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ment quality and ecological perspectives as-

sessments for industrial regions exposed to
natural and anthropogenic factors are important class
of interrelated problems of ecology and climate.

They require methods for identifying centers of
action of the climate system and methods of risk as-
sessment and vulnerability of territories, which are
subjected to severe exposure of emissions of con-
taminants, heat and moisture. Interest in these objec-
tives actively stimulated by the fact that the results of
their solutions have direct hands-on access to the
sphere of public health, social and economic rela-
tions in modern society.

In fact, the goal of our research is to develop a
technique with which we can get, in the forecasting
mode, quantitative information on environmental
changes and evaluate their impact using all available
factual information.

To meet the challenges, we are developing new
and effective methods of investigation. They are
based on variational principles with the joint use of
mathematical models of hydrodynamic and chemical
processes in the atmosphere and evidence of their
observable manifestations. Methods of mathematical
modeling provides quantitative estimates of the envi-
ronment evolution and degree of risks from various
influences.

Many problems require the use of combined
methods of direct and inverse modeling. This primar-
ily applies to the problems of long-term forecasting
and related risk assessments in the changing climate.
Direct modeling gives the results of calculations on
models of processes of varying complexity, which
differ in the functional content and detail, the degree
of accounting for various factors and spatio-temporal
resolution of discrete approximations.

A higher system level of the problem as a whole
is effectively implemented by the methods of inverse
modeling. They are applied for the assessments of
generalized goal characteristics of the studied phe-
nomena. Here, the process models act as links be-
tween the state functions, the input parameters and
sources of external influences.

Developing the methodology of G.I. Marchuk
on the theory of adjoint equations and their applica-
tions, we have been constructing the variational

Problems of forecasting changes in the environ-
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methods of the sensitivity theory of the models and functionals to the variations of model parameters, input
data and source influences. On the basis of these methods, the algorithms are generated to implement forward
links and feedbacks between the parameters and goal functionals.

The main question to be answered in the environmental forecasting and design is to assess possible chang-
es in the environment quality for long periods. Variational methods of the sensitivity theory and risk assess-
ments based on them provide such opportunities. In particular, for linearized models of transport and transfor-
mation of gas-aerosol substances, these methods allow us to obtain the required risk assessments without
specifying information about the sources of these impacts.

The work is carried out with the partial support under the Programs 43 and 18 of the Presidium of Russian
Academy of Sciences, as well as the RFBR project Ne14-01-00125-a.

PasBuTME KOHLENUMM NPUPOAOOXPAHHOM0 NPOrHO3MPOBaHUA
ONA OLIeHKN NoceaCcTBUN NPUPOOHbIX M @HTPOMOreHHbIX
BO30EeNCTBUA

MeHeHko B.B.

WHCTUTYT BbIYMCIIUTENbHO MaTeMaTUKU U MaTeMaTuyeckoii reodusmuku CO PAH, Hosocubupck, Poccus
E-mail: penenko@sscc.ru

Brenenne. [Tpo6aeMbl TPOTHO3UPOBAHNS H3MEHEHUH KaueCcTBa MPUPOAHOM CPEBI M OIIEHOK IKOJIOTHYe-
CKOM MEepCHEeKTUBBI NHLYyCTPUAIBHBIX PETHOHOB, TOJBEPTAIOIINXCS BO3/ICHCTBUIO €CTECTBEHHBIX U aHTPOIO-
TEHHBIX ()aKTOPOB, OTHOCSTCSI K BAJKHOMY KJIacCy B3aMMOCBSI3aHHBIX 3a/1a4 3KOJOTUH M KiauMara. Jlis ux pe-
LIEHUsI TPEOYIOTCSI METOABI BBISIBICHUS [IEHTPOB M CTBUSI KIIMMAaTHIECKON CHCTEMBI U METO/IbI OLICHOK PUCKOB
1 YSI3BUMOCTH TEPPUTOPHI, KOTOPBIE TTOJBEPTaroTCsl HHTCHCUBHBIM BO3CHCTBHUAM BBIOPOCOB 3arpsI3HSIONINX
npuMecel, Teria u Biaru. MHTepec K 3TUM 3aja4aM aKTUBHO CTHUMYJIHPYETCSI TEMH OOCTOSITENbCTBAMH, UYTO
pEe3ynbTaThl UX PEIICHNS UMEIOT HEMOCPEACTBEHHBIN IPAKTUIECKU BBIXOA B chepy OXpaHBbI 370pOBbs HaceIe-
HUSI, COIIMAJIBHBIX ¥ 9KOHOMHYECKUX OTHOIIECHUI COBPEMEHHOTO 00IIIECTBa.

ITo cyTtn nena, nenb HAIINX UCCIIEOBAHNI COCTOUT B pa3pabOTKe METOUKH, C TOMOIIBIO KOTOPOH MOXKHO
MOJTy4aTh B PEKUME ITPOTHO3a KOIMYECTBEHHYIO HH(POPMALIUIO 00 M3MEHEHUSIX MPUPOJHOM Cpe/ibl U OLCHHU-
BaTh X MOCJIEICTBHSA C UCTIONIF30BAHNEM BCEH TOCTYITHOM (haKTHIECKOH HH(POPMALINH.

Kak moxaspIBaeT MpakTHKa, KaTacTpopuIecKkrue SKOJOTHIECKUE CUTYaIluN 3a49acTyl0 HE UMEIOT YETKOTO
MIPOSIBIICHUSI. DTO 00YCIOBICHO TEM, YTO B KaX/IbIif MOMEHT BPEMEHH BKJIaJl SMHUCCUH NIPUMECEH, BIUSIONIINX
Ha Ka4ecTBO arMoc(epsl He3HauuTeNeH. Ho B COBOKYITHOCTH X BIIHMSHUE NMEET HAKOMHUTEJIBHBIN U CHHEpre-
THUECKUH 3(P(PEKT, 9TO MOKET «HEOKHMJAHHO)» MPUBECTH K KaracTpo(uuecKuM mocieacTsusam. [Ipumepamu
TOMY MOTYT OBITb 3MHCCHsI METaHa C OOJIOTHBIX U MEPEyBIAKHEHHBIX TeppUTOpHii B CeBEPHOM MOYIIAPHH U,
B 9acTHOCTH, B CHOMpPH, IpoIIecChl epeHoca u Tpanchopmarmu B atMmocdepe paguoHyKINA0B M OHOIOTHYe-
CKH aKTHBHBIX a3p030JIeH, a TAKKE YITIEPOICOACPKALINX CyOCTaHIIUI PACTUTENLHOTO IIPOUCXOKACHH. YCTa-
HOBJIEHO, YTO, KPOME CBOWCTB METaHa KaK MapHUKOBOTI'O T'a3a, B Pe3ysIbTaTe ero TpaHchopmannu B atmochepe
B peaJbHOM BpPEMEHHU 00pa3yroTcs (hopMaslbAETH, OKCHJ YIIIEPOia M MHOXKECTBO JAPYTUX BBICOKOTOKCHYIHBIX
MIPOAYKTOB BTOPUYHOTO 3arpA3HEHMs] OKPYKAIOIIEH Cpe/ibl, KOHIIEHTPAUU KOTOPBIX MOTYT MPEBBIIATH Mpe-
JIETIbHO JIOMYCTHMBIE YPOBHU. BeposITHOCTD MOSIBICHUS TAKUX COOBITHI YBEITMUMBACTCS B CIIydae M3MEHEHUS
KIIMMaTH4ecKuX yciaoBuid. I1o3ToMy HEOOXOAMMO MMETh METOAMKY, TO3BOJISIONIYIO ONEPaTUBHO OICHUBATH
TEHJCHIINH B PA3BUTHU XUMHUUECKOH, PAJHAIIIOHHON U a9P030JIbHOI 00CTAaHOBKH MPH PA3TUYHBIX YCIOBHIX U
BBISIBIISITH ITPEATIOCHUTKH 00pa30BaHMs KOJIOTHUECKH OMACHBIX CUTYaIHH.

OCHOBBI BADHALMOHHON TeXHOJOTHH MojeupoBaHusi. s perieHns 3a1a4 Mbl pa3padaTelBacM HO-
BbIe 3(h(heKTHBHBIE METOIBI HcceioBaHNs. OHM OCHOBAaHBI HA BAPUAIIMOHHBIX MPUHIIUIIAX C COBMECTHBIM HC-
MI0JTb30BAaHUEM MAaTEMaTHUECKUX MOJIETIEH MPOIieccoB U (PaKTUIECKUX JaHHBIX 00 MX HAOII0IaeMBbIX MPOSIBIIE-
HUsIX. MeTOo/1bl MaTeMaTH4eCKOr0 MOZICIMPOBAHUS MTO3BOJISIOT MOJTyYaTh KOJTMYECTBEHHBIE OLICHKU 3BOJIOINHT
OKpY>KaloIlei Cpesibl U OL[CHUBATH CTENEHb SKOJIOTHUECKUX PUCKOB.

TpaauunoHHBIN MOAXO/ K PEIICHNIO TAKHUX 33]a4 OOBIYHO 0a3upyeTcsi Ha METOAAX MPIMOTO MOJEIHPO-
BaHMA. CyTh UX COCTOUT B CO3/JaHNH MaTeMaTHYECKUX MOZIETIEH H3ydaeMbIX IIPOLECCOB U B IPOBEACHHUH CIIe-
HapHBIX PACUETOB MPH PA3IMYHBIX CIIOCO0AX 3aaHus BXOJHBIX JAaHHBIX M BHEIIHHUX Bo3aeicTBuil. ITpu 3Tom
HEOOXOANMO 3HAaTh BCIO MH(OPMAIMIO 00 NCTOYHUKAX BO3JECHCTBHM, YTO MPAKTUIECKH HEBO3MOXKHO. [To3To-
My, HECMOTpsI Ha IIUPOKOE PACIPOCTPAHEHHE TOTO MOJX0/1a, CTAHOBUTCS MOHATHBIM, YTO OH HE MOXET pe-
IIUTh BCETO KOMIIEKCA BOIIPOCOB HA COBPEMEHHOM YPOBHE.

MsHorue 3a1a4u TPeOYIOT UCIIOIb30BaHNS KOMOMHUPOBAHHBIX METOJIOB TIPSIMOTO U 0OPATHOTO MOJEITHPO-
BaHMA. B mepByio odepenp 3TO OTHOCHUTCS K MPOOIEMaM JJOJITOCPOYHOTO NMPOTHO3UPOBAHUS U CBS3AHHBIX C

CEKLUA MOJE/TMPOBAHME 1 AHAJTN3 PETMOHAJTbHBIX ATMOCOEPHbBIX NPOLIECCOB COAEPHAHMUE »

CITES'2015

b}

(NN
=
L
o
(&)
=
=)
<2
=
=E
=
o
X
S
Lo
o
x
>
=
==
o
=
=
=
o
=
| —
=)
=
S
=
<
[N N
'—
=
o
=
==
=)
=
=
=
=
o
=)
=]
=
=
=)
==
o
=
[NN]
'—
=
=
S
=
=L
3
o
o
(=
o
=
=
==
[N N)
o
w
=]
=
=)
x
=
<
=
S
X
3
o
<
=
=E
L
=
o
=
S
=
o
=
=
=
=]
(=
<
=
=
=
=E
(5N
=



mailto:penenko%40sscc.ru?subject=

CITES'2015

b}

L
=
L
o-
(]
=
L
=
<2
T
x
>
o_
=
o
(Fa]
(=]
x
>
=T
I
(==
=
=1
—
o=
=
—
o
=
o
I
>
[}
'—
=
-0
I
I
o
=
=T
<T
=
o
o
=2
o
=
o
I
fa)
=
[}
[—
—
=
(o)
—
=L
fa)
=2}
(=]
=
o=
=
—
I
L
o
(N9 )
=3
I
(=]
x
=
=
=
(=]
x
=
(==
=9
I
=S
L
=
(=)
=
o
=
(==
=
I
=
o
o-
<T
I
>
=
=S
L
=

HUMH OIIEHOK PHCKOB B YCIIOBHAX U3MEHSIOIIETOCS KIMMara. B TakoMm BapraHTe psiMOe MOJEITMPOBaHKE TIpe-
JIOCTABIISIET PE3YIBTAThI PACUETOB 10 MOJIEJISIM IIPOLIECCOB PA3IUIHON CTETIEHH CII0KHOCTH, KOTOPBIE Pa3Inda-
10TCS IO (DYHKIIMOHAJIBHOMY COJCPIKAaHHIO M JCTATN3aLNH, 110 CTEIICHN yYeTa Pa3lIndHbIX (haKTOPOB M MPO-
CTPaHCTBEHHO-BPEMEHHOMY Pa3pELICHHIO TUCKPETHBIX allIPOKCUMAIH. MeTo bl 00paTHOTO MOZIEINPOBAHUS
3 PEKTHBHO peann3yroT 0ojee BEICOKHUI CHCTEMHBIN YPOBEHB MPOOJIEMBI B IIETIOM IS OLIEHOK 000OIIEeHHBIX
XapaKTEPUCTUK UCCIECAYEMBIX CHCTEM, B KOTOPBIX MOJIEIIH MPOIIECCOB BHICTYMAIOT B KAUECTBE CBSI3EH MEXIY
(DYHKIMSAMH COCTOSIHUS, BXOAHBIMH ITapaMeTpaMy U ICTOUHUKAaMH BHEIITHUX BO3/ICHCTBUIH.

B passurtne metononoruu .M. Mapayka 1o Teopuu COnpsHKEHHBIX YPaBHEHUH U UX TPHIIOKEHHM [ 1,2],
MBI pa3padarbIBacM TSI 3THX LIeJIel METO/bl TEOPHH YyBCTBUTEIBHOCTH MOJIENEH 1 (DyHKIIMOHAJIOB K BapHa-
UM TTapaMeTPOB MOJIETICH, BXOMHBIX TAaHHBIX W MCTOYHHUKOB BO3AeHcTBHil [3,4,6]. Ha ocHOBE 3THX METOOB
(hopMHUPYIOTCS AITOPUTMBI PEATU3AINH MIPSIMBIX 1 OOPATHBIX CBA3EH MEXly MapaMeTpaMu U IeJIeBbIMU (DYHK-
IIMOHATIAMH.

Opranuszanus Takoil TEXHOJIOTHH MOJIEIMPOBAHHSI CTPOUTCS Ha 0a3e BapHAllMOHHBIX TIPHHIUIIOB B COYe-
TaHUM C METOAAMH JICKOMIIO3UIINU U pacuienyieHus. Tak Kak B MOJENSAX MPOLECCOB U BO BXOIHBIX JaHHBIX
UMEIOTCSI PA3IMYHOTO POAA HEONIPEAETIEHHOCTH, B TAKHUX CIIydasiX Mbl (JOPMYNIHpPYEM BapHallMOHHBIC MPUHIIN-
IIBI CO CITA0BIMU OTPAaHUYIEHUSIMU JUTS UX HAXOXKICHUSI.

OCHOBHOI BOTIPOC, Ha KOTOPBII TPeOyeTCsl OTBETUTH MPH IIPHPOLOOXPAHHOM ITPOTHOZUPOBAHUH H TIPOEK-
THUPOBAHHUHU, COCTOUT B OLIEHKE BO3MOKHBIX M3MEHEHUH KaueCTBA IMPUPOAHON CPEAbI HA JUTUTEIbHBIE CPOKH.

Moaeau xumMuu aTMoc(hepbl U IMHAMUKH a3po30.1eil. OCHOBHBIE 3a/1a4H IPUPOJOOXPAHHOTO MIPOTHO-
3MPOBAHUS COCTOSIT B OIIEHKE “‘KauecTBa’” aTMOC(EPBI, KOTOPOE OIPEAEIAETCS COCTABOM XUMHYIECKHX BEIIECTB
U a’po30Jieii, copepKaIuXCs B BO3Lyxe. B MaremMaTniaeckoM MOJEIMPOBAHNH KauecTBa aTMOC(EPHI U €ro u3-
MEHYHMBOCTH YYacTBYIOT COBMECTHBIE MOAEIN THIPOTEPMOANHAMUKH M XMMHH B PEKUME JIBYXCTOPOHHHX
B3aumozeiicTeuil. [Ipu peanuszanuu 3TUX MOZEIE 3HaUUTENbHAS YACTh AJITOPUTMHUUYECKON U BBIYUCIUTEIbHOM
pabOTHI IPUXOIUTCS HA YHCICHHOE PEIICHNE CUCTEM (GKECTKHX» M depeHnnanbHbIX ypaBHEHNH, OMUCHIBA-
IOIMIMX TPOLECCH XUMHUECKOW TpaHC(HOPMAIN ra30BbIX MPUMECEH U TUHAMHUKH a3pPO30JIbHBIX MOITYIISIHH.
CBOWCTBO GKECTKOCTH» COOTBETCTBYIOIINX CHCTEM YPABHEHUH SIBISICTCS CIECACTBHEM IIMPOKOTO JHANa30Ha
XapaKTEePHBIX BPEMEH JKH3HN PA3IMYHBIX CyOCTaHIMN M XapaKTEPHBIX MAcIITa0OB B MEXaHU3Max TPaHC(Op-
Maluy a3po30JIeH, yJacTBYIOIINX B PEaKIHAX.

3agaun aTMOC(EPHON AMHAMUKHU U XMMUH YPE3BBIYANHO CIOKHBI: B COBPEMEHHBIX MOJIEINISIX YIUTHIBACT-
Cs1 TIOPSI/IKA COTHHU Pa3JIMUHBIX CYOCTaHINM, MEXaHU3MBI TPaHC(OPMAIINH KOTOPBIX BKIIOYAIOT HECKOJIBKO CO-
TEH XMMHUYECKUX Peakuid. DTH IapaMeTpsl OMPEACIAIOT CTPYKTYPY M Pa3MEpHOCTh 3a/1ad aTMOC(EPHOH Xu-
MUH. [|JIs MX YHCIEHHOTO PEHICHHS YacTO UCTIOIb3YIOTCS METOABI PACIIEIICHUS 110 (PU3HUECKUM MPOLIEccaM,
[0 MEXaHU3MaM TpaHC(HOpMALNHU CYOCTAaHIMHM M JIEKOMITO3UIMH O MpOocTpaHcTBY. OHM MO3BOJISIOT CBECTH
MHOTOMEPHBIE 33/1a41 K MEHEE CIIOKHBIM U MEHBIIIEH Pa3MEpHOCTH.

Cuctembl ypaBHEHHH TUHAMHUKH a3pO30JIbHBIX MOMYISINI B aTMOc(epe BKIFOYAIOT COBOKYMHOCTh MH-
terpo-auddepeHnnanpHbIX omneparopos. [lociaeHne OMUCHIBAIOT MEXaHU3MBI TPaHC(HOPMAIUU PA3THUHBIX
CyOCTaHINH, UIMEIOIINX IIMPOKUH CIIEKTP IPOCTPAHCTBEHHO-BPEMEHHBIX MAacCIITA00B M MacITab0B MEXaHU3-
MOB TpaHC(OPMAIHHU B IPOCTPAHCTBE Pa3MEPOB YACTHUI. DTO MEXAHM3MBbI KOATYIISIMN, KOH/IEHCAI[H/HUCTIape-
HUsI, KOHBEPCHUHM Ta3-4acTUIA, HYKJICALUH U JIp.

Peanm3zanus 610KOB XUMHYECKON TpaHCHOPMANINHU Ha OTACIBHBIX 3TAlax B METOJIE PACIIEIICHUS TT03BO-
JISIET BBITIOJTHATh MHTETPUPOBAHNE YPABHEHUH XUMHUH aTMOC(EpsI M IMHAMHUKH adpo3oiieil popmanbHO He3a-
BUCHMO JUIS Ka)KI0TO KOHEYHOTO 00bEMa TPEXMEPHOH CETOYHON NMPOCTPAHCTBEHHOH 00JAcTH B NpEAeiax
Ka)KJIOT0 I1ara Mo BPEMEHH.

Just Hammx nesnei TpeOyoTes anropuTMbl MOAEINPOBAHUS XMMUYECKOH TpaHC(OPMALUK ra30BbIX MPHU-
Mecel 1 IMHAMUKHU a3p030JIeH, COTNIACOBAHHBIC B UNCICHHBIX CXEMaXx IS IPSIMBIX, COTIPSKEHHBIX X 00PaTHBIX
3agad. [l MOCTPOEHUs TAKUX CXEM MBI pa3padaTbiBaeM BapHalMOHHBIC METO/IbI C NCTIOIB30BAHUEM KOHIIETI-
IIUM U TEXHUKH COIPSIKEHHBIX MHTETPUPYIOINX MHOXKHUTENeH [7,8]. B pesynsrare momyyaeM BbICOKOTOUHBIE
JIMCKPETHO-aHAINTUYIECKHE YUCICHHBIE CXEMBI, 00JIa1at0INe CBONCTBAMH yCTOHYNBOCTH 1 aOCONIOTHOH MO-
HOTOHHOCTHU. AJITOPUTMBI HX Pean3aliu MPsIMbIE, TO €CTh HE HCIIONb3YOIINe UTepanni. Takiue cXeMbl y0B-
JIETBOPSIFOT COBPEMEHHBIM TPEOOBAHUSM, TIPEIBABIAEMBIM K METO/IaM PEIIEHHS TIPSIMBIX U OOPaTHBIX 3a/1ad.

Opranuszanus Takoil TEXHOJIOTHH MOJIEIIMPOBAHHSI CTPOUTCS Ha 0a3e BapHAllMOHHBIX TIPHHIUIIOB B COYe-
TaHUM C METOAAMH JIEKOMITO3MIUK M paciieruieHus. [Ipn HeoOXOmMMMOCTH BKIFOYAIOTCSI METO/IBI YCBOCHUS
JTAHHBIX HAOJIOIEHHI C OIIEHKOH HeorpeaeneHHocTei [6,9].

CueHapHBIii MOAX0/ JIsl OLIEHOK 3KO0JOTHYeCKUX NepcrnekTHB. [IpuHInnmuaibHelil BOIPOC, Ha KOTO-
pBIil TpeOyeTcs OTBETUTH NPH MPHPOAOOXPAHHOM POTHO3HMPOBAHNUHU U NMPOCKTUPOBAHUH, COCTOUT B OIICHKE
BO3MOXXHBIX U3MEHEHUI KauecTBa IPUPOTHOM Cpe/Ibl Ha JUTUTEIbHbIE CPOKH. ECTecTBEHHO, peub HJIET HE TOJIb-
KO 00 ydeTe HeTIOCPECTBEHHBIX BO3/ICHCTBHI M BEIOPOCOB pUMeECei OT IEHCTBYIOIINX U MOTEHIINAIHHO BO3-
MOKHBIX IPEIIPHUATHH, HO 1 00 OILICHKE 3BOITIOLUH THAPOTEPMOJUHAMHUKN aTMOC(HEPHI B YCIOBHAX N3MEHSIO-
IIerocst KIMMara Ha ToKa3aTeli KadecTBa IPUPOIHON CPEIbl.

OnuH u3 myTel ydeTa KIMMaTHIecKoro poHa sl eseil MpupoJoOXPaHHOTO MPOTHO3UPOBAHHS COCTOUT
B MICIIOJIb30BaHUH (Pa30BBIX IPOCTPAHCTB, OMUCHIBAIOMINX U3MEHUYNBOCTh aTMOC(EPHBIX NPOIIECCOB, KOTOPHIE
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TEHEPUPYIOTCS MaTEMaTHUECKIMU MOAETSIMHU KIMMaTHUeCKoi cucTeMbl. OHAKO, Ul CYIIECTBYIOIINX B Ha-
CTofIIEe BpeMs MOJIeJIeH, BOIPOC O MPeICKa3yeMOCTH MOJICTTMPYEMBIX Ha UX OCHOBE CLIEHAPHEB OCTAETCS OT-
KpBITBIM. [lo3TOMY Ut OTpaOOTKM METOAWKM MPOTHO3MPOBAHUS M AHAJIN3a MHOTOMEPHBIX (PAa30BBIX IPO-
CTPAHCTB, HOPOXKIAEMbIX HETMHEHHBIMH AUHAMUYECKUMH CHCTEMaMH, HEOOXOJMMO HCTIOIb30BaTh KOJIHYECT-
BEHHYI0 MH(popMaIuio 00 aTMOC(EpPHOH M OKEaHNIECKON HUPKYIALMIX 32 JIUTEIbHbBIC TIEPHO/IbI BPEMEHH.
Omna nmeercs B 6a3ax JaHHBIX, TAKUX, HAIIPUMeEp, Kak peaHanu3. Tak, B 6a3e ganusix peanamnza NCEP/NCAR
coziepxuTcst ”H(OPMAIHsT 00 OCHOBHBIX TEPEMEHHBIX COCTOSHHS KIIMMAaTHIECKON CHCTEMBbI U IPYTUX, CBSI3aH-
HBIX C HUIMH XapaKTepUCTHK, ¢ 1948 roma mo HacTosIee BpeMs. DTH JaHHBIC SBISIOTCS PE3yIbTaTOM PEKOH-
CTPYKIIUH TIOJIEH METEO3IEMEHTOB Ha 0a3e COBMECTHOIO MCIOJIb30BAHMS MOJIENIe U pe3yabTaToB HaOIIoze-
Huit. [TosToMy mpu MX ydeTe MOBBIMIAETCS CTEMEHb aJeKBATHOCTH MPOTHO30B JUIS OIIEHOK SKOJIOTHUYECKHX
NepCIeKTHB. EcTecTBEHHO, BO3HMKAET BONPOC, KaK W3 3THX OIPOMHBIX MacCHBOB Pa3HOPOAHBIX JAaHHBIX W3-
BJIEKATh IVIABHBIC 3JIEMEHTHI JIOJITOBPEMEHHOM MaMsITH KIMMaTHUECKOM CHCTEMbI, HEOOXOJUMBIE IJIs 10ITOC-
POYHOTO NMPOTHO3KMPOBaHUs. IJIs peneHust 3Toi mpoOeMbl MBI ITPEATaraéM METOl OPTOTOHAIBHON IEKOMITO-
3uNUN (PyHKIIMOHATBHBIX MPOCTPAHCTB I (GOPMUPOBAHHUS MHPOPMATUBHBIX 0a3MCOB M HA MX OCHOBE OCY-
LIECTBIIATH Pa3eieHue MacTaboB HUCCIeAyeMbIX mponeccoB. OH AaeT BO3MOXHOCTb MPOBEPSATH THIIOTE3bI
CYIIECTBOBAHUS KBAa3UCTAI[OHAPHBIX LIEHTPOB aKTUBHOCTH aTMOC(EPBI U U3y4yaTh NX MPOCTPAHCTBEHHO-BPE-
MEHHYIO H3MEHUYHBOCTH BO B3aUMOCBSI3U C N3MEHEHHAMH XapaKTEPHCTHK KaueCcTBa MPUPOIHON CPEIbl.

B Mupe akTHBHO BemyTcsi pabOThI IO BBISBICHHUIO U N3YUYCHUIO KIMMATOJIOTHUECKHUX IICHTPOB JICHCTBHA
arMoc(epsl C IEbI0 YCTaHOBJICHHS 3aKOHOMEPHOCTEH, MMEIOIINX MMPOrHOCTHYECKUH xapakrep. K Takum 1eH-
TpaM OOBIYHO OTHOCST PETMOHBI 3€MHOTO Iapa, rae (JOPMUPYIOTCSI OTHOCUTENBHO YCTOWYMBBIE XapaKTepH-
CTHKH O0IIEH INPKyIAIUH aTMOChepsl, HAPUMEp, KBa3UCTAIMOHAPHBIE 30HbI TIOBBIIIIEHHOTO U TOHMKEHHOTO
nmaBneHwst. Hagamo 3TuX mccienoBannii BOCXOINT K eprony, Koraa Teiicepan-ne-bop B 1884 romy onpexemnmn
TIOHATHE IIEHTPOB JeHcTBHA arMocdepsl. B cHHONTHUYECKOH METEOPOIIOTHH ONUCHIBAIOTCS OOIee ABaALATH
LIEHTPOB C IOCTATOYHO YCTOWYMBOH JIOKATH3AIHMEH 110 reorpapuueckoMy OIOKEHHIO. THITHYHBIM ITIPUMEPOM
B Cubupu sBnsieTcs o0nacTs nHTeHCHBHOTO AnTae-CasHcKoro rukioreHesa. B 80-TpIx rogax mponuroro Beka
I"M.MapuykoMm ObLTa MpeIoykeHa KOHIICTIIHS YHeProakTUBHBIX 30H MHUpoBOro okeaHa. B pamkax 3Toi KOH-
LUK MPEATIaragich MOAXOAbI K BBISIBICHUIO M M3YyYEHHUIO IEHTPOB ACHCTBUS IS LENEH OITOCPOYHOTO
TIPOTHO3UPOBAHMS TTOTOBI C FICTIONB30BAHNEM METOIOB TEOPHUHU COTIPSKEHHBIX ypaBHEeHHH [ 1,2].

MeTozbl TEOPUH TyBCTBUTEIBHOCTH M OLIEHOK PUCKOB. J{JIs 3THX 1iemneii Mbl pa3padaTbiBaeM BapualnoH-
HBIE METOJbl TEOPHHN YyBCTBUTEILHOCTH Moziesieil. OHM NMPEACTaBIsAIOT YHUBEPCATIbHBIN MaTeMaTHUECKHN arl-
rapar Jyist KOJIM4eCTBEHHBIX OLIEHOK BIMSHHS BO3MYILIECHHH BCeX ()aKTOPOB, YIUTHIBAEMBIX B MOJIEIISIX ITPOIIEC-
COB, Ha ITOBEJICHHUE IIEJIEBBIX (DYHKIIMOHAJIOB, OTIPECIICHHBIX B 33/IaHHBIX 00NacTsIX-penentopax. Paccunteiba-
eMbI€ IIPU 3TOM (YHKIUHU YyBCTBUTENBHOCTH (DY) BBLACIAIOT BEIUYNHY OTHOCHUTEIBHOTO BKJIAa B CyMMap-
HBIH 3¢ (heKxT Kax10ro u3 GaKTopoB OTACTHHO. VX MPOCTpaHCTBEHHO-BPEMEHHAS CTPYKTYpa OTpeaeisieT ooma-
CTH BIIUSIHUS PA3JIMYHBIX (DAKTOPOB U, C MO3UILIUI MOHUTOPHHTA, 00IAaCTH HAOIIOAAEMOCTH TEPPUTOPHIA, €CIIH
CHCTEMbI MOHUTOPHHTA PACHIOJIOKEHBI B PEIIETITOpPax.

DT KOHCTPYKTHBHBIE BO3MOKHOCTH METOJIOB TEOPHH TyBCTBUTEIBHOCTH yAOOHO HETTOCPEICTBEHHO HC-
TI0JTb30BATh JUIS OLIEHOK HKOJOTMYECKUX PUCKOB M YSI3BUMOCTH TEPPUTOPHIL IO OTHOLICHUIO K BO3ICHCTBUSAM
AQHTPOTIOTEHHBIX (pakTOpoB. OHM TAKXKE COCTABIIOT OCHOBY /T (POPMHUPOBAHUS OOPATHBIX CBA3EH MpH MICH-
TH(QUKAIMN TAPAMETPOB U NCTOYHUKOB I10 JAHHBIM MOHUTOPHHTA.

BapuannoHHble METOABI TEOPUH YyBCTBUTEILHOCTH U OILICHOK PHCKA HA X OCHOBE PEAIN3YIOTCS B PEXKHU-
M€ MPSIMOT0/00paTHOTO MOAIENIUPOBAHUSL. [/ TMHEapU30BaHHBIX MOJIENIEH epeHoca U TpaHchopManny npu-
Meceit 3TH MEeTO/BI TTO3BOJIAIOT MOTYyYaTh TpeOyeMble OLIEHKH PUCKOB 0e3 3a1aHus nHpopMauy 00 NCTOIHH-
Kax 3THX BO3/ACHCTBUIL. DTO OYEHb BaXXHO NPH MOATOTOBKE yNPABIEHUYECKUX PEHICHHUH MPU IPOESKTHPOBAHNT
HOBBIX HPEINPUSITHI U OpPraHMW3aIMM ONEPATHBHBIX MPHUPOLOOXPAHHBIX MEPONPHUITUI TPH YPE3BBIYANHBIX
CHUTYaIHsAX.

Paboma svinonnsemea npu uacmuynou noooepacke Ilpoepavm 43 u 18 Ilpesuouyma PAH, a maxaice npo-
exma POOU Nel4-01-00125-a.
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Averaging of stochastic radiation models based
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through stochastic medium, averaged by medium realisations, is studied in detail in the present work.

It is important practically, in particular, because such averaging is equivalent to averaging over large
enough detector surface, if the property of the medium ergodicity is satisfied. This is confirmed by studies of
the present work. Studies are performed for so called «mosaic» models of homogeneous isotropic random
fields (media) with known correlation functions, which define averaged passing-through probability P, to a
considerable extent.

The most logically simple approach for estimating such functionals as P, is a solution of series of radiative
transfer problems for chosen realisations of random medium with the following averaging of obtained passing-
through probabilities. However such approach is very time-consuming for the real radiative models. The tradi-
tional approaches using closure of the chain of moments and the small-disturbance theory for such models give
estimates with badly controllable errors. Therefore in the present work authors used so called «method of dou-
ble randomization», wherein for each medium realisation only one or several (correspondigly to the moment
order) particle trajectories are modelled statistically.

Authors have constructed special algorithms of the «maximal cross-section» method for particle trajecto-
ries simulation in «mosaic media», based on the geometrical «flattening» of the attenuation coefficient of me-
dium by adding the artificial «delta-scatterer».

On this base authors studied the possibilities of effective (relatively to P,) averaging of stochastic radiative
models, and using the medium ergodicity for estimating readings of large detectors. The asymptotic exponen-
tial estimate of the function P, (H)is constructed, where H is the medium layer thickness.

On the basis of numerical statistical modelling of radiative transfer process a probability of passing

Ocpe,u,HeHme CTOXacCTn4yeCKnX pagmnaumMoHHbIX Moaenen
Ha OCHOBE BEPOATHOCTHOIO N YNCJTIEHHO-CTaTUCTUHEeCKOIro
aHalJIn3a

Muxaiinos I.A., AM6oc A.10.

WHCTUTYT BblYMCNMTENBHOW MaTeMaTUKKU U MaTeMaTUyecKoii reopmsuku CO PAH, HoBocubupck, Poccua
E-mail: gam@sscc.ru, ambos.andrey@gmail.com
Web: www.sscc.ru

KET CYILIECTBEHHO MPEBBIIIATh COOTBETCTBYIONIYIO BEPOATHOCTH IS JI€TEPMUHUPOBAHHON CPEBI CO

cpenHeit mwioTHOCThIO. [Tockonbky MeToq MonTe-Kapiio cpaBHUTEIBHO TPYIOEMOK, TO OTOOpaKEHHE
9TOro (hakra B MacCOBBIX YMCJICHHBIX PAJUALMOHHBIX HCCIEJOBAHUSX 11€]I€CO00Pa3HO OCYIIECTBISTh, HC-
nosb3yst SPPEKTUBHOE OCPEAHEHNE YPaBHEHHUSI IIEPEHOCa, TO €CTh CO3IaHKie JEeTePMHUHUPOBAHHON pajnalu-
OHHOI MOJEJH, AJIs1 KOTOPOM BEPOSITHOCTb IIPOXOXkKACHU paBHa P. /Iyl mocTpoeHus Takoro ypaBHeHus B pa-
0ote ocpennsieTcs: «(yHKIMS IPOIMYCKAHUS», paBHAsI BEPOSITHOCTH MPOXOXK/ICHUSI KBaHTa MO Tpaekropuu L
JuinHbl L. Ecnu pe3ynsrar Takoro ocpeHeH s OIM30K K OKCIIOHEHTE eXp (— oL) (XOTsi Obl aCUMIITOTHYECKH),

n PaKTHYECKU BaXKHO TO, YTO CPENIHSASA BEPOSTHOCTH P MPOXOKACHUS Yepe3 CTOXaCTUIECKYIO CpeLy Mo-
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TO BEJIMUUHY O MOKHO pacCMaTpyBaTh, KaK KOI(QQPUIIMEHT MOMIOIIEHNS B TpeOyeMOM OCpeTHEHHOM ypaBHe-
HuH. Pazpaborana Taxke orieHKa Ko HUIMEHTa PaCCeTHUS ogB OCPETHEHHON paIHaliOHHON MOJIENTH, KOTO-
pasi CyIIecTBEHHO BIFSIET HA COOTBETCTBYIOMIYIO OIIEHKY BENMYHHBI P (cM. manee 1. 6). B pabore pemaercs
peanbHas 3a/1a4a OLEHKH MTOKa3aHMs JOCTATOYHO MPOTSHKEHHOTO «HOPMHPOBAHHOTO» JAETEKTOPA YAaCTHI[ Ha
BEPXHEH I'paHuUIIe CII0S B CIIydae MOHOHAIPABICHHOTO HCTOYHUKA, PACTIPEAEIEHHOTO PABHOMEPHO Ha HIKHEH
rpaHuIe («OIWH KBAHT C CIMHUIIBI IUIOIAAN»). BenencTsrue 3profndHOCTH Cpeibl TaKoe MOKa3aHue OJIM3KO K
P, c nucnepcueii, yObIBaromel npy yBeIMUSHNUH TUIOMAAN JETEKTOPa, COOTBETCTBEHHO YOBIBAHUIO KOPPETIS-
OUOHHOW (PYHKIMW TIOJISI MHTEHCHBHOCTH TPOXOASIICH paananin. B coOTBETCTBYIONMX pacdérax OBLT HC-
TTOJTF30BAH «METOJI COTPSHKEHHBIX Oy KIaHmii» [1].

B pabote ucnonb30BaHb! ABE MOJEITH «MO3aMYHBIX» CIyYaiHBIX IOJICH, KOTOPBIE CTPOSATCS HA OCHOBE
HEKOTOPOro pa30MeHHs MPOCTPAHCTBA CO CIyYalHBIM BBIOOPOM 3HAYEHHS IOJIS B KXKIOH sSUeiKe COrIacHO
HEKOTOPOMY PacHpeiesIeHHIO (HE3aBUCUMO OT OCTAJIBHBIX STUEEK).

IepBast paccMarpuBaeMasi MOJEIb, Ha3bIBa€Masl Jajee MO3anIHbIM 1oseM BopoHoro o, (r), ctpoutcs Ha
OCHOBE ITyaCCOHOBCKOTO TOUEYHOTO OTOKa HHTEHCUBHOCTH /,, KOTOPBIN ONpeAeiseT pa30ueHne mpoCcTpaHCcTBa
Ha SYEHKH, KaKAas U3 KOTOPBIX SIBISIETCS] MHOKECTBOM TOYEK HamOosee ONM3KMX K OJHOM M3 TOUEK MTOTOKA
(mmarpamma Bopororo).

J1st mocTpoeHus BTOPOH MOJIENH, Ha3bIBAEMOH Jlajiee Mo3andHbIM nojieM Ilyaccona o, (), mpocTpaHcTBO
pa3OuBaercst Ha A4elikn aHcamOieM 0a30BBIX TMIIEPINIOCKOCTEH, ONMPEAETAEMBbIX TOYKAMH ITyaCCOHOBCKOTO
HOTOKA HHTEHCUBHOCTH A, BO BCIIOMOTaTEIbHOM apaMeTPHIECKOM IIPOCTPAHCTBE. TOUKa 3TOr0 MPOCTPAHCTBA
00BEIMHACT PACCTOAHUE /1 OT 3aaHHOTO IIEHTpa 10 0a30BOH TUIEPIIIOCKOCTH U HAIIPaBJICHHUE €€ «BHELIHEI»,
TO €CTh HAIIPABICHHOW OT IIEHTPa, HOPMAJH # K 0a30BOIl THIIEPIUIOCKOCTH. | eoMeTpHyIecKie CBOMCTBA TAKIX
pa3buenuii s obenx Mopenen neranbHO M3ydeHsl B [2] (cm. Taxke [3], [4], [5]). B pabote [3] mocTpoeno
KyCOYHO-IIOCTOSTHHOE IByMEpHOE Mo3andHoe nose ITyaccoHa n mokas3aHo, 4To ero KOppessiuoHHas (PyHKIUS
SKCIOHEHIHMaNbHA. B pabore [5] mano /-mepHOE 0000IIEHME TAKOrO MO, TO €CTh IOCTPOSHO /-MepHOe
KyCOYHO-ITOCTOSTHHOE SKCIIOHCHIIMAIBLHO KOPPEIMPOBaHHOE Mo3andHoe mose. B [5] Tarxke mokaszaHo, 4To
Mo3andHoe 1oje [Tyaccona sBiseTcst OTHOPOJHBIM U N30TPOIIHBIM B «y3KOM» CMBbICIIE. AJITOPUTM MOCTPOECHUS
peanmzanuu TpéxmepHoro mois [Tyaccona netampHo onucad B [5] (cM. Takxke [6]).

Oco0y10 poik B IPUKIIAIHBIX HCCICIOBAHIIX UTPACT «KOPPEISAIUOHHAS JITHHAY, P:J; K(r)dr e K(r) -
HOPMHPOBaHHAs KOppeSIUOHHAs (QyHKIH. Jms Mo3amuHBIX ciydaiiHeIx monei K(r) = P(4,), tae A, -
COOBITHE, COCTOALIEE B TOM, YTO TOUKH 7 ¥ 7' TIPU (7 — ") = r HAXOAATCA B OAHOM sueiike [5]. B [4] nuist nonst
BopoHOro ()akTHYECKH TIOTydeHO BHIPAKEHHE IS BETMYUHE! | P(4,)dr , KOTOpOE NAET OLEHKY p, ~ 0.4697,"".

Jlns Mo3amasoro nons [Tyaccona P(4,) = e ™(cum., nanpuMep, [5]. CrenoBarensHo p, = 1/(xh,). Xora K(r)
MO3aM4YHOTO 1MoJsi BOpoHOTO HE SABIAETCS SKCHOHCHIWATHHOM [4], omHAaKO pacy€Thl MOKA3BIBAIOT, UTO OHA
Omm3Ka K HE.

CranmapTHBIA «MeTON 0OpaTHOW (YHKIIMHM pacHpeieiCHUs MOACIHPOBAaHUS CBOOOAHOTO mpobera
KBaHTa JUISI MO3aWYHBIX TOJEH 3aTPyIHEH TeM, 4To TpeOyeT BBIYHMCICHUS M aHAIW3a PAacCTOSHUU OT 7’ B
HaTIPaBICHUH 4 JIO0 TUIOCKOCTEH, pa3maensionmx sueiiku. OgHako A0CTaTodHO 3(h(EeKTHBHBIM OKa3bIBACTCS
«METOZ MaKCHUMAaJbHOTO CEUYEHHUs» [7], KOTOPBIA peamu3yeTcss B TMPEANONOKEHHH o(r) < ¢, Ha OCHOBE
HCKYCCTBEHHON MOMU(HUKAINN CPENbl MyTEM TOMOTHEHHS €€ «J -paccemBaTesieM» ¢ Ce4eHueM o, —a(r) 6e3
W3MEHEeHHs WHTEHCUBHOCTH wm3myudeHus [l], [8]. s mommbummpoBaHHON cpenpl qinHaA mpodera
Momenupyercs mo ¢opmyne / = —In o/o,. B momydeHHOW TakuM 00pa3oM TOYKE «CTOIKHOBEHHUS» C
BEPOSITHOCTBIO 0(7) / 0, MOAENUpyeTcss «(PU3NIECKOEe» CTOIKHOBEHHE, a C BEpOsATHOCTRIO 1| — o(r) / o,
(bUKCHpyeTCs «JIeNbTa-paccesHhue», TO €CTh Jajee CTPOUTCS HOBBIM Mpober B TOM jke HampaBieHHH. [Ipu
TaKOM MOJICTTUPOBAHUM TPASKTOPUI 3HAYEHHUs o(7) JOCTATOYHO BBIOWpATH JIWIIb JJIS TeX TOA00IacTei, B
KOTOPBIX PEaTH3YIOTCS CTOIKHOBEHHUS. SICHO, YTO JUI MO3AaMYHBIX MOJIEH 3TO MOXKET PaJANKaIbHO COKPATHTh
TPYAOEMKOCTh MOJICINPOBAHHS, CPABHUTEIBHO C ITOJTHBIM ITOCTPOCHUEM peai3aui o(r).

Vcnonp3yemble aBTOpaMH aNTOPUTMBI MICHTH(DUKAIIUN TOYKU U MO3aM4YHBIX moneit Tpebyror O(N)
orepanuii, rae N - 9uciIo TOUeK B mapaMeTpHIeckoM IpocTpaHcTBe. st cpensl, 3aKmouéHHOM B KyO 00bEMa
H’, Gbina nomydena onenka EN,/ EN,~ 0.0279 H’p . B 10 e BpeMsi COOTBETCTBYIOLHE OLCHKH BETHUHHbI
P, nnst 6onpmmx H mpakTHYECKH COBIAIAIOT, T. €. yaCCOHOBCKOE TIOJIE B pacyéTax MpeArOYTHTEIbHEE.

PaccmoTpuM Temepb anropuTM CTAaTHCTHYECKOTO MOJCIHMPOBAHHS MEPEeHOCAa YacTHI, B KOTOPOM
TIOTJIONICHNE YIUTHIBACTCS SKCIIOHEHITMAIHHBIM BECOBBIM MHOKUTEIEM (CM., HaripuMmep, [8]). [Ipennonaraercs,
gto o(r) = oyr)+ odr), tne oyr) - xoddhdunment paccesuus, a o-(r) - xKodhdunuent mnoromeHus. B
TpeajaraeMoM anroputme Tpaekropus L : » = r,(t), t > 0, crpoutcst st o- =0 (TO ecTh IpH 0 = o5) U

!

BBIYHCISIETCSI BCIIOMOTaTeNbHbIN Bec J (1, L) = e ¢ “n, ’c(f:‘L)=J- O (’” L ))ds . YuuThIBas BKJIaJ TPAEKTOPUH C
BecoM J (#; L), moimy4aeM HECMEIIEHHBIC OICHKH H3Y9aeMBbIX (l)%’HKIII/IOHaJ'IOB [8]. Takue omeHKH MOTYT OBITH
CPaBHHUTEILHO (P PEKTUBHBIMHU. DTO BUJJHO U3 TOTO, YTO B CIIy4Yae «JIeJIbTa PACCESTHUSD TP MOHOHAIPABICHHOM
TOYEYHOM HCTOYHHMKE COOTBETCTBYIOIASl OLICHKA BEPOSTHOCTU MPOXOXKICHHS MUMEET HYJIEBYIO JHCIEPCHUIO.
OKCTIIOHEHIIMAIBHBIN YUET MTOMIONIEHHSI 0COOSHHO ITOJIE3€H JUISl OLICHKH BIIMSTHHS MAJIOTO M3MEHEHUS TOJIIMHBI
CJIOSL Cpellbl Ha BEPOSITHOCTH TNMPOXOKAEHHs. [t cpembl ¢ KyCOYHO-TIOCTOSTHHBIM KOI(QHUIUEHTOM (1)
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CIPABEIUTMBO PABEHCTBO 7 (L)Y o/, ,T/e [, - JUIMHA y4acTKa TPACKTOPUHU B OAOOIACTH C KO HUIMEHTOM
0, Takum 06pa3oM, BO3HUMKACT 34/1a4a BHIYUCIICHUS [UTHH {/, } IPU MCTIONB30BAHMM «METOIA MAKCHMAJTBHOTO
CEUCHUS, JUIS PELIEHNsI KOTOPOH aBTOpaMy ObUT pa3paboTaH CHeHalbHbIH TeOMETPUYECKHUI allTOPUTM.

Jl71st OLICHKM BEPOSITHOCTHBIX MOMEHTOB CepHH (pyHKIIMOHAIOB {/, (0)} OT MHTEHCUBHOCTH M3Iy4CHHS B
CTOXAaCTHUYECKON Cpeie MOXKHO HCIIONIB30BaTh «METOJ JBOMHON paHIOMHU3aUN» [8], B KOTOPOM AJISI KasKAOH
peanu3anuy 1oyl ¢ CTPOMUTCS JIMIIb OflHA WJIM HECKOJIBKO (COOTBETCTBEHHO IOPSIKY MOMEHTA), YCIOBHO
HE3aBHCHUMBIX TpPaeKTOpUH KBaHTOB. ClemyeT OTMETHTh, YTO TPH BO3BPALICHUHM TPACKTOPUH B YyKe
OPOIIEHHYIO SYEHKYy MO3aM4YHOIO MOJS CIEIyeT HCHOJIb30BaTh YXKE€ PEATU30BAHHOE 3HAYEHHE O, YTO
yCIoXHsIeT anroput™. Eciu ke ¢ Tpu 3TOM BBIOMpAeTCs 3aHOBO, TO BO3HHMKACT «ONIMOKa IEpeBBIOOpAY,
KOTOpast pacTET Mpu ocnabIeHnn aHU30TPOITNH | /TSI peasIbHBIX Mojieniel obnmaunocTn focturaet 10%.

ITonaras, 4To none o ABIAETCA MO3aMYHBIM C 3aJaHHBIM OJHOMEPHBIM paclpeeeHueM, Iepeiém nanee
K OIIEHKE K03()(PUIINEHTOB PacCEesIHNS g U IOTTIOMICHNUS 0 B TpeOyeMOoi ocpetHEHHON paguaiiOHHON MOJIEIIH.
B mawane paccMOTpuUM MpOCTEHIINI BapuaHT pactpeneneHnus 3HadeHus o P(o = 0) = p,, P(c = a5) = 1 — p,,
npuuéM 1/ og< d ', tie d ' - cpesiHee paccTosiHUE MEXTy MOCIEI0BaTENbHBIMU MEPECCUEHUSAMH MPAHHIL SUECK
npoberom wacTuiel. Bennunna 1/ oy paBHa cpefHeMy 3HAUEHHIO CBOOOJHOTO «Ipodera paccesHus» (T.e.
PacCTOSTHUS MEK/Ty MOCIIEN0BATEIBHBIMU PACCETHUSAMH) B «HEMyCTOM» sueiike npu d ' = +o0; B ciyyae 3T0
COOTHOIIEHHE OyIeM HCTIONb30BaTh NPUONMHKEHHO /ISt TIOCTPOEHHS TpeOyeMoit olleHKH og. OTCIo/Ia Ha OCHOBE
MTOBTOPHOTO OCPETHEHUS 110 aHCAMOJIIO OCTATKOB CBOOOIHBIX MPOOETOB IOCIIE UX MEPECEUCHUH ¢ TPAHUIAMH
SUEEK MOITyYaeM:

1- Py
-1_ f1_ -1 -1, -1 o=
o,'= (1 po)as +p0(d +o ) s (1_ po)”;I +p0d_1

npu o5 < d ', T0 ecTh npu o> d. Takoe ocpenHEHHE MeIeco0OpasHo, TaK KaK yKa3aHHBIE OCTaTKH
pacrpesiesnieHbl SKCIIOHEHIMAIbHO BCJICIICTBHE ITyaCCOHOBOCTH ITOTOKA CTOJKHOBEHHH. OTMETHM, 4TO ISt
ITyacCOHOBCKOTO MO3aHuHOTo mosisi d ' = p = 1/(A,), a nnst noss BOpoHOTo 5T0 COOTHOIIEHHE BBIOJIHACTCS
NpUONMKEHHO C JIOCTaTOYHO OOJNBIION TOYHOCTHIO. Takoe NPHONMKEHWE MOXKHO HCIIONB30BaTh M IS
MIPOM3BOJILHOTO M30TPOITHOTO IOJIsl ¢ HA OCHOBE €ro KyCOYHO-IIOCTOSTHHOW alpoKCHManuy. 3aMeTUM, 4TO
ecn o' < d ', T0 Henecoo6pasHo nonarars og = g = (1 — p,) o5. B pabore nano Takxke 0606meHne OPMYIIBI
(2.1 (h)) Ha cay4aii, Korna B HEIyCTOH siYeliKe MMEET MECTO HOPMHUPOBAHHOE pacIipe/ieieHIe 3HAUYCHHS 0.

PaccmoTrpum Ternieps Borpoc 00 ocpeqHeHnH K03 UINEHTA MOTIOMEHHS, T.€. 00 OIEHKE BEJIMYUHBI 0 =
O, KOTOpast COBMECTHO C 0 BOCIIPOM3BOJIUT AOCTATOUYHO TOYHOE 3HAYEHHE P, XOTs ObI aCHMITOTHYECKH, TIPH
TOJIIMHE CII0s cpeibl H — oo,

Jl1st myacCOHOBCKOTO IMOJISI ¢ TIOCTPOEHA aHAJIUTHUYECKasl OLCHKA BEJIMYHMHBI 0 B TPEIIOIIOKEHHH, YTO
peanmsyeTcst «J - paccessHhue», KOTOpOe He MEHsET HalpaBjieHHe npodera KBaHTa. B aToM mnpeamnonoxeHuy,
MOCJIE0BATENILHOCTD {f;} PACCTOSHUM OT Hayala TPACKTOPUH IO MEPEeCeUeHUi ¢ rpaHUIaMM CIIy4aiiHOTO
ITyaCCOHOBCKOTO Pa30MEHMs SIBJISIETCSl TyaCCOHOBCKUM TOUYCYHBIM TTOTOKOM C WHTEHCHBHOCTBIO d = 7 [5]
[pencrasnenue EJ(t;L) = EE(J(t;L) | t,) maér mns 3toit (DyHKIMM WHTETPANbHOC ypaBHEHHE [6] THIa
«ypaBHEHUsI BOCCTAHOBIICHHSD), JUIS KOTOpOTO M3BecTHO [9] acmmmnrotnyeckoe (npu H — +oo) pemienue:
EJ(t;L) Ce™, npuuéM o = o, onpenensercs ypapaenueM F(a) = E[d — a + o(r(t,))]' = d . Pemenue storo
YpaBHEHUsI CYIIECTBYET ¥ eIMHCTBEHHO B nHTepBaie (0, a,), rne a, = d + mino(r), Bcnencraue Toro, 4ro F(0) <
d ', a F(a,) = +o0. PacuéThl ToKasaju, 4To, 0 HEBBIACHEHHBIM MOKAa TPMYMHAM, OLCHKA M3 «ypaBHEHHUs
BOCCTaHOBJICHUS HECKOJIBKO Oosiee ToUHa, 4eM olleHKa Eo. — pDao ., nomydeHHas B [6] Ha OCHOBE IIEHTPAILHOM
TIpeIeIbHOM TeopeMbl JUTs cllydaifHoro npomuecca 7. (¢;L). 11 HemyaccOHOBCKOTO Mods o(r) Beluuuny d ', Kak
U TP OLICHKE BEJIMYMHBI 0 MOYKHO B TIEPBOM NPHUOIMKEHUH 3aMEHHUThH Ha KOPPEJSIIMOHHYIO JUIMHY p, a JUIs
HEU30TPOITHOTO — Ha CPeIHEe 10 HANPABJICHHUSAM BEKTOpPA 7 — ' INTPHUX 3HAYCHHUE p.

ABTOpamMy OBUIM TIPOBE/ICHBI TECTOBBIC PACUETHI JUII MO3aWYHBIX MOJENeH pa3opBaHHOW O00JIAYHOCTH,
¢usnueckn aHamornyHelx MozpesiM u3 [10]. IMomyueHHbIe pe3ynbTaThl HOATBEPIKAAIOT LENIECO00PA3HOCTD
c(hopMyIMpPOBaHHBIX B HACTOSIIECH pabOTe PEKOMEH/IAIMi, KOTOPbIE TEM CaMbIM AAI0T JaJIbHEHIIee pa3BUTHE
WCCIIeIOBaHMM, pecTaBlieHHbIX B [10].

Paboma svinonunena npu gunancosotl noodepoicke npocpammol GyHOAMEeHManrbHuIX ucciedosanuti PAH
Ned3; epanmoe PODU NeNe 13-01-00746, 15-01-00894A, 13-01-00441 u epanma HIII-5111.2014.1
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Real-time data assimilation algorithm for atmospheric
transport and transformation models

Penenko A.V., Penenko V.V.

Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
Novosibirsk State University, Russia
E-mail: a.penenko@yandex.ru

The algorithm is based on the weak-constrained variational approach and splitting scheme [1]. Emis-
sion rates or sources are considered as the control variable that is used to adjust model to measurement
data. The design allows to avoid iterative direct and adjoint problems solution for transport and transformation
model making it a “real-time” algorithm. Its performance has been evaluated on the real measurement data
scenario.
Work has been partially supported by RFBR Grants 14-01-31482 and 14-01-00125, Programs # 18 of
RAS Presidium and 11.4 of RAS.

3 n algorithm for chemical data assimilation for in situ concentration measurements has been presented.
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1. Penenko, A.V. and Penenko V.V. (2014), Direct data assimilation method for convection-diffusion
models based on splitting scheme. Computational technologies, 19 Issue 4, 69 (In Russian).

AnropuTtMbl peanibHOro BpeMeHu 414 YCBOEeHNA AaHHbIX
B MoeNAX TpaHcnopTa u TpaHcdopmMaumm atMochepHbIX
npuMecen

MexeHKo A.B., lNexeHKo B.B.

WHCTUTYT BbIYMCIIMTENIbHOI MaTeMaTUKKU U MaTeMaTuyeckoii reodusmuku CO PAH, Hoeocubupck, Poccus
HoBocnbupckuii rocyaapcTeeHHbIi yHuBepeuteT, Poccus
E-mail: a.penenko@yandex.ru

HOW XUMHUHU MOJICIIbIO TPAHCIIOPTa U TpaHc(opMaluy npumecei B arMmocdepe. AJIropuT™M OCHOBaH Ha

BapUAIMOHHOM TOJIXO0JIE CO CIa0BbIMHM OTPAaHUYEHHUSIMHU U CXEME PACILIEIJICHUs, YTO TT03BOJISIET n30e-
JKaTh MTEPAIUIl PEIICHUS MPSIMON M COMPSDKEHHOM 3a/a4 mepeHoca u TpaHchopMallui mpuMeceii, T.e. aaro-
PHTM SIBIISIETCS «QITOPUTMOM peasbHOTO BpeMeH!». D(h(EeKTUBHOCT paboThl aIropuT™Ma ObLIa TPOBEPEHA Ha
peanTbHBIX JTaHHBIX.

AJNTOPUTMBI YCBOSHHS JAHHBIX TTO3BOJISAIOT YAyUIIaTh IPOTHO3 COCTOSHUSA CUCTEMBI HA OCHOBE COBMECT-
HOTO UCTIOIB30BAHMS MaTeMaTHUECKIX MOJIETIeH M TOCTy AKX JaHHBIX HabmroneHuii. O630p METOI0B yc-
BOCHHMS JAHHBIX MOKHO HaiiTH B [1,2]. O000I1as ero, OTMETHUM, YTO B OTIIMYHME OT YCBOCHUS TaHHBIX B METCO-
POJIOTHH, TIPU YCBOEHUHM XMMHUYECKHUX JIAHHBIX BIUSHUE HAYAIHHOTO COCTOSHUS CHCTEMBI Ha e€ JanbHenIee
TTOBEJICHUE CO BPEMEHEM YOBIBACT, TOIIa KaK BIMSHHE MCTOYHHKOB M TApaMETPOB MOJAETH TpaHChopMaun
OKa3BIBAIOT CYIIECTBEHHOE BIMAHKE. B Hameil paboTe MBI HCIIOIBb3YeM HEOTIPEIEIICHHOCTh B ICTOYHUKAX TIPHU-
Mecell B KauecTBe yIpaBIIAIoNIel TepeMeHHON IS yCBOSHUS JaHHBIX. [{enbio paboTh SBIISETCS CO3IaHHE all-
TOpUTMa YCBOCHHS JJAHHBIX, CIIOCOOHOTO paboTaTh B pealibHOM BPEMEHH, TO €CTh 0€3 UTepalnii, BKITIOYAIOIHX
pelieHne MpsAMBIX 3a7a4 TPAHCTIOPTa U TpaHC(POPMAIIH IPUMECEH.

B paboTe IpeCTaBIeH ATOPUTM YCBOSHHUS TAHHBIX KOHTAKTHBIX N3MEPEHU I KOHIIGHTpaIuu atMocdep-
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PaccMOTpHUM MIPSAMOYTOIBHYIO IPOCTPAHCTBEHHO-BPEMEHHYIO 001aCTh:
X =(x,x,)eQ=[0,,]x[0,,], 1€[0,T], Q; :=Qx[0,T] € Y’

orpannuennyo 0Q; =0Qx[0,7], B Hell paccMOTPMM MOJIENb TPAHCIIOPTA U TPaHC(OPMALIMU CHCTEMBI
XMMHYECKUX BEIIECTB B aTMocdepe:

0 - _ o -
Lrdiv(iio —u grad9,) + @), =T1,(@)+ ] + 1, (£.0)€Q;.(1)

o o
! ! =
My cos(ry,x) ——+ 1, c08(ny, X,) —+Bo, = g, (X,1) €, (2)
ox, 0ox,
0,=0,,X€Q,1=0,(3)

rae ¢ € Y~ BeKTOp-(hyHKIHUSA COCTOSHMS, PA3IMUHBIE MEMEHTHI KOTOPOii ¢, [ = 1.,..., Nc COOTBETCTBYIOT
paccMarpuBaeMbIM ~ XHMHYCCKAM  BeIlecTBaM, Nc — KOJIHMYECTBO pAacCMAaTpPHBAEMBIX  BCLIECTB
B (®) >0,/ =1,...,Nc - xoapduumeHTs! 1eCTPYKIUN paccMaTpuBaeMbix Bewects, 17, (@) >0,/ =1,..., Nc — one-
paropsl npoxykunn, U = (u,(X,t), u,(X,)) — Bexkrop ckopocreit Betpa, [ = (1, (X,?), W,(X,?)) — anaronans

— . 7 0
JIUArOHATBHOTO TeH30pa NU(Qy3un, 7 HarpaBICHUE BHEITHESH HOpPMAITU HAa TpaHHUIIe , OC2, f,,g ,@, —anpuop-
HBIC 3HAYCHUS MCTOYHHKOB M HAYaJIbHBIX AHHBIX 7 - YOPABISomas GyHKIUS (HEOMPEIEICHHOCTh), KOTopast
JIOOABIIICTCS. B )KECTKYHO CTPYKTYP MOJCIH U YCBOCHUS NaHHBIX. [IpsMasi 3ama4a COCTOMT B TOM, YTOOBI

onpenenuts @ u3 (1)-(3) mo u3BeCTHHIM fl,g,(P,O , . BBemem oneparop H, coemuHSIOMUN (GYHKITUIO COCTOS-
HUSI MOJICJIU C JIAHHBIMHU U3MepeHUit. [IpernoaomKum, 4To HaM JOCTYIHBI Pe3yJbTaThl KOHTAKTHBIX H3MEPEHUIT
xoHnenTpaumit {¥,}, = 1,..., M B 3a1aHHBIC MOMEHTHI BpeMeHH {t,}, = 1,..., M B Toukax {x,}, = 1,..., M n1sa
3alaHHbBIX BemecTB {/,},, = 1,..., M. VI3MepeHns MoryT cofepkaTb NOTPeIHoOCTH {,,},, = 1,..., M:

¥, =9, (%,.%,)+n,, m=1..M (4

Ommnbka U3MEpeHHH 7, MPEAIoIaraeTcsi OrpaHUueHHON BO (B3BEIICHHOW) DBKINAOBONH HOpME B IPO-
CTPAHCTBE U3MEPEHUIl ||ﬁ|| < 6, . Ml nipezinionaraem, 4To Bee GyHKIMM M MOJIETbHBIE MAPAMETPBI JI0CTATOY-
HO IIajKue, YTOOBI pEIICHNUS CyL[IeCTBOBaJ'II/I u npeo6pa303aHM$I MMEJH CMBbICH. 3a1auy OHpe)IeJ'IeHI/ISI @ uis t
>{mo (1) (3) u (4) npu 3amaHHBIX GyHKIMAX [, Q) ;, ¥ pesyiabrarax nuamepenuit {\¥,,}, = 1,..., M takux, uro 0
<t,< { HazoBeM 3ajiaueit YCBOCHHUS JaHHBIX.

Jlnist perieHns MHOTOMEPHBIX 3a/1a4 IPUMEHSIETCSI METOJ| paciieruieHust. Ml OyJieM UCIoIb30BaTh aJyin-
TUBHO YCpETHEHHBIE CXeMBbI pacieruieHus (anaxorndHo [3]). OCHOBHas HJes OIX0a COCTOUT B TOM, YTOOBI
yCBauBaTh JIAHHBIE JJOKAJILHO HA OT/IEJIBHBIX Iarax pacuierieHus. BBoas BpeMeHHYI0 CeTKY @, = {O<t1<...<tj<...
ty, = T}. Ha ka10M BpeMEHHOM MHTepBae [ ;, ¢, ]npubausumM oblryro Mosieab KOHBEKIMU-THPDy3uH-peaK-
mn (1)-(3) cxemoit pacuieruieHus: o GU3MYECKUM HPOLIECCaM M NMPOCTPAHCTBEHHBIM IIEPEMEHHBIM, MTOPO-
JKJICHHOM pasouenueM y, + 9, +y,=1,7,>0.

PaccMoTpuM miar pacliieruieHus, COOTBETCTBYIOIINE OTHOMEPHBIM 110 IIPOCTPAHCTBY MOJIEIISIM MTPOLiec-
COB TpaHCHOpTa

a(P(k) a(uk(sz)) 0 a(P(k) GIPNG) _
o M _ka +h (-»tj_l) _(p[(‘ﬂtj—l)’ )
ot ox, ox, = Ox,

npu k=1, 2 ¢ COOTBETCTBYIOIIMMH KPAeBBIMH YCIOBUSIMU. BBeieM B IPOCTPaHCTBEHHOW 00JIACTH CETKY C
y3namu @, = {(x;, x,) | i = 1,..., Nx,, s =,..., Nx,}. Byem cuurarb, 4T0 TOUKM U3MEPEHUI TAKKE B3SITHI HA CETKE
, * ®,. PaccMorpum mipu k£ = 1 1 HEKOTOPOM 33/IaHHOM X, aIIIPOKCHUMAIIMIO MOJIENIN TPEXJMaroHaIbHON HesB-
HOW CXEMOI:

—ael, +bo/ =o'+ f/ +Atr/ li= (6)
—ae., +bo! —co! =o'+ f/+Atr/, i=2,.,Nx, —1(7)
—ap/y+be! =@l + 7+ Arr/ 1i=(8)

j k j 7 / — (k)
e @/ =g )(xwxs’tj)’ 1=y Gux,t), =00 (x;,X,,t;). B KauecTBe pelicHHs 3aiaun
YCBOEHHS IAHHBIX PACCMOTPUM MUHHMYM ueneBoro (byHKunoriana

(¢ ,r) = 2(¢ -WHM/ +0(2r
i=1
Ha orpannyeHusx (6)-(8). 3mech o - napaMeTp ycBoeHus, M; = 1, ecnn B y37e ¢ KOOpAMHATAMHE (X, X,, x;)

ecTh u3Mepenue BelecTsa |, unase M, = 0. Ananoruuno, ¥, paBHo pe3yibraTy U3MepeHusl, eCJli B y3Ie C KO-
op/MHaTaMu (X, X, X;) €CTh U3MepeHue BelecTsa |, uHade oHo pasHo 0. Permenue 3ajjaun onTuMu3auu s k
=1, 2 Gyzer maBaThCs TpeXIUaroHaJIbHBIM MAaTPHYHBIM ypaBHEHHEM [4,5], KOTOPOE MOXKHO PEIIUTH TPSIMBIM
METOJIOM MAaTPUYHOH MTPOTOHKH.

AHAIOTUYHO pemaroTcs 3aa491 Ha IPYTHUX dTanax paciieIUIeHUs 10 MPOCTPAHCTBRY.

Moyienb mpo1eccoB TpaHchopMalum

do™ = = -
?/k %4_3 (¢)(k))¢(k) = (¢(k))+ 7k.f[ +}?(k)’ q)l(k)(‘at];]) :¢7l(.,tj71), k = 3
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anmpoxcuMupyeM cxemoit Tuma QSSR [6,7] s kaxaon X € o,
o - —P(F (E,,)At
0 Gt) =, 1, )e "0y

l_e—Pz(sB(fc,t,.,l YAt - ) )
+W(H1 ((P(x,tj_l))+ykf, +7 )At.(9)

B stoMm ciryuae Ha orpaHndeHusX (12) paccMOTpHM IieNieBON (PYHKITHOHAI

R ((x,-,xs),tj)f(k)) _ f((l’;k) ((xl.,xs),fj)—‘f'z)Mz +a§:,,1(k>,(10)
= I=1
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riae M, = 1, eciu B y3ie ¢ KOOpAMHATaMH (X, X,, X;) €CTb M3MEPEHHE BellecTsa |, nnayue M; =0, ananoruy-
HO, ¥, paBHO pe3yiibTaTy U3MEpEHHsl, €CIIM B Y3JI€ C KOOPAMHATAMH (X;, X,, X;) €CTh U3MEPEHNE BEIECTBa, HHAUE
0O paBHO 0. O603HAYMM €ro MEHUMYM @' .

B kadecTBe OLEHKH pelleHus 3a1a41 YCBOEHHs JAHHBIX HA LIAre £, PACCMOTPHM yCPEIHEHHE

3
ACHS) =Zyk¢,<’°’(?c,tj)(11)
k=1

Ha Puc.1 npuBenen npumMep pelieHus 3ajauil yCBOCHUS JaHHBIX B pealIbHBIX YCIOBUSIX. B naHHOM npu-
Mepe UCIIOJIb3YeTCsl MOZIENb, HE YYUTBIBAIOIIAs TpaHC(HOpMaIHI0O XUMUYECKHX BellecTB. B kauecTBe MeTeomna-
paMeTpOB UCIONIB3YIOTCS pe3yibTarhl pacuera mo mozaeaun EnviroHIRLAM [8], B kauecTBe Haua bHBIX JIaH-
HBIX — Pe3yJIbTaThl 100ANBEHON Mozenu TpaHcropra u Tpancdopmanun MOZART IFS [9], B kauecTBe naH-
HBIX U3MepeHH — nanuble cetn Airbase [10] co cranimii B CkanaunaBuu 3a uroib 2010 (cuenapuii moaroros-
JIeH coBMecTHO ¢ A. Maxypoii u P. Hyrepmanom uz DMI).

b}

CO t= 300 h.

Sitett 17, 03 —— Meas

ppb

Puc.1. CneBa npuBefeH pesynbTaT peLleHn s 3a5aum YCBOEHWUA AaHHbIX /19 OfHOMO W3 paccMaTpyBaeMblX BELLECTB B 3a-
[aHHbIA MOMeHT BpeMeHMU. LLIkana faHa B ppb. CnipaBa npuBefieH pesynbTaT cpaBHeHWA pe3ynbTaToB YCBOEHMS C JaHHbIMM
M3MepeHUit Ha OHOM W3 MOCTOB (CMNOLUHAA IMHMA - pe3yNbTaTbl U3MEPEHUH, LTPUXM — peLleHue 6e3 YCBOeHMS, TO ecTb
peLLeHmre NpAMOI 3a[jaum, TOUKU — pe3ynbTaT YCBOEHUA).

Taxum 00pa3oM, MOXKHO 3aKIIIOYHTD, YTO 3a]Ja49l YCBOCHHS JAHHBIX PEIIAIOTCS ¢ HEIIOIHBIMYU JaHHBIMH.
Henocrarok nudopManny KOMIICHCHPYeTCS MaTeMaTH4eckoi Monenbio. CoBMeInast cXeMy pacuieIUIeHUs 1
3aj1a4y yCBOGHHMS JAaHHBIX, MO)KHO NOCTPOUTH BBIYUCIHTEIBHO 3(Q(MEKTUBHBINA QITOPUTM Ul YCBOCHHUS JaH-
HBIX KOHTAKTHBIX U3MEPEHHI Uil Mofienell KoHBeKIMU-auddy3nun-peakiinm, He TpeOyIomuii Uit cBoel pea-
JIN3aLHUN UTepaLuil.

Paboma evinonnena npu wacmuunou noooepoicke eparnmos PODU 14-01-31482, 14-01-00125 u npo-
epammut Ipesuouyma PAH Nel8 u I11.4 PAH.
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The study of ground gas atmospheric composition by
differential optical absorption in the UV region of spectrum

'Smirnov S.S., "“Geiko P.P.

' Tomsk State University, Russia
? Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: SSSmirnov@sibmail.com , ppg@imces.ru

ﬁ bsorption spectroscopy is one of well-established toos for the analysis of chemical composition of

gases of the open atmosphere [Platt, 1994]. A typical DOAS instrument consists of a continuous light
source, i.e. a Xe-arc lamp, and an optical setup to send and receive the light through the atmosphere.
The typical length of the light path in the atmosphere ranges from several hundred meters to many kilometers.
The main aim of research is to analysis of the gas composition of the lower atmosphere by DOAS method.
For account of quantitative concentration of the desired gas were used of the basic equation of absorption
spectroscopy, describing pure absorption of a single species in a homogeneous media, equation 1.

I(A)=14(A)- exp{—uz 0, (AC; +03, (D)) +0x (DT} (1)

where /(1) denotes the unattended reference intensities emitted from some suitable source of radiation.
I(2) is the measured intensity of the radiation after it has passed through a layer of thickness L, C; is the average
concentration of species j at wavelength 4. o(4) - the absorption cross-section of molecule j, which can be taken
from the literature or can be measured in advance in the laboratory, ,,(4), gz(4) - the cross-section of Mie and
Rayleigh scattering.

The opto-clectronic system realizing the active method of differential optical absorption spectroscopy
(DOAS) is considered. This system consists of a coaxial telescope, a spectrometer, an analyzer and retroreflec-
tor. The source of optical radiation is a Xe-lamp-arc of high pressure.

As a result of experiments time series of concentrations polluting the atmosphere gases such as CS,, NO,,
0,, etc were obtained. The minimally detected concentration on path length 400 m is the unit of ppb for the time
of'accumulation of 2 min. The results of the field test measurements of pollutants in Tomsk are presented.

Sources of error in the measurement of gas concentrations were analyzed. The main sources of error in the
measurement include: non-ideality of the emission spectrum of the lamp (contains subtle structures in the spec-
trum); the sensitivity of individual pixels of photodiode array (different sensitivity); parasitic structures are
formed during recording spectra (reference signal and the trace signal); the neglect of the influence of oxygen
absorption; imprecision of determination of the absorption cross-section of gases.

The ways of improvement of the sensitivity of the trace gas analyzer were proposed.
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Restoration of the atmospheric instability parameters using
MODIS and radiosonde data

'Gorbatenko V.P., 'Nechepurenko 0.E., “Belikova M.Yu., ’Krechetova S.Yu.

1 Tomsk State University, Russia

2 Gorno-Altaysky State University, Russia
E-mail: rector@tsu.ru, office@gasu.ru
Web: www.tsu.ru, www.gasu.ru

spectroradiometer MODIS, with radiosonde data for aerological station Petropavlovsk-Kamchatsky
(Kamchatka Krai).

Using satellite data as a source of data on the spatial localization of convective cells can improve the
forecast of dangerous convective phenomena such as hail, squall. For the successful identification it must be
checked that the results of satellite measurements do not contradict the data of upper-air measurements of tem-
perature and humidity parameters of the atmosphere.

The relevance of the work is the fact that the information about the comparison of the indices of instability
of atmosphere LIFT, TOTL and KIND, restored according to MODIS, is not enough covered in the scientific
literature.

The results of the validation of instability indices has shown that for the territory of Kamchatka most ho-
mogeneous and consensual are the data obtained at 12 UTC - 24 hours local time. The TOTL and KIND values
(obtained by the MODO07) for 00 h UTC are overvalued and LIFT values are understated by comparison with
similar indices obtained by radiosonde data.

The results should be considered when restoring the parameters of atmospheric instability in areas not
covered by a network of upper-air stations.

Work carried out in the framework of the Ministry of Education Ne 5.628.2014/K and with the support of
the grant RFBR Ne 13-05-98024.

The paper presents the results of the comparison instability indices of atmosphere, restored according to

BoccTaHoBneHne napamMeTpoB HEYCTONYMBOCTM aTMOCchepb!
no gaHHbIM MODIS n pagnosoHagupoBaHuA

'Top6artenko B.IN., Kpeuetosa C.10., ‘bennkosa M.10., 'Heuenypenko O.E.

' Or'BOY B0 «HauvoHanbHbIi uccnemosatenbckuil ToMcKkuii rocyaapcTBeHHbIN yHuepeutet» (HU TTY), Poccua
2 Ore0Y BMO “TopHo-AnTalickuii rocyaapcTBeHHbIN yHusepcutet” (TATY), Poccus

E-mail: rector@tsu.ru, office@gasu.ru

Web: www.tsu.ru, www.gasu.ru

ra THIPOMETEOPOTOTHYECKUX TPOIIECCOB U SBICHUI JaHHbBIE CITyTHUKOBOTO 30HAMPOBaHUS. I 3THX
1eseit ObIIM CO3JaHbI KOCMHUYECKHE TUIaTGOPMBI, OCHAIIEHHBIE METEOPOIIOTHIECKUMHU U Teopu3nye-
CKUMH TIpUOOpaMH, € TIOMOIIBIO KOTOPHIX OLIEHWBAIOT MHOTHE XapaKTEPUCTUKH CUCTEMbI «armocdepa — moj-
CTHJIAIONIAS TIOBEPXHOCTh 3E€MII», B YACTHOCTH, MPOQUIIN TEMIIEPATYPhI U BIAKHOCTH, XapaKTEePHUCTHKH 00-
JTAYHOCTH | T.I. TaKuMHU ABJISAIOTCA, HAIPUMeEp, KocMudeckue riatgopmsel Terra u Aqua, paboTaromue B pam-
kax kocmuueckoi mporpamMmmbl EOS-NASA (CIIIA). Ha ux 6opty ycranosieH crekrpopaarnometp MODIS,
MIPEOCTABIISIONININ ITHPOKHH CHEKTP MYIBTHCIEKTPATIbHBIX, €KeTHEBHBIX HaOMIOACHU 3emin, okeaHa U
ocoOeHHOCTel aTMOoCcdephl C MPOCTPAHCTBEHHBIM paspenienneM ot 250 M 10 1000 M, 9TO TTO3BOISET BOCCTA-
HaBJIMBATh TEMaTHYECKUE MTPOTYKTHI, BKIIOYAs XapaKTePUCTUKN KOHBEKIINHU U paspenierreM 10 5000 m [2].
Vcnionp30BaHMe CITy THUKOBBIX U3MEPEHHH B KA9€CTBE HCTOYHHKA TaHHBIX O IPOCTPAHCTBEHHOH JIOKAJIH-
3alliM KOHBEKTHBHBIX siueeKk 0OyCIIOBJICHO, B MEPBYIO ouepe/ib, 00JbiI0i Teppuropueit Cubupu u JlansHero
Boctoka, 171e ceTh MeTeopoIOTHUECKUX CTaHIIMN O4eHb penka [6]. 3abinaroBpeMeHHast naeHTH(UKALUS TIPO-
CTPAHCTBEHHOTO TTOJIOKEHUS M BpEMEHHON TMHAMHMKH ME30MacCIITaOHBIX KOHBEKTHBHBIX KJIACTEPOB TO3BOJIUT
YTOYHHUTD MTPOTHO3 ONTACHBIX KOHBEKTUBHBIX ABJICHUH, TAKUX Kak Tpaj, mKksaj [5]. s ycnenrHocT! HueHTH-
(ukanur HeoOX0MMO YOCINUTHCS B TOM, YTO PE3YJIBTaThl CITy THUKOBBIX H3MEPEHHUIT HE IPOTHBOpEYAT JaHHBIM
A’POJIOTHUYECKUX M3MEPEHHH TeMIIepaTypHO-BIKHOCTHBIX MapaMeTpoB aTMocdepbl. Bamunanms MHIEKCOB
neycroitunBoctu armocdepsl LIFT, TOTL u KIND [3,4], BoccTanaBnuBaeMbix 1o AanasiM MODIS, B Hayu-
HOM JIMTepaType OCBEIIeHa HETOCTATOYHO.

B HACTOsILIEE BpeMsI IIIMPOKO Pa3BUBAOTCS M UMEIOT IPAKTUUECKOE IPUMEHEHHE B 33/1auaX MOHUTOPHH-
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Lenpto JaHHOTO UCCIICIOBAHUS SBIISICTCS OIIPEICIICHIE CTEIICHN COOTBETCTBUS 3HAYCHHI HH/ICKCOB HEy-
CTOWYMBOCTH, BOCCTAHABIMBAEMBIX 110 JJAaHHBIM a3POJIOTHYECKOr0 PaJio30HIUPOBAHMS U 110 JAHHBIM CIICKT-
popanuomerpa MODIS/Terra.

=TMRR —TLRR MarepuanoM Ui UCCIEIOBAHUS IOCIYKUIU

* "’w JAaHHBIC PETYISIPHOTO 30HAUPOBaHMS aTtMochepsl Ha
ﬁ%'%&m“w ﬁlf‘*ﬂi‘w '1 asposiornueckoit cranuuu IlerponasnoBck-Kamuar-
CKHIA, pacroyiockeHHOU Ha rosryoctpoBe Kamuarka, u

nansble npoaykra MODO7 L2 [1]. Pa3nuna Bo Bpe-

MCHU IMPOBEACHUA a3POJIOTUYCCKOI0 30HANPOBAHUS
U CKaHUPOBAHHUEM TCEPPUTOPHU CIICKTPOPAIUOME-

c
53"‘33335!‘3

= —KMOO12  KRI2 Tpom MODIS He npeBblmaer oxHoro yaca. s
Y # : CpaBHEHUs ObUTH C(HOPMHUPOBAHBI MAPHI PAIOB 3HA-
” bﬁ b l‘” : ;r\] "W f’h& H}fb\{ % i YCHHUW WHJICKCOB HEYCTOWYMBOCTH aTMOC(hephl, a
. ! '%ﬂ !‘;7 *' | |ﬂﬁ' # IM L wﬂl \ '.I + umenno ungekcos LIFT, TOTL u KIND 3a Tennblii

{ T 'Pu ! | ) nepuoy; (Mapr-ceHTsIOpp) ¢ 2005 mo 2014 rr.

E ¥ 3 o

(LIFT 00 — 751, LIFT 12 — 607, TOTL 00 — 743,
TOTL 12 — 587, KIND 00 — 704, KIND 12 — 606
ciry4aes).

Ha pucynkax 1 npuBeneHbl 3HaU€HUsSI CpPaBHU-
BaCMBIX MHJICKCOB HEYCTOHYMBOCTH arMoc(epsl, Mo-
Jy4deHHble AByMs MeTofamu Jutst 12 vacoB BCB.

Puc. 1. 3HaueHma TOTL, KIND u LIFT, paccuntaHnHbIx no
[aHHbIM aaponorudeckoro (K/TT/LI_R_12) u cnyTHuKoBoro
(K/TT/LI_MOD_12) 30HampoBaHus 3a 12 4 BCB

B Tabnuue | mpuBemeHB! pe3yabTaThl CTATUCTHYECKOTO aHAlN3a a’pOJIOTHYECKOTO M CITyTHHKOBOTO
30HJMPOBAHMS HAa OCHOBE pacueToB kputepus Oumiepa u t-kpurepust CThIOAECHTA TSI 3aBHCUMBIX BEIOOPOK.

Tabnuua 1. CtaTUCTYECKME XapPaKTEPUCTUKM U IMIMPUYECKME 3HAUEHWA CTaTUCTUUECKUX KpUTEPUEB MHOEKCOB HEYCTOM-
YMBOCTM aTMOC(EpbI, pacCHMTaHHbIe MO AaHHLIM pagno3oHaos (R) u MODO7_L2 (MOD)

aparrepnermon | CPemee | et | k0| g

MOD_0 7,2 -13,9 5,0 0,5

£ RO 10,6 (p<0,01) 45 (p<0,01)
= MOD 12 9,8 1,9 4.4 1,2

R 12 10,3 (p>0,05) 4,7 (p>0,05)
MOD _0 13,0 7.8 1,3 1,1

2 RO 7,7 (p<0,01) 2,1 (p>0,05)
~ MOD _12 10,5 2.9 1,7 1.0

R 12 12,5 (p<0,05) 2,1 (p>0,05)
MOD 0 44,7 21,1 4,5 2.2

H R 0 38,5 (p<0.,01) 6,7 (p<0,01)
8 MOD_12 41,5 0,08 4,2 24

R 12 41,5 (p>0,05) 6,5 (p>0.05)

Pe3ynbraTsl BaduIauy HHISKCOB HEYCTOMYMBOCTH MTOKA3aIIH, YTO I Tepputoprn Kamuarku Hanbomee
COTJIACOBaHHBIMH M OHOPOJHBIMH SIBIIIOTCS JaHHBIC, MoydeHHbIe B 12 yacoB BCB — B 24 yaca o mecTHOMY
Bpemenu. 3Hauenus naaekcoB TOTL u KIND, nmomyyennsie mo MODO7 3a 00 ¥ BCB sBisitoTCS 3aBBIIIIEHHBI-
My, a LIFT — 3aHMKEeHHBIMU, 110 CPABHEHUIO C AaHAJIOTUYHBIMU MHJIEKCAMU, I10JIy4aeMbIMU 110 JTaHHBIM Paiuo-
30HANPOBaHUA. [IPHUMHON TAaKOTO PACXOKICHHUS MOXKET CIYXKHUTh TO 0OCTOATENECTBO, YTO HA PE3YyJIbTAT aHa-
JIM3a BIUSET OIMOKa BOCCTAHOBIIEHUS 3HaUeHUs criekTpopannomerpa MODIS nmpu Hanmuunu obnagnocty [1].
Hax nccnenyemoii Teppuropueii konndectBo oomagnoctu 6ombiie B 00 ¥ BCB, o cpaBHeHHIO ¢ IpyTruM cpo-
KOM HaOTIOIECHUS.

Hannsie npogykra MODO07 L2 mepcneKTUBHBI IS pa3pabOTKH HOBBIX METOOB HAarHO3a H IMPOTHO3a MPO-
CTPAHCTBEHHOTO PACIOIOKECHHUS KOHBEKTUBHBIX SYEEK, CIIOCOOHBIX MPOLYLIUPOBATh TAKHE OMACHBIE KOHBEKTHB-
HBIE SBJICHUS, KaK Tpo3a u Tpaj. KoMInIekCHOe MCIONB30BaHHWE JAHHBIX a3POJOTHUYECKOTO 30HANPOBAHUS U
MODO07_L2 moBBICAT TOYHOCTH IPOTHO3a POCTPAHCTBEHHOTO MOJIOKEHHUS OTIACHBIX KOHBEKTUBHBIX SIBIICHHUH.
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[Tomy4eHHBIC pPe3yNIBTaThl CIIENYeT YYUTHIBAaTh NPH BOCCTAHOBICHHHU MIApaMeTPOB HEYCTOWYMBOCTH aT-
Moc(epbl Ha TPPUTOPHSX, HE ITOKPBITHIX CETHIO a9POJIOTMIECKUX CTAaHIIUH.
Paboma evinonnena 6 pamxax npoexma Munoopuayku Ne 5.628.2014/K u npu noodepoicke epanma
PODU Ne 13-05-98024.

Jumepamypa:

1. Suzanne W. Seemann, Eva e. Borbas, Jun Li, W. Paul Menzel, Liam E. Gumle MODIS atmospheric
profile retrieval algorithm theoretical basis document [Onexmponnuiii pecypc]. — Pexcum docmyna :
http://modis-atmos.gsfc.nasa.gov/MODO7 L2/atbd.html, céobo0nbiii (Oama obpawjenus:
10.04.2015).

2. Agponun C.B. K 6onpocy o npumeHumocmu 80CCmManosieHHbIX U3 Kocmoca memeodanHvix MODIS
ona ammocgheprotl koppexyuu cnymuuxosvix UK-usmepenuii / C.B. Agponun // Onmuka ammocghepoi
u oxeana. —2010. —T. 23. —Ne 8. — C. 684—690.

3. Topbamenxo B.I1., Koncmanmunosa /[.A., 3onomyxuna O.H., Tynaes E.JI. Tepmoounamuyecxue
VC08UsL POPMUPOBAHUA ME30MACUMADHOU KoHgeKyuu 8 ammocepe 3anaonou Cubupu //
Hseecmus 8y308. Qusuxa. —2011. —T. 54. —Ne 11/3. — C. 148—156.

4. Topbamenko B.I1., Koncmanmunosa /[.A. Kongexyusa 6 ammocghepe nao 1020-60cmoxom 3anaouoti
Cubupu //Onmuxa ammocghepot oxkeana, 2009. — T.22 —Ne 1. - C. 17-21

5. Topbamenxo B.I1., Kpeuemosa C.FO., benuxosa M.FO., Pasymosa O.B. Hoenmugpurayus
Mezomacuimabrou Konsekyuu u epo3 no danHvim MODIS u asponoeuueckozo 3onouposanus //
Becmn. Tom. eoc. yn-ma. —2012. —Ne 365. — C. 169-174.

6. Iyxun I'T, Cmenanenxo B./[. Cocmosanue u nepcnekmuea paouomemeopoiocuieckux
uccneooganuii ammocgepwi / Bonpocwl paouomemeoponoeuu: co. cmameu, CI16.: BKA umenu
A.D.Moorcaiickozo, OO0 «H30amenvcmeo «banmuiickas neuamoy. —2013. — C. 7-26.

Estimate of the ratio of the ozone formation rate
in the atmospheric boundary layer

Antokhin P.N., Antokhina 0.Yu., Belan B.D.

V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
E-mail: bbd®@iao.ru

come from the free troposphere are presented. Estimates are based on the data derived from in situ airborne

measurements carried out over the background region of West Siberia. As a result, it was found that the rate
of ozone inflow into the atmospheric boundary layer (ABL) from upper layers is of about 20% of its formation
rate within the boundary layer. Vertical profiles of ozone fluxes in the ABL have been calculated by means of
k-theory methods using the model proposed by Troen and Mahrt. Results of calculations showed that the noon-
time ozone maximum in the ABL is determined by the photochemical production from ozone precursors.

In this paper estimates of the ratio of the ozone formation rate in the atmospheric boundary layer to its in-

OueHKa cKkopocTn 0bpa3oBaHMA 030Ha B MOrPaHNYHOM CJ10€
atMocdepbl

AnToXxuH M.H. , AutoxuHa 0.10., benan b./.

WHcTutyT ontukm atmMocdepsl uM. B.E. 3yesa CO PAH, Tomck, Poccua
E-mail: bbd@iao.ru

TOYKHU 3PEHHUS €TI0 BJIMAHUA, HC TOJIBKO Ha KJIMMAT, HO U Ha 6H0cq)epy B IICJIOM. HOCKOJ'IBKy O30H ABJIsA-
€TCd YCTBCPTHIM 110 3HAYUMOCTU MAPHUKOBBIM I'a30M B aTMochepe, 3aJadya OLCHKH OajaHca ero
HUCTOYHHUKOB U CTOKOB sABJISACTCA BECbMa aKTyaﬂLHOﬁ. B HacToAlIeEC BpEMA HET OAHO3HAYHBIX BBIBOJAOB O COOT-
HOMICHUH UCTOYHUKOB O30HA B IMMOI'PAHUYHOM CJIOC, B HACTHOCTHU ABJIACTCS JIX €r0 JOMUHUPYIOIHUM HUCTOYHU-
KOM (bOTOXI/IMI/I"IeCKaH reHepanuss HENOCPpCACTBEHHO B CaMOM IHOIPAHUYHOM CJIOC€ WJIN KC OCHOBHOU BKJIazg
BHOCHUT IEPEHOC 030HA M3 BBIIICJIICIKAINIUX CIIOCB aTMOC(I)CpBI. OCHOBHOMI HpH‘IHHOﬁ CyHIeCTByIOHICi;I Heompe-

I l CCJICAOBAHUC TpOHOC(I)epHOFO 030Ha B HACTOALICC BPEMA IMPCACTABIACT 3HAYUTEIbHBIA HUHTEpEC C
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JICTICHHOCTH B 9TOM BOIIPOCE, SIBJISETCS HEJOCTATOK AKCIIEPUMEHTAIBHBIX JJAHHBIX, OTPAXKAIOIMINX BEPTHKAIIb-
HOE pacIpe/ieIeHNe 030Ha B TOTPAaHUYHOM CJI0€ C JOCTAaTOYHO BHICOKMM Pa3peIICHUEM.

OCHOBHOI 3a/1aueii HAIIMX UCCIIEAOBAHUI ObUIO YCTAHOBICHUE IPUYUH MOSIBICHNS CyTOYHOTO X0/ Bep-
TUKAJIBHOTO PAcTpEAeICHHUsI 030Ha B IMOTPAaHUYIHOM cJI0€ aTMoc(epbl, 0OOHApyKEHHOTO B pe3yJbTaTe MpoBe-
JICHHBIX CaMOJICTHBIX n3MepeHui [1,2]. C 3Toil 11enbio ObIIH pacCYMTaHbIl PAa3HOCTH MPOGUIIeH KOHIIEHTPAIIHH,
MOTyYEHHBIX B XOZI€ CyTOYHOTO IMKJIa n3MepeHui. [lomyueHnbIe pa3HOCTH peICTaBIeHb! Ha pucyHke 1. Bun-
HO, YTO B IIEPUOJ C YTPa [0 MOIYJHs KOHIIEHTPALUs 030Ha BO3PACTAET BO BCEM ITOTpaHMYHOM cioe. Hanboss-
11ee yBEIMUEHHE (ITOUTH B JIBa pa3a) 3a(MKCHPOBAHO B IIPHU3EMHOM CJIO€, YTO CBUIETEIBCTBYET B TOJIB3Y TO-
CTYIJICHUS CIOfIa 030HOOOPAa3yIOIINX COEANHEHUH ¢ MOACTUIAONIEH TTOBEPXHOCTH U MOCIeayromei Goroxu-
MHUECKOH TeHepalun 030Ha. B mocienomyaeHHOe BpeMst MAKCHMYM CKOPOCTH T'€HEepannuy 030Ha HaOIoaancs
YK€ Y BEpXHEH TpaHHIIbl TOTPAaHUIHOTO CJI0SA, Ky/la PH TTOMOIIH TypOyJICHTHOr0 OOMEHa TaKkKe Havajd IMo-
CTYTMaTh Ta3bl-MPEAIICCTBEHHNKU. B cBOO 0uepens pa3sHOCTh MPODHUIICH, TOTYIEHHBIX MEXIY MOCICTIONyICH-
HBIMH 1 BEYEPHUMH BBUICTaMH, IOKA3bIBAET, YTO B JAIbHEHINEM 3a YET TypOyJIEHTHOTO OOMEHa KOHLICHTPALIHSI
030Ha BBIPAaBHUBACTCS BO BCEH TOJIIIE ITOTPAHIMYHOTO cJI0sI. PasHUIa MeX 1y MOTyACHHBIM U BEIepHUM Hpodu-
JSIMM MaKCHMaJIbHa B HIDKHHX CJIOSX, UTO SIBHO YKa3bIBacT Ha MPEOOIaaatomuii 31ech B 3TO BPEMsI MEXaHN3M
CTOKa 030HA Ha MOJICTUIAIOIIYIO TIOBEPXHOCTh. BTOPOI BaskHBII BBIBOA KacaeTcs IEPEeHOCca U3 BBIIIETCKAIINX
cinoes. [IpuBeneHnbIe pasHOCTH NpOodUIIeH He MOKa3aIn 3HAYMMON CyTOYHON AWHAMUKH B CJIO€ BBIIIE MTOTpa-
HUYHOTO, YTO BEPOSTHO CBUICTEIBCTBYET B TIOJIB3Y, TOTO YTO MIEPEHOC 030HA U3 BHIMICICKAIINX CIIOEB HE OKa-
3bIBAET 3HAYMMOTO BIIMSHHS HA €T0 CYyTOYHBIHN X0/ B IOTPAHUYHOM CIIOE.

2000 Puc. 1. Mpodmnu pasHOCTM KOHLEHTpa-
Hata: 30.03.2011 MM 030Ha (AO,), NoNyYeHHbIX B TeUeHHe
—un—1 CYTOK

1500 62 1 — Meay Noy[eHHbIM 1 YTPEHHUM;
= 2 — nocne MosyAeHHBIM 1 YTPEHHUM,
< 43 3 —MONYAEHHBIM 1 BEHEPHNM W
= —v—4 4 — nocnenonyaeHHbIM
8 1000 1 BEYEPHUM NosieTaMu.
2 .

~A
500 A
KA
N

o
0 4 8 1216 20 24328 32 36
A03,MKF/M

[aiee Ha ocHOBE MpoduIIeii, MOTyYeHHBIX B X0O/I€ BCEX CaMOJIETHBIX N3MEPEHHH, HAaIPABICHHBIX HA HCCIIe-
JIOBaHHE CyTOYHOTO XOJa, OBUTH OLICHEHBI BEJIMYNHBI CKOPOCTH MOCTYIUICHHS 030HA U3 BBIIICISKAIIUX CIIOEB
arMocQepbl U ero TeHepaliy B MIOTPaHIMYHOM CIIOe 10 cienyronel metonuke. CHavdasa, pacCunThIBasIach pas-
HOCTb MEXIy NPOQIISIMI 030HA, TIOTyY€HHBIMH BO BPEMsI THEBHOTO M YTPEHHETO BBUICTOB, PA3HOCTH JIEIHIIACH
Ha BpeMs MEX/Ty BbIIIETaMH, TTOTyYeHHAs! CKOPOCT, TI0OKa3aJIa BEIMINHY (POTOXMMHIECKOH reHepanun o30Ha. Ta
K€ TIPOIIeTypa MpojieiaHa ¢ JHEBHBIM M BEUEPHUM IPOQHIIMHE, TTOTyUeHHAsl Ha 3TOM 3Talle CKOPOCTh OTpa3niia
BEJIMYMHY CTOKa 030HA. J{JIs MOTydeHust BEIMINHBI CKOPOCTH TEHEPALNK B TEUCHNE JHS, TOMYIEeHHBIE TPO(UIH
CKJIA/IBIBAJICH. 3aT€M IIPOBOAMIIACH IPOIEAYypa HHTETPUPOBAHMUS OTACIBHO VIS IIOTPAHUYHOTO CJIOSt U CBOOOI-
HOH Tporocepsl, MoTydeHHbIE BETMYUHBI ISIHINCH Ha 3HAYECHHUE TOIUHBI CJI0sI MHTETPHUPOBAHUS, JUIS TIOJTY-
YeHHs 3HaYeHHUH B cTosde TonmmHOi 1 M. CKOpoCTH TeHepayi 030Ha, TTOIyYeHHBIE TT0 CAMOJIETHBIM JaHHBIM
CPaBHUBAJINCH CO CKOPOCTSIMHU, PACCUMTAaHHBIMH 110 TaHHBIM TOR-cTanHImy 171t THEH MpoBeIeHNsI ITOJIETOB, pac-
YeT MPOBOAWIICS aHAJIOTUYHO METOY, ONMCAHHOMY BBIIIE, 33 MCKIIOYEHHEM IIPOIEIyphl HHTETPUPOBAHUS U
HOPMHPOBKH Ha TOJIIMHY cJ10s1. Pe3ynsrarsl pacueToB 000011eHb! B Tabmmie 1.

Ha ocHOBe nprBeICHHBIX TaHHBIX MOKHO CJIEIIaTh BBIBO, YTO CKOPOCTh MOCTYIICHUS 030Ha U3 BBIIIIEIIE-
JKalyx ciaoeB B 3—10 pa3 HIKe CKOPOCTH TeHEpaIliy 030HA B IIOTPAaHUIHOM citoe. CpemHsisi CKOpOCTh MOCTY-
TIEHHS 030Ha U3 CBOGOIHOM aTMocdepbl cocTapseT 1 MKI/M /4, a CKOPOCTh FeHEPaIii B OTPAHHYHOM CII0E
npsiaka 5 Mkr/mM'/4. Takum 06pa3oM, B pe3ysabTaTe Mbl TIOTYYMIH BECOMbIE apIyMEHTHI B T0JIb3Y TOTO, YTO
OCHOBHA$ 4aCTh 030HA B MOTPAHUYHOM CJIO€ 00pa3yeTcst MOCpPeCcTBOM (DOTOXUMHUYECKUX PEAKIMHA M3 Ta30B
TIPE/IIIECTBEHHUKOB M TOIBKO 20% ero conepikaHust CBSI3aHO C MOCTYIUICHHEM U3 cBOOOIHOM arMocdepsl. Pac-
CUUTAHHBIE CKOPOCTH TEHEPAIMN 030HA IT0 CAMOJIETHBIM JIAHHBIM B ITOTPAHWYHOM CJIO€ aTMOC(EPBI XOPOIIO
COITIACYIOTCS CO CKOPOCTSIMH, PACCUMTAaHHBIMU 110 TaHHBIM TOR-cTaHInm, A7t MPU3EMHOTO CIIos Bo3ayXxa. B
MIOTPAaHUYHOM CJI0€ HHTEHCHBHOCTH ()OTOXMMHUYECKOTO 00pa30BaHMsI 030HA MOKET OBITH OOJIbIIIE, YeM B IIPHU-
3eMHOM. DTOT BBIBOJ] XOPOIIIO COINIACYETCsl pe3ynbTaTaMu padoTsl [3,4] yKa3pIBalOIIUMH, YTO MAKCUMYM T'eHe-
panuy 030Ha 3aBUCHUT OT BBICOTHI HOCTYIUICHHUS I'a30B-TIPEAIICCTBEHHUKOB.
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Tabnuua 1. CKopocTu 06pa3oBaHMA 030Ha

v— — — v (o] (o] o en [ag} o
- — — v - - — v - —
= = > > =3 > = > > =
(o)} (o] (o] (o)} (o] (o] (o)} (o) (o] N
Hara 15 o N I IS % o < % S
(=} =} (=} v =} =]} (=} =} =} —
S S = < N < 1) I3 % S
©“ [ag] v — [o\} [o\} <> =] =} (o]
Cpennsist CKOPOCTH [EHEPAIIHH B MOTPAHHTHOM s1 135641551541 28142|33]099] a7
cioe (MKr/M /9)
CpenHsisi CKOPOCTh FeHEpAIUH B IPU3EMHOM 22 160 | 68| 1145|4441 56! 551309

cioe 110 janbM TOR- cranuuu (MKr/m'/4)

CpeHsist CKOPOCTh MOCTYIIICHUSI U3 CBOOOIHOM

3 21 105 | 16|07 | 15|06 ]09]07]09] 16
Tporocdeps! (MKI/M /q)

Pa3HuIa MeX/ly CKOPOCThIO 00pa30BaHUs 030HA
B [TIOTPaHUYHOM CJIO€ ¥ TIOCTYIUICHHUS U3 cBoOoA- | 2.9 3 48 | 48 | 39 | 22 | 33 | 2.6 9 3.1
HO# Tporocdepsr (MKr/m’/a)

OTHOIIEHHE CKOPOCTH MOCTYILICHUSI 030Ha U3
cB00OHOM Tpomocdepbl K CKOPOCTH 00pazoBa- 41 14 25 12 27 20 20 21 10 34
HUS B TOTpaHUYHOM ciioe (%)

[IpuBeacHHBIC PA3HOCTH BEPTHKAIBHBIX MPO(GUIICH 030HA MOKA3aJIH, YTO BBICOTA MAKCUMyMa CKOPOCTH
TFeHEpaldU 030Ha MMEET BHYTPUCYTOYHYIO JWHAMHMKY, IUISI ONPEACICHUS KOTOPOH HEOOXOAMMO MPOBECTH
pacyeT BEPTHUKAIBHBIX IOTOKOB 030HA, MO3BOJISIOIIMX OICHUTh HE TOJIBKO W3MEHEHHUS CaMOil BBICOTHI, HO U
CKopocTH reHepaiu 030Ha. C 3T0ii 11e1bto B paboTe Ha OCHOBE JIaHHbBIX, HAKOIUICHHBIX B TEUEHHE BCEX LIUKIIOB
CYTOYHOTO CaMOJICTHOTO 30HAUPOBAHKS OBLIM PACCUNTAHBI BEPTUKAIbHBIC TPOGUIN ITOTOKOB 030HA. PacueTsl
MPOBEICHBI ¢ IPUMEHEHUEM Teopuu moaooust O0yxoBa-MoHKHA U TapaMETPU3ALMH BEPTUKAIBHOTO TPO(HIIS
ko3¢ durrenta TypoyinentHon auddys3un, kotopyro npemiokmwii 1. Troen and L. Mahrt [5]. Pesysasrarst
BBIYUCIICHHI TIPUBEICHBI HA PUCYHKE 2.

[laTa:03.02.2013 3000
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1500 —e—13:10 = 000 —=—08:20
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31000 5 1500
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J, MKr /(M*c) J, Mkr / (M*c)

Puc. 2. BeptukanbHoe pacnpeneneHue notokos 03oHa (J) nonyyenHble B 03.02.2013 r. (a) 1 03.04.2013 . (6)
MonouTeNnbHaA BENMYMHA NOTOKOB YKa3bIBAET, YTO MOTOK HanpaB/ieH BBEPX.

BepruxkanbHble MpoG i NOTOKOB 030HA MOKa3aJli, YTO MaKCMMallbHasl BEJIMYMHA [TOTOKA B IIOIPaHUY-
HOM ciioe pacnojoxena Ha Bbicote 200-600 M. UTo moaTBepkaaeT MOJyYeHHBIH BbIllIe BBIBOA O TOM, 4TO 33
(hopMupoBaHKe CyTOUHOI0 MaKCUMyMa 030Ha OTBEUYAIOT (POTOXUMUYECKHUE MPOLECChI, IPOTEKAIOIINE BHYTPH
MOTPAHUYHOTO cJ0s. BbicoTa MakcHMyMa IOTOKA 3aBUCHUT OT IepHOAA rofa, 3UMOil oHa Hmke nopsaaka 200-
300 M, makcumyM ntocturaercs jierom S00-600 M (pucyHOK He npuBeieH). BennunHa MakcuMyMa IOTOKa 030-
Ha TaK JKe 3aBHCHT OT CE30HA I0/la U MeHsieTcs oT 1 B 3uMHwmii nepuo 10 4.2 MKI/M' M’/C B BECEHHMIA TIEPHOJL.

B pabote Ha 0OCHOBaHUM JJAHHBIX CAMOJICTHOT'O 30HANPOBAHHS TIOKAa3aHO, YTO OCHOBHBIM HCTOYHMKOM 030Ha
B [IOIPaHUYHOM cJi0€ arMocdeps! sBiIseTcst ero poToXMMUUEecKasi FeHepalysl U3 ra3oB Npe/IeCTBEHHUKOB. A
MepeHoc n3 cBOOOIHOM Tporocdepsl coctanisieT B cpenHeM 20% ot poToXMMUUECKON TeHepalyi 030Ha.

Paboma evinonnena npu noooepacke cockonmpaxma Munodpuayku Nol4.613.21.0013, uoenmugpurayu-
onuwil Homep RFMEFI61314X0013.
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decreases of galactic cosmic rays (GCRs) are analyzed for the period 1980-2006. There were plotted

groups of charts (multifields) for 48 solar proton events with energies of particles £, > 90 MeV and for
48 Forbush-decreases of GCRs with amplitudes dN/N > 2.5%. These multifields revealed a growth of matrix
norm over North Atlantic region and North of European part of Russia during days following the bursts of solar
protons and Forbush-decreases of GCRs, respectively. These results confirm hypothesis about relation of re-
gional cyclogenesis processes with short-term variations of solar and galactic cosmic rays.

P ressure variation in lower atmosphere which take place after intensive solar proton events and Forbush-
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KOCMUYECKUX NyYer B NoJsie OaBfeHNA HUKHen aTMocdepbl
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B CBSI3U C COJTHEYHBIMHU IIPOTOHHBIMHU COOBITUSIME 1 (POPOYII-NOHIKSHUSIMU I'aJIaKTHYIECKUX KOCMHUe-

ckux myueit (I'KJI), otobpannasivu 3a nepuon 1980-2006 rr. ITocTpoeHs! BEIOOPKH KapT (MyJIBTH-TIO-

J1) 1St 48 COJHEYHBIX MPOTOHHBIX COOBITHH C SHEPTUAMH BBICBHINAIOIIMXCS dacTull £, > 90 MaB u us 48

(hopOyu-nonmxenuii ['KJI ¢ ammmurynoit dN/N > 2.5%. TlonydeHHbIe MYyJIBTH-TIONS 00HAPYKUBAIOT POCT Ma-

TPUYHON HOPMBI HaJl CEeBEPOATIAHTHUECKUM PETHOHOM M CEBEPOM eBporeiickoi yactu Poccuu B 1HM, Toce-

JIYIOIINE 32 BCIUIECKAMU COJTHEUHBIX MTPOTOHOB U (opOy-nonmkerusmu I'KJI, cooTBeTCTBEHHO. DTH pe3yiib-

TaTHI COTTIACYIOTCA C THIIOTE30i O B3aMMHOI CBSI3M MPOIIECCOB PErMOHAIBHOTO IIMKJIOTEHE3a C KOPOTKOTIEPH-
OJHBIMH BapHAIISIMA KOCMUYECKUX JTydeH.

HccnenoBanue BIUSHUS COMHEYHOM aKTMBHOCTH Ha BapUallMK [apaMeTPOB HIDKHEW arMocdepsl sIBIsIeT-

s aKTyaJbHOM 3a/1a4eld CONHeYHO-3eMHO# (pu3nku. B kauecTBe 0iHOTO 13 HanboJIee BEPOSTHBIX CBS3YIOLINX

n POBENIEHO HCCIeIoBaHkie Bapralnii arMoCc(hepHOTo JaBJIeHUs B HU)KHEH Tporocdepe, HabIo1aeMbIx

" Mbl Mcrionib3yem MynbTU-MonA, Kak aHanor multifield, 4tobbl n36exaTb HeOpa3yMeHMiA C PYCCKUM «My/bTUNOSbHBIM»
Pas/OKEHNUEM.
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3BEHBbEB MEXy Tporieccamy Ha CONHIIE U COCTOSIHUEM HIDKHEN arMoc(epsl 3eMII B HACTOAIIEE BPEMs pac-
CMAaTpPHBAIOTCS BapHaIlMX MOTOKOB KocMmueckux yder comreqnoro (CKJI) n ramakrmuaeckoro (I'KJI) mpowc-
XoKAeHus ¢ sHeprusaMu oT ~100 MaB no nHeckompkux [9B. DHeprun Takod BETWYHHBI JOCTATOYHO, YTOOBI
KOCMHYECKHE JTYIH MOTJIH MPOHUKHYTH B aTMoc(epy 3eMIIH IO BBICOTHI TPOMOC(EPBI/HIDKHEH cTpaTochepsl.
ITpn 3TOM HHTEHCUBHOCTH TOTOKOB KOCMHYECKHX JTydell ¢ yKa3aHHBIMHU SHEPTUSIMU B 3HAYUTEIBHON CTETICHU
MOIYIIUPYETCS COTHEYHON aKTUBHOCTHIO (CM. Hatp., [1]).

B psne paboT ye yKa3bIBaJIOCh Ha BOSMOXKHYIO CBSI3b KOCMHUYECKHUX JIydel ¢ TUHAMHYECKIMHU PEKUMa-
MU HIDKHEH atMocdepsl. Tak, Beperenenko u Taitnom [2, 3, 4], a Takke ApramoHOBO# 1 Beperenenko [5, 6, 7]
OBIIO TOKA3aHO, YTO KPATKOBPEMEHHbIE BAPHAIIMH ITOTOKOB KOCMUYECKUX JIydel BO BPEMsl COTHEUHBIX IPO-
TOHHBIX COOBITHH U (opOymr-monmkennii I'KJI MOTyT oKka3pIBaTh BIUSHHE Ha BOJIOLNIO BHETPOITNYECKIX
0GapUdIeCcKUX CHCTEM: IUKJIOHOB M AHTHIMKJIOHOB, COOTBETCTBEHHO. DU3HMUECKUN MEXaHM3M Ha HACTOSIIUH
MOMEHT SIBJISIETCSI IPEIMETOM JHCKYCCHH, HanOO0JIee BEPOSITHON THITOTE301 ¢ TOUKH 3PEHUS aBTOPOB SIBIISIETCS
BapHaHT, IPEIOKECHHBIN TpymIoil Turenn (cM. Hamp., [8]).

