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[IpuBeneHbl MaTepUabl reonpOCTPAHCTBEHHOTO aHAIN3a, 0000IICHHBIC XapaKTePUCTUKNA U MHTEpIIpeTalus mapa-
METPOB MPUPOTHBIX MOKAPOB JiecoB CHOMPHU, XapaKTEPHBIX JJIs1 COBPEMEHHBIX YCIIOBHIA, TIOTYYEHHBIX B PE3yJIbTare
mHorojetHero (1996-2016) cnyTHukoBOro MoHUTOpHHTA. [ToKa3zaHo, 4To 3a 20-1€THUIT IEpHO MOHUTOPHUHTA TOPHU-
MOCTb JiecoB Cubupu Beipocina. [Ipu 3ToM mupoTHas Bapranus M0XKapoB, JITUTEIHHOCTh MOKAPOONaCHOTO MEPHo/ia
U MEXINOKapHbIE MHTEPBaJIbl COMIACYIOTCS C IPaJHMEHTOM OCHOBHOHM reo()M3HYecKOil XapaKTepUCTHKH — MPUXOIs-
1Iei coHeuHol paauanueil. JlaHHbIe CITyTHUKOBOTO MOHUTOPUHTA UCTIOJIb30BaHbI JAJIsl BAIMIALIMU a/lallTUPOBAHHOMN
TEXHOJIOTUH OIEHKH YHEPreTHUECKUX TapaMeTPOB TOPEHUS U KiacCH(UKaIMU TT0KapoB MEPEeMEHHOW WHTEHCUBHO-
cT. TexXHOIOrus MOHUTOPHUHTA MOIIHOCTH TEIUIOBBIJeNIeHUs akTBHOM 30HHBI TopeHust FRP (Fire Radiative Power)
YCIENTHO MPUMEHEHa /ISl KOHTPOJIS MTOXKapoB SKCTPEMaTbHON MHTEHCUBHOCTH U BEPXOBBIX MOKapoB. MHCTpyMeH-
TaJbHO 3a(PUKCHPOBAHO, YTO CyMMapHas IUIOIIA b JIECOB, TPOHICHHBIX OKapaMH BBICOKOIH YHEPTUH, COCTABIISET HE
MmeHee 8.5 % OT CpeHEroJJ0BOM, a B OT/JCIbHBIC TOABI MOXKET AOCTUTATh 15-25 %. O0Ccy)xaaeTcst BOnpoc 00 akTyab-
HOCTHU TOCTPOCHUS aAalITUPOBAHHBIX allTOPUTMOB MPOTHO3MPOBAHUS TUHAMHUKH TIOKAPOB NIEPEMEHHON WHTCHCUB-
HOCTHU. BBISIBICHBI XapaKTepHbIe BpEMEHHbBIE HHTEPBAJIbI PA3BUTHS OTJCIBbHBIX CTAANN TOXKAapa, a TAKKE MOJICIIbHbIC
KpPHUBBIC, OMUCHIBAIOIIUE TIPEICTbHBIC 3HAUCHUS JMHAMUKH MpHUpAIleHus Tuiomaan. JJonomHuTensHo B paboTe aHa-
TU3UPYIOTCS XapaKTEPUCTUKHU UCIIONIb3yeMbIX clyTHUKOBBIX cucteM (NOAA/AVHRR, Terra, Aqua/MODIS, Suomi
NPP/VIIRS, Landsat-8 OLI, Sentinel-2), Bkirovast poccuiickuii cermeHT (Pecypc-I1), mepcrekTHBHBIX JIs TIOBBIIIIE-
HUSI 3 (PEKTUBHOCTH AUCTAHIIMOHHOTO MOHUTOPHHTA MOXapoB B CHOMPH.

KuioueBble CJI0Ba: cnymHuKogvle OaHHble, NPUPOOHDBILL NONCAD, MEHCTIONCAPHBIL UHMEPBAT, 2e0NPOCMPAHCIGEH-
MBI AHAU3, MOWHOCTb MENLOBbIOELeHUs, UHCOTAYUSL.
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BBEJIEHME LIMICS U3MEHEHUEM PEXHMMa BBINAJEHUS OCAJKOB,
YBEIUYEHUEM UIMTEIBHOCTH 3aCYyIUIMBBIX IIEPHO-
noB (koneauk u Ap., 2012; Ilonomapes, Xapyk,

2016; Ponomarev, Kharuk, 2016). Otkiukamu Ha

[IpoGriema mpupoaHBIX TOXKAPOB AKTyaJlbHA BO
BCEX PErMoHax Mupa, BKIroyas tepputopuio Poc-

CHH, B YaCTHOCTH 30HY OopeanbHbIX JiecoB Cubu-
pu. JlonroBpeMeHHbBIE PSABI METEOHAOTIONEHUH
KOHCTaTUPYIOT BO3pacTaHUe aHOMAJIUI TeMIepary-
PbI BO31yXa B IPU3EMHOM CJI0€, UHCTPYMEHTAJIBHO
3a(hUKCUPOBAHO MOBHIIICHHUE TII00ANBHON TeMIepa-
Typsl Ha 0.72-0.85 °C ¢ magama XXI B. (Rehfeldt
et al., 2012; IPCC, 2014). OtmedeH pocT Temre-
parypsbl u Ha Tepputopu CubHpH, COPOBOXKIAI0-

© ITonomapes E. 1., Xapyk B. U., SAxkumos H. /1., 2017

TaKHe MPOLIECChl MOXKET ObITh U U3MEHEHUE CTPYK-
Typbl PAaCTHTEIBLHOTO TOKPOBa, M IEpPeCTpOiKa
HMEpapXWYECKNX YPOBHEN JIECHOW PACTUTEIBHOCTH,
U TIepeXoj] PKOCHCTEM B «HEYCTOMUYUBYIO (hazy»,
KOT/Ta HEOIaronpusITHbIC BO3JACUCTBUS ¢ OONBIION
BEPOSATHOCTBIO OYyIyT CONPOBOXKAATHCS HEJIMHEH-
HbiMH oTkiaukamMu cucteMm (Lenton et al., 2008;
Rehfeldt et al., 2012). U3menenus OymyT corpoBo-
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KJIAThCS TOJIOKHUTEIBHBIMA TPEHIAMH TOPUMOCTH
JIECOB Ha PETHOHAIBHOM U O0COOCHHO Ha CyOperu-
oHanbHOM ypoBHe (Baranos m ap., 1998; Banen-
nuk, UBanosa, 2001; Illepctiokos b. I, Lllepctio-
koB A. b., 2014).

TeneH1MsI TOBBIICHHUS YPOBHS TOPUMOCTH Jie-
coB BbIsBiIeHa Bo BceM mupe (Kharuk et al., 2008;
Kasischke et al., 2010; Dennison et al., 2014). Ot-
MEUEHO, 4YTO TiepBas Aekaga XXI B. xapakTepuso-
Bajach YyBEIMYEHHEM YaCTOThl BO3HHUKHOBEHHS
NOKapoOB M TUIOIIAACH, €KETOIHO MOABEPraroInX-
Csl MMPOTEHHOMY BO3JCHCTBUIO Kak B MacmTabax
Cesepnoro nomymapusi (Flannigan et al., 2009),
Tak, B yactHoctd, U B Cubupu (Loupian et al.,
2006; Kharuk et al., 2008, 2011; ITonomapes, Xa-
pyk, 2016; Ponomarev, Kharuk, 2016). IIpu stom
10 MMEIOLIMMCSI OlleHKaM Ha Tepputopuio Cuou-
pu npuxonutcs g0 70-90 % exXerogHoro KoJiu-
yecTBa JiecHbIXx noxkapoB Poccum (Forkel et al.,
2012; IBunpenxo, Ilenamenko, 2013; Shvidenko,
Schepaschenko, 2013; de Groot et al., 2013). Oko:o
30 % oT ymucna perucTpUpPyeMbIX BO3TOPAHUM CO-
MIPOBOXK/IAIOTCS OTHAIOM HJIM 3aMEIIEHHEM JIPEBO-
croeB (Krylov et al., 2014), B To Bpems Kak exe-
romHo 1o 1.5-3 MiH ra neca THOHET B pe3yabrare
noxkapos (bapranes u ap., 2015).

