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AHHoTanusl. V3yueHne MOCTIMPOTEHHOW JHHAMHUKH PACTUTENHFHOTO TOKpOBa OOJIOT SIBISICTCS OJHOW W3
KJTIOYEBBIX 33/1a4 B OLIEHKE TpaHCHOpMAIUH III00ANBHOTO LUKIIA yrilepoaa. B cratke mpencraBieHb! OLEHKH
TpaHcgopMaIy PaCTUTENHLHOTO TMOKPOBA B PE3yJIbTaTe MUPOreHHONW HArpy3KH, COBPEMEHHOTO COCTOSHUS U
WHTCHCUBHOCTH BOCCTAHOBJICHHS TTMPOTEHHOT0 y4yacTka B npeseiax bompinoro Bactoranckoro 6osorta uepes
ISTh JIET TIOCNIC TIOXKapa C HCIOJb30BAaHUEM MATEPUATIOB IIONEBBIX JIAaHAA(THBIX HCCICIOBAHUNA U
CIYTHUKOBBIX JaHHbIx Sentinel-2. Crabummsaiws 3nauennii NDVI Ha ypoBHE, OJM3KOM K HEBBITOPEBIIEMY
00IIOTY, IPOH30ILILIA YIKE Yepes IBa-TPH rojia Moclie oXKapa 3a c4eT OBICTPOTO BO30OHOBIICHHUS KyCTaPHIUYKOB
¥ MHTEHCHUBHOTO 3apacTaHWs BUAAMH, HE XapaKTepPHBIMM It BepxoBbIx Oomot (Betula pubescens, Populus
tremula, Polytrichum strictum). HecmoTpsi Ha BBICOKHE 3HAUYCHHS BETETAIIMOHHOTO HWHIEKCA, MOJHOE
BOCCTaHOBJICHHE YKOCUCTEMHOHN (YHKIMH 00J0Ta — HAKOIUICHUE YIJIepo/a, Yepe3 S5 JIeT Tmoce moxapa eie
HE TIPOM30IILIO, YTO MPOSBIISIETCS TIIABHBIM 00pa30M B HU3KOM /1071 C(parHOBBIX MXOB — OCHOBHBIX PACTCHHIA-
TopdooOpazoBarerneii Ha BEpXOBOM OoJoTe.
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Abstract. The study of the post-pyrogenic dynamics of vegetation cover is one of the key tasks in assessing
the transformation of the global carbon cycle. The article presents estimates of the transformation of
vegetation cover as a result of pyrogenic load, the current state and intensity of restoration of the pyrogenic
area within the Great VVasyugan Mire five years after the fire. The study area includes the drained in 1980s
and burned in 2016 site of the pine dwarf shrub sphagnum bog with area 5.5 km?. The study based on field
research data carried out in 2021 on 15 plots within key site and Sentinel-2 data for period 2016-2021. We
used Normalized Difference Vegetation Index (NDVI) to estimate the vegetation dynamic within sites with
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different intense of pyrogenic load. Field studies showed intensive overgrowth of Polytrichum strictum of
burnt-out hollows, renewal of sphagnum mosses on hummocks with dead moss cover and burnt-out hollows
with an average occurrence of 0.14, regrowth of dwarf shrubs, the appearance of birch, aspen and pine. The
stabilization of NDVI values at a level close to the unburned mire occurred already 2-3 years after the
wildfire due to the rapid renewal of shrubs and intensive overgrowth by species not characteristic to bogs
(Betula pubescens, Populus tremula, Polytrichum strictum). Despite the high values of the vegetation index,
the complete restoration of the ecosystem function of the bog — the accumulation of carbon 5 years after the
fire has not yet occurred, which is manifested mainly in the low proportion of the main peat-forming plants
of the bog — sphagnum mosses.

Keywords: vegetation index, succession dynamics, Sentinel-2, microtopography, Sphagnum, surface
burnout
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BBenenune

Topdstapie 60510Ta SBISIOTCS MEHHBIMUA MPUPOIHBIME OOBEKTAMH, MPEI0CTABISIOIIUME
MHOECTBO KOCUCTEMHBIX (YHKLUUH — 3alUTy OMOpa3HOOOpa3us, peryjupoBaHHe CTOKa, Oa-
JaHC mapHUKOBBIX ra3oB [Knox et al., 2017; Minayeva et al., 2017; Amani et al., 2018].
B npenenax top¢sHbIX 00JI0T ecTeCTBEHHBIN OajjaHC MEPBUYHOIO MPOM3BOJICTBA U paclaja Ha
MIPOTSKEHUH BCErO TOJIOLEHa ObUI CMEIIEH B CTOPOHY HAaKOIUIEHUS YaCTUYHO Pa3IOKUBILErOCs
OpPraHUYecKoro BellecTBa B Buje Topda O1aaronapst BBICOKOMY YPOBHIO OOJIOTHBIX BOJ M MJIOXOH
aspanuu [Minkkinen and Laine, 1998; Bacon et al., 2017; Laine et al., 2019]. TopdsHbie 6o0Ta
comepkar okosno 650 I't wmu 30 % muaHeTapHBIX 3alMacoB MOYBeHHOro yriepona [Peatlands
mapping..., 2020]. OqauM u3 Hanboaee 3HAYMMBIX (PAaKTOPOB MOTEPH yIiIepoia Ha OOJIOTaxX sB-
nsroTes noxapsl [I'myxosa, Cupun, 2018; CuzoB u np., 2020]. OHM YHHYTOXKAOT 3HAYUTEIBHOE
KOJIMYECTBO OPraHMYECKOro BEIIEeCTBAa M OBICTPO MEPEHOCST OOJIBIINE 3arackl HA3EMHOTO yrJie-
pona B atmocdepy [Lin et al., 2021]. CoBpeMeHHbIE KIMMaTUYECKHE U3MEHEHUS U aHTPOIIOTeH-
Hasl Harpy3Ka yBEeJIMYHMBAIOT MPOJOJIKUTEIBHOCTD U TSHKECTh MOXKApOOMacHOro Mepuoaa, mo3To-
My 0o0JI0Ta CTaHOBATCS O0Jiee YA3BUMBI JJIsl IPUPOJHBIX M0KAPOB, YBEIUUNBACTCS UX 4acTOTa U
MHTEHCUBHOCTD, YTO SIBJISIETCS OCOOCHHO aKTyallbHBIM JIsl OOpeasbHOM 30HbI B 1IEJIOM U 3amnaj-
Hoit Cubupu B wactHocTH [Moore et al., 2017; Feurdean et al., 2020; Ackley et al., 2021; Lin et
al., 2021]. OcobeHHO aKkTyalbHON MpoOeMa MOXKapOB SABISETCS ISl OCYIIEHHBIX O0JIOT, MOJ-
BEp)KEHHBIX OoJiee JUIMTENbHOMY NEpUONy TJICHHS U OoJblllell MHTEHCUBHOCTH BBITOPAHHUS B
cpaBHeHuu ¢ ectectBenHbiMU [Kettridge et al., 2014].

