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OPTAHM3BAIIA JUCTAHIOMOHHOI'O MOHUTOPHUHI'A
HA ITOJINT'OHE «KAPBOH-ITOBOJI’KBE»

b.M. Yemanos, A.M. I'agpypos, M.A. UBaHoB, I1.B. XomsikoB

Kazanckuii 2ocyoapcmeennviii ynusepcumem, Kazans, yi. Tosapuweckas, 3,
420097, Poccus, email: busmanof@kpfu.ru

B crarbe paccmarpuBaeTcs NOpsAAOK OpraHu3aliy AUCTAHIIMOHHOTO MOHUTOPUHIA Ha
JIECHOM M BOJHOM yuacTkax nonurona "KapOon-IloBomxbe". PaccmarpuBaroTcs u noguep-
KHMBAIOTCS IPEUMYIIECTBA U OIPAaHUYEHHUS PA3IMYHBIX JUCTAHIMOHHBIX METOJOB U JAT4H-
KOB, BKJIIOYasl OITUYECKUE, MYJIBTHCIIEKTPAJIbHbIE, PalapHbIE U JINJAPHBIE, KOTOPBIE IIUPOKO
ucnomnb3ytorcs st onieHku AGB u ouenku CS. Ilpencrasiiensl nepBble pe3yabTarhl HoJje-
BbIX UccienoBanuil Ha nonurone "Kapoon-IloBomxkee". Micnonb3yroTcs pa3inyHble METObI
JUCTAHIIMOHHOTO 30HIUPOBAHMUS OT SXOJOKALMU O MYJIBTUCHEKTPAIbHOW M JIMAAPHOU
ChEMKH, ONpeEISIIOTCA Hanboee ONTUMalIbHbIE JaHHbIE JUCTAHLIMOHHOTO 30HAUPOBAHUS U
MeTonbl uX 00paboTku. Takke aBropamMu paspaboTaHa CTPyKTypa AUCTAHIIMOHHOTO MOHH-
TOpPUHra KapOOHOBOIO MOJIUTOHA, MOJYEPKUBAETCS HEOOXOIMMOCTh HCIOJIB30BAaHHS KOM-
TUIEKCHOTO TOAXO0/1a JUIs MOTy4YeHUs Hauboliee ONMHOM nH(OpMaIMy O IEOHUPOBAHUH YT-
Jepojia Ha pa3HbIX MaclITaOHbIX ypoBHAX. [loka3aHo, 4TO MMEHHO UCTIOIB30BaHKUE PA3HOO0-
Pa3HbIX MOAXOA0B K MCCIIEI0BAHUIO YITIEPOJHOIO OajaHCca MO3BOJIUT OCYIIECTBISATh MOHU-
TOPHUHI Ha KapOOHOBBIX MOJIMTOHAX HAa BBICOKOM HAyYHOM YpPOBHE.

Knrwuesnie cnosa: Kap6OHOBBII>’I IMOJIMTOH, JUCTAHITHOHHOC 30HIUPOBAHUC, Q)OTOFpaM—
MCTpH, MYJILTUCIICKTPAJIbHAd CbEMKA, BO3AYIIHOC JIA3CPHOC CKAHUPOBAHUC.

Haubonee TOYHBIMU M HAJEKHBIMH MOIX0aMHU JJIi MOHUTOPUHTA MOTO-
KOB MMapHUKOBBIX T'a30B SBISIOTCS M3MEPEHUSI METOIOM BUXPEBBIX KOBapHAIIHiA
U UCCIIEI0BAHMSI C MTOMOIBIO TOYBEHHBIX KaMep. OHaKo, Korja HYKHO U3Me-
PUTH CYMMapHBIH MOTOK MAPHUKOBBIX Ta30B OOIIUPHON TEPPUTOPUHU, HCIIONb-
3YI0TCS pa3IuvHble JUCTAHIIMOHHBIE CPEJICTBA U3MEPEHUI, HECMOTPS Ha OTHO-
CUTEJIbHO HU3KYIO TOUYHOCTh. [10 cpaBHEHHIO C TIOJIEBBIMU METOAAMHU H3MEpe-
HUSI OCHOBHBIM MTPEUMYIIIECTBOM JUCTAHIIMOHHBIX CUCTEM SIBIISICTCS TTOKPHITHE
OOJBIIMX MO MIIOMIAA TEPPUTOPHUH, a MPUMEHEHHE KaK KOCMUYECKON U a’po-
(hOTOCHEMKH MO3BOJISIET MPOBOIUTH UCCIIEOBAHUS PA3IMYHBIMU CEHCOPaMH Ha
Pa3HBIX MACIITA0OHBIX YPOBHSIX.

