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AnHoOTanua. AKmyasHOCmb ucciefoBaHus 06ycOB/IeHa Jerpafanyeil MHOroJleTHEMEeP3JIbIX IOPOJ, MO, BJIUSHUEM TJI0-
6a/IbHOr0 MOTeMNJeHHUsl. ITO 00ycIaB/JMBaeT HEO6XOAUMOCTb NPOrHO3HON OL@HKH YCTOMYMBOCTH MeP3JOTHI 11 MUHUMHU-
3alMM HapylLleHUH WHXXeHepPHBIX COOPY>KeHUH B KpUOJIUTO30He. I]e/1b: olleHKa yCTOHYMBOCTH MeP3JIbIX TOPPSHUKOB B 10XK-
HOM 4acTH 30HbI OCTPOBHOIO paclpOCTpaHeHHUsl Mep3J0Thl. 066eKMbl: NO4YBbl MJIOCKOOYTPUCTBIX M KPYNMHOOYIPUCTBIX
TOPPAHMUKOB, KOTOPbIE COXPAHAIOT MEP3JIOTY Ha I0XKHOW IPaHULe OCTPOBHON KPHOJUTO30HbL. Memodsl: 3aMepbl TeMepa-
Typbl TOpda U MUHEPAJBHOTO IPyHTA B HA0JII0JATeJbHBIX FeOKPHOJIOrMYeCKUX CKBXKHUHAX Ha riy6uHax oT 0 1o 10 M ¢
NpUMEHEeHHeM CUCTEMbI aBTOMaTH4eckoro MoHuTopunra « CAM-H»; onpezeseHue TeMnepaTypbl HOBEPXHOCTH IO JAHHBIM
TeIJIOBbIX KaHaJIOB CIyTHUKOBBLIX CHUMKOB MODIS 3a 2000-2022 rr.; aHa/iu3 MeTeoNoKasaTeJ el U onpeJieieHre TPEeHL0B
TeMIepaTypHOro peXuMa Bo3Jyxa [/l IPOrHO3HOHN OLleHKH YCTOMYMBOCTH MHOTOJIETHEMeP3JIbIX MOPO/,; BbIYMCIEeHNe HUH-
JIMKaTOPHBIX NTOKa3aTeJiel COCTOSIHUSA Mep3JI0Thl — CYMMBI IT0JIOKUTEJbHBIX U OTPHULIATEbHBIX TeMIIepaTyp, Ko3apPuunen-
TOB MOPO3HOCTH BO3/yXa U TeMIlepaTypHOTo UHAeKca NOBEPXHOCTH. Pe3y1bmamul. OTMe4yeHbl MHOTOYHC/IEHHbIE TPU3Ha-
KH HEYCTOHYHMBOTO COCTOSIHHS MeP3JIOTHI: CpeJiHero/joBasi TeMIlepaTypa MOBEPXHOCTHOTO CJIosl Gblya MOJIOXKHUTENbHAsI BO
Bcex 06ce0BaHHbIX CKBaXKKHAX (+0,8...+1,3 °C); Ha ryryOuHe HyJIeBbIX Temsoo6opoToB (10 M) TeMnepaTypa 6/1M3Ka K TOY-
Ke TasgHus (mpeobJsasaet auanasoH -0,2...-0,3 °C), BbISIBJIEHO MOsBJIEHUE CJIOs TPYHTA, KOTOPBIK He 3aMep3aeT B TeYeHHE
BCero rojia («HecjauBamlaAcad Mep3JoTa»). 3HauyeHUs Ko3pQPHUIUEeHTOB TasgHUSA U MOPO3HOCTH BO3/yXa COOTBETCTBYIOT
3HAYEHUsIM B 06JIaCTH C HEMEP3JIBIMU I'PYHTAaMU. HaGurroar0Tcsl MOJIOXKUTEIbHBIE TPEH/IBI TEMIIEPATYPhl BO3/yXa, TEMIIe-
paTypbl IOBEPXHOCTH 3€MJIM U BbICOTBI CHEXKHOTO okpoBa. 3a 2000-2022 rr. npyu3eMHasi TeMIepaTypa Bo3/yxa B CpeiHEM
yBesnyuBaiack Ha 0,76 °C/10 sner. TemnepaTypa NMOBEPXHOCTH 3eMJIM B JIETHUH HepHOJ Bo3pacTaja B CpeJiHEM Ha
0,42 °C/10 net. [Ipy coxpaHeHUU TeH/IEHIIMU K POCTY TeMIepaTyp NPHU3eMHOI0 CJI0s BO3/JyXa Mep3J/ible TOPPAHUKU B F0XK-
HOM YacCTH 30HbI KPHOJIMTO30HBI IIOJHOCTBIO pacTaioT yepe3 50-70 seT.

KimodyeBble c/10Ba: MHOroJleTHEMEpP3Jible OPO/bl, OCTPOBHAsA KPUOJHUTO30HA, NOTeNJIeHHe KJIUMaTa, TOpPsHUKY, TeMIle-
paTypHbIH pexxuM, 3anasHas CuUbUpb

BiarogapHocTH: VcciejoBaHNe BbINOJHEHO NpU Nnojaepkke rpaHTa PHO 23-27-00366 «CoBpeMeHHasi JUHaMHKa Mep3-
JIBIX TOPGSHMKOB Ha I0’)KHOH IrpaHule pacnpocTpaHeHus B 3anafHoi Cubupu».

Jna nurupoBaHus: MockoBueHko /I.B., I'y6appkoB A.A., ®axperauHoB A.B. TeMnepaTypHblil pexxuM TOpdsIHUKOB 3anaHoH
CubupH B6JIM3U I0XKHOW IPAaHUIBI PacIpOCTPaHeHUs] MHOTOJIeTHeMep3JbIX opoy, // U3BecTus ToMCKOro NoJMTeXHUYECKOro
yHUBepcUuTeTa. MTHXUHUPHUHT reopecypcoB. - 2024. - T. 335. - N2 9. - C. 160-168. DOI: 10.18799/24131830/2024/9/4456

160


https://mail-cas.main.tpu.ru/owa/redir.aspx?C=e0PyOKGUdke1nJBXqjOj3Hx75xwgBtEIbchJBAyhFMRvjmdfEgzyxuNfqg0YDjB4zDC1NZwoWKA.&URL=https%3a%2f%2fe.mail.ru%2fcompose%2f%3fmailto%3dmailto%253avstar%40igph.kiev.ua

HW3BecTust TOMCKOro NOJUTEXHUYECKOTO yHUBepcUTeTa. MHXUHUPHUHT reopecypcos. 2024. T. 335. N2 9. C. 160-168
MockoBueHko /I.B., 'y6apbkoB A.A., @axpeTauHoB A.B. TeMnepaTypHbIi pexxuM TopdssHUKOB 3anagHoi Cu6UpY BOJIU3H ...