Ha tepputopuun Tomckoii ob6mactu B 1970—1980 rr. mpoBeneHsl MaciuitabHble pabOTHI O
OCYILIEHHIO BEPXOBBIX OOJIOT, B TOM YHCJIE OBUIH OCYILIEHBI YYaCTKU CEBEPO-BOCTOYHBIX OTPOTOB
Bombimoro Bacroranckoro Gomota Ha o6mieii miomaau okono 150 kw2 OcylieHne BepXOBBIX
COCHOBO-KYCTapHUYKOBO-C(DarHOBBIX OOJIOT HE MPUBENO K OKHUAaeMOMY 3P (HEKTy yBEIUUYEHUS
OoHHMTETa JPEBECHOTO spyca, a CHWKEHHE YPOBHsS OOJIOTHBIX BOJ M JOCTYHMHOCTb MECTHOMY
HACEJICHUIO CTaJli OCHOBHBIMU NPUYMHAMH BO3HUKHOBEHHS I0XKAPOB HA JaHHOW TEPPUTOPHUHU.
K 2020 r. o6mas momazs Beropasus gocturina 38 km? [Sinyutkina, 2021].

[Toxapbl Ha BEpXOBBIX 00JIOTaX CYIIECTBEHHO BIUSAIOT HA BUAOBOE OOTaTCTBO, CTPYKTYPY
(UTOIIEHO30B, TEMITbI HAKOIJICHUsT Ouomacchl. Bo3neiicTBue MokapoB MOXKET TpaHC(HOPMHPO-
BaTh HKOCUCTEMBI BEPXOBBIX OOJIOT U3 MOTJIOTUTENEH yriiepoja B UCTOYHUK HE TOJIBKO 32 CUeT
IPSIMBIX €ro BEIOPOCOB IPH CrOPaHUU OMOMACChl, HO M 3@ CUET CMEHbI CTPYKTYPhl PaCTUTENIbHO-
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ro coobmiecTBa U (GyHKIIMOHHpPOBaHMs dKocucTeMbl [Komoresa, Kymmosa, 2016; Manamyk, ®u-
nunmnoB, 2021]. JlecTpyKuusi paCTUTEIbHBIX OCTATKOB M MOTEPU OPraHUYECKOTO BEIIECTBA MPU
Pa3NOKEHUU COCYAMCTBIX PACTCHHM M 3€JCHBIX MXOB 3HAUUTENIBHO MPEBBIIIAIOT TAKOBBIC Y
charnoBeix MxoB [Gunnarsson, 2005; Bragazza et al., 2009; Konoresa, Kymiosa, 2016]. Ilo-
ATOMY JIeTpaJlaliisi OCHOBHOTO BHIa-TOPG00Opa3oBaTeisi BEPXOBBIX 00JOT — c(harHOBBIX MXOB U
3aMelIeHHe UX 3eJIEHBIMA MXaMH, CHIKAeT TeMITbl aKKyMyJIaLuu yriaepoaa. [lo cux mop ocraer-
Csl OTKPBITBIM BOIIPOC: KAKOH MEpHOJ TOCTe ToKapa HEOOXOUM JIJIsi BOCCTAHOBJICHHS TUPOTCH-
HOT'O y4acTKa B UCXOJHOE COCTOSIHME U Iepexoa OOJOTHOM SKOCUCTEMBI U3 COCTOSIHHS MCTOY-
HUKa yIJIepo/ia B COCTOSHUE CTOKA. DTO OIpeIeseT HEOOXOAUMOCTh MPOBEACHUS KOMITJICKCHBIX
MCCJIEIOBAHUM IO OLIEHKE COCTOSHUSI U TUHAMHUKHU MOCTIUPOTEHHBIX Y4aCTKOB OOJIOT Ha TeppHU-
topun ToMckoii obmactu.

Lenbro uccnenoBanus sBISETCS OLEHKA TpaHC(OpPMALUKU PACTUTEIBHOIO MOKPOBA B pe-
3yJbTaTe MUPOTEHHON HArpy3ku, COBPEMEHHOI'O0 COCTOSIHUSI U MHTEHCHUBHOCTH BOCCTAHOBJICHUS
MUPOTCHHOTO y4acTKa 4epe3 MATh JIET MOCJe MoKapa ¢ UCIOJIb30BAHUEM HAa3eMHBIX U CITyTHU-
KOBBIX JaHHBIX.

OO0BLeKTHI 1 MeTOABI HCCIETOBAHNS

OOBEKTOM HCCIIEIOBAHUS SIBISICTCS YYacTOK bakdapckoro ©oloTHOro maccuBa (ceBepo-
BOCTOYHBIN oTpor bombinoro Bactoranckoro 6onora) B 6acceiine p. ['aBpuiioBKa, BHITOPEBIINI B
aBrycte 2016 r. CoracHO CITyTHHKOBBIM JaHHBIM Landsat, oOrias miomiaab pacupoCTpaHeHUs 0-
’Kapa COCTaBMIA 5,5 KM, a BBITOPAHMIO B OONBIIEH CTEHNEHH OKA3aloch MOABEPIKEHO OCYIIEHHOE
COCHOBO-KyCTapHHYKOBO-c(harHoBoe BepxoBoe 6ooto (prc. 1) [Sinyutkina et al., 2020].

