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YEAR-TO-YEAR VARIABILITY OF FULL BLOOM DATES FOR MULTIPLE TREE
SPECIES IN THE INSTITUTE FOR NATURE STUDY, TOKYO

Nagai S.!, Endo T.?

I Research Institute for Global Change, Japan Agency for Marine-Earth Science and Technology,
Yokohama, nagais@jamstec.go.jp;

? Institute for Nature Study, National Museum of Nature and Science, Tokyo.

Abstract. To deepen our understanding of consistency of flowering phenology among multiple tree
species, we examined the year-to-year variability of full bloom dates for multiple tree species in
Japanese botanical garden.

Keywords: botanical garden, full bloom, long-term data, natural forest, phenology observation,
Tokyo, tree.
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MPUMEHEHHUE METOJ0B TEOMH®OPMALIUOHHOT' O
MOJEJUPOBAHMS JJISI U3YUYEHUSI MPOCTPAHCTBEHHOM
CTPYKTYPbI PACTUTEJBHOI'O IOKPOBA OPYJITAHCKOM
CPEJHETOPHO JAHIIIA®THOI MTPOBUHIINN
(CEBEPO-BOCTOUYHAS SIKYTHSI)

3axapoB M.W.'*, Uepocos M.M.?, Tpoesa E.1.2, I'anans C.!3
"YIEH CB®YV, r. SIxyTck, moisei.zakharov@etu.univ-amu.ft,
2UBIIK CO PAH, r. fIkyTck, cherosov@mail.ru, troeva.e@gmail.com,
3 VYuusepcurer Jxc-Mapcenb, UMR ESPACE CNRS, r. Dkc-an-IIpoBanc, ®pannusi,
sebastien.gadal@univ-amu.fr

AHHOmayua. Hzyuena npocmpanHcmeenHass CmpYKmypd pacmumenbH020 NOKPO8d OOHOU U3
6b1COK020pHbIX Aanouagpmueix nposunyuti Cesepo-Bocmounou Axymuu. C nomowpio memooos
aHanu3a OaHHsIX OUCMAHYUOHHO20 30HOUPOBanUsl 3eMIu U 2e0UHPOPMAYUOHHO20 MOOETUPOBAHUS,
BKIIOYAIOWUX TAKIICE U MemOoObl MAUWMUHHO20 00VYeHUs, ObL1o 6bloeneHo 9 2e000maHuvecKux
Kapmupyemulx — noopasoeieHull, KOmopuvle NO36ONUNU  NOCMPOUMs U NPOAHANUSUPOBAMb
2eobomanudeckyro kapmy macumaéba 1.:100 000.

Kntouesvie cnosa: [Ipocmparncmeennas cmpykmypa, eeoungopmayuonnoe mooearupogarue, /[/[33,
pacmumesibHbulli NOKPOS.

Ilenb nmaHHOW myONMKAIMM — HW3YyYUTh OCOOEHHOCTH MPOCTPAHCTBEHHOM
CTPYKTYPbI pacTuTellbHOCTH OpyJITaHCKOW CpeIHeropHOM JaHAmadTHOW MPOBHHIIAN
(CeBepo-Boctounasi SIKyTHsi) ¢ HCIOJb30BaHMEM METOJOB TI'eOWH()OPMAIMOHHOTO
MOJIeJTUPOBAHUS.

[Tonmy4yeHusI TOCTOBEPHBIX M OOBEKTUBHBIX CBEJCHUN O MPOCTPAHCTBEHHOM
OpTraHU3aIWH TPUPOTHOU Cpe bl U Te000TaHUIECKOTO pa3HO0Opa3us I0O0T0 perunoHa
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P® u Mupa saBiseTcs olHON U3 OCHOBHBIX 3aJ1a4 PErMOHAIBHBIX OHUoreorpadguieckux
HUCCIIeI0BaHUM.