ITomyueHHbIe B 3THX pabOTax BBIBOJBI OBLIM CAETaHBl HA OCHOBAHMM aHAJIN3a JAHHBIX O BApHALIUSIX BbI-
COTBI OCHOBHBIX H300apHUECKUX MTOBEPXHOCTEH Tporocdepsl B X0/1€ KOPOTKONEPHOIHBIX BO3MYIIIEHUI HHTCH-
CHBHOCTH COJIHEYHBIX U TAJIAKTHYECKUX KOCMUYECKUX Jy4ei. MccnenoBanne 610 MPOBEJECHO METOIOM HAJIO-
KEHUSI 3110X. VI3BECTHO, UTO ATOT METO/I SIBJISICTCSI KOPPEKTHBIM JUISl aHAIM3a BapHUAIH OJHOMEPHBIX BEJIHMUHH.
Ero nmpumMeHeHne k MHOTOMEPHBIM JTaHHBIM TpeOyeT ncmoip3oBaHus MHOXecTB [lapero [9]. DTo cBszaHo ¢
TEM, YTO AHOMAJINHU JBYMEPHOTO TI0JISI OTHOTO 3HAaKa MOTYT MMETh PA3IMYHYIO JIOKAJIN3AIMIO U IIPU OCPEHE-
HUM (HAJOKEHUH ToJIei) OyAeT moydeHa «pa3MbiTasy kaptuHa. [ToaToMy naenTHduKanms MakCUMyMOB MO-
KET OBITH CIeNaHa JIMIIb C TOUHOCTBIO 10 HEKOTOPOTO HHTEPBaIa ONTUMAIBHOCTH.

B nanHo# pabore aHann3 Bapuanuii arMOC(EpHOTO JABIEHUs, HAOMIOJAEMBIX B CBS3U C COTHEUYHBIMU
MIPOTOHHBIMH COOBITUSAME U (popOym-nonmkeHusMu ['KJI, mpoBenéH MeTomoM MYNBTHTPAaIHEHTHONW MEpHI
cpaBuenus (Multifield Comparison Measure, MCM [10-12]). B otmune ot metona Hamoxenus smox, MCM
MIO3BOJISIET MOJYIUTh KOPPEKTHBIE OLIEHKH CBA3M HA0Opa «KapT» WM MYyJIbTH-TIONEH.

BBEJEHVE B MCM

MeTon MyJTBTHTpaTMEHTHON MEPbI CPaBHEHHSI MYJIBTH-TIONICH OCHOBAaH HA AaHAJIM3E BETMIMHBI MATPUIHON
HOPMBI, TTOJTY9IEHHOI! 10 TPaJUEeHTaM BCEX aHATM3UPYEMBIX MOJIEH B KOHKPETHOW TOUKE POCTPAHCTBA. JBPHU-
CTHYECKH MJIes 3aKII0YaeTCs B TOM, 4To iBa C' CKaJIAPHBIX MOJIS f;, f, CAUTAIOTCS B3AMMHO CBA3aHHBIMH, €CITH
UX I'PAJIUEHTEHI «TapaieNbHb»: Vf + AVf, =0 . DTO yCIOBHE MOKHO IPOBEPHUTH, BEIYUCIIASA CKaJIAPHBIE JTHOO
BEKTOPHBIC MPONU3BEACHHUS TPATUCHTOB IS KAXKIOTO TIMKCENs] HEKOTOPOi KoMITakTHOH obnactu [12]. OxHako,
yaoOHee HCIOIh30BaTh MAaTPHITY TPAJAUEHTOB, CTPOKH KOTOPOH COOTBETCTBYIOT KayKIOMY 13 mojei [10].

Crnenmys padore [10] BBenéMm moHsATHE MampuyHoii Hopmbl. 11ycTh A sBIsIeTCS BEIIeCTBEHHO3HAYHON Ma-
Tpunei nxm. Hopma MaTpuirs! 4 onpeaesnsieTcst BRIpaKeHUEM:

lAll = max _l|Ax]| (1)

T
rzae |[x||- EBkinoBa Hopma BekTopa x € R
[ycth MynsTH-1i0Ne F = {f, f5 f3s ... of.,} ABIAETCSA KOPTEKEM U3 M JAByMEPHBIX CKatspHbix C' momneii £,
Torma muddepeniman F B HEKOTOPOH TOYKE p ¢ KOOpAUHATAMH (X, V) 3alIUCHIBACTCS KAaK MaTPHIIA YACTHBIX
TIPOU3BOJHBIX: d df;
i —®
dx y
dF(p) =| : : (2)
dfm . dfm
P &y »
CornnacHo [10-12] mynemuepaouenmuas mepa cpagnenus B on TOYKE p ompezaensercs kak Hopma (1)

Marpuisl dF(p), T.e. on = ||dF(p)||. PackpbIB 3Ha4eHNEe MaTPUYHOI HOPMBI Yyepe3 e€ onpeaeseHue, MOTyInM:

5=ty POy ) o

XER™ ||x||=1

IJI€ BEpXHUI nHAEKC T 03Ha4aeT TPaHCIIOHUPOBAHUE.

Bocnonp3yemcs criekTpaabHOI TeopeMol THHEHHON anreOpsl M B yKa3aHHOM BBIPAa)KEHUH 3aMEHUM Ma-
TpuuHoe Tipoussenenue ((dF(p)'(dF(p)) npoussenennem U'AU, rae U - opToroHanbHas MaTpHIla, CTOIOIBI
KOTOPO# COCTOAT U3 COOCTBEHHBIX BEKTOPOB MaTpuilbl ((dF(p) (dF(p)) u A — muaroHaibHast MATPUIIA, dTEMEH-
TBI KOTOPOI SBJIAIOTCS COOCTBEHHBIMH YHCIIaMHU 3TOM MaTpHIlsl. B pesynsrare u3 (3) momydmnm:

1
2
15 = (i X708V )

[ockonbKy U opToronanbHas Matpuna, T.e. U' U = I, a X pOU3BOJIBHbII €IMHUYHBI BEKTOP, BHIPAKEHHE
(4) MOXHO TIepenucarh Kakx: 2
: F T
= max xTAx) =max (V1
T (xelR",IIXII=1 ) A (5)

rJie A - AMATOHANBHBIC MEMEHTBI MATPUIIBI A, T.e. cOOCTBEHHbIE urcaa Matpuisl (dF(p) (dF(p)).
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HHAA LLKOJIA 1 KOHOEPEHLA MO BbI

Takum 06pa3om, [yist TOTo, 4YTOOBI CPAaBHUTH HECKOJIBKO JIByMEpPHBIX nojei Mmerogom MCM [cm. 10-12],
HEO0OX0/IMMO, BO-TIEPBBIX, COCTABUTh MaTpHIly F C MEPEMEHHBIMU - aHAIM3UPYEMbIMHU TOJISIMH, BO-BTOPBIX,
paccuuTaTh MaTpHILy YaCTHBIX IIPOU3BOAHBIX dF(p) 10 KOOPAWHATAM X M ) B Y3J1aX CETKHU ISl KXKIIO0TO IOJIs U3
Ha0opa CpaBHUBAEMBIX MOJICH U, B-TPEThUX, HAUTH MaKCUMyM HOPMBI ITOJIy4eHHOI MaTpuibl. PaccunTanHas
M0 JTAaHHOMY aJITOPUTMY BEJIMUMHA MAaTPUYHOW HOPMBI HE 3aBHUCHT OT BBIOOpA KOOPAMHAT, CHMMETPUYHA U
yCTOIUMBa OTHOCUTEIBHO MajbIX Bo3MyIleHui. Hibke npuBoaaTCcs pe3ynbTarhl, HOTy4eHHbIE METOAOM MYJIb-
TUTPAJMEHTHOW MEpBI, Moy4eHHbIe B cpee MatLab.

AHANN3 3KCMEPUMEHTAJIbHbIX JAHHbIX

B pabore npoaHaaM3upoBaHbl Bapualuu arMOCc()epHOro JaBlICHHs] B CEBEPHOM IOJYIIAPUHU IO JaHHBIM
peananuza NCEP/NCAR mist uzo6apudeckoro yposasi 1000 rlla, nabnronaBiinecs B ¢Bsizu ¢ GopOyII-1ioHH-
KECHUAMH TajakTHdeckux kocmuueckux yyudeil (PIIKJT) u comneunsiMu npoToHHBIME coObITHIMHU (CIIC).
Jiist npoBeieHust uccnenoBanus Obl10 0To0Opano 48 Gpopoyu-nonmwkennit ['KJI ¢ amrummynoit ON/N > 2.5 % 3a
OKT0pb-MapT 1980-2006 IT. HA OCHOBAHMU JAHHBIX O CKOPOCTH CUETA HEHTPOHHOIO MOHUTOPA CT. ATIATUTHI
(reomaruuTHas mupota 63°N). Criucok u3 48 CONHEUHBIX MPOTOHHBIX COOBITHH C SHEprUsAMM HacTull £, > 90
M>B, npousoreniux B oktsiope-mapte 1980-1995 rr., B3siT u3 padotsr [3].

Junst nanubIx GOpOYyILI-TIOHMKEHUH U COTHEYHBIX MPOTOHHBIX COOBITHIA ObIIIM PAacCYUTAHbl MAKCUMYMBI
HOPMBI MaTPUI] TPAJHEHTOB BCeX 48 aHAINM3NPYEeMbIX TIOJIEH TaBIEHUS B y3/1ax ceTKu 2.5°x2.5°. JlaTsl Havyama
CIIC u OIIKJI mpu 3TOM NpUHUMAINCH 32 HYJICBOH JeHb. Pe3ynsraTsl pacdéToB mpeAcTaBiIeHbl Ha puc. | u
puc. 2. ITocTpoeHs! KapThl MAKCHMYMOB MaTPUYHON HOPMBI AJIS1 HEBO3MYIIEHHOTO YPOBHSA — Ha 9-i1 1eHp 1o
Havasa coObITHIA (2), B IHM MAaKCUMAJIbHBIX OTKJIOHCHUH 1aBIICHHUs1, HAOIIOIaEMbIX B XOJ1€ COJTHEYHBIX MTPOTOH-
HBIX coObITHI U QopOym-nonkennit ['KJI — 1-it u 4-i geHb mociie Hauana COOTBETCTBYIONIMX COObITHI (0),
KapThl Pa3HUIIBI MATPUYHBIX HOPM JIJIsl BO3MYIIEHHBIX 1 HEBO3MYILEHHBIX YCIOBHH (B).

Puc. 1. MaKkcvMyM MaTpryHoi HopMbl Mons aTMocdepHoro AaeneHuna Ha ypoeHe 1000 rlla B xoge 48 ¢popbyLu-noHMHKeHU
'K: (a) — HeBO3MyLLIEHHBIN YPOBEHb, (6) — 4-11 feHb nocne Havana OMKJ, (B) — pasHuua Mexay (6) v (a), 6enbiMM KoHTYpa-
MW 0603HaueHbl 061aCTH, Fae OTKMOHEHMA 0T HEBO3MYLLLEHHOMO YPOBHA NPEBBLILLAIOT 30.

Puc. 2. MakcvMyM MaTpruHow HopMbl nons atMocdepHoro AasneHua Ha ypoeHe 1000 rlla nocne 48 conHeUHbIX NPOTOHHbIX
CObbITHIA: (a) - HEBO3MYLLIEHHBIN YPOBEHb, (6) - 1-1 aeHb nocne Havana CIIC, (B) - pa3Huua Mexay (6) v (a), 6enbIMU KoHTY-
pamu 0603HaueHbl 0611aCTH, Fe OTKAGHEHWUA 0T HEBO3MYLLEHHOO YPOBHSA MPeBbILLAT 30.

Kak MoxHO yBHIETH M3 pucyHKoB | (B) 11 2 (B), B ciryuae GpopOym-nonmkennii ['KJI mocrpoenHsie Myitb-
THUITOJIS] 0OHAPYKHUBAIOT POCT MaTprUUHOI HOpMEI HaJ CeBepHOW ATinanThkol, CKaHANHABHEH, CEBEPOM €BpO-
niefickoit vactu Poccnn u 3amagnoi Cubupw, a taroke yactnaHo Hajg CeBepHbIM JlenoBUTHIM okeaHoM. B ciy-
Yyae COJIHEYHBIX IIPOTOHHBIX COOBITHI 001aCTh POCTa MAaTPUYHON HOPMBI OXBAaThIBAET TOJIBKO CEBEPOATIAHTH-
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YeCKHuil pernoH. JJaHHbIe pe3yabTaThl COITIACYIOTCS C BRIBOJAMH, MTOJTYYCHHBIMHU paHee B paboTax [2-7], B KOTO-
PBIX OBUIO OOHApYKEHO YCHJICHHE IHKIOoreHe3a B CeBepHOH ATIAHTHKE IOCIEe MHTCHCHBHBIX COJHEYHBIX
MIPOTOHHBIX COOBITHH 1 (hopMHIpOBaHKE OIOKUPYIOMNX aHTUIIMKIOHOB Hag CkaHAWHABHEH, ceBepHOH EBpo-
TIOH M ceBepoM eBporelickoit yactu Poccnn B xoae hopOym-nonrmkernii ['KJII.

Taxum 00pa3oM, pe3ynbTaThl aHaJIM3a BapHaLHil OIS aTMOC(EPHOTO JaBJICHHS METOIOM MYIIBTHIIONE-
BOI MepbI CpaBHEHUS TOATBEPIKAAIOT OoJiee paHHNE pacuEThl, BEIIOJIHEHHbBIE METOIOM HaJIoXKeH s 310X. CoB-
NaJIeHUe Pe3yJIbTaTOB MOXKET OOBACHATHCS OCOOCHHOCTAMH CTPYKTYPBhI TepMOOAPHIECKOTO IIOJs HIKHEH aT-
MOC(EphI CEBEPHOTO TONyIIapHsi, 00yCIOBICHHBIMI Oporpadueil (HaJindueM 1eHTpa IeiicTBUS aTMOC(ephI B
CeBepHOH ATIIaHTHKE - [ PEHIIaHACKOr0 MUHIMYMa), a TAKXKe TeM, YTO KOPOTKOIIEPUOIHbIC BApHAIINY HHTCH-
CHBHOCTH HOTOKOB KOCMHYECKHX JIy4eil ciocOOCTBYIOT HHTEHCU(HKALIUK €CTECTBEHHBIX ITPOLIECCOB LIUKIIO-
reHe3a, XapaKTePHbIX IS TOTO MJIM HHOTO PErHOHA.

BblBOAbI

B nannoii pabore mokaszaHa cBS3b MEX/y KOPOTKOIIEPHOJHBIMU BapHAIMsIMK COJHEYHBIX W rajlaKTHye-
CKUX KOCMHYCCKUX JIyuei U JaBJICHUEM B HIDKHEW Tporocdepe Ha m3obapuaeckoM ypoHe 1000 rlla. CpaBae-
HUE ¢ pacyéTaMH, MOTyIEHHBIMI METO/IOM HAJIOKECHUS 310X, IT0KA3aJI0, YTO PE3yNIbTaThl HCCIEIOBAHHUS METO-
JIOM MYJIBTUTPAINEHTHON MEPBI CPABHEHNS COTNIACYIOTCS C BHIBOJIAMH, IOyUCHHBIMH paHee B padorax [2-7] u
TIOATBEPKIAIOT THUITOTE3y O B3AaUMHOHN CBS3U MPOIECCOB PErMOHAIBHOTO IUKIIOTEHE3a ¢ KOPOTKOTIEPHOAHBIMHU
BapUaNNsAIMHA KOCMUYIECKUX JTydeH.
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Discrete analytical schemes for modeling of aerosols binary
coagulation with integro-differential Smolukhovsky
equation

'Sorokovoy A.A., ‘Penenko A.V.

" Novosibirsk State University, Russia
? Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
E-mail: a.penenko@yandex.ru, AASorokovoy@mail.ru

In the work we study a method of modeling aerosol dynamics with respect to particle diameter. As the
model we have considered Smoluchowski coagulation equation.
nl) K== om0y [K 3 ymtentrody
In order to solve this equation we have used the method of discrete analytic schemes [1] that allow to ob-
tain positive physically-plausible solutions. Main goal of this work is to validate approach of discrete analytic
schemes for solving integro-differecial equalations, particularly, Smoluchowski equation of coagulation.
Numerical solution obtained by discrete analytic schemes method has been compared to the known exact
solutions, and with the results of other known methods of numerical solution of the Smoluchowski equation.
The following results have been obtained:

1. Discrete analytic methods (QSSA, exponential Runge-Kutta) having for an ordinary differential
equation the fourth order of convergence on the Smoluchowski equation gives the first order of con-
vergence.

2. Experimental stability threshold discrete analytic methods proved to be several orders of magnitude
higher than that of the classical methods of Euler and Runge-Kutta method.

3. For a modification of a discrete analytic method the convergence of the first order has been theoreti-
cally demonstrated.

References:
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Structure and evolution of polar low in Kara sea by WRF
numerical simulation

Verezemskaya P.S., Stepanenko V.M.

Lomonosov Moscow State University, Research Computing Center, Russia
E-mail: aves.indemicas@gmail.com

behind the arctic front and characterized by severe weather conditions [1]. All in consequence of the

global warming PLs started to emerge in the Russian Arctic water area as well — in summer and autumn,
so that interest in natural recourses extraction and marine traffic in Arctic region causes the necessity of high-
quality PL forecasting. Lack of observational data and wide variety of PL types in different geographical and
atmospheric conditions causes the absence of the «universal» concept of PL.

This investigation is aimed at evaluation the role of various mechanisms in the dynamics of a particular
real case of polar low development using mesoscale numerical simulations data. Quality of modelling was esti-
mated by comparing model wind and water vapor fields with that received from satellite data. Two numerical
experiments were conducted — including microphysics parameterization and switching it off (i.e. omitting
phase transitions of water vapour). This has been done in order to assess the role of CISK mechanism. In order
to divide low- and upper-level forcing in PL dynamics we used attribution concept applied to quasi-geostrophic
(QG) omega equation. Prioir to that we ensured that QG theory could be used for this PL case. We have selected
PL case in Kara sea occurred on 30th September 2008 Life span of the PL was between 24 to 36 hours.

Numerical experiments were carried out with Weather Research and Forecasting model (WRF), which
was installed on supercomputer “Lomonosov” of Research Computing Center of Moscow State University [3].
As initial conditions was used reanalysis data ERA-Interim from European Centre for Medium-Range Weather
Forecasts. Two numerical experiments were made: with 5 km spatial resolution, explicit convection simulation

Polar Lows (hereafter PL) are intensive mesoscale cyclones, developing above the sea surface, usually
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and with Goddard center microphysical parameterization and without any vapor phase transformations. In or-
der to conduct the modeling quality estimation we used visible and infrared images from MODIS (Aqua). At-
mospheric water vapor V and surface wind fields W were resampled by examining AMSR-E microwave radi-
ometer data (Aqua)[2].

Modeling fields were compared with satellite observations and shown good accordance. Then, dynamic
characteristics were analyzed. We tested five main polar lows development concepts: convective and baroclinic
instability, wind induced surface heat exchange, conditional instability of second kind and potential vorticity
forcing [4]. Investigation showed, that neither baroclinic and convective instabilities nor WISHE mechanism
triggered and intensified this PL development. Big CISK contribution to the PL increasing is noticeably visible
from low-level PV anomaly intensification in “wet” experiment — it rises from 1 to 4,5 PVU during PL lifetime.
Wind speeds and absolute vorticity decreases up to 2-3 units in “dry” experiment.The possibility of applying
the quasi geostrophic theory to the mesoscale phenomena was shown with 0.78 correlation. Helmholtz-like
quasi-geostrophic omega equation is planning to be resolved for three-dimensional forcing field, not for point
or spherical sources, as [5,6].

Role of upper and lower level forcing will be estimated. Green’s function of lower PV anomaly penetrates
to the upper-level anomaly location.
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1. Polar lows, J. Turner, E.A. Rasmussen, 612, Cambridge University press, Cambridge, 2003.
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CTpyKTypa 1 3BonoumA NoAApHOro Me3oLmMKioHa B KapckoM
MOpe No OaHHLIM YncneHHoro MogennposaHua WRF

Bepesemckas I1.C., Ctenanenko B.M.

MocKoBcKuiA rocynapcTBeHHbIN yHUBepcuteT UMeHu M.B.JlomoHocoBa, HayuHo-uccneoBaTeNbCKUi BbIMUCTUTESbHBIN LIEHT,
Mocksa, Poccua
E-mail: aves.indemicas@gmail.com

Csl HaJl TIOBEPXHOCTBIO MOPSI K CEBEPY OT IOJISIPHOTO (PPOHTA 3UMOM, C TOPU3OHTAIBHBIMH pa3MepamMu

10 1000 kM, 0OBIYHO XapakTepHu3yloluecs 00Ja4HOCThIO B (hopme crnimpanu wiy 3anstoid. C HuMu
CBsI3aHBI CKOPOCTH BeTpa Oosiee 15 m/c u ocaaku 10 40 mm/g [1]. Ocoberno yacto B CeBEpHOM MOJTyHIIApUU
OHU HaOJIIOIAIOTCST B MOPSIX eBporeiickoit ApkTuku U Ha [lanbHem BocToke, riie sIBISIOTCS 3HAYUTEIbHOM yT-
po30ii [t HeTe00bIBAIOIICH U CYIOMPOMBIIIIICHHOW OTpacield. DTO OmpeaelisseT MOTPeOHOCTh ITUX chep
XO035HCTBA B KAUYECTBEHHOM IIPOTrHO3¢ ABIeHUsA. Ha HacToAmMi 1eHb HEe CYIIECTBYET €IUHOIN KOHLIENTyalIbHON
mozenu [IMII. DtoMy crocoOCTBYIOT TPYIHOMAOCTYITHBIN JJisi HAOIOACHUI PErOH, MHOTOIIMKOCTD YCIIOBHIA,
6ﬂaF0le/IHTHbIX JUI1 BOBHUKHOBCHHUS SBJICHUSA, U MAJIOC BPEMS KU3HU Me3OMaCHJTa6HI>IX MOJIAPHBIX HUKJIO-
HOB. B HacTosiIiee BpeMst HE0CTATOK JaHHBIX HAOIIOACHUH B IPUIIOJISIPHBIX IIUPOTAX MEPECTaeT ObITh JIUMHU-
TUPYIOLIUM, BBUAY Pa3BUTHUA U PACIIPOCTPAHCHHUA JUCTAHIMOHHBIX METOJA0B, B IEPBYIO OUCPC/Ib CITYTHHKOBO-
TO 30HAUPOBAaHMS. O[lHaKO HECMOTPA Ha YBCIIMYCHUE MPOCTPAHCTBEHHOI'O pa3pCllICHUA N100aIbLHBIX MO}IeJ’leﬁ
IpOorHo3a noroabl U MUPOKOTro NMpUMEHCHU Me30MaCIJlT6aHI>IX PEruoOHaJIbHBIX MOHeHeﬁ, HEI0CTAaTOK 3HAHUHA
0 MEXaHuU3Max MpoaAyuupyromux U nmoagACPKUBAOIIHNX MOJAPHBIC BUXPU U HCAJICKBATHOC UX BOCIPOU3BCIC-
HUEC B IIPOTHOCTUYCCKUX MOACIIAX IMPUBOAUT K HEYJOBJICTBOPUTCILHOMY Ka4€CTBY ITPOIrHO3a. CI0KHOCTE 110-
CTPOEHHS aHAIMTUYECKUX MOJieiell BO3HUKHOBeHHs 1 sBommoiu [IMI] cBsizana ¢ pasHooOpasuem ycioBHH,

l I ossipHble Me3oMaciuTadbubie nukinonsl ([IML, polar lows) - 93T0 HHTEHCHBHBIE BUXPH, (POPMHUPYIOILHE-

CEKLUA MOJE/TMPOBAHME 1 AHAJTN3 PETMOHAJTbHBIX ATMOCOEPHbBIX NPOLIECCOB COAEPHAHMUE »
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HaOMIOMaeMBIX B peaslbHON arMocdepe, pH KOTOPEIX OHU 00pa3yioTcs. Paszmianble Mo GopMe u Xapakrepy
JKM3HEHHOTO IIMKJIa BUXPH BO3HUKAIOT B akBaTtopusx Mopeit CesepHoro JlenoBuToro, Atnantndeckoro u FOx-
HOTO OKEaHOB B Pa3HbIC CE30HbI Iofa. JIOTOIHUTENBHYIO HEOIPEIENICHHOCTh BHOCUT POCT IMI00ATbHON TeMITe-
parypsl B mocienane 20-30 eT, 0COOCHHO CHIIBHO 3aMETHBIN B MOJSIPHBIX OONACTSIX, KOTOPBIH MPUBOANT K
(hopMHIpOBaHUIO yCIIOBHN [T BOSHUKHOBeHU [IMI] B «HEeKaccmueckuey, ¢ TOUKH 3PSHUS UCCIIeoBaTeNeH
80-90x TomoB, CE30HKI TOIa B HEXapAKTEPHBIX paifoHax.

Lenp 1aHHOTO HMCCIIEOBAHMS COCTOUT B OLEHKE POJIN PA3IMYHBIX (PH3MIECKUX MEXAHU3MOB B INHAMUKE
TIMII mocpenacTBOM YHCICHHOTO pacdyera Me3oMacImTabHOW MOIeNbio. [t 3TOro MpoBOAUTCS OIIEHKA BO3-
MOKHOCTH BIIMSTHUSI MEXaHU3MOB, M3BECTHBIX U3 JINTEPATYPBhI, HA TCHEPAIMIO M HHTECHCU(PHUKAINIO KOHKPETHO-
ro cioydast [IMLI. B wactHOCTH, paccunThiBas pyHKIMIO [ prHA 1715 KBa3UTeOCTPOPHUECKOTO OMEera-ypaBHe-
HUSL, IPUBEJICHHOTO K BUY YpaBHEHNS | €IbMIosIb11a, OLIEHUBAEM POJIb BEPXHEYPOBHEBOI aHOMAJIUH TTOTEHIIN-
AJTBHOTO BUXPS B MHTCHCUPHUKANNU HIDKHEYpoBHEBOH — [IMII. J{71s1 oleHKH KauecTBa MOACTHPOBAHUS ITPOU3-
BOJMTCSI CPAaBHEHHE PE3YIIbTATOB MOJICIIMPOBAHIS C JAHHBIMHU CITy THUKOBBIX HAOIOICHUH.

Jis arcienHoro ucciaeoBaHus OBl BRIOpaH HEOPIWHAPHBIN cirydail BosHUKHOBeHU [IML] B mepenneit
gacTu cuHonTuaeckoro nukioHa 30 centsaops 2008 r. (puc. 1) B Kapckom mope. B kagecTBe Me3omacmTabHOMH
Mozenu ucronbszoBanack Mmoaens WRF (Weather Research and Forecasting) ¢ nurammaeckum simpom ARW [4],
YCTaHOBIICHHAsA Ha cynepkoMibiotepe «JlomorocoB» MI'Y [2]. JlaHHBIE CITyTHUKOBBIX HAONIOACHUI O MpH-
BOTHOM BETpPE M HWHTETPAJIBLHOM Biarocoxepkanuu Bo3ayxa [3] ¢ mpubopoB AMSR-E (Aqua) u MODIS
(Aqua), m300paxkeHusT PaIHONIOKAIIMOHHON OTPakaeMOCTH (BEIMYHMHA, CBSI3aHHAS C MPHUBOTHON CKOPOCTHIO
BETpa), MOTYICHHBIC PAJHOIIOKATOPOM C CHHTE3UPOBAHHOM arepTypoit ASAR, ObIH TpemocTaBieHs! 1abopa-
TopHeil criryTHHKOBOI okeanonmorun TOU JIBO PAH.

Bb1o mocTaBieHO Ba YMCICHHBIX IKCHEPHUMEHTA C MOJIEINBIO
WRF. B 6a30BOM SKCHEPHUMEHTE HCIOIB30BAIHCH CIICAYIOMINE Ha-
ctpoiikm: cxeMbl CAM (Community atmospheric model) mis mapame-
TpH3alMM KOPOTKOBOJIHOBOM W JUIMHHOBOJIHOBOW pajMaIvi, CXeMa
Monnna-O0yxoBa AJIsl IPU3EMHOTO CII0sI, MOJIEJb TIO/ICTHIIAIOIIEH T10-
BepxHoctn Noah, mapamerpuszanus TypOyJICHTHOCTH B IJIAaHETAPHOM
norpaHu4HoM cioe Meinopa-Amanpl-SAnuya. [lapamerpuszanus KoH-
BEKIMH ObLIa BBHIKJIIOUCHA, MHUKPO(U3NUECKHE TPOIECCHl ONMMCHIBA-
mmck o cxeme  logmapaa. BTopoif skcnepuMeHT ObLT HameneH Ha
BBIJICJICHNE POJIM CKPBITOTO TETIa KOHICHCAIMU B MHTCHCHU(HUKAIINH
IIML, nuist yero B HeM OBLTH BBIKIIFOYEHBI Bce (ha30BbIC MIEPEXO/IbI Blla-
ru. IIpocTpaHCTBEHHOE pa3penieHHe COCTABIISUIO 5 KM ISl 000X JKC-
TIEPUMEHTOB. B KauecTBe Ha4aIbHBIX U TPAHUYHBIX YCIIOBHH HCIIONb-
30BaNIMCh MaHHbBIC peaHann3a ERA-Interim.

BusyansHoe cpaBHEHHWE ¢ JaHHBIMHM HAONIONEHHWH O MPUBOAHOM
BeTpe (Ha 10 M), MHTETpaIbHOM BIAroCoEpKaHUH B CTOJIOE BO3/yXa U
00JIaYHOCTH MOKA3aJI0 YOBJIETBOPUTEIbHBIC PE3YIBTAThI: 10 TAHHBIM
HabOMroneHnit (puc. 2, cieBa) M MOJICIHPOBAHUS (PKCIICPUMEHT 0a30-
BBIH, pHC. 2, crpaBa) BUANM, YTO MOJICIh BOCIPOM3BOJUT XapakTep

Pucynok 1. PaguonoKalinonHas 0Tpa-  pacrpeziesieHus IPUBOJHOTO BETPa B COOTBETCTBHHU C HUPKYISIIUCH H
¥aeMoCTb OKeaHa Mo AaHHbIM pano- CTPYKTYpOii BUXpsi. B axcriepumMenTe 6e3 onucanus MUKPODH3NICCKIX
nokatopa ASAR cnyTHuKa Envisat B MEPEXOJI0B XYK€ BOCIPOU3BOIUTCS TPOCTPAHCTBEHHAS CTPYKTYpa
cpok 15:44 30.09.08 BUXPSL.

112
10

PucyHok 2. KapTa pacnpeaeneHva npuBoaHoro BeTpa no aaHHbIM AMSR-2 (cneBa) u aaHHbIM Mogenupoanus WRF
(cnpaga). LLIkana (M/c) ana 0601x pUCYHKOB 06LLas.
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ITo nuTepaTypHbIM JaHHBIM OBUIM BBIAEIEHBI AT OCHOBHBIX MEXaHU3MOB, IPUBO/SIINX K BOSHUKHOBE-
Huto 1 nHTeHCcuukaun [TMI1:
® OapoKJIMHHAs HEYCTOIYMBOCTD B HIDKHEH Tpomocdepe,
® KOHBEKTHBHAsI HEYCTOHYMBOCTD aTMOC(EDHI,
® yCHJICHHE 32 CUYET BRI3BAHHOTO BETpoM oOMeHa TeruioM ¢ moBepxHocThio (WISHE — wind-induced
surface heat exchange),
® BEPXHEYPOBHEBBIN (DOPCHHT aHOMAJINH TIOTEHIIMAIBHOMN 3aBUXPEHHOCTH,
e yciioBHas HeycToumBoCcTh Broporo poaa (CISK — convective instability of second kind).

W3 pe3ynbraroB ujeanu3npoBaHHbIX uccienosanuil [IML] BeIICHEHO, YTO AEMCTBUE OIHOTO U3 BBILIETIE-
PEUHCIEHHBIX MEXaHN3MOB HE MOXKET, B OTJIMUHE OT COBMECTHOTO JIeHCTBHS OoJee AByX (pakTopoB, 0OBSICHUTH
HaOTIOAeMbIX B MPHPOAEC MHTCHCUBHOCTH M xapakTepa paszutus [IMII. Ilo pesynsraram MomenmpoBaHUs
OBbLTH OLICHEHBI [TOKA3aTEeNN PeaIN3alliy 3THX MEXaHN3MOB B arMoc(epe.

Bb110 ycTaHOBIIEHO, YTO B HIDKHEH Tpornocdepe OapoKIMHHAs 30Ha OTCYTCTBOBAJIA, BBUY €1a00 BbIpa-
JKCHHOW TOPH30HTAIBHON TEMIepaTypHOi HEOTHOPOJHOCTH MAacChl BO3yXa, B KOTOPOW HAadanoch (OpMHPO-
BaHUE ITUKJIOHA. Tak Kak HaJimgue OapOKIMHHON HEyCTOMYMBOCTH YaIlle BCETO SBISACTCS MPUINHON TeHEePaInn
LUKJIOHA, @ HE €r0 MHTCHCU(HUKAIINHN, HATWIHE TOPH30HTAIBHON TEPMHUUYECKOI OHOpONHOCTH (pHc. 3a) Ha Ha-
YaJIbHBIX 3TANAX PA3BUTHSI HCKIIOYAET BO3MOXKHOCTB €€ PadOTHI B KaUeCTBE MHTCHCH(DUIIMPYIOIIETO (akTopa.
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PucyHok 3. a) PacnpeneneHue TemMnepatypbl, BETpa v [aBNeHWUA B IPU3EMHOM cioe; 6) MepuavoHanbHbI paspes NoTeHum-
anbHOM TeMMepaTypbl Yepes To4Ky MUHUManbHOro faneHns. 06a pucyHKa oTHocATCS K MoMeHTY Bpemenu 16:00 30.09.08.

Hcknroyaercs 1Mo CX0KUM MPUYUHAM M BO3MOKHOCTh BO3HMKHOBeHUs [IMI] 3a cueT peannsanyuy KOHBEK-
THBHOW HEYCTOMYMBOCTH B aTMOc(epe — BBUAY 3HAYUTEIBHON YCTOWYMBOCTH BEPTUKAIBHOTO TPOQHIIS IM0-
TEHIMATBFHON TeMneparypsl (puc. 30) Ha IPOTSHKEHUH BCETO CYIIECTBOBAHUS BUXPA. IHTeHCHHKaIus BUXps
3a cyetr Mexanmma WISHE orermnBaeTcs kak KpaifHe HE3HAUMTEIbHAS: C MOMEHTA TOSBICHHUS TIEPBOU 3a-
MKHYTOH n300apsbl B IOJIE JABJICHUS HaJl IOBEPXHOCTHIO MOPS 1 10 TIOJIHON JUCCHUITAIINK BUXPS BEIWIHHA MO-
TOKOB CKPBITOTO 1 IBHOTO TEIJIa M3MEHsUIACh B TIpesienax ot 5 1o 80 Br/m’ (puc. 4).
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PucyHok 4. [ToTok ABHoro Tenna no gaHHeIM WRF 30.09 8 00:00 (a) 1 16:00 (6), 1 01.10 8 00.00 (8).

3HaunTeNIbHBIN BKIa B HHTeHCHuKauio [IMI] BHOCHT peanu3aliys CKPBITOrO TEIla KOHACHCALUU B
pe3yJbTare BOZHHMKHOBEHHsI 00JIa4HOCTH B cpeiHeil Tpornocdepe. OOIaYHOCTh BOSHUKACT M3-32 BBIHYKICH-
HBIX KOHBEPICHIIMEH B IPU3EMHOM CJIOC BOCXOISIINX ABMKCHHMU, U B ¢j10€ OT 1.5 10 4 kM Habiromaercs Gop-

CEKLUA MOJE/TMPOBAHME 1 AHAJTN3 PETMOHAJTbHBIX ATMOCOEPHbBIX NPOLIECCOB COAEPHAHMUE »
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MHPOBAHHE «TEIUIOT0», OTHOCUTENIFHO KAPTHHBHI B «CyXom» dkcriepumMente (+3°C), sapa. bes mapamerpuzannu
(ha30BBIX MEPEXOI0B BIIATM XapAKTEPUCTUKH MHTEHCUBHOCTH IMKIIOHA, TAaKWE KaK aOCONIOTHAs 3aBUXPEH-
HOCTb, CKOPOCTB BETPA U JIaBICHNUE HA YPOBHE MODS, YMEHBINIAIOTCSA (JIaBlIeHNE yBemmunBaeTcs) oT 7 10 20%
OT CBOMX 3HAUEHMH BO «BJIQ)KHOM» JKCIIEpUMEHTe. bonbllioe BHUMaHHE YACICHO COBMECTHOMY JICHCTBHIO
(haKTOPOB YCIOBHOW HEYCTOMYMBOCTH BTOPOTO POAA M B3aMMOJICHCTBHSA aHOMAJHH MOTEHIIMAIHHOTO BUXPSI.
Bxutag CISK B pa3BuTHe HIKHEH aHOMANINH, COOTBETCTBYIOIICH IMKIIOHY, BEITHK, YTO HECIOKHO YBUICTD IIPH
CPaBHEHUH €€ MHTCHCUBHOCTHU B «CYXOM» U «BJIa)KHOM)» JKCIIEPUMEHTAX: Ha CTaJlH HAHOOJIBIIETO Pa3BUTHS
BUXPSI MAKCUMAJIbHOE 3HaYE€HHE TOTEHIIMAIBHOTO BUXPSI COCTaBHIO 1.2 €.11.B. (€AMHMI] TOTEHINAIFHOTO BUX-
ps, 32 eAWHUITY TIPUHUMaETCs (POHOBOE 3HAUEHHE VIS TPOTOC(hEephl) U 5.2 €.11.B. B IEPBOM U BTOPOM CITydasx,
COOTBETCTBEHHO.

Tak Kak ycI0BHas! HEyCTOWYNBOCTH BTOPOTO POJIa HE MOKET SIBISTHCS €IMHCTBEHHBIM MEXaHHU3MOM I'eHe-
pauuu [IMI, B kauecTBe Apyroil MpUYKUHBI paccCMaTpuBalach BO3MOKHOCTb B3aUMOJICHCTBUS IBYX aHOMAaJIUI
MOTEHIIMATIBHOTO BUXPs. BRI 00HApYKEHBI ABE aHOMAJIMH TTOTCHIIMAIBHOTO BUXPS — Ha ypoBHE 870 — 850
rlla, copmuposaBiasicst Ha OHE KOHBEPTEHIIMN [TOTOKOB B JIOXKOWHE B IIEpEIHEN YacTH [IUKIIOHA, U HA YPOB-
He 350 rlla, Bo3HHKIIAS MMOCIE OKKITIOAMPOBAHUS CHHONTHYECKOTO IIMKJIOHA B 3TOM perHoHe 25 - 26 CeHTAOPSI.
[Tepenadta 3aBUXPEHHOCTH OT BEPXHUX YPOBHEHM K HI)KHUM 4epe3 aJBEKIMI0 He3HaunTenbHA. OIHAKO, Kak
CIIEIyeT U3 INTepaTypsl [5,6], B3anMoACHCTBIE aHOMAIINI MOXKET OOBSCHATHCS TPH ONPEACTICHHBIX YCIOBHIX
YCTOWYMBOCTH arMOC(ephl BIUSHUEM HUPKYISAINN, CO3/1aBAEMBbIX HIDKHEH M BEPXHEH aHOMAINSIMH, APYT HA
npyra. Keasureoctpoudaeckast Teopusi IpeularacT mpo3pavyHoe OMHUCaHKUE TTOBECHUS OIS BEPTUKAIBHBIX
CKOpPOCTEH, BOHUKAIOMIETO Ha ()OHE CYIIECTBOBAHUS aHOMAJINH, Yepe3 oMera-ypaBHeHue. Pemmas 3To ypaBHe-
HHE, KaK 3TO OBIJIO IPEUIOKEHO 5], BO3MOXKHO OLIEHUTH B3aUMOJICHCTBHE JIBYX aHOMAJIH U TI0Ka3aTh, YTO MPH
JTAHHBIX BHEITHUX YCJIOBHSX BEPXHSS aHOMAIUSI MOXKET CIIyKUTh Tpurrepom paszsutus [IMLI. beina mokasana
BO3MOXHOCTb HCIIO/Ib30BAaHMS KBA3UT€OCTPOPHUUECKON TEOPUH AJISl JAHHOTO ME30MacIITabHOTO BUXPS: MPO-
CTPaHCTBEHHAsI KOPPEJISIHS MOJEH TOIHOTO MOTCHIMAIBLHOTO BUXPS U KBA3UTCOCTPO(YUIECKOTO BUXPSI, TIPHU-
BeZIeHHOTO K Buay Buxps Oprens (1) [7] cocrasuia 0.6.

©oN§ fo g 06
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Bauy cnenduku pacuera reocTpouIecKUX CKOPOCTEH BeTpa OOJIBITYI0 HEOAHOPOIHOCTH BHECIIH IPaBH-
TAIMOHHBIC BOJIHBI B ITOJIC JIABJICHUS HAJ| CyIIEH, OJTHAKO JJIs 00J1acTH BUXPsI Koppersinust coctamita 1o 0.78.

KBasureocrpoduieckoe omera - ypaBHeHue (2), MIPUBEJCHHOE K BHJLy HEOTHOPOJHOTO ypaBHEHNs [ erb-
mrodbla (3), uMeeT GyHIaMEHTAIBHOE PENICHHE B HEOrpaHNIEHHOM obnacT (4):

2 02w a g
N2Viw + fo' o= = fos, (vgVE,) — g—ovﬁ(vgve) )
V- GRw = Fpg e (- ER) ()
w=[ff, GFpo/? exp (— %) dv 4)

1 fe o
rae G(rlr) = —exp (— 5 N(;z,, T) - pynkuus I'puHa 1151 HeorpaHUYeHHOH 06IacTH,

W = wps'? _ peprukanbHas ckopocTh, F=2divQ/N' — HCTOUYHHK, CBEpPTKA MPABOH 4acTH ypaBHEHHS (2).
BhIme p,. — CTaHAaPTHBIH NPOQHIB TIOTHOCTH, W — BEPTHKANBHASA CKOPOCTh, N —actoTa Bpennra - Bsiicsns,
IIOCTOsIHHAS B PACCMaTPMBAEMOM Clloe, /1, — napameTp, COOTBETCTBYIOMMHI NPO(UIIIO MIOTHOCTH, f, — Mapa-
meTp PoccOu Ha puKCMPOBaHHOM MIMPOTE, V, — BEKTOP F€OCTPOPHIECKUX COCTABIIAIOIIMX CKOPOCTH BETPA, ¢, -
reocTpopUUECKHN BUXPb, o, - INIOTHOCTH BO3/yXa HA YPOBHE 3EMJIH.

Pacuer ¢pynkimu ['puHa nokasai, 4to 00aacTh BIMSHUS HIDKHEW aHOMAJIMH 3aXBaThIBACT BEPXHIOI aHO-
MAaJIMIO IOCTaTOUHO Ul YyTBEPIKICHUS €€ BIUSHUS Ha BOSHUKHOBEHUE LIUKIIOHA.

Takum 06pa3zom, B OTHOIIEHUH UCCIIETYEMOT0 IMKIOHA MOXKHO 3aKIIOUUTh CIIETyIOlIee:

® KBa3UreocTpouUIecKas TEOpUsi MOXKET ObITh MPUMEHEHA K ME30MacITaOHOMY IIMKJIOHY;

® HanOOJIBIINI BKJIAJI B MHTCHCU(DUKAIMIO BUXPS B TCUCHHE KM3HU BHOCUT Peajn3aliyisi CKPbITOTro

TerJIa KOHJICHCAIIY B cpe/iHel Tpornocdepe (MeXaHn3M KOHBEKTHBHON HEyCTOWYNBOCTH BTOPOTO

poza);

® BEepXHEYPOBHEBAsI aHOMAITUSI TIOTEHIIMAIBHOTO BUXPs1 JIGKHUT B 00JIaCTH (DYHKIIMHU BIUSTHUS HYUKHEH,
a 3HAYUT MOKET CITYy>KUTh TPUTTEPHBIM MEXaHU3MOM T oOpazoBanus [IMLI.
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Thermodynamic characteristics of the atmosphere in days
with thunderstorm on the cosmodrome «Vostochny»

Gromnitskya A.A., Gorbatenko V.P.

Tomsk State University, Russia
E-mail: rector@tsu.ru, alenagrom15@mail.ru
Web: http://tsu.ru

space rocket and its flight. For the study a database of observations of thunderstorm activity at meteoro-

logical stations in the area of the cosmodrome “Vostochny” was formed. For studying convection the
data of aerologic sounding were used. The thermodynamic parameters of atmospheric (LIFT, SWEAT, KIND,
TOTL, CAPE, LFCT) were calculated and statistically processed in the days with thunderstorms. The analysis
of time and spatial variability of the parameters submitted: the temperature stratification and vapor, instability
energy, wind shear and others. Variability of indices values, that characterize convection depending on the un-
derlying surface and the time of its development, are defined. The thresholds of indices for different probability
of thunderstorms were identified. Thresholds of indices LIFT, SWEAT and CAPE are comparable with thresh-
olds, which are represented in the literature.

The parameters of the atmospheric instability have a significant impact on the successful launch of a

TepMogmMHaMnyecKmne xapakTepUCcTUKKM atMocdepbl B OHA
C rpo3ou Ha KocMoapoMe «BocTouHbINY

lpoMHMuKan A.A., TopbateHko B.II.

ToMckuii rocypapcTBeHHbIi yHuBepcuTeT, Poccus
E-mail: rector@tsu.ru, alenagrom15@mail.ru
Web: http://tsu.ru

TOKE B AMYpCKOIf 007aCTH, IIENTbI0 KOTOPOTO SBIISETCS obecnedeHne He3aBHCUMOro foctymna Poccun B

KocMuueckoe poctpancTBo. [Ipu mycke PKH (pakeT kocMuueckoro Ha3HaYeHUsT) OTPOMHOE BIMSTHUE
Ha pacy€Thl TPAeKTOPHHU TTOJIETa OKa3bIBAIOT MTOTOIHBIE YCIOBHS. BRIBAIOT ciydan, Kora n3-3a yXyAlleHus Me-
TEOPOIOTUYECKUX YCIIOBUH nepeHocsTest mycku PKH. Bonbioe BivsiHre Ha X0 MOATOTOBKH, MYyCK U TIOJET
PKH oxa3bIBaroT SBIEHUS, CBI3aHHBIC C PA3BUTHEM KOHBEKTHBHOM 00IaYHOCTH.

Lenbio paboTHI ABISETCA HCCIEOBAHUE XapaKTEPUCTHK Pa3BUTOM KOHBEKIIMH B pailoHe KOCMOIpOMa
«BocTouHbIiy.

MapkepoMm Haau4us B aTMOC(epe MOIIHBIX KOHBEKTHBHBIX MPOIECCOB SIBIISETCS 3aperuCTpUpOBAaHHAS
rpo3a, MPEICTaBIAIONIas OMACHOCTh MPH 3aIyCKe M caMa Mo cebe M 1Mo TeM XapaKTepUCTHKaM COCTOSHUS aT-
MOCGEepbI, KOTOPBIE TPO3y COMPOBOXKIAIOT.

J1ist MOCTHKEeHNs! TTOCTABJICHHOM 1eni Obl1a co3/iaHa 0a3a JTaHHBIX 10 KOHBEKTHBHBIM XapaKTePUCTHKAM
arMocepbl B THA C ONACHBIMHU SIBIICHUSIMH, OTIPE/IeIISIeMbIMH I10 IAHHBIM CETH METEOPOJIOTMYECKUX CTAHIIHH,
Haxonsamuxcs B paguyce 200 kM ot paiiona uccnenoBanus, [llumanosck, CBoOoaHbINH, Ma3zanoBo, bparosro-
60BKa, braroserenck, Xyma u Xoiixa. baza comepxut nH(OpMAIIHIO: 0 BpEMEHH, KOIIa HabIroIaiach rposa 3a
nepuof ¢ uioHs mo aBrycT 1985-2013 rr. [1, 2] 1 0 3HaUeHHUIX TEPMOANHAMHUYECKUX MTApaMEeTPOB HEYCTOWIH-
BOCTH, MMOJYYEHHBIX TI0 JIAHHBIM a3pOJIOTHUECKOTO 30HMPOBAHUS arMoc(epsl Ha cTaHluK biaroBenieHck 3a
cpok 12 gaco BCB (BcemupHOe ckoopauHUpOBaHHOE BpeMs) [3].

B HACTOsILIEE BpEMsI IIOJHBIM XOIOM UIET CTPOUTENBLCTBO KOocMoapoMa «BocTounslit» Ha JJansHem Boc-

CEKLUA MOJE/TMPOBAHME 1 AHAJTN3 PETMOHAJTbHBIX ATMOCOEPHbBIX NPOLIECCOB COAEPHAHMUE »
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ITpn HanM4MM TPO3 TEPPUTOPHS, OXBAUCHHASI KOHBEKTUBHOM /€SI TEIbHOCTBIO, MOJKET OBITH PA3INIHA, TIO-
TOMY MMeIoIasicst nHGOpManus pasieieHa Ha JIBE TPYMIIbl: JHU, KOTJa HAONIONAINCh «OTAEIbHBIC IPO3bD»
TOJIBKO Ha OJHOW M3 CTAHILIMH, BXOASAIINX B PaJNyC HAIINX UCCIEAOBAHUN U THH, KOTJIa TPO3bI PETHCTPUPOBA-
JIMCh HA JIBYX 1 00JIee METEOPOJIOTHYECKUX CTAHIUAX — «TPO3bI HAJl BCEH TEPPUTOPUEHD.

Jnist XapaKTEepUCTUKHU CTETIEHH Pa3BUTHsI KOHBEKIMH OBbLIM OTOOpaHBI CIETYIONINE WHACKCHI, Hanboiee
YacTO MCTIONIb3yEeMbIC B HCCIICAOBAHIX TaKoro poxaa [4-5]:

* LIFT — oObeauHseT BIAKHOCTh M BEPTUKAIBHBIA TPAJMEHT B OAHOM WHJEKCE, OIICHUBACT CTETICHBb
CTaOMILHOCTH, KOTOpast U3MEPSETCS PAa3HOCTHIO MEKAY TEMIEpaTypaMH ITOJHUMAOLICHCS] YaCTUIBI U OKPY-
xaroteit cpeast Ha ypoHe 500 rlla, °C;

*  SWEAT — omnennBaeT NOTEHIHAN (BEPOSTHOCTH) HEONATONPHUITHBIX SBICHUN MOTOABI, OOBEINHSSA
HECKOJIBKO MTapaMEeTPOB B OJHOM WH/ICKCE: CIIONW HANOOBIIETo BIarocoaep:kaHus (Touka pocsl Ha ypoBHe 850
rlla), mectabunpaocTs (TOTL), ckopocTs BeTpa Ha ypoBHe 850 1 500 rlla, agBeKIHIO TETIIOT0 BO3AYXa;

»  KIND — xapakrepu3yeT TeMIepaTypHO-BIaKHOCTHOE cocTosgHue arMocdepe B cioe 850-700 rlla, °C;

*  TOTL — xoMIuTeKCcHas XapaKTEPUCTHKA CTaTHYECKOM CTaOMITFHOCTH 1 BIaKHOCTH Ha ypoBHE 850 rlla, °C;

* CAPE — xoHBeKTHBHAas MMOTEHIHATIbHAS YHEPTUs atMocdepsl, JHK/KT;

* LFCT — ypoBens cBob0mHON KOHBEKIHY, T1la [5].

CortacHO HCCIIETIOBAHISM, TIPEICTABICHHBIM B JIUTEpaType [4-7], BIACICHBI HHTEPBAIIBI 3HAYCHHIN HH/ICKCOB
HEYCTOMYNBOCTH, KOTOPBIC JAIOT KAYECTBEHHYIO OIICHKY CTETICHH pa3BUTHS KOHBEKIHH (Tabu. 1) Hax EBporoii.

Tabnuua 1. HTepBaribl 3Ha4eHWI MHAEKCOB [J1A pa3fIMUHbIX COCTOAHMIA aTMoChepbl

3HayeHUs MHIEKCOB
LIFT, °C SWEAT KIND, °C TOTL, °C CAPE, JI:x/kr

CocrositHue atMochepbl

>0 <100 <25 <40 <0
Crnabo Heyctoifumpa 3.0 100...200 | 25...30 40 ... 45 0...1000
(HaJ'H/I'-H/Ie JIMBHCH, OTACIIBHBIX rp03)

Heycroiiunsa 6.3 | 200..300 | 30..35 45..50 | 1000 ...2000

(Hanmuume TMBHEU U TPO3)

CunbHO HeyCTOUMBa
(Ha BCcel TepPUTOPHU PETUCTPHPYIOT- 9...-6 300 ... 400 35...40 50...55 2000 ... 2500
Csl MTHTCHCHBHBIC I'PO3bI, I'PaJl, JTUBHH)

Kpaiine neycroifunsa

<-9 >400 >40 >55 >2500
(rpo3a, Tpaj, cMepy)

[Ipu cpaBHEHUM CpPeAHUX 3HAYEHUH MHAEKCOB, XapaKTEPU3YIOIINX KOHBEKIUIO B JHU C OTJEIBHONU PO30ii
HaJl MccIIelyeMoi TeppuTopHeit (Tadi. 2), ¢ MHTepBallaMu, KOTOpbIe XapakTepHsl 1 EBpors (Tab. 1), MoxkHO
3aMETHTb, 4TO aTMoc(epa B 9TH JTHH, XapaKTEPU3YeTCsl KaK «ci1ado HeycTolunBash (Tabi. 1) 1o 3HaueHUsIM MH-
nexcoB LIFT, SWEAT u CAPE 1 MOXXHO OTMETUTh HaJIMUKE JIMBHEN U OTAEIBHBIX IPO3, @ 3HAYCHUSI UHAECKCOB
KIND u TOTL xapakrepusytor armocdepy, Kak «HeycTonunByro» (tadun. 1). Takum oOpa3om, 3aMedeHo, 4To at-
Mocdepa B THH ¢ OTACIBHOM IPO30H M0 CPeTHIM 3HAYCHMSIM aHATM3UPYEMbIX HHIECKCOB Pa3INdaeTcs MaJo.

CpaBHMBasi CTaTUCTUUYECKUE XAPAaKTEPUCTHKH TEPMOIUHAMUYECKUX MApaMETPOB «OTAEIbHAS IPO3ay U
«Tpo3a Ha Bcel TeppuTOpum» (Tabil. 2) MOXKHO C/IENIATh BHIBOJL, YTO 3HAYCHHSI MHCKCOB UMEIOT HE3HAUUMBIE C
BEPOATHOCTBHIO 95 % pazmuumst o kputepuio [Iupcena. Xotst comtacHo Tadnuie 1 dncieHHble 3HaUYeHNs Xa-
PaKTEPUCTUK KOHBEKIUH IPU IPO3aX Pa3HOW MHTEHCUBHOCTH CYIIECTBEHHO HE OTIMYAIOTCSL.

Tabnuua 2. CraTUCTUYECKME XapaKTEPUCTUKM TEPMOAMHAMUYECKMX NapaMeTpoB A a3ponorMyeckom ctaHumm bnarose-
LLieHCK npu rpo3ax B 12 BCB

OTAeJIbHas rpo3a rpo3a Ha Bcel TEPPUTOPUHU
cpeanee (g MaKcC MHH cpeanee (9 MAaKC MHUH
LIFT, °C -1,5 2,5 7,7 -1,7 2.4 -8,8
SWEAT 195 68 454 207 77 466
KIND, °C 32 5 52 33 4 43
TOTL, °C 49 9 47 49 4 59
CAPE, Jlsx/xr 551 608 3502 620 682 3078
LFCT, rlla 768 81 933 499 750 88 891 313

Jist BBISIBIICHHST BO3MOYKHOM MPUYUHBI HE3HAYUTEIIBHBIX OTIUYUN TePMOIUHAMUYCCKUX MApaMETPOB B
Cllydae «OTIENIbHAS TPO3a» U «rP03a Ha BCCH TEPPUTOPUN» ObLTH U3YUYCHBI XapaKTEPUCTHKH BETPA BO BPEMs
rpo3. 3ameueHo, 4to okosio 80% cirydaeB JHEH ¢ Tpo30i mpeodianacT BeTep K0KHOTO, FOr0-3aMaJHOr0 U FOro-
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BOCTOYHOTO HampasiaeHUi. [Ipu TakoMm HarpaBlIeHHH BETpa pajMO30HJ, BBIIYCKAEMbIH C a3pOOrMueCcKOi
CTaHIMM brarosemieHck, JETUT B HAINIPABJICHUAX C CEBEPHOM COCTABIISIOIIEH, T.€. B OOJBIIMHCTBE CIIydacB
TPAEKTOPUS PAANO30H A IEPECEUET OYar HEyCTOHUMBOCTH aTMOC(Eephl, 1 OCHOBHBIE €€ XapaKTePHCTHKH MO-
ryT OBITh onpezneseHsl. ClenoBaTeIbHO, IPH ONPEEICHUH BEPOSITHOCTH 00pa30BaHUs IPO3bI MOYKHO HE BbIJIE-
JISITh KaTErOPHH «OTACTBbHAS TPO3a» M «TPpo3a Ha BCEH TEpPUTOPUEH», a 1aBaTh BEPOSTHOCTHBIIN MPOTHO3 [UIs
00IIIEH KaTETOPHUU «TPO3ay.

B pesynbrare paboThl OBLIO 3aMEUEHO, YTO B CyTOYHOM XOJI€ MAKCHMaJIbHOE YUCIIO Tpo3 (26 %) oTmeya-
eTcst B cpok Omu3kuii k 18 1 mo mectHOMY Bpemenu (09 BCB), a ceTeBoe asponornaeckoe 30HIHPOBAHUE OCY-
mectBisierca B cpoku 09 u 21 1 mo mectHoMy Bpemenu (00 u 12 BCB). ITosTomy paano3onn, He GUKCHpPYeET
mmapaMeTphl aTMOCc(epsl BO BpeMs €€ HanOOIIbIIel HeYCTOHINBOCTH. BO3MOXHO, 3TO TaKKe SBISIETCS OTHON
13 MPUYNH CXO0XKECTH TEPMOIMHAMUUECKIX ITAPAMETPOB «OT/EIbHAS TPO3a» U «rpo3a Ha BCEH TEPPUTOPUNY.
Jnst momyuennst nHGOPMAIUU O MAKCUMAIBHO BO3MOXKHBIX 3HAYCHHUAX XapaKTEPUCTHK KOHBEKLIUH HaJ JaH-
HBIM PETHOHOM HEOOXOAMMBI CIICIMATbHBIC HCCIIEI0BAHHS C TIOMOIIBIO a3POIIOTHUECKUX PaJMO30H/I0B, KOTO-
prIe HeoOXoanMO BhITycKaTh B cpok 09 BCB.

B xoze paboThI OBIIIN ONIPEAETIEeHB HOPOTOBBIE 3HAYEHHSI TEPMOIMHAMUUECKHIX TapaMETPOB aTMOC(epsl
JUTSA pa3HOM CTETICHH BEPOSATHOCTH B JHHU C TPo30ii (Tadm. 3).

Taﬁnuua 3. n0p0I'0BbIe 3Ha4YeHNA NHOEKCOB OnA pa3J'IVILIHOI7I CTeneHn BepoATHOCTM Ipo3

Wunexc 50% 70% 90%
LIFT <-2,5 <3,5 <55

SWEAT >170 >205 >265
KIND >33 >35 >37
TOTL >49 >51 >53
CAPE >350 >700 >1300

[Ipu cpaBHEHNY TpaIaliii IPUBEICHHBIX B 3apyOeKHBIX HCTOUHUKAX (Ta0I. 1), ¥ rpaganuii, mOIydeHHBIX
IUTS TePPUTOPUH AMYypCKoi obmacTH (Tabi. 2), MOKHO CKa3aTh, YTO KOHBEKTUBHBIN TOTCHIIMAN TAaHHBIX TEp-
PHUTOPHI HE UMEET CYILECTBEHHBIX pa3iIM4Mil, TAK M IIOPOTOBBIC 3HAUCHUs OyIyT Mano oriuyarbes. [1o 3apy-
6exHo kmaccudukaun 3Hadenns naaexca LIFT ot -6 mo -3 °C xapakTepu3syroT atMochepy Kak «HEyCTOHIHn-
ByIO» (Tabi. 1) ¥ perucTpupyIOTCS IUBHU U TPO3BIL. J{J1s TeppuTOpru AMYpCKO 00IACTH Tpajaliis 3HAYCHUS
naaekca LIFT maumaaercs ¢ mpeaenos ot -5,5 mo -3,5 °C (tabn. 3). [loporoeie 3nauenns uanekcon LIFT,
SWEAT u CAPE (tabm. 3), cpaBHUMBI C OIIICHIBAEMBIMH B 3apyO0e:KHON JIUTEPAType M CYIISCTBCHHO OTIIMYa-
FOTCS OT 3HAYCHHH, TOMYUYCHHBIX [T TeppuTopun 3amagHoi Cudupu [7, 8].

HMcrone3yst 3TH IIOPOTH, B UCCIICYEMOM paifoHe MOKHO IPOTHO3UPOBATH IPOCTPAHCTBEHHOE MOJIOKCHUE
IPO30BBIX 0YaroB ¢ HOMOLIBIO HETHAPOCTaTHYeCKUX Moneneid Tiura WRF uin npuBnekas qaHHbIE METEOPOIIO-
THYECKUX CITyTHHKOB, Ha KOTOPBIX YCTaHOBIEHHI criekTpopaarnomeTpsl MODIS [9].
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Turbulence parametrization of heat plume over an urban
heat island in stably stratified amosphere

'Kurbatskiy A.F., Kurbatskaya L.l.

" Khristianovich Institute of Theoretical and Applied Mechanics, Novosibirsk, Russia
? Institute of Computational Mathematics and Mathematical Geophysics, Novosibirsk, Russia
E-mail: kurbat@itam.nsc.ru, L. Kurbatskaya@ommgp.sscc.ru

and heat for modelling of structure of a circulating flow over a surface heat source (urban heat island) is
investigated. The results of numerical modelling show that the three-parametrical theory allows to receive
structure of circulation, which good agreement with the measurements data.

In this paper, computing efficiency of the three-parametrical theory of turbulent transport of a momentum

[MapameTpu3sauma TypbyneHTHOCTM TeNsI0BOro gpaxkena
Ha[ ropoCKUM OCTPOBOM Ternsa B YyCTONYMBO
cTpaTnduumMpoBaHHoON aTtMocdepe

'Kyp6aukuii A.0., *Kypbauxas J1.1.

" UHCTMTYT TeopeTMyecKoil M npuKnaaHoi Mexanuku um. C.A. Xpuctnanosuua CO PAH, Hosocnbupck, Poccus
: WHCTUTYT BbIYMCNIMTENBbHOM MaTeMaTUKU U MaTeMaTuyeckoii reodusmuku CO PAH, Hosocubupck, Poccus
E-mail: kurbat@itam.nsc.ru, L. Kurbatskaya@ommgp.sscc.ru

BBEOEHNE

I'papnenTtHble Monenu BUXxpeBo nuddy3nu aist TypOyIeHTHBIX TIOTOKOB, BKITFOUaronye 3 QeKTsl IaBy-
YEeCTH, MOTYT OBITh ONTUMAJILHBIM TPHOIIKEHUEM, COYETAIOIIEM B ce0e BBIYNCIUTENbHYIO 3()(hEeKTHBHOCTH C
MPUEMIIEMOI TOYHOCTBIO MOyYaeMBbIX pe3yabTaroB [1-2].

B Hacrosmeit paboTe mpencTaBiIeHbl YHCIEHHbBIE PEe3yIbTaThl OCHOBHBIX XapaKTEPUCTHK ITPOHHUKAIOIIEH
TypOyJIeHTHOI KOHBEKIINH B UICATN3UPOBAHHON MOJIENIN TOPOJICKOTO OCTPOBA TEIlIa, PeaIN30BaHHON B J1a00-
paTOpHOM dKcriepuMenTe [3].

MOJEJ1b TOPOACKOIO OCTPOBA TETJ1A

B naboparoprom sxcniepumenTe [ 3] npoHuKaromiast TypOyIeHTHas: KOHBEKIINS MHTYTUPOBAIACh IIOCTOSTH-
HBIM TIOTOKOM Ter1a H,, CO3aBaeMbIM ITOBEPXHOCTHBIM HCTOYHUKOM TeIlIa B BHJIE Kpyr1oi miactunsl D (Puc.
1 a,b). DTOT UCTOYHUK TerIa MOAEIUPYET IMPOTOTUII TOPOACKOTO OCTPOBA TEIlIa C MAJIBIM OTHOCHTEIILHBIM
yaIMHEHHeM (z; / D << 1, z;— BbICOTa IepeMENIaHHOT0 CJIOS, OTIpe/iesisieMasi Kak BhICOTa, Ha KOTOPOI JOCTHTa-
eTCs MaKCHMallbHasl OTPHLIATENIbHAsE Pa3HOCTh MEX/Iy TeMIIepaTypoil B ieHTpe (pakesa 1 OKpysKaroel Temrie-
parypoii (puc. 1a)) B ycioBHsX ciiaboro BeTpa U yCTOHYMBON CTpaTU(QHUKAIIIK OKPYKAIOLIEH CPEbl.

0 b, B P

Puc.1a. CxeMa UMpKyNALMM 0CTpOBa Tenna ( Z— BbicoTa Puc.1b. TeHeBan poTorpadus ocTpoBa Tenna, nosy4eHHas
nepeMeLLMBaHWA, p, — NOTHOCTb CTaHAAPTHOI aTMocde- B NlabopaTopHOM 3KcnepuMeHTe [3]. MoMeHT BpeMeHu t =
pbl, p,,— MOTHOCTb B LIEHTpe TEMsI0B0ro Gaxena). 240 ¢ COOTBETCTBYET KBa3WyCTAHOBMBLUENCA LIMPRYNALMMY.

NAPAMETPU3ALIMA TYPBYJIEHTHBIX NOTOKOB.

YpaBHEHUS TEPMOIUAPOAUHAMUKY, OIMCHIBAIOIIUE LUPKYISLMIO HAJl TOPOACKUM OCTPOBOM Majoro OT-
HOCHUTEJIBHOTO YIUIMHEHHUS] MOT'YT OBITh 3aIIMCAaHBI B THAPOCTATHYECKOM NpUOImkeHnu 06e3 yuera cuibl Kopuo-
JIMCa U paJMaliiy B 0CECUMMETPUYHON LIMJIMHIPUYECKOI CHCTEME KOOPIUHAT (371eCh He TPUBOIATCA). DPdek-
THI IIJIAByYECTH YUUTHIBAIOTCS B IPUOJIMIKEHUU CBOOOIHOM KOHBeKIMH (IpubikeHn byccunecka).
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Haubonee mpocTrle, SBHBIC TapaMeTpr3aliuil TypOyICHTHBIX IIOTOKOB HMITYIIbCA U TEIUIa IMEIOT BHL [2]:

2 -_—
—<W0>=CT£FF_2 2Ral_lﬁ£ I2R,Fr—2<92>, (1)
£ 0z g €

E? =T
~(v0)=c; —2R=—. (2
Wor=cr £ or )
J1ist HopMaNbHBIX TypOYJICHTHBIX HAIPSDKEHUH UCTIONB3YeTCsl MOJIesb TpajueHTHol muddysun Byccune-
CKa, COXpaHsIoL1asi HEKOTOPYH0 aHU30TPOIINIO0 HOPMAJIbHBIX HAIIPSKEHUH
v ow

2 2 2 4
<v2>=§E—2vTa—r, <w2>=§E—2vT¥, <uz>=§E—2vT7 3)

TypOynentHas BA3KkoCTh B (3) onpenensercst 3 coOOpaskeHNI pa3MEpHOCTH, CIIeysl HEBSI3KOM OIICHKE
JVICCHTIAIINH KHHETHIECKOM SHEPruu TypOylIeHTHOCTH [4, 5]:

vr=c, E'le (4)
Orxanubposannbie KO3GdUIMEnTs! B (1) — (4) nMeIOT Yncnennsie 3nadenu [1, 6, 7]: ¢, = 0,09, ¢\, = 3,28,
€y =0,5,R=0,6, c;=0,095.
Mapamerpsl E, ¢ u & B (1) — (4) HaxonsaTcs U3 pellleHus 3aMKHYTBIX ypaBHEHHiA iepeHoca (31ech He IpH-
BOASTCS, cM. [8]).

PE3YNIbTATbI YAC/IEHHOIO MOAEJIMPOBAHNA

[TpuBOANMBIE HMKE YUCIICHHBIE PE3YIIbTAThl MOMYUYCHBI U1l 3HAYEHUH TapaMeTPOB HKCIICPUMEHTAILHON
peanu3anuy MPOHUKAOMICH TepMIYECKOM KOHBEKIINH B [3].

1.2
10 = - -
- | \\ -
L P
" i"‘\"\\\\ L
R o L
N AP
‘n,s = ;‘i;i \:\\\,’_\ Cp— = I
- TR e » -
AR \ \ Al " L
04 = Wi Nty |
r LN \,_J ¥ 4 E
0z VIS e e +
L ‘._\‘-_f'__"
op bmle b 1 bt T ST )
-1 08 07 05 03 01 1 3 5 7 98 11 15

D riD
Puc. 2. JIuHnm Toka UMPRYNALMK BO3OyXa Haf OCTPOBOM TenJia: CNieBa — 3KCNepuUMeHTalibHble IMHUU TOKa, CnpaBa — pe-
3YyNbTaT BbIMUCTIEHUA.

iz,
—te— (1. 05 L
o—0.28
—0— 045
—o— () 68
—v—0.890
——1.10
—3%—1.30

14

08 10 12 14

D ' ) B

Puc. 3. Mpodunu papgmanbHoi (ropu3oHTanbHo) cpeHer ckopocTy V Ha pasiiMyHbIX BbICOTaxX Haf OCTPOBOM Tena: CfieBa
—3KCnepuMeHT [3], cnpaBa — BblYMCIEHWE NPU TEX e napaMeTpax (KaK Ha puc.2).

BOan3u NOBEpXHOCTH BEIMYHHA CKOPOCTH ITOTOKA, HATEKAIOIIETo ¢ Mepu)epun OCTpoBa TeIia, Bo3pa-
CTaeT B HAIIPABJICHHUH K LIEHTPY, JIOCTUTasi MAKCUMYyMa NpH, IPUMepHO, Tipu 1/D = 0,25, 3arem yObIBaeT 10 HyJIs
B LIEHTpe ocTpoBa Temia. CKOpoCTh OTTEKAIOILET0 IOTOKA HaBEPXY TAaKKe BO3PACTAET C YAaJICHUEM OT LIEHTPa,
JOCTHTrasi MaKcuMyMma, ipuMepHo, nipu /D = 0,25 (puc. 1a). B ominune ot skcriepuMeHTaIbHBIX TaHHBIX [3],
BBIYMCIICHHBIN BEPTHKAIBbHBIN MPOQUIIbL TOPU30HTAILHON CKOPOCTH UMEET PEaTUCTUYHOE TIOBEICHNE BOIH3H
MOBEPXHOCTH C 0OpaIieHeM CKOPOCTH B HyITb Ha TOBEPXHOCTH (371eCh He TIOKa3aHo). B axcrepuMenTe BSI3Kuit
HOJICIION He pa3peruaicst B CHIIy OIpaHHYeHUs 1a00paTOPHOTO MOJEINPOBAHUS OCTpOoBa Terua: z; / D << 1.

°0,2 CxopocTb TpeHus (puc. 4) nsMensiercs mno pa-
01 JIMaJIbHOW KOOpJAMHATE B CONNIACHU C W3MEHEHHEM
; T rOpPU30HTANLHOI ckopocTH (puc. 3).
0,0 L T

0,0 05 1,0 15 2,0
r/D Puc. 4. HopManu3aoBaHHan CKOpPOCTb TPEHUA .
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W3mepennbIie BepTUKATBbHBIE TPOGUIH TeMIepaTypsl (pruc. 5a) U BEIYUCICHHBIC TPO(UIN TeMIepaTyphl
(puc. 5b) yka3sIBaloT Ha XOpoIIlee IepeMeNINBaHNe B HIDKHEH U IIEHTpabHON JacTH (hakena. Takoit xapakTep
MOBEJCHHS TEMIIePaTypHbIX POQHUIEH ¢ BEICOTOH OTHOCUTCS PEeabHBIM HOYHBIM IOTPAaHUYHBIM CIIOSIM, B KO-
TOPBIX MPEOOIANAIOT HEYCTONYMBbIE (KOHBEKTHBHBIE) YCIOBHSA, BCIEACTBUE BOCXOMSIIETO IOTOKA TEILIA OT
ypOaHU3UPOBAHHOH ITOBEPXHOCTH IPH cl1aboM OKpyskatomieM BeTpe. Ha o6oux puc. 5(a, b) BumHO, 9TO IPOdhH-
JIU TEeMIepaTyphl BHYTPH (akesa MMEIOT XapaKTepHoe “B3AyTHE : TeMIepaTrypa BHYTpHU (akesia OKa3hIBaeTCs
HIDKE TeMIIEpaTyphl BHE €ro Ha TOH ke BBICOTE, (PMKCHPYS TEM CaMbIM 00JIacTh OTPULIATEIIFHON IUIaBy4YeCTH,
BCIIEJICTBHE BO3BBIMICHNA (hakena B IEHTPEe. JTa BBICOTA BO3BBIMICHN MaKCHMaJIbHa Ha OCH (haKena U yMEHb-
IIAETCSl ¢ PACCTOSTHHEM OT ero IeHTpa. TerutoBol (aken MMeeT KylojlooOpa3Hyl0 BEPXHIOI YacTh B BHJIE
“mursansl” (CM. TeHEBYIO GoTorpaduro Ha puc. 1b).

16 L ! :
a)
14 i =
iz 4 F
10 + F
E o ;
™ /D
6 1 o500 T +
oo D.20
4 °  0.41 T F
< 1.02
2 1 4 |nitial Profile T .
o0 A = + +
25 30 35 40 45 50

Puc. 5a. /3amMepeHHble npodunu. Puc. 5b.BbiuncneHHble npoGunm TeMnepatypbl Haf 0CTpo-

BOM Tenna.

Crpykrypa TypOyJeHTHOTo TeIoBoro (akesa rnpeicraBieHa Ha puc. 6b pacnpeesieHusIMEI CpeJHEeKBa-
JIPATUYHBIX (UIyKTyaluii TOPU30HTAIBHON M BEPTHKAIbHOW TypOYJIEHTHBIX CKOPOCTEH MO BBICOTE B IIEHTpE
(hakena. Kak nannbie n3amepenuii [3], Tak v pe3yabTarhl BHIUUCICHUI TIOKa3bIBAIOT, YTO OOJIbIINE 3HAUCHUS 0, /
Wyu o, / W, BHyTpH IIEpEMEIIAHHOTO CJIOSI OBICTPO YOBIBAIOT C BHICOTOM BBILIE CIIOSI BOBICUESHUS (U151 Z > Z,).
Wzmepennslit npoduits ¢, / W, pacnionaraercs npu MEHbUIMX 3HAYEHHSX, YeM BBIUUCICHHBII poduiib. Kak
yKa3aHo B [3], KOHEUHBIE pa3Mephl SKCIIEPUMEHTAIBLHON YCTAHOBKH BCE JK€ OKa3bIBAJIM BIHSHUE UPKYIIIHIO,
TIO/IABIIsisl TOPU30HTAIBHOE JIBIDKEHUE M TAKUM 00pa30M MOHMKasi yPOBEHb 3HaueHuit o, / W,. MoxHO oTMe-
TUTb, YTO TIPOCTHIE MAPaMETPHU3ALUH TYPOYJICHTHBIX MOTOKOB (1) — (4) HE TOJNBKO NPaBUILHO BOCIIPOU3BOAST
XapaKkTepHbIC 0COOCHHOCTH pacnpeneieHuii o,/ W, u g, / W, HO ¥ yIOBJIECTBOPUTEIBHO OTPAXKAIOT UX AHH30-
TPOIIHBIN XapakTep.

2,0
H —a— calculation L L 1 1
[ —0— experiment (Lu et al.,1997) ] .
] 204 - (26) L
15 = ] é A A </>"°M, 0D=0
N =l ] %:. B <w/>""M, D=0
— N 15] o e A-</x"my w0 [
N .\l\ ] @1’ *e O- <W>""M, nD=0[1]
1,0- e ] A s
N l\»‘ A “Oe
~ 104 L n o - s
i 1 Ay — -
i & g8 "
0,5+ ] A H
0,5-_ iy Q .. L
4 ] ﬁﬁ Q. ..
1 A 0D ®
0 s 7, I A
0 1 2 3 4 5 00 01 02 03 04 05
(il. / TD aW, , o M,

Puc. 6a. BepTviKanbHbIf npo¢uib aucnepcum TypoyneHT-
HbIX GAYKTYaLMI TeMnepaTypbl OT BbICOTbI B LIEHTPE TeMso-
Boro dakena: [J — nsamepenua [3], B — umcneHHoe peLue-
Hue. Mpodmnb o,/ T, y6bIBAET OT MAKCUMaNbHOIO 3HAa4YEHUS
Ha NoACTMNAIOLLEN NOBEPXHOCTM [0 MUHUMAIBHOO 3Have-
HWA Ha BbicoTe z/z;= 0.85.
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Puc. 6b. Hopmanu3osaHHbie pacnipefienieHna cpeiHeKBa-
[PaTAYHbIX GAYKTyaLMi Typ6YNIEHTHON CKOPOCTM B LieHTpe
darena no AaHHbIM n3MepeHuit [4] (Fr=0,077; Re = 8280):
/\ — npodunb ropu3oHTaNLHOI AnCriepcun ckopocT, [ —
NPodMb BEPTMKANbHOM AMCMIEPCHM CKOPOCTH. Bbluncre-
HuUA: A — rOpU30HTaNbHasA aucnepcua ckopocTy, M — sep-
TUKanbHas ANCNePCUA CKOPOCTH; @ — BLIYMCTIEHHARA MH-
TEHCUBHOCTb TypByNeHTHOCTH, g = <u/>
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regime

CEKUUA
MogoennpoBaHue

N aHanus
permMoHasnibHoro
COCTOAHUA
noacTtunaoLlemn
NoBepxXHOCTU U ee
rMOpPOSIOrNYEeCcKoro
PEeXMUMA

< CONTENTS

Turbulence and greenhouse
gas dynamics in lake
ecosystems

'Stepanenko V.M., ’'Mammarella .

' Lomonosov Moscow State University, Russia

? Department of Physics, University of Helsinki, Finland
E-mail: vstepanenkomeister@gmail.com,
ivan.mammarella@helsinki.fi

he new version of a 1D lake model LAKE is
I presented. The model includes key processes
of oxygen, carbon dioxide and methane pro-
duction, transport and consumption. Three-dimen-
sional effects are partially included via separate treat-
ment of processes in soil columns originating from
different bottom depths. The model takes into ac-
count photosynthesis, respiration, biochemical oxy-
gen demand and sedimentary oxygen demand, meth-
ane production in anoxic sediments, methane oxida-
tion in the water column. Methane that is produced in
sediments is partly transported upwards by diffusion
while the remainder is emitted by bubbles. Bubbles
evolve in size and gas composition during their rise.
The thermodynamic component (ice, snow evolu-
tion, water temperature, soil heat and moisture trans-
fer), and turbulence closure are basically that used in
(Stepanenko et al. 2011; Stepanenko et al. 2014). The
difference is that now all prognostic quantities are
expressed in horizontally averaged values, and the
momentum equations are supplemented by modified
parameterization of seiches originally proposed by
Svensson.

The model is verified using the measured data
from Kuivajarvi Lake, Finland. The measurements of
meteorological, hydrological quantities, gas concen-
trations in water and air, energy and gas fluxes are
performed here by University of Helsinki. We used
these data from ice-free season of 2014.

The model shows a realistic growth of the lake
mixed layer during the warm season. This factor is
crucial for the correct reproduction of greenhouse
gases distribution, since due to photosynthesis, respi-
ration and oxidation of methane the maximum oxy-
gen concentration occurs in the mixed layer, while
the maximal concentrations of CO, and methane are
usually found in metalimnion or hypolimnion (Bast-
viken et al. 2008). Similar to observations, in the
model the concentration of methane at the bottom
starts to increase in August when the oxygen concen-
tration decreases to very low values. The model also
reproduces low concentrations of methane in the
mixed layer and close to zero diffusion flux of meth-
ane to the atmosphere. Evaluation of the integral
components of the balance of methane in the mixed
layer of the lake indicates that the emission of meth-
ane from shallow sediments (i.e. those in the mixed
layer) is mostly offset by oxidation in this layer. At
the same time, the diffusion flux of methane through
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the thermocline is very small. Possible effects of mixing in the thermocline caused by seiches and other internal
waves have been considered by artificial increase in the minimal diffusion coefficient in the model. However,
this has not led to an increase in the concentration of methane in the mixed layer, since simultaneously with in-
creasing of the upwards flux of methane through the thermocline the downward diffusion of oxygen enhances
as well. Numerical experiments also prove that neglecting surface seiches parameterization leads to laminar-
ization of the hypolimnion (the diffusion coefficient in the k-¢ model drops to "molecular” value) that causes
too early accumulation of methane at the deepest point of the lake.
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PECHOBOIHBIC BOMOCMBI cyInu 3aHuMaroT 1.3-1.8% moeepxuoctu cymm (Downing et al. 2006), uro

ONPECACTIACT UX HE3HAYUTEIIbHOEC BIIMAHHUE HA XapaKTCPUCTHUKU FJ'[O63J'IBHOFO KiimMara 4€pe3 MOoTOKU

TCIJIa, BJIaru, UMIyjibCa U paJivalvui B IPU3E€EMHOM CJIOC. l_[pI/I OTOM, JJId HEKOTOPBIX PETHOHOB, II€
JIOJISL TUIONIA/IM, 3aHMMaeMasl 03epaMu, BeJlMKa, ATO BIMSHHUE OKa3blBaeTcsi cyniecTBeHHbIM (Martynov et al.
2012; Eerola et al. 2014). Oxnako, TOMUMO TEPMOIMHAMUYECKOTO, TMHAMHYECKOTO M paIHalldiOHHOTO B3anMO-
JeUCTBHsI ¢ arMoc(epoid, pojib MPECHOBOJHBIX BOJOEMOB B KIIMMAaTHYECKOH CHCTEME ONPENeNSeTCs] TaKKe
TEM, YTO OHH SIBIISFOTCS CYIICCTBEHHBIMU HCTOYHUKAMU MapHUKOBBIX ra3os (Tranvik et al. 2009) - CO,, CH, u
N,O. CortacHo CyIIeCTBYIOIIUM Ha HACTOSIINN MOMeHT oreHkam (Bastviken et al. 2011), miobansHast smuc-
cust MeTaHa u3 o3ep B armochepy mocruraer 50% OT MoTOKa C MepeyBIaKHECHHBIX TEPPUTOPHA (B T.4. 60JIOT).
Takum 00pa3zoM, Oyarogaps MOTOKaM MaPHHUKOBBIX T'a30B, 03€Pa MOXKHO CUUTATH ITI00aILHO 3HAYMMBIM (haKTo-
pOM KiiuMara.

B cBs3u ¢ HCO6XOZII/IMOCTI)IO PETUOHATIBHBIX OLCHOK IMOTOKOB MAPHUKOBBLIX I'a30B ¢ BHYTPECHHHUX BOJOC-
MOB, a TaKXX€ — B IIEPCIIEKTUBE — MapaMETPU3AINU ITUX IMMOTOKOB B KIIMMATHYCCKUX MOACIAX, B IMMOCIICTHEC
BpEMsI CTaJIN TIOSIBIIATHCS OTHOMEPHBIE MOJIETH 03epa, B KOTOPHIX CONPSIKEHBI TePMOAMHAMUKA, TypOyIeHT-
HOCTb U Ornoxumuueckue nporecce! (Crenanenko u ap. 2011; Tan et al. 2015. OxgHako, K HACTOSIIIEMY MOMEH-
Ty 3TH MOJEIM HEIOCTATOYHO BEPU(UIIUPOBAHBI HA JAaHHBIX HAOIIONCHUN BBUIY HEOOXOAMMOCTH OJHOBpPE-
MEHHBIX I/I3MepeHI/II\/’I 6OJ'IBH_IOFO Ha6opa METCOPOJIOTNIECKUX, THAPOJIOTHUCCKUX U XUMHUYCCKHUX BCJIMYHH B
IIPUBOJIHOM CJIO€ M B CAMOM BOJIHOM OOBEKTe.

B nacrosmem noknane npeacrasineHa mosenb Bojoema LAKE (Crenanenko u JIsikocoB 2005; CtenaHeH-
ko u ap. 2011; Stepanenko et al. 2014), onuceiBaroias OCHOBHBIC TPOIIECCHI TIEPEHOCA, HCTOUYHUKH U CTOKU
Teria, UMITYJIbCa, KUCIOPOo/a, YIJIEKUCIIOro ra3a 1 MeTaHa B BOJIOEME U HIKeNexarieM rpynTe. OJHOMepHbIe
ypaBHEHHUSI JUTS XapaKTEPUCTUK BOJTHOM cpe/ibl C(HOPMYITMPOBAHBI OTHOCUTEIBHO OCPEIHEHHBIX 110 TOPH30HTa-
I BeJMYHMH. bapoTrpornHble (MMOBEPXHOCTHBIC) CEUIIN MapaMeTPU30BaHbl C MOMOIIbI0 MOIU(UIIMPOBAaHHON
cxembl CBeHccoHa (Svensson 1978). Tpenue, TOTOKHM TeIIa ¥ Ta30B HA JHE BOCIIPOU3BOATCS C TIOMOIIBIO CO-
TIPSAKCHUSA OlIHOMepHOI\/’I MOJZCIIN BOAOEMA C OJHOMECPHBIMH BEPTHKAJIBHBIMH IMOYBCHHBIMU KOJIOHKaAMHU, BEPX-
HUEC I'paHUIBI KOTOPBIX HAXOAATCA HA Pa3HbIX FJ'Iy6I/IHaX BOJOEMaA. B mouyBeHHBIX KOJIOHKAX PpacCUUTBIBACTCA
TG y3MOHHBIN MIEPEHOC TEIUIa, METaHa, a TAKXKe BaaronepeHoc u (ha3oBwie mepexoanbl Boabl. [Iporeccsl ¢do-
TOCHHTE3a, ABIXaHHUs U OMOXUMHUECKOTO MOTPEOJICHHSI KUCIIOPO/Ia B TOJIIIIE BOMIBI ITAPAaMETPH30BAHBI COTIIACHO
(Stefan & Fang 1994) ¢ KycOYHO-TIOCTOSTHHBIM pacipe/esieHueM xiaopoduiuia mo riyoune. IIoTok kuciopoaa
B JIOHHBIE OTJIOXKEHUS paccuuThiBacTcs mo mozenu (Walker & Snodgrass 1986). Mogens mporieccoB reuepa-
1M, TIEPEHOCca U CTOKa MeTaHa B I1€JIOM COOTBETCTBYET cxeme, usnoxenHol B (Ctenanenko u ap. 2011), 3a
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HHAA LLIKOJIA 1 KOHOEPEHLIWA NO BbI

TEM HCKIJIIOYEHHEM, UTO ITy3bIPHKOBBII ITOTOK METaHa HAa MOBEPXHOCTH BOAOEMAa PACCUUTHIBACTCS C yUETOM
pacTBOPEHUsI My3bIPHKOB MO MEPE MX MOJbEMa K IIOBEPXHOCTH. B Mopenu my3sIpbK1 COCTOAT U3 METaHa, KHC-
JI0poJa, YIIEKUCIIOTO ra3a, a30Ta U aproHa, U 3BOIIOIMOHUPYIOT 110 Mepe MoJbeMa cortacHo mozpenu ..
MaxkI'mnnnca u coaBt. (McGinnis et al. 2006).

[IpencraBnens! pe3yasTaThl Baauaaun Moienn it o3epa KyitBaspeu (Ounmsanans). O3epo KyiiBaspsu
— oTHOCHUTENBbHO HebonbIoe (miomans — 0.61 km’, auHA — 2.6 kM) Me30TpodHOE JUMUKTHYECKOE 03€PO CO
cpemHel TITyOnHOI 6.4 M 1 MAaKCUMAITbHOHN TTyOHHOM 13.2 M, HAXOANTCS PSAAOM C M3BECTHOM CTaHIINEH MOHHU-
TopuHTa arMmocdepHo-omocheprnoro B3ammoneiictBus SMEAR II (Station for Measuring Ecosystem—
Atmosphere Relations) (Hari & Kulmala 2005). Ha o3epe 3asxopena mratdopma ¢ mpudopamu, H3MEpSIOLTH-
MU KaK OCHOBHBIE METCOPOJIOTHIECKHE BETMUUHBI M TIOTOKH PAHALINH, TaK U TyIbCAI[H TEMIIEPATyPhl, BIIaXK-
HOCTH, KOMITOHEHT CKOPOCTH BETpa M KOHIICHTPAINi TAPHUKOBBIX ra30B. 110 JaHHBIM O My/nbCalMiX BOCCTa-
HABJIMBAIOTCS TOTOKH COOTBETCTBYIOIINX BEJIMYMH METOOM KoBapHanuu myibscanuii (eddy covariance). Kpo-
M€ TOr0, Ha 03€pe MPOM3BOAATCS HEIIPEPLIBHBIE N3MEPEHHS TEMIIEPATyphl BOAbI M KoHIeHTpanuu CO, Ha pas-
HBIX DTyOnHax. [y Bamuaaiuy MOJIeTTN NCTIONBb30BaHbI JAaHHbIE TICPEYNCIICHHBIX BBIIIE m3Mepennii 3a 2014 1.

Mozens T1EMOHCTPUPYET PeaTCTHYHbIA POCT TIEPEMEIIAHHOTO CJI0sI B TEUEHHE TEIUIOro ce30Ha (puc. 1).
OTOT (hakTOp SABIACTCS KITIOUEBBIM JUIS MPABHIBLHOTO BOCIIPOU3BEACHHS PACIIPEICICHNS TAPHUKOBBIX T'a30B B
03epe, TOCKOJIbKY B CHITy ITPOIECCOB (POTOCHHTE3A, ABIXAHUS U OKUCICHNS METaHa MAKCUMYM KOHILIEHTPALUH
KHCJIOPO/IA PACTIONOXKEH B TIEPEMEIIaHHOM CJI0€, MaKCUMyM KoHIeHTpaiuu CO, 1 MeTaHa — B METATMMHUOHE
i runonumanoHe (Bastviken et al. 2008). Kak u B taHHBIX HaOMrONeHNH, KOHIICHTPALNS METaHa HAYMHACT
pacTH y 1Ha, Ha4MHas ¢ aBrycra (puc. 2), Koraa KOHIEHTPAIHs KHCIOPOoa MaAaeT 10 OYeHb HU3KHUX 3HAYCHUH.
Mozenb Takke BOCTIPOU3BOANT HU3KUE 3HAYCHUS KOHIICHTPAIIMM METaHa B IEPEMEIIAHHOM CJIO€ M OM3KHI K
Hymo 11 y3MOHHBIN TTOTOK MeTaHa B aTMoc(epy. OleHKa COCTaBIAIONNX HHTETPATIFHOTO Oajanca MeTaHa B
MEpEMEIIaHHOM CJI0€ BOZ0EMA MOKA3bIBAET, YTO IMHUCCHSI METaHA C JOHHBIX OTJIOKEHUH, HAXOSIIINXCS B TIepe-
MEIIAHHOM CJIO€, B OCHOBHOM KOMIICHCHPYETCSI OKHCIICHHEM B 3ToM cioe. [Tpu stom, nuddy3nonnsiii moTox
METaHa uepe3 TEPMOKIINH 09eHb Mall. BosmoxxHbIe 3 hekTsI mepemMeInnBanus B TEPMOKINHE, BEI3BAHHbIE CEH-
IIaMH ¥ JIpyTUMU BHYTPEHHUMH BOJIHAMH, OBUTH YYTEHBI HCKYyCCTBEHHBIM YBEJIMUEHHEM MHUHUMAIBHOTO KO-
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spdumment muddysun. OgHako, STO HE TPUBEIO K YBEINUYEHHIO KOHIIEHTPAIMU METaHa B IEpeMeIIaHHOM
CI10€, IIOCKOJIBKY Hapsioy ¢ yBeIMYEHHEM II0TOKA METaHa 4epe3 TEPMOKIINH CHU3Y IPOUCXOIUT yCUIIeHUE -
(y3uu kucnopoa cBepxy. UncieHHbIe IKCIIEPUMEHTBI TAKXKE IMOKA3bIBAIOT, YTO HEYYET TOBEPXHOCTHBIX CEHIII
MIPUBOAMT K JIAMUHApU3alMU B THIIOIMMHHOHE (Koaddunment nuddysnu B k- Mogenu nmagaer 10 «MOJIEKy-
JIIPHOTO» 3HAYEHHUsI), YTO BBI3BIBACT pPaHHEE, [0 CPABHEHHUIO C HAOIIOACHHUSIMHU, HAKOIUICHUE METaHa y caMon
1yOOKOH TOUKH BOJIOEMA.
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cTpaTH(HULIUPOBAHHOM aTMOCchepe I KPyTOro X0oJIMa M TOpHOI JonuHbl. CpaBHEHHE IIPOBEACHHBIX MOJEIb-
HBIX PaCYeTOB C MMEIOIINMUCS B JINTEPAType TaHHBIMHU ITOKa3bIBACT, YTO MOJEIb KA4€CTBEHHO OIUCHIBACT M-
HAMUKY CKOPOCTEH IpaBUTAllMOHHOTO TEYCHHUS HaJl STUMH HPETATCTBHAMH.

Paboma svinonnena npu noooepaicke PODPHU (epanm 14-01-00125-a) u Ipesuouyma PAH (npoepamma 43).

Simulation of mesoscale stratified flows over steep
obstacles of various shapes

Yudin M.S.

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

INTRODUCTION

Gravitational flows in the atmosphere take place in a variety of forms: breeze fronts, storm flows etc.
Phenomena of great importance are cold atmospheric fronts propagating near the surface with high speeds.
These fronts may be retarded and changed in shape under the influence of the underlying surface. The retarda-
tion of a frontal system on the windward side of a mountain is a commonly observed phenomenon.

Atmospheric gravity currents occupy a wide range of length scales from several meters to thousands of
kilometers. These currents can be subdivided into classes varying from micro to macroscales. Mesoscale flows
lie in an interval approximately from 2 to 2 thousand kilometers. The flows of interest in the present study are
mesoscale currents governed mainly by local orographic obstacles. These flows are relatively shallow: they
belong to the atmospheric boundary layer and range only a few kilometers from the surface in the lower atmo-
sphere.

Mathematical models of atmospheric phenomena have become an important tool in forecasting the dy-
namics of atmospheric fronts. These models must contain not only efficient and accurate solvers of the govern-
ing equations, but also accurately describe the orographic peculiarities of the terrain. The effects of orography
are usually taken into account in these models by introducing systems of coordinates that follow the orography
(see, for instance, [1]). In these coordinates the calculation domain becomes rectangular and can be easily di-
vided into a finite-difference grid. An advantage of such transformations is that the boundary conditions at the
surface can be taken into account in a relatively simple way.

There are also serious disadvantages of these coordinate systems. The coordinates are often non-orthogo-
nal. Also, they produce additional complicated terms in the governing equations. All these facts make it diffi-
cult to conserve in the discretized system the important physical invariants of the original system of partial dif-
ferential equations. It can also be shown that such transformations are valid only for not too steep orography.
Therefore the terrain to be discretized must be rather smooth. In addition, the use of these coordinates in meteo-
rological mathematical models may cause numerical instability in difference approximations that have been
previously quite stable in the models without orography [2].

To avoid these difficulties, it seems natural to use mathematical models based on discretizations of finite
elements [2]. Such an approach was employed in paper [3] to construct a two-dimensional non-hydrostatic fi-
nite-element model for the simulation of the propagation of a well-formed cold atmospheric front over oro-
graphic obstacles of various shapes. The finite-element approximations are valid for piecewise-continuous
functions. Therefore, it is possible to use this approach in case of orographic structures with high steepness.

The present study is an extension of [3]. It deals with calculation and comparison of velocities of gravita-
tional currents over steep terrain in a stratified atmosphere.

MODEL FORMULATION

The Navier-Stokes equations for a compressible air flow are used here for the calculation of gravity flows in
a stratified atmosphere. The exact form of the equations is given in [3]. A more detailed description of the model
can be found, for instance, in [4]. In the present study, a two-dimensional finite-element version of the model is
employed [2]. The time discretization is similar to that proposed in [5]. It is also described in paper [3].

NUMERICAL EXPERIMENTS

The results of a series of calculations of the velocities gravity currents over steep obstacles with various
values of stratification. The model parameters are taken from paper [1]. In that paper a cold front propagating
over an axially-symmetric obstacle in the form of a bell-shaped hill and a mountain valley is simulated with a
finite-difference model. The height of the hill and, respectively, the depth of the valley is 600 m. The calcula-
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tion domain is 25x25 km. In contrast to [1], where the front is generated by a volume of cold air, in the present
study the front is initially given in the form of a step- function of 400 m in height.

Figure 1 shows the initial location of the front as it meets with the obstacle: hill (left) and valley (right) at
neutral stratification. Figure 2 shows the results of calculations of the evolution of the normal to the front veloc-
ity component at the same spatial points.
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Figure 1. Initial location of the front as it meets with the obstacle : hill (left) and valley (right). Neutral stratification.
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Figure 2. Results of calculations of the evolution of the normal to the front velocity component at the same spatial points.
Neutral stratification.

In paper [6] a table was given for the calculated values of the windward and leeward velocities of a cold
front propagating over steep obstacles with varies shapes and stratifications. The height of the front was mistak-
ingly given 200 m greater than it was actually taken in the calculations. The corrected table is given below.

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 /100m) SPEED (m /s) (m /s)
0 400 0.0 45 45
0 400 0.35 5.1 5.1
600 400 0.0 4.4 37
600 400 0.35 4.9 2.7
600 100 0.35 3.0 0.0
600 700 0.35 75 45
- 600 400 0.0 45 3.9
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Figure 2 shows that the velocities are in oscillation modes with a period of 15-20 minutes, which corresponds
to calculations performed in [1]. A reasonable agreement is obtained between these data and the results of paper
[1] calculated with a finite-difference atmospheric model and different numerical scheme for the temperature. In
the paper the front is generated by a volume of cold air, but in the present study the front is initially given.

CONCLUSION

The results of these tentative calculations show that the finite-element model can be used for the simula-
tion of atmospheric front propagation over steep orographic obstacles.
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Features of NDVI variations of permafrost regions
in the post-fire period
Varlamova E.V., Solovyev V.S.

Yu.G. Shafer Institute of Space Physics Research and Aeronomy SB RAS, Yakutsk, Russia
E-mail: varlamova1®ikfia.sbras.ru, solovyev@ikfia.sbras.ru

global climate change. The study of NDVI variations in permafrost region of East Siberia were carried

out on remote sensing (Terra, NOAA) and model (GLDAS) data. Comparison of NDVI, air temperature
and soil moisture are conducted. The features of NDVI variations of Central Yakutia territory on a phase of
vegetation cover restoration in the post-fire period are presented.

The vegetation of the permafrost regions is sensitive "indicator" of the changes in the biosphere caused by
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OcobeHHocTn Bapmauuin NDVI Mep3noTHbIX naHawadToB
nocsie JIeCHbIX MOXKapoB

Bapnamosa E.B., Conosbes B.C.

CITES'2015

MHCTUTYT KocMogm3anyeckux nccnepoBaiuin u aapoHomum uM. 10.1. Wadepa CO PAH, Arytck, Poccua
E-mail: varlamova1®@ikfia.sbras.ru

BBEJEHWE

B ycnoBusix mo6aabHOr0 M3MEHEHHMs KIIMMaTa MOHUTOPUHT U3MEHEHHUH NMPUPOIHON cpelbl APKTHKH H
MIPUJICTAIOIINX TEPPUTOPUH SIBIISICTCS OJTHOM M3 HanboJiee akTyalbHBIX 3a/1a4 KoJI0ruu. Kak BaykHeHIImi kom-
MOHEHT OMOC(Eepbl U NCTOYHUK PECYPCOB, PACTUTEIIBHBIN TOKPOB SIBJISIETCS] UyBCTBUTEIBHBIM «MHINKATOPOM»
n3MeHeHHH B Onocdepe 1 kimmare. B Mep3/I0THBIX perHoHax COCTOSIHUE PACTUTEILHOCTH 3aBUCHUT OT H3MEHe-
HUH KIMMaTHYeCKUX (PaKTOPOB M TMIPOTEPMHUYECKOrO PEKMMa MEP3JIOTHBIX MOouB. 3a nocnequue 30 jer Ha
CEBEPHBIX MIMPOTaxX HAOIIOAAETCS TEHICHIINS POCTa BeretalmonHoro nuujgexca NDVI [1-7].

B pabote npuBeneHs! pe3yabTarhl Uccae0BaHus u3MeHeHui naaexkca NDVI pactutenbHOCTH Mep3oT-
HBIX JaHamadgroB Bocrounoit Cubupu 1o TaHHBIM CITyTHUKOBBIX HaOmonenuii. [lokazansl ocoOeHHOCTH TO-
noBeix Bapuaimii NDVI Ha tepputopun neHTpanbHoi SIkyTun Ha daze BOCCTaHOBICHHUS! PACTUTEIBHOTO MO-
KpOBa MOCiIe KPYIMHOMACIITaOHBIX JIECHBIX MOXKapPOB.

HOAHHbIE

B pabore ncnonp3oBanbl ganasie GIMMS/NOAA 3a nepuon 1982-2001 rr. u MODIS/Terra — 2000-2012
rr. BereraunoHHbIi ce30H paccMarpuBalicst ¢ Masi 110 ceHTs10pb. [1o nanubiM Monenu GLDAS Obutn noctpoe-
HBI BI2XHOCTb Mo4YBHI Ha TiryonHax 40-100 u 100-200 cm. 3HaueHUs TeMIeparypbl MPU3EMHOTO CJI0sI BO3AyXa
B3STHI M3 apXMBa JaHHbIX Pocruapomera. KonnuecTBo M 101181 JIECHBIX T0XKAPOB JIBYX JIECX030B OlICHHBA-
Jach 10 maHHbIM ['Y «ABuanecooxpanay. Bce maHHbIe B3sIThI M3 OTKPBITHIX McTouHUKOB (http://disc.sci.gsfc.
nasa.gov/Giovanni; http://glef.umd.edu/data/gimms; http://meteo.ru/data). Kapra pacnpeneneHust JeCHBIX 0-
JKapoB B LIEHTPAJIbHON SIKyTHH MOCTpOEHA MO JaHHBIM CITyTHHKOBOTO MoHUTOpUHTa (NOAA), ocymiecTBisie-
moro B UKOUA CO PAH (r. SIkyTck).

PE3YNIbTATbI U OBCYHKOEHVE

Ha puc. 1 npuBenens! kapta TperoB NDVI pactutensHOT0 TOKpoOBa B a3uaTcKoii wacti Poccun, mocTpo-
eHHas 3a nepuoa Maii-ceHTsIOps 2000-2012 T, a Tak)Ke TpaHUIBI 30H C PA3IMYHOMN CTETICHBIO COAEPIKAHMUS
BEYHOMEP3IIBIX I'PYHTOB, IIOKa3aHHBIC PA3ITUYHBIMU IIBETAMHU: JKENTas — IPAHHULA 30H CIUIOMIHOW MEpP3JIOTHI,
(uroseToBass — MPEPHIBUCTON MEP3JIOTHI M Toydass — OCTPOBHOM Mep3/10Thl. COMIacHO IBETOBOM Tpamalliy
puc. | monoxuTeNbHBIM 3HadYCHIAM TpeHaa NDVI cOOTBETCTBYIOT OTTEHKH 3€JICHOTO IIBETA, OTPUIIATEIEHBIM
— OTTEHKHU KpacHOro 1pera. 13 pucyHka BUAHO, UTO HAa BCEH TEPPUTOPHUHM CILJIOLIHOW MHOTOJIETHEN MEP3I0ThI
HaOmoaercst monoxutenbHeId TpeHa NDVI. 3ona ¢ Hanbonsmmmu 3HaueHusMu (~ 6-11%) tperga NDVI
pacnonaraercs cesepHee [Ipunenckoro miaro. Ha camom miiato nonoxutenbHbii Tpeng NDVI cocrasnser ~

b}

Tpera NDVI (%) copepxanve mepanotw (%)
> CNOUMAR
B 50-90 npepepwcTan

Puc. 1. Kapta Tpenfos
NDVI pactutensHoro
MOKpPOBa B a3MaTCKON
yactu Poccum (Maid-
ceHTAGpb 2000-2012
IT.), NECHbIX MOapoB
2002 r., rpaHu1ubl 30H
pacnpocTpaHeHu1A Bey-
HOMEp3/IbIX FPYHTOB.
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2%. 30HBI ¢ OTpULIATEIBHBIMU 3HaYeHUSIMH TpeH0B ND VI HabnroatoTest B 00J1acTH MPEphIBUCTOM U OCTPOB-
HOW Mep310Th! Hrke 60 rpaa. c.Iu.

B nenrpansnoii yactu SIkyrtun Ha IIpuneHCKOM IUIaTO KPACHBIMHU IIPSIMOYTOJIbHUKAMU OTMEUEHBI HCCIe-
Jyemble ydacTku | n 2. Mep3/0THbIE XapaKTEpUCTUKH (CONEpKaHIe MEP3IIOThI, TEMIIEPATypa IPYHTOB, JIbH-
CTOCTB), KJIUMAT, pelbed 1 THIT PACTUTEIFHOCTH Y9aCTKOB OJJMHAKOBBI. Pa3iiyaroTcsi y4acTKH TOIBKO HAJHU-
YHEeM/OTCYTCTBHEM JIECHBIX IT0KAPOB HA NX TEppUTOpHH. B BepxHeM j1eBoM yrity puc. | mmoka3aHa KapTa 04aroB
JIECHBIX TIOXKapoB, KoTopbiMu B 2002 1. OBbUI MOJHOCTHIO OXBaveH y4yacTok 1. Ha yuactke 2 3a mccienyeMsblit
HEePUOJ IT0XKAPOB He HAOII0AI0Ch.

Ha puc. 2 noka3zans! rpaduky MexrooBbix Bapraiuii NDVI, Temneparypbl Bo3ayxa v BIaKHOCTH MOYBBI
Ha ydacTke |. I'padux Bapmaruit NDVI nokazaHn 3e€HBIM IIBETOM, TEMIIEPATYPHI IPH3EMHOTO CJIOS BO3LyXa —
KpacHbIM, BIaXHOCTH mouBHI (BII) Ha mryomne 40-100 cM — mTpuxoBeIM cuHNM, Ha mryounHe 100-200 cm —
crutomrHeIM cuHIM. [Toxkapoonacusrii 2002 rox oTMedeH Ha rpaduke KpacHIM MapkepoM. Kak ciemyer u3 puc.
2, xpynHomaciuradusie moxaps! 2002 1. BeizBanu peskuii cnag NDVI. B nocnenyromue roast (2004-2008 1)
HaOmonaercs ycroituusblii poct NDVI. [1pu 5ToM BIaKHOCTB TOYBBI Ha JBYX YPOBHSIX ITyOWHBI TAK)KE UMEET
HenpepbIBHEIH pocT (10 2007 1.). CnexyeTr oTMETHTB, uTo noyBa Ha riryonHe 100-200 cM OoJiee BiIaroHachiIe-
Ha, 110 CPAaBHEHUIO C BEPXHUMH CIIOSIMH.

OnnoBpemenHbI poct NDVI n BnaxkHOCTH MOYBHI (pHC. 20) 00BSICHACTCS TEM, YTO B YCIOBHAX PE3KO-
KOHTHHEHTAJIFHOTO KJIMMara IEHTPaIbHON SIKyTHH, XapaKTepu3yIomerocsi HU3KUM ypoBHeM ocaakoB (200-
250 mm), Baroo0ecrieueHre PacTUTEILHOCTH B 3HAYUTEIILHON Mepe MPOUCXOANT 3a CYET CE30HHOM OTTalKH
MHOTOJIETHEMEP3JIbIX TPYHTOB. OUEBHHO pe3Koe IaJieHHE aib0el0 MOBEPXHOCTH MCCIIEIyeMOIo y4acTKa
BCJIEJICTBHE JIECHBIX MOkapoB 2002 I. BBI3BAJIO MOBBIIICHNUE TEMIIEPATypPhI IIOUBBI B pe3y/IbTaTe yBEeIHUUBIIIE-
rocsl paJInalliOHHOTO HAarpeBa, YTo CIIPOBOLMPOBAIO HMHTEHCHBHYIO OTTAHKy HIKENEKAINX MEP3IbIX TPYH-
TOB, CJICIOBATEIIFHO, MIOBBIIIICHNE BIAKHOCTH U, KaK pe3ynbTat, — pocT NDVI. D10 moaTBepkaaeTcs pe3ymnbTa-
TaMu paboTHI [8], rme moka3zaHo, uTo nokaps! 2002 T. B IIEHTpaIbHOM SIKyTHHU BBRI3BAIH TOBEIIICHIE TEMITEpa-
Typsl rpyHTa Ha 0,5-10C ¢ yBenMueHreM MOIIHOCTH Ce30HHO-Tanoro cios Ha 0,3-0,5 m.

C 2007 r. B1a)XHOCTb IOUBBI HAYMHAET CHUXKATHCS, uepes rog HaunHaeTcs cnag NDVI. [Tpeanonoxurens-
HO ¢ poctom NDVI B mocienoxapHbie rofibl Hauaics poCT aibOeI0 MCCIIEAyeMOro ydacTka. B pesynbrare
YMEHBIICHHUS [T0TOKA JOCTUTAIOIISH OUBBI TEIJIOBO pagnanuy 3G(HeKTUBHOCT OTTAHKH yIiaia, COOTBETCT-
BEHHO, CHU3UJIACh BJIQXKHOCTB IOYBBI, YTO, CITYCTSI FOJI, IPUBEJIO K COOTBETCTBYIOLIEMY CHMKEHUIO NDVI.
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Puc. 2. Bapmauuu NDVI, TeMnepatypbl Np1M3eMHOr0 CN0A BO3AyXa 1 BAXKHOCTM NoyBbl Ha rybuHe 40-100 1 100-200 cm
Ha yyacTke 1.

Ha puc. 3 Takke mokasaHsl TpaiKe MEKTOI0BBIX Bapuaruii mapametpoB (NDVI, temmneparypa Bo3myxa,
BIQKHOCTH MOYBBI) JIJISl yUacTKa 2, TJe JeCHBIC MOKaphl 32 UCCIeAyeMbIN eproj He HaOmonanuch. Jlerenga
rpadukoB puc. 3 aHanornvna ¢ puc. 2. Kak cnenyer u3 puc. 3 (0), Bapuaiu NDVI u BliakHOCTH TTOYBBI y4acT-
Ka 2 UMEIOT HE3HAYNTEIHLHBIE MEXKIoa0BbIC KoJIeOaHus.
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Puc. 3. Bapnauumu NDVI, TeMnepaTypbl NpY3eMHOr0 C10A BO3AyXa W BNaHOCTH NouBbl Ha rnybuHe 40-100 1 100-200 cM Ha
y4acTke 2.
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Ha puc. 4 nokazansl Bapuanny NDVI n Bra)kHOCTH TIOUBBI JUIs ydacTKa | 3a Oosee JUIMHHBINA MEpuoa
1982-2012 rr. I'padmku Bapuanunit NDVI nokaszansl 3exenbim 1ipetom: 3a nepron 1982-2001 rr. NDVI nmoctpo-
et 1o nanHsM GIMMS (turprxoBas aunust), a 3a nepuoa 2000-2012 rr. — o ganasiv MODIS (crutoninas -
Hust). OT™MeTnM, uto Bapuanuu NDVI no aBym Habopam JaHHBIX XOPOIIO COINIACYIOTCS. BiiaKHOCTBH 1MOYBBI
(BIT) na riryoune 100-200 cm noka3an cuHUM 1BeToM. [loxkapoormacHsle ce30Hb! 1986, 1993 n 2002 1. 0T™ME-
YeHBI Ha rpadiike KPaCHBIMH MapKepaMmu, CTEIEeHb JIECOIIOKapHOH aKTUBHOCTH OLIEHWBAJIACh 110 JAHHBIM Ha-
3eMHBIX HAOMIOIEHHH.