Tepputopusi ucciaenoBaHUsi OTHOCUTCA K TOJ30HE IOKHOW Taiirm 3amaanoit Cubupwu.
UerBepTUUHbIE OTJIOKEHUS NPEACTABIEHBl 03€pHO-aJUIIOBHAIIBHBIMU CYIJIMHKaAMH U TJIMHAMH.
KiuMar KOHTUHEHTAJIbHBIN C JUIMHHOW U XOJIOAHOW 3UMOM M KOPOTKHM M KapKuMm JjetoM. Co-
[JIACHO JIAHHBIM T'MJIPOMETEOPOJIOrMUECKOl cTaHLuMU B ¢. bakyap, cpeaHeromoBas temmnepaTrypa
cocrapmsieT 0,23 °C, exxerogHoe KonuuecTBo ocaakoB 473 mm [Jlanamadtet 60m0T..., 2012]. B
1980 r. yuactok bakdapckoro 60J0THOTO MaccuBa ObUT OCYIIEH C LETBI0 THAPOJIECOMETNOpa-
. B mpepenax ocymieHHOro ydyacTtka Mpeo0JalaioT COCHOBO-KYCTapHHYKOBO-C(harHOBbIE
BepXxoBble OosioTa. B Hacrosiiee BpeMsi 0TMEUYAEeTCsl CHUYKEHUE BOJOMPOINYCKHONH CIIOCOOHOCTH
KaHaJIOB BCJIEJCTBME MX 3apacTaHus U 3arop¢oBbiBaHMs. bornee moapoOHas XapakTepHCTHKa
OCYIIIEHHOTO ydacTka bakdapckoro 00JI0THOTO MaccuBa mpejcTaBieHa B pabotax [CHHIOTKHHA
u 1p., 2018; Maloletko et al., 2018; Sinyutkina, 2021].

OneHKka MHTEHCUBHOCTH BOCCTAHOBJIEHUS PACTHTEIBHOTO IMOKPOBAa MOCTIHUPOrE€HHOIO
ydacTKa 4epe3 5 JIeT Mocie IMoKapa BBIIOJIHEHA C MCIOJIb30BAaHUEM JIAHHBIX IIOJIEBBIX JIAH-
maTHBIX UCCIIeOBaHUM, TpoBeieHHbIX B 2021 r. Ha 15 MoxaenbHBIX miomaakax. [lonessie nc-
CJIEZIOBAHUS BKIIIOYAJHM CIIEAYIOIIME BHJBI pabOT: reo00TaHWYECKHE ONMCAHUs; ONpeeieHHe
YacTOThl BCTPEYAEMOCTH BHUJIOB MOXOBOTO M TPABSIHO-KYCTapHUYKOBOTO SPYCOB, MOLIHOCTH TO-
penoro ropu30HTa, YPOBHS OOJIOTHBIX BOJI C HCIOJb30BAHHWEM METOJAa JMHEWHOW Takcaluu
BJIOJIb JIMHUU NMPOQuIIs ATUHONU 5 M ¢ maroM 25 cM. OnpezeneHue pacCTOSHUS TOYEK MOJIEBBIX
ONMHUCaHMN 10 OIrrKalIIero ocymuTeNbHOrO KaHaja MPOBEACHO C HWCIOJIb30BAHUEM CIYTHHKO-
BbIX JJAaHHBIX.

I'eonHpOpMaIIMOHHOE MOJEIUPOBAHUE MPOCTPAHCTBEHHO-BPEMEHHON HEOAHOPOAHOCTH
CYKIIECCHOHHOW JTMHAMHKH TPOBEICHO C MCIOJIb30BaHUEM CITYTHHKOBBIX MaHHBIX Sentinel-2 c
paspemienuemM 10 M B BuaumoM juanasone U 10-20 m B OnmkHeM HH(PaKpacCHOM M KOPOTKO-
BOJIHOBOM MH(pakpacHOM Juana3oHax 3a nepuoa 2016—2021 rr., Bkiro4ass CHUMKHU Ha J1aThl 10
BO3HHMKHOBEHUS TOkapa (OTKpbITHIA poctyn EarthExplorer.usgs.gov). [Ins ananus3a ucmoinb30-
BaHO 36 KOCMHYECKHX CHUMKOB 3a BEre€TallMOHHBIN nepuo (Mail — CeHTSAO0ph) MOCIIE CIIEKTPaib-
HOU U aTMOc(hepHOI KOPPEKLIUH.
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A TOYKM MOJIEBBIX UCCIEA0OBAHUN

