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AHHoTanusi. PaGoTa mocBsIIeHa MCCIECIOBAaHNIO BO3MOXKHBIX M3MEHEHHIO cTOKa pek OO0b-MpThImickoro
Oacceitna B XXI Beke. VICXOZHBIMH JaHHBIMH SIBIISIFOTCS PE3yJBTATHI PACUETOB MO IECATH MOJENSM IPOTPaMM
npoekta CMIP-5 nporpammsl IPCC. B pacuerst Bkmouensl mogenu INM (Poccus), CNRM (@pannust), GFDL
(CIIA), MIROC (SInonust), HadGEM (Benuxoo6puranus), MPI (I'epmanus), CMCC (Mranus), MRI (SInonus),
GISS (CIHIA) u CSIRO (Asctpanus). Kak mokaszanu pacueTsl, MEXro0Bas U3MEHUYUBOCTh PEYHOTO cToka B XXI
BEKE MMeECT OOIIMe IOJIOKHUTENbHBIC TEHICHIMH B Pa3IMYHBIX MOJENSIX NPU 3HAYMMBIX BapHalUsX B IPHUTOKE
npecHoi Boasl B CeBepHBIi JIeqoBUTHIH OKeaH.

KaioueBble ci10Ba: MareMaTHYeCKOE MOJEIMPOBAHME, KIMMAaTHYECKUH PEYHON CTOK CHOMPCKUX peK B
apKTHYECKHE MOPS
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Abstract. The work is devoted to the study of possible changes in the flow of the rivers of the Ob-Irtysh
basin in the 21st century. The initial data are the results of calculations for ten models of IPIP CMIP-5 program. The
models include INM (Russia), CNRM (France), GFDL (USA) and MIROC (Japan), HadGEM (Great Britain), MPI
(Germany), CMCC (Italy), MRI (Japan), GISS (USA) and CSIRO (Australia). As calculations have shown, the
interannual variability of river flow in the 21st century is positive in various models with significant variations in the
fresh water inflow to the Arctic Ocean.
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BBenenue

KimmaTnyeckre U3MEHEHUS! B IOCIEIHUE ACCATUIIETUS HA 3€MJIE UMEIOT
HauOoJbIllee BIUSHHUE B BBICOKMX IIMPOTax ceBepHOro mojyiapus. [IpoGiema
OTMMUCAHUSI JTUX W3MECHEHUN SBISETCA CIOXKHOM U TpedyeT yuyeTra MHOTUX
dakTopoB, BKJIIOYAs ~THAPOJOTHYECKYI)  COCTABJISIONIYI0  KIMMATHYECKUX
npoueccoB B Apkruke 1 CeBepHom Jlenosurom okeane (CJIO).

BakHbIM HCTOYHHMKOM NpUTOKa MpecHOM Boabsl B CeBepHbl JlemoBUTHIN
OK€aH SBJISAETCA peyHOoil cTOK. COBPEMEHHBIE OLICHKM JAIOT 3HAYEHHE OKOJIO 3.2
TBIC. Ky0. KM B T'OJl. DTO COCTaBIIsET 0KOJI0 56% 10 CPaBHEHUIO C IPUTOKOM Uyepes
bepunros nponus. Kpynnsie peku poccuiickoro Ceepa narT okoio 2.24 ThIC.