W3 puc. 4 BuaHO, uto xapakrep noseneHus NDVI 1 B1aXHOCTH MOUBBI HA y4acTKe | mociie JeCHbIX Moxa-
poB 1986 u 1993 rr. ananoruynsl cutyauuu ¢ 2002 r. Pazauna Habar0gaeTcs B JUIUTEIBHOCTH POCTa paccMa-
TPHBAEMBIX TAPAMETPOB — B MIEPBBIX JBYX ClIydyasix OHa Kopoue Ha 1-2 roga. Bo3aMoxkHO 310 00yCIiioBI€HO pas-
HBIM YPOBHEM JIECOIO)KapHOI aKTHBHOCTH B yKa3aHHbIe roibl. [To nanubiM ['Y «ABuanecooxpanay oOrmas
IJIOIIA/b JECHBIX MOXKapoB Ha TeppuTopun I'opHoro u OprKOHUKH3EBCKOTO JIECX030B, HA TEPPUTOPUHU KOTO-
PBIX HaXOJHUTCs y4acTok 1, coctaBmia: B 1986 . (uucio moxapos 135) — 28166 I'a; B 1993 1. (umcio noxapos
83)—30514T'a; B 2002 1. (umcio moxkapo 151) — 212823 I'a. T.e. necubie moxapst 2002 . 0ka3aauch Ha OPsI-
JIOK KaTacTpoHu4HEeH U, COOTBETCTBEHHO, BpeMeHHU Ha BoccTaHosieHrne NDVI u ypoBHS BIa)KHOCTH MOYBBI
norpedoBasock oonbire. Ciaeayer oTMeTuTh peskoe naaenre NDVI B 1998 1. npu orcyTcTBHY Kakoi-nmnoo 3a-
METHOMW peaklny B OBEJICHUH IpaduKa BIKHOCTH ITOYBBI. UeM OHO BBI3BAHO MTOKA OCTAETCSI HEBBISICHEHHBIM.
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Puc. 4. Bapnaumu NDVI v BnawHocTv noyssl Ha riy6ute 100-200 cM Ha yuacTke 1.

BbIBOAbI

B pesynbrare nccnenoBaHui MEKIOJOBBIX BapHalluil MHAEKCA PACTUTEILHOCTH B MEP3IIOTHOM PErHOHE
MIOKa3aHo, YTO HanboJiee BhICOKast TeHCHIMsI pocTa nHaekca NDVI nabmonaercst B 30HE CIIOMIHONH MHOTO-
JIeTHEH Mep3oThl, ceBepHee [Ipuienckoro miaro. OtpunarensHsle 3HadeHus Tpeos NDVI nadmrogarorcs B
00J1acTH NPEPHIBUCTON M OCTPOBHOW MEp3I0THI HIDKe 60 Tpaj. C.Il.

B nenTpanpHOi yacTu SIKyTHM 1Oociie KpyITHOMAcIITaOHBIX JIECHBIX 1oxkapoB 2002 I. B TeUeHHE HECKOJIb-
kuX (5-6) et Habmonancst ycToiunBblii pocT uHaekca NDVI, conpoBoxk/1aeMblii TAKMM K€ POCTOM BIIaKHO-
CTH NO4BEI. J[ajee oTMeYaeTcsl CHUKEHUE PacCMaTPUBAEMbIX TAPAMETPOB, UTO MOYKHO HHTEPIIPETUPOBATH KaK
OTHOCHUTEJIBHOE BOCCTAaHOBJIEHUE TEMIIEPATYPHOTO PEXHMMa FPYHTOB MEP3IOTHOIO PerruoHa. AHaIOTMYHBII
s¢dekr B moBenennn NDVI nadbmronancs B cirydae necHbIX noxapos 1986 u 1993 rr., HO ¢ MeHbIIEH IITUTEINb-
HOCTBIO, T.K. B 3TUX CJIy4asiX ypOBEHb AKTHBHOCTH JIECHBIX ITOXKapoB OBLT HA MOPSIOK HIDKe, yeM B 2002 .
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depth of seasonal thawing, which is accompanied by a decrease in the strength of permafrost and a vio-

lation of infrastructure. The main sources of emissions of these gases in the northern territories are
considered marshes and wetlands landscapes, thermokarst lake plains, and others. According to [1], a quarter of
the world's methane is concentrated in Western Siberia, a large part of which is occupied by a kind of bog-lake
landscapes with countless lakes of various sizes and ages.

According to [2], the most active source of methane emissions in the Arctic and sub-Arctic areas are small
thermokarst lakes with an area of less than 0.01-0.02 hectares, which is associated with an active thermokarst
erosion of coastal boundaries, increasing methane emissions [3]. Because of their small size these lakes are
usually not taken into account in the forward estimates of the contribution of methane to the total greenhouse
effect. In connection with this remote study the distribution patterns on the areas of thermokarst lakes in the
area of permafrost of the Arctic territories is attracting considerable interest. In [4-6] studied the distribution
laws of thermokarst lakes with large water surface area (more than 1 ha) from remote sensing data obtained
from satellite imagery medium resolution Landsat. However, the distribution of small lakes they studied areas
currently underserved. In connection with the purpose of this paper is to study the distribution of remote areas
by small thermokarst lakes in the plains in the permafrost zone of Western Siberia.

The studies were conducted using ultrahigh resolution satellite images. To conduct a study on the territory
of Western Siberia permafrost were selected eight test sites.

Space satellite imagery was used for research with a spatial resolution of 0.6 m. The selected satellite imag-
ery to eliminate the influence of changes of water content in the study area thermokarst-lake landscapes obtained
for a limited time period of warm summer season, not more than two months (from June 28 to 24 August).

In conclusion, we present the main results of the study of the statistical distribution of distance on the areas
of thermokarst lakes of small size. Under low in our work are understood thermokarst lakes with an area of up
to 200 - 250 m’. These lakes cause lately considerable interest among researchers thermokarst processes in the
area of permafrost in the Arctic regions due to the fact that they are considered as important sources of methane
emissions to the atmosphere in the territory of thermokarst lake-plains in areas of permafrost. The studies were
performed on the 8 test sites selected in different zones of Western Siberia permafrost lake area were deter-
mined from satellite images ultrahigh resolution. To eliminate the influence of changes of water content in the
study area, all pictures are selected in a relatively short period of daylight saving time (less than two months).

It is shown that the area of lakes in the zone of continuous distribution of permafrost on average 1.5-2
times the size of the lakes in the area of discontinuous permafrost. Analysis of the experimental data on the size
of thermokarst lakes showed that the histogram distribution of lakes on the areas allow them approximations of
degree and exponential functions with a sufficiently high level of determination, but approximating function
power form gives higher credibility.

Global warming, the most prominent in the northern latitudes of the planet, leading to an increase in the
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MIPUBOIUT K YBETUUYECHUH TITyOHHBI CE30HHOTO MPOTAUBAHMUS, YTO COMIPOBOXKIACTCS CHIKEHHUEM TIPOYHO-

CTH MHOTOJICTHEMEP3NBIX TPYHTOB W HAPYIIEHHEM OOBEKTOB MHQPACTPYKTYyphHl. Mep3ioTa, SBIAACH
XPaHMJIMIIEM 3aKOHCEPBUPOBAHHOIO YINIEpo/ia B OOIIMPHBIX Mep3ibiX TOphsHbIX Gonorax CubupwH, npu no-
BBIIIEHUH CPEAHET0I0BOI TeMIepaTyphl BO3IyXa MOXET CTaTh NCTOYHUKOM BO3HHKHOBEHUS €I OOJIBIIETO
TTOTEIUICHUS MTPU BBICBOOOKICHUH MAPHUKOBBIX T'a30B [ 1], cpein KOTOPBIX METaH U YTIICKUCIIBIA Ta3 SBISIOTCS
Haunbonee BAKHBIMUA B CB3U C UX CYIIECTBEHHBIM BKIIAJIOM B MapHHUKOBBIA () ekt. B kauecTBe 0CHOBHBIX
HCTOYHUKOB AIMHCCHH 3THX T'a30B Ha CEBEPHBIX TEPPUTOPHUSIX PACCMATPHUBAIOTCS OOJIOTA U TIEpEyBIAKHEHHBIS
nmaHamadTeL, TepPMOKAPCTOBBIE 03epHBIe PaBHUHEI U JIp. 1o oreHkam [2], 4eTBepTh MUPOBOTO 0OBEMa METaHa
cocpenorodeHa B 3anaaHoi CHOMPH, 3HAYUTEIBHYIO YacTh TEPPUTOPUH KOTOPOH 3aHHUMAIOT CBOECOOpa3HbBIE
00JI0THO-03epHbIE JIAaH AP THI ¢ OECUNCIIEHHBIM MHOKECTBOM 03€p pa3HbIX pa3MepoB U BO3pacTa.

CornacHo [3], HanOojiee aKTUBHBIM MCTOYHHKOM SMHCCHH METaHa B apKTHUECKHX M CyOapKTHUECKUX
paiioHax SIBJISFOTCSI MaJlbIe TEPMOKAPCTOBBIE 03¢epa ¢ miomaapio meree 0,01-0,02 ra, 9To cBsi3aHO ¢ aKTUBHOM
TEPMOKapPCTOBOM 3po3Wel OeperoBbIX I'PaHUIl, YBEINIUBAIONIEH sMuccHio MeTaHa [4]. M3-3a cBOMX MajbIx
pa3MepoB Takue 03epa, Kak MPaBUIIO, HE YIUTHIBAIOTCS B TPOTHO3HBIX OIIEHKAX BKJIA/1a METaHa B OOLIHI map-
HUKOBBII 3Q)peKT. B CBsI3U ¢ 3TUM IMCTAHIIMOHHOE UCCIICI0BAHNE 3aKOHOMEPHOCTEH pacIipe/ielieH s 1o TUI0-
II1a/1IM TEPMOKAPCTOBBIX 03€P B 30HE MEP3JIOTHI apKTHUECKUX TEPPUTOPHUH BBI3BIBACT 3HAYUTENBHBIN HHTEPEC.
B [5-7] n3y4ensl 3aKOHBI pacTpeieleHus] TEPMOKAPCTOBBIX 03€p ¢ OONBIIMMHU IUIOUIAIIMH BOJHOTO 3epKajia
(6omnee 1 ra) Mo TaHHBIM JUCTAHIIMOHHOTO 30HANPOBAHMS, TIOTYUYEHHBIM 110 KOCMUYECKUM CHUMKAM CPEIHETro
paspemenus: Landsat. OHaKo BOIIPOC O pacpeieieHHH MaJIbIX 03ep MO X IUIOMIASIM H3yUeH B HACTOsIIIee
BpEMsI HEIOCTATOYHO. B CBSA3M C M3I0KEHHBIM IEJIbI0 HACTOAIIEH paboThI ABISETCS TUCTAHIIMOHHOE UCCIEI0-
BaHHUE pacIpeeNeHus MO TUIONAaaIM MaJIBIX 03ep Ha TEPPUTOPHH TEPMOKAPCTOBBIX PAaBHUH B 30HE MHOTOJIET-
Hel Mep3ioThl 3anaanoit Cubupu.

HVccnenoBanus MpoBEICHBI C HCIOIB30BAaHINEM KOCMHUUECKUX CHIMKOB CBEPXBBICOKOTO paspenieHus. J{ns
MPOBEICHUS UCCIICAOBAHUS Ha TCPPUTOPHH MHOTOJICTHEH Mep3i10Thl 3anaaHoii CuOupu ObLIM BBIOPAHBI BO-
CeMb TECTOBBIX YYaCTKOB, PACIIONOKEHHE KOTOPBIX JaHO Ha pHC. 1, Iie Tak’Ke MOKa3aHbl 30HBI CIUIOIIHOTO,
TIPEPHIBUCTOTO U OCTPOBHOTO paclpoCTpaHEeHUsI MeP3JIOTHl B cooTBeTcTBUM ¢ [8]. Kak BuaHO Ha puc. 1, maTh
YYacTKOB HaXOJATCS B 30HE CIUIOIIHOW MHOTOJIETHEI MEp3JIOTHI, IBa TECTOBBIX yJ4acTKa Pa3MEIIeHbI B 30HE
MIPEPBIBUCTON MEP3JIOTHI M OUH TECTOBBIN YIAaCTOK PACTIONOKEH B 30HE OCTPOBHON MEP3JIOTHI.

I \1100a51bHOE TTOTETUICHHE KjmmMmara, HauboJiee SIBHO MPOABJIAIOMICECA B CEBEPHBIX MIMPOTAX IUIAHETHI,
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s mpoBeneHns McCaeJOBaHU MCTONB30BANINCH KOCMHYECKHE CHUMKH ciyTHHKa QuickBird ¢ mpo-
CTpaHCTBEHHBIM pazpemenueM 0,6 M. XapakTepucTHKa MECTOIIOIOKEH S TECTOBBIX YYacTKOB U BPEMsI CheM-
KU JIaHbI B Ta0JI. 1, 13 KOTOPOH BUJHO, YTO BEIOPAHHBIE KOCMUYECKHE CHUMKH IS HCKITIOYEHHS BIUSHUS H3Me-
HEHUH BOJHOCTH Ha TEPPUTOPUH UCCIICIOBAHUH TEPMOKapCTOBO-03EPHBIX JIAHIIIA(TOB OTyYESHBI B TEUCHHE
OIPaHUYEHHOTO 10 BPEMEHH TEIUIOTo IIEpHOo/a JISTHETO Ce30HA, HE MPEBBINIAIOIIETo ABYX MECsLeB (¢ 28 HIoHS
10 24 aBrycra). Ha ka>k1oM 13 TECTOBBIX Y4aCTKOB OIPEIEISIIOCH OT HECKOJIBKMX COTEH JJO HECKOJIBKHX THICSY
TEPMOKApPCTOBBIX 03ep. OOpaboTKa n300paskeHUI 1 aHAJIN3 TIONYYEHHBIX JAHHBIX O IUIOMIAJSX 03€p MTPOBOIH-
JIUCH C UCTIONB30BaHUEM CTaHAAPTHBIX cpeacTB reonHpopmannoHHbix cucteM ENVI 4.4 u ArcGIS 9.3.
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203 E 750 E 02 E 887 E Puc. 1. PacnonoeHwue TeCTOBbIX y4aCTKOB Ha TEPPUTOPUM
<z s'. ' £ Mep310Tbl 3anagHoi Cubupu
3 z| ‘ . =
&
6,
5,
! Paswian : Juis miccneoBaHus pacipeelieHIs MaJIbIX Tep-
4' Bopey i MOKApCTOBBIX 03€p IS Ka¥KIOTO TECTOBOTO YIaCTKa
A : Lawdypr OBUTH CPOPMUPOBAHBI MACCHBBI JAHHBIX, BKITFOYAIO-
agexap ] o T o

& o . mme o3epa ¢ mromanpio 10 200 M2 [l obmeit xa-
4 ' Honiii Ypenro H PaKTepUCTUKU C(HOPMHUPOBAHHBIX MACCHBOB JAHHBIX

Adlanroas

JHanpm O TIoIaaaX MaJibIX O3€p B Tabm. 1 TIPUBEICHBI TaH-
Iy
b HbIC 00 OCHOBHBIX CTAaTHCTHYECKUX napaMeTpax BbI-
60p0‘IHLIX COBOKyHHOCTeﬁ MaJIbIX TEPMOKapPCTOBBIX

LJapro-Cane

Jerenaa
B Tecronuii yuacro 03€p Ha KayKJI0OM TECTOBOM y4acTke. JloBepuTensHbIe
X U MHTEPBAJIBl B YKa3aHHOW TaOJIMIE pacCUUTHIBAIHNCH
] Npepranucran .. ~ _
| 1 S sl - CTaHJIapTHBIM 00pa30M IJisl JOBEPUTEIBHOI BEPOAT
g B

705 E S E B0 E HoctH 95 %.

Ta6nuua 1. CraTucTU4eCKMe XapaKTEPUCTHKM BbIGOPOUHBIX COBOKYMHOCTEN MarlblX 03ep Ha PasHbIX TECTOBbIX y4acTKax

Ne Tun Oo6bem CpenHee 3HaYeHUe CranagapTtHoe IMosymiupuHa 10BepUTEILHOTO
TY Mep3J10ThI BLIOOPKH IUIOINAJM 03ep, M’ | OTKJIOHEeHHe, M HHTEpBaIa, M’

1 OctpoBHas 702 39,02 47,69 3,53

2 1576 40,34 39,52 1,95

[IpepeiBucras

5 3663 22,62 36,85 1,19

3 6725 41,97 46,11 1,10

4 283 44,92 47,84 5,57

6 CrutonrHas 126 54,39 50,87 8,88

7 456 66,66 50,95 4,68

8 509 53,36 4591 3,99

s Becex mccnenoBanHbix TY ObUIM MOCTpOC-
HBI TUCTOTPaMMBI paclpeeNIeHHs] YUCIa MaJIbIX Tep-
MOKApCTOBBIX 03€p MO UX IJIOMIAIM Ha OCHOBE pe-
3yJAbTaTOB AMCTAHIIMOHHOTO M3MEpPEHMs ILIoIaeit
o3ep. Ha puc. 2 11 wiuttocTpaluu NpuUBeIEHBI TH-
CTOrpaMMBI pacHpeeeHus 03ep MO MUIOIMAASIM, Mo-
JIy4EHHBIE 110 SKCIIEpUMEHTAIbHBIM JaHHBIM Ha TPeX
TECTOBBIX Y4YacTKaX, PACHOJOKEHHBIX B Pa3HBIX 30-
Hax Mep3JoThl. Ha puc. 2 0003Ha4eHO:

K; — oTHOCHUTENBHOE YUCIIO 03€p, MOMaaroIIuX
B KaX/bIH - MHTEpBaJ T'UCTOTPaMMBI, ONpenense-
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7€ 1, — YUCIIO 03P B KAXKIOM HHTEPBaJe TUCTO- ETV-1 WTY-2 =TVY-7
rpaMMBbI;

i — HOMep UHTepBaa;

N — cymMapHoOe KOJMYECTBO 03€p HA UCCIeAye-  Pyc. 2. [pyMepsbl rUCTOrpaMM pacripenesnieHua o3ep ro no-
MOM TECTOBOM YYaCTKE. LLAZAM Ha TEeCTOBbIX y4aCTKax B pa3HbIX 30HaX Mep30Thl.
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[To anamoruu c [6, 7] B HacTosIIeH paboTe MpoBeACHA arPOKCHMAITNS TUCTOTPAMM PACTIPEICTICHIUS MaJIbIX
03ep 0 MX IUTOMIAIIM IKCTIOHEHIMANBHOH (yHkimelt Ha Bcex TY. Ha puc. 3a mpencrasien nmpumep rHCTOTpaM-
MBI, TIOTy4YeHHON TI0 JaHHBIM Ha TY-6, MOMycKarome SKCITOHEHINAIBHYIO alpOKCUMAIIHIO C BEICOKUM YPOB-
HeM Kodddumenta aerepmuHamy (0,94). YkaxeM, 9T0 THCTOTPaMMEBI paciipe/ieIeHIs MaJIbIX 03€p IT0 TUIOIIa-
JSIM Ha BCEX TECTOBBIX y9acTKaxX JIOMYCKAIOT U allIPOKCUMALINIO CTETIEHHON (DyHKIIUEH, YTO Ha IPHMEpE TUCTO-
rpammel Ha TY-6 mimocTpupyeTcs rpaduKoM Ha prc. 3b Taxoke ¢ BBICOKAM ypoBHeM aeTepMuHanui (0,98).
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Puc. 3. [ucTorpamma pacnpeeneHns 03ep nNo AaHHbIM Ha TY-6 1 ee annpoKCMMaLMK SKCNOHEHLMaNbHOM (a) U CTeneHHoW
(b) dyHKUMAMM

B 3aksroueHre puBeieM OCHOBHbBIE PE3YJIBTAThl AUCTAHIIMOHHOTO UCCIISIOBAHHS CTATUCTUYIECKOTO pac-
MPEe/ICIICHHS 10 TUIOMIA/IIM TEPMOKAPCTOBBIX 03ep MajbIX pa3mepoB. [1oj ManbiMu B Halliei paboTe moHuMa-
I0TCSI TEPMOKAPCTOBBIE 03€pPa € IIOLWAAbI0 OT eaquuull 10 200 - 250 M. Taxue 03€pa BBI3BIBAIOT B MOCIEIHEE
BpEMsi 3HAUUTEIbHBIA HHTEPEC Y MCCIIEIOBATENEH TePMOKAPCTOBBIX MPOIIECCOB B 30HE MEP3JIOTHI HA aPKTHYE-
CKHUX TEPPUTOPHUSX B CBSI3H C TEM, YTO OHU PACCMATPHUBAIOTCS B KAYECTBE BAYKHBIX HCTOUHHKOB IMUCCUHU METa-
Ha B aTMOC(epy Ha TEPPUTOPHU 03EPHO-TEPMOKAPCTOBBIX PABHUH B 30HaX MHOTOJIETHEH Mep3ioThl. Mccneno-
BaHMs BBIMOJHEHBI HA 8 TECTOBBIX y4acTKaX, BHIOPAHHBIX B Pa3HbIX 30HAX Mep310Thl 3anaaHoit CuOupw..
[Tnomamy o3ep ONMPEACISIMCh 10 KOCMHYECKUM CHUMKAM CBEPXBBICOKOTO Pa3pEIICHUS], MOJTYYEHHBIX CO
cinytauka QuickBird. J[is uckitOueHUsT BIUSIHUAS U3MEHEHUI BOJHOCTH HA TEPPUTOPUHU KCCIICIOBAHHUN BCE
CHHUMKH BbIOPAHbI B CPABHUTEILHO KOPOTKHIA MIEPUOJ JIETHETO BpEMEHH (MEHEe [IBYX MECSIIEB).

[Toka3aHo, YTO IUIOIIAAX 03€p B 30HE CILIOIIHOTO PACIPOCTPAHEHHS MEP3NIOTHI B cpenHeM B 1,5-2 pasa
MIPEBBIIIAIOT Pa3MEPbI 03€P B 30HE MPEPHIBUCTON MEP3T0ThI. AHAIH3 MTOTYUSHHBIX IKCIIEPUMEHTATBHBIX JTAHHBIX
0 pa3Mepax TEPMOKAPCTOBBIX 03€p MOKA3all, YTO TUCTOIPAMMBI PACTIPEACIICHHUS 03ep IO ILIOIASIM JIOMYCKAIOT
MX alMpOKCUMAIIMIO CTENICHHBIMU U SKCIIOHEHIIMATBHBIME (DYHKIIUSIMH C JOCTATOYHO BHICOKUM YPOBHEM JIETEP-
MUHAIIUH, OJIHAKO AlMPOKCUMHUPYIONIAs (YHKIIHSI CTEIICHHOTO BU/IA JaeT O0Jee BHICOKYIO JIOCTOBEPHOCTb.
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Mathematical model and computational method
for investigation of a river stream

Churuksaeva V.V., Starchenko A.V.

Tomsk State University, Russia
E-mail: chu.vw@mail.ru, starch@math.tsu.ru

Modeling flow in rivers and coastal areas is a current problem of an environmental hydrodynamics that

includes specific treatment of the free surface. The most general approach is to solve the full 3D equa-
tions, but as long as behavior of the free surface is influenced much more by the horizontal velocities then the
vertical one and because the size of the spatial domain is very large, solving of depth averaged equation is the
main approach in environmental problems.

This paper deals with an unsteady depth averaged flow model based on the RANS approach. Averaged
turbulent stresses appearing in the model are computed from the depth averaged modification of the widely
used model proposed by Launder & Spalding [1]. The staggered structured grid is used to discretize the spatial
domain. The convective flux is discretized with MLU-scheme [2] and MUSCL-scheme. Solution of the dis-
crete system is obtained with a SIMPLE iterative algorithm based on coupled correction of the depth and veloc-
ity fields on each time step.

To investigate the applicability of the model some numerical predictions were carried out. Two of them
are: the open channel flow around bend and side discharge with contaminant into the moving flow. The results
shows that the depth averaged model represents flow patterns near the bend, side inflows, and over complex
bathymetry correctly and could be applied for modelling a river flow.

The work is performed in the framework of the state assignment with the Ministry of education and science
of Russian Federation (No.5.628.2014/K).

Depth-averaged hydrodynamic models are widely used to numerically predict flows in natural basins.
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MaTeMaTtnyeckana Moaenb U YUC/EeHHbIM MeTod And pacyeTa
Te4veHunA B pycJie pexun

Yypykcaesa B.B., CtapueHko A.B.

ToMCcKuii rocyaapcTBeHHbIN yHuBepcuTeT, Poccus
E-mail: chu.vw@mail.ru, starch@math.tsu.ru

IIPUPOJHBIX BOAOEMAX. llﬂﬂ AKTyaJIbHbIX 3a/1a4 TUAPOJNHAMHUKU Opr)KaIOLHeﬁ Cpe€abl, TAKMX KaK IIpH-
OpexHbIe TeUEHHS B MOPSIX M OKeaHax, a TAKXKe PeKax, eClIi pacCMaTpUBaTh MPOOIEMY pacipocTpaHe-
HUsI HABOJIHEHHI, HEOOXO/IMM y4eT HECTallMOHAPHOTO MTOBECHUS CBOOOTHO TTOBEPXHOCTH.
Haubonee o0mmM moaxoaoM K pacueTy TaKUX TEUSHHUH ABISIETCS pelIeHHE MOIHBIX TPEXMEPHBIX ypaBHe-
HUW THAPOJMHAMHKHU C COOTBETCTBYIONIUMH YCIOBHSIMH JJIsi CBOOOMHOM mMoBepXHOCTH. OHAKO TOBECHHE
CcBOOOTHOI MOBEPXHOCTH B OCHOBHOM OIIPEEINAETCS TOPU30HTAIBHON CKOPOCTHIO TEUEHHUS U TIOTOMY B MHIKE-
HEPHBIX MPUIIOKEHUAX U BBIYUCIICHUAX, CBA3aHHBIX C UCCIICAOBAHUEM Opr)KaIOH.[eﬁ Cpe€anl TaKoH IoaAxoa HE
SBJSIETCS OMPABAAHHBIM H3-3a CYIIECTBEHHOTO Pa3indMsi B MacIITabax MPOUCXOMSAIINX MPOIECCOB, a TAKKE
3HAYUTENILHBIX Pa3MepoB pacueTHOU obiactu. JlaHHbIi Bopoc moapoOHo obcyxaaercs B [1,2]. O630p nure-
paTypsl Tak)Ke TTOKa3bIBACT, YTO MOJHBIC YpaBHEHUS WK pematorcs B pamkax LES noaxona [3,4], unn nenois-
3YIOTCSI JJTs pacyeTa B HeOOJIbIION 00macTy (HarpuMep, TEUCHUS B JTAOOPaTOPHOH ycTaHOBKE, Kak B [4,5]).
AJBTEepHATUBHBINA TTOXO] MMOPa3yMeBacT MOCTPOeHUE TypOyIEHTHON MOZETH Ui OCPEIHEHHBIX Teue-
HUHW Ha OCHOBE KJIACCHUECKHX MOjIeliel TypOyJIeHTHOCTH JIJisl ypaBHeHHM Pelinonbaca. B aTom ciydae renepa-
s TypOYJIEHTHOCTH 32 CYET TPEHHUsI O PYCJIOBOE JIHO YUHUTHIBACTCS JO0OABICHHEM HCTOYHHKOBOTO YIICHA.
Cpenu ocpeTHeHHBIX 10 ITyOnHe TuddepeHInanbHbIX MoJieIel TypOyICHTHOCTH XOPOIIIO ce0st 3apeKOMEeH/10-
Basia Moau(UKaIKsl k— MOIEIH, TipeiokeHHast Poau [6].

O CpEIHEHHBIE 10 TITyOHHE THAPOAMHAMHIYECKHE MOJIETTH IMPOKO MPUMEHSIOTCS IS pacuyeTa TeUCHUHN B
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B nannoif paboTe MaTeMaTHdecKasi MOJENb PyCIOBOTO TCUCHUSI CTPOUTCS Ha OCHOBE OCPEIHEHHBIX IO
TyOuHe ypaBHEHHH PeiiHombaca TSt BA3KOW JKUAKOCTH

Oh Otk U) _
ot ox dy
— _2 —— —_ —
ohm) , Ahir)  AhEY) _ 0z, +h) | 10(hT,) 1 OUT,) | (2.).~(7.),
ot ox dy 0x o ox p Oy P
I(hv) , A(hV) Ihv*) _ oh Az, +h) 1 o(hT,,) s o(hT,) N (7,.), = (7,.)s '
ot ox dy dy p  Ox p Oy P

rae h (x, y, {) — nyouna, u(x,y,t), v(x,y,t)— OCpPCIHCHHBIC 10 IyOWHE 3HAYCHUS KOMIIOHCHT BEKTOpa
CKopocTH W = (U, V); z, (X, ¥) — pesibed HA; p — INIOTHOCTD; (7,.),,(7..),(7,.),,(7,.), — TPEHHE Ha IOBEPXHOCTH H
JTHE, COOTBETCTBEHHO.

[Tpu 3TOM Ipearnonaraercst, 4To pacrpeeicHUe IaBICHUs SBISIETCS THAPOCTATHYECKUM U XapaKTepH-
CTHKH ITOTOKa 1200 MEHSIOTCS 110 NITyOHHe, U ITyOMHA 3HAYUTEIBHO MEHBIIIE TOPU30HTAIIBHBIX pa3MepoB 00-
JIaCTH, ¥, COOTBETCTBEHHO, OI'PAaHWYMBAECT ()OPMHUPOBAHNE TPEXMEPHBIX BUXPEH, Oonpenesisisi TByMEpHBIN Xa-
paxtep TypOyJICHTHOCTH.

MHOeCTBO MPEECTBYIOMNX padoT, HOCBSIICHHBIX pacyeTaM TypOYyJIEHTHBIX TTOTOKOB MEJIKOW BOJIBI,
TOKa3bIBACT KJIIOUEBYIO POJIb ABYMEPHBIX BUXPEH IPH MOJICITMPOBAHUHN TYPOYJICHTHBIX TEUCHUH MEJIKOW BOJIBI,
a TaKKe BKHOCTH 33/1aHMs TPAHUYHBIX YCJIOBHIT Ha JIHE ¥ CBOOOIHOI oBepxHOCTH [7,8].

OcpeHEHHBIE [0 NTYOUHE 3HAYCHHS HAIPSHKCHUH 7, ONpPEeNsIIoTCs U3 THIIOoTe3bl byccnHecka
Lo )| 2| 25,

p dx;, dx, | 3

TypGy/ieHTHas BA3KOCTb 7, U KHHETHYECKAs SHEPIUsl TYPOYICHTHOCTH k HAXOSTCS C MCIIOIb30BAHUEM

OCpEIHEHHOM 1Mo TTyOuHe k—e Mozenu [6].

i
VtZCH?s
o(nk) o (hik) o(hvk v ok v ok
( )+ (”)+ (V):ﬂ h"_r% +ﬁ hv_r% +(Ph+ka_é)h’
ot Ox oy ox\ o, 0x) oy\ o, 0y

o(he) O(hug) oO(hve V. 0g V. 0g g g’
()  otme) o(hve) _of, v, ce) of,vioe) ((Ep, p ),
ot ox oy ox\ o, 0x) oy\ o, Oy k k

N2 —\2 _ _\2
rae B, =v, 2(8_1,4) +2(a—vj +(a_u+6_v] .
ox oy oy Ox

ITocTpoeHnas MaremMaTndeckas MOZIENb, TOMOJIHEHHAs YPABHEHUEM KOHIEHTPALUN

d(fic) , dhire)  AAVE) _ 9. (hl_“ a_E}L 9 [ e ]
ot ox ay ax| ‘ox ) oyl oy

MTO3BOJISIET MOJICIMPOBATh BOSMOXKHBIN CIIEHAPHH pacIpOCTpaHEHHUS 3arpsI3HSIOIINX BEIIECTB, COpachIBa-
€MBIX Pa3TMYHBIMU MPEANPUATUIMHU B TOBEPXHOCTHBIE BOJBI PEK, UTO SBIAETCS HEOOXOTUMBIM JJIs TPOTHO3U-
POBaHUSA U MOHUTOPHHTA COCTOSTHUS 3KOCUCTEMBI PEKH.

B cuity Toro, 4To B JaHHOMW CUTYallM MOJEITHPYETCsl pacpOCTpaHeHNE IPUMECH OTHOCUTEIBHO HEOOIIb-
IIOH Macchl (B CPAaBHEHHH C MacCOM TEKYIIEH BOJIbI), IOCTYIAIOIICH B PEKY C HU3KOI CKOPOCTBIO, BOJIM3H BbI-
Opoca He BO3HUKAET TPEXMEPHBIX TypOYJIEHTHBIX 3(D(EKTOB.

JIMCKpeTHBII aHaoOr ypaBHEHWH MOJIENIM CTPOUTCS METOJOM KOHEUHBIX 00bEMOB Ha pa3HECEHHOI 1o
MPOCTPAHCTBY MPSIMOYTOIBHOM CeTKe:

['myOuHa A ompenenseTcst B MEHTPax S9YeeK, a KOMIOHCHTBI CKOPOCTH (X, y,t), V(X, y,t)— Ha TpaHHIIAX.
st anmpoKCcUMaIiid KOHBEKTHBHBIX WIEHOB Mconb3ytoTes cxembl MLU [9] u MUSCL. B cumny Toro, 4ro
XapaKTEePUCTUKH TEYCHUS] MAJIO U3MEHSIOTCSI C TEYEHUEM BPEMEHH, /sl O00HOH 3a1a4u NpenoYTuTeabHee
UCIIOJIb30BaTh HEABHBIM METO/.

JIst HaxoKJIeHusT penieHus! TMcKpeTHo! cucteMmbl Ha ocHoBe SIMPLE-anroputrma Ilarankapa u Cron-
JIMHTa OBLT IOCTPOEH UTEPALMOHHBIH aJITOPUTM COBMECTHOTO PELICHHS YPaBHEHHUIT HEPa3phIBHOCTH U JBHKE-
HHUSL, TO3BOJISTIOIIUI TIOJTyYUTh KOPPEKTHBIC YHCIICHHBIE PEILICHHUS ISl IT0JIeH CKOPOCTH U ITyOWHBI.

C MOMOIIIBIO TAHHOTO METO/1a OBUTH MTPOBEAECHBI paCueThl HEKOTOPBIX TECTOBBIX CIICHAPUEB, ILTIOCTPUPY-
IOIIMX pa3InuHbIC PEXKUMBI TEUCHHUSI, BIMSHUE HA HErO TPEeHUs ¥ penbeda AHa.

B kauecTBe Banuaanuy MareMaTHYeCKOM MOJEIIN U YUCIEHHOIO METO/IA IIPUBEJCHO CPAaBHEHUE IOy YCH-
HBIX PE3YJIbTAaTOB C SKCIIEPUMEHTAIBHBIMU JaHHBIMH, a TAKXKE pacyeTaMu, pusezieHHbIMH B [ 10]. CpaBHeHue
MO3BOJISET CYAUTh O TOM, HACKOJIBKO TUIIOTE3a MEJKOM BOABI TPUMEHUMA TS TOJJOOHBIX CITy4aeB.
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HEKOTOPbIE PE3YJIbTATbI

OnHUM M3 CaMbIX PACIPOCTPAHEHHBIX MPUIIOKEHUN ByMEPHON MOJIEIN METIKOW BOJBI SIBIISIETCS PacyeT
TEUCHNUS B OTKPBITHIX KaHaJax. Pe3koe N3MEeHEHNE HAMPABICHHS TEUEHHSI MOXKET BBI3BIBATH TIPOSIBICHNE TPEX-
MEpHOT0 XapakTepa TypOyIeHTHOCTH, YTO MOXKET YXY/IIIUTb JOCTOBEPHOCTh YHCIECHHOTO POTHO3a C HCTIOJIb-
30BaHUEM OCPETHEHHBIX YPABHEHUI.

B kauecTBe pacueTHON 00JaCcTH MCIONIB30BAJICS KaHAT ¢ TIOBOPOTOM IO MIPSIMBIM yIIIoM. BxomHo# y4a-
ctok umeer wupuny 0.86 m u poBHoe aHO. Cpasdy mnepea NoBOPOTOM YpoBeHb AHa nmouHukaercs Ha 0.013 .
Brrxonnoit yuactok umeer mupuny 0.72 m u poBHOE mHO. Cpemnss rryouHa Boabl £ ~ 0.175 m, BenmuumnHa
MIPOIOTBFHOM KOMITOHEHTHI cKopocT ~ 0.2 m/c.

Ha pucynke 1 npuBeneHo cpaBHEHHE MOTYUSHHBIX PE3yNIbTaToOB ¢ pacueToM u3 [10], rie aBTops! nccueny-
10T TEYEHHE B OTKPHITOM KaHAJIe C MPUMEHEHNEM aHAJIOTUIHON MOZIEIIH.

PucyHok 1. TeueHue B KaHasne ¢ NOBOPOTOM, NPOAOSbHAA KOMMOHEHTa ckopocTy g, (a) — pacyeT u3 [10], (6) — pacyet no pac-
CMaTpvBaeMoi MOLENK.

W3 pucyHKa BUAHO, YTO MOJIEINb YCIIEIIHO OOHAPYKHUBAET HUPKYISIIHOHHYIO 30HY 32 TOBOPOTOM.

[ Gonee neTaabHOTO CpaBHEHUS MOTYUYSHHBIX YUCICHHBIX PACU€TOB M UCCIICIOBAHNUS BIUSHUS pacyeT-
HOM CETKH Ha pelIeH:e, pACCMOTPUM N3MEHEHHE MTPOJI0JILHON CKOPOCTH ¥ KWHETHYECKOW SHEPTrUH TypOyJIeHT-
HOCTH B ITOTNIEPEYHOM CEYeHNH KaHaa ¢ x = 1.8 u, rjae odpasyercst 00/1acTh HUPKYISIIHOHHOTO TEYSHUSI.

L

iy
moaomoa Tadlneh o

PucyHoK 2. KnHeTuuyeckas aHeprva TypbyNeHTHOCTU U NPoAosibHaA KOMMOHEHTa CKOPOCTU B Ce4eHnm X = 1.8 M.

[IpennoxeHHast MOAETb W YMCICHHBIN METOJ TAaK)K€ MOTYT OBITh MCHOJIB30BAHBI PH PELICHUN 33/1a91
pacdeTa pacrpocTpaHeHHs OOKOBOTO BbIOpOca B JABIXKYyIIMiicsa moTtok. Ha ocHOBe 1aHHBIX O TIyOMHE peKkn U
CKOPOCTH TEYEHUSI ObUT ITPOBEJICH pacdeT MO KOHLIEHTPALUH.
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PucyHok 3. KoHLieHTpaums npumecy npy 60KOBOM BbIGpOCe B NOTOK (CMOLWIHaA AMHKUA — pacyeT no cxeMe MUSCL, nyH-
KTWpHas — no cxeme MLU).
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[TpuBeneHHBIE PE3YABTATHI IS IO KOHIEHTPALMH KaueCTBEHHO COIIACYIOTCS € pacyeTaMu u3 [6].

[TpoBeneHHOE TECTUPOBAHUE ITOKA3BIBAET, YTO BEIOOP OCPEIHEHHBIX M0 IIIyOHHE ypaBHEHUH U COOTBETCT-
BYIOILIEH MOZICJIN TypOYJIEHTHOCTH ITO3BOJIACT ITOTYYUTh PE3YIIBTaThl, XOPOLIO COIIACYIOIIHECS C SKCIIEPUMEH-
TaJIbHBIMH JAaHHBIMU IS CITy4aeB TSUCHUS C Pe3KUM H3MEHEHHEM HalpaBJIeHHs IOTOKA, a TAKOKE IIPH MOJIITH-
poBaHUHK BEIOpOCa B ABIKYLIYIOCS CTpyro. O0a 3THX BUJa TEYSHHs XapaKTEePHBI Ul IBHKEHHS BOJIBI B pycClie
PEKH, 4TO MO3BOJISCT IPUMEHHTH IIPEACTABICHHBIN OIX0/ K MOAEINPOBAHUIO PEYHOTO TCUCHHUSI.
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the Intergovernmental Panel on Climate Change, methane is the second greenhouse gas in its contribu-

tion to modern global warming. Though lakes occupy only 1,3 — 1.8% of a terrestrial surface, methane
emission from lakes (by different estimates) - is about 25% of the total flux of natural biogenic sources. Taking
into account this fact, it is obviously important to consider contribution of lakes to regional empirical estimates
of methane fluxes, as well as to develop specific models of methane emissions from lakes, in particular, for
their subsequent inclusion in climatic models.

For the quantitative and qualitative description of methane emission it is necessary to have detailed under-
standing of the mechanisms of regulation of this process and to predict it in the future. As the main research tool
we use the lake numerical model LAKE (Stepanenko et al., 2011).

In this work the LAKE model was applied to the small thermokarst lake Seida (Republic of Komi). An
attempt to consider the physical processes occurring in the lake was made and thus to obtain a satisfactory
agreement with observations. Another important direction of this research was the review and realization in the
model of various parametrizations of gas exchange at the air-water interface, which govern the magnitude of
methane diffusive flux. The most incertain element of this parameterization is the gas transfer velocity, &, that is
determined by a complex of insufficienly understood physical processes. These processes characterize a state
of the atmospheric surface layer above the water and the top thin layer of the lake.

S ince preindustrial era atmospheric methane concentration has increased about 1.5 times. According to

CEKLMA MOJENVMPOBAHWE WU AHAIN3 PETMOHANBHOIO COCTOAHWA NOLACTUNAIOLLEN COAEPHAHMUE »
MOBEPXHOCTW W EE TMAPOJIOMMYECKOI 0 PEXKMMA
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In current study, we implement four parameterizations of transfer velocity in the LAKE model: empirical
relationship of k& with wind speed (Cole J. and Caraco F., 1998), film stagnant model (Whitman, 1923), the
surface renewal model (Higbie, 1935; Lamont and Scott, 1970), solid wall model (Deacon, 1977).

Further, we carry out the general analysis of differences between the results of simulations with different
experimental setup.
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JIOUH/TYCTPHAIILHOM 3M0XH aTMOC(epHbIe KOHIIGHTPAIIMK METaHa YBEIUUUIIUCh PUOIM3UTENBHO B 1.5

pasa. COFJ'laCHO JaHHBIM Me)KHpaBHTeHBCTBeHHOﬁ TPpyHIibl SKCTIEPTOB 110 UBMCHEHHUIO KJIMMaTa, METaH

ABJIICTCA BTOPBIM 110 BEJIIMYMHE IMMapHUKOBBIM I'a30M, BHOCAIIUM BKJIad B FHO63.J'[BHO€ ITIOTCIIJICHUC.
Xot4 o3epa 3aHMMAIOT UMb 1.3-1.8% 3eMHOI TOBEPXHOCTH, IMHUCCHS METaHA U3 03€p IO Pa3HBIM OIIEHKAM
cocTaBisieT 710 25% oT CyMMapHOTO MOTOKA U3 €CTECTBEHHBIX OMOT€HHBIX UCTOYHMKOB. [IpuHIUMast BO BHUMa-
HUE 3TOT (baKT, PEACTABIIACTCA BAXXHBIM YUNUTBIBATH BKJIA/J] O3€P B PETHOHAIIBHBIC OMITUPUYCCKUEC OLCHKHU I10-
TOKOB METaHa, a TAaK)Ke Pa3BHUBAaTh MOJENM SMUCCHU METaHa C 03ep, B YAaCTHOCTH, IJISl X TOCIEAYIONIEro
BKIIFOUCHUS B KIIMMAaTHUYECKHE MOACIIN.

21_]'[5{ KOJIMYCCTBEHHOT'O U KAQY€CTBEHHOI'O OIMMMCAHUA OMHUCCHU METaHa CJICAYCT MMETh ACTAJIBHOC MPCI-
CTaBJICHUEC O MEXaHU3MaX PETYINPOBAHUA JAaHHOI'O IIpoIecca U YMETh NPEACKA3bIBATh €€ B 6y)1ymeM. B xaue-
CTBE OCHOBHOT'O MHCTPYMEHTA B HACTOSIIIEM HCCIICIOBAHUN UCIIOIb3YETCsl YUCICHHOE MOICIUPOBAHUE TTOTO-
KOB MeTaHa, peanu3oBanHoe B Mozienu Bogoema LAKE (Stepanenko et al., 2011).

B nactosmieii padore ¢ ucnonp3zoBanreMm moaenu LAKE mpoBoamiock YUCIEHHOE UCCIEI0BAHUE IS
HEeOOJIBIIIOTO TepMOKapcTOBOTO 03¢epa Celina (pecmyonuka Komu). beuta mponsBeneHa momnbITka y4ecTb Gpusu-
YECKHE MPOIIECChI, TPOUCXOIAIINE B 03€PE, M IIPU 3TOM IOIYYUTh YAOBICTBOPUTEIHLHOE COIIACHE C TaHHBIMHU
HaOroeHNH. JIpyruM BayKHBIM HAIPaBICHHUEM HCCIISI0BAHUS SBIISLICS 0030p U peain3aliusi pa3InIHbIX rapa-
METpHU3aIiil ra3000MeHa Ha IpaHHIle “Boga-arMocdepa’”, KOTOPhIC ONMPENCISIIOT BenuunuHy Auddy3noHHOro
IIOTOKa ME€TaHa U3 BoaocEMa. OCHOBHaS[ TPYAHOCTHb OLUCHKHU ﬂaHHOﬁ BCJIIMYMHBI 3aKITIOYACTCA B TOM, UTO KO:)(I)-
(unmeHT razooOMeHa k orpenesnsieTcs CI0XKHON M He BIOJTHE W3YYEHHOHN 3aBUCHMOCTBIO OT PAa3IMIHBIX (pH3u-
YECKHUX MPOIECCOB, XaPaKTEPHU3YIOIINX KaK COCTOSIHUE aTMOC(EPbI Hal BOIHOW MOBEPXHOCTHIO, TAK M BEPXHE-
ro ciiost Bogoema. B paboTe peann3oBaHbl YeThIpe MapamMeTpu3anuu ko3GGUIlMeHTa ra3000MeHa: IMIHUpUIe-
cKas 3aBUCUMOCTD k oT ckopocTH Betpa (Cole J. and Caraco F.,1998), Monenb TOHKON HETIOABW)KHOHN TUICHKH
(Whitman, 1923), monenb oOHOBIeHUsI ToBepXHOCTH (Highie, 1935; Lamont and Scott, 1970) u Mmoaenb TBEp-
noit crenku (Deacon, 1977). Takxke mpoBOAUTCS OOLTUI aHATN3 UyBCTBUTEIILHOCTH MOJICTTH K Pa3IMYHbIM I1a-
paMeTpaM U napaMeTpU3aLrsIM.
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SL-AV developed at INM RAS and Hydro-

metcentre of Russia is applied for operational
medium-range weather forecast, and also as a com-
ponent of the probabilistic long-range forecast sys-
tem. Participation in future CMIP projects would re-
quire numerical efficiency of the atmospheric model
that is not reached by the current INM RAS climate
atmospheric model. On the basis of the existing SL-
AV versions, the unified multi-scale model version is
developed. This version is intended both for numeri-
cal weather prediction and for modeling of climate
changes. The specific features of the multi-scale ver-
sion are described. The numerical experiments on
climate modeling with the developed multi-scale
version are carried out according to the protocol of
the international AMIP2 experiment. First results are
presented. The possibility of application of the uni-
fied version of the SL-AV model, after some develop-
ment, for climate changes modeling is shown.

The global semi-Lagrangian atmosphere model
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rno6anLHaﬂ MoJTyJIarpamKkeBa Mojeab oOIIei

mupkymsitun - armocdepst  [IJIAB - (ITouy-

JlarpamxeBa, OCHOBaHHasi Ha ypaBHeHHH AO-
COMIOTHOI 3aBuxpennoctn) [1, 2], paspaboranHas B
VBM PAH u I'mnpomeriientpe Poccun, mpumensier-
csi ISl OTEpPaTHBHOTO CPETHECPOYHOro IPOTrHO3a
norofel B ['mapomernentpe Poccun m Cu6HUT' MU,
a TaKk)Ke B KaueCTBE KOMIIOHEHTA CHCTEMBI BEPOST-
HOCTHOTO JIOJITOCPOYHOTO TPOTHO3a B I'mupomer-
nenrpe Poccun.
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OpurHHaIBHBIMA OCOOCHHOCTSIMHU OJIOKa peIIeHHs ypaBHEHUH nuHamuku atmochepst mogenu 11JIAB
SIBJISTIOTCSI MICTIONb30BAHUE BEPTUKAIBLHON KOMIOHEHTHI a0COTIOTHOH 3aBUXPEHHOCTH M IUBEPTEHIINH B Kade-
CTBE MPOTHOCTHYECKUX MEPEMEHHBIX U NPUMEHEHHE KOHEYHBIX Pa3HOCTEH YETBEPTOro MOpsiKa Ha HecMe-
IICHHOW CEeTKe JIJIsI alMpOKCHMAIINN HeaBEeKTHBHBIX claraeMbIX ypaBHeHuil. B monemn ITJIAB nHapsny ¢ opu-
TUHAIFHBIM OIOKOM PEIICHHS YPaBHEHUH THHAMHUKH aTMOC(Ephl COOCTBEHHON pa3paboTKH B OCHOBHOM IIPH-
MEHSIOTCSI aITOPUTMBI ITapaMeTPU3alMii IIPOIIECCOB MOACETOYHOTIO MaciITada, pa3paboTaHHbIE MO PYKOBOI-
ctBoM JK.-®@.)Kenena BosrraBmsieMbiM DpaHnneil KOHCOPIUYMOM IO ME30MacIITaOHOMY MPOTHO3Y ITOTOBI
ALADIN/LACE [3, 4]. B Mozmens Taxoke BKIIIOUEHAa OTEYECTBEHHAs! MapaMeTPH3aIHs KPyITHOMACIITaOHBIX
0CajKoB [5] 1 Mozenb MHOTOCIIOWHOM TI0YBHI [6]. B HOBBIE BepCHU MOJIENTH BKIIIOYEHBI CBOOOIHO PacIpoCTpa-
HSEMBIE TTapaMeTpu3aiui KopoTKoBorHOBOU paanaru CLIRAD-SW [7, 8] u mnmuaHOBOMHOBOM RRTM-LW
[9].

B pamkax npoekra Poccuiickoro HaygHOTO (hOoHIA BemeTcs pa3paboTka Moaenu o0Iel IUPKYISIHA aT-
Mochepbl HOBOTO TTOKOJICHUS], TIPEHA3HAYCHHOM AJIs1 MOJISTUPOBAaHNS U3MEHEHHH KinMarta. B cooTBeTcTBIY ©
9THM TIOXOJIOM MOJENb TUHAMUKN aTMocheps! cymiecTByromeii moaenu knumata UBM PAH INMCM4 (ue
MTO3BOJISTIONIAS PEATU30BaTh TPEOyEeMyT0 BEIYUCIUTENBHYIO 3()(hEeKTHUBHOCTE) TUIAHUPYETCS] 3aMEHHUTD Ha IJI0-
GanmpHYIO TIONyNarpamkeBy Moaens armocdepsr [IJIAB. HoBas Bepcust 610ka JMHAMUKH JaHHOW MOJIEITH CO-
XpaHsAeT MacCy BO3AyXa W BOISHOTO Mapa ¢ MAaIMHHON TOYHOCTHIO [10], 9TO maeT BOBMOXXHOCTH TPUMEHHUTH
MOZIEINb U JUTS JUTUTEIBHBIX PACUETOB MO BOCIIPOU3BEICHNIO KITMATa.

Mozens 00miel TMPKyISIIUT aTMOC(Epbl, OPHEHTHPOBAHHASI HA BOCIIPOM3BEICHNS KaKMX-TH00 BPEMEH-
HBIX MacIITaboB, TOJKHA a/IeKBaTHO BOCIIPOM3BOIUTH MPOLIECCHI BCEX BPEMEHHBIX MaciuTabos. Kpome Toro,
3aTpaThl Ha MOJIEPKKY HECKOIBKNX PA3IMYHBIX BEPCUN OXHON M TOMU ke MOJIENH, OTIINYAIOIINXCs HabopaMu
HCIIOJIb3YEMBIX NIapaMeTpHU3aluii, HOMEHKJIATypOi IPOrHOCTUYECKUX MOJIEN U Jp. HEONPAaBJaHHO BBICOKHU. B
JIOKJIaJie TIpeJicTaBIeHa HOBasi MHOroMacirabHas Bepcust moaenu [1JIAB Ha ocHOBe yHU(HKAIIMN HECKOIBKUX
BEpCHUH, MPECTABICHHBIX B Ta0a.1. DTa Bepcus MOXKET OBITh MCIONBF30BaHA KaK I YUCIEHHOTO MPOTHO3a
MIOTO/IBI PA3IMYHOM 3a0/1ar0BPEMEHHOCTH, TaK U JUISl MOAEIMPOBAHUS U3MECHEHNH KIIMMara,

[TapameTpu3aimy MpoueccoB MOACETOYHOTO MAcIITaba B OCHOBHOM COOTBETCTBYIOT HOBOM BEpCHHU MOjie-
M, TIpeTHa3HAYSHHOH JUI CPETHECPOUHOTO MPOTHO3a MOTo/bl. B MHOroMacmrabHyo BEpCHIO MOAEITH BKITIO-
YeHa yCOBEPIICHCTBOBAHHAS CXEMa MapaMeTpU3aliy MINPOKOIIOJIOCHOTO alb0eI0 CHera, B KOTOPOi M3MeHe-
HHE 3TOT0 ITapaMeTpa Mo MEpe BBINAZCHNUS CBEKETO CHETa MPOU3BOANTCS INIABHO, a TAK)KE yUUTHIBACTCS 3aBU-
CHUMOCTH alb0e/10 0T 3¢HUTHOTO yrita conHma [11].

B pexxnme MonenupoBaHus H3MEHEHUH KJIMMaTa B IPOrPaMMHOM KOMIUIEKCE YHH(DUIIMPOBAHHON BEPCUH
MOZIENHN TIPETyCMOTPEHO NMEPUOANIECKOE M3MEHEHUE HIDKHUX TPAaHUYHBIX YCIIOBUH, a TAKXKe Bblada HE0OXO0-
JUMBIX XapaKTEPUCTHUK B COOTBETCTBHM C TPEOOBAHUSIMU IIPOTOKOJIOB MEXTYyHApOAHBIX IKCIIEPUMEHTOB
AMIP, CHFP u T.11. (Hanpumep, BceX KOMIIOHEHT TIOTOKOB HMITYJIbCa, TEIUIA M BIIaTH Ha TIOBEPXHOCTH). BriBOI
JTAaHHBIX, HEOOXOAMMBIH Is1 MOAEIMPOBAHUS U3MEHEHNH KIMMara, ObII paciapauiesieH ¢ HOMOIIBIO TEXHOIO-
run MPI. TopusonTaneHoe pasperienne MOAEIH B KOH(PpUTYpauu s UCCISIOBAaHUS M3MEHEHHMH KIMMara
cocrasyser 0.9x0.72 rpagyca 1o TOATOTE U MUPOTE COOTBETCTBEHHO, 28 YPOBHEH 10 BEPTHKAIH (COBIANACT C
pa3pelnIeHneM ONepaTUBHON BEpCHH, TIPETHA3HAYCHHON [UIsl CPEAHECPOTHOTO ITPOTHO3A MTOTO/IBI).

Tabnuua 1. OcHoBHbIE XapaKTePUCTMKM pa3nMyHbIX BeEpcUi Mofenm atMocgepb M/1AB.

« Bo3moixk-
o | m o oan £ HOCTD Homen-
= | Sx9E| 2 esKeHeB- KJIaTypa
Bepcus S| 22 é s | A »
Paspemenue T | S 3 S MMapas. HOIi Moau- BBIBO/IM-
Mo €N 2 | EET & &
S | R d | z dukanuun MBIX
S~ § rPaHUYHBIX noJeii
YCJIOBHIA
1.4°x1.1°%,
Omnep. «Ce30HHAN L - - - OpenMP + CKITAM.»
28 ypoBHelt
Omep. 0.9°x 0.72°
P J OpenMP - «onep»
«CpeIHEeCPOYHas» 28 ypoBHel

0.5625° mo monrore;

+
Omnep. CuoHUT'MU ot 28 1o 80 kM - - - MPI - «omnep»
o OpenMP

o mwupore, 50 ypoBHeit
0.225°, o mmmpote ot 27

Hosas KM B I03K. [IOJIyLIApUU ) + i MPI+ ) «OLEDY

«cpemHecpouHasm» 1o 18 xm B Ces. OpenMP P
51 ypoBeHb
MPI+ CKITUM»
VYaudunuposanHas NPOU3BOJILHO + + + OpenMP + WIH «oTiepy

< CONTENTS SESSION MODELING AND ANALYSIS OF REGIONAL CLIMATE



PE3YNIbTATbI YAC/IEHHBIX 3KCNEPUMEHTOB

VYanuunupoBaHHast BEpcHsl MOJEIH OblIa CHauasla IIPOBEPEHa Ha CEPUU CPETHECPOUHBIX IIPOTHO30B MO-
TofIBI ¢ 3a0aroBpeMeHHOCThIO /10 120 gacoB. 3a cueT Gosiee COBEPIICHHBIX MTapaMETPU3aIMiA MPOIIECCOB MO/
CETOYHOTO MacmTada U yCOBEpPIICHCTBOBAHUN AMHAMUYECKOTO Spa OMIMOKH CPEAHECPOIHOTO POTHO3a He-
CKOJIBKO MEHBIIIE Y YHU(HUIIMPOBAHHOH Bepcuu Monend (moapoduee cm. [11]).

HemanoBaXHBIM MPEUMYIIECTBOM YHU(DHUIIMPOBAHHOW MOJEIH MO CPABHEHUIO C OTNIEPATHBHON BepcueH
siBIsieTcst 6oinee 3(h(hEeKTUBHOE NCTOIB30BAHNE BBIUYMCIUTEIBLHBIX PECYPCOB. YHU(HUINPOBAHHAS BEpPCHUs, HC-
monb3yromias coueranue Texaonoruiit MPI u OpenMP, mpakTidueckn THHEHHO MacIITa0HpyeTCs IPH pa3pere-
Huu 0,9x0,72 rpagyca u 28 ypoBHSIX IO BEPTUKAIIHU 10 64 MPOLIECCOPHBIX SAEP, NPU UCTIONb30BaHuM 128 siep
BCE CIlle 3aMETHO YCKOPEHHE BBIIIOIHEHHS ITPOTPAMMBI 110 CPaBHEHHIO ¢ 64 siapaMu. DTO KpailHe BasKHO IS
TUTAHUPYEMOTO HCTIOB30BAHMST MOJICIIH JUTSl MOJICTUPOBAHNS N3MCHEHHH KITMMaTa.

C momompto yHEpHUIIIpOBaHHOW Bepcun Momenu [1JIAB ObIT BBRIMOTHEH SKCIEPHUMEHTAIBHBIA pacdyeT
arMoc(epHON UPKYISIMN Ha IECTH JIET MO MPOTOKOITY MEXTyHapoJHOTO sKcriepumenTa AMIP2 ¢ n3BecTHbI-
MH, MEHSIOIIMHUCS BO BDEMEHH ITOJISIMU TEMIIEPaTypbl TOBEPXHOCTH OKEaHa N KOHIIEHTPAIIMH MOPCKOTO JIb/Ia,
JUTsl HauasabHbIX JaHHbIX 3a 01 ssHBaps 1979 rona.

[TpenBapuTeabHBIC OIIEHKH MOJEIBHON KIMMATOJIOTHH TIOKa3bIBAIOT, YTO MOAEH BOCIIPOU3BOUT OCHOB-
HBIE KPYITHOMAcCIITaOHbIE 0COOEHHOCTH HalmoaeMoii arMocepHoi tuHaMuKH. CpeTHessHBAPCKOE JIaBICHNE
Ha YpOBHE MOps B Mozien (pUCcyHOK 3 B [11]) B 0CHOBHOM OJIH3K0 K HaOIIOMaeMOMY (JTHIIb aJeyTCKIHA MUHH-
MYM JIaBJICHUS CABUHYT B MOJIETIH K CEBEPO-BOCTOKY M BBIPAKEH O0JIee CHIIBHO 110 OTHOIICHHIO K HaOJII0/ICHH-
siM). CKOpOCTh 30HAITLHOTO BETPa B MOJIENU B Tporocdepe (pucyHok 1) Tarxoke Onm3ka k HaOmoneHusM. Heko-
TOpOE 3aBBIIIEHNE CKOPOCTH BOCTOYHOTO BETPa B CTpaToc(epe B TPOMHUKAX MOXKET OBITH CBA3aHO ¢ 0COOCHHO-
CTSMH AMHAMHUYECKOH CXeMBbI Ha DKBaTope, KOTOpPhIE, MO-BHIUMOMY, TPEOYIOT KOPPEeKTHPOBKU. C 3THMH XKe
0COOCHHOCTSIMH MOJKET OBITh CBSI3aHO U MOSIBJICHHUE CIIA0BIX 3aIaJHBIX BETPOB BMECTO BOCTOUHBIX B TPOIIHYE-
CKOH HIKHEH Tporocdepe.

AHanmu3 CTpyKTypHI TIOJISI TIOTOKA TEIIa Ha CEBEp, MOPOKIAEMOro CTalMOHAPHBIMH BOJTHAMH (3UMOH),
MIO3BOJISIET C/IENaTh CIIeNyIoUIne BBIBOABL. B Tpomocdepe ceBepHoro momymapus nmoTok pocturaer 10-15
K-™m/c, garo cootBercTBYyeT nanubM peananm3a NCEP/NCAR. B crparocdepe momens 3aHIKaeT TaHHYIO Be-
manny (35 K-m/c o cpaBaenuto ¢ 60 K-m/c mo apxuBy NCEP/NCAR). [TockombKy TIOTOK TeMIIEpaTyphl TIPo-
MOPIMOHAJICH BEPTUKAILHOMY TTOTOKY SHEpPTHH BOJH PoccOM, MOXXHO KOHCTaTHPOBATh, YTO CTAIlMOHAPHBIC
BOJIHBI PACTIPOCTPAHSIOTCS B CTpartocepy B MOJIENIN HECKOIBKO MeHee 3 QEKTUBHO, YeM B Ipupozae. Takoit
HEJI0CTaTOK MPHUCYI] MHOTUM MOJIEISAM O0IIel UPKYISAINN aTMOC(epsbl.

— —10 =B 5 10

Pucynok 1. CpefiHesHBapCKan CKOPOCTb 30HaNbHOM0 BeTpa (M/c), ocpejHEHHas BAOMb Kpyra LUMPOThI N0 JaHHbIM MOAENH
(BBEpXY) 1 peaHanu3a ERA (BHU3Y).

B eJioM, Ka4€CTBO BOCIIPOU3BEACHUSI COBPEMEHHOI'O KJIMMaTra MOJCJIbIO IIJIAB MOXHO cUMTATh HEILIO-
XHM, U IIOCJIC HeKOTOpOﬁ HaCTpOﬁKH MO/JCJIb, MTO-BUAUMOMY, MOXKET OBITH ycneumHo COCThIKOBaHa ¢ MOJCJIbIO
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OKeaHa. B 3akiroueHnn ciemyer 3aMETUTh, YTO JaHHBIE PACUETHI BHIIOIHSUINCH C TOMOIIBIO BEPCHH MOJEIH,
MMEIOIIEeH anoCTepHOPHBIN KOPPEKTOpP Macchl aTMochepsl. B nanpHelmeM s MOIeTMpOBaHUs N3MCHEHUH
KJIMMaTa IUTaHUPYeTCs MPIMEHSATH JIOKaTbHO-KOHCEPBATUBHYIO BEPCHIO JTMHAMUYECKOT0 O1oka Mozenu [9].
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Influence of Siberian rivers runoff on the balance of fresh
water in Arctic Ocean

Kuzin V.1, Platov G.A., Lapteva N.A.

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

latitudes of the Northern Hemisphere. The problem of describing these changes is very complex and
requires consideration of many factors, including the formation and melting of ice, the influx of Atlan-

tic and Pacific waters, as well as the runoff of the northern rivers.
This paper presents a study of the Siberian river fresh water anomalies distribution in the Arctic Ocean in
XXI century based on the simulations by the river runoff and the ICMMG Arctic Ocean circulation model. The
input data is the output of the models provided to IPCC RCP 8.5 CMIP5 scenario. Calculations of the interan-

C limatic changes in the past decades in the world, more so than anywhere else, has the impact in the high

< CONTENTS SESSION MODELING AND ANALYSIS OF REGIONAL CLIMATE


mailto:kuzin@sscc.ru 

nual variability of the river runoff in the XXI century have the general positive trends, but it have significant
differences in the fresh water input to the Kara Sea and the Eastern Arctic seas. Model runoff in accordance
with the precipitation increases, which may be a response to climate change in different regions in Siberia, as it
was observed in recent decades. From the analysis of the results the river fresh water distribution in the Arctic
Ocean, it follows that the most important role of fresh water trajectory anomalies becomes in a period of chang-
es of the atmospheric circulation. The increase in export of fresh water through the Fram Strait and then de-
crease is in accordance with the AO/NAO indices is fixed. Similar, but much smaller, changes occur to the ex-
port of fresh water through the Canadian straits.

Bnnanne ctoka Cnbmpckux pek B XXI BeKe Ha 6anaHc
npecHon Boabl B CeBepHOM J1leJOBUTOM OKeaHe

Kysun B.WU., Mnatos I A., JlanteBa H.A.

WHCTUTYT BbIYMCIIMTENbHOI MaTeMaTUKKU U MaTeMaTuyeckoii reodusmuku CO PAH, Hosocubupck, Poccus
E-mail: kuzin@sscc.ru

BBEAEHWE

B xmmMatmaeckoit cucteme 3eMin ApKTHKA UTPAaeT BAKHYIO POIib. B 9aCTHOCTH 3TO OTHOCHTCS K THAPO-
JIOTHYECKON COCTABIAIONICH KIIMMAaTHIECKHX MporieccoB B Apkruke u CeeproM Jlenosurom okeane (CJIO).

OO01ee KOTMYECTBO MPECHOI BOIBI OICHWBAEMOE OTHOCHUTEIHHO CPETHETO 3HA4YCHUs COoleHOCTH 34.8
TIPOMIJIIC COCTABIISCT IO OLleHKaM 74x7.4 Teic.Ky0. kM [1].

Kpymnnsle pexu poccuiickoro Cesepa JaroT 0Koio 2.24 TeIc. Ky0. KM B TOAI, YTO cocTaBisieT okoso 70% ot
BCEro peuHoro ctoka [2]. Hanbonpuryto BeTMYNHY CTOKA JAr0T Taknue pekn kak Exmceit, Jlera nu O0b, uTO co-
cTaBiseT okoio 45% mpuroka Beeit mpecuoit Boas! B CJIO [3]. Ha ocHOBE gaHHBIX MO THAPOIOTHIECKUM CTaH-
LUSIM JUTS OCTAIIBHBIX CHOMPCKHX PEK TOI0BBIE CTOKM NMEIOT MEHBIINE 3HAYSHUS, OTHAKO /IS M3yUEeHHUS ITpec-
HOBOZIHOTO Oananca B CJIO oHm Takke HOIKHBI OBITH yuTeHBl. CyMMapHBIE TOZOBBIC PACXOABI 32 MEPUOIBI
m3MepeHuii B XX BeKke mpeTepreBaeT CymeCcTBEHHBIE MEXTOI0BbIe BapHanni. Pacxox nmpecHoit Bomasr u3 CJIO
npoucxoauT yepes nposnus @pama u nponussl Kanagckoro Apxwumenara. Ota Boja, Oylydy BEIHECEHA B BUJIE
JIbJ1a WX TIOTOKA BOJIBI TIOHMKEHHOM cosleHocTH 3a mpezensl CJIO B ceBepHble MOpSI ATIIAHTUKH, SIBIISICTCS
CYIIECTBEHHBIM PETYIATOPOM B (POPMUPOBAHUN TEPMOXATHHHON CTPYKTYPhI M MEPHIHMOHATBHON IUPKYIIALIUIH
He ToipKo CeBepHO# ATIaHTHKH, HO M Bcero MupoBoro okeaHa [4, 5].

HHTEpecHBIM MPEACTABISIETCS] BOIPOC: OyIeT I MPOLECC YBEIMUESHUS PEYHOTO CTOKA, HAOIIOAABIINHCS
B kKoH1Ie XX 1 Havare XXI Beka, MpoIosKaThes U B JaNbHEHIIIEM, IPOAYIUpPYsS OOpaTHBIE CBSI3U B KIIMMaTH4e-
CKOil cucteme. B pabote paccMaTpuBaroTCsl pe3yabTaThl MOICITUPOBAHNS MEKTOAOBBIX M3MEHEHHUI ITPEeCHO-
BOIHOTO OanaHca, KOTOpbIe MOTYT MpoucxonuTh B CeBepHoM JlemoBuToM okeane B X XI Beke mpy BapHaIisIxX
PEYHOTO CTOKA CHOMPCKHX PEK, PACCUNTAHHBIX HA OCHOBE PE3YJIbTaTOB PacdyeToB 10 MoAeisiM crieHapust RCP
8.5 mpoexra CMIP-5 o Mmonenu pednoro ctoka u Moaesw nupkyisimuu CJ1O.

1. MOOEJIMPOBAHME PEYHOIO CTOKA

Mogeinb peqyHOro CTOKa SIBJISIETCs IMHEHHOU pe3epByapHOi Mozienbo. MoJienb COCTaBIeHa U3 TMHEMHbIX
pe3epByapoB WK KacKaja pe3epByapoB B siuelikax ceTku. CKOPOCTh H3MEHEHHS CTOKA U3 STYCHKHU HIIH KacKaia
siueeK B mpocreiinieM Bapuante mojenu Kannnuna-Muittokosa [6, 7] onpenensieTcst Ha OCHOBE PEILEHHUsT UH-
Terpaia ceepTkH ([Jroamerns).

B KOHKpeTHOW peanm3ald MOJCIH HCIIONB30BAlaCh CTPYKTYpa, MPEUIOKCHHAs B MHCTUTYyTe Makca
[Tanka B [amOyprckoro yHuBepcuTera [6]. B 3TOM moxoze moTok BOIb! Ha CyIIIe pa3aesisaeTcs Ha TPU COCTaB-
JISFOIINE: IOBEPXHOCTHBIA CTOK, TPYHTOBEIH CTOK, PEYHOH CTOK.

WudwmisTpariyst BOIB B TPYHT IPOBOAMIACH B KAXKIOH SYCHKe Ha OCHOBE XapaKTEPUCTUK TOBEPXHOCTH H
MPOIICHTA CPETHETO TPYHTOBOTO BIATOCOJCPKAHUS HA OCHOBE THIPOJOTHICCKUX MaHHBIX U KaKI0ro Oac-
ceitHa. B kax1oif ssaeiike MpOU3BOJUTCS YUET IPOLIEHTHOTO COAEPIKAaHMUs OOIOT U 03ep.

B Mozxenm yunrtsiBanuch 6acceiinsl pex: O0p-Uprhii, Aurapa-Ennceit, Jlena, Ilyp, Ta3, Xaranra, Ana-
6ap, Onenex, Sna, Mnanrupka, Koneima. [1py npoBeseHNN YMCICHHBIX SKCIIEPUMEHTOB 10 KJIMMaTHYECKOH
MOJIEIT! PEYHOTO CTOKA OBLIO BRIOpAHO pa3pelieHue cocTaBisomee 1/3 rpamyca mo mupoTe U JI0JIroTe COOT-
BETCTBEHHO.

Brut mpoBenen uncieHHsIi skciepumenT st X X1 Beka (mepuon 2006 - 2100 1T.) Ha OCHOBE TAaHHBIX pac-
yetoB 1o moxenaM GFDL-ESM2M, MIROCS, INMCM4 cuenapHroro skcriepumenta RCP 8.5. Ananus pe-
3yJIbTaToOB 10 CTOKaM B pasiuuHble akBaropuu CJIO moka3biBaeT, YTO CYLIECTBYIOT 3aMETHBIE Pa3iUyus B
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nputokax B Kapckoe Mope u B BocTounbsle Mopsi ApkTHkH. B crokax mist mogenn INMCM4 B Kapckoe mope u
st mozern MIROCS B Boctounsie Mopst HabmomaeTcs aeunut noctymieans Boasl B CJIO no 2040 roxa.
[Tocne 3TOTO, 3HAYEHHUS CTOKA YBEITUYMBAIOTCS, MPEBBIMIAs KINMaTHdecKkue. [ oCTalbHBIX MOIENeH CTOK
MIPEBBIIACT KIMMATHIECKUI s Bcero nepuofa. [Ipu aTom HabIromaeTcs MoIoKATENbHBIN JINHEHHBIN TPeH T
CTOKa BO BCEX CITy4asx, 9TO MOXKET SBISATHCS OTKIMKOM Ha KIIMMaTH4YecKue u3MeHenus: B CHOupu npu yBenu-
yeanu CO,, MPUBOIAIINE K POCTY CTOKa CHOMPCKUX peK, HaOmonaeMbIX B mocienaue aecsaruierns (Puc. 1).
J171 BOCTOYHBIX peK 3TOT TpeH[I 0oJiee BhIpakeH. PaccunTaHHbIe CTOKH SBISIOTCS JAHHBIMHE JJIS PACYCTOB JTH-
HaMUKH OanmaHca pecHoi Boabl B CeBepHoM JlemoBurom okeane o moxenu mupKymsiuu CJIO.

2. MOOEJIMPOBAHWE PACIPOCTPAHEHMA PEYHBIX BOA B CJ10

Jnist BbIsIcCHEHNs Oy/yIero BKJIaaa MEeXTol0BOH H3MEHUYNBOCTH CTOKa CHOMPCKHX PEeK B OaaHC MpecHOi
Bonibl B CJIO ucnomnp3oBanachk peruoHaibHasi Mojieab ApKTUKU U ceBepHOU Amnantuku UBMuMI™ CO PAH
[8]. ObmacTp pemreHUs BKIIOYACT B ceOs apKTHUCCKUI OacceifH, CEBEPHYIO M SKBaTOPHATIBHYIO ATIAHTHKY,
HaumHas ¢ 20°S. XapakTepucTHKH HIDKHEH atMocdepsl, Opanuchk u3 JaHHEIX moprana CMIP-5, momydeHHBIX
o pe3ynsratam padotel Mmoaeneit GFDL-ESM2M, MIROCS, INMCM4 s ciieHapHOTO dKerepumenTa RCP
8.5, oxBarbiBatowero nepuoa ¢ 2006 roxa o 2100 rog.

Mo momemm mupkymsun CJIO ObUTO IPOBECHO JBa pacueTa ¢ perHOHaIbHON MOfebio. B iepBoM s
BCEX PEK PETHOHAa APKTHKH M CEBEPHOM ATIAHTHKH 331aBaJICS] KITMMAaTHYECKUI pacxos, TOCTPOCHHBIN Ha OC-
HOBE JaHHBIX [2, 9], a BO BTOPOM — HapsIy C STUMH JJAHHBIMH OT/ICJIBHO JJIsl CHOMPCKHX PEK 33aBaJIcsi pacxof,
TIOTyYCHHBI Ha OCHOBE PE3YJIBTATOB AKCIEPHMEHTOB, MOIYYCHHBIX 10 MOJIEIH PEYHOTro cTOKa. OCHOBHBIC
yepTsl qupKyasiiuy CJIO cBA3aHBI ¢ BHEITHNM, TI0 OTHOIIEHHIO K CHCTEME OKEeaH-JIE], aTMOC(HEPHBIM BO3/IEH-
ctBreM. OCOOEHHOCTH IBIXKEHHST aTMOC(EPBI MOTYT OBITh BBIPDAXKEHBI B 3HAYCHHUSAX WH/IEKCA CEBEPOATIIAHTH-
geckoit octmuiun NAO u uanekca apkrudeckoit ocummsain AO. [l ux orerkn B X X1 Beke HE0OX0muMo
UCTIONIb30BaTh PE3YNBTATHI CIIEHAPHBIX pacueToB. CHHTYIIPHOE pa3jIokKeHHe BPEMEHHOTO X012 BEKTOpa COCTO-
STHUSI 6APOTPOITHOTO OKEaHa MOKAa3bIBACT, YTO /IS IIEPBBIX YETHIPEX MOJI PA3JIOKEHNSI BDEMEHHOM X0J1 KO du-
IIMEHTOB Pa3JIOKEHHs MTOKA3bIBACT, UTO HANOOJIEe TyBCTBUTEIBHON K KOJICOaHUSIM NH/IEKCOB SIBIISIETCS TIEpBast
MO/Ia pa3JIoKeHus. B OCHOBHOM 3TO OTIMYME 3aKJIIOYACTCsl B MHOM XapaKkTepe HUPKYISINUHU TIPH OTPHULIATEIb-
HBIX 3HaYEHHSIX aTMOC(EPHBIX HHIEKCOB. B repBoii MoJI0BHHE CTONIETHS, KOT/a PeaTn30BbhIBaiack (haza moso-
JKUTEJIBHBIX MHICKCOB IIUPKYJISIIAHU, BEIHOC OTKJIIOHEHUH COJEpKaHMs IIPECHON BO/IBI M3 paifoHa BO3MYIICHHI
(Kapcroe mope u mope JlanTeBbix) B cTOpoHy npoirBa @paMa MPOUCXOANUT MPAKTUIECKH 10 MPSIMON JINHUH,
COCIMHSIONIEH AT /IBa paiioHa, Oaroiaps TPaHCIOIIPHOMY Jpeidy, 1 pacpocTpaHseTcs 1anee BAOIb H0XK-
HOTO TI0Oepekbs [ peHnannnu B ATIaHTHIeCKI okeaH. Bo Bropoit monoBuHe X XI Beka (haza MHIECKCOB ITUP-
KyJIAIUK OblJIa OTPUIATEIILHOM, IMO3TOMY TPAaEKTOPHUS JIBIKCHUS aHOMAJIHMH TPECHOW BOJBI, COOTBETCTBYS
M30JIMHUSIM (PyHKIIMH TOKa 3TOTO NEPHO/Ia, TIPOJICTACT JIAJIeKo 3a npezenaMu xpedTta Jlomonocosa (Puc. 2).

W3 anann3a pe3ynbTraToB YHCICHHOTO MOJECIMPOBAHMS PaclipOCTPaHEHHs TIPECHON BO/IBI B APKTHKE Clle-
JIyeT, 9TO Hauboiee BaKHOM pOJb aHOMAIMH MPECHOW BOIBI CTAHOBUTCS B MEPHOIBI CMEHBI aTMOc(hepHOH
LUPKYIISIIHN.

GFDL MIROCS

B Haocuoe mope BMooe Namessx O Boctouno-Cubuncnoe mooe

XX pex = = ~Hapcwoe mope = = Mope Mlanressa ====- Boctouno-Cubupceoe mope

Puc. 1. M3amMeHeHMA rogoBbIx peyHbIx cTOKOB B XXI

Beke anA Tpex mogeneit IPCC. BepTukanbHble nnHUK

0603Ha4aloT aMNMTYaY MEXKIof0BON M3MEHUMBOCTU Puc. 2. KapTuHa pacnpocTpaHeH1a aHoManui NpecHom Bofbl: a)

B YKa3aHHbIN nepuog. [0pu3oHTanbHble IMHWK Npea- B nepuop nonoxumtenbHoro 3HadeHma NAO (AO) — 2027 r.n6) B

CTaBNAOT KNMMaTUYeCKue 3HaveHna ana XX BeKa. nepvoa oTpuuatenbHoro 3HadeHua NAQ (AO) — 2073 r., cornacHo
mogenu UBM PAH Ha nepvog 2006-2100 rr. no cueHapuio RCP
8.5. CnnoLuHble KOHTYpbI COOTBETCTBYIOT NOMIOMMTENbHBIM 3Ha-
YEeHWAM aHOManWK, NYHKTUPHbIE — 0TpULLaTENbHBIM. CTpenkm
0603HavaloT npeobnagaioLLee HanpaB/eHMe NepeMeLLeHnsa aHo-
Manui.
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The new in the analysis of geophysical data
with complicated structure

Cheredko N.N., Krutikov V.A., Tartakovsky V.A., Markelova A.N., Volkov V.Yu.,
Polischuk V.Yu., Ivanova E.V.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: atnik3@rambler.ru

lies in the fact that monitoring data contain many the hidden information. Perhaps, for this reason there are

problems in modelling of climate processes. In this regard it is important to revert to the instrumental mea-
surements. It is related to the need to accounting of nonlinear interactions of various factors. It is necessary to
install the new attributes of objects, to formulate concepts, patterns of functioning. We have developed ap-
proaches that use physical principles and rules of selection, based on the experience of meteorological analysis.
The specific objectives of this study are the discovery 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. We provide algorithms for identifying and allocating
a general signal is proposed in the aggregate of habitat-forming and climate-forming processes. This is done
based on the assessment the degree of their coherence taking into account the manifestations of external forc-
ings. The new idea is that the external forcing, that initiates the processes of different nature, is manifested in a
similarity of their essential features. Changes in total external forcings can the system to transition to a new
qualitative state result. Coherence is proposed to determine the coincidence of essential features that need to be
installed. To this end, are introduced and are allocated components of data sets with coinciding and with nonco-
inciding essential features. This computing technology allows to allocate the climatic structure in the fields of
elements of climate and monitor the impact of factors of different scale in the formation of these structures with
annual resolution. Criteria for selection of classes is synchronous changes of the processes within the class, and
the measure of the consistency is the correlation coefficient. Are shown the results of the analysis of the spatial
patterns in the surface air temperature Eurasia. The method of structure extraction is proposed; it based on
cluster analysis. It has allowed to discovery sources, which form the climate structures throughout Northern
Eurasia. As analyzed the characteristics in the series surface temperature was to used phase for the first time. A
new iterative algorithm for separating climatic zones, based on phasing temperature series with a typical phase.
The phase of temperature fluctuations during the year was calculated, which ceteris paribus is the most low-
frequency characteristic of fluctuations. The natural origin of the phase modulation validated by coincidence of

It is the number one the nature of modern changes and forecast of surface temperature. Most the complexity
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known concepts of geography climate with climatic classes allocated by forming the typical phases in the itera-
tion process. Furthermore this approach has been used and proved effective for the analysis of dendrochrono-
logical series from areas with optimal conditions for the growth of woody vegetation.

HoBoe B aHanu3e I'EO(I)M3VI"IECI-(VIX OAHHbIX C/TIOKHOMN
CTPYKTYPHbI

Yepenbko H.H., Kpytukos B.A., TaptakoBckui B.A., MapkenoBa A.H., Bonkos B.I0.,
Monuwyk B.10., UBaHoBa 3.B.

WHCTUTYT MOHUTOPMHIA KIMMaTUYeCKUX U 3Konoruyeckux cucteM CO PAH, Tomck, Poccua
E-mail: atnik3@rambler.ru

ONPOC HOMEP OJUH COBPEMEHHBIX AMCKYCCUH O KIMMATE — IPUPOAA COBPEMEHHBIX U3MEHEHUN IIPH-

3eMHOI TeMIepaTypbl U POTHO3 ee TPeH Ia Ha OirKaiinue necsiThiieTns. B 000CHOBaHHOCTH BBIBO-

JIOB paboT 3TOTO HAMPaBJICHHUS BaKHEHIIINM SBIIETCS 00bEKTUBHBIN HENPEAB3SATHII aHATTN3 IMITHPHYE-
ckuX JaHHBIX. OCHOBHASI CIOKHOCTB: JaHHBIC, MOJTYYESHHBIE U3 CHCTEM MOHUTOPUHTA PA3ITUYHBIX TIPHUPOTHO-
KIMMaTHYECKUX MPOIIECCOB, COJEPKAT OOIBINIEH YaCThIO CKPBITYI0 HHPOPMAITHIO, TaK KaK Ka)kKbIH YIeH Bpe-
MEHHOT'O psijia K3MEPEHHH SIBIISIETCS] Pe3yJIbTaTOM COBMECTHOTO JISWCTBHSI KOMILIEKCA Pa3HOOOPa3HbIX (pakTo-
POB CcpenoodpasyoNx U KINMaTo00pa3yIoIiX MPOIECCOB, XapaKTePU3YIOMINXCS HETHHEHHOCTRIO B3aUMO-
JICHCTBUH, pa3snuYIMsIMA MEXaHU3MOB M CTETIEHU BO3ACUCTBU. Kiaccndeckuil CTaTHCTUYECKUIl aHAIN3 Bpe-
MEHHBIX 3aBUCUMOCTEN NPUPOJHO-KIUMATUYECKUX [TPOLIECCOB OIPAHUYEH B BO3MOKHOCTSAX MHTEPIIPETALIUU
MOJTYYEHHBIX PE3YJIbTaTOB, KaK MIPAaBMIIO, TOKA3bIBAET OTCYTCTBHE CBSI3eH, THOO0 NX HE3HAYUTEIBHOCTb. B 31O
CBS3M aKTyaJIbHO BBISIBJICHUE HOBBIX IPU3HAKOB M 3aKOHOMEPHOCTEW AMHAMMKHU KIMMAaTUYECKON CHCTEMBI B
Pa3UUHBIX MPOCTPAHCTBEHHBIX M BPEMEHHBIX MacIiTadaxX C IeJIbI0 ONTHMHU3AIMU MOJACIMPOBAHUS TaKHX
IIPOLIECCOB.

B nanHoii pabote pa3BuBaeTCss HOBBIN MOAXO/A K aHAIHM3Y TPUPOJHO-KIUMATUYECKUX MPOIIECCOB Yepes
nieHTH(UKALUIO U BbIIEIEHHE Ha0opa MOJI U3MEHYMBOCTH B PsJax JaHHBIX U OIEHKY CTENEeHU MX COINAaco-
BAaHHOCTH C Y4ETOM IPOSBICHUI BHEIIHUX BBIHYKAAIONINX Bo3aelicTBui (BBB), depe3 BrIsBIEHNE B TOMAX
[IPUPOIHO-KIIMMATUUECKUX TapaMETPOB YCTOMUYUBBIX IMPOCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYp, OLIEHKY HX
CBOMCTB M B3auMocBsizeit ¢ BBB. 3a ocHoBy npuHsiTa runoresa, uro BBB unniunpyer konebanus B AMHAMUKE
IIPUPOIHO-KIIMMATUUECKHUX ITPOLIECCOB U, II0 CBOEH MIPUPOJE, NOJIKHO MPOSBISATHCS B HEKOTOPOM allpUuOPHOM
CXOJICTBE AJIEMEHTAPHBIX MIPOLIECCOB, BBI3BAHHBIX ITUM BO3IEHCTBUEM. J[aHHAs METOJOJI0T Ul MOXKET paccMma-
TPHUBATHCS KaK (PEHOMEHOIOTHYeCcKasl.

CHHXpPOHHOCTh WIIM COTJIACOBAHHOE IOBEACHHE MPUPOIHO-KIMMATHUECKUX IMPOIECCOB — BaKHEUIIIee
CIIEZICTBHE KOCMO-3E€MHBIX CBSI3€H U NX MPUHIMNHAIBHOE CBOMCTBO. [Iporieccr Ha ComHIIe U B COTHEUHON CH-
CTeMe BHOCST B U3MEHEHHSI MapaMeTPOB pas3HbIX reocdep HUKINYECKYI0 MOAYISIHIIO, (POPMHUPYIOIIYIO HEKO-
TOPYIO COITIACOBAaHHOCTb B UX JuHamuke. M3MeHeHus coBokynHoro BBB moryTt npusecTu cucremy K nepexo-
JTy B HOBOE KaueCTBEHHOE cocTosiHue. COTTTaCOBAaHHOCTD MpejIaraeTcs ONpeAessTh COBIAICHUEM CYIIIeCTBEH-
HBIX TPU3HAKOB, KOTOPHIE HAJ0 YCTaHOBUTH. C 3TON IENBIO Ui KaXJIOTO M3 MCXOAHBIX BPEMEHHBIX PSIOB
BBOJISITCSL M BBIICISIFOTCS COCTABJISIFOIINE, KOTOPBIC OTIIMYAIOTCS coBmaaeHnueM (coincident signs — CS) wiu
HecoBnaeHneM (noncoincident signs — NS) cylecTBEHHBIX TIPHU3HAKOB, 0€3 KOHKPETHBIX TPE/IIIOIIOKEHHN O
XapakTepe U MEXaHNU3Max IIPOLECCOB Pa3IMuyHON NPUPOIBI HA PA3HBIX YPOBHAX. Mepa CONIaCOBAHHOCTH CO-
CTaBJIAIONINX OIIEHUBaeTcs K03(duiimeHToM Koppemsuy. BeiiereHHbIe OpTOTOHABHBIC COCTABIISIIONINE CO-
XpaHsOT B cebe MHPOPMAIIUIO HCXOIHOTO Psijia U TIPH TOM MAaKCUMH3HPYIOT HOBBIE CBOWCTBA HUCCIIEAYEMBIX
nporieccoB. HeoOXoanMo yunTHIBAaTh IMPU COMOCTABICHUH MAaCCHBOB JAHHBIX, XapaKTEPHU3YIOMINX H3MEHYH-
BOCTh KOCMOH3NUECKNX, 00pasytomux BBB, n mpupogHo-KIMMaTHYeCKIX MPOIIECCOB, YTO CIOXKHBIN, HElH-
HEIHBIN MeXaHU3M BO3IACHCTBUSI MOXKET (POPMHUPOBATH B OHUX U T€X XKE JAHHBIX OHOBPEMEHHO COCTABIISIO-
IIHE U C TIOJIOKUTETBHBIM, M C OTPULIATEIHHBIM OTKIMKOM Ha Hero. OTHaKO MOXHO MPEATIONIOKHUTh, HallpUMep,
B OTHOIICHUH TIOJIS TIPU3EMHOI TeMmeparypsl, 0e3 KOHKPETH3aIlMH MEXaHU3MOB IPUTOKA U CTOKa, 4To CS-co-
CTaBJISIONINE XapaKTepU3YIOT MPUTOK dHEpTruu 0T COJHIIA, CIIOCOOCTBYIONINNA POCTY TeMIepaTypsl, a NS-co-
CTaBJISAIONINE ONMPEACTAIOT Aoito 3Heprun CoJHIIa, MPUBOIAIIYIO K YMEHBIIEHUIO TeMIIepaTypsl. B oTHOIIE-
HUH, HAIpUMep, psAaa unced Bonbda, pasMepHOCTh KOTOPOTO OTHOCUTENBHA, COCTABIISIONINE MOTYT CIIY)KUTh
HEKHMM MHAMKATOpoM nepepacupenesnenns BBB. B cymme nBe cocrapistoniye paBHbl HCXOAHOMY PsIy Hcce-
JlyeMOH BEJINYMHBI.

PaccmarpuBaroTcst mpuMepbl UCIIOIB30BAHMS IIPEJIAraéMOro KOMIUIEKCA alTOPUTMOB B Pa3JIMUHbIX 3a/a-
yax aHaJIM3a IPUPOJHO-KIMMATHUECKUX IPOLIECCOB.

(1) [peanoxeH anropuT™M JEKOMITO3UIUH TeO(pU3MIECKUX PSAIOB JAaHHBIX — COBMECTHas (DMIIbTpanusi.
OcHOBHas 3aj7a4a MOJAX0Aa COCTOUT B TOM, YTOOBI, HE Jefasi KOHKPETHBIX MPENMOI0KEHIH 0 XapaKTepe Mmpo-
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LIECCOB PA3IMYHOMN IPUPOABI HA Pa3HBIX YPOBHSX, OTBICKATh 3JIEMEHTHI COIIACOBAHHOCTH MEKAY PAJaMH JaH-
HBIX. 3a/1a4a JEKOMITO3UINH PSIJIOB PEIIAETCs MMyTeM MX COPTHPOBKHU B CIEKTpalbHON obmactu. B kauecTse
CYIIECTBEHHOTO TPH3HAKA MTPEATIOKEHO UCTIONb30BaTh COBIAieHNE 3HAKOB K03 punnenros Oypwe. Torna pe-
aJn3ayy OOIETO CUTHAa BO BPEMEHHBIX psilaX MPUPOTHO-KIMMATHIECKUX JaHHBIX OyayT chopMHUPOBAHBI
TapMOHNYECKUMH COCTABIISIONINMH OAWHAKOBOM YaCTOTHI C OIMHAKOBBIMH 3HaKaMu Mpu ko3 unuentax Oy-
pse. [lepemena 3Haka koadduimenta Dypbe HAPYLIIUT AITPHOPHOE CXOJICTBO CUTHAJIOB, CBA3aHHOE C UX TIPOHC-
XOXJICHHEM, €CII COOTBETCTBYIOMIas Oa3ucHas (PyHKIMS BHOCHT 3HAYNTEIbHBIN BKIaJ B pasioxkenue. Cre-
NICHb COIVIACOBAHHOCTH OLIEHMBAeTCs K03 dunnenTom koppemnaiun [TnpcoHa, KOTOpBIi JOCTUTAET MaKCUMY-
Ma MocIIe IEKOMIO3UIINY BPEMEHHBIX PSIIOB.

OpnHO 13 HaNpaBIIEHUH UCMONB30BAHMS IPENIAraeMOT0 MOAXO0/a CBA3aHO C NCCIICOBAHNEM BIIHSIHUS COJI-
HEYHOW aKTMBHOCTH, KaK HHTETPAIFHOTO (paKTOpa MPOSBICHUH BHEIIHNX BRIHYKIAIONINX BO3ACHCTBHUM, B PA-
Jlax JMHAMHKHU TPUPOTHO-KINMATHIECKUX TIPOIIECCOB.

JlaHHBI TOIX0 peann30BaH Ha MpuMepe psaaa urcen Bonbda u psgoB mpu3eMHON TeMIiepaTyphl, TOTy-
YEHHBIX Ha METEOCTaHINAX Poccuu 1 mpuiieralomux tepputopuil. Psn uncen Bonbda ncmons3oBan, Kak KOM-
TJIEKCHBIN TTOKa3aTeIh KOCMO-38MHBIX CBS3eH, Tak Kak CoNTHIIe BHOCHT OCHOBHOM BKJIax B0 BBB u moxymmpy-
€T BapHalli1 IPyTrUX KocMo(r3ndecKux (pakTopoB yepe3 BapHalliy COTHEUHONW aKTHBHOCTH.

Taxoke, 1aHHBINH MOAX0M OKazaycst 3(GEKTUBHBIM IJIsI aHATU3a JCHAPOXPOHOIOTHYECKUX PSIJIOB, TOIY-
YEHHBIX Ha TEPPUTOPUAX C ONTHMAIILHBIMU YCIOBHAMH POCTa JIPEBECHOM pacTuTenbHOCTH. OCHOBHAS CIIOX-
HOCTh TaKOTO aHaJN3a, KaK N3BECTHO, CBA3aHA C IUIOXOH COITIACOBAHHOCTBIO 3THX PAMOB, KaK MEXy COOOH,
TaK ¥ C N3MEPEHHBIMH MTapaMeTPaMM OKPY>KaroIeH cpenbl. Peann3oBaH moaxos B 3aaaue JEKOMIO3UINN JIpe-
BECHO-KOJBIIEBBIX XpoHOoyoruil mupunsl (TRW) u 3HageHnit 3"°0 B 1EITION03€E TOMNYHBIX KOJEIT JICPEBBEB C
psinom uncen Bonbda. [ nekomno3unuy 6bUTH BEIOPaHBI XPOHOJIOTHH, TOCTPOCHHBIE ISl TEPPUTOPHH yaa-
JICHHBIX JIPYT OT APYTa Ha 3HAYNTEIbHBIC PACCTOSHUS M OTIINYAIOIINXCSI TI0 YCIOBHSAM POCTA JPEBECHON PacTH-
TENbHOCTH. 110 0OBEKTUBHBIM MPUYMHAM, BKJIIOUAIOIIMM 3HAYUTENIBHYIO YIaICHHOCTh MECTOOOUTAHNHN Aepe-
BbEB JIPYT OT APYTa, Pa3HbIC YCIOBHS POCTa, HE3HAUUTENIbHAS UyBCTBUTEILHOCTD JIEPEBHEB B TEX MECTOOOHTA-
HUS, IJI€ COYETaHUE THIPOTEPMUYECKUX YCIOBUHM ONTUMAJIbHO, 3HAYUMON Koppersiuuu Mexxry TRW-xponouto-
THSIMHA B OOJBITMHCTBE CIIy4aeB OOHAPYXKEHO He ObLT0. OXHAKO KOPPEAIH MEXIY MX OXHOUMEHHBIMH CO-
CTaBJIAIOUINMH OKa3ajlach CTAaTHCTHUECKH 3HAUMMOM. IlonTBepkaeHo 6onee CHHXPOHHOE N3MEHEHNE COCTaB-
JISTFOILUX 110 CPAaBHEHHIO C MCXOJHBIMU BPEMEHHBIMH psiiaMu. Koppernsiys Mex/ Iy OTHOUMEHHBIMH COCTABIIS-
rouvu TRW-xporonoruii u psmoB uncen Bomsda, Takke, ropas3o BhIIIE, YeM MEKAY HCXOIHBIME PSIIaMi 1
B OONBIIMHCTBE CIIyyaeB SIBISCTCS CTATUCTUYECKU 3HAYMMON C JI0BEPUTEIBHOM BEpOATHOCTBIO 95%. CBsi3b
cocrapisronux & O-xpoHosoruii ¢ psgoM ucen Bombga cinabee, yem ¢ o6mmmu curaanamu TRW-xponosto-
TH, 9TO, BOZMOXKHO, CBS3aHO C TeM, uTo BBB BimsieT Ha cooTHOIIEHNE CTaOMIBHBIX H30TOMIOB KUCIIOPOIa Ye-
pe3 ¢usnveckne mapaMeTpsl OKpy’Karomle cpenbl, IPEKAE BCEro, Yepe3 TEMIepaTypy M OTHOCHTENIBHYIO
BIQXHOCTb. B TO Bpemsi Kak Ha IMPHUHY TOANYHBIX KOJIEI] BIUSIET BECh KOMIUIEKC (PaKTOPOB, Ky/la BXOIST, TaK-
xKe, KoseOaHNsl YNCIIEHHOCTH HACEKOMBIX, (DUTOMATOIOTHH, U3MEHEHHsSI IPaJInCHTa ITOTEHINaIa 3IeKTpruye-
CKOTO TTOJIs, ”HTEHCHBHOCTH MPU3EMHOTO YABTPa(QHOIECTOBOTO U3TyUeHH C INTHHON BOHBI 290-320 HM 1 TIp.

(i1) [nsa n3ydeHus CIOXKHBIX CHCTEM Pa3IWIHON MPUPOIBI MPEIOKEH METOJ M aJTOPUTM BBISIBICHUS
ctpykryp (MBC). JIaHHBIX TOXO OCHOBAH Ha TPEAIIONOKEHUH, YTO CTPYKTYpa JIF000H MPHUPOTHON CHCTEMBI
JIOJKHA MPOSBIIATHCS B IAHHBIX HAOIIOCHUH 3TOM CHCTEMBbI, 00HAPYKECHNE Yero J1aeT BO3MOKHOCTD ITPOBO-
JUTh aHATIM3 1 TTOJTy4IaTh HOBBIE, Oosee ryOokue 3HaHus o cucteme. B onpenenennom cmbiciie MBC peanusy-
€T COBMECTHO HJEH KJIACTEPHOTO aHa/IN3a, METO/I0B KIacCU(PUKAIIMN U paclio3HAaBaHUS 00pa30B. DTOT METOA
a/laliTUPOBaH K aHAJIN3Y MOJIEH METEOPOIOTHIECKUX BENUIUH. [103BOIISIET BBIAEIATH €CTECTBEHHbIE CTPYKTY-
PBI, BKITIOUAIOIIIHE 3JIEMEHTHI, CBA3aHHBIE MEX/y COO0H CHIIbHEE, YEM C JPYTMMH JIeMEHTaMu. Takoi aHaiu3
TIO3BOJISIET BBIABIATH CBA3M M COBOKYITHOE WX IPOSIBIICHHE, UYTO HE BCernaa oueBHAHO. Kpome Toro, moaxon
pacumpsieT BO3MOXHOCTH MOZICIMPOBAHUS IPUPOAHBIX CHUCTEM ITyTEM CTPYKTYpPH3ALNH C 33JaHHBIMU CBONCT-
BaMH TTOJICH MCCIIETyEMBIX ITAPAMETPOB.

AJNTOpUTM peann30BaH JyIs MoJIel MPU3eMHOI TeMieparypsl U AaBieHns CEeBEpHOTO MOIyIapusl.

B mpuzemHOM TemmeparypHoM mosie Poccnu M mpuiierarommx CTpaH BBIJEICHBI MPOCTPAHCTBEHHBIC
CTPYKTYpPBbI, COOTBETCTBYIOILME 30HaM JIEHCTBUI ONpeAeICHHBIX 3aKOHOMEPHOCTEN cornacoBaHHOCTH ¢ BBB.
B ocHoBe nporeypsl MPEAIOI0KEHNE, YTO €CIIN TEMITEpaTypHas IKajla JOIyCKaeT HyJIeBbIe CPETHNE, TO IS
M000# MeTeoCcTaHIuH MO0 cpenHee 3HadeHne CS COCTaBISIONICH TeMIIepaTypHOTO psizia, THOO CpeHee ero
NS cocrasmusroneii paBHO HYJI0, 1 HA000pOT. /l0cTaTOUHO TIITOTHAS CETh METEOCTAHIINN TTO3BOJISIET BBIICIATh
30HBI JICHCTBHS 3TOW 3aKOHOMEPHOCTH, TPAaHHIIEH KOTOPBIX OyneT HyneBas n3orepma. Taxum obpaszom, CS u
NS cocrapnstomye B cpetHeM (OPMHUPYIOT 30HBI TOMIOKUTEIBHBIX WM OTPHLATEIBHBIX TEMIEPATYp, COOT-
BETCTBEHHO.

Knaccudukanms mosst Ipu3eMHOTO JaBICHUS MO3BOJISIET BBIIENSATH POJIb MOACTHUIAOMNIEH TOBEPXHOCTH B
(hopMHpPOBAaHNHN KIMMaTa Pa3IMuHBIX PETHOHOB, BBISBIATH HBOJIOIMIO OapuuecKoro nojst. B mone naBneHus
CesepHoro nosrymapus ObIIIO BBIJEICHO TP THIIA TUIIOBOTO TOJIS: JIETHUH, 3UMHHHN 1 NTEPEXOIHBIX TIEPHOIOB.
Takoit moaxos MO3BOISIET, TAKXKE, BBIACIATH IEHTPHI ACHCTBUS aTMOC(EPHI, OIIEHUBATh NX AUHAMUKY B rOJ0-
BOM X07I¢ 1 00BEKTHBHO 00OOCHOBBIBATh MX IreoTrpaguuecKoe MOJI0KEHHUE.
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(iii) CormacoBaHHOE MTOBEJICHNE MTPOIIECCOB BHYTPH KJIacca MpeiaraéM HCIOIb30BaTh B KAY€CTBE KPUTE-
pHs B eIlle OHOM CIIOCcO0€e BBIICICHHUS KIIMMAaTHIECKHX CTPYKTYpP. Mepoii CorIacOBaHHOCTH NPUHAT K0d(du-
IIUEHT KOppesiuu. B xauecTBe aHAIM3UPyeMOil XapaKTepUCTUKY BIICPBBIC B HCCIICNOBAHMAX KIIMMara 1 3a/a-
yax KJIacCH(UKALMK MOJIeH IeMEHTOB KIMMaTa BBeJieHa (aza TeMIIepaTypHBIX KoleOaHuil B TOIOBOM XOJe,
KOTOpasi MpU IIPOYMX PABHBIX YCIOBHAX SBISIETCS HanOoJiee HU3KOYACTOTHOHM XapaKTePHCTHKOH KojleOaHHs.
Pa3pabGoTan HOBBIIT HTEpalMOHHBII AJITOPUTM BBIIEICHHS KIMMaTHYECKUX 30H, Ha OCHOBE (ha3upOBKHU TEMIIe-
PaTypHBIX PATOB C HEKOTOPOH THIIOBOH (ha30if. AITOpUTM BEpU(PUIIMPOBAH HA JTAHHBIX CPEIHEMECSIYHbIX TEM-
nepatyp 332 mereocTaHuuii Poccnn u mpuierarommx cTpaH ¢ ucnoias3oBanueM maketa Mathcad. Takxe, B
KJIMMAaTHYECKHUX MCCIICOBAHNUSX BIIEPBBIC B aTOPUTMbI aHAJIM3a JAaHHBIX BBOAUTCS AHATUTHYECKUH CUTHAIL.

[Tonmoxenune mIaBHON MOJIBI yCPEIHEHHOTO 1Mo 332 TeMmepaTypHBIM psAaaM MOAyIs npeodpazoBanus Dy-
pbe Ha yactoTe 1/56 paj, HaJIM4He 3aKOHOMEPHO YOBIBAIOIINX MOJ Ha KPAaTHBIX YaCTOTAX MO3BOJIET IPUHATD,
YTO MOPOXKIAIOIINE CIIEKTP IPOLECCHl MOTYT PaccMaTpUBATHCS KaK Y3KOIOJIOCHbIE KojeOaHus, B OOmbIuei
CTEIIeHH MOIYJIMPOBaHHBIE 110 (a3e, 4eM 1o amIuuTyne. [IpoBeaeHHbII aHAIN3 I0Ka3ajl, YTO CHHXPOHHOE I10-
BeJieHHe (a3 TeMIIepaTypHbIX PAI0B B IpeesiaX BIACICHHBIX 30H MOANCPKUBACTCS B 3HAYUTEIBHOMH CTEICHN
obrmrereorpadgrueckumMi (hakKTOpaMu: 0COOCHHOCTSAMH JTAaHAIMA(GTHOW CTPYKTYPHI MOJACTUIAIONICH TOBEPXHO-
CTH CONIACHO 3aKOHOMEPHOCTSIM KIIMMaTHYeCKOIl KOMIOHEHTHI pa3Hoi cTeneHu 1uddepenuanmm.

Jst pa3HBIX MOPOTOBBIX 3HAYCHHH KOI(PPHIMEHTA B3aNMHON KOPPEISLMH 7 TIOIY4EeHO IPOCTPAHCTBEH-
HOE pacIpeesieHIe METeOCTaHIINH, (a3l TeMIIEPATYPHBIX PSIOB KOTOPHIX {@,} WMEIOT Hanbolee TECHYIO
CBSAI3b C HaiiieHHOH THMoBOii (hazoii D, (kK — HOMep Kitacca), T.€. BBIICICHBI HCKOMBIE KITMMATHYECKIE KIIACCHI.
[Tpy MOBBIIICHNH TOPOTOBOTO YPOBHS B3aUMHOMN KOPPETISLINH 7 YBEIIMUUBACTCS CTEIeHb AU hepeHnnay B
CTPYKTYpE KIIMMAaTHIECKOTO TTOJIs, HAYWHAs OT OIHOTO Kiacca pH 7 = 0,4 1o aeBatu kiaaccos mpu » = 0,8. ItoT
pe3ynbTar MO3BOJISET OTCIICKUBATH BIUSHUE (haKTOPOB PA3INYHOr0 Macmrada B GOpMUPOBAHUH KINMaTHYe-
CKHX CTPYKTYD. IIpH 5TOM, BHYTPH MEIIKHX TPYIII OCTASTCs CBA3b ¢ O0liee KPYIHBIMU CTPYKTYPaMH, BBIICIICH-
HBIMHU 10 MEHBIIEMY IIOPOTY B3aUMHOH Koppensunu. C yBelnndeHneM IOApOOHOCTH pa30MeHHs Ha KJIacChl
TIPOSIBIISICTCSI OOJBIIIee BIMSHNE PETHOHATBHBIX (PaKTOPOB, HO KXK/IBIH KITacC HeCEeT HH(OpMAIHIo 1 T100arb-
HBIX CHT'HAJIOB.

EcrectBenHoe mpoucxoxaeHue (a3oBOil MOAYISALMHU ITOATBEPIKACHO COBIIAJICHHEM KJIMMATHYECKHX
CTPYKTYP, BBIJICIICHHBIX ITyTeM (pOPMUPOBAHUS TUIIOBBIX (ha3 B UTEPALIMOHHOM IpOIiecce, ¢ KIacCaMH KIIacCH-
YecKoil reHeTH4Yeckoil kinaccupukauy kiuMara. OHaKo IMOTyYeHHOE COBIIAJCHUE He aDCONIIOTHO, YTO 3aKO0-
HOMEPHO BCJICACTBUE HAOIIONAEMBIX M3MEHEHHUI KIIMMAaTa ¥, COOTBETCTBEHHO, COOTHOIICHUH BKJIA/Ia pa3inyd-
HBIX KJIMMaTo0Opa3ylomux (pakTopoB B 3TH H3MEHEHHA. MOXKHO 3aKJIIOYHUTh, YTO BHIJICTICHHBIC €CTECTBEHHBIC
TaKCOHBI YTOYHSAIOT HEPAPXHUIO KIACCHYECKUX TeHETHYECKHX KIMMAaTHUECKUX CTPYKTYP B YCIOBHUSX H3MEHE-
HUA KiauMara. [lonaraem, HeoOX0UMO peryisipHOe OOHOBJICHHE HH(POPMALIMHU O CTPYKTYpE MO mapaMeTpoB
KJIMMaTa I TEOPETHUECKUX M MIPAKTUYeCKHX 3a1ad. 11 9TOM [esy BIIOJIHE OIIpaBJaH IPEIoKeHHbIH 00b-
SKTUBHBIH METOJ BBIICIICHUS CTPYKTYP, MTO3BOJISIIOIINI IPOBOIUTE palOHUPOBAaHHE TEPPUTOPHH JIIOOOTO pas-
Mepa J10 3aJaHHOTO UCCIIeI0OBATeIeM Ka4eCTBEHHOTO YPOBHSI.

[pemioxxeHHBII MOAXO0 K aHAIN3Y Te0(H3NISCKHUX JaHHBIX U pa3paboTaHHbIC Ha €70 OCHOBE aITOPHTMBI
MO3BOJISIIOT PEIIaTh CIEKTP 3aJad B JII00OM INPOCTPAHCTBEHHO-BPEMEHHOM MacIiTade, pacnpsisi BO3ZMOXKHO-
CTH MOJICITUPOBAHUS IPUPOIHO-KIMMATHYECKIX ITPOLECCOB.

The structures extraction method as a way of the research
of the pressure field dynamics of the atmospheric boundary
layer on the territory of Northern hemisphere

'lvanova E.V., “Kataev S.G., 'Tartakovsky V.A. , 'Krutikov V.A.

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

owadays, the interest in the climate changes problem is increasing. That’s way the detailed study of
climatic variations at the regional level and their appropriate recording in the global climatic models is
vital.
The aim of the given research is to detect the dynamics of the pressure field of the bottom layer in the
Northern Hemisphere using the structures extraction method (SEM).
The research problems are the following: a) to determine the space distribution of the structures(SDS) of
the fields of the average monthly value of pressure in the Northern hemisphere and to make their mapping; b) to
evaluate SDS dynamics for the period of 1955 — 2000 years.
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As the benchmark data the average monthly values of pressure in the mesh points with 10 degrees width in
latitude and longitude (288 points) on the territory of the Northern hemisphere for the period of 1955 — 2000
years were used.

The classification of the field pressure has been done. It has been detected that the stations quantity in one
class varies in the limits of 2 — 120 for January and up to 148 for July. The minimum class average pressure
value for January equals 1003.5 hPa (the 1st class), and the maximum - 1026.0 hPa (the 17th class).