OcHoBHast 00J1aCTh MUCIIOJIB30BAHUS JUCTAHIIMOHHBIX METO/IOB MTPH MOHH-
TOpPUHTE KapOOHOBBIX MOJUTOHOB — olleHKa Above-ground biomass, TOCKOJIbKY
O6romacca pacTUTENIbHOCTH UTPAET PELIAIOIIYIO POJIb B TOHUMaHUH BKJIaJa KO-
CUCTEMBI B TIIOOANBHBIN yriiepoaubiid ki [1]. st orieHkn OnomMacchl U Cek-
BECTpALIUU YIIIEPOJA UCTIONB3YIOTCS Pa3JIMYHbIE TUIbI CIIyTHUKOBBIX JTaHHBIX,
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KaK OTIEJIbHO, TaK U B PAa3IMYHbIX KOMOMHaIuUsAX. OCHOBHBIMU SIBIISItOTCS: Be-
retarnonHbie uHACKCH MODIS [2]; MynbTucnekTpanbHas cheMka Sentinel-2
[3] u Landsat [4]; Panapubie qannbie Sentinel-1 u ALOS2 (garie Bcero B Kom-
ounamuu ¢ Sentinel-2 u Landsat) [5, 6], JIunapuas cremka [7, 8§].

J11st omepaTUBHOM OIEHKH OMOMACCHI UCITOJIB3YIOTCS MOJIEBBIC METOIBI U3-
MEpEHHUsI, OCHOBAHHbBIE, TPEUMYIIECTBEHHO, HA ABYX MOJX0AaX — HA3€MHbIE U3-
MEpEHHUSI U CheMKa C MUIOTUPYEMBIX U OCCHUIOTHBIX JIETATEIIbHBIX CUCTEM [9,
10]. B 4nciio nepBbIX BXOJAAT HEMOCPEACTBEHHO 3aMEPhI 3TAJIOHHBIX 00pa3I0B
Y DKCTPaNoJISALMS MOJYyYEHHBIX pe3yasTraroB [11], Tak Ha3pIBaeMble Kilaccuye-
CKHE METOIbl, a TAK)K€ COBPEMEHHBIE T'€0JC3UUYECKHE METOIbI, KOTOPhIC, HC-
MOJIB3YIOTCSI KaK JJIsl TOCTPOSHUS TPEXMEPHBIX MOJICNICH, TaK U B COUETAHUU C
KJIACCUYECKHUM MOAXOJIOM - C OLICHKON 00beMa ApeBeCHOM OMoMacchl M0 SMIH-
pudeckuM Qopmysiam C y4eTOM JuaMeTpa CTBOJIA, TOPOIHOIO COCTaBa U BbI-
COThI JepeBbeB. [10100HBIN MONX0/ peannu30BaH, HAIPUMEDP, B IPOrPAMMHOM
obecnieuennu Katam [12], ucmonb3yrommm MeToabl (POTOrpaMMETPHHU U AMITH-
pudeckue GopmyIbl Ui OLEHKH OMOMACChl IPEBOCTOSI.

Jlns oneHKM OMOMAacChl JPEBECHBIX COOOIIECTB C OONBIIECH MPOU3BOIN-
TEJILHOCTBIO HCIIONB3YIOTCS OCCHUIIOTHBIE jeTarenbHble ammapatsl (BITJIA),
OCHAIIICHHBIE PA3IMYHON TOJe3HOW Harpy3koil. Hambomee pacmpocTpaneHa
a’po(oTOChEMKA, MO3BOJSAIONIAs MOJIy4aTh HU(POBbIE MOAEIA MECTHOCTU C
oprodoTorianoM tepputopud [13]. bonee npoaBUHYTHIN BapHaHT — MYJIBTHC-
MEeKTpaJibHasl ChbeMKa, MO3BOJISIIONIAs TPOU3BOAUTE PACUET PA3JIMUHBIX BEreTa-
IIMOHHBIX WHJEKCOB U METPHUK, KOTOPhIE COBMECTHO C MOJEISIMU MECTHOCTH
YCHEIIHO UCTIONb3YIOTCS JIJIsl BEPOATHOCTHOM OLIEHKH OromMacchl [14].

