wu gp., 2000). Bce HaHOYACTHIBI, COAEPIKAIIHE MEIb,
YBEIMYMBAIOT COJCpPKAHUE BUTAMHUHOB B M3y4aeMOM HWHTEpBaje KOHIICHTPAIIHA,
MaKCUMaJIbHOE JIeCTBUE MmoKasaia oopadotka cemsH HK memu + 15,2% (0,01 r/kr) u

+14,1 (0,05 r/kr) (mpunoskenue 7).
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Buramun E unu Tokodepon — 3To KupopacTBOPUMBINA BUTaMUH, 00J1a1at0IIuil
AHTUOKCUJIAHTHBIM JICUCTBUEM, 3AIUINAIONINN KIETOYHYI0 MeMOpaHy, OH 00pa3yeTcs
UCKIIIOUUTENIFHO B PAaCTEHUSX B pe3ysbTare (POTOCHMHTE3a, W MOITOMY JOJDKEH
NOTPEONATHCA YEJIIOBEKOM W3 BHEUIHUX HCTOYHUKOB B HEOOJIBIIMX KOJIMYECTBAX.
OO6samaer Ype3BbIYATHO CUJIBHBIMU AHTHOKCHIAHTHBIMU CBOMCTBaMH, KOTOpbIE U
00€eCIeunBalOT €ro MOJIOKUTEIBHOE BO3/CHCTBUE Ha KuBble cuctembl (Schubert M.,
Kluge S., u ap., 2018; Kim HK, Han SN., 2019). [Ipu Bcex konnenTpanusx HY memu u
HK conepxanue ButamuHa E Beime kontpons Ha 2,1% - 17,0%, 9To BO3MOXKHO
YCUJIMBACT 3alUTy PACTCHUN OT HEOJAronmpHUSATHBIX BHEIIHUX YCJIOBHHM. Butamun
E cHmkaeT BOCIpMUMYHKBOCTH pacTeHUs K XOoJoAHbIM Temiiepatypam (Ga Young Lee,
Sung Nim Han, 2018). Pe3ynbratoM MOXET CTaTh pa3BUTUE XOJIOJOCTOMKUX BHJIOB
pacTeHui, KOTOpbIE MPUHECYT MOJb3Y B MPOXJIAJHOM KIMMAaTe, IPOU3BOAS OTINYHBINA
ypoxaii. HH okcua Menn npakTUYeCKU HE OBJIUSIIN Ha coAep:kaHue ButamuHa E.

VYBenuuuBaeTca U CoAEepKaHUE KapoTHHA. DTO Ba)KHO ISl pOCTa U Pa3BUTHS, B
TOM YHCJIE€ OBOIIHBIX KYJIbTYp, TaK KaK KAPOTHUHOW]bI MEPEHOCUYUMKH AKTUBHOTO
KHUCJIOpOJla Y PacTeHUH WIpaloT BaXKHYIO pOJib B Ipoueccax (POTOCHHTE3a, AbIXaHMUS,
pocta. X onpeneneHne HEOOXOAUMO ISl OLEHKH KaueCcTBa PACTUTENIbHOM MPOAYKIIUU
B 3aBHCHUMOCTH OT pszia arporexHudeckux ¢aktopoB u npuemoB (Cymmmmaa M.M.,
2004). Bce HY Ha ocHOBe Menu yCHJIMBAIOT HaKOIJICHHE KapoTuHa oT 2% 10 26% B
3aBUCUMOCTH OT COCTaBa HaHodacTul npu KoHueHTpaumsx 0,05-0,1  r/kr.
MaxkcumanbHOe noBbIlieHre ButaMuaa C 1 KapoTHHa 00YCIIOBIIEHO ACHCTBUEM BBICOKO
sHeprernuecknx yactui HK.

Mopxkosv «Hanmckan 4».

IIpumenenne HY menm m HK B nenom ymydmaer KadecTBO BO3IEIBIBAEMOU
MOPKOBH (TIpUJIOKECHHUE 8).

IIpn mpumenenun HY Menu yBeNIMUMIIOCH COAEPKAHME CYXOIO BEIIECTBA B
MopkoBu Ha 17-21%, a mpu konTakte ¢ HK Ha 15-24%. Cyxoe BemecTBo KOPHEIIOI0B
HamOosiee Oorato yrieBojamu. CymMa caxapoB, HAaKOIUICHHBIX KOPHEIJIOAAMH,

MCHAJIACH B 3aBUCHMOCTH OT 03Bl IIPUMCHSICMBIX HAHOYACTHIl U YBCIMYMNIIACh Ha 7%
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npu ucnoas3oBanu HY CuO, qns HY Cu wa 20,6% u nox neiictBuem HK  Bbime
27,3%.

N3 xupopacTBOPUMBIX BUTAMUHOB B ChIPOH MOPKOBH MPUCYTCTBYIOT KapOTHH,
ButramuH E u ButamuH K, u3 BogopactBopuMbiX — BUTamMHHBI C U rpynmsl B.
CopnepxaHue acKOpOMHOBOM KHUCJIOTHI YBEIMYWIOCh B CPEIHEM BO BCEX CIyyasix B
3aBUCUMOCTH OT KOHIEHTpanuu u ctpoeHus Hanodactui: HY CuO, HY Cu u HK
cooTBeTCcTBeHHO Ha 6,6%, 13,3%, 15,3 mpu 0,05 r/kr, mpu 0,1 r/xr 11,3%, 19,6%,
18,1% (mpunoxenue 9). Ilon neficreuem HY u HK 3HauuTensHO yBenuuuiaoch u
cojepkanue kapotuna ot 8,9% no 12,6% u Butamuna E ot 2,2% - HY CuO no 16,6%
g HY menu.

[TonydeHHble pe3yabTaThl NO3BOJSAIOT OLleHUTH AerictBue HY oxcuna menun, HU
MeJId, HAaHOKOMIIO3UTa W CHeNaTh BBIBOJ, YTO TMOBBINIAs HE TOJBKO YpPOXKAUHOCTH
KYJbTYp, @ TaKK€ KaueCTBO HAHOYACTHUIIBI HAa OCHOBE MEIH HMMEIOT IMPEUMYIIECTBO

nepeca KI1aCCUHIYCCKUMHU y,[[06peHI/I}IMH.

BbiBOaBI 110 TPeThEl I1aBe

Teopernyeckrue ¥ OKCIEPUMEHTANBHBIC KCCIEIOBAHUS TOKA3ald, 4YTO JJIst
MPAKTUYECKOTO BHEIpEHUsT HeoOxoaumo ucrnosb3zoBaTth HY pasmepom 30-60 HM.

Pazmep wactui sBisSIeTCS aKTUBHOM NEPEMEHHOM, OMPEAEISIIONIEH COCTOSHHUE
cucTeMbl. HaHoYacTHMIIBI MEHBIIMX pPa3MEpOB TPOSBIAIOT BBICOKYIO  (DU3UKO-
XUMUYECKYI0 aKTHBHOCTh TPH HUBKUX KOHIICHTPAIMUSIX, KOHTPOJUPOBATh HX
ONTHUMAJIBHOE COJCP)KaHWE TPOOJIEMATHYHO B CBS3W C MaJbIMH pa3MepaMu |
TOYHOCTBIO TIPUMEHEHUs KOoHIeHTpamui. OpjHako, ycwieHue d>hdexra BIUIHUSL
HAHOYACTHII C TTOBBIIICHHEM KOHIICHTPAIIMH UJIET J0 OMPESICHHOTO Mpeerna.

