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NEKUMU

OCHOBHbIE ABUOTUYECKUE ®AKTOPbI, UCNOJIb3YEMDbIE A/14 YNPAB/IEHUA
NPOAYKTUBHOCTbIO Y PACTEHUMN

0. B. YHECHOKOB

®rEHY «AepocpusuyecKkuli Hay4yHo-uccaedo08amenbCcKuli UHCMumymby,
TpaxcoaHckuli np., 0.14, 2. CaHkm-lemepbype, Poccus

E-mail: yuv_chesnokov@agrophys.ru

OgHMM M3 OCHOBHbIX BOMPOCOB COBPEMEHHON arpoPusnKM ABNAETCA: YBeNAnYeHue
NPOAYKTUBHOCTU CENbCKOXO3AMCTBEHHbIX KY/bTYP M YCTaHOBAEHWE MEXaHU3MOB yrNpaBieHUs elo.
MpoAYKLUMOHHbIM NPOLLECC PAaCTEHMN 3aBUCUT HE TONIbKO OT NaHAWadTHO-KANMATUYECKNX GaKTOPOB
M 3aMacoB 3/1EMEHTOB MMUHEpPA/IbHOrO NUTaHMA PacTeHMn B noyse (MAM KopHeobuTaemol cpeae),
HO TaKXe M OT PM3MONOrnMYeckMx 0CObeHHOCTEeN KOHKPETHOM CeNbCKOXO3AMCTBEHHOWM KY/bTypbl.
OfHWM N3 OCHOBHbIX HanpasaeHU B 061aCTh perynaumm ypoxamnHoCTU ABNAETCA BbIACHEHWE TOYEK
NPUNOXKEHUA OTAENbHbIX PaKTOPOB, OrPAHUYMBAOLLMX NPOAYKLMOHHbIN npouecc. Takne TOYKM
NPUNOXKEHUA MOTYT ObiTb KaK HA MONEKYNAPHO-TEHETUYECKOM, MONEKYNAPHO-GU3NONOTUYECKOM,
TaK M Ha OPraHM3IMEHHOM YPOBHE, Y4YWUTbIBAsA CUMHEPreTUKY CBOMCTB pacTeHuit. lMpu 3Tom
BO34ENCTBME HA MPOAYKUMOHHbIMA NPOLLECC A0MKHO ObiTb MHOXECTBEHHbIM — MO BO3MOXHOCTU
HanpaB/fieHHbIM HA MAKCMMaNbHOE KOAMYEeCTBO AUMUTUPYOWMX ¢akTopoB. [pu 3tom nog,
NMMUTUPYOWMM GaKTOPOM MOHMMALIOT Ntob0ol 3KoNornYecknin GakTop (Hanpumep, TemnepaTypa,
CBET, BNAXKHOCTb, NUTaTe/IbHble BELLECTBA), KOTOPbIN OrPaHNYMBAET KU3HEAEATENbHOCTb, POCT UK
pa3MHOXKeHMe OpraHn3mMa, TaK KaK ero 3HauyeHue BbIXOANT 3a Npeaenbl ONTMManbHOro AMana3oHa
(ero cAMWKOM Mano UAM CAULLKOM MHOTO). 3aKOH MUHUMYMA JInbuxa rnacut, YTo Aarke ecnu Bce
HeobxoaMMble pecypcbl HAXOAATCA B M306MAUKN, POCT U BbI)KMBAHME OPraHM3Ma 3aBUCAT OT TOro
pecypca, KOTopbl NPUCYTCTBYET B MMHMMANbHOM KOM4YecTBe. 3aKOH TonepaHTHOCTH Llendopaa
AONONHAET KOHLEMLMIO TEM, YTO OFPaHMYNBATb KU3HEeAeATEeIbHOCTb MOXKET HE TO/IbKO He4,0CTaTOK,
HO M M36bITOK ¢aKTopa (Hanpumep, CAULWIKOM fAPKOe CONHUE WAn rybutenbHaa apa). Tak,
Hanpumep, GOTOCUHTE3 onpeaenseT TOoT GaKT, YTo, eCIn PacTeHMIO XBATAeT BOAbl U YrNEKUCNOro
rasa, Ho He XBaTaeT CO/IHEYHOro CBeTa, MMEHHO CBET CTAaHOBUTCA IMMUTUPYLOWMM paKTopom Ans
BbIPabOTKM KMcnopoaa. B cenbCKom x03AMCTBE CKONbKO Obl YyA06pPEeHUI Bbl HU BHOCUMAM B NOYBY,
YpO’Kalh He BblpacTeT Bbllle OnpeaeneHHOro YPOBHA, €CNM PaAacTeHUAM KPUTUYECKU He XBaTaeT
Bnarn. B gaHHOmM cnyyvae Boga ABASETCA NMMUTUpPYOWMM dakTopom. Yem nosHee co3paércs
KomnaeKkc 61aronpuaTHbIX AN POCTa U Pa3BUTUA PacTeHUI YCIOBMIA, TEM Bbile ByaeT yporKai.
PaKTUYECKM NPOAYKTUBHOCTb CENbCKOXO3AMCTBEHHbIX Ky/AbTyp — pe3ynbTaT MX CyL,ecTBOBaHMA B
KOHKPETHbIX MOYBEHHO-KNIMMATUYECKUX YCNOBUAX.

MpoAyKUMOHHbIM MNPOLLECCOM PACTEHUIM, MOMKHO YNPaBAATb C MOMOLLBbD HECKOAbKUX
OCHOBHbIX BMAOB abnoTMyeckux GaKTOpoB BHELIHEN cpeabl, KOTOpble NoApa3AenArTca Ha ABa
OCHOBHbIX Knacca — pusnyeckme n xsmummnyeckme (puc. 1).
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KNACCbI ®AKTOPOB
YMPAB/IEHWUA CUCTEMOM
«PACTEHUE — OKPYXAIOLLLAA CPEAA»

PUINYECKHUE XUMWYECKUE

PucyHoK 1. OcHOBHble BUAblI abnoTuyecknx GpakTopoB BHELLHEN cpeabl

dusnyeckune GpakTopbl — NEPBbIM BaKHbIN KNacc GaKTOPOB PeryampoBaHus NPoayKLNOHHOTO
npouecca y pacTeHuin (puc.2). 9To — cucTema onpeaeneHHbix ¢usnyeckux ¢aKTopoB U
MEpPOMNPUATUIA, LeNeHanpPaB/NeHHbIX Ha Cco34aHue W noagep’kaHue 6naronpusTHoro Aana
KY/ZIbTYPHbIX PacTeHMIA BOAHOMO, TEMI0BOr0 M BO34YLWHO-CBETOBOIO PEXMMOB, a TaKKe Tpebyemon
aKTMBHOCTU NOYB AW CybCTPaTOB.

PUSUHECKME PAKTOPBI YINPABJIEHWUA
NPOAYKTUBHOCTbIO ¥ PACTEHUM

//\

YC/10BUA NONA YCNOBWA TENAKULbI, CBETOKV/IBTYPbI
ArpomenvopatueHbie | ArpoTexHuyeckme OCBemeHHe " ] C 6CTpaT
MEPONPUATUA T MeponpuATUA \
TMApOMENNOpaTMBHbIE | KynbTypTexHuueckue
MeponpuATUA — E She Db Temnepatypa < » BnaxHocTtb

PucyHoK 2. dusnyeckme Gpaktopbl ynpaBaeHMa NPoayKTUBHOCTbIO Y PacTeHWUM

MpyY MHTEHCUPUKALMKN CENBCKOTO X03AKCTBa 61aronpuaATHbIE YCNOBUA AN POCTa U Pa3BUTUSA
KYZIbTYPHbIX PacTEHWUIN, NOMUMO MeXaHMYeCKo 06paboTKM, MOryT CO34aBaTbCA C MOMOLLbIO APYrnX
NPUEMOB PEryIMPOBaHMA BOAHOIO, TEN/IOBOIO M ra30BOro PeXMMOB NoyB. Mpy 3TOM, MHTEHCUBHaSA
MexaHuyeckaa o06paboTKa NaxoTHbIX 3eMesib 3a4acTylo MNPUBOAUT K MNOYBOPA3PYLLAIOLMM
npoueccam, MNoO3TOMy B HacToAwee BpemA obuwen TeHAEHUMEN 3emnedenuns ABNSAETCA
MWUHUMM3ALMA GU3MYECKOTO BO3AENCTBMA Ha NoYBbl. [0 CUX NOP OCTAIOTCA aKTya/ibHbIMU NPUEMBI
N3MEHEHNA MUHEPANOTMUYECKOTO U FPaHYIOMETPUYECKOrO COCTAaBOB MOYB: NECKOBAHUE TAXKENDbIX U
rMMHOBAHME NErknx noys. be3s COMHeHWA, NoYBbl C BOAOMNPOYHOM CTPYKTypol — Haubonee
6naronpuATHbI ANA POCTa U PasBUTUA pacTeHuit. OCTPYKTypMBaHME MOYB NOBbIWAET BOAO- U
BO34YyXONPOHMLAEMOCTb. [na 3TOro B CBOE BPEMSA LIMPOKO MCMNONb30BaANUCh ChneuuanbHble
BeLLEeCTBa — UCKYCCTBEHHbIE U CUHTETUYECKME CTPYKTYypoobpasosaTenu.
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Ewé oaHum npuémom BO3AENCTBMA Ha GUM3MYECKMe CBOMCTBA MO4YB  ABASETCS
MynbunpoBaHue. [aHHbIA NPUEM yMeHbLUAeT MCMapeHue BAarn M3 MOouYBbl, NpenoTBpalLaeT
KOpKoobpasoBaHWe, neperpes NOYBbl 1ETOM M MPOMEP3aHNE 3MMOM, COXPAHAET PbIXJI0CTb MOYBbI,
CHUXKAEeT KONMYECTBO COPHbIX PAcTeHUM M npoume HebnaronpusaTHble GaKTOpPbl BO3AENCTBUA HA
noyBy u pacteHuma. Hanpumep, akagemuk A. ®. Modde B 1930-x rogax NpoLLNOro BeKa Npesnoxun
MCNONb30BaTb ANA 3TUX CUHTETMYECKME TNNEHKM, npefoTBpallalome pasBuUTUE  COPHOM
PacTUTENbHOCTM U NOBblWatoWwmMe TemnepaTypbl noys [1]. YayyweHne Tenno-, BOAO-, BO3AYLWHbIX
CBOWCTB NOYB 61aroTBOPHO BAMAET M HA AaKTUBHOCTb NOYBEHHbIX OPraHNU3MOB, YTO TaKXKe ABAAETCA
ele ogHUM bnaronpuATHbIM GpaKTOPOM arpodPpuanyeckoro Bo3fencTBuA.

B ycnoBuAx Tenauubl KOHTPOAMPOBATL YAy4ylleHWe Tensio-, BOAO-, BO3AYLIHbIX CBOWMCTB
OKpy»KatoLer cpeabl U NOTOMY YNPaBAATb NPOAYKTUBHOCTbLIO Y CE/IbCKOXO3AMCTBEHHbIX PAaCTEHUI U
noys ygobHee. B CTPOro KOHTPO/AMPYEMbIX YCIOBUAX CBETOKY/IbTYPbl KOHTPOJMPOBATb POCT U
pa3BUTUE paCTEHU MOXKHO 6onee 3PPEKTUBHO M PYHKLUMOHANbHEE, @ NOTOMY YMNpaBAATb
NPOAYKTUBHOCTbIO Y CENbCKOXO3AWCTBEHHbLIX PACTEHUM B CTPOrO KOHTPOAMPYEMbIX YCAOBUAX
MOXHO Bosiee AENCTBEHHO YeM B yCN0BUAX Tenauubl U, Tem 6onee, yem B ycnosuax nond. Mog
PYKOBOACTBOM aKagemuKa Poccenbxosakagemuu, AOKTOpa cC.-X. Hayk E.W. EpmakoBa 6biin
pa3paboTaHbl NPUHLMMbI GU3MYECKOrO MOAENMPOBAHMA arpO3KOCUCTEM U METOL0N0TUMN CO34aHUA
COBEpPLUEHHbIX PeryampyembliX arpoIKOCUCTEM B 3aKPbITbIX MOMELLEHUAX HA NAOLWAAAX NOpPAAKa
350 M2 1 6osiee, NO3BONAKOWMX NPOBOAUTL PEryavpyemoe ynpasieHne MpPOoAyKTUBHOCTbIO Y
pacteHuit [2]. OcHOBHOe [JOCTOMHCTBO [aHHOM CUCTEMbl 3aKNO4aeTCcs B  BO3MOMKHOCTM
LeneHanpaBAeHHO N3MEHATb KAKON-TO OA4MH UM HECKO/IbKO onpeaeneHHbIX Gusnyeckmx, pusmko-
XUMUYECKMX U/UNU XUMUYECKUX GaKTOPOB BHELUHEN cpeabl, BO3LENCTBYIOWMX Ha PacTeHus B
cUCTEME  «TeHOTWUM-cpeaa», NpuM MNOMHOW HEU3MEHHOCTM OCTasibHbIX abuoTUYecKux u/wmam
spaduyecknx GakTopoB OKpyKatowen cpeabl [3, 4], yero HMKaK Henb3a AOO6UTbCA, Hanpumep, B
ycnosuax Tenauvupl wuam Tem 6onee B ycnosuax nona. B ArpodusmMyeckom  HayyHo-
nccnefoBaTeNbCKOM MHCTUTYTE NOJ PYKOBOACTBOM 3aBeaytowero OTgenom cBetodmsmonorum
pacTeHnin n 6MonNpPoAYKTUBHOCTU arposkocMcTem KaHaugaTta 6uon. Hayk . 1. MaHoBoM cospaH
YCOBEPLUEHCTBOBAHHbIA  arpobUONONUIOH  MHTEHCUBHbLIX  KPYTOrOAMYHbIX — MCCNef0BaHUi,
OCHALLEHHbIK  MWKPOKAMMATUYECKMM 0bopyaoBaHMEM U pa3paboTaHHbIMKU B UHCTUTYTE
OPUIMHANIbHLIMW  BEreTauMOHHO-061y4aTeNbHbIMM  CUCTEMAMW  BblPaLLMBAHMA Pa3HOObpPa3HbIX
KynbTyp, pa3paboTaHa MeToa010rMa MOAENNPOBAHMA arpO3KOCUCTEMbI B PETYIMPYEMbIX YCNOBUSAX,
a TaKXe Hay4YHO-TEXHUYECKMEe OCHOBbl pPeryJiMpoBaHMA M ONTUMM3ALMU NPOAYKLMOHHbBIM
npoueccom y pacteHui [5, 6].

Ewe opgHMm Knaccom ¢aKTopoB, WMCMOAb3yeMbIX ANA YNpaBAeHUA NPOAYKTUBHOCTbIO Yy
pacTeHUI, ABNAIOTCA XMMMYecKme daKTopsbl (puc. 3).

XUMWUYECKUE ®AKTOPbBI YNPAB/IEHUSA
NPOAYKTUBHOCTbBIO Y PACTEHUIA

i ("

XUMMWYECKAA MENTUOPALMA ‘ MWHEPA/TIbHbIE YOOBPEHUA

XUMMYECKAA 3ALLUTA PACTEHUA ‘

PucyHoK 3. Xummnyeckme dpakTopbl ynpaBieHUsa NPoAYKTUBHOCTbIO Y pacTEHU
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Xvmunyeckme ¢akTopbl — 3TO CUCTEMA MEpPONpPUATUIA, HanpaB/ieHHAA Ha peryanmpoBaHue
NPOAYKTUBHOCTU CENbCKOXO3ANCTBEHHbIX PAaCcTEHMN MOCPEeACTBOM XMMM3AUUM — BOCMOJIHEHUA
3aMacoB 31EMEHTOB MUHEPA/IbHOTO MUTAHUA PAaCTEHWUI B NOYBE, HEKOPHEBbLIX NOAKOPMOK MaKpo- U
MWKPO3/IeMEHTaMU, PEryIMPOBAHMUA KMCAOTHOTO M CONEBOrO PEXMMA MOYB, A TAKXKe C MOMOLLbIO
NPUMEHEHNA XMMUYECKUX CPeacTB 3aWuTbl pacTeHnin. OCHOBHOe Yycuave 3emiefenbues
HanpaB/ieHO Ha CO34aHMe B NOYBE HEOHOXOAMMOTrO KOAMYECTBA U NPONOPLMOHANBHOCTU OCHOBHbIX
WAW  MaKpo3neMeHToB nuTaHua: d¢ocdopa, Kanma W asoTa (TaK HaA3biBAEMOrOo  MaKpo
NPOM3BOACTBEHHOrO MNOTEHLMAaNa), YTO AOCTUraeTcs BHECEHMEM B MOYBY COOTBETCTBYHOLLMX
yOoobpeHun, Jalle BCEro MWHepasbHbIX. Peryanpya nocrtynneHne MWHepanbHbIX BELLECTB B
pacTeHus, Takke cnegyeT NOMHUTb, YTO HEAOCTATOK OAHOIO U3 MAKPO3/1IEMEHTOB MOXKET NPUBECTU
K HaKOMJEHWIO B MOYBE APYroro, YTO, KOHEYHO Ke, 3aTPYAHUT KOPPEKLMIO OCHOBHbIX 3/1EMEHTOB
NUTAHWA B MOYBE U, KaK CNeAcCTBMe, YNpaBiAeHWe MNPOAYKTUBHOCTbIO Yy pacTeHui. Konuuectso
noTpebnaembIX pacTEHUAMM KU3HEHHO HEOBXOAMMbBIX 3/1EMEHTOB ONpeaenfaeTca Ux AOCTYNHbIMU
dbopmamu B NOYBEHHOM PACTBOPE, A YC/IOBUA MNOCTYNEHUA 3TUX 3/IEMEHTOB 3aBUCAT OT KUC/IOTHOTO
M CONEBOTO pPeXnMoB. Mo3ToMy peryanpoBaHue NocaegHUX — BaXKHbIA arpoTEXHUYECKUIA NpUém. B
HacToALWee BpeMa A1A PaLMOHANbHOIO UCNOb30BAHUA MUHEPA/IbHbBIX YA06peHUit ncnonb3yerca
TOYHOE WK Npeun3MOoHHOe 3emaeaenve. ITOT NOAX0A C NMOMOLLbI COBPEMEHHOMN 3NEKTPOHHOM
TEXHWKW NO3BOAAET A03MPOBAaHHO BHOCUTb B NOYBY MUHEpanbHble yaobpeHMA B 3aBUCMMOCTU OT
cogepkaHna NPK B TOM MAM MHOM arpoXMMUYECKOM KOHTYpPE Ce/IbCKOXO3ANCTBEHHbIX yrogui. Ha
CEerOAHAWHUA A€Hb, MOXHO C YBEPEHHOCTbIO KOHCTAaTMPOBATb, YTO MyTb YNpaB/ieHuWA
NPOAYKTUBHOCTbIO Y CENbCKOXO3AWCTBEHHbIX PACTEHUMA MNOCPEACTBOM XMMMUYECKMX (aKTopoB
BO34,eMCTBMA NONHOCTbIO PEaIM30BaH B MPOMbILIJIEHHOM CE/IbCKOM X03AMCTBE.

CylLecTBylOT [ABe OCHOBHble KOHUENUMW, MNpu3BaHHble CNacTM 4YenoBe4ecTBO OT
9KONOTMYECKOro M NPOAOBOILCTBEHHOIO KPM3MCA, @ UMEHHO: YCTOMYMBOIO Pa3BUTUA CENbCKOTO
X03ANCTBA M NOBCEMECTHOE BHeApPeHWe B Ce/ibCKOe XO03AWCTBO pPe3yNbTaTOB U  MeTOAOB
a[anTMBHOrO pacTeHMeBOACTBA. [lepBadA CMCTeMa OCHOBaHa Ha TPaAAMLMOHHbLIX cnocobax
pacTeHMEeBOACTBA, BTOpPAaA — Ha MHHOBALMOHHbLIX NoaxoAax, Tpebyowmx a[anbHenwero
NCCNefoBaHUA TEHETUYECKUX PEeCypCoB PACTEHWUM, a TaKKe LWMPOKOro NPUMEHEeHMA MeTOA0B
6uonormnyeckoro perynnmposaHuma NPOAYKTUBHOCTH Ce/IbCKOX03ANCTBEHHbIX KYNbTyp.
Buonorunyeckoe perysiMpoBaHMe MOXKHO ONpPeaenTb Kak COBOKYNMHOCTb PUINUECKUX, XMMUYECKUX,
6rnodmsnyecknx M PU3NKO-XMMUYECKUX MEPONPUATUIA, HaMpPaB/iEHHbIX HA BOCCTAHOB/EHME
TpodMYECKOM CUCTEMbI «MNOYBa — pacTeHWe — [EeWUCTBEHHbIA Cnor atmocdepbl», OAHO U3
3¢ EKTMBHbIX HaNpPaBAEHM yNpPaBAEeHUA NPOAYKUNOHHbBIM NPOLLECCOM pacTeHUn. buonormyeckoe
perynnpoBaHme 3a CYET UCNONb30BAHUA COBOKYMHOCTU PpU3MYECKMX, arpodm3nyeckmnx n Gusmnko-
XMMUYECKMX METOA0B HanpaB/eHHOro BO34eNcTBMA Ha 6MON0rMI0 pacTeHMM NO3BOASAET HE TO/IbKO
AONONHUTE/IbHO MOBbICUTb  YPOXKAMHOCTb  KYNbTYPHbIX PACTEHUMA C  YAYYLWEHMEM KadecTsa
noay4aemon NpoAyKLMU, HO U YBEINYNUTb COXPAHHOCTb BblpaLLLEHHOrO ypoKas. Mo cywecTsy — aTo
HOBbIA — arpodu3MyecKkuit War afanTMBHOTO pPACTEHMEBOACTBA, PA3BMBAOWMA a4anNTUBHOE
3emnegenve.

MeToanonorma 6MONOrMYEcKOro peryiMpoBaHMA ONUPAETCA Ha CAeAylolme TPU KYEBbIX
nonoxenua: (1) NpoAyKLMOHHBIN Npouecc pacTeHUA B 3HAUYUTE/IbHOM CTeneHW onpeaenserca
CKOPOCTbIO NepeaBUKEHUA NUTATE/IbHbIX BELLECTB U3 KOPHA B INCTbA, U U3 INCTbEB B KOPEHb. MNpwu
5TOM B OCHOBE TPAHCMOPTa HYTPUEHTOB B TPOdOCUCTEME «MOYBA — PACTEHMEN NIEKAT OCMOTUYECKME
MexaHu3mbl; (2) ogHUM 13 nyTen, obecneymBatoWwmMX TPAHCNOPT NUTATENIbHbIX BELLECTB B BbICLUMX
pacTeHUsAX, ABNAETCA e4MHAA CUCTEMA NPOTONNACTOB PAaCTUTEbHbIX KNETOK, 06beAMHEHHbIX B O4HO
LLeloe MHOFOUYUCIEHHbIMM MNa3MOIEMMaMM, YTO MNO3BOJIAET PAaCTEHUAM NOMNOWATL NUTATe/IbHble
BELLECTBA HE TO/IbKO KOPHAMM, HO U AUCTbAMMU; (3) 3enéHble cocyauCcTble PacTeHUA CNOCOOHbI
nornowaTb U ycBaMBaTb OPraHWYecKkne coeguHeHuA. MIMeHHO Mo3TOMy 3enéHble CoCyamcTble
pPacTeHMA MOXHO pPacCMaTpMBaTb KAk  (aKy/NbTaTMBHble reTepoTpodHble OpraHM3Mbl C



C60pHMK Tpyaos Il LUKoibl mosiogpix arpodm3nKkos «IHeprua passutua arpodpusmnkmn» (IPA)
CaHKT-lMeTepbypr, 17-18 ceHTabpa 2026 .

CUMOBMOHTHBIM NULLEBAPEHNEM U CUMOUOHTHBIM NUTAHWMEM. Hanpumep, B pacTUTENbHON KNneTke
NPUCYTCTBYIOT KaK «aBTOTPOJHbIE» OpraHOMAbl (X10pOonaacTbl — OTBEYAOT 32 POTOCUHTES), TaK U
«reTepoTpodHbIe» (MUTOXOHAPUM — OTBEYALOT 33 BbIPAOOTKY IHEPIrUM B KNETKE).

Cyw,ecTBeHHbIM MOMEHTOM PYHKLMOHMPOBAHUA CUCTEMBI «MOYBA — PAcTEHME» ABAAETCA TO,
yTO B npouecce BMONOrMYECKOro KPyroBopoTa COeaMHEHUN 31eMEHTOB, HEODXOANMBIX KUBbIM
CyLLecTBaM, NPOUCXOAUT KPYroBOPOT OPraHMYECKUX MONEKY/l, MHOFOKPATHO WMCMOJ/Ib3yeMbIX Ha
Pa3IMYHbBIX MULLEBbLIX YPOBHAX CUCTEMbI. Beayuiyto posb B 3TOM mnpouecce UrpatoT ryMUHOBbIE
BELLEeCTBA MOYBbl, ABAAACL OAHMM M3 OCHOBHbIX 3BEHbEB (QYHKLMOHWPOBAHMA 3IKOJOrMYECKMX
cuctem.  BosgeinctBne Ha  meTabonmM3am  pacTeHU  pacTBOpPamMuM  FYMUHOBbIX — BELLECTB,
MOANPULMPOBAHHBIX COEANHEHUAMW MUKPOINEMEHTOB, — MHOMXECTBEHHOE, MU OHO MO3BOAAET
pacTeHUAM peann3oBaTb CBOU pe3epBHble QYHKLMK, 3 TAKKe YBENUUYUTb YCTOMYMBOCTb NMOCEBOB K
HebnaronpuATHbIM ycnoBUAM 1 BonesHAM.

Takum o06pasom, MmeToabl YynpaBAeHUA NPOAYKTUBHOCTbIO Yy pPaCTEHU MNOCpeacTBOM
dU3NYECKMX U XMMMYECKMX GaKTOPOB BO3AENCTBUA, CO34a0T HEObX0aMMbIe YCI0BUA ANA POCTa U
Pa3BUTUA pacTeHUI, brarogapsa Yemy 3aKkNagblBatoT GyYHAAMEHT ynpaBaeHUA NPOAYKTUBHOCTLIO Y
CeNIbCKOXO3AWCTBEHHbIX  Ky/NbTyp, 3acTaBiAA  pacTeHMA  nocpeactsom  6uMonormyeckoro
PerynMpoBaHMA MpoOABAATb CBOM pe3epBHble QYHKLMM, M Tem camMbiM, CNOCO6CTBYHOT
[ONO/IHATEIbHOMY MOBbILLIEHMIO YPOXKAA U YYULLIEHUIO KayecTBa NONy4aemMoi pacTeHNEBOAYECKON
NPOAYKLMMW.
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PETYTUPYEMASA ATPO3KOCUCTEMA KAK HEOTBbEMJ/IEMAA YACTb HAYHYHOTO OBECINEYEHUA
BbICOKO3®PEKTUBHOIO EE3OMNACHOIO KOHTPO/IMPYEMOTO U YCTOMYNBOIO
CE/IbCKOXO3ANCTBEHHOIO NPOU3BOACTBA

.. MAHOBA?, O. P. YOANNOBAL, E. B. KAHALLY, H. . CUHABUHA?L, M. B. APXUMNOB?,

T. 3. KYJIEWWOBA?, I'. B. MUPCKAS?Y, A. C. TANYLLKO?Y, E. H. BO/IKOBA?, 10. B. XOMAKOB!,
H. C. MPUATKUHL, A. C. XXYPABJIEBA!, A. M. APTEMbEBA?, 0. B. YECHOKOB!

1OreHY «Azpogpusuyeckuli HayyHo-uccnedosamensbckuli uHcmumym», CaHkm-llemepbype;
2Or6HY ®UL| BUP umeHu H. Y. Basunosa, CaHkm-lemepbypa

HeyKNOHHbIA POCT YNCNEHHOCTU HACENEeHMA Ha Hallel NaaHeTe B COBPEMEHHbIX YCA0BUAX
b6ecnpeueneHTHbIX BbI30BOB (3KOHOMUYECKUI KPU3UC, USMEHEHUA KIMMaTa, KPM3UC rnobanbHbIX
TeHAEHUMM NpMpPoAONONb30BaHUA) WM B3aMMOCBA3aHHOE C 3TMM 060CTpeHue npobaembl
obecneyeHunn ero NnpPoAoOBONLCTBMEM B HEOOXOAMMbIX AN5 KU3HeAeATeIbHOCTM ob6bemax TpebyroT
B TOM YMCNe N NPUBAEYEHUA HAYYHO-TEXHMYECKOTO MOTEHUMaNa ONA ee pelleHus, B YacTHOCTU:
YCKOPEHHOro CO34aHMA afanTUPOBAHHbIX K PEerMoHam BblpalMBaHMA COPTOB U rmbpuaos
CENbCKOXO3ANCTBEHHbIX KYyAbTyp, MOZEPHMU3ALMWU  CYLLECTBYIOWMX W pa3paboTKM  HOBbIX
MacwTabupyemblx TEXHUKO-TEXHONOTMYECKUX CUCTEM MPOWU3BOACTBA PACTUTENBHOM MPOAYKLMM,
OTAMYAIOWMNXCA  CYWEeCTBEHHO 6Gonee  BbICOKON  3GGEKTUBHOCTbIO, MAACTUYHOCTbIO U
H6e3onacHoCTblO. [lOCTUXKEHME YKA3aHHbIX Lenel CTaHOBUTCA BO3MOXHbIM TO/IbKO NMPU HAaANYMK
3HAHWI O B3aMMOCBA3AHHbIX Mpoueccax obMmeHa NOTOKaMKM BeLLecTBa U 3HepPrum, ocobeHHoCTAX
B3aMMOLENCTBMA HA YPOBHE TeHOTUM-CPena B arpo3KOCUCTEMAX, YTO OOBEKTMBHO M Hambonee
MHGOPMATMBHO NPU GU3NYECKOM MOAENMPOBAHMM NOCNAEAHUX B PErYINPYEMbIX YCNOBUAX, MHAYe B
perynnpyemont arposakocucteme (PASC) [1,2]. Bnarogaps BO3MOXHOCTU KPYrAorogmMyHoro
WHTEHCMBHOIO BbIPALLMBAHMA PACTEHUN MNPU LUMPOKOM BAPbMPOBAHUM CBETO-TEMMEPATYPHbIX
ycnosuii, spgaduyeckmux ¢GakTopoB B peryinpyemoit arposkocMcTeme BO3MOMHA TOYHAA OLEHKa
peakumm pacTteHuin (CywlecTBylOWMX W BMepBble CO34aBaeMbiX COPTOB) HA TEXHOMOTUM,
NPUMEHsiIeMble B COBPEMEHHbIX CUCTEMAX 3eMiefenusa, U co3gaHue BblCOKOIPPEKTUBHbIX ANA
KOHKPETHOro perMoHa Bo3AenbiBaHUA CUCTEM COPT- TexHonorua. OcobeHHOo BaXKHO To, 4To B PASC
MOYHO M30aBUTbCA OT CYLLECTBYIOLLErO B €CTECTBEHHbIX YCNOBMUAX BAMAHUA «IKONOTMYECKUX
LYMOBY», 3HAYMTENIbHO CHUXKAA 3KONOMMYECKYIO COCTaBAAIOLLYIO PEeHOTUNMYECKOM aMucnepcumn. 1o
nossonset 6osee YeTKO MAEHTUPULMPOBATbL CBOMCTBA reHOTUNa No ¢peHoTmny [3—6].

3HauYUTEeNbHbIA MHTEPEC B MUPE K MOAENMPOBAHMUIO arpPo- U 3KOCUCTEM B COOPYKEHMUAX C
peryampyembiMM YCNOBUSAMM CBA3aH CO CTPEMJIEHMEM Ha OCHOBE 3KCNepuUMeHTaNbHbIX
nccnefoBaHUM MO3HATb CLEHApUM BO3MOXKHOIO pPas3BuUTMA OMOChepHbIX MNPOLLEeCCOB B 3MOXY
TeXHoreHesa, 04HaKO Ha CeroAHALWHUIA AeHb OKa3a/10Cb HEBO3MOXHO Yy4YecTb BCe MHOroobpasue
b6rochepHbIX NPOL,ECCOB U ABNEHUI, 0COOEHHO B TaKMX TPYAHOYNPaBAAEMbIX BUOKOCHbIX cUCTEMaXx
Kak no4Bbl M NoyBonoaobHble obpasoBaHmAa [2]. CNoKHOCTb GOPMMUPOBAHMA PeELLEHUA BONPOCOB
MHOTrOMEepHOM ONTUMM3ALLMKN COCTABA U CBOMCTB KOPHEOOUTaeMOM, CBETOBOM M BO3AYLUHON cpeapl
ANA  BblpalLMBAEMbIX  CE/IbCKOXO3AMCTBEHHbIX  KynbTyp obycnoBneHa Tem, 4TO  3TO
MHOTOKOMMOHEHTHAA 3afaya C HECKO/NIbKMMU NepeMeHHbIMM, 3aBUCALWMMM OT 3343aBAEMbIX
ycnosuii 1 GpM3MoNornyeckmx ocobeHHocTen BblpaLMBAEMOro copTta, rmbpuaa, AMHUKM, Gopmbl,
reHotMna. Bcneactsme 3TOro M Apyrux He A0 KOHUA YYTEHHbIX MPOLLEeccoB He 0H6O0CHOBaHbI
ONTUMainbHble TEXHONOTMM MNPOM3BOACTBA PACTUTENIbHOM MNPOAYKUMM U B COBPEMEHHbIX
pactuTenbHblx ¢abpukax, cutudepmax U Ap., rAe pacTeHUs BbIPaLLMBAKOTCA B MaKCMMa/lbHO
KOHTPOMPYEMbIX YC/NIOBUAX MNPU MNOJAHOCTbIO MCKYCCTBEHHOM OCBELLEHWMW, U UMEETCA MHOro
BO3MOXHOCTEN ANA YNYYLEHMA U COBEPLUEHCTBOBAHUA NPOM3BOACTBEHHOrO npouecca B HuX [7].
370 OTpaKkaeTcA HeraTMBHbIM 06pa3om Ha peHTabenbHOCTN NPON3BOACTBA B TakMX pabpurKax [8].



C60pHMK Tpyaos Il LUKoibl mosiogpix arpodm3nKkos «IHeprua passutua arpodpusmnkmn» (IPA)
CaHKT-lMeTepbypr, 17-18 ceHTabpa 2026 .

B cBA3M C 3TMM uUCCNepoBaHWA, HaMpaB/ieHHble Ha pelleHMe BOMPOCOB MHOTOMEpPHOWM
onTMMM3auMmn cpelbl OOUTAHMA PACTEHUIA U TEXHONIOTUI MX BbIPALLMBAHUA ONA NPOM3BOACTBA
BbICOKMX YPO)KaeB KauyeCTBEHHOM pPacTUTENIbHOM MPOAYKUMM, ABAAKOTCA BeCbMa aKTya/lbHbIMMU.
Pe3ynbTaTbl yNOMAHYTbIX MCCNEL0BAHUI MO3BONAT B YC/0BMAX 3aLUULLEHHOTO FPYHTA 3aMeETHO
CHU3UTb cebecToMmocTb eaMHULbI Npoaykummn [9-11].

OpHako W3 cBefeHun, NpPeAcTaBNEHHbIX B AuTepaType, ciefdyeT, 4TO B OCHOBHOM
nccnepoBaTenn yaAeNnalT BHUMaHME BOMPOCAM COBEPLUEHCTBOBAHMA OAHOW M3 cpep, (CBETOBOW,
KOpHeoOUTaeMon WAM  BO3AYLWHOW) ANA  poOCTa, Pa3BUTUA  PaACTeHWUM, peanus3aumm  ux
NPOAYKUMOHHOro noteHumana [12-15], u He Mcnonb3yeTcs CUCTEMHbLIN NOAXOA MHOrOMEPHOM
onTMMmusaumun. Tak, B nuTepaType NoAYEepKMBAETCA, YTO BOMPOCbl POPMMPOBAHMA CNeKTpa M
WHTEHCMBHOCTN (GOTOCUHTETUYECKM aKTMBHOW paanaumnmn (PAP) B nNpoAyKUMOHHOM npouecce
pacTeHMM Ha pasHbIX 3Tanax WX BereTaumu, U3yvyeHUA BO3MOXKHOCTEM MCMO/Ib30BAHMA CBETA
Pa3HOro CNeKTPasibHOro COCTaBa B OPraHW3auMM HanpaBAeHHOro OGMOCMHTE3a OMONOrMYEecKM
LEHHbIX COEAVMHEHWI PA3/IMYHOrO Ha3HaAYeHUA OCTAKTCA MANOU3YYEeHHbIMM U  BecbMa
aKTyanbHbiMUK. [pU 3TOM BaKHbIM acCneKTOM WCCNefOoBaHUN ABNAETCA NOUCK M 0OOCHOBaHWe
BO3MOXHOCTU CHWMMKEHMA 3aTpaT 3/EKTPO3HEPIMM Ha eaAMHMUY NPOU3BOAMMON MNPOAYKLUM,
KOTOpble Npu peanunsaumm MHTEHCUBHOW CBETOKY/IbTYPbI cocTasnAtoT bonee 40% [11, 16-21].

B oTHOWeEHMN KopHeobUTaeMol cpeabl Ha CEroAHAWHUMA AeHb cyuwecTBytoT 6onee 1000
COCTAaBOB MNUTATENbHbIX pPacTBOPOB ANA BblpalWMBaHUA  PACTEHUN, HECKONAbKO CUCTEM
KYNbTUBMPOBAHMUA PacTEHUN U MeToAoB obecneyeHUs KOPHEBbIX CUCTEM 31€MEHTAMMU NUTaHWUA.
Kaxkaplh mMmeeT CBOM [AOCTOMHCTBA M HepocTtaTku [2]. Bbibop Toro wam wmHoro cnocoba
dbopmmpoBaHMA KOopHeobuTaemol cpeabl 4YacTo B 6Oonbliert cTeneHM onpeaensetca
3KOHOMMYECKoM LenecoobpasHocTbio. A BblpallMBaHUA No BbIBpaHHOM Hanbonee sSKOHOMUYHOM
TEXHOMOMMM MNPOU3BOACTBA BELETCA CENEKUMA OBOLLHbIX KynbTyp, MNPOAYKUMA KOTOPbIX MO
BKYCOBbIM XapaKTEPUCTUKAM U BUOXMMUYECKOMY COCTaBY CYLLECTBEHHO OTIMYAETCA B XYALUYH
CTOPOHY NO CPABHEHMUIO C NPOAYKUMEN OBOLLHbIX KY/bTYyp, MPONU3BOANMOM B OTKPbITOM FPyHTE B
OXHbIX PErmMoHax.

B ®IBHY A®U co aHA ero co3gaHus UCMOb3YEeTCs CUCTEMHbIMA NOAXOA K PelleHnio 3a4a4m
obecneyeHna CcTabuNbHOrO MNOMYYEHUA BbLICOKMX YPOXKAEB KAYECTBEHHOM pacTUTENbHOM
NPOAYKUMMK, BKAOYAA pa3paboTKy MeTonoB, NMPUMEMOB M TEXHUYECKMX YCTPOMCTB KOHTPOAA M
ONTUMM3aLMN CBETOBOM, KOpHeobuTaemMon W BO3AYWHOW cpeabl U U3YyYEeHUEe BAUAHUA WX
napameTpoB Ha OU3MONOTMYECKOEe COCTOAHME PaCTEHWN, MEeXaHU3Mbl U 3aKOHOMEPHOCTU WX
B3aMMOLENCTBMA C coNyTCTBYtOWEeN BUOTON 1 cpefon obUTaHMA, a TaKKe arpo-, buo- n reHeTUKo-
CeNeKUNOHHbIe TEXHONOTMM NOoBblWeHUA 3GGEKTUBHOCTU NPOAYKLMOHHOIO NpoLecca pacTeHuin B
peryanpyembix yCNOBUAX MHTEHCMBHOWM CBETOKYNbTYpbI [3, 22—-26].

[na peannsaumnmn cMCTEMHOro Noaxoaa B pa3paboTke MeToL0B ONTUMM3ALUM YCIOBUIM Cpeabl
0buTaHuA pacteHmin 8 PrEHY ADU co3pgaH M NOCTOAHHO YCOBEPLUEHCTBYETCA, MOAEPHU3NPYETCA B
COOTBETCTBMW C HOBbIMM 3HAHUAMMU U CBEAEHUAMM B 061aCTU CBETOTEXHMKU U cBETOPU3MONOTUM
pacTeHui, arpodumsnkun, arpobmonorumn, n T. 4. arpobUONOANUIOH C PEryANpPyeMbIMU YCIOBUSAMMU,
npeacTaBAAlOWMIA cOBOM KOMMAEKC nomelleHui obuwein naowagblo 450 M2, OCHALLLEeHHbIN
CUCTEMAMM KOHTPONSA W  Perynsumm  MUKPOKAMMaTa WU paspabotaHHbim B OIBHY APU
OpPUTMHANbHbIM BereTaumoHHo-061y4aTeNbHbIM obopypoBaHnem pasnnYHoro T™MNa,
NO3BONAIOWMM BblpalLMBaTb Pa3HOODOpa3Hbie MO rabutycy M BeNMUYMHE pacTeHUA, a TaKkKe
annapaTypou oA AUCTAaHLMOHHOM M KOHTAaKTHOM ANArHOCTUKMN UX GU3MONOTMYECKOTO COCTOAHMA Ha
NPOTAKEHUM OHTOreHesa.

BereTaunmoHHo-obny4YaTeNbHOe 060pyAOBaHME — aBTOMATM3MPOBAHHblE BereTauMoHHbIe
CBETOYCTAHOBKW, B KOTOPbIX BOMJIOWEHbI OPUIMHANbHble MeToAbl U Npuembl GOPMUPOBAHUA
CBETOBOW, KOpHEOOUTaeMon cpeabl PAacTEHUI C BO3MOMKHOCTbIO BapbMPOBAHUA 3HAYEHUAMU UX
napameTpoB [AnsA nNoBblWeHNA 3OPEKTUBHOCTN peanusaumn MNpPOAYKUMOHHOrO MNOTeHuMana

9
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pacTeHUN NPU MAKCUMA/IbHO BO3MOMKHOM CHWMMKEHWW 3aTPAT PecypcoB WM 3HEPruu Ha eguHuuy
nNPoOu3BOAMMOM NpoAyKuMW. BeretaumoHHo-obnyvyaTenbHoe ob6opyaoBaHWe npeacTaBAeHO
OAHOAPYCHbIMM M MHOTOAPYCHbIMW YCTPOMCTBAMM PA3NIMYHOIO TUMNA, BKAKOYAA YHWKANIbHYIO
PU3OTPOHHYO TEXHUKY ONA NPUMKUIHEHHOTO UCCAEA0BaHUA POCTa M PA3BUTUA KOPHEBbIX CUCTEM
pacTeHUi. B TeyeHWe roga Ha BereTaLMOHHbIX CBETOYCTAHOBKAX BMOMOAMIOHA C peryampyembiMm
YCNOBUAMU MOXKHO CHUMaTb 6—7 ypoxaeB orypua; 4—5 — Tomata; 4 — ApOBbIX 3€PHOBbIX KYy/bTYp;
12—-24 — canaTa, KanycTHbIX U APYrMx AMCToCcTEBENIbHBIX U INCTOBLIX OBOLLHbLIX KYAbTYp W, TaKUM
obpasom, ObICTPO NOAYy4aTb BOCMPOM3BOAMMYIO OOCTOBEPHYD WMHPOPMAUUIO O BAUAHUMK
nccnepgyemoro GakTopa(oB) Ha pPacTeEHMSA, a TaKXKe IKCMEPUMEHTANIbHO OLEHMBATb 3GPEKTUBHOCTb
NPUMeHeHUsA pa3pabaTbiBaemblX TEXHOMOMMI, arpoTEXHUYECKUX MNPUEMOB W CPeAcTB npu
KYZIbTUBMPOBAHUM pacTeHnit B 61aronpuATHbIX U CTPeccoBblx ycnosuax [3, 22—-26]. Pu3oTpoH —
aBTOMATU3NPOBAHHOE BereTaLMoOHHO-06y4aTenbHoe obopyaoBaHWe, npefHasHayeHHoe AnA
BblpalliMBaHUA PacTeHUIA Ha BEPTUKa/IbHOM MOPUCTON TOHKOC/IOMHOW KopHeobuTaemon cpeae ¢
LUeNblo UCCNefoBaHUA POCTa U Pa3BUTUA KOPHEBbIX CMCTEM HA MPOTAXEHWW BCEro OHTOreHesa
PacTeHUI, MNOMNOWEHNA MMU NUTATE/IbHbIX BELWLECTB, MWCCAeAOBaHMA MWUKPOOBMOTUYECKOrO
KOMnaeKkca B pu3oniaHe W pusochepe pacTeHMM, a TaKKe Ana nposegeHuna ¢dusmonoro-
HUOXMMMNYECKUX UCCNEAOBAHUN U U3YYEHUA peakLMU pPacTeHUM Ha BO3LENCTBUE Pa3/IMYHbIX
¢dakTopos [24, 25]. PU30OTPOHHaAA TEXHWKA MpeacTaBneHa Ha 6GMONOAUIOHEe PU3OTPOHaAMM ABYX
Tmnos POCT-4M n POCT-4CM [25].

ArpobuonoNnroH  MHTEHCUBHbIX  MCCNefOBaHWWA, Takum  obpasom, obecneuymBaet
NPOXOXAEHME YCKOPEHHbIMM Temnamu pas3paboTkm oT nNabopaTopHOro YPOBHA K YPOBHIO
MCNbITAHUIN B NONEBbIX YCI0BUAX NPU CYLLECTBEHHOM COKPALLEHUN MATepUanbHbIX U BPEMEHHbIX
pacxof0B Ha AOCTUMKEHWE UCKOMOTO pesynbTaTta. [onyyeHHble 3HAHWMA Ha arpobMonoauroHe o
3aKOHOMEPHOCTAX M MeXaHW3Max B3aUMOAEWCTBMA pacTeEHU CcO cpefon obuTaHuAa B
perynmpyemblix YCA0BUSAX NOCYKUAM OCHOBOW AnA GOpMUPOBaHMA NpeacTaBNeHUn O TOM, Kakan
AO/MKHA BbITb YHUKANbHAA HAYYHO-TEXHOIOTMYECcKaa MHOPACTPYKTYpa B Peryampyemblx yC0BUAX
ANA peannsaumm CUCTEMbI KCOPT-TEXHOJIOTUA» MO CO3AaHWMI0 HOBbIX JIOKA/JIbHO a4anTUPOBaHHbIX
bopm, NMHUI U COPTOB C WCMNONb30BAaHMEM COBPEMEHHbIX METOL0B TeHOTUNUPOBAHMA U
$beHOTUNMpPOBAHUA OPraHM3MOB, FEHOMHOWM U MapKep-BCMOMOraTe/IbHOM CeNeKUUM; MPAaKTUYECKOro
NONYYEHUA JIMHUIA W COPTOB CENIEKTUBHbLIX KY/bTYp C KOMMJIEKCOM XO3AMCTBEHHO-LLEHHbIX
NPWU3HAKOB, a4aNTUPOBAHHbIX AN UCMO/Ib30BAHUA B JIOKA/IbHbIX YCNOBUAX C BbIXOAOM Ha HOBble
TEXHONOTMM  HaMpPaB/NIEHHOrO  Y/Ay4YWeHUA CTPEeCcCOYCTOMYMBOCTM  pPACTEHUMMA W MNOAyvYeHuA
PacTUTENbHON  MPOAYKUMM  BbICOKOFO  KayecTBa € 33ZaHHbIMM  PYHKUMOHANBbHBIMU
XapPaKTepPUCTUKAMMN NOCPeACTBOM NPUMEHEHWUA CO3LAHHbIX BbICOKOIPDEKTUBHbBIX U IKONOTMYECKN
H6e3onacHbIX NpenapaToB Ha OCHOBE KPEMHE30/IbHbIX U YINePOAHbIX CTPYKTYP.

Takum o06pa3om, WMCNoONb30BaHME PEryINPYEMON arpo3KOCUCTEMbI C BO3MOMKHOCTAMM
d13MYECKOro MOAEeNMPOBaHUA U U3YyYeHMA AEeNCTBUSA onpeaeneHHoro (bix) ¢aktopa (oB) Ha
pacTeHUsa MNpPU HaxXOXAEHWW OCTaNbHbIX GAKTOPOB B 6AaronpuATHLIX 3HAYEHUAX, CUCTEMHOrO
nogxoAa K onTMMM3auuu yCNOBUIN cpeabl ANA BblPALLMBAEMbIX KyAbTyp C y4ETOM MX FeHEeTUKO-
¢dun3nonornyecknx ocobeHHocTet no3sBosmnao 6bl ONepaTMBHO CO3A4aBaTb, MCMbITbIBATL W
COBEpLEHCTBOBATb HOBble MOTEHLUMANbHO MNepCrneKTUBHbIe CPeacTBa, MeToApbl, TEXHONOrUW,
obecneuymBatowme noBsblleHne abdeKTMBHOCTH n 9KOJIOrnYecKom 6e3onacHocTH
Ce/IbCKOX03ANCTBEHHOrO MNPOM3BOACTBA, a TaKXKe YAOBNETBOPUTb MNOTPEBHOCTb YCKOPEHHOM
CeneKkLMmM 3a CYEeT COKpalleHuA BaBoe (40 4-5 neT) CPOKOB CO34aHUA HOBbIX IMHWUA U COPTOB NO
CPaBHEHUIO C TPAAUUMOHHOW CeneKkumenm B OTKPbITOM FPYHTE M 3HAYUTENbHOTO YMEHbLUEeHUA
obbema npopabaTbiBaEMOro CeneKkuMoOHHOro MmaTepuana BCAeacTBMe 6AaronpuUATHOCTU WU
BbIPOBHEHHOCTM YC/I0BMI BblpaLLMBaHMA PacTeHUI, a TaKKe bonee yeTkoro noabopa poamTeNnbCKUX
nap no NpuHUMNy 61aronpUATHOrO B3aMMOAOMNOIHEHUA NO CENEKTUPYEMbIM NPU3HAKaAM.
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CMEKTP JIABOPATOPHbIX METOZI0B OLLEHKWU AHTUOKCUOAHTHOIO CTATYCA PACTEHUIA

0. B. XOMAKOB
®rEHY «Aepogpusuueckuli HayyHo-uccaedosamenvckuli uHcmumym», CaHkm-llemepbype
E-mail: himlabafi@yandex.ru

NcTopnA BO3HUMKHOBEHMUA KM3HM Ha NaaHeTe 3eMNA Havyanacb C MOABNEHWA aHA3POOBHbIX
OPraHM3moB, KOTOpble He HY)AA/MCb B ra3006pa3HOM KUCAOPOAE, XOTA OHW €ro ecTecCTBEHHO
BK/ILOYA/IN B CBOW COCTaB HapAa4y C yrnepoAom, BOAOPOAOM M a3oToM. Isontouma GoTocmHTesa
NPEeMMYLLECTBEHHO Yy CUHe3eseHbIX Bogopocnei (unmaHobakTepuii) npueena K ux cnocobHocTH
npUMepHo 2,5 mapa. NeT Ha3az noraowas sHepruio ConHua pacwennaTb BOAY M NONyYaTb BOAOPOS,
B KauecTBe BOCCTAaHOBUTENA B METAaBOIMYECKMX NPOLLECCAX U MONEKYNAPHBIM KMcaopoa,. NockonbKy
3TOT Mpouecc NPoOUcxoamn B BOAHOW cpene, 3HAYMTeNbHAA 4acTb KMCNOPOAA OKasblBanacb He B
aTmocdepe, a B3aMMOLeNCcTBOBaNa C PA3/IMYHbIMU MeTannamu, cynbduaamm meTannos, MOHaAMMU
ABYXBAJIEHTHOrO ’Kenesa, npuMBoAA K 0OPA30BaHUIO pPa3INYHBIX pPyd M MWUHEPanNoB, 4TO
noATBEPXKAAETCA COBPEMEHHbIMU TE€0IOTMYECKMMMU U TEOXPOHONOTMYECKMMWU UCCAEA0BAHUAMM.
JIMwb nocne 3TOro MONEKYNAPHLIN KUCAOPOA CTa/N HAKan/aMBaTbCA B aTtmochepe 3emnu.
HakonneHune razoobpasHoro knucnopoga 8 atmochepe, ceobogHOro KMcAoposa B BOAHOM cpese
npuseno K runbenn 3HAYMTENbHOM YACTM aHA3POOBHbIX OpraHM3moB. BbiKKMAM aHaspobbl,
3aKkpenuswKeca B 6eCKMCNOPOAHbIX Cpeaax Uam Te, KoTopble cTanu asapobamu, nepecTpouns CBOM
meTabonn3m nopg, peakumm aspobHOro AbixaHUA U BbipaboTaBlIME 3aWMTHbIE OT PaspyLUatoLLEro
AencTBns KNcnopoaa mexaHmsmol [1, 2].

B uenom noasneHne MONEKYAAPHOrO KMCAOPOAA MMENO M MMeeT Ba)KHOe 3HayeHue AnA
XM3HM Ha 3emne. Bo-nepsbix, B cTpatochepe copmMmpoBancs O30HOBLIN CNAON, 3alumLLAOWLLMIA
NOBEPXHOCTb Hawel nnaHeTbl oT YO-C paanaummn (anekTpomarHutHble BoOJIHbI 100-280 HMm),
rybuTenbHOM ANA *KUBbIX OPraHM3MOB. ITO NO3BONIO NOCTENEHHO }KNUBbIM OPraHNM3MOM 3aCeNnTb
Cywy, BbINgA U3 BOAHOM cpeabl.

Bo-BTOpbIX, NOABMBLINICA CBOBOAHbBIA KUCAOPOL MPUBEN K OKUCAEHUIO TOKCUMYHBIX ANA
YKMBbIX OPraHM3MOB MOHOB ABYXBAJIEHTHOTO ene3a B MMpPOBOM OKeaHe U OCa*KAEHUIO ero B BuAe
HepacTBOPMMbIX COeAMHEHWI TPEXBA/ZIEHTHOrO ene3a. B KakoW-TO cTeneHW 3Ta peakuma
3aliMLLaNa U CaMM OpraHM3Mbl OT M36bITKa BbIAENAIOLLENOCA KMCA0POAA.

BoikmBwKMe opraHu3mbl A  3PPeKTMBHOM  BbIpabOTKM  XMMUYECKOM 3Heprum C
MCNONb30BAaHMEM OpPraHUYECKUX CcoeanHeHU CcHOPMMPOBANM COBPEMEHHBIA AblXaTeNbHbIN
MeTabonun3Mm, rae KUCAopos ABNAETCA KOHEYHbIM aKLLEeNTOPOM 3NEKTPOHOB B PYHKLMOHMpPYIOLLEN
3N1EeKTPOH-TPAHCNOPTHOM Lenn (okncantTenbHoe GochopuanpoBaHue).