Ky0. KM B Toj, 4To cocTaBiisger okojo 70% oT Bcero pedHoro croka [1].
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CyMMapHbI€ TOJ0BBIE PACXO/IbI 32 MEPUOABI U3MEPEHHUI B XX BEKE MPETEPIIEBAIOT
CYILIECTBEHHbIE MEXToJioBble Bapuanuu (gaHHele R-ArcticNET). Dta Boja,
OyIoy4u BbIHECEHA B BHJIC JIbJla WJIM NOTOKA BOJbl MOHM)XEHHOW COJIEHOCTH 3a
npeaensl CJIO B ceBepHble MOpsA ATHAaHTUKH, SBJSIETCA CYIIECTBEHHBIM
perynasiTopoM B GOpPMHUPOBAHUU TEPMOXAIMHHOW CTPYKTYPhl U MEPUIMOHATBHOU
LHUPKYJISILUA He TOJIbKO CeBepHOM ATIaHTUKH, HO U Bcero MupoBoro okeana [2].
KpoMe MEXrogoBoii HW3MEHYMBOCTH, B THIPOJIOTMYECKUX XapaKTEPUCTHUKAX
CHOUPCKUX peK HaOMIOJAIOTCA TMOJIOKHUTEIbHbIE TPEH/ABI, BBI3BIBAIOIINE B
NIOCJIEIHUE TOJbl MHTEPEC KIMMATOJIOIOB, TAK KaK 3TO SIBIAETCS OTPAKECHUEM
TPEHJIOB B 0OO0mIel KiuMmaTtuyeckoil cucteme. Tak, B mocieqHue ACCSITUIETHS B
ApKTHKE HAOII0JaeTCsl pOCT PEYHOro CTOKa, Hampumep, ¢ 1936 no 1999 roa crok
OCHOBHBIX CHOUPCKUX pEK BbIpOC Ha 7%. DTOT POCT XOPOIIO KOPPEIUPYET C
yBenuueHueM uHjekca NAQO. DTo Takke MOXKET OBbITh CBSI3aHO C MOJIOKUTEIbHBIM
tpeHgoM NAM (North Annular Mode), saBastomieiicss 4acTbio ApPKTHYECKOU
Ocmwsimuu. Bee 3T QakThl CBUAETENBCTBYIOT O TOM, UTO BIIMSHUE
M3MEHYMBOCTU OajlaHCa MPECHOM BOABI B APKTUKE HA KIIMMATUYECKYIO CUCTEMY, B
OyayieM BEKe MOXKET OBITh CYIIECTBEHHBIM W TpeOyeT M3yueHUs Ha OCHOBE
KJIIMMAaTHYECKUX MOJEJIEd PEYHOro CTOKA, MOJENEH UUPKYJSLUN OTIAEIbHBIX
OKEaHOB, a TaKX€ COBMECTHBIX MOJEJIEN KIMMAaTHYECKOM CHUCTEMBI IIPOEKTa
CMIP-5.

Heab padoTsl

WHTepecHbIM MpelcTaBiIsieTcss BOMPOC: OyIeT M MPOLECC YBEIUYEHUS
pPEYHOTO CTOKa, HaOmromaBmmiicsa B KoHIe XX u Hadane XXI Beka, MpoaoKaThCs
U B JaJIbHEWIleM, MPOAYyUUpYs oOpaTHbIE CBA3M B KIMMaTUYeCKOM cucreme. B
CTaTb€ pPACCMATPHUBAIOTCS pE3yJIbTaThl MOJAETUPOBaHUS CcTOKa pek OO0b-
Upteickoro 6acceitHa B CeBepHblid JlenoButhiii okean B XXI Beke. Pacuets
MPOBOAWINCHL Ha oOcHOBe pe3yiabTaroB Mojmeneid INM  (Poccusi), CNRM
(®pannusa), GFDL (CIIA), MIROC (Amonust), HadGEM (Bemukobputanus),
MPI (I'epmanus), CMCC (HUtanusi), MRI (Anonus), GISS (CIOA) u CSIRO
(ABctpanus) cuenapusi RCP 8.5 npoekta CMIP-5 IPCC. PacueTbl MeXro10Bo
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M3MEHYMBOCTH pPEeYHOro cToka B XXI Beke HMMEIOT OOIIHE MOJOXKUTEIHHBIC
TEHJICHIIMM TpU 3HAYAMBIX pa3IUYMAX B IPUTOKE NPECHOM BOIBI B MOpA
ApKTHYECKOTO OKeaHa. B moclienHue AecATUNIETUS CTOK CHOMPCKUX PEK
YBEJIMYUJIICS, YTO SBWJIOCH OTKJIMKOM Ha YBEJIMYEHUE OCAJKOB IPU HU3MEHEHUU
kiumata Cubupu [3].

KimmaTnueckasi MoJiesib pe4HOr0 CTOKA

Mogenb peyHOro CTOKA SABJACTCS JIMHEMHOM pPE3€pBYAPHOU MOJENBIO.
Mogenps cocraBieHa M3 JMHEHWHBIX PE3EPBYyapoOB WM KAacKala pPE3epByapoB B
aueiikax ceTkd. CKOpOCTh M3MEHEHHSI CTOKA M3 SUEMKM WM KacKala S4€eK B
npocreiieM Bapuante Mojaenn KanunuHa-MwuntokoBa [4] ompexaensieTcss Ha
OCHOBE pelIeHusl uHTerpasna cBepTku (roamens).