AKTyallbHbIM  SIBJISIETCSI  BHEApeHWe W aJalTUPOBAHHBIX  METOJIOB
reOMH(OPMAITMOHHOTO MOJISTTUPOBAHMS PACTUTEIHLHOTO TTOKPOBA C MCIIOJIh30BaHUEM
Macchl OONBINMX JAHHBIX JUCTAHLIMOHHOTO 30HAMpoBaHus 3emnu (AJ133) mus
MHOTO(AKTOPHOTO aHaJIN3a €r0 COBPEMEHHOTO COCTOSIHUS, TPUMEHEHHUS Pe3yThbTaTOB
KJ1accuduKauu PaCTUTEBbHBIX cOO0OIIIECTB JIs reo00TaHUYECKOTO
kaprorpadupoBanus. Takxke I caMbIX pa3IWYHBIX TPYNI B 3aBHCHMOCTHU
UCIIOJIb3YyeMOro OOBeKTa, MaTepuaJbHOro0 oOOecleueHus U KBaJUu(UKALUU
CMELMAINCTOB Ba)XHO MOA0OpaTh Haubojee ONTUMAIBHYIO METOAMYECKYI0 CXeMy
obpabotkn JIJI33 nans koiekTHBa wHccienoBaTeneil. TexHomormueckas cxema
reonH(POPMAIMOHHOTO MOJISTUPOBAHMS TaHa Ha puc. 1.
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Puc. 1. Cxema npuMeHeHMsI JaHHBIX JUCTAHIIMOHHOTO 30HMPOBAHUS 3€MIIH ISl KCIIOJIb3YEMOTO
BapHaHTa re000TaHMYECKOTO KapToTrpaQupOBaHUs

MeTonuKkoil M3y4YeHHsI NPOCTPAHCTBEHHOM CTPYKTYpbl PaCTUTEIBHOCTH
BBICTyIIaeT TI'€OMH(OPMALIMOHHOE MOJEIMPOBaHUE, OCHOBAaHHOE Ha KOMIUIEKCHOM
aHayn3e U 00paboTKe pa3sHOBPEMEHHBIX CITyTHUKOBBIX JaHHBIX, HIU(POBBIX MOAeei
penbeda U 6a3zbl reoJJaHHBIX M0 XapaKTEPUCTUKAM PACTUTENBHOCTH U MEp3JIOTHBIX
nanamadToB. VcXonHBIMM AaHHBIMH AJii TeOUH()OPMALIMOHHOTO MOJEIHPOBAHUS
HOCITY)KUJIM MaTepuallbl KOCMUYECKON CheMKHU MCKYCCTBEHHBbIX CIIyTHUKOB Landsat 8
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OLI/TIRS, Sentinel 2, uudpossie mogenu penbedpa ASTER GDEM. Marepuansi
noJsieBbIX M3bickanuit 3a nepuona 2019 u 2020 rr. (utosib u aBrycrt). [lpu npoenenun
BBIUUCIUTENbHBIX ~ OKCIIEPUMEHTOB M OOpaOOTKM  JaHHBIX  AMCTaHLIUOHHOTO
30HIUPOBAHMS 3eMJTM MPUMEHSIIMCh TporpaMMHo-annaparabie komriekcel [ IC: QGIS
¢ moxyiem Semi-Automatic Classification, SAGA GIS, ILWIS GIS, GRASS GIS nu
obnauynas tiatrpopma Google Earth Engine. Bcero 3ameiicTBoBaHO M3 0a3 aHHBIX
kocMocHUMKOB Google 6omee 4500 KOCMOCHUMKOB Ha TEPPUTOPHIO.

HccnenoBanue NpoCTPaHCTBEHHOM CTPYKTYphl OpyJraHcKoil cpeJHeropHoiu
MPOBUHIIMM OCYILIECTBIEHO Ha MpUMepe KIIOYeBOro ydacTka B OacceilHe peku
beitantaii u ero mnputokoB YnaxaH-CakkbIpblp, AuubIrbiii-Cakkbeipblp, Tymapa,
pacIojoXeHHOTO0 B DBeHO-bbhITaHTallCKOM HAllMOHAJbHOM MYHHUILIMIAIBHOM YIIyce.
Kuntouesoii yuactok umeet pazmep 60x100 kM u pacnonoxken mexay 68 © 24,1 '— 67 °
34,3" ceBepHoit mmpoTel U 129 ° 14,5 ' —131 ° 32' BocTouHOU moyroThl. OOIIAs
TIOIIAIb UCCIIEAYEMOrO y4acTKa — 0KoJio 6000 kv,