WzyueHune, NMOHMMaHWE W TPOTHO3HPOBAHUE
CUTYyalluH C JIECHBIMH IOXKapaMH TpeOyeT HCIOb-
30BaHUS OOBEKTHBHBIX CPEJICTB KOHTPOJS, IOJTO-
BPEMEHHOTO MOHHMTOpPWHIa M IPOCTPAHCTBEHHO-
BPEMEHHOM MPHUBSI3KH JaHHBIX, YTO B COBPEMEHHBIX
YCIOBHSX M TP COBPEMEHHBIX MacuiTabax Ipo-
[IECCOB MOXXHO TIOJTy4aTh TOJBKO HA OCHOBE CITYT-
HUKOBBIX MOHUTOPHHIOBBIX KOMIUICKCOB.

B Hacrosiee BpeMsi ropuMocTh jiecoB Cubu-
P ¥ TPOCTPAHCTBEHHO-BPEMEHHBIE 3aKOHOMEp-
HOCTH BO3HHUKHOBEHUS MOXKAPOB HA BCEH TeppUTO-
pun aszmarckoi yactu Poccunm yxe Gomee 20 ner
U3y4YalOTCS C HUCIOJIb30BAaHHEM HHCTPYMEHTAIIb-
HBIX JAHHBIX CITyTHUKOBOTO MOHHUTOpUHTa. B oc-
HOBE JIGKUT HMH(pOpManus, TONydYeHHas IMpH Te-
MaTu4eckoil 00paboTKe CITyTHUKOBBIX CHEMOK 32
nepuog 1996-2016 rr. Ha ocHoBe 3TX Marepua-
70B c(hOpMUPOBAH YHHKAIbHBIN TeonH(pOpMALIHU-
OHHBIN OaHK JAHHBIX C HIMPOKHM HA0OPOM aTpH-
OytuBHON mHpOpManuu. KomruiekcHeie paboTHl B
JTAHHOM HarpaBJieHUH ObLIM HadaThl B MHCTUTYTE
neca um. B. H. Cykauesa CO PAH, rne npuem-
HBI KOMIUIEKC Tepenadyd H300pa’keHHH BBICOKO-
ro paspemenuss HRPT (High-Resolution Picture
Transmission) HanmoHanbHOTrO ympaBiIeHHUS IO
A’POHABTHKE U UCCIIEIOBAHUIO KOCMUYECKOTO TIPO-
ctpanctBa CIIIA (HACA — NASA) s paboTsl co
CIYTHUKOBOHW MH(pOpMaIueil ycranosieH B 1995 r.
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C opranuzanueit denepasbHOTO HCCIEI0BATENb-
ckoro neHtpa «KpacHOSpCkuil HaydHBI LEHTp»
CO PAH (®UII KHII CO PAH) B 2017 r. anmapar-
Has 4acTh NMPUEMHOI0 KOMILIEKCa Oblla OCHALIeHA
HoBO# crannueil YauCkan™-36 npou3BoCcTBa Ha-
y4HO-TexHH4Yeckoro nenrpa CkandOke, I. Mockaa,
P®, uto mo3Boymio chopmupoBark EnuHbIA peru-
OHAJIBHBIM TIEHTP AMCTAHIIMOHHOTO 30HIMPOBAHUS
3emnu npu mnaptHepctse OUI[ KHI[ CO PAH,
rockoprniopaiun «Pockocmoc» u AO «Mupopma-
LIUOHHBIE CITyTHUKOBBIE CHUCTEMbD» MMEHHU aKaJe-
Muka M. @. PemerHeBay. DT0 MO3BOJSET MPOIOI-
JKUTh TEPCIIEKTUBHBIE PabOTHI 1O COBEPIICHCTBO-
BaHUIO METOJOB IpHEMa, TeMaThudeckon oOpadoT-
KU ¥ aHaJIn3a CIIyTHUKOBOM MH(OPMAIUH B IEIAX
IIPOBEACHUS NIPOTUBOMNOKAPHOTO MOHUTOPUHIA HA
teppuropun Cubupu.

B 2017 r. wmexny MWactutyrom Jeca
um. B. H. Cykauea CO PAH u LlenTpom rmobans-
HOINO MOHHUTOPHMHIra IoXKapoB MHcTUTyTa XUMHUH
uM. Makca Ilnanka B r. @paiiOypre, I'epmanus
(The Global Fire Monitoring Center (GFMC), Max
Planck Institute for Chemistry, Freiburg, Germany),
MOANHUCAHO corameHne o ¢opMmupoBanuu Peru-
OHaJILHOTO EBpa3uiicKOro LEeHTpa MOHHTOPHHIA
MOXKapoB, KOTOPHIN BKIIFOUEH B cOCTaB PernoHasnn-
HOTO IIEHTPaJIbHO-a3UaTCKOTO PECYPCHOIO LIEHTpa
ynpasienus moxkapamu (Regional Central Asia Fire
Management Resource Center) B 1. Yman-barope,
Mouronus. Takum 00pa3om, AaHHBIE O TOXKapax
Cubupu Ha COBPEMEHHOM dTare U B Onrbkaniien
NEPCIEKTUBE CYILIECTBEHHO JIOMOJHSIOT MUPOBYIO
CHUCTEMY JIECOIIO’)KaPHOTO MOHHUTOpPWHTA W II03BO-
JSIFOT paccMaTpuBaTh BOIPOC O TOPHUMOCTH JIECOB
OopeanbHOI 30HBI CHOMpPH HE TOJBKO HA pPEruo-
HaJIbHOM YPOBHE, HO U B KOHTEKCTE U3YUEHHUSI U 10~
HUMaHMsI [IJIJAHETAPHBIX MPOLIECCOB.

MATEPHAJIBI U METO/JbI

B cooTBeTcTBUU C 30HHUPOBAHUEM TEPPUTOPHUU
necHoro ¢onga P® npoTruBomokapHbIE MOHHUTO-
puHT Oonee yem 51 % J1ecoB OCYLIECTBISIETCS TOJIb-
KO Ha OCHOBE cnyTHUKOBOW mH(popmarmu (bapra-
1eB u 1ip., 2008). Takum 06pa3om, B COBpEMEHHBIX
YCIIOBUSIX JIMCTAHIIMOHHBIE JIaHHBIE COCTABISIOT
Ba)KHYIO YacCTh CUCTEMbl MOHUTOPUHIA IPUPOTHBIX
noxapoB B Poccum. Ilpaktudeckass 3HaAYMMOCTh
pe3ybTaToOB JUCTAHIIMOHHOTO MOHHMTOpPWHTA TIO-
*apoB oO1ienpu3HaHa kak B Poccuu, Tak u 3a py-
0eKoM, IMOATOMY JAaHHOE HANpaBJICHHE AKTUBHO
pa3BuBaeTcs, BKIIIOYasi pa3padOTKy M BBOJ B JKC-
TUTyaTaIyio HOBBIX CITyTHUKOBBIX CHCTEM, XapaKTe-
PU3YIOIINXCS TIOBBIIICHHBIMH U aJalTHPOBAHHBIMHU

CUBUPCKUM JIECHOM XYPHAJL Ne 5. 2017
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Tadsmmua 1. XapakTepuCTHKU HCIIOIb3YEMbIX CITyTHUKOBBIX CHCTEM

