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Ilpusedenvr  pe3yrbmamosl namuiemne2o0 HAONOOEHUs 30 MeMNepamypHoim
pedcuMom mop@AHOU OUcOMpoOPHOU NOUBbL COCHOBO-KYCMAPHUUKOBO-CHALHOBO2O
6epxosozco boroma (Huxonaesckozo psima), pacnonodcennozo 6 necocmentoli 30me
3anaonoii Cubupu (55°08'59"'N, 79°02'59"'E). llousennyio memnepamypy guxcuposanu
ABMOHOMHBIMU USMEPUMETIMU NPOUIA memnepamypwvl Ha enyounax 2, 5, 10, 15, 20, 30,
40, 60, 80, 120, 160, 240 cm c wazom 6 1 u. [1o 6cemy nousenrnomy npoghuro onpeoeneHvi
Cpeomsisi 2000845, CPeOHssi MeCSUHAS MeMnepamypol, 20006ds aMNIUmMyod, CyMMbl
NONOACUMETLHBIX U OMPUYAMETLHBIX CPEOHUX CYMOUHLIX MeMnepamyp, cpaoueHmol
memnepamyp, OIUMEIbHOCMU Oe3MOPO3HBIX U NEPEXOOHBIX Nepuod08, OUHAMUKA
2YOUHBL Ce30HHOMED31020 cosl. Tlokazano, umo memnepamyphwlil pelcum mopghsaHo
0NU2OMPOPHOU NOUBHI ONPedensiemcs X000M meMnepamyp 8030yxXd, NpUucymcmeuem
u ypogrem cmosHus DONOMHBIX 800, A MAKICE HATUYUEM U BDEMEHeM YCMAHOGLeHUs
CHeJCHo20 nokpoea. Ilo cpasHenuio ¢ aHANO2UYHLIMU NOYEAMU H0JHCHOU maiieu
mopghanas nousa Hukonaesckozo psama xapaxmepusyemcs 6onee KOHMUHeHMaabHbIM
NOYBEHHBIM KAUMATNOM.

KuioueBbie Cl10Ba: 6epxo60e COCHOBO-KYCMAPHUYKOBO-CHASHOBOE DOLOMO, PAM;
Jiecocments,; ABMOHOMHBII UBMEPUMenb NPOUISL meMnepamypbi.

BBenenune

BepxoBbie COCHOBO-KYCTapHUYKOBO-C(arHoBbIe 0010Ta (PSIMbI) B JIECOCTETI-
HOH 30He 3anaHoit CHOUPHU — 3TO YHUKAJIBHBIC KCTPA30HAIBHBIC YKOCHCTEMBbI,
KOTOPBIE CYIIECTBYIOT B YCIOBUSX HEAOCTATOUHOTO YBIAKHEHUS CPEIIH 3aCOJIEH-
HBIX TOYB W HU3WHHBIX eBTPOQHBIX Oonor (3aiimuin) [1]. JlaHHBIE psAMBI HMe-
FOT BHJ] HEOOJIBIINX OKPYIVIBIX OCTPOBKOB ILIOMIABI0 OT HECKOIBKHIX SIHHUIL 10
HECKOJIbKUX JICCSITKOB KBaIPATHBIX KHJIOMETPOB, B IICHTPAILHOW YaCTH KOTOPBIX
4acTo 00pa3yroTCsl BTOPUYHBIC 03¢pa. PAMBI SIBIISIOTCS 04araMu Mpou3pacTaHus
apkTO0OpeaNbHBIX U OOpeaTbHbIX PACTCHUH Ha FOXKHOW TPaHHIE UX PACHPOCTpa-
HeHHs [2], YyBCTBUTENBHBIX K KIMMATHYCCKUM H3MEHEeHUsM. [1osTomMy HEoO-
XOZMMbBI MOHHTOPUHIOBbIC HAOIOACHHS 33 JWHAMHKON KIMMATHYSCKUX I1apa-
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METpOB OKpy’karommei cpeabl. OqHAKO 0 CHX MOp HE MPOBOAMIOCH PEKUMHBIX
METEOPOJIOrNYECKIX HAOMIOICHNH, B YaCTHOCTH, U3y4YEeHUs TeMIIepaTypHOro pe-
JKUMa TOPPSHOHN 3aJIeKH Ha TEPPUTOPUH TaKUX OOJIOT.

TemmeparypHbIil peXHUM IT0YB 3aBUCHUT OT PaJMAMOHHOrO OaNaHca U WHTEH-
CHBHOCTH TEIUIO0OMEHa MEKIY aTMOC(hEepoi 1 MOACTHIAIOIINMHY TpyHTaMu. Vc-
CIIe/IOBaHUs, NPOBEIEHHBIE B Pa3MYHBIX pernoHax CHOMpH, MOKa3bIBAIOT, YTO
BBICOTA CHEYKHOTO ITOKPOBA B 3MMHUI IIEpHOJ] IMEET OOJIbIIee BIMSHNC Ha TEM-
neparypy Mo4BBI, 4eM TeMreparypa Bo3nyxa [3—5]. Haunnas ¢ cepeannubl XX B.
HaOIIOaeTCs TCHICHIIMS K MIOBBIIICHHUIO TeMIteparypsl mous Cudupu [6, 7], npu-
4EM MPEeMYIIECTBEHHO B XOJIOAHBIN neprof roa [8]. B neTHee Bpems ObICTpHIit
MIPOTPEB BEPXHETO CIIOST TOPPSHOI 3aJICIKH MOKET OCYIIECTBISTHCS TIOTOKOM JI0-
JK7eBoii Biaru [9].

XapakTep pacTHTETHFHOCTH OKa3blBAaeT BIHMSIHUEC HA TEMIICPATYPHBIH PEXKUM
TIOYBBI, B YaCTHOCTH, BpeMs e€ pomep3anus u ortanBanus [ 10]. B 1oxHoi# Taiire
3amaguoit Cubnpy MHOTOJIETHHI MOHHTOPHHT TEMIIEPATYPHOTO PEXUMa TOpQsi-
HOM 3aJIS)KH COCHOBO-KYCTaPHHUYKOBO-C(harHOBOTO BEPXOBOTO 00JI0Ta IMOKasall,
YTO TEIIOM3OIHUPYIOIMAs CIOCOOHOCTH MOXOBOTO 04€ca W HACBHIIIEHHOCTH BO-
JI0H SIBIISIFOTCSI IPUYMHON TETUIOBOHM MHEPIMH, YTO BHIPAXKAETCS B YMEHBIICHUH
TEMITEpaTypHBIX KOJIeOaHWii, CHIDKEHHU TIPOTPEBaHUs B TEIUIOE BpPeMs rojia |
OCTBIBaHUS — B XOJIOHOE, a TAaKXKe MaJeHUH ITyOUHBI IPOMEP3aHus B TPH pasa
10 CPaBHEHUWIO C MUHEpaTbHBIMHU TouBamu [11, 12]. TemmonpoBogHOCTS MXOB
1 00bEMHAs TEIIIOEMKOCTh HE 3aBHCAT OT TOJIIMHBI MOXOBOI'O Mara U JIMHEHHO
3aBUCST OT COMCpP)KaHUs B HEM BOABI, HO OTH 3aBHCHMOCTH HE BHIOCTICIIH(PHI-
HBI; MX{ CHIDKAIOT aMIUIUTY/Y [TOYBEHHON TEMIIepaTyphl U YacTOTY 3aMep3aHHs-
OTTaWBaHMS B TCUCHUE BETCTAIIMOHHOTO CE30HA, HO HE CPEAHIOI0 TeMIIepaTypy
noussl [13]. B Teuenue roga Top¢siHas 3aexkKb OTKPBITBIX TPaBSIHO-C(ArHOBBIX
BEPXOBBIX OOJIOT TEIIee 110 CPAaBHEHHIO ¢ psiMamu [14].

Lenb nanHOIT pabOTHI — BBISBIEHHE 0COOCHHOCTEH TeMIIepaTypHOTo pexnma
TOPPSHON OJUTOTPOPHOHN MOUYBBI COCHOBO-KYCTAPHHUYKOBO-C(DArHOBOTO BEPXO-
Boro 0osnota B bapabuHnckoii necocrenu 3anagHoit Cubupu.

MaTepnam,I U METOAUKH HCCTICT0BAHUS

HccnenoBanue mmposesieHo Ha Tepputopur HukonaeBckoro psiMa (Takxke Ha-
3BIBAEMOT0 «ypouniie Mmnaruxay), KOTOPeId pacrloyiokeH B YOWHCKOM paioHe
HoBocubupckoii obnactu B mpenenax bapabunckoit necocrenu (55°08'59"N,
79°02'59"E). IlouBbl psima TopdsiHbIe onuroTpodubie [15]. 3anexsb clioxkeHa
[IaBHBIM 00pa3oM BEpPXOBBIM (PycKyM-TOp(oM cllabod CTEHeHH pa3iIoKeHHs,
IyOHMHA 3aJIeXkH B IIeHTpe psaMa 4,3 M [16]. BonoTHBIE BOJBI BECHON CTOSIIM Ha
ryouHe 5—20 cM (0T yPOBHS MEXXKOUEUHBIX MOHIKECHUI) U OIyCKAIIMCh K KOHILY
neta 10 40—70 cm. duTONEHO3 B IIEHTPAIBLHOW YaCTH psMa MPECTABIISIT COO0H
COCHOBO-KYCTapHHUUYKOBO-C(harHOBOE COOOIIECTBO, a 1o nepudepun — 6epézoBo-
KyCTapHUYKOBO-c(parHoBoe. JIpeBecHbIl sipyc chopMupoBaH O0IOTHOU GOpMOit
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COCHBI 0OBIKHOBeHHOU Pinus sylvestris L. f. uliginosa Abolin u 6epé3oit mymu-
ctoii Betula pubescens Ehrh. Cpenu xycrapHuukoB npeodnananu Ledum palus-
tre L. u Chamaedaphne calyculata (L.) Moench, npucyrcrBoBanu Vaccinium
vitis-idaea L., Oxycoccus microcarpus Turcz. ex Rupr. TpaBsHOll mOKkpoB He
pasBHT, peako BcTpevancs Rubus chamaemorus L. B MOXOBOM TOKpOBE JJIOMH-
HupoBanu Sphagnum fuscum (Schimp.) Klinggr. u S. angustifolium (Russ. ex
Russ.) C.Jens., Ha HU3KKUX Koukax pociu S. magellanicum Brid. u S. capillifo-
lium (Ehrh.) Hedw.