YcraHoBIeHBI BO3MOXKHOCTH BBIJIENIEHHsS] T€00OTaHUYECKHX KaTeropuil Ha
YpPOBHE B OCHOBHOM T'pYMI pacTUTENBHBIX accouuanuii (Ha 1 atane ObUT UCTOIb30BaH
9KOJIOTO-PUTOLICHOTUYECKU MeTOJ] KiIaccuuKaluy, aanee yxe OyayT MpUMEHEHBI
WHBIE METOJbI KJIACCH(PUKAIINKA PACTHUTEIBHOCTH) U Me3opelibeda 1Mo COBMECTHOMY
reonH@opMalMOHHOMY aHalW3y JaHHBIX JMCTAaHUMOHHOTO 3O0HIUPOBAHUS U
nudpoBoit Mozenu penbeda. Ha ux ocHOBe cocTaBiieHa KapTa pPacTUTENbHOCTU
Opynradckoit  cpenneropHoit manmmadtaoit mnpoBuHIMK (CeBepo-BocTounas
Skytus).

UccnenoBanusi nmo reoOOTaHUYECKOMY KapTOrpadUpOBaHUIO CBS3aHbl U C
OOJIBIITUM KOJIMYECTBOM Treorpaduyeckoil MHPOpMalud W TPHUBJICUYCHUS METOJIOB
reouH(GOPMATUKU U TEXHOJOTUN JUCTAHIMOHHOro 30HIMpoBaHusl 3emiu. [Ipouecc
MOJICIMPOBAHUS JTAHAMA(TOB 3aKI04aeTcsi B cOope u 00paboTKe MaHHBIX W 3HAHWMA
Pa3MYHBIMU METOIaMU B MH()OPMALIMOHHBIN KOMIUIEKC, TOAXO0/ K JAHHOMY MPOLEcCy
SIBJSIETCST  OJAHMM W3  BEOyLIMX  METOJIOJIOTMYECKUX  HampaBlieHWd B
reorH(opMalMOHHBIX U reorpaduueckux uccienopanusx (Mcromuna, 2006; ['notos,
2013), HO B reo0OTaHMKEe MOKa aKTUBHO HE HUCIIOJIb3YEeTCs, XOTS UACOJIOTHSl OYeHb
Onu3Kas.

MainnnaHoe o6yuenne (ML) B 001X yepTax MOKHO paccMaTpuBaTh Kak Kiace
MCKYCCTBEHHOI'O MHTEJUIEKTa, KOTOPBIM 3aHUMAaeTCsl MPOeKTUPOBaHUEM, pa3paboTKon
Y IPUMEHEHHUEM aJIrOPUTMOB U METO/IOB, KOTOPbIE MTO3BOJISIFOT KOMITBIOTEPAM YUUTHCSI
Ha JJAHHBIX.

[Tomumo BeIOOpa moaxopsiiero Habopa JaHHBIX  JAUCTAaHIMOHHOIO
30HJIMPOBaHUs, BBHIOOp MeTona KiacCU(UKAIMU Takke He MeHee BaKeH s
YCIIEIIHOTO KapTUpOoBaHUsl. MeTo/ UCIOIb30BaHUs MHOTO30HAIBHBIX KOCMUYECKHUX
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CHUMKOB MJII KapTorpapupoBaHMsl PACTUTENbHOCTH JaHAMA(TOB TaKke MIUPOKO
ucrnonb3yeTcs: B oredecTBeHHON Hayke. E.A. Ctoiuenko (2018) paspabotana meton
aBTOMATU3UPOBAHHOTO JEIIU(GPUPOBAHUS PACTUTEIBHOIO MOKPOBa C KOMILJIEKCHBIM
MCIIOJIb30BaHUEM Pa3HOCE30HHBIX 30HAJBHBIX KOCMHUYECKHX H300paxeHuil. Pabota
OCHOBaHa Ha Bapualny POTOCUHTETUUECKON aKTUBHOCTH PACTeHMUIA, €e CIIeKTpaIbHO-
OTpakaTeJbHBIX XapaKTePUCTUKAX B 3aBUCUMOCTHU OT (pa3bl BereTalnu.

