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MartemaTnyeckoe MoJeTUPOBaHUE IS POrHO3MPOBAHUS COCTOSIHUS MPUOPEKHBIX CUCTEM
HAa OCHOBE CIYTHUKOBBLIX CHUMKOB

Annoranusi: B npuOpexseix cucremax lOra Poccuu mocTosHHO JEHCTBYIOT OMOTHUYECKHE, OHOJIOrHYECKHE
W aHTpOHOreHHble (QakTopsl. [3-3a 3TOro BO3HHMKaeT HEOOXOJMMOCTh pPa3pabOTKH  HECTAlMOHAPHBIX
IPOCTPAHCTBEHHO-HEOTHOPOIHBIX B3aUMOCBS3aHHBIX MAaTEMaTHYECKUX MOMENCH Ui MOJACIHPOBAHUS Pa3IHIHBIX
CIIEHapHeB pa3BUTHS OMOJIOTMYECKUX U IeO(HU3NYECKUX IIPOIIECCOB B MPUOPEKHBIX cucTeMax. /it mpakTHYeCKoro
UCIIOJIb30BAaHMSI MaTeMaTHUECKUX MOJIENIeH CYIIecTByeT npobiiema, CBsi3aHHas ¢ 00ecrieueHHeM peabHBIX BXOIHBIX
MAHHBIX (TpaHWYHBIC YCIOBWA, HAayalbHBIE YCIOBUA) W wuHpOpManued 00 QyHKIUAX-UCTOUHMKAX. JlaHHas
uHGOpPMaLUs MOXET OBITH ITOJyYeHA ¢ MOMOINBIO TAaHHBIX, NMOJTYYCHHBIX OT KOCMHYECKUX ammaparos. [loaTomy
BO3HHUKAET 3aJlaua NACHTU(UKALINN Ha CHUMKaX BOJIOEMOB (PUTOINIAHKTOHHBIX MOITYJISIIIUN, UMEIOIINX, KaK IPaBUIIo,
ISTHHCTYIO CTPYKTYPY, IIPH MaJIOM KOHTpPAacTe H300pakeHHH 110 OTHOIICHUIO K (JOHY, a TAK)Ke ONPEAEIICHUE TPaHHILl
UX PACIIOJIOKEHHSL.

B pabotre mpencraBmeH pa3pabOTaHHBIN NPOTPAMMHO-aJITOPUTMHYCCKIH WHCTPYMEHTAPHH pacro3HaBaHUSA
KOCMHYECKHX CHHMKOB, OCHOBAaHHBIi Ha KOMOWHAI[MM METOJOB — JIOKAIbHBIX OMHApHBIX I1abioHOB (LBP)
U TEXHOJIOTUH HEUPOHHBIX CETEH, OPUCHTUPOBAHHBIA HA MOCIEAYIOIUN BBOJ IOJYYCHHBIX HA4YaJIbHBIX YCIOBHM
JUTS 3312491 TUHAMHKY (DPUTOIIIAaHKTOHA B MaTeMaTHYECKYIO MOozienb. B mpomecce paboTsl, 00parmasch K KOCMHYECKAM
CHMMKaM, KOTOpPBIE IO3BOJIAIOT IOJNYYHTh COCTOSHHE NPUOPENKHBIX CHCTEM C BBICOKOH TOYHOCTBIO, BHOCATCS
HayanbHbIE YCJIOBHS B MaTeMaTHUYEeCKyl0 (KOMIBIOTEPHYIO) MOJelb. Mojenb aHaIu3upyeT AaHHBIE CIIyTHHKOBBIX
M300paKeHUH 1 ONPE/IeIIeT YPOBHHU «3arpsi3HEHUs», 00pa30BaHUE 30H 3aMOPOB U APYTrHe GPaKTOPHI, KOTOPBIE MOTYT
yrpoxats npupoje. C moMOIIbI0 3TOM MOJENIH MOXHO IPEACKa3bIBaTh BO3MOXKHBIC M3MEHEHUS B MPHOPEKHBIX
IKOCHCTEMaxX M pa3padaThiBaTh CTPAaTETHMM MO WX 3amuTe. [lomydeHHble pe3ysbTaThl MO3BOJISIIOT CYIIECTBEHHO
COKpaTUTh BpeMs IPOrHocTHdeckux pacyeToB (Ha 20-30%) M MOBBICUTH BEPOSTHOCTH 3a0JIarOBPEMEHHOIO
oOHapy)XeHHsT HEOJIAaroNpUsTHBIX M OMNACHBIX SBJICHWH, TAKMX KaK WHTEHCHBHOE «IIBETCHHE» BOJHOI Cpelsl
U 00pa30BaHye 30H 3aMOPOB B IPUOPEIKHBIX CHCTEMAX.
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Abstract: The biotic, biological and anthropogenic factors are permanently affecting the coastal ecosystems
in the south of Russia. Thus, there arises a need to develop the non-stationary spatially-heterogeneous interrelated
mathematical models to simulate the various scenarios of biological and geophysical process development within
the coastal ecosystems. The practical application of the mathematical models is hindered by the problem of provision
the real input data (boundary conditions, initial conditions) and the information about the source functions.
This information can be received from the spacecrafts. Therefore, there arises a problem of identifying
the phytoplankton populations on the water body images, which have, as a rule, a speckle pattern with low contrast
relative to the background, as well as determining their boundaries.

The paper presents a developed software-algorithmic toolkit for space image recognition based on a combination
of methods — local binary patterns (LBP) and neural network technologies designated for the subsequent insertion
of the obtained initial conditions of the phytoplankton dynamics problem to a mathematical model. During
the research, the satellite images, which enable getting the highly accurate information about the state of coastal
ecosystems, have been referred to, the initial conditions have been inserted into the mathematical (computer) model.
The model have analyzed the satellite image data and determined the levels of “pollution,” formation of fish-Kill zones
and other factors threatening the nature. Using this model, possible changes in the coastal ecosystems can be forecasted
and strategies for protecting thereof can be developed. The results obtained make it possible to significantly reduce
the time of forecast calculations (by 20-30%) and increase the probability of early detection of unfavourable
and hazardous phenomena, such as intense “blooming” of the aquatic environment and formation of fish-kill zones
in the coastal ecosystems.



