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Ongoing Climate
Changes

over Northern
Eurasia and their
consequences

Chairs
Pavel Groisman and Evgeny Gordov.

« CONTENTS

Dynamical aspects

of extremes in climate
and ecosystems:
Assessing trends, spatial
coherence and mutual
interdependence

'Reik V. Donner, *Janna Wagner,

*Viola Mettin, ‘Eva Hauber,

'Marc Wiedermann, 'Jonathan F. Donges,
'Niklas Boers, 'Jiirgen Kurths

' Potsdam Institute for Climate Impact Research,
Potsdam, Germany

? Christian Albrechts University of Kiel, Germany
* University of Augsburg, Germany

“ University of Copenhagen, Denmark

E-mail: reik.donner@pik-potsdam.de

values have been typically studied in terms of

stationary return intervals of climatic or hydro-
logical variables. However, in the last years it has
been widely recognized that extremes in climate and
ecosystems exhibit distinct temporal and spatial dy-
namics, the investigation of which may reveal funda-
mental insights into the functioning of, and interac-
tions between important components of the Earth’s
climate system.

In a world facing ongoing climate change,
changes in the magnitude and frequency of extreme
events are to be expected if we understand an extreme
as an entity referring to a variable exceeding of a cer-
tain fixed threshold value. In turn, it is worth investi-
gating the complementary question: how do the am-
plitudes of extremes with a given return period
change with time? Modern statistics provides at least
two complementary approaches to study this ques-
tion. While utilizing the methodological framework
of extreme value statistics with generally time-de-
pendent parameters is rather restrictive and data-de-
manding, we using propose quantile regression as a
new alternative tool allowing tracing of temporal
changes of arbitrary quantiles of the distribution of
the variable under study. As illustrative applications,
we demonstrate the application of quantile regression
for evaluating the upper and lower quantiles as repre-
sentatives of extreme events in daily surface air tem-
peratures and sea-level variations.

In relation with the previous aspect, for studying
spatial patterns and interdependencies between ex-
treme events at different locations, a data-adaptive
definition of an extreme is often required. For exam-
ple, when studying temperature variability or quanti-

ln traditional environmental research, extreme


mailto:%20reik.donner%40pik-potsdam.de%0D?subject=

ties characterizing the response of ecosystems to climatic forcing, the annual cycle is a dominant feature, re-
sulting in extremes defined in the classical way being confined to a single season. We introduce two new strate-
gies to considering extremes in front of a time-dependent background variability: non-parametric quantile re-
gression methods and a variance-adjusted version of empirical mode decomposition, which allows removing
seasonal cycles in mean and variance simultaneously. We demonstrate the application of these new techniques
to different eco-climatological data sets and show that both methods allow for a more objective definition of
extremes in such situations.

Finally, we discuss the application of two modern concepts for studying interdependencies between ex-
tremes at different locations or of different variables. One approach is event synchronization originally intro-
duced to studying simultaneity of events in neuro-physiology. Recently, this method has been increasingly used
to quantify the degree of pair-wise simultaneity among sets of spatially distributed climate records in conjec-
ture with complex network theory, revealing previously unrecognized aspects related to the emergence and
spatial coherence of extreme events. As an example, we will discuss recent results on extremes in the precipita-
tion-evapotranspiration balance of South America. The second approach makes use of rigorous statistical anal-
ysis of the co-occurrence of events in point processes and provides well-defined significance bands on the
number of co-occurrences to be expected given uncorrelated event series. As a prospective application of the
latter framework, we discuss some tentative results on the interrelationship between climatic extremes and ex-
treme ecosystem responses.

Parts of the presented work have been financially supported by the German Federal Ministry for Science
and Education within the framework of the CoSy-CC2 project.

Troposphere - stratosphere interaction in observations
and climate modeling data at different time scales

'Volodin E.M., *Vargin P.N.

" Institute of Numerical Mathematics RAS, Moscow, Russia
? Central Aerological Observatory of Roshydromet, Moscow region, Dolgoprudny, Russia
E-mail: volodin@inm.ras.ru, p_vargin@mail.ru

the basis of observations and model data. One of the most important phenomenon of stratospheric dy-

namics is quasi-biannual oscillation of zonal wind in equatorial stratosphere (QBO). Problems of repre-
sentation of QBO in present day atmospheric models are considered in present study. Another important phe-
nomenon in the stratosphere is sudden stratospheric warming (SSW) that takes place in winter at polar latitudes.
Mechanism of SSW is interaction of upward propagation of planetary waves and zonal mean flow. Usually
during SSW the amplitude of wave number 1 (shift of polar vortex) or wave number 2 (splitting of polar vor-
tex) is above normal. Downward propagation of SSW and associated anomalies of zonal wind can be seen in
both reanalysis and climate model data. Data of CMIP5 models show that models with low top usually underes-
timate the number of SSWs, and the time of influence SSW to tropospheric dynamics, while in models with
high top the influence of SSW to tropospheric dynamics occurs up to 90 days. Analysis of SSWs in climate
model INMCMS is also considered in this study. Before SSW wave energy flux from troposphere to strato-
sphere is high, and several reasons can cause this. Many papers show that after high autumn snow area in Eur-
asia strength of polar vortex is below normal in December-January, and index of Arctic oscillation (AO index)
is below normal in January-March. High temperature in the northern Pacific, to the east of Japan, can cause low
wave flux to the stratosphere, strong polar vortex and positive AO index. High temperature in the north Atlan-
tic, as well as high Eurasian snow cover, can cause weak polar vortex and negative AO index. This can be im-
portant for the mechanism of natural climate variability at decadal and multidecadal time scales. Experiments
with climate model INMCMS show that there is memory in the atmosphere itself, and if we start at the begin-
ning of November from initial state with high planetary wave flux in the troposphere, then we have weak polar
vortex in the stratosphere in December and negative AO index in January.

Problems of stratosphere and troposphere dynamics interaction at different time scales is considered on
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B3anMogencteue Tponocdepsbl 1 cTpaTocdepsl
Ha Pas/IYHbIX BPEMEHHbIX MacllTabax rno gaHHbIM
HabnioOeHUN U KNUMaTUYECcKUX Moaenemn

'Bonoau E.M., Baprun I.H.

" MHCTUTYT BbluMCAMTeNbHOI MaTeMaTuku PAH, MockBa, Poccus
? lenTpanbHan asponoruyeckan obcepeatopua Pocruapometa, Jonronpyaubiii, Poccua
E-mail: volodin@inm.ras.ru, p_vargin@mail.ru

3aUMOJICHCTBHIO IMHAMHKHU cTparocepbl U Tporocdepsl yruensieTcs B HACTOsIIee BpeMsi Bce OOJIbIle
BHHMaHMs, MMOCKOJIBKY CTAHOBUTCA IMOHATHO, YTO CYHICCTBYECT HECKOJIBKO TAaKUX MCXaHHU3MOB B3aHMMO-
lleﬁCTBI/IH, MPOABJIAIOIINXCA Ha PAa3JIMYHBIX BPEMEHHBIX Macmradax OT HECKOIBKHX CYTOK J10 AE€CATHUIIC-
Tui. Takue MeXaHU3Mbl MOTYT UI'paTh KIIOYEBYIO POJIb B YBEJIMYEHUH IIPEEIIa MPENCKA3yeMOCTH U3MEHEHUI
IIOroJbl U KiimMara. OTUM npo6neMaM TIOCBAIIEHA, B YACTHOCTH, ACATCIBHOCTb OJHOI'O U3 KIIFOUEBBIX ITPOCKTOB
Bcemuproit Mereoponornueckoit Opranusanuu SPARC (Stratosphere-troposphere Processes And their Role in
Climate). PaccMoTpuM Harbostee CyIIeCTBEeHHBIC MEXaHH3MbI B3aHMOICHCTBHS TPOIIOC(EPBI U CTPATOChEpHI.
KBasuaByxieTHee KoieOaHue CKOPOCTH 30HAIILHOTO BETpa B SKBATOPHAIBHOW cTpatocepe — 3TO MOUTH
MepUOoANYECKOe U3MEHEHHE CKOPOCTH 30HAILHOTO BeTpa Ha BhicoTax OT 20 10 30 kM. YcpemHeHHBIH meproa
COCTABIISIET OKOJIO 28 MECSIIIEB, OTHAKO, B KQXKIbII OTIEIHHO B3SITHIN MeproJ] KoJieOaHui cocTaBisier aubo 24,
100 30 MecsIeB, TO €CTh KpaTeH Mmoayroay. MexaHu3M BO3HHKHOBEHHUS U MOACPIKAHUS KBA3UIABYXJIETHETO
KoJIeOaHusl B 9KBATOPUANBLHOMN cTpaTocdepe n3ydeH J0CTaTOYHO XOPOIIO H COCTOUT U3 B3aUMOJIEHCTBHS pac-
MIPOCTPAHSIOMINXCA BBEPX SKBATOPHAIBHBIX BOJH PA3IUYHBIX BHIOB co cpegauM moTtokoMm (Holton and
Lindzen, 1972), (Kynsimus u ap., 2009). Ecnu B HibkHe#H cTpaTocdepe nMeeTcsi MaKkcCuMyM CKOPOCTH 30HAJIb-
HOT'0 BETpPa, TO HEMOCPEACTBEHHO HMKE MaKCUMYyMa IIPOUCXOIUT o6pymeHI/Ie BOJIH, IIEPEHOCAIUX 3allaIHY O
CKOPOCTh, & HEMOCPEACTBEHHO BBIIIE MAKCHMyMa — OOpYIIEHUE BOJIH, MEPEHOCSIINX BOCTOUYHYIO CKOPOCTb.
Tem CaMbIM, HUKE MaKCUMYyMa CO31a€TCA IMOJOKHUTEIIBHOEC YCKOPECHHUE, a BBIIIIEC — OTPULIATECIIBHOE, YTO IPHUBO-
JIUT K TIOCTETIEHHOMY OITYCKaHHIO0 MaKCHMyMa C XapaKTEepHOH CKOpocThio 10 KM B roa. DTOT MPOIECC MOKET
6BITI) MPOUJITIOCTPUPOBAH JaHHBIMHU, ITOJTYYCHHBIMH B MOACIIN O6ﬂleﬁ MUPKYJIAIUA aTMOCd)epBI, 1€ OCHOBHaAs
yacThb 3¢ dekra B3auMoaeHCTBISI BOJIH CO CPEIHUM OTOKOM mapamerpu3osana (Hines, 1997). s Bocnpouns-
BEZICHUS SIBJICHHUS B MOJCIIAX AMHAMHUKHU aTMOC(Ephl, KaK MPaBHiIo, TPEOYETCs BEPTUKAIBHOE pa3pellicHue B
HDKHEH ctpatocdepe He xyxe S00M.

B3anmopeiicTBUeM pacnpoCTPaHSIOIIUXCS CHU3Y TUIAHETAPHBIX BOJH U CPETHETO MOTOKA 00YCIIOBICHO
JPyroe BaKHOE SIBIICHHE CTPATOCEPHOH JUHAMUKH, KOTOPOE MTPOUCXOAUT B YMEPEHHBIX M BHICOKUX IIHPOTAX
3MMOH — BHE3aIlHoe cTpaTocdepHoe norervieHne. Ecii 00bI4HOE COCTOsSIHIE CTpaTochephl 3UMOI XapaKkTepu-
3Y€TCA YMEHBIICHUEM TEMIICPATYPHI OT OKBATOPA K IMOJIOCY U 3allaJHBIM BETPOM, B COOTBETCTBUHN C COOTHOIIEC-
HUEM TCPMUYCCKOI'0 BETPA, TO BO BpEMA BHE3AITHOT'O CTpaTOCd)epHOFO TMOTCTIICHUS ITPOUCXOAUT 3HAYUTCIIBHOC
HarpeBaHHe apKTHIECKOH cTparocdepbl U HeOOBIIOE MOXOIOAaHNEe B CYOTPONMUECKIX U TPOTTMUECKUX IITH-
porax. HemocpencTBenHas npuunHa cTpaTocepHOro MOTEIUIEHUS — yBETNUEHHE BEPTHKAIFHOTO ITOTOKA BOJI-
HOBOW DHEPI'HH, KOTOPBI, COTNIACHO COOTHOIIEHHI0 DnuacceHa-I1anbMa, MpOIopIOHajeH MOTOKY Terlia K
MOJIOCY, TIEPEHOCUMOMY BoJHamu. [lepBOHAYaIbHO MOTEIUIEHWE TPOUCXOIUT B BEpxHEH crparocdepe WU
Jaxe B HIDKHEH Me3ocdepe, Ha BeicoTe 40-50 kM, a 3atem B Tederue 10-30 qHEH MOCTENEHHO PacIpoOCTpaHs-
eTcs 10 HkHel cTparocdepsl. B cTparocdepy npenMyiiecTBeHHO pacrpoCTPaHSIOTCS JIUIIb CaMble JIJTHH-
HbI€ BOJIHBI C BOJTHOBBIMH YHclIaMu 1, 2 1 3, a ocTalbHbIe UMEIOT TOpa3a0 MEHbBIIYI0 aMITUTYRy. CoritacHo
JTAaHHBIM HaOJIONeHNH, B TeueHue 10 JeT mporcXoauT 0Koio 6 ctpartochepHbIx moterieHui, mpudemM 60-70%
U3 HUX O6yCJ'IOBJ'[eHLI YBECJIMYCHUEM aMIIIUTYbI BOJTHBI HOMED 1, 4TO MPUBOAUT K CABUTY TOJIAPHOT'O CTPATOC-
¢epHoro Buxpsi. Ocrasimecs 30-40% CBsI3aHbI C YBEIMYEHHEM BOJIHBI HOMEP 2, TO €CTh € PacHIeIIeHHeM M0~
JsipHOTO cTparochepHoro Buxps. ClaenyronyM BaXHBIM MOMEHTOM SIBJISIETCSl PACIPOCTPaHEHHUE aHOMATUi
TEMIIEpaTypbl U CKOPOCTH BETPA, CBSI3aHHBIX C BHE3AIHBIM CTPATOC(EPHBIM MOTEIICHUEM BHU3, KOTOPOE I10-
YTH BCEraa NpoCICKUBACTCA 10 BBICOT HIDKHEHN CTpaTOC(bepBI, HO HEPEAKO JOCTUTACT U TIOBEPXHOCTHU 3eMJ'II/I,
MIPUBOJISA K OTPHULIATETIFHOMY MHIIEKCY ApPKTHYECKOro KosnebaHus B TedeHue ciexyromux 60-90 mHei mocne
crparoceproro noremienus (Baldwin and Dunkerton, 1999). Drtot ¢akr, 0e3ycioBHO, OUEHb TOJIE3EH JJIsI
CE30HHOTO0 MPOoTrHo3a moroAsl. [Toatomy Mozaenn obmieit upKy Uy aTMochepsl, UCTIONb3yeMBbIe IS IPOTHO-
3a MOoroabl UK MOACIMPOBAHUA U3MEHEHUI KiImMara, J0JIKHBI IPaBUJIbHO BOCIIPOU3BOJAUTH KaK CTaTUCTUKY
CTpaTOCd)epHBIX l'IOTel'[J'IeHI/Iﬁ, TaK U UX BJIIMAHHUE HA JTUHAMUKY HMXKHUX CJIOCB aTMOC(bepI)I. ITo JAaHHBIM KJIH-
MaTHYeCKUX Mojenel, yuactBoBaBmnx B CMIPS, Mofenu, B KOTOPBIX BEPXHSS TPaHUIIA PacIoioKeHa Hello-
CTaTOYHO BHICOKO, Ha 5 rlla wiu HIKe, Kak TpaBuiIo (HO HE BCETa) 3aHMKAIOT KOJIMYECTBO CTparochepHbIx
MOTeIUIeHH. B Monensix, rie BepXHsisi FpaHuIa PacooyKeHa I0CTaTOYHO BBICOKO, KOJIMYECTBO cTparochep-
HBIX TIOTETUIEHHH B Cpe/iHeEM OJIM3KO K HabronaeMoMy. BimsiHue crpaTocdepHbIX MOTemnIeHuit Ha cTparocde-
PY B MOZETISAX C HEAOCTATOUYHO BEICOKOM BepXHell rpaHHUIIeH B CpeHEM OTrpaHnYIHMBaeTcs nepBbiMu 30 AHAMH, B
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TO BpeMs KaK B MOJIEIISIX, XOPOIIIO Pa3pemIaloninX BCIO cTpaTtocdepy, BnusHue npociexusaercs 10 60-90 qaeit
Tocyie TTOTEIUICHH)S, KaK 1 110 IaHHBIM HaOTIOACHHH.

Craructuka cTpatocepHbIX NOTECIUIEHUH U UX BIUSHHUE Ha Tponocgepy paccMaTphBaeTCs B KIMMaTH-
yeckoit monenn INMCMS, B KOTOpOit BepXHss TPaHMIIa HAXOTUTCS Ha BBICOTE OKOJI0 60 KM, a BEpTUKAIBHBIN
mar ceTky B cTpatocdepe cocrasisier okono 0,5 kM. B momenn ammmutyna BoaHBI HOMep | B cTparocdepe 3a-
HIDKEHA IpUMepHo B 1,5 pasa, a aMIiuTyaa BOIHEI HOMep 2 IPUMEPHO paBHA HabmronaeMoii. [IoTok BoHOBOI
SHEPTUH BBEPX TAKXKE HECKOJIBKO 3aHIDKEH, KaK M KOJIMYECTBO CTpaToc(epHbIX noTeruieHui. [To nanHbIM Ha-
6monennit, B roasl ¢ 1979 mo 2008 umeno mecto 18 cTpaTtochepHbIX MOTEIUIEHHH, B TO BpeMsI KaK B MOJIEIH UX
6su10 Beero 10. ITo nanabM HaOMIOAEHUH OONBIIIE TOJOBUHBI CTPATOC(EPHBIX NOTETICHUN IIPEICTABIISIIHA CO-
6011 CABUT TMOMSIPHOTO CTPATOC(HEPHOTO BUXPS, TO €CTh YBEIHMUCHNE aMILIUTY B BOJIHBI HOMED 1, a ocTaBImas-
Csl 4acTh MPEJCTaBNIANA COO0H paciIeluIeHHe BUXPA, T.€. YBEJIMUEHHE aMIUIUTY/bI BOJIHB HOMep 2. B Monenn
TOXe OO0JbIIast YaCTh CTPATOC(HEPHBIX MOTEIUICHUH 00yCIIOBIEHA CABUIOM MOJSPHOTO BUXPS U YBEINYECHUEM
aMIIIATYb! BOHBI HoMep 1. Kak 1 B JaHHBIX HAaOMIOeHNI, B MOZIETH TTOCIIE BHE3AITHOTO CTPATOC(EPHOro Mo-
TETJICHUS! IPOUCXOANT yMEHbBIICHUE CKOPOCTH 3aIlaJHOTO BETPpa B HIKHEH cTparocdepe, a 3aTeM U B TPOIIOC-
(epe, mprueM BIUSIHUE Ha Tportocdepy, XoTa U HebomnbIIoe, BUAHO B TeueHne 60-90 nuei mociie Havyama cTpa-
Toc(hepHOro nmoTenieHus. PacpocTpaneHne CUrHana OT BHE3AITHOTO CTPAaTOC(EPHOTO MOTEIUICHHS BHU3, KaK
U B CIy4ae KBa3WABYXJIETHETO KOJIEOAHHUSI CKOPOCTH BETpa B IKBATOPUAIBHOI cTparocdepe, 00yCIOBICHO
B3aMMOJIEHCTBIEM PaCIIPOCTPAHSIOIINXCSI BBEPX BOJIH CO CPETHHUM MOTOKOM. [Ipy Hanw4yuy moremsieHus 3a-
TIaJHBII BETEpP CMEHSETCS BOCTOYHBIM, YTO JAENAET HEBO3MOXKHBIM PAcIpPOCTPAaHEHHE BBEPX IIIAHETAPHBIX
BOJIH BBIIIIE YPOBHSI MOTETUICHUS, @ 3TO IPUBOIUT K YMEHBILICHHUIO [TOTOKA TEIUIA K MOJIOCY, OXJIAXKICHHIO BBI-
COKHUX IIUPOT ¥ HEOOIBIIOMY HarpeBaHHIo Oosnee HU3KUX. Hike ypoBHS MOTENIICHUS TPOUCXOANT, HA00O0POT,
Oornee MHTEHCHUBHOE PaclipOCTPaHEHNE BOIH BBEPX, CIIOCOOCTBYyOIIEE OOIbIIEMY IEPEHOCY TEIUIA K ITOTIOCY U
HarpeBaHMIO 0OJee HIDKHHX CIIOEB, T.€. K CMEHICHHIO MAaKCHMyMa HarpeBaHUs BHU3. DTOT MEXaHU3M MOXKET
OBITH MPOMIUTIOCTPUPOBAH KaK JAHHBIMH pPEaHaINn3a, TaK U JAHHBIMH MOJICTUPOBAHHUS.

B cBoto odepenp, crpaTtochepHOMY HOTEIUIEHHIO TIPEAIIECTBYET PACIIPOCTPaHEHUE KBa3HCTAIlIHOHAPHBIX
BOJIH M3 Tponocdeps! B cTparocdepy, IpuueM (akT yBeJIMUEHHs MOTOKA BOJHOBOW SHEPIHU BBEPX MOXKET
ObITb 00YCIIOBIIEH HECKOJIBKHUMHU MPUYMHAMHU. DTO MOXKET OBITH PE3YNbTAT KaK BHYTPEHHEH M3MEHUYMBOCTH B
arMocdepe, Tak U CIEACTBUE KAKOTO-TTHO0 BO3AEHCTBYS, BHELIHETO 10 OTHOMICHHIO K atMocdepe. TakuM Bo3-
JIEWCTBHEM MOXET OBbITh, HAIPHMeED, YBEIHMUCHHUE TUIONIAIN CHEXHOTO ITOKpoBa B EBpa3un oceHbo, mocie Ko-
TOPOTO, COITACHO MHOTHM HCCIICAOBaHMAM, cM., Hampumep, Allen and Zender (2011), wamie, uem 0OBIYHO
MIPOHUCXOAAT CTpaToc(hepHbIC MOTEIUICHHS B HAUalIe 3UMBI H IIOCIIETYIOIIee yMEHbIIEHHE HHAEKCA apKTUIECKO-
ro KoebaHus B stHBape-Mapte. Hago otmMeTnTs, OfHAKO, 9TO MEXaHNW3M BIHMSHUSI CHEXHOTO ITOKPOBa Ha JTUHA-
MHKY arMoc(epsl B JaHHOM CITydae €Ille He BIIOJIHE SCCH, IOTOMY YTO TOJIBKO BKJIAJa yBEIUICHUS anb0eno B
YCIOBUSIX HU3KOTrO rnojokeHus: CoiHIla HaJ TOPH30HTOM M HEOOBIIOTO CBETOBOTO JIHS AJISI 3TOTO, Ka3aJ0Ch
0b1, HeoCTaTOUHO. /Ipyroe BHEIIHEE MO OTHOLICHUIO K aTMocdepe BO3ACHCTBHE, N3MEHSIOIIEE aMILTUTYLy
CTAILMOHAPHBIX BOJH M MOTOK BOJHOBOI 3HEPIHM BBEPX — aHOMAJIMU TEMIICPAaTyphl IOBEPXHOCTH OKeaHa. B
Hurwitz et al (2012) moka3aHo, 9TO TOJOKUTEIHHBIE AaHOMAJINH TEMIIEPATYPHI TIOBEPXHOCTH OKeaHa K BOCTOKY
oT SImoHMM NpUBOIAT, HA00OPOT, K OCITAOJIEHUIO ITOTOKA SHEPIUH IIAHETAPHBIX BOJIH BBEPX, YMCHBIICHHIO
BEPOATHOCTH BHE3AMHBIX CTPATOC(EPHBIX MOTEINICHNH U MOCIEAYIOMEMY ON0KUTEIPHOMY HHIEKCY apKTH-
yeckoro kojebanus. Temneparypa B ceBepHOH ATIaHTHKE TaKXKe, 10 BCeil BUANMOCTH, BIUSIET HA aMIUIUTYIY
ITaHETapHBIX BOJH M MX BEpTHKAIbHOE pacmpocTpanenue. B Shimanke et al (2011) moxa3aHo, 9TO MOIOKH-
tenbHBIe anoManuu TTIO B ceBepHO ATIaHTHKH MPUBOAAT K OoJiee HHTEHCHBHOMY PacHpOCTPAaHESHHUIO ITIa-
HETapHBIX BOJH BBEPX, OoJiee TEIUION MOSPHOH cTparocdepe U MocneayomeMy OTPHLIATEIbHOMY HHACKCY
apKTHYECKOTO KoNeOaHMus, 4TO, B CBOIO OYepeb, MPUBOAUT K OCIA0IECHHIO BETpa HaJl CEBEPHON ATIaHTHKOH,
YMEHBIIICHHUIO IIOTOKA SIBHOTO M CKPBITOTO TEIUIA, U MOAICP KaHUIO oNoxuTenpHoi anomanmuu TIT1O. ITpeaso-
JKEHHBII MEXaHU3M, COTJIACHO MOZICIBHBIM JAHHBIM, MOXKET OBITH CYIIECTBEHHBIM KaK COCTaBHAs 4acTh MeXa-
HU3Ma TOJIep>KaHHs €CTECTBEHHBIX KOIeOaHni KuMara B ApKTHKE U CEBEPHOW ATIIaHTHKE Ha BPEMEHHBIX
MacuTabax Mopsizika HeCKONbKUX JECATHICTUH, U TIOATOMY JOJIXKEH NPABUIBHO BOCIIPOM3BOIUTHCS B KIIMMa-
THYECKUX MOZCTISIX.

B HacTtosmieit paboTe mokas3aHo, 4To arMocepHas TMHAMHIKA MOXKET 3alIOMUHATh HETIOCPEICTBEHHO aHO-
MaJIuH, CBSI3aHHBIC C aMIUIMTYJOM KBa3UCTAIlMOHAPHBIX BOJIH, IMEIOIIHE MECTO OCEHbIO, B TEUCHUE CIIEIYIO-
et 3umsbl. [ atoro u3 30 cocTosHMIT MOIEIBHONW aTMOC(ephl, COOTBETCTBYIONNX 1 HOSOPS pa3sHBIX JIET,
TTOJTyYCHHBIX B YHCIEHHOM JKcriepuMeHTe ¢ Mozensio INMCMS, 6butn BEIOpaHBI 3 COCTOSTHHS ¢ MAaKCHMAaJTb-
HBIM BEPTHKAJIbHBIM ITIOTOKOM BOJIHOBOM SHEPTUH B YMEPEHHBIX MIMPOTAX CEBEPHOTO MONyIIApHs B Tporocde-
pe. C XKaXa0ro U3 3THX HAYaJbHBIX COCTOSHHUM OBUT cocynTaH aHcaMOib W3 10 YHCIIEHHBIX HKCIIEPHUMEHTOB
MIPOIOJKUTENEHOCTEIO 4 MecsIIa, T.€. BOCIPOM3BOASIIINN COCTOSTHIE aTMoc(eps! B HosiOpe-pespaie. Pazmuy-
HBIE YWIEHBI aHCAMOJISl OBIIM MOTy4eHbl HEOOMBIINM BO3MYILICHUEM HavalbHBIX JaHHBIX. [Ipu crapre ¢ Takux
Ha4yalbHBIX JAHHBIX B cpefHeM 1o 30 MpOBEAECHHBIM YHCICHHBIM SKCIEPHMEHTaM Mbl UMEEM B JeKaOpe
YMEHBIICHNE CKOPOCTH 30HANBHOTO BeTpa B cTpatocdepe Ha 1-5 rlla mo 15 m/c, a B sHBape — OTpUIIATEIBHBIN
MHJICKC apKTUYECKOTO KOJIeOaHus, YTO HETIOCPEICTBEHHO TOATBEPKAACT BHICKA3aHHBIE BBIIIE PEIIOIOKECHHS
0 BIMSHUY Tponocdeps! Ha cTpaTtocdepy u o0paTHO.
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Contemporary climatic changes in Northern Eurasia
and their interactions with in-situ measurement deficiencies
affect both, climatology of precipitation and its trends
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tion of several variables. In addition to precipitation, these variables include temperature, wind, humidity,

gauge type, state of the gauge exposure, and observational practices. Their impact and changes hamper our
efforts to estimate precipitation changes alone. For example, wind-induced negative biases for snowfall mea-
surements are higher than for other precipitation types and a redistribution of these types during regional warm-
ing can cause an artificial increase in measured precipitation. In such conditions, the only way to properly esti-
mate actual climatic changes of precipitation as well as to provide hydrological models with correct input
would be a use of precipitation time series that are corrected for all known systematic biases. Methodology of
such corrections has been developed and recently implemented for Northern Eurasia for the past 50+ years (up
t0 2010).

We present information on the latest climatic changes in the Northern Hemisphere with focus on Northern
Eurasia (temperature, snow cover, surface and wind speeds) and link them with indirect impacts on measured
precipitation. With the focus on Russia, we assess differences that emerge when officially reported precipita-
tion across the seasonal cycle is compared to corrected precipitation time series at the same network.

It is shown that for the cold season, conclusions about trend patterns over Russia are quite different when
all sources of inhomogeneity of precipitation time series are removed, and impact of all factors unrelated to the
precipitation process are accounted for. In particular, we do not see statistically significant increases of the cold
season precipitation over most of the Russian Federation and in the Asian Arctic it significantly decreases. In
the summer season (June-July-August), the Far Eastern Russian Arctic is the only region with a statistically
significant regional precipitation decreasing trend. Except for this region, we do not observe significant large-
scale systematic changes in summer precipitation totals over the entire Russian Federation since mid-1950s.

« CONTENTS

Introduction. Instead of “ground truth” precipitation, rain gauges at meteorological stations estimate a func-
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However, the use of measured in situ data to characterize precipitation changes over Northern Eurasia during
the past 60 years shows mostly increases, especially in the cold season, that have been artificial, being induced
by changes in observational practice and in two other meteorological variables: near-surface air temperature
and wind.

Reference:

1. Groisman, P.Ya., E.G. Bogdanova, V.A. Alexeev, J.E. Cherry, and O.N. Bulygina, 2014. Impact of
snowfall measurement deficiencies on quantification of precipitation and its trends over Northern Eur-
asia. Ice and Snow, No. 2 (126) (in press).

Impact of climate changes on ecosystem dynamics

in West Siberia northern taiga
'Blyakharchuk T.A., “Moskalenko N.G., ‘Ponomareva 0.E., ‘Ustinova E.V., “Berdnikov N.M.,
*Gravis A.G.

" Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
? Earth Cryosphere Institute SB RAS, Tyumen, Russia
E-mail: tarun5@rambler.ru

perature at 0,04 ° C per year and increase the duration of the warm period at 11-15% . Since 1995 re-

corded an increase in the amount of summer precipitation is 20%. Northern taiga ecosystem monitoring
from 1971 to 2013 showed that climate change had a major impact on all components of ecosystems. The
change of vegetation and increase of active layer thickness of soils at 30-45% have been revealed. The temper-
ature of the permafrost raised at 0,03°C per year. By 2013, the permafrost temperature reached values -0.4 ...
-0.1°C a profound change in the dynamics of exogenous processes was marked.

It was found that lifting of peatlands surface stopped due frost heave.

There has been some revival of thermokarst. Waterlogging is actively developing on the I Nadym terrace,
where forests give way marshes.

It was revealed that in the last 5 years on the tundra and marsh areas there is newly permafrost formation
due to dynamic of vegetation. Above the permafrost lenses formed small hillocks of heave. Their area is slowly
increasing.

Pollen analysis of frozen peat mire in flood plain of Kheygikha-Yakha revealed that during peat accumula-
tion started about 7000 yr. BP in the surrounding landscapes took place alteration of periods with predominance
either birch or spruce. By our opinion the role of spruce increased in landscapes during periods with more hu-
mid and mild climatic conditions. Degree of peat humification counted by ACROTELM method for interval
2000 yr decreased during humid intervals with increased role of spruce in landscape.

Various ecosystems changed in varying degree.

While catastrophic destruction of any ecosystem has not happened.

Some ecosystems are near features, after crossing which will begin its destruction, while maintaining the
same pace of global warming.

Ecosystem change happened many times in the past due to palaeopollen data.

S ince the 60s of the twentieth century in the north of Western Siberia there is an increase in mean air tem-
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BnvaHne KnmMaTnyecKkux MUaMeHeHuUM Ha ANHaMUKY
3KocucTeM ceBepHon Tamrn 3anagHomn Cubupu
'Bnaxapuyk T.A., “Mockanenko H.T", onomapesa 0.E., Yctunosa E.B., ‘bepanukos H.M.,
“Ipasuc A.T.

" UIHCTMTYT MOHUTOPMHIa KNMMaTUYECKUX W 3Konoruueckux cuctem CO PAH, Tomck, Poccua
? MuctutyT Kprochepbl 3emnn CO PAH, Tiomenb, Poccua
E-mail: tarun5@rambler.ru

3yYeHHE TUHAMUKUA YKOCHCTEM MPOBOAMUTCS B CeBepHOU Taiire 3amagHoit Cubupu ¢ 1970 roga, koraa

Ha4yaJarcCh MOHHUTOPHHIOBBIC HAOMNIONEHMsSI HA MOCTOSHHBIX NPOMMISX M IUIOMIAKaX, BHIOPAHHBIX B

Pa3HBIX THUIAX SKOCHCTEM. DTH HAOIIOACHHS O3BOJIMIM OLEHUTh JUHAMHKY SKOCHCTEM MO BIIUSIHHU-
€M U3MEHeHHs KiauMara. Mi3MeHeHne KiuMara OlleHHBaIOCh 110 JaHHBIM MeTeoCTaHIuu HaapiM, pacnonoxeH-
Ho# B 30 KM K ceBepy OT cTaloHapa. MeTeoponornieckie HaOIoneH s HadyaJluCh Ha 3TOM CTaHIIMU B Hadase
60-tr 20 Beka. TakuM 0Opa3zom, IJTMHA PATOB METCOMAHHBIX MO3BOJISIET COMIOCTABUTH TMHAMUKY DKOCHCTEM C
M3MEHEHHSIMH KJIMMaTa.

C 60-p1x Tozi0B XX Beka Ha ceBepe 3amagHoil CuOupu oTMedaeTcs MOBBIIIEHUE CPETHETOIOBOUTEMITEPA-
TypHBI BO3yXa, TPpeH KoTopoit 3a 1965-2015 roas mo nanusM Hagemvmckoi Mmeteoctaniuu cocrasisier 0,04°C
B ro1. [lorennenune kauMara B paBHOM CTENEHH IPOSBUIIOCH B MOBBIIICHUH KaK 3UMHHX, TaK U JIETHUX TEMIIe-
paryp.

BecHoii nepexoa Temrieparypsl Boznyxa uepes 0°C, Hauamo CHeTOTasHUS U HAa4aJIo IPOTANBAHMSI TIOYB H
rpyHTOB ¢ 1995 1. mpoucxonut Ha 15-20 nHe paHbiue, yeM B Hadaje 60-b1x 10710B. CpeTHEMHOTOJIETHUE Maii-
ckue TeMreparypbl Bo3ayxa ¢ 1962 . mo 1994 . 6smm otpunarensuabiMu (0,93°C) a 3a mepuog ¢ 1995 r. o
2012 . cranu nonoxutenbabIMU (+1,8°C).

Bpewms nmepexona temmeparypsl Bozayxa uepe3 0°C 0ceHbI0 CMECTHIIOCH He3HaunTeNnbHO. OTpHIaTeshb-
HBIE TeMIIepaTyphl BO3AyXa yCTaHABINBAIOTCS MO-TIpeXXHEMY B okTs0pe. OnHako, 3a mocnenuue 18 ner (¢ 1995
r. o 2012 ) 6 pa3 oKTIOpbCKUE TEMIIEPATYPhI ObLIH MTOJOKUTEIBHBIMU WK Onu3KkuMU K 0°C.

TomoBast cymma BBITIaIafoIKX aTMOC(epHBIX 0cankoB ¢ 1995 1. yeenuunitack Ha 50 MM, TIpeUMyIIIECTBEH-
HO 3a CYeT yBEIMYCHHsI BKJIa1a JIETHUX A0K/ieil. KoandyecTBo ocaikoB, BRINAAIONINX B BUIIE CHETa, IIPaKTHYe-
CKH HE MEHSIETCSI.

[ToBbiIeHUE TEeMITEpaTyp BO3/yXa U YBEIUUCHNE JUTUTEIBHOCTH IIEPUOAA C TTOJIOKUTEIBHBIMH TEMITEpa-
TYpaMH BO3/1yXa U KOJIMYECTBA JIETHUX aTMOC(EPHBIX 0CaIKOB MOBJIEKIIO 32 CO00W U3MEHEHNE PAaCTUTENBHO-
CTH U TIOBJUSIJIO HA MOIITHOCTH CE30HHOTAJIOTO CJIOS MHOTOJIETHEMEP3IIbIX TTopo (MMIT).

C TOBBIIIEHHEM TEMIIEPaTypbl BO3AyXa CBA3aHO MOSBJICHHE Ha paHee 0e3JIeCHBIX KPYMHOOYTPHUCTHIX U
TUIOCKOOYTPUCTBIX 00JIOTaX OTAENBHBIX IK3EMIUISIPOB JIEPEBbEB, YBEIUUCHNE BCTPEUAEMOCTH M BBICOTHI KY-
crapaukoB (Betula nana, Ledum palustre) u moKpbITHS UMY TOYBBI. YBEIUYEHHIO BBICOTHI M TIOKPHITHUS OYBBI
KyCTapHMKaMHU CIIOCOOCTBOBANIO Takke HaONfomaeMoe B TMOCTeNHee JECATHICTHE MOBBIIIEHHOE KOIUYECTBO
aTMoc(epHBIX 0CaNKOB. DTH U3MEHEHHsI PACTHTEILHOTO MOKPOBA MPHUBENIN K YBEJTHYCHUIO MOIITHOCTH CHEX-
HOTO MOKPOBA Ha y4acTKax ¢ KyCTapHUKAMH, MOBBIIICHHIO TEMIIEPATyPhI TIOYB U MOPOJ M YBEIHUYSHUIO MOIII-
HOCTH CE30HHOTAJIOTO CIIOA.

KonnuectBo Bhimangaronmx B HagpiMckoM paiioHe aTMOC(EepHBIX 0CaJKOB CHIBHO MEHSETCS OT roja K
rony ot 488 MM B 1976 T. 1o 121 MM B 1983 1. C Hauaa 60-x romgos 10 1987 r. ux o0111ee KOJTHYECTBO YMEHbIIIA-
J0Ch, a mociue 1987 crano Bo3pacTarh, MPEUMYIIIECTBEHHO, 32 CUET OCAIKOB, BBIMAIAIONINX B TEIJIOE BPEMs
roza. JleTHee KOMMYECTBO 0CAJIKOB BO3POCIIO Ha 75 MM.

C TOBBIIIEHHEM KOIMYECTBa aTMOC(HEPHBIX OCAJKOB CBSI3aHbI OONBIINE M3MEHEHHs B DKOCHCTEMax Ha
MEIKOOYTPUCTHIX cl1ab0 JAPEHUPOBAHHBIX yYaCTKaX ¢ COCHOBO-JTMCTBEHHUYHBIMH OaryibHUKOBO-ITYIITHIIEBO-
OCOKOBO-JIMIIIAHHIKOBO-MOXOBBIMHU pefiHamu. Habmonaemast Ha 9THX y4acTKax akTHBU3alHsI 3a00IauHBaHUsI
COIPOBOXKIAETCSI CMEHOM PEIUH MYNINIIEBO-0COKOBO-MOXOBBIMH 00JI0TaMU. Byropku ¢ 6aryinbHUKOBO-TpaBsi-
HO-JIUIIAIHUKOBO-MOXOBBIM IIOKPOBOM ITPOCE/IAIOT U MPUYPOUCHHBIE K HUM JIMH3BI MEP3JIbIX OPOJ] IIPOTanBa-
IOT.

Ha noHmkeHusx penbeda 1 mojaocax cToka ¢ KyCTapHHYKOBO-0COKOBO-MOXOBBIMH OOJIOTaMH B pe3yJIbTa-
T€ AMHAMUKH PACTUTEIHLHOTO ITOKPOBA, IIPUBOJISAIIEH K 00pa30BaHHUI0 MOXOBBIX OyTrOPKOB U YBEITHYESHHUIO MOIII-
HOCTH Top(a, MOCIe XOJOAHBIX 3UM OTMeYaeTcss HOBOOpa3oBaHue Mep3ibiX mopoa. OJHAKO B TEIUIbIe TOABI
HEKOTOpbIe 00pa30oBaBIIiecs OyropKH IPOCEAAIOT, M JIMH3bI MEP3JIBIX MTOPOJ ITO]] HUMHU ITPOTauBAIOT

B xomIIekc uccnenoBaHuii TMHAMUKH DKOCHCTEM BXOJIUII MOHUTOPUHT MOIITHOCTH CE30HHOTAJIOTO CIIOS.
Habnronenus Berch Ha MOCTOSHHBIX TUTOMmaakax U npoduisix. B XXI Beke HaOmonaTenbHast CETh HACUUTHI-
BaeT npubmm3uTenasHo 1000 Togek. B 1971-1983 T MOIIHOCTH CE30HHOTAJIOTO CJIOS OIIPEENSIach exXeaeKal-
HO C TIOMOIIIBIO IITyTIa ¢ HIOHS 10 CeHTAOpE. C 1984 1. exeronHo u3MepsieTcs B IEpBOi 1ekajie CEHTIOPs MaKcH-
MaJIbHasi MOIIIHOCTh CE30HHOTAJIOTO CIIOA.

« CONTENTS
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ComnocraBieHue MOMyYeHHBIX JaHHBIX 10 CE30HHON TWHAMHKE MOITHOCTH ce3oHHOTanoro ciog (CTC) B
Pa3HBIX YKOCHCTEMaX IO3BOIMIIO BBIJICIUTh YYaCTKH, B KOTOPBIX OTTaWBaHWE HAaYMHAETCS HAaHOOIee paHo U
ObIcTpee JOCTUraeT MAKCUMaIbHON BeTM4nHBI. K TakuM 3KocrcTeMaM OTHOCSTCSA KPYITHOOYTpHCTBIE O0MI0Ta C
MUHUMAaJIFHOH MOIIHOCTBIO CHera Ha Oyrpax, cocrasissmeil 0,3-0,35m. Ha xpymHBIX TOpdsaHBIX Oyrpax K
koHITy aBrycta mourHocTs CTC cocraBisina 97% ot makcumanbHON MomHOCTH. Ha mnockoOyrpucTsix 6omo-
Tax ¥ TOp(sTHO-MUHEPATBHBIX Oyrpax IyueHHs B KOHIIE aBrycra nporansano 91%, Ha MUHEpaIbHBIX Oyrpax
ITy4YEHUs! C KEAPOBBIMU peAKoiechiMu 86%, a Ha MIOCKUX KyCTapHIYKOBO-C(h)arHOBBIX OOI0TaX ¢ MOIMIHOCTHIO
cuera 0,6 M Bcero 76%.

MexrozmoBble BapHalliil MOILITHOCTH CE30HHOTAJIOTO CJIOS, KaK M CE30HHAs JUHAMHKA OTTauBaHUs, B pas-
HBIX TIPIPOAHBIX 3KOCUCTEMAX TAK)KE 3HAYUTENBHO pa3innyaroTcsi. HanmeHbIee BappupoOBaHUE IO TOJaM Mak-
CHUMaJIbHOH MOIITHOCTH CE30HHOTaoro cios (oT 48 mo 64cM) 0TMEUanocs Ha IUIOCKOOYTpHCTOM 00JI0TE, Tae
oHO cocTaBisno 14% ot cpenneit momuoct CTC. Hemuoro 6onbie oHO Ha TOp(sHO-MHUHEpPAIEHOM Oyrpe
my4yenust (17%) u xpynnoGyrpucrom 6onore (18%). 3amerno 6onbie (30%) Bapuanusi OTKIOHEHHH MaKCH-
MaJTbHOM MOIITHOCTH CE30HHOTAIOro ciios 1mo rogam (ot 100 mo 180cm) Ha mmockom Gostote. Hanbonpimme Ba-
pUanuy MakCHUMabHOW MOIIHOCTH ce30HHOoTaioro cios (or 100 mo 200cMm) oTMedaroTcsi HA MUHEPAJIEHOM
Oyrpe mMydYeHHs, CIIOKCHHOM C MOBEpXHOCTH NeckoM (34%). Ha miockux 6omoTax, MMEIONINX HEOOINBIIYIO
MOIITHOCTH Top(a, 1 Ha mecyaHbIX Oyrpax mydernus Ha MomHocTs CTC Gornbliiee BIUsSHUE OKa3bIBAlOT METEO-
porormdeckue ycaoBus roga. B To Bpems kak Ha KpyIHOOYTPUCTHIX M INTIOCKOOYTPUCTHIX O0MtoTax cioif Topda
Y MOIIHBIH HAIlOYBEHHBIN MMOKPOB UTPAIOT CTAOMIM3HPYIOLIYIO PONIb U CIIAXXUBAIOT BIUSIHNE MOTOJHBIX yCIIO-
BUI HA MOIIHOCTh CE30HHOTAJIOTO CIIOS.

Cpasrenne momHocTH CTC 3a Bech MCCIEN0BAHHBIHN NMEPUO/ MOKA3aJI0 YBEIHYSHUE 3TOTO apaMeTpa u
aMIUIMTY/BI €T0 Bapuanuii 3a nociennue 10-15 et B cBA3M ¢ yBEIMIEHHEM CYMMBI JIETHUX TEMIIEPATyp BO3Y-
Xa W KOJIMYeCTBa aTMOC(EPHBIX 0CAIKOB. ITO 0COOEHHO SIpKO BhIpakeHO Ha rpadumkax mommHocTH CTC Ha
TOpQsHBIX Oyrpax 1 MUHEPAIBHBIX OyTpax ITydeHHs.

W3ydenne npocTpaHCTBEHHOW M BPEMEHHONW M3MEHYMBOCTH MOIIHOCTH CE€30HHOTAJIOTO CJIOS B paMKax
mpoekta CALM (LupKyMOoisipHBIE MOHHUTOPHHT CE30HHOTAJIOTO CJIos) Ha HampsIMCKOM cTarioHapHOM
ygacTke mpoBoautcs ¢ 1997 rona Ha mocTtosHHO# uromazake 100x100m y 121 Mapku, yCTaHOBIEHHBIX IO CET-
ke uepe3 Kaxaeie 10M. CpemHsss MOIIHOCTH Ce30HHOTAoro ciost uamensiercs ot 101 mo 143 cm. 3a mepuon
1997-2013 roms! MakCUMaTbHAst MOIITHOCTH CE30HHOTAJIOTO ¢J10s 3aukcupoBana B 2002 roxy, OTIMYaBITIMCS
YMEPEHHO TETIIBIM JIETOM, HO OOJBIINM KOTMYECTBOM JICTHUX OCAJIKOB, KOTIa CPEHSAS MOITHOCTh CE30HHOTA-
soro ciost coctasmia 143cm. Muanmansaas momuocts CTC (101cem) 3apeructpuposana B 2009 romy.

Haumenpmas momrHocts CTC HaOmMIOmaeTcst Ha MIOCKOH moBepxHOCTH Topdsrauka (90cm). YaacTku ¢
6onpmeii MmommHOCTRI0 CTC mpuypoYeHb! K MOHMKEHUSAM, 3aHATHIM KYCTapHUYKOBO-TPaBSIHO-C(ParHOBEIM 00-
notoM (143cm), 11 K METKOOYTPUCTHIM TYHIIpaM ¢ TOPPIHBIMA OyTropKaMH, MATHAMHA-MEIAIbOHAMHU 1 MOYAKH-
Hamu (147cm).

W3meHenne kiuMara, 00ycIOBIEHHOE UM H3MEHEHHE pacTuTenbHocTH ¥ MommHocti CTC, npusenu k mo-
BhImeHnto Temneparypsl MMIL. Tpenn n3amenenuns cocrasmi 0,03°C B rox. Hanbonemee (aa 1,4°C) mosbIme-
Hue Temreparypsl MMII nponzonumm Ha KpyTHOOYTPUCTHIX TOPSHUKAX. MeHbINe N3MEHEHUS TEMITEPATyPHI
Ha 0,8°C oTMeUeHBI Ha IITOCKOOYTPUCTHIX TopdsHuKax. Ha TophsHO-MIHEpaTBHBIX OyTpax IIy4eHus TeMIiepa-
Typa nogasiack Ha 0,4°C u mocturna 3nagennii -0,2..-0,1°C.

B paiione nccnenoBanuii Hanbonee pacpoCTpaHEHHBIMHU 3K30T€HHBIMH ITPOLIECCAMH ABJISIOTCS] CE30HHOE
MHOTOJIETHEE TTy4eHHe, U 3a0onaunBanue. B 70-e romgpt XX Beka, CYUTANIOCH, YTO TEPMOKAPCT TAK)KE UMEET IIH-
poxkoe pazBuTre. B nponecce MOHUTOPHHTA OBIIO YCTAHOBIICHO, YTO CE30HHBIM 1 MHOTOJIETHUM ITy9I€HHEM OXBa-
YEHBI BCE KOCHCTEMBI. [I0IbeM TOBEPXHOCTH STHX SKOCUCTEM IPOUCXOAMI B HANOO0JIEE XOIOAHBIE 3UMBL. B 3Kc-
TPEMabHO TEIUIbIC JIETHHUE MEPHOJbl Ha TAKUX y4dacTKax (PMKCHpOBaiach TEIioBas ocazaka. Ilpumuem ocanka
JIMILb HA OTAEJIBHBIX yYacTKax KOMIIEHCHPOBaJa MPOU3OLIEAIINN paHee OABEM, IOTOMY K Hadaimy XXI Beka
TTOBEM TTOBEPXHOCTH TIOCKOOYTPUCTHIX TOP(HSHUKOB 1 OyrpoB mydeHus cocraBui 20-60 cM HajI BBICOTOH, 3a-
HUMaeMOH B IIEPBBIE TOIbl MOHUTOPUHTA. [loTeTeHne KiMMara MpuBeso K 3HAUUTEIIbHOMY CHIDKEHHIO HHTCH-
CHBHOCTH ITy4€HHSI, Pa3BUTHIO TETIIOBOH OCAJKH M K HEKOTOPOMY OXKHMBJICHHIO TepMoKapcTa. [Tocinennuii 3Ha4u-
TENIBHBIN MOIBEM TTOBEPXHOCTH, 00YCIOBIEHHBI MHOTOJIETHUM ITy4eHHEM, ObLT 3a(PMKCHPOBAH IMOCHE KCTPE-
MaJIbHO XOIOJHOW M MAaJOCHEXHOW 3uMBI 19991, M He3HaYMTENBHBIA MOABEM MOBEPXHOCTH HA OTACIBHBIX
y4YacTKaX IIOCKOOYTPHCTHIX TOP(HSHUKOB M OYTpOB IMydeHHsI ObUT OOHAPYXEH MOCIIe OTHOCHTENFHO XOJIOIHON
3umsI 2005 1. B 11e1iom, monokeHre MoBEpXHOCTH OyTpOB MydYEHUs ¥ INTOCKOOYTPUCTHIX TOphsiHIKOB B X X1 Beke
CTaOWIN3UPOBaIOCh. HEKOTOpBIE y9acTKH 3THX 3KOCHCTEM MOIBEPraroTCs TEMIOBOM OCa IKe.

Ha TyHApOBBIX 1 OOMOTHBIX YIaCTKAaX CE30HHOE MyYEHHE MPUBOAMWIO K 00Pa30BaHUIO MEIKHX OyrOpKOB
Ha y4JacTKax HOBOOOpPa30BaHHs MEP3JIOTH. B cilyuae coxpaHEHHs NMEPENeTKOB MPOAODKAIN CYIIECTBOBATh U
oyropku. C 2007 1. HOBOOOpa3oBaHHE MEP3IOTHI, 00YCIOBIEHHOE THHAMUKONW PACTUTEIBHOCTH, OTMEYEHO T10-
BCEMECTHO B KPAeBBIX YacTsIX OONOT.

TepMoKkapcT B COBPEMEHHBIX KJIMMAaTHUECKUX YCIOBUSAX PAa3BUT €1a00, YTO CBA3AaHO C MIMPOKUM PaCIIpo-
CTPaHEHHEM OTHOCUTEIBHO CJIA0OJBIUCTBIX AMUTEHETHUECKUX MEpP3IBIX MOopod. B mpomutoM, TepMokapcT
ObLT pa3BUT 3HAYUTENBHO MINPE, O YEM CBUICTEIBCTBYIOT MHOTOUHCIICHHBIE 03€Pa, 10 OOJIbIIEH YacTH, TEPMO-
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KapCTOBBIC U OTACIbHBIC, HBIHE IPEHUPOBAHHBIE, HE IMEIOIIUE CJIEI0B AKTUBHOTO COBPEMEHHOTO IPOTEKAHUS
MpoLecca, TEPMOKapCTOBbIEC MOHIKEHNS. AKTHBU3ANUS TEPMOKAPCTa BO3MOXKHA B IPCHUPOBAHHBIX TEPMOKap-
CTOBBIX IIOHMKEHHAX, PACTIOJIOKCHHBIX Ha Oyrpax IMyd4eHus, Kak IpY U3MEHEHUH KJINMaTa, TaKk ¥ IPU H3MEHe-
HHUHM YCIIOBHH TEIIIOOOMEHA C TIOBEPXHOCTHIO (HAPHMED, IIPU MOSBICHUH KyCTapHUKOBOH PAaCTHTEIBHOCTH,
OCTaHABJIMBAIOIIEH CHETONEPEHOC). 3apacTaHue APCHUPOBAHHBIX MTOHWKEHHH KyCTapHUKOM II0J{ BIUSHHAEM
YBEIMUYCHNUS KOJIMYECTBA aTMOC(EPHBIX 0CAAKOB U MOTETUICHNUS KIIMMaTa B OCIECAHUE TOABI HAOII0AAeTC s 1ITH-
poxo. MOHHTOPHHT OZHOTO MOHMKEHUS, YBEIIMIHUBIIETO CBOIO Iutomazns B 2005 1., Os11 HagaT B 2009 roxy. 3a
MPOLIEIINE 5 JIET €T0 IUIONIa b N3MEHIWIIACh HE3HAUUTENbHO. Buanmo, 11 mpoTekaHus mporecca HyXKHO CO-
OmromeHNe IEeoro psijia yCIOBUH, KOTOPbIE OyayT yCTAaHOBIICHBI B XOZIE JAIbHEHUIIINX HCCIIET0BAHHMN.

MoOHHTOPUHT 3a00Ta4MBAHUS BBIIOJHSICSA C HCIONb30BAHUEM JUCTAHIIMOHHBIX METO0B. [IoBTOpHOE
Jemn(prBaHre KOCMOCHIMKOB 3aJIETOB Pa3HbIX JIET OKa3all, 9TO 3a00/Ia4MBaHIE aKTHBHO Pa3BHBAETCS TOMb-
ko Ha Il HagmoiimMenHoi# Teppace p. HampiM, rae jgeca ycTymaioT CBO€ MECTO O0JIOTaM.

PagmoyrneponHoe gatupoBaHne MEP3IITOTO TIOCKOOYTprUCTOro 0010Ta B oiiMe p. Xeiru-Sxa npuroxa p.
Hagpm mokasano, yTo TopdoHakoIuieHne B HEM Hadanoch okoio 7000 net Hazan (He KannOpOBaHHBIN pagnoy-
mieponHbIi BozpacT). [lopctunaronme Topd 03E€pHBIE OTIIOKEHHS MPETIOIOKUTEIBHO HMEIOT PaHHETOJIOIIe-
HOBBIH Bo3pacT. CIIOpoBO-TBUIBIIEBAs JUarpaMMa, HOCTPOCHHAs IO 0TOOPaHHOMY pa3pe3a BhISBMIIA HECKOIb-
KO JIOJITOBPEMEHHBIX CMEH B PaCTUTEIBHOM ITOKPOBE HCCIIEyeMOTO PEernoHa 3a Bc€ BpeMs 03€pHOro U Topds-
HOTO 0CaJKOHAKOIUICHNUS. XapaKTepHbIM NIPU3HAKOM 3THX CMEH SIBIISUIOCH NIEPHOANYECKOE YBEINUYECHHUE POITU
€M B JIecax, yepeoBaBIieecs ¢ hazaMu JOMUHUPOBAHUS KapIUKOBOW OepEé3ku (B paHHEM ToJorneHe) i 6epé3bt
6oponasuaroii (B cpegHeM ronorene). [lo MakcuMyMam OOMINS TBUIBIEI OBITO BBISBICHO 3 ATUTEIHHBIX ITe-
pHoaa OBBIMICHHOH BiIakHOCTH KimMara. B mocnennue 2000 neT Ha3ax BCIEACTBHE IPOMEP3aHUs TOPHSHON
TOJIIIM Ha TTOBEPXHOCTH OO0JIOTa IMOCENWICS Keap CHOUpCKUil u carHoBbie MxH. TopdsHable 00pa3ubl U3 U3-
YUEHHOTO pa3pe3a ObUIH MOIBEPrHYTHI, KPOME CIIOPOBO-TIBUIBIIEBOTO aHAIN3a, AaHAIN3Y CTETIEHH TyMHU(HKa-
OUH TI0 CTaHAAPTU3MPOBAHHON MEXIyHApPOIHOW METOMUKe, pa3paboTaHHOW EBpPONEUCKON mporpaMMoin
«Axkpotensm». CornocTaBieHHe JaHHBIX CIIOPOBO-IBIIBLIEBOTO aHAJIN3a C JAHHBIMH T10 CTENCHN TyMU(DHUKALIUH
Top(a BEIABIMIN CIIELYIOUIY0 3aKOHOMEPHOCTH - B TIEPHUOIBI C YBEIIMUCHHON POJIBIO OEpE3bI B PACTUTEIEHOM
MIOKPOBE yBEIMYIHMBANACh M CTENEHb ryMHu(puKanuu Topda, a B MEPHOABI ¢ OOIBIINM y4acTHEM €M B PACTH-
TEJILHOM TIOKPOBE — CTENECHb ryMH(UKanuu Topha ymeHbIanzacsk. II0CKoIbKy N3BECTHO, YTO CTENEHb IYMH-
¢ukanuy Topda yBenuuuBaeTcs B 00ee Cyxue rofsl U B HECTaOMIbHBIE IEPHO/IbI, HO YMEHBIIAETCS B TOABI
CTaOHMIIBHOTO YBJIQ)KHEHHUS, BBISIBICHHAs] 3aKOHOMEPHOCTD IOITBEPKAAET TMIIOTE3Y O TOM, YTO BO BIIAXKHBIC
TIEPHUOLIBI POJIh €M1 B JaHAmadTax cesepa 3anaanoit Cubupu Bo3pacTana, a B 6oiiee Cyxue — yMeHbIIAIACh.

Hrak, MOKHO 3aK/II0YHTh, YTO

1. B HacTosmee BpeMsl MPOUCXOOUT CHIBHOE HANPAaBICHHOE M3MEHEHHE KOCHCTEM, 00yCIOBIECHHOE
MOTETIIICHUEM KIIMMaTa ¥ YBEJIMUEHHEM KOJIMYECTBA JIETHUX OCAJIKOB.

2. VI3MeHeHHs SKOCHCTEM MPOSIBISETCS B U3MCHEHUH PACTUTEIBHOCTH, TETIJIOBOTO COCTOSTHHS, MEHSIET-
Csl TAKOKe BHYTPEHHSAS CTPYKTypa 3KOCUCTEM U BEAYIIHE SK30TCHHBIE MTPOLIECCHI.

3. Pa3nuuHbIE 9KOCHCTEMBI 3aTPOHYTHI U3MEHEHHUSIMH B Pa3HOH CTCTICHH.

4. Tloxa KaracTpo(QHUIECKOTO Pa3pyIICHNsI HU OJHOM 3KOCUCTEMBI HE ITPOU3O0IILIO.

5. Hexoropble 3KOCHCTEMBI HAXOISTCS BONM3M YEPTHI, TIOCIIE MEPEX0a Yepe3 KOTOPYI0 HAdHETCS HX
paspylIeHHe IPHU COXPAaHEHNH TEX K€ TEMIIOB MTOTEIICHHUS KJIMMaTra.

6. V3MeHeHHs 3KOCHCTEM HEOJHOKPATHO MPOUCXOMIIO U B TPOIITIOM.

Relation of long-term dynamics of atmospheric circulation
parameters, in terms of cyclones, to surface air temperature
over Siberia

Podnebesnykh N.V., Ippolitov L.I.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: podnebesnykhnv@inbox.ru

elationship of long-term dynamics of atmospheric circulation parameters, in terms of cyclones, with sur-
face air temperature over Siberia (50-70° N, 60-110° E) has been investigated. Data analysis was carried
ut using surface synoptic maps for the period of 1976-2011. To calculate the temperature fields daily ob-
servational at 169 stations located in the selected area were used (data, ftp:/ftp.cdc.noaa) for 1976-2011.
Analysis results have shown that the territory of Siberia has been characterized by the growth of surface
air temperature from 1976 to 1990 and from 1998 to 2003, from 1990 to 1998 - by the reduction, and surface
temperature lightly increased for the period of 2003-2011 (Fig. 1).
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Average annual trend of surface temperature is 0,29°C/10 years over the whole period 1976-2011. Posi-
tive temperature trend is observed throughout the year, except January, November and December. Figure 1
shows air temperature which is in antiphase with the progress of the number of cyclones, except last few years.
In the periods of rising surface air temperature over Siberia southern cyclones dominated, and in the period of
its decrease - northern cyclones. During the period 2003-2011 of sustained growth in surface air temperature
increase of zonal circulation is observed.

The greatest number of cyclones came to Siberia from northern directions (731), the number has increased
most notably since the early 90th. Interannual variation of the number of cyclones grouped by trajectories and
that of total cyclones are comparable with each other. The smallest number of cyclones came from the west
(360). Trend of western cyclones number is negative (-0.1/10 years), for northern cyclones and southern cy-
clones it is positive (1.4/10 years and 0.3/10 years, correspondingly).

The total number of cyclones was 1704 over the period. The average annual number of cyclones is 47.
According to S. Gulev for the entire Northern Hemisphere average number of cyclones per year is 234.

The greatest number of cyclones during the period of under study came to Siberia from the area of the
Kola Peninsula (northwestern cyclones) - 437 for 36 years, for the smallest number of cyclones formed in the
lake Balkhash and parts of Ashgabat, Tashkent or the rivers Amu Darya and Syr Darya (southern cyclones) -
192 for 36 years.

The seasonal variation of the number of cyclones has pronounced with maximum in the spring (May), and
minimum in summer (July). According to other authors the seasonal variation of the number of cyclones has
been also detected. The decrease in number of cyclones in July can be explained by frequent occurrence of this
synoptic situations with that pressure gradients.

This paper has studied the dynamics of the atmospheric pressure in the center of pressure formations. Its
value varies from 997.4 hPa to 1006.0 hPa, the average pressure in the center of the cyclone is 1001.2 hPa. By
the end of the period the pressure in the center of cyclones has slightly reduced. Northern cyclones dominated
when it was low surface temperature, the pressure in the center here is lower than that in the centers of the
southern and western cyclones. Southern cyclones have maximum pressure in their centers and dominated in
periods of rising surface temperature.

As for interannual pressure in the cyclones during the second half of the period it is less than that in the
first half. Thus, we can suggest that in the second half cyclones became deeper.

CBA3b MHOroNeTHen OMHaMUKK NapaMeTpoB aTMochepHoun
LUMPKYIALUK, HA NpUMepe LMKIIOHOB, C NMPU3eMHOM
TeMnepaTypon Bo3ayxa Hag Tepputopuen Cnbupum

MogHebecHbix H.B., Unnonutos U.U.

MHCTUTYT MOHMTOPUHIa KNUMaTHUYeCKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
E-mail: podnebesnykhnv@inbox.ru

TO JaBJICHUS B IIEHTPaxX IUKIOHOB HaJ CHOUPHIO, a TAaKXKe UX CBA3b C MPU3EMHOM TeMITEpaTypoi BO3-

nyxa. Tepputopus nccienoBanus Obuta orpanndeHa koopauHaramu 50-70°c.mr., 60-110°8.1. Ananus
JAHHBIX TTpoBOIMIICS 3a mepuo 1976-2011 IT. o JaHHBIM TPU3EMHBIX CHHOIITUYECKUX KapT. J{J1st BEraucaeHwust
OJICH TeMITEPaTyPhbl HCIIOIb30BATUCH €KECYyTOYHbIC JaHHBIC HAOMIOACHNM Ha 169 CTaHIIUAX, PACTIONIOKCHHBIX
B BBIOpaHHOM paiioHe (ueHTp pacnpenenenus aanHeix NOAA, ftp://ftp.cdc.noaa) 3a 1976-2011 rr.

B pesynbrare mpoBeA€HHOTO aHAMM3a OBUIO TToMy4YeHo, 4yTo TeppuTtopus Cubupu B 1976-1990 rr. xapak-
TEepHU30BaIach POCTOM MPU3EMHOM TeMIeparypsl Bo3nyxa, B 1990-1998 rr. e€ ymensmenuem, B 1998-2003 rr.
poctoMm, a B 2003-2011 rT. pocT mpHU3eMHON TeMIepaTyphl Bo3xyxa 3ameammics (puc.l).

CpenHe ToIoBO# TPEH I poCcTa MPU3EMHON TeMIeparypsl Bo3ayxa cocrasiser 0,29°C/10 ger ¢ 1976 no
2011 rr. [TonoxuTenbHas TEHACHIUS POCTa TEMIIEPATyPhI MIPOSIBISETCS B TEICHNE BCETO I0/1a, 32 HCKITIOUCHH-
€M nepuoaa ¢ HO?{6pI) 110 AHBaphb. Kax BUIHO U3 pUCYHKA, HAa MPOTAXKCHUN BCECTO NIEpHUOAA UCCIICAO0OBAHUA X0/
MIPU3EMHOM TeMIlepaTypbl BO3AyXa HAXOAUTCS B MPOTHUBOGA3e C XOAOM YHCIA IIMKIOHOB, 32 UCKIIOUYECHHEM
MOCJICIHAX HECKOJIBKUX JIeT. B meproisl pocTa npu3eMHo# TeMneparypbl Bozayxa Haj CuOupsio npeobdianaer
BBIXOI HOKHBIX HHUKJIOHOB, @ B IMEPUObI MAACHUA — BBIXOJ CEBCPHBIX HUKIOHOB. B epuoa ¢ 3aMCIJICHHBIM
POCTOM TIpU3EeMHON TeMmIepaTypsl Bo3ayxa B 2004-2011 rr. oTMedaeTcs yCUIeHHE 30HATBHOUW MUPKYIISITIH

(puc. 2).

B JTOKJIaJIe PACCMOTPEHA MHOTOJIETHSS AMHAMHUKA YHCIIa IMKIOHOB U BEIMYUHBI CPEIHET0 aTMochepHo-
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Puc. 1 — MesKrofoBas M3MeHYMBOCTb NPU3EMHOI TeMMepaTypbl BO3ayXa (a) M umcna unkioHoB (b) Hag Tepputopueit Cubu-

pv 3a nepuog, 1976-2011 rr.
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Puc. 2 — Y1cno UMKNOHOB CMeLLaBLUMXCA C pa3HbIMU
TPaeKTOPUAMM OBUKEHWA Ha TeppuTopmio Cubupw 3a
nepvog 1976-2011rr.

Tpumeuanue: 3 — yuxkioHwvl, cCMewjaguitecs no
3anaouvim mpaexmopusam osudicerust, C — yu-
KIOHbL, CMEUAGUILECS N0 CEBEPHBIM MPAEKMO-
pusim osudicenus, FO — yuxknownwl, cmewaguiuecs
10 10ACHBIM mpaekmopusam osudxcerust. [100po6-
HOe OnucaHue epynn YUKIOH08 NPUeeoeHo & pa-
bome [2].

HawubGonpIree 4nciio NMKIOHOB NPHILIO HA TeppuToprio CHOMpH ¢ ceBepHBIX Hampasienui (731), oco-
OEHHO 3aMETHO MX YHCIIO YBEIHIHIOCH ¢ Hadana 90-x rogoB. MeXromoBoi X0/ 4HcIIa IMKIOHOB CIPYIIITHPO-
BaHHBIX 110 TPAEKTOPUSM JIBI)KCHHSI M MEXTOIOBOM X0/ OOIIETO Ynciia IMKIOHOB COIIOCTaBUMBI APYT C APY-
rom. HanMenbIiee 4nciio UKI0HOB MPHIIIO ¢ 3anafHoro HanpasieHus (360) (puc. 2), (tadmn. 1). Tpenn uncna
3amaJHbIX IUKJIOHOB oTpunarenbHblii (-0,1/10 j1eT), ceBepHBIX M I0KHBIX IUKIOHOB ITON0XNTEeNbHBIH (1,4/10
net u 0,3/10 €T, COOTBETCTBEHHO).

B Tabnmune 1 npuBeneHO cyMMapHOE YMCIIO M BEJIMYMHA CPETHETO aTMOC(EpPHOTo MaBieHUS LUKIOHOB
Pa3NUYHOrO IreHe3uca.

Tabnuua 1

N N P (rIla)

CenepHBie WKIOHE: 71 CeBepHbIC IIUKJIOHBI 294 996,5

CeBepo-3amaiHbIe HTUKIOHbBI 437 994,2

3ara Hble TUKIOHBI 360 3aragHpIe ITUKIOHBI 360 998,8
IOro-3anagHpie IUKIOHEI 221 1001,8

TOxHBIE IUKIIOHBI 613 TOHbBIE IMKIIOHBI 192 1003,4
MecTHBIE IUKIOHEI 200 1012,3

Ipumeyanue: N —uucio bapuueckux obpazosanuil; P — eenuyuna cpedne2o ammocghepHozo 0asneHus 6 yeHm-
pax bapuueckux obpazosarul

« CONTENTS




3a paccMOTpEHHBI HAMH TIEPHO]] HaJl HCCIIEeoyeMoi TeppuTtopueii Oputo 3adukcuposano 1704 mukinona.
CpemnerogoBoe uncino nukioHoB cocrasisier 47 (puc. 1). Ilo nanaemv C. I'ynéra [3] mst Bcero CeBepHOTO
TTOJTyIITapysl CPEIHEE YUCIIO IIMKIIOHOB B TO cocTaBisieT 234.

Haubomnpiree uncino mukIIoHOB Ha Tepputoprio CHOMpH 3a MCcieIyeMbId Iepro MPHUILIO U3 paifoHa
Konsckoro momryocTpoBa (ceBepo-3amagapie TUKIOHBI) — 437 3a 36 5et, HanMEeHBIIIee YUCIO IUKJIOHOB MPH-
1o U3 pariona o3. banxam u u3 paiiona Amxa6ana, TamkenTa 1160 u3 Mexaypeuse Amy-Zapeu u Ceip-Za-
pru (1oxHBIE TUKITOHBT) — 192 32 36 et (Tabm. 1).

B ce3oHHOM pacnpeneneHuu 4nucia HUKIOHOB IPOCMAaTpUBAETCA YETKUN FOOBOM X0 C SIPKO BBIPaXeH-
HBIM MaKCHMYMOM B BECEHHHI TepHox (Mail), 1 MUHUIMYMOM B JIETHUH nepuox (uroib). B To Bpems kak 1o
JAHHBIM JIPYTHX aBTOPOB [ 1] B CE30HHOM pacrpe/ieIeHHH YHCIa IIUKJIOHOB YETKOTO TOI0BOTO X012 He 00Hapy-
XKeHO. MIoNbCKI MUHUMYM B MEXXI'OJJOBOM XO/I€ IIUKJIOHOB OOBSICHAETCS YaCThIM IIOBTOPEHUEM B 3TOM MeCs-
11€ CHHONTHUYECKHUX CUTYaINH, ONPEAETSIEMBIX MaJIOTPAJUEHTHBIM ITOJIEM.

Taxk e B paboTe ObUTa HM3ydeHa TUHAMIKA BETMYUHBI aTMOC(EPHOTO TaBICHHS B IEHTPAX IUKIOHOB (pHC.
3). 3nauenus gaBieHus n3Mensorcs ot 997,4 rlla mo 1006,0 rlla, cpenuss BenmauHa JaBJICHUS B IEHTPaxX IU-
xioHoB paBHa 1001,2 rlla. K xoHIy mcciexyeMoro rmeprosia BeN4rHa JaBICHHS B [ICHTPaX IIUKIOHOB HE3HAYH-
TEIIBHO CHIDKAaeTCs. B meprozab! najeHus Npu3eMHON TeMITepaTypsl BO3LyXa Ppeo0IafaloT CEBEPHbIC INKIIOHBI,
JIaBJICHHE B LIEHTPaX KOTOPBIX HIJKE, YEM B LICHTPaX OXKHBIX U 3aMaJHBIX [IMKJIOHOB. A B IIEPUOABI POCTA IIPH-
3eMHOMH TEMIIEpaTyphl BO3AyXa MPe00IaAatoT F0XKHBIC IIMKIOHBI C MAKCHMAJIBHBIM JIABJICHUEM B IIEHTpPaX.

1007 Puc. 3 — MerKrogosan n3MeH4YMBOCTb CPEAHENO [aBNeHUA
10067 B LiEHTPaX LIMKMOHOB Haf TeppuTopuen Cnbupm 3a nepuog
10097 1976-2011rr.

1004
1003 4
1002
1001 4
1000
999 4
998 —

997 T T T T T T T T T T T
1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009

ITpu paccMOTPEHNUH MEKTOJOBOTO XO0/1a TABJICHHS B IIEHTPaX IIMKIOHOB MOJKHO BBIJCIHUTH TOT (aKT, 4TO
BO BTOPOI TTOJIOBHHE PACCMATPUBAEMOTO MEPHO/Ia BEIUYNHA TABICHHS HECKOIBKO MEHbIIIE YeM B TIEPBOH I10-
J0BHHE (pHC. 3). DTO TOBOPHUT O TOM, YTO BO BTOPOH MOJOBHHE HCCIIEAYEMOro MEPHO/ia IIMKIIOHbI CTaIn Oosee
D1yOOKHMH.

Jlumepamypa:

1. Bopoosckasa JLU., [{ubynvckuii A.E. [losmopsiemocms u cKOpoCcmsb 08UNCEHUSA YUKTOHOB U
aHmMuyuk0oHo8 Hao 3anaonoii Cubupuwio // Bonpocet eeoepagpuu Cubupu. — Tomex: H30. TI'Y, 1976. —
Buin. 9. — C. 22-29.

2. Topbamenxo B.I1., Unnonumoe HU.U., Kabanos M.B., Jloeunos C.B., Iloonebecnvix H.B.,
Xapromkuna E.B. Brusinue ammocgheprou yupkyisyuu na memnepamypusiil pexcum Cubupu // Onmuka
ammocgepul u oxeana. 2011. Ne 1. C. 15-21.

3. Gulev S., Zolina O., Grigoriev S. Extratropical cyclone variability in the Northern Hemisphere win-
ter from the NCEP/NCAR reanalysis data // Climate Dynamics. —2001. — V. 17. — P. 795-809.

Observed changes in climate over the Great Vasyugan Bog
in the instrumental record: air temperature

Ivanova E.V.,[Kuskov A.I.| Tartakovsky V.A.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: ehllai@rambler.ru

n recent years the problem of climate change is of a particular interest of experts in various fields of science
and technology. To characterize the climate change most researchers choose a long term trend, using mainly
two mathematical methods: the time series approximation by polynomials of different degrees and moving
levelling.
The aim is to identify periods with positive and negative trends of the average monthly temperature in the
Great Vasyugan Bog (GVB) area, their spatial distribution and characteristics of long-term trends, depending
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on the length of the period, over which the trend is determined. The research material is the time series of the
average monthly temperature at 15 meteorological stations located in the area of GVB and surrounding grounds
for the period of 1936-2012 years.

To characterize periods with positive and negative trends, as long as the trend was determined as linear,
the calculation was made for each calendar month separately. To determine the values coherence of the relative
trends connected with each other in the area under study the method of principal components was applied. This
method allows: to quantify the changes in the relative trend synchronicity between points of observation; to
obtain a time series model and its connection with the characteristics of the actual series; to identify the typical
fields in the seasonal course.

The temporal course of the relative trend for different duration of moving levelling (11, 15, 21, 25 and 31
year) for January and July at Pudino st. was built. Also the typical fields conditioned by the first and the second
components were built. For the first typical field quasi zonal contour of relative trend is characteristic, whereby
the increase of the relative trend from north to south occurs. Over GVB the field has an undulating character, in
the center (st. Pudino and Bakchar ) a trough is observed. It means that through the bog centre the relative trend
will have lower values compared with a zonal field. Along the Taiga-Pervomajskoe direction the ridge axis is
observed - here a relative trend will be higher than in the zonal distribution.

For the second typical field the meridional distribution of contour of the relative trend is characteristic.
Along the direction: Kolpashevo - Napas the tough axis is located. In this case the relative trend increase is ob-
served from the west to north-west, from -0.2 to 0.2 °C/10 years.

The most complicated type of the relative trend distribution is the third field type, which include the fea-
tures of both the first and the second components. Maximum positive value of the relative trend is observed in
winter months excepting February, in which 12 stations of 15 have the negative trend. In summer months from
June till September the absolute values of the trends are small and they are in the range of 0.0 — 0.2 degrees
C/10 years. The time interval increasing over which the trend is determined, leads to a decrease of the relative
values of the trend and the number of cooling and warming periods.

The role of GVB in the relative trend forming is noticeable only in the central part of the bog, in which the
first and the second types of the relative trend have reduced values in regard to the surrounding area.
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TOCIIETHHE TOAIbI MPo0IieMa U3MEHEHHS! KJIMMAaTa BbI3BIBAET OCOOBIN HHTEPEC Y CIICIMAIMCTOB U3 Pa3HbIX
oOnacreil Hayku ¥ TeXHUKH. [1o7 n3MeHeHneM KiIMMara IIOHUMArOT U3MEHEHUSI KOMIUIEKCa CTaTUCTHYe-
CKUX XapaKTEPUCTHUK METEOPOIOTHUECKUX BEIUYHH OT OJJHOTO MHOTOJIETHETO MTEPHO/IA K IPYTOMY.

BonpImmHCTBO HccnenoBarenel B KauecTBE XapaKTEPUCTHKN U3MEHEHHUS KIIMMaTa BEIOMPAIOT JOJITOBpe-
MEHHBII TpeHA. B OCHOBHOM IpPHUMEHSIOT /Be MaTeMaTH4YeCKHe MPOUEAYPhl MOIYYEeHHUS JOITOBPEMEHHOTO
TPEeH/Ia: alpPOKCUMAIIMS BCETO BPEMEHHOTO Psi/ia IOJMHOMAMH Pa3IMYHBIX CTEICHEH U CKOJB3AIIee CIIaXH-
BaHHE.

B xadecTBe anmpokcuMHupYIOmen (GyHKIINH JOITOBPEMEHHOT0 TpeHa 77(¢) BRIONPArOT OIUHOM IIepBOH
creneHd. KoaGpuIeHT nponopiroHaNbHOCTH oL OTPaXKaeT CKOPOCTh N3MEHEHHsT BEJIMYMHBI METEOPOJIOTHye-
CKOT'O JIEMEHTA U SIBISETCS OTHOCHTEIBHBIM JOJITOBPEMEHHBIM TPEHIOM.

[TpumeHneHne MeToa CKOIB3AIIETO CITIA)KUBAHUS WIIM CKOJIB3AIINX CPEIHUX IS BBISIBJICHHS MTEPHOAOB
C TIOJIOKUTETHHBIMU HJIM OTPHIIATEIHHBIMHU TEHICHIMSIMI H3MEHEHNUS BEITMYUHBI METSOPOIOTHUECKOTO AJIe-
MeHTa 0oJee MPeANoYTUTENHHO, YeM alMPOKCUMAIINS TOJINHOMAaMHU BBICOKUX CTeleHed. To 00yclIoBIeHO
TeM, YTO TP BBIJCIEHUH MEPHOIOB C MOJIOKHUTEIHBIMU MU OTPUIIATEIFHBIMUA TCHICHIIUSIMHI N3MEHEHUS
BEJTMYHUHBI METEOPOJIOTUYECKOTO JEMEHTa ITyTeM allpOKCUMAIIMK TOJHHOMAaMHU BBICOKHX CTENEeHeH IMmpo-
JOJDKUTETBHOCTD 3TUX TEPHOJ0B OyAeT 3aBUCETh KaK OT CTEHEHH MOJIMHOMA, TaK U OT JJIMHBI BPEMEHHOTO
psana. B To ke Bpems MPOAOKUTENBHOCTS TIEPHOJIOB C OAMHAKOBBIMU TEHACHIUAMH IPU HCIIOIb30BAHUN
CKOJIB3SIIEr0 OCPETHEHHsI OyAeT 3aBUCETh TOIBKO OT MEePHOAA OCPEAHEHUS U He 3aBUCETh OT JUIMHBI psja.
OpHaKo 3TOT METOJ] MMEET U HemocTaToK. [lomydeHHBIH ¢ MPUMEHEHHEM CKOJB3AILIETO CTIAXKUBAHUS PSI
HEIPUTOZIeH JJIs MPOTHO3a, TOTOMY YTO 3HAYCHHSI JOJITOBPEMEHHOTO TPEH/1a Ha KOHIIAX Ps/ia pacCUYUTHIBA-
I0TCS ¢ OOBIION OMMOKOM.
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[lenpro paboOTHI SIBISIETCS BBISIBIICHHE MEPHOIOB C MOJIOKUTEIBHBIMI M OTPUIATEIbHBIMHI TEHACHIUIMHA
CpemHel MecsIHOU TeMIiepaTypsl B paiioHe bombmoro Bacroranckoro 6omnora (BBB), ux tepputopnamsaoe
pacIipesienieHe ¥ XapaKTepUCTHKA JOJITOBPEMEHHBIX TEHICHIIUI B 3aBHCUMOCTH OT NPOJIOJKUTEILHOCTH Tie-
puofa, 3a KOTOPBIil OIlpeenseTcs TPeH .

MarepuaioM ncciae0BaHusl HOCIYKUI BpEMEHHBIE PSIABI CPENHEN MECSIUHOM TeMIepaTypsl Ha 15 meTe-
OpOJIOTHYECKUX CTaHLMSX, PACIIONIOKEHHBIX B pailoHe bBb u npuieramomux K HeMy TEpPUTOPUSIX 32 NIEPUOJ
1936-2012 rongsl.

JIist XapakTepUCTHKY TIEPHOJOB C MOJIOKUTEIBHBIMH U OTPUIIATEIFHBIMU TPEHIAMH IIPH yCIOBHH OIIpe-
JIeTICHUs] TPeH A KaK JIMHEHHOTO BO3MOXHBI [[Ba BAPHAHTA PACUETOB: B IIEPBOM pacdeT IMPOU3BOAUTCS 10 HC-
XOJHBIM BPEMEHHBIM psiiaM 0e3 ydeTa KaJeHIapHBIX MECSIIEB; BO BTOPOM BPEMEHHBIE PS/ABI PA3CIISIOTCS 110
MecsIIaM U IS KaXKJ0Tr0 KaJIeHJapHOTO MecsIa pacueT MPOU3BOAUTCS OTJAEIBHO.

Jlnist BBIABIICHUS XapakTepa TPEHa MCIOIb30BaJICS BTOPOi nmoaxox. I1o MHEHHIO aBTOPOB, 3TOT MOAXOL
ABIAETCS 00JIee KOPPEKTHBIM, OCKOJIBKY YIUTBHIBACT CE30HHBIC M3MEHEHHUS TPEHAA.

Hnsa peanmsammu noaxoma HeoOxoanMo BeIOpaThs mepuon A7, IS KOTOPOTO OMPEAETSUICS JIMHEWHBIH
TpeHn. B manHoM cirydae 6bu1 BEIOpaH 6a30BbIi 11-meTHnit nepuog A7 =11, Tak Kak OH, BO3MOXHO, CBSI3aH C
yrcinamu Bonbda, KoTopsie yKa3bIBalOT HA MHTCHCUBHOCTD COJTHEUHON aKTHBHOCTH.

Jlns BBIOpaHHOTO TIEpHoa 3a KaXKABIH KaJTeHIapHBIH MECSI] OIpeIeIsUICs mapaMeTp u3 BeipakeHws (1):

Trt)=at + p, (1)

rae Tr(t) — 3HaYeHHe TPeH1a B MOMEHT BPEMEHH £; 0, - CKOPOCTh N3MEHEHHMS TEMIIeparypbl (OTHOCHTEIb-
weiid Tpenn, °C/10 net.); ff - koHcTaHTa. B qanmpHe#meM i HHTEpIpETAllMy UCTIONB30BANICS apaMeTp o Kak
Haubonee nHGopmaTuBHBIN. [loOXKHUTETBHBIEC 3HAYEHHUS (L COOTBETCTBYIOT JIOJITOBPEMEHHOMY POCTY TeMIIepa-
TYPBbI, OTpULIATEIbHBIE — TaJICHUIO.

[Mocne pacyera 3HaUEHHE NPUCBAMBAIOCH CEPEIMHE BPEMEHHOTO OTPe3Ka, ISl KOTOPOro OH ObUT paccyu-
TaH. J{71s1 nepBoro BpeMeHHOro oTpe3ka 1936-1946 rr. o npucausaercsa 1941 rony. Ha cienytomiem miare pac-
YyeTa MPOMCXOTUT CABHT Ha TOJ] (BTOPOI BpeMeHHOM oTpe30ok 1937-1947 rr.) u mpornenypa onpeeieHus o mo-
BTOPSIETCS BHOBB JI0 KOHIIA HCCIIElyeMOTro TIepHoja.

[TocTpoeH BpeMEeHHOH psili CKOPOCTEH M3MEHEHUsI TeMIleparypsl Ha cT. [IynuHo, koTopas pacnonoxeHa B
neHTpanbHoM yacti BBB n oTpaxkaet Bce 3akoHOMepHOCTH 10JIs TeMneparypsl Haj bBb.

Pe3ynprarbl mokasanu, 4To 3a 77-NETHUH MepHoj] OTMEYANTHCh KaK JIOJITOBPEMEHHBIC BOJIHBI TEIUIa, TaK U
X0JI0/1a, IPH 3TOM ITPOAOKUTENILHOCTD BOJTH X0JI0/1a OKa3ajiach MEHbIIIE, HO MX HHTEHCUBHOCTH CHiIbHEe. Takum
00pa3oM, BOIpOC 0 III0OAITEHOM BCECTOPOHHEM MOTETUICHUH TPEOYET, 10 MEHbIIEH Mepe, yTOUHEHHS U 3aBUCETh
OH OyzeT OT repuosa, 3a KOTOPBI pacCUMTBIBAJICS TPEHI, YeM OOJbIIe TIEPUO/ OCPEHEHHUS, TEM MEHbIIE ero
Ppe3ysIbTaTuBHOCTh. [OBOPUTE O TPpEH e MOYKHO TOJILKO TOT/IA, KOT/IA HCCIIeJOBATEN!N JOTOBOPSTCS KAKMM 00pa3oM
€ro BBIYHCIIATD, T.€. ONPEACIUTH HAYaJIo [IEPHO/a, 32 KOTOPBIH ONPEIEIISIeTCsI TPEH U €ro IPOJOJDKUTENEHOCTS.
B 3aBrcHMMOCTH OT 3TOTO MBI OyZieM MOJIy4aTh TPEH, KOTOPBIH XapakTepu3yeT Meproz TIOX0JI0JaH s WK MOoTe-
ruieHunst. Jlaxke mepBbIil Oeriblid B3NS HA MaTPHIly OTHOCHTEIBHBIX TPEHIOB MO3BOJSIET OTMETHTD, YTO AaXe B
3a(hDMKCHUPOBAHHOM TIEPHOJIC 3HAKU TPEHIA MOTYT OBITh Pa3IMUHbI, Tak 3a nepuon 1937-1947 rr. u3 15 npusne-
YEHHBIX JJIsl UCCIIEIOBAHMS CTaHIIMI Ha 7 CTaHIMAX OTMEYaJIoCh JI0JITOBPEMEHHOE MTOX0JIOIaHue, a Ha 8 — roTe-
rutenue. [Ipu BbIBOIaX ciie/lyeT yUuThIBaTh, YTO 3TH CTAaHLIUH PacHONIOKEHBI I0CTaTOYHO On3Ko. Bo3HnkaeT Bo-
IPOC, KaK CBsI3aHbI 3HAUEHUsI OTHOCUTENILHBIX TPEH/I0B MEXTy COOOM Ha MCCIIEAyeMOi TEpPUTOPHH.

Jliist oTBeTa Ha 3TOT BONPOC OBUT MPUMEHEH KOMITOHEHTHBIH aHaJIU3, B YaCTHOCTH METO/] ITIaBHBIX KOMIIO-
HEHT, KOTOPbIH T03BOJIIET KOJINYECTBEHHO OLIEHUTh CHHXPOHHOCTH H3MEHEHUsI OTHOCHTEIEHOTO TPEH 1A MEX-
Iy TIyHKTaMH HaOIOIeHNsI Ha UCCIeAyeMOl TeppuTopHH. [1oydnTh THIIOBOM BPEMEHHOI psill, XapaKTepHBII
JUISL UCCIIEAYEMOW TEepPUTOPHUH, a TaKKEe XapaKTEPUCTHKU CBSI3M THUIIOBOTO psifa ¢ (GaKTHYECKUMH PSIaMH.
Kpome 31010, MeTos 1o3BosisieT BBIBIATD TUIIOBBIE MOJIS B CE30HHOM XOJIE.

AHanu3 pe3ysbTaToB MM0Ka3aj, YTO MaKCUMaJIbHbIE MTOJIOKUTEIbHBIC 3HAYEHUS! OTHOCUTEIBHOTO TPEH 1A
OTMEYAaIOTCs B 3MMHHE MECSIIIbI, HCKJIIOUEHHE COocTaBisieT peBpab, B KoTopoM Ha 12 u3 15 craHumii orMeuaer-
Csl OTPULIATENILHBIN TPeH . B ieTHIE Mecs1bl HIOHD - CEHTSA0Pb a0CONIOTHBIE 3HAYEHHSI TPEHIOB HEOObIIIHE 1
Haxozstes B quanaszone 0,0 — 0,2 °C/10 set. [Tpu 3TOM MOTOKUTEIBHBIC TPEHIBI B MAPTE M HOSAOPE TOCTUTAIOT
0,6 °C/10 ner, a B dpespaie -0,4 °C/10 net. 3Ha4eHUS] OTHOCUTENBHOTO TPEH/1A 38 KOHKPETHBIE MTEPUOIBI O0JIb-
11e 1o abCONIIOTHOW BeINYMHE, yeM cpeuaue. Tak B sHBape 3a nepron 1962-1972 royel BeIMYMHA OTHOCHTEIb-
Horo TpeHza cocrasisiia -8,1°C/10 ner -10,9°C/10 et 3T0 OB caMblii XOJIOAHBIN MIEPUOJ JUIS STHBAPSI.

W3 ananuza pacnpenesieHus ToJJ0BOTO X0/la CPEJHEr0 3HaYEHHs IEPBOH KOMIIOHEHTHI 1 OTHOCHTENIBHBIX
TPEHAOB Ha BCEX MCCIEAYEMBIX 15 CTaHIMAX CIIEIyeT, YTO 3HAYCHUS] OTHOCUTEIBHOTO TPEHIAa U3MEHSIOTCS
CHUHXPOHHO C MEePBOH KOMIOHEHTOMH, O YeM CBHUETENBCTBYET Pa3JIOKEHUE Ha COCTABIISIOINE OTHOCUTEIBEHOTO
TpeHAa. DTO CBUAETEILCTBYET O CHHXPOHHOCTH U3MEHEHHS TPEHJIOB Ha BCEH HMcciieyeMol Teppuropun. Ta-
KHUM 00pa3oM, MOKHO CJIeNIaTh BBIBOJI O BEICOKOW CHHXPOHHOCTH MIPOLIECCOB, (POPMUPYIOLIUX OTHOCUTENBHBIIN
Tpena. Crenyer OTMETUTD BaXKHYIO 0COOCHHOCTh OTHOCUTENBHBIX TPEH/IOB - 3TO UX YMEHBIICHHE OT STHBApS K
(beBpaTIo U MOBBIILIEHNE K MapTy Mecslly. Tak B ssHBape BeJIMYMHA OTHOCHTENBHOTO TpeHa coctasisiia -0,009
°C/10 net no 0,337 °C/10 nert, B (eBpase 3HaUCHUE OTHOCHTEIILHOTO TPEH/Aa YMEHBUIMIOCH U HAXOANIOCH B
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nmuamazone -0,399 °C/10 mer — 0,122 °C/10 nmer, kK MapTy BHOBb NPOW3OIUIO MOBBIIICHHE 0 3HAYCHHUN
0,467°C/10 et — 0,642 °C/10 net. Takux pe3KuX CKa4KOB HE OTMEUAIIOCH B IPYTHX YacTAX BPEMEHHOTO XO/1a.
Ecnu npuHSTE TUIIOTE3Yy O BIMSIHUE Ta30BOTO COCTaBa Ha MOTEIUICHHE, TO MOIYYaeTCs €T0 PE3KOe M3MEHEHHUE
MMEHHO B (peBpaJie MecsIIe, YTO HE COOTBETCTBYET JieHcTBUTENbHOCTH. OTCIONA CIEAYET, YTO H3MEHEHHE TEM-
HepaTypbl IPOUCXOIUT TI0]] BIHUSHUEM HE Ta30BOTO COCTABA, a APYTUX MPHPOLHBIX (PAKTOPOB.

IocTpoeHs! BpeMEHHBIE X0/1a OTHOCUTENILHOTO TPEH 1A IIPH PA3INIHON POIOIKUTENHOCTH AT U1 SIHBAps U
1ot Ha crannu 1 lynuHo. Bemanaa AT 3amaBanace B 11, 15, 21, 25 n 31 rog. Oti neproabl OXBaTHIBAIOT TPOIOT-
JKUTENBHOCTH KaK CpPEIHETO nepuosa konebanuii urcen Bombga, Tak ¥ MponomKUTENBHOCTD, PEKOMEHYEMYIO
Bcemmproit Meteoponornaeckoit Oprannzanueis Jy1s BBISBICHHUS YCTOHYHMBBIX ITapaMeTPOB W3MEHEHHS KITFIMara.

AHanu3 pe3ysbTaToB IO3BOMIAET YCTAHOBUTD, YTO C YBEIMICHUEM MPOJAOILKUTENLHOCTU AT IPOUCXOAUT
3aMETHOE YMCHBIIEHHE BETUUUHBI a. Tak ATt SHBapsi Mecsla MAKCHMAJIbHbIE 3HAUCHNSI YMEHBIIMIUCH OT 7,7
(AT=11) no 2,4 (AT =31), a muanManbHbie — OT -11,4 (AT =11) 10 -1,9 (AT =31). B urone ormMe4aercs Takas
e 3aKOHOMEPHOCTbH, 3HAUCHHS MTOJIOKUTENBHBIX TpeHI0B oT A7 =11 k AT =31 ymenpmraercs B 4,2 pasa, a 0T-
pumarensHbIe 3HaYeHUS TpeH0B B 11,3 pasa.

CBs13b MEXy BETMYMHON o HA CTAHIMAX ONPEEIsUIach Kak CPeaHUI KBagpaT Ko QuIeHTa Koppes-
UK MEXAy (PaKTHIECKUMH 3HAUYCHUSIMH TPEHJA U TUIOBBIM TPEHAOM. BenmmumnHa 3Ta BbICOKAs AT SHBAps
Mecsna u yBenmmaubaetcs oT 91,4 (AT =11) no 96,7 (AT =31), B urosne Taxas *e 3aKOHOMEPHOCTh U3MEHEHUS
BesmuuHbI cBa3u 89,8 (AT =11) no 93,9 (AT =25), ucxmouenue coctapiuser nepuon AT =31, B KoTopoM BeiH-
YHMHA CBSI3U cocTaBisieT 91,5, XOTs 3TH 3HAYECHUSI JOCTATOYHO OONBIINE U MPAKTUUECKH HE 3HAYUTENHLHO OTIIN-
Yal0TCsI APYT OT JApyTa.

KomnmaecTBO IEpHOIOB € TONOKUTETHHBIME U OTPHUIATEIEHBIMU TpeHIaMHu B stHBape pu AT =11 cocras-
nseT 8 ¥ 8 IepHOIOB MPH CPpeAHEH MPOXOIDKUTENbHOCTH 5,1 1 3,2 Toma coorBercTBeHHO. C yBenmuenue 10 31
roJja KOJMIECTBO MEPHOAOB C MOJOKUTEIBHBIMU M OTPULIATEIBHBIMU TPEHJAMU YMEHBIIAETCs 10 3 U 3 co
CpeIHer MPOTOIDKUTETBHOCTRIO 9,3 1 6,3 TO/1a COOTBETCTBEHHO.

B utone pacnpeneneHne XapakTepUCTUK IEPHOJOB TTOJO0HOE C MOJOKUTEIBHBIMU U OTPUIATEIbHBIMHU
Tpernamu A7 =11 cocrapmusier 7 1 7 IEpHOAOB MIPH cpenHel mpogomkuTeabHocTr 4,9 1 4,1 cootBeTcTBeHHO. C
yBenmmueHneM AT 1o 31 roja KOMMYECTBO NMEPUOAOB C IMOJOKUTEIBHBIMH WM OTPUIATEIBHBIMU TPEHIAMU
yMeHbIIaercs 110 4 1 4 co cpenHei IpoaoIKUTENTFHOCTEI0 9,5 1 2,2 COOTBETCTBEHHO.

Takum oOpasoM, B sHBape ¢ yBenuueHneM A7 yBEIUIUBACTCS MPOLOIKUTENBHOCTh IEPHUOIOB, KaK C TO-
JIO)KUTETBHBIMH, TaK ¥ OTPUIIATETIBHBIMU TPEHIaMH, B HIONE K€ YBEIIMUCHHE OTMEYAETCSI TOJIBKO AJIS IOJIOKH-
TEJIbHBIX TPEHJIOB, & U OTPHULIATENILHBIX MPOUCXOIUT YMEHBIIEHHE. DTO YKa3bIBaeT Ha TEHACHIUIO TIOX0JIO-
JlaHue sIHBaped U NOTEIVIEHUE UIOJIEH.

Pe3synbraThl pa3inoskeHus MOEH OTHOCUTENBHOTO TPEH A B TOI0OBOM XOJI€ Ha JIBE€ OPTOTOHATIBHBIE COCTAB-
JISIOMINE TTOKA3BIBAIOT, YTO JBE KOMIIOHEHTHI ONMUCHIBAIOT 93,9 % 001mieii M3MEHYHMBOCTH, U3 KOTOPHIX Ha Iep-
BYIO KOMITOHEHTY npuxogurcs 81,6 %, a Ha BTopyto 12,3 %. B romoBoM xozi€e yCTaHOBIEHO TPH THIIA MO OT-
HOCHTENBHOTO TpeH a. [IepBhIii THIT onpeaessieTcs: IepBoil KOMIIOHEHTOH M XapaKkTepeH A (eBpajs, arnpens,
Masi HosiOpst M iekadpsi. BTopoil Tum o0ycioBiieH BTOpOH KOMITOHEHTOH M XapaKTepeH JJIS MapTa W HUIOHS.
Tpernit Tun mosnst obmagaet yepTamu, Kak MepBOi, TaK ¥ BTOPOW KOMITOHEHT, TP 3TOM JIOJISI BKJIaJa KaKIOH
KOMIIOHEHTHI OIIPEENIAETCS 3HAYEHUAMU COOCTBEHHBIX BEKTOPOB @, ,, U Gy .

Brutn mocTpoeHs! THIIOBEIE OIS, 00YCIIOBICHHBIE TIEPBOI M BTOPON KOMITOHEHTaMH. J{J1s TepBOTo THIIO-
BOTO MOJIS XapaKTEPHO KBa3U30HAIBHOE PACHIPEIEICHUE N30JIMHUH OTHOCUTEIILHOTO TPEH A, IIPH 3TOM IIPOHC-
XOIIUT yBEJTMYEHNE OTHOCUTEIBHOTO TpeH 1a ¢ ceBepa Ha 1or. Hax BBbB mone nmeet BoimHOOOpa3HBIN XapakTep.
B nenrpe (ct. Ilynuao n bakgap) 6010Ta otMedaeTcs 10xxOnHO0Opa3HEBIH MPorud. ITO 03HAYAET, UTO 10 LIEHT-
py 00110Ta IO CPABHEHHUIO C 30HAIBHBIM ITOJIEM OYyT OTMEUYaThCSI MEHBIINE 3HAUYCHUST OTHOCUTEIBHOTO TPEH-
na. [To muamnn Taiira - [TepBomaiickoe oTMedaeTcst Och IpebHs, TAe BeTHINHA OTHOCUTEIHHOTO TpeH Ia OyneT
BBIIIE, YEM ITPH 30HAJTLHOM PaCIPEACICHHH.

Jl1st BTOPOTo TUIOBOTO TIOJIST XapaKTEPHO MEPUANOHAIBHOE PACIPEICICHNE H30JIMHUN OTHOCHTEIEHOTO
tperna. [To muanu bonmorHoe, Konmammeso, Hamac, paconoskena ock 105x0MHBL. [Ipy 3TOM MTPOUCXOINT yBEIH-
YeHHEe OTHOCUTEIHHOTO TPEHAA Ha 3ama/l, ceBepo-3amax ot -0,2 g0 0,2°C/10 ner.

HanbGonee cnoXXHBIM THIIOM paclpeneNeHus] OTHOCUTENIBHOTO TPEHAA SBJISETCS TPETHH THII MOJISI, KOTO-
PBIi BKIIIOYAET B ceOs MPU3HAKH, KaK MEPBOIi, TAK ¥ BTOPON KOMITOHEHTHI.

Pacnipenenenue orHocuTensHOrO TpeHaa o bBb 1 Ha mpuieraromux Kk HeMy TEppPUTOPUSX B aBI'YCTE Xa-
PaKTepHO IS TPEThEro Thma moiis. Ilone MOXXHO OTHECTH K pa3psay CEUIOBHHBI, KOTOPOE XapaKTePH3yeTCs
00acTsIMM OBBIIIEHHOTO 3HAYEHUS TPEH/a, KaK B IICHTPAJIILHON YacTH, TaK M Ha 3amagHoi nepudepnn bBb.
ITormkxeHHbIC 3HAYCHNS HAOIIONAIOTCS B CEBEPHBIX M IOKHBIX TEPPUTOPHSX, mpriteratommx k bBb.

Hanpsmyro onpenenuts pors BB Ha popMupoBanre 0OTHOCHTETFHOTO TPEHAA HE YIATOCh, XOTS, B IIEHT-
panbHOI yacTy (cT. [Tynuao u bakuap) mpu mepBoM 1 BTOPOM THUIIAX OTMEYAETCs MOHMKEHHOE 3HAYEHHE OTHO-
CHUTEJIBHOTO TPEH/Ia 10 OTHOLIEHHIO K MPUIIETAIONIEH TEPPUTOPHUH.

HccnenoBanne nokasao, YTo B JIETHHE MECSIIBI HIOHB - CEHTSIOPh aOCOIIOTHBIC 3HAYCHUSI OTHOCHUTEIb-
HBIX TPEHAOB Hebonpmme u HaxoaTcs B auana3one 0,0 — 0,2 °C/10 net. PocT 3HaueHNi OTHOCHTENBHBIX TPEH-
JIOB IIPOUCXOUT B OCEHHE-3UMHUI U BECEHHUN IEPUOJBI.
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Pe3koe yMeHbIICHHE OTHOCUTEIBHOTO TPEHAA B (peBpalie MECsIIIE HE MTOATBEPKAACT THIOTE3Y O TOM, UTO
(hopMupOBaHHE JONTOBPEMEHHBIX TPEHAOB TEMIEPATYPhI IPOUCXOAUT B OCHOBHOM II0J] BIMSHUEM HapHHUKO-
BBIX I'a30B.

VYBenudyeHne BpeMEHHOTO HHTEPBaa, 3a KOTOPBIi ONPEAEIAeTCs TPEH I, IPUBOAUT K yMEHBIICHHUIO 3HaYe-
HUM OTHOCHUTENIFHOTO TPEH A M KOTMUECTBA MIEPHUOI0B TOXOIOAAHUSI M TIOTETUICHHS.

Ponrs BBB B opMupoBaHNH OTHOCHTENIFHOTO TPEHIA 3aMETHA TOJBKO B IIEHTPAIBLHONW YacTH OoioTa, B
KOTOPOM MpPH TIEPBOM U BTOPOM THIIAX MOJSI OTHOCUTEIBHOTO TPEHJA OTMEYAETCSI TOHMKEHHOE €ro 3HAUYCHUE
OTHOCHTEJIEHOTO TPEH/Ia TI0 OTHOIICHHIO K MPUJIETaloIIeii TEPPUTOPHH.

Estimation of changes in energetic characteristics
of atmospheric circulation and their relationship
with climate of West Siberia during last decades

'Elena V. Kharyutkina, 'Sergey V. Loginov, *Yuliya V. Martynova

" Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
? Siberian Research Hydrometeorological Institute of Roshydromet, Novosibirsk, Russia
E-mail: kh_ev@imces.ru

investigated for the territory of West Siberia (50-70°N, 60-90°E) over the period of 1975-2011 using obser-
vational data at meteorological stations.

In the beginning of XXI century the tendency of decelerate of surface temperature increase over the terri-
tory of West Siberia is observed. It was obtained that in winter months during last decade the process of warm-
ing was changed by the process of cooling, especially in the center and in the east part of West Siberia.

One of the most important roles in the weather and climate formation belongs to global atmospheric circu-
lation. It was revealed that global circulation indices with the highest correlation with temperature for the terri-
tory of West Siberia have changed their phase during the first decade of XXI century: NAO index — from posi-
tive to negative and SCAND — conversely, from negative to positive. From the analysis of this dynamics it fol-
lows that this phenomenon is connected with blocking of west and south air masses transport to West Siberia. It
leads to strengthening of cold arctic air advection from north latitudes and as a result, to the temperature de-
crease over West Siberia. Constructed trend maps of vorticity, geopotential height and zonal component of
wind speed for 2002-2011 have confirmed this conclusion.

Statistical estimation of changes in climatic variables and energy characteristics of atmospheric processes
(such as available potential energy and kinetic energy with its components) were calculated using JRA-25
(http://ds.data.jma.go.jp/gmd/jra/), and their relationship to variability of zonal, meridional and eddy circula-
tion in the Northern Hemisphere was discussed in this study. Also fields of baroclinic instability parameter were
calculated. Such approach has allowed to reveal the fields of baroclinity, to define the changes in its intensity
for the period of the end of XX — beginning of XXI centuries, and also the variability of advection over the
Northern Hemisphere and over West Siberia, in particular. To estimate the relationship between temperature
anomalies, available potential energy and kinetic energy and anomalies of baroclinity areas characteristics cor-
relation analysis was used.

Thus, it was revealed that during last decade the variability of eddy kinetic energy has significant contribu-
tion to temperature variability over the territory of West Siberia.

In this study the variability of spatial and temporal distributions of temperature and atmospheric pressure is
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OueHKa N3MeHeHNN 3HepreTUYeCKNX XapaKTepUCTMK
aTMochepHOUN LMPKYNALMN U UX CBA3U C KITUMAaTOM
3anagHon Cubupu B nocnegHue OecATUIeTmA

'Xaptokuna E.B., 'Norunos C.B., “MaptbiHosa 10.B.

" MIHCTUTYT MOHMTOPMHIa KNMMaTMUECKNX M 3Konorudeckux cuctem CO PAH, Tomck, Poccus
? CU6MPCKUI pervoHanbHbIN HayYHO-MCCNe0BaTeNbCKMIA FMAPOMeTeoponoruyeckuii uHctutyT, Hosocubupck, Poccua
E-mail: kh_ev@imces.ru

1151 TeppuTopuu 3anaaHoi Cubupu ObUTH MOTyYeHBI CPEIHNE TTOJIS TeMIIepaTyphl BO3AyXa U IaBJICHNUS,

a TaxoKe TOJIS MX JIMHEHHBIX TPEHI0B I IBYX MeprooB ucciaenoBanus: ¢ 1975 mo 2005 rr. u ¢ 1981

o 2011 rr. [1o pe3ynsraTam aHayM3a JaHHBIX HHCTPYMEHTAJIBHBIX HAOMIOAEHUI BBISBIICHO, YTO, B Iie-
JI0M, HaOJII01aeTCsl yMEHbIIIEHHE CKOPOCTH POCTa TeMIIepaTyphl, a B 3SMMHHE MecAIbl Hadana X XI Beka TpeH bl
CPeIHEMECSYHBIX MPU3EMHBIX TEMIIEpaTyp W3MEHHMINCH OT MOJIOKHUTENBHBIX K OTPHIATEIFHBIM BEIMYHHAM
MIPU TTOJIOKUTETHFHOM U3MEHEHUH TPEH A CPEAHEMECSIHOTO IaBICHUS.

AHanu3 criakeHHbIX TaHHBIX (110 Dypbe ¢ nepuonom 10 jeT) mokasai yMeHbIIEHHE TeMIlepaTyphl B (hes-
paste, HauuHast ¢ 1995 1., mpu 3TOM pocT AaBicHus HaoOmomaercs ¢ 1998 1. Komebanus B psijgax daBicHHS B
3UMHHI IEPUOJ HAXOAATCS, B LIEJIOM, B IPOTHUBO(A3e ¢ KoIeOaHUSIMHU TeMIIepaTyphbl BO3AyXa.

BaxxHyto poib B €CTECTBEHHOHN KIMMAaTHYECKOH M3MEHYMBOCTH MTPAIOT JOJITONEPHUOIHBIC H3MEHEHHUS B
cucreme arMocdepa - okeaH — Kpuocdepa, KOTOPbIe BbI3BIBAIOT U3MEHEHHS B CTPYKTYpe KPYITHOMACIITaOHO
MUPKYJSINY, B TOM YHCIIe TIepepacipe/ielieHie TeIula ¥ BIard, OKa3bIBas TEM CaMbIM 3HAYNUTENIFHOE BIMSIHUE
Ha KJIUMAT OTIEIBHBIX PETHOHOB.

Bo BpemennoMm xoxe ¢ 1975 mo 2011 rT. HHAEKCOB MT00ANTBHON IUPKYIISAINH, /IS KOTOPBIX XapaKTePHO
HaJM41e BBICOKOM KOPPEISILIMOHHOM CBSI3U C IIPU3EMHOM TEMIIEPATypO B 3MMHUE MECSLBL, BBISIBIECHO, YTO CO
BTOPO# moToBHHBI 90-X romoB a1t NAO 0003HAYMIICS MTEPEX0/] OT MOJIOKUTEIBHOHN (ha3bl HHACKCA K OTPHIIA-
TenbHOMU, a 1711 SCAND — 0T oTpHUIIaTENTHHOHN K MOJOKUTENHHOH (pHC.1).

C 3TUM Iepexo/IoM CBSA3aHO Pa3BUTHE ONOKHPYIOUINX MPOIECCOB, OCNAONIIOMMNX 3alaHBIA IEPeHOC U
M3MEHSIOMUX KINMAaTH4YeCKHe XapakTepUCTUKH B 3amagHo-CubupckoM permoHe. OnrcaHHBIE TEHICHIUU
MIPOSIBIIAIOTCS TaKXKe BO BPEMEHHOM XOJIe IByX MHJECKCOB B STHBape U Jiekabpe.

8- 4

“ a) b)
4 24

2]

0- 04

2

41 2+
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-8 -4

1980 1990 2000 2010 1980 1990 2000 2010

PucyHok 1 - BpeMeHHol xo MHAeKcoB uuprynaumm B despane ¢ 1975 no 2011 rr.: a) NAQ, 6) SCAND.

H3menenns HUPKYJSIIIUA BBIABJIIAIOTCS Y€PE3 MOIA 30HAJILHOH U MepHﬂI/IOHaHLHOﬁ COCTAaBJIAIOIIUX CKO-
pocCTHU BETpaA B HIDKHEH Tponocq)epe, a TAK¥KC XapaKTCPUCTUK BHXpeBOﬁ HUPKYJISAIUHA. B HUCCICAOBAaHUAX aT-
MOC(i)epHOfI HUPKYIIANUN TAKKE BAXKHOC MECTO 3aHMUMACT BOIIPOC, CBSI3aHHBIN C 3Hep1"eTHKOI7[ I[BI/I)KCHI/Iﬁ pas-
JIMYHBIX MAcCIITa00B.

Oco0bIit HUHTEPCC NPEACTABIIAIOT BOJIHBI CHHOIITUYCCKOTO MacmTada U CBSI3aHHEBIC ¢ HUMU CHHONTHYE-
CKHC BUXPHU. HaI/I6OJ'II>HIy}O POJIb B IPOLCCCE BOBHUKHOBCHUSA TaAKHUX aTMOC(I)CpHBIX BHXpeﬁ urpact 6apOKJ'H/IH-
Has HCYCTOﬁqHBOCTL, TO €CTh HCYCTOﬁqHBOCTL MOTOKA € TOPU30HTAJIbHBIM I'PAIUCHTOM TCMIICPATYPHI U, CJIC-
JA0BATCJIbHO, C BEPTHUKAJIBbHBIM I'PAIMCHTOM CKOPOCTHU BETpPaA B MOJIC CHUJIbI KOpI/IOJ'II/ICEL Hcrounnkom OHEPrun
BO3MyIII€HPIﬁ B TaKOM ITOTOKC ABJIACTCA JOCTYIIHAS NOTCHIHAJIbHAsA SHCPIUA.

I[J'If[ TOr0 YTOOBI OLCHUTH peFI/IOHaHLHBIfl OTKJIMK Ha II00anbHbIE KIMMATUYECKUE H3MEHEHHS B Hayaje
XXI Beka MMPOBOANIIACH CTATUCTUYCCKAA OLICHKA M3MEHCHUH KJIMMATHYECKUX BEJIUYNH U OHEPIreTUYCCKUX Xa-
PAKTCPUCTUK aTMOC(l)epHI)IX IpouecCoB, U aHAJIU3UPOBATINCH UX CBA3U C BapuallusiMu 30HaJ'H:HOﬁ, MEpHUano-
HaJIbHOH U BHXpeBOfI HUPKYJIAIUU B CeBepHOM nojgymapuu. B kauecTBe HUCXOJHBIX JaHHBIX HMCITI0JIb30BaINCh
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nmarabie JRA-25 (http://ds.data.jma.go.jp/gmd/jra/), KoTopsle peACTaBICHBI B y3JIaX PETYISIPHOI IIHMPOTHO-
JIoAroTHOH cetku 1,25x1,25° Ha 23 n3obapudeckux ypoBHsax oT 1000 no 0,4 rlla.

B paboTe BBITOTHEHBI pacdeThl MTOCTYIMHOW MOTeHIManbHOW 3Heprun (/AI13), kuHeTHdeckor SHEpTHH
(KD) 1 ee cocrapmsromux, 30HAIFHON 1 BHXpeBoi kuHeTnaeckor sueprun (3KD n BK3) B CeBeprom nomy-
mapun B iepuox ¢ 1982 mo 2011 rr. Taxoke st CeBepHOTO MOTYIIAPHS PACCUUTHIBAINCH TIOJIS TTapaMeTpa Oa-
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PucyHoK 2 - [lpocTpaHcTBeHHOe pacnpefeneHmne Ko3dduLMeHToB KOPpenALMMU BUXPEBON KMHETUYECKOW SHEPrm 1 TeMre-
paTypbl Bo3fyxa B deBpane Haf TeppuTopuei 3anagHon CUbMpU Ha M306apUUECKIX YPOBHSAX:
a) 1000 rfa, 6) 500 rMa.
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a) 1982-1991rr. 2002-2011rr.
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PucyHok 3 - [lpocTpaHcTBEHHOE pacnpeaesnieHne KoadGprLMEHTOB KOpPeNALMM BUXPEBOM [OCTYMHOM NOTEHLMANbHO
3HEpruu v TeMnepaTypbl Bo3ayxa B deBpare Haf Tepputopueit 3anagHo Cubmpm Ha M306apuyeckmx ypoBHAX:
a) 1000 rMa, 6) 500 rMa.

POKIMHHOI HEYCTOWIMBOCTH. DTO ITO3BOIMIIO BBISIBUTH 00J1aCTH OApOKIMHHOCTH, ONIPEAEINTh N3MEHEHHS X
WHTEHCUBHOCTH 3a nepuoj koHua XX - Hayana XXI BEKOB, a TakKe U3MEHUYMBOCTh aIBEKTUBHOIO IIEPEHOCA
kak Hax CeBepHBIM MOyIIapHEM B IIEJIOM, TaK U Ha TeppuTopuu 3amagHoit CHOMpH, B YaCTHOCTH.

C nOMOIIIBI0 METOAOB KOPPEIALMOHHO-PETPECCHOHHOTO aHAIN3a OLICHUBAJIACH CBSI3b MEXy aHOMaIHs-
MU TE€MIIEpATyphbl, JOCTYINHON NOTEHIMANbHON U KUHETUYECKON S3HEPIUi U aHOMAIMSIMHU XapaKTEPUCTUK 30H
GapoxnuHHOCTH B CEeBEpHOM IOTyIIIapHH.

Kaxk cnegyer u3 puc.2, yMEHbIIIEHHE TEMIIEPATyphl BO3LyXa Y TIOBEPXHOCTH 3€MJIH B IICHTPAIbHON YacTH
3amagnoit Cubupu B Hauane XXI Beka cBs3ano ¢ ymenbeiieaneM BKD (r~0,6). [Ipuaem Ha moBepxaOocTH 500
rlla 3Ta TeHACHIMS HAOMIOOaeTCsl y’Ke Ha CEBEPE U IOTe TEPPUTOPHH, a B IEHTPAILHON YaCTH CUTyaLlUsl MCHS-
eTcs Ha 00paTHYyIO - yMEHbBIICHHE TEMIIEPATYPhl CBSI3aHO C YBEIMYEHHEM BHXPEBOM akTUBHOCTH. [Ipu 3TOM
yMeHbIIeHne Temieparypsl B nepuox 2002-2011 rT. B HEHTpaIbHON YacTH CBA3aHO TAKXKE C YBEIHUCHHEM
JI13, xoTopas XxapakTepHu3yeT H3MEHEHIE BEPTHKAIFHBIX TOTOKOB Bo3Iyxa (puc.3a).

Ha mosepxnaoctu 500 rlla obmacTts monoxkurenbHou cBsa3u 10 u Temmeparypsl BO3Ayxa epeMeniaeTcs
Ha ceBep Tepputopuu (puc.30), TO €CTh YMEHBIICHHE TEMIIEPATyPHl 31eCh OyIeT CBA3aHO C YMEHBIICHHEM
BEPTHUKAIBHBIX JBIDKCHUH U, CIEI0BATEIHHO, MOKHO MPEANONOXKHTE, YTO 3HAUUTENbHBII BKJIAJ B MI3MECHEHHUE
TEMIIEPaTyphl B TIOCJIEHEE IECITUIIETHE 3/1€Ch BHOCST M3MEHEHUS BUXPEBONH KMHETHIECKOH SHEPTHH.

Dynamics of the Northern and Southern Hemisphere
subtropical jet streams for the period 1948-2013
from the NCEP-NCAR reanalysis

Zolotov S.Yu., Ippolitov L.I., Loginov S.V.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: Sergey-Zo@yandex.ru

ubtropical jet stream is a narrow stream of strong wind at 200-hPa level, characterized by large vertical

and horizontal wind shift and one or more maxima speed, reaching values of 70-100 m/s. Subtropical jet

streams are located symmetrically relatively to the Equator in the latitude band 20-50° in both hemi-
spheres of our planet.

By results of the air temperature distribution analysis at 200-hPa level for the period 1948-2013 in January
three temperature zones were observed, named as "warm" (-45° C), "medium" (-55° C) and "cold" (-70° C).
The "warm" zone is located above the Antarctica region and abruptly turns into "medium" zone around 50° S.
The "medium" zone is covers a big region, including the Equator and the subtropics in the both hemispheres.
Minimum air temperature is observed in the mid-latitudes and polar region in the Northern Hemisphere at 200-
hPa in January.
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The subtropical jet stream is located on the border of the "warm" and "medium" zones in the Southern
Hemisphere and is located on the border of the "medium" and "cold" zones in the Northern Hemisphere.

The "warm" zone (-40° C) and the "cold" zone (-75° C) are interchanged in July. The "medium" zone
(-55° C) has no precise boundaries with the "warm" zone in the Northern Hemisphere. Various rate of warming
of continents and oceans on the Earth's surface along latitudes is played a significant role. The northern jet
stream decreases sharply and almost wind speed drops below the threshold of 30 m/s.

The average annual trend of wind speed of the northern subtropical jet stream is 0.24 + 0.08 m/s per 10
years (from the NCEP-NCAR reanalysis) and is significant. The average annual trend of wind speed of the
southern subtropical jet stream also is significant and is equal -0.45 + 0.10 m/s per 10 years.

The subtropical jet stream is shifting northward (0.1° per 10 years) in the Northern Hemisphere and is
shifting southward (0.1° per 10 years) in the Southern Hemisphere.

[nHaMmKa cybTponn4ecKnx CTpYMHbIX TeUEHUN
B CeBepHoM U 0xxHOM nonywapuax 3a 1948-2013 rr.
no aaHHbIM peaHanusa NCEP-NCAR

3onortos C.10., Unnonutos U.WU., Jloruxos C.B.

MHCTUTYT MOHMTOPUHIa KNUMaTHUYeCKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
E-mail: Sergey-Zo@yandex.ru

yOTponruecKoe CTpyHHOE TeUSHHE MPEACTaBIsAeT OO0 CHIIbHBIN y3KUI MMOTOK BETpa C MOYTH TOPH-

30HTANBHON OChlo Ha ypoBHe BbicoThl 200 rlla, Xapakrepusyronmiics OOIbIIMMH BEPTUKAIBHBIMU U

TOPU30HTAJIBHBIMH CIBUTAMH BETpa U OTHUM WK Oojiee MaKCUMyMaMH CKOPOCTH, JOCTHUTAIOINX Be-
auaud 70-100 m/c.

OTH TeueHHs SBJSIIOTCS BETPOBOI XapaKTEPHCTUKON XOPOIIO BBIPAKEHHBIX BBICOTHBIX (PPOHTATBHBIX
30H. B cucteMe (ppoHTANBHBIX 30H CTPYHHBIE TEUSHHUS, PACIPOCTPAHSSICH HA MHOTHE THICSYU KHUJIOMETPOB,
OKaWMJISTIOT 3eMHOM miap. CTpyiHOe Te4eHHe TPEeICTaBIIeT CPAaBHUTEIHHO Y3KYIO 30HY OOJBIINX CKOpoCTeit
BETpa B OTHOCHUTEJILHO CITOKOWHO# OKpysKarorei armochepe. CyOTponuueckue CTpyHHbIe TEUSHUS pacoia-
TaloOTCsl CAMMETPUYHO OTHOCHTEIHHO 3KBaTOpa B mosioce mmpoT 20—50° 060uX momymapuii Haliei TIaHeThl.

ITo pesynbpraram anHanmza cpennero 3a 1948-2013 rr. pacnpeneneHusi TEMIIEPaTypHOTo MOJs 3eMIU HA
yporHe 200 rlla B sHBape ObLIM BBIZCICHBI TPH TEMIIEpaTypHBIC 30HBI: 30HAa OTHOCHTENBHO «TETUIBIX» (-45°
C), «ymepernsix» (-55° C) u «xonomubix» temmeparyp (-70° C). 30Ha «TEIUIBIX» TEMIIEpPaTyp PacHoIoKeHa
HaJ| 00JIaCThIO JIETHEH AHTAPKTUIBI M PE3KO MEPEXOANT B 30HY «YMEPEHHBIX» TeMIeparyp B patione 50° 1o.1.
30Ha «yMEpEHHBIX» TEMIIEPATyP OXBATHIBAET OONBIION PETHOH, BKIIIOYAIOIINN B ce0s CyOTpOIIYECKUe ITHPO-
Tl FOKHOTO MONymIapusi, 5KBaTOpHaibHbIe 00JaCTH M PE3KO MEPEXOIHUT B 30HY «XOJIOIAHBIX» TEMIIEpaTyp B
paifone 30° c.m1. MuHMManbHBIE 3HAYSHUS TEMITEpaTypbl Bo3ayxa Ha ypoBHe 200 rlla B ssHBape HaOmromaroTcs
B YMEPEHHBIX U B MOIAPHBIX MHPoTax CeBepHOTo MOIyIIapusl.

B IOxHOM nonymapuu cTpyHHOE TeUeHHE PaclioIoKEHO Ha TPAHHUIIE TETUION» U «YMEPEHHBIX» TeMIIe-
paTypHBIX 30H, a B CeBepHOM MOTYIIAPHH — Ha TPAHUIIE «YMEPEHHOI» 1 «XOIOIHBIX» 30H. Hanbonpmmii Tem-
niepatypHblii rpagueHt (15° C) HabmomaeTcst Ha F0ro-BOCTOYHOM IPAHMIIE XOJIOIHOTO €BPa3HICKOrO MaTeprKa
u terioro Tuxoro okeaHa B cy0Tponukax. IMEHHO 371ech (QPUKCHPYIOTCS] HANOOIBIIINE a0COIOTHBIE BEIMUNHBI
CKOPOCTH BETpa, KOTOPbIE B 3MMHHI MEPUOJI HE OITycKatoTcs Hike 50 m/c.

AHau3 TeMIIepaTypHOTO TI0JI Ha JAaHHOM YPOBHE B HIOJIE MECSAIIE TOKAa3BIBAET, UTO, 10 CPABHEHHIO C STH-
BapeM, «TeTulas» M «XOJOJHAs» 30HBI MEHSIOTCS CBOMMH montocamu: Haj Apkrukoit temmo (-40° C), a Hag
AHTapkTuaoi odeHb xononHo (-75° C). 3oHa «ymepeHHBIX» Temmepatyp (-55° C) B CeBepHOM IMONyIIapUH
y)Ke He UMeeT YeTKHUX TPAHUI] C «TETUIO» 30HOH, TaK KaK 3/IeCh YK€ UTPpaeT 3HAUMMYIO POJIb pa3Has CTeIeHb
MpOrpeBa MaTepPHKOB U OKEAHOB Ha MOBEPXHOCTH 3eMJIM BAOJb MHUPOT. CeBepHOE CTpyHHOE TeUeHHE Pe3KO
ocrabeBaeT U MPAKTHIECKH CKOPOCTh BETPa CTAHOBUTCS HIOKE mopora 30 m/c.

B Tabmune 1 npencTaBaeHs! TPEHAB CKOPOCTH BETPa MO OCH CTPYHHBIX TeueHui 3a nepuox 1948-2013 rr.
Ha ocHOBe MaHHBIX peaHann3a NCEP-NCAR.

B ceBepHOM CyOTpONMYECKOM TEUEHNH HaMOOJbIee yBETHUEHHE CKOPOCTH BeTpa HaONIOAAaeTCs B 3UM-
HUU U JIETHUHN CE30HHBIE MIEPHUOBI, B TO BPeMs KaK B BECEHHUN U OCEHHUMN CE30HHBIE MEPHOBI TEHACHIIUS K
YBEJIMYEHUIO CKOPOCTH BETpa HEBEMKA. MI3MeHeHHs B 3HAYCHUIX CKOPOCTH BETPa B F0)KHOM CyOTPOITHYECKOM
TEYEHUH B OCHOBHOM OTPaXXarOTCS B MIX 3HAYMMOM CHIDKEHHH B JICTHHH U TIEPBOI TIOJIOBHHE OCEHHETO CE30H-
HBIX [IEPUOJIOB.

PaccunTaHHBINi TPEHA CPETHETONOBON CKOPOCTH BETpa CEBEPHOT0 CyOTPOIMMYECKOTO TeUEHHs, COCTABII-
et 0,24 £ 0,08 m/c 3a 10 neT u sABISETCS 3HAYMMBIM. 3HAYUMBIM SIBISIETCSI M TPEHJ CPEAHETOJ0BOI CKOPOCTH
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BETpa I0KHOTO CyOTPONMYECKOTO TEUCHHUS, OJHAKO, B OTIIMYUE OT CEBEPHOT0, €T0 3HAYEHHE SBISCTCS OTPHILIA-
TENBHBIM (CKOPOCTB BeTpa yMeHbInaeTcst) u paBHo -0,45 £+ 0,10 m/c 3a 10 ner.

AHanu3 TeHACHINI IBIKEHUHN CyOTPONMUECKUX CTPYHHBIX TEUEHHH ITOKA3bIBACT, YTO CO BPEMEHEM ATH
TEUCHUS IEPEMEINAIOTCS K «CBOMM» ITTOJIFOCAM, T.€. CEBEPHOE CTPYHHOE TEUCHUE JBMKETCA K CEBEPHOMY IO-
mocy co ckopocthio 0,1° mmpotsr 3a 10 seT, a 105kHOE — K I0’KHOMY TOIIOCY ¢0 ckopocThio 0,2° mmpoTs! 3a 10
JIET.

Tabnuua 1. TpeHabl CKOPOCTM BETpa N0 0CK CTPYMHOMO TeueHus 3a nepvog 1948-2013 rr. YposeHb 200 rla.

Tpena ckopocTH BeTpa B ceBepHOIi cTpye, | Tpena ckopocTH BeTpa B 10:KHO¥ cTpYe,

m/c 3a 10 et Mm/c 3a 10 et
SuBapb 0,48 £0,20 -0,21+0,22
derpanb 0,42 +£0,26 -0,10+0,18
Mapt 0,24 +0,25 -0,11+0,17
Arpenb 0,21+0,17 0,08 £0,18
Maii 0,47+0,13 -0,53+£0,18
Wions 0,41+0,14 -0,71£0,16
Mrons 0,49+0,12 -0,82+£0,17
ABrycr 0,38+0,13 -0,86+0,18
CeHnTs0pb 0,24+0,14 -0,69+0,18
OKT0ph 0,30+0,16 -0,59+0,17
Hos6pn 0,14+0,19 -0,06+0,16
Jexabpb 0,43+0,17 -0,23 £0,16
Ton 0,24 + 0,08 -0,45+0,10

The temporal variability of the ocean and atmosphere
characteristics over the North parts of the Pacific

and Atlantic oceans for the period of the global warming
from 1975 - 2011

Moraru E.I., Loginov S.V., Ippolitov L.I.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: janey@sibmail.com

mate signals in the ocean-atmosphere system. It is found in the characteristics of the surface air, active
ocean level, and atmospheric circulation. Energy-mass exchange in the ocean-atmosphere system forms
extreme weather and climatic conditions on the continent.

The purpose of this research was studying the temporal variability of the sea surface temperature, heat
fluxes and ocean characteristics over the North Pacific and North Atlantic, and their relationships with climate
variability over the North Eurasia for the two periods: the global warming period from 1975 to 2011 and the
period from 2000 to 2011.

Based on the ship observation data ICOADS from 1975 to 2011 we calculated the temporal variability of
the sea surface temperature and the sensible and latent heat fluxes over the North Atlantic. It was established,
for the period 1975 — 2011 the significant interdecadal variability of the investigate variables is observed. For
the period 2000 — 2011 the stabilization stage of this data is observed. In the subtropical gyre, the Gulf Stream
and over the entire North Atlantic the sea surface temperature influences the variability of the latent heat flux.
In subpolar gyre, in contrast, the sensible and latent heat fluxes impact the change of the sea surface tempera-
ture. Similar conclusions were established for the North Pacific Ocean.

Based on the ship observation data ICOADS and data of the meteorological station NOAA we calculated
the correlation between the sea surface temperature, heat fluxes and heat content over the both oceans and the
air temperature over the North Eurasia. It was established, in the cold season the correlation were not high, but
in the warm season relationships reached the maximum. The high correlation between these values was ob-
served on the East European Plain, Eastern Siberia and the Far East.

« CONTENTS
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BpeMeHHasa N3MeHUYMBOCTb XapaKTEPMUCTMK OKeaHa
n atMocdepbl B CeBepHoM YacTu Tuxoro v ATnaHTUYeCcKoro
OKeaHoB B nepuog rmobansHoro notenneHna 1975 - 2011 rr.

Mopapy E.U., Jlorunos C.B., Unnonutos U.U.

MHCTUTYT MOHMTOpPUHIa KNUMaTUYECKUX U 3Konoruveckux cuctem CO PAH, Tomck, Poccua
E-mail: janey@sibmail.com

3MEHYMBOCTH THIPOMETEOPOJIOTHIECKUX XapaKTEPUCTUK UTPAET BXKHYIO POJIb CPEIH OCHOBHBIX KITH-

MaTHYeCKH 3HAYMMBIX CUTHAJIOB B cCHCTeMe OkeaH-aTMocdepa. OHa 0oOHApYKHUBAETCsS B XapaKTepH-

CTHKaX TPH3EMHOTO BO3[yXa, NEATeNIbHOrO CIlIosi OKeaHa, arMoc(epHON Hupkymsun. AtMmocdepa
BJIMSIET Ha XapaKTePUCTHKH IIOBEPXHOCTHOTO CJI0S OKeaHa uepe3 BozzaeicTBre BeTpa. OOpaTHOE BIUSIHUE OKe-
aHa Ha aTMocdepy MPOUCXOIUT uepe3 TypOylIeHTHbIE TOTOKH TeIUIa U BJard. JTO B3aMMOJACHCTBUE OCYIIIECTB-
JISIeTCsl CIeAyIOIUM 00pa3oM. M3aMeHeHne TeMIiepaTyphbl TOBEPXHOCTH OKeaHa MPUBOAMT K U3MEHEHHUIO TT0TO-
KOB CKPBITOTO U SIBHOTO TE€IUIA M, TEM CaMBIM, K BO3JIEHCTBHIO Ha IIUPKYISAIUIO U 00JIAYHOCTH. DHEProMaccoo0-
MEH Ha TpaHulle okeaH-aTMocdepa GopMupyeT aHOMaIuu arMOc(hepHON UPKYISINHI, CYIIECTBEHHO BIHSET
Ha UKJIOHUYECKYIO aKTHBHOCTB B aTrMOc(epe U ONpeessieT SKCTpeMalIbHbIE TIOTOIHBIE U KITMMAaTH4YeCKUe yc-
JIOBUSI HA KOHTHHEHTAX.

Lenpio nccnenoBanus SBJSUIOCH M3yYeHNE BPEMEHHOW H3MEHUMBOCTH TEMIIEpaTypbl HOBEPXHOCTH OKea-
Ha, COCTaBJIAIONINX TEIUIOBOTO OallaHca, XapakTepucTHK okeana B CeBepHoil yacti TUXoro u ATJIaHTHYECKOTO
OKEaHOB U MX CBA3EW C N3MEHUMBOCTHIO KiIMMaTa B EBpasuu 3a 2 uccnenyeMsix nepuona: 1975 —2011rr. - me-
puoj robanpHOro moteruieHus, 2000 — 2011 rr. — wHTEpBaAN 3aMeIeHns oTeruieHns “hiatus”.

OreHKa U3MEHYHBOCTH TeMIeparypsl moBepxHocTH okeana (TTIO), motoka siBHOTO (Qg) M CKpBITOTO (Q))
TeIUIa OCYIIECTBIISUIACh O JaHHBIM cynoBbIX HabmoneHnit ICOADS ¢ MecsuHBIM BpeMEHHBIM pa3pelieHneM
3a mepuop 1975 — 2011 rr. Pacuér Temmoconeprkanus okeana (Q) oCymecTBISIICS ¢ UCTIONB30BAHUEM JaHHBIX
0 COJIEHOCTH | TOTEHITMAIFHON TemIieparype, B3sThiX n3 peananmsa CFSR 3a nepuon 1979 — 2010 rr. Bpe-
MEHHas W3MEHYHMBOCTh TeMIeparypsl Bo3ayxa Ha Beicote 2M (T) mo teppuropun Cesepnoii EBpasmun (ceep-
Hee 40° c.u1.) oneHnBanIach Mo JaHHbIM 2125 cranmmiit NOAA, pacrolioKeHHBIX Ha KOHTHHEHTE 3a TIEPHOJ
1975 -2011 .

Bpemennoit xon TIIO, Q; Qg B CeBepHoii ATnaHTHKe, ¥ B OTACIBHBIX €€ pailoHaX: CyOTPONMUIECKUN U
CyOTIONIIpHBIN KPYTOBOPOTHI, TeueHue [ oapecTpum npuBenéH Ha puc. 1.

KpuBas Ha puc. la nmo3Bonuia ycTaHOBHUTH, 4TO B uHTepBajie 1980 — 1990 rr. HaOmonaeTcsi yMepeHHOE
(+0,2°C) noreruienne mMoBepxHOCTHBIX Boj CeBepHOM ATIaHTHKH, a B uHTepBasie 1990 — 2000 rT. — cuipHOE
(10,4°C) morerutenre. Oanaxo B uaTepsaie 2000 — 2011 rr. mporecc MoTeIICH st OCTAHOBHJICS U HAOTFOIaeT-
cs1 naxke Hebonpioe (-0,1°C) noxononanue. B o6onx kpyroBoporax u B [onbdcrprume TeHACHIMS K CTaOWIH-
3anuu Temreparypsl Habmonaetcs nocie 2005 roxa. [TokazaHo, uro moMuHHpyronwid Bkiazg (59%) B u3mMeH-
YHBOCTh Temneparypbl CeBepHON ATIaHTHKH BHOCHT CyOMOJISIPHBIA KPYTOBOPOT, Jlajiee CIEAYeT TeueHHe
Tonmbderpum (26 %) u cyoTponuueckuii kpyroBopot (15%).

s CeBepHoii ATIaHTHKH B 11eJI0M Ui nHTepBaia 1975 — 1990 rr. xapakTepeH npakTH9eCKH JINHEHHBIH
pPOCT TOTOKa CKphITOTO Teruia (puc. 16). Ha atom done Beinensercs nexkaaa 2000 — 2011rr., B TeueHHE KOTOPOit
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Puc. 1 — MeronoBas M3MeHUMBOCTL TeMNepPaTypbl NOBEPXHOCTM OKeaHa (a), NOTOKOB CKpbiToro (6) 1 ABHOrO (B) Tenna Ha
akBaTopuu CeBepHoit ATnaHTUKM.
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cpenHerooBoii Q, ymensmuncs na 1,38 Br/m’. U3 puc. 26 cieyer, 4To MaKCUMAIbHBIE CPETHETOOBBIE OTO-
ku Q, HaGiromarotcs B [onb(cTpuMe, HECKOIBKO MEHBIIHNE — B CYOTPONMYECKOM KPYTOBOPOTE i MHHUMAITb-
HBIE — B CyOIOJIIPHOM KPYTOBOpOTE. bBIIO MOKa3aHo, 4TO0 JOMUHHPYIOMHH BKIax (57%) B M3MEHUYHUBOCTH TIO-
Toka Q, mo CeBepHOH ATIIAHTHKE BHOCUT CyOTPOIIMYECKUI KPYTOBOPOT, JTajiee CIeyeT CyOIONISpHBIA KPyTo-
BOpOT (27%) u paiioH Teuenust [onpderpum (16%).

Bo BpeMeHHOM X0/1€ TOTOKOB SIBHOTO Tetnia (puc. 1B) Ha akBaropuu CeBepHOH ATIAHTHKHU B LIEJIOM SBHO
BEIpa)KeH MHHAMYM B Hadasie 90-X rofoB, OTCYTCTBYIOIINI B IIOTOKaX CKphITOro Teruia. Jins natepsama 2000
—2011 rr. crabunm3anys MOTOKOB BeIpakeHa 1st CeBepHO ATIIAaHTHKH B IIETIOM, a TaK JK€ B CyOTPOITIECKOM
KpyroBopote u B [onbcTpume. B cyOnonsspHoM KpyroBopoTe B 3TOT BpEMEHHON HHTEPBAI MPOSBIACTCS TCH-
JICHINS K CHIDKEHHUIO TOTOKOB. PerpeccnoHHBIN aHann3 BkiIana Qg OT OTAENBHBIX PaflOHOB B TIOTOK Ha BCEH
akBaropun CeBepHOH ATITaHTHKH BBIIBII, 9TO 43% M3MEHUYNBOCTH BHOCUT CYOIOJISIPHBIA KPyroBopoT, 32% -
teuenne [ombderpum n 25% - cyOTponHudIecKkuii KpyroBoporT.

AHaNOTWYHBIA aHATN3 NPOBOAMICS UId THXOro okeaHa. 3aMeueHo Mofo0Me BpEMEHHOTO X0a TIOTOKOB
CKPBITOTO U SIBHOTO TEIIA, a TAK)KE TEMIIEPATyPhI IIOBEPXHOCTH OKeaHa B THXOM M ATIaHTHYECKOM OKeaHax. B
obonx kpyroBoporax u B Kypocno TeHIeHINS K cTaOMIN3aIiy TeMITepaTypbl Habmronaercs mocie 2005 roxa.
Jo 2005 rona Habmromancst pocT BETHIHH.

Pacuér n aHanm3 BpeMEHHON M3MEHYMBOCTH TETIOCOAEPKAHUS OKEaHa OCYIIECTBIISUICS HA OCHOBE JaH-
HBIX I10 TTIOTEHINATBFHON TeMneparype u coléHocTH Bozs! i3 peananu3a CFSR. IlorpemHocTs pacuéra cocra-
Bwia 10,5 %. BpemenHoii xon remnoconepkanus Ha TryonHax 5 — 300 m u 5 — 1000 M B menoM Ha akBaTOpuu
CeBepHOIl ATIIAHTHKH, a TaK JKe B €€ OTACIBHBIX pailoHaX MPUBEAEH HA pHC. 2.

Jus CeBepHOM ATITaHTHKH B 1IeoM Uit uHTepBana 1975 — 2000 rr. xapakTepeH poCT TEeIUIOCONEPKAHUS
okeaHa (puc. 2a) Ha ryoune 5 — 300 M. Ha aTom ¢done Beiensiercs nekama 2000 — 2011 1T, B Te4eHNE KOTOPOH
CPEIHETOIOBOE TeIIocoaep anne cradmmmsnupyercs. B cmoe 5 — 1000 M (puc. 26) BenmuunHa TEIUIOCOIEepIKa-
HUS BbIIe. MakcuMaibHble BennunHbl (Q HAOMIOMA0TCs B CyOTPONMYECKOM KPyTroBOPOTE, HECKOIBKO MEHB-
mue — B paifoHe TedeHust [onb(ecTpuM 1 MUHIMAaNIBHBIE — B CyONONIsIpHOM Kpyrosopote. IIpu cpaBHeHUH Bpe-
MEHHOTO0 X0/1a TEIUIOCOAepKaHus (pHC. 2) ¥ TeMIIEpaTyphl IOBEPXHOCTH OKeaHa (puc. 1a) OpII 3aMedeH omo0-
HBIA BpeMeHHOU xof 1t mryonH 5 — 300 M. C mryOWHON CXOACTBO € TEMIIEpaTypoil MOBEPXHOCTH OKeaHa
YMEHBIIAETCS.

IIpoBomuiicst aHanHU3 KOPPEITANOHHBIX CBSA3EH MeX Iy XapakTepuctukamu oboux okeanoB (TT1O, Qg, Q)
u temneparypoii Bo3nyxa (T) ma Tepputopun CeBeproii EBpaszun (ceBepuee 40° c.m1.). YcTaHOBIIEHO, YTO B
3UMHHE MECSIIBI MPe00IafaloT HEBRICOKHE OTPHUIIaTeNbHBIE Koppemsinuu (10 -0,4) i Bcex aHaTU3UPyEeMBIX
BEJIMYMH. A Tarkke OTMedaeTcst osiee 30HaNbHOE N3MEHEHHUE CBSI3H OT OTPHLIATENIBHOM Ha CEBEPE 10 TTO0XKHU-
TEJNBHON Ha tore. JIeToM KOoppeisiuy TOCTUTAI0T CBOEro MakcuMyma. B Témumerid mepron roga HaOmrogaercs
OYaroBEI XapakTep pacHpeaeiIcHNs KOPPEIIIUOHHBIX cBa3ei. Odaru BEICOKOH MONOKUTEIHHOM CBSI3H OTMe-
garoTcs B parione Bocrouno-EBponeiickoii pasamHbI, Boctounoit Cubupu, u JJansaero Bocroxka (0,7 — 0,8).
Ouarn oTpHUIaTeNs-HON KOppessuy HabmonaoTes B paiione 3amagnoit Cubupu (-0,5).

ITomoOHBIE BHIBOIBI OBLIH MOTYYEHBI IIPH aHAIN3E KOPPEIALHOHHBIX CBA3€H MEXIY TEIIOCOAECp)KaHNEM
Box CeBepHOU ATIAHTHKH M TEMIIEpaTypoii Bo3ayxa Ha Teppuropun CeBepHoii EBpasun. YcTaHOBIIEHO, YTO B
3MMHHE MECSIIBI HAOMIONAeTCsl 30HATBHOE N3MEHEHHE CBSI3H, a JIETOM OYaroBbIH XapaKTep pacHpeneNiCHus, C
MTOJIOKUTENEHBIMA O9aramMu B paifoHe Bocrouno-EBponeiickoii paBanHSI, Jlansaero Bocroka (0,7 — 0,8). B
EBpomne u 3amagnoit Cubupu xoppemnsiun HeBbicokue (-0,2 - 0,2). Ha nryOnHHBIX YpOBHAX 3aMedeHa aHajo-
TUYHAS CUTYaIwsl, Benndamaa Koppernsiun ¢ TTyOMHOI YMEHBIIIaeTCs BO BCEX paifoHax, 3a UCKITIOYCHNEM paii-
oHa TeueHus [onpderpum. BemmanHa cBsA3u ¢ 3TOM paiioHe yBETHUHUBACTCS C TIIyOWHOM.
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AHaTOTHYHBIA aHANN3 TIPOBOAWIICS | s paitoHoB CeBepHOi yacTn Tuxoro okeana. OTMedaeTcs moxoxas
cutyarms 9To U 1711 CeBepHO ATIIAaHTHKH, HO BETMYMHA CBSA3M HIDKE, 110 CpaBHEHHIO ¢ CeBepHOI ATIaHTHKOM.

B pe3ysbrare npoaesaHHOI padoThl MOJKHO c/1€J1aTh OCHOBHbIE BHIBObI:

1. HaOmonaercs cymiecTBeHHas! MEXIECKaAHAsI N3MEHIMBOCTh MCCIIELyEeMbIX XapaKTEPHUCTHK 3a TIEPUO
1975 — 2011 rr., mpuuém murs GoipmrmHcTBA M3 HEX B 2000 — 2011 T, OTMeYeHa cTagus cTaOWiIN3aliy Ha
ypoBHe, nfocturayToM K 2000 . B cyoTponmaeckoM kpyroBopore, [onsderprme 1 B 1ienioM Ha akBaropun Ce-
BEpHOW ATIAHTHKM B U3MEHYMBOCTH MOTOKOB CKPBITOTO TEIIIa MPOSBIISETCA Mpeodiafaomiee BIUsIHUE 00-
YCIIOBJIEHHOW a/IBEKTHBHBIMHU TEUCHUSIMH TEMIIEPaTyphl IIOBEPXHOCTH OKeaHa. B cyOmosisipHOM KpyroBopore,
HalpoTHB, TEMIIEpaTypa OBEPXHOCTH OKeaHa yIpasisieTcs: popMupyeMbIMU aTMOC()epoii TOTOKaMH CKPBITO-
TO U SBHOTO TeIlIa. AHAJIOTWYHBIE BBIBOJIBI TOTY4EHBI U1 THXOTO OKeaHa.

2. B pesynprare aHaim3a KOPPEISAHMOHHBIX CBA3CH MEXIy Xapakrepuctukamu CeBepHON ATIAHTHKH
(THO, Qg, Q,, Q) u Temneparypoii Bo3ayxa (T) ra Tepputopun CeBeproii EBpazun (ceBepree 40° c.1m1.) ycra-
HOBJICHO, YTO B 3MMHHE MECAIBI ITpeoliragaroT HEBRICOKHE OTpHIATEIbHbIe Koppemsuuu (1o -0,4) mis Bcex
AHAIM3UPYEMBIX BEIMYMH. JIETOM KOppemsiuyu JOCTUTal0T CBOEr0 MakcuMyma. B Témblil nepuon roxa oyaru
BBICOKOH ITOJIOXKHUTEIBHOM CBSI3M 0TMEUaloTcs B paifoHe BocTouno-EBpomnetickoit papannsl, Boctounoit Crubu-
pu, u Jamerero Bocroka (0,7 — 0,8). Ouarn oTpumaTensHON KOppenanny HabmomatoTces B paifoHe 3amaHon
Cubwupu (-0,5).

Meteorological conditions of automobile transport
operation in Moscow region in cold season

Shiryaeva A.V.

Geography Institute RAS, Moscow, Russia
E-mail: alexandra.v.shiryaeva@gmail.com

dverse weather terms and climate conditions of the region have a major impact on the safety and opera-

tion of roads. Weather affects driver behavior, vehicle performance, traffic velocity. The investigation

of climatological conditions of automobile transport operation in Moscow region are presented. This
investigation was made by road automatic weather stations (RAWS) data and regular weather station data The
relationship between RAWS data and regular weather station data is high so we can use regular weather station
data for these investigations. Climatological characteristics which affect the automobile transport operation
(the precipitation sum, the number of weak, medium and extreme snowfalls, number of crossings of the freez-
ing point by the air temperature, temperature of road surface, frequency of fog, the duration of cold period)
were selected for analysis. The number of crossings of the freezing point by the road cover temperature is 1.2
times more than the number of crossings of the freezing point by the air temperature. The RAWS in Moscow
region with favorable and adverse weather conditions were shown. The investigation results of the climatologi-
cal parameters changes for 60-years period (from 1950 to 2010) in Moscow, Mojaysk and Kolomna are re-
ported. The number of weak snowfalls decreased statistically significant. Tendencies of increasing of the cold-
est pentad average temperature and decreasing of number of days with temperature below -25° C and cold pe-
riod duration occurred on all stations.

MeTeoponormuyeckme yciosuA yHKLMOHMPOBaHUA
aBTOTPaHCMopTa B X0NO4HLIN Nepuog roda Ha TeppuTopun
MockoBcKomn obnacTu

Linpsaesa A.B.

WHcTtutyT reorpa¢uu PAH, Mockea, Poccus
E-mail: alexandra.v.shiryaeva@gmail.com

€TCOPOJIOrMYCCKUEC YCIIOBUS OKA3bIBAIOT 3HAYNUTEIbHOC BIIUSIHUC HA 0e30I1aCHOCTh U OKCILTyaTanuro
aBTOMOOMIILHBIX JA0pOT. Horoua BJIMACT HaA IIOBCACHUC BOAUTEIIA, pa60Ty TPAHCIIOPTHOI'O CPEACTBA,
COCTOSTHUE JOPOKHOT'O ITOKPLITHUA, [IPHU HeOar OIPUATHBIX MMOTOAHBIX YCJIOBUAX IMOBLIIIACTCA PUCKU
aBapuu, YBCIIMYNBACTCA BpEMs 3aICPKKHU B ITYTHU, CHUIKAKOTCA CKOPOCTU TPAHCIIOPTHLIX ITOTOKOB. Ilo JaHHbIM

COAEPXAHME »

ENVIROMIS'2014

(7]
=
7]
-
(2
>
(7]
=
=
e
<z
=
(-
(=]
ke
=
(=]
=
<t
[1-]
=
e
(7]
(=]
(=]
=
(%)
—
=
-
<t
=
e
(7]
(7]
[--]
o
—
<t
-
—
(7]
=
=
(=]
=
=
—
(" 7]
—
o
("7 )
[X]
—
Ll
(-
L
ke
—
(=]
(=]
—
<t
=
=
o
<z
—
-5
[N
-
=

SESSION 1


mailto:alexandra.v.shiryaeva@gmail.com
mailto:alexandra.v.shiryaeva@gmail.com

ENVIROMIS'2014

(7]
=
T}
—_
wn
>=
(7]
=
=
ey
<<
=
-3
(=]
[
=
(=]
—
=T
(1]
=
ur
L
(=]
(=]
=
(7]
—
=
e
<<
=
o
L
(7]
[=-]
o
-
<<
-
—
L
=
=
(=]
e
=
—
L
—
o
1T}
[X]
—
L
o
L
(.
—
[=]
(-]
-
<<
=
(=]
e
=T
—
o
[N
[
=

SESSION 1

Jenapramenta tpancniopra CHIA (http://www.ops.thwa.dot.gov/weather/ql roadimpact.htm), 20% Bcex aBa-
puii u 17% aBapuii ¢ IeTadbHBIM MCXOIOM MPOMCXOAMT IIPU HAIWYHHU CIOXKHBIX METEOYCIOBHH, K KOTOPBIM
OTHOCHTCS 10K/, CHET ¥ MOKDBIN CHET, TyMaH, a TAKXKe Pa3INdHOE COCTOSHHUE IOPO’KHOTO TTOKPBITHSL.

B nanHoOlt paboTe IPOBENEHO HCCIIEN0BAHIE KIMMAaTHUECKUX YCIOBHH (DYHKIIMOHUPOBAHHS aBTOTPAH-
cropta B MOCKOBCKOW 00JIaCTH 1O JaHHBIM JOPOXKHBIX aBTOMaTmdeckux mereoctaniuil (JJAMC) u 3 pery-
JISIpHBIX MeTeopojoruueckux cranuuii Pocruapomera — Mocksa-BJIHX, Konomua u Moxaiick. JlaHHbIE
JAMC 6pun mpencraBness! 11 cranmmsavu, crosmuMu Ha Tpaccax M-9, A-101, A-104, M-2, M-3, M-4 3a
xonmomubIii (15 oxtsa0ps-15 anpens) cezon 2005-2008 rr.

Hanrnbie JJAMC u peryssipHBIX MET€OCTaHIINI OBUTH IPHBEACHBI K CYTOYHOMY pa3penieHHIo, 3aTeM OblIa
MTOCYNTAHA KOPPEIANNS MEXTy MeTeoponorndeckumMu naHHbpME Ha JIAMC u Ommxaimmx ctannusax Pocru-
npomera (BAHX, Moxatick n KomomHa).

Koppensiuust Mexxay CyTOUHBIMH 3HAYEHUSIMU CPENHEN, MaKCUMAJIbHOM, MUHUMAJIbHONW TEMIIEPATYpP BO3-
nyxa, nzmepsieMbiMu Ha JIAMC u crannusax Pocruapomera, Beicokast (92-99%) . Koppensiust Mmexy cpenHe-
CYTOUHBIMH 3HAYCHUSIMH TEMIIEPATyphbl MOBEPXHOCTH JIOPOJKHOTO MOJOTHA M TEMIEPATyphl BO3AyXa M Ha
JAMC, u Ha Onmxaiinieir MereocTaHuu coctapisier 98%. 3nadenus ocaaxos Ha JJAMC mo cpaBHEHHIO ¢
PETYISIPHBIMHU CTAHIMSIMU 3aBBIIICHBI IPUMEPHO B 1,5-2 pa3a. DT0 MOXeT OBITH CBI3aHO C OCOOCHHOCTSAMH
kamuOpoBku nprdopos JAMC.

[TapameTp «4guCIIO IEPEXOAOB TEMIIEpaTyphl Bo3ayxa depe3 0°Cy» xapakTepu3yeT BEpOsSTHOCTh 00pa3oBa-
HUSI CKOJB3KOCTH. PaccunThIBaeTCSI OH CIIEAYIONIMM O0pa3oM: €CM 3a CyTKH MakCHMallbHas TeMIepaTrypa
Obu1a BBIIIE HyIIS, 8 MUHUMAIbHAS HUXKE, TO TIEpEXo pon3omiel. beiina nmpoaHan3upoBaHa cBA3b MEXy Ya-
ctoToii mepexonoB yepes 0°C Temmepatyp Bo3ayxa Ha Mmeteoctanmu Pocruapomera u JIAMC, a Taxke 9acTo-
TOW TIEPEX0I0B TeMIIepaTypsl JoposkHoro nokpeitust Ha JIAMC. B cpennem 3a cesoH (o maunaemM 11 JAMC
3a 3 roza) KOIM4ECTBO mepexonoB uepe3 0° TeMrepaTypbl HTOBEPXHOCTH JOPOXKHOTO TOJIOTHA COCTABISET 72,
Temneparypsl Bo3ayxa Ha JJAMC - 58, Temmepatypsl Bo3ayxa Ha Meteoctanimu B/IHX u Moxatick - 59, Ko-
JoMHa - 62. Takum 00pa3zoM, yacToTa mepexonoB yepe3 0° TeMnepaTypbl HOBEPXHOCTH JOPOKHOTO TTOJIOTHA
npuMepHO B 1,2 pa3a Oombime, 4eM TeMIeparypsl Bo3ayxa, u3MepeHHoit Toit xe JJAMC; gacToTa mepexonoB
Temneparypsl Bo3ayxa Ha JIMC u Ha Ompkaiiiieii CTaHIINN MPaKTHYECKH OAMHAKOBA. DTO MOKHO OOBSICHHUTH
TEM, 9TO TeMIlepaTypa MOBEPXHOCTH acanbTa B CPSAHEM BHIIIE TeMIIepaTypsl Bo3myxa Ha 5,5°C (ot 4,0° no
6,7° na pasusix JJAMC), kpome ToTO, €if CBONCTBEHHBI pe3KHe KoIeOaHus 3a CUeT IBIKEHUS aBTOMOOMIEH 1
HarpeBaHMs JOPOKHOTO 1MooTHA. [Ipu 3TOM Koppensaius MexXIy 4acToToi nepexonos yepes 0° (psiamu THEH,
KOT/Ia TIePeX0/1 HaOMI0aICs) TEMIIEPATyp MMOBEPXHOCTH JOPOJKHOTO MOJIOTHA 1 Bo3yxa Ha JIMC cocTaBisieT B
CpenHEeM TOIbKO 0KoJo 60%; Koppemsius Mexay koaudecTBoM nepexonos yepes 0° Ha JIAMC u 6mmxaitmeit
perynsipHoit MeTeocTaHnuel okono 70%.

Hus cranmmii Mocksa, Moxkaiick 1 KomoMHa Ha 0CHOBE MHOTOJIETHUX METEOPOJIOTHYECKUX JTaHHBIX (C
1951-2010 r. st MockBel 1 Moxaiicka n 1958-2010 r. myst KomomHbT) ObIIH pacCYMTaHBI TPUKITATHBIC KIIMMa-
THYECKHUE XapaKTEPUCTHKH, BaKHBIC IS (DYHKIIMOHUPOBAHUSI aBTOTPAHCIIOPTA!

- CyMMa OCa/IKOB TP OTPUIATEIILHOM TEMIIEpaType BO3AyXa U YUCIIO CHETOMA/I0B PAa3IMIHON HHTCHCUB-
HoctH (0-2, 2-5 m 6onee 5 MM B CYyTKH, YTO COOTBETCTBYET IKBUBAJICHTHBIM 3HAUYCHHUSIM B CM CBEXKETO CHETa)

- YUCII0 JHEH C TEMIIepaTypoH BO3Myxa HIKE -250 (B JaHHBIX YCJIOBHSAX BO3PACTAET BEPOSTHOCTD PA3IHy-
HBIX TIOJIOMOK aBTOTPAHCIIOPTA)

- TEMIepaTypa caMoil XOIOJHOM MATUAHEBKH (TTapaMeTp, YUUTHIBAEMBIH IPH MPOESKTHPOBAHUHU aBTOO-
POXXHBIX H JIp. COOPYKEHHIN)

- YHCJI0 IePEXO0B TEMITEpaTyphl Bo3ayxa depes 0°C

- IPOIOIKUTENIFHOCT YCTOMYMUBOTO XOJIOAHOTO TIeproa (¢ TeMIepaTypoii Bo3myxa Hike 0°C)

Ta6nuua 1. CpeHerofoBble 3HAUYEHUA NPUKAAHBIX KTMMATUYECKUX XapaKTepUCTUK AnA cTaHumi Mocksa (BOHX), Mo-
waWck n KonomHa B nepunop 1951-2010 rr.

MockBa Mozxkaiick
1951-1980 | 1981-2010 | 1951-1980 | 1981-2010

KOJIMYECTBO OCAJIKOB IIPH OTPHLATEIILHON TeMIepaType 166 156 128 139
BO3yXa

qrcIIo cnadbIx (<2,5 cM/CyTKH) CHEromnaaoB 46 40 49 42
YHCIIO CPeAHUX (2-5 cM/CYTKH) CHETOnaaoB 15 14 13 16
YHCIIO CUIBHBIX (>5 CM/CYTKH) CHETOIa10B 10 10 7 7
MIPOAOIKUTENHHOCTh YCTOMYMBOTO XOJIOHOTO ITEpHoia 144 132 146 137
4uciIo JHEH ¢ Temneparypoil Huxe -25° C 4 2 10 6
CPEeIHss TeMIIepaTypa caMoi XOJIOAHON MATHAHEBKU -20 -17 -21 -19
KOJIMYECTBO ITEPEX0J0B TEMIIEPaTypHI Bo3ayxa uepe3 0° C 62 64 70 70
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B tabnune 1 mpuBeneHs cpeqHUE 3HAUYCHUS HCCICAYyEMBIX ITapaMeTpOB 3a TPHINATUICTHHE ITEPHOIBI
1951-1980 u 1981-2010 rr. 11t MockBel 1 MoykaiicKa; LIBETOM BBIJEIECHBI CTATUCTHYECKN 3HAYMMEIE H3MEHE-
HUS.

N3 tpex uccnenyemsix craHuuii MoCKBa SIBISETCS caMO TEIUION, C HAMMEHBIIMMH 3HAUEHUSIMU TEMIIE-
paTypHBIX TapaMeTPOB, a TAKXKE ¢ HANMEHBIINM YHCIIOM IepexofoB Temmeparypsl uepes 0°C, 9ro sBisercs
OnmaronpuaTHEIMH (hakTOpaMu [T aToTpancmopra. [Ipu 3rom B MockBe HabIroqaeTcss HanooIbIIee 3SHAYeHHE
0CaJIKOB TIPH OTPHUIIATENIFHON TeMIeparype Bo3ayxa (yCIOBHO IPUHATHIX 32 CHETOIAIb] ), a TAKOKE YHCIIa CHITb-
HBIX CHETOIafI0B.

Brum npoanann3upoBaHbl H3MEHEHHSI MCCIIEyEMBIX ITapaMeTPOB, TPOU3OUIECAIINE Ha TaHHBIX CTAHIINAX
3a 60 yreT. HabnromaroTcs CTaTUCTHYECKH 3HAYMMOE COKpAIIeHNE YHuciia cIadbIX CHErOIag0B U YBEIWUYCHHE
CHETOIa/I0B CpEeJHEH HHTEHCUBHOCTH (111 MOCKBBI); Ha BCEX CTAHIMAX COKPAIIAETCS YCTOMYUBBIN XOIOJHBIE
TIEPUOI, YUCIIO THEH C TeMIrepaTypoii Bo3ayxa Himke -25°C 1 TeMneparypa caMoi XOJIOIHON IIATHAHEBKH.

[To morogHBIM yCIOBUSAM IOPOKHOTO IBIDKEHHS Ha MCCIEAYEMBIX Tpaccax Oblla COCTaBleHa KapTa
(puc.1) 6omee 1 MeHee OIArONMPHUATHBIX YYACTKOB TPACC IO CIEAYIONINM ITapaMeTpaMm:

- YacTOTa IEePeXOI0B TEMIIEPaTypsl MoBepxHOCTH depe3 0°C

- KOJIMYECTBO OCAIKOB

- Y9HUCIIO AHEH ¢ TeMIlepaTypoi Bo3myxa Hibke -25 °C

- KOJIMYECTBO TYMaHOB (IHEH ¢ MaKCHMAaJIbHON BIAXKHOCTEIO O6oiee 97%)

[onmy4yeHHbIe 3HAYSHHS IS KAXKIOTO HapameTpa ObUIM paH)KHPOBAHBI, 3aTEM IO O0IIeHl cyMMe paHTOB
JUTA KaKJON CTAHIIMH OPEAEIISIach CTETIICHb ONaronmpusSTHOCTH OTOTHBIX yCIOBUH TOPOKHOTO IBHKCHUS.

Puc.1 CteneHb 6naronpmaTHOCTM NorogHbIx ycrosmid Ha JJAMC MockoBcKol 0651acTu B X0NofHbIe U NepexofHble Ce30HbI
2005-2008 rr. CBeT/ibIMM LiBETaMM 0TMEYEHbI CTaHLMM C 6H11aronpuATHBIMK YCIIOBUAMM, TEMHBIMU — HE6AronpUATHBIMU.
Lindpamm 0603HaueHO MeCTOMOOKEHNA CTAHLMM (KUIOMETParK oT MocKBbI).