Jns  Hamux —HUcclieloBaHMW U TeoMH(DOPMAIMOHHOTO  MOJENMPOBaHUS
Mep3noTHBIX JaHAmadToB Pecryommku Caxa (SIkyTrs) Ha ypoBHE TUIIOB MECTHOCTH
¥ TUIIOB YPOUMIIl Mbl HallTK Hanbosee mpuemseMbiM AaHHble Advanced Spaceborne
Thermal Emission and Reflection Radiometer Global Digital Elevation Model
(ASTER GDEM). lludposas Mmozaens penbeda HaXoAUTCS B CBOOOTHOM AOCTYyTIe AJis
cKkauMBaHUs Ha reonoptane NASA.

Tak xak ans kinaccudpukaluu Ham MOTpeOyIOTCS 3HAUeHHs 3a11acoB OMOMAcCCHI,
WCXOIHBbIE CHUMKHM OBLIM 00palboTaHbl AJsl MONY4YeHHUs BEreTalliOHHOTO WHIEKCa
NDVI (the Normalized Difference Vegetation Index), GNDVI - 3enensrii
HOPMUPOBAHHBIA Pa3HOCTHBIN BEreTallMOHHBIA UHIECKC.

B mpenwimymux uccnenoanusx (Gadal et al., 2020; Zakharov, 2021) mbl
OCHOBBIBAJIM aHAIU3 Ha peKiaccu(UKaAUA Cepurd MHOTOKOMITOHEHTHBIX 3€MHBIX
MIOKPOBOB JJIsI pAcllO3HABaHUS acCOIMAIlMU pacTUTeNbHOCTU. [laHHas MeToauka
MOBBILIAET yPOBEHb aBTOMATH3allMM PACMO3HABAHUS THUIIOB PAaCTUTENBHOCTH. bbuin
CreHepUpOBaHbl TPEHUPOBOYHBIE TOYKH C MPUMEHEHHEeM HWHCTPYyMeHTa CO3JaHus
CIly4alHBIX TOYEK I10 y4acTKaMm. Mbl KilacCU(PUIMPOBAIIA UX C TOMOILBIO BU3yalbHOMN
MHTEpIIpeTalluy TEPPUTOPUN Ha OCHOBE SKCIIEPTHHIX 3HAHUH CIIEIIMATMCTOB B 00JIaCTH
reo0OTaHUKK C UCIOJIb30BaHMEM CHUMKOB BbicOKoro paspeuieHusi Google Earth u
uH(pOpMallMM O THUIMAX PACTUTEIHLHOTO TMOKpOoBa ¢ ATiaca CelbCKOro XO03sicTBa
SACCP (1989). Kpome TpeHUpPOBOYHBIX JaHHBIX, TAKUM e CIIOCOOOM OIpeestoTCsl
BaJlMIallMOHHbBIE aHHbIe (validation data).

Haubonee  nyummii  pe3yapTaT  JOCTUTHYT NpU  [apaMeTpPUUYEeCKOM
Kjaccugukarope no anroputmy SVM.

