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Yuem nenocmosmnvix ucmounuxoe memana u OuOKCuOa yanepood, Xapakmepuzyiouuxcs 60abuoll
UBMEHYUBOCHIbIO NOMOKO8 8 NPOCMPAHCMEe UW/UIU 80 8peMeHU HeoOX00um Ol NOTHOYEHHOU UHBEHMAPU3AYUL
b100dicema  yenepoda 6 Hasemuvlx dxocucmemax Poccuu. B cmamwve npedcmasnena npocmeiiuias
UHBEHMAPU3AYUSL 2000601 IMUCCUL MEMAHA U OUOKCUOA Y2nepood NoY8amu 3a60104eHHbIX Jiecos Mockosckotl
obnacmu, ocnogannas, Ha mpexiemuem monumopunee nomoxos CHy; u CO, u kapmul ux pacnpocmpanenus 8
paccmampusaemom peuone, NOCMpOeHHOU Ha 0CHO8e CHYMHUK08bIX dannvix Landsat-8. Cymmapnas niowaos
3a00]I04EHHbIX J1eCO8 PazIuyHoU cmeneru yenadicnenus 8 Mockoeckoil obnacmu cocmasuna 292 249 2a. Oowas
mounocmy Kaaccugurayuu cocmaguna 76%. dmuccus Memana u3 sKocucmem 3a00104EHHbIX 1eCO8 COCMABUA
0.25 (10-0.02; 30 — 1.45) MmCO,-5x6 6 200, duoxcuoa yerepooa 5.40 (10 —2.16; 30 — 9.92) MmCO, 6 200.

KiroueBbie ciroBa: 3abomoucHHbIe j1eca, | UC-kaprorpadus, smuccus Merana, Landsat-8.

Introduction. Methane and carbon dioxide are the most important greenhouse gases, the increase in the
concentration of which in the atmosphere is the main cause of climate change [Taylor and Penner, 1994;
Drosler et al., 2014; Hoegh-Guldberg et al., 2019]. In addition to relatively constant sources of methane and
carbon dioxide into the atmosphere (such as oligotrophic bogs of the boreal zone), there are sporadic sources
(SS): intermittently flooded floodplains, boreal swamp forests, some intermittently swamp forests, etc. Despite
the variability of SS as sources of methane, CH, fluxes in floodplains and in swamp forests can reach 0.1-12.5
[Whalen et al., 1991; Van Huissteden et al., 2005, Terentieva et al., 2019] and 0.7 — 17.1 mgC m™ b [Moore
and Knowles, 1990; Ambus and Christensen, 1995; Aronson et al., 2012; Koskinen et al., 2016, Glagolev et al.,
2018], respectively. These values are comparable, and exceed those observed in bogs under certain conditions
(a combination of soil moisture and temperature, and other factors) [Gulledge and Schimel, 2000; Vasconcelos
et al., 2004; Ullah and Moore, 2011; Shoemaker et al., 2014; Christiansen et al., 2017, Torga et al., 2017;
Glagolev et al., 2018, Mochenov et al., 2018]. Unfortunately, in Russia, studies of CH; and CO; fluxes from
sporadic sources are extremely limited (one-time measurements were performed without reference to spatial,
seasonal, and interannual variability of conditions) and were carried out mainly in Western Siberia [Sabrekov
et al, 2013; Mochenov et al., 2018, Glagolev et al., 2018, Terentieva et al., 2019] and the European part of
Russia [Kuznetsov and Bobkova, 2014, Ivanov et al., 2018; Glukhova et al., 2021; Glukhova et al., 2022]. In
general, medium-scale (at the Federal subject level) studies of bogs and forests in Russia have not been carried
out in all regions, although they are of particular interest due to the possibility of maintaining a balance
between the detailing of estimates and the magnitude of spatiotemporal coverage [Zatsarinnaya and Volkova,
2011; Grishutkin et al., 2013; Baisheva et al., 2015; Ilyasov et al., 2019, Suslova, 2019]. Besides, estimates
made throughout the country require clarification at the regional level [Vompersky et al., 2005]. The aim of our
work was the simplest inventory of swamp forests of the Moscow region as sources of CH; and CO, using GIS
mapping and field measurements.
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Objects and methods. The basis for the map of swamp forests of the Moscow region (hereinafter, by this
term we mean the total territory of Moscow and the Moscow region) was a mosaic of 6 Landsat-8 satellite
images. The mapping was carried out using the Supervised Classification algorithm in the Multispec program
(Purdue Research Foundation, USA). For each decryption class, at least 7 training polygons were set and the
classification module was launched using the maximum likelihood estimation. After the classification, the
decryption classes were combined into typological ones: ‘forest” (automorphic forests), “water surfaces”
(rivers, lakes, other water bodies), “swamp forest” (excessively moist forests with a water table level (WTL),
predominantly located on the soil surface or close to it) and “wet forest” (excessively moist forests with
predominant WTL below the soil surface). We considered the classes of swamp forests and wet forests,
regardless of the presence or absence of peat layer in them: the key criterion was WTL. To assess the accuracy
of the classification, an error matrix was compiled. For that purpose, on the resulting map, the first operator
identified 75 points evenly distributed in space within each typological class; the coordinates of these points
without specifying the belonging to the class were randomly sorted and passed to the second operator. Further,
the points were assigned to one of the mapped classes based on “blind” visual expert interpretation using ultra-
high resolution satellite images. The overall classification accuracy was determined as the ratio of the sum of
points, whose mapped and real classes coincide, to the total number of points (Table 1).

Measurements of carbon dioxide and methane fluxes were carried out from 2019 to 2022 in the
Dorokhovo mixed black alder moist grass forest, located 66 km west of the border of Moscow, using the static
chamber method [Hutchinson and Mosier, 1981, Terent'eva et al., 2017]. Opaque chambers were used in the
measurements, so the term “CO, flux” used in the paper implies the sum of the respiration of the soil-grass-
moss cover. The calculation of the annual flux of methane and carbon dioxide from the swamp forests of the
Moscow region was performed seasonally using the simplest inventory method [Glagolev, 2010] :

E=%;d;>fixT)

where Aij — is the area (m’) occupied by the i-th source type in the j-th region; fi — is the surface flux
density (mgC m” h™'), characteristic of the i-th source type; Tj — is the duration of the emission period (hour),
characteristic of the j-th region. The duration of the methane emission period within individual seasons was
taken on the basis of hydrothermal coefficients and the radiation index as follows: summer — 122 days (from
June to September inclusive), autumn — 76 days (from October to mid-December), winter — 90 days (from mid-
December to mid-March), spring — 77 days (from mid-March to the end of May). The surface flux density was
calculated as the median (and also 1Q, 3Q) for the considered season based on all observations.

Results. The resulting map of swamp forests of the Moscow region is shown in Figure 1 and is
characterized by the following areas of typological classes: “forest” - 2,157,716 ha, “water surfaces” 45,693 -
ha, “swamp forest” - 58,384 ha, “wet forest” - 233,865 ha. Thus, the total share of forest ecosystems that are
able to function as sources of methane - swamp forests and wet forests - is 1.2 and 5.0% of the region's area,
respectively (in total 292,249 ha). According to the map, swamp forests are predominantly small ecosystems
(from small ones with an area of 3-5 ha, which are extremely widespread, to larger ones, with an area of 30-50
ha, which are somewhat less common), which are exposed to excessive moisture as a result of their location on
the outskirts of wetland massifs, near river floodplains, in small local relief depressions, as well as in elements
of a ravine-gully planting (mainly in the southern part of the Moscow region). Wet forests are located in more
drained areas, often associated with swamp forests in a single landscape structures, but they are much more
widespread, and often occupy significantly larger areas: from 10-50 to 100—500 ha.

The error matrix of the resulting map is presented in Table. 1. The overall classification accuracy (the
ratio of the sum of the elements of the main diagonal of the error matrix to the sum of checkpoints by class) is
76%. Water surfaces with the highest possible producer’s accuracy (100%) are most accurately identified. The
“other” class has the same user’s accuracy as water surfaces (93%), but poorly less producer’s accuracy
(74%). In general, the classes of swamp and wet forests are the least accurately defined (36—46%). they have
significant intersections with all classes except that for the open water surface, and, most importantly, with each
other. In order to achieve a reasonable classification accuracy and to make further calculations of the regional
flow, we combined the “swamp forest” and “wet forest” classes into one: in this case, the user’s accuracy of the
combined class was 65%, and the producer’s accuracy was 74%, which allows us to fairly accurately predict
the location of forests of varying degrees of waterlogging when they are considered together.
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Generalized results of measurements of methane and carbon dioxide fluxes by seasons and their brief
statistical characteristics are presented in Table. 2. The simplest inventory based on the proposed approach
makes it possible to estimate the methane flux from the soils of swamp forests with different degrees of
waterlogging at 6666 tC yr" (10 — 407; 30 — 38790); carbon dioxide at 1.5 MtC yr" (10 — 0.6; 30 — 2.7).
Taking into account the 100-year global warming potential for methane equal to 28 [Drésler et al., 2014], the
total emission of methane and carbon dioxide from the soils of swamp forests with different degrees of
waterlogging was 5.7 MtCOs-eq yr' (10— 2.2; 30 — 11.4)'. More detailed information obtained on the basis of
the simplest inventory presents in table 3.

Discussion. According to the data of the Great Russian Encyclopedia [Osipov et al., 2004], the area of
automorphic forests in the Moscow region in 2015 amounted to 1,896,000 ha, which is in good agreement with
the data obtained based on the current classification (the area of the “forest” class amounted to 2,157,716 ha).
The distribution of swamp forests in the north of the Moscow region, observed on the resulting map,
corresponds to swamp black alder, downy birch forests, as well as forests with gray alder on the map of G.N.
Ogureeva et al. [1996]. In the southeastern part of the Moscow region, the areas occupied by swamp forests,
according to the results of satellite data classification, are identical to the distribution of downy birch and pine-
spruce-long-moss-sphagnum forests along the edges of wetlands. Wet forests are located to the south of the
Ruza Reservoir correspond to spruce forests with gray alder, whereas those located to the northwest of the town
of Klin are associated with black alder forests and pine-spruce forests with black alder (Ogureeva et al., 1996).
The area occupied by swamp and wet forests identified in the current work is comparable to that of distribution
of forests with black and gray alder (5.01 and 1.44% of the area of the region) provided in (Kotlov and
Chernenkova, 2020), which indirectly confirms the assessment adequacy of the share of the territory occupied
by wetland forest ecosystems identified in our work.

One of the main problems of GIS cartography based on remote sensing data is the poor availability of
ground-based data or the inability to check map errors by field methods due to the wide coverage of the study
area. However, the classification accuracy of 60-70% is the rule rather than the exception [Kotlov and
Chernenkova, 2020] and is considered satisfactory. We anticipate that GIS mapping that combines multiple
cartographic sources at its core (for example, by calculating a median estimate based on multiple maps) will
improve the final result in the future.