Knmvatndeckne xXapakTepuCTHKH paifoHa HMCCICHOBAHUS, MONTYyYCHHBIE IO
JaHHBIM MeTeocTaHuuud bapabunck [17], mpuBeaens! B Tadn. 1. Cpeanss rogo-
Bas TeMIleparypa Bo3ayxa B Tedenue 4 jget mensack ot —0,1 10 2,8°C, mpu sTom
CpeZiHee MHOTOJIETHEE 3HaYeHUeE JUIsl JaHHOW TeppuTopuu 3a nociennue 30 jer
(1981-2010 rr.) cocrasmio 1,2°C [18]. CaMbIM TEMIBIM MeCSIIEM IOJ1a SBISIICS
He Tonbko utoinb (2013 u 2016 1), HO Takke utonb (2015 1), a B 2014 1. Onuskue
cpeanue MecsiuHble Temreparyps (17,2—17,9°C) HaOmonanuch B Te€4eHUE TPEX
JICTHUX MECSIICB ¢ MAKCUMYMOM B aBT'yCTE.

Ta6numa 1 [Table 1]
Kiumarnyeckasi XapakTepucTHKa paiioHa UccIeJ0BAHUS
10 IaHHBIM MeTeocTaHUu Bbapadunck [17]
[Climatic characteristics of the study area according to Barabinsk meteorological station]

T'onpl [Years]
2012/13 | 2013/14 | 2014/15 | 2015/16

-0,1 2,0 2,0 2,8

ITapametpsl [Parameters]

Cpenusist ronoBasi TeMIeparypa

[Average annual temperature], °C

Cpesist TeMIieparypa caMoro TEImIoro Mecsina
[Average temperature of the warmest month], °C
Cpeansisi TeMIepaTrypa caMoro XOJIOJHOTO Mecsia
[Average temperature of the coldest month], °C
CyMMa MOJIOKHUTEIBHBIX TEMIIEpaTyp BO3AyXa
[Sum of positive temperatures], °C

CyMMa OTpHIIaTeIbHBIX TEMIIEPATYp BO3IyXa
[Sum of negative temperatures], °C

T'onoBast cymma ocazikoB, MM

[Arll[nual pr}e/cipitationi mm,] >13 330 429 417
Ipumeuanue. 3nech U Aajee HA4aJIOM rojia CYMTACTCS | OKTSAOPS MPENbIIYIIEro rojia, a OKOH-
yaHueM — 30 ceHTAOPs TEKyIEero rojia (Tak Ha3bIBAEMBIH «THIPOIOTHYECKHNA TOI» ), TOCKOJIBKY
B KaJICHIAPHOM TOJly XOJOIHBIIN IEepHo]] pa30UBacTCs JICTHUM IIEPHOIOM Ha JIBa HECBSI3aHHBIX
BPEMEHHBIX OTpe3Ka, 0000IIEHHAs METEOPOIOTUYCCKAs XapaKTEPHCTHKA KOTOPBIX HE MMEET
CMBICJIA JIJIsl BO3MOYKHOIM MHTEPIIPETANU OHOJIOTMYCCKUX M OMOXMMHUYECKUX MPOIIECCOB B JICT-
Hee BpeMsi, 00YCITOBICHHBIX TEKYIIHMHU M PEAIICCTBYOIIUME OTOJHBIMH YCIOBHUSIMHU.

[Note. Hereinafter, the beginning of the year is considered October 1 of the previous year, and the end is
September 30 of the current year (the so-called “Hydrological Year”), since in the calendar year, the cold
period is broken by the summer into two unconnected time intervals, the generalized meteorological char-
acteristics of which are purposeless for possible interpretation of biological and biochemical processes in
the summer time which are due to current and previous weather conditions].

18,7 17,9 19,6 19,8

255 | 21,0 | -152 | 22,1

2324 | 2378 2595 2717

—2365 | 1666 | —1808 | —1 660
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MuHnManbpHasi cpeliHss MecsSYHas TeMmieparypa Bo3nyxa B bapabe —17,1°C
[18]. B Teuenue uzy4yaeMoro nepuoja pasopoc cpeqHux MecIYHbIX MUHUMYMOB
coctaBui oT —15 1m0 —26°C, KoTOphIe MPUXOIMINCH HE TOIBKO Ha SHBApb, HO U
Ha ¢eBpans (B 2014 r.), a Taxoke Ha nexaOpb 3umoii 2012/13 r. Cpeanue mecsau-
HBIE MAaKCUMyMBI H3MCHSUTICEH 3HAYNTEIFHO MCHBIIIE, HAMOOIBIIAsT Pa3HHUIIA MEKITY
rogamu He TipeBbiciiia 2°C. Tof0Basg cymMMa CpeHUX CYTOYHBIX MOJOKUTEIBHBIX
TEeMIeparyp BO3/lyXa yBEeIMUNBAJIaCh U3 TOa B Toj1, pudéM pazuutia mexxay 2013 n
2016 rr. cocraBuia noutu 400°C. CymMa CpeJHUX CyTOUHBIX OTPULIATEIIBHBIX TEM-
mepaTyp B TeUCHHE ITepHo/ia HAOMONCHII He OTIMYANIach IIOCTOSIHCTBOM, HANMEHB-
ye abCOIOTHBIE 3HaUCHUSI (110 MOAYI0) oydeHs! B 2014 u 2016 rr., a HauboIIb-
mee — B 2013 1., MakcuManbHasi pa3HUIA MEKIY ToAaMu okazanack okoo 700°C.

OceHHMii ycTONUNBEBIN Tepexo]] TeMIeparyp Bo3ayxa depe3 0°C mpoucxoausn
B TIEPBYIO JieKay HOSIOpsi, HO B 2013 T. OH mpHIIENcs Ha MOCIIEIHIOK JAeKa Ty HOs-
Ops, a B 2016 . — Ha BTOPYIO IeKay OKTAOps. B 1iesiom 3a HaOmonaeMblid mepros
3MMa HacTymnana Mmo3Ke 1o cpaBHEHHIO ¢ cepeanHon XX B. [1]. Becennuii mepe-
xon Temriepatryp yepes 0°C nabnromasncs, Kak MpaBuiio, B TIEPBOM JieKaie arpers,
aB 2016 1. — B mocienHel aexaae Mapra.

B TeueHue usyuaeMoro nepmojga CyMMa OCaJIKOB OKa3aach BBIIIE IO CPaBHE-
HUIO CO CPEHEMHOTOJICTHEH, KOTOpasi cocTaBiisieT B bapabuHckom paiione 380 Mm
[1, 18]. donst ocankoB B jieTHUE Mecsiibl coctaBmia 31-48% ot romoBbix. CaMbIM
JIOKIIMBEIM cTauto jieto 2013 1., xorga Bemmano 210 MM ocaakoB. HanGosbiee ko-
JIMYECTBO JICTHUX OCAJIKOB BBINAAAN0 OOBIMHO B HIONE W aBrycre, a B 2016 . — B
HIOHE ¥ ntone. B Mae u uroHe ocaJiki, KaK MpaBwiio, CKyIHbI, OT 13 10 27 MM B Me-
csiy, Ho Mai 2013 1. omMyaicst oK UIMBOCTHIO (64 MM). MakcuMalibHasi MOIITHOCTh
CHEXHOTO ITOKPOBA JIOCTHTala K eBparo—MapTy oT 32 10 47 CM B pa3HbIC TOJIBL.

Jid u3ydeHus] TeMIIEpaTypHOTO peXuMa TOP(SIHON ONUTOTPOPHON TOYBHI
HuxomaeBckoro psiMa HCHONB30BaIN aBTOHOMHBIH H3MEPUTENH PO TeMIIe-
parypst AUIIT (MMKSC CO PAH, r. Tomck) [19], ycTaHOBIEHHBIN B LIEHTpaJlb-
HOW 4acTH psiMa B KPYIHOU Kouke. Temreparypy (pUKCHpOBaIH Ha ITyOHHaX 2, 5,
10, 15, 20, 30, 40, 60, 80, 120, 160, 240 u 320 cM, yacTOTa U3MEPEHUH — OJIUH Pa3
B yac. 3ammck Temnepatypsi ¢ 05 oxTsiopst 2012 . 7o 22 mast 2017 1. ¢ mepepbiBOM
B niepuof 24 mas — 25 centsi0pst 2013 r. Jlatuuk Ha mrybune 320 cM BbIIIEN U3
cTpos uepe3 1,5 roga paboTHI, MO3TOMY AaHHBIC JUIS ATOH ITyOWHBI BKIIOYCHBI B
HEMHOTHE [TPUBOIUMBIE OLICHKH.

[ocTpoenne rpaukoB, THCTOTPAaMM M PacdeT CPEIHMX apH()METHUSCKHX C
OIlpesieNIeHueM OIIUOKHU CpeHel BhINOIHEHk! B mporpamMe Microsoft Excel 7.0.
J71s1 BESICHEHUSI TECHOTHI CBSI3U TAPAMETPOB pacCUUTAIN KOd(D(HIMEHT KOppens-
1 Tupcona B mporpamme StatSoft STATISTICA 8.0.

PesyabTarsl HccaeqoBaHus U 00CYKIeHIE

Cpeonas mecaunas u cpeOHAA CYmMoyHas memnepamypa nouewl. B témnoe
BpeMsI TOZla XOJ TEMIIEPaTyphl B BEPXHEM MOXOBOM CIIO€ psMa COBIAIAll C XO-
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JIOM TeMIIepaTyp Bo3ayxa: Kod(hGUIeHT Koppesiun (k) Mex1y CpeTHIMH Cy-
TOYHBIMH 3HAYEHHUSMHU BO3JyXa U MOBEPXHOCTHOIO clos 6osora coctaBuin 0,94
(» <0,0001). B xomoaHOE BpeMs To/la TEMIIEpaTypa BO3/IyXa 3HAYUTEIHHO HIIKE,
yeM TOp(DsHOI 3a5exku, TUHAMUKA X0Jla CPEAHUX MECSUHBIX TeMIIepaTyp COBIIa-
JlaJ1a JIUIITb YaCTUIHO (puc. 1), k IUTs cpeTHUX CyTOYHBIX 3UMHHX 3HAUCHHUH cocTa-
Bun 0,74 (p < 0,0001). B xonmoaHsIit mepuoj X0 CPETHUX CYTOUHBIX TEMIIEPATyp
BO31IyXa M TOP(DSHOI 3aIeKH COBIAIal TOIHKO B HavYajie HOSOPsI, KOTa CHEXKHBIH
MMOKPOB TOHOK M OTCYTCTBOBAaJIa TEIUIOM3OJISIMA HA3€MHOTO PACTUTENLHOTO T10-
KpoBa u Top(siHOU 3anexu. Tak, B HosiOpe 2012 . Ipu CHIDKESHUH TEMIIepaTyphbl
Bo3ayxa 110 —17°C temmnepaTypa MOXOBOTO TIOKpOBa Ha TIIyOHHE 2 CM OITyCTHIIACh
10 —11°C, a yke B cepeiiHe IeKaOpsi 3TOTO e rojia MPH CHIKSHUH TeMIIePaTyphl
Bo3yxa 10 —39°C Temneparypa Ha 3TOH ke NIyOMHE OKa3ajach BBIIIE: OKOJIO
—7°C. C sHBaps 1Mo MapT TeMIlepaTypa B BEPXHEM cJIoe 0OJIOTa ocTaBajach B
npenenax —2...—6°C BoO Bce rojibl HaOMIONEHUI.