Hcxonsa w3 3agaud  UM3y4YeHHUS KIMMaTHYeCKuUX mpoleccoB Cubupu,
paccMarpuBaemas o6nacts nmokpeisaeT Teppuropuio 40°N - 80°N, 50°E - 170°E nmo
IIPOCTPAHCTBY . OJTa 30HA MPOCTUPAETCA MO AOIATroTe OT Ypana ao JlanbHero
Boctoka u no mmpote ot CeBepHoro Kazaxcrana no Ceepnoro JlemoBuToro
okeaHa. B monenu yuutsiBasiuch O6acceitnbl pek: O0b-Upteim, [lyp, Ta3, Anrapa-
Enuceit, Xaranra, Anabap, Onenek, Jlena, SIna, Maaurupka, Kombima.

B KOHKpeTHOM peanu3zanuyu MOJEIM IOTOK BOJBI PA3JAEIACTCd Ha TPHU
COCTAaBIIIOIIME: TOBEPXHOCTHBIM CTOK, TPYHTOBBIM CTOK, PEYHOU CTOK.
IToBepXHOCTHBIN U TPYHTOBBIH CTOKH IMPEICTABIISIIOT COO0H €IMHUYHBIC SUCHKH, a
pPEYHOM CTOK MpPEJICTABICH B BHUJE KackKajgoB siueek. KonmyecTBo KackajgoB MJis
KOKJIOM SYEHKU B pyClax pPEK OMNpENeseTcsi Ha OCHOBE MOJMHOMA PErpeccuu
BTOPOTO TMOpsiAKa Mo BeauunHe kodpduimenta 3aaepxkku. Kosrdduiment
3aJICp’)KKM  TPYHTOBOTO CTOKAa IS STYEHKM TPUHUMAETCS  MOCTOSHHBIM.
Nudunbtpanus BOAsl B TPYHT MNPOBOAWIACH B KaXKJAOW sSYEHKE HA OCHOBE
XapaKTepUCTUK TIOBEPXHOCTH JUIsI KaxJaoro OacceiiHa. B kaxmoil sueiike
MPOU3BOJIUTCSI YUET MPOIICHTHOTO coAepkaHusi 00J0T U o3ep. Ilpu mpoBeneHun
YUCJICHHBIX DKCIIEPUMEHTOB M0 KIMMATUYECKOW MOJEIH PEYHOTO CTOKA OBLIO
BBIOpaHO pa3pelieHue, cocraBismomee 1/3 rpagyca Mo MMPOTE U JIONTOTE

COOTBETCTBEHHO. (DopMHUpOBaHHME HAINPABICHUA PEYHOIO, IMOBEPXHOCTHOIO U
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TPYHTOBOTO CTOKOB CTPOUJIMCh HA OCHOBE JaHHBIX MO penbedy U aHaau3a rpados
CTOKOB TIO TOBEPXHOCTHM U B peyHoM pycie. Bepudukamus monmenu Obuia
npoBeneHa Ha JaHHbIX peaHanuza MERRA. JIns cpaBHEHMS HCHOJIb30BAJIUCH
JaHHBIE HAOIOJIEHUI HA THAPOJIOTHYECKUX rnoctax ['uapomMereocityk0bl U JaHHBIE
R-ArcticNET. Pe3ynprarel pacueToB MOKa3adyd JOCTATOYHYIO aJIeKBaTHOCTD
MOJIEJIH JIJIsl paCYE€TOB KJIMMATHUECKUX CTOKOB pek Cubupu.