Conclusion. The total area of swamp forests and wet forests in the Moscow Region is 292,249 ha. The
emission of methane from these ecosystems is 0.25 (10 — 0.02; 30 — 1.45) MtCO,-eq per year, whereas that of
carbon dioxide is 5.40 (1Q — 2.16; 30 — 9.92) MtCO, per year. The highest total emission of methane and
carbon dioxide from wetlands is observed in the summer-autumn period, gradually decreasing by the beginning
of winter and increasing again (to the level of autumn values) in spring. The value of the total emission of the
main carbon-containing gases from the soils of swamp forests of the European part of the Russian Federation
should be taken into account when quantifying all significant sources and sinks.

Key words: swamp forests, GIS-cartography, methane emission, Landsat-8.

' The annual total methane flux was calculated as follows: the median of measurements for each of the season (0.14, 0.74,
0.02 and 0.25 mgC m™ b, for summer, autumn, winter and spring, respectively) was multiplied by the number of hours in
days, by the corresponding length of the season (122, 76, 90 and 77 days), then by the wetland forest area (2.922x109 m’),
and finally by a correction factor (10°) to convert mgC to tC. The annual total carbon dioxide flux was calculated in a
similar way (the difference was in the value of the correction factor, which was 107 for converting mgC to MtC). When
converting the CH, flux (expressed in tC yr') to MtCOs-eq yr”, the original value was multiplied by 16/12 (the ratio of the
molar mass of CH, to the molar mass of C), then by 28 (100-year global warming potential) and, finally, by a correction
Jactor (109) to convert tons to megatons. To calculate the total flux consisting of emissions of CH; (MtCOs-eq year”) and
CO, (MtC year), the latter was multiplied by 44/12 (the ratio of the molar mass of CO; to the molar mass of C) and added.
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BBEJIEHHME

Hcnosb3yembie COKpaleHUst
H.y.M. — HaJl ypOBHEM MODPS;
CH — cnopagnieckre HCTOYHUKY;
VIII'B - ypoBeHb NOYBEHHO-TPYHTOBBIX BOJ;
Q — KBapTUIIb.

3a00,104eHHbIE Jeca KaK cCnopaguyeckue HCTOYHUKHA MeTaHa

MeraH ¥ IHOKCHJ YTIIepoa — BaKHEHIIME MaPHUKOBEIE Ta3bl, POCT KOHI[EHTPAIMH KOTOPBIX B
aTMocdepe SBISICTCS OCHOBHOW MPUYMHOM KiMMaTthdyeckux u3MmMeHeHui [Taylor and Penner, 1994;
Drosler et al., 2014; Hoegh-Guldberg et al., 2019]. Oqaum U3 OCHOBHBIX €CTECTBEHHBIX HCTOYHHKOB
METaHa M BaKHBIM 3JIEMEHTOM KPYroBOPOTa JHUOKCHIIA YIIIEpoa MEKIy Ha3eMHBIMH 3KOCHCTEMaMHU
u aTMocdepoii spistoTes 6onora [Matthews and Fung, 1987; Moore, 2002; Drosler et al., 2014].

Hekoropsie  OOJOTHBIE  DKOCHCTEMBI,  HampuMmep,  OJIMTOoTpOQHBIE  OOpealbHEIE,
XapaKTePU3YIOTCS OTHOCHUTEIBHBIM IOCTOSHCTBOM (paKTOPOB METaHOIeHE3a M oOMeHa JIMOKCHIA
yrinepona [Kelly and Chynoweth, 1981; Megonigal et al., 2004; Mitsch et al, 2013;
Davydov et al., 2021]. JIpyrue — HampOTHB, PE3KO MEHSIONIUMHUCS YCIOBHSIMH YBJIQKHCHUS,
TEMIIEPATYPHOTO pEKHMa TIOYBBI M IPYTHX OKOJOTHYECKHX IMapaMeTpoB, UYTO MPHBOAUT K
CYIIECTBEHHOM MPOCTPAHCTBEHHO-BPEMEHHON M3MEHYMBOCTH MMOTOKOB METaHa M JTMOKCHIA yriiepoja
[Whalen et al., 1991; Gulledge and Schimel, 2000; Koskinen et al., 2016]. Takumu 3KOoCHCTEMaMHU
SIBJISIOTCSL TICPUOINYCSCKH 3aTaIlIMBaeMble TIOWMBI peK, 3a00JI04YeHHBIE Jieca OopealbHON 30HBI, Jieca
MEPUOANYESCKOr0 U30BITOYHOIO YBIOKHEHHUS U JIp. (34eCh U Janee cropaauueckue nctounuku — CH;
moJ1 3a00JIOYEHHBIMH JIECAMHU MBI ITOJIpa3yMeBaeM JIIOObIC Jieca, XapaKTePU3YIOIIHECs OCTOSHHBIM
WIH TEPUOANYECKHM HW30BITOYHBIM  yBIAXHeHHeM, T.e. YII['B, mnpubmmkatommMces WIH
OKa3BIBAIOIINMCS BBIIIIE TTOBEPXHOCTH IOYBEI B TEUCHHE BCEr0 TOAa WIH OTACIBHBIX CE30HOB)
[Whalen et al., 1991; Gulledge and Schimel, 2000; Koskinen et al., 2016; Terentieva et al., 2019].

Hecmorps Ha HemoctosHcTBO CH Kak HCTOYHMKOB MeTaHa, MOTOKH B IMOHMax peKk MOTyT
nocturath 0.1 — 12.5 [Whalen et al., 1991; Van Huissteden et al., 2005; Terentieva et al., 2019], a B
3a6omnouennbx aecax -0.7 — 17.1 mrC M~ u' [Moore and Knowles, 1990; Ambus and Christensen,
1995; Aronson et al., 2012; Koskinen et al., 2016; Glagolev et al., 2018]. DTu BeIUYHHBI
COIIOCTaBMMBI, a TIPH ONPEIEIEHHBIX YCIOBHAX (COUETAHHME BIIAXXHOCTH M TEMIIEPATYPHI IOYBHI)
MpeBhIIaOT HabMroaaembie B 6onorax [Gulledge and Schimel, 2000; Vasconcelos et al., 2004; Ullah
and Moore, 2011; Shoemaker et al., 2014; Christiansen et al., 2017; Torga et al., 2017; Glagolev et
al., 2018; Mochenov et al., 2018].

TakuM 00pa3zoM, Jake HECMOTPS HAa BBICOKYIO MPOCTPAHCTBEHHO-BPEMEHHYIO M3MEHUUBOCTH
IIOTOKOB METaHa M Juokcuuma yriepoga u3 CH, ux yder HEOOX0auM Ui IOJHOLICHHOH
WHBEHTApU3allUK YTIIepOAHOro OanaHca HA3eMHBIX dKocucTeM. [lomo0HbIe MccineoBaHus 0COOCHHO
aKTyaJlbHBI B KOHTEKCTE COBPEMEHHBIX KIMMaTH4YeCKnx wu3MeHeHuid [['ymes u ap., 2008].
Patuduxanuss Poccueit [laprkckoro cornameHus MoJpa3yMeBaeT HE TONIBKO BBITIOJHEHUE
00513aTEIbCTB 110 OIPaHUYCHUIO BBHIOPOCOB YIJIEPOJACOIACPIKAIIMX Ta30B, HO M HEOOXOIUMOCTh
(hopMUpOBaHUS HAIIMOHAJIILHOW OTYETHOCTH 10 yriiepogHoMy Oanancy. s atoro B 2022 romy B
Poccun 3anymieH BakKHEMIIMM MHHOBALMOHHBIM ITPOEKT TOCYNApCTBEHHOIO 3HadyeHHs «EnnHas
HAI[MOHAIbHAs CHCTEMa MOHUTOPHMHTA KIIMMATHYECKH aKTHBHBIX BEIIECTBY, KOTOPBIH MOApa3yMeBaeT
BBINIOJIHEHUE paboT o denepanbHON HAyYHO-TEXHUYESCKOW MpOorpaMMe B 00JaCTH 3KOJIOTHYECKOro
pasButus Poccuiickoit denepanun u KIIMMaTHUECKUX u3MeHeHui 10 2030 roxa.

K coxanenuto, Ha Tepputopun Poccun uccnenoanus nmotokos CHy m CO, U3 criopaandecKux
HCTOYHUKOB KpaiHe OrpaHHYeHBl (BBITOJHSINCH pa30BBIE HW3MEpeHHMs Oe3 TPHUBA3KH K
MIPOCTPAHCTBEHHOM, CE30HHOM U MEXKI0oJ0BONH M3MEHUYHUBOCTH YCIOBHIl), MPHYEM MPOBOAUIINCH OHU B
OCHOBHOM Ha Tepputopun 3amaaHoit Cubupm [Sabrekov et al., 2013; Mochenov et al.,, 2018;
Glagolev et al., 2018; Terentieva et al., 2019] u eBpomneiickoii yactu Poccuu [KysHeroB u boOkosa,
2014; HeanoB u gp., 2018; Glukhova et al, 2021; Glukhova et al, 2022]. BooOmie
cpenHeMacinTabHbie (Ha ypoBHE cyObekToB P®) uccienoBanusi OOJOTHBIX M JIECHBIX YKOCHCTEM Ha
TeppuTOpHM Poccuu mpencTaBieHbl 1aJeKo He BO BCEX PErMOHAX, XOTS BhI3BIBAIOT OCOOBIN MHTEPEC B
CHJIy BO3MOXKHOCTH COXpaHEGHHs OajaHCa MEKIY IETaJbHOCTBIO OLEHOK W IMPOCTPAHCTBEHHO-
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BpEMEHHBIM oxBaToM [3auapunHas u Bonkosa, 2011; I'putnmytkun u ap., 2013; baumesa u ap., 2015;
WnpsicoB u np., 2019; CycnoBa, 2019], a nHBeHTapu3alliy, BHIOIHEHHBIE Ha TEPPUTOPHUIO BCel
CTpaHbl, TPEOYIOT YTOUYHEHHS Ha PErHOHAILHOM ypoBHE [ Bommepckuii u ap., 2005].

Lenpio Hamelt paGoOTHI cTajla HHBEHTAPHU3AMNS N30BITOYHO YBIAXKHEHHBIX J1ecOB MOCKOBCKOI
obnmactu (kak ucrounnkos CHy m CO, u3 mous) nmyrem ['MC-kaprorpadupoBanusi U Ha3eMHBIX
n3mepeHuid. [IockonbKy coriacHo OHOMY M3 pacipOCTPaHEHHBIX MOJXO0/I0B K OLIEHKE PerHOHaIbHBIX
MOTOKOB TIAPHHUKOBBIX Ta30B («IIpOCTEHIas WHBEHTApHU3allUs»), IS pacdyeToB HeoOXomumbl (i)
MPOAOKUTEIFHOCTH TIEPUO/IOB, B TEUEHHE KOTOPBIX IMPOUCXOAUT BBIJEICHHE WM IMOTpediIeHHne
MApHUKOBBIX Tra3oB; (il) BEIWYHMHBI YACTBHBIX MOTOKOB M3 M3ydaeMbIX SKocucteM; (iil) Tutommaau
pachpocTpaHeHUs TaHHBIX IKOCHUCTEM, TO ONPEAETIeHNE STUX BETMYUH COCTABIISAIO OCHOBHBIE 33a4U
paboTHI.