HauGomnee TouHbIX pe3ysbTaToB MO OLIEHKE 00BEMOB APEBECHON OMOMACCHI
MOXKHO JOOUTHCS TP MCTHOIB30BaHUU NuaapHoi cbeMku ¢ BITJIA, xoropas,
MIPOHMKAS] CKBO3b JIUCThSI U BETBU PACTEHUH MO3BOJISET OIICHUTh 00BEM U, KaK
CJIeJICTBUE, OMOMACCy JIPEBECUHBI BhIIIE TOBEpXHOCTH [15]. Tem He MeHee, u-
napHas ceemka ¢ BIIJIA mmeeTr cBoM OrpaHuyeHus], MO3TOMY, HAWITYUYIIUX pe-
3yABTaTOB MPHU OIEHKE OMOMACChIl MOXKHO JOOWUTHCS, COBMEIIAs MYJIBTHCIICK-
TpaibHYI0, TnJapHyto cbeMKy ¢ BIIIA, a Takxke HJIC [16].

PecrmyOnuka Tarapctan sSiBIsSleTCS OHUM PETMOHOB, T OCYIIECTBISIETCS pe-
an3alys MUJIOTHOTO MPOEKTa MO CO3/IaHuI0 Ha Tepputopun Poccrn kapOOHOBBIX
noiuroHoB. C 2022 r. Ha aByX yvacTtkax nosnuroHa ‘“‘Kapoon-IloBomxse” (puc. 1)
corpyaHukamu KazaHckoro ¢eepalibHOr0 YHUBEPCUTETA BEIyTCS HAyYHO-UCCIIe-
JIOBaTeIIbCKUE PadOThI TIO0 pa3pabOTKe U UCIIBITAHUIO TEXHOJIOTHM KOHTPOJIS yIJIe-
poaHoro 6ananca. Yuactok 1 “O0cepBaropus’” — pacIojioKeH B IIUPOKOTUCTBEH-
HOM JIECY, MCTIBITBIBAIOIIIEM aHTPOIIOTEHHOE JaBJIEHUE CPETHEN WHTEHCUBHOCTH U
MMEIOLIEM JTMHHYIO UCTOPUIO OCBOCHHSA. Y4acTok 2 “Capaibl’” — pacloIoKeH Ha
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teppuropun CapanuHckoro ydactka Bomkcko-KamMckoro rocyiapcTBeHHOTO MpH-
poaHOTO OMOCc(hepHOro 3armoBeJHUKA, — HAOMIONATEIbHBIM YYaCTOK 32 SKOCHCTE-

Mamu KyiObIIeBCKOro BOIOXPaHUIIMIIIA.
37°B 57°B

65°C

Voronezh, JSaratoy LOrenburg

.Stavropol* +

45°C

novi Il <=05 |0,6-0,7 M 0,7-0,8
[ Tatarstan £ EPR 0,5-0,6 1 0,7-0,7 Il > 0,8

I
T

Puc. 1. Pacnonoxenue necHoro (1) u BonHoro (2) yuactkoB nonurona "Kap6on-IToBomxkbe"

st uccnenoBaHusl ydyacTKOB nojiuroHa ucnonb3oBaics BIIJIA T'eockan
401 T'eone3usi, ¢ BO3MOXHOCTBIO OCHAILIEHUSI MYJIBTHCIIEKTPAIbHON KamMepou
Micasense RedEdge-MX, u nunapom AI'M MC-1. Ha BogHoM y4dactke kapOo-
HOBOTO TIOJIUTOHA JIJIsi OaTMMETPpUUYECKON CheMKH Oblia ucronb3oBaHa [1BX-
noaka dnarmad u sxonot-kapriwiorrep Garmin GPS Map 178C.