TakuMm 00pa3om, B padoTe ObLIM NMOTY4YeHbI CJIeAYIOINe BHIBOABI:

1. Csa3b MeXAy JaHHBIMH PETYISPHBIX MeTeocTaHIMK 1 JaHHBIMU JIAMC a11st TeMnepaTypHBIX Xapak-
TEPUCTHK BBICOKAS, JJIs1 OCAAKOB citadast; qaHHbIe 1o ocaakaM JJAMC 3apermieHs! B 1,5-2 paza

2. Cpennss TeMneparypa AJOPOKHOTO IOKPBITUS B XOJIOAHBIA MEPUOJ TOJa BBIIIE TEMIIEPATYPBI BO3Y-
Xa; 4acToTa MnepexoyoB yepes () TemMreparypsl JOPOKHOIO MOKPBITHS IpUMEPHO B 1,3 pasa BblllIe, YeM TeMIIe-
patypsl BO3ayxa

3. Ha repputopun MockoBckoit obnactu B iepuon 1951-2010 rr. HabmonaroTest CTaTUCTUYECKU 3HAYH-
MO€ COKpaIlIeHHE YHCIIa cIadbIX CHETOIaJ0B; COKPAIIACTCsl YCTOWUMBBIA XONOJHbBIE NEPHON, YHCIO JTHEH C
TeMIeparypoi Bozayxa Huxe -25°C u reMieparypa caMmoi XOJOAHON MSTHIHEBKH.

4. TlocrpoeHa KapTa CTEIICHN OJIArONPUSTHOCTH OTOAHBIX YCIOBHH JUIS IBMXKCHUS aBTOTPAHCIIOPTA 110
nmarHbIM JJAMC MoCKOBCKO# 0011acTH B XOJIOJHEIC U IepexoaHbie ce30HbI 2008-2008 T
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Temperature and precipitation changes in Siberia:
data reliability and climate characteristic trends

Shulgina T.M., Gordov E.P.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: stm@scert.ru

makers the reliable scientifically based georeferenced information on climate change related risks, one

needs in detailed information on last decade changes in the key surface atmospheric parameters over
this area. This study covers the problem of reliable data selection, namely climate model outputs and gridded
station observations, and analysis of climatic characteristics described changes in temperature and precipitation
across the region under investigation.

Data comparison results indicate low mean biases of temperature data from ERA Interim Reanalysis and
HadEX2 gridded data from in-situ observations over Siberia and high time correlation with those. It is shown
for both averaged and extreme climate characteristics calculated across the region. Because ERA Interim has
high spatial distribution (0,75°x0,75°) and powerful physical background (meteorological model) we consider
it more appropriate for the regional studies. To analyze ongoing changes in precipitation amount across Siberia
the APHRODITE JMA dataset was selected.

Study of temperature and precipitation changes in terms of averaged climatic characteristics indicates
significant warming in the last decades (up to 0.5 °C/10yr in some areas) accompanied by high positive trends
of growing season length and precipitation intensity in the north areas of the region. Also the asymmetric
changes in distribution tails of temperature extreme indices were determined for the time period 1979-2012.
Namely, the warming during winter cold nights is stronger than during warm nights, especially over the north
of Siberia. Increases in minimum temperatures are more significant than in maximum temperatures. Warming
determined at the high latitudes of the region is achieved mostly by winter temperature changes and less due to
autumn temperature changes. South area of Siberia has slight cooling during winter (mostly out of cold tem-
perature extremes) and during summer (associated with warm temperature extreme decrease). Precipitation
extremes studied for the time period 1979—2007 show their dramatic uneven distribution. The largest increase
in frequency and intensity of heavy precipitation is observed in the north of East Siberia. Decrease in very wet
days is determined in the central area of West Siberia and the south area of East Siberia.

Since currently ecological and socio-economical risks are becoming larger and more apparent, obtained
information about ongoing changes in temperature and precipitation is very important for supporting adapta-
tion and mitigation measures to the climate change in the region. Moreover, all calculations presented here
have been realized using information-computational web-GIS system “Climate” (http://climate.scert.ru/)
which automatically generates the archive of calculation results ready for multidisciplinary studies of regional
climate change impacts.

The study is partially supported by the Russian Foundation for Basic Research projects (13-05-12034,
14-05-00502), SB RAS Integration project 131 and VIII.80.2.1. and grant of the President of Russian Federa-
tion (decree Ne 181).

To improve our understanding of ongoing climate changes in Siberia and to provide to regional decision

Features of the annual dynamics of the thermal regime
of natural areas of the West Siberian plain

Sapyan E.S., Filandysheva L.B.

National Research Tomsk State University, Tomsk, Russia
E-mail: filandysh@sibmail.com

problem of his research, including moderate and especially at high latitudes. Landscapes of temperate

and high latitudes are most sensitive to climate change. We chose the West Siberian Plain two weather
stations near Salekhard (forest-tundra) and Omsk (forest-steppe) . They are located within the geographic areas
of transition. Their borders in a changing global climate less stable compared with the boundaries of other
zones.

Highlighted the problem of studying the regional manifestations of global climate change in the overall
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We consider the consequences of global climate change in the study area from the perspective of long-
term dynamics of intra- climatic regimes. This subject is considered small in the literature, unlike interannual
time analysis. To solve this problem, we used the values of the average daily temperature for each day from
1936 to 2006. The data were grouped into two periods. The first period from 1936 to 1970 . The second period
from 1971 to 2006. Multiyear average monthly and daily air temperatures were calculated. Comparative analy-
sis for each of the periods was conducted.

The results showed that in the forest-steppe monthly average air temperature of the second period were
higher average air temperature of the first period (0.2 °C in July to 2.7 °C in March). Temperature level in the
forest-tundra in the second period was lower than the temperature of the first period in a number of months
(August, September , October, November , January) from -0.15 °C in September to -1.0 °C in November and
January. In other months (December , February, March , May, June , July) the temperature of the second period,
on the contrary, are higher - from 0.1 °C in February and to 2.8 °C in March. It should be noted, the climate in
general in Russia for the period from 1907 to 2006 amounted to 1.29°C.

Following spatiotemporal distinctive features in the multi-year mean daily air temperatures were identi-
fied. So, multiyear average daily air temperature of the second period were higher than the temperature of the
first period at the station Omsk throughout the year. Especially noticeable temperature increase observed dur-
ing the cold season. Their growth was 2 °C (these data are consistent with the estimated data on the level of
growth of winter temperatures in the whole of Western Siberia). There has been no such significant changes in
the temperature level from the first to the second period at the station Salekhard. On the curve of the annual
variation of daily average temperature of the second period stood out time intervals with increasing values.
This increase is comparable to the warming climate in Russia and Western Siberia. For example, from 19.01 to
1.02 the temperature of the second period higher than the temperatures of the first period at +1.9 °C; from 14.02
to 31.03 (at +2.3 °C); from 29.04 to 16.05 (at +0.8°C); from 16.07 to 29.07 (at +0.9°C); from 16.07 to 29.07 (at
+ 0.5 °C); from 14.12 to 26.12 (at +1.2 °C). Besides, there are time intervals when the temperature of the sec-
ond period following the first (especially for the descending temperatures from -15 °C to -26 °C): from 29.12 to
13.01 ( temperature in this period of time for the second period were lower by 4.6 °C ), from 25.11 to 2.12
(temperatures dropped at 2.9 °C), etc.

This fact showed the observed warming in natural areas of the West Siberian plain until 1970. The fastest
warming observed in temperate latitudes. Increased average daily temperatures in temperate latitudes grows
throughout the year. This process is more complicated in the high latitudes. Analysis of intra-annual variations
of the thermal regime indicators conducted by comparing the long-term resolution of the daily variation in
temperature can be considered preferable in studies of this trend than the average monthly permit. Our ap-
proach allows us to consider in detail the temporal aspect of climate change occurring at the zonal level.

OcobeHHOCTV BHYTPUMO0BOWM AMHAMUKM TEPMUYECKOIO
perrMa NpupoaHbIX 30H 3anaaHo-CMbUpCcKon paBHUHDI

CanbsaH E.C., ®unangbiwesa J1.b.

HauuoHanbHbIi uccnegoBaTenbcKuii TOMCKUI rocyaapcTBeHHbI yHuBepeuTeT, ToMcK, Poccua
E-mail: filandysh@sibmail.com

CTOSIT B Psily HAHOOJIee BaXKHBIX HANPABJICHUH (yHIaMEHTAIBHBIX HAYYHBIX M SKOJIOTHYCCKUX HCCIIEI0-
BaHH TeKyIero croeTuss. OHU HaXOMIT OTPAKECHHUS B TCOPSTUICCKUX U MPUKIIAIHBIX pab0Tax MHOTHX
BEIYIINX YYSHBIX, B ToM uncie byasiko M.I., N3pasns H0.A., KotnskoBa B.M., Cemenosa C.M., I'py3a I'.B.,
PanskoBoit 3.41., IlepctiokoBa B.I'., Topaosa E.II, Jones P.D, Parker D.E., Jones P.D., Peterson T.C. and
Kennedy J. u npyrux poccuiickux u 3apy0eKHBIX aBTOPOB.
B niepeuens akTyanbHBIX BOIPOCOB, TPEOYIONIHMX PELICHHUSI B CBETE 0003HAUYEHHOMW MTPOOIEMBbI, BXOJUT U3yde-
HHUE PErHOHATBHBIX H3MEHEHUH KIIMMaTa, B TOM YHCIIC B YMEPEHHBIX U, 0COOCHHO, B BBICOKHX ITUPOTAX, JTaHmad-
TBHI KOTOPBIX HarOojiee TyBCTBUTEIBHBI K KIIMMATHUECKUM TiepeMenam [1, 2, 3, 4, 5, 6, 7]. C 3Toii 1ieNbio HaM# B
npenenax 3anaaHo-Cubupckoit paauubl (3CP) BeIOpanb! qBe MeTeocTaHiuu: cT. Canexap/ (JIecoTyHapa) u CT.
OMcK (JiecocTenb), Tak Kak OHH PACIONIOKEHBI B TIPE/ieiax MepexX0AHbIX reorpauuecknux 30H, IPaHHIBI KOTOPBIX
MEHee YCTOIYHBBI, [0 CPABHEHHMIO C IPYTUMH 30HAMH, B YCIIOBUSIX MEHSIOLIETroCsl IMI00anbHOro Kimmara [8].
[IposiBneHue r100aTLHOTO U3MEHEHHMS! KJIMMAaTa Ha UCCIIelyeMOW TEPPUTOPUH HAMH PacCMaTpUBAaeTCs C MOo-
3HIIUM MHOTOJICTHEH BHYTPUIOMOBOM TUHAMUKH KIMMATHUCCKHX PEKUMOB, KaK MEHEE OCBEIICHHOM B JIUTEpa-

I \100a1bHbIE U3MEHEHUS KJInMara, BJIUAIOIINE HAa pa3BUTHUC IPUPOIHBIX U aHTPOIIOTCHHBIX I'COCHUCTEM,
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SESSION 1

TYPHBIX UCTOYHHKAX TEMBI, B OTIIYHE OT MEKTOIOBOI0 BpEMEHHOTO aHamu3a. [l pereHns MoCTaBIeHHOI 3a-
JIad HAMH HCTI0JIF30BaHbI 3HAYCHUS CPETHECY TOYHON TeMITepaTyphl BO3AyXa 3a KakIbli 1eHb ¢ 1936 mo 2006 T

Ot naHHbIe OBUTH CTPYIIIHPOBAHB B JBa Nepuoaa: mepBeiid — ¢ 1936 mo 1970 rr., Bropoii — ¢ 1971 no
2006 rr. 3a KAl N3 HUX OBIIN PacCUUTaHBI CPeTHIEC MHOTOJIETHHE CPEIHECYTOYHbIC 3HAUCHHS TeMITepaTy-
PBI BO3/yXa, a TaKkKe MHOTOJICTHHE CpeIHEMECSYHbIC BEJIMYHHBI, ITOCIEAHHE IPEICTABICHHbIC B TaOnuIe
Hwke. CleyeT OTMETUTD, 9TO 33 TPAaHUILY MEXIy CpaBHHBaeMBIMHU niepuogaMu 1970 rox B3AT He cirydaiiHo,
T.K. B psJe paboT yka3bIBaeTCs, YTO HMEHHO C Hadalla CEMHIECATHIX TOJI0B INI00aNbHbIe N3MEHEHHS KIIMMaTa
cranu Hauboee 3ameTHeiMH [7, 9, 10, 11, 12].

U3 cpaBHEeHMs 3HAUCHUH CpeJHEMECYHBIX TeMIlepaTyp Bo3yxa Ha ctaHimsax Omck n Canexapy 3a yka-
3aHHBIE NIEPHOJBI CIICIYET, YTO B JIECOCTEITHOM 30HE OT EPBOro KO BTOPOMY IIEPHOIY BO BCE MECSALIBI OTMEYa-
etcst ux poct (ot 0.2 °C B utone g0 2.7 °C B Mmapte), TorJa Kak B JIECOTYHJIPE B PAIC MECSIICB YPOBEHb TEMIIC-
paTtyp cTaj HHXKe IO CPaBHEHHIO C MEPBBIM ITEPHOOM (aBTYCT, CEHTIOPH, OKTAOpPD, HOSOPS, THBaph) - oT 0.15
°C B centa6pe 10 1.0 °C B HOs0pe 1 sHBapE, B APYTUX (IeKaOpb, heBpais, MapT, Mail, MIOHB, HIOJIb) - BBIIIE - OT
0.1 °C B theBpaine u 1o 2.8°C B Mapre (Tadmn.). I conocraBieHus ClieAyeT OTMETUTb, YTO IMOTEIUICHUE KITMa-
Ta Ha TeppuTopun Poccun B rienom 3a nmocneanane 100 et (1907-2006 rr.) cocrasumo 1,29 °C [1].

Tabauua - CpefHue MecA4HbIe TeMMepaTypbl Bo3ayxa Ha cT. Canexapa (necotyHapa) u c1. OMcK (necocTenb) 3a nepuogbl ¢
1936 10 1970 rr. v ¢ 1971 no 2012 rr. 1 pa3HuLa Meay HUMKU

Mecsainbr*
2 2 2 -
v v . = o
Tepuonsi l? = m? e g g 3 = z = -4 ‘8
2 g g 2 2 S = s e e B =)
2 S > = o) > = = = =
S <= = = e < < 3

c1. Canexapn (J1ecoTynapa)

1936-1970 .
(mepBbIit)

1971-2006 rT.
(BTOpOIH)

-3.7 | -145 | -20.8 | -23.2 | -23.0 | -182 | -83 | -1.0 8.4 143 | 11.6 5.4

-4.01 | -15.5 | -20.6 | -24.2 | -229 | -154 | -94 |-0.78 | 885 | 144 | 11.2 | 5.25

Paznuna mexay
nepuoaaMu

-0.37 -1 -02 | -1.0 | +0.1 | +2.8 | -1.1 | +0.22 | +0.45| +0.1 | -0.4 | -0.15

cT. OMck (J1ecocTens)

1936-1970 .
(nepBblit)

1971-2006 rr.
(BTOpOIA)

1.9 -89 | -159 | -188 | -17.3 | -10.6 | 2.6 114 | 17.1 | 19.1 | 16.0 | 10.5

2.8 -7.5 | -14.0 | -16.9 | -155 | -7.9 3.6 122 | 179 | 193 | 164 | 10.5

Pa3zuuna mexny
NepuoaaMu

+0.9 | +14 | +19 | 19 | +1.8 | +2.7 | +0.1 | +0.8 | +0.8 | +0.2 | +0.4 0.0

Venosnvie obo3nauenus k mabnuye:

* _ NOpSIOOK pAcCnonodiceHue mecsiyes COOMmeemcmeyem Ce30HHOMY X00Y U HAYUHAEMCsl C XONOOHO-CHENCHOU
yacmu 20008020 YUKILA;

— - NOHUDICEHUEe CPeOHeMeCAUHOL meMnepamypbl 8030yXa 8Mopo2o nepuood no OMHOUEHUIO K Nepeomy;

+ - nosviuienue cpeoHeMecauHOl memMnepamypsl 8030yxXa 8Mopo2o nepuood no OMHOUEHUIO K NEPEoMY.

Amnanus CpCAHEMECAYHBIX 3HAUCHUM TEMIICpATyphbl BO3AYyXa AA€T BO3MOXHOCTE JIMIIb B 06H_H/IX yeprax
YBUACTH PETUOHAJIBHBIC BHYTPUTOAOBBIC UBMCHCHUA KIIMMAaTUYCCKUX PEKUMOB, HO, KaK BCAKOEC CITIa)KUBAHUC,
ynopoumacT ux FOHOBOﬁ X0, UCKTIOYasA BO3MOKHOCTD BBIABUTH KaJICHAAPHBIC OCOGGHHOCTI/I.

Jist pereHust 3To# mpo0ieMbl HAMH OBLTH PACCYMTAHBI CPEAHHUE MHOTOJICTHE CPEIHECYTOUYHbIC 3HAYC-
HUS TEMIIepaTypHsl BO3/AyXa 3a CpaBHUBaeMBbIe Tepuos! 1Mo cT. Canexaps u cT. OMCK, ¥ TOCTPOEHBI TpaduKu UX
xpoHosoruueckoro xona (puc. 1). Cieayer oTMETUTb, YTO NOAOOHBIE TPA(UKH CYyTOYHOTO pa3pelieHNs] UMEIOT
€II€ U MPOTHOCTUYCCKOC 3HAUYCHUEC, T.K. HA HUX BUJHBI IIEPUO/IbI, B KOTOPBIC U3 I'o/ia B I'0Jl OTMEYACTCA ITOBBI-
MMEHNUE WM MMOHMKXCHUEC TEMIICPATYypPhl BO3ayXa, O6yC.]'IOBIIeHHO€ yCTOﬁ‘IHBO TIOBTOPAIOIIUMHUCA BO BPEMECHHU
MUPKYISIIIMOHHBIMU Tiporieccamu [ 13].

W3 pucynka 1b BuaHO, 9T0 Ha cT. OMCK (JIecOoCcTenb) B TEYEHUE BCETO I0/1a MHOTOJICTHUE 3HAYEHUS Cpel-
HECYTOYHBIX TeMIIeparyp BO3yXa BTOPOro MepHo/a BbIIIE 3HAYCHUI TeMIeparyp MepBoro, 0COOEHHO, B XO-
nogHOE Bpemsi ronia (B meprof ¢ temreparypamu Hiwke 0 °C). Tak, eciiu B TepBOM MEPUOJIE CPETHSST MHOTOJIET-
HSIS CpEeAHECYTOYHAsI TEMIIepaTypa BO3IyXa 3a yKa3aHHBIH OTPE30K BpeMeHH cocTaBuia -13.4 °C, To Bo BTopoM
oHa noBbIcKiIack 710 -11.4 °C, 1. e Ha 2 °C, 4TO comIacyeTcs ¢ OI[CHOYHBIMHU JaHHBIMH O YPOBHE POCTa 3UMHHX
TemIeparyp B ueinoM no 3anaguoit Cubupwu [1, 7].
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PucyHok 1. XpoHonoruyeckuin xon cpeaHei MHOToONETHEN CpeaHeCYTO4HOM TeMnepaTypbl Bo3dyxa Ha cT. Canexapg (A) m ct.
Omck (B)

Paznnuns B cpelHUX MHOTOJIETHUX CPEIHECYTOYHBIX TEMIIEpaTypax 3a TEIUTYIO YacTb roja (3a Bpems ¢
Temrieparypamu ycroituuso Beiie 0 °C) oka3anuch He3HaYNTEIbHEIMU. BO BTOpoM reprosie oHU B cpeHeM
cramu Boire Ha 0.5 °C (+12.6 °C) o cpaBHenuo ¢ nepBbM (+12.1 °C). Cpenuss rogosast TeMIeparypa Ha CT.
OMck, paccunTaHHas 3a epBbld nepuosa, cocrasuna + 0.63 °C, 3a Bropoit - +1.79 , T.e. yBenuunnace Ha 1.13
°C. Ilony4eHHBIE TaHHBIE FOBOPST O TOM, YTO KIUMAT B ecocTenHol 30He 3CP B nocneqHue aecaTuneTus
MEHSIETCSI B CTOPOHY €T0 IOTETIIICHHUs], 0COOCHHO B 3UMHUI ce30H [14, 15].

Ha ct. Canexapp, kak MOKa3bIBa€T PUCYHOK 1A, TakuX 3aMeTHBIX, Kak Ha cT. OMCK, U3BMEHEHUH B ypOBHE
TEMITEpaTyp OT IEPBOTO IIEPHOAA KO BTOPOMY He Habmoaercsi. OTiIndne B MX XOZI€ BHIPA3MIINCh B TOBBIIICHUN
TEeMITEpaTyphbl BO3/LyXa BO BTOPOH MEPHO/I B TEIUTYIO M XOJIOJHYIO 4acTH roja, Toibko Ha 0,3 °C (¢ +8.9 °C o +
9.1°Cuc-15.3°C no -15 °C, coorBercTBeHHO). He3HaunTENLHO BBIpOCTA B JIECOTYH/PE U CPEIHSS TOJ0Bas
TeMmIeparypa Bo3ayxa — ¢ -6.1 °C nepsoro nepuoaa 1o -5. 9 °C Broporo.

Crenyer OTMETHTB, UTO XOTSI B IOCIIEAHUE AeCATUIETUS Ha cT. Canexap U3MEHEHHs: MHOTOJIETHUX TEMIIe-
patyp Bo3yXa 3a KpyIHBIE CTPYKTypHBIE €MHULIBI TO0BOI0 UKJIA HEBEINKHU, TEM HE MEHEE, Ha KPUBOM FOJI0BO-
TO XOJ1a CPEJHECYTOUHOM TeMIEPATyphbl BTOPOr0O MEPHOJA BBIIEISAIOTCS OTPE3KH BPEMEHU C POCTOM TEMIIEPATy-
PBI, COMOCTaBUMBIM C roTeruieHneM kianmara Poccnn u 3anagnoit Cubupu. OTo oTMedaeTcs B CleIyIONHe Ka-
nergapubie cpokd: ¢ 19.01 mo 1.02 (ra +1.9°C); ¢ 14.02 o 31. 03 (ma +2.3 °C); ¢ 29.04 o 16.05 (ua +0.8°C); ¢
16. 07 mo 29.07 (1a +0.9 °C); ¢ 16.07 mo 29.07 (ma + 0.5 °C); ¢ 14.12 m0 26.12 (ra +1.2 °C) (puc. 1A).

OpHako, pocT TeMIIepaTypsl BO3AyXa B yKa3aHHbIE HHTEPBAJIbI 3aMETHO HE MTOBBICUII MHOTOJIETHIOIO CPEJ-
HIOIO TOZIOBYIO TEMIIEPATYPy BTOPOro MEPUOA U3-3a HAIUYKSI B TOAOBOM CYTOYHOM XOJ€ BPEMEHHBIX ITPOMeE-
KYTKOB, yPOBEHb 3HAYCHHUH TEMITEpaTypbl KOTOPBIX OKa3ajcsl HE BBIIIE, a HIKE ITEpBOro (0COOCHHO HA BETBU
cnaga temmeparyp ot -15 °C mo -26 °C). Cpenn Hux Hambonee 3HauMMBIe ciexyromme: ¢ 29.12 mo 13.01,
CpenHH ypOBEHb TeMIepaTypbl KoToporo coctaBmi -26.1 °C npu MuanMansHoM 3HadeHun -28.0 °C (8.01),
TOT/Ia KaK B TIEPBOM IIEPHOJIE 3a 3TOT e BPEMEHHOI MPOMEXXYTOK CpeIHsIsI TeMIIepaTrypa BO3yXa Oblia BBIIIE
Ha 4,6 °C (-21.5 °C), a Taxxe ¢ 25.11 mo 2.12 (Bo Bropoii neproxn cpennsis cocrauia -20.4 °C, MUHHIMalIbHOE
3Hauenue -21.4 °C; B mepBom — -17.5 °C u 19.4 °C, coorBeTcTBeHHO) (puc. 1A).

ITpoBeneHHOE HCcIEOBaHNE TOKA3AII0, YTO B TIpeJieiax paccMaTpUBaeMbIX IPUPORHBIX 30H 3CP Habmo-
JIaeTCsl COBPEMEHHOE MoTeTIIeHHe KmMara. Hanbonee ObICTpBIMK TEMITAMH 3TOT TIPOIIECC Pa3BUBACTCS B yMe-
PEHHBIX IIMPOTAX, I7I€ MOBBIMICHNE CPEJHECYTOUHBIX TEMIIEPATyp OTMEUACTCS Ha IPOTSHKEHUH OONbIIEH 9acTh
rofa. B BEICOKHX mmpoTax oHO nMeeT Oosiee CIOKHBIN XapakTep. AHaJIN3 BHYTPUTOOBBIX H3MEHEHHUH MOKa-
3aTenell TEepMUYECKOTO pesKUMa IyTeM CPaBHEHHs] MHOTOJIETHETO X014 CPEAHEMECSIYHBIX 3HAYEHUI TeMIIepa-
TYpBHI BO3/yXa, W, 0OCOOCHHO, CPEIHECYTOYHBIX 3a /1BA 35-IE€THUX BPEMEHHBIX OTPE3Ka, M03BOJMI BBISIBUTH
MIPOCTPAHCTBEHHO-BPEMEHHYIO TUHAMHKY KJIMMaTa Ha (oHe o0aJIbHBIX ero u3MeHeHnH. Takoi moaxon aan
BO3MOXKHOCTb Ha 30HAJIBHOM YPOBHE JE€TaIM3HUpPOBATh BPEMEHHOM aCIEKT MPOUCXOIAIINX U3MEHEHUH KIIMMa-
Ta, KOTOpPBIE CIIEYeT YYUTHIBATh IIPH Pa0dOTE HAJ CTPATETUSIMH aJIallTAllMi KOHKPETHBIX TEPPUTOPHH K UX I10-
CIEJCTBHSAM.

Jlumepamypa:

1. Oyenounwlii 00K1a0 00 UBMEHEHUU KIUMAMA U e20 nociedcmautl Ha meppumopuu Poccutickoti
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Seasonal variations of O3, CO and NO, near-surface
concentration in central Siberia: ZOTTO observation
and model simulation

Shtabkin Y.A., Moiseenko K.B.

A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
E-mail: yuryshtabkin@gmail.com

but also in faraway from big towns regions. Air quality monitoring is carried by global observation
stations system, but it doesn't work in most of Russian territory. Observational station ZOTTO (Zotino
Tall Tower, 60,26 N., 89,24 E, central Siberia) partly improves this situation.

This paper presents the results of analysis of observations of CO, NO, and O, near-surface concentration
on ZOTTO station in 2007 - 2012. We use chemical-transport model GEOS-Chem to estimate the impact of
variations of CO and NO, on variations of regional ozone budget and impact of long-range pollution transport
to background near-surface air composition in central Siberia. We calculate the average, maximum and mini-
mum values of the response to emissions of CO and NO,. According to the results, the primary impact on sur-
face NO, concentration has industrial cities of southern Siberia, while their impact on the CO concentration is
found to be moderate, most likely due to the long atmospheric lifetime of CO. These results indicate a signifi-
cant contribution of both natural and anthropogenic sources of pollution, and also air transport from Western
Europe and European part of Russia to background near-surface air composition near ZOTTO station. It is im-
portant for analysis of further observations and for better understanding of the influence of various natural and
anthropogenic factors on air composition in the boreal zone of Siberia.

O ver the recent decades, changes in air composition have been observed not only near industrial centres,
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Ce30HHbIe BapuaLmm NpU3eMHbIX KOHLeHTpauum
0,, CO n NO, B ueHTpanbHom Cnbupu:
Habnogenna ZOTTO n umcneHHoe MogenvpoBaHWe

LUra6kuH 10.A., Mouceenko K.b.

WUHcTutyT dpmsmukm atMocdepbl uM. A.M.06yxoBa PAH, Mockea, Poccun
E-mail: yuryshtabkin@gmail.com

1. BBEOEHUE

HccnenoBanust cocraBa HIKHEH arMocdepbl, BKIIFOYast IPU3EMHBIN CIIOH BO3/yXa, 3aHUMAIOT OT/IENIbHOE Me-
CTO B arMoc(epHOl XUMHH, ITOCKOJIBKY HIMEHHO 3TOT CJION HEMOCPEICTBEHHO CBSI3aH C IUTaHETapHBIMU OMOJIOTHYe-
CKHMMH IIPOLIECCaMt 1 Hanbosee BaKHBIMU ITPUPOITHBEIMU M aHTPOIIOTeHHBIMHM HCTOYHUKaMH MaJTbIX arMOC(EpHBIX
razoB. HalOmoneHns: JonroBpeMeHHBIX BapualMii COCTaBa IMPU3EMHOTO BO3/IyXa MPOBOJITCS C UCIOIb30BaHUEM
MHPOBBIX M PETMOHAIILHBIX CETel CTaHIMI (POHOBOrO MOHUTOPUHI'A, HE OXBATBIBAIOIIMX TeppuTOpHIo Poccun [5].

YacTu4HO JaHHBIM MPoOeI BOCIIONHSETCS J0JITOBPEMEHHBIMU HAOMIOICHUSMH Ha CTaHIMH aTMoc(epHO-
ro MoHuTOpuHra (BeicoTHOM Maute) ZOTTO (Zotino Tall Tower Observatory), BBeAEHHOI B SKCILTyaTaluIo B
navane 2007 1. Ha Oa3e MccienoBarenabckoro nonurona Mucruryra neca um. B.H. Cykauea PAH (KpacHo-
sipck). MexayHapoansii napTHépckuii mpoekt ZOTTO ocymecTBIACTCS IPU YIaCTHH HAYYHBIX KOJUICKTHBOB
n3 Uucruryra neca, Mucruryra usukn armocgepsr um. A.M. O6yxosa PAH (Mocksa), MHcTHTyTa GHOTEOo-
xumun Maxkca ITnanka (Mena, Tepmanns) i ap. (cM. oapoGHOE OMMCAHHE CTAHINH Ha BeG-CaiiTe MOUIePKKH
www.zottoproject.org, [4] wiu [3]). K uuciy npruopuTeTHBIX HampaBJieHHH paboT B pamkax npoekra ZOTTO
OTHOCSITCSI KCCIIEIOBAHUSI POJTM KJIMMAaTH4ECKH 3HAUMMbIX aHTPOIIOTEHHBIX M OMOTEHHBIX UCTOYHUKOB B PErH-
OHAJILHOM arMoc(epHOM OajlaHCe XUMHYECKH aKTUBHBIX M ITAPHUKOBBIX ra30B.

CocraBHo# yacTbto HaOroaeHui B ZOTTO siBnsirorest n3MepeHus NPU3eMHOW KOHIIEHTPAI[MA MOHOOKCH-
na yoiepona (CO) u okucnoB azora (NO,), Benymuecs ¢ staBapst 2007. LleHHOCTh MOMOOHBIX HAOTIOICHUN
OIPEAEIAETCS] HCKIFOUUTELHO BaKHOM POJIbIO JIaHHBIX COEAMHEHUH B armocdepHol xumun: Beiopocs CO,
Hapsay ¢ Jetyaumu opranmdeckumu coequneHusmu (JIOC) u okucnamu azora (NO,), SBISIOTCS OJHHM U3
OCHOBHBIX (h)aKTOPOB, ONPENEIISIOIINX OKHCIUTEIBHBIE CBOWCTBA aTMOC(EPHI 1 3aITyCKAIOIINX TPOIOC(hEpHbIC
KaTaJIMTHYCCKUC IUKIIBI ¢ 00pa30BaHUEM U pa3pylIeHUEeM 030Ha [2].

CO + OH (+0,) — CO, + HO,
HO, + NO — OH + NO,
NO, +hv — NO +0
0+0,+M—0;+M

=>CO +20, — CO, + O,
HO, + 0, — OH + 20,

=>CO + 0, — CO, + 20,

3amaucii JaHHOTO UCCIICIOBAHUS SBJSUIOCH IPOBECHUE 00JIee MOAPOOHBIX KOJIMYSCTBEHHBIX OI[CHOK BITH-
SIHUSL OT/ICBHBIX (JAKTOPOB, OMPEICIIAIONINX CE30HHbIC Bapranuu npu3eMmuoro coaepxkanus CO u NO, B paii-
OHE CTaHIIMU U UX POJIb B PETHOHAILHOM OaniaHce 030Ha. KonmruecTBeHHAS OIICHKA aHTPOIIOTeHHOTO U OHOTeH-
HOTO BIHMSHHS TMPOBEACHA C WCIOJNB30BAaHHEM II00ATBHON XMMHUKO-TpaHcmopTHOW Monenu Geos-Chem c
y4ETOM BCEX OCHOBHBIX HCTOYHHUKOB M CTOKOB JIAHHBIX COCIMHCHHUIA.

2. METOOOJ1I0IM A

2.1 Mooenv Geos-Chem

OrleHKa BKJIa/ia JajJbHEro nepeHoca B HaOmonaeMyo ce30HHY0 n3MenurnBocth CO Ha CTaHIIMU BBITION-
HEeHa Ha OCHOBE TPEXMEPHOH I100anbHON XuMuKo-TpancnopTHoi Mozxenn GEOS-Chem (Bepcus 9-01-03, 06-
niee onvcanue qaHo B [1], caiit mommepsxku http://acmg.seas.harvard.edu/geos/). GEOS-Chem — uwncnennas
FHO6aHBHaH MOAECJIb COCTaBa aTMOC(bepI)I, YUuTBIBarOIass BCC OCHOBHBIC IPUPOAHBIC U aHTPOIMOTCHHBIC UCTOY-
HUKU U CTOKU XUMHWYCCKH aKTUBHBIX I'a30B U a3p03onef/'1. JIByX- " TPEXMEPHBIC ITOJIA METCOPOJIOTHUCCKUX I1a-
paMeTpoB C BpeMEHHBIM pa3pernienueM 3 uiau 6 yacoB oepytes u3 cucrembl GEOS-GMAO (Goddard Earth
Observing System - NASA Global Modeling Assimilation Office). B nanHoii pabote ucmoin30Banach pacuér-
Hast ceTka 4°x5°, umeromiast 47 ypoBHEH M0 BEPTUKAIN OT TIOBEPXHOCTH 3emiin 110 BbIcoThl ~0,01 Mbap (~70
KM) C IIIaroM I10 BBICOTE, IUIABHO yBeauuuBaromemcs ot 130 m B Tporocdepe 1o 1,5 kM B cTparocdepe u 8 kM
B HIDKHEH Me3ochepe. PacyéTbl XUMHUYESCKOH 3BOJIOIIUH MPOBOJMIUCH B PEKUME CTaHAapTHOM onmuu “NO,—
O,—hydrocarbon—aerosol” (pexxum “TOJHON XUMUK~™ — UCHONB3YIOTCS BCe CTaHIAPTHBIC XUMHYCCKUEC MeEXa-
HU3MBI) YUYUTHIBAIOIIEM 53 TpacCepHBIX COCAMHEHHS.
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2.2 Habmooenus CO Ha 8bicomHOU Mayme

Beicornast maara ZOTTO (60,80° c.r., 89,35° B.11., 300 M H.y.M.) pacroniokeHa Ha BOCTOUHOM OKpauHe
3amagao-Cubupckoii pasHuHH B 30 KM K 3amaay oT pexu Ernceit B 30He 60peanbHbIX JiecoB B 450 kM k ceBepy
ot KpacHosipcka. OCHOBHOI1 THII pacTUTEIHHOCTH — XBOWHBIE JIeca CO 3HAYNTENFHBIMH IUTOMAIsIMH 00I0T. B
XOJIOAHBIN MEPUOA Tofa CTAHIMS OKa3bIBAETCA NPUMEPHO Ha KIMMATOJIOTMIECKOM IPaHHILE MTOISIPHOTO (hPOH-
Ta, KOTOpast B TEIUIBIN MEPHOJ] TOa MPOXOIUT 3HAUUTENBHO ceBepHee. JlaHHas 0COOCHHOCTh OKa3bIBaeTCS BaXK-
HOH C TOYKHM 3pEHNUS JATBHETO0 IIEPEeHO0Cca, HOCKOJIBKY PaifoH CTaHIIMH, B 3aBUCHMOCTH OT KOHKPETHOTO PEeXHMa
aTMoc(epHON NUPKYIALNH, HAXOAUTCS KaK O] BIMSHHEM BO3IYIIHBIX MacC U3 CEBEPHON ATIIAHTHKH, IIPOXO-
X Hax EBpONeNHCKIM KOHTHHEHTOM, TaK M apKTUYECKUX BO3AYIIHBIX MAacc, MPUXOAAIINX U3 MOISPHBIX
obmacTeii ceBepo-BocToka Crubmpu u paitoHoB Apktuku [3]. POHOBBIN XapaKTep CTAHIINH OTIPEAEIIIeTCs e€
YAAJIEHHOCTHIO OT KIMMATHYECKH 3HAYMMbIX aHTPOIOT€HHBIX HCTOYHUKOB aTMOC(EPHOTO 3arpAa3HeHHs, UTo,
BMECTE C JIOCTAaTOYHOM OJHOPOAHOCTHIO SKOCHUCTEM H Tororpaduu, mo3BoiseT 0000maTs HabIroaeHns Ha 00-
IIMPHBIN paiioH nerTpansHol Cubupu B mieroM [3, 6].

3. PE3YJIbTATbI

B pabote ucnonpzoBanmcek nanHble HaoOmoneHnin CO 3a 2007 — 2011 roxgsl. Ha ux ocHOBaHWH OBLIH
paccunTaHBI CHa4aIa 9acoBEIC, a TOTOM U CpeIHEMECSIHbIC 3HaYCeHUS. BBIT0 IPOBEICHO CpaBHEHUE TTOTYIHB-
IIUXCS CPEIHEMECIYHBIX 3HAUCHHH C JaHHBIMU YUCIICHHOTO Moaenposanus (Puc. 1).

CO CONCENTRATION 2007 - 2011 MONTHLY AVERAGED

240/~ T T T T T T T T T T T T T T T
J —&— GEOS-Chem model | . &
x ZOTTO data
220 -1
200

80 | 1 1 ! 1 | I 1 | I 1 1 | 1 |
JAN APR JUL COKT JAN APR JUL OKT JAN APR JUL OKT JAN APR JUL OKT JAN AFR JUL OKT JAN

2007 2008 2009 2010 2011

Puc. 1. CpaBHeHMe pe3ynbTaToB YMcieHHoro Mogenmpoearua CO ¢ faHHbIMU Habnogenuin ZOTTO

Ha ocHoBe psinoB nanubix Habmropenuit NO, 3a nepuox ¢ 15/03/2007 o 31/12/2012 6butn paccyuTaHbl
CpEeIHHE YaCOBBIC KOHIICHTPAIMH 33 BECh IIepro HaOmoneHui. [Ipu 3ToM U3 UCXOMHOTO psija ObLIH YIaJICHBI
3HaUCHUs MEHBIIIE mopora o0Hapyxenus npudopa (0,05 ppbv) u kparkoBpeMeHHbIE (HECKOIBKO MUHYT) aHO-
MAaJIbHBIC CKaYKHU MpU3eMHON KoHIeHTparmu NO,, TOCTHraBIINe HECKOIBKUX JECATKOB ppbV MpH OOBIYHBIX
sHaueHusIx 0,5—1,5 ppbv. [Tocne 3Toro ObUIM paccYUTaHBI CPSAHEMECIYHBIC 3HAYCHUS U POBE/ICHO CPaBHE-
HUE MOJTYYHBIIUXCS JAHHBIX C pe3y/IbTaTaMu YHCICHHOTo MoaeiupoBanus (Puc. 2).

NOx COMNCENTRATICH 2007 - 2012 MONTHLY AVERAGED

K R R R R RN = — ——————
—— =Chem mode

u Z0TTO data

OJAN APR JUL OKT JAN AFR JUL OKT JAN APR JUL OKT JAN APE JUL OKT JAN APR JUL OKT JAN APR JUL OKT

2007 2008 2009 2010 2011 2012
Puc. 2. CpaBHeHue pe3y/bTaToB uMcieHHoro MofenmpoBatua NO, ¢ aaHHbIMu HabnogeHumid Z0TTO
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AHaIOTHYHBIC MAaHHUITYJSIIIMA OBUTH MTPOBEIEHBI C JaHHBIMHU HaOmoneHnit O, 3a mepuox ¢ 15/03/2007 mo
31/12/2012. VITOroBEI# pe3yasTaT MpeACTaBIeH Ha puc. 3.

03 CONCENTRATION 2007 - 2012 MONTHLY AVERAGED
50 TITT T T I T T T rTrrnIrTrIierr It rTrIrrre I rTrTr e IrT I eI I T T T I T I T TIT I T T TITrrrTT

45+ i .
*
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35
30

25
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20
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10 —e— GEOS-Chem model | . -
*  ZOTTO data

ey | [ | 1§ B 0L LI BB E (L) AN NN
511” APR. JUL OKT JAN APR JUL OKT JAN APR JUL OKT JAN APR JUL OKT JAN APR JUL OKT JAN APR JUL OKT
2007 2008 2009 2010 2011 2012

Puc. 3. CpaBHeHVe pe3y/bTaToB YMCIEHHOr0 MogenmpoBaHua O, ¢ faHHbIMK Habntogeruin ZOTTO

4. 3AKJTIOYEHME

[Ipu uccienoBaHusx BapHalMid XMMHUYECKOTO COCTaBa MPU3EMHOIO BO3AyXa 3HAUUTENBHBIA HMHTEpeC
MPEACTABISAIOT IMUCCUU MOHOOKHCH yTIIIepoAa U OKHUCIIOB a30Ta - XMMUYECKHU aKTUBHBIX COCAMHEHUMN, y4acT-
BYIOIIIUX B KIIFOUEBBIX JII XHMHUHU TPOMOC(HEPHl PEaKusaX, SBISICh, TAKUM 00pa3oM, OJHUM U3 KITFOUEBBIX
(hakTOpOB, ONpPEACISIOIINX OKHCIUTEIBHBIC CBOWCTBA aTMOC(ephl. B HacTosIel padoTe mpeIcTaBICHO CPaB-
HEHHE JJAaHHBIX HAONIOJCHUI U YHCICHHOTO MOJICITUPOBaHUS pru3eMHol (oHOBOM KoHIeHTpanuu CO, NO, u
O, B eHTpanbHoi Cubupu. [lomydeHHbIC pe3yabTaThl OyIyT UCIIOIB30BAHEI B JABHEHUIIIEM ITPH KOJIUMICCTBEH-
Hoii onteHke Bkiaaa papuanuii CO u NO, B pernoHaIbHBIN OaTaHC MPU3EMHOTO 030HA.

Jlumemapmypa:

1. Bey I, D.J Jacob, R. M. Yantosca, J. A. Logan, B. Field, A. M. Fiore, Q. Li, H. Liu, L. J. Mickley,
and M. Schultz, Global modeling of tropospheric chemistry with assimilated meteorology: Model de-
scription and evaluation, J. Geophys. Res., 106, 23,073-23,096, 2001a.

2. Crutzen P. J., M. G. Lawrence and U. Poschl, On the background photochemistry of tropospheric
ozone, Tellus (1999), 514-B, 123—146

3. Kozlova, E. A., A. C. Manning, Y. Kisilyakhov, T. Seifert, and M. Heimann, 2008, Methodology and
calibration for continuous measurements of biogeochemical trace gas and O2 concentrations from a
300-m tall tower in central Siberia, Atmos. Meas. Tech. Discuss., 1, 281-330.

4. Lavricetal. (2011): A look up at the Zotino Tall Tower Observatory, Meteorol. Techn. Intern., Sept.
2011, pp. 6-10

5. Miiller, G. et al., 2008, WMO Global Atmosphere Watch (GAW). Strategic Plan: 2008-2015. GAW
Report No. 172, World Meteorological Organization.

6. Busuap A.B., Mouceenxo K.b., LLlymckuii P.A., Ckopoxoo A.U. Hoenmugukayus anmpono2eHuvix
UCMOYHUKOB IMUCCULL OKUCTI08 a30ma no pacyémam Jlacpandicesvix mpaekmopuil u OaHHbIM HAOII00eHUl
Ha evicomnuot maume 6 Cubupu eecroii — 1emom 2007 2. Hzs. PAH. @usuka ammocgepwi u okeana. 2009.
T45. No 3. C. 325-336.

COAEPXAHME »

SESSION 1

ENVIROMIS'2014

(2]
=
[}
[
[
>
(]
=
=
[
<t
=
o
o
ke
=
(=]
—
<t
(L]
=
'
Ll
(=]
(=]
=
(2]
=
=
[
<<
=
o
L
(2]
o
(=]
]
<<
[
—
L
=
=
(=]
=
=
—
L
—
(=]
L
(=]
—
Ll
o
L
ke
—
(=]
(]
]
<<
=
=
—-
=1
—
o
L
=
=




ENVIROMIS'2014

(7]
=
T}
—_
wn
>=
(7]
=
=
ey
<<
=
-3
(=]
[
=
(=]
—
<T
(1]
=
ur
L
(=]
(=]
=
(7]
—
(=}
e
<<
=
o
L
(7]
[=-]
o
-
<<
-
—
L
=
=
(=]
e
=
—
L
—
o
1T}
[X]
—
L
o
L
(.
—
[=]
(-]
-
<<
=
(=]
e
=T
—
o
[N
[
=

SESSION 1

HecTabunbHOCTb YrNoBOM CKOPOCTU BpaLLeHNA 3eMnu
N gonrornepuogHble KonebaHnA cToKa pexkn benan

Bacunbes [l. 10., Muxaitnos I.Il.

Y¢$uMcKuin rocyaapcTBeHHbI aBUALMOHHBIN TeXHUYECKUI yHuBepcuTeT, Yoa, Poccua
E-mail: vasilevdy_research@mai.ru

HbIe KoJiebaHus CTOKa, Ha mpuMepe peku bemast (FOxubii Ypai). ba3oii aiis aHamm3a Mo ciyXHIn Cpe-
HETroAOBBIE pacXoabl BOABI IO TPEM T'HAPOJIOTMYECKUM IMOCTAM PAaCIOIOKEHHBIX B CTBOPAX PEKH be-
mast: 1.0. Apckuit Kamens (BepxHee Teuenue), I. Crepauramak (CpeaHee TeueHue) u . bupck (HmkHee Tede-
HUE), TIepHo HaOmoneHni coctaBui 9yTh 6osee 70 jet (1936-2010 rr.). JlaHHbBIE OTKIIOHEHUS JUTHTETFHOCTH
cytok (OJIC) ot crannmaptroit (86400 c), ObLIH B3ATHI ¢ caiiTa MeXIyHapOIHOW CITy>KObI BpalieHus 3eMIIu,
HaxoJsiuecs B cB000aHOM noctyre. Tak ske B paboTe ObUIM MCIONIB30BaHbI TOIOBBIC 3HAYCHHSI YHCEIT THEH C
mupkyasmusMa W, E u C no IS, Banrenreiimy B I ecTecCTBEHHOM CHHONTHYECKOM paifoHe oT 45° 3.11. 1o 95°
B.1. — apxuB AAHIMN.
Hcnonp3ys MeTox pasHOCTHO-HHTETrpasibHEIX KpuBHIX (PUK) 1 mporeypy ero MHOTOKpaTHOTO ITOBTOpE-
HUS B psJiaX JAHHBIX CPEIHETOIO0BBIX paCcX0I0B BOJBI, ToA0BBIX 3HaueHuH OJ[C u uncen qHel ¢ MUPKYISIUIMA
COOTBETCTBYIOUICTO TUIIA BEIYUCIIIINCh OTKIIOHCHUA OT HOpMa U HU3KOYAaCTOTHAasA COCTaBJIAIONIIAA. B pe3yabTra-
Te OBLIN OMPEACIICHBI MUKJIBI BOTHOCTH PEKU benas B CTBOpPaxX COOTBETCTBYIOUIMX IMTOCTOB U CaMasi HU3Kasd 4da-
ctora B konebanusx croka, OJIC u uncen queit ¢ mupkymsiusmu W, E u C.
Okazanochk, 4To roJJOBble aHOMAJIMH YIJIOBOM CKOPOCTH BpAILICHHUsI 3eMJIH OKa3bIBAIOT CYIIIECTBEHHOE BIIMS-
HHE Ha XapakTep arMoc(hepHON HUpKyJsinuy, Tak npu yeeaundeHnn OJIC yMeHbIIaeTcst Yuciio THeH ¢ [UPKyIs-
et W u C, B cimydae ymensmerns OL[C pacter uucino nHei ¢ nupkymsiuen E. @aktndaeckn 3emis, yBeIudan-
Basl YIJIOBYIO CKOPOCTh CBOETO BPAILICHUSI, PUAAET IOTOIHUTEBHBIN UMITYIIbC CHCTEME OKeaH-arMocdepa, IpH
TPaHCIIOPTUPOBKE TEILIA U BJIark U Ha €BPOIEICKON TEPPUTOPUU HACTYIIAK0 MHOTOBOJHBIE SIIOXH.

B paboTe uccienyercs BIUSHIE HeCTAOUILHOCTH YITIOBOH CKOPOCTH BpallleHHst 3eMJITH Ha JT0JITOTIEPHO/I-

Instability of Earth's angular velocity and long-term
fluctuations of the Belaya River discharge

Vasil'ev D.Y., Mikhailov G.P.

Ufa State Aviation Technical University, Ufa, Russia
E-mail: vasilevdy_research@mai.ru

nial fluctuations in water availability. Reasons causing these changes can be divided into astronomy;

for example, solar activity, the angular speed of rotation of the Earth and global such as atmospheric
circulation, and ocean currents. The instability of the angular velocity of the rotation of the earth affects the re-
distribution of solar energy and the changing nature of the heat balance of the atmospheric circulation [1]. The
latter is a system of large-scale flows of heat and moisture around the globe [2], and of course, determines the
hydrological regime of river basins. With all of that, it is necessary to consider anthropogenic interference with
the climate system of the planet.

The paper used data from annual expenditure water gauging stations (GS) located in three cross-sections
of the Belaya River, the details of which are presented in Table 1., the annual number of days with values circu-
lations W, E, and C by Wangenheim G.Y. in the natural synoptic region from 45° W to 95° E - Archive AARI
[http://www.aari.nw.ru], observations of the angular velocity of the Earth and the deviation from the standard
length of the day (86400 s) are available on the International Earth Rotation Service website [http:// www.iers.
org]. In the analysis of the above series of observations, we employed the method of residual mass curves
(RMC), which defines cycle conductivity of the river, using the procedure of repeated recurrence, RMC found
the most "low frequency"/the long-term component of the data series in the river flow investigated basin, cor-
ner Earth's rotation rate and characteristics of types of atmospheric circulation. It was a joint analysis of obser-
vational data from all three sections of the GP Belaya River, so using the RMC, there were identified the fol-
lowing cycle conductivities at the time intervals 1941-1943, 1945-1948, 1957-1959, 1963-1966, 1969-1971,
1974, 1979, 1981, 1983, 1985-1987, 1989-1991, 1993-1995, 1997-2002, 2005, 2007 (abounding phase flow
above the norm) and 1936-1940, 1944, 1949-1956, 1960-1962, 1967-1968, 1972 -1973, 1975-1978, 1980,
1982, 1984, 1988, 1992, 1996, 2003-2004, 2008-2010 (with little water phase flow below normal). With access
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to the most " low frequency " in the observations of runoff for all three posts, there is an alternation of cycles of
water content, the initial decline in 1936-1972, Lifting 1973-2000, Then another decline, for an example, Fig-
ure 1 shows the results of the Genetic analysis on Belaya R. - c. Birsk. A similar result was shown in the analy-
sis of the data length of the day deviations (LDD), as in [3], identified long-term fluctuations of atmospheric
circulation type W and the LDD are asynchronous in nature, in contrast to type E, where there is a direct con-
nection with the LDD. Temporal dynamics of the anomalies of Earth's angular velocity and the annual number
of days with circulations W, E and C are shown in Figure 2. In general, the use of these data was dictated by the
geographical location of the test pool and the need for a more in-depth analysis of the impact on the predomi-
nant type of long-period variations in runoff.

In conclusion, we note that the annual anomalies of the angular velocity of the rotation of the Earth have a
significant impact on the nature of the atmospheric circulation, so an increase in the number of days SLM de-
creases circulation W and C, and in the case of reducing the number of days SLM growing circulation E. In
fact, the Earth is increasing the angular velocity of the rotation, giveing added impetus to the ocean-atmosphere
system , in transport of heat and moisture in the European territory and I attack the high-water period. Of
course, the idea of the relationship of these fluctuations is not new and has been fully considered in the work of
NS Siderenkov [4, 5].

Acknowledgments. We thank leading researcher of SibRRHMI Vinogradova G.M. for useful discussion
of research ideas.

Table 1. General characteristics of hydrological stations.

HydrologicalStation Index Locaton pOell)qs :: ;Y;g::ls Basi(nnilzrea, D:Eigfzfl,n 11111?/;ll
BelayaRiver — c. Birsk 76295 55°20°N 55°30°E 121000 837
BelayaRiver— c.Sterlitamak 76284 53°40°N 56°00°E 1936-2010 21000 121
BelayaRiver— v. Arsky Kamen 76275 53°52°N 58°16°E 2300 14
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Fig. 1. Average value of runoff HS Belaya River - c. Birsk. Fig. 2. The time course of the annual number of days with
Numbers 1, 2, 3 and 4 are designated RMC corresponding the appropriate type of circulation (left scale), and annual
orders. anomalies Earth's angular velocity (right scale).
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Monitoring of changes of the air temperature in the ridge
and hollow landscapes

'Vasilenko 0.V., *Voropay N.N.

'V.B. Sochava Institute of Geography SB RAS, Irkutsk, Russia
? Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: oksa_na85@mail.ru,voropay_nn@mail.ru

graphical studies of the Institute of Geography of the Russian Academy of Sciences (Irkutsk). Year-

round observations of air temperatures are carried out with using of electronic temperature sensors
(Thermochron I-Button DS1922L-F5, Dallas Semiconductors, USA). Sensors were mounted at 35 observation
sites located at different altitude a.s.l. Each site has a specific landscape characteristics. 23 model sites are lo-
cated in the Tunkinskaya hollow at altitudes from 718 to 2119 m a.s.1., 12 sites — in the Mondinskaya hollow at
altitudes from 1274 to 2325 m a.s.l. The air temperature was recorded each 3 hours synchronously with stan-
dard measurements at weather stations. In this paper we study the inversion of air temperature on the mountain
slopes of different exposures over a period from 2009 to 2013. The temperature gradient was determined as the
difference between the air temperatures in the same time at different altitudes related to altitudes difference.
There is an inversion when temperature gradient is negative.

Seven sites are located on the southern slope of the Tunkinskaya hollow (Tunkinskie bald mountains) at
altitudes from 863 m to 1968 m a.s.l. The maximum temperature gradient (-13 °C/100 m) observed in the lower
layer (863-946 m). The maximal duration of continuous inversion is 8.5 days. Maximal gradient and duration
were observed in the cold season.

Five sites are located on the northern slope of the Tunkinskaya hollow (Khamar-Daban ridge). Altitude
range of sites is 818-1405 m a.s.l. In contrast to the south slope temperature gradients at the northern slope
reaches a maximum in the warm season. The maximum gradient is -5 °C/100 m (July) at altitudes from 980 to
1070 m. Maximal duration (7.5 days) of continuous inversion occur in spring.

Seven sites are located at altitudes from 1274 to 2325 m a.s.l. on the southern slope of the Mondinskaya
hollow. The maximal duration of inversion (5 days), the maximum temperature gradient (-7° C/100 m) were
observed in winter.

Five sites are located at altitudes from 1274 to 1996 m a.s.l. on the northern slope of the Mondinskaya
hollow. The temperature gradient was several times smaller than the gradient at the southern slope. The maxi-
mum gradient was in winter. It was equal to 2.5 °C/100 m. Inversion duration was less then one day.

The obtained results demonstrated features of the distribution of temperature in a mountain-hollow land-
scape. It can be extrapolated to a vast area and modeling of regional climate peculiarities. This is actual, due to
difficulties with organization of long-term observations in remote areas.

Monitoring of air temperature at Tunkinskaya and Mondinskaya hollows is a part of integrated geo-

MOHMTOpVIHF U3MeHeHnAa TemMriepatypHOro pexmnMa
FMOPHO-KOT/IOBNHHbIX J'IaH,D,LIJa(I)TOB

'Bacunenko 0.B., “Boponaii H.H.

" MuctutyT reorpadum um. B.5.Couasbi CO PAH, UpkyTck, Poccua
? IHCTUTYT MOHMTOPMHIa KTMMaTUYECKMX U 3Konornueckux cuctem CO PAH, ToMck, Poccua
E-mail: oksa_na85@mail.ru, voropay_nn@mail.ru

CypCOB Ha CpaBHUTCIILHO HEOONBIION TCPPUTOPUH, ITPUBJICKAS CBOUMU 0COOEHHOCTSIMU OOJIBIIIOE KOJIH-

4CCTBO HCCJ'ICZ[OBaTeJ'ICfI. Ha Z[aHHBIﬁ MOMCHT M3Y4YCHHUC KIIMMAaTa TOPHBIX paﬁOHOB 3aTPYAHCHO HCKOTO-
pbIMU o0cTosTEeIRCTBAMH. MHOTHE TOpHBIC obmactu OTAAJICHBI OT OCHOBHBIX ICHTPOB YeJI0BEUCCKOM JACATCIIb-
HOCTH, TO €CTb ABJISIOTCA TPYAHONOCTYIIHBIMH, YTO 06YCJ'IOBJ'II/IBa€T HPO6J'ICMI>I YCTAHOBKH U 06CJ'Iy)KI/IBaHI/I$[
MCTCOPOJOTNYCCKUX CTaHHHﬁ. HpHpoz[a FOpHOI>'I TCPPUTOPUHN TMMOPOKAACT TAKOC MHOKCCTBO MECTHBIX YCJIO-
BPII>'I, 4yTO IH00ast CTaHIIUA 6y,I[CT pereBCHTaTHBHOﬁ TOJIBKO IJIA orpaHI/IquHoﬁ IIonraau. MeTeOpOJ’IOFI/I‘IC—
CKHEC CTaHIUHU 00BIYHO pacnogararorcd Ha OTKPBITBIX MECTAX, YAAJICHHBIX OT 3I[aHHI7[ " Apyrux HpenﬂTCTBHﬁ,
OKa3bIBAIOIIUX BIMAHUEC HA BOBZ[yH.IHLIfI IIOTOK. HpI/I YCTaHOBKEC MeTeOCTaHHI/Iﬁ B T'OPHBIX YCJIOBUAX NPUXOANUT-
Cs YUYMTBIBATb HEKOTOPBIC 0COOEHHOCTH MECTHOTO penbe(ba, TAaKHUC KaK, BEpIINHA, CKJIOH W JHUIIC JOJTUHBI.
KpOMe TOTO Ha U3MCPCHUC KIMMATHYCCKUX NMApPaMETPOB OKA3bIBAIOT BIMSIHUC OPUCHTALIMA CKJIIOHA, YTOJ €To
HaKJIOHa, TOHOI‘pa(bI/I‘IeCKaH 3aKPBITOCTb TCPPUTOPHH, 4 TAKIKE HCPOBHOCTU MCCTHOCTU MaJIOTO Macirada.
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B nacrosmee BpeMst Hanboee 3¢ (HeKTHBHBIM CIIOCOOOM U3yUEeHHS TOPHBIX TEPPUTOPHUH SBIISIOTCS TOJIe-
BbIE ncciuenoBanusl. Ho 1 0HM HE MOTYT J1aTh HOJIHOTO 00BbEMa JAaHHBIX O MUKPOKIMMATHIECKUX 0COOEHHOCTIX
TOPHBIX PaliOHOB, TAK KaK SBJISIOTCS SMU30ANIECKUMH 1 OTPAaHUYEHHBIMU MTOJIEBBIM CE30HOM.

B pamxax xommiekcHbIx pabot MucTHTyTa reorpadgun um. B.b.CouaBer CO PAH Ha Tepputopnu KoTiI0-
BHH foro-3amagaoro [Ipubaiikanes B 2007 r. opraHM30BaH MOHHUTOPUHT TeMIeparypHoro pexwnma. Habmroxe-
HUSI 32 TEMIIEPATYPOH BO3yXa, MPOBOAATCA KPYIIOTOAUYIHO C ITOMOIIBIO MPOTrPaMMHUPYEMBIX 3IEKTPOHHBIX
nataukoB — TepMoxpoH (DS1922L-F5). Temneparypa Bo3nyxa hUKCHpyeTcs Kaxaple 3 gaca, CHHXPOHHO CO
CTaHIAPTHBIMH U3MEPEHHUSIMHU Ha METEOCTAaHINAX. JIaTYMKH yCTAaHOBIICHBI HA MOJICITBHBIX IIIOIAIKaX, PacHo-
JIO)KEHHBIX Ha Pa3HbIX BBICOTaX M MMEIOIINX WHAWBHUIyalbHbIC JaHAMAPTHBIE XapakTepUCcTUKH. Beero Ha
TEPPUTOPUH BBIAETICHO 35 TUIOmAAoK: 23 pacronoxeHsl B TYHKHHCKOH KOTIIOBHHE B MHTEPBAaJIe BBICOT OT 718
M 10 2119 M, 12 - B MOHIWHCKOH B HHTEpBaJe BEICOT OT 1274 M 1o 2325 m. [Tnomanaky pactonoXeHbl TaKuM
00pa3om, YTO MO>KHO HaOJIIO1aTh M3MEHEHHE TEMIIEPATYPhI BO3AyXa 0 BCEMY PO IO KOTJIOBUH, OXBATHIBAS
CEBEPHBI U I0XKHBIN CKIIOHBI,  TAKKE THUILE.

PacnipeneneHuio TeMneparypsl BO3AyXa B TOPHO-KOTJIOBUHHBIX JTaHAMIA(TaxX MPUCYIIN HEKOTOPBIE 0CO-
OEHHOCTH, B YaCTHOCTH WHBEPCHS, KOTJA TPAJUEHT TEMIIEPATYphl BO3yXa MMEET OTPHUIATEIBHOE 3HAYCHHUE
(TeMmeparypa BO3ayXa IMOBBIIIAETCS C BBICOTOM).

B nmannO# paboTe HAMH paccMaTPHUBAIOTCS MHBEPCHH TEMIEPATyphl BO3AyXa HA CKIOHAX Pa3HOH IKCIIO-
3unuu B TyHKHHCKOH M MOHIMHCKOW KOTIOBHHAX. VICIONb30BaHbI CpouHBIE JaHHBIE 3a nepuoxa ¢ 2009 mo
2013 rr. I'pamuenT TemMmeparypsl OIpeneNsics KaKk Pa3sHOCTh TEMIIEPaTyphl BO3AyXa B ONWHAKOBBIE CPOKU Ha
Pa3HBIX BBICOTAX, OTHECEHHASI K Pa3HOCTHU BBICOT.

Ha roxxHoM Makpockione TyHkuHCKON KOTIOBHHBI (TYHKHHCKHE TOJBIBI), PACTIONOKEHO 7 MOMIENBHBIX
IUTOIIA/IOK B MHTEpBase BBICOT OT 863 M 10 1968 M Hax ypoBHeM Mops (Tadun. 1). IHBepcHn oTMedaroTcs mo Beei
MIPOTSDKEHHOCTH MCCIIEYEMOT0 CKIIOHA M HAaOJIIOal0TCsl B TEUEHUE BCETO To/ia, JOCTUTast MAKCHMAJIbHBIX Xapak-
TEPUCTUK (BEepTUKANBHBIN rpaauert -13 °C/100 M, mpogomKUTENFHOCTD 8,5 CyTOK) B XOJIIOAHOE BpeMs T0Aa, B
HOuHbIE Jackl. Takxe Ha 3UMHUI MEPHO IPUXOIATCS MAKCUMAJIbHBIC TOKA3aTENN MPOJAO/HKUTEIBHOCTH HHBEP-
cun. B cioe ot 946 1o 1071 M Hag ypoBHEM MOpPS OTMEUAIOTCS HETIPEPBIBHBIE HHBEPCHH OT 2 10 8,5 CYTOK.

Ta6nuua 1. PacnonoxeHne nnoLLagoK uccnenoBaHua

TyHKMHCKas KOTJIOBHHA
[Tnomanka T2 T7 T8 | TIl | T4 | TIO | T9 | T26 | T15| T14 | T13 | T27
DKCIO3UIUs IO IO IO 10 10 10 IO C C C C C
Beicora, M 863 946 | 1210 | 1071 | 1418 | 1735 | 1968 | 818 | 980 | 1070 | 1192 | 1405
MoHanHCKast KOTJI0BHHA
[Tnomanka M12 [MIO| M5 | M4 | M3 | M2 | M1 | M8 | M7 | M9 | M6
DKCIo3ULUsL maumie | O 10 10 (0] (0] 0] C C C C
Beicora, M 1274 | 1380 | 1695 | 1941 | 2105 | 2167 | 2325 | 1627 | 1887 | 1403 | 1996

UeM BbIIIIE UCCIETYEMBIN CIIOH, TEM MEHBIIE OBTOPAEMOCTD CiIy4aeB UHBEpCUH. C BBICOTON CYyTOYHBIN
MaKCHUMYyM TEMIIEPATYPHOTO IpalueHTa CMELIAETCS C YTPEHHETO Ha BEUEPHE-HOUHOE BpeMsl.

Ha ckione ceBepHol sKkcno3niy TyHKHHCKOW KOTIOBUHEI (Xp. Xamap-/labaH) pacrioiokeHo 5 Kirode-
BBIX yYacTKOB. 371eCh TaKXKe HAaOMIoaeTcsl yBeIMUCHUE TEMIIEpaTyphbl BO3yXa C BEICOTOH IO BCEMY HCCIIeTye-
MOMY CKJIOHY (IaTYMKH yCTaHOBJICHBI B MHTepBajie BEIcoT 818-1405 M Hag ypoBHeM Mopst). [lo BeicoTs 1070
M HaJl ypPOBHEM MOpSI HHBEPCHH HaOIIOaloTCs B yTpeHHe-IHEBHOE BpeMst cyTok (6:00—12:00) n umeroT Maxk-
CHMAJIBHBII TeMIiepaTypHbIi rpaaueHt oT -5 °C/100 m (urons) 1o -1,5 °C/100 M (stHBaps). B ommune ot ckio-
Ha I0)KHOW OpUEHTALlNY, 3/1€Ch TPaJIUEHTHI JOCTUral0T MAaKCUMAJIbHBIX BEJIMYUH B TEIUIOE BpeMs roja. [Janee
TI0 CKJIOHY, [0 BBICOTHI 1192 M OoTpHIIaTeNbHBIN IpaIneHT OTMEYaeTCsl B BeuepHe-HouHOe BpeMs cyTok (18:00—
03:00), MmakcuManbHOE 3HAYEHUE B TeIuIblid nepuox roja (-3 °C/100 M, HIOHb) MUHUMYM HPUXOIUTCS Ha Jie-
kabps (-0,6 °C/100 m). MakcumanbHbIe 3HaYSHUS] HEPEPHIBHON MHBEPCHH Ha CKJIOHE CEBEPHOI SKCIIO3UIINHT
OTMEYAIOTCS B BECCHHUH Mepuo (10 7,5 CyTOK).

MoHnnuHcKas BriaJinHa — Hanbosiee BBICOKOPACTIONOKEHHAs! M KOMITAKTHAs, 3aMbIKaeT Ha 3araje TyHKHH-
CKYI0 BE€TBb KOTJIOBHH. [10 IpHPOIHEIM yCIOBUSAM OHA PE3KO OTAMUAETCA OT ocTanbHbIX. Ho, He cMoTpd Ha 31O,
TEMIIepaTypHble HHBEPCUH 37I€Ch TaKXKe SIBJICHNE MOBCEIHEBHOE M HAOMIOIAlOTCs B TeUeHHE Beero rofa. Ha
CKJIOHE F0JKHOU DKCTIO3UIIMA MOHANHCKOHN KOTIOBUHBI 7 MOAEIBHBIX IUIOIMAA0K, PACTIONIOKEHHBIX B HHTEPBA-
e BBICOT OT 1274 M 10 2325 M Hajx ypoBHEM Mopsi. IHBepcHH 31eCh OTMEUaroTCs ¢ HauaJIbHOM TOYKH HaOIIo-
JICHUSI ¥ TIO BCEMY CKJIOHY. MakcHMallbHasl ITPOJOIDKUTENBHOCTD (5 CyTOK), MAKCUMAJIBHBIN TeMIepaTypHBbIi
rpanuet (-7 °C/100 m), kak 1 B TYHKHMHCKOH KOTJIOBHHE, B XOJIOAHBIN neprox roga. Kpome toro 3aeck HaOmo-
JIAr0TCA Te 5K€ 3aKOHOMEPHOCTHU POCTa TEMIIEPATypHOTO rPaleHTa ¢ BBICOTOM.

HHBepcrnoHHbIE POIecChl HAa CEBEPHOM CKJIOHE MOHIMHCKOHM KOTJIOBHHBI TIOBTOPSIIOT TE JK€ 0COOCHHO-
CTH paclpeeNIeHus], 4YTO U Ha I0KHOM ckioHe. Ho XapakTepuCcTHKH TeMIepaTypHOIl HHBEPCUU Ha CKIOHAX
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SESSION 1

pa3HOM 3KCIO3UINY MOHANHCKON KOTJIOBHUHBI HMEIOT 3HAUUTENbHBIC KOMMUECTBEHHbIE OTINYMs. Tak Temie-
paTypHBIi IpaluCHT CEBEPHOM CKJIOHE B HECKOJIBKO Pa3 MEHBIIIE IT0 CPABHEHHIO CO 3HAYCHUSIMU I'PaANEHTa Ha
CKJIOHE FO)KHON AKCIIO3UIMA. MaKCHMAIIbHBIN TPaIUeHT MPUXOTUTCS HA XOJIOIHBIA IEPHO rofia ¥ paBeH -2,5
°C/100 M. Taxke OTIIMYAIOTCS 3HAYCHUS MPOJODKUTEIFHOCTH WHBepCcHil. Ha ckitoHe ceBepHOIl opHeHTAINH
HETIpephIBHBIC MHBEPCUH HaOmM0IatoTcs He 0oJee CYyTOK.

Beimie onmcano pacnpezeaeHue HHBEPCHI TEMIIEPATyPhbl BO3/yXa, UX CTATHCTHUCCKHIE XapaKTEePHUCTHKH
Ha OCHOBE aHaJIN3a CPOYHBIX JaHHBIX. Eciiu e Temmeparypy BO3[yXa YCPEOHHUTH J0 CPEAHUX CyTOUHBIX, &
TeM OoJiee CpeTHNX MECSYHBIX 3HAYEHHH, TO KapTHHA OyAeT 6osee criakeHHast. Tak Ha CKIIOHE I03KHOH 9KCIo-
3unuH TyHKMHCKOW KOTJIOBHHBI COTIACHO aHAIM3Y CPEJHHUX MECSYHBIX TEMIIEpaTyp HHBEPCHH HAOIIOMAI0TCS
ynms 10 otMetkn 1200 M. TemneparypHBIi rpaJueHT mpu 3ToM He TpeBsimaet -1,5 °C/100 m.

Jnst nnIroCTpaIyy BBIIECKa3aHHOTO HaMU OBbUTH BHIOPAHBI CYyTKH 32 XOJIOAHBIH M TEIUIBIH IIEPHUOA TOA C
HanOOJBIINM TEMIEepaTypHBIM rpagueHTaM. B ganaom cioydae 3o 30 stHBaps u 26 aBrycra. Ha pucynke 1 Ha-
IVISITHO BUJHO KaK IPH MOCIIE0BATEIFHOM CIIIaKUBAHUM (OCPEIHEHNH) JaHHBIX CIVIXKHUBACTCS XOJI TEMIIepa-
TYpPBI U COOTBETCTBEHHO BBICOTHOTO I'Pa/IUEHTA.

AuBapb ABryct
2000 \ - 2000 -
1800 ‘ - 1800 -
1600 1 1600 -
=
<
5 1400 1 1400 -
Q
0
@ 1200 / . 1200 -

1000 / 1 1000 A

200

200
-30 =20 -10 o] 10 0 10 20 30

Temnepartypa, °C Temnepartypa, °C
CpegHas MECAYHEA 33 aBrycT

CpeaHAaR MECAYHER 33 AHEAPE

CpefHAA CYyTOUHEA 33 26 aBryCcTa

CpeaHas cyTouHaa 3a 30 aHeapAa

CpouHaa 3a 9.00 30 aHBapA CpoyHana 3a 18.00 26 asrycTa

Puc.1

Takum 00pa3oM, HCIIOJIB30BaHKE AEKTPOHHBIX JaTIMKOB Ha Teppuropnuu FOro-3ananuoro [Ipnbaiikainss,
MIO3BOJIMJIO TIPOBECTH OLEHKY TEMIIEPAaTypHOTO PEXXHUMa II0 TAHHBIM CPOYHBIX KPYIJIOTOJMYHBIX HAOIIONESHHH.
[Nomy4eHHbIE pe3ynbTaThl JAlOT IPEACTABICHUS 00 OCOOCHHOCTAX pacHpelesieHHs] TEMIEepaTyphl BO3ayXa B
TOPHO-KOTIOBHHHBIX JaHAmadrax. OHH MOTYT OBITH HMCHOJIB30BAHBI JUISl SKCTPAIIONALUHA TOYEUHBIX JaHHBIX
Ha OOLIMPHYIO TEPPUTOPHIO U MOJISIUPOBAHHSA OCOOEHHOCTEH PErMOHAIBHOTO KIIMMaTa, YTO UMEET aKTyallb-
HOE 3HaUCHHE IIPU HEBO3MO)KHOCTH IIPOBOJUTH MHOTOJIETHHE HAOIONEHHS B TPYIHOIOCTYITHBIX paiiOHax.

Spatiotemporal characteristics of extremely wet
and drought episodes in Russian Federation

Utkuzova D.N., Khan V.M.

Hydrometeorological Centre of Russian Federation, Moscow, Russia
E-mail: trini_di@mail.ru

ue to observed regional and global climate changes it is necessary to make further researches to over-
value the results of dynamic influence of large-scale circular processes on environment. Taking into
consideration developed methods of analysis and interpretation and climatic data, statistical conclu-
sions made earlier should be renovated and reconsidered with getting of new information and new technolo-
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gies. Because of climate changing, we are interested in appreciation of hazards frequency and length, including
drought and wetness.

The task of making quantitative and qualitative synoptical-statistical analysis of hazards is still actual. The
changes of some separate units of hydrological cycle are considered to be consequences of climate changing.
That is why the periods of droughts in some regions change and in future they are expected to be controversial.
In some articles you can find the information about expected rising frequency of droughts in the world because
of global climate changing and as the result of it - precipitation decreasing and evaporation increasing. The
most convenient quantitative criteria for scientific and applied usage are droughts and wet specific indices.

In this paper synoptical-statistical characteristic analysis of extremely drought and wet are based on SPI. For
the period of making statistical analysis there were calculated different parameters of SPI frequency distribution
such as quintile, kurtosis, skewness, median, standard deviation, range, and were made draws of histograms.

The quantitative analysis of statistical characteristics helped to discover the following peculiarities:

* The tendency to left-sided asymmetry, and as the result predominance of wet situations over dry ones;

*  During the last years of the period from 1966 to 2010 in summer there is a tendency to hazards range
increasing;

*  For the drought [-2 -1.5] is the most “severe drought” according to index terms. There is much drought
in the southern, western, European north, southern Syberia, Primorsky Krai, Habarovsky region. There are
fewer droughts in the northern regions. Hazard spreads on the territory and till the end of summer and it can
occupy the whole territory of Russian Federation.

» For the cases of wetness [1.5 2] is the most “severe wet” according to index terms. Nearly all the terri-
tory is under mighty wetness is northern part of country comparing with drought. The most wet month is June,
and the less is July;

*  For the European territory of Russia the drought is less in June and August, and increasing of it in July.
And it is vice versa for wetness. The statistical significance coefficient is not significant (95% of significant);

* For the Asian territory of Russia the drought increases and wet decreases, and in calculations the sta-
tistical significance coefficient is significant only in June (95%).

[pocTpaHCcTBEHHO-BpEeMEHHbIE XapaKTePUCTUKN 3MU30408B
3KCTpeManbHOW 3aCyLUSIMBOCTU U YBIAXKHEHHOCTH
Ha TeppuTopuun PO

YtKy3osa [l.H., XaH B.M.

Mapometuentp PO, Mocksa, Poccus
E-mail: trini_di@mail.ru

CBSI3U C HAOINIIOaeMBIME U3MEHEHHUSIMH PErHOHAIBHOTO M MI00AIBHOTO KIMMaTa, He00X0IUMO Mpo-

BOJIUTH JAJbHEHIITNE NCCIEOBAHNSA TI0 IIEPEOIIeHKaM OCIeACTBUN BINUSIHNS IUHAMUKH KpyITHOMAc-

MTaOHBIX NUPKYSIIIMOHHBIX MPOIECCOB Ha OKpyXKaromyio cpexy. CTarucTudeckue BBHIBOIBI, clie-
JIaHHBIE paHee, JODKHBI OOHOBJISITECS U MEPECMaTPUBATHCS TPU MOSBICHUH HOBOW MH(POPMALIUH C YIETOM
YCOBEPIIIEHCTBOBAaHHBIX METOJMK aHAIN3a U HHTEPIPETALNN KIMMAaTHIeCKUX JaHHBIX. Ha ¢oHe MeHsrome-
rocs KJIMMaTa, IOBBIIICHHBI HHTEPEC BBI3BIBAIOT OLIEHKH 110 YacTOTE M MPOJOJKUTEIFHOCTH SKCTPEMallb-
HBIX SIBJICHWH, B TOM YHCJIE TI0 3aCYIIJIMBOCTH U YBIAKHEHHIO. 3aa4ya IPOBeIeHN KaYeCTBEHHOTO U KOJIH-
YECTBEHHOTO CHHONTHKO-CTATUCTHYECKOTO aHaIM3a HSKCTPEMAaJIbHBIX SBJICHHH OCTaeTCs BeCbMa aKTyallb-
HOW. VI3MeHeHHs pekuMa OT/IEeIbHBIX 3BEHBEB THAPOJIOTHIECKOTO ITUKIIa PACCMATPUBAIOTCS KaK CIEICTBHE
M3MeHeHus KiauMara. [lo 3Toi mpuYmHe MepHoAbl 3aCyIUIMBOCTH B OTAEIBHBIX PErHoHaX MEHSIOTCA, U
OXKHaeTcd, 9TO B OyIyIieM 3acylUIMBOCTh OyAeT MpOsABIATHCS He oqHo3Ha4uHO [1]. Hampumep, B ctatse [2]
TOBOPUTCA 00 O’)KUAAEMOM POCTE YACTOTHI BOSHUKHOBEHHS 3aCyIIUIMBHIX SBJICHHUH B ITI00ATBHBIX MacIITabax
BCJIE/ICTBHUE YMEHBIIICHUS BBIMTAICHUS OCAIKOB U YBEIHMUEHHUS NCIApSIEMOCTH B CBSI3U C ITI00ANBHBIM U3Me-
HEHHEM KIINMara.

Hanbonee ynoOHbIe KOIMYEeCTBEHHbIE IIOKA3aTeIlH, XapaKTePH3yOIINe CTENEeHb 3aCyIIUINBOCTH, SBIISIOT-
Csl CTIeaIM3UPOBAHHBIE UHJEKCHI, Pa3pabOTaHHbIe JJIsl HAYYHOTO M MPHUKIIAJHOTO UCTIOIb30BaHus. B 60ib-
IIMHCTBE CBOEM, MHIEKCHI 3aCYIIUTMBOCTH €CTh (haKTHUYEeCKast Mepa OTKIOHEHUSI METEOPOIOTHIECKIX BEJTMUNH
OT UX CPEIHETO pacIpeAeeHNs A TOW WM MHOU Tepputopun. B Poccrun, Hanbonee momynsspHBIMH SBISIOT-
csi: unaekc [.A. Tlens [3], Tunporepmuueckuii koaddurment Censsaunona (I'TK) [3], koaddunment ynax-
HEHHOCTH
H.H. NBanoga [3]. B nporaoctudeckrx MeHTpax MUpa MIHPOKO PUMEHSIEMBIMH SBIISIOTCS HHIEKC [lanmve-

pa (PDSI) [4] n HaGuparomnuii Bce OOMBITYIO MOMYIIIPHOCT MHJIEKC CTaHIapTU3UPOBaHHBIX ocaakoB (SPI) [4].
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SESSION 1

B mannoit paboTe CHHONTHKO-CTATUCTHYECKUH aHAIN3 XapaKTePUCTUK HKCTPEMAbHON 3aCyIIITMBOCTH
M30BITOYHOTO YBIAXXHEHHUS OCYIIECTBISUICS C HCIIoNb30BanneM nHaekca SPI [5].

st pacuera naAekca SPI rcmons30BaIich MECSTIHBIE CYMMBI OCAIKOB 3a JIeTHUH nepuof ¢ 1966 mo 2010
IT., mo 500 cTaHIIMAM pacCIONIOKEHHBIX Ha TeppuTopuu Poccum. Apxus momyden n3 BHUTMU-MIA. dns
pacuera u Bu3yanu3anuu naaekca SPI 6putn pazpaboTaHbl KOIBI B TTAKeTe MPHUKIATHBIX IporpaMM MATLAB.
Tak Kak OUPKYISIIUOHHBIE 0COOCHHOCTH T Tepputopud PD He oaMHAKOBBIE, B HEKOTOPBIX CIydasX, ObUIO
permIeHo BecTr pacueTsl U mpoBoauTh ananu3 st ETP u ATP no otnensHOCTH.

IIpoBeneHHbII pacueT n JaJbHENIIAS BU3yadU3allisl MHICKCA TO3BOIMIN BBIIBUTH CIydand ¢ HAHOOJb-
MM TePPUTOPUATEHBIM OXBAaTOM 3aCYXOW MJIH YBIaKHEHHUEM (TO €CTh MHAEKC OombIe -2 IS 3aCyXH U +2 s
yBIaXHEHHU:) [6], C KOTOPBIMH BITOCIIEICTBUH POIODKMIIACK TAaNbHEeimas padora.

Taxoke 171 onpeeNieH s HanOOMBIIEro IPOCTPAHCTBEHHOTO OXBATA SIBJICHUEM OB BBEICH yCIIOBHBIH ITOKa3a-
TeTb 107 pab04MM Ha3BaHHUEM «IUIOIIAJHASI XapaKTepUCTHKay. I pauky BpeMEHHOM N3MEHUYNBOCTH 3KCTPEMallb-
HOM 3aCyXH 1 Upe3MEPHOT0 YBIKHEHHS TI03BOIMIIH TAKKE BBIICIUTD OTAEIIbHBIC HAHOOIIee SIPKHUE TH30bL.

B xone mpoBeneHUsI CTaTUCTUYECKOTO aHadu3a ObUTH PacCUUTaHBl PA3IMYHBIE MapaMeTphl YaCTOTHOTO
pacmpenenenus unnekcos SPI Takue kBaHTHIIB, 9Kcliecc, acummeTpus, Mennana, CKO, pazmax n moCTpoeHsl
THCTOTPaMMBbI. AHAJIN3 KOMUYECTBEHHBIX OLIEHOK CTATUCTUYECKUX XapaKTEPHCTHK MTO3BOJIMI BBISIBUTH CIIEIY-
IoIIMe 0COOEHHOCTH:

*  TeHpeHIWs K ISBOCTOPOHHEH aCHMMETPUH, 1 KaK CIICCTBUE MPeoOIaiaHne yBIa)KHEHHBIX CUTYalli Hajl
3acynuBbIMA. OTHAKO ITPH YPOBHE 3HAUMMOCTH 95%, ko3¢ uimenT CThIOIEHTa CTaTUCTUYECKH HE 3HAUNM;

* B mocnenHue rofpl UMEETCS] TEHACHINS K YBETWICHUIO AMIUTUTYABI SKCTPEMANIBHBIX SABICHUM, IPH-
gyeM Juist Tepputopun ATP, skcTpemanbHbIe SIBICHUS B TOCIETHNUE TOBI TPOSIBIISIIOTCS] HHTCHCUBHEE B HIOHE.

XapaKTepUCTHKON MPOCTPAHCTBEHHOTO PACIIPEACIEHHS «XBOCTOBY» SKCTPEMAIBHBIX ABICHUHN cTan 95%
MIPOLIEHTNIIb, 3HAYCHUS KOTOPOTO OBIIIM HAHECEHBI HA KapTy IS JIETHUX MECALIEB JUIS 3aCyINTUBOCTH 1 YBIIaX-
HEHHOCTH M0 OTJECTIBHOCTH.
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Puc. 1 lNpoctpaHcTBEHHOE pacnpeseneHue 95% npoLeHTUAA 3acyLunvBoCTM no Tepputopuu PO.
(droneToBbIe MapKepbl — yMepeHHaA 3acyXa, HeNTble — CUNbHaA 3acyxa, 3e1eHble — SKCTPeMarbHan 3acyxa, rpafauma uc-
NoNb30BaHa B TepPMUHaX UHAeKca SPI)

Omnmpasich Ha pUCYHOK | MOXXHO TOBOPHUTB, YTO B [1EJIOM HanOoJiee MOIBEP)KEHHBIMHU 3aCyIUTUBBIM yCIIO-
BUSIM SIBIISIIOTCS IOJKHBIE, 3allajHbIe paioHbI, eBporeickuii cesep, ror Cubupu, [Ipumopse, Xabaposckuit
Kpaii; HanMeHee IMOABEPXKEHHBIMH SIBIISIIOTCS CEBEPHBIE 00JacTH. SIBI€HHE OCTATOYHO WHTEPECHO PacIpo-
CTpaHSETCs IT0 TEPPUTOPUH C TEIEHUEM BPEMEHH, TaK B HIOHE «IKCTPEMaIbHasK 3aCYIIIIMBOCTEY (Tpajaius B
TepmuHax uHAekca SPI [4]) ckoHIeHTpHpOBaHa MPENMYIIECTBEHHO B I0T0-3aI1aJHBIX 00IACTAX, B HIOJIE SIBJIE-
HHEM OXBa4eH Bech 10T, Iuroc MypMaHckas 00macTb, ror JlansHero BocToka, a B aBrycre «d9KCTpeMansHas 3a-
CYLUIUBOCTBY» PACIPOCTPAaHEHA MIOYTH IO BCEH TEPPUTOPUH CTPAHBI.
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Puc. 2 MpocTtpaHcTBeHHoe pacnpegeneHmne 95% npoLeHTUA yBRaXHEHHOCTH Mo TeppuTopum PO,
(¢voneToBble MapKepbl — yMepeHHas YBIa*HEHHOCTb, ENTble — CUNbHaA YBNarKHEHHOCTb, 3e/EHbIE — IKCTPEMaribHasA YB-
NaXHEHHOCTb)
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Jlist yBIaXXHEHHOCTH, Hanbosee paclpoCTPAaHEHHBIM JUAIIa30HOM XBOCTOB TAKKE SIBISIETCS] TPpajaniust
«cwiibHas» (pUCyHOK 2). Hapsimy ¢ 3THM, OTMedaeTcst 3HaYNTEIbHOE KOJIMYECTBO CIy4aeB B JHANa30He «yMe-
pEHHas» YBIaXXHEHHOCTh. B Mana3oHe «3KCTpeMaabHash YBIaXHEHHOCTh OTMEYAIOTCS €ANHUYHBIE CITyUaH.
OnHaxo, B CPaBHEHUHM C 3aCyXOH, 3HAYNTEIbHAS YBIAXHEHHOCTD 3aTParuBaeT MOYTH BCIO TEPPUTOPHIO CTpa-
HBI, K TOMY € OXBaTBIBACT OOJIBIIIE CEBEPHBIX PETHOHOB, a UMEHHO SIKyTHIO, UyKkoTKy 1 KpacHospckmii Kpai.
ITpu 3TOM HanbosIEe yBIA)KHEHHBIM MECSILIEM SIBIISICTCS HIOHD, & HANMEHEE YBIIaKHEHHBIM — HIOITb.

CraTucTHYeCKUil aHaJIH3 3aCYIIHBOCTH/YBIXXHEHHOCTH OBII OTIONHEH TpapHUKaMH XapaKTePH3YIOIIIMHA
JIONTONIEPHOTHBIC TeHICHIINN W3MEHEHUI PAacIpOCTPaHEeHUS 3aCyIUTUBOCTH 1 yBiaxkaeHHOCTH 11t ETP u ATP
IO OTIENFHOCTH 3 KaXIbIH JIeTHUHA Mecall. Takum obpaszom, st ETP orMeuaercst yMeHbIIIeHHE 3aCyIITHBOCTH
B MIOHE U B aBI'YCTE, M POCT SIBJIEHMS B HtoJie. [IIs yBNa)KHEHHS PE3y/bTaThl IPSIMO ITPOTHBOIIOIOXKHBIE, POCT YB-
JIaKHEHHUS B UIOHE U B aBI'YCTE M YMEHBIICHNE YBIaXHEHH B Htoie. [Ipu 3ToM ko3 uimeHT mmHeHHoro TpeHaa
IU1s1 000MX SIBICHUH MMeeT HanOorbllee 3HaUueHUe B utoae. Ho CTONT OTMETHTb, YTO HU B OTMH MECSIII CTaTHCTH-
YecKast 3HAUMMOCTh K03 (PUIMEHTOB He MoATBepkAacTcs (1pu 95% ypoBHE 3HAUMMOCTH).

Hns ATP naGmionaercs yBelnHdeHHE 3aCyUIMBOCTH M YMEHBIIICHHIE YBIAKHCHHOCTH B KXKIIBIA M3 JIET-
HuX MecsneB. bonee Toro, koagduimenT CThIOAEHTA 3HAYUM TONBKO B HIOJIE, B OCTAJIbHBIC MECSIIBI 3HAYHU-
MOCTb HE OATBEPXKIACTCS, HO 3HAYEHUSI KO3(p(PUIMEHTa OCTATOYHO BBICOKH.

IToaBoas UTOT BBILIEOMUCAHHOMY, MOKHO Ce/1aTh CJIeAyI0LIHe BbIBOABI:

* 3anernue mecsp ¢ 1966 mo 2010 rr. GBII0 BBISBIEHO, YTO B OCIIETHIE TOIBI POUCXOAUT IIpeodita-
JIaHUE YBIIa)KHEHHBIX CUTYaIMi Ha/l 3aCyITUBBIMH;

* B nocnennue rofp! UMEETCs TEHICHIUS K YBEIMICHUIO aMIUIUTY/IbI SKCTPEMAIIbHBIX ABICHUH 00enx
rpajanuii;

* Hambonee xapakrepHas rpaganus 3aCyIUIMBOCTA COOTBETCTBYET AWaras3oHy [-2 -1,5], 9o B Tepmu-
Hax MHJIEKCA 03HAYaeT «CUIIbHASI 3acyIUTUBOCTEY [4]. IlonBepKeHbI 3aCyUIMBBIM YCIOBHAM IOKHBIC, 3amajl-
HBIE paiioHBI, eBponeiickuii cesep, ror Cubupu, [Ipumopre, XabapoBckuii Kpail; HAMMEHEe MOABEPIKEHBI Cce-
BepHBIE 00NacTy. SIBneHne pacpocTpaHIeTCs 10 TEPPUTOPHH C TEUCHUEM BPEMEHH, U K KOHILY JIETa MOXKET
3aHMMATh [1I0YTHU BCIO Teppuroputo PO;

* Jlna ciydaeB MOBBIIICHHOW yBIIQ)KHEHHOCTH Hambolee xapakTepHbIil nuamazon SPI coorBeTcTByeT
[1.5 2], guTo B TepMUHAX MHIEKCA O3HAYACT «CHIIbHAS YBIAXHEHHOCTHY. [109TH BCs TEpPHUTOPHS TOABEPKEHA
3HAUUTEJIFHOMY YBIIQ)KHEHHUIO, B CPAaBHEHHH C 3aCyXOH OXBa4deHO OOIbIIE CeBEpHBIX pernoHoB. Hanbomee yB-
JIa)KHEHHBIM MECSLIEM SIBIISCTCS HIOHD, @ HANMEHEE YBIaKHEHHBIM — UIOITb.

e Jlna ETP orMedaercs yMEHbLIEHHE 3aCyLIJIMBOCTH B MIOHE U B aBI'YCT€E, U POCT sIBJIEHUS B utone. s
yBnaxHeHus — Ha000poT. Koappumnument CrbioneHTa CTAaTUCTHYECKH HE 3HAYNM.

»  Jlns ATP nabmromaeTcs yBEIMUCHNE 3aCyINIMBOCTH M YMEHBIICHUE YBIQ)KHEHHOCTH, IIPU 3TOM, KO-
s¢duient CTpIOfEHTa 3HAYUM TOJBKO B HIONE, B OCTAJIBHBIC MECALBI 3HAUMMOCTb HE MOATBEPKIAETCS, HO
3Ha4YEHUs KO3((HUIIEHTA JOCTATOYHO BBICOKH.

Jlumepamypa:
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SESSION 1

Research of the dynamics of thermocarst lakes located
in the central part of Chuya Basin

Korf E.D.

Institute of Monitoring of Climatic and Ecological Systems, Tomsk, Russia
E-mail: korf-kat@mail.ru

in the widespread permafrost zone. Thus, the hollows are formed that often filled with water. Thermo-

carst lakes can form on flat area, where surface runoff is difficult. Also, necessary condition for the de-
velopment of thermokarst is high ice content of rocks. If seasonal or long-term thaw depth more than depth of
permafrost, the thermokarst will develop.

Chuya Basin is situated on the South-East Altay. Chuya Basin is the biggest Altay depression. Chuya Ba-
sin is a widespread permafrost zone, so there are many cryogenic landforms on the territory of Chuya Basin.
There are talic layers in the rocks of Chuya Basin, so the permafrost is interrupted.

The aim of this work: to research the dynamics of thermocarst lakes located in the central part of Chuya
Basin.

We researched thermocarst lakes in the central part of Chuya Basin. Thermocarst lakes usually have small
size and elliptical shape. The square of the area where the lakes were studied is 135 km?. Lakes are located at
altitude from 1737 to 1850 m. The square of the lake water area is an index of dynamics of the lake. The method
of the research is analyzing of satellite images dated in different years. We used satellite images dated in 1968
and 2013 years.

Geocorrection and referencing of material was made in software package MICRODEM/TERRABASE
V12.0. Software package Global Mapper v12.00 was used for images binding to the geographic coordinate
system.

Main interpretation evidences of lake are following: smooth tone, specific monotone or image structure,
oval form of the lakes.

The total square of 75 mapped lakes dated in 1968 is 6.27 km?, however, total square of mapped lakes
dated in 2013 is 4.47 km?. Thus, total square of thermocarst lakes of central part of Chuya Basin has decreased
by 28.7%, but the number of thermocarst lakes has increased. So, there was mapped 94 thermocarst lakes in the
image dated in 2013.

The main reason of decreasing of total square of lake water area is climate warming. According to data of
Kosh-Agach weather station, average winter temperature has increased, but the total precipitation has de-
creased. According to, soil temperature increases too, so the depth of seasonal thawing enlarges. Thus, strength
of permafrost decreases, therefore square of lake water area diminishes.

There is dependence between warming and cryogenic processes. Dynamics of thermocarst lakes of Chuya
Basin shows the links between these processes.

Thermocarst is a process of uneven subsidence caused by melting of subsurface ice. This process occurs

NccnenosaHne AMHaMUKM TEPMOKAPCTOBLIX 03ep
LeHTpanbHoOM YacTy YynCcKoM KOT/IOBUHbI

Kop¢ E.0.

MHCTUTYT MOHMTOPUHIA KNNMaTUYECKNX U 3KONOrU4Yeckux cucteM, ToMck, Poccus
E-mail: korf-kat@mail.ru

obpasyercs Ha TEPPUTOPHH C PACTIPOCTPAHEHUWEM BEYHOW MEp3JIOTHl — B KpHONHTO30HE [3]. Takum
00pa3om, 00pa3yroTCsl KOTIIOBHHEI, KOTOPBIE, KaK ITPAaBUJIO, 3aII0JIHEHBI BOAOH. TepMokapcToBEIe 03epa
00pa3yIoTcsl TOIBKO Ha PABHUHHOW TEPPUTOPHH, HA KOTOPOW CTOK MOBEPXHOCTHBIX BOJ 3aTpyAHEH. Taxke,
HEOOXOIMMBIM YCIOBHEM Pa3BUTHS TEPMOKAPCTa SIBISETCS BHICOKAS JIBIUCTOCTH ITOPOJ], KOTOpasi IPEBHIIIAET
uX BiaroeMkocTh. Korma riyOrnHa ce30HHOTO MJIM MHOTOJIETHETO OTTaBaHHsS MOPOJ IPEBbINIAET NIyOUHY 3a-
JIETaHUsI BEYHOM MEpP3JIOTHI, IPOMCXOIUT pa3BUTHE TepMokapcTa. KpoMe Toro, ajst pa3BUTHSI O3EpHBIX JIaH-
nmrad)ToB HEOOXOIMMO OTCYTCTBHE OIATONPHUATHBIX YCIOBHUHI TSI ApeHaXka U BBIHOCA PHIXJIOTO MaTepuana.
Uyiickas KOTIOBHHA pacriojioxkeHa Ha Tepputopu FOro—BocTtouHoro Antas u SBiseTcsS TEpPUTOPHEH
pacmpocTpaHeHus BEUHOM Mep31oThl. Penbed Uyiickoi BaauHbI IPEACTABICH ONIOMIEBUIAHON MOJIOT0—BIaB-

TepMOKapCT — MPOIIECC HEPABHOMEPHOTO MPOCEIaHMS MTOYB BCACCTBUE BHITAMBAHUS TIOA3EMHOTO JIbJIA,
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JICHHOW paBHUHOM, Pa3[ieICHHON PyYbsSIMH U PEKaMH Ha BOJOPA3CIbHBIC XOIMBI C HATMYMEM O3€PHBIX TIOHH-
keHni. Yyickas KOTJI0BHHA — camast OOJIbIIIas enpeccust Airas.

Knmumar YyHcKoil KOTJIOBHHBI SIBJISIETCSA 9KCTPEMAIbHO—APUAHBIM, PE3KO—KOHTHHEHTAIbHBIM U XapakTe-
pHU3yeTCst MaJIbIM KOJMYECTBOM OCAJKOB M HU3KUMH TEMIIEpPaTypaMH, 110 MHOTUM IOKa3aTelsiM KauMat Uyii-
CKOM CTEIH MOXO0XK Ha SKCTPAKOHTHHEHTAIBHBIN KIMMAT MyCTHIHHO—CTEIIHBIX KOTJIOBHH, PACIIOJIOKEHHBIX B
CeBepo—3amagHoit MOHTOIHH.

Uyiickasi BIaanHa MPaKTUIECKH TTOMHOCTBIO MEPEKPBITA MHOTOJIETHEMEP3IBIMH OPOIAMHU, COOTBETCT-
BEHHO KpHOTEeHHBIE ()OPMEI penbeda MHUPOKO PACHPOCTPAaHEHBI Ha TepPUTOPHH KOTIIOBHHEI [ 1]. CrutomrHOCTH
MHOTOJIETHEMEP3JIBIX Nopox Hyickol BIaauHbl HapyllaeTcs Tanukamu. Brons monunsl Yyn pacnonoxeHbl
y3KHE BBITSIHYTBIC, KaK IIPAaBIIIO, CKBO3HBIE TaMMKH. CyIIECTBYET TAIHMK y I0KHOTO 0OpaMIIEHUs BIAJUHBI B
10JIOCE, MPUMBIKAIOIIE K MOPEHHOMY Baly, IEpEKphIBalOIIEMy BbIXox p. Tapxarel B UylCKyro BHaJMHY.
Kpymasre Tanuku Ha ceBepo-BocToke UyiHCKoH BIaIuHBI CBA3aHBI C IIOBBIIICHHONW IIPOMBITOCTBIO 3aJIETaAIOIITIX
3[leCh Ha TOBEPXHOCTH T'PaBHHHO-TAJIEYHBIX MOPOJ, WHOTAA MPUKPBITEIX CI0EM KapOOHATHBIX CYIIMHKOB
MOIIHOCTBIO JI0 2 M, ¥ HOCTYIUICHUEM CIOAA TIOCTOSTHHBIX BOJOTOKOB MO JIOJWHAM MENKHX, HO OypPHBIX pPEK.

Hawmmu, 6putn ricceioBaHBl TEPMOKApCTOBBIE O3epa MeHTpanbHoi yacTh Yyiickoii crenu. [Tnomans mc-
ciexyemoit Tepputopru 135 km?. O3epa Ha JaHHOM yYacTKE pacrioyiararorcs Ha Beicote oT 1737 mo 1850 m.
Osepam CBONCTBEHHBI HEOOJBIINE Pa3Mephl, TOKICCTBEHHBIE MOP(OIOTHUECKUE MOKA3aTeNN, JIUINIICOBHI-
Hast (hopma. [lokazarens wccienoBaHUS AMHAMUKH TEPMOKApCTOBBIX 03€p — IJIOIMIAAb MX aKBaTOPHU, METOJ
OIIPEAEIIECHHS IO aKBATOPUHN TEPMOKAPCTOBBIX 03€p — aHAIM3 PAa3HOBPEMEHHbBIX KOCMUYECKIX CHUMKOB
32 1968 u 2013 roner [4, 5].

T'eokoppekiyst U pedeprpoBaHre MaTepuanoB ocyiuecTeisuiocs B cpeae ['MC-nmakera MICRODEM/
TERRABASE V12.0. [IpuBsizka CHUMKOB K Teorpadudeckoil cuctemMe KoopAnHaT ObUIa BBHITOJTHEHA B IIPO-
rpamMHoM makere Global Mapper v12.00. TIpuBsi3ka IpOU3BOAMIACEH IO XapaKTEPHBIM TOYKaM, 32 KOTOPBIE
NIPUHUMAIINCH [IepecedeHus JaHAMAaQTHBIX KOHTYPOB, MBICHI CKJIBHBIX ITOPOI, YCThSI IIPUTOKOB, XapaKTepHbIE
M3rUOBI pycen U Ipodre 00bEKThI, 0TOOPaKEHHBIE HA KOCMHYECKHUX CHUMKAx. KOJIHMUecTBO KECTKHUX TOYEK
ObLIIO HE MEHEE CEMH.

PacriosHaBaHME OTKPBITHIX BOAHBIX ITOBEPXHOCTEH HA MaTepHanax KOCMHUYeCKHX. [ TaBHbIMU nemudpo-
BOYHBIMU TIPH3HAKaMH ITOBEPXHOCTHBIX BOJ SIBJISUIMCH: POBHBII (POTOTOH M crienudruieckasi MOHOTOHHAS HITH
BbIpa3UTENIbHAsA CTPYKTYpa M300paXeHHs BOIbBI; N3BMINCTOCTh HEMPEPHIBHO JIMHEWHO BBITSIHYTOTO PHCYHKa
pek; oBanpHas (hopMa 03ep U NPUYPOUCHHOCTH BOJOTOKOB M BOJIOEMOB K ITOHIKCHHBIM 3JIEMEHTaM penbeda.
Oszepa nemmprpoBaich, KOTa CTAHOBIIIACH PA3IMIUMOM uX (hopma. [Ipu OONBIITIOM CKOTUIEHUH 03€p yaaBa-
JIOCh OTIO3HATH 1K€ OUCHBb MEJIKUE U3 HUX, KOTOPBIE N300pakaloTcsa Ha CHUMKE B BH/IE HEOONIBIINX TOYEK.

CymMapHas miomaas 75 3akapTHPOBaHHBEIX 03ep 3a 1968 rox cocrarmser 6,27 km? (puc.l), omHaxko, 3a
2013 rox cymmapHast iomazis o3ep cocrasmusieT 4,47 km? (puc.2). Takum o0pa3om, cyMMapHast IUIOIIAAb Tep-
MOKAapCTOBBIX 03€p IIEHTPaIbHOM yacTu Yyiickoii crenu 3a 45 net ymeHbInminach Ha 28,7 %, Ipu 3ToM oTMede-
HO KaK UCYE3HOBEHUE HEKOTOPBIX HEOONBIINX 03€p, TaK ¥ 00pa30BaHUE HOBBIX 03€P M YBEIIMUEHHE UX 00IIET0
xonmuecTBa. Tak, Ha cHuMKe 3a 2013 rox nemmdprposano 94 ozepa.

N50* 030"
NSO* O
NAG"5G30"
NAG*5Q"
N4g"58'30"
NAY'
NAGST30" ‘
NAg°5T

NG 56'30"

N4g

N4O*55'30

Puc 1. ViccnepyeMble 03epa Ha cHuMKe 1968 roga Puc. 2 Uccnenyemble o3epa Ha cHuMKe 2013 roga

OcCHOBHasl IPUYMHA YMEHBIICHUS CyMMapHOHU IUIOIIAIN TEPMOKAPCTOBBIX 03€¢p B LEHTPAIBHON YaCTH
Uyiickoil KOTIIOBHUHBI 3TO NOTEIUIEHHUE KIUMATA.

[To nannbiM Kom—Araduckoil MeETeoCTaHIMU CpeAHsisl TeMIIepaTypa B 3MMHUM NIEPUOJI TOJa 32 TIOCIEAHNE
40 niet BhIIIE cpenHel MHoToNeTHEH Ha 3,3 °C, Ipu 3TOM 00IIIee KOJTNIECTBO 0CaAKOB yMeHbmaercst. OTKIIo-
HEHUs CPEIHE Ce30HHOW TemImepaTypbl OT CpeIHEH MHOTOJIETHEHN MOJIOKUTENIBHBI BO BCE T'O/IBI TOCIEIHETO
necsaTuneTns, Ho koneonercs ot 0,7 mo 4,1°C [8]. B Toxe BpeMst o01iee rooBoe KOIHISCTBO OCATKOB YMECHb-
ortoch Ha 11 MM B cpeiHeM, IIPH 3TOM B HIONIE KOIMYECTBO OCAIKOB OOBIYHO MPEBHIIIACT HOPMY, & B 3UMHIE
MECSIIBI OCAIKH HEPENKO OTCYTCTBYIOT. [loTeruienne KiiuMara crmocoOCTByeT YBEITHUCHHIO TEMITEPATYPHI T0-
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YBBI U YBEITMUCHUIO CE30HHOTO OTTanBaHusl. [1o qanHbIM [3], TemnepaTrypa MOBEpXHOCTH MOUYBBI, & TAK)KE TEM-
nepaTypa moussl Ha rryomnae 20—160 cm u Ha Tiry6uae 320 cM He MMeeT OTPHULIATEIBHBIX TPEHIOB. B cBs3M ¢
3THUM, YMEHBIIACTCS MPOYHOCTh MHOTOJICTHEMEP3JIBIX MOPOJ, YTO U MPHUBOAUT K YMEHBIICHHIO IUIOMIAICH
TEPMOKapCTOBBIX 03€P MJIH K UX MTOJTHOMY HCYE3HOBEHHIO.

Jpyrast BO3MOXXHasI IPUYNHA YMEHBIIEHHS 03€p, CONIACHO UCCIIEJOBAHUAM [7], 3TO ceificMoreHHbIe (ak-
Topsl. Uyiickoe 3emierpsicenne, npomsomesnmee B 2003 Toy, MOIJIO TOBIHSTH HA PEXKUM ITOI3€MHBIX BOM, U
CIOCOOCTBOBATh PA3KIKCHUIO TPYHTOB C MAaCCOBBIMH M3BEPKEHUSIMU BOJOHACHIIICHHBIX Macc U BOAbI. 1Ipu
MPOXOXKJICHNE CCHCMHUYECKHIX BOJH JIE(OPMHUPYIOTCS IIOPOABI, YBETHUUBAETCS UX IPOHUIIAEMOCTD 1 (PHUIIBTpa-
IIMOHHBIE CBOKCTBA [6].

[oBbImeHne TeMIiepaTyp BO31LyXa HPUBOAUT K CYIIECTBEHHBIM M3MEHEHHSM TEMIIEPAaTypHOTO PeXHUMa
CE30HHO- ¥ MHOTOJIETHEMEP3IIBIX MOPOJ, YTO B CBOIO OYEPEAb IPUBOJNUT K AKTUBU3AIIMN KPHOTEHHBIX MpoLec-
COB. DTO HaXOIUT OTPAKEHHE B JUHAMHKE TEPMOKaPCTOBBIX 03€p, UTO M MPOCICIKEHO Ha IIPUMEPE TEpPMOKap-
CTOBBIX 03€p LEHTPaIbHON yacT YyHCKOM KOTIIOBHUHBI.
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e examine the general circulation of the
‘ " / atmosphere and climate changes It would
be especially useful to predict changes as-
sociated with global climate change Changes in the
location, intensity or seasonality of major climato-
logical features of the general circulation could be
more important than average temperature changes,
particularly where these changes might affect local
hydrology, energy balances. We provide our study
using the idealized climatic system model. This
model consists of several modules: atmosphere,
ocean, land surface module, module of soil, sea ice
and biosphere. This report discusses the following
topics/

Dynamics of General CurculationAtmo-
sphere and climate. The Hadley Cell (HC) is the
prominent tropical circulation feature. It extends
through the entire depth of the troposphere from the
equator to the subtropics (30° latitude) over both
hemispheres. The cell develops in response to intense
solar heating in the Inter Tropical Convergence Zone
(ITCZ) near the equator.

The poleward of expansion of the tropical
circulation (HC). This discussion will focus on the
tropical widening phenomenon. We will present
some of the mechanisms that have been put forward
in the literature to explain the widening. In this report
demonstrates that there exists considerable evidence
that key-elements of the atmospheric circulation
(Hadley Cell, storm tracks) have been moving pole-
ward during the last few decades. Current theories as
well as model experiments indicate that greenhouse
gas increases and stratospheric ozone depletion is the
most likely cause for the trends. However, there are
many other aspects of these shifts that are not well
understood.

The recent increase in global tropopause
heights is closely associated with systematic tem-
perature changes below and above the tropopause.
Air temperature increases in the troposphere and de-
creases in the stratosphere. The pattern of warming
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and cooling also affects the zonal wind structure in the region of the subtropical upper troposphere and lower
stratosphere (UTLS). At intermediate heights of the UTLS region (12-16 km) the tropics warming and the ex-
tratropics cooling lead to increase of meridional temperature gradient and zonal wind speed.

The extratropical circulation is dominated by baroclinic turbulence, which are called eddies. These ed-
dies are the product of baroclinic instability, which develops particularly strongly during winter as a conse-
quence of the pole-to-equator temperature gradient during that season. The the western parts of the Pacific and
Atlantic oceans are the preferred locations for the development of storm-tracks. Extratropical tropospheric ed-
dies play a central role in extratropical circulation. The eddies tend to move eastward with the zonal ow and
equator-ward toward the subtropics until they approach their critical latitudes, where their phase speed equals
the speed of the background zonal flow. The question is whether climate change will significantly affect the lo-
cation and intensity of midlatitude storm tracks and associated jets. Because of the wave, meanflow interaction
in midlatitudes produces low-frequency variations in the latitude of the jets, it can be supposed that a modest
climate change might significantly affect the position of jets and their associated storm tracks. The storm tracks
are defined as the region of strong baroclinicity (maximum meridional temperature gradient), which are deter-
mined on the basis of eddy statistics like eddy uxes of angular momentum, energy, and water (with the use of
high band-pass filter). Extratropical eddies are the product of baroclinic instability, which shows itself particu-
larly strongly during winter as a consequence of the pole-to-equator temperature gradient during it. In the
Northern Hemisphere, there are two major storms in the region Atlantic and Pacific.

The Role of SST Forcing. Surface temperatures over the tropical oceans undergo changes over time,
which have been shown to have important consequences for the global atmospheric circulation. These SST
changes are primarily related to the natural ENSO phenomenon and to anthropogenic climate change. ENSO
related SST fluctuations are periodic in nature and mainly affect the equatorial Pacific. Besides, global SSTs
exhibit significant long-term trends that are associated with anthropogenic climate change. Various studies
have demonstrated that the tropics are contracting during the warm phase of ENSO (EINino), as indicated by
equator-ward displacements of the jet, storm track, eddy momentum divergence, and edge of the HC. One way
to understand the contraction is the intensification of the thermally driven Hadley circulation as the equatorial
SSTs become warmer. The stronger HC leads to a westerly acceleration in its upper, poleward moving branch
and thus to a strengthening of the subtropical jet, this moves the critical latitude for extratropical wave propaga-
tion equator-ward, allowing the extratropical eddies to penetrate deeper into the tropics than during normal or
cold ENSO conditions. As a result, elements of the circulation, including the tropical edge, shift equator-ward.

Sea ice extent. The Northern Hemisphere sea ice cover has decreased in recent years and is projected to
continue to decrease in the future. The observed changes can be compared with the global warming projections
from atmosphere—ocean general circulation models that were carried out for the Coupled Model Intercomparison
Project phase 3 (CMIP3), the results of which were used for the IPCC AR4 (Solomon et al. 2007). GCM projec-
tions vary widely in terms of the rate of Arctic sea ice loss. We have discussed here some problems about that

Conclusion. In this report demonstrates that there exists considerable evidence that key-elements of the
atmospheric circulation have been moving poleward during the last few decades. Current theories as well as
model experiments indicate that greenhouse gas increases and stratospheric ozone depletion is the most likely
cause for the trends. However, there are many other aspects of these shifts that are not well understood. We find
that sea ice loss is reversible in climate system model over a range of CO, concentrations in RCP-8.5 scenario.
We find no evidence of possibility sea ice hysteresis between difference states in climate regimes with ice cover.

Acknowledgments. This work is supported by RFBR grants 13-05-00480
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and mass on global and regional scales, although the eddy diffusivity there is much smaller than that in
the atmospheric boundary layer. In particular, diffusion processes of minor constituents in the upper
troposphere and lower stratosphere are essential to global warming, stratospheric ozone depletion, and trans-
boundary air pollution problems because they govern the exchange of mass between the troposphere and strato-
sphere. In the upper troposphere and lower stratosphere, air is the stably stratified usually, and internal gravity
waves induced by boundary layer flow and geography are predominant. Turbulence eddies in these layers are

D iffusion processes in the free atmosphere play an important role in the transport of momentum, heat,
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generated intermittently and sporadically when gravity wave breaking and shear instability occur. These turbu-
lent eddies transport heat and mass, and then they are partly destructed by buoyancy and viscous forces. Thus,
turbulent motions and diffusion processes in these layers are complicated and not yet well understood [1].

In this paper applicability of three turbulence models—the three-parameter RANS turbulence scheme [2],
including the impact of the gravity waves on the momentum maintenance at the strong stratification [3], the k—¢
model modified for stratified flows, and the algebraic stress model — were examined. The vertical profiles the eddy
diffusivities of momentum K,, and heat K, are estimated, using the Doppler radar observation values of turbulent
kinetic energy & and turbulent energy dissipation rate together with atmospheric stability observations from rawin-
sonde data [1]. It is concluded that the three-parameter RANS turbulence scheme shows the best fit with the direct
measurement of K, [1], even in the free atmosphere above the atmospheric boundary layer once & and ¢ values are
obtained from observations or a model while the two other schemes agree with the observations only qualitatively.
The eddy diffusivities of momentum and heat calculated by the three-order RANS turbulence scheme are shown
that the K,/ K,, ratio is assumed to be almost equal to one; that is, K, : K,, in the atmospheric layers of the upper
troposphere and lower stratosphere (4-18 km). This is a remarkable contrast to in the outer region of the boundary
layer where the K,/ K, ratio is 0.1— 0.02 in such strong stratification conditions [3].
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Modeling of the Climatic River Runoff for the Siberian Region
in the XX and XXI centuries
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linear reservoir model i.e., each cell in the model is the reservoir or the cascade of the reservoirs. The

speed of the output from the cell is depended linearly of the input to the cell and the slope of the cell and
verse proportional to distance between the cells. The flow is separated to the surface flow, river runoff and
ground flow which is determined in accordance with the ground surface model. In the model the influence of
the wetland and lakes is included.

Siberian region in the model is divided to twelve watersheds which include Ob— Irtysh, Yenisei, Lena,
Kolyma, Amur, Pur, Sambur, Khatanga, Anabar, Olenyok, Yana, Indigirka. Data of the CNRM of the CMIP5
project for the XXI century as well as the ERA40 and MERRA reanalysis for the XX century was used for the
numerical modeling of the river runoff for the Siberian rivers. For the comparison the control data of the river
discharge in the XX century also was taken from the results of the measurements on the hydrological stations of
Ob — Salechard, Yenisei — Igarka and Lena — Kyusur.

C limatic model of the river runoff with 1/3 degree resolution is presented in the paper. The model is the

MogenupoBaHve KNMMaTUYeCcKoro peyHoro CToka
ana Cnbupckoro pernoHa B XX - XXI Bekax

KysuH B.W., JlanteBa H.A.

WHCTUTYT BbIYMCAIMTENIbHOIM MaTeMaTMKKU U MaTeMaTuyecKoii reodpusmnku CO PAH, Hoeocubupck, Poccus
E-mail: kuzin@sscc.ru

BBEJEHWE

I'moGanbHbII FPII[pOHOFI/I‘IeCKI/Iﬁ LUKII, UTpacT Ba)KHeﬁIHyIO POJIb B ONPEACIICHUN KIIUMATUYECKOTI'O COCTO-
SIHHS Ha 3eMiIe. ,Z[J'ISI KJIMMara MaTC€pUKOB S3TOT HUKIT UMECT IEPBOCTCIIECHHOC 3HAYCHHNE, ITOCKOJILKY 3TO CBA3aHO
C MOCTYIUICHUEM BJIard Ha UX MOBEPXHOCTH U PETYINPYCT YBJIAXKHCHHOCTH MOYBEI. Oco0bIit HUHTEPCC B I1O-
CJIEAHCE BpeMs YACIIACTCA PErUOHAJIbHBIM XapaKTCPUCTUKAM THAPOJIOTMYCCKOro HUKJIa U, B 4YaCTHOCTHU, B
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cpenHuX mmportax. sl okeaHa MEPEeHOC MPECHOM BOJIBI CBSI3aH C BKJIIOUCHHEM €€ B MEXaHH3M ITI00aIbHOTO
"koHBeepHOTO Tosica". Hapsay ¢ aHaimm3oM M3MEHEHHH THIPOJOTHYECKOW COCTABIIIONICH KIMMAaTHYIECKOH
cucteMbl B XX BEKe NMPEACTABISIET HHTEPEC PACCMOTPETh MPOEKINIO Pa3BUTHS THIAPOIOTHIECKUX XapaKTepu-
CTHK U, B 9aCTHOCTH, PEYHOTO cToKa B XX Beke Ha OCHOBE TaHHBIX PacdeToB 10 MozesM mpoekta CMIPS.

HacTostmmast ctarbs mocBsieHa pacCMOTPEHUIO OTIENBHBIX aCTIEKTOB 3Toi mpobieMsl. B Heit o0cyxa-
I0TCSL PE3YNbTAThl PACUETOB, IPOBEJCHHBIC 110 KIMMAaTHIECKOH MOIEIH PEYHOTO CTOKAa Ha OCHOBE JaHHBIX pe-
3ynsraToB Mogen CNRM (@pannns) ans X X1 Beka v MPOBOIUTCS CpaBHEHUE C PE3YIBTaTaMH, TOTYICHHBIMA
Ha ocHOBe JaHHbIX peaHann3oB ERA 40 1 MERRA st BTopoii moinoBuHB XX Beka.

1. POJIb CMBUNPCKNX PEK B ' APOJIOM MYECKOM LUMKNE

Cesepuslii JlenmoBuThIif OKeaH MpUBHOCUT B MupoBoii okeaH 11 mporeHToB 00beMa Beel IPeCHOM BOIBI
oko1o 10 Teic. Ky0. kM B 1oz [ 1]. CyIiecTBeHHBIM HCTOYHUKOM TOCTYIIICHHUS IPECHOW BOIBI B BEPXHUMA CIOH
Cesepnoro JlenoBuTOTO OKeaHa ABIACTCS pedHoii cToK. B XX Beke 0CHOBHOM BKIa 31ech qaBanu CHOMpCKue
PEKH, KOTOpbIE TOCTAaBILUIH OKOJI0 55% Bcero oObeMa BOJIBI 1O CPaBHEHUIO ¢ moctymienneM 40% mpuroka
TUXOOKEaHCKOH BOABI 4yepe3 bepuHros nponus u 5% ot pekn Makensu [2].

B cBs131 ¢ 3TUM, MOXXHO OTMETHUTD, YTO Poiib CHONPCKUX peK B POPMUPOBAHUN KIMMATHIECKOI CHCTEMBI
3eMun BechbMa BEJIMKA 1 JUIS aJICKBaTHOTO BOCTIPOM3BECHNUS KaK II00aIBbHOTO0, TAK ¥ PETHOHAIBHOTO KINMAaTa
HeoOxomMa pa3paboTKa COBMECTHOH aTMOC(hEpHOIl M THAPOIOTHYECKOH PErHOHANBHON KIMMATHIECKOH MO-
JIETH ¥, B YaCTHOCTH, THAPOJIOTHH PEUHBIX OacCEHHOB M PEYHOTO CTOKA.

2. Kitmmarudeckast MOeIb pedHOTO CTOKA.

Pa3paboranHas Moens SIBISICTCS JIMHEHHOM pe3epByapHOi Moaenbio. Monenb cocTaBlieHa U3 JIMHEHHBIX
pe3epByapoB B SUCHKAX CETKH. DTO 03HAYACT, YTO CKOPOCTh CTOKA M3 SYCHKH JIMHEIHO 3aBUCHUT OT ITPUTOKA U
MPOTIOPIIMOHANEHA HAKIOHY B SYEHKe M OOpaTHO MPOIOPIMOHANBHA PACCTOSHUIO MEXIY LEHTPAMH SUCeK.
CKOpOCTh N3MECHEHHMS CTOKA U3 SUCHKH MM KacKajaa sueeK B IpocTelineM BapuanTe Monenu Kannanna-Mu-
mrokoBa [3, 4] omnpenenseTcss Ha OCHOBE IMOCIEA0BATEILHOTO PEMICHUST OOBIKHOBEHHBIX AN (epeHIINaTbHBIX
yYpaBHEHH, CBEICHHBIX K HHTETpasiaM cBepTKH ([{roamerns).

B KOHKpeTHOI peann3anyy MOJETH IIOTOK BOJBI Ha CyIIIe pa3/eNisieTcsl Ha TPH COCTABIIIOIINE: TTOBEPX-
HOCTHBIH CTOK, TPYHTOBBIN CTOK, PEYHOH CTOK.

3HaueHns K03 GUINEHTOB 3aJICPKKH JUTSI TIOBEPXHOCTHOTO M PEYHOTO CTOKOB OIPEAEIIAIOTCS 10 (hopmy-
JIaM, 3aBHCSIIUM OT TIeperajia BEICOT MEXIY sUeiKaM, OTHECEHHOTO K PACCTOSTHHIO MEXy X ieHTpamu. Ko-
3G QUIMEHT 3a7epP>KKN IPYHTOBOTO CTOKA JUIS SMEHKH NMPHHUMAETCS TOCTOSHHBIM. Kaxmas smeMeHTapHas
sYeika MOZIEIIM UMEET 8 BO3MOXKHBIX HAIPABICHUH CTOKA B COCEIHHE SIUCHKH - YSThIpE TOKOOPIMHATHBIX T'€0-
rpaduuecknx HanpasieHus: N, E, S, W u wetsipe nquaronansusix HanpasieHus: NE, SE, SW, NW, onpenens-
€MBIX HAaKIIOHOM pelibedha OHO3HAYHBIM 00pa3oM. Penbed OblT yTOUHEH Ha OCHOBE JOTIOTHUTEILHOTO aHAIHU-
3a rpadoB cTOKOB. S[4eiiki MOBEPXHOCTHOTO M TPYHTOBOTO CTOKA MPECTABISIOTCS B MOAEIH KaK OTACIbHBIC
pe3epByapsbl, a TIEHKH PEYHOTO CTOKA 33/1al0TCs KaK KacKa]] pe3epByapoB. KolnaecTBo KackaJ0B OIpeensieT-
Cs1 Ha OCHOBE IOJIMHOMA PETPECCHH BTOPOTO TOpsaKa. B kaxmoil saelike mpon3BOAUTCS yUET HPOLEHTHOTO
coziepKaHus OOJIOT U 03€ep.

3. PE3YJIbTATbl MOAEJINPOBAHNA

IIpu mpoBeeHNH YUCIAEHHBIX SKCIEPUMEHTOB 10 KIIMMATHYECKON MOAIEIH PEYHOTO CTOKA MCIOIb30BAHO
paspemieHne cocrasisitomiee 1/3 rpaayca o mMpoTe U I0IToTe COOTBETCTBEHHO. Mojellb peyHOro CToKa Io-
KpbIBaeT CHOMpcKuii pernoH o gonrore oT Ypaina ao lansaero Bocroka u no mmpote ot CeBeproro Kazaxc-
tana 1o CeBepHoro JlenoBuToro okeana. B Mojenu yuanuteiBanuck 0acceitnbl pek: O0p-Upthim, [Typ, Anrapa-
Ennceit, Jlena, Mnanrupka, Koxpiva, Amyp. {1 BEIOpaHHOTO BapraHTa MOJIENIN CTOKA HEOOXOIMMO 3ajaHue
CJIC/TYIOIIUX BXOAHBIX MAPAMETPOB: OCA/IKHU, UCIIApEHHE, TIEPEXObI U3 KHUKOH B TBEpIyIo (a3bl M 00parTHo,
nH}UIBTpanys B MoYBY. Bl MpoBeeH aHannu3 JaHHBIX 0 H3MEHEHUIO KIIMMaTHYEeCKUX U THIPOJIOTHYECKUX
XapaKTepUCTUK OacceiiHOB Ha ocHOBe pacueToB 1o Moaenr CNRM mpoekxra CMIPS 3a nepron 2006 — 2100 .
Ha ux 0a3e ObUTH ITPOBEJCHBI YHCIICHHBIE PACUYEThI IO MOJIETMPOBAHHUIO MEKTOI0BOI N3MEHYMBOCTH CTOKA
Cubupcknx pex B XXI Beke. Pe3ynbrarel cpaBHUBAINCE CO CTOKAaMHU MOJTYYEHHBIMU paHee 1l XX Beka Ha
ocHoBe nanHHbIX peanann3oB ECMWF/ERA40 mis nepuona 1958 — 2001 rr. 1 GMAO/MERRA mist mepuona
1980 — 2011 rr. KoHTpOIBHBIMY SBISUINCH AaHHBIE HAOMIOACHHUH Ha ruapoiornyeckux nocrax O6s — Cae-
xapna, Enuceii — Urapka, Jlena — Krocrop m1st nepuoaa 1936 — 1990 rr.

Pe3ynbTrar pacueToB cpeIHEKINMAaTHYECKOro rofoBoro croka At X XI Beka B CpaBHEHUU € TUAPOIOTHYE-
CKUMH JTaHHBIMH Ha CTBOpax M pacdyeramu Jursd XX Beka (Puc. 1) naet yBenmueHne ronoBoro cToka, pe;icTas-
JIeHHOTO B Tabnuue. PaccuntanHuble KMMaTHYeCKUe TOA0BBIE rHaporpadbl, MpeAcTaBiIeHHbIe Ha Puc. 2, nme-
0T JIOCTAaTOYHOE COBMNaJIeHNe B (pase JuIsd HACTYIUICHHST MAaKCUMAJIbHBIX 3HAYCHUH CTOKa. AMIUIUTY/a ISl peK
OO0b 1 Jlena UMEIOT OCTATOYHO XOPOIIee COBIAICHNE B OTIAMYHE OT EHMCes, 17151 KOTOPOTO aMIIUTY/ia BECCH-
HETOo MaBojKa BbIe Ha 15% (cM. Tabnuiia). YBenndyeHne rofoBoro CToKa, Kak MOYKHO BUAETh N3 PUCYHKOB IO~
JIOBBIX TUAPOTpadoB NPONUCXOIUT 32 CUET YBEIUUCHHUS OCAJIKOB B OCEHHUI EPHOT.
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Puc.1. CpegHeKnvMMaTUYeCKUI FOLOBOM CTOK.

Km?

600 -

O6b-Canexapa Nena-Kociop

@ AdanHbie MERA40 EAMERRA BCNRM

Enmncen-Urapka

o 1 2 3 4 5 6 7 8 9% 10 11 12
mecal,

0 1 2 3 4 5 6 7 &8 9 1011 12
mecay

0 1 2 3 4 5 6 7 8 9% 10 11 12
Mecay

Puc. 2. PaccuntaHHble KnMMaTUyeckue rofosble ruaporpadbl: a — 06b — Canexapg; 6 — EHvcen — irapka; B — JleHa — Kiociop.

Ta6nuua.
Pexca Iloanblii cTOK, % Max ammuinrtyaa, %
ERA 40 MERRA CNRM ERA 40 MERRA CNRM
066 -0,03 -0,5 4,35 0,09 4,2 -0,25
Enuceit 2,37 11,2 36,87 -6,1 -3,7 15,05
Jlena 5,8 16,5 35,17 6,7 6,4 7,1

Paboma noooepcana UII 109, UIT 69, npoepammou OMH PAH 1.3.3-6., Ilpesuduyma PAH 23.3-1. u
eparmom PODU 14-05-00730.
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Numerical simulation of the Arctic Ocean variability
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variability is very important to identify the key processes in the complex climate system. To achieve this
goal, a regional Arctic-North Atlantic coupled ice-ocean general circulation model was developed in the
ICMMG SB RAS to be integrated for the period of several decades. It was derived from the ICMMG numerical
ocean model and elastic-viscous-plastic ice model-CICE 3.14 (http://climate.lanl.gov/Models/CICE/). The
model is driven with daily atmospheric forcing from 1948 to 2012 (CORE2 reanalysis (http://datal.gfdl.noaa.
gov/nomads/forms/mom4/COREv2.html).
The numerical experiment based on the coupled ocean—ice model allowed us to reproduce the climate
changes in the Arctic Ocean caused by variations in the atmospheric circulation during last decades. The nu-

The ability of the numerical model to simulate the past state of the Arctic sea ice-ocean system and it’s
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merical model reproduces the dramatic summer ice retreat in the Arctic well known from observational data.
We present an analysis of Arctic Ocean climatology with a focus on the circulation of waters that originates in
the Atlantic and Pacific oceans. The Atlantic and Pacific waters are the main source of heat in the Arctic Ocean.
As the recent observations show dramatic changes of the Arctic atmosphere—ice—ocean system, the spatial and
temporal variability of these water masses requires serious investigation. Despite a large increase in the obser-
vations in the last decades, it is still poorly known about water mass pathways, physical properties of these
flows and exchange processes between the boundary currents and the deep ocean regions or the shallow arctic
shelves. We simulated the spatiotemporal variability of the Atlantic and Summer Pacific waters which is in
agreement with observational data. The numerical model reproduces some warming events in the Northern
Seas which, as the warm signals entered the Arctic Ocean through the Barents Sea and the Fram Strait and
propagated in the cyclonic sense downstream along Atlantic Water pathway.
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NccnenosaHme naMeHYMBOCTM coCTOAHUA CeBepHOro
JlenoBuTOro oKkeaHa Ha OCHOBE YMCIEHHOMO MO e TMPOBaHUA

““Fony6esa E.H., 'Mnatos I'A., 'AkwuHa [.0.
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TPEMHUTENIFHO COKpAIIAIoIIasica B JIETHUH Mepro IIIOIa b JiefoBoro mokposa CesepHoro JlegoButo-

ro okeana (CJIO), TassHHe MHOTONETHEW Mep3JOoTH U paspymeHue OeperoB Boctouno-Crubupckoro

menbda - IpoIecchl, CBUAETEIBCTBYIONINE O TOM, YTO B KJIMMAaTHYECKOH crcTeMe 3eMITH IPOUCXOAST
3HAUNTENbHBIE U3MEHEHU. B 3THX yCIOBHAX 3a/1aul MPOTHO3a IOTO/B, OLIEHKH cocTosHUs CeBEepHOTo MOp-
CKOT'O IIyTH, IPOMBIIIJICHHOHN pa3pabOTKH He(TEera3oBbIX APKTHYECKHX IIETb(POBBIX MECTOPOXKACHUH TpeOy-
10T UCTIONIb30BaHMSI MATEMATHYECKUX MOJIENEH, CIIOCOOHBIX BOCCTAHABIMBATH TONIINHY M IPOTSXKEHHOCTD Jie-
JIOBOTO TOKpPOBa. 3a JiecATHIIeTHE pabOThl MEXKIYHAPOAHOW MPOrpaMMBbl CPaBHEHHS YHCICHHBIX Mojejen
CJIO (AOMIP- Arctic Ocean Model Intercomparison Project) JOCTUTHYT 3HaUYUTEIBHBIN TPOTPECC B MOAEIH-
poBaHMH HAOIIONAEMbIX 0COOCHHOCTEHN COCTOSHUS Bo M MOpcKoro Jpaa CJIO. DtoMmy crmocobCcTBOBANH CEPHst
KOOPIMHHUPOBAHHBIX KCIIEPUMEHTOB M MOCIEIYIOIee NCTI0Nb30BaHNe MO/IeIeH BEICOKOTO IPOCTPAHCTBEHHO-
ro paspemeHus. HecMoTpsi Ha 3HaYMTENbHBIE JOCTH)KEHUS B MaTeMaTH4eCKOM MOJIECIHUPOBAHUN COCTOSHUS
MOPCKOTO JIbJIa, BOCCTAHOBIICHHE TPAHMIIBI €T0 JIETHEH MPOTSKEHHOCTH OCTAeTCsl HEPEIIeHHON TpoOIeMO.
O4eBHIHO, YTO B JIETHUH HEPHOJ MTOJI0KEHNE KPOMKH JIb1a MOXKET OIPEENATHCS HE TOIBKO HEOCPEICTBEHHO
nporieccamu B armocepe, HO ¥ COCTOSIHUEM CHCTEMBbI TeUEHHH B TOBEPXHOCTHOM clioe okeana. OIHaKo poiib
OKeaHa B IIpoIlecce COKpAIeHHUs JIbAa 10 CUX TOp He u3ydeHa. [Ipexze Bcero, 3To SBISETCS CIEACTBUEM TOTO,
yT1o nuHamuka Box CJIO B 3HAUNTENBHON CTENEHN OCTAHETCS HEHCCIeN0BaHHOU. SIBissich 6a30BBIM HHCTPY-
MEHTOM ISl IPOBEPKH HAYYHBIX TUTIOTE3, YUCIeHHBIe Moaenu ntuHaMuku CJIO TpebyroT TIaTeIbHOTO TECTH-
poBaHus U BeprUKaIMU Pe3yJIbTaTOB C UCIIOIb30BAHUEM JUTUTEIBHBIX PSIIOB IaHHBIX HaOmoneHnit. OcoOeH-
noctu ruaposorun CesepHoro JIemoBHTOro okeaHa: OapoKIMHHBIN pamuyc nedopmanuu Poccou mopsaka 3-5
KM, 0COOEHHOCTH cTpaTH(UKaIry Boj, 00yCIOBIEHHbBIE pAaCIIPOCTPAHEHUEM TIPECHBIX PEUHBIX BOJ M a/IBEKIIU-
eit BomubIx Macc u3 CeBepHOM ATIaHTUKK U THXOro OKeaHa, B3auMOICHCTBHE MICIb(OBBIX U IITYOMHHBIX BO/,
MIPOIIECCHI HApaCTaHUs U TasHU JIbJIa, TIepepaclpeieieHHe ero CHCTEMOI MEHSFOIIUXCS APEH(POBBIX TEUSHHUH,
MIPUBOJIAT K TOMY, UTO 3Ta 00IACTh SABIAETCS YPE3BBIYANHO CIIONKHBIM 00BEKTOM IS YUCIIEHHOTO MOIETHPOBa-
Hust. CypoBbIe KIIMMaTHYECKHE YCIIOBHS HE ITO3BOJISIOT CO3/1aTh OOIIMPHBIA OaHK JaHHBIX JUIsl IPOBEPKU MO-
JIEBHBIX pacyeToB. [103TOMY, HECMOTPS Ha TIOBBITIIEHHBIN HHTEPEC K MOJISIPHBIM pailOHaM U MHOTOUYHCIICHHBIE
MeXXTyHapOAHBIe IPOTrPaMMBI, HallpaBJIeHHbIE Ha uccienoBanue cocrogaus CJIO, B HacTosIee BpeMst OTCYyT-
CTBYET SICHOE IIOHMMaHHe (PU3NIECKHX IIPOLIECCOB, OTBETCTBEHHBIX 32 H3MEHYHBOCTH TEPMOXATUHHOMN CTPYyK-
TYpBI BOA ¥ TOTOKOB BoAHBIX Macc B CJIO. I[Iporpamma FAMOS (http://www.whoi.edu/projects/famos/), siis-
fomasicss nmpojobkeHneM nporpaMmbl AOMIP, cTaBUT cBoe#l 1eNbl0 MCIONB30BaHUE KOOPAMHUPOBAHHOTO
MOJX0a Ha OCHOBE OOBEIMHEHUS YMCICHHOTO MOJAEIMPOBAHUS, TEOPETHUECKUX HCCICIOBAaHUM M aHaIN3a
JTAHHBIX HAOTIONCHUH JIJIsl OMMCAHUS KJIMMAaTHIECKUX TIPOIECCOB, MPOTEKAIONINX B ApKTHKe. B IeHTpe BHUMa-
HUSI BOIIPOCHI YCTOMUNBOCTH TPACKTOPHH JIBHXKEHHUS OCHOBHBIX TMOTOKOB aTIAHTHUECKUX U TUXOOKEAHCKUX
Boz, noctynatorux B CJIO, Borpocs! popMupoBaHus yHHKaIbHOU cTpaTudukanuu Bon Mopsi bodopra, npo-
OseMbI BOCTIPOU3BEICHUS JIETHEH IpoTskeHHOCTH Jibaa CJIO u T.11.
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s nzyuenns o6o3HageHHBIX 1pobiaem B UBMuMI™ CO PAH wucmons3yeTcst cOBMECTHAS! pernOHaIbHAS
mozenb CJIO u CesepHoit Atnantuku [1,2] u mopckoro apaa CICE3.14 (http://oceans11.1anl/gov/trac/CICE).
[NTapamerpn3annsi KOHBEKTUBHOTO MEPEMEIIMBAHNS IPOBOIUTCS HA OCHOBE NPUBJICYCHHS ITOTOTHUTEIBHON
MOJIENTN BEPXHETO KBa3HOIHOPOJHOTO CJIOS OKeaHa, PEealIM3yIOLIeH IPOoIeaypy MTHOBEHHOTO BEPTHKAIEHOTO
IepeMenNBaHus, pa3padoTaHa mapaMeTpH3alisl KOHBEKTHBHOTO IIEPEMEIINBAHHS B YCIIOBUSX HETIOIHOTO Jie-
JIOBOTO ITOKPOBA; MPEUIOKeHA apaMeTpr3anys IpoLecca MepeHoca aHOMAJINA IITOTHOH BOJBI BIIOJIb HAKIIOH-
HOTO Ienb(a, OCHOBaHHAs Ha BEITECHEHUH MEHee IIOTHON BOJHI [3], MCIIONB3yeTCs TapaMeTpr3aIiis H30IHK-
Hu4eckoi nuddy3un u BuxpeBoro nepeHoca ckamsipa [4]. Cerounoe paspemenue 10 — 25 KM B MOJMSPHBIX
paiionax u 0.5° B CeBepHoif ATnanTuke. BeprrukansHoe pa3perienne Moaenu 38 ropru30HTOB.

Ha ocHoBe perrnoHaIbHON MOZIENTH IPOBECHBI YHCIICHHBIE SKCIIEPUMEHTHI 110 BOCTIPOU3BEICHUIO KITUMA-
Traeckoro coctosHus cucreMsl CJIO - Ceepnas Atmantuka B nepuof 1948 - 2012 rr ¢ ucnonb3oBaHHEM
nmaHHbIX peaHanm3a armocdeper CORE2 (http://datal.gfdl.noaa.gov/nomads/forms/mom4/COREvV2.html).
PaccMmoTpeHb! BOnpoch! BIMSAHMS BapHalyii aTMOC()EpHOil TMHAMUKH Ha U3MEHYHBOCTD COCTOSIHUSL BOJ I MOD-
CKOT0 JIbJIa. B Xoze unciieHHOro 3KCIepuMeHTa MOJIENb BOCIIPOM3BOANT 3HAYNTEIILHOE COKPAILIEHHE TOIIIMHBI
JIBa ¥ IPOTSHKEHHOCTH JegoBoro mokposa CJIO B mocnennee necsaruierne. Ocraercs mpobdieMa mpocTpaHCT-
BEHHOTO OIIMCAHUS JISTHETO pacIipeiesIeHHs JISJOBOTO TOKPOBA.

OcHoBHOE BHUMaHHE B aHanm3e mmeHurnBocty CJIO obparmaercss Ha I3MEHYHBOCTE IUPKYIIAIMH THXOOKEaH-
CKUX M @UIaHTHYECKUX BOJI, KOTOPBIE SIBIIIOTCS ONHUM M3 OCHOBHBIX HCTOYHHKOB TeIUIa OKeaHa. B urciienHoM pacue-
Te Bapualiy arMocepHOi AMHAMUKH CYIIECTBEHHBIM 00pa30M MEHSFOT KapTHHY TEYCHHH B BEPXHEM CIIO€ OKeaHa,
YTO, IPEIKIE BCEr0, CKa3bIBaeTCs Ha LMPKYIIILIMYI THXOOKeaHCKHX Box B Kananckom Oacceiine. B TedeHne pacyerHoro
TIepHO/Ia IPOUCXOIHT ITEPUOAMIECKAsi CMEHA HANPABJICHHMS IBIKEHHS BOJ, B YACTHOCTH, B IIOCIIEAHUE JBA ECSTIIIC-
TSI HanOoJIee BRIpayKeHbI Pa3Iiys B HartpasiieHnH aprokeHrs B 1990-x u 2000-x romax. Ha pric. 1 moka3ana KOHIIEHT-
pars Tpaccepa, HelpepbIBHO MOCTYIAFOIIETO Yepe3 bepHHroB poiB ¢ THXOOKEaHCKUMH BOIAMH.

Puc. 1. CpeaHAA KOHLEHTpaLMA Tpaccepa, HenpepbiBHO NocTynatoLLero Yepe3 bepuHros nponus B cnoe 0-50 M: a) nepviop
1989-2001; 6) nepuog 2002-2012.

Tpaexropust armantuueckux Box B CJIO mo pesynbTaraM pacueToB TakXkKe HE SIBIISETCS YCTONUMBOM
(puc.2). Mozens BOCIIPOU3BOIHUT MEPHOJIBI MOTEIUICHUS M OXJIAKICHUS CIIOS aTVIAaHTUYECKUX BOJI, N3BECTHHIC
10 JaHHBbIM Ha6ﬂlOI[eHPIfI. bosiee MHTEHCUBHBIN TTOTOK BOJ, KaK MMpaBujio, CJICAYET B HUKIOHUYCCKOM HallpaB-
JICHUH BJIOJIb MaTEPHKOBOTO CKJIOHA. Takast kapTuHa Haubosee xapakrepHa st 1990-x rogos. [Ipu cHmkeHnn
MHTCHCHUBHOCTH MOTOKA MTPOMCXOIUT CMEIIICHUE TCUCHHUS B IICHTPAJILHYIO 4acTh Oaccelina. Kak u B ciydae TH-
XOOKCAaHCKUX BOJ, U3BMCHUYUBOCTH OCO6eHHO IMIPOSBJIACTCA B KaHaZ[CKOM 6acce171He. YcraHoBuBIIeecs B 4H-
cinennoit mojienu B 2005 — 2007 IT. aHTHIMKJIOHUYECKOE HaMpaBeHe IBIKEHUS B aTiaHTHudeckoM cioe Ka-
HaJICKOTO OacceliHa HE COOTBETCTBYET OOIETPUHSITON cxeMe [5], Tie cunTaeTcs, 9T MUPKYISIUS BOJ aTiaH-
THYECKOTO CIIOS SIBJISICTCS IIUKJIOHUYECKOM B KaxkJIoM Tonorpaduueckom cybbacceitne CJIO. C apyroii cropo-
HBI, cxeMa [S] Oblila BOCCTaHOBJICHA IO pe3ysibTaraM HaomoneHuid B 1990-x rogax. B pabote [6] monyueHa us-
MCHYHMBOCTD aTJIAHTUYCCKOI'O CJIOA, aHaJIOTUYHAad HAalllMM pE3YyJIbTaTaM U MOKa3aHo, YTO MOJTYyUCHHAad KapTUHa
LUPKYJSIIIMA COOTBETCTBYET JTAHHBIM HAOJIOACHWH, COOpaHHBIM B MoOCieAHue rofbl. [lockonbKy cuuraercs,
YTO ABWXKEHHE ataHTHueckux Boja B CJIO mpoucxoauT BIONb MAaTEPHKOBOTO CKIOHA U 3HAYHUTENIBHBIM 00pa-
30M OIpEAENISIeTCs TONorpaguIeckuM B3aMMOACHCTBUEM, TO BOIIPOC U3MEHUYMBOCTH HAIPABICHUS BHKCHUS
BOZ TpeOyeT JOMOITHUTELHOTO UCCIIEIOBaHMS KaK Ha OCHOBE YHCIICHHOW MOJIENH ¢ OoJiee MoApOOHBIM paspe-
MICHUEM, TaK U Ha OCHOBC aHaJIn3a U CpaBHCHUA C JOCTYITHBIMU OKeaHOI’pa(bI/I‘IeCKI/IMI/I JaHHBIMH.

COAEPXAHME »

SESSION 2

ENVIROMIS'2014

(7]
=
)
-
(2
>
(7]
=
=
e
<z
=
[~
(=]
(.
=
(=]
=
<t
[1-]
=
e
(7]
(=]
(=]
=
(%)
—
(=}
-
<t
=
e
Ll
(7]
[--]
o
-
<t
-
—
(7]
=
=
(=]
=5
=
—
(" 7]
—
o
L
[X]
—
Ll
[~
L
.
—
(=]
(-]
-
<t
=
(=]
o
<z
—
-5
[N
=
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Puc.2. Lmprynauus Bog Ha yposHe 400 M: a) nepuog 1989-2001; 6) nepuog 2002-2012
Paboma svinonnena npu noooepoicke U1 CO PAH Nel109, PODHU 13-05-00480-A, 14-05-00730
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Numerical simulation of greenhouse gases transport
in a system «lake — atmospheric boundary layer»
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and Canada. The importance of thermodynamic interaction between lakes and the atmosphere in these re-
gions led to inclusion of lake parameterizations into climate models and numerical weather prediction
systems. However, these lake parameterizations are still confined to heat and momentum exchange at the lake-at-
mosphere interface, whereas observational evidence is growing on the importance of greenhouse gases emissions
from lakes. In order to extend our current knowledge on the dynamics of these emissions and gain a capability of

l akes occupy a significant part of land in many northern regions, e.g. in Northern Siberia, Karelia, Finland
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making future projections of climate taking into account lake carbon fluxes, suitable modelling framework is to be
developed. However, the modelling task faces two kinds of problems here. First, a lake model involving explicit
treatment of both key biotic and abiotic controls of methane and carbon dioxide emissions is to be developed. And
second, air surface layer parameterizations are needed that are adequate to lake-adjacent typical landscapes met in
high latitudes. From this point a special attention must be paid to a case of a lake, surrounded by bluff topography
(a forest), that violates the hypotheses underlying Monin-Oboukhov similarity theory. Large Eddy Simulation
(LES) occurs to be an only feasible tool to explicitly reproduce turbulent flow and fluxes over such a landscape.
This abstract presents first results of a project, addressing the above issues.

We adopt the one-dimensional model LAKE (Stepanenko et al., 2011) containing a module of methane
production, transport and sink processes in bottom sediments and in a water column to one of thermokarst lakes
in Seida place, Komi Republic, Russia. The meteorological forcing and validation data on water temperature
and methane fluxes were measured in sifu by the University of Eastern Finland during the 2007-2008 seasons
(Marushchak et al., 2013; Repo et al ., 2009). Chamber method was used for measuring methane fluxes from
the thermokarst lakes. The measurements missed atmospheric radiation and shortwave radiation extinction co-
efficient in the water column. Therefore, the sensitivity of the model to specification of these variables was
studied. It is shown that the “optimal” choice of atmospheric radiation parameterization allows a good match of
water surface temperature with observations. The surface temperature was found to be almost insensitive to
extinction coefficient, due to intense vertical mixing down to the lake bottom (2 m depth). However, the sensi-
tivity of methane fluxes to extinction coefficient was high, pointing at an exponential dependence of methane
production on sediment temperature. The modelled methane fluxes agreed well with the available measured
data by calibrating a parameter describing organic substrate amount and quality in methane production formula.

An LES study by INM RAS — RCC MSU LES model (Glazunov et al., 2010), has been performed for an
idealized case of an elliptic lake surrounded by forest. The “forest” is represented by a regularly spaced set of
vertically elongated blocks. The reference boundary layer stratification, wind speed and direction were varied.
It is shown, that the statistics of the flow (including fluxes) are almost insensitive to stratification resulting from
turbulent kinetic energy predominantly produced by shear generation at heights around the tree canopy. This
strongly questions the applicability the Monin-Oboukhov similarity to this case. Another important conclusion
derived is that the constant-flux layer does not exist in the first meters above the lake surface, i.e. the flux at 1.5
m height may differ from that at the surface by 1.6-1.7 times. This has a direct implication for eddy covariance
measurements above lakes, that are typically performed at this height.
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BBEJEHWE

O3epa TMOKPBIBAIOT 3HAYUTCIIbHYIO YaCTh IJIomaAau Cyln BO MHOTHUX pa1710Hax B BBICKOUX IINPOTaxX: B Ka-
Hazae, Gunnsuaun, Kapenuu, 3anagnoit Cubupu, CeBepo-Boctounoit Cubupu u ap. J[i1s agekBaTHOTO OTpaxe-
HUA crienudukn 0OMeHa TEIUIOM M UMITYJIbCOM MEXIY THIPOJOrHYeCKd HEOAHOPOAHBIMH TEPPUTOPUSIMU H
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arMocdepoii B IocIeaHee NeCATHIeTHE BO MHOTMX MOZIEIISIX CHCTEMBI 3eMJISL M OIIEPTHBHBIX CXeMaxX MPOTrHO3a
MOTO/IBI OBIIIM BCTPOEHBI OJHOMEpHBIE Mozienu Bogoema (Mironov et al., 2010; Dutra et al., 2010; Subin et al.
2012), 9T0 MO3BONMIIO MOIYIUTh 3aMETHBIN OTKIIMK B pe3yibrarax arMochepHsix moneneii. Kpome toro, pe-
3yIBTaTHl MOZIEJIEH BoZoeMa OBIIIM COTIOCTAaBIICHHBI IS 03ep YMepeHHBIX (Stepanenko et al., 2013; Stepanenko
et al., 2014) u tpormmueckux mupot (Thiery et al., 2014), 1 mokazaHo, YTO OONBITMHCTBO MOJENEH YCIICITHO
BOCHPOHU3BOIUT TEMIIEPATyPy HOBEPXHOCTH BOIOEMOB.

Tem BpeMeHeM, HAKAIUIMBAIOTCS SMIUPHYESCKUE JaHHBIE O TOM, YTO 03epa SBJIAIOTCS CYIIECTBEHHBIM
HMCTOYHUKOM MapHUKOBEIX ra3oB (Tranvik et al., 2009; Bastviken et al. 2004), B miepByI0 o4epes, yIISKUCIOTO
raza M MeTaHa. Takxe B JIUTEpaType 4acTo MPUBOIATCS apIyMEHTHI B IIOJIb3Y TOTO, YTO OMOXUMHYECKUH IIUKII
B 03epax MOXeT 00pa30BbIBaTh MOJIOKUTENBHYIO OOPAaTHYIO CBSI3b C NMOTEIUICHHEM KiauMmara. O4eBHIHO, YTO
YHUCTO SMIIMPUYECKUI aHAIN3 HE MOXKET J1aTh KOJMYECTBEHHOW KApTHHBI POJIH PA3IMYHBIX MEXaHH3MOB B
00pa30BaHUU M SMHCCHH METaHa M YIJIEKUCIIOTO Ta3a B 03EPHBIX AKOCUCTEMAX, H TeM 0oJiee KOJIMYECTBEHHO
OLICHUTh BO3MOXKHBIC OOpaTHBIC CBS3M C MOTEINICHHEM KiuMara. Takum oOpa3oM, Haspena HeoOXOAUMOCTh
MaTeMaTH4YeCKOTO MOZICIMPOBAHUS HA OCHOBE SIBHOTO BOCIIPOM3BEICHNUS THIPOTEPMOANHAMHYECKUX U OHOXH-
MHYECKHX mporeccoB (process-based modelling), KOHTPOMUPYIOMNX SMUCCHIO METaHa M YIJIEKUCIIOTO ra3a B
arMocdepy. Beuny orpanndeHHOCTH 00beMa CTaThH, B JalbHEHIIEM H3JIOXKEHHU MBI OyleM paccMaTpHBaTh
MOJICIIMPOBAHNE IIPOLIECCOB, CBA3aHHBIX C SMHUCCHEN B aTMOc(epy MeTaHa, XOTS MHOTHE acIleKThl OynyT Ka-
carbCcs U yIIIEKUCIIOro rasa.

3agaya MaTeMaTHIECKOr0 MOJCIHPOBAHHS SIMUCCHH NMAPHHUKOBBIX I'a30B M3 03€p CTAIKHUBAETCS C PAIOM
CYILECTBEHHBIX TPYIHOCTEH. 11X MOXKHO pa3nenuTh Ha JBE IPYIIILI: MOACIUPOBAHUE OUOTHYECKUX U aOHOTH-
YecKux InpoueccoB. K mepBbIM OTHOCHTCS ONMCaHUE T'€HEPAllMd U OKHCIEHHS METaHa COOTBETCTBYIOLINMH
rpynmnamu Oakrepuil. Baxxaemimu abnotnaeckiuMy (HakTopaMu SBISIOTCS TEMIIEpaTypa U TypOyJIeHTHOCTb.
Tax, 114 ycremHoro BOCIPOU3BEACHHS IOTOKAa MeTaHa B aTMoc(epy HEOOXOIUM TOBOIBHO TOYHBIN pacyer
TeMIIePaTypbl JOHHBIX OTIOKEHHH, IIOCKOIBKY ITPOU3BOACTBO METaHa SKCIIOHEHIMAILHO 3aBUCHT OT TeMIIepa-
TYpBI cpensl. B To ke BpeMs, Kak pa3 TeMIeparypa IHa MOXKET BOCIHPOM3BOIMTHCS MOJENISIMH BOAOEMa C
ommOKoi B HECKONBKO rpamycoB (Stepanenko et al., 2013). OTo MoXxkeT OBITH CBA3aHO KaK C HETOCTATOYHO
aJIeKBaTHBIM OIIMCAaHUEM TypOYJCHTHOTO NEpeMEIIMBAaHUSI B CAMOM BOJOEME BCIIEICTBHE HECOBEPIICHCTBA
COOTBETCTBYIOLIET0 TYpOYJICHTHOIO 3aMbIKAaHHMs, TaK ¥ OIIMOKaMH ITOTOKOB TEIUIa M UMITYJIbCa Ha TPaHULE C
arMocdepoil. 3ameTnM, 9To OmMOKa B pacyeTe TypOylneHTHOH Tu(Qy3uu MPUBOTUT TAKKE K HETOCTATOYHOMY
WM U30BITOYHOMY IIEPEHOCY METaHa ¢ MOBEPXHOCTH JIHA 10 IIOBEPXHOCTH 03epa.

[lepemennBanue B BOZOEME O4€Hb YyBCTBUTEIBHO K ONMUCAHMIO IIOTOKA UMITylIbca U3 armocdepsl. Tak,
IUISL MaJlbIX BOJOEMOB 3HA4YMTENbHAs YacTh MMITYJIbCAa U3 aTMOc(epsl MOXKET OBITh IOTpadeHa Ha pa3BHTHE
BonHeHus (Lin et al., 2002), 9T0 yMeHBIIAET CABUTOBYIO T€HEPAIHIO KHHETHYECKON SHEPTHH TYPOYACHTHOCTH
B Bogoeme (Stepanenko et al., 2014). Kpome Toro, HeO0mbIIIE BOZOEMBI YaCTO OKPYKEHBI JIECOM (HaIpuMep, B
Kapenun n @uHISHINN), YTO CTaBHT BOIIPOC O CTENEHH IPUMEHUMOCTH Teoprd MonnHa-O0yX0Ba K MPUBOJ-
HOMY CJIOIO HaJl TaKUMHU oObekTamu. U, HakoHel, CTPyKTypa W JMHAMUKA IOTPAHUYHOTO CJIOS HAX TaKUMH
03epaMH OIpeAeIIieT HHTEHCUBHOCTD IIEPEHOCA ITAPHUKOBBIX Ia30B, IIOCTYIAIOIINX C 03€pa, B BHILICIC)KAIIHE
CJIOM aTMOC(EPHI.

Taxum 00pa3oM, IPH MaTeMaTHYECKOM MOJEITHPOBAaHUN SMHUCCUH APHUKOBBIX I'a30B C THAPOJIOTHYECKH
HEOJIHOPOJHON TEPPUTOPHH HEOOXOAUMO YUHTHIBATE COBMECTHYIO JUHAMHUKY ITPOLIECCOB BHYTPH BOZOEMA U B
aTMoc(epHOM MorpaHudHOM cioe (puc.l). B HacTosmeit cratbe MPUBOAATCS TIEPBEIC PE3YNBTATH IPOEKTA, B
KOTOPOM JIENAIOTCsl HEOOXOMMMBIE IIary IS TAKOTO CONPSDKEHMS 3a1a4, KOTOPhIE paHee PelIalnch B pa3HBIX
Hay4HBIX COOOIIECTBAX IPAKTHYECKH H30JIMPOBAHHO.

forapudbmnyeckii cnoi Puc. 1. Cxema npo-
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Y1CJIEHHOE MOOE/IMPOBAHUE 3MUCCUN METAHA N3 O3EPA

Paspaborannas panee oqHOMEepHast Mozelh BojoeMa (Stepanenko et al., 2011) BkiTrouaet, moMuMo orrica-
HUSI OCHOBHBIX TEPMOIMHAMHYECKHIX MPOLIECCOB B TeJe BOoeMa (BKITIOUast TypOyJIeHTHOE IEpeMEIINBAHHUE 110
k-&¢ Monenm), B I€OBOM M CHE)XXHOM ITTOKPOBE, B HIDKENSKAIEM CJIOEC TPYHTA, TAKXKE OZHOMEPHYIO MOJEIh
TIPOM3BOJICTBA, IEPEHOCA M CTOKA MeTaHa. [10X0/1bI K ONMMCAHUIO MPOU3BO/ICTBA U OKHCIICHHS METaHa 3anMCT-
BOBAHBI M3 aHAJIOTHYHBIX pabOT 10 OOJIOTHBIM YKOCHCTEMAM, 32 HCKIIOYEHHEM CITydasi TEPMOKAPCTOBBIX 03€p
(monmpobuee cm. B Stepanenko et al., 2011). BepTukansHbIi IEpeHOC METaHA OCYIIECTBIACTCS TUQPy3ueit mo
k-& Mozenu n my3bIpbKaMy 10 alanTHPOBAaHHOW Moaenu Makl naHuCA.

B nacrosmei pabote, Onarogaps HaTHMIUIO JaHHBIX HAOMIONEHUH, TI00E3HO MPEAOCTABICHHBIX KOJUIETa-
Mu u3 YauBepcurera Boctounot @unnsaanu (Dr. N.Shurpali), 6pi1a ocymecTBieHa OIieHKa Ka9eCcTBa MOJCITH
u ee KanuOpoBKa. JlaHHbIE HAOMIONCHNH BKIIIOYAIOT BCE OCHOBHBIE METEOPOJIOTHUECKHIE BETMINHBI, CyMMap-
HYIO COJIHEUHYIO paJIfallfio, TEMIIEpaTypy BOJBI M TOTOK METaHa, M3MEpEHHbIE Ha o3epe B MecTHOCTH Ceiina
(pecmry6muka Komu) B 2007-2008 rr. KanubpoBka mpou3BoaIIach M0 OTHOMY IapaMeTpy B GopMyse s po-
M3BOJICTBA METAaHA B JIOHHBIX OTJIOKEHUSX IJISI HAWITYUIIIETO COOTBETCTBHSI PACCUNTAHHBIX ITOTOKOB METaHa B
arMoc(epy HaOTFOICHHBIM.

Ha pucynke 2 m300paxeH BpeMEHHOH XOJI TeMIIEpaTypsl M ITOTOKa METaHa I10 Pe3ylbTaTaM pacyeToB U JIaH-
HBIM HaOmoneHuit. [1o mprYuHe OTCYTCTBUS HATYPHBIX JAHHBIX O H3TyYEHHIO aTMOC(EPBI, 3Ta BETMINHA PACCUH-
THIBAJIACH PA3INYHBIMH (HPOPMYIIAMH, ¥ HEOTIPEEICHHOCTBIO B 3HAYEHNIX BCTPEYHOTO M3IYUCHHUS OKa3aIoCh BO3-
MOKHBIM B 3HAUUTEIBHON CTENEHN OOBSICHUTD 3aHVKEHHIE MOJIEIBIO TEMITEPATyPhl TOBEPXHOCTH Booema. UyBcCT-
BUTEIIFHOCThH TEMIIEPATYpPhI BOIOEMA (TeMIepaTypa JHa M TIOBEPXHOCTH OTIMYAIOTCS ClIad0 M3-3a HHTCHCHBHOTO
MepeMeIBaHmA) K KO3(Q(HUIHEHTY 3KCTHHKINKA KOPOTKOBOJIHOBOHM paJHalliy OKa3alack O4eHb c1aboi. B To ke
BpeMsi, TOTOK METaHa B arMoc(epy BapbUpOBAJI B 3aBUCHMOCTH OT 3TOH BEMUYHMHBI B 3HAYUTEIIHHO OONBIINX Mpere-
nax (PUCYHOK 2), BKJIIOYAsl TTOSIBJICHNE HOBBIX MAKCUMyMOB. TakuM 00pa3oM, MTHOBEHHBIH ITOTOK METaHA OYCHb
YyBCTBUTEJICH K N3MEHEHNIO METEOPOJIOTMUECKOTO BO3ICHCTBYSA, 1 CBS3aH C HUM CYIIECTBEHHO HEJIMHEHHO M3-32
HEJMHEHHOCTH TypOYJIEHTHOTO 3aMBIKaHHs B MOJIENHN BofoeMa (TypOyJIeHTHOTO IEpEMEIIMBAHHS B IPHPOJIE).
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Puc. 2. Cnesa: TeMneparypa noBepxHocTH o3epa Ceilaa npy UCMoNb30BaHWM PasfiMyHbIX NapamMeTpu3aLmil U3nyyeHus aT-
Mocdepbl; CpaBa: CyMMapHBIA NOTOK MeTaHa B aTMocdepy Npu passiMyHbIX 3HaUeHUAX KoIGHULMEHTA IKCTUHKLMM KOpOT-
KOBOJIHOBOM paguaumu. Kpyble — pe3ynbTaTbl MOLENMPOBaHHA, KPYHKU — [laHHbIe HabnioAeHuA.

BMXPEPA3PELLAIOLLEE MOOE/IMPOBAHUE MOMPAHNYHOIO CJT0OA HAL O3EPOM

[Tpn nomomu Buxpepaspemnratorieii Mmonenu UBM PAH — HUBIL] MI'Y mpoBenens! pacueTs! crparudu-
LIUPOBAaHHOM TypOYIEHTHOCTH Ha/l OOBEKTOM, MMUTHPYIOIINM JIECHOE 03€p0 MaJIoro pasmepa. CxeMaTuiecKku
MOZIETIMPYEMBIH Ipoliecc N300paskeH Ha puCyHKe 1.

TypOyneHTHOe TeueHre Haj BepXyIIKaMH JIEPEBbEB B CIIydae HEUTpaIbHOU cTpaTH(UKANK MOXKHO OXa-
pakTepu30BaTh TPEMsI Pa3MEPHBIMH MapaMeTpaMu — CKOPOCTBIO TpeHus! U., BEICOTOH BeITecHEHHs D, 1 mapa-
METPOM LIEPOXOBATOCTH Z,,. OCHOBHAsI 0COOEHHOCTH TypOYyJIEHTHOTO HAaTEKaHM C Jieca Ha 03epOo 3aKJII0YacT-
Csl B CYIIECTBEHHBIX (Ha HECKOJIBKO MOPSIKOB) PA3IMIMIX MEXK/Ty 3HAUCHUSIMHU IIEPOXOBATOCTH PaCTHUTEIHHO-
TO IOKPOBA U MOBEPXHOCTU BOIBL Zy, >> Z;, a TAKXKe B HATMUUH HAJ| JIECOM CJOSI BBITECHEHUSI 3HAUUTENIbHON
tomumHbl D, ~h. Ha BeicoTax z < D, BHYyTpH pacTUTEIHHOTO TOKPOBAa CKOPOCTh BETpa Maja, OITOMY B 3aj1aue
pacdera CTaTUCTUYECKUX XapaKTePHCTHK TypOYyJICHTHOCTH HaJl 03€POM B IIEPBOM NPHOIMKEHUH MOXKHO TIpe-
HeOpedb 0COOEHHOCTSAMH TEUESHUSI MEXK/TY JAEPEBBSIMH.