Puc. 1. Cxema pacrnoyioxeHusi 00beKTa UCCIICI0OBAHUS
Fig. 1. Study area

OreHka MPOCTPAaHCTBEHHOM HEOHOPOIHOCTH MHUPOTEHHOW HArpy3Kd MPOBEAEHa B Tpeserax
KOHTYpa BBITOPEBIIETO COCHOBO-KYCTApPHUIKOBO-C(DarHOBOTO OOJIOTAa C WCIIOIBG30BAaHUEM CHHUMKA OT
23 mas 2017 1. (Hayayo BETeTAIOHHOTO Teprojia B TMEpBBIM rof mocne moxapa). Krnaccudukarms
canMKa BemosHeHa B ['MIC-takere Quantum GIS (Bepcust 3.22.1) ¢ uconb30BaHMEM TUIarMHA TOTyaB-
toMarmueckoi knaccudukaipn (SCP Bepcust 7.6.0) mo yeTbipeM crekTpaibHbIM KaHatam B04, BOS,
BOSA, B12 ¢ mmHaMu BOJIH COOTBETCTBEHHO 665, 842, 865 1 2190 HM, noKa3aBIIMMUA MaKCHMaIbHBIC
pazIUUMsl 3HAUCHUH CIIEKTPAITBLHONW SPKOCTH MEKTY BBIICTCHHBIMH TPOCTPAHCTBEHHBIMU KIIACCAMH.
Co3nanre 00y4aronx BEIOOPOK MPOBECHO C MCIIONM30BAaHMEM JIAHHBIX TTOJIEBBIX UCCIICIOBAHUIA B CO-
OTBETCTBUH C BBIICIICHHBIMU KJIacTepamu (TIepeMEHHBIE KITaCTEPHOTO aHAIN3a: JIOJIsl BHITOPEBIIIEH To-
BEPXHOCTH; TIPOSKTUBHOE TIOKPHITHE: 3€JICHBIMI MXaMH, C(harHOBBIMH MXaMH, KyCTapHUYIKAMH, TTOJIPO-
CTOM, JIpEBECHBIM sipycoM). OIieHKa BPEMEHHOM TUHAMUKH PACTUTENHHOTO TIOKPOBA BBITIOTHEHA C HC-
TMOJTF30BaHUEM HOPMATIM30BAHHOTO PA3HOCTHOTO BeretarpioHHoro uuaekca NDVI, paccuntanHoro st
Ka)KJIOTO BBIICIEHHOTO MIPOCTPAHCTBEHHOTO KJIacca B TpefieiaX MMPOTEeHHOTO yJacTKa, a TAKKe KOHTY-
pa OCYIIEHHOTO COCHOBO-KYCTapHHUYKOBO-C(harHOBOTO 0OJIOTA 3a TpeieSiaMy MAPOTEHHOTO yJacTKa.
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Pe3ysibTaThl U UX 06CYXKJEHUE

[Inomanp KI0YeBOro yuacTka cocTapiseT 4,22 KM2, B TOM 4HCIe THPOreHHbIH y4acToK
4,05 KM%, OCYIIEHHOE COCHOBO-KYCTapHHYKOBO-C(harHOBOE 6OIOTO 3a IpeieaMu ITHPOreHHOTO
koutypa — 0,17 kmM%. B mpejenax MUpOreHHOro KOHTYPA BBIAEIEHO YeThIpe MPOCTPAHCTBEHHBIX
KJ1acca, COOTBETCTBYIOIINX Y4aCTKaM C Pa3HOM CTENEHbIO BHITOPAHUSI IOBEPXHOCTH (pHuc. 2).

Kraccsl nuporeHHoN Harpy3ku:
1 — IOJTHOCTBIO BHITOPEBIINE YYACTKY;
2 — 9YaCTUYHO BBITOPEBLINE YYaCTKHU C BBICOKOH J10JI€H BBITOPAHUS IOBEPXHOCTH;
3 — YaCTUYHO BHITOPEBILIHE YYACTKU CO CPEIHEH oIel BBITOpaHUs TIOBEPXHOCTH;
4 — YaCTUYHO BBITOPEBIINE YYACTKH C HU3KOH JI0JIEH BBITOPAHUS TIOBEPXHOCTH

Puc. 2. Kapra kiaccoB nUporeHHON Harpy3Ku
Fig. 2. Map of pyrogenic load classes

YacTU4YHO BBITOPEBIIME KOHTYPbI C BHICOKOM, CPEeAHEN U HU3KOH J0y1ell BEITOpaHUs 3aHU-
MAaroT COOTBETCTBEHHO 27, 42 u 15 % muiomaau kitoyeBoro yyactka. KoHTypbl UMEIOT IS THUCTBIN
PHUCYHOK, OOIbIIIasi CTETEHb BBHITOPAHUS XapaKTepHa ISl YUYAaCTKOB BIOJIb KaHAoB. KOHTYpHI ¢
HU3KON J10JIel BBIrOpaHHsl OOBIYHO PACHPOCTPAHEHBI Y3KOM I0JIOCOM BJIOJIb HEBBITOPEBLIMX
Y4aCTKOB BHYTPH OCHOBHOT'O KOHTYpa MUPOTr€HHOro yyacTka. CorslacHO TaHHBIM IOJIEBBIX HUCCIIe-
JIOBAaHHWH, YPOBEHb OOJOTHBIX BOJ HA YACTUYHO BHITOPEBIINX TUIOMIA/IKAX U3MEHSIETCS B TIpeiesiax
20-30 cm HIKe MOBEPXHOCTU. B mpesenax 1iomaok ¢ HU3KOH /1071l BBITOpaHHs TOBEPXHOCTH
(menee 40 %) ropenblil clioif MPUCYTCTBYET TOJILKO B MOHMKEHHUSIX MUKpOpenbeda, a Ha MOJI0KU-
TENBHBIX (POpMAaX COXpAHMJIACh MOXOBAask M KYCTapHUYKOBAs PACTUTENBHOCTb. BOJbIIyl0 4acTb
MOYBEHHOTO MOKPOBa HA HEBBITOPEBIIMX KOYKax 3aHMMaer morubmmit Sphagnum fuscum. [Ins
IUTOIIAJIOK XapaKTepHAa MaKCUMaJlbHas BCTPEYaeMOCTh C()arHOBBIX MXOB M KYCTapHHYKOB, camas
BeIcOoKass nois Sphagnum angustifolium cpemu Beiropesiirero 6osora. Yactora BCTpe4aeMOCTH
Polytrichum strictum we mpessimaer 0,5, Ha OTAENBHBIX yYacTKax OH COBCEM OTCYTCTByeT. Ha
iomaakKax ¢ 0ojiee MHTEHCHBHON NMHUPOT€HHOM Harpy3KoW BbITOPaHHIO OBbLIM TOABEP)KEHBI HE
TOJIBKO OTpUIATENbHBIE, HO U TOJOXKUTEIbHbIE (hOpMBI MUKpOpebeda, a o0mmas 107 BHITOPEB-
niei moBepxHoctu jgocturana 75 %. B HacTosiiee Bpems MPOMCXOAUT MHTEHCUBHOE 3apacTaHue
Polytrichum strictum, gactoTa BcTpeuaeMOCTH KOTOPOro B MpeeiaxX OTPHIATEIbHBIX (HOpM J0-
cTHTaeT 1, M OH OTCYTCTBYET TOJILKO Ha CAMBIX BBICOKHX AJIEMEHTaX MUKpopesbeda.
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[TosTHOCTBIO BBITOPEBIINME KOHTYPBI 3aHUMaIOT 16 % Iomaay KiIr4eBoro yyacrka, pac-
MOJIOKEHBI TMPEUMYIECTBEHHO BJOJIb OCYIIUTENIBHBIX KAaHAJIOB M YacTO HMEIOT BBHITSHYTYIO
¢opmy. CornacHo JaHHBIM TOJEBBIX HCCIEIOBAHMA, MOJTHOCTBIO BBITOPEBIINE IUIOMIAJKH Xa-
pakTepu3yrTcs 0osiee HU3KUM YpoBHEM O00J0THBIX Boj (30—42 cM HUXe moBepxXHOCTH). st
IUTOIIAJI0K XapaKTePHO MHTEHCHUBHOE 3apactanue Polytrichum strictum, gacrora BcrpeuaemocTu
kotoporo gocruraet 0,9. CdharHoBble MXH 3[€Ch MOJHOCTbIO OTCYTCTBYIOT, JINOO MMEIOT HU3-
KYIO 4aCTOTy BCTpPEUaeMOCTH, He mpeBbimaromryto 0,2. Yactora BCTpe4aeMOCTH KyCTapHUYKOB
He npesbimaet 0,3. [{ns miomanok xapakTepHa Ooblias 10y OTKPBITON MOBEPXHOCTH, TOCTH-
raromas 50 %.