Haunbonpmme cpemane MecsIHbIe TEMIIEPaTyphl BEPXHETO MOXOBOTO CII0st 00-
nota 3a(h)MKCUPOBAHbI B MIOHE WJIM UIOJIE U NoBbImaiuch ot 18,4 1o 20,2°C B Te-
yenue 2014-2016 rr. B Bepxaem 20-cCaHTUMETPOBOM CJI0€ PA3HHIIA TEMIIEPATYPHI
Mexay rogamu cocrasuia 1,5-1,8°C, a ¢ mryOunsl 30 cM M HUXKE COKpaTHIIach
10 0,5-0,7°C. B Teuenne nera nporpeBanne BepxHero 20-CaHTUMETPOBOTO CIIOS,
IJIe OTCYTCTBOBAIIN OOJIOTHBIE BOABI M COCPEAOTOUEHBI KOPHEBBIE CUCTEMBI pacTe-
HUH 1 )KUBBIE MXH, IPOUCXOAMIO PAaBHOMEPHO (CPEIHSSI MECSIHAs TeMIeparypa
17-20°C), pa3auna mexay rmyonHamu 2 u 20 cM cocraisuia okono 1,5°C mis
KaX10T0 JeTHero niepuona (cm. puc. 1). Ha miryoune 30 u 40 cM, riae nepuonu-
YeCKH MPHUCYTCTBOBAIN OOJIOTHBIC BOABI, TEMIIEPATypa CHIKANACh Ooliee cylie-
ctBeHHO: Ha 1,5-2°C kaxxasie 10 cMm. B HIDKenmexxanux moCTOSHHO HACBHIIIEHHBIX
OOJIOTHBIMH BOJIaMU CIIOSAX JlajbHEWIIee YMEHBIICHNE CPeHEH MECSYHOU TeM-
niepatypsl Ha 1-1,5°C mpoucxoanio depe3 kaxapie 10 cm 1o miryounsl 80 cM.
Cpenusis MecsiyHasl TeMIeparypa JeTOM Ha MPOTsHKEHUH BTOPOTO METpa 3aIeku
He npesbimaia 9°C, Ha iryoune 2,4 M — 5°C, a Ha miyouHe 3,2 M — 4°C.

MaxkcumanbHble CpeTHIE CYyTOUHBIC TEMIIEPATYPhl B IOBEPXHOCTHOM cit0e 00-
J10Ta 3a()MKCHPOBAHBI TAKKE B MIOHE U HFoJie, cocTaBuB 24,7°C B 2014-2015 T u
23,2°C B 2016 1., a TemriepaTypa BO3JyXa B COOTBETCTBYIOIINE JTHH OTUX Ke JIET
nmocturana 25,9; 26,3 u 24,2°C.

B 3umuuii nepuos Best TopdsiHas TONIA OOBIYHO OXJIaXAajach 0 CPETHHUX
MECSIYHBIX TemIieparyp He Hike —6°C, B TO BpeMsl KaK CPeIHsIsl MECSIIHAs TeMIIe-
parypa Bo3amyxa omyckanach Hike —20°C B deBpane 2014 . u suBape 2016 . u
m3mMensach ot —15 1o —17°C B staBape 2015 1 2017 rr. B To ke BpeMst camble HU3-
KHE CPETHHUE CYTOUHBIC TEMIIEPATYPhl BEPXHEH TOMIIH TOP(SIHON 3aJICKHU TPHXO-
JIAITICH BCETa Ha HOSIOpb, ormyckasch o —11...—17°C, korna emé He chopMupo-
BaH TEIUIOM30IUPYIOIINI CHEXKHBIN MOKPOB M HU3KHE TEMIIEPATypPhl MPOHUKAIOT
BIIYyOb MOXOBO-TopdsiHO# Toimmy. Tak, B 2012 u 2014 . MUHUMYM TeMITEpaTyphl
Ha ryouHe 2 cM cocrasui —10,9 u —11,3°C npu temmneparype Bozayxa —17,3 u
—18,9°C coorBercTBerHo. B HOs10pe 2015 u 2016 rT. 3adMKCHPOBaHBI CHIILHBIE
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MOPO3BI CO CpPEeHEN CyTOUHOM Temreparypoii Bozayxa —22,0 u —28,7°C, remriepa-
Typa IIOBEPXHOCTHOTO cJI0s1 6osioTa ocraBanack —15,7 1 —15,4°C cOOTBETCTBEHHO.
B 2013 1. HOsIOp® OKa3alicss aHOMAIILHO TEIUIBIM, TEMIIepaTypa Bo3Iyxa He OIyCcKa-
nack Hrxe —9°C u Temmneparypa BepXHero ciost 6osora cocrasmia —5,4°C.

Temneparypa, °C

S Tefelefois ool o v ootelEe e d ol ol

2012 2013 2014 2015 2016 2017

Tone! U MeCsIBl
[Years and months]

—T eosnyxa —2cM —10 cm 20 cm —40 cm —80 cm —160 cm —240 cm

Puc. 1. [lunaMuka xoa CpeAHUX MECAYHBIX TEMIEPATyp BO3Myxa (110 JaHHBIM
MeTeoCTaHMK bapaObuHCK) U TOPQSHON 3aIekKH Ha Pa3HBIX ITyOnHAX
[Fig. 1. Dynamics of monthly air temperature (according to Barabinsk
meteorological station) and peat deposit temperature at different depths.

On the X-axis - Years and months; on the Y-axis - Temperature, °C]

CpenHue MecsiuHbIE 3UMHUE TEMIIEpaTypbl (C HOSIOps IO (peBpab) MOBEPXHOCT-
HOTO ¢J10s1 00J10Ta CHIKAIMCE TOJ OT Toza, HaunHas ¢ —2,0°C 8 2013/14 1. mo —5,1°C
B 2016/17 1., XoTst 6onee cypoBble U Oojee MATKUE 3UMbI UEPEOBAIICH B TEUCHUE
BpeMeHH HaOmoneHuid. OTpHIarelIbHbIC TEMITEPaTyphl POHUKAITH JI0 TIIyOUHBI 40 cM
BO BCe rofpl, a B Mapre—anpesne 2016 r. ormeuens! Ha mryouse 60 cM. Hike 60 cm
CPEIHSISI MECSTIHASI U CPeHSSI CyTOYHAsT TeMIIeparypa 3ajie)kKi BCEIna OCTaBalach B
30HE TMOJIOKUTENBHBIX 3HadeHni. Haunnas ¢ mryOounsr 40 cM U HIDKe, pa3HHULA 110
roflaM MeXIy MUHUMAIBHBIMA CPETHUMH MECSIHBIMH TEMITEpaTypaMy COCTaBHIIa
0,2-0,6°C, B TO Bpemsi kak B BepxHel 20-cantumerpoBoi Tomue — 3,5-4,3°C.

B otnmumne ot Takoro ke 0010Ta B FOXKHOW Taire 3amagHoid Cubupu [12] B
Top(sHOM 3aexu HukomaeBckoro psiMa cpeiHie MecsvHble JIeTHHE TeMIlepary-
PHI BBIIIE, @ 3UMHIE TEMIIEPATyPhI CXOIHBL.

CyTouHble koje0aHHs TeMIIepaTyp UM MECTO B JIETHEE BpeMs, U yxkKe Ha
miyouse 30 cM oHH cocTaBisui okoio 2°C, a Ha miyoune 40 cM — OTCYTCTBO-
BaJM. B TO e BpeMs B I0)KHOTa&)XHOM 00JI0TE CyTOYHBIE KoJIeOaHUs 3aTyXallu
yxe Ha mryoune 15-25 cMm [9]. OdeBuiHO, O0OJIee HU3KOE CTOSTHHE OOJOTHBIX BOI
HuxonaeBckoro psima ornpezesnsieT 60NbIyto yOHHY IPOHUKHOBEHHUS CYTOYHBIX
koseOaHuil. MI3MeHeHne TeMmeparyp B CBSI3H ¢ KPaTKOBPEMEHHBIMHU MTOTOTHBIMH
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(GIYKTyarusiMi [UINTETIFHOCTHIO B HECKOJIBKO THEH OTpa)kaJloCh Ha JTHHAMEKE
Temneparyp 10 r1younsl 40 cM. B HHKenexxamx caosxX TeIIOBbIe BOJIHBI CBs3a-
HBI TOJIBKO C TOJIOBOM JUHAMUKOM TEMIIEPATYP.

Xapakrep 3ana3/pIBaHus TEIUIOBO BOJIHBI B BEPXHEM a3pUPYEMOM CIIO€ TOP-
(sTHOI 3a7IeKu pa3nuJaics B pa3HbIe TOABI B 3aBUCHMOCTH OT THIPOJIOTHYCCKUX
Y OTOHBIX ycnoBuid. Tak, B 2014 1. 3ama3npiBaHie MaKCUMyMa TeMIIepaTypbl Ha
Mecs oTMedeHo Ha riyouHe 30 cm, a B 2015 1. — yke Ha miryOuHe 15 ¢M, U B 3TOM
rojly MaKCUMYM B ITIOBEPXHOCTHOM cJI0€ HaOMNIOAaNCs B MIOHE, a He B UIOJIE, KaK B
npyrue roasl. B 2016 1. Bo Bceit Tomme 2—40 cM cABUTa TeMIepaTypHOTO MaKCH-
MyMa, KOTOPBIN MIPUXOANIICS Ha HEOJb, TIO IAHHBIM CPETHUX MECSAYHBIX 3HAYCHUH,
He HaOMIOMAN0Ch. TO MOXKHO CBS3aThb C TEM, YTO B 3TOM TOAY OOJOTHBIC BOIBI
CTOSUIM BBICOKO, CHUKAsICh OT 8 CM B KOHIIE ampests JIMIIb A0 25 ¢M B KOHIIE HIOJIH,
¥ TOJIBKO OCEHBI0 OHM ynanu Hike 60 cm. B 3anexu amke 60 cMm, r1e mocTosH-
HO MIPHUCYTCTBOBAJIA OOIOTHBIC BOJIBI, TUHAMMKA 3aMa3/IbIBAaHUS TETIOBOM BOJIHBI
OJIMHAKOBAa M3 roj1a B Tox: B cioe 60—-80 cM MakcuMalbHBIE MECSUYHBIE TeMIIepa-
Typbl 3a(UKCUPOBAHEI B aBrycte, B cioe 120-160 cMm — B ceHtsbpe, Ha ryOuHe
240 cM — B OKTsI0pE, a Ha 1youHe 320 cM — B Jiekadpe, T.€. 3/1eCh 3aIa3IpIBaHue
COCTaBUJIO 5—6 MEC OTHOCUTEIILHO MTOBEPXHOCTH.