Bcero nns kinroueBoro yyactka uccieoBaHus ObUTH BbleNIEeHbl 9 KapTUPYEeMbIX
reo0OTaHNYEeCKUX KaTeropuil (Tad.1): TMCTBEHHUYHBIE PEKOJIeChs KyCTapHIUYKOBO-
3eJIEHOMOIIIHO-JIMIIAHHUKOBBIC, JIMCTBEHHUYHbIE PEIKOJIeChs  JIMIIAHUKOBBIE,
JUCTBEHHUYHbIE pEeIUHBI CcarHoBble C TOPMSIHBIMH OOJIOTAMH, WBOBBIE W
OJIbXOBHUKOBbIE COOOIllECTBA C y4dacTKaMU JIMCTBEHHUYHBIX, TOMOJIEBBIX U
Y03€HUEBBIX JIECOB, KyCTAPHUKOBBIC U JUIIAWHUKOBBIE TOPHBIE TYHNPHI, JTPHATOBbIE
rOpHbI€ TYHAPHI U SMUIUTHBIEC JTUIIAHHUKYA U PEUHON TaJIeYHUK.
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JlonuHHbIe KOMILJIEKCHI, npeJicTaBlIeHHbIE MBOBO-OJIbXOBHUKOBBIMU
KyCTapHUKOBBIMU COOOIIECTBAMU C YYacTKaMH JIUCTBEHHUYHbIX, YO3€HHEBBIX U
TOTIOJIEBBIX JIECOB OTIMYAIOTCA T€M, YTO CHJIbHEE OCTaJIbHBIX T'PYNI PacTUTEIbHBIX
accolMalil TepsoT 3eJIEHyl0 MacCy K KOHIy BereTallMOHHOIO Nepuoja. ITo
00BscHseTcs (PeHONIOrMYeCKUMU OCOOCHHOCTSMU OJTbXOBHUKOB U UBHSIKOB M TOIIOJIS,
KOHELl LIBETEeHWS KOTOPbIX NPHUXOAMTCS paHbllle, YeM Yy JMCTBEHHUYHOrO Jeca.
JlanHblii nporecc BblpakaeTcs HU3KUMM 3HaudeHuss NDVI B ceHTsiOpe u poctoMm
3HaueHnst GNDVI B 3T0T ke nepro1 BpeMeHH, Tak Kak BTOPOil UHJEKC YBEeJINYMBAETCS
IIpY erpajialiii 3eJIeHOH MacChl pacTUTEIHHOTO MOKPOBA.

M3 TUMOB pacTUTENbHOCTH TOPHOPEIKOJNECHBIX MEp3NOTHBIX JaHAmadTOB
3HAQUUTENbHYIO JOJI0 A1 000MX y4YacTKOB 3aHMMAIOT JMCTBEHHUYHBIE PEIKOJIECHS
KyCTapHUYKOBbIE 3eJIEHOMOIIHO-TUIIIAHHUKOBBIE, pacnpocTpaHeHHbIe
MPEMYILIECTBEHHO MO CKJIOHOBBIM THMaM MecTHOCTHM. Ha 3aHIpoBBIX paBHMHAX
OONBIIMMU  YYaCTKaMHM  paclpoCTpaHeHbI JMCTBEHHUYHBIE peaKoechs
JTUIIaiHUKOBbIe. JIMCTBEHHUYHbIE PEIUHBI 3€J€HOMOIIHO-C(arHoBbie ¢ OOJIOTHBIMU
JyraMu TaK»e 3aHUMAIOT 3aHJIPOBbIE€ MOPEHHbIE pPAaBHUHBI. TpOroBble JOJIWHBI 3aHSIThI
KOMITJIEKCAMH TOPHO-TYHAPOBOM pPacTUTETHHOCTH, BBIIEJIEHHE KOTOPHIX BO3MOYKHO
IIPU OBEpJICHHOM aHallh3e TUIOB MECTHOCTHU U IPYII PacTUTENbHbBIX accounanunii. Ha
CTauu KiacCU(UKAIMK DIUIUTHBIE JHUIIAKHUKKA HE MOTryT OBITh KOPPEKTHO
OTZIeJICHBI OT TAJIEYHUKA Ha pycliax pekK.