TypOynentHoe TedeHue ¢ 3agaHHbIMH napaMmerpamu U., D ¥ z 1 MOXXKHO CTEHEpUpPOBATh MPU ITIOMOIIH
LES-monenu (I'tazynos, 2014a; ['ma3yHoB, 20140), pacrionarast Ha TOBEPXHOCTH MAaCCHUBBI TNIOX000TEKAEMbIX
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00BEKTOB ¢ BBICOTOH 4 > D. I1pu 3TOM, NU3MEHSISI INIOTHOCTD 3aIIOIHEHHS IIOBEPXHOCTH OOBEKTaMH, MOXHO TI0-
J100parh Takyo KOH(GHUTYPALHIO, IPU KOTOPO# COOTHOMICHUS Z,,, / h v D,,/ h Giu3Ku K HAOIIOIaeMbIM 3HAYCHH-
SIM M HaJI JIECHOH PacTUTEIHHOCTBHIO.

HesaBucumo ot hopMbl 00BEKTOB, CO3NAFOIINX TPEHUE Ha IOBEPXHOCTH, HaJl HUMU (OpMHUpYETCS JIoTa-
pudmMudeckuii npoduiib cpeaHeit CKOPOCTH:

<U>:U* z-D

In
K

(1
ow

B nenom cxema MocTaHOBKU YHCIEHHBIX PacyeTOB BBINNIAEINA TAaK, KaK 9TO MPEICTaBIEHO Ha PUCYHKE 3.
TypOysaeHTHBIN HaOeraronMid OTOK TeHEPUPYETCs BCIIOMOraTeibHOM yrciaeHHoi LES-Monensio ¢ noskorne-
PHOIMUYECKMMHU TPAHUYHBIME YCIOBUSIMH. B Mozenu (a) 3aaeTcs nepuoIuuecKuii MacCuB 0ObEKTOB C 00JIb-
II0H a3pOAMHAMHYECKOHN IIEPOXOBATOCTHIO. DTO MO3BOJISET MOMYYUTh COMIACOBAHHOE C MOAEIBHOM THHAMHU-
KO HeCTal[MIOHAPHOE IPaHMYHOE YCIIOBHE Ha JIEBOM rpaHuLe Moieny (0) CO CTaTUCTUYECKUMH XapaKTepUCTH-
KaMH, IPUOIMIKEHHBIMU K XapaKTEepPUCTUKaM TypOyJICHTHOTO TeUeHHs HaJl IECHOW PacTUTENIbHOCTHIO. [laHHbIe
Mojenu (a), B3AThIC B OAHOM U3 BEPTHUKAJIbHBIX CCYCHHUH, MEPEAAlOTCs B Moje/b (0) Ha KaKI0OM BPEeMEHHOM
11are ¥ UCHOJIb3YIOTCSI B KaUeCTBE MPAaHUYHBIX YCIIOBHI Ha JICBOH rpaHHIIe pacueTHO oonacT (0).

~ @ T~ (6)

PucyHok 3. CxeMa pacyeTa TypbyneHTHOro TeHeHWA NpU HaTeKaHWUK C NOBEPXHOCTU C BOMbLLON LLIEPOXOBATOCTbIO, 3alaHHO
fIBHbIM 06pa30M, Ha NOBEPXHOCTb C MajIoW LLIEPOX0BATOCTbIO, 3aAaHHO NapaMeTpuyecku. LiBeToM HaHeceHa BeM4MHa npo-
[I0/TbHO KOMMOHEHTbI CKOPOCTY BETPa (MrHoBeHHbIe faHHble LES-Mofenu B 0qHOM U3 BEpTUKalbHbIX CEYEHMIA). B HMHeN
4acTU PUCYHKOB HaHECEHbI IMHWM TOKA. benble NPAMOYrofbHUKM — 3a[jaHHble 06bEKTHI.

«O3epo» pacrooKeHo B LIEHTPEe pacueTHON obnacty (0) U Hpe/CcTaBiIsIeT COOO0M AIUTHUIIC C HOIYOCsIMHU a =
200 M 1 b = 60 M. «O3epo» OKpyKEHO 00beKTaMK TOM ke (POPMBI U pa3Mepa, 4To U 00beKThl B 00macTu (a). Ce-
TOYHBIH pa3mep oOnact (0) B OCHOBHBIX pacyerax coctaBisul 1024x512x128 wmu 512x1024x128 y3ioB, 1mar
paBHOMepHO#H ceTku A, = 0.5 M 110 BceM TpeM NMPOCTPAHCTBEHHBIM HaIpaBieHUsM. BbruucieHns npoBoanInCh
Ha cyneproMmbiorepe MI'Y «JloMoHOCOBY ¢ rcnonb3oBanueM 110 2048-Mu siiep B mapasieTsHoM pexime (Boe-
BOZIMH U 1p., 2012). MuaTerpupoBanue mpoBoxmiock ¢ marom 0,025 cexyHap! Ha 1 9ac MOAEIBHOTO BPEMEHH.

Bbuti mpoBeieHbl pacyeThl MPH YCTOHYMBOM, HEUTPAIbHOI U HEYCTOWYHMBOW cTpaTH(UKALUU HaJ 03e-
pom. Haubosnee BaxkHbiit 3¢ deKt, 0OHapyKEHHbIII Ha OCHOBE aHAJIM3a MOJEJIBHBIX JAHHBIX, 3aKJIIOYACTCs B
c11aboi YyBCTBUTEIBHOCTH CTAaTUCTUYECKUX XapaKTEPUCTHK TypOyJEHTHOTO TEUEHUS HAJl HEOAHOPOIHOH I10-
BEPXHOCTBIO K IIOTHOCTHOHM cTparudukanuy. OTo 00yCIOBIEHO TEM, YTO 3HAYUTENIbHAS 4acTh I'eHEepaluu
KUHETHYECKOW SHEPruu TypOyIEHTHOCTH HaJl MEJIKOMAacIITaOHBIMH JIGCHBIMH O3€paMH CBf3aHA CO CIBHIOM
BETPa, PAcHOJIKCHHBIM Ha BHICOTE AEPEBbEB. DTOT MEXaHM3M O0ECIIeUMBaeT ropa3fno 0ojiee HHTEHCHBHOE
TypOyJICHTHOE TIepeMellINBaHue HaJl IOBEPXHOCTHIO 03epa, YeM IIepeMeNlIMBaHNe Hal OTHOPOAHOH OBEPXHO-
CTBIO C TEMH )K€ a3POANHAMHYESCKUMH XapaKTEPUCTHKAMH.

Eme oquH BaXHBII BBIBOJ, CJICIYIOIINN U3 PAacUeTOB, KacaeTCsi HHTEPIIPETAMN Pe3yIbTaTOB HaTyPHBIX
IyJbCAIIMOHHBIX M3MEPEHUH HaJ IMMOBEPXHOCTHIO BOJOEMOB. BEIIIO 00HApYXeHO, YTO TypOyJIeHTHbIE IIOTOKU
UMITYIIbCa, JaXKe Ha CPABHUTEIBHO HEOOIBIIOM YIaJeHHH OT OBEPXHOCTH 03€pa, CYLIECTBEHHO OTIMYAIOTCS
OT ITOTOKOB 4Yepe3 MOBEPXHOCTh 03epa. [IpiMeHeHne cTaHAapTHRIX METOAUK U3MEPEHHS IOBEPXHOCTHBIX 10~
TOKOB, IIOAPa3yMeBaIOLINX PACIIOIOKEHHE JATYUKOB Ha BBICOTE ~1,5 M, MOXET NIPUBECTH, TAKUM 00pa3oM, K
0oNBIIOMY 3aBBIICHUIO MX 3HaYeHHH. CHCTeMaTHuecKas IOrpeIIHOCTh M3MEePEHN (3aBbIIIaloIas 3Ha4YeHHE
HanpsHKEHUS TPEHUS Ha TIOBEpXHOCTH B 1.6-1,7 pa3a) OyzmeT mpucyTCTBOBATh AaXKe Ha 3HAYUTEIIEHOM PaccTos-
HHUHM OT Oepera, B 25-30 pa3 mpeBsbIIIaoIieM BbICOTY JePEBbEB.
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Study of column-averaged CO, concentrations
in the subarctic using GOSAT retrievals and NIES transport
model simulations
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' Division for Polar Research, National Institute of Polar Research, Tokyo, Japan
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“ Central Aerological Observatory, Dolgoprudny, Russia
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Institute for Environmental Studies (NIES) three-dimensional transport model (TM) and retrievals from
the Greenhouse gases Observing SATellite (GOSAT).

The GOSAT satellite was launched on 23 January 2009 to monitor the global distributions of greenhouse
gases (CO, and CH,) from space. The satellite is in a sun-synchronous orbit with an equator crossing time of
about 13:00 local time and an inclination angle of 98°. The satellite flies at an altitude of approximately 666
km, completes an orbit in about 100 min, and operates on a global basis with a 3-day repeat cycle. The design
and functions of the instrument are described in detail by Kuze et al. (2009). Several retrieval algorithms have
been developed by different research groups for routinely processing GOSAT observational data. In this study,
we use the GOSAT Level 2 (L2) XCO, retrieval (version 02.00) dataset distributed to general users for com-
parisons with model results; this GOSAT dataset was also used in the inversion model to yield optimized fluxes
(Maksyutov et al., 2013).

The distribution of atmospheric carbon dioxide (CO,) in the subarctic was investigated using the National
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Column-averaged dry air mole fractions of subarctic atmospheric CO, (XCO,) from the NIES TM for four
flux combinations were analyzed. The NIES TM is designed to simulate natural and anthropogenic synoptic-
scale variations in atmospheric constituents on diurnal, seasonal, and interannual timescales. The model uses a
mass-conservative flux-form formulation that consists of a third-order van Leer advection scheme and a hori-
zontal dry-air mass flux correction. The horizontal latitude—longitude grid is a reduced rectangular grid, with a
spatial resolution of 2.5° x 2.5° near the equator (Belikov et al., 2011). The model is off-line and is driven by a
dataset that consists of both Japanese 25-yr Reanalysis (JRA-25) and Japan Meteorological Agency Climate
Data Assimilation System (JCDAS) data. The JRA-25/JCDAS data are available on Gaussian horizontal grid
T106 with 40 hybrid o—p levels every 6 hours. Thus, the model integration time step is also 6 hours.

To simulate XCO,, the NIES TM was run for the period from 1 January 2009 to 31 December 2011, em-
ploying the initial global XCO, distribution derived from GLOBALVIEW-CO, (2011). Four cases with differ-
ent source components of CO, were considered in this study. Two flux sets were optimized without GOSAT
data and two others were optimized with GOSAT Level 2 retrieval data:

1) Prior + GV: This flux set was obtained using the region-based inverse modeling scheme designed in
the Transcom project (i.e., Gurney et al., 2002). The a priori fluxes were optimized with a 3-month window
fixed-lag Kalman smoother inverse modeling system (Maksyutov et al., 2012). Monthly fluxes for 42 sub-con-
tinental terrestrial regions and 22 oceanic basins, were inferred for the 12 months from June 2009 to May 2010,
using GLOBALVIEW (hereafter denoted as GV) observations collected from existing surface and aircraft
CO,-measurement networks (GLOBALVIEW-CO,, 2011). The CO, fields used in the inversions were calcu-
lated using the NIES TM. The a priori flux dataset used as a first guess for the inverse modeling to drive the at-
mospheric transport model consists of four components (Maksyutov et al., 2013): (a) fossil fuel and cement
manufacturing emissions from the high-resolution Open source Data Inventory of Anthropogenic CO, (ODI-
AC) dataset, and the Carbon Dioxide Information Analysis Center's (CDIAC) dataset; (b) daily net ecosystem
exchange (NEE) simulated by the Vegetation Integrative SImulator for Trace gases (VISIT) terrestrial bio-
sphere model; (c) monthly air—sea CO, fluxes predicted by an ocean pCO, data assimilation system based on
the Offline ocean Tracer Transport Model (OTTM); and (d) monthly CO, emissions due to biomass burning
from the Global Fire Emissions Database (GFED) version 3.1.

2) Prior + GV + GOSAT: These fluxes were optimized using the same inverse modeling system as that
used in the Prior + GV case, but both GLOBALVIEW observations and the GOSAT Level 2 XCO?2 retrieval
data (version 02.00) covering 14 months from June 2009 to July 2010 are used. In this setup, GOSAT XCO2
retrievals were aggregated over each 5° x 5° grid cell and over each month. Details are given by Maksyutov et
al. (2013). Presently Prior + GV + GOSAT data as well as Prior + GV fluxes are available for period June 2009
- October 2010. To cover gaps in NIES TM simulation period (1 January 2009 to 31 December 2010) we used
unoptimized a priori fluxes.

3) LMDZ: The 3-hourly inverse-model-adjusted fluxes obtained by optimizing the surface fluxes of CO,
using the LMDZ model for the period 2000-2010 on a 3.75° x 2.5° latitude—longitude grid. The fluxes com-
prise assimilated observations from 128 stations from three large datasets of measurements of the surface CO,
mixing ratio. These data sources, representing cooperative efforts from many laboratories around the globe,
are: the NOAA ESRL archive (ftp://ftp.cmdl.noaa.gov/ccg/co2/), the CarboEurope atmospheric archive (http://
ceatmosphere.lsce.ipsl.fr/database/index_database.html), and the WDCGG archive (http://gaw.kishou.go.jp/
cgi-bin/wdcgg/catalogue.cgi) (Chevallier et al., 2010).

4) GELCA-EQF: These fluxes are obtained using a combination of Global Eulerian—Lagrangian Coupled
Atmospheric (GELCA) model and an EOF-based method (Zhuravlev et al., 2013). An empirical orthogonal
function (EOF)-based inverse modeling scheme relying on the derivation of a limited set of spatial functions
that can represent major components of surface flux variability.

NIES TM with the described fluxes were applied to study XCO, seasonal variability over the period 2009—
2010 in the Arctic and subarctic regions. The impact on CO, levels of emissions from enhancement of bio-
spheric respiration induced by the high temperature and strong wildfires occurring in the summer of 2010 was
analyzed. The massive CO, transport into subarctic and Arctic regions mainly caused by wildfires in central
western Russia, the USA, and Canada was found. Using NIES TM with GELCA-EOF fluxes during the peak of
the wildfire event in August 2010, we detected XCO2 enhancement of 2.5 ppm relative to 2009 over forest fire
regions (50°-65° N), and of 2 ppm over 65°-70° N band, into which combustion products were transported.
Use of GOSAT data has a substantial impact on estimates of the level of additional CO, emission due to forest
fires between 50° N and 60° N in the Eastern Hemisphere, as fluxes estimated with the GOSAT data are higher
by ~0.4-0.6 GtC/yr. However, CO, fluxes in the northern part of the Western Hemisphere are successfully
constrained by observations from ground-based sites located in the temperate zone. Here, the difference in
fluxes estimated with and without GOSAT data is less than 0.2 GtC/yr (Belikov et al., 2014).

The XCO, modeled with fluxes obtained without GOSAT data (Prior + GV and LMDZ) captures only a
part of the IAV of CO, during summer 2010. As the GFED forest fire product used as a component of a priori
fluxes adequately characterizes the location of burned areas, but it underestimates the emissions. Thus, we have
shown the implementation of GOSAT data for studying the carbon cycle in the subarctic. The results reveal the
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benefits of XCO, GOSAT data use to evaluate modeled results, and to provide an additional constraint during
inverse model flux optimization. The GOSAT NIES Level 2 data products are under constant development. A
longer retrieval period, an enhanced number of scenes, and reduced standard deviations and biases of the data
due to the implementation of more sophisticated retrieval algorithms, as well as improvements in the inversion
scheme, will allow us to address in more detail the problems identified in this study in future work.
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Investigation of jet streams and the tropopause folds
in Western Siberia based on ECMWF ERA-Interim

'Antokhina 0.Yu., 'Antokhin P.N., 'Belan B.D., ’Kochetkova 0.S.

'V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
? Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
E-mail: olgayumarchenko@gmail.com

and features of their location relative to the jet streams are considered with use ECMWF ERA-Interim

data about potential vorticity and horizontal component of wind field on the pressure levels. For indi-
vidual TF events the position of the high frontal zones (HFZ) are also investigated on the base of synoptical
chart.

In general there is good agreement between the characteristics of the studied TF events and characteristics
of TF events obtained by other authors. On the investigated longitude TF events were associated with the sub-
tropical jet stream to the latitude SON and with the polar jet at higher latitudes. At SON often there was a conver-
gence of jets. Amounts of TF events varies in different seasons on the different latitudes. In the latitude band
50-65N TF events repeated more often in the winter-spring period, in the band 65-85N — in the spring-summer
period. These features are probably related to relief and seasonal HFZ movement in the study region.

The «tropopause folds» events (TF events) for 2012 over Western Siberia are investigated. The TF events
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NccnenoBaHue CTPYMHBIX TEYEHUN U «CKNAL0K»
Tpononay3bl B panoHe 3anagHon Cnbmpu no gaHHbIM
ECMWF ERA-Interim

'AHToxuHa 0.10., 'AHToxuH MN.H., 'Benan B.[., *Kouetkosa 0. C.

" MucTutyT onTukm atMocgepbl uM. B.E. 3yesa CO PAH, Tomck, Poccus
? MHcTUTYT conHeyHo-3eMHol dusnkm CO PAH, UpkyTck, Poccua
E-mail: olgayumarchenko@gmail.com

BBEOEHWE

OnmHMM M3 MCTOYHUKOB 030HA B Tpomnocgepe sBisiercs: crpatocdepHblii 030H. Hecmorpst Ha To, 4TO B
HIDKHEH Tponocgepe KOIUIecTBO 030HA, MOCTYIAOLIEr0 U3 CTpaToc(epsl, ropa3o MEHbIIIE KOJIMYEeCTBa 030-
Ha, 00pa3ylolierocs B pe3ysprare (OTOXUMUYECKUX PEaKIi, HCcileloBaHue TporochepHo-cTpaTtochepHoro
obmena (CTO) HeoOX0AMMO € TOUKH 3pEHHS KIIMMATOJIOTMH U KOHTPOJIS OOIIEro cosiepKaHust 030Ha B TPOIIOC-
depe [1]. Jomunupyromiei u Hanbomnee r3¢pdexTrBHOI popmoit CTO BO BHETPOMUYECKUX MMUPOTAX SIBIACTCS
IIPOHMKHOBEHHE 030Ha B HIDKHHE CJIOM B CKJIAJIKaX TPOIOIAy3bl B palloHe OapOKIMHHBIX 30H CTPYHHBIX Teue-
HUi [2]. B HECXOpsIIElt 00nacTu CTPYHHBIX TEUSHUH 3a CUeT HHTPY3UH BO31lyXa, 00J1aaloIIero BEICOKOH 1o-
TEHIUAILHOM 3aBUXPEHHOCTBIO, TPOIIONay3a JeopMHUpyeTcs, 00pa3yro BEITSHYTYIO B HIDKHHE CIIOU TPOIIOC-
(epsl CKIIaIKy B BUJE CTPUMEpa MM BOPOHKH. Vcronb3oBaHNE B KauecTBE MHIMKATOpa IPAaHMIBI paszesa
MeXay cTparocdepoii u Tporochepoil MOTeHINAIFHOTO BUXPsl DPTEIs MO3BOJISIET HAIVISITHO MIPOCIEIUTD [Ty~
OuHYy MHTpY3HHU cTparocdepHoro Bo3nyxa [3,4].

HccnenoBanuio nmponecca o0pa3zoBanus ckia ok Tpononaysbl (CT), uX cBsI3U cO CTPYHHBIMU TEUCHUSIMH,
a TaKKe KOJMYECTBOM TPOINOC(EPHOro 030HA, MOCBSIIICHO OOJbIIOE KOJMMUECTBO padort, Hanpumep [1,2,3].
Oco0s1ii uHTEpec npeactaisiioT nponeccsl CTO, B yacTHOCTH BIMSHUE HHTPY3UH CTpatoc(epHOro Bo3mayxa
Ha (hOpMHUpPOBaHKE TPONOC(HEPHOTro 030HA, B 3aaJHOCHOMPCKOM PETHOHE B paliOHaX MOHUTOPUHTa BapHalnii
TponocgepHoro o3oHa. B pasHoe Bpems 1Mo00HBIE UCCIIEAOBAHUS B 3TOM PETHOHE Y)K€ IPUBOIMINCE. bpiio
MI0Ka3aHo, HapuUMep, 4To HaJ 3anaqHoii CHOMPHIO B 00JIaCTH CTPYHHBIX TEUEHHH TPOMCXOANT Iiepepacpesie-
JICHUE 030Ha, 00BSICHIEMOE CYIIECTBOBAHUEM BOKPYT CTPYHHBIX TEUSHUI CUCTEM KOJIBIEBBIX TOKOB [5]. B [6]
Ha OCHOBE JIMJIapHBIX POGHIIeH aHAIN3NPOBAIHNCH OTAEIBHBIE CIydaH CTpaTrocepHbIX MHTPY3uH 030Ha. On-
HOH 13 npobnem uccnenoBanust CTO B pernoHe 3a AMUTENBHBIA NEPHON SIBISIETCS pa3paboTka METO/OB 1uar-
HOCTHKH M aHaym3a oraeibHbIX coObituii CT. Llenblo gaHHOTO MCCIIenoBaHUs SBISAETCS aHAJIU3 OTAEIBHBIX
cobbiTuii CT Ha OCHOBe JaHHBIX O MOTEeHIMANBHOHN 3aBuxpeHHocTH (I13), a TakKe M3ydeHHe HX CBS3H CO
CTPYHHBIMHU TE€UCHUSIMH B palioHe 3amnagHoi Cudupwu.

Jannble 1 MeToauKa. B kayecTBe MCXONHBIX AaHHBIX UCHOJb30Banuch AaHHble apxuBa ECMWEF ERA-
Interim [7]. st aHanu3a nedopmariuii Tporomnayss! ObIIIM HOCTPOEHBI pacTpeieIeHus! TOTeHIUAIbHOTO BUX-
ps Ha ypoBHsx ot 1000 rlla no 1 rlla3a 0, 6, 12 u 18 yacos mo ['punBnuy c 1 stHBaps no 31 nexadps 2012 1.
BJI0JIb Mepunana 85° B.J. ¢ JUCKpeTHOCThI0 5° 0T 50° 10 85° c.u1. Ha kapThl HAHOCHJIMCH U30JIMHUY OTEHIH-
anbpHOM 3aBUXpeHHOCTH B fuana3one 1-4 PVU. Cornacho [4] 1 PVU cootBeTcTBYeT BepxHei rpaHuUlle TPOIoC-
(deproro Bo3myxa, 2 PVU — mpuMepHO COOTBETCTBYET 030HOIAy3e, MOBEpXHOCTh 3-4 PVU — Tepmuueckoit
Tpononayse. Ha ocHOBaHMM aHanm3a AuarpaMm ObUTH BBIOpaHBI COOBITHS, BO BPEMsI KOTOPBIX W30JIMHUH JI0-
cruramu 500 rlla. 3arem Ha qUarpaMMsl, TOCTPOCHHBIE JUIsl BHIOPAHHBIX /1aT, HAHOCWJINCH PACIpe/eNIeHUs T0-
PH30HTAIBHON KOMIIOHEHTHI OJISI CKOPOCTH BhImIe 20 M/c. DTO MO3BOJISUIO OLIEHUBATH CBSI3b MEXKLy BapHaLHs-
MU HOTEHLIUAIBHON 3aBUXPEHHOCTU U CTPYHHBIMU TedeHUsIMU. KpoMe TOro o CHHONTUYECKUM KapTaM aHa-
JIM3UPOBAJIOCH MOJIOKEHNE (PPOHTAIBHBIX Pa3/IeNioB M BEICOTHOH (poHTaNIbHOI 30HEI (BD3).

PE3YJIbTATHI

B pa6ote npoananusuposaHo nopsiaka 30-u codbituii. Muorna codsitis CTO npoucxonuiu cpasy B He-
CKOJIBKUX LIIUPOTaX, B 3TOM CJIy4ae OHU aHAJIM3UPOBAIUCH KaK pazHble coObITHs. HezaBucumo ot Toro HabImo-
nanock i coobiTie CTO Bce YeThipe CpoKa, WK XKe TOJIBKO 33 OJIMH, OHO CYMTATIOCh OAHUM CoObITHEeM. Eciu
nehopManus TPOIONAy3bl COXPAHSIACh HAa MPOTSKCHUU HECKOJIBKUX JHEH, U3 HUX BBIOMpAJICS JICHb C HaW-
Oonpieit gedopmariuei.

Buytpuronosas nuzmenuuBocTs I13 He Ha Bcex UCCIeAyeMbIX HIIMPOTaX JEMOHCTPUPYET OTUETIUBBIN ce-
30HHBIN XOI BBICOTBI TPOIIOIIAY3hbI. Haﬂ6onee SAPKO BBIPAKECHHBIC U3MCHCHUSA BBICOTHI TPOIIOIAY3bl OT 3UMbI K
nety HaburonatoTest B 30He 50°-65° c.11., B 60j1ee BRICOKUX IIUPOTaX CE30HHBIN X0/ HE CTOJb 3aMETEH. DTa e
3aKOHOMEPHOCTB IIPOSIBIISIETCS M B 4aCTOTe OPMHUPOBAHUS CKIIAJ0K TPOIIONAy3bl B pa3iIMuHbIe Ce30HbI. B 30He
50-65° c.u1. co6brTust CT IPOUCXOMUITH B OCHOBHOM B 3UMHE-BECEHHUIT mepron, a B odmactu 70-85° c.ur. — B
BeceHHe-JeTHUI. OCOOCHHO 3aMETHBI ATH 0COOEHHOCTH is moBepxHOCcTH 1 PVU. BepositHo, 3Ta 3aK0HOMED-
HOCTB O0YCJIOBJICHA CE30HHBIM cMelieHneM BD3 [4].
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Crnemyer 3aMEeTHTB, 9TO CTpaTochepHO-TponocepHbIii 0OMEH B pailOHaX CyOTPONMIYECKOTO H MOJISPHO-
(pOHTOBOTO CTPYHHBIX TeUEHHUH pa3nndeH. bonee rIyOokue HHTPY3UN CTPATOCHEPHOTO BO3AyXa MPOUCXOTUT
B paiione mossipHOTO (hpoHTA [2], IMEHHO 3TH COOBITHS MHTEPECOBAIN HAC B IIEPBYI0 odepens. Ha puc. 1 moka-
3aHbl HekoTopble TunuHbie ciaydan CT B pasHbIX MHUPOTHEIX 30HaX. K rory ot 50° c.mr. co6brtust CT yare
CBSI3aHBI C CyOTPONTMUECKUM CTPYHHBIM TeueHneM, ceBepHee CT okazanuch CBSI3aHbI THOO C TOISIPHBIM (ppoH-
TOM, TNOO NMEII0 MECTO «CONMKEHHEe» ABYyX CTPpyWHBIX TeueHHHA. AHann3 CT Ha pa3muYHBIX MIMPOTaX MOKa-
3aj1, 9TO MPU CMEIEHUH K CeBepy IIyOMHA MHTPY3HH yBennuuBaeTcs. OXHON M3 MPUYIHMH 3TOH 3aKOHOMEPHO-
CTH MOXXET OBITH HE BITOJIHE KOPPEKTHAs Mporienypa «paspe3a» 30861 CTO u cTpyitHbix Teuennit. Ananus BO3
B iepuox coobrruii CT mokasait, 9To ocu aTMOC(hepHBIX JOKOHMH, K IIMKIIOHWTIECKOH 9aCTH KOTOPBIX IPUypode-
Hbl coObITHst CT, 3a9acTyi0 CHIIBHO OTKJIOHEHBI OT MEPHIHOHAIBHOTO HANpPABICHUs. DTO XOPOIIO BHIHO Ha
pHc. 2, Ha KOTOpPBIX HaHeceHbI n3oauHNK nosepxHocTH 500 rlla B pasHble neproasl BpeMeHH. B ceBepHBIX
paloHaX 3TH OTKIOHEHUS OKa3aJIHCh HE OUEHb OONBIINMH, TO3TOMY (hOpMa CKIIaJ0K TPOIIOTay3bl OblIa UCKa-
JKEHa B MEHBILIEH CTETIEHU, YeM B F0XKHBIX pallOHaX.

B nmenowm, xapakrepuctuku CT u cTpyiHBIX TeueHui B paiionax CTO coBmamaioT ¢ ONMMCAaHHBIME paHee
[2,4]. 3a paccmarpuBaeMblii meprof mpakTHdeckd Bce coObitnss CT oKaszaimuch MpHypO4YeHBI K OOJIacTsIM
HUCXOAAIINX IBIKEHUI BONMU3M cTpyitHbIx Teuennii. Bece CT, cBs3aHHBIE ¢ TOTIPHOGPOHTOBBIM CTPYHHBIM
TEUEHMSIM, BO BCE CE30HBI rojia OBUIM JIOKAJIM30BaHBI B 00MacTsaX TpomocdepHbIx JoxOmH. Hambombiiee
xonaecTBO coObITHii CT oTMEUeHO B IEpHO]] ¢ ampetst o Maw.

B 3akir04eHMHM OTMETHM, YTO HCIIOJIB30BAHUE JAHHBIX O MOTEHIMAIBHON 3aBUXPEHHOCTH, a TAKXKe
CHHONTHYECKUX KapT, MO3BOIACT MOIy4aTh HCUEPINBIBAIOIINE CBEICHHS OTHOCHTENbHO coObrthii CT. s
Oonee peTanbHOTO aHAMU3 TITyOHMHBI HHTPY3uHN B 001actu CT HeoOX0ANMO yUUTHIBaTh OTKIOHEHHUE CTPYHHBIX
TEUEHUH OT 30HAJIIFHOTO HANpaBICHUSA. XapaKTepUCTHKH HccaeqoBaHHBIX 3a 2012 rox cobsrtrii CT xopormno
COINIACYIOTCS C JaHHBIMH MOTyY€HHBIMHU Pa3HBIMHU aBTOPAMHU.
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Puc. 1. Cobbitna CT. DoHOM NoKa3aHo pacnpefeneHne ropu3oHTanbHON KOMMOHEHTbI NOJIA CKOPOCTH, U30IMHUM — NOTEH-
UmanbHan 3aBuxpeHHocTb oT 1 o 4 PVU. YBenuueHue noTeHLManbHoii 3aBUXPEHHOCTU B HUMHel aTMocdepe B 06acTy ~
30-50° .Lu. COOTBETCTBYET FrOpHBLIM CUCTEMAaM B UCCIIEAYEMOM JONTOTHOW 0bnacTy
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Puc. 2. MonoeHne BO3 (AT 500). a — 9 Masa 2012, 6 — 12 pekabpa 2012 (cnyyai coONMMKEHNA CTPYMHBIX TEYEHUIA); B — 25
depans 2012 (CT pasHor rnybuHbl HabnopaloLLMecs 0TAENLHO B palioHe Cy6TPONMYeCKoro U NonApHOGPOHTOBOrO CTPYM-
HbIX TeveHun); r— 11 niona 2012 (CT B ceBepHbIX LUMPOTaX B paioHe NONAPHOPPOHTOBOIO CTPYMHOIO TeYEHUA)
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Numerical modeling of polar lows using WRF model
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? Lomonosov Moscow State University, Research Computing Center, Moscow, Russia
E-mail: aves.indemicas@gmail.com

weather forecast in this region. The most jeopardizing weather phenomenon for oil production and ship-
ping there are the polar lows, intensive mesoscale cyclones, appearing above the sea surface, usually be-
hind the arctic front. [1]

Given that polar lows form over the sea, and surface observations on buoys or weather observing ships are
sporadic there, the observational data for studying these vortices mostly come from satellites and targeted air-
craft soundings. Unfortunately, these data have neither enough spatial and temporal resolution, nor provide
complete set of meteorological variables, needed for thorough study of their dynamics and underlying physical
mechanisms. Therefore, numerical simulations with mesoscale atmospheric models is a good alternative to in-
vestigate polar low phenomenon, because they produce temporally and spatially regular-spaced fields of atmo-
spheric variables with high resolution. This facilitates visualization and analysis of polar lows' dynamics and
structure.

This investigation is aimed at evaluation of the role of various mechanisms in the dynamics of a particular
real case of polar low development by mesoscale numerical simulations.

We study a unique case of simultaneous development of three differently—typed polar lows over Norwe-
gian and Barents seas at 29" — 31" March, 2013. As a mesoscale model we used WRF ARW [4] (Weather Re-
search and Forecasting model with ARW dynamical core), version 3.5.1, which was installed on supercomputer
“Lomonosov” of Moscow State University [2]. For initial conditions the reanalysis data of ERA-Interim pro-
vided by European Centre for Medium-Range Weather Forecasts, was utilized. Four numerical experiments
were performed. The reference numerical experiment was set up with the following physical parameteriza-
tions: CAM for both longwave and shortwave radiation interactions, Monin-Obukhov for surface layer scheme,
Noah for the land model, Mellor-Yamada-Janjic scheme for the planetary boundary layer turbulence. Grell-
Devenyi scheme of shallow convection was used and microphysical processes were simulated by Lin scheme.

Other three experiments differed from the reference one by changing only one of parameterizations: God-
dard parameterization for microphysics, microphysical parameterization switched off, convection adjustment
switched off. All experiments were run with 10 km resolution.

Modeled fields were compared with satellite observations from MODIS [3] (cloud fields) and AMSR-2
(surface wind, integrated atmospheric water vapor) instruments. Model fields occurred to be adequate in cap-
turing general spatial patterns of meteorological variables and basic circulation features. Fields from experi-
ment with Goddard microphysical parameterization demonstrate the best correspondence with observational
data.

Sensitivity tests show that neglecting phase transition of water in the model does not affect the vortex
structure, but it is notable for water vapor, cloud and vorticity fields.

Three types of polar lows were distinguishable in our case study — two convective and one baroclinic vor-
tex. It was shown that their dynamics is mostly determined by conditions of genesis. In particular, the dynamics

Increased interest in natural resources extraction on the Arctic shelf causes the necessity of high-quality
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of cyclones with the convective mechanism of formation depends on the initial conditions in the area. As to
baroclinic cyclone, it creates the conditions for changing the maintenance mechanism during it’s development,
becoming a convective vortex at the later stage.
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YrcneHHoe MogenmpoBaHne NHTEHCUBHbBIX MOSIAPHBLIX
Me3oMacLTabHbIX UmKnoHoB Mogenbio WRF
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HTEHCHBHBIE ossipHbIe Me3oukiIonsl (UTIML, polar lows) - ”HTEHCHBHBIE KOPOTKOXKHBYIIIHE BUXPH,

o0pasyromiyecs: Hajl IOBEPXHOCThIO MOpsi, CBOOOAHOW OTO JIbJa, MPEUMYILECTBEHHO C OKTAOpS MO

MapT (B CEBepHOM IoymIapun), uMerorue auamerp ot 100 o 1000 kM. Bpemst )U3HN TaKuX ITUKIIO-
HOB COCTaBJIsIeT OT 6 110 48 4acoB, ¢ HUMH CBSI3aHBI IITOPMOBBIE CKOPOCTH BeTpa (0T 15 M/c) u BhIManeHue
00MITBHBIX ocankoB (10 40 MM/4) rpu BbIxozie Ha cymry [1]. OCOOEHHO 4acTo B CEBEPHOM IMOJyIIAPUH OHHU Ha-
OromaroTCst B MOPSIX eBporelickot ApkTuky u Ha JlanpHem BocToke, e SBISIOTCS 3HAYUTENBHON yrpo30id
Jutst HeremoObIBatoLIel U CyIONPOMBIIIUIEHHOW oTpaciieil. ITo onpeienseT noTpedHOCTh 3THX cdep B Kade-
CTBEHHOM MporHo3e sBieHus. Oxnaxo, nporuno3 MIIMII B HacTositiee Bpems 3aTpyIHEH, BBUY HEIOCTATOUHO-
CTH 3HaHUH 0 (PU3UKE KIFOYEBBIX MPOLIECCOB, OTCYTCTBUS JAHHBIX Ha3eMHBIX HaOMIOCHUH HaJ MOpeM Heo0Xo-
JUMOTO IS ’THX BUXPEH MPOCTpaHCTBEHHOTO paspermeHus. EnuHcTBeHnsIi ciocob mporuo3a UITMI] 3axmio-
YaeTcsl B UCMOJIb30BAHUM ME30MACHITAOHBIX YHCIIEHHBIX MOJeNel, 00MaaalonuX BEICOKMM MPOCTPAHCTBEH-
HBIM ¥ BPEMEHHBIM pa3pelIeHHeM U MPEACTABISIONNX JaHHbIC Ha PETYISIPHON CETKe, 4TO 00JIeryaeT aHajius u
00paboTKy pe3ybTaTOB MOACITUPOBAHUSI.

Lens [aHHOTO MCCIIEIOBAHUS COCTOUT B OI[EHKE POJIM Pa3IUUHBIX (H3MYECKUX MEXaHU3MOB B JIMHAMUKE
WIIMII mocpeacTBOM YHCIEHHOTO pacueTa Me30MacIITabHOi Mozenbio. Tak, mpeanoaaraeTcst BEISICHUTD, Ka-
KOBO BIIMSIHUE OnKcaHus (pa3oBbIX [EPEXO/IOB BIArH M SIBHOTO BOCIIPOU3BEICHUSI KOHBEKIIMU B Mozaenu. Jlist
OIIEHKH KaueCTBa MOJICITMPOBAHUS IPOU3BOANTCS CPAaBHEHHE PE3YIETATOB MOICIUPOBAHHUS C TaHHBIMH HAOIIO-
JICHUH.

Jlnsi 9MCIIEHHOTO MCceqoBanus OblI BEIOpAaH YHHKANBHBIN Cilydail eIMHOBPEMEHHOTO BO3HHMKHOBEHHS
Tpex UIIMI] B Gacceitne bapenrieBa u Hopsexckoro mopeit 29 — 31 mapra 2013 roga (puc. 1). B kagectBe
Me30MacIITabHO#M Mozeu ucmonb3oBaiack Momaesib WRF (Weather Research and Forecasting) ¢ qunamude-
ckuM siapom ARW [4], ycraHOBIeHHas Ha CyHepKOMIIBIOTEpE
«JlomonocoB» MI'Y [2]. JlaHHBIE CIIyTHHKOBBIX HaOIIONEHUH O
MIPUBOAHOM BETPE M HHTETPAIbHOM BIIAr0COAEPKaHNH BO3IyXa C
mpudopoB AMSR-2 (GCOM-W1) u MODIS (AQUA) Obputn
MIPEOCTaBICHBl JTa0OpaTopuel CIYTHHKOBOW OKeaHOTpaduu
PITMY [3].

PucyHok 1. CHuMok MODIS B Tennosom anana3oHe B cpok 11:00
30.03.13.
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Bb110 OCTaBIIEHO YETHIPE YMCIEHHBIX IKCIIEpUMEHTa. B 0a30BOM 3KCIIEPUMEHTE HCIIONB30BAINCH Clle-
nyrorrie HacTporku: cxembl CAM (Community atmospheric model) st mapameTpu3anyuy KOPOTKOBOTHOBON
W AIMHHOBOJHOBOH panmanuy, cxema MonnHa-O0yxoBa 111 IPU3EMHOTO CII0S, MOJIENb TIOACTHIIAIOMIEH TI0-
BepxHOCTH Noah, mapameTpu3anus TypOyJIeHTHOCTH B IUIAHETAPHOM MOTpaHWYHOM cioe Memnopa-SImansl-
Sanga. KonBeknus onucsiBasiach o cxeme I'pemsi-ZleBeHbH, MUKPO(QHU3NIECKUE MTPOLIECCH TapaMETPU30BbI-
Basmck 1o cxeme Jluas (LIN). B ocTanpHBIX 3KCIIEpUMEHTaX BapbUPOBAINCH TIOCICTHIE 1BA OJI0KA, 8 UMEHHO:
OTKITIOUAJIOCH apamerpudeckoe onrcanue koHBeku (NOC), oTKITI0Uanocs onrucanue (pa3oBBIX IMEPEXOI0B
Biara (NMP, T.e. 6e3 ¢a30BBIX Mepexoa0B) U HCIIONB30BaNachk cxema Mukpodmuku 'ogmapaa (GDR). IIpo-
CTPaHCTBEHHOE pa3pelIeHue cocTaBmsuo 10 KM 171 BceX IKCIEpUMEHTOB. JlJisi HauallbHBIX U TPaHMYHbIX yC-
JIOBHH MCITOTB30BAJIHCE NaHHBIC peananm3a ERA-Interim.

OcymecTBIAI0CH BU3yalbHOE M KONNYECTBEHHOE CPABHEHHE C JAHHBIMH HAOIIOACHUH O IPUBOIHOM Be-
Tpe (Ha 10 M) M UHTErPaTEHOM BJIAarocoAepKaHuU B CTOJIOE Bo3ayXa. JJIs 3THX XapaKTepPHCTHK B JOCTYITHBIC
CPOKH OBUTH IIOCTPOCHBI KapTHI ¥ TpaMKH BPEMEHHOTO X012 MPOCTPAHCTBEHHOM Koppersinnu (1) u cpenHek-
BaJpaTUICCKON pa3sHOCTH (2).

(96 —96) (S — S¢) (1)
O'HO'S

Osm = q'(SG - gG)Z (2)

TIIE g, S— MOJIS CIyTHUKOBBIX U MOJICJIBHBIX JAHHBIX Ha ITMPOTHO-TOJITOTHOM CETKE, 0, , o5— CKO coot-
BETCTBYIOIMX MOJEH, BEpXHEH uepToil 0003HaueHO OCPEAHEHNE BEJIMYMHBI [0 TOPU30HTAIM B JAHHOM Cpe3e
1o BpeMeHH. Te ke moka3aresid pacCUUThIBAINCH ISl OLEHKU YyBCTBUTEIILHOCTH MOJIEIH 110 IOKA3aTeNIbHBIM
JUISL TUKJIOHOB IMHAMUYECKUM MapaMeTpaM - SKCTPEeMaJIbHbIM 3HAUYSHHUSIM CKOPOCTH BETPA, AaBJICHHS U 3aBUX-
PEHHOCTH.

Ha xayecTBeHHOM YpOBHE CpPaBHHBAs MOJISI HHTEIPAJILHOTO BIIArOCONIEP KaHHs 110 TaHHBIM HaOIONCHU
(puc. 2, cnea) u mogenupoBanus (9xcriepument LIN, puc. 2, cipaBa) BUIUM, YTO MOZIESTb BOCTIPOU3BOIUT Xa-
pakTep pacripe/ieieH!s BEeMYHHbBI B COOTBETCTBHU C LUPKYISIMEH U CTPYKTYPOH BUXpEil, OTHAKO HE3HAYH-
tenbHO (Ha 1 — 1,5 kr/M”) 3aHmMKaeT 3HaueHns. B skcrepuMenTe 6e3 OnucaHus MUKPOpU3NIECKHX B3aUMOIeH-
CTBHH 3aHM)KEHUE OTCYTCTBYET.

Csm =

F - Sobbar 2913 a5 @ hgm’ o WE HE X'E e

PucyHok 2. Kapta pacnpefeneHnsa UHTErpanbHOro BNarocoepaHuna no gaHHeiM AMSR-2 (cneBa) v jaHHBIM Mogenumpo-
BaHuA WRF (cnpasa). LLIkana ana o6oux pucyHKoB obLuas.
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PucyHok 3. [pocTpaHcTBEHHaA KoppenaumnaA Meray AaHHbIMU HabnioaeHuii AMSR-2 06 MHTerpanbHOM BRarocofepaHum
1 JaHHbIMM 3KcnepuMeHToB MogenupoBaHua WRF.
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[IpocTpaHCTBEHHOE paclpeeNeHIe HHTErPaJbHOTO COEP KaHNsI BOJSHOTO I1apa Majlo 3aBUCHMO OT JIO-
KaJIbHBIX OBICTPBIX MPOIECCOB, U KOPPEIALNS IO ATOMY MO0 kojebnercs B mpenenax 0,63 — 0,83 B Teuenne
MIEPBBIX JBYX CYTOK IMPOTHO3a, ¢ HAanOOoIsImMM pa3dpocom Mexay skcnepumentamu 0,09. Tpuamars mepBoro
MapTa NPOUCXOAUT BBIXOJ Ha CYIIy 3alaJHOTO ME30LHUKIIOHA, C YeM CBA3aHO OOMIIBHOE BBINAICHNUE OCAIKOB, U
pesKoe yXyAlIeHHe KadecTBa BOCIIPON3BECHHS ITOJIS B OKCIIEPUMEHTE ¢ OTKJIIOUYCHHOH NapaMmeTpu3anueid Mu-
kpodmsuxu (NMP — Ha pucynke 3).
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PucyHoK 4. [pocTpaHcTBEHHAA KOpPeNALMA Mer [y AaHHbIMM HabnogeHuin AMSR-2 o BeTpe Ha BbicoTe 10 M 1 AaHHbIMK
mogenupoBanua WRF.

[TpocTpaHCTBEHHAs KOPPEISLHS MEX Y IOJSIMU HAONIONCHUH 32 BETPOM M MOJCIHPOBAHHS COCTABIISACT
JUTA Bcex akcrepuMeHToB oT 0,66 no 0,77 B mepsrle 12 gacoB mporHosa, ganee camxkaercs 10 0,21 — 0,33 u
XapakTepu3yeTcs pa3dpocom Mexay skcrepumerTamu a0 0,2. Takum oOpa3om, mojie MPHBOIHOTO BETpa OKa-
3aJI0Ch XyKe ITPEeICKa3yeMbIM, YeM I10JIe HHTETPAILHOTO BIIar0COAEPIKaHMS.

Hawny4mmm o6pa3oM 1ose 00J1a9HOCTH, B IEPBYIO 04epeib KOHBEKTHBHOTO ITPOUCXOXKICHHS, BOCIIPOU3-
BOIUTCSI IIPU IBHOM OITMCaHn KoHBeKuuu. [1oxne 6anma obmagnoctu B cioe 1200 — 1300 M oTpakaet CTpyKTy-
PY IBYX BOCTOYHBIX KOHBEKTHBHBIX ME30IMKIOHOB, KOTOPEIE MO)KHO OTHECTH K THUIIAM “‘3arsiTas’ U “Crupais’
(puc. 5), ¥ ONKCHIBAET BOSHUKHOBEHHE OTKPBITHIX SUEEK MEJIKONH KOHBEKIUH B 00JIACTH aJABEKIIUH XOJIOJHOTO
Bo3ayXa (puc. 6).

Pucynok 5. Kapta pacnpepene-
HUA 6anna 06n1a4yHOCTU B AONAX
eMHULbI N0 AaHHBIM 3KCTepy-
meHToB LIN (cnpasa) u NOC (cneBa)
B cpoK 11:00 30.03. benbin uget —
0 6annos, YepHbIn — 1.

PucyHok 6. lone 06nayHocT Ha
CHMMKe B TEeNI0BOM Juana3oHe
MODIS (cneBa) v KapTa pacnpege-
neHuA banna 06na4yHoOCTU B JONAX
eaMHULbI (CipaBa) Mo AaHHBIM Mo-
penuposanmna NOC B cpok 12:00
29.03. benbiii ugeT — 0 6annos,
YepHbIn — 1.

BI/II[HO, YTO XapaKTCPUCTHUKH, HanboJIee TECHO CBSI3aHHBIE C nponeccamu, OIUCbIBaCMbIMH CXEMAaMHU MU-
KpO(I)I/ISI/IKI/I 1 KOHBCKIHH JOCTATOYHO YYBCTBUTCIbHBI K UX U3MCHCHUSAM. O,I[HaKO JAUHAMHWYCCKHUC XaPAKTCPU-
CTHKHW LUKJIOHA, OTBCHAIOIIHE 3a €0 MHTCHCUBHOCTD U Pa3BUTUC, MAJIO YyBCTBUTCIbHbI K HUM. TaK, npo-
CTPaHCTBCHHAA KOPPLCIIALUA mojei BCTpa U AaBJICHUA MCKIAY 0a30BBIM U MNPOYMMH IKCIICPUMECHTAMHU COCTAB-
et 6onee 0,99 BO BCC CPOKH, U XOI IKCTPEMAJIbHBIX 3HAYCHUM dTHX BEIMYHH CI[I/IHOO6p33€H JUIA BCEX OKCIIC-
PUMCHTOB (HC HOKa3aH0). OTiuuwe SBISIET IOJIe 3aBUXPCHHOCTU: 3ACCh KOPPLIIALUA MCIKAY COCTaBUIa 0,84 -
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0,99, mpudem HanMeHbIIEe 3HAYEHNE COOTBETCTBYET cpaBHEHNUIO dKcriepuMeHToB LIN 1 NMP. Oto cBsi3aHO ¢
M3MEHEHHEM KOH(UTypaluu U pa3MeeHust 001acTel MaKCHMalIbHON 3aBUXPEHHOCTH OTHOCHTEIBHO BUXS, @
TaK)Ke 3aHMKEHUEM U 3aBBIIICHUEM 3HAYEHUI OTHOCUTENBHO 60a30Boro B akcriepuMeHTax NMP u NOC, coot-
BETCTBEHHO (puc. 7). Habmomaercs 3HAYMTENEHBINA pa30poc MEKAY SKCTIEPIMEHTAMH B MAKCHMaJIbHBIX 3HAYE-
HUAX TOJSA 3aBUXpeHHOCTH — 10 1 107 py a6comoTHBIX 3Hauenmsx 1,2 —2,2 7107 ¢’

FEATIRESSSRSIE]  PucyHok 7. KapTbl pacnpeenexus ab-
-

i o gf'/":}? ? o1 comioTHoM 3aBMXPEHHOCTY Ha YPOBHE
RN

11‘%
¢

9
v

1 980 rMa no naHHLIM 3KCNEPUMEHTOB
18:00 30.03.13.

4 ¥
pa w“.’ : \‘b NOC (cnesa) u NMP (cnipaBa) B cpok
5/ ?gs P2l

&7 I
Vg A=
[T

9

Hagre Cormaurs. 128 w0 38 by 2O

acachse Vorcay (10541} Avmoiss Vorsery (108 1)
B R — ]
@ NXXEKNT N0 INID N R O W I 30 4D 50 40 T N0 B0 V0O 10 1M 130 NeD

HaOmtonaBimecs IMKIOHBI B COOTBETCTBHH C CHHONTHYECKUMH YCIIOBUSIMH UX 00pa30BaHUsi MOXKHO pas-
JICIUTH Ha JIBa THIA: [IMKJIOHBI KOHBEKTHBHOM MPUPOABI (1Ba IMKJIOHA B bapeHIieBoM Mope, 3amsTas U CIH-
paib, cM. puc.l) u GapOKIMHHONH-KOHBEKTHBHOM (3ama bl 1ukiIoH B HopBexxckom Mope). KoHBekTHBHBIE
00pa30BaHMs B TEUCHHE BCEH IBONIOLINHU XapaKTepHU30BAINCH 3HAUNTEILHBIMH 3allacaMy YHEPTUH HEYCTOHYH-
BOCTH, TEMIIEPaTypHOl CHMMETpHeil u ObUIM NMPUYPOUYEHBI K 00JaCTH CBOEro 00pa3oBaHus. bapokiIMHHBIH
IIMKJIOH Ha Ha4yaJbHOW CTaJMU pa3BUBajcs Onarofaps 3HauutenbHoMmy (10° Ha 100 KM) MepUIMOHAIBHOMY
TEMIIEpaTypHOMY T'PaIUCHTY, HAOIIOAABIIEMYCs B JIOKaIbHON O0apOKIMHHOM 30HE (puc. 8).

v we = e -t - e = v -y "
S Ll st ot 008 1108y

= [ORR—

MM 8 48R AR R

PucyHok 8. KapTbl pacnipeseneHus sHeprum HeycToi4MBOCTM M TeMNepaTypbl, AaBEHWA U MOZYIA BETPa Y NOBEPXHOCTU 3eM-
nm, B cpoku 12:00 29.03 (cnesa) v 18:00 30.03 (cnpaga), no aaHHbIM akcnepuMenTa GDR (c cxeMoi MuKpodm3nkmM Nopaapaa).

Bcenencrue nanpHEHIIEro pa3BUTHS U yIITyOJIEHHS 3al1aJHOTO [IUKJIOHA BO3HUKIIN YCIIOBHUS JJIS pean3a-
IIMM MeXaHu3Ma 0OMEHa TEIJIOM C MOBEPXHOCTHIO 3a cUeT 0OpaTHOM cBsi3u co ckopocThio Berpa (WISHE —
wind induced surface heat exchange). B 3penoii craanm oCHOBHBIM MCTOYHHKOM SHEPIUH, YIACTBYIOIINM B
JMHAMHKE 3TOTO IIMKJIOHA, CTAHOBSTCS TOTOKHM TEIIa U BJIarW C IOBEPXHOCTH (pHc. 9), a TakKe BBI3BAHHOE MX
MHTEHCH(UKANEeH pa3BUTHE KOHBEKIINH.

s00 25
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PMCYHDK 9. I'pad)MK X0[1a MaKCUMaJbHbIX 3Ha4eHUN BeTpa, MOTOKOB ABHOIO U CKPbITOrO TENa B 06nacTn OBUHEHMUA 3a-
NagHoro UMKoHa B Nepuoa NHTerpupoBaHnA No AaHHbIM 3KCNEpUMEHTa GDR.
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Takum 00pa3om, MccileJ0BaAHME N0KA3AJ10, YTO:

Mopenp moka3pIBaeT Xopoliee (110 3HAYCHUSIM [TPOCTPAHCTBECHHOW KOPPEIAIINN U KaYeCTBEHHOMY XapaK-
Tepy MPOCTPAHCTBEHHOTO PACIIPE/ICIICHIS ) COOTBETCTBHE TAHHBIM CITy THHKOBBIX HAONFOICHUH.

Hawrydmiee cooTBeTCTBHE ¢ JaHHBIMH HAOTIOJCHUIN TTOKA3aJl SKCIIEPUMEHT C OMMMCaHUEM MUKPO(HU3UKH
o cxeme l'ogmapna

OTtriroueHre Onmucanus (ha30BBIX MEPEXOIOBB MOCTH HE CKa3bIBACTCs HA BOCIPOU3BEIACHUH OOMICH
CTPYKTYPBI BUXPS, HO OTPaXKaeTCs B TOJISAX BIAKHOCTH, 3aBUXPEHHOCTH, O0JIAYHOCTH

HukiaoH OapOKIMHHOW MPUPOIBI B MPOIECCe Pa3BUTHA (HOPMHPYET YCIOBHS IS CMEHBI MEXaHU3Ma,
OTIPEISIISIONIECTO €TO TUHAMUKY, Ha KOHBEKTHBHBI MEXaHU3M.

Jlumepamypa:

1. Polar lows, J. Turner, E.A. Rasmussen, 612, Cambridge University press, Cambridge, 2003.

2. V. Sadovnichy, A. Tikhonravov, V1. Voevodin, and V. Opanasenko "Lomonosov": Supercomputing at
Moscow State University. In Contemporary High Performance Computing: From Petascale toward Ex-
ascale (Chapman & Hall/CRC Computational Science), pp.283-307, Boca Raton, USA, CRC Press,
2013.

3. Zabolotskikh, E. V., L. M. Mitnik, and B. Chapron (2013), New approach for severe marine weather
study using satellite passive microwave sensing, Geophys. Res. Lett., 40, 3347-3350, doi:10.1002/
arl.50664.

4.  Skamarock, W. C., J. B. Klemp, J. Dudhia, D. O. Gill, D. M. Barker, W. Wang, and J. G. Powers,
2008: A description of the Advanced Research WRF Version 3. NCAR Tech Notes-468+STR.

IHaMnKka atMochepHoro ¢poHTa Hag KpyTom oporpaduen:
Mo[e/lb KOHEYHbIX 3/IEMEHTOB

M.C. 0aun

WHCTUTYT BbIYMCNIMTENbHOM MaTeMaTUKKU U MaTeMaTuyeckoii reodusmuku CO PAH, Hosocubupck, Poccus
E-mail: yudin@ommfao.sscc.ru

MEHTOB pacrpocTpaHeHus ChopMHUPOBABIIETOCS XOJIOIHOTO arMochepHOro GpoHTa, TOBEPXHOCTh KO-
TOPOTO OMHKCHIBAETCS OTIEIBHBIM YPAaBHEHHEM CO CHEIHATBHON KOHCTPYKIUEH MofaBieHus HehHr3n-
YEeCKHUX OCHWUISAIHMA, Ha/l OpOrpadMueCcKUMH MPEISITCTBUSAMH PA3IMYHOM (OpMBL. PacyeTsl MpOBOAMINCH AJIS
TUIMYHBIX 3HAYEHUH MapaMeTpoB oporpaduyeckux CTPyKTyp U TemmneparypHoil crparndukamun. [TokazaHo
CUIIBHOE 3aMe/JIeHHe MOTOKa IPH KPyToi oporpaduH, a Takke XopoIIo Mojenupyetcs 3¢ ekt OloKHpoBaHuUs
BO3AYIIHOTO MTOTOKA BOMU3M MOBEPXHOCTH. [IpUBOAATCS 3HAUCHNS HABETPEHHOW U MOJABETPEHHOMN CKOpoCTei
MOTOKA B 3aBUCUMOCTH OT CTpaTH(UKAKU U (OPMBI TPETISITCTBUSI.
Paboma evinonnena npu noodepoicke PODPU (epanm 14-01-00125-a), Ipesuouyma PAH (npoepamma
Ned)u OMH PAH (npoepamma Ne3).

B HaCTOSIIIIEeH paboTe 00CYKIAIOTCS Pe3yAbTaThl MOIEINPOBAHUS C IBYMEPHON MOJIENbI0 KOHEUHBIX dJIe-

Atmospheric front dynamics over steep orography:
finite element model

Yudin M.S.

Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
E-mail : yudin@ommfao.sscc.ru

simulated with a 2D finite-element model. The front surface is explicitly described by a special equation. A

time filter is used to suppress the non-physical oscillations. The effects of flow retardation and near surface
blocking under steep orography are estimated. The upwind and downwind velocities calculated for typical val-
ues of the parameters of orography and stratification. are presented.

In this paper the propagation of a cold atmospheric front over orographic obstacles of various shapes is
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GOVERNING EQUATIONS AND DISCRETIZATION

The following equations for compressible flow are used to calculate the meteorological fields:

where p', 6’are deviations from a basic state for

di g = f =T ) fz” +R,, pressure p and potential temperature d, respectively, s
dt  ox is specific humidity, C; is sound wave speed, u, and
) v, are geostrophic wind components representing the
dV apP synoptic part of the pressure, f; and f, are Coriolis
—+—=-fU-U g) +R,, parameters, g is gravity constant. R, R,, R, Ry, and
dt oy R, are terms for subgrid-scale processes in the K-the-
ory.
(IW aP gP Glf 2 EH:’ A description of the model can be found ,e.g.,in
= = LU+ + R, [1,5].In the present paper, a 2D version of the model
d t =t C ¢ with a finite-element spatial discretization is used [2].
The equations are discretized in time as follows [3]:
de
o Re 0= 3,
at 5U+—P +—(G"P)=-ADVU,
ox  d¢
ds
— =R, 1 Pt gP
a (S,W+Gl/2 S g = BUOY - ADVW,
L ap oU o ow (paf
[ —— —_ _ P— _t
cto ox oy o o 5P+ p) o 1 ow
Cs’ ax G” 2o
e = _ — J —
U=pulV =pu,P=pp', W=pu +—(G"U )= PFT,
g
COLD FRONT PROPAGATION OVER STEEP — l+a l-o
_ t+At 1At
OROGRAPHIC OBSTACLES /= 5 ST+ 5 A
An example calculation is shown here for the
propagation of an idealized cold atmospheric front
over a valley with input parameters from [4]: The ft+At _ ft—At
obstacle is a circular valley with an axially symmet- 5: f = -
ric Gaussian height profile of 600 m. The computa- 2At

tional domain is 25x2 km. The front surface is de-
scribed in the model by an equation for advection of a scalar substance. The equation is solved numerically by
a third-order semi-Lagrangian procedure. The front surface was taken initially as a step-function. In Figure
1the front arrives at and in Figure it departs from the valley.

The results of a series of calculations with various input parameters of initial front height, obstacle height,
and stratification are shown in Table 1.The calculated values of windward and leeward speeds are given in the
last columns.

2000 hetght, m 2000 - hospe, m
1800 |- 1000 F
1600 - 1600 |-
1400 = 1400 |-
1200 1200
1000 - 1000
200 - aoo k-
600 - 0o -
400 |- ooy 3
200 |- 200k
% 5 6 5 % P o L L L L )
P 0 5 o 15 20 25
Fig.1. Cold front propagation over valley: neutral Fig.2. Cold front propagation over valley: neutral
stratification, arrival stratification, departure
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A reasonable agreement is obtained between these data and results of paper [4] calculated with a different
atmospheric model and numerical scheme for temperature advection. Some important physical phenomena,
e.g.,the formation of an upwind-propagating hydraulic jump, shown here in Figs. 1 and 2, is well reproduced
by the present model. These tentative results show that the finite-element model can be used for the simulation
of atmospheric front propagation over steep orographic obstacles.

Table 1. Cold front propagation over orographic obstacles of various shapes and stratifications

OBSTACLE INITIAL FRONT | STRATIFICATION WINDWARD LEEWARD SPEED
HEIGHT (m) HEIGHT (m) (K /100 m) SPEED (m /sec) (m /sec)
0 600 0.0 45 45
0 600 0.35 5.1 5.1
600 600 0.0 4.4 3.7
600 600 0.35 4.9 2.7
600 300 0.35 3.0 0.0
600 900 0.35 75 45
- 600 600 0.0 45 3.9

Acknowledgements. This work was supported by the RAS Presidium, under Program 4, the RAS Depart-
ment of Mathematical Sciences, under Program 3, and the Russian Foundation for Basic Research, under
Grant 14-01-00125-a.
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Comparison of the temperature fields obtained
from satellite probing and ERA-Interim data for
geopotential height 10 hPa in wintertime over Siberia

Kochetkova 0.S., Devyatova E.V., Tatarnikov A.V., Mordvinov V.I., Shcheglova E.S.

Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
E-mail: meteorologist-ka@yandex.ru

data for geopotential height 10 hPa in wintertime over Siberia. Comparison was made from Novem-

ber to March for two years —2008/2009 and 2009/2010. Comparison showed good spatial and tem-
poral agreement between observation and archival data. That allows us to use both databases for studies of the
circulation processes in the stratosphere, and use satellite probing data at higher levels up to the heights of the
ionosphere.

We compared the temperature fields obtained from satellite probing data and ER A-Interim re-analysis
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CpaBHeHuWe noneun TeMnepaTypbl N0 AaHHBIM CIYTHUKOBOIO
30HAnpoBaHuA 1 apxmea ERA-Interim Ha yposHe 10 rTla
B 3MHMI Nepuog Hag Cnbupbio

Kouetkosa 0.C., [leBatoBa E.B., TatapHukos A.B., MopasuHos B.U., Lernosa E.C.

WUHcTuTyT conHeyHo-3eMHon pusuku CO PAH, UpkyTck, Poccuna
E-mail: meteorologist-ka@yandex.ru

NocJeHee JeCATHIIETHE IPUOOPENTH OOIBINYIO TOMYSIPHOCTD M IMPOKO UCTIONB3YIOTCS B UCCIIEN0BA-

HUSIX 00IIeH HUpKyIsiiK arMocdepsl naHHbIe apxuBoB peanannsa — NCEP/NCAR Reanalysis, NCEP/

DOE AMIPII[1, 2], ECMWF ERA-40 [3], ECMWF ERA-Interim [4], JRA [5], nony4ueHHbIe ¢ TOMO-
610 KOMITJIEKCHBIX CHCTEM YCBOEHHUSI MHOTOJIETHUX WHCTPYMEHTAIBHBIX HabmoneHnii. Tak kak JaHHBIE pea-
HAJIM30B OTJIMYAIOTCS OT HATYPHBIX U3MEPEHHH U Pa3TUYaloTCsl MEXAy co00i m3-3a 0COOEHHOCTEH CHCTEM
YCBOEHUSI, TTIABHOTO JIOCTOMHCTBA apXUBOB - TTI00aIHHOTO OKPBITHS BCETO 36MHOTO IIapa ¢ paBHOMEPHOM To-
PHU30OHTAIBHOM CETKOH M TOCTaTOYHO OOJBIION BEPTUKAIBHON MPOTKEHHOCTBIO - MOXKET OKa3aThCsl HEOCTa-
TOYHO JUISl PELICHUs psla crielin(UUeCcKUX UCCIe0BaTeNIbCKUX 3a1ad. K TakuM 3aiaq4aM OTHOCSTCSI, HalpH-
Mep, uccieaoBanus MeTeoddPeKkToB B HOHOC(hEpE U CBA3EH IIMPKYJSIMOHHBIX MPOIECCOB HA BHICOTAX HOHOC-
(epsl ¢ mpolieccaMy Ha HIKHUAX YPOBHSX atMoc(epsl. Tak Kak apXUBbI peaHaIH30B HE PaCIIPOCTPAHSIOTCS 10
TaKHUX BBICOT, BOSHHUKAET 3ajjada IOMCKa JaHHBIX, a TAKXKE BOIIPOC O CTETICHH COTJIACOBAHHOCTH 3THX JaHHBIX C
apXUBaMH PEaHAIM30B, UCIIOIB3yEMBIMHU IS MCCIEI0BAHUS IIMPKYIALMOHHBIX IIPOLIECCOB B HIKHEN U cpefi-
Heit atMmocdepe.

Co BrOpoOIii Mo0BUHBI 70-X T00B XX BeKa MCCIIEAOBAaHUE BEPXHEH aTMOC(hephl CTaja0 BO3MOKHBIM Oj1a-
rofaps CIyTHUKOBOMY 30HAMPOBAaHUIO. J[MCTaHIIMOHHOE 30HANPOBAHME ITO3BOJISIET ONPENENATh BEPTUKAIb-
Hble Ipoduin aTMOC(EpHBIX TapaMeTpoB (TeMIeparypa, BIaKHOCTh U Jp.). COOTBETCTBYIOIINE HCCIIEN0Ba-
HUS TIPOBEICHBI BO MHOTUX CTpaHaX, B ToM uucie u B Poccuu [6, 7]. B nmanHol pabote 1 UCCIe0BaHUS
MIPOCTPAaHCTBEHHO-BPEMEHHBIX N3MEHEHUI TeMIIepaTyphbl U CPaBHEHUS ITUX U3MEHEHUH ¢ TaHHBIMH KIIMMaTH-
YeCKHX apXWBOB, MBI HcCmoib3oBanu aaHHbie TOVS co cnytHukoB cepuu NOAA. Ammaparypa TIROS
Operational Vertical Sounder (TOVS) npencrapisieT co00# KOMIUIEKC M3 TPEX HE3aBUCUMBIX CUCTEM, TaHHBIC
KOTOPBIX MOTYT OBITh UCIIOJIb30BaHbI JUIsl BOCCTAHOBJICHHSI BEPTHKAJIBHBIX ITPOQHIIeH TeMIIepaTyphbl, BIaKHO-
CTH BO31lyXa, TIOJIS BETPa, KOHIICHTPAIIUK 030HA U APYTHX MTapaMeTpOB.

Puc. 1. MpocTpaHcTBeHHbIe pacnpeaeneHusa TeMnepatypbl Ha ypoeHe 10 rMa c 1 no 9 Hoabpa 2009 r. BepxHue peBATb NaHe-
nen — JaHHble CMYTHWKOBOMO 30HAMPOBaHUA, HUXKHWE [eBATb NaHenen — faHHble apxuea ERA-Interim.
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Mg poBenn cpaBHeHHE NaHHBIX TOVS o Temmeparype Ha ypoBHe 10 rlla B 10ATOTHO-IIHPOTHOM CEKTO-
pe 40° B.x. — 160° B.1. m 30° c.mmr. — 80° c.Im1. ¢ JAaHHBIMHU O TeMIIepaType Ha 3ToM ke ypoBHe B cpok 00 CI'B u3
apxuBa ERA-Interim. O6a Habopa JaHHBIX IPENCTaBIEHBI B y3/ax ceTKH 2.5°%2.5°. CpaBHeHHE POBEICHO
JUTSA IBYX 3UMHUX TIeproaoB (HosA0ps - Mmapt) 2008/2009 1 2009/2010rT.

ITepBbIM 3TanioM cpaBHEHHs OBbUT BU3YaJIbHBII aHAIN3 IPOCTPAHCTBEHHBIX PAaCIpeeIeHHI TeMIIepaTyphl
3a otAenbHbBIe AHA. Ha puc. | ams npuMepa mprBeaeHsl pacupeaeiacHus teMneparypsl ¢ 1 mo 9 nHosops 2009 .
TI0 JAHHbIE CIIyTHUKOBOTO 30HIUPOBAHU | 110 JaHHBIM apxuBa ERA-Interim

BusyanbHoe cpaBHEHHE pacripeielieHUi Ha prC. | TT0Ka3aio Xopoliee COOTBETCTBHE MOJIei TeMIIepaTyphl
HaJ ¥icClIeNyeMOi TeppHTOpHEH, TOCTPOSHHBIX 110 IByM Ha0OpaM JaHHbIX, 38 BCE JTHH HCIIOJIb30BaHHBIX ITEPH-
onoB. Ho kpoMe conocTaBiieHNs] MPOCTPAHCTBEHHBIX PacIpelieNIeHHH Ba)KHO Takke IIPOBECTU CPaBHEHHE U
BBISICHUTB CTEIICHb COIVIACOBAHHOCTH BPEMEHHBIX BapHaLli TeMIIepaTypsl B IByX Habopax JaHHBIX. [ljis aT0-
r'0 HaMH OBUTH PacCYUTAHbI KOIGOUIMEHTH! KOPPEISLMU MKy BapHALMAMH TEMIIEPaTypHI 110 JaHHBIM CITyT-
HHUKOBOTO 30HAMpOBaHUS M gaHHBIM ERA-Interim oTAenbHO 3a KaxIblid M3 MecsleB ¢ HOAOps MO MapT Juis
nByx 3uM — 2008/2009 1 2009/2010rt. KoaddummeHTs! KOppemsiuy pacCINTHIBAIUCH B 12 y37aX CETKH, ITOKa-
3aHHBIX Ha pHC.2, - 4 y3na B 3anagHoit Cubupu, 4 — B [Ipudaiikanse u 4 — B SIKyTHH.

Puc. 2. Y316l ceTKM, B KOTOPbIX paccYMTbIBANMCL KO3GdU-
LMEHTBI KOPPENALMM MEX Y BPEMEHHBIMU BapuaLMAMM
TeMrepaTypbl U3 ByX HabopoB AaHHbIX. bykBaMn 0603Ha-
YeHbl MecTononoxeHua ropogos: T — Tomck, U — UpkyTck,
fl — AryTck.

Tabnuua 1. 3HaueHnA KoadpPpULMeHTOB Koppenaumm ana 3umbl 2009/2010:

Ne KOOPAUHATBI | Hosiops | Jexadpp | SAuBaps | ®eBpannb Maprt
IIpubaiikanne:
1 100° B.x. 50° c.mm. 0,93 0,94 0,81 0,83 0,96
2 100° B.A. 55° c.m. 0,92 0,93 0,87 0,87 0,96
3 105° B.1. 50° c.m. 0,90 0,95 0,80 0,86 0,94
4 105° B.1. 55° c.mm. 0,92 0,92 0,89 0,89 0,96
3anagnas Cuéupnb:
5 85°B.11. 60° c.11. 0,94 0,89 0,94 0,92 0,95
6 85°B.11. 65° .1 0,94 0,92 0,93 0,93 0,93
7 90° B.x. 60° c.mm. 0,94 0,88 0,94 0,93 0,94
8 90° B.z1. 65° c.1m. 0,94 0,90 0,95 0,92 0,93
SxyTus:

9 130° B.1. 60° c.m. 0,81 0,98 0,93 0,86 0,86
10 130° B.A. 65° c.mI. 0,91 0,94 0,96 0,91 0,71
11 135° B.x. 60° c.m. 0,73 0,98 0,92 0,84 0,78
12 135° B.A. 65° c.m. 0,90 0,96 0,95 0,92 0,70

Pacuersl k03QPUIIIEHTOB KOPPEIISIIMY TOKA3aJId XOPOLIee COOTBETCTBHE IaHHBIX CITyTHUKOBOTO 30H/IHU-
poBanus u apxuBa ERA-Interim. MunumManbHble 3HaueHns1 K03()(UIUEHTOB KOPPEJSILIUK 0TMedatoTcst B SIKy-
THH, HO JJa)Ke B 9TOM CJIydae OHM IPUHUMAIOT 3HaueHus He meHee 0,70.

3 T T

Puc. 3. Ipa¢uku Temnepatypel Ha ypoeHe 10 rfla B
mapte 2010 r. B TouKax ¢ koopanHatamm 100° B.4. 50°
c.ww. (1), 90° B.4. 60° c.ww. (2), 135° B.4. 65° c.ww. (3).
ToncTble AMHUK — rpaduKK, NOCTPOEHHBIE MO AaHHBIM
CMYTHUKOBOI0 30HAMPOBAHUSA; TOHKME IUHUM — NO
AaHHbIM apxuBa ERA-Interim. Mo ocm abeuucc otno-
¥eHbl HOMepa AHew.
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Jast Toro, uTo6BI GoJIee HAISIJHO POMIUTIOCTPUPOBATh BPEMEHHYIO TUHAMHUKY TEMIIEpaTyphbl U BU3yallb-
HO OLICHHUTH CTEIICHb COIIACOBAHHOCTH JTaHHBIX OBLIN BBIOPAHBI TPH y3J1a CETKH, 110 OTHOMY JUIS Ka)XII0To U3
HCCIIEIyeMbIX PETHOHOB, W MOCTPOCHBI TpadMKH W3MEHEHWH TeMIeparypsl B 3THX y3iax B Mapre 2010 r
(puc.3). Mapr mecs1 ObuT BEIOpaH MOTOMY, UTO JUISI HETO XapaKTepeH HanOoIbIInii pa3dpoc 3HaueHUH Kod(h-
¢urmentos xKoppensun, oT 0,96 B Ilpubaiikanse o 0,70 B AxyTtun. Bapuamun TemepaTypbl IpUBEACHH B
OTHOCHTEJBHBIX eIMHUIIAX M CMELIEHBI 110 BEPTUKAIBHON OCH I YI0OCTBa COMOCTABICHUSL.

AHanu3 rpauKoB MOKa3bIBACT JOCTATOYHO XOPOIIEe COOTBETCTBUE MEXY IByMs HCCIIELyeMbIMU Habo-
pamu gaHHBIX. OHAKO, ecTh 1 omnuHA. B y3max cetku 1 u1 2 (k03¢ UIMEHTH KOPPESIIHA MEXKIY AByMs Ha-
6opamu mauHEIX 0,96 11 0,94 COOTBETCTBEHHO) pasiIHyHs BapHAII IPOSBISAIOTCS, B OCHOBHOM, B (hopMe C/IBH-
ra B OT/ICIbHBIC MOMEHTHI BPEMEHU MEXTy rpaduKaMu Ha HHTEPBaJ BpeMeHH nopsiaka 1 — 2 cytok. B Touke 3
(xoxdpdrmment xoppemsiuu 0,70) pa3auuus B BapHaIllUsaX TeMIepaTyphsl 00yCIOBICHHI OoJiee CriiakKeHHBIM
XapakTepoM rpaduka, IIoCTPOSHHOTO 10 CITyTHUKOBBIM JaHHBIM, BCJIEACTBUE YET0 COIIacCHe HAa KOPOTKUX MH-
TepBaJlaX BPEMEHH Xy)Ke, 4eM Ha 0oJiee AIHTEIbHBIX HHTepBajax.

3AKJTIOYEHUE.

[IpoBenenHoe B paboTe cpaBHEHHE NMPOCTPAHCTBEHHOTO PACTIPEEICHUS U TUHAMHUKH TEMIIEpaTyphbl Ha
yposHe 10 rlla B 3umHMIA iepuox Hax CHOMPHIO TIO JaHHBIM CITyTHAKOBOTO 30HIUpPOBaHUS u apxuBa ERA-
Interim mokasasno XopoIee COOTBETCTBHE MEKAY HUMHU. DTO MO3BOJISIET HCIIOJIB30BaTh OTHOBPEMEHHO 002 Ha-
6opa MaHHBIX JUIS UCCIIEA0BAHUS MIPOIECCOB B BEPXHEH, cpefHell 1 HIKHEH aTMocdepe, a TaKkKe B U3yUCHUH
B3aUMOCBSI3eH MEXy HUMH.

Paboma evinonnena 6 pamxax npoepammor NeOH3-8.3 "Dxcnepumenmanshsie ucciedo8anus uoHocpep-
HO-AMMOCHepHO-TUMOC@epHbIX NPOYECco8 8 30HAX BbICOKOU ceticMuyeckol akmugnocmu”.
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Mathematical modeling and spatial analysis of GHG
emissions processes from Agriculture sector of Poland

"Charkovska N.V., "’Bun R.A.

' Lviv Polytechnic National University, Lviv, Ukraine
? Academy of Business in Dabrowa Gérnicza, Poland
E-mail: nadiya.fedyshyn@gmail.com, rost.bun@gmail.com

main reasons of climate changes is a high level of the concentrations of greenhouse gases (GHG) in the at-
mosphere, because of the various types of human activity. On the purpose to prevent these changes, on the
international level the obligations have been accepted on performance of national GHG inventories for major
sectors of the economy by all countries which have accepted and ratified Kyoto protocol to the United Nations

The last twenty years humanity thinks more and more about climate changes. Scientists argue that one of the

« CONTENTS


mailto:nadiya.fedyshyn@gmail.com
mailto:rost.bun@gmail.com

Framework Convention on Climate Change. In this regard, assessment of GHG emissions is an urgent problem in
checking of the compliance of the international obligations on the GHG emissions reduction. The share of the ag-
ricultural sector of Poland in total GHG emissions is ponderable. The assessment of GHG emissions from this
sector is extremely important to find out the structure of total national GHG emissions. Therefore, the aim of this
work is the development of mathematical models of GHG emission processes from the different categories of the
agricultural sector. These models reflect the dependence of emissions from results of the economic activity and
specific regional emission factors. With the usage of such mathematical models and the created geoinformation
technology we have carried out the spatially distributed GHG inventory and have obtained the estimates of GHG
emissions at elementary areas 2 km per 2 km for each category of agriculture sector. Using the tools of geoinfor-
mation system we have built the spatial cadastre of CO,-eqv. emissions. The results of spatial GHG inventory
show that the territorial distribution of emission sources is extremely uneven. The results of modeling, displayed
on the built digital map, present the regional specificity of GHG emission processes in Poland and are important
for authorities in making strategic decisions on how to reduce emissions in the respective territories.

The study was conducted within the European Union 7FP Marie Curie Actions IRSES project No. 247645,
acronym GESAPU.

MaTeMaTnyecKoe MoaesimpoBaHune n HpOCTpaHCTBeHHbIVI
aHa/ M3 rnpoueccos aMNCCUUN NMapPHUKOBDBIX NaA30B
B CE/IbCKOX03ANCTBEHHOM CeKTope [MonbLun

'Yaprosckas H.B., "“ByHb PA.

" HaumoHanbHbIi yHusepcuTeT “JIbBOBCKaA NonuTexHuKa”, JlboB, YrpanHa
? Akagemus 6usneca B [Jomb6pose lypuunueit, Monbwa
E-mail: nadiya.fedyshyn@gmail.com, rost.bun@gmail.com

1. BCTYMNEHVE

ITpobnema KIMMAaTHYECKIX U3MEHEHUH OYEHb aKTUBHO O0CYXIAaeTCsl B HAYYHBIX KpyTax. Jloist BIMAHUA
aHTPOTIOTEHHOTO (paKkTOpa HAa N3MEHEHHMS KIIMMAaTa OY€Hb BHICOKAs, KaK PE3yNbTaT ceiyac B atmocdepe HameH
IUTAaHETHI HAOJIOIAETCs! TIOBBIIICHUE YPOBHSI KOHIICHTPAIIMH TApHUKOBBIX ra30B, HANPSAMYIO CBSI3aHHOE C IJIO-
6anpHBIM moTerieHHeM. C LeNbI0 COKpAIICHUsST YPOBHS SMUCCHI YCTAaHOBIICHO P MEXIyHapOAHBIX 00s3a-
TENBCTB, @ TAK)KE MOJKPEIICHO X COOTBETCTBYIOIINMH HOKyMeHTaMu. Cpea HUX OCHOBHOE MECTO NPHHA/I-
nexuT KnoTckoMy MpoTOKOITYy, KOTOPBIA yCTAaHOBHI OIPAaHNYEHHS HA SMHICCHH MTApPHUKOBBIX TA30B UL HHIY-
CTPHUAJIBHBIX CTPaH. B CBSA3M ¢ 3TUM, OLIEHUBAHUE SMUCCUI TAPHUKOBBIX I'a30B SIBISIETCS AKTyaJIbHON HayYHOU
3aaueil 1Mo MpoBepKe BHITOJHEHUH MPUHATHIX 0053aTeIbCTB BCEMH CTpaHaMHu, B ToM uucie [lompmei. [Ipoa-
HaJIN3UPOBAHBI OCHOBHBIE METOIBI M TIOIXOABI K MAaTeMaTHYECKOMY MOJICITHUPOBAHHIO TPOIECCOB AMHUCCHUHU
MIApPHUKOBBIX Ta30B Ha YPOBHE CTPAHbI, PETHOHOB M IEMEHTAPHBIX YYaCTKOB TEPPUTOPHH C LIEIBIO OCYIIECT-
BJICHUSI MHBCHTApU3alllH MAPHUKOBBIX Ta30B B CENBCKOM Xo3siicTBe Ilompmm. MeToguku WHBEHTapU3annuu
MIApHUKOBBIX I'a30B Ha HAMOHAJIFHOM YPOBHE (T.€. HA ypOBHE CTpaHbI), pa3pabOTaHHBIE MEXIYHAPOIHOMH
TPYIIIOH 3KCIIEPTOB MO U3MEHEHHIO KIMMara, Oarofapst CBoeil yHUBEpCaIbHOCTH MOTYT HUCTIONb30BaThCS AJIS
Pa3HbIX CTpaH, HECMOTPSI Ha CYIIECTBEHHBIC PA3INiMs MEKAYy HUMHU B PAa3IMYHBIX acleKTaX. DTH METOAUKU
OXBAaTHIBAIOT OCHOBHBIE CEKTOPa XO3AHCTBEHHOM NESATEIbHOCTH: 3HEPTETHKA, IPOMBIIIIICHHOCTD, CENbCKOE U
JIECHOE XO3SIIICTBO, MI3MEHEHUS B 36MJICTIONb30BAHNH, OTIEPUPOBAHUE C OTXOAAMH. 3HAYUTENIbHAA YacTh B 00-
IIUX SMUCCHAX NPUHAIICIKUT CEITLCKOMY XO3AHCTBY. VIHBEeHTapH3alysl MApHUKOBBIX Ta30B HA YPOBHE CTPAHbI
OCYIIECTBIAETCS KayKAbIH IO U €€ PE3yNbTaThl MPENOCTABISIOTCS B HAIIMOHAIBHBIX oTdeTax. [IpenMymect-
BOM IPOCTPAHCTBEHHOM WHBCHTApU3allMU IEpe] TPaIUIMOHHON SIBISETCS BO3MOXHOCTH MOAEITHPOBAHUS
SMHCCHOHHBIX MIPOLIECCOB HAa OYEHb MAJICHBKUX y4acTKax TEPPUTOPHUH U TIOCTPOEHHE MPOCTPAHCTBEHHBIX Ka-
JacTPOB 3THX AMHUccHi. [IpocTpaHCTBEHHO pacnpee/ieHHasi HHBEHTApH3aIsl IaPHUKOBBIX I'a30B, B YaCTHO-
CTH B CEIIbCKOXO3STHCTBEHHOM CEKTOpPE, HE OCYIIECTBIIACh 1uist [Tonpmm.

2.TTOCTAHOBKA 3A0A4M

Lexnb 3THX MCcIenoBaHUI — pa3pab0oTKa MATEMaTHIECKIX MOJAETICH [T OIIEHUBAHUS SMICCUH TTapHHUKO-
BBIX TA30B B Pa3IIMYHBIX KATCTOPHUAX CEIBCKOXO3SIHCTBEHHOTO cekTopa [1obiy 1 MX MPOCTPaHCTBCHHEBIH aHa-
3. PaccMOTpeHbl OCHOBHBIE MCTOYHMKM 3MHMCCHUN MAapHHUKOBBIX TI'a30oB B cekTope “Cenbckoe X034HCTBO”
Ionbum cornacHo metoguk MI'OUK [6], koTOpBIE YCIOBHO MOXKHO MOJEIUTH Ha )KUBOTHOBOACTBO U PaCTEHU-
€BOJICTBO.
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SESSION 2

K :KMBOTHOBO/ACTBY OTHOCHTCSI:

® SHTepaibHas (hepMEHTanus JOMAIIHETO CKOTa (OOJBIIOr0 POraToro CKOoTa, KOpoB, OBEL, KO3, JIOoIIa-
Iiel, CBUHEN);

e y0Oopka, XpaHEHHUE, Pa3JI0KEHUE 1 CIIOIb30BaHNE HABO3a JOMAIITHETO CKOTA.

PacrenneBoaAcTBO NMoApa3aesieTcsi HA KATETOPUM:

®  TI0YBHI CEIBCKOXO35HICTBEHHOTO Ha3HAYEHHMSI, KOTOPBIE B CBOIO OYepe/b ACIATCS Ha: a) IPsIMbIE 3MHC-
CHH TIAPHUKOBBIX T'a30B OT ITOYB (KaK Pe3yJbTaT BHIPAIIMBAHUS CEIILCKOXO3SMCTBEHHBIX KYJIBTYP Ha MaXOTHBIX
1I0YBaX; BHECEHHWE B 3TH IOYBBI MUHEpAIbHbBIX, OPraHWYECKNX YJOOpEeHHil, HaBO3a CKOTa; OMOJOTHYECKast
(uKcanus a3oTa ¢/X KyJabTypaMu); 0) HEMpsIMbIe SMUCCHH OT ITOYB (BBIMAICHUE aTMOC(EPHBIX 0CAIKOB; BEIIIE-
JIaYMBaHKE U CTOK a30Ta M3 ITOYB); B) BBIIAC JJOMAIIHETO CKOTa Ha MaCcTOMINAX;

® CXKHTaHHE CEJIbCKOXO3SMCTBEHHBIX OTXOIOB (OCTAaTKOB CEITLCKOXO3SIHCTBEHHBIX KYIBTYp IOCIe coopa
ypoxKas).

B cenbckoM x03s1CTBE NMEIOT MeCTO 3HadMTeNnbHbIe aMuccun Metana (CH,) n 3akucn azora (N,O). Ha-
IIPUMEp, YaCTH CEJILCKOXO3SMCTBEHHOTO CeKTopa B o0mmx smuccusx B 2010 roxy /s MeTaHa COCTaBILSUTH
35,06%, a s 3akucu azora — 83,02% [7]. B myOnmukanusix [1-5] ocymiecTBieHa mpoCcTpaHCTBEHHAs HHBEHTA-
pH3anus A7 OTACIBHBIX KATETOPUH CEIbCKOXO3IHCTBEHHOTO CEKTOPA.

3. MATEMATUYECKAA MOAEJTb 3SMNCCUOHHbBIX MNMPOLIECCOB

i ocy1iecTBIeHUs] IPOCTPAHCTBEHHON MHBEHTApPHU3AlUU B CEIbCKOX03HCTBEHHOM cekTope Ilonbuu
OBUI MCITIOIb30BaH TeOMH(POPMALIMOHHBIH MOAX0], KOTOPBIH OCHOBBIBAETCSl HAa PA3JICIICHUH UCCIIEyeMO Tep-
PUTOPUU Ha dIEMEHTApHbIC YYaCTKU U MOCIIEeI0BATeIbHOM MOAEIMPOBAaHUHN SMUCCUOHHBIX MPOIIECCOB Ha Ka-
K 1oM 13 HuX. CpecTBaMu reonH(POpMaMOHHOM CHCTEMbI C(OPMUPOBAHO MHOKECTBO TAKUX JIEMEHTapPHBIX
Y4aCTKOB HUCCIIEAYEMOI TEPPUTOPUU pa3MepoM 2 KM X2 KM B Ipejiesiax TMUH — aIMHUHUCTPATUBHBIX E€IUHUI]
[Tonbmm TpeThero ypoBHs (aHaJIOT CEIbCOBETOB).

OreHMBaHNE SMHUCCUI TTAPHUKOBBIX Fa30B OT CENbCKOXO3AHCTBEHHOM AedrensHocTU B [lonbie Ha ypos-
HE DJIEMEHTapHBIX YYaCTKOB OCYLIECTBIISIETCS C TIOMOLIBIO 000OIIEHHON MaTeMaTn4eCKON MOJIEIIH:

74, 6)=3 b 6 k6] o
t=1

rae £, — TOMMYHBIE SMUCCUM g-TO TIAPHUKOBOTO ra3a B J,-M SIEMEHTAPHOM Y4acTKe OT BCEX HCTOYHUKOB
SMHUCCHH B CEIBCKOXO035ICTBEHHOM cekTope (“Agr” o3HauaeT cektop “Cenbckoe x03sicTB0”); D, (J,)— cTaTu-
CTHYECKask HHPOPMALHS O C/X NeATEIBHOCTH JUIS {-T0 HICTOYHUKA SMHCCHU B J,-M DJIEMEHTapHOM ydacTke; K,
(3,) — KO3 GUIMEHT SMICCHU T g-TO TAPHUKOBOTO ra3a OT /-T0 HCTOYHHKA B MIpeeiax J,-TO JIEMEHTapHOTO
y4acTka; 7' — KOJIM9IECTBO KaTeTOPUH HCTOYHHKOB 3MHUCCHH ITAPHUKOBBIX TA30B B C/X CEKTOPE.

J11s1 oLileHNBaHMS SMUCCHI TAPHUKOBBIX Ta30B B )KUBOTHOBOJICTBE MCIIOIb30BaHA CTaTHCTHIECKast HH(Op-
Manus O IOTOJIOBBE PA3IMYHBIX BUOB JOMAIIHETO CKOTa Ha YPOBHE TMHUH OT/JEIBHO AJIS Pa3HBIX TUIIOB COOCT-
BEHHOCTH (B COOCTBEHHOCTH HAacEJCHUS M (epMEPCKUX MPEANpUATHIi). B pacTeHHeBOACTBE MCIIOIb30BaHEI
CTaTHCTHYECKHE AaHHbIE 00 00beMax MCIOIb30BaHHBIX MUHEPAIBHBIX a30THBIX yIOOPEHHH; 0CaaKe CTOYHBIX
BOJI; TIOTOJIOBBE CKOTA M IITHIII; TUIOLIAIN IO Pa3IMYHBIMU KYJIBTypaMH (3¢pHOBBIMH, 0000BBIMH, KOPHETIIIO-
JlaMH, OBOIIIAMU U (PPYKTaMH) U TTOKA3ATEIN X yPOKAHHOCTH. B ceNbCKOX035ICTBEHHOM CEKTOPE AIMUCCHH OT
TIOTOJIOBBSI CKOTA M ITOYB C/X HAa3HAYEHHS MOXXHO CYMTATh IUIOCKOCTHBIMHU HCTOYHHKAMH SMUCCHHU APHUKOBBIX
ra3oB. Hanpumep, npu MoaenrpoBaHne SMHCCHOHHBIX POLIECCOB B )KMBOTHOBOCTBE IPE/IIONIAraeM, 4To Mo-
TOJIOBBE JIOMAIIIHETO CKOTa B COOCTBEHHOCTH CEIILCKOTO HACEIEHHS PAacIpEAEICHO MPOIOPIHOHAIBHO YacTH
HaceJIEHUs CEJl B JJIEMEHTAPHOM YJacTKe, a IIOTOJI0BBE CKOTa B COOCTBEHHOCTH C/X MPEAIPUATHI — IPOIIOPIH-
OHAJIBHO TUIOHIAJH C/X 3€Mellb, HA KOTOPBIX MOXKET BECTHCH (hepMepcKasi IesITeNbHOCTh (ITaXOTHBIE TIOYBHI,
MacTOMINA U IPYTHE C/X TSPPUTOPHUH).

Craructuueckast HHGOpPMaIUs OTHOCHTENIFHO CENTbCKOXO3SIHCTBEHHOH NESATENbHOCTH MCIONB30BaHA M3
JOKaIbHOM 0a3sl maHHbIX [lombmu (B Buae Tabmun Excel mo agMuHuCTpaTHBHBIM equHUIaM [lombmm — rmu-
HaM, TIOBETaM HIIM BO€BOACTBaM) 8], a K03 PHUIIMEHTHI 1 ApyTHe HeoOXOAUMBIE MapaMeTPhl — U3 TOIBCKOTO
HAIIMOHAJIFHOTO OTYeTa M0 MHBEHTAPHU3AINH MTAPHUKOBEIX Ta30B 3a 2012 rox [7]. B pobote Takxke ncmoip30-
BaH CTaTUCTHYECKUH €KETONHUK 10 CeIbCKOMY X03s1iicTBY 3a 2011 rox [9].

C menpio MOETMPOBAHNS SMUCCHH ITAPHUKOBBIX Ta30B HA YPOBHE JJIEMEHTAPHBIX YUIaCTKOB CO3/1aHa Ieo-
nH(pOPMALMOHHAS TEXHOJIOT U, KOTOPAsi UCTIONB3YET CTATHCTHYECKHE AHHBIE O CEIbCKOX035ICTBEHHON aesi-
TEJIFHOCTH Ha YPOBHE TMHH, KO3(Q(UIIHEHTHI SMUCCHH, U(POBYIO KapTy TMHH U HA HX OCHOBE (hopmmpyer
reopacIpeseneHyio 6asy BXOmHbIX JaHHBIX. Kapra 3emienons3oBanus [lonbimm co3gana cpecTBaMH T€OHH-
(hOpMaIMOHHOHN CHCTEMBI C IOMOILBIO OTIEPAINii BEIPE3aHUS U3 KapThl 3eMIICTIONB30BAHUS TEPPUTOPHIA JIECOB,
MIPOMBIIIJICHHBIX OOBEKTOB U T.II., OCTABUB JIMIIb ITAXOTHBIE ITOYBHI ¥ TacTOMIa. PaspaboranHas cuctema naet
BO3MOXXHOCTb CTPOWUTH IPOCTPAHCTBEHHBIE KaaCTPhl SMUCCHH MAapHUKOBBIX Ta30B M OCYIIECTBIATH UX IPO-
CTPaHCTBCHHBIN aHAH3. [Ipy 3TOM Ka)kas KaTeropust HCTOYHUKOB SMUCCHIA B cekTope “Celbckoe X03HCTBO™
MMEET OTACNBHBIN Mmap IH(POBOIt KapTHI.

« CONTEN



4. PE3YJIbTATbI MOOEJIMPOBAHMA 3SMUCCUOHHBIX MNMPOLIECCOB

B pesynbrare 4HCIEHHBIX SKCIIEPUMEHTOB TIOJTyYeHBI OLIEHKH SMUCCHI MTAPHUKOBBIX Ta30B OT BCEX KaTe-
TOPHUH CEIBCKOXO3SIMCTBEHHOTO CEKTOpa HA YPOBHE 3JIEMEHTAPHBIX YYaCTKOB pa3MepoM 2 KM X 2 KM B IIpeze-
nax rmuH [Tonemn. Kak npumep, Ha puc. 1 NpoMIITIOCTPUPOBAHO TEPPUTOPHATIBHOE PACTIPENEIEHUE CyMMap-
HbIX 3Muccnii B CO,-3KBUBAJIEHTE, TO €CTh SMUCCHH METaHAa M 3aKHCH a30Ta YMHOXEHO Ha UX KO (UITHEHTHI
I00aTBFHOTO MoTeTUTeHN (25 — st MeTana 1 298 — 11 3aKHCH a30Ta).

Cymmapasie smuccnn Metana (CH,) B cenpeckoxozsiicTBeHHOM cektope B 2010 rofy 1mo pe3ynbsraram ore-
HuBanust coctaBmin 580,43 Teic. ToHH. Camast 0OJbIIAs YaCTh B SMUCCHIX METaHa MPUHAUIC)KUAT KaTeTOPUN
“OHTtepanbHas pepMeHTanus gomamHero ckota” (74,91% wmm 434,81 1eic. TOHH). [Ipn 3TOM Ha KUIICYHYIO
(hepMEeHTaNNIO0 BCETO JOMAIIHETO CKOTAa B COOCTBEHHOCTH CENBCKOTO HaceleHws mpuxomutcs 411,56 Toic.
TOHH, @ B COOCTBEHHOCTH C/X NMPEANPUATHH — auiib 23,25 Thic. ToHH. HanbospIas yacTe sMuccnii MeTana B
aHAJIM3UPYEMOH KaTeTOPUH MPOMCXOAUT OT 3HTEpalbHON (epmenTannu kopoB (59,33%) 3a cdyer OombIIOTO
3HAYCHUS KOIQQUITNEHTa IMUCCUH U 3HAYUTEIIFHOTO ITOTOJIOBbS, @ HANMEHbIIast 9acTb — oT ko3 (0,006%).

Puc. 1. [pocTpaHCTBEHHaA UHBEHTApU3aLMA FOAUYHBIX
CYMMapHBIX 3MUCCHIA OT CEbCKOX03ANCTBEHHOMO CEKTOPa
Ha YPOBHE 371eMEHTapHBIX Y4aCTKOB TEPPUTOPUM 2 KM X 2
kM B MonbLue (2010 rog, Toic. ToHH, CO,-3KBUBanEHT)

Puc. 2. CrpykTypa amuccuit 3akuck asota (N,0) ot nous
Ce/NbCKOXO3AWCTBEHHOMO HA3HAYEHWA N0 KaTeropuAM
mctoyHmKoB (2010 rog, %)

2% 1%
B MuHEpANbHEIE 330THLIE

B BoiNac AOMAWHErD yaobpenus

CHOTa Ha nacTBuwax

Yao6peHUe NOYE HABO3OM
croTa

B Henpambie 3MUCCHM

| Buonoruyec kas duxkcauma
33KMCH AZ0TA OT NOYE \

asoTa

Yoobpenue noys

PACTHUTEN bHBIMKH OCTaTHIMM C/K
KYNbTYD

e YaobpeHue noYs oTcToeM
CTONHBIX BO4

B MpAMBIE 3MUCCHK
3AKWCH A30Ta OT NOYB

Pa3znoxxeHne 0TX0/10B KU3HEAEATEILHOCTH CKOTa (HaB03a) CONPOBOXKIAETCS 3HAYNTEIBHBIMU AIMUCCUSIMH
MeTaHa ¥ 3aHHMaeT BTOPOE MECTO B CEILCKOXO3SHUCTBEHHOM cekTope ¢ noineit 24,98% u smuccusamu 145,01
ThIC. TOHH. B aHanu3upyeMoil kareropuu Ha pa3nokeHue HaBo3a cBHHeH mpuxoaurcsa 59,95% Bcex amuccuit
MeTaHa win 86,92 ThIC. TOHH.

UYactb kareropuu “CKuraHve 0CTaTKOB CEeNIbCKOX03MCTBEHHBIX KYJIBTYp Ha MOJISIX” B CYMMapHBIX SMUC-
CHSIX METaHa OT CEeNbCKOX03IMCTBEHHOTO CEKTOpa OUeHb HU3Kas U coctapiseT juib 0,001%, cooTBeTCTBEHHO
0,6 TBIC. TOHH, OHA, TEM HE MEHee, OUeHb BayKHA JUISl ITOTy4eHHsI OObEKTHBHON CTPYKTYPBI SMUCCHUI B aHAIN3HU-
pYeMOM ceKTope.

Cymmapasie smuccun 3akucH azota (N,0) B cexrope “Cenbckoe X035HcTBO” cocTaBUIN 57,84 ThIC. TOHH.
JIuaepom B IUIaHE SMUCCHH B CEIbCKOXO3IHCTBEHHOM CEKTOPE SIBJISIOTCS ITOYBBI CEIbCKOX035ICTBEHHOTIO Ha-
3Ha4eHus ¢ joneit 78,76% wu 45,56 ThiC. TOH. DMHCCHU 3aKHCH a30Ta TAKXKE UMEIIU MECTO IIPU YOOpKe, Xpa-
HEHUH M UCTIOIb30BAHNH HAaBO3a CKOTA B PA3JIMYHBIX CHCTEMaX XpaHEeHUs (TBEPIBIX U JKUJIKOCTHBIX) U COCTa-
B 12,28 Thic. ToHH B 2010 rony (21,24%). CTpyKTypa HCTOYHUKOB AMUCCHH 3aKHCH a30Ta OT IIOYB Hpe-
cTaBjieHa Ha pHc. 2. 3HauuTenbHas 4yacthb (73%) B CyMMapHBIX SMHCCHSIX OT HOYB (CM. PUC.2) MPUHAUICKUT
IIPSIMBIM SMHCCHSIM (rarpamMMa cieBa). Pazorenue npsMbIX SMUCCHIT Ha ITOAKATETOPUH C JI0JIeH BIMSHUS Ka-
HKJIO0H U3 HUX 0TOOpaXKeHa Ha pUC. 2 (IuarpaMma Crpasa).
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SESSION 2

4. BbIBOAbI

PazpaboTanHble MaTeMaTHYECKIE MOJEIH ¥ TeOMH()OPMAIIIOHHAS TEXHOJIOT M MX PEaI3alliy 10T BO3-
MOXXHOCTb OCYIIECTBUTH IMPOCTPAHCTBEHHYIO MHBEHTAPHU3AIMIO AIMUCCHI MAapHUKOBBIX I'a30B OT JIOMAIIHETO
cKoTa (3HTepanbHas (PepMEHTANUsS M pa3IoXeHUE HABO3a), a TAK)KE OT CEIbCKOXO3AHCTBEHHBIX TOYB (BHECE-
HHE Pa3InYHBIX YI0OpEHNH, BHITIAC TOMAITHETO CKOTa, CKUTAaHNE CEJIbCKOXO3SMCTBEHHBIX OCTATKOB U JIPYTHE)
JUISL KaXK/IOTO JIEMEHTapHOTO 00BeKTa B mpeaenax IMuH [lonpmm. OcymecTBIeHO OIeHNBAaHNE YMUCCHH TTap-
HHUKOBBIX I'a30B JJIsl KaYKIOH KaTeTOPUH HAa YPOBHE JIEMEHTAPHBIX YIaCTKOB 2 KM X 2 kM Juts [Tonpmm. Pesyis-
TaThl MPOCTPAHCTBCHHON HHBEHTapU3alui CYMMapHBIX SMHCCHH TAPHUKOBBIX Ta30B MIPEACTaBICHHI HA pHC. 1.
3HaYeHUs] YMUCCHI NTPOCYMMHPOBAHBI IO YPOBHS BOEBOJICTB. [lodydeHHbIE pe3yabTaThl CBHIACTEIBCTBYIOT O
TOM, YTO TEPPUTOPHATIBHOE PACIPE/IeICHHE HCTOYHIKOB YMHUCCHHU TTAPHUKOBBIX T'a30B SBISIETCSI OUYCHb HEPAB-
HOMEpHBIM. Hampumep, HanOompIINe IMICCHE UMEN MecTo B MasoBernkoM BoeBoncTse (4999,51 Tric. TOH
CO,-3KBHBAJICHT), YTO COCTABIISIET OKOMIO 15,6% cyMMapHBIX 3MHCCHII B cTpaHe, a HanMeHsbIe — y JIioGyckom
BoeBozCTBE (728,29 ThIc. TOHH). Pe3ynbTaTsl MHBEHTAPHU3ALNH, IPEICTABICHHBIE B BHJIC TIPOCTPAHCTBEHHBIX
Ka/1acTpPOB, KpaifHe BayKHBI JUIS BIACTHBIX CTPYKTYP MPH MPHHATHN CTPATETHUECKUX PEIICHNI OTHOCHTEIHHO
MyTeH COKPAIIEHHsI SMUCCHI TTAPHUKOBBIX T'a30B HA COOTBETCTBYIOMINX TEPPUTOPHsIX. OCYIIECTBICH CpaBHHU-
TEJIbHBII aHAJIN3 TTOYYCHHBIX PE3YIBTATOB C TEMH, KOTOPBIE IIPEJCTABICHBI HA YPOBHE CTPaHbl B oT4eTe [2].
Pabomei evinonnenst 6 pamxax npoexma 7FP Marie Curie Actions IRSES project No . 247645.
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for Western Siberia
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or a number of tasks of climatology are necessary to know the detailed spatial structure of geophysical
fields, such as temperature, precipitation, wind speed, humidity, etc. Modern models of general circula-
tion of the atmosphere and ocean are able to probable reproduce meteorological fields on spatial scales of
~ 200 km. When scales <200 km climatic fields are reproduced with insufficient accuracy, especially in areas
with complicated topography. For such regions could be used regional hydrodynamic model of high spatial
resolution. However, it is required a huge amount of computation in solving climate problems for decades and
centuries. In addition, when using empirical-statistical methods in some regions, there is no a priori statistical
information of the desired spatial resolution (for example: in the Siberian region). In connection with the situa-
tion has recently begun to develop rapidly so-called dynamical and statistical methods.
The essence of these methods is that using cluster analysis selected only the most probable situation coarse
spatial resolution which the boundary conditions was set for regional hydrodynamic models of high spatial
resolution. Such a model is creating now for the region of Western Siberia.

InHaMuKo-cTaTMcTUYecKana Mogesnb Tponocdepsl
ana Tepputopmm 3anagHon Cnbupu

'Yaspo A.W., ‘Nementbes A.0., ‘CrenaHeHKo B.M.

! WUHcTuTyT BbluMcAuTenbHoi MateMaTuku PAH, Mockea, Poccua

? MOCKOBCKMIt pM3MKO-TEXHNYECKNI MHCTUTYT (rocyaapcTBeHHbIN yHuBepcuTeT), Mockea, Poccua
* MOCKOBCKMIA FrocyiapcTBeHHbIN YHUBEpPCUTeT MMenn M. B. JloMoHocoBa, Mocksa, Poccua
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JIs1 psiia 3a7a4 KIIMMATOJIOTHH HEOOXOAMMO 3HATh METAlbHYIO MPOCTPAHCTBEHHYIO CTPYKTYPY reodu-
3UYECKUX T0JIeH TaKuX, HalpuMep, Kak TeMIepaTrypa, 0CaJIki, CKOPOCTh BETPa, BIAXHOCTh U T.1. CoB-
pPEMEHHBIC MOIENTH OO0IIIel MUPKY/ISAIMKA aTMOC(EPhl U OKeaHa B COCTOSIHUHU MPABIOIOI00HO BOCIIPO-
3BOANTH METCOPOIIOTHUECKHE MMOJIST Ha MPOCTPAaHCTBEHHBIX MacmTabax ~200 kM. ITpu maciiradbax <200 kM
KJIMMaTHYeCKHE MOJIsi BOCTIPOU3BOJISATCS C HEAOCTaTOYHON TOUHOCTHIO, 0COOEHHO B palioHaX CO CIIOKHOM 0po-
rpadueit. [[nst TakuX perHOHOB MOXKHO OBLIO OBI HCIIOJIB30BaTh PETHOHAIBHBIE THIPOANHAMUYECKAE MOICITH
BBICOKOTO TPOCTPAHCTBEHHOTO paspenienns. OqHaKo IpU PEIICHNH KIMMAaTHYECKHUX 3a7ad Ha TEeCSITHICTHS 1
CTOJIETHSI TPEOyEeTCS OTPOMHOE KOJTMUECTBO BEIYHCIEHUH. KpoMe Toro, mpu mpuMeHEeHNH SMITUPHUKO-CTaTUCTH-
YECKHX METOIOB B HEKOTOPBIX PErHMOHAX OTCYTCTBYET alpHOpHAs CTAaTUCTHUYECKas WHQPOpMAIHs HYKHOTO
TPOCTPaHCTBEHHOTO paspenienus (Hanpumep, B CHOUPCKOM perrnoHe). B ¢Bs3M co CIOKUBIIEHCS cUTyanuel B
TocyeIHee BpeMsl HadaJld MHTEHCUBHO Pa3BUBATLCS TaK Ha3bIBa€Mble JUHAMHKO-CTATHCTHIECKUE METOIBI [3].
Taxkast MoziesTh co37aeTcs B HacTOsIIee BpeMst Ui peruona 3anagHoi Cudupwu.

1. METOOMKA

B 3T0i1 MOzenun ncmonbp3yeTcss JMHaAMHUKO-CTaTUCTHIECKUI MeTox perymsapu3anun. OH CBI3bIBACT JaHHbIC
I00aTFHON M PETHOHAIBHOW MOZIETIeH C IIOMOIIBIO CTATUCTHKH, TTOyYeHHOH U3 KPYITHOMACIITa0OHBIX MTOTO/-
HBIX THIOB. [IpenMymiecTBa 3Toro MeTosa HaJl JHHAMHIECKAM TaKOBBI:

1) pernonaipHast MOZENb 3aIyCKAETCSI OAMH Pa3 AJISl KAXKIOTO THIIA MOTO/BI, TO3TOMY OH MEHEE JOpOT B
BBIYHMCIIUTEIFHOM IIJIAHE;

2) HeT HeOOXOIUMOCTH CUUTATh, YTO CTATUCTUICCKIE 3aBUCHMOCTH, MTOTYUICHHBIC U3 HAOII01aeMoro KITH-
Mara, COXpaHs;IOTCS B MI3MEHEHHOM KJIMMaTe.

OnHaKo METOZ TaKXKE MMEET J[Ba HEJOCTATKa:

1) n3-3a KOHEYHOTO YHCIIA TIOTOAHBIX THIIOB YMEHBIIAIOTCS BapHANU METKOMACIITaOHOTO TIOIS;

2) orpaHWYCHHE pa3pEUICHNS PerHOHATHFHON MOJEITH.
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JHaMUKO-CTaTHCTUIECKUIA METO/I pa30ruBaeTCs Ha qBa OIOKa: CTATUCTUYCCKUHA U quHaMuieckwid. Cra-
TUCTUYECKHUH OJIOK CITYKUT AJIs BBIACTICHHUS HanOoJIee XapaKTepHBIX KPYITHOMACIITa0HBIX peaan3alii. 3aTem,
Ha OCHOBE 3THX JAHHBIX 3allyCKaeTcs IUHAMUIECKNi OnoK. 1S BBIAEIEHHS KPYITHOMACIITAOHBIX TOTOAHBIX
KJIaCCOB NPHUMEHSINCh METOABI KIACTEPHOTO aHaium3a (METOJ MEepapXHUeCKOW Kiactepusanuu u meron K-
CPEIHHX)

1.1. Uepapxuueckasi KJacTepu3amnus.

OcHOBHas HJiesl HEPAPXMUECKON KIIACTEPH3aLMH COCTOUT B TIOCIIEIOBATEIFHOM 00BEIMHEHHN Hanboee
CXOXKHX JJaHHBIX. B nTore oOpa3syercst ApeBoBHIHAS CTPYKTYPa, B KOTOPOH COACPKUTCS MOTHAS MH()OPMAIHS B
pasnUYMIX MEXTy BCEMH MOJNyUYE€HHBIMH TPyINIaMy. DTa IPEBOBHIHAS CTPYKTypa UCIONb3YyeTCsa Ha MOCHEA-
HeM 3Tarie Juisi pa30ueHuns] UCXOJHOTO MHOKECTBA Ha KilacTepbl. BO3MOXKHBI 1Ba pa3IMuHbIX MOIX0/1a:

— MOWCK 33JJaAHHOTO YHMCIIa KJIACTEPOB;

— IIOUCK HanboIee pa3IMYaroIIuXCs KIACTEPOB.

B nmepBoMm ciydae, 3amaercst Tpedyemoe ducio kinactepos. [lanee nepeBo CBs3el cedeTcs ropu30HTaIIb-
HOH JIMHKEH, BBICOTA KOTOPOH M3MEHSIETCs /10 TeX 110, IT0Ka OHA HE OyleT nepeceKaTh 3aaHHOe MaKCHMallb-
HOE KOJINYECTBO KJIaCTEPOB.

Bo BTOpOM Cityuae, HEOOXOIUMO OIPEACTUTh Mepy "pa3IMuUMOCTH" MU "HECOBMECTHOCTH" KJIACTEPOB.
Taxas Mepa MOXKeT OBITh TIOCTPOCHA HA OCHOBE CPAaBHEHMS BBICOTHI POAUTENBCKON BETBH (PAaCCTOSIHHE MEXKIY
paccMaTpuBaEMBIMH KJIACTEPaMH) C BBICOTAMHU JOYEPHHUX BETBEH (PAacCTOSHUS MEXIy JOUYCPHUMH KiIacTepa-
mu). Toraa, MOKHO MOCTPOUTH (OPMAILHOE MPABUIIO — €CIM Mepa HECOBMECTHOCTH JAOCTATOYHO OONbIIas,
HarpyuMep, MPEeBBIIIAET YCTAaHOBJIECHHBIH MOPOT, TO COOTBETCTBYIOIIAs Mapa KJIACTEPOB CUUTACTCS pa3jinyu-
MOH. DTO MO3BOJISIET MOIYYUTHh HA0OP Hanbosee pa3IndalouXcs KIacTePOB.

1.2 Meton knacrepuzanuu "K-cpennux'.

JanHbIil MeTox mpeacTaBiseT co00H NTEPAMOHHYIO TPOLEypy pa3OMeHHs MHOXKECTBA M3MEPEHHUH Ha
3aganHoe yncio kinactepoB k. Kitaccnueckuit anropurwm (batch algorithm) cocrout B cienyromem:

1. 3agaetcs k Touek ¢ € R”, KOTOpbIe MbI OyieM Ha3bIBaTh LIEHTPAMH KJIACTEPOB HIIH LICHTPOHIAMH.

2. Bribupaercs Mepa Ou30cTH (paccTosiHUE) p (X, €) MEXLy BEKTOPaMHU U3MEPEHUH X ¥ LIEHTPOHUIAMH C.

3. Jlyist KaXJ10TO U3 EHTPOUIOB OIIPEACIISIOTCS Hanbosee OM3KYe B 3aJaHHOM CMBICIIC 3HAUYSHUS HCXOI-
HBIX n3Mepenuil. [lomyueHHbIe TOIMHOKECTBA COCTABAT TeKyIIee (IpoMexXyTodHoe) pazouenue P (partition)
MCXOJHOTO MHOXeCTBa Ha k kitactepos P..

4. anee A1 IPOMEXKYTOUHBIX KJIACTEPOB PACCUMTHIBAIOTCS HOBBIE MOJIOKEHUS LIEHTPOUAOB. [lis pacue-
Ta MIPOU3BOAUTCS MOKOOPIHMHATHOE OCPETHEHUE U3MEPEHHH, MPUHAATIEKAIIUX KAXKAOMY U3 IPOMEKYTOUHBIX
KJIaCTEPOB

J171st HOBBIX IEHTPOHIOB CHOBA OTIPEACIISIOTCS HanOosee OJM3KMe 3HAYEHNS HCXOHBIX M3MEpeHUH. Takum
00pa3oM, 3Tarrbl 3 ¥ 4 MOBTOPSIIOTCS JIO TEX TI0P, TT0Ka MOTyYEeHHbIE KJIACTEPhI HE OCTaHyTCs 03 M3MEHEHHH.

1.3. F'mapoaunaMuyeckasi Moae/b.

MHorue peruoHsl 3eMHOTO Hiapa (Hanpumep, 3ananHas Cubups, Kapenns, Kanana u 1p.) OKpHITH Ty-
CTOH CEThI0 BOZOEMOB U BOJOTOKOB. ECIIM OHU AOCTaTOYHO BEJIMKHU, TO, KaK OKA3bIBAIOT TEOPETUUECKUE HC-
cIieIoBaHMs M HaOmozieHus [ 3], HaJ HUMH MOTYT Pa3BHBAThCS OPH3bI — MECTHBIC BETPbI, IUPKYIISIIH, BO3HHU-
Karollye HaJl TEpPMUUECKU HEOJHOPOIHON TOBEPXHOCTHI0. BpU3bl 3HAUNTENBHO BIHSIOT Ha IPOCTPAHCTBEHHOE
pacnpocTpaHeHHe TaKiX aTMOc(epHBIX METeonapaMeTpoB, Kak TeMIIepaTypa, BIaKHOCTb. [IoaToMy B KauecT-
BE€ JMHAMHUYECKOTO OJIOKA MCIOJIB3YETCS THIPOJMHAMHYECKash MOAENb BEICOKOTO ITPOCTPAHCTBEHHOIO pa3pe-
IIeHNs, pa3padOTaHHas Ha OCHOBE ME30MacIITa0HOHW TpexMepHO# Hernapocraruueckoil moxenn Nh3d [4],
peanuzoBanHas Ha CynepkomnbroTepHoM komiuiekce MI'Y nmop pykoBoactsom B.M. Crenanenxo [5]. Ota Mo-
JIenb 00MagaeT Hy)KHBIMHA HaM CBOMCTBAMH: BOCIIPOM3BOANUT OCHOBHBIE XapaKTEPUCTUKH OPU30BBIX LIUPKYJIS-
WA HaJ TUAPOJIOTHYECKH HEOJHOPOAHON MOBEPXHOCTHIO M 001aaeT BO3MOXKHOCTBIO MOYUSHHS JAaHHBIX C
MPOCTPAHCTBEHHBIM Pa3peLICHUEM MEHEE 5 KM.

I'mapoauHaMudeckas MOZENb BEICOKOTO IPOCTPAHCTBEHHOTO pa3pelIeHus peann3oBanHas Ha Cynepkom-
neroTepHOM KoMiutekce MI'Y mon pykoBogactBom B.M. CremaneHko [5] cocTouT U3 Me30MacIiTabHOM Tpex-
MepHO# Heruapocrarnyeckod mozxenn Nh3d, B KOTOpoi MpHMEHSETCsl G-AeKapToBa CHCTEMa KOOPIUHAT C
yIpaBJeHUEM 3alMCaHHBIM B IMBEpreHTHOM Bue; 0ok ISBA [3], oTBevaromum 3a nporeccs! TemoBiIarooo-
MeHa B 1ouBe U pactutenbHocTy; 0moku Clirad-LW u Clirad-SW [1], paccuuThIBaroiye mapaMeTpsl IepeHOca
JUIMHHOBOJIHOBOTO ¥ KOPOTKOBOJTHOBOT'O M3JIy4EHUsI B aTMOcdepe; MOJeb THAPOANHAMUKY Bogoema [6]. Typ-
OynentHas quddy3ns cKaIsIpoB U AUCCHIIANNS UMITYJIbCA IPEICTaBICHBI 3aMbIKaHHEM IIEepBOTo ropsinka. u-
CKpeTH3alusl CUCTEMBI ypaBHEHMH Mopenu mpoBeneHa Ha C-ceTke ApakaBbl, TaK YTO HMPOCTPAHCTBEHHbBIE
MIPOU3BOJHBIE AMMPOKCUMUPYIOTCS HEHTPAIBHBIMU PAa3HOCTSAMHU BTOPOro MOpsiika TOUHOCTU. MHTErpupona-
HUE M0 BPeMEHH IIPOBOAUTCS IO CXEMe “‘uexapja’ BTOPOro MOpsaKa.

2.4NCNEHHBIE 3KCNEPUMEHTDI.

JJ1 9HCIIeHHOTO SKCIIEPUMEHTA HCIIONB30BATINCH TaHHbIe peaHanu3a moxenu ECMWE, npencrasneHnble
B CBOOOZHOM J0CTyIIC Ha caiite http:/ www.ecmwf.int, (paiion 3ananuoit Cubupu (mupota: 50°-68°, moarora
60°-90°) ¢ 1979 roga mo 2011 roa, gonrotTHoe paspernieHue 2°, mupoTHoe 2°, BpemeHHoe 6 yacos). Jlist ymno6-
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cTBa paboThl ¢ MaHHBIMH B Matlab mannbie OBITH IPEICTaBICHBI BUIE MACCHBOB BEKTOPOB, KXKIBIH M3 KOTO-
PBIX IMET CIeIyIoNIie MeTeonapaMeTphl: CyMMa OCaIKOB U IPOQIIIN TeMIEPaTyphl, BIAKHOCTH M CKOPOCTH
BETpa TI0 YETHIPEM BBICOTAM.

[Tocne mpuMeHEeHNsT KJIACTEPHOTO aHaIHM3a OBLTH BBIACIICHBI XapaKTePHBIE SMTU30/bI IS Pa3IMIHbBIX I10-
TONHBIX CUTyaIuit. [y KaXkIoH peau3aliii 3TOro MaccuBa ¢ momomisio Mmoaenu Nh3d paccunteiBanuces me-
TEOPOJIOTHYECKHUE OIS ¢ BRICOKUM IMPOCTPAHCTBEHHBIM Pa3peIIeHuEeM.

3AKJTIOYEHUE

B nannoii paboTe moIy4YeHbI CleyIONNe PEe3yIbTaThI:

® TIpoBeleHAa IEpBHYHAs 00pabOTKa pE3yNbTaToOB peaHain3a Uil BBHIOPAaHHON TEeppUTOpUH B
paccMaTpuBaeMblil BpemeHnHo# epuon (¢ 1979 mo 2011 rr);

® OBl MOCTPOEH 0a3¥c €CTECTBEHHBIX OPTOTOHABHBIX (DYHKITMH M IPOBeIcHa (prbTpanys 1o HeMy;

® TIOCPE/ICTBOM TPOILENYp MEPAPXHMUECKOW KJIACTEepU3alMu W Kiactepusanust mMeronoMm “k-cpemnmx’
TIOJTy9eHO pa30MeHNe Ha KJIACCHI M B Ka)KJJOM Ki1acce OB BBIJIETICH XapaKTepHBIC ITN30Ib;

® ISl MacCHBa XapaKTEPHBIX TU30/I0B TPOBEJCHBI PACUETHI MEJIIKOCTPYKTYPHBIX METEOPOIOTHIECKUX
TIoJIEH.

1)
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1. Chou M.-D., Suarez M.J., Liang X.Z., Yan M.M.-H. F Thermal Infrared Radiation Parametrization
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2001-104606. 2003. Vol. 19. 55 p.

2. Fuentes U. and Heimann D. An Improved Statistical-Dynamical Downscaling Scheme and its Appli-
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Seasonal growth and structure of the tree rings
Popkova M.

Siberian Federal University, Krasnoyarsk, Russia
E-mail: popkova.marg@gmail.com

mental factors is one of the most urgent problems of modern dendroecology. Changing of the tree-ring

growth rate at selected intervals in the growing season is determined by the complex influence of cli-
matic factors (e.g. temperature and soil moisture). Using the modified algorithm of the simulation model of
growth Vaganova-Shashkina - VS-oscilloscope seasonal growth of cells in tree ring is simulated in the work.
New mathematical approach is developed to estimate a cambial activity and seasonal cell production of conifer
species. The approach is tested on tree-ring samples of Pinus sylvestris for Khakassian region over 1969-2008.
The obtained approach allows to separate a tree-ring growth signal on two components caused by climatic and
non-climatic factors.

To describe the mechanism of tree-ring formation in woody plants influencing by the leading environ-
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Ce30HHbIN pOCT U CTPYKTYpa roAnYHbIX Kosew

Monkosa M.I.

Cubupckui depepanbHbivi yHuBepcutet, KpacHosapck, Poccus
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BBEJEHME

Ha ce3oHHBIN poCT nepeBa v GOPMUPOBAHUE TOAMYHBIX KOJICI[ CYIIIECTBEHHOE BIUSHIE OKa3bIBAI0 TAKUEC
¢dusnveckue pakToOphl CPEIbl KAK TEMIIEPATypa U BIAXHOCTh. BO3MOXXHOCTD X PEKOHCTPYKIIUH MO JUHAMHUKE
pOCTa M CTPYKTYPE TOMUYHBIX KOJICI] TO3BOJISET OI[CHUTh U3MECHUMBOCTD CPE/Ibl OOUTAHUS M BOCCTAHOBHTH H3-
MECHCHHS TIOTOTHBIX U KIIMMATUYCCKUX YCIOBUi. T.K. IPEBECHBIC pacTECHUsI HE H3MEHSIOT CBOCTO MPOCTPAHCT-
BEHHOTO MOJIOXKEHUS, TO YUCIIO (PaKTOPOB, OKA3bIBAIOIIMX BIMSHUAC HA POCT U CTPYKTYPY TOJMYHBIX KOJIEII, OT-
paHHYCHO.

Knerounast cTpykTypa roIu4HOrO KOJbIA SBISETCS HKOJIOTHUECKO XapaKTepucTUKon pocta aepena. [1]
Ha puc.1 npencrasien gparmMeHT cpe3a (OpMHUPYIOMIEroCs TOANYHOTO KOJbIA COCHBI KOHIIA HIOHS.

Puc. 1. DopmupytoLLeeca roguyHoe KonbLio: 1 — Kambu-
anbHasn 30Ha; 2 — 30Ha PacTAMEHMA; 3 — 30Ha YTONLLEHNA

] BTOPUYHOM KNETOYHOW CTEHKW; 4, 5 — 3penble Tpaxenppl Te-
KyLLero rofa.

A1
L1
{

11

0o

A1A 2 A3 44454
MOOEJTb PAOWUAJTIBHOIMO CE3OHHOIO POCTA OEPEBA

B paccmoTpeHHON HIKE MOJIENH PaiiaibHOTO CE30HHOTO POCTa AepeBa NPEANonaraeTcs, YT0 KOHEUHbBIX
paJMaNbHBIA pa3Mep Tpaxew I MOJTHOCTBIO ICTCPMUHUPYETCS Ha YPOBHE KAMOMAIBHBIX KIECTOK. A M3MCHCHHE
OTHOCHTEJIBHOW CKOPOCTH POCTA OIpPEeIAeTCs (PaKTOpaMy BHEIITHEH CPE/Ibl M HE 3aBUCHT OT SHEPTHU POCTA
nepesa. [2]

Kpartko omumiem stambl noctpoerust Moaeinn. N(T) — kon-Bo Tpaxeua B c()OPMHPOBABIICMCS TOAUIHOM
KoJblle, THe T — MPOJOIMKUTEIBHOCTh ce30Ha pocTa. COmIaCHO BBEICHHBIM O0O3HAUCHHSIM PAacyeT OTHOCHU-
TEJIBHOM CKOPOCTH POCTA YHCIIa KIETOK V(j,t) OCYIIECTRISIETCS MO CIIeAyIomiel Gpopmyre:

v(j,t) !
) =
N (b = t;-1)
Jlnst Havana onpeeiM MOMEHT 00pa30BaHHsl HOBOH KIIETKH #;:
N(T)

Jj J

k=1

(7]
=
T}
—_
wn
>=
(7]
=
=
ey
<<
=
-3
(=]
[
=
(=]
—
=T
(1]
=
ur
L
(=]
(=]
=
(7]
—
=
e
<<
=
o
L
(7]
[=-]
o
-
<<
-
—
L
=
=
(=]
e
=
—
L
—
o
1T}
[X]
—
L
o
L
(.
—
[=]
(-]
-
<<
=
(=]
e
=T
—
o
[N
[
=

1
d;
HoBas j-s1 k1eTKa, MOSBISAIOMIANACS B PaANAIIEHOM Py B MOMECHT BPEMEHH ¢ B pE3yJbTaTe JCICHUS MaTe-

PHHCKOH KIIETKH, BCTYIAaeT B (ha3y paAnalIbHOTO PACTSKEHHS CIyCTsI HEKOTOPOE BpeMsl 7 (JaHHOE 3aIa3/bIBa-
HHE TIPUHATO cUuTaTh 3a 10 cyTok). Pa3mep 3Toii KJIeTKH B MOMEHT BPEMEHH t MOXKHO 3a/1aTh YpaBHEHHEM:

d;(t) = alkd-d;(D)], t = t; + 1,

e ko — mocTosHHbIE KOO(DHULIMEHTBI, d; — KOHEYHbIH pasmep i-i kineTku. Ilpn HayanpHOM ycnosuu d;
(t7+1)=d, pemenue nns t > ¢+t Oyner
di (t) = del - (del - do) exp[—a(t - ti - T)]

SESSION 2

Dopmyna s pa3mepa j-il KIeTKH B II000H MOMEHT BPEMEHH f:
d@)=dynput; <t<t +t

d;(t) = kd; — (kd; — dy) exp[—a(t —t; =) nputy + 1<t <t + T+
d;(t) = 62]- nput; +T+ A<t
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[Tpy U3MEHEeHHN B pacyeTax IMapaMeTpoB k M o B HEKOTOPBIX CIIy4asX MOXKHO JOOHMTHCS HauOOJbLIEro
COBITICHHUS C IKCIEPUMEHTAIbHBIMU JTAHHBIMH.

PacdeTsl mpon3BOAMIKCE TIO IBYM oOpas3naM COCHEI 3a nepuox ¢ 1969 mo 2008 roms! st TOro, 9TOOBI
MIOCMOTPETh, KaK paboTaeT MOJEIb ¢ Pa3IMYHBIMHA MacCHBaMU JaHHBIX, U CPABHUTH BEJIMYNHY KaXK10H KIETKH
C DKCIIEPUMEHTAIEHBIMU JaHHBIMH.

YToOBI HAaINISTHO MPENCTABUTh MOMYyYEHHBIE PEe3yNbTaThl, ObUIM NOCTPOSHBI TPadHKU JTUHAMHUKH POCTa
KJIETOK B TOJMYHOM KoJibLie. [loka3aresnb HEeBsI3KH ITO3BOJIHII ONPEAEIUTD IEPHO/BI C HAUOONBIINM U HANMEHb-
LIAM COBIIAICHUEM.

VS-MOJEJ1b

Mopnenr Baranora-lllamkuHa GopMuUpOBaHHS TOOMYHBIX KOJEIl JAPEBECHBIX pacTeHWi (mamee VS-mo-
JIeITb) OTIHCHIBACT BIHMSHUE KIIMMATHIECKAX YCIOBUH Ha KIIETOYHYIO CTPYKTYPY TOOMYHBIX Kouerr [3].

B Mozen# pocT ToarYHOTo KOJIbIIa pACCMAaTPUBACTCS KaK YBEIIMICHUE YHCICHHOCTH KIIETOK B OJTHOM KJIe-
TOYHOM PSAY B PEe3yNIbTaTe JCICHUN KICTOK KaMOHUATBHOM 30HBL. KIIETKH pacTyT U eNATCs, €CIIU UX pa3Mep
JOCTUTAET BEIHYUHEI d;. ClIeI0BATENIBHO, CKOPOCTh POCTA FOAUIHOIO KOIbIA ONPEENIETCS YUCIOM CIOCO0-
HBIX K JIEJICHUIO KJIIETOK U UX CKOPOCThIO pocTa. CKOPOCTh POCTa KJIETOK 3aBUCUT OT PaCIOIOKEHHS KIETKH B
KaMOMaITbHOH 30HE OTHOCHUTEIFHO HHUIHAH (TIO3UINH KIETKH j), OT (Pa3bl KIIETOYHOTO IIHKJIA M OT COBOKYTI-
HOTO JICHCTBYSI BHEIIHUX 10 OTHOIICHUIO K KaMOHIO (PaKTOPOB, OMPEAEIIONINX U PETYIUPYIONINX POCT JAepe-
Ba, KOTOPOE OITUCAHO B Mojen yepe3 GpyHkuuto Gr WU HHTETPaJbHYIO CKOPOCTh pocTa [4].

[Ipenmnomaraercsi, 9T0 CKOPOCTH POCT JIEPEBa 3aBUCUT OT TPEX OCHOBHBIX (PaKTOPOB BHEIIHEH CpeIbl: COMI-
HEYHOW paJMalliyl, ONpeeloNIeld HHTEHCHBHOCTD (DOTOCHHTE3a, TEMIIEPaTyphl BO3AyXa M BIaroodecrede-
HUs. 3HaYeHHE CKopocTH pocta G_r sBiseTcs QyHKIUEH TpeX MepeMEHHBIX: TeKYIIINX 3HAYCHUH TeMIIepary-
DB, COIEPKAHUS BIIATH B [TOYBE U COTHEYHOHN paUaiy U Ha KaXKIbIH ICHb:

G, ()= G, (0*min (G (1),Gy (1)),
rne G, (¢), Gr (t), Gy (f) — cKOpoCTH pocTa, 3aBUCSIINE OT Mmajaronieil paguanuu I, Temmneparypsl T u
BIIQYKHOCTH TIOUBBI W.[5]
MPEOBPA30BAHWE V1 AHANTN3 OAHHbBIX, MO/TYYEHHbIN B PE3YJIbTATE PABOTHI
JBYX MOJOENEN
Kaxknas kietka kaMOUaIbHOM 30HBI B paJMAIbHOM PSIC XapaKTepH3yeTCsl BENNYNHAMU: MMO3UIUCH | B

paaraIbHOM PSIe OTHOCHTEIHHO WHUIIMAIH, PagualibHBIM pazMepoM — d(j,f) 1 $a3oil KIeTOYHOTO NUKTIA, B
KOTOPOH OHa HAXOAUTCS B MOMEHT ¢. CKOPOCTE pocTa v(j,f) KIIETKH ONpeAemseTcs IByMs (PYHKITHSIMHA:

v (7,0 = v, (D*G(1),

e v, (7) = a+f*j, G(f) — cpeaHss HHTErpaIbHAas CKOPOCTh POCTa KIETKH.

v(j,t)
= =v(ND=9=a+pj
20 o) =79 Bj
C TIOMOIIBIO METOJa HANMEHBIIINX KBAAPATOB OCYIICCTBIIACTCS CICAYIOIEE HpCO6pa3OBaHI/ICZ
H 007
1970 1970
170 0,06
1% 0,05
110 o
8 —+—simuiated 5 ) —a—cimulated
80 ——observed o4 —a—otserved
“ om ::.. :( :
- t oo
0y 0 0 Ed 40 S0 @ 0 g0 % oo ! 0 10 0 30 40 50 60 70 80 a0 100
007
00
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140 -
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8 | —a—oliserved o 8 cbsered
002
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»
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Puc.2. anMepr HE3Ha4YnUTeJIbHOro pacXxoaeHuA. B neBoM cTonbue - AMHaMKKa Ppa3MepoB KNeToK B roAM4YHOM KoJbLe, B
NpaBoOM - U3MEHEeHUA OTHOCHTENBHOM CKOPOCTK POCTa Ha NPOTAMEeHUU BCero nepmnona.
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Puc.3. MpyMepbl 3HaUMTENBHOTO PACXOHAEHUA KpUBBIX. [TPUUMHON TAKOTO CYLLECTBEHHOMO Pa3Nivumua Mexay rpadukamMu
MOMET ObITb BMAHME eLé 04HOro GakTopa, OrpaHMYMBAIOLLEr0 POCT FOAMYHBIX KoMel,

F = =9 ~min
ap

Pesynbrarhl npecTaBieHbl Ha rpadukax 3aBUCUMOCTH pa3Mepa KIETOK M UX OTHOCHTENILHON CKOPOCTH
pocTta. beimn mpoananu3upoBaHbl Bce ce30HBI ¢ 1969 mo 2008 ron. HezHaunTenbHBIE PACXOKICHUS MEXKITY
KpUBBIMH HabOmronarotces B 74% ciaydaes (puc. 2).

Cy1iecTBeHHBIE PaCXOKICHHUS COOTBETCTBEHHO COCTABIAIOT 26% (puc.3).

3AKJTIOYEHUE

Ha mpumepe ob6pasma Pinus sylvestris Xakacuu paccMoTpeHa MOJENb paanaIbHOTO CE30HHOTO POCTa Jie-
peBa 3a mepuop ¢ 1969 mo 2008. Mcmons3ys JaHHEIE, TOMyYSHHBIE B pe3ylsTraTe padoTsl Mojenu Baranosa-
[MamkwHa, pa3padoTaH HOBBIA MOAXOI K MOJCITUPOBAHUIO OIEHKH KaMOHWaIbHON aKTHBHOCTH, KOTOPBIA O-
3BOJISIET Pa3JeIUTh KIMMaTHIECKIE U HEKJIMMaTHIecKkne (akTopsl B Iporiecce GOpMUPOBAHHUS KIETOK.
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2. Baeanos E.A., Hlawxun A.B., Ceudepckas U.B., Bvicoykas JI .I. ['ucmomempuueckuil ananus pocma
opesecHuvlx pacmenuii. Hogocubupck: Hayka, 1985. 104 c.

3. Vaganov E.A., Hughes M.K., Shashkin A.V. Growth Dynamics of Conifer Tree Rings Images of Past
and Future Environments. Berlin; Heidelberg: Springer-Verlag, 2006. 367 p.

4. Touchan R. Process based model sheds light on climate sensitivity of Mediterranean tree-ring width.
Biogeosciences. 2012. Vol. 9. p. 965-972.

5. Teiuxos UU., Jleonmves A.C., Lluwos B.B. Hogvlil ancopumm napamempuzayuu Mooeiu pocma 2o-
OuuHbIX Koey oepesves. VS-ocyunnozpap u e2o npumernenue 6 denoposxonocuu. Cucmemol. Memoow..
Texnonocuu. 2012, Ne 4 (16), c. 45-51
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VS-oscilloscope — new algorithm of parameterization
of process-based tree-ring model

Tychkov L.1.

Siberian Federal University, Krasnoyarsk, Russia
E-mail: ivan.tychkov@gmail.com

model (VS-model) designed to identify and analyze tree-ring growth patterns caused by the climate
leading factors (temperature and precipitation).
VS-oscilloscope algorithm is divided into three parts:
* Based on the input data (daily average temperature , precipitation and solar irradiation) an Integral tree-
ring growth rate G(¢) is estimated (Vaganov Shashkin, 2000, Vaganov et al., 2005) by equation:

G(1) = gp(t) - min g4(2), gy(?)

where g(?) is partial tree-ring growth rate depending on solar irradiation £, g,(¥) is partial tree-ring growth
rate based on daily temperature 7, g;(?) is partial tree-ring growth rate depending on soil moisture .

* Based on simulated integral tree-ring growth rate a number of cells formed during the growing season
and their cell sizes are estimated.

* Parameterization procedure allows to obtain optimal results.

Calibration and verification of the VS-oscilloscope were done on dendroclimatic data from different re-
gions of Siberia, Central Asia, and the Mediterranean. For all regions the optimal parameters of tree-ring
growth are obtained which provides a highly significant positive correlation (p<0.001) between the original
data and simulated results.

‘ J S-oscilloscope is a new parameterization algorithm for Vaganov-Shashkin process-based tree-ring

VS-ocumnnorpad — HoBbIW anropuTM napameTpusaumnm
NMUTaLMOHHOM MO e pocTa OpeBeCHbIX pacTeHUn

Tbiukos U.N.

Cnbupckuin depepanbHblil yHuBepcuTeT, ToproBo-3KoHoMUYecKuii MHCTUTYT, KpacHospck, Poccun
E-mail: ivan.tychkov@gmail.com

TaIMOHHON MOJIENTH POCTa KOJIell APEBECHBIX pacTeHUH, TpeTHA3HAYCHHBIN JJIs BBISBICHUS U aHAIIN3a
3aKOHOMEPHOCTEH B MPUPOCTE JIPEBECHBIX PACTCHHUH B CBSI3U ¢ U3MEHEHHUSIMH BEAYIUX KIUMaTHde-
CKHX (PaKTOpOB (TeMIeparypsl U OCaJKOB).

“ 4 B Kambuanvhas | ORI T
OueHKa

dKTUBHOCTb K/Z1eTOK

‘ 4 S-ocrmorpad - HOBBIH arOpUTM apamerpu3anuu Mmoaenu Baranosa-1llamkuna (VS-model), umu-

MHTErpasibHoM

Puc. 1. bnok-cxema anroput™a Mogenu.

AJITOPUTM MOJIeTY MOKHO Pa31esIuTh Ha 3 BasKHBIX 0JIOKa:
® Ha OCHOBE BXOIHBIX JIAHHBIX (CYTOYHBIC CPEIHsISI TeMIeparypa, HAaKOIUICHHBIE OCAJIKH M OCBEIICH-
HOCTB) PaCCUMTHIBAETCS] HHTETPaJIbHAS CKOPOCTH POCTa TOAMYHOTO KoJbIla [4,5] (Puc. 1).

G(1) = gu(1) - min g/(1), g(1),
rae g,(f) — uHTerpasbHas CKOpoCTh pocTta, g.(?), E, g/t), gy(t) sSBISAIOTCS YaCTHBIMH CKOPOCTH pOCTa, 3a-
BHUCSIIME OT NPUXOJSILEH nppaananuu £, remneparypsl 7 ¥ cofepaHust BOABI B ouse W.
® Ha OCHOBE MOJYYEHHBIX JJAHHBIX 110 MHTETPAIbHOI CKOPOCTH POCTA BBIYHMCIISIOTCS KOJTMYECTBO KJle-
TOK C(hOPMHPOBABIIKXCS 32 TO M MX Pa3MePHI.
® HaxOXJIEHHE ONTUMAIBHBIX ITAPAMETPOB MOJICIIH.
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Vs-ocutorpad co3naH Ha OCHOBE si3bIka Lazarus U3 ByX OCHOBHBIX OJIOKOB: OJIOKA yIpaBiIeHUS U BUP-
TyaJnpHOTO Auciuiest. biok ynpasnenus comepxut 2 Bkiaagku: Open Data - oTBevatommas 3a BBoz (aiios ¢ uc-
xonHeIMU HaHHBIME (Puc. 2A), Model Parameterization - maHens a1 HACTPONKHM M TOKWCKA ONTHMAIbHBIX Ta-
pametpoB (Puc. 2B). [l noctoBepHBIX pe3ynsraTtoB VS-ocimniorpada HeoOXOANMO OIEHHTH 25 mapame-
TPOB, OTBEUAIONIHNX 32 HHTETPAIbHYIO CKOPOCTh POCTA JPEBECHBIX KoJIel U 17 - 11 onpeeneHns: KaMOuab-
HO¥ aktuBHOCTH [1,2,3,5,6].

ITo 3aBepieHnIo pacyeToB OTKpHIBaeTcs HOBoe Windows-OKHO C TpaduKaMu: KPacHBIH - TOCTPOCHHBINA
Ha Ha4aJIbHBIX JAaHHBIX (MCXOHAS APEBECHO-KOIBIIEBAsI XPOHONIOTHS); CHHUH — rpaduk, HOCTPOCHHBIHN Ha JaH-
HBIX, CMOJICTUPOBAHHBIX POrPaMMON; a TAKXKe yKa3bIBaeTCsA KOIQ(PUIIMEHT KOPPENALIH MEKAY HCXOAHBIMHU
XPOHOJNIOTUAMH U MofenupyeMbiMu (Puc. 3).

B ToM ciydae eciiu KO3QPUITMEHT KOPPETSIUH OKA3bIBACTCSl HE3HAYUMBIM, TTOJIb30BATENb H3MEHSS M10JI0-
KeHus 0eryHKoB Ha BKiagke Model Parameterization MoxeT mogo0paTh ONTHMAaIbHBIE 3HAYSHHS TaK, YTO, IPH
HOBBIX ITapaMeTpax, KodhUIHeHT koppemsaun OyryT OombIire.

= e T

[Ty r—
[T ————
Cpmmmtr g [
o ol Ot . £
e re—
Fit ot Comta Do . CLI98 500 — e
C gt kS —

il of ol S wd Dt e Cokdatioming CHCHLP 0

Puc. 2 A. bnok ynpasnenus VS-ocumnnorpaga, cogep-  Puc. 2 b. bnok ynpanenns VS-ocumnnorpaga, cogepalimim
*awwmn Brknagry Open Data. BKNnaaKy Model Parameterization.

Ha nepBom stare, moip30BaTens 3arpysxaeT Bce He0OXoqUMBble TaHHBIE: Yepe3 KHONKY Browse yka3biBa-
eTcs myTh 1 UMl (paiina ¢ ocHoBHBEIME 42 mapamerpamu (grit50.par) B mone File of Parameters, B mone File of
Cambium Data - myTs 1 uM# (¢aiina ¢ JTaHHEIMA HEOOXOIUMBIMH JIJIsI BEIYHCICHUS KaMOHaNbHOW aKTHBHOCTH
(CAMB50.par), File of Cell Size and Data for Calculation - myTs 1 uMa (paiina ¢ JaHHBIMH TS BEIYACICHUS
pa3mepos ket (CSC50.PAR). B mone Latitude yka3piBaeTcst mmpoTa BEIOPAaHHOTO IEHAPOKIUMATOIOTHYE-
CKOT0 yJacTka B ¢popmaTte "rpaaycsl. MHHYTHI", HanpuMep 70°62' c. m. (ImmpoTa A1 MeTepeOTOTnIeCKOi CTaH-
1un) OyayT 3amansl B Mozenb kKak 70.62. First File of Climatic Data BBomuTcst myTh M UMS TIepBOTO (aiina ¢
KIIMMAaTHYIEeCKUMHU NaHHBIME 3a Tof "Name**** CLI" (****-rox), m MMEHHO ¢ yKa3aHHOTO rojla HaYWHAETCS
Berauciienust; Year of Ending of Calculation - rox okoHuanust pacuetoB. Hanpumep, eciii Hy>)KHO TPON3BECTH
BeraucieHus ¢ 1975 mo 1989 ronsl, Heo6xomumo BeIOpath Qaiiiom ¢ pacmmupenneM .CLI u romom 1975, u B
TI0JIe TIOCTIETHETO Trojia BeraucieHuit BBectu 1989 (Puc. 2 A) [7].

ITocne okoHYaHUS PaOOTHI MOZIEIH TIOJTyYEeHHBIE PE3yNbTaThl COXPAHIOTCS B HOBOH marke Result, B mox-
IUPEKTOPHH C OCHOBHBIM (haiiyioM mapamMeTpos.

= Graphtoem - Ed Puc. 3. BuptyanbHein gucnnen VS-
ocumnnorpada c rpaguKamm UCxogHoM
LPEBECHO-KOMbLIEBOW XPOHONOr MM 1
CMOJEMPOBaHHO KpUBOW, KO3GPU-
LUWEHTOM KoppenAauun Mexay HUMI.

[lo 3aBepIlICHUIO PACUETOB CO3IAI0TCS HECKOIBKO OTACIBHBIX (PANIIOB € MONYYSHHBIMHU PE3yIbTATAMHE:

e (haiin xpoHonoruii (Hanpumep, tura 1971-1977.dat) - B Tabiuiie mpeaCcTaBICHBI HCXOIHBIC XPOHOJIO-
T'ur JJ1st UCCICAYyEeMOro ydacTka, CMOﬂeHHpOBaHHbIﬁ HWHIACKC IpHUpoCcTa, HOMEP JHA Ha4aJla 1 OKOHYaHUsA CC30-
Ha pocra Jyis Kaxaoro ronga (Taom. 1).
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Tabn. 1. Pesynbtat paboTbl Mofenu coxpaHeHHbIn B gain tura 1971-1977.dat.

Calculation from 1971 to 2005
year inde crn BG1 EG1
1971 1,12 0,93 150 248
1972 1,11 0,94 152 235
1976 0,9 0,99 159 229
1977 0,63 1,03 163 219

e (haiin ckopocreii (HampuMmep, tura rate 1971-1977.dat) - B Tabnure nepBeiii cronder] rox (year), HoMep
1 (1), cnenyromue - temneparypa T (°C ), ocaaku P (MM), BIaXXHOCTB TOYBBI W (V/V, TIyOWHA OTTasBIIEH T10-
yBbl | (Mm), BETMYMHY CHEXKHOTO MOKPOBa (JIMHAMIKA HE BKJIIOYCHA B JJAHHYIO BEPCHIO IIPOrPAMMBI), HHTET-
pajibHast CKOPOCTh pocTa G7(f), CKOPOCTh POCTa B 3aBUCHMOCTH OT TEMIIEPATYPHI g;(f), CKOPOCTh B 3aBUCHMO-
CTH OT BIIQ)KHOCTH ITOYBHI gw(f) M BETMYMHA CYTOYHOM TpaHcmpanuu Solar (mm) (Ta6m. 2).

Tabn. 2. PeaynbTtat paboTbl Mofieny coxpaHeHHbIN B Gain tura rate 1971-1977.dat.

Year t Tem Prec sm Dep snow Gr Grw GrT Tran
1971 1 -31,38 0 0,01 500 0 0 0 0 0,02
1971 2 -32,6 0 0,01 500 0 0 0 0 0,02
1971 364 -40,14 0 0,01 500 0 0 0 0 0,02
1971 365 -34,48 11 0,09 500 0 0 0 0 0,02

e  (ailn MMHAMHUKN KaMOHMaJIbHON JIESTEIBHOCTH - ToA (year), Bpemst t (HOMep JHS), 9UCII0 KIETOK KaM-
OmanbHO 30HBI Nc 1 00IIIee YHCIIo KIeTOK B ronndHoM koibiie N (Taom. 3).

e  (aiin comepxanmii ”HPOPMALIUIO O pa3Mepax Tpaxena B TOXUIHOM KOJIbIE - HOMEp KIIETKH, TPEeTher
panuanbHbIe pa3Mepbl (MKM), I3MEpEHHbIE B pacyeTHbIe, cooTBeTcTBeHHO (Tabm. 4).

Tabn. 3. Pesynbtat paboTbl Mofienu Tabn. 4. Pe3ynbTat paboTbl Mogenu
COXpaHeHHbIV B davin Tura c.dat. COXpaHeHHbI B daiin Tura s.dat.
t Ne Nr i rd cd
1.00 2 0 1 |47.60 47.60
153.00 2 0 2 4240 41.80

Anpobanus VS-ocumutorpada npoBoaniiack Ha IEHAPOKINMATHYECKUX NaHHBIX Pa3JIMYHbIX PETHOHOB
Cubwupn, Llearpansnoit A3un, 1 CpenuzeMHOMOPBs. {71 BceX perHoHOB MOIYYEHBI ONTUMAJBFHBIE ITapamMe-
TPBI POCTA IPEBECHBIX PACTEHHH, 00ECIIEUNBAIOIINX BBICOKO3HAYMMYIO MIOJIOKUTEIBHYIO KOPPEIIIUI0 MEXKIY
HCXOIHBIMH JaHHBIMU U MOJIETIBHBIMH PE3yJIbTaTaMH.
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Impact of climate change on the mass balance of glaciers
in the Caucasus . Mass-balance model of mountain glaciers

Morozova P.A.

Institute of Geography RAS, Moscow, Russia
E-mail: morozova_polina@mail.ru

was created mass-balance model of the glacier. The model contains the basic equations of the radiation

balance, turbulent heat fluxes (sensible and latent). The modeling data or the measurement data may be
used as the input data. Spatial resolution is 25 m (the glacier surface data obtained by radiolocation and DGPS
of glaciers and built on it DEM with a resolution 25 m), time resolution is 1 hour. The total energy balance, the
melting layer and the amount of solid precipitation are calculated for annual mass balance. Then glacier mass
balance is used in the ice flow model. The mass-balance model can be useful for evaluation of the glacier sensi-
tivity to changes in certain meteorological parameters, for determine the representativeness of a particular gla-
cier as an indicator of climate change, or for different hydrological calculations.

This work was supported by RFBR 14-05-31466 and RFBR-RGS 13-05-41058.

In this paper studies the reaction of mountain glaciers to climate change. In the framework of this research

OueHKa BNNAHMA KNIMMaTUYeCKUX M3MeHeHUN Ha banaHc
Macchl neAHNKoB KaBKa3a. Macc-6anaHcoBasa Mofenb
FOPHbIX N1 AHWKOB

Mopo3sosa [1.A.

WHctutyT reorpa¢mm PAH, Mockea, Poccua
E-mail: morozova_polina@mail.ru

JIlaHHOUW paboThl ObLIA cO3/1aHa Macc-0anaHcoBasi MOJIEINb JIeAHUKA. MoJIeb COAEPIKUT ypaBHEHHS pac-

YeTa OCHOBHBIX COCTaBJISIOLIMX PaJUAIlMOHHOTO OanaHca, TypOyJIeHTHBIX MOTOKOB Teruia (SBHOTO M
CKPBITOr0). B KayecTBe MCXOMHBIX JAHHBIX MOTYT OBITh MCIIOJB30BaHbI KaK JaHHBIC MOACIHPOBAHUS, TaK U
JaHHbIC n3MepeHuil. [IpocTpaHcTBeHHOE pasperieHue 25 M (IaHHBIe O TOBEPXHOCTH JICAHUKA TOTYYEHBI IPU
MTOMOIITH TaHHBIX panno30HaupoBanust 1 DGPS-MeTpun JeTHHKOB M MOCTPOCHHBIX HA MX OCHOBE HU(POBBIX
Moeneit penbeda ¢ pasperiennem 25 M [2]), paspelienue Mo BpeMenu - 1 gac. [ Kakaoro yaca mpou3Bo-
JIUTCSI pacyeT BBICOTHI U asumyTa CoiHIla (CTaHmapTHBIE acTpoHOMUuYeckue hopmyisl). [Ipu pacyere npuxo-
JIIIIeH TIPSAMOM U PACCESIHHOM paaualiiy yYUTHIBACTCS BIUSHUE 00JaYHOCTH, 3aTCHEHHUS, OPUCHTAIINHU U yIJia
HaKJIOHA CKJIOHA, po3padyHocTh atMocdepsl. [IpencTaBieHbl HECKOIBKO CXeM MapamMeTpu3aiuu ansoeno [7].
D¢ dexTuBHOE U3NTyUeHNE PACCUYMTHIBACTCS 0 MOACPHU3UPOBaHHOM Gopmyne Anrcrpema [5]. Bee xoaddu-
IUCHTHI MTOJ00paHbI C MCIIONIb30BaHUEM JaHHBIX HaOMIOACHNH Ha eannkax Kaskasa[1,3,4,5]. IloToku ssBHOTO
M CKPBITOTO TEIUIA paccYuThIBatoTCs 1Mo bulk-hopmynam [8].

TIpou3BOIUTCS pacueT CyMMapHOM SHEPTHH, 3aTPayHBACMO Ha TasTHHE M CYMMBI BBITIABIINX U CTAasBIINAX
TBEPABIX ocankoB. MiToroBoe 3HaueHHe OanaHca Macchl PACCUUTHIBAETCS HA KOHEI[ THIPOJIOrHYeCKOro Trofa.
CormnocrasieHre ¢ TaHHBIMH HAONIONEHHUH T0Ka3aJi0 XOPOIlee COOTBETCTBUE PACCUUTAHHBIX M M3MEPEHHBIX
3HaueHUH OanaHca Macchl.

Bajanc Macchl JIeZIHMKA 3aTeM HCIOIb3yeTCsl B MOJIENN TeueHHUs Jibaa [6,9], B T.U. I pacueTra KoHHry-
panuu JieIHUKa IPU PA3IHYHBIX KIMMAaTHYSCKUX CIICHAPUIX.

Hcnonp3oBanue Macc-0a1aHCOBON MOJENIH MO3BOJSIET OLCHUTh YyBCTBUTENBHOCTh JISHUKA K M3MEHe-
HHUIO METEONapaMeTPOB, ONPEACIUTh PEIPE3CHTATUBHOCTH KOHKPETHOTO JICAHNKA KaK HHIHKATOpa H3MCHEHUS
kauMara. [logo0Hast Macc-0anaHcoBast MOZEINb JICHUKA MOXKET OBbITh MCIIOJIb30BaHA B PA3JIMYHBIX CXeMax: OT
pacydeTa ruApOIIOTHYECKOTO CTOKA J0 KJIMMAaTHUECKUX OIIEHOK.

Paboma evinonnena npu noodepoicke epanma PODPHU 14-05-31466 u PODU-PIO 13-05-41058

Pa60Ta MOCBSIIIEHA U3YYEHHUIO PEaKlMM TOPHBIX JIEAHWKOB Ha KJIMMaThUuecKue u3MeHeHus. B pamkax
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Relationship between sudden stratospheric warming
and disturbances propagating from the tropics

Rudneva M.A., Mordvinov V.l., Kochetkova 0.S.

Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
E-mail: rudneva@mail.iszf.irk.ru

spread of disturbances from the tropical stratosphere. At least in some years, the source of such disturbances

can be the Madden-Julian Oscillation (MJO). Besides the generation of Rossby waves powerful convective
cells during periods of MJO can change the secondary structure of currents, resulting advection transport of
heat into the high latitudes stratosphere.

It was found that one of the factors that determine the occurrence of sudden stratospheric warming is the

CBA3b BHE3arnHbIX CTpaTtocdepHbIX NoTenIeHNN
C BO3MYLLEHMAMM, pacnpoCcTPaHALNMNCA U3 TPOMUKOB

Pyanesa M.A., KoyeTkosa 0.C., MopasuHos B.U.

WHcTuTyT conHeyHo-3eMHou ¢pusukmn CO PAH, UpkyTck, Poccua
E-mail: rudneva@mail.iszf.irk.ru

MOTETUICHHH, SBIISIETCS PacpoCTpaHeHNe BOMYIICHUH U3 Tponudeckoil ctparocdepsl. 1o kpaitneit

Mepe, B OTAC/IbHBIC TOABI HCTOYHUKOM TaKHX BO3MYIIeHHH MokeT ObiTh Madden—Julian Oscillation
(MJO). Kpome reneparuu BotH PoccOu MOIIIHBIE KOHBEKTUBHBIC STYEHKH B mepruoasl MJO MOTyT W3MEHATH
CPEIHIONI0 CTPYKTYPY TeUeHHS, 00yCIaBInBasi aJBEKTUBHBIN IIepeHOC TeIIa B cTparocdepy yMEpEeHHBIX U BBI-
COKHX IIHPOT.

Haunbonee 3HaunMBbIe KpyITHOMACIITaOHbIE BapHUAI[H METEOPOJIOTHUECKUX XapaKTEPUCTUK CTPaToCchepsl
MIPOMCXO/ISAT BO BpeMsi BHe3aHbIX crpatocdepHbix noremiennii (BCIT). Tpaauuuonno BCIT 00bsicHsIOT Bep-
THUKaJbHBIM PAcIpOCTPaHEHHEM CTAlMOHAPHBIX M OETYINX IIaHeTapHbIX BOJH [1]. Hamm uccinenoBanus mo-
Ka3aJik, 9To He MeHee BaXKHBIM (akTopoM Bo3HUKHOBeHHs BCII siBIsieTCS TOpH30HTAIBHOE PacIpOCTpaHEHNE
BO3MYIICHUH U3 TPOIIMYECKOH cTpaTochepsl, MK Jaxe U3 cTpaTochepsl MPOTHBOIOIOKHOTO Momymapus [2].
Ha puc.] npuBeneH mpuMep Auarpamm, MOKa3bIBAIONINX B KOOPAWHATAX IIHPOTA-BpeMs H3MEHEHUS pa3ind-
HBIX METEOPOJIOTHYECKHUX XapaKTepUCTHK cTpatocheps! Ha yporHe 10 rlla, ycpenHeHHBIX BAONH IHPOTHBIX
KpyroB B auarmasone noarot 60-150° B.1. Ha quarpaMMbl HaHECeHBI BapUalllK TEMITEPATyphl B MOJSIPHOI 00-
nactu 60-75° c.r., a Takke B TPOIMHMUYECKON o0mactu 15°10.1r.-15°¢.m1.. Psiibl qaHHBIX TpEABAPUTENBHO OT-
¢unpTpoBaHkI B 1uamnazoHe 5-20 CyToK.

Tak kak BapHalM TeMIeparypbl 3MMOH B MOJSIPHOI 00JIaCTH MPOUCXOIST Ha BPEMEHHBIX MaclTadax
ropsiZika Mecsia u 0osee, Hanbosaee BEPOSITHRIM «KaHAUIATOM» Ha POJb HCTOUYHUKA BO3MYIICHUH B TPOITHKAX

T ’ CTAaHOBJICHO, YTO OJHHUM H3 (baKTOpOB, OIIPEACIIAIOIINX BO3SHUKHOBCHUEC BHE3AITHBIX CTpaTOC(bepHBIX
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Madden Julian oscillation index, winter 1997-1998
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Puc. 1 M3amMeHeHWA co BpeMeHeM METEOPOSIOMMYECKMX Xa- Puc.2. N3meHeHue co BpemeHeM nHaekca MJO v TeMnepa-
PpaKTepPUCTUK cTpatochepsl, ycpeHEHHBIX B AManasoHe Typbl B NONIAPHOM 0bnacTu cTpatocdepsl.

ponrot 60-150° B.4.. Ha gmMarpamMmbl HaHeCceHb! BapuaLmm
TeMnepaTypbl B NONAPHOM 061aCTU M TPOMMKAX B LLUMPOTHBIX
nHTepsanax 60-75° c.w. 1 15%0.w.-15°c.Lw..

spisiercs Madden-Julian Oscillation, mMetormast xapakTepHbIi BpeMeHHOH MacmTad mopsiaka 30-90 cyTok [3].
MIJO npencrasmisieT co00if MOITHBIE KOHBEKTHBHBIC SUCHKH, Opei(yronme Ha BOCTOK CO CKOPOCThIo 4-8 M/
cek. KonBekTnBHEIE sueiiku Hambojee WHTCHCUBHBI B paiioHe MHamiickoro okeaHa, MIHIOHe3nH, 3amagHoOR
gactr THXOro okeaHa. AHaIN3 KapT OapU9IeCcKIX aHOMAHH MpH pa3udHbIX Ga3ax MJO moka3siBaeT, 9To KOH-
BEKTHBHBIC SUCHKH SIBISIOTCS MCTOYHWKOM KBa3HCTAIMOHAPHBIX BOJH PoccOHM, pacmpocTpaHSIOMUXCS Ha
GoJbIIME PACCTOSIHUS B CEBEPHOM 1 I0’KHOM ToTyInapusx 3emian. Bosanknoenne MJO npuBoauT u K u3Me-
HEHHUIO CTPYKTYPBI CPEIHUX MOTOKOB Ha PAa3HBIX YPOBHSX aTMOC(epsI.

Pucynok 2 wimmoctpupyet cBs3b Mexxy MJO u BHe3amHBIMH CTPaTOC(HEPHBIMHU MTOTEIUICHUSIME 3UMON
1997/1998rt. I'paduxu Temmeparypsl B oisipHOit obmact Ha ypoBHe 10 rlla mpuBeneHs! B I€BOM YacTH Aua-
rpaMM, CIipaBa HaHECEHBI M3MEHEHHUS cO BpeMeHeM nHaekcos MJO [4].

BumHo, uTo Kakgomy uMITyiascy MJO COOTBETCTBYeT MOTEIUIEHHE B NOISIPHOHN cTparocdepe. Buammo,
HamnbomsIree 3HaueHne nveeT MJO B naTepBae monrot 60-150° B.1., T.K. IPUMEPHO B 3TOM HHTEpPBAJIE TOITOT
pa3BHBaeTCS MOTETUICHNE U B MTOJSIPHOI 00IacTH.

Kpome BomHOBOTO MexaHm3Ma BausHUS MJO Ha BHETPOITHUECKYIO IMPKYISIINIO B cTparocdepe (mpome-
JKyTOYHBIM 3BEHOM ITOJOOHOTO BIVMSHHSA MOTYT OBITH OJIOKHHTH B Tporocdepe) Ha HaIl B3I CIIeayeT oopa-
TUTH BHIMaHNE U HA U3MEHEHNE CTPYKTYPHI CPEAHETO TeUeHHs B cTpatocdepe Bo Bpemst MJO. B coBokymHo-
CTH C TIOSIBIIEHUEM B BEPXHHUX CIIOS TPOIocdeps! U B cTpaTocdepe TEPMUIECKUX aHOMAIIMA BO3MOXEH YHCTO

During SSW 01/01/1998-05/01/1998  Without SSW 10/02/1998-15/02/1998
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Puc.3. CpegHue notokm Tenna Ha ypoeHe 10 rfla. Bo BpeMa BCI ¢ 1 no 5 AxBapa 1998 roga 1 B cnokomHbIn nepuog, ¢ 10 no
15 deBpans 1998 ropa.
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aJIBeKTUBHBIN TIEPEHOC TEIIA U3 HU3KUX IIHPOT CTPAToC(ephl B BRICOKHE, criocoOcTByIomwiA pazsutuio BCII.
UT00BI TPOUIUTIOCTPUPOBATE 3TY BO3MOXHOCTB, MBI COIIOCTABHIIM pacmpeAeseHns moTokoB Temia (vI') Bo
Bpemst BCII ¢ pactipeneneHUsIME TOTOKOB TETIIa B CIOKOWHBIE TIEpHOALI (prc.3). Xopomio BUAHO HopMHpOBa-
HHE TETJIOBBIX MOTOKOB M3 HU3KUX IIUPOT HaJl CeBEpHON AQPHKOH B HAIIPaBICHUH HAa CEBEPO-BOCTOK — B 00-
JacTh Hanbonee 9acTeIX Bo3HNKHOBeHMH BCIL

3AKJTIOYEHUE

AHaJM3 BHE3AIMHBIX CTPATOCEPHBIX MOTeIUIeHHH mokasai, uto BCII vaie Bcero sBISIOTCS 4aCThIO TIO-
OaNbHBIX KOJIeOaHWi, BKIFOYAIONINX BO3MYLICHHS, PACIPOCTPAHSIOIMNXCS U3 TPOIIMKOB, a HHOTZA U U3 POTH-
BOIIOJIOXKHOTO Tonymrapust. Haubomee BeposSTHBIM KaHIUIATOM Ha POJIb HCTOYHUKA BOSMYIICHHUI B TPOIIHKAX
sprsieTcst Madden-Julian Oscillation. MJO pa3BuBaetcs Ha Macmradax BpeMeHH, XapaktepHbix it BCIL, u
CONPOBOXKAACTCS TeHepaleil KBa3uCTalOHAPHBIX BOJH PoccOH, a Taxke GOpMUpPOBaHHEM XOPOILIO BBIpa-
JKEHHBIX TIOTOKOB TEIUIA B BBICOKHE IIMPOTHI HA YPOBHSX cTparocepsl. BoMHOBBIE U aIBEKTUBHBIC IEPSHOCHI
SHEPTUH MOTYT UI'PaTh POJIb CITyCKOBBIX MEXaHU3MOB IIPH Pa3BUTHH BHE3AITHBIX CTPATOC(EPHBIX MOTEIUICHHUH.