UDC 631.436:551.34
DOI: 10.18799/24131830/2024/9/4456

Thermal regime of peatlands in Western Siberia
near the southern border of the permafrost

D.V. Moskovchenko!™, A.A. Gubarkov?, A.V. Fakhretdinov!

' Tyumen Scientific Center SB RAS, Tyumen, Russian Federation
2 Industrial University of Tyumen, Tyumen, Russian Federation

“moskovchenko1965@gmail.com

Abstract. Relevance. The permafrost degradation under the effect of global warming. It determines the necessity for a pre-
dictive assessment of permafrost stability to minimize disturbances to engineering installations in the permafrost zone. Aim.
To assess the stability of frozen peatlands in the southern part of the zone of insular distribution of permafrost. Objects. Soils
of flat-mound and high-mound palsa mires, which preserve permafrost on the southern border of the insular permafrost
zone. Methods. Measurements of the temperature of peat and mineral soil in geocryological boreholes from 0 to 10 m deep
using the SAM-N automatic monitoring surveillance network; determination of surface temperature from thermal channels of
MODIS satellite images from 2000 to 2022; analysis of meteorological indices and determination of air temperature trends
for predictive assessment of permafrost stability; calculation of indicator values of permafrost state, such as freezing degree-
days and thawing degree-days, frost index, freezing and thawing N-factors. Results. Numerous features of unstable perma-
frost have been observed. In particular, the mean annual temperature of the surface layer was positive in all studied bore-
holes (+0.8..+1.3°C), and the temperature at the depth of zero amplitudes (10 m) is close to the melting point (with the pre-
dominance of temperatures in the range of -0.2..-0.3°C). Besides, a layer of soil that does not freeze throughout the year
(non-merging permafrost) was identified. The thawing degree-days and frost number values correspond to areas with unfro-
zen soils. Positive trends in air temperature, Earth's surface temperature, and snow depth were observed. For 2000-2022,
surface air temperature increased by 0.76°C/10 years on average. The land surface temperature increased in summer by an
average of 0.42°C/10 years. If the positive trend in surface air temperatures continues, frozen peatlands in the southern part
of the permafrost zone will completely melt in 50-70 years.
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BBeaenue

OpnHoll m3 HamboJee aKTyaJbHBIX T'€0IKOJIOTHYE-
CKHUX HpoOyieM sBISETCS MAerpajalys MHOTOJICTHe-
Mep3bIx opo (MMII) mox BIUsIHEEM COBPEMEHHOTO
MOTeIIeHUs1 KiuMara. B Hacrosiee Bpemsi Temmepa-
Typa MMII B nossApHbIX U FOPHBIX pailoHaX NOBBIIIA-
etcst B cpenneM Ha 0,29 °C 3a 10 net [1]. Benencreue
MOTEIJIEHNUSI MOXET HapyLIUTCS YCTOMYMBOCTD 34aHUMN
Y WHXCHEPHBIX COOPYKEHHI Ha MHOTOJIETHEMEP3IIBIX
IpyHTax, YTO BBI30BET OIPOMHBIA HKOHOMHUYECKUI
yiep0, u3MepsAeMbIi TPUILIHOHAMY pyOIIeH [2].

PazpaboTka Mep mHO MpeAOTBpallleHHIO yIepoa
TpeOyeT nporuosa peakiun MMII Ha u3MeHeHHE KITH-
MaTta. TOYHOCTH MPOTrHO3a 3aBUCUT OT KOJIMYECTBAa U
KayecTBa MCXOAHOM HHGpOpMAMM O TeMIepaTypHOM
pexxume TpyHTOB. B HayuHOH nuTepaType mpeobiana-
10T OLIEHKU M pacyeTsl, HO ABHO HEJOCTAaTOYHO peallib-

HBIX HaOMroeHUi 3a nerpaganueit MMII B paznuuHbIxX
onoknmumarndecknx 30Hax [3]. OcobeHHO BakHA
OLIEHKa TEMIIEpaTyPHOI0 pexXUMa MEP3JIBIX IOPOA TaMm,
rlie OHM HanboJee HEYCTOMYMBEI M MOJBEPIKECHBI KIIH-
MaTHYECKUM M3MEHEHHUSM, — BOJM3U FOXKHOM TPAHUIIBI
pacnpocTpaHeHus. Ha roXKHOUM TrpaHuLle OCTPOBHOM
KPUOJIUTO30HBI MEP3JI0Ta MPUYPOUYEHA HCKIIOUUTEINb-
HO K TOp(SIHBIM MaccuBaM [4], KoTopble, TakuM o0pa-
30M, SBJSIIOTCS CBOCOOPA3HBIMH  «XPaHHUTEISIMI
Mep3noThl. [loa BIMSHUEM MOTEIIEHHS KJIUMaTa B
HACTOsIIee BpeMs MPOUCXOAT U3MEHEHUSI UX MOpdo-
JIOTHH, THIPOJIOTHH, SKOJIOTHH U OUOTCOXUMHUHU [5].

B 3anamnoit Cubupu cocperoToueHbI KpyITHEHIITHE
TOp(sIHbIC MacCUBBI Ha 3eMHOM IIape. B MoysipHBIX U
MIPHITOJIIPHBIX paiioHax 3amagHoit CHOUpH TOPPSTHUKH
SBILIFOTCSL OHUM W3 TPeoOIafalouX TUIOB 0ONOT U
UTparoT OOJBIIYIO POJIb B KOHCEPBALUU YIIIEpOAaa, pe-
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TYJIUPOBAHUU BBIOPOCOB MApHUKOBBIX Ta30B, COXpaHe-
HUM Onopa3HooOpasust U 00ecleueHUH CTaOUIBHOCTH
skocucteM. OJHAKO CBEOCHUS O TEMIIEPATYPHOM pe-
KUME U YCTOMYMBOCTH MEP3IBIX TOpdssHIKOB CHOupn
HEMHOTro4HCcIeHHbl. B o00oOmaromieii oueHke coBpe-
MEHHOH Jerpamgallii Mep3JIOTH B 3amagHOM CEKTOpe
Poccuiickoii Apktuku [3] WCHONB30BaHBI JTaHHBIC
TOJIBKO JBYX IUIOIIAJ0K MOHUTOPUHTOBBIX T€OKPHOJIO-
THYECKUX HAOJIOACHUH, PAacHOIOKEHHBIX B paiioHe
Hampiva u Tapko-Cane, a Ooiee IOXKHBIE y4YacTKU
OCTaJIUCh BHE PACCMOTPEHHUS.