The maps of distribution pressure field classes over the Northern hemisphere have been made. Three
model fields have been detected. The first model field is typical for winter period. In January the 12th class oc-
cupies the greatest part, it’s the higher pressure zone. Classes 18 -19 characterize the location of the Azores and
the Hawaiian maximum (1040 hPa in the centre). Classes 1 — 5 characterize the low pressure zone above the
Labrador Basin of the Atlantic Ocean and over the Norwegian Sea, the Barents Sea, the Bering Sea (1005 hPa
in the centre).

The second model field is characteristic for summer period. The 5th class (1011,2 hPa) occupies the great-
est area, there is deep (998 hPa) Iran — Tarski minimum the st class in the Southern Asia tropics. High pressure
areas (14th — 17th classes) descend to the equatorial zone and they are located above the Atlantic and the Pa-
cific Oceans (1026 hPa in the centre).

The third type of field is characteristic for spring and autumn transitional periods. It shows the steady for-
mation and the development of the Hawaiian and the Atlantic maximum in April and the formation of the
Azores and the Hawaiian maximum in September.

The research of the pressure field dynamics was conducted in the following way. The whole interval of 45
years was divided into 3 periods: from 1955 till 1970; from 1970 till 1985; from 1985 till 2000. The classifica-
tion was held for each period and a space structure of classes was found for each month. The data analysis al-
lows to state that the basic features of the pressure field behavior remain unchangeable during these periods.

SEM (the Structures Extraction Method) allows to see in a new light the problem of the extraction and the
formation of the atmospheric action centers, to evaluate their dynamics in an annual course and to validate their
geographical position more objectively.

MeTo BbloeneHmA CTPYKTYP KaK cnocob nccnenosaHus
OVHaMUMKM NoNA OaBneHus Npu3eMHoro ciio atMocdepsl
Ha TepPUTOPUN CEBEPHOro MoyLLapuA

'MBanosa 3.B., °Kataes C.I"., 'Taptakosckui B.A., 'KpyTnkos B.A.

! WMHCTUTYT MOHUTOPUHIa KIMMaTUYECKUX U 3Konoruyeckux cucteM CO PAH, Tomck, Poccus
? ToMCcKuMI rocyfapcTBeHHbIN Neaarornyeckuii yuusepcutet, ToMck, Poccus
E-mail: ehllai@rambler.ru

YUHBIX UCCJICJIOBAHU1 HAIIPABIICH HA M3yUSHHE KINMATHYECKUX U3MEHEHHIA, IPOUCXO/ISIINE B KPYII-

HBIX pETHOHAX MHPa, OKa3bIBAIONINX BIHSHUE HAa QYHKIIMOHUPOBaHUE Bcell cuctembl 3emitst. [Toatomy
JIETAIbHOE M3yYeHHE KIMMAaTHYECKHX M3MEHEHHH Ha PErMOHAILHOM YPOBHE M UX aJIeKBATHBIM y4eT B IJIO-
0aJIbHBIX KJIMMATHUECKUX MOJCIISIX BEChMa BaXKHBI.

Oco0eHHO MHOTO PadoT MOCBSIIEHO CTATHCTHUECKOMY aHaJIM3y W3MEHEHHH I100aIbHOTO KIIMMaTa i MO-
JISTMPOBAHHUIO TIPOCTPAHCTBEHHOW M BPEMEHHOW CTPYKTYphI KIMMAaTHYECKHUX MapameTpoB. Tak OOJIbIIMHCTBO
HccieoBarelieil K IpHYMHaM [T00aIbHOTO MOTETUICHHS OTHOCST - YBEINYeHHEe B aTMOCc(epe ITapHUKOBBIX T'a-
30B ¥ I3MEHEHHUEe IUPKYJsiiuy armocdepsl. [locnennss runore3a HauMeHee pa3padorana. H3BecTHO, 4TO IUp-
KyJIsI1us atMoc(epbl OIHO3HAYHO ONPEACIsIeTCs ToJieM jaBieHus [1].

[Tpu uccienoBanum Haubdosee 00X 3aKOHOMEPHOCTEH U3MEHEHNSI TII00AILHOTO KITMMaTa 1eJiecoo0pas-
HO UCTIONIB30BaTh IMI00aNbHbIE (MM MTOTyIIapHbIe) JaHHBIE.

B 27014 CBsI3M LIeNTbIO HACTOSIIEH PAOOTHI SIBISIETCSI BHISIBIICHHE AMHAMUKH TOJIS AABICHUSI TIPU3EMHOTO CIIOSI
armocdepsl Ha TeppuToprn CeBEpPHOTO MOMYIIAPHS C UCIIOIBb30BAHUEM Memooda svloenenus cmpykmyp (MBC).

JocTuikeHre TaHHO 11eJTH TPedyeT pelIeHust cIeayI0INX OCHOBHBIX 3a/1a4:

a) oTpeAeNUTh MPOCTpaHCTBEHHOE pactpenenenue ctpykryp (ITPC) moneit cpeqHero MecsqHoro 3Have-
Hus naBineHust B CeBepHOM MOTYIIApHH M IPOU3BECTH UX KapTupoBaHue; 0) oneHuTh auHamuky [1PC 3a mepu-
ox 1955 —2000 roapr.

B kauecTBe NCXOIHBIX JaHHBIX OBUIM UCIIOJIb30BAHBI CPEAHEMECIYHbIC 3HAYCHNUS IABICHHUH B y3J1aX CETKH
¢ marom 10 rpamycoB mo mupoTe u 1o goarote (288 Touek) 3a nmepuoa 1955 — 2000 roast Ha Teppuropun Ce-
BEPHOTO MOJTYIIAPHSL.

l l HTepec K mpobieMe N3MEHEHHs KITMMaTa B HACTosIIee BpeMsl HEYKIIOHHO Bo3pacTtaert. Llenbrit psin Ha-
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Kiaccndukanus noss JaBieHns No3BONseT pa3ouTh HCCIIeyeMOoe TPOCTPAHCTBO Ha OT/EIbHBIE Helepe-
ceKarommumecs o0nacTu (K1accel). OTO TaeT BO3ZMOKHOCTH ITPOBECTH 3aTEM aHAIH3 XapaKTePUCTHK KaK BHYTPH
Ka)K/I0T0 KJlacca, TaK U MeXKIy KiaccaMu. B yacTHOCTH, IPUBS3Ka KJIACCOB K JaHAmadTaM ITO3BOJSET IOHATh
POJIb MOJICTUIIAIONIEH TTOBEPXHOCTH MPpH (OPMUpPOBAHKUH KikMara [2,3].

B kauecTBe XapaKTepHUCTHK KJIACCOB IOJIS AaBJICHNS ObLIN UCIIONB30BaHbI: KOJIMYECTBO CTAaHIUH, OMaaa-
JOIINX B K&XKIBIA Kiace, cpefHee 3HAYCHNE JaBICHHs U KaKI0To Kilacca, AUCIIepCHs Ul KaXKJIoro Kiacca,
CONPSKEHHOCTH BBIICICHHBIX KIIACCOB U JP.

B Tabnuue 1 nmpuBeaeHb! XapaKTePHCTHKU KIACCOB MOJIS JaBJICHUS U1 STHBAps U nioist Mecsina. Crexyer
OTMETHTb, YTO BCE KIIACCHI OBUIN YIIOPSJOYCHBI IT0 BO3PACTAHHIO H IIEPBBI KJIACC BCETAa MMeeT HauMeHbIIee
3Ha4YEHHE JIaBJICHHS, a MOCICAHNH — HanOoblIee. DTa IMpoleaypa IO3BOJIIIIA CPABHUBATE KJIACCHI MEXKILY CO-
00if 32 pa3TUIHBIC MECSIIBI ¥ TAKUM 00pa30M BBISBIIATE SBOIOIUIO OapHIECKOTO TTOJIS.

CITES'2015

]

Ta6nm.|a 1. XapaKTepVICTVIKVI KNaccoB NonA AaBjieHUA B AHBApE U MioJie MecALe.

Ne knacca P o2 P c"2

1 2 3 4 2 3 4
SIuBapp Wronp

1 12 1003,5 52,6 8 998,5 1,0
2 1003,8 43,1 3 1001,2 6,6
3 1005,0 68,5 36 1010,6 11,8
4 1006,8 13,4 2 1010,9 16,6
5 9 1008,7 449 148 1011,3 2,1
6 15 1009,8 58,7 4 1011,3 8,4
7 5 1009,9 43,0 43 1011,7 10,5
8 2 1013,4 29,6 7 1012,5 6,1
9 6 1014,5 32,2 3 1015,2 7,3
10 5 1014,5 423 3 1015,3 5,7
11 5 1014,5 31,6 2 10174 34
12 120 1017,3 8,1 3 1017,6 7,2
13 2 1017.,4 29,1 3 1022,7 5,1
14 46 1017,9 37,7 3 1023,0 6,3
15 16 1020,3 38,7 4 1023,1 0,9
16 2 1025,8 33,2 3 1025,5 1.9
17 6 1025,9 26,4 2 1026,0 1,9
18 3 1028,3 7,6
19 8 1032,7 6,8
20 3 1038,6 9,3

Pucyhok 1. Pacnipege-
NEHVe KNaccoB MnonA
paenexua Hap Cesep-
HbIM NoyLLApUEM:

a) - B AHBape; 6) - B
uione.
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B pesynbrare ucciieoBaHusi ObUIO BBISBICHO, YTO KOJMYECTBO CTAHIUK, MONAJAMONIMX B OIUH KJAcC,
MeHsieTcs B mpenenax ot 2 - 120 ans suBaps u 1o 148 i wronst mecsna. MUHUMaIbHOE CPEIHEKIaCCOBOE
3HAYeHHUE MaBieHus 1 sHBaps coctaimser 1003,5 rlla (1 xmace), a makcumansHOe — 1038,6 rlla (20 xmacc).
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Jis mrons MEHAMAJIbHOE CPEIHEKIIAcCOBOE 3HaueHME JAaBieHus cocraBmeT 998,5 rlla (1 kmacc), a makcu-
mansHOe — 1026,0 rlla (17 xmacce).

B pesynbrare ucciaenoBaHus ObUTH TTOCTPOEHBI KapThl PACIIpeeNICHNs KIaccoB Mo naBiaeHus Hax Ce-
BEPHBIM TOJTyIIapHeM. BBIsSBICHBI THIIOBBIE OIS, KOTOPBIE YCIOBHO MOXKHO Pa3[ennTh Ha Tpu Tuna. Ha pu-
CyHKe la mpezicTaBIeHO THIIOBOE I10JI€, XapaKTepHOE T 3UMHET0 neproaa. Hanbonblryro miomanb 3aHuMaeT
12 kmacc — o0macTh moBbIIIeHHOTO AaBneHws. Kimacesr 18-19 B stHBapcKyio 9acTh rofa, 3SMMHIOI0 B CEBEPHOM
MIOJTyIIapUH, XapaKTepH3yIOT MECTONOJIOKEHHE A30pckoro u ['aBaiickoro MakcMMyMoB, 0Opasysl /iBa ouara
BeIcOKOTO faBneHus (1o 1040 rlla B meHTpe).

Knaccsr 1-5 xapakTepu3yroT o01acTy HU3KOTO JaBlICHUS: TiepBas 001aacTh HaxonuTcs Hax Jlabpamopcekoit
KOTJIOBHHOH ATITaHTHYECKOTO OKeaHa U mpoctupaercs 1o Hopseskckoro n bapenmieBo Mmopeii; Bropast 061acts
Habronaercs Hag beprHTOBRIM MOpEM, JaBlIeHHE B IEHTPeE STHX obiacTeil HemHoro menbmie 1005 rlla.

Ha pucynke 10 npencraBieHO THIIOBOE TI0JIE, XapaKTEPHOE JUIS JIETHETO Teproyia. B eTHIo0 9acTb roga Ha
CyIlI€ JIaBJI€HHE HOPMAIbHOE MM MOHIKEHHOE — HAaNOOJBIIYIO TUIOMIA/Ib 3aHUMAET 5 KJIAcC CO CPEHEKIIAcco-
BbIM 3HaueHreM naBnerns 1011,2 rlla, B tponmkax FOsxHo# Asum crout mryboxwuit (998 rlla) Upano-Tapckmit
MUHUMYM — | Kimace. O67IacT BBICOKOTO JaBieHuUs (Kimacchl 14-17), ciyckaioTes K 9KBaTOPHAIbHON 30HE U pac-
TIOJIararoTCs HaJl ATIIAaHTHYECKUM M THXHUM OKeaHaMH ¢ MaKCHMaIbHBIMHU 3HadeHussMu 1026 rlla B ieHTpe.

Hawnborsee c10KHBIM THIIOM pacIpeAeIeHHs OIS IaBICHUS SIBISIETCS TPETUH THIT TIOJIS, KOTOPBIN BKIIIO-
yaeT B ce0sl IPU3HAKHU, KaK EPBOTo, Tak U BTOporo noseil. Ha puc. 2 npuBeneHo pacnpeneieHie KiaccoB Mot
JIABJICHIS JUTSI BECCHHETO TEPEXOTHOTO TIeproia (a -anpenb) U ISl OCEHHETO MepexoaHoro nepuona (0 - cen-
TA0pB).

Puc. 2a mokaspiBaeT ycToldnBoe 0o0pa3oBaHue U pa3BUTHE [ aBaiickoro M ATIAaHTHYECKOTO MAaKCHMYMOB
— 19 u 20 xmacc coorBeTcTBeHHO. Ha puc. 26 Ha (hoHE MOBBIIEHHOTO JaBICHUS MIPOUCXOTUT (POPMUPOBAHIEC
A3opckoro u ["aBalickoro MakCUMyMOB.

PucyHok 2. Pacnpepe-
IEHME KNaccoB MnosiA
nasneHus Hag Cesep-
HbIM NOMyLIApPUEM:

a) - B anpene; 6) - B
ceHTabpe.

HccrenoBanne JHHAMUKH CTPYKTYPHI TIOJSI TABJICHUS IIPOBOIMIIOCH CIIEAYIOINM 00pa3oM. Beck uHTEp-
Bax B 45 net pa3busaics Ha 3 mepuoaa: ¢ 1955 mo 1970 rr.; ¢ 1970 mo 1985 rr; ¢ 1985 mo 2000 rr. J{mst kaxkmo-
TO Meprojia MPOBOAMIACK MPOIenypa KiIaccu(HhUKAIIMKA H HAXOIMIACH IPOCTPAHCTBEHHAS CTPYKTYpa KIACCOB
JUTS KQKIOTO MecsIa. AHAIN3 TOTY9ICHHBIX PE3yIbTATOB MO3BOJISAET YTBEP)KIATh, YTO OCHOBHBIE OCOOCHHOCTH
TTOBEICHHUS TIOJIS IABJICHUS B OTH IIEPHOJIBI OCTAIOTCS HEU3MCHHBIMH.

MBC mo3BONHII TO-HOBOMY B3TISTHYTH Ha MPOOJIeMy BBIACICHHUS U (POPMHUPOBAHUS LIEHTPOB ICHCTBHA
arMocQephl, OLIEHUTh UX JHHAMHUKY B TOIOBOM XOJIe B Oosiee 0ObEKTUBHO OOOCHOBBIBATH X Teorpadudaeckoe
MOJIOKEHHE.
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Experimantal study of urban heat island of biggest
Arctic cities: methods and first results
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'Shuvalov S.E., 'Grishenko M.Yu.

' Lomonosov Moscow State University, Russia

? World Meteorological Organization, Switzerland

* Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
E-mail: kostadini@mail.ru

literature. Actually, we know nothing about behavior of the heat islands during the polar night, while
anthropogenic heat is the main source of thermal energy.

This study is aimed to mitigate this lack of information about climatology of UHI formation in Russian
cities of Arctic zone. In this paper, we consider the results of experimental research of the UHI of 4 biggest
Arctic Cities (Murmansk, Norilsk, Apatity and Vorkuta), which were obtained during the expedition of Russian
Geographic Society in 2013-2014.

Due to severe climatic conditions, we ought to use three types of different measurements techniques:

1. Mounting of two automatic weather stations (AWS) in rural zone and city center

2. Development of small temperature sensors (iButton) network in the city and suburbs

3. Regular car-based temperature sounding of the city with AWS.

4. Using MTP-5 microwave temperature profiler.

This research allowed to collect unique data about UHI in high latitudes. Analysis of the collected data
showed the existence of UHI with the difference between city center and surrounding landscape up to 5-7 de-
grees Celcius. UHI characteristics in view of synoptic conditions was analyzed for several typical situations,
for some cities (Norilsk) the negative correlation of the UHI power with air temperature was determined.

l ] rban Heat Island (UHI) effect (Magee et al, 1999) in high latitudes is very poorly described in scientific

References:
1. Magee N., Curtis J., Wendler G., The Urban Heat Island Effect at Fairbanks, Alaska// Theor. Appl.
Climatol. 1999. V. 64, pp 39-47
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BBEOEHNE

OrpoMHOE BHUMaHHE MIPOBOTO COOOIIIECTBA CIIEIHAINCTOB B 00JIACTH TOPOACKOH METEOPOJIOTHH TTPUKO-
BAHO B HACTOSIIIIMI MOMEHT K METAIoJI1caM TPOIMYECKOI 30HBI — 3TO CBSA3aHO C 3aMETHBIM HE0CTAaTKOM (DyH-
JTAMEHTAJIBHBIX 3HAHUH O KIIMMAaTHIECKUX 0COOCHHOCTSIX TTOJIOOHBIX TEPPUTOPUII B IPUHIIUIIE, TaK M ypOaHH-
3MPOBAHHBIX TEPPUTOPUI B HACTHOCTH. TeM OoJiee yTMBHUTENICH TOT (DAKT, UTO K HACTOSIIIIEMY MOMEHTY KpaiiHe
MaJio HH(POPMAIUU 0 MUKPOKIMMATHYECKIX 0COOCHHOCTSIX TOPO/IOB, PACIIONOKEHHBIX MO IPYTYIO CTOPOHY OT
YMEPEHHOTO M0sIca - 3a MOJIIPHBIM Kpyrom. VIMeroTcst JWINb eMHUYHBIC MCCIEI0BAHUS, TPOBEACHHBIX HA
AJscKe ¥ TTOKa3aBUIMX CYIIECTBOBAHHME B 3MMHEE BPEMSI MOIIHBIX OCTPOBOB TEIUIa B OTHOCHTEIIFHO HEOOIb-
mmx ropopax bappoy n ®apbankce. Tak, Temneparypa B HEHTPE ITOCIEIHETO, HECMOTPSI Ha OTHOCHUTEIHHO
HeOoJpIIoe (35 THIC. YENOBEK) U TPAAUIIHOHHYIO TSI AMEPUKH MaJIOATAXHYIO 3aCTPOIKY, B 3SMMHHE MECSIIBI B
cpenHeM Ooree yeMm Ha 1° BbIIIe, YeM B PAacHOJIOKEHHOM 3a IpeaeitaMu ropoja asporopry (Magee u np.,
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1999). MoxHO 0XKHIaTh, 9TO B O0JIee KPYIMHBIX TOPOAax ¢ Ooiee MIOTHOH 3aCTpOoKol JaHHBIN 3 dekT Oymet
3HAUUTENBHO CUIIBHEE.

W3ydenne MonsipHBIX OCTPOBOB TEIIA TAKXKE UMEET BaXKHBIN HKOJIOTMYECKUI aCTIEKT: TaK KaK B YCIOBHAX
TIOJISIPHOM HOYM OHU CO3/IAI0TCs TVIaBHBIM 00pa3oM 3a CUET aHTPOIIOTCHHBIX HCTOYHHUKOB TEIUIA, UX M3yUCHUE
TTO3BOJIUT TTOYYIHUTh JAHHBIE O TEIUIOBOM 3arpsi3HEHUHU OKPY KaIOIIEH Cpesibl.

K mpumepy, poccuiickne Hopuiabsck 1 MypMaHCK, pacONOKeHHbBIE Ha MIHpoTe mouTH 70° C.1m, SBISI0TCS
JByMsl KDYIHEHIINMU B MHPE TOPOJIaMH, PACTIOIOKECHHBIM 32 MOJIIPHBIM KPYTOM, 1 MHOTOKPAaTHO MPEBOCXO-
1t bappoy n @3p0aHKe 1Mo MII0IaAN 1 HaceIeHUI0. 3HaYNTEeIbHAs ITomaas Hopuiibcka, BEICOKas IIIOTHOCTh
3aCTPOHKH, a TAKXKE HU3KHE 3UMHHE TEMIIEPaTypbl, OIPEEIAIONINe OONbIINE SHEPro3arpaTsl Ha OTOIUICHHE,
JIETIAf0T €ro OHUM M3 JIy4IINM MECT JUIs U3ydeHus 3 Qekra 0cTpoBa TEIUIA CEBEPHBIX TOPOJOB BOOOIIIE.

B cBs131 ¢ 3THM OblTa c(hopMUpPOBaHA OCHOBHAS TEMa UCCIICOBAHMUS: IPOBECTH SKCIIEPUMEHTAIBHOE HC-
CJIeI0BaHME FOPOCKOTO OCTPOBA TETIa B KPYIHBIX Topojiax cesepa Poccun: B Anarurax, Bopkyre, Mypmanc-
ke 1 Hopunbcke (kpymHeimme poccuiicknue roposia 3a MOSIPHBIM KPYTOM) B YCJIOBHSAX MOJSIPHOTO JHS U HO-
JISIPHOM HOYHM ITyTEM NPOBEJCHUS METEOPOIOTHUECKUX HAOMIONEHUH B LIEHTPE TOPo/ia U B (DOHOBBIX YCIOBHUSIX
Ha y/IaJIEHUH OT TOPOJICKON 3aCTPOMKH.

METOAMKA NCCIIEAOBAHNA:

IToCKONBKY CYIICCTBYIOIIMX JaHHBIX METCOPOJIIOTMYECKHX CTaHIMH ceTH PoclmapomeT HenocTaTo4Ho
JUTSL OLICHKH TOPOACKOr0 OCTPOBA Teruia (B Jy4IIeM CIIydae B Ka)KJIOM U3 TOPOJOB €CTh MAKCUMYM OJ{HA CTaH-
1HsT), HICKOMYFO HH(OPMALIUIO BOBMOYKHO MONYYHTb JIAIIBL SKCIICPUMEHTAIBHBIM clIoco0oM. i1 HageKHOCTH
MBI UCITOJTB30BAITH CPa3y TPH Pa3IMYHBIX METO/a HCCIIEA0BAHMI TOPOJCKOTO MUKPOKINMATA!

1. Asromarmyeckue Meteoctanmmu (AMC) Davis Vantage Pro 2 (Puc. 1, 2), m3mepsrommue TeMnepary-
Py, BIQXHOCTb ¥ CKOPOCTBH BETPa, U XOPOIIO cedsi 3apeKOMEHI0BABIINE B MHOTOYHCIICHHBIX Kade-
JPaNTbHBIX DKCIICAUIHUSX 33 CYCT OTHOCUTEIBFHO HU3KOH CTOMMOCTH, HAZIG)KHOCTH M XOPOIICH TOYHO-
ctr namepennii Temrmeparypsi (0.5° C).

2. Tepmomarumku iButton ot amepukanckoit ¢pupmbr Maxim Integrated (http://www.maximintegrated.
com/), IpeCTaBIISIONINE CO00H U3MEPUTENb U JaTa-JIOITep TeMIepaTyphl BO3IyXa (C TOYHOCTBIO
0.5° C) B MeTayumueckoM kopryce (Puc. 2, BHH3Y).

3. MoOunsHBIe KOMITIEKCH Ha ocHOBe Davis Vantage Pro 2 (puc.3).

Puc. 1. YcTaHoBKa MeTeoCTaHLMM B Puc.2. BbicoKkoTouHbI M3Mepu-  Puc.3. MobUbHbIN M3MepUTENbHBIA KOM-
npuropoge HopunbcKa B nypry, npu TenbHbIM Komnnekc Davis Vantage nnekc Davis Vantage Pro Ha ocHoBe apeHfo-
TeMneparype -22 rpagyca v npu BeTpe Pro Ha LeHTpanbHo nnowaam BaHHoro Renault Duster. ®oTo

17 m/c. ®oTo M.N.BapeHuoBa. ropoga AnatuTbl. TepMoxpoHHble  M.U.BapeHuoBa.

[aT4MKM (BHM3Y CeBa).

[Tono6Hast MeTOMKA IO3BOJISET HOAPOOHO KAPTUPOBATH C HEOOIBIION IOrPEHIHOCTHIO BCIO TEMIIEPATY Py
Ha yIIULax ropoja, TeM 0ojee, CeBepHbIE TOPOAa JOBOJIBHO KOMIAKTHEL. MIMEHHO ¢ IOMOIIbIO COYETaHUs AaH-
HBIX CIIOCOOOB ObLIa MOJNTy4YeHa KapTa, IOKa3bIBAIOLIasi HACKOIbKO HEOJHOPOAHA MOXKET OBITh TeMIIEpaTypa
HOYBIO B Ipesiesiax Hebomboro (59 Teic sxxureneit) ropoga Anarutsl (puc.4)

Xopomio BUAHO, YTO Ha HEOOJIBIINX PACCTOSHHUAX MPU AHTUIMKIOHAIBLHOM THIIE TIOTOAbI TEPMUYECKUE
KOHTPACTHI B Ipe/ieax HeOOBIIOro ropojia MOTyT 0CTUrarh 4-5 rpanycoB. B orienbHble cpoku pa3zHOCTh
TEMIIEpATyp NOCTUTaeT 5-7 rpagyCcoB.

PE3Y/IbTATbI

Amnanorn4nele U3MepeHHs ObIIIM TIPOBE/ICHBI BO BCEX ropojiax npoekra. Brepssie B ictopun Hopuibeka,
BopkyTsl, MypmaHcka U AIaTHT H3MEPEHBI IPOCTPAHCTBEHHBIE XapaKTEPUCTHUKH TOPOACKOTO OCTPOBA TETIIa
JJIA COOTBETCTBYIOMINX CUHOIITUYCCKUX yCHOBHﬁ. PeSyJ'IBTaTI)I TOJIYYHIIUCH JOBOJIBHO HEOXKHNTAHHBIMHU. Tak B
Hopunbcke u B AnaTurax pa3HuIia TeMIEpaTyp MEXIy LEHTPOM Topoaa M OKPECTHOCTSAMH COCTABISAET 10 5-7
rpagycoB, B MypMmaHcke n BopkyTe pa3nuuus noixyduianch 6onee crimaxxeHHBIMU. COTacHO TpeIBapuTeNb-
HBIM pe3ynbratam (puc.S), o100HbIe MUIIOTHBIE UCCIIEOBAHHS MOTYT UMETh HMCKIFOYUTEIbHBI YKOHOMUYe-
cKkuii ahpexT.
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CoracHO OIEHKaM aisi ATATHTOB, PETYIsp- Anaruret. Mone Temneparyp Bo3ayxa HoubLIo 29.01.14
Has olmMOKa B OLCHKE TeMIlepaTypbl BO3AyXa Ha
OJIMH Tpajxyc, IPUBOAUT B TEYCHUE OTOIHMTEIHLHOTO
nepuosaa (251 nens B AmaTturax) K JAOMOTHUTENb-
HBIM TpaTaM 0oJjiee 4eM 8 ¢ IOJTIOBHHON MIIITHOHOB
pyOueit. B HacToAIIIT MOMEHT C TIOMOIITHIO0 MOACTH
COSMO_CLM omueHuBaOTCS M3MEHEHHS MOJEH
TEeMIIEpaTyphl M BIQXKHOCTH BO3yXa B roponax Ap-
kruueckoi 30Hbl PO B XXI Beke, a Takxke n3ydeHue
YETBIPEXMEPHOU NPOCTPAaHCTBEHHO-BPEMEHHOMN
CTPYKTYPBI TOPOJICKOTO OCTPOBA TEILIA.

Dkcnepumenmanvuas wacmes pabomel u meo-
pemuyeckue 0600uienus 8 0OIACmU NEPEULHOL 06-
PAbOmMKU  OAHHLIX BLINOIHEHbI NPU  NOOOEPIICKe
epanma Pyccxoeo ['eocpaguueckoco Obujecmsa
Ne27/2013 « Knumamuyeckue mainvl Apkmuxu: uc-
cnedosane KIUMAMA NONAPHLIX Me2anoaucosy,
OYeHKA DKCNepUMEHMATbHbIX MemoOuK u paspa-
b60mKa mexHoI02UU MOOETUPOBAHUA OYOYUUX U3Me-
HeHuil sAéneHus - 3a cuem epamma Ilpesudenma
Poccuiickou  @edepayuu 0na eocyoapcmeenHou
N000EPIHCKIU MOJIOObIX POCCUNICKUX YUEeHbIX — KAHOU-
oamos nayk MK- 6037.2015.5.

h-mwmnbmmm
AT M s M s WACUTaL,

EEEY L

Puc.4. TemnepaTypa Bo3ayxa B npefenax ropoga AnatuTsl
B nepuop 02:00-04:00 29.01.2014.

OwwubKa B y4eTe Temneparypbl
Ha 1 rpapyc B CyTKu
Jumepamypa:

1. Magee N., Curtis J., Wendler G., The Ur- Msumum:e CHMraHue Ha
ban Heat Island Effect at Fairbanks, Alas- Anatirchoi T 31,16 TOHHKb!
ka// Theor. Appl. Climatol. 1999. V. 64, pp —

39-47

2. P Konstantinov, A. Baklanov, M. Varentsov,
E. Kukanova, I. Repina, S. Shuvalov, and T.

3a aHBapb 2014 ropa nepepacxop,
Samsonov. Experimental urban heat island nopagxa 1 326 244 upyﬁneu 3a

research of four biggest polar cities in
northern hemisphere. In Geophysical Re-
search Abstracts, volume 16 of EGU Gen-
eral Assembly, pages EGU2014—10699—1,
Germany, 2014. Germany.

Puc.5. OueHKa sKOHOMUM 3NIEKTPO3HEpPrim (Mo NpeaBapu-
Te/NbHBIM aHHbIM) Ha NPUMEpe OTOMUTENIbHOMO CE30Ha B
Anatutax.

The influence of heat fluxes over the Arctic Ocean
on the temperature conditions over the North Eurasia

Moraru E.1., Loginov S.V.

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

climatic variations during the last decade. These climate variations significantly influence the climate of
surrounding areas and planate climate in general.

The Barents Sea is selected as the study area in the Arctic Ocean, because this region has the lowest con-

centration of sea ice. The Western Siberia and North-Western Russia are selected as the study areas over the

S ignificant climate changes are observed in the polar latitudes of the North Hemisphere, with the greatest
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North Eurasia based on the decomposition of the air temperature series on the empirical orthogonal functions.
These regions correspond areas of the greatest variability of air temperature over the North Eurasia.

The decrease of ice area, ice thickness and ice concentration associated with global warming influences
the variation of exchange of heat and moisture between the ocean and atmosphere, especially during the last
decade. The maximum correlations are observed between the heat characteristics in the Barents Sea and the air
temperature over the North-Western Russia

AHanus BIMAHUA TENNOBbLIX MOTOKOB B APKTUYECKOM CeKTope
Ha TeMnepaTypHble ycnosuA B CeBepHol EBpasum

Mopapy E.U., JloruHos C.B.

MHCTUTYT MOHMTOPUHIa KNUMaTUYeCKUX U 3Konornyeckux cuctem CO PAH, Tomck, Poccua
E-mail: janey@sibmail.com
Web: www.imces.ru

YILECTBEHHbIE W3MEHEHMsl KIMMara HaOJIOAalTCs B MONSPHBIX mupoTax CeBepHOro mosymapus,

MIPUTOM HaMOOJBININE KIMMAaTHYSCKHE BapUAIIMA OTHOCSTCS K MOCIEIHEMY JECATUICTHIO. DTH U3Me-

HEHHS MOTYT OKa3bIBaTh CYIECTBEHHOE BO3/ICHCTBHE HA KIMMAT OKPY>KAIOIINX TEPPUTOPHI U KIINMAT
TUTAHETH B IIeJIoM. MHOTHMH HCCIIEIOBATeNIMH OTMEUAETCs, UYTO B Pe3yNbTaTe ITI00ATbHOTO MOTEIICHUS
YMEHBIIIAETCS TONIIMHA, KOHIIEHTPAIMS U TUIOIAAh MOPCKOTO JIA, YTO OKAa3bIBACT CYIIECTBEHHOE BIHSHNE
Ha TeIJI0-BJIarooOMeH MeX/ly OKEaHOM U aTMOC(epoii.

Lenbio Mccae0BaHUS ABISIETCS OIICHKA MPOCTPAHCTBEHHO-BPEMEHHON M3MEHYHBOCTH TETIOBBIX ITOTO-
KOB Ha rpaHHIle OKeaH-arMoc(epa B pailoHax APKTHYECKUX MOpPEH, a TaKKe MX CBSI3b C TEMIIEpaTypPHbIM pe-
»kuMoM B CesepHoii EBpazuu 3a mepuon 1979 —2012 .

Or1ieHKa BpeMEHHOI U3MEHUMBOCTH TeMieparypsl Bozayxa (T,,,,) B paiionax CesepHoii EBpazuu nposo-
JIMITOCH TI0 TaHHBIM peaHanmmn3a JRASS ¢ mpocTpaHcTBeHHBIM pasperienneM 1,25° x 1,25. AHaan3 u3MeHUHBO-
CTH TeMIIepaTyphl MoBepxHOCTH okeaHa (SST) 1 KOHIEeHTpaIuu MOPCKoTo Jibaa (Ice) mpoBOaMIICS MO TaHHBIM
nentpa NOAA ¢ mpocTpaHCTBEHHBIM BpeMEHHBIM paszperieHueM 1° x 1°. MccienoBanue mpocTpaHCTBEHHO-
BPEMEHHOW N3MEHYHNBOCTH MOTOKOB SIBHOTO (S) 1 ckpbIToro (LE) Teruia B ApKTHYECKHX MOPSIX OCYIIECTBIIS-
JIOCh 10 CpeTHeMECSIYHBIM JIaHHbIM peanann3a OAFlux ¢ npocTpaHcTBeHHBIM pa3pelienneM 1° x 1°.

Baxnoit ocobenHocThI0O CeBepHOTO JIETOBUTOTO OKeaHa, BIMSIONICH HAa N3BMEHIHMBOCTD TETNIOBBIX XapaK-
TEPUCTUK Ha rpaHHile OKeaH-arMocdepa, SIBISIETCS] HaJTMYMe MOPCKOTO JIbJa, 3aHMMAIOIIEro OOIIBINYI0 YacTh
TTOBEPXHOCTH OKeaHa. [IpocTpaHCTBEHHOE pacTpeielieHue KOHIIEHTpaIlui Mopckoro saa B CeBepaoMm Jlemo-
BHUTOM OKeaHe 3a nepuox 1979 — 2012 rr. B ssHBape U uione npuBeAEH Ha puc. 1. BuaHo, 4To KOHIEHTpanus
MOPCKOTO JIb/Ia ¥ €T0 IJIOMIAh CYIIECTBEHHO YMEHBINAIOTCS B TEIUIBINA TIEPHOJ To/1a, IO CPAaBHEHHIO C 3UMHH-
Mu Mecsiiiamu. C HOSIOPSI 110 anpelib IPakTHYEeCKH Bee Iieb(hoBbie MOpst ApkTrueckoro dacceitna (Kapckoe,
JlanteBbix 11 BocTouHo-CHOMpCKOE MOPST) MOKPBITHI JIbJIOM ¢ KOHIleHTparuei 0,9 — 1. MickiitoueHnem siBsieTcst
BapentieBo Mope, KOHIIEHTpallks B KOTopoM He mpesbitnaet 0,2. B TEmibIil nepros roga cpenHsis KOHIIEHTpa-
1S MOPCKOTO Jibj1a B bapentieBom mope 3a mepuoj 1979 — 2012 rr. 6mu3ka k 0. B ocTaabHBIX MOPSX JIETOM OHA
koseOercs B peneiax 0,2 — 0,4, ¢ MakcuMyMoM B paiione Boctouno-Cubupckoro u JlanteBa Mopeii.

| —

o0 02 o s L "

a) 6)
Puc. 1. lpoctpaHcTBeHHOE pacnpefeneHne cpefHeit KOHLEHTpaLmm Mopckoro baa B CeBepHoM JlegoBnToM oKeaHe B AiH-
Bape (a) 1 uione (6) 3a nepuog 1979 — 2012 rr.
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B xadecTBe paiioHa ncciejoBaHns BEIOpaH paiioH bapeHrieBa Mopsi, KOTOPBIi MMeEeT HAMMEHBIITYIO KOHIICHTPa-
1riro Mopcekoro Jbaa (0,2 3umoit, 0 tetom). [Tpw orieHKe BpeMeHHOM H3MEHYHBOCTH KOHIICHTpAIiH 3a rieproxn 1979 —
2012 rr. 3aMeTeH YETKUI OTPUIIATENBHBIN TPEH/T KOHIICHTPAIIMH, TOJIICHBI M TUIOMIA I MOPCKOTO JIbJIa B XOJOJHBII
niepron rofa. JIaHHbIH (aKT MOXKHO OOBSCHHUTH yBEIMUEHUEM TEMIIEPaTyphl BO3/yXa B MOCIEIHEE JECATIIETHE, a
TaroKe TeMIIepaTypsl TOBEPXHOCTH OKeaHa (PHC. 2B), 0COOCHHO B 3UMHHE MeCsIIbl. OTMEUaeTCs OTEIIICHHE TIOBEPX-
HOCTHBIX apkTraecknx Boz ¢ 2000 mo 2008 rr., ¢ moceayomiM 3ame yieHie noreruienus mo 2012 rr

‘YMeHbIIIeHHE TUIOIIA/IH, TONIIUHBI M KOHIIEHTPALINH JIb/A, CBSI3aHHOE C NI00ATBHBIM ITOTETICHUEM, BIIHS-
€T Ha I3MEHYUBOCTbH TEIUIO- ¥ BIArooOMEHa Ha TPaHHIIE OKeaH-aTMOC(epa, 0COOEHHO B ITOCIIETHEE JICCSTHIIC-
Tne. Ha puc. 2 mpuBeneH BpeMEHHON X0 CPeTHEMECSYHBIX TOTOKOB CKPBITOTO () U ABHOTO (0) Tera B paiio-
Hax bapeHniieBa mopsi. B ssHBape oTMedaeTcst OTpUIaTe bHas TEHCHIHS TETIIOBBIX TIOTOKOB 32 TTOCIIEIHEE JIe-
catunetue (-15 Br/M*/10 net ans sBHOTO Terwia, -7 Bt/M*/10 NeT mist CKPBITOrO), YTO MOKHO OOBSCHHUTH
YMEHBIIEHUEM PA3HOCTH TEMIEPATyp MOBEPXHOCTH OKeaHa M BO3ayXa B paiioHe bapenuesa mops. B wurone,
HA000pOT, Pa3HOCTh TEMIIEPATYP YBEIMUUBACTCS, B PE3YIBTATE UETO MOSABIACTCS HEOOIBIION MOTOKHUTEIbHBIH
TPEH]I TeIUIOBBIX TIOTOKOB (2,9 Bt/M*/10 net ai1st ssBHOTO Tewa, 1,4 Br/m™/10 xer mwst CKPBITOTO).

Barers ses 160  Barents sea ".—mm =
1004 dareaary | s
804 120 4 ol
! 44
LE 604 s 804 3373
40 |
oy 401 e joney
204 | .
sty 14
04 v "ﬁ‘ LA — e 0 W
e ————————————— 0
1980 1990 2000 2010 19880 1990 2000 2010 1980 1990 2000 2010
a) Year U) Year B) Year

Puc. 2. MerofoBan M3MeHYMBOCTb CpegHEMECAYHBIX MOTOKOB CKPLITOrO (a) M ABHOTO (6) Tenna v TeMnepaTypbl NOBEPXHO-
CTM oKeaHa (B) B bapeHueBoM Mope 3a nepuog 1979 — 2012 rr.

J171s OIIEHKH CBSI3M M@Ky TEIUIOBBIMHU MOTOKaMH B paifoHax menb(poBeix Mopeit CeBepHoro JlenoBurtoro
OKeaHa C TeMITepaTypHBIM PSKIMOM Ha MaTepHke 3a repuox 1979 — 2012 rr. 8 CeBeproii EBpasun BrIAETaIOCH
HECKOJIBKO paiioHOB. [IprMeHsIack METOIMKA PA3II0oKEHUS PSAI0B TEMIIEPATYPBI BO3IyXa Ha €CTECTBEHHBIE OPTO-
TOHaJIbHBIE (DYHKIMH. DTH paliOHBI COOTBETCTBYIOT paiioHaM HanOOJbIIEH N3MEHYNBOCTH TEMIIEPATYPhl BO3AyXa
B CesepHoii EBpasun. [lorpemnocts pasnoxenust coctasuia 13 %. B pesynbsrare BbleneHbI CIEAyIONME paio-
uel: CeBepo-3aman Poccun (60 - 66°c.11., 30 — 60°B.1.) 1 3amaxHas Cudups (50 - 66°c.11., 60 — 90°B.1.).

BpemenHoit xo TeMnepaTypsl BO3ayXa B 3THX paiioHax MpuBeAEH Ha puc. 3. BumHo, uto Temmneparypa B 3a-
nagHoi Cubupy nMeeT HeOONBIION OTPHUIIATENBHBIN TPEH T B TTOCeaHee Aecsatuerne (B staBape -0,7°C/10 ner, B
utone -0,4°C/10 sret). B CeBepo-3anaaaom paitfone Poccnn Temmeparypa Bo3ayXxa MpakTHIECKH TOCTOSTHHA (B STHBA-
pe -0,4°C/10 ner, B urone -0,2°C/10 net). Taxrm 06pa3oM, OTMEHaeTCsl OTPUIIATENTFHBIN TPEH TEMITCPaTyPhI BO3Y-
Xa BO BCEX HccleayeMbIx paiionax CeepHoii EBpasun, ¢ MAKCHMaJIbHBIM ITOXOJIO/ITAHMEM B 3UMHHE MECSILIBI.

24- 24 Puc. 3. Mexrogosasn
North-Western Russia Western Siberia
sty M3MEHYMBOCTb TEM-
i M \ »vécf}‘v‘ﬁ}ﬁvﬁ“cq&( nepatypel Bo3/lyXa B
82 s pailoHax CesepHoit
o1 4 Espa3uu: Cesepo-3a-
nap Poccuu (a) m 3a-
% -184 napgHas Cubmps (6) 3a
Doy towy  TEMOR 1979 - 2014,
v . y . -24 ,
1980 1990 2000 2010 1980 1990 2000 2010
a) Year 6) Year

Ta6auua 1. KoadduumeHT Koppenaumum Mexay TennosbIMM xapakTepuctukamu (SST, S, LE) B bapeHueBom Mope 1 Temne-
patypoi Bo3ayxa (TBo3a) B parioHax CeBepHoii EBpasuu. YpoeHb foBeputensHoi BepoatHocTn 0,1.

Paiion EBpa3uu SAuBaps | Amnpeab Hronb OkT0pB
Cesepo-3amnan Poccun 0,3 0,5 0,4 0,5
SST-Temp
3anannast Cubups 0,2 0,4 0,3 0,2
Cesepo-3amnaj Poccun -0,3 -0,5 -0,3 -0,6
S-Temp
3ananHast Cubupb 0,4 0,1 0,1 -0,1
Cesepo-3aman Poccun -0,2 -0,4 -0,4 -0,5
LE-Temp
3ananHast Cubupb 0,3 0,1 0,1 0,1
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OueHKa CBsI3M MEK/Ty TEIUIOBBIMHU IIOTOKaMH B paifoHax mesnb(poBbix Mopeit CeBepHoro JlexoBuToro okeana ¢
TeMIIepaTypHBIM peKUMoM B paifonax CeBepHoil EBpaznn 3a mepuoxa 1979 — 2012 rT. onieHMBanach ¢ moMo-
B0 METOIOB KOPPEIAINOHHOTO aHam3a (Tadi. 1). MakcuMaabHbIe KOPPEIAIMOHHBIC CBA3H HAOMIOMAI0TCS
MEKy TEIJIOBBIMHU XapaKTepUCcTHKaMU B bapeHneBoM Mope 1 Temiieparypoii Boznyxa Ha CeBepo-3amazne
Poccun (-0,5 + -0,4 ¢ moToxoM ckpeIToro Termna, -0,6 + -0,5 ¢ motokom siBHOTO Teruia u 0,4 + 0,5 ¢ Temmepary-
poii moBepxHOCTH OKeaHa). Takue CBI3M MOKHO OOBSICHUTB OIIM3KUM PAaCIOIOKEHHEM PAalfOHOB APYT OTHOCH-
TEJIBHO JPYyra U 0COOCHHOCTBIO HUPKYISHUU. ONMHUPasch HAa OTPULATEIIBHBIC CBSI3H MOXKHO ITPEIIIOIOKHUTE O
HaJIMYMH CYIECTBEHHOM posy aiBeKIuH. CBS3H ¢ TeMIIepaTypoil BO3AyXa B APYTHX MCCISIYEMBIX paioHax
Cesepnoii EBpaznn He3HAYNMBI.

Taxum 00pa3oM, yMEHBIIEHUE IUIOLIAN, TOJMIIMHBI 1 KOHIIEHTPALMH MOPCKOTO JIb/a, CBS3aHHOE C IJIO-
OaTBbHBIM MTOTEIUICHUEM, BIIHSIET Ha N3MEHEHHE TEIUIO- M BIIar00OMeHa Ha TpaHHIle OKeaH-aTMocdepa, 0coOeH-
HO B ITOCTIEAHEE JIeCATHIeTHE. MaKcHMalbHbIe KOPPEISLMOHHBIE CBA3U HAOIIONAIOTCS MEXK/Y TEIUIOBBIMH Xa-
pakTepucTHKaMu B bapeHiieBoM Mope 1 Temiieparypoii Bo3ayxa Ha Cesepo-3amazne Poccun. Onmpasics Ha OT-
pHLIATETBHBIE CBA3U MOYKHO IPENOTIOKHUTS O HATMYHMH CYILECTBEHHOH POJIN aJIBEKLIUH.

Modeling of atmospheric transport pollutant from a point
source in the Southern Baikal region

'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

he results of a numerical study of atmospheric circulations and pollutant transport in an area located
around Lake Baikal in the summer are presented. The study is based on a non-hydrostatic mesoscale
model of atmospheric dynamics and a model of passive pollutant transport adapted for an area with
complex terrain. The pre-processing of the input information about the underlying surface, visualization and
spatial analysis of the scenario experiment results are carried out in the ArcGIS environment using GIS tools
and a special technique developed by the authors. The results of modeling the pollutant transport from a point
source in the city of Shelekhov obtained with these models are in qualitative agreement with the available ob-
servational data. The effects of temperature stratification of the atmosphere on the pollutants carried by north-
west winds towards Lake Baikal are shown.
This work was supported by the Presidium of RAS under program Ne 43, the Russian Foundation for Basic
Research under grant Ne 14-01-00125-a, and SB RAS Basic Research project 1X.88.1.6.

MopgennposaHue aTMochepHoro rnepeHoca npuMecu
OT TOYEYHOro UCTOYHMKA B l0XHOM MNpubariKkanbe

MbaHoBa J.A., ‘Daneiiumk J1.M.

" MIHCTUTYT BBIMUCAUTENBHOM MaTeMaTUKKM M MaTeMaTiyecKoii reodusnku CO PAH, HoBocubupck, Poccua
? UIHCTUTYT NPMpOAHBIX pecypcoB, aKonorum u kpuonorum CO PAH, Yuta, Poccua
E-mail: pianova@ngs.ru, lfaleychik@bk.ru

PEICTaBICHO OIMCAHKE JISTHETO YUCIEHHOTO AKCIIEPUMEHTa MO U3YYeHUIO (POPMHUPOBaHMS arMOchep-

HBIX [UPKYISIINI U IIPOLIECCOB NepeHoca naccuBHoi npumec B HOxuowm [pubaiikanse. Monenuposa-

HHE TIPOBEJICHO JUIsl YCJIOBHOTO cpeaHero 22 uionst. BeiOop gaHHOTO clieHapust 00yCIIOBIEH TEM, YTO B
pabote [1] nmpencraBieHbl HEKOTOPBIE Pe3y/IBTaThl HAOIMIONEHUH 3a paciipe/iefiecHHeM KOHLIEHTPAi AMOKCHa
CepbI HaJl paccMaTpUBaeMOl TeppUTOpHCH B ykazaHHI ieTHul riepuox 2013 roxa. [Ipu moxenupoBanun Oblia
TIOTIBITKA Ha KaYeCTBEHHOM YPOBHE BOCCO3/1aTh HAOMFOIaeMbIE METEOPOJIOTMYECKHE YCIIOBHS M BOBMOXKHBIN MPO-
necc nepeHoca npumecu. O KOTMUECTBEHHOM COITIACOBAaHUU PEUH ITOKA HE UJIET, TOCKOIBbKY Ha MOMEHT ITPOBEIe-
HUSI YMCJICHHOTO SKCIIEPUMEHTA PealIbHBIMK JIAHHBIMU O BBIOPOCAX aBTOPHI HE pacioiarajiH.

KopoTko n31105)KMM OCHOBHBIE MOMEHTBI, OTHOCSIIIMECS K pe3yJibTaTaM HaOJIOICHUH, IPe/ICTaBICHHbIC B
pa6ore [1]. IIpu npoxoxnennu kopadis o Mapupyty bonbsimme Korer — Upkyrekas '9C — bonbuire Korst
OBUTM OTMEUEHBI JIBA MAKCUMyMa KOHLEHTPALMH JJMOKCHIA Cepbl B NIEPBOM TIOJIOBUHE JTHS M OJJMH MakCUMYyM
Ha 00paTHOM IyTH BO BTOPOM IOJOBHHE JHS. MEHbUINH U3 JIByX MaKCUMyMOB ObUI 3a()MKCHPOBaH B palioHe

CEKLUA MOOE/TMPOBAHME 1 AHAJTU3 PETMOHAJIBHOIO KITUMATA COAEPHAHMUE »
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Bonpimme Kotsl — JIncTBsiHKa, BTOPOIi, ¢ OOMBIIMMH 3HAYCHUSAMH — B cpenHeil yactu MpKyTcKkoro Bogoxpanu-
muma. B paitone 'DC makcumymoB He Habmoganock. Ha oOpaTHOM ImyTH 1O TOMY K€ MapIIpyTy 3HAYCHUS
KOHIIEHTpAIN AUOKCHIA CEPBI B CPEAHEH 4acTH BOAOXPAHWUIIMIIA 3aMETHO YMEHBIIINCh, @ TPAHHUIIBI 3TOTO
MaKCHMyMa CHJIFHO Pa3MBUIHCH. B epros HabIroneHnii oTMedascs ciadblif ceBepo-3anaaHblid BeTep. ABTOPHI
B pabote [1] mpeamonoxwiy, 9to HaOMIOMaeMble MAKCUMYMBI OBIITH MOTYYEHBI B pE3yNbTaTe TOTO, YTO Map-
mIpyT Kopabus mepecek nuteti Beiopocor ot npeanpustuii llenexosa. Onmpasich Ha 3TO MPEATIONOKECHNE, B
CBOEM HCCIEIOBAaHUM MBI 0CO00€ BHMMaHHE YACIWIN MOACIMPOBAHUIO MEPEHOCA MPUMECH OT YCIOBHOTO
MCTOYHUKA, PACTIONIOKEHHOTO Ha TeppuTopuu Lllenexosa.

Jnst MopennpoBanust aTMOc(epHBIX IUPKYISIIUI U MEpeHOca TACCUBHOM MPUMECH HaJ| paccMaTpuBae-
MOH TEpPPUTOPHEH MCIIOIB30BAACh HETHAPOCTATUIECKAs! MOAETb AMHAMUKH aTMOC(EPBI U YpaBHEHUE KOH-
BeKIMU-TU(QPy3UN C HAYaIbHBIMU M KPaeBBIMH yCIIOBUSIMU. bosee mogpobHoe onmcanne Mozeseii 1 ypaBHe-
HUI MOXHO HaTH B paboTax [2, 3]. Mozxenu ObITH aAanTHPOBAHBI K OpOrpadUIecKiM YCIOBUAM baiikambcko-
ro pernona. [Tonqroroska n 06paboTKa HCXOJHBIX JJAHHBIX O MOAEINPYEMON 001acTH, BU3yaln3alys U aHAIN3
PE3yIbTaTOB CLIEHAPHBIX PACUETOB OCYIECTBIAIACH B reonHpopMannonHo cpene ArcGIS ¢ ncnonszoBanneM
aBTopckoit Texnonorun u [ MC-unctpymenTapus [4 - 6].

B kauecTBe pacueTHOI MOJIEbHOI 06IacTH BEIOpaHa TEPPUTOPHs pasmMepoM 666x710 KM, 0OXBaThIBAKO-
mas o3epo baiikan u wactu Tepputopuit Upkyrckoit obmactu, Pecrryonmuku bypsatus n 3a6aifkaabCKoro Kpas.
Beicora pacuernoit obmactu 6 kM. HecMOTpst Ha To, YTO M3y4eHHE MPOIIECCOB MEPEHOCa MPUMECH BEIOCh B
OCHOBHOM TOJBKO 1t VpKyTCKO-UepeMXOBCKOH paBHUHBI, CYTOUHBIN X0J] aTMOC(EPHOH AUHAMIKH MOJIEIH-
poBaJjics HaJ 3aMETHO OOJbINeH TeppUTOpHEH. DTO CAETAHO IS TOTO, YTOOBI 3aBEJOMO M30eKaTh HEAOydeTa
BIMsAHUA Ha Tepputopuio FOxxnoro IIpubaiikanbs atMoc(epHBIX MOTOKOB, (HOPMHUPYIONINXCS B PE3yIbTaTe
B3aMMOJICHCTBHUS TaKUX (DAaKTOPOB, KaK MPOTHKEHHOE U XOJIOTHOE B JICTHHI meprof o3epo baiikam, i BEICOKne
TOpPHBIE IETIN, CKJIOHBI KOTOPBIX B JIETHUI MEPHOJ HATPEBAIOTCSI OUCHb HEPABHOMEPHO.

ITo mMonenu aTMOoC(epHOH TUHAMHUKH PACCUUTHIBAICS CYTOUHBIH XOJ METEOPOIIOTMYECKHUX 3JIEMEHTOB,
COOTBETCTBYIOIIUH THIUYHBIM CUTYaLUsIM ISl MIOJIS. BBUTH paccMOTpPEHbI JBa METEOPOJIOTHYECKHUX CIICHA-
pHs: SKCIEPUMEHT C YCTOMYMBOM TeMIepaTypHOU cTpaTuuKaien s HIKHAX cI0eB GOHOBOM aTMocheps!
1 KCIIEPUMEHT C HEHTpaJbHOH cTpaTudukanueil. J[aHHbIe 0 CpeIHUX XapaKTEPUCTHKAX TSI TEMIIEPaTypHl,
BIIQ&XKHOCTH U JIPyTUX METEOIapaMeTPOB, HA OCHOBE KOTOPBIX MOJEIMPOBAIOCH MX CYTOUYHOE HM3MEHEHME,
OBUTH B3ATHI U3 KIIMMATHYIECKHUX CIIPABOYHUKOB.

IepBBIe CyTKH pacyeTOB MOJIEIb aJalTHPOBAJIACh K TEMIEPATYPHBIM U Oporpaduiecknum HEOAHOPOIHO-
CTSAM ITOJCTIJIAIOIIEH MOBEPXHOCTH. OTBITHBIM ITyTeM OBLIO YCTAHOBJICHO, YTO Ha BTOPBIE CyTKU MOJEIH yKe
BBIXOJUT Ha KBa3UCTALMOHApHBIA PEXHUM, IIOITOMY YCIOBHBIM HMCTOYHMK, pacnonoxeHHbl B Illenexose,
BKJIFOYAJICS B Ha4aJIe BTOPBIX MOAEIBHBIX CyTOK. BbIcoTa TOUeuHOTO HeTouHMKa monaranach 100 M, MOIIHOCTB
€ro B 3KCIIEpUMEHTax ObLTa 33/1aHa KaK OJHA YCIOBHAS €IMHHIIA TIPUMECH 3a eAUHUITY BpeMeHn At = 60 c.

UrcneHHbIe pacdeThl MPOBOAMIIICE Ha ceTke 667x711x50 y31m0B ¢ maraMu 1o ropu3oHTamn Ax = Ay = |
kM, 1o Beptukanmd — Az = 100-200 M. Bo Bcex 4HCICHHBIX SKCTIEPIMEHTAX Ha BEepXHEH TpaHUIC pacueTHOH
oOmacTy 3a7aBajiCs CeBEPO-3aIlaAHbIA BHEITHUH (POHOBBII MTOTOK 4 M/C.

[Hanee Ha puc. 1-3 npeacTaBieHbl HEKOTOPBIE PE3YIBbTAaThl CLIEHAPHBIX PACUETOB — M30JMHNHU KOHIIEHTpa-
IIUM TTACCUBHOM MIPUMECH B Pa3INYHBIC MOMEHTHI BpeMeHH Ha BbicoTe 100 M HaJ TOBEPXHOCTHIO B FOTO-3ama/l-
HOW YacTH pacdeTHOH 001acTu.

KOHUeHMpayLLY KOHUeHMpPaLuu
naccuaHol Npumecuy, naccueHol NnpuMecu,

yen. ed yen. ed.

8 qacos 8 vacos
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Puc. 1. Pe3ynbTaThl pacyeToB Ha MOMEHT 8 4 yTpa MECTHOrO BpEMEHMH, a) — YCTOMYMBAA CTPATUPUKALNA HUKHKX CNoeB $o-
HoBOI aTMocepbl, 6) — HeliTpanbHas.
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AHanm3 clieHapHbIX PAcUEeTOB ITOKa3aJl HEKOTOPOE Pa3IMyuHe B IOBEICHUN TIOJIEH BeTpa 1 nuieiida maccus-
HOW TIPIMECH OT WMCTOYHHKA BBIOPOCOB TSI SKCIIEPUMEHTOB C Pa3NUYHON TEMIIEpaTypHOH CTpaTH(HKAIen
HIDKHHX cJI0eB ()OHOBOH atMocdepbl. B yTpeHHne 4acel — B 3TO BpeMs B pacdeTax (pOpMHUpYeTCsl yCTOHUHBast
cTpatuduKars arMmochepsl B 000X IKCIIEpUMEHTaxX — IIIel( Tpaccepa JOCTUTAaeT mobepexnps baiikana B paii-
one Mexxay JInctesukoit 1 bonpmmvu Koramu. D10 X0pomio BUAHO Ha pUCyHKE 10, COOTBETCTBYIOIEM SKCTIEPH-
MEHTY ¢ HeHTpasbHOH cTpaTu(duKanyei B HadaIbHBII MOMEHT BpeMeHH. B pacuerax ¢ ycToidnBoii cTparnguka-
el mobepexnpst balikana JOCTUTAIOT TOIBKO Ooree HU3KKE KoHIEeHTpanuu nopsaka 0.01 yciioBHOW eIMHHUIIBL.
SIBHO 3TO Ha pUCYHKE la He OTpa’keHO, MOCKOJBKY ISl HAVIAAHOCTH PUCYHKOB OTPaHUYMIINCH BHEITHEH U30ITH-
HHUel, coorBeTcTByTomei 0.1 ycmoBHO# enuaAIEL. [Tpr 3TOM Ha pECYHKaX XOPOIIIO BUAHO, YTO M30JIMHHMS CO 3HA-
yeHueM | nepecekaer MpkyTckoe BOZOXPaHHIIIMIIE IPUMEPHO B €r0 cepennHe. Takoe MoBe/IeHHe 1ojei KOHIIeH-
TpaIMN MACCUBHOMN MPUMECH COITIACYETCSI C MAKCHMYMaMH IHOKCHIA Cepbl, 3a(MKCUPOBAaHHBIMH HAOTIOATENS -
MH TIPH TTPOXOXKICHUHN UCCIIEIOBATEIILCKOTO CyIHa 10 MapmpyTy bonbmme Kotsr — UpkyTek [1].

K nonynHio 1 B HauaJsie BTOPOH MOJIOBUHBI JIHS, KOT/Ia TTOJCTHIIAIOIIAS TOBEPXHOCTh MPOrPeBaETCs, U XO-
por1io pa3BuBaeTcs TypOyJIeHTHOE epeMeIInBaHue, IuIeii( NpUMecH, O JaHHBIM YHCIEHHBIX PACUETOB, YKO-
pauuBaetcs (puc. 2a, 6). [Ipu 3ToM B pacderax ¢ ycToldnBoii (POHOBOM cTpaTH(UKame BO BTOPOi MTOTOBHHE
JTHS HaOMIOAaIoCh 3aMETHOE OTKIIOHEHHNE BEpXHEH 9acTH nuieiida Kk ceBepo-BOCTOKY (puc. 20), B TO BpeMs Kak
B AKCIIEPUMEHTE C HEWTpPaIbHON cTpaTH(UKanuel COXPaHsIOCh HAPaBICHNE PACIPOCTPAHEHHUS Tpaccepa Ha
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Puc. 2. Pe3ynbTaThl pacyeToB A/ CLEHapWA C YCTOMYMBOIA CTpaTUdMKaLmert GoHoBon aTMocdepel, a) B 12 4acoB MECTHOIO
BpeMeHH, 6) — B 16 yacos.
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Puc. 3. Pe3ynbTatbl pacyeToB AnA CLEHapUA C HEWTpanbHOW CTpaTUdMKaLMelt HUKHIX CloeB (oHOBOI aTMochepsl, a) B 20
4acoB MeCTHOro BpeMeHu, b) — B 24 vaca.
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IOT0-BOCTOK. TakmM 00pa3oM, pacdeTsl ¢ yCToHunBON (poHOBOM aTMocdepoii moKa3aaln MEHbBIIEE COOTBETCT-
BUE NMEIOLIMMCSI HAOJIIOICHNSIM, TIOCKOIIBKY TaKO€ IMOBEJCHUE Tpaccepa MPe/roNaracT yBeIMueHne KOHICHT-
pammu npumecH B paiione Upkytckoit 'DC, koTopoe He 65110 3apUKCHPOBAHO HAOTIOAATEIAMHU.

Pacdets! 1 crieHapus ¢ HERTPaIbHOM cTpaTn(UKaIel HIKHAX CII0eB (POHOBOH aTMOc(hephl MOKa3ali,
YTO BO BTOPOH TOJIOBUHE JIHS [TOBEACHHE IUIeii(a IPUMECH HE TPOTUBOPEUUT TOMY (hakTy, 4TO B cpeaHeil qa-
cti UpKyTCKOTO BOIOXPAaHMIINIIIA MAKCUMYM BCe eIIie HaOIonaics, HO 3HaYUTEeIbHO YMEHbIICS (puc. 3a). B
HOYHOE BpeMsI, KOT/Ia B 000MX HKCIIEPIMEHTaX OIATH C(OPMHUPOBAIACH YCTOUMBAs cTpaTu(uKaIus, u TypOy-
JICHTHOE TIepPEeMEIINBaHNEe 0CIa0I0, B YUCICHHBIX PacueTax HaOMIOaJICs MEPEHOC MACCUBHOM MIPUMECH B Ha-
npasieHnn baiikama (puc. 30), 9To CTOCOOCTBYeT 0Opa30BAHMIO YTPEHHETO MaKCHMyMa B pPaliOHE MEXIY
Bbonbmmmu Koramu u JIncTBAHKOMN.

Takum 00pa3oM, monaraeM, 4To pe3ysIbTaThl YHCIEHHOTO SKCIIEPUMEHTa ¢ HEWTPAJIbHOH cTpaTH(uKanu-
eil HIKHUX c1o0eB (POHOBOH arMOoc(ephl KAUECTBEHHO COTTIACYIOTCS C Pe3yNbTaTaMu HaOMIOAECHHH, IPeCTaB-
neHHBIMH B [ 1]. Pasnuuns B moBeneHny mieiida macCUBHON MPIMECH B SKCIICPUMEHTAX C Pa3IUIHOMN CTpaTH-
(hukarmei TpedyroT Oosee mOAPOOHOTO PACCMOTPEHUSI.

Panee aBTopamu HacTosimieil paObOThI OBIIM NMPOBEAECHBI CLICHAPHBIC YHCIICHHbBIE SKCIIEPUMEHTHI, B KOTO-
pBIX Ha OoJee TPyOOi ceTKe 1Mo TOPU30HTAIH (5 KM X 5 KM) HCCIIEIOBAIUCH MTPOIECCH (POPMUPOBAHUS aTMOC-
(hepHBIX MUPKYISIANR U TpaHCHOpMaIi (GOHOBOTO HAOETaroOIIETo MOTOKAa HaJ HEOTHOPOAHOW oporpadueit
baiikambCcKkoro perroHa, a TakkKe BIHSHHE (POPMHUPYIOMIUXCSI BETPOBBIX ITOTOKOB HA NMEPEHOC MPUMECH OT
ncToIHNKOB MpKyTcKO-UepeMXOBCKOro MPOMBIIIIIEHHOTO KOMIUIEKca [7]. DTH HCciieoBaHus COTIACyIOTCS C
TEMH pe3ylIbTaTaMH, KOTOPBIE MOJYyUCHBI IIPH pacueTax Ha Ooiee MOapOoOHOI CETKe M 4acTh KOTOPBIX IMpPea-
CTaBJIcHA B JaHHOH pabore. CunTaeMm, 4To pe3yabTaThl HACTOAMIEH PaOOTHI MOXHO pacCMaTPHUBAaTh KaK yTOUHS-
TOIITHE ¥ JOMOTHAIONINE B IIUKJIE padoT U MCCIeOBaHIH Me3oKmMara baifkambckoro pernona.

ABTOpBI BBIpaXAIOT TIIyOOKYIO TPU3HATEIBHOCTH M OmaromapHocTs E.A. IlBetoBoit n B.B. Ilenenko 3a
BHUMaHHE K padoTe.
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ma PAH, npoexma PODU Ne 14-01-00125-a, npoexma IX.88.1.6 @ynoamenmanvrvix uccredosanuti Cubup-
cxo2o omoenenusi PAH. Pacuemut svinonnenst ha CCKI] CO PAH.
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Simulation of heat and mass transfer in Lake Baikal
in winter taking into account the phase transitions
in water-methane system

Tsvetova E.A.

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

of Lake Baikal. In this connection, there was a need to consider a new class of problems hydrothermo-
dynamics to study physical processes in the hydrate - gas — water system, taking into account the pos-
sible mechanisms of transformation in the specific conditions of the lake.

We consider a problem of modeling hydrothermodynamics of heterogeneous system, which includes wa-
ter and methane. Over time, the system state is changed with phase transitions. All phases are modeled as con-
tinuous media. The main phase is liquid, which is regarded as the carrier medium. In each volume of the simu-
lation domain, we determine the portions of each phase, which are modified by the hydrothermodynamics and
the interactions between phases.

For modeling hydrothermodynamics of lake waters as the carrier medium, the mathematical model in the
non-hydrostatic approximation is used. It is represented by a system of partial differential equations for the
three components of the velocity vector, the equation for the temperature, the equation of state and the continu-
ity equation. The system of equations takes into account the Coriolis force, transport and turbulent diffusion for
heat and momentum.

Phase behavior of methane is described by a system of equations of the convection-diffusion - reaction
type. It is assumed that the dissolved methane moves with a velocity of the carrier medium and the gaseous and
solid phases are obtained additional lifting rates due to buoyancy forces. Thermal effects, taking into account
the latent heat of phase transition, are included in the equation for the temperature. The system of equations is
supplemented by an appropriate set of boundary and initial conditions.

We present the results of a scenario calculation associated with the modeling of a ring structure, which the
astronauts saw on the ice of Lake Baikal in 2009.

Analysis of numerical experiments with methane prompted us to the conclusion that methane plays a sig-
nificant role not only in the appearance of the local ring structures near the surface, but it also participates in the
fundamental governing processes.

In particular, the experiments have shown that the compensating currents, formed by the mixture lifting,
give rise to thermobaric instability and downwelling water to great depths. Note that the barrier to exchange
between surface and deep waters of Lake Baikal in winter is a layer of temperature maximum between 150-300
m depths. This is the layer of warm water, above and below of which the more cold water is placed. It is formed
in the lake during the autumn convection due to decreasing the temperature of maximum density with increas-
ing pressure.

Thus, the following conclusion was made with the results of the simulation. The rise of methane hydrate
and its subsequent transformation can be the cause of the rings on the ice of Lake Baikal, and can serve as one
of the triggers of deep convection leading to the renewal of deep waters.

The work is supported by the programs 18 and 43 of the Presidium of the Russian Academy of Sciences, as
well as the RFBR project 14-01-00125.

ﬁ t the end of the twentieth century, the large deposits of methane hydrates were discovered at the bottom

MoaennpoBaHue Tenno-maccoobMeHa B baikane B 3MMHUI
nepuof c y4eToM dpa3oBbIX NEPEXooB B CUCTEME
BOJa-MeTaH

LisetoBa E.A.

MHCTUTYT BbluMCITENIbHON MaTeMaTUKM U MaTeMaThyeckol reodpusuku CO PAH, HoBocnbupck, Poccua
E-mail: e.tsvetova@ommgp.sscc.ru

CBSI3M C 9THM BO3HHUKJIA IOTPEOHOCTh B PACCMOTPEHHMH HOBOTO Kilacca 3ajad TUAPOTEPMOANHAMUKI
JJI U3Yy4YCHUA (I)I/ISI/I‘IGCKI/IX IpoHecCoB B CUCTEME Ir'napar — ra3 - Boga ¢ y4€TOM BO3MOXXHBIX MEXaHU3-
MOB TpaHC(hOpMAILUH B ClIEHU(PUUECKUX YCIOBHSIX 03epa.

B KOHIIE JIBAJIIIATOTO BeKa Ha JTHE o3epa baiikayl ObLIM OTKPBITHI OONBIINE 3aJICXKH THAPATOB MeTaHa. B

CEKLUA MOOE/TMPOBAHME 1 AHAJTU3 PETMOHAJIBHOIO KITUMATA COAEPHAHMUE »
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[TprunHaMU NOSIBICHNS METAHA B 03€Pe MOXKET OBITH ITOTIaJaHNE ra30TUApaTa B BOAY B PE3yJIbTaTe ONO3-
HEW M MOABMXKEK I'PYHTA, U3BEPKEHUH MOABOIHBIX BYJIKAaHOB, IPOCAYNBAHMS ITy3bIPEH M3 MOPHUCTOTO JHA B
paifioHax BBIXOAA Ta3a M T.J. MeTaH MOXET OBITh B TPeX COCTOSHHAX ((a3ax): B cocTaBe ra3oruapara (TBep-
JIBIN), B ITy3BIPSIX (ra3) ¥ paCTBOPEHHEIN B BOJIE.

Jln1st Ka4eCTBEHHBIX OIIEHOK IOBECHUS METaHa B BOJIE OOBIYHO CTPOHTCS (ha30Basi fuarpamMma, KoTopast
MIOKA3bIBACT, IPU KaKUX YCIOBUSIX OKPYKAIOIIEH cpelibl 0 NABJICHUIO U TEMIIEPATYPE U B KAKUX COCTOSHHAX
OTHOBPEMEHHO MOXKET CYIIECTBOBATh MeTaH. PaccMarpuBast (a3oByro quarpammy a1t baiikanbCcKUX yCIOBHH,
MOYXHO YBHAETH, YTO B TOJIIE BOI (MaKCHUMasbHasg IiTyOnHa bafikama 1637 M) MOXKeT IPOMCXOIUTH KaK pasiio-
KEHHe, Tak 1 00pazoBaHKe ruparoB. B ra3oBoil (aze u B paCTBOPEHHOM BHJIE METaH MOXKET HaXOAUTHCS BO
Bcei Tome. MMeroTes Takxke crieliu(puuecKue yIacTKH, IJI€ MOTyT IIPHCYTCTBOBATh U BCE TPU U JIBE (ha3bl Ofl-
HOBpeMeHHO. CyIecTBEHHO TO, 4TO (pa30BbIC NEPEXO/Ibl OCYLIECTRISIOTCS P ONPEJEICHHBIX YCIOBHAX, 3a-
BUCSIIIIUX OT TEKYIIETO COCTOSHUS BCEH CUCTEMBI.

I'uppat npencraBiseT co00il KPUCTAIMYECKYIO CTPYKTYPY, TOX0XKYI0 Ha cHer. MneanbHas ¢opmyrna ra-
3oruapata mertana nmeet Bug CH,(H,0)s ¢s, Monexynsipusiid Bec 121,3 r/momns. ITnotHOCTS rHpara pasHa 0,9
r/eM’ , HackimeHHoCTh razoM G=13.2%. Tak kak Ta30THIPAT JIeTde BOJBI, OH OyJeT BCILUIBIBATH, OKA3aBIINCH B
BoZie. Bo BpeMst orbeMa ¢ KpHCTaJUIaMH IPOMCXOAUT JIBa MPOIecca: PACTBOPEHNE U JUCCOLUALUS. DTH JIBa
Ipolecca MMEIOT COBEPILIEHHO Pa3HyIo MIPUPOIY 10 OTHOLIEHUIO K BHYTPEHHEH YCTOHYMBOCTH KPHCTAILIOB. B
MEPBOM CIIy4ae, IpH MoabeMe A0 TIyOuHBI mpuomu3uTensHo 380 M, THApAT BHYTPEHHE YCTOHYHB, HO TIOT
JICHCTBUEM OKpY)KAIOIIEH BOAHOM Cpelbl C MOBEPXHOCTH KPUCTAJIOB BBIMBIBAIOTCS MOJEKysnbl. Ha sTom
ydacTKe MOolbeMa Macca THAPATa MPAKTUYECKH HE MEHSIETCSI, TOCKOIBbKY CKOPOCTh €TO PACTBOPEHHMS HEBEIIHKA,
BCETO HECKOJIBKO MM/TO/I.

Ha miry6unax oxoso 380 M razoruapar moaBepraeTcsi TUCCOIMANMN Ha Ta3 | BOAY. DTO APYToi mporiecc,
OH TIPOMCXOAMT 3a CUET TOTO, YTO THJIPAT CTAHOBUTCS HEYCTOWYMBBIM BHYTPEHHE, IIPOUCXOANT Pa3phbiB BHY-
TPEHHHX CBsI3€H B CAMUX MOJICKYJIax, B pe3ybTaTe 4ero ocyuiecTriseTcs Gpa3oBblil nepexon. Ipomecc npouc-
XOJHT JIOBOJBHO ObIcTpO. Ha MeHbIMX NTyOMHAX B PABHOBECHOM COCTOSIHUM TA30THIPAT YK€ HE MOJKET HAaX0-
uThest. OHAKO, BCE-TaKH, HEKOTOPAs €T0 YacTh MOKET J0OPAThCs 10 MOBEPXHOCTH, HE YCIEB PA3IOKUTHCS.
DT0 3aBUCHT OT TOTO, HACKOJIBKO OONBITMMH H3HAYAIHHO OBUIN KPUCTAIUIBI BCIUTBIBAIOIINX (hParMEeHTOB. 3aMe-
THM, YTO IIPOLIECCH Pa3yIOKEHNS 1 00pa30BaHMs ra30ruapara MpoOUCXOAAT C MOIVIOMIEHUEM U BBIICICHUEM Te-
IUIA, YTO BIHMSAET HA TEPMOJMHAMUKY CHCTEMBI.

Uro kacaeTcst my3bIpeil, BOSHUKAIOIINX PH Pa3I0KEHUN THAPATA, TO UX MOBEJCHUE 3aBUCUT OT MHOTHX
(axTopos. IIpu mogbeme Mmy3bIpeli 1aBIeHHE BOKPYT HUX YMEHBIIAETCS, YTO JOJKHO MPUBOANTD K pacIInpe-
HUIO ra3a. B To »e BpeMs ra3 BBIXOJHUT U3 My3bIPsl, YTO MPUBOJUT K yMEHBIIEHUIO 00beMa. B copeBHOBaHMM
MEKAY STUMH JIBYMsI IPOLIECCAMH y4YaCTBYIOT IEPBOHAYANIBHBIN pa3Mep My3bIpsl, €T0 Ta30BbIi COCTAB, COCTOS-
HHE OKpY’Karolen cpeipl, NTyonHa u T.1. CyIeCTBEHHOE 3HaYE€HHE HMEET MHOKECTBO (DaKTOPOB: TIOJHUMACT-
Cs1 I €AMHUYHBIN ITy3bIPb WIIN TIPOUCXOIUT KOJUIEKTUBHOE BCIIIBITHE, O0BEUHSIIOTCS ITy3bIPH WIIH HET U T.1. B
TEOPUH MIEPEXO/IbI MEXKY Ia30BoH (ha3oii 1 pacTBOPEHHBIM METAHOM OIHCHIBAIOTCA 3aKOHOM [ eHpH.

Kak BHIHO M3 3TOTO KpaTkoro 0630pa, MOBEACHUE CTONb CIIOKHON CHCTEMBI, B KOTOPOH MOCTYTAOIast
MIPUMECh HE OCTAETCsl MACCUBHOM, a OKa3bIBAET CYIIECTBEHHOE BIMAHNE HA TMIPOAMHAMUKY M TEPMHUUECKOE
COCTOSIHHE BCEH CHCTEMBI, TPEOYeT COOTBETCTBYIOIINX MaTEMAaTHIECKUX MOJIENIEH M TOCTAHOBOK 3a71ad.

MATEMATUYECKOE MOJEJIMIPOBAHNE

PaccmarpuBaeTcst 3a7a4a 0 MOJCIMPOBAHUU THAPOTEPMOIMHAMUKN T'€TEPOreHHOM CHCTEMbI, B COCTAB
KOTOPOIi BXOJHT Bojia M MeTaH. C TeueHneM BpEMEHH CHCTeMa TPaHC(HOPMHUPYETCsI C y4eTOM (a30BbIX Mepexo-
J0B. Bee hazbr MonenupyroTces Kak CruioniHbie cpebl. OCHOBHas (asa - )KUAKOCTh, KOTOpas pacCMaTprUBaeTCs
Kak Hecymias cpena. B kax0M KOHKPETHOM 00beMe 001aCTH MOACIMPOBAHUS MBI ONIPEACIISIEM JIOJIH KaKI0H
(ha3bl, KOTOPbIE U3MEHSIIOTCS T1O]] ISHCTBUEM THIPOTEPMOJANHAMUYECKUX MPOIECCOB, a TAKKE B PE3yJbTare
B3aMMOJICHCTBHS MEX Ty COOOH.

Jist MozienMpoBaHus THAPOTEPMOJMHAMUKHI BOJIBI B 03€pe, KaK HECyIel cpe/ibl, NCIOJIb3yeTCs MaTeMa-
THYECKast MOZIeNb B HETHApocTaTndeckoM npudmmkennu (LBerosa, 1999, 2011). Ona mpeacraBieHa CUCTeMOi
YpaBHEHUIi B YaCTHBIX MPOU3BOIHBIX JUIS TPEX KOMIIOHEHTOB BEKTOPA CKOPOCTH, YPAaBHEHHUS JUIs TEMIIepary-
Pbl, ypaBHEHHsI COCTOSIHUSI M yPaBHEHHsI HEPa3pbhIBHOCTH. B cucreme ypaBHeHHH y4uThIBaroTCs cribl Kopro-
Jca, nepeHoc U TypOyneHTHas auddy3ust Teria ¥ MOMEHTOB KOJIMUECTBA JIBHIKCHUSI.

IToBenenne (a3 mMeraHa OMMCHIBACTCS CHCTEMOW ypaBHEHHMH THIIA KOHBEKUUH-AN(DPY3UH-PEaKIHH.
[TpenmnonaraeTcs, 4T0 paCTBOPEHHBII METaH JBMKETCS CO CKOPOCTBIO HECYIel Cpe/ibl, a ra3oBasi U TBep/ast
(ha3bl MOTYYAIOT AOTIONHUTENILHYIO CKOPOCTD MOJ/beMa 32 CUeT CHJI IaByuecTu. Tepmuueckue 3hGeKTol, yuu-
TBIBAIOIIUE CKPBITYIO TEILIOTY nepexoya (a3, BKIIOUEHBI B ypaBHEHHE IS TeMiieparypbl. CucteMa ypaBHEHHUH
JIOTIOJTHSIETCSI COOTBETCTBYIOIIMM HAOOPOM KPaeBbIX M HauaJIbHBIX YCIOBHI.

[ockonbky MozeNH colepKar OOIbIIOe KOJMYECTBO MapaMeTPOB U HEONPEIEICHHOCTEH, CBSI3aHHbBIX C
KOHKPETHBIMHU yCJIOBUSIMU ITOCTAHOBOK 3a/1a4 U CIICHAPUEB pacyeTa, YNCICHHbIC KCIIEPUMEHTBI TPOBOISTCS C
UCIIONIb30BaHNEM PA3IMYHBIX MapaMeTPU3aIni TEMI0-MacCOOOMEHa B CHCTEME.
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OnuH 13 TakuX CIEHapUEB ObUI CBS3aH C MOJEINPOBAHHEM KOJBIIEBOW CTPYKTYpHI, KOTOPYIO YBHJCIH
KOCMOHABTHI Ha b1y FOkHOTo Baiikana B ampene 2009 roma. EcTecTBeHHO OBLIO TPEAIONOKHUTE, YTO 3Ta
CTPYKTYpa SIBIJIACh PE3yJIbTaTOM HEM3BECTHOTO COOBITHSI, KOTOPOE PUBETIO K IOMATAHUIO Ta30THIPaTa B BOLY
BOJTM3M THA U B €TO TOCIIEAYIONIeH TpaHC(POPMAITHH.

B nanHOM cityyae Hac HHTEPECOBAIIH MPOIIECCHI 3UMHETO MEPHO/1a, KOTIa IIOBEpXHOCTH balikana mokpsiTa
TB10M. B 3T0 Bpemst rofa B BOIHOI TOMIIE 03€pa TUITMYHBIM SBJISIETCS CTIeIU(UUEcKoe pacpeesiCHue TeMIe-
paTtypbl 10 BEpPTHKAJM, COAEPIKAIEe CIOH ME30TEePMUIECKOro MakcuMyma. B aToMm ciioe, HaxozsmieMcs: Ha
mryonnax 150-300 M, Boga Teriee, 4eM B BBIIIE W HIDKEIISKAIINX TOPHU30HTaX. [IpndnHa ero peryisipHOro 00-
pa30BaHUS COCTOUT B TOM, UTO M3-32 OOJIBIINX ITyOUH ¥ TIOHWKXEHHSI TEMIIEPATyPbl MAKCUMAIIbHOH TIIOTHOCTH
C yBeIMYEHUEM TITyOWHBI (TaBIeHH), 03epo baiikam, B oingme oT 6oree MEeIKIX BOIOEMOB, HE ITepEeMeIInBa-
€TCsI OT IIOBEPXHOCTH JI0 THA B PE3yJIbTaTe OCEHHEH (M BECEHHEW) eCTECTBeHHOM KoHBeKIH. OOpa3oBaBIINii-
Csl CIIOM ME30TEPMUYECKOT0 MAKCUMyMa UTPAET POJIb GKUJIKOTO JHA», MPEMSATCTBYIOIEr0 0OMEHY MEXy Ho-
BEPXHOCTHBIMM BOJIAMHU M OCTAJIbHOM BOJHOM TOJIIIEH.

T'opu30HTAIBPHO OJHOPOAHOE M PEATBHOE BEPTUKAIBHOE PACHIPE/ICIICHHE TEMIIEPATyPhl BOJIbI OBIIO B3SITO
B KauECTBE HAYAIbHBIX JAHHBIX IS ClieHapHs MoaenupoBanus. [1o crieHapuro B OnpesieieHHOM MecTe o0a-
CTH Ha JIHE TIPOM3BOIUTCS OTHOMOMEHTHBIH BBIITYCK Ta30THpaTa B MOKOAIIyIocs cpeny. Jlanee paccMmarpusa-
eTcs MOBEACHUE CUCTEMBI BO BpeMeHu. [locTymiienne ruapara u3MeHsIeT pe3yIbTHPYIOIIYTO TNIOTHOCTD CHUCTe-
MBI [ mapat BCITsIBaeT, yBieKas 3a co00i oKkpyskarorire Boabl. J{o TiryOun nopsinka 380 M ruapaT HogHUMAeT-
Csl TIpaKTU4ECKu 6e3 1moTepsk. Jlanee HAYMHAETCSI €T0 HHTEHCUBHOE PA3JIOKEHUE, IPUBOSIIEE K TTOHUKEHHIO
TEMITEpaTypbl OKPY KaoIIel JKUIKOCTH U 00pa3oBaHuIo ra3a. biaronaps cuiie miaBy4decTH, HOBast CMECh Ipo-
JIOJKACT TTOJHUMATBCS 0 ONPEIEIEHHON BBICOTHI, TI€ €€ INIOTHOCTH CPABHUBAETCA C MIIOTHOCTBIO BOJIBI, Ha-
XOJSIIIIEHCsl Ha aHHOM TTyOnHe. YacTh BOAHBIX MacC HAYMHAET BKIIOYATHCS B BO3BPATHBIC LUPKYJISALUH BO-
KPYT CTPYH, @ 4acTh MO0 MHEPLUUH IPOCKAKUBACT BBIIIE M JTOCTUTAET HIKHEH I'PAHUIIBI JIbAA, CO3/1aBast CIOXK-
HYIO TPEXMEPHYIO CTPYKTYPY B TIOBEPXHOCTHOM cioe (puc. 1a).

BOmm3n moBepxHOCTH Mof AeiicTBreM cuiibl Kopronuca B TOPH30HTAIBHOM MIIOCKOCTH 3aKPydHUBACTCA
JIOKaNbHast MUPKYIsAusa. E€ AnuTenbHOe CcyliecTBOBaHWE NPHBOJUT K YMEHBIICHHUIO TOJIIMHBI JIbAa. B pe-
3yaprare 0ojiee TOHKHU JEN HAIMTHIBACTCS BOAOM. M moaToMy BECHOH ¢ OONBIIHMX BBICOT (C KOCMHYECKON
CTaHIINH, KaK 3T0 05110 B 2009 T., MJTK CO CITyTHHKA) TOSABIISIETCS BO3MOKHOCTH HAOIIOIaTh Ha JIBIY KOJIBIICBHIC
CTPYKTYpBbL. IT0CKONMBKY JMHEHHBIE pa3Mephl KONBLEBBIX CTPYKTYP JOBOJIBHO BEIHKH (10 5 KM), ¢ ONMM3Kux
paccTosiHUI OHM HE 3aMETHBI. TaKOBBI HAIIM CETOHSIIHNUE MPEICTABICHUS O MIPUPOJE KOJIBIEBBIX CTPYKTYP
Ha Jpay o3epa (I'panus u ap., 2015).

AHanu3 pe3ynabpTaToB YMCICHHBIX HKCIIEPUMEHTOB C yYaCTHEM METaHA HATOJIKHYJIH HAc Ha MBICIb, YTO
METaH UTPAET CYIIECTBEHHYIO POJIb HE TOJILKO B MOSBICHUH JIOKAIBHBIX KOJIBIIEBBIX CTPYKTYP BOJIH3H ITOBEPX-
HOCTH, HO TaK)KE U y4acTBYeT B ()yH/IaMEHTAJIBHBIX yIPABIIIOUINX IPOLECCAX B INTyOOKHUX BOAAX.

CyTb B TOM, YTO MHOTOJIETHUMH HAOJIIOCHUAMHE 32 TEMIIEPATypOi B 03epe ObUIO YCTaHOBIIEHO, YTO TOJIIA
BOABI HIDKE 250 M, HE CONPUKACAIONIASACS HETIOCPEACTBEHHO C arMOC(epoil M HaXOAAIIAsICs TAJIEKO OT JesTelb-
HOTO MTOBEPXHOCTHOTO CJI0sl, UMEET HEOOIBIION, HO MTOCTOSIHHBIN I'PaJHEHT TEMIIEPATypbl, KOTOPbIH yKa3bIBacT
Ha HETIPEPBIBHBII MOTOK TETlIa BHN3. TeM HE MEHee, NaXe B TeUEHNE MHOTUX ACCSATUIICTHH, HE OBbLIO 3aMEUeHO
KaKoro-nnoo moteruieHns IyonHHbIX Box ([lImvapaes u ap., 1994). D1o HabnrogeHne MpUBEo K MPEIIoIoiKe-
HUIO, 4TO B baiikase paboTatoT Kakie-To KOMIIEHCHPYIOIINE MEXaHU3MbI, OXJIAKAAIOIIIE [TyOOKHE CIION U Hepe-
MEIIAIOIINE TOBEPXHOCTHBIE BOJIBI HA O0JIbIINE ITyOHHBI. JI0Ka3aTenbCTBOM CyIIECTBOBAHNS TAKUX MEXaHN3MOB
SBJISTIOTCS] HAOMIOZICHNS BHE3AITHBIX MHHIMYMOB TEMIIEPATyPhI M MOSIBICHHS TOBBIIICHHBIX KOHIIEHTPAIWI pac-
TBOPEHHOTO KHCIIOPO/a B CaMbIX ITyOOKHX crosix o3epa (Schmid u mp., 2008; Weiss u ap., 1991).

Ota 3arajika NpHUBJICKIa BHUIMaHNUE YUEHbIX, M ObUIO BBIIBHHYTO HECKOJIBKO THIIOTE3 O BO3MOYKHBIX MeXa-
HU3Max OOHOBICHUS BOJ. OCHOBHOW BBIBOJ: 3TO PE3ydbTaT NCHCTBHA 3MU30ANYECKUX COOBITHH, TEM WU
WHBIM 00pa30M 3aITyCKAIOIINX ITyOO0KYI0 KOHBEKIIHIO (37€Ch HY)KHO BCTIOMHHUTH 00 YMEHBIIICHHH TEMIIEPATy-
PBI MAaKCHUMaJIBHOM IJIOTHOCTH ¢ pocToM IiTyOuHbl). B padore (Tsimitri u ap., 2015) mepeuncieHsr Bce UMero-
IIFecs Ha HACTOSIINI MOMEHT THIIOTE3Bl U MMPOaHaTU3NPOBaHbl JaHHbIe HaOmoneHnit B FOxxunoMm Baiikaie 3a
13 jet, CBUICTENBCTBYIONINE O MOCTYINICHUH XOJIOJHOM BO/BI HAa SKCTpeMalbHbIC NTyOnHBI. B wactHOCTH, O
3MMHE-BECEHHEM IIEPUOE, KOTOPBIN Kak pa3 Mbl M pacCMaTPUBAEM, B CTaThe CKa3aHO ciemytoee. Hekoropsie
HaOJIIO/ICHHBIE COOBITHSI HEBO3MOXKHO CBA3aTh ¢ DKMaHOBCKHM MEPEHOCOM, KOTOPBIN MOCTYIMPYETCS Kak Oc-
HOBHOW MEXaHM3M 3alTyCKa KOHBEKIIMH. Takoil mepeHoc BO3HUKACT MPH BETPax OMPEACICHHOTO HAPaBICHUS
n (hopMupyeT HUCXOASAIINE TPHOPEKHBIE TEIEHUsI, KOTOPBIE, Hecs Oosee HU3KYI0 TEMIIEPATypy, YeEM OKpYKaro-
11asi BOJA, M0 KPYTHIM CKJIIOHAM MOCTEIIEHHO OIMYCKAlOTCS 10 MAKCUMAJbHBIX IIyOuH. JIeficTBUTENBHO, €CITi
MIPUHSTH BO BHUMAaHHE, YTO 03€PO0 UINTEIBHOE BPEMS TIOJTHOCTHIO OT/AEIEHO OT aTMOC(EPHI JIETOBBIM MOKPO-
BOM, TO 3Ta THUIOTE3a COBEPILICHHO HETIPUTOHA TSI O0BSCHEHHSI MOO0HBIX CIIydaeB. B CBsI3M ¢ 3THM aBTOPbI
PE30HHO KOHCTATUPOBAJIH, YTO ITH COOBITHSI OBIITM HHUIIMUPOBAHBI IPYTHM MEXaHU3MOM.

Teneps nMeeT CMBICT BO3BPATUTHCS K HAILIEMY CIIEHAPHIO M MPEANONOKHUTE, YTO TAKUM MEXaHU3MOM MO-
T'yT OBITH IIPOLIECCHI, CBSI3aHHBIE C TpaHCc(OpMaIel MeTaHTHIpaToB. B mporecce noxbemMa cTpys paspymaer
CJION ME30TEpPMHUYIECKOTO MAaKCHMyMa CHM3Y, @ BOJA, BOBJICUEHHAsI B BO3BPATHBIE TEUCHUS, (OPMHUPYIOIIUECS
BOKDYT s1/Ipa, Ha OTPEEeICHHBIX IITyONHAX NMEET TEMIIEPaTypy, OJIN3KyI0 K TEMIEpaType MaKCUMAaIbHON ILIOT-

CEKLUA MOOE/TMPOBAHME 1 AHAJTU3 PETMOHAJIBHOIO KITUMATA COAEPHAHMUE »

CITES'2015

b}

(NN
=
L
o
(&)
=
=)
<2
=
=E
=
o
X
S
Lo
o
x
>
=
==
o
=
=
=
o
=
| —
=)
=
S
=
<
[N N
'—
=
o
=
==
=)
=
=
=
=
o
=)
=]
=
=
=)
==
o
=
[NN]
'—
=
=
S
=
=L
3
o
o
(=
o
=
=)
==
[N N)
o
w
=]
=
=)
x
=
<
=
S
X
3
o
<
=
=E
L
=
o
=
S
=
o
=
=
=1
=]
(=
<
=
=
=
=E
(5N
=




CITES'2015

b}

L
=
L
o
o
—
L
=
<2
<T
x
=
o
x
o
Lo
[e=]
x
>
<z
T
<
=
=
=
<
=
—
(=)
=
o
T
>
[
-
=
al
T
T
o
—
=
<t
=
o
(=)
=]
= =
=
(=]
T
a
=
L
[—
=
=
(=]
—
>
a
[aa}
(=]
=
<
—
=
o
L
o
L
=]
T
(=]
x
=
<T
=
(=]
x
=|
<
<T
=
x
[
=
(=]
=
o
=
o<
<<
T
=
o
o
<T
I
>
=
=
[T
=

HOCTH Ha JaHHOH TiTyOnHe. DT0 (hOpMHpYeT yCIOBHUS I BOSHUKHOBEHHUS TePMOOApHIECKOIT HEyCTOMIHNBOCTH
1 MHAIIUHPYET MPOIECC OMyCKaHMUs BOJ MO0 10 AHA, THOO0 110 TeX TITyOHH, KOTOpPbIE M0 (PH3NIECKIM yCIIOBH-
SIM COOTBETCTBYIOT HX IFIOTHOCTH (puc.1b).

TR | o T
0 5000 10000

e J — 1 . PP |
15000 20000 0 5000 10000 15000 20000
pRccTomnme, M 20 PACCTORNNE, M 120
a) 0)

Puc. 1. Temnepatypa v Te4eHWs Ha BEPTUKaNbHOM pa3pe3e 06/1acTy Yepes LeHTP CTpyW. a) Yepe3 2 Yaca; 6) vepes 12 yac
nocne Ha4ana aKcnepuMeHTa.

Takum 00pa3oM, MOXKHO ClieNiaTh Clieyomui BeiBoA. [lobeM razoruapara 1 ero nocieyrolas TpaHc-
(hopmarysi MOXKET ObITh TIPUUUHOI MOSIBICHHS KOJIel[ Ha Jibjly balikana, a TakKe CIIy)KHUTh OJHUM M3 CITyCKO-
BBIX MEXaHU3MOB, 3aITyCKAIOIINX [IYOOKYIO KOHBEKIIHIO 1 OOHOBJICHUE TITyOMHHBIX BO/I.

Paboma noooeparcana Ipoepammamu NoNe 18 u 43 Ilpesuouyma PAH, a maxace npoexmom PODU 14-
01-00125.
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Evaluation of Coincidence in Environmental Processes
Markelova A.N., Cheredko N.N., Volkov J.V., Tartakovsky V.A.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: annanikmark@rambler.ru, atnik3@rambler.ru, yvvolkov@tpu.ru, trtk@list.ru

new approach to the analysis of environmental processes consisting in identification and isolation of an
integral signal from the signal combination based on the evaluation of their coincidence level taking
into account any external forcing influence is now in progress.

A hypothesis taken as a base is as follows: an external forcing influence initiates oscillations in environ-
mental processes dynamics and, due to its nature, should be expressed in a certain a priori similarity of the ele-
mentary processes induced by this influence. The coincidence is suggested to be evaluated by matching of es-
sential features to be further defined. The algorithm suggested is based on the isolation of the components
characterized either by their coincidence (coincident signs — CS) or noncoincidence (noncoincident signs — NS)
in time series of the parameters being studied, no certain assumptions on the nature and the mechanisms of the
processes of different kinds on different levels being made. The level of coincidence (synchrony) of the compo-
nents can be expressed as a correlation coefficient. The task of the series decomposition can be solved by their
sorting in a spectral domain. The use of the algorithms developed maximizes the correlation coefficients of the
environmental processes characteristics series components, that provides an optimal solution for a decomposi-
tion task, the solution being a unique one for a given series set and a functional basis chosen, the noise level and
a suppression filter being strictly defined.

The pairwise filtration should define the components possessing a highest possible correlation relation-
ship. It should be noted that the Fourier coefficient sign reversal can destroy an a priori signals similarity based
on their origin in case the correspondent basis function contributes significantly to the decomposition. This fact
can also be used as a criterion for the Fourier coefficients signs as essential indicators.

Changes in the total external influence can make the system to transform to a qualitatively new condition.
The characteristics defined can be further taken into account in environmental processes modeling. So, the
synchronous behavior of the processes can be used as a criterion for selection of the classes in the climatic clas-
sification task.

In our report we show some examples of the use of the approach suggested: the analysis of the solar activ-
ity influence, assumed as an integral factor of external forcing influences, on the environmental processes dy-
namics (climatic parameters dynamics and the isolation of an integral signal in each series of a radial increment
of trees (TRW-chronologies) and of an isotope composition (8O- chronologies) of a wood cellulose); the
analysis of dendrochronological series obtained on the territory of optimal condition for forest vegetation, to
isolate an integral signal, expressing a maximal synchrony with other series; the solution of the task of climatic
structures selection in the fields of climatic elements.

OueHKa cornacoBaHHOCTH NMPUPOAOHO-K/INMMaTUHeCKUNX
rnpoueccosB

MapkenoBa A.H., Yepeabko H.H., Bonkos 10.B., TaptakoBckuit B.A.

MHCTUTYT MOHUTOPUHIa KNMMaTUYeCcKMX U akonoruvecknx cucteM CO PAH, Tomck, Poccua
E-mail: annanikmark@rambler.ru, atnik3@rambler.ru, yvvolkov@tpu.ru, trtk@list.ru

€MJISl HAXOJTUTCS TIOJT BIMSIHUEM BHEIIHUX (DU3UUECKUX MOJIEH, KOTOPbIE OKA3bIBAIOT BHIHYKAAIOIIEE BO3-

JIeficTBHE Ha BCE MPOIECCHI, MPOTEKAIOIKe B ee 000J0uKax. BHemHee BBIHYKAaolee BO3eiCTBHE

(BBB) siBisieTCs OCHOBHBIM HCTOYHHKOM SHEPTUH JUTSI STHX MporeccoB. MI3BeCTHO, YTO MPHPOIHO-KIIH-
MaTHYECKHUE MPOIECCHl TECHO CBS3aHBI MEXKIY COOOH, MOATOMY Ha Ka) bl oTAeabHBINA Tporiecc BBB ocy-
LIECTBISIETCA CIIOKHBIM 00pa3oM, Kak HaIlpsIMYIO, TaK U OTIOCPEOBAHHO Yepes IpyTue mpoliecchl. B pesynbsra-
TE B psiJiaX JAHHBIX Fe0(pH3MYECKOTO U IKOJIOTMIeCKOro MOHUTOpHUHTa HH(popManus o BBB Ha npupoaHo-kiu-
MaTHYEeCKHUE TPOIECCH SBIAETCS CKPBITON (MCKakeHHOH). B manHON paboTe pa3BHBAeTCs HOBBIM MOAXOT K
aHaJIM3y MPHUPOIHO-KIMMATHYECKHUX MPOIECCOB Yepe3 MISHTU(GHKAIMIO U BbIJCJICHHE O0IIero CUrHaia B co-
BOKYIIHOCTH BPEMEHHBIX PSIIOB JaHHBIX HA OCHOBE OLIEHKH CTENEHU UX COINIACOBAHHOCTH C Y4ETOM IpOsIBIIE-
HUI BHEIIHETO BBIHYKJAIOLIETO BO3ACUCTBHUS.

B ocHoBe nmpeaniaraeMoro 1nojaxoja JIeXKUT TUoTe3a o ToM, yTo BBB nnnnunpyer npupogHo-kinmaruye-
CKHE MPOLIECCHI U IOJKHO NPOSIBIATHCSA B X COMIACOBAHHOM IoBeneHuu. Ilon conacoBaHHBIM NOBEACHUEM
TIOHUMAETCSI CXOJACTBO CYLIECTBEHHBIX IPU3HAKOB MPOLIECCOB, OIPENEICHUE KOTOPBIX I103BOJISIET IOCTPOUTH
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QITOPUTM JUISl BBIICJICHHS M3 BPEMEHHBIX Ps0B 00IIero curHaia. B kxauecTBe CyIIECTBEHHOTO NpH3HAKA
npeJIaraeTcs UCIob30BaTh 3HaKK ko3 duunentoB Oypre. Toraa peanusanuu o0IIEro CUrHaia BO BpeMeH-
HBIX psiZaX MPUPOAHO-KINMATHYECKHX TaHHBIX OyayT C(OPMHUpPOBAHBI FAPMOHUYECKUMH COCTABISIONINMHU
OJIMHAKOBOI YaCTOTHI C OJJMHAKOBBIMH 3HaKaMu Npu kodppuumentax Oyppe. CTerneHb CormacoBaHHOCTH Olie-
HuBaeTcs KodddunueHToM Koppensuuu [TupcoHa, KOTOPBI JOCTHraeT MakCHMyMa MOCie JEKOMITO3HIIUH
BPEMEHHBIX psi1oB. OMMCaHHBIN MOIXO0/ Mbl IPUMEHMIIM JJISl aHAJIM3a COIVIACOBAHHBIX BapHallUil JpeBeCHO-
KOJIBIIEBBIX XPOHOJIOIMH U 0OHAPYKMIIM, YTO 1aXKe B ONITHMAIIBHBIX YCIIOBUSIX JUIS POCTa JIEPEBBEB B PsiiaX UX
paauagbHOro Mpupocta GopMHUpyeTcst 00N CUTHAI.

[Ipu conocTaBiIeHNUH MacCUBOB JIAHHBIX, XapaKTEPH3YIONMX M3MEHUYMBOCTh KOCMO(GU3MUECKHX (akTo-
poB, oOpazyronx BBB, n npupoaHO-KIMMaTHYECKUX MPOLIECCOB, HEOOXOIUMO YUUTHIBATH, YTO CIIOXHBIH,
HEJTMHEHHbIH MEXaHU3M BO3/ICHCTBUSI MOJKET ()OPMHUPOBATH B OJHUX M TEX K€ JaHHBIX OJJHOBPEMEHHO COCTaB-
JISIIOIINE U C MOJOXKUTENIBHBIM, U C OTPULIATEIbHBIM OTKIMKOM Ha Hero. Mbl BBIMOJIHWIN aHAJIN3 BPEMEHHBIX
PAZIOB TeMIIEpaTyphl BO3AyXa, IIMPUHBI U 3HaueHHit 8O B LE/UTI0N03€ TOIMYHBIX KOJIEI IEPEBbEB, KAK HCTOU-
HHUKOB Proxy- J@aHHBIX MPUPOJHO-KIMMATHIECKOH HHPOPMALIUH, C LIEJIbI0 YCTAHOBUTH BO3MOYKHOE HAINYUE B
9THUX Psiax COCTABISIOIINX, OIHA U3 KOTOPBIX MMEET MOJIOKUTENbHYI0 cB3b ¢ BBB, npyras - orpunarens-
Hy!0. B kauecTBe psiIoB AaHHBIX, TIpe/cTaBisitomux BBB, Mb1 BEIOpan psisibl CpeIHET010BBIX 3HAYCHUH YU Ce
Bonbda, Tak xax ConHie BHOCHUT OCHOBHOMW Bkia] Bo BBB u Mmonynupyer Bapuaimu apyrux kocModusnye-
cKuX (pakTOpOB Uepe3 BapHaLlK COTHEUHOW aKTHBHOCTH.

Jnist perieHnst mocTaBIeHHON 3a1a4i Mbl IPUMEHHIIM METOJI AEKOMITO3HIIMH 110 BBIOpaHHOMY psfy. Bbi-
OpaHHBIM psiioM siBisieTcst psit uncen Bonbda. s nap psnoB - psina uucen Bonbda (s,) n xaxkmoro psiaa,
MIPE/ICTABIISIFOLIETO IPUPOHO-KIMMaTHIECKUE TIPOLIECCHI (X;,/), BBEIEM COCTABIISIONIIE C COBIAIAIONINMU Cy-
IIeCTBEHHBIMH TIpu3HakamH (coincident signs — CS) u -cocTaBIsiioIIMe ¢ HECOBMAIAIONIMMU CYIIIECTBEHHBIMH
npuzHakamu (non-coincident signs — NS). Mccieryemble BpeMEHHBIE PsiJibl MOYKHO JIOTIOJHUTD M IPOAOJKUTD
10 HEMPEPHIBHOCTH Ha BCIO ACHCTBUTEIBHYIO OCh MIEPUOANIECKN YeTHBIM 00pazoM. Jliisi mogo0HbBIX psisIoB Cy-
IIECTBYIOT MpsIMOE U oOpaTHoe mpeodpasoBanus Pypbe, a MPH MPUHATHIX YCIOBHAX MPOROKeHUs Kodddu-
ueHThl Dypbe He OyIyT KOMIUICKCHBIMU yuciiaMu. CS- u NS-cocTaBNsIONe pSaoB TEMIIEpaTyphbl/ICHAPO-
XPOHOJIOTHUH (£, 1 i) W psioB urcen Bonbda (3, 1 3x,1) BEIYUCIECHBI cneay}omnM obpazom:

N - - i2nvk i2nvk
xk,l=ZXv,leXp( N ) Skl_zslexp( )

V=0
- {le,signS = signX, , ¢ {Sv l,stgnS = signX,,
vl —

“lo stgnS # signX,

vl —
z % (lZﬂVk)
v,1 €XP N

0 szgnS #* signX,,

i2nvk
Skp = zsvlexp( N )

. 0 stgnS = signX, ,
le - {

&= O stgnS = signX,,
X,,1, SignS, # signX,,, vl = {

Sy 1, SignsS, # signX,,;

OTMeTuM, YTO Pe3yJIbTaThl IEKOMITO3UIMY BEIOpaHHOTO psija (s,), ero CS- u NS-cocrasistonye - S, 1 Sk,
3aBHCAT OT MHJEKCA /, TO €CTh MHIMBHIYAIBHBI JUISl KaXKIIOTO X,,/. BBIIIONIHEHHAs! 1EKOMIIO3HLIUS OCTaBIIsIeT Oe3
U3MEHEHUs 3HaUeHUs UCXOAHBIX kod(duimentos Oypbe X, u S, ;, HO Kaxkablil ko3 puiuenT nonajxaer oo B
CS-, mm60 B NS- cocrasmstonyto. CS-n NS—COCTaBJIS[IOHII/Ie OJIHOTO U TOTO 7K€ Psiia OPTOrOHAJBHBI IPYT APYTY.

C IOMOIIBIO ONMCAHHOTO BHIIIE AJITOPUTMA ObLIA BBITOIHEHA JEKOMIO3UIIMS IPEBECHO-KOJIBLIEBBIX XPO-
Honoruii mupunbl (TRW) 1 3Hauenuii 6O B HeUTION03€ TOMAMYHBIX KONl JepeBbeB. [l AeKOMIO3HIIH
ObUTM BBIOpPAHBI XPOHOJIOTHH, TIOCTPOEHHBIE Ul TEPPUTOPHIA yNAJIEHHBIX JAPYT OT JApyra Ha 3HAYUTENIbHbBIC
PacCTOSHUS U OTIIMYAIOIIUXCS MO YCIOBUSIM POCTa ApeBeCHOM pactutenbHocTd. Bocemb TRW-xpononoruid,
noctpoeHHbix aist CILA (Kanudoprus, Apuzona, Ansicka), Aprenrunsl, Unnn, Bapasaper, Hooii 3enanumy,
Asctpanuu ObuTH B3THI M3 0a3 maHHbIX National Geophysical Data Center, National Climatic Data Center.
Tpu TRW-xpononoruu u Tpu 8" O-xpononoruu [penbaiikainss (MpkyTckas o6nacts, Poccus) mpenocTapieHsl
corpynaukamu CU®HBP CO PAH. 23 TRW-xponosnoruu rora 3amnagno-Cubdupckoit pasauns! (Tomckas 00-
nacth, Poccnst) ObUTH TOCTPOEHBI aBTOPaMH JJAHHOW paboTHI.

[To 0OBEKTUBHBIM IPUYMHAM: 3HAYUTENIbHAS YAAJICHHOCTh MECTOOOUTAHHI JIEPEBBEB IPYT OT JIpyra, pas-
HBIE YCIIOBHUS pOCTA, HE3HAYNTEIIbHAS UyBCTBUTEILHOCTD JIEPEBbEB B T€X MECTOOOUTAHMS, T/I€ COYeTaHHUE TH-
JIPOTEPMHYECKHX YCIOBHH ONTUMAJIBHO, - 3HAUNMOH Koppeisinny Mexay TRW-xpoHonorusMu B 00IbIIMHCT-
BE CilydaeB oOHapy)keHO He Ob110. OJJHaKO KOpPEIsIHs MEXAY UX OJHOMMEHHBIMHU COCTABIISIFOLIMMH OKa3a-
Jlach CTaTUCTUYECKU 3HAYMMOM, OHM U3MEHSIOTCS O0Jiee CHHXPOHHO MO CPAaBHEHMIO C UCXOAHBIMH BPEMEHHBI-
MU psangamu (puc. ).

Koppemnsinust Mexxay ogHOMMEHHBIME cocTaistomnmu TRW-xporosoruii u psinos uncen Bosbda, Taxoke
ropaszio BBIIIE, YeM MEX/Y UCXOJHBIMU PAJaMu U B OOJBIIMHCTBE CIIyYacB sIBJSIETCS] CTATUCTUYECKU 3HAYH-
MO C JJOBEPUTENIBHON BEPOATHOCTBIO 95 %.

CBAA3b COCTABIAIONMX &' O-XPOHOJIOTHI ¢ OJHOMMEHHBIMH COCTABJIIONMMHU psjia unces Bonbda cra-
Oee, yem B ciryyae ¢ TRW-xponosorusimu. Bo3MoXHO, 3TO CBSI3aHO € TeM, YTO BHELIHEE BBIHYKIAIOIIEe BO3-
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JIefiCTBYE BIUSET Ha COOTHOLIEHHE CTAaOMIBHBIX H30TOIIOB KHCIIOpO/ia yepe3 (PU3NIeCKHe TapaMeTphl OKpyKa-
IOIICH Cpefibl, IPEkKIe BCETO, Yepe3 TeMIIepaTypy ¥ OTHOCHTEIbHYIO BIaKHOCTh. B TO BpeMs Kak Ha IIUPHHY
TOJMYHBIX KOJICII BIIMSAET BECh KOMIUIEKC (haKTOPOB, KyZia BXOST, TAKXKe, KoNeOaHUs YHCICHHOCTH HACEKOMBIX,
($UTONATONIOTUH, U3MEHEHHMS I'PAAUCHTA IIOTSHIHAIIA HIIEKTPHYECKOTO OIS, HHTEHCUBHOCTH IIPU3EMHOTO YiIb-
TpaduoneToBOro M3MydeHN ¢ JMUHOK BoHBI 290-320 HM 1 ip.[1].