Jlumepamypa:

1. Matsumo T. A dynamical model of the Stratosphere sudden warming // J. Atmos. Sci. 1971. V. 28. P.
1479-1494.

2. Pyounesa M.A., Kouemkosa O.C., Moposunoe B.U. Hccrnedoganue 001208pemennbix napamempos
sHezannvlx cmpamocepuvix nomenienuti 6 Ceseprom noryutapuu 3a nepuoo 1975-2013 ee. // Tpyowi
XIII Kongepenyuu monoowvix yuenvix « Qusuueckue npoyeccobl 8 KOCMOce U OKOLO3eMHOU cpedey,
FHI®PD-2013. Upxymcek, 2013. C. 324 — 326.

3. Waliser D. E. Predictability and forecasting. In: W. K. M. Lau and D. E. Waliser (Eds.), Intraseasonal
Variability in the Atmosphere—Ocean Climate System. Springer/Praxis, Heidelberg, Germany/Chichester.
U.K. 2005. pp. 389-423.

4. http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily _mjo_index/pentad.shtm
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OnpegeneHune abiXxaHWA
noYBbl M GOTOCUHTETUYECKOM
accumMunauum CO, 13 gaHHbIX
ABTOMaTUYECKNX KaMepHbIX
N3MepeHnNn

[iokapes E.A.

MHCTUTYT MOHMTOPUHIa KNUMATUYECKUX
1 3Konoruyeckux cucteM CO PAH, Tomck, Poccus
E-mail: egor@imces.ru

JOKJIa/ie TIPENICTaBICHBI Pe3yJIbTaThl MOHH-

TOPUHTA TIOTOKOB YIJIEKUCIIOTO Ta3a B JIyTo-

BOI1 SKOCHCTEME U paCCMOTPEHA MOJEIb, I10-
3BOJISTIONIAS OLIEHUTH OT/IENBHO IKOCHCTEMHOE JIBIXa-
HHUe U ¢porocuHTeTHYeCcKyto0 accuMmsinuio CO, pa-
CTHTEIBHOCTBIO MO JAHHBIX aBTOMATHYECKUX KaMep-
HBIX n3MepeHnit. M3mepenns norokoB CO, mpoBoan-
JIMCh Ha HaOmomarensHoi 1momanke UMKOC CO
PAH B 1. Tomcke B 2013 rogy ¢ moMoIs10 aBTOMaTH-
YEeCKOM CHCTEMBI IMOYBEHHOro apixaHust Li- 8100A
(Li-Cor, CILIA) ¢ npo3pauHoii kKamepou.

[omyueno, uro notok CO, UMeeT 4eTKUi Cy-
TOYHBIH X0/ C MAKCHMYMOM B HOYHOE BpeMsI 1 MHHHU-
MyMOM B THEBHOE BpeMsl. [IHEBHbIE CpEeIHNE TIOTOKH
nocturaior -18,8 pumomns/m’/c B mrone u -10.1 puvoms/
M’/c B miosie. MakcuManbHbIe CPETHIE MTOTOKH B HOU-
HOE XapaKTepHbI ISl MIoNIs (25 puMoIb/m™/c).

Jis omumcaHus HaOIIOMAeMbIX 3aKOHOMEpPHO-
creit m3meHenust motokoB CO, Oblia MpeiokeHa
IIpocTas MOJEIb, B KOTOPOM CyMMAapHBIM HSKOCHCTEM-
He1ii 00OMeH (NEE) cknaapiBancs U3 AbIXaHUS TOYBbI
(R), nprxanus pactenuii (H) 3a BeIueTOM accuMmIs-
I[N YIJIGKUCIIOTO ra3a B mpomecce (orocuHTe3a.
NEE = (R+tH)-Ph. OCHOBHBIM OINpPEACIIAIOIIINMU
(akTopam B MojenM ObUIM TeMIlepaTypa IOYBBI U
cymMmapHasi comHeuHas pagmanusa.  (R+H) =
Ryexp(kT),Ph=a 1P,/ (a 1+ P,). [Apixanue nouss
U pacTeHuil 00beTUHEHBI B OAWH MIOTOK M 3aBUCAT OT
Temneparyps! noBepxHocTH 1mouBsl (T). @oTocuuTe3
omnpenenseTcss CyMMapHOM COJTHEYHOW paauanuen
(). Dmnupuueckue koddpdupentsr mogenu (R,, k,
o, P.)) omeHnBanace U1t KaXI0T0 MepHoia u3Mepe-
HUM (Maif, MIOHb, MI0JIb) C MUHUMHI3AIHUEH pacXxoxie-
HUS MEXIY pe3yJIbTaTaMH MOJICITMPOBAHUH U HAOIIO-
JICHUH.

Ha pucynke 1 mpuBeneH BpeMEHHOU XOA MO-
JICNIbHBIX 3HAYCHUH IOTOKOB (DOTOCHHTETHUYECCKOMN
ACCUMMJISIIIMY M JIBIXaHMS TI0YBHI, a TaK jK€ CPaBHU-
TeNbHBINA X0 cymMmapHBIX ToTokoB (NEE) pacuerHo-
ro 1 HaOmomaemMoro. CpaBHEHUE 3HAYCHHUI TTOTOKOB
JUTA Ka)XKJIOTO TIepHo/ia TIOKa3hIBaeT XOPOIIlee Cora-
CHe JaHHBIX H3MEPEHUI U MOJECITNPOBAHHUS.
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Separating soil respiration and photosynthetic assimilation
components in CO, flux automatic chamber measurements

Dyukarev E.A.

Institute of Monitoring of Climatic and Ecological System SB RAS, Tomsk, Russia
E-mail: egor@imces.ru

anthropogenic forcing, land use changes and disturbances in functioning of natural ecosystems. The

net ecosystem exchange (NEE) of CO, between the land surface and atmosphere is commonly parti-
tioned between gross primary productivity (GPP) and ecosystem respiration (ER). Accurate prediction of ER,
GPP, NEE, and their changes under future climatic conditions requires a clear understanding of the processes
involved. Chamber measurements are an important tool for investigation of small-scale flux variations in the
ecosystem and revealing flux relations with the environmental parameters.

The measurements of NEE efflux were made at the observation point of the Institute of Monitoring of
Climatic and Ecological Systems SB RAS in Tomsk city, Russia in 2013. Fluxes were measured using auto-
matic soil flux system Li-8100A (Li-Cor, USA) with attached transparent chamber. The chamber was installed
at plastic cylindrical basement deepened to the soil to 15 cm. The vegetation cover under the chamber consists
of herbs and green mosses. Exposition time for CO, accumulation within the chamber was 5 minutes. Measure-
ments were automatically repeated each 20 minutes during 14 days in May, June and July. Simultaneous obser-
vations of air, surface and soil temperatures, incoming solar radiation, air pressure, air water content were made
using automatic weather system AMIS (IMCES SB RAS).

NEE flux calculation was made from linear regression curve fitted water-vapor corrected CO, data for first 120
seconds after chamber closure. The increasing CO, concentration in the chamber headspace (positive NEE) occurs at
nights in June/July and a round day in May when release of CO, from soil respiration prevails photosynthetic assimi-
lation. Decrease of CO, (negative NEE) within transparent chamber observes in day time in the beginning and middle
of summer when growing green vegetation assimilates CO, from the atmosphere with rate higher than soil respira-
tion. NEE fluxes have clear diurnal variations with maximum at night time and minimum at day time.

Day-time average fluxes reach -18.8 umol/m’/s in June -10.1 pmol/m®/s in July. Maximal average nigh-
time fluxes (soil respiration plus plant dark respiration) are typical for July and exceed 25 pmol/m’/s. Analysis
of diurnal course of net CO, exchange have shown that negative flux (plant assimilation prevails soil emission)
observed from 7:30 to 18:30 in average. Diurnal amplitude of NEE are 4.2, 24.3 and 9.2 umol/m’/s for May,
June and July.

Simple flux model were suggested for description of the observed NEE fluxes. The main controlling fac-
tor, in this study was soil temperature and incoming solar radiation.

NEE =R + H) — Ph, (R+H)=R, exp(k T), Ph= (al-P,)/(al+P,, )

NEE - the net ecosystem exchange, R — soil respiration, H — plant respiration, Ph — assimilation of CO,
during photosynthesis. Soil and plant respiration was combined into one flux depended on surface temperature
(T). Photosynthesis was depended on incoming solar radiation (I). RO is the respiration rate at 0 °C, ky is the
coefficient of temperature response, . is the apparent quantum yield of photosynthesis, P,, is the asymptotic
value of photosynthesis at high solar radiation. Empirical coefficients of the model (R,, kg, o, P,, ) was esti-
mated using the observations of CO, fluxes for May, June and July 2014.

Global carbon dioxide concentration in atmosphere has been growing since preindustrial time due to
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Figure 1. Top panel: Plant and soil respiration (R+H) and photosynthesis rate (Ph) modeled for May, June and July 2013. Low
panel: Observed (obs) and modeled (mod) NEE fluxes of CO,.
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There is good agreement between the model output and the observations for all study periods (Fig. 1).
May fluxes were small and there is no any CO, assimilation. High variations of respiration rates are related with
rain events. Maximal day time assimilation of CO, occurs in June around the local noon and its rate is about
10-20 pmol/m?/s. Low values in July photosynthesis rates are connected with small amount of green leaves
within chamber basement, because all green plants were cut in the end of June for grass mass accounting. Peaks
in observed NEE fluxes observed after heavy rains and were not caught in the temperature response model for
respiration.

Using the suggested model, we were able to partition ecosystem CO, fluxes between their upward and
downward components. Further development of the model will result in adequate estimation of total NEE for
growing season.

Siberian larch in high elevation forests and on moraine
in the Yuzhno-Chuisky Range (the Central Altai Mountains)

Bocharov A., Savchuk D., Dirks M.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: bochar74@mail.ru

Mountains, Russia. The right northwestern slope of the Akkol river valley is more forested than opposite.

The individual trees and tree groups up to 150 years old begin to locate at 2250 m a.s.l. on 15 km distance
from the present edge of the Sofiysky (Akkol) Glacier. Than the sparse larch woodlands are situated. After that
the tree groups with 2 generations up to 100 and 150 years old begin to locate again, transforming into the small
groups (2-3 individuals) and the individual trees up to 100 years old near the glacier moraine of the mid-XIX
(1.5-2.5 km from the glacier). No trees in close (500 m, 2450 m a.s.l.) proximity to the glacier. The larch trees
growing on the moraine are down to 50 years old.

The woodlands consist of 3 larch generations: the first is about 700 years old isolated trees, the second
(main) is up to 500 years old trees, and the third is down to 100 years old trees. The larch undergrowth is indi-
vidual.

A 612-year (1400-2012) tree ring width chronology was built. The radial increments of the older and
younger trees in the and young trees on the moraine are synchronous. The value and amplitude of tree ring
width are higher in the younger trees and lower in the older trees in the woodlands and intermediate in young
trees on the moraine.

The crown of young trees on the moraine are specific: the lower branches are longer and the middle sec-
tion of the stem is without branches or with dry or undeveloped branches. In the trees the ring widths from the
glacier and to the glacier were similar till 1985. In this period of time the trees grew in low grounds of microre-
lief or near big stones where snow could accumulate. Since 1986 the rings were as 33% (up to 44% and 71% in
several years) from the glacier as to the glacier. Some individuals start to bear seed cones.

The radial growth correlates positively with spring-summer air temperatures. In the older trees the coeffi-
cient of correlation is higher (for example, is 0.45 for the temperatures in May-June and 0.47 in May-July) as
compared to the younger trees (coefficient of correlation is 0.32 for the temperatures in May and 0.38 in May-
June). The younger trees response on air temperature in October in previous year (0.34) but the older trees do
not.

Environmental assessment of the larch sites indicates that the conditions of humidity and nutrient require-
ment are close to optimal (step of humidity is 65 and step of soil richness is 8) on the moraine (undeveloped
shrub cover and colonization of the area by larch). On the other hand, in the woodlands and the tree groups the
conditions are worse (step of humidity is 63 and step of soil richness is 9) where developed shrub cover and turf
plants limit the larch regeneration.

The study was supported by the Russian Foundation of Basic Research (grant 13-05-00762.

S iberian larch is the main forest forming tree in the Akkol headwater, Yuzhno-Chuisky Range, the Altai
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JIncTBEeHHMLA cMbMpCKan B BbICOKOMOPHbIX Slecax
M Ha NocTrNAuManbHbIX noBepxHocTAX KOxHO-YyncKoro
xpeb6Ta (LleHTpanbHbI AnTai)

bouapos A.10., CaBuyk [1.A., iupkc M.H.

MHCTUTYT MOHMTOpPUHIa KNUMaTUYECKUX U 3Konoruveckux cuctem CO PAH, Tomck, Poccua
E-mail: bochar74@mail.ru

3y4EeHHE PaJUAIbHOTO POCTA IEPEBLEB, DKOJOTHIECKUX YCIOBUA X MECTOOOUTAHUH U TaAKCAITMOHHOM

CTPYKTYPBI JIECOB TIO3BOJISIET OXapaKTEPH30BaTh 0COOCHHOCTH MPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHO-

MEpPHOCTEH MX Pa3BUTHUS, CyAUTh 00 M3MEHEHHUAX KINMATHIECKOTO PEXIMa U JIECOPACTUTENBHBIX yC-
JIOBHH, OIICHUTh UX COCTOSHUE B HACTOSIIIEM U IPOTHO3UPOBATh pa3BUTHE B OyayIIeM.

3amaya uccieaoBaHUN 3aKIII0YaNachk B ONPEAeICHUH BO3PACTHON CTPYKTYPHI TMCTBEHHUYHBIX JIECOB, pa-
JIUABFHOTO POCTA JePEBHEB JTMCTBEHHUIIB M OLIEHKE IKOJIOTHIECKHUX YCIOBUI € MeCTOOOMTaHUH B CONPSIKEH-
HOM CHCTEeMe BBICOKOTOPHBIE aBaHTApIHBIE JIECa—MOJIObIE TOCTIIAHAIBHBIE TIOBEPXHOCTH B BEPXOBBSX P.
Axxon (FOxno-Uyiickuit xpeber, LlenTpanbHelii AnTaif).

HOxHOo-Yylickuii XpeOeT pacroioKeH B HEIMOCPEICTBEHHOH ONM30CTH OT 3aCyNUIMBBIX TOJYITYCTHIHD
MoHronun, 9To CKa3bIBaeTCs Ha XapakTepe PacTUTENFHOCTH 3TOTO paioHa. BerencTBue ropasno MEHBIIETO
KOJIMYECTBA OCAJIKOB Ha ero CKiIoHax, yeM Ha CeBepo-Uyiickom mnu Karynckom xpebrax (Pycanos, 1961), xa-
pakTepHOi 0COOEHHOCTHIO BEpXOBhEB p. AKKOJI KOxxHO-Uylickoro XxpeOTa SBISETCS TOYTH MOJTHOE OTCYTCTBUE
necoB. HeGompre yqacTky Jieca pacroioxKeHbI 37IeCh B OCHOBHOM BOJIM3H TOPHO-JIETHUKOBBIX 0ACCEHHOB.

OcHoBHas Jlecoobpa3yromias opojia B BEPXOBbAX p. AKKOJ — JIMCTBEHHUIIA CHOMpPCKasi, eUHIYHO MIPH-
CYTCTBYET ellb. JINCTBEHHUYHEBIE JIeca IIPEICTaBIeHBI PEIKOIEChIMU — YIaCTKaMH Jieca, pa3IeIeHHBIMHU BbIXO-
JaMH CKaJIbHBIMHU TIOPOJ], OCHIIISIMH. J[peBOCTOM B OCHOBHOM PACIIOJIOKEHBI HAa CKIOHAX CEBEpO-3aMagHoil u
JOTO-BOCTOYHOI 3kcro3unuii. [Ipodas qpeBecHast paCTUTENBHOCTD MPECTABICHA 3apOCIISIMH Oepesbl KpyTiio-
JIUCTHOM 110 CyXHUM ITOHMXEHUSAM Ha CKIIOHAX U 3apOCIISIMH UB (HMBa JIOKHOMATUTHIYMHKOBAS U JIP.) Y TOJHOXKHUS
CKJIOHOB U BJIOJIb CTEKAIOIIMX IO CKJIOHAM py4beB. Ha KaMEHHCTBIX CKIIOHAX M CKaJbHBIX BBIXOAAaX OOPTOB
JIOJNIMHBI PEKH IPOU3PACTAIOT Pa3HOOOpa3HbIe MeTPOUTHBIE CTENHbBIe coooiiecTBa. [Tojorue yuacTku ¢iroBu-
OTJIAIMATIFHBIX OTIIOKEHHUH Ha JHUINE JONHUHBI 3apacTaloT 3a00I0YeHHBIMA MOXOBO-Pa3HOTPABHBIMH TyHIpa-
MH, OCOKOBBIMH U IYIIHIIEBO-OCOKOBBIMH 0OO0JIOTaMH. PacTHTEIBHOCTh MOCTIVISAIMAIBHBIX MOBEPXHOCTEH
NpeJICTaBIeHa B BUJE Psifa GOPMHUPYIOIIUXCS PACTUTEIBHBIX TPYIIIUPOBOK OT HECOMKHYTOH TPaBsHUCTOMH pa-
CTHUTENILHOCTHU, 00pa30BaHHOM TICHXpOpHUTaMH 1 TIETpopHuTaMH, OKOJIO JieqHrKa CopHUICKHii 10 pa3HOTPaBHO-
3JIaKOBBIX COOOIIECTB, CXOAHBIX C KPHO(PUTHBIMHU CTEIISIMU, HAa KOHeUHO-MOopeHHoM Bany XIX B. (TuMomok u
ap., 2008).

[TpaBsIit 60pT HOMMHKL p. AKKOJ (CeBepo-3ama Hbli CKIIOH) Oojiee 00JIECeH 10 CPAaBHEHHIO C JIEBBIM (FOTO-
BOCTOYHBIN CKJIOH) BCIIEICTBHE SKCIO3UIMOHHBIX pa3nuuuii. OTaensHbIe JepeBhbs M ONOTPYIIIBI JINCTBEHHHU-
bl B TOJTMHE P. AKKOJI HAYWHAIOT TIOSIBIISITHCS C a0COMIOTHON BBICOTHI 2250 M Ha pacCTOsSTHUH 15 KM OT coBpe-
MEHHOTO s3bIKa JenHnKa Coduiickuil. [1o Mepe mpoABIDKEHNS K JIEAHUKY Ha ITPaBOM OOPTY AOIUHBI OHOTPYTI-
TTBI TIEPEXOAAT B YYACTKH JIMCTBEHHUYHBIX PEIKOJIECHIA, IPHYPOUYCHHBIX K MOHMWKEHUIM Me3openbeda u ecte-
CTBEHHBIM BOZOTOKaM. B To ske Bpemsi 1o JIeBoMy OOpTy OHOTpYIIBEI 0TMEUAIOTCs A0 BIIAJCHUS KPYTTHOTO PyY.
Typa-Otok B p. Akkon (2350 M Hax ypoBHEM MOps, 7 KM OT JIeAHHUKA). 3eCh PACTIONOKEH JOCTATOYHO KpPYTI-
HBIH Y9aCTOK pa3pekKeHHOT0 JMCTBEHHIYHOTO Jieca, TUIMWYHBIHN 11 ToMuHEL. Jlanee, o Mepe MPOIBHKEHUS K
JIeTHUKY, Ha 060MX OOpTax OJIMHBI IMCTBEHHHUIIA ITPECTABIICHA JIUIIb ONOTpyNIaMu. Beiiie koHeuHOH Mope-
HbI cepenuubl XIX B. B 2,5 kM oT nennuka (Hapoxusriid, Hukutun, 2003 ) KoMM4decTBO epeBheB B OMOTpyIax
Mo 000uM OeperaM peKd CHUXKACTCs, TIOCTEIICHHO MEePEX0as B AMHUYHO CTOSIINE ICPEBbS WM HEOObIINE
OHMOTPYIIIBI, COCTOAIINE U3 ABYX-Tpex ocobeit (1,5 kM oT ienuuka). EAMHUYHBIC IepeBbs BCTPEYAIOTCS BILIOTh
JIo aOCONMIOTHBIX BBICOT 2450 M Ha pacctostHum 70 0,5 KM OT COBPEMEHHOTO S3bIKa JISTHHUKA.

[IpoBeneHHBIE MapIIPyTHBIE UCCIIEIOBAHNS TTIOKA3aJIH, YTO OCHOBHBIE TAKCAI[HOHHBIE TTOKA3aTeIH PEIKO-
niecuit u Ouorpynn 060X OOPTOB NOIMHBI OJU3KH. BeIenseTcs 1Ba OKOJIIEHUS: OCHOBHOE C BO3PACTOM Jepe-
BbeB Oonee 250 net, muameTpom 110 40 cM, BBICOTOM 110 12 M, ¥ BTOpOE TIOKOJIEHUE JIEPEBHEB, HAXOMSALTUXCS BO
BTOpOM sipyce, ¢ Bo3pactoM a0 100-150 net, imamerpom 10 20 cM u BeicoTol a0 10 M.

B nepBbIX OMOrpyInax JHUCTBEHHUIIBI, Hanbolee ynaneHHbIx ot teanuka Coduiickuii (15 kM), mpeodna-
JTAToT JepeBbs ¢ Bo3pacToM 1o 150 set. ITo Mepe nmpoaBMKEHHUS TI0 TOTUHE BBEPX K JIEAHUKY B PEIKOJIEChAX U
Ouorpynmnax yBeIU4YMBAETCS KOJMYECTBO JiepeBheB 250-neTHero Bo3pacta. Hambosee crapble SK3eMILIAPHI
JMCTBEHHHIIBI BCTPEUEHBI B MecTe BnajeHus pyd. Typa-Oiok B p. AKKOI, TI€ BO3pacT eHHUYIHBIX JIEPEBbEB
cocrtagysiet 700 net. [1pu nanpHeimeM npuOIMKEHNH K JIETHUKY MAaKCUMAJIBHBIN BO3pAcCT JIePEeBbEB JIMCTBEH-
HUIIBI B Onorpynmax He npesbimaet 150 net, nuamerp — 20 cM, BbIcoTa — 7 M. BHOTpYIIIBI COCTOSIT, KaK MpaBU-
J10, U3 JIBYX MOKOJIeHH ¢ Bo3pacTtoM 70 150 u 100 net. JlepeBbst BTOPOTO MOKOJIEHUSI UMEIOT HECKOLKO MEHB-
IIMe AUaMeTPhl U BBICOTHL. Ha paccTosHUM OT JeqHIKa IyTh MEHee 2 KM, B paifoHe KOHEYHO-MOPEHHOTO KOM-
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TIekca cepenuHbl X1X Beka, BO3pacT AEPEBhEB JIMCTBEHHHUITH He mpeBbimaet 100 net, cpeqamii tuamerp 15
cM, BbIcoTa 5-6 M. PacmionoxxeHue iepeBbeB eIMHAYHOE WM OHOTPYIIIIaMH, COCTOSIIIMH U3 JIBYX, PEXe Tpex
OIHOBO3PACTHBIX 0COOEH, MIIM OHOTO JIJEpa U [0 IIATH Ooliee MOJIOIBIX 0cobel. bike K IeTHHKY Ha MOJIO-
JBIX TTOCTIISIIUATIBHBIX OBEPXHOCTSX JIEPEBbS BCTPEUAIOTCS SAMHIYHO, BO3pacToM 10 50 JIeT, uX BBICOTa He
npesbrmaet 2,5 M. Ha paccrosannm ot neganka Mmeree S00 M 1epeBbs OTCYTCTBYIOT.

Jnst Gomee eTanbHOrO aHaIM3a CTPYKTYPHI JIECOB JOJIMHBI OblIa 3aJio’KeHa MPOoOHast IUIOMAAb B MECTe
NpOU3pacTaHUs THIIMYHOTO IPEBOCTOS B MECTe BIajgeHus pyd. Typa-Orox B p. Akkol. JIMCTBEHHHYHHK 3J1aKO0-
BO-KOOPE3MEBO-EPHHUKOBHIN PACIIONOKEH Ha I0r0-BOCTOYHOM CKIIOHE Ha abcomoTHOI BeicoTe 2350 M. B no-
BOJIBHO COMKHYTOM KyCTapHHKOBOM SIpyce aOCOIIOTHO JOMUHUPYET Oepe3a kpyrinonuctHast (60-65 %), Tpass-
HON TIOKPOB CIIOKCH B OCHOBHOM JICPHOBHHHBIMH pacTeHusiMU: Kobresia myosuroides (2-3 %), Festuca
altaica, Poa sibirica, Carex macroura subsp. kirilovii (mo 1-2 %). CoctaB apeBoctos 25J1,71J1;4J1,,,. Bonurer
V6. OrrocurespHas moiaroTa 0,29, abcomorHas — 7,7 m'/ra, 3amac mo 40 m'/ra. Cpennuii quametp 53,6 cm,
BbIcoTa 9,4 M, Bo3pacT 415 net. KonmmuecTBo nepeBbeB okoo 200 mt./ra.

Bo3spactHas cTpykTypa cTyneH4aTro-pasHoBo3pacTHas. OCHOBHOE IIOKOJIEHHE IPEICTaBICHO ACPEBbSIMH
nucTBeHHUIBI 500-11eTHETr0 Bo3pacta. IMEroTCst eIMHIYHBIE IePEBbs MAaTEPUHCKOTO II0JIOTa BO3PACTOM OKOJIO
700 met. TpeThe MOKOJEHWE MPEACTABICHO PEAKOCTOANIMMH JHCTBEHHHIIaMU Bo3pacTtoM Menee 100 ier.
OCHOBHBIMH TI0 3aI1acy SABISIOTCS OCTAaTKU JEPEBLEB IIEPBOTO IIOKOICHUS U BTOPOE OCHOBHOE ITOKOJICHHUE.

JwmaMeTpsl ¥ BEICOTBI OCHOBHOTO SIpyca IPEBOCTOS (TIEPBOTO M BTOPOTO ITOKOJICHUH) Onu3ku. OCHOBHOE
BTOpOE MOKOJICHHE JePEBLEB MMEET MEHBIINN CPEIHHIN THaMETp, YeM IIepBOE MOKOJICHNE, HO CPEIHS BBICOTA
€0 BBIIIE, YeM y APEBOCTOS IEPBOTO ITOKOIEHHs. CpemHsst BEICOTA APEBOCTOS TPETHETO ITOKOICHHUS OIIM3Ka K
OCHOBHOMY JIPEBOCTOIO, CPEIHUM XKe IMaMeTp UMEeT 3HAYNTEIFHO MEHbIINE 3HaueHuUs. [10ApoCT eNMHNYHBIH,
HpeCTaBICH JTUCTBSHHHULICH.

Jnst aHanmu3a TMHAMUKH paJyaibHOTO NPUPOCTa JAEPeBbEB JIMCTBCHHHIB! ObLIa IOTy4eHa 0000IIeHHAs
JIPEBECHO-KOJIBIIEBAs XPOHOIOTHS IIUTENBHOCTRIO 612 et (1400-2012 rr.). MHuBUAyansHbBIEe CEPHH XPOHO-
JIOTHH MOKa3aH JOCTaTOYHO BEICOKYIO COIIACOBAaHHOCTh. Hanbonbimas CHHXpOHHOCTh H3MEHEHUH INPUHBI
TOJMYHBIX KOJIEIl BBISBIICHA Y CTAphIX JEPEBLEB JIUCTBEHHHIBI. AOCOIIOTHAS BENYUHA M aMILUTUTYa Koneda-
HHUH IPUPOCTa y MOJOIBIX AK3EMILIAPOB JIMCTBEHHHUIIBI B BHICOKOTOPHBIX JIECAaX BBIIIE, UM Y CTapOBO3PACT-
HBIX (pHc. 1); IepeBbs, MPOU3PACTAIONINE Ha IOCTIIALHAIBHBEIX TIOBEPXHOCTSX, 3aHUMAIOT MIPOMEXKYTOUHOE
TIOJIO)KEHUE 10 3THM ITOKA3aTeIISIM.

monoasle aepessA (Il nokoneHune)
------- cTapble agepeBbA (Hl nokonenma)
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1l Bo3pacTHble NOKONEHUA) M Ha MONOALIX NOCTMAALMANbHBIX NTOBEPXHOCTSAX B BEpX0BbAX p. AKKoN (H0rHO-YyiicKkuii XpebeT)

JlepeBbsl JIMCTBEHHUIIBI, TIPOU3PACTAIONINE HA MOCTIISIHAIBHBIX HOBEPXHOCTSX, COPMHUPOBABIINXCS
BCJIE/ICTBHE MHTEHCHBHOTO oTCcTynaHus JienHuka Coduiickuii ¢ cepenunbl XIX B., XapakTepHu3yloTcs psaoM
ocobeHHoCTeil. JlepeBbsi B OCHOBHOM ITPUYPOUEHBI K MUKPOIIOHWKEHHSM peibedha WK K KPyITHBIM BaJyHaM.
®dopma KpoHbI «10004YHas (CHIIBHO pa3BUTHI BETBU HIKHEH YacTH KPOHBI, HaJl HUMH y4acTOK CTBoJIa 6e3 6o-
KOBBIX BETBEH ), UacThl IiepeBeplInHIBaHms cTBoja. Jlo 1985 1. (Bo3pacT nepeBbeB He mpeBbiniai 15 ner) npu-
POCTHI IO pajiuycaM, HalpaBJIe€HHBIM K JICIHUKY U OT JIEJHUKA, HEe OTIUYAIIUCh APYT OT Apyra. B 3To Bpems atu
JIepeBbsI POCIIN B YCIIOBUSX €CTECTBEHHOM 3aIllUThl MUKPO- ¥ HAaHOpenbeda U, BEPOSITHO, CHEXKHOTO TTIOKPOBA,
KOTOPBIN COXPaHSAETCsI OKOJIO €r0 HEPOBHOCTEH U CyBaeTCs Ha OTKPBITHIX y4yacTkax. [Ipu naneHeiimem pocre
CTBOJIA €r0 MPHUPOCT O HAIPABJIECHUIO OT JIEAHUKA HAYMHAET OTIIMYAThCS OT MPUPOCTA K JeTHUKY. Takue pas-
nuns cocraBuiu 10 44%, B otnenbHble ronsl 10 71% (B cpennem 33%). OTaenbHbIE AepeBbs JINCTBEHHUIBI
HayaJIy MIOAOHOCUTb.
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CornacoBaHHOCTh B TMHAMHUKE M3MEHEHUI MIMPHUHBI TOANYHBIX KOJIEI] JIEPEBbEB JINCTBEHHUIIBI, OOIIUE
TIEPUO/IBI IOHMKEHUH U MOBBIIICHUH UX PaAHalbHOTO IPHPOCTa MPEAIONAracT JOCTaTOYHO CHIIbHOE o0Iiee
BO3JICHCTBHE BHEIIHETO (haKTOpa Ha POCT AepeBbeB. [lomyueHHas 06001IeHHass XPOHOIOTUS MO TUCTBEHHHUIIE C
BEPXOBBEB P. AKKOJI CPABHUBAJIACH C €XKETOAHBIMH CPETHEMECSIUHBIMU KIIMMaTHIeCKUMH ITOKa3aTeIIMHU BBICO-
xoropHoit Mmereoctaniu AKTpy (CeBepo-Uyiickuii xpebeT). HanOompuryro moNMoKUTETBHYIO CBA3b C IPHPO-
CTOM HMEIOT BECEHHE-JIETHUE TEMIIEPATyphl, TpHYeM KO(P(UIIEHTHI KOPPENALHS [l XPOHOJIOTHH, TIOCTPO-
€HHOMW MO CTapOBO3PACTHBIM IK3EMILISIPaM JIMCTBEHHHMIIB!, BbIE. Ko GUIIMEHTh! KOPPENLUn ¢ TEMIIepary-
poii mas-utons +0,45, mas-mrons +0,47. Peakuns MOIOOBIX AEPEBHEB JIMCTBEHHUIIBI HA U3MEHEHHUS CPETHIX
temneparyp mas £0,32, a co cpenHei Temneparypoit Mas-uroHs +0,38. B XpoHOIOrnu 1Mo MoJIoABIM IEpEeBhIM
JMCTBEHHHIIBI POCIISKUBACTCS CBA3b CO CPeqHEH TemMmeparypoit okTsops mpormwioro roaa +0,34, aro 00bsic-
HSIETCS TOATOTOBKOM I€PEBBEB K 3MIME.

Hamu Gbuta mpoBezieHa HKOJIOTWYECcKasi OLlEHKa MECTOOOMTaHMH JTMCTBEHHHMIIB B BEPXOBBSIX P. AKKOM C
HCTIIOF30BaHIEM CTaHIAPTHBIX 3Kojormdeckux mkan (Llanenkun, 1967) Ha 0CHOBE Te0O0TAHNIECKIX OITHCA-
HUH coobmecTB. PacueTs moka3anu, 4To yCIOBHS YBIAXHEHUS U TpohHOCTH Oostee OIM3KH K ONITHMAIEHBIM
(65 crymieHs yBIaKHEHHS, 8 CTYIIEHh OOTaTCTBA M 3aCOJIEHHOCTH TTOYBHI) JJIS JINCTBEHHUITHI HA TIOBEPXHOCTH
KOHEYHO-MOPEHHOT0 BaJla JIEAHUKA, YTO CHOCOOCTBYET, HApAy ¢ HeC(hOPMUPOBAHHBIM PACTUTEIBHBIM ITOKPO-
BOM, TIOSIBIICHUIO JAEPEBBEB U MX OMOTPYyNIl HA OCBOOOAMBINMXCS OT JIEIHMKA TEPPUTOPUAX. Penkonechs u
KPYIHbIE OMOTPYIIIBI TUCTBEHHUIIBI HIXKE KOHEYHO-MOPEHHOTO Baja JIEHNKA 3aHUMArOT 0oJIee CyXHe MecTo-
obutanus ¢ Oonee OorarbiMu mouBamMu (63 CTyTeHb yBIaXKHEHHS, 9 CTyIeHb O0TaTcTBa U 3aCOJCHHOCTH 10~
YBBI), YTO CO3AET ONATrONpPUATHBIEC YCIOBUS AJISI Pa3BUTHA I'yCTOTO KyCTapHHUKOBOTO sipyca U MpeoOiIagaHus
JICPHOBHHHBIX PACTEHHI B TPABSIHOM SIpyC€, KOTOPBIE MPEISATCTBYIOT MOSIBICHUIO U BEDKMBAHHIO TIOJPOCTA.

B pesynbTare ncciaeoBaHNi BBIBICHO, YTO BO3PACTHAs CTPYKTYpa JTUCTBEHHUYHBIX PEIKOJIECHH B BEp-
XOBBAX p. AKKOJI CTYIICHYAaTO pa3HOBO3pacTHas, MPeCcTaBlIeHa TpeMs nokoneHuaMu. CpenHuil Bo3pact aepe-
BbEB iepBoro mokoneHus 500 jet, Broporo — 250 jet, Bo3pacT HanOoJIee MOIOIOTO TIOKOJICHHUS HE TIPEBHIIIAeT
150 met. HanGomnpmuii BO3pacT UMEIOT IePEeBbs, pacTyIie Ha PACCTOSIHUN 7 KM OT JISJHUKA B MECTE BIIaICHU
pyd. Typa-Orok B p. Akxon (2350 M), rie IMEIOTCSI OCTATKH MaTepPHHCKOTO IIOKOJICHUS C BO3PACTOM JICPEBHEB
700 ner. Hammensmuii Bo3pact (MeHee 50 yeT) — y IepeBbeB, MPOU3PACTAIONINX Ha MOCTIVISAIHMAIBHBIX TO-
BepxHOCTAX cepeanHsl XIX B. Ha HUX BBISBIICHBI O0Jice ONTUMAJIBHBIC YCIOBUS YBIQXXHEHHS U TPOPHOCTH.
OO6Hapy>XeHBI pa3IHdus B IPUPOCTE IEPEBbEB B HANIPaBJICHNH K JenHuky Coduiickuii u ot iegHuka. [Ipesec-
HO-KOJIBIIEBBIE XPOHOJIOTHH IOKA3aJIM JOCTaTOYHO BBICOKYIO COIVIACOBAHHOCTh MEXIy co0oi. PagmnanbHbIit
TIPUPOCT MOJIOKUTETBHO CBSI3aH C BECEHHE-JICTHUMH TEMIIEPaTypaMH.

Paboma svinonnena npu noooepaicke PODH Ne 13-05-00762.

Jlumepamypa:

1. Hapooscnouii FO.K., Huxumun C.A. Cospemennoe onedenenue Armas na pybesxce XXI sexa //
Mamepuanwv ensiyuonozcuyeckux ucciedosanui. 2003. Buin. 95. C. 93-102.

2. Pycanoe B.H. Pacnpedenenue cpedne200068020 kKonuuecmsea ocaokos 8 Llenmpanvrom Anmae //
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2008. 208 c.
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Seed cone production in Siberian stone pine in high
elevation forests and forest-tundra ecotone
in Severo-Chuisky Range (the Central Altai Mountains)

Filimonova E., Savchuk D.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: smelena82@mail.ru

eed cone production in Siberian stone pine was studied in high elevation larch-pine forests (2150-2300

m a.s.l.) and forest-tundra ecotone (2235-2390 m a.s.1.) in the Aktru headwater, Severo-Chuisky Range,

the Altai Mountains, Russia by direct observations during 2004-2013 and by the scars and traces of the
cones on the annual shoots on the sample cone-bearing branches (Vorobjev et al., 1994).

COAEPXAHME »

SESSION 3

ENVIROMIS'2014

(7]
=
7]
-
(2
>
(7]
=
=
e
<z
=
(-
(=]
ke
=
(=]
=
<t
[1-]
=
e
(7]
(=]
(=]
=
(%)
—
=
-
<t
=
e
(7]
(7]
[--]
o
—
<t
-
—
(7]
=
=
(=]
=
=
—
(" 7]
—
o
("7 )
[X]
—
Ll
(-
L
ke
—
(=]
(=]
—
<t
=
=
o
<z
—
-5
[N
-
=



mailto:smelena82@mail.ru

ENVIROMIS'2014

(7]
=
T}
—_
wn
>=
(7]
=
=
ey
<<
=
-3
(=]
[
=
(=]
—
<T
(1]
=
ur
L
(=]
(=]
=
(7]
—
(=}
e
<<
=
o
L
(7]
[=-]
o
-
<<
-
—
L
=
=
(=]
e
=
—
L
—
o
1T}
[X]
—
L
o
L
(.
—
[=]
(-]
-
<<
=
(=]
e
=T
—
o
[N
[
=

SESSION 3

We noted the seed cone production in Siberian stone pine trees on the eastern slope of the Aktru river val-
ley as high as 2350 m a.s.1. and on western slope as high as 2390 m a.s.l. “Reproductive line” in Siberian stone
pine locates at 2350-2390 m.

Tree began to bear the cones in 60-70 years age in the ecotone and in 90-130 years in the forests.

The trees initiated the seed cones every year: 1.5 (range is from 0.5 to 2.0) cones per shoot on the eastern
slope and 1.6 (range is from 0.9 to 2.4) cones per shoot on the western slope in the ecotone but significantly
higher (2.0 cones per shoot and range is from 0.9 to 2.7) in the forest. The initiated cone production was syn-
chronous but not absolutely. For example, it was higher every year since 2000 till 2004 on the eastern slope but
not every year on the opposite slope.

The initiated seed cones can abort and fall down: 28.4% on the eastern slope and 19.7% on the western
slope in the ecotone.

Next season Siberian stone pine pollinates. In the Aktru headwater such pollination begins about one
month later than in the West Siberian Plain. During pollination year the 1-year seed cones can abort and fall
down too: 6,9% on the eastern slope and 15,1% on the western slope in the ecotone.

Next season again the 2-year cones fertilizer and mature: 6.2% of the immature cones abort on the eastern
slope and 2,3% on the western slope in the ecotone.

The average total abortion of all seed cones is 41.5% on the eastern slope and 37.0% on the western slope
in the ecotone. The total cone crop is 0.9 (range is from 0 to 1.9) cones per shoot on the eastern slope and 1.0
(range is from 0.2 to 2.2) cones per shoot on the western slope in the ecotone but significantly lower (0.6 cones
per shoot and range is from 0.1 to 1.5) in the forest. The cone crop production was almost synchronous in the
ecotone and the forest.

We found the positive correlation between the initiated seed cone production and the temperature of the
growing season (0.45-0.68) in the eastern slope of the ecotone and the forest. But the summer temperature is
not a limiting factor for the seed cone initiation in the western slope of the ecotone. But here the initiated seed
cone production negative responds on the temperature in previous December (—0.47-0.60). The precipitation in
May-August limits seed cone crop (—0.42-0.70) in the both slopes in the ecotone.

The study was supported by the Russian Foundation of Basic Research (grant 13-05-00762.

[MHaM1Ka ceMeHoLLIeHMA Kegpa CMBUPCKOro B CUCTEME
BbICOKOrOpHble N1Ieca—1ecoTyHAPOBbLIN 3KOTOH
CeBepo-Yyickoro xpebTa (LleHTpanbHbI AnTan)

OunumoHosa E.O., CaBuyk [1.A.

WHCTUTYT MOHUTOPUHIA KMMaTUYECKUX U 3Konoruyeckux cucteM CO PAH, Tomck, Poccus
E-mail: smelena82@mail.ru

obOpasyet BepxHIO0 Tpanully Jieca (Kymunosa, 1960; Tumornok, 2001) u siBisieTcss AOMUHUPYIOIICH
HOpO}IOfI B IPEBECHOM APYCE BHICOKOTOPHBIX aBAHTAPAHBIX COMKHYTBIX KEIPOBBIX JIECOB HA BhICOTAX
2150-2300 m u manamIag THOM SKOTOHE «JIeC-TyHApa» Ha BeicoTax 2235-2390 M Hax yp. MOp4.

N3BecTHO, 4TO Hanboiee XapakTEPHOH YepTOi CEMEHOIIIEHHS Keipa CHOMPCKOTO SIBJISIETCS HEpaBHOMEP-
HOCTB YPOXKACB 110 BEJIMYMHE U KAYCCTBY, 110 I'0JIaM U dTallaM OHTOI'CHE3a B pa3HbIX IKOJIOT'MYCCKUX YCIOBUAX
ero npomspacranus (Kpsutos u ap., 1983).

33}13‘13 pa6OTBI — OIMMCaTb JUHAMUKY CEMCHOMICHHUA OT 3aJIOKCHHUA IMHUIICK 10 UX IMOJIHOTO CO3PEBAHUA Y
Keapa CI/I6I/IpCKOFO u3 COprDKeHHOﬁ CHUCTEMBI: BBICOKOTOPHBIC aBaHTapAHBIE COMKHYTEIC JIECa — J'IaHﬂH_Iad)T-
HBIE KOTOHBI «JIEC—TYHApa» B BepX0oBbAX p. AKTpy (CeBepo-Uylickuii xpeber, LlenTpanbHerii AnTaif).

Jist petieHust ocTaBlIeHHOW 3a/1a4y 3aJI0KHIIN 9 IPOOHBIX IIIOIIA/Ieii B 3KOTOHE Ha BOCTOYHO-FOT0-BOC-
TOYHOM M 3aI1a/IHO-CEBEPO-3allaHOM CKIIOHAX JOJIMHBI p. AKTpY Ha BbIcoTax 2235-2480 M Hag yp. M. © 4 — B
JIMCTBEHHUYHO-KEIPOBBIX Jiecax Ha BbicoTax 2150-2300 M, rae y nepeBbeB Kempa OTOMpav IUIOJOHOCAIINE
BETBU IJIsI pEKOHCTPYKIHUU TUHAMHUKHA CEMCHOUICHUA 10 CJICaM OT IIHNIICK Ha KOPE€ 1 MOMEPEUYHBIX CITHJIAX I'0o-
JudaHbIX 00eroB (Bopobbes u ap., 1990).

[Ipu n3yueHNr ceMEHOUIECHHS JepPEBhEB Keapa YCTAaHOBIEHO, YTO B Tofbl HaOmoneHui (2004-2013 rr.)
OHO OTMEYEHO Y JICPEBbEB, MPOU3PACTAIOIIHMX B TPYIIIaX Ha BOCTOYHO-IOT0-BOCTOYHOM CKJIOHE Ha BBICOTaX JI0
2350 M, Ha 3amagHO-ceBepo-3amagHoM — 110 2390 M. Brrme rpynm gepeBseB (110 2480 M) ObutH 0OHAPY>KEHBI
CTepuJIbHBIE 0cO0U Kezipa. TakuMm 00pazoM, «PerpoyKTHBHAS IPaHHUIIa» Y KeJpa CHOMPCKOTO B 9KOTOHE «JIec-
TYHJpa» AOJUHBI p. AKTpY MIPOXOAUT Ha BbIcoTax 2350-2390 M Hax yp. M.

l l a Cesepo-Uyiickom xpeOTe, Kak 1 Ha MHOTUX ApyruX Xpedrax LleHTpanbpHoro Anras, Keap CHOMpPCKUiA
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B 3TuX yCIoBHSX CEMEHOIIEHHE Keapa B SKOTOHE HadmHaeTcs mpumepHo ¢ 60-70 et (PunmuMoHOBa,
2012), B coMmxHyTHIX JIecax — ¢ 90-130 net (Tumormox u np., 2009).

Kax nokasaia peTpocleKTHBHas OLICHKa CEMEHOIICHHUS, 3aJI0KeHUE HIIEK [TPOUCXOAUT SKETOIHO. 3a
22-neranii nepuox (1990-2011 rt.) He OTMEYEHO HM OHOTO TOJa C OTCYTCTBHEM 3a4aTkoB. Ha BOCTOYHO-1OTO-
BOCTOYHOM CKJIOHE YFICJIO 3a9aTKOB IIHUIIEK Y JePEBREB COCTABIIIO B cpenHeM 1,5 ¢ komebanusamu ot 0,5 1o 2,0
mT./mo0eT, Ha 3amaIHO-CEeBEpO-3allalHOM CKIIOHE — 1,6 ¢ konmebanusmu ot 0,9 mo 2,4, B COMKHYTHIX Jecax —
noctoBepHO BoIe (2,0 ¢ xonebanmsmu ot 0,9 no 2,7 mt./mober) (puc. 1). B menom B rpynmax gepeBseB Ha
000MX CKIIOHAX YHCIIO 3a4aTKOB LIMIIEK CTATUCTHYECKH HE Pa3INyalioch.

31 1 3 q

Yucno wuieK
Ha ofuH nober, wWT.

0 +r—r—T—TTTTTTT 7T T T T T T T T
1990 1995 2000 2005 2010 1990 1995 2000 2005 2010 1990 1995 2000 2005 2010

Puc. 1. [InHammnka umcna 3anommsLumxca (a) u cospesLumx (6) LunieK Ha ofWH nober y fepeBbeB Keapa B COMPAMKEHHOW
CUCTEME BbICOKOMOpHbIE NIeCa—eCOTYHAPOBbIVA 3KOTOH A0NMHbI p. AKTpy CeBepo-YyicKoro xpe6Ta: 1 — 3KOTOH BOCTOUHO-
10ro-BOCTOYHOIO CKOHA, 2 — SKOTOH 3anafHO-CeBepo-3anafHoro CKoHa, 3 — MMCTBEHHWYHO-KepoBble feca. CnioLwHon
NPAMON NIMHWEN 0603HaYeH TPEHA.

Bricokuii ypoBeHb 3aJI0KEHUS LIHMIIEK, OOIIHiA B 9KOTOHE | Jiecy, HaOmonaics B 1997, 2004, 2007 rr.,
HU3kud — B 1998, 2005, 2008 rr. OgHaK0 B OTIENbHBIC TOABI BEISIBICHBI OTINYNS B 3HAUeHISIX. Tak, B 1993 1.y
JIepeBBEB HAa BOCTOYHO-IOT0-BOCTOYHOM CKIIOHE OTMEUEHO HU3KOE YMCIIO 3a4aTKOB IIUIIIEK, a Ha 3aI1aJHO-CEeBe-
po-3anaHoM cKiIoHe — cpennee. B Teuenue msatu aet ¢ 2000 o 2004 rT. y AepeBbeB Ha BOCTOYHO-I0I0-BOCTOU-
HOM CKJIOHE €KETOJHO 3aKJIaBIBAIIOCH MIOBBIIICHHOE YHMCIIO MINIIEK, B TO BPeMsI KaK Y IEPEBbEB Ha IIPOTHUBO-
MHOJI0KHOM CKJIOHE M3 3TUX matH jeT B 2000 u 2002 rT. oTMeU€eH craji B 3aJI0)KEHHUH.

TpeHIpI H3MEHYHBOCTH 3TOTO ITOKA3aTEeNs TOJIIOKHUTEIbHBIE, YTO OOBICHACTCS BCTYIUIGHHEM JIEPEBHEB
KeZlpa B CTaauI0 Ooiee OOMIBHOTO CEMEHOIICHHUS, Ha 9TO, BO3MOXKHO, HAIOKMIIUCH OJIarONMpUSATHBIC YCIOBHUS
COBPEMEHHOTO TOTEIICHHS KIIIMATa.

HecMmoTpst Ha TOCTOSTHHOE €KETOAHOE 3aJI0KECHUE ITUINEK, OHU THOHYT Ha pa3HBIX dTallax CBOETO Pa3BH-
THs. B ycrmoBmsix skoToHa oTMedueHa rudens 24% 3a4aTkoB, MPHYEM OHA OOJBIIE Y IEpeBbEB HAa BOCTOYHO-IOTO-
BOCTOYHOM CKIIOHE (28,4%), 4eM Ha npoTHBONOIOKHOM (19,7%). BomnbIiee 9uCIIoO OCTAHOBUBIINXCS B pa3BH-
THU U TOTHOIINX 3a9aTKOB Ha BOCTOYHO-FOTO-BOCTOYHOM CKJIOHE ITO CPaBHEHHIO C 3aI1aJHO-CEBEPO-3ama fHBIM
CBSI3aHO C UCCYIIAIOMINM JISHCTBHEM TOCIOACTBYIOMINX BETPOB B 3UMHHIA ITEPHOJ, KOTJa IPOUCXOIUT TAKKe
MaccoBOe 0OMep3aHue MOOEeToB.

Ha cnenyromuii BereTallMOHHBIA CE30H MPOUCXOAUT OIbUICHUE Kenpa. B jecax monuHbl AKTpY «UBeTe-
HHUE» U ONBUICHHE OTMEYAIOCh B KOHIIE UIOHS - Havdase o (Tumomnok u ap., 2008), B 1€COTYHAPOBOM 3KOTO-
HE MBI (PUKCHPOBAJIH ATOT IPOLIECC U B KOHIIE HIONSL.

B mepron ombUIeHMS 9acTh IINIIEK TakKe MOXKET OCTAHABIMBACTCS B CBOEM Pa3BUTHHU W morudath. B
9KOTOHE JIOJISI TAKUX TOTHOIINX OJHOJICTHHUX IIUIIEK Ha BOCTOYHO-FOTO-BOCTOYHOM CKJIOHE COCTAaBHIIA B CPe/I-
HeM 6,9%, Ha 3amagHO-ceBepo-3amagHoM — 15,1%. B miemom o 3xoToHy 3Ta BenmuunHa coctasmia 11,0%. bo-
Jiee HU3KHIA MPOIICHT THOETN OHOJETHUX HINIIEK Y JePEBHEB HA BOCTOYHO-IOT0-BOCTOYHOM CKJIOHE IO CPaB-
HEHHIO C TPOTHBOIOIOKHBIM YKa3bIBaeT Ha Ooiee OIarOnpHsATHEIEC YCIOBUS JUIS ONBUICHHUS, KOTOPBIM CIIOCO0-
CTBYIOT Ipe00JIaIalolIre BeTpa B TOTMHE AKTPY. DTH BETPHI OKa3bIBAIOT T'YOUTENBHOE JISHiCTBHE HA 3a4aTKH,
HO CIIOCOOCTBYIOT JIyYIIIEMY OTBLICHHIO.

OnpUIHBIIMECS MIUITKA 3UMYIOT M Ha CIEAYIOMIHN TOX — TOA UX CO3PEBAHUS — YacTh X MOXET ITOTHO-
HyTb. J{0oNs TaKMX NOTHOIMKX MINIIEK B TPETHH BEreTallHOHHBIN CE30H y NEPEeBhEB Ha BOCTOYHO-FOTO-BOCTOY-
HOM CKJIOHE cocTaBmia 6,2%, Ha 3amagHo-ceBepo-3amagHoM — 2,3% OT KOJMYeCTBA ONBUTHBIIIXCS U TIEPE3H-
MOBABIIHX IITUIIIEK, B IIEJIOM I10 SKOTOHY 4,2%.

CyMMapHSIif oTTaJT ITUIIEK Pa3HbIX TeHepaInii 3a 22-1eTHHH ITepruo HaOIONCH!I COCTaBIII y JePEBbEB Ha
BOCTOYHO-IOT0-BOCTOYHOM cKIoHe 41,5 %, Ha 3amaqHO-ceBepo-3amaanoM — 37,0%, 1o s5KoToHy B cpexreM 39,3%.

VYV nepeBbeB HKOTOHA Ha BOCTOYHO-FOTO-BOCTOYHOM CKJIOHE YHCIIO JBYXJIETHHX CO3DEBINUX IUIIECK B
cpeareM coctaBuio 0,9 m./mober ¢ xkonedbanusmu ot 0 10 1,9, Ha mpoTuBoOMIONOXKHOM cKIIoHE — 1,0 ¢ Koneba-
Hussmu ot 0,2 10 2,2 mT./mooer, B jiecax — HemHoro Menbie (0,6 ¢ kxonedanusmu ot 0,1 o 1,5 mt./moder).

B cemeHomeHun keapa BEBISBICHA BBHICOKAs ITOTOAMYHAS M3MEHYNBOCTh. MaKkcHMalbHBIN ypoxkait (2,0-
2,2 mr./mober) B 3k0TOHE U Niecax Obu1 oTMeueH B 2011 1. BBISBICHBI OTINYNS B IHHAMHKE CO3PEBAHUS IIUIICK
y IepeBbEB SKOTOHA C Pa3HBIX CKIOHOB. Tak, y IepeBbeB Ha BOCTOYHO-FOTO-BOCTOYHOM CKJIOHE BBIIEISIETCS
TepHo[ MOBBIIICHHBIX ypoxkaeB ¢ 2001 mo 2004 rT. (puc. 1, 16), 00ycI0BICHHBIN BRICOKOH 3aKIIAAKOH IIHIIEK
(puc. 1, 1a). Y nepeBbeB Ha IPOTUBOIIOIOKHOM CKJIOHE U B JiecaX U3 3THX deTbIpeXx JieT 2002 1. ObIT HU3KOYPO-
JKafHbIM. TakKe TOBBIIIICHHBIH Ypo)kall MUK Y epeBbeB Obu1 oTMedeH B 1997, 2006 u 2009 rr.
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HeypoxaitHpIMu rogaMu AJIs BCEX IEPEBBEB ¢ 000MX CKIIOHOB | B Jecax O0butn 1998, 2005, 2008 1 2010
IT. B 3Tt rogp! uncno mmmex Ha moder He npessimano 0,6 mt. Hanbonee pe3kue konebaHus B TMHAMHKE CO-
3pEBaHUsI IIUIIEK BBISABICHBI Y JICPEBbEB Ha 3aI1aJHO-CEBEPO-3aaJHOM CKIIOHE.

[Ipu ananm3e AMHAMHKHI CEMEHOIIEHHUS Keapa B 9koToHe (2235-2390 M) n coMKHYTHIX Jecax (2150-2300
M) nonuHbI AKTpy CeBepo-Uyiickoro xpedTa 1 B KeAPOBBIX HACAXKICHHUAX CyOanbnuiickoro nosica CEeMHHCKO-
ro xpedTa (1920 m) (3emistaoii, bapanosckuii, 2007) BBIsIBIIEHA BRICOKAs cOrIacoBaHHOCTH. Hampumep, 2005
T. 0611 HeYpOXKalHBIM, a 2004 T. — BEICOKOYPOXKAITHBIM.

Ha nuHamMuKy ceMEHOIIEHUS OKa3bIBAIOT BIMSHUE MTOTOJHO-KINMaTnieckue (GakTopel. B skoToHE Ha Cy-
XOM BOCTOYHO-IOTO-BOCTOYHOM CKJIOHE U B JIecaX OOHapyKeHa TECHAas KOPPENALHS YHCIIA 3a4aTKOB IIUIIEK
JIEpPEBBEB C TeMIIepaTypoil BereTarmonHoro ce3ona (r = 0,45-0,68). ®opmupyronuecs 3a4aTKy MUK HYKIa-
I0TCSI B TIOBBIIIEHHON TemoobecnedyeHHOCTH. [Togo0Hast 3aBUCMMOCTD BBISIBICHA B ANHAMUKE 3aKJIaJKU IIN-
IIeK B 4epHEBHIX (450 M Hag yp. M.) u cybanpnuiickux (1800 M Hax yp. M.) kenpoBHuKax ['opHoro Anras (Bo-
pobreB, 1983), kenpoBHHKax Bocrounoro CasHa Ha Beicotax 800-1100 M Hag yp. M. (MpomHankos, 1963). B To
e BpeMsI TEMIIEpaTypa JIETHUX MECALEB HE SBISIETCS IUMHUTUPYIOMICH JUIS 3aJI0KEHUS MINIIEK Y ePEBbEB
9KOTOHA Ha BIIAYKHOM 3allafHO-CEBEPO-3aMasHOM ckiioHe. Ha 3ToM ckioHe oOHapy)XeHa 3HaunMasl OTpHIa-
TeJNbHAs CBA3b C TEMIIEpaTypoi nexadps mpeamecTryromero roga (r = —0,47-0,60). Yem Hmke Temmeparypa
3MMOH, TeM OOJIbIIIE CHETa BBINIAJACT, OH JOJNBIIE TAET BECHOM, TO3KE HAYMHACTCS BETETAlNs IEPEBLEB U TIO-
BBIIIAETCS BEPOATHOCTH THOEIH 3aJI0KUBIIUXCS BETETATHBHBIX ITOYEK Ha IoOere IpH BO3BPaTe BECCHHE-PaH-
HEJICTHUX XOJIOZIOB, a CIEJOBATENILHO, U 3a4aTKOB, KOTOPBIE MOTYT 3aJI0KHTLCS Ha 3TOM Hobere.

Urcno co3peBMMX MHUIIEK HA TT0Oere He CBA3aHO ¢ TeMITepaTypoil Bo3ayxa: koppeisinuii He HaiiaeHo. C
JIPYTOH CTOPOHBI, OCAJKH Masi-aBryCTa JUMHUTHPYIOT IIPOLIECC CO3PEBAHMS IIUIICK HA 000MX CKJIOHAX 3KOTOHA
(r=-0,42-0,70). Co3peBatorias MHUIIKa He HYXXIaeTcs B M30BITKE BIIAry.

Taxum 06pa3oM, B yCIOBUAX JTAaHAMIA(THOTO JIeCOTYHIpOBOTO 3KoToHa CeBepo-Uyiickoro xpedra ceme-
HOIIICHHE KeJ[pa CHOMPCKOTO B TPYIIaxX AEPEBHEB OTMEUEHO 10 BEICOTHI 2390 M Haj yp. M., BBIIIE PACIIONOXKE-
HBI CTEPWIBHBIE OJJMHOYHBIE 0COOH. BBIABICHO XOpollee COBMaJeHUE TUHAMHUKKI CEMEHOIICHHS Y I€PEBhCB
KeZipa CHOMPCKOTO M3 CONPSKEHHON CHCTEMBI: BBICOKOTOPHBIE aBaHTApIHbIE COMKHYTHIE Jeca — JaHamadr-
HBIE SKOTOHBI «JIEC—TYHIPa» B BEPXOBBAX p. AKTpY. OCOOEHHOCTBIO CEMEHOIIICHHUS SBISCTCS CTa0MIBHOE 3a-
JIO)KEHHE IIUIIEK W BBICOKHME AMIUTUTYABI KOIEOAHUH YHCIIa 3aJI0KMUBIINXCS U CO3PEBIIMX MIMMIEK. TpeH bl
HM3MEHYHNBOCTH CEMEHOIICHHUS 3a 22-JIETHUI TIEPHOJ HAOIIONEHIH TOIOKUTESITBHBIE.

Paboma svinonnena npu nodoepaicke npoexkma PODPU Ne 13-05-00762.
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Response of Baraba forest-steppe mires on global
Coolings of Holocene

Preis Yu.l.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: preisyui@rambler.ru

needed for qualitative prediction of their biosphere functions. Reconstruction response of mire ecosys-

tems to extreme climate signals are the most informative. As a result of previous studies we found that
in a continental climate of Western Siberia dry cooling is most strongly influenced by the functional state of the
mires. This effect was direct, through the formation of permafrost in mineral soils and peat deposits, and indi-
rect, through the degradation of permafrost in periods subsequent warming. On mire of middle, southern taiga
and podtaiga different types of cryogenic processes in Coolings ca. 7200, 6400, 5100, 4300, 3000, 2400, 2100,
1700, 1200, 560 and 150 BP reconstructed. Revealed that depending on the strength of the climate signal and
refractive its of local conditions, the impact of paleocryogenic processes on the mires state was positive (activa-
tion of paludification and oligotrofication and thus increase the peat accumulation rate and sustainability of
mires to external factors) or negative (stopping of peat accumulation due to formation of palsa and then — ther-
mocarstic pool). It is generally accepted, forest-stepp bog (riam) is the result of autogenic development of rich
fen.

The purpose of the study - to identify and determine the age and type of the paleocryogenic processes in
the Baraba forest-steppe riams and southern limit of the permafrost zone in Cooling of Holocene.

The objects of the given work are Uba riam, Burnt riam and Riamok, near the v. Ubinskoye (55°19'N, 79°
42' E) and Sherstobitovsky riam ( 54° 58' N, 81° 0' E) - the southernmost from riams of study area. Samples
from 6 peat cores analyzed for macrofossils composition, degree of peat decomposition, ash content, pH, natu-
ral moisture and density. 14C-dating by 18 samples. As a result, found that the peat deposits have depth of 1.0
to 3.72 m, are swamp transitional, swamp low-moor, Sphagnum fuscum. Raised bog peat layer depths are 45 -
275 cm. The absence of features for the autogenic oligotrofication: a gradual decrease in the ash content and pH
of peat, increase residue oligotrophic species. Typical is a catastrophic transition from eutrophic to oligotrophic
development stage. Radiocarbon age of this transition (ca. 1100, 1700, 3150, 4100 BP) corresponds to the be-
ginning or end of a period of global Cooling of Holocene and age paleocryogenic processes in the mires of the
forest zone of Western Siberia. This confirms the climate conditioning of oligotrofication. Before oligotrofica-
tion peat accumulation no stopping. Consequently, the processes of palsa formation were absent. Permafrost
waterproof layer formed. Their availability is a prerequisite for catastrophic oligotrofication of rich fens. Grad-
ual transgression exclusively eutrophic sphagnum moss (Sphagnum teres) to related trophic ecotopes in Cool-
ing AT/SB confirms this view. The foregoing significant drainage of mires should have promoted permafrost
formation in Cooling.

Age of riams coincides with the age of catastrophic oligotrofication, formation of secondary pools and
peat accumulation stopping in European bogs. Prevailing opinion that these mire catastrophic transition to the
atmospheric power due to the presence of waterproof layer - high degree of decomposition peat, which was
formed in preceding arid period. However, in the riams of the study area there are no signs abrupt changes tro-
phic paleoconditions and peat accumulation stopping.

Organic-mineral deposits underlying peat deposits riams often consist of mixture of residues of coastal-
aquatic plants, macrophytes and oligotrophic Sphagnum fuscum. Similar deposits, but the Early Holocene age,
found us in southern taiga’s bog “Temnoe”. They were formed in complexes consist of small lake and bog that
have arisen from periglacial vegetation Younger Dryas as result of permafrost degradation. Consequently, dur-
ing cooling periods, probably ca. 6300 and 7200 BP, in the Baraba forest-steppe cryogenic processes also oc-
curred.

According to information received, the southern boundary of the local permafrost zone in Western Siberia
in Cooling ca. 4100, 3000, 1700 BP in the Baraba forest-steppe held about 55°19' N and in Cooling ca. 1100 BP
- about 54° 0 'N.

l : nowledge about the impact of climate change on the functional state of mire ecosystems in the past
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OTknmkK 6onot bapabuHcKkom necoctenu Ha rnobasnbHble
MOX0N104aHMA rosioLeHa

Mpeinc 10.U.

WHCTUTYT MOHUTOPMHIa KNIMMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
E-mail: preisyui@rambler.ru

JIs1 KAYECTBEHHOTO MPOrHO3a OMOC(hepHOo (PYHKIIMU GOJIOTHBIX 3KOCHCTEM B COOTBETCTBHH C CYIIECTBY-

IOLIMMH U pa3pabaTsIBaeMBIMU KIIMMAaTHUECKUMU MOAEISIMHA HEOOXOANMBI 3HAHUS O BIMSHHUU KIMMara

Ha MX (YHKIHOHAILHOE COCTOSIHME B MpoluioM. Hanbonee nHGpOPMaTUBHBIME SIBJISIOTCS PEKOHCTPYK-
IIUM OTKJIMKA OOJOTHBIX SKOCHCTEM Ha SKCTPEMalIbHBIE KIIMMaTHYeCKHe CUTHAJBL. [IpenmecTByonmmMu uccie-
nosauusmu (IIpeiic, Kaprierxo, 2004; Ipetic u mp., 2010; Ipeiic, Kypsuna, 2012, Ipeiic, 2012) Hamu ycTaHOB-
JICHO, YTO B YCJIOBHAX KOHTHHEHTAJIFHOTO KiTMMaTa 3anaaHor Cubupu Haubosee CHIIbHOE BIUSHHAE Ha (DYHKIHO-
HaJIbHOE COCTOSIHHE OOJIOT OKa3bIBAIM CYXHE IMOXOIOAaH s HEOCPEACTBEHHO, Yepe3 OpMUPOBaHHE MHOTOJIET-
Hell Mep3i0Tel (MM) B OYBO-TPpYHTaX U TOP(QSHBIX OTIOKEHHSX, H ONIOCPEIOBAHHO, Yepe3 nerpananuio MM B
TIepHO/IBI OCIEAYIOIINX OTeIUIeHUH. PEKOHCTpyHpPOBaHbI pa3INyHbIe BUIBI KPHOTEHHBIX MPOIECCOB B TOPPS-
HBIX OTJIOKEHUSX CpeHEH, I00KHOM Taiiry u moaraiiru 3anaanoit CuOupH B IEpHOBI TOXOoIoaHuii okomo 7200,
6400, 5100, 4300, 3000, 2400, 2100, 1700, 1200, 560 u 150 ner Ha3azn. BersiBaeHO, YTO B 3aBUCUMOCTH OT CHIJIBI
KJIMMaTH9eCKOTO CHTHAJIa U CTETIEHH MPEJIOMIICHUS €70 MECTHBIMHU YCIIOBHUSMH, BO3JEHCTBHE KPUOTEHHBIX IIPO-
[ECCOB Ha COCTOSIHME OOJIOT OBLIO MOJOKUTENBHBIM (AKTUBH3AIMS 3a00IauMBaHNUS U OJUTOTPOGH3AIMHI U, COOT-
BETCTBEHHO, MOBBIIIEHUE CKOPOCTH TOPPOHAKOIIICHHS M YCTOHYMBOCTH OOJIOT K BO3/ICHCTBUIO BHEIIHUX (haKTO-
POB) WJIM OTPHULIATENILHBIM (TIpeKpalieHre TophOoHAKOIUICHHS U3-3a Tiepexo/ia OoJoT B cy0baspaaibHOe, a 3aTeM -
THIepakBaIbHOE cocTosiHKE). B Hauane XX Beka BBICKAa3bIBAJICH MHEHHUS O BIUSIHUA MM Ha BOSHHKHOBEHHE
OJMroTpo(HBIX PSIMOB JIECOCTEIH, HO OBLIH MPU3HAHBI OIIMOOYHBIMU. B HacTosiIee BpeMst 00IIeNpH3HAHO, YTO
onurotpodu3alys OONOT JIECOCTEIH SBISETCS PE3yJBTaTOM UX ayToreHHoro passurtus (Jluce u ap., 2001).

Lens nccnenoBaHus — BEIIBUTE U OIPEIEIIMTE BO3PACT U XapaKTep MaJleOKPHOTCHHBIX IIPOLIECCOB HA OONIOTax
bapabuHcKoli JTecocTemny 1 KKHBIH Mpejiesl 30HbI MHOTOJIETHEH MEp3JIOThI B IIEPHObI TOXOJIOIaHHI TOJIOIIeHa.
OO6BeKTHI nccienoBanns — YouHckuit psim, [openslii psim, Pasmok, pacmonoxennsie y . Younckoe (55°19’

c.r., 79°42° B.1.) u lllepcroburoBckuii Psam (54°58° .., 81° 0’ B.11.) - y ¢. LlepcToGuroso. [llepcTtobuToBCKMit
SIBJISIETCSI CAMBIM IOXKHBIM PSIMOM paifoHa uccieoBanus. beuin otoopansl 6 TopdsiHbix kepHOB. [IpoOBI TON-
nmHOM 2-10 cM mpoaHaTU3UpPOBaHEI HA O0TaHUYECKHI cOCTaB, cTeneHb pasnoxenus (R), 3ompHOCTS (A), pH,
€CTECTBEHHYIO BIaXHOCTB, INTOTHOCTD. [Tonmydeno 18 pannoyrnepoansix nat. C 1enbio BRISBICHUS MTpeKpaliie-
HUI TOp(OHAKOIUIEHUS IS NalleocTparurpaduuecknx pybexell BBIMOIHEHO JAaTUPOBaHHE Map COCETHHX
00pasioB Topda.
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Puc.1 Crpaturpaduyeckve KonoHkm 1 cBoncTBa Topda LLiepctobutosckoro (n.o. 1), YouHckoro (n.o. 2) u Fopenoro paMoB
(n.0. 3). PacTutenbHbie octatku: 1) Sphagnum fuscum, 2) S. angustifolium, 3) S. magellanicum, 4) S. balticum, 5) S.
majus, 6) S. jensenii, 7) S. teres, 8) runHosble Mxu, 9) Carex chordorrhiza, 10) C. rostrata, 11) C. vesicaria, 13), C. lasiocarpa,
13) C. cespitosa, 14) C. juncella, 15) KourapHble ocoku, 16) TpocTHUK, 17) BaxTa, 18) nywmua, 19) BepecKoBble KYCTapHUYKH,
20) npeBecHble ocTaTku, 21) poros, 22) poroaUCTHUK, 23) KaMbiLw, 24) Xapa, 25) BEMHMK.
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CorracHO oJTyYeHHBIM JaHHBIM, TOp(SHBIE pa3pe3sl nMetoT IryouHs! oT 1,0 no 3,72 M. TopdsHble 3ame-
KU — HU3WHHBIC U [IEPEXOHEIC TPABIHbIC, BEPXOBBhIe (PpyckyM. Crol BEpXOBBIX TOPPOB UMEET TONIIHMHY OT 45
10 275 cM. BBIABICHO OTCYTCTBHE MPU3HAKOB, XapaKTEPHBIX I ayTOT€HHOW OJIMTOTPO(H3aIINi: TIOCTEIICH-
HOE YMEHBIIIEHHE TIOKa3aTelnei 301pH0CcTr 1 pH TophoB, Bo3pacTanne cofep:kaHusi OCTAaTKOB OJIUTOTPOQPHBIX
BHJOB pacTeHui. 7 BceX pa3pe3oB XapaKTepeH KaTacTpopHUecKuil mepexos ¢ 3BTpoHOH Ha OIUTOTPO(d-
HYIO CTaJIuIo0 pa3BUTHA. PagmoyriepoaHsIii Bo3pact 3Toro nepexoxa (oxono 1100, 1700, 3150, 4100 et Ha3am)
COBMAJ@eT C BO3pPAcTOM Hayajla WIN OKOHYAHWS NEPUOAOB IT0OATbHBIX MOXONOJAHUI KIMMara TojoneHa
(Knmnmanos, 1996; Bonkosa u ap., 2002) u ¢ BO3pacToM MajJcoOKPHOTEHHBIX MPOIIECCOB Ha OOJIOTaX JIECHOM
30mHbI 3anagHoit Cubupu (IIpeiic, Kapnenxo, 2004; [petic u ap., 2010; [petic, Kypsuna; 2012, Ipeiic, 2013).
Bce 310 cBHIETENBCTBYET O KIMMATHUECKOH OOYCIOBICHHOCTH OMUTOTPO(HU3AINK W3yUeHHBIX 0010T. Oco-
OEHHOCTBIO OOJIOT paiioHa HCCIeOBaHMUS ABISCTCSA OTCYTCTBUE NEpepbiBa TOP(HOHAKOIIICHUS TIEpE] CTaAnueH
onmurorpoduzamun. CiaenoBaTenbHO, 31eCh He MPOUCXONMIO GOpPMUpOBaHHE KPYHMHBIX OyrpoB mydenus. [lo
HaIIeMy MHEHHIO, HEOOXOAUMBIM YCIOBHEM IS OBICTPOI TPAHCTPECCHH OIUTOTPOGHBIX C(harHOBBIX MXOB Ha
HU3HHHBIE 00JI0Ta, ABIAJIOCH HAJIWYHE MHOTOJIETHEMEP3IBIX BOJOYIOPOB. DTO MOATBEPKIACTCS JAaHHBIMHU,
YTO B IepHOA Noxooxanus Ha rpanune AT/SB 1yt 3Tux 60710T, HAXOAAMIIXCS Ha CXOAHBIX 110 TPO(YHOCTH HH-
3WHHBIX CTaaUAX pa3BuTHs (puc. 1), ObuTa XapakTepHa TPAHCTPECCHS HCKITIOUUTEIHHO 3BTPOQHBIX CParHOBBIX
Mx0B (Sphagnum teres), mMeBIIas, TP ITOM, TIOCTETIEHHBIN XapakTep. Takoe pasimdue cyKreccuiit 00JI0THON
PacTUTENBEHOCTH 00YCIIOBICHO HAIMYMEM BIMSHUS JOMOIHUTEIBHOTO MOIITHOTO BHEIIHETO (PAaKTOpa, BEPOSIT-
HEe BCEro, MHOTOJIETHEH Mep3I0ThI. [IpeamiecTByomee 3HaYNTEIbHOE 00ChIXaHHE OO0JIOT OJJHO3HAYHO JOIKHO
Ob1710 cITI0COOCTBOBATH MOSIBICHNI0 MM B CyXue OXOJIOAAHUSL.

Bo3pacT BOZHUKHOBEHUSI pSIMOB JIECOCTETIN COBIIAAACT C BO3PACTOM KaracTpodudaeckoii onurorpodusary,
(hopMHpOBaHUs BTOPHYHBIX 03€p U MpeKpalieHnii Tophonakorienns Ha 6omorax Bocrounoit  3anagaoit EBpo-
el [ocnioncTByeT MueHHE (XOTHHCKHH, 1977), 4TO Takoi XapakTep cMeH 00yclIoBIeH (opMHUPOBaHNEM B IIPEA-
LIECTBYIOIINI apUAHBIN MEPHO CIIOSI CHIIBHOPA3IOKUBIINXCST TOP(OB, SBIIOLIErOCs BOAOYHOPOM, oOecIedn-
BAIOIIMM IIepexost Ha arMocdepHoe nutanue. OHako, Ha 60JI0Tax paioHa UCCIICIOBAHMS OTCYTCTBYIOT IIPU3HA-
K KaK Pe3KOro N3MEHEHHsI TPOPHOCTH MAJICO3KOTOIIOB, TaK U MEPEPBIBBI TOP(HOHAKOILICHUS.

Heobxoanmo Takxe OTMETHTh, YTO OPraHO-MHHEPAIbHBIE OTIOKEHHMS, TIOCTUIIAIOIINE TOPQSIHBIC 3a1e-
KU PAMOB, YaCTO 00Pa30BaHbI CMECHIO OCTAaTKOB MPHUOPEKHO-BOTHBIX pPaCTeHUH, MaKpo(HUTOB B OUTOTPOD-
HOTrOo Sphagnum fuscum (puc.). AHaTOTHYHBIE 0 OOTAHUYECKOMY COCTaBY OTJIOKECHHUS, HO PAHHETOJIOI[EHOBO-
TO BO3pacTa, BBISBICHBI HAMHU Ha IO’KHOTaexxHOM Oonore Temuoe. OHE ()OPMHPOBAIUCH B METKOKOHTYPHBIX
03EpHO-00JIOTHBIX KOMILIEKCAX, BO3HHUKIINX HAa MECTE NEPUIVIIINANIBHOM pacTuTenbHOCTH [lpHraca mpu aerpa-
Jal¥ MHOTOJIETHEMEP3IbIX TPyHTOB. Clle10BaTebHO, ¥ B IEPHO/IBI O0JIee PAHHUX MOXONOJAHUH, BEpOsSTHES
Bcero, okoio 6300 u 7200 ner Ha3an, B bapaOuHCKON TecoCTENH TakXKe HMMETTH MECTO KPHOT€HHBIE TIPOIIECCHI.

Ha ocHOBaHMY MOTyYEHHBIX JAHHBIX, MOXKHO CJIETIATh BHIBOI, YTO I0XKHASI TPAHUIIA 30HBI 09aroBOH MHOTOJIET-
Hel Mep370TsI 3anagHoi Cubupy B meprozs! moxomoganuii oxomno 4100, 3000, 1700 net nasan B bapabunckoii ne-
COCTENH MpOoXouia He ceBepHee 55019’ c.ir. (Younckue psiMel), a okosio 1100 n.1. —mo 540 0’ c.. (I1lepcToOuros-
CKHH psM). BriorrHe BeposiTHO, 4TO TIPH HCCIIEA0BaHUH O0JIee TITyOOKO3aIeKHBIX YIACTKOB ATHX PSIMOB OyIIyT MOy~
YeHbI JJAHHBIC O MPOSBICHMSIX KPHOTCHHBIX TPOLIECCOB B MEPHUOABI M JPYTHX MOXOJOAAHUI U O Oosee I0KHOM
(BrutoTh 110 I1lepcToOHTOBCKOTO psiMa) MPOCTHPAHHH MTAJIC030H 04aroBOM MHOTOJIETHEH MEP3TIOTHI.
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OKpyaloLLana cpea 1 HEeKOTopble XapaKTepPUCTUKN
300-neTHen NMcTBEHHULIbI

'Canonukosa B.C., 'Arees B.I"., lonomapes 10.H., “Cauyk [1.A.

" MucTutyT onTukm atMocgepbl uM. B.E. 3yesa CO PAH, Tomck, Poccus
? MIHCTUTYT MOHMTOPMHIa KIMMaTUYECKMX W 3Konoruyeckux cucteM CO PAH, Tomck, Poccua
E-mail: ageev@asd.iao.ru, yupon@iao.ru, sapo@asd.iao.ru, savchuk@imces.ru

JTHOI M3 HamnOoJiee 0OCYXKIaeMbIX B HACTOsIIee BpeMsl IIPOOIIeM SIBJISIETCS] U3MEHEHHE OKPYKaroIleit

Cpelbl: POCT MPU3EMHOU TeMIIeparyphl, KoHIeHTpamun arMocheproro CO,, H3MEeHEHHE H30TOMHOTO

coctana yriepoaa CO, [1], koTopbie TOJDKHBI OKa3bIBaTh BIUSHUE Ha OUOTY. VccemoBanue Tpaauiu-
OHHBIMH METOJIaMH BIIMSIHUS OKPY’KAIOIICH CPEIbl Ha POCTOBBIC XapaKTEPUCTHKH JCPEBLEB YaCTO MIPUBOIAT K
HEOTHO3HAYHBIM pe3ynbTaraMm [2]. Ilpemraraemas HaMu MeToauKa uccienoBanus coaepxkanus CO, B ronud-
HBIX KOJIbIIaX CTBOJIOB MTO3BOJISIET MPOCICIUTH TIOTOHYHOE H3MEHEHHUE AbIXaHus Ki1eToK (BoiaencHubin CO,) u
CBS3aTh MPOM3OIIEANTNE U3MEHEHUS C N3MEHEHUSIMHU XapaKTePUCTHK OKpyskaromei cpenst [3]. B ganHoi pa-
00Te PUBOAATCS PE3YABTATHI UCCISIOBAHMS JIA3EPHBIM ONTHKO-aKyCTUIECKUM METOZOM MOTOAWYHOTO pac-
npeneneanst CO, (u H,0O) B xompmax cnmina 300-71eTHEN JTUCTBEHHUIIBI, PE3yTbTaThl U3MEPEHHUST OTHOIICHUS
H30TOIIOB yriieposa uccieayemoro CO, Macc-crieKTpoMeTpuuecKuM MeTotoM. [1o pesyasraTaM HaIImx uccie-
JTIOBAaHUI MOKHO C/I€J1aTh BBIBOJI, YTO H3MCHEHHE BHEITHUX aTMOC(EPHBIX YCIOBHI MOXKET BIIHATH Ha JIbIXaHHE
CTBOJIA , U3MCHSISI XapaKTEP HUKINIHOCTH U B PSJIC CITyYacB BBI3bIBATH MOSBICHNUE HOBBIX I[HKIIOB.

0.18 MorogunyHoe n3MeHeHWe onNTUKo-arycTyeckmx (OA) cur-
HanoB Ha anmHax BosH C0,-nasepa: P(20) (CO,) n R(20)

0.16- H20
1 (H,0) (maHHble ocpefHeHbl 11-1€THUM LIMKIIOM)
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Environment and some features of 300-year-old larch

'Sapozhnikova V., 'Ageev B., 'Ponomarev Yu., “Savchuk D.

'V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
? Institute of Monitoring of Climatic and Ecological SB RAS, Tomsk, Russia
E-mail: ageev@asd.iao.ru, yupon@iao.ru, sapo@asd.iao.ru, savchuk@imces.ru

ne of the main subject under discussion now is environment changes: surface temperature and atmo-
spheric CO, rise and changing of CO, carbon isotope ratio [1]. Assessment of the similar changings
with sufficient accuracy is only the possible if information about the last climate exists. Such informa-
tion can be obtained at climate reconstruction from tree ring width and density which are a function of environ-
ment temperature. But sufficient correlation between temperature variations and tree growth exists during
1880-1960 but since 1960 this correlation breaks down at some sites: tree ring width decreases with tempera-
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ture rise, the so-called “divergence problem” appears [2]. Next discrepancy is related with influence of the at-
mospheric CO, excess on plants. It was assumed that there should be homogeneous reactions of plants on the
homogeneous CO, rise. This, however, is not the case [3]. Numerous literature was devoted to investigations
into the influence of CO, excess on the tree growth [4] but “there is no empirical evidence for a long-term, sus-
tained stimulation of tree growth by elevated CO, in natural undisturbed setting with a natural steady state nu-
trient cycle” [5, p. 1096].

It is possible that the reason of these discrepancies relates with the wood tree ring CO, storage (or conser-
vation). But up to now, the stem CO2 behavior under environmental changes is still a question. It is well known
that the most CO, within the stem originates from respiring cells in the stem and roots and exhibits diurnal and
seasonal variability [6]. But the question remains about the annual tree ring CO, content and relation with cli-
mate respons . It had been shown in our works [7,8] that a considerable portion of CO, and H,O remains in Si-
berian stone pine annual rings and variations exhibits within a wide time scale which are probably due to cli-
matic factors; also a correlation was found between CO, in the Siberian spruce disc tree rings and previous-year
temperature and precipitation. The aim of this investigation is a laser photoacoustic gas analysis of CO, and
H,O0 extracted under vacuum from disc tree rings of 300-year-old larch (the tree species, as opposite to Siberian
stone pine and Siberian spruce above, sheds the needles every year) and the carbon CO, isotope ratios mea-
sured in several annual rings of this larch .

The measurement results may be of interest for dendrochronologists, experts in dendroecology and carbon
dioxide balance and to those who seek to understand how the stem respiration varies under environmental
conditions.

By now, 1700 gas samples from coniferous discs has been investigated. In this work, we represent CO, and
(CO, + H,0) distributions in the disc tree rings of a larch ( Larix sibirica ) dry disc (Tomsk Region, West Sibe-
ria, Russia) .

Laser photoacoustic spectroscopy was successfully used in different applications for many years. Our
experimental system and procedure applied for investigations into CO, and H,O in disc tree rings are described
[7,8]. The disc tree ring wood was planed off with special chisels, weighed (4g) and placed in sealed chambers.
The air was pumped out from the chambers, and measurements were performed 20—30 minutes later to stimu-
late wood gas diffusion. The gas samples from each chamber (at a pressure of ~ 6—8 Torr) were placed in an
evacuated cell of a laser spectrometer (photoacoustic gas analyzer) equipped with a sealed-off waveguide CO,
laser. The measurements were performed in four tunable CO, laser lines: 10 P (20, 16, 14) coinciding with CO,
absorption lines and 10 R (20) coinciding with CO, and water vapor absorption lines - (CO, + H,0). Experi-
mental conditions (air was added to the photoacoustic cell to provide the pressure ~ 100 Torr ) allowed us to
obtain approximately the same absorption coefficients of the samples in the 10 P (20, 16 and 14 ) laser lines.
Figure 1 illustrates CO, waveguide laser lines (coinciding with the disc CO, spectrum) and H,O spectrum.

To verify the fact that CO, in the samples studied was generated by the trees themselves instead of being
supplied from the atmosphere, an isotope analysis of carbon of desorbed CO, in a few annual rings was made.
It is known that the average carbon isotope ratio of the atmospheric CO, is 813 C = — 8.07%o, while leaves and
tree wood are characterized by a lower carbon isotope ratio (from — 20%o to — 30%o )[9]. The tree ring carbon
isotope ratio (expressed as 813 C, %o) of CO, chemically extracted from the tree ring wood was determined
with £ 0.1%o accuracy by means of a DELTA V Advantage mass spectrometer. The results show that the sam-
ples are enriched in light isotope 12C from 813 C = —25 %o up to 813 C = — 30%o (Fig.2).

The results of investigations of annual CO, (and H,0) variations in the larch disc tree rings smoothed by 11-
year running average are shown in Fig.3. A value of photoacoustic signals is proportional to CO, and H,O concen-
trations of the gas probes under study accuracy to a calibration factor. Investigations of CO, in the tree disc rings
by the method proposed here have shown that a considerable portion of CO, and H,O remains in the tree stems
and exhibits aspecific annual distributions. Figure 3 demonstrates that CO, and H,O storage in the tree rings have

_ 02 oy o CORee.  H20 Carbon isotope ratio
£ 2% Lo P14 | 12 = -301
g 20/ H20 £
E / g -28
o 154 {0
2
] -26
§ 1.0 §
0.51 12 g .
: 2 -24
0.0 .
. . , . — -4 -22 r - . v
940 950 960 970 980 1800 1850 1800 1950 2000
Frequency, cm-1 Year
Fig.1. CO, and H,0 spectra. Fig.2. The time variation of carbon isotope ratio of CO,.
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some features: 1) ~ 25-year H,O cycles; 2) CO, distribution varies since 1830 that justify the beginning of the in-
fluence of industry as atmospheric pollution on stem respiration; 3) polynomial approximation of the CO, tree ring
distribution since from 1830 emphasizes ~50-year long-term cycles (Fig.4) ; 4) the trend of the tree ring CO, rise
are evident in the last tree rings what can be related with the atmospheric CO, rise [10].

. 1913

£ 0.18- El

2 5 0164 1858 1964

o 16 4

- 0.16 § 0.14

®

5 0,144 % 0124

& 0121 g

o 3 0.10-

© 0101 g

- . [=]

Q £ o008

T 008

o 0.06 -

2 0.06-

S 0.04

2 0044

g : . , , , : , 0.02 e

& 1700 1750 1800 1850 1900 1950 2000 2050 1800 1830 1860 1890 1920 1950 1980 2010 2040

Year year

Fig.3. Annual variation of photoacoustic signals on P(20) Fig.4.The superposition of long-term cyclicity on 2-4-year
and R(20) laser lines (results smoothed by 11-year running cycles of annual CO, distribution in the disc tree rings of
average) 300-year larch.

Thus the results of an investigation into the larch disc tree ring CO, storage (or H,0) show that CO, (cell
respiration) and H2O variations possess 2-4 —years cycles modulated by long-term cycle. We can conclude that
environment change can influence on stem respired CO, via change the cyclicity and appearance a new cycles
sometimes. Moreover it may be suggested that atmospheric CO, and surface temperatures rise since after 1960
change the annual diffusion character of stem CO, and lead to it accumulation.
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Analysis of biologically active solar radiation impact
on density of annual rings of conifers

'Smirnov S.V., ’Batranin A.V., 'Bondarenko S.L., “Stuchebrov S.G.

" Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
? National Research Tomsk Polytechnic University, Tomsk, Russia
E-mail: smirnov@imces.ru, batranin@tpu.ru, bondarenko@imces.ru, stuchebrov@tpu.ru

esults of the analysis of impact of biologically active ultraviolet (UV) radiation on density of annual

rings of conifers are represented in the paper. Measurement data of solar radiation in visible and UV

pectra are compared with the measurement data of wood density in annual rings of the pine growing in

the site of UV measurements. The correlation analysis of the measurement data has found a positive correlation

at 0.4-0.6 with probability on 95-% level between daily values of UV-B dose rate and spatial structure of wood

density. The correlation is displayed with some time delay depending on a wood sampling on a tree. Spectral

analysis of all measurement data including the PAR and UV-A measurements and spectral influence of biologi-
cally active solar radiation on wood density in annual rings will be presented in the report.

AHanus Bo3gencTeuA 6uonorMyeckn aKkTMBHOIO
COJIHEYHOIo n3ny4yeHmA Ha NMNJ10THOCTb NroAn4YHbIX KoJsiel
XBOWHbIX AepeBbeB

'CmupHoB C.B., ‘batpanun A.B., 'Bongapenko C.J1., ‘Cryue6pos C.T.

! WMHCTUTYT MOHUTOPMHIA KIMMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccus
? HaumoHanbHbIN UccneaoBaTenbeKuii TOMCKUI NONMTEXHUYECKMIA yHuBepcuTeT, ToMcK, Poccua
E-mail: smirnov@imces.ru, batranin@tpu.ru, bondarenko@imces.ru, stuchebrov@tpu.ru

JIS1 pOCTa ¥ Pa3BUTHSI PACTUTEIBHBIX COOOIIECTB, TAKMX, HAIPUMED, KaK XBOWHBIE eca 3ananHoi Cu-

OupH, CBETOBOI PEKUM SIBJSIETCS] OCHOBHBIM KIIMMATHUECKUM a0HMOTHUECKUM (QakTopoM. BaxkHeimm

3NIEMEHTOM CBETOBOTO pEeKHMa ABJISIOTCS MHCOALus. [Ipuxonsiiee CoNHeYHOE N3TYICHNE YIacTBYEeT
B OCHOBHBIX OMO(H3NYECKUX IMpolleccaX, MPOUCXOSIINX B PACTHTENLHOCTH. M3iIydeHne B CIEKTPaIbHOM
nuanazone 400—700 HM, Ha3piBaeMoe (POTOCHHTETHYECKH aKTUBHBIM n3nyueHuem (DAN), ygactyet B oTo-
CHHTE3€ — MpoIlecce 0Opa3oBaHUs B KIETKaX PaCTeHHH M3 aTMOC(EPHOro YITIEKHCIIOTro Ta3a W MOYBEHHOM
BOJIBI C YYaCTHEM XJIOPO(MIIIA, TIOTJIONIAIOIIETO CBET, OPraHMYECKUX BEIIECTB (Kpaxmaja U caxapa) ¢ Bbliese-
HUEM Kuciopoaa. YasrpaduonetoBoe manydenue (YOUN) B auanazone 315-400 am (YD-A) HapsLy ¢ BUIU-
MBIM H3JIy4e€HHEM y4acTByeT B poToMOpdOreHese — nporecce, KOHTPOIUPYIOIIUM C ITIOMOIIBIO0 KPUIITOXPOM U
(OTOTpOIMHE, COIEPIKAIMXCS B KJIETKaX PACTCHUH, YIUIMHEHUE CTEONsI, POCT JINCTHEB, IUPKAJHBIE PUTMBbI,
LIBETEHHE, HAIIPaBJICHHE POCTa OPTaHOB PACcTEHUs B 3aBUCHMOCTH OT HAIIPaBJICHHUS Majaromiero ceeta. Usmy-
yeHue B auanazone 280-315 uM (YO-B) oka3piBaeT BIMAHNE Ha KJIETKH PACTCHUH, YTO B YACTHOCTH MPUBOIUT
K YBEJIMUEHHIO TUIOTHOCTH XBOH [1, 2]. VI3BeCTHO Takke O pa3pyIIaloieM BIUSHIH BRICOKUX 103 YP-B-n3my-
YEeHHS Ha CTPOUTENIFHYIO CTBOJIOBYIO JIPEBECHHY M KPOHBI pacTyIINX AepeBneB [1, 2].

Ornernts BiusHUe Y®-U3TydeHns Ha INIOTHOCT TOAMYHBIX KOJIEII KUBBIX JE€PEBHEB TOBOJIBHO TPYIHO B
BHUJIy HECOBEPILICHCTBA NMMEIOIINXCSI METOIMK aHAIIN3a U CIIOKHOCTH pasieneHus 3 QekToB Bo3neiCcTBIS K-
MaTHYECKHX, YHIOTEHHBIX U 9K30T€HHBIX (pakTopoB. [IT0THOCTH KONbIIa XapaKTePU3yeT CTPYKTYPY APEBECHHBI
1 3aBUCHT KaK OT BHYTPEHHHUX (BUJIOBBIX OCOOCHHOCTEH M BO3pacTa JepeBa), TaK U OT BHEIIHUX (KIMMaTH4e-
CKHX U IPUPOIHO-TAHAITIA(THBIX) (hakTOpoB. [IpeBecHoe KONIbII0 B TEUEHHE BET€TAIIMOHHOTO MTEPHOo/Ia IPOX0-
JIUT HECKOJIBKO CTAANN pOCTa, CO3aBast IPaAUeHT IJIOTHOCTH CIOKHON (POPMBI, COASPKHUT 30HBI paHHEH Jpe-
BECHHBI C MUHIUMAJIBHBIMH ¥ TIO3IHEH JPeBEeCHHBI C MAaKCUMAIbHBIMU 3HAYEHUSIMH IIOTHOCTH. TakuMm o0pa-
30M, TUIOTHOCTb KOJIbI[A CTAHOBHUTCS Hanbosee MH)OPMATHBHOMN XapaKTEPUCTUKOM, OMUCHIBAIONICH (H3HOIIO-
THYECKOe COCTOSHUE M pa3BUTHE JIepeBa B TEUCHNE BEre€TAIIMOHHOTO MEPHO/Ia, B OTIHNYNE, HAIIPUMED, OT IIH-
PHUHBI KOJIbIIa — HHTETPAJIbHON XapaKTEePUCTHKH CE30HHOTO Pa3BUTHS JepeBa.

B nannoit paboTe npeyiaraeTcs OIICHUTD CTETIeHb BO3IEHCTBHUS OnoIorndecky aktuBHoro YOU Ha mioT-
HOCTb TOAMYHBIX KOJIEI] XBOMHOTO JIepeBa MyTEM CpaBHEHHS TaHHBIX H3MEPEHUH ITPOCTPAHCTBEHHOM 00Ty IEH-
HOCTH B BUJMMOU U YABTPadHOIETOBOI 00JaCTSIX C TAHHBIMH U3MEPEHUH IJIOTHOCTH JPEBECHHBI B TOANYHBIX
KOJIbLIAX COCHBI, pacTyllel B palioHe u3Mepenus: YOU.

V3amMepeHusi PUXOISILIET0 COJHEUHOTO M3IIyYeHHUs! IPOBOJSITCS B reodusndeckoi obcepBatopuu M-
K3C CO PAH ¢ 2006 r. 7151 3TOTO HCTIONB3YETCs] MHOTOKaHAIBHBIA PAIOMETP CPETHETO Pa3peIieHHs ¢ TEM-
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nepatypuoii cradmmuzanuedr NILU-UV-6T [3] (puc. la). I[Ipubop m3mepsieT IpOCTPaHCTBEHHYIO OOTydIEH-
HocTh PAU 1 YOU (wa mymuax Boia 302, 312, 320, 340 u 380 HM) exXeceKyHIHO, HO B pacd€Tax MCIIOIb3YIOT-
Csl CpeTHEMUHYTHBIC 3HAYCHUS], HA OCHOBAHHU KOTOPBIX OIPEJEISIOTCS CPEIHIE U MaKCUMaJIbHbIC 3HAYCHUS
MOIITHOCTH JI03HI U THEBHBIE CyMMBI YD-A/B-m3nyuenns (puc. 16) u GAU.

Tomck, paamomeTp NILU-UV-6T Ne 04117
T T T T

0)

o
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40 4

20 &‘

o006 " 2007 : 2008 |2_009-r T T RERT
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aKenosuums YP-B-usnyyenus, K}J,>K/M2

[lHeBHas NpoCcTpaHCTBEHHAs 3HepreTnyeckas

Puc. 1. Paguometp NILU-UV-6T (a) u gaHHble namepenuin Y O-B-n3nyueHuna B Tomcke (6).

Jlnst onipeseneHys MIOTHOCTH APEBECHHBI B TOAMYHBIX KOJIBIIAX M3 CPETHEBO3PACTHON COCHBI (pHC. 2a) Ha
ydacTKe Jeca BOMm3u reodusmueckoit oocepsaropun 18 amperns 2014 1. ObuH B3ATH 4 KepHA IPEBECHHBI (pHC.
20). Kepusr nuamerpom 35 mm u ummHOU 30 MM (6e3 yuéra TONIMHB KOpbl) Opanuck Ha BeicoTe 110-115 cm ¢
CEBEPHOM, BOCTOUHOM, I0>KHOM U 3allaJHOM CTOPOH JIepeBa.

Puc. 2. MecTo B3ATWA KepHOB APEBECUHBI.

W3mepeHnst MIOTHOCTH TOAWYHBIX KOJIEL OBLIM BBHIOJHEHBI B MHCTUTYTE HEpa3pyLIAOIIEro KOHTPOJIS
TIIY ¢ moMouipi0 peHTIeHOBCKOTO TOMOrpada BBHICOKOTO pa3pelleHUs], KOTOPHIH IMO3BOJSIET HCCIIEN0BATH
00pa3ipl 00bEMOM B HECKOJIBKO KyOMUECKHX CAaHTUMETPOB C IIPOCTPAHCTBEHHBIM paspelieHueM mnopsiaka 10
MKM [4]. Pe3ynbrarbl n3mMepeHuil okazaHsl Ha puc. 3. X0opouo BUAHO, YTO CTPYKTypa JPEBECHHBI B KEpHAX
OTIIMYAETCs APYT OT Apyra, HaOonaercs e€ NpoCcTpaHCTBEHHAS! HEOTHOPOJHOCTb.

IIpoBen€HHBINA KOPPEISIIMOHHBIN aHAIN3 AaHHBIX U3MEPEHUM MOKa3al HAJMYUE MOJOKUTEIbHBIX CBA3EH C
ko3¢ purmentamu Koppersiun 0,4-0,6 ¢ BeposTHOCTBIO Ha 95-% ypoBHE MEX Ty €KeHEBHBIMHI 3HAYCHUSIMHI MOIII-
HOCTH 110361 Y®-B-m3iydennst u mpocTpaHCTBEHHO-BPEMEHHOM CTPYKTYpOH INIOTHOCTH JIPEBECHHBL. DTH CBS3H
TIPOSIBIISIFOTCSL ¢ HEKOTOPBIM BPEMEHHBIM 3aa3/IbIBAHIEM 1 B 3aBUCHMOCTH OT MECTOIIOJIOKEHHS APEBECHHBI HA Jie-
peBe. B manpHeiiniem ruiaHupyeTcs MPOBECTH CTICKTPaIbHBIA aHAN3 JAHHBIX BCEX M3MEPEHHH, BKIIIOYAs TaHHbIC
mmepeHnit AU n YO-A-u3mydeHus, YT00bI KOMHMISCTBEHHO OIICHHUTH CTETICHb BO3ACHCTBUS Pa3iIMIHBIX BHIOB
OMOIOrNYECKH aKTHBHOTO COTHEYHOTO M3 TyYEHHS Ha INIOTHOCTb JIPEBECHHBI B TOMYHBIX KOJbIIAX.

Jlumepamypa:

1. Buounouxayus cmpamocgheproeo o3ona / I1oo obweii peo. B. B. 3yesa,; Poc. akao. nayk, Cub. omo.,
Hucmumym onmuxu ammocgepwt [u op.]. — Hosocubupck: M30-60 CO PAH, 2006. — 228 c.

2. Van der Maaten E., van der Maaten-Theunissen M., Spiecker H. Temporally resolved intra-annual
wood density variations in European beech (Fagus sylvatica L.) as affected by climate and aspect // Ann.
For. Res. 2012. V. 55(1). P. 113—124.
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Puc. 3. Pe3ynbTathl TOMOrpa-
GU4eCKOro M3mMepeHuna NoTHO-
. CTM roAMYHbIX Konewl anAa 4 cto-
apemccinn 4o« POH (3) v iNA ceBepHON CTOPO-

! Hbl (6) nepeBa (bonee ceTnoe
n3obparkeHne — bonee BbICOKanA
MNOTHOCT.

/ TMOAIMAR Jpemcciom

3. Dahlback A. Measurements of biologically effective UV doses, total ozone abundance and cloud ef-
fects with multi-channel moderate bandwidth filter instruments // Appl. Opt. 1996. V. 35. P. 6514-6521.
4. Batranin A. V., Chakhlov S. V., Grinev D. V., Kapranov B. I., Klimenov V. A. Design of the X-ray mi-
cro-CT scanner TOLMI-150-10 and its perspective application in non-destructive evaluation // Appl.
Mech. and Mat. 2013. V. 379. P. 3—10.

Modeling radial growth of white birch growing
on permafrost

'Bryukhanova M.V., “Shishov V.V., “Tychkov LI.

"V.N. Sukachev of Forest SB RAS, Krasnoyarsk, Russia
? Siberian Federal University, Krasnoyarsk, Russia
E-mail: bryukhanova@ksc.krasn.ru

such processes as seasonal changes in active soil layer, soil temperature and moisture, phenological

data, duration of the growing season, and others, which influence on tree growth and productivity, are
missing. As one of the possible ways of understanding tree-growth mechanisms and tree responses to environ-
mental changes is modelling, which allows to use already available experiment/field data and relationships
with other parameters based on biological principles of tree growth.

The studied area is located in the northern part of central Siberia, 12 km from the settlement of Tura
(Evenkia, 64°18'N, 100°11' E, 150 m a.s.1.). The area is the part of the permafrost zone of the northern taiga and
is mainly dominated by larch forests (Larix gmelinii (Rupr.) Rupr.). The climate is continental. The annual air
temperature is -9°C and the annual precipitation is 370 mm. About 60% of the annual precipitation falls as rain
(data from the Tura meteorological station of the Russian Research Institute of Hydrometeorological Informa-
tion for the period 1936-2012).

The study plot was selected within a post-fire succession and representatives by even aged structural
mixed forest of larch and birch (Betula pubescens Ehrh.) 98 years old. Analyses of tree-growth was performed
from wood cores, 5-mm in diameter collected from 25 stems at breast height.

The main difficulty to study Siberian forest ecosystems is the fact that any long-term observations for
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Annual tree-ring width (TRW) was measured on each core using a LINTAB measuring table with 0.01
mm precision combined with the program TSAP (Rinntech, Heidelberg, Germany). Obtained time-series were
visually cross-dated and dating quality verified using the program COFECHA (Holmes 2001).

The process-based VS-model reproduces a time series of a regional birch tree-ring chronology for perma-
frost zone of Middle Siberia as a function of climate. The chronology simulated by the model correlates strong-
ly with the original chronology for the calibration period (R = 0.60, for the period 1971-2008).

The model shows that the average duration of the growing season is 80 days, and that air temperature is
the main limiting factor for tree-ring growth, although water limitation was also observed during 20 days period
from the end of July until beginning of August. The strength of the VS-model is its ability to simulate a non-
linear tree-growth response to climate changes. In the permafrost zone such simulations can be used to explain
observed patterns of tree-growth variation in the past and to simulate tree growth under extreme conditions.

Output from the processes-based VS-model includes the partial influence of temperature and precipitation
(soil moisture) on tree-ring formation, and the start and end date of the growing season. Potential applications
of this type of information include assessment of likely impact of regional warming on tree-ring indices, and
evaluation of the capability of different tree species to climate fluctuations in various seasonal periods.

MogaenupoBaHue pagnanbHoOro pocta 6epesbl NyLWNUCTOM
B YCNOBMAX KpnonmTo3oHbl CpegHen Cnbmpu

'BproxanoBa M.B., ‘LLnwos B.B., ‘Tbiukos U.U.

" MuctuTyT neca um. B.H. Cyrauesa CO PAH, Kpachospck, Poccua
? Cubupckui depepanbHbii yuusepcutet, KpacHospck, Poccua
E-mail: bryukhanova@ksc.krasn.ru

KUOacrcd, 4To B 21 Beke M3MEHEHUS KIMMaTa 6leyT Ccoco0CTBOBATh MOlII/Iq)I/IKaHI/II/I DKOCHUCTEM Ha

CTPYKTYPHOM M (yHKIHoHansHOM ypoBHsx (White et al., 1999; Iverson, Prasad, 2001; Tchebakova et

al., 2003). [IporHo3upyemble U3MEHEHHUsI, KaK PEIONAraT, OKaXyT HanOoJiee 3HaUMMOE BO3/IEHCT-
BHE Ha BBICOKOIIMPOTHBIE SKOCUCTEMBI, CBSI3aHHOE C OBICTPHIM MOBBINICHHEM TeMIepaTypsl Bozayxa (Keeling
et.al., 1996; Osterkamp, Romanovsky, 1999; Delisle, 2007).

OcHOBHOM TPOOJIEMO# MCCleOBaHUN APEBECHON PAaCTUTEILHOCTH CEBEPHBIX YKOCUCTEM SIBIICTCS OT-
CYTCTBHUE JJIUTCIBHBIX Ha6J’HOlIeHPIﬁ TaKUX BaXXHBIX MPOIECCOB U ﬂBHeHHﬁ, KaK U3BMCHCHHUEC FJ'Iy6I/IHBI CE30HHO-
TO0 OTTaMBaHUA MEP3JIOTHI, BIAXKHOCTH U TEMIICPATYPHI ITOYBHI, (beHO.]'IOl"I/I‘-IeCKI/IX H3MeHeHHﬁ, TPOAOJIKUTEIIb-
HOCTH CE€30Ha POCTa U JIp., KOTOpbIe HEMOCPEACTBEHHO BIHUSIIOT HA POCT M MPOAYKTHBHOCTH ApeBocToeB. On-
HUM M3 BO3MOXHBIX nyTeﬁ TIOHUMAaHUA MEXaHU3MOB poCTa JEPEBLEB U X OTKJIMKA HAa KIIMMAaTUYCCKUEC U3ME-
HEHUS SBISIETCS 9KO(QU3UONIOTHUECKOEe MOISIMPOBaHKE, TPU KOTOPOM MCIOJIB3YIOTCS YK€ UMEFOIIHeCs dKCIIe-
pI/IMeHTaHBHBIe/HaTypHBIe JaHHBIC, a TAKXKE 3aBUCUMOCTHU U IIEPEMEHHBIC, OTTUPAIOUINEC HA OMOJIOTHYECKHE
MexaHu3MbI pocta pactenus (Ogee et al., 2003; Vaganov et al. 2006; Roden, Farquhar, 2012 u ap.).

B namem HCCIICA0BAHUN MBI MCIOJIB30BAJIN IPEBECHO-KOJIBIECBYIO XPOHOJIOTHIO IO HIMPUHE TOAUYHBIX
KoJjier; 0epessbl mymuctoi (Betula pubescens Ehrh.), mpouspacraroliei B moa30He ceBepHoil Taiiru Cpemnei
Cubupu (moc. Typa DBenkuiickoro paiiona Kpacuosipckoro kpas, 64°18' c.mr. 100°11' B.x1.). eHapoxpoHoo-
THYECKUH aHanu3 ObLI MPOBEEH /I 25 TOMUHAHTHBIX JIEPEBhEB, CPESIHUN BO3PACT KOTOPHIX COCTABMII 98 JeT.
Paiton nccnenosanus otHocutcs k Kpaiinemy Ceepy Poccun. Kimmar paiiona pe3ko KOHTHHEHTaJIBHBIN. [0-
JIOBas aMILTUTYAa (pa3HUIla TeMIIepaTyp UIoNA U sHBaps) Konebdiercs ot miroc 40 °C no munyc 53°C (o nan-
HBIM METEOPOJIOTHYECKON CTaHIMH B Toc. Typa). CpenHue MecsdHbIe TeMIIepaTyphl SHBAPS COCTABIISIOT MH-
Hyc 34-38°C. Mopo3sl gisares 240—275 nueit. Cpenaue MecsiaHble Temreparypbl uroiis ot +13°C mo +15°C.
OcaakoB BeITTagaeT 0Koyio 370 MM B TOLI.

I/I3MepeHI/I${ IMUPUHBI TOAUYHBIX KOJICH Y IEPEKPECTHAA JATUPOBKA HHANBUAYAJIbHBIX CepI/Iﬁ paanajibHO-
TO IPHPOCTA AEPEBHEB MIPOBEIEHBI B COOTBETCTBUH € 00IenpuHATON MeTonukoi (Baranos u ap., 1996, 2000;
Rinn, 1996). Cratuctrueckas mpoBepKa KadecTBa JaTHPOBKH BBHIITOJIHEHA TP OMOIIH CIIEIHaTH3UPOBAHHON
nporpammbl COFECHA (Holmes, 2001).

B pabore npuMeHeH MOTU(PHUIIUPOBAHHBINH aJTOPUTM UMHUTAIIMOHHON MOJENH pOCTa JAPEBECHBIX pacTe-
uuii Baranosa-Illamkuna (VS-model) — VS-ocimmiorpad (TerakoB u ap., 2012). VS-Momens ocHOBaHA Ha
HeCcKoMbKHX rumnotesax (Vaganov et al., 2006). Bo-miepBbixX, OCHOBHOM I[€JIb0 BHEIITHETO BO3ACHCTBUS SIBIISCT-
Ci KaM6I/IaHBHaH 30HAa, 30Ha aKTUBHO JACIAIIMXCA KICTOK. Buemnee BOS}]eﬁCTBI/IG BJIMACT Ha HHHGﬁHyIO CKO-
POCTh pocTa KaMOUANBHBIX KJIETOK (M KJIETOYHBIN IIUKJ). BO-BTOPBIX, OCHOBHbBIE BHEIIHHE (DAKTOPHI, BIHSIO-
MU Ha TEMIIBI pOCTa KaMOHaJIbHBIX KJIETOK, ABJIAIOTCA TEMIIEpATypa, BJIAXKHOCTH IMMOYBBI U COJTHEYHAA pajana-
1ust. OTHOILEHMSI MEXAY TEMIIAaMU POCTa TOANYHBIX KoJiell Gr (t) M BHEITHUX (haKTOPOB OMUCHIBACTCS CIEIYIO-
IMUM YPaBHCHUEM:
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Gr(t) = G, (t) min(G(t), Gy(1)),

rae Gi(t), G(t) u Gy,(t)- 9acTHBIE CKOPOCTH POCTA, KOTOPbIE 3aBUCST OT COTHEUHOH panuanuy I, remmnepa-
Typsl T 1 BIakHOCTH TIOUBBI W, COOTBETCTBEHHO. B KauecTBe BXOIAIMIMX JAaHHBIX IIHPOKO HUCIIONIB3YIOTCA CY-
TOYHBIE KIIMMATHYECKHE JaHHBIE KOJIMYECTBA OCATKOB M TEMIIEpaTypsl Bo3ayxa. B-TpeTsux, 1 pacuera cKo-
POCTH pOCTa UCIOJIB3YETCS MPUHLIUIT JTUMUTHPYIOIIUX (haKTOPOB, TO €CTh CKOPOCTh POCTA Ha OIPEIEICHHOM
MHTEpBase (BpeMEeHH) Ce30Ha He MOXKET OBIThH BBILIE, YEM MO3BOJISIET JIMMHUTHPYIOLINi akTop. B-yeTBepThIX,
W3MEHEHHsI CKOPOCTH POCTa B KaMOHaJIbHOW 30HE B OCHOBHOM IIPEIBAPUTENILHO ONPEACIISIOT napaMmeTpsl (op-
MHUPYEMBIX Tpaxeua (paauaiabHbIN TUaMeTp U TONIMHY KIETOYHOM cTeHKH). 1, HakoHeI, MoJielTb HMUTHPYET
TOJIBKO KIIMMATHYECKH 00YCIIOBICHHYIO H3MEHYMBOCTD IIMPHHBI U CTPYKTYPBI TOIUYHBIX KOJICLI.

VS-mozpens mynerunapamerpudeckas (Baranos, Hlamkus, 2000), 1 rmaBHas TPyAHOCTh 3aKIIIOYAEeTCS B
orpeziesIeHUH OHOJIOrMYeCKr 000CHOBAHHBIX MTAPaMETPOB MOJIENHN, KOTOPBIE MTO3BOJISIIOT MOJIYYUTh XOPOIIYEO
COINIACOBAaHHOCTb MEXJy MCXOIHOM IPEBECHO-KOJIBLEBOM XPOHOJIOTMEN U UMUTALMOHHON KpuBoi. IIpu uc-
nosib3oBaHuK VS-ocipuuiorpada B MoJieu ObLI UCTIONb30BaH psia napameTpos (TerukoB u ap., 2012), a Taxke
CYTOYHBIC KIIMMATHYECKUE TaHHbBIC (KOJIMIECTBO OCAJKOB U TEMIIeparypa BO3ayxa) ¢ OnmKaiiiei MeTeoposio-
rU4ecKoil craniuu B noc. Typa.

[Mepron kanubpoBku ObuT BIOpaH ¢ 1971 mo 2008 1. [{ns aToro neproaa mojydeHa 3Ha4uMast MOJI0XKHU-
TeJIbHAs KOpPeJsLUs MEKIY UCXOIHOHN APEBECHO-KONbLIEBON XPOHOJIOTUEN U CMOJEIMPOBAHHON KPUBOH PO-
cra (R=0,6, p<0,0001) (Puc. 1).

R=0,6 (p<0.0001)

08

0,6

Index
Integral Growth Rate

observed tree-ring chronology

=® _simulated tree-ring growth 50 100 150 200 250 300 320

1972
1975
1978
1981
1984
1987
1990
1993
1996
1999
2008

g

o 0
S S
I 13

Year

Puc. 1. BpeMeHHasA M3MeHUMBOCTb MCXOQHOM OpeBeCHO-
KonbLieBow xpoHonoruu (Observed tree-ring indexes) u
cMofenMpoBaHHoM KpuBoi pocTa (Simulated tree-ring
growth)

Puc. 2. CpegHAA MHTerpanbHaa cKopocTb pocTa bepesbl
MyLIMCTOM, nony4eHHas ana nepuopa c 1971 no 2008 rr.
[TYHKTUPHO NUHMEl 0603Ha4eHa KPUTUYECKARA CKOPOCTb
pocra.

AHanu3 cpeiHeil HHTerpaJibHOI CKOPOCTH POCTa MOKA3aJjl, YTO B CPEHEM CE30H POCTa ISl JaHHOTO BHIA
JepeBbeB cTapTyeT Ha 160 nens (Hagano uioHs) u 3akaHunBaercsa 240 qaem (koner aBrycrta) (Puc. 2). IIpogomn-
JKUTEJILHOCTE ce30Ha — 80 THEH.

AHanu3 cpeIHMX YaCTHBIX CKOPOCTEi pocTa, 3aBUCAIINX OT TEMIEPATYPhl U BIQKHOCTH ITOYBbI, TIOKa3all,
YTO JUI JAHHOTO MECTOOOHUTaHUs pocT Oepe3sl TuMuTupyercs remmneparypoit (Puc. 3). Ho Beinensercs nepu-
on B 20 gHel (B KOHIIE HIOJIS — HayaJia aBrycTa), KOTa pocT HauWHAeT JIMMUTHPOBATHCS BIAXKHOCTHIO TIOYBHI.

1.0 1,0

0,8 \\ Partial growth rate W

Partial growth rate T

0,6 06

04

Partial Growth Rate

04

0,2 0,2

0,0 0,0

50 100 150 200 250 300 350

Puc. 3. CpeHue YacTHbIe CKOPOCTM pocTa bepe3sbl B 3aBUCUMOCTM 0T TeMnepaTypbl (Growth Rate W) v BnamHocTv nousbl
(Growth Rate T), nonyyerHsle ana nepuopaac 1971 no 2008 rr.
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[peumymmecTBo VS-Monenu 3aKI04aeTcs B CIIOCOOHOCTH HMUTHPOBATh HEJMHEHHbIE N3MCHEHHUS POCTa
JepeBhEB TP MEHAIOIIEMCs KinMare. B nceiexyemMoM pernone MoJeb MOXKET OBITh MCIOJIB30BaHa IS TOTO,
9TOOBI YCTAaHOBUTH M OOBSACHUTH HAONONAaEMBIE 3aKOHOMEPHOCTH KOJIEOaHUH pOCTa B MPOILIOM U UMHUTHPO-
BaTh POCT IIPH SKCTPEMAJIBHBIX YCIOBHAX. Pe3ynbrar MomenMpoBaHus IpeacTaBiIsieT codoll Habop AaHHBIX,
YKa3bIBAIONIMX CTEIICHb BIMAHHMSA TEMIICPaTyphl BO3IyXa M OCaIKOB (BIaXXHOCTH ITOYBHI) HAa (GOpMHUpOBaHUE
TOAMYHBIX KOJIEII, @ TAK)KE JAAThl Havyasla ¥ OKOHYaHHs BEreTallHOHHOTO Ieproza. [loTeHnnansHoe mpuMeHeHne
TaKOTro pozia HHPOPMAIMU BKIIOYAET OLECHKY BO3MOKHOTO BIMSIHUS PErHOHAJIBHOTO MOTEIUICHUS HA POCT TO-
JUYHBIX KOJIELl, U OLICHKY YyBCTBUTEIBFHOCTH PAa3HBIX BUIOB AEPEBbEB K KOJICOAHUSAM KIIMara B TEUCHHUE pa3-
JIMYHBIX TIEPHOJIOB POCTA.

Paboma evinonnena npu gpunancosoii noodepoicke epanma Ilpesudoenma PD 0ns monodwvix yuenvix MK-
1589.2014.4.
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The model of the dynamics of the ecological factors
at the Maly Aktru glacier foreland (Severo-Chuisky range)

Timoshok E.N.

Institution of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: ten80@mail.ru

SESSION 3

basic ecology. These investigations allow understanding of in-depth processes of the functioning and
development of ecosystems.

The model based on the field investigations which were performed at the foreland of the Maly Aktru gla-

cier situated in the Central Altai, at the northern macroslope of the Severo-Chuisky range. The objects of mod-
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The investigations of the primary successions at glacier forelands are one of the most important areas of
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eling are well established and widely used quantitative values: damping (P) and active soil richness (R,), which
can be evaluated through standard phytoindication method of Ramentsky-Tsatsenkin (Tsatsenkin, 1978). These
values are integrative records of all a wide complex of environmental factors, mostly non-biotical ones. They
are well correlated with climate and soils.

Both records are changing during the primary succession and may be represented as two piecewise func-
tions:

P<P ,P=t+d

max ?

P=P

max ?

()

P=P  =const,

where ¢ is time (years); /, d is chronosequence-dependent variable; P, is damping level for the ecosystem
which may be formed in the result of the primary succession

and
R,>R, R, =t +e
R,=R, ,R,=R

where ¢ is time (years); m, e is chronosequence-dependent variable; R, is damping level for the ecosys-
tem which may be formed in the result of the primary succession

The values of the variables were calculated through the lineal regression of the values, get from field in-
vestigations. These values are

(2) _
= const ,

Amim > Amin

1=0.0394; d = 62.9178; P, = 69.4

m=-0.0136,e=9.4274; R ,...=7
The results of regression application allowed to evade existing stochastic nature and make some conclu-
sions on the dynamics of the primary succession at the foreland of the Maly Aktru glacier.

Mopgenb AHaMnKKM 3konornvecknx GakTopoB Ha MoONoObIX
MopeHax negHuKa Manein AkTpy (CeBepo-YyicKni xpeber)

TuMmowok E.H.

MHCTUTYT MOHMTOPUHIa KNUMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
E-mail: ten80@mail.ru

CCJIEIOBaHMSA CYKIIECCHH PacTUTETFHOCTH Ha OCBOOOIMBIIINXCS OTO JIbJIa TEPPUTOPUSAX SBISIIOTCS O
HUM U3 BaXXHEHUIIIMX acIeKTOB (yHIaMEHTAIFHON SKOJOTWH, TaK KaK IO3BOJIIOT MOJIYYHTH Oojee
1y0OKOe MpezicTaBlieHne 0 (YHKIIMOHUPOBAHUU U PA3BUTHH IKOCHUCTEM.
AHaIMTHYECKOe MOJIETMPOBAaHIE Ha YPOBHE COOOIIECTBA CBA3aHO B OCHOBHOM C MOJIEJIMPOBAHUEM ITOTO-
KOB DHEPTHH, OIICHEHHBIX MOCPEACTBOM 3Hepruu u ouomaccel (Omym 0., 1975, Onym I, Oaym 3., 1978), ¢
HCIIOJIb30BaHKEM METO/a OalaHCOB IMOYBCHHOTO a30Ta (ABepkuesa, [Ipunytuna, 2011). CymecTBeHHOE pac-
MPOCTPaHEHNE TONyYMIN MUMUTAIIMOHHBIE MOJAEIH, HaYWHAS OT MPOCTEHIINX, MCIIONB3YIONNX KOHIICIIIHIO
KOJIMYECTBEHHOTo KnnMakca (Monens Dyksterhuis, 1949, kotopas mpuMmeHsuiach Ha npoTsbkeHun S0 nert), u,
3aKaH4YMBAass COBPEMEHHBIMHU MOIEIISIMH, IIOCTPOCHHBIMHA Ha OCHOBE MAapKOBCKHUX IETeil M CXOAHBIMH C HUMU
MOJICIISIMH THITa «cOCTOstHUe-TIepexom» (May, 1977, Stringham at al, 2003, Bestlemeyer et al., 2011 u ap.), mo-
3BOJISTIOIIUMH TIPOBECHUE MOJICIHPOBAHHS TPAHUI] U TIPOCTPAHCTBEHHOH CTPYKTYPhI TPYIII COOOIIECTB.
HccnenoBanus, HCHIONB30BaHHBIE IS Pa3pabOTKH JaHHONW MOJENH MPOBOAMIIMCH Ha MOJIOJBIX MOPEHAX
nenHUKa Maiblii AKTpY, pacTONIOKEHHBIX B TOPHO-JIEIHUKOBOM OacceiiHe AKTpyY, Ha CEBEpPHOM MaKpPOCKIOHE
Ceepo-Uyiickoro xpebTa (LenTpanbubrii Anraii), Ha BeicoTax 2150-2350 m mHan yp. M. Jlns Gaccelina xapak-
TepHBI HU3KKE TeMIleparyphl (cpeaHeronoas -5,2°C, cpemnss teTHss Temneparypa +8,7°C), BBICOKHE aMILTH-
TyAbl CyTOUHBIX Koyiebanuit (10 15-20°C) u yBnaxHeHue (CpeIHEMHOTOJIETHAS CyMMa OCaJIKOB IO JaHHBIM
MeTeoCcTaHIuu AKTpY — 521 mm/rox).
Ha o6cnemoBaHHBIX MOJOABIX MOPEHAaX UAYT CyKIIECCHOHHBIE IIPOIIECChI, HAlIpaBICHHBIE Ha ()OPMUPOBa-
HHUE KEIPOBOTO Jieca, SIBIISIOMIEToCs KINMAaTHYeCKH JeTepPMUHUPOBAHHBIM coo0mecTBoM. B HacTosmmii Mo-
MEHT Ilepexo/ia K 3TOMY THIIa COOOIIECTBA HE IPOUCXOINT 1aXke Ha Hanbojee CTapOBO3PACTHRIX YIaCcTKaX MO-
JOABIX MOpeH (okoio 150 meT).
B kadecTBe 00EKTOB MOJICITMPOBAHHSI ObLIH BIOPAHBI IMUPOKO M3BECTHHIE KOMUECTBEHHbIE TOKA3aTEIH
— YBIQXXHEHHE U aKTUBHOE OorarcTBo 1oyB 1o Pamenckomy-Lanenkuny (Llanenkun, 1978), sBistoniuecs uH-
TErpaTHBHBIMH TIOKA3aTeNISIMHA BCET0 KOMILIEKCA KOJIOTHIECKUX (PakTOpOB, B IEPBYIO OUEPEb A0MOTHIECKUX,
a UIMEHHO KJIMMAaTHYeCKHX M 31adudeckux (pakTOpoB, BKIIOYAs OCAAKH, TEMIIEPATYPy, MAaTepHHCKYIO TOPOIY
U TakK jajee.
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Jns u3ydeHns: AMHAMUKY 3THX (PaKTOPOB MPUMEHSINCH METOJ TeoboTaHmuecKuX onrcannii (Kopuarus,
1976), MeTon pUTOMHANKALINY, BKITIOYAIONINI HCIIONB30BAHNE CTAHAAPTHHIX dKomorndeckux mian M.A. Ia-
nenkuHa (1978). Onncanust ygacTkoB Bo3pactoM A0 100 JieT BRIMONHAIICH Ha pparMeHTax MOPEHBI, TaTHPO-
BaHHBIX C TOYHOCTBIO JI0 5 JIET, OTMEUECHHBIX HA MECTHOCTH MOJ PyKOBOACTBOM 3aBEAYIOIIETO Jlaboparopueit
DISIIAOKIMMATONIOTHH TOMCKOTO TrocyaapcTBeHHOro yHuBepcurera, K.r.H. FO.K. Hapoxxnoro. Ha ¢parmente
1911r. - cepenmra XIX B. OBUIH BBHITIONHEHBI IBAa ONMMCAHUSA, C IIPICBOSHIEM UM YCIOBHBIX BO3PACTOB «OKOJIO
125» u «oxono 150» net. B xauecTBe HHCTpyMeHTa 00paOOTKH ONMCAaHUH, CBEIEHNS UX B 0a3y JaHHBIX U pac-
4yeTa YBJIAXXHEHHS M aKTMBHOTO OOTaTcTBa MOYB MCIIOIb30BAJIACh MHTETPUPOBAHHAs OOTaHUUYECKas CHCTEMa
«IBUC» (3Bepes, 2007),

3HaueHus MOKa3aTeIe akTUBHOTO OOraTCcTBa MOYBHI M yBIAXHEHHS, TIOJlyYEHHBIC B PE3YIBTATE HCIIOJNb-
30BaHUS BBIIIETIEPEUNCICHHBIX METOIOB, B [IEJIOM JIOCTATOYHO XOPOIIO JTHMHEAPU3YIOTCS, YTO MO3BOJISIET OIHU-
caTh UX 110 OTAENBHOCTH KaK JTMHEHHBIC ypaBHEHHS BHIA

(1) y = kt+b, Tne y Mmonenupyemas BeNU4HHa, f — BpeMsl, k 4 b — KOHCTaHTHI.

OnHaxo, MOCKONBKY MPOIECC CYKIECCHH HOCUT HAlpPaBICHHBIN XapakTep, y KaxI0H U3 MOACINPYEMBIX
BEJINYMH CYIIECTBYET TAKOE 3HAUCHUE Y, TIPH AOCTHKEHUN KOTOPOTO JUIA JIF0OOTO ¢ 3HAYEHHUE ) OCTACTCS HEU3-
MCHHBIM, TO €CTb.

(2) Yimax = const

MakcumanbHOE 3HAYEHHE )y, A1 JAHHOH CYKIIECCHH OBUIO YCTAaHOBIICHO P UCCIIECIOBAHUH OKPYXKalo-
MUX (UTOILEHO30B - CTAPOBO3PACTHBIX JIECOB HA CKJIOHAX AOIUHBI P. AKTDY.

Taxum o06pa3zom, yernaxkHeHHE (P) 1 akTHBHOE 00TraTcTBO MOYB R, , N3MEHSIOIINECS Ha IPOTSHKEHNUH BCeH
MEPBUYHOH CYKIIECCUU MOTYT OBITh IIPEICTABICHBI KK ABE KyCOUHO-33JaHHBIC (DYHKIIUN:

P<P ,P=1l+d

max ?

P=P

max

)

P=P  =const,
e ¢t — BpeMs; /,d — TOCTOSIHHBIE 3aBUCAIINE OT XPOHOIIOCICAOBATEIbHOCTH; P, — CTyTIEHb YBIA)KHEHUS,
COOTBETCTBYIOIIAst COOOIIECTRY, SABJSAIOMIEMYCS PE3yIETaTOM CYKIIECCHU.
R,>R, .. .R,=m +e
R, =R R,=R
e ¢t — BpeMs, m,e — IOCTOSIHHbIE, 3aBUCSIINE OT XPOHOIIOCIIEA0BATEILHOCTH; R\ — CTYIIEHb aKTUBHOTI'O
0orarcTBa, COOTBETCTBYIOMIAS COOOIICCTBY, SIBIISIOIICMYCSI PE3YJBTaTOM CYKIICCCHH.

[IpumeHeHHe cTaHIAPTHBIX METOJOB IIOCTPOCHHS PErPECCUH N0 MHOXKECTBY TOYEK, HAIIPHUMED, pealii30-
BaHHBIX B TabnuuHOM mpoueccope “Microsoft Excel”, mo3Bonsier mony4uTh 3Ha4EHHs MOCTOSHHBIX [ U d,

“) _
= const ,

Amim > Amin
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Puc. 1 Mogenb aMHaMmnkm YBNaXXHEHUA N aKTUBHOIO boratcTea nous.
a — Moenb AUHAMWKK YBJ1aXKHEHUA; 6-— Mofesib aKTUBHOIO 6oratcTea no4s. CnaoLHbIMM IMHUAMU NOKa3aHbl Haﬁmo,uae—
Mbl€ 3Ha4eHUA, LUTPUXOBbIMU — pe3ynbTaTbl MOOENTNPOBAHWUA, MNYHKTUPHBIMU IMHUAMU — OrpaHWYMBalOLLLME 3HAYEHUA.
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OIPeNeIIIOIINX JTHHEHHYO 3aBUCHMOCTD YBIAXKHEHHUS OT BpEMEHHU U 3HAYEHHUS IOCTOSHHBIX 711 U e, OIpees-
OIIMX 3aBHCUMOCTb aKTUBHOTO OOTaTCTBA IIOYBEI OT BPEMEHHU.

B pesynbrare mpuMEHEHHS STHX METONOB M AWHAMHUKH YBIIQKHEHHS OBUIM IOJTy4YEeHBI 3HAUCHUS [
=0,0394, d = 62,9178. B xauecTBe OrpaHUYNBAIOIIETO 3HAYCHUS OBLIO MIPHHSITO 3HAUYCHHE CPETHEe I CTapo-
BO3PACTHBIX JIECOB: YBIAXHEHUE paBHOE 69,4 cTymeHN.

Hcrnonp3oBaHue TeX ke METONOB Ul OLCHKU AWHAMHKH aKTHBHOTO OOraTcTBa IOYB, ITO3BOJHIIO ITOJY-
guth 3Ha4eHus m = -0,0136, e = 9,4274. B xauecTBe OrpaHMYMBAIONIETO 3HAYCHUS R ), COOTBETCTBYIOIIETO
3aBEPIICHUIO CYKIIECCHH OBUIO MPHUHATO CPEAHee aKTHBHOE O60raTCTBO MOYB CTApPOBO3PACTHBIX JIECOB, PAaBHOE
7 cryneHH. Pe3ynbraTel MogenupoBaHuUs MCCleyeMBIX ITOKa3arelell mpencTaBiIeHs! Ha puc. 1.

Pe3ysbTaThl MOIEIHPOBaHHS OTPAXKAIOT OOIIYIO TEHICHIMIO Pa3BUTHS S9KOCHCTEMBI, a He TMHAMHUKY KO-
JIOTUYECKHX TI0Ka3aTele Ha OTIACNBHBIX (parMeHTax MOPEHBI, YTO AaeT Oosiee 0000IMIEHHYIO0 KAPTHHY H I10-
3BOJISIET MTHOPHUPOBATh 3aMETHYIO Ha Trpaduke HaOMIOgaeMbIX 3HAYCHUI CTOXaCTHYHOCTH U3MEHEHUs (akTo-
PpOB. Pe3ynbraTel MOAENIMPOBaHMUS XOPOLIO COINIACYIOTCSA ¢ TeM (aKTOM, UTO Iepexoa K KeAPOBOMY JIECy B Ha-
cTosilee BpeMs He HaOmonaeTcs Jaxe Ha HanOoliee CTapoBO3PACTHBIX YJacTKaxX MOJIOIOH MOPEHBI JIEIHHKA
Maibiid AKTpy. YUUTBIBas, 4TO U3MEHEHHE aKTHBHOTO OOTraTCTBA IIPOMCXOIUT MEUICHHEE, MOXKHO TIPEATIONO-
KHUTb, 9TO TIEpeX0/1 K KeAPOBOMY Jiecy HauHeTCs He paHee 175—180 met, B MOMEHT, KOT[Ia aKTHBHOE OOTaTCTBO
MI0YB JOCTHT'HET OTPaHMYMBAIONIETO 3HAYCHHS U OTHOCHTENBHO cTabunusupyercs. [lomydeHHBIH pe3ynsrar
XOPOIIIO COIIACYETCsl ¢ MPEANOJIOKSHUSMH, 0a3UPYIOIIMMUCS Ha SMIIMPUYECKUX TaHHBIX. Kpome Toro, mc-
IOJIB30BaHUE PE3YJIETaTOB MOAEIUPOBAHUS I OLICHKH YIIPABIIAIOMIETO BIMAHUSA (GAKTOPOB Cpelibl IIO3BOJIMIIO
MPOBECTH P OLIEHOK, KOTOPBIE MOTYT OBITh MCIIOIB30BaHbI B HabHEHIeH padoTe.

Jlumepamypa:

1. Asepruesa U.FO, Ilpunymuna U.B. Yemotivusocms necuuix sxocucmem Mockosckoil oonacmu k
6o30eticmauto NO2: eeposmuocmuvie oyenxu // Mamepuanst Bmopoul HayuoHaivHot Konpepeyruu ¢
MeAHCOYHaApOOHLIM yuacmuem. Mamemamuyeckoe mooenuposanue 6 skonocuu. Iywuno, 2011. ¢.20-21.
2. Kopuaeun. A.A. Buooeoii (propucmuueckuil) cocmae pacmumeibHblX cO0OUecms u Memoowl €20
usyuenus // Ionesas ceobomanuxa. M: Hayxa.1964. T.3.c.39—62.

3. Ooym FO. Ocnoguvl sxonoeuu. M.: Mup, 1975. 741 c.

4. Ooym I, Ooym. D. Dnepeemuueckuii 6asuc wenogexa u npupoowvt. M.: Ilpoepecc, 1978.379 c.

5. Hayenuxun U.A., Casuenxo U.B., [mumpuesa C.1U. Memoouueckue ykazanus no IKo102UYeCcKou
oyenKe KOpMOBbIX Yeooutl myHoposot u necroti 304 Cubupu u /lanvneco Bocmoka no pacmumensHomy
nokposy. M.: BHUUK um. B.P. Bunvamca, 1978. 302 c.

6. Dyksterkhuis E.J. Condition and management of rangeland based on quantitative ecology // Journal
of range management. Ne2. 1949. pp. 104-115.

7. May R.M. Thresholds and breakpointsin ecosystems with a multiplicity of stable states // Nature.
Ne269. 1977. pp. 471-477.

8. Stringham TK., Krueger W.C., Shaver P.L. State and transition modeling: an ecological process ap-
proach // Journal of range management. Ne56. 2003. pp 106-113.

The monitoring of the structure of local population
of Cyprepedium genera orchids at the State Natural Reserve
«Tungusskiy» (Krasnoyarsk krai)

Rayskaya Yu.G.

State Natural Reserve ‘Tungisskiy’, Krasnoyarsk krai, vil. Vanavara,
E-mail: raiskaya.julia@mail.ru

he orchid species are very vulnerable components of ecosystems. The fast decreasing of the orchids di-
versity in the different areas of the Earth (including Europe) is one of the many actual problems of con-
servation of biodiversity.

Four species of the Cypripedium genera were found at the territory of the Tungussky reserve. All of them
are protected by the state: Cypripedium macranthon, C. ventricosum, C. calceolus are included to the Red
Book of Russian Federation (2008), the same species and C. guttatum are included to the Red Book of Kras-
noyarsk krai. The north boundary of C. calceolus, C. macranthon and C. ventricosum ranges are lie at the
Evenkia. The influence of the limiting factors is most significant in the harsh conditions of the Evenkia and of-
ten force secondary dormancy of orchid specimen. Presence of the secondary dormancy creates significant
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fluctuations of ontogenetic group ratios at the local populations as a response of the specimen of Cyprepedium
genera to ecological factors magnitude.

We are performing monitoring of Cyprepedium calceolus and C. macranthon for several years. The stud-
ied local populations had incomplete ontogenetic specters at the years of the monitoring. Such kind of the onto-
genetic specters is normal for the Siberian orchids. Populations of the both species included juvenile, immature,
mature vegetative and generative specimen and do not have senile and sub-senile ages. The analysis of ratios of
different age groups showed stability of local populations of this rare endangered species. Despite the harsh
Evenkia conditions the local populations are able to seed reproduction and can be a source of restocking of the
Cypripedium populations in the Evenkia. The protection of the habitats of these orchids, provided by the re-
serve, is essential to survival of the populations.

MOHUTOPWHI CTPYKTYPbI LIeHONOoNyNALMA BUL0B
Cypripedium Ha TeppuUTopumM 3anoBefHUKa « TYHIYCCKUN»
(KpacHoApcKui Kpai)

Paitckas 10.T.

locynapcTBeHHbIN NpUpoAHbIM 3anoBegHUK «TYHrycckuit», KpacHoAapckuid Kpaii c. BanaBapa
E-mail: raiskaya.julia@mail.ru

Wbl OPXUIHBIX SIBJISIOTCSI OJJHAM M3 HauOoJee YSI3BUMBIX KOMIIOHEHTOB PaCTHTENBHBIX COOOILECTB, B
CBSI3M C OCOOCHHOCTSIMH UX OMOJIOTMU: HaJIWYHeM HeAn(pPepeHIIPOBAHHOTO 3apObIIIa, BTOPUUHOTO
TOKOs, MUKOCUMOHOTpohr3ma (ABepbsHos, 2000).

Pe3koe cHmkeHne pasHOOOpa3wst BUIOB OPXUIHBIX BO MHOTHX 007acTsIX 3€MHOTO IIapa, B TOM YHCIIE B
EBPOIEHCKUX CTpaHaX, SIBISETCS OMHOI M3 BaXKHBIX MPOOJIEM COXpaHEHUs] OMOJOrMYECKOro pazHOOOpasus
(Vanheche, 1993; Perko, 1995).

Teppuropus 3anoBenHrKa « TYHTYCCKUI» pacTionoXeHa B FO)KHOW 4acTH DBEHKUHWCKOTO aIMUHUCTPATHB-
Horo paiioHa (KpacHosipckuii kpait), B MeXIypeube Hanboliee KpyIHbIX peK 3TOW TeppuTopuH - [lonkaMeHHoi
Tynrycku u UyHn. 3all0BeJTHUK HAaXOAUTCS B 0OJIACTH PE3KO KOHTUHEHTAJIBHOTO KJIMMaTa ¢ XapaKTePHBIMH JIJIsI
Hee OOJIBIIMMH aMIUIUTYIaMU CE30HHBIX KoJieOaHWH TeMIepaTyp BO3AyXa M IMOYBbI, MAJIBIM KOJMYECTBOM ar-
MOC(EpHBIX 0CaJKOB M OTUETIIMBO BHIP&YKEHHBIMH MEpUOIaMH JieTHe#H 3acyxu (Bacuibes u ap., 2003).

K Hacrosmemy BpeMeHH Ha TEpPUTOPHH 3aITOBEIHHUKA JJOCTOBEPHO OTMEUEHO 4 BHA 3TOTO PoJa, BCE OHM OX-
panstrorcsi rocygapcetBoM. B Kpachyro kaury Poccuiickoit eneparim (2008) 3anecenst Cypripedium macranthon,
C. ventricosum, C. calceolus; B Kpacuyro xaury KpacHosipckoro kpas (2012) BritO4€HBI 3TH BUJIBI, a Takxke — C.
guttatum. CoTJIacHO TPOBEJICHHOMY XOpoJioruaeckomy ananuzy, Cypripedium macranthon v C. ventricosum AMeIOT
eBpasuiickuii apean, C. calceolus u C. guttatum — ronapkrudeckuii apean. Tpu Buna Cypripedium calceolus, C.
macranthon, C. ventricosum Ha TEppUTOPHH 3arloBeTHNKA « TYHTyCCKUIDY HAXOAATCS Ha CEBEPHON IpaHUIIe apeara.
B Tynrycckom ¢GropucTHYECKOM paifoHe 3TH BUIIBI KpaliHE PeIKH, NX MECTOHAXOXKICHHUS SAMHIYHBI M U30JIMPOBa-
HBI. 3/1eCh MOMYJIIIUY 3TUX BHUIOB PACTEHHH CYIIECTBYIOT Ha MpEeNie CBOMX OMOJIOTHUECKUX BO3MOXHOCTEH, H,
ClIe/IOBaTeIbHO, X BEIMUPAaHHE MOJKET MPUBECTH K COKPAIIIEHHIO HX apeaJioB.

Ha Tepputopun rocyaapCcTBEHHOTO IPUPOIHOTO 3armoBenHuKa « TYHTYCCKUiD» MOHHTOPHUHT CTPYKTYDBI
LeHonomyJIsAui BunoB pona Cypripedium — BenepuH Oammadok, IpOBOIMIICS Ha PENPE3eHTAaTUBHOM KITIOUe-
BoM y4acTke «Kopaon ManmHay, Ha IByX ITOCTOSIHHBIX MTPOOHBIX miomagax (10x10 M?), B THIMYHBIX AJIS foTa
OBEHKHMH MECTOOOMTAHMSIX. 3JeCh COBMECTHO TPOM3PACTAIOT 4YeThipe BuAa 3Toro poma Cypripedium
macranthon Sw., C. ventricosum Sw., C. calceolus L. n C. guttatum Sw., 9T0 BcTpedaeTcs KpaitHe penko. B
20102013 rr. Ha MPOOHBIX IUIOIIAISX BBITOIHINCH MTOJHBIC TeO00TAHUYESCKUE OTIMCAHUS, €KETOIHO MTPOBO-
JTUJICS CTUIOITHOM MepecdeT 0CO0eH.

Haubonee neranpHo uccnenoBansl nenononyasiuu Cypripedium calceolus w C. macranthon. Ha Teppu-
TOpPHUH 3alIOBEIHNKA, Ha KpalfHEM CEBEPHOM IIpeNielie CBOET0 PaclpOCTPaHEHHs, B CypOBBIX KIMMaTHYECKUX
YCIOBUSIX DBEHKUH, OTPaHHUYSHHBIE OCHOBHBIMH JIMMUTUPYIOIIMMH (haKTOpaMu, B HEOIAronprsSTHBIX ISl HUX
YCIIOBUSIX OKpY)KaIOIIEei cpesibl, UX 0COOU yXOIST BO BTOPUYHBIN NMOKOH M BEAYT B OTAEIBHBIE TO/BI OJ3EM-
HBIM 00pa3 xu3Hu. Takoe moBeneHrne ocoOel MPUBOAUT K JOCTATOYHO OONBITUM (QITYKTyalusiM B COOTHOIIIE-
HUM OHTOT'€HETHYECKUX TPYI B HEHOMOMYISAIUIX. [[03TOMY MpH MOCTPOSHNE OHTOTEHETHYECKHUX CIIEKTPOB
HCTIONB30BAIMCH CPETHIE MHOTOJIETHHE COOTHOIIIEHHS BO3PACTHBIX TPYIIL.

Mownwuropunr nenomnomnymsiiuid Cypripedium calceolus okasai, 9To B Tofsl HabmoneHnit OHU OBLIH HOP-
MaJIbHbIMH HenoJHowIeHHbIMH (Puc. 1). B HHX NmpHCYTCTBOBaNM IOBEHHJIbHBIE, UMMATYpHbIC, BET€TATHBHbBIE
MOJIOJIbIE, BETETaTHBHBIE B3POCIIBIE U TeHEpAaTUBHBIE 0COOH; CEHIIIBHBIE ¥ CyOCEHUIbHBIE 0COON HE OTMEUEHBI.
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Puc. 1. OHToreHeTMYeCKMe cneKTpbl LeHononynauui Cypripedium calceolus. a) B NUCTBEHHUYHO-COCHOBOM MOMKHKEBEbHM-
KOBO-6pYCHWUYHO-3€N1EHOMOLLIHOM Jlecy, 6) B COCHOBO-IMCTBEHHUYHOM BPYCHUYHO-3€/IEHOMOLLIHOM Jlecy.

B nuMCTBEHHHYHO-COCHOBOM MO)K)KCBCJ'[I)HI/IKOBO-6pyCHI/I‘IHO-3eHeHOMOIHHOM Jiecy OHTOTCHETHYECKUI
crektp uenonomyisuuu C. calceolus GUMonaNbHBIN, C ABYMSI IMKAMH, OIMH U3 KOTOPBIX ITPUXOAUTCS HA UM-
MaTypHbIE 0COOH, a IPYroi Ha B3POCIIbIC BEreTaTUBHBIC 0COOH. B 0THeIbHbIE TO/IbI 31€Ch OTCYTCTBOBAJIH IOBE-
HUJIBbHBIC, MOJIOABIC BEICTATUBHBIC, TCHEPATUBHLIC OCO6I/I. OI[HaKO, 60J'II>HIO€ KOJIMYCCTBO BCIrCTATUBHBIX H
UMMAaTypHBIX 0CO0EH, a TaK ke MPUCYTCTBUE TeHEPATUBHBIX 0CO0EH, YKa3bIBAIOT HAa JJOCTATOYHO CTA0HIbHOE
COCTOSIHUE 3TOU 1LICHOIOILYJISALIUU.

B oHToreHernyeckom crexrpe nenonony anuu C. calceolus B COCHOBO-IUCTBEHHHYHOM OpYCHHUYHO-3€-
JIEHOMOIITHOM JIeCY B ToJibl HaOIOAEeHHUH Npeodiiaiaid UIMMaTypHbIe 0COOH, YTO YKa3bIBaeT HA €€ aKTUBHOE
CEeMEHHOE caMoIIoiep)kaHue. BrICoKoe yJacTue reHepaTuBHBIX 0co0eil MoKa3bpIBaeT Ha TO, YTO 3Ta LEHOIIO-
nynsiyst HanOosiee crabwiibHa. B oT/enbHbIE TOfIbI 3€Ch TAaK)Ke OTCYTCTBOBAJIM IOBEHWIIbHBIE, MOJIOJbIE U
B3pOCIIbIe BEI€TaTHBHbIE 0COOH.

a) 6)
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Cypripedium m acranthon E Lol el
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Puc.2. OHToreHeTMYeCKMe CEKTpbI LieHononynsauui Cypripedium macranthon. a) B IMCTBEHHUYHO-COCHOBOM MOMEBESb-
HUKOBO-6PYCHWUYHO-3€N1EHOMOLLHOM Necy, 6) B COCHOBO-IMCTBEHHUYHOM BPYCHUYHO-3€/1EHOMOLLIHOM JIecy.

B oHToreneruueckom criekrpe renononyisuuu Cypripedium macranthon (Puc. 2) B IMCTBEHHUYHO-COC-
HOBOM MOYK)KEBEJIbHHUKOBO-OpYCHHYHO-3€JIEHOMOIIIHOM JIECY OTMEYEHO ITpeodiialaHie TeHePaTHBHBIX 0CO0eH,
py HEOOJIBINIOM J0JIC FOBCHIIBHBIX M MMMATYPHBIX M 3HAUUTEIBHOMN /10JIC BEI€TATUBHBIX 0COOCH. ITO yKa3bl-
BAaCT Ha 3PEJIOCTh IICHOMOMYJIAIUK. B OTAeIbHBIC TO/IBI 3/I6Ch OTCYTCTBOBAJIM IOBEHIILHBIC, UMMATYPHBIC, MO-
JIOJIbIC BETCTATUBHBIC U B3POCIBIC BEraTaTUBHBIC 0COOH. BBHIy TOTO, YTO 3Ta LIEHOOMYJISIMS PACIIOIOKCHA
Ha BO3BBINICHHOCTH, CEMEHA FCHEPATHUBHBIX 0CO0CH, T0-BUINMOMY, BOBJICUCHBI B MUTPAIIHIO.

B cOCHOBO-IMCTBEHHUYHOM OPYCHHYHO-3EJICHOMOIITHOM JIECY B OHTOI'CHETHYCCKOM CIICKTPE IEHOIIOITY-
msun Cypripedium macranthon (Puc. 2) npeo0iagaroT UMMaTypHBIC 0COOH, YTO YKa3bIBaCT HA €€ aKTUBHOE
CEMCHHOE caMoToaaepxanue. [IpUcyTCTBUE TeHepaTHBHBIX 0COOEH yKa3bIBaeT HA TO, YTO IICHOMOIYJISAIHS
y)Ke JIOCTHUIJIa COCTOSTHHMS, JIOIYCKAIOLIEro BEICOKOE CEMEHHOE CaMOIIOAep)KaHHe, aHAJIOTHYHO TPUYPOYCH-
HOW K TOMY ke MecToobutanuto nonyssiiuu C. calceolus. B oTaenpHbIC TOIbI B HEl OTCYTCTBOBAIN FOBEHUIIb-
HBIE, MOJIOJIbIC BET€TATHBHBIC M B3POCIIBIC BETCTATHBHBIC OCOOH.

Henononynsiuuu Cypripedium macranthon sBISIOTCS HETIOJIHOWICHHBIMHU. B OHTOr€HETHYECKNX CHEKT-
pax LeHONOMYJISLKI 3ToTo BUIA, Takke Kak 1y C. calceolus, ceHMIIbHBIE N CyOCEHUIIBHBIE 0COOU OTCYTCTBY-
FOT €XKEronHo. B OTmeNbHbIC e TO/bl TAKKE OTCYTCTBYIOT FOBCHUIIBHBIC, HMMATYPHBIC, MOJIOJIbIC BEr€TaTHB-
HBIC ¥ B3POCJIBIC BEraTaTHBHBIC 0COOU.

COAEPXAHME »

SESSION 3

ENVIROMIS'2014

(2]
=
[}
[
[
>
(]
=
=
[
<t
=
o
o
ke
=
(=]
—
<t
(L]
=
'
Ll
(=]
(=]
=
(2]
=
=
[
<<
=
o
L
(2]
o
(=]
]
<<
[
—
L
=
=
(=]
=
=
—
L
—
(=]
L
(=]
—
Ll
o
L
ke
—
(=]
(]
]
<<
=
[=]
—-
=1
—
o
L
=
=




Takxum o0Opa3oM, Ha OCHOBE MOHHTOPHHIA CTPYKTYPHI LICHOIOIYISLMI PEIKUX U MCUE3AIONINX BHIOB -
Cypripedium macrahnthon u C. calceolus Ha ceBepHOH TpaHUIIC UX apealia, yCTaHOBJICHO, YTO Ha TEPPUTOPHH
3anoBegHUKA « TYHI'YCCKHID», B CYpOBBIX KIMMATHYECKHX YCIOBHAX FOXKHON DBEHKHH, OHH JIOCTaTOYHO CTa-
OWIIBHBI, IMeeTCs TEHICHIUS K HX aKTHBHOMY CEMEHHOMY CaMOIIOJICp)KaHHUIO, YeMy B 3HAUUTEIIBHOH cTere-
HH CIIOCOOCTBYET PEXKUM OXPaHbI HX MECTOOOHTAHHUMH, OCYIIECTBIIEMBIH 3aroBeTHHKOM. OXpaHseMbIe B 3aI10-
BETHHUKE LICHOMOMYJISIIUH JaHHBIX BHIOB, C Y4€TOM HX BBICOKOH MHTPALIOHHOH CIIOCOOHOCTH, O0YCIIOBIICH-
HOI1 JIETKOCTBIO CEMSIH, MOTYT CIIY)KUTb HCTOYHHKOM BO30OHOBIJICHUS YUCICHHOCTH TIOIYJIALMI Ha CONPeelb-
HBIX TEPPUTOPUSIX, TIOJBEPKEHHBIX aHTPOIIOTCHHBIM HArpy3KaM.
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Influence

of Northern Eurasia
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ecosystems

on global
biogeochemical
cycles: past, present
and future
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S. Kirpotin

Complex studying of wildfire
influence on atmospheric
composition and carbon
uptake of forest ecosystems
in Central Siberia:

the establishing

of a long-term post-fire
monitoring system

'Panov A.V., ’Chi X., 'Prokushkin A.S.,
Bryukhanov A.V., 'Korets M.A.,
'Ponomarev E.l., ‘Bryukhanova M.V.,
'Timokhina A.V., 'Krivobokov L.V.,
'Sidenko N.V., ’Andreae M.0., *Heimann M.

"V.N. Sukachev Institute of Forest SB RAS, Krasnoyarsk,
Russia

? Max-Planck-Institute for Chemistry, Mainz, Germany

! Max-Planck-Institute for Biogeochemistry,

Jena, Germany

E-mail: institute_forest@ksc.krasn.ru

( j alculations of direct emissions of greenhouse
gases from boreal wildfires remain uncertain
due to problems with emission factors, avail-

able carbon, and imprecise estimates of burned areas.

Even more varied and sparse are accurate in situ cal-

culations of temporal changes in boreal forest carbon

dynamics following fire. Linking simultaneous in-
strumental atmospheric observations, GIS-based es-
timates of burned areas, and ecosystem carbon up-
take calculations is vital to fill this knowledge gap.

Since 2006 the Zotino Tall Tower Observatory

(ZOTTO; www.zottoproject.org) a research platform

for large-scale climatic observations is operational in

Central Siberia (60°N, 90°E). The data of ongoing

greenhouse gases measurements at the tower are used

in atmospheric inversions studies to infer the distri-
bution of carbon sinks and sources over central

Northern Eurasia.

We present our contribution to studying of fire
influence on atmospheric composition and post-fire
ecosystem C flux deduced from the large-scale wild-
fires that happened in 2012 in the tall tower footprint
area.

The burned areas were estimated from Landsat
ETM 5,8 satellite images, while fires were detected
from Terra/Aqua MODIS satellite data. The magni-
tude of ecological change caused by fires (“burn se-
verity”’) was measured and mapped with a Normal-
ized Burn Ratio (NVBR) index. The dNBR values
ranged from 500 to 720 (rel.units) depending on land
cover type. The dNBR index was further calibrated
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by a complementary field based Composite Burn Index (CBI). Average burn severity ranged from 25 to 50% in
different ecosystem types.

Measures of fire radiative power (FRP) index provided information on fire heat release intensity in
dynamic and on the amount and completeness of biomass combustion. Average FRP values ranged from 2100
in pine forests up to 3200 MWatt in dark taiga, representing different fire regimes.

Based on the analyzed GIS data, permanent plots within the fire scarce areas (max burn severity) were es-
tablished in dominant ecosystem types. They will further serve for long-term post-fire monitoring of biogeo-
chemical processes during ecosystem restoration. Major ecosystem pools were assessed within the plots, and
particularly tree standing stocks and coarse woody debris (CWD) were mapped by laser-based field instrumen-
tation system.

The time series of CO mixing ratios at ZOTTO shows high variability. It consists of a seasonally varying
background signal (determined by REBS and comparable to remote marine background signals) superimposed
by regional pollution, which is mainly due to polluted air parcels coming from fossil fuel emission regions or
biomass-burning emissions. The pollution frequency is highest in winter, when fossil fuel emissions dominate
the CO signal and CO reaches an enhancement of 22 ppb above background. An almost identical enhancement
is true for the summer period, although the pollution frequency is much lower. This suggests that the CO inten-
sity is higher in some summer pollution events. The CO model results at ZOTTO from STILT (Stochastic-
Time-Inverted-Lagranzh-Transport) suggest that only 12% of the polluted events are biomass-burning-domi-
nated [Chi et al., 2013].

The work was supported financially by ISTC Project # 2757p, project of RFBR # 13-05-98053, and grant
of president of RF for young scientists MK-1691.2014.5.

Reference:

1. Chi, X., Winderlich, J., Mayer, J.-C., Panov, A. V., Heimann, M., Birmili, W., Heintzenberg, J., Cheng,
Y, and Andreae, M. O. (2013) Long-term measurements of aerosol and carbon monoxide at the ZOTTO
tall tower to characterize polluted and pristine air in the Siberian taiga. Atmos. Chem. Phys., 13. pp.
12271-12298.

KoMnneKcHanA oLeHKa NoKapHoro BO34enNcTBUA

Ha ra30-a3p030J1bHbIK COCcTaB aTMocdepbl U NecHble
aKocucTeMbl CpegHen Cnbmpm: cosgaHme cMcTeMbl
O0/ITOCPOYHOIro CTaLMOHAPHOMO MOHUTOPUHIA
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BBEJEHME

B cOBpeMCHHBIX YCIOBHUSIX MPOMCXOJAININE M3MECHCHHS KITMMAaTa BEAYT K YBEIUYCHUIO IKCTPEMATbHBIX
MOYKAPOOTIACHBIX CE30HOB, YaCTOTHI U IJIOMIA N TTOKAPOB, U COKPAIIICHUIO MEKITOKAPHBIX HHTEPBAJIOB [Soja et
al., 2007; MBanosa u np., 2007; Kharuk et al, 2012]. Jlunamrika Bo3ropanuii iecoB CHOMpH 3a MOCIEIHHE JIe-
CATHJICTHE TTOKA3bIBACT YCTOMYMBYIO TCHICHIIUIO K POCTY, KaK 110 YUCITY MOXKAPOB, TAK U MO0 OXBAYCHHOW UMU
wiomaau. Tak moxapel B Cubupu B 2012 romy 3a CpaBHUTEIBHO HEOOJNBIIOE BpEeMs IPUOOPEITH MACIITAObI
PETHOHANBHOM KaTacTpo(dbl, KOrIa OTHEM OBUIO 0XBaueHO OKOJIO 1 MJTH. Ta IUIoNIaau JecHoro Gouma. OTcyT-
CTBHEC JIOCTOBEPHBIX HATYPHBIX JAHHBIX HE JaeT BO3MOKHOCTH OICHKH MPSIMOTO BO3JICHCTBHUS TaKUX KPYIO-
MacITaOHBIX TOXKAPOB Ha (PU3UKO-XMMUYECKHI COCTaB aTMOC(EPBI, U UX MOCIEACTBUMN I JICCOB PETHOHA,
MPOMICHHBIX IOYKAPAMH, U HA JICCATIICTHS YTPATHBIINX, B TON WX HHOW CTEIICHH, CBOIO POJIb B MTOTJIONMICHUN
yriepona aTMochepbl.

MATEPWAJIbI U METObI

J171s1 KOMILIEKCHOM OLIEHKH TTOXKapHOTO BO3/ICHCTBHS Ha MPOLIECCHI aTMOC(EPHO-IKOCHCTEMHOTO 0OMEHa, B
pabote mpencTaBieH HHTETPUPOBAHHBIN MHOTOYPOBHEBBIH MOAX0/ (pHC. 1), 00bETUHSIONINI aHAIN3 TaHHBIX U~
CTaHIIMOHHOTO 30HIUPOBAHUS, CTAIIMOHAPHBIE JIECOOMONIOTUYESCKUE UCCIICAOBAHYS, U CONMPSHKCHHBIH UHCTPY-
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MEHTAaJIbHBI MOHUTOPHHT Ta30-a3p030JIEHOT0 cocTaBa arMocdepsl. KpymHomacmtabHble tecHbie okapst 2012
rozia B paifoHe UCCIIEIOBAaHUS IPEAOCTABIIN YHUKAJIBHYIO BOSMOXHOCTD JUISl MIJIOTHBIX PabOT ¢ LENbIO TECTH-
POBaHMS U pa3BUTHS JAHHOTO moaxoza. Ilmommany, mpoiiieHHbIe OrHEM B pe3ylibTaTe JIECHBIX moxkapos 2012 . B
cpenueraexxHoi moazoHe Ipuenncerickoit Cubupu B HermocpencTBeHHoH Omm3octH ot obcepBaropuu “ZOTTO”
— CTaHIIUH BBICOKOTOYHOTO aTMocdepHoro MornTopuara (60 c.ar. 90 B.11.), mpeBsiciiiu 850 THICSY TeKTapoB, 9TO
J1aJI0 BOSMOXKHOCTH OPTaHU30BaTh 3/1€Ch CHCTEMY JOJITOCPOYHOrO CTALMOHAPHOTO JIECOOHOIOIHYECKOTO MOHH-
TOPHHTA B NPE0OIaJaloMX THIIAX Jeca, C Helbl0 aHaIN3a H3MEHEHHH (KpaTKOBPEMEHHBIX, TOJITOBPEMEHHBIX )
OaJlaHCca TIOTOKOB YIJIEPOAA B XOJ€ MMPOTEHHBIX CYKLECCHI, U BBISBICHUS BIMSAHUS STHX U3MEHEHHUH Ha CONpS-
)KEHHbBIE HHCTPYMEHTAJIBHBIC OLICHKH (PH3UKO-XHMHYIECKOTO COCTaBa aTMOCHephI.

Owmar.xn:  PUCYHOK 1 —UHTerpmupoBaHHbIit

OnepamiBHLI CITYTHHKOBLI MORHTOPHIT o
MHOI0YPOBHEBLIN Noaxog AnA
KOMMJIEKCHOM OLIEHKW BO3AENCT-

BMA MOMKapPOB Ha ra30-aspo30/ib-
HbliA cocTaB aTMoCc(epbl U CTPYK-
. _ < TYpHO-(YHKLIMOHaMbHOE COCTOA-
2080 - 1000 HME 3KOCUCTEM.
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OmnpeneneHre TpaHull TEPPUTOPUI IPONHAESHHBIX OXKAPOM U IpeBapUTENIbHas OLIEHKA CTEIeHU HOcIIe-
NOKapHOH HApyIIEHHOCTH PACTUTENEHOCTH HA BEIOPAHHOM MPOOHOM ITOJIMTOHE B PaifOHE HCCIICAOBAaHHIN BbI-
MOJIHSIACH HA OCHOBE JJAHHBIX MYJIBTHUCIIEKTPAIbHON CIIyTHUKOBOM chemku Landsat 5 u 8 ¢ mpocTpaHcTBeH-
HbIM paszpemienneM 30 M. OLieHKa CTENeHU HapYIIEHHOCTH PACTUTEIBHOCTH HIOKApOM U, OTIOCPEIOBAHHO, HH-
TEHCHBHOCTh TOPEHUS ONpe/elsilach Ha OCHOBE HOPMAaJIM30BAHHOTO MHJEKCa MHTEHCHBHOCTH moxapa NBR
(Normalized Burn Ratio) [Cocke et al., 2005], KOTOpBIii BEIYHCIISIICS KaK HOPMAJIM30BaHHOE 30HAJILHOE OTHO-
LICHHE:

(1) NBR=(R,—R;)/ (R, * R;),

rae R, u R, — oTpaxkaresibHasi CIIOCOOHOCTH B OIMKHEM HH(GPAKPACHOM U KOPOTKOBOJIHOBOM HH()paKpac-
HOM CIIEKTPaJIbHBIX KaHAJIaX COOTBETCTBEHHO.

[Tockompky NBR xapakTepu3yeT HHTEHCHBHOCTH IOIVIOIIEHHS COJHEYHOW paaualfiy XJIOPO(PHIUIOM H
BJIATON PACTUTEIHHOCTH, COJIEPKAHNE KOTOPBIX MOJKET MEHATHCS O MPUYMHAM HE CBSI3aHHBIMH C TOCIECT-
BHSIMU ITOKapa, TO B paboTe OBLIT UCII0JIb30BaH pa3HOCTHBIN HHIeKC ANBR, paccunTaHHbIH Kak:

(2) dNBR = (NBR NBR )*10°

Jlist paHyKMpOBaHMSI HENPEPHIBHOW ILIKaJIbI MHAEKCAa dNBR 1O CTEeleHH MOBPEXIEHNs! PaCTUTEIBHOCTH
WIM VHTEHCUBHOCTHM IIOXKapa MCIOJIb30BaJCS KOMIUIEKCHBIM MHJIEKC NOXapHOH HapymenHoctu CBI
(Composite Burn Index), paccuntanHbIi 110 SMIMPUIECKOMY aJITOPUTMY B XO/I€ HA3EMHBIX HCCIIEOBaHUH Ha
MPOOHBIX IJIOIIA/SX, KaK HENpephIBHAs Oe3pa3MepHast BeJIMYMHA, XapaKTepHu3yoas BeJIHYHHy OOIIero mo-
YKapHOTO BO3JEHCTBHS Ha SKOCUCTEMY, CKJIAJIbIBAIOLIETOCS M3 OAbHOM OLIEHKH MOBPEXKACHUS M0XKAPOM Ha
BCEX sIpycax M CTPYKTYPHBIX dJIEMEHTaX PaCTUTEILHOCTH, BKIIOYAst )KUBOW HAIlOUBEHHBIN ITOKPOB, KYCTapHHU-
KM, TIOJUVIECOK, JI€PEBbS 110 IPYIIAM BBICOTHI U CTPYKTYpY IOJIOra.