OBBEKT 1 METO/Ibl NUCCJIIEAOBAHUA

Tunosoruyeckas KapTa 3a60J104€HHBIX J€COB

MockoBcKast 00JacTh pacroiaraercsi B IIeHTpaibHON yactu BocrouHo-EBponeiickoil paBHUHBI
B TOA30HE IOKHOW  TaiWrk. 37ech  pacHpoCTpaHEeHbl  XBOWHO-IIMPOKOJIMCTBEHHBIE U
MIMPOKONTUCTBEHHBIE Jieca. C ceBepa-3amajia Ha FOT0-BOCTOK 3aJIECEHHOCTh TEPPUTOPUN CHIIKAETCS,
3HA4YUTCIIbHAsA 4aCTh OGJIaCTI/I IMOKpbITa CMCIIAaHHBIMHU JICCAMU. OCHOBHBIMU nmopoaaMu SBJIAIOTCA €J1b
oObIkHOBeHHas (Picea dbies), cocHa oObikHOBeHHasi (Pinus sylvéstris), ny0 depemrdatbiii (Quércus
rébur), mana menkomuctaas (Tilia corddta), xinen octpomuctusiii (Acer platanoides), Bsi3 Tiankuit
(Ulmus laévis) n Bst3 wepuassiii (Ulmus gldbra). B 3a060T04eHHBIX MECTHOCTSIX PAaCIPOCTPAHCHDI
onbxa uepHast (Alnus glutinésa), depemyxa (Priinus pddus) v uBa xo3bs (Sdlix cdprea) [Orypeesa u
ap., 1996].

OcHOBO#1 A5l KapThl 3a00JIOYEHHBIX J1€COB MOCKOBCKOTO peruoHa (371ech W jaliee MO dTUM
TEPMHUHOM MBI IOZIpa3yMeBaeM OOIIYI0 TeppUTOpuio r. MockBbl M MOCKOBCKOH oOmacTu) crana
MoO3auKa U3 6 CHUMKOB ciyTHuKa Landsat-8, koTopbie ObutH monydensl B 2021 roay: 1Ba CHUMKaA — 8
utojisi (koopauHaThl B cucteme HaBuranuu Global Visualization Viewer WRS-2 path/raw: 176/21,
176/22), na — 6 wurons (178/21, 178/22) u no ogaomy — 10 mast (179/21) u 18 wmrons (180/21).
Mo3arka W3 TMOJy4EHHBIX CHHUMKOB IIOKPHIBACT BCIO TEPPHUTOPHUI0O MOCKOBCKOW O0JIaCTH.
KonBepralins MCXOIHBIX JaHHBIX Mpou3Boauiack B mporpamme Grass 7.6 (GRASS Development
Team, CIIIA) nokanaibHo. [iist mpeoOpa3oBaHus 3HAYCHUI MMUKCENIEH, TPEACTABICHHBIX B YCIOBHBIX
otHocuTenbHbIX enuHuIax (DN — Digital Numbers), B peanbHbie 3HaYSHHUS IPUXOISIIETO HA CEHCOP
CIIyTHHKa HW3IYYCHUS HCIIONB30BaNach PaJUOMETPHUYUECKAs KAJIMOpPOBKA IPH TOMOIIKA MOJYJIS
i.landsat.toar nporpammsl Grass 7.6. ATMocdepHas KOppeKIusi CHUMKOB Oblila BBITIOJTHEHA Ha
ocHoBe mozenu 6S (Second Simulation of a Satellite Signal in the Solar Spectrum) ob6patHOro0
W3IYYEHUS COTHEYHON paJHalii oT 00beKTa K CheMO4HOoH anmapatype [Vermote et al., 2006] npu
MTOMOIIM MOIYJIsA 1 .atcorr, mporpammsel Grass 7.6. [lociie mony4eHus pe3yibTaToB aTMOCHEpHON
KOPPEKIIMH M OObEOUHEHHsS 7 KaHAJIOB Kaxaoro cHuMka B mporpamme QGIS 3.16.5 (QGIS
Development Team, CIIIA) u3 6 cHUMKOB Obljia IojlydeHa Mo3auka B mporpamme Saga Gis 2.3.2
(SAGA Development Team, ['epmanus).

[pomecc nemmdpupoBanrs ObLI MPOBEACH IO AITOPUTMY KIAacCHPHUKANUU ¢ OOydeHHEM
(Supervised Classification) B nporpamme Multispec (Purdue Research Foundation, CIA). Ilpu
3aJIaHUH 3TAJIOHHBIX ITOJIMTOHOB COOIOIEHBI ciienyroiue yciaosus [Terent’eva et al., 2017]:

1) MmakcuManbHast TOMOT'€HHOCTb, CIIEKTpajbHbIe HEOAHOPOAHOCTH HEAOMYCTUMBI,

2) mromass > 6 MUKCeNei;

3) ompenenenne TUNA JaHIMAPTOB HA OCHOBE CIEKTPAIBbHBIX JaHHBIX, MCIOJIH30BAHHEC CHUMKOB
CBEPXBBICOKOI'O pa3pCII€HUsA W BCIOMOIaTCIbHBIX AAHHBIX B Ka4€CTBC CHpaBO‘IHOﬁ I/IH(I)OpMaHI/II/I
(monoxxenue B penbede, CTpyKTypa u TeKkcTypa [Ycosa, 2009]).

ITocne Toro, kak He MeHee 7 OTAJIOHHBIX IIOJWTOHOB OBUIM BKIIOYEHLI B  KayKIbIH
nemuppoBOUHBIA  Klacc, 3alyCKaJid MOAYJNb aBTOMATHUYECKOH  KiIacCH(PHKAIMK, KOTOPBIH
KIaccH(UIMPOBal BCIO TEPPUTOPHIO MO3aWKH II0 METOAY MaKCHUMallbHOro mnomobms. J[lamee
nemu(pPOBOYHbBIC KJIACCHI OBLIM OOBCIMHEHBI B THIIOJOTMYECKHE: <«Jiec» (aBTOMOp(dHBIC Jieca),
«BOJIHBIC TTOBEPXHOCTH» (PEKH, 03epa, MHBIE BOAHBIC OOBEKTHI), «3a00JI0UEHHBIH Jiec» (M30BITOUHO
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yBiaxHeHHbIe jieca ¢ YII['B, Onu3kuM WM HaxOISMIIMMCS Ha IOBEPXHOCTH IIOYBBI), «CJIa00
3a00JIOUEHHBIH Jiec» (M30BITOUHO yBiIaxxHeHHBIE Jieca ¢ YIII'B Hmke moBepxHocTH TouBHI). Kpome
TOro, ropoaa M IIOCCIICHUA, AOPOrv, mammHWu W Ap. O6BCKTLI, HE MPEACTABIAIOIINC HMHTEPEC Kak
00BEKTHl KIacCUPUKAIMKA B paMKax TeKylled paOoThl, ObLIM OOBEAMHEHBI B KIAcC «IPYroe.
3aKIOYATENFHBIM 3TalioM (HOPMHUPOBAaHUST KapThl 3a00JIOUEHHBIX JIECOB CTala TeHepaliu3amus |
JUKBHUJAIMS IIYMOB C momomeio monyis «otceuBanue» (QGIS 3.16.5; mopor orcemBanus 10
MUKCENel) ¥ OTCEUCHHE 0 «BHEIIHUMY IpaHuIiaM MOCKOBCKOH 00J1acTy.

Or1eHKa TOYHOCTH MPOBEACHHOMN KJIaCCU(UKAIIUK Obljla OCYILECTRBIICHA TIPU ITOMOIIY MAaTPHUIIbI
ommbok [Stehman, 2004; Sari et al., 2021]. Inst 3Toro Ha momy4eHHOH KapTe MEpBBIH OmepaTop
(mamee — «IOJB30BATENBY») BPYYHYIO OTMETHII 1O 75 TOYEK BHYTPH TpaHHI[ KaXKIOro Kiacca
(«pacuérHblit kaccy). Touku OBUTH CO3JaHBI B BHJE BEKTOpPHOIO ciios B mporpamme QGIS 3.16.5 u
I HUX aBTOMAaTHU4YCCKU 6BIJ'II/I IMOJTy4YCHbl KOOPAMHATBI: OOJIoTa M INHUPOTA. Taxnm 06pa30M,
MOJIb30BATENb 00TaIaN CIEAYIOIUM Ha0OpOM JaHHBIX: reorpaduuecKrue KOOPIUHATH it 75 TOYeK
BHYTPH KaXKJIOTO PACUETHOTO KJlacca U WX MPHHAIKHOCTh K TOMY MM HHOMY PacueTHOMY KIlaccy,
KOTOpas BbIpaxkajach MU(QPOBBIM KOJOM. 3aTeM rpada NprHAIISKHOCTH KaXIOH TOYKH K TOMY HIIH
WHOMY KJIacCy ObliIa CKPBITa, KOOPJMHATHI TOUEK CIYYaiHbIM 00pa3oM OTCOPTHPOBAHBI U TEpeIaHbl
BTOPOMY OIEpaTopy («IIPOU3BOIUTENB»). Takum 00pa3oM, MPOWU3BOMUTENh HE 3HaJ, K KaKOMY
pacueTHOMY KJIacCy Ha KapTe OTHOCHTCS Ta WJIM MHas Touka. Ero 3amava cocrosiia B TOM, YTOOBI
«BCrenyo» (To ecTh, HEe IPOCMaTPUBAs CO3JAHHYIO KapTy) MPUCBOUTH Ka) IO TOYKE KOJ OJHOTO U3
KJIACCOB, OCHOBBIBASICh HA TPOBEPOYHOM HCTOYHHKE JAHHBIX («peajbHBI KiIacc»). ITO ObLIO
OCYIIECTBICHO IyTeM MPOCMOTpa METAMOJIOKEHHUS, COOTBETCTBYIONIETO KaXKIAOH TOYKEe Ha
CIIyTHUKOBBIX CHHUMKax CBepxBbicokoro paspemenus (Google Earth). TIlocme Toro, kak
MIPOU3BOJIMTEND «BCIICMYIO» OTHEC BCE TOYKH K TOMY WJIM MHOMY KJIACCY Ha KapTe, OH IepenaBall ux
00paTHO MOJBH30BATEIO, KOTOPBIH Tereph 00J1aaai: reorpaduaecKiMH KOOPJHHATAMH TOYEK, KOJIOM
KJlacca, KOTOPBIN JUISl OTHX TOYEK OBUI MPENICTaBIICH Ha CO3/IaHHON KapTe, U KOJIOM Kiiacca, KOTOPBIH
JUIE 9TUX TOYEK OBbUT TMpEJCTaBIeH Ha KapTe CBEPXBBICOKOTO paspelieHus (M0 MHEHHIO
npousBoauTest). Jlanee mpoBoaAMICs pacdeT o0Iell TOYHOCTH KilacCUpUKaIuu (A):

E

1

M=

A==
2R
i=1

1

2

rae E; — 4ucio Touek, 4el pacueTHbI M peaJbHBIN KJIacChl COBMAAAIOT (JIEMEHTHI TJIABHOM
JMarOHaJId MaTPHUIlbl OMIMOOK); M — YHCII0 KJIAcCOB; R; — 00IIee YMCIIO MPOBEPOUYHBIX Todek (375;
tabn. 1). O6mas TouHOCTh Kiaccuukanuu (4) oTpakaeT BEpOSTHOCTh TOr'O, YTO PeE3yJbTaT
KJIacCU(pUKAIlMK COBMAJaeT ¢ MpoBepouyHou uHpopmaimen. s kaxaoro pacderHoro kiacca (i)
TaKKe Ol[EHUBAIaCh TOYHOCTh Mpou3BoauTeNs (producer’s accuracy, PA,):