C 2019 r. npoBoauTcsa OLEHKA TEMIEpaTypHOIO
pexuMa TOPQSHUKOB Ha OJHOM M3 CaMbIX IOXHBIX
YYacTKOB PAaCIpOCTPAaHEHUs] MEp3NOThl B 3amaJHOi
Cubupu — B paiioHe mpupoanoro napka Hymro (Xan-
ThI-MaHculcKuii aBTOHOMHBIN OKpyT — FOrpa, 63°10'-
64°20° c.m., 70°00°-71°35’ B.n.). Uccnenyemast Tep-
PUTOpUST HAXOJUTCSA B 30HE CIIOPAJUYECKOr0 M OCT-
poBHOro pacmpoctpaneauss MMII, MomHOCTE KOTO-
peix He npesbimaet 10-20 M [6]. OTinuuTenbHOR 0co-
OEHHOCTBIO JTaHIMIA(TOB MapKa SBJISAETCS IPUCYTCTBHE
3/1ech OYTPUCTBIX MEP3JIbIX TOP(PSHUKOB TYHIPOBOTO
THUIIa, CBOCOOPa3HOI0 aHKJIaBa TYHAPOBBIX YKOCHUCTEM
B Tae)XHOU 30HE, 00PA3yIOIUX KOMIUIEKCHI ILUIONIA/IbI0
10 HECKOJIBKUX IECITKOB KM? [7]. B 1960-1970-x rr.
3JIeCh JICHCTBOBAN OOJIOTHBINA MOCT ['OCYJapCTBEHHOTO
THAPOJIOTHYECKOTO WHCTUTYTA, MCCIEAOBABIINMA, B
YHUCIie TPOYEro, TEMIIEPATYPHBIA PEKUM U TIYOHHY
CE30HHOTO MPOTauBaHUs MEP3JIbIX TOPPSHHUKOB [8, 9].
Cpenun nangmadroB mnapka Hymro omurorpodusie
IUIOCKO- U KPYHMHOOYTpUCThIe TOp(SHUKH Hanbomee
HEYCTOHYMBHl K IIOBBIIICHHIO TEMIIEPAaTyphl BO3AyXa
[10]. B nacrosiee Bpems 3[eCb OTMEUYEHa aKTHBH3a-
L(UsI TEPMOKAPCTA, B OCOOCHHOCTH B T'OABI C TEIIBIMU U
BIIQKHBIMH JIETHUMH ce3oHamu [11]. Ha mep3nbix Oyr-
pax OpOSsBIAIOTCS pa3iUyuHble NPU3HAKU JAerpafalliu:
MATHA OTOJICHHOTO TOp(a, MOJUrOHAJIbHBIE TPEIIUHBI-
Pa3phIBBI, TEPMOKAPCTOBBIC IPOCAIKH, OIOI3HEBHIC
nporeccol [12, 13].

Llenp paboTBl — OLIEHKA YCTOHUMBOCTH MEP3IIBIX
TOP(SHUKOB B FOKHOH YacTH 30HBI OCTPOBHOTO pac-
npoctpaneHuss MMIIL. 3agaun Brmouanu B ceOs:
1) ompeseneHre TEMIEPATYPHOTO PEXKUM  MEP3IbIX
TOP(SHUKOB 110 JAaHHBIM HAOJIOACHUHA B TEOKPHOIIO-
THYECKUX CKBOKHHAX ¥ BBIYHCICHHE TEMIIEPaTyphl
MOBEPXHOCTH C MPUMEHEHHEM JaHHbBIX JUCTAHIIOHHO-
rO 30HAWPOBAHUS; 2) BBISBJICHUE TPEHOBHI H3MEHEHUS
TEMIIEpPaTypHBIX TTOKa3aTeel; 3) oleHKa COBPEMEHHO-
IO COCTOSIHUSI C€30HHO-TAJIOTO cJiosi; 4) MPOTHO3 U3Me-
HeHuss MMII non BIMsSIHUEM KIIMMAaTUYECKUX M3MEHeE-
Hu#. [lockompky 0oOcCHemoOBaHHBIE TOP(SIHUKH THITHY-
HEI JIJIs1 ceBepHOU TaiTw 3anagHorr CubupH, oreHka ux
TEMIEPATYPHOTO pEXHMa M YCTOWYMBOCTH MOXKET
CrocoOCTBOBATH MPOTHO3UPOBAHUIO MACIITAOHBIX H3-
MEHEHUH NaHIma(ToB, THAPOJIOTHYECCKOTO PEKIMA,
OmopazHooOpa3us U yriIepoHOTO OaaHca.