CryTHHKOBasi CHCTEMa/almnaparypa
Ioxasarens NOAA/ |Terra, Aqua/ Suomi Landsat-8 Sentinel-2 P n
AVHRR | MODIS | NPP/VIIRS | OLI entinet eeype
PazpaboTunx NASA NASA NASA NASA | EBpomnetlickoe | «Pockoc-
KOCMHYECKOE MOC)
areHTCTBO
(ESA)
IIpocTpaHncTBEHHOE pa3pelieHue, M 1000 250; 500; 375; 750 15; 30 10; 20; 60 2.5;4;23
1000
OXBar TEPPUTOPHH B KaJIpe, KM 3000 2300 3000 185 290 38,97
CrekrpanbHblid AUana3oH, MKM 0.58-12.50| 0.45-14.38 | 0.40-12.48 | 0.43-1.39| 0.44-2.19 0.48-0.90
Yacrora 0OHOBIIEHUS 64 124 16 queri | 5-10 nneit 10 nHeii
O¢ddexruBHOCTS | JleTekTHpOBaHUE Cpemusist | Brsicokas Bricokas Huskas Huskas Huzkas
AKTHBHBIX TIOKapOB
ITocnenoxapHslii Huskas Cpennsist Cpennsisi | Breicokast Bricokas Bricokas
MOHHUTOPHHT

XapaKTePUCTUKAMKH WM JIaKe HEMOCPEICTBEHHO
pa3paboOTaHHBIX B IIEJSX BBIIOJIHEHUS TPOTHBOIIO-
YKapHOTO MOHHTOPHHTA.

Bank noxapoB (TepMUYECKH aKTUBHBIE ITHKCE-
mu Ha u3o0paxenusx B MK-mmamasone cnekrpa),
(GUKCHPYEMBIX TIO BCEMY MUY, CKCSIHEBHO II0-
nonusieTcs Ha cepBepax NASA (Giglio et al., 2003;
Giglio, 2013; LAADS DAAC — NASA, 2017), Tak
KaKk MMEHHO CIyTHUKHM MOHHMTOPHHIOBOTO ILIaHA
NASA cocTaBisItoT Cerojiis OCHOBY BCEX peajn3o-
BaHHBIX CHCTEM IPOTHUBOIIOKAPHOTO MOHUTOPHHTA.
Jto Kacaercs u MHpopMaliMOHHOI CUCTEMBI JTUC-
TAaHIIMOHHOTO MoHUTOpUHTa denepanbHOro areHT-
ctBa iecHoro xo3sicTa (MC/AM-Pocnecxos) (brnok
MOHHUTOPHHTA TIOKAPHOM OMAaCHOCTH), KOTOpasi pa-
6oraet ¢ 2005 . (bapraneB u ap., 2008), u 3amy-
mieHHoi B Hadane 2000-X I'T. cucTeMbl ynpaBlieHus
kocMmuueckuM MoHutopuarom MUC Poccun ['MC
«Kackan» (Kynpun, Pesnuxos, 2006). [Tomumo ma-
TEPUATIOB MOHUTOPUHIOBBIX CITyTHUKOBBIX CHCTEM,
KaKk TPaBWJIO HUMEIOIINX HU3KOE MPOCTPAHCTBEH-
HOE pa3peleHne, B paboTe aKTUBHO UCTIONB3YIOTCS
ChEMKH CPEIHETr0 W BBICOKOTO MPOCTPAHCTBEHHO-
TO paspelieHus. A B HACTOSIIEE BPEMsl MMOSBIIACH
BO3MOXKHOCTB PETYJISIPHON pabOThI ¢ MaTepHalaMu
pOCCUICKMX CIyTHUKOB. OCHOBHBIE TEXHHYECKHUE
XapaKTePUCTUKHU, aKTyaJbHBIC MPUMEHUTEIBHO K
3a/1a4e IMPOTHUBOIIOKAPHOTO MOHHUTOPUHTA, 0000-
LIEeHEI B Ta0II. 1.

OTMeTuM, 4TO CITyTHUKOBBIE CHCTEMBI MOHHUTO-
PUHTOBOTO TUTaHA B OObIIeH cTerneHn d((HEeKTHB-
HBl JUISl JICTCKTHUPOBAHHSI TEPMUYECKH AKTUBHBIX
YUYaCTKOB B peXKHMeE peasibHoro BpeMeHu. C yueTom
BO3MOXKHOTO TpHeMa HH(OpMalMd OT HECKOJb-

CUBUPCKUI JIECHOU )KYPHAJL Ne 5. 2017

KAX CHCTEM, Nepuoj, OOHOBJIECHHUS CBEICHUH MO-
KeT OBITh COKpaIleH 10 2—4 4, a oJee AeTaabHYIO
UHQOPMAIMIO O MOCIETOXKAapPHOM COCTOSIHMM pac-
TUTEIBHOCTH U JUHAMHKE TMOCIENOXKAPHBIX U3Me-
HEHUI MOYKHO MOJy4yaTh TOJBKO C IMPUBICUYCHUEM
JTAHHBIX OoJiee BBICOKOTO Pa3peIieHus], MepuoIny-
HOCTh OOHOBJICHHSI KOTOPBIX B HACTOSIIEE BPEMs
cocramisieT ot 5 1o 20 nuHeit. B ontumanbHOM pe-
JKUMe paboThl CUCTEMbl MOHUTOPUHTA TIOXKAPOB HE-
00X0IMMO TIPUBJIEYCHUE IUPOKOTO CIEKTpa CITyT-
HUKOBBIX JAaHHBIX.

Hauunas ¢ 1995 r. B ucciienoBarenbCkux Ie-
nsx ¢popmupyercs OaHK JaHHBIX O JECHBIX IO-
xKapax, (UKCUPYEMbIX CITyTHUKOBBIMH METOIaMH
(Cyxunun, 1996; bapraneB u ap., 2008; Ilono-
mapes, IlIBenos, 2013). Marepuanbsl NOITy4EHBI
MOCPEACTBOM 00pabOTKM [aHHBIX CIYTHUKOBBIX
cbeMok NOAA/AVHRR (c 1996 r.) u Terra, Aqua/
MODIS (c 2007-2008 rr. mo HacTOsIIEe BpeMsl).
baza nannbix comepxut 6omnee 2 x 10 3amuceit 3a
BeCh nepuos HabroneHuit (tabm. 2).

ATpuOyTHBHBIE MapaMeTphbl COACpPXkAT JaHHBIC
0 TUIOLIA/IM TEPMHUYECKU aKTUBHOW 30HBI, TUIOMIA-
JI¥ TIOJIUTOHA TIOXKapa, BBIYMCICHHOW CpPEACTBAMH
I'C, koopiuHAaThI LIEHTPOB MOJUTOHOB, KPATHOCTH
pErucTpalmi, a Tak’kKe COBOKYIHYIO JUIUTEIbHOCTh
JETeKTUPOBaHMs TMoXKapa (BpeMsl OT MepBOH /0
MOCTIeTHeH PEeTrUCTpaluyd TePMHUYECKH AaKTHBHOM
30HBI). Vcrionp3yemblii MacCUB BBIOOPKH Y/IOBIIET-
BOPSET YCIOBHSIM TPOBENEHUSI CTAaTUCTUYECKOTO
aHanM3a, a o0Ias JIUTEIbHOCTh PACCMOTPEHHOTO
psana (20-neTHUI TIEPHOA) TO3BOJISAECT XapaKTepH-
30BaTh 3aKOHOMEPHOCTHU MOXKAPHBIX PEKUMOB U UX
MOBTOPSIEMOCTH Ha TeppuTopun Cudupu.
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Taoaumna 2. Conepxanne 6a3bl JaHHBIX JIECHBIX ITOKAPOB