[OnnTenbHbIV NPOLLECC 3BONIOLMM KUBbIX OPraHn3moB GopmupoBan y HUX pasHoobpasHble
3aWMTHbIE MEexaHM3Mbl ele [0 CBA3bIBAHMA KWUCIOPOJA PaACTBOPEHHbIMM B BOAe
BOCCTAaHOBUTENIAMM U NOABNEHMA O30HOBOrO C/OA.

OnacHOCTb BbICOKMX YPOBHEW CBOHOAHOIO KNCNOPOAA AR KUBbIX OPraHM3MOB OnpeaenaeTcs
HanM4MeM TaK Ha3blBaeMblX aKTUBHbIX popm Kucnopoga (APK), 3HaunTeNbHAA YacTb M3 KOTOPbIX
ABNAETCA CBOOOAHBIMU PagMKanaMn 1 onpeaenaeT pa3BUTUE OKUCIUTENBHOTO CTpecca.

Cam Kucnopog B 06bIYHOM TPUNAETHOM COCTOAHUMN CNOCOBEH OKUCNATL P, COeAUHEHUIN, HO
Hanbonblyl0 OMNACHOCTb NPEeACTaBAAT Takue ero GOopMbl, KaK CUHIIETHbIN  KUCA0POA,
CynepoKcua-paanKkan, Nepokcua-pagmkan m mx nNpoToHMpoBaHHble ¢opmbl. CywiecTByeT Takke
MHOXECTBO aKTUBHbIX GOpPM KUCNOpOoAa B BUAE OpPraHUYeckux CcBoOOAHbLIX PagMKanos,
GOYHKUMOHUPYIOWMX B KMBbIX OPraHM3max npu BO3HWUKHOBEHWM OKUC/IUTENbHOrO CTpecca.
AKTUBHble dopmbl KMCnopoaa GOpPMUPYIOTCA KaK CMOHTAaHHO, TakKM B pe3y/ibTaTe MpoLeccoB
boTOCUHTESA, AbIXaHUA, CBA3AHbI C PabOTON OKCUA0PEAYKTa3 N AaXKe HEKOTOPbIX aHTUOKCUOAHTOB.
Kak npaBuno akTMBHbIM popMam KMCIOPOLa NPUNUCHIBAIOT /INLb HEFAaTUBHYIO PO/ib, CBA3AHHYIO C
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OKUC/IEHNEM HEHACbILLEHHbIX OPraHNYEeCKUX COeANHEHWUI, pa3pyLleHMEM OPraHUYECKUX MOJIEKYN
He codepXKalmx ABOWMHbIX U TPOMHbIX CBA3EN (BeNKWU, HYKNeoTuabl, yriesombl), YTO NPUBOAUT K
06pa30BaHMI0 TOKCUMYHbIX MNPOAYKTOB, PaA3pyWeHU0 MeMbpaH, HapyweHuto meTabonmsma,
BO3HWKHOBEHWIO MyTALUM, MPUBOAA B KOHEYHOM CYETE K CTaPEHMUIO U TMBENn KNeToK 1 OPraHnM3moB
B uenom.[2, 3, 4].

CoBpemeHHble NPeacTaBNeHUA O POSIM AKTUBHbBIX GOPM KMCNOPOAA B KMBbIX OpPraHM3max
OTBOAAT MM He TOJIbKO HEeraTMBHYIO POJib, HO U BblAENAOT 3BONOLMOHHO cPOpMMpPOBaBLLEECA UX
yyacTue B peryiaumm pocta U pa3Butma pacteHnin, opMmmnMpoBaHMM CUrHANbHbIX CUCTEM, 3aLLUTE OT
NaToreHoB, 3aWuTe OT MeXaHWYeCKUX MoBpexKaeHuMu(paH), pas3BuUTUM anonTtosa (BHe3anHoOWM
KNETOYHOM CMepTH) B Ka4ecTBe 3aLLMTHOIO MeXaHM3Ma.

B 3BOMOUMM KMBbIX OpPraHM3MOB ANA NPOTUBOAENCTBMA OKUCAUTENIbBHOMY CTpeccy
BblpaboTaNINCb Pa3/IMYHbIE CUCTEMbI 3aLLUTDI:

— OKUC/IUTENIbHO-BOCCTAaHOBUTEIbHbIE  depMeHTbl  (OKCKMAOpeayKTasbl)
nepokcnaasbl, CynepoKcMaamMCcmyTasbl, F1yTaTUOHPeAyKTasbl U Ap.;

— HU3KOMOJIEKYNAPHbIE aHTUMOKCMAAHTbI — ¢dnaBoHoMAabl, ackopbuHoBaAa Kucnota, SH-
coeauHeHus, YOUXMHOH, KapoTMHOUAbI, BUTamuHbl A, E, Kn gp.;

— MaKpoMoneKynspHble HepepmeHTHble coegMHeHnA — 6eNKn-NepeHOCYNKM Kenesa u ap.

Mo mexaHW3Mam AeNCTBUA NPUHATO BblAENATb NEPBUYHbIE U BTOPUYHbBIE aHTUOKCUAAHTDI.

MepBuyHble AO ABNAOTCA AOHOPOM 3/11€KTPOHOB M aTOMOB BOA0pOAa, 0b6pasya npu 3Tom
HWU3KOPEAKTMBHbIA  NIerKOracMMblA  paAnKan, KoOTopbli  06pblBaeT  UEMnHyl  peaKkuuio
cBoboagHOPaAANKANBHOIO OKMCeHMA (GeHONbHbIe coeanHeHun)

BropunuHble AO — vawe Bcero yaanatoT GepmeHTaTUBHbIM NyTemM CynepoKCcUA-paauKan,
nepokcna Boaoposa (okcuaopenyKtasbl M MX cybCcTpaTbl -BOCCTAHOBUTENM), FACAT CUHINETHbIN
KMCNOPOA, XeNaTUpyrT nepxogHble MeTan/ibl, NpeaoTBpallan obpasoBaHMe rMApPOKCUN-paanKana
(beHTOHOBCKME nNpeBpaweHns). Yacto oAUH U TOT Ke aHTUMOKCUMAAHT paboTaeT Mo pasHbIM
MexaHu3mam [2, 4].

B xone *KM3HeaeAaTeNbHOCTM OPraHM3MOB B HMX MNOCTOAHHO 06pPaA3ylOTCA aKTMBHbIE GOPMbI
Knucnopopaa, Ho brarogapa cMcTemMam aHTUOKCUMAAHTHOM 3aLMTbl UX YPOBEHb HU3KUI. O4HAKO, MX
obpasoBaHMe 3HaYMTEIbHO BO3PACTAET NPU Pa3/IMYHbIX CTPECCOBbIX BO34ENCTBMAX HA PACTEHUA —
3acofieHMe, 3acyxa, BO34ENCTBME TOKCWMKAHTOB, MATOreHOB, MOBbIWEHHbIE W MOHUXKEHHble
TemnepaTypbl, HApPyWeHMe MWUHEepPanbHOro MUTAaHWUA, BO34EUCTBME O30HA. Takum obpasom
QHTMOKCUAAHTHBLIN CTAaTyC OpraHM3mMa ABAAETCA BaXKHENWWM AWMATHOCTUYECKMM MPU3HAKOM
CTPEeCcCyCTOMYMBOCTH, PA3BUTUA CTPECCA, 3aLLUMUTHBIX U CUTHANbHbIX MEXAHMU3MOB.

CywecTtsyeT 60/blUOe pasHOObpa3me MeToA0B OLEHKM aHTUOKCUAAHTHOTO CTAaTyCca PAcTeHUN,
NX TKAHEN, KNeToK, OPraHonA0B pa3HOM MHPOPMATUBHOCTU, TOYHOCTU U CNOXKHOCTH.

KaTanasbl,

O6pasoBaHue aKTUBHbIX popm Kucnopoaa

Hanbonee cnoXKHbimM M TPYA0EMKUM ABAAETCA NPAMOE UX USMEPEHUE:

— MeToAbl AeTeKUMU CUHIIEHTHOIO KNciopoga no ero cobecteeHHoM pocdopecueHummn nam
B3aMMOZENCTBUIO C GyOopPeCLLEHTHBIMM 30HAAMU;

—3MP Cc nNpUMeHeHWEeM CMNUHOBbIX NOBYWEK — MO3BOMAET HaNpAMYK [AeTEKTUPOBaTb
06pa3oBaHuMe paMKanoB U NPOAYKTOB UX B3aMMOAENCTBUA C OPraHNUYECKMMMN MONEKYNAMMU, HO He
obnafaeT CeNneKkTMBHOCTbIO K camnm ADK;

— XPOMOTr€eHHble WHAMKATopbl (MNPOM3BOAHbIE TETPA3oAMA M Tem LMTOXpOmMa C —
YyBCTBUTENbHbI W UM3OUpaTeNnbHbl K CYMEepoOKCMAHOMY paaukany — ¢doTomeTpuyeckoe
[eTEeKTUPOBaHWe, AOCTYNHAA peannsaums;

— feTeKTMpoBaHMe no ¢ayopecueHumMn — GayopecueHTHble U GAyoporeHHble 30HAblI — He
Bceraa usbupaTenbHbl, HO KOMBMHALMA PA3HbIX areHTOB NMO3BO/IAET MNOBLICUTb M36MPATENbHOCTD.
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Mo3BoNAOT paboTaTb C KUBbIMU TKAHAMM U KAETKAMWU C ONTUYECKUM [OEeTeKTUPOBaHMEM WU
BM3yanusauuen;

— cnekTpodoTomeTpmuyeckoe M3mepeHne ypoBHA HAKOMIEHHOrO NepoKkcuaa Bogopoaa uam
CynepoKCMAHOro aHMOHA NO NPOAYKTaM UX PeaKLMU NPU U3MEPEHUM -AOCTYNHbIA MeToA;

— pa3paboTaHbl MeTOAbl ONpeseneHnA NepokcMaa Bo40poAa C NPUMEHEHNEM HAHO30HA0B U
aMMepoOMEeTPUYECKOro AEeTEKTUPOBAHUA — METO, YYBCTBUTE/NbHbIN, M3bMpaTenbHbl, HO TpebyeT
cneundmryeckoro obopyaoBaHuUA.

HakonneHue NnpoAyKTOB OKUCNEHUA.

Hanbonee pacnpocTpaHeH MeToz OLEeHKM NEPEKNUCHOTO OKUCAEHUA TMNNA0B NO HAKOMIEHUIO
TEK-peakTuBHbIx npoaykToB (MAA 1 ap.). MeToa AOCTYyNeH, TEKTKOBOCNPON3BOAUM, HO HE OYEHb
ceneKkTUBeH U3-3a pasHoobpasns TEK-npoayKTos..

Bo3MOXXHO onpegeneHne OKUCNEHHbIX ¢Gopm 6enKoB, HYKNEMHOBbIX KUCAOT — MeTon
TPYAOEMOK, UCMONb3YETCA PeaKo, Yalle B cneumanbHbIX UCCNe0BAHUAX.

PacnpocTtpaHeHHbIM ABAAETCA onpeesieHne ypoBHA OKMCAEHHOro rNyTaTUOHA, HO Yalle B
9TOT MOKas3aTe/b WCNOAb3yeTCA B KOMMJEKCE C onpeaeneHnem YypOBHA BOCCTAHOBAEHHOro
rNyTaTMoHa.

YpoBeHb aKTUBHOCTU OKUCAUTE/IbHO-BOCCTAHOBUTE/NIbHbIX EepPMEHTOB

OnpepeneHne akTMBHOCTU OKUCIUTENBHO-BOCCTAHOBUTE/IbHBIX GEPMEHTOB B PACTUTENbHbIX
TKaHAX ABNAETCA OAHMM M3 CaMbIX PACNPOCTPAHEHHbIX B S1abOPAaTOPHOM MPaAKTUKe B CBA3M C
BbICOKOM MHGOPMATMBHOCTBIO M AOCTYNHOCTbIO peanunsaumun. B HacTosawee Bpema oTpaboTaHbl
MEeTOAMKM onpeaeneHns KaTanasbl, NePOKCcMAa3bl, CynepoKcMaMcmyTasbl, acCKopbaTnepoKkcmaasbl,
rNyTaTUOHPeEeAYKTa3bl.

Hanbonee yacto Ana MHAMKaLMKN Pa3BUTUA OKUCAUTENIbHOIO CTPecca OLEeHMBAOT aKTUBHOCTb
nepokcnaasbl 6eH3MANHOBLIM METOLOM.

BO3MOKHO U3y4YeHMEe aKTUBHOCTU N APYINX OKCMAOPEAYKTas ¢ yyeTom cneumduKkn cyberpara.

MpumeHeHUe 3nekTpodopeTnyeckoro pasgeneHna wmsobopm ¢GepmeHToB MNO3BOASET
NoBbICUTb MHPOPMATUBHOCTb U HArNAAHOCTb NPU GU3MONOTUYECKUX UCCNEA0BaHUAX, BbIABIEHUM
peakuMmn pacTeHMn Ha cTpecc 1 ap.

HaKkonneHue pa3NNUyHbIX aHTUOKCUMAAHTOB HepepMEHTHOW NpUPoAbl

AHTMOKCMAAHTbI HedepMEeHTHOM npupoabl npeacTaBAeHbl  boAbWKMM  XMMUYECKMM
pa3Hoobpasmem, oTparKaoLWnMm meTabosn3m, B TOM YMCEe BTOPUYHbLIN PACTUTE/IbHBIX OPraHNU3MOB,
4TO NpeanonaraeT U COOTBETCTBYHOLMI CNEKTP METOA0B UX OnpeseneHus.

Hanbonee pacnpocTpaHeHbl M AOCTYMHbI MeTOAbl TFPYNNOBOro oOnpefeneHua Knacca
coeguHeHnt (peHonbl, nonndeHonbl, GaaBOHOUAbI, aHTOUMAHblI W ApP.) C NEpPecyeTom Ha
cofeprKaHMe KOHKPETHOro KOMMOHEeHTa. 3HauuTenbHo 6osnee TPyAOEMKMMMU, 3aTpaTHbIMMU, HO
MHOOPMATUBHBIMU ABAAKOTCA MEeTOAbl MAEHTUDMKALMN NPOdUNA COeAUHEHUA C NPUMEHEHUEM
MeTOA0B XpomaTtorpaduum, XpomaTto-macc-cnektpometpuu, UMK Odypbe — cnektpomeTtpum,
PamaHoBCcKOW cnekTpomeTpuu u T. 4. Hambonbwas npobnema B peannsaumm 3Toro metoga —
Ha/iMyMe CTaHZAPTHbIX 06Pa3LLOB COeAMHEHWUI U MEeToAbl BblAeNeHUA(LOPOroBM3Ha KOMMNOHEHTOB,
He BCerga M3BecTHbl KOMMNOHEHTbI, KOHbOTMPOBAHHOCTb UX B PACTEHUAX, C/IOXKHOCTU BblAENEeHMA U
coxpaHeHus).

YacTo pa3Hble MeToabl onpeaesieHMAa KOMNOHEHTOB Aal0T HEOA4HO3HaYHbIe Pe3ynbTaTbl, Kak
Hanpumep  onpeaeneHue BOCCTAaHOB/IEHHOWM n OKUC/IEHHOM dopm rNyTaTUOHa.
CnekTpodoTOMETPUYECKNE METOAbI UX ONpeaeneHUsa C PasIMYHbIMU peareHTamMm OTPaXKaloT UX
COOTHOLIEHME, HO MNOKa3blBAlOT 3aHUMEHHble pe3ynbTaTbl B CPAaBHEHUM C  METOAOM
BbICOKO3OPEKTUBHOMN  KUAKOCTHOM  XpomaTorpadum, UYTO HeobXOAMMO Y4UTbIBaTb MpPU
NAaHUPOBaAHUMN UccneaoBaHui [6].
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YpoBeHb HAaKOM/IEHNSI aHTUOKCUAAHTOB MOKeT ObITb OLUEHEH U MO 06LWeit aHTUOKCMAAHTHOM
AKTUBHOCTM 3KCTPAKTOB PacTUTEe/IbHbIX TKaHel. B HacTosawee Bpema Hambosee pacnpoCcTpPaHeHbl
cneayroume Bapuaymm:

— aMnepomeTpuyeckoe AeTeKTUPOBaHME, B TOM YUC/E C MPUMEHEHNEM XpoMmaTorpadpuyeckom
KOJIOHKM (nosBonser naeHTndMunpoBaTb KOHKpEeTHoe BELLECTBO, obnagatouiee
aHTUOKCUAAHTHLIMWU CBOMCTBAMM) — METOA, AIOCTYMHbIM, 1ETKO 1 BbICTPO peannsyem;

—onpegeneHne aHTUOKCUAAHTHOM aKTuBHocTM ¢ DPPH; peanusyetca no cnocobHocTu
9KCTPaKTa racuTb paauKan (KOHUEHTpauusa 3SKCTpakTa Ana noraweHua 50% paguKkanoB) u ¢
npMMeHeHneM KannmbpoBoYHOro peareHta Trolox — CMHTETUYECKOro BOAOPacTBOPMMOro aHasiora
BUTaMMHa E B KayecTBe 3TasioHa aHTUMOKCMAAHTHOW aKTMBHOCcTM. MeTtog DPPH wwupoko
ncnosb3lyetca B NaboOpaTOpHbIX UCCNeAOBAHUAX, ONUCaH B HayyHOM nuTepaType, HO TpebyeT
nogbopa pa3BeAeHUI 3KCTPAKTa, NOBTOPEHUA peakuuuM NpU U3MEPEeHUU KaxKaon npobbl, yTo
YBE/IMUYMBAET €ro TPyA0EeMKOCTb.

Ocoboe BHMMaHWE HYKHO 0bpaTUTb Ha acKOpPOWHOBYIO KMCNOTy. Ee coaeprkaHue B 4acTo
onpeAenatT ANA XapaKTePUCTUKN GYHKLMOHANbHOM LLEHHOCTM PacTUTeIbHOrO NPoAYKTa, 3abbiBas,
YTO 3TO BaAXXHEMWMWN BOAOPACTBOPUMDBINA AHTUOKCUAAHT pPaCcTEHUM, YYacTBYHOWMUN B CBOMX
BOCCTAHOBNIEHHON W OKUCAEHHOW ¢opmax B peanusaumm OKUCIUTENbHO-BOCCTAHOBUTENbHbIX
NPOLECCOB B TKAHSAX, Y4aCTBYIOLWNIN B perynaunm pocta M pas3BuTMA pacTeHui [2]. B HacToAwwee
BpeMA PacnpoCTpaHeHbl TUTPUMETPUYECKME, CNEKTPOPOTOMETPUYECKNE, PAHOOPUMETPUYECKUE U
XpomaTtorpaduyeckne mMetoabl ee onpeneneHns, A4OCTyMNHble ANA peanmsaumu.

Bonbwoe pasHoobpasre 1 BOBAEYEHHOCTb OKUC/IUTENbHO-BOCCTAHOBUTE/IbHbIX NPOLLECCOB B
06WwKit MeTabon3m M NPOLLECCHI }KU3HEAEATEIbHOCTM PACTEHWNI YacTo 06yCNaBAMBAOT COKHOCTb
MHTepnpeTaLunm pesynbTaTos.

CambiM BaKHbIM YCNOBMEM MPU U3YYEHUU OKUCIUTENbHO-BOCCTAHOBUTENBHOIO CTaTyca
pacTeHUn aBnsieTcs KOMOWHMPOBaHWE MOKasaTenen U MeToAoB OueHKU. pu uccnegoBaHUM
OOMXHbI cobnogatbca meToamnyeckne ocobeHHocTe paboTbl C KUBbIMWU  PACTUTENbHbIMMU
obbekTamn (y4yeT ¢GOpMbl HaAXOXKAEHMA KOMMOHEHTA, €ro JIoKasnM3aumio, YCTOMYMBOCTb MNpu
BblAENEHNUMN, HEOAHOPOAHOCTb pacrnpeAeneHua U YPOBHS B 3aBMCUMMOCTM OT ¢asbl pasBUTUS
pacteHus, ero pU3MONOrMYECcKOro COCTOAHUA, UCCIeAYEMOro OpraHa, TKaHu unu b6onee MenKkux

CTPYKTYp).
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HSI-ATPOMOHUTOPUHT: ATPO®U3NYECKMIA NOAXOA K OLEEHKE COCTOAHUA KY/IbTYPHbIX
PACTEHUI C UCNOJ/Ib3OBAHUEM CEHCOPA RESONON PIKA L B COYETAHUU C METOAAMMU
OUNbTPALIUN

A. . HOBUKOB, 0. B. HECHOKOB
®rEHY «Aepogpusuveckuli HayyHo-uccaedosamenvckuli uHcmumym», CaHkm-llemepbype

CoBpemeHHOe ynpaBAeHMEe arpoTEXHOOTMAMM PACTEHMM MOCTENEHHO MNepexoauT oT
3NM30AMYECKUX BU3YaNbHbIX HabAOAEHUIA K CUCTEMAM HENPepbiBHONO WMHCTPYMEHTaNbHOro
MOHUTOPMHIA nocesoB [8]. MHormMe KynbTypHble pacTeHMA  ABAAKOTCA  KAKOYEBbIMMU
NPOAOBONLCTBEHHBIMU Ky/NbTypamMu HYXKAAOTCA B CBOEBPEMEHHOM AMArHOCTUKE CTPECCOBbIX
COCTOSHUW (AeduunT a30Ta, BOAHbIN CTpecc) ANsA MNPUHATUA OOBOCHOBAHHbLIX YMNPABAEHYECKUX
peweHnin [9, 11]. Mpn 3TOM KOHUENUWUA TOYHOrO 3em/eaenIna B OTeYeCTBEHHOM M 3apyberkHo
NPaKTMKax pa3BMBAETCA B HaNpaB/leHMM Nepexosa OT My/IbTUCMEKTPAIbHbIX CMYTHUKOBbIX AaHHbIX
K rMnepcnekTpasbHbIM 3TaJIOHaM, MNOAy4aemMbiM C OOPTOBbIX W HA3EMHbIX HOCUTENEeWn, 4TO
NO3BONAET MNOBbICUTb AETA/IbHOCTb M AOCTOBEPHOCTb OLLEHOK COCTOAHUA KyabTyp [3].

Uenb paboTtbl — 060cHOBaHWE arpodm3nyYecKoro Nogxoaa K OLeHKe COCTOAHUA KyNAbTypPHbIX
pacTeHWI, BblpaALLMBAEMbIX B MNONEBbIX YC/NOBUAX, OCHOBAHHOrO HA B3aMMOLOMOJIHEHUN WU
B3anmoycuneHunm adpdektTa NCNoaAb30BaHMA CEHCOPOB Y3KOMOJIOCHOTO PacCLLEen/IeHUA OTPAXKEHHOTo
3/IEKTPOMArHUTHOro nsny4yeHunsa B ananasoHe 400—-1000 HMm, coBpemMeHHbIX cnocoboB 0b6paboTku
AAHHbIX U Teopumn dnabTPaLMN.

Ona obocHoBaHWA arpodumsnyeckoro noaxoda B [AAHHOM HanpasBaeHUMM HeobxoaAumo
onpeaenntb OBBEKT M MCNONb3yemble annapatHble (MHCTPYMEHTa/NbHble) W NPOrpaMmmHble
(MHPOpMmaumnoHHbIE) MeToAbl. B KayecTBe 06bEKTA MCCNef0BaHUA MOTYT BbICTYNaTb /1toOble NOCeBbl
KY/IbTYPHbIX PACTEHMIN, PAaCNO/IOXKEHHbIE Ha ONpeAesieHHOM NAoWaan PasIMuHOM KOHGUrypaumu.
Ob6ocHoBaHMe BblIOOpPA MNEpPeyYUCNIeHHbIX METOA40B M WX COYeTaHMA B eAMHOM MPOrpammMHO-
annapaTHOM KoMMeKce npeactaBneHo B paboTtax no HSI-arpomMoHWUTOpUHrY, rae onpeneneHbl
cocTaBnsawowme 3PPeKTMBHOrO ynpaBaeHUs CUCTEMOM «AUCTAHLUMOHHbLIA AeTeKTop — none —
Habnogateno» [1], a TaKXKe pPacCMOTPEHbl BOMPOCbl pPaLMOHANbHOrO BblbOpa CermeHTauuu
GOHOBbLIX NWKcenen pana onpeaeneHus napameTpoB PaACTUTENbHbIX OOBEKTOB HA pPasHbIX
onTnyecknx poHax [2].

NHCTpymeHTanbHaa MeTogon0rmdeckaa ocHosa HSI-arpomoHUTOpUMHra BKAKOYAET 3axBaT
N300parKeHns rMnepcrneKkTpasibHON Kamepol, YCTaHOBAEHHOM Ha aspogMHamuyeckoin 6ase B
NONOXEHUN Hagupa. TexHoNorms 3axBaTa M3o0bparkeHW npepycmatpuBaeT GopmMupoBaHMe
MHOTOMEPHbIX AAHHbIX «KOOPAWHATbl MUKCENA — AJIMHA BOJIHbl Y3KOMONOCHOTO OTPAXEHHOro
n3nyyeHua» B amanasoHe ot 400 go 1000 HM c onpeaeneHHbIM LArom U, B NepcrnexkTuse, no
MHEHUIO COBPEMEHHbIX UccnegoBaTenien, NO3BOAUT PErUCTPUPOBATL NPELM3NOHHbBIE N3MEHEHUA
OTparkaTeNbHOM CNOCOBHOCTN NOBEPXHOCTM JIMCTOBbIX NNACTUH U cTebnein pacTeHUi, CBA3aHHble C
dusmnonornyecknum coctosiHuem [4, 7].

MporpammHana meTogonoruyeckasa ocHosa HSI-arpomoHUTOpPWMHra paccmaTpuBaeTCca Kak
ABYX3TaNHbIN Npouecc.

Ha nepsom 3Tane npon3BoaAaT BbI6Op M pa3paboTKy HelpoceTeBbIX a/IFOPUTMOB (Hanpumep,
CBEPTOYHbIE HEMPOHHble ceTu, apxuTeKTypbl YOLO, TpaHchopmepbl M ApyrMe BapuaHTbl) ana
N3BNEYEHMA 3HAYMMbIX OMTOMETPUYECKUX MNPU3HAKOB M3 MHOTFOMEPHbIX TMNEepPCneKkTPaibHbIX
AaHHbIX U Knaccudukaumm Tmnos ctpecca [10, 12, 14].

Ha BTopom 3Tane B coctaBe 6OPTOBOro BbIYUC/IUTENBHOIO MOAYNA A3POAMHAMMUYECKOM
nnatdopmMbl U HazeMHOro cepeepa 06paboTKM AaHHbIX HEOOXOAMMO peann3oBaTb afZanTUBHbIN
peKkypcuBHbIN GunbTp KanmaHa. [JaHHbIA NnporpaMmHO-annapaTHblA MOAYNb NpeayCMaTpMBaeTCA
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ANA BbINONHEHMA GUNbTPALMM LUYMOB rMMNEPCneKTPasbHOro CEHCOPa M aTMOCHEPHbBIX UCKAXKEHUN,
aCCMMUNALMK PA3HOBPEMEHHbIX HEMPOCETEBbIX OLLEHOK B €AUHbIN BPEeMEHHOMN pAaa, a TaKKe ana
PEKOHCTPYKLMWN HenpepbiBHOM $A30BOM TPAEKTOPUM BEreTauMoHHOrO COCTOAHMA MNOCEBOB C
NPOrHO30M Ha Lar Bnepega,

MeTogonorma gaHHoro suaa GuabTpaunmn ansa 3agad MOHUTOPUHIA KyAbTYPHbIX PAacTeHUM No
AAHHbIM C CEHCOPOB aspogMHammyeckoin nnatdopmbl anpobupoBaHa B paboTax NO OLEHKe
WMHAEKCA NMCTOBOM NOBEPXHOCTM pUCa C UCMONb30BAHMEM MYNbTUCNEKTPaANbHbIX AaHHbIX [13], a
TaK¥Xe ANA aCCUMUNALMM MYNbTUMOAANbHbIX A@HHbIX C CEHCOPOB A3POANHAMMUYECKUX NAATPOPM B
Mmozenu pocta Kynbtyp [6]. PunbTp KanmaHa obbeanHAET NPoOrHo3 OoT MHEpPUMANbHOM CUCTEMBI
(IMU) ¢ yTouyHeHMamM OT cnyTHUKOBOM cucteMbl (GNSS), YTO KPUTUYECKM BaKHO ANA TOYHOM
reonpmuBA3KM rMnepcneKkTpanbHbiX CHUMKOB, YyBCTBUTE/IbHbIX K ABUXKEHUAM HOCUTena [5].

C TexHu4yeckoM TO4YKM 3peHua PunbTp KanmaHa npeactaBnseTr coboit nporpammHbIn
aNroOpUTM PEKYPCUBHOM BallecOBCKON OLLEHKWU, MHTErpUPOBaHHbIN B BOPTOBOIM BbIYNMCAUTENbHbIN
MoAyNb aspogmHamuyeckon naatdopmol. OH He ABNAETCA OTAENbHbIM GU3UYECKMM YCTPOUCTBOM,
a peanusyeTca, KakK npaBuio, B BMAE BCTPaMBAaemMoOro npPOrpamMMHOro MoAayns  Ha
PacnpOCTPaHEHHbIX A3blKax nporpammupoBaHua (Hanpumep, C/C++ WAM  aHANOTMYHbIX) C
NCNO/Ib30BaHNEM OTKpbITbIX bubnunotek (Hanpumep, embedded-kf). JaHHoe obcToATENbCTBO
NO3BONAET BbINONHATL €ro Ha OAHOMAATHbIX KomnbitoTepax (Hanpumep, Raspberry Pi3) uau
NPOMbILLINEHHbIX KOHTponnepax (Hanpumep, Manifold Ha 6a3e NVIDIA Tegra K1) B peanbHOm
BpeMeHW. ANropuTM, Kak npaBuno, obbeguHAeT pgBa MNOTOKA AaHHbIX — BbICOKOYACTOTHbIN
(100-400Tu) ot wHepumanbHon cuctembl (IMU) aspoamHamuyeckol nnatdopmbl U
HW3KoYacToTHbIM (1-10ly) oT cnyTHMKoBOM cucTembl (GNSS) B eAnHYO ONTUMANbHYHO OLLEHKY
NOMIOXKEHUSA, CKOPOCTU U OpUeHTaLMn nnatdopmbl (BKAOYAA HaYaNbHYHO BbiCTaBKy [15]) ¢ yueTom
KOBapuaLMi LIYMOB KaxAOro M3 WMCTOYHMKOB. B cnyvyae HeNMHENHbIX Moaenen ABUMKEHUN
aspoanHammMYecKor naathopmMbl MOTYT MPUMEHATLCA pacwmpeHHbi dunbTp KanmaHa (EKF) [16],
MCNONb3yeMbld B BONbLUMHCTBE HABUFALMOHHbLIX CUCTEM, UAU CUTMa-ToyedHblh ¢unbtp (UKF),
obecneymBatoWmMin 3HAYNTENIbHOE CHUXKEHME OWMOKN OLEHUBAHMA B CIOXKHbIX CLLEeHAPUAX.

B KOHTEKCTe rMnepcnekTpasibHOro arpOMOHUTOPUHIA AAHHbIM MOAY/Nb BbINONHAET ABe
KPUTUYECKM BaXKHble QYHKLMN: BO-NEepBbiX, OH obecneuymBaeT BbICOKOTOUHYIO reonNpuBA3KY KaXK40ro
MUKCENA TUNEPCNEKTPANbHOTO CHMMKA NyTemM accUMUAAUMM AaHHbiXx GNSS/IMU B MomeHT
3KCMNO3MUMM Kamepbl, KoMNeHcupya Bubpaunn m yrnosble konebaHuna nnatdopmbl. Bo-BTOPbIX, HA
Ha3zeMHOM cepBepe NOCTO6PabOTKM ITOT XKe aNTOPUTM MOXKET BbiTb Pa3BepPHYT ANA ANHAMUYECKOM
bUNbTPaLMM BPEMEHHbIX PALOB CMEKTPasibHbIX OLEHOK: CrAaXKMBaHMA CAydYalHbIX OLIMOOK
n3mepeHnn, o0bycnoBAEHHbIX AaTMOCHEPHBIMU MCKAKEHUAMM U LIYMAaMKU TUNEpPCneKTpasbHOro
ceHcopa (Resonon Pikal), ¥ pPEeKOHCTPYKUMM  HEMNpPepbIBHOM  TPAEKTOPUU  U3MEHEHUA
6rnodm3nYecKMx NnapameTpoB Nocesa (MHAEKCA NMCTOBOM NOBEPXHOCTU, coAepKaHusa xnopodunna,
BOZHOIO CTPECCA M APYrMX NoKasaTesiein) c NpOrHo3oMm Ha Lar Bnepega,

Mpeanaraemoblit arpodm3nyYEeCcKUin NoAxod peanusyeT TPEXCTyNneH4yaTylo cxemy ob6paboTku
AaHHbIX.

Ha nepBoi cTyneHn (CEHCOPHOM) OCYLLECTBAAIT TMNEPCNeKTPasbHY0 CbeMKy, Mpwu
HeobXoAMMOCTM C KOMMeHcaumen aABuxKeHua 6a3oBoi nnatdopmbl, YTo obecneymTt nonyvyeHue
BbICOKOAETA/IM3NPOBAHHbIX MHOTOMEPHbIX AaHHbIX 06 M3MEHEHUW MHTErpasbHbIX OMNTUYECKUX
XapPaKTePUCTUK, OTPAXKEHHbIX OT NOBEPXHOCTU INCTOBbIX NAACTUH U YacTel pacTeHUI B CTPYKType
NoCeBOB.

Ha BTOpO# cTyneHu (aHanuUTUYeCKOM) HelpoceTeBble MoAenu NpeobpasytoT MHOFOMEpPHbIe
CNeKTpanbHble CUTHATYpPbl B OLLEHKM PU3MONOrMYEecKMX NapameTpoB (coaeprkaHue xnopodunna,
WMHAEKC NMCTOBOM NOBEPXHOCTM, BMOMAcCca) C aBTOMATMUYECKUM BblaeNeHnem 30H cTpecca [14].
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Ha Tpetbelt ctyneHn (guMHammyeckon) ¢unbTp KanmaHa BbIMONHAET  aCCUMMAALMIO
Pa3sHOBPEMEHHbIX OLEHOK, MOJYYeHHbIX HeKpoceTamn, obecneumBaa pobacTHOCTb CUCTEMbI
MOHMUTOPMHIA B YC0BMAX HEMOHbIX M 3ayM/IEHHbIX AaHHbIX.

Takum obpasom, ¢unbTp KanmaHa B npeanaraemom nNporpammHoO-annapaTtHOM KOMMJeKce
BbINOJIHAET PO/JIb MHTENIEKTYa/IbHOTO KOHBEWEepa acCUMMUAALMU AaHHbIX (pwc.), KOTOpbIA Ha
nepBom ypoBHe (6OPTOBOM) MHTErpMpyeT HaBUIALUMOHHYIO MHPOPMAULMIO AN TeOMETPUYECKOM
KOPPEKUUN TMMNEepPCnekTPanbHbIX AaHHbIX, @ Ha BTOPOM YypoOBHE (HAa3eMHOM) accumuaupyet
pa3HOBpeMeHHble HelpoceTeBble oueHKM, obecneunsas pobacTHOCTb U HENPEPbLIBHOCTb CUCTEMDI
MOHUTOPMHIA AAXKe B YCNOBUAX NPONYCKOB AAHHbIX BCAeACTBUE MNOrOAHbIX OFPaHUYEHUA.

BOPTOBOM YPOBEHb

CI'IyTHIrIKOBaﬂ HaBurauma
(GNSS)
1-10 Iy

-

MHepu,Maanaﬂ CUCTEMA
(IMU)
100-400 Iy

N

PacupenHelit GunsTp MMnepcnekTpasbHbIi

KanmaHa (EKF)
MporpamMmHbIi Moaynb Ha
C++

S

ceHcop
Resonon Pika L

_

leon pu“BA3Ka CHUMKOB

HA3EMHBbIY, YPOBEHb

HeripoceTeBble OLEHKM
napameTpoB
(xnopodmnn, LAI, BogHbIH
cTpecc)

®unbTp KanmaHa
(BpeMeHHble paabl)

PeKoHCTPYKLUMA
HenpepbIBHOM
TpPaeKTOpHK COCTOSHMSA
nocesa

lMporHos Ha war Bnepea

PucyHoK. CTpyKTypHas cxema ABYXYPOBHEBOM peannsaunm ¢pmunbtpa KanmaHa B nporpammHo-
annapaTHOM Komnaekce HIS-arpomoHUTOpUHIra
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B3avmopgononHaAwLlee coyYeTaHMe pPACCMOTPEHHbIX MEeTOAOB MO3BOAAET NPeoao/sieTb
OrpaHMYEHMA KaXKAoro noaxoAa B OTAENbHOCTWU: TMNepCneKkTpanbHas CbeMKa obecneymBaet
MHGOPMATMBHOCTb,  HEMpPOCeTM —  ABTOMATU3MPOBAHHOE  U3BNEYEHME  OAHHbLIX MU
KnaccMOUKauMOHHbIe  anroputmbl,  duabTp  KanmaHa  obecneumBaeT  TemMnopasnbHyHO
COr/1aCOBAaHHOCTb M YCTOMYMBOCTb K NPOMNYyCKam AaHHbIX.

Pe3tomunpys BblleCKa3aHHOE, OTMETUM, YTO arpodm3nyYecknii NoAXo B KOHTEKCTe 3a4auu
OLLEHMBAHUA COCTOAHMA KYNbTYPHbIX PACTEHUI PA3HOBbLICOTHBIMM ONTUYECKUMU METOAaMMU
npeacrasnaer coboll MeToAO0NOrMI0 UHCTPYMEHTA/IbHOM AMArHOCTUKM COCTOAHWUS MOCEBOB,
6asnpylowyocs Ha M3MEPEHUM W WHTepnpeTauum ¢usnyeckux nonen (B AaHHOM cayvyae —
ONTUYECKOrO U3NY4YeHMA) KaK MHANKATOPOB GPU3N0N0r0-6MOXMMUNYECKUX MPOLLECCOB B arpocucTeme.

B oTAnume oT TpPagMUMOHHbIX arpOHOMMYECKUX METOA0B, OMUPAIOLLMXCA Ha BM3YyasbHYHO
OLLEHKY MAWN TOYeYHbIN 0TH6op Npob, arpodm3nyecknii Nnoaxos paccMaTpuBaeT NOCEB KaK eANHYIO
ANHAMMUYECKYID CUCTEMY, COCTOSIHWME KOTOPOM MOMKET OblTb KOJIMYECTBEHHO OXapaKTepu3oBaHO
yepes CMNeKTpa/ibHble XapPaKTePUCTUKM OTPaXKEHHOro M3nyyeHusa. MnepcnekTpanbHas CbeMKa
obecneymBaeT perucTpaLmio 3TUX XapaKTePUCTUK C BbICOKMM MPOCTPAHCTBEHHbLIM U CMEKTPA/IbHbIM
pa3pelleHnem, HempoceTeBble aArOPUTMbl BbINOAHAT GyHKUMIO 0bpaTHOro npeobpasoBaHuA OT
CNEeKTPaNbHbIX CUTHATYP K PpU3MONOrMYecCKMM NapameTpam (coaeprkaHue xnopodunna, BOAHbIN
ctatyc, 6uomacca), a ¢unbTp KanmaHa obecneymBaeT BPEeMEHHYI COrNacOBAaHHOCTb OLEHOK,
paccmaTpuBasa NpoLEecc BereTaumm Kak HenpepbiBHbIN BO BpeMeHU ¢du3mnyeckuii npouecc. Takum
obpasom, arpodpmsnyeckmin noaxos o6veANHAET MHCTPYMEHTAIbHOE U3MEePEHUE, MaTeMATHUYECKoe
MOZENVNPOBAHNE U AMHAMMUYECKYIO aCCUMUANAUMIO OAHHbIX B €4AMHYID CUCTEMY MOHWUTOPWHTa
KYNbTYPHbIX PAaCTEHWIA.

3akntoueHue. Pa3paboTaHHbIM arpodumsnMyecknii noaxon COOTBETCTBYET COBPEMEHHbIM
TpeboBaHMAM YMHOIO CeNbCKOro Xxo3sictBa («smart agriculture»), obecneumsasa nepexof oT
pa3pO3HEHHbIX HAabNAEHUN K CUCTEME HEenpepbIBHOrO MHTENNEKTYaNbHOTO MOHWUTOPWUHIA. ITO
CO34aeT OCHOBY A5 OMNEepaTUBHOM KOPPEKTUMPOBKM arpoTtexHonorui (amddepeHumpoBaHHoe
BHeCeHMe yaobpeHuit, cpeacTB 3almnTbl PAacTEHUIA, OpPOLIEHNE U Apyrue BUAbl arPOTeXHUYECKUX
paboT) Ha OCHOBE aKTyaNbHOW MHPOPMALIMN O COCTOAHMM KaXKA0ro y4acTKa noss.
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®PAKTA/IbHbIA AHANIU3 BPEMEHHbIX PAA0B B ATPO®U3NYECKUX UCCNIEAOBAHUAX

K.T. MOUCEEB
®rEHY «AepogpusuvecKkuli HayuyHo-uccaedosamesnscKuli uHcmumymby, 2. CaHkm-llemepbype
E-mail: kir_moiseev@mail.ru

MHorve npupoaHble CUCTEMbI M MPOLECCbl HACTONIbKO C/IOXHbI U HeEperyaspHbl, 4To
MCNoNb30BaHME OOBEKTOB KJACCUYECKOW (€BKANAO0BOWN) reOMETPUM UAU CUCTEM OObIKHOBEHHbIX
AnddepeHUManbHbIX YPaBHEHUIA ANA WX MOAENNpPoBaHUA aeno 6e3HagerkHoe wuamn Tpebyet
60/blIMX 3aTPaT BPEMEHU AaXKe C UCMONb30BaHMEM HeipoceTelt. Kak onucatb To MHoroobpasue
buonornyecknx KoHoUrypauui, Kotopoe Mbl Habnwogaem B mupe pacTEHUM U KUBOTHbIX?
Hanpumep, CTPYKTYpy M COCTOAHWE PACTUTENBHOrO NO0ra, CTPOEHME KPOHbI OTAENbHOTO Aepesa
WA CUCTEM KpoBOODOpalLeHWA, CTPOEHWE MOYeK WAM JIeTKUX YenoBeKa € OecKoHeYHbIm
BeTBAEHUEM? [eomMeTpmA NPUPOAHbLIX CTPYKTYP Ype3BblYaMHA CNOXKHA.

Takol Ke CNOXKHOM ABNAETCA U AMHAMMKA MPUPOAHbIX M COouManbHbiX npoueccos. Kak
NOACTYNUTCA K MaTEMATUYECKOMY OMMCAHWUIO U MOLENNPOBAHUIO BOAOMAA0B UM NHOOLIX APYruX
TYypOyNeHTHbIX NPOLLECCOB, K NPUMepY, NOroAHbIX ABNeHNN? Kakaa maTeMaTMKa OTBEYAET 338 PUTMbI
cepaua v ronoBHOrO MO3ra OTMEeYaemble Ha 3/1eKTPOKapAMOorpammax u sHuedpanorpammax. Kak
NPOrHO3MpPOBaTb A0/IFOBPEMEHHYHO YCNEWHOCTb paboTbl, TOrO MAW MHOTO arponNpPOMbILNEHHOrO
npeanpuATMA Npu GUKCMPOBAHHOM HOpMe NPUbbLIAK, NpeacKasaTb BOJIHbI NAHWKKU, BO3HMKaOLWME
Ha GMHAHCOBbLIX PbIHKax?

®pakTanbl M xaoc, NnogxoaalLne cpeacTsa ANA UCCNeA0BaHUA NOCTaBEHHbIX Bonpocos [1; 2].
Ecnun caenatb MrHOBEHHbIM CHUMOK Typby/IeHTHOro NPMPOAHOro Npouecca, HanpMmep, KackagHoro
BOAOMNAAA, NONYYUM CTAaTUYHbBIN O6BEKT. TepMUH PpaKTan OTHOCUTCA K CTAaTUYHON reoMeTpUYECKOM
KOHOUTYypaUnMM KMrHOBEHHOMY CHUMKY» COCTOAHWUA AMHAMMUYECKON CUCTEMBI, B AAaHHOM Cay4yae
BOAOMAAA. Xaoc - TEPMUH AMHAMMKM 3TOM cucTeMbI. Xaoc —3To He BecnopaaoK B 6bITOBOM CMbicAe,
3 OYeHb C/IOXKHbIA CKPbITbIK NOPAAOK, KOTOPbIN Ha ypoBHE HabA[ATENA BbIFNAAWUT, KaK
cnyyaniHocTb. Mpu 3TOM HenpeackazyeMoCTb BO3HMKAET U3-3a BHYTPEHHEN CI0XKHOCTU CUCTEMDI, A
He M3-33 BHELWHMUX CAyyalHbiX BO34eNCcTBUN. OBbIMHO CUCTEMA CYMUTAETCA XAOTUYECKOMW, ecnu
obnapaet onpeaeneHHbiMK ceorcTBamu: 1. Cuctema AonKHaA 6biTb He AMHelHOW. 2. Obnagaet
CBOMCTBOM He npeAcKasyemoctu, Ntoboin BUA XaoCa MMeEET CyLLeCTBEHHYK 33aBUMCMMOCTb OT
Ha4a/ibHbIX YCNOBUIN. He3HauuTenbHble OWKWOKM B BbibOpe HayasibHbIX NAPaMeTPOB M YCAOBUM
NPUBOAAT K KPYMHbIM OWIMBKAM NPOrHo3a GyHKLUMOHUPOBAHUA ANHAMUYECKON cUCTEMbI (3PdeKTy
6abouku). 3. CBOICTBO TaKoM cMcTeMbl camonogobue nnm TouyHee apPpuHHoe (He nonHoe) noaobue.
Hanpumep, cTBON fepeBa pa3BETBAAETCA Ha KPYNHble BETKKU, KOTOPbIE B CBOKO oYepesb BETBATCA HA
6onee mesnkue BETKM B IMaBHOM (Hanpumep, NPONOPLMOHANbHOCTU JIMHENHbIX Pa3MepoB, Yncne
TOYEeK BETB/AEHMA) NOoJO0OHble KPYMHbIM BeTKaM, Takoe OECKOHeYHOe MNOBTOPEHME 3/1EMEHTA
cuctembl 06pasyeT CNOXKHbIM Y30p M ABAAETCA camonogobuem.

[na onncaHmA xaoca UCNOb3YOT MOHATUA aTTPAKTOP M BudypKaLmaA, a TaKKe CKOPOCTb POCTA
HeonpeaeneHHOCTM CUCTEMbl — MOKas3aTenb JIANyHOBA, €C/M OH MNONOXMUTENEeH, cucTema
AEMOHCTPMPYET XaoTMYecKoe noBeAeHWe. XaoTUyecKkue AUMHAMUYecKue cuctembl, obnagator
PALOM YCTOMUYMBBIX COCTOAHMW — aTTPAKTOPaMM M TOYKaMM nepexosa — ToYKamu bBudypkaumm
(BeTBNEHUA) OT OOHOIO YCTOMYMBONO COCTOAHMS K Apyromy. BeTBneHue He nABnsaetca
PaBHOBEPOATHOCTHbIM MEPexoAoM, TaK KakK 0O6ycnoBneHO MpeabiCTOpUEen CylecTBoBaHMA
Xa0TUYECKOM AMHAMMUYECKON CUCTEMbI, MO3TOMY CTOXACTUYECKME MPOLECCHl HE MMEKT HUYero
obuwero c AeTepMMHUPOBAHHBIM PAa3BUTUEM AMHAMNYECKOM CUCTEMDI.

Boobuie onucaHue noseaeHUAs AUMHAMMYECKOW CUCTEMbI CYMTAETCA 3aKOHYEHHbIM, €cau
BBEAEHbl NapameTpbl Ha4yaNbHbIX YCA0BMA, OAHO3HAYHO OMNpeaenatlowme ee COCTOAHUE B TOUKe
OoTcYyeTa, U 3a4aH 3aKOH 3BOJIOUMM 3TUX NApameTpoB. [NA XaOTUYECKMX CUMCTEM 3a4aTb 3aKOH
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3BO/IIOLMMN MAPAMETPOB AMHAMMUYECKON CUCTEMbI MPAKTUYECKM HEBO3MOXHO. A CylLecTBeHHas
3aBMCMMOCTb CUCTEMbI OT HAYa/ibHbIX YCNOBUI AenaeT BeCbMa 3aTPyAHUTEIbHbIM U NPUMEHEHWE
MCKYCCTBEHHOrO MHTeNNeKTa, B 6onee y3KOM CMbICie KOMMbIOTEPHOrO AWUHAMWYECKOro
MOZENMNPOBAHUA, YTO OBHapyXun B cBoe Bpema daBapa JlopeHy, [3]. Npeackasatb HanpasaeHune
nepexoAa [AWHAMWYECKOM CUCTEMbI B TOYKe Oudypkaumm metogamum  AUHAMUYECKOro
MOZEeNMPOBAHUA 3aTPYAHUTENBHO, eCin BoobLLe BO3MOXKHO. MHOe aeno, Korga npegnonaraem, 4to
cucTema ABnaeTca GpakTanom un nccnegyem e€ ppakTasibHy0 pasMmepHOCTb.

Tak 4To e Takoe ¢pakTan. B Teopmn 310 «BCErO NNLWDbY CUTYALMA, KOTAa Of4HA U3 OCHOBHbIX
eaunHuy, namepeHus [4] — metp (cuctema [CU]) onpeaensemas Kak A/IMHA NyTU, NPOXOAMMOrO
CBETOM B BaKyyMe 3a MPOMENKYTOK BPEMEHM, paBHbii 1/299792458 nonu cekyHAbl, BHE3aMNHO
obpeTaeT cornacHo matemaTuke JlobauyeBCKOro BHYTPEHHUI napameTp &, TO ecTb nepecTtaeT ObITb
OCHOBHOM, Man 6a3oBoi eguHULElN M3mMepeHUAa. EBKANMAOBA reoMeTpus - CTAaHOBUTCA YACTHbIM
cnyyaem 6osee obwmpHolM obnactn reometpun Jlobayesckoro. Bnpoyem, 3To caniikom obulee
NOHMMaHWE AaneKoe OT NPAKTUYECKOro NCNONb30BaHMUA.

OnpepeneHne ¢pakTana, 3BYy4MT TakK «PpakTasioM Ha3bIBAETCA CTPYKTypa, COCTOALLAA M3
YyacTel, KOTopble B KAaKOM-TO CMbicie nogobHbl uenomy» [1; 2]. ®paKkran — npexae BCero
NMPOCTPAHCTBEHHbLIN OO6BEKT C€ APOOHOM CcTeneHbld MepHOCTM npocTpaHcTBa. OcHoBHOe
bpaKTanbHOE TOXAECTBO MaTeMaTMYECKM OTpayKaeT TeopeTMYecKoe MOoHMMaHue ¢pakTana u
3anucbiBaeTca [1; 5]:

L6P=1

roe: L —4ncno HenepeceKaowmxca NOAMHOMKECTB HEKOTOPOro Ha4Ya/IbHOro MHOXecTBa bonbluero
L B 6 pa3. D — pasmepHocTb . Obbl4HO D 370 3BKANA0BA pasmepHocTb. s avHuu 1, ana naowaam
M Kyba 2 n 3 cootBeTcTBeHHO. CylecTByeT Takoe MOCTPOeHMEe, YTO Mpu pPa3dbueHuMn UCcxoaHoro
MHOXeCTBa Ha L HenepeceKalowWmMxca MNOAMHOXECTB C MacwTabHbim KoadduumeHTom & npu
KOTOpPOM pasmepHoCcTb D nepecTaét bbiTb uenbim ymcaom. pobHasa cteneHb D HOCUT HasBaHue
¢dpakTanbHON pasmepHocTU. [ponorapudmupyem BbiparkeHne (1), noayymm 3HameHuToe
onpegeneHve pasmepHoctM Xaycgopda (1919r), ana cnyyas KOMNAKTHONO MHOMKECTBa B
NpPOM3BOJIbHOM METPUYECKoM npocTpaHcTee [1; 2; 5; 6]:

_ ) o Inlo)

In(o) Inl/ 6

Nlorapudm MOXKHO B3ATb MO NtOOOMY MNONOKUTENIbBHOMY OCHOBAHMUIO, Hanpumep Mo
OCHOBaHuto e = 2,7183.

Ana nuHun pasmepHoctb D 3akntodeHa B uHTepsane 1>D>2; ana naockoctn 2>D>3. Yem
6onble BenMYnMHA D OTKNOHAETCA OT €BKANAO0BOW PasmMepHOCTM obbeKTa (Hanpumep, NUHUKU —
HEKOTOPOW KPMBOM) TEM «XaOTUYHEE» U/IU HEYCTOMUYMBEE COCTOAHME AUMHAMMUYECKON CUCTEMDI. Hem
6onbwe D gna nnHenHoro obbeKkta, Tem 6onee m3pesaHa, Hanpumep, beperosas ANHUA. Yem
6onbwe D ana nnockoctn nam obvema, Tem 6onblie GparMmeHTMPOBaHA NOBEPXHOCTb, XaoTUYHee
CTPYKTYpPHOE COCTOSIHME ANCNEPCHOTO Tena (nousbl, rPyHTa). [ANA NpUpOoAHbIX NPOLECCOB BEANYMHA
bpaKkTanbHOM pPa3sMepHOCTM BPEMEHHOro pAga, TO eCTb WUCTOPUWM CUCTEMbI NO HEKOTOpOMy
CyLLeCTBEHHOMY NapameTpy MOKasbiBaeT, B KAKOM COCTOAHMW YCTOMYMBOCTU HAXOAWUTCA
XaoTH4YecKan AnHamuyeckana cuctema (tabn.). A 3HauMT M HanpaB/ieHMe ee Ja/lbHEWNLLENO Pa3BUTUA.
Ecan cuctema HaxoguTcA B YCTOMYMBOM COCTOAHMMU, TO BudypKaumm He Npou3onaeT U AaHHbIN
aTTPaAKTOP CUCTEMbI COXPAHUTCA.
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Tabaunua. PpakTanbHaa pasMepHOCTb U COCTOAHME YCTOMYMBOCTU ANMHAMUYECKON CUCTEMDI,

YcToiumBoe Mpenen ycTonunBocTu Heyctonumnsoe
CocToaHue cuctembl .
COCTOSIHWE CUCTEMDI (6enbiit wym) COCTOAAHME CUCTEMDI
dpakTanbHan
pa3mepHOCTb 1,01-1,40 1,40-1,60 6onee 1,60
BPeMEHHOro paaa

PoxgeHne ¢pakTanbHON reomeTpumM NPUHATO CBA3bIBATb C BbIXOAOM B 1977 r. KHUMM
MaHaenbbpoTta: «The Fractal Geometry of Nature» [2]. B ero paboTax Mcnonb30BaHbl Hay4YHble
pe3ynbTaTbl APYrMX y4eHblx, paboTaslumx B nepunog 1875-1925 ronos B Ton ke obnactu (MyaHKape,
dary, *Kionma, KaHTop, Xaycaopd). Ho TonbKo B nocneaHee BpemMs yaanocb 06vegMHUTL UX paboTbl
B €4MHYI0 CUCTEMY.

