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Pedepar:

1. Y nuceprauii po3risganTbCs MUTAHHS MO0 3aCTOCYBAHHS 0€3MIJIOTHUX JIiTaJIbHUX TEXHOJIOTIH, OIITUYHOI
31IOMKM Ta CTEPEOrPAMMETPUYHMX METO/IB 171 iHBEHTapu3allii COCHOBUX HacaJKeHb Ha TEPUTOPIi YKpaiHu.
Jucepralis NpUCBIY€HA MOIYKY ONTUMAJIbHUX [IapaMeTPiB IUCTAaHLIMHOI 3IOMKY, 110 AAAyTh 3MOTYy BUKOHYBaTU
HaMOiIbII TOYHE OLiHIOBaHHS TaKCALiMHUX [TOKAa3HUKIB COCHOBUX HACaJpKEHb Cy4aCHUMU MeTogamu. Takox
PO3IJISIIAETBCS IMTAHHS 3aCTOCYBAHHS TEXHOJIOTI] NUCTAHLIMHOI 3MOMKU [IJ1s1 BU3HAYEHHS TaKCALIHNX [TIOKa3HUKIB
IlepeBOCTaHiB, BKIIOYHO 3i CTOBOYPOBUM 3aIlacOM AEPEBUHU Ta KOMIIOHEHTIB ¢diTomacu. HacamkeHHs cocHU
3BMYAIHOI 3a/iMalOTh TPETUHY IJIOLi JlicoBoro GpoHay YkpaiHu. BOHU MaloTh BaXXJIMBE €KOJIOTiYHE Ta EKOHOMIYHe
3HQUEHHS Y JIOKAJILHOMY PETriOHaJIbHOMY Ta [J106aJIbHOMY MacmTabax. 3a JaHuMU Jlep>KaBHOTO areHTCTBA JIiCOBUX
pecypciB Ykpainu (JAJIPY) 3arasipHa 1101a COCHOBUX JiiciB ctanoM Ha 2019 pik ctaHOBUTS 2,3 MJIH ra. 36ip

indopmauii po Jicu Ha TaKUx 3HAYHUX TEPUTOPISIX Ta iXHE KOMILJIEKCHE OLiHIOBAaHHS JOCUTb TPYIOMICTKI ITponecy.