XapakTepHbIMU OCOOEHHOCTSIMH MPOCTPAHCTBEHHOW CTPYKTYphI YyuacTKa
SBIISIOTCS. HE3HAUMTENbHAs CTEMeHb pPa3BUTUS JIOJIMHHBIX TOPHOTYHAPOBBIX
JaHAWAPTOB U TOJWHHBIX PACTUTENBHBIX COOOIIECTB B Mpeneiax HU3KOTepPacOBbIX
U TOPHO-JIOJIMHHBIX QJUTIOBUANBHBIX TUIIOB MECTHOCTH, a TaKXe BbICOKas 0Jis
JUCTBEHHUYHBIX PEIKOJECUd B IMpefesnax CKIOHOBOIO M 3aHAPOBOIO THIIOB
MECTHOCTH. B npezenax cKJIOHOBBIX TUIIOB MECTHOCTH MpeodaatoT CKIIOHbI CEBEPO-
3aMagHoOM U IOr0-BOCTOYHOM 3KCITO3ULIUU [JI1 BTOPOro y4acTKa.

st Bceit OpynraHCKoM cCpeIHEropHOM MPOBUHIMM HAaMU COCTaBjleHa KapTa
pPacCTUTENBHOCTH Ha OCHOBE aHaIM3a BpeMEHHOTO psifa cHUMKOB Landsat 8 u Sentinel
2. Tak kak TeppuTOpHsi MPOBUHILIMK OrpoMHas, oOpaboTka Tpedyemoro OOIbIIOro
KOJIM4YeCTBA CHUMKOB — OUY€Hb TPYJOEMKHUH U 3aTpaTHBIN NpoLecc, KaK 10 BPEMEHH,
TaK ¥ 10 MOIIHOCTU oOpabarbiBatoliiei ctaniuu. [Ipouecc o6paboTku mpor3BeieH B
obmnaunoit mnatpopme GEE.
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Tabnuna 1. CooTHoleHue miomaei BbIAeNeHHbIX COYeTaHUN Py pacTUTENbHBIX
accouuanuit mo Mep3noTHo-nanamadTHOR KapTe u 1o nposeneHHoMy ['MIC

MOACINPOBAHUIO
PactureabHocTh HA Mep3/10THO- Kapra pacTuTe/JJbHOCTH M0 Pe3yJbTATY
aanamadgTHoi kapte 1:1 500 000 I'NC monenupoBanmsi
Coueranue rpynn pacturenbbix | [Dnomans | Coueranue rpymnm pactutenbHbIX | [Lnomans
acconuanui KB. KM. acconuanmit KB. KM.
["opHbIe TyHIpBI TUITIATHIKOBHIE 43571,2 | I'opHble TyHIpBI TUITAHUKOBBIE 221070
1 KyCTapHUYIKOBO-MOXOBBIE ¥ KyCTapHUIKOBO-MOXOBBIE
Kenpossrit cTianuk 3411.9 JInCcTBEHHUYHBIE PEIIKOJIECHS C 9327.6
KYyCTapHUYKOBO-JINIIIAKHUKOBBIN B KEJIPOBBIM CTJIAHUKOM
COYETAHUHU C OJIbXOBHHUKOM U KYCTapHUYKOBO-JTHIIIAHUKOBBIE
€pHUKAMU B COUETAaHUH C OJILXOBHUKAMH U
epHUKAMHA
JIucTBEHHUYHBIE PEIKOJIECHS U 1570.4 JIuCTBEHHUYHBIE PENIKOJIECHS U 8399.2
pEeIVHBI KYyCTapHUYKOBO- pEeIHBI Ky CTapHUYKOBO-
JIAIIIAHHUKOBLIE 1 MOXOBEIE JININAHHUKOBLIE © MOXOBEIE
JIncTBEeHHUYHBIE PEIKOIECHS 1 8723.3 JIucTBEHHUYHBIE PEIKOTIECHS 14,901.3
KYCTapHUYKOBO-JIMIIIAKHUKOBO- KYCTapHUYKOBO-3€JIEHOMOIIIHO-
MOXOBBIC €PHUKOBBIC JIAIITAHHUKOBEIE
Mapu 1 TMCTBEHHUYHbBIEC PEIUHBI HE Couetanue 60J0T 1 1754.9
MOXOBBIE BEIICICHO JUCTBEHHUYHBIX C(arHOBBIX
penuH
ONUIUTHBIE JIUITANHUKT 14307.5 Coo011ecTBa dJIUIIATHBIX 13395.1
JIMIIAUHUKOB
Kommekc ceBepoTaekHoM 1023.3 KomMmrmiekc ceBepoTaexHo#M 5542.5
JIOJIMHHOM pacTUTEIbHOCTH JIOJIMHHOW PacTUTENbHOCTU
Kommneke ropHopeikosiecHoi 6684.8 Komnuiekc ropHopeikosiecHoM 5850.1
JIOJIMHHOM PacTUTEIHFHOCTH JIOJIMHHOW PacTUTEIbHOCTH
Kommiekc ropHo-TyHApOBOM 3670.,6 Kommieke ropHo-TyHApoBO# 678.3
JIOJIMHHOM PacTUTEIHFHOCTH JIOJIMHHOW PacTUTEIbHOCTH

