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C nomouibto Memo008 KOppensyuoHHO20 aHANU3A U MHOMECMBEHHOU pezpeccuu Noy4eHsbl KoJauYyecmeeHHble
OUEHKU 8IUSIHUS NPUPOOHO-KAUMAMUYeCcKUx (akmopos Ha naowadb pacnpocmpaHeHus 1aHOWAa@mHbsIX nNoxa-
pos 8 Amano-HeHeukom asmoHomHom okpyee (1IHAO) 3a nepuod ¢ 2005 no 2024 ze. l[now,ads, 0X8a4eHHAs 02HeM
8 Hephme2azos8om pezuoHe pocculickol Apkmuku, ysenudunace Ha 70% 3a nocnedHee decsmusnemue, 0COOEHHO
8 palioHe 1ecoOmMyHOPbI, MHO20KPAMHO NPebILIAs 20pUMOCMb 8 CesepHOU matize u toxHol myHOpe. YMeHbweHue
8/1a2U 8 ammocgepe U ygenudeHue Koauyecmsa OHell ¢ omcymcmauemM 0cadkos 8 noMapoonacHsili nepuod o6bb-
sacHsatom 99,5% uzmeHeHuli nnowadu noxapos 8 necomyHope SIHAQ.

KnioueBble cnoBa: SiMasno-HeHeukuli aemoHOMHbil OKpye, JieCHble noxapesl, ﬂecomdepa,peepeccu0HHb/ﬁ aHaaus, UsMeHeHue

Kknumama 8 Apkmuce.

BBepgeHue

B HacToAwee BpemAa OpraHusaumsa Ob6beanHEeHHbIX
Hauwii HasbiBaeT rnobanbHoe rnoTernsieHne Kavmarta
3emnu ofHOM 13 Hambonee onacHbIX U 3HAUYMMBIX KO-
norndeckmx npobnem XXI B. CornacHo nocnegHemy
oT4eTy MenpaBnTeNbCTBEHHON TPyNMbl 3KCNEpPTOB
no m3MeHeHuto knumata (MIOWK), Hag KoTopbiM pa-
6oTann 6onee 200 yyeHblx, rnobanbHoe MnoTenneHue
rpo3nT yCWieHWeM HaBOOHEHWA M 3acyX, yyalleHuem
NPUPOLHBIX MOMKAPOB, 3KCTPEMASIbHOW apoW, 0CTPOW
HexBaTKoM NPOAOBONLCTBUA 1 BOAbI, POCTOM YMcia 3a-
60neBaHuii U 3KOHOMUYECKUMU noTepsamu [1]. M3meHe-
HVe KMMaTta oKkasblBaeT BAMAHME HAa BCe rocyaapcraa
Ha BCex KOHTMHeHTax. Mo oueHram PocrnpgpomeTta 3a
2024 r., notenneHve GUKCMPYeTCA Ha BCEW TeppuTo-
pvmn Poccum Bo Bce ce30Hbl [2]. V3 nocnegHux cBofoK
BCEMWPHOI NPOrpaMMbl HEMpepbIBHbIX HAOMOAEHMI 32
coctoAHneM 3emnm «Copernicus» n3BecTHo, 4To 2024 .
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CTan cambliM TeM/biIM 3a BCO UCTOPUIO HaBMIOLEHWN,
npesbicuB nopor 1,5°C [3]. Mo Tomy e otyeTy MUK
[1] y*Ke poKasaHo, YTO MNABHOW MPUYMHOW FI06abHO-
ro noTenjieHWA ABNAETCA YBENMYeHWe KOHLeHTpauum
yrnekucnoro rasa B atMocdepe BCNefCTBME AeATeNb-
HOCTM YenoBeKa.

ParioH ApKTWKM, K KOTOpoMy oTHocuTCcA fiMano-He-
HeLKuli aBTOHOMHBI oKkpyr (AHAO), Hanbonee noasep-
YeH rnobanbHoMy notenneHuno. Knumat 3anonspbs
TensneeT HAMHOro bbicTpee, YeM rae-nvM6o B mupe [4; 5].
TemnepaTtypa npusemMHOro Bo3fyxa B ApKTuKe yBenu-
yunacb 6onee Yem BABOE MO CPABHEHUIO CO CPEHEMU-
pOBbIM MOKa3aTeNeM 3a nociedHne ABa AeCATUNETUA,
npuyeM obpaTHaA CBA3b OT TasAHUA MOPCKOroO Jibaa
M YMEHBLUEHWNA CHEMHOMO MOKpPOBA CrocobcTBOBaNa
yCUNeHWio NoTensieHMA B 3TOM pervoHe [6]. MexaHus-
Mbl yCUAeHnA noTenneHnA B APKTUKe, U3BECTHble Kak
MoJNIOXKUTE/IbHBle 00paTHble CBA3W, aKTUBHO 06CyMAa-
toTCA yyeHbiMKn [7—10], HO BCce CBOAWTCA K TOMy, 4YTO
3TO 3/1eMEeHTbl eMHOV B3aMMOCBA3AHHOW Kaumartude-
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CKOM CUCTEMBIl: CHUMEeHWe anbbefo M3-3a yMeHblie-
HWA KOMMYeCTBa MOPCKOrO fibAa W CHEXHOro MOKPO-
Ba; YBeMYeHWe OOLLEro COAeprKaHWA BOASAHOMO napa
B aTMoCcdepe ApKTUKM; N3MEHEHWe 0bLLeli 0611a4HOCTU
M KaKk pe3ynbTaT — LOMOSHWUTEsIbHOe Temnso, reHepupy-
eMoe BHOBb 06pa30BaHHbIM MOPCKUM JIbJOM U MPOX0-
OAwee yepes 6onee cBoboAHblE BOAHbIE MPOCTPAHCTBA
OCEHblO; NMepeHoC Tena U Bnarn B atMocdepe Ha ce-
Bep; CHUMeHWe noTepb Tenna u3 APKTUKM B KOCMOC MO
CpaBHeHWIo C Cy6TpPoNMKaMy.

N3MeHeHne KaMMaTa NpoABMAETCA B YCUIEHUU MpU-
POAHbIX PUCKOB, OOHWM M3 KOTOPbIX ABAATCA NAHA-
wadTHble noxapbl [1]. JlaHawadTHLIN namM Npupoa-
HbI MOMap — HEKOHTPOJMPYeMbIi NPOLLeCC ropeHus,
CMOHTAHHO BO3HUKAOWWA U  paCnNpOCTPaHAIWMNIACA
B MNPUPOAHON Cpefe, 3aTparvMBaloWMin pasfnyHble
KOMMOHEeHTbI MpupogHoro nangwadta [11]. JlecHon
norap — pasHOBMOHOCTb NAaHAWAPTHOrO MoXapa,
pacnpocTpaHstoLleroca no necy. B ycnosuax rnobanb-
HOro MoTenneHnA GUKCUPYETCA yBENUYeHWe YacToThbl,
M0WAAM U UHTEHCMBHOCTU TAKMX MOXHApOB, 0COOEHHO
B 60peasibHbIX U apKTUYecKkMx pervoHax [1; 12]. B Poc-
cum, obnafatoLLen KpynHenLmMMmM B MUpe JIeCHbIMU Mac-
CviBaMW, 3TV TEHLEHLMU NPOABAAIOTCA 0COOEHHO APKO.
Kak oTmeyaeTca B «CTparernn pa3ButuA IECHOr0 KOM-
nnexkca Poccuiickon ®egepaumm go 2030 ropa», yT-
BepraeHHoW pacnopaxeHueM [Npasutensctea PP ot
11 ¢eBpans 2021 r. N2 312-p, npobsemMbl coxpaHeHUa
1 UCMO/Ib30BaHWA N1eCOB CTAHOBATCA BCe 6osiee MHOro-
06pasHbIMU U CJIOMHBIMY, YTO BO MHOTOM 06YC/I0B/IEHO
pe3knMn n3MeHeHnAMK Kammata. B necax Poccum Ha-
6n08anoch yBenMyeHe YacToTbl M MowWwaamn NecHbIX
MO*KapoB, 0CODEHHO B 3KCTPEMAsIbHO Kapkue 2012,
2016, 2018 1 2019 rr. [13]. B [14] oTMeuYeHO, 4TO B Le-
nom ¢ 2001 no 2019 rr. nnowaab Bcex noxapos B Poc-
UM yBennyMnach, T. €. TPeHA AVHAMWMKM CropeBLUMX
NecoB MOJOMUTESbHBIN, 0JHAKO MOLLHOCTb 60/bLUMX
MoMapoB 3a 3TOT Nepuoj yMeHbluanack. 3a nociegHee
JecATuneTMe TaKHe 3HAuuUTesIbHO BbIPOC/U KONNYe-
CTBO M NJioWab NOXapoB B pOCCUNCKON ApKTuKe [12].
MHorve uccnegoBaTenn CBA3bLIBAIOT YBeMYEHWE MJI0-
Waan NOXHapoB C U3MEHEHWEM KNMMATa, & KOHKPEeTHO
C pocToM KoHueHTpaumn CO, B aTMocdepe, KOTopbili
ABNIAETCA rMaBHbIM VHOMKATOPOM aHTPOMOreHHOro Mo-
Tennenua [15—17], n c yanMHeHneM noxapoonacHoro
nepvoga [18]. Yem Bbilwe yacToTa 1 NAOWAAb NECHbIX
Mo*KapoB, TeM 6oJblie yriepofa TepsAeTcAa flecamu
B MOMAPHbIX M NOCIENoMapHbIX SMUCCHUAX U TEM MeHb-
e UX CNocobHOCTb K MOr/IOWEHUI0 [OMOHUTESNbHBIX
WM K XPaHEHWIO CYLLeCTBYIOLWMX 3anacoB yrnepofa
[19]. Mokapbl ABRAOTCA BarHbLIM (PAKTOPOM BO3Aen-
CTBMA Ha COCTOAHME MHOrOfIeTHEMEP3/bIX NOpof, YTO
MOMET YBENNYUTb IMUCCUIO MAPHWKOBbLIX FA30B B aT-
Mocdepy M YCKOpUTb KIMMaTu4eckne nsmeHenus [20].
OHv oKa3blBalT JONITOCPOYHOE BMAHME HA Yriepoa-
HbIN LIMKA apPKTUYECKNX SKOCMCTEM Yepes yBe/InyeHue
TeMmnepaTypbl NOYBbI 1 FYOUHBI LEATENBHOrO C0A.

