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OBIIAA XAPAKTEPUCTHUKA PABOTbI

KimroueBbie cnoa: [MIC-AHAJIN3, TAXKEJIBIE METAJIJIbI, ®UTOMACCA,
YPHOJIAHAIIA®TBI, JUCTAHLIMOHHOE 30HJIMPOBAHUE, MAIIMHHOE
OBYUYEHUE, ®AKTOPHBIM AHAJIN3, TEXHOTEHHAS MUIPAILIM,
OKOJIOI'NA I'OPOIOB.

Lenb paboTsl — pazpadoTka ' MC-MeToMKN OIICHKH MUTPALIUU TSHKEIBIX METAJIIIOB
yepe3 puromaccy ropoJCKUX HACAKIACHUM.

OOBbeKT ncciaenoBaHus — APEBECHAsE PACTUTEIBHOCTH T. MOJI0Ie4HO.

[IpeameT wucciaenoBaHusi — MTPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTH HAKOILICHUS
Tspkenbix Metamios (Cu, Pb, Mn, Ni, Cr, Ti, Sn) B nuctoBoii 6uomacce.

Mertoapl UcClieIOBaHUS: TUTEPATYPHBINA, CPABHUTEIIBHOTO U CUCTEMHOTO aHaJIu3a,
OnKcaTeNIbHbIM, OMUCATENIbHOW M MapaMeTPUUYECKOM CTATUCTUKH, KapTorpaduyecKui,
MOJIEBOM, CIIEKTPAJIBLHOTO aHAIM3a, MAaTEMAaTUYECKOTO MOJIEIMPOBAHUS, CPABHUTEIBHO-
reorpauyecKuid, UHAYKTUBHBIN U 1€ TyKTUBHBIN.

[lonyyeHHble WTOTM W HX HOBU3HA. lIpensiokeH HHTErpajJbHbIA MOJIXOM,
O0OBEIUHSIOMNN (PYHKITMOHAIIBHOE 30HUPOBAHNE TEPPUTOPHUH (KAaK OCHOBY JJIS aHAIIU3a
IIPOCTPAHCTBEHHON HEOAHOPOJHOCTU pacnpeaeneHuss TM), MeToasl MaTeMaTHYECKON
CTAaTUCTUKU IS BBISBICHUS 3aKOHOMEPHOCTEHN B pactpeaesieHnd TM, THCTaHIHOHHOE
30HMPOBAHUE B KAYECTBE MCXOJHBIX JAHHBIX ISl ONpeAeneHusl (PUTOMACChl, MOJIETU
rJIyOOKOro 0Oy4YeHUusl IJisi ONpEAENICHHUs] BBICOTHI JIEPEBbEB U CETMEHTALIMM KPOH IO
nanabiM J133. TloarBepxknena npumeHuMocts Mojenu HRCH npu onpenenenun
JIpeBecHOM  Omomacchl g OENOPYCCKMX  TOPOJOB,  KJIacCH(pUIIMPOBAHbBI
JI0’KHOMOJIOKUTEIbHBIE PE3YJIbTaThl CETMEHTAlMA M OMMCAaHA METOANKA UX yIAJICHHUS.
OmnpeneneHa TOYHOCTh PadOThI MOJENHM B PA3IMYHBIX (DYHKIIMOHAJIBHBIX 30HAX, I/IE
MaKcUMallbHas HaOJIr0/1aIach B 30HE JKUJIOM MHOTOATaxHOH 3acTpoiiku (I0U = 82.2 %,
MAE BbicoThl = 2.31 M), MmuHuManbsHas B ycaneOHnoi 3oue (IOU = 57.2 %, MAE =
4.05 wm). IlpemyioxeH HOBBIA TOKAa3aTellb O03€JICHEHHOCTH — OTHOIIEHWE CyMMapHOU
mwiomaaun npoekiuu kpoH (IIIK) x miomanu ¢yHkimoHansHOM 30HBL [IpoBenen
(aKTOPHBIN aHAIW3, BRISIBICHBI MpEAToIaracMble HCTOUYHUKK Hakorutenus Pb, Ti, Mn,
Cr: nns CBMHIA TAaKOBBIM SIBIIIIOTCS METAII0O00pa0aThIBAIOIIME MPOMBIILIIEHHBIE
NpEeANpUATAS Ha 3amaje, HaOJII0JAeTCs OCTAaTOYHOE 3arpsi3HEHHE BJOJIb OCHOBHBIX
TpaHCHOPTHBIX oceit; mis Ti, Mn u Cr rimaBHBIM (aKTOPOM MOXKHO CHUHUTATh
HEOZHOPOIHOCTh AJIEMEHTHOTO COCTaBa MOACTHIIAIOIIMX Oopo. Beruncnen o6muii 00bem
nenonrpoBanrs TM B TUCTBE U 00bEM MUTPAIMH C TUCTOBBIM OTAIOM.