WuTerpanbHas MOIIHOCTD TEMJIOU3IYYEHUS OT II0XKapOB PACTUTENILHOCTU U3y4anachk OCPEACTBOM ChEM-
ku anmnaparypoid TERRA/Modis, Ha koTopoii (hukcHpoBaiack paauospKOCTHas TEMIIEpaTypa HOBEPXHOCTH B
nuana3zone 4 MkM. COOTHOILLIEHHE, XapaKTePU3YIOLIEe CBA3b MEX/Y MOIIHOCTHIO M3JIy4yaeMOro TeIJIOBOIO Mo-
TOKa OT MoXKapa ¥ PajnospKOCTHBIMH TEMIIEpaTypamH Lenu U GoHa Ha n300pakeHHsIX B JHana3oHe 4 MKM,
OBLTO BIIEPBBIC MpeiokeHo B padote [Kaufman et al., 1998]. [loka3zarens, nonyunsmimii Hazanue FRP (Fire
Radiative Power), Berumcisiics kax:

110 IOKapa rocie nokapa

(3) FRP=434x 10"(T,' - T},
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SESSION 4

rae 7, — paAnosIpKOCTHAS TeMIIepaTypa TePMHUYECKN aKTUBHOTO MUKCeIs (1enn) B 21 KaHaie pagnoMeTpa
Modis (A = 3.989 — 3.929 mxwm), T, — paiHOAPKOCTHAs TeMIlepaTypa 1 (POHOBOI MOBEPXHOCTH CHHMKA,
HU3MEpEeHHAas B TOM K€ CIIEKTPaIbHOM AHana3oHe.

it ydera Imioma HpIX XapaKTepUCTHK U3ITyqaloield IIOBEPXHOCTH COOTHOLICHNE OBLIO aJaTHPOBAHO K
BUY:

(4) FRP=2025+S*(R,—R,,,),R=0°T,

rae R, u R,,, — SHepreTHuecKas CBETUMOCTb, BhIUMCIIsieMas Ha ocHoBe 3akoHa Credana-bonbimana B
nuanasone 4 MkM, 6 = 5.6704+10" Br/(m**K") — nocrosiaHas, S — mioma/s TepMHYECKH AKTHBHOH 30HbL.

HaszemHas BepuduKaiys JaHHBIX JUCTAaHIIMOHHOTO 30HAMPOBAHMSI IPOBOJUIIACKH B XO/I€ JIECOOMOIOTHYe-
CKHUX HCCJIEJOBaHUI Ha TEPPUTOPHUU POOHOTO 1ojuroHa. GUTONEHOTHYECKAs CTPYKTYpa U Ipyriue 0COOeHHO-
CTH Pa3HBIX THUIIOB SKOCHUCTEM, U UX THHAMHKA H3y4ainch Ha cBexux (2012 ) rapsx B mpeoOIiaaaroux TUIax
9KOCUCTEM CPEIHETACHKHOM MO30HbI CHOMPH: COCHSK JINIIIAWHUKOBBIN, COCHSIK 3€JICHOMOIIIHBIN, CMEITAHHBIN
THUII Jieca, THII Jieca C MpeodalaHieM TeMHOXBOMHBIX MTOPOJI JCPEBLEB, U COCHOBRIN psiM. KonnuecTBeHHbIE U
Ka4YC€CTBCHHBIC XaPAKTECPUCTUKHU Haca)KILCHI/Iﬁ Ha l'[pO6HI)IX miomansax GI)IJ'II/I OIPEACIICHBI C MMOMOLIBIO IIPO-
rpamMmmHO-u3MepuTensHoro kommekca (IIMK I'MIT), ¢ kapTupoBaHHeM M OLEHKOI 3amacoB, MPOCTPAaHCTBEH-
HOW CTPYKTYpBI U >KU3HEHHOT'O COCTOSHHSI APEBOCTOS, 3aIlacoB U pacrpeaeieHus guronerpura (CyxoCcTou,
BaJIeXK, TTHH).

HHcTpyMeHTaNbHas OLieHKa (DU3MKO-XHMHYECKOr0 COCTaBa morpaHnu4Horo ciosi armocgeps (IICA) (mo
300 M) B paiioHe HCceqoBaHUI mMpoBoauiach Ha Oase obcepmaropuu “ZOTTO” (www.zottoproject.org).
CriekTp perucTpupyeMbIx IHapamMeTpoB MO3BOJIUI ONEPATUBHO AUATHOCTHPOBATh BOZHUKHOBEHHE M Paclpo-
CTpaHEHHe JIECHBIX I10)KapoB B 30HE OXBara U3MepeHui odcepBaropun. OLeHKa BO3/IEHCTBUSI JIECHBIX MOXa-
POB Ha UHCTPYMCHTAJIbHBIC Ha6ﬂ[0,[[eHI/Iﬂ IMPpOBOANJIACH HA OCHOBE MHCTPYMCHTAJIbHBIX JAaHHBIX COACPIKAHU
monokcua yriaepoaa (CO) B IICA ¢ ucrnonb30BaHHEM CTOXAaCTHYCCKOH MHBEPCHOHHON JIarpaH)XeBOW TpaHC-
noptroit moxenu STILT [Lin et al., 2003], Ha 6a3e MeTeoposiornyeckux moieii EBpomneiickoro mieHrpa cpen-
HeCpouHbIX porHo30B noroasl (ECMWF; http://www.ecmwf.int).

PE3YJIbTATHI

JIJ1s1 OTIBITHOTO MOJIMTOHA B paliOHE WCCIEMOBAaHUIN OBLIM TOTy4YeHbl HHIEKCH dNBR Ha OCHOBE CpaBHU-
TenpHOTO aHanu3a cieH Landsat 5 2011 (gonmoxxapHoe cocrosinue) u 2013 1. (rmociie mokapa), 4To MO3BOITHIIO0
OLICHHUTH KaK IUIOLIA/H, TAK 1 THTEHCUBHOCTH KpyInHoMacTaObHbIX noxkapoB 2012 1. [TocpeacTBOM BeTHUUHBI
nHaexca CBI, pacCYUTaHHOTO B XOJI€ HA3eMHBIX MCCIENOBAHUHN I MPOOHBIX TUIOIMIAEH B OCHOBHBIX THIAX
Jieca ¢ pa3InIHON CTPYKTYPOH HACaKICHUHN M CTETICHBIO IOBPEXKICHUS TIOKapOM, ITPOBEIEHO PEABAPHTEITb-
HOE paHXXUpOBaHUE MHIIEKca dNBR 10 CTENIEHH MOKapHOTO BO3JEHCTBHS Ha PACTUTEIBHBIN MOKPOB (pHC.2a.)
Jist TOTIONHUTENBHOM BepUPHKAIMY TUIOMIAIHBIX XapaKTEPUCTUK TIOKApHbBIX TIOBPEXKCHUIT JIECOB HA TEPPH-
TOPHUH OIBITHOTO TIOJIMTOHA, U KaYeCTBEHHOH OIEHKH BO3ACHCTBUS OTHS, M3Y4EHBI JUAMTAa30HbI BapHUAIUH I10-
Kazarens terionsnydenus (FRP) (puc.20).

e v Npotensm nnouman oTTo
7 J Cromem scapamammns. % (N8R FRP 2012, M
04600 - 2030 Yo « 300
] 1o 2 me 00 \y 3001 - Y0000
B - 5098 320 20770 L B 10001 - 20000
. x . 0001 - 35000
Bl s & . 3000
| R LIRS % [A—
Ay H
P

PucyHok 2 - OtobparkeHune uccneayembix NaHaWadToB NPoALEHHbIX NOKapaMy C UCMONb30BaHWEM PaHKUPOBAHHOMO N0
cTeneHn HapyweHHocTn nhaekca dNBR (a) v cooTBETCTBYIOLLME MM BapuaLmy NoKasatens TennomsnyyeHmns FRP (6) (2.1 -
2.5 - cTaumMoHapHbIe NpobHble naowaam B npeobnafaloLimx Tunax feca).

Ha ocHOBe paHXMpOBaHHOTO HHAEKCA dNBR ¥ Ha3eMHOU JIeCOOMOJOTHYCCKON OLEHKH HACaXICHHI
MPOIICHHBIX [TOXKapaMH MIPEABAPUTEIHFHO YCTAaHOBJICHO, YTO CTEIICHB ITOKAPHOTO TIOBPEXKACHHUS SKOCHCTEM B
paiioHe uccnenoanuii Bapeupyer ot 25 1o 50%. Hanbonpemme 3nadenns dNBR, nopsnka 40 - 45%, orMeueHsI
B CBETJIOXBOWHBIX HACAXKICHHSX, IPEXK/IE BCETO C JOMIHUPOBAHHEM COCHBI B COCTAaBE, KOTOPHIEC Yepe3 Toj Mo
cJle oKapa YacTHYHO MOrHOJIH, 1 HauOoJIbIIast UX THOeNb OblTa 3a)MKCHPOBAaHA Ha yYacTKaxX C 3antyOlieHneM
moXkapa B IOJCTIJIKY, YTO CBHUICTEIBCTBYET O MpeoOiafaHul TaM yCTOWYHMBBIX HU30BBIX MMOXapoB. CTerneHb
MOBPEXXICHHUS TaKUX HACAKACHUI CHI)KAETCS C POCTOM YBIIQXKHEHHOCTH MecTonpounspactanus ot 40 - 45% B
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CyXHX COCHSIKax JMIMAHNKOBBIX, 10 30 - 40% B Oonee yBIa)KHEHHBIX COCHSIKAaX 3€JIEHOMOIIHBIX. OTMEUEHO
TaKke 00I11ee CHIDKEHUE CTENIEHH MT0KAPHOTO NMOBPEKACHHS HACAKICHUH C yBETUIEHHUEM NIPUCYTCTBUS B HUX
JHMCTBEHHBIX TOPOJ AepeBbeB (25 - 30% B cMemmaHHbIX THNAx jgeca). Ha yuacTkax ¢ mpeobiaajaHueM TEMHOX-
BOMHBIX IIOPOJI I€PEBBEB 3aKCUPOBaHa HANOO0JIEE BEICOKAs BapHaOeIbHOCTh CTETICHEH MTOBPEKACHUS BAPbH-
pytomast ot 25 10 50%, 1 00ycIOBIE€HHAs! TPOXOKACHIUEM 3HAYNTEIbHON YaCTH TAKUX HACAKACHUH BEPXOBBI-
MU TIO’KapaM¥ U HaJIMIUeM OOJBIIINX 3aI1acoB JIECHBIX TOpIoUnX Marepuanos (JIT'M).

CxonHbIe 3aKOHOMEPHOCTHU AEMOHCTPHUPYIOT M CPEIHUE 3HAUCHUS MOUIHOCTH M3ITyUCHHS OT MOXKapOB,
BO3pacTaromue co cMeHoi tumna yeca ot 2100 MBT B cocHOBBIX HacaxkaeHusX A0 3200 MBT B HacaxxaeHH-
AX ¢ IpeoOnalaHueM TEMHOXBOWHBIX OO AepeBbeB. [Ipu 3TOM nokaps! pacpoCTpaHsINCh B palloHe Hc-
CIIEIOBAHMS JIUTEIbHOE BpeMs (25 — 45 gHeii B urone — Hadane aBrycte 2012), 1 B OTeNbHBIE CPOKH Xapak-
Tepu3oBanuck 3HaueHuIMH FRP Ha ypoBue oT 19000 MBT (B cocnsakax) no 24400 MBT (B TeMHOXBOWHBIX
HACaXXICHHUSX ), YTO TAK)KE CBUJECTEIBCTBYET O MIEPHOINIECKOM BOSHUKHOBEHNH BEPXOBBIX TTOXKaPOB, U yBE-
JMYCHUEM MX YaCTOThl U MHTEHCHBHOCTH CO CMEHOH THIIA JIECa, YBEIUUYEHUEM PUCYTCTBHSI TUCTBEHHBIX U
TEMHOXBOWHBIX TOPOJ IEPEBBEB, H pocToM 3armacoB JII'M. OgHako 0O4eBHUAHO U TO, UTO (PUKCHpyeMasi BapH-
aIys 3HAYCHUH MOIIIHOCTH U3ITyYCHHUS OT M0KAPOB B PA3IMYHBIX TUIIAX JIECA ONPEENIETCs He TOIBKO 3ama-
com JII'M B 30He moxapa, HO ¥ 0COOCHHOCTSAMHU AWHAMHKH TOPEHUS], KOTOPBIE 3aBUCST OT BHEIIHUX METEO-
ponorndeckux (pakTopos, perabeda, ypoBHs NokapHOTo co3peBanusa JII'M. DTu mokasarenn TMMUTHPYIOT
KaK CKOPOCTb Pa3BHUTHS M0Xapa, JJIUTEIbHOCTh CYIIECTBOBAHMSA, a TaK € UTOTOBbIE IUIOIIAAN, TaK M €T0
JHEPreTUUECKNE XapaKTEPUCTUKHU HA PA3INIHbIX CTaIusX. B pesynbprare sKCTpeMasbHO KPYTHBIE MOXKAPHI,
Kak B paiione uccnemoBanuii B 2012 roxy, Tak u Ha Tepputopun CHOMPH B IIEJIOM, IMEIOT CIIOPaInYeCcKre
MaKCHUMYMbI MOIIHOCTHU U3JIy4eHUs B 2 — 4 pa3a IPEBBIIIAIONINE TOKA3aTENN, ONPEACICHHBIC Il BRIOOPKU
«CTaHAAPTHBIX» MOXKapPOB.

[TocpencTBoM cTOXacTH4eCKOW WHBEPCHOHHOH JarpamkeBoi TpaHcmopTHoi moxenn STILT Ha ocHoBe
WHCTPYMEHTAIBHBIX TaHHBIX conepxanns MoHokcuaa yraepona (CO) B [ICA npoBeneHa oIieHKa IMOKapHOTO
CUTHaJa B MMPOBOIUMBIX M3MEpEHUAX Ha 6a3e obcepBaropuu “ZOTTO” (puc. 3a,0). Muoroneramii xox CO B
arMocepe (puc. 3a) MPOAEMOHCTPHPOBAJ BEICOKYIO BapHaOeIbHOCTh 3HAYCHHUH, U TTOCIE Pa3IOKEHHS psiaa
nmocpeacteoM anroputMa RIBS [Chi et al., 2013], zam BO3MOXXHOCTB BBISSBUTH CE30HHBIC (PIyKTyaIuu GoHO-
BBIX KoHIeHTpauii CO u nokapHbIe CUTHANBI (C)KUTaHUE HCKOTIAEMOTO TOTUTUBAHIECHBIE TTOXKaPHI).
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PucyHok 3 - a) MHoronetHuin xof CO B atMocdepe, rae: 1 — noxapHsle aMuccuu, 2 — GoHOBbIE 3Ha4eHWA, 3 — POHOBbIE
3HayeHmn MCA (60.8 C.LL.) (GLOBALVIEW-CO, 2009), 6) 30Ha BAMAHWUA NOHKapHbIX IMUCCUI (CHUraHUEe UCKONAeEMOro
TONNMBA+IECHbIE MOMKaPbI) Ha NPOBOAMMbIE M3MEPEHMA N0 pe3ynbTataM UCMoNb30BaHUA TpaHCMopTHOM Mogenu STILT.

YCcTaHOBIICHO, YTO YPOBHH MOBBIIIeHUS PoHOBBIX KoHIeHTpanuii CO B [ICA, 00ycIOBICHHbBIC CKUTAHH-
€M HCKOIIaeMOro TOIUTMBA 3UMOIl (OTONUTENBHBIN CE30H) U BIMSIHHUEM JIECHBIX MOXKapOB JIETOM, CXOAHBI 11O
3HAYEHUSIM U 1ocTUraioT 22 ppb. OqHako, 4acToTa BOSHUKHOBEHHS MIOKAPHBIX CUTHAJIOB JIETOM 3HAYUTEIIHHO
Hxe (20%), B CpaBHEHHH C PETYIAPHBIMH aHTPONOreHHbIMU BEIOpocaMu CO 3umMoit (47%), 9To CBUACTEIBCT-
BYyeT 0 OoJiee BHICOKOW MHTEHCHBHOCTH BO3ICHCTBUS JIECHBIX MOXkapoB Ha ra3oBeiil coctas [ICA. ITocpencrt-
BOM HCHOJIb30BaHMA TpaHcnopTHOH Mozaenu STILT mpoBeseHa oIieHKa 30HbI BIMSHUSA HOKapHBIX IMUCCHH Ha
MPOBOJIMMEBIC U3MepeHus Ha 0a3e obocepBaropuu (puc.30) U YCTAHOBICHO, YTO CYMMApPHBIN MEPUO]] BIUSHUSA
JIECHBIX TIOKAapOB COCTaBUI 0KoJI0 12%.

Paboma evinonnena npu punancosou noodepacke npoekma MHTI] Ne2757, PODU 6 pamxax nayurno2o
npoexma Ne 13-05-98053, u I panma Ilpesudenma Poccutickot @edepayuu ons Tocydapcmeennoti noodep-
JHCKU MONLOOBIX poccutickux yuenvlx MK-1691.2014.5.
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Detection of Post-fire Recruitment Failure in the Boreal
Forest Using Remotely Sensed Data

'Kirsten Barrett, ‘Elena Kukavskaya, ’Eric Kasischke

' Department of Geography, University of Leicester, University Road, Leicester, UK
?V.N. Sukachev Institute of Forest SB RAS, Krasnoyarsk, Russia.
* Department of Geographical Sciences, University of Maryland, USA

INTRODUCTION

Wildfire disturbance is the primary catalyst for stand-level changes in vegetation age structure and spe-
cies composition in the boreal forest. There are multiple potential post-fire successional pathways for boreal
forests, governed by factors such as fire frequency and severity and interactions with other forms of distur-
bance such as herbivory and permafrost thawing. In extreme cases, some boreal forest stands do not recover
post-fire, instead becoming dominated by low vegetation cover such as grass and shrubs. These areas of re-
cruitment failure represent a fundamental shift, or “flip” from a forest ecosystem to a different vegetation
type with consequences for carbon storage, albedo, and hydrology. The potential for detecting fire-driven
abrupt changes in ecosystem structure and function using remotely sensed data is high given the marked
differences between the forest and replacement vegetation, but there has been little work to date beyond the
detection of disturbance. The information gained from tracking disturbance recovery failure in boreal forests
could provide much needed inputs to dynamic climate-vegetation models that do not currently address such
complexities.

Remotely sensed vegetation index anomalies show a common post-fire pattern of immediate reduction
and a gradual recovery over 5 to 15 years for boreal forest ecosystems (Goetz et al. 2005, Cuevas-Gonzales et
al. 2009). The reduction in leaf area and photosynthetic activity, coupled with new scene elements such as char
in a post-fire environment makes optical remote sensing fairly effective in detecting burned areas, confounding
factors such as shadows and deep water notwithstanding. Such changes cause a reduction in near infrared sur-
face reflectance and an increase in mid infrared, the two bands used to calculate the Normalized Burn Ration
(NBR). This information has been used reliably to map burned areas using remotely sensed surface reflectance
data (e.g., Eidenschink et al., 2007). We hypothesize that the post-fire vegetation index anomaly can also be
used to detect areas of recruitment failure post-fire. Specifically, for areas where recovery has failed, the vegeta-
tion index anomalies will not recover to pre-fire levels within the same time span as areas that recover normally.

METHODS

To testthe potential for using vegetation index anomalies to detect recruitment failure post-fire, we devel-
oped a dataset of boreal forest stands that recovered normally post-fire and others that suffered recruitment
failure in Alaska, USA.Sites exhibiting normal recovery post-fire were identified using MODIS active fire de-
tections. This dataset consists of coordinates of detected thermal anomalies and associated fire radiative power,
as well as an assessment of confidence (lower threshold = 30%). We used active fire detections because the
analysis is point-based, and these detections provide the most reliable means of selecting a point that burned on
the landscape at a known time. The active fire dataset was constrained to allow at leastone year of growing
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season surface reflectance pre-fire and 4 years following the initial 5 year exclusionary period post-fire. The
historical Alaska Large Fire Database was used to mask active fire detections in sites that had already burned at
least once since 1950. Using a random sample of 50 locations that met the above criteria, we manually selected
eight sites for the analysis.

The burn sites chosen to represent areas of recruitment failure were located in a burned area visited in the
field in 2013, nine years after the fire. These sites have failed to recover normally, with very low seedling re-
cruitment, even after nearly a decade. The reason these sites have not recovered normally is still under investi-
gation, but is likely associated with soil moisture limitations caused by increased surface runoff and infiltration
post-fire. Six sites were chosen to demonstrate the vegetation index anomaly signal during the growing season,
and to compare with sites that have experienced normal post-fire recovery.

Finally, the unburned sites selected for anomaly calculations were manually selected in areas adjacent to
burn sites selected for the analysis. Similar to the constraints on active fire detections, unburned sites were
compared with the Alaska Large Fire Database to avoid areas that had burned since 1950. Additionally, the
National Land Cover Database was used to avoid areas of open water. Unburned sites were located in areas of
coniferous and deciduous stands as well as some shrub and mixed forest sites.

For all test sites, surface reflectance was obtained from the MODIS Nadir BRDF Adjusted Reflectance
(NBAR) product (MCD43A4). NBR and NDVI were calculated (using band 7 for short wave infrared reflec-
tance), and vegetation index anomalies were calculated by subtracting the value in the burned area from the
mean value in adjacent unburned sites on the same date. A time series of vegetation index anomalies from June
through September was created for each burn site in the analysis. To differentiate recruitment failure sites from
normal recovery, we compared the mean vegetation index anomaly values pre-fire and 5 years post-fire.

RESULTS

Typical recovery trajectories of vegetation index anomalies are shown in Figure 1. In both of the recovery
trajectories the fire event is clearly illustrated by the dramatic drop in NBR and NDVI. Both sites experience an
increase in vegetation index anomalies (i.e., approaching pre-fire levels) during the several years post-fire. In
the case of the site characterized by normal recovery, the recovery signal approaches pre-fire levels after about
three to five years after the disturbance. This is a typical recovery trajectory for the region. In the recovery fail-
ure site, the signal still has not reached pre-fire levels of vegetation index anomalies by the end of the data re-
cord nine years post-fire. In fact, recovery appears to plateau around five years post-disturbance and does not
show additional gains in NDVI or NBR in the last three years of observations.

The distribution of vegetation index anomalies for normally recovering sites versus recruitment failure
sites is shown in Figure 2. The recovery of the NDVI anomaly signal is faster than NBR, with the normally re-
covered sites approaching zero, or nearly equal to the pre-fire mean growing season anomaly level. The vegeta-
tion index anomalies of the recruitment failure sites is greater than those of the normal recovery sites for both
NDVI and NBR, suggesting that the recruitment failure sites are farther from recovery to pre-fire levels. The
mean vegetation index anomaly value for recovery failure sites 5 years post-fire is 0.1 for NDVI, versus 0.04
for normally recovering sites. Similarly, the difference in anomaly values for NBR is 0.26 for recruitment fail-
ure sites, and 0.17 for normally recovering sites. These differences show that the differences between the sites
illustrated in Figure 1 represent a general pattern of slower and perhaps stalled recovery for sites that have ex-
perienced recruitment failure post-fire.

DISCUSSION AND CONCLUSIONS

The time series of vegetation index anomalies highlights the differences between sites that recover nor-
mally versus those that suffer recruitment failure post-fire. The differences between the tworecovery types
likely reflect lower net ecosystem productivity, above ground biomass, seedling density, and leaf area in arecas
of recruitment failure. The factors that lead to recruitment failure in North America are complex, but are likely
to be caused by variations in seedbed quality than in the presence and viability of the seed stock itself (John-
stone et al. 2011). In the Eurasian boreal forest, the rapid succession of fires has degraded the available seed
stock so much that the sites are unable to recover (Sofronov and Volokitina 2010). Additional challenges to
post-fire recruitment in Eurasia following short-interval fires include high soil temperatures and vulnerability
to erosion, leading to the proliferation of grass species and a lack of tree seedling regeneration (Kukavskaya et
al. 2013). The changes in ecosystem structure and function that cause differences in post-fire vegetation index
anomalies are an important area for future investigations, particularly in light of changing boreal fire regime
characteristics such as increases in fire frequency and severity.

Given the dramatic differences observed in situ between sites that recover normally and areas of recruit-
ment failure, it may be questioned why the latter exhibit a recovery in the remotely sensed vegetation indices at
all. The reason for the recovery signal in areas of recruitment failure is likely related to the superficial relation-
ship between vegetation index anomalies and recovery in general. These values tend to return to pre-fire levels
on a time scale of about a decade (Goetz et al. 2005, Cuevas-Gonzales et al. 2009), whereas stand characteris-
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Figure 1. Trajectories of post-fire vegetation index anomalies for an area exhibiting (A) normal post-fire recovery and (B)
recovery failure.
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Figure 2. Distribution of mean growing season vegetation index anomaly values five years post-fire for sites exhibiting
normal post-fire recovery (right side) and recruitment failure (left side).

tics may require 80 years or longer to recover from disturbance by wildfire (Harden et al. 1997). The reflectance
properties of a stand, particularly when the disturbed vegetation is replaced by a similar species composition,
will approach pre-fire values around the time that the canopy begins to close and to obscure understory vegeta-
tion from the sensor. This aspect of recovery occurs much earlier in the successional timeline than, for example,
above ground biomass or net ecosystem carbon balance. Therefore any signal of vegetation recovery will show
an increase in vegetation index anomaly values post-fire, but as the data show in Figures 1 and 2, the values are
lower than those from observations in normally recovering stands.
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The ability to differentiate between normal recovery from fire disturbance and recruitment failure using
remotely sensed data could provide important information to models of vegetation dynamics and interactions
with climate. Currently, dynamic vegetation models (DVMs) generally assume self-replacement of species
post-fire, essentially modelling a fire event as a re-setting of the successional “clock” (e.g., Yi et al. 2010). The
results of this analysis show that we can study fire disturbance at a landscape scale to learn more about the
multiple successional pathways that exist for post-fire ecosystem recovery. Some DVMs have begun to incor-
porate changes in vegetation type as a function of disturbance (e.g., Rupp et al. 2007) but much more research
is required to fully characterize post-fire succession pathways and the factors that cause different responses of-
ten within the same fire scar.

The methods outlined here represent a step towards producing dynamic datasets for the pan-boreal region
that reflect processes and trajectories, as opposed to static properties such as vegetation cover and events such
as fires. With more than ten years of daily observations of reflectance at 500 m or finer spatial resolution, it is
now possible to treat ecosystems as evolving and responsive phenomena characterized both by slow, incremen-
tal changes as well as dramatic, stochastic behaviour. The detection of disturbances such as fires can serve as
the basis for cataloguing ecosystem responses including self-replacement, changes in species composition, and
recruitment failure. These trajectories will be studied in greater detail in situ to link direct observations of post-
fire changes with landscape scale patterns and ultimately made operational in a modelling context to understand
the consequences for future interactions among vegetation, climate, and disturbance.
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Modeling the biotic turnover in ecosystems of permafrost
regions of the Northern EuroAsia under climate change

Zavalishin N.N.

A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
E-mail: nickolos®@ifaran.ru

reflected in the functioning of their biogeochemical cycles. Aggregated mass-balance schemes of car-
bon and nitrogen biological turnover in tundra, peatland and forest ecosystems in permafrost regions are
useful source of numerical data on carbon and nitrogen fluxes and storages in principal ecosystem components
and a foundation of knowledge on inter- and intra-system exchange processes sensitive to climate change and
human perturbations. The aggregation procedure accounts for biological form and functional role of each eco-
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system component. It is carried out for several ecosystems in tundra zone of Nothern Euroasia as well as larch
forests growing on permafrost soils in Siberia. A sequence of dynamic compartment models for particular car-
bon and combined carbon-nitrogen turnover with elements of a hydrological cycle is obtained as a result. Car-
bon-nitrogen interaction is provided by two biochemical mechanisms which served a basis for one of the first
models of their turnover in a mesotrophic peatland earlier: 1) intensity of litterfall is propotional to the C:N ra-
tio in the living phytomass that reflects nitrogen starvation of plants; 2) decay rate for dead organic matter de-
creases with the increase of Cy/N; ratio. Flows depend on climatic variables — annual temperature and total
precipitation over vegetation period. Stationary points of each model reflect climax states of biological succes-
sion while stability loss corresponds to transitions between these states. Methods of bifurcation theory allow
determine stability boundaries for each steady states of each model in the space of parameters depending on
climatic variables and some hydrologic characteristics. The most important among them are carbon assimila-
tion, runoff and decay of dead organic matter rates.

For modeling consequences of climate change a set of two modern climatic scenarios formed by the IPSL
climate model (RCP-26 and RCP-85) is used. First of them is considered as “soft” warming while the second is
believed be extremely warm. In order to expand modeling results obtained for local ecosystems to the whole
cryolitozone the dynamic vegetation pattern model previously developed is used. It allows one to estimate dy-
namic changes in the vegetation distribution under probable climate change. Under the extremely warm sce-
nario tundra tends to follow by forest-tundra species and larch forests move into forest-tundra. However, this
transformation is critically limited by nitrogen available for plants in the soil. Under the warm scenario the
thawing permafrost rises soil humidity and assists swamping processes accompanying by growing emission of
carbon previously accumulated in permafrost to the atmosphere. The soft climate change scenario results in the
spread of forest tundra into tundra and weak spread of larch forests into forest tundra.

The work was supported by the project of the Earth Sciences Department of the Russian Academy of
Sciences "Processes in atmosphere and cryosphere as a factor for environmental changes" and the Russian
Foundation of Basic Research (projects 13-05-00781a, 12-05-01092a).

MopgenvpoBaHue 6MOTUYECKOro KPYroBopoTa
B 3KocucTeMax Kpnonuto3oHsl CeBepHoun EBpasun
NpY U3IMEHEHUAX KiMMaTa

3aBanuwuH H.H.

WHcTuTyT dMn3nkm atMocdepbl uM. A.M. 06yxoBa PAH, MockBsa, Poccus
E-mail: nickolos@ifaran.ru

HMOTHYECKHH KPYTOBOPOT B HA3€MHBIX SKOCHCTEMax 30HbI MHOTOJICTHEH MEp3JI0TH UMeeT 0COOCHHOCTH,

00yCIIOBJIEHHBIE ITPOLIECCAaMH MHOTOKPATHOTO IPOTAWUBAHUS M 3aMOPAXMBAHHUS MEP3JIbIX I'PyHTOB. B

XOJIC 3THX IIPOLECCOB YIIIEPOA, CKOBAaHHBIH B MEP3JIBIX CIIOSIX ITOYBHI, MOXKET ITPH OTTAaHUBAaHHUM JIaBATh
CYIIECTBEHHYIO 100aBKy K OOBIYHOMY YPOBHIO 3MHCCHH B aTrMoc(epy. YBeTMUCHNE CyMMapHbIX 0Ca/IKOB MO-
JKET TIPUBECTH K MOBBIILICHUIO HHTCHCUBHOCTH PA3JIOKEHUSI OPraHNIECKUX OCTATKOB, YTO OyIIET CIIOCOOCTBO-
BaTh MOBBIIICHUIO YPOBHS SMHCCHH YIJICPOACOAEPIKAIINX Ta30B B arMocdepy. 3aMeIUIeHHOCTh BceX Onoreo-
XMMHUYECKHUX MPOIECCOB B TYHAPOBBIX HKOCHCTEMAaX B YCIOBHUIX XOJOAHBIX TEMIIEpaTyp NPUBOIUT K IOBBI-
IIEHHOMY PUCKY WX HMCUE3HOBEHHMS NPU AKCTPEMAJIbHBIX KIMMAaTHUECKUX BO3ICHCTBHAX. B cBA3M ¢ 3THMH
0COOCHHOCTSIMH TIPEJICTABIISICT HHTEPEC MOACIMPOBAHNE OMOTHUECKOTO KPYTrOBOPOTa B 9KOCHCTEMAaX KPHOIH-
TO30HBI IIPU BEPOSITHBIX M3MEHEeHUsAX kimmara B XXI Beke. XapakTepHCTUKH OMOTHYECKOTO KPyroBOpOTa —
3amachl ¥ MMOTOKHM YITIEpoJa U a30Ta — U3MEPSIIOTCS] Ha CPEJHET0JJ0BOM MacITade BPEMEH! U B COBOKYITHOCTH
00pa3yloT CTaTHYECKHE CXEMBbI, KOTOpbIE CIY)KaT MCTOYHMKAMH IJISI MOCTPOCHUS JUHAMHYECKUX Mogeeit
Kpyrosopota. B cpenHeronoBoM maciirade yCpeIHEHHBIH OTKIMK 3KOCHCTEM Ha BEpOSITHBIC U3MEHEHHUS KU~
Mara MOXXHO OIIEHHUTH Yepe3 MOJICIMPOBAHKE IBOIIOIMN UX OMOTHYECKOro Kpyrosopora. Jlist 3Toro mocrpoe-
HBI IByX- U TPEXKOMIIOHEHTHBIE TUHAMHYECKHE OJIOKOBBIE MOJIEIH COBMECTHOTO OMOTHYECKOIO KPYroBOpOTa
yIIeposa u a30Ta B MOXOBO-KYCTapHUYKOBOH TyHpe m-oBa Taiimblp (baswneBnd u np., 1986; basuneBnd u
TurnsaroBa, 2008) (puc. 1), MMCTBEeHHUYHBIX Jiecax ceBepHoi Taiirn Bocrounoit Cubupn (JlecHsie axocucre-
MHL. .., 2002; Begpora u ap., 2002; [IpoxymkuH u np., 2006; Permafrost ecosystems, 2010). [Tpu 3ToM ncTions-
30BaJICS «IKCIIEPTHBIN» MOXO K BEIOOPY (pOPMBI TOTOKOBBIX (DYHKIHH, IPH KOTOPOM BBIOOpP KOHKPETHOT'O TO-
TOKa JIeNaeTcss Ha OCHOBE COBOKYITHOCTH OMOTEOXMMHYECKOH MH(OPMAIMU O €r0 3aBHCUMOCTH OT 3arlacoB
YYacTBYIOIIMX KOMITOHEHTOB. ATIIIPOKCUMALUS IEPBUYHOM OHOJIOTMYECKON MPOLYKTUBHOCTH OCYIIECTBIISCT-
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Csl TI0 CTaTHCTUYECKUM JJaHHBIM O (puTOMacce M MPOIYKIMH PAaCTUTEIBHOTO ITOKPOBA HA3EMHBIX IKOCHCTEM
kpuoxuto3oHsl CeBepHoit EBpasun, coopannbiM B (basunesnd n TutinsHoBa, 2008). BsanmoneiicTBue Mexay
YIIEPOAHBIM U a30THBIM IIUKJIAMH 00ECIIEUnBACTCS AByMsI OCHOBHBIMUA OMOXHMHUYECKUMH MEXaHH3MaMHu: 1)
HMHTEHCHBHOCTbH OIajJa MPONopIroHaibHa oTHomeHuto C:N B putomacce, ¥ Ipyu HEJOCTATKE a30Ta MOBBIIIA-
eTcs (a30THOE TONONAaHWE PACTCHUH); 2) MHTEHCHBHOCTH PA3JIOKEHUSI MEPTBOTO OPTraHMYECKOTO BEIIecTBa
yYMEHbIIIaeTcs npu yBenndernnu otHommeHust C:N B HeM (Alexandrov et al., 1994).

CrannoHapHBIE TOUKH MOJIENIN OTPAXKAIOT KIMMAKCHBIE COCTOSIHUS CYKIIECCHH, a TTOTEPSl yCTOHYHUBOCTH
PaBHOBECHI COOTBETCTBYET MEPEX0OaM MEXy COCTOSHUSIMU. MHTeprpeTalyst BBIYUCIEHHBIX 0 MOJEIH CTa-
LHOHAPHBIX PEKHMOB OCYIIECTBIIANIACH C MCIOJIB30BAHIEM JAHHBIX O KPyTrOBOPOTE YIJICPOAA B HECKOIBKHX
tunax TyHapsl (Kapenna n 3amonomunxos, 2008). Metoas! Teopnu OudypKaIiiii O3BOISIOT ONPEACTHTD Ipa-
HUIBI YCTOMYMBOCTH CTAlMOHAPHBIX COCTOSHUN MOZAENH B MPOCTPAHCTBE MapaMETPOB: HHTEHCUBHOCTEH ac-
CUMWISIINN YIJIEPOAA PACTUTENBHOCTBIO U3 aTMOCHEPBI, CTOKA M PA3JI0XKECHUSI MEPTBOTO OPraHMUYECKOTO Be-
mecTBa. [lepemerenue uepe3 rpaHUIBl YyCTOWINBOCTH PABHOBECHH COOTBETCTBYET IEPEXOAY IKOCHCTEMBI B
JpPYroe CTaI[IOHAPHOE COCTOSHHE WM K KOJIEeOaTeIbHOMY PEKUMY B 3aBUCHMOCTH OT THIA IpaHUIBl. Takoe
MIepeMEIIEHHIE U TIOPOXKIACTCS N3MEHEHNEM KO3 (UIIMEHTOB MOzieNH, 3aBUCAIINX OT KIMMaTHUECKUX BEIH-
YMH — CPeIHEH TeMIIepaTypsl U TO0BOM CyMMBI OCaJIKOB, CIICHAPUH M3MEHEHUs KOTOPBIX MpEIaracTcs Ka-
KOM-ITM00 KIIMMAaTHY€ECKOH MOJIEIIBIO.

B mannoit pabote ucnons3yrores n8a ciieHapusi RCP-26 u RCP-85 monenu IPSL ¢ ymepeHHBIM 1 KCTpe-
MaJIbHBIM noTerieHneM. [Ipu 3KcTpeManbHO TEIIOM CIEHApHH JECOTYHAPa HACTyNaeT Ha TyHIPOBbIE CO00-
IIECTBA, & JINCTBEHHNYHUKH NPOJIBUTAIOTCS B JI€COTYHAPY. ONHAKO CTENEHb UX MPOABIKEHUS CHIIBHO JIUMH-
THUPOBaHa JOCTYIHBIM a30TOM B mouBe. [Ipn 3KCcTpeMaIbHO TEMIIOM CIEHAPUH OTTAaMBAaIOIIAs MEP3JI0Ta PE3KO
TIOBBIIIAET BIAXHOCTB, TYHAPA U JECOTYHAPA 3a00JIa4NBAIOTCS, YTO COMPOBOXKAACTCS POCTOM SMUCCHU paHee
3aXOPOHEHHOTO B MHOTOJIETHEMEP3TIBIX TPYHTax yriepona. HacTymienus seca Ha JIECOTYHIPY MPAKTHUECKU
HE MPOHUCXOIMT B 3TOM CIIydae I0 MPHUYMHE HEJOCTAaTKa JOCTYITHOTO a30Ta. buoTHueckuii KpyroBopoT B TyH-
JPOBBIX OMOTEOIIEHO3aX IIPH ONPEICIICHHBIX 3HAYEHHUIX apaMeTpOB IEMOHCTPUPYET KoeOaTenbHyI0 JTMHA-
MHUKY, TTOATBEPKAasi TOUKY 3PEHHUSI HEKOTOPBIX OMOJIOTOB 00 OTCYTCTBHH SIBHO BBIPA)KEHHOTO KIMMAaKCHOTO
COCTOSTHHSI TYHAPOBBIX PACTUTEIBHBIX COOOIIECTB.

71“=363.7 Puc. 1. ArperrpoBaHHas TpexKoMmno-
5= ( =664.0, N N HeHTHanA cxeMa COBMECTHOro 61oTuye-
< Ni=12 f12=13.1 y2'=3.8 ¢,=0.2 CKOro KpyroBopoTa yrnepoaa 1 asoTa B
=213.4 3KOCUCTEME MOXOBO-KYCTapHUYKOBOM
»ne A ycTap z
£ =la0 TYHApbI N-0Ba TanMbIp.
31 |
, =254,
ﬁ3C:137.2 ﬁ2A=0.18 ]:’2:4'0 ?ﬁs 8
fis"={3.82 f2=[199.4 A\ & '

—>  (=5348, jzsc=93-7 V=39 | | f£5'=3.34
<—1 N:=466.2 S

;=143 b
y3N:0.6 q3N:0.2

3anacsl yraepona (rC/m’), azora (rtN/m’): C,, N, — pactutensHocTs, C,, N, — IOTpeOUTENH 1 AeCTPYKTOPHI
(>kuBOTHBIE, OaKTEpHH, TPHOBI, MUKPOOPTaHu3Mbl), C;, N; — omaj, MoACTHIIKa, OPTraHNYECKOE BELIECTBO KOPHE-
oburtaemoro ciost mousl. ITotoku (rC/m’ron s yraepona, tN/M’Toa ais azora): ¢, — accumunsnus CO, u3
aTMocdepbl pacTeHUsAMH B X07ie (HOTOCHHTE3a, ¢,” — MUTpaIUs MOTpeOUTeNel U3 COCETHUX IKOCHCTEM, G5 —
NPHBHOC MEPTBOTO opranuyeckoro Bemectsa (MOB) M3 coCeTHMX KOCHCTEM, ¥, — aBTOTPO(HOE JIbIXaHHE,
¥," — IbIXaHHE AECTPYKTOPOB M TIoTpebutenei, y,” —ssinoc MOB co cTokoM, f;,” — HOTpebnenue pacTUTENbHO-
CTH COOCTBEHHBIMU (PUTODATaMH, f;;" — OMa M OTIAJ, fo;" — OTMUPAHHUE KUBOTHBIX M MHKPOOPIaHU3MOB, f;,"
— pasznoxxenue MOB nectpykropamu.

Paboma noooepocana Ilpoecpammoni Ne 12 Omoenenus nayx o 3emne PAH «IIpoyeccel 6 ammocghepe u
Kpuocgepe Kax axmop usmeHnenutl npupooHoll cpedviy u npoexmamu 12-05-01092-a u 13-05-00781-a
PODU.
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OCHOBHble 3aKOHOMEPHOCTM AUHAMUKU 3/1EMEHTHOIo0
cocTaBa rmapocdepsl

Kop:x B.[.

Wuctutyt Okeanonoruu um. M.1. Wupwosa PAH, Mocksa, Poccua
E-mail: okean41@mail.ru

OBpEMEHHBIE ITPOOJIEMBI HAXOXKICHHUSI JOITYCTUMBIX MTPEIEIIOB BO3AEHCTBHUS TEXHOC(EpHI Ha Orocdepy,

OINITHMU3AIIMU B3aHUMOJICUCTBUSI TeXHOC(Ephl u OHOC(Ephl, MPOrHO3UPOBAHUS IKOJIOTHUECKUX TO-

CIIEZICTBUI WHIMJIEHTOB B TexHOc(hepe M OpraHM3aIlliy peadMINTAaluU B MOCICaBAPUHHBINA TEPHOX
MPEIbBISIIOT KAY€CTBEHHO HOBBIE TPEOOBaHMs K 3HAHUAM. [[JIs pellieHns akTyalIbHBIX MPOOJieM 3KOJIOTHH TH-
Jpoctepsl pa3paboTaHbl HOBBIE METOAOJIIOTHYECKHE OCHOBBI M3YUYECHHUS ITI00ATBHBIX TE€OXUMUYECKHIX [TUKIOB
XUMHYECKUX 3JIEMEHTOB, a TAKXKE ITPOIICCCOB MUTPAIMK U TpaHchopManuu Bemiects [ 1, 2].

XUMHYECKUI COCTaB MOPEH M OKEaHOB SIBIISIETCS PE3YJIBTaTOM MTPOILIECCOB MUTPAIMU U TPaHCHOpMALIUK
BEIIIeCTBA HAa OMOreOXMMHUYCCKUX Oapbepax peka-Mope H okeaH-atMocdepa, T.e. B MecTax "CryIIeHHUs KU3HH'".
CraOuIIBHOCTD THX MPOIECCOB — IIABHOE YCJIOBHE CTAaOMIBHOCTH dKOCHCTEMBbI ruapocdepsl. Kpurepuew,
HanboJee aJleKBaTHO OTPAXKAIOIIUM SKOJIOTHUECKOE COCTOSIHHE THAPOC(EpHI U €€ OTASNbHBIX YacTel, MOXKET
CIIY’)KUTh Mepa OTM30CTH MaKPOKHHETUYECKUX KOHCTAHT Ha3BaHHBIX MPOILIECCOB, IPOUCXOIAIINX B PEaTbHBIX
YCIIOBHSIX, KOHCTaHTaM, OTIpe/IeIEHHBIM B HOPMaJIbHBIX YCIOBHSIX [ 1-3].

CrnemoBaTenbHO, pe3yinbTaThl paboT MO JIEMEHTHOMY COCTaBy THIpOc(hepbl MOTYT OBITh aJeKBaTHBIMU
JIUIIB [IPH YCIOBUH y4eTa BCEX MPOIIECCOB B HCCIEAYEMOM CUCTEME (XUMUYECKHUX, ONOXUMHUYIECKUX, THAPOIIO-
THYECKHX U T.IL.), IPOXOIAIINX C YHaCTHEM aHAJIH3UPYEMBIX XUMHUYECKHUX DJIEMEHTOB.

DMnupudecKkoe 0000IeHIE Pe3yIETATOB MHOTOUHCIICHHBIX aHAIM30B OKEAHCKON U pEYHOHN BOIBI MPUBE-
710 kK moctpoeHnto CHCTeMBI pacpeielieHHs: paCTBOPEHHBIX (hOpM dlieMeHTOB B rupochepe. CrcteMa yquThI-
BaeT AMHAMHUKY XUMHYECKHX, OMOTEOXMMHUYECKUX U THIPOJIOrHIECKUX MPOLIECCOB B rHapocdepe u obnanaeT
GONBIIMMH TPOTHOCTHYECKUMHU BO3MOXKHOCTAMH [1-6]. OHa MOXET HCIIOIB30BATHCS B KAUECTBE IKOJIOTHYE-
cKkoro cranmapra ruapocdepst [S].
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Some General Laws of Chemical Elements Composition
Dynamics in the Hydrosphere

Korzh V.

P.P. Shirshov Institute of Oceanology RAS, Moscow, Russia.
E-mail: okean41@mail.ru

river-sea and ocean- atmosphere boundaries. Stability of these processes is the main condition of the

The chemical elements composition in the ocean is a result of substance migration and transformation on
hydrosphere ecosystems stability.
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Today the problems of techno-sphere impact on the biosphere, optimization of their interaction, projection
of environmental impact of techno-generative accidents, and mitigation of their consequences require new ap-
proaches to study mass transfer and transformation of substances in the hydrosphere. Chemical elements com-
position of oceanic water is a fundamental multi-dimensional constant for our planet (Fig.1).
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Fig. 2. Concentrations ratios of the
chemical elements in the ocean and
river waters and types of
distribution in the ocean:

1) conservative; 2) nutrient-type;

3) litho-generative.
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Detailed studies revealed three types of chemical element distribution in the ocean: 1) Conservative: con-
centration normalized to salinity is constant in space and time; 2) Nutrient-type: element concentration in the
surface waters decreases due to the bio-consumption; and 3) Litho-generative: complex character of distribu-
tion of elements, which enter the ocean with the river runoff and interred almost entirely in sediments.

We determine dependence between concentrations of the chemical elements in the ocean and river waters
and types of distribution in the ocean (Fig. 2).

Conservative type of distribution in the ocean - Cycean) > Cagiven

Nutrient-type of distribution in the ocean - C,yceqn) ~ CA(river)

Litho-generative type of distribution in the ocean - Cygcean) < Caiven

The correlation between the chemical compositions of the lithosphere and the ocean is relatively weak (r =
0.68) while for river and oceanic water it is high (r = 0.94) (Fig. 3).

We conclude (Korzh 2008, 2012) that biogeochemical features of each element determine by the relation-
ship between its average concentration in the ocean and the intensity of its migration through hydrosphere
boundary zones (Korzh 2008, 2012). In Figure 4 we show intensities of global migration and average concen-
trations in the ocean in the coordinates 1gC, .., — 1€ Tocean » Where C,.,, 1S an average element concentration and
Tocean 18 1ts residual time in the ocean. Lines parallel to the X-axis show concentrations of dissolved forms of ele-
ments in the ocean (mole/l). Lines parallel to the Y-axis show a residual time of dissolved forms of these ele-
ments in the ocean and are the geometrical locus of constant ratios between concentration in oceanic and river
water. Lines at 45° to both coordinate axes show average concentrations of dissolved elements in the river run-
off (mole/1).

8 i 8  Fig. 4. The System of
BT ™ ? chemical elements distribution
7r 1 —5 $ 17  inthe hydro-sphere.
Rb asr B L. .
- A Ca Types of distribution of
8t Cs 5Mo Z 16 chemical elements in the
Au °v F 3 ocean:
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o el y ceH 8B o én . ol Sio 2 14 2) nutrient-type;
T ?N?";s'.: g “$ 3) litho-generative.
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In this plot elements form groups reflecting the similarity of their properties. T value ~ 40000 years (the
residence time of water in the ocean) separates conservatively and non-conservatively distributed elements.
Elements adjacent to this line have a nutrient-type distribution in the ocean that allows establishing their main
feature: a similarity of their concentrations in oceanic and river water. The figure also shows litho-generative
elements, which are characterized by the loss of the major part of their river input at the river — sea boundary
zone. The line connecting Cl, Na, Br, B, Sr, Rb, Mo, U, Cs, W, and Au shows the elements, whose dynamics is
mainly controlled by their cyclic migration in the system ocean — atmosphere — continent — ocean.

The System shown in Figure 4 indicates some relationship between three main geochemical parameters of
the dissolved forms of chemical elements in the hydrosphere: 1) average concentration in the ocean, 2) average
concentration in the river runoff and 3) the type of distribution in oceanic water. This allows (using knowledge
of two of these parameters) to gain theoretical knowledge of the third.

The presented System is sufficient for the whole set of chemical elements and for the whole range of ob-
served concentrations (12 orders of magnitude). It even allows to predict with a great precision the values of the
annual river transport of dissolved Be, C, N, Ge, Tl, Re, to refine such estimates for P, V, Zn, Br, I, and to deter-
mine the character of distribution in the ocean for Au and U. The System allowed to obtain theoretically the
reliable data on the natural (not affected by anthropogenic influence) average concentrations of many elements
in the river runoff. These concentrations have to be used as ecological reference data. The System gives an in-
sight into the errors in our view of the elemental composition of the hydrosphere. Due to the great response
time of the ocean, mean concentrations of elements and patterns of their distribution in the ocean can be used as
a main reference data for the determination of natural (unchanged) average concentrations of elements in the
river runoff which were not studied before the global degradation of the hydrosphere. The role the System as an
ecological reference of natural geochemical state of hydrosphere will increase.
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Climate change impact on the methane emission
from northern ecosystems in Western Siberia

Golubyatnikov L.L., Kazantsev V.S.

A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
E-mail: golub@ifaran.ru,

x106 km® or about 5% of the surface area of the world. Global methane emission from wetlands is
estimated about 170 MtCH4 per year, which is 82% of the global methane emission from natural
sources. Wetland ecosystems in northern latitudes emit 24-72 MtCH, per year.

Area of northern ecosystems of Western Siberia, including ecosystems of northern taiga, forest-tundra and
tundra, is about 1.1 million km’. Wetlands occupy about 30% of the territory. In 2009, 2010 and in 2013 we
carried out expeditions to this region of Western Siberia. We measured the methane flux into the atmosphere
from various wetlands microlandscapes. We determined the methane flux using closed static chambers.

On the basis of experimental data we obtained that the methane emission from wetlands in northern West
Siberia is about 1 MtCH, per year. Taiga wetlands of the north of Western Siberia make the main contribution
(about 82%) to methane emissions from the region. Contribution of forest-tundra and tundra wetlands in meth-
ane emissions from the territory is about 7% and 11%, respectively. Using our field data and the typological
swamp map of the Western Siberian plain with spatial resolution 0.5°x0.5° we created the map of methane
emissions distribution for the northern region of Western Siberia.

Projected global warming could lead to a significant change in the dynamics of carbon fluxes in northern
ecosystems. We determined a linear dependence of methane emissions on NPP of wetlands for territory under
study. The linear trends are obtained: for the northern taiga - 7.3 (R* = 0.89), for the forest-tundra - 3.6 (R =
0.54), and tundra - 5.9 (R>=0.79).

The obtained dependences are used to estimate the response of the methane flux to the atmosphere from
wetlands for the northern region of Western Siberia under climate change. We used climatic changes according
to calculations by the IAP RAS climate model for the moderate scenario SRES B1, and aggressive scenario
SRES A2.

According to our calculations for the scenario SRES A2 methane emissions from wetlands in the northern
region of Western Siberia in 2050 will increase by 17% and to the end of the XXI century it could rise up to
40%. For the scenario SRES B1 methane emissions from wetlands will increase by 20% to the middle of the
XXI century and until the end of the XXI century the value of methane emission will practically be unchanged.

This work was supported by the Russian Foundation of Basic Research (projects 14-05-00193a), the pro-
gram of the Earth Sciences Department of the Russian Academy of Sciences "Processes in atmosphere and
cryosphere as a factor for environmental changes".

‘ ’ r etland ecosystems are main natural sources of methane. The total area of wetlands is from 5.2 to 5.9
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BnnAaHve KnuMaTnyecknx M3aMeHeHNn Ha SMUCCUI0 MeTaHa
N3 ceBepHbIX 3KocucTeM 3anagHon Cnbupu

lony6saTHukoB J1.J1., KasaHues B.C.

WUHcTUTyT PMn3mkm atMocepbl uM. A.M. 06yxoBa PAH, Mockea, Poccus
E-mail: golub@ifaran.ru

CHOBHBIM M3 IPUPOJHBIX UCTOYHHUKOB ME€TaHa SABJIAIOTCA 0O0JIOTHBIE DKOCHUCTEMEI. CyMMapHafI 10~

maak 60M0T cocTaBIgeT oT 5.2 10 5.9 X 106 km” Tl 0Koo 5% TIOBEPXHOCTH IIOMATH KOHTHHEHTOB.

I'moGanbHas SMHCCHsS METaHa u3 00JIOT orleHuBaeTcs B cpenneM 170 MTCH,/rox, 4to cocTaBiser OKo-
110 82% 1100aNbHON YMUCCHU METaHa U3 MIPUPOIHBIX HCTOYHUKOB. [1pu aToMm 24-72 MTCH,/ron (25%) mpuxo-
JIUTCS HA TIepeyBIaKHEHHbIE DKOCUCTEMBI ceBepHBIX IHUPOT (Anderson et al., 2010).

[Tnomans ceBepHbIX dKocucTeM 3anagHoii CHOUPH (IKOCUCTEMBI CEBEpHOI TallrH, JECOTYHAPHI U TYH-
apbI) cocrapisieT okoo 1,1 MiH. kM’ Okono 30% 3Toit TepPUTOPUN 3aHUMAIOT GOIOTHBIE SKocHcTeMbl (Poma-
HoBa 1 1ip, 1977). B 2009-2010 rr. 1 B 2013 . Ha KJTIOYEBHIX Y9acTKaX CEBEPHBIX dKOcHCTeM 3amagHoi Cubupu
OBLITH IMPOBEACHBI UCCIIEAOBAHUA C IEJIBIO OLCHKHU YACIbHBIX ITIOTOKAaX METaHa B aTMOCd)epy nu3 6OJ'IOTHI>IX JKO-
CHCTEM JTOTO perdoHa. Ha kakoM ydacTke HCCIe0BaHbl pasHOOOpa3Hble OOJOTHBIE MUKPOJAHIIIA(THI
(ME&p3nble Oyrpbl, MPUO3EPHBIEC CILUIABHHBI, BHYTPHOOIOTHBIE 03€pa, OMUTOTPO(HbIE MOYAKHHBI, ME30TPOd-
HbIE TONH, 3BTpodHBIE 60JI0Ta, TPSIIBL, PsIMbI). I3MepeHust yielbHbIX TIOTOKOB MeTaHa MPOBOAMINCH METOJIOM
CTaTUYCCKUX KaMEp.

Ha ocHoBe OKCICPUMCHTAJIbHBIX JJAaHHBIX IMOJYYC€HO, YTO OMUCCUHN ME€TaHa U3 OOJIOTHBIX DKOCHCTEM CEBE-
pa 3amagnoit Cubupu cocrasnset okoino 1 I'tCH,/ron. OcHOBHO# BKJIaa B SMHCCHIO METaHa U3 CEBEPHBIX 00-
sot 3amagHoit Cubupu BHOCST ceBepoTadxHble 0oy0Ta — oKoio 82%. Bkiax 1ecoTyHAPOBBIX M TYHAPOBBIX
0OJIOT B IMHCCHIO METaHa C pacCMaTpruBaeMOU TEPPUTOPUHU COCTaBIsET okoiio 7% U 11% cOOTBETCTBEHHO.
Bxman 605m0oTHBIX 3KOCHCTEM ceBepa 3anaanoil CuOupu B perHOoHaIbHYI0 SMUCCHIO COCTAaBIISIET OKOJIO 26%.
Ha ocHoOBe Mmosy4eHHBIX JaHHBIX M OLM(POBAHHOI TUIOIOrHYECKON KapThl oot 3anaaHo-Cubupckoii pas-
HUHBI U1 IPOCTpaHCTBeHHOro paspemeHus 0.5°x0.5° cocraBneHa KapTa pacupeAeieHHs SYMHCCHU MeTaHa
JUJISL ceBepHOTO perrnoHa 3anaanoi Cubupu.

[IporHosupyemoe robanbHOE MOTEIUICHHE KIMMaTa MOXET MPUBECTH K CYNIECTBEHHOMY HM3MEHEHHIO
JUHaAMHKH TTOTOKOB YIJIEPOJa B CEBEPHBIX DKOCUCTEMAX M, B YACTHOCTHU, K YBEJIMUYCHHUIO OMUCCUU MCTaHa U3
6omnotabIx skocucteM (Climate Change, 2013). Ps uccnenoBareneii, aHaIM3HMPOBABIINX 3aBUCHMOCTE MTOTO-
KOB METaHa U3 3KOCHUCTEM B arMoc(epy OT psiia KIMMAaTHYECKUX apaMeTPOB M XapaKTePUCTHK OKPYKaroIeit
Cpelpl, yCTAaHOBIIIM HAJWYHe B3aUMOCBS3HM SMHCCHU METaHa OT IMEPBUYHON OHMOIOTHYECKOH mpoaykuuu (net
primary production — NPP) pacturensroro mokposa. B padore (Taylor et al., 1991) nnst onpenenenus riodaib-
HOM DMHCCHH METaHa MCIIOJIL30BajIach JIMHEHHAs 3aBUCUMOCTD OT MPOAYKTUBHOCTHU PACTUTEIBHOI'O ITOKPOBa
9KOCHCTEM.

Hcnonp3ys Mony4deHHYIO KapTy pacrlpesieleHus SMUCCHU MeTaHa U KapTy MepBUYHON OMOJIOTHYECKOit
MIPOAYKIIMH JJIs CeBEpHOTO perrona 3anaanoit Cubupu (I'onyOsTHUKOB 1 Ap., 2005), 1715 MpOCTPaHCTBEHHOTO
paspemenus 0,5°%0,5° mpoaHanu3upoBaHa 3aBUCUMOCTH SMHUCCHU METaHa OT MPOJYKTUBHOCTU PACTUTENHHO-
r'0 MOKPOBa OOJIOTHBIX PKOCHCTEM HM3y4aeMoro peruoHa. 3HadeHue NPP 000T paccuuThiBagoCh B KaKIOH
sideiike Kak IporopIioHaibHas 1ot or NPP, npuxopsimasicst Ha Bcro sueriky 0,5°x0,5°. 3a koadduipenT
IIPONOPHIHUOHATIBHOCTU TMMPUHUMAJIACh HOOJISI TCPPUTOPUHN ﬂ‘IeﬁKH, 3aHATasg OOJIOTHBIMH DKOCHUCTEMAMHU. JIJ'ISI
paccMaTpuBaeMoro permoHa YCTaHOBJICHA JIMHEeWHask 3aBUCMMOCTh YMHUCCHU MeTaHa OT MPOXYKTUBHOCTH pa-
CTHTEIIFHOTO IMOKPOBa OOJIOTHBIX 3KocucTeM (cM. puc.l). st ceBepHOit Taliry mosy4eH ko3 uIeHT TnHen-
Horo Tperzaa 7,3 (R’=0,89), s necoryuaps — 3,6 (R’=0,54), u st ysapsi — 5,9 (R’=0,79).
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Puc. 3aBucuMocTb aMuccum MeTaHa (CH4) oT neperyHoit buonoruyeckoi npoaykumm (NPP) B TyHApoBO#M (a), NecoTyHapo-
BOM (6) 1 ceBepOTaeKHOM (B) 30Hax ceBepHOro pernoHa 3anagHoin Cnubupw.

HOHy‘{eHHLIC 3aBUCUMOCTH HCITIOJIB30BAaHbI I OLICHKHW OTKJIMKA IIOTOKa MCTaHa B aTMoccbepy u3 00J10T-
HBIX 3KOCHUCTEM PETHOHA HAa BEPOATHBIC KIMMAaTUYECKNE U3MCHCHU . PaCCMOTpeHBI OXHIACMBbIC KIIUMaTUu4C-
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CKHE M3MEHEHHS COTNIACHO pe3yibTraTaM pacdeToB mo kimMarndeckoil monmenmun MDA PAH mns ymepeHHOrO
CIICHapHs aHTPOIIOTeHHbIX Bo3aercTBuil SRES B1, u aist arpecCHBHOTO CIIeHAPHS aHTPOIIOTEHHBIX BO3EHCT-
Buit SRES A2. N3menenne 3aauenuit NPP st sxocucTem pernoHa corfIacHO HCIIONb3YeMbIM KITMMaTHIeCKUM
CIICHApHsM TIOJTyYeHO 10 Mojenu, paspaboranHoi B Jlaboparopmm marematmdeckoit skomornn UOA PAH
(Tomy6saTauKOB, lenncenko, 2001).

CormracHO BBHITIOTHEHHBIM pacuéram, pH peanu3anuu cueHapus SRES A2 smuccus Merana u3 00JIOTHBIX
9KOCHCTEM ceBepHOro pernoHa 3anaanoit Cubupu k 2050 roxy yBenuuntes Ha 17%, k xoHIty XXI Beka oHa
MoxeT BozpacTH 10 40%. [Ipu peanu3anuyu yMepeHHOTo ClieHapHs aHTponoreHHoro BosaencTsus SRES Bl
SMHCCHS MeTaHa U3 OOJOTHBIX PKOCHCTEM PAacCMaTpPHBAEMOW TEPPUTOPHH K cepeanHe X XI Beka IMpeBBICHUT
COBpeMeHHYI0 dMHuccrio Ha 20% U B ganmpHelneM (110 koHma X X1 Beka) 3Ha4YeHnEe SMUCCHS METaHa MIPaKTHIe-
CKH HE U3MEHHTCS.

CpaBHEHHE IPOCTPAHCTBEHHBIX PACIPEICICHNI MPOrHO3UPYEMbIX 3HAUCHUI SMUCCHIT METaHa 10Ka3aJlo,
YTO NPH aOCOIIOTHOM YBEJINUYECHUN 3HAYCHUH SMUCCUH HE 0XKHUAETCSI CyIIECTBEHHOTO U3MEHEHNUS B IPOCTPAH-
CTBEHHOM paclipesieneHnu ux 3HaueHnil. Kax u B Hagasne XXI Beka, 0CHOBHbIE IPUPOAHBIE HICTOUHUKU METAHA
B paccMaTpHUBacMOM peTHOHE OymyT pacmonaratbes Mexay 61° u 65° c.mr. u 70° u 80° B.4. (ceBepHas Taiira u
JIECOTYHApPA), A TYHIAPOBOM 30HBI Ha MoxyocTpoBax Sman u ['simanckuii OymyT XapakTepHBI HAaMEHBIINE
WHTEHCHBHOCTH IIOTOKOB METaHa B aTMocdepy.

Paboma evinonnena npu noodepowcke Poccuiickozo ¢ponoa (pyHOaMeHmanbHbiX UCCIe008aHULL (NpoeKm
14-05-00193a), Ilpoepammer ghynoamenmanvHuix uccireoosanuti Omoenenus Hayk o 3emne PAH "lIpoyeccul 6
ammocgepe u kpuocgepe kax pakxmop usmerenutl okpysxicaroujei cpeost”.
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Estimation of mires influence on runoff
in the middle Ob river basin

Kharanzhevskaya Y.A., Sinyutkina A.A.

Siberian Research Institute of Agriculture and Peat, Tomsk, Russia
E-mail: kharan@yandex.ru

cilitating the spatial distribution of thermal energy and water resources. Western Siberia mires deposit as

much as a quarter of the carbon stored in our planet ecosystems. Western Siberia acts as the largest
"trap" of atmospheric carbon and thus plays an important role in the global carbon cycle. In this regard, bogs
research of Western Siberia is engaged in a number of scientists [1-2]. They noted that in the northern part of
the West Siberian Plain the permafrost zone has an increase of thermokarst activity and decrease of mire areas.
In contrast, in southern part of the West Siberian Plain (in the southern taiga subzone) the increasing of the area
of mire and forests displacement was observed. Hydrological aspects of such important phenomena are identi-
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The bogs that occupy vast areas of Western Siberia play a powerful role as a climate regulation factor, fa-
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fied in Western Siberia but poorly understood. Therefore, this article is supposed to carry out studies of the role
of mires in the formation of runoff in Middle Ob River basin. Studies have shown that influence of mires on
runoff in general is rather ambiguous, depending on the types of mires, their structure and the nature of the lo-
cation in the catchment area, the progress and development stage. With the increased the area of mires in the
right bank of the Ob River marked increase in mean annual flow, and vice versa on the left bank of the Ob River
marked decrease runoff. On the right bank of the Ob River with increasing the area of mires, there is an increase
in flow equalization in the year.
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BnvaHne 3abono4veHHOCTM BoAoc60poB Ha cpeaHui
MHOI01ETHMI CTOK peK baccenHa cpeaHen 06u

XapaHkeBcKas [0.A., CuHioTKMHa A.A.

Cubupckuin HUU cenbckoro xo3aicrtea u Topga, Tomck, Poccua
E-mail: kharan@yandex.ru

ToCIIe/IHee BpeMs IIPoOIeMBI CBSI3aHHBIE C M3MEHEHHEM BOIHBIX PECYPCOB M THAPOIOTHIECKOTO PEKH-

Ma BOJIHBIX OOBEKTOB BBI3BIBAIOT OOJIBIIOI HAYYHBIH HHTEPEC U UMEIOT pelIaoliee 3HaYeHHe IS KO-

HOMHYECKOTO Pa3BUTHSI, 00eCTIeueHNUs )KU3HEHHBIX TIOTpeOHOCTE! U 6€30ITaCHOCTH HAaCEICHUS], palno-
HAJBHOTO TIPUPOOIIONB30BAHUS U COXPAHEHHUS OKpYy’Kalolleld MpupoaHoit cpeasl. Ha coBpeMeHHOM 3Tare B
YCIIOBUSIX YBEJIMYEHHS YPOBHS X035 CTBEHHOTO OCBOCHHS TEPPUTOPHIA HEOOXOIUM MOHUTOPUHT BOTHOTO pe-
KHMa, OI[eHKA CYIIECTBYIONIETO COCTOSHUS BOAHBIX PECYpPCOB, a TAKXKe MIPOTHO3 X U3MEHEHHH B IEPCIIEKTH-
Be. OcoOeHHO MHTEpecHa 3Ta Tpobiiema st 3amagHoit CHOupH, KOTopasi XapaKTePU3yeTCs IUPOKHAM Pacipo-
cTpaneHueM 00s10T. CyliecTBoBaHUE OOIIUPHBIX 3200JI0UEHHBIX IPOCTPAHCTB B TaekHOU 30He 3anaHoit Cu-
OmpH omnpesersieT 3aKOHOMEPHOCTH B IIepepacipe/ieIeHHH TeTla U BIark Ha JaHHOI TeppHTOpUH, 60JI0Ta UT-
paroT PoJIb MOIIHOTO KIMMATOpEryupyomero ¢pakropa, U npouecc 3ad01aunBaHus TEPPUTOPHH MTPOJOIKA-
ercsi. [ToaToMy ¢ OmHON CTOPOHBI, JOCTAaTOYHO CIOKHO IPENCKa3aTh, KaK CKaXeTCS Ha M3MEHEHUH BOTHOTO
CTOKa PEK MPOTPECCHPYIOLIHIA Mpoliecc 3a0oiad4uBaHusl, OCOOCHHO B YCIIOBHSIX MPHPOIHO-KINMATHYECKHUX
WM3MEHEHHUH, B CBA3H C TEM, YTO MHOTOYHCIIEHHBIE HCCIIEIOBAHNS THAPOJIOTHYECKOM POy O0JIOT IO CUX TOp He
MPUBEITH K OJIHO3HAYHBIM BBIBOZIAM IO JaHHOMY Borpocy. C Ipyroii CTOpPOHBI, TPYAHO OLIEHUTh THAPOJIOTHYe-
CKYyIO pOJIb OOJIOT B YCIOBHUSX CYIIECTBOBAHUS HU3KON IJIOTHOCTH CETH CTAHIIMH THIAPOMETEOPOIIOTHIECKUX
HaOOIeHNH Ha pekax (0COOEHHO Ha MaJIbIX) M MPAKTHUECKH MOTHOTO OTCYTCTBUS HAOIIONEHUN 32 BOTHBIM
pexxumoM 6outoT. [ToaToMy Mpu yueTe CToKa MHOTHX PeK B paMKax MPOBECHUs HHKEHEPHBIX U3bICKaHMUIT 3a4a-
CTYIO HCIIONIB3YETCs] METO/I aHAJIOTHH MIIH YCTapeBIINe TUTePaTypHbBIE JaHHBIE, B TOM YHUCIIE 110 3a00JI09eHHO-
CTH BOIOCOOpPOB. B pesynbsrate mpH onpeaeeHn MHOTHX THAPOIOTHYECKUX XapaKTEPUCTHK BOSHHUKAIOT CY-
IIECTBEHHBIE OMMOKH B pacdeTax, ¥ Mbl HaOIr0jaeM MOPHIBEI HE(TETIPOBOOB, a pa3MeIeHHe 0por Ha 3a00-
JIOUEHHBIX TEPPUTOPUSX O€3 ydeTa CeTKH JIMHUIT CTeKaHHsl ¢ 00JI0T CIIOCOOCTBYET MOATOILICHUIO TEPPUTOPUI
1 HapylICHHUIO 3KOJIOTMYECKOTO PAaBHOBECHS B 30HAX MHTECHCUBHOM XO3SMCTBEHHOH neATenbHOCTH. Bee aTo
TpeOyeT MOJTyYeHHUs] HOBBIX IAHHBIX 110 3200JI04EHHOCTH PEYHBIX BOIOCOOPOB TaeKHOW 30HbI 3amnaanoi Cudu-
PH U OIICHKH BIHSHHA 00JIOT Ha CTOK pek. C y4eToM 3TOro B JaHHOI paboTe MpezrosiaraeTcsl BHITOIHUTH
OLIEHKY IUIOIIAU TOCIOJCTBYIOIINX BHJOB OOJOTHBIX T€OCHCTEM, 00mIel 3a00J0UYeHHOCTH BOAOCOOPOB M
MIPOBECTH MCCIIEI0BaHUS POIK 00JI0T B (OPMHPOBAHUH HOPMBI CTOKA pek B Oacceitne Cpemneit O0u.

MATEPWAJIbI U METOObI NCCNEAOBAHNA

Hcxonnoit mH(GOpMAaIiel IS IPOBEICHNS UCCIICAOBAHUN ITOCITY)KIIIN MaTepraisl Habmronernit Pocru-
JpOMETa 3a PacXoJaMH BOIBI HA CPEIHUX peKax Ha 29 rumpomeTpuueckux moctax B 6acceitne Cpenneit O0u
(pucyHok 1), TaHHBIE UCTAHIIMOHHOTO 30HINPOBAHMS 3¢MHOH IMOBepXHOCTH (KocMocHUMKH Landsat, 2000 r.,
paspemieHne 14 M/iUKc), pe3yIbTaThl OJIEBHIX OMMUCAHUN OOJOT.
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Meronrka UCCIIeI0BaHUi BKIIIOUaNa B cedsl onpe/eneHre oo1eid 3a00I04eHHOCTH M pacIpOCTPaHeHHs
TOCIIO/JICTBYIOIINX BUIOB OOJIOTHBIX T€OCHCTEM Ha BOJOCOOpax, OICHKY U U3y4eHHE POJH O0JIOT B OPMHUPO-
BaHUH HOPMBI U BHY TPUTOOBOTO paclpeieNIeHHs CTOKa peK. I1py BBIIeIeHHH TOCIIOACTBYOLINX BUIOB OOJIOT-
HBIX TEOCHCTEM Ha BOIOCOOpax peK MCIojb30Bajach Kiaccudukaims 600T, npeacraBieHHas B padore [Cu-
HIOTKHHa, 2012 a].

PE3YNIbTATbI 1 OBCYHKOEHVE

HccnenoBanus mMo3BOMIMIIM OTMETUTB, YTO 0011ast 3a00I109€HHOCT BOJOCOOPOB UCCIEAYEMBIX PEK CyIIle-
CTBEHHO IPEBBIIIAET JaHHBIC IIPEIICTABICHHbIC B [ Pecypchl MOBEPXHOCTHBIX BOX. .., 1972]. O0mas 3a6onoueH-
HOCTB BOZOCOOPOB NMPAKTHUECKH BCEX MCCIIEMYEMBIX pek (3a uckiroueHneM pek [llerapka, Kaprar, Unaka-HOm,
Bonsmas FOxca), onpenenenHas myteM aHann3a KocMOocHUMKOB Landsat Teppuropun nccineoBanus B Cpe-
HeM B 1,5-2 pa3a npeBsIIIacT, MoyvYeHHbIe paHee JaHHbIe [Pecypchl TOBEpXHOCTHBIX BOI. .., 1972].

AHali3 MOIyYeHHBIX Pe3yJIbTaToB ToKa3all, uTo O0acceiin Cpemneit OOM XapakTepu3yeTcs pa3inineM B
00111 32007109€HHOCTH 1 TIPe00IIalaHNy TeX WM MHBIX BUAOB OOJIOT HA MPaBOM H JieBoM Oepery p. O0s. Jle-
BoOeperxne Oacceiina Cpenneit O6n oTaMyaeTcst npeodiIagaHueM IOCKUX cab0APEeHNPOBAHHBIX 3a00I0UeH-
HBIX MEXIYPEUHBIX PAaBHHH, CIOKCHHBIX ITPEUMYIIECTBEHHO INIMHAMH U CyIIHMHKamMH (pucyHok 1). IIpeobia-
JAfOIIMM BHOM OOJOTHBIX T€OCHCTEM 3/1E€CH SBIISIOTCS KOMIUIEKCHBIE TPSIIOBO-MOYaXKWHHBIE M TPSI0BO-03€p-
KOBBIE 00II0Ta, 9TO cocTaBiseT 32 % oT o01elt ruromaan 00JI0T paccMaTpuBaeMo TeppuTopun. st mpaBoOe-
pexsbsi p. O0b, B OCOOCHHOCTH €TO CEBEPHOI YacTH, XapaKTEPHO Pa3BUTHE JIOKOMH JPEBHETO CTOKA, IPOTSIHYB-
IIUXCSl C CEBEPO-BOCTOKA Ha FOTO-3arajl, YTO OTPA3MIOCh Ha JaHAMA(THOW CTPYKType TEppUTOpUH. 3HAYH-
TEJIbHBIE TUTOIIAIN 3aHATHI IIEPEXOAHBIMH TOIISTHHIMH OCOKOBO-C(harHOBBIMHU M JIPEBECHO-TPABSIHBIMHU (COCHO-
BO-0EpE30BBIC OCOKOBBIC) OOJOTHBIMU T€OCHCTEMAaMH, KOTOPBIE 3aHUMAIOT 29 % oT obmelt mmromanu 60I0T
TIPaBOOEPEKDSL.

1%

¥ BpepxoBbie ¥ nepexoAHble & HU3WUHHbIe ¥ BEpxoBble ¥ nepexogHble HU3UHHBIE

PucyHok 1 — Tunbl 605107 neBobepebs 1 npaBobepeba p. 06U. HusuHHble: 1 — EnoBo-6epe3oBble; 2 — IpeBECHO-0COKO-
BO-TMMHOBLIE; 3 — 0COKOBO-TMMHOBbIE. lepexofHble: 4 —cocHOBO-6epe30Bble; 5 — COCHOBO-Hepe30Bble 0COKOBbIE; 6 — coc-
HOBO-6epe30BbIe MOX0BbIE; 7 — 0COKOBO-CdarHoBble. BepxoBble: 8 — COCHOBO-KyCTapHUYKOBO-CdarHoBble; 9 — 0COKOBO-
c¢arHoBble 1 cdarHosble; 10 — rpanoBo-MoYaruHHble; 11 — rpagoBo-o3epkoBble [CUHIOTKKUHA, 2012 6]

HUccrenoBarus pomu 6010T B OpMHUPOBAHIH HOPMEI CTOKA peK B Oacceline CpenHeit O0u mokasaim, 9To
MX BIMSHHUE B KOMIUTIEKCE (PU3UKO-reorpadmdecKux (GakTopoB B LEJIOM HEOAHO3HAYHO. Pasmiranble mo xapak-
Tepy 3aKOHOMEPHOCTH oTMedaroTcst Ha O0b-VIpTHIICKOM MeXaypeube B paifoHe pacpocTpaHeHust Bacioran-
CKOT0 OOJIOTHOTO MAcCCHBA, U B MpaBodepekbe Cpenueit O0u, T1e TakKe 0TMEYaeTCsl BRICOKAs CTETIeHb 3200510~
YEHHOCTH TEPPUTOPHH ITPH HEKOTOPOM OTIMYUH CTPYKTYpHI 6010T. [Ipn yBenmmuennu oomer 3a007104€HHOCTH
BOIOCOOPOB pek B mpaBoOepexbe p. O0b HAOMIOMASTCs BO3pacTaHUE CIOEB CTOKA, MPUYEM MaKCUMAalbHOE
YBEIMUCHNE XapaKTePHO ISl peK CEBEPHON JacTH MO30HbI I0’KHOH Taiiru (6acceitH p. Teima) (puCyHOK 2).

YBenmmueHne CpeTHEMHOTONIETHIX CIIOCB CTOKA CPEIHUX PEeK B Ipezenax mpaBobepexbs Cpemneit Oou
TIPOMCXOAUT B COOTBETCTBUH C BO3PACTAHHEM JOJH COCHOBO-OEPE30BBIX OCOKOBBIX, COCHOBO-OEPE30BBIX MO-
XOBBIX M OCOKOBO-C(harHOBBIX MEPEXOIHBIX OOJIOT M IPSAAOBO-MOYaKHHHBIX BEPXOBBIX OOJIOT, 3aHATOH B Ipe-
nenax ux OacceitHoB. OOpaTHas 3aKOHOMEPHOCTb, CBSI3aHHAs C YMEHBIICHHEM CJIOEB CTOKa PeK HaOJIfomaeTcst
TIPY YBEIMYESHNH IO IPEBECHO-0COKOBO-TUITHOBBIX HU3MHHBIX OOJIOT Ha BOZocOopax.
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PucyHoK 2 — 3aB1CMMOCTb CI0EB CTOKA 1 06LLielt nnoLaay 6010T 1 0TAENbHBIX BUAOB 6010THLIX reocucTeM BoJoC60poB
pek nesobepeskba (A) u npaBobepexbs (b) 06m

B neBobepexbe Cpenneit O0M oTMedaeTcst 00paTHast TEHASHIMS — IIPH YBEJIMYEHUH 001Iei 3a00104eHHO-
CTH BOZI0OCOOPOB PEK OTMEYAETCS CTATHCTUYECKH 3HAYMMOE CHIDKEHHE CJI0eB cTOKa. CTaTHCTUUECKH 3HAYUMOE
YMEHBIIICHHE CII0EB CTOKA HAOMIONAETCs IPH YBEIMUYECHHUH JI0IN COCHOBO-0EPE30BBIX OCOKOBBIX, OCOKOBO-Car-
HOBBIX MEPEXOIHBIX U COCHOBO-KYCTApPHHYIKOBO-C()arHOBBIX, OCOKOBO-C(HarHOBBIX, I'PSIIOBO-MOYa)KMHHBIX Bep-
XOBBIX OOJIOT. YBeNMYEHHE CIIOEB CTOKa peK JieBooepexbst Cpenneit O0M Takke MPOUCXOIUT C BO3pacTaHHEM
TUIONIA/ I COCHOBO-0EPE30BBIX MEPEXOIHBIX M c(harHOBBIX BEPXOBBIX OOJIOT Ha BOTOcOOpax (PUCYHOK 2).

Takum 00pa3om, IPOBE/ICHHBIE HCCIIEIOBAHMS TIO3BOJIMIIN CAEJIATh CIeYIOIINe BEIBOALI. BimsiHue Gonor
Ha CTOK pPEK B IIEJIOM JIOCTaTOYHO HEOAHO3HAUYHO, 3aBHCUT OT BUJOB OOJIOT, X CTPYKTYPBI, XapaKkTepa pacroso-
JKEHUsI Ha BOJI0COOpeE, X0/1a M CTa/IMK pa3BUTHS OOJIOTHOTO MaccuBa. B eBobepexnbe p. OO oTMedaeTcs mpeo-
Onananue BepxoBbIX 00110T (49 %), HaOMIOMAaeTCs 3aKOHOMEPHOE Yepe0BaHUE ONPE/ICICHHBIX BHOB O0JIOT-
HBIX T€OCHCTEM OT LICHTPAJIBHON YacTH K OKpanHaM OOJIOT M PaKTUYECKH TTOJTHOE 00bEeMHEHNE dIeMEHTap-
HBIX OOJIOTHBIX MAaCCHBOB C 00pa3oBaHHEM KpYITHEHIINX OOJOTHBIX CUCTEM, TaKUX Kak Bacioranckoe 60ioTo.
B pesynbrare BiamsHEE OONOT Ha CTOK PEK 37ech Oojiee BBIpaXEHO M onpeneneHHo. B nmpaBobepexse p. OO
OTMe4eHa HECKOJIBKO HHask CTPYKTypa 3a00I04eHHON TEPPUTOPHH, KOTOpas ellle T0CTaTOYHO c1abo n3ydeHa. B
YCIIOBUSIX YBEJIMUEHHS 3200JI04EHHOCTH BOI0COOPOB B TIpaBobepexbe p. O0M oTMedaeTcs yBeIHdeHUE Cpel-
HEMHOTOJIETHHUX CJIOEB CTOKA, a B JIEBOOEPEkKbE HA000POT HAOIIONAETCSI CHIKEHHUE CIIOEB CTOKA.

Jlumepamypa:

1. Pecypcul nosepxrocmuwvix 600 CCCP /noo peo. H.A. I[lanuno. JI.: F'uopomemeouszoam, 1972. m. 15.
406 c.

2. Cunromrxuna A.A. Knaccugpuxayus 6onomuwix ceocucmem Tomckoti oonacmu // Becmuux Tomcko2o
eocyoapcmeennoco yuugepcumema, 2012 a —Ne357. C. 192-195.

3. Cumromruna A.A. Jlanowagmmuotii ananuz 6orom Tomckoti oonacmu. Juccep. Ha couck. yu. cmen.
Kano. ceoepagh. nayx. Tomck, 2012 6. 183 c.

The rate of decomposition of plant residues
in the oligotrophic bogs

Nikonova L.G., Golovatskaya E.A.

Institute of Monitoring of Climatic and Ecological System SB RAS, Tomsk, Russia
E-mail: lili112358@mail.ru

urrently, there is constant increase in the degree of human impact on the natural ecosystems. In this
connection, there are fears of increasing the rate of decomposition of plant litter and peat deposits. This
could then cause a sharp increase in the emission of carbon dioxide and methane in the atmosphere. It
should be noted that the works on dynamics of the decomposition peat-forming plants in the peatlands are rela-
tively few that shows the currency of the study.
The purpose of this work was to study the processes of transformation of plant residues of the main peat-
forming plants in peat deposit of oligotrophic bogs.
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The studies were conducted on the territory of oligotrophic bog "Bakcharskoe" (Bakcharsky area Tomsk
region). And on the territory Ob-Tomsk interfluvial on oligotrophic bog "Kirsanovskoe" which placed in the
zone of action of Tomsk water intake. Observation points are located in pine-shrub-sphagnum phytocenosis -
ryams. We investigated the following species of plants: Pinus sylvestris L.; Chamaedaphne calyculata Mo-
ench., Rubus chamaemorus L. and Sphagnum fuscum Klinggr. Determination of the rate of decomposition of
plant residues was carried litter-bag method.

Research showed that the most intense the process of transformation occurs at the early stage of decompo-
sition, and then the rate of decomposition decreases. The Sphagnum fuscum is the main peat-forming plant .
The smallest role in the formation of peat plays a Rubus chamaemorus. The most intensive decomposition oc-
curs in a less humid peat deposit in the "Kirsanovskoe" bog.

Decrease the total content of carbon and ash, as well as mass loss the most active occurs at the initial stage
of destruction of plant residues. In the process of decomposition of plant residues in the first year can be ob-
served accumulation of nitrogen in the certain species of plant. Then, as a rule, removal of nitrogen is observed.

CKOpOCTb pasnoreHnA pacTUTesIbHOro MaTepmnana
B TOpbAHOM 3anen onnMroTpodHbiX 605101

HukoxoBa J1.T., lTonoBaukasn E.A.

MHCTUTYT MOHMTOPUHIa KNUMaTHUYeCKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
E-mail: lili1 12358 @mail.ru

CBA3U C BO3pACTaHHUEM YPOBHA aHTPOIIOTCHHOT'O BOBﬂeﬁCTBHﬂ Ha MPUPOJIHBIC SKOCUCTEMBI BO3HHUKAIOT
OTIACeHUs] YBEIMYCHUsI CKOPOCTH PA3JIOKESHHUS] PACTHTEIBLHOTO Olaja 1 TOPQIHBIX OTIIOKEHHH, YTO B
TOCJIIEACTBUH MOXKET BbI3BATH PE3KOC IMOBBIIICHUE OMHUCCUHN YITICKUCIIOTO a3 U M€TaHa B aTMocd)epy
[7]. Cnenyer OTMETHTH, 4TO PabOT, MOCBSALICHHBIX JUHAMHKE Pa3IoKeHUs! pacTeHui-Topdoobdpazopareneii B
00J10TaX CPaBHUTEIHLHO HEMHOTO [2, 4, 5, 7], 4TO IOAYEPKMBAET aKTYTBHOCTh MPOBOAMMBIX UCCIICTOBAHHMN.
Lens manHOM paboThI 3aKiIOYanach B M3y4EHHH MPOILECCOB TpaHC(OpMAIMK PACTUTEIBHBIX OCTATKOB
OCHOBHBIX pacTeHHI-ToppooOpasoBareneii B TOpSHOMN 3aIeKH ONMUTOTPOPHBIX OOJIOT.

MATEPWAJIbI U METOOWKU NCCIIEAOBAHNA

HccenoBaHus IPOBOIMIINCH HAa TEPPUTOPUH cTalloHapa «Bactoranbey Ha onurorpodrom 6ornore «baxk-
gapckoe» (bakgapckuit paition Tomckoit obmacti). A Takxke Ha Tepputopun O0b-ToMCKOTO MEXIAypedbs Ha
omurorpodpHOM 60110Te «KHpcanoBckoey, HaxosammeMcs B 30He neiictBus Tomckoro Bogozabopa [3]. Paccros-
HHE MEXIY KIIFOYEeBBIMH y4acTKkaMu cocTabisteT 180 kM. KOHKpeTHBIMHU ITyHKTaMH UCCIICIOBaHUS CTAJIH COC-
HOBO-KYCTapHHUYKOBBIE (PUTOIIEHO3HI - psAMEI [2]. CormacHo maHHBIM MeTeocTaHIi «bakaap» i « Tomck» mo-
TOIHBIC yCII0BHSA B bakuapckoM paiioHe mpoxiiagHee o cpaBHEHHIO ¢ TOMCKOM, KOJIMYECTBO OCAJIKOB BHIIIE B
ToMmcke, 3a UICKITIOUSHUEM JICTHUX MECSIEB [2].

OOBeKTaMH HCCIICAOBAaHMS TTOCITYKIIIM OCHOBHBIE PacTeHHUA-TOp(ooOpazoBaTeN JaHHBIX OJIUTOTPOd-
HBIX 00noT: Pinus sylvestris L. — cocHa oO0bikHOBeHHAs; Chamaedaphne calyculata Moench. — Mupt 60m0T-
HBI; Rubus chamaemorus L.— Moporka npuzemucrtas u Sphagnum fuscum Klinggr. — Caraym OypbIif.

Jlnst onpeneneHus CKOPOCTH Pa3lIoKeHUs OTIAEIBHBIX pacTeHHH-TopdhooOpasoBaTeneil IpUMeHsIICS Me-
TOZ 3aKJIaKN PacTUTETBHOCTH B TOpd [4]. st aToTO Ha Go0TE B aBrycre-ceHTsiope 2008 . ObuTi cOOpaHBI
pacrenusi-roppoodpazosarerern. Y Chamaedaphne calyculata nns sxcnepuMenTa Opaiit IPOIUTOTOAHUE JTH-
cThsl, y Pinus sylvestris - xBoro, y Rubus chamaemorus — Beroms, y Sphagnum fuscum — ogec. B maboparop-
HBIX YCIIOBHSAX COOpaHHBIE PACTEHHUS BBICYIIMBAIM JI0 BO3AYIIHO-CYXOT0O Beca. 3aTeM pacKiaJblBalIiCh B HEll-
JIOHOBBIE MELIOYKH, Macca HaBECKH cOCTaBIsIa 4-6 I. [IpUroTOBIEHHBIN pacTHTENBHBIN MaTepHall 3aKiabl-
BaJICSI B TOP(SHYIO 3aJIeXkb Ha TIIyOnHy 10 CM OT MOBEPXHOCTH B TPEXKPATHOH MOBTOPHOCTH B KOHIIEC BereTa-
nnoHHOTO Treprona 2008 .

OT100p SKCIIEPUMEHTAIHFHOTO MaTepraia mpoBoamwics uepe3 12, 24 1 36 Mecs1eB mocie Hayaja SKCIIepPH-
MeHTa. [locie oTOopa MENIOYKH C OCTATKaMH OPraHMYECKOTO BEIIECTBA TAKKE BHICYLIMBAIIMCH JI0 BO3AYIIHO-
CYXOTO Beca, B3BEIIMBAIUCH U TOTOBHJIMCH K JalbHEHIINM HCCIIeNOBaHUsIM. B ncxomHbIX obpasmax u mocie
9KCIIEPHMEHTA TI0 Pa3JIOKEHUIO ONPEeNelsUI yObUTh MacChl PACTHTEIBHOIO BELIECTBAa BECOBBIM METOIOM, a
Tak)Ke U3MEHEHHUE 30JIbHOCTH, COACPIKaHMUS YIIIEpo/Ia U a30Ta MO OOIIEIPHHATHIM MeTonukaMm [ 1, 6].

PE3YJIbTATbI UCCJTIEAQOBAHNA

B xome dKCcriepuMeHTa YCTaHOBJIEHO, YTO B IIEJIOM MOTEPU MACChl PACTUTENIBHOTO BEIIECTBA 3a TEPBbIM
rox coctaBwiiu T 4 % (Sphagnum fuscum) no 42 % (Pinus sylvestris), 3a 2 rona ot 13% (Sphagnum fuscum) no
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72% (Rubus chamaemorus), 3a 3 roga ot 16% (Sphagnum fuscum) no 86% (Rubus chamaemorus) Ha «Kupca-
HOBCKoM» Oorote (puc. 1). Ha «bakuapckom» Oomnote 3a | rox pasnoxkeHue coctaBuiio ot 6% (Sphagnum
fuscum) no 42% (Rubus chamaemorus), 3a 2 rona ot 6% (Sphagnum fuscum) no 75% (Rubus chamaemorus),
3a 3 roma 9% (Sphagnum fuscum) no 75% (Rubus chamaemorus) (puc. 1). Hanbonee HHTEHCHBHOE pa3IioikKe-
HHUE HaOJIIOaeTCs B MEPBBIN IO SKCIIEPUMEHTA, TaK, 3a MepBble 12 MecsleB, MOTEPU MacChl PACTUTEIBHBIX
OCTaTKOB COCTABIISIOT B cpefiHEM 59% OT 00IIIero pa3noKeHus BO BceX PUTOLEHO3aX.

012 mec. W24 mec. H 36 mec.

100

8o

60

40

20

o -

KP 6P KP bP KP bP KP bP
Sphagnum fuscum Pinus sylvestris Chamaedaphne |Rubuschamaemorus
calyculata

PucyHok 1. [ToTepu Macchl npy pasnoeHnu pacteHuii-toppoobpasoBateneii (MoTepy Macchl npuBefAeHb! B % 0T MCXOAHON
BennuuHbI). BP- Bakuapckuit pam, KP — KupcaHosckwii pam

MUHHMAJIBHOM CKOPOCTBIO Pa3JIoKeHus Xxapakrepusyercs: Sphagnum fuscum, morepu Macchl 3a TpU roja
cocraisitot ot 9% B bakuapckom 6onote 10 16% B Kupcanosckom. [{ns Sphagnum fuscum xapakrepHo me-
Hee MHTCHCHBHOE Pa3JioKeHUe B OoJiee BIIaXKHBIX M MPOXJIAJAHBIX YCIOBHAX bakyapckoro 6onora. MakcumMalb-
Hasl CKOPOCTh pa3noxenus Ha bakuapckom Gonore Habmonanach B IEpBbIil rof skcnepumenTa, Ha KupcaHos-
CKOM 00JI0Te MaKCUMaJIbHasi FHTCHCUBHOCTD Pa3JIOKEHHS IOCTUTACTCsl BO BTOPOM I'OJ] SKCIIEPUMEHTA.

Cpenusisi CKOPOCTh pasiioxkeHus aucteeB Chamaedaphne calyculata — 45 % 3a Tpu roma. B ycmoBusx ¢
Pa3HbIMU THAPOJOTHUYCCKUMU PEKHUMaMU ITOJTYUCHBI 6J'II/I3KI/IC BCJIMYMHBI CKOPOCTH PA3JIOKCHHUA U CXOAHasd
JIMHAMHKa B TeueHue Tpex jeT (puc. 1). Ha HayanbHOM 3Tare npoiecc pa3ioxkeHus 00j1ee MHTEHCHBHO TPOTe-
KaeT B ycaoBusix KupcaHoBckoro 60510Ta, XapakTepu3yolerocs 0ojee HU3KUMH YPOBHSIMH OOJIOTHBIX BOJI 11O
cpaBHeHMIO ¢ bakgapckum - 39 1 10 cM COOTBETCTBEHHO.

IToTepy Macchl ipu pa3noKeHUH XBoU Pinus sylvestris L. B IEpBbIN TOJ SKCIIEPUMEHTA TOCTUTAOT 42 % 1
39% ot ucxonHoi Maccel B KupcanoBckoM n bakuapckom psiMe COOTBETCTBEHHO, K KOHILY SKCIIEpUMEHTa pas-
JIOKEHHE MTPAKTHYECKH TPEKPaTUIIOCh, HAUOOJBIINE MMOTEPU MacChl cCOCTaBWIN 64 % OT MCXOMHON Macchl B
ycnoBusix Kupcanosckoro psima (puc 1).

MakcumasnbHOW CKOPOCTBIO Pa3lioKEHHs CPEH HCCIelyeMbIX BUa0B oTiruaercs: Rubus chamaemorus. K
KOHILYy TPEThEro rojia morepu Maccel Rubus chamaemorus nocturator 86% u 75 % ua Kupcanosckom u bak-
4apcKoM 00JIOTax COOTBETCTBEHHO. Hanbombiiie motepu Macchl HaOIOIAa0TCs B IEPBbI IO/ IKCIIEPUMEHTA U
cocTaBysiroT 0kosto 40% or ucxomHoOU Macchl. Mcxoms U3 pe3yasTaToB dKCIepuMeHTa, Rubus chamaemorus
SIBIISICTCS HAaMEHEee YCTOMYMBBIM K Pa3IOKEHHIO CPEIH APYTHX HCCIENYEMBIX PACTCHUN 1 HanboJee akTHBHO
pasmnaraercs B yciaoBusax Kupcanosckoro psima (puc. 1).

Takum 00pa3oM, K KOHILYy SKCIIEPUMEHTA HCCIIEyeMble PACTEHHUS TI0 CKOPOCTH Pa3lioKeHHsl B TOPDSIHOM
3aJICKU psAMa pacrojararoTes B psa: Rubus chamaemorus > Chamaedaphne calyculata > Pinus sylvestris >
Sphagnum fuscum.

Bo Bcex uccemyeMbix 00pasiax onpeaeisuIiueh MOTePH YITIEPOaa, a30Ta M 30JbHbBIX 3JIeMEHTOB (Tadi. 1).
[Morepu yrepona 3a 12 MecsieB B paCTUTENBHBIX OCTaTKaxX Sphagnum filscum cOCTaBISIIOT 0koJ0 3% OT uc-
XOIHOI'0 COACpKaHHA, NPUUCM JTaHHOC 3HAUYCHUC YACPKHUBACTCA OO0 KOHIA JOKCIICPUMEHTA. I_IJ'IH JIUCTHECB
Chamaedaphne calyculata v xBou Pinus sylvestris xapakTepHbl OBICTpBIE IOTEPH YINIEPO/ia B TEUCHUE MEPBBIX
12 Mecs1ieB, U CHIDKEHHE TIOTEPh K KOHITY TPEThEro rofia. bojiee MHTEHCHBHBIIN BEIHOC yIIIEpo/a U3 PaCTUTEIb-
HbIX ocTatkoB Chamaedaphne calyculata v Pinus sylvestris mpoucxoauT B ycioBusx KupcanoBckoro 0osora.
MaxkcumasbHble MOTEPU yIiIepoaa Cp€an BCEX I'PYIIT UCCICAYEMBIX paCTeHI/Iﬁ TIMOJIYYCHBI B PACTUTEIIBHBIX
ocrarkax Rubus chamaemorus (83% u 71% B KupcanockoMm u bakuapckoM psiMe COOTBETCTBEHHO). Makcu-
MallbHasi CKOPOCTh BBIHOCA YINIEPOJIa U3 PACTUTEIbHBIX OCTATKOB JAHHOTO PACTEHHS XapaKTepHa TaKKe B Te-
4YeHHUE MEePBOTo Toja, B ycinoBusx KupcanoBckoro psima. (tadum. 1)
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Ta6nuua 1. CofepraHue 3NeMeHTOB NPy Pa3NoeHUM pacTUTESIbHBIX 0CTaTKOB pacTeHMit-ToppoobpasoBateneid, % ot uc-
XOQHOI0 COAEPHaHMA

Yraepoa A3sor 30JbHOCTH
Bun DuTOLEHO3
1 2 3 1 2 3 1 2 3
KP 97 | 95 | 97 | 163 | 85 | 122 | 135 | 145 | 160
Sphagnum fuscum
bBP 97 | 97 | 97 | 187 | 69 | 124 | 114 | 79 | 130
KP 73 | 51 | 41 | 95 | 90 | 72 | 73 | 54 | 18
Chamaedaphne calyculata
BP 78 | 55 | 41 | 148 | 59 | 71 [ 153 | 20 | 18
) . KP 62 | 47 | 42 | 59 | 54 | 74 | 60 | 44 | 29
Pinus sylvestris
bBP 65 | 56 | 51 | 77 | 51 | 71 | 26 | 22 | 22
KP 58 |32 | 17 | 117 | 53 | 39 | 35 |23 | 13
Rubus chamaemorus
BP 60 | 30 | 29 | 114 | 49 | 53 | 62 | 27 | 18

MpuMeyanme: KP — KnpcanoBckuia paM, BP Bakyapckuit pam, 1, 2, 3 — nepyogbl pasnorenusa — 1, 2 v 3 rona cooTBETCTBEHHO

Hammm wuccnenoBaHMs MOKa3bIBAIOT, YTO BO BCEX HCCIEAYyeMBIX 00pa3liaX, 3a HCKIIOYeHUueM Pinus
sylvestris, IPOUCXOANT HAKOIUIEHUE a30Ta B T€UCHHE MEPBOTO roaa pasnoxenus (Tadim. 1). CommacHo TaHHBIM
JI. C. Ko3110BCKOi1 ¢ coaBT. [4] 0 Mepe pas3iioxkeHus: charHOBBIX MXOB ITOBBIIIAETCS COACPKAHNE a30Ta MXOB C
0,5 mo 1,9, B nanbHeiieM, B pacTeHUX, MOABEPralOLIMXCS 3HAYMTEILHON MIUHEPAIN3aliy COAEPIKAHUE a30Ta
Ha4YMHaeT yObIBaTh, a B CIydae I'yMycOoOOpa30BaHHUs KOJIMYECTBO a30Ta OCTAeTCsi BEICOKMM. COIIacHO IMoy-
YEHHBIM JaHHBIM, COJIEPKaHUE a30Ta B PACTUTENILHBIX OCTaTKaX C(harHOBOTO MXa MOIBEPIKEHO 3HAUUTEIbHBIM
KOJICOAHMIM, MaKCMMaJIbHOE COIEPKaHKe MOIyUYeHO B oOpasuax Sphagnum fuscum Ha bakdapckoM 6ooTe —
187 % 0T ucxomHOTO comepKaHUsM cIrycTs omuH rof (tabm. 1). Ilpu pasnoxennu iaucteeB Chamaedaphne
calyculata B ycnoBusix KupcanoBckoro 600Ta HaOMIONAIOTCS IIOTEPH a30Ta OKOJIO 5 % OT UCXOIHOTO colep-
JKaHUsI B IEPBBII TOJ SKCIIEPUMEHTA, C TIOCTENICHHBIM CHIDKEHUEM COZICPKAaHUs a30Ta B JallbHEHIIEM, OTHAKO
JUIst 00pa3IOB PacHONOKEHHBIX B TopdsiHOM 3aexu bakuapckoro 0010Ta HaOMIOAETCS CYIIECTBEHHOE YBEIH-
YEHHUE COZICPIKAHUS a30Ta B TEUSHHE MEPBOTO T0/ia, C PE3KUM CHIDKEHHEM B MIOCIIEAYyolHe ropl. B oOpa3siax
Pinus sylvestris yBenuueHue coliepkaHus a3ota B Ipolecce TpachopMaluyd OTHOCUTEFHO HCXOAHOTO KO-
yecTBa He Habmonaercs. K TpeTbeMy rojy SKCreprMeHTa BHIHOC a30Ta U3 JIEPEBbEB U KyCTAPHHUYKOB CTAHO-
BUTCS CXOXKUM U JIOCTHraeT B cpeaneM — 28% (tadu. 1). MakcuMalibHbIe OTEpH a30Ta 3a TP rojia Habroa-
101cst y Rubus chamaemorus (60%), B ycnoBusix KupcanoBckoro psima (tadm. 1.).

Cootnouienue C/N sBisieTcsl BOKHON BEJMYUHOM IPH U3YUYEHHU CKOPOCTHU Pa3lIOKEHHsT PACTHTENbHBIX
OCTaTKOB, KaK MpaBuiio, 4eM Hivke 3Hauenne C/N, TeM MHTEHCHBHEE IPOTEKAIOT MPOIECcChl TPaHCHOpMALIUH
pacTUTENBHBIX OCTAaTKOB [4]. B mcXomHbIx 00pasiiax MakCHMaabHbIM cooTHommeHHeM C/N oTinuyaercs
Sphagnum fuscum (85), MUHUMATBHBIM - Rubus chamaemorus (30). Jlunamuka usmenenus coornomerus C/N
OTIpeIesIsieTCs] HepaBHO3HAYHBIM BHIHOCOM YIVIEpoJia U a30Ta B MPOLECCe JASCTPYKIUHN PACTUTEIBHBIX OCTAT-
KOB. B COOTBETCTBHH C MOTEPSMH MM HAKOTUICHHEM YIJIEpPOJia U a30Ta MOXKET POUCXOIUTH KaK YMEHBIIICHHE,
TaK U yBeJIndeHue cooTHomeHus. K koHiy skcnepumMenTa HaOmonaercs: cHxkeHue cootnouienust C/N Bo Bcex
HCCIIEAYEeMbIX 00pa3iiax MUHIUMAaIbHOE U3MEHEHHE MOIYICHO s Sphagnum fuscum Ha bakgapckom 0oore
(B 1,3 pasza), MakcuMabHOE (32 CYET MHTEHCUBHOTO HAKOTUIEHHUS a30Ta B PACTUTENBHBIX OCTAaTKaX) TaKKe B
obpasax Sphagnum fuscum HO pacnonokeHHbIX Ha Kupcanosckom 6os10Te (B 2,7 pa3). Takxke CyIIecTBEHHOE
n3MeHenue cootnomenus C/N HaOmonaeTcs B o0pasiax Rubus chamaemorus BBI3BaHHOE HHTCHCHUBHBIM BBI-
HOCOM KaK yIJiepoJia Tak 1 a3oTa.

CoracHo HAIllUM MCCIIEIOBAHUSIM, B IIEPBBIHA o/l B OOJBIIMHCTBE CIy4aeB, IIPOUCXOJUT CHIDKEHHUE CO-
JIepKaHUA 30JIbHBIX 3JIEMEHTOB B PAaCTUTENBHBIX OCTaTKax B cpeqHeM Ha 49% (tabm.l). OueHka n3MeHeHus
COZIep)KaHusl 30JIbHBIX JIEMEHTOB B MCCIIENyeMbIX 00pasiiax Mokasala, 4To K KOHIY TPEThero roia dKCIepu-
MEHTa COZIePKaHUE 30JIbHBIX IIEMEHTOB B PACTUTENBHBIX OCTaTKax Sphagnum fuscum B 1,5 pa3a Bbllle, 4eM B
HCXOTHOM COCTOSTHUHU B 000MX (DUTOIIEHO3aX, MPH 3TOM B YCIOBHIX Oojiee BiaxxHOM bakuapckoro 6omora co-
JIepKaHKe 30JIbHBIX AJIEMEHTOB uepe3 3 rofa sxciepuMenTa Ha 30% ke ueM B KupcanosckoM 60510Te. 30715-
HOCTb tuctheB Chamaedaphne calyculata v xBou Pinus sylvestris B ipoliecce Tpanc(hopMaluy CyIeCTBEHHO
CHIDKAETCsI ¥ K KOHITY SKCIIEPHMEHTa cocTaBisieT 18 u 25 % oT HcX0qHO#H 30/IbHOCTH COOTBETCTBEHHO. [loTepu
30JIbHBIX 3JIEMEHTOB Rubus chamaemorus OTHOCUTEIBHO HCXOIHOTO COICPIKAHUS CaMble BLICOKHE CPEIU HC-
crenyembix BUIOB (87% u 82% B KupcanoBckoM psime u bakgapckoM psiMe cOOTBEeTCTBEHHO) (Tabu. 1).

3AKJTIOYEHUE

Pe3ysbTaThl IPOBEICHHBIX UCCIICNOBAHUH IIOKA3bIBAIOT, YTO B OJIUTOTPOGHEIX TOPGSHBIX 3anexax «Kup-
CaHOBCKOro» U «bakgapckoro» 60JOT MPOIECcChl ASCTPYKIMH Haubonee akTHBHBI B TEUCHHE TIEPBOTO Tof1a I10-
cie Hadana skcrepuMenTa. OCHOBHBIM pacTeHHeM-TopdooOpa3oBareneM sBisieTcss Sphagnum fuscum, Hau-
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MEHBIIUI BKJIaA B Tmporiecc ToppoobdpasoBanust BHOCIT Rubus chamaemorus. VIHTEHCUBHOCTD TPOIIECCOB
Pa3I0oKEeHHs 3aBUCHT OT THAPOJIOTUYECKHX YCIOBHH HCCIETyeMbIX O0NIOT: Hanboiee HHTEHCHBHBIE ITPOLIECCHI
HaOJIFOAIOTCS B YCJIOBUSX MEHee BiIakHOro KupcaHoBckoro 6osnora.

CHmKeHHe cozlep)kaHusl OOIIEro YIIIeposia U 30JIbHBIX IEMEHTOB, TAKOKe Kak M IIOTEPH MacChl, Hanboliee
AKTUBHO NPOMCXOOUT Ha Ha4YaIbHOM CTaguu ASCTPYKLMHU PacTUTEIBHBIX OCTaTKOB. B mponecce pasmoxeHns
PACTUTENBHBIX OCTaTKOB B TEYEHHE NIEPBOTO Iojla, HHOTAA, HAOMIONaeTCs YBeIHIECHHE COIEpIKaHUs a30Ta B He-
KOTOPBIX BUJIaX UCCIIEyeMbIX PaCTEHHUH, KaK IPABUIIO, B ITOCIIEAYIOIIEM IIPOMCXOIHUT €ro BEIHOC.
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tional principles as some generalizing ideas

allowing us to build a consistent approxima-
tion of mathematical models presented by large sys-
tems of differential and integral-differential equa-
tions. Our models describe the complex processes
occurring in the natural environment. Specifically,
we formulate our approach as computer technology
intended for solving direct and inverse problems of
atmospheric dynamics and chemistry [1-4]. As the
methods of implementation, we use functional de-
composition methods, splitting methods, and adjoint
integrating factors. These methods, combined into a
joint system by variational principle, provide a syner-
getic effect.

In online technologies, a significant part of algo-
rithmic and computational work consist in solving
the problems like convection-diffusion-reaction and
in organizing data assimilation techniques based on
them. For equations of convection-diffusion, the
methodology gives us the unconditionally stable and
monotone discrete-analytical schemes in the frames
of methods of decomposition and splitting. These
schemes are exact for locally one-dimensional prob-
lems with respect to the spatial variables. For stiff
systems of equations describing transformation of
gas and aerosol substances, the monotone and stable
schemes are also obtained. They are implemented by
non-iterative algorithms. By construction, all
schemes for different components of state functions
are uniform. They are coordinated among themselves
in the sense of forward and inverse modeling.

Variational principles are constructed taking
into account the fact that the behavior of the different
dynamic and chemical components of the state func-
tion is characterized by high variability and uncer-
tainty. Information on the parameters of models,
sources and emission impacts is also not determined
precisely. Therefore, to obtain the consistent solu-
tions, we construct methods of the sensitivity theory
taking into account the influence of uncertainty. For
this purpose, new methods of data assimilation of
hydrodynamic fields and gas-aerosol substances

F or many years, we promote the use of varia-
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measured by different observing systems are proposed. Optimization criteria for data assimilation problems are
defined so that they include a set of functionals evaluating the total measure of uncertainties. The latter are ex-
plicitly introduced into the equations of the model of processes as desired deterministic control functions. This
method of variational data assimilation with control functions is implemented by direct algorithms. We con-
sider several versions of the direct assimilation algorithms and algorithms for solving inverse problems of pa-
rameter identification .The modeling technology presented here focuses on various scientific and applied prob-
lems of environmental prediction and design, including risk assessment in relation to existing and potential
sources of natural and anthropogenic influences.

The work is partially supported by the Programs NN 1, 4 of Presidium RAS and No 3 of Mathematical
Department of RAS; by RFBR project N 14-01-00125; by Integrating projects of SD RAS NN 8, 35.
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[pAMble 1 0bpaTHbIe 3a4a4M Ha OCHOBE Mofenen QUHAMUKK
N XMMUK aTMocdepbl

MeHeHKo B.B., LiBetoBa E.A.

WHCTUTYT BblYMCNMTENBHOM MaTeMaTUKKU U MaTeMaTUyecKoii reopmsuku CO PAH, HoBocubupck, Poccua
E-mail: penenko@sscc.ru

TCUCHUC MHOTHX JICT MBI IIPOMTAraHANPYyEM IMPUMEHCHUEC BapUAITMOHHBIX ITPUHIIUIIOB, KAK HEKHUX 000-

Oaromux uaeH, HO3BOMIAIONINX CTPOUTH COITTACOBAHHBIE AIIIIPOKCUMAIIH MaTEMaTHUECKUX MOZIETIeH,

MPEACTABICHHBIX OOJBIIMMHU crcTeMaMu A depeHITHaIbHBIX 1 HHTETPO-Tud G epeHIIaIbHbIX ypaB-
HeHuit (cM. [1-5] n uMeromnuiicst TaM 0030p aUTEPaTyphl). DTH MOJIEIH OITUCHIBAIOT CIOXKHBIE TIPOLECCHI, TPO-
TEKaIoIIKNe B MPUPOIHOH cpene. KoHkpeTHO, Halll TTOAX01 (OPMYIHPYETCS B BUIE BEIYUCIUTEIBHON TEXHOIIO-
TUH, TIPEeIHA3HAYEHHON IS PeUIeHUs MPSAMBIX U OOpaTHBIX 3ajad arMoc(epHON AMHAMHUKH B Xxumud. [Ipn
(hopMyITHPOBKE BAPHAIIMOHHOTO MPHHIIAIIA OCHOBHOM (DYHKIIMOHA B HEM, ONPEACIIICTCS, HCXOS U3 YpaBHE-
HHH 3HEpreTHYecKoro 6anaHca BCe COBOKYITHOCTH MOJielIe, 00bEIMHAEMBIX B €UHBIN KOMILIEKC. DTO obec-
IIEYNBACT COIVIACOBAHHOE OIMCAHHE Pa3HOMACIITAOHBIX MPOLECCOB, HAYMHAA OT IIOCTAHOBOK 3aJad A0 I10-
CTPOCHHA YUCIICHHBIX CXEM JJIA UX PCIICHUS. B xauectse METO0B p€ain3alli UCTIOJIb3YIOTCA METOABI ICKOM-
IIO3UIINHU (byHKLH/IOHaJ'IOB, METO/bI paCHICTVICHU A, U CONPSKECHHBIC MHTECTPUPYIOIITUE MHOXUTECIIN. Ot MCETOMBI,
00beIMHEeHHBIE B €IMHYIO CUCTEMY BapUAIlMOHHBIM MPUHIIUIIOM, TAIOT CHHEpPreTnieckuii apdexT.

CMCTEMA MOAEJIMPOBAHNA N UHTEPUPYIOLLIME MHOHUTEIIN

OnHoli U3 UIel, KOTOPYIO MBI pa3pabaTbiBacM B IOCIEIHEE BpeMs, SBISCTCS MPUMEHEHHE KOHIICILIUH
MHTETPUPYIOMIMX MHOXKHUTENEH Ditnepa, sBisomuxcs GpyHIaMeHTIBHBIM IIOHATHEM B TeOpuH AuddepeHiu-
QIBHBIX YPaBHEHUM, IPH AIIIPOKCHMAIIIH CJIOXKHBIX CHCTEM PaccMaTpUBaeMoro kiacca. Mbl JeMOHCTPUpYEM
MOJIE3HOCTh M YHHBEPCAIBHOCTD ATON KOHILEINH, IPUMEHSS e€ Kak IIPH PeIeHUH CHCTeM Iu(depeHnnab-
HBIX YpaBHEHHH JJIsI ONMCAHHUS KOHBEKIMU-TH(PY3HHN, TaK U IPH PEIICHUH KECTKHX CUCTEM KMHETHYECKUX
ypaBHeHUH atMocepHoi xumuu. [IpryeM, MBI ipeyiaraeM HaXOIUTh HHTETPHPYIOIINE MHOKHTEIH KaK pe-
IICHUS CHICUAIbHBIX JIOKAIBHBIX CONPSDKEHHBIX 3a/1ad B paMKax JEKOMITO3HIMY (PyHKIIMOHATIOB BapHALlHOH-
HOTO NMPUHIUIA, BBOJS IIOHATHE CONMPSIKEHHBIX HHTETPUPYIOLIUX MHOKUTEIEH.

B mro6anpHOM BapHaniMOHHOM TIPHHIATIE, CPOPMYIHMPOBAHHOM UIST 000OIICHHOTO ONMICAHUS NCXOTHOM
3a7a4¥, MBI HCIOJIE3YeM JACKOMIO3UINIO (YyHKIMOHANIOB C aIMTUBHEIM IPECTABICHHEM OIEePaTOPOB, OIH-
CBIBAIOMINX MPOIECCHl KOHBEKIMH-IH(Py3un 1 TpaHCPOPMAITIH, U ITOTydaeM YNCIIEHHBIE CXeMBI, 00J1a1ato-
IIMe CBOWCTBAMH IOJHOM AIMPOKCHMAILMK CUCTEMBI B LeJIoM. [lajee MpUMEeHsSeM ayIMTHBHO-YCPEIHEHHBIC
CXEeMBbI METO/Ia PACILEIUICHHS, B pe3ysIbTaTe 4ero MmojiyyaeTcsi Habop JIOKAIFHO OJHOMEPHBIX 3a/a4 IO Mpo-
CTPaHCTBEHHBIM ITEPEMEHHBIM H IT0 MEXaHU3MaM PEaKLIi U3 OrepaTtopoB TpaHcHopMauH. 31ech B OAHOMEp-
HBIX KOHCTPYKLMSX MPUMEHSCTCS WSS MHTETPUPYIOMMX MHOXKUTENEH, B Ka9eCTBE KOTOPBIX HCIIOIB3YIOTCS
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PpeIIeHus JOKaIbHBIX CONPSDKEHHBIX 3a1a4. [Ipy 3TOM CyIIecTBEHHO HCIOIB3YETCs TOT (DaKT, 4TO BCe mapame-
TPBI MOJIeNiel — orpaHrdeHHble (pyHKIuH. OHK 100 HEeTpephIBHBIE BO Beel 00macTH, THO0 KyCOUHO-Hempe-
PBIBHBIE, IMEIOIIHE KyCOYHO-HEIPEPHIBHBIC IIPOU3BOIHEIC.

ITo ompenenenuto, Bce (HYHKIMOHAIB B CTPYKTYpE BapHAIlMIOHHOTO NMPHHINIA TPEACTABISAIOT cO00i
MHOTOMEpHBIE MHTETPAIBl IO MPOCTPAHCTBCHHBIM ITEPEMEHHBIM M BpeMeHH. O0mas cxema ajaropurMa Io-
CTPOCHHS aNMPOKCUMAIIH COCTOUT B cienyromieM. CHa9aga MHOTOMEPHBIE HHTETPAIIBl B OTIPENIEICHUH pac-
IIMPEHHOTO (PyHKIIMOHANA BapHAIIMOHHOTO MPHHITUIA aNIpPOKCHMHUPYIOTCS MOAXOAANINMH KyOaTypHBIMU
(dhopMynamMu 3aITaHHOTO TIOPSIKA TOYHOCTH B paMKaX TEXHOIOTUH KOHEYHBIX 00hEMOB. 3aTeM IOIBIHTET PaITb-
HBIE BBIPAXCHHUS C MCIOIH30BAHUEM CXEM paCIICTUICHHS IPUOIIKAIOTCA TUCKPETHO-aHATUTHYECKUMHE arpe-
raraM¥ IOpsiika TOYHOCTH He HIDKE, YeM B KyOaTypHBIX hopmynax. s KoHBeKTHBHO-TU(PPYy3NOHHBIX OIlepa-
TOPOB - 3TO THOPHUIHBIE ANMPOKCHMAINHU, AUCKPETHBIE 10 BPEMEHU M AMCKPETHO-aHAIWTHYECKHE IO ITIPO-
CTPaHCTBEHHBIM IIEPEMEHHBIM, a JIJIsl ONIEPaTOPOB TPaHCHOPMAIINH - TUCKPETHBIE TIO IPOCTPAHCTBY W aHAIU-
THYECKHE TI0 BPEMEHHU.

CrnemyeT MoauepKHyTh, 4TO 3a/1a9H, KOTOPhIE MBI PelaeM IpH OMUCAHWN JTHHAMUKHU U KadecTBa aTMocde-
PHI, ABISIOTCS 3a7jadaMu ¢ ipeolmagaroneii konBeknuei. YToObI MpaBUIIFHO OMHMCATh COBOKYIHEIH MpoIiece B
TaKWX CIy4asx, B HACTOAIIEE BpeMs IpEeAIararoTcs pa3IndHbIe TOAX0AEl. B TOM 4mcie 9acTo MCIoIb3yIoTCs
pa3nuYHbIe MOCTPOCHNS, HapUMep, HeJTMHEHHBIE MOHOTOHM3AaTOPHI (JIMMHUTEPHI ), MHOT/Ia BEICOKOTO TOPSIIKA.
Hapsimy ¢ mocTomHCTBaMH, TaKHe METOIBI UMEIOT CYIIECTBEHHBIH HEIOCTATOK: OHHM HE Jal0T BO3MOXKHOCTH
ITOCTPOUTH a/IeKBAaTHBIC CXEMBI JJISl CONMPSKCHHBIX 3a/1a4, SIBIIIONINXCS 0a301 IS pelIeHus] OOpaTHBIX 3a/1ad.
Hamr moaxon cBoGozeH OT 3TOr0 HeAocTaTka. Pesynsrupyromue cxeMsl 001agaroT 1 MHOTUMH APYTHMH XOPO-
mMHA cBoricTBaMH. OHH COTTIACOBAHBI MEXITy cOOO0H B IPSIMOM M COIIPSDKEHHOM BapHaHTaX. boipmmm npen-
MYIIECTBOM TaKUX CXEM SIBIACTCS UX OMHOPOAHOCTH. KpoMe TOTo OHM SIBIISTIOTCS TEXHOIOTUYHBIMH B COBpPE-
MEHHOM ITOHHMaHHH 3TOTO TEPMUHA, TO €CTh JOITyCKAIOT BEIYUCIUTENBHO AP PEKTHBHOE pacnapaieInBaHue.
[ToaToMy MBI cunTaeM, 9TO B HACTOSIIIEE BPEMS IMEET CMBICH PACIINPUTH IPUMEHEHUE THOPUAHBIX JUCKPET-
HO-aHAJINTHYECKUX CTPYKTYP, OOBESIMHSIONINX JyUIIHe KaueCcTBa KOHCTPYKIMHA pa3IMIHBIX THIIOB.

[MonpoOHoe ommcanne HaIeil METOTUKN MBI TIPEICTABIIIN B [3,4], mOSTOMY Janee OCHOBHOE BHUMAaHHE
YAEITNM BOITPOCaM OpPTaHU3AIH METOIOB PEUICHUST 00pPaTHBIX 33/1a4 ¢ YCBOSHHEM JTOCTYITHBIX JaHHBIX HaOIIt0-
JIeHui. B HacTosmee BpeMs 3ajaur BapHUaAIlIOHHOTO YCBOSHHSI JAHHBIX OTHOCSTCS K YHCITy HanboIee pacipo-
CTpaHCHHBIX 00pPaTHBIX 33a7a4, KOTOPEIE OHAKO, TPEOYIOT Tak)Ke PEIICHHUS PSMBIX U COTPSHKEHHBIX 3a/1a4.

BAPUALIMOHHBIE METOObl YCBOEHWA JAHHBIX

TeOpeTI/I‘IeCKI/Ie OCHOBBI 3TUX MCTOZI0B 6a31/1py10Tc;1 Ha UACAX KIIACCUYCCKOT'0 BaApUALIMOHHOT'O ITPUHIIUTIA
Bﬁﬂepa—ﬂarpaﬂxca, B KOTOPOM MOJCJIN IMPOLECCOB BBICTYIAIOT B KAY€CTBE OFpaHI/I‘IeHI/Iﬁ Ha MHO>KXCCTBaA (1)yHK-
I_[I/Iﬁ COCTOSIHUSA U IMapaMETPOB. Ot OrpaHUYCHHA BBOIATCA B BapI/IaHI/IOHHLIﬁ MPUHIUIT C TIOMOIIBIO CONIPs-
KCHHBIX (l)yHKHI/Iﬁ, KOTOPBIC UTPAIOT POJIb paCpeACICHHBIX MHOXHUTEICH J'[arpaHma. Ecnu umerorcs JaHHBIC
I/I3MepeHI/II71, TO IO HUM OCYIIECTBJIACTCA OLICHKA (l)yHKHI/Iﬁ COCTOSIHHUA U I/I}IGHTI/I(I)I/IKaHI/IH napaMeTpoB MOJCJIN.
MO)ICJ'IL MpoueCCOB B ITaHHOM CJIy4a€ BhICTYIIACT B POJIM HPOCTPAHCTBEHHO-BPEMCHHOI'O HUHTEPIIOJISAHTA. OTo0
MO3BOJISIET COTIACOBATh MACIITAOBI IMPpOLECCOB, OIMMUCBIBAEMbIC )IaHHOﬁ ,HI/ICerTHOﬁ MOJCIBHO, C Maciradbamu
IpoHeCcCOB, XapaKTECPUCTUKHU KOTOPLIX COACPIKATCA B JAHHBIX HBMCPCHI/Iﬁ.

HepBoe TIOKOJICHUEC BapHallMOHHBIX METOAOB YCBOCHUS JaHHBIX pa3BUBaAJIOCh B IIPCAIIOIOKEHNH, YTO MO-
ACJIN TPOLECCOB, B KOTOPBIX YCBAUBAIOTCA NJAHHBIC, SABJIAKOTCA TOYHBIMU. HOSTOMy COOTBeTCTByIOIlII/Iﬁ Bapua-
L[I/IOHHLIﬁ IIPUHIUIT CTPOUJICA B (bOpMyJ'IP[pOBKaX CO CTPOIrMHU OI'paHUYCHUSAMU, a PEIYJIbTATbL I/ISMepeHI/Iﬁ nc-
MOJIb30BAJIUCH TOJIBKO HJISI KOPPEKTUPOBKHU HAYaJIbHBIX yCHOBI/Iﬁ. HpI/I TAKOM IOAXOAC€ BO3MOXKXHOCTHU COIPA-
JKCHHBIX 3a/1a4 U armapara Q)yHKHHﬁ YYBCTBUTCJIBHOCTH HC ObLIN pcaM30BaHbI B MOJIHOM MeEpe.

ITo3sxe ObL MPEAJIOKCH U PA3BUT METO/] YCBOCHH A NaHHBIX Ha Gase BapUaliMOHHOI'O MpUHIUIIA CO cl1a0bI-
MU OrpaHUYCHUAMU. B sTtom CJlIydyac B MOJCJIU NPOLCCCOB ABHO BKJIHOYAKOTCA HOIMOJHUTEIBHBIC ClIara€MbIC,
TaK Ha3bIBACMBIC (l)yHKHI/II/I HECONPEACICHHOCTH. C HOBI/IHI/Iﬁ TCOPUU ONTUMAJIBHOIO YIIPABJICHUSA UX MOKHO
paccMarpuBaTb Kak (l)yHKHI/II/I yYHpaBJI€HUA, KOTOPBIC ONPCACIAOTCA 110 3aJaHHOMY 1LICJIECBOMY (byHKIlI/IOHaJ'[y C
YUYCTOM BCEX NOCTYIHBIX JaHHBIX H3MepeHHI7L COOTBGTCTBCHHO, paCHII/IpeHHHﬁ (l)yHKIII/IOHaJ'I BapualquOHHOI'O
IMMpUHIUIIA OIIPCACIIACTCA C YUCTOM CyMMapHOﬁ MEPhI BCCX HeOHpe}IeJ’IeHHOCTeﬁ, BKJIFOYAaCMbIX B CUCTEMY MO-
ACTINPOBAHUA.

OtMmeTnM HEKOTOPBIC JOCTOUHCTBA TaAKUX MCTOHAOB. (DyHKHI/II/I YYBCTBUTCJIBHOCTU U (l)yHKIII/II/I Heomnpeae-
JICHHOCTEH paclinpsroT 001acTh MMPUMCECHCHUSA BapUAllMOHHBIX METOAO0B IJIs1 PCHICHUSA O6paTHI>IX 3aja4 € yCBO-
CHUCM JaHHBIX Ha6J'HO}IeHPII>i. KpOMe TOTO OHU BHOCAT 3(1)(1)GKTLI YHpaBJICHUA U PETyIApU3allii B METOABI pe-
HICHUA B 06H16M CJIydac HCKOPPCKTHBIX O6paTHI>IX 3aJa4. Kak CJICACTBUC, 5TO MPUBOAUT K SKOHOMUYHBIM aJI-
TropuTMaM BapUAllMOHHOI'O YCBOCHUSA JaHHBIX. 3aMeTI/IM, YTO JJIMHA «OKOH YCBOCHUI», TO €CTh MHTCPBAJa
BPEMCHH, B TCUCHNUEC KOTOPOI'0O Mbl XOTUM YYUTHIBATH Ha6J'IIOI[eHI/IH, €CJIU TAKOBBIC TOCTYIIAIOT, 3a1a€TCH I1apa-
MCTPUYCCKU. OHna MOXeET OBITh BLIGpaHa IMPOU3BOJIbHO, HAYMHAA OT OAHOIO Hiara MOJACJIU MpoueccCcoB 110 Bpe-
Mmenu. B BI)I60pe JUIMHBI OKHa YCBOCHHS €CThb CBOU TOHKOCTHU, B YaCTHOCTHU, B COITIACOBAHUU XapPAaKTCPHBIX
MaciradoB Moz[eneﬁ " JaHHBIX. I[aHHLIe MOTYT IIOCTYNaTh KaK HEIIPECPBIBHO, TaK U SIIU30ANYCCKU. B 3aBucu-
MOCTH OT JJIMHBI OKHA YCBOCHUS IMOJTYYAIOTC pa3JIMIHbIC BAPpUAHTBI TEXHOJIOTMU YCBOCHU JaHHBIX.

COAEPXAHME »
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Ecni 0kHO ycBOEHMS BBIOPATH PaBHBIM OTHOMY IIIar'y MOZEIIH IO BPEMEHH, TO IOTyar0TCs BAPHUAIIMOHHBIE aJIro-
PUTMBIL, IMEIOIHE MPSIMBIE, TO €CTh OE3bITEPALIIOHHBIE CXEMBI PEATN3ALMH, PAOOTAIOIINE B TEMIIE PEIICHNUS IPSIMBIX
3a/1a9 JMHAMHUKU U XMMHH atMocdepbl. MeTozipl Takoro Kiacca Hauboree BOCTPEOOBAHBI JUTSI TPAKTHUECKUX TIPUME-
HEHU IPH COBMECTHOM HCIIONBb30BaHIUH MOZIeNel 1 OONIBIINX 00BEMOB JOCTYITHBIX TaHHBIX HAOMIONCHHUIN.

Iepeuyncanm GopMyITMPOBKH THIHYHBIX BADHAHTOB TAKUX AJTOPHTMOB, KOTOPbIE MOJY4al0TCs B
paMKax npeajiaraemMoro noaxoaa:

*  TPSAMBIC ANTOPUTMBI YCBOCHHS C OJHOBPEMEHHBIM PEIIEHUEM OCHOBHBIX M CONPSDKCHHBIX 3a]ad U C
pacdeToM GyHKINH TyBCTBUTEIBHOCTH U HEONPENICICHHOCTH;

*  BapHALMOHHBIC CXEMBI, IOXOXKKE Ha MeToAbl ¢unsTparyu KanMana, Ho 6€3 HCIONBb30BaHUS Han0o-
Jiee TPYyAOEMKHX JIEMEHTOB pacueTa KOBapHALMOHHBIX MATPUI] M IIMPOKO IPHUMEHIEMBIX B ITOCICIHUE TOBI
aHCcaMOJIEBBIX METO/IOB MX MapaMETPUUECKOTrO OICHUBAHUS. DTO HOCTUTAETCA 3a CUET TOTO, YTO BKIIFOUCHHUE
JAHHBIX N3MEPEHUI OCYIIECTBISIETCS] HEMOCPEACTBEHHO C IIOMOIIBIO allapaTa COMPSKEHHBIX 3a1a4 U (QyHK-
LUH HEONPENEIEHHOCTEM;

*  BapHAlMOHHBIC BEPCHU AITOPUTMOB THIIA PEJaKCcallMOHHBIX nudging-based MeTOmOB, B KOTOPBIX
BKJIFOUCHHE B yPaBHEHHS MOJEIN HEBA30K MEX/Y BBIYMCICHHBIMUA M M3MEPEHHBIMHU 3HAYCHUAMH (PyHKIUH
COCTOSIHMS TAK)K€ ITPOUCXOANT C MOMOIIBIO (DYyHKITNH HEOTIPEAETEHHOCTEH;

*  QJITOPUTMBI YTOUYHEHUS NapaMETPOB PA3INUHBIX HCTOYHUKOB, BKIIIOYAs! OLIEHKN CKOPOCTH HOCTYILIE-
HHSI T30-a3PO30JIbHBIX TIPUMECEH, ¢ HCIONIB30BaHMEM (DYHKIIMH UyBCTBUTEILHOCTH W HEOTIPEAETIEHHOCTEH;

*  QJITOPUTMBI OOPATHBIX CBA3EH I yTOYHEHHUS ITApaMETPOB MOJIENEH ¢ ITOMOIIBIO (DYHKIMHA TyBCTBH-
TEJIHOCTH LENEBBIX (DYHKIIMOHAIOB, OOBEIMHEHHBIX C (DYHKIIMOHATIAMH AJIsl yCBOCHUSI JaHHBIX.

OO6parHsbIe 3a/1a91 HACHTH(UKAIINN TTAPAMETPOB M OLIEHKH HCTOYHUKOB

Jnst perneHns oOpaTHBIX W ONTHMM3AIMOHHBIX 33/1ad MPOEKTUPOBAHHSA M IIPOTHO3MPOBAHUS IIEIICBBIC
(yHKIMOHANBI OyZieM BBIOMPATH C yYETOM alPHOPHBIX CBEACHHUH O (DYHKIMSIX COCTOSTHUS U MapaMeTpax Mojie-
Jei. OTO MOXKHO CAENaTh, HAIPHMEP, JOMOIHUTEIBHO BKIIIOYMB 3TH CBEACHUS KaK MapaMEeTPUIECKYIO 4acTb B
COCTaB OCHOBHOTO IEJIEBOTO (PyHKIIMOHAA!

Np
®,(9,Y) = (F(@),%)+0,5 | Z([vT|graav;[ +v,1v7) | dpdr . (1)
p, =l
3nech ¢ — QYHKINS COCTOSHHS MoAese npoueccos, (£, (¢), x,) — eneBoit pyHkunoHal, F (¢p) — oleHu-
BaeMbIe GyHKIMH, ¥, >0 — Becosble hyHKIUH, k > | — HOMep 1eeBoro Gynkuuonana, V,=Y,—Y ", Y — anpu-
OpHbIEC 3HAYCHHS NTapaMeTPOB MOAENEH, HapuMep, K03(GHUINEHTH! TypOyJIEeHTHOCTH, XapaKTEPUCTHKH TPO-
IIECCOB B3aNMOICHCTBHS CyOCTaHITNI C HEOMHOPOAHOCTAMH MTOBEPXHOCTH 3eMITH | JIp., ¥, > 0, y, >0 — BecoBbIe
MHOXHTeNH; [, — MON0XKATENbHBIC MArOHANBHBIC MATPHLBI MACIITAGHPYIOMNX KOI(DQHUIMEHTOB 1 BECOB;
N, — obmee 4ucio mapamMeTpoB, MOMIEKAINMX YTOYHEH 0. DYHKIMOHATBI, BXOAAIINE B cocTab (1), BKimoda-
I0TCS B PacIIMPEHHbIH (yHKINOHAII OOIIET0 BapHAMOHHOTO TIPHHITUIA U allIPOKCUMHUPYIOTCS C HCTIONIB30Ba-
HHEM METOJOB JICKOMIO3UINY U PACHICTUICHHS.
COOTHOIIIEHUS TyBCTBUTENBHOCTH T (DYHKIHNOHAIOB (1) TOPOXKIAIOT aNrOpuT™ IJIs pacdeTa TpagueH-
TOB 5THX (PyHKIIMOHAIIOB B IIPOCTPAHCTBE MapaMeTpoB Mozieneii R'(D"). ICIomb3ys STOT aTopuT™, TIOCTPOUM
CHCTEMY YpaBHEHHUH 0OpaTHOMN CBSA3M TPAJMEHTHOTO TUMA AJISI HACHTH(UKAINH ITapaMETPOB HAa OCHOBE yCIIO-
BUI MUHUMH3AIMH IE€IE€BOTO (DYHKIIMOHATA ¥ COOTHOIICHNH TyBCTBUTEIBHOCTH:

dY, ~ | ol"(@,Y, 0, . LT
W i [OYR) i Ograay 4y T |, i=T N @)
al i aY 1 ip i 2% ip Vi P
3[[6(:]: Ih ((p, Y, (p*k) - Z[HCerTHBIﬁ aHaJIOT UHTCTPaJIbHOTO TOKACCTBA JJI1 BApUALITMOHHOI'O OITMCaHUs MO-
JIENTH TIPOLIECCOB, () ,— PEIICHNE COMPSHKEHHOMN 3a/1auk, COOTBETCTBYIOIIEH LieseBoMy pyuknuonany (1) ¢ Ho-
MEpOM k, K > 0- KO3(1)(1)I/IHI/IeHT MpONMOPUHNOHAIBHOCTH, Ri — B3JICMCHTBI ﬂHaFOHaHLHOﬁ MaTpulibl BECOB IJIsA

(OpMUPOBaHUS METPHKH ds B TIPOCTpaHCTBE apamMeTpos R'(D')), KOTOPYIO OMpeeum CeAyIomHUM 06pa3oM;

N,
ds’ = ;R,dY,Z, VYpaBHeHust (2) JOMONHSIOT ¥ 3aMBIKAIOT CHCTEMY OCHOBHBIX YPaBHEHHH MOl IpoueccoB B
OTHOLICHUH IapaMeTpOB B COOTBETCTBHHU C KPUTEPHSIMHU ONTUMAIbHOCTH (pyHKITHOHAOB (1). OHM pematoTcs
C IOMOIIBIO CXEM pacIIeIUIEH s, COTIACOBAHHBIX C O0IIEH CTPYKTYypOH alNropuTMOB JUTSI peasiu3anuy Mojieeit
nporeccoB. TakuMm 00pa3oM, yTOUHEHHE apaMeTPOB OCYIIECTBISCTCS B PEXKUME CIICKEHHUS 32 N3MEHEHUSIMHU
pacmmpeHHbIX QyHKIoHanoB (1).

Paboma noooepoicana Ipoepammamu Nel, 4 Ipeszuouyma PAH u Ne3 OMH PAH, npoexkmom PO DU Nel4-
01-00125, a maxoice Humeepayuonnwvimu npoexmamu NeNe 8, 35 CO PAH.
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Atmospheric pollution transport in the Baikal region:
numerical modeling scenarios

'Pyanova E.A., “Faleychik L.M.

" Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
? Institute of Natural Resources, Ecology and Cryology SB RAS, Chita, Russia
E-mail: pianova@ngs.ru, lfaleychik@bk.ru

sented. A program package has been developed for mathematical modelling of the environmental

changes in the region under natural and anthropogenic forcing. Numerical studies of the local atmo-
sphere circulation and estimates of air quality based on a nonhydrostatic mesoscale model of atmospheric dy-
namics and pollution transport above complex terrain have been carried out. With this model, the diurnal varia-
tion of some meteorological parameters and passive substances at typical summer and winter situations has
been simulated.

Some unfavorable meteorological conditions over Lake Baikal have been revealed in the numerical simu-
lation. For example, under a north-west wind from Irkutsk-Cheremkhovo industrial complex part of pollution
is blocked by the Primorsky Range, although some pollutants can reach the air over Lake Baikal moving across
the Angara River.

These results are analyzed in a GIS-technological module included in the program package for processing
and visualizing data of observation and calculation.

This work was supported by the presidium of RAS under Program Ne 4, the Russian Foundation for Basic
Research under grant Ne 14-01-00125-a, SB RAS Integration project Ne 8, and SB RAS Basic Research project
1X.88.1.6.

The results of some modelling scenarios of atmospheric pollution transport in the Baikal region are pre-

ATMocdepHbI nepeHoc npuMecen B bankanbcKoM permoHe:
YncneHHoe MofenMpoBaHMe HEKOTOPbIX CLIeHapUeB

MbAxoBa 3.A., ‘Oaneituuk J1.M.

"MHCTUTYT BLIYMCMTENBHOM MaTEMaTUKM M MaTeMaThuecKoii reodusuku CO PAH, HoBocnbupck, Poccua
*MHCTUTYT NpUpoAHbIX pecypcoB, akonorim u kpuonorum CO PAH, Yuta, Poccua
E-mail: pianova@ngs.ru, lfaleychik@bk.ru

yeckoro pas3sutusi JlansHero Bocroka u Baiikansckoro pervioHa Ha mnepuox mo 2025 roma» (http://
government.ru/gov/results/9049/). UuctpymenToM peanusaiuu 3toit CTpareruu npu3Bana crarhb [ocy-
napctBenHas [Iporpamma Poccuiickoit @enepammn «ColraibHO-9KOHOMUYEeCKoe pa3BuTue JlansHero Bocrto-
ka u baiikanbckoro pernonay. B pamkax 3Toii mporpaMmbl MPEAIonaraeTcs Co31aHie HOBBIX ITPOMBIIIIEHHBIX
KJIaCTEPOB B BOCTOYHBIX pernoHax Poccuu B JIONOMHEHHE K YXke CylIecTByOmKUM. CTPOUTENLCTBO U paboTa
HOBBIX Hpe}IHpI/IﬂTI/Iﬁ 6y)IyT COIIPOBOXKAATHECA 3HAYUTEIIbHBIM HETATUBHBIM BO3ﬂeﬁCTBHCM Ha OKpY’Karouryro
cpeny. Kpome Toro, ocobeHHOCTH KIMMaTa i KITUMaTHIeCKue M3MEHEHHS TIOCIIEHNUX JECATUICTUI MOTYT 3Ha-
YUTETHHO YCUIMTh 3TO BO3ACHCTBHE M CO3AATh YTPpo3y HEOOPATHUMBIX MOCIEACTBUI BCIEACTBHE MOTHON MIn
YaCTHYHOM JIerpajainy IPHUPOAHBIX KOMILUIEKCOB, YTPAThl HIMHU CPeoo0pasyonux GyHKINH, ONMyCTHIHUBAHUS
TEPPUTOPHIL, yTPaThl IMU OHOJIOTMYECKOTO Pa3HOOOpa3us U JIp.
Lens qaHHOTO UCCIIEIOBAHMUS — MONYYUTD JUIA baiikanbCckoro pernoHa CrieHapHbIe OLIEHKH yCIOBHH (op-
MHUPOBaHHUS aTMOC(HEPHBIX HUPKYISAIHIA 1 0COOEHHOCTEH pacIpOCTPaHEHUS 3arPs3HEHUS OT HHAYCTPHAIBHBIX
neHTpoB MpkyTcko-UepeMX0oBCKoOi POMBIIIUIEHHO 30HBI B arMOoc(epe perroHa u Hajl akBaropueii baiikana.

B nekabpe 2009 T. paciopsikenueM [IpaButensctBa PO yrBepxkaena «Ctparerus ConuaibHO-IKOHOMHU-
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SESSION 5

KommiiekcHOE MCHONB30BaHNE MATEMaTHIECKOTO MOJEIUPOBAHHS U BO3MOKHOCTEH COBPEMEHHBIX I'co-
MH()OPMALIMOHHBIX TEXHOJIOTHI KaK MHCTPYMEHTA NCCIIEJOBAaHNH OKPYKAIOIIEH Cpebl U OLICHKH aHTPOIIOTEH-
HOTO BO3ICHCTBUS Ha HEE MO3BOJIIIO pa3padoTarh ISl TAKOTO Poja 3a1ad HH()OPMAIIOHHO-BEIYHCINTEIBHYTO
TEXHOJIOTHIO TIONy4eHUs, 0OpabOTKHN M aHaj3a MHOTO(QAKTOpHOW MH(POPMALIUU O TEPPUTOPHHU, HAUMHAS C
MOATOTOBKM MCXOIHBIX JAHHBIX JUIS YMCIEHHOTO MOJEIMPOBAHUS aTMOC(EPHBIX MPOIECCOB M 3aKaHUMBAs
aHAJIM30M M NIPEJCTaBICHUEM PE3yJIbTaTOB PACUETOB 10 MATEMAaTHIECKUM MOJIEIISIM B BUAE, yIOOHOM M TTOHSAT-
HOM JUTSI KOHEYHBIX TIOJTh30BaTeNIeH, MPIHUMAIOMUX perrenus [ 1-3].

WHupopMannOHHO-BEIYUCIUTEIFHBIN KOMIUIEKC OCHOBaH Ha HETHIPOCTAaTHYECKOM Me30pPEeTHOHAIBHON
MOJIETTH THHAMHKH aTMOC(Ephl U TIepeHoca MPUMECH B 00JIacTAX CO CIMKHBIM penbedom [1, 4-6]. OCHOBHBI-
MH YPaBHEHUSIMH MOJICTIH JTUHAMHKH aTMOCQEpPBI SBISIOTCA TPH YPaBHEHUSI IBIO)KCHHS, YPABHEHHUS IPUTOKA
TEIIa ¥ BIIard, ypaBHEHHE HEPa3pBIBHOCTH. B3anmoneiicTBre aTMoCc(epsl ¢ MOACTUIAOMIEH OBEPXHOCTHIO
YUUTBIBAaETCS B apaMETPU30BAaHHOM BHJIE B paMKaX MOJENHN PU3EMHOro ciost. IIporeccsl nepenoca 3arpsis-
HEHUSI TPUOIIKEHHO OTIMCHIBAIOTCS YpaBHEHHEM KOH(PEKITHH-TH()(y3HH TaCCHBHON TPHIMECH.

YucreHHas pean3anys ypaBHECHNH MOJEIN OCHOBAaHA HA BAPHAIMOHHOM IO/IXOZIE B COUYETAHUH C METO-
Jamu pacierieHus [7]. Ha ocHoBe BapralimoHHOTO (hyHKIIMOHAJIA — HHTETPAIBbHOTO TOKAECTBA CIICIIUAIBHOMN
CTPYKTYPBI — IOCTPOEHBI SHEPTETUIECKN cOaTaHCUPOBAHHbIE KOHEYHO-PA3HOCTHBIE allPOKCHMAIIH BTOPOTO
MOpsJKa MO MPOCTPAHCTBY. {11 KOHBEKTHBHO-IM(D(DY3MOHHBIX YPaBHEHHUI MONTyYCHBI AUCKPETHO-aHATTUTHYE-
CKHe MOHOTOHHBIE pa3sHOCTHBIE cxeMbl [8]. [Ipu yueTe B Monmeny rpaHIHYHBIX YCIOBHI HaUOONBIINNA HHTEpPEC
MPECTABIISIOT YCIOBHS HA HIDKHEH IPaHMIE BO3AYIIHBIX MAacC B YCIOBHAX CIOXKHOTO pesbeda MOACTUIIAIO-
mield moBepxHOCTH. B pabore ans ydera oporpadun MCIONB30BaHBI HIeH MeToAa "(UKTHBHBIX" oOiacTeil.
BapuanuonHslii crioco6 opraHu3anyy 3TOr0 METO/a 00ECIIEUIIT TOUHBIN yUeT €CTECTBEHHbBIX KPAeBBIX YCIIO-
BUI Ha TpaHUIIaX 00IacTH MOJCTUPOBAaHNUS [9], B TOM YHCIe ¥ HA HIDKHEH TpaHuIIe.

WH}popManmoHHO-BBIYNCIUTENBHBIA KOMIUIEKC JJISI OMYyYCHUS CLICHAPHBIX OLICHOK BKIIIOYAET B ceOs U
JiBa TeonH(pOpMaMOHHBIX Omoka. [1epBrrii OOk TpenHa3HAYCH IS MOMYYCHUS BXOTHON MH(pOpMAIMH s
YUCIICHHOI MOJIENTN — TIOCTPOCHNE B MOACIHHOM 001aCTH IBYMEPHON pacueTHOM CEeTKH, 3BJICUCHUE U3 CYIIe-
CTBYIOIIMX IU(PPOBBIX MOZEIICH JaHHBIX O pelbede, KaTEropHusiX 3eMIICTIONb30BAHMUS U TUIIOB ITOJCTIIIAIOIIEH
moBepxHOCTH. BTOpoit 610K — ast oToOpakeHns 1 aHanu3a pe3yasraToB pacueroB B cpene ['MIC. [Toctpoen-
HBIE PACUETHBIE CETKH UMEIOT reorpauuecKyto MpUBA3Ky. JTO TaeT BO3ZMOKHOCTH co3ath B cpene ['VIC pas-
JIMYHbIE KapTorpadMueCcKe MPEeACTAaBICHNS PE3yJIbTaTOB MOACINPOBAHUS, TIOyYEHHBIE C ITIOMOIIIBIO 3THX CE-
TOK, HAJIOXKHTD MX HA TOTOTpa(pUIeCKyI0 OCHOBY U MMPOAHAIN3NPOBATh [2, 3].

[oaroroska 1 06pabOTKa NCXOAHBIX JAHHBIX O MOJEIUPYEMOH 00JIaCTH OCYIIECTBIsETCA B TeonH(pOopMa-
mnonHoH cpene ArcGIS ¢ nucnonp3oBanueM aBropckoit Texnonoruu u I MC-unctpymentapus [2, 3]. Mctounn-
KU N3BJIEKAEMBIX IPOCTPAHCTBEHHBIX JAHHBIX — JaHHbBIC TUCTAHIIMOHHOTO 30HANPOBAHUS 3eMITH, HAXOAAIINE-
¢Sl B cBOOOIHOM JocTyTe: IudpoBsie Moaen penseda (LIMP), kocmocHuMKH pa3Horo paspenierns. C momo-
b0 HHCTpyMeHTapus ArcGIS B y3IIbI TOCTPOCHHBIX PETYIAPHBIX PACUETHBIX CETOK M3 MHU(POBBIX Moaeneit
W3BJIEKAIOTCSI 3HAYCHUS BBICOTHI COOTBETCTBYIOIINX y3JIaM TOYEeK MECTHOCTH. Kpome Toro, Ha OCHOBE T€OHMH-
(hopManMOHHOTO aHaNM3a OJIM30CTH M HAJIOKEHHS C MCIIOIB30BAaHUEM KapTorpaduueckux cjoeB 0as3bl AaH-
HBIX, OTIMCBIBAIONINX 00BEKTHI rHApOrpaduy, HaCEJICHHBIE IYHKTHI U T.J., BBIACISIOTCS COOTBETCTBYIOIINE UM
Y3JIBI I7IS1 Ka’KA0H CETKH.

JlanHbI HHPOPMATMOHHO-BBIYHCIUTENBHBIN KOMITJIEKC M aBTOPCKAasi TEXHOJIOTUS OTpadaThIBAINCh U CO-
BEpPILICHCTBOBAINCH HAa CYIIECTBYIOIINX U MPOEKTUPYEMBIX MPOMBIIIICHHBIX 00bekTax 3amagnoi (boryuan-
ckas 1 Motsiruackas ['3C) u Bocrounoit Cubupu (Yntnno-Uuroaunckas snaguaa) [1, 2, 4-6, 10].

Jlst npoBeeHNs MOJEIBHBIX PACUETOB, KPOME alaNlTallui KOMITIEKca K (PU3HKO-Teorpaduiaeckum 1 Kiu-
MaTHYeCKUM ycIOBUsIM baiikalbCKOro pernoHa, Obula BBIIOJIHEHA MOJAEPHHU3ANMUS IIPOrPAMMHOIO KOAA ISt
YCKOpEHUsI ero paboTel. MoanGuKanus 3aKkIrovanack B 3aMEHE OJIOKOB MOJIEINH, JOIYCKAIOMNX Mapauleib-
HYIO peajTi3alliio, Ha COOTBETCTBYIOIIN MapajueNbHBINA Ko/, Vicrionb30Bacs OTKphITHIA cTangapt OpenMP.

B cooTBeTcTBHM C HIEAMH CIEHAPHOTO MOAXO/a OBUIN IPOBEICHBI CEPUH YHCICHHBIX 3KCIEPHMEHTOB
JUISl THIIMYHBIX YCIIOBUH JIETHETO M 3MMHETO NEPUOA0B [JIs pa3INYHbIX BAPHAHTOB 3aaHUs BHEIIHETO (110 OT-
HOIICHUIO K PAaCCMaTPUBAEMOM TEPPUTOPUH) BETPOBOTO MOTOKA. [Ipy peann3anym MOIEIbHBIX pacIeTOB BOC-
TIPOM3BOIUIICS CYTOUHBIH X0 METEOPOIOTHUECKHX IEMEHTOB JUIsl KayKA0TO CLIEHApHsl BBIOPAHHOTO CE30Ha, a
3aTeM Ha (JOHE 3TUX MAPAMETPOB PACCUUTHIBAINCH MTPOIIECCHI IIEPEHOCA IPUMECEH OT TOUEUHBIX HCTOYHUKOB
BBIOPOCOB, PACIIOJIOKCHHBIX B OCHOBHBIX MPOMBIIIJICHHBIX paiiOHaX PETHOHA.

CHavaia ajanraiys MOJIEIH K CE30HHBIM KIIMMAaTH4YeCKUM yCIOBHUSM IPOBOMIIACE HA TpyOoii ceTke. Ha
OCHOBaHWMHM aHAJM3a PE3YNIBTAaTOB PAcYETOB BBIICISUINCH METEOPOIOTHYECKUE CUTYalluH, MPEICTaBIISIONINE
HanOOJNBIINI HHTEPEC C MO3ULNH BHISIBICHUS HEONMAronpysATHBIX MTOTOAHBIX YCIOBUH IS KauecTBa arMocge-
PBI HEKOTOPBIX TeppUTOpHil balikamsckoro pernoHa, v, B 4aCTHOCTH, ISt aTMochepsl Haf akBaTopueil baiika-
ma. 3ateM Ui paa OTOOpPaHHBIX TAKHM 00pa3oM clieHapHeB OBIIH ITOBTOPEHBI MOJIEIBHBIEC PacueThl Ha Ooiee
MOAAPOOHOM CETKE C IIaroM 5 KM 110 TOpU30HTaIH. Takue pacyeThl O3BOIMIN ACTATU3UPOBaTh KapTUHBI (op-
MHPOBaHHS aTMOC(EPHBIX UPKYISLNHI, SIBISTFOLINXCS PE3yIbTaTOM B3aMMOACHCTBUS KPYyITHOMACIITAOHBIX U
JIOKaJIBHBIX TIporieccoB. Kak nmpuMep Takoro B3anMoieHCTBISI MOXKHO OTMETUTD OTKJIIOHEHHS ()OHOBOTO MOTO-
Ka OT 33J]aHHOTO Ha4YaJIbHOTO HAMPABICHHUS TIPH MIPOXOXKIACHUN CKIAJIOK penbeda, a TaKkKe MPU IPOXOKICHUH
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HaJl FPaHULIAMH BOJHOW ITOBEPXHOCTH | cymH. [IpuueM B jIeTHee BpeMs HalpaBIeHHE OTKIOHEHUS (JOHOBOTO
BETpa 4acTo 3aBHCHUT OT BPEMEHH CYTOK, KOT/Ia B pe3y/bTaTe HepaBHOMEPHOTO HarpeBaHMs CKIIOHOB (POPMHPY-
I0TCS UPKYJISIIUH TOPHO-TOJIMHHOTO THITA. Takas ke CyTo4Has 3aBUCHMOCTh HaOIIONAeTCs ¥ IIPH BIMSHUHI Ha
(OHOBBIH MOTOK JIOKAIBHBIX IIMPKYIALKI THITa Opr3a. []jis eme OoNbIIero yTOYHSHUS U JeTATU3aLiH IpoLec-
COB PacIpOCTpaHEeHHs IPUMECH IIPOBOJMINCH JOTIOIHHUTEIBHBIE PACYETHI Ha CETKE C TOPU3OHTAIBHBIM [I1ar0M
1 xm.

Jlns o6nacti unTerpupopanus (puc. 1) ¢ pasmepamu o ropusonTanu 1340x1290 kv’ 1 6 KM 110 BepTUKa-
JIU UCTIOJIH30BAJIHCH /IBAa BAPHAHTA PACUETHBIX CETOK: IIEPBBIN — TOPH30HTANBHBIE maru Ax = Ay = 10 kM, BTO-
poii — Ax = Ay = 5 xm. ITo BepTukamm mis Bcex BapuanToB — nepBbie 30 maros mo 100 M, a ganee mo 150 m u
200 m. Bonee moapoOHas ceTka ¢ rOpu30OHTANBHBIMHU Iaramu AX = Ay = 1 KM NpUMeHsUIach s pudaikalib-
CKO#i TEpPPHUTOPHH MEHBIIETO pasMepa (pHc. la, KpacHbIH MPAMOYTONBEHHK) — 660x710 kM”. BasoBslif mar mo
BpemeHu At =60 c.

REEE =
cyeHapul
NW10 14h
KoHueHmpauuu

YeTe-Unumck
=] yen. ed.

<50-0,1

§ <>0,11-1
=51,01-10
=5 10,01 -100

Bpatck

1000 km

Puc. 1. a) Penbed noacTvnaloLLeit NoBepXHOCTY 0611acTv MoAeNMpoBaHUA. CUHUM orpaHuyeHa Tepputopua 1350x1290 km’,
KpacHbIM — 660x710 KM’; 6) M307IMHUM KOHLIEHTpaLMM NacCUBHOM NpuMecy (YCroBHbIe eauHULbI) Ha BbicoTe 100 M Hag no-
BEPXHOCTbIO ANA 14 4 MecTHOro BpeMeHW. JleTHUI cueHapuin. CeBepo-3anagHbii GOHOBBIV BeTep

2 58 4
cueHapull cueHapuit

NW1014h NWI10 14h
" Kowqemj‘:pauuu '} z KOHUeHmpauuu @
«FnaccusHol npumecy, * AAnaccusHod npumecy, |
yen. ed. 1 yon. ed. k
. L5 0-0,1 <5 0-01

#5011 -1 <0111
«21,01-10 51,01 -10 i
«7710,01 -100 <& 1001-100 3§

i (‘
<72 100,01 - 361,634 5 100,01 - 364,344

Puc. 2. /13011HUM KOHLIEHTpaLIMM NacCUMBHOWM NpuMeck (ycnoBHble eanHMLbI) Ha BeicoTe 100 M Haf noBepxHOCTbI0 AnA 14 4
MecTHoro BpeMeHu. JleTHui cueHapuin. CeBepo-3anafiHbiii GOHOBLIV BETEP. @) pacyeT Ha CETKE C FOPU30HTaNbHBIM LLAroM
10 KM, 6) — c WwaroM 5 kM

Ha puc. la cuHUM M KpacHBIM NPSIMOYTOJILHUKaMH BBIZIEJICHBI 00JaCTH MOJEINPOBAHUS, JUII KOTOPBIX
MIPOBOJIMITUCH CIIeHapHbIe pacyeThl. Ha prc. 10 nmpencraBieHsl H30JIMHAN TOJICH paciipeaeneHust KOHIEHTpa-
LU TACCUBHOM MPUMECH OT TOUYEUHBIX HCTOYHUKOB, PACIIOIOKEHHBIX B OCHOBHBIX IPOMBIIUICHHBIX IEHTPAaX
peruoHa. Pacuer ObL1 IpoBezieH Ha ceTke ¢ maroM 10 kM 1o ropu3oHTany. 3aech (puc. 10) orodpaskeH oauH U3
HaunOoIee HeONarompUATHBIX JUIs JIETHETO IIEpHo/ia CLICHApUH pa3sBUTHS IUPKYJSINHN, KOTia Haberatomui ce-

COAEPXAHME »

SESSION 5

ENVIROMIS'2014

(7]
=
[}
[
(2
>
(7]
—
=
—
<<
=
-
(=]
ke
=
(=]
—
<t
Q
=
|
L
(=]
(=]
=
(%)
—
=
e
<<
—
-
L
(7]
o
o
]
<<
[
—
L
=
—
(=]
=
>
—
L
—
o
L
[X]
—
Ll
-
[}
ke
—
(=]
(=]
]
<<
=
=
—
=T
—
-
)
[
=




ENVIROMIS'2014

(7]
=
T}
—_
wn
>=
(7]
=
=
ey
<<
=
-3
(=]
[
=
(=]
—
=T
(1]
=
ur
L
(=]
(=]
=
(7]
—
=
e
<<
=
o
L
(7]
[=-]
o
-
<<
-
—
L
=
=
(=]
e
=
—
L
—
o
1T}
[X]
—
L
o
L
(.
—
[=]
(-]
-
<<
=
(=]
e
=T
—
o
[N
[
=

SESSION 5

BEpO-3aMaJHblii IIOTOK BETpa MEPEHOCUT 3arpsi3HEHUs 0T VpKyTcko-UepeMX0BCKOM MPOMBILUIEHHON 30HBI B
cropony baiikama. Ha puc. 2 mpeacrasieH TOT e JETHHH CIIEHapHii ¢ ceBepO-3aafHBIM BETPOM, HO BEIZIENIe-
HO TOJIBKO PacCIpe/IeNICHNE TAaCCUBHOI MPUMECH OT UCTOYHUKA B T. pKyTcke. MOXKHO OTMETHTD, UYTO PACUETHI
Ha GoJsiee mopoOHOI TOPU3OHTAIBHOM CETKE C IITIAaTOM 5 KM CXBATBHIBAIOT OOJBIIE JeTajle mporecca mepeHoca
npumMecH (puc. 26), B TO BpeMsI Kak pacdeThl Ha OoJiee rpy0oii ceTke He OTpa3iiid BOSMOXKHOCTE BBIHOCA TIPH-
MeCH U3 JIOJMHEI Ha akBaTopuio baiikana co cTopoHsI ncToka AHraps! (puc. 2a). B ancieHHBIX SKcIIepuMeHTax
JUIS 3UMHETO TepHoJia CEBEpO-3alagHbli ()OHOBBIH BETEP TAKXE CIIOCOOCTBOBAJ MEPEHOCY 3arps3HEHHS OT
HCTOYHHUKOB NPOMBININICHHOH 30HBI B aTMOCdepy akBatopuu baiikana.

AHanu3 pe3ynbTaToB MOZAENBHBIX PAcYETOB MOKA3aJl CYIIECTBCHHYIO NPOCTPAHCTBEHHO-BPEMEHHYIO U3-
MEHYHMBOCTh B (DOPMHPOBAHUH JIOKAJIBHBIX aTOMC(EPHBIX NUPKYIALUA U, KaK CICACTBHE, B PACIPEICICHUN
IIpUMecH Hax TeppuTopuer baiikansckoro pernona. Ha maHHOM 3Tane uccinenoBaHus BBIACICH psa HeOIaro-
MIPUATHBIX (C MO3HINH KauecTBa aTMOC(epbl) METEOPOIIOTHUECKIX CUTYAIUi AJIsl 3MMHETO U JIETHETO CE30HOB.
BeposTHOCTD pa3BUTHSA BBISBICHHBIX HEOMArONPHUSTHBIX CIIEHAPHEB HEOOXOIMMO yUHTHIBATh IPH IMPOEKTHPO-
BaHMU U SKCIITyaTallly MPOMBIIIIICHHBIX 00BEKTOB B UCCIIEIYEMOM PETHOHE.

Paboma svinonusemca npu noodepoicke Unmezpayuonnozo npoekma CO PAH Ne 8, IIpoepammut ¢hynoa-
Menmanvhvix uccieoosanuii Ne 4 Ilpesuouyma PAH, npoexma PODU Ne 14-01-00125-a, npoexma 1X.88.1.6
DynoamenmanvHuix uccredosanuti Cubupckoeo omoenenus PAH.
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Comparison of ionic structure of snow cover in the zone
of influence of the industrial enterprises of Tomsk

"Lyapina E., 'Filiminenko E., 'Talovskaya A., 'Osipova H.

' National Research Tomsk Polytechnic University, Tomsk, Russia
? Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: fili.008@mail.ru, eeldv@mail.ru, talovskaj@yandex.ru, osipova@tpu.ru

n work data on studying of ionic structure, a mineralization, oxidation-reduction potential, and also the

content of mercury are provided in snow waters in zones of influence of the industrial enterprises of Tomsk.

As a result of carried-out earlier vulgar snow and soil shootings in the territory of Tomsk it was established
that technogenic auras are observed in regions of an arrangement of the enterprises of fuel and energy complex,
production of construction materials, petrochemical plant.