Ton dakTryeckas Yucno Yuciio

Ne | mMoHHTO- CryTHHK/TIprOOp JUTUTEIIBHOCTD TEPMHUYECKH ITOJINTOHOB

puHTa HaOJIONeHUI aKTHBHBIX 30H MOYKapoB
1 1996 NOAA-12, 14/AVHRR 1.05-28.08 5192 4841
2 1997 NOAA-12, 14/AVHRR 1.05-9.10 4000 3367
3 1998 NOAA-12, 14/AVHRR 3.03-28.09 7743 6317
4 1999 NOAA-12, 14/AVHRR 7.04-21.10 25921 10 499
5 2000 NOAA-12, 14/AVHRR 16.03-22.10 14 057 7677
6 2001 NOAA-12, 14/AVHRR 6.04-29.10 10 670 6990
7 2002 NOAA-12, 14, 15/AVHRR 12.03-31.10 25 640 10 480
8 2003 NOAA-12, 16/AVHRR 17.03-31.08 50 945 16 146
9 2004 NOAA-12, 15, 16/AVHRR 29.03-25.10 15 835 9540
10 2005 NOAA-12, 14, 15, 18/AVHRR 10.03-30.10 27 677 23 062
11 2006 NOAA-12, 15, 18/AVHRR 22.03-30.10 47 756 26 024
12 2007 NOAA-12, 15, 18/AVHRR 1.03-30.10 44219 23 624
13 2008 NOAA-18/AVHRR; Terra/Modis 13.03-25.10 87 160 28 587
14 2009 NOAA-18/AVHRR; Terra/Modis 24.03-30.10 62 660 19 633
15 2010 NOAA-18, 19/AVHRR; Terra, Aqua/MODIS 27.03-20.10 69 155 18 794
16 2011 Terra, Aqua/MODIS 1.03-21.08 160 541 24 383
17 2012 Terra, Aqua/MODIS 15.03-4.09 295 665 23 666
18 2013 Terra, Aqua/MODIS 2.03-15.10 118 719 13 201
19 2014 Terra, Aqua/MODIS 1.03-8.10 221376 30454
20 2015 Terra, Aqua/MODIS 1.03-1.10 117 766 19 935
21 2016 Terra, Aqua/MODIS 1.03-5.10 169 493 19 099

AJropuT™M OOHApyXKEHHUs] TEPMUYECKU aKTUB-
HBIX 30H OCHOBaH Ha ONPE/IEICHUU COOTHOILICHHUS
MEXJy 3HAYCHUSIMHU pPaJUallMOHHOM TemIepary-
PBI y4acTKa MOBEPXHOCTH (MMKCENs), U3MEPEHHOI
CILyTHUKOBBIM PaJHOMETPOM, U 3alaHHOTO I1OPOro-
BOTO 3Ha4YeHUs. BennuuHa mopora paccuuThIBaeTCs
Ha OCHOBAaHUM CpeJHEW Temmeparypbl (oHa U ee
CPEIHEKBaPaTUYECKOr0 OTKIOHEHHs B OKPECTHO-
CTH TOTEHIMAJIBHOTO ouara roxapa ¢ y4eToM 5M-
MIUPUYECKH OIPEEeNICHHBIX YUCIOBBIX K0d(duIu-
€HTOB.

ITono6HbIil nonxon Kk 0OHAPYKEHUIO TepMHUYe-
CKHM aKTHBHBIX 30H IIMPOKO NMPUMEHSETCSI BO MHO-
I'MX aJbTEPHATUBHBIX AITOPUTMaX OOHAPYKEHHS
noapos, HarpumMep B anropurme Fire Information
for Resource Management System (FIRMS) NASA
(Giglio et al., 2003; Justice et al., 2006).

HoBble CITyTHMKOBBIE CHCTEMBI M OTKpBIBaIO-
MMecs TEXHUYECKHE BO3MOXHOCTH ITO3BOJISIOT
MOJy4aTh OOJBIIYI0 CTENEeHb JeTalu3aluM JaH-
HBIX O IO0XapaX pPacTUTEIbHOCTH, CTEIEHU BO3-
JEUCTBHS MOXKAPOB Ha JIECHBIE SKOCUCTEMBI, B TOM
YHce OLEHUTh TPEHIbl MOCIETOXapHOTO H3Me-
HEHUsI NPUPOJIHBIX KOMIUIEKCOB B pE3YyJIbTaTe OT-
1ajia JpeBOCTOEB U/UIIM CMEHBI APEBECHBIX MOPO/I.
IToBbimenne 3GGEKTUBHOCTH CIIyTHUKOBOTO MO-
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HUTOPUHTA TIOXKAPOB JOCTUTACTCSI 32 CUET TMOBBI-
MICHHUS TIPOCTPAHCTBEHHOTO pa3pellieHus TaHHbBIX,
B TOM YHCJIE€ B TEIUIOBOM JHAaIa30He CIEKTpa, Io-
BBIIIIEHUS] YYBCTBUTEIBHOCTH OOPTOBOW CKaHUPY-
IOIICH ammaparypbl, PacIIUPEHHs HCIIOJIb3YEMbIX
CIICKTPAJILHBIX UAIIA30HOB W YBEJIMYCHHUS 4Ya-
CTOTBI OOHOBJICHWSI JAaHHBIX (C HCITOJIE30BAaHUEM
cucrem Terra, Aqua/MODIS, Suomi NPP/VIIRS,
cM. 1abin. 1). Takum oOpa3om, Haubosee nepcrex-
THUBEH B CHCTEME PAaHHETO OOHAPYKCHHUS TI0KAPOB U
YTOYHEHUS XapaKTePUCTHK WX TapaMeTPOB Pajfo-
metp VIIRS (mpocrpaHcTBeHHOE paspelmieHHe 10
375 M), HaxonAuMiics Ha OOPTY CHyTHUKa Suomi
National Polar-orbiting Partnership (Suomi NPP).
BeposTHOCTh paHHETO 0OHAPYKEHHUS TEPMHUUICCKUAX
AHOMAJIMA MOKET OBITH TOBBINIEHA HA BEJIHMUUHY
1o ~30 %. AnmanTupoBaHHBIE TEXHOJIOTHU TI03BO-
JISIT TIOBBICUTh TOYHOCTH OIICHKH ILIOIIAIeH MOoXKa-
POB, B TOM 4HCIIe B akTUBHOH (haze, Ha 15-20 %, a
TaK)Ke CHU3UTH TIOPOT OOHAPYKEHHSI MUHUMAJIbHO-
ro oudara ropenus ¢ 300-500 o 150-200 m? (ymyu-
menue Ha 30 %). Bo3aMOXHO Takke yCOBEpIICH-
CTBOBaHME TEXHOJIOTMH KJIACCU(UKALNN YYaCTKOB
Moykapa 1o MHTEHCUBHOCTH TOPEHHUS C HCITOJIb30Ba-
HUEM JIAHHBIX O PaHallMOHHONW MOIIHOCTH TEIUIO-
nznydenus Ha 15-20 % (puc. 1).
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Puc. 1. IIpumep 00paboOTKN CIyTHHKOBOW CHEMKH IPH JCTCKTUPOBAHWU I0XKAapa W BBIYMCICHUHM SHEPTETHYECKUX
XapaKTepUCTUK aKTHUBHOH 30HBL @ — cheMka MODIS Terra; 6 — aktuBHble nukcenn (1-10) B TermoBoM nuamasoHe
crekrpa c paspemernem 1000 M; ¢ — yrouHeHHbIe qaHHble 00 akTUBHBIX THKcensixX (1-10) B cpennem MK-nuanasone
¢ pazpemmennem 500 M.