HanowacTuiipl OKCHI0B MeTU MOBBINIAIOT MOp(odu3noIornueckue mokazareiu B
MEHBIIIEH CTENEHU, YeM HAHOYACTHUI[BI MEIW - TMPOUCXOJUT YTHETEHUE pOcTa |
pPa3BUTHS  MPOPOCTKOB, TIOOTOMY BBICOKHME KOHIICHTPAIlUM OKCHIOB  OTACHBI.
OTtpurarenbHoe EWCTBHE HAHOMATEPHUAIOB MOXET OBITh CBSI3aHO C MX HAKOTUICHHEM

BO BHYTPHKIICTOUHBIX OpTraHCJLIax. C ITIOMOIIIBIO METOJ0B SHCKTpOHHOﬁ MHUKPOCKOIINH
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noka3ano, uto HY okcumoB HakamimBaloTCsl B CTPYKType pacTeHui, oopasys OoJbline
armomeparbl. XOTS OKCUIbl HE SBIIAIOTCS LUTOTOKCHYHBIMH, HO TOPMO3ST Pa3BUTHE
pacteHuid. HaHowacTuIipl MeTa/sIOB HE O00pa3ylOT KpPYIHBIX arperatoB, He
HAKaIUIUBAIOTCA B CTPYKTYpPE pacTeHUW, mOpeodpa3yss CBO M JIONOJHHUTEIBHYIO
DHEPrUI0 TMpPH YBEIMYECHUM KOJIMYECTBA IPOTOHOB 3a CYET MX BBICOKOU
BOCCTAHOBUTEIBHOU crocoOHOCTH. [lojieBble HCMBITaHUS TO BIMSHUIO HAHOYACTHI]
OKCHJa M€Y, MEIW M HAHOKOMIIO3UTa MEIH Ha BO3MOXKHOCTh INPHUMEHEHHS HX B
KaueCTBE CTUMYJIATOPOB POCTA OBOIIHBIX KYJbTYpP U TOBBIILICHHUE MNPOAYKTUBHOCTH
KOPHEIUIOJ0B Ha MPUMEpPE CBEKJIbI U MOPKOBM MOKa3ajid, YTO HauOOJee ONTUMAJIbHbBIE
KOHIIEHTparuu s ucnonszoBanus 0,05 — 0,1 r/kr, npu pazmepax HY 30-60 HM.
CrnenmoBarenbHO, JUIsi NPUMEHEHHS HAHOYACTUI[ B KayeCTBE CTUMYJSITOPOB pOCTa
HEOOXOJIMMO YYHUTBHIBaTh HUX (U3UKO-XUMHUYECKUE XAPAKTEPUCTUKU U  CTPOro
KOHTPOJMPOBATh KOHLICHTPALINH.

Bonpiieit  OuosorMueckoi aKTUBHOCTHIO OOJAJalOT HAHOKOMITO3UTHI. Jljis
CUCTEMATUYECKUX HCCIEAOBAHUN UM, OCOOEHHO, ISl MPAaKTUYECKOIO IMPUMEHEHUS
YIBTPAIUCIIEPCHBIX HAHOYACTHI] METAJUIOB, 0CO00M MpOoOIeMON SBIISIETCS YBEJIMUCHUE
uX cpoka neictBus B pactBope. I[losTomy mpu pa3paboTke METOAOB CHHTE3a
HAHOYACTUIl OOJIbIIIOE BHUMAHUE YJEJISETCS TOBBIIMICHUIO WX CTaOMIBHOCTH.
Hcnonb30BaHue MPUPOIHBIX MOJHUCAXAPUIHBIX YACTUI] B KAYECTBE BOCCTAHOBHUTENIECH U
CTaOMIIN3aTOPOB OOECNEYMBAET NMPOCTOM M TEXHOJOTMYECKH NPOJABUHYTHIA CIOCOO

CO31aHMA YHUKAJIbHBIX HAHOPA3MCPHBIX KOMIIO3UTOB C ITUPOKUM CIICKTPOM I[GﬁCTBHH.

91



I'JTABA 4. BIMAHUE HAHOYACTHUII HA OCHOBE ME/IN1 HA
COJIEP)KAHUE METAJLJIOB B CEPOM JIECHOM INOYBE U KYJbTYPAX

N3BecTHO, UTO HEKOTOpBIE METaUIbI, Takue kak Zn, Cu, Mn, Co B HeOOIbITINX
KOHIIEHTpaIUsAX CIOCOOHBI oOecrnieunBaTh BbicOkUe ypokan (Azekcees H0.B., 2008;
Nagajyoti P.C., Lee K.D., et. al., 2001; Villiers F., Ducruix C., 2011). Tem He MeHee,
JUISL JKUBBIX OPTraHW3MOB TIPH TIOBBIIICHHBIX KOHIICHTPAIIUSX OHH MOTYT OBITh
OTTACHBIMH.

YnoOpeHuss  SBIAIOTCS  OMHOM W3  TJABHBIX  TPUYUH  3arps3HCHUS
cenbckoxo3siicTBeHHbIX mouB TM (Bomsaumkuii FO.H., 2013; Wang Q., Dong Y., et al.,
2001). ITocTtynaromue BMECTe C CEMEHAMHM HAHOYACTHUIIBI METAJIOB MOTEHIHAIBLHO B
TOM WJIA WHON CTENEeHUM MOTyT (PUKCUPOBATHCS MOYBOW, HAKAIUIUBAThCS B HEH U
OKa3bIBaTh TOKCUYECKOE BO3JICHCTBHE.

Banoseie Gpopmbl TM nipeacTaBisitoTcst Kak MOTEHIUABHBIN pe3epB MOJIBHKHBIX
AJIEMEHTOB, KOTOPHIC aKTHBHO YYACTBYIOT B OMOJIOTHYECKOM KPYTOBOPOTE.

ITonBmwxHBIE (HOPMBI METaUIOB-HAMOOJIEe arpecCMBHAs YacTh OOIIEro COCTaBa
TSDKEJIBIX METAJIOB, KOTOPAsk MOYKET TOTaIaTh HETTOCPEICTBEHHO B KOPHEBYIO CHCTEMY.
Ot moABWXKHBIE (OPMBI YYaCTBYIOT B MUTPAIMOHHBIX TIIOTOKaX, B TOM 4YHUCIE
BHyTpeHHUX. [loaTOMy kuakas (pa3a mouB SIBIASETCS MPSMBIM HUCTOYHUKOM TSKEIBIX
METAJIJIOB ISl KyJIbTYp U nouBeHHoM O0uoThl (Uepunukora O.B., 2010).

B 2017, 2018 roay ObLI0 IPOBEACHO HCCJIEAOBAHHWE TOYBEHHBIX OOpa3IlOB Ha
IIPEAMET CTENEHU 3arpsA3HEHHOCTU CEpOM JIECHOM mouBbl TM, B TOM 4uCiE W TOCHE
BBIDAIIUBAHUS KYJIbTYp, CEMEHa KOTOPBIX ObUTH 00paboTaHbl TEpen IOCEBOM
HAHOYACTUIIAMH MEIHU U HAHOYACTHIIAMHU OKCHJA MEIH B MAaKCUMAJIbHON KOHIIEHTpAITU!
0,1 r/kr cemsH (Tabnuua 23,24,25).

Kak BugHO w3 Tabmuili Bce 3HAYEHUS BBINMICTICPEUUCICHHBIX JJIEMEHTOB HE

MMPCBbIMAIN IIPEACITBHO JOITYCTUMBIX KOHHGHTpaHHﬁ.
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Tabmnura 23
BanoBoe coneprkanue TSOKEITbIX METAIOB B CEPOi JIECCHOM TTOYBE NP BBIPAIIMBAHUH

KOPMOBOM CBEKJIbI « IKKEHI0p(CKask xKenATas, MI/Kr

KonmuecTBo 31eMeHTa, MI/Kr
*YucnuTelb — Mepeji MOCeBOM, 3HaMEHATelb — IMOCJe YOOPKHU
DJIEMEHT Cu Zn Pb Cd Cr Ni
TIK, 66 110 32 - 100 85
OJIK* ; ; ; 2 - -

« 19.6 542 19.8 121 981 517
OHTPOJI 19.4 54.9 19.3 117 96,7 512
HY Cu 0,1 19,4 556 19,8 1,22 98.6 538
r/KT 19.1 56,0 19,6 1,23 96,8 522
HY CuO 20.1 551 213 152 084 535
0,1 r/kr 19.9 548 211 1,52 97.4 527

[Tpumeuanue: *- I1JIK, OJK B coorBercTBuu ¢ 'H 2.1.7.2511-09; I'H 2.1.7.2041-06

Tabnuua 24
BanoBoe conepxxaHue TSKENbIX METAIIOB B CEPOU JIECHOU ITOYBE BHIPAIIMBAHUN