Ha HeBwIropeBIIeM yuacTke ocyiieHHOro 6osoTa cpennee 3nadenue NDVI 3a Beck mepu-
on HaOmoaerus 2016-2021 rr. cocraBuino 0,61. MakcumanbHoe 3HaueHue (0,70) oTMeueHO
1 aBrycra 2018 r., HU3KHE 3HAYCHUS XapaKTepHbI 1 Mas, koraa NDVI usmensercs B npeaenax
0,4-0,5 ¢ muaumymoMm B 2021 1. Poct 3HaueHMIT OOBIYHO HAOIIOMACTCS MO CEPEIUHBI HMIOHSI—
Hayaja HIoJif, TOoCcje Yero MPOUCXOIUT UX cTabuinu3anus Ha ypoBHE okoio 0,6. Bo BTopoii mo-
JIOBUHE CEHTSOPSI OTMEYAETCS] HEKOTOPOE CHIDKEHHUE 3HaueHu. CpemHsis aMITUTYAa KoneOaHui
NDVI 3a Bereranmonnslii nepuos cocrapuina 0,12. J[7s TUPOreHHOro y4acTKa cpeHee 3HaUeHHe
NDVI cocrauno 0,50. Ce3onnas amrmutyna koinedanuit NDVI B mpenenax Bcex BbIIECIEHHBIX
KJIACCOB MHUPOr€HHOr'0 y4acTKa BBILIE B CPABHEHUU C HEBBITOpeBUIMM. OTMEUEH pOCT aMIUIUTY-
nbl 3HaueHuit NDVI ¢ yBennuenuem noiu Beiropanus nosepxHoctu ot 0,14, Ha ydyacTkax ¢ HU3-
Kol toneit Beiropanus 10 0,20, Ha MOJTHOCTBIO BHITOPEBLIMX YyYacTKaX. Y BEIMUCHUE aMILTUTY b
OOBSICHACTCS 3aMEIICHHNEM BEYHO3EJICHBIX BUJIOB, XapaKTEPHBIX JJISI COCHOBO-KYCTAPHUYKOBBIX
00JI0T — COCHBI U BEPECKOBBIX KYCTAPHUUYKOB, HA JINCTOMAIHbIE BUABI — Oepe3y u ocuHy. Takum
o0pa3oM, TaHHBIN TOKa3aTellb MOXKET OBITh UCIIOJIb30BAH JJISl OIIEHKU CTENEHH BOCCTAHOBJICHHUS
BBITOPEBIINX YYACTKOB K HCXOAHOMY COCTOSHUIO.

B TeueHue nepBoii MOJIOBUHBI BEr€TAIIOHHOTO Tiepro/ia (Maii — uronb) 2016 1. 10 BOSHUKHO-
BEHUsI MTOKapa BCE MPOCTPAHCTBEHHBIE KIIACCH XapaKTEePH30BAINCH CXOXKUMH CPETHIMH 3HAUCHUSMH
NDVI (0,60-0,62) (puc. 3). B Havane centsiopst 2016 r., cpasy nocie noxapa, 3#aueHust NDVI mupo-
TEHHOI0 y4JacTKa yMeHbIIWIHMCh B 1,3—1,9 pa3 B cpaBHEHHH ¢ (JOHOBBIM HEBBITOPEBIIMM YYACTKOM.
MunumansHoe 3Hauenue (0,10) 6bu10 orMeueHo 23 mas 2017 r. B pezenax MoJHOCTBIO BHITOPEBIINX
Y4YacTKOB, YTO COOTBETCTBYET MPAKTUYECKH MOJTHOMY OTCYTCTBUIO PaCTHTEIILHOTO MOKpoBa. B Teue-
Hue 2017 r. 3nagenust NDVI npogomkanu coxpanaTbest HU3kuMH B nipenenax 0,2—0,5, uto Ob110 HiKe
B CPaBHEHHH C HEBBITOPEBIIIMM YYaCcTKOM B 1,8 pa3 B mpejienax MoJHOCTHIO BBITOPEBIINX YIACTKOB H
B 1,3-1,6 pa3 Hmke B mpeenax YaCTUYHO BBITOPEBIIMX YYAaCTKOB C PA3HOM CTENEHBIO BBITOPAHMS.
C 2018 r. pazmuuusi MEXKIy HEBBHITOPEBIIMM W THMPOTEHHBIMH YYacTKaMH Ha4alll COKPAIIaThCs,
B2018 r. nabmomaercs mpesblmieHne 3HaueHnit NDVI B 1,1-14 paza, a B 2019-2020 rr. B
1,1-1,2 paza. B 2021 1. 3Hauennss NDVI y4acTkoB ¢ HU3KO¥# J0Jield BHITOpaHUsl YK€ HE OTIMYAIOTCS OT
HEBBITOPEBIIEr0 y4acTKa, Ha OCTaJbHBIX MUPOTEHHBIX YYaCTKaX MPOIOKAIOT COXpaHSAThCs Oolee
HI3KWE 3HaYEHNs], HO TIPEBBIIICHNE 3HAYEHUI HEBBITOPEBIIIEr0 yJacTKka Beero B 1,1 paza.