PE3VJIBTATBI U UX OBCYXIEHHUE

O6pabotka gaHHbIX 20-71€THEro nepuoja CIyT-
HUKOBOTO MOHHMTOpPHHIA MO3BOJSIET TOBOPUTH O
CPEHEMHOTOJIETHUX IOKA3aTeNsAX TOpUMoCTH (Y —
OTHOIICHNE CyMMAapHOM IUIOIIAAN MOXKapOB 3a ce-
30H K 00IIeH TIIOmaan JeCOB PETHOHA) TI0 PETHO-
HaMm Cubupu, KOTOpbIE MOXKHO PacCMaTpuBaTh Kak
XapaKTepHbIE Ui COBPEMEHHBIX KIMMAaTHYECKUX
YCIIOBHUH M IO CTETIEHH aHTPONOTCHHOTO BKJIAJa B
CTaTUCTUKY BOSHUKHOBEHHS TTOKAPOB.

B Ilpuanrappe nuamna3oH BapbUpOBaHUS Y =
=0.02-7.90 % B roxn (cpenuee 3nadenue 1.65 %), B
Oenkun Y = 0.001-10.800 % B rox (cpeanee 3Ha-
yenue 1.46 %), B LlenTpanpnoit Axytun v = 0.01-
14.50 % B rox (cpemnee 3HaueHue 2.23 %), B 3a-
Oaiikanbe y = 0.16-6.90 % B rox (cpenHee 3HaUeHHE
1.93 %). Ilokazarenu ans 3abaiikanbsi HE YYHUTHI-
BAIOT AKCTpeMaJbHYI0 TropuMocth (Oomee 25 %
TUTONIAIM PacCMaTpUBAEMOM TEPPUTOPUHU) CE30HA
2003 . EsxerogHast JUHAMUKA KPYIIHBIX [10KapOB B
necax Cubupu (> 2.5 ThIC. Ta) 000011eHa HA pUC. 2.

IToxapamMu 3TOW KaTeropuh TO CTATUCTHKE
npoiiieno 10 90 % Bcex mocTpajgaBUIMX IUIONIA-
neit mecoB Cubupu B TEUEHHE MOKAPOOMACHOTO
ce3oHa. TpeHa pocTa B TEUEHHE paccMaTpUBAEMO-
ro IepHuoja XapakTepH30BaJCS IOCTOBEPHOCTHIO
anmpoKCUMAaIKu Ha ypoBHe R* = 0.5 ms p < 0.05,
YTO CIIPABEJTUBO TAKKe U JUIS IOKapOB BCEX Kare-
ropuii BKtounTenbHO ([ToHomapes, Xapyk, 2016;
Ponomarev, Kharuk, 2016).

He npunumas Bo BHUMaHHE BECEHHHE MOXKAPBI
B 30He crenel u ecocteneit Cubupu, KOTopeie, 1o

CUBUPCKUI JIECHOU )KYPHAJL Ne 5. 2017

HAIlIUM OIICHKaM, €XXerogHo cocTaBisitoT 10 30 %
0T OOIIero KOoJM4ecTBa BO3TOPaHUN, MOXKHO KOH-
CTaTUPOBATH CYIIECTBEHHOE PACIIMPEHUE 30H Mac-
COBOM JTIOKAIU3alMY TTOKapoB (puc. 3), a UMEHHO: C
2011 no 2016 r. noxxapel B TEYEHHE OJHOTO CE30HA
PEryasipHO TPYHIHUPYIOTCS B HECKOJIBKUX CyOperu-
onax Cubupu (OBenkus, Sxyrtus, [Ipubaiikanse u
tor JlanpHero BocToka), HEpenKo JAEHCTBYS OHO-
BPEMEHHO; PETYJISIPHO MOBTOPsOTCS ce30HbI (2006,
2007, 2011-2013 rr.) ¢ MOBBIIICHHBIM YpPOBHEM
TOPUMOCTHU Ha TEPPUTOPHH CEBEPHBIX pailoHOB 3a-
najaaoi Cubupwu.

XapaxkTepHbIe IS pacCMaTpUBaEMbIX CyOperu-
OHOB ToKa3zarenu ropumocta (1.46-2.23 %) Bbiie
cpennero 3HadeHus st necoB Cubupu (1.19 %)

100
R*=0.5

[Tmomans, MIH Ta

T T T T 1 1T
2008 2012 2016

Tonpl

U T
2000 2004

1 Y=
1996

Puc. 2. Mexce3oHHas nuHaMuka moxapoB Cubu-
PH, OTHOCHMEBIX K KaTETOPHH IKCTPEMAaJbHO KPYITHBIX
(S > 2.5 ThIC. ra). PaccmoTpenHast BHIOOpKA HE BKITHOUA-
Jla BECEHHHE MOXKaphl B 30HE CTENEH U JIECOCTENEH ora
Cubupwu.
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Puc. 3. ['eonpocTpaHcTBEHHOE MPEACTAaBICHUE BapHallMy Hanbolee KPYMHBIX MOXKapoB 1o cezoHam 1999-2016 rr.
Kareropuu ruiomaaeit moxapos, Teic. Ta: a — 10 20; b — ot 20 10 50; ¢ — 6onee 50.
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Puc. 4. CBsa3p MMPOTHOH BapHaLNH [UIUTEIEHOCTH TTOKAapOOIIACHOTO Mieprofa (a) U MeKIOKapHO-
ro HHTEpBaia (6) C rpaJIMeHTOM reopU3nIecKOro rnapamMeTpa MpUXOSIIel COTHEYHOM panalyy.

(Ponomarev et al., 2016) 1 B pa3bl IPEBHIIIAIOT 3HA-
YeHHE, XapaKTepHOEe Ul TIOKapoB B Jecax 3araaa
Kananpl (0.56 %) (de Groot et al., 2013).

B skcTpeManbHbIE MMOKapOOMACHBIE CE30HBI
MOKa3aTelb BO3PACTAET HA MOPAJOK BEIUYHHbI
(6.92-14.50 %). KpynHble 1 MaccoBble HOXKapbl
Ha OOJIbIIEeH YacTH BBIAETICHHBIX CyOpEernoHOB I10-
BTOPSIIOTCS C TIEPUOJIOM HE pexe 3—5 JeT. DToMmy,
BEPOSITHO, CIOCOOCTBYIOT CKJIAJIbIBAIOIIMECS B CO-
BPEMEHHBIX YCIOBHUSIX 3aKOHOMEPHOCTH INI00AJh-
HOM IUPKYISIIUN aTMOC(hEpBl 1 COOTBETCTBYIOIINE
MIOTO/IHBIE YCIIOBUS — [UTUTEIbHBIE 3aCyIIITUBBIC TIe-
pHUOIBI C BBHICOKOM TemIeparypoil Bo3lyxa, OTCYT-
CTBHE WJIH NIEpepacipeesieHne 0CaIKOB B TEUCHHE
ce3oHa. Bo3pacTtanue unciia mokapoB B TpaHMIIAX
JIOKAJIbHBIX TEPPUTOPHIA MOXKET OBITH CIIEICTBUEM
OIHCHIBAEMbIX XapAKTEPHBIX YCTONUMBBIX aHTUIU-
kIoHu4eckux mpoieccos (beimes u ap., 2014; Ilo-
nomapes B. U. u np., 2015), AMuTENbHOCTH KOTOPBIX
OTpakaeTcs Ha CE30HHOW TUHAMHKE TOKa3aTels
MOXKapHOM OMAaCHOCTH MO yclioBUAM norojasl [1B-1.
Oto nHabOmiomaercs kak juisi Cubupu (IlBugenko,
[Memamenko, 2013; Shvidenko, Schepaschenko,
2013; Banennuk u mp., 2014; Valendik et al., 2014),
TaK U Juia apyrux peruonos mupa (Hayasaka et al.,
2016).