Mpouecc noctpoeHuns ¢paKktana - meton uTepauui. B KadyectBe npumepa paccMoTpUMm
nocTpoeHue TpuagHou kpmeoit Kox u nbian KaHTopa. McxogHasa npamas AMHUMA AeNUTCA Ha Tpu
PaBHbIX OTPe3Ka, 3aTeM LLEeHTPaNbHbIN OTPE30K yAaNAeTCcA — 3TO NepBasa UTepauma, 3aTem U Ha
nocneaylowmx Wwarax (MTepaumax) yaanaoTca LeHTPabHble YacTU OCTABLUMXCA OTPE3KoB. B utore
nocTpoum dpakTan, NoNy4ymMBLINIK Ha3BaHUeE «Mbinb KaHTopa» (puc. 1(a)). Mpu NoCTpoeHnn KpMBoOiA
Kox ypaneHHasa UEHTPa/sbHAA 4acTb 3aMEHAETCA WM3/I0MaHHbIM OTpPe3KOM. Takasa onepaums
NOBTOPAETCA HECKO/IbKO pa3, KaK NMoKa3aHo Ha pucyHKe 1(6), B uTore, nocae HECKO/IbKUX UTEpPaL A
nosiydyaem /IOMaHHYIO KpuBylo - «Tpuagy Koxa». Ecam ucxogHaa éurypa He npamasa AUHKMA, a
TPEYronbHUK, TO, MPUMEHMUB ANTOPUTM UTEPALMN K KaXKAOW CTOPOHE TpeyrosibHWMKa, MNOCTPOUM
cHexknHRy Kox (puc. 1(B)).

a) Mbinb KaHTopa 6) MNocTpoeHune TpuagHom Kpmnsoi Kox B) CHeXunHKa Kox

PucyHok 1. MeTtog utepaumnit — noctpoeHue ¢pakTanos

Taknm o6pa3om, Nocse HECKONbKMX MOA0OHbIX OTHOCUTENbHO MNPOCTbIX Onepauuin Mbl
nosy4yaem AOCTAaTOYHO CNOXKHOe M3obpaxkeHue. B npouecce noctpoeHma ¢pakTana BaxKHbl ABa
MOMEHTA: UCXOAHOE MHOECTBO (L) U mexaHu3M npeobpa3oBaHmA, TO eCTb BHYTPEHHWUI MacluTab L
— 6. MNpuyem L — 310 0BObIYHO XapaKTEPHbIN NMHENHbIA padmep GUrypbl, CTOPOHA KBagpaTta Uau
AZIMHA BPEMEHHOro psafa ANA AMHAaMUYEeCcKon cuctemol. [na npumepa: npyv NOCTPOEHUU KPUBOW
Kox, Ha nepsoi utepaumm L = 1 (He3aBUCMMO OT BE/IMYNHDBI B METPUYECKOM BblparkeHuu). Ha BTopo
ntepauumn L=4;6=3

Ha Haw B3rnag, Hanbonee MHTEpPECHbIM ANA NPOrHO3a PasBUTUA MPUPOLAHOro npolecca
ABnAeTcA PppakTaNbHOE MOLENIMPOBAHNE BPEMEHHOIO PAAa HA OCHOBE ero TPeHAa, Kak MOKa3aHo
Ha PUCYHKe 2.
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PUCyHOK 2. ®paKTanbHOe MOAeNNPOBaHNE BPEMEHHOIO pAaa Ha OCHOBE ero TpeHAa

MHorune akcnepmmeHTanbHble AaHHble 06/1aaatoT GpPaKTanbHOM CTaTUCTMKOMN. K coxaneHuto,
B 6buonornu, arpodusnKe M CeNbCKOM XO03SUCTBE YAENAT HeAOCTaTOYHO BHUMAHMA aHanusy
BPEMEHHbIX PASOB M 3KCMEPMMEHTANIbHbIX AaHHbIX PPaKTaNbHbIMU METOLAMM.

EcTb HECKONBKO MeToA0B onpeaeneHna GpaKkTasbHOM pa3mMepHOCTU BPEMEHHOTO pAaa.

I. MeToa, «pa3maxoB» Xépcta [6]. Metoa R/S ocHoBaH Ha 3dpdeKte, 0BHApPY>KEHHOM
AHIIMNCKMM KnumaTtonorom Maponbgom Xepctom npu M3ydeHUW MaBOAKOBOrO peXXuma AenbTbl
Huna. CornacHo XEpCTy, UCXOAHBIMW AAHHBIMU CAYXKUT OFPaHUYEHHbIN 0O BbEM 3HAYEHUI KaKoro-
nmbo napameTpa X, U3MepeHHbI Yepes paBHble MPOMEXKYTKM BPEMEHMU.

MeToamka onpegeneHna GpakTaNbHOM Pa3MepPHOCTM 3aKA0HAETCA B CAedytolem.

CTpoum BpemeHHOM pAfd, U3MeHeHMe MPOAYKTUBHOCTM IKOCUMCTEMbI, UM pacxogbl BOAb! B
peKke BO BpemMAa MaBoAKoB (napameTp X) 3a psag net. Monyyaem CNeKTpPanbHy0 Kpusyto obLuel
ANVHbI L

Haxoaum cpeaHee BblbOpOYHOE 3HaueHMe NpeBbllWEeHM MapameTpa X Ha uccneayemow
OnviHe L oT cpeaHero:

1
X(L):I-ZX(I) :
Hakonuslueeca oTknoHeHue X(t) oT cpeaHero 3HauyeHuna byaeT paBHo
X(1LL)=>(x=x(1)).
Torpa BbipaXkeHue ANA pasmaxa MMeeT BuJ,

R(L)=max X(I, L}-min X(/, L).

KaK nokasaHo XépcTom, 419 MHOTUX PAL0B HOPMUPOBAHHbIM pa3max (pa3max, OTHECEHHbIM K
cpeaHemy KBagpaTUYECKOMY OTKIOHEHMIO S) XOPOLIO ONMCbIBAETCA CTENEHHON 3aBUCUMOCTbHO

H
R L
—=|=1,
S 2
rae H— nokasatesnb Xépcra.
B pabote [6] NnoKasaHO, YTO pa3mMepHOCTb BPEMEHHOMO pafa CBA3aHa C pa3mepHOCTbio D
cneayowmm NPOCTbiM COOTHOLWeEHMem: D = 2—H.
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[l. Knaccnuyeckuit knetouHbi cnocob. MeTtog, noKpbIiTMA uamn box-counting. CyTb noaxona B
TOM, YTOObI KHAaKPbITb» UCCIeAYEMbI OBOBEKT CETKOM U3 KNETOK (KBaApaTOB Ha NJI0CKOCTK), pa3HOro
pa3mepa u NpocneamnTb, KaK MEHAETCA YUCNO0 3aHATbIX KNETOK NPU M3MeHeHUN MacwTaba & ceTku

O6nacTb, roe HaxoAUTCA OBBEKT (Hanpumep, rpadMK BpeMeHHOro paaa), pasbusaeTtcs Ha
KBaZpaTHble KNETKM CO CTOPOHOM 6. [1na Tekywero pasmepa 6 NoACYNTbIBAETCA KOJIMYECTBO KETOK
N(6), KoTopble coaepraT xoTa Obl OAHY TOYKY, NpUMHaANexaly obbekTy. Pasmep Knetok &
nocnenoBaTe/IbHO U PEryiapHO yMeHblaloT (Hanpumep, 6epyT cteneHu asomku: 1, 2, 4, 8.
NUKcenen) n oA Kaxaoro HoBoro macluitaba 3aHoBo cuutatoT N(S). B aBoliHOM norapndmmnyeckom
maclTabe (no ocam oTknaabiBatotcs InN(S) v In(1/8)) ctpoutca rpadpuk 3asucumoctun N(S) ot 1/6.
MonyyeHHbI rpadmK OObIYHO AMMPOKCMMMPYIOT MNPAMOM NUHUeR. PpakTanbHaa (KNeToyHas)
pa3mepHOCTb D onpeaenseTca Kak TaHreHC yr/ia Hak1oHa 3TOM NpAMOWN.

N, HaKoHeL, TPeTbUM ABNSAETCA METOA IMHENHbIX CUCTEM, OCHOBAHHbIN Ha U3BMEHEHUU O/INHbI
KPMBOM B 3aBMCMMOCTM OT MacwTaba. Ecam KpuBasa oOLEHMBAETCH, KakK ¢pakTanbHasa, To C
ymeHblleHMem macwTaba 6 gnvHa Kpmeoi L byaeT Bo3pactaTb cTeneHHbIM obpasom. CoeanHMB
TOYKM BPEMEHHOro pAga c KoopauHaTamu (ti; 1/681); (tz; 2/61); (tn; n/61) oTpe3kamn, Noay4Mm
NIOMaHY0 INHUIO AAuHbI L;. Mpoaenas AaHHy onepauumto &, — pa3 Mbl NOAy4YnMm Habop NOMaHbIx
NVMHWUI gavHbl Lg L6y, CobcTBEHHO Takaa onepauma 1 ectb paboTa ¢ppakTasbHOro reHepaTopa.

ONNHbI OTPE3KOB COEAMHAIOWMX AUCKPETHbIE TOYKM BPEMEHHOrO pAga onpeaenatTca no
Teopeme lNudaropa, Kak rMNOTeHy3a NPAMOYro/IbHOrO TPeyro/sibHMKa B NPOCTPAHCTBE KOOPAMHAT
(y; t), 3aTem ANMHbI OTPE3KOB CYMMMpPYETCA, nonyyaem o6yt ANAWHY BPeMeHHOro paga npu
AaHHOM genuTtene (macwTabe) 6.

B peanbHOM MMpe YUCTbIX, YNOPALOYEHHbIX $PAKTaNoB, KaK NPaBUIO, HE CyLLECTBYET, U
MOXHO TOBOPUTb /NWb O pPaKTanbHbIX SABAEHUAX, OMUCbIBAEMbIX MyAbTUdpPaAKTaNaAMM.
MynbTudpakTan — KBasndpaKTaNbHbIA 0OBEKT C NepeMeHHON PppaKTaNbHOM pasmepHocTbio. s
onpeseneHna ¢GpakTasibHOM pPasMepHOCTM B I3TOM Caydae CTPOAT rpaduK 3aBUCMMOCTU
InL(6)=f(In 6), pwucyHOK3, 1 onpeaenalwT WHAEKC GPaKTabHOCTM M  KaK  CTeneHb
anpokcummupyowenn  GyHKuMn:  y=ax ™. dpaKTasbHaa pPasmMepHOCTb BPEMEHHOro pAaa
Bbluncnsaetca: D = 1-m [2].

4.6 y=ax™

LnL

2,8 T T T T
3.5 4.0 4,5 5.0 55 6.0 6.5
Lnm

PucyHoK 3. K BblumcneHunto ¢ppakTanbHOro MHAMKaTOpa m

B  poKnage  MOKasaHbl  BO3MOXHOCTM  NpeacTaBNeHWA  BPEMEHHbIX  AaHHbIX
GYHKLMOHUPOBAHMA XaOTUYECKMX UHAMUYECKUX CUCTEM — dpaKTanamm U aHannsa GpakTanbHoOM
pPa3MepHOCTU NOCTPOEHHOTO BPEMEHHOIO pAfa ANA OLEHKM M NPOrHo3a AMHAMMUKKU MPUPOLHbIX
npoueccoB B buonormm n arpodpumsmke. Ppaktanbl ABNAKTCA YHUBEPCANbHbIM MHCTPYMEHTOM,
KOTOpPbIA MNO3BONAET OMNUCLIBAaTb WM MOALENPOBATb C/I0XKHbIE MPOLECCbl, C KOTOPbIMU He
CNPaBAAKOTCA KNaccMyeckne metoapl GU3MYECKOro M AMHAMWYECKOro MoAaennpoBaHua. Ux
CNocobHOCTb K camonogobuto Ha pasHbix macwTabax genaer MX UEHHbIM PEeCypcomM B CaMblIX
HeoXnaaHHbIXx cdepax M NO3BOAAET Pa3BMBATb MHOromaclWTabHbIA MOAXO4 K MCCNeAoBaHWUIO
dU3NYECKMX M BMONOTMYECKNX NPOLLECCOB.
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TE3UCbI OK/IA4OB

B/IMAHUE Y&-B OBNIYYEHUA B NPEAYEOPOYHbIN MEPUOL, HA NIEXXKOCTb JIMCTOBOIO
CANIATA COPTOB «MMNYNbC» U «KPUCMNEH3A» B CBETOKY/IbTYPE

t0. B. AHOXMHA %, O. B. BYWUKO %3

IMexcducyunauHapHasa nabopamopus cumu-gpapmuHaa U HOK e 06aacmu 3KOHOMUKU U
ynpasneHua Cubupckozao hedepasnbHO20 yHuUsepcumema, KpacHoApckK;

2[lenapmameHm HAyKU U UHHOBAUUOHHOU deamensHocmu Cubupckoz2o hedepanbHo20
yHuUsepcumema, KpacHoApcK;

3YHusepcumem MIY-MN 6 LLisHbYx}t3He, haKyabmem HayK 0 mamepuanax, LLIsHbux#c3H6, KHP

JononHutenbHoe BO3AencTBUE YNbTPAadMONETOBOro M3nyyeHus B AnanaszoHe 280-315 Hm
(Y®-B n3nyyeHune) npu BbipalMBaHMM NCTOBbIX COPTOB CasiaTa B CBETOKY/bTYPe 3aMETHO BAMAET
Ha ux mopdomeTpuyeckme, BUOXMMUYECKME M OpraHonenTuyeckne nokasatenu [1]. Mpu atom
HeboNbWoOe YMCNO WCCNEeAO0BAHUM MOCBALLEHO M3YYEHUIO BAUAHWUA [ONONAHUTENbHOro Y®-B
N31y4eHMA MMEHHO B NpeaybopoYHbIi Nepmnos B KOHTPOMPYEMOM Cpeie Ha MoKa3aTe b IEXKKOCTH
Pa3/INYHbIX COPTOB IMCTOBOTO Canata.

Uenbto paHHoi paboTbl ABAS/NOCb WUCCAeAOBaHME BAUAHUA A0NOAHUTENbHOIO YO-B
N3lyYEeHUA B KOHTPOZMPYEMOM cpeae Ha mopdomeTpuyeckme (Macca, O/IMHHA, AOAA BAaru),
opraHonenTuyeckme (BKYC, BHELWHUI BMA, TYprop) U muKkpobuonormyeckme (obuiee MmMKpobHoe
yucno (OMM), KonmyectBO  Me30PWU/bHBLIX  aspobHbIX U aKyNbTaTUBHO-aHA3POOHbIX
MuKpoopraHnamos (KMA®DAHM), nnecHeBble rpubbl) MoKasaTennM COPTOB JIMCTOBOrO casaTa
«Mmnynbe» n «KpucneHsa» B npouecce XxpaHeHus.

Ob6bekTamun mnccnefoBaHua 6ol BblOpPaHbl 3e/1eHble U KPAaCHO/IUCTHblE COpTa JIMCTOBOrO
canata (Lactuca sativa L.): «Mmnynbc» (KpacHOAUCTHbINA canaT batasus) n «KpucneHsa» (canaT
Acbepr). PacteHua BblpalLMBaAM C UCMONb30BAHMEM NPOTOYHOWN FMAPOMNOHHOM cuctembl (NFT,
nutrient film technique — TexHonorns nutatenbHoro cnos). B Takom BapuaHTe TOHKasA NJeHKa
NUTATeNbHOrO PAcTBOpPa MOCTOSHHO LMPKY/AMPOBana no AHY HAKNOHEHHbIX BaHH, obecneuynBas
KOPHW pacTeHWUt BOAOW, NUTAaTENbHbIMM MaKpPO- U MUKPO31eMEHTAMM, U KUCIOPOAOM, MPU 3TOM He
ncnonb3oBancs TBepablt  cybcTpaT.  BbipalwmBaHMe  NMCTOBOrO  cajfaTa  MNpPOBOAWMAM €
Mcnosb3oBaHMEM «Henoro» cBeToANOAHOrO ocBeleHMA (GOTOCMHTETUYECKAs aKTUBHAA pagmaumn
(PAP): 290-300 mKkmonb/(m?-c); doTtonepunos aeHb/Houb — 16/8 u). Ha 3asepliatowein cragmu
BblpalMBaHMA 33 3 CYTOK A0 YOOPKM Ha pacTeHMA [0NONHWUTENbHO Bo3geicTBoBanu Y®-B
nanyyeHmnem (Amax~306 HM, MHTeHcnBHOCTb 30 MBT/Mm2) B «aHEeBHOMY» pexxume (c 6:00 o 22:00,
cymmapHaa gosa ~3,5 k[/m2). Nocne ybopkn canatbl ynakoBbiBaAn No 751 B creumanbHble
KOHTeWHepbl 1 xpaHuau npu 4°C. OueHmnBann moppomeTprmyeckne NokasaTem cpasy nocne ybopku
(tabn. 1) a Tak»Ke opraHonenTUYecKne n MUKpobuonormyeckme nokasatenn (OMY, KMADAHM,
nnecHesble rpmbbl) Ha 0, 5, 11, 13 n 18 cyTkK (Tabn. 2).

Tabnvua 1. Mopdonormyeckme nokasaTenm ANCTOBbIX COPTOB canaTtos (X + Ax, n=10)

- Macca nuctbes,  [anHa nncTa, LWnpuHa nucra, LJdona snarn,
Coprt (Bo3aeiicTBME) 0
r cm cMm %
Umnynbe (BC)* 72+19 1442 9+1 95,4
Umnynbe (BC+YP-B)? 68121 131 10+1 95,4
Kpucnensa (BC) 113+31 13+1 8,710,9 96,1
KpucneHsa (6C+Y®-B) 76135 13+1 912 96,2

1BC — «6enbit» cseT; 26C+YD-B — coyeTanme «6enoro» ceeta un YO-B nsnyyeHus
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Bosgeiicteue Y®-B um3nyyeHns Ha AnUcToBble copTa canata «Mmnynbc» u «KpecneHsa»
NPMBENO K WM3MEHEHWIO LBETa /NNCTbeB (YCUMNEHWE KPACHOM OKPACKM KPACHOJIMCTHOrO CopTa
«Mmnynbe») M BKyca. PesynbtaT Bo3aencTeua YO-B usnydyeHua Ha nucTba canata «Mmnynbe»
npeacTasfeHbl HA pUCyHKe 1.

a 6
PucyHok 1. ®oTorpadumm nnctoBoro canata copta «Mmnynbe» cpasy nocne y6opKku
(cBeToBOe Bo3aeiicTBUue): a — BC, 6 — BC+YD-B)

MonoxutenbHbiM 3PpPeKToM CTano 3ameTHoe 3ameasieHue noTtepu Typropa npu YO-B
BO34eincTBUN. bes npeaybopoyHoro ynbTpadrMoneToBoro Bo3AencTamaA NUCTbA copTa «Mmnynbe»
TEPAAN YNPYrocTb U CTaHOBUANUCH BANBIMU YXKe Ha 5-e CyTKM XpaHeHusn, a npu YO-B BosaelicTeum
JIMCTbA OCTaBaNMCb ynpyrumu Ao 10-15 cytoK. OgHAKO COMyTCTBYIOWMM HEraTUBHbIM 3hdeKkToM
CTa/Io NOSIBNIEHME BbIPaXKEHHOW ropeyn.

Tabnvua 2. Mnkpobuonornyeckne NokasaTenm IMCTOBbLIX COPTOB canaTos (18 cyTKM xpaHeHus)

Copr (so3neticrane) OMY, KMA®AHM, MnecHeBble rpubsl,
KOE/r KOE/r KOE/r
Mmnynbe (5C) >5,0-10° 3,1-10° >5,0-10°
Umnynbe (BC+YD-B) >5,0-10° 3,1-10° >5,0-10°
Kpucnensa (5C) 3,8-10° 1,9-10° 3,1-10°
Kpucnensa (BC+Y®-B) >5,0-10° 1,8-10° 4,1-10°

Camyio BbICOKMI MNOKasaTesb /IEKKOCTM NPOAEMOHCTpMpoBan copT «KpucneHsa», TakK
KMA®AHM poctur 3,8:10° KOE/r TonbKo Ha 18-e cyTKu.

Copra, KoTopble noasepramcb YO-B npogemoHctpuposann poct KMADGAHM, yxe Ha 10-e
CYTKM XpaHeHua nokasaTesb npesbicun 5,0-10° KOE/r.

MPUYNHOM  M3MEHEHMA  MMUKPOOMONOrMYECKMX MOKasaTenen, BO3MOMKHO, ABAseTcA
OKUCAUTENbHBIN CTpecc, B pe3ynbtate YO-B Bo3aencTeuA, KOTOPbIA NPUBOAUT K MUKPOTPABMaM
KNETOYHbIX CTEHOK W KpaeBOMy HeKpo3y. CKBO3b NOBPEXKAEHHbIE TKAaHM MNPOUCXOAUT
NPOHUKHOBEHWE PA3/INYHbBIX MMUKPOOPraHM3IMOB, KOTOPbIE B YC/IOBUAX FEPMETUYHOM YMNAKOBKM
Pa3MHOXAKTCA C O4YEHb BbICOKOM CKOPOCTbIO.

JononHutenoHoe Y®-B BO3gencTBuMe Npu  BblpaliMBaHWUM  AMCTOBOrO cajlata B
KOHTPO/IMPYEMOWN cpefe, C OAHOM CTOPOHbI, YyAy4ywaeT MopPomeTpuyecKMe noKasaTenm wu
BM3Ya/IbHYIO MPUBAEKATENBHOCTb Ha PaHHMX 3Tanax XpPaHeHWA, HO, C APYrON CTOPOHbI, MNpU
XpaHeHUM B TEPMETUYHOM YNaKoBKe MPOBOLMPYET HAKOM/JEHWE TOpevYn W yxyglaet
MUKpOBMONOrMyeckne nokasatenun npu gAMTeIbHOM XpaHeHuUN.

UccnedosaHue 8binonHeHo 3a cyem epaHma Pocculicko2o Hay4yHo20 hoHOa Ne26-26-20147,
https://rscf.ru/project/26-26-20147/

CnuncokK nutepartypbl

1. Zhang, X. Pre-Harvest UVB Irradiation Enhances the Phenolic and Flavonoid Content, and
Antioxidant Activity of Green- and Red-Leaf Lettuce Cultivars / X. Zhang et al. // Horticulturae.
2023. Vol. 9. Ne 6. Art. 695.
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NPUMEHEHUE UHHOBALMOHHOIO BMOYAOBPEHNA HA CE/IbCKOXO3ANCTBEHHbIX
Yrogbax KPACHUUCX

. . AHTOHOB!, U. A. TPOOHNLIKAA?L, B. A. CEHALLOBA?, O. A. COPOKMHA?, H. A. HELUYMAEBA3
IMHecmumym neca um. B. H. Cykayesa CO PAH, KpacHospck;

2rb0Y BO KpacHoapckuli locydapcmeeHHsili a2papHbili yHusepcumem, KpacHoApCK;
3KpacHosapcKkuli Hay4yHo-uccnedosamesnbCcKull UHCMUMym cenbckoz2o xosaticmea, KpacHoapck

JInkemaauma TpyAHOrMAPOAN3YEMOTrO PACTUTENbHOIO CbipbA KaK Ha MecTe CKnagmMpoBaHUsA
oTX040B neconepepaboTknM, Tak M Ha y4vacTKax pyboK pasHOro Tuna ABNAETCA OAHOW U3
NPUOPUTETHbLIX 3aay pPa3BUTMA PErmoHOB KpacHOAPCKOro Kpaa, rae 3anac npoOMbIWAEHHOM
ApeBecuHbl coctaBnseT 18% ot obuwepoccuitckmx [1, 2]. Mcnonb3oBaHMe NPOAYKTOB /J1€CHOWM
NPOMbILWAEHHOCTM — cepbe3Has npobaema ANAa MyHMUMNANbHbIX 06Pa30BaHWUI Kpas, B KOTOPbIX
NPOBOAATCA aKTUBHbIE /1eC03aroToBUTENbHbIE PaboTbl. OcOBeHHO OCTpasa CUTyaums C MeNKUMMU
CbINYYMMM OTXOO3aMMN N1EeCO3arOTOBOK U LLEHTPOB JIECONMUIEHNA — ONUIKAMMU.

Konnektnsom nabopatopmum MUKPoOMONOrMM U 3KONOrMYecKon buotexHonormm MHCTUTYTa
neca mm. B. H. CykaueBa CO PAH B xoAe 3KCNEPUMEHTOB MO YTUAMU3ALUMN APEBECHO-ONUIOYHOM
Maccbl pa3paboTaHbl BapMaHTbl MUHHOBALMOHHOrO 6MoyA06pEeHMA Ha OCHOBE OMMUAIOYHO-NOYBEHHbIX
cybCcTpaToB, cogepKalmMx MUKPOA03bl PA3INYHbIX a30THbIX YA00peHui [3]. B xoae MHOroneTHmx
paboT OblNO BbIABNEHO, YTO BHECEHME [AaHHbIX 6uoyaobpeHWt He TONbKO crnocobcTeyeT
NOBbILEHMIO UMMYHUTETA XBOMHbIX NOPOJ HA IECONUTOMHMKAX, HO U YBEIMYMBAET BUONOrMYECKYHO
aKTUBHOCTb NMOYBbI Noc/sie pyboK 1 noxkapos [4].

Uenbto pgaHHOW paboTbl 6blna OLEHKa NepcneKkTUBHOCTM WCMNO/b30BAHMA OMWUIOYHO-
NMOYBEHHbIX Cy6CTPaTOB B KayecTBe BMoyaobpeHnin ona cenbCKOX03ANCTBEHHbIX KYAbTYP.

B KauyectBe 6OMOAMArHOCTUYECKOrOo MpPM3HAKa BAMAHUA buoyaobpeHMs Ha BepxXHUM
PEeaKTUBHbIA CNON MOYBbI MCMO/Ib30BANCA TaKOM MOKasaTeNb Kak GepMeHTaTUBHAA aKTUBHOCTb.
Ba)KHO OTMETUTb, YTO 3H3UMbI, OCODEHHO CBA3aHHble C MOYBEHHbBIMW MUKPOOPraHU3IMamu,
ABNAOTCA HAanbonee YyBCTBUTEIbHbIMW MHAMKATOPaMM COCTOAHUA arpO3IKOCUCTEM Ha BO34EeNCTBME
pasfnyHbiX GaKTOPOB NOYBOOOpPA30BaHUA U YCNOBUA  GYHKUMOHMPOBAHMA 6GuoTbl [5].
JKcnepMMeHTa/IbHble NIOWAAKM BblN 3a10XKEHbI HA TEPPUTOPUM Y4aCTKa CENIbCKOXO3ANCTBEHHOIO
npoussoactea KpacHMUCX dUL, KHLL CO PAH B KpacHospckon necoctenu. [oyBa nawHu —
4YepHO3eM MMMHUCTO-UNNIOBMANBHBIA TUMUYHBIN HA KOPUYHEBO-Bbypon ranHe. CoaeprkaHue rymyca
B BepxHem cnoe 0-10cm — 4,8-5,1%. UcnbiTbiBannM ABa BapuaHTa 6uMoyaobpeHuit Ha OocHoBe
OMNUIOYHO-NOYBEHHbIX cybcTpaToB € AobaBneHnem muKonpoaykrta (OMNCM) u: 1) cynbdata
ammoHus (CA) — ONCM+CA; 2) auammonus pocoata (JA) — ONCM+IA. B KauecTBe UCMbITbIBAEMbIX
Ky/ZIbTYp WCMO/Ab30Ba/AM ABa COpPTa MSATKOW SPOBOWM NeHMUUbl: «KaHCKas» (cpeAHepaHHsadA) u
«CBupenb» (cpegHeno3aHssa). Pasamep onbITHOW AenaHKM coctaBun 2x1 m. OT60p MNOYBEHHbIX
obpasuoB nposoauan ¢ raybuHol 0—10 cm HenocpeAcTBEHHO Mepes BHECEHMEM CcybCTPaToB U
NOCEBOM MLEHULbI U Aanee — B GpeHodasbl KKYLLEHUEY, KLIBETEHME» N «MOJIHASA CNENOCTbY.

YCTaHOBNEHO, 4YTO COAEeprKaHMe BaNOBOr0 a30Ta B TeyeHMe BEreTauMoHHOro nepuoaa
CHUXKanocb, ocobeHHo B BapuaHTe OMNCM+[OA, HO NpM 3TOM NOBbIWANACh KOHUEHTpauua
nerkorngponusyembix ero ¢dopm (¢ 2,4 po 5,7mr/100r nousbl) Ha QOHE CHUMKEHUA
Hermaponmsyemon opakumum (c 98,8% po 94,6% oT Bcero BasoBoro asota). CoaepraHue
nogsuxHoro ¢ocdopa NoBbIWANOCL BO BCEX BapuaHTax, npuyem Ha yyactke ¢ ONCM+[A 6onee
yem B JABa pasa, gocturas B ¢asy «useteHne» 59 mr/100r noa coptom «CBUpENb».
DH3MMOIOTUYECKMIA aHANN3 MOYBbl MOKa3an, YTo G¢epMeHTATUBHAA aKTMBHOCTb MOC/AEe BHECEHMA
buoynobpeHnii HadMHana nosbllwaTbcA B a3y «KylweHue». A noa coptom «CBupenb»
MaKCMManbHaa akTMBHOCTb TaKOro ¢epMeHTa KaK ypeasbl, OTBeYatoLwero 3a a3oTHbI MeTabonnsm,
6bbina Ha ydactke ¢ OMCM+CA B ¢asy «useteHue» (oo 2,8 mr/1r). HenocpeacTBeHHO nocne
BHeceHMA 6uoyaobpeHns npoABnAeTcA rMAPOJN3 CaxapoB B NOYBE, AMArHOCTUPYEMbIA MO
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aKTUBHOCTM depmeHTa MHBepTasbl, OCOBEHHO BbLICOKOM MNOCAE MCMNONb30BaHMA CcybcTpaTa C
OMNCM+CA (mo 104,7-105,3mr/1r), 4TO CBMAETENbCTBYET O MOBbIWEHHOM MNPOU3BOACTBE
MOHOCAXapma0B, aKTUBHO UCMOJIb3yEMbIX MOYBEHHbIMU MUKPOOPTraHM3MamMM B Ha4albHbI NEPUOL,
pas/ioXKeHMA NOCTyNMBLUEN APEeBECHO-OMUA0YHOM Macchl. B ganbHenwme gasbl yrnesogHbii 06MmeH
3aMeaNNAeTcs, U aKTMBHOCTb MHBEPTa3bl CHMXKaeTcA A0 53—78 mr/1 r. CHUKeHne bepmeHTaTUBHOM
aKTUBHOCTM MOYBbI B TeYEHME BereTauMOHHOro nNepmoga BO3MOMKHO CBA3AHO HE TONbKO C
HacTynaeHnem nepnoaa HU3KMX TemnepaTyp, HO U C HEraTUBHbIM AENCTBMEM Ha NOYBEHHYO 6MOTY
MMWHEPANbHON  COCTaBAAIOWEN  OMWUAOYHO-MOYBEHHbIX  cybcTpatoB. O  noTeHUMaNbHOM
WHTEHCMBHOCTU U HANpPaBAEHHOCTM MPOLECCOB BUOXMMMYECKON MOOMIM3ALMM TAKOTO BaXKHOrO
anemeHTa gna Bcer bnoTbl Kak pocdopa B NoYBE MOXKHO CyAUTb MO YPOBHIO aKTUBHOCTU pocdaTasbl
[5]. Eé maKkcMmanbHaa aKTUBHOCTb bblia Ha ydacTke ¢ ONCM+OA (ao 2,3 mr/1r) Bo Bpema dasbl
«uBeTeHne» noa oboumm copTamu nweHuubl. [daHHble No ¢epmeHTaTUBHOM aKTUBHOCTM
NO3BONAIOT FOBOPUTb O FTMAPOIUTUYECKON TpaHCHOPMaLMK NUTATENbHbIX COeANHEHUIA MMEHHO BO
BTOPOI AeKaae nions, Koraa naet Habop maccbl 3epHa.
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PucyHOK 1. AKTUBHOCTb F'MAPONIUTUYECKMX PEPMEHTOB NOYBbI NOA COPTOM NweHULUbl «CBUpPenb»
nocne npumeHeHua buoyaobperHuns n=4

CornacHo nonyyYeHHbIM pe3yibTaTaM N0 BUOXMMUYECKON aKTUBHOCTM BEPXHErO CNOA NOYBbI
cenbxosyroanit KpacHUNCX, mbl nonaraem, 4to paspaboTaHHble 6MoyaobpeHns NpoaBAAOT CBOLO
3¢ EKTMBHOCTb HE TO/MIbKO NPM MCKYCCTBEHHOM Necopa3BefeHUMM M Ha yyacTkax pybok, Ho u
CNOCOBCTBYIOT CTUMYAAUMKM NAOAOPOANA arporeHHOo-Npeobpas3oBaHHbIX NOYB, YTO MOMKET ObITb
uenecoobpasHo 1 Npu BblPaLLMBAHNN 3€PHOBbLIX KYAbTYp.

PaboTa Bbino/siHEHA B pamKax rocygapcrBeHHoro 3aaaHua FWES -2024-0029.

CnuncokK nutepartypbl
1. Ctrenenb P. A, Penax C. M. AnbTepHaTUBHble NMyTU pPaLMOHaNbHOM NepepaboTKM ApeBecHbIX
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Kpas. KpacHospck, N3a. Cnb. rocya,. TexH. yHusepcuteta, 2001. C. 116-121.
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arpapHoro yHmsepcuteTa. 2014. Ne 12. C. 70-75.
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UMUTALUOHHAA MOAENb BOAHOIO OEMEHA MOMMEHHOIO ArPONIAHALIAGTA

A. A. BYBEP
@rbHY «®HL BHUUTuM um. A. H. Kocmsakosa», e. MocKkea

HayuHo-uccnepoBaTenbckaa paboTa BbIMOAHAETCA B pamKax pesynbtata «Co3gaHbl HOBble
nabopatopuu, B TOM 4UCie NOJ PYKOBOACTBOM MOJIOAbIX MEPCNEKTUBHbIX MCCAefoBaTeENEn»
denepanbHOro nNpoekTa «PasBUTME YeNOBEYECKOrO Kanntana B MHTepecax PerMoHoB, OTpacaen m
CeKTopa nccnefoBaHUM U pa3paboToK» HALUMOHANbHOrO NPoeKTa «HayKa U YHUBEPCUTETbI» N0 TEMe
FGUF-2024-0001.

O6beKTOM MccienoBaHUi ABnseTca arponaHawadT naowaabio 116 KM2, pacnoNoKeHHbIN B
npaBobeperKHOM YacTn nokimbl p. OKKM JlyxosuuKoro parioHa MockoBckon obnactu. B rpaHumuax
paccMaTpMBaeMon TeppuUTOPUM  pas3melleHbl ABa  CE/IbCKOXO3AMCTBEHHbIX NpeanpuAaTUS,
3aHUMaIOLLMXCA }KMBOTHOBOACTBOM M KOPMOMPOU3BOACTBOM, @ TaKKe BblpalMBaHUEM OBOLLHbIX U
3ePHOBbIX Ky/abTyp. MW3yyaembl arponaHawadT noaBepraeTcA BbICOKOW aHTPOMOreHHoMm
Harpyskon: ao 70% TeppmUTOPMMN 3aHUMALOT CENIbCKOXO3ANCTBEHHbIE YroAbA, a HA FrPaHMLE C NOMMOM
no IMHUK KopeHHoro bepera pacnonoXKeHbl GepMbl XKMBOTHOBOAYECKOrO KOMNaekca. Kpome Toro,
MMEIOTCA IKOJIOTMYECKMEe PUCKM, 0OYCNOBNEHHbIE NEPUOANYECKMMM 3aTONNEHUAMMW LLEHTPAIbHOM
4acTM NOMMbI NONbIMKM Bogamu p. OKM Ha naowaam nopaaka 20—35 kwm?.

Lenb nccnenoBaHuii coctomT B paspaboTke UMPpPOBOro MHCTPYMeHTapua ana obocHoBaHMUA
MepPONPUATUIA N0  YCTOMYMBOMY  (PYHKUMOHMPOBAHMIO  MHOrOOTPACNeBOro  NpeanpuaTUA
WHTEHCMBHOIO TMMA, PACMOJIOKEHHOTO B FPaHMLAX arponaHwadTa. B cooTBETCTBUM C MOCTAaBAEHHOM
LUenblo BbIMNOJIHEHA pa3paboTKa 3CKM3HOW Mmogenu BoagHoro obmeHa arponaHawadTa,
BK/IIOHAIOLLErO MENNOPUPYEMbIE U CYXOAOJIbHblE CENbCKOXO3ANCTBEHHbIE 3EM/IN: OCYLLAaeMble U
opolUaemble MOAA MPONALHbIX KOPMOBbIX M OBOLLHbBIX KyabTyp, CEBOOOOPOTbI MHOTONETHUX
3N1aKoBbix M 6Hob6oBble Tpas, nacTbuwa v npupoaHble nyra, obecneuymBatrowme MONyYeEHUE
AOCTAaTOYHOrO KO/IMYECTBa PacTeHMeBOAYECKON NPOAYKLMN ANA UHTEHCUPUKALMKN XO3AUCTBEHHOWN
feAatenbHoctM. C nomoulbto pa3paboTaHHOrO MHCTPYMEHTapUA NpeanonaraeTca  BbIMOAHUTb
CUEHapHble UccnefoBaHUA ANA O0HBOCHOBAHWMA KOMMAEKCA MEePONpPUATUMA, HAMpaBAEHHbIX Ha
nosbllweHne 3GGEKTUBHOCTU WMCNONb30BAHMA 3eMeslbHbIX WU BOAHbIX PecypcoB, COXpaHeHue
NPUPOAHOro NOTeHLUMana arponaHAawadTa n ero IKONOrM4ecKom ycTom4mBoCTy.

Pa3paboTka MMWTALUMOHHON MOAEeNU BOAHOTO ObMeHa arpo3KOCMCTeMbl BbINOMHANACL B
nporpammHom Komnnekce MIKE SHE [1, 2], ucxoaHble faHHble NOArPYy*Kaamcb B moaenb B popmarte
.shp nnbo .dfs [3]. Mogenb coaepUT maTemaTUYecKkoe ONUCaHWe ABUKEHUA BOLHbIX NOTOKOB C
NMOBEPXHOCTHbIM W PYyCnoBbIM CTOKOM (p. OKM M manoi pekn Bobnu, o3ep, opocUTeNbHbIX U
CHPOCHBIX KaHa/oB), a TaKXe B MOYBO-FPYHTaX HEHACbILEHHOM (30HbI a3paLymn) U HaCbIWEHHON
30Hbl C Yy4eTOM MPOCTPAHCTBEHHbIX [AadHHbIX O penbede MecTHOCTW, MeTeopPOSIorMYEeCcKom
nHbopmaumm, BOAHO-GU3NYECKMX CBOMCTB PA3/IMYHbBIX TUMOB MNOYB, CTPYKTYPbl 3€M1E€N0Nb30BaHMS,
BogoobecneyeHmMAa arpoLeHo30B W MNPUPOAHbLIX KOPMOBbIX Yyroaui. Banuaauma mopenu
BbINOMIHAMACb NO NOAEBbIM AAHHbIM, MOJYYEHHbIM C MOMOLLbIO YCTAHOBNEHHOW B rpaHuLUax
BoAg0oCOOpHON TeppUTOPUMN cneumanbHO Pa3paboTaHHOM OPUTrMHANbHOM CUCTEMbI MOHWUTOPUHIA
rTMAPOMETEOPOIOrNYeckMX (GaKTopoB, BKAKOYAOWEN CKBA)KMHblI YPOBHA TPYHTOBbIX BOA W
BOLAOMEPHbIE PEVKN (CXEMA pasmelLeHUsa NPUBEAEHA Ha PUCYHKE), METEOCTaHLMM U 30HAbI NS
KOHTPONA BAAXXHOCTU noyBbl. HabnoaeHWA WM MHCTPYMEHTA/ibHble M3MEepeHUA MNapameTpoB
BOAHOIO peXKMma MoYB WM BOAHbIX OOBEKTOB BbIMOAHANMUCH B MONYAaBTOMATUYECKOM peXKMme
exeHefeNbHO B nepuog c anpensa no Hoabpb 2024 n 2025 rr. 1 npoaoAKaloTCcA NO HacTosAlee
Bpems.
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PucyHoK. CpaBHeHMe HabNtoAEHHbIX M PAaCYETHbIX YPOBHEN rPYHTOBbIX BOA,

AHanNM3 pesynbTaToOB YNCAEHHbIX SKCNEPUMEHTOB HA PETPOCNEKTUBHbIX AAHHbIX B CpaBHEHUU
Cc HabnwogeHnsamn 3a 2024 wu 2025rr., npuBeAeHHbIN HA PUCYHKEe, MOKasaa, 4To MOAE/b
OYHKUMOHUPYET C NpUemMnemMort aleKBaTHOCTbIO U MOXKeT ObiTb NpumeHeHa ansa ob6oCHOBaAHMA
arpoMenMopaTMBHbIX UM  MPUPOAOOXPAHHbLIX MEPONPUATUM, CBS3aHHbIX C  MNOBbIWEHNEM
3KON0OrMYeCcKomn yCTOMUYMBOCTU M NPOAYKTUBHOCTM NOYB.

CnNUcoK nutepartypbl

1. MIKE SHE User manual Volume 1: User Guide 2014 372 p. [3neKTPOHHbIN pecypc], pexxmm
poctyna:  https://www.yumpu.com/en/document/view/22390963/mike-she-user-manual-
volume-1-user-guide-hydroasia

2. MIKE SHE User manual Volume 2: Reference Guide 2014 458 p. [3n1eKTPOHHbIN pecypc], pexkmm
poctyna:  https://www.yumpu.com/en/document/view/22391003/mike-she-user-manual-
volume-2-reference-hydroasia

3. CBMAEeTeNbCTBO O rocyAapcTBeHHOW perucTpaumm 6asbl aaHHbix Ne 2024625364 PoccuiicKas
depepauma. «FeonmHPoOpMaLMOHHAA CUCTEMA  MEIMOPUPOBAHHOIO  arponaHgwadra
npaBobeperkHoM YacTu [eanHoBcKoM nommbl p. Okm»: Ne 2024624995: 3aasn. 06.11.2024:
onybn. 20.11.2024 / A.A.byb6ep, 1. M. Job6bpaues, A.l0.Kynbuyes [u ap.]; 3assuTenb
denepanbHoe rocynapcTBeHHOe OHOAKETHOe HayyHoe yupexaeHue «denepanbHblia
HaYYHbIN LEHTP rTMAPOTEXHUKN U Mennopaumm umenun A. H. KocTakosa».
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OUEHKA PABOTOCNOCOBHOCTU PACTUTE/NIbHO-MUKPOBHOIO TOM/IMBHOIO 3/IEMEHTA HA
OCHOBE BOAHOIo rmALUMHTA AN1A OYUCTKU BOAbI OT HUTPATOB

A.A. BOMHOB ", H. A. NONUTAEBA 1, T. 3. KY/JIELLIOBA 2
1@rA0Yy BO «CaHkm-lemepbypackuli noaumexHudeckul yHusepcumem um. llempa Beaukozo»;
2QrBHY «Azpoghusudeckuli HayyHo-uccaedosamensckuli uHcmumymby, 2. CaHkm-lemepbyp2

B ycnosuAx BoO3pacTaloWwen aHTPOMOreHHOM HarpyskM Ha BOAHble 0O6BEKTbl 0CobYyHo
aKTyanbHOCTb NpuobpeTatoT rmbpmaHble BUOTEXHONOTMN, COBMELLAIOLLME OYMUCTKY CTOYHbIX BOA, C
reHepaumein aNeKTPO3HePrun. PacTuTeNbHO-MUKPOBHbIE TONIMBHbIE 31emeHTbl (PMT3) asnatoTca
NepCcnekTUBHbIM peleHneM, MO3BOAAIOWMM UCNO/b30BaTb KOPHEBble 3KCCYAaTbl BbICLIMX
pacTeHMIN ANA NUTAHMA SNEKTPOAKTUBHbBIX MUKPOOPTaHU3MOB, FEHEPUPYIOLLNX STIEKTPUYECKNI TOK
[1]. BogHbin rnaumnT (Eichhornia crassipes (Mart.) Solms) obnapaeTt BbiCOKOW COPOLMOHHOMN
CNOCOBHOCTbIO M MHTEHCMBHbIM HaKoNAeHMeM 6Momacchl, YTO MO3BOJIAET €ro MCMNo/b3oBaTb B
KauyecTBe 0bbekTa ana putobmnopemeanaumnm [2].

Lenbto gaHHOM paboTbl siBAsnacb cbopka nabopatopHoh mogenu PMTD m nposepgeHue
OLLEeHKM eé paboToCnoCOBHOCTU NPU OUMUCTKE MOAE/bHbBIX CTOYHbIX BOA, 3arPA3HEHHbIX HUTPATAMM.

B xoae npoBeaeHus paboTbl BbINOAHANNCL 33434M, 3aKNH0YaBLUMECA B NMPOEKTUPOBAHUM U
KOHCTPYMPOBAHUN YCTAaHOBKM, COCTOALLEN W3 PaACTUTENbHO-MUKPOOHOM TOMAMBHOM SYEMKM C
3N1EeKTPOSAMM, MOAKAOUYEHHBIMU K KOPHEBOM CUCTEME PACTEHUIM TMALMHTA, @ TaKXKe B NOATOTOBKe
PacTBOPOB C KOHUeHTpaumamm Hutpatos 10 n 50 NAK (NAK anAa HUTpaToOB B BOAE KY/JbTYPHO-
6biToBOro BOAoNoNb3oBaHMA = 45 mr/n B cootBetctBuM ¢ CaHluH 2.1.4.1074-01). B xope
SKCNePUMEHTA MNPOBOAMNACH OLIEHKA reHepauuun HanpsaxkeHuAa u 3OPeKTUBHOCTU yaaneHus
3arpA3HAOLLLEro BELeCcTBa U3 BOAHOM cpeabl, C NOCNeAYIOLWNMM U3y4eHMEeM U3MEeHEeHUI BMONNEHOK
B MMKPOCKOMUYECKOM KapTUHE.

JKcnepMMeHTa/IbHAaA YCTaHOBKA COCTOANA W3 LIECTU KOHTelHepoB 06bEmom 3 /1, Ha AHO
KOTOPbIX MOMELLANN CNOM NEeCKa U HUXKHUK 3neKTpos (rpaduToBbIN BOMNOK C TOKOCbEMOM M3
Hep’KaBeloLlel cTann). B Kaxxaom us BapnaHToB A0BOAMIN 06BEM BOAbI A0 2,5 NUTPOB € 3a4aHHOM
KOHLEHTPaUWen HWUTPATOB B CedylolWMX BapuaHTax: 1) KOHTPo/b 6e3 BHECEHWSs HUTPATOB B
BOZHYIO cpeay; 2) ONbITHbIN BapUaHT C KOHLLEHTPaUuen HUTpaToB B BoAe, pasHou 10 NAK ans Bog,
KY/IbTYpPHO-6bITOBOrO BOAOMNONb30BaHUA (T.e. 450 mr/a no NO;7); 3) ONbITHbIA BapuaHT ¢
KOHUEHTpauuen HuTpatoB B Boae, paBHo 50 MNAK ans Boa  KynbTypHO-6bITOBOro
BO4,0MNO0/1b30BaHMA (T. €. 2250 mr/n no NOs~). Kaxkablit U3 BapMaHTOB CTaBMAN B ABYX MOBTOPHOCTSAX.
B BepxHem cnoe BOAbl pasmelLany 3N1eKTpos, MeXAy NAACTUHAMM KOTOPOro 3aXKMMaJIM KOPHMU
3UXOPHUU. M3MepeHUA HanNpAXKeHUA NPOBOAUAM B TPEX BPEMEHHbIX TOYKaX — Ha 6-1, 8- n 15-1
AeHb  OT  nocagkm pacteHnn B PMTI.  KoHuUeHTpauuilo  HWUTPATOB  onpeaensanu
cnektpopoToMeTpmuyeckn metoaom lpucca, naowanb AUCTbEB — ONTUYECKMM CKaHUPOBAHMEM C
nocneayoueit o6paboTkon n3obparkeHnin. MUKPOCKONNYECKUIA aHaIn3 BMONAEHOK BbINOAHAAN Ha
15-1 peHb Npu yBennyeHnm mmkpockona ot x100 go x1000.

B xome aKkcnepumeHTa 3aduKCMpoBaHA CTabunbHaA PasHOCTb MOTEHLMANOB B OMbITHbIX
BapuaHTax. Hambonblmne 3HaYEeHWs HaNPAKEHUA HabAAANMCb NPW HUTPATHOWM Harpyske B
OMbITHOM BapuaHTe C KOHUeHTpauuen HuTpaToBs pasHon 10 MNAK (Ha 8- aeHb gocTurHyTo 89,5 mB),
a B OMbITHOM BapuaHTe C KOHUEHTpauuen HUTpaToB, paBHoi 50 MNAK oTtmeuyeH pocT oT 26,7 Ao
62,2 MB K KOHLYy 3KCNepuMeHTa. B KOHTPONbHbIX BAapUaHTaxX HanpsKeHue ObiNo 3HAYNTENbHO HUKE
(0o 58 MB) n HecTabuabHbiM. Mpn ymepeHHon HarpysKe (10 MNAK) cTumynmposanca pocT pacTeHuni
(nnowaab nncTbes ysenmumnnack ¢ 74 no 135 cm?), Toraa Kak npu sbicokon (50 NAK) Habaoaanoch
yrHeteHue (CHU»eHue naowaam Ao 38 cm?). CnekTpodoTOMETPUYECKMIN aHANN3 NOKa3aa aKTUBHOE
CHUXXEHME KOHLLEHTPALMN HUTPATOB B NOBEPXHOCTHOM C/N0€ BOAbl NO CPABHEHUIO C NPULOHHbBIM,
YTO YKa3blBaeT Ha AeHUTPUPUKaALUIO B NPUKOPHEBON 30He. B BapmaHTe 50 MNAK 3adpumkcupoBaHa
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BbICOKasA oOnTMyeckas nnoTtHocTb (4o 3,0 ea.), obycnoBneHHasa o6pa3oBaHWMEM B3BELUEHHbIX
OpPraHOMUHEPANbHbIX YacTUL,

MuKpockonua BbIABWIA ABa Pa3/IMYHbIX MexaHu3ma oduncTtku. Mpu 10 MNAK gomuHuposan
6uonornyecknii nyTb: Ha KOpHAX ¢GOpmMpoBanacb NAOTHAA OMONNEHKA W3 NANIOYKOBUAHbIX
H6aKTepuin (BepoATHO, 4eHUTPUUKATOPOB), CTPYKTYPA KOPHA COXpaHAIach, BUAOBOE pa3Hoobpasue
6110 BbicoKMM. Mpu 50 MAK Ha nepsBbli NAaH BbIXOAUAN GU3UKO-XMMUYECKME NpoLecchbl —
NEeKTPOXMMMYECKAA  Koarynauma, npuBoamBLIAA K 0OPa3oBaHWUIO  KPUCTAIMYECKUX
KOHINIOMEepaToB Ha 3N1eKTpoaax U copbunm 3arpasHuTeneit [3]. BoixkmBLUME pe3nCcTeHTHble BaKTepun
KONOHM3MPOBAN 3TU KOHrNoMepaTbl, PopMmunpysa rubpmuaHble opraHoMmHepanbHble BUODNOKYNbI.
Ba)KHO OTMEeTWUTb, YTO CTPYKTypa KOPHEN OCTaBasiaCb HEU3MEHHOMW, CBOMCTBEHHOM 340POBbIM
PacTeHUAM 3MXOPHUM TONCTOYEPELIKOBOM. TakMM 06pa3om, MOXKHO NPeanosioKUTb, YTO Mpu
YyBE/IMYEHUWN  HArpy3KM MeXaHM3M OYUCTKM TpaHchopmupyeTcA w3 Buosornmyeckoro B
H6M031EKTPOXMMMNYECKUI, YTO 0BecneynBaeT BbICOKYH 3PPEKTUBHOCTb YAANEHUA HATPATOB AaXKe B
9KCTPEMaNbHbIX YCNOBUAX.

MonyyeHHble pe3ynbTaTbl NOATBEPXKAAT BO3MOMXKHOCTb MCNOAb30BaHMA PMTI Ha ocHose
SMXOPHUM AONA OYUCTKM BOJ, 3arpA3HEHHbIX HUTPATamu, C OLHOBPEMEHHOW reHepauuen
9N1EeKTpMYEeCKOro HanpaxeHua [1,2]. YmepeHHble KOHLEHTPaLMU HUTPATOB CTUMYIUPYIOT
aNeKTporeHes n 6MOOYNCTKY, TOrAa KaK BbICOKME KOHLLEHTPALMM aKTUBUPYIOT 3/1EKTPOXMMUYECKME
npoueccbl, NpuBOAALLME K OO/blUei reHepauum 3SNeKTPO3IHEPrMuM, HO MPU 3TOM YrHETEHUHO
pacTeHnin. [Ina aanbHeUWnx nccnefoBaHUM NIAHMPYETCA YBEIMYNUTL YUACNO NOBTOPHOCTEN, @ TaKKe
CTAHOAPTU3NPOBATD YCOBUA U U3YUUTb AOAFOCPOYHYIO CTaBUABHOCTb CUCTEMDI.

CnuncokK nutepartypbl

1. Strik D. P. B. T. B., Hamelers H. V. M., Snel J. F., Buisman C. J. Green electricity production with
living plants and bacteria in a fuel cell // International Journal of Energy Research. 2008. Vol.
32 (9). P. 870-876.

2. Kynewosa T. 3., Manywko A. C., MaHosa .., Bonkoea E. H., Apollon W., Shuang C., SevdaS.
BuoanekTpuyeckne cMcteMbl Ha OCHOBE 3/IEKTPOAKTUBHOCTU PacTEHUI U MUKPOOPraHU3MOB
B KOpHeobuTaemol cpege (0630p) // CenbckoxosaicTseHHasa buonorma. 2022. T.57. Ne 3.
C. 425-440.