Pe3yabTaTrhl MOACJIMPOBAHUSA

beun mpoBeneH uucieHHbd 3kcnepuMeHT st XXI Beka (mepuoxn 2006 -
2100 rr.) Ha OCHOBE JaHHBIX pacueToB Mo MojeisM [Iporpammer MI'OUK. Ananus
pe3yJIbTaTOB IO CTOKaM pAa3JIMYHBIX MOJIEJEeH MOKa3bIBaeT, YTO MpU OO0IIEM
YBEIIMYEHUH TOJOBOIO CTOKAa B TEYEHHE CTOJIETHS [5] CYIIECTBYIOT 3aMETHBIC
pazmuuusa. Ha Puc. 1 mpencraBineHa MexromoBas U3MEHUHMBOCTh CTOKa pek O0b-
Upteickoro 6acceitna B XXI Beke. Ilpu pacuerax mo BceM JecATH MOJEISAM
HaOJIIOAA0TCS MOJIOKUTENNbHBIE TpeHIbl. Ha prucyHke npeacTaBieH OCcpeIHEHHbIN
TPEHL.

Ha pwuc.2 npencraBiieHbl THCTOTpaMMBI CYMMapHOTO TOJOBOTO CTOKA PEKHU
O06b B Kapckoe mope st AecsaTu Mojened, OCPEIHEHHOTO 3a NEPBYI0 U BTOPYIO

nonoBuHbl XXI Beka. ['opu30oHTANIbHAS JIMHUS - OCPEIHEHHBIE JaHHBIE U3MEPEHUN

B XX BEKE.

Km3
800 4

’Mi ,
o

400 o
200 T T T T T
2000 2020 2040 2060 2080 2100
—o—-MIROC —o—MPI ——CMCC ——CNRM —*—CSIRO rog,
—=—GFDL —*—GISS —+—HadGEM ——MRI —>—|INM

Puc. 1 — MexronoBas usmeHunBoCTh cToka pek O0b-UpThimickoro 6acceitna B XXI Beke.
CrnomHas JIMHUSA - OCPEIHEHHBIM TPEH]
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YBenuueHue rogoBoro CToka ¢ nepBou Ha BTOPYHO nonoBuHy XXI Beka s
NpEACTaBICHHBIX Mojenei Bapwsupyercs ot 7,5% po 18,5%. OTHOCUTENBHO
rofoBoro croka B XX BeKe yBennueHue B nepBod mnonoBuHe XXI Beka

npeTepneBaeT u3MeHeHus ot 2 110 35%, a Bo BTOpou MoJ0BUHE - OT 12 10 55%.
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Puc. 2 — VI3meHeHus ro10BOro peyHoro CToka B epBoi U BTopoil nojoBune X XI Beka s
mogeneit IPCC. I'opu3zoHTalibHAs TUHUS - KJIUMAaTUYECKUE 3HaUYeHUs 1151 XX BEKa.

Ha pucynke 3 mpencraBieH ruaporpad mo MyJIbTUMOACIBHOMY pacueTy B
COTIOCTaBJICHUU C JaHHBIMH HaOmoneHuid B XX Beke. ['paduku pacueToB B
CpeIHEM Ka4yeCTBEHHO BOCIPOU3BOASIT OCHOBHBIE (a3bl BHYTPUTOJOBOTO

pacrpeneieHus: peYHOT0 CTOKA JIJIsl aHATM3UPYEMOTO BOJ0CO0PA.
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Puc. 3 — I'maporpad no mynasTumonensHoMy pacuery s mojeneit IPCC no O0b-UpThiickoMmy
Oacceliny
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3akioueHue

Jist MopenupoBaHus pedHoro crtoka CuOupcKkux pek paspaboTaHa
JIMHENHAs pe3epByapHasi MOJENb KIMMATHYECKOTO pedyHOoro croka. Ha ocHoBe
MPOBEJAEHHBIX PACUYETOB PeYHOro ctoka B XXI Beke Iy AECATA MOJIECIEH 10
naHHbIM npoekta CMIPS pe3ynbraThl MOKa3aldd yCTOWYMBBIM IOJ0KUTEIbHBIN
TpeH[ 17l Bcex mozeneit. Hanbompimmii pocT mputoka u3 HUX naeT mozaenb MRI-
CGCM3 / Snonus. IlpuBeneHHbIE Pe3ysbTaThl CBUACTEIBCTBYIOT O pa3HUIE B

OTKMCAaHUU TUIPOTIOTHUECKUX XapakTepucTuk CHOMpPH JIsl pa3HbIX MOJIEICH.

Paboma evinonnena npu noooepoicke epawma PODU 14-05-00730 u npoexma
IIpezuouyma PAH npoecpammsr 17.6.
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