MartepuaJibl 1 METObI

Jns ompeneneHnst TEMIIEPaTYpPHOTO peKuMa OBLIH
BBIOpaHbl Y4acTKH, pa3jiuyaroluecs mo mopdomnoru-
YECKUM OCOOCHHOCTSIM TOP(SIHUKOB, TUITY PACTHTENb-
HOCTH W MHTCHCHUBHOCTH 3K30T€HHBIX MporeccoB. Ha
TUIOCKOOYTPHUCTHIX  TOp(AHUKAX, KPYMHOOYTPUCTHIX
TOp(SIHUKAX ¥ HA OTJEIBHO CTOSIIMX Oyrpax Imy4eHus
OBLIIO TIPOOYPEHO JNEBATH CKBAXHWH ri1yOomHOW 10 M. B
CKBa)KMHAX OBUIM YCTaHOBIIEHBI JIOTTEPHI — YCTPOUCTBA
JUISL aBTOMaTUYEeCKOTO M3MEPEHHsI, XpaHCHUS U Tiepe-
JTaul JaHHBIX 32 [UIUTEIBHBIA mepruo BpeMenn. Ompe-
JIENICHUE TEMITePaTyPhl TPYHTa IPOBOIMWINCH C IPUME-
HEHHUEM CHUCTEMBbl aBTOMAaTHYEeCKOTO MOHHUTOPHHIA
«CAM-H» (MMKS2C CO PAH, r. Tomck) [14]. Tlo-
TPEITHOCTh KaMUOPOBKU NaTdukoB He Oomee 0,1 °C.
Jatuuku, ycranoBieHHbIe ¢ marom 0,5 M 10 riryOuHBI
2 M u janee yepe3 1 M, ObLITH 3alIpOrpaMMHPOBAHbI Ha
94eTBIPEe M3MEPEHUS B CYTKU. B IATH CKBa)KHMHAX H3Me-
peHust mpoBoaAWIHCh HaunHas ¢ 2019 1., B OCTaIbHBIX —
¢ 2021 r. B nambomee THUNHMYHBIX JaHAMA(THO-
TEOKPUOJIOTHIECKUX YCIOBHSAX — Ha OOLIMPHOM TOP-
(sSHOM MacCHBE, COYETAIONIeM IIJIOCKOOYTpHUCThIE
Mep3ible TOPMSHUKH, KPYIHBIC OyTpbl M HEMEp3JIble
MOYaKHHEI, TIPOBOIMIIOCH OTIpEeIeHne TITyOuHEBI ce-
30HHOTO MPOTAaWBaHMS HA IUIOLIAIKE, 000PYIOBaHHOM
B COOTBETCTBHH C MEXIYHApOJHOW METOAWKOH IHp-
KyMITOJIIPHOTO ~ MOHHTOPHHTA  IEATENBHOTO  CIIOS
CALM [15]. Pa3mepsl IUIOMAJKH COCTABISIOT
100x100 M, paccTosiHHUE MEXAY TOYKAMHU M3MEPEHUS
cezonHO-Taoro ciost (CTC) — 10 m. Usmepenns CTC
MIPOBEZCHBI METAJUIMYECKUM IIIyIIOM JUAMETPOM 8§ MM,
uro cootBercTByeT 'OCT 26262-2014 [16].

[Mockonbky Hebombimoi (2019-2022 rr.) mepuon
HaONIONEHWH HE TIO3BOJIIET JIOCTOBEPHO OICHUTH
TPEH]I MEXI0JOBOr0 U3MeHeHus temneparypsl MMII,
JUISE TIPOTHO3a YCTOHYMBOCTH OBUIM TIPUBJICUYCHBI:
1) pe3ynbTaThl MHOTOJCTHHX HaOJroneHWi Ha OJn-
kaiiieit meteoctanuuu FOunbck (TemmepaTypa aTMo-
chepHOTO BO3IyXa, KOJMYECTBO OCAJKOB, TIIyOWHA
CHEXXHOTO TIOKPOBa); 2) pe3yNbTaThl OIpeAeIeHUs
temreparypsl noBepxnoctr 3emim (Land Surface
Temperature, LST), nony4eHHsie B mpoiecce oOpa-
OOTKM TEIMJIOBBIX KAaHAJOB CIyTHUKOBBIX CHUMKOB
MODIS 3a 2000-2022 rr. [17] Bein ucnonb3oBaH mpo-
aykT MOD11A1 V6 ¢ npocTpaHCTBEHHBIM pa3pelie-
HUEeM | KM, BKIIIOYAIOIIMHA 3HAYEHUS MO CEPUH BOCH-
MUTHEBHBIX BpeMEHHBIX KomMmo3uToB. LST maér mpen-
CTaBJICHWE O TeMIlepaType 3€MHOH TOBEPXHOCTH Ha
TpaHUIlC B3aUMOJICHCTBHA C aTMoc(epoid, BKIItOYas
TEIUIO KaK OT OTKPBITOH HOYBEI, TaK M OT PAaCTUTEIh-
Hoctu [18]. JlaHHBIEe O TemIeparype MOBEPXHOCTH,
MOJIy4eHHBIE C HCHOib30BaHMeM cHMMKOB MODIS,
KOPPETHUPYIOT C TaHHBIMH HAa3eMHBIX HAOJIONCHUNA Ha
METEOCTaHLUAX C KOd(pPUIMEHTAaMH KOppesiuuu 00-
nee 0,9 [19], 4To NMO3BOJIAET UCTOIL30BATh 3TOT MOKA-
3aTelb MPH OLCHKE KIMMAaTHYCCKUX N3MCHEHUH.
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Hna mporHosza Bo3MoxkHOro TasHuss MMII Obuin
MOJICYUTAHBl KIMMATHYECKUE TMapamMeTpbl U UHICKCHI,
KoTopble, corsacHo [20], MOTYT CIIyXHUTh MapKepaMu
coctosiHud MMII U reokpuoIOri4ecKux TpaHHIl: To-
JIOBBIE CYMMBI IOJIOKUTENBHBIX CPEIHECYTOUYHBIX
TeMIepaTyp BO3AyXa WIM TOBEPXHOCTH IOYBBI
(thawing degree-days — TDD); romoBble CYMMBbI IIO-
BEPXHOCTH MOYBHI TUOO BO3yXa 3a MEPUOJ] C OTpHIIa-
TenpHbIME Temmneparypamu  (freezing degree-days,
FDD — FDD). 3arem ObU1 BEIYHCICH KOI(OUIHCHT
MoposHocTH Bozayxa (Fn) [21].

Fn = |FDD|
JIFDD|+VTDD'

[Ipn pacdyere HHIACKCOB CYMMBI OTPHIATEIBHBIX
TeMIepaTyp NPUBOAATCA K MOJIOKUTEIBbHBIM 3HAYCHH-
siM. Taroke Obi1 ocuutad N-daxTop (TemepaTypHBbIi
WH/IEKC TOBEPXHOCTH) — OTHOLICHHE MOJOXKUTEIBHBIX
1 OTPHLATENHHBIX TEMIIEpaTyp Ha MOBEPXHOCTH OYBBI
K aHAJIOTWYHBIM CyMMaM TeMIIepaTyp BO3ayXa 3a TOT
xe mepuo [22].