B HepaBHei paboTe [21] aBTopbl MNPULLAM K BbIBOAY,
YTO MyIoWAaan NecHbIX norkapos B Cubupn yBemumsa-

I0TCA HE3aBMCMMO OT KOMYeCTBa 04aroB BO3ropaHui
B Te rofbl, Korga GUKcUpyOTCA abCoMOTHbIE MaKCu-
MasibHble TeMnepaTypbl BO34yXa B CO4ETaHUN C Pe3KnM
YMEHbLUEHNEM KOM4eCTBa 0CaAKOB Y OTHOCUTENbHOWN
BNIAXMHOCTM BO34yXa. AHaNOrMYHble BbIBOAbI O BANAHUM
M3MEHeHWA K1MaTa Ha nioLasb noxKapos bbiiv nosy-
YeHbl BO MHOMMX APYrux pervoHax, Hanpumep, B CLUA
[22], ipaHe [23], KuTae [24], ApreHTuHe [25] v ap. Ecim
yBefMyeHve Naowaamn pacnpocTpaHeH s NoxHapoBs eLle
MOMHO OOBACHWUTb, UCMOJb3YA MOrofHbIe XapaKTepu-
CTVKKW, TO OCHOBHOM MPWYMHOW BO3HWKHOBEHWUA 6OJb-
LWIMHCTBA MOMapoB, KaKk MpaBwW/o, ABMAIOTCA HEOCTO-
POXHble 1 HenpaBOMepHble OeicTBMA HaceneHna. Kax
nokasanu uccnefosanua [26—28], oTcyTcTBME JOCTO-
BEPHON CBA3W Meray KONMYeCTBOM MOKAPOB U KIMMa-
TUYECKUMM MOoKa3aTenAaMN CBA3AHO C aHTPOMOreHHbIMU
npUyMHaM BO3HUKHOBEHMA MoapoB. Ha KonnyecTBo
MoapoB MOryT BAMATb PACCTOAHME OO HaCeseHHbIX
MYHKTOB, KO/IMYECTBO [OPOr, 06beKTbl MHPACTPYKTY-
Pbl U PacnonoXHeHne 30H oTAbIXa.

Mo cymmapHon nnowaan noxapos ¢ 2000 no
2024 rr. B poccuiickon Apktnke AHAO 3aHumaeT BTO-
poe MecTo (Bcero 6,6 MnH ra (18%) ot 36,5 MnH ra)
[12]. B 3ToM pervoHe 6onee BCero pacnpoCcTpaHeHbl
necHble 1 TopdAHble (Pa3HOBUAHOCTb IECHBIX) MOMKapbl.

TeppuTopua UCCNeAOBaHWA MpefAcTaBnseT coboii
OOVH M3 K/IOYEBbIX PailoHOB MacwTabHol [obbun
YrneBoAOPOAHOIO ChiPbf, BRIOYAOWMNIA YPEHroNCKyto,
Myp-Ta3oBcKyo, HagbiMcKyto HedTerasoHocHble 06-
nactm u Meccosaxcko-banaxHMHcKun  HedTerasoHoc-
Hbii noAc [29]. Cpean KpynHENLWNX MeCTOPOKAEHUA —
AMbyprckoe n YpeHrovickoe. JlaHAwadTHbIE MOXKapbl
OKa3blBalOT NMpAMOe B/MAHME Ha 6Ge3onacHoCTb npen-
NpUATUN HepTErasoBOro CEKTOPA, XapaKTepu3yHoLLMX-
CA BbICOKOWN CTeMneHbl MOXapo- U B3pbIBOOMACHOCTU.
YBennyeHne 4acTtoTbl 1 MIOWAAN MOHKAPOB B YCI0BUAX
KMMaTUYeCKMX U3MEHEHWI MOBLILLAET PUCKM aBapui,
TEXHOJIOTMYECKUX COOEB U 3KOMIOTMYECKUX KaTacTpod,
4YTO AenaeT m3ydeHne GaKTOPOB, CMOCOOCTBYIOLMX WX
pacnpocTpaHeHuto, 0CO6EHHO aKTyasibHbIM.

Llenb HacToswen paboTel — onpeaenutb Mpupoa-
Hble daKTopbl, B HaMbOsbLUel CTENeHW BAUAIOLLME HA
yBenuyeHve niaowaan noxapos B nepuog ¢ 2005 no
2024 rr. Ha y4acTKax MHTeHCMBHOro HedTerasoBoro
ocBoeHnA AmMano-HeHewLKoro aBTOHOMHOIO OKpyra.

Marepuann! u meToabl

3HayeHnA NNoLWaan rapen U KoanyecTsa MoXapos
Ha TeppuTopun AHAO 6biM NoNly4eHbl HA OCHOBE BeK-
TOPHbIX AaHHbIX, CGOPMUPOBaHHLIX B pe3y/bTaTte fe-
WwrdpUpoBaHMA KOCMUYECKUX CHUMKOB Landsat-5/TM
[30] u Landsat-8/0LI [31]. nAa BbiABNeHUA rapeii ocy-
WeCTBNANOCL BU3yanbHoe dewmdpupoBaHme pasHOB-
PeMEHHbIX My/IbTUCNEKTPasIbHbIX CHUMKOB B fleTHUe
MecAubl (MIOHb-aBryCT), BbIMOSIHEHHOE B JIOMHOLBE-
TOBOW KOMMO3MLUMM C MCMO/Ib30BAaHNEM KaHaNoB KO-
pOTKOBOJ/IHOBOro MHbpaKkpacHoro (SWIR2), 6nuskHero
nHoparpacHoro (NIR) n 3eneHoro (Green) guanaso-
HoB [32]. BekTopM3aumA KOHTYpOB rapei NpoussBoau-
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MpupoaHble 30HbI
CpeaHss TyHAapa
- lOxHas TyHapa

- INecotyHapa
- CeBepHas Taura

AN

Puc. 1. Tepputopus uccnepnoBaHus
Fig. 1. The study area

flacb C MOMOLbIO MHCTpyMeHTOB nnaTtdopmbl Google
Earth Engine. ccnegoBaHne oxsaTtbiBaeT TOMbKO Ty
Tepputopuio AHAO, roe pacnonoKeHbl y4acTKU WH-
TeHCMBHOro HeTerasoBoro 0CBOEHWA 1 rae B Nepuog
€ 2005 no 2024 rr. 6biaM 3aperncTpupoBaHbl NoXKapbl
(puc. 1).