3. Tumodeesa C.C., Crom A.W., Awapanosafl.0. PacTuteNbHO-MUKPOOHbIE  TOM/AUBHbIE
3/1eMEHTbl: COBPEMEHHOE COCTOSiHME W MepcrnekTuBbl ucnonb3osaHua [/ XXI BEK.
TEXHOCOEPHAA BE3SOMACHOCTb. 2023. T. 8. Ne 2. C. 307-323.
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PA3PABOTKA METOANKU ONPEAENEHNA TMAPOPUSNYECKUX XAPAKTEPUCTUK NMOYBbLI C
MCNONIb3OBAHMEM EMKOCTHbIX AATYUMKOB BNAXHOCTHU

E. P. TABNNIOBCKAA, A. . COPOKWUH, E. A. AYHAEBA
®rbYH «Hay4Ho-uccnedosamenbCKuli UHCMUMym cenbCKo2o xo3alticmea Kpeimay,
2. Cumepeponons

B coBpeMmeHHbIX cucTemMax nNpeumM3nOoHHOro 3emsefenva Bo3pacTaeT noTpebHocTb B
HenpepbIBHOM Habnlo4eHUM U KOHTPO/E 33 AMHAMUKOWN BAAXKHOCTM NoYBbl. O4HMMU U3 OCHOBHbIX
XapaKTEPUCTUK BOAHOIO PEXMMA MOYB ABNAIOTCA MOYBEHHO-TMApPOorMyeckme KoHctaHTbl (MMK),
KOTOpble OMUCbIBAKOT CNOCOOHOCTb NOYBbLI yAepXuBaTb M nepemewato Baary [1,2,3]. K Hum
OTHOCATCA HaMMeHbLUAA BAArOEMKOCTb, B/IAXKHOCTb Pa3pbiBa KAaNUANAPHbIX CBA3EW M BIAXKHOCTb
YCTOMYMBOrO 3aBASAHUA PACTEHMA. DTN NOKA3ATENM LUMPOKO MPUMEHSAIOTCA NPU pPacyeTe PeXMUMOB
OpoLWeHUs, oueHKe BnaroobecneyeHHOCTU Ce/IbCKOXO3AMCTBEHHbIX KYNbTyp WU MOAENMPOBAHUMU
npoueccoB nepeHoca BAarn B noyse. OnpegenexHne MNIK B nonesbix 1 NabopaTopHbIX YCAOBUAX
TpebyeT 3HaUUTENbHbIX BPEMEHHbIX 3aTpaT W TPyAo3aTpaT, a TaKkKe cneumanan3mpoBaHHOMO
obopypoBaHua. B cBA3M c pa3BUTMEM LMDPOBbLIX TEXHONOMMN NEepPCrneKkTUBHbIM HanpaBaeHUeMm
ABNAETCA UCNO/Ib30BaHNE HEAOPOTUX EMKOCTHbIX A4aTYMKOB ANA ONpeaeneHns BAaXKHOCTU MOYBbI.

Lenb uccnepoBaHMAa 3akno4vanacb B pa3paboTke MeTOAMKM M KAaNMOPOBKM EMKOCTHbIX
Aatunkos HW-390 gna nocTpoeHuA BETBM MCCYLIEHWMA U YBNAXKHEHMA, a TaKKe onpeaeneHua
OCHOBHOM rMapoPU3NYECKOM XapaKTEPUCTUKUN NOYBDI.

OnbITbl NpoBoaManck B TevyeHune 50 cyTok HabnaogeHun ana obpasLoB HeHapyweHHOro
CNOXEHUA TPEX reHEeTUYECKUX T[OPM3OHTOB YepHO3emMa HKHOF0 MULENAPHO-KapboHATHOro
Ha KpacHo-6ypbix ranHax (0—20, 20—40 n 40—60 cm), BbicoTa 06pa3LoB 6 cm (Npodunb 3an10XKeH B
c. YepsoHoe CaKckoro palioHa Pecnyb6aunkn Kpbim).

Ona Kaxporo obpasua onpefenann NAOTHOCTb CNOXEeHMA, 0O6bEM, MAcCy CyxXOoM MNo4Bbl
n Anana3oH MamepeHun BnaxkHoctn. KanmbposKa npeaycmaTpuBana onpeaesieHMe coaeprkaHue
Bnarn B obpasLax NoYBbl TEPMOCTAaTHO-BECOBbLIM METOA0M A/1A HAa3HAYEHMA ANANA30HA 3HAYEHUN
B MPOLEHTaX WCNONAb3yeEMbIM JaT4MKamM W C NocnegylowmMm HacblweHnem obpa3uos go
HauMeHbLUel BIarOEMKOCTU M eCTeCTBEHHOrO BbICYLIMBAHUA C OAHOBPEMEHHON perncrpaumen
OAHHbIX gaTynkamm snaxkHoct HW-390 1 temnepaTtypbl DS18B20.

Ha Kaxgom 3Tane m3mepsnacb macca obpasua, TemnepaTypa NO4YBbl M PACCYUTbIBANACH
06bEMHAA macca Bogbl B MOYBE, @ TaKXKe aBTOMaTUYECKM BENaCb 3aNUCb BAAXKHOCTU M TeMnepaTypbl
(tabn.) B dopmate CSV ana aanbHenwer 06paboTKM AaHHbIX, YTO NO3BOJINIO NPUCBOUTH AAaTYMKAM
KaNMbpOBOYHbIE 3HAYEHMA HAaUMEHbLUEN BArOeMKOCTM M abCoNOTHO CyxoM no4ysbl. Ha ocHoBe
NONYYEHHbIX 3KCNEePUMEHTA/IbHbIX AaHHbIX pa3paboTaH anroputm npeobpa3oBaHUA 3HAYEHW,
NONYYEHHbIX C AaT4MKa, B 0ObEMHYIO BNIAXKHOCTb MOYBbI.

Tabnnua. dKcnepMmMmeHTanbHble 3HaYeHUa 06pasLoB NOYBbI

[OpPU3OHT
MapameTp

0-20 20-40 40-60
MNOTHOCTb cnoxeHus, r/cm3 1,20 1,25 1,34
Macca noussl, T 157,92 191,04 128,00
06bEMm noysbl, cm3 131,60 152,83 95,52
Macca Bogbl B no4se npu B3, r 25,1 24,6 27,3
CpegHee 3HauyeHune gatyumka npu 0% 531 532 534
Macca BoAbl B NoyBe nepe, ycTaHOBKOW AatynKkos (HB), r 60,4 69,7 70,0
CpepgHee 3HauyeHune gatumka npm 100% ot HB 247 244 244
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Mony4yeHHble pe3ynbTaTbl NOKAa3a/iM BO3MOXKHOCTb MPUMEHEHWNA OTKAaAMBPOBAHHbIX 4AaTYMKOB
HW-390 ans HenpepbIBHOrO MOHUTOPWUHIA AMHAMMKM BAAXKHOCTU NOYBbI M ONpeaeieHUA OCHOBHOM
rMapodU3NYEeCcKon XapaKTEPUCTUKM, YTO pacliMpAeT BO3MOXKHOCTU MCMNONAb30BaHWA AOCTYMHbIX
TEXHONOrMiM B arpodpm3nyYecKnx NccaeqoBaHmaxX U cuctemax UMppoBoro semaeaenms.

UccnedosaHue 8binosnHeHO npu noddepxcke epaHma PH® Ne 25-16-00239 «ModenuposaHue
U aHanus 2udpoghusudveckux ceolicme mno4vebl C y4yemom 2ucmepesuca 014 npeyu3uoHHo20
OPOWEHUSA CenbCKOX03AUCMBEHHbIX KYnbmyp».

CnucokK nuteparypbl

1. WewuH E. B. Kypc dpn3mKkn nous: yuebHuK. M.: U3g-8o MIY, 2005. 432 c.

2.Ymaposa A. b., LeuH E.B., Kyxapyk H.C. OcHOBHaa ruapodum3nyeckas XapaKTepucTmka
arpocepsbix NOYB: BAMAHWE aHU30TPONUKU M MacwTabHoro ¢akTopa // MousoBeaeHue. 2014.
Ne 12. C. 1460-1466.

3. Tepnees B. B., Mirschel W., BaageHko B. /1., T'ycesa W. 0., TypuH M. . ®un3nko-cratucTn4eckan
WHTepnpeTaumMa napameTpoB OGYHKUMKM BOAOYAEp)KMUBatoWe cnocobHoctu nousbl //
Arpodusunka. 2012. Neo 4(8). C. 1-8.
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BIMAHUE CNEKTPAJZIbHOIO COCTABA CBETA HA NPOAYKTUBHOCTb U MOP®OMETPUYECKUE
NOKA3ATE/IN OGPA3LIOB BRASSICA RAPA L. B YCNIOBUAX UHTEHCUBHOM CBETOKY/IbTYPbI

O.A.TOPWKOB !, H.T. CUHABMHA 1, K. B. EFOPOBA !, A. M. APTEMbEBA 2

IQreHY «Azpogusudeckuli HayyHo-uccnedosamensckuli uHcmumymb», CaHkm-llemepbype;
2QrBbHY «®UL| Bcepocculickuli uHcmumym 2eHemu4yecKux pecypcos pacmeHul

um. H. UN. Basunosa», CaHkm-llemepbype

Nlnctosble KanycTbl BMAa pena (Brassica rapa L.) — UEHHbIA UCTOYHMK BUTAMUHOB W
aHTMOKCUAAHTOB. Bnarogaps KOPOTKOMY BEreTauMoHHOMY Nepruoay M KOMNAaKTHOMY rabutycy oHu
NepCneKTUBHbI ANA KPYrnoroanM4yHom CcBeToKyAbTypbl [1]. 3ddeKkTMBHOCTL BblpaWMBaHUA B
3HAYMTENbHOM CTEMNeHM OonpeaenaeTca ChneKTPasibHbIM COCTaBOM OCBELLEHMA, BAMAKOWMM Ha
¢doTocnHTe3 n mopdoreHes [2]. Lenb paboTbl — OUEHUTb BANAHUA TPEX CNEKTPANbHbIX PEXMMOB
CBETOAMOAHbIX CBETU/IbHUKOB Ha NPOAYKTMBHOCTb 06Pa3LLOB KUTAUCKON M ANOHCKOM KanycTbl BUAA
B. rapa L.

O6bekTbl U meToabl. MccnepoBann 4yeTbipe obpasua KUMTaMCKoM KanycTbl B. rapa subsp.
chinensis (NlebeaywkKa (kK-214), Shanghai dwarf green (k-319), LLlaHxaicKkasa po3sa (Bp. kK-1644),
TaTcoi KpacHan (Bp. K-1645)) 1 2 obpa3sua ANOHCKOM KanycTbl B. rapa subsp. nipposinica (MunsyHa
KpacHasa (K-735), Cantot HObuneto (Bp. K-1612)) ns konnekuum BUP. PacTeHuns BblipallmBanm Ha
TopdAHOM npombllineHHoMm cybctpate Arpobant C npu Temnepatype 24+2°C (aeHb) / 20+2°C
(Houb), BnarkHocTM 65—70%, 12-yacoBom doTonepmoae, NoanBe BOLON M MNOAKOPMKE PacTBOPOM
KHona Tpu pa3a B Hegento. MWcnonb3oBanu cBeToaMOgHble CBETUAbHUKM:  ADPU-3000
(KC:3C:CC =1:3:5), A®N-4000 (1:2:2) u A®U-5000 (1:1,5:1,5). Ha 30-e CyTKM M3MeEPAIN BbICOTY U
ANAMeTP pPO3eTKM, YUC/O NUCTbeB, Maccy pacTteHua. CraTucTtMyeckas o06paboTKa A[aHHbIX
nposoaunacb ¢ nomouwbio Microsoft Excel, Bepcua 16.69.1(Microsoft, CLLUA) n STATISTICA v.12.0
(«StatSoft, Inc.», CLLA), pasnunuma oueHusanum npu p<0,05.

Tabnnua 1. MopdpomeTpuyeckmne nokasatenm obpasLoB KanycTbl KUTacKon Brassica rapa L.
subsp. chinensis (L.) Hanelt

O6pasel, Pasmepbl po3eTkn, cm Yucno nucrtoes, Macca
BbICOTa anameTp LT, pacTeHus, r
A®U-3000
K-319 Shanghai dwarf green 17,8+3,88° 30,1049,29° 9,51+2,46 49,93+14,84°
K-214 Nebepyuwka 18,12+2,60° 36,15+3,66° 8,5+0,56 55,21+16,42°
Bp. K-1644 LLlaHxacKan po3a 11,151,052 23,75+2,44° 10,00+1,95 51,87+9,93°
Bp. K-1645 TaTcoi KpacHasn 13,625+1,15° 19,751,232 8,25+1,23 22,43+5,70°
A®U-4000
K-319 Shanghai dwarf green 14,75+0,63° 29,625+3,56°° 10,00+1,78° 50,35+6,91°
K-214 NlebenyuiKka 17,75+2,92° 35,0046,09¢ 7,75%0,932 55,25+11,33¢
Bp. K-1644 llaHxalickas po3a 12,75+1,67° 26,75+4,41° 11,00+0,80° 60,58+4,01¢
Bp. K-1645 TaTtcolt KpacHas 11,25+1,72° 19,00+1,72° 7,75+1,30° 25,98+49,79°
A®UK-5000
K-319 Shanghai dwarf green 17,12+1,89° 25,75+2,57° 10,00+0,81° 43,3345,14°
K-214 /lebenywkKa 17,50+2,82° 32,7543,69¢ 8,50+0,97° 41,10+5,23
Bp. K-1644 llaHxalickasa po3a 12,37+0,732 26,75+3,23° 10,5+1,26° 51,43+8,43°
Bp. K-1645 TaTtcolt KpacHas 12,75+1,462 23,75+2,92° 8,55+0,97° 28,55+11,07°

&€ 3HaueHuA ¢ Pa3HbIM HaACTPOYHbIM UHOEKCOM B CTOI'I6LI,e pa3anyanncCb CTaTUCTUYECKU 3HAUYMMO NpU p <

0,05 (Tukey's HSD test).

[aHHble NpeacTaBaeHbl KaKk cpeaHee + 40BEPUTENbHbIN UHTEPBAI.
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Y 06pasy0B KMTAMCKOM KanyCTbl peakLma Ha CNeKTpaibHbIA COCTaB CBETA 3aBMCeNa OT COpTa.
Hanbonee BbipaxeHHOE BAMAHME CNEKTPA OTMEYEHO Ha Maccy pacteHui. Cnektp namn A®U-4000
obecneymBan MakcMmanbHy Maccy y obpasua LLaHxalckana posa (60,58 r, yto Ha 16,8% n 17,8%
BbilLe No cpaBHeHUto ¢ AOUN-3000 n A®K-5000), Toraa Kak y c. Jlebeaylwka macca Nnpu OCBELLEHUU
namnamu A®N-3000 n A®M-4000 Hbina NPaKTUYECKN OAMHAKOBOM U CHUXKANACh NPU OCBELLLEHUN
A®U-5000 Ha 26% — po 41,10 r. Y c. Shanghai dwarf green pasnuvuna mexay BapMaHTamu He
npesbiwann 15%, a y c. TaTcoh KpacHas OTMevanacb TEHAEHUMA K YBE/JIMYEHWUIO MacCbl Mpwu
ocselLeHmn namnamm A®K-4000 n A®GU-5000. MopdomeTpuryeckme noKasaTenu (BbicoTa, AMameTp
PO3ETKMN U YNCNO INCTbEB) B BAPMAHTAX C PA3HbIM OCBELLEHWEM PA3/INYANNUCL B MEHbLUEN CTENEHW,
4Yem Macca PacTeHUN.

Tabaunua 2. MopdpomeTpuryeckne nokasatenn obpasL,oB KanycTbl ANOHCKOW Brassica rapa L. subsp.
nipposinica (Bailey) Hanelt

Pasmepbl po3eTKn, cm Yucno nncrbes, Macca
Obpasel,
BbICOTA AnameTp LT, pacteHus, r
ADN-3000
K-735 Mun3yHa KpacHas 23,25+2,17 38,00+5,24 17,00+6,04° 43,15+13,47
Bp. K-1612 Cantot HO6uneto 25,00+1,38 39,75+3,78 68,75+2,8° 54,53+3,59
ADN-4000
K-735 Mun3yHa KpacHas 21,00+1,78 35,50+5,39? 14,00+2,65° 28,98+8,71°
Bp. K-1612 Cantot FO6uneto 21,75+3,78 46,75+3,33° 75,2549,51° 56,5446,45°
ADN-5000
K-735 Mu3yHa KpacHasa 21,75+2,02 42,75%3,23 17,75+3,332 43,70+4,41
Bp. K-1612 Cantot O6uneto 23+1,38 40,7516,56 72,25+12,35° 54,76+10,22

@b 34aueHna ¢ pasHbIM HAACTPOUHBIM MHAEKCOM B CTONBLE Pa3/MyYanuCh CTaTUCTUYECKM 3HAYMMO Npu
p < 0,05 (Tukey's HSD test).

JaHHble npeacTaB/eHbl KaK cpeaHee + A0BEPUTENbHbBIN MHTEPBA.

Y AnNOHCKOM KanycTbl Hambonee nNpPoAyKTMBHbIM OKasanca obpasueu, Cantot HObuneto,
npesocxogAawmni ¢. MmnsyHa KpacHasa nNpu BCEX BapMaHTaX OCBELLEHUA MO MACCe U YUCAY NIUCTbEB.
Ona c. Cantot HO6buneo Hanbonee GnaronpuATHbIM ObiN cnekTp ocBeweHus namn APKN-4000,
obecneumnBLLINI MaKCUMa/IbHble 3Ha4YeHUA AMameTpa po3eTku (46,75 cm), uncna nnctoes (75,25 wr.)
N maccbl pacteHuit (56,54 r). Y c. Mn3yHa KpacHad, HanpoTuB, CNeKkTp ceeTuabHukos A®KN-4000
cnocobcTBOBaA CHUMKEHWNIO Maccbl No cpasHeHuto ¢ AOKN-3000 n AGKN-5000, Toraa Kak nocnegHue
ABa BapnaHTa obecneymBanm cxoxme nokasaTe M pocTa U NPOAYKTUBHOCTW.

B pesynbTate nNpoBeAEHHOrO UCCAEA0BAHUA MOXKHO CAenaTb BbIBOA, YTO CMEKTPasibHbIM
COCTaB CBeTa OKa3blBaeT CYyLWEeCTBEHHOE BJ/IMAHME Ha MPOAYKTMBHOCTb JIMCTOBbLIX KanycT BMAa
B. Rapa L. B ycnoBuAX WMHTEHCMBHOM CBETOKYNbTYpbl. JnA 60/AblIMHCTBA M3y4eHHbIXx 06pasyos
cnektp A®U-4000 obecneumBan Hambonee BbICOKYD MPOAYKTUBHOCTb, YTO ObiNO OTMEYEHO Y
COPTOB KUTaMCKOM KanycTbl LLlaHxanckaa po3a 1 JlebeayliKa, a TakkKe y ANOHCKOW KanycTbl CantoT
lO6buneto. B To e Bpema y HONbWKMHCTBA MccneayeMbix 06pa3LOB MpW BblpaLLMBAHUM MOA4,
ceeTunbHMKOM ADPUN-5000 ¢ Honee BbICOKMM COAEPKAHMEM CUMHErO cBeTa BMomacca CHUKanacob,
AOCTOBEPHO MM B BUAE TeHAEHUNK. [ToNyYeHHble pe3ynbTaTtbl byAyT MCNOb30BaHbI B AabHeNLWeNR
nccnefoBaHUAX, HanpaBAeHHbIX HA Pa3paboTKy HAYYHO-TEXHUYECKMX OCHOB CUCTEMbl «FE€HOTMM-
cpena» cemencTBa Brassicaceae B MHTEHCUBHOM CBETOKY/IbTYpE.

CnucokK nuteparypbl
1. TeptoiwHaa K0.B.,, JleBuHa H.C. BauAHMe  CNEKTPanbHOrO  COCTaBa CBeTa Ha  pasBuTMe

CeNbCKOX03ANCTBEHHbIX KynbTyp // CenbCKOX03AMNCTBEHHble MallMHbl M TexHonormn. 2016. No 5.

C. 24-29.

2. AptembeBa A. M. Buonornyeckme ocobeHHOCTU KanyCTHbIX OBOLHbIX KY/bTYp BMAA Brassica rapa L. npu

BbipalliBaHUM B UHTEHCUBHOM cBeTOKYbType // Cenbckoxo3aiicTeeHHas buonorna. 2021. T. 56, Ne 1.
C. 103-120.
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r’MePUOHAA MOAE/Ib OLLEHKW 3BANOTPAHCMUPALIMXA HA OCHOBE SHEPTOBAJIAHCOBbIX
MOZENEN, CNYTHUKOBbIX AAHHbIX U MALUMHHOIO OBYYEHUA

A. B. AOBPOXOTOB, 4. N. MYXUHA, /1. B. KO3bIPEBA
®IrbHY «AepoghusudecKkuli Hay4yHO-uccnedosamenscKuli uHcmumymb», CaHkm-llemepbype

B arpoakocuctemax BOAHbIN, IHEPTETUYECKUA U YINEepPOAHbIA LUKAbl HEPa3pPbIBHO CBA3AHbI
yepe3 3BanoTpaHcnupaumio (ET). B Hactoswee Bpems p[Ns OUEHKM MPOCTPAHCTBEHHOrO
pacnpeaenenua ET yalle BCEro NnpMMeHsIoT CNYTHUKOBbIE MOAENUN 3HepreTuyeckoro 6anaHca (36).
K coxaneHuto, Ux cTaTMyeckaa napameTpusauma 3adactyto TpebyeT NOKanbHON KanubposBKuM ¢
NPUMEHEHNEM HA3eMHbIX M3MepeHU NOTOKOB. B 3TomM uccnenoBaHUM NpeanoXKeH r’MbpuaHbIn
noaxon rubpuamnsaumm 36 moaenn metoaamm MmallMHHOro obydyenusa (ML).

Mbl cpaBHWAWN ABe ABYXypOBHEBble 3HeprobanaHcoBble moaenn TSEB wn PT-JPL [1,2]. Ona
MHULMANM3aLMN NCNONb30BANNCh AaHHble CNyTHMKA Landsat 1 meTeoponornyeckne nepemeHHble
ERA5-Land [3]. Oby4yanu u BanuaupoBaan MOAENN MO U3IMEPEHUSM C MYJIbCALUMOHHbIX CTaHLUM
(meTon, TypbyneHTHbIX Nynbcauuit), OXBaTblBAlOWMX pPa3Hble KAMMATMYECKMEe 30Hbl. YToObl
n3berkaTb YTEUYKN AaHHbIX U NepeobyyeHns, BbIDOPKY pa3aenmnm Ha obyyaloLLyro U TeCToBYHO He
CNYYaMHO, a KNACTePM30BaAB CTaHUMM MO Fpynnam.

PT-JPL okasanacb TouHee TSEB (R?=0,39 npotus -0,05, RMSE = 86,8 npotus 115,1 Bt/m?),
XOTA W CUCTEMATMYECKM 3aHUXKana oueHkn ET. YTobbl cCKOppeKTUMpoBaTb 3TM OLWMOKKM, Mbl
NPUMEHWUAN TPALMUEHTHbIN BYCTUHT (ML-anroputm). AHaIM3 NOKasan, YTo Ha OLMOKY BAMAIOT NATb
$aKTopoB: OTHOCUTENbHAA BaXKHOCTb Bo3ayxa (RH), BeretaumnoHHble nHaekcosl NDVI, NDMI, SAVI n
6anaHc KopoTKoBoNHOBOW paavaumm (Rsn). Hambonbwumii BKNag BHOCUT MMEHHO BAAXKHOCTb
Bo3ayxa (RH). CKopee Bcero, owubra PT-JPL cBA3aHa C Tem, 4YTO BAAKHOCTb MNOYBbI
napameTpusyetca Yyepes RH. 310 npmMBoAUT K 3aHMKeHMIO ET Ha opoLwaembix NOAAX, 0CO6EHHO Npu
HM3KolM RH. Kpome Toro, 4actb OWMOBOK MOXKET ObiTb 0OycnOB/AEHAa HETOYHOCTAMM B AAHHbIX
peaHanunsa ERA5-Land n HecoBnageHMem NPOCTPaHCTBEHHbIX MacLTaboB..

Bnarogaps ML touHocTb PT-JPL Bbipocna (R? Ha TecToBoW Bbibopke yseanumncsa ¢ 0,39 ao 0,63,
a RMSE cHu3unca go 66,1 Br/m? (tabn.)). BaXXHO OTMETUTb, YTO MOJE/b COXPaHUNa PUNYUECKYIO
MHTEPNPeTUPYEeMOCTb U CNocobHa pasgenatb obwmii NnoTok ET Ha TpaHcnMpauuio, ncnapeHue ¢
NOYBbl WU WCNapeHue nepexBavyeHHOM NUCTbAMM Bnaru. Pa3paboTaHHbI nopxon nossonset
OLLeHMBATb MPOCTPAHCTBEHHOE pacnpeaeneHne U KOMNOHeHTbl ET Ha CenbCKOXO3AMCTBEHHbIX
NoNAX N MOXKeT BbITb MCNONb30BaH ANA 6osee paLMOHaNbHOro yNpaBaeHNsa BOAHbIMU pecypcamu.

Tabnnua. MeTpuKK KayecTBa OLEHKM 3BanoTpaHcnmpauum mogenamm TSEB, PT-JPL n rubpugHoi
ML-mogensbto ML PT-JPL

MeTpunKu TSEB PT-JPL ML PT-JPL
R? / RMSE, Bt/m? (tecr) -0,05/115,1 0,39/ 86,8 0,63 /66,1

CnucoK nutepatypbl

1. Fisher J.B., Tu K.P., Baldocchi D.D. Global estimates of the land—atmosphere water flux based on
monthly AVHRR and ISLSCP-Il data, validated at 16 FLUXNET sites // Remote Sensing of
Environment. 2008. Vol. 112. Ne 3. P. 901-919.

2. Norman J.M., Kustas W.P., Humes K.S. Source approach for estimating soil and vegetation energy
fluxes in observations of directional radiometric surface temperature // Agricultural and
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OLEHKA CTPYKTYPHO-ATPEFTATHOIO COCTABA YEPHO3EMA TUMUYHOIO NPU OCBOEHUMN
TEXHOJIOT'MU NO-TILL

E. B. JOPOLLUEHKO
®IrbHY «Kypckuli pedepansHbili aepapHbIl Hay4HbIU yueHmp», Kypck

B ecTtecTBEHHOM COCTOSHUM MAM MPU TPASULMOHHOM CUCTEME 3eMaefenna TUNU4YHbIe
4yepHO3éMbl 0613a4a0T MOLLHOM KOMKOBATO-3€PHUCTON CTPYKTYpPOM TYyMyCOBOFO TOPM3OHTA,
pocturaoweir 80-100 cm. ArpoHOMMYECKM LEHHbIMW CYMTAOTCA BOAOMNPOYHbIE arperarbl
pasmepom oT 0,25 go 10 mm (maKpocTpyktypa no C. A.3axapoBy), KoTopble obecneuymBatoT
ONTMMaNbHbLIN BOAHO-BO3AYLIHbIA PEXMM W  BbICOKYD nopuctoctb. OpHaKo exerogHas
MexaHunyeckaa obpaboTKa Mo4yBbl Ha BbIPOBHEHHbIX Y4Y4aCTKaX CMCTEMATUYECKM paspyluaeT 3Tu
KPYMHble arperaTtbl, NpeBpalias Mx B MNblaeBaTylo Pppakumio, a GopmMMpylOLLAACcA CO BPEMEHEM
NAY)KHaA NoAoLWwBa CTAHOBUTCA MeXaHUYeCcKMm bapbepom Ana MHOUAbTPALMM BAArM U Pa3BUTUA
rnybokoi KopHeBol cuctemsl [1].

Bonpoc TpaHchopmauum CTPYKTYPHO-arperaTHOro COCTaBa Ha 3P0O3MOHHO-OMACHbIX CKAOHAX
OCBeLEH 3HaYMTeNIbHO cnabee M3-3a METOA00MMYECKON CNAOXKHOCTM NONEBbLIX UCCEA0BAHUMI, TaK
Kak 34ecb K arporeHHbiM ¢aktopam paobaBnsetca rpaBUMTALMOHHbIN. Ha CKNOHaX OXKHOM
3KCMO3MUMM TPAAMLMOHHAA BCMALIKA MOXKET NPUBOAUTb K KaTaCTPOPUYECKMM NOCNEACTBUAM:
pa3pyLeHne CTPYKTYpbl 06HaXKaeT NoyBy, CNOCOBCTBYA aKTUBU3ALLMM NNOCKOCTHOIO CMbIBa, BOAHOM
sapo3un u pgednaummn. TexHonorna No-Till gonkHa M3MeHUTb HanpaBaeHWe AerpagalyOHHbIX
NPOLECCOB 3a CYET COXPAHEHUA NOCTOAHHOIO MY/bYMPYIOLLETO NOKPOBA U3 MNOXHUBHbLIX OCTAaTKOB.
Kpome Toro, oTka3 oT o6opoTa nnacta N03BOAAET COXPAHUTb BEPTUKA/IbHbIE MaKPONOpbl — CTapble
KOpPHEBble KaHafbl, KOTOPble CAYy)KaT rOTOBbIMU APEHAXKHbIMM NyTAMM Ans ObiCTporo oTBoAa
n3bbITouHOM BOAbl BrAybb nNpodunA, 4YTO KPUTUYECKM BaXXHO ANA NpefoTBpalleHuA
NMOBEPXHOCTHOrO CTOKA Ha YKNOHe.

Uenb uccnenoBaHma — OLEHKA M3MEHEHUA CTPYKTYpHO-arperaTtHoro cocraBa 4epHosema
TUMMUYHOIO CKNOHA I0XKHOM 3KCNO3MLMKN Npu ocsoeHun TexHonorum No-Till.

UccnepoBaHns npoBoamMan B BeceHHWI nepuon 2026 roaa B YC/AOBMAX CTaLMOHApPHOro
NONEBOro OMnbiTa MO U3y4YEHUIO ONTUMU3ALUWN CEIbCKOXO3AUCTBEHHOIO MPUPOAOMNO0/b30BaHMA U
Cco34aHu0 aganTMsHbIx cuctem 3emneaenva PIBHY «Kypckmin PAHL», pacnosiokeHHoro B
ceBepHoOM YacTn MeaBeHcKoro panoHa Kypckoit obnactu.

MoneBoit onbIT 6bl 3an0KeH B 2024 T.

Mnowaas oAHOM AeNAHKN Ha I0XHOM CKNOHe cocTasnsaeT 6300 m? (0,63 ra) 18x350 m.

B Hawem onbiTe No-Till —3T0 BO3aenbIBaHME KyAbTyp, a4anTUPOBAHHbIX K YCI0BUAM NPAMOTO
nocesa, OTCYTCTBME NPONALLHbIX KY/bTYp, HacbiweHMe ceBoobopoTa 3epH06060BbIMUM KybTypamu
0o 40%, ncnonb3oBaHue repbULUNAOB CNAOLWHONO AENCTBMA, OTCYTCTBME 06PabOTKM MNOYBbI.

B cucteme No-Till 06paboTka NoYBblI HE NPOBOAUTCSA, BbICEB CEMAH OCYLLECTBAETCA CEANKOM
npAMOro nocesa.

B KauecTBe KOHTPO/A BbibpaH y4acTOK 6e3 yK/NOoHa, PacnonoXeHHbIM Ha BOAOpa3aenbHOM
yacTtu.

YyeTHble NA0LWaAKN PACNOIOMKEHbI Ha CKNOHE C yKNoHOM 1-2° (BapuaHT 1) n 2—4° (BapuaHT 2).

OTbop nouyBeHHbix 06pasyoB NPOBOAMAW B BECEHHWN nepuoa A0 06paboTKM MNOYBbI
nocnomnHo: 0—10 cm, 10-20 cm 1 20-30 cm.

®paKLMOHMpPOBaHME NOYBEHHbIX arperatoB 6b110 BbiNosHeHO no metoay H. U. CaBBMHOBa ¢
OANbHENLMM pacyeTom KO3PPULUMEHTA CTPYKTYPHOCTH.

BopoycToitumBocTb arperatoB onpejaeseHa Ha npubope U. M. Bakuweesa.

Mo wKane oueHkM, npegnoxkeHHol C. N. Jonrosbim u . Y. BaxTUHbIM, NOYBEHHbIE 0bpa3Libl
BCEX BAPMAHTOB, BKAKOYAS KOHTPO/b, UMENN KOTIMYHOE» CTPYKTYPHOE COCTOAHME.
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KoadpdnumneHT cTpyKTYpPHOCTM Ha KOHTpone u BapuaHTe 1 ysenmumsanca B pagy: 0-10 cm,
20-30 cm 1 10-20 cm, T. e. camoe bobLLoe ero 3HavyeHue, bbino B cnoe 10-20 cm.

Ona BapvaHTa 2 TaKOW TeHAEHUWUW He BbiaBAEHO, HaobopoT, B cnoe 10-20 cm oTMeYeHo
Camoe HU3KOe 3HaYeHUe KOIpOULUMEHTA CTPYKTYPHOCTH.

B cnoe 0-10cm camoe Hu3Koe 3HavyeHue Ko3dPUUMEHTa CTPYKTYPHOCTM MNOAYYEHO Ha
KoHTpone —4,02. BapuaHT 2 Bbllwe, KOHTpoAA Ha 35 %, BapuaHT 1 —Ha 15 %.

M3-3a OTCYTCTBMA MEXaHMUYECKOMN AECTPYKUMU NAOTHON AEPHUHbI U HAKOM/IEHUA NOXHUBHbIX
OCTaTKOB CYMMa BOZAOMPOYHbIX arperatoB XapaKTepu3yeTcs KaK M3ObITOYHO BbICOKAA Ha BCex
BapMaHTax 3a UCKAoYeHUem KoHTpoasa (0-10 cm), 4To BepoATHee BCEro CBA3aHO C YNIOTHEHUEM
BEPXHEr0 C/10A X04aMU TAXKENON TEXHUKN. ITO MOXKET NPUBOANTb K CHUKEHUIO PUNbTPALMOHHOMN
CNocobHOCTU MNoyBbl. [N1A NPOBEPKU 3TOM rMNoTe3bl NAAaHUPYETCA onpeneneHue BNUTbIBaAOLLEN
CNOCOB6HOCTN NOYBbI METOAOM TPYOOK M METOAOM A0XKAEBAHUA CTOKOBbIX NA0OWAA0K [2].

[Ons Bcex BapWAHTOB, BKAOYAA KOHTPO/b, NOAYYEHO Hambonbllee 3HaYeHMe CYMMbI
BOAOYCTOUMBBIX arperatoBs B csioe no4sbl 10—-20 cm.

Ha BapuaHTe 2 nojsyyeHa MaKCMManbHas CymMMa BOLOYCTOMYMBBLIX arperaTtoB, KOTOpas
npesbicuna 90 %.

B cnoe nouysbl 0—10 cMm Ha KOHTpPOJiIe CymMma BOAOYCTOMYMBLIX arperaToB B cpeaHem Obina
70,76 %, cornacHo Knaccudpukaummn U. B. KyaHeL0BOM, XxapaKTepuU3npyeTca KaKk OT/IMYHAA.

BoiBoa. OcBoeHue TexHonornn No-Till Ha 3pO3MOHHO-ONACHbIX CKIOHAX KOXKHOM 3KCNO3ULMK
CNocobCTBYeT 3HAYUTENbHOMY POCTY KO3dDPUUMEHTA CTPYKTYPHOCTM M CYMMbl BOZOMPOYHbIX
arperaToB, AOCTUras MaKCMMa/bHbIX 3HaYyeHui (cBbiwe 90 %) B cnoe 10-20 cm npu yKAoHe 2—4°,
YTO CBMAETEeNbCTBYET 006 OTAMYHOM arpoOHOMMYECKOW CcTpykType. OAHAKO B MNOBEPXHOCTHOM
ropusoHTe (0—10—cm) OTCyTCTBME MeEXaHMYeCcKon 06paboTKM NPMBOAUT K YMNJIOTHEHUIO MOYBbI
TAMENOW TeXHUKOM, CHUMKaA PUNbTPALMOHHYIO CNOCOBHOCTb MO CPABHEHMIO C BbIPOBHEHHbLIMU
y4acTkamm 6e3 yKnoHa.

CnucokK nuteparypbl

1. Ay6osuk E. B., Oy6oBuK [. B. MaKpOCTPYKTypHOE COCTOAIHWE YepHO3emMa TUMUYHOTO nNpu
pasnuuHbIX cnocobax o6paboTtkm nousbl // Arpodmsmka. 2024 Nel. C.1-8.
DOI: 10.25695/AGRPH.2024.01.01

2. Mpywwmk A. B., CyxaHoBckui tO. M., BoitosToB B. A., Pyb6aHuk 0. O., Tapacos C. A. MeToanyeckume
peKkomMeHAauMM Nno MNPUMEHEHUIO MNOPTaTMBHOM NabopaTopHO-NO/EBON A0XKAEBaNbHOM
ycTaHoBKW: bpowwtopa. Kypck: Kypckuin PAHLL, 2024. 49 c.
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B/IMAHUE NPEAYBOPOYHbIX CBETOBbIX PEXXMMOB HA MOP®OMETPUYECKUE U
BUOXUMMUYECKMUE NOKASATE/IN INCTOBOIO CANNATA COPTA «AXKUNCU» B YCNNOBUAX
CBETOKY/1IbTYPbI

E. A. APAHUYHUKOBA ¥2, N. A. TUMO®DEEHKO 2

IKpacHoapcKuli 2ocydapcmeeHHbIl azpapHelli yHusepcumem, 2. KpacHoApcK;
’MexcducyunauHapHaa nabopamopus cumu-gpapmuHza U HOK 8 06aacmu 3KOHOMUKU U
ynpasneHus COY

CanaT-natyK (Lactuca sativa L.) — oaHa U3 OCHOBHbIX KyNbTyp BEPTUKaAbHbIX Gepm bnarogaps
KOPOTKOMY BereTauuMoHHOMY Mepuoay WM BbICOKOM aAanTUBHOCTM K YCNOBUAM MHTEHCUMBHOIO
KynbTUBUPOBaHMA. OCOObIN HayYHO-NPAKTUYECKUI MHTEpeC NPeACTaBAAOT KPACHOIMCTHbIE copTa
CaNnaTa, XapaKTepu3ylowmecAa He TOJIbKO BbICOKMMU AEKOPATUBHbIMM CBOMCTBAMM, HO U
NOBbILWEHHON aHTUOKCUAAHTHOM aKTUBHOCTbIO. KNtoueBbiM MOKa3aTesiem MX TOBAPHOrO KayecTBa
BbICTYMAeT WHTEHCMBHOCTb QAHTOLMAHOBOM NWUIMEHTAUMM, HaANpAMy Koppenuvpyrowaa ¢
HakonaeHnem ¢eHoNbHbIX coeaunHeHuit. OgHaKo Npu CTaHAapTHOM «benom» CBETOAMOLHOM
ocBeweHMn B AauanasoHe ~420-740 Hm, [aHHble copTa 4acTto GOPMUPYIOT HeAOoCTaTOYHO
HACbIWEHHYD KPACHYK OKpaCKy JMUCTOBbIX MaacTuUH. [losTomMy nepcnekTMBHbIM ABAAETCA
Mcnonb3oBaHMeE AONo/HUTENbHOro ocBeweHua YP-B (309 Hm) u «cuHero» ceeTa (450 HM) B
npeaybopoyHbIv Nnepuog, (3a 3—5 cyTok) nepes cpeskor canatos [1, 2].

Uenbto paboTbl ABnAeTcA uccnefoBaHue BAUAHUA NpeaybopOUHbIX CBETOBbLIX PEXMMOB C
pobasneHnem YO®-B u «cuHero» cBeTa Ha MopPOMETpPUIO U BUMOXMMUYECKME MNOoKasaTenu
KPacHOJIMCTHOrO casiaTa copTa «xuncm».

PacTeHnsa BblpawMBanM B FMAPOMOHHbLIX YCTAaHOBKAX MeTOAOM r/yboKOro noTtoka npwu
doTonepuose AeHb/Houb — 16/8 yacoB. ba3oBoe ocBelleHWe obecneynmBanocb Tenno-6enbimm
ceetogmogamn (BC) C MHTEHCMBHOCTbIO (POTOCMHTETUYECKM aKTMBHOM paauaummn (PAP) B
AnanasoHe  290-300 mkmonb/(m2:c). Ha 21-e cyTKM BeretauMm CXemy  OCBeLleHus
MoandULMpPOBaAN NyTeM BKAKOYEHUA A0NONHMUTeNbHOro cuHero ceeta (CC). Ha 3aBepliatouen
CTaZMW 3KCNEPUMEHTA, B Te4yeHMe nocnegHux 48 yacos, BBOAMAM HenpepbiBHOe (24 4) cBeTOBOE
Bo3genctene Y®-B (tabn.1l). Onpegenann mopdoMeTpuio, CcoaeprkaHue XA10podunnos Wu
KapoTMHOMAOB, obuiee cogepskaHue deHonos (no PonuHy, mraks. NK/r cbipoit maccbl)
aHTUOKCUAAHTHYIO akTUBHOCTb (TEAC, meToa ABTS, MKMO/b 3KB. T/ cbipoii macchl) (Taba. 2).

MpenybopoyHas 48-yacoBas Bo3aelictene YO-B pe3ko M3MeHAN0 BUOXMMMYECKOE KaueCcTBO
«KMNCKM» NPU CoOXpaHEHUN yporKaliHocTK (Tabn. 1, 2). Obwee cogepkaHne peHoNoB BO3PACTaNO
¢ 0,60 ao 1,26 mr akB. MK/r, aHTMOKcHAaaHTHaA akTuBHOCTb (TEAC) — ¢ 4,62 ao 9,50 mKmonb 3KB. T/r
OTHOCUTENIbHO KOHTPOJA, YTO COMPOBOXAAN0Cb YCUAEHMEM KPAaCHOW OKPACKW; MpPM 3TOM macca
pacTeHMA M NAOWAAb INCTbEB 3HAUMMO He U3MeHANNCb. CHUXEHME coaeprKaHna xnopoduana a 1
KapOTMHOWAOB YKa3blBaeT Ha pa3BuTMe (GOTOAKKAMMATM3ALMOHHbBIX MPOLECCOB, NPU KOTOPbIX
nsnyyeHme YO®-B BbiCTynaeTr B poau curHanbHoro ¢aktopa, aktusupytowero UVR8-3aBucrMmblIi
deHnnnponaHomaHbIN NyTb 6e3 yrHeteHmna bnomaccol pacteHuit [1, 3]. MosbllweHWe JONM «CUHETO»
cseTa (BC + CC) gaBano nulWb yMepPEeHHbIA NPUPOCT KOHUEHTPAUUN GEHOOB, HO CHWUMKANO POCT:
Macca pacTeHMA CHUXKaNacb Ha ~34%, naowaab MUCTbeB — HA ~33%. KOMOUMHMPOBAHHDBIN pPeEXUM
BC+ CC+Y®D-B obecneunBan makcumym deHonos (1,34 mraks. FK/r) ©“  aHTMOKCMAAHTHOM
akTMBHOCTU (10,00 MKMO/Ib 3KB. T/r), HO CONPOBOXAANCA CHUMKEHMEM NIOLWAAN ANCTbeB Ha ~40% n
xnopodunnos Ha ~52%. BbicoTa, AMameTp PO3ETKM N YNCNO INCTLEB MEXKAY PEXMMAMMU 3HAYMMO
He pa3/Inyanunce.
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Tabnunua 1. BUoXxMmmyeckne nokasaTenu canarta copra «xuncu» (X £ Ax)

MokasaTenb BC! BC + Y®-B? BC + CC3 BC + Y®-B + CC*
Xnopodunn a, 1543 9+2 1341 7+1
Mr/r cyxoi macchbl
Xnopounn b, 541 2,9+06 40+04 2,6+0,4
Mr/r cyxoi macchbl
KapotuHonapl, 35+0,7 22+0,6 3,0+0,3 1,7+0,3
Mr/r CYyXOn maccbl
Obue deHonel, 0,60 + 0,09 1,3+0,2 0,74+ 0,06 1,3+0,2
Mmr 3KB. TK/r cbipoli maccbl
AHTUOKC. aKTuBHOCT® (TEAC), 46+0,6 10+2 5,53 + 0,06 10,00 + 2
MKMO/1b 3KB. T/r CbIPOM MaccCbl

'6C — Tenno-6enoe ceetoamoaHoe ocBelleHWe (6a30Bblit CNEKTP, KOHTPO/bHbIN BapuaHT); MHTEHCUMBHOCTL PAP —
290-300 mKkmonb/(m?c), ¢oTonepmos 16/8 4 AeHb/HOYb Ha MNPOTAMEHWMM BCEro BereTauMOHHOrO nepuoaa
(6e3 nONONHUTENbHbBIX CNEKTPA/bHbIX MOAUPUKALMIA).

25C+Y®-B — 6a30Boe oOcBelleHWe + HenpepbiBHas HU3KOMHTEHCMBHAA O0CBETKA YAbTPpadUONETOBLIM U3ayYeHMEM
B-gnanasoHa (~306 Hm, MHTeHcMBHOCTb 30 MBT-M72), NpMMeEHAEManA UCKAIOYUTENbHO B 3aKalouMTenbHble 48 vyacos
nepeg, cpeskoi (HenpepbiBHO, 24 4/cyTKn).

36C + CC - 6asosoe OCBELLEHME C NOBbILWEHHOM Aonel cnuHero ceeTa (V450 HM), KOTOpOEe aKTUBUPYETCA AOMNOJHUTENIbHO
€ 21-X CyTOK BereTaLmMn U COXpaHAETCA 40 KOHLA BblpallmMBaHus (6e3 YD-so3aencTens).

4BC+CC+YD-B — KOMBMHMPOBAHHBIN PEXMUM: YBESMYEHWE A0/M cuHero ceeTa (Cc 21-X CYyTOK) B COYeTaHuU C
HenpepbiBHbIM YP-B-061yyeHmem (nocnegHue 48 4acoB, Kak B BapuaHTe 2).

Tabnvua 2. MopdomeTpuyeckme nokasaTenun canata copta «Axumncm» (X = Ax)

MNokasartenb BC bC + Y®-B BC + CC BC + Y®-B + CC
Macca pacteHus, r 125+ 32 135+ 20 82+16 85+ 11
Macca cBeKux INCTbEB, T 99 + 27 107 + 18 64 +13 63+9
Mnowaab NUCTbEB, CM? 2084 + 231 1819 + 259 1394 + 165 1240 £+ 238
Cyxas macca, r 8+2 8+1 5+1 4,7+0,7
OnameTp po3eTKn, cm 283 292 252 242

Takum obpas3om, ANA KPACHONMUCTHOrO canata copta «IKUNCU» ONTUMAJIbHbIM SABAAETCA
CBETOBOE BO3AENCTBME HU3KOMHTEHCUBHbIM Y®P-B Ha npoTarkeHun 48 yacos, Ha poHe 6a3oBoro
«benoro» ceeTa: OHa NPMMEPHO BABOE MNOBbIWAET coaepaHne GEeHO/I0B U aHTUOKCUAAHTHYIO
aKTUBHOCTb WU YCUNMBAET KPACHYI OKPACKy W He CHUXKAET YPOXKAMHOCTW, NO CPaBHEHUIO C
KOHTPO/IbHbIM BapuaHTom. [JobaBneHune «CUHEro» cBeTa — OTAEeNbHO MM B codeTaHun ¢ YP-B —
NPUBOAMT K YTHETEHUIO POCTa PACTEHUA (CHUMKEHME MACChl U NNOLWAAN NNCTOBbIX NAACTUH).

UccnedosaHue 8binosnHeHO npu puHaHcosol noddepxcke MuHUCmepcmea HayKu u sbicuiezo
obpazosaHuAa PO e pamkax Hay4yHozo npoekma Ne 075-15-2024-682.
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U3MEHEHUE CTPYKTYPHO-ATPEFTATHOIO COCTOAHUA NO4BbI NMPU PA3/TIM4HBLIX CNMTOCOBAX
OBPABEOTKM B MOCEBAX O3UMOM NWEHULLbI

n. n. AYPAKOB
®IrbHY «Kypckuli pedepansbHbili aepapHsil Hay4HbIU yueHmp», Kypck

lMoKa3aTenn  CTPYKTYPHOro  COCTOAHMA  MNOYBbl  ABAAIOTCA  UeHHOM  du3mnyeckoi
XapaKTepPUCTMKOM MNpU OUeHKe MX naoaopoaua. MIameHeHue CTPyKTypHO-arperatHoro cocrtasa
onpezenAeT B 3HAYMTENbHOM cTeneHn ¢usmyeckne M PU3MKO-mexaHUYeckMe CBOMCTBA MOYBbLI,
BOAHO-BO3AYLWHbIN U TennoBon pexumbl [1]. OgHMM M3 BarKHEMWIMX MOKasaTenen npu oueHKe
CTPYKTYPHOrO COCTOSIHMA BbICTYNaeT arpoOHOMMYECKM UeHHas cTpyKtypa (ALLC) — arperatbl
anameTtpom 0,25-10,0 mm. OHM MMEIOT BbICOKYH NOPUCTOCTb, MPOYHOCTb U BOAOYCTOMYMBOCTb, YTO
B CBOO 04epeab No3BonseT obecneyntb Hanbonee 6aaronpuUATHbIE YCAOBMA ANA yYLIEro Pa3BUTmA
CENbCKOXO3ANCTBEHHbIX KyNbTyp. Arpodursnyeckmne cBOMCTBA NOYBbLI NOABEPratoOTCA 3HAUYNTEIbHOM
TpaHchopmaunmn npm obpaboTKe CeNbCKOXO3ANCTBEHHBIMW OpyaAnsaMM [2]. 3meHAITCA CTPYKTYpa
NoYBbl, BOAHO-BO3AYLUHbIN U TEN/IOBOM PEXMMbI, NAOTHOCTb CIOXKEHMUA, MPOUCXOANUT paspyLLUeHmne
NMOYBEHHbIX arperatoB. [laHHble O BAWAHWUW PA3ANYHON MHTEHCUMBHOCTM 06pPabOTKM Ha
arpodumsmyeckoe COCTOAHME MOYBbl PA3HATCA B 3aBMCMMOCTM OT MOYBEHHO-KAMMATUYECKUX
YyCNnoBwWiA, BMAOB CeBOOOOPOTa, BO3AENbIBAEMbIX KyAbTyp M T.A4. [3]. Mcxoas M3 3TOro, MOMKHO
cAenatb BbiBOA O HEOHXOAMMOCTU AaNbHENLWero u3y4yeHuns 4aHHOro Bonpoca.

Lenb uccnepoBaHuMa — M3yunTb BAMAHME cnocoboB 06pabOTKM MOYBbI Ha CTPYKTYpHO-
arperaTHoOe COCTOAHME YepHO3eMa TUMMYHOIO NPU BO3A4e/bIBaHUN O3MMOW MLWEHULbI.

NccnepoBaHma NnpoBeaeHbl B MOIEBOM CTaLLMOHAPHOM OMbITe MO U3YYEHUIO arpoTeXHOI0rMin
BO3/E/1bIBaHMA CENbCKOXO3ANCTBEHHbIX KY/bTYP, OCHOBAHHbIX Ha Pa3/IMYHbIX CNOCOHBAaX OCHOBHOM
06paboTtkm nousbl (Kypckas obnactb, Kypckuii panoH, n.Yepemywku), B8 2023-2025rr. B
yeTblpexnonbHOM ceBoobopoTe. CeBOOHOPOT PasBEPHYT B NPOCTPAHCTBE U BO BPEMEHU BCEMMU
YeTblpbMsA MOASMU, CO CNEeAYIOWMM YepeaoBaHUEeM KyNbTyp: rOPOX — 03Mmas MueHuua — cos —
APOBOM AYMEHb.

Cxema onbITa BKAOYAET c/leaylolme BapuaHTbl: BCnawka ¢ obopoTom nnacrta (20-22 cm);
KOMBUMHMPOBaHHasAs 06paboTKka (AMCKoBaHMWe +u4uM3ens) Ha rnybuHy 20-22 cm; NOBEPXHOCTHas
06paboTKka (gucKkoBaHMe) A0 8 cm; NMpsAMon noces. M3yyaemas KyabTypa — 03MMaA MWeHuua
(Triticum aestivum L.), copTta — be3ocTas 100. MNo4yBa ONbITHOro y4acTKa NpeAcTaB/eHa YepHO3EMOM
TUANYHBIM MOLLHbIM TAXENOCYTIMHUCTbIM.

BapuaHTbl B N0N€BOM OMbITe PasmMeLLeHbl CUCTeEMaTUYECKU B 0AMH Apyc. [iowaab NnoceBHOM
nenaHkn 6000 m? (60x100), NOBTOPHOCTb TpexKkpaTHas. [loceB 03MMOI NWeHWLbl NPOBOAUAN
ceankamm C3-5,4 n OoH 114. Yxon 3a noceBamu B TeyeHMe BereTauMoHHOro nepuoga Obin
OAVHAKOBbIM, 33 UCKNtOYEeHMeEM cnocoba 06paboTKm NoYBbI.

M3yyeHMe CTPYKTypHO-arperaTHOro cocrtaBa oOCyLWecTBAAAOCbL no meToay CaBBWMHOBA.
CtaTucTMyeckyto 06paboTKy 3KCNEepMMEHTasIbHbIX AaHHbIX MPOBOAWMAWN COFlAaCHO MeToAMKe
nonesoro onbiTa [4] c npumeHeHnem nporpamm Microsoft Excel u Statistica.

CornacHo nony4yeHHbIM AaHHbIM, 6bl10 BbliABNEHO cneaytowee. B cnoe 0—-10 cm Hanbonee
BblCOKOe coaepxaHue ALIC 6b110 oTmedeHo npu npamom nocese — 77,13%, MUHMManbHoOe — Npu
noBepxHOCTHOM obpaboTke — 68,26% (Tabn.). CHUMKEHME UHTEHCUBHOCTU 0bpPaboTKK
NONIOKUTENbHO CKa3blBa/ZIOCb Ha KOAMYECTBE arpoOHOMWYECKM ULeHHbIX arperatos. [lpwu
KOMBMHMPOBaAHHOM 06paboTKe M NPSMOM NoceBe NMPOUCXOAMNO0 UX yBennyeHue Ha 1,78-7,81%.
CTaTUCTMYECKM 3HAYMMOE MOBbILLEHWE OTMEeYasocb NPU NPAMOM noceBe, rae coaeprkaHue ALLC
6b110 Bbllwe Ha 6,03—8,87% npu HCPgs = 3,70. B cnoe 10-20 cm npyMeHeHMe BCnallku Npusoauio
K CHUMKEHUIO KOINYECTBa arPOHOMMYECKU LLEHHbIX arperatos. 3Ha4YMMOe yBeNnYeHMe NPoncxoauno
B pAgy KOMOWHMpOBAHHaa 06paboTka —» MNoBepxHOCTHaa 06paboTka —> nNpsAMOM NoceB Ha
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4,86—7,45%. Mo cnoAam 3HaA4YMMble U3MEHEHUA OTMEYEeHbl Ha BCEX BapMaHTax, 3a MUCKAOYEHMEM
KoMbuHMpoBaHHOM o0bpaboTkm — 1,10%. Mpu Bcnawke n npamom nocese ALLC Bbilwe B BEPXHEM
cnoe Ha 4,08-4,43%, npu NOBepXHOCTHOM 06paboTKe — B HUXKHeM cnoe Ha 3,14% npu HCPos = 2,61.