“

Puc. 1. KoadpuumeHtsl koppenaumm (a) Mexxoy TRW-xpoHonorus-
Mu, (b) Mexkay ux coctaBnsoLwmMu, (c) Mexkay TRW-xpoHonoruamm

4 . . ¥ pAgoM uncen Bonbga (besbie ToUKM), MeXay COCTaBNAILLUMM
oz | R TRW-xpoHonorui v paaa uucen Bonbda (YepHble Toukm). Ha pucyH-
— — Ke MpeAcTaBeHbl XpoHonoruu: Kanudophua, Apusona, AnAcka, Ap-
' g E i I g § E E (r;HTVIHb;, Yunw, Bapasapsl, Hosoit 3enanauu, Asctpanuu, [laaH
occumA).

OcoOeHHBIH UHTEPEC BBI3BIBAIOT PE3YNbTaThl (DHIBTpa-

# - -
os : i i I : i ' i i i WU ICHAPOXPOHOJIOTH fora 3amagHo-Cuoupckoit EaBHHHLI
g * & t COBMECTHO C DpSJaMHU CPENHEMECSYHBIX 3HAUCHUN YHCEN
: Bonbda. I'paduk nsMeHeHUsT KOIPPHUIIUECHTOB KOPPEIISIHH
¥ i 3 N
§ E i} i i E E A MEXAY OOHOMMEHHBIMU cocTaBisolinMu TRW-xpoHonornii
.o e« W uucen Boabda mo MecsaMm Mmokas3blBacT, KaK U3MEHSIETCS
YyBCTBUTEIHLHOCTH COCTABIISIONINX K BAPUAITUSAM COJTHEUHOM
il aKTUBHOCTH B T€UCHHE BETeTAIIMOHHOIO ce30Ha. BuaHo, uTo

o .
eaf * o * L R OHA YCHJIMBAETCS. ITO MOXKET OBITh CBSI3aHO C I'OJIOBBIM JIBU-
= = ykeHueM 3emutd 1o opoute. OO yCuIeHUH/0CIabIeHUH BIHSI-
2

HUS COJTHEYHOW aKTUBHOCTH Ha Ipoliecchl B Onocdepe B 3a-
BHCHMOCTH OT TOJIOKEHUS 3€MJIM OTHOCHTEIBHO TUIOCKOCTH
comueuHoro skBaropa mucan C.M. lllyrpun [2]. B mae-utone
3emiist pacrojaracTcsi HallpOTHB COJIHEYHOTO SKBATOpa, IJIe aKTUBHBIC 007acTH OOBIYHO HE HAOIHOIAFOTCS.
CrnemoBaTenbHO, MPOIIECCHI, KOTOPHIC IPOTEKAIOT B HUX, B TOM YUCIIC U 00pa30BaHUE CONHEYHBIX IISITCH, JTOJDK-
HBI OKa3bIBaTh MCHBIIICE BIMSHUE HA POCT JIEPEBbEB. AKTHUBHBIC 00acTH 00BIYHO GopmupyroTcst Ha CorHIle
BEIIIIE 4—5 TPayCOB B €T0 FOXKHOM M CEBEPHOM IMONYIIAPHIX. B TeUeHHe BEreTallMOHHOTO TIePHO/Ia BIIHSIHHAC
CA Ha pocT JiepeBbeB JJODKHO YCHITUBATHCS, TAK KaK 3eMJIs IOCTEIICHHO TEePEIBUTACTCS B 00IACTh BIUSHUS
COJTHEYHOTO M3ITyUCHISI, PUXOMASIICTO ¢ 00Jiee BEICOKUX remuomupot. OCeHbI0, B CEHTIOpe, 3eMIIs JOCTUTAeT
MTOJIOXKEHUSI, KOTJIa YTOJ MEKAY TUIOCKOCTBIO SKJIMIITHKU U TUIOCKOCTHIO COJTHEYHOTO IKBATOPA MAKCHMAJICH -
7,2 rpan.
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Puc. 2. KoadpduuumeHTbl koppensaumm umcen Bonbda ¢ TRW-xpoHonoruamu (a), Mexay CS-coctasnsiowmmim (b) u NS-co-
CTaBNALLMMM ITUX PALOB (C).

Takum 06pa3oM, CHHXPOHHOCTh HITH COTIACOBAHHOE TIOBEICHUE MTPUPOTHO-KIMMATHYECKUX MPOIECCOB -
Ba)KHEHIIIEe CIIECTBHE CONHEYHO-3eMHBIX CBsizeld. IIporiecchl Ha CoJIHIIE BHOCSAT B U3MEHEHUS [TapaMeTPOB
pasHbIX reochep MUKINICCKY0 MOYIIAIIIO, (OPMUPYIOIIYI0 HEKOTOPYIO COTTACOBAHHOCTh B UX JAUHAMHUKE.
[peaaraemsplii MOAXO0/ K UCCIEIOBAHUIO PosiBieHH BBB B peBeCHO-KOIBIEBBIX XPOHOIOTHSX, KAK HCTOY-
HUKe HH()OPMAIMU O MPUPOTHO-KIUMATHIECKUX POIeccax, okasaucs nHpopMaTuBHbIM. OUIIBTpAIHs Ipe-
BECHO-KOJIBIIEBBIX XPOHOJIOTHH 110 BEIOpAHHOMY psity dnces Boibda BbIAEISIET COCTABISIONINE ¢ MAKCHMAITb-
HOU KOPPEISAIIMOHHON CBA3BIO MEKIY UCCIIEAYEMBIMH MPOIIECCAMH, KOTOPast COOTBETCTBYET U3BECTHBIM IPE/I-
CTaBJIEHHUSIM O HEKOTOPBIX OCOOEHHOCTSX COITHEYHO-3EMHBIX CBA3EH.

Jlumepamypa:

1. Cuosxun B.I" Kocmuueckas sxonoeus / B.I'. Cuosxun, H A. Temyposiny, B.b. Maxees, b.M. Braou-
mupckuti. Kues: Haykosa oymra, 1985. 176 c.

2. lyepun C.M. Kocmuueckas opeanuzosannocms buocgepot u noocgepot / C.M. Lllyepun. Hosocu-
oupck: Hayxa. - 1999. - 496 c.
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Monitoring of wildfires in boreal forests of Eastern Siberia
on remote sensing data

Tomshin 0.A., Solovyev V.S.

Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
otomshin@ikfia.sbras.ru, solo@ikfia.ysn.ru

weather history and atmospheric acrosols perturbations during May-September 2001-2014 were studied

on remote sensing data. It is clarified, that temperature anomalies in May-June (comparing to long-term
mean) preceded to occurrence of large-scale forest fires. Significant growth of aerosol optical depth (AOD) and
aerosol index (Al) is observed during maximum (July-August) of seasonal variations of forest fires. It is shown,
that Al is more sensitive to level of forest fires activity, then AOD. This is due to limitations of AOD retrieval
algorithm under heavy haze conditions.

F orest fires dynamic in boreal forests of Eastern Siberia (mostly Yakutia) and its relations with short-term

MOHMTOpMHI' neconomapHoﬁ dKTUBHOCTU B 60peaanblx
necax BoctouHon CM6M|3VI no AaHHbIM ANCTaHLIMOHHOIO
30HAONPOBaHWMA

TomwwmH 0.A., Conosbes B.C.

WUHCTUTYT KocModuU3UuYecKkux uccnenoBanuii M aspoHomuu uM. 10.1. Ladepa CO PAH, Arytck, Poccun
otomshin@ikfia.shras.ru, solo®@ikfia.ysn.ru

BBEOEHNE

Jlecusie noxaps! (JIIT) ABIAIOTCS BaXKHBIM NIPUPOIHBIM (DAKTOPOM, OKa3bIBAIOLINM CYIIECTBEHHOE BIINS-
HHUE Ha OMOpa3HO0Opa3ne U PeCypCHBIN OTEHIINAN JECHBIX dKocucTeM [1-3]. B pesymsrare JIII B atmochepy
BBIOPACHIBAETCSI OTPOMHOE KOJIMYECTBO MPOIYKTOB TOPEHHS — CMECh PA3JIMYHBIX I'a30B M JIBIMOBBIX YaCTHI,
BIIMSIIOIIMX Ha arMocdepHsbIe mporeccel. Ha Mectax moskapuin pe3ko CHIKAeTCs anb0eno 3eMHOH ITOBEPXHO-
CTH ¥ HapyIIaeTcsl TEMIIEPATyPHBII OaaHC MMOYBBI, YTO CONPOBOXKIAETCS OTTAHKON BEYHOMEP3IIBIX TPYHTOB B
O6opeanpHBIX Jecax Cubupu. Pazpyrnenne Be4HOH MEP3TOTHI BEIET K BRIOPOCY OOIBIIIOTO KOTMYECTBA COMEP-
JKaIuxcsl B Hell mapHUKoBBIX Ta3oB CO,, CH,. ccnenoBaHusaM KpyITHOMACIITAOHBIX JIECHBIX TTOXKapOB, aT-
MOC(EpHBIX a3p0O30JIeH MOCBSIIEHBI MyOmuKarym [4-8].

B paGorte mpencTaBiaeHb pe3ynbTaThl aHaIn3a ce30HHOM auHamMuKH JIIT B GopeanbHbIX 1ecax BocTouHoi
Cubupu (penMyIiecTBeHHO SIKyTHH) U €€ CBA3U ¢ KPAaTKOCPOUYHOH MPEIOBICTOPUEH TeMITepaTyphl BO3IyXa U
BO3MYIICHUSIMH a9P030JIbHOI KOMITOHEHTHI aTMOC(EPHI.

OAHHBIE

Jis uccneoBaHus MPOCTPaHCTBEHHO-BpeMeHHOM quHaMuku JIIT u Bapuanuil a3po301bHOM ONTHYECKOM
touHbl arMocdepsl (AOT) u aspozonbHoro nHaekca (AM) ucronp3oBanuch JaHHble paguoMerpos MODIS/
(Aqua, Terra), OMI/(Aura) [9] 1 AVHRR/NOAA [2], nomyuennsie B niepuoj maii-centsiopr 2001-2014 rr.
AHani3 BapHalUi TeMIepaTypsl MPU3EMHOTO CJIOS BO3LyXa MpoBoamiics 1o gaHHbM rpoekta NCEP/NCAR
Reanalysis [10].

OBCYMAEHME PE3YJIbTATOB

Jast nokapoonacHbIX ce30HOB ¢ BbicokuM (2002, 2012-2014 ) 1 Huzkum (2001, 2003-2011 1) ypoBHEM
MIMPOTeHHOI aKTUBHOCTU Ha Tepputopun Bocrounoit Cubupw, NOCTPOEHBI CpeiHeMecsuHble IpaduKy Ynciia
«noxapHbIx» nukceneid (Nrmox) u 3Hauennit AOT/AU (puc. la, 6). KpacHbIMH JIMHUSIMU TIOKa3aHbl BapHALIUK
NIox B roisl C BEICOKUM (CIIJIOIIHAS JIMHUS) U HU3KUM (ITyHKTHpHAS JIMHUSI) YPOBHEM HOKAapHON aKTUBHOCTH.
Amnanornuno o6o3HaueHsl coorserctBytonye Bapraun AOT (cunue nuunn) u AU (4€pHble JTMHUM).

Ce30HHBIH X0/ MUPOT€HHOM aKTUBHOCTH HA TEPPUTOPUU SIKYTHH XapaKTepU3yeTCsi HU3KUM YPOBHEM B
Mae-HIOHEe, MAKCHMYMOM B HiOJie-aBrycre, a B ceHtssope JIII 3aryxaror (puc 1). [Toxoxum oObpa3zom BenyT ceOst
BapHUalny a3po30JIbHBIX MoKazareneil (puc la, 0), pu 3TOM CE30HHBIH X0/ aTMOC(HEPHBIX a9PO30JIeii B TOJIbI C
HU3KUM YPOBHEM ITUPOTEHHON aKTUBHOCTH CHIIBHO OTJIMYAETCS OT BapUallMii B II0)KapOOIaCHbIE TO/Ibl. 3Have-
nust AOT/AU (2001, 2003-2011 rr.) ¢ Mast o0 CEHTSIOPh IJIABHO CHMIKAIOTCSI, 32 UCKIJIIOUEHHEM HEeOOJIbIINX
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JIOKaITBHBIX MakcuMyMOB B ntone. [ padhukn AOT/AU B moskapooriacHBIE TOIBI BEAYT cedst mHaue: o0Iee mias-
HOE CHIDKCHHE (Maif-HIOHB) CMEHSETCS CYIIIECTBEHHBIM POCTOM BO BTOPOIi MoJoBHHE JeTa. Hanbompimmii mpu-
poct HabmoaeTcs B 3HaUeHUAX Al, MOKa3bIBAIOIIEro MPUCYTCTBHE B aTMOC(hepe a3po30Ieii CakeBOro mpo-
HCXOK/ICHHS, CHIIBHO MOMIOIIAIOIINX YabTpaduoneT. MoXHO OTMETHTh, 4uTo peaknnst AOT Ha MUPOTeHHYIO
aKTHBHOCTH HIKe ueM y AU, T.k. AOT B yCIOBHAX CHIIBHOM 3aJbIMIICGHHOCTH HE PACCUUTHIBACTCS M, COOTBET-
CTBEHHO, CPETHEE IO TUIOMIAAN 3HAUCHUE OKA3bIBACTCS AllPUOPH 3aHUKEHHBIM.

18 0,3 18 1.3 18 1.7
S 02_ 2 12 124
1 z < ¥ g
z 6 0,1 z 6 0,9 z 6 07"
ol asr-2 — Al 00 o Loess=el , = s 07 o L==x-2 - = | 02
3 = 2 = 3 = = 2 = 0 = = 2 = o
a) = H g = 6) = H ] = o B) = ] H = g

Puc. 1. Ce30HHble (Mal-ceHTAGPb) BapMaLMM Kof-Ba «MOMapHbIX» NuKcenei Nno (KpacHble MMHKUK), 06HapYKeHHbIX Ha
Tepputopum ARYTUM 1 Bapuaumm: a) AQT (cuHme nuHum), 6) AU (YepHble nMHKUK) U B) AT (3eneHble IMHUK), pacCUUTaHHble
[NA nepuooB ¢ BbicokuM (2002, 2012-2014 rr., cnNoLwHbIe IMHUM) M HU3KMM YPOBHEM NOMapHOM akTMBHOCTM (2001,
2003-2011 rr., NHKTUPHbIE NUHUMK).

Maxcumanbabie 3HadeHus AOT/AV HaOmromaroTesl B aBryCTe, 3aTeM MPOUCXOAUT PE3KOe CHIDKCHHUE IO
YPOBHS HEBO3MYIIICHHBIX 3HAYCHUH. AHAJIOTHYHOE TIOBEACHNE HAOMIOMAeTCs B THHAMHKE TTHPOTCHHON aKTHB-
HOCTH: B Mae-HIOHE KOJMYECTBO «ITOKAPHBIX) MHUKCETICH He3HAYNTEIHHO, 3aTEM BO BTOPOH TTIOJIOBHHE JIETa FX
YHCIIO PE3KO BO3PACTACT, a B CEHTSIOPE JIECHBIC ITOYKApPhI 3aTyXaIOT.

Ha puc. 1B mpencTaBieH ce30HHBIN X0 OTKIOHCHUN 3HAYCHUN TEMITEPaTyPhI IIPH3EMHOTO CIIOS BO3AyXa
(AT) ot cpennemuoronetHux (1980-2010) B rombl ¢ BEICOKUM B HU3KHM YPOBHEM TOXKapHOH akTUBHOCTH. 13
rpaduka BUIHO, YTO B TIOKapPOOIIACHBIC TOIBI B TCUCHHE Mas-WIOHS HAONIOMAIOTCS TOBBHIIICHHBIC 3HAYCHUS
TeMIeparypsl (CIDIONIHAS 3€ICHAs JIMHU ) TI0 CPABHEHUIO C HE TIOKAaPOOIIACHBIMU TOIaMH (ITyHKTHPHAs 3eJ1e-
Has TUHUSA). B yCIOBHSAX pe3Ko-KOHTHHEHTAIBHOTO KIMMaTa SKyTHH, XapaKTepPHU3YIOIIErocs KpaitHe HU3KUM
YPOBHEM OCaJIKOB, MAJIOCHEKHBIMH XOJIOJHBIMH 3MMaMH, HU3KOH aTMOC(EpHON BIAYKHOCTHIO, aHOMAJIEHBIC
TeMIIepaTypsl BO3IyXa B BECCHHUH TEPHO PE3KO MOBHIIIAIOT PUCK BOSHUKHOBCHHS JICCHBIX MOkKapoB. OTMe-
THM, 9TO 3HAUCHHS TEMIIEPATYPHI B IEPUO HIONb-CECHTIOPH IMOYKapOOMACHBIX CE30HOB HE CHIIBHO OTIIMYAIOTCS
OT aHAJOTWYHBIX 3HAYCHUH B TOJBI C HEBRICOKHM YPOBHEM MHPOTCHHON aKTHBHOCTH.

Ha puc. 2 mpencraBieHa kapTa poCcTpaHCTBEHHOTO pacipenencans AT B iepuoa Mai-uiOHb U HTOTOBEIC
(3a TIeconokapHBIA Ce30H) MPOHICHHBIC OTHEM IIIOMIAIH (Y€pHBIC 0OBEKTHI): a) B ITokapoornacHslie Toas! 2002,
2012-2014 ., 6) B He moxkapoomnacusie roasr 2001, 2003-2011 .

L'——J"’ . 14 “:1 '-',..,' 7 ‘." -
| LR

. E—— |
300 -225 -150 -075 000 075 150 225 300

Puc. 2. KapTa pacnpegenenusa AT B nep1og Mai-uioHb B a) noxapoonacHble (2002, 2012-2014) u 6) He noxapoonacHble
(2001, 2003-2011) rogpl. YepHbIMM 06'bEKTaMM (TOUKAMM) NOKa3aHbl NPOMAEHHbIE OFHEM UTOrOBbIE TEPPUTOPUM, ONpeae-
NeHHble Mo AaHHbIM MODIS.

B moxapooniacHbIe TOBI B Mae-HIOHE 30HBI ¢ aHOMAJIBHBIMHU 3HAYCHUSAMH TeMreparypsl (Ha 2-3°C Brimie
cpennemHoroieTHux 3a 1980-2010 rr.) pazmecTriinch Haj OombIneid yacTeio Boctounoit Cubupu (puc. 2a). Ha
9TH K€ 00TaCTH MPHUIILITACh OCHOBHAS Macca KpymHoMacmTabHbIx JII1. B Toas! ¢ HU3KUM ypOBHEM MOXKapHON
AKTHBHOCTH pacIipeesieHIe TeMIIepaTypbl 0ojee oqHOpoaHO (puc. 20) u 3HaueHus AT npeBhIIIaroT cpeaHeM-
HoroseTHUe He Ooree yeM Ha +1.3°C, mpu 3Tom ouaru JIIT paBHOMEpPHO pacmpeeneHsl Mo Beel HeciaeyeMon
TEPPUTOPUH U HOCST TOUCUHBINA XapaKTep.
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3AKJTIOYEHUE

Taknum 00pa3om, MOKa3aHo, YTO B KPATKOCPOUHON MPEABICTOPHH (Mai-NIOHb) BEICOKOMY YPOBHIO JIECOTIO-
JKapHOHM aKTUBHOCTH Ha TEPPUTOPHHU SIKyTHH IPE/IIIECTBOBAIN aHOMAJIbHbBIEC 3HaUCHHs Temrieparypsl. Ha daze
MaKcHMyMa (MIONTb-aBTyCT) CE30HHOTO XOJIa JICCHBIX TIOKapoB HalmromaeTcs 3HaunTenbHbI pocT AOT n AU,
YTO JIOTIONHSET paHee MOMyUCHHBIC PE3YNIBTAThl O JOMUHHUPYIOIIECH POJIM JIECHBIX MOKAPOB B ()OPMHUPOBAHUT
CE30HHBIX Bapuanuii arMocgepHbIX a’po3oiei [4]. A3po30ibHBINH MHIECKC MOKa3bIBACT OOJBIIYIO TyBCTBHU-
TEJIFHOCTH K YPOBHIO TMPOTEHHOM akTUBHOCTH, YeM AOT. DT0 00BACHSIETCS OTpaHUUCHNSIMH METOUKH BOC-
cranosieHust AOT B yclOBHSX CHIIBHOM 3a/IbIMIIEHHOCTH aTMOC(EpPHI B pe3yIIbTaTe JECHBIX TOKapOB.

Jumepamypa:

1. epobakos U.I1., 3aberun O.D., Kapnenv b.A. u op. Jlecnvie nodxcapel 8 AKymuu u ux enusHue Ha
npupody aeca. Hosocubupck: Hayka. 1979. 226 c.

2. Conosves B.C., Kosnos B.U, Myniaapos B.A. J[ucmanyuorusiil MOHUMOPUHE 1eCHbIX NOXCAPO8 U
2pos 6 Axymuu, oms. pedaxmop Conosves C.U. UKOUA CO PAH. Axymck: H30-60 AHIL] CO PAH.
2009. 108 c.

3. Hlsuodenko A.3., lenawenko /.1, Bacanos E.A., Cyxunun A.U., Maxciomos L1111, MxKannym U.,
Jlakuoa U.I1. Brusinue npupoonsix nosxcapos 8 Poccuu 1998-2010 ee. na sxocucmemvl u 2100an1bHblil
yenepoouwiil broodicem // Jloknaowvl akademuu nayk. 2011. T. 441. Ne 4. C. 544-548.

4. Conosves B.C., byouwes A.A. Bozmywernus aspo301bHOl ONMUYECKO MOTWUHbL AMMOCPepbl, 8bl3-
8awHHble ecHbiMu noxcapamu ¢ Axymuu // Onmuka ammocgepwi u okeana. 2010. T. 23. Ne 7. C. 626-
629.

5. Tomuwun O.A., [Ipomononog A.B., Conosves B.C. Hccrnedosanue sapuayuii ammocgheproco a3po3o-
JISL U yeapHOo2o 2a3d 8 obaacmu aechvlx nodcapos // Cospemennuvle npoonemvl OUCHAHYUOHHO20 30H-
ouposarnus 3emau uz kocmoca. 2012. T. 9. Ne 1. C. 145-150.

6. Tomshin O. A., Solovyev V. S. The impact of large-scale forest fires on atmospheric aerosol charac-
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Integration of the lake model to the general circulation
model INMCM4
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din, etc., 2010) for calculation of lakes thermal capacity, turbulent heat transfer, sensible heat flux, latent

heat flux. The main challenge from atmospheric modeling for the lake parameterization is the need to con-
sider all the lakes in the atmospheric model domain. Hence, we should know the parameters of all the lakes on the
territory. These data will be utilized by the lake model used as a lake parameterization. To provide these data we
need a database of lakes. Sensitivity tests with the lake model FLake (Mironov, 2006) have shown the crucial in-
fluence of the lake depth on modeling results. So, the digital map of lake coverage, lake depth and new land mask
were created on the basis of the datbase of 14 000 freshwater lakes (Kourzeneva, 2012.).

The lake model (Stepanenko, etc., 2011.) was integrated into the general circulation model INMCM4 (Volo-
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NHTerpauma Mogenu o3epa B COBMECTHYI0 Moesb 0bLen
LUMPKYNAUMM aTMocdepbl U OKeaHa
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POBOAMMBIE HAMHU YUCJICHHBIE DKCTIEPUMEHTHI C KITUMATUYECKUMU MOJIEIISIMU MTOKa3ali, 9YTO Ha JIaH-
HBIA MOMEHT, B KJIMMATHUCCKHAX MOJICIIAX, anpoOupoBaHHBIX Ha CEBEpHOM IMONyIIApUU OOJIbIIAs
4acTh MPOIECCOB MPOTEKAIOIINX B aKTHBHOM CJIO€, 0COOEHHO OTHOCSIIUXCS K €r0 THAPOIOTHYECKOI

KOMITOHEHTE, TTapaMeTPHU3YIOTCsI, JIN00 PACCUUTHIBAIOTCS C SIBHBIMH YNPOIIEHUSIMU. B OOIBIINHCTBE U3BECT-

HBIX MOJIEJISIX MMPOrHO3a MOrobl U KiinMara, Takux kak GME/COSMO (Mironov 2012), CLIMo (Kheyrollah

2012), HIRLAM (Rontu 2012) u T.1. ucnons3yercst moaens Bogoema Flake (http:/www.flake.igb-berlin.de/

index.shtml). /laHHast MO/IENb IOCTATOYHO TOYHO BOCIIPOM3BOAUT TEMIIEpATypy MOBEPXHOCTH BOIbI, TIOTOKH

TeIIa ¥ UMITyJIbca B arMocdepy, HO TPH ATOM SIBHO HE BOCCTAHABIIHMBAET MPOQHIIb TEMIIEPaTyphl B BOJOEME,

TaK KaK He paCCUMTBIBACT JIJIsl YPaBHEHHE TETUIOTPOBOJHOCTH, MPEACTABIISS 3TOT TPOPUIH TAPaAMETPUIECKH B

BH/JIE BEPXHETO TEPEMEIIaHHOTO CJIOS M TEPMOKIIMHA. JTO HE TIO3BOJIAET SIBHO BOCIPOM3BOANTH BEPTUKAIHHOE

nepemenrBanre. B cBoio odepesp, MOCKOIbKY MEXaHU3M TepEeMEITUBAHMSI BOIOEMA SIBIISIETCS KITFOUEBBIM ITPH

MOJICTUPOBAHUN OMOXMMHYECKHX ITUKIIOB B 03€pe, HCIOIB30BAHNE B TaTbHEHIIIEM JaHHOM MOAEIH IS pacye-

toB nmotokoB CH, , CO,, O, ¢ BOI0eMOB MPEACTABISETCS HEIIETECOO0Pa3HBIM.

B eaMHCTBEHHOM POCCUIICKOM COBMECTHOM Moeu o0IIel upKysuuu atMmocheps! 1 okeana INMCM4
CUNTAETCs, YTO sTueiika MOBEPXHOCTHU CYIIN MOXKET COAEPIKATh CICAYIOIINE €€ THITBL: PACTUTEIBHOCTH, OTKPHI-
Tas TI04Ba, CHET U BHYTPEHHHUE BOJIOEMBI. B Moienu Temneparypa mOBEpXHOCTH CYIIIH, & TAKXKE TIOTOKH SIBHOTO
U CKPBITOTO TETUIA ISl YKa3aHHBIX YETHIPEX THIOB MOBEPXHOCTH, BBIUYUCISIFOTCS OT/ENbHO. PacuéT moTokoB
JUIA CTydasi BHyTPEHHETO BOJ0eMa, KaK | JUIA CIydas Kareslb BOJBI, 3aXBaY€HHBIX PACTUTEIBHOCTBIO, TIPOHC-
XOIUT UCXOMAS U3 TIPEATIONOKEHNUS, YTO BIAXKHOCTH BO3/IyXa HaJ| IOBEPXHOCTHIO paBHA HACHIIIEHHON, HO CIION
BOJIBI HE UMEET COOCTBEHHOM JOMOTHUTENBbHON TemToéMKocTH. KpoMe Toro, mouBa, pacroiokeHHas 1MoJT pas-
JINIHBIMU TUTIAMH TIOBEPXHOCTH BHYTPU MOJIETHHON STYEHKU CETKU, UMEET OIHH M T€ e BEpTUKAIbHBIC MPO-
(Gbum TeMmneparypbl, BIQKHOCTH, KOHICHTPAIMHU JIbJia. DTO JOBOJILHO Irpy0oe NpUONMKeHHE Uil BOJOEMOB,
MTOCKOJIBKY XapaKTep BEPTHKAIHFHOTO TEIUIO00OMEHA B HUX KapAWHAIBHO OTIMYAETCS OT TAaKOBOTO B TouBe. 1o
CYIIECTBY TaKasi jke (hu3uueckas mapaMeTpU3alus UCIIONb3YeTCs U BCEX MepeyBIaKHEHHBIX TEPPUTOPHH,
TaKUX Kak 00J0Ta U TyHJpa JIETOM. DTO MPUBOAMT K HEJAOOIEHKE POJIH JaHHBIX YIKOCHCTEM CEBEPHBIX PErro-
HOB B (DOpMHpOBAHNH Kak MUHUMYM PETHOHAITHLHOTO KIIUMATa.

Jlist yaeTa TernoéMKOCTH BOJJOEMOB, TypOYJIEHTHOTO XapakTepa TeII0o00MeHa B HUX U UX y4acTHs B Gop-
MHUPOBaHHS TOTOKOB CKPBITOTO M SIBHOTO TEIlIa B aTMOC(hepy HEOOXOMUMO BKIFOUCHHE B KITMMATHYCCKYIO MO-
JIeNb TTapaMeTpHU3aIii TePMOTUIPOANHAMUKH 03epa U MOAPOOHON MU(POBOH KapThl BHYTPEHHUX BOJTOEMOB,
YYUTBIBAs, YTO HEABHO CTAJIN TOCTYIHBI JaHHbBIE HE TOJBKO IO MTPOCTPAHCTBEHHOMY pacIipee/IeHIIO BO0E-
MOB, HO 1 110 ux mryoune (http://www.flake.igb-berlin.de/ep-data.shtml).

s mocTmkeHns MoCTaBIEeHHBIX IIeTIel 1 3a7a4 HaMK Obllla HHTETPHPOBaHa B CYIIECTBYIOIIYIO COBMECT-
HYI0 MOJIelTb 001eit upKyssituu arMocdepsl U okeana UBM PAH (Bonoaus u ap., 2010), nopiepxuBaemyro
u paspabarsiBaemyto E.M. Bononunabsim, Mojiesb 03epa, pazpadorannyio B.M. Crenanenko (CTenaHeHKo u 1Ip.,
2011), a Taxxe nmonkatouena kK mofenu INMCM4 coctosiast u3 14 THTIOB Macka CyIIH, CO3/1aHHast HAaMU C UC-
TTOJIb30BAHUEM ITU(PPOBOI KapThI BHYTPEHHUX BOJOEMOB /ISl BCEro 3eMHOTO Iapa.

Ha naHHBI MOMEHT COBMECTHAsI MOJIEIb 001IIeH UpKyJsiiuy arMocdepbl U okeana INMCM4 umeer pas-
pernrenue B Oioke armocdeps 2x 1.5 rpagyca 1o JOATroTe U MIUPOTE, COOTBETCTBEHHO, U 21 ypOBEHB 10 BEpTH-
Kanu, B okeanckoM O1oke 1x0.5 rpamyca mo gonrore u mupote u 40 ypoBHe# 10 BepTUKaiu. MoJenb UCTONb-
30BaJIach ISl YMCICHHBIX SKCIIEPUMEHTOB B pamkax mporpammel CMIPS5 (Coupled Models Intercomparison
Project 5), u ee pe3ynbraThbl Cpejiu Ipyrux Mojienei mpuBeaeHs! B 5-M OlIeHOYHOM J0KIa1e MeKIpaBUTeNbCT-
BEHHOM TPYTIIBI AKCTIEPTOB Mo u3MeHenuto knmumara (MI'OUK) (IPCC, 2013).

OpnHoMmepHas Mozenb BoroeMa, pazsuBaemas B HUBI] MI'Y (Crenanenko u 1ip., 2011), Bkirouaet siBHOE
OITMCaHUE MPOIIECCOB TEIIOBIAr00OMeHa B CIIOSIX BOJIBL, JIbJa, CHEra, HIDKelleKalllei mouBbl. Bo Bcex ciosix
pelralTcs ypaBHeHHs iepeHoca-andQy3un ¢ MICTOUHUKaMK Ha MHOTOCIIONHOM YHCIIeHHOM ceTke. Vcmonb3y-
etcs k-epsilon nmapamerpu3zaiust TypOyJISHTHOCTH JJIsl OITMCAHUSI TIepeMEIUBaHusI B BOAHOW Touue. J{ist uc-
0JIb30BAHUs B palilOHaX C BEYHOH MEP3JIOTOW B MOJENU MPeLyCMOTPeHa BOZMOKHOCTh (ha30BBIX IEPEXOI0B
BJIard B Mo4YBe. Ba)KHO TakKe 1 TO, YTO MOJICIb COJEPIKUT OJIOK MPOIECCOB 00pa30BaHusl, IIEPEHOCA U IMUCCUU
MeTaHa, YTO TIO3BOJIMT B TEPCIEKTUBE B pamMKax kinumarndeckoi mojenu MBM PAH onenuBarh BIusHHE
SMHUCCUI MeTaHa ¢ BHYTPEHHHUX BOJIOEMOB Ha M3MEHEHHE KJIMMaTa, aKTHBHO JTUCKYTHPYEMOE B COBPEMEHHOM
nuTeparype. Mojenb HeOTHOKPATHO MCIIONB30BaIaCh B CPABHEHUAX C IPYTUMH OJHOMEPHBIMH MOJCISAMHU U
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JaHHBIME HaOmoneHwi (Stepanenko et al., 2010; Stepanenko et al., 2013; Stepanenko et al., 2014; Thiery et al.,
2014).

Co3nannas nndpoBas KapTa BOIOSMOB BKIIIOUAeT B ce0sl 1Ba JByMEPHBIX MacCHBA Ha CETKE KIMMaTH4e-
ckoit Mmogenu (Puc.1.): mons miomaay s;aeek, 3aHATas BOZOEMaMH CYIIH, i CPEIHSAS IITyOnHa BOJJOEMOB B STUCH-
Ke. B ocHOBe maHHOM KapTHI ISKHUT OaHK JaHHBIX, cocToAmIas u3 mopsaka 14 000 mpecHOBOAHBIX O3ep U AaH-
HeIM 110 TryOonHaMm (Kourzeneva, E. 2012.).

Puc. 1. KapTa cofepikaHunsa BogoeMoB B fueiiKaXx CeTKU Mo-
nenv UBMPAH ot 0 o 1.

CymecTByromas Macka THIIOB CYIITH JJIST MOJIe-
mu INMCM4 Bxmrodana B ce0s 13 tumos (Wilson &
Henderson-Sellers 1985), 13-b1if THII, COOTBETCTBO-
BaJI TaK Ha3BIBAEMBIM IICPEYBIAKHECHHBIM TEPPUTO-
pHsIM», KOTOpBIE BKITFOUaN B cebs 1 o3epa. Ha ocHo-
BE MOJTyYSHHOH IIU(PPOBOIT KAPTHI BOJOEMOB U MACKH
cymm mozaenu INMCM4 6puta copmMupoBana HOBas
Macka, comepxamias yxe 14 tumos, rae 14-bmM TH-
TIOM SIBJISTIOTCSI 03€pa, pacIpeieieHHne KOTOPHIX ITOTydeHO Ha OCHOBE CO3/IaHHOH paHee U pOBON KapThI 03ep.
[Tpu »TOM, U3 TPUHAAIIATOTO THUTIA OBIITa UCKITIOYEHA JIOJIS 03ep U modasieHa B 14 tum. J[pyrue sxe THIB ObLTH
OTKOPPEKTHUPOBAHEI C HCITOIB30BaHUEM BeCcOBOH (pyHKIMHU. B cTapoit macke cymectBoBano 1018 sueex BKITO-
YaIoMX 03epa, B HOBOM - 2422 sueiiku (Puc.2).

Puc.2. PasHuua gonv 03ep B A4eKaXx CETKM B HOBOM Mac- BT > e, e

Ke 1 CTapoit Macke. y ) = wﬂ
"‘f‘?‘m P Sl AR
b '{"Q‘ ARBgac ass BAV]

JlaHHass Macka Mojy4deHa C MCHOJb30BAHHEM ] % oo _.!-o.;'
pa3pabOTaHHOTO HAMH MaKeTa MPOrpaMM Ha OCHOBE - St Lo _'-,.’.1'.
s3pika FORTRAN. JlaHHBIH TTAKeT MPOrpaMM T03B0- 2 b e,
nsier (GOpMHUpPOBaTh MackH C J00aBJICHHEM HOBOTO A " L '__
THTIA ¥ KOPPEKIIUHU CYIIECTBYIOUTUX THUIIOB C UCITIONb- & M
30BaHUEM BECOBOM (PyHKIIUH. ! P = . |

B nanHBII MOMEHT POBOASITCS pacyeThl C KIU- 2 x
Marnyeckoit monensto IBM PAH mo onenke Bius-
HUSI BKITIOYEHUS BOJIOEMOB Ha MOTOKH SIBHOTO M CKPBITOTO TEIIA Ha MOJICTUIIAIOIIEH TOBEPXHOCTH U METEOBE-
JIMYMHBI B IPU3EMHOM CJIOE [UIsl yCIIOBUI COBPEMEHHOIO KJIMMATa.
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Variability of atmospheric circulation in response to climate
change in West Siberia at the end of XX and at the beginning
of XXI centuries
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circulation parameters correlated to this variability is investigated for the territory of West Siberia (50-70°N,
60-90°E) was carried out using observational data at meteorological stations over the period of 1976-2014.

The climatic tendencies in the end of XX and in the beginning of XXI centuries were assessed through the
comparison of temperature and pressure variability estimates for two time intervals: 1976-2005 and 1985—
2014. It was established that climatic changes during the second period as before have the tendency to annual
average temperature increase, but the warming process was less intensive during the first period. A large role in
the decrease of the temperature growth rates belongs to the winter months when the warming process is re-
placed by the cooling process. Furthermore, there is a tendency to pressure rise for the second time interval.

It is important to take into account the variability of atmospheric circulation parameters for regional cli-
mate research. Changes in circulation can be revealed through zonal and meridional wind speed components in
the lower troposphere and eddy circulation. Areas of increased values of geopotential height trends were re-
vealed over the Urals in the middle troposphere (500 hPa) in winter months 2002-2011; and areas of decreased
values — over the eastern part of West Siberia. Also zonal wind speed component and vorticity parameter de-
crease was observed over this part of the territory.

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: AO index — from positive
to negative and SCAND — conversely, from negative to positive. Their interannual variability and eigen vectors
(EOFs) can indicate that meridional temperature gradient decrease and weakening of midlatitude west trans-
port probably cause the development of blocking processes.

The work has been supported by the grant of the RF President MK-5969.2015.5.

In this study the variability of spatial and temporal distributions of temperature and pressure and atmospheric

N3MeHUMBOCTbL aTMOChepHON LUMPKYIALMM B YCIIOBUAX
NPONCX0OALNX KTMMATUYECKNX N3MEHEHNWX B 3anagHou
Cnbupwm B KoHue XX 1 Havane XXI BeKoB
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xa [1] u m106ampHOM Temmeparypsl TOBepXHOCTH okeaHa [2]. [Ipr 3TOM BO MHOTHX HCCIIETOBAHUSIX
OTMEYaeTCsl Pa3IMYHBII OTKINK PETHOHANBHBIX KIMMATHYSCKUX CHCTEM Ha II00AIBHOE MOTEIUICHHE.
B gactHOCTH, 10 JaHHBIM [3], TemMIiepaTypHbIe H3MeHEHUs B 3amaqHo-CruOnpcKkoM peTnoHe OKa3bIBAIOTCS HaH-
MEHBIINMH, B CPABHEHHHU CO BCEMH IpYruMHu pernoHamu Poccun. C 9TOH TOUYKH 3peHUS, NPEACTABISICTCS aK-

C Hagaa XXI BeKka CymecTBEHHO 3aMEIUTHIICS POCT II00aTbHON TeMITepaTyphbl TIOBEPXHOCTHOTO BO3/IY-
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TyaJIbHBIM HCCIIEJIOBAHNE PETHOHAIBHOTO N3MEHEHH KinMara 3anaiHoii CuOoupy B yCIOBHUSIX IPOUCXOASIIC-
TO 3aMeJUIeHHs pOCTa II00AIbHOM TeMIepaTyphbl.

B nannoii pabote mis repputopun 3amagHoi CruOupy ObLUTH MOTYYCHBI CPEIHNE IO TEMIIEPaTyphl BO3-
JyXa ¥ JaBJICHH, a TAKOKe MO WX JMHEHHBIX TPEHIOB JUIS BCETO BpeMEeHHOTo mHTepBana 1976-2014 rr, a
Takke OTACNBHO s teproaoB ¢ 1976 mo 2005 rr. 1 ¢ 1985 mo 2014 rr. [o pesynsraTam aHamn3a TaHHBIX UH-
CTPYMEHTAJIbHBIX HAOIIOJCHUH BBISABICHO, YTO, B 1IEJIOM, HAOIIONACTCSl YMEHBIIEHHE CKOPOCTH POCTa TEMIIe-
patypsl, a B 3MMHHE MecAlbl Hauana X XI Beka yMEHbIIEHHE BETMIMHBI TPEH A TEMIIEPATYPhI COMPOBOXKACT-
Cs1 POCTOM BEJIMYHMHBI TPEHAA JIABJICHUS B 3UIMHHUE MECSIIBI.

I'moGanbHOE MOTEIUIEHHE COPOBOXKIAETCSI, B IEPBYIO OUEPE/Ib, H3MEHEHHUEM 00IIEH IUPKYIIALIHA aTMOC-
(hepel, YTO MPUBOAUT K TIEPEPACTIPEICICHNIO TEIIa U BIAard M K U3MEHEHHUIO MPOCTPAHCTBEHHO-BPEMEHHBIX
0ocoOeHHOCTeH Knumara. A TIpH UCCIIEA0BAHUY KJIMMAaTa PEernoHa, IMPeICTaBIISIONIEro co0oi orpaHHueHHYTO
TEPPUTOPHUIO, 0COOCHHO BaKHO YUUTHIBATh U3MEHEHHE XapaKTEPUCTUK IUPKYIISAIUN aTMOC(HEPHI.

V3meHeHns IUPKYIALUH BBISIBISIFOTCS] Y€PE3 MOJIS 30HAIBHON U MEPUIHOHAIBHON COCTABIISIOIINX CKO-
pOCTH BETpa B HUXKHEH Tporocdepe, a TakxKe XapaKTePUCTHK BUXPEBON LUPKyIALUH. Tak, A7l 3SMMHHAX Mecs-
1eB (nexabdps, suBaps u gpespanst) 3a 2002—2011 rr. 65U TOCTPOCHBI KapTHI TPOCTPAHCTBEHHOTO pactpeiene-
HUS TPEHIOB BBICOTHI T€OTIOTCHIINANA Ha HECKOJIBKUX N300apHUIeCKUX YPOBHAX Tpomochepsl. O6IacTi MOBBI-
IICHHBIX 3HAUCHHUH 3TOW BETMYMHBI HAZl YpajaoM M 00JIaCTH TOHIKCHHBIX 3HAYCHUH HaJ BOCTOYHOH YacCTHIO
3amagaoit Cubnpu oTueTuBO BhAEIsIOTCA Ha ypoBHE 500 rlla. [Ipn 3TOM B IEHTpaIbHON M BOCTOYHOI Ya-
CTAX TEPPUTOPHH HAOIIONACTCSl yMEHBIIIEHUE 30HAIBHOM COCTABIISIONIEH CKOPOCTH BETPA U BEIMYMNHBI POTOpA
CKOPOCTH, OTBEYAIOIIET0 32 aHTUIMKIOHAIBHBIA TUIT IUPKyISIuK. [locTpoeHHas: BpeMeHHasi H3MEHUYHUBOCTD
BEJINYMHBI 3aBUXPEHHOCTH JUTS HAXOJAIIUXCS HA TeppuTopun 3anagHoi Cubupu Buxpei, B KOTOPBIX Bpallie-
HHE MPOUCXOANT MO YacOBOM CTpesKe (aHTUIMKIOHMYECKAsl 3aBUXPEHHOCTbH), TOBOPUT O TOM, YTO B TETLIBIH
MIEPHOJ] TO/Ia BUXPEBast aKTUBHOCTD MPOSIBISIETCS €1a00, U ¢ TOIaMH1 MPOJIoJIKaeT ocinadeBaTs. B 3uMHue Mecs-
1bl Hauana X XI Beka, HalpOTHUB, HAMETHIICS POCT AHTULMKIOHUYECKOM 3aBUXPEHHOCTH.

B kadecTBe MH/IEKCOB, ONMHCBHIBAIOIINX OCHOBHBIC LUPKYIISAIIMOHHBIE MOABI arMocdepsl HaJ 3amagHoi
Cubupsio, 13 Habopa NUPKYIAIHOHHBIX HHAEKCOB CeBEPHOTO MOTyIIapys OBUTH BEIOPAHBI: HHACKC ApKTHYE-
ckoit ocimsiiy (AO) n CkanguaaBckuit naaeke (SCAND).

Bo BpemMeHHOM X071 HHICKCOB II00aTBHON HUPKYISIHH ¢ 1976 o 2014 IT. BEIABIEHO, 9TO CO BTOPOH ITOJI0-
BuHBI 90-X To0B 1t AO 0003HAYMIICS TIEPEXO]l OT MOTOKUTENBHON (Pa3bl MHAEKCA K OTPUIATSIIHHOM, a IS
SCAND — mepexon OT OTpHIIATEIFHOM K TTONOKATENBHOM (prc. 1). YMenspmenne uanexca AO TOBOPUT O CHIDKE-
HUH [IPU3EMHOM TeMITepaTypsl B yMEpeHHBIX mupoTax. [lonokutensusie ke ¢as3sl naaekca SCAND orBewaror
3a pa3BUTHE OIOKUPYIOMUX cHcTeM Haj CKaHAMHABCKUM IOIYOCTPOBOM, MPETSATCTBYIOLINX 3aMaJHOMY Iepe-
HOCY 1 IPUBOJSIINX K TIOHMKCHUIO TEMITEPATypPhl HAa TEPPUTOPHSIX, PACTIONOKEHHBIX BocTouHEe [4, 5].

Tak KaKk HHIEKCHI IUPKYISIINUHI MPEICTABISIOT COO0H ITTaBHBIC KOMITOHEHTHI PA3I0KEHNUS MO aHOMAITUH
TEOMOTEHIIAANA TI0 AMITMPHYECKUM OPTOTOHAIBHBIM (yHKIHAM Ha ypoBHe 700 rlla, ObIT mMpoBeaeH aHATH3
BPEMEHHON TMHAMHUKH MOTyYEHHBIX ITIABHBIX KOMITIOHEHT, CBA3aHHBIX C PA3BUTHEM OIMCAHHBIX BBIIIC IIUPKY-
JSIIMOHHBIX MEXaHU3MOB.
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Puc. 1. MerofoBoi xof OLEHOK MHAEKCOB aTMOCGEPHOM LMPKYNALMM B 3UMHUI CE30H [51A TeppuTopum 3anagHoi Cnbu-
pv 3a nepuog 1976-2014 rr. (NyHKTUPHAA NUHUA - crnammBaHme no OHY).

CoOctBeHHblIii BekTop MHIeKkca AO (11epBoii ITaBHONH KOMITIOHEHTBI) U3MEHHJICS HE3HAYUTENILHO TIPH T1e-
pexone ot nepuona 1976-2005 rr. k nepuony 1986-2014 rr., 0HAKO IPOUCXOAUT YMEHBIIICHHE 00JIaCTH MAKCH-
MaJbHBIX 3HAYCHUH, PACHIONIOKEHHOHN Ha ATIaHTUKOW 1 EBpOMOi, 4TO MPUBOIUT K YMEHBIICHUIO MEPHIHO-
HAJIHOTO TPaJMeHTa U OCJIA0JICHHIO 3aI1aIHOTO MIEPeHOca B YMEPEHHBIX IIHUPOTax (pHc.2).
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Puc. 2. MpoctpaHcTeHHoe pacnpeaeneqme 300-1 (uHaekc AO) B 3MMHMe MecALbl (Aekabpb-GeBpanb)
2005rr.; 6) 1986-2014 .
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Puc. 3. MpoctpaHcTeHHoe pacnpeaeneqne 300-9 B 3uMHMe MecALb (erkabpb-deBpanb) 3a nepuop: a) 1976-2005 rr.; 6)

1986-2014rr.

Uro kacaercs MpocTpaHCTBeHHOTO pacnpeneneHus naaekca SCAND (neBsToil riaBHONH KOMIOHEHTHI), TO
BO BTOPOM IIEPUOJIC OTYETINBO (POPMUPYIOTCS BCE XapaKTEPHBIC LIEHTPHI ISHCTBUS: 2 MakcuMyMa — Hax CKaH-
nuHaBHEH u SImonuelt; 2 MuHIMyMa — Haa Vcranueit 1 MoHronuel, mpudeM NnepBblil [IEHTP HaXOAUTCS CeBep-
Hee OT CBOETO CTaHJIAPTHOTO MOJIOKeHHs (prc.3). DTa TeHJCHIHSI COOTBETCTBYET €T0 MOJMKUTEIBHOU (aze u
COIIIACYeTCs C BBIBOAAMH O PA3BUTUH IIPOLIECCOB OIOKUPOBAHUS, IIOITYyYESHHBIX IIPH UCCIEA0BAHUN BPEMEHHOMN

HM3MEHYMBOCTH MHJEKca (puc.1).
Paboma evinonnena npu noodepoicke epanma Ipesuoenma P@ MK-5969.2015.5.
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Influence of a city on the variability of climatic
characteristics

"Voropay N.N.

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

Climatic conditions in the cities are considerably differed from the surrounding rural areas, and these
changes are higher in cities with large area. City heat island is one of the main features of the urban climate.
Heat island is characterized by elevated air temperatures compared to the countryside. Great influence on the
urban climate has an air pollution with various contaminants. The source of anthropogenic aerosol are indus-
trial emissions of solid and liquid particles, heating system and transport. Increase of aerosol concentration
over cities dramatically reduces incoming solar radiation. Raised amount of condensation nuclei in the air over
cities and strengthening of upward air movements lead to an increase in cloud cover and local precipitation.

Placement of industrial plants in the Predbaikalie region is not uniform. Almost two-thirds of factories is
located in the Irkutsk-Cheremhovo industrial area - a narrow strip stretched 150 km from Cheremhovo to She-
lekhov. It is limited agricultural areas of the Ust-Orda Buryat Ocrug in the North, and sparsely populated taiga
areas in the south.

The Irkutsk-Cheremhovo industrial area have extremely unfavorable weather conditions for the purifica-
tion of the atmosphere (Linevich, Sorokin, 1992). Local changes of atmospheric transparency occurring in Ir-
kutsk due to industrial air pollution may reduce the influx of solar radiation by 10-20%.

The Irkutsk city heat island effect is visible at comparison of long-term observations at weather sta-
tions Irkutsk and Homutovo, located 25 km from the city. The maximal effect occurs in winter months when
differences between urban and rural areas exist even at mean monthly air temperature (up to 5°C). The tempera-
ture contrasts in summer months are smoothed and the difference in temperature rarely exceeds 0.5°C. At the
same time in June in most cases the average monthly temperature in Homutovo by 0.6-1.1 °C higher than in Ir-
kutsk. The long-term fluctuations in air temperature at both stations occur synchronously with regional and
global variations. Trends in the monthly average and annual air temperature over the past 50 years in urban and
rural areas do not differ from each other. Annual temperature trends are 0.46-0.47 °C / 10 years.

The highest repeatability in the study area have north-west winds. Impact of industrial centers should be
most noticeable in the settlements located in the direction of the prevailing wind — at the south spurs of the Le-
na-Angara plateau. On the background of general decrease in annual precipitation, some increase occurs at
weather stations Bohan, Ust-Orda, Homutovo (with rate 0.2-1.3 mm / yr). Analysis of the seasonal changes in
precipitation shows that in winter increase of precipitations occurs also at northern and mountain areas, which
is likely due to the influence of local physiographic conditions.

BnunaHue ropofa Ha USMEHUMBOCTb KNTMMATUYECKUX
XapaKTepuUCTUK

"*Boponaii H.H.

! WMHCTUTYT MOHMTOpPUHIa KNUMaTUYeCKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
? UncTuTyT reorpadum um. B.B. Couasbl CO PAH, UpkyTck, Poccua
E-mail: voropay_nn@mail.ru

OHaMU, IPUYEM 3TH U3MEHEHHS TIPU MPOYHX PABHBIX YCIOBHIX T€M OOJIbIIe, YeM OOJIbIIIe TEPPUTOPHUS

ropoaa. Nwmerorcs JaHHBIE O TOM, YTO B KPYITHBIX ropogax U3MECHCHUA KIIMMaTa BO3HUKIIM COTHHU JIET

tomy Hazan. Tak, nHanpumep, H.E.Landsberg [1956] npuBOIUT CBUIETENHCTBO COBPEMEHHUKA O CHIILHOM 3a-

rpsisHeHnn Bo3ayxa B Jlonmone B XVII Beke, KOTOpo€ 3HAYUTETHHO OCIA0ISI0 COTHEUHYIO PaJHalliio B TOPO-
JIe TI0 CPAaBHEHHIO C CEITHCKOW MECTHOCTBIO.

OjiHa 13 IIaBHBIX 0COOCHHOCTEH rOPOICKOT0 KIMMaTa - BOSHHKHOBEHHE B FOPO/IE “OCTpOBa Teria”, KOTo-

PBIN XapaKTepu3yeTcs MOBBIIICHHBIMU 110 CPABHEHHUIO C 3arOPOTHON MECTHOCTHIO TEeMIIepaTypaMu BO3AyXa.

Orot 3ddexT uccnenoBancs BO MHOTHX SKCIEPUMEHTAIBHBIX padoTax, Uil €ro U3yueHHs: MPOBOANINCH JIU-

CTaHIIMOHHBIC M3MEpPEHMs PaJHAallMOHHOW TeMIIepaTyphbl MOJCTUIIAIONICH MOBEPXHOCTH, OBLIO MPEIOKEHO

HECKOJIbKO YHCIIEHHBIX Mojiesiel. Muorue aBropsl [Landsberg, 1970; bepnsua, Konnparses 1972; Henpenna-

KnnMaTquCKHe YCIIOBHS B TOPOJAaX OOBIYHO 3aMETHO M3MEHEHBI TI0 CPAaBHEHUIO C OKPY’KAIOIIMMHU pai-
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MEpeHHBIC BO3IEHCTBHUA..., 1974; Mapuyk, Ilenenko u np., 1979; Tpopumona, Konosanona, 1988; Kucmos,
Koncrantunos, 2011] oTMedaroT, 4TO «OCTPOB TEILIa» OOBITHO UMEET CIOKHYIO CTPYKTYPY, TPHIEM KaXkKIbIH
KBapTaJl TOPOACKON 3aCTPONKH SIBIISICTCS MCTOYHUKOM TEIUIa JJISI OKPY’KAIONIMX HE3aCTPOCHHBIX YYacTKOB.
CpenHsisi TeMIieparypa Bo3Lyxa B OOIBIIOM TOPOJIE YaIlle BCETO BBIIIE TEMIIEPATyphl OKPY)KAIOIIUX PaiOHOB
Ha 1-2°C, omHako, HOYBIO TIPH HEGOBIIIOM BETPE Pa3HOCTH TEMITEpaTyp MokeT gocturath 6-8°C. [pu CHITbHBIX
BETPAax 3Ta pa3HOCTh OOBIYHO YMEHBIIAETCS. DPPEKT TOPOACKOTO «OCTPOBA TEIIIa» UMEET Ce30HHBIN Xapak-
Tep. PUKCUPYIOTCS TAKXKE PA3IIHMUNE MEXIY THEBHBIM U HOYHBIM BPEMEHEM CYTOK, IIPHUEM, HOUBIO 3TH 3(-
(hexTHI MPOSABIAIOTCS 3HAYUTENBHO cuiibHee [Zhong Baolin,1996].

B mexoropeix paborax, Hampumep [Kato, 1996], pemraercst 3amada pasmeneHust BIUSHASA 3()(HEKToB
«OCTpOBa TETIJIa» U COOCTBEHHO MOTEIUIEHNs. BhIsIBIIEHO, uTO B TOposiax ¢ HaceneHneM cBbiie 100 Toic. yemno-
Bek 3a mepuon 1920-1992 rr. apdert «octpora Tera» coctami 1.0-2.5°C/100 siet, 4TO CPaBHUMO C BEITHYH-
HOW MOTENIICHHUSI.

Bbonburoe BiaMsAHME Ha KIMMAaT TOPOJOB OKa3bIBACT 3arpsi3HEHUE BO3/yXa PA3IMYHBIMU MPHUMECSIMHU.
VIcTOYHMKOM 3THX NPUMECEH SIBISIOTCS BHIOPOCHI MPOMBIIIICHHBIX NPEIIPHUITHI, OTOMUTEIBHBIX CHCTEM U
TpaHcnopTa. YacTb aHTPOIOTEHHOTO a3pO30JIsl B TOPOiaX 00pa3yercsi n3 BHIOPOCOB TBEPABIX M HKUAKHUX 4a-
CTHII, APyTasi YaCTh BOSHUKAET U3 IOCTYIAIONINX B aTMOC(EPy ra3os.

VYBenudeHne KOHLEHTPALUH a9p030Jis HaJl TOPOAAMH PE3KO YMEHBIIAET COMHEUHYIO PAAHAINIO, TPUXO/s-
IIyIo K 3eMHO# rmoBepxHocTH. 1o manusiM Landsberg [1970], B 6ompmmx ropomax mpsiMasi COTHEUHAs pajia-
LUl YaCTO YMEHBINACTCSl HAa BENUUUHY OKoso 15%, ynerpaduorneroBoe usnyuenune - B cpegueM Ha 30% (B
3MMHHE MECSIIbl OHO MOKET MOJTHOCTBIO HCUE3HYTh), MPOJOIKUTEILHOCTD COTHEUHOTO CUSIHUS - Ha 5-15%.
[maBHYTO pONTb B OCITA0ICHUN COTHEYHON paHalliil B TOPOAAX UTPACT TOHKUI HIKHUAHN CIION BO3IyXa, B KOTO-
POM COnEepKUTCS HanOOIbIIIee KOTMUECTBO a3PO30JIbHBIX YaCTHIl. B mpenenax 3Toro ciost 00bIYHO PE3KO IMo-
HIDKEHA TOPU30HTANIbHAs BUAMMOCTB 9acTo 70 10-20% ee 3HaucHuit B 3aropoHBIX paioHax.

IToBbIIIIEHHOE KOMMYECTBO AP KOHIECHCAIMH B BO3yXE HaJl TOPOAAMH U YCHIICHNE BOCXOISIITNX ABHKE-
HUH BO3/yXa MPUBOIST K YBEIHUCHUIO OOIAYHOCTH M 0CaJKOB. MIMEIOTCS HaHHBIE O TOM, YTO B HEKOTOPBIX
TIPOMBIIIICHHBIX [IEHTPaX CyIIECTBYET HEACTbHBIN UK B KOJTUYIECTBE BBINAIAIOIINX OCAIKOB, O0bSCHIEMBII
WX yMEHBIIIEHNEM B BBIXOAHBIC THHU, KOT/Ia IPOMBIIUICHHBIC IPeIIpusATHs He padoTtaioT [Byasiko, 1971].

3acimyKuBaeT BHUMAHHs TO, YTO [0 MEpPE pa3BUTHUs ypOaHU3alMH B palioHaX ¢ HanOoee BHICOKOH MIOT-
HOCTBIO HACEJIECHHsI HEKOTOPBIE YEPThI TOPOICKOTO KJIMMATa PACIPOCTPAHIOTCS Ha OOIIMPHBIE TEPPUTOPHH,
JOCTHUTAIOIINE COTEH KMIOMETPOB. B 3THX yCIOBHUAX MPOUCXOAUT CyMMUPOBAHHE BIUSHUS HA KIIMMaT MHOTO-
YHCJIEHHBIX ONN3KO PACIIONOKEHHBIX HACEICHHBIX ITyHKTOB, KaX/IbIi M3 KOTOPBIX AEHCTBYET KaK MCTOUYHHK
TETIJIa ¥ 3aTrpsI3HEHHS BO3AyXa.

Konmenrparmst npon3BoacTBa Ha Tepputopun [Ipendaiikanbs HepaBHOMEpHA, OHA OCOOCHHO BEJIHKA B
HpkyTcko-UepeMXOBCKOM MPOMBIIUIEHHOM paiOHE, IJ€ HAXOAWTCS TOYTH JBE TPETH HPOMBIIIICHHOCTH.
Mexay TeM OH MpEeACTaBIsIeT Y3KYIO MoJocy, npoTsaHysurytocs Ha 150 km ot Uepemxosa mo Ilenexosa. Ha
CeBepe OH OIPaHWYMBACTCS] PA3BUTHIM B CEJILCKOXO3SMCTBEHHOM OTHOILICHUH 3alaJHBIM y4acTKoM YcTh-Op-
JBIHCKOTO BypsATCKOr0 aBTOHOMHOI'O OKpYTra, a Ha I0re - MaJOHACEICHHON Ta€KHOU MECTHOCTBIO.

Ha paccmarpuBaeMoii TEppUTOPHH METEOPOJIOTHYECKHUE YCIOBHS HKCTPEMAIbHO HEOIATONPHATHBI IS
ountierns armocdeps! [Jlunesnd, Copoknna, 1992]. 3necy 6a3upyercs A3MaTCKHI aHTUIMKIIOH, TTOTydaro-
U OCHOBHOE PAa3BUTHE B 3UMHUE MECSIIBL. DTOT MEPUOJ XapaKTepU3yeTcs OOIBIINM YHCIOM OE3BETPEHHBIX
JHEH, NTyOOKMMH TeMIepaTypHbIMU HHBepcusiMu. Hampumep, B 3uMHeM MpKyTcke MOBTOPSIEMOCTH CJIAOBIX
BeTpoB cocranisieT 70%, MpU3EeMHBIX TeMIepaTypHbIX nHBepcuil - 8§0%, mepronos 3actost Bo3myxa - 44%.
HawnbGonee Hu3Kkne TemnepaTypsl BO3AyXa B 9TO JKe BpeMs 00yCIaBINBaIOT MAKCHMAJIbHOE TEIUIO- ¥ TOIUIUBO-
oTpediIeHNe, a CIeA0BaTeIbHO, HAUBBICIIIEE 3arPA3HEHHE aTMOC(EpbI MPOAYKTAMHU CrOPAHUS TOTLIHBA.

J1u1s1 BBISIBIICHUS! BIMSTHUSA TOPOJIa HA U3MEHEHHMS IPSIMON pajiaiiyl HaMu OBLIO MPOAHATN3UPOBAHO MHO-
TOJICTHHE paclpe/ieieHie ee HHTEHCUBHOCTH Ha cTaHIsIX VpkyTck n Unsanp B Teuenne rona (1961-1986 rr).
B ycnosusix 6e306maqH0r0 HeOa MPUXO/ COTHEUHON paJHaIlii, KaK H3BECTHO, ONPEIENIICTCS BBICOTON COTHIIA
1 Tpo3padHOCThI0 arMocdepsl. [Ipu BeIOOpe cTaHIMiT MBI PyKOBOICTBOBAJINCH TE€M, YTO OHHM HaXOHATCA Ipa-
KTHYECKH Ha OTHO# MHUpOTe (OKOJI0 52° C.11.), T.€. BBICOTA COJTHIIA B TCUCHHE BCETO TO/IA B CPOKH HAOIFOMCHHIA
JUISl HUX OJMHAKoBa. Benmnunna sxe mpo3padHocTy B VIpKyTCKe TOIKHA OBITH CYIIECTBEHHO HMXKE, TaK KaK OH
ABTISICTCA OJHMM W3 HamOojee KPYMHBIX MPOMBIIIICHHBIX IeHTpoB Bocrounoit Cubupu. M neiicTBUTENBHO,
WHTEHCUBHOCTh IPSMOM COJHEYHOH pajualiy B MOJNJACHb HA NMEPHCHIUKY/SIPHYIO MOBEPXHOCTh NpH 0e3-
o6naunoM Hebe (Macca arMochepbl m=2) Ha cTaHiuu Mnsaup, B cpennem Ha 0,14 kBT/M* BhIle, B TeueHHe
rofa Ta pasHocTh Konebiercs B npeaenax ot 0,1 kB1/m’ (Maif) 1o 0,19 kB1/m2 (suBaps). Takum 06pazom, 1o-
KaJbHbIE N3MEHEHHS PO3padHOCTH arMocdepsl B VIpKyTcke, KOTOpbIE MOTYT MPOUCXOIANTH 33 CUET IPOMBIIII-
JICHHBIX BBIOPOCOB, CHIDKAIOT MpHUxo/ paauarmn Ha 10-20%.

MHoroneTHre JaHHBIE O CPEAHETOAOBBIX TEMIIEPATYPaX YKa3bIBAIOT Ha MOTEIUICHHE KJINMaTa 3a TOoCIe/l-
uue 100 net, mpudem, O0JbIIas 9acTh STOTO MOTEIUIeHHUs npuxoauTcs Ha nocneaane 30-40 ner [IPCC, 2013].
YacTUIHO OHO CBSI3aHO C POCTOM TopozioB. MeTteoporornieckasi crannus VpkyTck nmeeTr nepros Haomoze-
HUH 3a Temneparypoii Bo3ayxa ¢ 1882 . mo Hacrosmiee Bpems. B XIX Beke cTaHmus pacmoiaranach BIaId OT
ropona. B Teuenne XX Beka, B mepro MHIyCTpHaIH3auy, pKyTCK, SBISsICH 00JaCTHBIM IIEHTPOM, BBIPOC.
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[Tomaas roposa yBeIUUMIach B JECATKH pa3. Ternepb TeppuTOpHss METEOCTAHIINN HAXOANTCS B LIEHTPE TOPO-
na. M omauM 13 (pakTOpoB M3MEHEHHMS KIMMara sBIseTcs caM ropof. [Ipu aHamm3e MHOTOJIETHUX PSIOB Ha-
OIONIEHNsT HAa METEOPOIIOTHIECKOM CTAaHIUU VMIPKYTCK M METEOPOIOTUIECKOM CTAHIUU XOMYTOBO, PAacIoio-
KEHHOH B 25 KM OT ropoza, 3amMeTeH 3((EeKT «0CTpoBa TeTIa». MakCHMaIbHO OH MPOSIBISIETCS] B 3UMHUE Me-
CSIIIBI, KOI7IA IaKe B CPEAHUX MECAUHBIX 3HAUCHUSAX TEMIIEPaTyphl BO3/AyXa CyMIECTBYIOT pazimnaus (10 5 ‘C B
OTACTBHBIC TOIBI) MEKIY TOPOIOM U CEITbCKOW MECTHOCTHIO (Tabm. 1). B meTHHMe MecsIsl TemmeparypHbIe
KOHTPACTHI CIIAKUBAIOTCA, M pa3HUIla TeMiiepatyp peaxo npessimaet 0,5 °C. [Ipu 3ToM B HioHE B OOTBITHHCT-
BE CllydaeBHAOIOmaeTCst oOpaTHasi CUTyalus — CPEeIHsSI MEeCSIHas Temreparypa B XomyToso Ha 1,1-0,6 “C
BhIlIE, ueM B MpkyTcke. [Ipn 3ToM MHOTONIETHHE KOIEOaHUS TEMIIEPaTyphl BO3AyXa Ha 00EHUX CTAHIHSIX MPO-
UCXOJSIT CHHXPOHHO C PETHOHAIBHBIMU U TII00ATBHBIMU. TEHACHIIMN U3MEHEHUS CPEAHUX MECSIYHBIX U TOJI0-
BBIX 3HAYECHUH TEMIIepaTypsl BO3LyXa 3a mocyenHue 50 JeT B Topo/ie ¥ CEIbCKONH MECTHOCTH TIOUTH HE OTIINYA-
IOTCS PYT OT ApyTra (Tadi. 2) u A CPeTHUX TOMOBBIX TeMiiepaTyp coctasistior 0,46-0,47 °C/10 net.

Kak oTmMedaroT HEKOTOpBIE aBTOPHI, (PAaKTOPOB, CIIOCOOCTBYIONINX YBEIHUCHNUIO KOJIMYECTBA OCAIKOB B
ropozax, MHOXecTBO. Ho OHHM Bce B3aMMOCBSI3aHBI M MAacKuUpylOT BIMsHHE aApyr napyra. CormacHo
I"E.JTaaac6epr[1983], moaudukarus v yBeTHIeHHE 0CaTKOB B TOPOJIE IT0 CPABHEHUIO C HEYPOAHU3UPOBAHHBIMHU
TEPPUTOPUSMH TPOUCXOJUT IO TPEM IJABHBIM NpuU4MHaM. [lepBas - Hanu4ue OCTPOBa TEIIa, KOTOPOE
MIPUBOAUT B TOPOIaX K 00jIee MHTEHCUBHOMY JABMKEHHIO BO3/IyXa I10 BEPTUKAIIH, YTO B CBOIO OYEPEb SABISIETCS
OCHOBHBIM YCIIOBHEM 00pa30BaHMs 0CalKOB. Bropas mpuumHa - 3G QeKT NpensTcTBUs, TO €CTh 3aMEAJICHUE
JIBIDKCHUSI CHHONTHUYECKHX CHCTEM, B KOTOPBIX IPOMCXOAAT OCaAKOOOpasyromye npoieccsl. Bo mMHOrHx
ciryyasix o0a (axropa IEHCTBYIOT OJHOBPEMEHHO, B CBS3M C Y€M, BBIACINUTH BKIAJ KaXAOTO M3 HUX B
CYMMapHOM BO3MYILIEHUH, BHOCUMOM IFOPOZOM B I10JI€ OCAAKOB, OUYEHb TPYAHO. TpeTheil NpUUMHOMN, BIUSIOLICH
Ha 00pa3oBaHUE OCAJIKOB, SBISIETCS 3arps3HEHHE arMocdepsl. Ho OHO BTOPUYHO 1O CPAaBHEHHUIO C adpo- U
TEPMOIMHAMUYECKUM BO3ICHCTBUEM.

Heo6xoanMo y4uTHIBaTh, YTO Ha PACCMATPHUBAEMOIl TEPPUTOPUH HAHOOJBIIYIO MOBTOPSEMOCTh UMEIOT
CEeBEpO-3aIa/IHble BETPBI, TO €CTh BIMSHHUE NMPOMBIIUICHHBIX IIEHTPOB JODKHO OBITH Hanbosiee 3aMETHO B
HACEJICHHBIX ITyHKTaX, PacIIOJIOKEHHBIX B HANPABICHUU MPE00Ialafomiero MepeHoca, a IMEHHO Ha FOXKHBIX
orporax JIeHO-AHrapckoro miaaro. OTO TOATBEPKAAIOT PE3YIbTaThl PETPECCHOHHOTO aHalN3a, COIIACHO
KOTOPBIM, Ha (poHE 00IIIETO MOHMKEHHNS TOJJOBOTO KOJIMYECTBA OCAIKOB 110 TEPPUTOPUH HA TAKHX CTAHIUAX KaK
Boxan, Ycre-Opaprackuii, XomyToBo Habmromaercs nx mossimenne (0,2-1,3 mv/ron). Ecnn paccmarpuBarh
U3MEHEHHSI B PEXKMME OCAJKOB IO CE30HAM, TO MOXXHO OTMETHTh, YTO K BBIIIEC ITEPEUNCICHHBIM B 3UMHUM
MIepHOJL 00ABIISIOTCS CTAHIIUH, PACTIOJIOKEHHbIE B CEBEPHBIX M TOPHBIX paliOHAX, 4TO, CKOPEE BCETO, CBSI3aHO C
BIIMSTHUEM MECTHBIX (PH3HKO-TeOrpapuIecKnux yCIOBHH.

Ta6bnuua 1. PasHuua Meray cpesHUMM MECAYHBIMU 1 CPEAHUMM FOLOBLIMY TEMMEPaTypaMu BO3ZyXa Ha METEOCTaHLMAX
VpryTck 1 XoMyToBO (T, = Tyouymoso) 3@ NEPUO 1960-2008 rr, °C.

I m | o | v | v | vi|vi|vin| IX | X | XI | XII | Ton

Cpexiee 425 | 415 | 2,73 | 046 | 0,17 | 02 | 0,04 | 023 | 0,51 | 1,37 | 2,96 | 3,67 | 1,69
MuHIMYM 33 | 3 .6 | 0 [ 03]-09]-03|-02]02109]21]|25]133
Makcnmym 5 153139 120710310707 1 1,9 | 39 | 46 | 2,08

Ta6nuua 2. TeHgeHUMM U3MeHeHUs TeMnepaTypbl Bo3ayxa ('C/10 ner) 3a nepvoa 1961-2008 rr.

Cranuus I 1I 111 v \4 VI Vil | VIII | IX X XI XII | Ton
XOoMyTOBO 0,38 | 1,09 | 0,47 | 0,41 | 0,39 | 0,36 | 0,40 | 0,34 | 0,36 | 0,41 | 0,56 | 0,49 | 0,47
HpkyTcx 041 | 1,09 | 0,52 | 0,46 | 0,39 | 0,30 | 0,36 | 0,31 | 0,33 | 0,46 | 0,47 | 0,51 | 0,46
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Current changes of resources moistening during vegetation
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natural processes, which are determined by climatic factors. Climate change on the regional level has

their particular consequences and the disruption to the economy. Understanding this situation identified
the focus of this research to the study of modern climate change small regions during vegetation period, the
example of the south of Western Siberia. Study of modern climate change in the south of Western Siberia based
on an assessment of indicators of climate variability. For these indicators in this study are the resources moist-
ening: the amount of precipitation for the period with average daily temperatures over 5 °C (ZP;) (vegetation
season) and the hydrothermal coefficient of T.G. Selyaninov.

Thus, the modern tendencies in resource moistening south of Western Siberia following can be noted:
during the last decades, studied territories are found mainly positive anomalies of XP;. It was an effect on the
limitation or impossibility of field work, which ultimately reduced the quality of the harvest, increasingly fre-
quent instances of under extreme hydrothermal regime in recent decades have a negative impact on agriculture,
due to severe instability moisture regime.

The main trend changes moistening resources - a small decrease of aridity during the period of the con-
temporary wave of warming (since 1976). Assessment of linear trend XP; is 2.0%norms/10 years the south of
Western Siberia. On the whole south of Western Siberia moisture over the past 36 years experiences insignifi-
cant increase, accounting for 0.01 un./10 years. The observed increase of resources for moistening on the study
area revealed significant fluctuations in the background. we cannot argue about the same direction as the trend
because the observed increase in precipitation can change the decrease (antipersistent).

Using the method of EV-diagrams were able to identify a tendency to increase the interannual variability
of ZP; and hydrothermal coefficient. The increase in climate variability resources moisture to some extent de-
stabilizes agriculture in a changing climate conditions.

C onscious the dynamics of climate change in recent decades has intensified the study in the field of the

TeHOeHUMn coBpeMEHHbIX M3MEHEHWI pecypcoB
yBAXKHEHWA 3a Neproa Beretaumm Ha TeppUToOpUM tora
3anagHoun Cubupm

Nonskos [1.B., Ky:xeBckas U.B.

ToMcKuii rocynapcTBeHHbIN yHUBepcuTeT, Poccus
Web: ggf.tsu.ru/content/faculty/structure/chair/meteorology/
E-mail: denissinoptik1988@mail.ru

HMHaMUKa U3BMCHCHUS KIIMMATa, OCO3HAaHHAA B MNOCJICAHUC NCCATUICTUS, aKTUBU3UPOBAJla U3YUCHNUC B
obactu MMPUPOAHBIX TPOLECCOB, KOTOPLIC ONPEACIIAIOTCA KIMMAaTHICCKUMU (l)aKTOpaMI/I. MoxxHO cka-
34aTh, YTO UBMCHCHHA KJIMMAaTa B OTACJIbHBIX PETHUOHAX Poccun 1oaHoCThIO He BOUCEIBAIOTCS B O6IIIyIO
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napajurMy ri00anbHOTO U3MEHEHHs KJIMMaTa. Mi3MeHeHHs KInMaTta Ha PEerHOHAJIbHOM YPOBHE MMEIOT CBOM
0C0OBI€ MOCIEACTBUS U ITPOOJIEMBI AJIs OTpaciieil 5koHOMUKH. [oHnMaHNe JaHHOM CUTyalluy ONIPEAEININ Ha-
LEJICHHOCTh JaHHOTO MCCIICOBAHMS HA M3yUYEHHE COBPEMEHHBIX M3MEHEHUH KIIMMaTa HEOOIBIINX PETHOHOB
3a IepUOJ BETeTaINH, Ha MpuMepe fora 3anagHoit Cuoupu.

W3yyeHne coBpeMEHHBIX M3MEHEHHMH KiIMMara Ha TeppuTopuu fora 3amaaHoid CHOMpPH OCHOBaHO Ha
OLIEHKE MHMKAaTOPOB M3MEHUMBOCTH. B KadecTBE JaHHBIX HHANKATOPOB B JAHHOM HCCIIEIOBAHUH BBICTYTIAIOT
pecypcehl yBIa)KHEHHUS: CyMMbI aTMOC(EPHBIX 0CAJKOB 32 TIEPHUOJ] CO CPETHECYTOUHON TEMIIEPaTy PO, TPEBbI-
mraroriet 5 °C (mepuon Bereramn) - y OC; u ruaporepmudeckuii kodpumment T. I. Censaunosa. s tep-
putopuu rora 3amagHoit CHOMpH ¢ e€ pa3BUTHIM arpapHbIM CEKTOPOM, MTOJ0OHOE NCCIIe0BaHNE 0COOCHHO aK-
TyanbHO. [laHHOE HCCIeI0BaHKUE TPOBOAMIOCH 0€3 yuéTa MOYBEHHBIX XapaKTEPUCTHK, KOTOpas HApsIIy C KIH-
MaroM, SIBIISIETCS] OJJHUM M3 OCHOBHBIX (DAaKTOPOB ()OPMHUPOBAHMS KU3HH PACTCHHUI.

Jnst BbIesIeHNsT BUIUMBIX (DIyKTyalluil U TUHAMHUKH W3MEHEHHS OCHOBHBIX MOKa3aTelieH yBIa)KHEHUS
OBLTH PacCMOTPEHBI KOJTHMYECTBEHHBIC JaHHBIC 00 aHOMAMHIX (A) IPOCTPAaHCTBEHHO OCPEIHEHHBIX TI0 TEPPHU-
topun uccnenosanus y OC; u ['TK.

W3 nomy4eHHbIX pe3yabTaToB CIELYET, YTO OTMEYAETCS INHAMUKA TIOCTENEHHOTO POCTA MOJIOKUTEIBHBIX
AY OC,. OtmernM TOT (hakT, uTo ¢ cepeaunbl 80-x XX B. Mo HAcCTOsIIEe BpeMs HaOMIOTaeTCsl pOCT 3HAYCHUH
IIOJIOKUTEJIBHBIX aHOMAJIMK U MX MPEBAJIUPOBAHUE HAJl OTPULIATENIBHOM COCTABISIOLIEH C SIBHO BO3pPOCLIEH
AMITIUTYI0H MEKITY HUMU.

Bonpmast gacTe mepnonoB Beretanuu (3 w3 5 caMBIX AKCTPEMAaJbHBIX) C CYIICCTBEHHBIM JAC(UITUTOM
ocankoB (AY OC, >-6) ckoHIeHTpHpoBaHEI 10 90-x XX B., I7Ie camblil O0NIBIION AeUINUT 0caaKkoB ObUT B 1972
r. OTpunarenbHas aHoManus oT 6a30Boi HOpMBI, paBHas 214,1 MM cocraBmia -76,9 MM, T.e. 64 % HOpMBL. C
Hagana 90-x XX B. mpomsonura pazbamancupoBka cucteMsl AY T;. Habmromaercs mpeBaampoBaHue MOJI0XKH-
TEJIbHBIX aHOMAJIMH HaJl OTPHULIATENIbHBIMH, TI€ BIIEPBBIC CTAI OTMEYATHCSI 0CO00 IKCTPEMAIIbHBIE TOJIOKH-
tenpHBIe aHoManmnu (AY OC >26) mo yBIaXHEHHUIO 3a BereTannoHHbIH mepuon (1993, 1996, 2002, 2007 u
2009 r.). UckmroantensabM okazaincs 2009 r., roe AY OC; coctaBuina 89,6 M (142 % HOpMBI).

W3 ananmza AXOCS, 10 MOXKHO CKa3aTh, UTO HAPSAY C PUCKaMH, CBI3aHHBIC C 3aCYITUBBIMH SIBICHU-
MH, B [TOCJIEIHUE ACCATUIECTHUS yUYaCTUINCh TPOOIEMBI, TPUBOISIINE K TEPEyBIaKHEHHIO TIOYBBL. DTO CTAJIO
CKa3bIBAaThCS HA OTPAHMUCHUH WM HEBO3MOXHOCTH IIPOBEJCHHUS MOJIEBBIX PA0OT, UTO B UTOTE€ CHUKAIIO YPO-
JKaM B I1EJIOM.

W3 momydennsix pe3ynsratoB mo AI'TK, MOXKHO TOBOPHTH O TOM, YTO TEPHOIBI BET€TAllUN BCE HaIIe
CTaJH XapaKTePU30BATHCS AKCTPEMATHLHOCTHI0, 0COOEHHO 3TO CTAJIO MPOSBIATHCA ¢ Hagana 90-x XX B. D10
00yCIIOBJIEHO TEM, UTO 3 U3 5 CaMBIX SKCTPEMAJIbHBIX CE30HOB, KaK 10 Ie(PHULUTY, TaK U 110 yBIAXKHEHHOCTH
TEPPUTOPHUH HCCIIeTOBAaHNUS HaOmonaroTcs nmocienaue 15-18 ner. Tak, nanpumep B 2009 roxy Habmroganack
OJTHA M3 CaMBIX CHUIBHBIX MONOKUTENbHBIX anoManuit (Al TK>2c). Takum o6pa3oM, ydyacTHBIIHECS CITydan
MIPOSIBIIEHUS] YCIIOBUM KCTPEMAIbHOCTH ruapoTepMuueckoro pexxuma no I'TK 3a nocnennue aecaruiierus
CTaJIN HETATHBHO CKa3bIBATHCS HAa CEILCKOM XO3AHCTBE, Oarofapsi BEIpaKEHHOIN HEYCTOWIMBOCTH PEXNUMa
YBIIQXKHEHUSI.

HaOmtoaemast B mocieHNe ACCATHICTHS SKCTPEMAIBHOCTD ITOKa3aTeel yBIa)KHEHUs, CBA3aHa C IPOsIB-
JICHUEM CBOWCTB MEHSIOIIETOCS KiauMmara. TakiuM 00pa3oM, CTAaHOBUTCS aKTyalIbHBIM PACCMOTPEHHE BOIIPOCA O
TOM, B KaKyl0 CTOPOHY ITPOUCXOAAT U3MEHEHHUS PEKMMA yBIaKHEHUS (TEH/ICHIIUS B CTOPOHY TYMUAHOCTH WIIN
ApPUIHOCTH) Ha TMPOTSHKEHUN COBPEMEHHOW BOJHBI TTI00ATHHOTO MOTeTieHus ¢ 1976 T

Onenkn muHeiHOTO TpeHaa Y OC;, TOKA3bIBAIOT, UYTO I fora 3amagHoil CHOupy OreHKa TMHEHHOH CKO-
poctu pocta ) OC; coctasmster +2,0 % HOp™MBI/ 10 s1eT (BKJ1aL B 001IY 0 U3MEHUYNBOCTE %) — TpeH] cTaTucTh-
YEeCKH HE 3HaYMM Ha ypoBHE 5 %. JlaHHbIE pe3ynbTaTsl TAKXKe MOATBEPKAACTCS ¢ oMoIbio R/S ananusa, rie
BPEMEHHON PsIJT PACCMaTPUBAEMOTO TOKA3aTEeNs UCTBITHIBAET HEYCTOWYMBYIO TEHJACHIUIO (aHTUIEPCHCTEH-
TeH). PernoHa bHBIN TPEH T BBIABIACTCS HA (DOHE OUYEHb 3HAYUTEIBHBIX (IIYKTyaluil C MeprooM HECKOIBKO
JIeT WM AecATHIeTHH. TakuM 00pa3oM, HU B KOEM CITydae HeJlb3sl C YBEPEHHOCTBIO YTBEPK/1aTh MIMEHHO O Ha-
JUYUHU TPEH[A, a He 00 ompenenenHon ¢a3e TakuxX KojaeOaHwid, XOTs 11 HeKoTopsIX MyHKTOB (bakuap-Cesep-
HOE) HaOIIomaeTcs sSIBHBIN POCT aTMOC(HEPHBIX 0CATKOB 3a TIEPHOJ BETETAIIHN.

B nmenom gt rora 3anagnoit CuOupH yBIa)KHEHHOCT 3a TTOCIeAHUE 36 JIeT UCTIBITHIBACT HECYIIECTBEH-
Hoe yBenmueHue, coctasiss 0,01 en./10 ner n Bkian B aucnepeuto 0 %, T.e. TpeH 1 HE 3HAUYMM Ha ypoBHE 5 %.

JomnonauTtensHo, 11 aHamu3a TeKymmx n3MeHernit ) OC; u I'TK monesno ucnonszoBars Metox EV-nna-
rpamm (a7 ckomb3smux 30-netHux nepuoaos ¢ 1961 mo 2012 rr). Crienyer, uto ¢ 1961 mo 2012 r mponzoniio
yBenmuenust ) OC; CyMMBI BBITTAJArOMNX aTMOC(EpPHBIX 0CAIKOB 3a Iepuox Beretanuu — ot 214,1 mo 231,6
MM. Tak e MOXHO OTMETHTh TEHJICHIIUIO K YBEITMUCHNIO MEKTOJJOBON N3MEHIMBOCTH aTMOC(EPHBIX 0CAIKOB
3a paccMaTpHuBaeMble Teprosl. Tak, HampuMep cpenHekBaaparnyeckoe oTkioHeHne y OC; Bo3pocio ¢ 29,3
10 42,6 mM. [loBBIIeHHEe U3MEHYUBOCTH CYMM aTMOC(EPHBIX OCAJKOB MOYKHO OTHECTH K HETATHBHBIM IT0-
CJIC/ICTBHUSAM M3MEHEHUsI KIIMMAaTa, T.€. OBBIIIEHHE €T0 3KCTpeMaibHoCTH. 30-1eTHre cpeqaue 3HaueHus I TK
yBemmumiuch ¢ 0,95 mo 0,99. Mexrogosas namenunBocts I TK 3a paccmarprBaemble TepHoBI, TAKKE HEMHO-
ro Bo3pocina ¢ 0,20 go 0,22. Takum 06pazoM, OCHOBHASI TEHACHITUS H3MEHEHUH THAPOTEPMHIYECKOTO pekKuMa
— HeOOIBIII0E YMEHBIIIEHUE apUIHOCTH IIPOUCXOINUT Ha (DOHE COBPEMEHHON BOJIHBI ITOTETIIICHUS.
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ObecrieaeHHOCTH 30-JIeTHEH CKOMB3AIICH OIICHKH TOBTOpsieMoCTH coBpeMeHHoro (1983-2012 rr) cocro-
saaus cucteMsl st y OC; =231,6 mm paBHasg 231,6 MM, koTopas coctasisiia 28,5 % 3a mepuon 1961-1990 rr,
Bo3pocna ¢ 28,5 % (1961-1990 rr.) no 58,7 %. k 2010 . Takum o6pa3zom, coBpemenHsle y OC; 3a mepuos
1961-1990 rr. HabmIOMaMMCchH oKoIo Tpex pas 3a 10 set, To k 2010 1. 3TOT MmoKa3aTeNb MOBBICHICS TPAKTHISCKU
B /1Ba pa3za. [loBropsieMocTs coBpeMeHHOTO cocTostHust cucteMbl I ' TK coctasmsima B 1961-1990 rr. 45,2 % un
yBermmumiack k 1981-2010 rr. Ha 6,9 % 1o yposas 52,1 %.

Taxwum 00pa3oM, B COBpPEMEHHBIX TCHICHIIUAX PECYPCOB yBIaKHEHUS fora 3anaaHoi Cubupu MOKHO OT-
METHUTBH CJIeIyIOIIee:

B mocrnennue pecsATUneTHs HA TEPPUTOPUH HCCIIEAOBAHUS OTMEYAIOTCS B OCHOBHOM IIOJIOXKHTEIIBbHBIE
AQHOMAJIMU aTMOC(EPHBIX 0CAIKOB. DTO CTAJIO CKa3bIBATHCS HA OTPAHUYCHUH WJIM HEBO3MOKHOCTH IPOBETIe-
HUS [TOJIEBBIX padOT, YTO B UTOTE yXYyAIIAJIO KaYeCTBO YPOXKasi;

HeGomnbmoe yBennyeHne r'yMUAHOCTH KIMMaTa BeAeT K HEOJHO3HAYHBIM ITOCIEACTBUSAM Ha TEPPUTOPUH
HCCIIeIOBAHNS: ONaronpuATHEIE B GoJiee 3aCyIUINBBIX palloHax, MaryoHoe — B IOCTAaTOYHO YBIIA)KHEHHBIX;

VBesMueHNE KIMMaTHYeCKOW H3MEHYNBOCTH PECYpPCOB YBIAKHEHHUS B ONPEICTICHHON CTEIIEHH 1ecTadu-
JIM3UPYET CENBCKOE XO3STUCTBO B M3MEHSIOIIMXCS KIIMMAaTHYECKHUX YCIOBHSX;

HabnromaeMslit pocT pecypcoB yBIaKHEHHS Ha TEPPUTOPHU HCCIIEOBAHMS BBISBILIETCS Ha (JOHE 3HAYH-
TENBHBIX (UIyKTyaluid, HO OJarogaps CBOMCTBY aHTHIICPCHTCHTHOCTH PAla JAaHHBIX, MBI HE MOXKEM yTBep-
KIaTh 00 OJJHO HANPABICHHOCTH TCHACHIUH, IOTOMY KaK HaOJIIONAeMBIH POCT 0CAIKOB MOKET CMEHUTBCS NX
YMEHBIICHUEM.

CEKLUA MOOE/TMPOBAHME 1 AHAJTU3 PETMOHAJIBHOIO KITUMATA COAEPHAHMUE »
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Complex approach
for studying wildfires
in Central Siberia

'Panov A.V., ’Chi X., 'Prokushkin A.S.,
'Bryukhanov A.V., 'Korets M.,
'Ponomarev E.l., 'Krivobokov L.V.,
'Sidenko N.V., 'Timokhina A.V.,
Andreae M.0.

"V.N. Sukachev Institute of Forest SB RAS, Krasnoyarsk,
Russia

? Max-Planck-Institute for Chemistry, Germany

E-mail: alexey.v.panov@gmail.com

( 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 instrumental atmospheric
observations, GIS-based estimates of burned areas,
and ecosystem carbon uptake calculations is vital to
fill this knowledge gap. Since 2006 ZOTTO (www.
zottoproject.org) a research platform for large-scale
climatic observations is operational in Central Sibe-
ria (60°48°N, 89°21’E). The data of ongoing green-
house gases measurements at the tower are used in
atmospheric inversions studies to infer the distribu-
tion of carbon sinks and sources over central North-
ern Eurasia.

We present our contribution to reducing uncer-
tainties in estimates of fire influence on atmospheric
composition and post-fire ecosystem carbon uptake
deduced from the large-scale fires that happened in
2012 in the tall tower footprint area. Assessment of
air composition in fire plumes was based on time se-
ries of CO/CO,/CH, mixing ratios measured at 300 m
a.g.l.. 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 was mea-
sured and mapped with a Normalized Burn Ratio
(NBR) index and further calibrated by a complemen-
tary field based Composite Burn Index (CBI). Mea-
sures of fire radiative power (FRP) index provided
information on fire heat release intensity and on the
amount and completeness of biomass combustion.
Based on the analyzed GIS data, the system of study
plots was established in the 5 dominating ecosystem
types where the estimation of carbon pools and their
mapping was organized with a laser-based field in-
strumentation system. Based on the derived data set
the biomass burning emissions from dominating eco-
system types in Central Siberia were calculated. Esti-
mations of direct emissions were supplemented by
soil respiration measurements within the plots by an
automated soil flux system (LI 8100A).
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The highest biomass burning emissions were found in pine forests (1300 - 1850 gC/m”). For mixed and
dark forests fire emissions didn’t exceed 550-600 gC/m’. In turn the maximal soil respiration rates (up to 3,2
umolC/m’/s) were found in wet and less disturbed mixed forest stand and could be attributed to autotrophic
respiration, and the lowest rates (1 — 1,2 pmolC/m2/s) of primarily heterotrophic origin were typical within the
dry pine stands with the highest burn severity.

The work was supported financially by Max Planck Society (Germany), project of REFBR # 15-45-04423,
grant of president MK-1691.2014.5, and RSF grant # 14-24-00113.

KoMnneKcHbIN rnoaxoa B UccsieoBaHUM JieCHbIX Mo apoB

B CpegHen Cnbunpu
'Mawos A.B., *4u Cairyanb, Tiporywkuu A.C., 'Bpioxanos A.B., 'Kopey M.A., 'Moxomapes E.W.,
'Kpusobokos J1.B., 'Cuaenko H.B., 'Tumoxuna A.B., ‘Maitpat Anapea

! WUuctutyt neca uM. B.H. Cykayesa CO PAH, KpacHospck, Poccua
? UHeTUTYT XmMum uM. M. Mnakka, fepManma
E-mail: alexey.v.panov@gmail.com

BBEAEHWE

Bopeanbubie (TaekHbie) neca CHOMPH UTPAOT UCKITIOUYUTENIBHO BAKHYIO SKOJIOTHIECKYIO Poilb. VX cpe-
JI000pa3yIoNIre U CPea0CTA0MIN3NPYIOIINe QYHKIHH, TI0 CBOSH OMOC(HEpHON U IKOJIOTHYCCKON 3HAYUMOCTH,
HaMHOTO IMPEBBIIIAIT pecypcHbIil noTeHIman. OQHaKO caMO CYIECTBOBAHUE M HOPMAaJbHOE IKOJIOTUUECKOE
(YHKIIMOHUPOBAHUE TAC)KHBIX JIECOB B 3HAUUTEILHON CTETICHU OTIPEEISIeTCs] HAPYILICHUSIMH M3 KOTOPBIX MPHU-
POIIHBIE MOXKAPBI UMEIOT MEPBOOYEPEIHOE 3HaUeHUe. Tak MPOMCXOMIAIINEe U3MEHEHHs KIIMMara 0 OLEHKaM
cnenuanuctos (Soja et al., 2007; MBanosa u ap., 2007) BeayT K YBEINYCHUIO SKCTPEMAIIbHBIX T0KapooIac-
HBIX CE30HOB, YaCTOTBI H IJIOIIA/IM [T0XKAPOB, COKPAIICHHIO MEXKITOKAPHBIX HHTEpBaIoB. [TokazaHo, 4To TuHa-
MHKa BO3ropaHwuii iecoB CHOMPH 3a MOCIEAHNE JECATHIIETHS IEMOHCTPUPYET YCTOWYMBYIO TEHISHIIUIO K PO-
CTY TIO KOJIMYECTBY TIOXkKAPOB, U 110 TIpoiAeHHON nmu Tutomnanu (LBetkos, bypsk, 2014).

B utone — aBrycre 2012 rona B Poccun Ha 3HaunTenbHON Tepputopuu Cubupckoro denepaibHOTO OKpyra
(CD®O) Bo3HHUKIIA IKCTPEeMasIbHAs MOJKapHas 00CTaHOBKA, BhI3BAaHHAS aHOMAJIBHOM ’Kapoi, OTCYTCTBUEM OCa/l-
KOB M YaCTBIMHU CYXHMH T'PO3aMH. 32 CPABHUTEIBHO HEOOJIBIIOE BPEMsI CUTYaIIUsl Tprodpesia MaciTadbl peru-
OHAJILHOH KaTacTpo(dbl, KOT/Ia IUIOIIAU OTACIbHBIX aKTHBHBIX 30H TOpeHus B iecax CHOUPH MPEeBbIIIAIIH Jie-
CSATKHU ThICSY TekTapoB. CyMMapHasi TIIOIa b JIECHBIX MoXkapoB B Poccnu B 2012 romy coctaBmia 6omee 2 MITH
TeKTapoB, U3 KOTOPBIX Ha TeppuToprio CDO mpuxoauiocs CBbIIe moaoBuHb (10 1.3 miH ra) (EMUCC; http://
www.fedstat.ru). Y 9To nuine naHHbIe 0(UIMATEHON CTATUCTHKH, KOTOPBIC B 3HAYUTEIBHOE MEPE 3aHIIKAIOT-
Cs1, ¥ MOTYT Pa3JIn4aThCs C Pe3yJIbTaTaMU CIIy THUKOBOIO MOHHUTOPHHTa Kak MUHIMYM B 2 — 3 pa3a, (Kukavskaya
et al., 2013). [Tomumo 1utOIIaEH, HEOIIEHEHHBIM OCTAETCS MACIITa0 KOJMMUYECTB YIIIEPOACOACPKALTUX Ta30B U
a’po30Jield, BBIJICICHHBIX B aTMOc(epy MpU rOpeHrH OHOMAcChl, M CTENIEHb X BO3/ICHCTBUS Ha IUIAHETAPHYIO
KIIMMaTH4eCKyl0 cucteMy. Takke, B X0/Ie CAMHX T0XKaPOB U B IOCIIENYIONINE TOABI B X0/Ie IIMPOKOMACIITa0-
HOW CMEHBI BO3PACTHBIX IMOKOJICHUI U XBOWHBIX BU/IOB HA MEJIKOJIMCTBEHHBIE TPOUCXOANUT U3MEHEHHE IKOJIO-
rudeckux (QyHKIUil skocucreM. HapyiialoTcs ecTecTBEHHbIE THAPOJIOTHUECKHE U DKOJIOTMYECKUE PEKUMbI
TEPPUTOPHIl MPOUICHHBIX TOYKApaMH, U3MEHSIOTCS OMOT€OXUMHUUECKHUE [IMKIIbI JIEMEHTOB, U CTAOUITU3UPYIO-
e GyHKIuKu OopeanbHbIX JecoB. C yuyeToM MaciTaboB €KEroJHOTO PACTYIIETO BO3JEHCTBUS MOXAPOB U
YBEJIMYCHUSI TUIOIIAIeH TPaHCPOPMHUPOBAHHBIX UMH JIECHBIX IKOCHCTEM, H3MEHEHHsSI IKOJIOTHYECKUX (DYHK-
uui 6opeansHbIX ecoB Cubupu nprodperarot ouocdepHoe 3Hauenue (Baranos u ap., 1998).

KoMIuiekcHOCTh BO3/1eiicTBUSI 00YCIIOBIMBAET TPYAHOCTh OICHKH UCTUHHBIX MAcIITa0oB yuiepba, HaHe-
CEHHOTO JIECHBIMU TToKapamMu B CHOUPH B IPUHATHS peajbHBIX Mep 1o 6oprOe ¢ Humu. [lotomy 3amaqa dop-
MHUPOBaHHSI COBPEMEHHBIX MYJIBTUIUCIUILUTHHAPHBIX METOJIOB M TIOIXOI0B B UCCJICJIOBAHNH [TOYKAPOB, UX pa3-
BUTHS U CHCTEMAaTU3UPOBAHUSI, OCTAETCSI HE TOJBbKO (PyHIaMEHTAIBHOMN sl TIO3HaHUsI Onoc(hepHBIX Mpolec-
COB M MX IIPOT'HO32, HO UMEET U CTPATErHUeCKOe 3HAYCHHUE.

MATEPWAJTbI U METOObI

J1st vicciieioBaHums ITOXKAPHOTO BO3ACHCTBHS Ha MPOLEcChl aTMOC(epHO — 3KOCHCTEMHOro 0OOMeHa B pa-
00Te MCIOIb30BaH KOMIUICKCHBINA MOAX0M, 0O0BESANHSIOIINIA aHaIN3 JaHHBIX JUCTAaHIIMOHHOTO 30HANPOBAHHUS
(AA3), mHCTpYMEHTAIbHBIC OIEHKH (PU3UKO-XHMHUYIECKOTO COCTaBa aTMOC(ephl B IBIMOBBIX MuIeidax (maH-
HbIe oocepBaropun “ZOTTO”), n mecoOnOIOTHIeCKUe NCCIIETOBAHNS Ha CTAIIMOHAPHBIX MPOOHBIX TTOMIAISIX
B 30HE OXBaTa M3MepeHuil obcepBaropuu (HazeMHas Bepudukarmsa). KpynmHomacirabHbIe JIeCHBIE TTOXKAPHI

CEKLUUA JAHHBIE N NHOOPMALIMOHHO-BBIYMUCIIUTENBHBIE CUCTEMBI [J1A HAYK 0 3EMJIE COAEPHAHMUE »
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2012 roma B palioHE UCCIIEIOBAHUS TPEIOCTABIIN YHIUKAIBFHYIO BOSMOKHOCTD ISl MIJIOTHBIX paboT ¢ MeIhio
TECTUPOBAHUS M Pa3BUTHUs JAHHOTO mozaxoza. Ilnomany, mpoieHHbIE OTHEM B PE3YIIBTATe JIECHBIX M0XKAPOB
2012 1. B cpeneTaexxHoU moa3one [Ipuennceiickoit Cnbupu B HEMOCPEACTBEHHON OIM30CTH OT 00CEPBAaTOPUHU
“ZOTTO” — cTaHIMH BEICOKOTOUHOTO atMocdepHoro Mmonutopuara (60 c.ur. 90 B.x1.), mpeBbicnian 850 Thicau
TEKTapoB, YTO J]AJI0 BO3MOXXHOCTh OPTaHW30BaTh 3/I€Ch CHCTEMY JIOJATOCPOYHOTO CTAMOHAPHOTO JIECOOHOIO-
THYECKOTO MOHUTOPHHIA B MPEOOIAJAONINX THIIAX JIeca, C LENbI0 aHATN3a U3MEHEHUH (KPaTKOBPEMEHHBIX,
JIONTOBPEMEHHBIX) OajaHca MOTOKOB YITIEpo/a B XOJ€ MUPOTECHHBIX CYKIECCHIl, U BBISIBICHUS BIMSHUS 3THX
M3MEHEHHH Ha COMPSKEHHbIE MHCTPYMEHTANIBHbIE OLIEHKN (PU3NKO-XMMUYECKOTO COCTaBa aTMOC(EpBI.

OmnpeneneHne TpaHUIl TEPPUTOPUIT TTPOHACHHBIX HOKAPOM U IPE/IBAPUTENbHASI OIICHKA CTEIIEHH T0CIIe-
MOKapHO! HAPYIIEHHOCTH PACTUTEIBHOCTH HA BHIOPAHHOM ITPOOHOM ITOJIMTOHE B PallOHE UCCIICIOBAaHUIN BBI-
TIOJTHSIJIACh Ha OCHOBE JAHHBIX MYJIBTHCIIEKTPAIBHON CIyTHHKOBOH cheMkH Landsat 5 u 8 ¢ mpocTpaHCTBEH-
HbIM paszpenienneM 30 M. OLieHKa CTENEeHN HapyIIEHHOCTH PAaCTUTEIbHOCTH TI0’KapoM 1, OTIOCPEIOBAaHHO, MH-
TEHCUBHOCTH TOPEHUSI OIIPEAENAIACh HA OCHOBE HOPMAIN30BAHHOTO MHEKCAa MHTEHCHBHOCTH Tokapa NBR
(Normalized Burn Ratio), KOTOpBIii BEIYHCIISAICS KaK HOPMaJIN30BAHHOE 30HAIFHOE OTHOIIICHHE:

NBR=(R,=R;)/ (R, + R;) (1),

rae R, u R, — oTpaxarenbHasi ClIOCOOHOCTH B OIM)KHEM MH(PAKPaCHOM U KOPOTKOBOJIHOBOM MH(ppakKpac-
HOM CIEKTPaJbHBIX KaHaJIaX COOTBETCTBEHHO.

[Tockonbky NBR xapakTepu3yeT MHTEHCHBHOCTb MOIVIONICHUS COJHEYHOH pajuanuy XJIopoduiiomM u
BJIaroi pacTUTENILHOCTH, COIEPKAHUE KOTOPBIX MOXKET MEHSTHCS 110 IIPUYMHAM HE CBSI3aHHBIMH C MOCIIE/CT-
BUSIMH T10Kapa, To B paboTe ObLT MCII0Ib30BaH PAa3HOCTHBIN NHEKC dNBR, paccuuTaHHbIH Kak:

dNBR = (NBR NBR )*10° (2),

00 nocapa nocae noxcapa

Jnst pamXupoBaHNS HENPEPHIBHON MIKaNbl MHICKCA dNBR 1O CTETIeHW MOBPEXKICHUS PaCTUTEIBHOCTH
WIN WHTCHCUBHOCTH II0)Kapa WCIIONB30BAJICS KOMIUIEKCHBIH WHJEKC TMOXapHOW HapymenHoctn CBI
(Composite Burn Index), paccauTaHHBIN IO SMIMPUYECKOMY QJITOPUTMY B XO/I€ HA3EMHBIX HCCIIEAOBAHUN Ha
MPOOHBIX IUIOMIA/IAX, KaK HEIpephIBHAs Oe3pa3sMepHas BeIMIMHA, XapaKTePHU3yIOlIas BEINIUHY OOIIero mo-
JKapHOTO BO3JICHCTBHS Ha SKOCHUCTEMY, CKJIabIBAIONIETOCS M3 OAJIbHOIM OIEHKH TOBPEXKICHUS MOXKapoM Ha
BCEX sIpycax M CTPYKTYPHBIX dJIEMEHTAX PACTUTEIBHOCTH, BKIIFOYast )KUBOW HATIOUBCHHBIN ITOKPOB, KYCTAPHU-
KH, IO/ITIECOK, IEPEBBsI IO TPYIIIaM BBICOTHI M CTPYKTYPY IOJIOTa.

WHTerpanbHas MOITHOCTB TETIOU3ITYYCHHUS OT IT0XKAPOB PACTUTEILHOCTH H3ydalach MOCPEICTBOM ChEM-
ku armmaparypoit TERRA/Modis, Ha koTOpoii (pUKCHpOBaach paarosapKOCTHAS TEMIIEpaTypa MIOBEPXHOCTH B
nuanasoHe 4 MkM. COOTHOIICHHE, XapaKTEPU3YIOIIEe CBSI3b MEX/y MOITHOCTHIO H3JIy4aeMOro TETJIOBOTO T0-
TOKa OT TI0XKapa M PagnOSIpKOCTHBIMH TEMIIEpATypaMHt LIein U GoHa Ha N300pakeHUAX B JHana3oHe 4 MKM,
OBLTO BIEpBHIC MpEToKeHO B padoTte. [Tokaszarens, momyunsimmii HazBanue FRP (Fire Radiative Power), BBI-
YHCISIICS KaK:

FRP=434-10" (T, - T, (3).

rae T — paauospKoCTHAs TeMIIepaTypa TepMUYECKH aKTHBHOTO MHKcens (1ean) B 21 kaHaje pagrpoMerpa
Modis (A = 3.989 — 3.929 mkm), T,,, — pafiMosipkocTHas Temreparypa juist OHOBOH MOBEPXHOCTH CHUMKA, U3-
MepeHHasI B TOM )K€ CIIEKTPaJIHLHOM JHAala30He.

Jis ydera Iioma HbIX XapaKTepPUCTHK H3ITydaloiel MOBEPXHOCTH COOTHOIICHNE OBIIO0 aaliTHPOBAHO K
BUIY:

FRP=20.25-S(R,—Ry,),R=0-T"(4),

e R, u R,,, — DHEpreTHYECcKas CBETUMOCTb, BRIMHUCIIsIEMas Ha ocHoBe 3akoHa Credana-bonbimana B 1u-
anasone 4 MkM, ¢ = 5.6704-10° Br/(m-K") — mocTostnnasi, S — mioma i TepMUUECKH AKTHBHOM 30HbI.

HazemHas Bepugukaiys JaHHbIX JUCTAaHIIMOHHOTO 30HAMPOBAHMS IPOBOMIIACE B XO/I€ JIeCOONOI0THYe-
CKHUX HCCIIEJIOBAaHNI Ha TEPPUTOPHUN MPOOHOTO MoJHroHa. GUTOIEHOTHYECKAsI CTPYKTYpa U JIpyriue 0COOeHHO-
CTH Pa3HbIX THIIOB SKOCUCTEM, U UX JJMHAMHKA U3y4aInch Ha cBeXnX (2012 ) rapsx B mpeoOinagaomumx THIax
9KOCHCTEM CPEIHETACHKHOM Mo 30HbI CHOMPH: COCHSK JINIIAHHUKOBBIH, COCHSIK 3€JICHOMOIIHBIH, CMEITAHHBII
THII JIeca, THII Jieca ¢ peodiialaHieM TeMHOXBOWHBIX IOPOJ JIEPEBBEB, U COCHOBBIH psiM. KonnuecTBeHHbIE 1
KaueCTBEHHBIE XapaKTEPUCTHKH HAcaXICHNI Ha MPOOHBIX IUIOIAAAX OBUIM ONpEJeNICHbI ¢ OMOIIBIO TPOo-
rpamMmHO-m3MepuTenbHoro kommiekca (ITMK I'JT), ¢ kapTupoBaHHeM U OLICHKOW 3aIacoB, MPOCTPAHCTBEH-
HOW CTPYKTYpBI M >KU3HEHHOTO COCTOSTHHS JAPEBOCTOSI, 3aIlacoB M pacrpeaeieHus Gpuronerpura (CyxoCToH,
BJICK, ITHH).

AtmocdepHbIil 050K McciIeaoBaHui Oa3upoBaiics Ha noteHuane oocepsaropun “ZOTTO”, ocHamieH-
HOM KOMITJIEKCOM COBPEMEHHOTO I'a30aHAIMTHYECKOT0 000pynoBanus. [Jis aHanu3a OblIM HCTII0JIb30BaHbI JaH-
HBIE 110 KOHLIEHTPAILMH OCHOBHBIX yriiepojcoaepxamux razos (CO,, CH,, CO), B morpaHu4HOM CJI0€ arMoc-
¢epsr (ITCA) ¢ mauTs! Ha BeicoTe 300 M, OTKy/Z1a TOTOK aTMOC(EPHOTo BO3AyXa NOCTYIAJ 110 TpyOOnpoBogaM K
perucTpupyromemy komiuiekcy ooceparopun. Konnenrpamus CO,/CH, B [ICA m3mepsiiach ra3oaHamn3aro-
pom EnviroSense 3000i (Picarro Inc., CILIA), monokcuma ymiepoaa (CO) — aHanMM3aTOpoM yrapHOTO rasa
APMA-370 (Horriba Inc., SImonus). ITocpeacTBOM CTaTMCTUYECKOTO aHAlW3a PsIOB MHCTPYMEHTAIBHBIX
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OLICHOK CofeprKaHus yriepoaconepkammx razos B [ICA, u3 o0mero MaccuBa JaHHBIX BBIABISUIMCH CIIydan
NIPEBBIMEHIH ()OHOBBIX KOHIIEHTPALMH, 00YyCIOBICHHBIX IEPEHOCOM BO3IYIIHBIX Macc OT 04aroB MOKapoB K
PETHCTPHUPYIOLIEMY KOMILIEKCY oOcepBaTopuu. s OLEHKH NepeHoca BO3MYIIHBIX MacC OT 30H aKTHBHOTO
TOPEHUS K PETUCTPUPYIONIEMY KOMIUIEKCY 00cepBaTOpui OBUIH MCTIONB30BaHbI H3MepeHHs 48 CPOKOB yCpes-
HEHHBIX CYTOYHBIX 3Ha4€HHI BETPOBBIX XapaKTEPHCTHK, IOJTYYCHHBIX ¢ IoMompio 3D akycroanemoMerpa
1210-R3/R3-50 (Gill Instruments Ltd., BenukoOGpurtanust). OOpaTHBIC JTarpaHXeBbl TPACKTOPHUHU TEpPeHOCA
BO3AYIIHBIX MAacC PAacCUUTHIBAINCH C Hcmonb3oBaHueM TpaekropHon mozenu HYSPLIT (Draxler, Rolph,
2003), mpenocrasnennoit naboparopueit ARL NOAA. PacueT TpaeKkTopHii MPON3BOIMIICS U3 HAOOpa METEOPO-
nmormdeckux noneit Peamammza (REANALYSIS). Pacder sMHCCHOHHBIX OTHOIICHUH M KOA(P(PHUIINEHTOB yTiIe-
PpOICOoEepIKALIMX Ta30B, a TAaKkKe MoKasareeil 3GEeKTHBHOCTH TOPEHNUS B IBIMOBBIX HUIeH(pax JeCHBIX M0Xa-
POB pa3HOI MHTEHCUBHOCTH ITPOBOIIJICS COTIIACHO MeTOoy Oananca yriepona (Andreae, Merlet, 2001).