Cpeonue 20006ble 3HaUCHUA MeMnepamyp, 20008as AMRIUMYOA U CyMMA
memnepamyp. CpenHsisi TOf0Bas TEMIIepaTypa CocTaBuiIa Ha IIyouHe 2 cM 4,8—
5,1°C, noutn He uaMeHwIach Ha TiryouHe 20 cm (4,7-5,1°C), yMeHbITWIACH HA
myoune 60 cm o 4,3—4,6°C u ynana Ha niryoune 240 cm no 3,3-3,7°C. B kax-
IIBIH TOJT HAOMIOIEHHH OTMEUEHO HEOOIBIIOe YBETMICHNE CPEIHNX TOTOBBIX 3HA-
yeHuid Ha ryOnHax 5 u 20 cM. [lomyyeHHbIe A7 TOBEPXHOCTHOTO CJIOS 3HAYCHHS
Ha 0,6—0,9°C BhIIIe, YeM B FOXKHOM TalTe, M CHIKEHUE TEMIIepaTyphl C TITyOHHOMN
B HukonaeBckoM psiMe cylliecTBEHHEE, YeM B IOJKHOM Taiire, I/ie roioBasi TeMIie-
patypa mano mensiack Hmke 20 e [12].
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Puc. 2. T'omoBas aMIiMTyaa TemMreparyp Ha pasHbIX [TyOHHAX TOPMIHOM 3aJIeKH
[Fig. 2. Annual amplitude of temperatures at different depths in the peat
deposit. On the X-axis - Depth, cm; on the Y-axis - Amplitude, °C]
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lomoBas ammnTyna TeMIeparypsl MOUBEI Ha ITyonHe 20 ¢M MO3BOJISET OIle-
HUTh CTENIeHb KOHTHHEHTAIbHOCTH 110oYB [20]. AMmuTyna cocrasuia 19,2; 20,0
n 23,4°C ¢ 2014 mo 2016 1., 9TO AJIT MUHEPATBHBIX TTOYB COOTBETCTBYET YMEPEH-
HOMY KOHTHHEHTAIBLHOMY KIMMAaTy. [00BbIC aMILIMTYIbl CHUXKAIUCH BHHU3 IO
npo¢pmiro (puc. 2). B Bepxaux 30 cM pa3HHIla MeXIy rogamMu coctaBmia 2—3°C,
a B HIDKeNexXalei TopdsHOH 3ae)y aMIUIUTyja OCTaBajlach CTaOMIBHOM, pa3-
HUIIBI MEXy TOAaMH He HaOIIoaanock. [1o cpaBHEHHMIO C I0KHO-Ta&KHBIM 00II0-
ToM [12], aMmmuTy1a B IECOCTEITHOM PSIME OKa3ayach BhIIIE HA IITyOHHE 2 CM Ha
4-9°C u na ryoune 80 cm — Ha 4°C.

CyMMa HOJIOKHUTENBHBIX CPETHUX CYTOUHBIX TEMIIEPATyp XapaKTepU3yeT Tell-
J1000€CIIeYeHHOCTh OMOTHI. DTOT IMOKa3aTeib B IIOBEPXHOCTHOM CJIoe 00JI0Ta CO-
ctasui ot 2200 mo 2400°C, yBenuuuBasich u3 roga B roj (puc. 3). B ato xe Bpe-
Ms CyMMa TTOJIOKUTEIBHBIX CPEIHIX CYTOUHBIX TEMIIEpPaTyp BO3IyXa paBHsIIACH
2400-2700°C, T.e. HOBEpXHOCTb 0010Ta BecbMa 3(h(HEKTUBHO AKKYMYIUPYET TeIl-
JI0 B TEUEHHE BEreTalMoOHHOT0 neprona. Jlo mryounst 20 cM 3Ta BennurHa CHU-
’&ajlach MEJUICHHO, U cocTaBmia 3aeck 2000-2200°C. Mexnay 20 u 30 cMm cym-
Ma TeMIepaTryp CHIDKaIach ObIcTpee, a TIyO)ke CHI)KEHHE OISATh 3aMEITHIOCH
B CBSI3U C TIOCTOSIHHBIM MIPUCYTCTBUEM OOJOTHBIX Boa. Ha rmy6une 2,4 M cymma
MOJIOKUTETHHBIX TemriepaTyp Ha 1000°C MeHbIie, 4eM B TOBEPXHOCTHOM CIIOE.

2500

2000
E: o 1500
gz
& £ 1000
z e
= 2
g5 500
£
=
¢ 11
-500
-1000
Tiybuna, cm [Depth, cm]
TlonoXuTEIBHBIC TEMIICpaTypbl OTpVH[aTCJTbHBIC TEMIICpaTypbl
[Positive temperatures] [Negative temperatures]
B2012/13 m2013/14 W2014/15
B2014 @2015 ®2016 @2015/16 @2016/17

Puc. 3. Cymma monoxXuTeNbHBIX 1 OTPULIATEIBHBIX TEMIIEPATyp Ha Pa3HBIX ITyOMHAX
TopsiHO# 3aneKu
[Fig. 3. The sum of positive daily temperatures is shown by hatching, the sum of negative daily
temperatures - by solid filling. On the X-axis - Depth, cm; on the Y-axis - Temperature, °C]

CyMMa OTpHUIATENIbHBIX CPEAHUX CYTOYHBIX TEMIIEparyp, Kak U cyMMma ToJIo-
KUTENBHBIX TeMIIepaTyp, UMela TCHACHIIUIO YBEIMUYCHUS (II0 MOIYIIO) B TeUe-

HUE MATH 3UMHHX MEPHOI0B. B TO ke BpeMs cymMMa OTpHUIIaTeNIbHBIX TEMIIEPaTyp
Bo3ayxa cocrapmia Hke —2100°C B 2012/13 1 2016/17 rr.; —1660...—1665°C B
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2013/14 u 2015/16 rr.; 1 oxoso —1880°C B 2014/15 1., T.e. AMHAMUKA U3MEHEHMS
9TOTO MapameTpa JUIs BO3ayXa U MOXOBO-TOP(SHOI 3aJIe)KU HE COBIIAIACT B CBS3H
C I3MEHEHHUEM TI0 TO/IaM MOIITHOCTH M BPEMEHH YCTAaHOBICHHS CHEKHOTO TTIOKPO-
Ba, KOTOPBIN OKA3bIBACT CYHICCTBEHHYIO POJb B TEMIICPATYPHOM PEXKHME IMOYB
B 3UMHMIA mepuoja. Tak, B HauOosee xonoaHyro 3umy 2012/13 r. mepBbIii cHer
BBIMNAJ MO3Ke 00BIYHOTO, HO €r0 HAKOIICHUE IIJI0 MHTEHCHBHO B HAYaJe 3UMBI,
TaK YTO CIIOW CHera MOIHOCThIO 20 cM chopmuposancs kK 13 HosOps. B Takyro
ke cypoByto 3uMy 2016/17 1. ciioif cHera Toii k€ MOIIHOCTH C(OPMHUPOBAIICS K
24 Hos10ps1. 3umoit 2013/14 1. CHEXXHBIH MOKPOB YCTAHOBHIICS TOJIBKO 2 JIeKaops,
KOTJIa TIOCJIe OOMIBHOTO CHEroIaia €ro MOIHOCTh cTana 15 cM, OfHaKo BBICOKOE
CTOSTHHE OOJIOTHBIX BOJ OCEHBIO M aHOMAJIFHO TEIIAs ITOTo/1a B IIPEIBIAYIIHNIT TTe-
PHOJI C CYMMO# OTPHIIATENLHBIX TEMIIEpaTyp B 3—4 pa3a MEHbIIICH, UeM B IpyTUe
TOJBI 32 OTOT K€ OTPE30K BPEMEHH, 00yCIOBIIA MUHUMAIBHYIO CYMMY OTpHIIa-
TENBHBIX TEeMIlEpaTyp B 3Ty 3uMy. C IyOUHO# cyMMa OTpHUIIATEIbHBIX TeMIIepa-
TYp IUTABHO YMEHBINANACK: CTab0 — B BEPXHEM JCCATHCAHTHMETPOBOM CIIOC H
pe3ue — B Hmkenexareit Tonme. C nry6unsl 60 cM oTpuIaTebHbIe TEMIIEepaTy-
PBI OTCYTCTBOBAIIH.