PAI': Ej/Cj,

rae C;, — CyMMapHOE YHCIIO TOYEK TOTO WIIM HHOTO PACUYETHOro Kiacca, TMONaBIINX B PEAIbHBIN -bIi
KJacc (CymMma 3JIeMEHTOB CTPOK MaTpullbl). Hanpumep, B Tabmuiie 1 9uciio ToUeK pacueTHOro Kiacca
«Jlec» (45), k OTHECEHHBIM ITPOM3BOAUTENIEM B pealibHbIi Kiacc «Jlec» (79) cocrarmser 45/79 = 0.57.
ToyHOCT, TPOM3BOAMTENSI TIOKAa3bIBA€T JONIO TOYSK HA pACUETHOM KapTe, COBMABIIMX C
MIPOBEPOYHBIMU JaHHBIMH. AHAJOTUYHO OIICHUBAIACh TOYHOCTH TIOJIb30Batens (user’s accuracy, UA)):

UAI': El'/PRl',
rae PR; — 4HCIO MPOBEPOYHBIX TOYEK IS KaXKIOro pacderHoro kmacca (75; cymMma 3JIE€MEHTOB

CTONOLIOB MAaTpHIlbl). TOYHOCTH TONB30BATEINSl IMOKA3BIBACT JIOJI0 TOYECK IPOBEPOYHBIX JaHHBIX,
COBIIABILIMUX C KapTOil.
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HN3mepennst mnotokoB CHy u CO, B 3200/104€HHBIX Jiecax

Wzmepenust MOTOKOB JMOKCHIA YIIiepoja U MeTana ObuTH ocyrecTsiieHbl ¢ 2019 mo 2022 roast
B CMEIIAHHOM 4YepHOONIBX0BOM (Alnus glutinosa (L.) Gaertn.) BIa)xHOTpaBHOM Jiecy «JlopoxoBo» ¢
Picea abies (L.) H. Karst., Betula pubescens Ehrh., B menbiueii crenenu ¢ Populus tremula L., Tilia
cordata Mill. u A. incana (L.) Moench., pacniojoxeHHOM B 66 KM K 3arajy OT I'PaHULbI T. MOCKBBI.
Bcero 0buto mpoBeneHo 12 moneBbix kammnanuii: 5—24 asrycra 2019 roga (siero); 5-25 utons, 24-25
okts10ps 2020 roga (oceHnb); 89 mapTa («3uMa» — TeMIiepatypa Bo3ayxa gocturaia -16°C), 3—4 mas
(Becna), 10-11 u 29-30 aBrycra (iero), 9-10 okrsa6ps (ocenb), 6 HOs0ps (ocenn) 2021 roma; 9
sHBapst (3uma), 26 despans (3uma) u 2 mas (BecHa) 2022 roga. PacTutensHbIi MOKPOB NpEICTaBICH
Picea abies (L.) H. Karst., Betula pubescens Ehrh., B wmenbmieit crenenn ¢ Populus tremula L.,
Tilia cordata Mill. u A. Incana (L.) Moench. 3a007104eHHBIN JIeC PACIOIOKEH Ha CKIOHE C
MaKCHMaJIbHON a0COMIOTHONH BBICOTOM Okoyio 230 M H.y.M. W mepemaaoM BbicoT 5—10 m/100 wm.
BepxHsist yacTh CKIIOHA JpPCHUPOBaHA W 3aHATA CMEIIAHHBIM JiecOM. HWXKHsISE 9acTh CKIIOHA
(abcomoTHast BhICOTA KOTOPOW OKONMO 220 M H.y.M.) TPUMBIKaeT K BBIPOBHEHHOH 3a00JI0YEHHON
MOBEPXHOCTH, KOTOpas MPAaKTUYCCKH JIMIIEHA JPEBECHOW PpACTUTENFHOCTH M XapaKTepH3yeTcs
KPYTJIOTOJIMYHBIM CTOSIHUEM BOJIbI BBINIE TOBEPXHOCTH TMOYBBI. BecbMa BEpOSTHO, YTO 3TOMY
CIIOCOOCTBYIOT OKPYXKAIOIIUE CKIOHBI, BHITIONHSIONINE POJIb IOMOTHUTEIBHOT0 BOL0COOpA.

[lorokn MeraHa W JUOKCHIA YriiepoJa HM3MEpEHBbl NMpPU TOMOIIM CTATHYECKOr0 KaMEpHOIo
merona [Hutchinson and Mosier, 1981; Terent'eva et al., 2017]. M3mepenus npoBoguiu B 2—4
KpaTHON BpPEMEHHOM MOBTOPHOCTH JHEM B mepuoa ¢ 11 go 17 gacoB mo mecTHOMY BpemeHH. Bpems
AKCIIO3MIIMKM KaMep MpHU 0TOOpe mpoO MeTaHa cocTapysio: 9 — 20 MUHYT MpH YpOBHE MOYBCHHO-
rpyaToBeIX BoA (YIII'B) Bbime moBepxHocTH mouBbl: 20 — 45 munyt npu YIII'B ot moBepxHocTu
mouBbl 70 15 — 25 cm Hiwke Hee; 45 — 60 munyT nipu YIII'B Huxe 25 cM 1o TOBEPXHOCTHIO MOYBEI.
Bpemst skcno3uiinu nipu otoéope npod JHOKCHIA YriIeposia BaphbUPOBajio B 3aBUCUMOCTH OT Ce30Ha: 6
— 9 MuHyT JNeToM W BecHOH 15 — 20 MUHYT oceHbto, B 60 MuHYT 3uMoid. [IpoObI raza u3 Kamep
OTOMpa M B MEIMIIMHCKHE IIIPHIBI 00beMoM 12 u 20 MiI B ciydae MeTaHa M JMOKCHAA Yriepoja
COOTBETCTBEHHO M 3aKyIOpWUBAIM Ppe3MHOBOM mpoOkoi. Konmentpamuio merana (¢ 2019 r. mo
okTsi0pst 2020 1.) B mpobax ompenensuii Ipu IMOMOIIH MOoauHUIpoBaHHOro XxpoMaTtorpada XIIM-4
(«Xpomatorpad», CCCP), ocHalmeHHOrO IUIAMEHHO-HOHWU3AIMOHHBIM JIeTeKTOpoM. Jlnamerp
KOJIOHKH — 2.5 mMM; mimuHa — 1 M; temnepatypa — 30°C; copbent — «Copnon», 80—100 mesh; ras-
HOCUTENh — BOJOPOJ, CKOpocTh moroka — 5 miu/muH. C oktsa0ps 2020 1. xonmeHtparmio CHy
onpenensyii  Ha MomuuIMpoBaHHOM xpomartorpade ApToxpoMm («MaHomerp», Poccus), ¢
WUJCHTHYHBIMH XapaKTEPUCTUKAMHU KOJOHKH, Ta3a-HOCHUTENS W CKOPOCTH IOTOKa. MCmomb3yemsblit
copoent — «Ilomucopo» (80—100 mesh). [l kanuOpoBKu B 00OMX CIydasX HCIOIB30BAJIU CMECh
BO3Jyxa M MeTaHa ¢ wurToropoi konmeHnrtpaiuedr CHy 5.00+0.01 ppm (National Institute for
Environmental Studies, fInoHus) npu IONMyIIEHWM, YTO PErPECCHOHHAs MpsMas repecekaia och
opIMHAT KaIMOpoBOYHOro rpaduka (B KoopauHarax MB—ppm) Ha 3HaueHuu 13 MB. OO0béMm
BBOAMMON mpoObl — 1.5 mu. KoHIeHTpanuio MeTaHa B KaKJAOM IINPHUIE OLECHWBAIU B 3+4
MOBTOPHOCTSIX.

KonmenTparuio 1MoKcHIa yriieposia B 0OTOOpaHHBIX M3 KaMep Mpobax OnpeneNsiif He o3 IHee,
yem uepe3 10 wacoB. [ns aHanm3a wucronb3oBajcs MHQpakpacHbi razoaHammsatop EGM-4 (PP
Systems, CIIIA). OtoOpaHHBIe TPOOLI M3 IIMPHUIICB MMOCIEAOBATEIBHO BBOIWIM B Ta30aHAIM3AaTOP
(cymmapusbIit 00beM KtoBeTbl EGM-4 1 IIUTaHroB [T BBOAA HE MPEBBIINAN 7 M) MPH BBIKIIOYEHHOM
HAcOCe B CIMHMYHON MOBTOPHOCTH: 00bEM BBOJMMOI MpoObI coctaBisul 20 MiI, YTO 00eCreunBaio
MHOTOKPAaTHYIO TIPOMBIBKY KIOBETHL. 3asBJICHHAs IPOU3BOAUTENIEM TOTPEITHOCTh HW3MEpEHHS
cocranisier <1 % OT nuamazoHa U3MepseMbIX KOHIIEHTpaIHii, 4To coctasisieT menee 10 — 20 ppm as
HaIlIUX MCCIIeNOBaHmi (quana3oHsl konnentparwmii 0 — 1000, 0 — 2000 ppm).

VY ienbHbIe TOTOKH METaHa W JUOKCHAA yriiepoja ObUIM PACCUMTAHBI MPH MTOMOIIH JTMHEHHON
perpeccuu B ciydae SMHUCCHU W HEIMHEHHOH (IKCIOHEHIIMATBHOW) PErpeccHu MpH MoTpeOsieH!H, B
KOOpJMHATaX KOHIIEHTpalus rasa (B o0beme kamepnl) — Bpems [Kahaner et al., 1989; Sabrekov et al.,
2016; I'marone u np., 2017]. [lockonbKy mpu U3MEPEHHIX WCIOIB30BAINCH HEMPO3padHble KaMephl,
TO Be3[ie B JaHHOW cTathe «moTok CO,» oTpakaeT CyMMapHOE JIbIXaHHUE MOYBEHHO-TPABSHO-
MOXOBOTO MTOKPOBA.
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HNuBentapusanus norokoB CH,; u CO, B 3200/104eHHBIX Jecax
Pacuer rogoBoro noroka MeraHa M TMOKCHJIA YIriIepo/ia U3 3a00JI0YEHHBIX J1ecOB MOCKOBCKOTO
pervoHa ObLT BBITIONIHEH MMOCE30HHO METOJIOM TpOCTEHIel WHBEHTapH3alul (paHee MCIONb30BaICs
TEPMHUH «METOJ CTaHmapTHOU Moxenu») [I maromnes, 2008; 2010] Ha ocHOBE ypaBHCHHUS:

E =% xfi xT)

rue Al-j — IUIOIAJb (MZ), 3aHMMaeMasl i-M THIIOM II0YB B j-Oi 00J1aCTH; f; — TOBEPXHOCTHAS IIJIOTHOCTh
II0TOKa (Mr'M'z'q']), XapakTepHas AJIs [-I0 THIIA 1T04B; 1; — MPONOIKATENBHOCTD EPUOA IMUCCUN
(uac), xapakrepHas JUis j-oit obmacTu. [IpogomKUTEIBHOCT TIEPHO/Ia DMUCCHH METaHA B PAMKAX
OT/IENBHBIX CE30HOB ObLlIa MPUHSATA HA OCHOBE THJIPOTEPMHUECKAX KO3(PPHUIIMEHTOB H
paJralMOHHOr0 MHJSKCA CISHYIOIIMM 00pa3oM: jeTo — 122 nHs (¢ UIOHS 10 CEHTAOPH
BKITIOUUTENBLHO), OCEHb — 76 1Hel (¢ OKTSAO0ps 0 cepenuHb aexadps), 3umMa — 90 aHei (¢ cepeanHsb
JieKaOpsi 10 cepelMHbl MapTa), BecHa — 77 JAHel (¢ cepeauHbl MapTa J0 KoHIa Mas). [loBepxHOCTHAs
IJIOTHOCTH MOTOKA ObljIa paccuMTaHa Kak MeauaHa (a Taoke 1Q, 3Q) 3a paccMaTpuBaeMblii CE30H Ha
ocHOBe Bcex HaOmoaenuii. [Ipu pacuere ronoBoro moToka Mel MpeHeOperiiv CyTOYHOH JTHHAMUKOH.