B paboTe wcnonb3oBanMcb MeTEOPOJSIOrMyeckue
naHHble 19 ctaHumn Pocrmgpometa [33], 6 U3 KOTOpbIX
pacnosioeHbl Ha TepPUTOPUN NCCe0BAHNA NOHKAPOB
n, cornacHo atnacy AHAO [29], npuHagneaT 4eTbl-

pemM naHawadTHLIM noA3oHaM ceBepa 3anafHoin Cu-
6upw: ceBepHoit Talire (HagbiM, YpeHroii), necotyHape
(HoBblii YpeHroi), torkHol TyHape (Ta3oBckuin, Hblpa)
1 cpegHelt (TunuyHon) TyHape (AHTunatoTa) [29].

Mo OaHHbIM 6 MeTeoposIorMYecKkUx CTaHUMA 6bln
paccunTaHbl HaeKc HectepoBa G, ruapoTepMUYecKuii
Ko3dpdpuumeHT I'. T. CenannHoBa I'TK, cpegHue nokasa-
Ten OTHOCUTENIbHOW BAIAXKHOCTU U CKOPOCTU BETPA Kak
3a norkapoonacHblii nepuod F. vV, Tak 1 3a Becb
rogF  wmV_ (tabn. 1).

roa

Ta6nuua 1. ®aKTopbl, BK/IIOYEHHbIE B PErPECCUOHHDIN aHAIN3 3aBUCUMOCTHU
NAoWAAMU U KONIMYECTBA MOXKapoB OT NPUPOAHO-KIMMATUYECKUX YC/I0BUA

Table 1. Factors included in the regression analysis of the dependence of
the area and number of fires on natural and climate conditions

®dakTop MoacHeHue
I'TK 'vopoTepMunyeckuin koadduumeHT CenAHMHOBa
WH, CpefiHee 3Ha4eHue nHOeKca HectepoBa 3a noapoonacHbli Nepuog,
WH_,,, CyMmapHoe 3HaueHune nHaexca HectepoBa 3a moxapoonacHblil nepuog,
WH,, . Yuncno gHewi B rofy € BbICOKOW CTEMeHbIo MOMapHOM 0nacHoOCTU No uHaeKkcy Hecteposa
WH,,., Hucno fHen B rodly C Ype3BblYAHON CTeMeHbI MOMapHO 0MaCHOCTM Mo MHAeKcy HecTeposa
- CpenHeropoBoe 3HaveHMe CKOpOCTU BETPa, M/cC
Vi CpefHee 3a noapoonacHbIii Nepuoj 3Ha4eHne CKOpPOCTN BETpa, M/C
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OKoHuaHue mab. 1

®dakTop

MoAcHeHue

FF o1

Cpeﬂ,HeFO,ElOBOG 3HaYeHne OTHOCUTESIbHOM BNarKHOCTH, %

TIIT

CpegHee 3a NorKapoonacHblii Nepuos 3Ha4eHWe 0THOCUTENIbHOM BAKHOCTY, %

NDVI

mean

CpepHee 3HayeHWe HOPMa/IM30BaHHOrO OTHOCUTENIbHOrO MHAEeKca pacTutenbHocTv NDVI B npege-
nax naHpwadTHON NOA30HbI:

NDVI — NIR —-RED ’
NIR +RED

roe NIR — 3HayeHWs 61mKHero MHGpaKkpacHoro cnekTpanbHoro KaHana; RED — 3HaueHuA Kpac-
HOro CMeKTpasibHOro KaHana cHumkoB MODIS

NDVI_

MuHumManbHoe 3HaveHre NDVI B npefenax naHAaWadTHON NoA30Hb

NDVI__

X

MaKkcumanbHoe 3HaveHne NDVI B npegenax naHawadTHON NoA30HbI

NDWI

mean

CpefiHee 3HaYeHMe HOPMAIM30BaHHOIO OTHOCUTE/IbHOMO BOAHOMO MHAEKCca pacTuTenbHocTv NDWI
B Mpeaenax Kamaon obnactu:

_ NIR -SWIR2
NIR +SWIR2’

roe NIR — 3HaueHus 6amKHEero MHGpPaKpacHOro cnekTpanbHoro KaHana; SWIR2 — 3HayeHus
BTOPOro KOPOTKOBOJIHOBOIO MHPPAKPACHOr0 CMEKTPA/IbHOr0 KaHana cHumMkos MODIS

NDWI

NDWI

min

MuHumanbHoe 3HaveHve NDWI B npegenax o6nactu

NDWI__

X

MakcumanbHoe 3HaveHne NDWI B npefenax obnactu

NDMI

mean

CpefiHne, MMHUMASIbHBIE U MaKCMMaJibHble 3HAYeHUA HOPMaIM30BaHHOMO OTHOCUTE/IbBHOIO MHAEKCA
BnaxHoct NDMI B npegenax Kaxaon obnactu:

_ NIR -SWIRI
NIR +SWIR1’

roe NIR — 3Ha4eHus 61mHKHEero MHGpaKpacHoro cnekTpasnbHoro KaHana; SWIR1 — 3HayeHus
nepBOro KOPOTKOBOJIHOBOIO MHMPaKPaCHOro CreKTpanbHOro KaHana cHuMKkoB MODIS

NDMI

NDMI,

MuHvManbHoe 3HaueHne NDMI B npefenax 06nactu

NDMI,

X

MakcumanbHoe 3HadveHne NDMI B npegenax obnactu

skin_temp_

CpepHAA TeMnepaTypa CaMoro BEpXHEro C/10A 3eMHOM NOBEPXHOCTY, KOTOPbI He UMeeT Tenso-
€MKOCTY 1 MO3TOMY MOKET MFHOBEHHO pearnpoBaTtb Ha M3MEHEHWA NMPUNOBEPXHOCTHBIX aTMoCdep-
HbIX ycnoBuid, °C

skin_temp,

MwuHUMaIbHaA TemMnepaTtypa Camoro BEpXHEro C/10sl 3eMHOM NMOBEPXHOCTYU B mpefenax obnactu, °C

skin_temp,_

MakcumanbHasn TemMneparypa caMoro BepxHero csod 3eMHom NOBEPXHOCTU B npenesax obnactu,
°C

snow depth | CpeaHee 3HaueHWe TOMLLUMHbI CHera B npefesniax o6nactu
water CpegHee 3HaYeHVe KOIMYEeCTBa Baru B pacTUTelbHOM MOJIOre /UK B NMOBEPXHOCTHOM C/10€ Mo-
content YBbl B Mpeaenax obnactu

‘mean

water content .
—_ min

MwuHUManbHoe 3HaYeHve KomyecTBa Bfarv B pacTuTesibHOM rnosore n/wnn B NOBEPXHOCTHOM cJioe
no4Bbl B npegenax obnactu

water
content
ma:

X

MaKcumanbHoe 3HavYeHre Kom4ecTBa Bnarn B pPacTUTEsIbHOM roJiore n/wnn B NnoBePXHOCTHOM
CJ10€e Mno4Bbl B npenenax obnactu

volume soil
water

mean

CpefHuii 06'beM Bnaru B cfioe noysbl 0—7 cM B npegenax 06nactu

volume soil
water .
mil

n

MuHVMManbHbIM 06BbeM Bfiaru B cioe noysbl 0—7 cM B npegenax obaactu

volume_soil
water
ma:

X

MaKcManbHbIi 06beM Biarv B cioe noysbl 0—7 cM B npenenax obnactu
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NHpekc HectepoBa G — MeTEOPONOrMYECKUn NoKa-
3arenb, UCNOSb3yeMbli ANA OLLeHKM CTeNeHN NoXapHOn
OMACHOCTU B fleCy Ha OCHOBE [AaHHbIX O TemMnepartype
1 BNaXKHOCTW, paccynTbiBaeMblii no popmyne

G=Z:’:17;di, d, =T -r, M
roe 7, — Temnepatypa Bo3gyxa Ha 12—14 4 gHA no
MeCTHOMY BpeMeHW, °C; #; — TouKa pocbl Ha 12—14 4
QHA N0 MecTHoMy BpemeHy, °C; d, — nepuumnt TouKM
pOCbl; 7 — YUCNO AHEN NOC/e NocieqHero aoxas [34].