CTOJIOBOM CBEKJIBbI «JleTpOoHT», MI/KT

KomnyecTBo 35eMenTa, MI/Kr
*Yucnurenps — nepes moceBOM, 3HaMEHaTENb — Mocje YOOpKu
DeMeHT Cu Zn Pb Cd Cr Ni
IT1K, 66 110 32 - 100 85
OJIK* - - - 2 - -

KOHTOOME 19,5 55,4 18,5 1,64 96,7 52,3
P 19,2 55,1 18,4 1,68 96,9 51,8
HY Cu 0,1 19,5 56,4 18,2 1,58 95,7 51,9
I/KT 19,5 56,6 18,4 1,64 96,1 51,4
HY CuO 0,1 19,3 55,8 19,1 1,62 97,2 53,8
/KT 18,9 54,9 18,9 1,53 96,8 53,1

[Tpumeuanue: *- IIIK, OJIK B coorBercTBuu ¢ 'H 2.1.7.2511-09; I'H 2.1.7.2041-06
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Tabmnura 25
BanoBoe coneprkanue TSOKEITbIX METAJIOB B CEPOil JIECCHOM TTOYBE MPHU BHIPAIIMBAHUH

MopkoBu «HanTtckas 4», Mr/kr

KonmuecTBo 31eMeHTa, MI/Kr
*YucnuTelnb — epej1 MOCeBOM, 3HaMEHATelb — IMOCJe YOOPKU
DIIeMEeHT Cu Zn Pb Cd Cr Ni
TJIK, 66 110 32 - 100 85
OJIK* ; ; - 2 ; ;

« 20.0 55 7 18.6 1.63 96,7 523
OHIPOIL | 195 559 18.4 1,69 96.9 518
HY Cu 21.0 55,7 18.6 1.63 957 519
0,1 r/kr 207 539 18.0 171 96,1 514
HY CuO 20,3 54 4 17.9 1,72 959 526
0,1 r/kr 19,9 541 175 1,65 96.4 521

[Tpumeuanue: *- [1JIK, OJIK B coorBerctBuu ¢ I'H 2.1.7.2511-09; I'H 2.1.7.2041-06

Haubonpmumii uHTEpEC, C TOYKH 3pEHUS y4acTUs B BaXKHEHIIMX IMOYBEHHBIX
npoleccax, 00pa3oBaHUU OPraHOMUHEPAIBHBIX KOMIUIEKCOB, a TAKXKE JOCTYIMHOCTH IS
pacTeHui, npeacTasisioT noasmwkHbie Gopmbl TM ([dybenok H.H., Maxaiickuii FO.A.
u ap., 2011; Opnos A.C., 1998). Nx conepkaHue B IMOYBE ONPEACIACTCS HaApSIy C
npoynuMu (hakTopaMu, BajJoBbIM 3aiacoM TM U TUIIOM MOYBHI.

Copepxanne moaBwKHBIX ¢popMm TM B mouBe, MOMUMO MPHUPOAHBIX (HAKTOPOB,
MOXXET HW3MEHSThCA BBUJY OOpaOOTKM MOYBBI, BHECEHHS YIAOOpPEHUH M BbIHOCA
AJIEMEHTOB ITUTAHUS C YPOKAEM.

Hanuume nans pacTeHud MOABUKHOM (POPMBI TSKENIBIX METAJIOB BO MHOTOM
3aBUCUT OT CBOWCTB MOYBHI U crneuuPuku pacteHuid. IIpu 3ToM moBeneHue B OCHOBE
Ka)KJ0Tr0 JIEMEHTa UMEET 0COObIE 3aKOHOMEPHOCTH, IMIPUCYIIIHE TOJIBKO EMY.

JUist u3BIEUYEHUS! TSKEIBIX METAUIOB W3 TMOJABIKHBIX (OPM  HCHOJIB3YIOT
pa3ianyHble XUMUYECKUE COCAMHEHHUS, OHU 00JIa1al0T HEOJUHAKOBOM IKCTparupyromiei
cniocobHoCThIO. Psim aBTOpoB (OBuapenko M.M., 1997; Boapsaunkuii FO.H., 2013;
YepuukoBa O.B., 2010) mnpemiokwin cXeMmy pa3InYHbIX (QpPaKIuid IMOJBHKHBIX

MCTAJIJIOB B IIOYBC:
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1) oOmmii 3amac moABMKHBIX (HOpM (M3BIEKaEMbIe KUCIOTAMH);

2) mobunbHas noaBmxkHas Gpopma (n3BiekaeMbie OyhepHBIMU paCTBOPAMU );

3) oOMeHHas (M3BJIeKaeMasi HEeHTpaIbHBIMU COJISIMU);

4) BomopacTBOpuMast.

Nmerotcst nannbie (OBuapenko M.M., 1997) no ycTaHOBIEHHUIO TECHOU CBSI3H
MEXIy BaJoBbIM cojepkanueM Zn, Pb, Cd u wuxX noaBwkHBIMH (QopMamH,
U3BJIEKAaEMbIMH alleTaTHO-aMMOHHMHBIM Oydepom (AAB) pH 4,8. B 2017, 2018 rr
OBLJIO MPOBEACHO HCCIEAOBAHUE MO OMPENENCHUIO TMOJBUKHBIX (HOPM METAIOB Ha
oOpasiax MmouBbl, OTOOpPAHHBIX MOCJE ydeTa yposkas. J[Jisi W3BJIEUEHUS MOJBHKHBIX

(bopM TsHKEIBIX MeTalIoB Hctoyib3oBau AAB pH 4,8 (Tabmwuma 26).

Tabnuma 26
ConepxaHue MOJABIKHBIX (DOPM TSKEIIBIX METAJNIOB B CEPOM JIECHOM MOYBE, MI/KI
KonnyecTBo d1eMeHTa, U3BJIEKAEMOT0 U3 NOYBbI AAD p-4 33,
Bapuant MT/KT

Cu Zn Pb Cd Cr Ni
OJK, ITJIK* 3,0 23,0 6,0 - 6,0 4,0

BoznenbiBaeMasi KyJabTypa: KOpMOBasi CBEKJIa « DKKEHIOP(CKAst KeITas
KonTpomns 2,15 1,43 2,34 0,18 5,12 1,17
HY Cu 0,1 r/kr 2,20 1,71 2,18 0,20 4,95 1,08
HY CuO 0,1 r/kr 2,19 1,55 2,41 0,22 5,03 1,10

BosnenbiBaeMas KynbTypa: CTOJIOBas CBEKIa «JleTpoiT
KonTpomn 1,18 1,47 2,06 0,12 5,09 1,15
HY Cu 0,1 r/kr 1,20 1,58 1,90 0,11 5,12 1,12
HY CuO 0,1 r/kr 1,18 1,71 2,23 0,10 4,86 1,09
BospnensiBaeMas KynbTypa: MopkoBs «HaHTckas 4»

KonTpomn 1,22 1,52 1,82 0,11 5,15 1,10
HY Cu 0,1 r/kr 1,19 1,46 1,91 0,12 4,98 1,12
HY CuO 0,1 r/kr 1,20 1,61 1,88 0,12 5,17 1,15

[Tpumeuanue: *- I1IJIK, OJIK B coorBercTBuu ¢ 'H 2.1.7.2511-09; I'H 2.1.7.2041-06

[IpoBeneHHBIC WCCIEAOBAHMS TOKAa3ald, YTO MPEANOCEBHAs 00pabOTKa CeMsH
HAHOYACTUIIAMHM MEIM, a TakXKe ero OKCHa He OKaszaja CYIIECTBEHHOI'O BJIMSHUS Ha

IOABHMIXKXHOCTD TAXKCJIbIX MCTAJIJIOB B ITIOYBC, B TOM 4YUCJIC U MCIOH.
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Takum 006pa3oM, BasoBoe CoaepKaHMe, a TAK)Ke COJAEPKaHUE MOABMXKHBIX (HOpM
TSDKEJIBIX METAVIOB B II0YBE HE 3aBUCENIM OT MPEINOCEBHONM OOpabOTKH CeMsH
UCCIIeIyeMbIMU TIperapaTaMu, a 00yCIOBIUBAINCH UX UCXOJIHBIM COJCPKAHUEM.