Tabnuua. MokasaTenu CTpyKTYpHO-arperaTHOro COCTOSHUA NoYBbl (Cyxoe NpocemMBaHue) nocne
ybOopKM 03MMOI NieHUUbI (cpeaHee 3a Tpu roaa)

O6paboTKa nouBbl Cnoi, cm lNokasarenu
AUC, % Kerp. CBA4, mm
BenallKa 0-10 69,32 2,27 4,16
10-0 65,24 1,92 4,84
KombBuHupoBsaHHasn 0-10 71,10 2,48 4,16
10-20 70,10 2,37 4,94
NoBepxHoCTHaA 0-10 68,26 2,16 4,62
10-20 71,40 2,59 4,77
MpsAmoi noces 0-10 77,13 3,40 3,94
10-20 72,70 2,74 4,74
HCPos obpaboTka 3,70 0,44 0,58
cnomn 2,61 0,31 0,41

KoapPpUumeHT CcTpyKTYpHOCTM BO3AYLWHO-CYXMX arperatoB (Kep.) M3MeHANCA CXO4HbIM
obpasom, TaK KaK MexAay [AaHHbIMM NOKas3aTeNAMM OTMeYaeTCca Ha/indMe  BbICOKOM
KoppenaumoHHoi 3aBucumoctn — r=0,99. B cnoe 0-10 cm KombMHMpOBaHHas 0b6paboTKa wu
npamoin noces obecneynBann ero ysennderHue Ha 0,21-1,13 ea., npyn NOBEPXHOCTHOM 06paboTKe
OTMeYeHo cHuxeHue Ha 0,11 ea. B cnoe 10-20 cm muHMMM3aUmMa obpaboTKkn cnocobcTBoBana
yBennyeHuto koadpduumeHTa cTpykTypHocTm Ha 0,45-0,82 en. oTHOCUTENbHO BCMawwKK. Mo cnoam
bonee OCTPyKTypeHHOM 6Oblna noysa B cnoe 0-10cm Ha BCex BapuaHTax, 3a WCKAKOYEHUEM
NOBEepPXHOCTHOM 06paboTku, rae B cnoe 10-20 cm KOIhOUUMEHT CTPYKTYPHOCTM Obln Bbile Ha
0,43 eqn. NMpyu 3TOM BaXKHO OTMETUTb, YTO 3HAYMMbIE U3MEHEHUA OTMEYANNUCL N0 06paboTKam NNLWb
npu npamom nocese — 1,13 ea. npu HCPgs = 0,44, no choam Ha Bcex BapuaHTax - 0,35-0,66 eg,. npu
HCPgs = 0,31, 3a ckntoueHnem KombmHupoBaHHoM obpaboTkm — 0,11 ega.

CpeaHeB3BelWleHHbI AuameTp arperatoB (CBA) 6bin Bbiwe B cnoe 0-10cm npwm
NoBepPXHOCTHON 0bpaboTke — 4,62 mm, HaMMeHbWUM — Npu npsmom nocese — 3,94 mm. Ha
BapWaHTax C NPUMeHEHMEM OTBa/IbHOM M 6e30TBaNbHON 06PabOTKN Pa3NMYMIA HE OTMEeYanochb —
4,16 mm. B cnoe 10-20cm CBJ 6bin Bbllle Npu KOMBUHUpPOBaHHOW o0b6paboTke — 4,94 mm,
YMeHbLLeHMe Npomcxoanno npu scnawke — Ha 0,10 mm, noBepxHOCTHOM 0bpaboTke — Ha 0,17 mm,
npu npamom nocese — Ha 0,20 mm. Mo cnosm cpeaHeB3BeLWEHHbIN gMameTp Obin Bbile B cloe
10-20 cm Ha 0,15-0,80 mm. 3Ha4Mmble n3meHeHuA no obpaboTkam oTmeyanuch B cnoe 0—10 cm
npu npamom nocese — 0,68 MM, OTHOCUTENbLHO NOBEPXHOCTHOM 06PabOTKKU, MO CNOAM — Ha BCEX
BapuaHTax, 3a UCK/Il0YEHNEM MOBEPXHOCTHOM 06paboTkn — 0,15 mm npmn HCPos = 0,41.

MoaBoaAa MTOr, MOMHO cAenaTb BbIBOA O TOM, YTO MpPUMeEHeHWe pecypcocbeperatoLmx
cnocob6oB 06paboTKM MOYBbI OKa3biBaeT MOJIOKUTENbHOE BAMAHME Ha CTPYKTypHO-arperatHoe
coctosiHMe nousbl: cnocobeteyeT yBennyeHuto ALC (10-0,25 mm) Ha 1,78-7,81%, Kerp. Ha 0,21—
1,13 ea., 1 obecneuynBaeT CHUKEHUE CpeHEB3BELIEHHOMO AMaMeTpa arperaTos, 4To obecneymBaeT
COXpPaHeHWe arpoOHOMMYECKM LLEHHOM CTPYKTYpPbI.
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COAEPXAHUE POTOCUHTETUYECKUX MUITMEHTOB B IUCTbAX AETEPMUHAHTHOIO TOMATA
B 3ABUCUMOCTU OT CNEKTPA/IbHOIO COCTABA CBETOBOM CPEAbI B PETY/IUPYEMbIX
YCNOBUAX UHTEHCUBHOW CBETOKY/IbTYPbI

K. B. ETOPOBA, O. . KAPMAHOBA, T. 3. KYJIELLOBA, H. B. TOKAPYYVYK, 0. B. XOMAKOB,
. B. MUPCKAA, O. P. YOANOBA, I'. T. MAHOBA
®rEHY «Aepogpusuveckuli HayyHo-uccaedosamenvckuli uHcmumym», CaHkm-llemepbype

Tomart (Solanum lycopersicum L.) oaHa n3 Hanbosiee pacnpoCcTpaHeHHbIX B MUPE OBOLLHbIX
KYNbTyp A5 OTKPbLITOrO M 3aLUMULLEHHOTO rpyHTa. OAHMM M3 HaNpaBAEHUN COBPEMEHHOMW CENEKLUUM,
B TOM 4ucae n TOMaToB, ABNAETCA CO34aHME BbICOKONPOAYKTUBHbLIX COPTOB, aAanTUPOBAHHbIX K
YCNOBMAM  CBETOKY/AbTypbl, B TOM 4YWUC/Ne C TOYKM 3peHua spdekTUBHOCTM paboTbl
$OTOCUMHTETMYECKOTO annapaTa U YCBOEHMA CBETOBOM IHEPTUM.

Uenbto Hactoawen paboTbl ABNANOCH M3yYeHWE BAMAHUA CBETOAMOLHOIO OCBELLEHMA C
Pa3IMYHBbIMM CNEKTPANIbHbIMU XaPaKTEPUCTUKAMM HA MUTMEHTHbIMA COCTAB JIMCTbEB PACTEHWUM
TOoMmarTa.

O6beKkTOM nccnenoBaHUA cayuna rmbpunaHaa opma Tomata nokoneHus Fa— Dg, cenekymm
®reHY A®W, nonyyeHHaa B KOMOWMHAUMM  CKpEeLWMBAHMA  AETEPMWUHAHTHbIX COPTOB,
a[aNTMPOBAHHDIX K BbIPALLMBAHUIO B UHTEHCMBHOM CBETOKYAbType [1].

NccnepoBaHua npoBoanan Ha 6ase arpobuononuroHa PreHY APU B perynmpyembix
YCNOBUAX MHTEHCUBHOM CBETOKY/IbTYPbI [2] —TemnepaTypy BO34yxa NnoaaepKmBaam B npeaenax +22
—+24°C pHem 1 +18 — +20°C — HOYblO, OTHOCUTENbHYIO BAAXKHOCTb BO3ayxa — 50—-60%.

PacTeHus BblpawmBanm B EMKOCTAX 06bEMOM 3 IUTPA C UCNONB30BAHUEM MPOMbILIAEHHOTO
rpyHTa (Arpo6ant C, OO0 «MuHacTpyn», MockoBckaa obnactb, Poccus) Ha oCHOBe BepxoBOro
Topda HM3KOM CTENeHM pPas/oKeHUs C MUHepanbHbiMKM AobaBKamu. [onvB ocywecTBaancA
exxeaHesHo 1N pactsopom KHona. MAoTHOCTb nocafku coctasnana 14 pacteHumii Ha 1 m2.

B KayecTBe 3KCMePUMEHTANbHbIX BAPUAHTOB ANA CO34aHWUA CBETOBOM Cpeabl MCNONb30BaNMU
TPU BMAA OPUTMHANbHbIX CBETOAMOAHbIX CBeTU/bHMKOB (PIEHY AD®U, Poccua), moaennpytomx
ecTecTBeHHOe ocBelleHMe B pasinyHoe Bpems cyTok [3]: AGU-3000 — uMUTUpPYIOLLME CONHEYHbIN
CBEeT, KOrAa Co/HLUE HAaXOAUTCA Y FOPM30HTA C AOMUHUPOBAHUEM KPaCHOWM COCTaBAAIOLLEN CNEKTPa
ceeta (55% R, 35% G, 10% B); A®UN-4000 — co cnekTpom NPUBAUMNKEHHbIM K HelTpanbHOMY
nocneobeseHHomy conHevyHomy ceety (43% R, 38% G, 19% B), A®UN-5000 — co cnekTpom 6/1M3KMMm
K eCTeCTBEHHOMY CBeTY, KOrZ4a COJ/IHLEe HAaxoauTca B 3eHUTe ¢ bonbluei Aonen CMHero guManasoHa
cnektpa (37% R, 38% G, 25% B). MNnotHOCTb HOTOCUHTETMYECKOrO MNOTOKa ¢oToHoB (PPFD)
pPacTUTENbHOTO  MOKPOBA BO BCeX BapuaHTax Oblna  OAMHAKOBOM M COCTaBAANa
330+20 MKMOAb/(M?-C), NPOAOIKUTENBHOCTL CBETOBOrO Nepuoaa — 16 4acos B CyTKW.

Buoxmmuyeckne wuccnepoBaHuMa nposoaunuM B nabopatopum  BUOXMMUM  NOYBEHHO-
pactTuTenbHbix cuctem OIreHY A®U Ha 120-i1 aeHb OT Nocaaku npu ybopke yporkad. NccnegosaHue
OCHOBHbIX OMOXMMMYECKMX MOKasaTesen npoBOAUAM NO OOLWENPUHATBIM  ODULMANBHBIM
MeTOAMKAM, OMUCAHHbIM B MpaKTU4YecKux pykosoacteax [4]. CopepkaHne xnopodunnos a, b u
KapOTMHOWAOB ONpeAenANn 3KCTPAKLUMEH aLeTOHOM C NOC/eAYyIoWNUM CNeKTPOPOTOMETPUYECKUM
N3MepeHMeM ONTUYECKOM MNNOTHOCTU MNOAYYEHHbIX 3KCTPAKTOB MPU AAMHAX BOAH 662, 644 n
440,5 HM COOTBETCTBEHHO; aAHTOLMAHOB — 3KCTpaKkumeh 1% pacTBOPOM CONAHOM KUCAOTbl C
AANbHENLWMM CNEKTPOGOTOMETPUYECKMM aHANM30M NpU ANnHe BOAHbI 510 HM, B nepecyeTte Ha
umaHnauH-3,5-aurnmkosng, — 453 Hm.

B pe3ynbTaTte gaHHOro uccnefosaHua 6bl1 NPOAHANM3MPOBAH MUTMEHTHbIN COCTAB JINCTbEB
pacTeHul TomaTa (coaep:kaHue xnopodunna a, xnopodpunna b, obuiee cogeprkaHne xnopodpunnos,
KapOTMHOWAO0B M AaHTOLMAHOB), BbIPALWEHHbIX MPU TPEX Pa3/IMYHbIX BapMAHTAaxX CBETOAMOAHOIO
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ocseleHua (Tabn.). [JoCTOBEPHbIX Pa3IMUYUN B copep’KaHUU (POTOCMHTETUYECKMX MUTMEHTOB
3apMKCUMPOBAHO He O6blno. MOXHO OTMETUTb TeHAEHUMIO K 6onee BbICOKOMY KOAMYECTBY
XN10podUNNoB, aHTOUMAHOB M KAapPOTMHOMAOB B JINCTbAX TOmMaTta MpPM ero BblpaliMBaHUM C
NCMONb30BaHMEM CBETOAMOAHbIX CBeTUAbHUKOB ADPU-5000 M HamMmeHblleMy B BapuaHTe C
cBeToANOAHbIMU CBETUAbHMKamun ADU-3000.

Tabnuua. Pe3ynbTaTbl aHa/IM3a MUTMEHTHOIO COCTaBa AeTEPMUHAHTHOrO rMbpuaa Tomara,
BbIPALLEHHOro NPU Pas/IMYHbIX UCTOYHUKAX CBETA

A . " MCTOYHMK cBeTa

HA/MSHUPYEMBIM NOKAZATENL A®W-3000 A®V-4000 A®W-5000
Xnopoounn a (mr/100 r) 85,65+12,83 89,6919,50 97,4545,14
Xnopoowunn b (mr/100 r) 31,51+4,85 34,46%3,66 37,21+2,51
Obujee copepxarue x10podunnos 117,17+17,66 124,15+13,08 134,67+7,42
(2 a + b)(mr/1007)
KapotuHonap! (Mr/100 r) 25,13+3,84 27,46%2,12 28,23+1,14
AHTOUMaAHbI (MKr/ 1) 0,05+0,01 0,05+0,01 0,06+0,01

* Bce gaHHble NpeacTas/ieHbl B BUAE: cpedHee 3HavyeHne + cTaHaapTHas ownbKa cpeaHero

[aHHaA paboTa BHOCUT BKNa4 B CO34aHME ONTUMAbHbIX NO CEKTPa/ibHOMY COCTaBy YC/0BUIA
CBETOBOM cpeabl ANA PacTeHWi Tomarta, NO3BOAALWMX Hauaydwmm obpasom obecneymTb
adPeKTUBHYIO paboTy GOTOCMHTETUYECKOM cucTembl. [onydeHHble pe3ynbTaTbl UCCNea0BaHUM
peakumMm pacTeHuii AeTepMMHAHTHOrO TOMaTa Ha CBETOBYIO Cpeay Pas3/INYHOro CMEeKTPasibHOro
COCTaBa, MMUTUPYIOLLErO COJ/IHEYHbIN CBET, CBMAETENbCTBYIOT O HEOHXOAMMOCTM MPOAO/IKEHMUA
yrnybneHHbIX UccneaoBaHUm ¢ NPUMEHEHWEM PA3INYALOLWMXCA MO OT3bIBYMBOCTU HA BO3AENCTBMA
COPTOB U rMbpNAOB TOMaTa, NpeAHa3HaYeHHbIX 417 YCN0BUA MHTEHCUBHOM CBETOKYbTYPbI.

Boipaxcaem 6s1a200apHocmeb 3a codelicmeaue 8 nposedeHuUU buoxumu4ecKux aHa1u308
Kosnekmusy siabopamopuu 6Uoxumuu noYseHHo-pacmumersHoix cucmem OIEHY A®U.
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®UTOTECTUPOBAHUE CYCMEH3UA MANNOC/IONHOIO NrPA®EHA KAK NEPCMEKTUBHOIO
AOANTOTEHA

A. C. }XYPABJIEBAL, A. A. BO3HAKOBCKWINZ, 1. N. MYXMHAL, T. 3. KY/IELLOBA® 2,

A. . BO3HAKOBCKUIA3, T. T. NAHOBA!

1QreHY «Azpogusudeckuli HayyHo-uccnedosamensckuli uHcmumymb», CaHkm-llemepbype;
20rbYH «®usuko-mexHudeckuli uHcmumym umeHu A. ®@. Nogpgpe PAH», CaHkm-Tlemepbype;
3¢rbY «OpdeHa JleHuHa u opdeHa Tpydosozo KpacHo2o 3HameHU Hay4Ho-uccnedosamenscKuli
UHCMuUMym cuHmemu4eckoz0 Kay4dyka um. akaoemuka C. B. Jlebedesa», CaHkm-[lemepbyp2

B nuTepaType npaKTU4YecKku oTcyTcTBYyeT MHGOPMAUMA O BAMAHUN MANOCNOMHOro rpadeHa,
CUHTE3MPOBAHHOIO M3 PacTUTENbHbIX BUoNoAMMepPoB (FNHOKO3bI, Kpaxmana 1 Lenntonosbl) [1] Ha
pacteHuns. Mexay Tem, UMerTcAa AaHHble 06 ero nepcnekTUBHOCTM B KayecTBe MNOJE3HOM
moanduumpyrowen [o6aBKM B MOYBY CE/bCKOXO3AMCTBEHHOIO Ha3HayYeHWs BBUAY ero
CTUMYAMPYIOLLEro BO3AeNCTBMA Ha BaKTepuaibHble KyabTypbl [2]. Takum 06pa3om, Lenbio paboTol
ABNANOCb PUTOTECTMPOBAHME CYCMEH3UIMA MANOCAOMHOIO rpadeHa Ha CeMeHax M MNPOPOCTKax
APOBOro AYMEHA B YCNOBMAX HEAOCTATKA BAArM ANA BbIABNEHUA €ro BO3MOXKHOFO afanToOreHHoro
BO34EMCTBMNA Ha pacTeHMA.

MpegmeTom McCcnenoBaHUA CNYKUAWU CYyCNeH3UM manocnonHoro rpadeHa (MF, He bonee 5
CNoeB), CUMHTE3UPOBAHHOIO M3 PUCOBOMN Wenyxm B PUIMKO-TEXHMYECKOM WHCTUTYTE WMMEHU
A.®. Noppe PAH [1], obbektom — cemeHa SAPOBOro AYMeEHA copTa JIeHUHrpaAcKuin
(cpepHeycToMuYMBBIN COPT, paloHMpPOBaHHbLIN ana CeBepo-3anafHoro pernoHa, konnekuma ®reHy
®UuL, BUP). CycneH3nn TecTMpyemoro BelllecTBa B KoHUeHTpaumax 0,0001-0,1 mr/n rotoBuan Ha
OVUCTUNNNPOBAHHOM BOAE METOA0M NOCAEA0BATENbHbBIX CEPUMHDBIX PA3BEAEHUIM C UCMNOJ/Ib30BAHUEM
YNbTPa3BYKOBOM BaHHbI. bonee BbicOKMe ero KoHueHTpaumm — 1-100 mr/n 6blan UCKNtOYEHbl Ha
OCHOBE pe3ynbTaToB NpeablAyLLero 3KCNepumMeHTa, NpoBeseHHOro B 61aronpuATHbIX YCIOBUAX.
MpUYnHOIM ABNANOCE AOCTOBEPHOE MHIMBUpYLoLWee BO3AENCTBUE B YKA3aHHbIX KOHLEHTPaLMAX Ha
SHEepruv NpopacTaHMA CeMfH M B BUAE TEHAEHUMM — Ha WMX BCXOXKECTb, a TaKKe MCxona w3
3KOHOMMYECKOM uenecoobpasHocTn. CemeHa NpopawmBanvM B CTEPUbHbIX 4alwKax [leTpu c
H6yMarkHbIMK PUnbTpPamm ¢ fobaBAEeHMEM CYyCNEH3UI MAIOCNIOMHOrO rpadeHa Ha BCEM NPOTAXKEHUMU
OnbiTa, KOHTPONEM CAYXWNA AUCTUAAMPOBaHHAA Boaa. OnpeseneHue 3HEPrum NpPOpaCTaAHUA,
BCXOXKECTU ceMsiH, MOpdO- M MACCMETPUYECKUX XAPaKTEPUCTUK NPOPOCTKOB MNPOBOAUAN B
cootBetcTBuK ¢ FOCT [3].

Pe3ynbTaTbl MccnefoBaHMA MOKa3anun, 4Yto AeduumT BAarM B KOHTPOJIbHOM BapMaHTe
[OCTOBEPHO B/MAET HaA pAfh MOKasaTenen NPoOpPoOCTKOB AumeHs (Tabn., puc.), npueBoga K
YMEHbLUEHUIO A/IMHbI KOPHA U PpOCTKa (Ha 16 1 52%), cbipoit Mmaccbl KopHen (Ha 55%) n pocTKoB (Ha
43%) 1 BO3pacCTaHMIO coAepKaHUA CyXOro BelLecTBa B 3TuUx opraHax (Ha 79 u 45%). [lobasneHue B
Yawwku MeTpu cycneHsuni rpadeHa B onpeaeneHHbIX KOHUEHTPaLMAX B BUAE TEHAEHLMN OKa3blBAOT
Ha NPOPOCTKM afanToreHHoe BO3AEWCTBME, MO COBOKYMHOCTW MOKa3aTenel (BCXOXKeCTb, A/IMHA
KOPHA, Cblpaa Macca KOPHEeW, Cblpaa M CyxadA Macca POCTKoB) Haubonee BblparkeHHOe nNpu
KoHUeHTpauuu rpadeHa 0,01 mr/n.
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Tabnnua. BanaHue o6paboTKM cemaH CyCcneH3nsmMn Manoc/ioMHOro rpadeHa Ha aHepruto
npopacTaHus, BCXOXKECTb CEMAH APOBOro sUMeHs copTa JIEHUHIPaackuii n buomeTpuyeckume
NnoKasaTenun NPoPOCTKOB B YCNOBUAX HeA0CTaTKa BAaru

BapuaHT 06paboTKM
cemaH

DHeprua

npopacTaHua,
% / % OT KOHTp.

BcxoxKecTn,
% / % OT KOHTpOAA

[OnnHa KopHsA,

MM / % OT KOHTP. onr

[nnHa poctKa,
MM / % OT KOHTP.onr

onTumym
KoHTpOoAb onr — H20 | 88 /100 95 /100 74,1+5,6 / 100 122,0+7,6 / 100
OednunTt Bnarm
KoHTponb — H20 88 /100 89/94 62,1+4,3* / 84* 58,7+5,0* / 48*
MT IV 0,0001 mr/n 92 /105 95 /100 62,8+4,1* / 85* 66,8+3,7* / 55*
MTF IV 0,001 mr/n 91/103 92/97 60,5+3,6* / 82* 66,7+3,8* / 55*
MT IV 0,01 mr/n 95 /108 92/97 64,9+3,2 / 88* 64,5+2,3* / 53*
MT IV 0,1 mr/n 90/102 92/97 63,1+3,4* / 85* 58,3+3,3* / 48*

MpumeyaHue: * — 3Ha4YeHWeE AOCTOBEPHO OT/IMYAETCA OT KOHTPOA Ha 5 %-HOM ypoBHE 3HAYMMOCTU.

Mpwn aTOM, B 3TOM BapumaHTe TaKMe MOKa3aTenu, KaKk A/IMHA KOPHA U Cyxas macca POCTKOB
Hanbonee NpuUBAMIKEHbI K TAKOBbIM Y KOHTPO/IbHbIX PAacTEHWUI, He NOABEPraBLUMXCA cTpeccy (88 u
92%, COOTBETCTBEHHO), @ CYX0O€ BELLECTBO B KOPHAX PACTEHUN HUXKE, YEM Y KOHTPO/IbHbIX PAacTEHWUN
C He40CTAaTKOM BNarn Ha 26%, 4To roBOPUT O ly4llen obecne4eHHOCTU pacTeHU BOAOW B YCA0OBUAX
ee HeZocTaTKa (puc.).

200 B ChipaA Macca
= 160 ‘} KoHLeHTpaUMK cycneHzMK rpacpeHa 1000 kopHed
[~
o
= 160 {‘ ‘I‘ {» B ChipaA macca
S 140 ‘I‘ % % ‘} 1000 pocTroB
= _I. {»

g 120 OCyxan macca
5 100 1000 kopHe#
g 80 O Cyxad macca
E 60 1000 pocTkoB
5 40 O % Ccyxoro
® 20 BEWECTES
KOpHER
0 0% cyw=aro
H20 Hz0 0,0001 mrin 0,001 mrin 0,01 mrin 0,1 mrin BElECTES
Onmunym Hedocmamoxk snaau POCTHOB

PucyHoK. BanaHne o6paboTkM cemsH cycneHsmamm rpacdeHa Ha maccy NpopoCcTKOB APOBOro
AYMeHs copTa JIEHUHTPaACKUIA 1 cogeprKaHMe B HUX CyXOro BeLLecTBa B YC/I0BUSX HeAOCTaTKa
B/1Aru

Takum o06pa3om, MANOCNOMHLIN rpadeH MOXKHO CYMTATb MNEPCNEeKTUBHLIM BELLECTBOM,
NPOABAAOWMM a[aNTOreHHble CBOMCTBA B OTHOLIEHMM PACTEHUW, HAXOAALIMXCA B YCNOBUAX
cTpecca. TpebyioTca AanbHenwuMe UCCAefoBaHMA B 3TOM HanpaBneHun pna nopbopa ero
ONTUManbHbIX GOPM M KOHLEHTPAUMI, a TakKe cnocobos npumeHeHns npu obpaboTke pacTeHum
NN BHECEHUM NOYBEHHO-PACTUTENBbHYIO CUCTEMY.
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PEFTNAMEHT PASPABOTKU NPOTOKOJIA U OLLEHKN 3O PEKTUBHOCTU OBPABOTKMU CEMAH
CE/IbCKOXO3ANCTBEHHbIX KY/IbTYP U MOCEBOB 3/IEKTPOMATHUTHbIM U3/TYYEHUEM

N. M. KAUTOPOJOBAL, E. T. KO3APb %, B. . TPA3HOB 2
1QreHY «®edepansHobili HayvHbIl ueHmMp osouwesodcmea», BHUNCCOK;
2A0 «KoHuepH FTPAHUT», Mockea

MoarotoBka CemMAH 3N1EKTPOMArHUTHbIMM - MONAMKM  npeacTasnser cobon Haumbonee
NepcnekTUBHbIA MeTod ANA CeNbCKOXO3AMCTBEHHOM NpakTUKM [1]. dKonormyecku 6GesonacHas
TEXHONOTMA nNpeanoceBHOM 06paboOTKM cemAH UM NOCEBOB C MOMOLWbIO  MMMY/bCHOTO
3NEeKTPOMarHuTHoro msnydyexHma (AMMW) annapata «TOP», No3BoOASET 3a CYET MHAYKLUM 3ycTpecca
NMOBbICUTb SHEPIUIO NPOPACTAHMA, CTPECCOYCTOMUYMBOCTb M NMPOAYKTUBHOCTb CE/IbCKOX03AMCTBEHHbIX
KynbTyp [2, 3]. OueHKy adpdeKTMBHOCTM HeobxogMmo NPOBOAUTbL B YeTblipe OCHOBHbIX 3Tana
nccnefoBaHUM, Ha KOTOpbIX MnoabupatoTca napameTpbl 06paboTkM (3Kcno3uumsa, 4actoTa) B
3aBUCUMOCTU OT BMAOA Ky/AbTypbl, COPTa, COCTOAHMA MNApPTUM CEMAH M KOHKPETHbIX 3adad
nccnenoBaHuA.

Ona  npeaBapuTenbHOM  OLEHKM  OT3bIBYMBOCTM  Ky/AbTypbl  Ha  BO3A4eNcTBME
3NEeKTPOMArHUTHbIMU NU3Y4EeHUAMMU NPOBOAAT 1abopamopHele ucciedo8aHus. Bpema akcnosnumm
— OT 0A4HOM MUHYTbI A0 30 MUHYT (4auwe mncnonb3yoT oT 3 Ao 15 c warom 2 muHyTbl). CemeHa
NPOpPaLMBaAlOT B COOTBETCTBYIOWMX YC/NOBMAX B 33aBUCMMOCTM OT BMUOA KynbTypbl M Ha
onpefeneHHble CyTKM onpeaensAtoT 3Hepruto npopactaHus (%) n nabopaTtopHyto BCXOXKecTb (%),
cornacHo TOCT 12038-84. Ona 3MMW-06paboTkM BbIOBUPAIOT M30/JNPOBAHHOE MNOMELLEHUe C
MUWHUMaNbHbIM Hannunem (nyywe ¢ NOAHbIM OTCYTCTBMEM) OTPAMKAOLWMX SNEMEHTOB (KenesHble
WKaodbl, cTonbl, 6aTapen 1 np.). Kaxkabii onbITHbIM BapuaHT 06pabaTbiBatoT 0TAE/NbHO, pa3mellan
OOBEKT OT M3Ny4YaTeNsn Ha PACCTOAHUN He meHee TPEX MeTpoB (3—5 m). KOHTPONbHbIM BapuaHT B
nepuog npoBeaeHUs AOMKeH ObiTb M30AMPOBAH B APYrom NOMELLEHMM M 3awmueH ot MU
annapata «TOP» ¢ nomolbto, 3a3emneHHblXx GONbrn UAKM MeTannmdeckoro wkada. O6paboTky
NPoBOAAT B yTpeHHMe Yacbl (5:00—11:00) n B 3TOT *Ke AeHb 06paboTaHHbIE N KOHTPO/IbHbIE CEMEHA
BbICEBAOT A1 OLEHKM MOCEBHbIX KayecTB. B panbHenwyto paboTy BKAOYAOT BapuaHTbl C
HanboNbLWMM NONOKUTENBHBIM 3GGEKTOM NOBbILEHWUA SHEPTUN NPOPACTAHUA UM NaBOPATOPHON
BCXOXKECTMU.

Ha cneaytowem 3tane (secemayuoHHble UCMbIMAHUA) OCHOBHAsA 3afava — noaobpaTtb
onTUManbHbIN cnocob obpaboTkM: A0 noceBa (BO3AYLIHO-CyXMe CeMeHa) MAM nocne nocesa
(KOHTeMHepbI ¢ NpeaBapUTENbHO BbiCEAHHbIMM 3a 24 Yaca B rpyHT He06pPaboTaHHbIMK CEMEHAMMU).
OueHky apdeKkTnBHOCTM Bo3aencTeua IMUN-06paboTKn NnpoBoAAT B AMHAMMKE MO Mepe NoABAEHUS
BCXOZO0B M Pa3BUTUA NPOPOCTKOB. OTMEeYaloT caeayrolme NoKasaTeNnn: OpaHXepemnHana BCXOXKeCTb
(%); mopdomeTpuyeckme napameTpbl ceaHLEeB — AIMHa nobera (Mm), AIMHa KopewkKa (Mm), macca
NPOPOCTKa C KopewwKom 1 6e3 Kopelwka (r), ¢asa u 6ann pasBuTMA NPOPOCTKA; BUOXMMUYECKMNE
napameTpbl — COAEpPaHMe Cyxoro BewecTtBa, 6enka, NUIMEHTOB, CaxapoB, FOPMOHOB,
nonndpeHoN0B, aHTUOKCUMAAHTOB U Ap. OCHOBHbIM KPUTEPUMEM XapaKTepa WM HanpaBAeHHOCTU
aenctena MW annapata «TOP» Ha wm3yyaemble nNapameTpbl PACTEHWUIN CAYXUT MOKasaTesb
6uonormyeckon apPpekTUBHOCTU — 3PDEKT B MPOLEHTAX NO CPABHEHUIO C KOHTPOJIbHOW TPynno
(oTpuuaTenbHble 3HAYeHMA YKa3biBalOT Ha WHIMbMpoBaHME POCTa, MNONOXKUTENbHbIE — Ha
CTUMYNIALMIO).

Mocne npenBapuTebHbIX 1abOPATOPHbLIX U BEreTaLMOHHbIX OMNbITOB, BbiIOpaB ONTMManbHble
BAPMAHTbl 3KCMO3MUMM U cnocob 06paboTKM, NPOBOAAT PEKO2HOCUUPOBOYHbIE [10/€e8ble
ucnsimaHuA. Cobntogas arpoTexHoNorMyeckme cpoku, nposogat IMMU-ob6paboTKy cemsaH nepep,
NnocesoM W/IN B NOJIE HAa CAeAYIOWNIA AeHb NOCAe noceBa. Bo3aylwHo-cyxmMe cemeHa nepes NnoceBom
06pabaTtbiBalOT B HyMayKHOW/TKAHEBOW YNaKOBKE WM HACbINblO B YTPEHHME 4Yacbl, UCMO/b3yA
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CneumMannsnpoBaHHOe MOMELLeHUsA (XpaHWauWwe, CKAag, noasan), HO Jydwe MpPOBOAUTL Ha
OTKPbITbIX NAOWAAKaX, MPU 3TOM Ba*XHO MMHUMW3NPOBATL BEPOATHOCTb IMMU-06paboTKN Apyrmx
pacTUTeNbHbIX OOBEKTOB (CemeHa, Ky/bTypHble pacTeHus). AnnapaT MOXHO YCTaHaBAMBATb Ha
WTaTUB, PacCTOAHME A0 06bEKTA U3TYYEHUA MOXKET BapbupoBaTb OT 5 40 30 MeTpOoB, YTO He BAMAET
Ha buonormyeckyto apdekTnsHocTb IMU-06paboTkn. ObpaboTaHHbIE cCEMEHA MOXKHO BblCEBATb B
noJsie MAN B 3aLLULLEHHOM FpyHTE (NJ1IEHOYHbIE U CTEKNSAHHbIE TeNANLbI) HEMNOCPEACTBEHHO B AEHb
06paboTKM UK B TE4EHUE HEAEIU, COTIaCHO TEXHONOTMYEeCKUM TpeboBaHUAM KynbTypbl. Maowaab
YYETHbIX AeIAHOK 1-5 M2, B 3aBMCMMOCTU OT Ky/IbTypbl, MOBTOPHOCTb NATUKPATHasA, PacrnosioxeHue
PaHAOMU3NPOBAHHOE, YAC/IO YYETHbIX PAaCTEHMIN B NOBTOPHOCTN He MeHee aecaTu. Mpu obpaboTtke
ceMsH B nosie Heobxoaumo obpabaTbiBaTb Ha CAeAyOWNIA AeHb NOC/Ae NOCeBA TaKXKe B YyTPEeHHUe
Yacol. Ans npoBeaeHMA nccanefoBaHMA HE0H6X0AMMO BbIOPATb YH4AaCTKM NOAA C POBHbIM penibedpoMm.
OnbITHbIE U KOHTPO/IbHbIE BaPUAHTbLI AOMKHbI PACNONaraTbCA HA YAANEHHbIX OTAE/bHbIX y4acTKax
WAN Pa3HbIX NOAAX, HO C OAMHAKOBbIM arpodoHOM. [lonycKkaeTcsa pa3ameLlatb ONbIT B PAMKax O4HOro
nons (Tennuupl) pasgenvs ero Ha ABa PaBHOLEHHbIX y4acTKa ¢ obpaboTkoit ogHoro (onbiT) n 6e3
06paboTkn (KoHTposb). Mpu Bbibope yyacTka ana IMU-o06paboTKM cneayeT yuuTbIBATb, YTO
NaNnbHOCTb AeNcTBUA, reHepupyemoro annapatom «TOP» 6uonornyeckn sdpdexktnsHoro MU
pocturaet 900 meTpoB. B cayvyae HaxoXAeHUA Ha TEPPUTOPUM NOJA BbICOKOBOBLTHbLIX JNHUN
anekTponepeaad (/13M) n pasnnYHOro TMNa PETPaHCAATOPOB ANA NPeAOTBPALLEHUA UCKaXKeHUA
pe3ynbTaTOB pPeKoMeHAyeTcs BblOMpaTb y4yacTok ana obpaboTku Ha yganeHun 100 meTtpos oT
AaHHbIX 06beKToB. MNpn 06paboTKe B N0O/I€ C UCNONb30BaHWEM LUTATMBA Y4ETbl NPOBOAAT, 0TOMpPasn
npobbl Ha yaanenun 30, 60, 90 n 120 M OT «HYNEBOM» TOYKM NONOXKEHUA annapata «TOP» npwu
obpabotke. Mnouwaab y4eTHOW AeNAHKM — 2—5 M?, NOBTOPHOCTb — MATUKPATHAA, YMCAO YYETHbIX
pacTteHnin — 25-100 wTyk. MpoBoaAaAT cheayowme y4yeTbl: deHonornyeckme HabawoaeHus;
dunTonaTonornyeckaa oueHKa; MOPPOMETPUYECKUI aHANU3  pPacTeHWi; Yy4yeT 3S/1IEMEHTOB
NPOAYKTUBHOCTU, YPONKAMHOCTM M TOBAPHOCTWU; OCHOBHble OUMOXMMMYECKME MOKa3aTenu
BEreTUPYIOLWNX PACTEHUN M TOBAPHOM NPOAYKUMM; OLEHKA MNOCEBHbIX KAayecTB MOJly4eHHOro
CEMEHHOro MnoTomcTBa. o OCHOBHbIM MOPPOMETPUYECKMM MNapaMeTpam M MNPOAYKTUBHOCTM
pacTeHWUI paccumTbiBatoT buonornyeckyto apdpekTnsHocTb gerictema IMU-o06paboTku.

Ha ocHoOBaHMW aHanM3a BCeW COBOKYMHOCTM MONYYEHHbIX AAHHbIX COCTABAAOT MPOTOKON
NPUMEHEHUA BblAEANBLUMXCA BapnaHTOB IMMU-06paboTKM ceMAH ANa KaxKAO0M KyNbTypbl C y4eTOM
COpPTOBOM CneunduKkn A NPOBeAEHUA AaNbHEMWMUX KPyNHOMACLWTAbHbIX Mpou38o0cmeeHHbIX
nosnesbix ucnsimaHuli wn onpegeneHva 3GPEKTUBHOCTM NpeasiaraemMon  TEeXHONOrMKM ¢
ncnosnb3oBaHMem annapata «TOP», npou3BoAUTENBHOCTL KOTOPOro npu obpaboTke cemeHHoro
maTepuana B 3epHoxpaHunumue aocturaet 11 000 TOHH B CYyTKW, NPOU3BOAUTENBHOCTb B NMONEBbLIX
ycnosuax — 800 ra. Mpu Npou3BOACTBEHHbIX UCMbITAHUAX 0bOWaA naowanb B KOHTPOAE U OnbiTe
AOJ/KHA COCTABNATb HE MEHee OAHOr0 rekTapa, TEXHONOIMA BO34eNbiBaHUA — obLenpuHaTaa ana
Ka*kOoro BMAA Ky/nbTypbl U perMoHa BbipawmBaHua. MNpu HeobxoAMMOCTM B Nepuos Beretauuu
MEeToAOM MapLipyTHOro obcnenoBaHMA nNPoBOAAT GUTONATONIOTMYECKMIA MOHUTOPUHI AN
CBOEBPEMEHHOIO MpoBeAeHMA 3aLUTHbIX MeponpuaTnin. O6paboTKy cemMAH MPOBOAAT COrNacHoO
pa3paboTaHHOMY MPOTOKOAY, Y4YWUTbIBAlOT OOLLYI0O WM TOBAPHYK YPOXKAMHOCTD W KayecTBO
NONYYEHHON MNPOAYKUMW U oONpenenarnT ¢(aKTUYECKYD XO3AMCTBEHHYID W 3KOHOMMUYECKYHO
adpPpekTuBHOCTL IMU-06pPabOTKM.

TexHoNorMa MONHOCTbIO COOTBETCTBYET TPEHAAM MMPOBOFO 3emefenns, B TOM 4ucie u
OpraHU4YeCcKoro, UMeeT BbICOKYIO KOMMEPYECKYHO LEHHOCTb ANA CENbXO3MNPOUN3BOAUTENEN.
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O PEAKLMWN AETEPMUHAHTHOIO TOMATA HA UMUTUPYIOLLUIA CONHEYHbINA CBET
CMEKTPA/IbHbIA COCTAB CBETOBOM CPE/bl B YC/IOBUAX PETYIMPYEMOW
ATPO3KOCUCTEMDbI

0. . KAPMAHOBA, K. B. ETOPOBA, I'. B. MUPCKAA, O. P. YOANOBA, I'. T. TAHOBA,
T. 2. KYJIELLOBA
®rEHY «Aepogpusuueckuli HayyHo-uccaedosamenvckuli uHcmumym», CaHkm-llemepbype

B cBA3M C pPOCTOM YMCNEHHOCTM HACENEHMA, COKPAWEHWA naowagden nog
CENbCKOXO3ANCTBEHHYID  AEATENIbHOCTb, pPaCWMPEHUs  3SKONOrMYeckn Hebe3onacHbIX  30H,
B3aMMOCBA3AHHbIM C 3TUM YCTOMYMBLIM MNPOABNEHUEM MUKPOHYTPUEHTHON HEAOCTAaTOYHOCTH,
BeAylWen K pasIMYHOro poga OnacHbiM 3ab0neBaHMAM M HapyWeHUAM WMMMYHHOro CTaTyca,
npeAcTaBAAeTcA aKTyalbHbIM pa3paboTtaTb WU/MAM NPUMEHATb Cnocobbl ANA  yBeAUYeHUus
YPOXKAMHOCTU  CENbCKOXO3AMCTBEHHbIX KyAbTyp W NUTaTeNbHOM LEHHOCTM pPacTUTENbHOM
NPOAYKLMMU, @ TaKKe CHUXKEHMA CPOKOB BereTauuum pacteHui. 910 Hambonee 3adpdekTnBHO B
YCNOBUAX PEryNIMpyeMON arposKOCUCTEMBI.

OpHOM n3 Haubonee pPACNPOCTPAHEHHbIX M MNOTPebAAeMbiX OBOLLHbIX KynbTyp B MuUpe
ABNAETCA TOMAT, NPW 3TOM €ro BblpallMBaHNe BCE Yallle OCYLLECTBAAETCA B YCIOBMAX YAaCTUYHOM NN
NO/HOW CBETOKYNbTYPbI. B CBA3KM C 3TUM Liesib HacTosiwel paboTbl 3aKN04aeTCA B U3yYEHUM BAUAHUA
CBETOAMOAHOTO ocBelleHus o pasNYHbIMMU CreKTpasbHbIMU XapaKTepucTMKamm
$OTOCUMHTETMYECKM aKTUBHOW pagmaLMm Ha NPOAYKTUBHOCTb M KQYeCTBO PacTEHUIA TOMATA, a TaKXKe
pa3paboTka pekomeHaaunin No oNTUMM3aLLMN CBOMCTB CBETOBOM Cpeapbl.

O6beKTOM nccnenoBaHUA cayKmna rmbpungHas ¢opma Tomarta nokoneHua Fs — Dg, cenekymm
®r6HY A®PW, nonyyeHHas B KOMOWMHAUMW  CKpeWMBaHMA AETEPMUHAHTHbIX COPTOB,
a[anTMPOBAHHDIX K BbIpaLLMBAHUIO B UHTEHCMBHOM CBETOKYAbType [1].

UccnepoBaHns nposBoannu Ha 6ase arpobuononuroHa OreHY A®UN B perynnpyembix
YCNOBUAX MHTEHCUBHOW CBETOKYAbTYpbl [2] — TemnepaTypy BO34yxa NOAAEPKMBAAMN B Npeaenax
+22...4+24°C pHem 1 +18...420°C — HOYbIO, OTHOCUTE/NIbHYIO BAAXKHOCTb Bo3ayxa — 50—-60%.

PacTeHus BbipalLMBanmM B EMKOCTAX 06 bEMOM TPU INTPaA C UCMO/Ib30BAHMEM NPOMbILIIEHHOTO
rpyHTa (Arpo6ant C, OO0 «MuHacTpyn», MockoBckaa obnactb, Poccus) Ha oCHOBe BepxXoBOro
Topda HM3KOM CTENeHM pPasoKeHUAs C MUHepanbHbiMKM AobaBKamu. [MonmB ocywecTBaanca
exxeaHesHo 1N pactsopom KHona. MAoTHOCTb nocafku coctasnana 14 pacteHmii Ha 1 m2.

OnAa ocBelLeHUA UCMNO/b30BaNCL TPU TUNA OPUTMHANbHBIX CBETOAUOAHbLIX CBETUIBLHUKOB
(PreHY A®WU, Poccusa), moaenmnpyoLLmnx ecTeCTBEHHOE OCBeLLeHMe B pa3/IniHoe BpemMs CyToK [3], a
MMEHHO: CBETU/IbHUKM C LiBeToBOM Temnepatypoit 3000 K (APK-3000), 4000 K (A®UN-4000) n 5000
K (A®N-5000) mmuTUpylOLWMe CONIHEYHbIN CBET, COOTBETCTBEHHO KOrAa COJIHUE HaxoauTcs y
ropu3oHTa C IOMMHNPOBAHUEM KPaCcHOM cocTaBasatoLllei cnektpa ceeta (55% R, 35% G, 10% B); co
CMEeKTPOM NPUBAUIKEHHBIM K YTPEHHEMY M nocneobesieHHOMY conHeyHomy ceeTy (43% R, 38% G,
19% B); u B 3eHUTe c 6oNblUel Aonen cMHero AnanasoHa cnektpa (37% R, 38% G, 25% B). MnoTHoCTb
boTOCUHTETMYECKOTO NOTOKa ¢poToHOoB (PPFD) pacTUTenbHOro NOKpoBa BO BCEX BapuaHTax bbina
0AMHaKoBOM 1 coctasnana 330120 MKkmonb/(M2-c), NPOAONKUTENBHOCTL CBETOBOrO Nepuoaa — 16
4YacoB B CYTKW.

Y6opKy nposBoaunun Ha 120-n geHb OT NOCaAKM, MPU 3STOM U3MEPANNUCL MOpPOoMeTPUYECKUNE
NnoKasaTe/iM pacTeHui (BbiCOTa M Macca PacTeHMsA, KONMYECTBO NI0A0B, CpeaHAA Macca U pasmep
naoaa, yposkanHoctb ¢ 1 m?).

B Tabnuue 1 npuBeaeHbl pe3ynbTaTbl OLEHKM MOPPOMETPUYECKMX NMOKa3aTenel pacTeHnn
TOMaTa, BbIPALLEHHbIX NPU OCBELLEHUN UCTOYHMKAMM CBETA C Pa3HbIM CMEKTpasibHbiIM COCTaBOM.
BbicoTa pacteHmin B $asy NNoAOHOWEHMA He npesbliwana 55 cm, macca nnoaa BapbMpoBasa B
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npeaenax 18-25 r. BUAHO, 4TO N0 MOPHOMETPUYECKMM XapaKTEPUCTUKAM (BbICOTA, MAcCa pacTeHUs
M ero OpraHoB) pacTeHWs TOMaTa, BblpalleHHble noj CBETOAMOAHbIMU CBETU/bHUKAMU C
Pa3NnNYHbIM TECTUPYEMbIM CNEKTPOM CBETa, He OTAMYALOTCA APYr OT Apyra. TONbKO NO KOANYeCTBY
Nn1o40B pacTeHMa TomaTa nog ceeTunbHuUKamm APU-3000 mmetloT goctoBepHo Hosiee BbiCOKME
3Ha4YeHUA MO CPABHEHWUIO C TAKOBbIMU nog ceBeTunbHMKamun ADPU-4000 n AGUN-5000. OpgHako B
OTHOLUEeHMW NOoKaszaTesia macca O4HOro naoAa oTmedyanacb B Buae cnabon TeHaeHUMM obpaTtHas
KapTuHa.

Tabnunua 1. CpegHue 3HaYeHUA pAga MOPGOMETPUYECKMX NOKA3aTeel pacTeHMI TOmaTa npu
BblPALLMBAHUKN NOA CBETOANOAHBIMU CBETUNBHUKAMM C PA3/IMYHBbIM CNEKTPAZIbHbIM COCTaBOM Ha
arpobuononuroHe ®reHY AGU

. PacteHune
CBeToanoaHbIN
BbICOTa macca KON-BO KON-BO macca OnameTp
WCTOYHMK cBeTa
pacTeHus, cm NINCTbEB, T NINCTbEB, WT.  NJOAOB, WT. nnoga, r naoga, cm
ADKN-3000 53,0+7,5 201,3+69,3 44,0+9,0 46,7+7,4 19,1+1,1 3,5+0,4
ADKN-4000 47,0£3,6 177,1468,3 45,0+£10,0 29,7+5,2* 20,1+2,0 3,5+0,3
ADN-5000 53,314,9 196,5148,0 39,0+11,0 29+6,4* 20,615,4 3,4+0,3

MNpumeyaHue: * — 3HaueHMe foCTOBEpPHO oTandvaeTtcsa oT AOK-3000 Ha 5%-HoM ypoBHE 3HAYMMOCTH.

B uTOre TaKoM WHTerpanbHbI NOKasaTeNb KaK YPOMKaWHOCTb pacTeHuint ¢ 1m? uam
NOTEeHLMaNbHAA YPOXKaNHOCTb ¢ 1 M? He MMen AOCTOBEPHbIX OTANYUIA MEXAY BapuaHTaMM OnbiTa
(tabn. 2). BoisBneHa TeHAEHUMA K HECKO/IbKO 60Jiee HU3KMM ee 3Ha4YeHUAM B BapuaHTax onbiTa C
cBeTunbHUKamm AOU-4000 n AOU-5000.

Tabnuua 2. CpegHue 3HAYEHUA YPOXKAMHOCTU TOMATa NP BblpalLMBaAHMM NOA CBETOAMOAHbBIMM
CBETWU/IbHUKAMM C Pa3/InYHbIM CNEeKTPabHbIM COCTaBOM Ha arpobuononunroHe PréHY AdU

. YposKaitHOCTb, MoTeHuMaNbHasA YPOXKANHOCTD,
CBETOAMOAHbIN UCTOYHUK CBETA ) f
Kr/m Kr/m
ADPU-3000 K 12,945,4 17,245,9
ADPU-4000 K 8,613,3 15,315,3
ADPU-5000 K 8,213,9 16,216,3

anMeLIaHMEZ NOTEHLMA/IbHAA ypOXKaMHOCTb PACCUMTAHA KaK Macca BCex NJio40B, AOCTUTLNX 6uonormyeckom
N TEXHMYECKOW CMesocTu.

Takum  06pasom, nonyvyeHHble pe3ynbTaTbl UCCNEA0BAHMW  pPeakuMuM  pacTeHumn
AETEPMUHAHTHOTO TOMAaTa HA CBETOBYHD Cpedy pPas3/IMYHOrO  CNEKTPA/JIbHOTO  COCTAaBa,
MMUTUPYIOLLEFO CONIHEYHbIW CBET, CBUAETE/NbCTBYIOT O BbICOKOM NAACTUYHOCTM MCMOb30BAHHOTO
rmbpnga M o0 HeobXxoAMMOCTU MNPOAOIKEHUA YIAYBNEHHbIX WUCCNEe0BAHUN C NPUMEHEHUEM
Pa3INYaOLWMXCA NO OT3bIBYMBOCTM Ha BO3AENCTBUA COPTOB M TMOPUA0B TOMaTa, afanTUPOBAHHbIX
K YCNOBUAM MHTEHCUBHOM CBETOKYNbLTYPbI.

CnuncokK nutepartypbl

1.Ypanosa O. P., banawosa U. T., Mupckaa l'. B., KoHOHuyK 1. HO., AHWKKHa J1. M., MaHoBal.T.
ApanTauMoHHanA cnocobHOCTb, NPOAYKTMBHOCTb M KAyecTBO KapaMKoBbiX ¢opm TOmaTta B
cUCTemax BblpalliBaHMAa pa3nuyHoro tuna // Arpodpusmuka. 2025. Ne 3. C. 38-48.

2.ManoBal.Tl., YepHoycos L. H., Ypanosa O. P, AnekcaHgpos A. B,, KapmaHos U. B.,
AHuKnHa J1. M., Cygakos B. /1., Akywes B. 1. Hay4yHO-TEXHNYECKNE OCHOBbI KPYrNOrogmM4yHoro
Noay4YeHMA BbICOKMX YPOrXKaeB KAaYeCTBEHHOM PacTUTENIbHOM NPOAYKLMN NPU UCKYCCTBEHHOM
ocseuwleHuun // Ooknaabl PACXH. 2015, Ne 4. C. 17-21.

3. Kynewosa T.3., enHauesall.B., 23epuHaE. M. n pgp. BanAaHme cneKTpanbHOro coctaBa
CBETOBOW cpeabl Ha GOTOCUHTETUYECKME, INEKTPO- U MopdodPU3nMonormieckne nokasatenm
peamca B yCNOBUAX CBETOKYNbTYpbI // ®usmonorma pacteHunin. 2024, T. 71. Ne 2. C. 243-256.
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BA3A NAHHbIX ®PUSUYECKMNX U TUAPODPUSUYECKUX XAPAKTEPUCTUK NMOYB KPbIMA

M. B. KOIOAAXKHbIN, H. . BOMKO, E. A. IYHAEBA
®rBYH «Hay4yHo-uccnedosamesnbCcKuli UHCMuUmym cesnbckoz2o xo3aticmea Kpeima»,
Pecnybnuxa Kpeim, Cumepeponons

Mpw BbINOSIHEHUWN MOYBEHHbIX M3bICKAHUI Ba)XHA CUCTEMATMU3ALMA MMEIOLLMXCA AaHHbIX Ha
OTAEeNbHbIX Y4yaCTKax, TaKXKe He MeHee Ba)KHa TeppuTopuManbHaa MPUBA3KA Pa3NIMYHbIX
nokasartenen. B HacToawee Bpems gna Tepputopum Pecnybamkn Kpbim oTcyTcTBYeT eamHan 6asa
AaHHbIX NOYBEHHbIX MOKa3aTesen, YTo NoAYEePKMBAET aKTyaNbHOCTb AaHHOW TEMbI.

Uenb nccnepoBaHns — CUCTEMATU3MPOBATL AaHHble O QU3NYECKUMX U TMAPOPU3NYECKUX
CBOWCTBaX No4B Ha TeppuTopum Pecnybamkm Kpbim.

Mocpenctesom TabaunyHoro npoueccopa Microsoft Excel peanvsoBaHa 6a3a AaHHbIX (ganee —
B) dn3MYECKUX U TMAPOPUINYECKUX XapPAKTEPUCTUK M NAPAMETPOB NOYBbI (FPaHY/IOMETPUYECKUI
coctaB, o0bbemHan NNOTHOCTb,  MOYBEHHO-TUAPONOTMYECKME  KOHCTAHTbl,  OCHOBHasA
ruapodmsnyeckas XxapakTepUCTMKA U T.4.) Ha OCHOBe NoseBbix/NabopaTopHbix obcnesoBaHui,
AOMNONHEHHble CNPABOYHbIMK AaHHbIMU [1] U MaTepuanamm OTKPbITbIX 6a3 AaHHbIX NOYBEHHbLIX
xapakTepuctnk (SoilHydroGrids, European Soil Databases (ESDB), USDAC_3D Soil Hydraulic
Database of Europe, Unsaturated Soil Hydraulic Database (UNSODA) u SoilKsatDB) [2].

basa AaHHbIX 4ONONHAETCA ONUCAHMEM MOYBEHHOro nNpoduas cornacHo [3] n nocneayrowmm
NPUCBOEHMEM HA3BaHMA MOYBaM MO TPEM PaA3NUYHBIM Knaccudukaumam. Ona reorpadumyeckon
NPUBA3KM KPATKO XapaKTepPU3yeTca MECTHOCTb (MyHMLMMANbHbLIA PaioH — CeIbCKOe nocesieHne —
X03ANCTBO — CEBOOOOPOT — MOJE) U yKasbiBaloTcA reorpaduyeckme KoopauHatbl. B HacTosuwee
Bpems B/l BkntovaeT B ceba 20 HaMMeHOBaHMI NOYB NO 7 MyHULMMNANbHbIM paioHam PecnybamKku
Kpbim  (KpacHorsapaelickuii, Cakckuit, [epBomaiickmii, [I>KaHKOWCKMN, HUMKHEropckui,
KpacHonepekonckuii 1 Cumdepononbekuin).