CyMMupoBaHMe KonmyecTBa OCAAKOB HayvMHaeTCA
B MNepBblii Cyxon AeHb nocsie AoraA. C KakabiM OHEM
cyxoii norofpl 6e3 ocagkoB nokasatesb G Bo3pacTaerT,
rMoKa He BbINaAyT 0cafku 2,5 MM unu 6onee (B TaKom
Cflydae nokasaTesib 06HYNAETCA, U MOACHET HAYMHAET-
€A 3aHoBo). ObLepoccuiickan WKana no cyMMapHoOMy
nokasaTesnto uHAeKca Hecteposa UMeeT NATb KIACCoOB
MOXapHON OMACHOCTM FOPUMOCTU fleca MO YC0BUAM
noroAbl. [1nA pacyeta uHAekca HectepoBa B HacToA-
e cTaTbe MCMOMb30BaMCh CYyTOYHble AaHHblE C Lue-
CTM MeTeoCTaHuMlii B Mpegenax BblAeneHHOW Teppu-
Topuu uccnegoBannA (cM. puc. 1). 310 uHdbopmMauma
0 TeMmrepatype Bo3gyxa B 14:00 Kaxporo AHA B MoO-
YKapoonacHblIli nepuog ¢ Mas no ceHTabpb [33; 35], oT-
HocuTenbHOM BnaxHocTn B 14:00 1 0 cymMMe 0CaiKoB
3a CyTHW.

MvppoTepMuueckuii  KoadduumeHt  CensHMHOBA
(T'TK) — oZunH 13 Hanbosiee YaCcTo UCMOSb3YEMbIX KO-
YeCTBEHHbIX MoKasaTeniell KaMmaTa, KOTOPbIN XapaxTe-
pv3yeT nepuoj Co cpedHeCcyTOYHbIMK TeMnepaTypamm
Bo3ayxa Bbiwe 10°C. 'K gna KAMMaTUYecKnx ycnoBui
Poccun onpepenseTca N0 COOTHOLLEHWIO

ITK = 2L )
ZT;IO

roe I'TK — ruapoTepMuyeckuin Koapduument; P —
CyMMa 0Ca[KOB 3a Nnepuof CO CpefHeCcyTOYHbIMU TeM-
nepaTtypamu Bosgyxa Bbiwe 10°C, mm; X7 — cymma
CpedHEeCYTOYHbIX TemMnepaTyp Bo3Adyxa 3a TOT e ne-
pvog, °C [34].

[TK MoXeT CnyuTb WHOMKATOPOM apUAHOCTH
M LONFOCPOYHONM 3aCyLUAMBOCTM, CMOCOOCTBYIOLEN Bbl-
COKOW roprMOCTY N1eCOB U TOPPAHNKOB.

KpoMe pAaHHbIX C MeTeocTaHuuii B paboTte 6bin
npuB/eYeHbl MPOCTPAHCTBEHHbIE MONA TMAPOMETEOo-
POMOrMYECKMX 1N MOYBEHHO-NAHAWADTHBIX XapaKTepu-
cTvk peaHanm3a ERAS5-Land (c paspewweHveM ~9 Km)
[36] n cnyTHMKOBana WHdopMaumA cHUMKoB MODIS
Terra (c pa3pewennemM ~500 M) [37]. O6bpaboTka npo-
CTPaHCTBEHHbIX MOfiel NPOBOANMACH C UCMOJIb30BaHU-
eM nnatdopmbl AN1A reonpoCcTpaHCTBEHHOIO aHanm3a
Google Earth Engine [38]. 3a Kaskabln rog uccnegye-
Moro nepuoga ¢ 2005 no 2024 rr. B npegenax sblge-
neHHbIX naHawadTHeix noa3oH AHAO (cm. puc. 1) Me-
TOLOM 30HaJIbHOW cTaTUCTUKK (byHKUMA reduce) Gbim
paccuvTaHbl CpefHve, MaKcMMasbHble Y MUHMMASb-
Hble 3HayeHWA TemnepaTypbl 3eMHOM MOBEPXHOCTU
(skin_temp), BbICOTbI CHEXKHOTO MoKpoBa (snow_depth),
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cofepaHna BnarM B pacTuTesbHOM rnosore (water_
content) 1 cnoe noysbl 0—7 cM (volume_soil_water) us
peaHanu3a ERA5-Land (cm. Tabn. 1). Bce 371 xapakTe-
PUCTUKN TECHO CBA3aHbl C TEPMUYECKMM U BOOHbBIM pe-
KMMOM NaHawadToB, KOTOpbIi BO MHOrOM onpegens-
€T MOMKapOoonacHOCTb TeppuTopun. Boibop peaHanunsa
ERA5-Land obocHoBaH TeM, 4To OH obbeauHAeT AaH-
Hble KAMMaTUYeCKol MOJenM CO BCEMMUPHbIMK Habnto-
[eHAMM B rNob6asibHO-MOMHbIA U NoCefoBaTe bHbIA
Habop AaHHbIX C MPUMEHEHEM GU3NYECKUX MoAaenei
[36]. Ha ocHoBe cnyTHuMKoBbIX cHUMKoB MODIS Terra
(MODO9A1 V6.1 surface reflectance) 6biin paccum-
TaHbl cnexkTpanbHble nHAeKcsl NDVI, NDWI, NDMI (cm.
Tabn. 1), KoTopble CayXHaT 3GPEKTUBHBIMU UHAMKATO-
pamu NoKapoonacHOCTK, OTparkan CTeneHb 3e/IEHOCTH,
BIA*KHOCTM U 06€3BOKMBAHNA PACTUTESIHOO NMOKPOBa
[39]. CHumKM MODIS obecneunBatoT 4OCTATOUHbBIN Bpe-
MEHHOW OXBaT W NpuemMsieMoe NpoCTPaHCTBEHHOE pas-
pelleHve ansa uenen nccnefoBaHuA. YHacTKM NOXapoB
N BOAHbIE 0OBEKTbI BbIM UCKIOYEHbI M3 pacyeTa 30-
HaNIbHOWM CTATUCTUKMN.

[nAa onpefeneHvua 3aKOHOMEPHOCTEN BAUAHWA MO-
rOAHO-KAMMATUYECKUX U NaHAwadTHbIX GaKTOpPoB Ha
NPOCTPaHCTBEHHO-BPEMEHHbIE  0COBEHHOCTU  MOMap-
HOW onacHocTV B 0TobpaHHbIX paioHax AHAO 6bin mc-
Nnosib30BaH MeTo4 MHOMECTBEHHOW NMHENHON perpec-
cvu. Ero npuMeHeHne 060CHOBAHO COOTBETCTBMEM BCEX
BXOZHbIX NMepeMeHHbIX 3aKOHY HOpMasibHOro pacnpeae-
neHunsa. B aHanus BrAoYeHbl 28 He3aBUCUMMbIX NepeMeH-
HbIX, 06 beAVHAOLLMX METEOPO/IorMYeckme NnoKkasaTesnm
(Brmtovas 'TK, nHaexkc HectepoBa, BNarKHOCTb U CKO-
poCTb BeTpa), a TaK¥e naHawadTHO-IKoM0rMyecKme
napameTpbl, MOy4YeHHbIE MO AaHHBIM AUCTaHLUMOHHOMO
3oHaupoBanua (MODIS) n peananunza ERA5-Land: Hop-
Manmn3oBaHHble MHAEKCbI pacTUTENIbHOCTU, BNAMKHOCTU
n BogHoct (NDVI, NDMI, NDWI), Temnepatypa no-
BEPXHOCTU, INy6MHA CHEKHOMO MOKPOBA M CofepHKaHne
Bfary B MoYBe U pacTUTeNlbHoM nosore (cMm. Tabn. 1).
Mogenb MHOMEeCTBEHHOW JMHENHOW perpeccun npeg-
cTaBneHa cnegyowmmM obpasom [40]:

Y=B+A4X +4,X,+

+4,X,+..+4X, +E, G)
rge Y — 3aBucuMMan nepemeHHan (nowagb norKkapos
NN KOJIMYECTBO MOMApoB); X, ..., X, — He3aBnUCUMble
nepemeHHble, 4, ..., 4 — Ko3dduumeHT perpeccun ana
Karkporo dakTopa; n = 28 — Konn4ecTBo GaKTOpOB;
E — cnyvaiiHan owmbKa.