Pe3yJibTaThl U 06CYK/EHHE

PesynbraTel M3MepeHMs TeMIepaTypbl I'DYHTOB B
TPEX CKBaKWHAX, XapaKTEPU3YIONIMX pasHble TOpGhs-
HUKH — IJIOCKOOYIPUCTBIC, KPYMHOOYTPHCTHIC W OT-
JCJIIBHO CTOSAIIHUC 6prI>I Hy‘ieHI/Iﬂ Hpe[[CTaBJIeHI)I B
tabmure. CpeJHerooBas TeMIlepaTrypa MOBEPXHOCT-
HOTO CJI0s 00CJIeIOBaHHBIX TOP(SHUKOB ObLIA TOJIO-
JKUTCJIbHAA BO BCEX O6CHCI[OB3HHI>IX CKBaAXXMHAX U Ba-
ppuposana ot +0,8 mo +1,3 °C. MepanoTa cunraercs
JeTpaiupyronield, eciu XoTs Obl B 4YacTH paspesa
(0OBIUHO BepxHEH) cpeaHEerofoBasl TEMIEpaTypa Io-
poxn crana nojoxurenabHoi [23]. Takum oOpazom, OT-

MEUCHHAsl Pa3IMYHBIMH UCCICIOBATCISIMA AKTHBH3a-
IUsT  SK30TCHHBIX IIPOIECCOB HAa 00CIEe0BaHHOM
YYacTKe — TePMOKapCTa, OMOI3HEH, 3po3nu Ha Oeperax
o3ep [11-13], BeI3BaHA POCTOM TEMIIEPATYPHI MTOBEPX-
HOCTHOTO cJ0S1 TOP(SHUKOB U IEPEXOJOM €€ B IOJIO-
JKUTENbHBIN UaIa3oH.

I'myOuHa Ce30HHOrO HPOTAaMBAaHUSA HA IUTOCKOOYT-
pHuCTBIX TopdsiHMKax u3MeHsulack oT 0,4 mo 1,0 m.
B 1960-1970 rr. royOmHa CE30HHOTO IPOTAMBAHUS
TOop(SIHUKOB B paifoHe 03. HymTo, mo manusM [8, 9],
cocraBisina 0,4-0,6 m. Ha mmomaake CALM cpennsis
riyOWHa TPOTanBaHUsl BApbUPOBaja B pa3HbIC TOJbI OT
0,56 mo 0,67 M B 3aBHCHMOCTH OT TEMIIEPATypHOTO
peKuMa BO3/lyXa — HaMeHblIIee 3HaueHHe OTMEUEHO B
xomomaeii 2021 r., B termeni 2022 1. Habmromaics
poct riyounsl CTC. Ha kpynmHOOYTpHCTBIX TOP(SIHU-
Kax W Oyrpax Iy4eHWs NPOTaWBaHWE WHTCHCHBHEE:
kpoBiast MMII 3aneraer Ha rioy6unax ot 1,0 mo 2,0 m.
Takum oOpa3oM, Ha (QOHE TMOTCIUICHUS KJIMMaTa
HaONFOaeTCsl TCHACHIMS YBEIUYEHHUS TIIyOHHBI IIPO-
TauBaHUsL.

OCOoOEHHOCTH TEIIJIOBOTO PEKUMa XapaKTepU3yIOT
BeanauHBl N-(pakTopoB, MaKCHMaJlbHBIC 3HAYCHUS
KOTOPBIX OTMEYEHBI Ha KPYIMHOOYIPUCTBHIX TOPPIHU-
Kax, a MUHAMaJIbHbIe — Ha TUIOCKOOYTPUCTHIX (Tabmu-
na). Kpynasle Oyrpbl My4YeHUs CHIIBHEE MPOTPEeBarOT-
Csl JIETOM, HOCKOJIBKY BJIarOHACHIIIEHHOCTh TOp(a B
HUX MEHBIIE 110 CPABHCHHIO C MJIOCKHMH YYaCTKAMH,
a pACTHTENBHBI MOKPOB MECTaMH ACTPaTHpOBall H
cnabee 3aTeHsAET MOBEPXHOCTh. BmecTre ¢ TeM OHU
CHJIBHEE OXJIAXAAIOTCS 3UMOI1, TOCKOJIBKY MaJIOMOII-
HBI CHEXHBIA IMOKPOB HE MPEMSATCTBYET MpOMeEp3a-
HHUIO.

Ta6auya. Ilokazameau memnepamypHo20 pexcumad 6y2pucmsix mop@PsaHUKO8 0Cmpo8HOLl Kpuo.1umo3oHbsl 3anadHotl Cubupu
(npupoduwlii napk Hymmo, 2019-2022 z2.)
Table. Indicators of the temperature regime of palsa mires in the island permafrost zone of Western Siberia (Numto Na-
ture Park, 2019-2022)
YuacTku ¥ nokasatesu/Sites and indicators
1 2 3
I'ny6uHa, M
Depth, m t cp (mean), °C >t>0°C t cp (mean), °C >t>0°C tcp (mean), °C »t>0°C
0 0,8 1609 -1331 1,3 2410 -1929 1,3 1040 -560
0,5 1,1 1215 -853 2,3 1583 -749 -0,4 6 -153
1 1,3 837 -391 -0,3 106 -211 -0,4 0 -144
1,5 0,9 347 -18 -0,3 0 -120 -0,3 0 -96
2 -0,1 0 -29 -0,3 0 -109 -0,2 0 -80
3,0 -0,2 0 -56 -0,3 0 -113 -0,2 0 -75
4,0 -0,2 0 -78 -0,4 0 -130 -0,1 0 -43
5,0 -0,2 0 -81 -0,3 0 -119 -0,1 0 -49
6,0 -0,3 0 -111 -0,3 0 -124 -0,1 0 -35
7,0 -0,3 0 -102 -0,3 0 -127 -0,1 0 -43
8,0 -0,3 0 -123 -0,3 0 -120 -0,1 0 -42
9,0 -0,3 0 -110 -0,4 0 -129 -0,1 0 -46
10,0 -0,3 0 -105 -0,4 0 -134 -0,1 0 -48
N-daxrop/T-factor 0,83 0,52 - 1,24 0,75 - 0,54 0,22