B psine cybpernonoB Cubupu, B 4aCTHOCTH B
OBenknn, 3abaiikambe U SIKyTHH, SKCTpeMaabHas
nokapooriacHass oocranoBka ¢ Hadana XXI B. mo-
BTOpsieTcs perynsapHo. Kak mokasbiBaeT cTaTucTu-
yeckass 00paboOTKa NaHHBIX, 3HAYMMBIX TPEHIIOB
JTUHAMHKH JUTATETBHOCTH TTOKapOOIIACHOTO TIepH-
ona B Cubupu He npocnexuBaercs. [IpucyrcTy-
eT JuIlb siBHas koppensiuus ( = 0.98) mupoTrHoro
rpaaueHTa (hakTUUeCKOW JJIMTENIBHOCTH TOXKapo-
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OTACHOTO CE€30Ha C OJHUM U3 OCHOBHBIX Teodu-
3UYECKHUX MapaMeTPOB — MPUXOASIIEH COJHEYHOMN
pammnanueit (Oenopos, 2015) (puc. 4, a). Panee npo-
Beaennbli ananmm3 (Kharuk et al., 2008, 2011, 2013;
Ponomarev et al., 2016) mokazan, 4To B COBpeMeH-
HBIX YCJIOBHSIX IIUPOTHAS BAPUALIUS MEKITOKAPHBIX
untepBaioB (MIIN) c mpoaBuxkeHueM Ha ceBep
Bo3pacraer ot 80-90 ner Ha mmpote 62° c. 1. A0
200 net Ha mupote CEeBEPHOro MOJSIPHOIO Kpyra.
Takue OLUEHKH conocTaBUMBbI ¢ JaHHBIMHU 110 MITU
(mo 180 Jyer), NPUBONUMBIMH B MyOJIHMKAIUASX IS
necos 3anaaa Kananer (de Groot et al., 2013). [Ipu
3ToM B CHOHUpH B 30HE CEBEpHOI IPaHUIIBI COMKHY-
TBHIX JINCTBEHHUYHBIX JApeBocToeB (71° ¢. m1.) 3Have-
nus MITU moryt nocturars 300 ner.

O06o00masi mMMeronecs: JaHHble, MOXHO TO-
BOPUTH O 3HAUYUMOW CBs3u BenmnuumHbl MIIN ¢
IIMPOTHOM BapHanue reou3nYecKkoro mnapame-
Tpa MHCOJISILIMM, KOTOpas XapakTepusyeTcs: Kod(-

¢unmeHTaMu Koppeasiuuu Ha yposHe r = —0.95
(puc. 4, 0).
BpemenHoll uHTEpBal HMHCTPYMEHTAJIbHBIX

CIIyTHUKOBBIX HAOJIONEHUI BO BCEM MHUpE IO ca-
MBIM ONTHUMHUCTHYECKUM MOJACYETaM COCTaBISIET
30-40 neT, 9yTO SIBHO HEAOCTATOUYHO IS BHISIBICHMS
OUKINYHOCTU H NI00aJILHOTO IIPOrHO3UpOBaHUs
Ha OCHOBEC TOJIBKO 3THX pAAOB JAaHHBIX O ITOXKapax.
OpHako, ecnu paccMarpuBaTh JUIMTEIbHYIO XpO-
HOJIOTHIO ITO’KapoB B ILI€JIOM, OCHOBBIBAsICh Ha J10-
CTYIIHBIX OJKCHEPHUMCHTAJIIbHBIX W JIMTEPATYPHBIX
JaHHBIX, TO MOXHO OTMCTUTH, YTO IIOXOJIOAAHHC
B MaJjioM JI€IHUKOBOM IEpPHOZE COMPOBOXKAAIOCH
Bo3pacTtanreM BennuuHbl MIIN, a mocnenoBasmiee
norerieHne B cepeaune XIX B. — ero cokpalieHu-
eM (Kharuk et al., 2008, 2013), uto B 11€710M coOTJIa-
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cyercs ¢ TunoTe3o0i TecHoi cBa3u MIIU ¢ ypoBHeM
Y BapUalUsMU COJTHEYHON MOCTOSIHHOM.

MoxHO 0003HAUNTH Ba)KHBIH KPyT 3a/ad, TIC
JCTAHIIMOHHBIC TaHHBIE CETOMHSIIHETO YpPOBHS
MO3BOJISIOT CYIIECTBEHHO MOBBICUTH CTENEHb WH-
(hopMaTUBHOCTU M TOYHOCTHU pelieHuil. B yactHo-
CTH, Pe3yJbTaThl 00paOOTKH CITyTHUKOBBIX JIAHHBIX
HEOOXOIMMBI IS TOCTPOSHUS aJalTUPOBAHHBIX
QJITOPUTMOB TPOTHO3UPOBAHMS JWHAMUKHU IOXKa-
POB M OIICHOK SMHCCHI yTlIepoAa MpH MoKapax
NePEMEHHOW HMHTEHCUBHOCTU. OIEHKH MPSIMBIX
SMHCCHUIl yIepoa B MpoIiecce TOPeHUs pacTUTENb-
HOCTH TPAJMIMOHHO BBHITIONHSIOTCS IO METOIMKE
W. Seiler, P. J. Crutzen (1980): C=4 x B x f, x f3,
rne A — niomaak, NpoiieHHas orHeM; B — Koiu-
4yecTBO OMOMacchl A0 Hoxapa, 1/ra; f, — ko3ddu-
IIUCHT, OIpPENeSIONMNA 00 yIiepora B Cro-
patouieit 6uomacce; f — k03()PULKMEHT MOIHOTHI
cropanus. B 3ToM mpocToM COOTHOIIEHHH, KOTOPOE
WCIIONB3YETCS B OOJIBIIMHCTBE OIICHOK M TIPOTHO30B
MOYKAPHBIX IMUCCUN BO BCEM MHUPE, Ha CETOIHS BCE
napameTpsl GaKTUUECKH SBISIOTCS HEU3BECTHBIMHU.
Nmeromuecs: sKcriepuMeHTaIbHbIE TaHHbIE TPeOy-
0T 0000IIECHHS 1 HKCTPATIONSAINN C TIPUBJICYEHUEM
JTUCTAHIIMOHHBIX ChEMOK PAaCTHUTEIHHOCTU U TOXKa-
poB. uddepenuupoBanHblii y4eT (HaKTHUYECKOro
KOJIMYECTBA CTOPEBILNX PACTUTEIHHBIX MAaTEPHAJIOB
(B TOM 4YmcIe BaKHEUIIETo mapamerpa — Kodphu-
[IUEHTA TIOJIHOTHI CTOPaHMs) BO3MOKEH Ha OCHOBE
pelieHuss 0OpaTHOM 3aJlauu JUIsd JaHHBIX O AMCTaH-
HOHHO PETUCTPUPYEMON MOIIHOCTU TEIUIOH3ITY-
yenust FRP ot aktuBHO# 30HBI mokapa. B pabore
M. J. Wooster (2002) moka3aHo, 9TO MOIIHOCTb
TEIUIOU3TYUYCHHSI, JIeTeKTUpyeMasi B CPEIHEM HH-
(dpakpacHOM JManazoHe, JMHEHHO CBs3aHa C KOJIH-
YECTBOM CropeBIIeld Onomacchel. JlaHHas MeTOIMKa
YCTICITHO aJanTHPOBaHA IS MOKapoB B Jiecax Cu-
OMpH U B HACTOAIIEE BPEMsI aKTUBHO HCIIONIb3YETCS
Ha TPaKTHKE, B aHAINM3€ U OTNEPAaTUBHOM MOHHUTO-
punre (Ponomarev, 2013; [Tonomapes u ap., 2017).
[Moxgxon muddepeHnnpoBaHHOIO ydeTa Yy4acTKOB
noXkapa, COOTBETCTBYIOLIMX MEPEMEHHONW HHTEH-
CUBHOCTH M CTAJAMSIM PAa3BUTHSL, IO3BOJISIET IPOTHO-
3UpOBaTh MOBBIIIEHHE TOYHOCTH OLIEHOK IOXap-
HBIX SMHUCCU HE MeHee yeM Ha 25-30 %.