OT60p 3HauUMMbIX GAKTOPOB ANA MOZLENEN, OMnuCh-
BalOWMX M3MEHeHMe KoauMvecTBa W MJIOWAAM MoMKa-
pOB B BblAeNIeHHbIX parioHax (cM. puc. 1), npoBoAUCA
Ha OCHOBE KOpPEeALMOHHOIrO0 aHanusa npu ypoBHE
CTaTUCTUYECKON 3HaumumoctTn 95% no #-Kputepuio
CTblogeHTa.

Pe3ynbTaTbl McCcef0BaHUMi U UX 06cyaeHue

C 1965 r. no HacToAwee BpemMA Ha TeppuTOopuUK
AHAO npocnemBaeTca yCcToNUMBOE MOTEMIEHNE KaK
no AaHHbiM 19 MeTeocTaHuMit (puc. 2), Tak 1 no pe-
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Puc. 2. BenuuuHbl TpeHA,0B NpU3eMHOI TemnepaTtypbl Bo3ayxa (°C/10 net) no AaHHBIM METEOCTaHLMI ANl ABYX BpEMEHHbIX Nep1uoaoB:
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Fig. 2. Surface air temperature trend values (°C/10 years) based on meteorological station data for two time periods: 1965—-1994

and 1995-2024

3ynbTatam peaHanm3a ERA5-Land (puc. 3). Temnepaty-
pa Npu3eMHOro Bo3ayxa yBemymMBaeTCcA no TMHENHOMY
3aKOHyY, NPV 3TOM CKOPOCTb NOTen/ieHnA 3a nocaegHue
30 net (1995—2024) 3a NonApHbLIM KPYrom nccnepye-
MoV Tepputopun yBenndmnace Basoe (¢ 0,7°C/10 net
0o 1,5°C/10 neT) no cpaBHeHWO C Npeablaywmm nepu-
oaoMm (1965—1994).

MonyyeHHble TpeHAbl CoOBMNafaldT C pesyibTatamu
nocnegHero pownafga Pocrugpometa [2], cornacHo
KOTOPOMY MaKCMMasbHbI pPOCT CpedHuX Temnepartyp
B apKTM4eckon yactn Poccum Habnopaetcs B 3uM-
He-BeCEHHUN Nnepuof. JTO TaKMe COrnacyetcA C KOH-
Lenuuelit apKTUYecKoro YcwuieHusa, obycoBAeHHOMO
MOMOMHMUTENBbHBIMU 06PATHLIMM CBA3AMU, TAKUMM KaK
«efg-ancbefo» M gerpagauns MHOrosieTHeMep3nbix
nopog [9; 10].

HecmoTpa Ha To yto knumat B AHAO TenneeT, Ko-
NNYEeCTBO NaHAWADTHBIX MOMAPOB COKPATUIOCH Ha
30% 3a nocnegHue 10 net (c 2015 no 2024 rr.) oT-
HOoCUTeNIbHO npedblagyuiero nepuona 2005—2014 rr.

Bo3MOKHO, 3TO cBA3aHO C NPUHATBIMM NpaBUTENb-

CTBOM OKpyra Mepamu B Bnae yCUNeHHOro KOHTponA

M Haa30pa 3a nogMoramu B ﬂOH-(&pOOI'I&CHbIVI nepuoa.

TeHgeHUnn yBenmyeHna niaowann noxapos B yC/i0BU-

AX COKPALLLEHNA UX KONMYeCcTBa B paMKax HacToALero
nccnefoBaHWA NpoBedeH AeTaslbHbl aHaNU3 BAVAHUA
NpUPOLHO-KAMMaTUYeCKMX ($aKTOPOB Ha niowaib

M 4acTOTy MOXKapoB B YeTblpex MPUPOAHbLIX 30HaXx
uccnenyemon tepputopum AHAO (cm. puc. 1 un 4):

B CpefdHelN TyHApe, I0KHOW TyHApe, CeBepHoN Taure

N necoTyHape.

CpepHAA TyHapa. B paccmatpusaemoit naHgwadT-
HOV nofA3oHe (CM. puc. 4) TeppuTOpUM UCCIe[0BaHUA
(cm. puc. 1) cBA3b NpUPOAHBbIX GAKTOPOB C MOLAAb0
noapos S He BbiABeHa. OAHAKO C KOMYECTBOM MO-
apoB N 13 28 0TobpaHHbIX MOroAHO-KAMMATUYECKUX
W NPUPOLHBIX XapaKTepUCTUK (cM. Tabn. 1) 3Haummyio,
YMEpEHHYI0, 06paTHYl0 KOppPenauMio MMeeT TOJNIbKO
CpefHsAA BbICOTA CHEMHoro nokposa (r = -0,46). 3710
MOMeT bblTb CBA3AHO C TeM, YTO CTaHuuA AHTMMAto-
Ta, pacrosioeHHaA B CEeBEpHOW 4acTu uccnedyemon
TEpPPUTOPUK, XapaKTepulyeTcs Haubonee NpPOLOSIHKM-

TeNbHbIM W YCTOMYMBBIM CHEMHbIM MOKPOBOM, KOTO-

pblli 3a4eprK1BaeT Havano NoxKapoonacHoro nepuoaa

U CHUMAET 06LLYI0 JOCTYMHOCTb rOpoYKX MaTepuasos.

[aHHasA xapaKTepucTuKa bbiia yyTeHa Kak eauHCTBEH-

HbI haKTop MpuW pacyeTe ypaBHEHWA perpeccum:

(4)

OfHaKo nnowab pacnpoCcTpaHeHNA NOapoB 3a 3TOT
e nepuof yBenuumnacb Ha 70%, ocobeHHO B paino-
He necoTyHapbl (puc. 4). Ha 0CHOBaHWUM BbIABIEHHON N =3,5098-(3,9391snow _depth,,, ).
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Puc. 3. BennuuHbl TpeHA0B NpuseMHOi TeMnepaTypbl Bo3ayxa (°C/10 net) no paHHbIM peaHanusa ERA5-Land ans aByx BpeMeHHbIX

nepuopoB: 1965—1994 n 1995-2024 rr.

Fig. 3. Surface air temperature trend values (°C/10 years) based on ERA5-Land reanalysis data for two time periods: 1965—1994 and

1995-2024
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CpenHsa TyHapa
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Puc. 4. YyacTku noxxapoB no AecsATUNeTHUM nepuoaam
Fig. 4. Fire areas by ten-year periods

MonyyeHHana Mopenb ABNAETCA CTATUCTUYECKM 3Ha-
yumoli no Kputepuio Guwepa (4,5 > 3,6) U MOXKeT onu-
caTtb TONMbKO 21% M3MeHYMBOCTU NaHAWadTHbIX NoXKa-
poB B cpegHen TyHape AHAO.

HOxHaa TyHapa. C nnowanbio NorKapoB CTaTu-
CTUYECKM-3HAUMManA, NpAMan KOppenALMOHHAA CBA3b

20

[ TNecotynapa [ | CesepHan Taitra

NpoCNerKMBaeTCA C MaKCMManbHOW TemnepaTtypon
BEPXHEro c/1oA 3eMHoi nosepxHoctu (r = 0,53), a 06-
paTHaA — CO CpefHerofoBOW CKOpPOCTbi BeTpa

(r = -0,42), oTHOCWUTENbHOW BNAXKHOCTbIO BO34yXa
(r = -0,45) 1 cofep*KaHMEM BflarM B pacTUTENBHOCTH
(NDMI___ ) (r = -0,42). MNpwn 3TOM Mofie/ib MHOMEeCTBEH-
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HOWM perpeccun MoxkeT onucatb 57% u3MeHeHuA nio-
Laamn NOMaApOB I, Ha TeppuTopuy Ta3oBCKOro paroHa
€ 2005 no 2024 rr.:

S =605,5123-85,5440V

' —2,0852F, —
—652,728INDMI

. (5)
+2,8899skin _temp, . .

mean

MHOMeCTBEHHbI KO3DOULIMEHT Koppenauwmn r, no-
nyyeHHor mogenu paseH 0,76. OnpegensaowmM dak-
TOPOM, BUAIOLLMM Ha YBENYEHWEe MOLLAAN NoXKapoB
B IOXKHOW TyHApe, OyOeT CHUMKEHWEe CKOpOCTU BeTpa,
TaK KaKk 3TOT NapamMeTp ABMAETCA CTATUCTUYECKN 3Ha-
4yumbIM No Kputepuio CTblogeHTa (p = 0,02) B nonyyeH-
HOM perpecCcMoHHOM ypaBHEHUM.