PE3VJIBTATBI

Kapra 3a060/104eHHBIX JiecoB MOCKOBCKOI0 peruoHa

[Mony4ennas kapra 3a00J0YEHHBIX JIeCOB MOCKOBCKOTO perHoHa MpejcTaBicHa Ha pUCYHKe |
U XapaKTepu3yeTcsl CIEAYIOUMMH IUIOMAIASIMHU THUIIOJIOTHYECKUX KiaccoB: «iec» — 2 157 716 ra,
«BOJIHBIC TIOBEPXHOCTH» 45 693 — ra, «3a00m0ueHHbBIN Jec» — 58 384 ra, «cmabo 3a0010UEHHBIN JIECH
—233 865 ra.

Takum 00pa3zoM, cyMMapHasi OJIS JIECHBIX SKOCHUCTEM, KOTOpPhIC CIIOCOOHBI (PYHKIIMOHHPOBAThH
Kak MCTOYHHKH MeTaHa — 3a00JI0UeHHEbIE Jieca U cliabo 3a0omodyeHHbIe Jeca — coctapisier 1.2 u 5.0%
TUTOIA/IA PETHOHA COOTBETCTBEHHO Wi 292 249 ra. CormacHo kapre, 3a00JOUYEHHBIE Jeca — 3TO
MPEUMYIIECTBEHHO HeOONbIINe 3KOCHUCTEMBI (OT MEIKMX — IJIOmaaplo 3 — 5 ra, KOTOpbIe
pacnpocTpaHeHbl KpaliHe HIMPOKO, 10 Oosee KpymHbIX — momanapio 30 — 50 ra, BCTpeyarommxcs
HECKOJIbKO pe)Ke), KOTOPBIC UCIIBITBIBAIOT I/I36I)ITO‘IHOC YBJIIAXKHCHUEC B PE3YJIbTATC PACIOJIOXKCHHUSA 110
OKpanHaM 60JIOTHBIX MaCCHUBOB, H06JII/I3OCTI/I OT pCYHBIX HOI71M, B MCJIKUX JIOKAJIbHBIX ITOHMWKCHUAX
penbeda, a TakKe B DJIIEMEHTaX OBPa)XKHO-OAIOYHON ceTH (IMPEMMYINECTBEHHO B IOKHOW YacTH
MockoBckoit obmacti). Crnabo 3abo0nodeHHBIE Jieca pacloiioKEeHbl Ha Oonee JpEeHHPOBAHHBIX
y4acTKax, OHM 4YacTO CBS3aHBI C 3a00JIOYCHHBIMHU JIECAMH B CIMHBIC JaHIMAPTHBIE CTPYKTYpHI,
OJIHAKO paclpOCTPaHEHbI 3HAYMTENBHO MIMPE, K 3aHUMAIOT CyIIECTBEHHO OOMbIue mioman: ot 10 —
50 mo 100 — 500 ra.

3abonodeHnbie u ciaabo 3a00NMOYEHHBIC Jieca, COTJIACHO ITONYYEHHOW KapTe, SBISIOTCS
«CIYTHUKAMH» PaCHpPOCTPaHEHUsT OONOTHBIX DKOCHCTEM M PAacCHONOKeHbl B MOCKOBCKOH 00macTH
HEpaBHOMEPHO: KpPYIHBIC IUIOMIA N OOHAPYKEHbI B ceBepHOU (IMUTpOBCKHI pallOH) U BOCTOYHOM
gactsx (Latypckuit paiion) permona (pucyHok la). Kpome Ttoro, 3abomoueHHbie u ciabo
3a00JIOUEHHBIC Jieca YacTO MpPEJACTAaBICHbI KaK W30BITOYHO VYBIAKHEHHBIC Yy4YacTKd Onu3
aBTOMOpq)HBIX JICCOB: TILIOmIaAb TAaKHMX OSKOCUCTEM HE3HAUUTCIbHA W PCIAKO IMPCBBIIIACT 10 ra
(pucynok 16). IIpennonoKuTebHO, OCHOBHOW IPHYMHOM TaKOro JIOKAJIBHOTO 3a0ojauvBaHUs
SIBJISIOTCS. 0COOCHHOCTH MUKpopelbeda (Kak U B cirydae 3a00J104eHHOT0 jieca «J{opoxoBoy, rae ObLIu
MPOBENICHB M3MEPEHUsI TIOTOKOB TAPHUKOBBIX Ta30B), M TOJITOIUICHHE B MecTaX (OpMHpOBaHUs
pPY4beB U OoJiee MEITKUX BOJIOTOKOB.
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Pucynok 1. Kapra 3a6on04eHHbIX (YepHBIH) U c1a00 3a00I09EHHBIX (3€JIEHBIH) JIeCOB MOCKOBCKOro
perrona. CepbIM OKa3aHbI JIECHbIE MACCHBBI, TOYOBIM — BOAHBIE IOBEPXHOCTH, OEIIBIM — TOPOIA U MTOCEIEHHUS,

Tabauna 1. MaTpuia ommOOK ¥ TOYHOCTH KIIACCOB JUIS PE3YJILTATOB KJIACCH(PHUKAIIUH

PacueTHbIe KJIacChl
TouyHoCTH
. Caabo
Boaubie 3200109 eHHBII . C; TMPOU3BOIUTEJIS
Jlec 3a00J104eHHbIii | IIpouee
NOBEPXHOCTH nec (PA)
J1ec

Jlec 45 1 16 16 1 79 0.57
g | Boaumie 0 70 0 0 0 70 100
= TMOBEPXHOCTH
=
z 3aboJ104eHHBII JIec 10 0 27 19 3 59 0.46
2 [ Cnas 0.74
g | avo ; 20 0 22 30 1 73| 041
g 3200J104eHHBI Jec
~

Ipouee 0 4 10 10 70 94 0.74

PR; 75 75 75 75 75 375

TouyHoCTH 0.36 0.40
noas3oBares (UA;) 0.60 0.93 0.65 0.93
Martpuna omuOOK TONyYeHHOW KapThl mpeacTaBieHa B Tabm. 1. OOmas TOYHOCTh

KJacCU(pHUKaIuK (OTHOIIEHUE CYMMbI 3JIEMCHTOB TJIABHOHM JMaroHaJIM MAaTPHIBI OIMIMOOK K CyMMeE
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MPOBEPOYHBIX TOYEK IO Kjaccam) coctaBiser 76 %. PamkupoBaHHe KIIacCOB MO IOKa3aTeNsM
TOYHOCTU MNPOU3BOAUTEIIA W TOYHOCTHU ITOJIB30BATCIIA Y6BIBaeT B pAAy. «BOJHLIC ITOBECPXHOCTHU»,
«Ipodee», «iec», «ciabo 3a00J0YeHHBIN Jiecy», «3a0oioueHHBIH Jsiec». HaumbGonee TouyHO
KJIaCCI/I(I)I/IHI/IpyIOTCH BOJHBIC ITOBECPXHOCTH C MAaKCUMAJIBHO BO3MOXKHOH TOYHOCTBIO IIPOU3BOIUTEIIA
(100%). Kmacc «mpoueey MMeEET TaKyro e TOYHOCTH IOJb30BaTels, KaK U BOJHBIC MTOBEPXHOCTH
(93%), HO HECKOIBKO MEHBINYI0 TOYHOCTH mnpomsBoauTens (74%). B memom HamMmeHee TOYHO
Ompe/elieHbl  KTacchl 3a00JIOUEHHBIX U C€Na00-3a005104eHHBIX JiecoB (36 — 46%): OHM HUMEIoT
3HAYUTENIbHBIC MEPECCUCHUS] CO BCEMH KJIACCAMH KPOME OTKPBITOH BOJHOW MOBEPXHOCTH, W, YTO
Han0oJIee BaXKHO, HAMOOJIBIINE — MEXY COOOM.

OCHOBEBIBasACHL Ha IMMOJYUYCHHBIX pE3yjibTaTaX OUCHKH TOYHOCTHU KapThbl, MOXHO 3aK/IHOYUTh, YTO
3a00JI0OUeHHBIE M CJIa00 3a00JIOUEHHBIE Jieca — 3TO 3KOCHCTEMBI, KOTOpBIE JOCTATOYHO TPYAHO
Pa3IUYUTh MEKIY COO0OH, OCHOBBIBASCh Ha JMCTAHI[MOHHBIX NMaHHBIX CAMHUYHBIX (BO BPEMEHH)
CIIyTHUKOBBIX CHUMKOB U MCIIOJIb30BaHUU KilacCU(pUKAIUU ¢ 00ydeHueM. I JOCTHXKEHUS pa3yMHOM
TOYHOCTH KJIaCCI/I(bI/IKaHI/II/I U IIpu ):[aHbHefIHIPIX pacy€rax pEeruoOHaJIbHOI'O IOTOKA MBI O6BCI[I/IHI/I.HI/I JBa
Kjacca: «3a00JIOUEHHBIN Jiec» W «cimabo 3a00JIOUeHHBIH Jiec» B ONUH: MPH STOM TOYHOCTb
MoJIb30BaTeNsl O0BEIMHEHHOro Kiacca cocraBwia 65%, a ToYHOCTh TpousBoautens — 74%, dro
MO3BOJISIET  JIOCTATOYHO TOYHO TMPEACKA3bIBAaTh MECTOIONIOKCHHE JIECOB PAa3HOW  CTENeHH
3a00JI0YEHHOCTH NP MX COBMECTHOM PACCMOTPEHHH.