[ns HeKoTOpbIX MoOKasatenen (K Npumepy, BAAXKHOCTb YCTOMYMBOrO 3aBAAAHMA PaCTEHUN,
rPaHy/IOMEeTPUYECKMA COCTaB, OCHOBHaA rMAPodM3MYECKaa XapaKTepUCTUKa W T.4.) cOo3A4aHbl
oTgenpHble Microsoft Word-4oKymeHTbl € pacyéTamu C COOTBETCTBYHOLLEN CCbIIKOM HA HUX
HenocpeacTBeHHO M3 Bb[. Obwee ymncno Takux dannoB B HacTosuwee Bpems coctaBnseT 50 u
AONONHAETCA NO Mepe NpoBeseHMA ONbITOB.

Mpumep peanusaymm 6a3bl AaHHbIX MOYBEHHbIX XapPaKTePUCTUK Ha Tepputopmumn Pecnybamnkm
KpbiM npeacTaBaeH Ha pUCYHKe.

KoopnwHaTsl OrmmscanHe
BraxsOCTE BnazHOCTD
yeTofiuHBOro VeTORUHBOTO
3aBATARIT 3aBATAHIT
pacTermi (MeTOn pacTeHHi (
BETETAIHOHHBITX CIPABOTHIK
MHEHATIOP, TTonosHuKHi
Ne Haspanue mouysbl | HaspanHe MOuYBHl | HasBaHHe MOYBHI o WRB- nabopaTopHsIi A, Tyces
L n/n MecToHaXOKeHHe X i 1977r. 2004 T 2015 T'panrynoMeTpHIeCKHH COCTAB MeTom), % ILT.)%
Kpacrorsapaefickmit UepEO3eM HOMKHBIH Arpozem
paiioH , c. Knemuxuso, MHLELIPHO- YePHOI'YMYCOBRIH
semm ST BYH "HHUHCX KapOOHATHBI HA | AKKYMYVIATHBHO- B3 Ha menTo-
Kpemva" mone 6/7 46 ra, B KENTO-DYPBIX KapOomareeii  |Haplic Chernozem (Siltic, Gypoix rvHax
1. 2022 r. noces JIbHA 453131340740 TIIHHAX. cerperanHoHEsEsH |Aric) (enpasoutink).xlsx |
KpacHorsapaefickui UepHO3eM HOKHBI Arpozem B3 yepHosem
paiioH , ¢. KienuHuEO, MHIENIPHO- 4EPHOTYMYCOBEIH HOMKHBIA M.-K. Ha B3 Ha
semis OTBYH "HITHICX KapOOHATHBII HA | AKKYMYIATHBHO- NECCOBUIHBIX N1ECCOBUAHbIX
Kpbva' mome 5/5 26 Ta TecCOBHIRBIX kapbomatEent  (Haplic Chernozem (Siltic, ['C YepHO3eM Ha NeccoBUAHbIX OTNOKEHNAX OTAOHEHHAX
2. (21.06.2022r.) 453057 | 341332 OTIIOKEHHAX CerperamHoOHHBIT |Aric) cyrnunbkax (nab.).docx 55(nab.)xlsx  [[cnpasounmk).xlsx

PucyHoK. ®parmeHT 6a3bl aHHbIX NOYBEHHbIX XapaKTEPUCTUK Ha TeppuTopun Pecnybamkmn Kpbim
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Taknm obpasom, Ha AaHHbIA MOMEHT pa3pabaTbiBaemas 6asa gaHHbIX TOYEYHO OXBaTbliBaeT
3HAUUTENIbHYIO YacTb PaBHMHHOrO KpbiMa, YTO NO3BOASAET OTC/AEAUTb M3MEHUYMBOCTb PA3NYHbIX
dU3NYECKUX N TMAPODU3NYECKUX XapaKTEPUCTUK NOYB B 3aBUCUMOCTU OT MECTOMOJIOKEHUA UIU
MHbIX BHEWHUX ycnoBui. MnaHnpyeTcs aanbHenlwee pacllMpeHne M akTyaamsaumsa AaHHbIX, 4YTo
NO3BO/IUT MCMNONb30BATb aKTyas/lbHYI0 U TEPPUTOPMAZbHO MNPUBA3AHHYID WMHOOPMALMIO Npu
BbIMOJIHEHMM HAY4YHbIX UCCNEeA0BaHUN.

UccnedosaHue 8binosnHeHo npu nodoepxcke 2paHma PH® Ne 25-16-00239 «ModenuposaHue u
aHanu3 2udpoghuzuyeckux ceolicmes no4ssi ¢ yyemom aucmepesuca 015 npeyu3uoHHo20
OPOWEHUSA CebCKOX03AUCMBEHHbIX KYnbmyp».

CnucokK nuteparypbl

1. Nonosuuknit U. A. Mousbl Kpbima 1 nosbiweHne ux nnogopoaus / U. A. Nonosuukuin, M. . Myces.
Cumdbepononsb: Taspusa, 1987. 152 c.

2. TaBnoBckana E. P. 0630p cyuwectByowmx UMdpoBbiXx 6a3 AaHHbIX MOYBEHHbIX MNoOKasatenen /
E. P.FaBnoBsckana, M. B. KonogsaxHbii, E.A.[lyHaesa // PervoHanbHblie npobaembl
ANCTaHUMOHHOIrO 30HAMpoBaHMA 3emau: Matepumanbl XII MexayHapoaHOW HayyHOWM
KoHpepeHunn, KpacHoApck, 09-12 ceHTabpa 2025 ropa. KpacHoApck: Cubupckuit
denepanbHbIn yHuBepcuteT, 2025. C. 250-254. EDN PYADRT.

3. TOCT 27593-88 lNouBbl. TepmnHbl N oNpeaeneHusn
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BbIPALLLUBAHUE PACTEHUIA HA UMUTATOPAX IYHHOTIO PEFO/INTA: OCOBEHHOCTHU
NPOLLECCA U NEPCNEKTMUBbI UCCNIEAOBAHUN

n. A. KONNAKOB, A. B. CEPBUH
CaHKkm-[TemepbypacKuli 2opHbIl yHUsepcumem, CaHkm-llemepbype

OcBoeHue JlyHbl M CO34aHME [O0NTOBPEMEHHbIXx obutaembix 6a3 TpebyeT paspaboTku
CaMOMOAAEPKMBAOLWNXCA CUCTEM KM3HeobecneyeHMA, BAXKHOM YACTblO KOTOPbIX ABAAETCA
BblpaLlMBaHWE PAacTEHWUI. B 3TON CBA3M NYHHbIN PErOAUT U €r0 MMUTATOPbl PACCMATPMBAIOTCA KaK
noTeHUuManbHad MWHEpPasibHAA OCHOBA M MOYBa ANA MOJIyYeHMA PACTUTENbHOM MPOAYKUMMK B
yCNoBMAX BHE3EMHOW cpeabl. MccnepoBaHma B 3ToM 061acT NO3BONAKOT OLLEHUTb BO3MOXHOCTb
MCMNONb30BaHMA MECTHbIX PECYPCOB ANA YacTMYHOro obecneyeHuns byayLmx NyHHbIX SKCNeaULNNA.

JKcnepuMeHTbl NOCNeAHUX NEeT NOKAa3ain, YTO pPacTeHUA cnocobHbl NPOpacTaTb HA JYHHOM
FPYHTE W ero UMMUTATopax, OAHAKO WX pPa3BUTUE COMPOBOXKAAETCA BbIPAXKEHHbIM CTPECCOM.
OCHOBHbIMM OrpaHUYMBAOLLMMU GAKTOPaMM ABNAAIOTCA OTCYTCTBME OPraHUYECKOro BeLLecTBa U
[OCTYNHOTO a30Ta, HM3KAA BAroyAep)kmeatowan cnocobHocTb, HebnaronpuaTHble ¢ulnyeckue
CBOMCTBA cybcTpaTa, a TakKKe HU3KaA BMOAOCTYNHOCTb pAfa 3N1eMeHTOB NUTaHuA. B pesynbTaTe y
pacTeHuit HabnaATCA 3aMe/IeHNe POCTa, CHUXKEHME BMOMACChl U NPU3HAKU OKCUMAATUBHOTO U
MOHHOTrO cTpecca [1, 2].

B cBA3M € 3TMM 0coboe 3HaueHne NpuobpeTaoT NOAX0Abl, HaNPaBAEHHblE HA MOAUDUKaLMIO
peronntonofobHbix cybcTpatos. Hanbonee nepcneKkTMBHbIMU CHUTAOTCA BHECEHME OPraHUYEeCcKUX
[06aBOK, MCNONb30BaHWE MUTATE/IbHbIX PACTBOPOB, @ TAKKe MPUMEHEHME MUKPOOPraHW3MOB,
CNocobHbIX MOBbIWATb AOCTYNHOCTb docdopa M APYrMX 3N1eMeHTOB MUHEPaNbHOro MUTaHWUA.
OTaenbHbI ~ MHTepec NPeACTaBAAOT  PACTUTENbHO-MUKPOOHbIE  CUCTEMbI, B KOTOPbIX
cumburoTuyeckne bakTepum u rpmbbl cnocobCTBYIOT aganTauuyM PACcTEHUIM K IKCTPEMAJIbHbIM
csoncTBam cyberpara [1, 3].

Moao6Hble nccnenoBaHUA MMEKOT He TOIbKO GPYHAAMEHTANbHOE, HO M MPUKNALHOE 3HAYEHMe.
OHM NO3BONAIOT BbIABUTb NPeAe bl yCTOMYMBOCTM pacTeHnin, noaobpaTtb Hanbonee nepcnekTnBHbIE
KyNbTypbl ONA KOCMMUYECKOro 3emnegenna u paspabortatb NpUMHUMNBLI CO34aHMA UCKYCCTBEHHbIX
NNOAOPOAHbIX Cyb6CTPAaTOB Ha OCHOBE BHE3EMHOrO0 MWHEPaNbHOro CbipbA. TakMm obpasom,
N3y4yeHne pocTa pacTeHM Ha UMUTATOPAX IYHHOTO PErosiuTa ABAAETCA BaXKHbIM HanpaB/ieHMeM Ha
CTblKe arpodusnkm, GManonorum pactTeHnim, MMKPOBbMONOTUN N KOCMUYECKUX TEXHOIOTUIA.

CnucokK nuteparypbl
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NEPCMEKTMBbI UCMONb30BAHUA TMAPOTENA NPU BbIPALLMBAHUW 3E/IEHOIO U

®UOJIETOBOIO BASUJ/IUKA B YCNOBUAX TMOAPOMNMOHUKHU

B. 3. KY3HELIOB, P. B. KOCEHOK, C. A. TUMELL, A. M. TU/IEB
JansHesocmoyHbili pedepansHeili yHUsepcumem, MHcmumym Muposozo oKeaHa, Kagedpa
rnoysosedeHus, 2. Bnradusocmok

Mopbop cybcTpata oAMH M3 BaxKHeMWNX GaKTOPOB B rMAPONOHHOM BbipALLMBAHUM, TaK KaK
OH BbINOJHAET QYHKUMIO OMNOpbl AN pPaACTeHMA M KOPHEBOW cuctembl. bnarogapa stomy
peryanpyeTca BO34yLWHO-BOAHbLIN PEXMM U pacnpeaensaeTca nuTaTenbHbl pacteop [1].

B ruaponoHHOM pacTeHMeBOACTBE NMPUMEHAETCA LUMPOKUIN CNeKTp cybCcTpaToB, Hanpumep:
MUWHepanbHasa BaTa, KOKOCOBbIM CybCTpaT, NepauT u KepamsuT. KarKaplh U3 HUX MMeeT CBOMU
NPeMmMyLLecTBa M HegoCTaTKU. MuUHepanbHaa BaTa 061a43aeT BbICOKOM MOPUCTOCTbIO M aspaLmel,
HO MPW 3TOM MOXKET /IerKo MepeyBAaXKHATbCA, TPebys KOHTPOAb BAAXKHOCTU. OpraHuyeckue
cybCcTpaTbl OTAMYAKOTCA BbICOKOM BNArOEMKOCTblO, HO MOCTEMEHHO MOryT pasfnaratbCca U
CNoco6CcTBOBaTb PAa3BUTUIO MATOrEHHbIX MUKPOOPraHM3MoB [2].

OgHMM M3 HOBbIX M WMHHOBAUMOHHbIX cybcTpaTtoB sABnseTca ruaporenb. bnarogaps
CNOCOBHOCTU MOrNOWATh U YAEPKUBATb KUAKOCTb B KONMYECTBE, 3HAYNTENbHO MPEBbIAOWEM
COBGCTBEHHYIO Maccy, rMaporenb MOCTENeHHO OTAaeT BAary KOPHEBOW cucTeMe, NOALEP’KUBas
b6onee ctabunbHbli BogHbIA pexum [3]. HecmoTpAa Ha WMpPOKoe MpUMEHEHWE rugporenen B
NOYBEHHOM pPacTeHWEBOACTBE, CBeAeHMA 00 WX WUCNONb30BAaHUM COBMECTHO C ApYrumu
cybcTpaTtamm B rMAPOMNOHMKE Manbl. Llenb nccnefoBaHUA — OUEHWUTb BAMAHME TMAPOrena Ha
pasBuMTME 3eneHoro u ¢uonetosoro 6asmnuka (Ocimum basilicum) npwn BblpawmMBaHUK B
TMAPONOHUKM.

O6beKTOM UCCefoBaHUA CAYKUAN cemeHa 3eneHoro (Ocimum basilicum var. basilicum) n
¢uonetoBoro 6asmnmka (Ocimum basilicum var. purpurascens Benth). [Ana nposeaeHus
nccnefoBaHUM NCNOIb30BaANOCh ABa MHEPTHbIX CybCcTpaTa: MMHepanbHasa BaTa M cunmkareno KCKI
TexHuyecknin (doto cybCcTpaToB). cCEMeHa pacTeHUl NpopallMBannCh B TeYEeHUe ABYX Heaenb B
MWHEpPaNbHOM BaTe, @ NOC/Ne YKOPEHEHWUA pacTeHns HBblin nepeHeceHbl B TMAPONOHHYO YCTAaHOBKY,
roe BblpallMBaHWE OCYLWECTBAAAM MeToAOM nuTatenbHon nneHkn (NFT) ¢ ucnonb3oBaHuem
KOMMNJ/IEKCHbIX MUHEpPanbHbIX yaobpeHnin ot 000 «Pybucko».

S ¥

MwuHepanbHas BaTa Cunukarenb KCKI TexHu4eckmm
PucyHok 1. CybcTpaThl

OnbIT Nno cybcTpatam pasgeneH Ha yeTbipe BapuaHTa: BapmaHT 1 — dpmoneTosbiii 6a3nnmK Ha
MWHepanbHOM BaTe; BapmaHT 2 — ¢dmoneToBbii 6a3NMAMK Ha MUHEpPANbHOM BaTe C rugporenem;
BapunaHT 3 — 3eneHbit 6a3nMnmMK Ha MUHepanbHOW BaTe; BapuaHT4 — 3eneHbln 6asmaMK Ha
MWHEpPanbHOM BaTe C ruaporenem. B Kaxkaom BapuaHTe OnbiTa MCNOAb30Baslacb MNATUKPATHAA
NOBTOPHOCTb, TO €CTb MO MNATb PACTEHWIM, KOTOpble MO3BONAT B JajbHehwem caenatb
CTaTUCTMYECKYIO 06paboTKy AaHHbIX. Bo BCex BapuaHTax nogaeprkMBann OfMHAKOBble YCNOBUA
BblpPALLMBAHMSA.

BblpawmBaHne pacTeHMn B TUAPOMNOHUKE Mpoucxoguno B TeydeHue 60 pgHel, nocne
3aBeplieHna Kotoporo 6bian npousBeaeHbl 3amepbl 6buomaccel. Ona  Kaxporo o6bpasua
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onpeaenanu obLyo maccy pacTeHua, Maccy Haa3eMHOM YacTU U KOPHEBOW CUCTEMbI, NOC/e Yero
PacCYMTbIBANIN 00 KAaXKA0M U3 HUX K obLielt Buomacce. PesynbTaTbl NpeacTaBneHbl HA PUCYHKe 2.

Il O6man Macca
B Hapsemnas €acts
N Koprw

30

20
0.0 21.0 18.9

0

BapnanT 1 BapHaHT 2 BapuanT 3 BapnanT 4

50

Buomacca, r

=

PucyHoK 2. Pe3ynbTatbl 3amepoB GUoMacchbl pacteHumi

CpegHaa macca Hag3emMHoM 4actu y ¢uonetoBoro 6asmnmka coctasmna — 15,29 rpamm B
MUHepanbHoM BaTe 1 20,96 rpamm B MMHEpPasbHOM BaTe ¢ ruaporenem. CpegHAA macca KOpHen —
16,09 rpamm B mmnHepanbHoM BaTe 1 18,91 rpamm B MUHEPaIbHOM BaTe C ruaporenem.

CpeaHnas macca Haa3eMHOM YacTu y 3eneHoro 6asmnnka coctasmna — 13,49 r., B MMHeEpPaibHOM
BaTe n 12,5 r., B MMHepanbHoi1 BaTe ¢ ruaporenem. CpegHAA macca KOpHel y 3eneHoro 6asnnunka —
13,7 rpamm B MmrHepanbHol BaTe 1 16,97 rpamm B MUHEpPanbHOM BaTe ¢ AobaBieHnem rmaporens.

Mcxoaa 13 MONYYeHHbIX AAHHbIX MO HaA3eMHbIM W KOPHEBbIM 4YacTaAM PacTeHUMn Oblau
NO/ly4eHbl COOTHOLIEHWS UX J0Nel K 0bLLen macce pacTeHUN.

B BapuaHTe 1 gona maccbl KopHel coctasuna 51,27%, nona HaalemHol yactn 48,73%. B
BapuaHTe 2 00N Maccbl KopHen coctasuna 47,43%, nons HagzemHol yactn 52,57%. B BapunaHte 3
0015 Maccbl KopHen cocTtaBuna 50,39%, aona HaazemHoM Yactn 49,61%. B BapuaHTe 4 A01A Macchl
KopHeWn coctaBmna 57,66%, nona HagzemHo yactn 42,34%.

Mo pe3ynbTaTam uccnenoBaHMA Hambonee 3pPEKTUBHbIM covyeTaHMeM Ans GUONETOBOro
6a3nnnKa OKasasnacb MUHepasnbHas BaTa C AobaBneHuem rugporens, obecneynmB HaKonaeHue
Haa3emHoW 6uomacchl. [na 3eneHoro 6asunvka rugporenb NPemMmMyLLeCTBEHHO CTUMYAMPOBAn
pa3BUTUE KOPHEBOW CUCTEMbl. BepoATHO, 3TO CBA3AHO C COPTOBbIMM OCOOEHHOCTAMM
pacnpeaeneHna 6Momacchl U pasnnMYHOM peaKkunen pacTeHMin Ha USMeHeHMe BOAHOro peXkmma. Ha
pe3ynbTaTbl OMblTa MOrNa NOBAMATb HEPABHOMEPHOCTb pacnpeseneHuna rnaporensa B cybctparte. B
LANbHENLIEM HY)XHO OLLEHWTb BAWAHWE PA3NNYHbIX [03 MMAPOrenda M CTaHAapTM3MPOBaTb €ro
BHeCeHMe.

Paboma sbinonHeHa npu noddepxcke 20cydapcmeeHHo20 3a0aHua MuHucmepcmea HayKu u
sbicwezo obpazosaHua No FZNS-2026—-0020.

CnucokK nuteparypbl
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yHuBepcuteta M. M. Akmynnbl. 2023. NeS1 (66).
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MOLUHOCTHbIE XAPAKTEPUCTUKU BUOITIEKTPOXUMUYHECKUX CUCTEM NPU
BbIPALLUMBAHNU B HUX MU3YHbI N0/ PA3/INYHBIM CMEKTPOM OCBELLLEHUA

T.3. KYJIEWWOBA, K. B. ETOPOBA, O. N. KAPMAHOBA
®IrbHY «AepoghusudecKkuli Hay4yHO-uccnedosamenscKuli uHcmumymb», CaHkm-llemepbype

B pactutenbHoi 6moanektTpoxmmmyeckon cucteme (63C), TakKe HasbiBaeMol pacTUTENbHO-
MWKPOBHbIN  TONAMBHBLIM  3nemeHT (PMT3), B KauyecTBe 3Hepropecypca MCMNonb3yroTca
9K303/IEKTPOreHHble peakLunn B KOpHeobUTaemon cpene pacTeEHNIN C y4acTUEM MUKPOOPraHU3MOB
Ana npeobpasoBaHUA XMMMYECKOW 3SHEPrMn OpraHMYECKMX COeAUHEHUA B 3NEKTPUYECKYHO
sHepruto. BIC ABnAeTcA nepcnekTMBHOW TexHoNornen OWMO3HepPreTMkn, COBMEeCcTUMOM C
NPOW3BOACTBOM PACTUTENbHOM NpoAyKLMK [1], Npyn 3TOM pasnyHble BUAbl PaCTEHUIN U YCNOBUA UX
BbIPALLMBAHWNA UTPAIOT KNKOYEBYHO POJb B 9GHEKTUBHOCTM PaboTbl BMOIHEPreTUYECKOro YCTPOMCTBA
[2]. Hanbonee pacnpocTpaHeHHbIMU KyNbTypamMu, Ucnonbyembimn B PMTI, BbicTynatoT BogHble U
TpaBAHUCTble pacTeHmMa [3], B TO BpemAa KakK OWMOINEKTPOreHHble CBOMCTBA OBOLLHbIX
CEeNbCKOXO3ANCTBEHHO 3HAYMMbIX KYbTYP OCTAtOTCA Ma/IOU3yYEHHbIMM.

Lenb paboTbl 3aKAl4anacb B WUCCNEAOBAHUM INEKTPUYECKMX XapakTepucTuk B3IC npwm
KY/IbTUBMPOBAHUM INCTOBOM OBOLLHOM Ky/IbTYPbl B PA3/INYHbIX YCOBUAX CBETOBOM Cpeapl.

®dutoTecT-06bEKTOM Oblna BbibpaHa AMOHCKAA KanycTa MM3yHa KpacHasa (Brassica rapa
Mizuna Group), HENPUXOTANBAA B BblPALLMBAHMUM U XapaAKTEPU3YIOLLAACA HACbILEHHbIM OCTPbIM
BKYCOM, 60raTbiM BUTAMUHHbIM M aHTMOKCUAAHTHbIM COCTaBoM. Arpobuonormyeckne ncnbiTaHMA
NPOBOAUNMN B PETYINPYEMbIX YC0BUAX arpobuononnroda ®reHY A®U (r. CankT-MeTtepbypr) [4]. B
KayecTBe MCTOYHWKOB CBETa MCMO/Ib30Ba/N OpPUrMHaNbHbIE CBETOAMOAHbIE CBETUNAbHUKKN (PIBEHY
A®U, Poccua), UMUTUPYLOLWME CONHEYHOE OCBELLEHNE B PA3/INYHOE BPEMS CYTOK NPU OANHAKOBOWM
NPOAO/IKUTENBHOCTN CBETOBOrO nepmoga 14 4acoB B CYTKM M MNOTHOCTU (POTOCUHTETUYECKOro
notoka ¢otoHos (PPFD) 320+20 pmonb/(m2-c): A®U-3000, MoaenvpyroWwmin CnekTp cBeTa Ha
BOCXOZ€ COJIHLa ¢ cooTHoweHnem R:G:B—5:3:1, AGUN-4000 c AHEBHbIM HEMTPAIbHbIM OCBELLEHNEM
c R:G:B —2:2:1 n A®ON-5000, bopmupyoLmin cnekTp m3nydeHnsa 6An3KMIA K NONOKEHMIO CONHLA B
3eHuTe c R:G:B - 1.5:1.5:1.

B3C npepcTtaBnann cobo emMKOCTU [NA BblPALWMBAHMA C PACMNONOXKEHHbIMM B HUX
3/1eKTPOAaMM Ha OCHOBe rpadmUTOBOro BOMIOKA U HepxKasetowen ctanm [1]. MonspusaunoHHble
KpMBble W MOLLHOCTHbIE XapPaKTEPUCTUKU PErucTPUpOBasM C MOMOLLbD OAHOKAHANbHOIO
noTeHUMoCTaTa-rabBaHOCTaTa P-20X («Electrochemical Instruments», Poccus) no
ABYX3/IEKTPOAHOM CXeMe NOAKNOYEHUA.

MaKcrMmanbHO NONyYeHHbIe 3HAaYEHWUA SINEKTPUYECKOTO TOKa U yaenbHOM mowHoCcTM B3C npum
BblpalUMBaHMUM B HEW pacTeHUI MU3YHbI COCTaBUAN 3 MKA 1 27 MKBT/M? ana BapuaHTa oCBeLLeHMs
A®N-4000, ana A®KN-3000 3T nokasaTenn boian Huxe Ha 43%, ana A®PKN-5000 ToK Obln MeHbLUE Ha
66%, MmoLWHOCTb Ha 19% (puc.).
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PucyHOK. NMonspr3aumnMoHHbIE KPUBbIE M MOLLHOCTHbIE XapaKTepuUCcTMKM B3C npu KyAbTUBUMPOBAHUM
MW3YHbI C UICNONb30BAaHNEM B KaYeCTBE MCTOUYHMKA CBEeTa:
a - A®UN-3000, 6 — A®N-4000, 8 — A®UN-5000

62



C60pHMK Tpyaos Il LUKoibl mosiogpix arpodm3nKkos «IHeprua passutua arpodpusmnkmn» (IPA)
CaHKT-lMeTepbypr, 17-18 ceHTabpa 2026 .

Ha ctagun TexHW4YecKoi crnesnocTy BbICOTA PaCTEHWUI AOCTOBEPHO He OT/AMYanacb Mexay
BapuaHTamu 1 coctasuna 2113 cm npu ocsewweHnmn A®K-3000, 21+3 cm gna AOK-4000 n 2012 cm
ana A®K-5000. AyameTp po3eTKM Obin B BUAE TEHAEHUMN MEHbLUE BCEX Y MU3YHbI, OCBELLAEMON
AD®UN-4000 - 3314 cm 1 He oTandvanca ana sapmaHtos A®K-3000 n AOU-5000 c 3HaueHmnamm 3613 cm
n 3713 cm, COOTBETCTBEHHO.

MonyyeHHasa ypoKaHOCTb cocTaBuna ana sapuaHta A®KN-3000 — 3.2 Kr/m? 3a Beretaumio u
33,8 kr/m? B rog, ¢ Apyca, ana sapuaHta A®U-4000 — 4,6 kr/m? 3a BereTaumio n 47,8 kr/m? B roa, ana
BapuaHTa A®N-5000 — 4,4 kr/m? 3a Beretaumio 1 46,1 Kr/m? B roga,

Takum obpasom, Hanbonee NPoOmN3BOANTENbHBIM OKa3ascAa BapuaHT BIC ¢ KynbTnBMpyemMbIM
B HEl pacTeHMemM MU3YHbl C UCNOJIb30OBaHUEM B KayecTBe MCTOYHMKA cBeTa CBeTU/bHUKOB ADPU-
4000, onAa [AaHHOrO BapuWaHTa MOJlyYeHHAa HauboNbluMe 3NEeKTPUYECKUE XapaKTEPUCTUKU U
ypoXKalHOCTb. MOXHO caenaTb BbiBOA, YTO ANnA 3ddeKkTMBHOM paboTbl BIC BaxeH Komnaekc
TEXHUYECKUX U BMONOrMYECKMX NAapaMeTPOoB, U3 KOTOPbIX PeLlatoWyo pPosib UrpatoT NPaBUbHbIN
BbIOOP PACTUTENbHOM KynbTypbl HApAZy C KOHCTPYKUMEN YCTPOWCTBA, NPUrogHOM W  Ans
BblpalUMBaHUA  PaCTeHUMW, W  ANA  NOAYYEHUA  INEKTPOIHEPIrMM HA  MNPOTAXKEHUM  UX
XKN3HEe[eATeNbHOCTH.

CnuncokK nutepartypbl
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0BOLLHbIX KyNbTyp // Cenbckoxo3sanctseHHaa buonorua. 2024. T. 59. Ne 5. C. 893—-909.
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AHukuHa J1. M., Cypakos B. /1., Aikywes B. I. Hay4yHO-TexHW4YeCKMe OCHOBbI KPYrnOroa4n4yHoro
NoNyYeHMA BbICOKMX YPOrXKaeB KauyeCTBEHHOM PacTUTEIbHOM NPOAYKLMWN NPU UCKYCCTBEHHOM
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63



C60pHMK Tpyaos Il LUKoibl mosiogpix arpodm3nKkos «IHeprua passutua arpodpusmnkmn» (IPA)
CaHKT-lMeTepbypr, 17-18 ceHTabpa 2026 .

OLLEHKA KAYECTBA U YPOXXAMHOCTU KOHCKOTO BEOBA (VICIA FABA L.) B YCIOBUAX
TAOXKNKUCTAHA

O. M. NTAWKAPBEKOBA
NHcmumym 6omaHuku, ¢husuonozuu u eceHemuku pacmeHul HayuoHansHoU akademuu HayK
Tadmukucmaa, ywarHbe

3epH06060BbIe KY/IbTYpPbl UFPAIOT BAXKHYHKO POJib B MMPOBOM CE/bCKOM XO3ANCTBE, ABNAACH
LEHHbIM MCTOYHUKOM pacTuTenbHOro 6enKka B paumoHe YenoBeka U Kopmonpounssogcree. Ocoboe
3Ha4YeHMe cpean HUX UMeeT KOHCKMI 606 (Vicia faba L.), oTanyatowmiica BbICOKMM COAEPKAHMEM
6enKa, aMMHOKMCNOT, BUTAMUHOB U MUHEPAJIbHbIX BeLLecTB. B ycnosuax rnobanbHOro MsmeHeHus
KAMMaTa W BO3pacTaloWMX BbI30BOB MNPOAOBONALCTBEHHOW  6He3o0nacHOCTM  BO3pacTaeT
HeobxoAMMOCTb M3y4YeHMA WU BHEAPEHMA YCTOMYMBBLIX W  BbICOKOMPOAYKTUBHbIX COPTOB
3epHOH6060BbIX KYNbTYP.

B cTpaHax LleHTpanbHOM A3unum, BKAOYAA TafKMKUCTaH, KOHCKMIA 606 paccmaTpuBaeTca Kak
nepcneKkTMBHaA Ky/abTypa 6narogaps ero cnocobHOCTM afanTMpoBaTbCA K Pas3IMUHbIM
arpo3KO/IOrMYECKMM YCIOBUAM M yNy4YLwaTb NN0AOPOANE NOYBbI 32 CYET BMonormyeckomn purkcaumm
aTmocdepHoro asora.

NccnepoBaHma npoBoanAUCH B ycnoBuax LieHTpanbHoro n KOxHoro TagaKMKUCTaHa, BKAOYas
ropoaa Aywanbe n Waxputyc. Ina oueHKN KayecTBa 3epHa NPOBOAWIN BUOXMMUYECKUI aHaNn3
CEMAH C onpeaeneHnem coaep)aHuA 6enKka, MacaUMYHOCTb WM KAeTyaTKU. TakKe M3yvyanuchb
bur3MyecKkme XapakKTepUCTUKN CEeMAH, BKIOYAA cpegHereomeTpuyecknin gmametp u maccy 1000
CEMAH.

Pe3ynbTaTbl BUOXMMMYECKOTO aHANM3a CEMSAH, BbIPALLLEHHbIX B yc10BUAX [ylwaHbe, nokasanu
3HAUMTENIbHYID W3MEHYMBOCTb MCCAeayeMblX Mokasatenei. Hambonbwee copepxaHue 6Genka
OTMe4YeHOo Yy 06pa3uoB ¢ 6enbimn cemeHamum u3 Nwkawmma (37,2%) 1M y KpynHOCEMEHHbIX 6enbix
(38,0%). MuHMMmanbHbIN ypoBeHb 6enka (30,8%) BbiABneH y obpasyos M3 TawkKeHTa. Hanbonee
BbICOKAA MAC/IMYHOCTb Bblna XxapaKkTepHa A/1A TAWKEHTCKMX 06Pa3LLOB U CBETNO0-KOPUYHEBBIX CEMSAH.
MaKcMmanbHOe cofeprkaHuMe KNeT4aTKM BbiABNeHO Yy 6enocemeHHblx ¢opm, Torga  Kak
MWHMMaNbHble NOKa3aTenn Habagannce y YepHoceMeHHbIX 06pasLoB.

B ycnosusax Laxputyca makcMmanbHoe cogepkaHue 6enka (38,6%) oTmeyeHo vy
yepHocemeHHbIx 0bpasuos Vicia faba L., a muHumanbHoe (30,7%) y KpynHocemMeHHbIx 6enbix dopm.
Hanbonee BbICOKaa MacAMYHOCTb 3aPUKCUMPOBAHA Y TAWKEHTCKMX 06pasL,oB ¢ KpynHbiMK Henbimu
ceMeHaMM, TorAa Kak MMHMMANbHAA Y CBET/I0-KOPUYHEBbIX 06pa3yoB 3 MeHaKuKeHTa. M3yyeHune
bM3MYECKMX XapaKTEPUCTUMK CEMAH BbIABUIO 3HAYMUTE/IbHblE PA3IMYMA MeXay obpasuamu. B
ycnosusx LaxpuTyca Hanbonbwaa macca 1000 cemaH oTmeyeHa y 06pasyos n3 TawkeHTa (1007 r)
M Yy KpynHocemeHHbIx 6enbix ¢opm (1027 r1). B ycnosusx [ywaHbe aHanormyHaa TeHAEHUMA
coxpaHanacb: macca 1000 cemaAH y TaWKeHTCKMX 06pa3yoB coctaBuna 819, a y KpynHOCEMEHHbIX
6enbix uset 875 .

MonyyeHHble pe3ynbTaTbl CBUMAETENbCTBYIOT O BbICOKOM a4anTMBHOCTU uMcCCaeayemblX
obpasuos Vicia faba L. K npupoaHO-KAMMaTUYECKMM ycnoBuAM LleHTpanbHoro wu  HOxHoro
TapKuKknctaHa. MNposegéHHble nccnefoBaHNA NOKA3aAn 3HAYUTENbHOE BAUAHME FTeHOTUMUYECKUX
0COBEHHOCTEN M YCNOBUIA BbIPALLMBAHMA HA MOKa3aTen KayecTBa M NpoaykTuBHocTtu Vicia faba L.
BblaeneHbl nepcnekTMBHble 06pasLbl, XapaKTepu3ylowMeca BbICOKMM coaepkaHuem benka,
Xopowmnmm GU3NYECKMMUN XapaKTEPUCTUKAMM CEMAH M BbICOKOM aAanTUBHOCTbIO.

MonyyeHHble pe3ynbTaTbl MOryT ObiTb MCMONb30BaHbl B CENEKLMOHHbIX NPOrpammax no
CO3aHMI0 BbICOKOYPOXKAMHbIX N YCTOMYMBBIX COPTOB KOHCKOro 606a ana ycnosui TagKMKUCTaHa.
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U3YYEHUE BCXOMECTU CEMAH PHYSALIS PUBESCENS L. B 3BABUCUMOCTU OT TOAA
PENPOAYKUUU N CE3OHA NPOPALLIUBAHUA

M. M. MAPYEBA, K. 1. AALIOK, M. P. EHFANNbIYEB
®IrbHY «®edepanbHebili Hay4yHbIU yeHmp osowesodcmea», Mockosckas obaacms, n. BHUNCCOK

duzanuc 3emnaHuuHbIN  (Physalis pubescens L.) — nepcnekTMBHas OBOLWHAA Ky/abTypa
cemelictBa Solanaceae, aroabl KoTopoi 6oraTbl NOANPEHONAMMU, KAPOTUHONAAMM, AaCKOPOMHOBOM
KMCNOTOW U MUHEpPaNbHbIMK BewecTBamu. A aPpPeKTMBHOITO CEMeHOBOACTBA AAHHOM KyNbTypbl
HeobXoAMMbl TOYHbIE AaHHble O NPOAO/IKUTENIbHOCTU COXPAHEHUA KM3HECNOCOBHOCTM CeMAH U
ONTMMaANbHbBIX CPOKAX OLEHKN MX MOCEBHbIX KavyecTs. M3yyeHne BCXOXKECTU CEMAH B 3aBMCUMOCTHU
OT CpOKa XpaHeHWs M ce3oHa NpopalMBaHUA NO3BOAAET 0becneynTb AO0NTOCPOYHOE COXPAHEHUE
reHeTUYEeCKOro MmaTepmana LLeHHbIX COPTOB WM YCTaHOBUTb MPUroAHOCTb CEMAH ANA NOCeBa B
pa3fnyHble Nepmnoabl roaa.

Uenb nccnegoBaHUM — M3y4UTb BCXOXKECTb ceMAH PU3annca 3eMAAHMYHONO pasHbIX NeT
penpoayKuum B 3aBUCMMOCTM OT CE30HA NPOPaLLMBaAHUA.

O6beKkT uccnefoBaHU — cemeHa ¢u3anuca 3eMAAHUYHOTO CopT OpPaHMKEBbLIN MKEMUYYT,
yporkan 2021-2024 roapbl.

MeToabl nccneposaHuit. MccneposaHua nposeaeHbl B 2025 roay Ha 6a3e nabopatopuu
dU3MONOrNYECKNX OCHOB CEMEHOBEAEHNA 0BOLWHbIX KyabTyp PIEHY PHLUO. MNpopawmBaHme cemaH
¢u3annca nNpoBoAMAOCH Kaxablh ce30H (MapT, UOHb, CeHTAbpb, Aekabpb) B nabopaTopHbIX
ycnoBusax npu nepemeHHon temnepatype (30°C aeHb, 20°C Houb) B YaluKax [eTpu B TepmocTaTte
TCO-1/80 cornacHo IOCT 12038-84 B 4YeTbIpexKkpaTHOW MOBTOPHOCTU. JHEPrMl0 NpopacTaHmA
YUYMTbIBA/IN Ha LWECTblE CYTKN, BCXOXKECTb Ha 12 cyTKu.

Pe3ynbTaTbl mMccnenoBaHWiA. AHanM3 MOCEBHbIX KayecTB cemsiH ¢uM3anmca 3eMASHUYHOro
NO3BO/IU/ BbIABUTb YETKYH 3aBUCMMOCTb OT roga PenpoayKLUn 1 cesoHa npopalinsaHma (Tabn.).

Tabnunua. MoceBHble KayecTBa ceMsiH dusannca semnsaHudHoro, 2025 rog
lopg,

MokasaTenb MapTt MioHb CeHTAGPDL [Jekabpb
penpoaykumun

2024 92 9 43 30
SHeprua npopactaHus, % 2023 94 99 44 82
2021 15 8 8 26
BcxoxecTb, % 2023 99 100 98 82
' 2022 91 97 26 ;
2021 90 100 85 40

HauBbiCluMe MOKasaTenn OTMeuYeHbl Y cBeXux cemsH (2024 r.) npu BECEHHEM W NeTHEM
nocesax: 3HeEPrna npopacrtaHma coctasuna 92-96%, scxoxkectb — 97%. C yBenMyeHmem cpoka
XpaHeHua ao 2-3 net (2022 v 2023 roabl penpoayKuMn) 3HEpPrua MNpopacTaHUA CHUXKaNacb,
0COBEHHO B OCEHHUI W 3MMHUIN Nepuoapl (A0 1-4% B Aekabpe y cemsH 2022r.), Toraa Kak
BCXOXECTb OCTaBasiacb BbiCOKOM. CemeHa 2021 roga penpoayKunm XapaKTepus3oBaUCb HU3KOWM
sHeprven npopactaHua BO BCe ce30Hbl (0T 8 A0 26%), 04HAKO BCXOXECTb B MapTe M MIOHe
COXpaHANACb Ha BbICOKOM ypoBHe — 90-100%.

Hanbonee ctabunbHble U BbICOKME MOKA3aTEIN BCXOXKECTU OTMEYEHbI B BECEHHWUI N NETHUN
nepuoa, a y ceexux cemaH (2023 1 2024 roa) — u Npu 0CEHHEM onpeaeeHnM NOCEeBHbIX KayecTs.
OceHHee 1 3MMHee NpopaLLMBaHUe NPUBOANT K 3HAYUTENIbLHOMY CHUXKEHMUIO SHEPTMN NPOPaACTaHmUA,
4TO HEOHXOAMMO YUNTbIBATb NPU NPOBEAEHUN 1TABOPATOPHOrO KOHTPO/IA MOCEBHOIO MaTepuana.
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CnucoK nutepatypbl

1. Mamepos M. U., EHranbives M. P., [xoc E.A. Mopdobuonornyeckme ocobeHHOCTU U
6uoxmmmyeckuii coctas aroa ¢usanuca nywwuctoro (Physalis pubescens L.) B ymepeHHOM
kKnumare // Osowm Poccmn. 2017. Ne 2. C. 76-80.

2.TOCT 12038-84 «CemeHa CeNbCKOX03ANCTBEHHbIX KybTyp. MeToapbl onpeseneHna BCXOXKeCTU».
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AYOUT U MOHUTOPUHT MENTMOPUPOBAHHbIX NOMMEHHbIX 3EME/Ib 11 YCTOMYMBOIO
CE/IbCKOXO3ANCTBEHHOIO NPOU3BOACTBA

C. A. MEHBLLUMKOBA
®rbHY «®HL 2udpomexHuKu u meauopayuu umeHu A. H. Kocmsakoea», Mockea

dopmMmupysacb B YCI0BUAX NEPUOANYECKOTO 3aTOMNIEHUSA, MOMMEHHbIE (aNtoBMANbHbIE) NMOYBbI
B €CTeCTBEHHOM COCTOAHMM XapaKTepPU3yHTCA BbICOKMM naodopoavem, 6OUMON0rnMYecknm
pa3HoObpasnMem 1M AMHAMMUYHOCTbIO NOYBOOHOPa3oBaHUA. KntoueBble OTNIMYUTEIbHbIE 0COBEHHOCTH
— 3TO YepeaoBaHWE HAHOCOB (anNBUA) HAPALY C HAZIMYMEM PA3/IMYHBIX TUMNOB M NOATUMOB MOYB B
npeaenax oAgHOW Molimbl, 0bycnaBiMBaemble pasMyMem NepuonoB 3aTOMNEHUA NPUPYCIOBOW,
LLEeHTPaANbHOW M NpUTEpPPACHOM YacTell. BbicoKoe ecTecTBeHHOe naogopoane GopmMmnpyeTca 3a cyet
HaKOMNEHUA OpraHMYEeCKMX U MUHEPaANbHbIX BELEecTB, co3aatoTcA bnaronpuATHble ycaoBMA ANA
pocTa W pa3BUTUA pPacTeHUA W JajbHENWero AenoHMPOBaHME OpPraHUYecKoro yraepoaa.
ATmocdepHbIit TUN BOAHOTO NUTaHMA, NPUCYLLNIA HeyepHO3eMHOW 30He, AOMNOIHAETCA HAMbIBHbIM
(8 mepuos nonoBoabs), TPYHTOBbIM, @ TaKKe CK/AOHOBbIM, XapaKTepHbIM ANA MNOMM CO
3HAYUTENIbHbIM Mepenasom BbICOT. YPOBEHb TPYHTOBbLIX BOA M CTEMEHb YBAAXKHEHUA CE30HHO
MEHAIOTCA B LUMPOKOM AMAMNA30HeE.

CeNbCKOXO3ANCTBEHHAA AeATe/NIbHOCTb NPOTMBOMOCTABAAET NPUPOLHbIE U AaHTPOMOreHHbIe
npoueccbl. KomnaekcHble mennopaumm Kak 3GGeKTUBHbINA MHCTPYMEHT peryimpoBaHnsa CBOMCTB U
PEXMMOB MNOYB MpPM3BaHbl YPABHOBECUTb BAUAHME MPUPOLHbLIX M aArPOreHHbIX (aKTOpOoB.
MennopupoBaHHblie MOMMEHHbIE NOYBbl 0COHO LieHHble, TaK KaK Npu mMeanopaumm npoucxoaut
KOPEeHHOE yyylleHne BOAHO-BO3AYLLIHOIO PeXMMa.

Bbibop meTonoB M cnocoboB OCYLEHMA 3aBUCUMT OT KOMIMJIEKCA XapaKTepUCTUK W
0COBEHHOCTEN NMOMMEHHbIX TEPPUTOPUIA. B npoLecce 0cBOEHUA NOMMEHHbIE 3EMAN HYXKAAKOTCA, B
nepByto o4yepeab, B OCYLUMTENIBHON MENMOpPaLUN, 0BYCTPOMCTBE APEHAXKHbIX CUCTEM U KaHaNoB C
BO3MOHOCTbIO ABYCTOPOHHErO PEryIMPOBaHUA BOLHOMO PEXMMA (MM YCTPOICTBE OPOCUTENBHbIX
cuctem), 06BaloOBaHUM B KOMMJIEKCE C KY/IbTYPTEXHUYECKOMN, XMMUYECKOW 1 arpomennopaumei [1,
2]. YnyyweHue BOAHOINO peXuma C LeNblo CeNbCKOXO03AUCTBEHHOIO MCMO/b30BAHUA A0/IKHO
COMPOBOXKAATLCA MEPONPUATUAMM, OrpaHMYMBalOWLUMKN AUDEDY3HbIN CTOK M KOMMNEHCUMPYOLWMMM
BbIHOC NUTATE/IbHbIX 3/1IEMEHTOB C Ce/IbCKOXO3ANCTBEHHbIX 3€Me/lb.

BmecTe ¢ TeM NpPaKTUYECKM OTCYTCTBYIOT CBEAEHUA O NNOWALAX MEIMOPUPOBAHHbIX 3EMEb,
3aHATbIX B CE/IbCKOXO3ANCTBEHHOM MPOW3BOACTBE, PACMOJIOXKEHHbIX B MOMMEHHbIX y4acTKax, HeT
TOYHbIX AaHHbIX 06 KX cocTosHMKU. Heobxoamm ayauT, KOTOpbI NoapasyMeBaeT onpenefieHHble
aTanbl, BKAOYaA cbop AaHHbIX, NONEBbIE UCC/IA0BaHMA, aHANN3 AOKYMEHTALUN U UCMOIb30BaHMe
COBPEMEHHbIX LMPPOBbIX TEXHONOTUI. Mpouecc ayamTa periameHTUpPyeTca 3aKoOHO4aTeNbCTBOM, B
yacTHocTM denepanbHbiM 3aKOHOM «O Mennopaummn 3eMenb» U CBA3AHHbIMU HOPMATUBHLIMM
aKTamu. s yyeTa CnekTpa ycaoBui LenecoobpasHo UCNob30BaTb CUCTEMbI TUMM3aLuuK [1].

PasHoobpa3ne nonm, pasnnumna B ux penbede, TMNax U CBOMCTBAX MOYB, KOTOPOE MOXKHO
YBUAETb Ha NMpuUMepe ABYX KPYMHbIX NMOMMEHHbIX y4acTKoB MoCKOBCKoM obsactu: AxpomcKas
noma, pacnosoXKeHHaa Ha cesepe MocCKoOBCKOM obnactn, AMUTPOBCKMIA paioH M [leAnMHOBCKanA
norima, roro-socTok MockoBckol o6nactu, JIyXxOBULIKUIA palioH, ONpeaensaoT BUAbl Menopaumn 1
CeNIbCKOX03ANCTBEHHOE WCMO/Ib30BaHWE NOA, NALWHI0, CEHOKOCbl WA nactbuwa. B Tabauue
npuBeAeHa KpaTKas CPaBHUTENIbHAA XapPaKTEPUCTUKA MEIMOPUPOBAHHbIX MOMMEHHbIX Y4aCTKOB
Axpomcko n [leamHoBCKOM norimbl (NpaBobeperkHasa yacTb). O6a yyacTKa AaBHO OCBOEHbI U
aKTMBHO MCMONb3YKTCA ANA NPOU3BOACTBA CE/IbCKOXO3ANCTBEHHON NMPOAYKLUMU. ABAAACL ABYMA
Pa3HbIMU NPUPOAHBIMU OB BEKTAMM, OHU UMEIOT KaK 0bLyme YepTbl, TaK U CYLLEeCTBEHHbIE PA3INynA
B reomopdonornm, nepumogax OCBOEHWA U arporeHHoW TpaHchopmaumn, COBPEMEHHOM
MCMNONb30BaHMUM U SKOCUCTEMHbBIX 0COBEHHOCTSAX.
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Tabaunua. CpaBHUTENbHAA XapPaKTEPUCTUKA MENNOPUPOBAHHbBIX YH4AaCTKOB AXPOMCKOM U

OepnnHoBckon nonm (B T. 4. no I. B. JobpoBonbckomy [3])

MNpeobnagatoume
XapaKTEPUCTUKN TEPPUTOPUN

Axpomckan noma, AMUTPOBCKUN
palioH MO

[enunHoscKas noiima (npasobepexHan
yacTb), JlyxoBuLKNiM paitoH MO

Mnaowanb MenMopmMpPoBaHHbIX
YYaCTKOB, UX COCTOAHME

Penved

MpoaonbHbIN M NonepeYHbli
YK/IOH NOBEPXHOCTU

Twun BOAHOro NUTaHMA

Mpeobnagatolime noussl

10 TbIC. ra, menMopaTmsHan
CMCTEMA PEKOHCTPYMPOBAHaA,
COCTOsIHWE XopoLllee
MOHUKEHHO-PABHUHHbIN,
CcnaboHaKNOHHbIM

0,0001-0,0003
0,001-0,01

KoMBUHUpPOBaHHbIN
(aTmocdepHbIi, anntoBManbHbIN,
rPYHTOBbIN)
TopdsaHo-6010THbIE,
cpeaHerngpomopdHble
aHTPOMOreHHO-

8 TbIC. ra, COCTOSHWE YA 0BNETBOPUTE/IbHOE,
BbICOKAA CTeNeHb M3HOCA 3/IEMEHTOB
rMOPOMENNOPATUBHOM CUCTEMBI
CermeHTHO-TPUBUCTBIN, NAOCKO-TPUBUCTBIN,
06BanoBaHHbIN
0,0001-0,0002
0,001-0,004, nokanbHble NOBbILLEHUA B
npupycnosoi yactn go 0,02
KoMbWHUpPOBaHHbIN (aTMOChepHbIi,
aNNtoBUANbHbIW, TPYHTOBbLIN, FPYHTOBO-
HaMopPHbIN, Ae/0BUAJbHbIN)
MoimeHHble AepHOBbIE, IYrOBbIE U IYTOBO-
60n10THblE, cnabo, cpeaHe u
cunbHorMapomopdHble aHTPONOreHHo-

TpaHcPopmMUpPOBaHHbIE
OcyLueHWe U KOMMJIEKCHblE Mennopaumu,
06BaNOBaHME U TMAPOTEXHUYECKOE
perynnposaHue p. OKku;
CeHoKocbl 1 nacTbuua, pacnalika,
BblpaLLMBaHNE KOPMOBbIX, 3€PHOBbIX,
OpoLLEHME OBOLLHBIX KY/bTYp
BapbepHO-3KOI0rMYEeCcKan posb no
334 ePrKaHMUI0 U MUTPALMK B BOAONPUEMHUKMU
(p. Bobnto, OKy) anemMeHTOB-3arpssHUTENEN,
OYMCTKA APEHaXKHOr0 U CHUXKeEHMe
anddysHoro cToka, AeNOHUPOBaHNE
yrnepoza, BoCnosiHeHne 6MoreHHbIx
3/1EMEHTOB

TpaHCcPOPMUPOBAHHbIE

OcylueHne 1 KOMMJIeKCHble
menunopaumm;
Pacnawka, BblpalinsaHme
OBOLLHbIX KYNbTYyp, B TOM Yncne
Ha opoLeHnun

Menwnopauum n
NCMNo/b30BaHNe

CHuxeHune guddysHoro, ouncTKa
[OPEHaXKHOTro CTOKa U ap.
NPUPOLOOXpPaHHbIe
MeponpuaATUI, BOCMOJIHEHNE
OGUOreHHbIX 3/1EMEHTOB,
AenoHUpoBaHue yrnepoaa

JKOCUCTEMHbIE 0COBEHHOCTH
M 3KoNornyeckme
orpaHuyeHus

B HacToAwee Bpemsa, KpOMe BbICOKOW CTENEHW M3HOCA 3N1EMEHTOB FMAPOMENNOPATUBHbBIX
cuctem (8o 90%), CONPOBOXKAAOLWENCA CHUNKEHMEM MPOU3BOAUTENILHOCTU, BbliBNEHa Npobnema
YCKOPEHMA MUHEPANM3aLLMN U BbIHOCA OPraHMYEeCKOro BeLecTsa (CHMKeHue 8o 1-2%) n buoreHHbIx
3/1eMEHTOB MOMMEHHbIX No4B. MoApPObHbIA aHaNN3 COCTOAHUA STUX TEPPUTOPUIN, BKAKOYAIOLLUIA
ayamMT U KOMMJIEKCHbI MOHUTOPUHT, CUHTE3MpPYIOWME Cpe3bl AaHHbIX 3@ Pa3IMYHble BPEMEHHbIE
nepuvoabl, WHTErpMpoBaHHble B reOUMHGOPMALMOHHbBIE CUCTEMbI, MNO3BONAIOT paspabaTbiBaTb
Hay4HO 06OCHOBaHHble meponpuATUA NO 3PPEKTUBHOMY M YCTOMYMBOMY YHKLMOHMPOBAHUIO
CENbCKOXO3ANCTBEHHbIX NPEANPUATUIA, PACMONOMKEHHbIX Ha MNOMMEHHbIX 3eMAAX, a TaKXKe
MOZENNPOBATb M NPOrHO3MPOBATb U3MEHEHUA COCTOAHMA KOMMOHEHTOB NPUPOAHON cpeapl.

CnucokK nuteparypbl

1. NbineHok M. U. Mennopauma nommeHHbix 3emensb // B cbopHuke: Fundamental and applied
approaches to solving scientific problems. C60pHMK Hay4HbIx cTaTen nNo matepuanam XVI
MexKAyHapOoAHOW Hay4YHO-MPaKTU4YecKon KoHpepeHumn. Yoa, 2024. C. 154-159.

2. NuénkuH B. B. O6ocHOBaHWE MENMOPATUBHOIO pPeXMMa OCyLIaeMblX NOMMEHHbIX 3emenb (Ha
npumepe MocKoBcKkoit obnactn). AsTopedepaT Aauc. [LOKTOpa TEeXHWYEeCKMX Hayk /
MOCKOBCKUI rocyaapcTBeHHbIN yHUBepcuTeT MNpupoaoobyctpoictea. M., 2003. 50 c.