PexomeHmannu 1O WCTHOJIB30BAaHUIO  pe3yibTaTOB paboThl. Pe3ynmpTaThi
MCCJIEIOBAHMSI MOTYT OBITh MCIOJB30BaHbI JJIs1 MHTerpauuu AaHHbix J[33 B cucTteMbl
SKOMOHUTOPHUHTIA, ONpeAeseHUs] OMOMAacChl JI€PEBbEB C LENbI0 BBHIYUCICHHUS 00BEMOB
JIETTIOHUPOBAHUsI yriiepoja B jiecax. BosmoxkHo noodyuenue moaenu HRCH nHa manHbIX
oenmopycckoil cuctembl JI33 ¢ Leabl0 MOBBIMIEHUS TOYHOCTH CEIrMEHTALUU KPOH H
oTpesieNieHus BHICOTHI. [IepCeKTUBHBIM SBJISIETCS] UCMOJB30BaHUE MOJENEN TITyOOKOro
oOyueHus1 Al CEMAaHTUYECKOIM CerMEHTAllMU KPOH OT/IEIbHBIX IEPEBHEB U OMPEICICHUS
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UX TOpOAbl HAa OCHOBAaHWUM MaTEPUATIOB a’3pPOPOTOCHEMKH C MPOCTPAHCTBEHHBIM
pazpemienuem 0,01-0,15 m.

Cas13b pabOThI ¢ HAYYHBIMU IIPOrpaMMaMH U TeMamu. JlucceprannonHas padora
BBINIOJTHANACh B pamkax HUP «®akTopHbIN aHanu3 HaKOIUIEHUS TSDKENBIX METAJIOB B
ypOomarnmadTtax (Ha mpumepe ropoaoB JXKadbuaka u boOpyick)y.

TeMa nuccepTaliii COOTBETCTBYET MPUOPUTETHHIM HAIMPABICHUSIM Hay4YHBIX
uccinenoBanuii  PecriyOnmuku  bemapycs Ha 2021-2025 rr. nm. 1 «ludpossie
UH(OPMAIIMOHHO-KOMMYHUKAIIMOHHBIE M MEXKIUCUUIUIMHAPHBIE  TEXHOJIOTHH,
OCHOBaHHbIE Ha HHUX TMPOU3BOJCTBA: AIPOKOCMUYECKHE U T'C€OMH(POPMAIIMOHHBIE
TEXHOJIOTUW.

Mermuukui, M. B. Hayunsie ocHOBbl ['MC-aHann3a HaKOIUICHUS TSKEIIBIX
METAJJIOB B PACTUTEIILHOCTH ropoioB (Ha nmpumepe r. Momoaeuno) / Y. B. Metiurkuii.
— Mumnck, 2025. — C. 58, puc. 22, ta6iu. 11, 48 UCTOYHHKOB.

ATI'YJIBHASI XAPAKTAPBICTBIKA PABOTbDI

KmouaBeis  cmoBel:  ['IC-AHAJII3, ISKKISA METAJIBI, ®ITAMACA,
VPBAJIAHJAIIA®THI, JBICTAHIBIMHAE 3AHJ3IPABAHHE, MAIIIBIHHAE
HABYYAHHE, ®AKTAPHbI AHAJII3, TOXHATEHHAS MIT'PALIBIA.

Mbra paboTsl — pacnparioyka ['TC-MeToabIKi al[PHKI Mirpalibli IHKKIX MeTalay mpas
(iTamacy rapajckix HaCaHKIHHSY.

AOG'exT maciemaBaHHs — JIpayHsIHAs paciiHHACIH . Manan3edna.

[IpanMer nacnenaBaHHsT — MPacTOPaBhisl 3aKaHAMEPHACII Ha3amallBaHHS IISIKKIX
Metanay (Cu, Pb, Mn, Ni, Cr, Ti, Sn) y 6isamace micus.

Meranpl nacienaBaHHS: JITapaTypHbl, NapayHajdbHara 1 cCiCTAOMHara asanizy,
amicajbHBI, amicajabHail 1 TapaMeTphlYHAM CTaTBICTBIKI, KapTarpadidyHbl, MaJsBBbl,
CIeKTpajbHara aHajizy, MaTdoMaTbldHara MajdJigsBaHHs, MMapayHaibHa-TearpagidHbl,
THIYKTBIVHBI 1 IDAYKTHIVHBI.