ConHevHasi PHEPrUsi aKTUBHO MPEoOpa3yercsi U aKKyMYyJIHPYETCs B IOYBE
B TIpOIIECCEe TEIUIOOOMEHa MEXKAY TPH3EMHBIM BO3AYXOM, MPU3EMHBIM PacTH-
TEJNBbHBIM TOKPOBOM, MOYBOKH M mouBooOpasyromieid mopojou [21]. ITostomy
OTHOIIECHHSI CYMMBI TEMIIEpaTyp MOYBBI K CYMMaM TEMIIEpaTyp BO3AyXa — 3TO
MHTErPaJIbHBIN 10Ka3aTellb, KOTOPBII XapaKTepHu3yeT CIIOCOOHOCTh U CTENCHb
MIPOTPEBACMOCTH IIOYBEI, YTO MMEET Ba)KHEHIIee 3HAYCHHE B OMOIOTHIECKUX
U (HU3UKO-XMMHUYECKUX mporeccax. OIHUM W3 TaKUX IOKa3aresieil SIBISIOTCS
N-(axTopsl, KOTOpBIE PACCIUTHIBAIOTCS KaK OTHOIIEHUE CYMMBI CPEIHUX CyTOU-
HBIX TEMIIEPATyp MOBEPXHOCTH IOYBBI K CYMME CPEIHUX CYTOUHBIX TEMIIEPATyp
Bo3myxa. OHH pa3TMUYarOTCs B Pa3HBIX MIOYBEHHO-PACTUTEIBHEBIX THITAX (OHoreo-
[IEHO03aX) ¥ MOTYT OBITh MHCTPYMEHTOM MapamMeTpU3alliy MPU MOICIUPOBAHIH
TeMIieparypHoro pexuma [22, 23]. MbI paccauTany OTHOIICHHE CyMMBI CPEIHIX
CYTOUHBIX TeMIIEpaTyp Ha DIyOWHE 2 CM OT MOBEPXHOCTH MOXOBOTO IMOKPOBa K
CyMME CpPEIHHX CyTOYHBIX TEMIIEPATyp BO3MyXa, IIOCKOIBKY OTCUET TITyOMHEI B
HAIllEM UCCJICJIOBAaHUU BEJICS OT MOBEPXHOCTH 0OJIOTA, a BEPXHUE 2 CM B TaKUX
00JI0Tax — ATO IO JKUBBIX c(harHOBBIX MXOB. EIIé oinH 00menpuHATHII TepMU-
YEeCKHI TTOKA3aTellb PACCUUTHIBAIOT KaK OTHOIICHUE CYMMBI CPEIHUX CYTOUHBIX
TEMITepaTyp MMOYBHI Ha TTyonHEe 20 CM K CyMME CPETHHUX CYTOUHBIX TEMIIEPaTyp
Bo3ayxa [20, 21] (tadin. 2). CooTHOLIEHHE TTOJIOKUTENBHBIX TEMIIEpaTyp CHU3U-
nock ¢ 2014 x 2016 1., 9TO TOBOPHUT O CHMIKCHHUH TOTJIOMIEHHUS TEIjla TOBEepPX-
HOCTBIO 00JIOTa B TEUCHHE JTHUX JieT. HampoTHB, COOTHOIIICGHUE OTPUIATEILHBIX
TEMITEpaTyp, KOTOPOE XapaKTepHU3yeT aKKyMYIIIIIIO XOJI0/Ia B 3aJIC¥KH, 0Ka3aI0Ch
HIDKE B TCUCHHUE MEPBBIX JBYX 3MM M BO3POCIIO B TOCICAYIOIIUE TPU 3UMHUX TIe-
puona. Huskyro akkymynsiuro xonoaa B 3uMy 2012/13 . MbI CBS3BIBAEM C HHTCH-
CHBHBIM CHETOHAKOIJICHUEM B Hadasie 3UMbI, KOIjia yxe K 13 HOSIOpsi MOIIIHOCTh
CHEXXHOTO TOKpoBa mocturia 20 cM, B TO BpeMs Kak B OCTaJIbHBIC 3UMHHC TIe-
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PHOJIBI B 3TO K€ BPEMsl MOLIIHOCTH CHEKHOTO IIOKpOBa cocTaBisuia okono 10 cm.
B cnenyronryto 3umy 2013/14 r. HakomIeHUe CHera, HA00OPOT, LIJI0 MEUICHHO,
a HU3Kasl aKKyMYJUILIS XOJIOZA BBI3BaHA aHOMAJIBLHO TEIIOW MOTONOI B TeYeHHe
OKTOps—HOSO0Ps, 0 4EM CKa3aHO BBIIIE, & TAK)KE HETUIIMYHO BEICOKUM YPOBHEM

CTOSTHYSI OOJIOTHBIX BOJI (Ha TiTyOnHE okoio 20 cm).

Ta6mnuma 2 [Table 2]

CoOTHOLIEHUS] CYMM IOJIOKUTEJILHBIX M OTPULIATE/ILHBIX TeMIIEPaTyp
Ha nIyOouHe 2 M (B yucautese) 4 20 cM (B 3HaMeHaTeJIe) K 0JI0KUTEIbHBIM
M OTPUIATEIbHBIM CyMMaM TeMIEPaTyphbl BO3AyXa
[Ratio of positive and negative temperature sums at a depth of 2 cm (in the numerator)
and 20 cm (in the denominator) to positive and negative sums of air temperatures]

CyMMBI TEMIIEpATYP Tonpbl [Years]
[Temperature sums] 2012/13 2013/14 2014/15 2015/16 2016/17
TTosoxxuTenbHbIE Her manabix Het manabIx
[Positive] [No data] 0,96/0,82 | 0,93/0,84 | 0,90/0,80 [No data]
Otpuuatenvibie | o0 /013 | 0,18/0,06 | 0,31/0,18 | 0,31/0,18 | 0,34/0,21
[Negative]
0,3
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Puc. 4. Yepenuéunsie o rogam rpaaueHtsl remneparypsl (°C / cm)
Ha pa3HbIX [IyOHHAX, paclpeaeiEéHHbIE [0 MecsIam

[Fig. 4. Temperature gradients averaged over the years (°C / cm) at different depths
and distributed by months. On the X-axis - Depth, cm; on the Y-axis - Gradient, °C / cm]

VYBenmueHne CypoBOCTH KIMMara B TeUCHHE HAOMIONAaeMBIX JIET He MIPOTHUBO-
PEYUT KOHUENIMHU O I100aTbHOM KIMMATHYECKOM IOTEMJICHUH, TOCKOJIbKY €CTh
MOJICTIH, TIPECKA3BIBAIONINE MPH IOTCIUICHHH KJIWMara YBETHUCHHE 3UMHUX
0CAaJIKOB M, B MHOTOCHEXKHBIX paifoHaX, MOHMWKEHHEe MUHUMAJIbHOHN TeMIeparyphbl
TIOYBHI, UYTO ITOKA3aHO /sl ceBepHBIX perrnonoB CIIIA [24].
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I'paouenmor memnepamypul. I paiueHTsl TEMIICPATypHl 3aJICKH OKA3aJIUChH
CXOXKH B OJTHH U T€ JK€ MECSIIbI pa3HbIX JeT. [loaTomy Ha puc. 4 mpUBEICHBI yC-
peIHEHHBIE TI0 TOAaM M3MEHCHHUS TPATUCHTOB C TIIYOHHON JJIS KaXKI0TO MeCSIIa.
['paaueHThI TEMIIEpaTyphl SIBISIFOTCS MOJOKUTEIBHBIMU, KOTJA TIOTOK TEIlia Ha-
TIpaBJICH U3 TIOUBEI B aTMOC(eEpy, T.€. MPOUCXOANT OCTHIBAHUE TOP(DSHOH 3aIeKH,
U OTPUIATEIFHBIMHE, KOTJIa TOTOK TeIUIa HAMpaBJIeH B 0OpaTHOM HANpaBICHUH,
T.€. IPOUCXOAUT MIPOTPEBAHIE TIOUBHL.

B 3umMHue Mecsipl, ¢ nexadps mo ¢GeBpaiib, U3MEHEHUs TPAUEHTOB C TITyOH-
HOU MICHTUYHBI, U TPAJUCHTHI HMEIOT HEBBICOKHE TIOJIOKHUTEIBHBIC 3HAUCHUS C
MakcuManbHbIMU 3HaUeHusIMU 0T 0,107 110 0,126°C/cMm Ha rmyoune 15-30 cm, rae
MTOCTETIEHHO 3aTyXaeT IMPOHUKHOBCHHE BOJHEI Xoiona. CaMble BBICOKHE IONO-
JKHUTENbHBIC TPAJIUCHTHI OTYYCHBI TS HOSIOPsI, KOT/Ia IPOUCXOIUT HHTCHCUBHOE
OCTBIBaHHWE W HAWOOJbBIICe MpOMEep3aHnue MOouBhL. [louTn ognHAKOBBIC ¥ MHUHU-
MaJIbHbIE MOJIOKUTENbHBIE TpanueHThl (10 0,065 °C/cm Ha miybune 15-20 cm)
OTMEUCHBI B MapTe M CEHTIOpE C TOH pasHHIEH, YTO B MapTe TPaUeHTHI BCeTna
MOJIOXKUTEJIBHBI, @ B CEHTSIOpE CTAHOBSTCS OTPUIATENBHBI B ciioe Hibke 40 cMm,
KOTJIa 3aIa3abIBAIOIIasl TETIOBAs BOJHA JOCTHTACT TITyOOKUX CIIOEB.

OTpunarenbHbIe TPaIUEHTHI TEMIICPATyPhl XapaKTEPHBI IS TEIIOTO BpeMe-
HU ToJia — ¢ ampedis Mo aBryct. Haubombime 3Ha4eHus (110 MOJIYIII0) TIOJTYYCHBI
JUTSL Masi BO BpeMsI HHTEHCHBHOTO IPOrpeBanusi. B TeueHue jera, ¢ HaChIIIEHUEM
TOp(SHON 3aJeKN TETUIOM, OHH ITOCTETICHHO YMEHBIIAJICh, a TAK)KEe IIPOUCXO-
JIAJT CIBUT MaKCUMAJIbHBIX 3HaYeHUH ¢ rmyOounsl 20-30 cM Ha rmyouny 40-60 cm
BCJIEZ 32 MAaJICHUEM YPOBHS OONOTHBIX BOJ, KOTOPEIC, IO-BUANMOMY, OTPaHIIH-
BaIOT MaKCUMaJIbHbIC a0CONIOTHBIC 3HAYCHUS IPAJIUCHTOB, IIOCKOIBKY 3/1ECh MPO-
XOIIUT I'PaHUIla a3PUPYEMOTO U HACBIIIICHHOTO BOJIOM clI0€B Topda. B oTimmuane ot
HuxkonaeBckoro psiMa, B IOXKHOTa&KHOM BEPXOBOM 0o0JioTe 00Jiee BBICOKOE CTO-
sTHUE OOJIOTHBIX BOJ OOYCIIOBMIIO HaWOONBIINE aOCONIOTHBIC 3HAYCHUS JICTHUX
rpaauenTtoB B cioe oT 10 10 20 cm [9].