otoxu CHy u CO, 1 MX MHBEHTAPU3AIUA

O60011eHHbIE PE3YTBTATHl U3MEPEHUH TTOTOKOB METaHa U IMOKCHA YIIIepo/ia Mo Ce30HaM U MX
KpaTKhe CTAaTHCTUYECKHE XapPaKTePHCTHKHU IpeACcTaBleHbl B Tabm. 2. MeauaHbl MOTOKOB MeTaHa
BO3pPACTalll B Pslly: 3MMa — JIETO — BECHAa — OCEHb, MIOTOKOB JIMOKCHJA YTiiepo/ia — B Psily 3MMa —
OCEHb — BecHa — JieTo. EAMHCTBEHHBIM CE30HOM T'0fla, KOTJa AMHCCHs METaHa BEpPOsTHEE BCETO HE
MpeKpamanach, sBISETCS BeCHA — MEPBBIH KBAPTHIL BEMUYWHBI 1MOTOKOB CH4 B 3TO Bpemsi ObLI
Oosbliie HyJs1. JISTOM W OCEHBIO AMHUCCHs METaHa U3 MOYB 3a00JIOUEHHBIX JiecoB gocturana 2.0 — 2.6
MrC M”94, 4TO COIOCTABMMO C GOJOTHBIMH DKOCHCTeMaMH. IIOTOKM JMOKCHAA YIJepoia B
3a00JIOUEHHBIX JIecax B IIEJIOM CIIA00 OTIMYAIOTCS OT BEIWYHH, XapPaKTEPHBIX JUIS MOYB JIECHBIX
9KOCUCTEM, & OTHOCUTENIbHAS BETMYMHA CE30HHOW aMIUTUTY/IbI COMIOCTaBUMA C TAKOBOH JIJIsl METaHa B
TeueHue roja. B 1enoM momydeHHbIe pe3yIbTaThl OIICHKH MTOTOKOB B 3a00JIOUEHHBIX JiecaX OJHM3KU B
CPaBHEHUH C MMEIOIMMHUCS JTUTePaTypHbIMH nTaHHBIMU [Sabrekov et al., 2013; Mochenov et al., 2018;
Glagolev et al., 2018; Terentieva et al., 2019; Glukhova et al., 2021; Glukhova et al., 2022].

VHBeHTapU3alKs’, BHIIOTHEHHAS HA OCHOBE NPEIIOKEHHOTO TOJX0Ja, MO3BOIACT OLEHHTH
TIOTOK METaHa M3 T0YB 3a60JI0YEHHBIX JIECOB PA3HON CTeNeHH yBIaxHeHus B 6 666 TC rox (1Q —
407; 3Q — 38 790); muoxcuaa yriaepoaa B 1.5 MtC rox' (1Q — 0.6; 3Q — 2.7). C y4eToM CTONETHEro
MOTEHIINaj a rI00aTBHOTO MOTEIUIeHUs il MeraHa, paBHoro 28 [Drosler et al., 2014], cymmaphas
OMUCCHUSI METaHa M JIMOKCHA YTIIepoJia U3 MOYB 3a00I0UEHHBIX JIECOB PAa3HON CTEIEHU YBIIAXKHEHUS
coctaBut 5.7 M1CO,-5kB rox (1Q — 2.2; 3Q — 11.4). B tabn. 3 npencrasieHa Gonee mompoGHas
nH(pOpMAaIHs, TIOTy4YEeHHAs HA OCHOBE IIPOCTEHIIeH NHBEHTAPHU3AIIUH.

? B kadecTBe IPUMepa PACcueToB MOTOKA METAaHA 33 CE30H PACCMOTPHM JICTHHIA IEpPHO; MEIHaHa IOTOKA METaHa
neroM (0.14 mrC M2 u') Gbna YMHOXXEHA Ha NPOMU3BEJICHUE KOJIUYECTBA YACOB B CYTKaX M IPOAOJKUTENBHOCTH CE30HA
(24 x 122 = 2928 u; 2928 x 0.14 = 415.8 MrC M rox’"), 3aTeM Ha rUIowIanb 3a60I0YCHHBIX JecoB (415.8 x 2.922x10° M
=1215x10°mrC rox’'), u, HakoHel, Ha HONpaBOUHbIN K03 dunueHt (10°) mns nepepoga MrC B TC. PacueTsl s Apyrux
CE30HOB OBLIM BBHIMOJHEHBI TaKkKe W Pe3ynbTaThl CyMMHpoBaHbl. CyMMapHBIH 3a TOH IOTOK JHOKCHAA yrilepoaa
pacCUUTHIBAIN aHAJIOTMYHBIM 00pa3oM (OTJIMYME 3aKIIOYaloCh B BEJMYHMHE IIONMPAaBOYHOro KoddduimeHta, KOTOPBIN
cocrasun 1077 s nepeBora MrC B MTC). Ilpu nepecuere noroka CH, (BbIpaxkeHnoro B TC roz['l) B M1CO,-3KB roz['l,
HCXOJIHYIO BEJIMUMHY YMHOXaiIM Ha 16/12 (orHomenue momspHoit Maccel CH4 x Moisiproit macce C), 3atem Ha 28 (100-
JIETHHIA [OTEHIHAT II0GANLHOrO MOTEINICH s) i, HAKOHEL, Ha HOonpaBodHbli kodduument (10°) mis nepesona Tonn B
MeraToHHBL. JIisl pacuera cymMMapHOro moroka, cocrosimiero u3 smuccuun CHy (M1CO,-3kB rox’') u CO, (M1C rox™),
TOCTIeTHIOK YMHOXaH Ha 44/12 (oTHomeHune Mossipaol Maccsl CO, k MoisipHOiT Macce C) 1 CKITabIBaIN.
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Taoauna 2. CTaTHCTHYECKHE XapaKTePUCTHKHU MTOTOKOB METaHa U AMOKCH]IA YTIIEpo/Ia 1Mo Ce30HaM

CH,, mrC M2 CO,, MmrC M2
1 kBapTHIb | 3 KBApTUIIB 1 kBapTHIb | 3 KBapTHIIb
Menuana (1Q) (3Q) n Menuana (1Q) (3Q) n
Jlero 0.14 0.00 2.61 251 132 51 237 189
Ocenp 0.74 0.00 2.03 84 26 9 72 22
3uma 0.02 0.00 0.13 64 5 2 6 5
Becna 0.25 0.07 0.89 64 32 17 49 56

TonaBIAIONLyIO POk B 00IIeH BemmunHe BEIOpocos (MTCO,-3KB roj ') IMOKCH A yTIepoa ’
MeTaHa B T€4YeHHe roja urpaer jetHud nepuof (74% roaoBOH SMHUCCHM); OCEHHHN U BECEHHHI
BHOCSIT COMOCTABHUMBIN BKJIAJ, COCTaBIIOMUNA B CymMMe OKoo 24% TOA0BOM 3MHCCHH; HaKOHEII,
sumoit amuccusi CO, u CHy m3 mouB 3a00J0YCHHBIX JICCOB pPAa3HOM CTENEHH YBJIAXKHCHUS HE
npesbimaer 2% oT rojgoBoi. HecMoTpss Ha TO, YTO OMHCCHS MeTaHAa BHOCHUT OTHOCHTEIBHO
HeOOMBINON BKIIa/l B CyMMapHbIE 3a 'Ol BEIOPOCHI ITAPHUKOBBIX TA30B, B OTAENbHbIC ce30HBI yuer CHy
urpaer Oosee OIyTHMYIO POJIb: HAaIIpUMep, oceHbo g0t CHy cOCTaBIsIeT MOYTH TPETh BHIOPOCOB OT
cymmel CHy u CO,, 3umoit u BecHo#t okosio 10%. C ydeTroM TOro, 4TO MOYBBl pACCMOTPEHHBIX HAMU
3a00JIOUEHHBIX JIECOB BBIOPACHIBAIOT COMOCTABUMOE C aBTOMOP(HBIMH JIECAMH KOJIMYECTBO AUOKCH]IA
yriepoaa, HENOOICHEHHBIM HCTOYHMKOM MOXHO CHUMTATh IUINb AMUCCHIO MeTaHa. Kak ObLIo
OTMEYEHO BHIIIE, BEPXHASA TPaHMIA OIEHKHM SMHUCCHHM MeTaHa cocTaBmia 1o 38.8 Teic. TC B rox
COOTBETCTBEHHO, YTO MOXKET OBITh BEChbMa OIILyTUMO B MaciTabax MOCKOBCKOTO peruoHa.

Taémmuua 3. MHBeHTapHU3alys MOTOKA METaHa M JMOKCHIA YIJIEpoJa MO Ce30HaM Ha TEPPUTOPUHU
MOCKOBCKOI'0 pervioHa 13 3a00JI04YEeHHBIX U ¢J1a00 3a00JI0UECHHBIX JIECOB

CHy,, CHy,, CO,, CH4+CO, MTCO,-
TC 1"0;['1 MtCO,-3kB 1"0;['1 MtCO, 1"0;['1 9KB 1"0;['1
Memuana / 1Q/3Q
Jlero 1215/1/22347 0.05/0.00/0.83 4.15/1.59/7.43 4.19/1.59/8.26
OceHb 3945/19/10 834 0.15/0.00/0.40 0.51/0.18/1.40 0.66/0.18/1.80
3uma 147 /17 /808 0.01/0.00/0.03 0.12/0.04/0.13 0.13/0.05/0.16
Becna 1359/370/4 802 0.05/0.01/0.18 0.63/0.35/0.97 0.68/0.36/1.15
Cymma 6 666 /407 /38 790 0.25/0.02/1.45 5.40/2.16/9.92 5.65/2.17/11.37

OBCYKJIEHUE

PacnpocTpaHeHue 3200/104eHHBIX JIECOB PA3TUYHON CTENEHU YBJIAKHEHUS

B naunbonbiei cTerneHy JIeCHbIe IKOCUCTEMBI BCEX THIIOB YBJIAXKHEHUS (OT aBTOMOP(HBIX 10
MEPEXOHBIX ¥ TUAPOMOPQHBIX), PACIPOCTPAHEHBI K CEBEpO-3alay U IOro-BOCTOKY OT MOCKBEHIL, B
obmactu Jlamcko-/lyOHeHCcKoi M Meliepckoii HM3MEHHOCTEH, COOTBETCTBEHHO. Takke, OosibIias
O0JIECEHHOCTh 3eMellb HalmogaeTcs K ory or MOCKBBI, B TIpaHHIAX MOCKOBCKOW paBHHHBI B
obnmactu pek JlomacHs m Oxa. Takoe pacroioKeHUE JIECHBIX MACCHBOB OIPEIENseTcss OCOOBIM
THIPOPHU3NUECKUM PESKUMOM M MecTOM B JaHamadre (B MOHWKEHUSX MPOUCXOIUT HAKOIICHUE
BIard u QopMuUpyroTcs ocoOble TemmnepaTypHbie ycnoBus). CIIyTHHKaMH aBTOMOPQHBIX JIECHBIX
MacCCHBOB, BEPOSITHO, SIBIISIFOTCS MHOTOYMCIICHHBIE MENKHE 3a00N0YeHHbIE M €1a0o 3a00JI0ueHHbBIE
YUYACTKH: BEChbMa BEPOSITHO, YTO C yYETOM CPEJHEr0 MPOCTPAHCTBEHHOTO pa3pelieHus MoTydeHHOH
kapThl (30 M) HEKOTOpBIC U3 HUX (HAXOJIIHECS Ha TpaHUIlE reHepanu3anuu B 10 MIKCEIoB) MOTYT
ObITh apTedakToM KiIacCHPUKANUKA ¥  (QOPMUPOBATH 3HAUYMUTENBHYIO JIONIO MOTPEIIHOCTH,
MOJYYEHHYIO MPH pacdyeTe MaTpuibl omuboK. MBI mpearnonaraeM, 4To TaKue DKOCHUCTEMBI, cKopee
BCETO, SIBIISIIOTCS HEMTOCTOSTHHBIMU MCTOYHUKAMH METaHa, 3aBUCSAIIMMHU OT KOJIWYECTBA BBIMAAFOIIIX
ocakoB. bonee kpymnHbIe MO TUIONIAN 3a00I0UEHHBIE JIeca TIOCTOSIHHOTO H30BITOYHOTO YBIIAXKHEHHS
MPUYPOUYECHBI K TIOHIDKEHHSM peibeda, a Takke K yJacTKaM, PacloOKEHHBIM OJM3 OONIOTHBIX
skocucteM. Kpome TOro, 10cTaTo4HO OOJBIINE 0 TUIOMIAIH, 3a00T04eHHbIE U cllabo 3a00I04YeHHbIE
Jieca pachpocTpPaHEHbl «IISTHAMH» B MaccMBaX aBTOMOP(HEIX JIeCOB Ha Ioro-3amajze MOoCKOBCKOI
obmactu. Tam, The, coriacHo KapTre, HaxXoJsaTcs OOJNbIINE TUIOIAAW, 3aHAThIC 3a00J0YEHHBIMH
JiecaMu, PSJIOM PacIloNOKeHbl U ci1abo 3abonoueHHbIe Jieca. [Ipu yBennvyeHNn CTENeHH YBIaKHEHUS
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oT 0oJIee BBICOKMX YYaCTKOB peibeda K Oonee HU3KUM, HaOIr0aaeTCst P Jiec, ¢nabo 3a00104eHHBIH
Jiec, 3a00J104eHHBIH Jiec, 00J10TO (pHC. 1a).