Studying of ionic composition of snow waters in zones of influence of the industrial enterprises of Tomsk
revealed value of a mineralization within background values of a continental atmospheric precipitation for the
taiga woods. The indicator of acidity alkalinity of snow waters testifies to their neutral reaction. Research of
2013 showed decrease by 3.2 times of the contents sulfate ion, by 2.6 times - chloride ion in Tomsk in compari-
son with this 2005. Value of a ratio of SO,”/CI in snow water in zones of influence of the industrial enterprises
of Tomsk exceeds that for a sea precipitation by 17.7 times that testifies to rather strong technogenic receipt of
compounds of sulfur in atmospheric air. Concentration of mercury in a soluble phase of a snow cover in zones
of influence of the industrial enterprises of Tomsk as a whole are comparable to similar data for other regions of
Russia and the world.

ConocTtaBneHne MOHHOIO COCTaBa CHEXHOMo NMOKpPOBa B 30HE
BO3OENCTBUA MPOMBbILLJ1EHHDbIX I'Ipe,ElI'IpVIFITVIﬁ r. ToMcKa

"Jlanuna E.E., '®unumonenko E.A., 'Tanosckas A.B., 'Ocunosa H.A.

" HauvoHanbHbIii uccneposatenbckuii TOMCKMiA nonuTeXHUYecKuii yuusepcuret, ToMck, Poccua
? UHCTUTYT MOHMTOPUHIa KMMaTUYECKUX U IKonornueckux cuctem CO PAH, ToMck, Poccua
E-mail: filimonenkoea@mail.ru, eeldv@mail.ru, talovskaj@yandex.ru, osipova@tpu.ru

eryasipHble HaOMIOAEHUS 3a Ka4eCTBOM aTMOC(EpHOro BO3AyXa MO JaHHBIM HCCIIEIOBAHUS CHEXHOTO

mokpoBa Ha Tepputopuu I. Tomcke mpoBogsaTcs ¢ 2009 r. I. ToMck, xapakTepu3yeTcsl JesITeIbHOCTHIO

NPENNpPUITAN TOTUIMBHO-YHEPTETUYECKOTO KOMILIEKCa, HEeQTEeXUMHYECKOH, CTPOUTEIbHOW OTpaciy,
MIPEANIPUSTHH, 3aHUMAIOIMXCST METAIIO00Pa0OTKOM M MMEIOIINX YYTYHHO-TUTEHHBIE [1eXa, KOTOPbIE SIBIISIFOT-
CS1 ICTOYHUKAMH TIOCTYIUIEHHUS B OKPYXAIOIIYI0 CPexy a’po30Is, COACPIKAIIETO IMHUPOKUN CIEKTp XUMHUe-
CKHUX 3JIeMeHTOB. [IbuieBbie a’spo3oiu (GOpMHUPYIOT OCHOBHOE aHTPOIIOT€HHOE BO3JEHCTBHE Ha YKOCHCTEMBI
ropoJia ¥ TePPUTOPUH, HAXOASIIHECS B 30HE UX HETIOCPEACTBEHHOTO BIISHUA. B pe3ynsraTe npoBeIeHHOH pa-
Hee IIIO0IIAJHON CHEroBOM U MOYBEHHON CheMOK Ha TeppHUTOpHH I. ToMcKa ObUIO yCTaHOBJICHO, YTO TEXHOTECH-
HBIE OpPEOJTBI HAOMIONAIOTCS B paifoHaX pacHoNOKEHHS MPEANPUATHH TOIUTMBHO-I)HEPTETHYECKOTO KOMITIIEKCa,
pUOOPOCTPOCHNUS, HEPTEXUMHIESCKOTO KOMOMHATA U B )KWIIBIX palioOHaX ¢ MpeoOa aroliM IIeYHBIM OTOTLIe-
HHEM U JIOKAJIbHBIMH KOTEITHHBIMU [6].

Lenbto qaHHOM pabOTHI SIBISIETCS M3yUYeHHE HOHHOTO cocTaBa, MuHepanu3auun, pH u Hg B cHexxHOM T10-
KPOBE B 30HaX BO3AECUCTBUS MIPOMBIIIIICHHBIX MpeanpusTuii r. Tomcka B 2013 1.

B 2013 r. aBTOpamMu IpOU3BOAMIICS 0TOOP P00 CHEra B 30HAX BO3ACHCTBUS TEIUIOMICKTPOCTAHIIUH, HE(]-
TEXUMHUUECKOro KOMOMHATa, KHPIIUYHBIX 3aBOIOB, 3aBOIOB IO IIPOU3BOCTBY JKEI€300€TOHHBIX KOHCTPYKITHH.
Pa3mephbl 30H BO31EHUCTBUS MPOMBIIIIIIEHHBIX TPEANPUATANR OMPECNSITNCEH coracHo [17], ¢ yueToMm mpeobia-
JTAIOIIero HalpaBICHUS BETpa, BBICOT TPYyO, JTaHAIIA(THRIX YCIOBHHA M XapakTepa JKMIIoi 3acTpoiiku. B ka-
KO0 U3 paccMaTpUBaeMbIX 30H BO3ACHUCTBUS MPOMBIIUICHHBIX MPEANPHUATHH 0TOMpanock mo 5 mpob cHera.
Bce pabotel o 0TO0py ¥ MOATOTOBKE CHEXKHBIX MPOO BBITOTHSIIUCH C YI€TOM METOJHUECKUX PEKOMEHIAINN
[11], pyxoBoACTBa MO KOHTPOJIIO 3arpsi3HeHust arMocepsl [2, 14] 1 MHOTOJIETHETO NPAKTHYECKOTO OITBITa IKO-
JIOTO-TEOXUMHUYECKHX HCCIIeIoBaHNi Ha TeppuTopun 3ananHoi Cubnpu [17]. O6bexkTOM HCCIeToBaHUS SBIIS-
eTCsI CHeroTasias Boaa. B kauecTBe pOHOBO# utoMaaku ObLI BIOpaH moauroH «PoHoBsIiy (ctanmus MOA CO
PAH, c. Kupeesck)./3y4enue copepkanusi pTyTH B IpoOax OCYIIESCTBISUTN B y4eOHO-Hay4YHO# 1Taboparopuu
Mex1yHapOJJHOrO HHHOBAIIMOHHOTO Hay4HO-00pa30BaTeIbHOTO IEHTPa « YPaHOBas FeoIorHs Kadeapsl reo-
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SESSION 5

9KOJIOTHHU M TeOXUMHIH ToMCKOTo mojauTexHudeckoro yausepcurera. Copepxanue pTyTH B mpobax onpenens-
JM Ha aTOMHO-a6copOImoOHHOM criekTpoMerpe PA-915" ¢ momomisio mpucrasku PIT-91 (MeTon «X0momHOro
napay; npeen o6Hapysxkenus pryTd - 0,005 Mkr/am’). MonnbIif cocTas Mpo6 CHEroTanoi BOIbI ONpenesIn B
Hayuano-nponsBoacteeHHoM 1ieHTpe «Boma» TITY koMmiiekcoM METOI0B HOHHOW XpoMaTorpadu, IIOTEHITHO-
METpPUH, TATPOMETPHUH, poToxoaopumerpun (aHanuTiku B.A.Illymapuna, E.B.KoBanenko, M.I.Kambanmna).

MuHepann3anms CHErOTaIbIX BOJ B 30HaX BO3ACHCTBUS IPOMBILUIEHHBIX NPeANpusaTuil I. ToMcKa Bapbu-
pyet ot 6 no 37 Mr/mn, B cpeaHeM cocTasisis 17 mr/n. MuHepann3anus KOHTHHEHTAIBHBIX aTMOC(EpHBIX 0cal-
KOB B TYHJPOBBIX U Ta€KHbBIX 30HaX PailOHOB, HE MCIBITHIBAIOIINX AHTPOIIOTEHHYIO HAarpy3Ky, COCTaBISIET B
cpeqaem 10-15 mr/n [16]. Cpexnue 3HaYSHUS MUHEPAIN3AIIUN CHETOBBIX BOJ OM3KH K ()OHOBBIM 3HAYCHUSAM
JUTSL CHETOBBIX BOJI BHE 30HBI BO3JICHCTBUS MPOMBIIIICHHBIX TpeAnpuaTuii TIoMeHCcKkol 00macT, KOTOpoe co-
crasisieT 10-30 mr/i [10], He npessimaet 40 mr/7, T.e. SBIAIOTCA ynsrpanpecHsMu. [1okazarens pHcHEroBeIX
BOJI B 30HaX BO3/ICHCTBH MPOMBIIUICHHBIX NMpeanpusaTwii I. Tomcka m3mensercs ot 6,02 go 6,97 enuHum u B
cpemHeM cocTaBisis 6,3, YTO TOBOPHUT O CIAOOKUCIION peaKIIny.

Coneprxanue Cynb(ar-noHa B CHETOBBIX BoIax m3MeHsercs ot 1,1 10 3,6 mMr/i, omHako B OOJIBIIHHCTBE MPo0
oHa He TpeBbImaet 2,5 mr/in. Cpennee 3HadeHne coctaBmio 1,97 mr/n. CpaBHEHHE ¢ JAHHBIMHE IO COIEPKAHUIO
cy/b(haT-uoHa C JAHHBIMHU COTIPEIeTbHBIX PETHOHOB MOKA3all0 BEChMa HU3KYI0 KoHieHTpamumio SO,” Ha Teppu-
Topuu T. Tomcka. Tak, Ha tore Cpenaert Cubupu cpeHee cofepkanus cyiabdar-nona cocrasiser 7,8 mr/m [13], a
B CHETOBBIX BoZiax ToMcKkoif oOnacTy 1mo JanHbIM uccienoanus Capuuena (2005 1) — 8,0 mr/m [15].

KonnenTparst XJI0pua-HOHA B CHETOBBIX BoAax Bapeupyet ot 0,17 mo 7,94 mr/1, B cpeaHeM COCTaBIIsA
1,25 mr/n. Jns Cubupu B 11esI0M XapakTepHO yBenmueHue cogepxkanns Cl B CHETOBBIX BOJax B I0T0-BOCTOU-
HoM HampasieHnn. Ha Tepputoprm TromeHcko#t obmactu conepxanue Cl cocrasmser 0,8-3,1 mr/a [20], B
Tomckoit obmacti o maHHBM [15] - 3,2 M1/, Ha Tore Cpexneit CuOupy 3HaAYEHUS XJIOPUA-HOHA B CPETHEM
cocrassiet 5,7 mr/m [13].

Cootnomrenue SO,  /Cl” cocraBuno B cpenrem 2,48 Mr/i1, B TO BpeMsl Kak B MOPCKO# Bojie 0HO pasHo 0,14
[5]. dnist onieHKH cTeneHu TpaHC(HOPMAITUH aTMOC(EPHBIX 0CAIKOB HCITOIB3yeTCs KoddduuueHT K, mokaspiBa-
tomuit Bospactanue otnomenus SO,” /Cl' B cHeroBoii Boe K 9TOMY e TaJOHHOMY OTHOIIEHHIO B MOPCKOA
Boze. O6praH0 K>10 XapakTeprsyeT JOCTaTOYHO CHIIBHYIO TPaHC(HOPMAIIHIO COCTaBa BOA U CTEIICHb UX CYIIb-
(hatmzanuu [1]. B 30HaX BIUAHUS HCCIENOBAaHHBIX MPOMBIIUICHHBIX IPEIIPUATHHA Ha TeppuTopun Tomck-Ce-
BEPCKOTO IMPOMBIIIUIEHHOTO y31a 3Hadenne K Bapeupyer ot 16,95 10 39,97, 94To CBHIAETENBCTBYET O IOCTATOU-
HO CHJIBHOM TEXHOTCHHOM MOCTYIUICHUU COEANHEHUH Cephl B aTMOC(EPHBIH BO3IYX.

CozeprkaHne COeIMHEHHH a30Ta SBJISETCS HHANKATOPOM YPOBHS TEXHOTCHHON HArpy3KH Ha TEPPUTOPHIO.
Konmuentpanus nona NO’ B Tajoit CHEroBoit Bojie 13 30H BO3/IEHCTBHS TIPOMBIILTIEHHBIX MPEANPUATHii T. Tom-
cka m3MenseTcs B npenenax: 0,29-2,02 mr/i, 3Ha4eHue CpeqHero coepxanns coctaBisieT 1,52 mr/a. CpaBHu-
Basi CpeTHUE KOHIIEHTPAMH HUTPAT-MOHA B 30HAX BIMSHMS MPOMBIIIICHHBIX MPEANpUATHH I. ToMcKa ¢ gaH-
HBIMH JIPyTHX HCCIIEA0BaTeIeH MO)KHO OTMETUTD MPEBBILICHUE HA/l CPEAHUMHU COAEPKAHUSIMHU IS (JOHOBBIX
ydacTKoB TromeHckoit obmactu: 0,45 mr/n [9], yuacTkoB MecTopoxaenuii n-osa Sman: ot 0,01 mo 0,37 mr/n
[4], Ypanbckoro pernona: 0,7 mr/n [18], yaacTkoB pa3BemodHoro OypeHus u B pailOHaxX pa3MenieHns J0ObIBa-
formx ckBaxuH: 1,28 u 1,24 mr/m coorBeTcTBeHHO, fora Cpenneit Cubupu: 0,098 mr/m [13], Ipubaiikanss:
0,7-1,6 mr/n [12], menTpa BocrounoeBponeiickoii paBHIHEI (Bepxaeokckuii 6acceitn): 1,33 mr/m [1].

CozeprkaHue xene3a B 30HaX BIMSAHUS UCCIEAO0BAHHBIX MPOMBIIUICHHBIX IpennpusTuii . Tomcka B cpen-
HeM coctasisieT 0,26 mr/n, m3mensisacs ot 0,10 go 0,73 mr/n. CpegHue KOHIICHTPALINH JKelle3a B CHETOBBIX BO-
Jlax TaexHoi 30HHI 3anagHoit Cubnupu Bechma pazHopedussl - ot 0,04 mr/n [18] mo 0,2-0,33 mr/n [3]. Boustane
TEXHOT'€HHBIX HCTOYHHKOB BBI3BIBACT CYIIECTBEHHOE yBEINIECHHUE COMICpKaHNs Fe B CHEroBBIX BOJax.

KoHneHTpammu pTyTH B pacTBOPHMOH (ha3e CHETOBOTO MOKPOBA M3 30H BO3ACHCTBUS NMPOMBIIUICHHBIX
npeanpustuii . Tomcka (ot 0,006 no 0,082 MKT/i) B 1IEJIOM COITOCTaBUMBI C aHAJIOTWYHBIME JaHHBIMHA IS
Ipyrux pernoHoB Poccun 1 Mupa: OHOBBIE TIOKA3aTENN CONCPKAHNS PTYTH B CHETOBBIX BOAAX MOJLSIPHBIX U
MIPUIIOJSIPHBIX pailoHOB olleHuBatoTcs Ha ypoBHe 0,0042 mxr/n[21], 0,001-0,09 mxr/a [19], 0,025-0,16 Mxr/n
[20], 0,01-0,07 mxr/n [3]. Ha Teppuropun TromeHCKOM 005acTu cpenHee copepkanue prytu cocrapiser 0,036
MKr/i1 [9]. Haubonpiiee cogepikanue pTyTd B Tajoi cHerooit Bozme (ot 0,006 mo 0,082 Mkr/m,npu cpemneit

oo koHneHTpauuu 0,028 MKr/n) 3auKcHpoBaHO B 30HE
T KupnHaHLIe 2280l BO3JCHCTBHS KUPIUYHBIX 3aBOJIOB, HAMMEHBIINE —B
b
0.08 v
§ oor —— 30HE BO3ICHCTBHS HE()TEXMMHUYECKOro 3aBozxa (OT
a
% a0 O Kenesoberomme 0,006 mo 0,008 MKr/im), 9TO HAXOMUTCS HA YPOBHE
) 3asons ¢ona (0,006 mkr/n, noc. Kupeesck). BousiBnena no-
e 008 D Tomcxnedrexnm
£ o CTOBEpHasi 3aKOHOMEPHOCTH YBEIMYCHUSI KOHIIEHT-
ém pauuy pTYTH B CHETOTAJOH BOJE C BO3pacTaHUEM
50 JOJH CIIa0OCBA3aHHON (CBOOOAHOM) (OPMBI HaXO-
o
2 :‘_ﬁ i L] JKJICHHS PTYTH B COCTaBE TBEPIOTO OCaJlKa CHera.
04 [ KoadduimenT nonBMXHOCTH PTYTH B CHETOBOM
1 2 3 4 5 MOKpOBE MpUHUMaeET 3HadueHus ot -0,80 xo 0,59, npu
Houepa Toex oTGopa npod cpenHeM 3HadeHnH -0,02 ¥ 1OKa3bIBacT, YTO B PTYTh

« CONTENTS



ABJIAETCS OYECHb MOIBIXHBIM 3JIEMEHTOM, MHTEHCHBHO TEPEXOAAIINM B PACTBOP B IpOIEcCe TasHUS CHETra.
Hamnbonee MHTEHCUBHEIN Mepexo/l pTYTH B pacTBOp HabmomaeTcs B mpobax U3 30HBI BO3ICHCTBUS JKeIe300e-
TOHHBIX 3aBOI0B (k03¢ uitnent monsmxaOoCTH OT -0,80 10 0,02), TAC HA TOITI0 BOTOPACTBOPUMOM (POPMEI PTY-
TH npuxoxnutcs ot 32 1o 81 % Bcel pTyTH, copepxaliencs B coctaBe cHera. Jlisi CHErOBBIX P00 U3 30HBI BO3-
JercTBUS He(PTEXUMHYECKOTO 3aBOJa XapaKTEePHBI HANOOJIBIINE 3HAYEHUS KOS (HUIMEHTa TOABIKHOCTH (OT
0,09 no 0,36), 9TO CBHUAETENBCTBYET O HAMMEHEE HHTEHCHBHOM TIEPEX0e PTYyTH B cocTaB pacTBopa. Ot 55 mo
82 % pTYTH B CHETOBBIX IPOOAx M3 30HBI BO3/ICHCTBUS HEPTEXUMHIECKOTO 3aBO/Ia HAXOANUTCS B COCTABE TBEP-
Joro ocaska cHera. B mpo6ax cHera, 0TOOpaHHBIX Ha TEPPUTOPHSIX U3 30H BO3/IEHCTBUS KUPIIMYHBIX 3aBOJOB U
TEIUIOIEKTPOCTAHIIUY, PTYTh IPAKTHUECKH B PABHBIX MPOIOPLUIX pacIpeelIeHa MKy TBEPAbIM 0CaIKOM
cuera (ot 40 1o 80 %, B cpemaem 56 %) u cHeroranoii Bomoii (ot 20 1o 60 %, B cpentem 44 %).

W3ydeHne MOHHOTO COCTaBa CHETOTANBIX BOJ B 30HAX BO3JECHCTBHS NMPOMBIIUICHHBIX MPEANPHATHH T.
Tomcka BBISIBIIIO 3HAaYEHHE MUHEPAIN3aLUH B Ipeenax (POHOBBIX 3HAUCHUH KOHTHHEHTAIBHBIX arMocgep-
HBIX OCAJIKOB JJIsl TACKHBIX JIecoB. [0ka3aTesib KHCIOTHOCTH-IIEIOYHOCTH CHETOTAIIBIX BOJ CBHACTEIBCTBYET
o HelTpanpHOU peakiun. Mcciaenosanue 2013 1. moka3aio cHKeHHE B 3,2 pa3a conepkaHus Cyab(ar-noHa, B
2,6 pasa - xopu-uoHa B . Tomcke 1o cpaBHenwuto ¢ nanubivu 2005 1. [15] 3navenue coornomenue SO /Cl B
CHETOTaJION BOJE B 30HaX BO3JEHCTBUS IMPOMBILUICHHBIX NMPEANPUATHI I. ToMCKa NMpEBBIIAET TAaKOBOE IS
MOPCKHX 0CaJKOB B 17,7 pa3a, 4TO CBHICTEILCTBYET O IOCTAaTOYHO CHIIBHOM TEXHOTEHHOM MOCTYIUICHUH COe-
JTUHEHUH cepbl B aTMOC(EpHBII BO3AYX.

HccnenoBanne CHEroTanoi BOABI MOKa3alo, YTO KOHIEHTPAIUU PTYTH B PaCTBOPUMOI (haze CHETOBOTO
ITOKPOBA M3 30H BO3/ICHCTBHS MIPOMBIIIUICHHBIX peanpusTii . Tomcka (ot 6 10 82 HI‘/Z[M3) B I[E€JIOM COITOCTa-
BHMBI C aHAJIOTUYHBIMHU JaHHBIMHU JUIsl IPYTHX pernoHoB Poccum m mupa. Hanbosnee nHTEHCHBHBIN nepexon
PTYTH B pacTBOp MPHUTAsHUE CHEra HaOMoaeTcsl B Mpo0ax U3 30HBI BO3JEHCTBHS KEIe300€TOHHBIX 3aBOJIOB,
T7Ie Ha JIOJII0 BOOPACTBOPUMOI GopMBbl pTyTH mpuxoautcs ot 32 no 81 % Bceil pTyTH, cogepikaineiics B co-
cTaBe cHera.Bce pacTBopuMbIe COEAMHEHNUS PTYTH B PE3YIbTaTe aKTUBHOTO BECEHHETO CHETOTAsIHUS TTOMayT
B IIOBEPXHOCTHBIE BOJOTOKH, YaCTUYHO HCIIApPATCS, YACTUYHO ITOCTYTISAT B OYBBL. B pe3ynsrare XMMHUUECKHX,
(hoTOXUMHYIECKNX U OMOXMMHYECKHX MPEBPAIICHUH B KPYTrOBOPOTE PTYTH PAacCTBOPHMBIE €€ (DOPMBI BHECYT
CBOH BKJIaJ B COJEp)KaHUE PTYTH B aTMOC(EPHOM BO3IyXe, MouBax u 6uore. HepactBopumslie Gpopmbl Takxke
MOCTYIISIT B aTMO-, IEJ0- U Grocdepy, OAHAKO, BOBJICUCHNE UX B JOKAJIBHBIM 1 PETHOHAIBHBIN KPyTrOBOPOT Oy-
JIET IPOTEKaTh MeJJIeHHee U OyZeT MMETh OTJaICHHBII BO BpEMEHH OTKITHK [8].

Paboma evinonnena npu ¢hunancosoii noooepoicke I panma Ilpesuoenma 013 noo0epiucKi MOIOObIX pOC-
cutickux yuenvix (MK 951.20013.5).
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Lead and mercury in the peat cores of ridge-hollow complex
in West Siberia

Veretennikova E., Lyapina E.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: lena2701@yandex.ru, eeldv@mail.ru

distribution in the two cores of ridge-hollow complex (RHC) of taiga zone of West Siberia (56°58’N

82°36°E). One of core was formed on the ridge (Rc); the second - at hollow (Hc). The study site was lo-
cated 10 km away from nearest settlement. Peat cores provided history of 5400 and 2600 years of Pb accumula-
tions.

The local assessment shows that of Pb and Hg concentration in the peat cores is generally low comparing
to other country in Europe and varies from 0.21 to 7.15 mg/kg and 12-96 png/kg, respectively. The Pb and Hg in
both the core profile show typical pattern of distribution: concentrations increasing significantly in the top lay-
ers with maximal concentrations after then state progressively decreased to the mineral sediment. Also, the
background values for Pb (0.37+0.29 and 0.39+0.26 mg/kg) and for a Hg (30+8 and 28,8+8,3 ng/g) are similar
between two cores and have good agreement to peat achieves from pre-anthropogenic times in Europe (Swe-
den, Spain, Germany, England and Switzerland).

The separate natural and anthropogenic Pb was selected over Ti as a conservative, reference element
which is supplied by soil dust aerosols derived from rock weathering. The results show that anthropogenic
source have dominated the supply of atmospheric Pb to the peat core continuously since 800 cal yr BP. Pb
concentrations from that time began to increase sharply reaching maximum values that are found in the upper
layers in the both cores are correspond to 100 ca yr BP. The results of our study show that Pb concentrations in
RHC are generally low and therefore atmospheric deposition and terrestrial pathways do not seem to represent
a major environmental hazard.

The highest rate of accumulation of Pb (0.44-0.73 mg/m’/yr) and Hg (2.26-10.08 pg/m’/yr) corresponds to
150-26 cal. yr. BP (~ 1800-1925 yr). The maximum Pb accumulation rate is (0.69 mg/m’/yr) and Hg (8.18 pg/
m’/yr) per 100 BP (~ 1850 yr). The data obtained are significantly lower compared with peat bogs in Europe
(Denmark, Ireland, Spain).

This paper presents the results of the study of lead (Pb) and mercury (Hg) concentrations and pattern of
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CBuHeU v pTyTb B TOPGAHbLIX 3aneax rpAagoBo-
MOYarKMHHOIO KOMIeKca Ha tore 3anagHon Cnbupu

BepeteHHukosa E.3., Jlanuua E.E.

MHCTUTYT MOHMTOpPUHIa KNUMaTUYECKUX U 3Konoruveckux cuctem CO PAH, Tomck, Poccua
E-mail: lena2701@yandex.ru, eeldv@mail.ru

OpCbHHI)Ie OTIOKEHHS OOJOTHBIX DKOCHCTEM CIIOCOOHBI AKKYMYJIHUPOBATh BEIIECTBA, IPUBHOCHUMBIEC U3

aTMOC(i)epBI, TIOBEPXHOCTHBIX U I'PYHTOBBIX BOMI, YTO IMO3BOJIACT UCIIOJIB30BaTh UX B KQUYCCTBE MHAMKA-

TOPOB 3arpsA3HCHUA Opr)KaIOHIGﬁ CpC€abl TSHKEJIBIMU METAJLIAaMH HE TOJIBKO B HaCTOf{H_[I/Iﬁ MOMCHT Bp€-
MCHU, HO U B JJUHAMHUKC UX aKKyMYJIAIIUU B PA3JIMYHBIC BPEMCHHBIC MHTCPBAJIBI. Cpe;m TSKEJIBIX METAJJIOB
CBHHEI[ U PTYTh 3aHUMAIOT 0c000€ MECTO, T.K. MPEJICTABISIOT HHTEPEC KaK C IKOTOKCHKOIOTHYECKOW TOUYKH
3pE€HUA, TaK U C reOXUMHUYECKOM.

B pabote npencrasieHbl pe3ysbTaThl 0 U3YUSHUIO COJCPIKAHMUS, PACTIPEICIICHHS U HAKOIUICHHSI CBHHI[A
(Pb) u prytu (Hg) B TopdsubIx 3anexax (T.3.) TpsaoBo-MouaxuuHoro koMmiiekca (MK), oqHa U3 KOTOpPBIX
pacriofio)xeHa Ha MOJaKHHe, Bropast — Ha rpaze. Mccaenosanustii ' MK otHocHuTCs K Bakgapckomy 60noTHOMY
MaccuBy (56°58' c.ii., 82°36' B.11.), KOTOPBIH SIBJSETCS YaCTBIO CEBEPO-BOCTOUHBIX OTPOroB Bacroranckoro 6o-
JIoTA.

Ot60p 00pasos Topha Ha 6OIOTE IPOU3BEICH PYUHBIM reoioruueckum oypom TBI—1, mocoitHo ¢ uH-
tepBajoM 10 cM, B ceHTsaope 2012 roma. Onpenenenue Pb BRIIOIHAIOCH aTOMHO-3MUCCHOHHBIM aHAIH30M C
kBapieBbM criekrporpadom CTD-1 B Jlaboparopuu munepanoruu u reoxumun TI'Y. Onpenenenue Hg B npo-
6ax Top(ha OCyIIECTBIIOCH B y4eOHO-HAyuHO J1abopaTopiuu MekyHapoIHOTO WHHOBAI[HIOHHOTO Hay4YHO-
00pa30BaTeIBHOIO IIEHTPa «YpaHOBas TeoorHs» Kadeapsl reodKkoaorun u reoxumMuu TIIY Ha aroMHO-a0-
copbLHOHHOM crekTpoMeTpe PA-915" ¢ nomonisio nuponurhdeckoi npucrasku IIMPO-915. YeraHosnenue
a0COJTIOTHOTO BO3pPAacTa OTAEIHHBIX CIIOEB OBLIO IMTPOBEIECHO C MPUMEHEHNEM METO/Ia PaAUOYTIIEPOTHOTO aTh-
poBaHus U onucaHo B pabore (BeperennukoBa, Kypbuna, 2014). TTony4deHHble 1aThl ObUIH OTKaJIMOPOBAHBI
pu moMouu nporpammuoro npuioxenus Calib 7.0html (http://calib.qub.ac.uk/calib/) B cucreme BP.

MOJTYMEHHBIE PE3YJIbTATbI 1 UX OBCYHKOEHNE

Caunen (Pb)

Konnenrparus Pb B ncciexyemsix TopdsabIx 3amexax BapsupyeT ot 0,21 10 6,97 Mr/kr (Ha MOYaKHUHE)
u ot 0,25 mo 7,15 mr/kr — Ha rpane (puc. 1). Haubonee Bricokme KoHIEHTparun Pb oOHApyKEeHBI B BEpXHUX
cIosix TOp(AHBIX 3anexeii: Ha ModaxuHe B cioe 0-110 cum - 3,08+1,48 (1,31- no 6.97); na rpsge — 4,03+£1,66
(2,31 mo 7,15). DT 3Ha4UEHUS HE MPEBBIIIAIOT TAKOBBIE IS OACTIIIAIOIINX TIOPOJ] HCCICAYEMOH TEPPUTOPUHT
(4,57 Mr/KT), 9TO MOXKET CBHICTEIIECTBOBATH O IMOCTYIUIEHIH Pb ¢ arMocdepHBIMI 0caakaMH, IPUBHOCHMBIMHU
B pE3yIbTaTe BEIBETPUBAHNUS MOACTHIIAIONINX OPOJ U Io4B pernoHa. KonmenTtparus Pb B TopdsHBIX 3amexax
I'MK conocTaBUMBI C JaHHBIMH, TTOTYYCHHBIMA paHee s T.3. Bacroranckoro 6omora (Beperennukona, ['omo-
Barfkas, 2012), Ho MeHBbIIIe 110 CpaBHEHHIO C JAaHHBIMU [T CEBEPHOH U rieHpanbHO# EBporer (Ukonmaanaho et
al., 2004; Bindler et al., 2004; Shotyk et al., 1998, 2003; Goggins et al., 2006)

®onoBrle 3HaUeHUS Pb, paccuntanuble kak cpenHee B nHTepBase ryonH 130-270 cM (B T.3. HA MOYaXH-
He) u 60-210 cMm (B T.3. Ha Tpsxe) cocraBmaoT 0,37+0,29 n 0,3940,26 MI/KT, COOTBETCTBEHHO. DTH 3HAYCHHUS
ONM3KM K KOHIEHTPAIMAM, COOTBETCTBYIOIINM JOAHTPOIIOTEHHOMY MEPHONY, MOTYYECHHBIM JUIS TOPQSHBIX
6omot Espomsr (0,10-0,78 mr/kr) (Shotyk et al., 2001; Klaminder et al., 2003; Le Roux et al., 2004, 2005;
Kylander et al., 2005). MakcumansHbIe KOHIIEHTparwu Pb (6,97 u 7,15 mr/kr)

warfkr Mkr/ir wrfkr war/xr
0 2 4 B 2 N 2 R 8 0 2 4 B 0 2 4 &0
0 0 0 I 0 s
r -3 2 2 1
3 & 80 4 ol
;f 80 80 A 3 e 60 4
'*;3, 100 100 4 § o 80 -
b 2] to w4
160 160 | S 120 120 4
180 180 140 140 A
20 200 - 160 160
220 0 1 180 180 A
: 5 2 m
280 260 1 —+—Hg 20 —+Fb
a) 0)

PucyHok 1. lpodmnsHoe pacnpeaenenue Pb v Hg B TopdaHbix 3anesax IMK: a) — Ha MouammHe, 6) — Ha rpsage.
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Konnentpammst Pb B BeprukansHOM mpodmuie He 3aBUCHT OT (PU3UKO-XHUMHYECKHX CBONCTB T.3. (30JIb-
HOCTB, CTEIICHb PA3JIOKEHHsI, KHCIOTHOCTE), YPOBHS OOJIOTHBIX BOA M CTEIEHH I'yMH(HKAINH, YTO MOATBEP-
KIAeTCS OTCYTCTBHEM KOPPEJALMOHHBIX CBA3EHl ¢ JTaHHBIMU MapaMeTpaMu. botaHnueckuii cocTaB Takxke He
OKa3bIBAaeT BIMSHHE Ha €r0 KOHLEHTpaluio. TakuM oOpa3oM, Pb B T.3. aBiseTcs HEMOGHIBHBIM JIEMEHTOM U
MOCTYIAeT B T.3. HCKJIIOYUTEIBHO ¢ aTMOCHEPHBIMU OCaJKaMH B TEUEHHE BCEil HCTOPHUHU Pa3BUTHS HCCIenye-
MOTO0 0OJIOTHOTO JTaHAmAadTA.

Jst Toro 4ToOBI OTAENUTE Pb, NIPHBHOCUMBIIA B T.3. 32 CYET IPUPOIHBIX HCTOYHUKOB (9pO3Hs II0YB, BHIBE-
TpUBaHKE TOPHBIX Mopox) oT Pb, mocTynaroniero B pe3yinbrare aHTPOIIOTEHHOM AESTEILHOCTH, HCIOIB30BAIIH
thopmyiry, mpuBeneHHyto B padore W. Shotyk (2001):

n [Pb]lithogenic = [Ti]sample*(Pb/ Ti)lithogenic?

rae: ungekc [Pb/Ti] paccunran mist naTepBana rnyoun 130-270 cm u 60-210 cM B TOPQSIHBIX 3aiexax Ha
MOYaXXUHE W Ipsjie, COOTBeTCTBEHHO. Cpe/iHee 3HaueHHE KOHIEHTpauuu Pb (MI/Kr) B HHTEpBAlie YKA3aHHBIX
mryoun cocraswio 0,36 u 0,39; Ti (mr/kr) — 302 u 305, cootBeTcTBeHHO. TakuMm 00pa3oM, 3HAUCHHUE UHICKCA
[Pb/Ti] mouaxuna - (0,36 ug g')/(302 pug g')=0,001; [Pb/Ti] rpama (0,39 mr/kr)/(305 mr/kr)=0,001.

9y

“AHTponorenHslii” Pb Beraucsim:

(2) [Pb]amhropogenic = [Pb]total_ [Pb]lithogenic‘

Pe3ynbraThl pacueToB MPEACTABICHBI Ha PUC. 2 U CBUCTENBCTBYIOT, YTO HAYalIO IIOCTYTIIIEHHUS «aHTPOIIO-
reHHoro» Pb B TopdsiabIe 3anmexxu coorBercTByeT mepuony 800-750 kan.n.H. KoHIeHTpanus «aHTpONmOreHHO-
ro» Pb B TopdsHBIX 3anexkax m3mensercs ot 0,60 1o 6,54 mr/kr. [lony4eHHBIC TaHHBIE XOPOIIO COTIIACYIOTCS C
JAaHHBIMH TI0 YMEPEHHO KIMMaTHdecKoi 3oHe 3amanHoit Cubupu. OTMeuaercs], 9To yBennmdeHue armocdep-
HBIX BBIMaieHUH MetamioB (Pb, Cu, Fe) B aTom pernone nponcxoauno 3HaYATENbHO modke (600-700 et Ha-
3a]) IO CPaBHEHHIO C TEPPUTOPHEH eBponeiickoil yacti Poccui, rae Bo3AeCTBHE aHTPOIIOTEHHBIX NCTOYHH-
KOB Ha IoCTyIuieHHe Pb 0TMEUEeHO B CIIOSIX BEPXOBBIX TOP(SIHUKOB Bo3pacToM 1,5-2,0 Tric. net. [Ipenmonoxu-
TEJIFHO TIPOIIECC 3alBUICHHOCTH arMocdepsl Ha TeppuTopun 3anaHoit CHOupH CBsI3aH ¢ paclpoCTpaHEHHEM
3eMJIEIENNS], COMTPOBOKAABIIIEIOCS BEDKUI'AHUEM JIECOB (IIMPOKOE paclpoCTpaHEHHUE 3eMIICEIHS HaYaJIoCh B
9TOM palioHEe C MPUXOIOM PYCCKOTO HaceneHus, okono 450 et Hazam) (MockoBueHko, 2006).

Taknum 00pa3om, yBenMUeHNE KOHIIEHTpayy Pb B BEpXHUX CIIOAX TOPGSIHBIX 3a1€KeH MPONCXOIUT IPEH-
MYIIECTBEHHO 32 CUET aHTPOIIOTEHHOH aKTHBHOCTH. MaKCHMasbHbIE KOHLEHTPALNMH «aHTPOMOreHHOTro» Pb
(5,89-6,54 mr/kT) B TOpQSHBIX 3a51ekKax 0OHAPYKEeHBI B citoe 20 cM, KoTopklii cootBeTcTByeT ~ 100 1.H. BP (10
KaJrOpOBaHHOM IIKaJIe).

a)
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Puc. 2. OtHowenme Pb/Ti, pacueTHble KOHUEHTPAUMM PBjyygerc M Pb.opagenic B TOPGAHBIX 3anemax
a) — Ha MoYakuHe, 6) — Ha rpage.
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Pryrs (Hg)

Xapaxtep npoduinbHoro pacnpenenenus Hg nogoden Pb, uto 00ycioBieHO 0OITHOCTEIO Te0XUMHUYECKO-
TO IIOBEJICHNE 3TUX IEMEHTOB B Iponecce ToppoHaroruieHus. Konnentpanus Hg B mpoduiie TopdsHbIx 3ae-
el He OOHapy>KUBAET CBSA3H C 30JIbHOCTHIO, pH, CTENEHBIO pa3okeHHs, yPOBHIMH OOJOTHBIX BOJI. JOBOJIBHO
BBICOKAsl KOPPEJISILIMOHHAS CBSI3b BBIBICHA MEXIy coiepkanueM B npoduie Hg u Mn (r=0,65 u 0,72), uto
HaBOAUT HA MBICIb O BIMSHUM OKHCIHTEIbHO-BOCCTAHOBUTEIBHBIX YCIOBUH HAa pacpeeliCHHe IeMEHTa B
nipoduiie TOpQSIHBIX 3aeXkei, 4To oTMedanoch Takke B padore (I'onosarkast, Jismunaa, 2009).

Haubonee Beicokue koHIIeHTpanud Hg cooTBeTCTBYIOT BepxXHUM TOphstHBIM ciiosim 0-110 (Ha MoyakuHe)
- 53,6+18,9 Mkr/kr (22-96) 1 0-60 cm (Ha rpsze) - 49,6+11,4 Mxr/kr (32-69). OTH KOHIEHTpaLUH BHIIIE, YEM B
MOACTHIIAIONINX TOpoaax (25 MKI/KT) B 2 pa3a, 4TO CBUAETEILCTBYET O HE3HAYNTEIBHON POIIH MTOACTHIIAIONIHX
ITOPOJI B MOCTYIUICHHX METAJLIOB B TopdstHbIe ciou 3anexeid [ MK. ®oHoBbIe 3HaYeHUS, TOTyYCHHBIE 11 Hg
B 00eHX TOp(MAHBIX 3aJIeKaX COMOCTABUMEI U cocTaBMM 30+8 u 28,8+8,3 MKI/KT Ha MOYaXXHHE U TPSAAC COOT-
BeTcTBeHHO. Kak u B ciydae co Pb, Mmakcumanbhblie konneHtpanun Hg (96 — Ha Moyaxkuse 1 69 MKI/KT — Ha
rpszae) cooTBeTcTBYIOT cioto 20 cM. ITomydyeHHbIe TaHHBIE COOTBETCTBYIOT XapakTepy paclpeesIeHHs coep-
KaHUs pTYTH B TopdsHbIX paspesax [lararonun (Biester H. et al., 2000), Mcnannu (Martlnez-Cortizas A et al.,
1999), Hopeeruu (Steinnes E. et al., 2005), CIIIA (Benoit J.M. et al., 1998) u np.

Hcrounnkamy yBeIWYeHUs IIOCTYIUIEHUS PTYTH B aTMoc(epy MOTYT OBITh KaKk OCBOSHHE HOBBIX I1aXOT-
HBIX YTOIIMH, ¥ CBSI3aHHBIX C HUMH BBDKHTaHHE JIECOB U paclallka 3eMellb, Tak 1 pa3paborka B 3ananHoi Cu-
OMpH MECTOPOXKICHNH MOJIE3HBIX HCKONIAEMBIX (yTOJIb, 30JI0T0, cepedpo, MeIb U p.) U, KaK CIE/ACTBHE, CTPOU-
TEJILCTBO METAJUTyPIHYE€CKUX 3aBOJIOB, 00pa30BaHNE 30JI0TOI0OBIBAIOIINX apTeNied W Pa3BUTHEM TPAHCIIOPT-
HOW pevHO U xkene3HonopokHoi cereit (I'yzapos, 2012).

Cxopocts akkymyasinun Pb n Hg paccunteiBanacs o ¢popmysie, npusenenHoii B pabote (Ettler et al., 2008):
3) AR, = 10*[Hg]or[Pb]*BD*PAR(cm/rox),

e BD — notHocTs Topda (r/cm’); PAR — ckopocTh akkyMmyssiuu Topha (cm/rox).

Cpensisi CKOpOCTh HaKOTUIEHUS TOp(da B TOPPSHBIX 3aie’kaxX MOYAKUHBI U TPsiIbl cocTaBmia 1,14+0,65 u
1,72+0,73 mm/Tron, cooTBeTCTBEHHO. Ha MoYasknHe MUHMMAIbHAs CKOpOCTh cocTaBuia 0,12 Mm/rox, B iepros
5500-3000 51.H., 3aTeM pe3ko Bo3zpocia jao 1,1 mm/roa. B TophsiHoit 3a51exu Ha Tpsijie BBICOKast CKOPOCTh (2,42
MM/TOMT) XapakTepHa Ha HadajdbHOM dTare GopmupoBanus, B nepuon 2600-1600 n.H.; k 1500 kai. n1.H. oHA
cHusnnack 10 0,19 mm/ron, B TO Bpems Kak Ha MOYaKMHE OHA Hadaja, HalpoTHB, Bo3pacTaTh. [Ipumepro 250
KaJl. JI.H. CKOPOCTh TOP(POHAKOTUICHUST HA MOYa)KMHE U TPsAJIE cTajia MPUOIH3UTENILHO paBHOM U cocTanisiet 2,0
u 1,67 MM/TO, COOTBETCTBEHHO.

HauGonee BbICOKast CKopocTh HakomuieHus Pb (0,44-0,73 mr/m’/ron) u Hg (2,26-10,08 MKr/mM’/roj) cooT-
BeTcTByeT nepuoxy 150-26 1.1 (~1800-1925 rr). MakcumanbHas cKopocTh Hakornenus Pb (0,69 mr/m’/ron) u
Hg (8,18 Mkr/m’/rox) npuxoautes Ha 100 j.H. (~1850). [TomydyeHHbIe AaHHbIE 3HAYUTETLHO HIKE 1O CPABHE-
Huto ¢ Topdssankamu EBponer (anus, Upnaanus, Mcmanus).

YBenunuenue ckopocTtu Haxkomierne Pb u Hg cuaxpoHHO, 0COOEHHO B BEpXHEH YacTh TOPQSHBIX 3aJIeKeH,
YTO CBUJETEIHCTBYET 00 OHOBPEMEHHOM 3arpsi3HEHHH aTMOc(epbl STUMHU 3IEMEHTAaMH U BO3MOXKHO 00IIeM
WCTOYHUKE MX MOCTYIUICHUs (C)KUTaHKE YA U ApeBecuHbl). ClienyeT OTMETHTh, YTO B TOPGSIHON 3a1eXH Ha
rpsifie, KapTUHA MPO(UIBHOTO PACcTIPEACICHHUS JEMEHTOB M MX HAKOIUICHUS CHJIBHO OTIMYAcTCs. BhICOKast
CKOPOCTh HAKOIUICHHS AJIEMEHTOB OOHapykeHa Ha rpsie B nepuoz 2600-2100 n.H. XapakTep CKOPOCTH HAKO-
IUIEHHUS METAJUIOB B IIPOQHIIE ONPEeIsIeTCs NIaBHBIM 00pa3oM CKOPOCThIO TOP(OHAKOIIIEHNUS, KOTOpas B yKa-
3aHHBIM MEpPHOJ Ha Tpsifie OblIa MAKCHMaJIbHO BBICOKOH. Ha MouaknmHe yBennueHHe CKOPOCTH HAaKOMJICHUS
aneMeHToB oTMedaeTcs B meproa 3000-2600 si.H. [TogoOHBIE 0COOEHHOCTH B CKOPOCTH HAKOTICHHUST METAIIJIOB
oTMmevanock u panee (Biester et al., Pratte et al., 2013).
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TMOC(EpHBII BO3IYX ABISETCA CAMOW BayKHON KM3HEOOECIIeUNBAIOIICH IPUPOIHON Cpeoi U mpe/I-
CTaBJII€T cOOOH CMECh ra30B M a3p0O30JIeH MPU3EMHOTO CJI0sI aTMOC(EPBI, CIIOKHUBIIYIOCS B XOZIE 9BO-
JFOINH 3eMITH, IESITEIbHOCTH YeNIOBEKa M HAXOSIIYIOCS 3a IpeIeIaMHy KHJIBIX, IPON3BOACTBCHHBIX U
MHBIX MoMemieHni. K MpupomHbIM HCTOUHUKAM 3arps3HEHHUS OTHOCSATCS: M3BEP)KCHUS BYJIKAHOB, MBUIBHBIC
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SESSION 5

OypH, JIECHBIE TTOXKAPBI, TBUIE KOCMUYECKOTO MMPOMCXOXKACHNUS, YACTULBI MOPCKON COJH, MTPOLYKTHI PACTHTEIb-
HOT0, ’KMBOTHOTO ¥ MHUKPOOMOIOTHYECKOTO MPOUCXOXKACHHS. YPOBEHb TaKOTO 3arpA3HEHHsT MOXKET paccMa-
TPUBAThCs B KauecTBE (POHOBOTO, KOTOPBII MaJlo U3MEHSAETCS CO BpeMeHeM. [IoMUMO PUPOIHBIX, HIIH €CTECT-
BEHHBIX, a9p030JIeH, B aTMOC(epy NPOHUKAET OOIBIIOE KOMUIECTBO TaK Ha3bIBAEMBIX MCKYCCTBEHHBIX (TIpO-
MBIIIJICHHBIX WM aHTPOIIOTEHHBIX) a3p030Jieil, KOTOphIE 3a4acTyl0 HAaHOCAT HEMONpPaBHMBINA yiiepO pacTu-
TEJILHOMY ¥ JKHBOTHOMY MHDY, HEPEJKO MPEACTABISAIOT BECbMa CEPbE3HYIO OMACHOCTH VIS 3[J0POBbSI JIFOCH,
Kak caMH 110 cede, TaKk ¥ y4acTBys B Pa3IMUHbBIX (PU3NKO-XHMMHYECKUX NTPEBPALICHUSIX B aTMOcdepe.

AHTPONOTeHHbIH BKJIA B @3pO30JIbHYI0 Maccy arMoc(hepbl 3eMIIH OLCHUBACTCSI B CPEIHEM BEITUUUHOM
12 %. Ilpu 3TOM, TOYTH BCE BBEIOPOCHI HCKYCCTBEHHBIX a3p030JIeii OCYIIECTBISIOTCA Ha ypOaHM3UPOBAHHBIX
3-4 % momanu TEPPUTOPHUU CYIIH, T MPOXKUBAET OOJNBINE MTOJOBUHBI HaceleHus iaHeTs! [1]. Koneuno,
MHOTHE TTapaMeTphl a3p030JIeH pa3IndyHOTO IMPOUCXOXKACHH B HEMAJION CTEIICHU U3Y4YEHBI B MPEIICCTBYIO-
mue aecsatuinetus. OCoOEHHO 3TO KacaeTcs XMMHUYECKOTO M MUKPO(QHU3UIECKOTO COCTaBa adpO30JIbHBIX 4a-
CTHI], B TOM YHCJIE ¥ aHTPOIIOT€HHOTO IIPOUCXOXKICHHUS, HO, KaK IIPAaBHJIO, OTOOPAHHBIX B IIPH3EMHOM CJIOE at-
Mocdepsl. OnHaKO, HEBO3MOXKHO YTBEPKAATh, YTO UMEETCS JOCTATOYHO AAHHBIX O MapaMeTpax a’spo3ois BO
BCEM citoe ero GOpMHUPOBaHMS B BO3AYIIHOW CpeAe HaJ TOPOIOM, TO €CTh, 0 KpalHell Mepe, B TOTpaHNIHOM
citoe artMocGepsl, KOTOPBIH CITYyKUT aKKyMYJISITOPOM U HHTETPATOPOM KaK IIPH3EMHBIX, TaK M BBICOKOPACIIONO-
KEHHBIX HICTOYHUKOB. BeposATHO, B 3TOM cioe OombIiie Bcero HHGpOpMAIUH UMEETCSI JTHIIb O XUMHUIECKOM CO-
cTaBe a’po30Jei [2, 3] u, oT9acTH, 0 MOPPOIOTUIECKON CTPYKTYpE JaCTHII, IPUIEM, KaK IIPABHIIO, TOBOIHHO
KpynHBIX [3, 4]. [ToaToMy 09eBHIHO, 9TO JOBOJIBHO BaXKHO U aKTyaJbHO 3HATh COBPEMEHHBIEC MAaCIITA0BI BIHS-
HUSI KPYITHBIX TOPOZIOB Ha ()OPMHPOBAHNE a3PO30JIBHBIX MONEH aTMOC(EpPB PETHOHOB UX PACHIONOKEHHUS; OT-
CJIS)KUBATh HE TOJIIBKO MPOCTPAHCTBEHHYIO, HO ¥ BPEMECHHYIO, B TOM YHCJIE CE30HHYIO MHAMUKY KOHIICHTpA-
LUK a3p0o30Jis, OCOOCHHO, CaMOM IOJTOKUBYILEH, a MOTOMY M Hanbolee BIMATEIBHON Ha OHOOPraHM3MBI,
CyOMHUKpPOHHOH ero ¢pakiuu. [yt u3MepeHus! KOHIEHTPAIMi IPUCYTCTBYIOIIETO B aTMOC(HEPHOM BO3yXe
a’p030IIA YK€ TaBHO MIPIMEHSIOTCS (POTOINEKTPHUECKUE CUETINKH [ | ], KOTOpBIE O3BONIAIOT Oe3 CreHaIbHOM
KaJTMOpPOBKH OIHOBPEMEHHO OIPENENTUTh CUETHYIO KOHIICHTPAIMIO W pa3Mephl dyacTui B mHTepBajie 0,3-20
MKM H Ooree.

B 2011 romy MOA CO PAH coBmectHo ¢ Cu6HUA nm. C.A.Hamtsiruna (r.HoBocubupcek) 601 cozman
camoner-naboparopus Ty-134 «Ontuky, Haroniii BO3SMOXXHOCTB HCCIIEO0BATh COCTaB U ITapaMeTphl aTMoc(e-
PBI BO BCEM JJOCTHI'AaEMOM IIPOCTPAHCTBEHHOM JHAIa30HE YCTAaHOBJICHHBIMU Ha €ro OOPTY CpeCTBaMH U3Me-
penus [5]. Kommieke o6opynoBanus BKITIOYaeT B ceOs KOHTAKTHBIE W JUCTAHIIMOHHBIC TPUOOPHI U JaTYHKH,
TI03BOJISIONINE U3MEPSATH Ta30BbIi U a9PO30JIbHBII cOCTaB aTMOC(ephl Ha Pa3HBIX BBICOTAX, IPU OHOBPEMEH-
HOM KOHTPOJIE METCOPOJIOTMIECKUX BETMYUH 1 HABUT'ALIMOHHBIX apamMeTpoB. st u3MepeHust CyOMUKPOHHO-
TO U KPYITHOIMCIIEPCHOTO a3p030JIsl UCTIONB30BAJICS JTa3epHBIN creKTpoMeTp adpozoins pupmer GRIMM, mo-
nens 1.109, nranazon m3mepsiemMbix gacTtui: 0,25 — 32 MxMm, ¢ OIH3KO# K JIOrHOpMaNsHOH pa3douBkoii Ha 31 ka-
HaJT; IOTPEIIHOCTH 5%; MPOIOIKUTENILHOCTD OTHOTO U3MEPEHUsI (YacToTa) — 6 CeK.

3onaupoBanue arMocdeps! Ha camonere-naboparopuu Ty-134 «OnTuk» MPOBOAUTCS, HAYMHAS C MapTa
2011 roma, ¢ MOYTH €KEMECSIHON MEPUOJNIHOCTHIO B TPOIIOC(HEPHOM cJI0e BBICOTOI 10 7 kM Hax Kapakan-
CKUM 00pOM, pacIioiioKeHHOM foro-3amagaee Hopocubupceka Ha rpanune ¢ AntaiickuM kKpaeM (yciaoBHO ¢o-
HOBBIH paifoH). B ¢oHOBOM paiione 30HAMpOBaHIE MPOU3BOAMIOCH HAa 8 BRICOTHBIX dmmenoHax: 7000, 5500,
4000, 3000, 2000, 1500, 1000 1 500 M. B3nér u mocajka BEIIOJHSIINCH Ha CEBEpO-BOCTOUHOH okpanHe HoBo-
CHOHMpPCKa, TO €CTh HA0Op BBICOTHI Cpa3y IOCIE B3NIETAa M CHIDKCHUE MEpe]] MOCAIKOH OCYIIECTBIAIOCH Hal
METAIOIICOM WM B HEMOCPEACTBEHHON OMM30CTH OT HETO. YUHMTHIBAsA, YTO B CAMOM Hauasle MOJIeTa BBIXO[
MpuOOpPOB Ha CTALMOHAPHBIA PEXUM M3MEPEHUI HE BCernaa JOCTHIalCS HaJ TOpOIOM, MbI HCIIOIb30Balll
0OpaTHBII TOJNIETHBINX TP3K Ul BEIOOPKH FOPOACKHUX M3MEPEHHH, TeM OoJiee, 9TO BO3BpAIEHHE B FOPOI OCYy-
MIECTBISUIOCH, KaK MPaBIIIO, Ha BEICOTHBIX dmmenoHax 2100-1800 M, mo3BossiBIee mMoaydars JaHHBIE IO JHC-
TIEPCHOMY COCTaBYy a3p030Jis He TOJIBKO B (POHOBOH, HO M B TOPOJICKON arMocdepe, o KpaiHeil Mepe, B HIK-
HeM croe Tporocheps! (< 2KM), XapaKTepH3yeMOM B MTOCIIEIHEM CITydae Kak IMOTPAHWIHBIN CIIOW TOPOACKON
aTMOCQepHl.

Ne, o 4 choHOBRIA KO3 Puc.1. CpeaHue CYETHbIE KOHLIEHTPALMM a3-
100 | paitoH HCO P030/1A ¢ pa3MepoM YacTuL, 6onbLue 0,25 MKM,
=, & +— paiioH ropoaa
o 5 11\: . Hosocveipora|  MOCTPOHHbIE 10 U3MepeaM Haa $OoHOBbIM U
) = ropoa noa ropoackum paroHamm B 2011-2013 rr.
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[To moxy4enHsM 3a 3 Toa JAHHBIM AUCIIEPCHOTO COCTaBa a’3po30is oT 0,25 MKM OBUTH TOCTPOCHEI Cpe-
HHE KPUBBIE CYETHOW KOHIIEHTPAIIMH a3po30iisl s HibkHell Tpomocdepsr (2000-500 M) doHOBOTO paiiona
roro-3armaga HoBocnbupckoit obmacTi 1 Ha Tex ke BBICOTaX M HWXKe, U1 paiioHa ropoga HoocmbOupcka, a
TaKXe JUId HEPEAKO HAOI0IaeMOoH IIp1 CHIDKCHUH HaJl TOPOJOM HOANHBEPCUOHHOH 30HE OTAEIBHO, UTO MPEa-
CTaBJIEHO Ha puc. 1.

I'paduk (puc. 1) moka3ssiBaeT, 4To B paitone ropona HoBocubmpcka comepxanne a3po30IbHBIX YaCTHII IO
BCEMY M3MEpseMOMY Ja3epHBIM crieKTpoMeTpoMm asposonst GRIMM 1.109 nuamazony, mpeBBIIaeT comepika-
HUe JacTuI B GOHOBOM paiioHe. Takas 3aKOHOMEPHOCTH CBSI3aHHA C TE€M, YTO OOJNBIION BKJIA[ B PaiioH ropoaa
HoBocubupcka BHOCST a3p030JIbHBIE YaCTHIIBI HCKYCCTBEHHOTO (IIPOMBIIIIIEHHOTO) MTPOoHCcXoxaeHus. [IpeBsl-
IIEHHE COEPKaHNs JaCTHI] C Pa3MEPOM B JMaa30He OT 2 10 6,5 MKM HaJl TOPOJOM 110 CPABHEHHIO ¢ (POHOBBIM
paiiOHOM JOCTHTaeT MOIYTOpa MOPSAAKA BEIUIUHBI. DTO MOKA3bIBACT, YTO B paifOHE METranosirca uayT akTHB-
HBIE TIPOLIECCHI YKPYITHEHHS YacTHIl U3 CyOMUKPOHHOM 00NacTH CHEKTPa, BEPOATHO, 3@ CUET BCEBO3MOXKHBIX
MIPOLIECCOB B3aWMOJIEHCTBUS, BBUY BBICOKOM KOHLIEHTPALUH BBIOPACHIBAEMBIX TOPOAOM MEJIKHX a3pO30JeH,
Ta30B-TIPENIECTBEHHUKOB U ITAPOB a3p030J1€00pa3yoInuX COSTHHEHHH.

OnHako, eciM paccMaTpuBaTh OCPEAHEHMS PACTIPEACTICHUH CUETHON KOHIICHTPAIMH B 3aBUCHMOCTH OT
BPEMEHHU T0Z1a, TO OKaXKETCsl, YTO puC. 1 GopMHupyeTcs M3MEPEHHIMH 3a TEMIBIN nepuox (c ampens 1Mo Ok-
T0ps). CpemHue KpuBble CYETHONW KOHIICHTPANNi a3po30is st (OHOBOTO paiioHa u paiiona ropoxa HoBocu-
6upcka, a TakXKe B IOANHBEPCUOHHOM CJIOE B TOPOZE MIIM BONM3M HETO OTAEIBHO 33 XOJIIOAHBIN NEPUOA — C HO-
sIOps IO MapT — TaJAyT COBCEM JIPYTYIO KapTHHY: pHC. 2.

Ns . am + oHoBLIA O3 Puc.2. CpegHue CYETHbIE KOHLIEHTPaLMM a3po-
100,0000 paitoH HCO 3014 € pa3MepoM YacTuy, 6onbue 0,25 MKM, no-
—e— palioH ropoga
10,0000 et HoBocuupcka CTPOEHHbIE M0 M3MEPEHMAM TOJIbKO 3a X0Nod-
1,0000 | —=— ropoA noa Hble MecAubl 2011-2013 rr.
WHBEpPCUEN
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PucyHok 2 noxasbIBaeT, 4To B XOJIO/IHBIN NIepHo/ B palioHe roposna HoBocnbupeka copepxanue aspo30Iib-
HBIX YaCTHI] IT0 BCEMY U3MEPSIEMOMY JINaNa3oHy HE3HAUYMTEIBHO IPEBBIIIACT COEP)KaHUE YaCTHUIl B (JOHOBOM
paiione. [1py 5TOM B XOJIOAHBIN IEPHOJ OTMEYAETCS SIBHOE HAKOTUICHHUE YaCTHIL a9P030JIs B TOJJMHBEPCHOHHOM
cioe arMoc(epbl MeraroJiuca 1 ero MpuropoioB OT MOIYTOPs/IKa BENNYNHBI B MUKPOIUCIIEPCHOI 001acTH /10
2-X IOPSIIKOB BETUYMHBI TS TPYOOTUCTIEPCHOM (PPaKIUK, 0 CPAaBHEHHIO C (POHOBBIM paiioHOM. [Ipruem aud-
(y3us npuMeceil uepe3 HHBEPCHOHHBII CIIOM TOPOJICKOH IIalKK BeChbMa HE3HAUUTENbHA: IIOYTH OTCYTCTBYET
JUTSL CAMBIX MEJKUX YaCTHII, ¥ MIOCTECIIEHHO PAcTeT K 00IACTH KPYITHBIX YACTHIL.

Takum 00pa3oM, pacCMOTpPEHHE PACIpE/IeNICHNsI CYETHOW KOHIIEHTPALMK a3p030isi B paiioHe KPYITHOTO
METarojrca, KakoBeIM siBisieTcsl T.HOBOCHOHMPCK, OOHAPYKUBACT CYIICCTBEHHO Pa3IHYAIOIIANCS XapakTep
pactpoctpanenus a3po3oist B [ICA B HermocpecTBeHHON OIM30CTH OT TOpojia U B MOJUHBEPCHOHHOM CIIOE B
ropoze uiu BOnu3u Hero. borbiiee pa3BuTHE HHBEPCHH B XOJIOAHBIN MIEPHOA T0a CIIOCOOCTBYET HAKOIIJICHHUIO
AQHTPOIOTEHHOTO a3p030JIsl HaJl TOPOJIOM.

Paboma svinonnena npu noddepoicke @onoa enodanbHbLX UCCIe008aHUL OKpYIcatoujeli cpedst 0 Hayu-
OHAbHBIX UHCMumMymos Munucmepcemea okpyoicarowell cpedvl Anonuu, npoepammul [Ipezuouyma PAH Ne4,
npoepammvl OH3 PAH Ne5, meocoucyunnunaprvix unmezpayuonusix npoexkmos CO PAH Ne35, Ne70 u Nel31,
epanmog PODU Ne 14-05-00526, Nel4-05-00590.
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Urban heat islands of the Russian Federation:
the main characteristics and problems of studying

Konstantinov P.I., Kukanova A.E.

Moscow State University, Moscow, Russia
E-mail: kostadini®mail.ru

he main idea of this study is evaluate spatial and temporal dynamics of Urban Heat Island (UHI) phe-

nomenon for biggest Russian cities. In current investigation data created by regular state meteorological

observation ROSHYDROMET network was used. For every city we selected selected couple of sta-
tions: one located into city in high and midrise buildings area (extensive lowrise and high-energy industrial -
LCZ classification) and second one located in rural site (sparsely built or open-set and lightweight lowrise ac-
cording LCZ classification). Also couples of stations must be close by distance (less than 100 km) and altitude.
For selection operation was constructed spatial database in ESRI ArcGIS Desktop environmental.

Advantage investigation UHI of Russian city is diversity of climate condition. Selected cities locate within
territory from 40N to 70N latitude and from 20E to 160E. That fact allows research UHI phenomenon in space
term. Were detected intensity UHI patterns depends on geographical location of the city. For 16 cities were ob-
tained numerical evaluations for UHI climate dynamics, UHI dependence of synoptic situations and total UHI
climatology on monthly and daily averages.

[opoackue octposa Tenna Poccninckon Oepepaumn:
OCHOBHbIE XapaKTePUCTUKM U NPobeMbI U3y4eHUSA

Konctantuhos 1.U., KykaHosa E.A.

MocKoBcKuiA rocynapcTBeHHbl yHuBepcuteT uM. M.B.JloMoHocoBa, Mockea, Poccus
E-mail: kostadini@mail.ru

acTosiee HCCIIEIOBAHME IIOCBSIIEHO W3YYEHHIO IPOCTPAHCTBEHHO-BPEMEHHOW W3MEHYMBOCTH

OCTpOBOB Teruia poccuiickux roponos (Urban Heat Islands (UHI) — knumarndeckux HeHOMEHOB, 3a-

KITIOYAIOMIMXCS B OTHOCHUTENBHOM IIPEBBIIICHUH MPHU3EMHONW TeMIepaTyphl BO3IyXa B HACEICHHBIX
IMyHKTaX 10 CpaBHEHUIO ¢ (POHOBBIMHU yclIOBUAMH) B Hadane XXI Beka. [TomyTHO 00CyX1at0TCsI METO0I0TH-
Yyeckue mpoOsieMbl TIOOOHBIX UCCIISOBaHU, CBI3aHHbBIE C HEAOCTATKOM (DaKTHYECKHX METEOPOIOrHYECKHX
JTAHHBIX ¥ IIyTH UX PELICHHUS.

OueBHIHO, YTO B HjeaJIe TS peIIeHIs JaHHOH 3a1a4l He0OXOIUMO PaCCMOTPETh TeMIIEpaTypHBIE PAIbI
HaOTIONEHUH KaK BHYTPH TOPOJICKOM 3aCTPONKH, TaK M BHE €€ Ha HeOOJIBIIIOM YIaIeHNH; IPOBECTH JAeTaIbHOE
CpaBHEHHE TeMIIepaTypHBIX IOJIEH, BEIYUCINTh AaHOMAIMH M M3YYUTh UX AMHAMUKY. IIpyn HeorpaHWYEeHHBIX
BO3MO)KHOCTAX HAOIIONEHHH 3a TeMIepaTypoi, MccaeJoBaHHEe CTOUT IPOBOANTE, ONHPAsCh KAK MUHUMYM Ha
TPH «TOPOJICKHE)» METEOPOJIOTHUECKHE CTAaHIIMK B YeThIpe «(POoHOBEBIe» [1]. DTO MO3BOIMUT HAWITYHIINM CIIOCO-
00M, ¢ MUKPOKJIMMATHYECKOM TOUKH 3peHHs [ 1] M3yuuTh MpOCTpaHCTBEHHYIO cTpyKTypy siBnenus UHI. Onna-
KO Ha JaHHBIA MOMEHT He CyIIECTBYET IMOXOOHBIX yCIOBHH [T Kakoro-1ubo ropoaa Poccun kpome MOCKBEI.

B nanHoO# pabote OblIa MPENPHHATA MOIBITKA UCCIE0BaTh BHYTpHronoByto auHamuky UHI u wactoty
SKCTpEMAaNbHBIX 3HAUE€HHUH 3TOT0 MapamMeTpa MyTeM aHaln3a JaHHBIX Map cTaHmui (ropoxackas — (poHOBas),
MOBEPIHYTHIX CTPOTOMY METOAY 0TOOpa, BKIIIOYAIOIIEMY CIIEAYIOIIHE KPUTEPUH:

* /3BecTHO TOYHOE MOIOKEHHUE TOPOACKON CTAHITNH;

» Topoxckas cTaHIMsl HAXOAUTCS MAKCHUMAIIBHO OJIM3KO K IIEHTPY ropojia 1 00513aTeNbHO BHYTPH FOPO/I-
CKOM 3aCTpPOMNKY;

»  @DoHOBas CTaHIIMS HAXOAUTCS B 3aCTPOIKE HE IJIOTHEE U BHICOTHEE, YeM JIauHast/CellbCKas 3acTpoiika
(OTHEenBHO CTOSIIME HEBBICOKUE J0OMA, Pa3/ieieHHbIe YIaCTKaMHU €CTECTBEHHOTO JTaHaAnadTa)

* BriOpaHHas nmapa CTaHIIUI HAXOMUTCS Ha HEOOIBIIOM YIaJIeHUH apyT oT aApyra (He 6osee 100 kuio-
METPOB, keJareabHo He Oomnee 50 KUIoMeTpoB);

*  AOCOJIOTHBIC BBICOTHI 00CHX CTAHIIMM MaKCHMAaJIbHO COBIIA/IAIOT;

*  OOe BbIJICTICHHBIE CTAHIMH, HAXOJATCS B CXOXKUX JAHAMA(THBIX YCIOBUIX

* BriOpaHHbIe CTaHIINU SBJISIOTCS CETEBBIMH.
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OpHako, HEYTEIINTENbHAS CTaTHCTHKA ObIIa moydena ais kpynueimux 100 roponos Poccuu ¢ Hacene-
aueM 6onee 100 000 mocTostHHEBIX xuTenel. st 55 u3 HuX He ObUTO HalEHO TOPOACKON CTAHIIMU: CTAHIINS
71100 TOJHOCTBIO OTCYTCTBOBAJA, TMO0 HAXOAWIACH HA OKPAMHE Topojia BHE TOPOACKOIl 3acTpoiiku. Eme s
11 ropomoB oka3anoch HEBO3MOKHBIM MOA00PaTh PENPE3EHTATHBHYIO Mapy CTAaHLUH, OTBEYAIOIIYI0 YCTaHOB-
JICHHBIM YCIIOBUSIM: JINOO CTaHIIMM HAXOAWJINCh HA 3HAUYMTENIBHO Pa3HBIX BBICOTAX, TMOO B Pa3IMUHBIX JIAH-
nmagTax, 1M00 Ha ynaieHuH ApyT oT apyra 6omee 100 kmmometpos. Eme mmsa 13 ropomoB oka3zanock HEBO3-
MOKHBIM ITOJTY4UTh HETIOCPEACTBEHHO JaHHbIE n3MepeHnii. Taxke 5 Topos1oB ObIIM yaaneHbl U3 BEIOOPKH, TaK
KaK 3a BBIICJICHHBIN [UIA uccinenoBanmii mepron spemern 2000 — 2012 roma qoCTyIIHBIE JaHHBIE H3MEPEHHUN
coctaBw psag MeHee ueM B 10 net (mogpoduee Puc.1).

B wrore s nmpoBeneHUs WCCIIeIOBaHUN OBUTH BBIOpaHBI crieaytomue ropoxa: Mocksa, Cankr-Iletep-
oypr, ExarepunOypr, Boponex, Kpacnomap, Upkyrck, Tomck, Kupos, Kypck, Yman-Ym3, ApxaHrensck,
Sxyrck, CeBeponBuHCK, [lerponasnosck-Kamuarckuit, FOxno-Caxamuuck u Enerr.

Puc.1 lNpurogHocTb gaHHbIX
KpynHenwwmx 100 ropogos
Poccum ansa nposefermn
nccnenoBaHus

B HeTropoackon CraHymmn

16

L

W3ydenue roposicKoro ocTpoBa Tersia B JaHHOH paboTe ObLII0 KOMIIEKCHBIM. BbUT HaliieH THITNYHBIH Cy-
TOYHBIN XOJ] JUISl KaXK/I0TO M3 TOPOJIOB U BBIBICHBI 3aKOHOMEPHOCTH €r0 Ce30HHON TMHaMKKH. bpum paccmo-
TPEHBI CPEAHNE 3HAYEHUS OCTPOBA TEILIA 32 IOJl, U UX PACHpeeNIeHHE 10 MecsAlaM, U3y4eHa UX CBS3b C Xapak-
Tepuctukamu ropona. OTaensHOEe BHUMaHUE OBLIO yIeleHO cirydasM Hanboiee naTeHcuBHOrOo UHI (Gomee 5
TpagycoB). DKCTpEMabHEIC CITyYal TAaKXKEe PACCMATPHUBAJIICH B Pa3TMYHBIX PEIOMIICHHUAX: UX CYTOYHOE pac-
TpeesieHre, Ce30HHAs JHHAMHUKA, MHOTOJIETHIE TPEHIBL. ABTOPOM paOOTHI OBUIH CTAHOBJIECHHI Hanbolee TH-
MMMYHBIE CHHONITUYIECKIE CUTYaIUH, TIPH KOTOPBIX HaOII0MatoTCs Hanbolee 3HaYUTeIbHBIE PAa3HOCTH TeMITepa-
Typ MEXIy TOPOAOM U TpuropofaMu. Takxke B JaHHOU paboTe OBUIH PaCCMOTPEHBI JONTONEPHOIHBIC TPEHIBI
(1966-2012) cpenneromoBbix 3nauenuit UHI mis gersipex ropomoB: Mocksa, Cankr-IlerepOypr, Exarepun-
oypr, Kypck. beina nposenena npuonu3uTesbHas oleHka o0iero Bkiana Becex roponos ETP B peruonanbaoe u
JIOKaJIbHOE MOTeIUIeHne Kiumarta. [lomydeHsl crenyromue pe3ybTaThl:

I'maBHBIM pe3ynbTaToB siBuiach Tunusanus ssiaenust UHI nos pasnuunbix ropogoB Poccuiickoit ®enepa-
LM, B PaMKaxX KOTOPOI BBIJIEJICHBI IO/ITHITBI SIBJICHUS 00JIee XapaKTepHbIe JUIsl IPUOPEKHBIX U BHYTPUKOHTH-
HEHTAJIBHBIX TOpO/IoB. B X0ze Hee ObII0 0OHapykeHO, YTO (opMHUPOBaHUE FOPOACKOTO OCTPOBA TEIIa y MPH-
OpE’KHBIX TOPOJIOB COUETACTCA C (a MHOT/A U MOABIISIETCS) TOCTOSHHBIM BIMSIHUEM MOPCKOH ITOJCTHIIAIOIIECH
MTOBEPXHOCTH, YTO MPUBOAHUT K 0COOOMY BUAY TpaUKOB KaK CyTOYHOTO XOAA TaK M CE30HHOW TUHAMHUKU.
CreneHp BIMSIHAS 3aBHCUT OT B3aHMHOTO PACIIOIOKEHHS TOPOACKOH U (POHOBOI CTAaHIIHIA OTHOCUTEIHHO MOPSI.

Kpome Toro, ObUTO BBEIIENEHO ABa TUITHMYHBIX BHUAA CYTOYHOTO XOJa JUII KOHTHHEHTAIBHBIX TOPONIOB: C
MaKCHMYMOM B HOYHBIEC 9aChl I MUHIMYMOM B JHEBHBIC, © MAKCHMYMOM B PAaCCBETHBIC YaChl © MUHAMYMOM B
BeuepHHe. B cyTOYHOTO X012 IS TOTO FJTH HHOTO TOPO/Ia 3aBHCUT OT CKOPOCTH IPOIiecca HOYHOTO BBIXOJA-
JKUBAHMUS, 9TO SBIISIETCS MPSIMBIM CIICACTBUEM ITapaMeTPOB TOPOJICKOM 3acTpoiiku. IHTepeCHO OTMETUTH, 9TO
CBSI3b MY BEIMIMHOM CPETHETOOBOIO 3HAYCHUS HHTEHCUBHOCTH TOPOJICKOTO OCTPOBA TEIUIA U KOJINYeCT-
BOM IOCTOSTHHOTO HaceJIeHusl ropoyia uist Poccun Haze)HbIM 00pa3oM He Obliia oOHapyKeHa.

OnpeneneHHblil Hanbolee CUIIbHBIH 110 utoram ocpenuenus 3a 2000-2012 roga UHI ormeuaercs B Mo-
ckBe u coctapiser 1,79 C, mis ocranbHbIX ropoaoB konebdnercs ot -0,87 C o 1,3 C. Ob1iee KOIHMIeCTBO IKC-
TpemanbHO cribHBIX UHI 3aBUCHT He TONBKO OT BEJIMYUHEI TOPOAA, HO U OT MOBTOPSICMOCTH CHHOIITHYCCKON
CHUTYyaluH, OIaronpusTCTBYIOMIEH ero pa3BuTHio. 3a nepuox 2000-2012rr 3HAYNMBIX TEHICHIMHA K yBeJIn4e-
HUIO KOJI-Ba CITydaeB dKCTpeManbHol nHTeHcnBHOCTH UHI He 0OHapyxuBaeTcs.

st Bcex paccMOTpeHHBIX roponoB (kpome [leTponaBmoBcka-KaMaaTcKoro) ciry4an SKCTpeMalbHBIX 3Ha-
YEHHU TOPOACKOTO OCTPOBA TEIUIA HAOMIONAIOTCS TP aHTUIIUKIOHATEHOM II0JIE TABICHUS, Yalle BCETo B ICH-
TpE aHTUIMKIIOHA ¥ COCTABILIIOT 10 13-15 rpamycoB. Beut BEIsBIIEH C1a00MOI0KATEFHBIN TPEH] CPEAHETOI0-
BbIxX 3HadeHU UHI amst Bcex 4eThIpex U3 pacCMOTPEHHBIX TOPOIOB, OJJHAKO 0COOCHHOCTH JaHHBIX N3MEHCHHUN
JUTS KaXKJI0TO TOpoJia CBOH (CM puc.2 ) :

m HeT penpe3eHTaTUBHOI Napbl
CTAHLMI

B Het AaHHbIX M3Mepeii gna
BbIASN SHHON PRNPE32HTATHBHON
napbl CTAHLMI

Oropoaac A0CTYNHBIMK QAHHBI N
MeHeeuem3alo netsanepuog
2000 -2012 roa

Biropoaac ACCTYNHLIMKU A3HHBI MK
Goneevemsalo neraa nepuoa
2000 -2012 roa
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¥ =0,0031x- 54677

fn‘:ﬂaﬂ" 7._———-r1‘ﬂ"i"% ¥ = 0,0208x- 40,378

y=0.0106x - 19.530 °

y = 0.0069x% -13.017

196 1 198 1 200
965 975 9858 995 5 1965 1975 1985 1995 2005

y = 0.0022x - 3.8793 ¥ =0,0137% - 26,753

o j%ﬁ': T‘&WA. o5
o - T T T T 0 y=00045x 83411
1965 1975 1985 1995 2005 1965 1975 1985 1995 2005

Puc.2 N3meHeHe cpeaHerofoBoii MHTEHCMBHOCTY FOpOACKOro ocTpoBa Tenna anA Mockebl, CaHKT-MeTepbypra, EKaTtepuH-
6ypra v Kypcka (cBepxy BHu3) 3a nepuog, 1965-2012.

» g Mocksel 3a mocnegnaue 37 set poct UHI cocrasmin 0,3 C,

» g Cankr-IletepOypra 3a Tot xe nepuox 0,1 C

» g Exarepuntypra 0,3 C 3a nmepuoz ¢ 1966 mo 2012 rox, mpudem B nocnenaue 20 TeMIIBI pocTa pes-
KO 3aMEeUTHJINCh, a B tepuof ¢ 1966 o 1990 tpenn cocrasisut 0,50C

+ g Kypceka 0,2 C 3a mepuog ¢ 1966 o 2012, nprdaem B mocnegnne 30 €T TeMITBI pocTa, HA000pOoT,
YBEINYMITUCE.

Taxoke OBIT BBIYMCIICH TOTIONHUTEIRHBIN BKJIAJ B TOBBIIICHHE TeMIlepaTypbl, BHocuMblii UHI ropomos
ETP na Bceit ETP, xotopsriit coctasmr 0.00418 C. Paccuntanuslii Bkiaax MOCKBB Ha peTHOHAIBHOM YPOBHE
(ipu pacuete Ha TeppuTopuio MockoBckoit Obmactn) cocrasisier 0.2 C. Pabora BIITOTHEHA TIPH MOIIEPIKKE
rpanTa IIpe3unenra Poccuiickoit denepaunu A rocyqapCTBEHHON NOAAEPKKU MOJIOIBIX POCCUICKUX yue-
HBIX — KaHauaaroB Hayk MK-1497.2013.5.

Hccneoosanue svinonueno npu ¢hunancogoii noooepaicke umenno2o epauma Yuenozo Cogema 2eocpagu-
yeckozo gpaxynomema MI'Y umenu M.B.Jlomonocosa 015 monodsix compyonukos na 2012-2014 ze.

Jlumepamypa:
1. TR. Oke. Boundary layer climates. London: Routledge; 1987. 464 pp
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Vladimir Krutikov and Michael Kabanov

New methods in the analysis
of geophysical data
Krutikov V.A., Volkov Yu.V.,Kuskov A.l,]
Tartakovsky V.A.

Institute of Monitoring of Climatic and Ecological
Systems SB RAS, Tomsk, Russia
E-mail: post@imces.ru

when deriving the classical equations of mathe-

matical physics. Perhaps, for this reason there are
problems in modelling of climate processes. Obvi-
ously, it is impossible any new knowledge about cli-
mate to get and stay within the classical ideas. In this
regard it is important to revert to the instrumental
measurements. It is necessary to install the new attri-
butes of objects, to formulate concepts, patterns of
functioning, and the model - it is at the final stage.

In this paper, the study targeted the temperature
fields in the atmospheric boundary layer. This is due
to the fact that the temperature can be regarded as the
primary climate characteristics. This is confirmed by
its daily and annual course associated with the mo-
tion of the solar system. As a result, the temperature
has the form of periodic (quasi periodic) modulated
oscillation. Data sets with average monthly tempera-
tures from 818 weather stations of the Northern
Hemisphere for 56 years from 1955 to 2010 were
taken on the site http://www.metoffice.gov.uk. Series
of mean monthly values of the Wolf numbers for the
same time interval is taken on the site of the Pulkovo
Observatory.

The specific objectives of this study are the dis-
covery in data series of spatial-temporal structures,
revealing their properties and relationships. To solve
such problems methods of multivariate statistics are
now widely used. However, formal approaches limit
the development. Therefore, we have developed ap-
proaches that use physical principles and rules of se-
lection, based on the experience of meteorological
analysis.

(i) The method of structure extraction is pro-
posed; it based on cluster analysis. It has allowed to
discovery sources, which form the climate structures
throughout Northern Eurasia.

(i1) First to study climate processes the theory of
the analytical signal is applied. The phase of temper-
ature fluctuations during the year was calculated,
which ceteris paribus is the most low-frequency char-
acteristic of fluctuations. A new iterative algorithm
for separating climatic zones, based on phasing tem-
perature series with a typical phase.

(iii) The new idea is that the external forcing,
that initiates the processes of different nature, is

It hardly had in mind complex natural systems,
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manifested in a similarity of their essential features. It is defined the common signal, in which the essential
features are integrated, the original series are decomposed into two components, which are differed by coinci-
dence or non coincidence of the essential features. It was found that the components of mean temperature form
the areas with positive or negative temperatures. In the same areas, delimited by zero-isotherm, the respective
components of the Wolf-number series are located. It is found that the coefficient of synchronicity in the basins
of the Siberian rivers characterizes the transition from the heating stage to the stage of heat radiation of the
water.

HoBble noaxoabl B aHanmse FEO(I)VIBVIHECHMX OaHHbIX
Kpytukos B.A., Bonkos 10.B.,[Kyckos A.W.,| Taptarosckwii B.A.

WHCTUTYT MOHUTOPUHIA KMMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccus
E-mail: post@imces.ru

HaJIn3 TUHAMHKH CJIOXKHBIX IPUPOAHBIX CUCTEM, K KOTOPBIM HECOMHEHHO OTHOCHUTCS MCCIICIOBAHUE

KJIMMaTHYECKUX TPOIECCOB, CBSI3aHO C HEOOXOMMOCTBIO Y4ETa HETMHEHHOTO B3aUMOJICHCTBHSI MHO-

rux reopu3nuecKux (PakTopoB, MMEIONIMX CYIIECTBEHHO Pa3JInuHble KaK MEXaHU3MbI BO3JICHCTBHS Ha
KJIMMaTHYECKYIO CUCTEMY, TaK M ITPOCTPAHCTBEHHO-BPEMEHHbIE MAaCIITA0bI ATOTO BO3JCUCTBHs. B TOM uuncie u
M0 3TOH MpHYMHE CYNIECTBYIOT MPOOIEMBI MIPH MOJACINPOBAHUN KIMMAaTHYECKUX MPOIECCOB. B 3Toi CBs3n
AKTYaJIbHBIM SBJIACTCA LEJTICBOC 06pameHI/Ie K TaHHBIM HMHCTPYMCHTAJIbHBIX I/ISMepeHI/Iﬁ C MOTBITKOM YCTaHOB-
JICHUS] HOBBIX MPHU3HAKOB U 3aKOHOMEPHOCTEH (yHKIIMOHHUPOBAHMS KIMMATHYECKOI CHCTEMBI, KOTOpbIE ObI B
IIaHBHGﬁHJCM MOTJIH OBITh AACKBATHO YYTCHBI U NCITIOJIB30BaHbI ITPU YU CIICHHOM MOJACIIUPOBAHNU.

B manHO#1 paboTe 00bEKTOM HCCIICIOBAHUS OBUTH TEMITEPATYPHBIC MOJIS B IPU3EMHOM CJI0€ aTMOC(EPHI.
DTO CBSI3aHO C TEM, YTO TEMIIEpATypa B HauOOJIbIIEH CTEIEHH MOXKET pacuCHUBATLCA KaK IEPBUYHAA KIIUMaTHU-
yecKas XapakTepucTuka. [logTBepkaeHreM 3TOro SIBIIETCA €€ CyTOUHBII ¥ TOIOBOM X0, CBSI3aHHBIN C YCTPOH-
CTBOM, CBOIMCTBaMHU U NapaMeTpaMu COJIHEUHOU cucTembl. B pesynbrare Temmneparypa UMeeT BUJ IEpHOANIE-
CKOTO0 (KBa3HIIEPHOIUIECKOTO) MOIYTHPOBAHHOTO KosleObaHus. Pansl cpeaHeMecsaHbIX Temiepatyp ¢ 818 me-
teoctanimii CeBepHoro nonymapus 3emin 3a 56 ner ¢ 1955 mo 2010 6butn B3sATHI Ha caiiTe http://www.
metoffice.gov.uk. Psn cpennemecsunbIx 3Ha4eHUit unces Bonbga 3a 3TOT e HHTepBal BpeMEHH B3SIT Ha caiite
ITynkoBCKo#t 0O6cepBaTOpHH.

KOHerTHBIMI/I OCJIIAMU UCCIICAOBAHUS ABJISCTCA 06Hapy>1<eHI/Ie B pAagax JaHHBIX yCTOﬁ‘IHBBIX IIpOoCTpaH-
CTBEHHO-BPEMEHHBIX CTPYKTYp, BBISBICHHE UX CBOWCTB M B3aMMOCBs3eil. s permieHus monoOHBIX 3a1ad B
HaCTOAMICE BPEMSA HIMPOKO UCTIOIB3YIOTCA METOABI MHOFOMepHOﬁ CTaTHUCTHKH. OlIHaKO (l)OpMaJ'IBHBIe IOAXOAbI
OTPaHUYMBAIOT X IPUMEHUMOCTh U HHTEPIIPETALNIO MTOJIY4YEHHbIX pe3yasraroB. [1o3ToMmy Hamu ObLIH pa3pa-
0OTaHBI MTOJXO/IbI, B KOTOPBHIX BYKHYIO POJIb UTPAIOT (PU3NYECKUE TPUHIIMITBL M MIPaBHIa 0T00pa, OCHOBAHHbIC
Ha OTIBITE METEOPOIOTHIECKOTO aHAJIH3a.

(1) IIpemnoskeH MeTO BBIIENEHUS CTPYKTYP, HA OCHOBE KJacTepHOro aHaimu3a. OH MO3BOJIII BEICIUTH
WCTOYHUKY (POPMUPOBAHUS KIMMATHYECKHX CTPYKTYp Ha Tepputopuu CeBepHoii EBpazum.

(i) BriepBbie 111 McClieIOBaHMS KITMMATHYECKUX MTPOLIECCOB MMPUMEHEHA TEOPHs aHAJIMTHYECKOTO CHIHAJIA.
Beruncniena (a3za TemreparypHbIX KolieOaHHii B TOJOBOM X0/Ie, KOTOPasi IPH MPOYHMX PABHBIX YCIOBHSIX SBISETCS
Hanbosee HU3KOYACTOTHON XapaKTEepUCTUKON KojiebaHus. Pa3paboTaH HOBBIN UTEPAIIMOHHBIA aJTOPUTM BBIAE-
JICHUS KIIMMaTHIeCKUX 30H, HAa OCHOBE (Da3MPOBKH TEMITEPATYPHBIX PSAJI0B C HEKOTOPOW TUTIOBOH (ha3oif.

(ii1) HoBast nyest COCTOHUT B TOM, YTO BHEIIHEE BBIHYXK/IAIOIEe BO3IEHCTBIE, HHUIIMUPYIOIIEe TPOIECCHI
Pa3NUYIHON TPUPOIBI, MPOSBISETCS B CXOACTBE MX CYIICCTBEHHBIX MPU3HAKOB. JlaHBI ompeneneHus oOLIrX
CUT'HAJIOB, B KOTOPBIX UHTETPUPOBAHBI CYHICCTBEHHBIC IPHU3HAKW, BBEACHBI COCTABIAIONIUEC UCXOIHBIX PAI0B,
OTIINYAIOIIHECA COBITAICHUEM U HECOBITAACHUEM CYIHICCTBECHHBIX IPHU3HAKOB. O6Hapy>1<eH0, YTO OTH COCTaBJIA-
IOIHE TEMIIEPATYPHI B CPETHEM q)OpMI/IpyK)T 30HBI MMOJIOKUTEIbHBIX U OTPULIATCIIBHBIX TEMIIEPATYP. B otH ke
30HBI, Pa3TpaHUYICHHBIC HyJ'[eBOﬁ HSOTepMOﬁ, nmonaaarT CPEAHUE 3HAYCHUA aHAJOTHYHBIX COCTaBJIAIOMINX
psina uncen Boabda. YeTanosineHo, uto mose ko3 duiinenTa CHHXpOHHOCTH B Oacceiinax CHOMPCKHX PeK xa-
paKTEpU3YET MEPEXO/] OT CTAAWH MPOrpeBA K CTaAUN U3JTYyUYECHHS TEIIa BOGHEIMUA MacCaMH.

(1) PaspaboranHblii MeTos BhijeneHus ctpyktyp (MBC) ocHOBaH Ha MpEANONIOKEHUH O TOM, YTO Jito0ast
cucTeMa 00aIaeT CTPYKTYPOH, ¥ 3Ta CTPYKTypa JOJDKHA MPOSBIISATHCS B JAHHBIX H3MEPEHUM, POBOTUMBIX HAJT
aTOM cuctemoid. boree Toro, eciu CTpyKTypa BOCIIPOM3BOAUTCS, TO 3TO YK€ 3aKOHOMEPHOCTh, KOTOpasi TpeOyeT
CO3IaHUs THIIOTE3 IJIA CBOCTO 0OBSICHEHUS. HO}IXO}I, OCHOBAHHBIM Ha BBISBICHUS CTPYKTYP, MOXKET BBIACIIATH
«ECTECTBEHHBIE» CTPYKTYPHI M CTPYKTYPBI, 33laHHbIEC 3apaHee ¢ IIOMOIIBIO ONpeIeNIeHHBIX npaBuil. [lox «ecte-
CTBEHHBIMI» CTPYKTYpPaMH TIOHUMAETCsl COBOKYITHOCTh JJIEMEHTOB, CBSI3aHHBIX MEXIy COOOM CHITbHEE, YeM C
JIPYTUMHU 371eMeHTaMu. JIaHHBIN TTOJIX0/] OTHOCHUTCS K KJIacCy KJIACTEPHBIX METOOB, T.€., IBJISIETCS MPOIeIypoi,
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TI03BOJIAIOIIEH JIN0O IPOBECTH PA3IIOKEHHUE TaHHBIX HA CTPYKTYPBI, TH00 OOHAPYKUTh B HUX 3apaHee 3a/1aHHBIC
CTPYKTYpbl. CTPYKTYpPBI, €CIIH OHH CYIIECTBYIOT, OTPa)Kat0T COBOKYITHOE IIPOSIBIICHUE CBSI3EH MEXIy MEpEMCH-
HBIMH CHCTEMBI, KOTOPBIE HE BCEIZIa OYEBH/IHBI, U TI0 3TOH NPHUYMHE YacTO SBIISIOTCS CKPBITBIMH.

AJNTOPHUTM BBIACICHUS CTPYKTYp, peanusyromuiit MBC, MoxeT ObITh OIUCaH Ha S3bIKe TEOPUH TpadoB.
CootHeceM ¢ KaxIbIM 00BEKTOM BEPHIMHY X; HEKOTOporo rpada G, a pedpy (X;, X;) CBA3BIBAIOIIEMY BEPIIHHEI
X;¥ X; B Ka4E€CTBE CTOMMOCTH IIPUIIMIIEM BETUIHHY, PABHYIO PACCTOSHUIO D;; MEXKY COOTBETCTBYIOIIUMH 00b-
eKTaMH B nIpocTpaHcTBe X. Eciu Teneps mocuenoBarensHo yaanaTh u3 rpada pedpa ¢ O0IbIINMI 3HAUCHUSIMH
D, ;, To, HaYMHas C HEKOTOPOro Dy = D, HCXOMHBIN Ipad CTAHET HECBA3HBIM. JlaNbHENIIEE YMEHBIIEHUE MO-
pora D, IpUBOANT K YBEITMUYCHHIO YHCIa KOMIOHEHT CBI3HOCTU. KaXkapIil Takoit k-it moarpad MOXKHO oXxapak-
TePHU30BaTh IByMs OPOTOBBIME 3HadeHusvu: D : D' — 3HadeHue mopora, Ipu KOTOPOM 3TOT ToArpad oTie-
nsieTcs oT ocTanbHoTo Tpada; u D', — 3HadeHHe Mopora, P KOTOPOM M3 3TOro ToArpada BHIXOAMT OHA
BEpITHHA WM CPasy HECKONBKO BepimnH. TakuM o6pasoM, Bemmuunaa D', B KaKOH-TO CTEMEHH OMpeienseT
CTEINECHb KOMIIAKTHOCTH k-TO moArpada; 4eM MEHBIIE 3Ta BEININHA, TEM CUIbHEE CBA3b MEXK/y BCEMH JIEMEH-
TaMH aHHOTO KJacTepa. D', s k-TO KJIacTepa MOKa3hIBAET, HACKOIBKO OH CBSI3aH C OCTATBHOM YacThIO Ipa-
da, a MaKCUMalTbHAs BETHUMHA TOT0 Mapamerpa D, = max (D), k = I, N,, T.e. 3Ha4eHHE OPOTa, MPH KOTO-
poMm u3 rpacda BeIIENAETCS EPBhINA MoArpad, XapakTepu3yeT CTENEeHb CBA3HOCTH Beero rpada. 1o pasHoctu
=D, ..~ D', MOXHO CyIMTb O CTEIIEHH H30TMPOBAHHOCTH ITOH CTPYKTYpHI OT OCTaIbHOI YacTH rpada. [Tpu
BBIYMCIICHUM PACCTOSHMSA D;; MEXTy OOBEKTaMH i M j OOBITHO MCIIONB3YIOT METPUKY EBKinIa, XeMMUHTa W
Maxanano6uca. MccnenoBanusi, MpoBEACHHBIE aBTOPOM, BO BCEX CIIyJasX JaBajiH MPAaKTHUECKH OJHHAKOBBIC
pa30ueHus ¢ UCTIONb30BaHNEM MeTpUK EBkMaa 1 XeMMuHra.

Pa3paboTaHHbII MOAX0 K HCCIEIOBAaHHUIO MEPHOAUIECKUX U HETIEPUOANIECKUX Ie0(pU3NIECKUX MOJICH,
COCTOSIIIMH U3 Pa30KEHNUS BPEMEHHBIX PSIOB HA COCTABIISAIOMINE (TPEH, CE30HHAsA M aHOMAJIMU) U ITOCIIEny-
IOlIEH KIacTepHU3ally KaXI0H U3 COCTABISIONINX, 1a€T BO3MOKHOCTD MOIY4UTh pa3HOOOpa3Hyto HH(opma-
LIUIO O CHCTEME B BHJE: HabOpa MapaMeTpoB, XapaKTEPHU3YIOUINX PE3YNIbTAThl Pa3lioXKEHHs, U MapaMeTpoB,
CBSI3aHHBIX C OITMCAHUEM CTPYKTYPHI CUCTEMBI. Takast HH(OpMaIis BMECTE C SMINPUIECKUMH (YHKIINOHAIb-
HBIMH 3aBHCHUMOCTSIMH MEX[y ITapaMeTpaMH MOXET PacCMaTpPHUBAaThCS B Ka4€CTBE SKCIIEPUMEHTAIBHBIX JaH-
HBIX 0 cucteme. Kpome Toro, moaydaemblie 3aKOHOMEPHOCTH MOTYT CITyKHTh OCHOBOM JUTS CO3/IaHUS THIIOTE3 U
Mozeel o (hakTopax, BIUSIONINX Ha UCCIEAYEMYIO BETHUHHY.

(il) MeTox Ha OCHOBE aHAIMTHYECKOTO CUTHAJIA peau3yeT (OopMalbHYIO KilacCu(puKaIuio kmumara. Tem-
NIepaTypHBIA CUTHAJT pacCMaTpUBAETCs B BUJE KoebaTeapHOro nporecca. OpUrHHANBHOCTD MOJX0/1a 3aKIIO-
YaeTcst B TOM, YTO B OCHOBY I'PYNITHPOBKH KIMMaTHYECKUX MapaMeTPOB IOJIOKEHA TaKasl XapaKTEePUCTHKA
TeMIIepaTypsl, Kak (aza. Pa3oBas XxapaKTepUCTHKaA OoJiee yCTOHUMBas XapaKTEpPUCTHKA KOJIe0aTeIbHOTO Mpo-
1iecca, 4eM aMIUINTYAa U, KOHEYHO, YeM CaMH UCXOJHbIE JaHHbIE psioB u3Mepenuil. Kpome Toro, u3 dassl go-
BOJIBHO TTPOCTO yOMpPAETCsI TOOBOM X0, YTO MO3BOJISIET BBISBIATH PETHOHANIBHBIE OCOOEHHOCTH KIIMMaTHyie-
CKHUX CTPYKTYP.

B cuny yerpoiicTBa COMHEUHOH CHCTEMBI, CMEHBI BPEMEH T'0/1a, TEMIIEPATyPHBIE PSIIBI SIBISIOTCS MIEPHO-
JMYeCKAMH (KBa3UIIEPUOANYECKUMH) KOJIeOaHUAMHU. XapaKTEePHBIH MepHo] PaBeH OTHOMY TOAY IS CTaOMIIb-
HOTO KJINMaTa, @ HeCTA0MIBHOCTD MOXKET MPOSIBISITHCSI B U3MEHEHHAX 3TOTO TOJUYHOTO NEPHO/a U B BOSHUK-
HOBEHMH KBazuneprnona. Kpome Toro, nmpu 4ucieHHOM aHAIU3€ BO3HUKAET MEPHO PaBHBIM HHTEpPBATY HaOI0-
neHnid. B manHOHN paboTe B pacyeT MPUHUMAETCS TOJIBKO TOMUYHBIA IEPUOI U TIEPUOJ, PABHBIHN [UIMHE HHTEP-
BaJia, Ha KOTOPOM OIIPEAEIEH UCCIIEYEMbIH s,

Konebanne MoxxeT OBITh OXapaKTEPH30BAaHO IBYMS COCTABISIONIMMHU: OTHOAIOMIEH (aMILIHTYIOH) 1 da-
30ii. Ananutraeckuit curaan (AC), BBeneHnsI B 1946 1. JI. 'abopoM, MO3BOIISIET HEIPOTUBOPEUMBO U OJTHO3-
HAYHBIM 00pa30M OIPEeTUTh aMIUIUTYAY, a3y u 4acToTy. AHAIUTHIECKUI curHa W(X) SBIseTcs KOMITIEKC-
HOW (YHKIIHEH, KOTOpas IMpeACTaBIIeT HCXOAHOE NeiicTBuTeNnbHOE Koiebanrne U(X) Kak ecTeCTBeHHOE 000-
OlLIeHUE PEICTABICHHS, NCIIONB3YEMOTO JUIs TApMOHUYIECKHUX KONCOaH!I:

W(x) = U(x) +iV(x), 7 (x) = nlv_pj % ds

MH#uMast COCTABIISIONIAs aHATUTHIECKOTo curHaia — V(X) sieisiercst [ wip0epT-TpanchopMaHTON ero eicT-
ButenbHOM yactu U(X). Benenne AC W(X) mo3BosisieT onpeeanTh aMIUTUTYAy U a3y U3BECTHBIM CIIOCOOOM:

a(x)= U (x)+V*(x), ¢ (x)=arctg@

U(x) -

Ha ocnose Teopun AC 11 psaoB CpeAHEMECSUHBIX TEMIIEPATYP 3a 56 JIeT, U3MepeHHbIX Ha 332 meTeo-
cranimsax EBpasun, paccuntansl (ha3bl Kak IIIaBHbIC 3HAYEHHUS (QYHKIUH B ITPEAEIaX TOANIHOTO MepHO/a.

JIyist Ka)KJI0T0 psijia TeMIleparyp MoJrydeHa HerpephIBHast QYHKIHS (a3bl Ha BCeM HHTEpBaJie HaOMONeHUS
ITyTeM YBEJIMUCHHNS TIIaBHBIX 3HAUYCHNH (ha3bl MOCIEAYIONIETO To/la Ha MaKCUMAaJIbHOE 3HAUCHHE IPEIBIIYIIETO.
B romoBom xoze azer nmpeobnanaet TMHEHHas COCTABIAIONIAs ¢ OIMHAKOBBIM HAKJIIOHOM JUTSI JIFOOOTO rojia, HO
C Pa3HBIMH Ha4YaJIbHBIMH ¥ KOHEYHBIMH 3HaYEHUSAMH. BorunTast u3 pyHKIni (a3 COOTBETCTBYIOIIUE INHEHHbIC
(YHKIMY 1 LEHTPHUPYs OCTATKH, MOITydaeM cpeaHeMecsyHble Ga3oBble QuykTyaumu ¢, : m € [1, M|, tne M
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SESSION 6

€CTh YHCJIO METEOCTaHIUH. 3aMETUM, YTO IIPH MPOYHX PABHBIX YCIOBHAX 3TH (YHKINHU OyayT HanOosee HU3-
KOYaCTOTHBIMH, YTO TOJIE3HO TS YHCIICHHOTO aHaIN3a. Y YUTHIBAsL, YTO KaykAas MOMydeHHas (QYHKIUI UMEeT
reorpaMUECcKy0 MPUBA3KY, IPUMEHNM UX JUIS KIIAaCCU(HUKAIIH TEMIIEPATypHOTO TIOJIS Ha BCEH TEPPUTOPHU.

C nespio rpYNNUPOBKH M OLIEHKU IPOCTPAHCTBEHHOTO pacIpeie/ieHNs pa3paboTaH alrOPUTM BBIACTCHUS
KIMMaTHYeCKUX TPy HAa OCHOBE aHaJIN3a MOIy4IeHHOTro Habopa (a3oBbIX GpyHKIUil. B cooTBeTCTBHU C airo-
puT™MOM Ui Habopa {¢,} paccuuThIBaeTCs KoppensuuonHas marpuna C,, : m € [1, M], n € [1, M]. 3arem
(hopMupYIOT IPYIIIBI METEOCTaHIINH, TaHHBIE KOTOPBIX HMEIOT NMapHbIe KOIQ(UIIMEHTHI KOPPEISIINY C JaHHbBI-
MH APYTUX METEOCTAHIMH BBIIIE 33aHHOTO TTopora r. st KaKI0# IpyMIibl onpeessieTcs cBos TUIoBast (da3a
D (i — HOMep WTepanum) Kak cpegHee apudmMernueckoe (a3 MOMaBIIMX B Tpynmy. s crpynmupoBaHHBIX
CTaHIMI NCXOIHBIE (a30BbIe (DYHKIIUU 3aMEHSIOTCS Ha THITOBbIE. Jlajee 3amycKaeTCst HTEepaliMOHHBIN IPOLEce
M0 OMUCAHHOMY aJTOPUTMY, B KOTOPOM TIPYNIHPOBKA MPOUCXOAUT IO TEX MOP TOKA W3MEHSIOTCS THIIOBBIE
(ha3pl. DKCIIEPUMEHT MOKa3a] CXOAWMOCTh MTEPAMOHHOIO IIPOIEcca, ISl aHAIN3UPYEMbIX JaHHBIX OKa3a-
JIOCh TIOCTaTOYHBIM 15 nrepariuii.

B pesynsrare nrepanuii anroputMa rpynnupoBKH C 33laHHBIM K03((GUINEHTOM B3aUMHON KOPPEIISIIHN 7
€ [0.8; 1] BBIAETICHBI AEBATH TUIOBBIX (a3, XapaKTEPU3YIOMNX KIUMAaTHIECKHE MPOLIECCHl, OTPa3UBIIAECs B
M3MEHEHUAX TeMIreparypbl. TakuM obpa3om, mcxomHoe 332-MepHOE MPOCTPAHCTBO TEMIIEPATYPHBIX PSIOB
COKPATHIIOCh JI0 9-MEPHOTO MPOCTPAHCTBA TUIIOBBIX (a3, KOTOPHIE XapaKTEPU3yIOT KIMMaTHIECKHE 0COOCH-
HOCTH 30H, TJI€ PacIOI0KEHBI METEOCTAHIINN U T/l M3MEHEHUS TEMIIEPATyPbl IPOUCXOIAT CHHXPOHHO.

(iii) Ha ocHOBe BBIZIETICHHS CYIECTBEHHBIX IPHU3HAKOB PEATH3YETCS NEKOMITOZUIHS Te0(QU3NISCKUX Psi-
JoB. OcHOBHas 3a/1a4a MOJX0/la COCTOUT B TOM, YTOOBI, HE Jiesiasi KOHKPETHBIX MPENOIOKEHHI O XapaKkTepe
MPOLIECCOB PA3IUIHON MPUPOIBI HA PA3HBIX YPOBHSX, OTBICKATH JIEMEHTHI CONNIACOBAHHOCTH MEKAY PAAAMH
JaHHBIX. Peannsyercs moaxon Ha npuMepe psina Bonbga 1 psagoB Temneparypsl, MOIyIeHHBIX HA METEOCTaH-
LUSIX, Haxo#smxcs B EBporne, Poccun 11 Ha IPHUIIETArONINX TEPPUTOPHSIX.

CorHIle OCHOBHOW HCTOYHUK M PETYIISATOP BHEIIHETO BO3IEHCTBHSI HA IPOIIECCHI, (POPMUPYIOIINE KITMaT
Ha 3emiie. OTO BBIHY’K/AAIOIIEE BO3ACHCTBUE UMEET CIOXKHYIO CTPYKTYpy. IIpuHUMas Bo BHUMaHHE Qu3nde-
CKYIO NIPEATNOCHUIKY, COCTOSIIIYIO B TOM, YTO BBIHYX/IAIOII[EE BO3ACHCTBHUE, 110 CBOEH NPUPOAE, JOJKHO IPOSIB-
JSITBCSI B HEKOTOPOM alIPHOPHOM CXOJICTBE JIEMEHTAPHBIX IPOLIECCOB, BEI3BAHHBIX 3THM BO3/eicTBIEM. Cxon-
CTBO OIPEJEIIUM COBIIa/ICHUEM CYIIECTBEHHBIX MMPU3HAKOB, KOTOPBIE HA/I0 YyCTAHOBHUTH. TOrja MOXHO BBECTH
Y BBIJICITUTH COCTABIIAIOIINE C COBNAAAIOIINMHY CYIIECTBEHHBIMU MMPU3HAKAMHU U COCTABIIAIONINE C HECOBIIA/1a-
IOIMMH TIPU3HAaKaMu. Mepy CHHXPOHHOCTH COCTaBISAIOMINX OIEHUM K03(hGHIHMEHTOM Koppemaiuu. bynem
pemIaTh 3a1ady JeKOMITO3HINH PSAI0B IIyTEM X COPTHPOBKHU B CIIEKTPAIbHOMN 00/1acTH.

CXOZCTBO psIIOB, CBA3aHHOE C MX MPOUCXOXKACHUEM, CYIIECTBEHHO YMEHBIIUTCS, €CIH I Pa3IndHBIX
PSIOB M OOMHAKOBBIX 4acTOT Kod(dunmeHtsr @ypbe OynyT UMeTh pasHble 3HakH. [Ipuuem, dem OombImit
BKJIaJl BHOCHT Oa3ucHas QyHKINHU B paszjokeHHe, TeM Oonbiie OymeT HapymeHne Tpedyemoro cxoncTsa. Ta-
KIM 00pa3oM, 3HaK KodppunreHToB Dyphe ABISICTCS CYyIIECTBEHHBIM PHU3HAKOM.

BriepBrie 0603HaueHHBIH MOIX0 OBLT MPUMEHEH [T BBIICICHHUS W3 BRIOOPOYHBIX PSIOB OOIIETO CUTHA-
Ja, B KOTOPOM B HanOOJBILIECH CTENEHH BBIPAKEHA COIIACOBAHHOCTh MJIM CHHXPOHHOCTH CO BCEMHU JPYTHMHU
psinamu. Bein pazpaboTaH alropuT™M «COBMECTHOW (PUIBTpannm» U, KaK BapHAHT, - aJTOPUTM «MAKOPUPYIO-
mel GUIBTpaum», KOTOPBIC IPEIHA3HAUYCHBI TSI BBIYUCIICHHS OOIINX CUTHAJIOB.

st psina, XapaKTepH3yIOIETo COTHEYHOE BIUSHNE, U JUIS KayKA0TO U3 PSIJIOB, CBI3aHHOTO C KIMMaTH4e-
CKUMH IIPOLIECCaMU, BBOASTCS COCTABIISIOINE C COBMAIAIONINMHE CyIIECTBEHHBIMHU IIPU3HAKAMH U COCTaBIISIO-
e C HECOBMAAAIOIINMH MTPU3HAKaMH. [IeKOMIO3UIMS NCXOAHBIX PAJOB Ha TAKHUE COCTABIISIOIINE TIPOU3BO-
JUTCS aITOPUTMOM «ITIOTIAPHOM JIEKOMIO3UIMM». DTOT allTOPUTM NPEATNOIaraeT Haln4re BBIIEICHHOTO Psia,
B JIAaHHOM ciydae psifa unces Bombda, XxapakTepHu3yromero COJMHEYHYI0 akKTUBHOCTb. IIpemnoxenHas ¢op-
MallbHasi TEOPHsI COOTBETCTBYET (PU3UKE KIMMAaTO00Pa3yIOMIHNX IIPOIECCOB, YTO MOATBEPKAACTCS COBIAICHNU-
€M CE30HHOTO TEMIIEPATyPHOTO IUKJIa C U3MEHEHNEM 30H, (POPMUPYEMBIX BBEJICHHBIMH COCTABIISIONINMH.
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Classification of species and age composition of forest
stands from hyperspectral airborne remote sensing data

'Dmitriev E.V., ’Kozoderov V.V., *Sokolov A.A.

" Institute of Numerical Mathematics RAS, Moscow, Russia

? Lomonosov Moscow State University, Moscow, Russia

* Laboratoire de PhysicoChimie de I’Atmospheére, Université du Littoral Cdte d’Opale, Dunkerque, France
E-mail: yegor@inm.ras.ru

he problem of recognition of species and ages of forest stands from hyperspectral images in the visible
and near-infrared spectral range is considered. The classification algorithms used are based on the
Bayesian decision rule. The feature space is constructed by employing spectral and texture characteris-
tics of recognized objects. Approximation of probability density functions of considered classes is based on the
Gaussian mixture model. At that, the dependence of the spectral reflectance of the forest canopy on the portion
of the direct solar radiation in the total illumination is taken into account. The method of the selection of the
most informative features providing the stable solution of the classification problem with the given accuracy is
proposed. The training of classifiers is based on the data obtained during airborne measurement campaign on
the territory of Tver forestry with the use of instruments produced by NPO Lepton. The local forest inventory
data are used for the validation of recognition results.
The work was supported by Russian Foundation for Basic Research (projects N 14-05-00598, 13-01-
00185 and 14-07-00141).

Knaccndpukauma nopogHoro 1 Bo3pacTHOro CocTaBa JIECHOW
PacTUTENBLHOCTM Ha OCHOBE JaHHbIX MMMepcrexkTpanbHoro
a3p030HANPOBAHUA

'Omutpues E.B., *Kozoaepos B.B., ‘Cokonos A.A.

" UHCTUTYT BbIuMCMTENbHOM MaTeMaTukyu PAH, MockBa, Poccus

? MocKoBCKMit rocyapcTBeHHbIi yuusepcuTeT uM. M.B.JlomoHocoBa, MockBa, Poccua
* Na6opatopua ¢pu3uKM 1 xuMnm atMocdepbl Yuusepcuteta Jiutropans, OpaHuma
E-mail: yegor@inm.ras.ru

accMaTpuBaeTCs 3a/1a4a paclio3HaBaHUS TOPOJHOTO M BO3PACTHOTO COCTaBa JIECHOM PaCTUTENBHOCTH 110
THIIEPCIIEKTPAJIbHBIM H300paKEHUsIM B BUIUMOM U OnkHeM HH(pakpacHoM nuarnazoHe. OCHOBOA
MIPUMEHSIEMbIX aJTOPUTMOB KJIacCH(pUKaIUK ABseTcs baifecoBckoe pemaroree npaswuio. s mocrpo-
€HHsI IPU3HAKOBOTO MPOCTPAHCTBA UCIIONIB3YIOTCS CIIEKTPAJIbHBIE U TEKCTYPHBIE XapaKTePUCTUKH PacIO3Ha-
BaeMBIX 00BEKTOB. ANMPOKCUMAINS IUIOTHOCTEH pacipeaesieHnit IPU3HAKOB Paclio3HaBa€MBIX KIacCOB IPO-
M3BOJIUTCS HA OCHOBE MOJIENIH TayCCOBBIX cMecel. [Ipu 3ToM mpuHMMaeTcst BO BHUMAaHKE 3aBUCUMOCTD CTIEKT-
pasbHON OTpakaTebHON CIIOCOOHOCTH JIECHOTO OJI0Ta OT CTETIEHH OCBEIICHHS IIPSMBIM COTHEYHBIM H3ITyde-
nueM. [Ipeanaraercsi MeTOMKA BbIZEICHUS HanOoee HH(POPMATUBHBIX MPU3HAKOB 00ECIIEUNBAIONINX YCTON-
YHBOE PEIICHUE 3a/1a4i PAacO3HABaHM € 3aJaHHONW TOYHOCTHIO. J[71s1 00yueHms KilacCu(PUKAaTOPOB HCIIONB3Y-
IOTCS JJaHHBIE, IOTYYEeHHBIE B X0JIe KaMITaHUH CaMOJIETHBIX M3MEPEHUH Ha TeppuTOpun TBEpCKOro Jecxos3a ¢
ncnonp3oBanueM anmaparypsl HIIO Jlenton. Banmumanus pesyiasTaToB MPOBOIUTCS HA OCHOBE MMEIOIINXCS
JAHHBIX JIECOTAKCAIIHUH.
JlaHHbBIE TUCTAHIIMOHHOTO a3POKOCMHUUYECKOT0 30HIMPOBAHUS aKTHBHO MCIOIB3YIOTCS A Kiaccupuka-
LU U OTIpeNleNIeHHUs TapaMeTpOB APEBECHOM JIECHON PAaCTUTENBHOCTH Ui CaAMBIX PAa3INYHBIX TEPPUTOPHI.
HaubonbIiree KOJTHUECTBO MPHIIOKEHUH OTHOCUTCS K 00pabOoTKe MYIBTHCIIEKTPAIBHBIX H300pakeHUH ammapa-
TypBI HU3KOTO H cpeiHero npoctpancTBeHHOro paspemenust (MODIS, ASTER u ETM+). 3naunTtensHas 9acth
HCCIIEIOBAaHUH HAET B HAIpaBICHUH YCOBEPIICHCTBOBAHMI ‘‘BEre€TallMOHHOTO WHAEKCAa HOPMAaJIM30BaHHON
pasnoctn” (Normalized Difference Vegetation Index/NDVI). Pa3pabarbiBaroTcsi HOBble MHAEKCHI, PU3BaH-
HbIe KOMIICHCHPOBATh BO3ICHCTBHE MOYBEHHOTO MOKpoBa (Bannari et al., 1995; Rondeaux et al., 1996) ¢ yue-
ToMm BiustHUS atmocdeps! (Karnieli et al., 2001). MHorie aBTOpbI MBITAIOTCS UCIOIB30BaTh CIEKTPATbHBIE
WHJIEKCHI ISl M3yYeHUs] (POTOXMMHUUECKUX TPOIECCOB, KOTOPBIE aCCOLMUPYIOTCS ¢ (POTOCHHTETUUECKOM aK-
THUBHOCTBIO M 3(p(hEeKTHBHOCTBIO UCTIONB30BAHMS CBETA IJISl OLICHKH CO/ICPYKAHUS MUTMEHTOB B JIMCTHSIX pacTe-
nuii (Kim et al., 1994). Onnako, HeCMOTpsI Ha BCE YCHITHUSI, BO3MOKHOCTH JaHHOM KOHIICTIIIMU UMEIOT CYIIEeCT-
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SESSION 6

BEHHBIE OTpaHWYCHUs. BereTannoHHbIe HHIEKCHI HE SBISIOTCSA OAHO3HAYHON MEpOH cofepKaHnsl TUTMEHTOB
U JTAJIEKO HE BCETa YyBCTBUTENbBHBI K ITapaMeTpaM, OIMCHIBAIOIINM COCTOsIHUE pacTuTensHOCTH (Govaerts et
al., 1999).

C yBenn4eHHEM NMPOCTPAHCTBEHHOTO WM CHEKTPAIBHOIO Pa3pelICHHs ammnaparypbl a3pOKOCMHUYECKOTO
30HIMPOBAaHNS BO3HHKIIA 33/1a4a CETMEHTAINU KPOH OT/AENBHBIX I€PEBLEB M TOUHOH KIacCH(pUKAINU MOPOJIBI.
B pab6ore (Clark et al., 2005) momobHOTO posa 3a1ada paccMaTpHBaIach IPUMEHUTENFHO K APEBECHOM pacTh-
TEJILHOCTH TPOIHMYECKUX JIeCOB. JIsl MPOBEACHHUS] TEeMaTWdeckoil 00pabOTKM HCHONB30BATIHNCh JaHHBIE
HYDICE (HYperspectral Digital Imagery Collection Experiment). PaccmoTpen Bompoc 3aBUCHMOCTH TOYHO-
CTH KJIaCCU(UKAIMH OT IPOCTPAHCTBEHHOT'O Pa3peIleHNs U1l HEKOTOPBIX 0a30BBIX anropuTMoB. IlomydeHHbIe
Ppe3yabTaThl MOATBEPKIAIOT MEPCHEKTUBHOCTD HCIONB30BAHMUS THIIEPCIICKTPAILHOM anmaparypbl ¢ BBICOKAM
MIPOCTPAHCTBEHHBIM Pa3PEIICHUEM IS ONIPEACTICHUS XapaKTEPHCTHK JIECHOTO TTOKPOBA.

B nannoi#i paboTte paccmarpuBaeTcs 33a4a Paclo3HaBaHHs MMOPOJHOTO COCTaBa U BO3PACTHBIX KJIACCOB
JIPEBOCTOEB Ha OCHOBE THIIEPCHEKTPATIBHBIX N300paKEHHUH, TOTYIEHHBIX C TOMOIIBIO OTEYECTBEHHOM THIIep-
CHEKTPATBHON anmaparypsl. Mcmonb3yeMelii HaMu JISTKUK aBHAIIMOHHEIA BUAeocriekTpomerp AB-BJI mpomns-
Boxctea HITO Jlenron (r. 3enenorpan, . MockBa) nmeeT 287 akTHBHBIX KaHaJoB B auamna3one 401-1017 am u
MIO3BOJISIET TIONTyYaTh THIIEPCIIEKTpaIbHbIe H300paxeHus pasmepoM 500 mukceneil B HapaBIeHUH EPIIEHAN-
KyJIApHOM TpaeKTopuH nosiera. CoekTpaabHOE pa3pelieHie Npruoopa 3aBICUT OT [UTMHBI BOJHBI U yBEIHIHBA-
ercs ot 0,36 o 14 aM npu ABMXEHNH B HH(paKkpacHyIo obmacTs. [IpocTpaHcTBEHHOE pa3peIIeHue COCTaBISIET
0,55 M mpu BBICOTE TIOTIETA 1 KM.

B aBrycte 2001 roma 6pU1a IpoBeeHa KaMITaHUS aBUAIIIOHHBIX M3MEPEHHA, B X0/I¢ KOTOPOH OBLIH HOITY-
YEeHBI IIEPEKPBIBAIONINECS TUIIEPCIICKTPAIbHbIE H300paskeHNUS, MOKPBIBAIOIINE TECTOBBIN y4acTOK pasMepoM
4x10 xM pacronokeHHBIN Ha TeppuTopun CaBBaTheBCKOTO JecHH4YecTBa (TBepckoit necxo3). [lopomuslit co-
CTaB Jieca Ha TECTOBOH TEPPUTOPUH MPEICTABICH B OCHOBHOM APEBOCTOSAMH COCHBI U Oepe3bl pa3INIHbBIX BO3-
pacTHBIX KJIaCCOB. B HEOOMBIIOM KOTHYIECTBE MPUCYTCTBYIOT TaKKE OCHHHHUKHY U eNbHUKU. HazemHas nHdop-
Manus 0 paclpeeIeHUIO IIOPOAHOTO M BO3PACTHOTO COCTaBa MPECTAaBICHA CTAaHJAPTHBIMHU TaOIUIHBIMU U
KapTorpa()nuecKuMH JaHHBIMHU JIECOTAKCALIUH.

IMocTpoeHne anropuTMa pacro3HaBaHHS OCHOBAHO Ha M3BECTHOM MPUHIHUIIE OaieCOBCKOM Kiaccu(uka-
1y, OOIMit BU aITOPUTMOB TaKOTO THITA PEICTABISIETCS B BUAE

a(x) =argmin P(y) p(x|y)

rae x — NMpU3HAaKu OOBEKTOB, ) — HAMMEHOBAaHUS KIJIACCOB, P()) — ampuopHas BEpPOSTHOCTH Kiacca ),
p(x | ¥) — IUIOTHOCTH BEPOATHOCTH pacIpeneseHus MPU3HAKOB X BHYTPH KiIacca y. ATPHOPHBIE BEPOSITHOCTH
KJIACCOB ONPE/EISIOTCS Ha OCHOBE TEKCTYPHOTO aHaNN3a n300pakeHHsl B BBIOpAaHHOM HanOoJiee KOHTPACTHOM
CHeKTpaJbHOM KaHaje. JlaHHas mpolieaypa M03BOJISIeT MOBBICUTh TOYHOCTh PACIIO3HABAHHSI OCHOBHBIX KJac-
COB — BOJIHAsl TIOBEPXHOCTb, OTKPHITHIC MOYBbI, JIyrOBasi PACTUTEIBHOCTD, JIECHAsI PACTUTEIBHOCTh. BHYTpH-
KJIACCOBBIE pacipe/ieNieHHs IPU3HAKOB CTPOSITCSI Ha OCHOBE Mojienu ['ayccoBCcKuX cMeceit

p(¥ O E ] )= Y ) exp[—l(x—u,» OV'E -4, (y))}
Jon S\daz o) L 2

e M — 9uciio KOMIOHEHT CMECH, W, {; B X; — COOTBETCTBCHHO, BECOBOM KOA((HIIMEHT, BEKTOP MaTeMa-
TUYECKHIX OKUJAHUHN U KOBapUAIIMOHHAS MaTPHIIA i-i KOMIIOHEHTHI. B KauecTBe MpU3HAKOB 00BEKTOB paccMa-
TPUBAKOTCS COOTBETCTBYIOIINE UM 3HAYCHUS CIIEKTPAIBHBIX IUIOTHOCTEH dHepreTuueckoil sipkoctu (CIIDS)
HOPMAJTU30BaHHBIC HA HHTCTPAILHOE 3HAYCHUE IO JJTUHE BOJTHEI.

OICHKH TApaMETPOB W, (i, X TIPOU3BOIATCS HAa OCHOBE alPUOPHOIN HH(POPMAITUH B BUJIC MHOXKECTBA CIICK-
TPOB M COOTBETCTBYIOIUX M HAUMEHOBAHHIA PACTIO3HABACMBIX KJIACCOB, COCTABIISIOIINX 00yJaIOIIee MHOMXKE-
cTtBO. J[st cocTaBieHus 0a3bl JAaHHBIX 3TAaJOHHBIX CIICKTPOB OBUIH BBIJICIICHBI YYaCTKU C OMHOPOIHBIM TIOPOJI-
HBIM cOCTaBOM. [lony4eHHbIC JTaHHBIC 111 COCHOBBIX U OCPE30BBIX IPCBOCTOEB MO3BOJIUIIA PACCMOTPETh 3a1a-
4y KJIACCH(HKAIMU BO3PACTHOTO cocTaBa. HanbombIiiee pa3perieHre mo BO3pacTy MOIyYHIIOCH JJIs COCHOBBIX
npeBoctoeB (14 BO3pacTHBIX Tpajaliuii).

N300paxeHus JECHOTO IMOJIOra MMEIOT XapaKTEPHYIO TEKCTYPY KOTOPYIO COCTABIISIFOT MEPEMEKAIOIIUCCS
OCBEIIICHHBIC ¥ 3aTCHCHHBIC YYaCTH KPOH, a TAKXKE MEKKPOHOBEIC MPOocBeThl. M3Mepsiembie CITDS oTpaskeHHOTO
W3JTyYCHHST OCBEIICHHBIX YYACTKOB OMPEICISIOTCS B OCHOBHOM ONTUYECKAME CBONCTBAMH KPOHBI, TCKYIIIMMU
arMoC(epHBIMHU yCIIOBUSIMU U BEICOTOM CONHITA. [IpH 3TOM THIIEPCIIEKTPOMETP JIOJDKEH 00€CIIeYnBaTh TOCTATOY-
HO XOPOIIIee COOTHOIICHHE CUTHAI/TyM. OTpaKeHHE 3aTCHEHHBIMHU y4acTKaMU KPOH IPOUCXOJIUT ropaso Ooee
CJIOXHBIM 00pa3oM. 371eCh HAYMHACT UIPaTh POJIb MHOTOKPATHOE pacCesHUE CBETa BHYTPH KPOHBI M CIICKTPaTb-
HbIE€ CBOMCTBA MOJICTUIIAIONIEH MTOBEPXHOCTH. Kpome Toro, ypoBeHb CUTHANIa TUIIEPCHIEKTPOMETPa C 3TOM Cliyyae
3HAYUTENILHO HIXKE U BIMSHUE COOCTBCHHOMW IIYMOBOM cocTaBisitomiei Ha GpopmupoBanue CIIIS orpakeHHOTO
U3JTyYCHHSI CTAHOBHUTCS TOpa3no 00JIee CYIIeCTBCHHBIM, YeM JJIsl OCBEIIICHHOM YacTH KPOHBI.

OcCBeIlICHHBIC W 3aTCHCHHBIC YYaCTH KPOHBI MOTYT OBITh pa3/iejCHbI HA OCHOBE 3HAYCHUI MHTETPAIbHOU
sprkoctd (CIIDS uHTErpupyeTcss METOIOM TPAIEIHiA O BCEM IEHTPAIBHBIM JJIMHAM BOJIH M3MEPHUTEIBHBIX
KaHaIOB). J[Jsl mOMy4eHHBIX 00yJaroMX BEIOOPOK OBLIM PACCUUTAHBI MHTETPATBHBIC IPKOCTU M Pa3ICICHBI
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Ha 3 rpajialiiu ¢ TIOMOIIBIO MIPOLEHTHBIX HHTEPBAJIOB. TaKMM 00pa30M y4acTKH JIECHOTO 10JI0Ta OBbIIH pasze-
JICHBI Ha OCBEIICHHBIE, TIOTyOCBEIIEHHBIE U 3aTCHEHHBIE.

J171s1 TOBBIMEHHS COOTHOILECHHUS CUTHAJI/ITYM OBLIO IIPOBEIECHO PeayUPOBaHUE ITOTYUCHHBIX JaHHbIX a3-
PO30HIMPOBAHUS K CHEKTPAILHOMY Pa3peIIeHHUIO He MPEBBIIAONIM 5 HM. V3 mormydeHHbIX 87 00bequHEeH-
HBIX KaHAJIOB MBI OTIPECIIMIIN 1 HCKIIFOUUIN U3 PACCMOTPEHHS T€, KOTOPBIE NUMEIOT 3HAUNMBbIE paIHOMETPHIC-
cKkue noMexu. Koppekiys Maiblx painoOMETpHIECKUX TIOMEX HAa OCHOBE M3BECTHBIX CTATUCTUYECKUX IOIXO-
JIOB HEBO3MOXKHa U TpedyeT Oojiee TOUHOI KanmuOpoBkH mpubopa. [Ipu COBMECTHOM HCIOJIB30BAaHUH TaKUX
KaHaJIOB, B KAUECTBE NMPU3HAKOB MOXET ITPOM30ITH HAKOIUICHNE OIIHOKH, YTO, B CBOIO OYEPE/Ib, MOXKET CYIIIe-
CTBEHHO MCKa3WUTh PE3YNbTAT, aXe IIPH PAcIIO3HABAHUH XOPOILO Pa3INniIaeMbIX 00bEKTOB.

[Tpu pemenny 3a1a4M pacmo3HaBaHU 00BEKTOB 10 THIIEPCIEKTPAIBHBIM JaHHBIM Mbl HEU30€XKHO CTall-
KHBaeMcsl ¢ ipoOireMor “poKIIsIThs pasMepHOCTH . [Ipy MOIBITKE HCIIONB30BATh B AITOPUTME OOIBIIOE YH-
CIIO KQHAJIOB, KaK IPAaBUJIO, HEBOBMOXKHO O00ECIIEUUTh CTaTUCTHYECKYIO YCTOHYNBOCTD OLIEHKH HEH3BECTHBIX
MapaMeTpOB MO0 UMEIOMINMCS OTPaHHYCHHBIM JaHHBIM. B CBSI3H ¢ 3THM, alipuOpHbIE OLCHKH OLUIMOKH Paclo3-
HaBaHMSA MOTYT OBITH CYIIECTBEHHO MEHBIIIE COOTBETCTBYIOIINX OLIEHOK, IOTyYaeMbIX METOIOM KPOCC-BaIU-
JaLUH.

Jns perienust TaHHOH IpoOIeMbl He0O0X0MMMO (P GEKTHBHO COKPAaTUTh Pa3MEPHOCTh IPH3HAKOBOTO IIPO-
cTpancTBa. CTaHAAPTHBIN MOMIATOBBIM METOA, KaK MPAaBUIIO, IPUBOAUT K HEYCTOHYMBOMY PE3YINIbTaTy, T.€. Ma-
JIBIe M3MEHEHHsI 00yJaromero aHcaMOIs BIEKYT 3a COO0Ii CyIeCTBEHHBIE M3MEHEHHS BRIOPAHHOM MMOCIIeI0Ba-
TENBHOCTH KaHAIOB. MBI PEUIOKUIN MOAN(DHKALNIO TAaHHOTO METOJIa, KOTOpask I03BOJISIET B 3HAYUTEIILHON
Mepe n30exaTs TaHHOHM MPOOIEeMBL.

Mertoa cocrout B cnenyromeM. Ha nepBoM 3Tare BbIAEISETCS [VIaBHBIM CIIEKTPaIbHBINA KaHall, KOTOPBIH
o0ecrieunBaeT TOYHOE PACIO3HaBaHIE HANOOIBIIETO YHCIIA PACCMAaTPUBAEMBIX KJIacCOB. Jlanee Mponu3BOANTCS
cepHs 3aIlyCKOB IIOIIaroBOro MeToaa BeIOOpa KaHaioB. [1pu kax oM 3amrycke o0ydaromuii ancaMOiIb Ciydaii-
HBIM 00pa30M pasiersieTcsl Ha JIBE MPUOIM3UTENBHO PaBHBIX YacTH, OAHA YacTh MCIOJB3YETCS OIS OLIEHKH
TapamMeTpoB, BTOpast Ul OLICHKH OIMIHOOK Kiaccuukanun. B pesynprare 1aHHOTO Ipolecca moirydaeM Habop
TTOCIIeIOBAaTENbHOCTEH BEIOpaHHBIX KaHaIoB. Ha koHeYHOM 3Tare 3 JaHHoro Habopa BeIOMpaeTcst HanOonee
BEPOSATHAs MTOCIIEI0BATENbHOCTb.

Pe3ynbrar npuMEeHEHHsI JAHHOTO aJITOPUTMa K MMEIOIIMMCS TaHHBIM Ipe/CTaBiIeH B Tabmuie 1. B kaue-
CTBE TIIABHOTO KaHajia ObUT BRIOpaH KaHaJ OJMIDKHETO MH(PPAKpacHOTO THara3oHa ¢ EHTPATbHON JTHHOM BOJI-
HbI 790.39 HM. PaccMOTpeHbI pa3iindHbIe 3312491 Ki1acCu(UKAIUK, CBI3aHHBIC C PACIIO3HABAHUEM COCHOBBIX U
6epe30BBIX IPEBOCTOEB PA3INYHBIX BO3PACTHBIX TPYIII C YIETOM OCBEIIEHHOCTH KPOH.

Ta6nuua 1. Pe3ynbTaThl ONTUMKU3aLMM CNEKTPaANbHBIX KaHaMOoB 1A Pa3NuyHbIX 3afa4 Knaccudurauum. NpuseaeHsbl HoMe-
pa KaHanos (HK) v ueHTpanbHble AnvHbl BofH (LAB).

Cocna, 66[)633 OCHHA; MOJIOAHAK; OCBEIIEHHbIC KPOHBbI
HK 64 25 46 18 43
LB, um 790,39 534,89 662,34 495,93 642,78

CocHa, Gepe3a 0CHHA; MOJIOTHSAK; 3aTeHEHHbIE KPOHBI
HK 64 23 47 53 25 49 9
OB, um 790,39 523,59 669,38 719,08 534,89 684,40 | 446,60

HK 64 70 85 1
OB, am 790,39 834,91 990,02 404,21

CocHa, Oepe3a ocuMHA; CHeJblii APEBOCTON; 3aTeHEHHbIe KPOHbI
HK 64 43 66 1
B, um 790,39 642,78 804,37 404,21

CocHa; BO3pacTHO¥ COCTAB, OCBEIlEHHbIE KPOHBI

HK 64 53 35 81 52 24 47
LB, am 790,39 719,08 595,69 941,27 709,75 | 529,10 | 669,38
Bepe3a; B03paCTHO]7l COCTaB, OCBECLIEHHbIC KPOHBI

HK 64 52 17,18 47,48 30 50

I/IB, um 790,39 709,75 495,93,490,36 | 676,72, 669,38 | 564,14 | 692,44
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SESSION 6

JlnuHa Moy YeHHBIX ONTUMAIBHBIX MTOCIIEJOBATEILHOCTEN COCTaBMIIA OT 4 10 7 CIEKTPAIbHBIX KaHAJIOB.
IToBTOpHBIE 3aIlyCKH aNTOPUTMa MO3BOJIMIIM BBISICHUTD, YTO HanOosIee MH(GOpMAaTHBHBIE KaHAJIbI, JICKAIIIC B
HaJaje MOCIEeI0BaTeIbHOCTH OMPECIIOTCs ycToiunBo. IIpy 3TOM BO3MOXKHA HEONPEIEICHHOCTh BHIOOpa
MEXKAY AByMs COCETHUMH KaHanamu. KaHanbl, H3MEHAOMMECS CIIydyalHBIM 00pa3oM NpH MOBTOPHBIX 3aIly-
CKax aJropuTMa BBIJIECICHBI CEpbIM IBeTOM. IlomydeHHas HEyCTOMYMBOCTH CBSi3aHA C JOCTATOYHO MSITKUM
KpPHUTEpUEM OCTaHOBKH aJIrOpUTMa MOIMIaroBoro oroopa. Heycroiumsblie KaHaIbl IMEIOT HAMMEHBIITYI0 HH(Op-
MaTHUBHOCTB B yKa3aHHBIX [TOCIIEA0BATEILHOCTSX M HE OKa3bIBAIOT CYIIECTBCHHOTO BIMSHUS Ha PEILICHUE.

Heo6x0auMo OTMETHTH, YTO MOIYYEHHbIE OCIEA0BATENILHOCTH MOTYT U3MEHHUTHCS IIPH UCTIOIb30BAHUHT
npyroro poaa kiaccudukaropos. 1o naHHBIM TaGmuIbEl | MOXXHO BHIIETB, YTO JUIS PEIICHUS YKa3aHHBIX 3a/1a4
HEOOXOIMMO MCTIONIB30BaTh CaMble pa3HOOOpa3HbIe KaHAJIBl BUANMOTO U OMIKHETO HH(PPaKpacHOTO AUAIa3o-
Ha. [TosTomy, eciu TpebyeTcs pemars COBOKYMHOCTb 3THX 33Jad, TO IIeJIeCO00pa3HO UCIIONb30BaTh JAHHBIC
TUIEPCIEKTPaANIbHBIX U3MepeHuil. KpoMme Toro, B Xoze JanbHEUIINX HCCIEN0BaHUI AJIMHA TIOCIEA0BAaTEIBHO-
CTel MOXKET OBITh YBEIHUCHA 32 CUET IIPUBJICUCHHUS JOTOIHUTENbHON 00yyaromeil nHdopmarym.

Ha ocHoBe momy4eHHBIX AaHHBIX OBUTH IPOBEICHBI YHCICHHBIE SKCTIEPUMEHTHI IO PACIIO3HABAHUIO TI0-
POIHOTO M BO3PAaCTHOTO COCTaBa APEBOCTOEB Ha TeCTOBOM ydacTke. Ha puc.]l mpuBeneHa marpuma ommbok
JUTS BEIOpaHHBIX Bo3pacToB Oepe3oBrix (16, 51 u 71 net) u cocHOBRIX HacaxkaeHui (16, 76 u 136 net), kKoTopsie
COOTBETCTBYIOT OCHOBHBIM BO3PacTHBIM KiaccaM. OIeHKa TOYHOCTH PEIICHHS 33Ja4i PacIO3HaBaHUS MOy~
YeHHasl METOJIOM KpOCC-BaTHaanuy HaxonuTcs B mpenenax 80-88% ms Gepe3naxoB u 95-99% mmst coCHIKOB.
Pacnio3naBanme Bceil COBOKYITHOCTH BO3PacTOB (Ha puMepe cocHIKOB oOT 13 set 1o 136 ner ¢ marom 10 er)
TI0 JAHHBIM CaMOJIETHOTO THIIEPCIEKTPAIBHOTO 30HIUPOBAaHNS IPUBOJMT K O0JIEE CYIIECTBEHHBIM OIIHOKaM.

Paboma evinonnena npu gunancosou noodepocke PODU (npoexmor N 14-05-00598, 13-01-00185 u 14-
07-00141).

Puc. 1. Matpuua oLumboK (BepoATHOCTM) ANA NOMHOCTLIO

ocBeLLeHHbIX COMHLEM Y4aCTKOB KPOH YMCTbIX 6epe30BbIX
0. (Bo3pact 16, 511 71 rog) v cocHoBbIX BblAenoB (Bo3pacT

16, 76 v 136 neT) Ha BbIbpaHHbIX y4acTKax Ha3eMHbIX 06-
0.86 ] Cei0BaHMM TECTOBOM TEPPUTOPHUMN.

Depesa

0.0076 0.0038

JleticTBHTENbHBIH BO3PACT, ro/ibl

- -
0 ~

P T
oepesa COCHa

KnaccHdHUHpOBaHHBIE BO3PACT, robl
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Web mapping applications and geoportals as a basis
of modern software technologies and tools
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come their deep integration with Internet technologies. A few years ago mapping website often seen as

a relatively simple toolkit to visualize interactive maps or satellite imagery mosaic. Modern web map-
ping software use more complex models of information systems. It usually includes geoportals and complex
thematic web mapping applications, spatial data infrastructure (SDI) services for the creation and processing of
geospatial information in a distributed computing environment. Also becoming increasingly popular new tech-
nology and Internet capabilities — from the popular social networking services, blogs and wiki documents to
cloud services and distributed computing.

As to environmental monitoring, its effectiveness is largely determined by its information and analytical
software. In order to successfully manage the territory and its resources, their generalized characteristics must
be available as soon as possible in visual form; it is necessary for decision-making. These requirements can be
achieved through the establishment of modern information and communication infrastructure for environmen-
tal monitoring, which allows you to objectively assess the situation in real time.

Geoportal and web mapping services were considered as technology basis for modern software system for
environmental monitoring. This system should be viewed as a distributed information-analytical system based
on hybrid technology — client-server and multitier internal system architecture, distributed storage and process-
ing of data, GIS and web technologies, applications and web services standards for information exchange. The
elements of this system can and should be resource-intensive application subsystems that perform a significant
amount of computation, including — with the use of supercomputers, and on the “light” application of simple
data visualization, which can run on today’s mobile devices (phones and tablets, etc.).

Analysis of existing approaches and trends, personal experience in this field has allowed to formulate
some backbone “universal” parts for considered class of information systems —

* Subsystem for base geospatial data archive management;

* Applied web services subsystem

+ Spatial metadata management subsystem

*  Web application for access the data and their processing (web mapping portal).

Web services of information system for environmental monitoring can be divided into two main categories:

*  Private services (restricted access).

*  Public applied services.

The author was directly involved in the development and implementation of projects of eco-logical monitor-
ing software. There were many different software libraries and components which were used in developing pro-
gram code. Web mapping user interface was created using a number of open source libraries. To create a server-
side web application authors used GIS platforms MapGuide Open Source and Minnesota Mapserver. GeoWeb-
Cache was another essential component of distributed web mapping environmental monitoring applications.
There were a number of other tools, components, libraries, etc. which were used in software implementation.

By analyzing and summarizing the experience gained creating information systems to environmental
monitoring support, it should be noted that the use of web-based solutions in this area, can dramatically im-
prove the efficiency of environmental problems solving.

O ne of the leading trends in the development of geographic information systems in recent years has be-
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SESSION 6

PaKTHBHOM KapThl W/MIIM MO3aMKH CITyTHHKOBBIX H300paxeHuil. CeroqHs 0OBIYHO HCIOIB3YIOT 0OJee CIOXK-
HBIE MOZIETH MH(OPMAITMOHHBIX cucTeM. Kak npaBuito, TOBOPSIT O Te0nopTazax u KOMIUIEKCHBIX KapTorpadu-
YECKHUX BEO-TPUIOKEHUAX Pa3INIHON TeMAaTHIECKON HAPaBICHHOCTH, HHPPACTPYKType MPOCTPAHCTBEHHBIX
nmauabeix (UI11), cepBucax mis co3ganus U 06paboTku reonH(OpManii B pacipeneeHHOH nH(POPMAanOHHO-
BBIYHCIIUTENBHON cpefe. Taxke Bce OOIBIIYIO MOMYISIPHOCTD IPHOOPETAIOT HOBBIC TEXHOJIOTHU U BO3MOXKHO-
¢t VIHTepHET — OT NMOMYIAPHBIX COLMATBHBIX CETEH, OJIOTOB M BUKH-IOKYMEHTOB 0 CEPBHCOB OOJIAYHBIX U
pacmpeniesleHHbIX BBIUUCICHUH. Bee yame coOCcTBEHHBIE MPHUKIIaHbIC pa3pab0TKH HHTETPUPYIOTCS CO CTaHO-
BSIIIUMHUCS Bce OoJiee JOCTYMHBIMU B VIHTEpHET pa3nudHbIME KapTOorpadueCKIMHU IPOCTPAHCTBEHHBIMU JaH-
HBIMH, B TOM YHCJIC — CITyTHUKOBBIMU CHUMKaMH BBICOKOTO Pa3peIICHHS.

B cBoro ouepensp, 3(h(HEKTHBHOCT MOHHUTOPHHIA COCTOSHHS OKPY’KaIOIEH TPHPOAHON Cpeabl B 3HAYH-
TENBHON CTENEHN ompenessieTcs ero MHGOPMAaNMOHHO-aHAINTHIECKUM obecredeHreM. UToObl ycHeurHo
YTIPaBISITh TEPPUTOPUEH U PAIIMOHATIBHO PACIOPSIKATHCS €€ PECYpCcaMu, HYKHO XOPOIIO MPEACTaBISTh cebe
00001IEHHBIE XapaKTEPUCTHKH €€ COCTOSIHUS M IMETh BO3MOXKHOCTh B KpaTdaiIie CPOKH B HAIATHOM popme
MOJTy4aTbh HEOOXOMUMBIE AJISI IPUHATHS PEIICHUH JIeTaIbHbBIE CBEICHUS 00 00BEKTaxX yNpaBieHHUs. JTH MHO-
TpeOHOCTH MOTYT OBITH 0OECIIEUCHBI ITyTEM CO3IaHHsI COBPEMEHHON MH()OPMAMOHHO-KOMMYHHKAITHOHHON
MHPPACTPYKTYPBl IKOJIOTHIECKOTO MOHUTOPHHTA, KOTOpAasl TMO3BOJISAET OOBEKTUBHO OLIEHWBATh CUTYaIHIO B
OIIEPaTUBHOM peXXnUMe 1 (POPMHUPOBATH Pa3INYHbIC BAPHAHTHI YIIPABICHIECKUX PEIICHUH.

B pe3synbTare KOMIUIEKCHOTO aHaIM3a CYIIECTBYIOIIMX MOAXOIOB, MPOOJIEM M pElIeHHH, COOCTBEHHOTO
OTTBITa MIPUKJIAJHBIX pa3paboToOK B paccMaTpruBaeMol MPEIMETHON obnacTH, ObII C(OPMUpPOBAH MEpeueHb OC-
HOBHBIX TEXHHUECKHX TPEOOBAHNH, KOTOPBIE MOXKHO MPEABSIBUTH K IIPOrPAMMHOMY 00€CTIEYCHUIO CUCTEMBI 3KO-
JIorndecKoro MoHuTOpHHra. Ipesxe Bcero, ee enecoodpazHo paccMaTpUBaTh Kak pacipeieNieHHy 0 HH(popMa-
LIHOHHO-aHAJIMTHYECKYIO0 CUCTEMY, OCHOBAaHHYIO Ha THOPUIHBIX TEXHOJOTHUSIX — KIMCHT-CEPBEPHAst 1 MHOTO3-
BEHHAsl BHYTPEHHSS apXUTEKTypa CUCTEMEBI, paclpe/ieliecHHOe XpaHeHue n 00paborka maHHbIX, [ IC u Beb-Tex-
HOJIOTHH, TIPUKIIAIHbIE BEO-CEPBUCHI M CTaHAAPTH! HH(OPMALMOHHOTO B3aUMOJCHCTBHSL. DIEMEHTaMH1 3TOH CHC-
TEMbI MOTYT U JOJKHBI OBITh KaK PECypCOEMKHE NPUKIAAHBIE ITOJCUCTEMBI, BBIMOIHSIIOMINE 3HAYUTEIBHBIN
00BbEM BBIYUCIICHHH, B TOM YHCIIE — C HCTIOIb30BaHUEM IIPOU3BOJUTEIBHBIX CYTIEPKOMITBIOTEPOB, TAK M OTHOCH-
TENBHO “JIeTKHE” MPHUIIOKEHHS IJIs TPOCTOM BU3YyallM3all1 AAHHBIX, KOTOPbIE MOTYT pabOTaTh U Ha COBPEMEH-
HBIX MOOWJIBHBIX YCTPOUCTBAX (CMapT(hOHAX M IDIAHIIETax, He TOBOPS YK€ 0 HeTOyKaxX | YIBTpadyKax).

I'eonopran mpeacTaBisieTcs 1LENeco00pa3HbIM PAaccMaTpPUBaTh KaK OCHOBHOM CHCTEMOOOpa3yrONINH
3JIEMEHT MH(GOPMALMOHHON CHCTEMBI SKOJOTMYECKOTO MOHUTOpHUHTA. IIpeacTaBieHne o ero nensix u 3azaa-
Yax MO3TaIHO (GOPMHUPOBAIOCH Ha MpOoTsoKeHNH rnocienaux 20 net. [Ipumepro B 1992-94 Bnepsrie popmy-
JUPYETCs] KOHLEIIHSI TeonopTaiga — B paMKax HallMOHAJIBHOW MH(PPACTPYKTYphl IPOCTPAHCTBEHHBIX JaH-
ueix CHIA (NSDI Clearinghouse Network), hopmupoBanue koTopoit Haganocs ¢ 1994 r. moa pyKoBOIACTBOM
Oenepanpaoro komuteTa o reonanHsM (Federal Geospatial Data Committee — FGDC). [To3nnee, 8 2003 1.,
B paMKaxX WHHIHATHBBI «3JEKTPOHHOE IMPaBUTEIBCTBO», OBIT coszmaH reomoprtan (Geospatial One-Stop
(GOS). B otnmune ot NSDI Clearinghouse Network, B ocHoBe reomoprana GOS nexxana eHTpalIn30BaH-
Has 6a3a KaTaJloroB METaJaHHBIX, KOTOPBIC CBSI3BIBAIOT KIHEHTOB C MOCTABIIMKAMHU I'€OJaHHBIX M T€OIpPO-
nyktoB. [Tonp3oBarens GOS 10 cBOEMY YCMOTPEHHIO MOXKET MCTIOIH30BaTh OOBIYHBINA BeO-0pay3ep (TOHKUH
KIIMEHT) WU paboTaTh C MPOCTPAHCTBEHHBIMH TAHHBIMU B pekume mpsimoro moctymna u3 I'MC (ToncTsiit
kiueHT). B 2011 1. reomopran GOS cran cocTaBHOM 9acThio poekTa Data.gov — HOBOI HHUIIMATHBHI aIMHU-
nuctpamuu CIIIA B pamMKax KOHIENIMU CO3JIaHUSI OTKPHITOTO NMpaBUTENbCTBA. [loxoknM 00pa3om reomnop-
TaJbl B 3TO )K€ Pa3BUBANNCH U B Apyrux crpaHax. B Poccun B 2006 1. IlpaBurensctBoM PO npunsTa «Kon-
LEMIUS CO3MaHMs U Pa3BUTHS HHPPACTPYKTYPHI IPOCTPAHCTBEHHBIX TaHHBIX Poccuiickoit @enepannny, a B
2012 1. B Pocpeectpe 3amy1ieH B ONBITHO-ITPOMBIIIUIEHHYTO dKcInryaTanuio ['eomopranx NI/ P®. B cootBet-
CTBHUHM C BBEJCHHBIMU B Poccuu permaMeHTaMu, TOCyAapCTBEHHBIE CTPYKTYPbI, CO3JAIOIINE U UCIONb3YIO-
M€ IPOCTPAHCTBEHHBIE IaHHBIC, JOIKHBI IPEAOCTABIATh UX B TOCYAaPCTBEHHBIE KapTorpado-reoae3nye-
ckue (OHJBI U OCIIeAYIoNeH myOnuKau.

[TonsaTHe reonoprai He OTPAaHUIHBAETCS TOIBKO 3a1adaMy HalMOHaIbHOH miH pernonansHoi U1/, Ce-
TOJHS CO3JAI0TCS M YCIEIIHO BHEAPSIIOTCS TEOMOPTAIIBI PA3IMIHON HAIIPABIEHHOCTH — OTPACIIEBBIC W BEIOM-
CTBEHHBIE, HAyYHO-HUCCIIEIOBATEIbCKUE U 00Pa30BaTENbHBIE, Y3KOCTICIIMAIN3UPOBAHHbIE M TPOOIEMHO-OpHEH-
THUPOBaHHbIC. | €OMOPTaIBI CTaIM 0COOBIM KJIACCOM IMPOTPAaMMHBIX CHCTEM, @ B HEKOTOPBIX CIIydasiX — COCTaB-
HOH 4acThI0 O0JIEE CIOKHBIX TPOrPAMMHBIX KOMILIEKCOB.

Be6-kapTorpadust 3a mocneHee IECITUIETHE IPEBPATHIIACH U3 U3BECTHON TONBKO Y3KOMY KPYTY CIEIIH-
QJINCTOB TEXHOJIOTHH B IIMPOKO PACIIPOCTPAHEHHYIO AMHAMUYHO Pa3BHBAIOILYIOCS OTPACIb ACATEIBHOCTH, B
cepy HHTEpPECOB KOTOPOH BOBICKAIOTCS BCE HOBBIE 3afa4u. [IporpaMmHoe obecriedeHue i BeO-KapTorpa-
(UM MOXKHO 0XapaKTepH30BaTh KaK KOMIIJIEKC B3aMMOIOMONHSIIONINX TPOTPAMMHBIX CPEJCTB, KOTOPBIE pellia-
10T Pa3IMYHbIC 3a/1a91 — OT BBOJIA U PEAAKTHPOBAHMUS JIEMEHTAPHBIX BEKTOPHBIX JTaHHBIX 10O HACTPOMKH mapa-
METPOB KapTorpaduieckux BeO-CEpBICOB B KaTaJIore MpOCTPAaHCTBEHHBIX METaJaHHBIX. OTHUM U3 KOMIIOHEH-
TOB B 3TOM Ha0Ope MPOTPAMMHBIX CPEICTB SIBISIOTCS FEOMOPTAIIBI — MPEXkK/IE BCETO KaK MHCTPYMEHT IOMCKa
TeONpPOCTPAHCTBEHHOM HH(pOPMANNH, 00ECIICUCHNUS TOCTYa K Te0aHHbIM. Poib reomnopTanoB BO3pacTaeT 1o
Mepe pocTa 00bEeMOB TaHHBIX, Pa3BUTHS WHPOPMAITHOHHONW HHPACTPYKTYPHI.

« CONTENTS


Data.gov

B cooTBeTcTBHM C OOIIEPUHATHIM COBPEMEHHBIM TIOHUMAaHHEM TEPMIHA “TEONOopTan’”’, ero MporpaMm-
HOE 00ecredyeHe Kak MUHUMYM JOJKHO 00€CTIeunBaTh PEIICHHE CIACAYIOIIX IBYX OCHOBHBIX 3a4a4:

*  BeJEHME Karajora IpOCTPAaHCTBEHHBIX METaJaHHBIX, ¢ HA0OPOM HEOOXOOMMBIX OIepanuii — BBO,
peIaKTUpOBaHUE, YAAJCHUE METAJaHHbIX, U T.1.; CPEICTBA ITOMCKA 110 METAIAHHBIM — IO KaTeropHsaM, Mpo-
CTPAHCTBEHHOMY MECTOIOJIOKCHHUIO, KITFOYEBBIM CIIOBAM, U T.II.

» oOecrieucHNE «BEO-CEPBUCOB» — CPENCTB BU3yaIM3allMH MPEACTABICHHBIX HA ITOPTaje MPOCTPAHCT-
BEHHBIX JIaHHBIX U MX 3arpy3KH Ha KOMIIBIOTEPHI TONIb30BaTenel, naTepdeiicos st obecrnedeHus mpsaMoro
JOCTYINA K JJAHHBIM, X Peo0pa30BaHus, U MPOH.

I'eonopTans! 0OBIYHO UMEIOT BOZMOXKHOCTH PAa3TpPaHUYCHUs MIPaB JOCTYIIA MTOJIb30BATENCH, YTO TO3BOJIS-
€T CO3/1aBaTh PECYPChl OTPAaHUIEHHOTO 10CTYIa, JOPMHUPOBATH IIEPCOHAIBHBIE HACTPOUKHU U PECYPCHI.

Pemienne paccMOTPEHHBIX ABYX 33/1a4 HEPEIKO 00ECIICUMBACTCS PA3IMIHBIMU ITPOTPAMMHBIMHU MPOIYK-
TaMH, KOTOpbIE pabOTaeT COBMECTHO, OMOHS APYT Apyra. TUMWYHBIN pUMep — HOAJCPKKa KaTaaora mpo-
CTPaHCTBEHHBIX METaJaHHBIX C MMOMOIIBI0 mporpammHoro obecreueHnst GeoNetwork Opensource, a «BeO-
CEPBHCOBY» — CPEICTBaMU KOMOMHMUPOBAHHOM IporpaMMHoi miardopmsl GeoServer, oobenuHsIOmEH B cede
cepBep MPHIIOKEHUH U cepBep BEO-TMPHIIOKEHNH, KOTOpast O3BOJISIET CO3/1aBaTh CTAHAAPTHBIC KapTorpaduye-
CKHE BeO-CEPBUCHI U MPEACTABIATh X B BUJEC HHTEPAKTUBHBIX KapT.

Kak u B Ipyrux KaTeropusix MporpaMMHOTO OOECIICUCHHUS, MOKHO YCIIOBHO Pa3JeiUTh CYIIECTBYIOIIUC
MIPOTrpaMMHBIE PEIICHHS Ha /IBa THIIA — KOMMEPYECKUE IIPOrpaMMHBIE TPOIYKTHI U CBOOOJHOE MPOTPaMMHOE
oOecrieueHne ¢ OTKPBITHIM HCXOAHBIM KoioM. Hepeko ncronb3yoT 1 KOMOMHHUPOBAaHHbIE PEIICHNUS — CHCTEMA
MOXET OBITh MOCTPOCHA HAa OCHOBE KOMIIOHEHTOB Pa3HON CTENEHM OTKPBITOCTU. Takke CTOMT YIOMSHYTh
“oco0pble cirydan”, KOTOpBIE B TIOCTIETHEE BPEMS CTAJIM HEPEAKIMH — KOT/Ia KOMITAHHH, 3aHUMAIOIIHECs pa3pa-
0OTKOI KOMMEPUYECKHX MPOIYKTOB, BBIITYCKAIOT M MOIAEPKUBAIOT CBOOOIHOE MTPOTPaMMHOE 00ECIICUCHUE —
MIPOAYKTHI C OTKPBITBIM HCXOAHBIM KoZOM. IIpumMepsl: kommanueit Autodesk co3gana u pa3BHBaeTCsl TEOHH-
¢dopmanmonHnas miardpopma MapGuide Open Source, a omuH u3 Begynux paspadorankoB I'MIC — xommaHus
ESRI — Bemyckaet Ha peiHOK ESRI Geoportal Server. O6a 3Tux nmpoaykTa pacrpocTpaHsIOTCs Kak cBOOOTHOE
nporpammHoe obecniedenre ' MC ¢ OTKPBITHIM HCXOAHBIM KOIOM.

IMonneprxka 6a3bl METaJlaHHBIX MPU CO3aHUU TEOIOPTAIOB CETOMHS OOBIYHO HE BBI3BIBACT MPOOIIEM y
pa3paboTYNKOB — CTPYKTypa JaHHBIX OTHOCHTENIBHO MPOCTasi, ¥ OHA XOpOoIIo (JopMann30BaHa CTAHAAPTAMH B
Buge UML-auarpamm. [IpuMepamu “ToTOBBIX” cepBepoB 0a3 IpOCTPaHCTBEHHBIX METaIaHHBIX B KJIacCe CBO-
OOMHBIX TPOTPaMM C OTKPBITBIM HCXOAHBIM KomoM siisttorcs GeoNetwork Opensource, ESRI Geoportal
Server, EasySDI. KimenTtckoe nporpamMmmHoe obecniedeHne, KoTopoe 00eCIiednBaeT BBO M PEIAKTHPOBAHIE
MIPOCTPAHCTBEHHBIX METAAaHHBIX, 00bIYHO MHTErpUpyeTcs B npukiaaabie [ IC, nanpumep ESRI ArcCatalog,
Maplnfo Manager, moxyns pacumupenust NextGIS Metatools mist QuantumGIS, u ipou.

[Ipu pa3paboTke kKapTorpapmueckux BeO-CEpBUCOB MOTYT OBITH MCIIOIB30BAHBI PAa3INYHBIC HHCTPYMEH-
TaJbHBIE MIPOrpaMMHBIE cpencTBa. Cpenu 3apyOeKHBIX MPOAYKTOB CIEMYET, NMpex/e Bcero, Ha3Bath ESRI
ArcIMS u ArcGIS Server, Autodesk MapGuide, Intergraph GeoMedia, Pitney Bowes MapXtreme, Bentley
Geo Spatial Server u Bentley Geo Web Publisher, u nmpou., cpenn poccuiicknx — «'eoKoncrpykrop Web-cep-
Bep» (UI'M UI' PAH), «Mul'eo MapW» (LICU «MuTerpo», Yda), GIS WebServer (Kb «IIAHOPAMAY),
WebMap (3AO «Pe3unent»), u ap.

Bynem paccMarpuBaTh TEXHOJIOTHH T€ONOPTaIa U KapTorpaduieckux BeO-CEpBUCOB Kak CHCTEMOOOpa3y-
IOIIMI 3JIEMEHT NMPOTPAMMHOTO 0OECTIEUeHHsI COBPEMEHHBIX CHCTEM KOJIOTMUECKOTO MOHUTOPHHTA. AHAIN3
CYIIECTBYIONINX TTOIXO0B ¥ TEHACHIINHA, OITBIT COOCTBEHHBIX Pa3pabOTOK B JAHHOHW 00JIaCTH TIO3BOIMII Chop-
MYJIUPOBATh HECKOJIBKO CHCTEMOOOPA3yIOMNX «YHUBEPCAIBHBIX» KOMIOHEHT JUI PacCMaTpPHBAaEMOTro Kiacca
MH()OPMALMOHHBIX CUCTEM:

* [loncucrema BeneHust apxuBa 0a30BBIX FEONPOCTPAHCTBEHHBIX IaHHBIX.

JlomxHa ofOecrednBaTh OPraHU3aIMI0 XPAHEHUS U YIIPABICHUS JaHHBIMHU, CPEICTBA [UIS UX 3arpy3Kd U
yAaJEHUsI, PE3epPBHOTO KOMMMPOBAHUS, U T.II. JJoKHA OBITH MIPEAYyCMOTPEHA BO3MOKHOCTD PETHCTPALNHN B ap-
XMBE BHEIIHHUX 0a3 JaHHBIX, B T.4. — IPOCTPAHCTBEHHBIX, C OPraHU3aLHEH IPO3PaYHOTO AOCTYTA K HUM, Yepe3
€IMHBINH IPOTPaMMHBIN HHTEp]ENC — T.€. MOIB30BATENh, KOTOPHIN MOIyYaeT TaHHBIE 3 apXruBa 0a30BBIX Ie0-
MIPOCTPAHCTBEHHBIX JAaHHBIX HE 00f3aH 3HATh, OTKYy/la MIMEHHO OepyTcs T€OfiaHHbIC — U3 Pa3MEIICHHOTO Ha
3TOM Xe cepBepe shp-aiina mmu gyepes nopkirtoueHue K croponHemy cepsepy (ArcGIS Server u ananorm).

» CucremMa IpuKIaIHBIX IPOTPAMMHBIX (KapTorpaduueckux) BeO-CepBHCOB.

IIpeamnomnaraeTcs coznanue HaOOpa CPEACTB IS PA3IMYHOTO TOCTYIIA K JaHHBIM, OpPraHH3alHH 3aIllPOCOB
K HUM, B TOM YHCJIC — HA OCHOBE CTaHJaPTHBIX OTPACIIEBIX IPOTOKOJIOB/HHTEP(EHCOB THIIA ITMPOKO UCTIOINb-
3yeMbIX OTKpHITEIX cTaHaaproB Koncopumyma OGC — xaprorpaduueckux Beb-cepsucoB WMS, WFS, u .1
Taxxe momKkHa OBITH MPEAYCMOTPEHA BO3MOKHOCTh OPTaHH3ALMH PECYPCOEMKHX BBIYMCICHUI HA CTOPOHE
cepBepa — CeroJHs CyIIeCTBYET HECKOJIBKO albTepHATUBHBIX PEIIeHUI B JaHHOM HampasieHun — WPS (Web
Processing Service) Kon-copriryma OGC, u mpou.

* [loncucrema yrnpapieHus POCTPAHCTBEHHBIMU METAaJaHHBIMH.

IMoacucrema nmpeaHa3zHaveHa JUIs TOUCKA ¥ HABUTALUK 110 MMEIOIIUMCS IPOCTPAHCTBEHHBIM JJAHHBIM, B
TOM 4YHCIIE — C MIOMOIIBIO MMPOCTPAHCTBEHHBIX 3ampocoB. [logcucTema MOMMKHA NpeayCcMaTpUBAaTh BO3MOX-
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SESSION 6

HOCTb PabOTHI C pa3INIHBIMU KIaCCU(PUKATOPaMH JAHHBIX, OBITH COBMECTUMOM C CYIIECTBYIOIMMH CTaHap-
TaMH Ha METaJaHHbIE, I0ITyCKaTh COOTBETCTBYIONIMI NMITOPT/3KcIOpT. OCHOBA MOACUCTEMBI — KaTaJloT METa-
JAHHBIX — JIOJDKEH 00ecrednBaTh BECh KOMIUIEKC 3a[ad yNpPaBICHUs/aJMUHICTPUPOBAHUS METAJaHHBIMH.
IIpeanonaraercst NTy6oKast HHTETPALSI CO BCEMH MPOYUMH PacCMaTPUBAEMBbIMHU 37I6Ch KOMIOHEHTaMHU TIPH-
KJIaTHOW TeOnH(OPMATMOHHONW CHCTEMBI.

* BeO-nprtoxkenne — nHTEpQEic Moap30BaTeNs K JAHHBIM U CPEICTBAM UX 00paboTku (TeomopTait, Kap-
TorpaduIecKuii BeO-mopra).

CoBpeMeHHOE TPOrPaMMHO-TEXHOJIOTHUECKOE PEIICHNE Yallle BCETO CTPOUTCS HA OCHOBE BEO-TEXHOJIO-
THH CHUCTEMBI yTIpaBJICHUS KOHTEHTOM (BeO-caiiT). B pamkax meHTpainn3oBaHHOTO BeO-mHTEep(eiica JOIKHBI
ObITH pa3paboTaHbl CPEACTBA MOMCKA M HABUTAIIMHU 110 UMEIOIINMCS IIPOCTPAHCTBCHHBIM U IPOYUM JaHHBIM, B
TOM YHCJIE — C TOMOIIIBIO IPOCTPAaHCTBEHHBIX 3anpocoB. CepBUCH BU3yaIH3aliy HH()OPMAIUN TOJKHBI IIpe-
JIOCTABIISITh TIOJIB30BATENIO JAHHBIE B TEKCTOBOM, KapTorpaduyeckoM u TabnuaHoM Buae. [logcucrema momxk-
Ha TpeNyCMaTpUBaTh BO3MOXKHOCTh pabOThI ¢ Pa3IMYHBIMU KiaccHu(ukaropamu, GopMaMu MpeICTABICHUS
nHPOPMAIIUH TI0 HaCTanBaeMBbIM mabioHaM, U T.A. JlomkHa OBITh 0OecriedueHa 3arpy3Ka U BEITPy3Ka JaHHBIX
pasHoro tuna. Bes nadopmanys 1omkHa Ipe1oCcTaBIsAThCS Ha OCHOBE Pa3pelleHU (pa3esieHre MpaB 10CTy-
Ta), XKeIaTeIbHO HaJIUINe BO3MOKHOCTH NEPCOHANN3ANN nHTepdeiica moap3oBares.