DKCIEPUMEHTAIbHO TIOMY4YCHHbIE 3HA4YCHUs
MOIIHOCTH TEIUJIOU3yUYEHUS C eIUHUIIbI TUIOIIAIU
no)kKapa B 3aBHCUMOCTH OT BHEIITHUX YCIIOBHIA M THIIA
rOpIOYEero Marepuaia cocTaBsior 28-750 kBt/m?
(Kones, 1977; Banenmuk, Kocos, 2008), a npu
BEPXOBBIX MOXKaPax BHICOKOH MHTEHCUBHOCTH — JI0
5000-60 000 kBt/m? (Stocks, Hartley, 1995). Bei-
YHUCIIsieMble Ha €IUHUILY IJIOMIAJAN aKTUBHOU 30HBI
3HaYEeHUs NpU 0OpabOTKe NaHHBIX IS TMHUKCENS
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nzobpaxenuss Terra/MODIS (1000 x 1000 m) B
cpeaHeM OyIayT HUKe Ha 3 mopsi/IKa 3a CueT Heorpe-
JIeNICHHOCTH PE3yJIbTAaTOB CyONMKCEIBHOTO aHaIH3a
MIPH BBIJICJICHUN 30HBI aKTUBHOTO TOPEHHS Ha M30-
opaxxennu. bonee 90 % Bcex aKTHBHBIX MUKCENEH
u3 0a3bl TaHHBIX MOXKapoB uUMenu BenuuuHy FRP
B npeaenax 10-300 Br/m? (IlIBeros, [Tonomapes,
2015; Shvetsov, Ponomarev, 2015) ¢ yuetom dax-
TUYECKOM JOJNM aKTUBHOTO TOPEHHUS B Mpeaesiax
TTUKCEIIS.

Jna noxapoB B secax CuOupu BBISBIEHBI
npenensl Bapuanuu nokasarens FRP mma pazmng-
HBIX TUIIOB M BHJIOB IOXKapoB, Pa3BUBAIOIIUXCS B
pa3IMYHBIX YCIOBHSIX M B Pa3jiMuYHBIX TUMaX jeca
(Ponomarev, 2013; IlIsenos, Ilonomapes, 2015;
Shvetsov, Ponomarev, 2015). Crnexyer OTMETHTB,
YTO MHTErpajbHOE TEIUIOU3JIyYeHHE OT IOJIUTO-
Ha NoXapa, BapbUpYIOLee B UIMPOKOM JMaINa30He
1200-75 000 MBT, cBsizano, pex/ie BCero, ¢ 00Ib-
MIAMH TUTOIAIIMU TTokapoB B Cubupu. Cpemaue
3HadueHus mokaszarenss FRP (uHTerpanbpHble 3HA-
YeHHUs JUIsl TOJMIOHOB TOXapoB) 3a(UKCUPOBa-
Hbl Ha ypoBHe 1200-4500 MBTt. Cnopaguueckue
MaKCUMYMBI JJIsl [10’KapOB B COCHSIKAaX JIOCTUIaIU
10 000-12 000 MBT. B nHCTBEHHHYHBIX HacaXk-
JEHUSIX 3a(HUKCHUPOBAHBI MOXKAPBI CO 3HAYCHUSMHU
FRP 6onee 30 000 MBT, a Takxke criopagudeckue
MakcuMyMslI J10 75 000 MBT. BaxkHocTh 1 akTyasb-
HOCTh 3THUX JAHHBIX MPEXJE BCETO B TOM, YTO HA
MX OCHOBE MOXKHO KJIACCU(UITMPOBATH MOJIHUIOH T10-
’Kapa 1Mo UHTEHCUBHOCTU FOPEHMsI, a TIOCIIe peau-
3allMU COOTBETCTBYIOIUX MOJENIENH — UMETh JOIOJI-
HUTEIIbHBIE CBEJCHHS 0 Kod((HImeHTax MmoIHOTHI
cropanus () Ha IPOTSHKEHUM BCETO BPEMEHH pas-
BUTHS TIOKapa.

B uactHOCTH, pe3ynbTaTthl 00pabOTKH JaHHBIX
3a nocneaaue 10 neT mo3BoNMiIv BIEPBbIE HHCTPY-
MEHTAJIbHO 3a()MKCHPOBATH JIOJTIO JIECHBIX TIOKAapPOB
Cubupu ¢ ydacTkaMu SKCTPEMaIbHOTO TEIIOU3ITY-
yeHus. Vcronp30BaHHBINA B TAKOM aHAJIU3€ KpHUTE-
Pyl PETHCTPAIIUN MHUKCENEH 3KCTPEMAIBHOTO Te-
mwionsinydenus FRP, Obu1 He HIDke 75 Br/M?. Ux
JIOJIs1 €5KEr0IHO BapbHpyeT Ha ypoBHe (5.5 £ 1.2) %
(ITonomape u ap., 2017). CymmapHas 1iomaab
JIECOB, MPONACHHBIX MOKapaMH BBHICOKOM 3HEPIUH,
BKJIIOYasi BEPXOBbIE, COCTaBIsIAa HE MeHee 8.5 % oT
CPEIHEro/I0BOM, a B OTAEJbHBIE TOJbl (HapUMED,
2009, 2010, sxctpemanbhbiii ce3on 2012) noctura-
na 3HaueHut 15-25 % cymmapHo# 1iomaau noxa-
poB. Perucrpupyemble 3KCTpeMasbHble 3HAYCHUS
FRP cBs3anbl, npexe Bcero, ¢ (ha3oil MakCuMallb-
HOW MHTEHCUBHOCTH FOPEHMSL, YTO MOATBEPKIAETCS
pe3ynbTaTaMy CONMPSsKEHHOTO aHanmu3a ¢ nHpopma-
ueil o BepxoBbIX noxapax. Okono 65 % ciyvaes
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ITnomanp, ThIC. Ta

m/ A2 3 4

Puc. 5. CemelcTBO MOAENBHBIX KPUBBIX JUHAMHUKH
MIPUPAIIEHHS TUIOMIAN SKCTPEMAaIbHO KPYITHBIX TOXKa-
POB. YCIIOBHBIMH 3HaKaM# OTOOPa)KCHBI (haKTHUCCKUC
JIaHHBIE JIJIS1 KATETOPUH TIOXKapoB: [, 4 — 10 75 THIC. Ta;
2 — o 100 Tbic. Ta; 3 — 10 25 ThIC. ra. [To Marepuanam
CITyTHUKOBOTO MOHHUTOpHHTA 2016 T., DBEHKHS.

BEPXOBBIX JIECHBIX TIOKapOB, 3a(UKCHPOBAHHBIX
Ha3eMHBIMH CpEACTBaMHU (JaHHBIE «ABHalIECO-
OXpaHbD»), COMPOBOKIAINUCH SKCTPEMAILHO BBICO-
kM FRP, npessimatonum B 2 pasza u 6onee cpe-
HUE 3HAYEHUS 110 NOKAPHOMY IOJIMIOHY.

JpyruMu akTyasbHBIMH HANPaBICHUSIMH SIBIISI-
I0TCS pelICHKE 3a/1au aHajau3a JUHAMHUKHI T0XKapOB
U pa3BUTHE METOJOB MPOTHO3UPOBAHUS XapaKTepu-
cTHK nokapoB. Ha mpumepe BeiOopku u3 100 moska-
POB, AEHCTBOBABIINX B TeueHHe ce30Ha 2016 1. mpe-
UMYIIECTBEHHO B JIMCTBEHHUYHBIX JIeCaX DBEHKUH,
MOJTy4yeHbl U 000OILIEHBI MPEeNIbHbIE MOJEIbHbBIE
KpUBbIE TUHAMHMKH IPUPOCTAa TAKTUYECKUX 3IIe-
MEHTOB U TUTIOIIA U TIOKapa OT BpeMeHH (puc. 5).