B paccmatpuBaemon npupogHon 3o0He ¢ 2005 no
2024 rr. BbIABNEHO BAVAHWE MPUPOAHBIX W MOrofHO-
KNMMATUYECKUX XapaKTePUCTUK He TONbKO Ha niowanb
MOXapOoB, HO M Ha X KonnyecTso. MNpAMyto cTaTucTude-
CKM 3HAYMMYI0 KOppenAumio (YMepeHHy 1 3aMeTHyIo
no wkane Yennowka) C KOMYECTBOM MOMAPOB MMEIOT
cymmapHble (r = 0,45) n Bbicokue (r = 0,58) nokasa-
Tenu wvHAekca HectepoBa, MaKkcumanbHaA Temnepa-
Typa BepXHEro c/ioA 3emMHoW noepxHocTw (r = 0,44),
a obpaTHyl0 — CpefHAA BbICOTA CHEMHOIo MOKpPOBa
(r=-0,50). To ecTb Cc yBenM4yeHneM TemMnepaTtypbl, KOM-
MNEKCHbIX NoKa3artenen nHaexkca HectepoBa v yMeHb-
LEHNEM CHEXHOrO MOKpPoBa byAeT pacTu KOMMYeCTBO
MOXapoB B IOMHOW TyHApe. TakaA 3aKOHOMEPHOCTb
MOKeT ObITb XapakTepHa Ana 55,6% noxapos 1 onu-
CaHa perpeccrMoHHbIM YpaBHEHNEM

N =3,9663-0,000031H , +
+0,2501MH, . +0,3117skin _temp — (6)
—0323snow _ depth

mean *

Mopgenb MHOMeCTBEHHOM perpeccun ABAETCA 3HAYUN-
MOV, TaK KaK aIMNnpuyeckuii Kputepuin duilepa 6oblue
KpuTnyeckoro (4,7 > 3,6), a onpefensoLmMn GpakTopa-
MM ByLyT yMeHbLUeHMe cpeaHelt BbicoTbl cHera (p = 0,04)
1 BbICOKMe MoKa3sartenn nHaekca Hecteposa (p = 0,05).

JNlecotyHppa. M3 28 o0To6paHHbIX MOrOAHO-KN-
MaTUYeCKMX W MPUPOAHBIX XapaKTEPUCTUK 3HAYNMYIO
NPAMYIO KOppenAuMio C MoWaabio MoXapoB UMe-
0T I/IHcp (r = 0,92), l/IHCyM (r = 0,93, o4yeHb cubHas),
l/IHHIDeE (r = 0,99, npakTnyeckn dyHKUMOHaNbHaA), skin_
temp,__  (r = 0,55, 3ameTHas), skin_temp_ (r = 0,44,
ymepeHHas) u skin_temp__ (r = 0,45, ymepeHHas),
a obpaTHylo yMepeHHyio 3Haummylo — F_(r = -0,48)
n volume_soil_water__ (r = -0,41). Mo pe3ynbTatam
MHOMECTBEHHOI0 PerpeccMoHHOro aHanmsa 6bina no-
nyyeHa MofJefb, KoTopasa MoxeT ommncatb 99,5% nno-
Waam nox<apoB Ha TeppuTopuy parioHa Hosoro Ypeh-
rof OT BOCbMU 0TOBPAHHBIX XapaKTePUCTUK:

§ =3485,2669—-0,1229MH , + 0,00051UH ,, +
+206,8057UH, ., —48,0200F, -

—0,5897skin _temp, ... —9,3448skin _temp ;. + (7)
+11,9754skin _temp_, +
+3731435,1854volume _soil _water

min *

MHoO*ecTBeHHbIN KO3DOUULMEHT KOoppenauun nosny-
YeHHOW Mogenu paseH 0,99, 1 oHa ABNAETCA CTaTUCTU-
YecKn 3Ha4Mmol no Kputepuio Guwepa (286,6 > 3,6).
OpHaKo He BCe MepeMeHHble B ypasHeHun (7) byayT
onpegenaowmMn Gaktopamn. CTaTUCTUHECKM 3HAYUU-
MbIMU XapaKTepucTMkamm no Kputepuio CTblofeHTa AB-
NAITCA Ype3BblyanHbIi nHaekc Hecteposa (p = 0,00)
M BNAXHOCTb MoapoonacHoro nepuoga (p = 0,02).
Takum obpasom, B necotyHape AHAO Ha pacnpocTpa-
HeHWe noLwazm orHaA B 6oblueli cTeneHn byayT BAMATbL
obLlee yMeHbLLEHMe Bflaru B atMochepe 1 yBennyeHne
KO/IMYecTBa AHEN C OTCYTCTBMEM OCAAKOB B MOMapo-
OonacHbIV Nepuoa, Korga uHAeKkc Hecteposa gocturaet
Ype3BblYaiiHbIX NoKa3sartenei (cM. Tabn. 1).

Mpy paccMOTpeHUM KOAMYecTBa MOXKapoB 6bl10 06-
Hapy*eHO, YTO 3HAYMMYI0 3aMeTHYI0 MPAMYI0 Koppe-
NAUNIO UMetoT l/IHCp (r = 0,59), MHCW (r=0,57), NH
(r = 0,51), skin_temp__(r = 0,49) u skin_temp,__
(r = 0,63), a 0bpaTHyt0 yMepeHHylo 3HaumMmyto — I'TK
(r =-0,41), an (r=-043), F_(r=-0,69, 3ameTHasn),
NDMI___(r=-0,43), volume_soil_water___(r =-0,49).
PerpeccroHHoe ypaBHeHue mMorkeT onuncatb 80,9% wus-
MeHeHWA KoNMYeCTBa MOKapoB Ha TEPPUTOPUN panoHa
Hogoro Ypenrosa (r, = 0,9), a cama Mofenb ABnaeTcA
CTaTUCTUYECKM-3HaUYNMOM (3,8 > 3,6):

N =186,6031-0,8566'TK —0,02421UH , +
+0,0002MH , +0,59621UH ,  —9,2430V -
—1,4383F, +58,2003NDMI, . — (8)
— 4,7804skin _temp_ ., +2,0497skin _temp . —

—5231,0280volume _soil _water

mean *

BbIC

OfHaKo B JaHHOM ciyyae HY oauH 13 GaKTopoB He
ABNAETCA onpefenAwLLMM no Kputepuio CTbloeHTa.

CeBepHaa Ta#Wra. 3Hauumasa yMepeHHas M 3a-
MeTHaA CBA3b M/OWAAM MOMKapoB BblfiB/ieHA C yBe-
JIMYEHNEM CpefHel, MaKCUMaJIbHOW U MUHMMASIbHOW
TemnepaTypbl BEpPXHEro Cj0A 3eMHOW MOBEepXHOCTU
(r=0,55, 0,63, 0,45 cOOTBETCTBEHHO) N YMEHbLUEHVNEM
MWHUMAsNbHOro CoAep*KaHus BNarv B pacTuTeslbHOCTH
(NDMI_ . r = -0,48) n cpeaHero obbema Bnarv B noyse
¢ TonwwmHon cnoa 0—7 cM (r = -0,46). Takue rogoBble
3aKoHOMepHOCTM MoryT ormmcaTb 71,3% nnowaaun no-
KapoB Ha TeppUTOPUM UCCNIEOBAHNA:

S =-216,7703-1559,1705NDMI_, —
—35,6681skin _ temp, . +

+15,7730skin _temp ;. + 9)
+34,4357skin _temp, . —
—3564746,3144volume _soil _water,

mean *

MHOeCTBEHHBIN KO3pPUUMEHT KoppenaumMn paseH
0,84, a nonyyeHHasa perpeccMoHHas mogenb (9) pe-
rpeccumn ABMAETCA CTATUCTUYECKM 3HAUMMON MO KpuTe-
puio @uwepa (6,4 > 3,6). OnpenenaownM GaKTOpoM,
BAMAIOWMM Ha MNAoLWaib NOXMApOB B CEBEPHOW Talire,
6yOeT yMeHbLUIeHVE MUHUMAJIbHOMO COAEPHaHWA Blaru
B pactuTtensHoctu (p = 0,02).
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Puc. 5. Mnowaab M KOAMYECTBO MOXAPOB MO MPUPOAHLIM 30HAaM (KPACHbIN LBET — OTHOCUTENIbHO ApPEHUPOBaHHble NaHAWadTh,
3e/ieHblii — nepeyBnaXHeHHble 60/10THble, CUHUI — NOMMEHHO-A0/IMHHbIE)
Fig. 5. Area and number of fires by natural zones (red — relatively drained landscapes, green — waterlogged fenny landscapes, blue —

floodplain-valley landscapes)

