MHUHUCTEPCTBO OBPA30OBAHUSA PECITYBJIMKHU BEJIAPYCb
BEJIOPYCCKHWIM T'OCYJAPCTBEHHBI YHUBEPCUTET
BUOJOT'MYECKAUN ®AKYJIBTET
Kadenpa kinerounoii 6mo10rum 1 OMOMHKEHEPUH PACTEHUH

HE/I3bBE/Ib Makcum AnexkcanapoBud

JIMATHOCTHKA HAPYIIEHUM A30THOI'O IIUTAHUSI
IMPOPOCTKOB IIIEHUIIBI HA OCHOBE RGB N30BPAKEHUI
JIMCTBHEB
JlutimomHuas pabota

Hayunslii pykoBOauTENb:

[Tamxo HOpuit KoncrtantnHOBMY,
JIOKTOP C.-X. HayK, nmpodeccop
HayuHb1i1 KOHCYIBTAHT:
Oununuosa ['anuua ['puropreBHa,
KaHJl. OMOJI. HAYK, IOIEHT

JlonyiieHa K 3amure

«_» 20 r.
3aB. xkadenpoit KIeTOYHOM OMOJIOTHHN 1 OMOUHKEHEPUH PACTECHUHN
O.I'. SkoBen

KaHIUJAT OMOJOTUYECKUX HAYK, TOIEHT

MuHck, 2025



PE®EPAT

Junnomuas padota 58 c., 23 puc., 2 Tabi., 68 HCTOYHUKOB.

OEHOMUKA, BUOCHUHTE3 XJIOPOD®UIUIA, ABOTHOE IITMTAHUE,
A30THBIM CTPECC, IIBET PACTEHUM, TUIIEPCIIEKTPAJILHBIE
N30BPAXEHUSA, CIIEKTPOOOTOMETPUA

B kadectBe 0OBEKTa HCCIEIOBAaHUS OBLUIM MCHOJIB30BaHbl MPOPOCTKU
NIIEHUIBI U U300paKeHHs TPOPOCTKOB MILIEHHUIIBI, TTOJIy4eHHbIE ¢ momoinbio RGB
Y TUIIEPCIEKTPAIIBHON KaMep.

[{ens paGOTHI: OIIEHKA HAPYIIICHUI a30THOTO TUTAHUS TIPOPOCTKOB MIITEHHUITBI
10 U300paKEHUSIM JINCTHEB, MOTYUYEHHBIM ¢ Tomoinbio RGB u runepcnekrpanbHoOi
Kamep.

MeToauku  HWCCEAOBaHUA:  CIEKTPOPOTOMETPUUYECKOE  HUCCIEIOBAHUE
cozepkanusi (POTOCUHTETUUECKUX MUTMEHTOB, TUIIEPCIIEKTPAJIbHAS BU3yaTU3aIIHs
MIPOPOCTKOB MIIIEHUIIBI, 00padoTKa 1 aHanu3 RGB-u300paxkenuii.

OOHapyXeHO, 4YTO aHAIU3  M300paXeHUW C  JOMOJHUTEIbHBIMU
WH()OPMAITMOHHBIMA KaHaJaMU TI03BOJIET BBISIBISTH CTPECCOBBIE COCTOSHUSA Y
MPOPOCTKOB TIIEHUIIbI, BbI3BaHHbIE ACHUIIMTOM MHUTATEIBHBIX 3JIEMEHTOB (B
YAaCTHOCTH, a3oTa), emeé 10 TOSBICHUS BHUJIUMBIX IJIa30M CHUMIITOMOB.
CrnexTpanpHbIe XapaKTEPUCTUKH JTEMOHCTPUPYIOT 3HAUNMbIE N3MEHEHUS B 3€TIEHON
U CHHEW o001acTsIX cheKTpa, NpUuuéM HHTCHCHUBHOCTH OTPAXEHUS B 3€JIEHOM
JMana3oHe MpsMO KOPPETUPYET C YPOBHEM a30THOTO MUTAHUS, YTO 0OYCIIOBJICHO
€ro KJIF0OYEBOM POJIbIO B CUHTE3€ XJIopoduia.

AHaJIU3 TUTEPCICKPAIBHBIX HM300PAKEHUI W METOJIbl PEKOHCTPYKIIUU
CHEKTPAJIIbHBIX  XapaKTEPUCTHUK TOKa3aldu YETKYK 3aBUCUMOCTb  MEXIY
coJiep>kaHreM (POTOCMHTETUUYECKUX MMMTMEHTOB HA €AMHUITY OMOMACCHI M CTENEHBIO
a30THOTO JeduiuTa.

[Tonydyennsle  pe3ynbTaThl  CBHUJAETEJIBCTBYIOT O  NEPCHEKTUBHOCTH
pa3pabOTKX HEMHBA3UBHBIX CUCTEM MOHUTOPUHTA (PU3HOJOTHYECKOTO COCTOSIHUS
CEIIbCKOXO3SIMICTBEHHBIX KYyJIbTYp Ha ocHoBe RGB wu runepcnekTpalbHBIX
U300paKEHUA.