3. lobposonbekuia I. B., banabko M. H., Ctactok H. B., bbikoBa E. . AnntoBnanbHbie NOYBbLI PEYHbIX
MOMM M AeNbT U UX 30HaNbHble oTanuma // ApuaHble skocuctembl, 2011. T.17. No 3(48).
C. 5-13.
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MOZAENUPOBAHUE SHEPTOOEMEHA B MOYBAX NPUU/IbMEHCKOW HU3MEHHOCTHU

M. M. HEPOGE/IOB %2, B. . TOPHbIN 1, O. B. BAJTYH !

1.CN6 oUnLl PAH — Hay4Ho-uccnedosamensckuli yeHmp 3Kkosno2uyeckoli besonacHocmu
Pocculickoli akademuu Hayk, CaHKm-llemepbype;

2 Cankm-Temepbypackuli 2ocydapcmeeHHbili yHusepcumem, CaHkm-lemepbyp2

Ha cHMMKax, noayyeHHbIXx cnyTHMKOM Landsat-8 10 mapta 2021r. B [MpunabmeHCKoM
HU3MeHHoCcTM (HoBropoackaa o06nacTb) BbiABNEHbI MPU3HAKM OMNEPEXKAIOLLEr0 CHEroTasHuA:
JIOKa/IbHbIN BEeCCHEXHbIN Yy4acTOK B nNpeaenax obWMPHOro NaxoTHOrO NoAs, MOKPbITOrO CHErom.
TemnepaTypa NOBEPXHOCTU 3TOrO y4acCTKa H6blaa 3HAUNTENbHO BbilE, YEM OKPYKAIOLLErO CHEXHOTO
nokposa (puc. 1).

5mapra2022r. A 10mapra2021r. | 10 mapra 2021 r.
Bupgumelii guanasoH Buaumblit suanasox MK-Tennosoil Auanason

3

03. Hiavmens 03. Havmens

Temnepatypa nosepxHocTy, °C

-15 -13 -11 -8 -5

PucyHok 1. BeceHHMe CHMMKM, Nosly4eHHble cnyTHUKOM Landsat 8 [1].
A. n b. -Buammelit ananasoHe cnektpa. B. — MHdpaKkpacHbIN-TenA0BOM AMana3oH. CTpenkoi
NMOKa3aH y4aCTOK ONeperkatoLLero CHeroTasHuaA

Bbicka3aHa runote3a o6 3HAOreHHOM NOAOrpeBe MOYBbI Ha 3TOM Yy4YacTKe, T. K. 3ddeKTbl
onepeXKatoLero CHerotTasHusa MHANUMPYIOT BbICOKNIA KOHBEKTMBHbIM BbIHOC 3HAOrEeHHOro Tenna [2].

B ycnosumax [puUAbMEHCKON HU3MEHHOCTM BO3MOMKHbI Cneaylolme  MeXxaHWU3Mbl,
Bbi3blBatoLMe 3PEKT oneperkatoLero CHeroTaaHMA: BEPTMKaNbHbIA Nogbem cnaboTepmanbHbIX
BOA,; 9K30TEPMUYECKMNE PeaKL MM B MOYBE; COMIHEYHbIN HAarpeB NoYB C HU3KMM anbbeno.

B nioHe 20231 Ha «Teniom» U «XONOAHOMY» Yy4yacTKax OblaM ycTaHOBAEHbl 30HAbI AN
MOHMUTOPMHIA rOA40BOrO0 X04a TemnepaTypbl NMo4yBbl Ha Tpex raybuHax: 0,1 m, 0,5 m n 1,0 m.
KOHTaKTHble  M3MepeHMA  TemnepaTypbl  BbINOJAHAAMUCL  MOPTATUBHbIMM  3/IEKTPOHHbLIMM
TepmomeTpamu ¢ pyHKumen namatu Elitech RC-5 ¢ yyscTBUTENbHOCTBIO 0,1°C. TemnepaTtypa No4ys €
2023 no 2024 r. Kaxkaplit Yac, a ¢ 2024 no 2025 r. Kaxkgble 15 MMH B Te4eHMe roaa 3anmncbiBanach B
3/IEKTPOHHYIO MamATb. MOHUTOPMHI NOKas3aa, YTo TemnepaTypa MOYBbl Ha KTEMJOM» y4acTKe B
TeYeHWUM BCErO roAa Bbllle, YeM Ha «XO0N04HOM». ITO NO3BOINIO NPEANON0KUTb, UTO HA KTENIOM»
Y4YaCTKe MUMeeT MeCcTOo SHAOreHHbI NoAOrPeB NoYBbI. TakKe Ha «TenJ0M» y4acTKe B KOHLe ¢peBpansa
— Havyane mapTa 2024 r. 6bINO OTMEYEHO PE3Koe CHUMKEHWE TemnepaTypbl (BbiAeNeHo Ha puc. 2).
TaKkoe CHMXKeHMe MOoXKeT OblTb CBA3aHO ¢ ¢uabTpauMein Tasol BOAbl MO CTEHKe 30HAA UK C
npeKpaleHMemM 3K30TeEPMUYECKOrO NpoLecca B noyse. IToT deHomeH TpebyeT A0NONHUTENbHOIO
N3yyeHuA.
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PucyHOK 2. 3aBMCMMOCTb TEMMEPATYPbl B MOYBE HA TEMJ/IOM YYacTKe OT BPEMEHMU:
sensorl —1 m, sensor2 — 0,5 m, sensor3 —0,1 m

Llenbto HacToAwero wuccneaoBaHUs ABNAETCA oOnpeaefneHuMe nNpupoabl  NOBbILWEHUSA
TemnepaTypbl Ha «KTEMIOM» YYaCTKeE, a TaK}Ke onpeaeneHne 3Ha4eHUs NN0THOCTU TENIOBOTO NOTOKa
n3 Heap 3eMNM Ha TeNIOM M XONOAHOM Y4acTKax.

Ona peweHua gaHHoM 3aga4a 6blna co3gaHa moesnb TennoobmeHa Ha ocHoBe paboTsl [3],
KoTopas yuuTbiBaeT $a3oBbii nepexos B noyse. OTMETUM, YTO B AaHHOW paboTe npeHebpernu
nepeHoCcoMm Baaru B no4yse. B moaenun Tenaoro y4acTka npeayCMoTpeH BHYTPEHHUI UCTOUYHUK Tenna
MOLLHOCTbIO A0 5 BT/M3, umUTUpYIOWMIA 3K30TEpMUYECKME peakumm B noyse. CpaBHEHMWe
pe3ynbTaToB MOAE/NMPOBAHUE C M3MEPEHHbIMM AaHHbBIMW MOKa3afo, 4YTO JaHHbIA BUA
TENN0BbIAENEHNA HE OKA3blBAaeT 3aMETHOI0 BAUAHMA Ha TemnepaTypy NOYBbI.

3HauMTenbHO 6onbliee BAMSHME OKa3biBaeT TEMNOBOW MOTOK Ha HWXKHEW rpaHuLe.
MopaennpoBaHMe MOKas3asno, YTO Ha TEM/IOM Yy4yacCTKe MJIOTHOCTb FYyBMHHOro TENA0BOro MOTOKa
6onblie, YeM Ha XO/NIOAHOM Yy4acTKe MPU Tex e CBOMCTBaX No4Bbl U GU3MYECKUX YCNOBUAX. ITO
MOXET NPUBOAUTb K TOMY, YTO TEMMEPATYPa HA TEM/IOM y4acTKe B TEYEHUM BCErO roAa Bbille, YeM
Ha XONOAHOM.

CnucokK nuteparypbl

1. V. Gornyy, O.Balun, A.Kiselev, S. Kritsuk, I. Latypov, and A.Tronin. Signs of a Significant
Endogenous Component in the Thermal Regime of Soils on Agricultural Lands of the Novgorod
Region // Agriculture Digitalization and Organic Production. Proceedings of the Third
International Conference on Agriculture Digitalization and Organic Production, St. Petersburg,
Russia, June 05—07 2023. P. 339-348.

2. White, D.E., Rapid heat-flow surveying of geothermal areas, utilizing individual snowfalls as
calorimeters. // J. Geophys. Res. 1969. V. 74. P. 5191-5201.

3. Anunosa K. A., borocnosckuii H. H. 3agaua CredaHa ana ypaBHeHua TensonposogHoctn //
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B/IMAHUE BUONIOTMYECKUX NPENAPATOB HA YPOXXAMHOCTb COPTOB O3MMOW MNLLEHUL,bI
HA NPUMEPE KALUTAHOBbIX NMNOYB BOJIO-AOHCKOIo MEXAYPEYbA

E. N. MOAKOBbLIPOB, N. B. KUPUYKOBA
®rb0Yy BO BonzoepadcKuli 2ocydapcmeeHHsili azpapHeili yHusepcumem, Boszozpad

O3Mmasn nweHunua ABNAETCA OCHOBHOW 3epHOBOWM Ky/abTypoi B Bonrorpagckon obnactu. B
YCNI0BUSIX 3aCyINMBOro Knammata HukHero MoBo/IXKbA NonydyeHMe cTabuibHbIX yporKaes TpebyeT
NPUMEHEHUNA COBPEMEHHbIX TEXHOIOMNI BO3A4ENbIBAaHUSA, BKAOYAS UCMOb30BaHUE BMON0rMYEcKmx
npenapatoB. OHW MO3BOAAIOT CHU3UTb MCMNOJIb30BaHNE XMMWYECKUX CPEACTB 3alUUTbl PacTEHU,
MOBbILWAT YCTOMYMBOCTb arpPoO3KOCUCTEM W YAYYLIAKOT KA4yecTBO Mosyvyaemon npogykuuum [1].
Lenbto wuccnepoBaHua ctano o60OCHOBaHME MNpuMMeEHeHMAa OuonpenapaTtoB Kak 3/1emeHTa
TEXHO/I0MMM BO34ENbIBAHUA COPTOB O3MMOWM MLWEHMLbI HA KalTaHOBbIX NOYBAX.

UccnepoBaHnsa nposoamnaucb Ha 6a3e TOO «J/iunosckoe» OJibXOBCKOro palioHa
Bonrorpagckoh obnactu. [loyBEHHbIW MNOKPOB MNpeacTaBfeH  KawTaHOBbIMM  MOYBAaMM €
copgepraHmem rymyca 2,5-3,4%. Ob6bekTamu WCCNefoBaHWIM BbICTYNWAM TPU cCOpTa O3MMOM
MWweHULbl oTeYecTBEHHOM cenekumn: AckeT, CTaHMYHasA n KamblwaHKa 9. B cxeme noneBoro onbiTa
M3y4ann NUCTOBble NOAKOPMKM B $a3y BbixoAa B TPYOKy: KOHTpoAb (Boaa), Buoctum YHuBepcan u
r'ymat Kanuna Cydnep. Maowanb y4eTHbIX AeNAHOK cocTasnana 25 m?, NOBTOPHOCTb 4-KpaTHas,
pasmelleHne peHA0OMN3NPOBAHHOE.

MpumeHeHWe 6MonpenapaToB OKa3a/s0 NOMOKUTENbHOE BIMAHME HA POCTOBbIE NPOLECChl U
3/1EMEHTbI CTPYKTYPbI YporKkaa. OTMeYeHOo yBesIMYeHUE BbICOTbl PACTEHWUI HA 7—8 CM, A/IMHbI KONOoCa
— Ha 0,7-0,9 cm, KonnyecTBa 3épeH B Konoce — Ha 19-24% no cpaBHEHUIO C KOHTposiem. AHanu3
YPOXKaMHOCTM NOKa3an CyL,ecTBEHHOE NPeBOCXOACTBO BAPMAHTOB C NpUMeHeHnem buonpenapaTos
(tabn.).

Tabnaunua. YporKaliHOCTb COPTOB 03MMOM MLIEHULbI B 3aBUCMMOCTM OT BapnaHTa 06paboTku, T/ra

Copt B1 B2 B3 MpubaBKa K
(koHTpOAIb) (Buoctum) (fymar) KOHTpoOto, %
AckeTt 3,52 4,21 4,08 16-20
CraHun4Han 3,35 4,02 3,88 16-20
KamblwaHKa-9 3,24 3,86 3,72 15-19

MaKcMmanbHasa ypoXKamHOCTb OTMedeHa y copTa ACKeT npu MCnonb3oBaHMKM Buoctuma
YHusepcan (4,21 71/ra). BUOXMMMYECKUIA aHaNM3 3epHa MNOKasan yAyyleHWe ero KayecrTsa:
coaeprKaHue 6enka Haxoamnocb B npeaenax 12,1-12,4%, knenkosuHbl — 27,28-27,63% [2].

Taknm obpasom, AnA YCNOBUI KalITaHOBbLIX NoyB Bonro-[loHcKoro mexaypeuba Hanbonee
3¢ dEKTMBHbIM OKa3anocb npumeHeHMe buoctuma YHusepcan. [penapatol crnocobcTytoT
YNYYLIEHWNIO MUHEPAIbHOTO NUTaHMA, GOPMMPOBAHUIO 3aMACHbIX NMUTATE/IbHbIX BELLECTB B 3epHE U
MOryT HbITb PEKOMEHAO0BaHbl ANA BHEAPEHWA B NPOM3BOACTBO 3epHa lll Knacca B 3acywmebix
ycnoBusax pernoxa [3].
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OLEHKA BNMAHUA 3PO3UOHHbIX MPOLLECCOB HA ®U3UKO-XMMUYECKUE CBOMCTBA U
NOKA3ATE/IM NOYB OCTPOBA PYCCKUIA

T. N. TOHOMAPEBA
JaneHesocmoyHblill pedepansHbiil yHUsepcumem, Bnadusocmok

dpo3MA NOYB — 3TO NPOLLECC pPa3pyLIEHNA BEPXHUX, Hanbonee NNOAOPOAHbIX CIOEB MOYBbI U
NOACTMIAOLWMX NOPOA TaNbiMU U A0 AEBIMU BOAAMU UK BETPOM. Ha TeppUTOopMAX C 06UIbHbIMU
ocaZlkaMu 1 nepecevyeHHbIM penbedom aKTUBHO NPOABAAIOTCA 3PO3NOHHbIE NpoLecchbl, bopmupys
HapyLeHWA NOYBEHHOro NOKPOBa M CNOCOOCTBYSA CMbIBY MaTepuana BHU3 NO CKAOHY [1].

Oko0n10 4% TeppuTopum MNPUMOPCKOro Kpasa —3eMANn, AerpagupoBaHHbIe B pe3yibTaTe BOAHOM
N BETPOBOM 3p03mn. Ux naowaab 3ameTHO pacTeT: Hanpumep, B 2011 r. no cpaBHeHuto ¢ 2009 r.
NPOWU30LLIO YBENIMYEHNE NIOLLAAN 3eMEeSb, HAPYLLIEeHHbIX BOAHOM 3po3nn bonee yem B ABa pasa.
Mpn 3TOoM HamboNbLIy ONACHOCTb ANA NO4YB OCTPoBa Pycckuii npepcTtaBnAaeT BogHas 3po3ums.
Knanmat Ha ocTpoBe PycCKOM MyCCOHHbIM, KOTOPbIA roBOPUT 06 06MAMKM OCaaKOB B NETHUI CE30H,
YTO 3HAUYUTENbHO BAUAET Ha Pa3BUTME BOAHOM 3p03MM Ha TeppuTopumM ocTposa [1].

CoyeTaHne 06MNbHOTO YBNAXKHEHMA, XapaKTepa 0CcagKoB M NpeobiagaHma XOIMUCTO-TOPHOIO
penbeda cos3gaeTr ycnoBuA ONA PA3BUTMA BOAHOW 3p0O3MM, KOTOpaa BedeT K MOCAeaCcTBUAM.
Hanpumep, nget pasmbiB 6eperos 1 pycna pek, obpasyeTca KOHLEHTPUPOBAHHbIMA NOTOK Ha KPYTbIX
CKNOHax, NpuBogA K GopMUpPOBaHMIO TNYBOKMX HambiBOB [1]. M3yyeHne 3p03NOHHbIX NPOLLECCOB U
MX NocneacTBuMi HeobXxoAMMO ANA MNOHMMAHWA M3MEHEHWUN (OUBNKO-XMMUYECKUX CBOMCTB W
KNHOYEBbIX NOKa3aTenel NOYBEHHOro NOKPOBA, a TaKXKe A5 pa3paboTku mep No NpesoTBPaLLEHUIO
ero ferpagauum B gasbHeNLWeM, YTO aKTya/IbHO 419 OCTPOBHbIX TEPPUTOPUIA.

O6beKkTammn MccnenoBaHUA CTann NoyBeHHble 06pasLbl, 0TO6paHHbIE Ha OCTpOBeE PycCKoMm,
meToaoM npukonku. KoopanHatbel ot6opa npo6 1, 2 u 3 Touku: 43.022240 c. w. 1 131.886717 B. 4.,
43.022165 c. w. n 131.886716 B. A., 43.022089 c. w. n 131.886695 B. A. COOTBETCTBEHHO. TOYKMU
PacnonoXeHbl Ha BbicoTe 28, 26 1 24 meTpa Haj yPOBHEM MOPS COOTBETCTBEHHO (puc.). Kaxkaan Ha
paccToAHMU TPEX MeTpoB Apyr oT Apyra. Mo knaccudumkaumm 2004 roga nouYBbl OTHOCATCA K
6ypo3émam TUNMYHbIM [2].

OcTtpoB Pycckui KapTta-cxema oT6opa npob noys dOoTO NPUKONKK

Q TouKa 1
Q TouKa 2

Q Towa 3
/

: b
PucyHoK. KapTa pycckoro ocTpoBa, KapTa cxema paioHa otbopa npob noysbl U GOTO NPUKONKK

B xome wccnepoBaHMA B MOYBEHHbIX 0bpa3suax 6blan M3yyeHbl MOKasaTener KUCNOTHO-
LLLE/IOYHbIX CBOMCTB MOTEHUMOMETPUYECKMM METOAOM B BOAHOM M CONEBOM BbITAXKax [3],
cofeprKaHMe opraHMYecKoro yraepoga ¢ nepecyeToM Ha cogepkaHue rymyca MetoaomM MOKPOro
0301€eHUA No TiopuHy [3] U BEANYMHY TMAPOUTUYECKON KMCAOTHOCTM No meToay KanneHa [3].
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Tabnunua. PesynbtaTtbl aHaM308B

Uccneayemblit Copepanme FMaponnTMyecKan
o6pasel, pH (H20) pH (KCI) Copr, % rymyca, % KMCNOTHOCTb,
Mr-sxks/100 r
Touka Nel 4,2 3,6 2,71 4,6 9,2
Touka Ne2 6,8 6,2 8,33 14,3 1,0
Toura No3 4,8 4,1 1,45 2,5 6,8

B xone vccnenoBaHWA KMCNOTHO-LWENOYHbIX CBOMCTB pe3ynbTaTbl MOKA3aTenen akTyanbHOWM
KMCNOTHOCTM (BOAHAA BbITAMKA) NpeacTaBaeHbl KMcaon B Todkax Ne 1 n Ne 3, a Takke B co/ieBOW
BbITAXKE KMCnaa, ogHako B Touke NC 2 peakuma cpeapl npeacTaBneHa HEUTPAsbHOW B BOAHOWM
BbITAXKE U B coNeBon cpeaa 6n3Ka K HelTpanbHOM.

Mo copepraHWO OpraHUYeckoro yraepoga 6biAn NonyyeHbl cnepytouwiMe pesynbTaTbl: B
Toukax N2 1 u Ne 3 copeprkaHMe OTHOCUTCA K HM3KOTYMYyCOBOMY, KOr4a TOYKA ABA OTHOCUTCA K
BbICOKOrYMYyCOBOM. Pe3ynbTaTbl coaepKaHMA OpraHMYecKoro yrnepoga MoxeT roBOpuTb O TOM, YTO
B HMXKHEM TOUYKE CKI0HA NPOUCXOAMUT nepeyBnaxKHeHue, orneeHme unm 3abonaymsaHue, Kotopoe
NPenATCTBYET HAKOM/IEHMIO OPraHMYECKOro BELLEeCTBa, HECMOTPA Ha ero NoN0XKeHMe BHMU3Y CKI0Ha

N3 nepecyeta Ha rymyc pesynbTaTbl CAeaylolme, coaep’kaHMe B TOYKax OTHOCUTCA K
BbICOKOrYMOCOBOMY, @ TOYKA N2 2 OTHOCMTCA K MeperHomHbiM, MO3TOMY Npeanonaraerca, 4To
NPOUCXOAUT NPUBHOC BELLECTBA CBEPXY, NOC/IE YEro OHO 3acTamBaeTcA B ToUke No 2.

Mo rMapoANTUYECKOM KUCIOTHOCTM TOYKM 1 M 3 OTHOCUTCA K O4E€Hb CUIbHO KMC/ION, B TO BPEMA
KaK B Touke N22 oHa ABnAeTcA HeUTpabHOM. Ha OCHOBaHWM TaKUX AAHHbIX MOXHO NPEeANON0XKMUTD,
YTO 3TO MPMMeEP NOYBEHHOW KaTeHbl (MPOCTPAHCTBEHHOW HEOAHOPOAHOCTM NMOYB HA CKNOHe). B
AAHHOM C/ly4ae 3p03MA HA TAaKOM CK/JOHe byaeT pa3BuBaTbCA HE PAaBHOMEPHO CBEPXY BHU3, a
NOKanbHO, a TouyKka Ne2 byaeT urpatb posb €CTEeCTBEHHOTO LWMTA

Pe3ynbTaTbl NOKa3anuM nameHeHMA B cpegHen Touke N2 2 rge copepraHue rymyca 6onolie B
HECKOJIbKO pas, peakuua cpedbl 6/M3Ka K HENTPaNbHOM U rMAPOAUTUYECKAn TakXe 6/u3Ka K
HeMTpaNbHOMN, BO3MOKHO NPOUCXOAMT NPUBHOC C BbllLenexallen TOYKM 1 3acTamBaeTca, obpasys
H6onbliee cogepkaHne opraHMKKM u BaaronpuaATHbIE YCN0BMA HA GOPMUPOBAHUA peaKkumm cpesbl.

Paboma sbinonHeHa npu nododepxcke 2ocydapcmeeHHo20 3a0aHua MuHucmepcmea HayKu u
sbicwezo obpazosaHua Ne FZNS-2026-0020.
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ONTUMM3ALMA KNACTEPHOIO AHAIU3A ANA ATPOIKO/IOMMYECKMUX UCCNEQOBAHUMN

A. B. POXKO
®UL «lMoyseHHbIT uHCMuUmym um. B. B. [loky4yaesa», Mockea

LleHTpanbHbIM NPUHLMNOM COBPEMEHHOIO Hay4YHOro McCcnenoBaHWUA ABNSETCA CNOCOOHOCTb
He TO/IbKO HabnAaTb M ONUCbIBaTb, HO M 3PPEKTUBHO KnaccudmunpoBaTb U3yvyaemble ABAeHUs. B
YCNOBMAX NOCTOSAHHOIO POoCTa 06bEMOB AAHHbIX U YCNOXKHEHUA UX CTPYKTYPbl GyHAAMEHTaNbHOM
3a4a4en CTaHOBUTCA Nepexon OT MHTYUTUBHbLIX CXEM K OOBEKTMBHOM rpynnMpoBKe OOBHEKTOB Ha
OCHOBe MX 06LWMX XapaKkTepucTuK. OcobeHHO OCTPO 3TOT BOMPOC CTOUT B CE/IbCKOXO3ANCTBEHHOM
oTpacau, rae noTeHUMan nnoAopoaua M MNPOAYKTUBHOCTM oOnpeaenserca He oTAeNbHbIMU
rnoKasatensamu, a ONTUMANbHOCTbIO UX COOTHOLLEHUI B €AUHOM, LLeIOCTHOM NPOABAEHUN.

MpMMmeHeHMe CTaTUCTUYECKMX MEeTOAO0B, B YACTHOCTM KNacTepHOro aHanauMsa, nos3Bo/sser
BbIAB/ATb CKPbITble 3aKOHOMEPHOCTU B CNOXKHOOPraHM30BaHHbIX MaccuBax MHbopmauuu. B
OT/IMYME OT KNacCUYeCKUX NoAX0A0B, KnacTepusauma peanmsyeTt napaanurmy obyyeHms 6es yuntens
(unsupervised learning), Koraa BHYTPEHHAA CTPYKTYpPa AAHHbIX CTPOUTCA CamMoit MaTeMaTU4YeCcKom
MOJAE/Nbl0 Ha OCHOBE Mep CX0ACTBa MAKM pas3nmuma. OQHAKoO HEKOHTpPO/AMpYemas npupoda 3Toro
npotecca AenaeT ero o4HoM M3 Hanbonee CNOXKHbIX 33434 MALMHHOTO 0byYeHUs.

KntoueBbiMm 3Tanom, onpenensaloymm WUTOroBoe pasgesneHne oObeKToB, SBASETCA BblOop
METPUKN paccTosfHnA. MeTpuKa KONMYeCcTBEHHO onpeaensieT CTeneHb «MOXOXEeCTU» OObEKTOB U
OONXHa BblbUpaTbCA MHANBUAYANBHO, NCXOAR M3 Lefen uccnenoBaHma n Gusnyeckon npupoabl
npusHakoB. [ns OAHOMEPHOro CAyyas, paccmaTpvMBaemoro B JAaHHoW paboTte, Haubonee
YHUMBEpPCanbHbIM U NOTMYHbIM NOAXOA0M ABASETCA UCNOJ/Ib30BaHWE eBKANAO0BA PACCTOAHMA.

B ogHOMepHOM MNPOCTPAHCTBE BbIOOP E€BKAWMAOBON METPUKM 0OYyC/NOBAEH Caeaylowumm
dakTopamu:

— FleomeTpuyecKas 3KBUBAJIGHTHOCTb: A/11 O4HOIo NPU3HaKa eBKINA0BO PacCTOAHME PaBHO
MOZAY/O Pa3HOCTU, UTO ABNAETCA KPaTYaMLLIMM NYTEM MEXKAY TOYKAMM HA NPAMOMN.

— KoHBepreHuua MeTpUK: Takne NoKasaTeNn, Kak MaHX3TTEHCKOE PacCTOAHUE U PacCTOAHME
YebblweEBa, B 04HOMEPHOM C/lyvae Hen3beXHO CBOAATCA K 3HAaYEHMIO MOAYNSA PA3HOCTM.

— CTabuNbHOCTb Ppe3ynbTaToB: MCMNO/Ib30BaHME [OAHHOM MEeTPUKM no3BonseT u3bexaTtb
MCKa*KEHUN OTHOCUTE/IbHbIX BEAUYWMH, XapaKTepHbIX ANA HOPMWMPOBAHHbIX Mep (Hanpumep,
KaHb6eppcKoro pacctonaHma), KOTopble U3NULIHE YYBCTBUTENbHbI K 3HAaYEHUAM, 6IM3KUM K HyAtO.

MoMumMo BbIbOpPa METPUKKM, HA CTPYKTYPY UTOrOBOro pasbueHma KpUTUYECKM BAUSET mMeTos,
CBA3W. B MccnegoBaHMKM paccmaTpMBatoTCA Pa3iMyHble NoAxoabl, BKAoYas metog Yopaa (Ward.D2),
HanpPaB/IEHHbIA HA CO343HME KOMMAKTHbIX CPEepPUYECKMX KIACcTepoB 3a CYET MMHMMMU3ALUM
YBENMYEHMA ANCNEPCUM, A TAKKE METOAbI OAUHOYHOM, NOIHOM U CpeaHEeN CBA3M.

Ons MUHMMM3aLMKM cyObEKTUBHOCTM UccnepoBaTens B paboTe peasn3oBaHa MeTOAMKA
MHOTOKPUTEPMANBHOTO MOMCKA ONTMMaNnbHOM mogenun. lMpouecc BKAOYaET TPU NOCAe[0BaTENbHbIX
sTana:

1. OnpeaeneHne Konuuectsa KnacrepoB (k): ncnonbsyetca noaxon «rosocoBaHMA» Ha
ocHoBe naketa NbClust, Bbluncasaowero Ao 30 pasMyHbIX MHAEKCOB KayecTBa. ONTMManbHbIM
npu3HaeTcs 3HavyeHue k, CooTBeTCTBYIOLEE MOAE PEKOMEHAALMUN.

2. OueHKa BanuaHocTu: Bbibop KOHKpeTHoro anropmutma (Ward.D2, Average, K-means u ap.)
OCYLLECTB/IAETCA Ha OCHOBE MaKCMMU3aUuMW cpeaHeir wupuHbl cunyata (ASW). Koadouument
CMNy3Ta 06 beAMHAET XapaKTEPMUCTUKUN CNIOYEHHOCTU U pas3aeneHHoCTM rpynn.

3. Bepudukauua: puHanbHoOE pelleHMe NPoBepseTca Ha COOTBETCTBUE PpU3MYECKOM Npupoae
NaHHbIX. B ogHOMepHOM cydae (Hanpumep, Npu aHaAn3e yporkaliHOCTK) 0b6A3aTeIbHbIM ABAsETCA
cobnogeHne NpUHUMNA HenepeceKkawWmMxca UHTEPBANIOB — KaacTepbl AO/KHbI NpeacTaBaATb
coboit yeTKMe, nocnenoBaTeIbHble OTPE3KM Ha YMC/IOBOM OCH.
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Peann3oBaHHbIA aNroputm MNO3BONAET MNEPernTU OT TeOopeTUYECKUX NPeAnoNOKEHUN K
06beKTUBHOMY aHanu3y, obecneymsan BbiIbop Hanbonee yCTOMUMBOM MATEMATUYECKON MoAeNnun m
NCKNIOYaA BANAHME YenoBeyeckoro pakTopa Ha npouecc Knaccudumkaumm.

MpoBeAEHHbIN aHaNN3 NOKasa, YTo Hanbosiee 060CHOBAHHbIM KOMYECTBOM K/1aCcTepoB Ans
nccnesyemoro paga ypolkamHoctu Tpa Tasasetca k = 3. [laHHoOe pelweHue 6bl10 NOAyYeHO Ha
OCHOBaHWK Npoueaypbl ronocoBaHma nHaekcos naketa NbClust. PacnpeaeneHue pekomeHaaumi
pa3IMYHbIX METOA0B NPeACTaBieHOo B Tabauue.

Tabnuua. PesynbTtaTtbl onpeaeneHma onTMMasbHOIO YMCNA KNacTepos

Ward.D Ward.D2 Single
2 0 12
Complete Average McQuitty
4 3 4
Median Centroid K-means
3 0 0

HecmoTps Ha HaiMuMe OTAENbHbIX SKCTPEMAbHbBIX peKoMeHAaumi (Hanpumep, 12 Knactepos
ANA MeToAa OANHOYHOM CBA3K), BONBLUMHCTBO YCTOMYMBbLIX METOAOB KNaCcTepM3aLLMM YKa3bIBAKOT Ha
AnanasoH ot 3 o 4 rpynn. JononHMUTeNbHAA OLEHKa KayecTBa pa3bueHnsa no kosadpoduumeHTy
CUNY3Ta NOKasana NPeMMyLLECTBO PELUEHUA C TPEMA KnacTepamu.

Ha cnepytowem atane 6bina BbINONHEHA MPOBEPKA PA3/IMYHbIX aATOPUTMOB KaacTepusaumm
Ha cooTBeTcTBME OM3MYECKOM Npupoae muccnenyemblX AaHHbIX. [OnAa ogHOMEPHOro npu3Haka
YPOXKAMHOCTM BaXKHbIM YCNOBMEM fBAAETCA GOPMMUPOBAHME HEMPEPLIBHbIX HENnepeceKalowmxca
MHTEePBAIOB 3HAYEHN 6e3 NCKYCCTBEHHOTO ApobieHUA BbIGOPKM.

AHanu3 pe3ynbTaToB, NPEeACTaBNAEHHbIX Ha PUCYHKE, MOKa3aa CyLLeCTBEHHblE pPa3InyusA
Mexay metogamu csAasn. Hanbonee obocHoBaHHOe pasbueHne nonyyeHo metogom median. B
[AHHOM C/ly4ae BblAENATCA TPU YCTOMUYMBBIX KNacTepa, COOTBETCTBYOLLME HU3KOMY, CPEAHEMY U
BbICOKOMY YPOBHAM YPOXKaMHOCTU. MpKn 3TOM FpaHULbl MexXay rpynnamu ABAAKOTCA YETKUMMU, A
CaMM K/acTepbl XapaKTepu3yloTCA BbICOKOW BHYTPEHHEM OAHOPOAHOCTbIO W  OTCYTCTBUEM
nepecevyeHui NO OCK 3HAYEHUIM NPU3HAKa.

Mposepka pasnenenus Y no weToay ward.D Mposepra pasnenetis ¥ no metoy Ry ward D2 Mposepra pasnenenus Y no wetoay single

PucyHoK. CpaBHEHMWe pe3ybTaToB KNacTepm3aLmm YpoXKamHOCTU Pas/IniHbIMU METOAAMM

Takmm 06pa3om, MO COBOKYMHOCTM KPUTEPUEB ONTUMA/bHbLIM pPEeLIeHUEM ABNAETCA
MCMNONb30BaHMeE TPEX KNacTepoB, NONYYEeHHbIX meTogom median. [aHHbI nogxon obecneynsaer
YCTOMUYMBOE pa3geneHune ypoBHEN YPOXKaUHOCTU U MOXKET BbiTb PEKOMEHA0BAH ANA Aa/IbHENLEro
aHanusa.
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BMUTLIBAIOLLASl CMOCOBHOCTb MOYB B JIECONO/IOCAX CKNOHOB NONAPHbIX
3KCNo3uLuunm

0. O. PYBAHUK
®IrbHY «Kypckuli pedepansbHbili aepapHsil Hay4HbIU yueHmp», Kypck

BoaHas 3po3una No4yB oCTaeTcs OAHOW M3 Hambosiee cepbesHbIX 3KONOrMYEecKnx npobnem,
npuBoAsALLEN K Aerpagaumm CenbCKOX03AMCTBEHHbIX 3eME/b U CHUXKEHUIO UX NPOAYKTUBHOCTK [1].
B ycnosuax rnobanbHOro U3MeHEeHUs KAnMmarta, CONpPOBOXKAAIOLLEroCcA YBE/MYEHNEM YACTOTbl U
WHTEHCMBHOCTM SIMBHEBbIX OCaZIKOB, PUCKM 3PO3MOHHbIX MPOLLECCOB CYLLEeCTBEHHO Bo3pacTatoT [2].
3ddekTnBHbIM cpeactBom 60pbbbl C BOAHOM 3pO3MEN HA NaXOTHbIX CKAOHax ABAAOTCA
CTOKOPEryAMpylowmMe JiecHble TMOA0Cbl, KOTOpble NepeBOAAT MNOBEPXHOCTHbIA CTOK BO
BHYTPMMOYBEHHbIM M CNOCOBCTBYIOT YNYYLLEHUIO BOAHOMO PEXMMA NpUAeratowmx tepputopuii [3].
KntoueBo  rMaponornMyeckor  XapaKTEPUCTUKOW,  ONpeaenaowen  NPOTUBO3PO3NOHHYHO
3¢ EKTMBHOCTb NIECHbIX MO0C, ABNAETCA BNUTbIBAOLWAA CNOCOOHOCTb NMOYBbI, O4HAKO ee OLeHKa
MOMKET CYLLLECTBEHHO 3aBMCETb OT NMPMMEHAEMOr0 MeTo4a UCCAen0BaHMUA.

Lenb paboTbl — NPOBECTU CPABHUTENbHYIO OUEHKY BNUTbIBAOWENW CNOCOBHOCTM MOYB B
NECHbIX NON0CAX, PACNONOXKEHHbIX HAa CK/IOHAX CEBEPHOM M FOXKHOM 3KCNO3MLUUIA, C UCNOJ/Ib30BAHUEM
METOA0B A0 AEBAHUA CTOKOBbIX NNOLWAA0K U HANOPHOTO BNUTLIBAHUA.

MeToabl. UccnepoBaHmns NpoBoAUAKM Ha Bogocbope CTaLLMOHAPHOIr0 MHOTONETHErO ONbITHOTO
yyacTtka PIrBHY «Kypckmin PAHLL», pacnoioKeHHOro mexay HaceneHHbIMKU NyHKTamn HuKonaeBKa
n YepHuyeHckune asopbl MeaseHcKoro paoHa Kypckoit obnactu.

Ha cknoHax BopgocbopoB 4yepe3d 216 MeTpoB pasmelleHbl Yy3KMe ABYXpAAHble
CTOKOPETryAMpyloLwme NecHble NOAOChbI C KAHAaBAaMM B MEKAYPALBE M BAJIOM MO HUMKHEN OMyLUKe.
MNMocaaka necHblx NOIOC ocyLWecTBaeHa BecHoM 1985 r. cepMiHbIMM N1eCON0CaA0UYHbIMM MaLLMHAMM.
NecHble nonocsbl (/M) — ogHoONOpoAHblE, NpeAcTaBAEHbI TOMNOJIEM €BPO-aMepPUKaHCKUM rmbpug,
«PobycTa».

lMoyBEHHbIN MOKPOB MNpeAcTaBfeH YepHO3eMOM  TUMUYHbBIM U BbIWENOYEHHbIM
CpeAHEMOLLHbIM TAXKENOCYT/IMHUCTBIM.

BnuTbiBaloLLyO CNOCOOHOCTL ONpeaensann B BEPXHEM pPAAy JIECHbIX MOJ0C U B KaHaBaX Ha
CKJ/IOHAX OXHOM M ceBepHOM aKcno3munii. MeTtoa Ao AeBaHMA CTOKOBbLIX NA0WAA0K npeanonaran
oTbOp NOYBEHHbIX MOHOAMTOB wWupuHOM 0,25m wu raybuHon — 0,20m, u  du3Myeckoe
MOZENMPOBAHNE A0XKAA C UCNONb30BaHUEM NOPTATUBHOM A0XKAEBa/IbHOW YCTaHOBKM (NaTeHT PO
Ne 184625). MeToa, Manbix 3anMBaeMblX NAoWaAeln (HaNOpHOe BMNUTbIBAaHME) peanv30oBaH C
NMOMOLLbIO METANIMYECKUX LMINHAPOB (BHeWHMI anameTtp 0,62 m, BHyTpeHHMn — 0,28 m) 1 cocyaa
MapnoTTa, NnoaaepXKMBaKOLWEro NoCTOAHHbIA ypoBeHb BoAbl. B 06oumx cnyyasax nepesd onbiTamu
onpeaenann UCXOAHYIO BNAXKHOCTb M NJIOTHOCTb MOYBbI.

Pe3ynbTtatbl. AHANN3 GU3NYECKUX CBOMCTB MOYBbLI MOKa3a/l, YTO NJIOTHOCTb C/IOXKEHUS BO BCEX
BapuaHTax 6blna 61M3KoM U cocTasuna B cpeaHem 1,03 r/cm3. BAaxHOCTb NOYBbI B IECHbIX NO0CAX
Pa3HbIX 3KCNO3MLMNI HaxoguMnacb Ha og4HOM ypoBHe (B cpeaHem 19,03%), Torga Kak B KaHaBax OHa
6blna 3HauMTENbHO Bbllwe: Ha 20,08% Ha 10’KHOM CKAoHe U Ha 25,68% Ha ceBepHOM CK/IOHE.

Tabnuua. MapameTpbl NOYBbI Nepes NPOBEAEHNEM A0KAEBAHUA

BnaskHocTb, % MnoTHOCTb, r/cm3
KO»xHaA skcno3unuyma J11 18,82+0,83 0,93+0,10
HO»KHaA 3Kcno3unumA KaHaBa 23,5540,21 1,03+0,01
CesepHas akcnosnuua J1M 19,24+0,62 1,05+0,02
CeBepHasa 3KCNO3MLKUA KaHaBa 25,89+0,34 1,03+0,03
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Mpy moaennpoBaHNN A0XKAA (MHTEHCUMBHOCTb 1,15 MM/MUH) BpeMs Hayana CTOKa Ha HOXHOM
cknoHe (4 muH B /M, 3 MMH B KaHaBe) bblNo BABOE 6O/blLUE, YEM Ha CeBEPHOM (2 MUH U 1,4 MUH
COOTBETCTBEHHO). YCTaHOBUBLLAACA WMHTEHCUMBHOCTb BMUTbLIBAHMA Ha HOMKHOM CK/IOHE cOocTaBuna
0,88—0,93 mm/MWUH, YTO Ha 5—7 % Bblle, Yem Ha ceBepHoM (0,82—-0,84 mm/MUH).

Mpu nccnegoBaHMM METOAOM MasblX 3a/MBAaeMbIX MAOWAAEN MOJydYeHa MHaa KapTuHa.
MaKcumanbHaa MHTEHCUBHOCTb BNUTbIBAHMA 3adMKCMpPOBaHa B KaHaBe Ha CEBEPHOM CK/OHE: 33
nepBbliA Yac OHa cHM3MNach ¢ 53,9 Ao 25,74 mm/MuUH, YTO Ha 78 % NpeBbIaeT COOTBETCTBYOLLMIA
nokasaTenb A4 KaHaBbl IOMKHOro ckAoHa (c 21,29 ao 5,73 mm/MuH). B camux necHbIX nosocax
Pasnuns  Mexay IKCNo3UUMAMM ObliM  HEe3HAYUTENbHbIMW. PaBHOBECHAass WHTEHCUMBHOCTb
BNUTbIBaHUSA (nocne 30 M1H) cocTaBuia B cpegHem 2,8 MM/MUH.

BbiBoAbI

1. Pe3ynbTaTbl OUEHKU BMNUTbIBAOWEN CNOCOOHOCTM MOYB B JIECHbIX NOMOCAX 3aBUCAT OT
NPUMEHSAEMOro MeToZa: MEeTOoh, AOXAEBaHUA BbIABMA NPEUMYLLECTBO HOXKHOIMO CKJAOHA Mo
YCTaHOBMBLLENCSA MHTEHCMBHOCTM BNUTbIBAHMA, TOrAa Kak MeTo HanopHOro BMUTbIBAHMA NOKasan
3HauUTeNbHO 6o0/ee BbICOKME MOKas3aTeNu A4 KaHaBbl CEBEPHOM 3KCMO3MuMKU, OCOBEHHO B
Haya/NbHbIN Nepuoa,.

2. MonyyeHHble pas3nnuMA, BEPOATHO, OBOYCNOBAEHbI Pa3HbIMKM  TMAPONOTUYECKMMM
YCNOBUAMU, MOLENNPYEMBIMW KaxKAbIM W3 METOAOB, a TaKXe O0COBEHHOCTAMU CTPYKTYPHO-
arperaTHOro CoCTaBa W yBNAXKHEHWUSA NOYB Ha CKNOHAX Pa3HbIX SKCNO3ULMIA.

3. AnA 06bEKTUBHOMN XapaKTEPUCTUKN NPOTUBOIPO3NOHHON 3DDEKTUBHOCTM NIECHBIX NOJIOC
uenecoobpasHo coyeTaTb MeTOAbl, MOAENUPYHOLLNE Pa3HbIe YCA0BMA NOCTYN/IEHUA BAarv B Nno4sy
— [OXAEeBaHME KaK MMUTALMIO NIMBHEBbLIX OCAAKOB, TaK M HANoOpHOEe BMNUTbIBAaHWE AONA OLEHKM
BOAOMPOHMLLAEMOCTM NPU NOCTOAHHOM HaMNope BOAbI.
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ONbIT ®OPMUPOBAHUA BA3bl IAHHbIX MOKA3ATE/IEMA, OTPAXKAIOLLMX SKONTOMMYECKYIO
BE3OMACHOCTb BEAEHUA OPOLLUEHUA OTPAHUYEHHO NPUTOAHBIMM BOOAAMU

H. H. PYBLIOB, E. P. TAB/IOBCKAA, E. A. JYHAEBA
®rbYH «Hay4Ho-uccnedosamenbCKuli UHCMUMym cenbCKo2o xo3alticmea Kpeimay,
2. Cumegpeponons

BBepeHune

MpUMeHeHWe OrpaHUMYeHHO MPUroAHbIX BOA, NPW OPOLIEHUM B CAydYae MX AJUTENIbHOTO
MCMONb30BaHMA MOXET NPUBECTU K HEraTUBHbIM NOCNEACTBMAM: 3aCONEHUI0, OCO/NIOHLLEBAHMIO U
3arpA3HEHMIO TAXKENbIMM METaNlaMU NOYB, TOKcMYeckomy 3 EKTY Ha BO3AeNbIBAEMbIE KYNbTYpbI,
N paspylIMTENbHOMY BO34EMCTBUIO HA METAaNINYECKUE U BETOHHbIE KOHCTPYKLMU OPOCUTENbHbIX
cuctem [1-3]. OnpeneneHune cteneHn BAUAHMA OAHHOW KaTeropuMm BOA Ha NMOYBEHHbIE YC/0BUS,
BblpalLMBAaEMble PAaCTEHMA N OPOCUTENIbHbIE CUCTEMbI TPEbYEeT OLEHKM MX COCTaBa M CBOMCTB MO
pAAy NOKasaTenen, KOAMYECTBO KOTOPbIX 3aBUCUT OT XapaKTEPUCTUK CaMUX UCCAeayeMbIX BOA U
noys.

B cBA3M ¢ 3aTMm yenvro pabomel asnsetca GopmupoBaHMe 6a3bl AaHHbLIX NOKasaTenen
KOZIMYECTBEHHOM N KayeCTBEHHOM OLEHKN OpOLIaeMbIX NOYB M OPOCUTE/bHbIX BOZ, OTPAXKAKOLLMUX
9KONOTMYecKyto 6e30nacHOCTb BEAEHNSA OPOLIEHNA OFPAaHNUYEHHO NPUTOAHbIMM BOAAMM.

MaTtepuanbl u metoabl

dopmumpoBaHMe BblleHa3BaHHOM 6a3bl AaHHbIX BKAOYANO CleaytoLine 3Tanbl:

1. Pa3paboTKa eé CTPYKTYpbI.

2. MNounck cBegeHNM 0 NoKasaTenAax KONMYECTBEHHOM M KayeCTBEHHOW OLLEHKM OpPOLLIAeMbIX
NOYB N OPOCUTENbHbLIX BOA B ANTEPATYPHbLIX UCTOYHMKAX.

3. MNononHeHMe 6asbl AaHHbIX YKa3aHHbIMKM CBEAEHUSIMU COrnacHO pa3paboTaHHOM
CTPYKTYype.

B KauvectBe uTepaTypHbIX WUCTOYHUKOB ucrnonb3oBaaucb [OCTbl, meToauyeckue
pekoMeHAaunmM, HOPMATUBHbIE LOKYMEHTbI M Hay4Hble Nyb6AnKaLmu.

Pe3ynbTaTtbl

CTpyKTypa 6a3bl AaHHbIX MOKa3aTenen, OTpaxKaroLWmMxX 3KoN0orM4eckyto 6e3onacHoOCTb BeAeHuA
OpPOLLEHUNA OFPAHMYEHHO NPUrOAHbIMM BOAaMU NpeacTaBaeHa B Tabaunue. B Heé Bowan 11 nyHKTOB:
HOMep noKasaTens no MopsaAKy, ero HaumeHoBaHue, ID, ob6o3HauyeHWe, HaMMeHOBaHWEe W
0b603HayeHne eaAnHULbI N3MepPeHUna, 0b61acTb NPUMEHEHMA, MeToOAUKa onpeaeneHusa, dopmyna,
KnaccuduKauma U UCTOYHUK B BUAe bnbanorpaduyeckom ccoiaku.

Bcero BblgeneHo 74 nokasaTens KaK KOJIMYECTBEHHOM, TaK W KauyeCTBEHHOW OUEHKM
OpOLLAeMbIX MOYB N OPOCUTENbHbIX BOA, OTPAXKAIOLLMX IKO/IOTMYECKY0 06CTaHOBKY NpuY OpoLleHnn
OrpaHUYEHHO MPUroAHbIMM BOAAMW PA3ANYHOINO KayectBa B TUMOBbIX A/1A CTEMNHOM 30HbI
KpbIMCKOro permoHa no4BeHHO-KIMMATUYECKMX YCNOBUSIX.

ba3a aaHHbIX NpeacTaBneHa B Buae Tabaunubl Microsoft Excel Ha aByx anMcTOB, MO oAHOMY ANA
NMoKasaTenen OLEeHKM NOYB 1 BOA, U ABYX COOTBETCTBYHOLWLMX NanokK ¢ 76 ¢parnamm ¢popmarta .docx.
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Tabnunua. CTpyKTypa 6a3bl AaHHbIX MOKa3aTenen, oTparkatoWwmx 3KONOrM4yeckyro 6e3onacHocTb
BEeleHMA OPOLUEHUA OrPaHUYEHHO NPUTOAHBIMU BOAAMM

Neo HanmeHoBaHue nona Tun OnuncaHue
1 | Homep no nopAagKy ynucnosom Homep no nopaaky
HanvmeHoBaHMe NOKa3zaTena, OTparkatoLero
HanmeHoBaHue o
2 TEKCTOBbIN 3Kosiornyeckyto 6esonacHocTb BeaeHUsA
nokasaTens
OpOLIEHMA OrPaHMYEHO NPUrOAHbIMK BOSAMM
3 |ID 4yncnosom NpeHTndumkaTop nokasatens
O603HayeHne . O603HauYeHne nokasaTens No MexAyHapoaHOM
4 TEKCTOBbIN
nokasaTens cucteme
HanmeHoBaHue - HavmeHoBaHMe eanMHMLbI UI3MEPEHNA NO
5 TEKCTOBbIN .
eAVHULbI U3MEpPEHUA MeXKOYHaAapOoaHOMW cncteme
0O603HayeHune o 0O603HayeHMe eanHULBI USMEPEHUSA MO
6 TEKCTOBbIN .
eAVHULbI U3MEpPEHUA MeXKOYHaAapOoaHOMW cncteme
Ccbinka Ha dalin ¢ KpaTKMM ONUCAHUEM KaK
7 | Obnactb NpumeHeHUs TEKCTOBbIN NPUMEHAETCA NOKa3aTe/b NP OLLEHKe KayecTBa
nous/Bog,
MeToanka . KpaTKkoe onncaHne meTtogmKkn onpegeneHums
8 A TEKCTOBbIN P A PEA
onpeaeneHua nokasartens
. CcblnKka Ha ¢ann c dopmynoit no onpeaeneHuno
9 | ®opmyna TEKCTOBbIN ¢ bopmy peA
nokasartens
. CcblnKa Ha dann c KnaccudpuKaumen no oLeHkKe
10 | Knaccndukauma TEKCTOBbIN ¢ pukay 4
KayecTBa no4s/Boj
11 | NcTOYHMK TEKCTOBbIN Brubnnorpaduyeckan ccbisika Ha UCTOYHUK
BbigoObl. ba3a paHHbIX OTHOCUTCA K 00N1acTU CeNbCKOrO XO03AMCTBA, Mennopaunn u

yrNpaBAeHUs BOAHLIMU PeCcypcamMm.

MoXeT npUMeHATbCA npu  pa3paboTKe MeToANYECKUX

PEKOMEeHAAUNN M NOAAEPIKKE MNPUHATUA pPEeLleHU No OpraHM3auuu CUCTEMbl OPOLLEHUA C
MCMNONb30BaHMEM OrpPaHWYEHHO NPUTOAHbIX BOA, B YCNOBUAX CYLLECTBEHHOro AeduunUTa BOAHbIX
pecypcos.

CnuncokK nutepartypbl

1. be3gHuHa C. fl. Hay4Hble OCHOBbI OL,EHKW KauyecTBa BOAbl AN1A OpOLEeHMA: MOHorpadua. PAsaHb:
PTATY, MewepcKnin Hay4yHO-TEXHUYECKNI LeHTp, 2013. 171 c.
2. NaHkoBa E.WN., Xutpos H.b., Bopobbesa /1.A. [u Ap.]. MeTogmyeckoe pPyKOBOACTBO MO OUEHKe
3aconeHunna noys. MocKsa: MNoyBeHHbIN MHCTUTYT um. B.B. Joky4yaesa, 2025. 139 c.
3. PyKOBOACTBO MO KOHTPOJIIO U PEryiIMpOBaHMIO MOYBEHHOIO MJI0AOPOAMA OPOLLUAEMbIX 3EMENb.
Hosouepkacck: ®TEHY «PocHUUIMM», 2015. 141 c.
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COAEPHKAHUE KATEXMHOB B JINCTbAX PA3HbIX 3KOTUNOB AYBA YEPELLYATOIO
(QUERCUS ROBUR) KAK NOKA3ATE/1b CTPECCA

H. E. CMUPUOOHOB, A. HO. TETMAHEHKO
®rAOY BO «Bonzozpadckuli 2ocydapcmeeHHsll yHusepcumemy», Bonzozpad

[y6 uepewyaTtbin (Q. robur) B Bonrorpagckolt obnact npomspacTaeT Ha HOXKHOM rpaHuue
cBOero apeana. Bcneacrsme pesko KOHTMHEHTANbHOTO KAMMaTa ApPeBeCcHble pacTeHUA perynspHo
noABepraloTca  CUNbHOMY  OKCUAATMBHOMY  CTpeccy. TpaAWUMOHHbIE  MEeTOoAbl  OLEHKM
3aCYXOYyCTOMYMBOCTM A€EpeBbeB MO BHELWHWM NPU3HAKaM YMNyCKalT M3 BUAY PaHHME CTaguu
YyrHeTeHUA, B CBA3M C 3TUM aKTya/lbHa HEO6X04MMOCTb NOUCKA BUOXMMUYECKMX MAPKEPOB CTpecca,
CNoCcobHbIX MOKa3aTb COCTOAHME [fepeBa elwe A0 MOABAEHUA BbIPAXKEHHbIX MNOCNEeACTBUM
OKCMAOATMBHOrO CcTpecca.

AKmyaneHocms ucciedo8aHuAs. W3yyeHue BHYTPMBUAOBOrO pPa3HOOOpPa3vA pas/INyHbIX
sKoTUnoB Ayba NO3BONAET BbIABUTb, KakMe W3 HUX 06n1afatoT HamMbonbwMM MOTEHLMANIoM
3acyxoycTtonumnsocTu [1]. MoHMMaHMe BUOXMMMYECKMX MEXAaHM3MOB afanTaLMM Pa3HbIX SKOTUMOB
no3Bo/UT NojobpaTb CEMEHHOM MaTepuan [ANA  NIeCOBOCCTAHOBNAEHWMA M 3aWMUTHOrO
NnecopasBefeHua B 3aCyLUNMBbLIX permoHax Poccmu, a TakKe NpOoN0XKUTb NePCNEKTMBbLI ANA U3yYeHUA
MONEKYNAPHO-TEHETUYECKMX MEXaHU3MOB 3aCyXOYCTOMYMBOCTU ApPEBECHbIX PACTEHWN apUAHOrO
KAumara.