B 2017, 2018 roay 6bina n3ydeHa akKyMYJISIIIMSI MEU B MIPOLIECCE OHTOTeHE3a B
3e€HOM Macce W KOpHEIIoJaX CTOJOBOM CBEKJIBI M MOPKOBH, 0OpaOOTaHHBIX
HAHOYACTHIIAMHM MEJIU M oKcuaa Meau (Tabuma 27,28).

Tabmuma 27
Conep>kaHre MeM B PACTEHHSIX CTOJIOBOM CBEKJIBI, MI/KT' BO3IYILITHO - CYXOH Macchl,

(cpemnee 3a 2017-2018 rr)

daza HasBanwne oO0nekTa Yactu Cu, Mr/kr
pocTa u pacTeHHi
pa3BUTHSA
HMcxomgHpie ceMeHa ceMeHa 3,42+0,26
BCXO/IbI KonTtpons POCTKH 3,14+0,18
CroJioBas cBeKJia pOCTKH 3,49+1,12
obpaborana HUCu
0,1 r/xr
CroJioBas cBeKJia pOCTKH 3,62+1,25
obpaborana HU
CuO 0,1 r/kr
obpa3oBa KonTposib JIUCThS 5,41£0,76
Hue 4-5 creOelb
JINCTHEB CrojioBas cBeKJia JIUCThS 5,47+0,53
obpaborana HU cTedennb
Cu 0,1 r/kr
CroJioBas cBeKJia JIUCThS 6,14+1,27
obOpaborana HY cTebenb
CuO 0,1 r/kr
dbopmupo KonTposb JUCThS 3,89+1,14
BaHUE creOelb
KOPHETLIO KOPHEIJIO/ 4,11£0,95
J0B CroJioBas cBeKJia JIUCThS 3,96+1,03
obpaborana HU cTedernb
Cu 0,1 r/kr KOPHEIJI0/ 4,58+1,32
CronoBas cBekIa JINCTHS 4,07+£0,86
obpaborana HY cTebernb
CuO 0,1 r/kr KOPHETLIO] 4,98+1,94
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2017-2018 1)

Tabmnura 28

ConepsxaHue MeI B paCTEHUSX MOPKOBH, MI/KT BO3IyIIIHO-CYXOH MaccChI (CpeIHee 3a

daza HasBanue o0bexTa Yactu Cu, Mr/kr
pocra u pacTeHui
pa3BUTHS
Hcxomapie ceMeHa ceMeHa 2,39+0,65
BCXO/BI KonTpoJib pPOCTKHU 2,07+0,02
MopkoBb POCTKH 2,23+1,71
obpaborana HUCu
0,1 r/xr
MopkoBb POCTKH 2,00+0,40
obpaborana HY
CuO 0,1 r/kr
obOpa3oBa KonTpoib JINCThS 4,70+0,26
Hue 3-4 cTeOeaIb
JINCTHEB MopKkoBb JIUCThS 4,77+1,24
obpaborana HU cTedennb
Cu 0,1 r/kr
MopkoBb JIACTDS 4,69+1,05
obpaborana HU cTedernb
CuO 0,1 r/kr
dbopmupo Kontpons JIUCThS 2,21+0,45
BaHHC cTeOeIb
KOPHEIJIO KOPHEIJIO] 3,46+0,62
JIOB MopKoBb JIUCThS 2,40+0,27
obpaborana HU cTebenn
Cu 0,1 r/kr KOPHEIJIO/ 3,93+0,92
MopxkoBb JIACThS 2,40+0,12
obpaborana HU cTedennb
CuO 0,1 r/kr KOPHEIION 3,26+1,19

IIpy ananu3e pPOCTKOB COAEpKAHUE MEAM B PACTCHHSIX CTOJOBOM CBEKJIBI U

MOPKOBH B KOHTPOJBHOM BapuaHTe coctaBwio 3,14 + 0,18 mr/kr u 2,07 £ 0,02 mr/kr
COOTBETCTBEHHO. [[puMeHeHne ncciaeayeMbIX mpernapaToB He TMOBIHSIIO Ha COJIEp KaHUE
Menu B pacTeHuu. B ¢azy obpazoBanus 4 - 5 TUCTHEB COJIEPKAHUE MEIU B HAA3EMHOM
Macce (JIMCThs, CTeOEb) B KOHTPOJILHOM BapHaHTE COCTaBUJIO JJII CTOJIOBOM CBEKJIBI

5,41 + 0,76 mr/kr, mis mopkoBu 4,70 + 0,26 mr/kr. CoxepkaHue MeIyd B HaJI3€MHOU
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YacTH PAcCTeHHM CTOJIOBOM CBEKJIbI U MOPKOBHM, CEMEHAa KOTOPBIX OBbLIM 00paOOTaHbI
nepes moceBoM HaHouactuiamu mend U HY okcupa menu, ykinaaslBalioch B TUana3oH
norpemrHocTd. B (azy oOpa3oBaHusi KOPHEIJIOJNOB COZEpKaHWE MEIN B HaJI3eMHOMN
YacTH YMEHBIINIIOCH IO CPaBHEHUIO ¢ $a30il 4 - 5 mucTheB. DTO 00BACHACTCS OTTOKOM
4acTU MEAM W3 HAJ3€MHOM 4acTu B KOpHemnonabl. CoaepkaHue MeIu B JIUCTHAX
3aMETHO MPEBBIIIANIO0 KOHTPOJb B (hazy 4 - 5 MUCTHEB, UTO OOBICHIETCS IPUMEHEHUEM
Menbcosepkaliero npemnapara. Ilokasarenu copepkaHusi MeIU HU)KE KOHTPOJBHBIX
yKa3bIBalOT Ha HECTAOMJILHOCTH MOTPEOJICHHUS MeIu pPacTeHHEM MOPKOBH JaXKe MpHU
UCTIOJIb30BaHUH MEbCOAEPIKALIETO Mpernapara.

Takum 0o0pa3oM, Ha TpUMEpPE CTOJIOBOM CBEKIBI U MOPKOBH, MOXXHO CJIIEJaTh
BBIBOJI O TOM, YTO MUKPOJI03bl HAHOYACTHUI HA OCHOBE MEJIU CYIIECTBEHHO HE BIMSIOT
Ha JUHAMUKY 3TOTO0 XMMHYECKOTO 3JIEeMEHTa, HEe HAKaIlIMBAIOTCS BO BPEMs BETETAIHH

paCTeHHﬁ H B II0OYBC.
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BbIBO/bI

1. JTabopaTtopHbIMU UCCJIeIOBAHUSIMU YCTaHOBIICHO, 4TO Ounonoruyeckas
3¢ (HEKTUBHOCTh NEWCTBHSI HAHOYACTHI[ CYNMIECTBEHHO 3aBHCHT OT WX pa3Mepa U
KoHLleHTpanuu. Hanouactuiipl, umeromue pazmep 20 HM MpOosBISIIN OMOJOTUYECKYIO
akTUBHOCTh TIpu KoHIeHTpauusx 0,01 u 0,02 r/kr. He3HauuTenbHOE yBEIUUYCHHE
KOHIICHTPAIIMU TPUBOAUIO K YTHETEHHIO POCTa U Pa3BUTHUS MPOPOCTKOB CEMSH
KOPMOBOM, CTOJIOBOM CBEKJIbI U MOpkoBU. Hanouactuiel pazmepom 30-60 HM
o0Jlajau  BBICOKOW OHMOJIOTUYECKOM AaKTUBHOCTBIO B IIMPOKOM  JUAIa30HE
koHueHtpamuii 0,01 — 10 r1/kr, He BbI3BIBas YrHETEHUS POCTa U PA3BUTUA
npopocTKoB. buonornueckass akTUBHOCTh HaHOYAcTUI[ Meau pazmepoMm 100 HM u
BBIIIIE, HE3aBUCUMO OT HX KOHIIEHTpalud Oblla MEHEE BBIPA)KEHA, HE OKa3bIBas
CYILIECTBEHHOI'O BIMSHUS HA POCT U Pa3BUTUE MTPOPOCTKOB.