Mpy paccMOTpeHWUn KoM4ecTBa MOapoB 3HaUYNMaA
npAMan KoppenAuuA BbIABMEHA CO CpeaHel U MUHU-
MasibHOW TemrepaTypol BepXHero C0A 3eMHOM Mo-
BepxHocTu (r = 0,47 n 0,61), a obpaTtHaA — C MUHU-
MasibHbIM Pa3HOCTHbIM BOAHbBIM MHAEKCOM (r = -0,50)
N MUHMMASIbHbIM COZIEPrKaHMEM Bflarn B pacTUTE/bHO-
ctn (r = =0,45). Mo pe3ynbTaTtaM perpeccMoHHOro aHa-
nn3a MoJslydYeHHaA Mofenb MOXKeT onucaTb 55% Kkonu-
yecTsa Momapos (r = 0,74):

N =-43,8176—15,5858NDWI . —
—68,6577NDMI , +1,1574skin _temp, .. + (10)
+1,2245skin _temp .

Mogaenb MHOMeCTBEHHOW perpeccuy Konnyectsa no-
apoB B ceBepHoli Tanre AHAO aABnAeTcA cTaTucTUYe-
CKM 3Haummon (4,3 > 3,6), 04HAKO B AHHOM Cly4ae HU
oaMH 13 GaKToOpPOB He CTas onpeaenALLNM.

MocKonbRy norkapbl pacnpenenAlnTcA HepaBHOMEp-
HO no naHgwadTam, ANA BbIABNEHUA NMPOCTPAHCTBEH-
HbIX 3aKOHOMEPHOCTEeN WX pacnpoCTPaHeHUA BarKHO
OLEHWUTb FOPVMMOCTb PAa3/INYHbIX MPUPOAHBLIX 30H Ha
TeppuTopun nccnegosanua. CornacHo euamnKo-reorpa-
duryeckoMy parioHMpOBaHWUIO TeppuTOopuM 3anagHon
Cunbypw, BbINOSHEHHOMY B MacluTabe TOMeHCKon 06-
nactv [41], uccnepyeman TeppuTopyA oXBaTblBaeT TpU
NPUPOAHbIE 30Hbl — TaEMHY0, NIECOTYHOPOBYIO U TyH-
[OpoByIO, NMpeACcTaBfieHHblE CEBEPHOWN TaWron, NecoTyH-
Opo 1 torKHOW TyHApon. CpeHAA TyHOpa UCKIYeHa
13 aHasM3a m3-3a KpariHe pefikoro BO3HWKHOBEHWUA Mo-
HApPOB U HE3HAUUTENBHOCTM UX Nnowaaun. JlaHgwadTel
TEppUTOPMN KNaccMPUUMpPOBaHbl MO CTeMNeHW YBAaXK-
HEHHOCTW Ha OCHOBe KapTbl U3 «ATnaca TtoMeHCKol 06-
nactu» [41], B KOTOpbIN HA MOMEHT m3ganua (1971 r.)
BXOOW COBpPEMEHHbIN AMano-HeHeuKuii aBTOHOMHBIN
OKpyr. BblgeneHbl rpynnbl: 0THOCUTENIbHO APEHNPOBaH-
Hble, NepeyBnarkHeHHble BONOTHbIE, & TaK¥e nepeys-
NarKHEHHble NepuoaMYeCKI 3aTonIAeMble U JOMHHbIE
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naHpwadTel (MocnegHe ABe 06beAVHEHbI B eAWHYI0

rpynny NoMMeHHO-A0MHHBIX NaHAWwadToB).

Haubonbliana nnowanp no<apoB NPUXOAWUTCA Ha fe-
COTYHAPY, NPU 3TOM MX MaKCUMaSIbHOe KOIMYeCTBO OT-
MeyaeTcA B ceBepHo Taire (puc. 5). MpocnexmBaeTca
3aKoHOMepHoe npeobnaiaHne OTHOCUTENIbHO [ApeHU-
pOBaHHbIX flAaHAWA(TOB MO MOMKAPHOW aKTUBHOCTW.
B 3Toi rpynne no ropuMoctu (OTHOLIEHWUIO MowWwaan
noXKapoB naHAwadTta K o6Liein naowanm 3Toro naHa-
wadTa) BbIAENAIOTCA:

MOJIOrOBOJSIHUCTBIE 3203€peHHble paBHUHBI C Gepe3o-

BO-€/10BO-/IMCTBEHHNYHBIMUN IMLLIAVHWKOBBIMY NlecaMm

Ha WNMIOBMANIBHO-KENe3NCTbIX Nof3onax u bepe3oBo-

€/10BbIMU MOXOBbIMW JleCaMn Ha WIBUANbHO-TYMY-

COBbIX NOA30M3ax;

* MOJIOFOBOJIHUCTbIE IMHENHO-TPALOBbIE PABHUHDBI C JIN-
CTBEHHUYHBIMW  MOXOBO-/NLLANHNKOBBIMU  peAnHaMu
no rpAadam B COYETAHWM C KyCTApPHWUYKOBO-/NLLANAHW-
KOBbIMM TyHApaMu Ha rfieeBaTo-c1abonoA30amcTbiX
noyBax Mexay rpagamu;

* BbICOKME MOJIOroyBaIMCThbIE Y XOIMUCTbIE pacyfieHeH-
Hble paBHWHbI C SIMWANHUKOBO-EPHNKOBLIMKU TyHApa-
MW Ha TYHOPOBbIX WNOBUANIbHO-FYMYCOBbIX OMOA-
30/IEHHbIX MOYBax W TPaBAHO-MOXOBbIMW TyHAPaMu
C pefKov NMCTBEHHWLEN Ha TYHAPOBbLIX TOPPAHUCTO-
3NN0BUANIbHO-T/IeeBbIX MOYBAX.

B uenom B necotyHgpe AHAO Bo3ropaHuaM Hawu-
6osiee NofBeprHeHbl MOIOrOBO/IHUCTLIE W MOJIOroyBa-
JCTble PaBHUHbI C JOMWHUPOBAHWEM JIMCTBEHHWY-
HbIX SIeCOB, PeIKONIeCU U NIUIANHUKOBBIX CO0BLLECTB
B pacTuTeNbHOM TMoKpoBe. [lpeobrnajaHne nMCTBEH-
HWYHbBIX 1eCOB W /MLWIAKHMKA B MOABEPMHEHHbIX BO3-
ropaHuAM nanawadrax xapakTepHo W ANA CeBepHON
TaWrn v HHOWM TyHApbl. BMecTe ¢ TeM B rpynne nepe-
YB/Ia*KHEHHbIX 60M0THBIX NaHAWwadToB Haubonee ro-
pYMbIMX (Ha YPOBHE OTHOCUTESIbHO APEeHVMPOBAaHHbIX
nanfwadToB) OKasanucb NeCOTYHAPOBbIE MIOCKOOY-
rpuctble Mep3fble TOPOAHUKN C KYCTAPHUYKOBO-MO-
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XOBO-/IMWIANHNKOBOW pPaCTUTENIbHOCTBIO Mo Byrpam
M TPaBAHO-MOXOBbIM MOKPOBOM MOHMMeHW. Cpeau
NecoTYHAPOBbLIX NaHAWAPTOB ANA HWUX CBOMCTBEHHA
Havbonblas abconoTHaA MoWaAb FOPeHns, YTo BO
MHOrOM 06BbACHAETCA WX HaubosblUEen pacnpocTpa-
HEHHOCTbIO Ha TeppuUTOpUM UCCIeA0BaHMA B CpaBHe-
HUX C NpoynMMK naHgwadramu. Halle Bcero nokapsl
3aTparvBalT cooblectBa C JOMUHWPOBAHWEM JiU-
WaMHWKOB B Haro4BeHHOM MOKPOBE — MI0CKOOYrpu-
CTble TOPPAHUKM C NPUCYTCTBMEM JMLIANHUKA U pefd-
KoNlecbA C NUCTBEHHMLUEW B KayecTBe 3aundukaTopa.
Moxoue pe3ynbTathl ObiMM MonyyeHbl B [42], roe
rMaBHOe 3HauyeHWe OTAAHO HEeCnoCcob6HOCTW NULaN-
HUKOB K peryavMpoBaHuio BOAHOro 6anaHca, 4to npu-
BOAWUT K UX WUHTEHCMBHOMY BbICYLLIMBAHWIO BO BpeMA
NPOAO/MIHKUTENBHBIX 3aCyX 1 MPeBPaLLEHNIO B FOPHOYUIA
MaTtepuan. 3To NoATBePKAAETCA NONYHEHHBIMU HAMK
pe3synbTatamy perpeccMoHHOr0 MOLEe/IMPOBaHuA, KO-
Topble MOKA3anu TeCHyl CBA3b M/IOWAAN MOXKapoB
C B/IAXHOCTbIO BO3JyXa U KOMYECTBOM [HeN C OTCyT-
CTBMEM 0CAJKOB B MOXapOONacHbIi Neproa.