PE3Y/IbTAThI

Jlyist HapyIIEHHOM MoKapaM¥ TEPPUTOPHUHN OITBITHOTO MOJIUTOHA OBUTH TIONTydeHbI HHEKCH dNBR Ha oc-
HOBE CpaBHUTEIBHOTO aHanm3a cieH Landsat 2011 . (momoxkaproe cocrostane) u 2013 1. (TIocie moxapa), 9To
TTO3BOJIMIIO OIIEHUTH KaK IUIOMIA M, TAaK 1 MHTEHCUBHOCTH IT0XaPOB MPOIIENINX B utone — aBrycre 2012 roga B
paiione uccienoanuii. [locpencTBoM BenmunHbl MHAEKCA CBI, pacCYMTAaHHOTO B XOJI€ HA3eMHBIX UCCIIEA0BA-
HUH 17151 TPOOHBIX IJIOMIAACH B KITIOUYEBBIX THIAX JIeca C Pa3IMdHON CTPYKTYpOH HACaXICHWH M CTEIIEHBIO
TTOBPEXKICHHS TIO’KapOM, TIPOBEICHO MPEIBApUTEIEHOE PAHKUPOBaHNE MHAEKCa dNBR 110 CTeTeHH TOKapHO-
TO BO3JCHCTBHS HA PACTUTENBHBIN MTOKPOB (prc.1 a). s 1onoaHnTebHON Bepr(UKaNK TUIOMIATHBIX Xapak-
TEPUCTHK ITOXKAPHBIX MOBPEXK/ICHNH JIECOB Ha TEPPUTOPHH OIBITHOTO ITOJINTOHA, M KAUE€CTBEHHOM OIICHKH BO3-
JICWCTBHS OTHS, M3yUEHBI UAITa30HbI BAPHALINH TTOKa3aTels Terutonsnydenus (FRP) (puc.1 0).
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Puc. 1. OtobparkeHune uccnegyembix NaHALLATOB NPOMLEHHBIX NOMKApaMu C UCMONb30BaHUEM PaHHMPOBAHHONO MO CTere-
HW HapyLueHHocTV uHaekca dNBR (a), 1 Bapuauum nokasatens Tennousnyyenus FRP (6). 2.1 — 2.5 — cTaumoHapHble npo6-
Hble MNoLLaau B NpeobnafatoLimx Tunax neca.

Ha ocHOBe pamxupoBaHHOTO WHIEKCa dNBR W Ha3eMHOW JIeCOOMOIOTHUYCCKON OICHKU HACaXIICHUIMA
MPONJICHHBIX MOXKapaMH YCTaHOBJIEHO, UTO CTENEHB MOKAPHOT0 MOBPEXKICHHS YKOCUCTEM BapbUPYET B IMara-
30HE 0T 25 110 50%. OTMeueH OOIIUil POCT CTETICHH MOBPEKICHHS YKOCUCTEM CO CHIYKEHUEM MPOIICHTA JIUCT-
BEHHBIX U YBEJIMUYEHUEM MPUCYTCTBUSI TEMHOXBONHBIX MOPOJI IEPEBHEB U POCTOM 3aIIaCOB JIECHBIX FOPIOUUX
MarepuaiioB (JIT'M), uTo monTBepkIaeTcsi CPSAHUMU 3HAYCHUSIMH MOIITHOCTH TCTUIOU3IYYCHHUSI, KOTOPBIC BO3-
pactarot co cMeHoi#t Trma jeca ot 2100 MBT B cocnsikax 10 3200 MBT B TeMHOXBOWHBIX Jiecax. Tak, HanOOIb-
1mast cTerneHb noBpexkacHus (1o 50%) 3adhukcupoBaHa Ha yU4acTKax ¢ JOMHHUPOBAHHEM B COCTABE TEMHOXBOW-
HBIX TIOPOJI IEPEBBEB, YTO 00YCIOBICHO HaIMIueM 0oibiux 3anacoB JII'M u MpoxXoKIeHHEM YacTH 3TUX Jie-
COB BEPXOBBIMHU IOXKapaMH, O UYEM CBHJIETEILCTBYIOT 3HAUEHHUsI MOIIHOCTH TEIUIOU3IIyYEHHs, B OTAEIbHBIC
cpoku mocturasmue 24400 MBT. Cienyromue o BenuunHe 3Ha9eHus dNBR, nopsiaka 40 - 45%, oTMeueHbI B
CBETJIOXBOMHBIX HACAXKIEHUSX C JOMUHUPOBAHUEM B COCTAaBE COCHBI. [Ip1 3TOM CTeneHb MOBPEXIEHHUS COCHO-
BBIX HAaCAXKJACHUIM HE3HAYUTEILHO CHUKAETCS C POCTOM YBIXKHEHHOCTH MecTonpouspactanus ot 40 —45% B
CYXHX COCHSKaX JUIIAHHUKOBBIX, 10 30 — 40% B OoJiee YBIa)KHECHHBIX COCHSKAX 3€JICHOMOITHBIX. Yepes roj
MOCJIe TToKapa Ha MPOOHOM IO OTMEUCHA YaCTUIHASI THOCIIb COCHOBOTO IPEBOCTOS, 1 HAUOOIBIITHIA TTPO-
LIEHT OTMaja ObLT 3a()UKCUPOBAH HA yYacTKaxX C 3arTyOJICHHEM IoXapa B MOACTUIIKY, YTO CBUACTEIBCTBYET O
npeoOIajaHiy yCTOWYMBBIX HU30BBIX MOXKapoB. OIHAKO OTACIBHBIC BBICOKHE 3HAUCHSI MOIIHOCTHU TEILION3-
nmydenust (o 19000 MBT) Takke CBHIETENBCTBYIOT O IEPHOJMYECKOM BO3HHKHOBEHHH BEPXOBBIX IT0JKapOB.
MuH#MaIbHBIC 3HAYCHUS CTETICHH MTOKAPHOTO MOBPEKICHUS OTMEUCHBI B CMEIIIAHHBIX THITaX Jieca (25 - 30%),
¢ npeobIajaHreM JTUCTBEHHBIX TIOPO]I.
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Pe3ynbTaThl ANCTAHIIMOHHBIX OLICHOK M HAa3€MHBIX HAOIIONCHHH OBUTH CONPSIKEHBI CO CTaTUCTHYECKUM
QHAJIN30M PAZOB JaHHBIX BEICOKOTOYHBIX HHCTPYMEHTAJIBHBIX HAOMIONCHUH CONEePIKaHUI OCHOBHBIX yITIEPOA-
coxepkammmx razos (CO,, CH,, CO) B IICA B meprox HaIW9HsI 04aroB aKTHBHOTO TOPSHUS B 30HE 0XBaTa M3-
MepeHHi 00CepBaTOpHH, JIOKAIBHBIME METCOPOJIOTHYECKHMH HapaMeTpaMu (BETPOBBIE XapaKTEPHUCTUKH)
(puc. 2 a), 1 0OpaTHBIM JIaT PAHKEBBIM TPEAKTOPHBIM MOJICITUPOBAHNEM MTEPEHOCA BO3AYIITHBIX Macc (puc. 2 0).

80 85 90 95 100

e

85 80 95

Potdewe #Atuate 201 ¢
[ i

a) 0)

Puc. 2. Tepputopum NporeHHbIE NOKAPOM Pa3HOM MHTEHCUBHOCTY B uione — aBrycTe 2012 roaa c posoi BetpoBs (300 M
H.y.M) B nepuof HanuumaA 30H akTueHoro ropeHus (17.07.12 — 10.08.12) (a), n paccumTaHHble 24-X YacoBble 0bpaTHbIe
NarpaH»KeBbl TPAEKTOPMM NepeHoca Bo3AyLUHbIX Macc nocpepacTeoM Mogenv NOAA HYSPLIT (6).

BblIsIBJICH HHTEIPUPOBAHHBIN NOKAPHBIN CUTHAJ B IPEBBIIIEHUN (DOHOBBIX KOHIIEHTPALIU YIIiepocoiep-
xamux ra3oB B [ICA, 00yciIoBI€HHBIN TIEPEHOCOM BO3/YIIHBIX MacC OT 30H aKTUBHOTO TOPEHUsI K PErHCTPH-
pytoiemy KomIuiekcy obcepBaropuu. CUrHai GUKCUPOBAJICS MPHU NPUXOJIE BO3ITYIIHBIX MACC C 3araHbIX Ha-
NpaBJICHUH, HOCPEACTBOM XapaKTEPHOTO JUIs IAHHBIX MIMPOT 3aIa/IHOTO [IEPEHOCa, KaK C ONBITHOTO TOJIMTOHA
(10 kM B rOr0-3amagHOM HampaBiIeHUH OT CTAHIMH), TAK U TEPPUTOpHH Jexanie B 30 KM K ceBepo-3amany.
YCTaHOBIICHO, YTO MIEPUOJL BO3/ICHCTBHUS 30H aKTUBHOT'O TOPEHUsI HA M3MEPEHHsI 00CepBaTOPUH JI0OCTUTAN 3 He-
neib (17.07.12 - 10.08.12), u popMupoBal B HHCTPYMEHTAIBHBIX OLICHKAX COACPKAHUS YIIIEPOACOACPIKAIIIIX
ra30B yCTOMYMBBINA HApacTAIOUIMI CUTHAJ C MHUKOBBIMH 3Ha4eHUsAMH B nepuoa ¢ 25.07.12 mo 01.08.12. Ha
YPOBHE ITUKOBBIX BEJIMYMH OTMEYEHO NPEBbIIICHNE KOHIICHTpaIMi MOHOKeu 1a yriiepozaa (CO) Oosnee uem Ha 3
ppm (3000%), nrokcuaa yriepoaa (CO,) na 30 ppm (8%), u metana (CH,) Ha 2 ppm (205%), npu ux GOHOBBIX
3HaueHusx Ha ypoBHe 0,1 ppm mis CO, 390 ppm gy CO,, u 1.9 ppm ans CH,.

[TocpencTBOM BBISIBICHHOTO TOYKApHOTO CUTHAlIa B arMOC(EpHBIX HAOMIIONEHUSIX U HAa3eMHBIX OIICHOK
[apamMeTpPOB U CTEIEHH MOYKAPHOTO MOBPEXKACHHSI IKOCHCTEM Ha TEPPUTOPHHU OIBITHOTO TOJIMTOHA B 30HE OX-
Bara U3MEpeHUi 00CepBaTOpPUU pacUyMTaHbl IMUCCUOHHBIE (DAKTOPBI /IS OCHOBHBIX YIJIEPOACOICPIKAIMX T'a-
308 (CO, CO,, CH,) B 1pIMOBBIX ILICH(ax JICCHBIX TOXKAPOB.

Ta6nm.|a. IMUCCUOHHBIE ¢aKTOpr OCHOBHbIX yriiepoaconepallinx ra3o B bIMOBbIX LIJJ'IEVI(I)aX JIECHbIX NOXapoB

OMHCCHOHHBII (akTop,

Paiion C / Kr cyx. Mmacc

Uerounm HCCJIeI0BAHUS r T CYX- Macchl
Cco, Cco CH,

Hame nccnenosanue Cpenusist Cubupp 1551 116 4,0
Andreae and Merlet, 2001 | 3012 Gopeabibix siecos 1569 107 47

(KOMITHJISIHS JINTEPATYPHBIX JTAHHBIX)
Weidenmyer et al., 2006 3oHa 6opeanbHbIX JiecoB (GLC 2000, 3oHb1 4 - 5) 1569 89 4.8
Urbanski, Hao, Baker, 2009 | S01@ OOPCAIBHbIX 1eCOB 1604 105 45

(KOMIUJIALUS JTUTEPaTyPHBIX JTAHHBIX)
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Ha ocHOBE Moy4eHHBIX 3MHCCHOHHBIX KOA(D(UIIMEHTOB NMPOBEAECH PacueT IMUCCHN YIIEpOACOIepKa-
IIMX Ta30B B aTMOC(epy OT JICCHBIX MOXKapoB B wrojie — aBrycre 2012 roma 1t mpeobiaalomux THIIOB Jieca
Cpenneit Cubupu (puc.3). Tax, HanOompIMe 3HaYEHUS OBUTH OTMEUYCHBI B COCHSAKAX - 3€JICHOMOIIHOM (/10
1850 rC/m”) u numaitnukosom (1300 rC/m”). IIpuHuMas Bo BHUMaHKE, UTO CTENEHb MOKAPHOTO MOBPEKICHHS
COCHOBBIX HacaxaeHui yBenmuusaercst oT 30 — 40% B Gosiee yBIa)KHEHHBIX COCHSIKAaX 3€JICHOMOIIHBIX JI0
45% B cyXuX COCHSKaxX JMITAWHUKOBBIX, a 3amackl JII'M, Ha000pOT, CHIKAIOTCS, TO MOXET CBUACTEIHbCTBO-
BaTb O TOM, YTO B COCHOBBIX JIECAX, OTHOCHUTEIBHO OJHOPOJHBIX MO CTPYKTYPE U YCIOBHAM IIPOU3pACTaHNU,
OIIPEAEIIAIONIYIO POJb B (POPMHUPOBAHUN IMHUCCHOHHOTO TIOTOKA YIIIEpOAa B aTMoc(epy IpH MoKape UrparoT
3amacsl JII'M, BRICOKOE COOTHOIIIEHUE B HUX KOJMYECTBA TUTPOCKOIMYHBIX (hpaKInii (01maga, MX0OB, JTUIIANHH-
KOB, MOACTHJIKH), C HU3KUM BiarocogepxanueM (8-10%), 1, B MEHBIIIEH CTENIEHH - yCIOBHS IPOU3PACTAHUSL.

_ _ Puc. 3. ImMnccum yrnepopcofepralLymx ra3os B atMocdepy
= COCHAK JTHILAHHHKOBLIN
o i npv ropeHnm buomacchl B NpeobnafatoLmx Tunax feca B
= CMCIAHHLIN THN 1¢ca CpeﬂHeTaE).KHoﬁ non30He CM6MPM_

- TEMHOXBONHLIL AeC

1500
1600
1400
1200
({EET]
800
600
400
200

0

1 2 3 4

B cBoto ouepenp oTMedeHO 00IIIee CHIDKEHIE YPOBHEH IMUCCHH YIIIEPOACOAePIKAIIIX ra30oB 10 550 — 600
rC/M* B CMEIIaHHBIX TUMAX Jieca, ¥ TEMHOXBOMHBIX HACAXKIEHUSAX, 4TO 00yciIoBIeHO Kak coctaBoM JITM ¢
OONTBIINM KOJIMYIECTBOM BETE€THPYIOIINX TPAB M KyCTAPHUYKOB, IMEIOIINX YCTOHYMBOE BHICOKOE BIIArocoep-
wanue (120-140%) (MBanoBa u ap, 2014), Tak n ycnoBusMHu mpouspactanus. JlaHHbIE SKOCHCTEMBI Ooiee
CJIOXHBI IO COCTaBY U CTPYKTYpE, U HEOJHOPOAHBI IO METECOPOJIOTHIECKUM (PAKTOpaM | pebedy, 9To JTNMH-
THPYET CKOPOCTH PACTIPOCTPAHEHHS IT0XKapa, JUTNTEIBHOCTH MTPOXOXK/ICHNS, UTOTOBBIE TUIOIIA/IH, U €T0 HEepre-
THYECKHUE M PU3UKO-XUMHIECCKHE XapAKTEPUCTUKH HA PA3INIHBIX CTAIHAX.

Hccneoosanus evinonnenvt npu ¢unancogoii noodepoicke Oowecmsa Maxca Ilhanka (I'epmanus), Poc-
cutickoeo oHOa QyHOAMEHMATbHBIX UCCIeO08AHUIL 8 PAMKAX HAYUHO20 npoekma Nel5-45-04423, u epanma
Ipesudenma Poccutickoti @edepayuu 071 20Cy0apCmeeHHOU N000ePHCKU MOTOObIX poccutickux yuenvlx (MK—
1691.2014.5.). Paboma H.B. Cuoenxo no cmamucmuieckomy aHaiusy Memeopoiosudeckux napamempos 8
patione uccredosanus noodepicana eparnmom PH® (Nel4-24-00113).

2000

T

Bemmmna avuccmn, rC/m2
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Fire emissions estimates in Siberia: Impact of vegetation
types, meteorological conditions, forestry practices
and fire regimes
'Kukavskaya E.A., “Conard S.G., 'lvanova G.A., ‘Buryak L.V., 'Zhila S.V., ‘Kalenskaya 0.P.,
*Zarubin D.S.

"V.N. Sukachev Institute of Forest SB RAS, Krasnoyarsk, Russia
2 US Forest service, Rocky Mountain Research Station, USA

’ Siberian State Technological University, Krasnoyarsk, Russia
E-mail: kukavskaya@ksc.krasn.ru

contribution to the regional and global carbon cycle. Wildfire is the main ecological disturbance in Si-
beria that leads to changes in forest species composition and structure and in carbon storage, as well as
direct emissions of greenhouse gases and aerosols to the atmosphere. At present, the global scientific commu-
nity is highly interested in quantitative and accurate estimates of fire emissions. Little research on wildland fuel
consumption and carbon emission estimates has been carried out in Russia until recently. From 2000 to 2007
we conducted a series of experimental fires of varying fireline intensity in light-coniferous forest of central Si-
beria to obtain quantitative and qualitative data on fire behavior and carbon emissions due to fires of known
behavior. From 20009 till present burned areas in dark-coniferous and deciduous forests were examined to deter-
mine fuel consumption and carbon emissions. In addition we examined a number of burned logged areas to as-
sess the potential impact of forest practices on fire emissions. We have combined and analyzed the scarce data
available in the literature with data obtained in the course of our long-term research to determine the impact of
various factors on fuel consumption and to develop models of carbon emissions for different ecosystems of Si-
beria. It was found that carbon emissions vary drastically (from 0.5 to 51.2 tC/ha) as a function of vegetation
type, weather conditions, anthropogenic effects and fire behavior characteristics and periodicity. Our study
provides a basis for better understanding of the feedbacks between wildland fire emissions and changing an-
thropogenic disturbance patterns and climate. The data obtained could be used by air quality agencies to calcu-
late local emissions and by managers to develop strategies to mitigate negative smoke impacts on the environ-
ment and human health.
This research was supported by the Grant of the President of the Russian Federation # MK-4646.2015.5,
RFBR (grant # 15-04-06567), and NASA Land Cover and Land Use Change Program.

B oreal forests play a crucial role in carbon budgets with Siberian carbon fluxes and pools making a major

OueHKa nnporeHHom aMuccum yrnepoga B necax Cnbupw:
BnnaHne necopactutesnibHbIX 1 METEOPOSIOrUYECKUX
YCJI0BUI, NTIECOX03ANCTBEHHOMW OEATENIbHOCTU M MOXapHbIX
PEeKNMOB
'Kykasckas E.A., ‘Konapp C.T., 'MBanosa IA., ‘bypsak J1.B., '*una C.B., ’Kanenckan 0.1.,
*3apy6un [1.C.

" MuctutyT neca um. B.H. Cykauesa CO PAH, KpacHospck, Poccua

? Jlecnan cnym6a CLUA, Hayunasa ctaHuma CkanucTbix rop, CLUA

* CM6MPCKMIA rocyaapCTBEHHBIN TeXHONOrMYecKuii yHusepcuTet, KpacHospck, Poccus
E-mail: kukavskaya@ksc.krasn.ru

ymiepona, akkymynupoBanHoM B HUX (Crutzen at al. 1979, Apps et al. 1993). B Mupe HacUuTBIBACTCS MPHU-
MepHO 1,2 mitpi. ra OopealbHbBIX JIECOB, MPH 3TOM OKOIo 2/3 u3 Hux Haxomurcs B Poccuu (FIRESCAN
1996). ®opmupyemslie Ha TeppuTopur CHOMPH 3arackl U MOTOKH YIIIepoAa BHOCAT 3HAUYUTENBHBIN BKJIAJ B TJIO-
OanbHbI Oananc yrepona (Baranos u ap. 2005). B HacTosiiee BpeMsi MUPOBOE HAyYHOE COOOIIECTBO MPOSIBIIS-
eT Bce OOJIBIINI MHTEePEC K TOUHBIM KOJINYECTBEHHBIM OIIEHKaM SMHCCHU TAPHUKOBBIX Ta30B. 3HAYMMOCTb JIECOB
KakK TOTEHIMATbHBIX CTOKOB YIJIEKHCIIOTO Ta3a arMoc(epsl Mpu3HaHA Ha MEXIyHAapOJHOM ypoBHe PamouHoit
rxouBeHIeir OOH 06 n3menennsx knumara (1992) u Kuorckum mpotokosniom (1997, 2012).
B Poccun B pamkax «Ilnana meponpusituii mo o6ecriedenuio k 2020 roxy cokpamieHust 0obeMa BEIOpOCOB
MAPHUKOBBIX Ta30B...», YTBEP)KACHHOTO pacropsukenneM IlpaButensctsa 2 anpens 2014 r., mpexycmarpusa-

I ; OpPCAJIBHBIC JIECA UTPAIOT BAXKHYIO POJIb B 100aIbHOM IUKJIC YIJIEpO/ia B CBA3U C OOJIBIIIMM KOJIMYECTBOM
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€Tcs MOHHTOPHUHI' 00beéMa BBIOPOCOB NMAapHUKOBBIX TA30B HA TEPPUTOPUHU CTpaHbl. JIecHbIE MOXKapbl BHOCST
3HAUUTENBHBIN BKIIAJ B OOIIMI MOTOK yriiepoaa B arMocdepy, U B OTACIBHBIC IOl SMUCCHS IIPU MOXKapax
MOKET JOCTHIaTh BEINYNHBI TEXHOT€HHOM 3MUCCUH YTIIEKHUCIIOTHI, 00YCIIOBICHHON CKUIAHUEM HCKOITAEMOTO
TOIIJIMBA, TMPOMBINUICHHBIMH M CEIhCKOX03AiCTBeHHBIMU pabotamu (Mcaes, Koposun 1999). Iluporennas
SMHCCHS yIIIEPOAA SBISAETCSA PE3YIbTaTOM (HH3UKO-XUMHUIECKOTO TPOIECCa TOPEHNsT OPTaHUYIECKOTO BEIIECT-
Ba, aKKyMYJIMPOBAHHOTO B HAIIOYBEHHOM IIOKPOBE M JIPYyTMX KOMIIOHEHTaX 3KOCHCTeM. Benmmumna sMuccnu
yIIepoia PACCUUTBHIBACTCS] HA OCHOBE IAHHBIX IO TUIOIIA/IH, TPOHICHHON OTHEM, 3a11acy TOPIOYHX MaTepHUaIoB
B 9KOCHCTEME U MOJIHOTE UX CTOPaHHMs C y4eTOM KO3()(UIIMEHTOB, KOTOPBIE CBSI3BIBAIOT KOJIMYECTBO CrOPako-
IIeTO BEIIECTBA C MHTEPECYIOMMM KoMIoHeHToM smuccnn (Harmpumep, CO mmu CO,) (Seiler, Crutzen 1980).
O1eHKH SMUCCHH YITIepo/ia TIPH To’kapax Ha TeppuUTopuH Poccuu o JaHHBIM pa3HbIX HCTOYHUKOB 3HAUUTEIb-
HO BapbupyioT - oT 5 10 500 MtC/rox (Dixon, Krankina 1993; Ncaes, Koposun 1999; Soja et al. 2004; Kyaus-
pos u ap. 2007; Vivchar et al. 2010; Shvidenko et al. 2011 u np.). Bonpimas BapradeTsHOCTE OIICHOK CBA3aHA C
MIPUMEHEHHNEM PA3TIMYHBIX METOMK, A ITOPUTMOB U UCTIOIb30BaHNS KOCBEHHBIX TPU3HAKOB H JOIYIICHUI IPH
pacueTe BrIxoaa yrepona npu nmoxapax (Kukavskaya et al. 2013). B HacTosiiiee Bpemst IMEETCS IeITBIH CIIEKTP
pa3nnuHBIX 0a3 TaHHBIX 0 IUIOMIA/IAM, IPOHICHHBIX MOKapPaMH, U KapT PACTUTEIHLHOTO MOKPOBa 3EMIIH, OA-
HAaKo, 3arachl JIECHBIX TOPIOYNX MAaTEPUAJIOB ¥ TIOJIHOTA X CTOPAHUS 10 CHX HOP SBISFOTCS MaJIO N3y4YCHHBIMU
Ha Tepputopun PO (Soja et al. 2004, Kukavskaya et al. 2013). B cBsi3u ¢ 3TiM, BO3HHKIIA HACYIITHAS TTOTPEO-
HOCTh B JIOTIOJTHEHUH NMEIOIINXCS CBEJCHUH 1O KOJTMYECTBY CTOPAIOIIEr0 OPraHMYECKOTO BEIECTBA M SMHC-
CHH YIJIEPO/1a, MOTyUYEeHUN HOBBIX OIIGHOK M MOJIEJNEH Ul Pa3IMYHbIX JIECOPACTUTEIBHBIX YCIOBHN C Y4ETOM
METEOPOJIIOTHUECKHUX (DAKTOPOB M aHTPOIIOTCHHOTO BO3ACHCTBHSA Ha JIECHBIE dKOocHcTeMbl CHOMpH.

HaunOonee TouHBIE OIIGHKM CTOPAIOILIETO BEIIECTBA, a, CIECJOBATEIbHO, U HMHUCCUH YIIEPOId, MOTYT
OBITH OTY4EHBI TP MTPOBEICHUH SKCIIEPUMEHTOB 110 MOACIHPOBAHUIO IT0KAPOB U U3MEPEHUH J0- U TOCIIe-
MO’KapHOH Omomacchel. B pamkax MexayHapoaHoro nmpoekTa «OneHKa 1 MOHHUTOPHUHT BO3/ICHCTBUSA rapel u
WHTCHCUBHOCTH MOXKapOB HA IMHCCUH, OaJaHC yIiIepoia, COCTOSHIE U yCTOHunBOCTh JecoB Cpenneit Cu-
6mpm» B mepuon ¢ 2000 mo 2007 TT. OBLTH TPOBEACHBI HCCIESTOBAHMS IO MOJICIIUPOBAHUIO PACTIPOCTPAHCHHS
mokapa B cocHskax (Pinus sylvestris) u cMemaHHBIX HaCOKICHIIX ¢ IpeobiaganneM aucTBeHHUITH (Larix
sibirica) Ha Teppuropun Kpacuosipckoro kpas (McRae et al. 2006). IToxy4deHs! KOTMYIEeCTBEHHBIE M Ka4eCT-
BEHHBIE JIAHHBIC 110 JI0- U TTOCJIE-TIOKAPHOMY COCTOSIHHIO 9KOCHUCTEMBI, CTETIEHH BO3ACHCTBHUS MHPOT€HHOTO
(hakTOpa Ha pa3TMIHbIC KOMIIOHEHTHI 9KOCUCTEMBI 1 dMuccun yriaepona (Kykasckas, iBanosa 2006; Ivanova
etal. 2011; MBanona u ap. 2014). OxHako, MOTy4YeHHbBIC YKCTICPUMEHTATBHBIC JTaHHBIC HE OXBATHIBAIOT BCETO
MHOT000pa3us JeCOpacTUTENbHbIX yciaoBuil Cubupu. HemocTatok JaHHBIX MO SMHMCCHH YIIIEPOAa MOXKET
OBITH BOCTIOJTHEH 00CJIEIOBAHNEM CBEXKHX rapeil U MoKapHIll ¥ ONPEeICHIEM KOJINYECTBa CrOPAIOIIEro op-
TaHWYIECKOTO BEIIECTBA TI0 Pa3HHIIE 3allacoB Ha IUIOMIA/AX MPOMICHHBIX OTHEM U B HEHapyIIEHHBIX Haca-
xaeanax (deGroot et al. 2009). C 2009 r. mo HacTosmee BpeMs MBI IPOBOIUM OOCIIE€IOBaHNE HAPYIICHHBIX
MoXKapaMH y4acTKOB B ITMPOKOM JHMaNa30He YCIOBUIl TOPEHUS U THUIOB jeca. KoMIiekcHas METouKa mpo-
BEJICHUS HA3EMHBIX HCCIICAOBAHUN BKIIOYAET OMPEACICHHE JIECOBOACTBCHHO-TAKCAIIMOHHBIX XapaKTepu-
CTHK HacaXAEHHUH, re000TaHMUYECKOE U JIECOMUPOIOrHuecKoe onucanus. OnucaHue yJacTKOB, TaKCaIlHs
JIPEBOCTOEB, 0OTOOP 00pa3IOB MPH IMOJIEBBIX paboTax WM MOCIeAyiomas o0padoTka M aHaINu3 OTOOPaHHBIX
MaTepHaoB IPOBOAATCS C UCTIOJIIb30BAaHUEM OOLICTIPHHATHIX B IPAKTUKE JIECOBEACHNUS, JIECHOH TaKCaIluK U
MHPOJIOTHH POCCHHCKUX U 3apyOekHbIx MeToauk (Cykaue, 3ouH 1957; Kypbarckuii 1970; McRae et al.
2006 u mp.). [Ans cpaBHATEIHHON OLIEHKH 3aKJIaJKa MPOOHBIX TUTOMIAAeii Ha TOPEBIIEM YIacTKE U B HEHAPY-
IIIEHHOM HaCaKJCHNUHU OCYILECTBIISETCS B OJMHAKOBBIX JIECOPACTUTEIBHBIX YCIOBHAX, YIaCTKH pacroara-
IOTCS1 B HETIOCPEJCTBEHHON OJIIM30CTH APYT OT APYra U UMEIOT N3HAYAJIbHO OMHAKOBBIC JIECOTAKCAI[MOHHBIC
XapaKTepUCTUKU. DMHUCCHA yrieposa npuHnmaercs paBHoit 50% ot croparomero 3amaca (Levine, Cofer
2000). {51 Hanbomee TOYHON OLIEHKH SYMICCHH YTIIEPOAa MPH MoXKapax MoA0MparoTcs yI4acTKH, Ha KOTOPBIX
MOXap pacIpoCTpaHsICs B roj ucciaeqosanuii. Kpome toro, mpoBoasTes o0cienoBaHNus TEPPUTOPUU BBIPY-
00K, KOTOPbIC 3a49aCTYIO SIBISIOTCS. YPE3BBIUAITHO MOKAPOOMACHBIMU B CBSI3U C MPHCYTCTBUEM HA HUX OOJIb-
IIOTO 3araca roprovYruX MaTepHalioB M CO3AAHUS yCIOBUH AJIS UX BbICHIXaHHA. JlaBHOCTH pyOKM Ha M3y4eH-
HBIX y4aCTKaX COCTaBJIsIa OT HECKOIBKHUX MECSIIEB 70 IATH JIeT. Ha Tex ygacTkax, KoTopble ObIIH mpoiize-
HBI pyOKaMH TJIaBHOTO MOJIb30BAHUS, OCYIIECTBISIIOCHh BOCCTAHOBICHHE OCHOBHBIX TAKCAIlMOHHBIX Xapak-
TEPUCTHK JPEBECHOTO spyca 110 3aBUCUMOCTSIM JUaMEeTpa AepeBa Ha BBICOTE TPYIAH OT AUaMeTpa IHs, MOy-
YEHHBIM B HEHAPYIICHHBIX HACAKACHUAX AJISI BCEX JIECOOOPA3YONINX MTOPO/.

B xone oOcnenoBanms rapeit M OXKapyII B CBETIIOXBOMHBIX HacakaeHUAX Cpenneit CHOUPH BBISBICHO,
4TO0 AMHECcCHs yriiepona Bapeupyet oT 1,3 10 13,0 TC/ra (pucynox 1). JlaHHBIC 3HaUYCHHUS XOPOIIIO KOPPETHPYIOT
C DKCIICPUMEHTAIBHBIMU JAHHBIMH 110 BBIXOLY YIJIEPOJA, MOTyUYCHHBIMHU IPH TPOBEIECHUN KOHTPOINPYEMBIX
BBEDKHTAHUH B HACAKICHUAX CPEIHEN U I0KHOM Tairy, re sMuccus yriepona coctasmia ot 1,5 no 15,9 1C/ra
B 3aBUCHMOCTH OT MHTCHCUBHOCTHU ropeHus. Hanbompiiee konmaecTBo yriepona (1o 95%) Belaenuinocs npu
CTOpaHUM MXOB, JUIIAWHUKOB M MOACTHIKH. BBIXOn ymiepona Ha ydyacTKax JECHBIX 3€MElb, NMPOHICHHBIX
CIUTOITHBIMH pyOKamu, coctaBui 7,5 - 40,9 TC/ra, 4to B 1,5-5 pa3 mpeBbIIaeT IMUCCHIO YIIIepoa IpH TOXKa-
pax B HACXICHUSX TAKOTO JKE THUIIA JIeca M NPU OAMHAKOBBIX MOTOAHBIX ycinoBusax. Ha BeipyOkax Ha cropes-
e nopyoouHsie octarku npuxoautces ot 50 go 80% ot obmieit sMmuccnn. Hanbonbinast pasHuIa B BETUIHHE

CEKLUUA JAHHBIE N NHOOPMALIMOHHO-BBIYMUCIIUTENBHBIE CUCTEMBI [J1A HAYK 0 3EMJIE COAEPHAHMUE »
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9MHCCHU YTIIEPOAA B HACAKACHUAX M HA BBIPYOKax HaOmogaercst mpu OONBIION 3aXJIaMIEHHOCTH Y4acTKOB
MOpyOOYHBIMH OCTaTKaMH U IIPH PAaHHEBECEHHHX MOJKapax, KOT/a Ha TEPPUTOPUH, TPOHICHHON pyOKOii, ropro-
YHe MaTepHabl YK€ JOCTHIIN MOKaPHON 3PEIOCTH, a TOJ TTOJIOTOM APEBOCTOS PACIIPOCTPAHEHUIO OTHS TIpe-
ISITCTBYET BBICOKOE BJIATOCOEPKaHNE JIECHBIX TOPIOYMX MAaTEPHATIOB.

Puc. 1. IMuccma yrnepona B pasnmyHbIX HaCAMAEHUAX U

Comomsiue 2R ! Ha BbIpy6Kax CpeaHeit Cubupwm. MpAMOYrosbHUK MoKasbl-
Diradts =i BAET HUMKHWI 1 BEPXHWI KBAPTUNW; IMHUM 33 Npedenamu
Tewosoiwe F— MPAMOYrOJIbHUKA — MUHUMaJIbHOE 1 MaKCUMasbHOE 3Haye-

Pt HISE; SIMHUA BHYTPW NPAMOYTO/bHUKA — MejuaHa; TouKa —
S— _ . CpeaHee 3HaueHue.

Tesmoaofree_3 " [
szmteuaﬁue: * . IKcnepumenmallbHole oamnnvle no

Mucrmense | —8 - - McRae et al. 2006, Kyraesckas u Heanosa 2006, Ivanova et
) 10 20 » @ 50 al. 2011; " - axcnepumenmanvhvle dannvie no Banenoux u
Suncan yrnepoga, TCira 017 2011.

3amacsl HAMOYBEHHOT'O MOKPOBA B JUINTENIBHO HE TOPEBIINX TEMHOXBOMHBIX HACAXKAECHUSIX CYILIECTBEHHO
MPEBBIIIAIOT TAKOBLIE B CBETIIOXBOMHBIX JIecaxX. B CBA3M ¢ ATUM KOIMYECTBO CrOPAIOIIETO OPraHUYECKOTO Be-
IIECTBA, a, CIEA0BATENILHO, M IMUCCHS YIJICpOa B JaHHBIX THIIAX Jieca B 2 U Oojee pa3 MPEBBIIIACT BBIXOI
yIiepoja Ipu MoKapax B COCHOBBIX M JMCTBEHHMYHBIX HACAXKIEHUSAX 3€JIEHOMOIIHOHN IpyMmbl TUIIOB Jieca
cpenHeii u 1oxHOH Taiirn Cpenneit Cubupu. Ha obciieioBaHHBIX HAMH y4acTKax B CMEIIAHHBIX HACAKICHHUAX
¢ TIpeoOIaaHieM Keapa M y4acTHEM B COCTaBE APEBOCTOS €U, MTUXTHI M JINCTBEHHHUIIB! BBIXO YIIEPO/IA TIPH
noxapax pocruran 28,9 TC/ra (pucynok 1). CornacHo aureparypHbsiM JanHbM (Banenmuk u ap. 2011) npu
MokKapax Ha BEIPYOKaxX B TEMHOXBOMHBIX HaCaXJCHUSAX dSMHCCH yriiepoaa Bapsupyer ot 22,0 1o 51,2 1C/ra.

OMuccns yriepoa Mpy rmoxkapax B 0epe30BbIX 1 0epe30BO-0CHHOBBIX Pa3HOTPABHBIX HACAKCHHUIX COCTa-
Buina 0,5-2,5 TC/ra. MeHbInast SMUCCHS yIIIepo/ia B JIMCTBEHHBIX HACAKICHHSX 110 CPABHEHHIO C BBIXOJIOM yTUIe-
pona B CBETJIOXBOMHBIX M TEMHOXBOMHBIX Jiecax oOyCIIOBJICHA HE OOJIBIIMM 3arlacoM TOpIOYMX MaTepHalioB B
JIAaHHBIX THIIAX Jeca, a Takke MpeodasanneM OCrIbIX BECEHHUX MOKApOB, IPH KOTOPBIX CTOpaeT HEOOJIbIIOE
KOJIMYECTBO TOprovnx Marepuanos. [Ipu noxkapax Ha BBIpyOKax BBIXOJ| YIVIEPOAA B JIMCTBEHHBIX HACAKICHUIX
yBenmuamiicst 10 6,7 TC/ra, uto B 3-5 pa3 Oosnblie, ueM 3MHCCHs yIiiepoaa B HacaxaeHusxX. [Ipu aTom nons mopy-
OOYHBIX OCTAaTKOB B 00I1IeM 00BbEME BBIIEIMBILETOCS yriieposa Bo3pocia ¢ 3 1o 20%. OnHako, B EJIOM pyOKH B
JIMCTBEHHBIX HACAK/ICHUSIX, POBOIUMBIE, KaK MPaBHIIO, VIS YAOBICTBOPSHNUS MOTPEOHOCTEH MECTHOTO Hacee-
HUSI, HE CYIIECTBEHHO YBEINYMBAIOT 3a1achl TOPIOYMX MAaTEPUANIOB, 4 BO3HHUKAIOIINE HAa TAKUX y4acTKaX BECEH-
HHE OerIbIe TIOYKaphl He OKa3bIBAIOT 3HAYNTEIFHOTO BIMSIHUS HA ITapaMeTphl OalaHca yriiepoya.

B onHOM 1 TOM e TUIE Jieca BEIMYMHA SMUCCUH YITIEPOJa MOKET CYLIECTBEHHO BAPbHPOBATh B 3aBUCUMO-
CTH OT JOCTYIHOTO JUIsl TOPEHUS] OPraHUYECKOTO BEIIECTBA, ONPEAEIAIOIErocs 3aacaMu roprOYUX MaTepHanoB
1 METEOPOJIOTHYECKUMH YCIOBHSMH HA MOMEHT BO3HHKHOBEHUS TIOXKapa. YCTaHOBIICHA XOPOIast KOPPEIsus (1
=0,72) sMuccun yrieposa IpH IoXkapax B HacaXIeHHUsIX oT nokasaresns [1B-1. BapuabenbHocTh SMUCCHH yTiIe-
poria IIpH 1moXkapax Ha BeIpyOKax 0OyCIIOBJICHA KaK METECOPOIOTHIECKUMH YCIIOBUSIMHU, TaK M Pa3IMUUSIMH B CIIO-
cobax pyOOK M OYMCTKH JiecoceK. BemmunHa BeIxoza yriiepoja Ipy rnokapax Ha BRIpyOKax B 3HAUMTEIBHOH CTe-
TICHH OITpe/eIsuIach 3aacoM roprodnx Marepruanos (r = 0,68). B ieTHuii nepros odmibHOE pa3pacTaHue Tpass-
HOT'O TIOKpOBa Ha BBIPYOKax ¢ IAaBHOCTBIO PyOKH 3 1 Oostee JIeT CriocoOCTBYET CHIKEHHIO HHTEHCUBHOCTH TOpe-
HUS, BCIIGZICTBHE ATOTO SMHCCHS yIiieposa 31ech B 1,2-1,4 pa3a MeHblIIe, 4eM Ha CBEXKHX BBIpyOKax.

YBEeNIM4EHUE YaCTOThI M MOBTOPSIEMOCTH 3aCyX, a TAKXKe aHTPOIMOTEHHOM HArpy3KHU B PsIZie FOXKHBIX PErHO-
HOB CnOMpH NPUBOAT K COKPAIICHUIO MEKXIOKAPHBIX HHTEPBAJIOB. B CIOKUBIINXCS yCIOBHUSIX HE yCIEBACT
HaKOMNTHCS OOJIBIION CJIOH TOproYero Marepuaia, U moap pacripoCTpaHseTcs Mo OMajy, IPeCTaBICHHOMY
OTMEpILEeH MPOIIIOTOAHEH TPaBoif, XBOCH/IMCTBON, MEIKMMHU BEeTKaMu. Takas cuTyalusi HabIronaeTcs B 3a-
0alikaJIbCKOM Kpae, I/ie IEPHOJMIHOCTD IT0KapoB Ha OJJHOM TEPPUTOPHH MOXKET COCTABIATH 2-3 Tofia, a B psije
ciryyaes jake 1 rox (Bypsikx, Kanenckas 2014; Kukavskaya et al. 2014). Ha Takux y4acTkax JICCHBIX 3€MEb
9MHUCCHS YTIIepOAa, KaK MpaBmiIo, He npesbiaeT 2 TC/ra.

Takum 0OpazoM, sMHUCCHS YIIIEpPOAa MOXKET CYIIECTBEHHO BapbHpOBaTh B 3aBUCUMOCTH OT JIECOPACTH-
TENbHBIX U METEOPOIOTNYECKUX YCIOBUM, JIECOXO3SIIICTBEHHON JESATEIbHOCTH YEIOBEKA U MOXKAPHBIX PEXKH-
MOB. B HacTosiiiee BpeMsi BO3HHKIIA HACYIIIHAs TOTPEOHOCTh TOYHBIX M OOBEKTHBHBIX OIIEHOK SIMUCCHU YTJIe-
pona npu noxxapax B CuOupy B CBS3H C MX CYIICCTBEHHBIM BKJIQJIOM B PErMOHAIBHBIN 1 TII00ABHbIN OanaHc
yIiIeposia ¥ BO3ACHCTBUEM HAa XUMHUIO aTMOC(EphI. YCTaHOBJICHHE B3aNMOCBSI3eH BBIX0/1A YIIEPO/Ia TP MOXKa-
pax Ha pa3HbIX KaTErOpHsAX Y4acTKOB JIECHBIX 3€MENb C PSIJIOM TOKa3arenel (Takux Kak METEOpOJIOrHIeCKHe
YCIIOBUSI, CTEIICHb HAPYIIEHHOCTH TEPPUTOPHH U XapAKTEPUCTUKH MOBEICHHUS IT0XKAPOB) HEOOXOTUMO ISt MO-
JIETMPOBAHMS TII00AIBHBIX MPOLIECCOB, B TOM YHCJIC CBSI3aHHBIX ¢ U3MEHEHNEM KiuMarta. [IpoBoauMblie HaMu
HCCIIEI0BaHNST HEOOXOMMMBI ISl YCOBEPIICHCTBOBAHHS METOIMKH pacdeTa dMHUCCHN Ha Tepputopun PO u
MPOEKTUPOBAHUS CTpATeruil moxapoymnpasieHus. [lonydeHHble pe3ynbTaThl JSATYT B OCHOBY CO3/1aBacMOM
0a3bl JAHHBIX 110 IMUCCUH yIIIepo/a Ipy nokapax B Cudupmu.
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Evaluation of the vegetation structure and productivity
of wetland ecosystems using satellite data

'Alekseeva M.N., “Dyukarev E.A., “Golovatskaya E.A.

"Institute of Petroleum Chemistry SB RAS, Tomsk, Russia
? Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: egor@imces.ru, golovatskaya@imces.ru

current resource potential of wetlands and speed of peat accumulation is relevant in the study of remote
areas of wetlands in Western Siberia. Structure of bog complexes is well reflected in the satellite images
due to its indicator properties the texture and color contours of bog microlandscapes. Satellite images allow to
evaluate the current state of wetland ecosystems and their violations in connection with the anthropogenic
impact.
The land cover structure were mapped using satellite images Landsat key area located at the South Taiga
zone of Wets Siberia. Normalized Difference Vegetation Index (NDVI) maps obtained by the MODIS satellite
were used for reconstruction of wetland vegetation productivity.

The use of satellite images for a comprehensive study of natural objects, including the assessment of the

OueHKa CTPYKTYPbI U NPOAYKTUBHOCTU PaCTUTEJIbHOIO
NMOKpoOBaA 60/10THbIX 3KOCUCTEM MO CNyTHMKOBbLIM 1aHHbIM

'Anekceesa M.H., Miokapes E.A., ‘Tonosaukas E.A.

! WUHcTtutyT XumMum HedTn CO PAH, Tomck, Poccua
z WMHCTUTYT MOHUTOPUHIa KNUMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
E-mail: egor@imces.ru, golovatskaya@imces.ru

YHCIIe ISl OLIEHKH COBPEMEHHOTO PECYPCHOTO TTOTEHIIHAa OOJIOT M CKOPOCTH BO30OHOBIIEHUSI TOPQsi-

HBIX PECYpPCOB, aKTyallbHO B YCJIOBHUSX TPYJHOJOCTYIHBIX M 3a00JIOYEHHBIX TEPPUTOPHI 3araaHoi
Cubupu. Nzyuenne 61omornueckoi MpoayKTUBHOCTH PACTUTENIFHBIX COOOIIECTB ABSACTCS OAHOM M3 BaKHBIX
3a/1ad B MCCIIEIOBAHUN KPYrOBOPOTa yITeposaa B OOJOTHBIX PKOCHCTEMaX, Tak Kak MMEHHO OHMOIOTHYecKas
IIPOAYKTUBHOCTb OTPAKAET KOJUYECTBO YIVIEPOJa, HAKOIIJIEHHOE B BUJIE OPraHUYECKOI'0 BELIECTBA PACTEHUN U
HE 3aTPau€HHOE Ha MPOLIECCHI IBIXaHUS U PA3JIOKEHUS.

I l CITOJIb30BAHNUE KOCMUYCCKUX CHUMKOB IJI1 KOMIIJICKCHOT'O UCCJIICIOBAHUA IIPUPOIHBIX O6’beKTOB, B TOM
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Crnenyer OTMETUTD, YTO AAHHBIX IO OMOJIOTHYECKOH MPOIYKTUBHOCTH OOJIOT CPABHUTEIBHO HEMHOTO. B
CBSI3H C YEM TPEJICTABIACTCS aKTyaIbHBIM IPIMEHEHUE AUCTAHIIMOHHBIX METOJIOB, B YACTHOCTHU JJTaHHBIX KOC-
MHYECKOH ChEMKH ISl OLICHKH OMOIIOTMYECKON MPOAYKTUBHOCTH OJUTOTPO(HBIX OOJIOT, KAK COCTABIISIOMIEH
WX yTIIEPOIHOTO OanmaHca.

B Hacrosimeii pabote ¢ NCTIOIb30BaHNEM KOCMHUECKHX CHUMKOB Landsat cocTaBiieHbl KapThl HA36MHOTO
TTOKPOBa FOXKHOTaeKHOTO KirfodeBoro yuactka (KY) «HMkca-baxgapy. [To kapram NDVI noxy4eHHBIM TIO JaH-
HbIM cityTHUKa MODIS BBITIONIHEHO CpaBHEHUE TAHHBIX HA3EMHBIX MCCIIENOBAHMN MPOAYKTUBHOCTH PACTH-
TenabHOCTH KV.

®DopmupoBaHHe 00y9JaeMbIX 3TAJOHOB M aBTOMATHYECKas KJIACCH(UKALUSI KOCMHYECKHX CHHMKOB
Landsat mpoBenieHs! ¢ HCITOIB30BaHHEM HHCTPYMEHTAIBHBIX cpeacTB ciucTeMbl ERDAS Imagine. O6yuatomue
BBIOOpKH OBUTH C(OPMHUPOBAHBI AJIS 26 THTIOB Ha3eMHOTO MOKpoBa [ 1]. Micronp3oBanHast Kiaccu(uKaus Ha-
3eMHOI0 TIOKPOBa pa3paboTaHa CIIeMaIbHO T HecienyeMoi Tepputopun. Kinaccudukarys, 6e3ycioBHO, HE
OXBATBIBAaCT BCETO Pa3HOOOpa3msl THITOB OOJOTHBIX cucTeM CHOMPH U HE SBISCTCS SIMHCTBCHHO BO3MOXKHOM,
HO OHA OKa3ajach yIOoOHOH It KapTorpahuIecKoro CONPOBOXKICHUS HCCIEIOBaHNs OOJIOT HA TEPPUTOPUHU
KY, Biro9ast mpoCcTpaHCTBEHHYIO OLEHKY YHUCTOM MEPBUYHON MPOIYKITHH, YIIIEPOAHOTO Oatanca 00JI0T U MH-
KPOKIIMMaTHYECKUX HCCIICIOBAaHUH.

PesynbraTel aBTOMaTH4eckoil kiaccuUKauu ¢ OOyueHHEM IOJBEPrajiuCh KOPPEKIMU CPEICTBAMH
ERDAS Imagine. [IpoBenena reaepanu3ariist MOTyICHHBIX KJIACCOB IMyTeM (MIIBTPAIIH PE3YIBTaTOB C BBIOO-
poM 1peolalatomiero Kinacca B CKOIb3smeM okHe 3x3 mukcens. DopMupoBaHUe OTAENBHBIX PACTPOBBIX U
BEKTOPHBIX CII0€B KaXK/I0T'0 KJIACCa PACTUTENBHOTO ITOKPOBA MIPOBOAMIIOCH C U TTONIb30BaHUEM cpencTs ArcGIS.

[Tnomany, 3aHIMaeMble PA3IMYHBIMU KJIACCAMH, M MIX J0JIs OT mommaan KY n ocHOBHOTO Kilacca npuse-
nensl B Tabmune 1. Oxono nonosuHs! Tepputopun KY 3anumatot seca (51,6%), yacTh U3 KOTOPBIX, IIEpEyB-
nakHeHa. BojopaszaenbHble 0010Ta MpeacTaBiIeHbl KPYMTHBIMUA OOJOTHBIMH MaccuBaMu OTKpeIToro (15%) n
3aneceHnoro (14,9%) tunos. bonoTa BIoms pedHBIX TOMMH cOCTaBisIOT Beero 7,4 % ot mmomanu KY. 8.4%
3aHUMAIOT 3€MJIH CEITbCKOXO3SIHCTBEHHOTO Ha3HAYCHUS.

Tabnuua 1. Knaccol HasemHoro nokpoBa KY «Mkca-bakuap» v vx nnowagm (S) v cpegHme NDVI 3a mionb 2000-2005 rr.

Ne | Kmace Hﬂo;gam), 'Zl(l)?;,: (0)/: S ﬁ?ﬂﬁ; NDVI
KJaacca, %
Jleca 755443 51,6
1 | TeMHOXBOMHBII1 J1€C 354404 24,2 46,9 0,79
2 | JlucrBenHslit Jiec 295378 20,2 39,1 0,82
3 | CMmemiaHHBIN JeC 105661 7,2 14,0 0,83
Bosora BonopasaeiabHbie 437967 29,9
3aieceHHbIe 218332 14,9
4 | Pocuerii psm 80776 5,5 37,0 0,77
5 | Cpenuuii psim JpeHUpOBaHHBIN 7008 0,5 32 0,83
6 | Huskuii psiM 1peHUpOBaHHbIH 11638 0,8 53 0,71
7 | Huskuit psim 65812 4.5 30,1 0,75
8 | MenkoMoYa)KHHHO-PSIMOBBINA KOMILIIEKC 47033 32 21,5 0,75
9 | CpenHeMOYaKMHHO-PSMOBBII KOMILIEKC 6065 0,4 2,8 0,74
OTKpBITBIE 219635 15,0
10 | I'psm0BO-MEIKOMOUAXKMHHBIN KOMILIEKC 5578 0,4 2,5 0,7
11 | I'panoBo-cperHEMOYaKUHHBIN KOMIUIEKC 57248 39 26,1 0,71
12 | I'pn0BO-KPYITHOMOYaKHHHBIN KOMILTEKC 28034 1,9 12,8 0,69
13 | LleiixuepreBo-chartoBas TOMb 37733 2,6 17,2 0,74
14 | OcokoBo-carHoBast TOIb 46348 3,2 21,1 0,75
15 | CdarnoBsie crtaBUHb 39957 2,7 18,2 0,76
16 | BoaHbie 00BEKTHI 4738 0,3 2,2
Bonora TeppacoBbie 108983 7,4
17 | 3abono4eHHbIH COCHOBBIIT JieC 15259 1,0 14,0 0,8
18 | Corpa 8354 0,6 7,7 0,8
19 | CocHOBO-Pa3HOTPAaBHO-MOXOBOE 15503 1,1 14,2 0,76
20 | bepe30Bo-pa3HOTPAaBHO-TUIIHOBOE 54133 3,7 49,7 0,8
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Ne | Kmace Hno;l:laub, H(I)?;,j 2/: S (ﬁ(::)flls:z;) NDVI
KJaacca, %

21 | EpHUKOBO-0COKOBO-THITHOBOE 15735 1,1 14,4 0,77

IIpoumne 3emiau 162443 11,1

22 | Ilons, iyra, mamHu 122855 8.4 75,6 0,78

23 | Toiima 3956 0,3 2,4 0,79

24 | HaceneHHbIE yHKTHI 5450 0,4 3,4 0,76

25 | MenuopupoBaHHOe 00J0TO 3aJeCeHHOe 21667 1,5 13,3 0,8

26 | MenuopupoBaHHOE 00JOTO OTKPHITOE 8519 0,6 5,2 0,73

Bcero 1464840

st vccnenoBaHmst TMHAMUKK IPOAYKTHBHOCTH BhijeneHHbIX Ha KC Landat kimaccoB pacTUTENBHOCTH
Hamu ucnonb3oBajics npoaykr MOD13Q1, koropsiii npencrasiser kaptsl NDVI (Normalized Difference
Vegetation Index). JlaHHBIH MPOIYKT JOCTYIEH B CETH MHTEPHET U PACCUUTAH MO JAHHBIM KOCMHUYECKOH CheM-
Kk# ¢ kKocmuueckoro anmapara MODIS 3a 16-mHeBHBII TIepro/l, U UMEET MPOCTPAHCTBEHHOE paspenienue 250 M
(puc.1).

Pacuer BererannonHoro naaekca NDVI ocHoBaH Ha 0COOCHHOCTSIX MOIVIOIICHHUSI COTHEUHOM pajiialiy B
KpacHO# 00JIaCTH 3JCKTPOMArHUTHOTO CIIEKTpa XJOPO(UILIOM U OTpakeHHUs ee B MH(ppakpacHOU obiacTu
CIICKTPa KJICTOUHBIMU CTPyKTypamu jiucta. NDVI paccuntsiBactes o Gpopmysie [2]:

NDVI = PN] _PRED ,
vir + Prep

rae Py, - 3HaYEHHS SIPKOCTH IHKCENs B ONMKHEM MH(PAKPaCHOM JHana3oHe, Pp,, — B KPaCHOM JHana3o-
HaX.

Puc. 1. KapTol NDVI a) 10.06.2011, 6) 28.07.2011 1 B) 14.09.2011. ToukaMm noKa3aHbl NOLLaAKM Ha3eMHbIX UCCe0Ba-
Hui: BP- Bbicokui pam, HP-Huskuid pam, OT- ocokoBas Tomb, MK - rpafoBo-MouarmHHBIN KOMMNEKC.

Jlist Touek HazeMHBIX HccnenoBanuil B ArcGIS onpenemnsumich 3aauennss NDVI 3a nmepuo ¢ Mast 1o ceH-
116pb B 2000-2011 rr. Tak ke A KJIacCOB HA3eMHOTO TTOKPOBA PACCUUTHIBAINCH cpefHue 3HaueHus NDVI
JUTSL KXK0TO MecsIla TeTioro nepuoaa. KoppensimoHHbIN aHaIu3 PsIIOB BETETAIIMOHHBIX HHIEKCOB U CPell-
HUX 3a JICTO 3HAUCHHIT 3a11acOB (PUTOMACCHI HU3KOTO PsiMa U OTKPBITON TOIH TIOKAa3aJjl, YTO HAOII0IaeTCs MMOJI0-
xwurtenbHas cBsi3b ¢ NDVI. [Ipu 3ToM Haju4uue CBsI3H 00YCIIOBICHO BapHaIlUsIMK (PUTOMACCHI C(arHOBBIX MXOB,
KyCTapHHYKOB B PaCCMaTPHUBACMBbIX (DUTOIICHO3AX.

Bererarnmonnbie HHIEKCHI JIJISI KIIACCOB PACTUTEIHHOTO TOKpOBa BhIOpaHs! u3 kapT NDVI ¢ ucnomns3osa-
Huem cpenctB ArcGIS u xapakrepusyror ocpenaenssie 3a 2000-2005 rT. MakcHMalbHBIC 3@ BET€TAI[HOHHBIC
eproIbl GUTOMACCHI KX I0TO Kitacca pacTUTeabHOCTH (cM. Tadm. 1).

AHanu3 ocpeHeHHbIX 3a Hrojb Mecsit 2000-2005 rr. sagenniit NDVI nokasbiBaet, 4to HarOosiee Hu3Kast (u-
TOoMacca XpakTepHa JIyIsl HU3KOTO psiMa (Kiace 6), TpSIOBO-MOYKUHHBIX KOMITIIEKCOB (10-12), 1 OTKpPBITOrO MENMo-
pupoBaHHOTO 60510Ta (26). MakcumaibHbie 3HaueHUst NDVI xapakTepHbI /11 TUCTBEHHBIX, CMEIIIAHHBIX JICCOB.

B nepuon Bereranun Haumensime 3HadeHrs NDVI B Beicokux u HU3KUX psimax (0,61-0,69) oTmeueHs! B
HavaJiec ¥ KOHIIC BETCTallMOHHOTO repuosa (Maid, ceHTsiopb). Hanbombime 3HaueHust NDVI BBICOKHX W HU3KHX
psimoB (0,69-0,80) HaOMIOMAIOTCS B CEPEAMHE BEreTAIMOHHOTO Iieproa. [t 0COKOBO-C(harHoBO# TOMH 3HAYEC-
Hust NDVI, B ienoM HIKe, B BECEHHHI U OCEHHUH mepuoj oHu cocTaBisiioT ot 0,49 1o 0,63, B cepenune Bere-
TaluoHHOro nepuona - ot 0,64 mo 0,77.

CpaBHEHHE TIPOIYKIIUU OOJOTHBIX (PUTOIIEHO30B C BErCTAIIMOHHBIMK WHACKCAMH TTOKA3ajI0 CIICAYIOIIee:
MPAKTUYICCKH TS BCEX (DUTOIICHO30B, 3a HCKIIOUCHHEM BBICOKOTO PsIMa, BBISIBJICHA CBSI3b MEXKIy YUCTOM Iep-
BUYHOH / Ha3eMHO# niponykien 1 NDVI, npudem [uist OTKPBITOI TOIHM HaJTMYKE CBS3U 00YCIOBICHO MPOIYK-
IUeH TpaB 1 c(harHOBBIX MXOB, a JIJIsI HU3KOTO PsiMa KyCTapHHUYKaMHU.
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3amackl pUTOMACCHI OMPENENIAIOTCA KaK XapaKTepOM PaCTUTEIbHOCTH, TaK U MOTOJHBIMU yCIOBHAMU. B
CpelHEeM 3arachl HaA3eMHON (PUTOMACCHI HE3HAYUTENIFHO OTIIMYAIOTCS HA HCCIIEYyEMBIX OTUTOTPO(HBIX uTo-
LIEHO3aX: MAaKCHUMAJIbHBIMH 3allacaMH HAJ3EMHON (UTOMACCHI KYCTapHUYKOBO-TPABSHO-C(HarHOBOTO sipyca
XapakTepu3yeTcs BHICOKHi psiM (637+140 r/m’), 3aTeM ciieytoT Huskuii pam (607+147 r/m”) u OTKphITas TOMb
(444496 1/M’). 1I3BeCTHO, UTO B BHICOKOM M HH3KOM PSAMaX MAaKCHMAJbHBIH BKIajd B (hOTOCHHTE3HPYIONIYIO
(uroMaccy BHOCST 3eeHble yacTi MX0B (0T 77,3 1o 81,6 %), a TakxKe JOCTATOUHO BEIHUKO M COIEPKAHUE JIU-
CTbEB KyCTapHNYKOB (B cpenHeM 19,5%). Ha oTkpsITOIl TOmH OOJIBIION IPOLIEHT B 3arace (PUTOMAacChl HIMEIOT
3eJIeHble yacTH TpaB (10 17%). Yucras nepBuyHas MPOIYKIHUS UCCIECAYEMBIX (DUTOIIEHO30B M3MEHSAETCSA OT
532493 /M’ Ha OTKpBITOM Tomu 10 647+137 /M2 Ha BeIcOKOM psme. OCHOBHOM BKIIajl B MPOAYKIMIO HA HCCIle-
JyeMbIX (PUTOIIEHO3aX BHOCSIT KOPHH TPaB U KyCTapHUUYKOB (44—60%) u carnossie mxu (20-35%). Ha BbIcO-
KOM M HHM3KOM psIME TaKKe BEJIHKA JI0JIs KycTapHHUYKOB (26-33%), a [yt OTKPBITON TomM OoJiee 3HAYUMBII
BKJIQJl UMEET TPaBSHUCTAs pacTUTENbHOCTH (15%). 3nadenust EVI it pa3HbIX GUTOLEHO30B MAJIO OTIIMYAIOT-
Csl M I3MEHSIOTCS B T€UeHNE Teproaa uccnenoanus ot 0,24 1o 0,50. MakcumanbHbIC 3HAYCHUS XapaKTESPHbI
JUISL CepeINHbI BETETAIMOHHOTO MEPUO/Ia.

3uauenus NDVI MoXHO HCITONB30BaTh TSI pacyeTa 3armacoB (YUTOMACCHl W MIPOLYKIAA IS PSIMOB M OT-
KpBITHIX Tomel. Hanbornee noctoBepHast CBsI3b MEX/ly BET€TallMOHHBIMH MHAEKCAMH U 3a1iacaMy (pUTOMACCHI U
MIPOAYKIMEH O0IOTHBIX (PUTOIIEHO30B MOTyYeHA JJIsl OTKPBITOM TOIH. Tak Kak /It HU3KOT0, 1 0COOEHHO BBICO-
KOTO psiMa, 3HaUEHMs 3TUX MHJEKCOB B OCHOBHOM XapaKTEPU3YIOT 3arachl (pUToMacchl ¥ MPOAYKIIMIO ApEBEC-
HOTO sIpyca, KOTOPBIH 3KPaHUPYET TPaBSTHO-KyCTAPHUYKOTO-C(arHOBBII MOKPOB — 3HAYECHUS 3aracoB (UTO-
MAacChl ¥ TPOAYKIUSI KOTOPOTO M3MEPSIOTCS TP HA3EMHBIX UCCIIEA0BAHMSIX. [ HU3KOTO psiMa, OHAKO, TTOJy-
YEHBI JI0CTATOYHO BBICOKHE KOI(D(HUINEHTHI KOPPEIALUH, TT0-BUANMOMY, Pa3pEeKEHHBIH (COMKHYTOCTh KPOH
0,3) npeBecHsIi sipyc mo3BoiseT oreHnTs NDVI He apeBecHOrO sipyca, Kak Ha BEICOKOM psMe (T/Ie COMKHY-
TocTh KpoH 0,9), a KyCTapHHYKOBOTO sIpyca.

Hccnedosanus svinonnensvt npu punancosoil noooepoicke PODU (Ipanm Nel3-05-98048-p cub_a).
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High-precision laser-based instrumentation system
as a tool for assessing impact of various factors on Scoths
pine fire-resistance in Central Siberia

Bryukhanov A.V., Panov A.V., Sidenko N.V.

V.N. Sukachev Institute of Forest SB RAS, Krasnoyarsk, Russia
E-mail: institute_forest@ksc.krasn.ru
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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 comprehen-

ive picture of spatial development of wildfires within the plots. This system permits estimating the re-

lationships between 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.

Our observations have shown that surface location of root system leads to a strong decrease of Scotch pine
fire-resistance. Field experiments have demonstrated that root collar of a tree is the most critical part for pyrogenic
damage. Within the fast moving surface forest fires the portion of dead trees with surface location of root system
was estimated around 42% and up to 91% of mortality achieved after a steady surface forest fire. The next factor
that had influence on tree mortality is other individual morphometric factors: big-butt, slope, and curvature of a
tree stem. Our observation have shown that the visible post-fire stem damages were deadly significant for Pinus
sylvestris mature trees if fire scars achieved more than 2/3 of circumference (for damage of cambium layer). After
such extent damages mortality of Scoths pine trees could achieve up to 89%. Even if a tree survives after fire it
will probably be destroyed by next fire due to increased pitch flow, which decreases fire-resistance of the tree.
These results confirm that for mature pine stands surface forest fires are practically as dangerous as crown fires.
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Ncnonb3oBaHWe Ha3eMHOW Nla3epHO CbeMKU A5 OLIEHKU
B/IMAHNA Pa3NINYHbIX GaKTOPOB Ha OrHECTOMKOCTb COCHBI
06bIkHOBeHHOM B LieHTpanbHon Cnbunpu

bpioxaHos A.B., MaHos A.B., CuaeHnko H.B.

WHcTutyT neca um. B.H. Cykauyesa CO PAH, KpacHospck, Poccua
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BBEOEHNE

B HacTrosmiee BpeMs ynoTpedisieTcst HECKOIBKO TEPMUHOB, KOTOPBIE XapaKTEPU3YIOT CIIOCOOHOCTH pacTe-
HUM pearupoBaTh Ha BO3IEHCTBUE NOXKAPOB. [IOHATHS OrHECTOMKOCTD U M0KapOyCTONYNBOCTh UCTIONb3YIOTCS
MIPEUMYIIECTBEHHO JUTA JPEBECHBIX MOpoA. [lepBriii TepMuH 0003HAUaET CIOCOOHOCTH OTAEIHHOTO JIepeBa
COIIPOTHUBIISITHCS BBICOKUM TEMIIEPATypaM M 33AbIMIICHUIO, BTOPOH XapaKTepH3yeT yCTOHUMBOCTD JPEBECHBIX
mopox Ha ypoBHe HacaxneHuid (Cannukos, 1973; Illemykos, ITemxos, 1984; LseTkoB, 2006 u np.).

N3ydeHnro mokapoyCTOMYMBOCTH W OTHECTOMKOCTH PAa3TUYHBIX BHIIOB XBOWHBIX MOPOA B OOpeahHBIX
necax PO mocesmeHo GoibIe KOIMIeCTBO paboT OTeUeCTBEHHBIX HccienoBareneid. [t ycmosuit Cubupn
MOZ00HBIE UCCIISTOBAHNS BEITIOIHSIIHCH MHOTUMHE aBTopamu: Copponos, 1967; EBnoxumenko, 1989; dypses,
1996; Bypsix, 1999; Bypsik u np., 2003; Oypses, 3abmonkuit, Yepusix, 2005; L[BetroB, 2006, 2007, 2011; Ba-
nernuk, Cyxuans, Kocos, 2006 i ap.

Takoe pa3oBoe coOBITHE KaK MOXKap, KOTOPOE B 3aBUCHMOCTH OT €TO BUA M MHTCHCUBHOCTH TOPEHHSI MO-
JKeT JTHOO0 MPUHECTH MOIB3Y (TIPH C1a00i HHTEHCUBHOCTH TOPEHHS ) B3POCIOMY APEBOCTOIO, INOO yIIepod mimm
Jla’ke BBI3BAaTh TMOENb nepeBbeB. Harprumep, BRICOKOMHTEHCUBHBIN MTOXKAp MPUBOJNUT K 3HAYUTEIBHBIM HU3ME-
HEHUS THIPOJIOTUIECKOTO PEXKHUMA, CBOMCTB BEPXHETO TOPHU30HTA MOUBBI U JaXKe M3MEHEHNE MUKPOIaHAmag-
Ta, YTO HEMHHYEMO CKa)XETCSI HA COCTOSHIHM AepeBbeB. [opeHne Ha ydacTke co ci1aboil MHTEHCHBHOCTBIO T10-
3BOJISIET CHM3UTH 3aMachl TOPIOUMX MaTEPHANIOB W M30€XaTb B JaNbHEHIIIEM BBICOKOMHTEHCHBHOTO MOXapa,
000TaTUTh MMOYBY 30JbHBIMH BEIIECTBAMH, YCKOPUTD IIPOIIECC PA3IIOKEHHUSI MEPTBOTO OPTaHUYECKOTO BEIIECT-
Ba (OTmaj, JIecHas MOJCTIIIKA, BaJISXK, IIOPYyOOTHBIE OCTATKH).

PA/OH 1 METOOVKA UCCNEAQOBAHMI

HaOmonennst 3a BIMSAHUEM Pa3INYHBIX (PAKTOPOB HA OTHECTOWKOCTH COCHBI OOBIKHOBEHHOH C UCIIOJIB30-
BaHHEM BBICOKOTOUHON HA3€MHOM Ja3epHON ChbeMKH AT OLIEHKH TPOBOAWINCH Ha TeppuTopuu LleHTpanbHOi
Cubupu B KpacuosipckoM kpae (CbiMcko-/lyOueckast BO3BBIIICHHOCTh B TypyXaHCKOM JIECHUYECTBE).

COop MaHHBIX OCYIIECTBISIICS Ha MTOCTOSHHBIX MPOOHBIX IIIOMA/ISAX, 3aI0KEHHBIX PEUMYIIECTBEHHO B
XBOHHBIX JjpeBocTosix. Ha kax ol mpobe pacnonaranocs He MeHee 100 nepeBbeB. bouto 3amoxeHo 5 mpoOHbBIX
IUIOIIAJeH B OCHOBHOM B COCHOBBIX THUIAX JiecaX. JINCTBEHHbIE U TEMHOXBOMHBIE HACAXKICHHS IPEACTABISIIN
MEHBIINI UHTEpPEC, TaK KaK Aa)Ke€ HU3KOMHTEHCHUBHBIE HU30BBIE MOXKAPHI HA UX TEPPUTOPUU BETYT MPAKTHUE-
CKH K TIOJIHOM Tu0esu ipeBocTosi. B nanHoi paboTe MBI paccMaTpuBaeM, pe3yibTaThl HCCIIEI0BAHUN Ha TIPO-
0ax, pacroJIOKeHHBIX B HACAKICHHUSAX C JOMUHUPOBAHUEM COCHBI OOBIKHOBEHHOM.

[TonGop, 3aknagka ¥ onucaHne MPOOHBIX IUIOMAAEH TPOBOJUINCH CONIACHO METOIMYECKUM YKa3aHUSIM
(Cyxaues, 3onH, 1961; Menexos, 1975). list onpeneneHust KOIMYECTBEHHBIX U KAYECTBEHHBIX XapaKTEPHCTHK
HaCaX/ICHWH 1 OLEHKN KPYITHOMEPHBIX JPEBECHBIX OCTATKOB, HA HECKOIBKNX MPOOHBIX IJIOMIA/ISX UCTIOIb30-
BaJjach CTaHAApTHas METOJMKA CIIOIIHOIO MepedeTa ¢ MOMOIIbI0 HA3eMHON BBICOKOTOUHOM J1a3epHON CheM-
K, TIpUMEHsieMast TIpH ToCyJapcTBEHHONW mHBeHTapu3anuu jiecHoro ¢onna (I'MJI) npeanpustusmu OI'YIT
“Pocnecungopr” (cormacuo Ilpukaszy Pociecxoza Ned72 ot 10.11.2011 «O6 yTBepkIeHUN METOANIECKUX Pe-
KOMEHIAINH 110 MIPOBEACHUIO TOCYIapCTBEHHON HHBEHTAPU3AIINY JIECOBY ). /laHHBIC NCCIIEIOBAHNS BKITFOYAIIH
B ce0sl OIICHKY XM3HEHHOTO COCTOSIHUS JIPEBECHBIX pacTeHui Bbie 1,3 M. mo 10-tu GayuibHOH 1IKane, Halu-
YHsT IMEFOLIMXCS BUIMMBIX TOCIIECIOKAPHBIX MTOBPEXKICHHUH, a TAK)Ke yKa3aHUE WHIMBHIYaJIbHBIX 0COOCHHO-
cTelt Kax0ro AepeBa. B nanbHeiimem it ynodera padotsr 10-tn GarmuisHast mkana, npuMensiemast npu [T,
Obu1a ajanTupoBaHa K 0ojee pacnpoCcTpaHeHHON JIECOBOACTBEHHOM MeToanke (Anekcees, 1989; PykoBoncTso
TI0 TIPOBEJICHUIO CAHUTAPHO-037I0POBUTENBHBIX MeporpusiTiid, 2007).

J171s1 O1IEHKM 3a11acoB OCTAJIBHBIX PACTUTEIBHBIX TOPIOYHX MaTepHasIoB (OIal, JecHas MOACTHIIKA, JKUBOH
Haro4YBEHHBIN TTOKPOB M T.J.) MCIIOJb30Bajach MeToauKa, paspadorannas H.II. KypGarckum (Kypo6arckui,
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1970; bapanos, Epmoxnmenko, Kypbarckuii, 1974). JlanHas MeTonnka mpenamnoaraeT 3akiajKy HeOOIbITIX
yaeTHbIX miomanok (50x50 n 20x25 cM) Ha 3amac JecHBIX roprounx Matepuanos (JIT'M), rie KoamuecTBo
TUIONIA/IOK YETKO PEryJIMPYeTCsl B 3aBUCMMOCTH OT pa3MepoB OOIIIEH TIIOIaN HCCIIEyeMOro Y4acTKa.

PE3Y/IbTATbI CCTEOOBAHWWM M OBCYXKOEHNA

AHanu3upyst NOITyYSHHBIE PE3YIbTAaThl, MBI BBISIBHIIM, YTO HAHOOJIEE TyBCTBUTEIBHBIM (DAKTOpaMH, BIIHS-
IOIIMMH HA TTOCIIETIOKAapHYIO THOEIb IePEeBLEB COCHBI OOBIKHOBEHHOMW SIBIISIIOCH TOBEPXHOCTHOE PACTIONIONKE-
HHUE KOPHEBOH CHCTEMBI, HAIMYNE 3HAYUTEILHBIX MEXaHNUECKUX TTOBPEKACHUN M THAMETP CTBOJA.

Bnusinue BeMMUMHBI AMAMETPa CTBOJIA HA CIIOCOOHOCTH IEPEBBEB IEPEKUTH MOXKAP PACCMATPHBAIOCH BO
MHOTHX pab0Tax Kak OTEUECTBEHHBIX TaK M 3apyOeKHBIX nccienoBareseil. Hamm HabmroneHus moaTBepAnIy,
YTO, HECMOTPS Ha TO, YTO JHUAMETP CTBOJIA OYCHb Ba)KCH, TEM HE MEHEE, €T0 BCEra HY>KHO paccMaTpuBaTh
TOJNIBKO TIPY MPOYMX PABHBIX yCIOBUSX. VIHAMBUAYadbHBIE OCOOCHHOCTH KaXKIOTO JiepeBa (OCIabIeHHOCTh
Ppa3uaHBIME (aKTOPaMH, XapaKTEPUCTHKH CTBOJIA, TOBPEKACHHS | T.11.), PU3NUECKOE MECTOPACTIOIOKEHHS K
TOPIOYMM MarepuaiamM, KOTOpPbIE MOTYT JIHOO YBEINYNTh HHTEHCHUBHOCTH TOPEHHS, JINOO €€ CHU3UTh, OOBIIHO
MIPUBOAAT K TOMY, UTO B3POCIBIC JPEBECHBIC PACTEHMS, PACIONIATAIOIINECS PSIOM APYT C APYTOM, BaJICKOM
WM XBOMHBIM ITOAPOCTOM MOTYT MOTHOHYTH JJake IIpH tuaMeTpe 6oree 32 cMm. B Toxke Bpemst COCHBI cO 3HA4H-
TENBHO MEHBIIMMHU aAnaMeTpamu (16-24 cM) B COCTOSIHUM YCHEUIHO MEPEXKHUTH MOXKap, €CIIM OHM pacrosara-
JMCh HA OTKPBITOM MECTE, T7I€ CHJIa TOPEHUSI Ma/lajla ¢ CHIIBHOTO (XapaKTepHa Ui HU30BOTO yCTOHYUBOTO MO-
JKapa) IO CPeTHETo U caboro (XxapakTepHa Ui HU30Boro Oermoro moxkapa) (Puc. 1).

B xone conpsikeHHOTO aHaIM3a MPOCTPAHCTBEHHOH CTPYKTYPBI OCHOBHOTO IT0JI0Ta JPEBOCTOSI HA TAHHBIX
TUTOIIA/ISX, BBISIBIICHO, YTO MHMBUAYaJIbHBIE 0COOCHHOCTH JIEPEBA M €r0 MECTOPACIIOIIOKEHHS (XapaKkTep Mo-
BPEXKICHNUH, HAJIMIHE BOKPYT JIEPEBa OCHOBHBIX MTPOBOTHUKOB TOPEHHS) UTPAIOT HE MEHEE BaYKHYIO POIIb B €TO
CIIOCOOHOCTH MEePEKUTh BEICOKOMHTECHCUBHBIN HI30BOM mokap (R — 0,81), wem mopoma (R — 0,74) u quameTp B
HKkHEH gactu ctBona (R — 0,86) (bproxanos, [1anos, Kamsxus u ap., 2014).

ITpn 06paboTke pe3ynbTaToB HATYPHBIX MCCIEIOBAHUN HAMU OBUTH TTOMYYEHBI TPOCTPAHCTBEHHBIE KOM-
TUIEKCHBIE XapaKTEPUCTHKN MPOOHBIX TUIOMIACH TTOCIIE YCTOWYNBBIX HU30BBIX MOKapOB B OCHOBHBIX THUIAX
Jeca, Kak B BUJIC BU3yaJIbHOTO IUTIaHa, TaK U B BUJIE YNCIIOBBIX JaHHBIX. OO0bEMHEHNE TUIAHOB C IPYTHMH JIaH-
HBIMH TTO3BOJIMJTH TTIOJITOTOBUTE TIOIPOOHBIE KAPTHI IPOCTPAHCTBEHHOM CTPYKTYPHI OCHOBHOTO TI0JIOTA JIPEBO-
CTOS C YYETOM BCEX MOKa3aTesel (TaKCalMOHHbIE, )KU3HEHHOE COCTOSTHHUE, TOBPEKACHHS ), MOAPOCTA U TOLIe-
CKa, M PacIlOJIOKEHHUS CYXOCTOSI U KPYITHOMEPHBIX IpeBECHBIX ocTaTkoB (Puc. 1).

Puc. 1. lpumep Moge-
JIMPOBaHMA pacnpo-
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ITo HamM HaOMIONECHNSAM TTOBEPXHOCTHOE PACIIOIOKEHNE KOPHEBOW CHCTEMBI (KOPHEBBIE JIATIBI, BHICTY-
TIAIOIME HaJ| TOBEPXHOCTHIO 36MJIM) BE/IET K CHIBHOMY CHIDKEHHIO OTHECTOMKOCTH HE TOJIBKO COCHBI, HO U
BCEX JPYTUX JAEPEBHEB MPOU3PACTAOMINX B yciaoBUsx Cubupu. JlaHHbIE, TOIydeHHbIE HAMH € IPOOHBIX TIIO-
maiel, MOKa3bIBaIOT, YTO LIEHKA KOPHS JEPEBLEB SBILATHCSA CAMOM KPUTHYHOM YacCThIO CTBOJA U BUAUMOM Ya-
CTH KOPHEBOI CHCTEMBI JIepeBa K MUPOTCHHBIM MOBPEKACHUSM. [Ipy GErbIX HU30BBIX TOXKapax MO MOTHo-
IIUX IEPEBBEB C KPYITHBIMH TOPU30HTAIBHBIMH CKEJIETHBIMHU KOPHSIMH, HE TIPUKPBITHIX TOYBOI1, COCTABIISIA HA
npobax B cpenHeM 42% mpu OETIBIX HU30BBIX Moxkapax u 91% mpu Gonee CHIBHBIX HU30BBIX yCTOHYUBBIX.
Janee 1o creneHu BIMAHUS HA ociabieHHe M OTHA[ UK JAPYTHe WHINBHIYalIbHbIE OCOOCHHOCTH CTPOCHUS
HIDKHEH 4acTH CTBOJIA JIEPEBBEB: 3aKOMEINTNCTOCTh, HAKIIOH U NCKpuBieHHe. Hanbosee omacHa 1u1st 1epeBbEB B
MTOYKapHOM OTHOIIICHUH PEeOpPHCTast 3aKOMEIMCTOCTh XapaKTepHas HaJMdueM “‘poek’ (yIiTyONeHHs B CTBOJE),
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NPpHUJAIOIINe KOMITIO B CEUCHHH 3Be31000pa3HyIo popMy. IMEHHO B yriTyOIeHHAX B CTBOJIAX 3a4ACTYIO CKAIITH-
BaeTcs OOJBIIOE KOJINYECTBO NMPOBOJHUKOB TOPEHHMS, TOBBIMIAIOIINA HHTEHCUBHOCTh TOPEHHS, KOTa IIaMs
HOJIXOITUT K JICPEBY.

BuniMble MexaHHYECKHE TIOBPEXKACHUS CTBONA (IOCIIE TOXKapa) OKa3bIBaJIM Ha BEDKUBAGMOCTH JICPEBBEB,
Kak MpaBHJI0, MUHIMaIbHOE 3HaueHne. Hanbonbmmit ornaz (B cpexaeM 10 89% 1uist yCTOMYMBBIX HU30BBIX MO-
’KapOB) XapaKTEPHU30BAJICS VIS COCEH, NMCIOIINX 3HAYUTEIbHbIC MEXaHMYECKHE IIOBPEXKICHNE CTBOJIA (KPYITHBIE
CTapble IOKapHBIE MOACYIIINHBI, KApPhI OT MOICOYKH), 3aHUMAIOIHe Ooiee 2/3 OKpy>KHOCTH CTBOJIA.

[IpoBeneHHbBIE HCCIIETOBAHMS TIOKA3alIl, YTO HAHOOJIee ONAcHBI C TIOKAPHOH TOYKH 3pEeHHs I IpeBec-
HBIX PACTCHHUIT MOBPEXKCHHS HIDKHEH YacTH cTBOJA (IIPH OJMHAKOBBIX pa3MEpHBIX XapakTepucTrkax). [lospe-
xeHue oomnee 2/3 OKpYKHOCTH KaMOHAIIFHOTO CIIOSI, YTO KaK IIPAaBHJIIO, TPUBOIUT K JIETATBHBIM ITOCICACTBUEM
JUISL pacTeHUs yKe B NepBblid rog. OCOOCEHHO ONAacHbI OHM IS XBOMHBIX MOPOX, TaK KaK B MOJIYYEHHOW paHe
CKAIUTMBACTCS 3HAYMTEIILHOE KOIMYECTBO CMOJIBI SBIISIONMIECHCS JIETKOTOPIOYMM BEILECTBOM, 3HAYUTEIIBHO I10-
BBIIIAIONIMM HHTEHCHBHOCT TOPEHHS Ha TOBEPXHOCTHU CTBOJA. Takue IOBPekICHUSI OOBIYHO CBSI3aHBI C MeXa-
HUYECKUM BO3JCHCTBHEM H3-3a ITOTOJHBIX YCIOBHI (yIapbl MOJIHHIA, BETPOBAJI, PE3KUE IEpeIabl TeMIiepa-
Typ), a TakXKe TPH yrapax OT MaJeHUs APYTHX AepeBbeB. [Ipu momoOHBIX (akTopax BO3ACHCTBUS OOBIYHO
00pasyroTcst IIyOOKHe TPEIIMHBI, JJIMHA KOTOPBIX, HHOTAA H3MepsieTcss MeTpaMu. [10BepXHOCTHOE ITOBpexIe-
HHE CTBOJIA HECET YIPO3y B 3HAYUTEIHLHO MEHBILEH CTEIICHU JUISl )KU3HH JIepeBa [10 CPABHEHHIO C BO3ICHCTBH-
€M Ha KOPHH ¥ KPOHY U CTEIIeHb 0CIA0JICHNUS IePEBbEB MOCIIE OXKapa 3aBUCHT, OT IIOIIA 1 IIOBPEK JCHHS.

BbIBOObI

Ha ocHOBe npoBeIeHHBIX HAOMIOACHUH MOYKHO KOHCTaTHPOBATh, YTO HAHOOJbIIIEE BIUSHIE HA OTHECTOMN-
KOCTh COCHBI OOBIKHOBEHHOI, OKa3bIBACT IMAMETP CTBOJIA JIEPEBA U XapAKTEPUCTHKU 3aJE€TaHUsI BEPXHHUX TO-
PHU30HTAIBHBIX KOpHEW. B MeHbIIIeH cTeTeHN BBISBICHO BIMSHAE 0COOCHHOCTEH CTPOCHHNSI KOPHEBOW IIEHKH 1
MMEIOIINXCSI MEXaHMUECKHUX TIOBPEX/ICHUI cTBOIAa. HanMmeHbIiee BIMsIHAE HAa CHIDKEHHE OTHECTOMKOCTH Jie-
PEBBEB COCHBI OOBIKHOBEHHOW OKa3bIBAJIHM MCKPUBIICHNUE WM HAKIOH CTBONA. [lepBUYHBIN aHAIHU3 TPOCTpaH-
CTBEHHOTO PACTIONIOKEHHSI COCHBI TIOKa3aJl, YTO JIAHHBIH aCMeKT 110 CBOSH BaXKHOCTH HE MEHEE BaXKCH, YeM JIU-
amMeTp WM DIyOMHA 3ajeraHusi KOpHEBOW cHcTeMbl. PacronoxeHne cpey CKOIUICHHs BajeXa WM KypTUH
XBOHHOTO TOAPOCTA, MOXKET 3HAYMTENIFHO CHU3WTH IIAHCHI HAa BBDKMBAEMOCTH B3pOCIHBIX JiepeBbeB Pinus
sylvestris na’ke B yCIIOBHSIX HU30BOTO MOXKapa. B CBsI3M ¢ 3THM U1l B3POCIBIX AEPEBLEB TOpa3ao Oosee Kpu-
THUYHBIM SIBIISICTCS TIPHYPOYEHHOCTD K CTBOJTY KypPTHH HOIPOCTA H TIOJUIECKa WIIN OJIM3KOE PACTIONOKEHHE PY-
THX B3POCIIBIX JIEPEBBEB, A TAK)KE CKOTICHNUS BaJIeXka, OONIBIIIOTO 3amaca Oaja v JICCHOH TOJICTHIIKH.

Paboma svinonnena npu unancosoii noodepoicke PODU 6 pamkax Hayunoeo npoexma Ne 15-45-04423,
u I'panma Ilpesudenma Poccuiickoti @edepayuu ons Tocyoapcmeentol no00epicKu MOIOObIX POCCUTICKUX
yuenvix MK-1691.2014.5.
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Monitoring of climatic conditions in forest and swamp
ecosystems of the middle taiga in Central Siberia

'Sidenko N.V., *Kolle 0., 'Panov A.V., ‘Heimann M.

"V.N. Sukachev Institute of Forest SB RAS, Krasnoyarsk, Russia
? Max-Planck-Institute for Biogeochemistry, Germany
E-mail: martin.heimann@bgc-jena.mpg.de

rological measurements from a net of climatic observations at the Zotino Tall Tower Observatory (ZOTTO;

www.zottoproiect.org) - scientific platform for long-term monitoring of atmospheric composition and cli-
matic changes in Central Siberia (near 60°N, 90°E). The aim of the study was to evaluate main meteorological
parameters of the middle taiga in Central Siberia. The research is based on the potential of the micrometeoro-
logical towers to measure gas exchange of CO, / CH, «Eddy Covariance». The method of meteorological ob-
servations was used. Instrumental meteorological data for this study characterize atmospheric conditions in
study area. Climatic parameters reflect continental conditions as typical for the region. Averaged meteorologi-
cal values indicate continental conditions in the region. The calculated wind rose demonstrated the relation-
ships with the influence of western wind drift, transport of Polar air masses and the influence of Asian pressure
maximum in winter time.

Due to the relatively high homogeneity of the landscape of study area the analyzed data set of meteoro-
logical variables is valid for the tall tower footprint area (~1000 km?) and can be used for further study of
GHG's behavior over Central Siberian forest ecosystems. This study reflects variability of climatic parameters
of the site and can be used for identifying of the general patterns and trends in specific climatic conditions.

The work was supported financially by RSF project # 14-24-00113, Max Planck Society (Germany), proj-
ect of RFBR # 15-45-04423, and grant of president of RF for young scientists MK-1691.2014.5.

In this study we present the analysis of climatic data obtained from 4 yrs (2009 - 2012) of continuous meteo-
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MOHUTOPUHI KNMMATUYECKNX YCIIOBUIN B N1€CO-60/10THbIX
KOMIJIeKcax NoA30Hbl cpeagHen Tanru lNpreHncencKon
Cnbéupu

'Cupenko H.B., 2011acl) Konne, 'NaHoB A.B., 2Mapwu-l XaliMaHH

" MuctutyT neca um. B.H. Cyrauesa CO PAH, KpacHosapck, Poccus
? WucTuTyT 61Uoreoxummum um. M. Mnakka, lepManua
E-mail: martin.heimann@bgc-jena.mpg.de

JIAHHOW paboTe pacCMOTPEHbl 3HAUEHHs] METEOPOJIOTHUECKUX MOoKa3aTele, MoJyYeHHbIe B XO/e UH-

CTPYMEHTAJIbLHOTO MOHUTOPHHT A I ABYX U3MEPUTECIIbHBIX KOMIIJICKCOB PACIIOJIOKEHHBIX Ha Y4aCTKax

BEPXOBOT0 00JIOTa M COCHsIKA JIMIIAHHUKOBOTO, B pailoHe uccienoBanuii oocepparopun «ZOTTO»
(www.zottoproject.org). B teuenue 3 ner (2012-2014 rr.) Ha 6a3e 00cepBaTOpUK HEMIPEPHIBHO PETUCTPUPOBAII-
Csl CTaHJAPTHBIM HAOOP METEOPOIIOTHUECKHX MMapaMeTpOB, HEOOXOJUMBIN ISl U3yUEHHUST 3aKOHOMEPHOCTEH U
0COOEHHOCTEHl KJIMMaTHuecKoil 00CTaHOBKM B paiioHe uccieoBanuil. KayecTBeHHbIE MMOKa3aTenn Mmojy4yeH-
HBIX 3HAYCHHIA B ITOJHOM Mepe OTPaXKaroT COCTOsIHUE aTMOC(EpPBI U MPOIIECCHI, TPOUCXOASNINE B Hell. Pesyib-
TaThl aHAJIM3a KJIUMaTHYECKOH OOCTAHOBKH B paﬁOHe BBICOKOTOYHBIX I/ICCHCZIOBaHI/Iﬁ PETHOHAJIBHOIO aTMOC-
(hepHO-2KOCUCTEMHOTO OOMEHa B IallbHEHIIIeM Oy/1yT HCIOIB30BaHbl B MOJIEIISIX YINIEPOAHOTO OallaHca B Kave-
CTBE METEOPOJIOTUYECKONH KOMITOHEHTHI.

MATEPWAJIbI U METObI

HccnenoBanns 6a3upyercst Ha HOTEHIMAIE MUKPOMETEOPOIOTHIECKUX MaUT [Tl I3MEPEHHs ra3000MeHa
CO,/CH, metonom TypOyneHTHBIX mynbcainii «Eddy Covariance», ycTaHOBICHHBIX B TypyXaHCKOM paiioHe
KpacHosipckoro kpasi, 1 OCHaIlICHHBIX KOMIUIEKCOM COBPEMEHHOTO I'a30aHAIMTHIECKOTO H METEOPOIOTHIECKO-
T0 000pynoBaHMA. B mpoBeIeHHOM HCCIIeIOBaHUH TIPEACTABICH 000OMICHHBIN aHaJI3 OCHOBHBIX (PH3NIECKIX
BEJIMYNH TAKUX METEOPOJIOTNIECKNX JIEMEHTOB KaK: TeMIIEpaTrypa Bo3ayxa, aTMOC(EpHOE aBICHNE, BIIaXK-
HOCTb BO3/TyXa, CKOPOCTb W HallpaBJICHUE BETPA, KOIIMUECTBO U pacIIpeAeIeHIe 0CaIKoB. MI3MepeHus pou3Bo-
JIUITACH Ha ABYX HA3eMHBIX TUTOIAIKaX — COCHSK JHIaiHUKOBEIH (Prc. 1) n BepxoBoe 6omoto (Puc. 2). Yuact-
KM PacIoiIoKeHBI Ha HEOOIBIIOM yaaneHuu apyT oT apyra — 2000 m. s cpaBHEHHS HEKOTOPBIX METEOpPOIIO-
THYECKHX MapaMeTPOB, B JAHHOM CIydae, OOJBIIYI0 BAXXHOCTH MMEET BBICOTA HaJ ypoBHEM Mops. Tak s
COCHSKA JIMITAHUKOBOTO BbIcOTa cocTapisieT 110 M. Hax ypoBHEM Mopsi, a A BepxoBoro 6omora 70 MeTpoB
HaJ YpOBHEM MOpsi. MaccHB KIMMAaTHIECKUX TaHHBIX, IPEACTaBIsIeT co0oii Habop 144 onmepaTWBHBIX CyTOU-
HBIA W3MEpeHuil s Beero nepuona Habmonenuit (2012-2014 tr.). HCTpyMeHTaNBHBIE perucTparops! (Puc.
3) ycTaHOBIIEHHBIE HA U3MEPHUTEIBHBIX MAUTaX OCYIIECTBISIIOT cOOp JaHHBIX TEMIEPATYPhI BO3yXa, OTHOCHU-
TEJIFHOH BIIQXKHOCTH BO3/LyXa M aTMOC(EPHOTO AABIECHUSI BO3yXa CKOPOCTH M HANPABJICHNS BETPA, HA3EMHBIE
perucTpaTops! - cOOp AAHHBIX TEMIIEPATyphl M BIAKHOCTH TTOYBHI, KOJIMUYECTBA OCAAKOB. B cooTBEeTCTBHH CO
crarnapramu Beemupnoit Meteoponorndeckoit Opranu3anny, I aHAIH3a MPEACTABICHHBIX BETHIIH MeTe-
OPOJIOTHYECKHUX MTapaMeTPOB OBLT NCITOIB30BAaH METO METEOPOIOTNIECKUX HAOTIOACHHH.

Puc. 1. N3mepuTenbHbIA KOM- Puc. 2. Vi3mMepuTenbHbI KOM- Puc 3. MeTeoponoruyeckoe 060pyaoBaHue:
MEKC Ha y4acTKe BEPXOBOro 6o- MNEKC B COCHAKE NIULLANHUKO- a) ynbTpa3ByKoBoi 3-D aHeMoMeTp;
nota. BOM. 6) faTYMK TeMnepaTypbl U BNaHHOCTM (cnpasa) v

[AaT4MK aTMochepHOro AaBneHuA (cnesa);
B) laT4MKM TEMEPATYPbI M BIa*KHOCTM NOYBbI;
I) U3MepuTeslb 0CaAKOB.
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PE3Y/IbTATHI

[TomyueHHbIE HHCTPYMEHTAJIBHBIE JAHHBIC XapAKTEPU3YIOT COCTOSTHHE aTMOC(ephl B paiioHe HCCIIe0Ba-
Hui. TakuM 00pa3oM, yCTaHOBIICHO, YTO CPEIHETOAOBAs TeMIeparypa Bo3ayxa cocrasiser -2,35 °C (Tabm.
Nel). Cambim TerubiM MecsitieM siBisieTcs utonb +19°C +20°C, a caMbIM XOIOOHBIM - siHBaph -23°C -24°C.
AMILTUTYIa MEKIY TIOKAa3aTeIsIMU JIETHUX U 3UMHHX TeMIieparyp cocrasisieT 44°C.

Tabnuua 1. MUKpoKNMMaTUYECKe MOKa3aTeNy TeMnepaTypbl BO3ayxa.

MukpokJIuMaTHYeCKHe BepxoBoe CocHsik
noKa3zaresju 00J10TO JINIIATHIKOBBII
CpenHeronosas TemMIreparypa -2,6 °C -2,1

CyMMa TeMIieparyp 3a BeCb IIepHOT
HaOIoaeHN I

67211 cyt. 30a4. / +772752 °C
66478cyT. 3Hau4. /- 1019881 °C

67089cyT. 3Hau. / +792423 °C
6587 cyr. 3Ha4. / -949919 °C

TemmeparypHble MAKCUMYMBI

Max:+33,2(18.07.13 — 17:10) °C
Min: -43,8(31.01.14 — 09:40) °C

Max:+33,2(18.07.13 — 17:10) °C
Min: -43,8(31.01.14 — 09:40) °C

CpenHsist TeMIIepaTypa Juist HIOJs U sSTHBapst

Wrone +19,3°C; SuBaps -24,7°C

Wromp +20,3°C; SuBaps -23,3 °C

Atmocdeproe nasnenne Bozayxa (Tabm. 2), MakCUMaJIbHBIX 3HAUCHWH, IOCTUTAET B 3MMHHUE MECSIIBI
1006,5 hPa. MuanManbHbIe 3Ha4eHUS aTMoc(epHoe aaBieHue gocturaet yetoM 993,5 hPa. CpeaneronoBoit
ToKa3areNb aTMocepHOro JaBicHus Bo3ayxa cocraiser 1001 hPa.

Tabnuua 2. MVIKpOKJ'IMMaTVILIeCKMe noKasatenun aTMOC(I)epHOFO [aBieHnA Bo3ayxa.

MukpokjumaTnyecKkme BepxoBoe CocHsk
noKa3aTesu 00J10TO JINIIAHIKOBBII
Cpenneronossie 3HaueHust A.J1.B. 1005,8 hPa 996,2 hPa

Max:1042,5 hPa (21.12.2012 - 00:20)
Min: 967,7 hPa (30.01.2014 — 04:00)

Max:1031, hPa (21.12.2012 — 00:20)

Makcumainbabie okazatenu A.J[.B. Min: 964,3 hPa (21.10.2014 — 14:50)

Cpennue 3nauenus A./1.B. Hronb: 998,3 hPa Hromnb: 989,4 hPa

TUTS HEOJISL M STHBAPSI SuBapp:1011, 4 hPa SuBapp:1001,5 hPa

[Noxazarenn OTHOCUTENBEHON BIaKHOCTH Bo3ayxa (Tabm. 3) B paiioHE MCCIEIOBaHUH TOCTATOYHO BBICOKH,
YTO ONPENENICHHO CBA3aHHO TEMIICPaTypHBIM PEKAMOM H YBIQKHEHHOCTBIO TTOJCTHIIAIOIICH MTOBEPXHOCTH.
CpenHeromoBoii moka3areins gocturaet 75,3%, ¢ MaKCHMyMOM, OTMEYEHHBIM B OCCHHE-3UMHIH repuox (89,2%).

Tabnuua 3. MVII-(pOKJ'IVIMaTVILIeCKVIe MoKa3aTeNin 0THOCUTEIbHOM BAIaXHOCTM BO3yxa.

MukpokJuMaTHYeCKHe BepxoBoe CocHsik
noKa3zaresju 00J10TO JIAIIATHIKOBBII
Cpennue 3nauenus O.B.B. 75,1 % 75,4 %

Max: 102,8 % (25.04.2013 — 07:10)
Min:18, 2 % (18.04.2013 — 18:30)

Max:103 % (02.11.20143—13:10)

Makcumanbhbie nokazatenu O.B.B. Min: 17,1 % (23.06.2014 — 18:00)

Cpenusist BenmuanHa O.B.B. Urons: 63,8 % Urons: 58,8 %

JUTS MIOJISL M STHBAPSI SuBaps: 78.1 % SuBaps:81,2 %

KommgaectBo armocgepsix ocamxos (Tabm. 4) B cpemaemM coctapiseT 441,8 MM, ¢ HEpaBHOMEPHBIM CE30H-
HBIM pacrpeeeHneM. Tak MaKCHMYM OCaJIKOB IPHXOAUTCS Ha JIETHE-OCEHHHH TIePHO, CO 3HAYCHHUAMH, JOCTH-
rafouMi 354,1 MM, TOT/Ia Kak B 3MMHE-BECEHHHH TTePHO] X KOIMYECTBO HE MpeBbImaet 87,7 mm. dasbl arpe-
TaTHOTO COCTOSTHUSI pacIipe/ieNieHbl TaK Jke HepaBHOMepHO — XKukue ocanxu — 67% , TBepasie ocanku — 33%.

Ta6nm.|.a 4. MVII-(pOKJ'IVIMaTVI‘-IECKVIe NnoKasartesiu pacnpeneneHua aTMOCd)eprIX 0CajKoB.

MukpokJuMaTHYeCKUE BepxoBoe CocHsik
NOKa3aTeau 00J10TO JIMIIARHUKOBBII
KonuuecTBo 0casikoB [UIsl KaX10H

JUKOB /L A 454,5 mm/ron 429,2 mm/rox

H3MCpHTeHLHOﬁ iomaau

Kuakue ocagxu 306,6 — 67,6%
Tsepabie ocanku 147,4 - 32,4%

Kugkue ocanku 285,3 — 66,5%

Pacripesienienne arperatHbix (a3 0CajkoB Teepusie ocanku 143,9 - 33,5%

[Ipeobnanaromee HanpasineHue Berpa (Tabm. 5) 1oro-BocrouHoe W ceBepo-3amagHoOe, dYTO
00yCJIOBIICHO, IPOTHBOCTOSTHUEM APKTHYECKHX BO3AYIIHBIX Macc U A3MaTCKOro MakCUMyMa HaJ| JaHHOU
TEPPUTOPHEH B 3UMHMH NEepuo] W crienu(UKON pacnoioXKeHUs uccieayembix janamadroB. CKOpOCTh
BeTpa cocTasisieT 2,6 m/c.
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Ta6nuua 5. MVII-(pOKﬂVIMaTM‘-IECKME MoKasaTe/sin CKOpoCTU 1 HanpaBieHUA BeTpa

MI/IKPOK.]II/IMRTH‘-IECKHE noxKasarejm

BepxoBoe 601010

CoCHSIK JTHIIATHUKOBBIIT

I0IOB, CC3

BCB, IOIOB, 3

Ipeobianaroiiee HarpaBICHUE BETPa

1-3 m/c 2-4 m/c

CxopocTb BeTpa

Jist moATBEpIKICHHST JOCTOBEPHOCTH, MOJYYEHHBIX B XOJ€ MCCIIEIOBAHMS 3HAYCHHM, ObLI MpHUBE/ICH
CTaHAAPTHbII perpeccuoHHbIi aHanu3 (Puc. 4) HEKOTOPBIX METEOPOIIOTHUECKUX BEJIMUUH, TIOCPECTBOM CPaB-
HeHus gaHHbIxX i cucteM «Eddy Covariance» W IpelCTaBIeHHbIX B MPEABIIYIINX UCCISIOBAHUSAX JTAaHHBIX
obcepBatopun «ZOTTO».

ArmocdepHoe gasneHme BO3AyXa
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Puc. 4. JINHENHBIN perpeccMoHHbIA aHanu3 AnA Tpex HabopoB AaHHbIX METEOPOSIOrMYECKUX NapaMeTpoB: CucteMbl «EDDY
Covariance» u obcepsatopusa “Z0TTO”". MpvBeaeHbl NMHENHbIE TPEHABI U KOIDGULIMEHTLI LeTePMUHALIMN.

BbIBOAbI

PesynbraThl TPOBENEHHOW pabOTHl MO3BOJIWIN OLCHUTH OON[ME W JIOKAIbHBIE OCOOCHHOCTH U
3aKOHOMEPHOCTH KJIIMMATHYECKHUX YCJOBHUI B pailoHe uccienoBaHuil. BeiCOkas TOYHOCTh M MEPHOTUUHOCTD
PETHCTPAIlMM MHCTPYMEHTAIBHBIX JAHHBIX TIO3BOJMT HCIOJB30BaTh IMOJYYaeMbIe DPE3ylbTaThl B  XOJIE
KOMIIJIEKCHOTO aHAJIN3a [TPOIIECCOB ra3000MeHa B JIECHBIX IKOCUCTEMAX CPEJHETAeKHOU MoA30HbI CHOUpH.

Paboma evinonnena npu punarcosoii noodepacke epanma Poccuiickoeo Hayunozo @onoa # 14-24-00113,
Obwecmsa Maxca Ilnanxa (I'epmanus), PODPU ¢ pamrax nayunozo npoexma Ne 15-45-04423, u [ panma
Ipesuoenma Poccuiickoii @edepayuu 0nst [ ocyoapcmeeHHol nOO0epHCKU MOTOObIX POCCUUCKUX yueHbIx MK-
1691.2014.5.
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Architecture of the Web mapping application for working
with NetCDF datasets

Titov A.G., Gordov E.P., Okladnikov I.G.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
Tomsk Branch of Institute of Computational Technologies SB RAS, Tomsk, Russia
Tomsk State University, Tomsk, Russia

E-Mail: titov@scert.ru, gordov@scert.ru, oig@scert.ru

dard functionality as data overview, image navigation, scrolling, scaling and graphical overlay, dis-

playing map legends and corresponding metadata information. It should be noted that modern web
mapping systems as integrated geoportal applications might be considered as complexes of interconnected
software tools for working with geospatial data including import/export, cataloging, processing and visualiza-
tion and so on. In the report a web mapping application (GIS web client) architecture for working with geospa-
tial NetCDF dataset archive is presented.

There are three basic tires of the web mapping application being considered:

o Tier of NetCDF metadata represented in JSON format

e Tier of JavaScript objects implementing methods handling the following:

- NetCDF metadata
- XML object for configuring user calculations, input and output (task XML object)
- WMS/WEFS cartographical services

o Graphical user interface (GUI) tier representing JavaScript objects realizing web application business logic

Metadata tier consists of a number of JSON objects containing technical information describing geospa-
tial NetCDF datasets (such as spatio-temporal resolution, meteorological parameters, valid processing meth-
ods, etc). The metadata originally resides in MySQL relational database providing multilingual support. JSON
object structure complies with two criteria:

1. Convenience of process of filling in the GUI interactive forms

2. Optimization of the editing process of task XML object properties describing user calculations

It should be noted that due to the approach chosen the processes of retrieval of required dataset parameter
values resulting from user-application interaction are optimized.

The middleware tier of JavaScript objects implementing methods for handling NetCDF metadata, XML
object for configuring user calculations, and WMS/WFS cartographical services interconnects metadata and
GUI tiers. The methods includes such procedures as JSON metadata downloading and update using AJAX
techniques, launching and tracking of the calculation task running on the remote server as well as working with
WMS/WES cartographical services, including: obtaining the list of available layers, representing layers on the
map and exporting layers in various formats according to user preferences.

Graphical user interface tier is based on the bundle of JavaScript libraries (OpenLayers, GeoExt and Ex-
tJS) and represents a set of software components that might be either independent (information panels, buttons,
layer lists, etc) or implementing web mapping application business logic (including complex menus, toolbars,
wizards, mouse and keyboard event handlers, etc.). GUI provides two basic capabilities for the end user: func-
tionality of editing of the task XML object as well as presenting of cartographical information.

Web mapping application developed according to the architecture described has shown its effectiveness in
the process of solving real application problems and disseminating investigation results in cartographical form.

The work is partially supported by SB RAS Program VIII.80.2.1 and RFBR grants #13-05-12034 and #14-
05-00502.

ﬁ ccording to general INSPIRE requirements to data visualization geoportals have to provide such stan-

Using of actinometric data to parameterize cloud forms
and types

Zuev S.V., Krasnenko N.P., Kartashova E.S.

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

S and diffuse D radiation and can be parameterized using of feature "transparent - semitransparent - not

Each form and type of clouds can be described as a specific influence on the value of the intensity of direct
transparent clouds" [1].
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For example, Fig. 1 shows the diurnal variation of the total O and diffuse D radiation, where can be reli-
ably separated the moments of influence of Stratocumulus Sc and Cumulus Cu clouds.

140610 Ogurtsovs

Fig. 1. Example of diurnal variations of the total @
and diffuse D radiation

—

Clear Clear Cu . S i Ne e

S
To analyze used characteristics such as the transmission coefficient of direct radiation Cs = ST and the

coefficient of variation of diffuse radiation C, = D where S u D is measured values, and S, u D, is values of

direct and diffuse radiation under clear sky, respectoively. Using these coefficients, it is possible to parameterize
cloudiness not only in form, but also the types and varieties.

References:

1. Cloud Atlas / Federal Service for Hydrometeorology and Environmental Monitoring (Rosgidromet),
Voeikov main geophysical observatory, [D Bespalov, etc. ; ed by L. Surigin]. — S-Pb : D Art, 2011. —
248 p.

Ncnonb3oBaHWe akTMHOMETPUYECKON MHpOpMaLnm
ONA napaMeTpusauumn ¢opM 1 BUOOB 061a4HOCTH

3yes C.B., KpacHeHko H.[1., Kaptawosa E.C.

WMHCTUTYT MOHUTOPUHIa KNIMMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccus
E-mail: zuev@imces.ru

coboe BHUMaHHE TIPH M3y4YeHHN KJIMMaTa TeppUTOpHi TpeOyeTcs yAensTh MeXaHHU3MaM B3auMOJICHCT-

BHS TOJIeH OOJIAYHOCTH U COJTHEUHOMN PaIHalliy, TOCKOIBKY KJIMMaT HMEET CHIIbHYIO YyBCTBUTEIIHLHOCTh

k HuM [1]. Hapsiny ¢ npsiMbiMu 3a1auamMu aTMoc(hepHOI ONITHKH, TIO3BOJISIFOIMME PACCUNTHIBATH BEJIH-
YUHBI paJIMAIMOHHOI0 OanaHca 1o 3a/laHHBIM MapaMeTpam arMoc(epbl U MOICTUIIAIONIEH TOBEPXHOCTH, OO0JIb-
II0€ 3HaYeHNE UMEET PellieHue 00paTHBIX 33/1a4 aTMOC(HEPHON ONTUKH, TO3BOJISIIONINX ONPE/EIIATh MapaMeTphl
aTMocdepbl TI0 pe3yasTaTaM HHCTPYMEHTAIBHBIX H3MEPEeHUH paialliOHHbBIX XapaKTePUCTHUK.

Oo0rnaka HanpsIMyFO BIIMSIIOT Ha PaJMAlMOHHBIN OaJlaHC 3€MHOI MOBEPXHOCTH, SIBIISISICh €CTECTBEHHBIM €T0
perysstopom. PazHbie popMbI 1 BU/IbI 00JIAYHOCTH OKa3bIBAIOT HEOJMHAKOBOE BIIMSIHUE HAa BEJIMYMHY TOCTYIIAI0-
IIei MpsIMON M pacCEesTHHOM paauaIy B 3aBUCHMOCTH OT €€ KOJIMYECTBa U pacipeieNieHNs 10 HeOOCBOIY, BBICO-
Thbl BEPXHEH U HYKHEH I'PaHMULL, BEPTUKAIBHOM U FOPU30HTAIBHON IPOTSPKEHHOCTH U JPYTUX XapaKTEPUCTHK.