ATpbpiMaHbI BBIHIKI 1 1X HaBi3Ha. lIpamaHaBaHbl 1HTATpaNbHBI MABIXOJ, SKI
a0'saHOYBae (yHKIbISHATBHAC 3aHIpaBaHHE TAPBITOPBIL (SK ACHOBY IS aHANI3y
mpacTtopaBaid  HeaJgHapoJHacli pa3MmepkaBanHs [[M), Merambpl MaraMaThIuHAM
CTaTBICTBIKI JJIS BBISYJICHHS 3aKkaHaMepHacIsy y pa3MmepkaBaHHi [[M, apictaHibiiiHae
3aH/3IpaBaHHE ¥ SKacll 3bIXOJHBIX JAHBIX JJIS BBI3HAYDHHSA (iTaMacel, Maadi
TJIbIOOKara HaBy4yaHHS JUIsi BBI3HAYDHHS BBIMIBIHI Jp3Y 1 CErMEHTAIbli KPOH.
[Tausepmxana npsiMsHsuIbHacI> Magdni HRCH nipsl BeI3HAUZHHI ApayHsSHAK OisiMachl
U1 OenapycKixX rapajioy, kiacidikaBaHbl MPLITBOPHAAAAATHBIS BBIHIKI CErMEHTAIIbIl 1
armicaHa METOJIbIKA iX BBIIAJICHHS. BbI3HauaHa MakiIaJHAcIb Iparbl MaadJii ¥ PO3HBIX
(GYHKIBISHATBHBIX ~ 30HAX, J3€ MakciMajabHas Hasipajmacs Yy 30HE  IKbUIOH
mmatnaBspxoait 3a0ynoBel (IOU = 82.2 %, MAE Beimibiai = 2.31 M), MiHIMaIbHAS ¥
canz3ibnait 3oue (IOU = 57.2 %, MAE = 4.05 m). IlpananaBanbl HOBBI IaKa34bIK
aszeisHEHAcHl — aaHociHa cymapHai rmiomubl npaekipli kpoH (IITIK) ma rutorrds
¢dbyHkubisiHanbHail 30HBL. [IpaBea3eHbl (akTapHbl aHaii3, BbIAYJIEHbl MEpPKAaBaHBIS
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KpbIHILIBI HazamamBaHHg Pb, Ti, Mn, Cr: g cBiHIly TakiMi 3'syistonia
MeTaaanpaoyybls IPaMbICIOBBIS MPAIIPHIEMCTBBI Ha 3aXa/13€, Ha3ipaela palITKaBae
3a0py>KBaHHE V370K aCHOYHBIX TpaHcHapTHbIX Bocay; mig Ti, Mn 1 Cr ragoyHbim
(dhakTapaM MOHA JTIYBIIh HEATHAPOIHACIIH dJIEMEHTHATa CKJIaay M CIiIal0YbIX Tapo/I.
Brutivansl aryneHbl a0'éM mgananipaBands [[M y mictome 1 a6'éM Mirpampbli 3 JicTaBbIM
amasam.

PakxamMenanpli 11a BEIKaphICTaHHI BBIHIKAY pa®oThl. BeIHIKI JaciaeaBaHHS MOTYIlb
ObILIb BBIKAPBICTAHBI JUIsl 1HTATpalbll JaHbix JI33 y cicTAMbl AKaMaHITOPBIHTY,
BBI3HAUDHHS OisIMachl Ip3y 3 MITall BBUIIUAHHS a0'éMay Id3maHipaBaHHS BYIISAPOIY ¥
nsicax. MarusiMa nanaBydanne mMamim HRCH wa manerx Gemapyckaii cictambr (33 3
MATal MaBBIIPHHS JIaKJIaJHACI[l CETMEHTAIlbll KPOH 1 BBI3HAYDHHS BBIIIbIHI.
[lepcniekThIyHBIM 3'syJI€lla BBIKAPBICTAHHE MAJadJIAy Tibl0OKara HaBy4YaHHS JUIS
CEMaHTBhIUHAN CErMEHTAIlbll KPOH aCOOHBIX JP3VY 1 BBI3HAUDHHS 1X TApOJIbl HA IMaJICTABE
MaTaIpbisiay aspadoTasibIMKi 3 mpactopaBbiM na3Bosiam 0,01-0,15 m.