MognenupoBaHrue pa3BUTHsl Tokapa — 3aja-
Yya HACKOJIbKO MHOTO()aKTOpHas, HACTOJIBKO U HE
pelIeHHass Ha CEroAHsIIHUN MOMeEHT. JIrobas mo-
Jenb TpeOyeT BaluIalii Ha OCHOBE (DAKTHUYECKHUX
JAHHBIX JUISI Pa3IMYHBIX KIacCOB OOBEKTOB M pa3-
JMYHBIX BHEIIHUX YCJIOBHH, a MH(OpPMaLUOHHOE
o0ecrieueHne TaKUMU MaTepuagaMH OlepaTuBHOTO
JUCTAHIIMOHHOTO MOHHUTOPHMHIA HA CETOAHSAIIHUI
JIeHb Y>K€ TIOJITOTOBIICHO.

BrinonHeHa olieHKa XapaKTepHBIX BPEMEHHbIX
MHTEPBAJIOB, HEOOXOIUMBIX JUIsl PeaTU3alMU OTIpe-
JICJICHHOW cTaany noxapa. Tak, HadyajabHas CTaaus
3aauMaer 70—120 4, cragmst 3KCIOHEHIIMAIHLHOTO
pocTa IUIoNIa M UMEET XapaKTepHOoe BpeMsl B TIpe-
nemax 150-275 u, manmee B Teuenue 45-65 u, kak
TIpaBWIIO, HAOIIOMAeTCs JorapuMUIECcKoe 3aTyxa-
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HUE CKOPOCTH TpupaiieHus tiomanan. [lomyden-
HBIE ITOKa3aTelId UMEIOT OOJIBIIKE Bapyalliy 3HaYC-
HUH, a nucriepcus gocturaet 40 % oT abCOMIOTHBIX
3HAYCHUM.

Opnnako, Kak MOXKHO BUJACTh Ha puC. 5, AUHA-
MUKa TUIOIIAIU TIOKapa MOXKET OBITh CIPOTHO3M-
poBaHa JyIsl JI0OOOTO MOMEHTa BPEMEHHM, TaK Kak
WHTEpBal JOMYCTUMBIX 3HAYCHHH OMpeaeieH u
OTpaHWYEH MOJICIBHBIMU KPUBBIMH, OJM3KUMU 10
BUY K (PYHKIMH HOPMAJIbHOTO pacmpeneiieHUs.
Crnenyer OTMETUTH, YTO TIOJYYEHHBIE BPEMEHHBIE
WHTEpPBaJIbl U MOJIETIbHBIE KPUBBIE, OMUCHIBAIOIINE
npefenbHble 3HAYEHUs JAUHAMUKA TPHUpALICHUS
MJIOIIAJM, CIPABEUIMBBI ISl CIIy4aeB MOXKapoB,
Pa3BUBAIOIIUXCS B €CTECTBEHHBIX YCJIOBHUAX B OT-
CyTCTBHE MOKaPOTYILIECHHUS.

[IpenyioxkeHHble MOAXOBI MO3BOJISIIOT PACHIU-
pUTH TIpefieibl MPUMEHUMOCTH JIUCTAHIIMOHHBIX
JTAHHBIX JJISI OIEHKH XapaKTEPUCTHUK MOXkKapa, B TOM
YUCJIE DHEPreTUYECKUX MapaMeTPOB U UHTEHCHUB-
HOCTH, YTO HEOOXOMMO TSI TTOCJICAYIOIIETO perle-
HUST 00paTHOM 3a1auu TUCTAHIIMOHHOTO OTpeerie-
HUSl 00beMa CrOparolIX TOPIOYMX MaTepralioB U
KOJIMYE€CTBEHHBIX OIIEHOK MOKAPHBIX SMUCCUU. 1H-
CTPYMEHTAIIbHbIE U3MEPEHHUS TAKOTO pojia C J0cTa-
TOYHON PETYASIPHOCTHI0 U TOYHOCTHIO BO3MOKHBI
HUCKJIIOYUTENILHO C HCIIOJb30BAHUEM JIUCTAHIIMOH-
HBIX METOJIOB.

3AK/JIIOYEHHUE

Jnist monnManus GpyHIaMEHTaTbHBIX TOKAPHBIX
MPOIECCOB, HMMEIOIIMX IUIAHETapHBIM MacmiTad
(popmupoBanue yCIOBHM I IKCTPEMabHBIX
MOXKAPHBIX PEXKHUMOB B YCJIOBHUAX MEHSIOLIETOCs
KIuMara, rio0aapbHBIA OIOKET yriiepoaa, moxap-
HBIE DMHCCHM), KPUTHUECKH BaxeH auddepen-
[UaIbHBIN ydeT BKjiaza mnoxapoB Cubupu. Ponb
JMICTaHIIMOHHBIX CPEJCTB KOHTPOJS U cOOpa WH-
CTPYMEHTAJIBHBIX JaHHBIX B 3TOM CMBICJIE HEJIb3s
HEJIOOIIEHNBATh. BHEIpEeHne HOBBIX TEXHOJIOTHM
JUCTAHIIMOHHOTO KOHTPOJISI XapaKTEPUCTUK TMOXKa-
POB, BO3/IEUCTBUS HAa PACTUTEIILHOCTb U 3MUCCHUI
yIIepoAa UMEeT MEPCHEKTHBBI ObITh peaTn30BaH-
HBIM B camoe Omipkaiiliee BpeMsi, TaK Kak CyIie-
CTBYIOIIIME CHCTEMbI CITyTHUKOBOTO MOHUTOPHHTA,
BKJIIOYAsl CETMEHT POCCHMCKON KOCMUYECKOH Mpo-
IpaMMbl, TOCTOSIHHO MOJEPHU3UPYIOTCS.

Paboma ewvinonnena npu unancosou noo-
Oepoicke PODU, npasumenvcmesa Kpacnospckoeo
kpas, Kpacnosipckozo kpaesoeo ghonoa noodepoicku
HAYYHOU U HAYYHO-MEXHUYECKOU O0esimenbHOCmU 8
pamkax Hayynoeo npoekma Ne 17-41-240475 p_a.
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MONITORING IN SIBERIA
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In the paper we summarized the data on wildfires in Siberian forests that was obtained on the basis of long-term
(1996-2016) satellite monitoring. Wildfire geospatial analysis is presented and main characteristics of fires are
generalized and interpreted for current conditions in Siberian forests. It is shown the growth trend of burning of
Siberian forests during the 20-year monitoring period. At the same time, the latitudinal variation of fires, as well as the
fire danger period and the fire return interval correlates with the gradient of the main geophysical characteristic such
as the incoming solar radiation. Remote sensing data were used to validate the adapted technology for estimating the
energy characteristics of burning and to classify the fires of variable intensity. The technology for FRP (Fire Radiative
Power) estimation was applied successfully to control extreme intensity or crown wildfires. Instrumental estimation
for total annual area of extreme wildfires is at least 8.5 %, and it can reach 15-25 %. The adapted algorithms for
predicting the dynamics of variable intensity fires is discussed. The typical times were evaluated for the stages of fire
dynamics and the model curves were figured out for the limits of area increment. In addition, the characteristics of the
satellite systems used (NOAA/AVHRR, Terra, Aqua/MODIS, Suomi NPP/VIIRS, Landsat-8 OLI, Sentinel-2), were
discussed, including Russian segment (Resource-P), which are promising for increasing effectiveness of wildfire
satellite monitoring in Siberia.

Keywords: satellite data, wildfire, fire return interval, geospatial analysis, fire radiative power, insolation.
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