Hcnonp3ys Takyio XapaKTepUCTHKY, KaK ONTHYECKas TONIINHA, Pa3InIHbIe (OPMBI M BHIBI OOJaYHOCTH
MOXXHO TapaMeTpU3UpPOBaTh MO MPHU3HAKY "TIPOCBEUNBAIOIINE — MOIYIPOCBEYNBAIOIINE — HEPOCBEUNBAIO-
mue obnaka" [2], T.e. Mo UX COCOOHOCTH YMEHbBIIATH MPSMYIO M YBEJIMUN "BaTh PACCESIHHYIO panuanuio. [1pu
9TOM KaX/Iblil BUJT O0JIAYHOCTH MOYKHO OIHCATh CHENU(PHUSCKIM, XapaKTEPHBIM TOJIBKO JUIsl Hee, BIUSHIEM Ha
BEJIMYMHY MHTEHCUBHOCTH TPAMOMN M paccesHHON paauarnun. s npuMepa, Ha puc. 1 moka3zaH CyTOYHBIH X0/
MHTEHCUBHOCTH CyMMapHOH Q U paccestHHON D
paauanyy, Ha KOTOPOM MOYKHO YBEPEHHO BbIJE-

JIMTh MOMEHTBI BIMAHUA BBICOKOKYYEBBIX SC M | 5e
KyueBbIX Cu 00J1aKoB. e

140610 Ogurtsovs

o

—

Puc. 1. lpuMep cyTouHOMO X04a MHTEHCUBHOCTM . : _ .
cymmapHou @ v paccesHHow D pagyaumm Clear Clear Cuf se cuse %
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Ta6nuua 1. CTeneHb BIUAHMA pasnMyHbIX GOpM 06/1a4HOCTM Ha NPAMYI0 S 1 pacceaHHylo D paguaumio

Ymenbenue S Yeeanuenue D
dopma He Bausier
o61aKoB Cunadoe 3uaun- Cuabnoe Cunaboe 3naun- CuibHOe | WM yMeHb-
TeJbHOe TeJIbHOe aer

Ci X X

Ce X X

Cs X X

Ac X X

As X X X

Ns X X

Sc X X

St X X X X

Cu X X X

Cb X X X

B Ta6nnue 1 MpUBCJICHA CTCIICHD BJIUSAHUSA PAa3JIMYHBIX (bOpM 00JIaYHOCTH Ha BCJIMYMHY UHTCHCUBHO'CTU

npsiMoil S’ u paccestHHOM D conHeuHol paguanuu. Vcnonb3ys Takol NOAXOJ, BECh JUaNa3oH CyTOYHOTO X01a
MIPSIMOH M PAacCEsSIHHOM pajraliii MO>KHO pa30nTh Ha aMILIMTYIHbIC 30HBI BINSHHUS, B IIpe/iesiaX KOTOPBIX pas-
JIMYHBIE (POPMBI 00JIaYHOCTH MOTYT BJIMSTH Ha BEJIMYMHY MHTCHCUBHOCTHU INPSIMOH M PAacCESHHON pajuanun
(puc. 2 1 3 COOTBETCTBEHHO).

Takoe rpaduueckoe npeicTaBIeHUE 30H BIUSHNUS SBIISCTCS HANISIHBIM, OJTHAKO JUISI aHAJTMTHYECKUX pac-
4eToB OoJiee y0OHO MCIO0JIB30BaTh TAKHE XapaKTEPUCTHKN 00Ja4HOr0 CJI0s, KaK KOd(GHUIUEHT POy CKaHUs
NpsIMOIl paguanuu C, = S 1 k0> BUIIEHT H3MEHEHNS PACCETHHOI

0

20140618 Orypanes

m

Choar Chear Curfr. £ T

Puc. 2. 30Hbl BIMAHWA pa3nyHbIX ¢opM 061a4HOCTH Ha
BeNMYMHY npaMoit paguaumm S’ (Il — 30Ha cunbHoro BnmA-
Hua, |I-1ll — 30Ha 3HaumnTensHoro BAMAHKMA, I-Il — 30Ha cna-
60ro BAMAHWMA).

D

4186 10 Ory e

Puc. 3. 30Hbl BAMAHMA pa3nnyHbIX OpM 06/1a4HOCTU Ha
BENMYMHY pacceaHHo paguaumm D (I-11 - 30Ha cunbHoro
BAmAHuA, |I-lIl — 30Ha 3HaumTensbHoro BanaAHuA, [l -IV —

30Ha cnaboro BAMAHKA).

C,=— o o
pamuauuu P p ,1ae SH D — U3MEPEHHBIC 3HAYCHHS, A S 1 [ — 3HAYCHNUs IPSIMOM U PaCCEsHHOI pajiu-
anmu ripu 6e3001avHOM Hebe 1pu ToM ke yrie crosuaust Connua. B Tabnuie 2 mpuBeeHbl IpUMepHbIe 3Have-
HUSI JAHHBIX K03()(DUIIMEHTOB, HCIOJIB3YST KOTOPhIE CTAHOBUTCSI BOZMOXKHBIM MTapaMeTPU3UPOBaTh 00Ia4HOCTh

HC TOJIBKO I10 (bopMe, HO U 110 BUJIaM U pa3HOBUJIHOCTSAM.

Tabnuua 2. MprMepHble 3HaYeHNs KoagpduumeHTo Csun C,

Ne ®opMbl, BUIbI H PAa3HOBUIHOCTH 00JIAYHOCTH Egzg))il:c];ﬁf;s{: Kosppuuuent
n/n > usmeHenns C,,
S
1. Cifib. Cc und. 0,8-0,9 1,0-1,2
2. Ci sp. Cc cuf. Cs fib. Cs neb. 0,7-0,8 1,0—-1,5
3. Acund. Ac trans. Ac cuf. Ac floc. 0-0,6 2,5-5,0
4. Ac op. Ac lent. Ac inh. Ac cast. As und. trans. Sc vesp. 0-0,5 1,2-2,5
5 Ac cug. Ac vir. As neb. trans. Sc trans. Sc cuf. Sc diur. Cu med. Cu cong. 0-0.3 15-25
’ Cb calv. Cb cap. Cb cap. inc. Cb cap. hum. Cb cap. mam. i i ’
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Ne DopMbl, BUIbI U PA3HOBHIHOCTH 00JIAYHOCTH Egiﬁﬂgﬁf Kos¢puunenr
n/n ’ u3menenns C,,
S
6. As neb. As neb. op. As neb. pr. As und. 0-03 10— 1.5
Sc lent. Sc cast. Sc mam.
7 As und. op. As und. pr. Sc und. St neb. St und. St fr. 0-03 1012
Cu cong. pil.
Sc op. Cu hum. Cu fr. 0-0,3 2,5-5,0
9. St frnb. Ns Cb calv. arc. Cb cap. arc. 0-03 0,5-1,0

CrouT 3aMETUTh, YTO KPOME aMIUTUTYIHBIX TMPU3HAKOB, KaKAas (hopMa W BUI OONAIHOCTH (OPMHUpPYET
CBOICTBEHHBIC TOJIBKO UM BPEMEHHBIC TIPH3HAKH, 3aBUCSIINE OT CTEIEHH HEOJHOPOIHOCTH OOJIAYHOTO OIS,
HaJIM4Ms IPOCBETOB WJIM OTAEIBHBIX OOJIAKOB, BOJIOKHUCTOCTH CTPOCHHS M JIP., MCHOJIB3Ys. KOTOphIEe o0a4-
HOCTb MOXHO JIOTIOJIHUTEIIFHO ONHCATh TAKUMHU XapaKTEPUCTHKAMH, KaK BPeMsl HAX0XKJCHHUS COJTHEYHOTO JIUC-
Ka B OTKPBITOM, ITOJTY3aKPBITOM HIIN 3aKPBITOM COCTOSTHUM M YaCTOTa CMEHBI TAKUX COCTOSIHUH 32 HEKOTOPBIN
MPOMEXKYTOK BPEMEHH Ul NPSMOW pajualid, WIM 4acTOTa M3MEHEHHS BEJIMYWHBI MHTEHCUBHOCTH JUIS
paccessHHOHU paJHalny, 4TO IO3BOJIUT O0Jiee TOYHO ITapaMeTPH3HPOBATh OTACIbHbBIC BUABI M PA3HOBHIHOCTH
00TaKoB.

Jumepamypa:

1. 3yeBB.E., Turos I'A. Orrruxa armocgeps! u kimmmMar. Tomck: Mzn-o "Criextp" MOA CO PAH, 1996. 272 c.

2. Armac o6maxoB / ®enep. ciryxkda 1O THAPOMETEOPOIOTHH W MOHHUTOPHHTY OKPYXKArOmIEH Cpems
(Pocrugpomer), I'TO mm. A.M. Boetikosa ; [[. I1. becrtanos u ap. ; pen.: JI. K. Cypeirunal. — C-116 :
JUAPT, 2011. - 248 c.

Factor analysis of data from meso-oligotrophic peatland

'Lapina L.E., “Mychaylov 0.A., 'Uspensky .M.

' Department of Mathematics KSC UB RAS, Syktyvkar, Russia
? Institute of Biology KSC UB RAS, Syktyvkar, Russia
E-mail: lapina@dm.komisc.ru

bog located in a taiga in the European Northeast of Russia 40 km from Syktyvkar. Measurements of

all parameters were carried out by method of microvortex pulsations with use of a gas analyzer of
Li-7500A and the ultrasonic CSAT 3D anemometer at height 3,93 m. Frequency of measurements is-10 Hz.
Measurements included also meteorological characteristics.

In this work mutual influence of the measured characteristics is studied. The analysis included 54 param-
eters, such as concentration of methane, carbon dioxide, water vapor, the air temperature, wind speed compo-
nents, atmospheric pressure, average values of fluctuations of squares a component of speed of a wind, work of
fluctuations horizontal a speed component with vertical, vertical streams of heat, methane, carbon dioxide and
water vapor, kinetic energy of turbulence, dynamic speed, estimates of local derivatives on time of average
values of temperature, a component of speed, atmospheric pressure, methane, carbon oxide and water vapor,
and also average on 30-minute intervals of time of values of atmospheric pressure, density of air, relative hu-
midity, streams of carbon dioxide and methane without adjustments, albedo, all types of radiation, soil temper-
ature at two depths and photosynthetic radiation. The average constantly these were used. For characteristics
concerning which there was only average on 30-minute to intervals information, interpolation was carried out
by square polynoms.

For the analysis of data the factor analysis with use of procedure of rotation of VERIMAX is used. Data of
August, 2012 when activity of biological processes is high are analyzed. 13 factors are allocated, the first two
of which define about 50 percent of information, and in total allocated factors explain 90 percent of total disper-
sion of characteristics. Dynamics of the allocated factors has the expressed daily character.

Measurements are taken by the staff of Institute of biology since May, 2012 on the meso-oligotrophic
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(DaKTOpHbIM aHaNM3 OaHHbIX C Me30onroTpodHoro 6onoTa
Mapgna-l13s-Hiop

"Nanuna J1.3., ‘Muxaiinos 0.A., 'YcneHckuit U.M.

' Otaen matematuku Komm HL, YpO PAH, CoikTeiskap, Poccua
*WuctutyT 6uonormm Komm HLL, Yp0 PAH, CoikTiekap, Poccus
E-mail: lapina@dm.komisc.ru

OBBbEKT MCCNIEQOBAHNA

Hccnenoanus npoBoawm corpyaHuku Mucruryra 6uonorun Komn HIL YpO PAH c 1 no 31 asrycra
2012 r. Ha Me3oonurorpoHoM 6onoTe Meta-I1aB-Hrop, pacrionoxeHHOM B 1oA30He cpeHeit Taiiru Ha EBpo-
nietickom CeBepo-Bocrtoke Poccun, B 40 kM Ha ceBepo-3amana ot T. CeikThiBKapa (Pecmyomuka Komu, 61° 56!
c.u1. 56° 13" B.1.). Ha yuacTke 00110Ta, r/ie IpOBOAMIIM U3MEPEHHs, TPeo0I1alaloT pacTUTEIbHbIE COO0IIecTBa:
1) Carex rostrata Stokes — Oxycoccus palustris Pers. — Carex limoza L. — Sphagnum sp.; 2) Andromeda
polyfolia L. — Oxycoccus palustris — Scheuchzeria palustris L. — Sphagnum sp. HeanauurensHyto miomasis (10
5%) 3annmatot onurorpodusle coodbmecrsa Chamaedaphne calyculata (L.) Moench — Oxycoccus palustris —
Andromeda polyfolia — Sphagnum sp.

W3mepurenpHas cucteMa BKIItodasa ynsrpa3BykoBoit anemomerp (CSAT3, Campbell Scientific Inc, USA)
1 uH(paKpacHblii razoaHanu3arop orkpeitoro tumna (Li-7500A, Li-Cor Inc., USA). Ot60p npo6 Bo3yxa npo-
BoIMIN Ha BeicoTe 3.93 M. Perucrpanus naHssix npoussoauiacs ¢ yacroroi 10 Hz. ITapamerpsl MUKPOKIH-
Mara (TeMrneparypy Bo3ayXa M I0YBbl, ”HTeHCHBHOCTh PAP, maaromniei 1 0TpakeHHOM COITHEYHON pajinaiuu
1 JIp.) ¥ IIyOUHY CHEKHOI'O NMOKPOBA PErHCTPUPOBAIN aBTOMAaTHYECKOH METEOCTAHIIMEH C IMOMOIIBIO Peru-
crparopa CR3000 (Campbell Scientific Inc., CILIA). Temneparypa u 00beMHast BIa)KHOCTb ITOYBBI H3MEPSIIOT-
csi Ha ryOouHax 25 cM (rybuna 1) u 15 oM (niryOuna 2).

METOA AHAJTU3A

DaKkTOpHBIN aHAIN3 OTHOCUTCSI K METOJJaM MHOTOMEPHOIO CTaTUCTUYECKOTO aHaJIM3a U IIHUPOKO HCIOJb-
3yeTCsl ISl CHUKCHUS Pa3MEPHOCTH aHATM3UPYEMOT0 IPOCTPAHCTBA MPU3HAKOB, 0TOOpa Hanbosiee nHpopma-
TUBHBIX [TOKa3aTesel 1 Kiaccudukaum o0bekToB. DakTopHbIi aHAN3 SIBISIETCS] TOW BETBBIO MHOTOMEPHOTO
aHaJM3a, KOTOpas UCCIIEAYET BHYTPEHHIOI CTPYKTYPY KOBapHALMOHHBIX U KOPPEISILIMOHHBIX MaTpuil. B pabo-
TE UCIIOJIB3YETCsl PA3HOBUIHOCTh aHAJIM3a, KOTOpasi Ha3bIBAETCSI METOJI IVIABHBIX KOMIIOHEHT, KOTOPBIN Hpe-
cTaBisieTCsl Harbosee ynoOHbM. O caMOM METOJIE TOCTATOUHO TOAPOOHO omrcano B padorax (Jloymm,1967,
Kuwm, 1989). [Ipumenenue B ruipoOHoIoruu rnokazaHo B otianyHoi kaure (Lytukos u ap.,2005). ITo nanHbIM
Ha gaHHoM Oosote 3a 1 aBrycra 2012 roja paccmarpuBaercsi 4 BapuaHTa (pakTOPHOTO aHaJM3a, KOTOPbIE OTIIN-
qaloTcs HabOPOM M3yYaeMbIX PU3HAKOB U onyOinKkoBaHsl B (Jlanuua u np., 2014). /lanHblil MeTo BEIOpaH ©
LIeJIBIO BBISIBUTH HanOosiee HH(OPMATHBHBIE TIOKA3aTeIH.

B crarbe npoBoauTes (hakTOPHBIH aHAIN3 TOCYTOYHO JIaHHBIX 3a aBrycT 2012 rona. [lyist aHanu3a ucnosns-
3yercst 54 mepeMeHHbIX: KOHLEHTpaLus MeTaHa (MMOJIb/KY0.M.), KOHIIEHTpALUS YIJIEKUCIOro ra3a (MMoJib/
Ky0.M.), KOHIEHTpALMsI BOASHOIO mapa (MMOJIb/Ky0.M.), Temiieparypa Bo3ayxa (°C), KOMIOHEHTBI BEKTOpa
cxkopoctu Ux,Uy,Uz (M/c), armochepHOe naBieHHE, KBAAPAThl MyJIbCALUN KOMIIOHCHT CKOPOCTH, IMOTOKH
IyJIbCAIIMOHHBIX ITOTOKOB TEIJIa, METaHa, YIJIEKUCIIOr0 Ira3a, BOASHOIO 1apa, KOMIIOHEHThI CKOPOCTH TPEHUS
Ha IUIOCKOCTH, POU3BO/IHbIE KOHIIGHTPAIMH MeTaHa, YIIEKUCIIOro Ta3a, BOASHOTO Mapa, TeMIIepaTrypbl, KOM-
IIOHEHT BEKTOPA CKOPOCTH, aTMOC(EPHOTO JABJICHUSI, a TAK)KE HEKOTOPbIE B3aMMOJICHCTBUS B BUJIE TPOU3BE/Ie-
HMM: KOHIIEHTpalMii ME€TaHa U YIJIEKUCJIOro Ta3a, KOHIEHTpalui MeTaHa U BOASHOIO Iapa, KOHLIEHTPALMM
MeTaHa ¥ TeMIIepaTypbl, KOHICHTPALMH U COOTBETCTBYIOIUX KOMIIOHEHT BEKTOPAa CKOPOCTH, KOHIIEHTPAIUU
MeTaHa M aTMOC(epHOro J1aBlieHNs, KOHIEHTPALMK BOASHOTO I1apa U TEMIIePaTypbl, KOHIIEHTPALUK yIJIEKHC-
JIOTO Ta3a U TeMIIepaTypbl, KOHIIEHTPALUK YIJIEKUCIIOr0 Ta3a U BOISIHOTO Mapa, arMoc(epHoe AaBieHHe, 0C-
penHenHoe 1o 30 MHHYTHBIM HHTEPBaJIaM, TNIOTHOCTb BO3/1yXa, IIOTOK YIVIEKUCIIOTO ra3a, IIOTOK CKPBITOTO Te-
IU1a, OTHOCHUTENbHAsI BIQXKHOCTh, CyMMapHasl pajuanus, anb0e10, KOpOTKOBOJIHOBAs pajinalys Majaroias u
OTpakK€HHasl, JUIMHHOBOJIHOBAs paJiMalus Majalouias U OTPaKeHHas, TeMIleparypa U BIaXHOCTh IOYBbI Ha
nryounax 1(25 cm) u 2(15 cm), dap, kuHeTnueckast SHeprusi TypOyJIeHTHOCTH, TeMIIepaTypa Ha HOBEPXHOCTH
IOYBBI, PACCYNTAHHOM 110 JUIMHHOBOJIHOBOW pajiMalnu, CKopocTb Tpenus U*.

KoppensiuynoHnHast Marpuiia CTpouiiach U3 MOMAPHBIX KO3()(UIIMEHTOB KOPPEIISIIMU MEXKLy COOTBETCTBY-
IOUIMMH NpU3HaKaMu. Mexy pasHbIMU MapaMH IepeMEHHBIX MOIVIO OBITh pPa3HOE YKCIIO HAOMIONEHHH, TaK
KaK HEKOPPEKTHBIE 3HAUYEHHsI MCKIIFOYaIMCh U3 JaJIbHEeHIIero paccMorpenus. 3 BapuanToB (hakTropHOTo aHa-
JIN3a UCIOJIb30BAJICA METO/] [IaBHBIX KOMITOHEHT ¢ BpaiieHueM VERYMAX.
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PE3YJIbTATHI

Puc.1 mpeacrasmnsier co00i THITMYHOE pacIipeneeHie COOCTBEHHBIX YHNCEI KOPPEIISIIHOHHBIX MaTPHI] 3a
Kaxblii 1eHb aBrycta 2012 . M3 aToro prucyHKa BHIHO, 9TO IO MprHIKTY KaTTena Beinensercs 6 (akTopos, a
TI0 TIPUHIMITY «COOCTBEHHBIE YHcIa, Oonbiue 1» - 13 dakropos, mpuuem 13 GakTopoB 0OBICHIIOT IPUMEPHO
90 POIIEHTOB TUCTIEPCHU TIPU3HAKOB, a 6 PaKTOPOB OOBIICHSIOT MPIUMEpHO 70 POIIEHTOB O0IIEH qUCTIepCHH,
a 11Ba (hakTopa — OKOJIO MOJOBHHEL [lo3TOMY B HanbHeimeM OyyieM paccMaTpuBaTh CTPYKTYPY MEPBBIX HIECTH
MIPU3HAKOB B TEUCHNE MECSIIA.

a0 Puc.1 CobcTBeHHbIe YMCNa KOpPPenALMOHHOM MaTpuLbl No
26 [JaHHbIM 3a 8 aBrycta 2012 .

20
16
10

a

o+ v - + v T ~
o & 10 16 20 -1 30

O6o3nauennus: T — remneparypa Bo3nyxa, R —cymmapnast pagnanus,Ts 1, Ts 2 — temneparypa mouBsl Ha
rryounax 1 un 2, Hs 1, Hs 2 — oObeMHast BlIaXHOCTh IMOYBBI HA 3THX K€ ITyOMHaX COOTBETCTBEHHO, Far —
(orocunreTnyeckn akruHas paguanust, KET — kunernueckas sHeprust TypOyJIEHTHOCTH, KOTOpast CYMTANIACh
KaK CyMMa KMHETHYECKHX JHEpPIuil OCPEIHEHHBIX COOTBETCTBYIOIIMX KOMIIOHEHT BEKTOpPAa CKOPOCTH (He
nynbecanuii), U* -CKopocTh TpeHUsL.

B tabn.1 mpexacrasnensl GakTopHble HArpY3KH HEKOTOPHIX NEPEMEHHBIX B OT/CIbHBIC JHH aBIyCTa, B
Tabnuie 2 - yacToTa 1MoajjaHus IoKasareiei B rnepsble mecTb Gpakrtopos. [lanHble 3a 4 aBrycra u 16 aBrycra
BBH/JIY IJIOXOTO Ka4eCTBA HE AaHATU3HPOBAJIHCE.

Tabnuua 1. OaKTopHbIE HAarpy3KKU HEKOTOPbIX NEPEMEHHbIX 3@ OTAEeNbHbIE HM aBrycTa 2012 .

e Ifii:‘ﬂ’ﬂ as 03.08. 09.08. 12.08 21.08 26.08 31.08

ams6eno 0,71 (F1) -0,61 (F2) _0%3766((211)0) 20,69 (F7) %‘;78((521)) 0,56(F4)

T 0,90 (F1) 0,91 (F1) 0,93 (F1) -0,71 (F7) 0,96(F1) -0,94(F6)

R -0,68 (F11) -0,66 (F3) 0,69 (F1) 0,79 (F1) 0,71(F1) -0,96(F3)

Ts_ 1 0,89 (F2) -0,92 (F5) -0,83 (F3) 0,82 (F3) 0,80 (F8) :8:;%23

Ts 2 0,84 (F2) :gzgz EE% -0,88 (F3) 0,64 (F3) 0,90(F9) -0,83(F4)

Hs 1 0,81 (F2) 0,91 (F5) 0,79 (F3) -0,80 (F3) -0,78(F8) 0,72(F4)

Hs 2 20,84 (F2) :gzgg EE?; 0,88 (F3) 0,79 (F3) -0,90(F9) 0,83(F4)

Far -0,68 (F11) -0,66 (F3) 0,71 (F1) 0,79 (F1) 0,75 (F1) -0,96(F3)

KET -0,73 (F3) -0,86 (F3) -0,91 (F2) 0,81 (F1) 0,87(F2) -0,75(F2)

U* -0,82 (F3) -0,79 (F3) -0,62 (F2) 0,87 (F1) -0,85 (F2) -0,88(F2)

Tabnuua 2. Yactota nonafaHWii HEKOTOPbIX NOKa3aTesel B 0CHOBHbIE LIECTb GaKTOpOB.
Ilepemennas F1 F2 F3 F4 F5 Fe
AtMocdepHoe naBiIeHue 9 9 4 3 0 0
CH, (MMOJTB/KY0.M.) 5 3 7 3 5 1
ckopocTb Tpenus U* 7 10 3 0 3 1
FAR 20 3 4 0 0 0
H,O (MMoib/Ky0.M.) 6 7 8 3 0 4
H,OT 13 6 3 3 0 2
OTHOCHTEIbHAS BIAKHOCTD 19 5 1 1 0 0
Hs_1 4 8 5 3 1 1
Hs 2 1 10 9 3 1 1
KET 8 8 3 2 3 1
<w’CO,™> 14 1 0 0 1 1
4 CONTENTS SESSION DATA AND INFORMATION-COMPUTATIONAL SYSTEMS FOR EARTH SCIENCES



[epemennas F1 F2 F3 F4 F5 Fé6
<w’H,0’> 13 2 0 2 1
[Taparomas JNIMHHOBOIHOBAS pajinalus 22 4 0 0 0 1
T 21 0 0 0 1
Ts 1 3 10 5 2 2 1
Ts 2 2 11 8 3 1 1
Ux 4 1 4 5 6 2
Uy 7 7 4 2 2 2
Uz 3 5 4 5 6 2
BbIBOO

K ocHOBHBIM nepeMeHHbIM, BJMSIIOIIMM HA 00JIOTHBIE 9KOCUCTEMbl, OTHOCATCH:
e Temmneparypa Bo3ayxa
OTtHOCHTENBHAS BIAXKHOCTD
CyMMapHas paguarus
Temmeparypa U BIa)XHOCTB ITOYBBI HA Pa3HBIX IIyONHAX
®ap
Kunernueckast sHeprus TypOyJIeHTHOCTH
At™MocdepHOoe TaBIeHNE
JluHamMu4eckasi CKOpOCThb MIIM CKOPOCTb TPEHUS
[IpousBenenne KOHIEHTPALUH BOASHOTO IIapa 1 TEMIIEPaTyPhI
[ToaToMy perpeccHoHHbBIE MOZIENH, B KOTOPBIX YUUTHIBAIOTCS TOJIBKO OIHA MITM HECKOJIBKHX 3THX ITepEMEHHAst
THIIA TEMIEPATypbl BO3IyXa SIBISIOTCS HEMONHBIMM, TaK KaK B HHUX IPeHEOperarTcst ApyrnMu (hakTopamH.
Bo3moxHO, y aBTOPOB paboT IMPOCTO HE XBATAJIO NTaHHBIX HaOmroneHuit. [Iprvep Takoit padotsr [Tomosamkast, 2008].

Jumepamypa:

1. Jlanuna JI.D., Yenenckuu .M., Muxaiinos O.A. @axmopHulil ananus KOHYeHmMpayui NApHUKOBbIX
23308 U Opyeux napamempos ¢ me300aucompopuoco 6onoma Meona-I136-Hrop //Tpyosr Komu nayu-
Hoeo yeumpa YpO PAH, , 2014,N187, c.94-108

2. Jloynu J]., Maxceenn A. @axmopHuiil ananuz kax cmamucmuyeckuti memoo M., mup, 1967 (nepesoo ¢
knueu D.N.Lawley, A.E.Maxwell Factor analysis as a statistical method, London, Butterworth, 1963)

3. De.O.Kum, 4.V.Moronnep @axmoprulii ananuz: cmamucmudeckue Memoosl U npaxmudecKkue 60-
npocul (nepesoo ¢ —Jae-On Kim,Charles W.Mueller Factor analysis"Statistical Methods and
Practical Issues (Eleventh Printing, 1986)// @axmopHuvlil, OUCKPUMUHAHMHBIL U KAACTNEPHbII AHA-
ausz, M., @unancet u cmamucmuxa, 1989, ¢.5-77

4. Ilycmukos B.K., Pozenbepe I'C., 3unuenko T./]. Konuuecmeennas euoposxonocus: memoouvl, Kpume-
puu, pewtenus. M., nayka, 2005, m.2.

5. Tonosayxas E.A., [ioxkapes E.A., Unnonumos U. M., Kabanos M.B. BrusHnue nanoua@mmvix u eu-
Opomemeoponozuyeckux yciogui Ha smuccuro CO2 8 mopgoborommusix sxocucmemax ///Jokniadsi
axkademuu Hayk. 2008. m.418. N4. C.539-542.

Assessment of streams of greenhouse gases
on a mesooligotrofic peatland in August, 2012

Lapina L.E., Uspensky I.M.

Department of Mathematics KSC UB RAS, Syktyvkar, Russia
E-mail: lapina@dm.komisc.ru

bog located in a taiga in the European Northeast of Russia 40 km from Syktyvkar. Measurements of
all parameters were carried out by method of microvortex pulsations with use of a gas analyzer of
Li-7500A and the ultrasonic CSAT 3D anemometer at height 3,93 m. Frequency of measurements is -10 Hz.
Measurements included also meteorological characteristics.
The work purpose - to analyse justice of the statement about equality to zero vertical speed of a wind, to
find out a question how to influence the averaging period daily values of concentration of greenhouse gases and
their streams.

Measurements are taken by the staff of Institute of biology since May, 2012 on the meso-oligotrophic
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Streams calculate by a full formula and simplified for methane, carbon dioxide and water vapor and 4 op-
tions of the period of averaging - 1 minute, 10 minutes, 30 minutes and days are chosen. The received values of
streams are compared among themselves. It is shown that use of the simplified formula leads to underestima-
tion of a stream. The averaging period also seriously influences calculation of a stream.

On the example of concentration of carbon dioxide procedure of moving averages which allows to in-
crease number of average values, average on 30minut to intervals that conducts to reduction of value of confi-
dential intervals for an assessment of averages is offered and allows to give more exact estimates of streams. It
is important for studying of turbulent streams.

o 024 Fig.1. Turbulent stream of carbon dioxide by data for 1
.,; August 2012, average on 30-minute to intervals with sliding
L use.
E‘ 011'
: ‘MJ
L —
g so ol
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OueHKM NOTOKOB NAPHMKOBbLIX MA30B HA ME300J/TIUrOTPOPHOM
6onote Magna-las-Hiop B aBrycte 2012 roga

JlanuHa J1.3., YcneHckuin U.M.

Otpen Matematuku Komm HLL YpO PAH, CoikTbiBKap, Poccua
E-mail: lapina@dm.komisc.ru

eton eddy covariance TOCTaTOYHO IHPOKO HUCIONB3YETCS IS PACYCTOB TIOTOKOB, HAIIPUMED, B pa-
6otax (Zamolodchikov et al, 2003). HekoTopbie TeOpeTUYECKUE BOMPOCH! JaHHOTO METO/Ia paccMa-
TpuBatotcs B padbore (Moncrieff et al., 2004) .
IToTok r060TO CKassipa onpeaenseTcs GopMyIoi:
Fe =wpc, (1)

e W — BepTHKaJIbHAasi CKOPOCTh BETPA, p, - INIOTHOCTH CKajsapa. YacTo BMECTO IUIOTHOCTH UCIIONB3YETCsI
KOHIICHTpAIIXS BEIECTBA B PA3IMYHbIX eIUHUIIAX u3MepeHHs. Onepalusi OCpEAHEHUS IIPEATONAraeT He TOIb-
KO OCpE/IHCHHE MO BPEMEHH, HO U OCPEJHEHHUE 110 MPOCTPAHCTBY, HO BBUAY OTCYTCTBHUSI HEOOXOIMMbIX VIS
3TOTO U3MEPEHHIA OTPAaHUYHBAIOTCS OCPEIHEHHEM 110 BpeMeHH. MTHOBEHHbBIC 3HAUCHUSI CKAJIsIPpa MOYKHO TIPE-
CTaBUTH B BUJIC CYMMBI JIByX BEJIMYHH, IIMPOKO M3BECTHBIX KaK MpecTaBicHue PeitHonpaca:

w=w+w,p.=(p)+p.(2)

Moncrapnas (2) B (1), yunTeiBasi ompenesieHne OCPETHEHUS M CBOWCTBA WHTETPAJIOB, TOIyYaeM, UTO
F.=wp;+ wp.' (3). B padore (Moncrieff et al,1997) yrBepxaaercsi, 4To Cpe/iHee 3HaYCHHEe BEPTUKAIBHON
CKOPOCTH BETpa PaBHO HYIO. Takoe jke yTBEp:KICHNE MOKHO BCTPETUTH U B padote (Moncrieff et al.,2004).
APryMEHTHPYETCS TeM, YTO B YCIOBHSAX TOPU30HTAIBHOH OJHOPOIHOIO MOTOKA BEPTHKAIIbHAS CKOPOCTh Be-
Tpa, OCPeIHEHHAs 110 IEPUOJLY, CTPEMHUTCS K HYITI0. DTOT apryMeHT BbI3bIBaeT coMHeHus. B pabore (Moncrieff
et al,1997) npeanaraercs hopmyna Ui pacyeTOB MOTOKA B CICAYIOLIEM BHIE:

F. =w'p. + correction (4)
OpnuH U3 BapuaHToB (hopMyisl (4) B Cirydae OTCYTCTBHUS KOPPEKTUPOBKU UMEET BUJL:
Fe=wp. (5)

OnuH U3 BApHAHTOB KOPPEKTHPOBKU NpuBOaUTCs B pabore (Burba et al, 2012), a Taxoke B padote (Webb et
al,1980). ®opmyna (5) ucmonb3yercsi, HanpuMep, B padote (UebakoBa u jap., 2013) 1yt u3yueHus IHEPTo U
MacocoOMeHa B Pa3IMYHBIX HKOCHCTEMax BIosib EHMcelickoro Mepuinana, BKIII04ast JJ€CHBIC.

Lenp naHHOM pabOTHI — MPOAHAIM3UPOBAThH CIIPABEUIMBOCTh YTBEPIKACHHUSI O PAaBEHCTBE HYIIO BEpPTH-
KaJIbHOW CKOPOCTH BETpPa, BBISCHUTH BOIIPOC O TOM, KaK BIIUSET MEPHOJL OCPETHEHUSI HA CYTOUHBIC 3HAYECHUSI
XapaKTepUCTUK U UX NOTOKH. [ToToku cumnratorcs no gopmysam (3) u (5) it MeTaHa, yIJISKHCIOro ra3a U Bo-
JITHOTO Tapa. 3aMeTHM, 4TO B yUeOHHUKax 110 MUKpoMeTeoposioruu (Harmpumep, Burba,2013) Ha 311 Borrpocsl
HE YJIeJICHO JIOJKHOTO BHUMaHHSI.
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OBBbEKT MCCNEOQOBAHNA N USMEPUTEJIbHAA AMNMAPATYPA

UccrenoBarus nposomunu ¢ 1 mo 31 aBrycra 2012 . Ha Me3oomurorpodHOM 60mote Memra-I1aB-Hiop,
pacrnoioKEHHOM B MO/I30HE cpeaHe Taiiru Ha EBponeiickom Cesepo-BocToke Poccun, B 40 kM Ha ceBepo-3a-
max ot T. CeikteiBKapa (Pecmy6muka Komm, 61° 56' c.ir. 56° 13' B.1.). Ha yuacTke 6onota, T1e IpOBOAMIH H3-
MEpeHHs1, IpeodIaaoT pacTuTenbHble coodmectsa: 1) Carex rostrata Stokes — Oxycoccus palustris Pers. —
Carex limoza L. — Sphagnum sp.; 2) Andromeda polyfolia L. — Oxycoccus palustris — Scheuchzeria palustris L.
— Sphagnum sp. HeznauntenbHyt0 mmiomais (1o 5%) 3aHuMaioT onurorpodHsie coodmectsa Chamaedaphne
calyculata (L.) Moench — Oxycoccus palustris — Andromeda polyfolia — Sphagnum sp. Ilnomans 6omota
2790ra, cpemusis MOITHOCTE Topda -1,4M, MakcumanbsHas -3,4M. Bonoto pacmonaraeTcs Ha BTOpO# HaAIOM-
MEHHOH Teppace, ero BoponpueMHuKamu ciryxat p.Iloxer u p.Ileranm (Topdsasre,200)

W3mepurenpHas cucTeMa BKITIodana yasrpa3BykoBoit anemoMeTp (CSAT3, Campbell Scientific Inc, USA)
u nHppakpacHbIit razoanammzatop otkpertoro tuma (Li-7500A, Li-Cor Inc., USA). Ot6op mpob Bo3mayxa mpo-
BoAMIM Ha BbicoTe 3.93 M. Peructpauus nanusix npousBoauiack ¢ yactotoil 10 Hz. [Tapamerpsl MUKpOKIIH-
Mara (TeMIeparypy BO3IyXa U IIOUBbI, HHTEHCHBHOCTh DAP, manarorieli n oTpaKeHHOH COTHEYHOH paauainn
1 JIp.) ¥ TIyOUHY CHEKHOTO MOKPOBA PETHCTPUPOBAIN aBTOMATHYECKOH METEOCTAHIIMEH ¢ IMOMOIIBIO Peru-
ctpatopa CR3000 (Campbell Scientific Inc., CIIIA).

PACHETbI NMTOTOKOB

Ha pI/IC.l TMOKa3aHbl CPECAHCCYTOUYHBIC 3HAYCHU A BepTHKaHLHOﬁ CKOpPOCTHU BETpa 3a I/ICCHe,HyeMLIﬁ nepuoa.
Kak mb1 BUJUM, TOBOPUTH O PABCHCTBE HYJIIO HC IIPUXOJUTCA.

Puc.1. CpeaHecyTouHble 3Ha4eHUA BEPTUKabHOM CKOpo-
1 cTu BeTpa B aBrycte 2012 r.

J171 OLIeHKH IOTOKOB MCIIOIb30BAJIUCh 4 TEPUO-
na ocpensenus: 1 muH, 10 MunyT, 30 MuHyT 11 1 CyT-
ku. Pe3ynbraThl noay4yuauch pasHele. [l pacyeToB
IIOTOKOB UCTIOJIb30BAINCH popmyisl (3) u (5). PazHu-
1la B OIIEHKax JOCTUraeT COTEH, a MHOIA U ThICAY
pa3. s npumepa, npuBeneM TaOJMUIly NAHHBIX O
MOTOKAX YIVIEKHCIIOrO Ta3a U BOJSHOIO Mapa C JI0Be-
PUTEIBHBIME HHTEpBaJlaMH OLIEHKU CpEIHECYTOod-
HBIX 3HaYeHHH. Vcronp3oBaHHBIN niepuor ocpenaenus — 30 MuHyT. Bee moToku B paboTe BBEIUMCIAIOTCS B
mmol m” ¢’

OOparnM BHUMaHHE Ha OIEHKY ITOTOKA YITIEKHUCIIOTO Ta3a U JOBEPUTENbHBII HHTEPBAJ, HApHMeD, 3a |
aBrycTa. BHYTpH 3TOr0 JOBEpHUTENBHOTO MHTEPBAIa OKA3aJCs HOIb. Takum 00pa3oM, Mbl HE MOXKET yTBEp-
KJIaTh O TOM, 4TO | aBrycra npouCXOAMIO MOMIONICHNE yIIeposia ¢ 95 MPOIEeHTHOH HaieKHOCTBIO. [Ipumene-
HHUE TPOLEIYPhl CIIAKUBAHUS IMTO3BOJIICT HAM CY3UTh I'DAHMIBI JIOBEPUTEIBHBIX WHTEPBAIOB IS OLIEHKH
CpPEeHECYTOYHOTO TIOTOKA. bosee Toro, cpaBHMBasl 3HAUCHHUS TTOTOKOB, TOMYUYCHHBIX MO pa3HBIM (hopMysIam,
BUMM, YTO Pa3HMIBI COCTABIISAET MOPSAKH BEIHMUMH. B 3aKitoueHnn mpuBeneM rpaduki MOTOKOB METaHa U
BOJISTHOTO T1apa, TOJyYEHHBIX 110 CYTOUHOMY MEPHOLYy CPaBHEHHUS.

Tabnuua 1. [oToKM yrieKkMcnoro rasa v BOAAHOMO Napa, BblMMCeHHbIe no dopmyne (3) u no dopmyne (5).

Jlara CoO, CoO, H,0 H,0

1 aBrycra 1.552+0.307 -0.0010+0.0044 91.177+19.926 1.194+0.411
2 aBrycra 1.995+0.715 0.0017+0.0037 100.924+36.211 1.041+0.313
3 aBrycra 3.746+0.345 -0.0013+0.0015 154.028+14.765 1.247+0.396
4 aBrycra 2.108+0.199 -0.0023+0.0011 95.320+8.562 1.103+0.300
5 aBrycra 2.037+0.207 -0.0019+0.0011 108.134+12.122 1.199+0.300
6 aBrycra 0.000+0.001 -0.0007+0.0015 85.197+9.435 0.541+0.192
7 aBrycra 1.737+0.278 -0.0013+0.0075 111.833+25.045 1.711£1.750
8 aBrycra 2.371+£0.374 -0.0010+0.0009 127.809+23.599 1.012+0.262
9 aBrycra 2.376+0.394 -0.0024+0.0015 105.724+14.822 1.328+0.406
10 aBrycra 0.648+0.212 -0.0023+0.0013 29.457+£9.716 0.484+0.193
11 aBrycra -0.471+0.283 -0.0023+0.0015 -17.379+11.483 0.912+0.307
12 aBrycra 0.703+0.219 -0.0004+0.0047 64.050+23.683 1.333+0.540
13 aBrycra 1.022+0.194 -0.0021+0.0051 38.940+7.558 1.124+0.412
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. Hara CO, CO, H,0 H,0

s 14 aBrycra 1.466+0.127 -0.0038+0.0028 55.167+5.418 0.753+0.251

N 15 aBrycra 1.752+0.349 -0.0023+0.0018 130.990+40.573 0.919+0.524

(LG 16 aBrycra -1.518+0.399 -0.0031+0.0016 -57.938+26.364 0.975+0.436

E 17 aBrycra -0.439+0.382 -0.0056+0.0064 42.795+41.819 0.360+1.693
18 aBrycra -0.122+40.346 -0.0015+0.0040 50.738+29.674 0.985+0.661
19aBrycra 1.748+0.244 -0.0009+0.0039 171.063£52.047 0.347+0.974
20 aBrycra 0.642+0.295 -0.0055+0.0058 27.768+17.234 0.689+0.575

, 21 aBrycra 1.944+0.242 -0.0021+0.0024 171.235+62.239 0.370+0.776
22 aBrycra 1.767+0.182 0.0001+0.0000 159.251+67.794 0.836+0.524
23 aBrycra 0.352+0.256 -0.0009+0.0060 -1.548+31.982 1.387+0.983
24 aprycra -0.581+0.218 -0.0012+0.0018 -24.82948.791 0.915+0.374
25 aBrycra 1.313+0.274 -0.0012+0.0029 55.994+12.892 0.645+0.494
26 aBrycTa 2.449+0.219 -0.0010+0.0015 89.189+8.789 0.504+0.324
27 aBrycra 1.942+0.151 -0.0018+0.0009 104.041+35.204 0.749+0.278
28 aBrycra 1.619+0.332 -0.0008+0.0034 30.843+7.157 1.042+0.339
29 aBrycra -5.585+2.707 0.0139+0.0291 -112.611+89.505 0.509+2.463
30 aBrycra -9.185+5.198 -0.0086+0.0235 -294.858+161.147 0.907+4.159
31 aBrycra -1.066+1.601 -0.0094+0.0276 -7.531£22.660 2.526+4.131

i
'

H, fux mmolm”®s’)

10 as

=0

=8 30

Day (August2012)

Puc. 2. NoTok MeTaHa, paccumTanHbIv no gopmyne (3) (rpaguk 1) m Puc. 3. oTok BogaHoro napa . [paduk 1 - no-
no popmyne (5) (rpacmK 2), NOCTPOEHHBIN ANA Neproaa ocpesHeHNA TOK, MONTyYeHHbIV No Gpopmyne (3), rpaguk 2 —
CYTKM. MOTOK, MONyYeHHbIA no gopmyne (5).

ABTOpBI BBIpaXKaroT OyarofiapHocTh K.0.H. MuxaiinoBy O.A. 3a npeoCTaBiICHHbIE JaHHbBIC U T0JIC3HbIE
o0CyXIeHus.

Jumepamypa:

1. Jlanuna J1.D., Yenenckuu U.M., Muxatinos O.A., 2014 @axmopnbiii anaius KOHYeHmpayull napHu-
KOBbIX 20308 U OpYeUX Napamempos ¢ me300iucompoghnozo 6onoma Meona-I1s6-Hiop //Tpyovl Komu
Hayunozo yeumpa, 2014,N187, C.94-108

2. Topgsnvie pecypcwr Pecnyonuku Komu, 2000. — Coixmuiexap. 2000. -613c.

3. UYebaxosa H.M., Bvicoockas H.H., Apnem A., Benennu Mapxesunu JI., Konne O., Kypbamosa FO.A.,
Hapgenosa V.U., Banenmunu P., Bacanos E.A., Ilyneye E.J[., 2013 Duepeo- u macoobmen u npo-
OVKMUBHOCMb 0CHOBHBIX dK0cucmem Cubupu (no pesyromamam usmepeHuti Memooom mypoynenm-
Holx nynvayutl). I. Cmpykmypa meniosoeo bananca 3a nepuoo eecemayuu//Mzeecmus PAH. Cepus
ouonocuuecxkas, 2013, N6, c. 728-737.

4. Burba G., Schmidt A., Scott R.L., Nakai T, et al, 2012 Calculating CO, and H,O eddy covariance
[fluxes from an enclosed gas analyzer using an instantaneous mixing ratio //Clobal Change Biology,
2012, 18, 385-399, doi:10.1111/j.1365-2486.2011.02536.x

5. Burba G.,2013 Eddy Covariance Method for Scientific, Industrial, Agricultural and Regulatory
Applications,; A Field Book on Measuring EcoSysrem Gas Exchange and Arial Emission Rates, Li-
Cor BioSciences, Lincoln,NE, 2013, USA, 331p.

6. Moncrieff J.B., Massheder J.M., deBruin H., Elbers J., T.Friborg, Heusinkveld B., Kabat P, Scott S.,
Soegaard H., Verhoef A., 1997 A system to measure surface fluxes of momentum.sensible heat, water
vapour and carbon dioxide //J.of Hydrology, 1997, 589-611

7. Moncrieff J., Clement R., Finnigan J., Meyers T., 2004. Averaging, Detrending, and filtering of eddy
covariance time series // Handbook of Micrometeorology, chapter 2, pp 7-31

L
=
L
o
o
—
[rw}
=
<2
<z
x
=
o
x
o
Lo
o
x
>
<t
o
cc
=
=
—
<
=
[
(=)
1=
o
T
>
i}
-
=
-0
T
T
o
—
=
<T
=
(=
(=)
=3
= =
=
o
T
a
=
e}
[—
=
=
(X
—
>
a)
[aa]
o
=
o=
—
=
T
rw}
o
rw}
=3
T
(=]
x
—
<<
=
(=]
x
=|
<
<<
T
x
fiw}
=
o
=
o
=
o<
<t
T
=
o
o
<t
=
>
=
=
i}
=

< CONTENTS SESSION DATA AND INFORMATION-COMPUTATIONAL SYSTEMS FOR EARTH SCIENCES




8. Zamolodchikov D.G., Karelin D.V., Ivaschenko A.I., Oechel W.C. Hastings S.J., 2003 CO, flux mea-
surements in Russian Far East tundra using eddy covariance and closed chamber techniques//Tellus,
2003, 55B, 879-892

9. Webb E.K., Pearman G.I., Leuning R., 1980 Correction of flux measurements for density effects due
to heat and water vapour transfer //Quart.J.Met.Soc., 1980, 106, pp 85-100

Three-layer informational-computational system
for presentation of predicted values of urban air pollution
by sources of anthropogenic and biogenic emission

'Bart A.A., 'Starchenko A.V., "*Fazliev A.Z., *Tsar’kov D.V.

' Tomsk State University, Russia

? Institute of Atmospheric Optics SB RAS, Tomsk, Russia

* School of Computer Science, University of Manchester, UK
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Information about the pollution sources, their type, location, and modes of operation and understanding of
the processes occurring in the atmosphere are necessary to control the air quality. In addition, the air quality
in cities is influenced by meteorological conditions that determine the formation of air pollution.

At present, the prediction distribution of the parameters of the atmospheric processes contributes by new
high-performance hardware and original methods of computation. Traditionally important are computational
problems that characterize the state of the atmosphere. Additionally the information tasks related to the presen-
tation and integration of information resources on a regional scale are beginning to play an important role. In
this paper we consider both computational and informational aspects of building informational-computational
system (ICS) «UnlQuE» using three-layer architecture

In the Semantic Web approach the interpretation of the terms «datay, «linked data» and «ontology» is as-
sociated with the semantics of formal languages (XML, RDF and OWL). Moreover, this interpretation leads to
the use of the terms «data and applications layer», «information layer» and «layer of knowledge», introduced
by e-Science [2] to describe the infrastructure of information resources and information systems.

ICS «UnlQuE» is designed to calculate the concentrations of impurities contaminating the air in the atmo-
spheric boundary layer, and to present properties of the results of the calculation in the form of data, informa-
tion and knowledge both for researchers and software agents.

Data and applications layers of the system consist of the mathematical model described in [1] and corre-
sponding data (global meteorological forecast and emission sources description) respectively.

A novel feature of the ICS «UnlQuE» is an ontological representation of the results predicted by the nu-
merical model of impurity transport with consideration of chemical reactions. In this paper ontology is a logical
theory that describes the levels of the atmospheric boundary layer above the city.

The main purpose of the knowledge layer of the ICS «UnIQuE» is to classify properties of the solutions of
the short-term air quality forecast problem. In particular that allows the user to perform semantic search of reli-
able air quality forecasts with a high degree of credibility. The system performs the classification of levels of
the boundary layer and parts largest concentrations of impurities and the degree of coincidence of the measured
and predicted data is performed using OWL 2 DL reasoner FaCT++ [3]. In order to be able to reason about the
data comparison, FaCT++ was extended with additional reasoning facilities.

This work was performed by order of the Ministry for education and science of the Russian Federation No.
5.628.2014/K.

Impurities in the surface layer of the atmosphere appear due to both biogenic and anthropogenic pollution.
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BBEOEHNE

[NosiBnienne mpumMeceil B MPU3EMHOM cJloe aTMoc(epsl 00yCIOBICHO KaK €CTECTBEHHBIMHU NPUIHHAMH,
TaK W aHTPOIOTEHHBIM 3arpsi3HEHHEM. AHTPOIIOTEHHOE 3arpsi3HEHNE aTMOC(Ephl MBITAIOTCS PEryIHpOBaTh
MIOCPEACTBOM MEXTOCY/IapCTBEHHBIX JIOTOBOPOB, & YMUCCHS OMOTEHHBIX NpPHMeEceil Ha ypOaHM3MPOBAaHHBIX
TEPPUTOPUAX KOHTPOIMPYETCS B MEHbIIEH Mepe. 11 KOHTPOIIsT HE0OX0ANMO SBHOE MOHUMAaHHE ITPOIIECCOB,
MIPOTEKAIONINX B aTMocdepe, 1 HHpOopMAIHs 00 NCTOYHUKAX 3arpsA3HEHMS: UX THIIEC, PACHIOIOKEHUH U PEXHU-
Max paboThl. J|BIKeHNE BO3IYIIHBIX Macc 00yClIaBIMBACT NepEMEICHHE KOMITOHEHT IPUMECH B IIPOCTPAHCT-
BE, TEMIIEpaTypa OKPY’>KAIOIIETO BO3AyXa BIMACT Ha CKOPOCTh MPOTEKAHHUS XUMHUYECKUX PEAKIINH, BIAKHOCTD
BO3/yXa 00yCIIaBIMBACT OCAXKICHHUE IPUMECH Ha TOICTHIIAIONIYIO TIOBEPXHOCTh. M3BECTHO, UTO HAa Ka4eCTBO
aTrMoc(epHOTo BO3/1yXa B TOpO/IaX CHIBHO BIHMSIOT METCOPOIOTHUECKUE YCIOBHS, Opeaestomue GopmMupo-
BaHME yPOBHS 3arpsI3HEHUS BO3IyXa.

B nacrosmee BpeMs IpOTHO3UPOBAHUIO PacpeiesIeHHs TapaMeTPOB aTMOC(HEPHBIX POILIECCOB CIIOCO0-
CTBYIOT HOBBIC TEXHHUYECKHE CPEJCTBA W OPUTHHAIBHBIC METOIBI BHIUHCICHUH. BO-TIEpBBIX, CyIIECTBEHHO
YBEIMUMBACTCS BBHIYMCIUTENFHAS MOITHOCTD CEPBEPOB M KOMITBIOTEPHBIX KIIACTEPOB, UTO AeiaeT dhexTns-
HBIM NIPUMEHEHHE METOIOB MapaIeIbHOTO IIPOrpaMMHUPOBAHHS. BO-BTOPBIX, pa3BUBAIOTCS HOBBIC YHCIICH-
HBIE METO/BI. B-TpeThix, yBenmunBaeTcs 00beM JTaHHBIX M3MEPEHHH O COCTOSTHUU aTMOC(ephl. ITO CO3/1aJI0
TIPETIOCHITIKY /ISl OCYIIECTBICHHS YUCICHHBIX PETHOHAIBHBIX TPOTHO30B Ka9e€CTBA BO3TYyXa.

Hapsimy ¢ BEIYMCIUTENBHBIMA 3a/1a9aMH, XapaKTePHU3yIOIIIMHU COCTOSTHAE aTMOC(Eepbl, HAUMHAIOT UTPATH
Bce Ooriee BaXKHYIO POJIb MH()OPMAIIOHHBIE 33]ja91 OTHOCSIINECS K MPEACTABICHUIO U HHTErpaluy HH(opMa-
IIMOHHBIX PECYpCOB MH(POPMAIMOHHBIX CHCTEM PETHOHAIBLHOTO MaciTaba. B manHOM pabore paccMOTpeHbI
KaK BBIYMCIIUTEIbHBIC, TaK ¥ MH()OPMAIIMOHHbIE aCTICKTHI aHAIN3a KauecTBa BO3AyXa Ha/l ypOaHN3NPOBAHHOM
TeppUTOpHUEH.

MATEMATUYECKAA MOAE/Tb MEPEHOCA NMPUMECEN

Jiist MoieTMpoBaHus Ka4ecTBa BO3/yXa HCHONIb3yeTcs crucTeMa MU QepeHIanbHbIX ypaBHEHHH B 4acT-
HBIX TPOW3BOJHBIX JUIsl KOHLEHTPALMH KOMIIOHEHT TPHUMECH, YYUTBIBAIONIAsi XUMHUUECKHE TpaHCHOPMAIHH.
Dra cucTeMa ypaBHEHUH IpecTaBiIsgeT co0oi DiiepoBy Monenb TypOyacHTHOU nuddy3uu [1]:

oG, + UG, + NG, + WEC __9 c,u)—i<c[v>—i<c[w>—q.ci +S,+R,i=1,.,n,.
ot ox dy dz ox dy 0z

3neck C,, ¢; — OCpeTHEHHAs U MyJIbCAMOHHASI COCTABIISIONINE KOHIICHTPAINH i-0i KOMIIOHEHTHI TIPHMe-
cu; U, V, u, v—ocpenHeHHbIE U MYJIbCALIMOHHBIE COCTABIISIOUINE BEKTOPA TOPU3OHTAILHOM CKOPOCTHU BeTpa; W,
W — OCpEIHEHHAs M IIy/IbCALMOHHAs COCTABIIIONING BEPTHKAIBHON KOMIIOHEHTBI CKOPOCTH mpuMecH; { ) —
o0o03Ha"gaeT ocpeaHeHNe 10 PeHONBACY; S; — NCTOUHMKOBBIN WIEH, TIPEICTABIIONIIA BHIOPOCH KOMIIOHESHTOB
mpuMecH B atMocdepy; R, omuckIBaeT 00pa30BaHMe U TPAHCPOPMAITIIO BEIIECTBA 33 CUST XUMHUECKUX U PO-
TOXHMHYECKHUX PEAKIHH ¢ y9acTHEM KOMIIOHEHTOB IPUMECH; 0; — CKOPOCTD BIAJKHOTO OCAXKACHUS TIPHIMECH 32
CUET OCAIKOB; 7, — KOIMIECTBO XUMHUIECKUX KOMIIOHEHTOB IIPUMECH, KOHIIEHTPAIIMN KOTOPBIX HEOOXOIHMO
OIPEJICUTH; X, Y — TOPH30HTAILHBIC KOOPAMHATEL, 0Ch O, HallpaBjIeHa Ha BOCTOK, O, — Ha ceBep; z — BEPTH-
KaJbHast KOOpANHATA; ¢ — BpeMsi, T — rmepruoa MoAeaupoBaHus. PacueTHas 00macTh MpeAcTaBIsieT napasuiese-
nunen , L, L, — rOpu30HTaIbHBIE Pa3MepBl 001acTH, 4 —BbicoTa, —L, /2<x<L /2,-L /2<y<L,/2,0<z<h,0
<t<T.

Jln1st 3ajaHust METEOPOJIOTHYECKHX YCIOBHA, HEOOXOANMBIX /TSI MOZICIMPOBAHHS TIEPEHOCA IPUMECH, HC-
TIOJIB3YIOTCS Pe3yNBTaThI MIPOTHO3a 1Mo miobansHON Moxenn [TJTAB [2]. s aganTanuu mporao3a K CeTKe Mo-
JIENA TIepeHoca MpUMecel M BEIYUCICHUS KOA(PPHUIIMEHTOB TypOyaeHTHONW a1 (dy3un MCTIONB3yeTCsT MOIEIb
omHOponHOTO arMocheproro norpanmaHoro cios (AIIC) [1]:
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W__o -y )YV, V9, N e Vs=V.
ot - az<uw>+f (V Vg)+ T, ’ ot az<vw> f(U Ug)+ T, g
©__9 8;-0. 9W__9 -0
Err A A T e UL A

3nech O, © — cpenHss U IMyIbCALMOHHAS COCTABIISIONINE OTEHIIMAIBHON TeMIeparypbl Bo3ayxa, O, g —
CpeIHss U MyJIbCAOHHAS COCTAB/IAIOMIE a0COMIOTHOM BIAKHOCTH Bo3ayxa, (U,, V,) — KOMIIOHEHTBI CKOPO-

CTH TeocTpoduaecKoro BeTpa, f — mapamerp Kopruomuca. Craraemelie Buma Srs B YPaBHCHHUAX UCTIONB3YIOTCS
JUTS KOPPEKTUPOBKH pacCYUTaHHBIX podueit ¢ = U, V, O, 0. BBOAUMEII TOTOMHUATETHHBIN YWICH IPOTIOPIIHO-
HAJICH Pa3HOCTH MEXKTy PACCUUTAHHBIM 3HAYCHHEM METEOPOJIOTHUYECKOHN MTEPEeMEHHOM U 3HaUCHUEM, ITOTyUICH-
HBIM TI0 JAaHHBIM U3MEPEHUH W II00aHOMY METEOPOJIOTHIECKOMY MPOTrHO3Y. MHIeKCOM «S» 0003HauEHBI
METEOPOIIOTHIECKHE TI0JI1 CHHONITHYECKOTO MaciTada, moidydaeMble B Pe3yabTaTe YUCICHHOTO TPOTHO3a 110
100aTEHON MOAEN aTMOC(EPBI, HITH PE3yNbTaToB HaOMOAeHNH BepTHKanbHOH cTpyKTypbl AIIC; T, — mepuon
BpPEMEHH (4acToTa) OOHOBJICHHUS PE3yIIBTaTOB YHCICHHOTO ITPOTHO3a WTH HAOITFOICHUH.

s 3aMBIKaHUST CHCTEMBl YpaBHEHUH MPHUMEHSCTCS TpeXmapaMeTpudeckas MOICTb TypOyJIeHTHOCTH,
BKITIOYAIONIAsl yPaBHEHHS TIEpEeHOCa Il KHHETHIECKOW DHEPTUH TypOyICHTHOCTH k, MHTETPAIIbEHOTO MACIITa-
6a TypOyYIECHTHOCTH [ ¥ TUCTIEPCHH TYpOYJICHTHBIX TYJIbCAllMil MOTEHIIMAIBHOM TeMmepatypsl (02),, mpemro-
JKeHHas B padote [1]:

s 3anaHns MHTEHCHUBHOCTH ASMICCUHU TIPUMECH B aTMOC(epy UCIIONB3YIOTCS JaHHBIE 00 MCTOYHUKAX
AHTPOIIOTEHHOTO ¥ OMOTEHHOTO XapakTepa. JIsi MOmeIupoBaHUSI SMUCCHH H30TPEHA OT JIECHBIX MAacCHBOB
(OMOTCHHBI MCTOYHUK) HUCIONB3YeTCS MEXaHU3M, IpeanoxkeHHsd B Moxern MEGAN, smuccus u3ompeHa
paccUYMTHIBaeTCS Ha OCHOBE II00ATBHBIX JAHHBIX O CKOPOCTH SMUCCHHU M30IIPEHA U HHIEKCA TMCTBEHHOTO I10-
KpOBa C y4ETOM METEOPOJIOTHUCCKUX YCIOBHUH.

MopenupoBaHUe XUMHICCKUX U POTOXUMHUUCCKUX PEAKIIHIA TPOBOAUTCS Ha OCHOBE ITOTYIMITHPHUIECKOM
KHHETHYECKON CXeMBI 00pa30BaHuUs MPU3EMHOTO 030Ha [4]. B KuHEeTHYeCcKoii cXxeMe yaIuThIBatoTCs 19 xuMude-
CKUX PEaKIid MEXKIY CICAYIOIMMMH KoMroHeHTaMu: NO, (muokcuna azora), NO (MOHOOKCHI a30Ta), O(ID)
(B030y’KIEHHOE COCTOSIHHE aTOMApHOTO KHcaopona), O('P) (0CHOBHOE COCTOSHHE aTOMApHOTo Kucnopoaa), O,
(030H), HO (TuapokcuinbHbI pamukain), H,O, (epekuch Bogoponaa), HO, (ruapornepokcuaabiil paaukan), CO
(oxcun yrepona), SO, (muokcun cepsl), HC (yrmeBomoponsr), HCHO (dhopmansaerun), RO, (IepoKCHIHBIC
paaukaisl), O, (MONEKYAAPHBIA KUCIOPOX), IV, (MONEKyIsIpHBIi a30T), H,O (BOASHOMH map).

NHOOPMALIMOHHO-BbIYNCITUTE/IbBHAA CUCTEMA «UNIQUE»
TPEXCJTOMHOW APXUTEKTYPbI

B pamkax monxona Semantic Web (SW) un(bopManinoHHbIC pecypChl BKIIOUAIOT B ¢e0sl TaHHBIC, HHPOP-
MaIMIO U 3HAHUSA. DTU TEPMHUHBI B JIUTEpAType TPAKTYIOTCS JOCTaTOYHO HIMpoko. CleoBaHUe CKIIabIBaIO-
Hieicst TepMUHOJIOrUHU oxoaa SW NpHUBOJUT K HCIIOIB30BAHUIO TEPMUHOB «JIAaHHBICY, «CBSI3aHHbIC JAHHBIC)
U «oHTOJOTHMY». B moaxone SW nHTepnpeTanys TepMHUHOB «JJaHHbBIE», «CBSI3aHHbBIC TAHHBIC» U «OHTOJIOTHM
ACCOLIMUPYETCs C CEMaHTUKOH (opMaibHBIX s13b1Kk0B (XML, RDF 1 OWL). Bonee Toro, Takoii nHTEpIIpeTaIy-
eil 00yCJIOBJICHO HCIIOJNB30BAHUE TEPMHHOB «CIIOW NaHHBIX M MPUIOKECHUI», «AHOOPMAIIMOHHBINA CIIOW» |
«CJI0¥ 3HaHMI», BBEJICHHBIX B e-Science [5] s onucanust HHQPacTPyKTypbl HHPOPMAIMOHHBIX PECYPCOB H
UH(OPMAITMOHHBIX CUCTEM.

Wudopmanmonno-perarciautensias cucrema «UnlQuE» npenna3sHaueHa Juisi BEIYHCICHHS KOHIICHTpA-
U IPUMECEH, 3arps3HSIOIINX BO3AYX B aTMOC(HEPHOM ITOTPAHUYHOM CIIO€ TOPO/Ia, U TIPEICTABICHHS CBOWCTB
pe3yabTaToB BhIYKMCICHUS B ()OpME JIaHHBIX, UH(OOPMAIMK ¥ 3HAHHUI JJIsl NCCIIe0BaTeIe U MPOrpaMMHBIX
arcHTOB.

Pacuer nepeHoca npumecei BISETCS PECYPCOEMKOM 3a7adeil, pelieHre KOTOPOH MOXKHO HAalTH BBIIOJ-
HEHUEM PacueTOB Ha CYyIIEPKOMIIBIOTEPE € UCIIOJIB30BAHUEM TEXHOJIOTUH NapaJlJIeIbHOTO IPOrPAMMUPOBAHHUS.
AJTOPUTM pelIeHHs CeTOYHBIX YPaBHEHUH MOJETH NepeHoca MpuMecel aJanTHPOBaH K MPOBEACHUIO pacde-
TOB Ha MHOT'OIIPOLIECCOPHOM BBIYUCIIUTENBHON TEXHUKE C PACIPENEICHHON IaMAThI0. B anropurme peanuso-
BaH NPUHIUI JIBYMEPHON JIEKOMITIO3UIMH TI0 JJAHHBIM, 00ECIIEUNBAIONINN BBICOKYIO 3()(EKTHBHOCTH Tapali-
JIENTbHBIX BBIYMCIICHHH 32 CUET BOBMOKHOCTH 3aJIeHCTBOBATH OOJIbILIEE KOJTMYECTBO ITPOIIECCOPHBIX DJIEMEHTOB,
YeM IIPU UCIIOJIb30BAHUU OJTHOMEPHOM JEKOMIIO3ULIUH.

Ocobennocteio UBC «UnlQuE» siBisieTcss OHTONOTHYECKOE MPEICTABICHUE PE3YJIBTaTOB PACUETOB I10
YHCIICHHOM MOJIeNN MepeHoca MPUMECH C YIeTOM XMMUYECKHX peakuuii. B nanHolt pabote oHTONOTHS Tpea-
CTaBJISIET JIOTHYECKYIO TEOPHIO, ONHUCHIBAIOILIYIO0 YPOBHH aTMOC(EPHOTO MOTPAHUYHOTO CIIOS HaJ| TOPOJIOM.
Cxema BC «UnlQuE» B TpexcnoiiHol apXUTEKType Moka3aHsl Ha puc. 1. Jlornyeckast TeopHst COTEPIKUT Kak
(haKTOJIOrN4ECcKyI0, TaK U MOHATHHHYIO YacTH.

dakronoruueckas YacTb OHTOJIOTHH IIPEJCTABIISIET COO0H YHCICHHOE OMUCaHUE YPOBHEW TTOrPaHUYHOTO
cnost. B IBC aBroMaTn4ecKky BEIYUCISIOTCS 3HAUYCHHUS CBOMCTB, XapaKTepU3YIONUX MPpeICKa3aHHbIe JaHHBIC O
COCTOSIHUH MOTPAHUYHOTO CJI0s. DTH CBOMCTBa onuckIBatoTCs Ha A3bike OWL 2 DL B pamkax ceMaHTHYECKOTO

CEKLUUA JAHHBIE N NHOOPMALIMOHHO-BBIYMUCIIUTENBHBIE CUCTEMBI [J1A HAYK 0 3EMJIE COAEPHAHMUE »
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noaxona. O6IacTbi0 MPUMEHEHHUS STHX CBOMCTB SIBIISIOTCS YPOBHU IIOTPAHWYIHOTO CJIOSL. BRrducennbIe perre-
HUS 33/1a9 TIEPEHOCA TIPEICTABIIIOT C000i HAOOPHI TaHHBIX, 00CCIIEYeHHBIC METaJaHHBIMA. B 9ncio cTpyk-
TYpPHBIX METaJaHHBIX BXOAST BPEMs, HA KOTOPOE BEIYUCICHO pEIIeHIE, HOMEp YPOBHS B aTMOC(EpHOM ITOTpa-
HUYHOM CJIO€, XUMHUYECKasi MOAETh B paMKaX KOTOPOW MPOBOAMINCH BRIYHACICHHUS U T.J. 3HAYMMBIM JIJIS aHA-
JU3a MPOTHO3a (TIpeICKa3aHus ) SIBISETCS YPOBEHB MMOTPAHUIHOTO cJos atMocdepsl. B MaTemaTmueckoit Moze-
T UTsT 000MX MEXaHM3MOB XUMHYECKHUX TPAaHC(OPMAII BEIIECTB pacCMOTpeHo 28 ypoBHeH. V3zydenne au-
HAMHKH H3MECHEHHH KOHIIEHTPAITMH MPUMECH OCYIIECTBISIETCS C MEPHOAOM B OAWH Yac. DaKToIorHuecKas
YacTb SBJIETCSI OCHOBHOW KOMITOHEHTOH HH(popMannoHHOoTo ciost cuctemsl UnlQuE.

[ousTHitHAs YaCTh OHTOJIOTHH COACPKHUT TaKCOHOMUIO KiaccoB. B IBC 3naumMble 171 aHaIHM3a CUTYya-
I yPOBHU TIOTPAHWYHOTO CJIOSI OTHECEHBI K OTIPe/IeIeHHBIM KilaccaM. [IprMepoM Takoro OTHECEHUS SBISIET-
CSl CUTYaITsl TPOBEPKH JJOCTOBEPHOCTH MPOTHOCTHYECKUX KOHIICHTPAINH 5 pa3HBIX IPIMECEH C N3MEPEHHBI-
MH KOHIICHTPaNXsAMHU. B 3aBUCIMOCTH OT TOTO MOTAJArOT JIM Pe3yIbTaThl IPOTHO3a B JOITYCTUMBIN HHTEPBAI
MTOTPEITHOCTH U3MEPSAEMON KOHIIEHTPAITHH.

OcuoBHbIM Ha3HadeHHeM ciios 3HaHui B IBC «UnlQuE» sBisieTcst crucTeMaTn3aliyst CBOMCTB PEIIeHHH 3a-
JIa4H KPAaTKOCPOYHOTO MIPOTHO3a Ka9eCTBA BO3AyXa, B YACTHOCTH, TIPEIOCTABICHNE MOTB30BATETIO BO3MOKHOCTH
CEMaHTHYECKOTO MIOMCKA TOCTOBEPHOTO IPOTHO3a Ka9eCTBA BO3AyXa C BEICOKOH CTETICHBIO TOBEPHS K HEMY.

MamuHHasi cucTeMaTu3alnys ypOBHEN MOTPAaHUYHOIO CJIOS U MX 4YacTed M0 BEJIMYMHE KOHLIEHTpaLUii
MIpUMecei U M0 CTENICHN COBIAICHHUS M3MEPEHHBIX U MPEICKa3aHHBIX JAHHBIX MPOBOANUTCS C MTOMOIIBIO pac-
IIMPEHHOH Bepcuu MamuHbI BBIBoAA (inference engine) FaCT++ [6].

B kagecTBe mprMepa aBTOMAaTHYECKOTO OTHECCHHUS PACCMOTPEHO (POPMUPOBAHHE KIIACCOB, CONEPIKAIITNX
YPOBHH C HEZOCTOBEPHBIMH 3HAUCHUSMH KOHIIEHTPAINH npuMeceid. Kpureprem J0CTOBEPHOCTH pacyeTa sB-
JISICTCS BBITTOJTHEHNE YCIIOBHS:

{Apreds A —DP<A SN {ApredS AL <AL + DY

B KOTOPOM A, 1 ApredS 3HAYEHMs M3MEPEHHOH U TpeIcKa3aHHoOi KOHIeHTpaluii BemecTsa S, a D® mo-

IPEUTHOCTh U3MEPEHUSI KOHIIEHTPAIMK BEIIecTBa S.

meas pred pred meas

5a3a 3HaMi CBOACTE PELeHW, XBPAKTEDKIYIOUMX ¢ Mauwsta Bwisona (FaCT+s)

Busog ¢ apudmeTiion
RelatedData

Protégé

N\

Mexepayus nHawawgos
€ NOMOLWBI NPOrHOC THYECKIX
peweHnti

BLAMCNEHMI

4

Céop aaremx I

Orobpaxenne peaynsTaTos ‘

Pacuer pacnpocTparenna
NPUMECH C yJeToM
OMIECKIX PeaKLmMi

Be6G wntepdeiic

3arpyaca nannbix Ha KnacTep

WuTepnonsyma
AavHBIX NPOrHO3A
no rnoGansHof Mogen

V1

Mpunoxerun Humepgpeicsr
Puc. 1. TpexcnoiiHan apxutextypa UBC «UnlQuE».

Paboma evinoanena no I'ocydapcmsennomy 3adanuio munucmepcmea obpaszosanus u mayku P®, Ne
5.628.2014/K.
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Using satellite-derived atmospheric motion vectors (AMV)
observations in the data assimilation system based
on LETKF algorithm

'Mizyak V.G., Shlyaeva A.V., "Tolstykh M.A.

' Hydrometeorological Research Centre of Russia, Moscow, Russia

? Data Assimilation and Satellite Meteorological Research, Environment Canada, Montreal, Canada
* Institute of Numerical Mathematics RAS, Moscow, Russia

E-mail: vmizyak@mecom.ru, shlyaeva@gmail.com, tolstykh@m.inm.ras.ru

The data assimilation system based on LETKF is being developed at the Hydrometcentre of Russia.
This system prepares initial data (so called objective analysis) for the global semi-Lagrangian atmo-
spheric model SLAV.

An overview of experience of using satellite-derived atmospheric motion vectors (AMYV) observations in
this system is given. We consider the difficulties encountered and the ways to overcome these difficulties.

Height assignment is the most crucial source of AMVs error. To reduce its impact, the AMVs height reas-
signment method based on the consistency coefficient between the observed and the background winds is im-
plemented.

The other way to improve the analysis quality is a more accurate specification of the AMV observation
errors. This necessitates the use of the non-diagonal observation-error covariance matrix R in the data assimila-
tion scheme.

The results of experiments show improvements in analysis and forecast accuracy.

l ocal Ensemble Transform Kalman Filter (LETKF) is one of widely used data assimilation algorithms.

Ncnonb3oBaHMe OaHHbIX CryTHUKOBbLIX HabnogeHnn AMV
B cMCTeMe ycBoeHUA Ha ocHoBe LETKF

'"Mu3sk B.T., “linsesa A.B., "*Tonctbix M.A.

' TuppomeTueHTp Poccum, Mocksa, Poccusa

? KaHapicKui MeTeoponoruyeckuii uenTp, Monpeans, Kanapa

: WUHcTtuTyT BoluMcnuTensHoi MateMatuku PAH, Mocksa, Poccua

E-mail: vmizyak@mecom.ru, shlyaeva@gmail.com, tolstykh@m.inm.ras.ru

BBIYHMCIIUTEIILHBIE KOMIUIEKCHI, COZIEpKalllie MOMUMO YHCIICHHOH Mojieny OJIOK MOArOTOBKH Hadallb-

HBIX TaHHbIX. HauanbHbIe JaHHBIE, HEOOXOAUMBIE IS CTapTa MPOTHOCTUYECKON MOJENH, MOTyJaioT
MyTEM HEKOTOPOIl OLIEHKH COCTOSHUS aTMOC(EphI, BHIIIOTHEHHONH HAa OCHOBE MOAEIHHOTO KPAaTKOCPOUHOTO
MporHo3a (TIepBOTO MPUOTMKESHHS ), CMEIIIAHHOTO C JAHHBIMU JOCTYITHBIX HaOmroneHuii. Takas oreHka Ha3bl-
BAETCs aHAJIM30M, a TIPOLIECC IO €r0 MOTYYEHUIO HAa3bIBAETCS YCBOCHUEM JTaHHBIX.

CospeMeHHHe CHCTEMbI YHCIICHHOTO MPOTHO3a MOTO/IbI MPECTABISIOT COOO0I CIOXHBIE TPOTPAMMHO-

CEKLUUA JAHHBIE N NHOOPMALIMOHHO-BBIYMUCIIUTENBHBIE CUCTEMBI [J1A HAYK 0 3EMJIE COAEPHAHMUE »
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B ycBOeHMH TaHHBIX BOBHHKAIOT CJIeTyI0Ie TPYTHOCTH:

® JIaHHbIE METCOHAOIIOACHHI PAa3HOPOJHBI U HEPETYISPHBI, 3a9acTyi0 U3MEPSIOT HE Te IIEPEMEHHBIE,
KOTOpBIE BXOJISIT B ypPaBHEHHS MOJICIIH;

® KaK MOJCNbHBIC JaHHBIC, TAK M JAaHHBIC HAOIIOACHUH COlep)KaT alpHoOpH HEW3BECTHBIE OIIMOKH,
CBOMCTBA M 3HAUCHHUS KOTOPBIX MOTYT CYILIECTBEHHO BIIMATH Ha ITOJIy49aeMbli aHAIN3;

® JUIs peIICHUs 33/1a4M HeOOXOANMBI CYIIICCTBCHHBIC BHIUNCIUTEIBHBIC 3aTPaThI, T.K. IIOPSIOK pa3Mep-
HOCTEH CETOK B COBPEMCHHBIX TII00ATBHBIX MOJECIAX atMochepsl cocraisiet mpuMepHo 105 — 106 y3moB mo
ropuzoHTanu (ipu paspemnieanu 0,2° — 1°) u 102 BepTHKAIBHBIX YPOBHEH, a KOIIMYECTBO JOCTYITHBIX Ha CETOA-
HSIIHUHN JCHb HAOMIONCHUN MOXET HMETh OpsIoK oT 105 (6e3 ncronp30BaHus CITy THUKOBBIX HAOIOICHHIA)
1o 107 (Tipu KCIIONB30BaHUH JAHHBIX HAOTIOICHUN CO CITyTHUKOB).

Jannas pabora NOCBSIIEHA OIMCAHWIO HCIIOJNB30BAHMS CIyTHUKOBBIX HaOmoneHuit Berpa AMV
(Atmospheric Motion Vector) B cucTeMe ycBOCHHUS Ha OCHOBE JIOKJILHOTO aHcamoOieBoro ¢puinsrpa Kaamana c
npeoOpazoBanneM ancamoOis [1]. YnomsiHyTas cucrema papaborana B 1a00paTopuy IEPCIICKTUBHBIX YHCIICH-
HBIX MeTos10B [ mapomerenTpa Poccnn [2] 1 B HacTosiIee BpeMs COBEPIICHCTBYETCS, YTOOBI JOCTHYD YPOBHS
OTIEPaTHBHOM CUCTEMbI yCBOCHUS JaHHBIX. B KadecTBe MPOrHOCTHYECKON MOAEIH JUTS TTOJTydESHUs MOJIeH mep-
BOTO TPUOIDKEHHS UCIIONB3yeTCs Tio0anbHas oneparuBHas monenb arMocdepsl [TJTAB [3]. [Tnanupyercs,
YTO TTOJYYEHHBIE C IOMOIIBIO Pa3padaThIBAEMO CHCTEMBI MOJIST AHATIM30B OYIyT MCIIOIb30BAThCS B KAUECTBE
CTapTOBBIX IOJIEH JUI aHCAMOJIEBOTO CpefHeCpOdHOro nmporHosa B ['mapomernentpe Poccun. B Hacrosimee
BpeMs B YCBOCHHH YYaCTBYIOT CIIEAYIONIME BUIBI HaOmonenuit: paanozonasl TEMP, HazemHble 11 Kopabeis-
ueie HaOmonenus SYNOP, -SHIP, camonerneie HaOmronenuss AIREP, ciyrHukoBeie HaOmronenus SATOB,
AMV.

NOKAJTbHbIA AHCAMBJIEBbIV OUTIbTP KAJIMAHA
C NMPEOBPA30BAHMEM AHCAMBA (LETKF)

LETKEF [1] siBisieTcs OAHUM U3 allTOPUTMOB PEIICHHUS 334K YCBOCHUS JAHHBIX, KOTOPBIE UCTIONB3YIOTCS
B IIPOrHOCTUYECKUX LEHTpax. Ero omm4nTenbHOi 0COOCHHOCTBIO SIBISIETCS IIEPEXO] OT 3a/1a4H TOopsiAKa pas-
MEPHOCTH MOJIE/IBHEIX nojieit (~10°) k 3agaue pasmeprOCcTH nopsaka 10°. DTOT Hepexoa CTAHOBUTCS BO3MOK-
HBIM OJlarojiaps TOMy, 4TO BMECTO OJJHOTO HaOOpa MOJIENBHBIX NPOTHO30B, MCIONB3YeTCsl TaK Ha3bIBAEMBbIi
aHcaMOJIb, COCTOSIIIMIA U3 HECKOJIBKHX JECATKOB MPOrHO30B, OTIAMYHBIX APYT OT Apyra. PazmepHoCTh aHCaM-
6115t 00b14HO Bapbupyetcst oT 40 10 80 yyacTHHKOB.

Aunroput™ ¢uibrpa Kanmana npumeHsieTcs Uit OLIeHKH HEM3BECTHOTO COCTOSIHHSI CUCTEMBbI, HCTHHHOE
3HAaYEHHE KOTOPOTO BBOJUTCA B KAUECTBE BEKTOPA PA3MEPHOCTH 71 X' = (X,,..., X,,) . BeKTOp mepBoro nmpuommsie-
HusA (anpuopHas MHPOPMALMs, KPAaTKOCPOUHBIH MOIEBHBIH MPOrHO3) 0003HAYaeTCs KaK X = (X,,..., X,,) U
MMEET Ty )K€ Pa3MEPHOCTB 7. Takxke MbI IMeeM BeKTOp HaOJtoieHnit pasmepHocTH m. Habironenus MmoryT Ha-
XOZMTHCS B TOYKAX, OTIIMYHBIX OT TOYEK, B KOTOPBHIX HAXOSTCSI HHTEPECYIOIINE HAC BETMUUHBL, U HE COBIAIATh
¢ HuMHU (usuuecku. [t Toro, 4ToObl UMETH BO3MOXKHOCTB COIIOCTABJICHHSI BEKTOPA COCTOSIHUSI BEKTOPY Ha-
OnrosieHui BBOANTCS orieparop HaOmoneHnit H, KOTOPbIi MPOEHHUPYET BEKTOP COCTOSHHS B TPOCTPAHCTBO Ha-
6mionenuii. Hac HHTEpecyeT olleHKa HCTHHHOTO COCTOSHHSA, KOTOPYIO 0603HAYaI0T X* = (X,,..., X,,) Pa3sMepHo-
CTH 11 Yl MLIYT B BUJIE:

x=xX"+K[)'-Hx"],

rne H — muueapuzanus oneparopa H, mpenctasisieT coboit Marpuiy m Xn, K — BecoBast matpuria pasmep-
HOCTH /1 Xm, KOMIIOHCHTHI KOTOPOH B ATOM CIIy4ae M IMOIeXkKAaT ONpeAeIeHNI0. J{JIst ommpeneneHus 3Tol MaTpu-
IIBI BBOSTCS CIICAYIOIINE 0003HAYCHUS IS OITHOOK:

&' =x"—x'— ommOKa aHaJN3a,

&’ =)"— H (x") — omnbKa HaOIIONEHHIA;

¢’ =x" — x' — ommbKa mepBOro NMPUOITHKEHNS.

BaxHBIMU SBISIOTCS CIICAYIOIINE OTPAHUICHNUS, HAKJIaJbIBACMbBIC HA OTIMCAHHBIC BHIIIE OIIHOKH:

1. Bce ommbxu HeCMEUIEHHBIC H UMEIOT | aycCOBY TUIOTHOCTD PAaCcIpeACICHHUS, T.C.

E[e'|=E[]1=E[£]=0.
2.  OmuOKY nepBOro MPUONIMKSHUS U ONIMOKK HAOIIOICHUN HEKOPPEITUPOBAHBI, T.C.
cov(e’, &) =E['() 1=E[£'(e")] = 0.

Takum 00pa3zoM, OmMOKK HAOIIOICHUH 1 OMIMOKK TIEPBOTO MPUOIMKEHHS TIPU CCTaHHBIX JOITYILCHUIX
MOTYT OBITh IIOJTHOCTHIO OITUCAHBI CBOMMU KOBAPUAIIMOHHBIMH MaTPHULIAMHU:

P’ = (&'(¢") ") — marpuia KoBapuanuii omM60K HAGTIONEHHIA;

P'= (&'(¢") ") — maTpuua KoBapHaluii OMMGOK IEPBOTO MPUOTHKEHHS.

Torna onTrManbHOM B CMBICIIE METOIa HAMMEHBIINX KBa(PAaTOB OLIEHKOH BEKTOpa COCTOSTHUS Oy/IeT BEK-
TOp aHanm3a x’, B KOTOPOM

K=PH (R+HPH)".
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[Ipenmomaraercs, 9To BXOZIINE B 3T0 BeIpakeHne MaTpuilsl R m H mpl 3amaém. CiioKHOCTB MTpeCcTaBs-
et Marpuna P’, koTopas B cllydae IpEMEHEHHs JaHHOTO alTOPUTMA B YACTOM BUe coctouT u3 10°x10° ane-
MEHTOB. AJITOPUTM JIOKaJBHOTO aHcambieBoro ¢guisrpa ¢ mpeobdpasoBanmem ancambns LETKF mo3Bonser
BMECTO TPSIMOTO MCIOJIb30BAHHSI 3TON MaTPHUIIBI TPUMEHATH €€ OLICHKY, TTOIyIEHHYIO Ha OCHOBE HH(pOPMAaNU
0 pazbpoce aHcaMOJIst TPOTHO30B BOKPYT CBOETO CPEHET0 COCTOsIHNUS. boree moapo6HO 03HAKOMHTECS C OTH-
cannem anroputma LETKF moxHO B cratse [1].

KnrogeBbIME HperMyIIeCTBAMU JAHHOTO aJTOpUTMa (IOMHMO OTCYTCTBHSI HEOOXOAMMOCTH B IPSIMOM
HCTIONB30BAHHS TIOTHOM MaTpHItbl P’) BIAIOTCS TOKaTM3aIMs HAGTIONEHHiT (B yCBOGHHH YIaCTBYIOT TOJBKO TE
HaOJIIO/ICHNs, KOTOPBIE MONAIAI0T B HEKOTOPBIN Hamepés 3aJlaHHBId Paanyc JOKaIU3alui) U BO3MOKHOCTh
3¢ PEKTHBHOTO pacmapayIeTUBaHUs 10 JaHHBIM [4] U3-3a TOTO, YTO aHAMN3 (POpPMHUpPYETCs HE3aBUCHMO B Ka-
JKJI0M TOYKE MOJIENBHON CETKH.

YCBOEHME CMYTHWKOBbIX JAHHbLIX HAB/TIOAEHWM BETPA (AMV)

Habmronenns AMV noiy4arot, OTCIeKUBast IepeIBIKEHUS 00JIAKOB MM CKOTIJICHUH BOJSHOTO Mapa Io
CepUsIM CITyTHUKOBBIX M300pa)KEeHHH, CACNaHHBIX B PA3IMYHBIX JHana30Hax 4acToT (BUAMMBIN, HH(pakpac-
HBIH, BOJISTHO# ap). [1o 10JI0KEHHIO OTMHAKOBBIX CTPYKTYp Ha M300paKeHHsIX, CACTaHHbIX CITyTHUKAMU Yepe3
PaBHBIC TPOMEKYTKH BPEMEHH, JICNAIOT BBIBOJ O CKOPOCTH M HAIIPABJICHUU BETPa B TOUKE HAOMIOACHUS.

BonbImm npenMyIecTBOM 3TOTo BH/a HAOMIOAEHHH, 00y CITaBIMBAIOIIAM HEOOXOMMOCTh €T0 HCTIOIh30Ba-
HUS B CHCTEMax YCBOCHHMS JAHHBIX, SBISIETCS MI00AIbHOE MOKPBITHE 3MHOTO Iapa JaHHeIMH AMV. 3agactyio
HaOoneHust AMV SIBJISIIOTCSL € IMHCTBEHHBIM HCTOYHUKOM JI@aHHBIX O BETpE B Tporocdepe HaJl HEKOTOPHIMHU aK-
BaTOPHUSAMH OKEAHOB U B BEPXHUX IHPOTaxX [5], B T.4. apkTHdeckux. Kpome Toro, 3ToMy By HabmoneH CBOM-
CTBEHHO BBICOKOE NMPOCTPAHCTBEHHOE U BPEMEHHOE pa3pelIeHHe, a XapaKTePUCTHKH H3MEPEHHUN JIETKO MPUBO-
JIITCS K MOJZICJIBHBIM TIEPEMEHHBIM, YTO CYIIECTBEHHO YIIPOIIAeT MPUMEHAEMBIH IIpH UX ycBoeHuu omneparop H.

OCHOBHBIM HCTOYHHKOM OIIMOKH TPH MOJyYeHHH JaHHBIX HaOmioneHuilt AMV sBisercs onpenencHue
BBICOTBHI, T.€. ONIPEICTICHUE IaBJICHHsI, HA KOTOPOM HaOJIF0aeTCs BETep (Yalle BCEro B JaBICHUE IPEOOPa30BbI-
BaeTCs TeMIIEpaTypa, ONpeAeaEHHas 10 HACHIIIICHHOCTH IIBETA OTCIICKUBAEMBIX CTPYKTYP, C HCIIOIH30BAHUEM
MPOTrHOCTHYECKUX Tpoduiieii Temneparypsl). MccnenoBanust ommook B HaOmoeHusIX AMV MoKa3bIBaIoT, 4TO
oMOKa MPUCBOCHHOM HAOJIIOICHNIO BEICOTHI MOXKeET JocTurarh 150-160 rlla B 3aBUCMMOCTH OT IPUMEHSIEMO-
TO METOjIa OTIpeIeIeH s, CTyTHUKA U KaHama [6].

EcTecTBEeHHBIM penieHreM JaHHOH MPOOIEeMBbI SBISIETCS TEPEOIpeIeTICHNE BEICOTH HabmoaeHns AMYV, B
clly4ae, e€Clid IIPUCBOCHHAsI BHICOTA MCIIOIB3YEMOT0 B YCBOCHUH HAOJIOACHUS HE YIOBIETBOPSIET HEKOTOPBIM
YCTaHOBJICHHBIM KPUTEpHUAM. B HaIIMX SKCIEpUMEHTaX JJIS MEPeOoTpe/IeIeHUs] BEICOTHI UCTIONIB30BANIUCH Pe-
3yJBTaTHI, OITyONIMKOBAaHHEIE B paboTte [7].

g onpeneneHns HOBOW BBICOTHI MIIM MPUHATHS PEHICHUS 00 MCIIOIB30BaHUH TOTO 3HAYCHHS, KOTOPOE
OBbLIO OMpeiesIeHO TPOU3BOAUTEIEM HAOIIOAEHNS HCIIONb3YETCsI CIIELY IO alrOPUTM, B KOTOPOM HaOIroAa-
eMble 3HaueHUs BeTpa AMV cpaBHHBAIOTCS C MOAETBHBIMH IIPOTHO3aMHU BETpA.

Jlyist kaxaoro i-ro HaONIOJICHUST BEKTOpA CKOPOCTH V; BhIUMCISCTCS] KOA(D(UIIMEHT COITacOBaHHOCTH C
M-M COCETHUM BEKTOPOM CKOPOCTHU V,:

pim = DtmL

im>

1 Vi=[V|
m T LT vI|Iv
e maX(| ,-|:| m|) — KO3 PUIUEHT COMIACOBAHHOCTH CKOPOCTH, D,,= coSs 6,, — KO3PPHUIIUEHT CO-
[IACOBAaHHOCTH HarpasieHus, 6, — pa3HOCTh BEKTOPOB.
O0611ast coracoBaHHOCTh BeTpa AMV B i-0ii TOUKE C OKPY’)KAIOIIMM I0JIEM BETPa BHYTPH 3aJaHHOTO pa-

nuyca R (B Hauiem citydae R =200 kM) Ha 3a1aHHOM B HAOJIIOIEHUH BBICOTE BBIYUCIISIETCS 110 (hOpMYIIe:
Zpim -G, (1—2%)
m Gim =e > r;'m S R’

p=
;Gim G, =0, r, >R,

i

rae BecoBast pyHKiust G, 3aBUCUT OT PACCTOSIHUS 7, MEXKIY TOUKOW i-r0 HAOIOACHUSI U m-i TOYKOW MO-
JIeIIbHON CETKHU.

B 3aBucuMOCTH OT 3HaueHHUs O; IPUHUMAETCSI PELICHUE O HEOOXOAMMOCTH TEPEOIPECICHUH BBICOTHI.
Ecnu 3Ha4ueHue P, mpeBhIlIacT HEKOTOPOES HaNepé 3aJaHHOE KPUTHIESCKOE 3HAUCHHE p,, (B HaieM ciydae 0,7),
TO 3HAYEHHUE BBICOTHI OCTAETCA MPEXKHUM. B cirydae ecnu 3Toro He MpOUCXOIUT, OEpyTCsS HECKOIBKO MOJIENb-
HBIX BEPTHKAJIbHBIX YPOBHEH B Mpeienax, 3aBUCALIMX OT MEePBOHAYAIIBHOI BBICOTHI HAOIIOACHHS (MAKCUMYM
+250 rlla), u mporeaypa NOBTOPSIETCA IS BCEX MOMAMAIONINX B ATOT MPOMEXKYTOK ypoBHel. HoBast BeicoTa
COOTBETCTBYET MOJICIILHOMY YPOBHIO, Ha KOTOPOM KOA((HIIMEHT CONIAaCOBAHHOCTH 0; MakcuMaieH. Eciu Ha
BCEX MCIOJIb30BaHHBIX JIJIsI TIEPEOTPECIICHUsI BBICOTHI YPOBHSX P; < p,, HAONIOEHHE 0TOpAChIBAETCS U3 YUCIIa
MOJIC)KAIINX YCBOCHHIO.

Juist oueHkH () (heKTUBHOCTH IaHHO CXEMBbI IepeorpeielieHNs BRICOThI HaOmoneHniit AMV ucnonb3oa-
JIUCh paccuuTanHble o ctannapraMm CBS/WMO orieHKH 000K MPOrH030B N100abHOM Moaen atMochepsl
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ITJIAB [3], crapToBaBIIei ¢ moseil aHann30B, MOTYYSHHBIX C TOMOIIBIO OITMCHIBAEMOH B JaHHO padoTe cuc-
TeMBI ycBOeHUs. Pa3pemenne monemn cocrasisuio 0,9x0,72 rpamyca 1Mo JONTOTE U MIMPOTE COOTBETCTBEHHO,
28 ypoBHeii o BepTukanu. CpaBHEHHE IPOBOIWIOCH C TIOJIIMHU OTIepaTHBHOTO aHaimn3a [uapomernentpa PO.
Ha pucynke 1 mpezacTaBineHbl pe3ynbTaThl.

&0 12

HS500, Northern Hemisphere, Jan 2014
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W500, Northern Hemisphere, Jan 2014
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Puc. 1. CpaBHeHWe NporHo30B, CTapToBaBLUMX C aHaNW30B, ANA KOTOPbIX ycBavBanuch HabnioaeHns AMV 6e3 ucnonb3osa-
HuA nepeonpegenexuna BbicoTbl (NOHR) v ¢ nepeonpeaenexneM BeicoTkl (HR). MpencTaBneHbl ocpegHEHHbIE 3a AHBapb 2014
rofa cpefiHexBapapaTuuHble owmbkn H500 (cneBa) u cpegHeKBagpaTMYHble OLUMOKYM BekTopa ckopocTy BeTpa W500 (cnpaBa)
B CEBEPHOM MOMyLUApUH.

Jlpyrum HampasiIeHHEM yIyqlIeHHUs KadecTBa OTyYaeMbIX aHAIN30B SABISETCS YUET KOPPEISIInil MexKTy
omuOKaMHy B MaTpHIle KoBapuanuii ommook HadmoneHnid R, C y4eToM OTpaHUYEeHHBIX BRIYUCIUTEIBHBIX pe-
CYPCOB, Yallle BCETO MOIAratoT, YTO OIINOKN HAOMIONEHUH HEe 3aBUCST JIPYT OT ApyTra M B 3TOM CIIydae MaTpuia
KOBapHanuil omOoK HaOIIOICHUH NPUHUMAET INarOHaIbHBINA BHU/, T/I€ HAa INArOHAIM PACIIONIararoTcs 3Have-
HUSI TUCTIEPCHH OIMMOOK KaXKJJ0T0 MCIIONB3YIOIIErocs B yCBOCHUH HabmoneHus. [Ipu TakoM 1moaxoe HeT He-
06XOIMMOCTH B BEIYHCIIEHHH 0OPATHOM MaTpuIsl R .

DTO 0TYACTH CIIPABEUINBO AJIsI KOHTAKTHBIX HAOMIOCHNH, TAKMX KaK HAOMIONEHUs C PaI030HI0B, IIPHU-
3eMHBIX U KOpaOeIbHBIX METEOCTaHIIMI. B cilyuae HCIIOIb30BaHNS HHCTPYMEHTOB, PACHIOIIOKEHHBIX HA CITyT-
HUKaX, IPEANOJI0KEHHE 0 HE3aBUCUMOCTH OINO0K Habmronenuit Hapymmaercs ([8], [9] u ap.), 9To HETaTHBHO
CKa3bIBACTCS HAa KAUECTBE aHAJIN3A, IIPH IIPOU3BOACTBE KOTOPOTO NCTIONBL3YIOTCS JaHHBIE CITy THUKOBBIX HAOIIO-
JICHUI B IPEATIONIOKEHNN O HEKOPPETMPOBAHHOCTHU X OMINOOK MEKAY COOOIA.

Jist Toro 4T0OBI 0OOWTH 3TOT HEOCTATOK, A0 HEAABHETO BPEMEHH OBIIIO IMPHHATO CYIIECTBEHHO MpOpe-
JKUBATh HAONIONCHMUS, YTO TIO3BOJISUIO M30ABUTHCSA OT KOPPEISAIMHA OMHUOOK B OMIDKANIINX HAOMIONEHHUIX U
npeHedpeys MaTbIMU Koppersinusamu B nanékux [10]. Kpome Toro, i npuiaHus MEHBIIIETO Beca CITyTHUKO-
BBIM JIaHHBIM B XOJI€ YCBOCHUS OBUIO IMPUHATO 3aBEAOMO YBEINYMBATh JUCIEPCHN OMMOOK HaOmoneHuil. B
YCIOBUSIX Ie(UINTA BBIYUCINTEIBHBIX PECYPCOB 3TH 1AW ITO3BOJISUIN HE OTKA3bIBAaThCs OT Ooinee dhexTus-
HOTO C TOYKH 3pEHUS BBIYMCIEHUHN UCII0JIb30BaHUS IMAarOHAIbHON MAaTpULIbL R.

B T0 e Bpems oTOpachiBaHHE HAOMIOICHUH M OTKa3 OT yuéTa KOPPENALUH B UX OMMOKAX JIMIIAET HAC
gacTh MH(pOpMAIH, KOTopas Morta Obl OBITh Mcmonb3oBaHa Oonee 3ddextuBHO. Kpome Toro, anroputm
LETKF npeamonaraeT mapajuieIbHOE YCBOCHHE B KaKJOH TOUKE MOAETHHOIN CETKH TONBKO T€X HAOIIONCHHUH,
KOTOPBIE TTOTIAAAI0T B HEKOTOPBIN PaIiyC JIOKAIH3aLNH, TI03TOMY IIpH BCE 00JIee pacTyIINX BBITHCINTEIBHBIX
BO3MOXHOCTSIX KaKETCsl Pa3yMHBIM IPUMEHEHNE NMEIOIIEH HeJMaroHaIbHBIN BU MAaTPHIEI R, KOTOpas 6oiee
MIOJTHO COOTBETCTBYET JEHCTBUTENBHOCTU. B HacTosIee Bpemst BenErcst paboTa Mo UCIIOIb30BaHUIO B YCBOE-
HUHM MaTpHIbI Takoro Buaa. MHbopMmanus o HadWMYu# Koppersnuil B ommoOKkax HaOmomeHnid AMV, 00 ux
CTPYKType W BeTMYMHE HAMH OblIa B3sATa U3 cTarhu [11]. Pesynasrarsl mmaHupyercs mMpeacTaBuTh Ha KOH(pe-
pernuu CITES-2015.

Kpowme Toro, BegyTcs ucciuenoBanus B 00macTi ycBoeHus ciyTHHKOBBIX HaOmonerniit ASCAT. Ipemnmo-
JIaraeTcsl NCIOJIb30BaHUE Pa3padaThIBAEMON CHCTEMBI YCBOCHNUS JAaHHBIX JUIA T€HEpaluy HadallbHbIX JaHHbBIX
CHCTEMbI aHCAaMOJIEBOTO CPETHECPOUHOTO IIPOTHO3MPOBAHNS.

Hccnedosanue svinonneno 6 I'uopomemyenmpe Poccuu 3a cuem epanma Poccuiickozo nayunozo gponoa
(npoexm Nel4-37-00053)
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The use of ASCAT ocean surface wind satellite observations
in the data assimilation system based on the Local
Ensemble Kalman Filter

'Rogutov V.S., ‘Tolstykh M.A., °Shlyaeva A.V.

' Hydrometeorological Research Centre of Russia, Moscow, Russia
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KF) is being developed at the Hydrometcentre of Russia. Current implementation of this system oper-
ates with surface stations, ships, radiosondes, AIREP aircrafts observations and SATOB satellite obser-
vations of wind speed and direction.

Satellite observations are especially important for data assimilation in ocean areas, where there is a lack of
conventional observations. The impact of ASCAT observations in LETKF assimilation system is discussed in
this report. ASCAT (Advanced SCATterometer) data contain ocean surface wind observations at 12.5 and 25
km scale and have global coverage.

ASCAT data were used in assimilation cycle together with operational global semi-Lagrangian atmo-
spheric model SL-AV with 0.9x0.72 degrees lon-lat horizontal resolution and 28 vertical sigma-levels. Experi-
ments proved positive impact of ASCAT ocean surface wind observations on the numerical weather prediction
accuracy.

The atmospheric data assimilation system based on the Local Ensemble Transform Kalman Filter (LET-
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Ncnonb3oBaHWe cnyTHUMKOBBIX AaHHbIX HablogeH BeTpa
Ha yposHe MopAa ASCAT B cucTeMe yCBOEHMA Ha OCHOBEe
NOKanbHOro aHcaMbnesoro ¢unbTpa KanmaHa

'PoryTos B.C., ‘ToncTbix M.A., ’LLinsesa A.B.

' TuapomeTuenTp Poccum, Mocksa, Poccus

? MHcTUTYT BbluMCAMTeNbHONM MaTeMaTuky PAH, MockBa, Poccus
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BBEOEHNE

st pacdeToB YHCICHHBIX IPOTHO30B IOTOIBI TPEOYIOTCS HadalbHBIC HaHHBIC. OIEHKY COCTOSHUS aT-
MocCQephl Ha MOACTHHOH CETKE B 3aJaHHBIIf MOMEHT BPEMEHH ITOTyYarOT C TOMOIIBI0 CHCTEMBI YCBOCHIISI JaH-
HBIX HAOTIOJICHUH, U TOYHOCTH IIPOTHO3a BO MHOTOM OTIPE/ICIISIETCSI TOYHOCTRIO 3TOU OreHKH. CHucTeMa ycBoe-
HUS IJIS TTOTMYYCHUS OIICHKH TEKYIIETO COCTOSHIS arMocdeps! (00bEKTHBHOTO aHAIN3a) MCIIONB3yeT 6 Jaco-
BOH TIPOTHO3 (TIepBOE MIPHUOIKEHIE), TOTYYCHHBIH C HCIOIh30BAaHUEM NIPEABIIYIIETO aHAIIN3a, U TaHHBIC Ha-
OJITOIIEHU.

[psimple (MM KOHTAKTHEIC) HAOMIOICHUS B OCHOBHOM COCPEIOTOUCHBI Haf cymiei. CITy THUKOBBIC HAaOIIO-
JICHUSI IMEIOT TII00ATbHOE TTOKPHITHE, TIOATOMY YCBOCHHE CITYTHHKOBBIX JTAHHBIX UTPAET 0COOCHHO OOIBITYIO
POIB TSl ONPEACTICHUS TEKYIIIETO COCTOSTHUS aTMOC(Ephl HaJl OKeaHaAMH, TIe KOJHMYECTBO MPSIMBIX HAOTIO/IC-
HUM HEBEIIUKO.

B I'mapometuenTpe Poccun pa3pabaTsiBacTcst cicTeMa YCBOSHUS JAHHBIX [7] Ha OCHOBE JIOKATHHOTO aH-
cambieBoro ¢uiprpa Kammana ¢ mpeoOpasoBanmem ancam6Ois (Local Ensemble Transform Kalman Filter -
LETKEF) [5]. B nannoi#1 paboTe mpuBeIeHBI IPEABAPUTENBbHEIC pe3ynbraTsl ucrmoinb3oBanus B LETKF nanabex
MIPUBOJHOIO BETPA, MOJIYYEHHBIX C MOMOLIbIO ckarTepoMeTpoB ASCAT.

B noxamsHOM arcambieBoMm (pribTpe Kanvana rcmonb3yercst aHcaMOIb TIEPBBIX MPHOIKSHAHN TS BHIYHU-
CJICHHS aHCAaMOJIsI aHAIM30B. DTH aHCAMOITH TI03BOJISIOT allIPOKCHMHIPOBATh MATPHUIIBHI KOBAPHAIIUH OIITHOOK TIPO-
THO30B ¥ HAOMIOIEHNH, KPOME TOTO, BEIYUCIICHHUS B TIPOCTPAHCTBE aHCAMOIIS MIEPBBIX MPHUOTMKEHIH TIO3BOJISIOT
CYIIIECTBEHHO COKPATUTh 0OBEMBI BRIYMCICHAN. YpaBHEHHS (PIITBTpa MOKHO 3aITHCATh B CIICAYIOIIEM BHIC

7 =5 +Xhﬁa(HXh)TR—l(y_Hfb)
X =x" [(k - 1)13{; ]1/2
P =[(k—=1I+(HX") R (HX")]"

3nech X u X’ — cpeHue 10 aHCaMOISIM aHAIIN3 U ITepBoe mpuommkerne, X, n X, — aHcaMOIIM OTKIOHEHH
aHAJIM30B U MEPBBIX MPHOIMKEHUI OT CpeIHero, k — pa3Mep ancambiiel (00BIYHO, HECKOIBKO IECATKOB), H —
oneparop HalIIONEHNH, y — BEKTOp HAOMIOIEH!H, R — MAaTpHIIa KOBAPHAIINK OIIMGOK HaGIIoNeHuil, P — Ma-
TpHIa KOBapUAIlMK ONTMOOK aHallM3a B IPOCTPAHCTBE aHCAMOJIS TEPBBIX MPUOIMKEHUN pasMepHOCTH k X k.

K nocrouncrBam LETKF MO)XHO OTHECTH BO3MOKHOCTb OLIEHUBATh MaTpULbl KOBapUaLMil B X0[€ YCBOE-
uus. B mponecce paborsr LETKF renepupyercs ancamOib HadaabHBIX COCTOSTHUN, BOCTPEOOBAHHBIN /7S aH-
caMOJIEBBIX POTHO30B ITOTOAKI.

B Texymeii Bepcun LETKF peann3oBaHo ycBoeHHE CIASAYIONNX JaHHBIX HAOTIOICHIH:

1) HaGmonenust Ha Ha3eMHBIX CTAHIMSAX M CYIOBbIC HAONIONEHHsS MTPU3EMHOTO JABJICHUS, MPU3EMHOM
BIQKHOCTH, TEMIIEPAaTYPHl HAa YpOBHE 2 MeTpa, KOMIOHEHTOB CKOPOCTH BeTpa Ha ypoBHE 10 meTpoB (okomo
10000 nadmonenwnii B 00, 06, 12 u 18 gacos).

2) Haburonenus paano30H10B Ha 16 CTaHIAPTHBIX YPOBHSIX TEMIIEPATYPbI, BIKHOCTH M KOMIIOHEHTHI
ckopocTH BeTpa (okoso 600 — 700 paguo3onao B 00 u 12 gacos, okoio 70 - 90 pagrozonaoB B 06 u 18 gacon).

3) CamoneTHbIC HAOTIOACHNS TEMIIEPATYPHI M KOMIIOHEHT CKOpocTH BeTpa (oxono 4000 — 11000 nabmro-
JIeHU ).

4) CriyTHUKOBBIE HaOIOIEHISI KOMIIOHEHT ckopocTh BeTpa (SATOB) (6omee 20000 HabmIOnEHMI).

Takoke uayT paboThI 110 UCTIOIH30BAHUIO B CUCTEME YCBOCHHS CITyTHHUKOBBIX JaHHBIX AMV (Atmospheric
Motion Vector) ckopocTu Betpa B atmocdepe [Mussk, Tpy/b 3Toii koH.] u qanubix ckarrepomerpoB ASCAT
(Advanced SCATterometer) CKOpOCTH BeTpa HaJl IOBEPXHOCTHIO MOPS (TPUBOAHOTO BETPA).

OAHHbBIE ASCAT N X UCTMOJ/1Ib30BAHUE B CUCTEME YCBOEHUA.

CKaTTepoMeTp — 3TO aKTUBHBIN 30H]I, Pa3MEIICHHBIN Ha CITyTHUKE H PaOOTAIOIINI B MIKPOBOIHOBOH 00-
nactu (06braHO0 B Ku—nmuamaszone nim B C-nuamazone). CKaTTepoMeTphl H3ITyYaroT MICKTPOMAaTHUTHYIO BOJTHY
W MPUHUMAIOT OTPA)XEHHBIH OT MOBEPXHOCTH CUTHaJ. MIHTEHCHBHOCTH OTPaKEHHOTO OT HOBEPXHOCTH MOPSI
CHUTHaJIa 3aBUCUT OT ()OPMBI TIOBEPXHOCTH, KOTOPAsi B CBOIO OUEPE/b 3aBUCHUT OT CKOPOCTH BETpa Ha IIOBEPXHO-
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CTU. DKCIEPUMEHTAIBHO ObIIO Hal{IEHO, YTO CKOPOCTH M HAIIPABJICHHE BETPA XOPOIIO OIMCHIBAIOT U3MCHEHHE
WHTCHCHBHOCTH OTPAXKEHHOTO OT IMOBEPXHOCTH OKE€aHa CHTHAJA MPH HeOONMbIINX yriax maaeHus [6]. Takum
00pa3oM, HHTEHCHBHOCTh OTPA)KEHHOTO CHT'HAJA MO3BOJISAET ONPEACIIUTh CKOPOCTh 1 HallpaBJIeHHE BETpa Ha
MIOBEpXHOCTU Mopst. Kpome Toro, JaHHbIe CKaTTEpPOMETPOB TAKXKE ITO3BOJISIOT OLICHHTH ITOKPHITHE OBEPXHO-
CTH MOD# JIbJIOM H BI@XKHOCTb ITOYBBI HA IOBEPXHOCTH CYILH.

BriepBrie ckaTTepomeTp OBUT pa3MeIlleH Ha IMyTHUKE Seasat, 3amymeHHoM B 1978 . On mpopaboran 3 me-
csma. Cnemyrormmmu ctamn ERS1 u ERS2, 3anmymennsie B 1991 u 1995 1, NSCAT B 1996, QuickSCAT B 1999,
SeaWind B 2002 u mp.

Cxarrepometpsl ASCAT pasmemens! Ha cnytHukax METOP-A u METOP-B Eponetickoro xocmmue-
ckoro arentcTBa (ESA), 3amymenusix B 2006 1 2012r. Cinytaukua METOP - 310 monsipHO-OpOHTaIBHEIE CITYT-
HUKH, 9TO obOecreunBaeT modampHoe MoKpeITHe naHHBIME. CkartepoMeTpbl ASCAT paboraioT Ha gacTtore
5.255 I'T'n m m3MepsIoT CKOPOCTH MIPUBOIHOTO BETPa B ABYX Nojocax mupuHoi 500 kM Ha paccTosHIm 600 KM
JpyT OT Apyra. st ycBOCHHS TOCTYIHBI JaHHBIE C pa3pemmenueM 12.5 n 25 kM.

Ha puc. 1 mpuseneno nmokperrre naHabIME ASCAT B 6 9acOBOM OKHE YCBOCHHUS.

Puc.1. CkopocTb npuBogHoro BeTpa o faHHbIM ACKAT B 6
4acoBOM OKHe YCBOeHUs ¢ 22 YacoB 9 Hosbps Ao 3 vacos 10
HoAbpA 2014 .

B [3] 6pu10 TOKa3aHO, 9YTO JaHHBIC TIPUBOIHOTO
BeTpa Seasat OKa3bIBAIOT 3HAUMTENILHOE BIMSHHUE Ha
aHaJIN3 MIOBEPXHOCTHEIX MOJIeH. ABTOPHI paOoTHI [4]
WCTONB30BANIN JaHHBIE ckartepomeTpoB ERS1 B
ONIEpaTUBHOM cuUCTeMe YyCcBOeHus EBponeiickoro
LEHTPa  CPEAHECPOYHBIX  IPOTHO30B  ITOTOJBI
(ECMWF), ocHOBaHHOI Ha cCXeMe ONTHUMaJIbHOUW WH-
Tepronanuy. VM He ynanoch MOMy4HTh YITydIleHHs
KadecTBa MmporHosa. OnHako, MO3JHEE B 3KCIEPH-
MEHTax MeTeocIyk0bl BemmkoOpuranuu (Met Office) yaamoch morydnTs HOBBIIIICHAE Ka9eCTBA aHATN30B IIPU
WCIIONIB30BAaHNUN TeX K€ JaHHBIX [2]. Micnonp30BaHNEe AaHHBIX CKATTEPOMETPOB MPHUBOJMIO K 3HAYUTEILHOMY
YMEHBIIEHHUIO OITMOOK IIPOTHO30B.