Tak kak Mbl IPOBOJMM aHajJIU3 Ha ypOBHE TUIOB (MOATUIIOB) JaHAIIA(TOB,
TEXHOJIOTUYeCKasi cxema reoOnH(POpMaIlMOHHOTO MOICIMPOBAHUS TPUCTIOCOOIEHA JJIsl
ompeNeseHus]  COYeTaHWW  CpYIIIl acconuanuii  (OCHOBHas

KJaccuuKaloOHHAasl eIMHUIA, KOTOpas MOJ0KeHa B OCHOBAaHUU re0OOTaHUYECKUX
KapTUPYEMbIX €IMHULL).

PaCTUTCIIbHBIX

C wucnonb3oBanveM o6naunoit matgpopmbl  Google Earth Engine wu

HAaKOIUICHHBIX HOaHHBIX OHUCTAHOWMOHHOI'O 3O0HIHWPOBAHUA Ha Oaze HN3YYUYCHHOTI'O
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KJTIOUEBOr0 ydacTKa IMOJydeHbl Oojiee TOYHBbIE CBEIEHHUS] 10 MPOCTPAHCTBEHHOU
CTPYKType pacTuTenbHOCTH OpyiraHckoil cpeHeropHoil NpOBHHIMM, B LejaoM. Ee
aHaJu3 BBISIBUIJI MTpeodiaiaHre TOPHOTYHIPOBBIX U TOPHOMYCTBIHHBIX PaCTUTENbHBIX
coobmectB B OpylNraHcKol CpeHeroOpHOW MPOBUHIIMM, HO B IEJIOM UX JIOJI PE3KO
yMeHbIreHa ¢ 70% B Mep3noTHo-JaHaAmadTHON kapTe 10 43% B coznanHoi. [Tpu aTom
JI0JIS CEBEPHBIX FOPHBIX JINCTBEHHUYHBIX peliKojiecuil yBenuuuiack ¢ 16,5% no 42%.
Janubiii QakT Takxke MOAKpEIUIseT 1eIecoo0pa3sHOCTh OIpeAesieHrus MPOBUHIUU K
rpynmne ¢ rOpHOTYHIPOBBIMU U TOPHOPEIKOJECHBIMH MPUPOIHBIMU KOMIUIEKCAaMU
CIUIOLIHOTO  PaclpoCTPaHEHUsT MHOTOJIETHEMEp3JIbIX TMOpoj IO  Mep3JIOTHO-
JanamadpTHOMY paiioHupoBaHuio. [Ipy 3ToM HaZ0 OTMETHUTH BBISIBICHHE 3HAUUTEITHHO
OonplIMX TUIOWIAZell M 3HAYUMOCTH CEBEPOTaeKHOM U TOPHOPEIKOIECHOU
pacTUTEIHLHOCTH B MPOCTPAHCTBEHHOM CTPYKType JaHIaTOB MPOBUHIUHU, B

0COOEHHOCTH B JOJIMHHBIX KOMINJICKCAaX W CKJIOHAX 3allaJHOI'0 MaKpOCKJIOHA.