2. B ompiTax npu u3ydeHUH ACUCTBUS KOHIEHTpaluii HaHovyacTull B nuamazone 0,01 —
50 r/kr Habmogancs  KoJieOaTeNbHBIM  XapakKTep  MPOSBICHUS  BEIUYMH
MOP(POPU3NOTOTHIECKUX TTOKa3aTeNeH MPOPOCTKOB CeMsH (IPGHEKT «MabIX 103»)
JUIST HAHOYACTHI[ MEIM M OKcuja Menau. buosiormyeckass akTMBHOCTh Haubosee
3aMETHO MPOSBIUIaCh B MHTepBasie KoHueHTpanuit 0,05 — 0,1 r/kxr u 0,5 — 1 1/kT,
npu 3TOM OoJiee BBIpAXKEHHBIM 3P(HEKT CTUMYISIUU Y MPOPOCTKOB OTMEUaJCs B
koHneHTparusax 0,05 — 0,1 r/kr.

3. bormee BBICOKYIO AaKTHBHOCTh Ha HAYaJIbHBIX CTAAUSAX TMPOpAcTaHUs CEeMsH
KOPMOBOM, CTOJIOBOM CBEKJIBI M MOPKOBH MPOSBIISUT HAHOKOMIIO3UT MEMH,
CIOCOOCTBYSI YBEJIIMUCHHUIO DHEPTUM MPOpPACTaHUS M JTA0OPATOPHON BCXOXKECTH, B
3aBUCUMOCTH OT KYyJbTYPhI COOTBETCTBeHHO Ha 21,2 — 28,2%. MaxkcumanbHOe
YBEJIMYEHUE YPHEPTUU MPOPOCTAHUS CEMSH 00eCIIeYnBaId HAHOYACTUIIBI Meau 14,1 —
22,5%, nanouactuup! okcuaa mequ 10,2 —17,5%,.

4. DIEeKTpOHHO-MHUKPOCKONMMWYECKUN aHaldu3 paclpeiesieHUs 3JIEMEHTOB B TKaHSX
MPOPOCTKOB  KOPMOBOM, CTOJIOBOM CBEKJIbl M MOPKOBH, OSKCIOHUPOBAHHOMN
HaHo4yacTUllaMu Meau pasmepoM 30-60 HM B koHneHTpanuu 0,1 1/Kr, HE BBIIBUI B

HUX  COACpIKaHUA  MCOU. HCCJ’IC}IOB&HI/IH MNpOACMOHCTPpUPOBATIM  HM3MCHCHHC
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KOJINYECTBEHHOTO COOTHOIIECHUSI MaKpO- U MUKPORJIIEMEHTOB B IMIPOPOCTKAX, CEMEHA
KOTOPBIX ObUIM 00pabOTaHbl HAHOYACTUIIAMU MEAM, B PE3YJbTATE YEro MPOU30IILIO
MOBBIIIIEHWE OMOMETPHUECKUX IMoKazatene. Hannuue cuneprerndeckux 3¢pdexTon
y MaJIbIX 703 HAHOYACTHI] MeIu K MakpoaseMentam Mg,Na, P, Cl, cmoco6cTBOBaso
YBEJIMUEHUIO COJICPYKAHMSI KaJbllUs B TKaHAX IMPOopocTKoB. OJHAKO, B MPOPOCTKAX
ceMsH, o0pabOTaHHBIX HAHOYACTHUIIAMHU OKCcHJa Meau B KoHmeHTparuu 0,1 r/kr,
HaOJIFOIAJIOCH TIPUCYTCTBUE MEU B HEOOBIINX KOJMYECTBAX, YTO CBUIACTEIHCTBYET
00 UX HAKOTUICHUH B TKAHSIX MPOPOCTKOB.

[IpennoceBHass oOpabOTKa CeMsH KOPMOBOM CBEKJIbI «IDKKEHIOpQCKas >KeaTas»
CyCHeH3Uel HaHOYacTUI] oKcuja meau B KoHueHtpauusx 0,05 r/kr m 0,1 r/kr
OKa3ajla MEHEE BBIPAXXEHHOE BIIMSHUE HAa YPOKaHWHOCTb, IJIE€ POCT COOTBETCTBEHHO
cocraBmn 5,8 - 7,2% u 6,7 — 7,8%, mo orHomeHWI0O K KOHTpoiro. [Ipubarka
YpOKaHOCTH B BapHaHTE C HaHOYACTUIIaMU Meau B KoHIeHTpanuu 0,05 r/kr u 0,1
r/Kr coctaBmia cooTBeTcTBeHHO 11,3 - 14,6% u 14,0 — 16,1%. B onbiTHOM BapuaHTte
C HAHOKOMITO3UTOM MEU YPOKalWHOCTh KOpHEIUI0A0B Obiia Ha 12,1 - 16,4% BeImie
KOHTPOJISI.

B Bapuante ¢ HaHokommno3utoM Menu 0,1 r/Kr B KOpPMOBOM CBEKJIE MAKCUMAJIbHO
YBEIIMYUIIOCH KOJIMYECTBO CyXoro Bemectna Ha 32,5% u caxapos Ha 28,9%.
AKTUBHM3aIMS OMOXMMHUYECKHX IIPOIIECCOB B CEMEHaX CTOJIOBOM CBEKJIBI COpTa
«JleTpolT» Moj BIMSHUEM HaHOYacTUIl Meau B koHIeHTpanusax 0,05 r/kr u 0,1 r/kr
CrocoOCTBOBAJIA YBEIIMUCHHUIO YPOXKAWHOCTH KOPHEIIOAOB COOTBETCTBEHHO Ha 12,4
— 14,3% u 11,4 - 13,8%. I[IpumereHre HAHOKOMIIO3UTA, B T€X K€ KOHIICHTPAIIUSAX,
BBI3BIBAJIO MOBBINIEHUE ypoxkantHocTH Ha 17,5 - 23,7% u 19,8 — 28,4%. B onbiTHOM
BApDUAHTE C HAHOYACTUIAMH OKCHJIa MEIU POCT YPOKAWHOCTU COCTABUJI B
3aBUCUMOCTH OT KOHIeHTpauuu 2,2 — 4,5% nipu 0,05 r/kr u 0,8 — 3,9% npu 0,1 1/kT.
W3MeHeHunst CTPYKTypbl ypoxas IJisi OKCHAAa MEAW COMPOBOXKIAIOCH CHUKEHHEM
CpemaHell MacChl KOPHEIUIOJNOB, OJHAKO KOJIMYECTBO KOPHEILIOAOB OBLIO OOJBINE
koHTpoJist Ha 3,6%. Torma kak, B Bapuante ¢ HK Meau, ormeuanoce yBelndeHue

cpez[Heﬁ MacCChl 1 KOJIMYCCTBA KOPHCILIIOAOB.
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8. IlpenmoceBHasi 00paboTKa CeMsSH MOPKOBU M3Yy4aeMbIMHU IpernapaTaMH BbI3bIBasa
YBEIMYCHHUE YPOKAMHOCTH BO BCEX OIBITHBIX BapWaHTax. Hawmbosee BBICOKHE
npuOaBKy OBUIM TONYYCHBI B ONBITHBIX BapHaHTaX C HAHOKOMIIO3UTOM MEJH,
KoTopble coctaBmm 17,6 — 23,4 %, manowactunamu memu — 12,8-15,7% m
HaHo4JacTUllaMu okcuaa meau — 4,3-12,3%.

9. Ilpu nmpUMEHEHWH HAaHOYACTHUI[] MEIU YBEIMUUIIOCH COJICPKAHHIE CYXOTo BEIIeCTBA B
MopkoBU Ha 17-21%, a mpu KOHTaKTe ¢ HAHOKOMITO3UTOM Ha 15-24%, coxepxanue
kapotuHa Ha 8,9% u 12,6% cooTBeTcTBeHHO, BUTaMuH E yBenmuumiics Ha 16,6% B
BapHaHTE C HAHOYACTUIIAMH ME/IH.

10. TIpoBeneHHBIMH WCCIEIOBAHUS YCTAHOBIICHO, YTO MPEANOCeBHAs 00paboTKa CeMsH
HAHOYACTUIIAMH MEAHM, a TakKe HAHOYACTHIIAMH OKCHJa B MaKCHUMaJIbHOM
koHneHtparuu 0,1 T/Kr, HE OKa3aJM CYMIECTBEHHOTO BIWSHHUS Ha HW3MCHCHHC
MOJBM)KHOCTH TSDKEJIBIX METAJIOB B MTOYBE.