1 - 6yzop nyuenusi/pingo; 2 - kpynHoGyzpucmulili mopgsaHuk/high-mound palsa mire; 3 - naockoGyzpucmultii mopgsinuk/flat-

mound palsa mire.
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IIpu anamu3e TeMOepaTypHOTO PEXUMa MEP3JIOThHI
OOBIYHO MCHOJIB3YIOT JaHHBIE O TEMIIEpaType Ha MTyOuHe
TONIOBBIX HYJIEBBIX aMIUIUTY., TJi€ CE30HHBIC N3MEHEHHUS
OTCYTCTBYIOT JT00 KpaiiHe Majbl (<0,1 °C) [1]. B paiione
uccnenoBanuii Temneparypa MMII Ha rimyOuHe HyneBbIX
ammmtyx (10 M) HM3MEHSJIaCh Ha TUIOCKOOYTPHCTHIX
top¢saukax B mpenenax —0,1...-0,4 °C, Ha Oyrpax my-
yenus —0,2...—0,5 °C. biuskue k 0 °C TemnepaTyps
MMII oTMedeHB Ha HU3KHX TOPGSHBIX IPAgax, OKpy-
JKCHHBIX 0OJIOTaMH W O3epaMH. 31eCh CKa3bIBacTCs
OTEeIUIAIOIee JAEHCTBHE OOBOJHEHHBIX  YYacCTKOB.
Cpennuii, HanboJIee YacTO BCTPEUAIOIIUKCS JUANa30H
temneparyp (-0,3...-0,2 °C) HaOmomaercs Ha
IIOCKOOYTPUCTBIX TOP(SHUKAX U B Oyrpe MydeHUs C
HeOonpmuM (0,2—0,3 M) ciioem Jerpaupyrolero Top-
¢a na BepmmHe. Haumbomee HM3Kas TemmepaTtypa
(-0,4...-0,5 °C) uamepeHa B CKBa)XHHE, PACIIOJIOKEH-
HOM Ha MHOTOJIETHEM Oyrpe Iy4eHHs C MOIIHBIM
(1,6 M) cmoem Topda. Ilpum sTOM Hamboilee HH3KHE
snauenus —0,5 °C HaOMOIAIHCh pelKo, mpeodianann
snauenus —0,4 °C. B aHanoruvHsix TOp(hsSHUKAX CTa-
nvoHapa Hanpim ¢ jgerpamupyromeid  Mep3noTon
HaOTIOANCH OJHM3KHE TeMIEepaTyphl: Ha KPYIMHOOYT-
puctom topdsiauke —0,3 °C, B apyrux nanamadTax
-0,2...0 °C[3].

Ilo mauneM OomotHoro nocra I'TH, 8 1960-1970-x rT.
B XOJIOJHBIM TEPHONA roja CIUSHHUE CJIOSI CE30HHOTO
IIPOMEP3aHUs C MHOTOJIETHEH MEp3J0TON MPOUCXOAU-
110 00BIYHO BO BTOpOW—TpeThel nekasne ssuBaps [9]. 1o
HAIlUM HAOJIOJCHUSIM, CIMSHUE CE30HHOM M MHOIrO-
JIETHEHl Mep3JI0THl B HACTOSIEE BpeMsl HAOIIOAaeTCs
HE TIOBCEMECTHO, a NPEHMYIIECTBEHHO B ILUIOCKOOYT-
pucTheIX KomIuiekcax. Pactpoctpanenne MMII nvecnu-
BAIOIIETOCs TUMA, KOTJa HE NMPOUCXOJUT CIUSHHS Ce-
30HHOH M MHOTI'OJIETHEM MEp3JI0ThI B XOJIOAHBIA NEpU-
0J] T0J1a, SIBJISIETCS] OJJHUM U3 IPU3HAKOB HEYCTOMUYMBO-
IO COCTOSIHUSI KpHUOJIMTO30HBI. Ha OOImMpHBIX MaccH-
BaX IUIOCKOOYTPUCTHIX TOPQSIHUKOB mapka Hymto

0 t,°C 0
-06 -04 02,00 02 04 06 06 -04 -0.2,00
2 — -2
B // -3
A -4 -
- _ -~
5= -d =
| | g B
6 | E -6 ‘§
\9 Y
T & | TA
— I
-8 | -8
9 l\ -9
-10 ! -10
—2019 2020 2021 2022 —2019 2020
ala o/b
Puc. 1. TemnepamypHblll pexcum epyHma 8 CK8ANCUHAX:

pucmblii mop@sHuk
Fig. 1.

Mep3JI0Ta, Kak MpaBuiio, ciuBatomascs. [Ipomepszanue
UJET 3HAUUTENbHO ObIcTpee, ueM ykazaHo B [9]. [lepe-
XOJl TEMIIEpAaTyp B OTPHULIATENIbHBIA JHMana3oH B MPo-
¢rIe TIOCKOOYTPUCTHIX TOP(GSHHUKOB HAOIIOAANCST B
pa3jiuyHble CPOKM — OT IMEpPBOW JeKaabl HOSOps 10
Hayaja siHBaps. beicTpoe mnpomep3aHue, BEpOSTHO,
CBSI3aHO C OTHOCHUTEIHLHO HHU3KOW BIAKHOCTBIO TOpdha
Y MaJlbIM KOJIMYECTBOM CHEra B Hauase 3uMbl. Tam, re
TOpMQSAHUKKA YEepeAyIOTCS C TalbIMH MOYKUHAMH,
(OpMUPYIOTCST Y4aCTKH HECIIMBAIOLIeHca MEep3IOThI.
Tak, wa mmomaake CALM miomans CIUBAIOIIMXCS
MMII cocraBnsier NpHONH3UTEIBHO OJHY TpETh
(32-35 %). ObpazoBaHye HECIMBAIOLICHCS MEP3JI0THI
TakXke OTMEUEHO Ha Oyrpe myueHus, rae kposiast MMII
omycTmiach Ha riryouny 2,0 M. Pacmmpenne y4acTkoB
C MEp3JIOTOW HECIUBAIOIIErocs THUIA — XapaKTepHas
peakuusi TOP(QSHUKOB Ha COBPEMEHHbIE H3MEHEHUS
knumara [24]. Hlupokoe pacnpocTpaHEHUE HECIIMBa-
IOIIeHCsT MEp3JOTHl Ha OOCIENOBAaHHOW TEPPUTOPUN
SIBJIIETCSI OUYEBUAHBIM MPU3HAKOM HEYCTOHUMBOrO CO-
crostHust MMII.