PODEPAT

Heimmomnas padota 58 c., 23 mair., 2 tabim., 68 KpbIHiIL.

OEHOMIKA, BISICIHTO3 XJIAPADUITY, ASOTHAE XAPUYABAHHE,
A30THbI CTPOC, KOJIEP PACJIIH, TI'IIEPCIIEKTPAJIbHbBIA BBbIABEI,
CHHEKTPA®OTAMETPbIA

VY skacmi ab'ekta maciemaBaHHS OBLII BBIKAPBICTAHBI BBISBBI MPAPOCTKAY
NIIaHIIbI, aTPBIMAHBIA 3 JJallaMorail KajasipoBail 1 rinepcrnexkTpaibHail Kamep.

Mbra mpanpl: anpHKa MapyHIdHHSIY a30THara XapyaBaHHS IpapocTKay
NIIaHIel A MaJIOHKaX JICls, AaTpbIMaHbIM 3 JlaliaMorail  KamspoBaid 1
rinepcreKkTpaibHail Kamep.

MeTtoapiki AacneaaBaHHs: CIEKTpadaToOMEeTphIuHAE JAcieIaBaHHE 3MECTY
(GOTaCIHTATHIYHBIX TITMEHTAY, THUIIEPCIEKTpaIbHas Bi3yali3alblsl MPapOCTKay
MIIaHIIkL, arpanoyka i ananiz RGB-mamonkay.

Boeiaynena, mrTo aHami3 MalOHKAY 3 JaJaTKOBbIMI 1H(apMalbIiiHBIMI
KaHaJlaMl Ja3Bajii€ BBIAYISIb CTPICaBbI CTaHy Y MPapoCTKay MIIAHILI,
BBIKJIIKaHbISA J3(IUbITAM MMAKBIYHBIX 3JeMEHTay (y MpbhIBaTHACL, a30TYy), SIIYd 12
3'ayiaeHHss 0auHbIX BOoKaM cimMnToMay. CHEeKTpajbHBIA  XapaKTapbICTBIKI
JAMaHCTPYIOIb 3HAUHBIS 3MEHBI ¥ 3sUI€Hal 1 ClHAN abnacisX CHEKTpy a3oTHara
XapyaBaHHsI, IITO a0yMOYJIeHa Sro KJIF0YaBOM poJisiid y ClHTI3e XJapadina.

AHani3 runepcnekpaibHbIX ~ MaJIOHKAy 1 MeTajbl PIKAHCTPYKIBII
CHEKTPAJIBHBIX XapaKTapbICTHIK IaKa3ajl BhIPA3HYIO 3alieXkKHAcllb MaMiX 3MecTam
(bOTaCIHTATHIYHBIX MITMEHTAY Ha aJI31HKY O1sIMachl 1 CTYIIEHHIO a30THAra J3(IrpITy.

ATpbIMaHblg BBIHIKI CBeqYallb a0 MEpPCHeKTHIYHACIl  pacmparoyki
HEIHBa31yHBIX CICTAM MAaHITOPBIHTY (hi3isariuHara CTaHy CelibcKarachaaapybixX
KyJbTyp Ha acHoBe RGB 1 rinepcriekTpanbHbIX BbISY.



SUMMARY

Thesis 58 pages, 23 figures, 2 tables, 68 sources.

PHENOMICS, @ CHLOROPHYLL  BIOSYNTHESIS, NITROGEN
NUTRITION, NITROGEN STRESS, PLANT COLOR, HYPERSPECTRAL
IMAGING, SPECTROPHOTOMETRY

The object of the study was images of wheat seedlings obtained using color
and hyperspectral cameras.

The purpose of this study was to assess nitrogen nutrition disorders in wheat
seedlings based on images of leaves obtained using color and hyperspectral cameras.

Research methods: spectrophotometric analysis of photosynthetic pigment
content, hyperspectral imaging of wheat seedlings, processing and analysis of RGB
images.

It was found that image analysis with additional information channels allows
the detection of stress conditions in wheat seedlings caused by a deficiency of
nutrients (in particular, nitrogen) even before the appearance of visible symptoms.
Spectral characteristics show significant changes in the green and blue regions of
the spectrum, with the intensity of reflection in the green range directly correlating
with the level of nitrogen nutrition, which is due to its key role in chlorophyll
synthesis.

Analysis of hyperspectral images and methods for reconstructing spectral
characteristics showed a clear relationship between the content of photosynthetic
pigments per unit of biomass and the degree of nitrogen deficiency.

The results obtained indicate the promise of developing non-invasive systems
for monitoring the physiological state of agricultural crops based on RGB and
hyperspectral images.