11. VccnenoBanusiMu cofiepKaHusi MEAN B BETETUPYIOIIUX PACTEHUSX CTOJIOBOW CBEKJIBI
1 MOPKOBH, C(DOPMUPOBAHHBIMU U3 CEMsIH, 00pabOTAaHHBIMA HAHOYACTULIAMU MEJU U
OKCHJIa MEIW, HE BBISIBICHO CYIIECTBEHHOTO W3MEHEHUS JOTUX XUMHUYECKHX

9JICMCHTOB B ITPOLESCCEC OHTOICHE3a 110 CPABHCHUIO C KOHTPOJICM.
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ITPUJIOKEHUE 1
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IMPUJIOKEHUE 2

Knnmatnyeckue nokaszarenu Pszanckoii oonactu B 2016 rony

CpenHne 3HaYeHHsl TeMIepaTypbl BoO3AyXa B
0

Psaszanckoii o61actu no mecsiuam B 2016 roay,

Cpennee 3HauYeHHE

C 3a rog, °C
Aus. | ®eBp. |Mapt| Anp. | Maii | Mions | Mions | ABr. | Cenr. | Okr. | Hos6. Jek. 6.3
-10,4| -1,4 | 0,0 | 87 | 143 | 179 20,9 19,8 10,8 4,6 -2,8 -6,6
KonuuyectBo gHeil ocaakoB no mecssuam B Psaizanckoii odacru B 2016 roay, aH. Cpeg:i‘:};ﬁ';r““e
SAuB. | ®eBp. | Maprt | Anp. | Maii | Uons | Hrons | ABr. | Cent. | Okr. | Hos10. [[lex.
10 7 8 7 12 6 11 5 6 2 5 8 !
MecsiuHble CyMMBbI BHINABIINX 0CaAKOB B Psizanckoii o61actu B 2016 rogy, Mm T'opoBas cymma, Mm
Aus. | ®@eBp. | Maprt | Anp. | Maii | Uonb | Hrons | ABr. | Cent. | Okr. | Hos16. [[lek.
88 52 43 40 71 41 86 134 39 13 50 41 o7

KimmmaTtnyeckue nokaszartenu Pszanckoit o6inactu B 2017 roay

. 0
Cpennue 3Ha4eHHs TeMIepaTypsl Bo3ayxa B Pa3anckoii 06aactu no mecsinam B 2017 rogy, C

CpenHee 3HaYeHHe

3a roa, °c
Ans. | ®epp. (Mapt| Anp. | Maii | Mions | Hrons | ABr. | Cent. | Okr. | Hosi0. Hexk. 6.2
84| 54 | 19 | 63 | 115 | 147 179 | 18,9 13,0 4,8 -0,9 -0,4
KonuuyectBo gHeii ocaakos no mecsiuam B Psaszanckoii odsacru B 2017 roay, aH. Cpeg:iﬁ);ﬁ';;f““e
SuB. | ®ep. |Mapt| Anp. | Maii | Mious | Mionb | ABr. | Cenr. | Okr. | Hos0. Hex.
4 9 5 6 5 7 11 3 1 10 5 16 !
MecsiuHble CyMMBbI BBINABIINX 0CaAKOB B Psizanckoii o0s1actu B 2017 rogy, Mm I'opoBasi cymma, MM
SuB. | ®ep. |Mapt| Anp. | Maii | Mions | Mionb | ABr. | Cenr. | Okr. | Hos0. Hex.
36 33 32 | 36 | 52 54 110 75 41 65 66 122 0

KimmmaTtnyeckue nokaszarenu Pszanckoit o6nactu B 2018 romy

CpenHue 3HaYeHUs TeMIepaTypbl Bo3ayxa B Psa3anckoii o6actu no mecsiuam B 2018 roay, °C

CpenHee 3HaueHune

3a roj, °c
SuB. | @eBp. |Mapt| Anp. | Maii | Mions | Mroab | ABr. | Cenr. | Okr. | Hos6. Hex. 6.0
58| -90 | -70| 73 |16,2 | 17,2 20,5 19,6 14,9 6,9 -1,9 -7,1
KoauuecTBo qHeii ocaakoB mo mecsinam B Psazanckoii o6aactu B 2018 roay, aH. Cpez;:ereozl’{;:fmne
SAus. | ®ep. (Mapr| Anp. | Maii | Mions | Uroab | ABr. | Cenr. | Okr. | Hos0. Hexk.
8 5 4 4 4 2 14 3 2 4 1 10 °
MecsiuHble CyMMBbI BINABIINX 0CaAKOB B Psizanckoii o0s1actu B 2018 rogy, Mmm TI'omoBasi cymma, Mm
Aus. | ®ep. (Mapt| Anp. | Maii | Mions | Uroas | ABr. | Cenr. | Okrt. | Hos0. Hek.
38 29 28 51 24 17 85 24 36 47 30 54 3
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ITPUJIO’)KEHHUE 3

Metpuueckue nokazatenu 10-u THEBHBIX TPOPOCTKOB CEMSH MPU B3aUMOACHCTBHUH C

HAHOYACTHUIIAMH MU U oKkcuaa meau, pazmepom 30-60 HM

BapuanTsl, CBekita KopMoBas Cgekuia ctosoBast MopxkoBb
Hnuna Jnuna JlnuHa Hnuna Jnvuna Jnuna
r/KT POCTKOB, KOPEILKOB, POCTKOB, KOPEILKOB, POCTKOB, KOPELIKOB,
Kontpoms | 11,6+0,849 11,0+0,866 10,2+0,775 | 12,3+0,732 9,8+0,540 12,4+0,632
Cu 0,01 11,8+0,849 12,4+0,590* 11,240,587 | 12,540,549 | 10,5+0,835 11,2+0,901
Cu 0,025 | 12,740,849 | 14,0+0,413** | 12,0+0,589 | 12,7+0,568 | 10,8+0,728* | 11,8+0,762
Cu 0,05 13,640,849 14,5+0,638 12,6+0,689 | 13,1+0,593 | 12,6+0,981 14,7+0,878
Cu0,1 13,8+0,849 14,6+0,590 13,0+0,751 | 12,840,550 | 11,741,229 | 14,5+0,563*
Cu 0,5 12,5+0,849 13,5+0,522 12,0+£0,551* | 11,8+0,449 | 12,1+0,961 12,5+1,124
Cu 1,0 13+1,324 13,0+0,663** | 11,240,567 | 12,3+0,548 | 12,3+0,875 11,8+0,800
Cul0 9,8+0,789* 11,2+0,725 9,6+0,884 9,7+0,887 10,5+1,173 9,4+0,762
Cu 25 9,2+0,715 10,2+0,763 9,0+0,725 9,5+0,467 10,240,626 9,0+0,852
Cu 50 7,5+0,644 8,740,487 8,840,645 8,8+0,859 6,2+0,478 7,5+0,578
Cu0O 0,01 | 12,1+0,651 11,8+0,832 11,1+0,738 | 11,6+0,576 | 10,2+0,898* | 11,5+0,668
CuO 0,025 | 12,540,855 12,3+0,637 12,0+0,872* | 12,2+1,274 | 10,6+0,982 11,8+0,652
Cu0O 0,05 | 12,7+1,030 13,2+1,054 11,840,757 | 12,240,996 | 11,4+0,689 12,4+0,818
CuO 0,1 13,0+0,636 13,0+1,239 11,6£0,929 | 12,640,573 | 11,2+0,674 12,6+0,689
CuO 0,5 | 13,5+0,473 12,0+0,814* 10,4+£1,476 | 11,7+0,899 9,840,581 10,1+0,832*
CuO 1,0 | 11,4+0,479 12,0+0,975 8,8+0,545 11,8+0,685 | 10,1+0,913 11,8+0,733
CuO 10 11,0+0,849 10,6+0,812 7,9+0,833 9,2+0,937* 8,740,813 8,0+0,625
CuO 25 7,6+0,748 8,3+0,991* 7,1+0,731 7,2+0,385 6,6+0,535 6,0+1,009
CuO 50 6,8+0,524 7,0+0,669 3,540,441 3,8+0,412* | 2,0+0,288 -
IIpuMeuanue: — JOCTOBEPHbIC Pa3IMuMs 10 CpaBHEHHMIO ¢ KoHTporeM (p < 0,05); ~ — mocToBepHbIE

pas3nn4Ms 1o cpaBHEHUIO ¢ KoHTpoeM (p < 0,01)
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ITPUJIO’)KEHUE 4