OCHOBHBIMM OTKPBITBIMU JAaHHBIMHU JUCTAHIUOHHOTO 30HIWPOBAHUS IS
OpraHu3allid MOHUTOPUHTa HAa PErMOHAJIBHOM YPOBHE SIBIISIOTCSA: JAHHBIC
MyabTHCTIEKTpabHOU cheMku Sentinel 2 MSI u Landsat 8, 9 OLI; pagapubie
naunnbeie Sentinel 1 C-SAR; BereranmonHble HHACKCH 1 OHodu3ndecKue nmapa-
Metpbl Copernicus u MODIS; denonornueckue Merpuku Suomi NPP and
NOAA-20 VIIRS (VNP22Q2); mno6ansubie [IMP, Mmonenu 3eMHOT0 MOKpoBa U
3eMJIETIONIb30BaHUS, CHOHMKH BBICOKOTO U CBEPXBBICOKOTO pa3permieHus Google.

Pabotbl o npoBeAeHUIO AUCTAHIIMOHHOTO MOHUTOpUHTa noiaurona "Kap-
6oHn-IToBomxbe" Hauatel B 2022 1. B pesynbrare aHanusza CymiecTBYIOMIMX JIU-
CTAaHIIMOHHBIX METOJIOB UCCIIEI0BAaHUSI KAPOOHOBBIX MOJUTOHOB U OIIEHKU BO3-
MOKHOCTHU MX UCIIOJIb30BaHUsI HA TeppuTopuu noiurona “Kapoon-Ilosomkne”,
OblJIa COCTABJICHA CXeMa IUCTAHIIMOHHOTO MOHUTOPHUHTA (pHC. 2).
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Ha ocHoBe cnymnukoevix 0annwix co3qaeTcsi Kapra pacTUTEILHOCTH C TIPO-
crpaHcTBeHHbIM paszperieHreM 100 m. Tloaxon npeamnonaraer co3naHue NpocTpaH-
CTBEHHOM BEPOSTHOCTHOM MOJIENT PACTUTENBLHBIX COOOIIECTB, HA OCHOBE JIBYX OC-
HOBHBIX OJIOKOB. [1epBbIii 010K KacaeTcsi MOICTTMPOBAHHS YCIIOBHIA MECTOOOUTAHUS
Ha OCHOBE TOMOTrpaUuecKuX WHIIEKCOB BIAXKHOCTH, YCJIOBUN OCBEIIEHHOCTH U
pacrpeieNieHrs TeIlia, TOCTPOSHHBIX M0 U(GPOBON MOJIENH pelbeda, TUTIOB TIOYB.
Bropoii 6510k noapa3zyMeBaeT HEMOCPEICTBEHHOE PAaCO3HABAHNE PACTUTEIHLHOCTH
0 CEpUM Pa3HOCE30HHBIX MHOTOJIETHUX AaHHbIX Landsat 8 u 9 u Sentinel 2. B ka-
4yecTBe 00ydaroleil BRIOOPKU U KOHTPOJBHBIX JAHHBIX OyIyT MCIOIb30BaHbI J1aH-
HbIe Teo0oTaHn4Yeckux omucanuit uz b1 «dnopa» [17].

HCTOYHMEKRN CMYyTHUEN

Landsat 8.9 OLI,
CeHcopsl Sentinel! C-SAR ||  Sentinel-2 MSI,
MODIS

BecnunoTHee
netarenkHsie
annapate (BMNA)

HazemHuie
HWHCTDYMEHTHI

HazeMHBn
nasepHbid CKAHep,
3X0ONOKATOP,
HazemHoe (oTo

MyneTH-
CnexkTpantHan

kaMepa,
Nugap

“.._\-\_“--\H
_.---’"‘Jf \R‘“—H-_
H
LIMP MHOTOKEHANLHWE | | BEreTaynoHHbe Ofnaka To4ex, LIMP axa
AakHble LI KOMMOINTE HHOEKCE OpTogoTONNAHS 30 mogenu (BATUMETPHA)

Puc. 2. OCHOBHbIC HHCTPYMEHTBI U JIAHHBIC JIJIsI OPraHu3alun
JIMCTAHIIMOHHOTO MOHUTOpHUHTA Ha nosnurone “Kapoon-IloBomxkse”