HeomHoKkpaTHO OTMEUYEHO, YTO COBPEMEHHBIC KITH-
MaTHUYECKUE U3MEHEHHUS BBI3BIBAIOT POCT TEMIIEPATypPbl
MMII [1-3]. B 30He oCTpOBHO# Mep3T0THI Ha TTyOuHE
HYJIEBBIX aMIUIUTY]l TeMIIepaTypa rpyHTa yBEeIUYHBa-
ercsi co cpexnerr ckopocteio 0,2 °C 3a 10 mer [1].
B ckBakmHax TemmepaTypa B Tepuoi HaOIroaeHui
(2019-2022) ocraBangach OTHOCHTEIHHO CTaOMIIBHOM,
MEXroJloBasi U3MEHYMBOCTh TEMIIEpaTypbl HE IMPEBBI-
mana 0,1 °C (puc. 1). IlppyunHamMu BapbUpOBaHUS SB-
JSIOTCS MOTOAWYHBIE (PIYKTyallil TEMIIEpaTypbl BO3-
IyXa W KOIWYecTBa cHera. Tak, Ha IDIOCKOOYTPHCTOM
TopdAHMKE, Ha KOTOPOM pa3MelleHa IUIONIaIKa
CALM, B 2022 r., o cpaBHeruto c¢ 2020-2021 rr.,
pou3ouwio cHuwkeHnue remneparypst MMII ot —0,1 no
—0,2 °C, kak pe3ynbTaT yMEHbIIEHUS BHICOTHI CHEXXHO-
O IOKpPOBA.

t,°C

02 04 0,6

I'youna, M

2021 —2022 —2019 2020

6lc

a) 6yzop nyueHusi; 6) kpynHobyzpucmbwlili mop@siHuK; 8) njaocko6yza-

Temperature regime of the soil in boreholes: a) pingo; b) high-mound palsa mire; c) flat-mound palsa mire
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HeGomnpImas mpoomKUTENEHOCT IEpHOIa HAOIIO-
JICHHUI He JaeT BO3MOXHOCTh JOCTOBEPHO OMPECIUTh
TpeHa u3MeHnenus temneparypsl MMIIL. Tlostomy me-
7ecoo0pa3HO  PacCMOTPETh  JIOJNTOCPOYHBIC  PSIIBI
HaOJIOJICHUI 3a TEeMIIepaTypoil 3eMHON MMOBEPXHOCTH
(LST) m mpu3eMHOro CIIOsI aTMOC(EPHOTO BO3IyXa.
W3MeHeHus cpemHeil MpU3eMHOM TeMIlepaTyphl BO3IY-
Xa B MeECTaxX pAacIoJIOXEHUs HaONI0JaTeNbHBIX Te0-
KPHUOJIOTUYECKUX CKBAXXWH aHAJIOTMYHBbI U3MCHCHUAM
TEMIIEpPaTypbl BEYHOH MEP3JIOTHI 110 HANpPaBICHUIO U
MOPSIIKY BEIUYMHBI, TOATOMY MOTYT OBITH HCIIOJIB30-
BaHbI JJIg MPOrHo3a JUHAMHUKKW TEMICPATypHOTO pe-
xkuma MMII [1].

OO0paboTka pe3ynbTaTOB METEOHAONMIOJACHUNH U
nanHbeix LST mokasana, uro B paiioHe HcciaenoBaHUMN
HaOI0JaeTC YCTOWYMBBIA TIOJOXHUTEIBHBIH TPEHIT
pocTa TemIepaTyp BO3AyXa M IIOBEPXHOCTH TPYHTA.
Poct cpenmneromoBoii Temmeparypbl BO3IyXa B
2000-2022 rr. cocrasun 0,76 °C/10 net. D10 3HAUCHNE
npuMepHO B 1,5 pa3a Ooubliie, YeM CpeIHHUIA TEMIT po-
CTa TemIeparypbl Bo3ayxa B Poccum, cocraBisromuil
0,49 °C/10 net [25]. Habmromaercst yBeIHueHNUE MEpHU-
ofla C TIOJNIOKHUTENEHBIMU TEMIIEpPaTypaMu BO3AyXa.
Ecmu B 1970-x rr. oH npogomxkancs 135-140 nueit — ¢
CepeJIMHBI Mast 10 Havyaya OKTsI0ps, To B 2020-X IT. ero
TIPOIOJDKUTENBHOCTD yBenuuniachk A0 160—165 mueit —
C Hauama Mmasi 0 cepeauHbl OKTA0ps. TemmepaTypa
MMOBEPXHOCTH BO3pacTala ciadee, B CpelHEM Ha
0,42 °C/10 netr (puc. 2). Takxe HaOmomaeTcs pocT
KOJIMYECTBa OCAJKOB, B TOM 4Hcie cHera. [ myOumHa
CHEXXHOTO TIOKPOBA BO3PACTAET CO CpeIHEN MHTEHCHUB-
HOCTBIO 2,5 ¢M/10 net. PocT mIyOMHBI CHEXHOTO TIO-
KpoBa sBIsIeTCS (HAKTOPOM, OCHAOJSIONMM 3UMHEE
MpOMEP3aHUE U YCWIMBAIOIIMM PHUCK Jerpajaluy
MMII [26].
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HUccnenoBanue B3aMMOCBSI3U KJIMMATHUECKHUX TOKa3a-
TEeNe W paclpoCTpaHEHHUsT MHOTOJIETHEW MEep3JIOThI TO-
Ka3aJlo, YTO I0YKHas I'PaHHULIA KPUOJIUTO30HbBI MApKUPYET-
Csl CpeTHUMH 3HAaYEHUAMH KIIMMaTHYECKUX MOKa3aTese:
TDD<1353 °C-cyt, FDD<-2442 °C-cyt, Fn>0,57 [19].
[ToncaeTs! aHANOTWYHBIX TOKa3aTeseil Ayl pailoHa WC-
cnenoBannid 3a 2019-2022 rr. BBIABWIM CIEAYIONIAE
3Hauenusi: 1DD=1848 °C-cyr, FDD= -2547 °C-cyr,
Fn=0,54. Takum obpaszom, Toseko ko3hdumment FDD
COOTBETCTBYET KIMMATUYECKUM KPUTEPUSM, MPU KO-
TOPBIX BO3MOXKHO COXpaHEHHE Mep3JIoThl. BeposTHo,
9TO CBS3aHO C JOBOJBLHO XOJOAHBIMH 3MMaMH B YCJIO-
BUSAX KOHTHUHEHTAJbHOIro Kiumara. OcTanbHblE MOKa-
3aTed COOTBETCTBYIOT IOKa3aTeNsIM TEPPUTOPUM, Tlie
MMII orcyrcTByroT. Mcxoas U3 TOJI0XKHUTENBHOTO
TpeHJIa TeMITepaTypbl Bo3ayxa, Tasaune MMII B obcie-
JIOBAaHHOM pailoHE — TOJIBKO BONpOC BpeMeHH. B oco-
OCHHOCTH WHTEHCHUBHBIM TasHUE MOXKET OBITh B TOJBI C
MHOTOCHEXHBIMHM 3UMaMM M BBICOKMMH TeMIleparypa-
MU BO3/yXa B JIETHHH MEPUOI.