3a nmepuon 2017-2021 rr. Hanbonee nuTeHCUBHBIN pocT 3Hadenuit NDVI (B 1,6 pa3) Obin
XapakTepeH Uil TOJHOCTHIO BBITOPEBIIMX YyYacTKOB, HAWUMEHBIIMA — JJISI YaCTHYHO
BBIFOPEBIINX YYaCTKOB C HU3KOM cTenenbto Beiropanus (1,1 pa3). Haubonee MHTEHCUBHBIN poOCT
obi1 xapaktepen mis 2018 roma, korga 3Hauenuss NDVI yBenunuwmnucs B 1,4 paza B mpezenax
MOJTHOCTBIO BBITOPEBIINMX y4acTKOB U B 1,2—1,3 pa3a — B mpezenax 4acCTHYHO BBITOPEBIIMX, B
CpaBHEHUU ¢ TIpeAbIymuM rogoM. B 2019-2020 rr. He3HAUUTETBHBIN POCT HAOIIOAAICS TOIBKO
B Ipe/ieNiax MOJHOCTHhIO BBIMOPEBIIMX Yy4acTKoB (B 1,05 pa3), B TO Bpems Kak Ha 4YaCTUYHO
BbITOpeBIINX yuyacTkax 3HaueHuss NDVI coxpaHsanuch Ha OZHOM YpOBHE OTHOCHUTEIBHO
HeBbIrOpeBlIero 06ojora. Cienyer OTMETUTh, YTO OT roja K TOAY YMEHbIIalach pa3sHHIA
3HaueHuil NDVI mexxay nuporeHHbIMH y4acTKaMU C pa3HOM CTeNeHblo BhIropaHus oT 1,4 pa3 B
2017 r. no 1,1 82019 r., B 2021 r. pa3nuuus yxe He HaOIr0Aat0TCS.
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1 — NOJHOCTHIO BEITOPEBILINE YIACTKHU; 2 — YACTHYHO BHITOPEBLINE YYaCTKU C BEICOKON
JoJieil BBITOpaHUS MOBEPXHOCTH; 3 — YaCTUYHO BBITOPEBILINE YIACTKH CO CpeIHEeN
JIoJiel BBITOpaHUS MOBEPXHOCTH; 4 — YaCTUYHO BBITOPEBILNE YIACTKH C HU3KOH omeit
BBIFOPAHUS TOBEPXHOCTH; 5 — HEBBITOPEBILUN yYaCTOK.

Puc. 3. Jlunamuxka cpeanece3onnbix 3aaueHnit NDVI 3a mepuon 20162021 rr.
Fig. 3. Temporal dynamics of the NDVI values (average per vegetation season) for 2016-2021 years

O1rieHKa COCTOSIHUSI 1 MHTEHCHBHOCTH BOCCTAHOBJICHHSI PACTUTEIBHOTO MMOKPOBA MHPO-
TCHHOTO y4acTKa 4yepe3 IATh JIET Mocie MoXkapa MoKaszaja ClIeAyIoIIne 3aKOHOMEPHOCTH. 3apac-
TaHue C()arHOBBIMM MXaMHU BBITOPEBILICH MOBEPXHOCTH 4Yepe3 ISATh JICT IOCIE MoKapa MUHH-
MaJIbHO ¥ OTMEYEHO HE Ha BceX mromaakax. CpeaHss BCTpe4yaeMOCTh CparHOBBIX MXOB Ha BbI-
ropesiieil moBepxHOCcTH cocTapisier 0,14 u Mexay rutonagkamu otiauygaercs B npeaenax 0-0,5.
Ha moiHOCTBIO BBITOPEBIIMX IUIOIIAAKAX C(arHOBbIE MXH 4YacTO OTCYTCTBYIOT. J[yis Bcex rmio-
310K XapaKTepPHO MHTCHCUBHOE BOCCTAHOBJICHUE KYCTAPHUYKOBOTO sIpyca 3a CUET OTPACTaHHsI
HOBBIX ITOOETOB OT COXPAaHHMBIIHMXCSI KOPHEBHIL], 3apaCTaHUE OCHHOW M Oepe30ii CO CPeTHUM IPO-
eKTUBHBIM MOKpbITUEM 5—10 % 1 BeIcOTON OKOJ10 20 cM. Ha MOJIHOCTBIO BHIMOPEBIIMX IJIOMIAM-
Kax 3apacTaHUe MPOUCXOJUT 0oJiee MHTCHCHBHO, MaKCHMAaJbHOE MPOECKTUBHOE TOKPBITUE JI0-
cruraet 20 %, a Boicota 60 cM. Ha oTmenpHBIX INIOMIAAKAX OTMEYEHO IOSBIIEHHE €QUHHUYHBIX
BCXOJIOB COCHBI BBICOTOH 710 10 cM. B pacTuTensHOM MOKpOBE MUPOTEHHOTO YYacTKa uepes S5 et
TIOCJIE ToYKapa paclpOCTPAHEHBI BUIbI, KAK TUITMYHBIC JUISI HEHAPYIICHHBIX BEPXOBBIX COCHOBO-
KyCTapHUYKOBO-C(harHOBbIX BepxoBbix Oosot (Pinus sylvestris, Chamaedaphne calyculata,
Rhododendron tomentosum, Andromeda polifolia, Vaccinium uliginosum, Oxycoccus
microcarpus, Sphagnum fuscum, S. magellanicum, S. balticum, S. angustifolium), Tak u BuzbI,
oTpaskarolIre MOCTIIHPOreHHyo Tpancopmaruio yaactka (Betula pubescens, Populus tremula,
Polytrichum strictum).