Cormacao manHbiM bombmoit Poccuiickort suimkimoneanu [OcumoB u ap., 2004] mmomans
aBTOMOP(HBIX JIecOB Ha TeppUTOpUU MockoBckoii obmactu B 2015 roay cocraBuia 1 896 000 ra, u ¢
9TOM OIEHKOW JOCTaTOYHO XOPOIIO COTNIACYIOTCS JaHHbIe, MOJTYYCHHBIE HAa OCHOBE TEKyIlei
knaccudukamuu (2 157 716 ra). Ha roro-Boctoke MOCKOBCKOH 00JIACTH BBICOKAS 3aJIECEHHOCTD
TEPPUTOPHI OTMEYaeTCsl TOIBKO K ceBepy oT peku OKH, Jajee, B OKPECTHOCTAX T. 3apaliCK U peKH
Océrp HaumHaeTcsi 3a0KCKOE 3PO3MOHHOE IUIATO, TPENCTABISIONIeE COOOM IMOIOTOBOIHHUCTYIO
pPaBHHHY C Pa3BUTON OBpaXHO-0alouHOM ceThio. Jleca 31eck 3aHumaroT He 6omnee 5 — 7% momany, a
camMa TeppUTOpHUS TMOJBEp)KEeHAa SPO3MOHHBIM Tporeccam [bapranes, 2006]. Beposarno, mub
HE3HAUUTCIbHAasA OO O3TUX JICCOB IICPCYBIIAKHCHBI (B YaCTHOCTH, TC H3 HHX, YTO COIJIaCHO
CO3JJAaHHOM KapTe PacIioiioKeHbl B HanOoee rTy0OKuX Oallkax M OBparax) U sSBISIOTCS UCTOYHUKAMU
CH..

B 1eq10M, BHE 3aBHCHMOCTH OT 3aHUMAaeMOH IIIOMIAIH, 3a00I0YeHHBIE H ¢1a00 3a00I0UYeHHEBIE
Jieca MPUYpPOYCHBI K TEM I WHBIM TOHIKCHUSM pelbeda pasHOro pa3mepa M MPOHCXOXKIICHHUS.
HuTepecHo, uTo B obmactu Meliepckoli HU3MEHHOCTH KPYITHBIX PEK HET, HO OTMEUAeTCsl HaJIudue
Oompiroro xonmmyectsa o3ep: KapacoBo, Cesitoe, Benukoe, JlyooBoe. [Tonmxkenue B penbede 31ech
TaKXKe Urpaer posib (akTopa CKOIJICHHS BIIard, B TOM YHCIE CIIOCOOCTBYIOMIETO PAcIpOCTPAHEHUIO
3a00JI0UEHHBIX U c71a00 3a00I0UEHHBIX JIECOB TI0 OKPAHMHAM BOJIHBIX OOBEKTOB.

Pesynbratet 'MC-kaprorpadupoBanusi B 3HAYMTENBHOH CTENEHH COBIAAAIOT C JAPYTHMH
OIICHKAMH II0 XapakTepy pacHpOCTpaHEHHUs JIECHBIX MACCHBOB pa3lIMYHON CTENEeHH YBIaKHEHWS.
Hampumep, ananorugno kapte pactutenbHoctt CCCP [Kapta pacturensnoctu CCCP] Ha ceBepe ot
r. MockBel B paiioHe T. AJIGKCAHIIPOB PACHOJIOKEHBI HEOONBIIME [0 IUIOIAAN TEPPUTOPHH
3a00JIOUEHHBIX JIECOB, TOT/Ia KaK Ha BOCTOKE B paiioHe Memepckold HUI3MEHHOCTH Ha 000MX KapTax
BBIJICNISIIOTCSL  OOJNBINIME MAacCHUBBI JIECOB W TEPPUTOPHUI, TMOJBEPTHYTHIX IEPUOTUICCKOMY
nepeyBnaxxkuenuto. Ha kapre pacturensaocta CCCP mecta 3a60maunBaHust IpHypOdEHBI K COCHOBBIM
u ny0oBbIM secam (my0 uepemrdateiid, 6e3 rpaba), B TO BpeMs B paMKaxX TeKylled paboTel mpu
Ha3EMHBbIX O6CJICZIOB3HI/IHX qJamic B NEPCyBIAKHCHHBIX MeCTOO6I/ITaHI/IHX BCTpCUAIIUCH 3a6OJIO‘IeHHBIe
HIMPOKOJTUCTBEHHBIC ¥ CMEIIaHHBIC JIeca ¢ MPeodialaHueM OJIbXH, el U Oepe3bl. Takol Tur jeca Ha
kapte CCCP Boigensercs Ha 3amajge MoCKOBCKOH oOjactu (Ha tore goxoautT no p. Oka, Ha ceBepe
IUTABHO CMEHsIETCS XBOWHBIM THIIOM B paiioHe p. Bonra), omHako, 0003HaueHHs CTEIEHH
3a00IaYMBAEMOCTH 3€MeNlb OTCYTCTBYIOT. TakkKe CyIecTBYIOT CXOJCTBA B PACHOIOKEHUH
3a00JIOUEHHBIX MECTHOCTEH mpu cpaBHeHWH ¢ kaptoii GLWD [Global...]: Hanpumep, Ha BOCTOKE
MoOCKOBCKO# 0051acTH 3/1eCh paclpOCTpaHEHbI TIPECHOBOJAHbBIE 00JI0Ta B 001aCTH MOMMEHHBIX PaBHHH,
B TO BpeMs KaK Ha CO3/IaHHOH KapTe — cJ1abo 3a0oyioueHHbIe M 3a00oueHHbIe Jeca. K cokalneHuro,
MOJOOHBIX CXOACTB MEXIy KapraMd He HaOJromaercs B Jpyrux pailoHax o0jacTtd, Kpome
pacIoNoXKEeHUsT PeK U 03ep, a TaKKe BOAHBIX pe3epByapoB. BecbMma BepoOsTHO, YTO 3TO CBSI3aHO C
JOCTaTOYHO HHU3KUM MPOCTPAHCTBEHHBIM pasperieHueM kapTel GLWD u oTHocHTENnsHO HEOONbINoH
TUTOIIA/IBI0, 3aHUMAEMOM OTIETbHBIMH 32007104CHHBIMU JIECAMHU.

Kpaitne BakHO cpaBHEHHE TMONYYEHHBIX pE3YIbTaTOB C IIHPOKO WU3BECTHOW KapTou
pactutenbHOCTH MockoBckoi obmactu [OrypeeBa u  ap., 1996]. 3abonodyeHHble u  c1abo
3a00JI0YCHHBIC JIeca Ha CeBepe peruoHa (0coOCHHO B paioHe J[yOHEHCKOro OOJOTHOrO MaccuBa),
COOTBETCTBYIOT 3a00JOYEHHBIM YEPHOOIBXOBBIM, IYIIHCTOOEPE30BEIM JlecaM U JiecaM C Cepo
OJIbXOW; B FOKHOM OHHM HJICHTUYHBI PACHpPOCTPaHEHHIO MYHIMCTOOEPE30BBIX U COCHOBO-EJIOBBIX-
JIOJITOMOIITHO-C(harHOBBIX JICCOB IO OKpaikaMm O0JIOT; HaKOHel, c1abo 3a00JI0uEHHBIC Jieca IKHEE
Py3ckoro BoJOXpaHHIIHIA COOTBETCTBYIOT EIOBBIM JIECAaM C OJILXOH CEpoil, a K ceBepo-3amaay OT
r. Kimma — 4epHOONBEX0BBIM W COCHOBO-EJIOBBIM C 4epHOU onbxoi Ha kapre I.H. Orypeesoit u mp.,
[1996].

Taxoke mpencrapisier OONBIION MHTEpEC KapTa pacHpOCTPAHEHUs Pa3IMYHBIX THITOB JIECHBIX
3KOCHCTeM MOCKOBCKOM 00JIacTH, BBINOJIHEHHAs IIyTEeM aHajlu3a JaHHbIX JUCTAHIMOHHOTO
30HIUPOBaHUs M HazeMHbIX HaOmromenuii [Kotlov and Chernenkova, 2020]. ITnomanp, 3annMaemast
3a00JIOUEHHBIMA U C€J1a00 3a00JI0YCHHBIMU JIeCaMHM, TIONyYeHHas B Halllei paboTe, cOmocTaBHMa C
pacnpocTpaHeHHUEM JIECOB C YepPHOM u cepoii onbxoi: 5.01 u 1.44% ot miomaau peruona [Kotlov and
Chernenkova, 2020], 4T0 KOCBEHHO HOATBEPKAAET aJCKBATHOCTh MOJYYCHHON HAMH OLIEHKH CTCIICHU
3a00JI0UEHHOCTH PEruoHa.
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K coxalieHuto, KOJIMYECTBO AETaIbHBIX PadoT 1Mo KapTorpadupoBaHKIO 3a00I0UEHHBIX JIECHBIX
9KOCHCTEM KpailiHe OrpaHHMYCHO, U Oyayllee HAIpaBJICHHE HAIIUX HCCICIOBaHUM OYIET COCTOSAThH B
YIYy4II€HUU TOYHOCTH KapThl 3360JIO‘ICHHBIX JICCOB C YUYETOM PE3YJIbTATOB IMMPEAIICCTBCHHUKOB.