JlumepamypHeili 0630p. KaTexuHbl (dbnasaH-3-01bl) ABAAKOTCA [0CTAaTOYHO OOWMPHOM
rPynnom pacTUTeNbHbIX OPraHUYeCcKMX coegMHEHNN: YACNO U3BECTHbIX paBaH-3-0108 NpesblllaeT
1000. B pacTeHUAX KaTeXMHbI BCTPEYAOTCA B U3OMEPHbIX GOPMaX, COOTBETCTBYIOLLMX (+)-KaTexnHy
n (-)-anuMkaTexnHy. KaTexuHbl BbICTYyNalOT B POAM MNepBbiX OUOXMMUYECKMX MapKepos
06e3BOXKMBAHMA PACTUTENbHbLIX KNETOK. WM3BECTHO, YTO KaTexuMHbl MNPOABAAIOT MOLLHYIO
AHTMOKCUAAHTHYIO aKTMBHOCTb 6Onarogapa HanauumMilo B CTPYKType 60/blWIOro  KoanvecTsa
bEeHONbHbIX TMAPOKCUAbHBLIX rpynn [2].

Mamepuanel u memoodsi. O6beKTaMKn aHaNN3a NOCAYKUAM NNCTbA TPex sKoTunos Q. robur,
cobpaHHble W 3arotoBneHHble 18 mas 2026r. B r.Bonarorpag Bonrorpaackoir o06n.:
KpacHonapmelncknin p-H, OKp. YanypHWKOBCKOM 6anku, Ha BbicoTe 74-84 M Hag yp. M.
(reorpadmyeckme KoopamHatol: 48°30'13" 44°29'27"). Cywky cbipbA NPOBOAWMAM B CYLUNbHOM
WKady NO CTAHOZAPTHOM  MeTOAMKe  rocypapcTtBeHHon — gapmakonen  OPC.1.5.3.0007.
KonunuyectseHHOe onpegeneHne KaTexMHoB onpeaensanm cnekTpoPpoTomeTpuldecKm.

SKkcnepumeHmansbHaA 4Yacme. ONA cneKTPOoPOTOMETPUYECKOrO aHasiM3a MCNO/b30Banachb
cneayowan MeToamMKa NoNyYeHMsA IKCTPaAKTa: TOYHYH HAaBECKY pacTUTenbHoro cbipba (0,1+0,001 r)
pacTMpann [0 TOMOFeHHOro CcoctosHuMAa B npucyTctBuM 96% 3TaHona (1:50), romoreHat
ueHTpudyrmposanm npmn 1800 g B TeyeHne 10 muHyT. B nnactmkosyto KioseTy BHOcMAM 0,4 mn
cynepHaTtaHTa 1 1,6 mn BaHunMHoBoro peaktusa (10 ma 2,5% cnMpTOBOro pacTBopa BaHW/IWHA,
90 M1 KOHUEHTPUPOBAHHOW CONAHOM KUCNOTbI, Aanee BP). OnTUYeckyto NAOTHOCTb U3MEPAAU Ha
cnektpodpoTomeTpe M3-5400B yepes 5 mUHYT nocne aobasneHua BP npu aavHe BonHbl 502 HM B 2
aHANUTMYECKMX NOBTOPHOCTAX. B KayecTBe pacTBopa CpaBHEHWA WCNONAb30BaAM CMecCb
cyrnepHaTaHTa C AUCTUI/IMPOBAHHOM BOIOM B TOM »Ke COOoTHoLleHuM (1:4) ana kaxkaon npobbi [3].

B KauecTBe 3Ta/NIOHHOrO pPacTBopa ANA NOCTPOEHUA FPALYNPOBOYHOrO rpadmka MCNONbL30BaANU
CTAHOAPTHbIM pacTBOp (t)-KaTexnHa (pauemata), NpMroToBAEHHOrO cnegytowmm obpasom: 0,002 r
(TouHas HaBecka) KaTexumHa pactBopanM B 100 mn 96% 3TaHona [2]. [Ana nocTpoeHus
rpafyvMpoBOYHOrO rpaduKa rotToBUAN Cepuio 2-KpaTHbIX pa3BedeHuin A0 noayvyeHua 4 Toyek Ha
KOHEeYHOM rpadmke U cnekTpoPoToOmMeTpMpoBa N NO BbIWEONUCAHHON METOAMKEe; B KayecTse
pacTBOpa CpaBHEHWA UCNob3oBanu 96% sTtaHon. PesynbtaTtbl cnektpodoTomeTpmumn 0bpasuos ¢
nobasneHmem BP BbiHeceHbl B Tabanuy.

81



C60pHMK Tpyaos Il LUKoibl mosiogpix arpodm3nKkos «IHeprua passutua arpodpusmnkmn» (IPA)
CaHKT-lMeTepbypr, 17-18 ceHTabpa 2026 .

Tabnunua. CogepkaHme KaTexmHa B 3KOTUNax ayba

CopepkaHue GpeHONOB B NepecyeTe Ha

dKoTun ayba yepelwsyaToro .
KaTexuH B CyXoi macce Cbipbs, Mr/r

HaropHblii 14,3+2,9
CKNnoHoBbIM 21,2+4,4
TanbBeKHbIN 13,3+1,8

Cmamucmuyeckas obpabomka pe3ysnemamos nposoaunacb B nporpamme Microsoft Excel no
KpuTepuio Kpackenna-Yonnuca; sHayeHne H=8,39 6onblue CTaHAAPTHOrO KPUTUYECKOTO 3HaYeHuUA
xun-kBagpata MupcoHa x?=5,99, UTo roBOPUT O CTaTUCTUHECKM 3HAYMMbIX Pa3INYUAX B COAEPIKaHUN
KaTeXnHa ANA pa3Hbix aKoTUNoB Q. robur.

ObcyxcdeHue pe3ynomamos. AHanuU3 COAEP!KAHMA KATEXMHOB B JIUCTbAX MCCAeayemblX
3KOTMNOB Q. robur BbIABW/ BbIPAXKEHHYIO 3aBUCMMOCTb MX HAKOMNEHUA OT YC/I0BUI NPOU3PACTAHUA.
B ycnhosuax apuaHoro knmmata HuxkHero MoBonkbA ypoBeHb GEHO/IbHbIX COeAUHEHUI, B YAaCTHOCTU
KaTEXMHOB, BbICTYNaeT B POAM BUOXMMUNYECKOTO MHANKATOPA GM3MONOTNMYECKOro CTPEeCcca PacTEHUA.
HakonneHne KaTeEXMHOB MOMKHO MHTEPNPETUPOBATb KAaK HeCNeunPUUECKyHo 3aWMUTHYIO peaKLumio.
3adMKCMPOBaAHHbBIA MaAKCMMyM KaTeXWMHa Y CK/JOHOBOrO 3KOTMMA YKa3blBaeT Ha COCTOAHUE
OKUCAUTENBbHOTO CTpecca, BbI3BAHHOIO COYETaHMEM CTPEMUTENIbHOrO BO3pacTaHuA Temnepatyp B8
mae 2026 r. U 3aKOHOMEPHO BbLICOKOM AMHAMMUKM MOTEPU MOYBEHHOW BAArM HA CKAOHAX.
CoaeprkaHne KaTeXMHOB Y HaroOpHOro 3KOTUMNA MOXKET CBMAETENbCTBOBATL O NpeobaaaaHnmn mopoo-
aHAaTOMUYECKNX MeXaHM3MOoB aganTtauumn. CpaBHUTENIbHO HU3KME 3HAYEHUA Y Ta/IbBEXHOIO 3KOTUNA
roBopAaT 06 OTCyTCTBMM BOAHOrO AedUUUTA B YCAOBUAX ONTUMANbHOIO YBAAXHEHUA HU3MEHHOM
yactn 6anku, rae y pacteHuin HeT metabonmyeckol Heob6XooMMOCTM B M3ObITOUHOM CUHTE3e
KaTexmHa.

BbigoObl. MpoBefeHHOE MccnefoBaHME MOKA3blBAET, YTO onpeaeneHne KoJMYeCTBEHHOTrO
coaepXaHMA KaTexnmHOB CNYXKWUT 3KCNpecc-mMeToaoM ANA onpeneneHua OKCUMAATMBHOrNO cTpecca
pacTeHMA 1 NO3BOAAET CYAUTb O aanTauum KOHKPETHOro 3KOTMMNa APeBeCHOro pacTeHms K 3acyxe.
B cBA3KM € 3TMM, KOAMYeCTBEHHOE onpeaeneHue KaTexXxMHOB B ApeBecCHbIX PacTeHUAX ABAAETCA
NepcneKkTUBHbIM HanpaBAeHNeM B UCCNeA0BaHUN afanTaLMmn PACTEHUIN K 3aCyLLUNIMBOMY KAMMATY.

®duHaHcuposaHue. ccnepgoBaHne BbINONHEHO 33 cYeT rpaHTa Poccuiickoro HayyHoro ¢poHaa
Ne 25-24-20170, BKAOYaAIOLWEro permoHanbHoe copuHaHcupoBaHue oT KomuteTta obpasoBaHma U
Hayku Bonrorpaackon obnactu https://rscf.ru/project/25-24-20170.

Bbiparkaem oTgenbHyto bnarogapHocTb AHHe ®PepopoBHe Pabyxe 3a npepocTaBieHHble
maTepuanbl n obopyaoBaHue.

CnucokK nuteparypbl

1. Pabyxa A. ®. PomaHoBa . M. JlywHuKosa E. C. TeHeTu4ecknin n ¢mnsnonoro-b6noxmmmyeckmni
aHanus3 skoTunos Quercus robur L YanypHuKosckon 6anku // Arponecomenvopaums — 0CHOBa
a[anTMBHO-NaHAWAdTHOro 3emneaenma: Matepuanbl HAyYHO-NPAKTUYECKON KOHpepeHUum ¢
MEeXAYHapoAHbIM y4acTUeM, MOCBALWEHHOMW 125-neTMio co AHA pPOXKAEeHUS COBETCKOro
y4eHoro, cneumanmcta Nno NecoBefeHU0 U NecOBOACTBY, AOKTOPA CENbCKOXO3AMCTBEHHbIX
Hayk, npodeccopa, YneHa-koppecnoHaeHTa BACXHWU/T AHaTtonma Bacunbesmya AnbbeHcKoro
(19 okTabpa 1899 — 4 nonsa 1984), Bonrorpaa, 21-23 okTabpa 2024 roga. Bonrorpaa: ®HL,
arpoakonoruu PAH, 2024. C. 76-79. EDN RLRPZH.

2. KykywkuHa T. A., Koctukosa B. A., Xpamosa E. 1. Cogep¥aHne KaTeEXMHOB B JINCTbAX U KOPHAX
Comarum salesovianum n Comarum palustre (Rosaceae) // Xvmua pacTUTENbHOTO CbipbA.
2024. Ne2. C. 196-206. DOI: 10.14258/jcprm.20240212561

3. MBaHoBa E.B., /lykwa E.A., KaanHkuHa I.UN. un ap. OnpegeneHne KaTeXMHOB U IEMKOAHTOLMAHOB
B HaA3eMHOM M noa3emHom Yactax Aconogonon divaricatum // BectHuk BoalMY. 2016. No4
(60). C. 118-120. EDN XGRGBV.

82



C60pHMK Tpyaos Il LUKoibl mosiogpix arpodm3nKkos «IHeprua passutua arpodpusmnkmn» (IPA)
CaHKT-lMeTepbypr, 17-18 ceHTabpa 2026 .

COPTOBAA PEAKLUA LUNUHATA HA BUODOPTUDPUKALIUIO PACTBOPOM XEJIATA HEJIE3A

M. B. CMMMPUOOHOBA, E. H. BO/ZIKOBA
®rEHY «Aepogpusuueckuli HayyHo-uccaedosamenvckuli uHcmumym», CaHkm-llemepbype

B ycnosuax Bo3pacTawowero gedpuumta Kenesa B NPOAYKTax NuTaHuA, b6uoboraweHue
CENbCKOXO3ANCTBEHHbIX Ky/lbTyp pPAcTBOPaMM Kenes3a ABAAETCA NPUOPUTETHbIM WU AKTUBHO
pasBuBalowmMmca HanpasneHvem [1]. WnuHat (Spinacea oleracea L.) — pacnpocTpaHeHHbIN
3e/1eHbIV INCTOBOM 0OBoOL, 061aAatoLLe CKOPOCNENOCTbIO U KOMMIEKCOM MOJE3HbIX ANETUYECKNX
CBOWCTB, HepeaKOo YCNewHO BbIPALLMBAETCA B YC/NOBUAX CBETOKY/NbTypbl. buodoptmudmkauma
pacTeHuit  pactBopom  Fe-ATMNA  (gMITUNEHTPUAMMHNEHTAYKCYCHAs  KWUCNOTa)  ABAseTcA
MaJION3y4eHHbIM, HO NEPCNEKTUBHBIM arPOHOMMUYECKUM NPUEMOM, HAaNPABAEHHbIM Ha yay4lleHne
KayecTBa npoayKuunn. Ero apdeKTMBHOCTD yrKe bblna NOKa3aHa HAMW HA APYIUX KYNbTypax — peauce
n kaptodene [2, 3]. Heobxogmmoctb npumeHeHua Fe-ATMA obycnoBneHa BbICOKOM COPTOBOM
peaKkumen WNMHaTa Ha AaHHbIA MUKPOIJIEMEHT U €ro CKNOHHOCTbIO K aKKYMYAALUK Kenesa, YTto
NONOXUTENbHO B/MAET Ha KayeCcTBO YpoXKada W ero 6Huomaccy. B HactosAwee BpemAa B
arpoOHOMMYECKOM NpaKTUKe 06paboTKM coeAMHEHUAMM Kene3a B XenaTHoM dopme B OCHOBHOM
NPUMEHAIOTCA ANA NNKBUZAUMM AeduumTa 3TOro 3NemMeHTa, NPOABAAIOLWLErocA B BUAE X/10pO3a
JIMCTbEB, U HE paccMaTpuBanuUCb ansa uenen buodoptnduKkaumm, 4to n 0OYCNOBMNO HAYYHYIO
HOBW3HY JAHHOrO UccnefoBaHuA. BoiasneHne Hanbonee oT3bIBUMBLIX Ha PosnMapHble 06paboTKK
XeNaToM }Kenesa CoOPTOB WNMHATa ABNAIOCb OCHOBHOM LENbIO IKNEePUMEHTA.

Ob6beKkTamm nccneaoBaHMA NOCAYKMUA WNUHAT 9 Pa3HbIX COPTOB, BblpaLLMBaEMbIX B YCIOBUAX
MHTEHCMBHOM CBETOKYNbTypbl: CTOUK, Buktopua, Bupodne, Mepkat F1, Kpenbiw, ) UPHOANCTHBIN,
BukuHr, Matagop, icnonmHckuii. Copta OTHOCATCA K paHHECNnenon Uam cpegHecnenomn rpynnam.
PacTteHus Bbipalwmeanm Ha cybctpate «Arpobant-C» (OO0 «[MuUHACTPYN») HA OCHOBE BEPXOBOFO
TOpda HU3KOM CTENEHW Pa3NOXKEHUA METOAOM ManoobbeMHOW arperaTonoHuWku. Ob6nyyeHue
npoucxoamno ¢ nomowpto namn [Ha3-400 (ra3opaspagHble 3epKaNM3MpPOBaHHble HaTpUeBble
namnbl) 14 yac/cyt. PacteHuna nonmeanu 1H pacteopom KHona 6e3 gobaBneHna MUKPO3NeMEHTOB
TPW pasa B HeZenNto, B OCTasibHble AHU cybcTpaT yBAaXKHANCA BOAOM. [TpoBOAMAM TPU BHEKOPHEBbIE
0bpaboTknM pacteHun pactBopom Fe-AITMA 0,05% Kaxable 5-7 AHeW, KOHTpPOAb —
ANCTUNANPOBAHHAA Boaa. YOOPKy pacTeHU NpoBOAUAN NPU NOABNEHUM NEPBbIX LLBETOHOCOB.

Mporpamma uccnenoBaHUA BKAKOYaNa cneaylowme MaMepeHua: BUoMeTpuyYecknin aHanus
(BbICOTa pacTeHuWM, cbipadA M Cyxad Macca HAaA3EeMHOM 4acTu, YUCNO NIUCTbEB), BUOXMMUYECKUe
NnoKasaTenu, ONTUYECKME CMEeKTPbl JIMCTOBbIX NAACTUHOK (MeTos HEeWHBA3MBHOIO KOHTPOAA
pacTeHui).

CopTa wWMMHaTa NPOAEMOHCTPUPOBANN 3HAYUTENIbHYIO BapuabenbHOCTb 3HAYEHWN no
OCHOBHbIM M3y4aeMblM XapaKTEPUCTUKAM M OT3bIBUMBOCTM Ha HEKOPHEBY 06paboTKy xenatom
Xenesa.

Mo 6BuomeTprMyYEeCcKMM NOKA3ATENAM CYLLECTBEHHbIE OTANYMA OblNM OTMEYEHbI NO KOJNYECTBY
nmnctbeB — 10,3 wT. n BbicoTe — 15,7 cm y copta CTomK, uto Ha 5% mn 9% Bbiwe KOHTpoOANA. 6 U3 9
M3y4yaemblX COPTOB yBennumam 6uomaccy ot 7 ao 70% K KoHTponto. MakcMmanbHas 6uomacca
chopmmpoBanacb y copta Buktopus (Ha 70% Bbiwe KoHTpons). CopT UcnoamHcKknin bbin ybpaH
paHblUe BCEX U3-3a YCKOPEHHOTO nepexoaa K reHepaTnBHoM dase (cTebneBaHMIo), YTO yKasbiBaeT
Ha He0b6X0AMMOCTb ONTUMM3ALLUKN JNA Hero GoTonepmoaa B YCIOBUAX CBETOKY/IbTYPbI.

Bce copTa wnuHata, Kpome copTa WCMONMHCKUIA, OKa3anucCb OT3bIBYMBbIMMU  HaA
6rnodopTUdMKALMIO XeNaTOM Kenesa, Coaep’KaHMe 3TOro 31eMeHTa A0CTOBEPHO YBEIMYMNOCH HA
4,8-82,2%. Y coptoB Bupodne u MUPHONUCTHbIA YypOBEHb COAEPNKAHUA Kenesa [OCTUr
MaKCMMa/bHbIX B ONbITe 3Ha4YeHuit — 145,5 1 124,6 mr/Kr cOoTBETCTBEHHO.
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Moa BAMAHMEM HEKOpPHEeBbix 00paboTOK xenaToM Kenes3a OTMevanu  yaydleHue
OMOXMMMUYECKOro COCTaBa Y HEKOTOPbIX COPTOB LUMNMHATA: 3HAYMUTE/IbHOE CHUMKEHWE COAEpXKaHUA
HuUTpaToB (copTa BuKTOpuMA, Bupodne wu ap.), yBenUYEHUE COAEP)KAHUA KAPOTUHOUIOB
(™mpHONUCTHBIN, BUKMHT 1 ap.), BuTamuHa C (CTomk, UpPHOAUCTHLIN 1 ap.).

Takum obpasom, npu bunodopTUdMKauMM XenaTom Kenesa HeobXoAUMMO Y4YUTbIBATb
COPTOBYIO pPeaKUUIO pacTeEHUI WNMHATA Ha 3TOT Npuem. Boiaennnmcb Hanbonee oT3bIBYMBBIE COPTA
Ha HEKOPHEBYIO 06PabOTKY, KOTOPbIE MOXKHO BK/IIOYATb B TEXHO/IOMMK BblpalUMBaHUA WNMHATA As
Nony4YeHMa NepcoHanM3MpPoOBaHHbIX NPOAYKTOB NUTAHUS.

CnucokK nuteparypbl

1. Bonkosa E. H., CnupugoHosa M. B. YaydweHne nuTaHus nytem 6uooboralieHuns pacteHun //
BnoTex-2025. Te3sucbl Aoknagos |l BcepoccMncKo Hay4yHO-NPaKTUYECKON KOHbEpPEeHLUN C
MeXayHapoaHbim ydacTnem, CaHkT-MeTtepbypr, 2025. C. 42.

2. Bonkosa E. H., CnupugoHosa M. B., lWnnosa O. A.,, XamoBa T. B., CuHAsuHa H.T., MaHosa ..
donvapHoe 6OMoobOraleHne Kenesom peamca C WCNONb30BAaHMEM OPraHUYecKon u
HeopraHuyeckomn ¢popm B ycnoBuMAX CBETOKYAbTYpbI // Journal of Agriculture and Environment.
2023. Ne 12. C. 7-20.

3. CnupuaoHosa M. B., 33epuHa E. M., Bonkosa E. H. M3yyeHne BAnAHUA HEKOpHEBbIX 06paboToK
COEANHEHUAMM Kenesa Ha YpoXKalHOCTb M KauyecTBo KaybHen kapTtodens copta Yapout //
TeHAeHUMM Pa3BUTUA arpoPU3NKM: OT aKTya IbHbIX Npobaem 3emaeaenns u pacTeHMeBOACTBA
K TexHonornam byayuiero : Matepuanbl V MexayHapogHOW Hay4yHOW KoHbepeHumn, CaHKT-
Metepbypr, 17-19 ceHTAbpsa 2025 roaa. CM6.: PrEHY A®U e, 2025. C. 170-173.
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HAKONNEHUE TAXKE/IbIX METAI/I0OB HA TOP®AHbIX U BbIPABOTAHHbIX MO4YBAX MNMPU
ANMUTENNIbHOM MUCMNOJIb3OBAHUM NOA4 KOPMOBbLIMU KYJIbTYPAMU

H. A. YITAHOB
®rb0Y BO Bamckuli 2ocyoapcmeeHHblIl azpomexHonoz2uyeckuli yHusepcumem, Kupos

Mpobneme 3arpA3HEHUN OKPYXKaloWEN cpeabl TaxKenbimu meTtannamu (TM) B HacTosulee
BpeMsA yaenAaeTca NpuUcTaibHOe BHMMAHME WM MOCBALWEHO OFPOMHOE Koau4yectso nybnvkaumin B
KNHOYEBbIX arpoOXMMMYEcKMX u3gaHuax. OpgHako nogasnsAwolwee 60NbLMHCTBO MCCAen0BaHWUM
NPOBOAUNOCH HA AEPHOBO-NOA30/IUCTbIX, CEPbIX IECHbIX, YePHO3EMAX N APYTMX 30HANbHbIX MOYBAX
[1]. OpraHMYecknMm e noyYBam, B YaCTHOCTM TOPPAHLIM M BblpabOTaHHbIM, YAENANOCb MEHbLUE
BHUMaHUA. Mexay TeM YCTAaHOBNEHO, YTO Ha BbICOKOIYMYCUMPOBAHHbIX NMOYBAaX, B YaCTHOCTM Ha
YyepHO3emax, HeraTMBHOE AeNcTBMe MOHOB TM 3HAUUTENbHO CHUXKAETCA BCAeACTBME CBA3bIBAHMA
MX B OPraHOMWHepanbHble KOMMNAEKCbl, YTO NPUBOAMT K 0OpPa3oBaHMIO MANOTOKCUYHBLIX W
HETOKCUYHbIX xenatoB [2]. TopdsaHble NOYBbI MPUHLMNNANBHO OTINYALOTCA MO FreHe3ncy OT CaMblX
BbICOKOTYMYCUPOBAHHbIX YePHO3EMOB, NOCKONbKY Ha 80—90% COCTOAT U3 OpraHNUYeCKOro BELLLECTBa.

Mocne oKOHYaHWUA NPOMbILWAEHHON A06bIYM TOpda, OCyLLEeCTBASEMOM NOCIONHO-Ppe3epHbIM
cnocobom, Ha NOBEPXHOCTb BbIXOAWUT MPUAOHHAA YacTb TOPDAHOM 3aNEKM MOLLHOCTbIO OKOJIO
NoayMeTpa, KOTOPYH M3-3a HU3KOW 06ecnevyeHHOCTU SNeMEHTAMM MUHEPANbHOTO NUTAHMUA N NOYTU
NOMHbIM OTCYTCTBMEM MNOYBEHHON MWMKPOOMOTbI CpaBHMBAOT C Mo4YBoObOpasyoLwel nopoaoi.
MHoroymncneHHble uccnegoBaHma [3], HEOAHOKPATHO NOATBEPXKAEHHbIE WU HAWMMKU ONbITaMM,
MOKas3blBatoT, YTO 3pPEeKTUBHOE UCMNONb30BaHNE BHOBb OCBAaMBAEMbIX BbIPpaboTaHHbIX TOPPAHMKOB
nog, KOPMOBbIE Ky/bTypPbl BOSMOMHO /INWb NPU CUCTEMATUYECKOM MPUMEHEHUN Ya006pUTEeNbHbIX
cpeacts. Llenb uccnenoBaHma — U3ydnTb BeNMYMHY HakonneHna TM B npodune cTaponaxoTHbIX
TOpdAHDBIX U BbIPabOTaHHbIX MOYB, @ TAKXKE IKOIOTMYECKMEe NOCNeACTBUA ANIUTENbHOIO NPUMEHEHNA
MUWHEpPaNbHbIX yAOOpPeHWn Npu pPasINYHOM peXMMe WX OJAUTENbHOTO0 WUCNOAb30BaHMA MNOA
KOPMOBbIMM KYyNbTYypamMu.

NccnepoBaHma NpoBOANANCE Ha TeppuTopumM BbipaboTaHHOro Toppomaccmnsa «FagoBckoe»,
PacnosIoXKEHHOro B LeHTpabHoM YacTn KnpoBckoit obnactu. B KauectBe 06beKTOB UCCnea0BaHUA
66111 BbIOpaHbI ABa ONbITA, PACNO/I0XKEHHbIE HA MHOTONETHUX CTaLLMOHAPaX.

OnbiT 1 — 3BEHbA KOPMOBOro cesoobopoTa, pacnonoXKeHHOro Ha TOpPAHON noyse — rog
3an0)KeHna onbita 1975. [1nA 3KONOrMYecKor OUEHKM COCToAHMA npoduna OGbian BblGpaHbI
Hanbonee KOHTPACTHble 3BEHbA CeBOOHOPOTA: MHOro/seTHME TpaBbl H&€CCMEHHOro NOAb30BaHMSA,
nponalHble KynbTypbl 6E€CCMEHHOro MO/Ib30BAHMA, Nap YUCTbIM HBeccMeHHO, a TaKXe AnAa
CpPaBHEHMA, PACMOJIOKEHHbIE PAAOM, NAcTOMLHbIM TpaBocTon (B KyabType 90 NeT) U uenuHHbIN
Y4YaCTOK Nopj, NIMCTBEHHO-XBOMHbIM necom. og MHOronetHMe TpaBbl YKOCHOTO M NacTOULLHOrO
MCMONb30BaHMA, a TaKXKe Noj nponaluHble (KapTodenb, MOPKOBb, CBEK/A) KyNbTypbl EXKErogHo B
TeyeHue 50 net BHOCMIUCb MUHEepasbHble yaobpeHus, paccymMTaHHble Ha noayvyeHne 6—8 TbicAy
KOPMOBbIX eguHUL, ¢ 1 rekTapa. B 3aBUCMMOCTM OT Ky/AbTypbl, MPUMEHANNCL CAeayolmne [03bl:
Noo-120Ps0-90K120-160 Kr/ra AeicTBytoLLero BewecTsa (4. B.). Fepbuumabl, MUKPO3NEMEHTbI U NpoYne
arpoOXMMMKaTbl HE UCMO/1b30BAIUCD.

OnbiT2 — VY4aCTOK C MHOrOJIETHEM 31aKOBOM TPABOCMECHIO, PACMONOMKEHHbIN Ha
BblpaboTaHHOM TopdAHUKe, rae u3ydanacb IPPEKTUBHOCTb MNPUMEHEHMA  Pa3NYHbIX
y006puTEeNbHbIX KOMBUHALMIM — roa 3an10KeHuMA onbiTa 1971. CxemoWl onbiTa 34eCb NpeayCcMOTPEHO
15 BapuaHTOB pPa3nMyYHbIX yA0OpUTENbHbIX KOMOWHauui. Ons cpaBHeHMA Obinn BblbpaHbl 5
Hanbosiee KOHTPACTHbIX BapnaHToB: 1 — 6e3 ynobperunin; 2 — PsoKi20; 3 — N120Pso; 4 — N120K120; 5 —
N120P90K120.

B cooTBeTcTBME CO CXEMAMW OMbITOB, Y¥Ke Ha NpoTAXKeHun bonee yem 50 neT perynapHo
BHOCATCA aMMWAYyHanA CennTpa, XN0PUCTbIA Kanunm u cynepdocdat ABonHoN. PochopHoe
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yaobpeHne — NoSIHOCTbIO BECHOM, OCTa/ibHble APOOHO: BECHOW M nocne nepsoro ykoca. O6uwian
CUTyaLMa CpaBHUBAMACh C abCONOTHLIM KOHTPOIEM, KOTAa NOYBa OTOMpPanachb C HEMCMNOAb3YEMOrO
yyacTKa (uenuHa). OT6op no4yBeHHbIX 06pa3LOB NPOM3BOAM/CA NOC/e 2-T0 yKoca B ceHTAbpe 2025
roga B ropusoHtax 0—20 1 20-40 cm.

Ncnonb3oBaHMe ocTaTouHOM TOPPAHOM U BbipaboTaHHOM 3aneKel Toppomaccnsa B KayecTse
Nno4Yys NoJ pPas/indHbie KOPMOBbIE Ky/AbTypbl B YC/IOBMAX BbICOKOro arpodoHa, Cyl,ecTBeHHbIM
obpasom M3MeHUNM CTPYKTYpy M 3anacbl TM B npodune. B pesynbTate mccnengoBaHuin 6biio
YCTAaHOBNEHO, 4YTO oOnpeaensiemble 3/1eMEHTbl MOXHO pPacnofioXUTb B Caeaylowmin psg, no
ybbIBaHMIO coaeprkaHns Nx BasfoBbix opm B nouseHHom npodune: Fe, Mn, Zn, Ni, Cr, Co, As, Cu,
Pb, Mo, Cd, Hg. 13 Bcex npeacTaBNeHHbIX 31€MEHTOB AOMUHUPYLOLWEe NONOXKeHNe B npodue Ha
BCEX BapMWaHTax C 60/1bWKMM OTPbIBOM 3aHMMaeT obliee »keneso (oT 9000 Mr/Kr Ha UeNUHHOM
yyacTke go 25000 mr/Kr n 6onee Ha nacTouuLe), creayowmMm No KONMYECTBY UAET MapraHedy, (oT
88 Mr/Kr Ha uennHHoOM yyacTke Ao 910 mr/Kr Ha nacTbuLe), NOCTOAHHbIN FTEOXMMUYECKUIA CNYTHUK
)Kenesa, a 3aMblKaeT TPOMKY IMAEPOB UMHK (OT 4,5 Mr/Kr Ha LennHHom yyacTke go 80 mr/Kr Ha
nactouuie).

McxogHaa (uenuMHHaa) noyBa BbipaboTaHHOro TOpdAHMKA XapaKTepusyeTca HU3KUM
cofeprkaHmem 6onblIMHCTBA onpeaensembix coeanHeHuii TM. MNoBblleHHOe cogepikaHue Kenesa
M MapraHua B MeHbLUeln cTeneHn CBA3aHO C CUCTEMOMN KOPMOMPOMU3BOACTBA M B 6ONbLUEN CTENeHU
06yCcNnoBAEHO FrEOXMMUYECKMMM OCODEHHOCTAMM reHe3unca TOPDAHOM 3anexu.

OTMeYeHO TaKKe, YTO MaKCMMaibHOe KonnyecTBo TM akKyMy/aMpPyeTcA B BEPXHEM C/I0€, YTO
elle pas NoATBEPKAAET UX HU3KYIO MUTPALLMOHHYIO aKTUBHOCTb BHM3 NO Npoduto.

Bonee yem 50-neTHMN nepuom UHTEHCUMBHOIO NMPUMEHEHMA MWUHEPanbHbIX YA0OpPEeHU Ha
onbiTe 1 NpuBen K yBennYeHUIo cofiep:kaHua Banosbix popm Fe, Mn, Zn, Cu, Pb, Cd B 3BeHbAX
KOPMOBOro ceBooboOpoTa, MO CPABHEHUIO C LEAMHHbIM Yy4acTKOM. WX MaKcuMmanbHble
KOHUEHTPauuMn no 60NbLINHCTBY 3/1IEMEHTOB OTMEYEHbl B 3BEHE MHOTO/NIeTHUX TpaB beccmeHHoro
NoNb30BaHUs, a TakXKe Ha nactbuue. Ha onbiTe 2 OTMEYEHO YBEMYEHME COoAeprKaHMA BanoBbIX
dopm Fe, Zn, Cr, Cu, Pb, Co, As. HecmoTps Ha 3TO, HX NO OA4HOMY U3 3/IEMEHTOB He 3aPUKCMPOBAHO
onacHoro npesblweHua MNAK.

Mo COOTHOWEHWUIO BaNoOBbIX M MNOABMMHbIX GOPM OCHOBHbIX TM CUTyauusa BbIrNAQUT
cneayrowmm obpasom. OCHOBHOM AOMUHUPYIOLWNIN 31EMEHT XKene3o Ha 99% npeacTaBaeH BaioBOM
dopMmoii, Toraa Kak mapraHew, M UMHK OTAMYaloTCcA ropas3ao 6osbluen noasMKHOCTbIO. Ha onbiTe 1
[0N5 NOABUMKHOMO LMHKA, B 3aBUCMMOCTWU OT BapuaHTa, BapbupyeT oT 6 ao 14% (B cpegHem no
ropusoHTam: 0-20 cm — 7,6%; 20—40 cm — 9,8%), NOABUMKHOIO MapraHua — ot 2 4o 16% (B cpeaHem
no ropusoHtam: 0-20 cm — 6,2%; 20-40 cm — 7,6%). Ha onbiTe 2 gons NOABUMKHOIO LUWHKa, B
3aBMCMMOCTM OT BapuaHTa, BapbupyeT oT 3 Ao 15% (B cpegHem no ropmsoHTam: 0-20 cm — 9,5%;
20-40 cm — 6,0%), noaBuM»KHOTO MapraHua — oT 2 Ao 47% (B cpeaHem no ropmsoHTam: 0-20 cm —
30,8%; 20-40 cm — 25,5%). Cyw,ecTBeHHOM pasHULbl MeXAy ropM3oHTaMmn NPoduas He OTMEYEHO.
CopepyaHue NoABMMKHbIX GOPM OCTa/IbHbIX 31eMeHTOB cocTasnseT meHee 0,1-1,0 mr/Kr noyssbi.

CnucokK nutepartypbl

1. KoHapbaeBa . A., AkMmeHKo B. H. DKon0ro-arpoxmmmnyeckasa OLIEHKa COAEPMKaHUA TAMKesbIX
MEeTaNN0B B NOYBE N pacTeHUAX arpoleHo3a // Npobnembl arpoxmmmm n skonornmn. Ne 1. 2017.
C.16-21.

2. Muxannos A. B., TMuupaiiHeH B. 0., Bobposa E. M., CmupHoB A. N. AHann3 nepcnexkTns
MCMNONb30BaHMA TOPOAHBIX NOYBOYNYYLLMTENEN ONA PEKYNbTUBALMN HAPYLLEHHbIX 3emenb //
FopHaa npombiwneHHocTb. Ne 2. 2025. C. 124-130.

3. AHncumosa T. 0. 3pPeKTMBHOCTL NpUemoB BUOKOHBEPCUM NUTATE/IbHbIX BELLECTB YA006peHui B
3e/ieHble KopMma Ha TopdsaHuke // Arpoxmumusa. Ne 2. 2023. C. 10-14.

86



C60pHMK Tpyaos Il LUKoibl mosiogpix arpodm3nKkos «IHeprua passutua arpodpusmnkmn» (IPA)
CaHKT-lMeTepbypr, 17-18 ceHTabpa 2026 .

CPABHUTE/IbHAA NPOAYKTUBHOCTb APOBOW MLLEHULbI U OBCA B MENTMOPUPOBAHHbIX
ATPONAHALWA®TAX BEPXHEBO/1XKbA

H. A. XAPXAPOVNHOB
Bcepocculickuli Hay4yHO-uccnedo8amenbCKuli UHCMUMym mMeauopupoB8aHHbIX 3emMesb — huauan
MoyseHHO20 uHCcMumyma um. B.B. flokyyaesa, Teepckasa 06., n. Immaycc

MpoposonbctBeHHasa 6e3onacHocTb PoccuuM B 3HAUYUTENbHOW  CTEMEHW  3aBUCUT  OT
3pPEeKTUBHOrO MCNONb30BaHUA arpopecypcoB B 30He HeyepHosembsi, rae 6onee 60%
CENbCKOXO3ANCTBEHHbIX Yrogui npeactaBneHbl AepPHOBO-MNOA30/UCTBIMM MOYBAMM C HU3KUM
NPUPOAHbIM MJI0A0POAMEM, MOBbILLEHHOMW KUCNOTHOCTLIO U CKIOHHOCTbIO K NEepeyBna*KHeHuto. B
3TUX YCNOBMUAX BAXKHYIO POJb UIrPalOT MENMOPATMBHbIE MEPONPUATUA, B TOM UYMCAE OCYLIEHUE
arponaHAawadToB, a TaKXKe NpaBUAbHbIN NOA60P afanTUPOBAHHbLIX COPTOB. [MPOAYKTMBHOCTb
3€PHOBbIX Ky/AbTyp B XOJAMWUCTOM penbede TeCHO CBA3aHAa C MUKPOKIMMATUYECKUMU
0COBEHHOCTAMM CKNIOHOB Pa3HOM 3KCNO3ULUKW, ONpeaensAloWmMmn TemnepaTypHbIi pexum u
YCNOBUA YBNAXHEHMA. B CBA3M C 3TMM UENbD WUCCAEL0BAHMA CTana OUEHKa BAWAHMA
MeNNOoPUPOBaHHbIX arponaHawadToB TBepcKon 061acTM Ha YPOXKaMHOCTb 3epHa M COIOMbI APOBOM
niweHunubl copTa «31aTa» U 0Bca copTa «AKos» [1].

UccnepoBaHus nposoauan B 2022—2024 rr. Ha OonNbITHOM cTaunoHape «lyémnHo» (BHUNM3)
Ha AEePHOBO-NOA30/UCTbIX NETKOCYTIMHUCTBIX FeeBaTbiX MOYBax, CGOPMMUPOBABLUMXCA HA MOPEHEe
AW ABYYNIEHHbIX OT/NIOMKEHUAX, OCYLUEHHbIX 3aKPbITbIM FOHYAPHbIM ApeHaxkem [2]. B npeaenax
BEPLUMHbI XOJIMA, HMKHOIMO WU CEBEPHOro CKAOHOB Oblin BblgeneHbl 7 arpomMMKponaHawadpTos
(BapmaHTOB OMbITa): TPAH3UTHO-AKKYMYNATUBHbBIN HOXKHOFO CKAOHA (T-Al0), TPAH3UTHbLIN HOXKHOIO
(Tro), antoBMaNbHO-TPAH3UTHbLIN OXKHOTO (3-Ti0), 3110BUANbHO-AKKYMYNSATUBHbBINA BeEPLUUHbI (3-A),
9/110BMA/NIbHO-TPAH3UTHbIA ceBepHoro (3-Tc), TpPaH3uTHbIM ceBepHoro (Tc) M TPaH3UTHO-
aKKYMYNATUBHbIN ceBepHoro (T-Ac). YUéT yporkas npoBOAMIM CHOMOBbLIM METOAOM Ha YYETHbIX
naowaakax 20m? B YeTbIpExXKpaTHOM nosTOpHOCTUM. O6paboTKy AaHHbIX  BbINOJHAAN
ABYX$AKTOPHbIM AMCNEPCUOHHBIM aHanM3om (pakTop A — arponaHawadT, paktop B —roa).

ArpomeTeoponormyeckue ycnosus BereTaunoHHbIX nepuopos pa3nnMyanmCchb.
Mapotepmudecknin  koadoduument (I'TK) Bapbuposan ot 1,32 go 1,42, 4TOo coOTBETCTBYET
yMepeHHOMY yBAaxkHeHuto. Mpu atom 2024 roa XapaKTepu3oBaaCA 3KCTPEMAsIbHO BbICOKOM
CYMMOM aKTMBHbIX TemnepaTyp (2t210°C=2015°C) npu yBennyeHUM 0caaKkoB A0 271 mm, 4To
YCKOPWAO pPa3BUTUE KyNbTyp M NPUBENO K COKPALLEHWUIO Nepuoaa HaiMBa 3epHa.

YCTaHOBNEHO, YTO CPeAHAA YPOXKAMHOCTb 3epHa o0beux KyabTyp B 2024 r. CTAaTUCTUYECKM
3HAYMMO CHU3MNACb Ha 28% no cpaBHeHuto ¢ 2022 r.: ¢ 4,09 oo 2,95 T/ra gns nweHnupl 1 ¢ 6,82 oo
4,92 1/ra ans osca (Tabn.). OBEC NOKasan AOCTOBEPHO H0/iee BbICOKYIO CPEeAHIO YPOXKANMHOCTb 3a
Tpu ropa (5,92 7/ra) no cpasHeHutoo c nweHuuen (4,15 T/ra). MaKcumanbHas YpPOXKanMHOCTb
nweHuupl (6,61 T/ra) otmeuveHa B 2023 r. B HUMKHEN YaCTU LOXKHOTO CKNoHa (T-Ar), a osca (7,77 1/ra)
— 82022 r. Ha cpeAiHel YacTu ceBepHOro cknoHa (Tc). B aHomanbHO kapkom 2024 r. npenmyL,ecTso
Mo YPOXKaMHOCTN OBCA CMECTUJIOCh K HOXKHOMY CK/IOHY.
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Tabnunua. YporkaliHOCTb 3epHa ApoBOM NweHuLbl 1 oBca B 2022—-2024 rr., T/ra

BapuaHTbl 2022 2023 2024 CpegHee

onbITa no pakTopy A

ApoBan .. ApoBan . ApoBan .. ApoBan ..
oBec oBecC oBec oBec

nweHwmua nweHuua nweHunua nweHuua
T-Aro 3,95 5,77 6,61 4,92 2,67 5,53 4,41 5,41
Tio 3,54 5,73 5,53 5,31 2,71 4,37 3,93 5,14
3-Tio 4,87 7,24 5,85 6,45 2,55 5,43 4,43 6,37
3A 4,43 6,95 5,92 6,41 2,51 4,77 4,28 6,04
3-Tc 3,98 7,12 4,08 6,18 2,50 4,95 3,52 6,08
Tc 3,76 7,77 5,03 7,40 3,43 4,75 4,07 6,64
T-Ac 4,11 7,16 4,86 5,56 4,30 4,67 4,43 5,80
Cpeanee no 4,09 6,82 5,41 6,03 2,95 4,92 4,15 5,92
¢dakTopy B

MpumeyaHume: HCPy,o0s ANA APOBOM NMWEHMULbI: YaCcTHbIX pa3nanunii — 0,70; pakTopa A —0,41; daktopa B—0,27. A oBca:
YacTHbIX pa3nnunii — 1,12; paktopa A —0,65; daktopa B—-0,4

AHann3 yporKaHOCTU COJIOMbI MOKa3as, YTO OBEC B YC/IOBUSAX ONTUMAIbHOMO YBAXHEHUS
(FTK=1,42 B8 2023 r.) popMmnpoBan MakcMmanbHyto BereTaTuBHyto maccy (7,20 T/ra Ha BapuaHTe Tc),
TorAa Kak y nMWeHWubl B YycnoBuAX TennoBoro ctpecca (2024r.) oTmeyeHa aKTMBauumA
KOMMEHCATOPHbIX MEXaHM3MOB: YPOXKANHOCTb COMIOMbI Ha BapuaHTe T-Ac gocturna 5,73 T/ra, uto
ABnAeTcA abCoNOTHBIM MaKCMMYyMOM 3a Tpu roaa. COOTHOLWEHME 3epHA K COIOME Y MNLIEeHULpI B
2024 r. cHusnnocob go 0,82 npotus 1,53 B 2023 r., 4TO CBMAETENLCTBYET O NepepacnpeneneHnm
acCMMUNATOB B MOJIb3y BeretaTMBHbIX OPraHoB. Y 0OBCa MWHMMasbHOE COOTHoweHue (1,17)
3adukcmpoBaHo B 2023 r., 4TO yKa3blBaeT Ha €ro CKAOHHOCTb K HapalimMBaHWO Buomacchl npu
O0CTAaTOYHOM YB/IAXKHEHUM.

MpoBenéHHblEe McCneaoBaHUA BblABUAN  AUdPepPEeHUMPOBAHHYIO pPeakuMilo  pPas3iMyHbIX
3ePHOBbIX KY/IbTYP Ha KAMMaTU4Yeckme U naHawadTHble ycnosua. [nA noBblWeHUA CTabuabHOCTM
npou3BoACTBa HeobXoAMM  MNOCTOAHHbIA  MOHUTOPUHI  UX MPOAYKTUBHOCTM B PasHbIX
arponaHawadTHbIX ycnosuax [3]. MNpu aTom Ans ycTOMYMBOro NonyyYyeHus 3epHa B HeyepHosembe
peKoMeHAyeTcsa Pa3sMeLlaTb NOCeBbl NWeHMULbI «31aTa» B HUMKHUX YacTAX ckaoHoB (T-Ato, T-Ac), a
oBca «flkoB» — B HOPManbHble roAbl Ha cpeaHein 4yacTm ceBepHOro ckaoHa (Tc), a npu NporHose
aHOMa/IbHOM Xapbl — Ha HUMKHUX YaCTAX KOXKHOro ckaoHa (T-Ato). Mcnonb3oBaHWe COOTHOLLEHMUA
3epHa K CO/IOMe PeKOMEHA0BAHO B KaYecTBe AMarHoCTMYECKOro NoKasaTtens CTPeccoyCcTonYmBocCTm
NPy NNaHMPOBAHMUWN arpoOTEXHUYECKUX MeponpuATU. MNonydyeHHble AaHHbIe MMEIOT NPaKTUYecKoe
3HaYeHMe AnA agantauum 3emnegenna B 30He HevepHo3embAa B YCAOBMAX YCUIMBAKOLWMXCA
KNAMMaTUYECKUX U3MEHEHWIA.

CnucokK nuteparypbl
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BIMAHUE NETMPOBAHHbIX MOA0M OPrTAHO-MUHEPA/IbHbIX YOOEPEHWIA HA COAEPYKAHUE
MUWKPOI/TIEMEHTA B OAHOJIETHUX TPABAX

K. ®. LUABPUHA, B. N. AYBOBULIKAA
®IrbHY «Aepoghusudeckuli Hay4yHO-uccnedosamenscKuli uHcmumymb», CaHkm-llemepbype

Mop, ABnaeTca 0gHUM M3 XMMUYECKMUX 31eMEHTOB, OTHOCALLMXCA K rpyrnne HesaMeHUMbIX AN
YKMBOTHbIX M Yenoseka. MNpobnema ogonedmumnTa ABNAETCA KpaliHe aKTyaNbHOWN ANA TeppUTOpUmn
CaHkT-MeTepbyprckor arnomepauum BCAEACTBME HU3KOTO COAEep)KaHuMA Hoda B NO4YBax u
npupoaHbix Boaax [1]. AeduumnT Moaa HeraTUBHO CKa3blBAETCS Ha KauecTBe PacTeHMEBOAYECKON U
KMBOTHOBOAYECKOM NPOAYKLUMN U, KaK CNeaCTBME, Ha PENPOAYKTUBHOM N PEryAATOPHOM QYHKLMAX
CENbCKOXO3ANCTBEHHbIX }XMBOTHbIX M Ye/i0BeYeCKoro opraHmama [2]. Npobnema hogHOro NUTaHUA
pacTeHMN B YCNOBUAX FEOXMMMYECKOM aHOManuu ero pgedpuumta ABNAETCA He[OCTAaTOYHO
n3ydyeHHOW. Hawe uccnepoBaHWe HAMNPaBAEHO Ha OLLEHKY MPUMEHEHWMA PacTBOpPOB Moauaa M
noaata Kanma B BbICOKMX KOHUEHTPAUMAX Ha no4ysBax C AePULUTOM MUKPO3/IEMEHTA Ha PasHbIX
MEeNMopPaHTaX W  MWHepaNbHOM yaobpeHuM aANa  NOBbIWEHWA COAEP)KaHMA Hoda B
CENbCKOXO3ANCTBEHHOM NPOAYKUMM U pa3paboTke HOBbIX dopmyn yaobpeHwui, NerMpoBaHHbIX
noaom.

C uenbto M3y4eHUsa BAMAHUA BHECEHUA MOAHbIX PAacTBOPOB B MOYBY MPWM MCNO/Ib30BAHMMU
Pa3/INYHbIX MENMOPAHTOB Ha PA3BUTME M KAQYECTBEHHbIN COCTaB OAHOIETHUX M MHOTFOIETHMX TPaB B
mae 2024 ropa Ha cynecyaHoOM arpogepHoOBO-NOA30AMCTOM nodse B MeHbKoBCKOM dunuvane
Arpodunsnyeckoro MHCTUTyTa BblN 3a10KEH MUKPONOAEBOM OnbIT. ONbIT ABAsSETCA ABYXPAKTOPHbIM:

dakTop A BKAtOYaeT B ceba 4 BapuaHTa C Tpema MenuMopaHTamu: ntuumii nomért (Mn),
6uoyronb (BY), HU3NHHBLIA TOpd (HT) 1 mnHepanbHbim yaobpeHuem (MY). daktop b — coeanHeHns
nopa (Moaua n moaat Kanmsa) B 3-x KOHUeHTpaumsax: 5, 10 n 15 kr/ra.

O6uwana naowaab AendaHkm — 1,7 M2, yueTHasa naowaab AenaHkn — 1m2, LUnpuHa 3aWmTHbIX
nonoc 0,5m. PasmewieHne [enAHOK cucTeMaTuyeckoe, 5-kpaTHas NoBTOPHOCTb. ObpaboTka
MENNOPAHTOB U MUHEPANbHOIO ya0b6peHna pacTBopamm Moanga u mogata Kaama npoBoAnnach C
MCNONb30BaHMEM NOMMOBOrO ONPbICKMBATENS, HOPMa pacxoda paboyero pacteopa — 300 n/ra unm
30 mn/m>.

OnbITHasA KynbTypa — oBec noceBHon (Avena sativa L.) copTa AKoB n BMKa nocesBHas (Vicia
sativa L.) copTa /lbrosckan-22. MoaceB MHOTONIETHUX TPaB — Knesep nyrosol (Trifolium pratense L.)
copTa Cegym n TumodeesKka nyrosas (Phleum pratense L.) copta JleHuHrpaackan 204.

Y60pKy ypoxKana BUKO-OBCAHOM cmecn nposoaunun B ¢pasy upeTeHuA, yOOpKy Knesepa nepes
Havyanom ¢asbl 6yToHU3aLUMN.

MpumeHeHWe nernpyrowmx A06aBOK B COCTaBe OCHOBHOM Komnosuumm OMY okaszano
CYyLLECTBEHHOE B/IMAHME HAa XMMWYECKMM COCTaB W MUTATENbHYIO LLEHHOCTb KOPMOBOTMO CbipbA. B
3aBMCMMOCTM OT YPOBHA [03MPOBKM XapaKTep TaKoro BO3AEWCTBMA 3aMETHO W3MEHAIMUCDH.
Hanbonee Bblpa)keHHble MNONOXKUTENbHblE 3¢pdeKTbl OblnM CcBA3aHbl, rNaBHbIM 06pasom C
COKpalleHNEeM YPOBHA HAKOMNAEHMA B 3€1€HOM MacCe HUTPATOB M YyBEAUYEHUEM ee
obecneyeHHOCTN NOAOM.

Obecne4yeHHOCTb 3e/1eHOM MacCbl KOPMOBOrO CbipbA OAHOMETHUX TpaB Wogom 6bina
3HAYMTENbHO NoBbIWeHa. Ha amnarpamme (puc.) oTpaxkeHO HaKonJeHWe MoAa B PaCTUTENbHbIX
06pa3suyax BUKO-OBCAHOM CMeCH.

CopeprkaHne MUKPO3/IEMEHTA NPU BHECEHUM PACTBOPOB MOAa YBENNYNAOCH B cpegHem ¢ 200
10 1630 mKr/Kr, To ecTb B 8 pa3 no ¢poHy 6uoyraa; co 160 MKr/Kr B BapnaHTax Ha NTUYbEM NOMETE
N HU3MHHOM Topde A0 2620 1 2050 MKr/Kr COOTBETCTBEHHO, T.e. N0 $POHY HU3UHHOro Topda — B 12
pa3, no ¢oHy NTU4Ybero nomeTa — B 16 pas.
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BapuaHTbl onbITa

PucyHok. CoaeprkaHue Moaa B 3e/1IeHHO Macce BUKO-0BCSIHOM cmech, 2024 r.

MaKcMmanbHOe MOBbIWEHME CcoAep’KaHMe MUKpo3NeMeHTa Habawganocb no  ¢GoHy
MUHepanbHoro yaobpeHns — co 120 o 2760 mKr/Kr, To ecTb B 23 pa3a. Heob6xoaMmo oTmMeTUTb, 4To
pacTBOpPbl MoAaTa Kanma oKasaaucb spPpeKTUBHee pacTBOpPOB Moamaa Kanma ot 1,7 no 6 pas B
3aBMCMMOCTM OT BapuaHTa onbiTa. AGCONIOTHLIA MAaKCUMYM coAepXKaHuA Moga B 3e1eHON macce
BMKO-OBCAHOM cMecu cocTaBun 6970 MKr/Kr m 6bin 3apuKcupoBaH B BapuaHTe Ha ¢oHe
MWHEPaNbHOro yA0bpeHMA C MaKCMManbHOWM A03MPOBKOM MoaaTta Kanaumsa (15 Kr/ra).

Takum obpasom, oborauieHne MOAHbIMM PACTBOPAMM OPraHO-MWHEpPanbHbIX YA06peHui
NO3BO/IMIO 3HAYMTENIbHO YAYYLWWUTb KayecTBO 3e/IeHOM MACCbl OAHONETHUX TpaB 3a cyeT
CYLLECTBEHHOTO MOBbIWEHMA COAEpPKAHME HoAa B pacTuTenoHom npoaykumu. CopepikaHue
MWKpPO3/ZIeMEHTa YBENYMAOCh Ha Bcex PpoHax oT 8 fo 23 pa3 B 3aBUCMMOCTU OT 0COBEeHHOCTel
OpraHO-MUHEepanbHOro yaobpeHns n KOHUEHTpaLUMM pacTBOPOB Moanaa U noaata Kanums.

Paboma sbinonHeHa npu noddepxcke 2paHnma Ne 24-16-20021 u3 cpedcmes epaHma PH® u CaHkm-
lemepbypeckozo Hay4yHo20 (hoHOa.

CnucokK nuteparypbl

1. TuHc M. C. 3HayeHWe OBOLLHbIX Ky/JbTyp B KOppPeKkuMn OMOXMMMYECKOro cocTaBa pauMoHa
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2. XvHTanb T. B. Odeduumt Moga u noapedmuntHble 3aboneBaHUA: aKTyanbHOCTb Npobniembl
NPodUNaKTUKM U neveHne B Poccuitckont depepaumn // Terra medica nova. 2010. Neo 1.
C. 25-28.
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