BbisiBlIeHHBIC TEH/ICHIIMM MUPOTEHHON TpaHC(OpMAMU U BOCCTAHOBICHHS PACTUTEIb-
HOTO TIOKPOBa BEPXOBBIX OOJIOT B IIEJIOM COTJIACYIOTCS C pe3yJabTaTaMy MCCICAOBAHHM, POBE-
JICHHBIX B JIPYrux perunoHax [Bommepckwuii u np., 2007; Thompson, Waddington, 2013; Kettridge
et al., 2014; Moore et al., 2017; Manamyk, ®ununmnos, 2021], HO uMeeTcs psii 0COOCHHOCTEHH,
XapaKTePHBIX JJIs BBITOPEBINEro y4yacTka bakuapckoro Oonora. Hampumep, B pe3ynbTare moxa-
pa Ha OCyHIEHHOM BepxoBoM Oosiote Bomoronckoii oonactu B Tedenue 10—12 et nmpoucxoant
3aMeIleHre COCHbI Oepe3oi, charHoBeIx MXx0oB — Ha Polytrichum [Manamyk, ®ununmos, 2021].
Ha nccnenyeMoM HaMu KITFOUEBOM YYacTKe yepe3 S5 JIeT Mmocje moxapa yKe 0TMeYaeTcsl IPUCYT-
CTBHE BHJIOB C(ParHOBBIX MXOB HE TOJBKO HAa COXPAHUBIIMXCS MOXOBBIX MOYIIKAaX, HO U HA BbI-
TOpPEBIIIEH MOBEPXHOCTH, @ TAK)KE TOSBICHHE BCXOI0B COCHBI.
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B pesynbrare uccienoBanus Ha bakuapckom 0070T€ OTMEUYEHO, YTO JUIsI MOHMKSHHM
MUKpopenbeda XapakrepHa OOJblllas CTEIEeHb BBITOPAHUS B CPAaBHEHUU C MOJOKUTEIbHBIMU
¢dopmamu. [lomyueHHast 3aKOHOMEPHOCTh COTJIACYETCS C HCCIIEIOBAaHUSAMH, MPOBEIECHHBIMU Ha
BepxoBoM charnoBom 6osote B Kanane [Thompson, Waddington, 2013]. Ilpu stom aBTOpamu
OTMEYEHO, YTO HECMOTPSI HAa MEHBIIYIO TIIYOUHY TOPEHHsSI Ha MOJIOKUTEIBHBIX (OpMax, sl HUX
XapakTepHO OoJIbIlIee HapyIIEHUE THAPOJIOTUYECKOT0 PAaBHOBECHS M THAPOIOTUYECKUX YCIOBUH,
4TO OyZIeT CKa3bIBaThCSl HA BOCCTAHOBJIEHUHU C(ParHOBOM PACTHUTEIBHOCTH. ITO MOXKET OBITH CBSI-
3aHO C HapyIIEHUEM BEpXHEro ciosi TophsaHOI 3alexu B pe3ysbTaTe MoKapa U HapylIEHUEM
BOJIOOTTAJIKABAIOLICH CHOCOOHOCTH TOBEPXHOCTH, KOTOpas SBISIETCS OJHUM U3 (DaKTOPOB,
OTIPEACTSIONUX CIIOCOOHOCTh BOCCTAHOBJIGHHS PACTHTENILHOCTH Ha BBIFOPEBIIMX YYaCTKax
[Moore et al., 2017]. BepositHo, TOpd mpruoOpeTaeT BOJAOOTTATKHUBAIOIINE CBOWCTBA TIOCTIE BBI-
CBhIXaHMS MOJ] BO3ACHCTBUEM HCHAPEHHUS MPH SKCTPEMAIBbHBIX TEMIIEpaTypax BO BpeMs IoKapa
[Kettridge et al., 2014]. BomooTTankuBaroiias CriocCOOHOCTh MOBEPXHOCTH 3HAYMTEIBHO BBIIIE
Ha cropesiieM 00y0Te U OoJiee BhIpakeHa y 3€JICHOTO MXa B CpPaBHEHUH CO c(parHOBBIM, BHE 3a-
BHUCUMOCTH OT CTereHHu Bbiropanus. CarnoBsie MXu U c(harHOBbI TOp¢ 001aaI0T HU3KOM BO-
JOOTTAIIKUBAIOIIEH CIOCOOHOCTBIO U OoJee A (HEeKTUBHO yaep:KUBaIOT BOAy. B pesynbrare BbI-
rOpaHusi CIOCOOHOCTh MXOB yJEPKHBATh BOAY CHIDKACTCS, HO B HEKOTOPBIX CIy4asx B MOHMKE-
HUSAX MUKpOpelnbeda BHITOpaHHe BEPXHETo cliosl U 0OHaxkeHue c(harHoBoro Topga crnocoocTByeT
CHIDKEHHIO BOJIOOTTAJIKUBAIOIIEH clIOCOOHOCTH M 00JIee HHTEHCHBHOMY BOCCTaHOBIICHHIO c(ar-
HOBBIX MXOB B CpaBHEHUU ¢ MoBbIIeHUsIMHE [Moore et al., 2017]. Ha uzyyaemoM Hamu Kiroue-
BOM yYacTKe OTMEUYECHO MOSIBIICHHE C(ParHOBBIX MXOB B BHITOPEBIUINX MMOHMKEHHUIX MUKPOPEIbE-
¢a, 4TO MOATBEPKAAET PACCMOTPEHHBIE 3aKOHOMEPHOCTH.