TouHocTh KIacCHPUKAIUU KAPTHI

Onno#i u3 ocHoBHBIX TpoOiieM ['MC-kaprorpadmu Ha OCHOBE JAAHHBIX JAWCTAHIMOHHOTO
30HIUPOBAaHUS sIBIsieTcsl cnabasi  o0ecle4eHHOCTh Ha3eMHBIMH JaHHBIMH HMIIM  OTCYTCTBHUE
BO3MOKHOCTH TIPOBEPKH TOYHOCTH KiacCH(UKAI[MH TMOJIEBBIMH METO/IaMHU H3-3a IHPOKOTO OXBaTa
M3y4aeMOW TeppuTopuHM. TeM He MeHee, TOYHOCTh Kiaccuukanmu, pocturaromias 60-70%,
MoJy4eHHasi Ha OCHOBE METOJIOB, OITMCAHHBIX BHIIIE, SBISIETCS CKOpEe MPaBUIIOM, Ye€M HCKIIOUCHUEM
[Kotlov and Chernenkova, 2020]. MsI npennonaraem, uto ' MC-kaprorpadupoBanue, 00beaHHSIONICE
B CBOCH OCHOBE HECKOJBKO KapTorpauyecknx HCTOYHWUKOB (HANpHMep, B KadecTBE MeEIUaHHOM
OIICHKHM ¢ 00OBbEIMHEHNEM JaHHBIX TEKylleld paboThl, a Takxke Oonee paHHux kapt [Orypeesa u 1p.,
1996; Kotlov and Chernenkova, 2020]) m0o3BONUT yAy4IIHTh HTOTOBBIA pe3ynbTar. Kpome Toro,
MEPCIIEKTUBHBIM HAIpaBIICHUEM SBISICTCS KITaCCU(PHUKAINS Pa3HOBPEMEHHBIX KOCMUYECKHX CHUMKOB
C IETbIO BBISABIICHHUS MATTEPHA W3MEHUYUBOCTH CIIEKTPaIbHOM MH(OpMAIMU HCCIETyeMbIX 00bEKTOB
BO BpEMCHHU Kak MpH3HAKa JelH(ppUpOBaHUs; HCIOIb30BAaHNE HEWPOCETEH MO3BOJSET OLIEHUTH HE
TOJIBKO CHEKTPATbHYIO HH(OPMAIMIO JaHHBIX JUCTAHIIMOHHOTO 30HIAMPOBAHUS, HO Takke GopMy U
TEKCTYPY OOBEKTOB, KaK JIOMOJHHUTEIBHBIX MHBIX NEMH(PPOBOYHBIX NMpHU3HAKOB [TepeHTheBa H Ap.,
2021].

OTMeTHM TakKe, YTO OCHOBHOH MpOOJEMOH yBETWYEHHS TOYHOCTH TOJTYYCHHOH KapThl
SBIISIIOTCS  3aTPYJHECHUS, BO3HUKAIONIME TMPH pa3IelieHHd KIaccoB 3a00NI0OYEHHBIX H  Cl1a0o
3a00104eHHBIX JiecoB. [IpM Ha3eMHBIX M SKCIEPTHHIX OlEeHKax (Ha ocHoBe JI33 CBEpXBBICOKOIO
paspelieHsi) SBHbIC Pa3Inyusg MEXKIY PACTUTEIBHBIM IIOKPOBOM 3THX DKOCHUCTEM OTCYTCTBOBAJIH,
XOTSI OMUCCHS METaHa MEX]y Y9aCTKaMH C Pa3IMYHOW CTEIECHBIO YBIAKHEHHSI MOXKET OTIIMYAThCS Ha
nopsiok. Yerkoe pasrpaHUYEHHE JaHHBIX JBYX KJIACCOB MOXKET OBITh JOCTHTHYTO B OyIyIeM INpH
Oomee JeTaJbHOM pPACCMOTPEHHHM CHEKTPANBHBIX MPH3HAKOB W BPEMEHHOW HW3MEHYMBOCTH
XapaKTePUCTUK X TIOYBEHHOTO U PACTUTEIBHOTO TIOKPOBA.

HNuBentapusanus norokoB CH, u CO, B 3200/104eHHBIX Jiecax

OreHka MOTOKa MeTaHa U TUOKCHJIA YIIIepo/a, OCHOBAHHAs Ha M3MEPEHHSIX, OCYIECTBICHHBIX
B MOJICTLHOM 3a00JIOUEHHOM Jiecy, O€3yCIOBHO, HOCHT MpEABApUTENbHBIA XapakTep. OpHaKo, B
YCJIOBHSIX TIPAKTUYECKOTO OTCyTCTBHs cBemeHuid o motokax CHy; m CO, B Takmx 3KOCHCTEMax
MOCKOBCKOTO pErHoHa, JaHHBIA IOIXOJ] MPEACTABISETCS 3aKOHOMEPHBIM, HO MOJpa3yMeBaeT
pacmpenre reorpaduu MPOBOIUMBIX HcclenoBaHui B OynaymeM. OTMETHM, 4TO W3MEHYHBOCTh
MOTOKOB METaHa B Mpe/enax MOAETbHOro 3a00JIOUEHHOro Jieca 3a 3 roja ObUia CTOJb BEIUKA, YTO
OKazajlach COIOCTaBUMa C TaKOBOW B 3a00J04eHHBIX Jiecax B mpuHImie [Runkov, in press]. 3a Bce
BpeMs NPOBEACHUS U3MEPEHUH MUHUMAJbHBIA JIOCTOBEPHO ONPEAECIEHHBIN ITOTOK METaHa COCTABUII
-0.7+0.5 MrC m> q'], MakcuMaabHbI — 166+£20 mMrC m™ q']; muokcuaa yraepoga — 520 u 736254
MrC M~ a4 COOTBETCTBEHHO. MBI TIpE/IIONaraeM, uTo IOTOKM MeTaHa U JHOKCHIA YIIIeposa B APYTHX
THUTAX Jieca Ha TEPPUTOPHH MOCKOBCKOTO peruoHa MOTYT OTIMYAThCA IO XapakTepy BPEMEHHOH U
MPOCTPAHCTBEHHOW M3MEHYMBOCTH, OJIHAKO BEChMa MaJIOBEPOSITHO, YTO B OyrynieM OyIyT MOTydeHbI
MPUHIUMHAANEHO (Ooliee, YeM Ha MOPSIOK) OTIUYAIONIMEcs MO BEIMYMHE OICHKH BBIOpOcOB. B
JabHEHIIeM MBI TPOJODKUM paboTy M MPOBEPHM THIIOTE3y O MPOCTPAHCTBEHHOW W3MEHYMBOCTH
MOTOKOB MApHUKOBBIX T'a30B B MHBIX THUMAaX 3a00JI0YEHHBIX JiecoB. OTMETHM, YTO JJIsl 3TOr0, KpoMe
MOJIEBBIX PabOT, MoTpedyeTcs co3anue Ooee moaApoOHOI KapThl 3200JI0YEHHBIX JIECOB M OCKOBCKOTO
perroHa, 4To SBISIETCS 3a/1a4el enle 0JTHOr0 CaMOCTOSTENIFHOTO HCCIIEAOBAHMS.

BbIBOJIbI

MeronoMm knaccudukanmy ¢ o0ydeHreM Ha OCHOBE JaHHBIX CITYTHHKOBBIX CHUMKOB Landsat-8
co3JaHa KapTa 3a00J0YEHHBIX JIECOB, TOKPHIBAIOIIMX TEPPUTOPUI0 MOCKOBCKOTO peruona
(cymmaprao 1. MockBbl m MockoBckoii obmactu). CymmapHast 3a00504eHHOCTh cocTaBuia 6.2%
IJIOIIAaaM peruoHa win 292 249 ra COOTBETCTBEHHO, IIPH OOIIeH TOYHOCTH KapThl 76%. Ha ocHoBe
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KapThl M HA3eMHBIX H3MEPCHMH BBINOJHEHA IIPOCTEHINas WHBEHTApHU3alMs IMOTOKOB MeTaHa |
JMOKCHJIA YTIIIepofia W3 TIOYB 3a00JIOUEHHBIX JIECOB C OICHKOW HMX CE30HHOW HM3MEHYHBOCTH.
[Nonasnstonryro pois B 00IIel BEIWYHHE BBIOPOCOB JAMOKCHIA YIiepoja M MeTaHa B TEUEHHE roja
(Memmana — 5.65 M1CO,-3k8 rox; 1Q — 2.17; 3Q — 11.37) urpaer nerunii nepuox (74% romoBoii
SMHUCCHH); OCCHHUM U BECEHHHUI BHOCAT PaBHBIM BKJIAJ, COCTABIISIFOIINKI B CyMME OKOJI0 24% To10BOIf
AMUCCUU; HaKOoHeIl, goist 3uMHel smuccun CO, u CHy He npeBrimaer 2%. C y4eroM TOro, 9To MOYBEI
PACCMOTPEHHBIX HAaMH 3a00JI0YEHHBIX JIECOB BHIOPACHIBAIOT COMOCTABMMOE C aBTOMOP(HBIMU JIecaMu
KOJIMYECTBO JUOKCUAA YIJIepolia, HEJOOICHEHHBIM HMCTOYHMKOM MOYKHO CUMUTATh JIMIIL 3MHCCHIO
MeTaHa, OIICHHBaeMylo MO BepxHed rpanuiie a0 38.8 Teic. TC B rof, YTO MOXKET OBITH BEChbMa
olyTHMO B MaciTabax MockoBcKoro permoHa. B Oyayiiem HEOOXOAMMO MPOJOIKUTH YTOUHEHHUE
MOJIYYEHHBIX OIEHOK C YYETOM: IMPOCTPAHCTBEHHOW M3MEHYMBOCTH IOTOKOB IApPHHUKOBBIX Tra30B
(pacmmpenue ceTH TPOBOAMMBIX H3MEPEHMI), BPEMEHHOW HW3MEHYMBOCTH IIOTOKOB (CyTOYHAs
JMHAMHKA), OCYIIECTBUThH MOUCK 3aBUCUMOCTH BEIMYMHBI TOTOKOB C KIIOYCBBIMU DKOJOTHYCCKUMHU
¢dakTopamu.

BJIATOAAPHOCTU

HccaenoBanrie BBIMOIHEHO B paMKax T'OCYJapCTBEHHOro 3amaHuss MUHHCTEPCTBA HAYKH H
BBICIIET0 OOpasoBanus Poccuiickoit Pemepanmu (Ne 075-03-2022-169) Ha opraHM3alMi0 HOBOM
MOJIOACKHON JTaboparopun "JlaGopaTopus HM3y4eHHS MPOCTPAHCTBEHHO-BPEMEHHONW H3MEHYHBOCTH
YIIepogHOro OamaHca JIECHBIX M OONOTHBIX BOKOCHUCTEM cpeaHed Taiirm 3amagHoii Cubupu" B
IOropckoM rocyaapcTBEHHOM YHHBEPCHUTETE B paMKax pean3allui HallMoHAJbHOro IpoekTa «Hayka
M YHUBEPCUTETBI». ABTOPBI BBIpaXKalOT OJIAr0JapHOCTh CTYICHTY (hakyiapTera mouBoBeneHuss MI'Y
P.A. PyHBKOBY 32 TIOMOIIb B TIPOBEICHUH TOJIEBBIX U JIAOOPATOPHBIX HCCIICIOBAHUH.
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