OcHOBBIBasiCh Ha MOAECTUPOBAHUU TEIUIONPOBOHO-
cti mouBbl, M. Cmut u JI. Paiiz6opo [27] BbIsBHIN,
YTO Ha I0YKHOW IpaHULIE KPUOJIUTO30HBI MEP3IIbIE TOP-
(SHUKU COXPAHSIOTCS, €CTIM CPEAHErofoBas TemIepa-
Typa Bo3ayxa He mpesbliaeT +1,5 °C. B atoMm cityuae
TTOBEPXHOCTHBIN CIIOW TPyHTa UMEET TeMIlepaTypy Ha
ypoBHe 0 °C. IIpuMeHeHue MOpOoroBOro YpOBHS TEeM-
nepatypsl Bozmyxa +1,5 °C pgaer mpoctoit meTon
OLIEHKM MAaKCUMaJIbHOH MpPOJODKUTEIIBHOCTU CyIlle-
ctBoBanusd MMII nog TopdsHUKAMU MIPU NOTEIVIEHUN
kinuMata [28]. IlpocTele apudmeTndeckue moJCUETHI
MOKa3bIBAIOT, YTO, €CJIM TPEH] pOCTa TeMIepaTyp BO3-
nyxa Ha nmociennue apa aecatuietus (0,76 °C/10 ner)
COXPaHUTCS Ha TPEKHEM YPOBHE, IIOPOTOBBIA YPOBEHb
+1,5 °C Ha 0OCNenoBaHHON TEpPpUTOPHH OYyIET HO-
CTHTHYT MpUOIH3UTENbHO yepe3 S50 ner.
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Fig. 2.

Annual air temperature (a) and Land Surface Temperature — LST (b) for the summer period; 2000-2022
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IIpu cpennem yposue morterienust 0,5°/10 ner, Tu-
nu9IHOM JuIst Poccuu, meprof cymniecTBOBaHUs 00CIeno-
BaHHBIX MEP3JbIX TOP(SIHUKOB COCTaBUT OKoiyio 70 JyieT.
[IporHo3Hoe MoOIENMPOBaHUE TEMIIEPAaTyphl MEpP3JIbIX
TOop(siHUKOB B paiioHe HanmpiMa Taroke mokasano, 4To
TIPH COXPaHEHUN TEHICHINH MOTEIUICHHs OyeT IpOonc-
xo1uTh noctenenHoe Tassaue MMIT [29]. TlporHosupye-
Moe TasHue TpeOyeT NMPUHATHS Mep A MpeloTBpalle-
HUSl HETaTUBHBIX TOCJEJCTBHN, TAKMX KaK IPOBEICHHE
re0TEXHUYECKOTO MOHHTOPHHIA, HCKYCCTBEHHOE OXJIa-
XKJICHHE OCHOBAaHMN U ()YHJAMEHTOB HHXKCHEPHBIX CO-
OpY>KCHHI, BHEIPEHNE HOBBIX METO/IOB CTPOUTEIIHCTBA.

3akiw4yeHue

HccnenoBanue TeMIIEpaTypHOTO PEKUMa TPYHTOB
1 METEOPOJOTHYECKHX TTOKa3aTejel Ha 10re 30HBI OCT-
posHoro pacnpoctpanenus MMII B 3ananxoii Cubupu
BBISIBUJIO MHOTOYHCIICHHBIC MTPEIMKTOPHI TASTHUS MEP3-
notel. CpeaHeromoBas TeMIepaTypa MOBEPXHOCTHOTO
ciost Topa ObUTa TOJIOKUTETbHASE BO BCEX 00CIHeno-

BaHHBIX ckBaxuHax (+ 0,8...+1,3 °C). Temmeparypa
TOP(SHUKOB Ha TIIyOMHE HYJEBBIX TEMI0000POTOB
osmska x 0 °C, mpeobnamaeT Auana3oH TeMIIepaTyp OT
-0,2 no -0,3 °C. lupoko pacmpocrpanerast MMII
HECJIMBAIOUIErocs TUMA, TO €CTh B IO4Be cHOpMHUPO-
BaJICS CIIOH, HE 3aMEP3aloNIiil B TEUCHHUE ToJa. JHaUe-
HUs Kod(hduImeHToB nporauBanus TDD u Mopo3HO-
CTH BO3JyXa FN COOTBETCTBYIOT 3HAUEHHUSAM B 00JIaCTH
C HeMep3NbIMH TpyHTamu. HaOnromaroTcsi IMOJIOXKH-
TEeJbHBIE TPEHABI TEMIIEPATYPHI BO3AyXa, TEMIIEPATyPhI
noBepxHocTd 3emau (LST) u BBICOTBI CHEXHOTO TO-
kpoBa. 3a 2000-2022 rr. mpu3emHasi TeMmIiepaTypa
BO3JlyXa B cpeaHeM yBenuumBaiach Ha 0,76°C/10 ner.
Temneparypa mnoepxHoctu 3emim (LST) B nerHuit
nepuo Bozpacrana B cpeaneM Ha 0,42 °C/10 net. IIpu
COXpaHEHUH TCHICHIINH K POCTY TeMIEpaTyp MpH3eM-
HOTO CIIOSL BO3IyXa Mep3ible TOPQSHUKH B FOKHOH
YacTH 30HBI OCTPOBHOTO pacnpoctpaHeHuss MMII pac-
taroT yepe3 50-70 mer.
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