Beb-cepBuchl HH(POPMAIOHHONW CHCTEMBI 3KOIOTHYECKOTO MOHUTOPHHTa MOYKHO YCJIOBHO Pa3f€iINUTh Ha
JIBE KaTCTOPHH:

* CiryeOHBIE CepBHCHI (OTPaHIMYEHHOTO JOCTYIIA).

MonynpHas apXUTEKTypa pa3paboTKi MH(OOPMAIIIOHHONW CHCTEMBI SKOJIOTHIECKOT0 MOHUTOpHHTA (hop-
MHpYeT HEOOXOIMMOCTH CTPOToi hopMansHON criennpuKau HHPOPMAITHOHHOTO 0OMEHa MEXIY €€ KOMIIO-
HeHTaMH. B 3ToM KoHTekcTe HeoOx0oauM Habop BeG-CepBUCOB KaK MHCTPYMEHT JIJIsl IIpreMa/epeiadil JaHHBIX
BHYTpPHU CHCTEMBI, MEX/y €€ COCTaBHbIMHU dacTsimMu. Hanmpumep, Mmoxyns «Beb-mopram ¢ IOMOIIbIO pean3o-
BaHHOTO B HEM HHTepdelica Moap30BareNs s MONCKa JaHHBIX (GopMHpyeT 3ampoc noacucreme «Karamor
MPOCTPAHCTBEHHBIX METAAAHHBIX» Ui NonmydeHns nHdopmarun. anee — nogcucrema «Karanor mpoctpas-
CTBEHHBIX METAJJAHHBIX» 00paIaeTCs K MOAYITIO « APXUB IT'€0AaHHbIX)» [UIS MOTy4EHHs CIIICKA PECYPCOB OIpe-
JeneHHoro Tuia. OrpaHU4eHNs B IOCTYIIE K CITyKEOHBIM CEPBHUCAM CBA3aHBI C TEM, UTO C UX IIOMOIIBIO MOKHO
MHOTO 4€TO CIeNIaTh, U B TOM YHCJIE — HAPYIIUTh pa00TOCIIOCOOHOCTD CHCTEMBI B IIETIOM (IIPH HEYMEIIOM HC-
MOJIB30BaHNN). IMEHHO MO3TOMY AOCTYTI K HUM Yallle BCETO OTPaHIYEH Pa3paboTINKaMH.

* [TyOGnuaHBIe MPUKIIaJHBIE CEPBUCHI.

B oTnmrume oT yIOMSIHYTBIX BBIIIE CITY’KEOHBIX CEPBUCOB — 3TH CEPBUCHI ABIIAIOTCS ITyOINYHO TOCTYITHBI-
mu. OHE 00€CTIEUNBAIOT BHIOIHEHUE PA3IMIHBIX 3aIIPOCOB MONb30BATENCH K JAaHHBIM, XPAHAIINMCS B CHCTe-
M€ 3KOJIOTHYECKOT0 MOHUTOPHHIA. TE€XHOIOTHUECKH OHM MPAKTHYECKH HE OTIMYAIOTCS OT CIy>KEOHBIX, HO
HapyHIHTh pabOTOCIOCOOHOCTh CHCTEMBI OHM HEe MOTYT. [IpuMepaMu cepBHCOB SBIAIOTCS pa3iUYHBIC OTEepa-
LUH BU3YAJIN3alUY TEMaTHYECKOH MOHUTOPUHTOBOH MH(OPMAINH, KOTOPbIE UCTIONB3YIOTCS IPH (POPMUPOBa-
HUHM THPOPMAITMOHHBIX CTPAHHII BeO-TIopTaia.

Ananu3upys u 060011ast HAaKOTICHHBIH OIBIT CO3AaHUs CUCTEM HH(POPMAIIOHHOH MOIIep>KKH HaOIIoze-
HUH 32 COCTOSHHEM OKPY’KaloIleil MPUPOIHOHN Cpelibl, CIEYeT OTMETHUTh, YTO HCIONb30BAHUE BEO-OPHEHTH-
POBAHHBIX PELICHHUH B 3TOH 00IAaCTH — aBTOMATH3MPOBAHHBIX HH(POPMALMOHHBIX CHCTEM, KOTOPbIE H3HAYaIIb-
HO CIIPOEKTHPOBAHBI JUIs paOOoThI B ceTH VIHTEPHET, MOXKET KapAMHAIBHO MOBBICUTH 3(EKTHBHOCTD PEIICHUS
TIPUPOJOOXPAHHBIX 3a/1a4.
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Detection and classification of Siberian pine stands decline
and mortality based on high spatial resolution satellite data

'Kharuk V.1., “Pestunov .A., ‘Dubrovskaya 0.A., ‘Melnikov P.V., Rylov S.A.

' Forest Institute SB RAS, Krasnoyarsk, Russia
? Institute of Computational Technologies SB RAS, Novosibirsk, Russia
E-mail: kharuk@ksc.krasn.ru

formed by Siberian pine (Pinus sibirica), fir (Abies sibirica) and spruce (Picea obovata). The possibility of

using multispectral images of high spatial resolution for detection and classification of damaged forest
stands is studied in this work. The source of input data is an image of pine stands on the east macroslope of
Kuznetsk Alatau Mountains obtained by Pleiades satellite on June 1, 2012. Fieldworks, dendrochronology data
and climate variables analysis have shown that the main cause of stands decline and mortality was water stress
due to climate change-induced dryness and extreme droughts increase [1]. Image analysis is performed using
effective ensemble segmentation algorithms that use both spectral and spatial features.

The proposed image processing algorithm consists of three stages.

The first stage is selection of informative subset of spectral features. In order to do so, statistically clean
training samples were generated from preliminary segmentation of four source image’s channels. The segmen-
tation was performed by EMeanSC clustering algorithm [2].

The clean training sets helped to produce an informative subset of 4 features: channels 1, 3, 4 and NDVI.
These features were present in subsets of features with high descriptiveness criterion. The Jeffries-Matusita dis-
tance [3] which is an estimate of the upper limit of the misclassification probability was used as such criterion.

The second stage of the scheme is segmentation of the original image using subset of features generated
earlier. A non-parametric ensemble clustering algorithm ECCA [4] is used at this stage.

At the third stage the cluster map obtained at the second stage is generalized and refined. The post-pro-
cessing is performed in order to reduce fragmentation of the cluster map and to refine the boundaries of clus-
ters. An algorithm that takes image spatial context (information about pixel neighborhood) into account is used
for this purpose. This algorithm is based on the ensemble of morphological segmentation algorithms that use
graph representation of the image. Image pixels correspond to vertices of the image graph, and the edges are
added to graph according to pixel neighborhood. The weight of each edge is equal to the value of the selected
measure of pixel spectral similarity. A minimum spanning forest is built from the image graph with the help of
markers selected on the cluster map generated at the second stage. Majority vote decision rule is applied to en-
semble elements. The accuracy of the final cluster map generated at the third stage is estimated by checking 210
test points obtained by fieldwork. The segmentation error is equal to approximately 3%.

The proposed technique of high spatial resolution image processing helped to locate areas of damaged
pine stands in the Kuznetsk Alatau Mountains. The usage of spatial context made it possible to generate a series
of maps of various resolution well-suited for subsequent interpretation. The algorithm is implemented as a
software tool that can be used for a wide range of applications.

In recent years Russian Federation has seen the phenomenon of drying of dark coniferous forest stands
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O6HapyreHure 1 KnaccnduKauma ycbiXaoLmx KeapoBbIX
LOpEeBOCTOEB MO CMYyTHUKOBbLIM 4aHHbIM BbICOKOI0
MNPOCTPaAHCTBEHHOMO paspeLleHna

'Xapyk B.W., ‘Mectynos U.A., °[y6posckas 0.A., ‘MenbHukos M1.B., *Puinos C.A.

" MuctutyT neca um. B.H. Cyrauesa CO PAH, Kpachospck, Poccua
? MHcTUTYT BbluMCAMTENbHBIX TexHonoruit CO PAH, HoBocuéupck, Poccus
E-mail: kharuk@ksc.krasn.ru

BBEOEHWE

B ronne 20-ro Hayane 21-ro crosnerus B necax Poccun HaOmronaeTcs ycbIxaHne TEMHOXBOWHBIX JPEBO-
cToeB, copMHUpOBaHHBIX KeapoM (Pinus sibirica), nuxtoii (Abies sibirica) n envio (Picea obovata) [1].

TpanuIOHHO U1 OLEHKH COCTOSHUS MOBPEXKJEHHBIX JPEBOCTOEB MIMPOKO HCIOIb3YIOTCS CITyTHUKOBBIE
N300paKeHNsT HU3KOTO M cpelHero npocrpancTeenHoro paspemenns (NOAA/AVHRR, Terra+Aqua/MODIS,
Landsat, SPOT) [2-5]. B nocienaee roapl, 61arofapsi CTpEMHUTEIBHOMY IIPOTPECCY B O0JIACTH CO3AAHUS U Pa3-
BUTHSL CPEJCTB U TEXHOJIOTMH AUCTAHIIMOHHOTO 30HIUPOBAHUS 3€MIIU, KOMMEPYECKUM, IPOU3BOICTBEHHBIM U
Hay4YHO-NCCJIEJI0BATEILCKMM OPTaHU3ALMsIM CTalli JIOCTYITHBI JaHHbIE BEICOKOTO paspenieHus (4 M u Jrydie)
[6]. OTu naHHBIE MO3BOMSIOT CYIECTBEHHO PACIIMPUTH KPYT pelIaeMbIX 3aad [7].

B pabore wuccienyercs BO3MOKHOCTh MCHOJIB30BAHHS MYJIBTHUCIICKTPAIBHBIX M300pa)KEHHH BBICOKOTO
MPOCTPAHCTBEHHOTO pa3pelIeHus Al OOHapyKeHMs M KIacCH(PUKAINU TTOBPEKAECHHBIX KEAPOBBIX JPEBOCTO-
€B BOCTOYHOI0 MakpockioHa Kysneukoro Anaray. [ToneBsle Hccae0BaHUs JaHHOTO paiioHa, aHAIU3 IEHAPO-
XPOHOJIOTUYECKUX JAaHHBIX U KIMMaTUYeCKUX MEPEMEHHBIX II0Ka3alIH, YTO IEPBUYHON IPUUNHON YCBIXaHUS U
ruOeIH IPEeBOCTOEB SIBISIETCS BOIHBIM cTpecc, 00yCIOBICHHBIN KIMMaTH4eCKU-UHyIMPOBaHHBIM BO3pacTa-
HUEM UHJIEKCa CYXOCTH U BOSHUKHOBEHHEM 3KCTPEMANIBHO 3aCyLUINBBIX IEPUOJOB.

OBBbEKT MCCNEAQOBAHNA N UCXOOHBIE MATEPUATTbI

Msyuaemast 30Ha pacronokeHa B ropax KysHeikoro Anaray, Ha BeicoTax ot 640 1o 1040 M Haj ypoBHEM
MOpsi, U OTPaHUYCHA 001acThio 54°29°24” 1 54°31°12” c.u1., 88°48° n 88°52°12” B.4. JIpeBocTou chopmupoa-
HBI KeApoM (>95%) ¢ mpuMechio MUXTHI U end. JIpeBOCTOH CIielnble, CPeIHUI BO3pacT AepeBbeB okoio 160 ner
(MakcHMaJIbHasl IPOJIOJDKUTENILHOCTD KU3HH Keapa — 600-800 ner). PacTurenbHblil TOKpOB ME30(UTHBIH, C
npeoOiaJaHieM OCOYKH; TONIIMHA MOACTHIKHN 3—5 cM. [TouBBI cBETI0-ceporo JiecHoro Tuia r1younoit 10-15
CM, JIe)KalllUe Ha cJ0e KaMEHUCTOW MMHBI. [IpU3HaKoB moXkapa BHYTpPHU UCCIEAYeMOH 30HbI OOHApYKEHO He
Obu10. HabOmronenus ycbixanus KeIpOBBIX IpeBocToeB npoBoamwuch ¢ 2006 o 2012 roast (puc. 1).

B kauecTBe MCXOAHOTO MaTepHaa ajsi OOHapyKeHHs ¥ KilacCU(HUKAIMK OBPEXKICHUI HCII0JIb30BAIOCH
CIIyTHUKOBOE M300paxkeHue Oacceiina p. UepHslit Mioc (Boctounblit Makpockiion Ky3nenkoro Anaray), noiy-
yennbiid 1 uronst 2012 rona co cnytHuka Pleiades (mpoctpanctBenHOe paspenicnue 2,8 M) (puc. 2). Jlis oreH-
KU JIOCTOBEPHOCTH PE3YJIbTaTOB 00pa0OTKH HCIIOIBL30BAIMCH JJAHHbBIE MOJIEBbIX HaOMoAeHu B 210 TeCTOBBIX
TOYKaX, noiay4deHHsle corpynnukamu NJI um. B.H. CykaueBa CO PAH.

88°51'E 88°52'E

54°30'N

54°29'30"N

I AN
0mm2012
C32007E32009332011

Puc. 1. OparMeHT KapTocxeMbl ycbixaHuA gpeBoctoeB B uc-  Puc. 2. RGB-KoMno3uT ncxogHoro u3obparkenus, nony-
cnepyemoi 3oHe ¢ 2006 no 2012 rogpl. YeHHoro co cnyTHUKa Pleiades 01.06.2012r.
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METOAbI MCCJTIEAQOBAHMA

O06paboTka H300pakeHHS € LIENbI0 O0OHAPYKEHUS TIOBPEXXICHHBIX TEPPUTOPUIT I HX KapTUPOBAHHSI BKJIIO-
Yaja B ce0s TpH dTarmna.

Ha nepBom 3Tane npousBoawiIcs BEIOOP MH(GOPMATHBHON MOACHCTEMBI CIIEKTPAIBHBIX MPU3HAKOB. J{i1s
3TOr0 (hOPMHUPOBAIUCH CTATUCTUIECKN «UUCTHIE) 00yUaronre BHIOOPKH Ha OCHOBE KapTOCXEMBI, TIOTydEHHOMH
B pe3yNIbTaTe NMpeABApPUTENHHON CETMEHTAIINH H300paXEHHS 0 CHEKTPAIBHBIM SIPKOCTSIM YETHIPEX KaHAJIOB
crytHuka Pleiades. CermMeHTanus oCymecTBIsLIaCh ¢ MOMOINBI0 aaroputMa kiacrtepuzanuun EMeanSC [8],
JUTSl CTAaTUCTUYECKOTO aHaJIM3a UCIOIb30BasIca IporpaMMHbIid komiuieke ENVI 4.8.

Ha ocHoBe «uHcTBIX» 00ydaromux BEIOOPOK ObLIa MoydeHa HH(OPMATHBHAS IOJCHCTEMA U3 YETBIPEX
mpu3HAKoB: 1, 3, 4 KaHANBI M HOPMAJN30BaHHOTO BeretannoHHOro MHIAekca (NDVI). B kadectBe kxputepus
MH(POPMATHBHOCTH HCIIONBb30BasIoCh paccrostane JDxeddprca-Marycura [9], xoTopoe sBIsSETCS OLEHKOM
BEPXHEH I'PaHUIIbl BEPOSATHOCTH OIINOKHN KIIaCCU(PHUKALN.

Ha BTOpOoM 3Tare npon3BoAnIachk CErMEHTALUSI HCXOAHOTO M300pa)keHMsI 110 BBHIOpaHHON MH(OPMATHBHOH
MTOZICUCTEME TIPU3HAKOB C TIOMOIIHIO aHCAMOJICBOTO alTropruT™Ma HettapameTprdecko kiaactepmsanun ECCA [10].

Ha Tperpem stare 11t yMEHBIICHUS pa3pOOICHHOCTH U YTOUHEHNS! TPAHHL] CETMEHTOB KapTOCXEMBI, MOJTy-
YEHHOH Ha NPEABITYIIEM 3TaIe, BHITOIHIACE €€ TOCTOOPaOOTKA AIITOPUTMOM CETMEHTALH, YINTHIBAIOIINM IIPO-
CTPaHCTBEHHBIH KOHTEKCT N300paskeHNsT (MH(OPMAIIIIO O COCEICTBE IIMKCENIOB). DTOT aITOPUTM OCHOBAH Ha Ipa-
(hoBoM noIxX0z1E, TIPH KOTOpOM Hctionb3yercsi rpad G < V] E n3obpaskeHus, rie ' — MHOKECTBO IMKCEIOB, a £ —MHO-
KECTBO B3BEIICHHBIX peOep, COSAMHSIONMIMX KaX (bl IIMKCEIT ¢ BOCEMBIO COCEHUMU. Bec pebpa paBeH 3Ha9eHHUIO
(YHKIMH, OTIPEIEISIOIeH TOX0KECTh MTMKCENOB. B kayecTBe Takoi (DyHKIMH BEIOPAHO €BKIIMOBO PACCTOSHHE B
TIPOCTPAHCTBE BEIOPAHHBIX NPU3HAKOB. 3aTeM Ha rpage G CTpOUTCSt MUHIMAIBHOE OCTOBHOE JiepeBo 7' (MHUHIMAITb-
HBIH 110 CyMMapHOMY Becy pedep rpad 6e3 IUKIIOB, COSIMHSIONINHA BCE BEPIIMHBI U3 V') ¢ TOMOIIIBIO KJIACCHYECKOTO
amroputMa Kpyckana [11]. TToctpoerHoe mepeBo 7' MCTIONB3YeTCsl B KAYSCTBE HCTOYHUKA TIPOCTPAHCTBEHHOHN HH-
(opmanmm 11 TocIenyIomei cerMenTaryy. Ha kaprocxeme, IoTydeHHOH Ha BTOPOM 3Tarle, BEIOMpaeTcsl 3a/1aH-
HOE KOJIMYECTBO TOUeK (MapkepoB). 13 ocToBHOTO iepeBa ynassttoTest pedpa Tak, YTOOBI B KOKIYIO U3 IOy IMBIIHX-
sl KOMIIOHEHT CBSI3HOCTH TIOTIAJIO TT0 OTHOMY Mapkepy. Takum o0pa3oM, MHHAMAaIBHOE OCTOBHOE JIEPEBO MPEBpa-
IIaeTCcs B MUHUMAJIBHBIM OCTOBHBIN Jiec. PacnpocTpaHeHne METOK KITacTepoB OT MapKepPOB Ha KOMIIOHEHTHI CBSI3-
HOCTH, KOTOPBIM OHM HPHHAIJIEKAT, TTO3BOJISIET IOCTPOUTH Pa3OMEHHE MCXOJHOTO M300paKeHHsI Ha CETMEHTHL
UtoOBl 00eCTIeYnTh HE3aBUCHMOCTD PE3yJIbTara OT BHIOOpa MapKepoB, MpUMEHseTcsl ancaMOneBbIil oaxox. s
KaKZIOTO SNIEMEHTa aHCaMOIIs BRIOMpaeTcs CcirydaiiHbIif Habop MapkepoB. KoidecTBo MapKepoB AT KaKI0TO Kila-
cTepa OMpeeNsieTCs IPOTIOPLHOHATIBEHO pa3Mepy kiactepa. [Ipu momydeHnr HTOroBoi cerMeHTaly H300paKeHUS
aHcamMOIIeBoe pelaroniee MpaBuiIo GOpMUPYETCs Ha OCHOBE IPABHIIA POCTOTO OOJIBIIMHCTRA.

PE3YJIbTATbI UCCJTIEAQOBAHNA

Ha nepBomM sTarne 06paboTKy OBUTH BBIIEJICHBI CTATUCTUYECKH «UUCTHIE) 00ydarolie BEIOOPKH /IS 11e-
CTH OCHOBHBIX KJIACCOB: «YCOXIIWH JPEBOCTON», «BBIPYOKH YCOXIIETO JIPEBOCTOS Ha FOXKHOM CKJIOHE», «BBI-
pPYOKM Ha CEBEPHOM CKIIOHE», «3IIOPOBBIH APEBOCTOW», KTEPPUTOPHHU, HE MOKPBITHIE PACTUTEIBHOCTHIO» U
«BOJIHAsI MOBEPXHOCTHY. CTaTHCTHUECKUH aHaIn3 00ydaromuX BEIOOPOK MOKA3all, YTO CIEKTpajIbHbIC Xapak-
TEPUCTUKH KJIACCOB «BBIPYOKHM YCOXIIIETO JIPEBOCTOS HA I0)KHOM CKJIOHE» U «BBIPYOKH Ha CEBEPHOM CKIIOHE»
OYeHb OJIM3KH, TO3TOMY 3T KJIACCHI O0BEIMHEHBI B KJIACC «BBIPYOKI».

C ucrnosnp30BaHMEM BBIOpaHHON MH(MOPMATUBHOI MOACUCTEMBI TPU3HAKOB, BKJIIOUatomei 1, 3, 4 kaHabl
u NDVI Ha BrOpoM 3Tane nposefieHa cerMeHTanus ¢ noMousto anroputMa ECCA. Tak kak 3TOT anroputm
SIBISIETCSI IOMTMKCENBHBIM, TIOJTyYeHHasl B pe3yJibTare Kaprocxema, pparMeHT KOTOpOoH NMpeACTaBlIeH Ha PUCYH-
ke 3a, o0yajaeT BEICOKOW CTENEHBI0 Pa3ApOoOJIEHHOCTH, YTO CYIIECTBEHHO 3aTpyAHSET €€ MHTEPIPETALHIO.
Jnst ycTpaHeHUs! 3TOr0 HEJOoCTaTka Ha TPETheM 3Talle OCYIIECTBIIach MOCcToOpaboTKa KapTOCXeMbl KOH-
TEKCTHBIM aJITOPUTMOM CerMEHTaluu. PaccMoTpeHo jiBa ciryyast moctoOpaboTky. B mepBoM ciiydae B kauecTse
MapkepoB ObLIO BBIOpaHo 5% muKcenoB, Bo BTopoM — 10%. B pe3ynbrare nomydeHbl KapTOCXEMBI C pa3InaHOM
CTETICHBIO TeHepallM3aluy TeMaTHieckux oomnactedt (puc. 30, 3B). s omeHKHM KauecTBa CETMEHTAlUH HC-
nosib3oBajiack kaprocxema ¢ 10% mapkepos. ITox ommOKol cerMeHTalnuy CUNTAeTCsl MMONa aHUe TECTOBBIX
TOYEK M3 Pa3HBIX KIIACCOB B OJINH CETMEHT KapToCXeMbl. B HamieM ciydae, OmmoOKa cerMeHTaI[M COCTaBUIIa ~
3% (6 TECTOBBIX TOYEK), M KaK IT0Ka3aJl MOCIEAYIONMH aHaIN3, OIIMO0YHOE OTHECEHHE TOUEK U3 pa3HbIX Kiac-
COB B OJIMH CETMEHT 00yCIIOBJIEHO penbe)oM MECTHOCTH.

Takum o0Opa3zoM, JaHHast cxeMa 00paOOTKH MYJBTHCIEKTPAIbHBIX M300paKeHUH ITO3BOJISET C BBHICOKOH
CTEMEHBI0 TOCTOBEPHOCTH BBISBIIATH OYard MOBPEXKJIEHUN KEAPOBBIX IPEBOCTOEB HA UCCIEAYEMOI TEpPUTO-
pun. IIpennoxeHHbII aNrOPUTM CErMEHTALUHU, YUYUTHIBAOIIUI IPOCTPAHCTBEHHBIN KOHTEKCT, TT03BOJIMII IOJTY-
YUTh CEPUIO0 KApTOCXEM C Pa3IMUHBIM yPOBHEM JeTanu3anuu. Mcrnons3oBaHue JaHHBIX BBICOKOTO NMPOCTPaH-
CTBEHHOTO pa3peIleHHUs TO3BOJISIET ITOYYUTh NOAPOOHYIO KAPTUHY AMHAMUKH N3MEHEHHUH JIECHOW pacTHTEINb-
HOCTH TIPH JIECOIIATOJIOTUYECKOM MOHHUTOpHHTe. [IpencraBieHHas cxema oOpabOTKM peaii30BaHa B BHJIE
MIPOTrPaMMHO-aJITOPUTMHUYECKOTO HHCTPYMEHTApHsI, KOTOPBIH MOXET OBITh UCITOIB30BaH ISl IIMPOKOTO Kpyra
3aj1a4, CBSI3aHHBIX C OLIEHKOM YKOJIOTUYECKOrO COCTOSHHUSI JIECOB.
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Puc. 3. (a) — pparMeHT KapToCXeMbl, NOY4eHHOM C NOMOLLbI NonuKcenbHoro anroputMa ECCA; (6), (B) — dparMeHT KapToc-
XeMbl MONy4eHHOM B pesynbTaTe NocTo6paboTKM KapTOCXeMbl (@) KOHTEKCTHBIM anropuTMOM KacTepu3aLmu ¢ UCronb3oBa-
HueM B KayecTBe MapkepoB 10% v 5% nuKcenoB 1306paxeHnA COOTBETCTBEHHO.

Jlumepamypa:

1. Kharuk VI, Im S.T., Oskorbin PA., Petrov I.A., Ranson K.J. Siberian Pine Decline and Mortality in
Southern Siberian Mountains. Forest Ecology and Management. Forest Ecology and Management. 2013.
Vol. 310. P. 312-320.

2. Pestunov I.A. Algorithms for processing polyzonal video information for detection and classification
of forests infested with insects // Patt. Recogn. and Image Analysis. 2001. Vol. 11, N 2. P. 368-371.

3. Xapyk B.U., Koocyxosckas A.I, [lecmynoe H.A. u op. Cvemrxa NOAA/AVHRR 6 monumopunze 6cnoi-
wiex cubupckozo wenkonpsioa // Mccnedosanus 3emnu uz kocmoca. 2001. Ne 1. C. 80-86.

4. Xapyx B.U., Paucou K. /]ic., Kysvmuues B.B. Cvemra Landsat 6 ananusze wenkonpsaonuxog FOxicnot
Cubupu // Hccneoosanue 3emau uz kocmoca. 2002. Ne 4. C. 1-12.

5. HUm C.T, Xapyx B.U., Paucon K JI., Conoamos B.B. Cvemxa SPOT-VEGETATION 6 ananuze ouna-
MUKU NOBPeXNcOeHUst 20pHo-maedxchvix necos Cubupu wenxonpsioom // Uccredosanue 3emnu uz kocmoca.
2007. Ne 1. C. 74-80.

6. bBoncynosckuii M.A., Bymun B.B. Hogetiwue cnymuuxu /[33 u Onudicaiiviie nepcnekmusbl CUCHeM 8biCo-
K020 U c8epxablcoko2o paspeuterus // Tes. dokn. [lecamoii Beepoc. kong. « Cospementvie npobiemul OUCman-
YUOHHO20 30HOUposanus 3emnu uz kocmocay. Mockea: UKU PAH, 2012. http://smiswww.iki.rssi.ru/d33 _conf’
7. Wang J., Sammis T.W., Gutschick V.P. et al. Review of satellite remote sensing use in forest health
studies // The Open Geography J. 2010. Vol. 3. P. 28-42.

8. Ilecmynog H.A., bepukoe B.b., Cunaeckuil FO.H. Ceemenmayusi MHO20CNEKMPATbHBIX U300PANCEHUL
Ha OCHOBe aHCAMOJIsL Henapamempuieckux aieopummos kiacmepusayuu // Becmuux Cu6l’AY. 2010. T.
31, Ne 5. C.45-56.

9. Davis S.M., Landgrebe D.A., Phillips T L. et al. Remote sensing: The quantitative approach.
McGraw-Hill International Book Co. 1978. 396 pp.

10. Ilecmynos U.A., bepukxos B.B., Kynuxosa E.A., Poinos C.A. Aucambregulii areopumm Kiacmepusa-
yuu bonvutux maccueos oannwix // Asmomempus. 2011. T. 47, Ne 3. C. 49-58.

11. Kopmen T.X., Jletizepcon Y. 1., Pusecm P.JL, [lImaiin K. Areopummsi: nocmpoenue u aHanus, 2-e uz-
oanue. Ilep. c anen. M.: Hzoamenvckuti dom «Bunvsamcy, 2010. 1296 c.
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BBEJEHWE

CedeHus NOIVIOMEHUS HEOOXOIMMBI ISl pEIIeHUs IPUKITaTHBIX 3a/1ad KONUIECTBEHHON CIEKTPOCKOIIHU
1 aTMoc(hepHOH XUMHUH. B CIEKTPOCKONIH OHU MOJIE3HBI IPH HCCIEAOBAHMIX MPEIANCCOIUAIINNA MOJICKYIT, a B
aTMOC(EpHON XUMUU MPU BBIYUCIICHUS CKOPOCTeH (oToXuMUIecKuX peakiuii. [IpenmecTroBaBmias padbora
10 U3BJICYCHUIO, MOJICIMPOBAHHIO U XPAHEHHUIO CEYCHUH MOTTIONICHNH TPOBEACHA HAMH IIPH CO3IaHUH OPTa-
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na ATMOS [1], ona Oplia cBsi3aHa ¢ pa3MeIIeHNEeM B TIOpTajie BApHAHTOB SKCIIEPTHBIX 3HAUCHHUH CEUeHHH Mo-
TJIOMIeHUs TpeIokeHHbIX nByMsi opranm3anusiMu (JPL-NASA u IUPAC). B nmanHoit paboTe 3TH gaHHBIC
OBLTH OTIONHEHBI TTOJTHBIM HA0OpOM OMYyOJIMKOBAHHBIX CcedeHHH moromieHus. [logobnas padora mo opraHu-
3aIM¥ KOJUICKIIMY EPBUYHBIX JaHHBIX O CIIEKTPaNbHBIX (yHKIMAX OblIa mpoBeieHa paHee B [2]. B texanye-
CKo# peanu3aryn HHPpopMarroHHo# cucteMsl (MC) Ml monumm faibpiiie TPYIIsI HccaeqoBaTenei [2] u co3na-
mm VIC co cioeM 3HaHUI OpHEHTUPOBaHHBIM, KaK Ha HCCIIe0BaTeNel, TaK U Ha IPOrPaMMHBIX areHTOB.

B noxnane onmcano MHGOPMALIMOHHOE MOJEIHPOBAHNE OOBEKTOB MPEIMETHBIX 00NacTeld, CBI3aHHbIX C
CEYCHHSAMH ITOIVIOMICHUH, UMITOPT-9KCIOPT CEYSHHH MTOMIONICHHS K X IpecTaBlIeHue B (popMe OHTOIOrHYe-
ckoit 6a3s1 3HaHUN B IC W@DIS.

rnoaxoad K CUCTEMATU3ALIM PECYPCOB N0 CMEKTPAJTIbHbIM OYHKLUNAM

ITpn moctpoennn MC ncnons3yoTcss MHOTOUNCIICHHBIE KJIacCH(UKALMK BellecTB. B nanHoi padore uc-
TIOJTb3YEeTCsl KiTacCH(DUKAIUs BEIEeCTB, onrcanHas B [2]. CTpyKTypHbIE 0COOCHHOCTH BELIECTB, NX HANMEHOBA-
HUSI pETIaMEHTHPYIOTCSI MHOTOYHMCIIEHHBIMU CTaHAapTaMH, OOJIbIIas YacTh KOTOPBIX MCHONB3YeTCs B JTAHHOH
pabore. OpHUrHHANBEHON YacThio paboTHI sABIsI0TCS ocTpoeHHble B IC W(@DIS nndopmarmonabsie 00beKTHI,
COOTBETCTBYIOIIE BELIECTBAM M KaHAIaM MPOIYKTOB (DOTOXUMHUYECKHUX PEAKIHH.

B pabore JPL-NASA [3] nmosiBuiiace nH(pOpMAIHS 0 KaHAJIaX IPOAYKTOB (POTOXMMHUYECKUX peakuuii. ITo
JlaJI0 HaM BO3MOYKHOCTB BKJIFOYHUTH UX B KAY€CTBE METaJaHHBIX AJISl CEUEHHH MOMIOIEHHs], TIPU TOM MBI PYKO-
BOJICTBOBJINCH CIICTYIOIIMM MPUHINIIOM: KOHKPETHBIC KaHAJIBI MPOAYKTOB PEAKIMHA 100aBISIOTCS B METaIaH-
HBIC B CIIydae, KOTJja OHHM BXO/SAT B MHTEPBAJ M3MEPEHHH, /MM XapaKTepHast JIMHA BOJIHBI KaHala IPOIYKTOB
07M3Ka K BHEIIHUM IpaHHULIaM MHTepBajla M3MEHEeHUH JuiH. Hapsay ¢ kaHainamu IpomyKTOB, cieays padoTe
[3], B MeTagaHHBIE BKIIFOYAINCh XaPAKTEPUCTUKHI KAaHAJIOB MPOLYKTOB (DOTOXUMHUYECKHUX PEAKIIHH.

Haxonern, Bce onmyO1MKOBaHHBIE JaHHBIE O CEYCHUSIX MOMVIOIICHHS OBIIM pa3/iesIeHbl Ha ABE TPYIIbI: Iep-
BHYHBIE JJAHHBIE ¥ COCTABHBIC JaHHBIE.

®OPMATbI ®AVIOB 1A UMIMOPTA M 3KCMOPTA OAHHbIX

B UC W@DIS co3nana cucrema UMIIOpTa M SKCIIOPTA CEYSHUH ITOIVIOIEHHS, TIOBJIEKIIasi OrpaHUYEHHS
Ha JIOIyCTHMBIE opMmartsl (aiiinoB. Paiinbl ¢ IMIOPTUPYEMBIMH AaHHBIMU B popmare ASCII nomxkHbI cocTo-
SITh U3 KOJIOHOK, COJIEp)KaIllnX 3Ha4€HHs JJIMH BOJIH U CEUYEHHE MOMIOMICHHSI, TPUYEM OHHM MOTYT BKJIIOYATh
KOJIOHKH COJIep)Kalline MOrPEeIHOCTH U3MEPEHUH ITUX BEJIMYMH. DKCIOPTHPYEeMbIe (aiiiibl IPEeICTaBISIOTCS B
TOM K€ BHJIE UTO U UMIOpTHpYeMbIe (aiinbl, HO B ABYX (opmarax (ASCII u Excel).

N3BJIEMEHME JAHHbIX

Ha nepBoM aTane u3BjedeHHs CeueHHH ONIOLICHUsI co3/iana [udpoBas OudIMoTeKa MyOoIuKalui ¢ uc-
noJib30BaHueM obmmpHoit onbnuorpadun 0630pHbIX crateit NASA-JPL u [UPAC o cedeHHsIX MOTIIONICHHUS.
Ha BTOpoM sTare Mbl 3aHUMAaJIKCh COOPOM HEOIMYOIMKOBAHHBIX B II€YaTH JTAHHBIX Pa3MELICHHBIX Ha calTax
Hay4HBIX [IEHTPOB, 0CO00E MECTO cpei KOTophix 3aHnMaeT caidT MPIfC Mainz [2]. B Hacrosiiee Bpems co-
OpaHbl ¥ OLU(POBAHBI CEYCHUS MOMVIONICHUS U CBA3aHHBIE C HUMH CIIEKTpajibHble QYHKIMH Juia OoJiee yeM
2000 my6nukaruii. [Ipu coxpanenun ganusix B UC W@DIS ki1t04eBoi MOMEHT MOX0/a COCTOUT B HCITOJIB30-
BaHMU IOHATHS NEPBUYHBIA UCTOYHUK JAHHBIX. TakOW MCTOYHUK COICPIKUT JIAaHHBIC U3 OIHOM MyOIMKalMH,
OTHOCSIIIIUECS K UCCIICAOBAaHMSM, BBIMOJIHCHHBIM OHUM METOIOM JUIS OIHOW MOJIEKynbl. Bee mpoune nerou-
HUKHM JJAHHBIX MBI Ha3bIBAEM COCTABHBIMH MCTOYHHKAMH AAaHHBIX. M3 mMyOiaMKanuu MOryT OBITh W3BIICUEHBI
HECKOJIbKO IIEPBUYHBIX /U COCTABHBIX HCTOYHUKOB JJAHHBIX.

TEXHUYECKAA PEAJTU3ALMA KOJITEKLINA

Komnexkuus npenHasHaueHa A1l aBTOMATHYECKOTO PEIIeHUs NHPOPMAIMOHHBIX 331a4 (TIOMCK, CHCTEMa-
TH3aIus, XpaHEHHE, ...) B KOTHYECTBEHHOW CIEKTPOCKOHHU M aTMochepHoi xumun. OcoOEHHOCTH 3THX ABYX
MIPEAMETHBIX o0sacTeil 00yCIIOBIMBAIOT PA3HYIO NETAIN3AIMI0 MOJIENIN BELIECTBA. B KOMMUECTBEHHOM CIIEKT-
POCKOTIHH OCHOBHOH 3aJadeil SBISIETCS CHCTEMAaTH3alWs U MOUCK CEUCHUH TOTNOIIEHHS, a B aTMOC(EepHOH
XMMHH TP TOCTPOCHUH KMHETHYECKNX yPaBHEHUH HEOOXOAMMO 3HAHUE MTOTEMEHTHOTO COCTaBa BEIIECTBA.
ITorpeboBanocs BBeAEHHE ABYX MH(POPMALMOHHBIX OOBEKTOB BBEICHHBIX HAMU paHEe B KOJIMYECTBEHHOMH
CIIEKTPOCKOIINH: ICTOYHUKOB IaHHBIX U UICTOYHUKOB MH(opMariy. Hakorer, [u1s onncanus mpoueccos (oTo-
JVCCOLMAIIIK MOJICKYIIBI OB COOPaHBI BCE KAHAIBI TPOLYKTOB PEAKIIUH.

BA3A JAHHbIX

WudopmanmoHHbIe 00bEKTHI, COOTBETCTBYIOIIME CEUCHUSM ITOTJIOLICHHS], BEMIECTBAM U HICTOYHUKAM J[aH-
HBIX, pasMmemieHsl B CYBJl MySQL. [IpunoxeHusi, peanusyromue JOCTYI K JaHHBIM, HAIIUCAHbI Ha SI3bIKE
ckpunroB PHP. MerananHble 1 BbICKa3bIBaHHS OHTOJIOTMH CEUYEHHH IOTVIOMICHHS pa3MEUIeHbl B OTACIBHBIX
tabnuiax, 3Toi xe 6a3sl JaHHbIX. Ha prc.] mokaszaHa ynpomieHHast cxema 0a3bl JaHHbBIX
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O®OPMMPOBAHWE BELLECTB 1 KAHAJI0B NPOOYKTOB ®OTOXMMUYECKOW PEAKLINA

i KoHCTpyHpOBaHUS HHPOPMAITHOHHBIX 00bekTOB «BemmectBa» (cM. puc.1) 8 Bl IC W@DIS co3massr
uHTepdeiichl. BemecTa BXOAAT B peareHThl 1 IPOXYKTH XUMHYECKUX peakiuid. [Ipu omicaHny cedeHui mo-
DJIOLICHHS B METaJaHHBIC BXOJT KaHAIBI POAYKTOB XUMHYECKUX PEaKIHid, ONa alollie B HHTePBaIl H3Me-
HEHUS JUTMH BOJIH HJIM B ONIIDKAaHIIYI0 OKPECTHOCTh HHTEPBaa.

MMMOPT CEYEHWI MO JIOWEHMA

Nmnopt ceyennii noronieHus B bJ] cocTonT U3 4eThIpex 3TaroB: BEIOOpa HCTOYHNKA JAHHBIX, OTTUCAHUS
TEPMOIMHAMUYECKUX YCIOBUI HM3MEpEHUs], BEIECTBA M YMCIIa KOJOHOK B mmnoptupyemoM B VC daiine,
OIMCaHUS CXeMBI IAHHBIX Pa3MEICHHBIX B UMIIOpTHPYeMoM (aiine u 3arpy3ku qanusix B MC.

Monyns mo ceuenuro norouienust B UIC W@DIS peanusyer penienue ciienyonux HHOOPMAITHOHHBIX
3aj1a4: 3arpy3Kka 1 IPOCMOTP JAaHHBIX JUI HICTOYHUKOB MH(OPMAINH, aBTOMaTHUECKOE BEIYMCICHUE METaIaH-
HBIX HICTOYHHKOB HH(OPMALINH, T0IH30BATEILCKUI BBOJ M IIPOCMOTP METaaHHbBIX, aBTOMAaTHYeCKOe Ipeodpa-
3oBaHKe MeTagaHHbIX B OWL-onTonornu u 3xcnopt u3 B/l UC oHTONOTMIA METaTaHHBIX UCTOYHIKOB HH(OP-
manuu B popmare RDF/XML.

vibrational state photochemical reactions absorption_cross-section
T A | pr_id INT(11) ds_id INT(10)
vs_Id INT(11) LA — pr_subst ENUM...) pr_id INT (10)
es_id INT(11) - - _”_ _..K
text TINYTEXT o pr_subst_id INT(11) acs_wavelength FLOAT
i [ Y pr_text TINYTEXT acs_value FLOAT
Indexes I _ _ 4 pr_dissociation_energy FLOAT Indexes
¥ [ JR pr_wavelength FLOAT
L A
I I : Indexes CeueHne :
L I nNornoweHusa
+ | | |
electronic_state I :_ doToxuMUyeckue peakuyuh |
|
es_id INT(11) HE - : , - . :
es_subst ENUM(...) P! jon | |
es_subst_id INT(11) | | |
. | I —
vs_text TINYTEXT ot , t4H ion_id nT(11) ! I
= | | jon_atom INT(11) ! A
Indexes i : ion_charge INT(11) : = -
i ata_source
¥ ¥ ¥ _4__‘_”_ ion_text TINYTEXT : -
A 1] [ | | Indexes | ds_id INT(10)
1 Hi——==%+-=1 W ! biblio_id INT (10)
LaTE i =+ =+ : ! ds_name TINYTEXT
mol_id INT(11) Il } i \ } ds_description TEXT
mol_inchi TINYTEXT —ﬁ'“r I | ds_owner TINYTEXT
mol_inchi_key TINYTEXT I | atom_num INT(11) I | ds_time TIMESTEP .
mol_weight FLOAT : [ atom_weight FLOAT h“f -l I ds_temperature_min FLOAT
mol_owner TINY TEXT 1 atom_symbol TINYTEXT ‘ ds_temperature_max FLOAT
T __“_ } ds_pressure FLOAT
it : | : Indexes I ds_wavelength_unit ENUM(nm)
¥ | U % ds_wavelength_min FLOAT

- L
L T ds_wavelength_max FLOAT
m_— AR ‘[ : isotope ds_wavelength_num FLOAT
__4
|
L

molecular_structure o {}— iso_id INT(11) ds_wavelength_accuracy FLOAT
mol_id INT{10) iso_weight INT(11) ds_acs_unit ENUM(em2)
ms_subst ENUM(...) - —= ——|-:~‘ iso_symbol TINYTEXT ds_acs_min FLOAT
ms_subst_id INT(10) b_l_ ___________ ﬂ" iso_atom INT(11) ds_aes_max FLOAT
ms_num INT(10) iso_owner TINYTEXT ds_aes_accuracy TINYTEXT
Indexes Indexes Indexes

BewecTtea MICTOUHMKN faHHBIX

Puc. 1. YnpoLieHHas cxeMa 6asbl faHHbIX

Jist pereHust 3a1a41 aBTOMAaTHIECKOTO BEIYMCIICHHUS KOJIMYSCTBEHHBIX METAJaHHBIX HCTOYHUKOB HH(OP-
Maluu co3nana tabnuna absorption cross_section_digest, B KOTOPO# COepKUTCS CleAyolas nHpopManus:
uaeHtTudurarop ucrounuka uHpopmanuu (MN), MEHHMaIbHOE U MAaKCHMaJIbHOE 3HAYCHUE [IMHBI BOJIHBI
MaccuBa gaHHbIX W, MuUHUMansHOE 1 MAaKCUMaJIbHOE 3HAYCHNE CCUCHUS IMOTIONISHHS MacCuBa MaHHbIX WU,
KOJIMYECTBO 3JICMEHTOB MacCHBA JAHHBIX HCTOYHHKA HH(OpMAuu u Ap.. [10cie BBIMOIHEHHS IPOTPaMMBbI 3a-
rpy3ku gaHHbIX B MU co3paercs onvcanne CBOWCTB 3arpyKEHHBIX JaHHBIX.

JIiist penieHus 3a1auu oIb30BaTeIbCKOTO BBOJIA METAIaHHBIX UCTOYHUKOB HH(OPMAIIMK CO3/1aHa TaOIH-
a meta_form, B koTopoii comepkuTcs cienyromias nadopmaius: 6a3a JaHHBIX Ui KOTOPOUM BBIMOIHSIETCS
3aMMCh KAYCCTBCHHBIX 3HAYCHHH METAIaHHBIX O HICTOYHHUKE HH(POPMAIIUH, HACHTH()UKATOP HCTOUHUKA HHPOP-
Mallii, Ha3BaHHE XapaKTEPUCTUKH KaueCTBEHHBIX METAJaHHBIX, 3HAYEHUE XapaKTEPUCTHKH Ka4eCTBEHHBIX
METaIaHHbIX, HACHTU(DHUKATOP IPEAMETHOMN 3a1a4u I KOTOPOW BBITIONHSACTCS 3aIlMCh KAY€CTBEHHBIX 3HAYEC-
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HUH METaJaHHBIX O HCTOYHUKE HH(popMarmu. [IporpaMMHBIil MOIYTh CO3MAHISI 3aITUCEH O KAYeCTBEHHBIX Xa-
pakTepucTHKax B TabmuIe meta_form BeI3BIBaeTCA Yepe3 MEHIO TOJIB30BaTENs U MPEACTaBIsIET co0oi hopmy
BBOJIa COOTBETCTBYOILIEH HHPOPMALIUHL.

Jlnst perieHnst 3aJa9M aBTOMAaTHIECKOTO MPeoOpa3oBaHysl METaIaHHBIX HCTOYHUKOB HH(popMarmy B OWL-
onTosiornu B popmare RDF/XML co3nansl Tabnmumbel namespace, models, statements. DT TaOIHIIBI HCTIONB3Y-
foTcs porpammuoi 6nbmmorexoit pPOWL(http://sourceforge.net/projects/powl/) miast XxpaHEeHHS OHTOIOTHIECKON
Mozenu B 0ase maHHBIX. [IporpaMMHBINH MOTY/Tb aBTOMaTHYECKOTO NMPEe0Opa30BaHKsl METaIaHHBIX NCTOUHHUKOB
napopmanuu B OWL-onTonoruu B popmare RDF/XML aBromMaTideckul BEI3BIBAETCS TOCIIE TFOOBIX N3MEHEHHH
CBA3aHHBIX C MCTOYHHKOM HMH(OPMAIMH: PENAKTUPOBAHNE CAMOTO MCTOYHHMKA MH(OPMAINH, PEIaKTHPOBAHHUC
MaccHBa JaHHBIX UCTOYHMKA MH()OPMALUH, PEAaKTHPOBAHNE METalaHHBIX MCTOYHUKA MH(popMarmu. [Ipomecc
MIOCTPOEHHS OHTOJIOTMYECKON MOJEIH ISl 3aITHCH B 0a3y TaHHBIX COCTOHT U3 CIECIYIOIIHIX 3TaloB!

1. CocraBneHne B JUHAMHYIECKON MaMSATH aCCOIMATHBHOTO MaccHBa BCEH AOCTYyMHOW MH(OpMaryu o
HCTOYHUKe U3 Tabmuil: data_source, absorption_cross_section_digest, meta_form.

2. CocraBneHre OHTOIOTHH O McTouHUKe MH(opMar B popmare RDF/XML mo 3apaHee OITOTOBICHHO-
My I1a0JIOHY M aCCOIMATHBHOMY MAcCCHUBY BCE JOCTYIMHON MH(OPMAINH O HCTOYHHUKE C TIPEIBIIYIIETO 1ara.

3. 3amuch B 0a3y JaHHBIX OHTOJOTHHU O HcTOUHWKE HH(popMmarmu B popmare RDF/XML ¢ npensigymiero
rara moCcpeICTBOM HCIONb30BaHue GyHKIHI onbmmnorexu pOWL.

Jnist perreHust 3a1a41 SKCIOpTa n3 HHPOPMAMOHHOMN CHCTEMbI OHTOJIOTHI METAJaHHBIX HCTOYHUKOB MH-
¢dopmanuu B popmare RDF/XML ucnionszyercst oudbmmoreka pPOWL u cBa3aHHBIE C Hell TabIHIIBI namespace,
models, statements IS ITOATOTOBKH Pa3INIHBIX KOMOMHALINI BapHAaHTOB SKCIIOPTA.

METAOAHHbIE

B xonTekcTe ,Z[aHHOﬁ pa60TBI MCTaJaHHBIC TPCACTABIIAIOT CBOICTBa HU3MEPCHHBIX WJIM BBIMUCJICHHBIX CC-
yeHui normomenns. OHu HUI'parOT BCIIOMOraTe/ibHYIO pOJIb IPpHU pa60Te nuccjea0Bareis i nNporpaMMHOro
arcHra ¢ JaHHbIMH. Hap;my CO CTPYKTYPHBIMH CBOMCTBaMU JaHHBIX OHU COACPIKAT CBOICTBa OIIMCBIBAOIINEC
OJICMCHTBI IOCTAHOBKHU H3Mep€HHI>'I, KaHaJIbl MTPOAYKTOB (1)0TOI[I/ICCOI_[I/Ia].[I/II/I u T.1. I[J'IH IpOrpaMMHBIX aréHTOB
9TH CBOICTBa MNpEACTaBJIAKOTCA B (bopMe HWHIUBUI0B OHTOJIOTHYECKOM 0a3bl 3HAHUI.

3AKJTIOYEHUE

B noknaze npeacTaBneHo OnyucaHue KOJUIEKIMU OMyOIMKOBAaHHBIX W HEOIYOIMKOBAaHHBIX CEYEHHUH MOIIIO-
LIIEHHs ¥ ONMcaHa TexHudeckast peannzanus anementoB IC W(@DIS MOA CO PAH, ucnionb3yemble 1st HIMIIOp-
Ta M DKCIIOPTa JAHHBIX, MPEACTABICHHUS TaHHBIX M CO3AaHHsI MH(POPMALIOHHBIX O0BEKTOB JUISl TAKUX TPEAMET-
HBIX oOnacrel kak «BemmecTBay, «PoToxumuyeckne peakium» 1 « ICTOYHUKY TaHHBIX U HH)OPMALIUI.

Jlumepamypa:

1. E.P.Gordov, V.N.Lykosov, A.Z.Fazliev, Web portal on environment sciences Atmos // Adv.Geosci., v.8,
p.33-38, 2006.

2. H. Keller-Rudek, G. K. Moortgat, R. Sander, and R. Sorensen, The MPI-Mainz UV/VIS Spectral Atlas of
Gaseous Molecules of Atmospheric Interest, Earth Syst. Sci. Data, 5, 365373, 2013, doi:10.5194/essd-5-365
3. 8. P Sander, R. R. Friedl, J. P. D. Abbatt, J. R. Barker, J. B. Burkholder, D. M. Golden, C. E. Kolb, M.
J. Kurylo, G. K. Moortgat, P. H. Wine, R. E. Huie, V. L. Orkin, Chemical Kinetics and Photochemical
Data for Use in Atmospheric Studies, JPL Publication 10-6, Evaluation Number 17 NASA Panel for Data
Evaluation: National Aeronautics and Space Administration, Jet Propulsion Laboratory California Insti-
tute of Technology, Pasadena, California June 10, 2011.

Simulation of the World Ocean climate thermohaline
structure by the INM — [0 RAS numerical model

'Ushakov K.V., “Ibrayev R.A.

' P.P Shirshov Institute of Oceanology RAS, Moscow, Russia
? Institute of Numerical Mathematics RAS, Moscow, Russia
E-mail: ushakovkv@mail.ru, ibrayev@mail.ru

he World Ocean model developed at INM RAS and IO RAS is designed for research of marine hydro-
thermodynamic processes in a wide range of spatial and temporal scales. The 3DPEM equations are ap-
proximated by the box-method on the three-polar B-type grid with z-type vertical coordinates. We use
explicit difference time schemes (except for vertical viscosity and diffusion) with decomposition of the solu-
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tion into barotropic and baroclinic components, free ocean surface with explicit description of salt and water
fluxes, Boussinesq and hydrostatic approximations.

In the current work we consider results of a 110-year numerical experiment performed with the model in
conditions of the CORE-I protocol. During the experiment the INM — IO model shows a slight increase of the
global mean ocean potential temperature with a residual trend of 0.003 °C/decade. A more detailed spinup in-
spection shows that surface and thermocline properties stabilize during the first 50 years while deeper waters
obtain a warm drift during the second half of the experiment. A positive salt anomaly develops at 600-1000 m
depth. The distribution of surface temperature and salinity anomalies show general drawbacks of coarse-reso-
lution simulations including the spurious extension of warm boundary currents to the north and poorly resolved
coastal upwelling. Positive anomaly of zonal-mean decadal mean temperature at 60°N reveals too intensive
vertical mixing and possibly accounts for the insufficient heat transfer to the North Atlantic.

BocnponssegeHne KNnuMaTUYecKon TepMOXasiMHHOMN
CTPYKTYpbl Bo4 MMpoBoro okeaHa ¢ NOMOLLbI0 YNCIIEHHOM
monenv NIBM - 110 PAH

"Ywakos K.B., “N6paes P.A.

! WUHctutyT okeaHonorum um. .. Wnpwosa PAH, Mocksa, Poccua
z WUHcTUTyT BbluMcnMTeNnbHOM MaTeMaTuku PAH, MockBa, Poccus
E-mail: ushakovkv@mail.ru, ibrayev@mail.ru

MOJEJ1b OKEAHA IBM — 10 PAH

Mopgens Muposoro okeana UBM — MO PAH npencrasnsier co0oi mporpaMMHBII KOMIUIEKC, HAITHCaH-
HBIA Ha s361Kke DopTpad 95 u npegHa3HAUYSHHBIN U MCCISI0BaHUS IUPKYISIIMA MOPCKUX BOJA B IIHPOKOM
Jana3oHe MPOCTPAaHCTBEHHBIX M BPEMEHHBIX MacmTaboB. CrcTeMa MPUMHTHBHBIX yPaBHEHHH TPEXMEPHOH
JUHAMHUKH OKeaHa B MPUOIMKEHHIX byccnHecka M THAPOCTATHKH amIIPOKCHMHPOBAaHA METOAOM KOHEUHBIX
00bpEéMOB Ha ceTke THma B. Ha BepTHKaIBbHONW OCH MCTIONB3YIOTCS Z-KOOPIUHATHL. J{JIs1 SKOHOMHUH BBIYHCIIH-
TEJIBHBIX PECYPCOB OMICaHNE 0APOTPOITHON ANHAMUKH BBIITOTHSAETCS C TOMOIIBIO IBYMEPHOH CHCTEMBI yPaB-
HEHHH MeJKOH Bobl. B maHHOI paboTe cOCTOsTHIE MOPCKOTO JIbAA OMHMCHIBACTCS C TIOMOIIBIO TEPMOIUHAMU-
4yecKoi Mozenu [ 1], a MOTOKH TeTia, COIH, UMITYIbCa U BOABI Ha TPAHUIIE ¢ aTMOC(EpOr BEIYUCIISIOTCS MOJIC-
np10 niorpanmgHoro cioss CCSM [2]. [lnsg onmcaHus TOPH30HTANBHOTO TYpOYJIEHTHOTO TTepEeMEITNBAHS TIPH-
MEHSI0TCS oneparops! Jlammaca 1 OUrapMOHHYECKHH C TOCTOSSHHBIMHU KOG GHUIMEHTaMH, JUIS BEPTUKAIEHOTO
MepeMEIINBAHNS — BSI3KOCTHAsS Mapamerpu3anus MaHka-AHaepcoHa. [IoBepxHOCTh pasjena BO3ILyX-BOoJa —
cBOOO/HASA, C IBHBIM ONMCAHNUEM IIOTOKOB BOJIBI, TETIJIA, COIM M MMITYJIbCA.

3a UCKITIOUYCHNEM BEPTHKAIBHOTO BSI3KOTO IIEPEMEIINBAHMS, BCE MPOLIECCHI OMMMCAHbI C TIOMOIIBIO SBHBIX
YHCIEHHBIX METOIOB. barogapst 3ToMy cTajio BO3MOXHBIM €CTECTBEHHOE paclapajuielIMBaHIe IPOTrPaMMHO-
TO KOMIUTeKca B ctannapre MPI MeTomom nBymMepHON JEeKOMITO3UIIH 001acTH. TeCTOBBIE PacyEThI MOKa3aIn
YCHEUIHyI0 MacTabupyeMocTh paboTel Moneny BILTOTh 10 6000 mpomeccopHBIX siIep ¢ MPOCTPAaHCTBEHHBIM
paspemennem a0 1/20 rpagyca. BBOO-BEIBOI JaHHBIX TAKKE TOJHOCTHIO PACTIAPAIIIEIICH C IOMOILBIO CPEACTB
[IporpaMMHOTO KOMILIIEKCa COBMECTHOTO MOAETHpOBaHus [3].

UYucrieHHBIE CXEMBI TTepeHoca 00bEMa BOAbI, epeHoca-Tu(Qy3nn TEIa U COIM B MOJCIH MOITHOCTBIO
COTTIACOBAHBI, YTO NP XpaHEHUH TaHHHIX B (opmare real (8) obecreunBaeT coXpaHEHHE CPETHErO YPOBHS
OKeaHa B YMCJICHHOM SKCIIEPUMEHTE JaHHOH paboThl ¢ TouHOCTHIO 107" M, 3HaYeHHEe BEPTHKAILHOM CKOPOCTH
Ha fHe B penenax 10-15 m/c, a coxpaHeHne cpeIHUX TeMIepaTyphl M COJIEHOCTH B TECTOBOM pacuéTe Ha OUH
TOJI C OTKJIFOUYSHHBIME BHEITHUMHY TIOTOKAMH TETIa M CONH — ¢ TounocThio 107 °C u 107 pSU COOTBETCTBEHHO.
Jnst pacuéra nepeHoca NUMITYJIbCa UCTIONB3YETCS CXeMa IIEHTPAIBHBIX PA3HOCTEH, AJIs IEpEeHOCa TETa ¥ COJIN
B JJaHHOW paboTe MPUMEHEHa CXeMa C KOppPEeKIHel MOTOKoB. bomee monpoOHOe onmcanne MOIEIH U TIEPBbIE
Pe3yNbTaThl BUXpEPa3pelIafonIinx pacu€éToB COCTOSIHAS OKeaHa PUBEIeHBI B padore [4].

MNMOCTAHOBKA YNCJTIEHHOIMO 3KCINEPUMEHTA

[IpoBenéHHBII B paMKax JaHHOW paOOTHI YHUCIICHHBIN SKCIEPUMEHT TPEICTABIIET co00il pacdyér ycra-
HOBJICHHS COOCTBEHHOTO KJIMMaTa MOJIENH IT0]l BO3ACHCTBHEM IUKIMYSCKU MMOBTOPSIONIErocs B TeueHue 110
JIET TOAOBOTO X0/1a aTMOC(EPHBIX TTApaMETPOB U COTHEYHOH paauanny, 3aganaoro 6a3oi qranaerx CORE-I [2].
[Tpu sTOM BO M30exkaHUe Apeiida MOIETH MOBEPXHOCTHAS CONEHOCTh MPUTATUBACTCS K CPEIHEMECTIHOMY
KITMMATOJIOTUIECKOMY TIOJFO C TIOMOIIBI0 HCKYCCTBEHHOT'O TTOTOKA COJIH, MPOMOPIIOHAIEHOTO aHOMAIIUU CO-
néroctu ¢ ko3hdunmentom 50m/4 roga. [Tocie 3Toro Ha KaXKAOM IIare Mo BpeMEHHU MPUMEHSIETCSI HOpMaJIi3a-
s (BBIYUTAHUE CPEIHETO I00ATFHOTO 3HAYCHU ) TS [TOTOKA BIIATH M UCKYCCTBEHHOTO IIOTOKA COJIH.
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Cuctema koopauHat TpéxnomsipHas [5]. Paspemenne cetku B chepudeckoit yactu (toxHee 60° c.1i.) co-
crapmsier 0,5°. Ha rpanuiie ceprieckoil 1 OUMOISPHON CETOK IIar MO J0JIT0Te MEHSETCsI HEMPepbIBHO, CKa-
YOK IlIara Io IIUPOTe cocTaBisieT MeHee 15% Ha Oonpiieit yacTu rpanunsl. [myOnHa pacuéTHol o0nacTu Ky-
COYHO-TIOCTOSTHHA W JISKHUT B Ipeaenax ot 12 mo 6125 m. Tomorpadus nua B3sTa u3 6a361 ganusix ETOPOS.
BeprukanpHas nuckperu3aiis BkirtodaeT 49 TOpU30HTOB C IITaroM oT 6 M B BepxHeM citoe 10 250 M B mryOuHe.
[ar mo BpemMeHHU cocTaBiseT 12 MUHYT I TPEXMEPHBIX OapOKIMHHBIX ypaBHeHHH U 0,6 MUHYTHI 11 6apo-
TPOIHBIX YPaBHEHUI MEJIKOM BOJIBL.

Koahpumnmentsr TypOynaenTHOrO 0OMeHa (BsI3kocTH U 1 dy3un) mogoopaHsl HCXO N3 HEOOXOAUMOCTH
00€CTIeunTh YCTOMIMBOCTD CUETA U IPU ITOM COXPAHUTh U3MEHUYNBOCTh OKEAHCKON JMHAMHKH HACTOJIBKO, Ha-
CKOJIBKO 3TO BO3MOKHO IIPH IaHHBIX PAa3pELIeHUH U 11are 1o BpeMeHH. KoahduineHTs ropu3oHTanbHO BA3-
KOCTH JUIs GapoTPOMHBIX M GApOKIMHHBIX ypaBHeHHi cocTaBiusior 1000 u 2500 M’/ COOTBETCTBEHHO, KO-
ummenT TopH30OHTANEHON HUdQY3UH IUTA Temuia U conu paBeH 850 M/c, K02 (HUIEHTE TOPH30HTATBHBIX
OUrapMOHMYECKUX BA3KOCTH U JU((Hy31nH MPUMEHSIOTCS TOIBKO I OapOKIMHHBIX YPABHEHUH U COCTABIISIOT
-1.25¢10" m'/c. ®oHOBBIE 3HAYCHNUS BEPTUKANBHBIX BA3KOCTH U A dy3uu cocrapmusior 10™ 1 10° M*/c, makcu-
MaJTbHBIE 3HAYEHHS B pAOHAX C MAJBIM YHcIoM Pudapicona pasHbI cooTBeTcTBeHHO 107 1 107 M'/c.

HavanbHble Mojist TeMIepaTypsl U CONEHOCTH B3sTh U3 6a3bl AaHHbIX World Ocean Atlas 2009, Hauanb-
HBIE 3HAUCHUS CKOPOCTH TCUCHUH HyJIEBBIE, MOPCKOM JIEN TPH CTapTE 3KCIEPHMEHTA OTCYTCTBYET.

Pacuérsl npoBenens! Ha cynepkomitsiorepe MBC10I1 MexBeqOMCTBEHHOTO CYEpKOMIIBIOTEPHOTO 1IEH-
Tpa PAH. Hcnone3oBanocs 10 1200 mporeccopHbIX saep, TPy 3TOM MOAETH MTOKa3alia IMIOJIHOCTEIO JIMHEHHYIO
MacIITabupyeMOCTb.

PE3YNbTATbI YAC/IEHHOIO 3KCNEPUMEHTA

Topuzonmanvho ocpeOHénHble memnepamypa u conéHoOCb

3a 110 jer yMCICHHOTO SKCIIEPUMEHTa CperHss Temreparypa MupoBoro okeaHa Beipocna Ha 0,11 °C,
TIPY 3TOM OCTATOYHBIN TpeHx cocTaBmi okoio 0.003 °C 3a 10 ner (mox Temmeparypoii OyeT MOHUMAThCS Mo-
TeHIMAIbHAs TEMITEpaTypa OTHOCHTEIIFHO OBEPXHOCTH OKeaHa). s cpemHeit ConéHOCTH COOTBETCTBYIOMINE
3naueHns pasabl 0,01 psu u 0,0005 psu 3a 10 siet. OTH pe3ynbTaTsl 1OCTATOYHO PEATHCTHIHBI U JISKAT B Ha-
ma3oHe pazbpoca pe3ynabTaToB BEAyIIMX 3apyOexHBIX Monened [2]. Tem He MeHee, HAJIMYME OCTaTOYHOTO
TpEH/1a TOBOPHUT O TOM, YTO MOAENH €I HE BBIIIIA HAa KBA3HPABHOBECHBIN KIIMMAaTHIECKUI PEKUM U B 1aNTb-
HeHIeM HeoOX0UMBI OyayT pacuéTsl Ha OoJee UINTEIBHBIN CPOK.

Bornee neranbHyio KapTHHY pa3sroHa MOJEIH MOXHO ITOIY9HTh, TOCTPOUB IPaMKH N3MEHEHHS CBOWCTB
BOJ] B 3aBHCHUMOCTH OT BpeMeHH U ITyOuHbI. Ha puc. | mpeacTaBieH BpeMeHHON X0 aHOMAJIMK CPETHETOI0-
BBIX MOZICIBHBIX TEMIIEPATYpPhI M COIEHOCTH. AHOMAIINH PacCYNTaHBl OTHOCHTEIHHO CPETHETOIOBBIX 3HAYe-
HUH 32 IEPBBIN IOl THTErPUPOBAHUS MOJIEIN.

Buano, 9T0 Temmneparypa MpUIIOBEPXHOCTHBIX BOJ M TEPMOKJIMHA MPAKTUUECKH CTaOMIN3HPYETCS B TeUe-
HUe 1epBbIX 50 JeT, B TO BpeMs Kak ITyOMHHbIE BOIbI IPHOOPETAIOT MOIOXKHUTEIbHBIH Apeiid Bo BTopoii monoBu-
HE CpoKa dKcrepuMenTa. Harpes BepxHero ciost Box HanOosee BeIpaXeH Ha ITyouHe okono 150 m. I'pannia Ha-
TPEBAIOIIMXCS M OXJIKAAIOIINXCS BOJ MIPOXOAUT Ha Tiyonne okono 1200 M. Cxoxee pacnpeneneHre TpeHIOB
TeMIepaTypsl HaOoIaeTcst B pacyéTax ¢ NCTONb30BaHNeM z-KoopanHaTtHbIX Mozeneil POP, ORCA u MPI B pa-
6ote [2], mpu 3TOM y MOZIeNei ¢ N30MMKHIYECKUMH WITH THOpHTHBIMEU KoopauHaramu (HIM, MICOM, HY COM)
TeMIepaTypHble rpaKy KadeCTBEHHO Apyrue. B gacTHOCTH, 1715 peCcTaBIeHHbBIX N30MMKHIYECKAX MOeTei
0Ka3aJI0Ch XapaKTEePHBIM OXJIaX/ICHUE BCEH TONIIN OKeaHa 3a UCKIIFOYEeHNEM BepXHeTo citost 10 300 M.

JuarpaMma aHOMaJIMH CONIEHOCTH MTOKA3bIBACT 3aMETHOE PACIIPECHEHNE C MEKTOIOBBIMH KOJICOaHUSIMH B
BepxHeM 300-MeTpoBOM citoe | siipo ocosoHeHus Ha rryonHax 600-1000 m. Kak 1 B ciydae ¢ remmeparypoH,
9Ta KapTHHA CX0XKa C pe3yIbTaTaMt Pacuy€ToB IO Z-KOOPANHATHBIM MOJEISIM [2], C TOH pasHMIIEH, UTO B HAIIEM
9KCTIEPUMEHTE HE HAOIIOAAeTCs paclpeCHEHNs IIyOMHHBIX BOJI.

Temperature onomaly (deg. C) Salinity anomaly (psu) Puc. 1. ViameHeHne
rOPM30HTaNbHO 0C-
peaHEHHbIX TeMnepa-
TYpbl M CONEHOCTY B
3aBMCUMOCTY OT Bpe-
MEHM U Fy6MHbI
(aHoManun oTHoCK-
TeNbHO CpeHeroao-
BbIX 3Ha4YeHui 1-oro
rofia pac4éTos).

depth (m)

depth (m)

years yeors
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Tlosepxnocmuule cpednedekadHnvie memnepamypa u cONEHOCb

o monsM MOBEPXHOCTHBIX TEMIIEPATYPHI M CONEHOCTH (PHC. 2) MOXKHO YBHIETh XapaKTEPHBIC HEJOCTAT-
KU JaHHOTO THUITa Mozeneil. bonbie anoManuy NposiBISsIIOTCS BOOJIB (PPOHTANBHBIX 30H, CBA3aHHBIX C 3aIlaj-
HBIMH IPHOPEXHBIMHU TeIEHUSIMU B ATnaHTHKE U THxXoM okeane. M3BeCTHO, YTO IPOCTPaHCTBEHHOE pa3peliie-
Hue nopsiaka 0.1° onpenenser BepHOE MOJI0KEHHE TOYKH OTPhIBa [0k cTprMa OT KOHTHHEHTAIBFHOTO CKIOHA
y MbIca ['arrepac. IIpyn HEIOCTAaTOUHOM pa3pelIEHUH NOJYyYaeM CMEILIEHHUE TOYEK OTPhIBA TEIUIBIX TEUEHUM
Tonederpuma u Kypocno Ha ceBep ¢ OIHOBPEMEHHBIM Pa3MbITHEM (DPOHTA, YTO HAOIIONAETCS B MOACTHHOM
pelIeHnH B BUIE TEIUIBIX U COJIEHBIX aHOMANINH B COOTBETCTBYIONHNX paiioHax. OTHOBPEMEHHO MBI IOIYYIaeM
3aHIKCHHBIN MepeHoc Temna B CeBepHyI0 ATIIaHTUKY. AHAJIOTHYHBIE TPYAHOCTH MOZENb HCIIBITHIBAET BONMN3U
nobepexbs ApreHTHHBI. HemoctaTounoe paspemieHrne HE MO3BOJSET HMPABHIBHO BOCIPOM3BECTH IPOLIECCHI
amBEJUIMHIA, YTO, BEPOSITHO, SBISCTCS IPHUMHON BOSHUKHOBEHNUS TEIIBIX aHOMAINH y 3amafHbIX Io0epexuil
1OxHo#t Ameprku u Adpuku. OOLIKMpHAsS OTPUIIATEIbHAS aHOMAIUSI B aPKTHYECKOH COJEHOCTH FOBOPUT O
HEOOXOIMMOCTH 0O0Iee TOYHOI MOAEIH MOPCKOTO Jbaa. OTMETHM, UTO IICHTpalibHbIe paioHbl Tuxoro, uanii-
CKOTO M ATIIAaHTHYECKOTO OKEAHOB BOCIPOMU3BOSTCS JOCTATOYHO XOPOIIO, OHAKO, KPYITHOMACIITa0HAas JIHA-
MHKa AHTapKTH4IeCKOTro LINpKyMITONsIpHOTO Te4eHHs TPpeOyeT yTOUHEHHSL.

3onanvhule cpednue memnepamypa u conéHocmo

Pacnpenenenune temneparypsl 1 COIEHOCTH 10 IIHPOTE U IIIyOWHE HAIIPAMYIO OTPa)kaeT MHTEHCUBHOCTD
MEPHUINOHATBHON LUPKYISIUA. XOTS CPOK JKCIIEPUMEHTa CYIIECTBEHHO MEHBINE XapaKTEPHOTO BPEMEHH
YCTaHOBJICHHS IITyONHHOM IMPKYIISIIUH, MBI MO>KEM OLICHUTDH HanpasieHus apeiida monenn. [lonoxurenbHbie
AHOMAJINHU OKOJIO 60° C.II. CBUAETENBCTBYIOT 00 M3MUIIHE HHTEHCHBHOM BEPTUKAIBHOM OOMEHE B 3THX paiio-
Hax U, B YaCTHOCTH, MOT'YT OOBSICHAITh HEIOCTATOK Terutoneperoca B CeBepHyto Atnantuky. HanpoTtus, AH-
TapKTHYECKas JOHHAs BOJA MOyJaeTCsl 3HAUMTEIBHO XOJIOAHEE, YEM B JAHHBIX H3MEPEHHNH. DTO MOXKET OBITh
BBI3BAHO OIIMOKaMHU B JaHHBIX BHEUTHETo (hopcuHra, TMO0 HEAOCTATKOM JIbAA U, COOTBETCTBEHHO, 3aBBIIICH-
HON MHTEHCHBHOCTBIO KOHBEKIINH B/IOJIb aHTAPKTHYECKOTO KOHTHHEHTAIBHOTO CKIIOHA.

Paboma evinonnena npu ¢unarncosoii noooepoicke POOU (npoexmut 13-05-01141 u 12-05-01155).

Puc. 2. AHomanuu 90°N
CPefHUX NOBEPXHOCT-

HbIX TeMnepaTypbl (a,

°C) v conénoctu (6, 45°N
psu) 3a 100-110 rogb!
3JKCMepUMEHTa o 0T-
HOLLIEHWIO K CpeaHero-
[0BbIM 3HAa4YEHUAM 33
nepBbliA rog.

o

45°S

(a) 90°S

90°N

45°N

Oa

45°S

180° 90°W 0° 90°E 180°

(6) <3 275.25.225 2 47545125 1 .75 -5 25 0 25 5 75 1 12515 175 2 22525275 3
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Temperature anomaly (deq. C) Salinity ancmaly (psu) Puc. 3. 3oHanbHble
) ‘ - J] ' : : CcpefHue 3Ha4eHmA
aHoManuu cpefHe-
[eKaJHbIX TeMnepa-
TYpbl M CONEHOCTU 3a
100-110 rogpl 3Kkcne-
PUMEHTa Mo OTHOLLIe-
HUIO K 3HaYeHWAM 3a
nepBbI rog.

)
m)

(

depth
depth {m)
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The detection of atmospheric trace gas species
by gas-analyzer based on Xe lamp

Smirnov S.S., Geiko P.P.

Tomsk State University, Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: smirnov@imces.ru

gases by measuring their specific narrow band absorption structures in the UV and visible spectral re-
gion. A typical DOAS instrument consists of a continuous light source, i.e. a Xe-lamp, and an optical
setup to send and receive the light through the atmosphere. It is also possible to use the sun or scattered sun
light as light source. The typical length of the light path in the atmosphere ranges from several hundred meters
to several kilometers. The DOAS instrument is able to scan the UV/Visible spectrum from 250 nm to 700 nm.
This makes it possible to study the atmospheric chemistry of the measurement area and the boundary layer.
The basic equation of absorption spectroscopy, describing pure absorption of a single species in a homo-
geneous media

D ifferential optical absorption spectroscopy (DOAS) is a method to determine concentrations of trace

I8)=1y(A)-exp{-L(E 0, (A, + 0y (DICy 40 (ACo)}

where /,(A) denotes the initial intensity emitted from some suitable source of radiation. /() is the intensity of
the radiation after it has passed through a layer of thickness L, C; is the average concentration of species j at wave-
length A. g; (A) denotes the absorption cross-section of gas species j, which can be measured in advance in the labo-
ratory or can be taken from the literature. o,, (1), o, (1) are the cross-sections of Mie and Rayleigh scattering.

Also, it is generally assumed that the attenuation due to Rayleigh scattering and Mie scattering, along with
any optical transmission function of the system, is slowly varying with wavelength. As for the case of measured
air spectra, the absorption cross-section of a given molecule can be split into two parts: “rapid” and “slow”
variations with wavelength: o, (\) = g,, (A) + o’ (A), where g, (\) varies monotonically with the wavelength A,
for instance, describing a general slope, (as for Mie Scattering, and Rayleigh Scattering). o”; (A) shows a rapid
variations with A, mostly due to an absorption line.

Advantages with DOAS: 1.Broad band features like Rayleigh and Mie scattering can be omitted. No need
to estimate /, 2. High specificity due to broad band spectra and long pathlengths. 3. Possible simultaneous
measurements of atmospheric species
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SESSION 6

Disadvantages with DOAS: 1.Atmospheric turbulence induce intensity variations in the spectra. 2. Only a
limited number of molecules have suitable absorptions in UV and visible region. 3. Rain, snow, fog and clouds
make measurements impossible due to the strong attenuation in the UV-Visible region

In our research we used a modernized version of the gas analyzer DOAS-M1. The system consisted of a
spectrometer with a photodiode array, a coaxial telescope, and an analyzer. A 150-W Xe arc lamp was em-
ployed as the light source. For recording the spectra, a monochrometer with a holographic grating and a photo-
diode array was adopted. The concentrations of the species in the atmosphere were extracted from the measured
spectra by evaluating the measured spectra. The measured spectra were evaluated by using a least-squares
method to obtain the average mixing ratio of several species in the atmosphere.

DOAS systems can also measure concentrations of many different trace gases, most of them involved in
photochemical smog formation; O;, NO,, HCHO, HONO, H,0, NO,, SO,, BrO, 10, OIO, and several aromatic
hydrocarbons. A number of air pollutants concentration: CS,, NO,, O,, etc were trace measured with Xe lamp
gas-analyzer, operating in UV spectral region. Minimally detected concentration is few ppb on pathlength 400
m with 2 min accumulation time. The results of the test measurements of pollutants near South sq., Tomsk are
presented.

V|3Me|39Hl/Ie I-(OHLI,eHTpaLl,l/Iﬁ aTMOC(beprIX A30B TPaCcCoBbIM
ra3oaHa/in3aTopoM Ha OCHOBE Xe-namnbl

CmupHos C.C., l'eviko .11

HauuoHanbHbIi uccnegoBaTenbcKuii TOMCKMIA rocyfapcTBeHHbI yHUBepcuTeT, ToMcK, Poccun
WMHCTUTYT MOHUTOPUHIA KMMaTUYeCKUX U 3Konoruueckux cuctem CO PAH, Tomck, Poccus
E-mail: smirnov@imces.ru

MOMOIIIBIO TPACCOBOTO razoaHain3zaropa B Y® o0nacTu criekTpa MpoBe/ieHb! JTUTEIbHbIC N3MEPEHUS

KOHIICHTpAIUH psija 3arpsasHsomux atmocdepy razos: O,, NO,, O,, CH,O u ap., o0CcyxnaroTcs moiy-

YeHHbIE pe3ynbTaThl. [IpHHIUI paboThl razoaHaaM3aTopa OCHOBaH Ha Merone MuddepeHInanbHONR
ONTHUYCCKON a6COp6[H/IOHHOI71 CIICKTPOCKOITNH. B kauecTBe ncTouHNKa H3JIYYCHU UCII0JIb30BaHa AyroBas KCe-
HOHOBa# J1aMIia BBICOKOT'O JaBJICHHUA.

Yucrora arMochepHOro Bo3myxa - O{H U3 BAXKHEHIINX ITOKa3aTesiel IKOJIOrHYECKOr0 COCTOSIHHS OKpyKa-
I011Ie# cpeibl. B HacTosiIIee BpeMsi cpeiv KITaCCHUECKUX METOIOB (OCHOBAHHBIX Ha 3a00pe Mpo0) /UIsl H3MEpEeHUs!
MaJIbIX KOHLIEHTpAIIW#i 3arpsI3HSIOIINX Ta30B B arMOc(epe, IHUPOKOe pacpoOCTpaHeHUE HAXOAT U COBPEMEHHbIE
OeckoHTakTHBIe MeToAbl. OJMH U3 TaKMX METONOB - MeTOJ An(pepeHInaIbHON ONTHIECKOH abCopOIMOHHOI
cnekrpockoruu (JIOAC). ITepBbie u3mMepenus ¢ ucrnons3oBanreM npuHimoB JJOAC ObLIH MPOBEICHBI B KOHIIE
1970-x rogoB. C Tex mop 3TOT MeToA Bce 0ojee IMUPOKO UCTIONB3YeTCsl KaK B HAyYHBIX MCCIIEIOBAHUSX, TaK U B
TIPUKITATHBIX pa60Tax, CBA3AaHHBIX C MOHUTOPHWHI'OM I'a30BbIX 3arp;13HeHm71 aTMOC(bepLI.

Ha puc.1 mpuBenena npuHIUIMATBHAS cXeMa, HIUTIOCTpUpytomas peanusamnuto merona JJOAC. Uznyye-
HHE OT UCTOYHHUKA MPOXOAUT CKBO3b OCIAOISIONIMN CJI0i aTMOcdephl U ero CreKTp, Nocie HOPMUPOBKH Ha
CIICKTP M3JIyUYCHHS aHATH3UPYETCs U 00padarsiBaeTcsi. C MCHONb30BaHKEM 0a3bl CIIEKTPAIbHBIX JaHHBIX Ta30B
yAaeTcst BOCCTAHOBUTH MX MHTEIPAJIbHYIO IO TPACCE KOHIIEHTPALIUIO.

Mlomapsariee
| TypiaIcaTeeTs,
DA CHATHRDE |

marmzTiTe i T
; )

i S ||

Puc. 1. OcnabneHue ONTUYECKOr0 U3MTy4YeHUA.

. ~fT 8 (; * o5 ; ] gi:'b *
el AT 20 e (| ]
~I I.J.f. s kK 4 . - s

METs e BT
aglhd VY I )
Paccemna e Paran Mllwwe e o s nnss
W {1
ey b B

MaremMaTn4ecku UHTEHCUBHOCTD MPUHSITOTO M3IyYCHUs HA 3a/IaHHOM JUTHHE BOJHBI OMUCHIBACTCS YPaB-
HenueM (1). J
1(A) = A(D) - 1)(A) - exp{-L(Y, 0 (A)C,; + G (A)C.p, +0, (DC, )} (1)

Jj=1

rae A (A) — CIeKTpanbHas 9yBCTBUTEIBLHOCTS, 1, () — HCXOIHAs MHTEHCHBHOCTB, 0; (M) — CCUEHHE CETIEK-
THBHOTO IIOTTIOIIEHHUS Ta3aMH Oy, (M), O, (M) — ceuenus paccestnust Mu u Pasest, cooTBeTCTBEHHO, C;— KOHIEH-
Tpanws j-10 rasa, Cy,, Cy,,— KOHIEHTPALMH a3PO30JIbHBIX U MOJIEKYIISPHBIX paccenBarene [1].

D¢ dexTuBHOCTH paccesHus Paness 1 Mu U3MEHSIOTCS TUIABHO C JUIMHHOM BOJIHBL, X CHIEKTPaJIbHbIC 3aBHU-
CHUMOCTH MOKHO TIPE/ICTaBUTh B BUJIE MTOJIMHOMA MaJIoro rnopsijika. [lonepednoe cedeHue nomomieH s ra3amu,
MOXeT OBITh pa3AesieHo Ha BRICOKOYACTOTHYIO (I depeHnnanbHy0) H HI3KOYaCTOTHYIO YacTH:
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M) =0,M)+a;M), (2)
r1e oy (A), ¢’; (A) — HU3KOYACTOTHAS M BBICOKOYACTOTHAS YACTH, COOTBETCTBEHHO.
IMoncraBum Beipakenue (2) B hopmysty (1), mpu 3T0M, HU3KOYACTOTHYIO YaCTh BKIFOYMM B TIOJIMHOM:

I(A)= A(A)-1,(A) - exp {—LZ o, (AC,+ Y b1} (3)

b 4
rae Z A MIOJIMHOM p-TO MOPSAKA.
P
[Mponorapupmupyem ypasHenue (3) u BKI0o4uM 3P (HEKTHBHOCTH PACCEUBAHMS B TIOIMHOM, MOJTYYUM BBI-
paxenue (4), 3aBUCSIIUE OT ONTHYESCKON ITyOWHBI, TIOIMHOMA p-TIOPs/IKa, KOHIIEHTPAL[MK U JUTMHBI aTMocdep-

HOM Tpacchl. z .
P In(I(A)/1,(A) ==L-Y 6", (AC, + b7 ()
J=1 p
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*ap o
rae 25,4 nonnmom P-TO NOPsIIIKA, C BKIIIOYEHHOH 3()(DEeKTHBHOCTHIO PACCENBAHUSI.
P
VYpaBHeHue (4) MOXKHO MPEICTABUTH B TUCKPETHOM BUJIE!

J *
Sy =IO /1y ) ==Le £6",00)C; +ShM" k= 1,n(5)
J= y4

31ech 7 — YHUCII0 AUCKPETHBIX OTCUCTOB CHTHAMA.

ITo cytu (5) mpencrasnsier coboil crcTEMy JITMHEHHBIX ypaBHEHHH, KOTOPYIO MOXKHO TIE€penucarb B Ma-
TPUYIHOM BHJIE U MCIOIB30BATh TOT WJIM MHOW YUCIICHHBIN METO/, 00€CTIeUNBAIOIINH JIYUIIYyI0 YCTOWIHBOCTS,
HampuMep METoJ peryispusannu Tuxonosa [2].

B Hammx mccienoBaHMAX MBI HCIONB30BAIN MOACPHU3MPOBAHHBIA BapuaHT razoananusaropa JJOAC-
M1. Ha puc.2. npuBeneHa cxema-auarpaMmma ycTpoictsa. J{is paboTsl Ha aTMOc(epHOi Tpacce UCTIONB3yeTCs
TEJIECKOII, B KOTOPOM COBMEIICHBI ITEPEAAIOIINI M IPUEMHBIN KaHAJIBI.

Teneckon KpemuTcs Ha YCTPOMCTBE, KCEHOHO-
Bag jamma 1, MomrHocThio 150 Bt, momermaercs
BOMHM3M (POKyca IIaBHOTO cepruvecKoro 3epkana 4,
(dbopMupyeTcs KOJbLIEBOW MYYOK HW3IyuUeHHs, Ha-
MPaBJSIEMBIi TT0 aTMOC(EpHOM Tpacce Ha peTpoped-
aextop 7. BHyTpeHHee Koibllo c(hepruuecKoro 3epka-
Jla MCIOJB3YeTCs Il IPHeMa OTPaXKEHHOTO PEeTpo-
peduiekropom mznyueHus [3]. C MOMOIIBIO BTOPUY-
HOIro IOBOPOTHOTO 3€pKajia 3 MPUHATOC U3ITy4YCHHE Puc.2. CxeMa-nMarpaMMa yc'rpoﬁ(;TBa_
HanpaBJIAeTCs Yepe3 LEHTPalbHOE OTBEPCTHE B ce- 1 - Xe namna; 2 — nnocKkoe NOBOPOTHOE 3epKaro.
pUYECKOM 3epKajie Ha BXOAHYIO alepTypy ONTHKO-
BonokoHHOTO cBeToBOoAa (OBC) 5. o onTHueckoMy BOJIOKOHHOMY KaOeJo CBETOBOE M3TyUeHHE ITONa1aeT Ha
BXOJIHYIO II€Jb MOHOXpoMaropa. B IiockoMm mojie M300pa)KeHUsl yCTaHaBIMBAETCs JMHEHKa (oToanoos,
CHTHAJI C KOTOPOU OIM()POBBIBACTCS U MOCTYIAET B KOMIIBIOTED LISl alibHEel el 00paboTKy.

[11aBHO U3MEHSIOIUECS C JJIMHON BOIHBI H3MeE-
aln 22 2h asl m e M I8 Ly M Xa
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B HEHUsSI B CIIEKTPE, BBI3BAHHBIC TIOTMIOIIEHIEM U pac-
N P — i aEaET e
e - o L reramms i) CesHHEM W3IIyUeHHsT aTMOC(EepHBIM a’po30ieM, a
q  BMEE ) Y TaKk)K€ MOJIEKYJSIDHBIM DPAacCEsSHHEM CBETa aTMOC-
= GEEL]E -
7 e o S (hepHBIMHU Ta3aMHU HCKITIOYAIOTCS U3 PACCMOTPEHUS U
= - s N
g wmeml e HE BIUSIOT Ha Pe3yNbTaThl u3MepeHuid. TakuM o0Opa-
£ T"";;‘lf ] 30M, B OCHOBE METO/Ia JIGXKHT pa3ieicHrue CIIEKTpa Ha
127 - IUTABHO MEHSIOUIYIOCS 0,y (A) 1 quddepeHnnanbHy o
\\ 'j0
g dowom ’ =R actu ¢’; (V). Jludbdepenrmanbaas 4acTh CpaBHUBA
S ok | / \\H qactu ¢ ; (A). JAuddepennnansaas 4acTh CpaBHHUBA-
3 "::j:: P . €TCs CO CIEKTpaMH IOIVIOLIECHHUS TIa30BBIX KOMIIO-
1] - s
S eamrn =" P HEHT.
2 HEDIS
e i , J1s TOoro 4TOOBI IPOBECTH ATO CPaBHEHHUE, He-
LMEOIS i)
& Bl Aot i ||]!= L 00XOAMMO TIPOBECTH TY)KE OIEPALHIO IO pa3iene-
| S JeM 1Y T I
1 cmn Rl mrll [P HUIO CTIEKTpPa Ha IUIABHO MEHSIOILYIOCS 0, (A) 1 mud-
B S ¥ 5
AtE0ie | (epeHanbHyI0 9acTh ¢ (A) I HHAUBUIYaTEHOTO ;
L1 2 H |
SIS e CIIEKTpa TOTJIOMICHHSI KaKIOro Tra3a. B kauecTse @)
[ mpuMepa Ha puc.3 MPeICcTaBICHO BhIIeNeHUE AUD- (N
(hepeHIaTFHON YacTH W3 HHIUBUIYaIHbHOTO CTICKT- m
Puc.3. PasgeneHuns cnekTpa noroLueHuns o3oHa (03).
pa moromienus o30Ha (O;). 0

B nepuopa ¢ 10 SIuBaps no 31 Mapra 2014 rona 6611 IpOBEICHB! U3MEPEHHsT KOHIICHTPAIIMU 030Ha, OKHC-
JIOB a30Ta U Cephl U JIp. Ta30B B paiioHe mi. FOxxHas . Tomck. J{nuHa cBeToBOrO IMyTH (TyAa U 0OPaTHO) COCTaB-
nsina 484 M. JlaHHBIE O MTOTOHBIX YCIOBHUAX OpajHCh C YABTPa3BYKOBOW METEOCTAHIIMH YCTAHOBICHHOH B 15
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SESSION 6

MeTpax OT MeCTa NpOBeJeHUs u3MepeHuil. Msmepe-

HUS TIPOBOIIMIINCE B CpeiHeM ynsTpaduonere (202 — [—rrema e
355 HM), YTO MO3BOJSUIO MPOBOAMTH CYTOUHBIE H -
JTHEBHBIC U3MEPEHUS [UIS PAa Ta30BBIX IPUMECEH B
armocgepe — CH,O, NOy, O,, SO,, C;H,, C(H(O,
C,H0, CS,.

CreneHp 3arps3HeHHs aTMOC(EpPHOTO BO3AyXa ) ) . ]
CHJILHO KOJIEONIETCSI BO BPEMEHH M B IIPOCTPAHCTBE, l e
mpuyeM KoJeOaHWs 3TH CBA3aHHBI KaK ¢ 0COOEHHO- e - l -
CTSAMH UCTOYHUKOB MOCTYIICHUS B BO3/LyX 3arpsi3Hs- '
IOIINX €T0 BEIIECTB, TAK U C BIUSHUEM METEOPOJIO- et e
THYECKUX U TOMOrpaduIecKux pakToposB. At

Ha puc.4 nmpuBenen rpaguk BpeMEeHHOTO XOAa
o30Ha (O3) 33 IEPHOI NPOBEICHHS H3MEpeHuii. B Puc.5. BpeMeHHOM X0 KOHLEHTpaLMK AnOKCHAA cepbl.
nnTepsaiie Bpemenu ¢ 3:00 Houu g0 17:00 qHs 32 BECh IePHO U3MEPEHHI, 3aMEUE€HO MPEBBINIEHUE CPETHECY-
tounoit [TIK. C 14:00 g0 16:00 B 90% ciyyasx npeBbIIIIEHHE COCTABIISIO Oojiee ueM B 2 pasa.

Ha puc.5 npuBenen rpaguk BpeMeHHOro xoaa auokcuaa cepsl (SO,). 3ameueno, uyro 60% Bcex u3mepe-
HUH 3HAUEHUE KOHIIEHTpaIlMi TUOKCUIA cepbl MpeBbiiaeT cpeaHecytounyto [1JIK B 1,2 pa3za. JleranbHbii Me-
XaHU3M TpaHCopMaluK COSMHEHHUH cepbl B Tporocdepe 10 HACTOSIIEro BpeMeH! He yctaHoBieH. Han6o-
JICC BCPOATHBIM MPEACTABIIACTCA ITPOTCKAHUEC peaKLII/Iﬁ OKHCJICHHUSA C YUYaCTUEM CBO60[[HI>IX paauKaioB:

H,S + OH- — H,0 + HS,
HS + 0, — OH- + SO,
SO + HO, — SO, + OH.

O)IHI/IM U3 OCHOBHBIX UCTOYHHUKOB JHUOKCHAA a30Ta (NOZ) SABJISIFOTCA ABUT'aTCJIM BHYTPECHHETO CropaHusd,
TOIIKHA MTPOMBINUICHHBIX KOTJIOB, IMCYH. Brixnonnasie rasbl, COACpKAIINC peaKI_[I/IOHHOCHOCO6HLIe OJ'Ie(bI/IHOBLIC
YIIICBOAOPOABI U OKCUABI a30Ta, MOT'YT ITOJ Z[eﬁCTBHeM COJTHEYHOI paananuvun BCTyNaThb B q)OTOXI/IMI/I‘{ECKI/Ie
pcakunu B aTMOC(l)epe, OPUBOAAIINEC K 06pa3OBaHI/IIO TOKCHUYHOI'0 CMOra, Fy6I/ITeJ'ILHOFO JJIA paCTeHI/Iﬁ U KOH-
CTPYKIMOHHBIX MAaT€PUAJIOB U BPECAHOT'O IJIs1 )KMBBIX OPTaHU3MOB.

Okucnenue OKCHa a30Ta MPOUCXOAUT TAKKE TPU BSaHMOﬂeﬁCTBHH C O30HOM:

NO + O;— NO, + O,.
[Tox nelcTBHEM COTHEYHOTO M3ITyUCHHUS IPOUCXOINUT 00paTHas peakiys 4acTh ANOKCH/IA a30Ta pa3Jara-
eTcs ¢ 00pa3oBaHMEM OKCHJIa a30Ta U aToMa KHCIIOpo/ia:
NO,—-»NO+O".
AToMapHBIii KHCIIOPOJ TMPUBOIUT K 00pa3oBaHHI0 B arMoc(epe 030Ha. B pesysibrare B3aumoneiicTBus
JUOKCHUAa a30Ta C THAPOKCHUIIbHBIM paJuKaJIOM IMIPOUCXOAUT 06p3.30BaHI/Ie a30THOM KHCJIOTHI:

NO, + OH — HNO,.

OO0pa3oBaHue a30THOM KUCIIOTHI O BBILIETPHBE-

LSRR T AT SRTR I PR RE LT ]

or _-’-'*"'I_‘ I e JCHHOM PEaKkLUM SBIACTCS BaXKHOI 9acThiO aTMocC-
= A (epHOrO 1MKIA coenuHenuii azota. Oxono 44% HNO,
= _;'x B Tporocdepe oOpasyercst B pe3y/ibTaTe UMEHHO 3TOMN
g e, peakuuu [4].

*r st Ananusupys rpaduk 6, MOXXHO HaOIIONATh aH-

Cph

TUKOPPEISLUIO KOHLEHTPALMI IUOKCHIA a30Ta U
030Ha, YTO COOTBETCTBYET CJICAYIOIIUM PACCYXIe-
HUSAM: OAHUM U3 OCHOBHBIX HCTOYHHNKOB O30HA SBJIA-
10Tcs arMocdepHbie Goroxumuueckue peakiun. C
i e s 9:00 o 21:00 nabmronanach BBICOKAs HWHTEHCHB-

Speirvn, fae.its] HOCTh COJTHEUHOW pajMaluu, B pe3ylibrare o0pa3o-
BBIBAJIUCHh BBHICOKHME KOHIICHTPAIMK 030HA (C MHKOM
10 37ppb B 14:00). C 21:00 10 yacy HOYHM MPOUCXO-
JIATA OKHUCITUTENBHBIC TIPOIIECCHI ¢ 00pa3oBaHueM auokcua a3ora (¢ mukom 10 30 ppb B 21:00). [Tockonbky ¢
Yacy HOYH M JI0 PAHHETO yTpa HHTEHCUBHOCTh aBTOTPAHCIIOPTAa MHHUMAJIbHA, B PE3YJIBTATEe MPOUCXOAUT CHH-
JKCHHE KOHIICHTPAIIUH JHUOKCHIA a30Ta IO MUHUMAJIBHO JICTEKTUPYEMbIX 3HAYCHUIA.

C nomomIpio ra3oaHaiM3aropa Ha OCHOBE KCEHOHOBOH JIaMIIbI TIPOBEAEH PsiJl AJIMTEIbHBIX MapauleIbHbIX
U3MEPCHUH 3arps3HAIONINX BEIecTB, TakuXx Kak O, SO,, NOy u np. [IpoBeneH aHam3 BO3MOXHBIX TpaHchopma-
LM TaHHBIX ra3oB. 13 aHann3a pe3ysisraroB M3MepeHuid ObUIN BBISIBICHBI HEKOTOpBIe 0coOeHHOCTH: -60% Beex
W3MEpEeHNH, 3HaYeHHEe KOHLICHTPaLINii IMOKCH 1A cepbl peBbiaet cpeanecyrounyto ITJIK B 1,2 paza; -nuis o30Ha
¢ 14:00 o 16:00 nust B 90% Bcex THEBHBIX U3MEPEHHIA 3aMeUeHO MpeBblieHue cpeanecytounoi [TJ1K B 2 pasa;
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Application of ENPEMF method to engineering,
geocryological studies and soil dynamics monitoring

Malyshkov S.Yu., Gordeev V.F., Malyshkov Yu.P., Polivach V.I.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: msergey@imces.ru

and technogenic impact onto surface as well as to assess a subgrade bearing value and to monitor

these structures’ state. Rules and regulations for geological survey for cold-weather building dictate
necessity to forecast spatiotemporal variability of engineering and geocryological conditions of the territory
under study in order to provide structure stability. In general, projected forecast time is determined by expected
life of the built objects since changes of environmental conditions will occur and influence these objects during
all period. Usually changes caused by environmental factors are very slow. However there are short-time un-
predictable climate variations and technogenic geocryological changes that is impossible to take into account
in long-term forecast but they are of serious hazard to constructions built on permafrost. Therefore a necessity
arises to monitor soil state dynamics especially at industrial sites of high-risk facilities.

Method of Earth Natural Pulsed ElectroMagnetic Field (ENPEMF) allows one to determine all fault lines
in natural rock including snaps, fractures, karst crack zones, permafrost, other inhomogeneities, as well as to
monitor their dynamics in order to assess risks for constructions. The radiowave methods applied are based on
electromagnetic emission, i.e. ability of dielectric materials to produce electromagnetic signals under external
impact [1]. Electromagnetic emission appears in process of charges formation and relaxation on cracks when
rock strain is changed. Rock strain arises under both material-dielectric troubles and break of electrolyte-filled
capillars. In rocks, sources of natural electromagnetic fields are the following: soil structure inhomogeneities,
occurrence of objects with different strain, cracks and microcracks. Mechanic-to-electric energy conversion
under the effect of strain waves from the mantle, tides, microseisms, winds, and technological loads produces
pulsed EM fields which make up the natural lithospheric EM background. According to long-term measure-
ments in different areas, lithospheric ENPEMF responses have well-defined diurnal and seasonal rhythms be-
cause crustal strain waves are associated with Earth’s rotation about its axis and about the Sun [2]. The diurnal
cycles depend on the calendar dates, geographic coordinates, and geophysical properties [3]. Typical diurnal
variations respond to changes in crustal rthythms, for instance, when a consolidated domain of several inter-
locked fault blocks forms during earthquake nucleation or when stress and strain change rapidly. Thus, EN-
PEMF measurements can provide a universal tool for geophysical surveys and geodynamic monitoring or for
any other application in geosciences.

The ENPEMEF parameters are recorded with Multichannel Geophysical Recorder (MGR-01) using the
patented procedure. The MGR-01 instruments are certified and registered in the State register of measuring
equipment [4].

‘ ’ 4 hen designing and exploiter engineering structures, it is necessary to account for climate dynamics

References:

1. Earth’s Natural Electromagnetic Noises in a Very-Low Frequency Band /in: Electromagnetic Fields:
Principles, Engineering Applications and Biophysical Effects. Editors: Jon M. Phillips.— Nova Science
Publishers.— 2012.— Chapter 1.

2. Eccentric Motion of the Earth’s Core and Lithosphere: Origin of Deformation Waves and their Prac-
tical Application /in: The Earth’s Core: Structure, Properties and Dynamics. Editors: Jon M. Phillips.—
Nova Science Publishers.— 2012.— Chapter 6. ISBN: 978-1-61324-584-2.

3. Malyshkov Yu.P, Malyshkov S. Yu. Periodic variation of geophysical fields and seismicity, their prob-
able correlation with Erath core motion // Geology and Geophysics.— 2009.— No.2.—p. 152-172.

4. Shtalin S.G. et al. Pulsed electromagnetic fieldss recorder for monitoring of geodynamic processes
and geophysical survey // Sensors and Systems.— 2012.— No.4.— p. 32-37.
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Metog EM3MI3 anA HKeHepHbIX, reOKPUOSIOrnyYecKmx
nccnegoBaHUM M MOHUTOPUHIA AWHAMUKN MPYHTOB

Manbiwkos C.10., lopaees B.®., Manbiwkos 10.11., Monueau B.U.

WHCTUTYT MOHUTOPMHIa KNIMMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
E-mail: msergey@imces.ru

CBSI3H C €CTECTBEHHOHN JUHAMUKOHN KIIMMaTa ¥ TEXHOT€HHBIM H3MEHEHHUEM ITOBEPXHOCTHBIX yCIOBUH IPH

MIPOCKTHPOBAHUN MHKEHEPHBIX COOPYKEHHH M MX IKCILTyaTalliy BO3HUKAET OCTpast HeOOXOMMOCTb, KaK

OLIEHKH HECYIIeH CIOCOOHOCTH TPYHTOB, TaK 1 MOHUTOPHHTE UX COCTOSHUS. CBOJ ITPaBMII HHXKEHEPHO-
Te0JIOTMYECKUX U3BICKaHUH [T CTPOUTENBCTBA B YCIOBUSX MHOTOJIETHEMEP3IIBIX TPYHTOB OIpE/IeNsieT HeoOXo-
JUMOCTB IPOTHO3a M3MEHEHHH BO BPEMEHH U B IPOCTPAHCTBE HH)KEHEPHO-TEOKPHOIOTMYECKHUX YCIOBHI HCCIIe-
JlyeMOW TEpPUTOPUU AJISl COXPAHEHUS yCTOWYMBOCTH COOPYKEHUM. PacueTHbIi CpOK IIPOrHO3a ONPENEIAETCS B
o01IeM Cllydae pac4eTHBIM CPOKOM IKCIUTyaTalluy MPOSKTHPYEMbIX OOBEKTOB, MOCKOJIBKY U3MEHEHHS YCIOBHUI
Oy/IyT IPOUCXOIUTD U BO3/IEHICTBOBATh Ha ATH OOBEKTHI B TEUEHHE BCETO BPEMEHH MX CYIIIECTBOBaHMS. V3MeHe-
HUSI, BbI3BaHHBIE JICHCTBHEM €CTECTBEHHBIX (haKTOPOB, OOJIbIIIEH YACThIO CKa3bIBAIOTCS BEChbMa MEIJICHHO, HO
CYIIIECTBYIOT KOPOTKOTIEPHOAHBIEC HEMPOTHO3UPYEMBbIe KoJIeOaH!Us KIIMMarTa U TEXHOTCHHBIE W3MEHEHHS TEOKPHO-
JIOTUYECKUX YCIIOBUH, Y4€CTh KOTOPHI B JOJITOCPOYHOM IMPOTHO3€ HEBO3MOXKHO, UTO MOATBEPIKIAETCS BEChbMa
3HAYUTENIBHON J0JIeH JehopMHUPYyEeMBbIX 3MaHHUI M COOPYKEHHI OT OOIIEro UX YMCIia, COOPYKaeMOro B palioHax
pacrnpoCcTpaHeHus] BEUHOMEP3IBIX TPyHTOB. [103TOMY BO3HHKAaeT HEOOXOMMMOCTh HAOMFOACHHUS 38 AMHAMHUKON
COCTOSIHHSI TPYHTOB, 0OCOOEHHO Ha MPOMBIIUICHHBIX TUIONIAIKaX 00bEKTOB MOBBIIICHHON OMaCHOCTH.

Mertoz eCTeCTBEHHOTO UMITYJIBCHOTO 3JeKTpoMarauTHoro nans 3emin (EMOMII3) mo3BosnsieT nokammso-
BaTh BCE HAPYIIEHU CIIOMIHOCTH TOPHBIX ITOPOJI B YCIOBHSX MX €CTECTBEHHOTO 3aJIETaHMUs, B TOM YHCIIE Pa3iio-
MBI, pa3pBIBHBIE HAPYILIEHNS, 30HBI TPEIITHOBATOCTH, KapCThI, TAIUKHU, IPOYHE HEOTHOPOTHOCTH U KOHTPOJIHPO-
BaTh UX TMHAMHKY C LIEJIBIO TPOTHO3a OMACHOCTH JUTS CTPOUTENBHBIX 00BEKTOB. [IprMeHsseMble palnOBOTHOBBIE
METOIBI OCHOBAHBI Ha SIBJICHUH JIEKTPOMArHUTHOM 3MUCCHUH — CTIOCOOHOCTH TUANIEKTPUIECKUX MaTePHAIOB H3-
Jy4aTh 3JIEKTPOMArHUTHBIE CUTHANBI IIPU BO3/IEHCTBUM Ha HUX [1]. DiekTpoMarHuTHas 3MHCCHS BO3HHKAET B
nporecce 00pa30BaHMA M PeTaKCalluy 3apsI0B Ha TUIOCKOCTSIX TPEIINH IPH W3MEHEHUH HAIPSHKEHHOTO COCTOS-
HHSI MACCHBA TOPHBIX 1Topoa. OHM BO3HUKAIOT KaK MPH W3MEHEHHUH CIUIONTHOCTH MaTepHaioB-INIEKTPUKOB, TaK
U TIPU pa3pbIBe, 3alOJIHEHHBIX 3JEKTPOIUTOM KaUIIPOB. B TOPHBIX MOpOnax MCTOYHUKAMH €CTECTBEHHBIX
3JIEKTPOMArHUTHBIX TONEH SIBISIOTCS HEOTHOPOIHOCTH CTPYKTYPHI TPYHTOB, Pa3HOHANPSKEHHBIE CTPYKTYPHI,
TPEIIMHBI ¥ MUKPOTPELIMHBIL. B pe3ysbTaTe MeXaHO JIeKTPUIECKHX peodpa3oBaHuil mox aeiicTBueM aedopma-
IIHOHHBIX BOJH U3 HIDKHEH MaHTHH, PIIMBHBIX CHJI, MUKPOCEHCMHUYIECKUX KOJIeOaHuUil, BETPOBOW U TEXHOTECH-
HOM Harpy3K{ Ha 9THX HCTOYHHKAX BO3HUKAIOT UMITYJIbCHBIE AIEKTPOMArHUTHBIE MO, KOTOPBIE U CO3/AI0T ec-
TECTBEHHBIH AIEKTPOMArHUTHBIN (OH JUTOCEPHOTO porcxoxkIeHus. HabironeHus 3a mpoeccoM aIeKTpomar-
HHUTHOTO U3JTy4YEHHS TT03BOJISIET KOHTPOJIMPOBATH HANPSKEHHO-1e(OPMHUPOBAHHOE COCTOSIHUE TOPHOTO MAaCCHUBA.
MHoroneTHHE U3MEPEeHUsI B Pa3iIMYHBIX perHoHax mnokaszanu, yro EMDOMII3 nurocepHOro npoucxokaeHus
MMeEeT SIPKO BBIPAXKEHHBIN YCTOWYMBBINA CYyTOYHBIN U CE30HHBIN X0I. DT0 0OBACHIETCS TEM, YTO J1e(OpMaIOH-
HBIE BOJTHBI B 3¢MHOI KOp€e CBsSI3aHBI C HEPaBHOMEPHBIM BpallleHHeM 3eMIIM BOKPYT cBoel ocu 1 BokpyT CorHIla
[2]. CyTounbIe X0aa, 3aBUCST OT KaJICHIAPHOH JaThl, reorpaMuecKiX KOOPJHHAT MECTHOCTH, €€ Te0(hH3UIECKUX
ocobenHocreit [3]. UMIynbCcHBIE 2IEKTPOMArHUTHBIE TIOJNST MOTYT MEHSThCS KaK MPH W3MEHEHUW COCTOSHHUS
TPYHTOB, TaK IPH U3MEHEHNH BO3IEHCTBHA Ha UCTOUYHUKY Toneil. Harmpumep, THIIMYIHBIE CyTOYHBIE X0a MOTYT
HapyIIaThCsl B CITyYasx M3MEHEHUS] PUTMHUYHOTO JBMYKEHHS 36MHOM KOPBI B pe3YJIbTaTe 0ObEIMHEHHUS €€ OTAEIb-
HBIX OJIOKOB B KOHCOJIMIMPOBAHHYIO 00IAaCTh ITPH MOATOTOBKE 3eMJICTPSICEHUH WIIM TIPH M3MEHEHUH HaIpspKeH-
HO-Je(hOPMUPOBAHHOTO COCTOSIHUSI TPYHTOB. Takum o6pa3om, Meton peructpauun EMOMII3 sBnsiercst yHuBep-
CAJIFHBIM MHCTPYMEHTOM JJIsI TeO(U3NUECKON pa3BEIKH, MOHUTOPHHTA TeOTUHAMUUECKON aKTUBHOCTH 3€MHOI
KOPBI ¥ HAY9YHBIX UCCIIEI0BaHUI B 001aCTH HayK O 3emIle.

T S ! ! Puc. 1. ﬂpOCTpaHCTBeHHbIe Bapualnmn 3NEeKTPOMarHUTHbIX
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ITpoBepka BO3MOKHOCTH KapTUPOBAHHS JIEMEHTOB HK30T€HHOH I€OIMHAMHUKH B YCJIOBHSAX BEIHOMED-
3IIBIX TPYHTOB IPOBOAMIACH HA YassHAMHCKOM He()Tera30KOHIEHCATHOM MECTOpOKAeHNH B SkyTnu. B paiione
HCCIICIOBAaHNUH TIJIOMIAb Pa3BUTHS MEP3JBIX TPYHTOB gocturaet 6omnee 60 %. Hanbomipmas MouHOCTE Mep-
37101 30HBI Ha paBHUHAX | Iuato coctaBisieT 100 —250 M. MakcuManbHas TITyOMHA CE30HHOTO OTTaMBAHUS
cocTaBisieT B meckax — 3,0-4,6 M, B cymmHKax -2,0-2,7 M. TepMokapcToBBIe 00pa30BaHUs pa3BUBAIOTCS MIPEU-
MYIIECTBCHHO B CHIIbHOJIBIUCTHIX AJUTIOBUANIBHBIX U OOIOTHBIX OTIOKeHUsIX. [Iporpeccupyror nporeccst Tep-
MOKapcTa B apareHe3uce ¢ mydenueM. [IppanHaMu pa3BUTHS TEPMOKAPCTa SBIISIOTCS MOBBIIICHUE CPEIHETO-
JIOBOH TEMIIEpaTyphl MOPOJ] M U3MEHEHNE CTETIEHH 00BOAHEHHOCTH Y4acTKOB. B HacTosIee BpeMs MpoLecchl
TEpMOKapCTa Pa3BUTHI HA IUNIOCKUX BEPIIMHAX BOAOPA3/ENa, CIOKCHHBIX JTOBHATBHBIMU 00pa30BaHUAMH Ha
opoJax TePPUTreHHO—KapOOHATHOHN (hopManuu, U BBEIPaKEHBI B HEOONBIINX KOTIOBHHAX TTyOMHOHN 10 0,5M.
CBs13aHBI NPOIIECCH TEPMOKAPCTa C BBITAMBAHUEM CErPETAlMOHHBIX JIbAOB. VIHTEHCHBHO HPOLECCHI TEPMO-
KapcTa CTaIM pa3BUBATHCS C HAYAIOM XO35ICTBEHHOTO OCBOEHHSI B IIPOLIECCE Pa3BENKH HE(PTETa30BOI0 MECTO-
POXKICHUSL.

[Ipu xamepanbHOi 00paboTke anomanmu EMOMII3 comocTaBisiiuch ¢ pe3ylbraTaMi AUCTAaHIIHOHHOTO
MOp(hOTEKTOHHYECKOTO aHanm3a, npenocrasieHHoro OO0 “MI'Y-Teodusuxa”. [lepen HagamoMm paboT MBI
pacmionaraiau 0630pHOH Mopdonmornueckoit cxemoii Macirada 1:200000, 9To He MO3BOISIIO TOYHO TPUBI3ATH-
Cs1 K IMEIOLIEHCsI cCXeMe Ha MecTe nccienoBanuii. [Tocne 3aBepieHns paboT JaHHBIE COMOCTABISUIUCH C KapTa-
mu nemmppuposanus 1:50000.

Perucrpamus napamerpos EMOMII3 npon3BoanTCS MHOTOKAHAIBHBIM Te0(U3NIECKIM PETUCTPATOPOM
(MI'P-01). Peructparopsr «MI'P-01» cepru¢uimpoBansl, 3aperucTpUpOBaHbl B TOCYIAPCTBEHHOM peecTpe
cpencTB m3MepeHui [4]. Metoandeck BBIACTICHHE MPOCTpAaHCTBEHHBIX aHoMammnidi EVMOMII3 npoBommiocs
ITyTEM CPAaBHEHUS JAAaHHBIX, 3aPETHCTPUPOBAHHBIX HAa KAXIOM IHKETE N3MEPEHUH ¢ JaHHBIMH BapHUallMOHHON
CTaHLMH [10 OPUTMHAJIBHOM 3allaTeHTOBAHHOW METOAMKE.

Ha puc.1 npencrasnens! npoctpanctBeHHbIe Baprannu EMOMII3 B MecTax OTCYTCTBHSA TEKTOHHYECKUX
HapyIIEeHHH ¥ K30TCHHOW TeOANHAMIKH 3eéMHON KOphl. Ha 3ToM 1 criexyromux rpadukax TOHKOW JTHHHEH C
TOYKaMH TPUBEACHBI JaHHbIC (PAaKTUUECKUX N3MEPEHNUIL, )KUPHOI KPUBOH Pe3y/bTaT UX CIVIaKUBaHUS CKOJIb3S-
MM OKHOM T10 3 TOYKaM. XOTs B LIEJIOM HCCIIEIyeMasi TEPPUTOPUS UMEET CIIOKHYIO TEKTOHHUECKYIO CTPYKTY-
PY, aHOMAJIMH 3JIEKTPOMArHUTHBIX [IIyMOB Ha 3TOM y4JacTKe He MpeBbImaroT 40% OTHOCHTENbHO ()OHOBBIX.
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Puc. 1. [lpocTpaHCTBEHHbIE BapUaLIMM 3/IEKTPOMAarHUTHBIX LLIYMOB B3 31EMEHTOB 3K30reHHOW reoMHaMUKM.
a) TepMOKapCToBan 3anaaMHa (BOPOHKa); 6) KapcToBas 3anaguHa (BOPOHKa).

Ha Puc.2 npencrasnens! npoctpancTBeHHble Bapuannu EMOMII3 npu nepeceueHun KapcTOBOU U Tep-
MOKapcToBOi BOpoHKH. Ha 3Tux rpadukax aHoMansHble 3Ha4eHUs IIyMoB B 30 -40 pa3 npeBblmaoT GoHOBbIC
3HAYEHUSL.

BosmoxsoCcTh npuMeHeHust Metoga EMOMII3 qyig MOHUTOpHHTa JUHAMUKY U3MEHEHUS! HAMPSKEHHO-
J1e(OpMHUPOBAHHOTO COCTOSIHHSI TPYHTOB ITOATBEPXKJCHA YCIICIIHO JCHCTBYIOIIMMHU CHCTEMaMH IPOTHO3a
OIIACHBIX T'€0JOTUYECKUX MPOIECCOB HA MAaruCTPaJIbHBIX razonposonax [2]. Takum obpa3om, MeTon ecTecT-
BEHHBIX UMITYJIbCHBIX 3IEKTPOMAarHUTHBIX ITOJIEH 3€MIIM MOXKET TPUMEHSATHCS Kak IPH BEIOOPE MECT ATl CTPO-
UTENBCTBA MHKEHEPHBIX COOPYKEHUH B YCIOBUSAX BEYHOMEP3IIBIX IPYHTOB, TaK U JUIsl MOHUTOPUHIA COCTOS-
HUS 9TUX TPYHTOB B YCIOBUSIX TEXHOT€HHON HArPy3KH.

Jlumepamypa:

1. Electromagnetic Fields: Principles, Engineering Applications and Biophysical Effects. Editors: Jon
M. Phillips, 2012 Nova Science Publishers. (Chapter 1, Earth s Natural Electromagnetic Noises in a
Very-Low Frequency Band).
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2. The Earth's Core: Structure, Properties and Dynamics. Editors: Jon M. Phillips, 2012 Nova Science
Publishers, Inc. ISBN: 978-1-61324-584-2 (Chapter 6 Eccentric Motion of the Earth's Core and Litho-
sphere: Origin of Deformation Waves and their Practical Application).

3. Manviuros FO.I1., Manvuuros C.FO. Ilepuoduueckue sapuayuu 2eogpusuieckux noieil u ceticMuiHo-
CMU, UX BO3MONCHASA C8:3b C O8udCeHUuem a0pa 3emau. // Ieonoeus u ceogpusura 2009. Ne2, c. 152-172.

4. Hmanun C.I u Op. Pecucmpamop uMnynbCHbIX 21eKMpPOMASHUMHBIX HONell 0151 MOHUMOPUHEA
2€00UHAMUYECKUX NPoYeccos U 2eousuieckoll passeoku// JJamuuxu u cucmemst. 2012. Ne4, c32-37.

Statistical model of cloudiness imagery texture
by MODIS data

"Kurianovich X.V., *Astafurov V.G., 'Skorokhodov A.V.

'V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
? Tomsk State University of Control Systems and Radioelectronics, Tomsk, Russia
E-mail: astafurov@iao.ru, ksuyain@mail.ru, vazime@yandex.ru

decision meteorological and climatological thematic tasks and improve efficiency of cloud classifica-

tion algorithms on satellite imagery. Clouds are divided by 27 types, which include 10 main cloud forms,
their subtypes and some combinations in accordance with the meteorological standard. Results of the earth re-
mote sensing from space are the main source of obtaining information about global cloud field.

The methodology comparing archive data of ground weather station network from satellite imagery was
used for searching specific imagery of cloud types. Sets of 200 pieces 21 x 21 pixel for everyone from the 25
cloud types were formed with using this method.

Three methods of statistical approach to texture images characterization Gray-Level Co-occurrence Ma-
trix, Gray-Level Difference Vector and Sum And Difference Histogram were used for description of different
cloud types imagery. All these methods based on obtaining statistical information about the mutual pixel ar-
rangement with certain brightness in the studied image fragment. We used the set including 132 texture features
for description of everyone cloudiness image fragment.

The report contains the results of constructing a texture features statistical model for 25 cloud types. His-
tograms of the textural features values and selected distributions and their parameters with used of criteria
Kolmogorov-Smirnov are presented.

In the second part of the report discusses the redundancy of the statistical model for solving the problem of
automatic cloud classification on satellite imagery MODIS. The report presents the results of effective texture
features sets formation for algorithms N-nearest neighbors and probability neural network based on method
Add. The sets of informative textures features consist of 17 signatures for N-nearest neighbors and 19 — for and
probability neural network.

The constructed texture imagery statistical model of 25 cloud types is addition to the existing models of
cloud fields. This model may be used for constructing more effective automatic cloud classifiers on satellite
data, for example, based of fuzzy-logic methods. This will not only increase the number of allocated cloud
types, but also to identify multilayer clouds.

Today is a very urgent problem of constructing effective mathematical models different cloud types for
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TpeOyIOT cBeleHHs 0 THIaxX o0magHocT. OOIAYHOCTD SIBISIETCS OTHUM 3 OCHOBHBIX (PaKTOPOB, BITHSIFO-
IIUX Ha IEPEHOC MOTOKOB COJHEYHON M 3eMHOH pajHaliy B CHCTEME «arMoc(epa — MOACTHIIAIONIAT
MOBEPXHOCTH». COIIACHO METEOPOIOTHISCKOMY CTaHAAPTY O0JIaKa pasIelsIioTes 1Mo 27 pasHOBHAHOCTSIM, K KO-

I I POrHO3 moroabl, MOACIIMPOBAHUE KilMMara 1 obecrieucHre 0E30MACHOCTH IOJIETOB BO3QYIIHBIX CYIOB
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TOpBIM OTHOCATCS 10 OCHOBHBIX (pOpM OONAYHOCTH, MX MOATHITEI U HEKOTOpble coueTanus [1]. B Hacrosmee
BpeMs1 aKTyaJIbHOI sBIseTcs poliiemMa mocTpoeHus S PEKTUBHBIX MaTeMaTHIECCKUX MOJIENICH pa3InIHbIX TH-
OB O0JIAYHOCTH, KOTOPBIE MOTYT OBITh MCIIOJIF30BAHBI IIPH PEIICHUH PA3TIIYHBIX TEMaTHUECKUX 3a/1a4, CBSI3aH-
HBIX C METEOPOJIOTHEH 1 KinMaronoruei [2]. Takne Mogenn MOTYT TakKe MCIIONb30BaThCA TS TIOBBIICHHS d(-
(heKTHBHOCTH aJITOPUTMOB aBTOMAaTHIECKOH KIIacCH(pHUKAIK 00IaYHOCTH IO CITyTHUKOBBIM CHIMKaM.

OCHOBHBIM HCTOYHHKOM TIOTy4eHHUS WH(POPMALINH O TII00aTHHOM I10JIe OOJIaTHOCTH SIBIISTIOTCS pe3yibTa-
THl AUCTAaHIIMOHHOTO 30HIMPOBaHUSA 3eMJIHM M3 KocMoca. B maHHOI paboTe MCIONB30BAUCH CITYTHHUKOBBIC
canmkr MODIS ¢ mpocTpaHCTBeHHBIM pa3permieHreM 250 M, ToTy4YeHHBIe B BUIUMO# 00macty criekrpa (0.62
—0.67 MKM) B THEBHOE BPEMsI M TIPH OTCYTCTBUH CHEIKHOTO MOKpOoBa. [IIsT morcka XapakTepHBIX H300paKeHUH
Pa3JIMYHBIX PA3HOBHUIHOCTEH OOJIAKOB, HEOOXOAMMBIX UISl TIOCTPOEHHS CTAaTUCTUYECKOW MOAENH, TIPUMEHS-
Jlach METOAMKA COTIOCTABIICHHS aPXMBHBIX JAHHBIX CETH Ha3eMHBIX METECOCTAHIUH CO CITyTHUKOBOH ChEeMKOH
[3]. B pesynbrare ucciaenoBaHuii ObUTH HAWICHBI CITyTHUKOBBIC CHUMKH 7151 25 13 27 BO3MOXKHBIX THIIOB 00-
JIAYHOCTH, KPOME Pa3HOBHHOCTHU MIEPHCTO-CIOMCTHIX O0JIAKOB M BHICOKOKYUEBBIX OOJIAKOB ITPU Xa0THYECKOM
BH/IC HeOa, UTO OOBSICHIETCS X HU3KOM MOBTOPSEMOCTHIO 110 BCeMyY 3eMHOMY Iapy [4]. TIpu aToM ist Kaskaoi
u3 25 pazHoBuaHOCTE# ObLT chopMupoBan HabOp, cocroammii U3 200 hparMeHTOB XapaKTepHBIX H300paxke-
HuUil 00mauHOCTH pazmepoM 21 x 21 HmHUKCeb.

i onrcanust n300paKeHUH Pa3IMYHBIX THUIIOB OOIaYHOCTH MIPUMEHSIICA TEKCTYPHBINA MOJXOM, B COOT-
BETCTBHH C KOTOPHIM 00JIaka OMMCHIBAIOTCS KaK eIMHAasl ¥ [IEJIOCTHAS CTPYKTYPa, a He IMONHUKCceIbHO. [Tpu aTom
HCIIONB30BANIOCH TPU METONA CTATUCTUYECKOTO MOAXOAa K OIMMCAHMIO TEKCTYypbl m3o0paxenuil: Gray-Level
Co-occurrence Matrix [5], Gray-Level Difference Vector [6] u Sum And Difference Histogram [7]. Bce atu
METO/bl OCHOBAHBI Ha MOJYYEHUH CTAaTUCTHYECKOH MH(OPMALMU O B3aWUMHOM PACIIOJIOKEHUH MHUKCENeH ¢
OMpeNeICHHON SIPKOCTRIO B HCCIIeAyeMOoM (parMeHTe n300pakeHus (B HaleM cirydae ooaagnocTr). Ha ocHo-
B€ 3TUX METONOB BBIUMCIAETCS TeKcTypHble mpu3Haku (TII), kK 9rcay KOTOPBIX OTHOCATCS MaTeMaTHYECKOe
OXHJAaHUE, TUCIIEPCHUs], KOHTPACT, SHTPONHUS U psia Apyrux [5-7]. st onucanusi GpparMeHTOB H300paXKeHUs
00JTAYHOCTH MCITOIB30BAJICS HA0Op, cocTosruii u3 132 TII.

ITo Habopam (pparMeHTOB H300paKEHUI PA3IUYHBIX THIIOB 00Ja4HOCTH A1t BeeX TIT ObUTH MOCTPOEHBI
rucTorpaMmsbl 3HadeHu TT1, ¢ TOMOIIBIO KOTOPHIX OBLIN MOA0OPAHBI HAMITYYIIINE PACIIPEISIICHAS U HalIeHbI
OIIEHKH WX mapameTpoB. s sToro mcmoms3oBaics Kpurepuil KomMoropoBa-CMHpPHOBA, OCHOBAaHHBIA Ha
OTIpeNIeIEHUN MEPhI PACXOKICHHS

D, = Sup‘x‘m‘ﬂ (x)- O(x)‘

MeXIy TeopeTHdeckoil F,(x) u smmupuueckort @(x) GyHKIUAME pacrpeneseHus (TucrorpamMmmoit) [8].
3neck sup(.) 0003HAYAET TOUHYIO BEPXHIOK FpaHMIly paccmarpuBaeMoit pasnoctu. Jis kaxmoro TII u Bcex
THUIIOB 00JIAYHOCTH BBITIOJIHSUICS MEpeOO0p pacrpeeeHuU U IeNaicsl BBIOOP UCXO/Is U3 MUHUMYMa BEJIMUHHbBI
D,

n*

D, = miin DY '

Bcero paccmarpuBanocs 41 pacnpeznenenue [9]. B qoknaze npencraBieHbl pe3yabTaThl IOCTPOSHUS CTa-
THUCTUYECKOM MOJIENTU TEKCTYPhI H300pa)KeHUiA T 25 pa3HOBUIHOCTEH 00IauHOCTH.

Bo BTOpOI#t yacTu nokinana o0CyxkaaeTcst U30BITOYHOCT ITOCTPOSHHOM CTaTHCTUYECKOW MOJENN Ha MpH-
Mepe pelIeHHs 33/1aull aBTOMaTH4YeCKON KiacCH(UKalUU 00Ja4HOCTH MO CITyTHUKOBBIM cHUMKam MODIS.
OueBuHbIM, 4TO HHPOpMaTiBHOCTH TII paznuyHa, mo3ToMy NONHBIA HAOOP, cocTosimii U3 132 xapakrepu-
CTHK TEKCTYPbI, MOXKET SIBJISTHCS HE TOJIBKO M30BITOUHBIM, HO M HE J]aBaTh HAMIYYIINX PE3yJIbTaToB Kiaccudu-
kauuu. [1pu aToM MoryT cyniectBoBarh pasiuunbie Ha0opbl TT1, 3 PEeKTHBHOCTD KOTOPBIX SIBISIETCS CXOIHOM.
B noxnaze npezcTaBneHsl pe3ynsrarhbl opmupoBanus Habopos TIT mist [ByX KilaccuprKkaTopoB.

Jns Bei0opa uapopmaruBHbix TIT ucnons3oanacs meroarnka Add [10], koTopast OCHOBaHAa Ha IUKJIHYC-
CKOM Iepebope BCeX XapaKTEPUCTHUK TEKCTYPHI M BBIOOpOM HanbOosiee 3((GEKTUBHBIX U3 HUX MO pe3yjbTaram
kiaccudukanyu odnauHocTH Ha KaxaoMm tare. Habopsl nnpopmarueabix TII copmupoBanbl ¢ moMoripo
KJ1accu(UKaTopoB, BBIMOJIHEHHBIX Ha OCHOBE ajropuTMa N-Onmkaiiux coceneii [11] 1 BEpoSTHOCTHOM Hewd-
poHHOI# cetu [12]. DTH anropuT™Mbl OTHOCATCS K METOaM Kiaccu(UKauuy 0e3 y4HuTels, YTO CYIECTBEHHO
ycKopsieT mporeaypy Gopmuposanus HabopoB 3¢ dexTuHbXx TII. ITo pe3yasratam MpUMEHEHHS METOIUKU
Add ¢ anroputmom N-Onmkaiinmx cocenei 0bu1 chopmupoBan Habop, cocrosiuuii u3 17 TI1, a s Beposit-
HOCTHO HeHpOHHOM ceTr — n3 19 npusHakoB. CiiefyeT OTMETUTD, 4TO roydeHHbie Ha0opbl TIT mpakTuuecku
HE MMEIOT COBIAJAIOIINX MpPU3HAKOB. [Ipu 3TOM KayecTBO pe3yibTaroB KIacCU(PHKAIMKA PACCMOTPEHHBIMU
QITOPUTMaMU CYIIECTBEHHO He oTin4aeTcs. PaHee HaMu ObUT IpeIUIOKEH APYrod moaxol K (OpMUPOBaHHIO
HaOopoB 3¢ dexrusubix TII [13]. Takum 00pa3oM, MOKHO CZeIaTh BBIBO, YTO ISl PEIICHHUS 3a/1a4d KIacCu-
(ukanuu o0IauHOCTH, IOCTPOCHHAs B pabOTe CTAaTUCTUYECKAsi MOJENb TEKCTYPBI €€ M300paKeHHI SBIISETCS
U30BITOYHOM U MOXKET OBITh CcOKparieHa 10 17 wiu 19 TII B 3aBucuMOCTH OT BhIOOpa THIA Kiaaccuukaropa.
Ha puc. 1 npuBeneH npumep kiaccuukanuu 0oaaqHOCTH 1m0 25 tunam Ha cHuMke MODIS mobepexns Ap-
reatusl oT 09.01.2009 ¢ ucnonp3oBaHueM anroputma N-Ommkaimux coceneit (puc. 16) u BepoSsTHOCTHON
HeWpOHHOM ceTu (puc. 1B).
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PucyHok 1 — Pesynbtat KnaccudmKaumm 0bnayHocTi no 25 TMnam Ha CnyTHUKOBOM cHMMKe MODIS nobepekba ApreHTUHbI
(a) c ucnonb3oBaHueM anroput™a N-6amKanLmnx coceaent (6) M BEPOATHOCTHOM HepoHHOM ceTu (6).

[IpeanoxxeHHy10 CTaTUCTUYECKYI0 MOJEIb TEKCTYPhI H300paKeHUH 00IaqHOCTH MOXKHO PaccMaTpUBATh
Kak JIOIIOJHEHHE K CYIIECTBYIOIIMM MOJIENSIM OOJIaYHBIX MONEH. DTy MOAETh MOKHO MCIOJIB30BaTh JUISL TIO-
cTpoenust 6onee 3p(HEeKTUBHBIX aBTOMATHYECKUX KIACCH(PHUKATOPOB 00IaYHOCTH MO CITyTHUKOBBIM JIAHHBIM,
HarpuMep, Ha OCHOBE METOJIOB HEYETKOH JIOTHKH, YTO ITO3BOJIUT HE TOJIBKO YBEIWUHUThH YHUCIIO BBIAEISIEMBIX
THUIIOB 00JIAYHOCTH, HO ¥ HIACHTH()UIIMPOBATH MHOTOCIIOHHYIO O0JIa4HOCTb.

Paboma evinonnena npu wacmuunoil punancooii noddepicke PODHU 6 pamxax nayunozo npoexma Ne
14-07-31018 mon_a.
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determination of burning intensity remains a high-priority task. This parameter is valuable for deter-

mining of post-fire effects within the fire scarce areas (prediction of post-fire mortality of forest, refor-
estation and subsequent evaluation of the probable type of overgrowth, etc.), and for the assessment of carbon
emissions during biomass burning.

A laser-based field instrumentation system together with the other measurements (assessment of biomass
stores, forest conditions, undergrowth, vegetation and soil descriptions etc.) provides us a comprehensive pic-
ture of spatial development of wildfires within the plots. This system permits estimating the relationships be-
tween the spatial parameters and intensity of burning and thus giving us an extent of fire damage of trees with
the other related characteristics within the plot (i.e. location of undergrowth, slash, etc.). Moreover it permits
assessing the impact of landscape characteristics and natural barriers on the spread of fire edge.

We present our contribution to studying of fire influence on atmospheric composition and post-fire ecosys-
tem C flux deduced from the large-scale wildfires that happened in 2012 year in the Zotino tall tower footprint
area. The main task of this study was a comprehensive in situ estimation of wildfire influence on forest ecosys-
tems to assess temporal changes in boreal forest carbon dynamics following fire. Further linking simultaneous
instrumental atmospheric observations, GIS-based estimates of burned areas, and ecosystem carbon uptake
calculations is vital for calculations of direct (biomass burning) and un-direct (ecosystem restoration) emis-
sions of greenhouse gases to the atmosphere.

On the field we performed a comprehensive ecological description and mapping of five plots established
in the dominant ecosystem types within the fire scarce areas (with max burn severity). The detailed maps with
spatial distribution of trees and all other related characteristics (forest evaluation data, living conditions, dam-
ages), undergrowth and coarse woody debris within the plots have been obtained. Analysis of the obtained data
set allowed to reconstruct the type of fire happened in 2012 y on the plot and assess the combustion efficiency
for different biomass components.

Analysis of spatial distribution of trees with forest evaluation data, damages, and tree species has shown that
the individual characteristics of the trees such as damage and main combustion conductors near the tree play as
equally important role in the possibility of tree to survive during high - intense ground fire (coefficient of correla-
tion - 0.81) as tree breed (correlation coefficient - 0.74) and as stem diameter (correlation coefficient - 0.86).

For the mature trees we found out that stores of woody debris, litter, duff, and forest floor serve the more
critical parameters than close disposition of undergrowth or other mature trees.

The work was supported financially by project of RFBR # 13-05-98053, and grant of president of RF for
young scientists MK-1691.2014.5.

Currently, for solution of the various scientific issues in the forestry and forestry pyrology an accurate
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BBEJEHWE

B Hacrosiee BpeMst [U1sl pelIeH i pa3InuHbIX Hay4YHBIX BOIIPOCOB B 00JIACTH JIECHON MUPOJIOTUH U JIECO-
BOJICTBA IICPBOCTEIIEHHOM 3a/1a4ei 0CTAeTCs OLICHKA TOYHOT'O OIPEEICHHs] MHTEHCUBHOCTU T'OPEHUS Ha KOH-
KPETHOM yuacTke. [laHHbII [I0Ka3aTeib BayKEH KaK JUIs OIIPEEIICHUs IIOCIICIIOKAPHBIX TOCJIEICTBUHI Ha IIPOKi-
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JICHHBIX OTHEM JIECHBIX YJaCTKaxX (IIPOrHO3HMPOBAHKE MOCIEIOKAPHOI rHOeI B3pOCIOro APEBOCTOS, OLICHKH
MOCIEAYIOIIETO JIECOBOCCTAHOBICHUSI M BEPOATHOTO TUIA 3apacTaHUs | T.1.), TaK U JUI OLCHKHU MOXKAPHBIX
3MUCCHH yIIIEpOACOAEPKAIINX Ia30B IPOU3OIIECAIINX BO BpeMs TOPEHUS ¢ TOM WK UHOU TeppuTtopui. [loimy-
YUTh MAaKCUMAaJbHO TOYHBIC JAHHBIE MOKHO TOJIBKO HAXOJSICh HETIOCPEICTBEHHO PSAIOM C OLIEHHBAEMOIl Tep-
puTOpHEii BO BpeMs TOPEHUS, UTO Ha MIPAKTHKE ObIBAET OYEHB PENIKO, TAK KaK 3TO OUYCHb ONACHO, U MOJ0OHBIE
HCCIIEZIOBAaHUS MOTYT HOCHTh KpaifHe JTOoKalbHbIH XapakTep. Kak mpaBuio, mogoOHbIe BEICOKOTOUHBIE HATYP-
HBIE IJaHHBIE CIEIHATHCTHI TTOMYYaloT B PE3YIbTaTe CIOXKHBIX B PEATU3ALH U JTOPOTOCTOAIINX IKCIIEPUMEH-
TaJBHBIX MPUPOIHBIX MOXKAPOB WIIM MpeanucaHHbex maioB (MBanosa u nmp. 2007, Banennuk u mp. 2011,
Goldammer et. all, 2013). Takue uccienoBanus MPEIIONATAIOT IPOBEICHNE Pa3IMYHBIX H3MEPEHHUHN “110”, “BO
BpeMs | “llocie”’ POXOXKACHHUS OTHS.

Ha mpakTrke B GONBIIMHCTBE CIy4acB NCCIEJOBATENIN OKa3bIBAIOTCS Ha IIPOHJCHHOM OTHEM YJacTKE 4e-
pe3 HECKOJIBKO HEZIENb, MECALICB MU aXe JIeT. B MOM00HBIX CUTYaIUsIX CIIEIHAINCTHI MOTYT MOIYIHTh UH-
(hopMannio 0 COCTOSIHUM JIECHOTO y4acTKa y)ke “mocie” mpoxoxaeHus oras. Y yem mozxe Oyaer mpoBeaeHa
Takasl OllCHKa Ha 00ClielyeMOH TepPUTOPHHU MOCJe MOXKapa, TeM aJEeKBaTHO HIDKE 110 Ka4eCTBYy OHa OyJer.
Mexnty TeM, 4TOObI KOPPEKTHO OMPEENIUTh CTETIEHb BIUSHUS MOXKapa Ha PaCTUTENbHBIA U >KUBOTHBIA MU
KOHKPETHOM TepPUTOPHH ITOA00HAs OLEHKA JIOJDKHA OBITh MAKCUMAaJIBHO TOYHOM.

Hcnonp3oBaHne Ha3eMHOH Jla3epHON CheMKH COBMECTHO C APYTMMH BHIAMH HCCIIEOBATEIbCKUX PA0OT
(o1eHKa 3aI1acoB TOPIOYMX MaTEPHAIOB, OLIEHKA COCTOSHUS IPEBOCTOS, TTOJPOCTA U MOJJIECKa, Teo00TaHnye-
CKHE W [TOYBEHHBIE OIMCAHUS) MTO3BOJIIOT MOJIYYUTh IOCTATOYHO IOJHYIO IIPOCTPAHCTBEHHYIO KapTHHY pas-
BUTHS ITOXKapa Ha KOHKPETHOM y4dacTke. [IpuMeHsist JaHHBIH METO] MOXKHO OLICHUTH B3aUMOCBSI3H MEXK/1y pac-
TIOJIO’KEHNEM MHTEHCHBHOCTBIO TOPEHUS M KaK CIIEACTBHE CTETICHBIO MMOBPEXKICHHS IPEBOCTOSI C PACIIONIONKE-
HHUEM Ha IPOOHOH IIIOIAaAN KypTHH ITOAPOCTA, TOJUIECKa, CKOIUIEHMSIMU BajleXa U T.J. A TaKKe OLIEHUTH BIIH-
SHHE pesibeda U ECTECTBEHHBIX NPETpa Ha pa3BUTHE KPOMKH MTOXKAPA.

Hemnpro Hame# paboThl OBUIO TPOBEICHHE KOMIUIEKCHOW OICHKH MO)KapHOTO BO3JCHCTBUS Ha JIECHBIC
9KOCUCTEMBI Ha TEPPUTOPHH OXBaTa u3MepeHuit oocepparopuu “ZOTTO” — cTaHIIMKA BHICOKOTOYHOTO aTMOC-
(hepHOTO MOHHTOPHHTA, C IEJIBIO NaTbHEHIICH WHTETPAIlMH AaHHBIX JICCOOMOJOTHUCCKUX HCCACIOBAHUI C
HHCTPYMCHTAJIbHBIMU U3MCPCHUAMU COCTaBa aTMOC(i)epHOFO BO3ayXa, IJis OIICHKH BKJIaJga MpAMbBIX (HpI/I rope-
HUK OMOMACCHI) ¥ ONIOCPEAOBaHHbBIX (IIPU TpaHCHOpMaLMK OMOreOLIEHO30B) SMUCCHH B arMoc(epy pernoHa.

PAMOH 1 METOOMKA UCCNEOOBAHUN

B paiione nmpoBeneHus paboT B cpeqHeTaexkHO# mon3one [Ipuenncerickoit Cubupu B HETIOCPENCTBEHHOM
ommsoctu ot obceparopun “ZOTTO” (60 c.m. 90 B.1.) JOMUHUPYIOT MPEUMYIIECTBEHHO CBETIOXBOWHBIC
JIeCHbIe coo0IIecTBa (TIPEXkK e BCETO COCHOBEIE), a TAK)KE Pa3IMIHbIC BUABI PEANH, O0JIOT U HAPYIICHHBIE JieC-
HbIE y4acTKH (B MEPBYIO OYEpE/b ITO ellle He BO30OHOBUBILHMECS rapd U BeIpyOKH). TeMHOXBOHHBIE Jieca
BCTPEYAIOTCSI OTHOCHTENILHO PEJIKO, B OCHOBHOM BJIOJIb PEK U PYUYbEB, IMCTBEHHbIE HACAKICHUS TAKKE HEMHO-
TOYKCIICHHBI U TATOTEIOT K TapsiM U BbIpyOKaM, TIie B CHITY Pa3HbIX IPUYUH HE [TPOM30IILIO JIECOBOCCTAHOBIIE-
HHUE XBOWHBIMHU MTOPO/iaMy. B )KMBOM HaIllOYBEHHOM ITOKPOBE IT0J1 TI0JIOFOM Jieca Ha BO3BBIIICHHOCTSX JIOMUHH-
PYIOT OYEHb ropruMble OETOMOIIHUKOBBIE (KJIaJIOHUEBbBIE) COCHSKH, Ha TIOHMKEHHBIX Y4acTKax Hauboee pac-
MIPOCTPaHEHbl KYCTapHUYKOBO-3€JICHOMOIIIHbIE THIIBI jieca (OpyCHUUHbIE, OarylibHHKOBBIC, TOJyOWYHBIE U
T.J.), B 3200JIOYEHHBIX Y4acTKaX IHUPOKO BCTPEUAIOTCs CarHOBBIN MTOKPOB.

[Mpesxx/e 4eM NpUCTYMUTD K 3aKiIa/ike NPOOHBIX IUIOIIAAei ObUTH MPOBEACHBI TOATOTOBUTENLHBIE PAOOTHI
BKJIIOYAIOLINE B ce0sl U3yUCHUE MMEIOIIUXCS JIECOYCTPOUTENBbHBIX MaTepPHAJIOB, aHAJIN3 KOCMUYECKHUX CHUM-
KOB Pa3HOTO YPOBHSI pa3pelleHus, a TaKXKe ObLIM MPOBEICHBI MapIIPYTHbIE 00CIIEA0BAHUS TEPPUTOPUH BIOIb
CYIIECTBYIOLIEH JopokHOU ceTr. OOIIUM KpUTEpUEM MPH NOAOO0pEe YIACTKOB CIYXKMJIA UX MaKCUMaJIbHas OJI-
HOPOIHOCTh Ha HEOOXOIUMOI# TTONIa M (KaK 10 BUAOBOMY COCTaBY M BO3PACTY JPEBOCTOSL, TAK U MO TUILY Ha-
MOYBEHHOTO TOKPOBA M BUIUMBIM TIOXKapHBIM MOBpexIeHusIM). [lJist Toro, 4to Obl JaHHBIE MOXKHO OBLIO CpaB-
HUBATH C MUPOJOTMYECKON TOUKH 3PEHUsI MOAOUPAIMCH YYACTKH ¢ MAKCUMAIIbHOM OJJMHAKOBOI CTENeHbI0 Mo~
BPEXKIEHHS IPEBOCTOSI MTOCIIE HU30BBIX MTOXKAPOB — CO CIEJAMHU POXOXK/ICHHUS HANOOJIee CUITbHBIX YCTOWYHUBBIX
HHU30BBIX IOXKAPOB.

J1Jist OLIeHKH CTETIeHN BO3JCUCTBHS MOXKAPOB Ha APEBOCTOI, JIECOBOCCTAHOBIICHNUE M OLIGHKU M3MEHECHUS
CTPYKTYpPbI ¥ BHIOBOI'O pa3HO0O0Opa3us )KMBOTO HAIOYBEHHOro mokposa B 2013 rogy ObUIM 3aJI0KEHBI AT
CTaIlMOHAPHBIX MPOOHBIX TUIONIAEH Ha TapsX U ropenbHuKax 2012 r. [y ucciieoBanus Nogo0paHbl yIacTKH
B JOMHHHPYIOIIHMX THIIAX jeca B paioHe odceparopun “ZOTTO”. IIpoOHbIe mIomanyd ObUTH 3aT0KSHBI B
COCHSIKE JINIIAHUKOBOM, COCHSIKE 3€JIEHOMOIITHOM, COCHsIKE C(harHOBOM Ha 60si0Te (COCHOBBII psIM), CMELIaH-
HOM Pa3HOTPaBHOM THIIE JIeCa, K HACAKICHUH C PeolIialaHieM TEeMHOXBOMHBIX TOPoJI iepeBbeB. Ha kaxaom
13 y9acTKOB Haxomuinoch He MeHee 100 aepeBbeB ¢ BHICOTOH OT 1,3 MeTpoB. Pasmepsr mpoOHBIX MIIOMIaAeH Ba-
prupoBanu ot 30x30 M 10 40x40 M B 3aBUCIMOCTH OT T'yCTOTHI IPEBOCTOSI HA YIaCTKe.

[Ton6op, 3aknajika U onucaHue MPOOHBIX IUIONIA/IEH MPOBOIMINCH COIIACHO METOJMYECKUM YKa3aHHSIM,
M3IIOKEHHBIM B paboTax (Menexos, 1975; Cykaues, 3oHH, 1961). [Ipu MapmipyTHBIX HCCIISTOBAHMSIX 3aKIIa IbI-
BAalOTCsl BpEMEHHbIE POOHBIE TUIOLIA M, U JAEIaI0TCS JIECOBOJCTBEHHO-T€000TAHUUECKUE OMTUCAHUS BbIJIEIIOB.
[Tpu 3TOM yKa3bIBaeTCs MECTOIOJNIOKEHUE y4acTKa, a Ha rapsix - BHJ U MHTEHCHBHOCTb moxkapa. Onucanue
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MIOAJIECKA, TPABIHO-KyCTaPHUYKOBOTO M MOXOBO-JINIIAIfHUKOBOTO SIPYyCOB M yUET BCXOAOB U ITOAPOCTA APEBEC-
HBIX ITOPOJ] HA MMOCTOSIHHBIX MMPOOHBIX IUIOMIAIAX MPOBOAATCS Ha IUIOMIafKaxX pasMepoM 2x2 M. CTerneHs OHO-
POIHOCTH COCTaBa M CTPOCHUSI MOAYMHEHHBIX SPYCOB Ha MPOOHBIX TUIOMIASX OLICHUBAINCH 110 KO3 PHIINCH-
TaM CXOJICTBA MEX/y YUETHBIMH TUIOIIAAKaMHK TI0 BUAOBOMY cocTaBy (110 ¢popmyine CepeHceHa) U 10 IIEHOTH-
YeCKOH 3HAYMMOCTH CJaraloliiX X BUIOB METOJOM HanmMeHbInX cyMM (Bacmnesud, 1969). CpaBHenue me-
PEUNCIIEHHBIX NTOKa3aTeleH, MOMyUCHHBIX B JIECY U TFapsiX pa3HbIX THUIIOB 9KOCHCTEM M HHTCHCUBHOCTH, XapaK-
Tepu3yeT ANHAMUYECKHUE TPOLIECCHI, BBI3BAHHBIE MTOXKAPAMH.

Jlnist onpenienieHysl KOJIMYECTBEHHBIX M KAYE€CTBEHHBIX XapaKTEPUCTHK HACAXKACHUN Ha MPOOHBIX IUIOMIA-
JSIX ¥ OLIEHKH KPYITHOMEPHBIX JPEBECHBIX OCTATKOB HCIOJIb30BAIACh CTAHJAPTHASI METOIUKA CIUIOIIHOTO TIe-
pedera ¢ IOMOILBIO Ha36MHON BBICOKOTOUHOM JIa3€pHON ChEMKH IPUMEHsIEMAasi IIPU rOCyAapCTBEHHON HHBEH-
tapu3anuu JecHoro ¢onma (I'MJT) npeanpustusmu PI'YIT “Pocnecundopr” na tepputopun PO (cormacHo
Ipuxasy Pociecxo3a Ne472 ot 10.11.2011 «O6 yTBep>KACHNN METOANIECKIX PEKOMEHIAINHN 110 IPOBEACHUIO
TOCYJapCTBEHHOW MHBEHTAPU3AIMHU JIECOBY). IIIsl OLIEHKH 3aI1acOB OCTAIBHBIX PACTUTEIBHBIX TOPIOYNX MaTe-
puanoB (omaf, JecHas MOICTHUIIKA, )KUBOW HAITOYBEHHBIH ITOKPOB U T.JI.) UCIIOIB30BAJIaCh METOINKA pa3pado-
taxHas moj pykooxcTBoM H.IT. Kyp6arckoro (1970, 1974 r.). JlanHas MeTonuka mpeanoaraeT 3akiajKy He-
6ompmmx MpoOHBIX TUTomanok (20x25 cM) Ha 3amac JIecHBIX roprodnx marepuanos (JITM), rae xonmngecTBo
IUTOIIAJIOK YETKO PEryIHPyeTCs B 3aBUCHMOCTH OT pa3MepoB OO0IIEH IIT0Iaay OIIEHUBAEMOT0 y4acTKa.

JlononHeHneM K yKe CyIIECTBYIOIIMM METOAMKAM OLICHKH COCTOSHHS OCHOBHOTO IIOJIOTa JPEBOCTOS,
MIOAPOCTA U NMOJJIECKA ITyTEM CILIOIIHOTO IIEPEdeTa, CTaIO0 IPOCTPAHCTBEHHOE KAPTHPOBAHUE BCEX JIEPEBBEB (C
BEBICOTHI 1,3 MeTpa), ¢ yKazaHHeM AeTaIbHOH HH(OpMANK IO TOBPEXKACHHUAM IS KaXKI0TO AepeBa. JlaHHbIe
WCCIIEJOBaHMS BKITIOYAIH B €05 OLIEHKY JKU3HEHHOTO cocTosTHUA 1Mo 10-TH OanbHOM IIKase, HaINIns UMEIo-
IIUXCS] BUAUMBIX JI0- M TTOCIIETIORAPHBIX MOBPEXICHUH, a TaK)Ke yKa3aHHE WHIUBHIYaIbHBIX 0COOEHHOCTEH
KaJI0T0 JiepeBa (IByXBEpPIINHHOCTb, CyXOBEPIINHHOCTb, HAKIIOH CTBOJIA U T.11.). B manbHeiniem s yno6cTea
paboter 10-tu 6anpHas mKana npuMensemast mpu ['MJI 6pi1a aganTrpoBaHa K 0oJiee pacpocTpaHeHHOH 5-Tn
0aTbpHOMN JIECOBOICTBEHHON METOMMKH OLEHKH XU3HEHHOTO COCTOSTHHMS JEPEBBEB 0 XaPAKTEPUCTUKE KPOHBI
(Anexcees, 1989; PykoBoACTBO 11O MPOBEACHUIO CAHUTAPHO-03I0POBUTENBHEIX Mepornpuatuii, 2007). OcHoB-
HBIM OTIIIYHEM SBISIIOCH TO, UTO YK€ CYIISCTBYIOMINHN JI0 IToXKapa “CTapblii” CyXOCTOH IPH OLIEHKE KU3HEHHO-
T'O COCTOSIHMS HE BBIJEIISUICS B LIIECTYIO TPYIIILY, @ MIEN OTJCIbHOM KaTeropueil Ipu y4uere IpeBOCTOsL.

PE3Y/IbTATbI CC/TIEOOBAHNN

ITpn 06paboTKE MOMYyYEHHBIX PE3YIbTATOB HATYPHBIX MCCIECAOBAHUM OBUTH ITOITYYEHBI MPOCTPAHCTBEH-
HBIE KOMIUIEKCHBIE XapaKTEPUCTHKN IMPOOHBIX IIIOMIA/AEH MTOCTIe yCTOHYMBBIX HU30BBIX MOKaPOB B OCHOBHBIX
THUIIaX Jieca, Kak B BUJIE BU3YaJbHOTO IIaHA, TAK U B BUJIC YUCIIOBBIX TaHHBIX. OObeIMHEHNE TIIAaHOB C IPYTH-
MH JITaHHBIMH TTO3BOJIMIIA IOATOTOBUTH NMOAPOOHBIE KAPTHI IPOCTPAHCTBEHHON CTPYKTYPHI OCHOBHOTO IOJIOTa
JPEBOCTOSI C YYE€TOM BCEX MOJYYEHHBIX in Situ TIOKa3aresell (TakcalMoHHbIe, )KU3HEHHOE COCTOSHIE, IIOBpe-
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Puc. 1. CTaumoHapHas npo6Has nnoLafb, 06cneaoBaHHan ¢ NPUMeEHeHWEM Ha3eMHOM N1a3epHOM CheMKM, 1A KOTOpoi pe-
KOHCTpyMpOBaHa [ieTaslbHas KapTuHa XapaKTepa ropeHus. Ha pucyHke oTMeueHo yto 4o 94% Tepputopum npobHoi nnoLua-
[V 6b1710 NPOIMAEHO YCTOMYMBLIM HU30BLIM NOXapOM, a ocTaBLLMec 6% - 6ernbiM. 3MeHeHne MHTEHCUBHOCTU rOPEHUA Ha
[aHHOM y4acTKe onpeaenanoch Nper/ae BCEro 3anacamy 0CHOBHbIX MPOBOLHWKOB FropeHus, TOrfa Kak penbed 1 BeTep Ha
MHTEHCWMBHOCTb FOPEHWA BIISHUA NPAKTUYECKM He OKa3blBasy.

COAEPXAHME »

SESSION 6

ENVIROMIS'2014

(2]
=
[}
[
[
>
(]
=
=
[
<t
=
o
o
ke
=
(=]
—
<t
(L]
=
'
Ll
(=]
(=]
=
(2]
=
=
[
<<
=
o
L
(2]
o
(=]
]
<<
[
—
L
=
=
(=]
=
=
—
L
—
(=]
L
(=]
—
Ll
o
L
ke
—
(=]
(]
]
<<
=
=
—-
=1
—
o
L
=
=




ENVIROMIS'2014

(7]
=
T}
—_
wn
>=
(7]
=
=
ey
<<
=
-3
(=]
[
=
(=]
—
=T
(1]
=
ur
L
(=]
(=]
=
(7]
—
=
e
<<
=
o
L
(7]
[=-]
o
-
<<
-
—
L
=
=
(=]
e
=
—
L
—
o
1T}
[X]
—
L
o
L
(.
—
[=]
(-]
-
<<
=
(=]
e
=T
—
o
[N
[
=

SESSION 6

KJICHUS), TIOAPOCTA U TOJIECKA, W PACTIONOKEHHSI CyXOCTOS M KPYyITHOMEPHBIX IPEBECHBIX ocTaTkoB (Puc.).
AHanu3 BCETO CHEKTPa MOMYUECHHBIX JJAHHBIX TO3BOJIMI PEKOHCTPYHPOBATh THII M0XKAPa MPOU3OMIEAIIETO 32
TOJl 10 TOJIEBBIX padOT Ha CTAI[MOHAPHBIX MPOOHBIX IUIOMIASIX B Pa3HBIX THIIAX JIeCa, U OLCHUTH HOJHOTY
CTOpaHWS IS PA3IMYHBIX TPYIII JIECHBIX TOPIOYHX Marepuaios (JIT'M).

B xoze conpspkeHHOTO aHaIM3a MPOCTPAHCTBEHHOM CTPYKTYPBI OCHOBHOTO ITOJIOTA IPEBOCTOSI, €T0 TaKca-
IIMOHHBIX XapaKTEPUCTHUK, TOPOTHOTO COCTaBa, M XapaKTepa MOBPEXK/ICHUH, BBISIBICHO, YTO WHIUBHIYaJIbHBIC
0COOEHHOCTH JiepeBa (XapakTep MOBPEKACHHS, HATMYNE BOKPYT JE€peBa OCHOBHBIX ITPOBOIHHUKOB TOPCHHU)
UTPAIOT HE MEHEE BaKHYIO POJIb B €TO CIOCOOHOCTH MEPEKHUTh BHICOKO-MHTEHCUBHBIN HU30BOH OXap (k03¢.
xoppersinuu — 0,81), wem mopona (kodh¢umnment xoppensmun — 0,74) u auameTp cTBoNA (KOPPUIHEHT KOp-
pemsn — 0,86). Kak oTMedanocs paHee MHOTHMH MCCIIEIOBATEISIMH ISl B3POCIIBIX IEPEBbEB BRICOTA Harapa
Ha CTBOJIaX MPAKTHYECKH ISl BCEX OO SABJISETCS MEHEE BaKHBIM (DAaKTOPOM BIHSAIOIINM Ha BEKHBAEMOCTD
JIEPEBHEB, UEM MTOBPEKICHHE X KOPHEBOW CHCTEMBL. B CBSA3M C 3THM AJISI B3pOCIBIX IEPEBLEB ropasno domnee
KPUTHYHBIM SIBISIETCS] IPUYPOUYEHHOCTD K CTBOJIy KyPTHH HOZPOCTA U TIOUIECKa UM OJIM3KOE PACHONOKECHUE
JPYTHX B3POCIBIX IEPEBHEB, a TAK)KE CKOTUICHHUS BaJIe)Ka, OOBILIOTO 3amaca Omajaa v JIECHOM MOJICTUIIKH.

BbIBOOb:

1. B Xozme mpoBeCHHBIX HCCIIEIOBAHIN Ha IPAKTHKE TTOKa3aHa 3P HEeKTHBHOCTH METOAOB BBICOKOTOUHOM
Ha3eMHOH J1a3epHOM ChEeMKH JUTS PEIICHNS HayYHbIX 3a7a4 B 00JIaCTH JIECOBOJCTBA U JIECHON MTHUPOIOTHH.

2. Hapsany c moponoii n ;uaMeTpoM CTBOJIA, BEISIBIEHO BHICOKOE 3HAYEHUE HHANBUIYaTbHBIX 0COOEHHO-
CTEl JiepeBa M ero MECTONPON3PACTAHUS MO OTHOLICHUIO K CKOIJICHHUIO OCHOBHBIX MPOBOJHHKOB TOPEHUS U
yCIIOBUI MEKpOpenbeda Ha yIacTKe IS €T0 M0KapOyCTOHINBOCTH.

Paboma svinonnena npu unancogoii noodepoicke PODU ¢ pamkax nayunoeo npoexma Ne 13-05-98053,
u I'pauma Ilpesudenma Poccuiickoti @edepayuu ons TocyoapcmeenHol no00epicKu MOIOObIX POCCUTICKUX
yuenvix MK-1691.2014.5.
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Instrumental monitoring of climatic parameters
at the «ZOTTO» observatory in the middle taiga subzone
of Central Siberia
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"V.N. Sukachev Institute of Forest SB RAS, Krasnoyarsk, Russia
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dead organic matter in the ecosystems and carbon cycle features. They comprise approximately 10% of

the global carbon stored in vegetation and soils, and contribute up to 5-10% of the global terrestrial net
primary productivity. During last decades Siberian forests were strongly affected by the industrial development
and changes in land use and management in the region. It disturbs the ecological equilibrium of forest ecosys-
tems, leads to changes of their biodiversity and evidently decreases their ecological potential as a carbon sink.
How fast and how strong these feedback processes operate and interact is still an open question.

In 2006 as part of a global cooperative effort to provide this knowledge, in the framework of the ISTC
partner project “Biogeochemical Responses to Rapid Climate Changes in Eurasia”, the Zotino Tall Tower Ob-
servatory (ZOTTO; www.zottoproject.org) — scientific platform for long-term monitoring of atmospheric com-
position and climatic changes was constructed in Central Siberia (near 60°N, 90°E) by joint efforts of the Ger-
man Max Planck Society and the V. N. Sukachev Institute of Forest SB RAS in Krasnoyarsk. On the base of
this scientific platform consisting of a 304m-tall mast, a partially underground measurement laboratory, and
auxiliary infrastructure facilities the continuous measurements of trace gases (CO,, CH,, CO, O,, NO,), atmo-
spheric aerosols and meteorological variables are performed.

The aim of the study was to evaluate main climatic parameters of the middle taiga in Central Siberia,
based on the meteorological data set from «ZOTTO» observatory. In the study we present the analysis of me-
teorological data obtained during 5 years (2009-2013) of measurements at «ZOTTO» observatory. This study
reflects the variability of climatic parameters and can be used for identifying of the general patterns and trends
in climatic conditions of the area. Due to relatively high homogeneity of landscape in study area the analyzed
data set of meteorological variables is valid for the tall tower footprint (~1000 km®) and will be used for further
study of GHG’s behavior over Central Siberian forest ecosystems.

The work was supported financially by ISTC Project # 2757p, project of RFBR # 13-05-98053, and grant
of president of RF for young scientists MK-1691.2014.5.

S iberian forests play an important biospheric role which is attributed to large stores of phytomass and

NHCTpYMEeHTasIbHbIN MOHUTOPUHI KNTMMaTUYeCKUX
napaMeTpoB Ha base obcepBaTtopun «ZOTTO» B noa3oHe
cpeadHen Tanurn ueHTpanbHon Cnbumpu

'CupeHKo H.B., ’Konne 0., MaHo. A.B., *XaiiMaHH M.

" MuctutyT neca um. B.H. Cykauesa CO PAH, KpacHospck, Poccusa
? UHeTuTyT 61oreoxummum uM. M. Mnakka, lepManua
E-mail: institute_forest@ksc.krasn.ru

ru4YecKkux HaOroneHui Ha 6ase oocepBaTopunt «ZOTTO - BBICOKOTEXHOJIOTUYHON HAy4YHO m1aTdop-

Mme B llentpanpaoit Cubupu st JoaToBpeMeHHOTO (> 30 JeT) MOHUTOPWHTA Ta30-ad3PO30JILHOTO CO-
cTaBa aTMOC(ephl U TIPOIECCOB aTMOC(HEPHO-IKOCUCTEMHOTO 0OMeHa. B teuenue 5 met (2009-2013 rT.) peru-
CTPHUPOBAJICS TOJHBIN HAOOP TapaMeTPOB, HEOOXOMUMBIX JTsl U3yUEHUS KITMMATHIECKOW 0OCTAaHOBKY B paiioHe
uccnenoBannii. YMcIoBble 3HAYCHUS ITUX MAPAMETPOB OTPAXKAIOT COCTOSIHHE arMOC(hephl U XapaKTepU3yoT
TPOLECCHI, TPOUCXOASIINE B HEH. Pe3ynbTaThl aHa/in3a KIMMaTHYeCKUX YCIOBUH B palloHE MHTEHCUBHBIX HC-
CJIeIOBaHH aTMOC(EPHO-IKOCHCTEMHOT0 0OMEHa OyIyT UCIIOJIb30BaHbI B Oy/IeleM B Ka4eCTBE METEOPOJIOTH-
4eCKOW KOMITOHEHTHI B MOJIEJISIX YITIEPOIHOTO OallaHca perHoHaIbHOrO MaciTaba.