CyBs3b paO0ThI 3 HABYKOBBIMI Iiparpamami 1 TaMami. JlpicepTalipiitnas pabota Oblia
BbikaHaHa ¥ pamkax HJIP "®dakrapHbel aHani3 HazamaliBaHHS IIDKKIX MeTanay Ba
Vpbananamadrax (Ha npbeikianze rapanoy Kabdinka i badpyiick)".

Toma  geiceprambli  aamaBsae  OPBIAPBITITHBIM — HallpaMKaM — HAaBYKOBBIX
nacnenaBansy Pacmy6niki benapycs na 2021-2025 rr. n. 1 "Jliu6aBsis iHpapmarlibiiiHa-
KaMyHIKaIbIMHBIA 1 MIKIBICIIBITUTIHAPHBIS TIXHAJIOT11, 3aCHaBaHbIS Ha 1X BBITBOPYACIII:
a’paKacMIYHBIS 1 reaiH(apManbIiHbIS TIXHATIOT1'".

Mstniuki, [. B. HaBykoBbis acHoBbl ['IC-anainizy HazanamBaHHS [SDKKIX MeTaIay y
paciiHHacIi rapaaoy (Ha npeikiaaze r. Mananzeuna) / . B. Mstminki. — Minck, 2025. —
C. 58, man. 22, Ta6x. 11, 48 kpbIHilI.

GENERAL DESCRIPTION OF THE WORK

Keywords: GIS ANALYSIS, HEAVY METALS, PHYTOMASS, URBAN
LANDSCAPES, REMOTE SENSING, MACHINE LEARNING, FACTOR
ANALYSIS, TECHNOGENIC MIGRATION, URBAN ECOLOGY.

The aim of the work is to develop a GIS methodology for assessing the migration of
heavy metals through the phytomass of urban plantings.

The object of the study is woody vegetation of Molodechno.

The subject of the study is spatial patterns of accumulation of heavy metals (Cu, Pb,
Mn, Ni, Cr, Ti, Sn) in leaf biomass.

Research methods: literary, comparative and system analysis, descriptive,
descriptive and parametric statistics, cartographic, field, spectral analysis, mathematical
modeling, comparative geographical, inductive and deductive.

The obtained results and novelty. An integrated approach has been proposed,
combining functional zoning of the territory (as a basis for analyzing the spatial
heterogeneity of heavy metal (HM) distribution), mathematical statistics methods for
identifying patterns in HM distribution, remote sensing as source data for determining
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phytomass, and deep learning models for determining tree height and crown segmentation
using remote sensing data. The applicability of the HRCH model for determining woody
biomass in Belarusian cities was confirmed; false positive segmentation results were
classified and a methodology for their removal was described. The accuracy of the
model's operation in various functional zones was determined, with the maximum
observed in the multi-story residential zone (IOU = 82.2 %, Height MAE = 2.31 m) and
the minimum in the cottage/estate development zone (10U =57.2 %, MAE = 4.05 m). A
new greenness indicator was proposed — the ratio of the total crown projection area (CPA)
to the functional zone area. Factor analysis was conducted, identifying the presumed
sources of accumulation for Pb, Ti, Mn, Cr: for lead, these are metalworking industrial
enterprises in the west, with residual pollution observed along major transport axes; for
Ti, Mn, and Cr, the main factor is considered to be the heterogeneity of the elemental
composition of the underlying rocks. The total volume of HM deposition in foliage and
the volume of migration with leaf litter were calculated.

Recommendations for using the results. The research results can be used for
integrating ERS data into environmental monitoring systems and determining tree
biomass for calculating carbon deposition volumes in forests. It is possible to fine-tune
the HRCH model on data from the Belarusian ERS system to improve the accuracy of
crown segmentation and height determination. A promising direction is the use of deep
learning models for the semantic segmentation of individual tree crowns and
determination of their species based on aerial photography materials with a spatial
resolution of 0.01-0.15 m.

Connection of the work with scientific programs and topics. The dissertation work
was carried out within the framework of the research project "Factor analysis of heavy
metal accumulation in urban landscapes (case studies of the cities of Zhabinka and
Babruysk)".

The dissertation topic corresponds to the priority areas of scientific research of the
Republic of Belarus for 20212025, section 1: "Digital information and communication
and interdisciplinary technologies, production based on them: aerospace and
geoinformation technologies".

Metlitsky, 1. V. (2025). Scientific foundations of GIS analysis of heavy metal
accumulation in urban vegetation (case study of Molodechno city). / I. V. Metlitsky —
Minsk. 58 pp., 22 figs., 11 tables, 48 sources.