Becoseie noka3zarenu 10-u JTHEBHBIX IPOPOCTKOB CEMSH NPH B3aUMOJIEUCTBUH C

HAHOYACTHUIIAMHU MEJIM U OKcHuaa Meau pazmepom 30-60 HM

BapuanTsl Caexia KopMoBas Caekuia cTosioBast MopxkoBb
F/'KF Macca Macca Macca Macca Macca Macca
POCTKOB, T KOPEIIKOB, T POCTKOB, T KOPEIIKOB, T | POCTKOB, T' | KOPEIIKOB,
r
KoHnTposb 0,78+0,110 0,85+0,046 0,075+0,009 0,080+0,013 | 0,81+0,081 | 0,92+0,068
Cu0,01 0,87+0,135 0,85+0,067 0,092+0,018 0,090+0,012 0,90+0,073 1,12+0,113
Cu 0,025 0,93+0,143 0,90+0,105 0,10+0,011%* 0,108+0,007* | 0,95+0,087 1,11+0,052
Cu 0,05 1,0+£0,259* 1,2040,059%* 0,11+0,021%* 0,12+0,010%* 1,124+0,081 | 1,204+0,078%*
Cu0,1 1,2+0,246* 1,11+0, 234%* 0,12+0,012%* 0,11+0,012%* 1,1940,037 | 1,284+0,088*
Cu0,5 0,86+0,115 0,8+0,067 0,08+0,008 0,092+0,009* 0,9+0,124 1,19+0,084*
Culo 0,9+0,268 0,9+0,245 0,102+0,012* 0,09+0,007 1,200,116 | 1,17+0,058%*
Cu 10 0,05+0,026** 0,04+0,009** 0,065+0,006 0,07+0,009 0,90+0,124 1,10+0,105
Cu 25 0,035+0,007** 0,050+0,007** 0,06+0,009* | 0 038+0,006** | 0,79+0,108 | 0,88+0,107
Cub0 - - 0,04+0,006** - 0,75+0,114 | 0,75+0,106*
Cu0 0,01 0,82+0,071 0,80+0,073 0,08+0,008 0,090+0,009 | 0,87+0,094 | 0,90+0,108
CuO 0,025 0,90+0,081 0,85+0,090 0,095+0,011* | 0,085+0,006 | 0,91+0,132 | 0,98+0,121
Cu0 0,05 0,97+0,212* 0,90+0,191 0,08+0,009 0,095+0,010* | 0,92+0,114 | 1,08+0,073*
CuO 0,1 1,01+0,242%* 0,95+0,196* 0,079+0,010 0,09+0,015 0,924+0,038 | 1,10+0,063*
Cu0 0,5 0,95+0,087* 0,92+0,072 0,066+0,008 0,065+0,006* | 0,85+0,110 | 0,99+0,103
CuO 1,0 0,076+0,029%** 0,083+0,011%** 0,07+0,006 0,075+0,016 0,88+0,090 1,05+0,052
CuO 10 0,06+0,012%* 0,03+0,006** 0,05+0,014* 0,068+0,009 | 0,70+0,073 | 0,85+0,090
CuO 25 0,025+0,005** - 0,034+0,010*%* | 0,030+0,007** | 0,68+0,089 | 0,750,095
CuO 50 - - 0,034+0,006** - 0,54+0,079 | 0,52+0,095*
** *
[Ipumeuanue: — JIOCTOBEPHBIE PAa3IMUusl MO0 CpaBHEHUIO ¢ KOoHTpoieM (p < 0,05); T JIOCTOBEpPHBIE

pasnuuusi 1o cpaBHeHUIo ¢ KoHTposieM (p < 0,01)
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HPUJIOXEHHUE S

XHUMHYECKHM COCTaB KOPHCIIJIOAOB KOpMOBOﬁ CBCKIJIbI «9KKGHI[Op(1)CKaSI KeITas»

No |  Bapuant Cyxoe % Cymma % Kk Aot % x
BEIIECTBO, | KOHTPOJIO | CaxapoB OT | KOHTPOJIIO 001w, KOHTPOJI
% CBIPOTO mr/100 T 10
BEILIECTBA,
%
2017 ron
1. | Konrpoms | 11,87+0,04 - 5,92+0,02 - 0,227+0,01 -
2. | HY CuO 12,94+0,01 +9,0 6,03+0,03 +1,8 0,227+0,05 -
0,05 r/kr
3. | HYCuO 12,87+0,04 +8.4 5,97+001 +0,8 0,227+0,02 -
0,1 r/kr
4, HY Cu 13,59+0,01 +14.4 6,82+0,02 +15,2 0,219+0,06 -3,5
0,05 r/kr
5. HUCu 0,1 | 13,34+0,06 +12,3 6,71+0,05 +13,3 0,220+0,03 -3,0
/KT *
6. HK Cu 14,25+0,02 +20,0 7,09+0,06* +19,7 0,218+0,05 -3,9
0,05 r/kr *
7. | HKCu 0,1 | 14,51+0,03 +22.2 7,14+0,04* +20,6 0,218 +£0,02 -39
/KT *
2018 rox
1. | Konrpomp | 11,35+0,04 - 5,46+0,04 - 0,221+0,03 -
2. | HY CuO 12,42+0,01 +9.4 5,93+0,03 +8.,6 0,220+0,02 -0,4
0,05 r/kr
3. | HYCuO 12,58+0,04 +10,8 6,00+001 +9,8 0,220+0,02 -0,4
0,1 r/xr *
4, HY Cu 13,95+0,01 +22.9 6,58+0,02 +20,5 0,213+0,04 -3,6
0,05 r/kr
5. HHCu 0,1 | 13,92+0,06 +22.6 6,71+0,05 +22.8 0,213+0,03 -3,6
r/Kr *
6. HK Cu 14,16+0,02 +24.,7 6,95+0,06* +27,2 0,211+0,02 -4,5
0,05 r/kr *
7. | HKCu 0,1 | 15,05+0,03 +32.,5 7,04+0,04* +28,9 0,211 +0,05 -4,5
r/Kr

[Ipumeyanue: — TOCTOBEPHBIC pa3InyMs 10 CpaBHEHHIO ¢ KoHTpoieM (p < 0,05)
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XUMHUYECKUMN COCTaB KOPHETIJIOA0B CTOJIOBOM CBEKJIBI «JleTponT»

HNPUJIOKEHHE 6

Cymma
Cyxoe % Kk caxapos OT % Kk A3OTU % Kk
Ne | Bapmant | BemecTso, o0mImii,
KOHTpOIHO CBIpOFO KOHTpOHIO KOHTpOHIO
% 0 mr/100 r
BemiecTna, %
2017 roxn
1. | Korrpons | 15,8520,02 - 6.270.01 i 0.256:0,02 i
o, | HICWO 05003 | +8.8 6.56-0,03 146 0.256:0,01 i
0,05 r/kr
3. | HICWO 0 0004 | 499 6714002 7.0 0,253+0,03 1.1
0,1 r/xr
g, | HICu 1 18,58£0.01 1 5, 6.98+0,04 113 | 0.253+0,04 11
0,05 r/xr *
5. | HICu | 1891£0,04 | 144 7.1640,05 1141 | 02522003 1.5
0,1 r/kr *
6. | HRCu 11030002 | 495 7.2940,02% 1162 | 0.253£0,02 1.1
0,05 r/xr
7. | HRCu 1 17.9520.03 1 150 | 7530005+ 1200 | 0251£0,01 1.9
0,1 r/kr *
2018 rox
1. | Korrpons | 14,5820,06 3 6.19+0,03 i 0.253+0,04 i
o, | HICWO | 535000 | +51 6.32+0,05 2.1 0,2530,03 i
0,05 r/kr
3. | HICUO 556008 | +67 6,55+0,07 5.8 0.251-0,02 0.7
0,1 r/kr
g4 | HICu | 1682£0.06 | 404 7.18+0,03 1159 | 0248003 1.9
0,05 r/kr *
5. | HIiCu [ 17412004 1 49, 7.4740,02 1206 | 02472005 2.3
0,1 r/xr *
6. | HKCu | co0i002 | +151 | 7.86:0,04% 1269 | 0245004 3.1
0,05 r/kr
7| g Cu IR0 y0g | gssso07+ | w273 | PR 5y