HasBuicTs Ha TepuTopii YKpaiHu 3emesb 3a0pyJHEHUMH PAliOHYKIIilaMH, @ TAKOXK BUOYXOHEOe3eYHUMU
IIpeJMeTaMU BHACJIIOK BiliHM CTBOPIOE 3arpo3y AJisl IepCOHaY, 110 Oyie BUKOHYBATH OLIiHIOBaHHS TaKCaLiltHUX
[TIOKAa3HMKIB COCHOBUX HACaJI)K€Hb Ha TAKUX JiJISIHKaX. Y IbOMY BUIIAJKYy IUCTAHLIMHA CTEPEOrPaMMETPUYHA
311OMKa MO>XXe OyTYU BaKJIMBMM iHCTPYMEHTOM OTPUMaHHS iH(opMalii po jicoBi HacampKeHHs. JJaHi IUCTaHLIiHOTO
30HIyBaHHS 3eMJIi IIMPOKO 3aCTOCOBYIOTHCS [1JIs1 OLiHIOBAaHHS IIOKA3HMUKIB JIiCOBUX HacaKeHb, a 300pa>keHHs],
OTPUMaHi 3 6e3MiJIOTHUX JIiTaJIbHUX alapaTiB B ONTUYHOMY Jialla3oHi, Ta METOU CTepeorpaMMeTpii J03BOJISIOTh
OTPMMYBATH KOMIUIEKCHI, JOCTOBIPHIi Ta akTyaJsbHi JaHi PO CTaH JIiCiB. Y Jucepralii pO3IJIsHyTO iCTOPUYHI
[epesyMOBU PO3BUTKY METOIB AMCTAaHLiIMHOI 3IOMKU B JIICOBOMY T'OCIIOJAPCTBi. PO3IJIsIHYTO nepeBaru Ta HeJgoIiKu
3aCTOCYBAHHS TaKUX CUCTEM Ha Pi3HUX PiBHSX. Y KOHTEKCTi 3aCTOCYBaHHS O€3IiJIOTHUX JITaJIbHUX TEXHOJIOTii
PO3IJISIHYTO OCOOJIMBOCTI CUCTEM 17151 300PY aHUX JIiCOBUX eKocucTeM. [IpoaHanizoBaHo NOMMPEHi METOAU
nemnppyBaHHsS OKPEMUX AEPEB Y HACAIPKEHHI Ta MOKJIMBOCTI BCTAHOBJIEHHS IXHIX TaKCcalilHMX NOKa3HUKIB. Takox
POS3IJISIHYTO OCHOBHI MiAX0OAY 0 MOJIEJIIOBAHHS TAKCALIMHMX [TOKA3HUKIB HACA/IKEHb, SIKi BAKOPUCTOBYIOTh aHi
IemndpyBaHHsS OKPEMUX JAEPeB Y HACAIPKEHHi abo 3aCTOCOBYIOTH JaHi po3nofiny ungpoBux Mojesell HaMeTy Ta
IIPaLIOI0Th Ha OCHOBI Ji/ITHKOBOTO MigX04y. ABTOP HaroJolye Ha NoTpebi MakCMMasbHOI L poBi3aliii
HOPMAaTUBHO-/IOBIIKOBUX MaTepiasiB Ta JaHNX Ha3eMHoi Takcauii. Y 1ociiKeHHi BUKOpHUCTaHO 58 MPOOHUX 101
IIPUPOJHUX i INTYYHUX HACAIKEHb COCHU 3BUYAHOI, 110 3HaXOAThCS Ha TepruTopii HOpHOOUIBCHKOI 30HU
Bij4y>KeHHS. BUXinHMMU MaTepiasaMy IUCTaHLIMHOI CTePeOrpaMMETPUYHOI 3MIOMKH CJIYTYBaJIM CTBOPEHI PaCTPOBi
300paKeHHS UM(PPOBUX MOl HAMETY, 10 NPEACTABJISIIA TPUBAMIPHY CTPYKTYPY LOCJII)KYBaHUX HACA/IKEHb.
JlepeBa y HacaJpKeHHi ieHTU()IKOBAHO 3a JOTIOMOro0 (YHKIi OIIYKY JOKAJIbHUX MAKCUMYMIB y IaKeTi
«ForestTools», peanizoBaHoMy B MOBi lporpamyBaHHs R. ¥V mociimpkeHHi po3IriisiHyTo, sIKi IOKa3HUKU IPOCTOPOBOTO
PO3pi3HEHHS Ta IEPEKPUTTS 300pakeHb (10 3MiHIOIOTbCS 3aJI€5KHO BiJl BUCOTH Ta iHTEPBAJy 3IOMKM) 1aBaTUMYTh
3MOTy OJlep>KyBaTH TOUYHE BU3HAUYEHHS TaKCallitHMX MTOKa3HUKIB COCHOBUX HAacaJKeHb. [1715 11bOT0 IPOBEIEHO
IUCTAHLiNMHY 3MOMKY JOCJIiIHOTO MOJIiIrOHY Ha TPbOX PiBHSX BUCOTHU i IEPEKPUTTS, BHACJIIIOK YOTO OTPUMAHO
IleB’aTb KOMOiHallill HabOPiB 306pa>keHb, SIKi Aai 06pobIsiancs PoTorpaMMEeTPUYHUMU MeToaMu. PesybTaTu
MOJI€JIIOBAaHHS TaKCalilHMX MIOKa3HUKIB BKa3ylOTh HA MOSKJIMBICTb YCIIIIHOTO 3aCTOCYBAHHS JAHMX NUCTAHLIMHOI
3MIOMKH [1JIs1 BCTAaHOBJIEHHS TaKUX [NOKA3HUKIB: KiJIbKOCTI IE€PEB, 110 3alIMAIOTh BEPXHE IOJIOKEHHS Y HACAIPKEHHI;
cepenHbOi BUCOTH, AiaMeTpa, CyMU IOl II0IIepevyHUX [1IepepisiB, BifHOCHOI IOBHOTH, 3amacy CTOBOYpIB
HacampKeHHd. OLiHIOBaHHSA TaKCalLilHUX [IOKa3HMKIB €PEBOCTaHIB MOKHA YCIIIIIHO BUKOHYBATH i3 3aCTOCYBAaHHAIM
JAHUX CTAaTUCTUYHOTO pO3NoAiny uudpoBoi Mojesli HaMETy Ta JaHUX JemudpyBaHHs AepeB. [IOpiBHSIHHS LIMX ABOX
IiAXOMiB 1O MOZEIOBAHHS BKa3ye Ha BiICYTHICTb 3HAYHOI [1IepeBary 3aCTOCYBaHHS METOy, 110 ependavyae
IemndpyBaHHs [epeB y HACAKeHHI. BinxnuieHHs: MK eMIIipUYHUMMU IIOKa3HUKaMU, BCTAHOBJIEHUMU 32
pe3yJbTaTaMu Ha3eMHOTO 00JIiKY i 3MOZI€/IbOBAHUMHU 32 JAHMMU OUCTAHLINHO] 31IOMKH, 3MEHIIYETHCSI AJ15
IlepeBOCTaHiB i3 BimHOCHOIO OBHOTOIO 6inbuioio 0,4. OniHeHi 10XnbKY Jisl IepeBOCTaHiB i3 BiAHOCHOIO TOBHOTOIO
0,4 i HMX4Ye BKa3yIOTh Ha HEOOXiIHICTb BpaXyBaHHsI 11bOr'0 IIOKa3HUKA Ta NTOTPeOy BCTAHOBJIEHHS 3IMKHYTOCTI