B paboTe rpeacTaBieH aHa N3 KIMMaTHISCKUX TaHHBIX, TOJYYSHHBIX B X0O/I¢ HEIPEPHIBHBIX METEOPOII0-

MATEPWAJIbI U METObI

UccrenoBarus Oazupyercs Ha noteHuane odcepsaropun “ZOTTO” (www.zottoproject.org), pacmoo-
skeHHOU B TypyxaHckoM parione KpacHOsIpcKOro kpasi, 1 OCHaIIEeHHON KOMIIJIEKCOM COBPEMEHHOT'O Fa30aHAIIH-
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THYECKOTO, a9PO30JIbHOTO, H METEOPOIOTHYECKOTr0 000pynoBaHus. [ H3ydeHHs KIUMaTHYeCKOH 00CTaHOB-
KH B paifOHE UCCIIEI0BAHUH B pab0Te MPEICTABIEH aHAIN3 OCHOBHBIX KIIMMAaTHYECKUX JJIEMEHTOB: TEMIIEpATy-
pa Bo3ayxa, arMoc(epHOe IaBICHUE, BIAXKHOCTh BO3yXa, CKOPOCTh M HAIIPaBICHNUE BETPa, OCAAKH /IS OLICH-
KM KJIMMaTHIeCKOH 00CTaHOBKH B paliOHE UCCIeNOBaHUH. VI3MepeHus KIIMMaTHIeCKIX ITapaMeTpOB IPOHU3BO-
JIAITICh KOMILIEKCOM METEOPOJIOrnIeckoro ooopyaoBanus Ha 6 ypoBHsx (301,227, 158, 92, 52, u 4 M) BbICOT-
HOM MadThI (prc.1) ¥ AByX HA3eMHBIX METEOPOJIOTMYECKUX IUIOMIaAKax (puc. 2a,0).

PucyHok 1 - Pa3MeLueHre MeTeoponoruyeckoro obopy- PucyHoK 2 - PacnonoeHue Ha3eMHbIX MeTeoponoruye-
[I0BaHMA Ha MayTe (BbICOTbI: 4, 52, 92, 158, 227 1 301 m). CKWX NMIOLLA/I0K: @ — IECHOI Y4acTOK; 6 — 0TKpbITadA no-
LwaaKa.

MaccHB KIMMaTHYeCKUX JaHHBIX COCTOSUT U3 H3MEpEHHH 48 CPOKOB CyTOUHBIX 3HAYEHHH — JUTsl KOMILICK-
Ca pacIioIoKEHHOTO Ha MPO(HIiIe BBICOT MauTHL, U 144 CyTOYHBIX CPOKOB JJIsl HA3EMHBIX TLUTOMAA0K. Perucrpa-
TOpHI Ha Ma4Te (prc.3) codupany JaHHBIE H3MEPEHUH TeMIIepaTyphl BO3MyXa, OTHOCHTEIBHOHN BIAXKHOCTH, U
JaBieHus. PerucTparopsl Ha Ha3eMHBIX METEOPOJIOTHUECKHX IUIOMIAIKaX OCYIIECTBISLIA COOp JaHHBIX H3Me-
peHHH TeMIepaTypbl ¥ BIQKHOCTH IIOYBBI, IOTOKOB IIOYBEHHOTO TEIUIa, KOJIMYECTBa 0CaKoB, 1 DAP.

PucyHok 3 — MeTeoponoruyeckoe 060pynoBaHue: a) AaTYMK TEMNEPaTYpbl U BIAXHOCTY (CripaBa) M MeMOpaHHbIM AaTumK
atMocdepHoro aaBnenus (cneBa); 6) ynbTpassykoBoi 3-D aHeMoMeTp; B) paanMoMeTp; 1) U3MepuTeslb 0CaaKoB.

it ontncaHus KIIMMAaTHYEeCKO XapakTepUCTUKY pailoHa HCCIeIOBaHUN OBLT HCITOIB30BaH METOI METEO-
poJOTHYECKUX HAONONEHNH, COOTBETCTBYIOMMI cTaHnapraM Bcemuproit Mereoponoruyeckoit Opranmsa-
UM
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PE3Y/NIbTATHI

[NomydeHHbBIE HHCTPYMEHTAJIBHBIE JAHHBIC XapaKTEPU3YIOT COCTOSTHHE aTMOC(EpHI B paiioHe HCCIIeN0Ba-
HUH ¥ ITO3BOJISIOT 1aTh OIMCAaHHE KIMMAaTHYECKHUX MapamMeTpoB. Tak yCTaHOBIIEHO, YTO CaMbIM TEIUIBIM Mecs-
meM sBisiercs utonb (+17°C +19°C), a camMbiM X0MOmHBIM - 1eka0opb (-26°C -29°C). CpenHerogoas TeMIIepary-
pa Bo3ayxa He npeBsimact -1,95°C (puc. 4a). AMIDINTY/Ia ISTHUX W 3UMHHAX TEMIIEpaTyp B CPEIHEM 3HAYCHUN
nocturaer 50°C.

“ 1200 c 100 00
. | . 7 <
ATTEREL ond L 50 &0
-10 - | a0 ‘. 3 g i -
-El frm
an Qacqmnamruu:uuﬂ o VO 05 MAMNHHECDK A T T T YT
9]
a) 0) B) r) )

PucyHoK 4 — CpefiHerofoBble KNMaTUUecKme NoKasaTesn B paiioHe UCCNeaoBaHUiA: a) TeMnepaTypa Bo3gyxa; 6) aTMoc-
depHoe AaBneHue; B) po3a BETPOB; ) 0THOCUTENbHAsA BNaHOCTb BO3AYXa; A) KOJIMYECTBO 0CafKOB.

CpenHerozoBoi mokasarens JaBieHus arMmocdepHoro Bo3ayxa (puc. 46) cocrasnser 1000,31 hPa, ¢ mak-
CHUMAaIbHBIMH 3HAUCHISIMH B 3UMHHUE Mecsansl, 1o 1021,18 hPa, n murnmansaeiME — 1eToM (990,39 hPa). Tpe-
o0JTaaroryie HapaBJICHUS BETpa — IOT0-BOCTOYHOE M CeBepo-3amagHoe (puc. 4B), 9To 00YCIOBICHO BIHSIHU-
eM A3MaTCKOro MakcuMyMa U IpUYypOUYEHHOCTBIO paiioHa ucciaenoBaHuil k [IpueHnucenckol paBHUHE C Xapak-
TEPHBIMH JJIs Hee BeTpaMu. CpeqHss CKOPOCTh BeTpa cocTaBisieT 1-3 m/c.

[Noxazarenu OTHOCUTEIBHOM BIIaXXHOCTH Bo3IyXa (pHC. 4T) B palilOHE HCCIICAOBAaHUN TOCTATOYHO BBICOKH,
YTO CBSI3aHHO C IEPEHOCOM BJIaXKHBIX BO3AYIIHBIX MAaCC C aKBATOPUU ATIIaHTUUECKOTO OKE€aHa, U TEMIEpaTyp-
HBIM pexXuMoM 1ouB. CpeaHeroJoBoi nokasarens gocturaet 76,5%, ¢ MaKCHMyMOM OTMEUYEHHBIM B OCEHHE-
3uMHMHA ntepuoz (89,2%).

CpemHerogoBoe KOIHMYECTBO 0caikoB (puc. 41) nocturaet 457,6 MM, ¢ HEpaBHOMEPHBIM CE30HHBIM pac-
npeneaeHuM. Tak MAaKCUMYM OCaJIKOB MPUXOJUTCS Ha JIETHEE OCEHHUI MEePHO/, CO 3HAUYEHUSIMU JOCTUT AIOLIH-
Mmu 332,6 MM, TOr1a KaK B 3MMHE-BECEHHMI IEPUOJ UX KOJIMYECTBO He NpeBblaeT 125 MM. B paitone uccueno-
BaHUI1 MpeoliagacT KOHTHHEHTAIBHBINA TOISPHBIN BO3AYX, YTO B 3UMHUH MTEpHO]] 00yCIOBIHBACT 3HAYUTEIb-
HOC PaJUalOHHOC BEIXOJNAXHBAHUE MOJCTIAONICH TOBEPXHOCTH H TIPU3EMHOTO CJI0S BO3AyXa, U CIIOCOOCT-
ByeT 00pa30BaHUIO IPU3EMHBIX HHBEPCHUH, a IETOM BO3IYX - BIXKHO HEYCTONIHMBBII.

B cBs3u ¢ ogHOOOpasmeM penbeda B paiioHE HCCICHOBAaHUN KIMMATHYCCKUE SIIEMEHTHI W3MEHSIOTCS
CPAaBHUTEIBLHO PABHOMEPHO U XapaKTEPHU3YIOTCA paclpeieleHHeM OJHOPOJHOCTH NoKa3aTeel Ha 3HaUNUTeNb-
HbIE PAcCTOSIHUSL. DTO MOATBEPKAAETCS Pe3yJIbTaTaMUi PErPECCUOHHOIO aHaIM3a OCHOBHBIX METEOPOJIOrHye-
CKHX MapaMeTpOB, PETUCTPUPYEMBIX Ha Oa3e obcepBaropun “ ZOTTO ” 1 Ha METEOPOIOTUICCKON CTAaHIINU B
. Boporoso (puc. 5), pacionoxenHoii B 30 KM B ceBepo-3anaIHOM HAIIPaBICHUH, Ha peke EHuce.

PucyHok 5 - JluneinHbiv per-

30 q 120 I
g2 y=09° 4:558 iy PECCUOHHBIV aHanu3 ang
§10 R=0,997 g OBYX HabOPOB AaHHbIX MeTe-

80
2 , 2 OpOJIOrMYECKMX NapaMeTPOB:
2-10 g % ob6cepeatopua “Z0TT0" n
i_zg : 40 cTaHuua BMO B n. Boporoso.
£39 g 2 3 MpuBeaeHbI NMHENHbIE TPEH-
&_40 ] o * Obl 1 KO3 dMLMeHTHI geTep-
-40 -20 0 20 40 0 50 100 150 MUHaLWK.
Temnepatypa ("C)ZOTTO Ocagxv (MM) ZOTTO

1040
A :z y=0,683%x . et y=1,069%x
¥ R?= 0,905 7 R?= 0,992
§ s £ 1030
3 o
§ g o0 § s
075 § g 1020
15 %2 1015
5765 § 8 1010
3 £ =
3 60 % 1005
; 55 H 1000
E 50 < 995

50 70 90 980 1000 1020
OTEDCI AR ;’:#;mb so3gyxa (%) Atmocdepuoe gasnenwe (hPa) ZOTTO
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Pe3ynbTaThl CBUACTENBCTBYIOT, YTO METEOPOIOTHYESCKUE TApaMETPHI B paiioHe NCCIIe0BaHNI H3MEHSIOT-
sl CPAaBHUTEJIFHO PABHOMEPHO VIS 3HAYUTEIIBLHON TEPPUTOPHUIH, U JTaHHBIE, pETHCTpUpyeMble Ha O6ase obcep-
BaTOPUH, MO>)KHO HCIIONB30BaTh I ME30KIMMATHIECKOW XapaKTepPUCTUKH paioHa HCCIIeIOBAHHUH.

Paboma evinonnena npu ¢unamncosoii noodepoicke npoexkma MHTIL] Ne2757, PODHU ¢ pamkax nayuHozo
npoexma Ne 13-05-98053, u I panma Ilpesudenma Poccutickoti @edepayuu onsa T'ocyoapcmeennoil noodep-
HCKU MONOOBIX poccutickux yuenvix MK-1691.2014.5.

Use of temperature recorders to explore of soils
hydrothermal regime across the Tunkinskaya hollow

'Voropay N.N., ‘Cherkashina A.A., 'Kurakov S.A.

' Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
?V.B. Sochava Institute of Geography SB RASIrkutsk, Russia
E-mail: voropay_nn@mail.ru, anna_cher.87@mail.ru, ksa@imces.ru

tains. Since 2011 at the territory of the hollow we study the features of hydrothermal regime of soil and

underlying sediments. Soil-Atmosphere Registering Complex (SARC) in RAP_A 02 modification used
to measure the temperature and humidityof soils. The device is designed and manufactured at IMCES SB RAS
(Tomsk). It consists of a controller, moisture sensor (TRIME-PIC0O32) and a probe for soil temperatures profile
(20 digital temperature sensors DS18B20 from surface to 10 m depth). The volumetric moisture content was
measured at a depth of 15 cm. 20 observation sites were organized at the Tunkinskaya hollow. Sites were lo-
cated basing on the topography, insolation, physico-chemical properties of the soils, the groundwater level, the
permafrost depth, and other factors. Measurements are recorded once a hour. The obtained data allow to ob-
serve seasonal changes in soil temperature and moisture, the speed of freezing and thawing of soils.

In this paper we investigate sandy and sandy loamy soils. The informational base of the study is: soil tem-
perature and volumetric moisture content at 15 cm depth for the period from 22.08.2012 to 10.06.2014
(RAP_A 02 ); gravimetric and volumetric soil moisture (field and laboratory data) - 23.08.2012, 16.06.2013,
13.08.2013, 10.06.2013; amount of precipitation from weather stations Tunka and Kyren for the period
22.08.2012-10.06.2014 (http://rp5.ru). Values obtained by gravimetric methodwere used to calibrate the instru-
ment.

Moisture sensor TRIME-PICO32 allows to characterize the soil moisture conditions at temperatures
above -5 °C. For the depth of 15 cm in 2012-2014 this is the period from November 5 to April 5 (+ 5-7 days).
Cooling of the soil, thawing of the soil and the transition of soil temperature through 0 °C does not occur simul-
taneously at studied sites. Maximum period with negative soil temperatures (190-193 days) was at the sites
AIPT-27, AIPT-30, AIPT-32 (pine forest without herb layer). Diurnal variations of soil moisture were not ob-
served.

Minimal values of soil moisture were at sites AIPT-27 and AIPT-35 (sandy soil), maximal ones at AIPT-29
and AIPT-30 sites (light sandy loam). Minimal soil moisture (6-16%) was observed before soil freezing in au-
tumn. Maximal moisture was registered after snowmelt and ranges from 15% (AIPT-35) to 34% (AIPT-30).
The largest fluctuations in the soil moisture are associated with atmospheric precipitation. They can reach 12-
15%. And in most cases, the soil moisture changes abruptly within 1-3 hours. Soil moisture reduction, on the
contrary, has a smoothed, sometimes stepped character and continues until the next rainfall.

Hydrothermal and physico-chemical characteristics of soils (density, texture, porosity, swellability, mois-
ture content, etc.) are the basis for mathematical modeling of spatio-temporal dynamics of hydrothermal condi-
tions. This is of interest in the study of anthropogenic soil dynamics. The resulting data are essential in the de-
sign of hydraulic constructions. This is important for the study area.

Tunkinskaya hollow is the part of the system of intermountain depressions of the Eastern Sayan moun-
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[lpMeHeHne TepMoperncTpaTopoB ONA UccefoBaHuA
rMOPOTEPMUYECKUX PEXMMOB MOYB Ha TEppPUTOpPUA
TYHKMHCKOM KOTNTOBUHbI

'Boponait H.H., *depkawmna A.A., 'Kypakos C.A.

" MIHCTMTYT MOHMTOPMHIa KNMMATMUeCKNX M 3Konorudeckux cuctem CO PAH, Tomck, Poccua
? WucTutyT reorpadum um. B.B.Couasel CO PAH, UpkyTck, Poccua
E-mail: voropay_nn@mail.ru, anna_cher.87@mail.ru, ksa@imces.ru

YHKHHCKasi KOTJIOBHHA PACIOJOKEHa Ha foro-3amaaHoM Quanre baiikanbckoit pudroBoii 30Hb1. OHa

BXOIIUT B CHCTEMY MEXTOPHBIX MMOHMXEHUH rop Bocrounoro CasHa u npeactapiseT co0oi KaitHO30ii-

CKYIO CYXONOJIbHYIO BnajuHy. Ee miuHa cocTaBiser okono 65 kM, mupuHa — 20-25 kM, abcomoTHas
BBICOTA BEPIINH OKpyskatommx rop — 2500 M, cpennsis Boicota nuuma — 800 M. C ceBepa TyHKHHCKas KOTJIOBH-
Ha OrpaHW4eHa KPYThIM ycTyrnoM TyHKHHCKOTO XpeOTa, ¢ rora — 0olee mojoruM ckiioHoM Xamap-/labana. C
3amajaa oHa otaessercs HumoBckum orporom, a ¢ Boctoka — EnoBekuM [ 1, 2]. OCHOBHO# qpeHUpyomei pexoit
sBisercs p. UpkyT. OCHOBHBIME MOpP(]osIOrHdeckuMu dieMeHTaMi TyHKHHCKOW KOTIIOBHHBI SIBJISIFOTCS: TIPe/-
TOpHas HaKJIOHHAas paBHUHA, aJUTIOBHAJIbHAS PABHUHA, 03epHO-00JI0THASI HU3MHA 30H HOBEHIIIETO MOTPY>KeHHUS,
TecyaHble MaCCUBBI-YBaJIbI, MEXKBITAIMHHBIC TOPHBIE TIEPEMBIUKH [3].

HeonroponHoe TUTONIOrHYECKOe CTPOSHNE B COBOKYITHOCTH € OCOOEHHOCTSIMHU TOPHO-KOTIIOBUHHOTO PEIThe-
(a ABIIAIOTCS OCHOBHBIMH (haKTOpaMH TIepepacipeieNieHIs aTMOC(EPHBIX 0CAAKOB, TOBEPXHOCTHBIX M IPYHTO-
BBIX BOJ, YTO B CBOIO OYepe/b 0OYCIIOBIMBAET BHICOKYIO IIPOCTPAHCTBEHHYIO HEOAHOPOAHOCTH THAPOTEpMHIE-
CKUX yCIIOBUH Ha TeppUTOprH TYHKHMHCKOM KOTJIOBUHBL. Kpome Toro, HaunHas co BTopoil nmonoBunsl X VII Beka,
CYIICCTBEHHBIN BKIIaA B AUGPEPCHITHAIINIO THIPOTCPMHUUCCKUX YCIIOBUN HanOoIee OCBOCHHOM IEHTPALHOM
YacTH KOTJIOBUHBI BHOCUT aHTPOIIOTeHHas AeaTeabHOCTh. Ha mporspkernn 400 JieT MpUroHbIe Mo M=K 110-
YBBI JIECHBIX MAaCCHBOB OCBAaWUBAINCH ITyTEM PYOKH Jieca, CONMPOBOXKIABIIEHCSA BBDKHUTAHUEM M PACKOPUIEBKOM.
[To#iMBI pex ocBaMBaIMCh T0J] CEHOKOCHBIE YTOABS M BHITOHBI, a Ha 32a00JI0YEHHBIX Y9acTKaxX JHUINA KOTIIOBHHBI
TIPY TIOMOIIH CETH OCYIINTEIbHBIX KAaHAIOB CO3JaBATUCh MPOAYKTUBHBIC CEHOKOCHI M TTACTOMIIIA.

C 2011 rona Ha TEpPPUTOPUH KOTIOBHHBI ITPOBOIUTCS U3yYEHUE OCOOCHHOCTEHW IMPOTEPMHUIECKOTO pe-
JKHMa TT0YB U MOACTHIIAIOIMINX OTIIOKeHUH. 711 M3MepeHus TeMIIepaTypsl U BIAXKHOCTH TPyHTA HCIIONIb3YIOTCS
perucrparopsl AUIT monudukaumu PAIT_A 02 (tabnuua 1), pazpadoranusie u uzrorosneHusie B UMKOC
CO PAH. Peructparop COCTOUT U3 KOHTPOJUIEPA, JaTINKA BIAKHOCTH U 30H]Ia IPOQIIIS TEMIIEPaTyPHI TPyHTA.

[Tpubop pasmermaercss B TEpPMETHIHOM KOPITyce, 00ECIICUHBAIOIIEM PabOTOCIIOCOOHOCTh MPH MOTPYXKe-
HHH B BoAy /10 m1younsl 0,5 MeTpa. Ha rutare KoHTpoJuiepa ycTaHaBIMBaeTCs: MUKpoKoHTpoutep ATmegal284,
umeromuii 10 paspsanbiii 8 kananeHbid AL, wacer PCF8563T, mamsare AT45DB321D, USB-unrtepdetic
FT232RL, crabunuzaropsl HampspkeHHss. MUKPOKOHTPOJUIEP perucTparopa OONBIIYIO YacTh BPEMEHH HaXo-
JIUTCSA B PEKMME CHA C TOKOM MOTpe6IIeH s BCero u3MepuTens okono 10*10° A, B akTHBHOM pexuMe MOTpe-
ossiet cocTaBiseT okoao 150%10° A. ITutanus oT 6-TH TMIIOBBIX ]IEMEHTOB MUTaHMs THNa «D» XBaTaeT Ha
AaBTOHOMHYIO pa0oTy n3mMepurens oonee 4 e, pu nepuoze n3MepeHns 60 MUHYT.

[TporpammHOe oOecrieueHre TTO3BONISET, HE BCKPBIBAsi KOPITyca N3MEPHTEIs, Yepe3 TepMEeTH3NPOBAHHBIN
USB-pa3béMm 3a1aBaTh peXUMbI paOOTHI, CYUTHIBATh HAKOIUICHHYIO HH(POPMAIINIO, COXPAHITh B TEKCTOBOM U
EXEL dopmare 1 00HOBIISATH IPOrpaMMy MUKpOKOHTpoJutepa. [loncrcrema Bu3yanu3anuu 1aéT BOSMOXKHOCTh
OIepaTopy Moyyyars HaKOTJICHHBIE TaHHBIC B BUJE rpadMKOB. 30H/1 TPOQUIIs TEMIIEpPaTyphl TPyHTA IPE/ICTaB-
JsIeT co00H CTEKIOTEKCTOIMTOBYIO MEYaTHYIO IUIATy C HallasHHBIMH HAa HEH TeMIEepaTypHBIMH AAaTYNKAMHU
(tmy6mssr: 2, 5, 10, 15, 20, 30, 40, 60, 80, 120, 160, 240, 320 cMm; 4, 5, 6,7, 8, 9, 10 m). [Ing usmepeHus Temrre-
patypsl IOBEPXHOCTHU TPyHTA MPEAHA3HAUYEH OTENbHBINA AaT4uK. J{71s1 H3MepeHus TeMneparypbl UCIOIb3yIOT-
sl ynoOHbBIE MO TONKIIOUYEHHI0, MaoradapuTHeie nugpossle aatuukyn DS18B20, To4HOCTH KOTOPBIX ITYTEM
KannOpoBku noseiiieHa a0 +0,1 °C.

Ta6auua 1 OcHOBHbIE XapaKTEPUCTUKU U3MEPUTENA

HanmenoBanue xapaKTepHCTHKH 3HavyeHHe XapaKTepPUCTHKH
Jnana3on pabounx Temmneparyp 670ka perucrparopa: -40... +50°C

Jluana3oH u3MepeHus BIa)KHOCTU IPYHTa 0...100%,

[NorpemHocTs U3MEPEHUS BIAKHOCTH IPyHTa 0...40%: +1 %; 40...70%: £2 %;
TemneparypHblii Tuana3oH U3MEPEHHS BIAXKHOCTH 1...4+50°C

Jlnamna3oH U3MepseMBIX TEMIIEPaTyp -55...+50°C

[TorpemHocTs U3MEpEeHUs TEMIIEPATYPbL He 6onee +0,2 °C

O0BEM dHEProHe3aBUCUMOIT TTaMSITH 4 Moaiit (2 000 000 uzmepenuii)
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SESSION 6

Harunk Bnaxknoctu rpyHTa TRIME-PICO32 [4] nHemenxoi kommannu IMCO ObiT HaMu BBIOpaH H3-32
IIMPOKOTO THAITa30Ha N3MEPEHNUS U BRICOKMX TOYHOCTHBIX XapakTepucTuk. [Ipumensemsrii meroq TDR (Time
Domain Reflectometer) cocTonT B mochlUTKe KOPOTKOTO 30HANPYIOLIET0 UMITYJIECA IO BOTHOBO/LY, COCTOSIIIEMY
u3 2-X METAIIIMYECKUX IITHIPEH, TOCTUTHYB KOHIIA KOTOPBIX UMITYJIbC OTPAXKAaeTCsl M BO3BPAIACTCS 00paTHO.
Bpemst Mexay HOCBUIKON M OTBETOM 3aBHUCHT JUNIEKTPUIECKOM IMPOHUIIAEMOCTH CPEBI (€), @ TaK KaK € CyXOro
TpyHTa 0K0JI0 4, BO1EI 0K0JI0 80, TO MOXKHO PaccuuTaTh 00BEMHOE COZIEpKAHKE BOMBI B MICCIeyeMoM 00BEMe,
cocTapJsromeM okoio 250 mit. Pe3ynbrar n3MepeHns JaT4rK BBIIAET B aHAIOTOBOM U ITM(POBOM Buze. Bpems
n3MepeHus 4 ceKyH b, TOK moTpedneHust oxoio 150 MA.

B HacTosiee BpeMsi Ha TEPPUTOPHH KOTIIOBHHBI OpraHn30BaHo 20 HaOMIOAATENbHBIX IUIOMAN0K, CXeMa
pa3MeleHns KOTOPBIX pa3padarsiBajiach C Y4ETOM XapakTepa peibeda, WHCOMSIINH, (PU3UKO-XUMHUECKUX
CBOICTB TIOYB U TPYHTOB, YPOBHS IPYHTOBBIX BOJI, YPOBHS 3aJIETaHNs MEP3JIOTHI X MPOUUX (PAKTOPOB, OIIpesie-
JISIFOIIMX MPOCTPAHCTBEHHYIO HEOTHOPOIHOCTh THIPOTEPMHUYECKUX PEXXUMOB. B 3aBucuMocTu ot neneit uc-
CJIEZIOBAHUS TATYNKHU H3MEPEHHS TEMIIEPaTyPhl yCTaHABINBAIOTCA B CKBAKUHBI TiTyOmHO#H oT 3,2 mo 10 m (13
KOMIUTEKCOB 10 TTyOUHBI 3,2 M, 3 - 10 TIyOuHH 5 M, | — 10 TiryOuHB! 7 M, 3 - 10 TiryOuHs! 10 M).

JlaTuuk n3MepeHns BIaXHOCTH yCTaHABINBAIN B TYMyCOBOM FOPH30HTE Ha INTyOuHE 15 cM 0T moBepxHO-
CTH TIOYBEI, YCIIOBHO pacCMaTpUBasi 3TOT CJIOH Kak HanOoree OMOIOTHYeCcKH aKTUBHBIN B Tipoduiie. COBpeMeH-
HOE MPOrpaMMHOE 00eCTIeueHNe M03BOIISIET BEIONPATh HEOOXOAMMBIH IIar M3MEPEHUST TEMIICPaTyphl U BIIaXK-
HocTH 1ouBsl. [lomyyaemsle ipu iomomy ANITToB nanHBIE TTO3BOJISIOT OTCIIEKUBATH CE30HHBIC H3MEHEHHUS
TEMIIEpaTyphl U YBIaKHEHUS [I0YB, CKOPOCTHU ITPOMEP3aHUS-OTTANBAHNS TPYHTOB.

Bribpannsie asist taHHOHM pa®oThI Iomaaky (Tabnuma 2) XapakTepu3yoTcs IECYaHBIMH U CYTIeCYaHBIMU
noyBaMu. H(OpMaIMOHHOW OCHOBOH HCCIIEIOBAHUS SBIISTIOTCS:

1. Temmeparypa mo4BHI M 00ObEMHasI BIAXXHOCTH Ha TTyOmHe 15 cM 3a mepuox 22.08.2012-10.06.2014,
BpeMeHHoH mar — 1 gac (nanHble komruiekca PAIT A 02;

2. BecoBas, o0bpeMHas BIaXXHOCTH (JaHHBIE MOJEBBIX U JTabOopaTOpHBIX HccnenoBanmii) — 23.08.2012,
16.06.2013, 13.08.2013, 10.06.2013;

3. Cymma armMoc(epHBIX 0CaJKOB Ha METEOPOIOTHYECKHUX CTaHIMAX TyHKa, KbIpeH — cpouHble JaHHbIE
3a mepuox 22.08.2012-10.06.2014 (http://rp5.ru)

Tabnuua 2. XapakTep1cTKa NoLLA0K UCCNel0BaHUSA

XAPAKTEPUCTUKA HA3BAHHUE IIOYBBEI ITO
HJIOMAAKA - b\ CTUTEABHOCTH KJIACCH®UKAIIIH 2004 T.
Tapb M0 COCHAKY OPYCHUYHOMY ITcamMMO3eM I'yMYCOBBIN HILTFOBHAIBHO-
AUIIT 26 o
(AHUIIEC KOTJIOBUHBI) O)KEJIe3HEHHBIH
AUIIT 27 CocroBp1i J1ec ¢ NOMIECKoM U3 PONOIEH/pOHa JlepHOBO-TI0AOYP MILTIOBHATEHO-)KENE3UCTHIN

JIaypCKOTO OPYCHUYHBII (JTHUIIEC KOTJIOBHHBI)

IToapocT COCHBI O CYX0A0IBLHOMY
AMUIIT 29 JIAIMYATKOBO-KHCTEBUAHOMSATINKOBOMY JIYIy Crparo3em ceporyMycCoBBIit
(crapast 3a1e)Kb; THHIIE KOTJIOBHHBI)

CocHOBBIIi J1eC MEPTBOIIOKPOBHBII1
AUIIT 30 (HIKHAS YacTh CKIIOHA, TIEPEMBIYKA C COCEAHEH
KOTJIOBUHOI)

CeporymycoBasi HOBEpXHOCTHO-
TypOupoBaHHast

IToapocT cOCHBI O CYX040JIbLHOMY
AUIIT 32 JIANYaTKOBO-KHCTEBUAHOMSA TIMKOBOMY JIYI'y Arpo3eM CBETIbII perpaiupoBaHHbII
(cTapast 3a1eKb; THHIIE KOTIIOBHHBI)

Ilecuansle 6apxaHbI Cpeld COCHOBOTO JIECHOTO [Icammo3eM rymycoBbIi
AMIIT 35 MaccuBa. PacTUTeNnbHOCTS Ha GapxaHax CcTpaTu(UIIMPOBAHHBIN HITFOBHAIBHO-

He c(OopMHpOBaHa (THUIIE KOTIIOBUHEI) 0XKeJIC3HEHHBIH

Coo011ecTBO NbIPest MOJI3Y4ero Ha 3aJ1esKU Arpo3eM TopdhsHO-MHHEPATBHBIH OKHCIICHO-
AWUIIT 37 (panee 311ech OBLT COCHOBBII JIeC) TJIeeBBI KPHOTYpOHPOBAHHBIH

(mHMIIE KOTIOBUHBI) perpagupoBaHHBINA

JI71s1 OIIEHKH CTETeHH JOCTOBEPHOCTH JAHHBIX, IOMYYaEMbIX C U3MEPHUTEINS BIAKHOCTH HA IUIOMIATKAX
WCCIIEOBaHNUS ¢ ITyOMHBI yCTAaHOBKH AaTduka (15 ¢M) IpH MoMOIIN peXyIero Koabla ObIITH B3STH 00pa3Ibl
MI0YB, B KOTOPHIX B JIAOOPATOPHBIX YCIOBHAX OBUIM MPOBEICHBI N3MEPEHUSI OOBEMHON BIIAXKHOCTH (TpaBHMe-
TpHdecKnM MeToaoM). ConocTaBieHNE TaHHBIX, TOMYYEHHBIX C JaTIYMKa H3MEPUTENsT 00bEMHOH BIaKHOCTH, C
JTAaHHBIMH TPAaBUMETPHIECKOTO aHAIN3a ITOKA3aJI0 XOPOIIYIO CXOAMMOCTh PE3YIbTaTOB (BEIMYMHA OTKJIOHCHUS
He npesbimaet 10 %). {1 moBhIMIEHNS CTENEHN JOCTOBEPHOCTH NPHUOOPHBIX JaHHBIX HA OCHOBAaHWH 3HAYe-
HUMH, TOTYYEHHBIX TPAaBUMETPHUYECKIM METOJIOM, OblJIa IPOBE/IeHA KalTMOPOBKa MPHOOpA.

CornacHo momydeHHBIM pesynbraraMm, npuoop TRIME-PICO32 mo3BomseT xapakTepH3oBaTh yCIOBHS
YBIIQXXHEHHUS B TIOUBE TIpHU TeMmeparype Boime -5 “C. [l rmyOuns! 15 cM Ha Hammx miomiaakax B 2012-2014
IT. 3TO COOTBETCTBYET MEPHOLY C 5 HOAOps 1o 5 anpens (£5-7 cyTok). OxnakaeHHe MOYBBI ¥ ITEPEX0]] TEMIIe-

« CONTENTS
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paryps guepe3 0 °C mpoucxonuT He OTHOBPEMEHHO Ha BRIOPAaHHBIX IJIOMIAIKaX, TAKXKE KaK M OTTanBaHue. Mak-
CHUMAaJIbHBIN TIEpUOJ] C OTPHIATENBHBIMU TemreparypaMu mouBsl (190-193 nus) mHa mmomaakax AWIIT-27,
AUIIT-30, AUIIT-32. Ha Bcex Tpex IUIOMAgKax MEPTBOIIOKPOBHEIN COCHOBBIN Jiec. OTIMYHS B €r0 BO3pacTe
Y IUIOTHOCTH APEBOCTOS HE WTPAIOT B IAHHOM CIIy4yae CyIIECTBEHHYIO POJb. ONPEACIAIONINM SBISIETCS TIepe-
XBaT KPOHAMH TIEPBBIX TBEPIBIX OCAAKOB, MPEMATCTBYIOMNX MPOHUKHOBEHUIO OTPHUIATEIBHBIX TEMIIEPATyp
BIIyOb MTOYBHI IIPH TIEpexXoe TeMIrepaTypbl Bo3ayxa depes 0 “C oceHpI0 M HE0CTAaTOK COTHEYHOTO TETIIa Bec-
HOW MO CPaBHEHHUIO C OTKPBITOM MECTHOCTHIO. CyTOYHOTO XOZa BIaXXHOCTH IOYBBI COIVIACHO TOJIyYEHHBIM
TAHHBIM HE HAOIOmaeTcs.

MuHUMaIbHBIMH 3HAYEHISIMHU CPETHEN 3a TETIIBII IIEPHOJ] TO/1a BIAXKHOCTH XapaKTEPHU3yIOTCs TUIOMIAIKH
AUIIT-27, AUIIT-35 (mecuanslie mouBsl), MakcuMansHeIMu — AWUTIT-29, AUIIT-30 (nerkas cymecs). MunaH-
MaJIbHOE yBIaKHEHHUE TTOUBHI (6-16%) HabmonaeTcs nepesi HauaJioM NepUoa ¢ OTPULATEIBHBIMHI TEMIIEPATY-
pamu. MakcuMaabHOE — ITOCJIEe CHEroTassHus U cocTaBisieT oT 15% (AUIIT-35) no 34% (AUIIT-30). IIpouecc
YMEHBIIIEHUS BIA)KHOCTH TIOYBBI NTOCIIE TASHUSI CHETa 3aKaHUYMBAETCSI HE OTHOBPEMEHHO. BIa)XHOCTH MMOYBBI
BBIXOAWT Ha JIETHUH pexuM B mepuon ¢ 24 mas (AUIIT-35) mo 13 utons (AUIIT-30). Dto obwsicHseTCS B
OCHOBHOM pa3JIMYMsIMU PACTUTEIBHOTO MOKPOBA U, KaK CIEACTBHE, HE OJMHAKOBOM IPOTPEBE MOYB BECHOM.
HawuGonemue xonebanus, Ha (POHE OTPHUIATEILHOTO TPEH 1A BIAXXHOCTH ITOYBHI 3a TETUIBIH EPHO, CBSI3aHBI C
YBEIMUYCHUEM YBIIQXKHEHHUS [IPU BINAACHUN aTMOC(EpHBIX ocankoB. OHO MoxkeT gocturarh 12-15% u B 6omb-
IIMHCTBE CITy4acB M3MEHSETCS] CKAaYKOM B TeueHHe 1-3 "acoB. YMeHbIIEHHE, HA000POT, UMEET CIVIAXKCHHBIH,
MHOT/Ia CTYIICHYATHII XapaKkTep U MPOIOKAETCS IO CJIEAYIOUIETO BBIMAACHUS ocaakoB. [Ipudem amst pa3mud-
HBIX JJaHAMA(THBIX YCIOBUI N3MEHEHHS IOYBEHHOTO YBIIQ)KHCHHUS HA OIHY U Ty K€ BEJIMUHHY CBSI3aHBI C ar-
MOc(EepHBIMH 0CaZKaMH Pa3HOW MHTEHCUBHOCTH U MTPOJOIKUTENLHOCTH. UTO MOXKET OBITh CBA3aHO Kak ¢ (hu-
3UYECKUMH CBOWCTBAMH CaMHX I0YB (IUIOTHOCTb, IIOPHUCTOCTD, BIAarOEMKOCTh), TaK U C XapaKTEPHUCTUKAMHU
PacTUTENILHOCTH (HAJMYUE TPABIHOTO IOKPOBA, COMKHYTOCTb JIPEBOCTOS U T.JI.), 33 CUET KOTOPBIX MPOHCXOAUT
TepexBaT HEKOTOPOH YacTH BBIMAAAIONINX ocankoB. B wactHocTH, Ha miomaake AUIIT-30, xapakTepu3syio-
IIeHCst INIOTHO COMKHYTOI KPOHOM COCHOBOTO JIECA, OTKIIMK Ha BBINIAJICHUE OCAIKOB OTCYTCTBYET B OOJBIINH-
ctBe ciydaeB. OH 3aduKcHpoBaH JIMIIG B cepeanHe uioHsa 2013 1., Korma cymMMa 0CankoB IO JaHHBIM METE0-
craanuu Keipen cocraBmira oxono 30 MM 3a fBoe cyTok. [Ipu 3ToM BIa)KHOCTH MOYBHI Ha ITyonHe 15 cM yBe-
JIWYHIIACh IHIIb Ha 2,5 %, ITO OMSITH JKe SABIACTCS MUHUMAIBHBIM 13 HAOMIONCHUH Ha BCeX IUIOMIAAKaxX HcCIIe-
JIOBaHUS B IpeJenax 3THX AHeH (MakcumyM Ha mromaake AUTIT-27 — 12%). B nepuon, korga ocajku BbIa-
JTATOT HECKOJIBKO JTHEH moApsiz ¢ mepepbiBoM 2-4 nust (Hanmpumep, 22-27 mas, 30-31 mag 2013r) moxet Habmio0-
JlaThCs TPH THUIIA IPOLECCA YBIAXHEHHS TIOUYBBI — PABHOMEPHOE YBEIUIECHHUE BIAXKHOCTH B TEIEHHE BCETO TIe-
pruona (AUIIT-27 — cocHOBBIIT MEPTBOIIOKPOBHBIH JIec, MECOK), ABYXIMUKOBBINA pocT (AUIIT-35, 37, 26) u mu-
HUMAJIbHBIN OTKIIMK MM €T0 OTCYTCTBHE. Tak MaiicKue 0Ca/lki He MPUBEIH K YBEITHUCHNIO BIAXKHOCTH TTOYBBI
Ha wromankax AWUIIT-29, 32, 30. Ha nepBBIX ABYX OHH JIMIIb 3aMEUIHIIH IIPOLIECC BECEHHETO YMEHBIICHUS
MTOYBEHHOM BJIary, a Ha momtaake AVIIT-30 (cocHOBBIN MEPTBOIIOKPOBHBIH JI€C, MAKCIMAaJIbHAS COMKHYTOCTh
JPEBOCTOs], CyNech) HUKAK HE NMPOSIBUINCH. Ecny Oonee mogpoOHO paccMOTPETh BTOPYIO TPYMITY MIJIOMAA0K
(IBYXITMKOBBII POCT BIaXXHOCTH), MOKHO OTMETHTh, YTO MaKCHUMAJIbHOE yBIaKHEHHE HAOI0IaI0Ch P BTO-
pom ckauke. Ha BIOpaHHBIX MIIOMmMaAKax pazHuna 3a 10-nHeBHbIH nepuoa coctasuna 3-7%.

Beimie npencraBiieHbl HEPBBIE PE3YyNIBTAThl aHATN3A THIPOTEPMHYECKUX XapaKTEPUCTHK. VX MprMeHeHue
B KOMITJIEKCE C (PU3UKO-XUMHUIECKUMH [TOKA3aTEISIMU HCCIIEAYyEMBIX TPYHTOB, TAKUMH KaK: FpaHyJIOMeTpHye-
CKHI cOoCTaB, MIOTHOCTh, TOPO3HOCTh, HA0YyXaeMOCTb, BIIATOEMKOCTb U T.1., TO3BOJISIT UCTIOIb30BaTh METOABI
CTATHCTHYECKOH 00pabOTKH M MaTeMaTHUECKOTO MOJIETUPOBaHUs. [Ipy 3TOM BO3MOKHOCTD HAKOIIIIEHHUSI MHO-
TOJICTHUX PSIIOB JaHHBIX JJACT BO3MOXHOCTB JIEJIaTh BBIBOABI O MIPOCTPAHCTBEHHO-BPEMEHHON TUHAMUKE TH-
JPOTEPMHUUIECKHX YCIOBHI Ha HCCIIEAYEMON TEPPUTOPHUH, UTO IPEICTABIAET HHTEPEC IIPU U3YUEHUH aHTPOIIO-
TEHHOH IMHAMUKH TT0YB. B pe3ynbrare noxxapos 1 BEIpyOOK MPOUCXOIUT HAapyIIIEHHUE, & IPU CUIIBHBIX ITOXKapax
MOJIHOE YHHUTOXXCGHUE PAaCTUTEIBHOIO MOKPOBA, MPUBOAAIIECE K W3MEHCHUIO THIPOTEPMHUECKHX PEXKMMOB
Mo4B. B aBTOMOp(QHBIX yCIOBUSIX MPH OTCYTCTBUM MHOTOJIETHEMEP3IBIX MTOPOI MOXKET MPOUCXOAUTH CMEHA
PaCTHUTENBHBIX CYKIIECCHH, TTIPHBO/AIIAS K OCTEITHEHHIO TyMYyCOBBIX TOPU30HTOB JIECHBIX 1OouB. [Ipn Hanmmunu
MHOTOJIETHEH MEP3IIOTHI CBEICHHE JIeca IPUBOIUT K OONbIIEMY MIPOTPEBAHUIO TOBEPXHOCTH IOYBBI, YTO MO-
JKET OBITh MPUYIMHOMN AErpalallii MHOTOJIETHEH MEP3IIOTHI M aKTHBH3AIMH ITPOIIECCOB 3a001auBaHIsL. DKOHO-
MHYECKHH yImaJoK KOHIa XX BeKa MPHUBeEI K BEIBOAY OOJNBIIEH YacTH 3€MeIb M3 CEIbCKOXO3SIHCTBEHHOTO HC-
MIOJIb30BAHUSI, HA 3aJIEXKHBIX YTOIbSIX B HACTOSIIUI MOMEHT ITPOMCXOANT aKTHBHOE BOCCTAHOBIICHUE JIpEBEC-
HOM pacTUTENBHOCTH, COMPOBOXKAAIOIIEECS M3MEHEHHEM THIPOTEPMHUYECKHX PEKMMOB I0YB, CICICTBUEM
YEeTo ABIIAETCS BOCCTAHOBIEHHE T'yMYCOBBIX TOPH30HTOB arpo3eMOB B €CTECTBEHHOE COCTOSIHHE.

Iomydaemble 1aHHBIE HE3aMEHUMBI TAKXKE TMPH IMPOSKTUPOBAHUHU THAPOTEXHUUECKUX COOPYXKEHHMH, UTO
0COOCHHO aKTyaJIbHO [UISl HCCIIELyEeMOI TEPPUTOPUH, TI€ Ha 3200JI0YE€HHBIX Y4acTKaX aJUTIOBUAIIbHON paBHU-
HBI U 03€PHO-O0JIOTHBIX KOMILIEKCAX IIEHTPAIbHOM YacTH KOTIOBHHBI B cepeuHe XX B. Obla co3/1aHa CeTh
OCYIINTENBHBIX KaHaNOB. Benencreue ¢eHOMEeHa BEICOKOH MHTEHCHBHOCTH MTPOIIECCOB TOYBOOOPA30BAHUS U
BBIBETPUBAHUS TIPH MAJIOM IO IITyOMHE OXBare OO, Ha YKa3aHHON TEPPUTOPHH UMEET MECTO HaJMEpP3JIOT-
HOe 3acosieHne. HanmeHnsbmast MuHepanu3anus IPUXOAUTCS] Ha PAHHIOIO BECHY, IPH 3TOM OCEHBIO TIPH MTOHU-
JKEHUH TEMIIEPaTyphl PaCTBOP CTAHOBHUTCS O0Jiee XJIIOPUIHBIM B CBSI3H C BBIMAJCHUEM CYIIb(HAaTOB B TBEPAYIO
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SESSION 6

(ha3y npu NOHMKEHUH TeMIepaTypbl. Mep3ioTa OKa3blBaeT CyIIECTBEHHOE BIUSHUE HA JIMHAMUKY MUHEpANH-
3alliK IOYBEHHOTO PACTBOPA M NP MTPOEKTUPOBAHMH OPOCHTENILHBIX HIIH OCYIIHTENLHBIX CUCTEM BO N30exkKa-
HHE BTOPHYHOTO 3aCOJICHUS] HEOOXOAMMO YUUTHIBATH peiibe() MEP3IIOTHOTO BOAOYNOpa U MEXaHHUYECKHU CO-
CTaB [TOYB HEMOCPEICTBEHHO HaX HUM [5].

Jlumepamypa:

1. Pasckuii 3.U. Ocadkonaxonaenue u kaumamol Buympenneu Azuu ¢ aumponoeene. M.: Hayka, 1972.
335c¢

2. Bwipxun B.b. Cospemennoe sk302ennoe penvepoobpasosanue komiosun baiikansckoeo muna. Up-
xkymck: U30-60 UI" CO PAH, 1998. 175 c.

3. Jloeaues H.A., I'anxkun B.U., ['onowipes I C. Bnadunwt baiikanrsckou cucmemst // Hacopws [pubaiixa-
s u 3abavixanvs. M.: Hayka, 1974. C. 21-56.

4. http://www.imko.de/en/products/soilmoisture/soil-moisture-sensors/trimepico32

5. Maxees O.B. ®ayuu nousenno2o kpuocenesa u 0COGEHHOCMU OP2AHU3AYUL 8 HUX NOYBEHHBIX NPOPU-
neu. M.: Hayka, 1981

Development of integrated geographic information web
services for environmental research

Kadochnikov A.A.

Institute of Computational Modeling SB RAS, Krasnoyarsk, Russia
E-mail: scorant@icm.krasn.ru

urrent trends in the field of nature protection are monitoring environmental pollution resulting from

human impact on nature, and as a result of natural processes. Monitoring of natural pollution that result

from natural causes - volcanic eruptions, earthquakes, catastrophic floods, fires, etc., allows us to pre-
dict the situation and develop a plan measures to liquidate the consequences, as well as elimination of possible
causes. Monitoring the state of the environment in the area of the various industries can reduce costs to elimi-
nate the impact of industrial accidents, which in turn reduces the possibility of contamination soil, surface wa-
ter, loss of vegetation and wildlife.

Consider the problem of creation of information-analytical systems for environmental monitoring of the
natural environment and resources, built on the basis of GIS technologies, Internet, remote sensing data pro-
cessing and data from monitoring stations. Considerable attention is given to web services, software interfaces
and generally accepted standards. Consider the problem of the formation of Internet geographic information
system for monitoring state of the environment for decision support systems at the level of the Krasnoyarsk re-
gion. In work claimed the methodology and software tools that will allow form the assessment of the state ter-
ritories based on key indicators in a visual form. Important role is played by the use of modern means of data
visualization using GIS technology. In such problems, the use of Internet technology has some advantages
compared to desktop GIS - availability solutions to numerous users, simplifying the installation process and
distribution of software, reducing its cost, possibility of integration with third-party applications, and so on.
The primary emphasis of the problems and solutions related to the development of web services and applica-
tions for such Internet systems.

The research paid attention to the problem arising in the development of joint projects of various research
institutes, universities and government departments related to the exchange of data and metadata for spatial in-
formation, as well as observational data of the environment. The author were directly involved in the develop-
ment and implementation of projects of ecological orientation. In developing the software many different soft-
ware libraries and components were used. Web mapping user interface was created using a number of open
source libraries. To create a server-side web application author used GIS platform Minnesota MapServer. Ge-
oWebCache was another essential component of distributed web mapping environmental monitoring applica-
tions.

In the development of cartographic applications for the monitoring systems the state of the environment
now plays an important role detailed map of the region, supported by the up to date. As a result of combining
different technologies the web application map transmitted to the user in composed of two layers: the base
background map and the thematic layer. The last one generated dynamically as transparent bitmap layer and is
defined by application business logic. As an alternative to raster transparent layer are also considered solutions
based on the dynamic generation of vector objects on a Web page — this possibility now is provided by client
software like JavaScript with using OpenLayers library. However, in this case there is another problem associ-
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ated with the restriction on the number of vector objects on a Web page. Consideration of the decisions can be
used not only for the Krasnoyarsk region and the resources and tools developed software technology platform
can be used in the development of other systems.
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KTyaJbHBIMH HalpaBieHHEM B 00JIaCTH OXpaHbI PUPOBI SBIISIOTCS MOHUTOPUHT 3aTrpsi3HEHUS OKpPY-

JKaroIlei cpebl, BOSHUKAIOIIETO B Pe3yJIbTaTe BO3ACHCTBHS YeIOBEKa Ha IIPUPOAY, a TAKKE B PE3YIIb-

TaTe €CTECTBEHHBIX MPUPOIHBIX MIPOIlecCOB. MOHUTOPHHT IPUPOIHBIX 3aTpsA3HEHHH, KOTOPBIE BO3HHU-
KalOT B Pe3yJIbTaTe €CTECTBEHHBIX MPUYMH — U3BEP)KEHHS BYJKAHOB, 3EMIIETPSICEHUI, KaTacTPOMHUECKIX Ha-
BOJIHEHMH, TIOXKapOB U T.J., MO3BOJISIET CIPOTHO3MPOBATh CUTYAIIMIO U pa3paboTaTh IUIaH MEPONPHATHI Ha
JUKBUAALIMIO TTOCIIEACTBHU, a TaKkke yCTpaHEHHE BOSMOXKHBIX IMPUYHUH WX BOSHUKHOBEHHS. MOHHTOPHHT CO-
CTOSIHUS OKpY KaloUlel IPUPOIHON CpENIbI B 30HE NEUCTBUS Pa3INYHbIX IPOMBIIUICHHBIX IIPEANPUATHI I03BO-
JIIeT COKPATUTh PACXOBl Ha TMKBUAALIMIO IOCTIEICTBIIA TEXHOTCHHBIX aBapHii, 9YTO B CBOIO OY€pEIh CHIKAET
BEPOSTHOCTH 3arpPs3HEHHSI TIOUBBI, IIOBEPXHOCTHBIX BOJ, THOENH PACTUTEIHLHOCTH U MPEACTaBUTENEH )KUBOT-
HOTO MHpa.

B pabote paccmarpuBaercs 3aa4a co3anusi HHOOPMAIOHHO-aHATMUTHYECKIX CHCTEM JIJIsl DKOJIOTnye-
CKOTO MOHHTOPUHTA COCTOSIHUSI TIPUPOIHON CPebl M PECYPCOB, TOCTPpOeHHOU Ha ocHoBe TexHosoruii I IC,
WHTepHeT, 00paboTKK TaHHBIX TUCTAHIIMOHHOTO 30HIUPOBAHUS ¥ JAHHBIX CO CTAHIIUN HAOMIOACHUS. 3HAYH-
TeJIbHOC BHUMAaHHUE YICIACTCS BeO-cepBrcaM U porpaMMHbIM nHTepdeiicam. PaccmarpuBaetcs 3amada ¢op-
MHpPOBaHMA TeonH(pOopMaMoHHOW MHTEepHET-cHCTEeMbl MOHUTOPHHTA COCTOSHHUS OKPY’KaIOIIeH MPUPOTHON
CpebI I CUCTEMBI IOAISPKKH MPUHATHS pelieHui Ha ypoBHe KpacHosipckoro kpas. B pabore BocTpeboBa-
HBI METOJIMKH ¥ IIPOTPaMMHBIE CPEJICTBA, KOTOPbIE TIO3BOJISIT (OPMHUPOBATH OLIEHKH COCTOSIHUSI TEPPUTOPHIA Ha
6a3e OCHOBHBIX ITOKa3arese B HaIvIsIIHOM BHe. BakHyro poiib UTpaeT HCIOIb30BaHIE COBPEMEHHBIX CPEICTB
BU3YaJIM3aIlu JaHHBIX ¢ ucnonb3oBanueM [ MIC-texHonoruit. B Takux 3agadax ucnoib3oBanue MHTepHET-
TEXHOJIOTHH UMEET PAJ MPEUMYIIECTB 110 CPaBHEHUIO ¢ HACTONBHBIMU [ IC — moCcTymHOCTE mperiaraeMbIx
pelieHuii OOoNBIIOMY YHCIY MOJb30BaTelel, YHpOIIeHHE IMpollecca YCTAHOBKH U PACHPOCTPaHEHUs Ipo-
TpaMMHOT0 00eCTIedeHN s, CHIDKEHHIE er0 CTOMMOCTH, BO3MOXXHOCTh HHTETPAIIH CO CTOPOHHUMH IPUIIOKEHH-
ssMd ¥ Tipod. OCHOBHOE BHUMAHHUE YIACIACTCS OMUCAHKIO ITPOOIeM U PEIICHUH CBSI3aHHBIX ¢ Pa3pabOTKOi BeO-
CEpPBUCOB U MPUIOKEHUM 1Sl TaKUX MIHTEepHET-cucTeM.

B pamkax mcciienoBaHus yIeJI€HO BHHUMaHHE MpoOieMe, BO3HHUKAIOIIEH MPH pa3paboTKe COBMECTHBIX
MIPOEKTOB PA3TUYHBIX HAYYHBIX HHCTUTYTOB, YHUBEPCUTETOB U MOPa3/IeIEHI OpPraHOB BIACTH, CBI3aHHOM C
0OMEHOM JIaHHBIMHU M METAJIAHHBIMHU O MPOCTPAHCTBEHHOH MH(POPMAIINH, a TAK)Ke JaHHBIMU HaOIOJICHUI 3a
OKpy>kKaroten cpenoii. Bo3aukina 3ajada pa3paboTKu pacipeelIeHHOT0 XpaHWINIIA MPOCTPAHCTBEHHON WH-
¢dbopmanuu a5 6osee 3h(HEKTHBHOTO B3aMMOICHCTBHS Pa3IMYHBIX OpraHU3aluii. PazpaboTaHbl IpoOrpaMm-
HBIE CpPE/ICTBA Ul aHajH3a MIPOCTPAHCTBEHHBIX JaHHBIX B cpeae reomopraita MHCTUTYyTa BBIYHMCINTENHFHOTO
moaenupoBanus CO PAH c¢ ncnoip3oBaHHEM TEXHOJOTHH, MpeTaraéMbIX MeXTyHapOIHBIM KOHCOPIILYMOM
Open Geospatial Consortium u porpamMmmuoro odecrneuerus MapServer u GeoWebCache. IIporpaMmHbie WH-
CTPYMEHTBI COIEPIKaT CPEACTBA AJIsl XpaHeHHs IU(POBBIX KapTOrpapuIecKuX MaTepHasioB, PACTPOBBIX CHUM-
KOB TEPPUTOPUH, CEPBHCHI TSI HABUTAIIUH 110 paCIIpeIeIeHHOMY KaTaJloTy MPOCTPAHCTBEHHBIX JaHHBIX, Cep-
BHUCHI JJIs TIPOCTPAHCTBEHHOTO aHAIN3a U MaTeMaTHUeCKOTO MOJCIMPOBAHUS Ha YHU(DHUIMPOBAHHBIX IIH(pO-
BBIX KapTax. OCHOBHBIM 3JI€MEHTOM T'€0TopTaia SBISETCS KaTalor METaJAaHHBIX O MPOCTPAHCTBEHHBIX JaH-
HBIX, KOTOPBII COIEPHUT MH(POPMAIIMIO TI0 JOCTYITHBIM CJIOSIM, KapTaM M JIaHHBIM HaOmroneHui. OCHOBHOM
OCOOEHHOCTBIO KaTajiora IPOCTPAHCTBEHHBIX NAHHBIX SBISAETCS BO3MOXXHOCTH HCIOIB30BAHHS PAa3IMYHBIX
(hOopMaToB MPOCTPAHCTBEHHBIX JIAHHBIX M OPraHM3alys JOCTyNa JUIS MOJIb30BaTellsl K 3THM JJaHHBIM C MOMO-
IIHI0 COBPEMEHHBIX CTaHAAPTOB U TeXHOJOTHH. J[11s opopmiteHus kapT 1 KapTorpadnIecKux cI0eB IPUMEHS-
etcs Styled Layer Descriptor — si3pIK ONMCaHMsI CTUIIEH, HCTIONB3yeMbIil UIsi 0TOOpaXkeHHs 0OBEKTOB Ha KapTe
B WMS, WFS u WCS cepBepax, a Takke cOOCTBEHHBIH (hopMar ONUCaHUsI CTHIIEH, pa3paboTaHHbIH s Teo-
noprana UBM CO PAH [1].

B pabote BaxkHYIO posib UTPaET cUcTeMa cOOpa ONepaTHBHBIX JAHHBIX HAOIIONEHHS OT PAa3JIMYHbBIX BeO-
CEPBHCOB, CTAHIINI HaOMIONEeHNs U JaT9nkoB. B pamkax reomoprana UBM CO PAH 6511 pazpaboran 610K 1i1st
cbopa, 00pabOTKH U MPECTABICHUS JaHHBIX Pa3lIUYHBIX HaOmoAeHnd. Opranu3anus J0CTyna K JaHHBIM Ha-
OIrONeHNI OCYIIECTBIAETCS CTAaHIAPTHRIMU CPEICTBAMHU I'eOOpTajia, BKIIOUAIOMIETO MMPOCMOTP TaOIMUHBIX
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SESSION 6

JIAHHBIX, 9KCTIOPT, TPOCMOTP JAAHHBIX Ha KAPTaX C BO3MOKHOCTHIO BEIOOpA BPEMEHHBIX MHTEPBAJIOB M IOCTYII C
MOMOIIBIO OOIIENPUHATHIX CTAHAAPTOB.

Opraan3oBaH AOCTYI K COOpaHHBIM JaHHBIM OIIEPAaTHBHOIO MOHHUTOPHHTA C TOMOIIbI0 cTarmapra SOS
(Sensor Observation Service), pazpabdarsiBaemoro koHcopurnymMoMm OGC. DTOT cTaHIapT ONpeaeisieT HHTep-
(hetic BeO-cepBHCa, KOTOPHIH ITO3BOJISET 3aMPAIINBaTh HHPOPMAIIHIO OT JAaTIUKOB, IOJTy4aTh HH(POPMALIHIO O
CaMMX JaT4YMKaX, a TAKXKE OIMHUCHIBAET CPEACTBA ¥ MEXAHU3MBI JUIA PETHCTPAIIMU HOBBIX JAaTYNKOB M BO3MOJXK-
HOCTH WX yhaseHus. B kagecTBe 6a30BOro MporpaMMHOTO o0ecriedeHuns 1yt opranu3an SOS-cepBUCOB BBI-
ctymaet MapServer.

[onmp30Barenbckuii mHTEpRENHC A KaTanora METaJaHHBIX, JJIS CHCTEM MOHHTOPHHTA OKPYKAIOIIEeH
MIPUPOIHON cperibl ¥ ATst HH()OPMAIIMOHHO-aHATUTHYECKUX CUCTEM B PETHOHAILHOM YIIPABICHUH BBITIOJIHEH B
BHU/I€ TCOMH(OPMAITIOHHOTO BeO-TIprnoxkeHust. HecMOTps Ha HEKOTOPbIE HEJOCTATKH, ITOT MOAX0M HMEET Cy-
IIECTBEHHBIC MPEUMYIIECTBA, KaK JUIs MOJIb30BaTENs], TaK U IJIs pa3paboT4IMKa, B TOM YHCIIE: HE3aBHCUMOCTD
OT 1IaT(OpMBbl, OTCYTCTBHE HEOOXOANMOCTH yCTaHABIMBATh JOMOIHUTEILHOE NPOTPAMMHOE OOECIIEUEHHE,
OTCYTCTBHE C MPOOIIEM C TOAIEPKKOH CTaphIX BEPCHIA IPOTPaMM U 0OpaTHOM COBMECTHUMOCTHIO, H JP.

IIpu pazpabotke kapTorpaduIecKoro KOMIIOHEHTa BeO-uHTepdeiica OB PacCMOTPEHHI 1Ba crocoba
MIpeACTaBICHUS KapTorpaduaeckoi MHPOPMAINH [T os30BaTens. [lepBrlit ciocob — kapTa oToOpaxkaercs
C HUCTIONIb30BaHWEM (parMeHTOB (Talibl). DTy TEXHOJOTHIO MCIOIB3YIOT Takue pecypchl kak Google Maps
(http://maps.google.com), Aunexc Kaptsr (http://maps.yandex.ru), Virtual Earth (http://www.bing.com/maps/)
u J1p. OCHOBHBIM ITPEUMYILECTBOM TAKOTO CHOCO0A SBISETCS CKOPOCTh NMOTY4YEHHs BU3YallbHOI HHpOpMALUH
MOJIB30BATEIIEM M Maasi Harpy3ka Ha cepBep Ipu 0ToOpakeHnH craruueckoil nadopmarmu. [Ipouecc popmu-
pOBaHUSA KapThl HA KIMEHTCKOM KOMITBIOTEPE COCTOUT M3 HECKOJBKHX 3TAIOB, C UCIOIb30BAHUEM JOTOIHH-
TEJILHBIX TPOTPAMMHBIX [TOTOKOB, MEXaHU3Ma K3IINPOBAHHS, OUepPEIH 3arpy3Ku (hparMeHToB u ap. IIpu Takom
croco6e 0ToOpakeHHs KapThI IOJIb30BATEIIO TPOIIECC MOCTPOCHMUS KOMITO3HIIUH KapThl HO3BOJSIET ONTHMHU3HU-
poBaTh IpoIiece 3arpy3Ku, CHU3UTh HAarpy3Ky Ha BeO-Opaysep u 0oiee paBHOMEPHO €€ pacIipeieiInTh 10 Bpe-
MeHu. OIHAKO ITPpU 0TOOPaKEHHH MEHSIOIIUXCS TEMaTHIECKUX JaHHBIX TaKoi Crloco0 CHIKAeT CKOPOCTH J0-
CTyTIa MOJIB30BATENS K IPOCTPAHCTBEHHBIM JAaHHBIM M yBEIMYHBACT HArpy3Ky Ha cepsep. i pereHus 3Toi
MIPOOIEMBI HCIIOIB3YETCS BTOPOH cIoco0 0ToOpaxeHnsT HHPOPMAIIHH — 110 3aIPOCy TO0JIb30BaTeNs TeHEPHPY-
eTCsl OTHO pacTpoBoe n3obpakerue [2]. B 3aBucuMocTH OT THIA IpeaCcTaBIsAeMOi HH(OpMAIIUY TI0Tb30BaTe-
JIF0 B IPOTPaMMHOM HHTepdelice CHCTEMBI HCIONb3yeTCsl KOMOMHAINS 3THX ABYX CIIOCOOO0B.

Jiis cozmanus KapThl M3 (parMeHTOB HCIIONB30BaJOCh mporpamMHoe obecmedenne GeoWebCache.
GeoWebCache ncnons3yer cnenudukammo WMS Tile Caching (WMS-C), kotopast SIBIJIaCh pe3ylIbTaToM
koH(pepenmr FOSS4G B 2006 1 [3]. VicTouHNKOM IPOCTPAaHCTBEHHBIX JAHHBIX IS CEpPBEpa ¢ MPOrpaMMHBIM
obecneuerneM GeoWebCache mociryxxun WMS [4] cepBep ¢ kaproit KpacHospckoro kpasi Ha OCHOBE TIPO-
rpamMMHoro obecnieuernst MapServer. PeannzoBaHa cucteMa cepBHUCOB, KOTOPBIE MOJIEPKHUBAIOT K3 PacTpo-
BBIX n300pakeHnii Ha cepBepe ¢ GeoWebCache B akTyallbHOM COCTOSHUY TPH 0OHOBIICHUH MCXOAHBIX JAHHBIX
Ha WMS cepaepe.
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I[Tpu 0TOOpa’KeHNH TEMAaTHYECKOTO CII0SI MOTYT MCIIOJIB30BAThCS JAHHBIE PA3IMYHBIX HAaOIOIESHHH, TOITy-
YeHHBIE OT cepBrca «Sensor collector API», paspaborannoro corpynuukamu UBM CO PAH. [Ins nanmomHeHNs
0a3pl TaHHBIX HAOIIOICHUI 3TOTO CepBHCa OBLI IMOATOTOBICH MOAYNb COOpa JaHHBIX, KOTOPHII BKIIIOYAET B
cebs1 Habop pasIMYHBIX «aJalTePOB)» WIIH «IPaBEPOBY» IS PA3IMYHBIX ICTOYHUKOB HH(POPMALNU. DTH JaH-
HBIE IEPUOANYECKH 3arPy’>Kar0TCsI C BHEIIHETO NCTOYHHKA, KOTOPBI MOXKET OBITH IPEACTABIIEH B BUJIE ITOTOKA
nHpopManuu B popmarax txt, csv, json, xml, html u gp. PazpaboranHoe mporpamMmmHoe obecrieueHre H3BIeKa-
eT M3 TOJyYeHHBIX JaHHBIX HeoOXoquMmylo nHdopManuio U 3arpyxaer ¢ momoisio APl cepsuca Ha cepsep
(pucynok 1). B manpHeiimem 3T JaHHBIE MOTYT OBITh MCIIOJIB30BAaHBI PA3IMYHBIMH criocobamu. Jloctym k
JAaHHBIM MOXXET OBITh Opranu3oBaH B Bune SOS cepBrcoB. Pe3ynsraTsl HaOMIONCHUN MOTYT OBITH ITPEACTaBIe-
HBI B BUJIC BeO-NPHIIOKEHUH U1 JaJbHEHIIeH BU3yaInu3aniy 1 aHau3a. [JlaHHbIe MOTYT TIepelaHbl ISl Jallb-
Helei 00paboTKH, pe3yiIbTaT KOTOPOH B CBOIO OYEpeb TaKKe MOXKET OBITh MPEACTaBIIEH II0JIb30BATENIO C
TTOMOIIIBIO KapTorpaduueckux BeO-cepBHCOB. Takue JaHHBIE MOTYT 00pabaThIBaTh MOMEHTAIBHO U HA MIPOTS-
JKEHHU HEKOTOPOTO MPOJOIDKUTEIILHOTO BPEMEHHOTO IIPOMEXKyTKa. B mmepBoM citydae pe3yasTar oJIb30BaTelb
BUIIUT Cpasy MOCJIe 3alpoca, BO BTOPOM IOJIL30BATEIb 0XKUAACT Pe3ylbTaT 00padOTKU JaHHBIX U B JalbHEH-
IIEM MOXKET 3TH JIaHHBIE TIOJIyYUTh B BHJE TOTOKA HOBBIX AaHHBEIX. Heo0X0IMMO OTMETHTb, 4TO OONBIINE 00b-
€MBI TaHHBIX IIPH TAKOM ITOJX0JIe MOTYT 00pabaThIBaThCA C IIOMOIIBIO BHIYMCIUTENEHBIX KIaCTEPOB.

HcTounnkom ais MoayJist c60pa JAHHBIX MOTYT CIYKMTh:

— nmannable apyrux SOS cepBucOB;

— JaHHBIC PA3INYHBIX CHCTEM MOHUTOPHHTA;

— JaHHBIC CTAaHIUI MOHUTOPHHIA C PA3IMYHBIMU CEHCOPaMHU;

—  pa3NnyYHbIC apXHUBHI HAOIIONCHHS.

JlaHHBIC HAOTIONCHUIT MOTYT OBITh IIPECTABICHBI B PACTPOBOM H BEKTOPHOM (hopMare B 3aBUCHMOCTH OT
ux o0beMa M CTpyKTyphl. Hanbosee yHUBEpCanbHBIX CIIOCOOOM SBISETCS NPECTaBICHHE B BUAE TaHIOBBIX
XpaHWIMIL. B KauecTBe paclIMpeHUst CO3MaHHOM TEXHOJOTHH Ul PaboTHl KaTalora TaHIOBBIX XPAaHMIIMIL
OpLTa co3mana OMOMMOTEKA, TTO3BOJISIONIAST YIPABIATE HE TONBKO IpoIreccaMi OOHOBJICHHUS TAHJIOBOTO KAIIIA,
HO 1 HaOOpOM TaMJIOBBIX KapT M UX HACTPOIKOH. Takas 6mOMmnoTeKa mo3BOJIIIIa CO3aTh HHCTPYMEHT Ha 0a3e
reonioprana UBM CO PAH, pacmmpsiromuii BO3MOXHOCTH 0TOOpaXkeHHsI KapTorpadudeckoid mHGopManuu. A
HMEHHO, I KapT, COeprKaliX OOJIBIIOE YHCIIO CIIOEB U 0OBEKTOB CKOPOCTH CO3MaHMs PacTPOBOTO H300pa-
KEHHS «HA JIETY» HU3Kas U MOJTB30BaTEII0 IPHXOAUIOCE XKIaTh, IIOKa cHOPMHUPYETCS H300paykeHHE BIICICH-
HOTO (pparMeHTa M 3aTeM OyeT 3arpy’eHo B BUJE KapTHHKH B ero BeO-npuiiokenue. [IpocMoTp KapThl B Taii-
J0BOM (hopMarte Mo3BOJIAET 3HAYUTEIBHO YCKOPHUTH IPOIECC OTOOPaKeHHs KapThl Ha CTOPOHE KIIMEHTAa U Of-
HOBPEMEHHO C 5THM NOHHU3UTB Harpy3Ky Ha cepBep Ieornoprania.

JlaHHBIC HAOTIONSHNS HAKJIAIBIBACTCS [IOBEPX CIIOS TTOJJIOKKH B BHIE IOIYIIPO3PaYHOTO PACTPOBOTO H30-
OpakeHUsI WK B BU/I€ BEKTOPHBIX O0BEKTOB. JTa 4acTh KapThl 0TOOpakaeT BCIO TEMaTHIECKYI0 HH(POPMAIIHIO,
160 ee cpe3 B 3aBUCUMOCTH OT HaCTPOEK IoJIb30BaTes. [1op30BaTeNb Takke MOXKET OIPENIeNIUTh THIIBI 00b-
€KTOB, KOTOpBIE OyIyT 0TOOpakaThes Ha KapTe U T.A.

CeronHs B pe3yabTaTe pa3BUTHS TEXHOJIOTHH U IPOrPaMMHOTO 00€CIIeUeHUS ITOJyYSHBI HOBBIE Pe3yJIbTa-
TBI, KOTOPBIE ITO3BOJIMIIN 3HAYUTEIHHO YCOBEPLIEHCTBOBATH CYLIECTBYIOLIYIO IIPOrPAMMHO-TEXHOJIOTHYECKYIO
mwtatgopmy reoropraina IBM CO PAH mist pa3paGoTKy cHCTEM MOHHTOPHHTA OKPY’KaIOIIeH MPHPOIHOI cpe-
1b1. [IporpaMMHO-TEXHOMOrHYecKast I1aTdopmMa I OpraHu3alyy pacipeieNIeHHOTO OCTyIa K JIeKTPOHHOH
kapTe KpacHosipcKoro Kpas O3BOJIUT YCOBEPIIEHCTBOBATE NPOLECCH! pa3pabOTKH CHCTEM MOHUTOPHHTA JUIS
KpacHosipcKoro kpasi, MOBBICHT Ka4eCTBO IPEIOCTABISEMBIX YCIIyT AJIsl HACETICHHS Kpasi M Ka4eCTBO IIPUHUMa-
€MBIX YIIPaBICHYECKUX pelleHnH. PaccMoTpeHHOE peleHre MOKeT OBITh MCIIOJIB30BAHO HE TONBKO JUIS TEPPH-
Topun KpacHoApckoro kpasi, a pecypcbl M MHCTPYMEHTHI Pa3pabOTaHHOH MPOrpaMMHO-TEXHOJIOIHYECKOH
TIaT(OPMBI MOTYT OBITH HCIIOIB30BAHBI IIPH Pa3pabOTKe APYTHX CUCTEM.

Jlumepamypa:

1. IIamaes A.C., Axybaiinux 0.3. Cpedcmesa asmomamuszayuu no020mosKu u 6e0-nyoiukayuu OanHblx
6 mexnonozuu MapServer / [Ipobnemol ungpopmamusayuu pecuona. ITUP-2009: Mamepuanet XI Beepoc-
cutickou HayuHo-npakmuyeckoll kongepenyuu. / Kpacrnospcx, COY 2009. — C. 148-150.

2. Axybavinux O.3., Kadounukos A.A., [lonos B.I', Toxapes A.B.. Mooenv ceourpopmayuonto ananu-
muueckoi Mnmepnem-cucmemvl 0Jis AHAIU3A COCMOsSIHUAL U npesenmayuu pecuona // Becmuux Cubl’AY,
2009, Boin. 4 (25). — C. 61-66.

3. Tile Map Service Specification. / The Open Source Geospatial Foundation [Dnexmponnwiti pecypc] —
<http://wiki.osgeo.org/wiki/Tile Map Service Specification> (21.03.2014).

4. OpenGIS Web Map Service (WMS) Implementation Specification. / Open GIS consortium. [Dnex-
mponnwill pecypc] — <http.://www.opengeospatial.org/standards/wms> (21.03.2014).
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Database of environmental information

Sklyadneva T.K., Kozlov A.V., Davydov D.K., Fofonov A.V, Rasskazchikova T.M.

V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
E-mail: tatyana@iao.ru

regularly conducted since 1989. The continuous monitoring of meteorological parameters (temperature,

humidity and wind direction), gas and aerosol composition of the surface layer of the atmosphere at three
points: in the city, the suburbs (in the northeast outskirts of the city) and the background area (60 km west of the
city) has been carried out. The regular aircraft measurements of the atmosphere have been conducted since
1997 by Laboratory of Atmosphere Composition Climatology, which resulted in a variety of material obtained
from the concentration and chemical composition of atmospheric aerosols, atmospheric gas composition. From
2004 to 2010 a number of ecological researches of the industrial cities was completed with the help of a mobile
ground station.

According to the results of the research, the large amounts of data have been accumulated. To apply the
collected material efficiently it was necessary to develop a universal format for the data and organize them in a
way, which allows searching, access and processing the data. A system of collecting geophysical data has been
worked out and the database structures of measurement complexes have been formed. The developed database
consists of four major blocks:

1. Geophysical Monitoring Database.

2. Synoptic database.

3. Database of aircraft atmosphere measurements.

4. Database of measurements in the cities.

The work is supported by RAS Presidium Program No. 4, RAS Department of Earth Sciences Program No.
5, SB RAS Integration Projects Nos. 35, 70 and 131, RFBR grants Nos. 14-05-00526 and 14-05-00590.

In V.E. Zuev Institute of Atmospheric Optics the measurements in the atmospheric surface layer have been

Basbl AaHHbIX 3Ko/I0rnMYecKomn VIH(I)OpMaLl,VIM

Cknapnesa T.K., Ko3nos A.B., [laBbigoB [1.K., ®odoHoB A.B., Pacckazumkosa T.M.

WUHcTtutyT onTukm atMocepbl uM. B.E. 3yea CO PAH, Tomck, Poccua
E-mail: tatyana@iao.ru

B NpH3eMHOM ciioe arMocdepbl. OCylIecTBIsSETCs HENPEePbIBHBIT MOHHTOPUHI METEONapamMeTpoB

(TeMmepaTyphbl, BIaXXHOCTH, CKOPOCTH U HAIIPABJIEHUS BETPa), TA30BOTO M a3PO30JILHOTO COCTaBa MpH-
3eMHOTO citost arMocdepsl Ha TOR- cranmmu [1] u aAByX monuronax. Oaun (0a30BBIH 3KCIIEPUMEHTAILHBIN
rxomruieke (BIK)) pacmonoxeH Ha ceBepO-BOCTOYHON OKparHe Topojia, BTopoii («DoHOBINY) - okoito 1. Kupe-
€BCK, HaxojsmIerocs B 60 KM K 3amanay oT ropoja Ha 6epery p. O6u. Ha 060ux monmronax ycTaHOBJIEHbI UJIEH-
TUYHBIC ABTOMATHIECKHE KOMIUIEKCHI TOAPOOHO ONMCaHHbIE B [2].

CotpynHukamu J1abopaTopry KJIMMATOIOTHH atMochepHoro cocrtasa ¢ 1997 . Takke MPOBOAUTCS PEry-
JISIPHOE CaMOJIETHOE 30HAMPOBaHUE aTMOC(hEephl, IO pe3yabTaTaM KOTOpOTro MOIydeH pa3Ho0Opa3HbIil MaTepH-
aJl 710 KOHICHTPAIMU ¥ XUMUYECKOMY COCTaBy aTMOC(EPHOro a’spo30Jisi, Fa30BOro cocTaBa arMocdepsl. B me-
puon ¢ 2004-2010 r.T. ¢ TOMOIIIBIO MOOMIEHOM HA3eMHOM CTAHITUU OBLT BBITIOJIHEH PSJT SKOJIOTUYECKHUX 00CIIe-
JIOBAaHWH MPOMBIIIJICHHBIX TOPOJIOB.

[o pe3ynbraTtaM MPOBOAMMBIX UCCIEIOBAHUII HAKOIJIEH 00JbIIOi 00beM naHHbIX. s addexTnBHOTrO
UCIIOJIb30BaHUsl COOPaHHOTo MaTepHasa BO3HUKIA HEOOXOMUMOCTh pPa3padoTaTh eIMHYI0 GOpMy TpeacTaBIe-
HUSI J]AHHBIX U OPraHU30BaTh MX TaKUM 00pa3oM, 4TOObI 00ECIeuUTh BO3MOXKHOCTh ONEPATUBHOTO TOMCKA,
BBIOOPKH 1 00paboTKH AaHHBIX. PazpaboraHa cuctema coopa reodusnyeckoit uadopmaiu u chopMUpOBaHEI
CTPYKTYpbI 023 TJaHHBIX U3MEPUTEIHHBIX KOMILJICKCOB.

Pazpaborannas 6a3a nanubix (b]) cocrouT U3 4eTsipex KpymnHbIX O5okoB: b/] reodusmueckoro MOHUTO-
punra, b/l camonerHoro 3ouaupoBanus armocdepsl, bl odcnenoBanus roponoB, cuHonTu4eckas b/

B/l reopuznyeckoro MOHUTOPUHTA

B/l reopu3ruecKoro MOHUTOPHHTA COIMEPIKHUT:

a) nanuble n3Mepenus Ha TOR-cranmmm: mereomapamerpsl, CO,, CO U KOHIEHTpaLUH a’po30is (¢
1993 1); O; (¢ 1989 1n); NO,, SO,; cymmapuyto paguanuio (¢ uroHs1994 r.), ynbrpaduoaeToByIO paanuaIiiio (¢
HOs0ps 2002 1).

B Wucruryre ontuku armocdepsl um. B.E.3yesa CO PAH ¢ 1989 rona BeyTcst perynsipHble H3MEpeHuUs
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0) manuble m3Mepenus Ha BOKe u na monmmnrone «®oHoBEI» Ha BEIcoTax 10, 20,30 1 36 M ot 3emutu:

B3K — mereomapametpsl; CO,, CO u KoHIEHTpanuu a3po3ois (¢ cerrsopsa 2008 r); NO,, SO,, O, (des-
pans 2009 1.); CH, u obmmee conepxanune yrieBogoponos (c utonst 2009 1.); meran (¢ mast 2011 1).

«®oHoBbII» - MeTeonapamerpsl, CO,, CO, NO,, SO,,0,, anpo3omns (¢ urors 2009 1)

Ha puc.1 npencrasieHa cxema cOopa U XpaHEHHs JaHHBIX OT U3MEPUTEIBHBIX KOMITIEKCOB. baza maHHBIX
pa3paboraHa TakuM 00pa3oM, 4To J00aBICHNE WIH YIAICHNE N3 KOMITIEKCOB KaKOTo MO0 Mprdopa He MOoBJIe-
4eT 3a co00 M3MEHEHHUH B IPOrpaMMHOH 1 allapaTHON 9aCTH CUCTEMBI B LIEJIOM.

Ha TOR- crannuu, monmuronax bOK n «©oHOBEI» YCTaHOBIEHO HACHTUYHOE TIPOTrpaMMHOE obecreye-
uue (I10) u nmokanpHBIe 6a3bl JAHHBIX UMEIOT OJUHAKOBYIO CTPYKTYpy. JIokampHBIEe 0a3bl JAHHBIX COCTOAT U3
YeThIPEX TAOJHIL: Ta30BbIi COCTaB; METEONapaMETPhI; a3PO30JIbHBIN COCTaB; BPEMEHHAsI Ta0IHIa.

Bpemennas Tabnuma npeaHazHaueHa sl XpaHEHUs TeX JNaHHBIX, KOTOPBIE ObIIIM HAKOIUICHBI TIOCIIE TO-
CIIEZIHETO ceaHca U elle He Obutn repenansl. Ha3sBanus apyrux Tabiamil roBOpST caMu 3a cedsl.

Nporpamma
c5Oopa ABHHLX TOR CTaHUMUA
" Oudp. Garapen TOP craywa
'y
Noxansnan Boswewsan | 2 M= —————————————— -
Basa garssix Baaa gaHHex I Fnasweii xopnyc : !
| | hadn
A3poaone I :
-
Meareo | o no-;a:;;a:! H
lasoesst cocTas I J Gaa :
| Aapoaons I T S -
| Mearteo | I I |
| Fa308bid COCTa0 - |
! Dwp. Barapen 1™ MNporpamma oBpaGorm |
I : I BariHoix :
| : : v I
1A I 1 Noxanwkas
| OGuwan | i
DOHOBbLIN ! Obuan o | ! ! 5939 AB-HoIX |
I |
A3polons
Mporpamma I : 1 2::;,,, Aspox I
cBopa aarnix I i : R@HHBD i & cocram| |
I : ] Dupep. Garapen I
|
. . : : L [y |
NoxansHan Bpamareian . Caur le | | Mporpamma nocTpoerme
Ba3a Aarsbix Ba3a fanHbix : hitp:/op.iac.ru : I rpadukos I
a | I 1 |
AIpcaone | I ; |
e | B :
la30BbIA COCTaE 4 Oudd. Garapen 1
Garapen | ] i
et e j |Mabopavopwn |

W3mepeHus ra30BOro cocTaBa Ha MOJIMTOHAX YCIOBHO MOXKHO Pa3JeNNTh Ha YETHIPE dTara: KaIMOpoBKa;
n3Mepenune ¢ HikHero ypoBHs (10 m); n3amepenus ¢ Bepxuero ypoHs (30 M); nmepenada naHHbIX. VizmMepenus
a’pO30JIBHOIO COCTaBa U METEONapaMETPOB MIPOUCXOIUT B IIEPBBIE JECITh MUHYT KaXKJOT0 Yaca.

[Mocne kaxxa0ro dTarna NPOUCXOANT COXpAaHEHHE JaHHBIX B COOTBETCTBYIOIICH Tabmmie. DTH ke JaHHbIC
COXPAHSIOTCS ¥ BO BPEMEHHOH Tabmuie.

Ha nonuronax oTcyTcTBYeT NOCTOSIHHAS CBSI3b, IOITOMY II€peiada JaHHBIX OCYILECTBIISETCS OIUH pa3 B
Yac ¢ MOMOIIbI0 MOOMIIHHOM CBsI3H. B Ha3HaueHHOE BpeMsi MOJIEM, Yepe3 CETH MOOMIILHOTO OIepaTopa Ioiy-
yaeT NOCTyN K MHTEPHETY. YCTaHABIMBAETCS CBSI3b C LIEHTPAIbHBIM cepBepoM. Haunmnaercs nepenada usme-
PeHHBIX JTaHHBIX. ECi ke 110 KakuM TO MPUYMHAM OTCYTCTBOBaJA CBSI3b M JIAHHBIC HE OBIIM IepelaHbl, OHN
OCTaIOTCS BO BPEMEHHOW TaOJIHIle, OXKU/Ias IIepeiadr B CIICTYIOIEM Jace.

IlepenanHble naHHBIE MONMAJAIOT Ha LEHTPAIIBHBIA CEpBEpP, KOTOPBIA YCTAHOBJIEH B INIABHOM KOpITyCe
HOA CO PAH. 3arem nmporpamma o6padotkn nanaseix (ITO/]) cunTeiBaeT UX ¥ IPOU3BOJNT PE3EPBUPOBAHHE.
Kak ObI10 cka3aHO BbIIIE, KaXKIbIi IMOJMTOH UMEET TPU pa3iiyHble TaOmuIbl (He cunTasi BpEMEHHYIO). JTO
yRoOHO /1t paboOThI CUCTEMBI, HO HE YI00HO UISl TTOMYYEHHs M aHaJIM3a JaHHBIX MOJB30BaTeleM, T.K. IIpH-
JI0CH OBl UMETH JIENIO C TPEMs TaOMHIAMH Pa3IMYHOro (popMara. B 4acTHOCTH OHM MOTYT OBITH HE CBE/ICHBI
o Bpemenu. [Toaromy I10/] popmupyet onHy 001mryro 6a3y QaHHBIX, 1€ XpaHITCS BCE TaHHBIE CO BCEX IOJIH-
TOHOB. B aT0li 6a3e kaxas 3anmuch (CTpOKa) COOTBETCTBYET OIHOMY 4acy. Ecin Ha kakoM 100 MOJIHUTOHE B 3TO
BpeMsl HEe U3MepSIICS KaKoH-To rmapamMeTp, TO BMECTO 3HAUCHHMS YCTaHaBIMBAETCs CIell. 3HadeHne — “N/A”.
Nmes exnHyto 6a3y, MONb30BaTEIbh MOXKET OHOBPEMEHHO BHIOPATH JIIOOYI0 KOMOMHAIMIO H3MEPSIEMBIX T1apa-
METPOB C Pa3IHYHBIX OTUTOHOB.

[ocne pe3epBrpOBaHMs U TPEBAPUTEIEHON 00paOOTKH JaHHBIX IMPOUCXOIUT ITOCTPOCHNE BPEMEHHOTO
X0Jla U3MEpSIEMBIX MapamMeTpoB. [ paduKu CyTOUHOTO, HEJIETILHOTO ¥ MECSIYHOTO X0/a IyOIMKYIOTCSl Ha caiTe
naboparopu (lop.iao.ru) ¥ MperoCTaBISIOTCS ISl TPOCMOTPa BCeM xkemaromuM. CaMu jke YUCIIOBBIE 3HaYe-
HUS IapaMEeTPOB JOCTYITHBI TOJIBKO IOCIIE aBTOPU3ALMH 0JIb30BATEN .
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SESSION 6

B/l caMo/1eTHOT0 30HAMPOBaHUs aTMOC(epbI

B/ conepsxuT naHHBIE CUCTEMATHYECKUX CaMOJIETHBIX HCcieJoBaHni B paiione Kamens-na O6u HoBocu-
6upckoii obnactu (c 1997 r):

a) ra3oBbIC M a3pO30JIbHBIE KOMIOHEHTHI armocepsr: O;, CO,, CO, NOy, SO,, cyeTHOE pacnpereieHue
a’pO030JIst IO pa3Mepam;

0) MeTeoposIorHYecKre U HaBUralMoOHHbIe mapaMeTpsl: BpeMs 1o GPS GMT, BeicoTy moneTa, ImmpoTy 1
JIONTOTY, TEMIIEPAaTypy ¥ OTHOCUTEIBHYIO BIaXXHOCTh BO3/yXa, aTMOC(epHOE JaBlIeHHE, CKOPOCTh M HalpaB-
JICHHE BETpa, CKOPOCTh (IIyTEBYIO M BO3IYIIHYIO) U KypC caMoJeTa, Yroj KpeHa M TaHTaka caMoJjeTa, yroi
CHOCa camoJIeTa.

Co6op nannbix Ha 6opTy CMJI ocymectsisiercst npombiiienHoit CCJl dupmsr National Instruments.

B oTin4me ot cTannoHapHBIX KOMIUIEKCOB, H3MEPEHHBIE JAHHBIE COXPAHSIOTCS B JIOKAJIBHOM IUPEKTOPUH
MIPOMBIIIJICHHOTO KOHTPOJUIEpA B BU/IE TEKCTOBBIX (DailyIoB, N3 KOTOPHIX B AaibHeHIeM B Jaboparopun ¢op-
MHpyeTcst o0mmas 6a3a JaHHBIX CaMOJICTHOTO 30HANpoBaHus. O0mas 6a3a JaHHBIX CAMOJIETHOTO 30HIUPOBA-
HUSL POPMUpYETCS Ha OCHOBE M3MEPEHHH ra30BOro cocTaBa arMochepbl, H3MEPEHHH AUCTIEPCHOTO U XMMUYe-
CKOTO COCTaBa a3pO30JIsl.

ba3a naHHbIX 00c/1e10BaHMS TOPOI0B

B/l conmepXuT pe3ynbTaThl SKOJOTMYECKHX O0CIECIOBaHMI MPOMBIINIICHHBIX TOPOJOB C IOMOIIBI0 MO-
OmmpHOM HazemHO# craHun [3] (2004-2010 rT.): Temmeparypy, OTHOCHTEIBHYIO BIaKHOCTh, CKOPOCTh M Ha-
npasienue Berpa, SO,, NO, NO,, O,, H,S, NH; ,CO,, CO, nucnepcHsblil cocTaB a3po30isl.

Kaxk n B cimydae ¢ CMJI, 3armuch pe3yabTaToB OCYIIECTBIISETCS B TEKCTOBBIN (haiii, TOMOIHNTEIHHO CO3/1a-
10TCSI OJIOKH «MapIIpyThI» - HEOOXOANMBIE TIPH KapTHPOBAHWUH 3arpsSI3HEHUH U «IIYHKTBI» - TaHHBIC O paiioHe
uccaenoBanus. O6padoTka n popMupoBaHue 0a3bl JaHHBIX OCYLIECTBIISCTCS B JIAOOPATOPHH, IO 3aBEPIICHHIO
TEKYIIIETrO CCIIET0BAHMS.

CuHonTnuyeckasi 6a3a JaHHBIX

[MapamnensHo 6a3e NaHHBIX Te0(U3NIECKOr0 MOHUTOPHHTA pa3paboTaHa M BeeTcs CHHONITHYECKas Oa3a
JTAHHBIX.

baza maHHBIX CONEPKUT exKedacHbIEe JaHHbIC O KOJMUYEeCTBE 00Iel U HIKHEH obnagyHocTH, opme oba-
KOB, ITOTOJTHBIX YCJIOBHSIX (HAIMYHE OCAKOB M aTMOC(HEPHBIX SBICHUH), a TAK)Ke CHHONTHYECKUX CUTYalusX,
B KOTOpBIE BKIIFOYAIOTCSI TUI BO3AYIIHOM MAcChl M XapaKTepHbIE TepMobapruieckue 3neMeHTs ¢ 1993 o Ha-
cTosIee BpeMs. AHAJIN3 CHHONITHYECKUX YCIIOBUH MPOU3BOANTCS 1O MPU3EMHBIM CHHONITUYECKUM KapTaM U
KapTaMm 0apHdeckoi Tornorpadyy, C y4eToM €KEeHaCHBIX METEOPOJIOrHIEeCKUX AaHHBIX, TOJy4aeMbIX Ha CTaH-
MM MOHMTOpUHTa arMocdepHbIx mapamerpoB MOA CO PAH.

Paboma evinonnena npu noodepoicke npoepammot Ipesuouyma PAH Ne4, npoepammer OH3 PAH Ne5, me-
arcoucyunIuHapuslx unmezpayuonnvix npoexkmos CO PAH Ne35, Ne70 u Nel31, epanmoe PODPU Nel4-05-
00526, Ne14-05-00590.

Jlumepamypa:

1. Apwunos M.IO., bearau b.J[., Jlaévioos /[.K. u Op. Asmomamuyeckuii nocm 015 MOHUMOPUH2A MATILIX
2a308bIX COCMABNAIOWUX AMMOCHepHo2o 8030yxa // Memeoponozus u cudponoeust. 1999. Ne 3. C. 110-118.
2. Apwunos M.IO., benan b.J[., /laévioos /I K., Henes I'A., Koznos A.B., Ilecmynos /. A., [loxposckuii
E.B., Toimaues I H., @oghonos A.B. [locmol 0151 MOHUMOPUH2A NAPHUKOBLIX U OKUCTSTIOWUX ammocepy
2az08 // Onmuka ammocg. u oxkeana. 2007. T.20. Ne 1. C. 53-61.

3. Apwunoe M.IO., benan B.J[., /lasvioos /I.K., Henes I'A., Koznoe A.B., [lecmynog J].A., [loxposckuil
E.B., Cumonenxos JI.B., Yocezo6a H.B., @oghonos A.B. Mobunvnas cmanyus AKB-2 u ee npumenenue na
npumepe 2. Tomcka // Onmuxa ammoce. u oxeana. 2005. T.18. Ne 8. C. 643-648.

Total cloudiness estimation using unshaded pyranometer
Zolotov S.Yu., Zuev S.V.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: Sergey-Zo@yandex.ru

adiation balance of the earth’s surface is most important component of the heat balance and is one from
the main climate factors. The actual direct solar irradiance at the top of the atmosphere is S, = 1347 W/
’, but it partially diffused in the atmosphere and partially heats her. Thus, nearly 85% of total solar
radiation reaches the earth’s surface in which the shortwave range (from 0.17 to 4 um) is 99%.
Shortwave radiation balance equation has the form

Bk:Q_Rk’
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where Q is total solar radiation at earth’s surface, R, is the reflected shortwave radiation (A <4 pm).
Total solar radiation at earth’s surface is calculated as
0 =S8"+D,

where S’is the direct solar radiation at horizontal surface, D is the diffuse solar radiation.

The cloudiness has a significant role in the radiation balance of the earth’s surface. Total solar radiation
has its maximum at a cloudless sky and decreases with overcast sky or closed solar disk. The authors propose
the approach to the evaluation of total cloudiness by analyzing the diurnal variation of the total solar radiation
using unshaded pyranometer. The measurements are taken at the meteorological site using pyranometer Kipp
& Zonen CM-11.

Amount of cloud can be calculated by the following formula

100, -9)

b=—="—-

Or ’
where Q, is total solar radiation at a cloudless sky, O, is the absorbed solar radiation by overcast sky, O is
the total solar radiation measured at earth’s surface.

OueHKa obuero 6anna 061a4yHOCTV No AaHHLIM
He3aTeHeHHOoro NMpaHoMeTpa

3onortos C.10., 3yes C.B.

MHCTUTYT MOHMTOPUHIa KNUMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
E-mail: Sergey-Zo@yandex.ru

aJIMaiMOHHBINA OajaHC 3eMHOM TTOBEPXHOCTH SIBIISIETCS] BAXKHEHIIINM KOMITOHEHTOM TEIUIOBOTO OanmaHca
Y OJIHUM U3 OCHOBHBIX KIIMMaToo0Opasyronux ¢akropos. Ha BHeIHIO rpaHuily arMoc(epbl OT COJTHIIA
nocrynaer pamuanus S, = 1347 Br/m’. TIpoxonst ckBo3b arMocdepy, COTHEUYHas pajualis YaCTHUHO
paccemBaeTcs, a YaCTUYHO UIET Ha ee HarpeBanue. Okoio 25% sHepruu npsMoil COTHEYHON paTuaIiuy mepe-
XOIUT B atMocdepe B paccesHHyro paauanuto, 70% u3 KOTOpOH JOCTHraeT 3eMHOW MOBEPXHOCTH. Takum
obpazom, cyMmmapHO TouTH 85% COTHEUHOW paguariiy JOCTUTAET 3eMHON MMOBEPXHOCTH, TJI€ MOTIIOMAETCS U
HarpeBaeT ee, a YaCTUYHO oTpaxkaercst. [Ipu TOM Ha KOPOTKOBOJHOBYIO YacTh PaJHallii B HHTEPBAJE UINH
BoiH oT 0,17 10 4 MKM Ha TpaHuIie 3eMHOM aTMocdepbl puxomuTces modtu 99% Beei SHepruu CONHEYHOI pa-
JIUAITIN ¢ MAKCHMYMOM Ha JUTHHE BOJTHBI A = 0,475 MKM.
VYpaBHeHuUe OanaHca KOPOTKOBOJIHOBOM pajinaliii UMeeT BUJT
B,=0Q-R,
rae O — cyMMapHasi COJTHEUHAs paJuaIs; R, — OTpaKCHHAsT KOPOTKOBOJHOBAs paguarys (A < 4 MKM).
CyMMapHasi COTHeUHasl pauanus OnpeaesIeTCs KaK
0=5"D,

rae S’— mpsiMasi CoJIHeUHasl paJuanys Ha TOPH30HTAIBHYIO IOBEPXHOCTE; D — paccessHHas COJTHEYHAs pa-
JMaIys, TOCTYTIAoMIas CO BCEro HeOOCBOA, 3a HCKITIOUEHHEM IPSMON COTHETHON paauaryy S .

3HAYATENBHYIO POJb B paIUAIIIOHHOM OajlaHCe 3eMHOM TTOBEPXHOCTH UTPAET 00Ia9HOCTD — € BUJ, KO-
YEeCTBO, BEICOTA, CKOPOCTH U HaIlpaBJIcHNE ABIbKeHM. [Ipu 6e300maunoM Hebe cyMMapHas paguars TOCTHTa-
€T CBOETro MakcuMyMa. YacTiuaHast 00JIaYHOCTh, HE 3aKPHIBAIOIIAS COTHEYHBIH THUCK, YBETHMUNBACT CyMMAapHYTO
panuaIyio 3a CUeT YBEIMICHHUS BETMUNHBI paccestHHOM. [1pn criomuoit 001a9H0CTH MITH TP 3aKPBITOM COJI-
HEYHOM JMICKE CYMMapHas paraIiis yMEHBIIaeTCs.

O1eHKyY KOTHYEeCTBa 0OJTaYHOCTH, HAPSTy C TPAAUIIHOHHBIM BU3yalIbHBIM CIIOCOO0M, MOYKHO TTPOBOAMTE C
TIOMOIIIBIO CTIEIHANBHBIX M3MEPHUTENICH, HCIIONB3YIOMNX Pa3NuYHble (U3MdecKue MPUHINIBL. ABTOpaMHU
TIpeJIaraeTcs MOIX0 ] K OlleHKe 00mero 0aira 00IaqHOCTH Iy TeM aHaAIN3a CYTOYHOTO X0JIa CYMMAapHOH coll-
HEYHOU paJIaIiiy 110 JTaHHBIM He3aTEeHEHHOTO MUpaHOMETpa.

Wsmepenns mposomsarcs Ha Meteoriomaake MMKIC CO PAH ¢ momomrsio mupanometpa Kipp & Zonen
CM-11, ucnionmaenHoro no sropuaaoMy cranaapty ISO 9060 ¢ morpemnocThio n3Mepenus He 6onee 3%. 3Ha-
YeHHUS CYMMAapHOH paJraIiy MOIyJatoTCs IyTeM OCPETHEHUS 15-TH MIHOBEHHBIX H3MEPECHUH, MTPOXOANBIITHX
yepes KaxkIpie 2 cex.

Ha puc. 1 B xauecTBe mpumepa MpencTaBieH rpaduk CyTOYHOTO XOIa CyMMapHOH paauanuy 3a 20 mas
2012 1., orpaHUYCHHBINA yIIIaMU CTOSHUS conHIa 2 = 30° (m = 2), 1o KOTOpOMY MOKHO CYIHTBH O XapakTepe
o0magHOCTH.
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Puc. 1. CyTouHbIv
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Bpema nameperma

Kaxk BugnO 13 puc. 1, o 11:10 HeGo 6bL10 TOTHOCTHIO MOKPBITO 0Onakamu (10 6ayutos). [Tocne 11:10 u 1o
13:30 Oba nepemenHas o0naqHoCTh (4—6 6ayuIoB), a B KOHIE THS HEOO OBLIO MpakTHYecKH 0e30071a4HbIM.
Takne BBIBOABI MOATBEPXKIAIOTCS AaHHBIMU MHCTPYMEHTAIBHBIX 2-X MUHYTHBIX M3MEpeHHH o0Iero Oasa
00J1a4HOCTH, IPOBOJUBIIMMHUCS B 3TO BPEMSL.

[To nmeromMMcs TaHHBIM CyMMapHO# coiHewHOH paauaimu (¢ mapra 2006 r.) Oamt obmieit 001a9HOCTH
MO)KHO PacCUMTHIBATH MO CIEAYIOIIEH Gopmye:

5 100,-0)
Or ’

rae b — BenmmumHA obmiero 6amta obmagnoctd, J, — CyMMapHasi COTHEYHAsI paararus mpu 06e3001aqHoM
Hebe, O, — paguanus, IMOTIOMIEHHAS CIUTOIIHBIM 00JIa9HBIM TOKPOBOM, (0 — M3MEpeHHast CyMMapHasi COJTHEY-
Hasl pagnams.

JanpHeWuui aHaJIu3 CTAaTUCTHKHU Psiia U3MEPEHHOW CyMMAapHOW COJIHEYHOH pagualuy U UMEIOIIUXCS
JTAHHBIX MPSIMbIX HAONMIOACHUH 10 00IauHOMY ITOKPOBY MO3BOJIHT OTIPENENATE HE TOMBKO Oayt obmiei obmad-
HOCTH, HO TaKKe €€ THUI U CKOPOCTh IMTPOXOKACHHS 110 HEOOCKIIOHY.

Using unshaded pyranometer for measuring solar radiation
components in the automatic mode

Zuev S.V., Krasnenko N.P., Kartashova E.S., Barmin V.V.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: zuev@imces.ru

he solar radiation is the determining factor for the formation of climate and weather. Almost all of it is

concentrated in the spectrum range from 0.3 to 4 micrometers, therefore, instrumental measurements of

shotwave radiation balance components are very important. Total solar radiation Q is the main compo-
nent for it and is expressed as Q = S'+D, where S’ = S-sin 4 is direct solar radiation S on the horizontal plane at
the height of the sun above the horizon /# and D is diffuse solar radiation.

In the automatic mode often is measured only the total radiation Q using a single unshaded pyranometer.
The main drawback of this approach is impossibility to split the values of the direct and diffuse component
from total radiation. Such separation may be required to correcting the total radiation QO depending on zenith
and azimuth of the sun for a low class pyranometers (e.g. M-115M) when error can reach 20-30%.

The authors propose a method for estimating and, if necessary, correcting of solar radiation data when
clouds using like shade disk for unshaded pyranometer. The values of diffuse radiation D are determined ac-
cording to the diurnal variation of the total radiation Q for broken and variable cloudiness in moments of direct
radiation absence. The possibility of such an approach follows from the fact diffuse radiation is varies linearly
depending on the height of the sun and the transparency of the atmosphere and does not depend on the degree of
closing the solar disk by clouds.
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Figure shows an example of the diurnal variation of total radiation O on which you can confidently iden-
tify moments of fully closed sun and Q = D. Using these minima we can plot a parabolic regression describing
the diurnal variation of diffuse radiation for the ideal case. For more accuracy we can plot a piecewise-linear or
-polynomial regression using all minima total radiation Q lying below of the solar irradiation level. Using this
approach for determining S we can also estimate duration of solar irradiation and atmospheric transmission P
and turbidity T coefficients using standard procedure.

cnonb3oBaHWe He3aTEHEHHOIo Nn1paHoMeTpa
anAa NSMepeHUA XapakTepnuctnk CoJiHe4YHoro n3siyy“yeHu1A
B aBTOMaTn4eCKOM pexxnme

3yes C.B., KpacHenko H.[1., Kaprawosa E.C., bapmuh B.B.

MHCTUTYT MOHMTOPUHIA KNUMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
E-mail: zuev@imces.ru

YUHUCTasi SHEPIUsl COJTHIIA, TPUXOASANIAs K 3eMHON MOBEPXHOCTH, SIBJISIETCS IIaBHBIM (pakTopoM B (op-
MHPOBaHMH KJIUMara U moroasl Tepputopuit. [Tourn 98% ee cocpenoToueHo B KOPOTKOBOIHOBO# 001a-
ctu criektpa ot 0,3 10 4 MxM. [ToaTomMy ocoboe 3HaUeHHE TPHOOPETAIOT HHCTPYMEHTAIBHbIE H3MEpe-
HUS 2JIEMEHTOB PAJHAIIOHHOTO PEKUMA, OTIPEISIISIONINX OanaHc KOPOTKOBOJIHOBOW paauarwH [ 1, 2], ypaBHe-
HHUE KOTOPOTO UMEET BH
B,=0-R, =S*D-R,

rae Q =S’+ D — cymmapHas conHeyHas paguanust; S’ = S-sin 4 — npsiMasi ColHeYHas pauarust S, mpuxo-
Jsiasi Ha TOPU3OHTANIBHYIO TTOBEPXHOCTH ITPU BBICOTE CTOSIHUS COJIHIIA HaJ TOPH30HTOM /; D — paccesiHHAs
COJIHEYHas pafnaIs; R, — OTpaxeHHast KOPOTKOBOJHOBAS pajualiysl.

CranjapTHasi OL€HKA BETMYMHBI CyMMapHOM painanyy NpOU3BOJUTCS C MOMOIIBIO aKTHHO-METPa, U3Mepsi-
IOIIETO MPSAMYIO COJIHEUHYIO PAJHALHIO S, U 3aT€HEHHOTO TMPAHOMETPA, U3MEPSIOIIET0 PACCESHHYIO pafualuio
D. CymmapHy0 paiualuio TaKkKe MOXKHO OLIEHUTH C TIOMOILBIO TOJIBKO OHOTO MUPAaHOMETPA, JUI Yero Mmooue-
PEIHO TOJYYaroT 3HaUSHUsI COJTHEUHOM pajinaiiiy IIpH 3aTeHEHHOM M He3aTeHeHHOM rupanomerpe [1]. B oboux
CITyJasix TIpH U3MEPEHNH B PyYHOM pekMMe TpeOyeTcst IPHCYTCTBHE METEOPOJIora-Ha0FoaaTesIst MK JUIsl HaBe-
JICHUS Ha COJIHIIE aKTMHOMETpa WX AJIsl CMEHbI NOJIOKEHHUS 3aTEHSIIOIIET0 3KpaHa MUpaHo-MeTpa. g usmepe-
HUSI CyMMapHO! paJyaliii B aBTOMaTH4eCKOM PEXXUMeE IPUMEHSIOTCS Pa3INUHbIe YCTPOUCTBA CIEKEHUS 3a COM-
HIIEM, T.H. TPEKepHl, IMEIOLINE JOBOJIBHO OONBIIYI0 CTOMMOCTh M TpeOyIOIIne UCTOYHUKH NuTaHus. [loatomy
JOCTaTOYHO OOBIYHOM MPAKTHKOH B aKTHHOMETPHYECKUX U3MEPEHUSX B aBTOMATHYECKOM PEXNUME CTaHOBUTCS
OLIEHKa CyMMapHOH pajualnuy ¢ MOMOIIBI0 OJMHOYHOIO HE3aT€HEHHOro mupaHomerpa. Hemocrarkom Takoro
crioco0a SIBISIETCSI HEBO3MO)KHOCTB BBIJIEIIUTH U3 BEIMYMHBI CyMMapHOU paguaryi () 3HaYeHHsT COCTaBIISIONINX
ee paccessHHOM D u ripsiMoii paguaryn S’ . Y ecin 1711 COBpEMEHHBIX MMPAaHOMETPOB BBICOKOTO (T10 KilaccH(pHUKa-
nun BMO) kauecTBa 3T0 He KpUTUYHO BBUY UX MaJIOH 36HUTHOM U a3UMYTaIbHON MOrperHocT! B 1-3%, To st
ITMPaHOMETPOB XOPOILETO M CPETHEro KauyecTBa MOXKET OTPEOOBATHCS KOPPEKLUS 3HA4eHUH S’ B 3aBUCUMOCTH
OT MONOXKeHUs conHua. Tak, it u3mepurenei tuna M-115M, koTopsle ele JOCTaTOYHO MIUPOKO UCIOIB3YIOTCS
B HAy4YHBIX MCCIIEJIOBAHMSX, TaKasi KOPPEKIHs IPOCTO HEOOXOAMMA, T.K. OIIIMOKa B OIIEHKE CYMMapHOH pauariiu
TIpU 3TOM, 03 y4eTa 3eHUTHOTO F), ¥ a3uMyTalbHOTO F, ITONPaBOYHBIX MHOXKHUTENEH JUIst S’, MOXKET JOCTUTaTh
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SESSION 6

20-30%. B Takom ciy4ae JOCTOBEPHO MOKHO TOBOPHTH TOJIBKO O M3MEPEHUH CyMMAapHOH COJHEYHOH payanuu
TIPU 3aKPBITOM COJTHIIE, T.€., Koraa S’ = 0 u, cnegoBarensHo, O = D.

Hamu npemmaraercst crioco0, MO3BOJISIOMINI B aBTOMAaTHYECKOM PEXHUME € TIOMOIIBIO OMHOYHOTO He3a-
TEHEHHOTO NMUPAHOMETpA MOJIy4aTh U, IPH HEOOXOAUMOCTH, KOPPEKTUPOBATh 3HAUYCHUH CYyMMAapHOH COTHEY-
HOI pagnanuu (, 3aKITIOYAIOIIMNCS B HCIIOJIb30BAHUN B Ka4eCTBE 3aTEHAIONIEr0 SKpaHa MUpaHoMeTpa obad-
HOCTB, KaK €CTECTBEHHBIH 3aTEHUTENb COIHIA. BO3MOXXHOCTE TaKoro moaxoaa ciemyeT U3 TOro, 4TO paccesH-
Has paguanus U3MEeHAeTCs JINHEIHO B 3aBUCHMOCTH OT BBICOTBI CTOSHHS COJIHIIA ¥ OT TPO3PaYHOCTH aTMOcde-
PBI ¥ HE 3aBHUCHUT OT CTETICHU IMTOKPHITHS O0JIaKaMH COTHEYHOTO JTUcKa [2, 3].
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Bpemna yameperma

Ha puc. 1 npuBeneH npumep CyTOYHOTO X0a CYMMApHOM paIualiii, 0 KOTOPOMY JTOCTaTOYHO YBEPEHHO
MOXXHO TOBOPHTBH O COCTOSTHUHM 00JauHOCTH (MTACMYPHO, SICHO WJIHM TIepeMEHHasi 00JIaqHOCTh) B OINpPE/ICIICHHbIE
MPOMEXYTKH BPEMEHH U, CJIEI0BATENIbHO, 0 MOMEHTax, korna O = D, (T.e. Korna cojHie ObUIO MOJHOCTBIO 3a-
KPBITO) U TI0 KOTOPBIM MOKHO BOCCTaHOBHUTB CYTOUHBIHM XOJI PACCESTHHON paualIiiy, OT TOYHOCTH OITHUCAHUS KOTO-
POro B IepByIo ouepes OyJIeT 3aBUCETh TOUHOCTh OLIEHKH CyMMapHO paauanni. CyliecTByeT HECKOIBKO BapH-
aHTOB /1711 9TOTr0. Bo-TIepBBIX, ONMCaHUE ¢ TOMOIIBIO TAPaOOIMIECKOH PErpeccry, MOCTPOSHHON 110 MUHUMYMaM
CYMMapHOW paJnanny, MOMyYeHHBIM B MOMEHTHI TIOJTHOCTBIO 3aKphITOro coiHia (mpu S = 0) 11 naeairbHOro
Cllydasi, KOrzia COCTOSIHIE, THII, BRICOTA ¥ KOJIMYECTBO OOJIAYHOCTH HEM3MEHHBI B TEUCHHE BCETO BPEMEHH HU3Me-
peHust. Bo-BTOpPBIX, C MOMOIIBIO KyCOUHO-JIMHEMHON MM KyCOYHO-IIOJMHOMMAIBHON PErpeccuy, MOIy4YEeHHON
10 BCEM MHUHHUMYMaM CyMMapHOH pajifaliiy, JISKaIliM B AUAITa30He 3HAYCHUH OT YPOBHS HaealbHON mapadoim-
YEeCKON perpecchu, 10 YPOBHS COTHEUHOTO CHSHUS, YTO O0JIee TOUHO COOTBETCTBYET CTaHAAPTHOI METOIAMKE H3-
Meperus. CoHeYHOe CHSIHUE, COMNIAacHO [4], eCTh Takoe COCTOSIHHE COJTHEYHOTO JUCKA, TPU KOTOPOM TIpsiMast
CONTHEYHAs panuanys paBHa uiau Oombime 140 Br/M’. Ucxonst u3 3TOT0, YPOBHEM COJIHEUHOTO CHUSIHHSI MOYHO
CUMTATh TaKOE 3HAYEHHE CyMMapHOi paauaruy, koraa Q > D + 140 Br/M’. Ha puc. 2 npuBeien ipuMep TocTpo-
€HUS TTapadOoIMIECKON U KyCOUHO-TMHEHHON perpeccuy CyTOYHOTO X0/Ia PACCETHHOMN paualvy.
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Bpems nameperma
OCHOBHBIMH HCTOYHMKAMHU TOTPEIIHOCTH MHPAHOMETpa SBISIOTCS HETOYHOCTH B M3TOTOBICHHM CTe-
KJSIHHBIX C()epHUECKHIX KOJIMAKOB M CBOICTBA Marepualia MoKpbITHs TepModarapen. J{is ydyera sTux morperi-
HOCTEH KaXKIblil MMPaHOMETpP CHaOKaeTCsl TOBEPOUHBIM CBHUIETEIILCTBOM, B KOTOPOM MPHUBOISTCS TIOIPABOU-
HbIE MHOXKHTEIIH 110 BBICOTE F, M a3UMYTy COJIHIIA F,, MJIIK CEPTU(QHUKATOM U MOJISPHON arpaMMOi, B KOTOPBIX
MIPUBOIATCS IPEACIbHBIC OIIMOKHM N3MEPEHHS B 3aBICHMOCTH OT BBICOTHI M a3UMYTa COJHIIA.
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Ha puc. 3 npuseneH rpapuk HCOPaBIEHHOIO CyTOYHOIO X0Aa CyMMapHoi paguanui Q,.,, IJd IpuMepa
Ha pHUC.2, a TaKXkKe TpapuK MX PACXOKICHHUS B CIIydac MPUMEHEHUS MapadOIHYecKOll perpeccuu CyTOYHOTO
xof1a paccesHHOH paauauuu D. Kak BUaHO, U1 JaHHOTO MPUMEPA 3aBbIIIEHHE CYMMapHOW paualiy Ipy He-
3aKpBITOM COJIHIIE B HEKOTOPBIX CiIydasx MoxeT gocturarb 200 Br/™’.
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Bpema nmepens

CTOUT OTMETHTB, YTO, HCHOJIB3YS MIPE/IaraeMblii Crocod, KpoMe OLIEHKH CyMMapHO# paauanuu QO U ee
cocTaBisIomMX S’ 1 D, CTaHOBUTCSI BO3MOXKHBIM B aBTOMaTHYECKOM peXuMe 0e3 MCIOJIb30BaHHs JOTOIHH-
TEJIBHBIX TPUOOPOB U 000PYAOBaHUS MO TAHHBIM OJIMHOYHOTO HE3aTEHEHHOTO MUPaHOMETpa OLIEHUBATh TAKNE
XapaKTEPUCTUKU COJIHEUHOTO M3ITyUeHHs, KaK MPOAOIIKUTEIBHOCTh COJTHEUHOIO CHUSIHUSA, ONpeaeseMas Kak
BpEMs1, B TEYEHHE KOTOPOTO COJHIIE HE OBIIO 3aKPHITO 00JIaKaMH, a Takxke Kod(duImeHTs mpo3padyHoctu P u
MYTHOCTH arMocgeps! 7 110 CTaHAAPTHBIM METOANKAM, U3JIOKCHHBIM B [ 1, 4].

Jlumepamypa:

1. PyxogoOcmeo 2uopomemeoponocuieckum CmaHyusm no akmunomempuieckum Haoniooenusim / [1oo
peo. I'1l. I[yvwuna, E.I1. bapawxosoi. JI.: I'uopomemeousoam, 1973. 224 c.

2. Cuskos C.HU. Memoovi pacuema xapaxmepucmux cotneunol paouayuu. J1.: I'uopomemeoponocuue-

ckoe usoamenvcmeo, 1968. 232 c.

3. Ammocghepa. Cnpasounuk (cnpasounsvie dannvie, mooenu) / I1oo peo. FO.C. Cedynosa. JI.: I'uopome-
meouszoam, 1991. 511 c.

4.  Hacmasnenue 2uopomemeoponocuieckum cmanyusim u nocmam. Memeoponocuyeckue nabnooenus
na cmanyusix. Yacmo 1/ 1100 peo. I'U. Cnabrosuua. JI.: I'uopomemeouszoam, 1985. 301 c.
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The diurnal variation of carbon dioxide, methane, water
vapor and air temperature in the mezooligotrophic peatland

'Lapina L.E., “Mikhaylov 0.A.

' Department of Mathematics Komi SC UrD RAS, Syktyvkar, Russia
? Institute of Biology Komi SC UrD RAS, Sykrtyvkar, Russia
E-mail: lapina@dm.komisc.ru, mikter@mail.ru

SESSION 6

or the regional climate modeling and possible climate change the research of carbon and methane bal-
ance, and a number of physical processes and characteristics is needed. Studying the process of evapora-
tion is necessary, for example, to explore the water balance of river basins and drafting appropriate
mathematical models. Research was conducted by the Institute of Biology in May 2012 in the mesooligotro-
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SESSION 6

phic peatland Medla-Pev-Nur located in the middle taiga subzone in the European North-East of Russia (40 km
north-west from Syktyvkar, Komi Republic, 61° 56’ N 56° 13’ E). The measurements of all parameters were
made using the eddy covariance technique. The system included open-path gas analyzer (Li-7500A, Li-Cor
Inc., USA) and ultrasonic anemometer (CSAT 3D, Campbell Scientific Inc., USA), located at the high 3.93 m.
The measurement frequency was 10 Hz.

According to the experimental data, for example, July 10, 2012, it is clear that carbon dioxide, methane,
water vapor and temperature have a pronounced daily periodicity. The summer period is characterized by high
activity of biological processes. It makes sense to approximate the data by the following relationship:

Y(t) =y, + asin(wt + ) + b cos(wt + @),

where a, b, ¢ is unknown parameters that are found by the least squares method, w is the daily frequency,
ysr. is the average meaning.

Submission of this form was used before in the study of the carbon dioxide fluxes in forest ecosystems.
For fixed ¢ for the parameters and obtain a system of linear equations which is solved by Cramer.

CyTouHasA AnHaMMKa YINeKUCoro rasa, MeTaHa,
BOJAHOI0 Nnapa 1 TeMneparypbl Bo3ayxa
Ha Me3oonunrotTpodHoM 6osoTe

"Nanwuxa J1.3., ‘Muxaiinos 0.A.

' Otpen MateMatuku Komm HL, YpO PAH, CeikThiBKap, Poccus
? UncutyT 6uonorum Komm HL, YpO PAH, CoikTeiskap, Poccusa
E-mail: lapina@dm.komisc.ru, mikter@mail.ru

JIsl MOZICJIMPOBAHUS PETHOHAJIBHOTO KIIMMaTa ¥ BO3MOXKHBIX KJIMMaTHUYECKUX M3MEHEHUH HEOOXO MBI
HccleoBaHus OanaHca yriepoaa, MeTana U psiaa GU3nuecKux MpoleccoB U XapakTepucTHK. M3yue-
HHUE Tpoliecca UCIapeHns HeoOX0AUMO, HallpuMep, AJIS UCCIIeIOBaHUS BOJHOrO OajgaHca PeYHbBIX BO-
0COOPOB U COCTABIICHHS COOTBETCTBYIOIIMX MaTeMaTHUECKUX Mojened. VcciemoBaHus MPOBOIMINCE CO-
Tpynaukamu MHCcTHTYTa GMomnoruu ¢ mast 2012 1. Ha Me3oomurorpodrom 6onote Mema-I13B-Hrop, pacmono-
KEHHOM B TIO/I30HE cpeHei Taiiru Ha EBpomneiickom Cesepo-Boctoke Poccun, B 40 kM Ha ceBepo-3amaj OT T.
CoikthiBkapa (Pecryonuka Komu, 61° 56’ c.ir. 56° 13’ B.11.). I3MepeHus BCeX MapaMeTPOB BIMOJHEHBI METO-
JIOM MHKPOBUXPEBBIX Mynbcaruii [1] ¢ ucronp3oBanueM razoanannzaropa Li-7500A u yasTpa3BykoBOTO aHe-
mometpa CSAT 3D Ha BricoTe 3,93 M. HacTora usmepennit nanueix —10 I,
ITo sxcriepuMeHTaNBFHBIM JaHHBIM, HaripuMep, 3a 10 utonst 2012 roxa, mpeacTaBiIeHHBIM Ha pHc. |, BUIHO,
YTO YIIIEKUCIBINA ra3, METaH, BOASHON Map M TeMIIeparypa UMEIOT BEIPAKEHHYIO CYTOYHYIO MEPUOJHYHOCTb.
JleTHUI Ieproa XapaKTepU3yeTCsl BHICOKOH aKTHBHOCTBIO OMOJIOTHYECKUX MPOIeCcCOB. FIMeeT CMBICIT amnmpoK-
CHMHPOBATH JaHHBIE CIEIYIONIEH 3aBUCUMOCTBIO:
w(t) =y, + asin(wt + p) + b cos(wt + @), (1)
e a, b, ¢ — Hen3BeCTHBIE MapaMeTPhl, KOTOPbIE HAXO/ATCSI METOIOM HaNMEHBIINX KBaJPaToB, @ — CyTOU-
Hast yactora. [IpeacraBieHne Takoro Biia UCIIOIb30BaIOCh, HAIIpUMeEp, B paboTe [2] mpu ucciie10BaHUH MOTO-
KOB YIJIEKHCJIOTO T'a3a B JIECHBIX 3KocucTeMax. [1pu (puKcHpoBaHHOM ¢ JUIs TapaMeTpoB g U b MoTydaeTcs cu-
cTeMa JIMHEHHBIX ypaBHEHH, KoTopas pemaercst MetogoM Kpamepa. [TosTromy dopmysst 1uist 9TuX k03¢hdunu-
€HTOB UMEIOT BUJ:

a=(bay—apb,) / (ayay,—aya,),

()
b= (a,b,—a, b))/ (a,a,,— ayay,),
rae
a, ZZ‘Sin2 (a)ti+¢)a a, :zsin(a)ti+¢)cos(a)[i+¢)’
i=1 ~
Gy =y, a,, =Zcos2(a)ti+(p), )
i=1

b =Y ysin(ar,+@), b=y cos(ar+p).
=1 i=1

OnTyManbHOE 3HAYEHHE [TAPaMETPA ¢ YAOBIETBOPSET CIEAYIOIEMY PABEHCTBY:
ay(a,—b,) + fab = ab, - bb,, (4)

« CONTENTS
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e f = 2(‘3052 (e, + @) —sin® (e, + (P)), ocTabHBIC TapaMeTpsl onpeesstores no Gopmyram (2) u (3).
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Puc. 1. CytouHbIn xog yrnekumcioro rasa (MMonb/Ky6.M) (a), MeTaHa (MMonb/ky6.M) (6), BogaHoro napa (MMonb/ky6.m) (c),
Temnepatypsl (°C) (r) no aaHHbIM 3a 10 uiona 2012 roga

ITo pacueram, 0Ka3anoch, YTO CYLIECTBYET HECKOJIBKO ONTHMAIILHEIX 3HAYSHHUIT ITapamMeTpa ¢ I KaxkIo-
IO MOKa3aTessd, YTO HEyNUBUTEIBHO BBHIY HEIMHEHHOCTH npencTasieHns. KoaduuueHTs! pasnoxenns npu
9TOM CYIIECTBEHHO MEHSUTNCH. B Tabnuie 1 mpuBeneHs! 3Ha4eHNs 3TUX K03(D(OUIIMEHTOB U1 HEKOTOPHIX 3HA-
YeHHUH mapaMeTpa ¢ Ui pacCMaTpHBacMBbIX XapaKTepUCTHK. Beero paccMarpuBazocs 30 BapHaHTOB 3HAUCHUH
¢. XKupHpM mpudToM B Tabnuie BEIAEICHB! KO3 (GHUIIMEHTH P ONTHMaJILHOM 3Ha4eHUH MapaMerpa ¢. [
OCTaNbHBIX 3HAYEHMH MapaMeTpa HeBssKa GopMymbl (4) cocTapsiia mopsgok 107°-107.

Tabnuua 1. MapaMeTpbl popMynbi(1) AnA paccMaTpUBaEMbIX XapaKTePUCTUK

(2]
=
[N 8]
[
(7]
>=
(7]
s
=
<T
=
(-
2
=
(=]
—
<
[L-]
=
r
IMapamertp Yraexucaslii ra3 Mertan Bonsinoii map Temneparypa 8
Yron a b a b a B a b 3
0 -0,0598 -0,1432 | -0,00187 | -0,00278 13,373 -66,291 1,8346 -3,036 =
/15 -0,0287 0,1525 -0,00125 0,0031 -0,70121 -67,623 1,163 -3,351 '<>_r.
/6 0,0036 0,1551 -0,00058 0,003305 -14,7455 -65,995 0,4412 -3,519 ;,
/3 -0,0801 0,1325 0,001151 | 0,003152 | -45,7697 | -49,7845 -1,378 -3,269 =
2n/5 0,1065 0,1129 0,002069 | 0,002642 -58,9138 -33,2042 -2,32044 -2,68301 F_r.'
/2 0,1361 0,0744 0,002784 | 0,001873 -66,291 -13,3737 -3,0359 -1,8346 E
171/30 0,1486 0,0445 0,00311 0,00125 67,623 | 0,701208 | -3,3510 -1,1633 =
o
S
850 Ha pwuc.2 npeacraBieHsl faHHBIE 110 BOASHOMY -
napy ¥ ux anrpokcumanus ¢pyHkimei Buaa (1): =
i
800 - e
Ll
&5
Lk
750 - s
(&)
—
=
700 - =
=
=
&5
650 - Puc.2 AnnpoKcvMMauma KoHLEHTpaLMm BOAAHOMO Napa =
. . . . (Monb/Ky6.M.) TPUroHOMeTpUYECKUMI QYHKLMAMM Mo op- -
0 5 10 15 20 myne (1).
Jlumepamypa:

1. Baldocchi D.D., Hincks B.B., Meyers T.P. Measuring biosphere-atmosphere exchanges of biological-
ly related gases with micrometeorological methods // Ecology. 1988. Vol. 69. Ne5. P. 1331-1340.
2. 311 Mapmuiniok, A.I1. Ypuvrues, JI.2. Jlanuna Hzyuenue nomoros CO, 6 nechvix pumoyenosax //

Cepus npenpunmog coooujeHu
1991, gein.37 -20c.
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SESSION 6

|dentification of factors in the formation of spatial
differentiation of wetlands using geoinformation analysis

Sinyutkina A.A.

Siberian Research Institute of Agricultural and Peat, Tomsk, Russia
E-mail: ankalaeva@yandex.ru

oal of the study is to provide geoinformationanalysis to identify spatial regularities of various types

and kinds mire geosystems, depending on the zonal and azonal factors mire development process. Ob-

ject of the study is Tomsk region. The area under investigation is characterized by a considerable de-
gree of waterlogging and large differences in the spatial structure of the mire geosystems. Oligotrophic ridge-
hollow mire(16% of the total area of wetlands) and trees mesotrophic (18%) mire are most widespread. It is
determined by location of Tomsk region in different natural zones and geomorphological features of the terri-
tory. The main research method is a joint spatial geoinformation analysis of various maps: GIS map of Tomsk
region miregeo systems, topographic maps, geomorphic, natural maps and others. Zonal distribution factors are
expressed in the increase in the waterlogging degree from subzone leaved forests (16 %) to the southern taiga
subzone (54 %). However, no significant differences in the structureand extent of wetland geosystems between
middle and southern taiga subzone in the Tomsk region have been identified. Significant differences in the de-
gree of waterlogging and the prevailing views of the mire within different geomorphological levels are revealed
based on GISanalysis. Geomorphologica levels have significantly different hydrogeological and lithological-
geomorphological conditions. Furthermore, the difference in the development and distribution of wetlands in
large part due to tectonic movements oriented, tectonic structures Il and I1I orders and features of the hydrogeo-
logical conditions. The surface formed by fluvioglacialanderosion-accumulation processes -ancient ravines
medium Late Neopleistoceneage and a floodplain and floodplain terraces are most waterlogged (more 60 % of
area is covered by mire). Early and Middle Neopleistocene age plain overlaps with the tectonic structure Tomsk
ledgein the southeast of regionis not waterlogged (less 15 percent of area is covered by mire).

BeiABneHne ¢paKTopoB popMMpoBaHNA NPOCTPAHCTBEHHOM
anddepeHUnaumm 3ab0104YeHHbIX TEPPUTOPUN
C UCroNb30BaHNEM MreOMHPOPMaLMOHHOIo aHann3a

CuHIoTKMHa A.A.

CUBMpPCKMIA Hay4YHO-MCCNe0BaTeNIbCKUIA MHCTUTYT CeNbCKOro Xo3AicTBa M Topda, ToMck, Poccua
E-mail: ankalaeva@yandex.ru

TereHb 3a00JI09eHHOCTH, IPe0dIaatoIe BUAR OONOTHBIX T€OCHCTEM, HX TIPOCTPAaHCTBEHHASI HEO -

HOPOIHOCTb, IPEOOIaAA0IINE CTa UK PA3BUTHs OOJIOT Ha ONPE/IEIEHHBIX TEPPUTOPHUSIX OIPEIEIISIOT-

Ci, KaK U3BCCTHO, PSAI0OM (baKTOpOB, Cp€ar KOTOPBIX MOKHO BBIJACIIUTH 30HAJIBHBIC — KIIMMAaTUYCCKUE
MOKa3aTelu, ONPE/ICNSIONINE COOTHOIIEHHE TETlJIa M BIIard U, KaK CJIE/ICTBUE, YBIAKHEHHOCTh TOBEPXHOCTH, U
a30HaJIbHBIE — reOMOP(OIIOrHYECKHE, THIPOre0IOTHYeCKUe U TeKTOHMYECKHE 0COOCHHOCTH, KOTOPHIE TIaB-
HBIM 00pa30oM ONPEAESIOT HHTEHCHBHOCTh CTOKA BJIard C TEPPUTOPUH. BhIsIBICHHE (haKTOPOB, ONMPEICIIAIO-
KX XapakTep 00J0TO0OPa30BaATENILHOTO MPOLIECca HAa KOHKPETHBIX YYaCTKax, sSBISETCS aKTyaJbHOW 3aiaueii
JUISL OIIGHKHU COCTOSIHMS M IPOTHO3a Pa3BUTHUS TEPPUTOPHIL, OTIMYAIOIINXCS 3HAYUTENBHOM 3a00JI04€HHOCTHIO.
Takum 00pa3oM, LENBI0 HAIIero UCCIICAOBAHUS SIBISIETCS MPOBEACHHE reOMH(pOPMAIIMOHHOTO aHaIn3a JJist
BBIABJIICHUA SaKOHOMepHOCTeﬁ pasMEIICHUA 0OJIOTHBIX T'€OCHCTEM Pa3HbIX TUIIOB U BUJI0B B 3aBUCUMOCTHU OT
OCHOBHBIX 30HAJBHBIX U a30HAJIBHBIX (hAaKTOPOB pa3BUTHs 00I0TOOOpa3oBaTenbHOrO mporecca. OObeKTOM
MCCIIeIOBaHuUS sBIIsieTCs: ToMcKast 001acTh, OTIIMYAIONIASICS 3HAYMTEILHOMN CTENEHBI0 3a00JI04€HHOCTH U 00JIb-
HIMMH PA3THYUSIMHU B IPOCTPAHCTBEHHOM CTPYKTYpe OOJIOTHBIX T€OCUCTEM, YTO ONPEEIIETCs] PaCTIOI0KEeHH-
eM 00JacTH B pa3HBIX IPUPOIHBIX 30HAX OT JECOCTENH Ha IoTe 0 CpeIHel Tailru Ha ceBepe, a TakKe TeoMOop-
¢onoruueckumMu 0cobeHHOCTIMU TeppuTOprH. OCHOBHBIM METOJIOM HCCIIEIOBAHHSI CTajl COBMECTHBIN MpO-
CTPaHCTBEHHBIN reorH(GOPMAIIMOHHBIN aHAN3 Pa3IMYHBIX KapTorpadMyecKux MarepualioB, OCHOBHBIMHU M3
KOTOPBIX SIBJSIFOTCS: TeOMH(OpPMAIIMOHHAs KapTa OOJOTHBIX reocrcreM TOMCKOW 00JacTH, MOCTPOCHHAs Ha
OCHOBC JJaHHBIX ZICH_H/ICI)pI/IpOBaHI/Iﬂ KOCMHUYECKNX CHUMKOB U MaT€pHUajiOB MOJIEBBIX J'laHlIH_Iaq)THBIX HUCCJICa0-
BaHui [1], Tonmorpaduueckue kapThl pa3HbIX MaciiTaboB, reomopdonoruyeckas kapra Tomckoii obnactu [2],
kapTa MopdocTpykryplnopsaka [3], KapThl CyMMBI OCaJIKOB 1 CYMMAapHOT'0 UCTIapeHus [4], kapTa ¢ IpUpOIHO-
ro paiioHupoBaHU [5] U npyrHe.


mailto:ankalaeva@yandex.ru
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B nUTONOrMYEeCKOM OTHOLICHWH 3HAYHMTENbHBIC TEPPUTOPHH TOMCKOI 001acTH 3aHATHI CYDIMHHCTBIMH H
DIMHUCTBIMH OTIIOKEHHSMH CMUPHOBCKON CBHTHI B 3aIlaJHON 9acTH U (pel0COBCOKOM CBUTHI B BOCTOYHOI YacTH
00JIacTy, YTO OKa3ajo 3HAYUTENHFHOE BIMSHUE HA Pa3BUTHE Iporiecca 60moroodpazoanms. OCOOEHHOCTHIO pe-
npeda  HCCIENyeMOl TEeppUTOpUM  SIBISETCS IpeoOiajaHue  JIeHyJIalHOHHO-aKKyMYJISATHBHOTO — THIIA
penbeda,IpecTaBIeHHOr0 EeCThI0 TeOMOP(OIOrHIeCKUMI YPOBHAMHOT PaHHEHEOT€HOBOTO 10 CPEIHEHEO-
IUIEHCTOIIEHOBOTO BO3PACTA, IMEIOIIMMY 3HAYNTEIIBHBIEC PA3INYMs B CTEIICHH 3a00JI09€HHOCTH, HATMYHE CUIIBHO
3a00JI0YEHHBIX JPEBHUX JIOKOWH CTOKa, mepecekaromux OOb-Enmceiickoe Mexaypedse ¢ CeBepO-BOCTOKA Ha
1oro-3ama. Pasnuuus B creneHy 3a00J04€HHOCTH TaKoKe ONPEACIIIOTCS KIMMAaTHYECKIMH XapaKTePUCTHKAMH.
T'omoBoe KoMMYecTBO OCaIKOB Ha TEPpUTOPHHU 00iacTH m3MeHsercs B cpenteM ot 400 xo 570 m. I1pu sTom cym-
MapHOE HCIIapeHne COCTaBIAET B cpeaneM 3a rox 400-520 MM, cieoBaTeNbHO, H30BITOK YBIQXKHEHHMS C ora Ha
ceBep mmensercs oT 160 1o 300 MM, 9TO CIOCOOCTBYET ycuieHHIo 0010T000pazoBaTenpHOro nporiecca[4]. Kpo-
M€ TOTO, IIOHIDKEHHAs IPeHUpYoIast GyHKIMS PEK CBS3aHHAs C HE3HAYUTEIBHBIM BPE30M pycell, OONbIIOi U3-
BUJICTOCTBIO PEK, JUTUTEIbHBIMY ITABOJKAMH, B COYETaHHH C aTMOC(EPHOIT ITepeyBIaKHEHHOCTHION PAaBHUHHO-
CTBIO penbeda crrocoOCTByeT MHTEHCHBHOMY 3a00JIadiBaHUIO TeppuTopun obmacty [6]. Takum o6pa3zom, couera-
HHE MPUPOIHBIX YCIOBUH ONIPEIEITHIIIO0 BBICOKYIO 3a00JI04€HHOCTh TeppuTopru Tomckoit obmactu (oxono 50 %) u
GorpIroe pazHooOpasne 00I0THBIX reocucTeM. Hambosplee pactipocTpaHeHIe Oy YIITH BEPXOBBIE OOIOTHBIE
(barmm, cpear KOTOPBIX MpeodIafaroT TPsIoBo-ModaXuHHbIe (18 % ot obmielt miomaam 60510T), a TaKke mepe-
XOIHEIe 00JI0THBIE (par ¢ mpeodiiafaHmeM JpeBecHO-TPaBsHEIX (16 %).

ITpoBeneHHbIE HCCIIEI0BAHMS TIOKA3alIH, YTO paclpeeneHne 0010t B rpenenax ToMckoit 06:1acTi B HEKO-
TOPOM CTEIIEHH ITOAYUHSCTCS 3aKOHY IPHPOIHOH 30HAJIBHOCTH, YTO BBIPAKAETCS B 3HAYUTEIIBHBIX Pa3IMUHAX
B 3a00JIOUCHHOCTH MEXKIY ITO/ITAaeKHON ITOI30HOH W TTOI30HAMH FOKHOU M CpeiHeH Taiiru (pUCyHOK 1).

PucyHoK 1 — Tunbl 6010T NPUpoaHbIX
nof30H B Npefenax ToMcKoii 06nactu:
A — cpepHan Taiira, B — loxHanA Taira, C
- noaTamra.

MW sBepxoBble M nepexogHble M HU3UHHbIE

CpenHsisi 3a007I04YCHHOCTh TTOA30HBIMOATANTH B IpaHuIax ToMckoit oomactu coctapiset 16 %. 3aboio-
YEeHHBIE MTPEUMYILECTBEHHO TEppachl M MOMMBI KPYIHBIX PEK, I1e npeodiagaroT HU3uHHEIE OonoTa. Ha me-
KIypEUHBIX PaBHUHAX 0O0JIOTA MPAKTHYECKH OTCYTCTBYIOT. 3HAUUTENFHBIX OTIMYMN B CTPYKTYpe OOJOTHBIX
TEOCUCTEM M CTCIICHU 3a00J0YEHHOCTH MEX/Ty MTOJJ30HAMU CPETHEH U FOXKHOM TalTh B mpesenax ToMckoit 00-
JIACTH HE BBISABICHO. 3a00JI04EHHOCTH CpeAHeH Tairk obmactu nocrturaet 55 %, 1okHoi — 54 %. [ns mon3on
XapakTepHO IpeodialaHie BEPXOBBIX U MEpeX0oMHbIX 0010T. Hu3nHHBIE 600Ta 3aHUMAIOT HE3HAYUTEIbHBIC
TUTOIIA/TH.

Ha 3axoHOMEpHOCTH 30HAIBHOTO pa3MeIleHHsT OOJIOT OONBIIOE BIMSHHE OKa3bIBAIOT a30HAIBHBIE OCO-
OEHHOCTH TEPPUTOPHH, B YACTHOCTH NPOBEAECHHOE HCCIIEIOBAHHE TI03BOJIMIIO BBISIBUTH 3HAYNTEIBHBIC Pa3iv-
YHs B CTENEHU 3200JI04€HHOCTH U ITPeo0IalaoNiX BUaxX OOJOTHBIX (alii B pesenax pasHbIX reoMopgo-
JIOTUYECKUX ypoBHeH. Hanbombieit 3a00104eHHOCTEIO (0K0I0 60 %) OTIIMYat0TCs TOBEPXHOCTH, 00pa30BaH-
HbIE (TIOBHO-IISIINAIEHBIMH M 9PO3HOHHO-aKKyMYJIITHBHBIMH TIPOLIECCaMHU. 3/1€Ch ITUPOKO PacIpoCTPaHEHbI
nepexoHble M HU3UHHBIE Qanuu (6onee 60 % ot mromanyu 6osot). B npenenax qeHynaMoOHHO-aKKyMYJISTHB-
HOTO penbeda HanOobIeH 3a00104eHHOCTRIO (00ree 40 %) OTIMYAIOTCS BOJOPA3ICIbHbBIC PABHUHBI YOTLICH-
CTOIIEHOBOTO, JOILIEHCTOIIEH-PAHHEHEOIUIEHCTOLICHOBOTO ¥ CPEeTHEHEOIICHCTOIICHOBOTO Bo3pacTa. st Hux

A B C 6% PucyHok 2 — Tunbi 605107 B Npeenax
TMnoB penbeda: A — BogHo-neHuKo-
BbI penbed; [eHyaaLUmMoHHO-aKKyMy-
NATUBHBIN penbed: B — Bogopasaens-
Has paBHWHa paHHe-cpeHeHeon en-
cToLeHoBoro Bo3pacTa, C — Bojopa-
30ebHble PaBHUHbI 30MNENCTOLEHOBO-
r0 1 30M/eMCTOLeH-paHHEHeoNNeNCTo-
LLeHOBOro BO3pacTa.

H BepxoBble E nepexogHble M HW3WHHbIE
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SESSION 6

XapakTepHO NpeobiafaHue 6OIOT BEPXOBOTO THMA, KOTOPbIE 3aHNMAIOT 46% oT olrmeil miomanyu 00JI0T Ha-
3BaHHBIX TeoMopdonornyecknx ypoBHeH. [loBepXHOCTH paBHUH HEOT€HOBOTO, TUTHOIICHOBOTO U paHHE-CPe/l-
HEHEOIUIEHCTOIIEHOBOTO BO3pAcTa MPAaKTUIECKH HE 3a00JI0UeHBI (PUCYHOK 2).

Kpowme toro, pasnuuue B pa3BUTHH U pa3MEIIEHIH O0JIOT B 3HAYUTENIBHOH CTEIIEHH 00yCIOBIICHO HAIIPaB-
JICHHOCTHIO TEKTOHIMYECKUX ABIKEHHH, co3naHHbIX MU cTPYKTyp Il u Il mopsiakoB, a Taxke 0COOCHHOCTAMU
THIPOTEOIOTHYECKUX yCIOBHHA. MccrneoBaHus Ha KIIFOUEBBIX YIaCTKaX MOKA3alIu, 9YT0 Hanbonee 3a001049€HbI
30HBI Pa3JIOMOB, TPOTHO0B, TEKTOHMYECKHX BIIaJNH. B mpeenax akTHBHBIX MOJTOKUTENbHBIX TEKTOHHUECKHX
CTPYKTYp O010T mpakTHyecku HeT [7]. Crnemyer OTMETUTD YTO, Pa3iIMyus B IPOCTPAHCTBEHHON CTPYKType 60-
JIOT U CTETIEHH 3a00JI0YEHHOCTH MEXLy MOJOKHUTENbHBIMA M OTPHLATEIbHBIMH CTPYKTypamu I mopsika He
BBISBJICHBI U MEHBIIUM PAaclpOCTPaHEHHEM OOJIO0T OTINYAeTCs TONBKO TOMCKHI BBICTYTI, 3aHUMAIOIIUH FOTO-
BOCTOYHYIO 9acTh TOMCKOH 001acTH, 3a00JI04€EHHOCTh KOTOPOTO COCTaBIsIET oKoslo 15% c mpeobnagannem
JPEBECHBIX HU3MHHBIX M IePeXOAHBIX 00710T (6omee 80% ot obmieit mromazy 6010T).

Takum 06pa3om, IPOBEACHHBIE UCCIIEIOBAHUE C HCIOIb30BAHIEM METOIOB FeONH()OPMAIMOHHOTO aHAIN3a
TIO3BOJIMIIN BBISIBUTH OCHOBHBIE (DAaKTOPBI, ONPEEIIAIOINE 3aKOHOMEPHOCTH IPOCTPAHCTBEHHOM tuddepenima-
1M OOJIOTHBIX reocucTeM. Ha 30HambHBIE 3aKOHOMEPHOCTH pa3MEIIeHHs O0JIOT 3HAYUTEIbHOE BIMSHUE OKa3bl-
BAIOT a30HAJIBbHBIE (DAaKTOPHI, NIABHBIM 00Pa30M pacIioJoKeHHE OOJOT B MPEeIeNaX Pa3HbIX TeOMOP(OIOTHYECKIX
YPOBHEH, OTIMYAIOMNXCSA THAPOTEOIOTHUECKUMH U JINTOJIOTO-reoMop(OoorndeckuMu  yenoBusiMu. Hanboms-
111320607104 HHOCTEIO (0K0JI0 60%) OTIANYAIOTCS] TOBEPXHOCTH, 00pPa30BaHHBIE (MIFOBHO-TIISIIUATIBHBIME U 3PO-
3MOHHO-aKKYMYJIATHBHBIMH MPOLIECCAMH — JIOKOMHBI APEBHETO CTOKA CPETHE-TIO3HEHEOIIEHCTOLIEHOBOTO BO3-
pacra, a TaxKe MOWMBI M HaIIIOMMEHHbIEe Teppackl. HarMeHbIel 3a60109€HHOCTRIO OTIIMYACTCSl PAaBHUHA PaH-
He-CPEIHCHEOIIEHCTOLIEHOBOTO BO3pacTa YaCTUYHO COBIAAAIONIAs ¢ TOMCKHM BBICTYIIOM.

Jlumepamypa:

1. Jlanowaghmor 6onom Tomckoii obnacmu / noo peo. H.C. Eeceesoui. — Tomck: H30-60 HTJI, 2012. — 400 c.
2. Amaac Tomckoil obnacmu. Munepanvro-coipbegoie pecypcnl / noo peo. B.A. Jlvcomuna. — Tomck:
Tomceeomonumopune, 2008.

3. Tpunee O.M. Pugpmosvie cucmemvr Cubupu: memooonozus usyyenus, Mopghomemonura, murepaze-
nus. — Tomcx: SST, 2007. -434 c.

4.  BoszobHnosnsiemvie pecypcbl menniosiazoobecneyennocmu3anaono-Cubupckoi pagnunsbl U OUHAMUKA
ux xapaxmepucmux.: monozpagus/ M. B.Kapuayesuu, O.B.Mesenyesa, JK.A. Tycynbexos, I' I Buxbyna-
mosa, nod odowy. ped. O.B. Mezenyeeou. — Omck.: H30-60 @I OY BIIO OmlAY, 2007. 268 c.

5. Xpomwix B.C. IIpupoonoe pationuposanue // I'eoepaghus Tomckotl oonacmu (noo peo. A.A. 3emyosa).
— Tomck: U30-60 Tom. yu-ma. c. 136-170.

6. Jlucc O.JI, Abpamosa JIL.U., Bepesuna H.A. u Op. boromuwvie cucmemst 3anaonoi Cubupu u ux npu-
pooooxpannoe snavenue. Tyna: «I pugh u KOy», 2001. 584 c.

7. Esceeea H.C., Cuniomxuna A.A. Heomexmonuueckue 08udicenust u 2UOP0o2eoiocutecKue ycaous Kaxk
axmopwr boromoobpaszosanus na mexcoypeuve Oou u Enuces // I'eoepaghus u npupooruvle pecypcei,
2012 —-Ne 4. —C. 81-89.

GIS-based assessment of probability of forest fire caused
by focused sunlight

Yankovich E.P., Baranovskiy N.V.

National Research Tomsk Polytechnic University, Tomsk, Russia
E-mail: yankovich@tpu.ru

redicting and estimating forest fire danger is an important part of the system of forest fire prevention and

elimination. Geographic information systems (GIS) have instruments for creation, transformation and

integration of variables concerned with fire danger. They allow finding geographical and analytical rela-
tions to identify areas with high fire incidents probability.

Analysis of existing forest fire danger assessment systems showed that they take into consideration such
factors of forest fire initiation as anthropogenic load and storm activity. Theoretical estimates and results of
experiments prove that there is possibility of forest fire due to action of focused sunlight along with previously
mentioned factors. Assessment of forest fire danger caused by focused sunlight action is realizable by analysis
of forest taxation description of a given forest area.

This paper describes geoinformation system that includes toolset for analysis of forest areas taxation
aimed at quantitative evaluation of forest fire danger. Radiant heat flux is considered to be reference source of
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ignition. The system is capable of evaluating probability and classification of forestry quarters by level of fire
danger. Performance of algorithm of forest fire danger caused by focused sunlight evaluation in geoinformation
system is shown on typical forest area of Timiryazevskoe forestry of Tomsk region.

Conceptual basis of GIS system is physically and mathematically proved methodic of forest fire danger
assessment. Computational formulae of probability of forest fire initiation are derived from basic statement of
probability theory. The system is implemented in specialized software ArcGIS.

The system uses standard user interface with additional functionality for assessment of probability of fire
incidents in the forest quarters area due to action of caused sunlight. Received information is displayed on the
map. For extra capabilities in evaluating forest fire danger unique instruments were developed in built-in Py-
thon programming language. Probability maps of forest fire initiation in forest quarters were created using
proposed model. Application of this maps will be an important component of the forest fire control system.

OueHKa BepoATHOCTM BO3HMKHOBEHWA TECHOI0 NoXapa,
obycnoBneHHOro gencramemM choKyCcMpoBaHHOMO
coJiHeYyHoro cseTa, Ha ocHoBe [ C

Alnkosuv E.I., bapaHoBckui H.B.

HauuoHanbHbIi uccnegoBaTenbCKMii TOMCKUIA NONMTEXHUYECKUIA YHUBepcUTeT, ToMcK, Poccua
E-mail: yankovich@tpu.ru

€CHOH ToXKap OJHO M3 CaMbIX Pa3pyIIUTENLHBIX CTUXUIUHBIX OeICTBUH. BOZHUKHOBEHNE JIECHBIX I10-

’KapOB BO3MOXHO B PE3yJbTaTe Pa3InYHbIX MPUYUH IPHUPOIHOTO M aHTPOIIOTEHHOTO XapakTepa. Yue-

HBIE U CTICI[HAJIUCTHI PAa3HBIX HAIPaBICHUH pa3pabaThIBAlOT MOIXOABI K OIEHKE M IMPOTHO3UPOBAHHIO
JIECHOHN TOYKapHOW OMAcCHOCTH. AHANNW3 BOSMOXKHBIX NPUYMH BO3HHKHOBEHHS JIECHBIX IOXKapOB IMTO3BOJISIET
BBIJICITUTD TaKo# (hakTop, Kak Bo3elcTBHE C(HOKYCHPOBAHHOTO COTHEYHOTO n3tyueHus [ 1]. Panee Teopernye-
CKHU [2] u 3KcriepuMeHTaNbHO [3] moka3zaHa BO3MOXKHOCTH BOCIUIAMEHEHHS JIECHBIX TOPIOYMX MAaTepHaJIOB B
pe3ysbTare BO3ACHCTBHS KOHIICHTPHPOBAHHBIX TOTOKOB COJTHEYHOTO M3NMydeHHs. KOHIIEHTpaTopoM COJHE-
HOM SHEPTrUH MOTYT OBITh CTEKJISIHHBIE EMKOCTH, X OCKOJIKA M KPYITHBIE KallJId CMOJIbI XBOMHBIX JIePEBHEB.
Pazpaborana ¢u3nyeckn 000CHOBaHHAsE METOAMKA OLEHKH JIECHOW MOXKapHOW OMAacHOCTH, 0OYCIIOBICHHOMN
JeiicTBreM c(hOKYCHPOBAHHOTO COJTHEUHOTO M3JTy4eHHsI, IIOCPEICTBOM KIIacCH(UKAIINK JIECHBIX MACCUBOB 110
JIeCOTaKCAllMOHHBIM JaHHBIM [4]. TIpuHIMI KiaccU(pUKaMKU OCHOBAH Ha TOCIEI0BATEIHPHOM HCKIIIOUSHUH
MaJIOTOPUMBIX YYaCTKOB JIECOTIOKPBITOW TEppUTOpHH [5].

CormacHo [5] kK MaJIOTOPUMBIM y4acTKaMm, TP BO3ACUCTBHH C(HOKYCHPOBAHHOTO COTHEYHOTO M3ITYUCHHUS,
MOTYT OBITh OTHECEHBI: JIOPOXKHAsI CETh M BOIOEMBI; BOJIOHACKIIIICHHBIE OOJIOTA; JIUCTBEHHBIE U CMELIAHHbBIC
JICCHBIC MAaCCHBBI; CMEIIIAHHBIC JIeCa; MOJIOAOMN XBOWMHBIM jiec. TakuM 00pa3oM, Ipy BO3ACHCTBUN KOHIICHTPH-
POBAaHHOTO COJIHEYHOTO M3Iy4YEHUs Ha JECHOM rOproYmii MaTepHal, moXkapHasi OaCHOCTh XapaKTepHa TOJIBKO
JUTSI CTapBIX XBOMHBIX JICCHBIX MAaCCUBOB [5].

CormmacHo MeToaMKe [5] MOXKeT OBITh MPOBeIeHA KIAaCCH(PHUKAIUS BbIIETIOB (OMHOPOIHBIX YIaCTKOB JIeC-
HOW TEPPUTOPHH) TI0 YPOBHIO OKAPHOI OMMAaCHOCTH Ha OCHOBE JIECOTAKCAI[MOHHBIX JAaHHBIX. TaKkue TaHHBIE
BKJTIOUAIOT OTHMCAHMS COCTaBa KaXK/I0TO BBIJENa, BXOJIIETO B JIECHON KBapTall.

Ha ocHoBe kitaccuuKanyy JIeCHbIX BbIJEIIOB MpejiaraeTcst popMyiia KoIHMYeCTBEHHOM (BEpOSTHOCTHOM )
OIICHKH JICCHO MOXKapHOM OMacHOCTH, 00YCIIOBICHHON AeHCTBHEM C(HOKYCHPOBAHHOTO COJIHEYHOTO H3JTyde-
Hus [4]:

P(C) =N/ Ny,

rae P(C) — BepOoATHOCTh BOSHUKHOBEHHS JIECHOTO TIOJKapa IO JIECOPACTUTEIEHBIM YCIOBUAM, Ny — YHCIIO
MTOYKapOOTIACHBIX BBIIETIOB B KBapTaie, Ny, — o0Iee YicIIo BEIIEIOB B KBapTale.

B npezncraBieHHOM HCCIe0BaHIH 00CYKIaeTCS TEXHOIOTHS OIEHKH JIECHOH MoXapHOH OMacHOCTH, 00-
YCIIOBIICHHOH JIeficTBHEM C(HOKYCHPOBAHHOTO COTHEYHOTO M3ITyYSHHS W BBIIBICHUS Pa3IMYHBIX 30H OIMAacHO-
CTH BO3TOpaHUs JIECHOTO TOPIOUETo MaTepralia Ha OCHOBE aHaJIM3a JIECOTAKCAIIMOHHBIX JaHHBIX B TeonH(pOp-
MAaIOHHOH cHcTeMe. YKa3aHHas CHCTeMa OIICHKH JICCHOM TIOKapHOit 0macHOCTH, 00yCIOBIEHHON 1eficTBHEM
c(hOKYCHUPOBAHHOTO COJTHEYHOTO H3IydeHUs, OazupyeTrcs Ha WHTETPUPOBAHHON cucTeMe 0o0padOoTKH Ipo-
CTpaHCTBEHHBIX MaHHBIX ArcGIS. Tak kak 11 aHaIM3a HCIIONIB3YIOTCS pa3HOPOAHEIE JaHHbIE (TaOIHIIBI, KOC-
MOCHHMMKH, CKaHHPOBaHHbBIE N300pa)KeHNs, BEKTOPHBIE TaHHBIE), TO U1 MX OOBEIMHEHNUS M XpaHCHHS HaW-
Ty4muM 00pa3oM MOIXOANT eAnHBIH popmaT — baza reomanusix (BIL).

s mpoBeneHMsT MaTeMaTHYECKOTO MOJECITUPOBAHUSA B T€OMH(OPMAIIMOHHOW CHUCTEME OCYIIECTBICHA
MpOrpaMMHAsI peaTn3anns MaTeMaTHIeCKONH MOJIENH, KOTOpasi COCTOUT M3 MOMAYJS KOJMYECTBEHHOW OIIEHKU
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JIECHOW TOXAapHOW OMACHOCTH, OOYCIIOBIEHHOH C(OKYCHPOBAaHHBIM COTHEYHBIM H3JIy4CHHEM. ODTOT IPO-
TpaMMHBIN MOAYJIb pEaN30BaH Ha BCTPOCHHOM si3bIke Python criennann3npoBaHHOTO IPOrpaMMHOTO obecte-
yeHus ArcGIS.

DyHKIMOHAJ reonH(popMaHOHHOI cucTeMbl o0ecrieunBaet [6]:

*  OIIPEAENIEHHE MOXKAPHOM OMTACHOCTH JIECHOTO BBIAETA 10 JIECOTAKCALMOHHBIM OIIMCAHUSAM;

*  KOJHMYECTBEHHYIO OLIEHKY JICCHOH IMOXKapHOHW OMAacCHOCTH KBapTaja 00yCIOBICHHON JeiicTBHEM co-
KyCHPOBAaHHOTO COTHEYHOTO N3ITy4EHHS;

*  KJIacCH()MKAIHMIO JECHBIX MAaCCHBOB II0 YPOBHIO MOXKapPHOH ONAacCHOCTU B YCIIOBUSX BO3/EHCTBUS Ha
JIECHOM TrOproYMi MaTepras KOHIIEHTPUPOBAHHBIX IOTOKOB COJIHEYHOMN SHEPIUU.

*  CO3JAaHHE TEMaTHYECKUX KapT [0 YPOBHSAM JIECHON MOXKAPHOM OMACHOCTH KBapTaja.

KoMnoHeHTBI cucTeMBbI:

* Tloacucrema BBO#A M XpaHeHHs MH(OpPMaAMK — (aiaoBas 6a3a T€ONaHHBIX, BKIFOYAOIIAs KJIACCHI
MPOCTPAHCTBEHHBIX 00bEKTOB, KOCMOHUMKH, aBTOHOMHBIE TaOJIHIIBL.

» Tloacucrema BU3yanu3aIuy U pelaKTHPOBAHUSL.

* Tloacucrema ananusa, BKIIOUArONas HA0OP JOMOIHUTENBHBIX HHCTPYMEHTOB, [UIS PELICHUS 3a/1a4un
OLIEHKH BEPOSITHOCTH JIECHOTO I0Kapa I10 JIECOTAKCAIIMOHHBIM OMHCAHHAM JIECHBIX YIaCTKOB M BU3yaIn3allvy,
TOTy4eHHOH MH(OPMAIMU Ha KapTe;

BxonHble naHHBIE:

*  TlonuronanbeHbI KIacc MPOCTPAHCTBEHHBIX 00BEKTOB, COAEPKALIMNA HH(POPMAIIHIO O TEPPUTOPUAITE-
HOM MECTOIIOJIOKCHNH JIECHBIX KBAPTAJIOB;

*  Tabmumsr B popmare MS Excel, ¢ tecoTakcaiioHHBIM OITMCAaHUSIMH JIECHBIX BEIZICIIOB;

»  Qaiin mabnoHa cos.

BrbIxogHbIE JaHHBIE :

*  ABTOHOMHAaS TaOJHIIA C OLIEHKOH BEPOSTHOCTH NOKapPHOI OITaCHOCTH JIECHOTO KBapTana (puc.1);

*  KapTts! mmmocTpupyromme ypoBHHA IOKapHOH ormacHOCTH (puc.2).

s ypoBHEBOI1 OIIEHKH JIECHON MOKapHOH OMAaCHOCTH, 00YCIOBIEHHON ACUCTBHEM C(hOKYCHPOBAHHOTO
COJIHEYHOTO M3JIydICHUs], HHTEPBAJl N3MEHEHHS BEPOSITHOCTH BO3HUKHOBEHHS JIECHOTO 1oxkapa ot 0 10 1 moze-
JICH Ha IISITh KJIaCCOB, KOTOPBIE MO3BOJISIOT KAY€CTBEHHO OIIEHHUTBH JIECHYIO TOJKapHYIO OIACHOCTb.

Tabanya t‘j
2B B
kv_vyd_pr_Stat X
OBJECTID * | Homep Kon-8o Boapenoe | Kon-80 NoXap.onacHbLIX BLIAENOB BEPOATHOCTH YPOBEHL -
48 48 g 5 0,83 | ypessomairbm | =
56 56 8 6 0.75 | Boicokui
49 49 1 8 0.73 | Beicokwit
25 25 33 22 0.67 | oicoxmi
71 71 6 4 0,67 | Bricorai
) 26 26 42 27 0.64 | soicormi
€6 66 5 3 0.6 | BoicoKmn
30 30 38 22 0.58 | cpenraw
62 62 7 4 0.57 | cpemran |
55 55 9 5 0.56 | cpenrwn
7 57 9 5 0.56 | coenrawt -

Puc. 1. ABToHOMHanA Tabnuua ¢ pe3ynbTataMy OL,eHKN BEPOATHOCTU nomapHoﬁ 0nNacHOCTU KBapTana

B xauecTBe MHIOTHOTO UCCIIEIOBAHNUS MTPOBEICHA OLIEHKA JIECHOM IOXKapHO OMTACHOCTH, 00YCIIOBIICHHOM
neiicTBreM c(hOKYCHPOBAHHOTO COTHEYHOTO H3TydeHHs TUMHIPA3EBCKOTO JeCHIYeCcTBa TOMCKOM 00acTH.

TumupsizeBckoe ecHIIeCTBO TOMCKOTO YIIPaBIICHHS JIECAMH PACIIOIOKEHO B MEXKIypedybe ABYX OOJIb-
X pek, peku O6u u pexu ToMu Ha TEpPUTOPHH TPEX aIMIHACTPATHBHEIX paifoHOB Tomckoit obmactu — ToM-
ckoro, [llerapckoro n KoxxeBHnkoBckoro. [IpoTspkeHHOCTE TeppuTopu iecHHUecTBa ¢ CeBepa Ha FOr — 64 kM,
¢ 3amaga Ha Bocrok — 50 kM. Jleca B OCHOBHOM NpEACTaBICHBI €IUHBIM JISCHBIM MacCHBOM, KpoMe 000C0-
OJIEHHBIX MIPUITOCETKOBBIX KEAPOBHUKOB II. 30pKaibiieBo, Himkae-CeaeHnoBo u ['youno. Ha teppuropun siec-
Hu4yecTBa nmodtu 20% 3aHnMaroT 6010Ta, N3 KOTOPBIX MOKpbIE COCTAaBILIIOT 35,5%. [Ipeobnanaromeil IiaBHOMI
mopozoii sBisercs cocHa — 39,6%; OcuHa — 26,2% u O6epesa — 21,2%; keap, INCTBCHHUIA, €Tb U MTUXTa CO-
cTaBisroT — 13%.

Bbita npoBezseHa OIeHKa MOXKAPHOH ONACHOCTH JIECHBIX MAacCHBOB THMHPS3EBCKOTO Y4aCTKOBOTO JIECHU-
yecTBa TUMHpPs3EBCKOTO JIecHNYecTBa ToMcKoit oOmacTi. B pesynbsrare Takoif OIeHKH OBLIO YCTaHOBIEHO, YTO
TONBKO 9 Y% JIECOTIOKPHITON TEPPUTOPUH XapaKTEPHU3yETCs BBICOKOH M YpEe3BBIYAifHOM IOXKapHOH OMaCHOCTEIO,
a OCTAJIBHYIO YaCTh MOXKHO HCKIIFOUUTH U3 paccMoTpenust. [ paduueckn nHpOpManus npeicTaBiIeHa Ha pUCYH-
Ke 2. 3HaHue Moao0HOH HHPOPMAITUH TIO3BOIUT Oolree 3PPEKTUBHO U parlioHAIbHEE TIPOBOAUTE IPOPILIAKTH-
YEeCKHE MEPONIPUATHSA 110 IPELYTIPEKICHNIO JECHBIX TIOJKapOB.
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- Yy Puc. 2. KapTa-cxeMa NecHow noxKapHow onacHocTH, 06-
YCNOBINEHHOW AeNCTBUEM CHOKYCUPOBAHHOIO COTHEYHOMO
‘ U3nyyeHus

Hpe}lCTaBJ’IeHHaH CHUCTEMA BBINOJHACT CBOIO OCHOBHYIO (l)yHKHI/IIOI Knaccn(bnunpyeT JICCHBIC MaCCHBBI I10
YPOBHIO HO)KapHOﬁ OINIaCHOCTU B YCJIOBUAX BO3I[eI>iCTBPIH Ha JICCHBIC TOprOYUC MaTepraibl KOHICHTPHUPOBAH-
HBIX TIOTOKOB COJIHEYHOM paguanuu. Hcnonb3oBaHKue CUCTEMBI 6yz[eT CII0COOCTBOBATH YIYUIICHUIO KOHTPOJIA
neconoxcapHoi/i 06CTaHOBKI/I, IIOBBICUT 3(1)(1)6KTI/IBHOCTI) HUCIIOJIB30BaHUA pECYPCOB, TO3BOJIUT ONITUMAJILHO BbI-
6paTI) MeECTa Ui pa3sMEIICHU KaMEp BI/I}IGOHa6J'IIOIleHI/I${ 3a JICCHBIM (bOHIlOM.

Jumepamypa:

1. Kuznetsov G.V,, Baranovskiy N.V. Focused sun's rays and forest fire danger: new concept //
Proceedings of SPIE. 2013. Vol. 8890, paper 889011, doi:10.1117/12.2033929

2. bapanosckuii H.B. Yucaennoe uccnedosanue 3axcuzaniis cios 1eCHO20 20pioyezo Mamepuana cghoxy-
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