Jlunamuka npomepzanusn u ommaueanusn. OCEHbIO U BECHOH, Tepe] ycra-
HOBJICHHEM CTaOMIBHBIX OTPUIATEIBHBIX WU MOJOKUTEIbHBIX TEMIIEPaTyp B
I0YBE, BCET/Ia MIPHUCYTCTBOBAJ IIEPEXOIHBIN MEPHOJI, B TEUCHHE KOTOPOTO TeMIIe-
parypa kojebanach BOKPYT HYJIEBOW OTMETKH B TEUEHHE CYTOK I HECKOJIBKHX
nqHei. OceHbI0 B MOBEPXHOCTHOM clioe Oonora oH Hactynai ¢ 30 ceHTsOps (B
2014 r.) mo 15 oxts10pst (B 2012 1) u 3akanumBancs mexay 18 oxtsiops (B 2016 1)
u 7 HostOpst (B 2013 1), Tak 4TO €ro JIUTEIBLHOCTh COCTaBMsuIa OT 12 10 25 mHei
B cioe 2—15 cM (puc. 5). Hanbonpias JUTENbHOCTh ATOTO NIEproja OTMEUeHa
B 2013 u 2014 rr. C m1yOMHOM MPOUCXOAMIIO €ro CMEIIeHHe Ha 0ojiee TIO3THHE
CPOKH M COKpallleHHe JuTenbHoCTH. Tak, Ha miyoune 15-20 ¢cM oH HacTyman B
niepuont 4 okTa0ps — 21 HosIOps ¥ iponokancs 8—17 aueit. Ha rmyoune 30—40 cm
MEPEXOIHOTO MIEPUOa He HaOII0IaNoch, TEMIIEPATypa B TCUCHUE OTHOTO IHS
OTIyCKaJlach IO MUHYCOBBIX 3HaUCHHH, 3a ucKitoueHnem ocean 2012 .

BecHotli Takoil ske Iepro TeMIIEpaTyp, KOJICOIIOMMXCS BBIIIC U HIKE HYJIe-
BOW OTMETKH, HAYMHAJICS M 3aKaHUMBAJICS MEXAy 2 ampens u 21 mas u oueHb
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OBICTPO OXBAaTHIBAaJ BECH CE30HHOMEP3MBIN cioi. M3-32 TOCTOSHHBIX HOYHBIX
3amopo3koB B 2014 1. ero amutensHOCTh Aocturia 49 nueit, B 2015 u 2017 rr.
cocraBmia 21-25 nueit, a B 2013 u 2016 rr. — 12—17 nueit. C nryOUHOM JITUTEIh-
HOCTb 3TOTO TIEpUOJa TAK)KEe CHHUKAJIACh, OOBIYHO MPOMOPLUUOHATIBHO JAITUTEIb-
HOCTH B TIOBEPXHOCTHOM cJioe. B To xe Bpems B 2014 1., Kor1a moiokuTeabHbIe
U OTpHLATEeNbHbIE TEMIIEPATypbl B BEPXHEM CIIO€ CMEHSUIUCh Ha MPUTSHKEHUH
2,5 Mec, ce30HHas Mep3noTa Ha TiryonHe 40 cM Mcueslia B TeueHUE JIBYX JHEH, a
B 2016 ., KorAa Uit yCTaHOBJICHUS TIOCTOSIHHBIX TTOJIOKUTENBHBIX TEMIIEPaTyp B
BEPXHEM CJIO€ TIOHATI00MIOCH MEHEE IBYX HeJelb, Ha IIyOuHe 40 ¢M ATOT Ieproz
pacTAHYJICS MOYTH HA MECSIIL.

Tabauma 3 [Table 3]
JlimTebHOCTH 6€3MOPO3HOTO MEePUOAA (B YUCIUTENE) U ATUTEIbHOCTD epuoaa
€ MOJIOKUTEJILHBIMH CPeJHUMH CYyTOUHBIMH TeMIlepaTypaMu (B 3HaMeHaTeJ1e)
[The duration of the frost-free period (in the numerator) and the duration
of the period with positive average daily temperatures (in the denominator)]

MakcumaibHasi pa3Hu-
[1a MEKIy rofjaMu, THA
[Maximum difference
between years, days]

I'my6una, cm Tonpr [Years]
[Depths, cm]

2013 2014 2015 2016

2 168 /202 [ 132/196 | 133/193 | 170/ 194 38/9

5 173 /207 [ 132/200 | 133/202 [ 170/ 195 41/12
10 181/206|132/197 | 133/205|170/192 49 /14
15 182 /207 | 152/196 | 187/204 | 170 /192 35/15
20 201/218 [ 161/197 | 187/209 | 172/196 40/22
30 245/251 | 153 /201 | 191/208 | 191/203 92 /50
40 282 /286 | 182/212[198/202 | 179/194 103 /92

JnutenbHOCTh 6€3MOPO3HOTO EPHOJIA PACCUUTHIBAIOT 10 YUCITY JHEH MEXITY
nocJieiHer 3aUKCUPOBAHHOM OTPHUIIATEIILHOW TEMIIepaTypol B BECCHHHUI TIepH-
Ofl U TEpBOil OTpHULIATENBbHON TeMIepaTypoil B oceHHui nepuoa [25]. Msl pac-
CUHTAJIH ATOT TIOKA3aTeNb I MOXOBO-TOP(MSIHOM 3aJIeXkKH psiMa, TIOCKOJIBKY ¢ HUM
CBSI3aHO (DYHKIIMOHUPOBAHUE MOYBEHHOM OMOTBHI, BKIIOYAsk KOPHEBBIE CHUCTEMBI
pactenuii. Pasnuna B JunTensHOCTH 0€3MOPO3HOTO MEPHOa MEKITY TOJaMH J0-
crurana 1-1,5 mec B BepxHeM a3pupyeMoM 20-caHTUMETPOBOM cioe (Tali. 3).
B cnoe 30—40 cM, KOTOpBIN HEMOCTOSTHHO HAXOIUTCS B 30HE BIUSHHS OOJOTHBIX
BOJI, AJTUTEJNBHOCTH NIEPUOAA YBEINUMBAIACh U JocTUrana okonao 100 queit. B ot-
JIM4YUE OT NPEBIIYIIEro napamMerpa, NpoAoLKUTEIbHOCTh NIEPUOA C TEMIIEpa-
Typoil Beimie 0°C yuuTHIBAET YHUCIIO AHEH C MOJOXKUTENBHOI cpeiHel cyTouHOM
TEMIIEPaTypOi, KOTOPbIE MOT'YT IIEPEMEKATHCS C AHAMM, KOTJJa CPEJIHSIS CyTOUHAs
TeMmIeparypa oTpulareibHa. JTOT MoKa3areib OcTaBalics Oojiee CTaOUILHBIM B
TEUCHHNE N3y9IaeMOTO IepHo/Ia, COCTaBUB 196+2 HS B TOBEPXHOCTHOM CIIOE (CM.
tabm. 3). [lo nry6uns! 20 cM pa3HHUIA 110 TOjlaM yBEJIHUUBAIAch 10 TPEX HEelb,
a Ha iryoune 30 u 40 cM coctaBuna 50 U 92 THS COOTBETCTBEHHO.
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504 2012/13 bl 2013/ 14
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60
X XI X 1 ImuiIv v X XIXII' I II I iIv v
Mecspl [Months] Mecsiupl [Months]
504 2016 /17
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Puc. 5. Jlunamuka BBICOTBI CHEKHOT'O ITOKPOBA (IO JaHHBIM METEOCTAHIIUN
Bapabumck [17]) v m1yOuHBI CE€30HHOMEP3IIOTO CJI0S B Pa3HbIE TO/bI HAOIONCHUIA.
TémHOI 3aMMBKOH MOKa3aH CJIOU C HOCTOSHHBIMU OTPUIIATEILHBIMU TEMIIEPATypPaMHu,
CBETJION — MEPHO/] YePEIYIOIIErocs IPOMep3aHusI-oTTanBanus. Pacuér ryOuHbI mpo-
Mmep3anust 3umoit 2012/13 u 2013/14 rr. npoBeaéH cTanAapTHBIM MeTomoM [25]
[Fig. 5. Dynamics of snow cover depth (according to Barabinsk meteorological station [17]) and
the depth of the seasonally frozen layer in different years of the study. Dark fill shows a layer with
constant negative temperatures, light fill shows a period of alternate freezing-thawing. Calculation
of the freezing depth in winter 2012/13 and 2013/14 was carried out by the standard method [25]]



Temnepamyphulii pesxrcum mop@AHBIX 01UZOMPOPHBIX NOUE SleCOCHEnt 203

[TockonbpKy y OCHOBHBIX HMPOIYIICHTOB BEPXOBBIX OOJOT, C(arHOBBIX MXOB,
(hoTOCHHTE3 HaYMHAETCS MPU TeMIIepaType BO3/yXa 4yTh BBILIE HYJIEBOM, KOT-
Jla CHET IMOJHOCTRIO emé He comén [26], MaHHBIN TTOKa3aTellb MOJKET OKa3aThCs
Oonee MH(OPMATUBHBIM NPU PACCMOTPEHHUH YCIOBUN (YHKIMOHUPOBaHHS 0O-
JIOTHBIX 9KOCHCTEM IO CPABHEHHIO C MapaMEeTPOM «UTUTEIHHOCTH 0€3MOPO3HO-
ro nepuonay. MIHTepecHo, 4To YKUCIIO THEH ¢ HEeMpPephIBHBIMU OTPUIATEIbHBIMU
TeMmIeparypaMu Ha riyouHe 2 cM B HukomaeBckoM psiMe coctaBmiio 16145, a B
Oonee ceBepHOM OomoTe FOKHOU Tairy — 151+£20 [12], 4To MOXKHO CBSI3aTh Kak
¢ Oonee MATKMM MOYBEHHBIM KIMMAaTOM B YCIIOBHSX OONbIIEH OOBOXHEHHOCTH
Y MIPUHAJUICKHOCTH K OTPOMHOMY OOJIOTHOMY MacCHBY KKHOTa&KHOTO 00JI0Ta,
TaK ¥ C MHOTOJICTHIMH KIIMMATHICCKIMH (DIyKTyallusIMH, TaK Kak B I0’KHOH Taii-
r'e UCCIIeI0BaHMS TPOBOMINCH paHblie. [11yOuHa npomep3anus TopdsiHoOit 3aie-
KU JocThTana B arpesne 60 cM B IOCIeIHAE TpH roja HabmroaeHui (puc. S5). [pu
9TOM B HO)KHOU Talre B Te K€ rojibl HaOII0eHUH MaKCUMallbHbIEe TITyOUHBI MTPO-
MEp3aHusT MEHSUTUCH B IBYX psmax oT 31 mo 52 cMm, coctaBuB B cpeanem 38 cM
[27]. MemienHoe npomep3anue 3umoit 2013/14 1. 00bsicHAeTCS KaK TEMIIOM OCEH-
HEH TOT00#, TaK 1 HEOOBITHO BEICOKUM YPOBHEM CTOSTHHSI OOJOTHBIX BOA (OKOJIO
20 cM) mpHU HACTYIUICHWU 3MMBbI. BECHOW OTTaMBaHWe HACTYMaJO MOYTH Cpazy
o Bcel TITyOHMHe Mocie CX0Aa CHeXKHOTOo IMoKpoBa. Ha Hamem Gomote Mep3iora
MOJTHOCTBIO HcYe3alia B Hayasle Masi, B TO BpeMs Kak B IOXKHOM Talire ncue3HoBe-
HYe MEP3JIOTO CII0S IPOUCXOTMIIO B Mae—wnroHe [12].