Paboma evinonnena npu yacmuunoii noodepoicke Ipanma Ilpesuoenma P® ons
20Cy0apcmeeHHOU N0O0EePHCKU MOJOObIX POCCUICKUX YueHblX - Kanouoamoeg nayk MK-1000.2021.5
u eocyoapcmeennoeo saoanus HMBIIK CO PAH AAAA-A21-121012190038-0 «PacmumenvHulil
NOKPO8 KPUOIUMO30HbI MaedcHol Axymuu: ouopastnoobpasue, cpedoobpasyioujue hyHKyul, 0OXpanda
u payuonanvHoe ucnoavzosarnuey (0297-2021-0023).
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GEOINMFORMATION MODELING APPROACH IN THE STUDY OF VEGETATION
COVER SPATIAL STRUCTURE OF THE ORULGAN MIDDLE ALTITUDE LANDSCAPE
PROVINCE (NORTH-EASTERN YAKUTIA)
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Abstract. The paper deals with the spatial structure of vegetation cover of the mountainous landscape
province of North-Eastern Yakutia. The analysis of the remote sensing data and geoinformation
modeling (including the machine learning approach) yielded nine vegetation mapping units for the
subsequent creation and analysis of the 1:100000 scale vegetation map.

Keywords: Spatial structure, geoinformation modeling, remote sensing data, vegetation cover

VJIK 635.92
CO3JIAHHME KOJUJIEKIIUA COPTOB XPU3AHTEMbI KOPEMCKOM
CHRYSANTHEMUM COREANUM (COMPOSITAE) B KYJbTYPE IN VITRO

I'pubok H.A.

I'HY «llenTpanbubrit 60Tannuecknii cax HanmonanpHOM akajgemun Hayk benapycn», MuHCK,
ngribok@inbox.ru

Annomayua. Coszoanue roanexyuu copmose Chrysanthemum coreanum paziuyHelx no @opme
coyeemuil U CpOKaM yeemeHrus 6 Kyibmype in vitro nompe6o6ano ompadomru Ha0eHCHO20 cnocooa
cmepunuzayuu NepeUYHbIX IKCHIAHMOE (V3106bIX Ce2MEeHMOo8) U NOJYUYeHUe IHCUZHECHOCOOHbIX
acenmuyeckux Kyaiomyp. Illepgonauanvnyio npedodpadomKy MuLIbHLIM pAcmEopoOM OONOIHUIU
obpadbomroii 96%-nbim dmunogeim cnupmom (dxcnosuyus 10—-15 cek.), nocne ommwvieanus
asmoxnaeuposantou 6000t cmepuiuzosanu 0,1%-nvim pacmeopom AgNO; (sxcnozuyus 10—15
CeK.), OmMmbIEany Mmpems NOPYUIMU CIMEPUILHOLU 600bl. IKCNIAHMbL 8bICANCUBANYU HA NUMAMENbHYIO
cpedy Mypacuce — Ckyea, O0ad aKmueayuu NA3VUWHBLIX —Mepucmem OONOJIHEHHYIO  6-
OeH3UNIAMUHONYPUHOM (bAIl) utu  N6-(0enrvma 2-u3zonenmeHus)-a0eHUHOM (2ip)u
unoonuamacaannou kuciomot (MMK).

Knrwoueswvie cnosa: copma xpuzanmemvi KOpetcKol, cmepuiusayus, dKCnIaHmyl, Kyibmypa in vitro.

XpuzaHTeMa SBJSETCS BaXHOW KyJbTYpPOWl NPOMBILUIEHHOTO IBETOBOJCTBA
3anannoit EBpomnel, Anonuun, CIIA, Poccun, benapycu u apyrux ctpas. [1lo o6bemy
MpOJaX XpHU3aHTEMbl YCTyHaroT ToJibko po3am (JlutBunenko, 2020). Tlomumo
JNEKOPAaTUBHOTO MPHUMEHEHUs] HEKOTOpble BHIbl IIMPOKO HCIOJIB3YIOTCS B
¢dapmarneBTrueckoi mpombinuieHHocTH (Camapuna, bepenna, 2011). Chrysantemum

129