HacaJ)KEHHS 3a pe3yJibTaTaMu Aemn@pyBaHHs abo X KoedillieHTa Bapialii LugppoBoi MOAEi HAMETY.

2. The dissertation examines a range of issues related to the application of unmanned aerial vehicle (UAV)
technology, optical imaging, and stereophotogrammetry methods for the inventory of pine stands in Ukraine. The
dissertation was prepared to find the optimal parameters for remote sensing that will enable the most accurate
mensuration of pine stand parameters. It also discusses the use of remote sensing methods for the assessment of
mensuration parameters of forest stands, stand volume, and the volume of biomass components. In Ukraine, a
considerable portion of forests comprises Scots pine stands, which hold important ecological and economic
impacts within the country and globally. According to the State Forest Resources Agency, the total area of Scots
pine forests in 2019 was 2.3 million hectares. Data collection information about forests and their comprehensive
assessment of such an extensive territory is a very time-consuming process. The presence of areas contaminated
with radioactive elements and hazardous remnants of objects from war poses a danger to personnel during pine
stand mensuration on such territories. In such cases, remote photogrammetric data can be an important source of
information about forest stands. Remote sensing data are widely used for forest mensuration, and optical images
obtained from unmanned aerial vehicles and photogrammetry methods give a possibility for obtaining adequate,



objective, and current data on forests. The dissertation considered the historical background of implementing
remote sensing methods in forestry. An overview of the systems used to obtain information about forest
ecosystems, and their advantages and disadvantages have been discussed. Considered were the specific features of
data collection systems that apply to using unmanned aerial technologies. Analyzed the widely distributed
methods of detecting individual trees in stands and the possibilities of measuring their characteristics. In addition,
analyzed the main methods for modeling forest stands characteristics which can use individual tree detection data
in a stand or area-based approach. The author emphasizes the need for maximum digitization of the reference
base and groundbased forest inventory data. The study used 58 sample plots of natural and artificial strands of
Scots pine in the Chornobyl exclusion zone. Raster images of digital canopy height models were created from the
remote stereophotogrammetry survey data, which represented the three-dimensional structure of the measured
stands. Individual tree detection was performed using the local maximum search function in the «ForestTools»
package implemented in the R programming language. The study considered which parameters of spatial
resolution and image overlap (which vary depending on the flight height and photo interval) would allow for
accurate measurement of forest stand characteristics in pine forests. For this purpose, a study polygon was UAV
data collected at three different flight heights and overlaps, resulting in nine combinations of image sets that were
after processed using photogrammetric methods. The results of modeling forest stand characteristics indicate the
possibility of successful application of UAV remote sensing data for prediction of the number of dominant trees in
plots, average height, diameter, basal area, relative stocking, and stand volume. Mensuration of Scots pine forest
stands parameters can be successfully performed using statistical distribution data of the CHM and individual tree
detection data. A comparison of two approaches to modeling Scots pine forest stand characteristics indicates no
preference for using a method that requires individual tree detection in the stand. For stands with relative
stocking of more than 0.4, the difference between observed and predicted stand characteristics was not
significant. Therefore, it can be concluded that for the assessment of Scots pine forest stand characteristics, data
from the statistical distribution of the canopy heights model and individual tree detection data can be successfully
used. The estimated errors between predicted and observed stand characteristics with a relative stocking of 0.4 or
lower indicate the necessity to allow this parameter, which can be taken into account using crown projection area
coefficient of individual tree detection data or coefficient of variation of canopy height model.
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