Jannabie ASCAT ocoOeHHO BaKHBI TIPH YCBOSHHH JAaHHBIX HAJ[ OKeaHAMH, I7le¢ KOJTHMYECTBO MPSIMBIX Ha-
OirofeHMH HEBEIHMKO. XOTS HAJIMYKE JIbJIa HAa TOBEPXHOCTH HE TTO3BOJISET CKATTEPOMETPaM ONPEIEIIUTh CKO-
pOCTh BeTpa, C MOTETUIEHHEM KIIMMaTa ¥ COKPAIIEHHEM IUIONIAN MOISIPHBIX JIbJIOB 3TH JAHHBIE CO BPEMEHEM,
BO3MOJKHO, OYIyT UTPATh BCE OOJBIIYIO POJIb TP YCBOCHNUH JAHHBIX B @pKTHYECKOM PETHOHE.

Bruto peamuzoBano ycBoerne nanHbIX ASCAT B cucreme ycBoeHust Ha ocHoBe LETKF [9]. beumn mpose-
JICHBI SKCIICPUMEHTHI IT0 IUKIIYecKoMy ycBoeHHI0 TaHHEIX ASCAT coBMeCTHO ¢ OnepaTHBHOM BepcHeit Iio-
OampHOM momynarpamkeBoil Mogenu arMocgepsr [IJTAB [1] ¢ pa3pemenuem 0.9x0.72 rpagyca 1o qoiarote u
LIUPOTE COOTBETCTBEHHO, 28 CUIMa-ypOBHEH 1O BepTUKaiH. 110 MOIy4eHHBIM B pe3yiabTraTe HUKIMYECKOTO
YCBOEHUS aHCAMOJISIM aHAJIM30B BHIYNCIISUINCH CPEAHUE aHAIM3bI, CPEAHUE aHAIIM3BI HCIIONb30BAINCH JUIS 3a-
Imycka mporHo30B moroasl Ha 120 acos. Jlanasie ASCAT ¢ BEICOKMM MTPOCTPAaHCTBEHHBIM pa3pemnieHreM (12.5
KM) 00JIa/Iaf0T 3HAYUTEIbHBIMU TIOTPEITHOCTSAMH, U KPOME TOTO, OITMOKH COCETHUX HAOMIONCHUI MOTYT OBITh
cKoppesupoBaHbl. 1Ipyu 3TOM MpOCTpaHCTBEHHOE pa3pelieHre ucnoiab3yeMoil Bepcuu Moneiu [1JIAB ne no-
3BOJISIET BOCTIPOM3BOANTH aTMOC(EpHBIE TPOLIECChl HAa TaknxX MacmTabax. [losTomy npu ycBOSHHH 3TH JaH-
HbIE OBUTH CTPYNITMPOBAHbI B CYNEPHAOIIOAECHHS C IPOCTPAHCTBEHHBIM Pa3pelIEeHHEM, CPAaBHUMBIM C IIaroM
MOJIEIIH.

[IpoBeneHo aBa FKcIIepUMeHTa, ¢ uctonb3oBanreM TaHHBIX ASCAT u 6e3 ux ncnonp3oBanus. Ha puc.2
MIPUBEJICHBI PA3HOCTH CPEIHETr0 aHAJIM3a M MEepBOro MpuommkeHus (GoH), a TakKe Pa3HOCTH HAOIIONCHUS U
MIEPBOTO MPHOMIHKEHU B ToUKax cynepHaOmonenuii 10 HosOps 2014 roma B 0 waco. B Tab. 1 mpuBeneHs
OLICHKH MOTPENTHOCTEH MOIYYEeHHBIX IIPOTHO30B B IOXKHOM Hosymapuu (roxHee 20 10.111.) 0 CPaBHEHHUIO C
nmarabIME peaHann3oB NCEP. Yepennenune morpentHocTei mpoBoaminock B cpoku 0 1 12 gacos.

Ta6nuua 1. CpeaHss 1 cpegHeKBagpaTMYeCKan NorpeLLHOCTM NPOrHo30B B I0MHOM MONYLLIapWK HEKOTOPLIX BENUYMH (CKO-
pocty BeTpa (W) Ha p-ypoBHax 1000, 850 v 500 rfla n BricoTa reonoTeHumana H850, H500 ) B 24 1 120 yacoBbIX NporHo3ax.

o | oo [ G [ e, [ sy, | St
H P-ypPOBEHb Ges ASCA,T cASCA'l’“ 0e3 ASCAT ¢ ASCAT u. ’
W1000, m/c -0,297 -0,352 4,298 4,264 24
W1000, m.c -0,623 -0,541 8,44 8,307 120

H850, m -0,991 0,646 28,356 28,334 24
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o [t | oo [ [ | o, | S
= 1 p-yposent 63 ASCAT ¢ ASCAT 0e3ASCAT | cASCAT w
5‘) H850, M 4,69 5,826 65,323 63,852 120
- W850, w/c 20,858 20,966 5,087 5.1 24
=) W850, w/c -1,304 1,223 10,085 9,925 120
H500, M 1,6 20,233 30331 31,432 24
H500, M 6,711 7,965 87,13 84,328 120
W500, w/c 0,032 20,94 6,808 6,898 24
, W500, m/c 0,097 11,232 14,505 14,286 120

3ARJIIOMEHME

CpaBHEeHHE pe3yJIbTaTOB YHCIEHHBIX SKCIIEPUMEHTOB MOKAa3bIBACT, YTO HMCIOJIB30BAHHE CITyTHHKOBBIX
nmaHHbIX ASCAT B cucteMe yCBOCHHS TAaHHBIX HAOMIONCHUN MO3BOJISAET YMEHBIIUTH OMMOKK 120 gacoBBIX
porHo308. OMmMMOKN yMEHBIIAIOTCS B TOM 4Kcie n Ha Oombmmx BeicoTax (H500). Tlonoxxurenbuslit addexT ot
ucnonb3oBanus 1aHHBIX ASCAT Gosnee 3ameTeH B 120 yacoBbIX IporHo3ax. Takum 00pa3oM, HCIIOIb30BAHUE
nmaHHBIX ASCAT 103BOIISAET TydIlie BOCIIPOU3BOANUTE TUHAMUKY aTMOCQEPHI C TOMOIIBIO TII00aTEHOW MOICITH.
Haubonee 3amerHsIit a3 dekt nomydaercst B OKHOM momymapu, Iie KOJIHIecTBO KOHTAKTHBIX HAOMIONeHUH
OTHOCHTEJIEHO HEBEJIUKO.

Hccneoosanue svinonnerno ¢ I'uopomemyenmpe Poccuu 3a cuem epanma Poccuiickoeo Hayunoeo ¢oroa
(npoexm Nel14-37-00053)

Puc. 2. PasHocTb cpegHero aHanu3a v nepeoro npubnueHns (GoH) 1 pasHocTW HabMIoAEHUS 1 NePBOro NPUBMKEHUS B
TOUKax cynepHabnioaeHnii (06BeaeHbl YepHbIMM Kpyramu) oA cynepHabniogennii 10 Hosbpa 2014 roaa B 0 vacos [m/c].
CneBa — 30HasnbHas KOMMOHEHTa CKOPOCTM BETPA, CMpaBa — MepPUAMOHaNbHaA KOMMOHEHTa.
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Influence of climatic changes on a prevalence
of cardio-vascular diseases in Tomsk: first results

'Gordov E.P., 'Genina E.Yu., “Garganeeva A.A., Okrugin S.A., ‘Borel K.N., *Chudinov I.L.

" Institute of Monitoring of Climatic and Ecological Systems, Tomsk, Russia
? Research Institute for Cardiology Tomsk, Russia

* Tomsk Polytechnic University, Russia

E-mail: gordov@scert.ru

ever, only few regional studies have been carried out and they concerned mostly Moscow, Northern part of
European territory of Russia and Yakutiya [1]. Only case studies were done in West Siberia. Thus, in Tomsk
two researches were carried out in 1980s on investigation of influence of heliometeorological factors on raise
of acute myocardial infarction. These researches have shown that the days with abrupt weather changes are the
most unfavorable [2] for such a disease as well as days with magnetic storms. The most frequently acute myo-
cardial infarction has been registered in those days when magnetic storm coincided with abrupt weather change.

Recently in West Siberia, and also in Tomsk, a number of extreme weather events increased [3], that can
have adverse effect on population health, resulting in increase of cardio-vascular diseases including acute myo-
cardial infarction.

In this work we analyzed correlation between number of heart attacks and changes of meteorological pa-
rameters. For analysis we used database on acute myocardial infarction acquired in accordance with World
Meteorological Organization program using standard data acquisition technique, as well as 8-hour daily obser-
vations of Tomsk weather station included into Global network for climate monitoring. Data on acute myocar-
dial infarction have been taken from information-analytical database created in collaboration with National
Research Tomsk Polytechnic University. First results are presented.

Inﬂuence of weather forming factors and climate changes on human beings is of a great interest now. How-
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BnuaHmne KNMMaTU4eCKUX M3SMEHEHUIM Ha YacToTy
BO3HWUKHOBEHWA CepeYHO-COCYAMCTbIX 3aboneBaHN
B . TOMCKe: nepBble pe3ynbTaThl

'Topaos E.N., Tenuna E.I0., “rapraneesa A.A., “Okpyrun C.A., ‘bopens K.H., *dyaunos U.J1.

! MHCTUTYT MOHUTOPUHIA KNIMMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccus
* HUW Kapamonorum, Tomck, Poccua

* ToMCKMit nonMTeXHUUECKMIl yHuBepcuTeT, Poccua

E-mail: gordov@scert.ru

BEKa, M B TOM YHCJIC, HA YaCTOTY BOSHUKHOBEHUS U TCUCHHE MATOJOTHUSCKUX ITPOIIECCOB, BEI3BIBACT

OONBIION WHTEpPEC B HAYYHOM W MpaKTHUSCKOM TutaHe. OIHAKO, MPOBOTUMBIC HCCICIOBAHUS IMTOKA
HMMEIOT pEerMOHaIbHBIA XapakTep, U, B OCHOBHOM, KacatoTcsi Mocksbl, CeBepa eBpomneiickoit yactu Poccun u
Axytuu [1]. B 3amagroit Cubupu momoOHBIE HCCISIOBAaHISI UMENTN SIUHIYIHBIN XapakTep. Tak, B Tomcke B
80-x roax mMPOIUIOTO BeKa M Hadalle HEIHEITHETO OBLIH IIPOBEACHKI IBA HCCICOBAHN IO M3YYCHUIO BIUSTHHUS
TeITMOMETEOPOTIOTHUECKUX (PAaKTOPOB Ha BO3HUKHOBEHHUE OcTporo nHpapkra Muokapaa (OMIM), kotopsie 1mo-
Ka3alii, 9TO HamboJee HeOIarompusATHBIMU B 3TOM IUIaHE SBIISIOTCS THU C KOHTPACTHOW CMEHOM MOTONE [2].
Bruto Takke moka3zaHo, 9TO B THU MarHUTHEIX Oypb CPEIHECYTOYHOE YHCIIO cydaeB 3aboneBanus OMIM 65110
BEIIIIE, Y€M B IIPEIIICCTBYIOIINH IeHb, B TOCIICIYIONINE 32 MATHUTHOM Oypel THU 9HCII0 CTyvaeB 3a00JIeBaHUS
CHIDKAJIOCH, HO JJOCTOBEPHO 3HAYNMBIM 3TO CHIDKCHHE CTAaHOBHUJIOCH TOJIEKO Ha TPeTHil neHb. Hanbonee vacto

I I pO6J'IeMa BIIUAHUWA HOI‘O,I[OO6pa3yIOH.II/IX JJICMCHTOB U KJIMMaTa B IICJIOM Ha ) KU3HCACATCIbHOCTD Y€JI0-
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cirydan OVIM ¢ukcupoBanuce B IeHb ¢ COYCTAaHNEM MarHUTHON OypH M KOHTPACTHOH CMEHOH morofs!. Taxke
OBLITO MTOKA3aHo, YTO Ha YacTOTy pa3BuTist OVIM BIHSIOT U KoTeOaHMs ITapaMeTpoB 030HOC(HEpsI, 0COOEHHO B
TEIUTBIHA TIepuoz rofa [3].

B 3amagnoit Cubupu, B 9acTHOCTH, B TOMCKE B ITOCIIEAHEE BPEMsI BO3POCIIO KOITMYECTBO IKCTPEMAaIbHBIX
TIOTO/IHBIX SIBIICHHUH [4], 9TO MOKET OKa3bIBaTh HEOIATONMPUATHOE BIMSHIE HA 30POBbE HACEICHNUS, B YACTHO-
CTH, Ha POCT YHCJIa CEPACIHO-COCYAUCTHIX 3a001eBannii, BkIrodass OM.

B nannoif paboTte mpeanpuHATa TONBITKA BELSIBUTH KOPPEISIIMOHHBIC CBSI3M MEXIY KOJTHIESCTBOM Cepried-
HBIX TIPICTYIIOB M MeTeomapaMmeTpamu. [t anann3a OBUTH MCTIONB30BAHbI JaHHBIC M3YUCHHS SIHIEMHAOIOTUH
OUM 1o mporpamme BO3 «Peructp octporo nHpapKTa MHOKapIay ¢ HCIONb30BaHUEM CTAaHIAPTHOW METOIUKH
cbopa mMaTepraia u yHUPHUIIMPOBAHHOTO MOAXO0a K THATHOCTHKE, U PE3yIETaThl BOCBMICPOYHBIX HAOMIONCHNT
32 OCHOBHBIMH METEOPOJIOTHICCKUMHI MTapaMeTpaMy CTaHIIMH TOMCK, BKITIOUEHHOH B [ 7100anbHyI0 CeTh HaOMIIO-
JICHNH 3a KiMaTtoM. HermocpencTBeHHO CBeeHus 0 yacToTe BOSHUKHOBeHNST OVIM ObutH B3SITHI M3 MH(OPMAITH-
OHHO-aHAINTHYECKONW 0a3bl TaHHBIX Perncrpa, co3maHHON COBMECTHO ¢ HarmoHambHBIM HCCIIEI0BATEIHCKUM
ToMCKHMM MTOJTUTEXHIYECKUM YHUBEPCUTETOM. B ToKITa/ie pUBEeICHBI TIEPBBIC PE3yIIETaThl HCCICIOBAHMIA.
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paboTe mpesncTaBiseTcsl pa3BHUTasl CHUCTEMa
B‘{HCJ’ICHHBIX TUAPOANHAMUHNYCCKUX MOHeHeﬁ,

BKJIFOYAIONIas AebTy peku Jlena u menbdo-
Byt0 30HY Mops JlanTeBbix. JleMOHCTpupyrOTCS U
00CYKIAI0TCsI Pe3yNIbTaThl PEIBAPUTEIBHBIX JKCIIE-
pumenToB. [Ipu onpeneneHHON HacTpolKe mapame-
TPOB MOACIN U B PE3YJILTATC BKIIOUYCHUA OIMUCAHUA
JOITOJTHUTCIIBHBIX (1)I/I3PI‘IGCKI/IX MEXAaHU3MOB OB
BBISIBJICHBI BO3BMOKHBIC ITPUYIHHBI PACXOXKIACHUA TaH-
HBIX HAaOJIONCHUI U PE3yIBTaTOB YHUCIEHHOTO KCIIe-
puMeHTa. HameueHs! MyTu JabHENIIEro COBEpIICH-
CTBOBAHUS CHCTEMBI MOJICICH U OMpEeIeNeH psja 3a-
J1ad, KOTOPBIE MOT'YT OBITh PEIICHBI C TOMOIIBIO pa3-
pabaTeIBaEMOTO KOMITIEKCA.

B pabore Taxxke oTMeuaeTcs, 4yTO JajbHEHIIee
COBEPIIEHCTBOBAHNE HEBO3MOXKHO 0€3 IPUBIICUEHUS
JTAaHHBIX HAOIIONEHUH 1 IpeaIaraeTcs mpoueaypa ux
YCBOCHUA, OCHOBAHHAsA Ha HWCIIOJB30BaHUHU aHCaM-
oneoro ¢unbrpa Kammana. B kauecTBe Tecta st
TpeyIaraeMoi MPOoLEAyphl PacCMaTPUBACTCS BOC-
CTaHOBJICHHUE TIOJIS COJICHOCTH KOHTPOJIBHOTO JKCIIe-
pUMEHTA B CiIydae, Korja CToK peku JIeHa He yIHTHI-
BaeTcs. CpaBHEHHE IByX 9KCIIGPUMEHTOB C YCBOCHH-
eM U 0e3 yCBOEHHs C pe3ylbTaTaMH KOHTPOJIHHOTO
SKCTIEPUMEHTA MTOKA3bIBACT, UTO Tpeasaraemas mpo-
Ieypa YCBOCHHSA CIIOCOOHA YIOBIETBOPHTEIHHO
BOCCTAHABIMBATh TI0JIE COJICHOCTH JaXe B TaKoil
«OKCTpeMabHOW» cuTyauuud. TeM He MeHee, OTMe-
YaeTecsl, YTO OIMCAHUE CUCTEMBI LIUPKYIALIMU BOL B
paﬁOHe JCIIBTBI CTAHOBUTCA JAXKE XYKE, YEM B DKC-
nepuMeHTe 6e3 yCBOSHHsI. DTOT (hakT CBHIACTEIBCT-
BYyeT 0 HEOOXOIMMOCTH BOBJICUEHHS B TIPOIIECC YCBO-
€HUS JaHHBIX U3MEPEHUIN JPYTUX IPOrHOCTUYECKUX
MIEPEMEHHBIX: TEMIIEPATYPHI, BO3BBIIIEHUS YPOBEH-
HOW TTOBEPXHOCTH, CINIOYEHHOCTH JIHIA.
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The coupled hydrodynamic system of Lena River delta
and the Laptev Sea shelf zone:
numerical tests and preliminary results

Platov G.,|V. Shlychkov,|E. Klimova, and A. Krylova

Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
E-mail: platov.g@gmail.com

INTRODUCTION, METHODS AND APPROACHES

The heat flow of the Lena River is one of the leading climate forcing of the Laptev Sea. The river drains most
of northeastern Siberia, and its water accumulates heat of southern latitudes and transports it into the sea. The river
water passes through the system of distributary network where the main water flow is split into a set of smaller
ones with decreasing of runoff velocities. Kinematic structure of watercourses thus varies, so the heat flux carried
by the river current to the sea, is transformed. At relatively low flow rates typical for the summer-autumn period,
the surface heat flux becomes important. It can affect the water temperature especially in shallow parts with a slow
flow, causing a variation of the total heat flux related to flows of land waters to sea. Since river water significantly
affects the ice thermal processes in the Laptev Sea, the spatial distribution of heat flow at the mouth is of consider-
able interest for the analysis and interpretation of offshore temperature anomalies.

The aim of our work is to study dynamics of river water and heat flow in the delta of the Lena river to as-
sess their impact on the thermohaline regime of the Laptev Sea by numerical simulation. The problem is solved
by the successive application of two basic components of the simulation system: hydrodynamic model of the
Lena River delta and model of water circulation in the Laptev Sea. The interaction of these two components is
carried out along the boundary line of river channels and marine area.

Interaction scheme adopted so far implies the unilateral influence of delta water on the sea currents, ie
river is the primary component in the considered system. Theoretical study of delta water regime is traditionally
related to issues about the distribution of flow between the channels. Hydrodynamic description of complex
fluvial systems is based on the solution of the fluid mechanics equations, closed by means of some assumptions
and empirical relationships. A series of works [1, 2] gave a constructive basis for numerical solutions of Saint-
Venant equations for complex river systems and river mouth areas. Method is based on one-dimensional math-
ematical description of the processes for each segment of the river network and formulation of the coupling
conditions for flows at branch points. In solving the problem in case of a "tree"-type graph a specially designed
factorization method is used for the branched channels systems, while in case of the loopings a guaranteed
convergent iteration method is applied.

Theoretical problems of the interaction between riverine and marine waters at the mouths of the northern
rivers are currently not well understood. Early mathematical models of estuarine areas were formulated on the
basis of one-dimensional equations describing the processes of longitudinal movement of river water into the
sea and vice versa under the influence of the surge effects [3]. The nature of estuarine process largely depends
on the morphometric characteristics of the channel and in each channel behaves in different ways. Most of the-
oretical studies of Siberian rivers, performed earlier, was devoted to river mouths of estuarine type (Ob,
Yenisey). Currently there are few papers on modeling complex system of Lena delta coupled with shelf waters
of the Laptev Sea.

Another issue of our interest is to incorporate available measurements in order to improve model results as
much as possible, provided a hydrodynamicaly balanced system of the Laptev Sea shelf. Until recently, ocean-
ographic observations were sporadic. Currently there is a large number of regular satellite observations (sea
surface temperature, sea surface elevation), as well as data being obtained in real time by autonomous Argo
systems. Unfortunately, these observations are more complicated in case of the Arctic region. For example,
satellite data are useful only if they are received in the summer in the ice-free area. Winter recorded values
characterize the surface of ice and snow, but not the ocean. Besides, the satellite trajectories around the Earth,
as a rule, are not favorable to obtain reliable data for such high latitudes. Application of floating buoys is also
limited as to make the data transmission to the satellite it is necessary to make regular ascent to the surface, but
under the ice cover it is technically impossible. Nevertheless, the number of regular information is continuously
growing, which allows us to consider the problem of estimating the ocean state with the help of a mathematical
model describing the dynamics of the shelf seas of the Arctic Ocean taking into account the observational data,
i.e. the problem of data assimilation. It is commonly understood that the data assimilation is a joint account of
observations and results of numerical realization of the mathematical model to obtain the most accurate assess-
ment of spatial and temporal distribution of the quantities.

Data assimilation algorithms are currently widely used for modeling processes in the ocean. There are
many techniques of data assimilation, but in terms of the mathematical formulation of the problem, they all use

< CONTENTS SESSION COMPLEX STUDY OF THE STATE AND CLIMATE VARIABILITY
OF THE EAST SIBERIAN SECTOR OF ARCTIC


mailto:platov.g@gmail.com

one of two approaches: variational (3DVAR, 4DVAR) or stochastic (Kalman filter). Currently operational
ocean data assimilation systems are using both 4DVAR [4] and Kalman filter [5, 6] methods, and, moreover,
some variants of multi-element optimum interpolation are also in use (see, for example, [7]).

Kalman filter algorithm is currently one of the most popular approaches to solve the problem of the data
assimilation. To obtain the optimal estimate of the state vector according to observations and predictive model,
which is nonlinear in general, the solution of the equation for the conditional mean is required [8]. In general
form this problem cannot be solved, therefore there are various simplified variants of the problem, which allow
us to reduce it to the equations for the conditional mean and covariance. These simplifications are based on the
linearization relative to the reference state or on the expansion in a power series of the estimation error (trun-
cated second order filters). Moreover, there may be used an additional assumption that the considered random
fields are Gaussian [8].

The most commonly used area of research on the application of the Kalman filter is the ensemble approach,
first proposed in [9]. It was further developed in the papers [10],[11],[12],[13]. In the ensemble approach, the co-
variance matrices of estimation errors are computed for nonlinear prognostic models. Ensemble Kalman filter is a
variant of the extended Kalman filter, in which the covariances of the forecast errors are estimated using the en-
semble of forecasts. Along with these approximate description, it was proposed to use suboptimal algorithms [14]
in which the probability averaging is replaced by time-averaging, assuming random fields having temporal ergo-
dicity. This article suggests an algorithm based on this approach to solve the problem of data assimilation of ocean
observations. Development of algorithms for data assimilation for modeling processes in the ocean was based on
our experience of data assimilation systems for atmospheric pollution model [15].

Evaluation of the developed algorithm was carried out by means of numerical experiments with model-sim-
ulated data (the so-called "identical twin" experiments). It means that numerical experiments were carried out on
assimilation of data with the "real" space-time distribution. They were based upon AARI data of International
Polar Year, 2007-2008, and the Pathfinder NOAA/AVHRR archive of satellite observations for the same period.

RESULTS, PROBLEMS AND DISCUSSION

After series of numerical tests, we achieved a more acceptable agreement between calculated temperature
field distribution and the observed one as a result of some configuration of the model parameters and more ac-
curate account of sea ice distribution, as well as by taking into account the vertical distribution of solar flux.
This raises a number of issues that require further discussion.

The most common is the question of theoretical interest in solving such problems, given that the practical
value of sea-river system modeling is beyond a doubt. However, in theory, presented experiments are hardly of
any new information for understanding the physical processes in the system. In fact, we only have a practical
application of existing knowledge. Nevertheless, we can offer a number of tasks which will be interesting both
in practical and theoretical terms and our coupled model will be an essential tool for solving them.

One of the first tasks is associated with the functioning of the Arctic climate system as a whole. It is known
that the atmospheric and oceanic circulation can be classified using the regional indices. The most important for
the Arctic region are indices of the North Atlantic Oscillation (NAO), Arctic Oscillation (AO) and the Pacific
Decadal Oscillation (PDO). Different values of climatic factors in the study area of the Arctic correspond to
specific values of these indices. Analysis of the observations in [16] showed, for example, the relationship be-
tween changes in the average drain of the Siberian rivers and the NAO index in winter periods from 1936 to
1999, more precisely the fact that rivers respond to changes in large-scale circulation of the northern hemi-
sphere. With the help of this model we can investigate the characteristics of water circulation in the region, the
functioning of Arctic bio-ecological systems, biological primary production in Arctic waters etc., when imple-
menting a particular set of climate scenarios. In this regard, development of models of such level is a prerequi-
site for success.

Another problem is related to environmental monitoring and restoring of real distributions of physical,
chemical and biological fields. In this case, as shown by the experiments, we need to involve as much as possi-
ble the existing observations, using modern methods of data assimilation. For example, the best available mod-
ern ice models are hardly able to reproduce regional ice fields with sufficient accuracy. At the same time, we
can regularly get them from satellite data.

In terms of development of this approach it is an important question of whether we need to take into ac-
count the bilateral interaction between the components of the system: the shelf zone of the ocean and the river
delta. The shelf dynamics largely determines the sea level, leading to large variations both in time and space,
for example, in a situation with local surges or tidal waves. Movement of river water along certain channels can
thus be significantly slowed down or reversed or even accelerated. Still remains unclear how important it is to
consider this interaction.

The importance of integrating the vertical distribution of solar flux found during experiments, can also be
considered only as a preliminary result. Transparency of the water for different wavelengths depends on many
factors and is not obliged to obey a limited set of distributions corresponding to Jerlov water type.
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Results of experiments relate solely to the temperature distribution. However, in regions such as the vicin-
ity of the river delta, salinity characteristics are much more important. The reason why we did not compare the
distribution of salinity, is that we can not use satellite distribution of ice to correct the flux of fresh water into
the ocean as effectively as in the case with the heat flux. In the case of heat flux, the fact of whether the water
surface is covered with ice or not, is determining, while to produce a fresh water flux it is also important to
know the rate of ice freezing or melting. Such information has not yet been recorded by satellites. It remains the
only option, some assimilation of data of ice compactness within the ice model.

To test the proposed assimilation procedure, we use as an assimilated value the most important (in the re-
gion) hydrodynamic characteristics of water - salinity, since its effect on the density is greatest. As the data we
used the results of the reference test. In order to emulate the real observations, these results were used only
where data of satellite or ground-based measurements are available. As a disturbing factor we considered the
vanishing of the Lena River flow. As a result, the freshwater plume, formed in adjacent bays on the east, gradu-
ally disappears, and the fresh river waters are replaced by salty sea waters. In general, the procedure for data
assimilation leads to the recovery of the unperturbed results on the sea surface. But, at greater depths, where the
observations are small, the picture is less satisfactory. For these depths some additional assumptions are re-
quired to help obtain some appropriate extrapolation of the surface values.

In the Arctic, one of the determining factors is also the ice field pattern. It should be noted that the propa-
gation pattern of the Arctic ice, taken from the results of the model used, is far from perfect. For example, in
September 2008, according to satellite images, the Laptev Sea ice edge moves north to latitude 78N. At the
same time, the simulation results show at 77N latitude ice thickness about 1 m with compactness of 85%. This
fact indicates that in order to achieve satisfactory results of modeling the dynamics of the Laptev Sea, one
should directly use the observed pattern of the ice field.

We almost did not compare the proposed scheme of data assimilation with a classic version of assimilation
using an ensemble Kalman filter. The advantage of the proposed scheme is obvious, as it involves getting a set
of the ensemble in one model run. However, payment for this will be associated with a possible loss of quality.
This requires further study in subsequent work.

Another important area in terms of improving the procedure for data assimilation is to use multielement ap-
proach. In this example, we used the salinity field, and in the future are going to use temperature. However, as part
of the assimilation procedure, a joint analysis of salinity and temperature is possible, including also some data on
the rise of sea level and ice concentration. It is possible not only to get a better assessment of these characteristics,
but taking into account the cross-covariances, any other characteristics of a regional ocean model.
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Sediment delivery towards the Lena River delta:
quantification and environmental implications
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INTRODUCTION

In terms of annual sediment flux, the Lena River is ranked first among the Eurasian rivers draining into the
Arctic Ocean. This results from weak hydropower industry development in the basin area, and intensive fluvial
processes acting within the river channel (Tananaev, 2014). Most of the sediment approaching the Lena delta
are retained within the floodplain and the minor deltaic channels, fostering its vertical accretion (Rachold et al.,
1996). Quantification of the sediment delivery to the Lena Delta system is essential for understanding the evo-
lution of the accumulative environment of the largest Eurasian delta. Once the quantity of the sediments deliv-
ered is known, various aspects related to both quality

SUSPENDED LOAD

Suspended sediment flux is well quantified thanks to availability of observational data from the nearby
gauging station (GS) Kyusyur, operated by the Russian Hydrometeorology Agency. Consentient value of the
suspended sediment delivery to the Lena Delta is 20.7+0.3 Mt (Tananaev, 2014, and references therein), of
which only 10 to 17% actually reach the Laptev sea margin (Rachold et al., 1996).

BEDLOAD

Quantification if the bedload is constrained by the deficiency of field observations and estimative tech-
niques. Tananaev and Anisimova (2013) modified the N.I. Alekseevskiy (2004) technique for the bedload flux
assessment to obtain a best-guess annual estimate of 14.9 Mt (GS Kyusyur). Hence of the total sediment flux
(35.6 Mt), about one half is transported by traction, forming vast side bars in the deltaic channels.

ENVIRONMENTAL IMPLICATIONS OF THE SEDIMENT DATA

Quantity of the sediment being assessed, the next research question arising is about the quality of the in-
coming particulate matter (PM). Particulate organic matter (POM) is largely underestimated part of the global
carbon cycle; the existing proxies are scarce and insufficient (Madej, 2005). Assuming POM content to fluctu-
ate around 25% of the total sediment flux, estimates of the mineral fraction of the should be subsequently re-
duced, affecting the conclusions on the rates of geomorphic activity in the delta region. POM decomposition in
the deltaic medium (floodplains and channels) should affect the organic carbon delivery to the adjacent marine
areas, and the climate-relevant gases emission. Geochemistry of the particulate matter entering the Lena Delta
is mostly understudied. Besides its relation to the sediment origin, chemical composition may raise several im-
portant environmental implications, e.g. involvement of the PM in global mercury (Hg) cycle (Amos et al.,
2014). In relation to these aspects, the Lena Delta region remains a highly unstudied area, yet an important po-
tential hotspot for the integrated environmental studies.
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Modeling recent climate variability of the sea water over
the East Siberian Arctic Shelf

Golubeva E.N., Malakhova V.V., Krayneva M.B.

Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
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the region where climatic changes of recent decades are the most pronounced. Recently it was reported

about increasing coastal erosion rates and extensive methane venting in the eastern Siberian shelf. Cli-
matology of bottom hydrography demonstrates warming that extends offshore from the 30—50 m depth contour.
The 1920-2009 time series of summer mean bottom layer temperature analyzed for the inner shelf and coastal
zone of the Laptev and East Siberian seas demonstrate a large warming from 1984 to 2009.

This study discusses the ESAS variability obtained from the numerical results based on the Arctic Ocean
model developed in ICMMG SB RAS, forced by 1948-2013 atmospheric reanalysis. The ESAS is controlled
by regional atmospheric circulation, Siberian river discharge, ice formation/melting, and water exchange with
the Arctic Ocean. Based on the numerical simulation we tried to explore possible reasons for the increase in
bottom layer temperature known from observations. Among them were considered: a) atmosphere warming; b)
Laptev sea on-shelf inflow of warm and saline waters of Atlantic Layer of the Arctic Ocean c) the redistribution
of water masses over shelf zone caused by the change in atmospheric circulation regimes and leading to a
weakening of density stratification; d) temperature anomalies caused by thermal river flux. We analyze the ef-
fect of raising the bottom layer temperature of coastal region on the enhancement of the underwater permafrost
degradation

I E ast Siberian sector of the Arctic shelf (ESAS), including the Laptev Sea and the East - Siberian Sea, is

NccnepnoBaHme 3MeHUMBOCTM COCTOAHMA BOA
BocTouHo-CnbupcKoro ceKtopa ApKTuyecKkoro wesnbda
Ha OCHOBE YNCJIEHHO0 MOAEeMPOBaHUA

lony6esa E.H., Manaxosa B.B., KpaitHeBa M.B.

WHCTUTYT BbIMMCIUTENBHOI MaTeMaTUKK M MaTeMaTu4eckom reo¢pusmnkm CO PAH, HoBocubupck, Poccus
E-mail: elen@ommfao.sscc.ru

BBEJEHME

Bocrouno-Cubupckuii ceKkTop ApKTUYECKOTO Mieibda, BKirovaromuii Mope JlanteBbix u Bocrouno-Cu-
Oupckoe Mope, SIBIISICTCS PETHOHOM, Tl HanboJiee 3aMETHBI KIIMMATH4YECKUEe U3MEHEHUsI TOCIeTHUX JIECSITH-
neTuil. SIpKuM CBUIETEIHLCTBOM ATOTO SIBIISIIOTCS HHTEHCHBHOE Pa3pylleHHe OEPEroB B CBSI3H C MTPOUCXOASIINM
MOTEIUIEHHEM U pa3pylIeHHeM Be4HOW Mep3ioThl [1], u peructpupyemsie BbIOpocsl MeTaHa [2]. CocTosiHue
menbda Boctounoit Cubupu KOHTPOIMPYETCss MHOXKECTBOM KJIMMAaTHYECKUX MPOLIECCOB, CPEIH KOTOPBIX: U3-
MEHYHMBOCTb aTMOC(EPHOI AMHAMUKH, ONPEIEIISIONICH MpoLecchl 00pa30BaHMs U TassHUSI MOPCKOTO JIbJA, €ro
Jpeiid ¥ MUPKYISIHIO BOJ B TOBepXHOCTHOM ciioe CeBepHoro JlenoBUTOro okeaHa, B3auMOICHCTBUE C COCE/I-
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HUMH PETHOHAMH, a TAKKE CTOK CHOMPCKUX pek. JlaHHbIE THIPOIOrnYecKnX HAOMIOAECHHH, TPOBOIUMBIX Ha
KOHTHHEHTAJIBHOM CKJIOHE Mopst JIanTeBbIX, copepkaT HHPOPMALIUIO O MEXTI0I0BOH M3MEHUYMBOCTH COCTOS-
HUSI BOJI BHEIIHEH 30HBI 1eNb(a, TpaHnyaIneil ¢ MaTepUKOBBIM CKJIOHOM. AHAJIN3 JJaHHBIX BBIJICNISET JjBA OT-
HOCHTEIBHO TEIUIBIX TIePHOAa MIPUIOHHBIX BOJ mIenb(poBoii 30HBI Mops: 1930-1950 u 1990-2000-¢ u xomox-
uelid epuox 1960-1980 [3]. BeisiBneHHas M3MEHYMBOCTH KOPPEIHPYET C M3MEHUYMBOCTHIO TEMIEPaTyphl B
AIpe aTTaHTHYECKUX BOJ, MocTymnaromux B CeBepHblit JlenoBuThIif okean gepe3 nponus @pama u bapeniieso
MOpE U PacTpOCTPAHSIOUINXCS B IUKIOHWYIECKOM HAIPaBICHUH BOJIb MAaTEPHKOBOTO CKJIoHA EBpazum [4].
Hannbre Habmoxenuit st 1920-2009 rT. B MEIKOBOITHOW YacTH IIeTb(a U MPHOPEKHOH 30He MOps JlanmTeBbIx
u BocTouro-CHOHPCKOTO MOPST OTPaXKaloT 3HAYMTEIBHOE TIOBBINICHIE MPHIOHHON Temreparypsl (1o 2.1°%),
Hagasieecs ¢ cepenuasl 1980-x romos [5].

B npezncrasnsieMoii paboTe 00CyKIAOTCS PE3yNbTAaThl YHCIEHHOTO MOAICINPOBAHUS TIPOIIECCOB, MTPOHC-
XOJISIIIIUX B PETHOHE, ¥ TIPHUMHBI TOBBIICHHS TEMIIEPATYPhI IPHIOHHBIX BOJ 1Ieb(]a, N3BECTHOTO U3 TaHHBIX
HaOMIOICHNH. AHAIN3UPYETCs BO3ZMOXKHBIE TIOCIIEACTBHS TOSBICHUS TEIUIOBOTO CUTHANIA B MPUIOHHOM CII0€
BOJIbl, UX BIMSHUE HA TEPMUUECKUI PEXXUM JOHHBIX OTJIOKEHUM B paliOHE PEUHOM JEIIBTHI.

METOA NCCJTEAOBAHUA

Jlyist IpoBe/IeHNsT YHCIICHHBIX SKCIIEPHIMEHTOB HCTIONB3YETCsl TPEXMEPHAsl PErnoHabHAast YMCICHHAsT MO-
nenb CJIO u CeBepHoil u skBaropuanbHoi Atnantuku UBMuMI™ CO PAH [6]. ['pannunble yciioBust Juist 3a1a-
HUSI IOTOKOB Ha TIOBEPXHOCTH OKEaHa ¥ MOPCKOTO JIb/1a OTIPEIEIISIFOTCS] HA OCHOBE MCIIONIb30BAHMS JAHHBIX aT-
Mocdepuoro peananmsa CORE2 [7]. B xome 9icIeHHOTO SKCIIEPIMEHTa MOACTHPYIOTCS U3MEHECHNS, TIPOC-
XOJISIIIIE B COCTOSTHUHM BOJA M MOPCKOTO JIb/1a, ONIPEAEIsIeMble H3MEHYNBOCTBIO aTMOC(epHON IUPKYIAINN B
nepuox ¢ 1948 mo 2013 rr.

PE3YJIbTATbl MOOEJIMPOBAHUA

MopenbHble pacdeThl BOCIPOU3BOASIT KIMMATHUECKYIO U CE30HHYI0 U3MEHUMBOCTh cocTosiHus Box CJIO
n Bocrouno-Cubupckoro mensga (BCI). Lupkynsus Box BCIL B 3Ha4MTENBHOI CTENEHN ONpPEesieTcst
JMHAMHKOH arMocdepsl. B cOOTBETCTBUM ¢ yCTaHOBUBIIEHCS IIUPKYJSIIKCH BOJ B MOIEIBHOM SKCIIEPUMEHTE
MIPOUCXOAUT (POPMHUPOBAHNE TEPMOXAIMHHOMN CTPYKTYPBI BOJ M TIOSIBJICHUE aHOMAJIUH TEMIIepaTyphl U COJIEHO-
CTH, PETUCTPUPYEMBIX B JaHHBIX HaOMroneHui. I1osBieHne Gosee TErIol BOIbl B IPHIOHHOM CJIO€ Ha BHEII-
Hel yacTu menbda, rpaHuYamiell ¢ MaTepUKOBBIM CKIOHOM (r1yOuHbI 50-150 M), BBI3BaHO KOHTaKTOM C Te-
IJIBIMH M COJIEHBIMHU BOJAMHU aTJIaHTUYECKOTO C0s. B 4acTHOCTH, B MOIEBHOM DKCHEPUMEHTE B OT/ICIIbHBIC
TICPUO/IBI SIBHO BBIPAKEH aIllBEJUIMHT HA MaTepPUKOBOM CKiIOHE Mopst JlanTeBbix. J{i1st 30HBI cpetHero mienbgha
(rmy6uns! 30-50 M) NPOHUKHOBEHHE BOJ ATJIAHTHYECKOTO CJIOS 3aTPYAHEHO, OJTHAKO MOBBIIICHUE TTPHOHHOM
TeMITEpaTypbl MOXKET OBITH 00YCIIOBJICHO MTPOLIECCaMu, TPOUCXO/SIIIMMH B IIOBEPXHOCTHOM citoe. [{nkinonnye-
CKHUH PEXXUM LUPKYISIIIN aTMOC(EpBI peroHa ¢ peodiaaHieM ceBepo-3aaHbIX BETPOB B JIETHHH MEPUOJ
(2007 1.) ciocobcTByeT yemieHHE CHOMPCKOTO BIOIBOECPErOBOr0 TCUCHUS [§] U pacpOCTPAHCHHUIO PECHBIX
PEYHBIX BOJ B BOCTOYHOM HAlpaBiIeHUH. B 3TOT mepro /uist MOBEpXHOCTHOTO C10s menb(a Mopst JIanTeBbIx B
MOJIEJTIBHBIX pacueTax HaOIItoaeTcst MOTOK, EPEHOCSIIHIA 00Jee COICHYIO BOIY ¢ CEBEPHBIX PalOHOB OKEaHa,
YTO NPUBOIUT K OCIA0ICHHUIO YCTOHUMBOCTH cTpaTiduKanyy cpeanei 30usI menbda. [Iponece nepemenivba-
HUSI, BBI3BAHHBIN IITOPMOBBIM BETPOM MJIM OCEHHHUM OXJIAXAECHUEM, MOXKET MIPUBOJIUTH K TIOSBICHUIO aHOMA-
JIUH TeMIeparypsl B IPUAOHHOM CII0€ OKEeaHa.

B nepuon ycranosnenus B pernone BCII anTHnmKIIoHnYecKoit atTMocdepHON HUPKYIISIUK CYIIECTBEH-
HO MEHSETCS] KapTUHA IIUPKYISALIUU BOJ. B MOJAENBHBIX pacueTax OTCYTCTBYET HalpaBlIEHHOE Ha BOCTOK CH-
6upckoe BronbOeperoBoe TedeHne. PakT NCUE3HOBEHMS ATOTO TEUECHHSI K CMEHA HAITPaBJICHHS IBIKCHUS BOJL B
Bocrouno-Cubupckom Mope Ha 3amajHoe odcyxknaercs B pabore [9] Ha oCHOBe aHanM3a JaHHBIX HaOIIOzE-
Huit. B Mope JlanTeBbIX 10)KHBII 1 10ro-BocTouHbIH Betep (2008 1.) popmupyeT HanpaBiIeHHBII Ha ceBep repe-
HOC B ITOBEPXHOCTHOM ciioe mienb(da. Pactpocrpanenue npecHsIX BoJ peku JICHBI B ceBEpHOM HalpaBICHUN
CIIOCOOCTBYET MOBBIIICHUIO YCTOMYMBOCTH CTPaTU(UKAIMK B 00JIACTH CpeHETOo Ienb(a, YTO MPEnsTCTBYET
MEePEMEIINBAHHIO U PACTIPOCTPAHEHUIO TEIUIA B IPUAOHHBIN CIIOI1.

Bo3MOKHBIM MeXaHN3MOM (POPMHPOBAHUSI aHOMAJIMII TEMIIEpaTypbl MPUIOHHOTO CJIOSI MEJIKOBOJHOM
nipudpesxnoit yactu BCIL (0 20 M) siBisieTcs TeTuIoBoi cTok pek. 1o pesysibraram YHCIEHHBIX pacyeToB Te-
1710, MOCTYHAIOIEe C PEYHBIMM BOJAMH, IPUBOJUT K MOBBIIICHUIO TEMIEpaTypsl B Mope JlanTeBbix Ha 1-2
rpajyca U pacupocTpaHseTcs Ha paccrossHue 10 200 kM Bo BpeMmst jieTHero nepuofa. [1o pesyasratam pacueToB
9TH aHOMAaJHMH UMEIOT JIOKAIBHBIH XapakTep, XapakTepHbI JUI MEJIKOBOJAHOW 4acTH mieibda M Mcye3aloT B
OCEHHE-3UMHHI EPHONI.

Amnanu3 npuIoHHOH Temreparypsl Boa Bocrouno-Cubupckoro menbda mpeacTaBiseTcs BaKHBIM, MO-
CKOJIbKY CE30HHAasi M MEXTrOo/IoBasi AMHAMHUKA TEMIIEpaTypbl MPUIOHHOTO CJIOSi 00ECHEeYNBAIOT COBPEMEHHOE
COCTOSIHUE TTOJBOJHOI MEP3JI0THI U BIUSAET HAa HHTEHCUBHOCTH ITPOLIECCOB €€ Jerpajauuu. [ oueHku Bius-
HUSI TEIJIOBOTO CTOKA pekH JIEHBI Ha CKOPOCTh MPOTanBaHMs Cy0aKBaJIbHON MEP3JIOTHI OBbUT MPOBEAEH TECTO-
BBIIl pacueT Ha OCHOBE MOJIENH TEIJIONEPEeHOca B IPYHTE B YCIOBMAX MOABOIHON kpuonuto3oHs! [10]. Ha
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BEpXHEH IpaHHIle pacyeTHOH 00JacTH 3aJaBajoch M3MEHEHHE TEMIIEpaTypbl IPUIOHHON BOABI Ha IENbde
Mopst JlanTeBBIX, TOIYYEHHOH B pe3yabsTaTe paboThl OKCAaHHIECKOM MO/IEeH. Pe3yasTaThl YMCICHHOTO MOICIH-
POBaHMs MOKA3aJIM BO3MOKHOCTB POTaHBaHHs MEP3JIBIX TOPOJI B 00NIACTAX MIeb(a, TIe MPUIOHHAs TEMIIepa-
Typa BOJBI IPUHUMAET MOJIOKUTENbHbIC 3HaueHNs. Ha ocHOBE 3HaueHN TeMIepaTypbl BOJbI, TIOIYyHICHHOH B
SKCTIEPIMEHTE, HE YUUTHIBAIONIEM TEIUIOBON CTOK PEKH, MOIydeHo, 4To, B mepuor ¢ 1990 mo 2012 roxsr B
paiioHe cToka JICHBI TPOTanBaeT CII0I MEP3IIBIX MTOPOJ MOITHOCTHIO 110 11 M. IToBBIIIeHNEe IPUAOHHOH TeMIIe-
patypsI BofbI B paifoHe nensThl JIensl Ha 2 °C B aBrycTe U CEHTAOpe s TOTO JKe 23-JIeTHeTo eprHoaa yBeIH-
YHBAET CJION mpoTanBaHus 10 15 M. Takum 00pazom, cpeHsst CKOPOCTh MPOTAUBAHUS TOJIINA MEP3JIBIX MOPOJT
co cpeaHeii Temreparypoii -1-2° C yBennumiaach ot 50 10 67 ¢M/Tof1 3a CYET ydeTa KpaTKOBPEMEHHOTO TTOBbI-
IIEHHs TEMIIEPaTypsl B JIETHUI Tepuof. B pe3ynbrate ce30HHOTO MpoTanBaHHs 00pa3yeTcsl TAINK, KOTOPBIH
HaYMHACT 3anTyOnsaThes 3a cueT anddy3un Teria gaxe Mpy JaabHeHIeM TOHKEHHH TeMIIEPaTypbl BEPXHETO
CJI0S TPYHTA, ¥ Pa3pylIaeT PEIUKTOBYIO MEP3IIOTY.

3AKJTIOYEHUE

B nacrosimei pabore Ha OCHOBE YHCIICHHOTO MOJICIMPOBAHUS UCCIECAYIOTCS BO3MOYKHBIC TIPUYUHBI U3-
BECTHOTO M3 JAHHBIX HAONIOICHNI TOBBIICHHS TEMITEPATyphl BOA MPHUIAOHHOTO ciiosg BocTouno-Crnbnupcekoro
ceKTopa ApKTHYECKOTO HIenb(a. Pe3yapTaTsl YMCIEHHBIX SKCTIEPUMEHTOB, IPOBE/ICHHBIX HA OCHOBE TPEeXMep-
HOH YHMCIIEHHOM MOJIEJIN OKeaHa M MOPCKOTO JIbJIa C UCIIOIb30BAHNEM JIAHHBIX aTMoc(epHOoro peaHannsa, Boc-
CTaHABIMBAIOT NU3MEHUYMBOCTH COCTOSHHSA M IUPKYJsinu Bojl CeBepHoro JlegoBUTOr0 OKeaHa M ero menbQo-
BO# 30HBI. Cpei BO3MOKHBIX MPHYUH MOSBICHAS aHOMAIUI MPUIOHHONW TemriepaTypsl B odmactu BCII B
HacTOSIIEeH paboTe paccCMaTPUBAIOTCS: a) BO3MOXKHOCTD 3aTOKa B IIEIL(OBYIO 30HY TEIUIBIX BOJ aTJIaHTHYe-
ckoro cinost CJIO, TpaeKTopusi KOTOPBIX MTPOXOJUT 10 TPaHHMIe MeNb(OBOI 30HBI, 0) TIepepacnpeesieHIe BOI-
HBIX Macc Ieab(QOBOH 30HBI, BEI3BAHHOE CMEHOI PEKMMOB LIUPKYISIIHA aTMOc(hepsl; B) GOpMHUpOBaHUE aHO-
Ml TeMITepaTypsl, 00YCIOBICHHBIX TETIJIOBBIM CTOKOM PeK. AHAIN3UPYETCS BINUSHUE MOBBIIICHHS TEMIIe-
paTtypbl BOZ IPUOHHOTO CJI0s B 00JIACTH MEITKOBOIHOTO IIeNb(a Ha YCHICHNE PoLiecca IeTpajaliiy ITO/IBOI-
HOM MEP3JI0THI PErHoHa.

Paboma svinonuena npu noooepoicke PODOHU (14-05-00730 A, 15-05-02457 A).
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Development of a high-resolution coupled ocean -
sea ice model of the Arctic region
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coupled ocean — sea ice model with high spatial resolution (2 - 5 km) and bipolar grid over the Arctic

region is designed. The model shows high computational characteristics (localization of data and calcu-

ations, self-consistency of the numerical schemes). It provides a scalable solution for massively paral-

lel computational systems, which is required for study of physical processes and forecasting terrestrial systems

on current day level of climatological science. The model is run under governance of the Coupling Framework

for Parallel Models (CFPM) which was developed as a unified module for further planned building of a coupled
model of the Arctic system including atmosphere and cryosphere components.

Characteristics of the system are described in terms of computational algorithms, software architecture
and implementation on supercomputers. We present results of the CFPM interpolation module tests on the
MYVS supercomputers. The first verification of the high resolution ocean — sea ice model has been carried out in
the numerical experiment aimed at simulation of annual variability of the ocean circulation under the CORE-I
protocol.
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BBEOEHWE

Pemrenne 3a7a4 KOMIUIEKCHOTO OCBOEHHS apKTHIECKOTO PErHOHa TpeOyeT MOHUMAaHHS 1 YMEHUS ITPOTHO-
3MpOBATh CIOXKHBIE, 10 CUX ITOp OCTAfONIUecs cIado UCCIeAOBAHHBIMH (GU3HUYECKHE, ONOXUMUIECKUE, HKOJIO-
TMYECKHE U JIpyTHe MPOIECCHl, IPOUCXO/SIINE B Pa3IMuHbIX cpefax (armocgepa, né, okeaH, ouBa), 4To, B
CBOIO OYepe/ib, HEBO3MOXKHO 0€3 MPUMEHEHNSI COBPEMEHHBIX TEXHOJIOTUI MaTeMaTHYECKOTO MOJICITMPOBAHNSI.
CJI0’)KHOCTD OITMCHIBAEMBIX MTPOIIECCOB M OOJBIION 00BEM JaHHBIX CTABSAT 331a4y MOJICITUPOBAHNS N3MEHEHUH
KIIMAaTa B Psi/i CaMbIX BBIYMCIMTENIFHOEMKHX B Hayke. Kak orMedanocs Ha BecemupHoit BeTpede 1o Mogenpo-
BAHMIO ¥ MPOTHO3aM KiHMMara [ 1], CyImecTByeT coriacie o TOM, 4TO ropaszio 6oiee BICOKOE, [0 CPAaBHEHHIO C
CYIIECTBYIOIINM, pa3peIieHne MOJIeNIei OCHOBHBIX KOMIIOHCHTOB SIBJISICTCS TJIABHOM MPEIIOCHUIKOM JUTs pea-
JMCTHYHOTO TIPECTABICHNS KIIMMAaTHIECKOH cUCTeMbl. B taHHO paboTe onmuchIBalOTCS IPOOIEeMbl, BO3HHUKA-
OIINE P CO3JIAHUH COBMECTHOM MOJIEITN OKE€aHa U MOPCKOTO JIbJIA BBICOKOTO pa3peIieHN s, IPEICTaBISIONIEH
co0OH TIepBHIi dTalm B pa3pabOTKe COBPEMEHHON POCCHICKON BBICOKOpA3pEIIArOIeii MOIEH APKTHIECKOTO
perroHa.

MACLUTAB 3A0AYA

Kak7p1if KOMIIOHEHT COBMECTHOM MOJIEJIN IPEJICTABISIET COO0M OTIEIbHYIO MOJIEIb C CETKOM BBICOKOTO
paspelleHys, Ha KOTOPOi B MapayljIeIbHOM PEXKUME BBIYUCISIOTCS JBYMEPHBIE U TPEXMEPHBIE CETOUHBIE OIe-
paropsl, 3aaeicTByst 102—104 BerancnuTenbHbIX aaep. Pacuér npousBoauTces Ha NEPUOJ OT HECKOIbKUX AHEN
J0 coteH net. [Ipeanonaraercs, 4To nepcrneKTUBHAs MOJENb APKTHUECKON CUCTEMBI J0JIKHA UMETh TOPU30H-
TaJbHBIN ar ceTku 1-5 kM 1t Mopenu okeana u 0.5—1.5 kM 1 Mopckoro ibja. J{iast B3auMoaencTBUs Mojie-
JIel B eIMHOM crcTeMe He0OX0IMMO ITPUMEPHO KaKIblid MOJIeNIbHBIH Yac (kaxasle 10—20 BpeMEeHHBIX MIaroB)
nepenaBarh okoio 10—15 nBymepHbIx nosneid. OObeqUHSIONIEE MOJIEIN TPOrPaMMHOE 00eCIIeueHNE JIOIKHO
obecrieunBaTh cOOp MoJIeH, NX MHTEPIOJISILMIO Ha CETKY MOIyYaroliel CTOPOHBI U paclpeeeHue pe3yibrara
KOMIIOHEHTY-I10JTy4aresnto. ToIbKo st AByX KOMIIOHEHTOB (OKEaHa | JIbJa) 9TO 03HAYACT IePEChUIKY M BBIYH-
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cienus Haj opsaka 108 anmemMenTamMu MaccHBOB. B 0011em cirydae Takux B3aMMOJICHCTBUI B CHCTEME CTOIBKO
e, CKOJIbKO TIOTOKOB Ha TPaHMIaX Cpell: OKeaH — armoc(epa, aTMocdepa — OKeaH, OKeaH — JEN, IE] — OKeaH,
atMocdepa — néx u T. 1. Heo6xoammMo oTMeTHTb, 9TO IpH padoTe ¢ OompmuMu 00bEMaMU HHPOPMAITUH y3KUM
MECTOM MOYKET CTaTh (paioBasi cUCTEMa, aJTOPUTMBI PabOTHI C KOTOPOH UpEe3BBIYAHO PEaKo yaaércs mac-
mrabuposats. [Iporiecc BBOJa-BEIBOJA MOXKET OCTAHOBUTH THICSYN BBIYMCIUTEIBHBIX S€p Ha BPEMsI BBITION-
HEHHs MEJUICHHOHN omepanuu — nepuoamdeckoit 3amucu 10—-100 1ByMepHBIX U TPEXMEPHBIX (YHKITHHA perre-
HUS 1 auarHocTuku ooséMoM 1-10 I'6. B pesymnsrare, pazpabarsiBaeMblii MPOTPAaMMHBIN KOMIUIEKC TOJDKEH
YMETb MOIEPKHUBATh U CHHXPOHU3UPOBATh PabOTy MapauleIbHbIX MOJIETIEH BEICOKOTO Pa3pelIeHust 1 o0ecte-
yrBaTh A(P(HEKTUBHOCTL BBHIUMCICHUI Ha CYNEPKOMIIBIOTEPAX, BKIIOYAIOIIYI0O KAaK MHTEPIOJSAIMIO JaHHBIX
MEKIY MOZICIISIMH, TaK ¥ BO3MOKHOCTh COXPAHEHHUSI TOTYUYEHHOTO PEIICHUSI.

MOJEJ1Ib OKEAHA

OYHKIHUIO OKEAHCKOTO KOMIIOHEHTA COBMECTHOW MOJENH BBINOJIHAET MoJeNb MupoBoro okeana UBM—
NO. Ona npexacTapisieT co00# MpOrpaMMHBINA KOMITIEKC, MTPEAHA3HAYECHHBIN JUIs NCCIECAOBAHUS IPKYIISIIUH
MOPCKHX BOJI B IIMPOKOM JMara30He MPOCTPAHCTBEHHBIX U BPEMEHHBIX MaciuTa0oB. [TonHas cucrema ypasHe-
HUH TpEXMEPHON TMHAMUKN OKeaHa B TPHOMKeHnsIX byccHecka M THAPOCTATHKY allPOKCHMHUPOBaHa METO-
JIOM KOHEYHBIX 00bEMOB Ha ceTke Tnna B. Ha BepTHKanbHON ocH HCIONB3YyIOTCS Z-KoopAnHaThl. Onncanne
6apoTpOITHOI TMHAMHUKH BBITIOJIHIETCS C TIOMOIIBIO IBYMEPHOM CHCTEMBI ypaBHEHHH Menkoil Bozbl. [ToTokn
TETIIa, COJIM, UMITYJIbCA ¥ BOJIBI Ha TPAHHIIE C aTMOC(HEPO BEIYHCIIIOTCS MOJIEIBIO TorpaHnyHoro ciost NCAR
[2]. Jns BepTUKaIBHOrO MEepeMEIIMBAHNS UCTIONb3YETCs apaMeTpusanus Manka-Anaepcona. [loBepXxHOCTh
pasJiena BO3/LyX-Bojia — CBOOOIHAS, C SBHBIM OIMCAHUEM ITOTOKOB BOJIBI, TEIUIA, COJHM U UMITYJIbCa. 3a HCKITIO-
YEHHEM BEPTHKAIBHOTO TYpOYIEHTHOTO TEPEMEIINBAHMS, BCE TPOIECCHl ONMMCAHbI ¢ MOMOIIBIO SBHBIX UH-
CJICHHBIX METOOB. birarogaps 3ToMy CTano BO3MOXKHBIM €CTECTBEHHOE PacTIapajuIeIMBaHIE MOJIEIH C TIPHMe-
HEHNEM METO/Ia IByMEPHOH JeKoMIo3uIMy o0nactu. Ha manHoM sTarne pa3paOoTKH JIeTOBbIH KOMIOHEHT pea-
JIM30BaH C TIOMOIIBIO TEPMOTMHAMHYECKOW MOJIEIH CHEXXHO-JIEZOBOTO TTOKpOBa [3], KoTOpas B JanbHEHIIEM
OyneT 3aMeHEHa Ha COBPEMEHHYIO JUHAMHYECKYIO MOJENb C YYETOM MEXaHHUYECKOTO IepepactpeaeIcHus
rpajanyii gpaa. B pabote [4] mpuBeneHs! pe3ynbTaThl YUCICHHOTO TECTHPOBAHMS MOJIENN U e€ BepH (KA B
peKIMe rpyOoTo pa3perieHuns 1Mo IPOTOKoITy HHTepKanuoOparronaoro skcriepumenta CORE-I.

Jocturayras 3¢pPpeKTHBHOCTD NMapayIeIbHON pea3aiy MOJICIN OKeaHa MMO3BOJIMIIA CO3/IaTh BBICOKO-
pa3penaronryo BEpCHIO MOJICNN ¢ OUIIONSIPHON CETKOM HaZl APKTHKOM, TOPU30HTAIBHBIC AT KOTOPOH JIeKaT
B mpezenax 2-5 kM. E€ 0co0eHHOCTBIO SBISIETCSI OTCYTCTBHE ONEPATOPOB TPEHHSI BTOPOTO MOPS/IKa B OMHCA-
HHUH TOPU30HTAIBHOM 0apOKIMHHON TEPMOTUAPOANHAMHUKH, YTO 00ECIICUNBACT BRICOKHH YPOBEHB BUXpeoOpa-
30BaHUSI B MOJICTIBHOM pPEIICHHUH. J[JIsl OnMcanusi TOPU30HTAIBHOTO NEPEMEIINBAHNS UMITYIIbCA TIPHMEHSIETCS
Ourapmonndeckast napameTpuzanusi CMaropuHckoro [5], aist auddy3un Temia U conmu — OUrapMOHNYECKUi
oreparop ¢ K03(pPUINEHTOM, TPOIOPINOHAIBHBIM TPEThEH CTEIICHH 1Iara CeTKH. TecTOBbIE pacuéThl MoKa3a-
JIM YCTOWYIMBOCTH PaOOTHI MOJIENTN B KBAa3HaIMa0aTHUECKOM PEXHUME, T.¢. 0€3 NCTIONb30BaHMS TapaMeTpU3anit
TOpHU30HTAEHOU MU PY3HN.

CMCTEMA COBMECTHOIO MOAEJTIMPOBAHNA

st 00bearHeHnsT KOMIOHEHTOB B COBMECTHYIO MOJIENb OBbLI pa3padoTaH crenuaan3upoBaHHblil [Ipo-
rpaMMHBIH KoMmILIeKe coBMecTHOro MoaenupoBanus (IIKCM) [6]. On nmogiepkuBaeT Bce ATaIbl )KU3HN MOJIe-
JIU A COCTOUT U3 008blYUCIUMEeNbHO20 (TIOITOTOBKA CETOK C ucnonb3oBanueM maketoB SCRIP/CDO), pacuém-
HO20 (BBITIOJHSIOIIMXCS B TIpoOIiecce cuéTa MepechlIoK JaHHBIX C IEPEHHTEPIOISIIEH MEKTY CETKaMH KOMIIO-
HEHTOB COBMECTHOI MOJIEIIN) M HOCMBbIUUCIUMENbHO20 (BU3yan3anys 1 00paboTKa ¢ NCIIOJIb30BaHUEM Ipa-
(uaeckoit oubmuorexku PyNGL) 61mokoB.

Puc. 1. Bpems paboTbl
npoLesypbl UHTEPRONALUK
B CEKYH[1aX B 3aBMCUMOCTM
| 0T pa3Mepa KOMMYHWKaTo-
J pa [MKCM Ha cynepkomnbto-
Tepax cemeiictBa «<MBCx»:
«MBC-100K», «MBC- 10[»
¢ 16 nornyeckmmm agpamm
Ha y3en, «<MBC-10M» c 32
NIOrMYECKUMU AlpaMU Ha

BpEMSA, CeK

y3en.
1 ; ; ; 1'5 3'2 E;l t;B 2;6 5; 2
4Mcno Agep
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Jlis peanm3ayy YMCTICHHBIX aNrOpuTMOB cBs3biBaHMs Moxeneii B [IKCM ncnons3yercs Hanbonee mep-
CTIEKTHBHAsI Ha CETOJHS CXEMa C LEHTPAIbHBIM MapaulelIbHBIM KariepoM (coupler — MOIyllb CHHXPOHU3ALUH
paboTBI MOJIENeH, MHTEPIIONAINN TAaHHBIX MEXKIY CETKaMU KOMIIOHEHTOB M pabOTHI ¢ (aiiinoBoii cuctemoii). bo-
JIee TOro, CXeMa paclIupeHa 3a cuéT ero MOHOM a0CTpaKIMU — apXUTEKTYPHO CHCTEMa HalKcaHa ATl TIPOH3-
BOJILHOTO YHCJIa KOMITIOHEHTOB, YTO OTIAMYAET e€, Hanpumep, oT m3BecTHOi cuctemsl CESM, rie 3uanms 00 uc-
TIOJTb3YEMBIX MOJIEIISIX 3aJI0KEHBI B KOJ| CHCTeMbl. ONTUMH3AINS AJITOPUTMOB HHTEPIONSINH 33 CUET YIAKOBKU
JIAHHBIX, OTIIOKEHHBIX OTEPaInii ¥ TEPEKPBITHS BEIYUCICHNI 1 0OOMEHOB MTO3BOIMIN HOIYYHUTH POU3BOANUTEb-
HOCTB JTy4ire, yeM B n3BecTHhIX aHanorax (CESM, OASIS, ESMF). Pesynsrars! TeCTHpOBaHHA MacIITabupye-
MOCTH 0JI0Ka MHTEPIOIIAIINH [T CyTIepKoMITbIoTepoB cemerictBa «MBCy» (MCL] PAH) nipencTasnens: Ha puc. 1,
Ut cyriepkommbiotepa «Jlomorocoy (MI'Y) — B padote [6]. JlOTOTHATEIFHBIM CBOHCTBOM apXUTEKTYPHI C BBI-
JIeTIEHHBIM KOMITOHEHTOM COBMEIIEHNUS MOJIETICH SIBIISIETCSI ACHHXPOHHOCTD MEJUICHHBIX OTIEpanyii 3aIicH 1 uTe-
HU (HaiiIoBOM CHCTEMBI: KIIACTED C JAECSTKOM ThICSAY si/iep HE POCTAUBACT M3-32 OKUJIAHUS B3aUMOZCHCTBHS C
JIFICKaMH, T.K. TIOKa MOJIeNb Mpom3BoauT Berancierns, [IKCM B3anMonelcTByeT ¢ (aiaoBoii CHCTEMOIA.

YNCITEHHBIE 3KCMEPWMEHTbI C COBMECTHOW MOZESTbIO

[TpoGHas reodm3nyeckast 3a7a4a BOCIPON3BEICHNUS COCTOSIHUSI OKEaHa M MOPCKOTO JIbJia TIPU TTOMOIIH
CO3IIAaHHOH BBICOKOpPA3pEIIAIONIEii COBMECTHON Monenn ApKTHKM Oblla TIOCTaBJIEHa CIETYIOMNM 00pa3oMm:
ApPKTHUYECKHUI perruoH, HauuHasi oT 57° ceBEpHOM IMPOTHL, MOKPBIT CETKOM C MOJIIOCAMU Ha CyLIE, BEPTHUKAIb-
Hasl TUCKpPETH3aIMs MOJIEIN OKeaHa BKItodaeT B ce0s 49 ropusoHToB. Pazmep pacripenenéHHbIX MacCHBOB
TPEXMEPHBIX MPOrHOCTHUECKUX NoJei cocTtaBui 3600%x450%49, yTo COOTBETCTBYET FOPU3OHTAILHOMY pa3pe-
HIEHUIO 2-5 KWIOMETpPOB. B KauecTBe HawaiabHBIX YCIOBHH U1 OKeaHa HA | sHBaps B3SATHI CPEIHETOJOBBIC
KITMMATOJIOTHIECCKHUE OIS TEMIIEpaTyphl U conéHocTr 6a3el maHHbIX World Ocean Atlas 2009, mopckoit 1€ Ha
CTapTe KCIIEPUMEHTa OTCYTCTByeT. BHemmHuii atMochepHbIid GopcuHT, B3AThI U3 0a3sl maHHBIX CORE-],
MIPE/ICTABISIET COO0M HUKINYHOE MOBTOPEHHE CPETHEKIMMATHUYECKOTO BHYTPUTOZOBOTO XOJa IMapaMeTpoB
BO31yXa U coaHeuHoM panuanuu. Ha puc. 2 npuBenena remmeparypa Ha ropusonte 105 M nocne 6.5 net un-
terprupoBanust. COBMECTHAsI MOZIETb IIOKa3bIBAET PEANCTUYHBIC MHTEHCHBHOCTH BUXPEOOPa30BaHMs 1 IPaHH-
1Bl pacIpoOCTpaHeHHs TEMIION aTITaHTHIECKON BOJIBI.

Puc. 2. lNone Temnepary- ~ S0°W 110°E
pbl (°C) Ha rnybuHe 105 M  45°wW 105°E
nocne 6.5 net MHTS}FpMpO— 40°W 100°E
BaHWA COBMECTHOW Mofie-
35°W 95°E
.
30°W 90°E
25°W ;. 85°E
20°W b ) , 80°E
e ™ g
15°W E e a0 o 75°E
S Pt R
0° 15°E 30°E 45°E 60°E
! B

3 265§ 2495 9 -§ 0 5 1 15 2 25 3 35 4 45 5 55 6 65 7 75 & 85 9 95 w0

Hccneoosanue svinonneno sa cuém epanma Poccuiickoeo nayynozo ¢onoa (npoexm Ne 14-37-00053) 6
@I'BY «l'uopomemyenmp Poccuuy (pazoenvt 1-3, 5) u npu uacmuunoii noooepaicke epanma PODU Ne 13-05-
01141 (pasoen 4).
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1. World Modelling Summit for Climate Prediction. 2008. Workshop report. UK. WCRP-131, WMO/
TD-1468.

2. Large W, Yeager S. 2004. Diurnal to decadal global forcing for ocean and sea-ice models: the data
sets and flux climatologies. NCAR Technical Note: NCAR/TN-460+STR. CGD Division of the Na-
tional Center for Atmospheric Research. 105 pp.

3. Schrum C., Backhaus J. 1999. Sensitivity of atmosphere-ocean heat exchange and heat content in
North Sea and Baltic Sea. A comparative Assessment, Tellus, 51A4. 526-549.

4. Vwaxos K.B., Hopaes P.A. 2015. Bocnpou3ssedenue kaumama Muposoeo okeana ¢ nomowpro u-
cnennotl mooenu UBM-HO. U3zs. PAH. @usuka ammocgepsi u okeana. T. 51. Ne 4.

5. Griffies S.M., Hallberg R.W. 2000. Biharmonic Friction with a Smagorinsky-Like Viscosity for Use
in Large-Scale Eddy-Permitting Ocean Models. Mon. Wea. Rev., 128, 2935-2946.
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Mobilization, mineralization and turnover of dissolved
organic matter in the Lena Delta and coastal Laptev Sea
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tinuum from soils to the coastal seas and ocean. Climate change causes the release and mobilization of

he vast amounts of soil organic carbon from permafrost in the permafrost-dominated watersheds of the
arctic rivers. Permafrost is widely distributed in the northern hemisphere and occupies ~24% of the exposed
land surface area and ~34% of the world’s coastlines are permafrost affected arctic coasts. Permafrost repre-
sents one of the largest pools of belowground organic carbon storage, its estimated size is pool is ~1700 Pg.
Generated organic matter is a subject of mineralization and transformation processes with its further transport
to the river and coastal Arctic Ocean.

In this study we quantified dissolved organic carbon (DOC) and dissolved organic nitrogen (DON) in
various natural waters of the Lena Delta and Coastal Laptev Sea. Fourier Transform Ion Cyclotron Resonance
Mass Spectrometry (FT-ICR MS) together with statistical methods was applied for molecular characterization
of DOM, its turnover and transformation over biogeochemical processing.

Molecular composition for different sources of DOM in the Lena Delta including river and its channels,
lakes, permafrost creeks and ice complex outflows allowed clear discrimination of these natural waters. FT-
ICR MS and statistical tools demonstrated that the origin of DOM in the Lena Delta was systematically re-
flected in its molecular composition. Source-dominant indicator molecular markers were detected and charac-
terized.

Further, we characterized DOM reactivity during the Lena River- Laptev Sea transition. We employed
peak magnitude-salinity correlation as a measure of the reactivity of DOM. 27% of DOM components exhibit-
ed a strong conservative behavior, 32% were moderately affected by estuarine processes, and 41% were ac-
tively involved. Terrestrially-derived molecular components were mainly represented by the polycyclic aro-
matics and vascular plant-derived polyphenols. Marine-derived DOM components were was mainly repre-
sented by the highly unsaturated and phenolic compounds and aliphatic compounds.

Studied bacterial mineralization of permafrost-derived DOM showed mineralization rates ~40% DOC
over 18 days of incubation. DOM molecular composition controlled microbial metabolism. Microbial altera-
tion explained, at least in part, initial changes of DOM throughout its evolution and transport from terrestrial to
aquatic environments. Extreme bioavailability of permafrost organic carbon and rapid transformation of DOM
suggests that ancient permafrost organic carbon is highly reactive upon fluvial release and therefore highly im-
portant for regional organic carbon cycling.

ﬁ substantial amount of terrestrial dissolved organic matter (DOM) is transported along the fluvial con-
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From fresh — to marine waters: the fate of dissolved organic
matter in the Lena delta region, Siberia

'Rafael Gongalves-Araujo, ‘Colin Stedmon, 'Birgit Heim, 'lvan Dubinenkov,
'Alexandra Kraberg, ‘Denis Moiseev, 'Astrid Bracher

1 Alfred Wegener Institute, Bremerhaven, Germany

2 Technical University of Denmark, Denmark
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climate change. This is influencing both freshwater budgets and the supply of carbon to sea. This study

characterizes the composition of dissolved organic matter (DOM) within the Lena Delta region across
the fresh water-marine gradient. Six fluorescent components (four humic-like; one marine humic-like; one
protein-like) were identified by Parallel Factor Analysis, with a clear dominance of humic-like signals in fresh
waters. At higher salinities there was an increased autochthonous contribution. Colored DOM (CDOM) and
dissolved organic carbon (DOC) were highly correlated and, as a response to the hydrographical forcing, the
region displayed a pseudo-conservative behavior of DOM in relation to salinity at marine-influenced sites; and
a non-conservative behavior with evidence of considerable removal of DOM (up to 54%), likely driven by
photodegradation and sorption/flocculation, at sites influenced by the Lena River plume. The latter mixing
curve was split into three mixing regimes with regard to different amount and reactivity degree of DOM and to
the factors driving DOM variability: 1) the low salinity regime (salinity>10) with high concentrations of DOM,
dominated by highly reactive terrigenous contribution and characterized by rapid removal; 2) the intermediate
regime (10<salinity<25) exhibiting lower concentrations of DOM and a decreased contribution and reactivity
of terrigenous compounds; and 3) the high salinity regime (salinity>25) showing the lowest DOM and an in-
creased contribution of less reactive compounds, displaying a pseudo-conservative behavior, with relatively
low removal/addition processes controlling the dilution of DOM.

The connectivity between the terrestrial and marine environment in the Artic is changing as a result of

Mathematical modeling of the submarine permafrost
dynamics and gas hydrate stability zone in the East Siberian
Arctic Shelf

Malakhova V.V.

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

organic matter buried in permafrost, which can be involved in the modern biogeochemical cycles sub-

ject to warming. The East Siberian Arctic Shelf (ESAS), consisting of the Laptev and East Siberian seas,
represents the shallowest and broadest shelf region of the entire World Ocean. The ESAS is underlain by the
relic off-shore submarine permafrost in an environment that is favorable for the stability of gas hydrates. Dur-
ing the last glacial maximum, the global sea levels fell by over a hundred meters, with a result that the shallow
seas of the shelves became a dry land, which allowed the permafrost to develop there. Both models and geo-
physical data support the existence of the subsea permafrost in large areas of the Arctic shelves down to a water
depth of about 100 m. The recent and the future warming in the Arctic may have a potential to cause rapid
changes in the Earth’s system. The global warming could lead to destabilization of the subsea permafrost and
cause a release of methane into the water column. The state of permafrost in the Arctic is the key to understand-
ing whether the methane, stored in the permafrost-related gas hydrate, can escape to the atmosphere.

We have numerically simulated the subsea permafrost evolution in the East Siberia Arctic shelf for the last
glacial cycle, namely, 120 kyr. In order to assess a possible status and stability of the submarine permafrost we
have carried out a numerical run based on the joint ocean-ice and subsea permafrost model. The numerical re-
sults show that the offshore permafrost exists within the vast East Siberia shelf. This permafrost has a continu-
ous character, its thickness varying across the Arctic shelf. The thickness of the permafrost within most of the
East Siberia shelf is estimated as 220-450 m at 60 mW/m” heat flux.

The extensive Arctic Shelf can play an important role in methane cycling because of a huge storage of
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The GHSZ is defined as the part of a sediment column, where hydrostatic pressures are higher than the
temperature dependent dissociation pressure of gas hydrates. The simulated thickness of the gas hydrate zone
varied between ~250 m to 580 m at the present time. Temporal changes in the depth of the lower boundary of
hydrate stability occur in the same way as temporal variations in the depth of the lower boundary of the subsea
permafrost. In the period of the sea transgression, the GHSZ is controlled not only by an increase in tempera-
ture, but also by changes in the excess pressure due to changes in the sea level. The results of calculations il-
lustrate, that the upper boundary of the GHSZ over the East Siberian shelf regions lies within the permafrost at
a depth 140-220 m below the seafloor. The permafrost depth modeling shows deepening down to 22 m below
the seafloor for 2012. This depth of the unfrozen permafrost is still less than that of the GHSZ upper boundary.

MaTeMaTnyeckoe MogennmpoBaHve AMHAMUKM NOABOOHOM
MEep3/10Tbl M 30Hbl CTabUNBHOCTU ra30BbIX FTMOPATOB
Ha BocTtouHo-CnbumpckoM wenbode

Manaxosa B.B.

WHCTUTYT BbIMMCIUTENBHOI MaTeMaTUKK M MaTeMaTu4eckom reo¢usmnkm CO PAH, HoBocubupck, Poccus
E-mail: malax@sscc.ru

COOEHHOCTBIO aPKTHUECKUX aKBATOPUIl SIBJSIETCS] HAIMYKE TTOJ{BOJHON MEP3JIOTHI B IIpeJiesiaX MEJIKO-

BOIHBIX I1e1b(oB. [corpaduueckoe MoIoKEeHUE apKTHYCCKUX MIEIb(OB, PErPECCUH U TPAHIPECCUH

MupoBoro okeaHa B IJICHCTOICHE — FOJIOIICHE 00YCIIaBIMBaOT (POPMUPOBAHKE U CTPOCHHUE I1Ieb(O-
BO KpnoinuTo30HsI [1]. TepmoguHamMuyeckuii peskuM ApKTHYECKOro OacceiiHa COOTBETCTBYET yCIOBUSIM JIJIst
(hopMupoBaHust CyOaKBaJbHBIX Ta30THPATOB METaHa MO/ THOM, Ha4MHast ¢ MOPCKHX TiTyouH 250 M. Ha menko-
BOJIHOM apKTH4eCKOM Ienbge ¢ nryonnamu 70 120 M 30Ha cTaOMIIBHOCTH Ta30BbIX I'M/PATOB CBsI3aHa C HAJIHU-
YHEeM T0/1BOAHON Mep3i0Thl. [1lenb(hoBbie CKOTUIEHHS THPATOB XapaKTEePHbI TOJIBKO JUISl apKTHYECKUX aKBaTO-
puii. OrpoMHOE KOJIMYECTBO OPraHMYECKOTO YINIEPOia MOKET COIEPIKATHCS B 30HE CTAOMIIBHOCTH I'a30TH/Ipa-
toB (3CI), 3aseraromieil B mpeaeiax U HIDKE sipyca Mep3Jibix mopoja. Haxomsck B cTaOMIBHOM COCTOSTHHH,
MEep3JI0Ta UIPAET POJIb HAJEHKHOM KPBILIKH, IPEIISITCTBYSI BBIXOAY MeTaHa. PaspylieHue noBoiHOi Mep3II0ThI
U MOCJIeYIONIas 1eCTa0uIM3alusl ra30BbIX THAPATOB apKTHYECKOro Hieib(a MOXKET IPUBECTH K OBICTPOMY
BOBJICYEHHUIO OIPOMHBIX KOJIMYE€CTB METaHa B COBPEMEHHBIH LUK yrieposa [2, 3].

CTaOWIIBHOCTD TTOJIBOHON KPHOJIUTO30HBI B YCIIOBHSIX M3MEHEHUS KJIMMara HalpsIMyO 3aBUCUT OT BEJIHU-
YHHBI U3MEHEHHS TEMIIEPATYPhI M COJICHOCTH BOJIbI, TEMIIEPATYPbI BO3yXa, TOJIIMHBI MOpCKOro sibaa. [Tpora-
MBAHUE TIOJIBOAHBIX MEP3JIBIX TOJIIL IPOUCXOIUT IPEUMYIIECTBEHHO CHHU3Y T10]1 BIMSHHEM I'€0TEpPMUYECKOTO
MOTOKA TeIlIa, TaK KaK CO CTOPOHBI MOPCKOTO JIHA CYIIECTBYIOT B OCHOBHOM OTPHIATENILHbIE TEMIIEPaTyphl
MIPUOHHOTO €101 BOJbI. JlaHHbIe HaOMrOAeHUH B eTHU epuos ¢ 1984 mo 2009 roj AeMOHCTPUPYIOT POCT
TeMIepaTypsl IPUAOHHBIX BOA B MOPSAX BOCTOUHONH APKTHKH 10 YCTONUMBO MOJOKUTENbHBIX 3HAUCHUN [4].
[TosTOMY 3HAYMMYIO POJIb IJIsl COBPEMEHHOTO COCTOSIHUS CyOaKBaJIbHOI MEP3JI0THI MOXKET UTPaTh TEMIIEpary-
pa IPUAOHHOTO CJI0sl BOJbl. Pacuers! [5] mokas3bIBaloT, YTO NP 33/IaHHBIX CLIEHAPHBIX MMOTEIJICHUSX U YBEJIH-
YEHUM TEMIIePaTypbl IPUAOHHON BOJBI JI0 MOJIOKHUTEJILHBIX 3HAUCHUI IPOUCXOIUT Oosiee ObIcTpast Jerpasja-
LSl BEpXHEH 4acTh KPHOJIUTO30HBI M 00pa30BaHKe HECKBO3HBIX TAJIMKOB IITyOHHOM 110 60 M.

B yc0BUSIX OTCYTCTBHSI CHCTEMATHUECKUX JIAHHBIX HAOMIONEHUH METOJI MaTeMaTHueCKOro MOJIEJIUPOBa-
HUSL SIBJISIETCS HEOOXOAMMBIM MHCTPYMEHTOM, ITO3BOJISIONIEM MPOCYMTATh BO3MOXKHBIE CLIEHAPHU Pa3BHUTHS
coObITHi. B Hacrosiieit paboTe MpoBeJeHO MaTeMaTHueCcKoe MOJICIIMPOBaHHE TMHAMHUKH TOJIIH CyOaKBaJIb-
HBIX Mep3JIbIX nopoj Ha Bocrouno-Cubupckom mensge (BCLI) ¢ momornipio MaTeMarnuecKkoi Mojienu, KoTo-
past OIKChIBAET IepepacipeielieHne Telia B CUcTeMe aTMoc(epa - OKeaH - 0CaIoYHbIN ¢J10i Mopckoro jHa. B
OCHOBE HCCIIEIOBAHUSI JIOKHUT KIIMMAaTHYECKUHN CLeHApUil, 00beIMHSIONINI aJICOPEKOHCTPYKIHUIO KJIMMara 3a
nocnennue 120 Teics JieT U coBpeMeHHoe coctosiHue ¢ 1948 o 2012 rog.

[IpoBeneHHbIE CLIEHApHBIE PacUEThl TOKA3aIl BO3MOXKHOCTD CYILECTBOBAHUS CYyOaKBaJIbHBIX MEP3JIbIX MO-
POl B IOHHBIX OTIOKEHHX 110 Beeit oonmactu BCILL. MomiHOCTb Mep3J10ro CI10sl MO IHOM 3aBHCHUT OT [ITyOHHBI
MOpS H MOKET COCTaBHTh Topsifka 220-450 M MpH 3aJaHHOM TemnoBoM rotoke 60 MBT/M’ (puc.1A). Pacuer ¢
Y4eTOM KJIIMMAaTHYEeCKUX M3MEHEeHui Ha npoTsxeHnu 1948-2012 rr. mokasas, 4To Temmeparypa puaoHHONH BOIbI
MMeEET CYILECTBEHHOE 3HAYCHHE B TEMIIax JIerpajallii BEPXHEro CJIosi MEep3JIbIX HOpoJL Ha 1ieib(pe U B HACTOS-
1iee BpeMs MOXeT ObITh JoMUHHpYomuM (pakrtopoM (puc.1b). Oxnako Oosbluas ryOHHa IPOTauBaHUsT Mep-
3JIBIX JJOHHBIX OTJIOXKEHHI 0OYCIIOBIICHA MX 3aCOJICHHEM BCJIEJICTBHE MUTPAIIMH COJICH B ITIOPOBOE MPOCTPAHCTBO
TocIie 3aToIvieHus 1elnbda coneHoi Mopckoit Bopoii. CybakBasibHasi MEp3JI0Ta B BEPXHEM CIIOE JIErPaJupyeT 1
IIPY OTPULATEIIbHBIX TEMIIEPATypax JOHHBIX OTJIOKEHHH 11071 BO3AEHCTBHEM COJICH B IIOPOBBIX BO/IAX. Y UeT colle-
HOCTH UMEET CYIIECTBEHHOE 3HAaYE€HHE B TEMIIAX JIerPa/iallik BEPXHETO CJIOSl MEP3JIBIX ITOPOJ] Ha MIejbge.
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OmHOBPEMEHHO C MOJICIMPOBAHIEM MOIIHOCTH MIENb(OBOI KPHOIUTO30HBI TpoBoauiics pacder 3CI me-
TaHa Ha OCHOBE aHaJIM3a TePMOOAPUYECKHX YCIOBHH JHA M JOHHBIX OTJIOKeHUH. Ha sTamax 3aTorieHns meib-
(a naBieHNe yBEINYUBAIOCH 33 CUCT JIOMOJHHUTEIBHOTO BIMSHMS BOAHOTO CTON0OA, a B XOIIE perpeccuii oHo
PacCYMTHIBATIOCH KaK FMAPOCTATHYECKOE C YUETOM TOJIIIMHBI JOHHBIX OTIOKEHHI. B ycIoBHAX MOXBOXHOM
MEp3JIOTHl M HI3KKX Temneparyp rpyata 3CIT metana momHoCThIO 250-580 M cymiecTByeT mo Bcei obmactu
MenKoBOAHOTO menbda. Hikuss rpannmna 3CIT pacnonoxeHa HUKE TOJIIH MEP3IIbIX OO, & BEPXHSSA HaX0-
IuTcs Ha TiryOuHe mopsinka 140-220 M oz MOBEpXHOCTHIO THA, BHYTPH MENb()OBOH KPHOTUTO30HH (puc. 1 A).
B nenom, namenenne momuocti 3CIT 0 BpeMeHN Ha MPOTSHKEHUH BCETO JISIHUKOBOTO IIMKIIA TIOBTOPSIET JTH-
HAMHUKY KPHUOJUTO30HBI. JINIIb IIPH MOBBIIICHUH YPOBHS MOPS B IEPHOABI TPAHIPECCHUIT IIPOUCXOIUT yBEJINYe-
Hue TonmuHbl 3CI 3a cyeT TONOIHUTEIBHOTO AAaBICHUS BOAHOTO CTOJI0a, TOrAa KaK MOITHOCTE MEpP3JIbIX I10-
PO HAYMHACT YMEHBIIATHCH.

Cwmemienne Bepxueit rpanuis 3CT 3a mepron ¢ 1948 1o 2012 rox coctaBmiio He 6oIee 0JHOTO METpa 3a
CYET M3MEHEHUS TeMIIEPaTyphl B TOJIIE JOHHBIX OpoA. JlecTaOuimu3anus ra30ruipaToB MOXKET IPUBOIUTE K
HaKOIUICHUIO CBOOOHOIO METaHa II0J] CJI0eM MEp3JIbIX Mopod. OIHAKO SMHCCHS I'a3a B BBIILIEIEKAIINE CIION
OyZeT KOHTPOIHNPOBATHCS COCTOSTHHEM MEP3JI0To ¢i0s1. MOKHO caenarsb BeiBo, uTo 3CIT He Tak OpIcTpo pearn-
pyeT Ha M3MEHEHHs TeMIIepaTypsl MPUIOHHON BOIBI, KAK KPHOIUTO30HA. JTO 00BsCHSIETCA Oosiee caadbMu
NU3MEHEHUAMH B TEMIIepaTypHOM Ipoduiie Ha TITyOUHaX, TJIe BBITOIHEHBI YCIOBHS CYIIECTBOBAHMS ra30THapa-
ToB (puc.1A).

3axmoueHue. [leproasl TpaHCIpecCHn M perpeccuH OKeaHa, TeMIleparypa Bo3oyXa, TeMIeparypa Mpu-
JOHHBIX MOPCKHX BOJ, F€OTEPMHUYECKHUII IIOTOK TEIlIa SBIIOTCS BaKHBIMHU (haKTOpaMH, BIMAIOLIMMHI Ha CO-
CTOSIHHE U IMHAMHKY Cy0aKBaJIbHOW MEP3IIOTHI IIPH €€ MOACIUPOBaHUH.

[TpoBeneHHbIE MOZICIIBHBIE PACYETHI IIOKA3aId, YTO COBPEMEHHOTO MOTEINICHUs HEIOCTaTOYHO VISl OJI-
HOW JecTaOMIn3alii MOABOTHONH MEp3JIOTH Ha IIeib(e Mopeil BocTouHoi ApkTHkH. OlycKaHue BepXHEH
TpaHUIBI (KPOBIH) MEp3JIbIX ocagkoB kK 2012 romy cocraBmio mopsaaka 0-22 M B 3aBHCHMOCTH OT 00JacTu
nrenbda. B B3 ¢ HepaBHOMEPHOCTBIO 3aCOJICHHS LIeb(a KPOBIIS MEP3JIOTHI IIOHMKAETCS B HAIIPABICHUH OT
6epera. CKOpOCTB JIerpaaiiy Mep3oro cios 0-7 cM B TOJ COTITACyeTCs ¢ IMEIONTMMHUCS (PaKTHIeCKIMH JTaH-
HBIMH M3MEPEHHH Ul JAHHOTO PerHOHa. YBEIMYECHHE ITyOHHBI TPOTAMBAHUS MOXKET IIPUBOIUTH K YCHICHHIO
IIPOLIECCOB METAHOTCHE3a B 0CAJ0YHOM CJIO€ U BOBJICUCHHIO B COBPEMEHHBIIT OMOT€OXUMUYECKHI IIUKIT JPEB-
Hell OpraHuKY U3 TAJIOTO CJIOS MEP3JIOTHI.

Pacuernas momrHocTs 3CIT MeTana Ha menbge coctasmia nmopsaka 250- 580 m. [Ipu aTom oHa ocTaeTcs
W30JIMPOBAHHOI OT MOBEPXHOCTH MOPCKOTO JIHA CIIOEM MEP3JIOTro IPYHTAa, Tak Kak BepxHsis rpanuna 3CIT Haxo-
mutcs Ha TiryouHe 140-220 M moke aaa. Hammawme mep3nsix mopox u 3CIT B JOHHBIX OTIIOKEHUSAX TPETISATCTBY-
0T IBHKCHUIO TPUPOAHBIX I'a30B, HAKOIUICHHE KOTOPBIX MOXKET IPOUCXOAUTH B TOAMEP3IIOTHBIX TOPU30HTAX.

Pacyemtoe spems, 200b! Paboma evinonnena npu gunancosoti noodep-
5000 4000 3000 2000 1000 ¢ owke npoekmog PODHU (Ne 14-05-00730 A, Ne 15-05-
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S 300
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Puc. 1. ViameHeHus no Bpemenu: (A) - ans nepuoaa no-
CefiHeN TPaHCTPECCUM MOJIOKEHNUA HUMKHE MPaHNLibl
mep3noro cnos (1), BepxHen rpanmubl 3CI MeTaHa (2)

¥ HUKHen rpaHuubl 3CI MeTaHa (2); (B) — B nepuog ¢ 1948
no 2012 rog nonoXKeHnaA BepXHeW rpaHuMLbl Mep310ro Cio.
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5. Malakhova V.V., Golubeva E.N. Modeling of the dynamics subsea permafrost in the East Siberian
Arctic Shelf under the past and the future climate changes // Proceedings of SPIE. 9292, 20th Inter-
national Symposium on Atmospheric and Ocean Optics: Atmospheric Physics, 929246. (November
25,2014) doi: 10.1117/12.2075137.

Numerical simulation of the Lena River estuary dynamics
using SELFE

'Fofonova Vera, ‘Kraineva Marina, 'Tomety Serge, ‘Golubeva Elena, 'Wiltshire Karen Helen

1 Alfred Wegener Institute, Bremerhaven, Germany
2 Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
E-mail: Vera.Fofonova@awi.de

volume of the Lena River from 1935 to 2014 was about 539 km’. Water mass characteristics at the Lena

River basin outlet are particularly important for dynamics of the Laptev Sea and the Arctic Ocean as a
whole (e.g. Dmitrenko et al., 2008; Morison et al., 2012; Yang et al., 2005). Observational data available for the
Lena River suggest an on-going change in climate and biological factors over the last 50 years (e.g. Kraberg et
al., 2013; McClelland et al., 2006; Yang et al., 2002). Given the large territory of the Lena Delta, the direct
measurements are by far insufficient, calling for a modeling approach. However, mostly all models, which in-
clude the Laptev Sea shelf zone, do not resolve the Lena Delta and as a consequence lose information about
Lena river stream changes using input data with insufficient quality.

In the current work we present the hydrodynamics model for the Lena Delta region based on SELFE (A
Circulation Model for Oceans and Estuaries, Zhang and Baptista, 2008). SELFE is an open-source community-
supported code. It is based on unstructured triangular grids, and designed for an effective simulation of 3D
baroclinic circulation. In frame of the current work available hydrological information for the Lena River lower
reaches was collected, analyzed and used for the model verification. The developed hydrodynamics model
provides the first necessary step for the further modeling efforts in the area. It also gives an input for the larger
scale models resolving hydrodynamics of more than twenty main Lena River freshwater channels with a turn-
ing on wetting/drying option.

The Lena River is one of the largest rivers in the Arctic and has the largest delta. The mean annual runoff
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Hydrodynamic modeling of hydrophysical processes
in the Lena River delta
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he hydrological regime of the complex system of waterflows in the Lena River Delta is simulated with a

one-dimensional model based on the Saint Venant equations. The results of model simulations are used to

estimate the heat transfer by the Lena River Delta flows to the sea and to assess the temperature regime in
the main Delta channels [1]. A digital model of the Delta terrain is built in the equations of motion. The results of a
numerical experiment of the temperature regime in the main channels with actual data of 2008 are presented.
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BBEJEHWE

CTOK CHOMPCKHX PEK ABISAETCS OTHUM U3 KIMMATOO0pasyromuX (GakTOpOB apKTUIECKIX MOPEH.

Bozp!l ceBepHBIX peK B 3HAUUTEIBHON CTENEHN BO3AECHCTBYIOT Ha MPOLECCHl BOJOOOMEHA 1 JIe1000pa30-
BaHus B CeBepHoM JIenoBUTOM OKeaHE, KOTOPBIE, B CBOIO OYEPE/Ib, PEryINPYIOT TETJIOBON OalaHC BCETO ap-
KTHYECKOTO PErMOHa U OKA3bIBAIOT BIMSHNE HA CTPYKTYpY IN100anbHOM mupKyisinun. Tak, Boasl p.JIeHa onry-
THUMO BIIUSIIOT Ha JIEIOTEPMHUYECKHE MPOLECcChl B MOpe JIanTeBhIX, MO3TOMY IMPOCTPAHCTBEHHOE pacIpesere-
HHE [TOTOKOB PEYHOTO TETJIa Ha YCTHEBOM B3MOPhE MPEACTABISIET 3HAUNTEIbHBIH HHTEPEC JUTA aHAIN3a U WH-
TEpHPETALNN TEMIIEPATYPHBIX AHOMAIUH IIETb(OBBIX BOJ.

VYBenudeHne 00bEMOB CTOKa CHOMPCKHUX PEK, OOYCIOBICHHOE MOBHIIIEHNEM TII00AIBHON TeMITEpaTyphl,
MOXKET TPUBECTH K PACHIPECHEHHIO MOPCKOW BOJBI M M3MEHHUTDH CIIOKHBIIHHCS THAPOIOTO-KINMATHIECKNI
LIUKJI pETHOHA.

I'maponrHaMUYEeCKHE METOIbI OTMCAHUS CIIOKHBIX PYCIIOBBIX CHCTEM OCHOBAHBI HAa PEIICHUN CHCTEMBI
YPaBHEHHI MEXaHUKH JKHIKOCTH, 3aMbIKAEMBIX C TIOMOIIBIO TEX MM MHBIX JOMYIIEHUH 1 SMINPUIECKUX 3a-
Bucumocteil. [luxm padot [yrpun, 1969; AraBun u ap., 1995] nan KOHCTPYKTHBHYIO OCHOBY YHCIEHHOTO
pemrenus ypaBHennii Cen-BenaHa 17151 MHOTOPYKaBHBIX PEUHBIX CHCTEM U YCThEBBIX 00nacTeil pex. Meroanka
pemneHust 0a3upoBaIach Ha UCIOIb30BAaHUH OJTHOMEPHOTO MaTEMAaTHIECKOTO OMMCAHMUS MPOLECCOB B KaXKI0M
3BEHE PEYHOH CETH U (POPMYITUPOBAHUHN YCIOBUH CONPSHKEHMUS TOTOKOB B TOUKAaX BETBICHUSI.

XapaxTep yCThEBBIX HPOLECCOB B 3HAUYUTEIBHON CTENEHU 3aBHCUT OT MOP()OMETPHUECKUX O0COOEHHO-
CTeH pycia M MPOTEKAET B KaXKI0M pyKaBe I0-pa3HoMy. B HacTosIee Bpemst OTCyTCTBYIOT pabOThI, TIOCBSIIIICH-
HBIE MOJIETTMPOBAHUIO KpailHE CII0KHON CUCTEMBI BOIOTOKOB JENBTHI JICHBI.

B manHOI#T paboTe 00CyKTat0TCs BOTPOCH MTOCTPOCHUS MaTEMAaTHUECKONH MOJIEIH CIIOKHOPA3BETBICHHOM
PEYHOM crcTeMBI Ha puMepe AeibThl p.JleHa. UuciaeHHas Mozieslb OCHOBaHA Ha MCHONB30BAHIH CHCTEMBI Of1-
HOMEPHBIX ypaBHEHHI HEYCTaHOBUBIIMXCS TEUEHUN XKHUJIKOCTU U MIPeAHa3Ha4YeHa JUIi pacuyera TpaHchopma-
LIUY TIOTOKOB BEIIIECTBA U TEIIJIA P TPAH3UTE PEUHBIX BOJI YEPE3 CUCTEMY PYKABOB AEIBTHI K MOPIO.

YNCJTIEHHAA MOAE/1b C/TOXHOPA3BETBJ/IEHHOIO YCTbA PJIEHA

Maremarndeckas MOJCIIb OCIBThI OIMHUCBIBACT BO,Z[HBIﬁ PEXKUM PCKU OT C.K}OCIOP B HW)XHEM TCUCHUUN
HGHBI, KOTOpBIﬁ YCJIOBHO MOXCT CHHUTATHCA Bep].HPIHOﬁ ACJIBTBI U TAC MPOBOAATCA PETYIAPHBIC TUAPOJIOTrUYIC-
CKHE Ha6J'IIOI[CHI/I$[, A0 BIIAICHUA PCYHBIX BOJ B MOPCKYIO AKBATOPHIO.

CEKLMA KOMNNEKCHOE UCCELOBAHWE COCTOAHNA U KIMMATUYECKO U3MEHYMBOCTH COAEPHAHMUE »
BOCTOYHO-CMBMPCKOI0 CEKTOPA APKTUKK
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IMocTpoenne mudposoit mogenu penseda (LIMP) nerasTs1, HEOOXOMUMOH /U1 yaeTa B ypaBHEHHSIX JBIKE-
HHUSI, BKITFOYAJI0 TEOMETPHUECKYIO CXEMaTH3aIMI0 PYCIIOBOH CETH € BBICICHNEM OCHOBHBIX ITPOTOK, MEIOIINX
BBIPAKCHHYIO THIPABINIECKYIO U MMPOCTPAHCTBEHHYIO 000COOICHHOCTh, U BTOPOCTEIICHHBIX MIPOTOK, UTPao-
XX TTOJYMHEHHYIO POIib. MICXOAHBIM MaTepHanoM AJsl BOCHPOU3BEICHHS MIIAHOBOW KOH(UTYPALUH JEIIBThI
CITyKHJIM reorpaduuecKie KapThl ¥ CIyTHUKOBBIE (pOTOrpaduy 3eMHOI MOBEPXHOCTH U3 OHJIAHHOBOI cucTe-
Ml "Google Earth", B COBOKYITHOCTH IO3BOJISIONINAE OIIEHUTH MMapaMeTPhl M 3HAYUMOCTD Ka)XIOTO PYCIIOBOTO
3NIEMEHTA.

ITpoBoxmuch BeKTOpU3aIMs OCPETOBBIX JIMHUI KPYMHBIX W HIMPOKUX MPOTOK (B T.4. TNIABHOTO pycia
Jlensl) 1 TpaccupoBKa HEOOIBIINX BOZOTOKOB. CTENEeHb MIPOCTPAHCTBEHHOH AMCKPETH3ALMH 3aBUCENA OT I'e0-
METpPUH BOIOTOKA, HAJTMYHS OCTPOBOB, XapaKTepa MeaHIpUPOBaHMS U cocTapisiia B cpeaneM 300-500 m.

[Ipu mocTpOSHNH TOTTOIOTHYECKON CXEMBI ICNTBTHI KK IBI PyKaB (MJIM PEIHOHN yJaCTOK OT TOYKH BETBIIE-
HUSI) C TIPUCYIIUMH €My WHIUBHIYaJIbHBIMH THAPOIOTMYECKUMH XapaKTePHCTHKAMHU aCCOLMUPOBAIICS C Ha-
MIPaBJICHHBIM OTPE3KOM Ha IIOCKOCTH, 3 COBOKYITHOCTh TAaKMX OTPE3KOB 00pa30BbIBaIA CBSI3HBIN rpad. Y3ibl
BETBJICHUS PyCeJl COOTBETCTBYIOT BEpIIMHAM rpada, a pedHble YIacTKu — peOpam. B 1enom reomerpudeckast
MOJIEITb JICJTBTHI COJCPIKUT CUCTEMY CBA3aHHBIX MEXIY C000ii 82 pycioBBIX ydacTKOB U 70 y37I0B COUIICHEHHUS.
Puc.1 numtrocTpupyeT UTOTOBYIO CTPYKTYpY Tpada.

Puc. 1. CxeMaTu3auma pycnoBom cetv enbthl JleHbl B
BM[ie ojHoMepHoro rpada. CryoLwHble IMHUM — peyHble
YUaCTKM, KPYHKM — Y371bl IeNIeHNA NOTOKA W BHELLHWME rpa-
HWLbI. Lindpbl y pebep - HyMepaLus y4acTKoB pycra.

Omnmcanne pacxoqHO-YPOBEHHOTO PEXUMa CHC-
TEMBI pycell MPOBOANUTCS Ha OCHOBE T'HIPOIUHAMU-
YeCKOM MOJIETH C MCIIOJIb30BaHneM ypaBHeHni CeH-
Benana B omHOMepHOM TipuOnvxeHnd. J[ins otaensb-
HOTO PEYHOTro ydacTka ¢ HomepoM k (k = 1,...,82)
YpaBHEHUS JBIKEHISI M HEPa3pPhIBHOCTH UMEIOT BH]
[BacunbeB u ap., 1963]
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1€ s — IPOJOJIbHAsI KOOPAMHATA BJIOJIb PYCIIA, ¢ = U® — PACXO BOABL, 1 — CPEAHSA 10 CEYEHHUI0 CKOPOCTb,

h — r1yOuHA TIOTOKA, oIpeelsieMasi Kak OTHOIICHHE TUTOIIAIN KUBOTO CCUCHHS (® K NIMPHHE CBOOOIHOM O~
(O]

BEPXHOCTH b = 37 l-_const » T — BETPOBOE HANPSDKEHHUE, p — MIIOTHOCTH Boabl, C; — ko3 ¢unnent llesu, xapakre-
PU3YIOLIHIA THAPABINIESCKOE COMMPOTHBIICHHUE pycia. Bce mepeMeHHbIe OTHECCHBI K yYacTKy k.

I'pannunbie ycnoBusi. Ha BXOIHOM rpaHuLie CYUTAETCS U3BECTHBIM PACXO]l BOJbL, IOCTYNAIOLIEH C BEPXO-
BbEB

a=q(t),

e ¢(t) — nuuamuka pacxozos B Kiocrope o nanusiv Haburoenuii. Ha ycThbeBOM B3MOpPbE IIpeIioa-
o )
raercs CoBMajieHHe ypoBHeil peuHbIX PyKaBoB ¢ ypoBHeM Mops &,

&= ‘Zo(k)- 3)

Ha BHYTpeHHHX y371ax JeNbThl peIeHNs "CIIUBAIOTCS" — B KAUECTBE YCIOBUH COTIPSKEHUS CTaBSITCS Tpe-
GoBaHus OanaHca pacxoloB U CBA3b YPOBHEH CMEXHBIX YIacTKOB. Bce y3mbl nenenns noroka Ha puc.| npen-
CTaBILIIOT c000i "TpOWHUKHK", T.€. TPU IOTOKA, CXOAAIINXCS B TOUke pebpa. Obo3HauuMm k,, k,, k; — HOMepa
3THX pedep. Toraa ycnoBus conpsKeHUst MOTYT OBITh 3aIIMCaHbI B BUIC

9k, =9k, T i, » Ck1 = ka = Ck3- “4)

CyMMapHOe KOJTMYeCTBO BHEHIHUX (2), (3) 1 BHYTpeHHHUX (4) TPaHUYHBIX YCIOBHI COOTBETCTBYET COBO-
KyIHOMY MOPSIIKY cucTeMbl (1), 4To sIBISIETCS] HEOOXOAMMBIM YCIIOBHEM Pa3pelIMMOCTH KPaeBo 3a1auu.

3aja4a 1o mnepeHocy Teria (GOpMYIUPYeTCsi Ha OCHOBE I'MPOAMHAMUYECKOIO PELICHHs, TTOJy4EHHOTO
IIyTeM HHTerpupoBaHus ypaBHeHul CeH-Benana.

YpaBHeHHE MPUTOKA TEIUIA B [IPe/eiiaX 3JIEMEHTAPHOrO yJacTka k uMeeT Bua [ATaBuH u ap., 1995]

akak+aqka :a_mkEkaTk+bkd>k
ot 0s, 95, 0s,
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rae 7 — uCKoMoe Tolie TeMneparypsl, £ — ko3ddurment aucnepenn, @ — MOTOK TEIUIa Ha CBOOOIHOH 11o-

BepxHOCTHU. [IpH OTCYTCTBUY JIEI0BOTO MOKPOBA ITOTOK TEIUIA HA €IMHMILY IIJIOIIAAN BEIYUCIACTCS KaK CyMMa
Q=D —~D,—D,— e,

rae @, — nonIoLIeHHas COJTHeYHas paauanus, @, — 6ajaHc JJIMHHOBOJIHOBON paJialliy Ha TOBEPXHOCTH,
@, — TypOyNIeHTHBII OTOK Teruia B arMocdepy, @, — 3aTparsl Teruia Ha ucrapenue. s pacuera cocTasisiio-
uux @,, @, UCIoIb30BATIACh MOJIEIh KBa3HCTAMOHAPHOTO NpuBoAHOTO ciog [I1InerakoB, 2006], ocHoBaHHas
Ha yHUBepcalbHbIX QyHKIMAX bycumxkepa [Businger e.a., 1971].

Kpaesble ycioBus Juist ypaBHEHHH (5) UMEIOT BHJ: Ha BXOJHOM IpaHHILE XOJ TEMIIEPaTyphl 3a1aeTcs U3
JIAaHHBIX HAOIIOCHUN

CITES'2015

T=T(t). (6)

Ha BBIXOAHBIX CTBOPAX MOJIAracTcCs 9T >
L
a sk . (7)

B y3nax BeTtBieHus (hOpMyIHPYIOTCS BHYTPEHHHE YCIOBUS OajlaHCA MTOTOKOB TEIUIa U HEIPEPBIBHOCTH
TEMITEpaTyphbl

P.=P,+P. T, =T, =T, (8

oT
P=qT -0E .
e q ® os

2

UucnenHoe penieHne ypaBHeHUH (1) MOTyIeHO METOIOM KOHTPOIBHOTO 00beMa Ha OCHOBE ITPUMEHEHHS
HESBHOW CXeMBI ¢ coxpaHeHneM nHTerpana bepuymmn [ILnsraxos, 2012]. Ha otnexsHOM BpeMEHHOM IIare ¢
MIOMOIIBIO COBOKYIHOCTH MAapaMETPUYECKUX IPOTOHOK Pa3pellarolInil aJropuTM CBOIHUTCS K OOpalIeHHIO
IUIOTHO 3aIlOJTHEHHOM MaTpHIIBI C Pa3MEPHOCTHIO, OTBEYarolIei KommdecTBy BepirH rpada. [locie onpenene-
HUS y3JIOBBIX T'PAaHHYHBIX 3JIEMEHTOB 3aJ]a4a Ha KaXJOM PYCJIOBOM Y4acTKE pPelIaeTcsi OOBIYHBIM METOIOM
(axTopu3anuu. AHAIOTHYHEIM 00pa30M HHTETPUPYIOTCs ypaBHEHUS (5) ¢ ycnoBusiMu (6)-(8).

PE3Y/IbTATHI

YHnCNeHHBIH SKCIIEPUMEHT 110 MEPEHOCY TeIUIa M OLCHKH TEeMIIePaTypHOro PeKMMa B PyKaBax JEIBTHI
MPOBOIIIICS Ha OcCHOBe ToctaHOBKH (1)-(8) ¢ mcmomb3oBammeM ¢akTmdeckoit mHpOopMarmu 3a 2008 T
[V.A.Shlychkov et al, 2014]. PacueT BBIIIONHEH [T C€30HA OTKPHITOH BOBI, HaunHas ¢ 1 Mas Ha cpok 150 cy-
ToK. JIJ1s1 MofeMpoBaHusi OOMEHHBIX HPOLIECCOB B IIPHUBOIHOM CJIO€ M pacyeTa KOMIIOHGHTOB TEIUIOBOTO Oa-
nanca B (5) npusnekanuch qanabie peanannza NCEP/NCAR o BeTpe, BIaKHOCTH, TEMIIEpaType, 0caakax, 00-
JaYHOCTH, HHTEPIIOJIMPOBAHHBIC HA CETKH PEYHBIX YYACTKOB. B KauecTBe HayaJbHBIX YCIOBUH MPUHUMAIOCH
CTaIlMOHAPHOE PELICHHE 3a/1a4H TPU (GUKCUPOBAHHBIX BHELIHUX U TPAHHYHBIX TapaMeTpax.

T *C
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Puc.3. Vi3ameHeHme co BpeMeHeM TeMnepaTypbl Bogbl ('C) B cTope c. Kiociop (KpuBas 1) u B pyKaBax fenbThl (KpuBble 2).

Kpusas | Ha puc.2, mocTpoeHHas 0 JaHHBIM HAOIIOACHHH, TOKa3bIBACT X0/ TEMIIEPATyPhI BOJIbI Ha BXO/I-
HoM ctBope (Krociop) B Teuenue uccnemayemoro nepuona. Kpusas 2 orpaxkaeT CpelHECyTOUHYIO TeMIIepaTypy
BO3JlyXa Ha BOJOCOOPE JICIIBTHI.
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