3akno4yeHue

C ycKopeHueM rnobanbHoro notenneHna B ApKTuke,
06YC/I0BMIEHHBIM  MOJIOMUTESIbHBIMU - 0OpATHBIMK  CBA-
3aMM (HanpuMep, CHUMKeHueM anbbefo u3-3a TasHUA
MOPCKOro fibfa), nnowanb noxapos B fAMano-HeHeu-
KOM aBTOHOMHOM OKpyre yBenuyunacb Ha 70% 3a no-
cnegHee fdecATWIeTME OTHOCWTESIbHO MpeAblayLLero,
0COBEHHO B palioHe NecoTyHApbl, MHOTOKpPaTHO npe-
BbILLAA FOPUMOCTb B CEBEPHOWN TaWre 1 I0HOW TyHApE.
Mo pe3ynbTataM MHOMECTBEHHOIO PerpeccMoHHOro
aHa/m3a 6bif0 BbiABNEHO, YTO Ha 99,5% u3MeHeHuA
naowaan norkapos B necotyHape AHAO BnuAlT 06-
lee yMeHblUeHWe Bnarm B atMocdepe 1 yBennyeHve
KONM4ecTBa AHeN C OTCYTCTBMEM OCAJKOB B MOXKapo-
onacHbIV nepuog, Koraa nHaexkc Hecteposa gocturaet
ype3BblYalHO BbLICOKMX MoKa3artenei. MakcumanbHaA
roOpMMOCTb B JaHHOW NPUPOLHON 30He XxapaKkTepHa A4
naHawadToB NECOTYHAPOBbLIX PABHWH C JOMWHUPOBA-
HMEM JIMCTBEHHWYHbIX JIECOB, PEeAKONECUA U NULLIANHK-
KOBbIX COOOLLECTB B pacTUTEIbHOM MOKPOBE, BK/OYan
MJ0CKOOYrpUCTble Mep3/ible TOPOAHUKM C KRyCTapHUY-
KOBO-MOXOBO-/IMLUANHUKOBON PacTUTE/IbHOCTbIO, KOTO-
pble Nerko pasropatTca B rofbl ¢ gedvuntom Bnaru
B atMocdepe.

B cesepHon Tavire AHAO onpegensaiowyM daKTo-
poM, BAMAIOWMM Ha NoWafb pacnpocTpaHeHuA Mno-
HapoB (71,3%), ABnAeTCA yMeHblUeHne MUHUMAbHOMO
cofepaHuA Brarn B pacTUTENIbHOCTW, 32 CYET 4ero
Hanbonee MoABEpHEHHbIMM MoXKapaM CTaHOBATCA OT-
HOCUTENbHO APEHMpPOBaHHble NaHAwadTel ¢ npeobna-
NaHNEM JIMCTBEHHUYHbBIX N1ECOB W JIMWIANHUKOB B pac-
TUTENbHOM MOKPOBE.

B nccnepyembin nepuog 2005—2024 rr. BbiABNeHa
LIMPOTHAA 3aKOHOMEPHOCTb M3MEHeHMA nuowann no-
*KapoB: pavioHbl CeBepHbIX NMPUPOAHbLIX 30H (cpenHAnA
W OKHaA TyHOpA) LEMOHCTPUpYIOT Cabyto 3aBuCK-
MOCTb OT MOrOAHO-KAMMATUYECKUX GAKTOpPOB, B TO

BpPEMA KaK B /IECOTYHAPE U CEBEPHOW Tawre KN0YeByo
pofib UrpaloT PeMM YBNAMHEHUA W MepeHoC Barun
B aTMocdepe.

HacTosuwasn paboTta MMeeT Hay4HYI0 U MPAKTUYECKYIO
3HAYMMOCTb, MOCKOJbKY MOJSly4eHHble pe3ynbTaTbl Mo-
ryT 6bITb MCMOMb30BaHbl OpraHamu ynpasneHusa Ama-
no-HeHeLKoro aBTOHOMHOIO OKpyra 1 NpeanpuATUAMM
HedTerasoBoro cekTopa AfnA MAAHMPOBAHUA Mep Mo
npefoTBpaLLEeHNo pacrnpoCTpaHEHNA MOMAPOB, OLLeH-
KW 3KOMOMMYECKOro COCTOAHUA TeppuTOpUM, paspaboT-
K1 KNMMaTUYeCcKoro nacrnopTa v ajanTtaumn K usMeHe-
HMAM KaMMaTa.

®duHaHcupoBaHue

WccnepoBaHve BbINOHEHO Mpu nogaeprkke Mu-
HUCTepCTBA HayKu W Bbicllero obpasoBaHusa Poccum
B paMKax npoeKTa « T'OMeHCKMIA KapOOHOBbI MOINMOH»
(FEWZ-2024-0016).
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Abstract

Using correlation analysis and multiple regression methods, the authors have obtained quantitative estimates
of the impact of natural and climatic factors on the fire areas in the Yamal-Nenets Autonomous Area from 2005
to 2024. The fire areas in the oil and gas region of the Russian Arctic have increased by 70% over the past
decade, especially in the forest-tundra region, exceeding the flammability in the northern taiga and southern
tundra many times over. A decrease in atmospheric moisture and an increase in the number of days without
precipitation during the fire-hazardous period explain 99.5% of fire area changes in the forest-tundra of the
Yamalo-Nenets Autonomous Area.

Keywords: Yamal-Nenets Autonomous Area, forest fires, forest tundra, regression analysis, climate change in the Arctic.
Funding

The study was supported by the Ministry of Science and Higher Education of the Russian Federation within the
framework of the Tyumen Carbon Test Site project (FEWZ-2024-0016).

Information about the authors

Marchukova, Olesya Vladimirovna, PhD of Geography, Associate Professor of the Department of Physical
Geography and Ecology, Tyumen State University (6, Volodarsky St., Tyumen, Russia, 625003), e-mail: olesjath@
mail.ru.

Milyaev, Ivan Aleksandrovich, Research Engineer, Tyumen State University (6, Volodarsky St., Tyumen, Russia,
625003), e-mail: iw.miliaew@yandex.ru.

Gorshkova, Maria Sergeevna, Research Engineer, Tyumen State University (6, Volodarsky St., Tyumen, Russia,
625003), e-mail: mashag007 @yandex.ru.

Zherebyateva, Natalia Vladimirovna, PhD of Geography, Associate Professor of the Department of Physi-
cal Geography and Ecology, Tyumen State University (6, Volodarsky St., Tyumen, Russia, 625003), e-mail:
n.v.zherebyateva@utmn.ru.

Idrisov, Ildar Rustamovich, PhD of Geography, Head of the Department of Cartography and Geoinformation
Systems, Tyumen State University (6, Volodarsky St., Tyumen, Russia, 625003), e-mail: i.r.idrisov@utmn.ru.

© Marchukova 0.V., Milyaev . A., Gorshkova M. S., Zherebyatyeva N.V., Idrisov I. R., 2026

96 ApKTUKa: 3KONOrMA U JKOHOMMUKA, T. 16, N2 1, 2026