*
[Ipumeyanue: — IOCTOBEPHBIC pa3InYus M0 CpaBHEHHIO ¢ KoHTposeM (p < 0,05)
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INPUJIOKEHHUE 7

Coz:ep;xaHHe BHTAMHUHOB B KOPHCIIIIOAAX CTOJIOBOM CBEKJIBI ((I[GTpOI?IT»

Copepxanue | % K Conepxanue % x Conepxanue o
% K KOH-
Ne | Bapuant | ButamuHa C, | KOH- KapOTHHA, KOH- putamuHa E, TPOIIO
mr/100 r TPOJTIO mr/100 r TPOJTIO mr/100 r p
2017 ron
1. | Koutpons | 9,22+0,06 - 0,0076 +0,002 - 0,094 + 0,003 -
2. HY CuO 9,24+0,04 - 0,0074+0,0003 -2,6 0,094+0,002 -
0,05 r/kr
3. H(;{lcrl/ll?r 9,81+0,01 +6,5 | 0,0087+0,0004* | +14,4 0,092 + 0,004 -2,1
4. HY Cu 9,57+0,02 +3,3 | 0,0082+0,0005* | +7,8 0,096+0,003 +2,1
0,05 r/kr
HY Cu
5. 0.1 Lkr 9,93+0,03 +7,6 | 0,0091+0,0007* | +19,7 0,102 +0,007 +8,5
HK Cu
6. 10,54+0,05* | +14,1 | 0,0092+0,0001* | +21,0 0,099 + 0,005 +5,3
0,05 r/kr
HK Cu * % *
7. 0.1 Lkr 10,62+0,04 +15,2 | 0,0096+0,0003 +26,3 0,104+0,005 +10,6
2018 rog
1. | Kontpons | 9,78+0,03 - 0,0084+0,0005 - 0,088 +£ 0,001 -
o | HACUO 19051002 | +1,0 | 0,0086:0,0003 | +2.3 | 0,089£0,004 | +1,1
0,05 r/xr
3. | TECUO 1 9965004 | +2.0 | 0,009120.0002% | 483 | 00900002 | 422
HY Cu
4. 10,35+0,06 +6,1 | 0,0095+0,0005* | +13,0 0,093+0,002 +5,6
0,05 r/kr
HY Cu
5. 0.1 t/xr 10,51+0,03* +8,2 0,0102+0,0006 | +21,4 0,095 £0,005 +7,9
HK Cu
6. 10,94+0,04 | +12,3 | 0,0101+£0,0002* | +20,2 | 0,101 £ 0,007* +14,7
0,05 r/kr
HK Cu
7. 0.1 t/xr 10,72+0,02* | +10,3 | 0,0101£0,0005* | +20,2 0,103+0,006* +17,0

[IprMeuanue: — JOCTOBEPHBIE PA3IHUHs 110 CpaBHEHHIO ¢ KoHTpoieM (p < 0,05)
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HNPUJIOXXEHHUE 8

XHUMHMYECKHUHN COCTaB KOPHCIIJIOAOB MOPKOBH «HanTtckas 4»

Cymma
V)
Cyxoe Yo K caxapos OT %« A30Tv 0% «
Ne | Bapuant o, | KOHTpOII CBIPOTO o0mImii,
BeIIeCTBO, % KOHTPOJIIO KOHTPOJIIO
0 BEIECTBA, mr/100 r
%
2017 ron
1. | Kontpoan 11,13+0,02 - 7,02+0,04 - 0,215+0,02 -
2. HY CuO 11,06+0,04 -0,6 6,98+0,06 -0,5 0,215+0,03 -
0,05 r/kr
HY CuO
3. e 11,19+0,03 +0,5 7,14+003 +1,7 0,215+0,02% -
0,1 r/xr
4. HT Cu 12,74+0,02* +14,4 7,89+0,05 +12,3 0,209+0,04 -2,3
0,05 r/kr ’ ’ ’ ’
HY Cu 0,1
5. ) Y 12,65+0,06 +13,6 7,73+0,06 +10,1 0,210+0,02 -2,3
r/Kr
6. HK Cu 12,91+0,03* +15,9 7,91+0,02* +12,6 0,209+0,05 -2,7
0,05 r/xr i ’ ’
7. HKF(/:I?FO’I 13,07+0,06* +17,4 7,99+0,04* +13,8 0,206 +0,03 -41
2018 rox
1. | Kontpomns 10,67+0,05 - 6,34+0,04 - 0,212+0,03 -
o | HICUO 1 1s001 | +69 | 6.58£0,06 137 | 02108002 | -09
0,05 r/kr
HY CuO
3. 4 11,83+0,02 +10,3 6,82+003 +7.,5 0,208+0,05 -1,8
0,1 r/kr
4. H' Cu 12,95+0,04* +21,3 7,64+0,05 +20,5 0,201+0,06 -5,1
0,05 r/kr
HY Cu 0,1
5. y 12,57+0,03* +17,8 7,29+0,06* +14,9 0,206+0,04 -2,8
/KT
6. HK Cu 12,23+0,05 +14,6 7,18+0,02 +13,2 0,206+0,05 -2,8
0,05 r/kr
7. HKISKuFO,l 13,25+0,03* +24,1 7,95+0,04* +25.3 0,198 +0,02 -6,6

[Ipumeyanue: — TOCTOBEPHBIC pa3InYHs M0 CpaBHEHHIO ¢ KoHTposeM (p < 0,05)
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HNPHUJIOKEHHE 9

COI[ep)KaHI/IC BUTaAMHHOB B MOPKOBH «Hantckas 4»

ConepxaHue

% K

Conepxanue

% K

Conepxxanue

% K KOH-
Ne | Bapuanr | puramuna C, | KOH- KapoTuHa, KOH- BuTaMuHa E, TPOJIIO
mr/100 r TPOITIO mr/100 ¢ TPOJIIO mr/100 T p
2017 rox
1. | Kourpoms | 5,21+0,01 - 0,17+0,03 § 0,44+ 0,03 -
5 HY CuO 5.5340,03 +6,1 6,46+0,02 +4,7 0,44+0,02 .
0,05 r/kr
3. HY CuO 5.9240,05 +13.,6 6,54+0,04 +5,9 0,45+ 0,02 +2,2
0,1 r/xr
n HY Cu 5,0440,02* +14,0 6.81+0,05* +10,3 0,48+0,01 +9,0
0,05 r/kr
5. qui?ro’l 6,12£0,03 | +17,4 | 683x0,07 | +106 | 0490,07* | +113
6. HK Cu 5.870,05 +12.6 6,72+0,01 +8,9 0,47 + 0,05 +6,8
0,05 r/kr
7. [ HECUOL 60610045 | 4163 | 6955003 | 4126 | 048:005* | 490
2018 rox
1. | Kontpons | 5,53%0,01 - 5,94+0,01 - 0,42+ 0,04
HY CuO
2. 5,90£0,03 | +72 | 5,99+0,04 +0,8 0,410,03 2.3
0,05 r/kr
3. HY CuO 6,0840,05 +9,0 6,0120,02 +1,1 0,43 +£0,02 +7,1
0,1 r/xr
, | HiCu 6214002 | +12.7 | 6.12+0,04 3.0 0,47+0,05 +11,9
0,05 r/kr
5. qu(/fro’l 6,74£0,3* | 4218 | 646+0,03* | +87 | 048+0,03* | +14.2
6. | HKCU | 6550005 | +181 | 6232006 +4,8 0,47 £0,05* +11,9
0,05 r/kr
7. HKF?I?FO’I 6,61£0,04* | +20,0 | 6,58+0,07* +10,7 0,48+0,04* +14.2

*
[Ipumeyanue: — TOCTOBEPHBIC pa3InYHs M0 CpaBHEHHIO ¢ KoHTposeM (p < 0,05)
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