AHanu3 CIyTHUKOBBIX JaHHBIX, B TOM YHCIIE C HCIOJIb30BAaHHUEM BEreTallMOHHBIX UHICK-
COB, SIBJIAI€TCA HanboJiee 4acTO MCIOJb3YEMBIM MOAXOAOM JUIsl OIpENEIeHMs OCIEeACTBUN T10-
’Kapa, OLEHKH OOIICH IUIOMAANd BBHITOPAaHUSA W MOCTIHPOreHHoW nuHamuku [Lees et al., 2018;
Rein, Huang, 2021]. IIpoBeneHHble HaMU HCCIENIOBAaHMS ITOKa3ajdl OBICTPBIA POCT 3HAYCHHIA
NDVI Ha nuporeHHOM yd4acTke, KOTOpble uepe3 4—5 JeT mocie moxapa yxxe NpakTHUeCKu J0-
CTHUIJIM YPOBHS HEBBITOPEBILEro 00JI0TA, IIIaBHBIM 00pa30M 3a CUET pa3pacTaHMsi KyCTApHUYKOB
U TIOSIBJIEHUS MTOJPOCTa OCUHBI U Oepe3bl, o0sagaromuMu 60ble (uToMaccoil B CpaBHEHUH ¢
HCXO/IHOM PaCTUTEIBHOCTHIO COCHOBO-KYCTApHUUYKOBO-C(harHoBOro Oosiota. CX0oXue pe3ynbTa-
ThI TOJIy4€HBl B pE3yJbTaTe MUCCIIEAOBAHMS MOCIEICTBUNA MOKapa Ha 00J0TaX CEBEPHOM YacTH
3anannoit Cubupu [CuzoB u np., 2020]. Ha ocHoBe onpenenenus nnaexca NDVI npeacraBineHs
OLIEHKU 00beMOB (pUTOMACChl Ha y4acTKaX pa3HOBPEMEHHbIX rapeid. OTMeueHO yBeIHueHHe 3a-
acoB (PUTOMACChl B CPAaBHEHUU C (POHOBBIMM y4acTKaMM Ha CTapoBO3pacTHbIX rapsx (2001,
1988, 1969 rr.). [lna cambIxX cTapbIX rapeil xapakTepHsl MakcumaibHble 3HaueHus NDVI, uto
CBHUJIETEIILCTBYET O JUTUTEIFHOCTH COXPAHEHHUs yCIOBUN JOMHUHHMPOBAHUS JIMCTBEHHOH JIpeBec-
HOM pacTUTEIBLHOCTH Ha MECTE CrOPEBILEN MOXOBO-IUIIAWHUKOBOM [Cu30B 1 1p., 2020].

3aK/o4yeHue

B pesynbraTte uccnemoBaHus MOJy9YeHa OIEHKAa HHTEHCUBHOCTH BOCCTAHOBIICHUS PacTH-
TEIHHOTO TOKPOBa MOCTIHPOTEHHOr0 YydacTka Ha bakdapckom 6010THOM MaccuBe (OTpor
Bonwmmoro Bacroranckoro 6osoTa) uepes 5 jet nocie noxapa 2016 r.; mpoBeaeHo reonHpopma-
[IMOHHOE MOJICTTMPOBAHUE MPOCTPAHCTBEHHO-BPEMEHHOW HEOJHOPOTHOCTU CYKIIECCHOHHOMN M-
HAaMUKH Ha TIOCTITUPOTCHHOM y4YacTKe C MCITOJIb30BAaHMEM MAaTEPHAJIOB IOJICBBIX MCCIIEIOBAHUI
Y CIIyTHUKOBBIX JaHHBIX.

[ToneBbIe McCiIeIOBaHMS HA MOJCIBHBIX TUIOIIAKAX MMOKA3aIl HHTCHCHBHOE 3apacTaHue
Polytrichum strictum BeIrOpeBIIMX TOHWXEHUI MHKpopeibeda, BO300OHOBICHHE CHArHOBBIX
MXOB KaK Ha MOXOBBIX ITIOAYIIKax ¢ MEPTBBIM MOXOBBIM IIOKPOBOM, TaK WU B BBITOPCBIIUX IMOHH-
KEHHSIX CO cpelHel BcTpeuaeMocThio 0,14, oTpacTaHue KyCTapHHYKOB, MOSBICHHE MOAPOCTA
Oepe3bl M OCHUHBI U SAMHUYHBIX BCXOJIOB COCHBI. B pe3ynbrare reonH(pOpMaIlMOHHOTO aHaIH3a
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NUPOTCHHOTO y4YacTKa C MCIOJIb30BaHHEM CIIYTHHKOBBIX JaHHBIX Sentinel-2 3a mnepuop
20162021 rr. otmeueHo, uTo aJsi Oonbuieil yactu (84 %) MUPOTEHHOTO y4acTKa XapaKTepHO
YaCTUYHOE BBITOPAHHE MOBEPXHOCTH, a 16 % BbIrOpeno nmoidHocThio. CTabunu3aius 3HaUYeHUN
NDVI na ypoBHe, OJU3KOM K HEBBITOpPEBIIEMY OOJIOTY, IPOM30IILIa yKe depe3 3—4 roaa mocie
nokapa 3a c4eT OBICTPOTO BO30OHOBJICHMS KYCTapHHYKOBOTO sIpyca M MHTEHCHUBHOTO 3apacTa-
HUS BUJIAMU, HE XapaKTePHBIMU JIJIsl BEPXOBBIX OONOT. AMIUINTY/1a BHYTPUCE30HHBIX KOJeOaHUil
NDVI otnuyaercs Mex a1y TUPOTeHHBIM U HEBBITOPEBIIUM y4acTKaMu 00JI0Ta, TOTOMY JTaHHBIN
MOKa3aTelb MOXET ObITh HMCIOJb30BaH MAJIsi OICHKU CTEMEHM BOCCTAHOBIICHUS BBITOPEBILUX
YYaCTKOB K HCXOJHOMY COCTOSIHUIO. HecMOTps Ha BBICOKHE 3HAUEHUS BETETAIMOHHOTO MHICKCA,
OTpakarolllie MHTEHCUBHOE 3apacTaHhe MUPOTEHHOT0 y4acTKa, MOJHOE BOCCTAHOBJICHHE IKOCH-
CTeMHOU (QyHKIHH 00J0Ta (HAKOIUICHHE YTIIepoja) Yepe3 S JIeT Mocie ToXKapa eile He IPOr30-
IUI0, YTO TMPOSIBIsETCS TJIABHBIM 00pa3oM B HHU3KOM [J0Jle OCHOBHBIX PACTEHMIA-
TopoobOpazoBaTeneit Ha BEpXOBOM 0010Te — C(HharHOBBIX MXOB.
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