Becennuii pesepc Temmeparyp B BepXHEH METPOBOi Toie TOp(sHOI 3ae-
KU TIPOMICXOIMI TIOYTH CHHXPOHHO Ha pasHBIX NIyOMHAX B ampele, a OCCHHUM
peBepc NPOIOIHKAJICS ¢ CEHTAOPS MO OKTAOPb.

TemneparypHbIit pesxuM TOPPSHBIX OJTUTOTPO(HBIX ITOYB B JISCOCTEITHOM 30HE
3anagnoit Cubupu omnpenensercsa psaoM (HaKTOpoOB: XOIOM TeMIeparypbl BO3IY-
Xa; CTENCHBIO OOBOMHEHHOCTH M YPOBHEM CTOSHHS OOJIOTHBIX BOJ; IUISL 3MMHE-
ro Mepuoaa — MOLIHOCTHIO M BPEMEHEM YCTAHOBIEHHS CHEXHOTO MokpoBa. [1o
CPaBHEHMIO C TaKUMHM K€ IOYBAMHU FOKHOM TaWI'M, KOTOpPbIE XapaKTEpPU3yIOTCA
CXO/IHBIM OOTaHMYECKUM COCTaBOM TOp(da M aHaJOTMYHBIM (PUTOLIEHO30M, IIPO-
U3paCTAIONINM HA HUX, TOP(SHBIE OMUTOTPO(DHBIC TOYBEI JIECOCTETIN OTINIAIOTCS
YBEITUYEHNEM MOIITHOCTH JICATEILHOTO CIIOS M BO3PACTaHUEM KOHTHHEHTAIbHOCTH
MTOYBEHHOTO KJIUMaTa, 9TO 00yCIOBIEHO 00ee HU3KUM CTOSTHUEM OOJIOTHBIX BOJI.

BoiBOABI

1. B Téruiblii mepro roa TeMreparypHbId peXUM MOXOBO-TOP(MSHON TOJIITH
BEpXOBbIX 00J10T 3anagHo-CHOUPCKOIi JIECOCTENH ONPENEIeTCs X0A0M JIETHUX
TEMITEpaTyp ¥ YPOBHEM CTOSHHUS OOJOTHBIX BOA. B 3mMHMIA epron TeMmeparyp-
HBII PEeXUM TOPGSHON 3aJeKU B MEHBILIEH CTENEHH ONpPENeNseTcss XOA0M TeM-
reparyp BO31yXa U 3aBUCUT OT HAJIWYMsI U BPEMEHU YCTaHOBJIEHUS CHEXHOIO
MOKPOBa U YPOBHsI CTOSIHMS OOJIOTHBIX BOJ B OCEHHUI mepuoj. Kpuruueckum
TIEPHOJIOM SIBIISTIOTCSI OKTSAOPh W HOSIOPb, KOTJIa CHEKHBIA MOKPOB emié He obe-
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CIIEUMBACT TEIUIOM30ILIIHI0. CaMble HU3KHE CPEIHHE CYTOYHBIE TEMIICPaTyphl
MTOYBBI IPUXOJISATCS HA HOSAOPB.

2. B Teuenune m3zydaeMoro rneproaa HaOIONAIOCh yCUIEHHE KOHTHHEHTAb-
HOCTH MOYBEHHOTO KJIMMaTa, KOTOPOE MPOSBISIIOCH B YBEIIMYCHUN aO0COIIOTHBIX
3HAUCHUH CyMM IIOJIOKHUTENBHBIX M OTPHIATEIBHBIX TEMIIEPaTyp, MOHMKECHIH
[IyOMHBI TpOMep3aHus TOPQSIHOH TOJIIH, a TAaKXKe YBETUYCHUH TOI0BOW aMILITU-
TyAbl BepxHero 40-CaHTUMETPOBOTO CIIOS.

3. TemnepaTypHBbIii PeKUM B MOXOBOM IOKPOBE M TOP(SHON MOUBE B TIOBEPX-
HOCTHOM cJ0¢e 10 40 cM 3aBUCHT OT MHOTOJNIETHEH TWHAMUKU OOJIOTHBIX BOJ, Xa-
pakTepusyercss MaKCUMalbHONH KOHTPACTHOCTBIO TEMIEPAaTYPHBIX yCIOBHH, 5B-
JSIeTCsl N3MEHYHBEIM I10 TO/IaM, 9TO JOJDKHO OKa3bIBaTh BIMSHHE HA PAs3IHYMS B
pesxkume (yHKIIMOHUPOBaHUS OUOLIEHO3a 110 TO/IaM.

4. TemneparypHbIii pexxuM TophsHOM 3a1eku HIKe 40 CM KOHCEPBaTHBEH B
CBSI3U C MOCTOSHHBIM MPUCYTCTBHEM OOJIOTHBIX BOJ, YTO ONpEACISET OIUHAKO-
BbIE TOJIOBYIO aMIDIUTYIy W XOJ TEIIOBOW BOJNHBI BIIyOBb, OTCYTCTBHE OTpPHIIA-
TEJBHBIX TEMIIEPaTyp, Hauboee HU3KUE TPaJUEeHTHI TEMIIEPaTyp.

5. Ilo cpaBHEHHIO ¢ TAKMMH K€ IIOYBAMH B IOXKHOU Taiire Top(sHbIC OJIUTO-
TPO(HBIE MOYBBI JIECOCTEITHON 30HBI OTIMYAIOTCS 0OJIee BBICOKMMHU CPEIHUMHU
3HAUCHMUSMH JICTHUX TeMIIeparyp, OOIbIICH TITyOHMHON 3aTyXaHUsI CyTOUHBIX KO-
neOaHuit TeMmeparypbl, 0onee CyIECTBEHHBIM CHIDKCHHEM CPEIHUX TOJOBBIX
TeMIeparyp ¢ TIIyOUHOM, OOJIbIIel TOA0BOM aMILTUTYI0U 110 MpoduIIto, OONbIIeH
IyOMHOHM pacmpocTpaHeHUs] MaKCHUMaJIbHBIX TEMIIEPAaTYPHBIX IPaJIUeHTOB, 00-
Jiee paHHUMH CPOKaMH HCUE3HOBEHHS CE30HHOH MEp3IJIOTHI, a Tarkke OOINbImeit
JUIUTEJILHOCTBIO TIEpHOJia C OTPHULIATENIbHBIMU TEMIIEpaTypaMu U OoJble TiryOu-
HOU TIPOMEp3aHHs, YTO B IIETIOM yKa3hIBaeT Ha 0Oee KOHTHHEHTAJIBHEIC YCIOBHS
B TOP(sIHOI! MOUBE JIECOCTENH 10 CPAaBHEHUIO C F0XKHOM Talroil B CBA3U ¢ HU3KUM
CTOSTHUEM OOJIOTHBIX BOJ.
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Temperature regime of peat deposit of ombrotrophic bogs
in the forest-steppe zone of Western Siberia
(the example of the Nikolayevsky ryam)

Ombrotrophic raised bogs in the forest-steppe zone of Western Siberia are at the
extreme southern limit of their distribution and exist under conditions of insufficient
moisture and are surrounded by saline soils. In the changing climate, it is especially
important to carry out regime observations of various components of such ecosystems.
The aim of this research was to reveal peculiarities of temperature regime of fibrist
histosol at a pine - dwarf shrub - Sphagnum raised bog in the Baraba forest-steppe of
Western Siberia.

We carried out the study at a pine - dwarf shrub - Sphagnum raised bog, Nikolaevsky
ryam (55°08'59"N, 79°02'59"E ). An autonomous soil temperature measurement system
(IMCES SB RAS, Tomsk) was used. Temperature was registered at depths of 2, 5, 10,
15, 20, 30, 40, 60, 80, 120, 160, 240 and 320 cm once per hour, the duration of the
study was 4.5 years (05.10.2012-22.05.2017). We used data of Barabinsk meteorological
station on air temperature, precipitations and snow cover depth (See Table 1).

Average annual temperature of the fibrist histosol in 2-20 cm layer was 4.7-5.1°C
and it decreased at a depth of 240 cm to 3.3-3.7°C. The highest average monthly
temperatures of the upper peat layer were 18.4-20.2°C in summer months, and the
lowest ones were -2.0...-5.1°C and were recorded from November to February.
Simultaneously, monthly air temperatures were -15...-26°C (See Fig. 1). Average
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daily temperatures of the peat deposit were always minimal in November, reaching
-11...-17°C due to the low thickness of thermal insulating snow cover. The annual soil
temperature amplitude in the upper 20 cm ranged from 19 to 23°C in different years,
and it did not change over the years below 40 cm and decreased from 12°C at a depth
of 60 cm to 3°C at a depth of 240 cm (See Fig. 2). Soil temperatures were always
positive below 60 cm. The sum of positive average daily temperatures in the surface
layer of the bog ranged from 2200 to 2400°C, at a depth of 20 cm it decreased by
200°C, and at a depth of 2.4 m the sum of positive temperatures decreased by 1000°C
in comparison with the surface layer. The sum of negative average daily temperatures
was -1660 ... -2100°C in different years of observations (See Fig. 3). The dynamics of
changes in the sums of negative temperatures for air and for peat soil do not coincide
due to the change in thickness and time of establishment of snow cover and the different
water table depths that have a significant role in the temperature regime of the soil in
winter. The ratio of the sums of positive and negative temperatures at a depth of 2 cm
(under a layer of live Sphagnum mosses) and 20 cm to the corresponding sums of air
temperatures characterizes the soil warm-accumulating ability. During several years,
these indicators decreased for positive temperatures and increased for negative ones,
indicating an increase in soil climate severity (See Table 2). Temperature gradients are
positive when the heat flux flows from the soil to the atmosphere, and the peat deposit
cools down; and negative when the heat flows in the opposite direction and the soil is
heated. We observed the maximum temperature gradients in the layer of 15-30 cm, it
is the largest negative value typical of May when the soil is intensively warmed, and
they gradually decrease during the summer (See Fig. 4). Freezing of the soil took place
in October-November; at this time the freezing depth reached 40 cm, and then slowly
descended during the winter. High water table standing and warm weather in autumn
2013/14 caused a decrease in the depth of freezing to 20 cm at the beginning of winter.
In the spring, the thawing of peat deposit began immediately after the snow had melted
and for a few days covered the entire freeze layer (See Fig. 5). The duration of the frost-
free period in the moss carpet (at a 2 cm depth) varied from 132 to 170 days, while
the number of days with positive average daily temperatures was more stable, 161£5
days (See Table 3). During the observation period, average summer temperatures, the
sum of average daily positive temperatures and the sums of negative average daily
temperatures (absolute values) increased, as well as average winter temperatures
decreased and the depth of freezing lowered. The weather conditions of November were
crucial for soil temperature regime during the winter due to air temperature and time
of onset of snow cover with 15 cm thickness or more as well as the water table depth
in autumn. In comparison with the same soils of the southern taiga, fibrist histosols in
the forest-steppe were distinguished by an enlargement in acrotelm thickness and an
increase in continentality of soil climate, which were due to the deeper water table.
This is expressed in higher average values of summer temperatures, a greater depth
of attenuation of daily temperature fluctuation, a more substantial decrease in average
annual temperatures with the depth, greater annual amplitude along the profile, greater
depth of maximum temperature gradients, an earlier seasonal permafrost melting, as
well as a longer duration of periods with negative temperatures and a greater depth of
freezing.