ITo pesynsraram cbemku BIIJIA monydeHsl opTodOTOIIAHE BHICOKOTO
pa3peuieHus, o KOTOPbIM COCTaBJIEHBI BBICOKOIETAJIbHBIE IIJIaHbl YYACTKOB I10-
JIMTOHA, & TAKXe KapThl BUJOBOIO COCTaBa PacTUTEIBHOIO Nokposa. IIpoBo-
JUTCSL MYJBTHCIIEKTPAJIbHASL ChEMKA B 5 KaHalax, KOTOpasl MO3BOJISIET pacyeT
pa3IUYHBIX BEr€TallMOHHBIX MHJIEKCOB (pHUC. 3a), KOTOPbIE aKTUBHO MCIOJIb3Y-
I0TCS [P OLIEHKE OMOMAacChl U 3a11acoB yriiepoaa. BpemeHHsbIe psabl HaOmoze-
HUH C 3aJJaHHOM MePUONUYHOCTRIO (popMUpPYyIOTCS MMyTeM 0TOOpa Hanboee pe-
MPE3EHTATUBHBIX UHIEKCOB JIJISl BCEX MEPUOIOB ChEMKH.

[IpoBenena Hu3koBbICOTHAA cheMKa TuaapoM AGM MC-1 Ha Tepputopun
necHoro yvactka "Kap6on-IloBomxkbe". B pe3ynbrare nonyyena uudposas Mo-
JeJb pelibeda, HaxoAsIIEerocs Mo/ JIECHbIM TOKPOBOM, KapTa BbICOTHI IEPEBHEB
(puc. 36). Takxe mpoBeneHa cerMeHTaIs 00Jlaka TOYeK Ha OTJEIbHBIE JAepe-
BbSI, YTO MO3BOJIMIIO TIOTYUYUTh MOP(POMETPUUYECKUE XaPaKTEPUCTUKU KPOH 15
nocnenyouero onpeneneaust AGB.

Jlnis nonmyueHus penbeda aHa, a TakKe 1 TEXHUYECKOro 000CHOBAaHHUS
YCTAaHOBKH IJIOIIAAKU HAOMIOAEHUM Ha BOJHOM ywacTke nosinroHa "KapOon
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[ToBOMXKBA" MPOBOAUTCS Hamumempuueckan cbemMka yiacTka mpoTOKH Ha Tep-
putopun Bomxcko-KaMckoro rocynapcTBeHHOT0 6MoCchEpHOro 3anoBEIHHKA.
[To pe3ynbraTtaMm cheMKH ObliIa MOCTPOEHA KapTa IyOuH.

Aol

M

*3‘563 2) 0)

Puc. 3. Oprodororuian, BereTalliOHHbIC HHICKCHI HAa BOIHBIN y4acToK (a),
pe3yIBTaThI TUIAPHON CHEMKH JIECHOTO ydacTka rnonurona "Kapooun-ITosomkse" (0).

Takum 00pazom, co3fgaHa TEXHOJOTHYECKas CXeMa OpTaHM3alih KOM-
TUIEKCHOM CUCTEMBl MOHUTOPHHTA OallaHca yTiiepoa Ha IByX YPOBHSX: JTOKAJb-
HOM (B TIpejieliax Mojaurona) u peruoHanbHoM (Pecy6nuka Tarapcran). Kom-
MJIEKCHOCTH UCIIONb3YEMOM CXEMBI M YUET pa3HbIX YPOBHEH TeHepaInu3aliuy Ha
BCEX JTarnax oT cOopa MHpOpMAIMK 10 MPEACTABICHUS PE3YIbTATOB, a TAKKE
y4eT MEK/yHapOJHOTO OIBITA B OLIEHKE YITIEPOJHOTO OanaHca MO3BOJIUT MOTY-
YaTh a/IeKBaTHbIC OI[EHKU CEKBECTPAI[MOHHOTO MOTEHIINAJa U3yYaeMbIX Teppu-
TOpUH, a TAaKXKe MPOBOJAUTH SKCTPAIIONIALINIO HA APYTHUE PETHOHBI.

Baaronapuoctu. Paborta BhITIONHEHA 3a CUET CPEACTB CyOCHUINH, BBIEIICH-
Hoii KazaHckoMy (peaepaibHOMY YHUBEPCUTETY JJIsI BHIIOJIHEHUS TOCYIapCTBEH-
HOTO 3aJ1aHus B cpepe HayyHOH JesirenbHOCTH, poekT Ne FZSM-2022-0003
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