The paper contains 5 Figures, 3 Tables and 27 References.

Keywords: pine-dwarf shrub-Sphagnum raised bog; ryam; forest-steppe zone;
autonomous soil temperature measurement system.

Funding: This research was supported by the Russian Foundation for Basic
Research (Project No 16-55-16007).



208 H.I. Koponamoesa, H.Il. Muponuviuesa-Tokapeea

10.

11.

12.

13.

14.

15.

Acknowledgments: The authors sincerely thank the anonymous Reviewer, whose
careful work has greatly improved the paper.

References

. Stupina NM. Zona lesostepi [Forest-steppe zone]. In: Zapadnaya Sibir’ [Western Siberia].

Rikhter GD editor. Moscow: AN SSSR Publ.; 1963. pp. 376-390. In Russian

. Valutskiy VI. Rastitel'nost’ lesostepnykh ryamov v vostochnoy Barabe [Vegetation of forest-

steppe riams in the eastern part of Baraba]. Turczaninowia. 2011;14(1):109-119. In Russian

. Vasiliev IS. Relation between soil temperature, freezing index and snow depth in Yakutia at

the end of the 20th century. Earths Cryosphere. 2009;13(1):17-23.

. Dyukarev EA. Influence of air temperature and snow cover on characteristics of seasonally

frozen soil layer. Earth’s Cryosphere. 2015;19(3):45-51.

. Sherstyukov AB. Correlation of soil temperature with air temperature and snow cover depth

in Russia. Earth’s Cryosphere. 2008;12(1):79-87. In Russian

. Skryabin PN, Varlamov SP. Ground thermal regime in disturbed landscapes of central

Yakutia. Earth’s Cryosphere. 2013;17(3):44-49. In Russian

. Park H, Sherstiukov AB, Fedorov AN, Polyakov IV, Walsh JE. An observation-based

assessment of the influences of air temperature and snow depth on soil temperature in Russia.
Environmental Research Letters. 2014;9:064026. doi: 10.1088/1748-9326/9/6/064026

. Dyukarev EA. Soil freezing depth forecast using simple regression model. Vestnik Tomskogo

gosudarstvennogo universiteta = Tomsk State University Journal. 2014;387:266-270. In
Russian

. Dyukarev EA, Golovatskaya EA, Duchkov AD, Kazantsev SA. Temperature monitoring in

Bakcharsky bog (Western Siberia). Russian Geology and Geophysics. 2009;50(6):579-586.
doi: 10.1016/j.rgg.2008.08.010

Hu G, Liu H, Anenkhonov OA, Korolyuk AYu, Sandanov DV, Guo D. Forest buffers
soil temperature and postpones soil thaw as indicated by a three-year large-scale soil
temperature monitoring in the forest-steppe ecotone in Inner Asia. Global and Planetary
Change. 2013;104:1-6. doi: 10.1016/j.gloplacha.2013.02.002

Dyukarev YA. Diurnal amplitude of peat soil temperature. Vestnik Tomskogo
gosudarstvennogo universiteta = Tomsk State University Journal. 2012;365:201-205. In
Russian

Dyukarev EA, Golovatskaya EA. Osobennosti temperaturnogo rezhima torfyanoy zalezhi
oligotrofnogo bolota v yuzhnoy tayge Zapadnoy Sibiri [ Temperature regime characteristics
of the peat accumulation of the oligotrophic bog in the southern taiga of Western Siberia].
Geografiya i prirodnye resursy = Geography and Natural Resources. 2013;1:65-71. In
Russian
Soudzilovskaia NA, van Bodegom PM, Cornelissen JHC. Dominant bryophyte control over
high-latitude soil temperature fluctuations predicted by heat transfer traits, field moisture
regime and laws of thermal insulation. Functional Ecology. 2013;27:1442-1454. doi:
10.1111/1365-2435.12127

Kiselyov MV, Voropay NN, Dyukarev EA. Temperature regime of the soil in the sedge-
sphagnum mire of the raised bog in the southern taiga of Western Siberia. Geografiva i
prirodnye resursy = Geography and Natural Resources. 2017;3:110-117. doi: 10.21782/
GIPR0206-1619-2017-3(110-117) In Russian

Shishov LL, Tonkonogov VD, Lebedeva II, and Gerasimova MI. Klassifikatsiya i
diagnostika pochv Rossii [Classification and diagnostics of soils of Russia]. Smolensk:
Oykumena Publ.; 2004. 342 p. In Russian


https://iopscience.iop.org/article/10.1088/1748-9326/9/6/064026/pdf
https://linkinghub.elsevier.com/retrieve/pii/S1068797109000984
https://doi.org/10.1016/j.gloplacha.2013.02.002
https://elibrary.ru/title_about.asp?id=26428
https://besjournals.onlinelibrary.wiley.com/doi/pdf/10.1111/1365-2435.12127
https://elibrary.ru/title_about.asp?id=26428
https://doi.org/10.21782/GIPR0206-1619-2017-3(110-117)
https://doi.org/10.21782/GIPR0206-1619-2017-3(110-117)

Temnepamyphulii pesxrcum mop@AHBIX 01UZOMPOPHBIX NOUE SleCOCHEnt 209

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Stepanova VA, Volkova II. Genesis features of the Nikolaevka ryam in the forest-steppe
of Western Siberia. Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya = Tomsk
State University Journal of Biology. 2017;40:202-223. doi: 10.17223/19988591/40/12 In
Russian, English Summary

Raspisanie pogody: bank gidrometeorologicheskikh dannykh [Weather forecast:
Hydrometeorological data bank] [Electronic resource]. Available at: http://rp5.ru (accessed
16.11.2017).

Klimat gorodov mira (1981-2010 gg.) — ezhemesyachnye dannye: bank dannykh
Gidromettsentra Rossii [Climate of cities of the world (1981-2010) - monthly data: data
bank of the Hydrometeorological Center of Russia] [Electronic resource]. Available at:
https://meteoinfo.ru/climatcities (accessed 16.10.2018).

Kurakov SA, Krutikov VA, Ushakov VG. Avtonomnyy izmeritel’ profilya temperatury
AIPT [Autonomous temperature profile meter ATPM]. Pribory i tekhnika ehksperimenta =
Instruments and Experimental Technique. 2008;5:166-167. In Russian
Dimo VN. Teplovoy rezhim pochv SSSR [Thermal regime of soils of the USSR]. Moscow:
Kolos Publ.; 1972. 360 p. In Russian
Trofimova IE, Balybina AS. Regionalization of the West Siberian Plain from thermal regime
of soils. Geography and Natural Resources. 2015;3:27-38 .
Klene AE, Nelson FE, Shiklomanov NI. The N-factor in natural landscapes: Variability of
air and soil-surface temperatures, Kuparuk river basin, Alaska, U.S.A. Arctic, Antarctic,
and Alpin Research. 2001;33(2):140-148. doi: 10.1080/15230430.2001.12003416
Goncharova OY, Matyshak GV, Bobrik AA, Moskalenko NG, Ponomareva OE. Temperature
regimes of northern taiga soils in the isolated permafrost zone of Western Siberia. Eurasian
Soil Science. 2015;48(12):1329-1340. doi: 10.1134/S1064229315100038
Brown PJ, DeGaetano AT. A paradox of cooling winter soil surface temperatures in a warming
northeastern United States. Agricultural and Forest Meteorology. 2011;151(7):947-956.
doi: 10.1016/j.agrformet.2011.02.014

Metody klimatologicheskoy obrabotki meteorologicheskikh nablyudeniy [Methods of
climatological processing of meteorological observations]. Drozdov OA editor. Leningrad:
Gidrometeoizdat; 1957. 492 p. In Russian

Moore TR, Lafleur PM, Poon DMI, Heumann BW, Seaquist JM, Roulet NT. Spring
photosynthesis in a cool temperate bog. Global Change Biology. 2006;12:2323-2335. doi:
10.1111/5.1365-2486.2006.01247.x

Kiselev MV, Dyukarev EA, Voropay NN. Features of seasonal temperature variations in
peat soils of oligotrophic bogs in south taiga of Western Siberia. /OP Conf. Series: Earth
and Environmental Science. 2018;138:012006. doi: 10.1088/1755-1315/138/1/012006

Received 20 June 2018, Revised 04 November 2018;
Accepted 25 December 2018; Published 21 March 2019

Author info:

Koronatova Natalya G, Cand. Sci. (Biol.), Senior Researcher, Laboratory of Biogeocenology, Institute of
Soil Science and Agrochemistry, Siberian Branch of the Russian Academy of Sciences, 8/2 Ak. Lavrent’ev
Ave., Novosibirsk 630090, Russian Federation. E-mail: coronat@mail.ru

Mironycheva-Tokareva Nina P, Cand. Sci. (Biol.), Head of the Laboratory of Biogeocenology, Institute of
Soil Science and Agrochemistry, Siberian Branch of the Russian Academy of Sciences, 8/2 Ak. Lavrent’ev
Ave., Novosibirsk 630090, Russian Federation. E-mail: mirtok@jissa-siberia.ru


http://journals.tsu.ru/biology/en/&journal_page=archive&id=1634&article_id=36880
http://rp5.ru
https://meteoinfo.ru/climatcities
https://elibrary.ru/contents.asp?titleid=1823
https://www.tandfonline.com/doi/abs/10.1080/15230430.2001.12003416
https://link.springer.com/article/10.1134/S1064229315100038
https://doi.org/10.1016/j.agrformet.2011.02.014
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2486.2006.01247.x
https://doi.org/10.1088/1755-1315/138/1/012006
mailto:coronat@mail.ru
mailto:mirtok@issa-siberia.ru



