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B craTbhe npeacTaBieHbl pacyeThl IO MOJICJIMPOBAHUIO PACTTPOCTPAHEHUSI aHOMAaJIWii MPECHOI BOJbI OT CH-
oupckux pek B XXI Beke B CeBepHoM JlemoButom okeaHe 1o monenn MBMuMI' CO PAH Ha ocHoOBe pe-
3ynasraTtoB Moaeaun UBM PAH cuenapust RPC 8.5 npoekra CMIP-5 IPCC. [Iiist pacueTra CTOKOB peK UC-
MOJIB3YeTCs JIMHEHAas pe3epByapHast MOJIeJIb C pa3pelieHueM 1/3 rpamgyca, BKIIOJalomasi 1eBITh OCHOB-

HBIX BOJOCOOPHBIX OacceitHoB Cubupu.

KmoueBble ciioBa: peuHoii ctok, CeBepHblil JlenoBuThiii okeaH, CeBepHasi ATJIaHTHKA, YUCICHHOE MOJIC-
JIMpOBaHUE, IMPKYJISIIMS OKeaHa, PeKUMBbI [IUPKYJISIIUHA.

DOI: 10.7868/S0002351515040069

BBEAEHUE

B xniuMmaTnueckoii cucreme 3eMii ApKTHUKA WUT-
paeT BaXXHYIO poJib. B 4acTHOCTH, 3TO OTHOCHUTCSI K
T'MAPOJIOTUYECKOM COCTaBJISIONIEN KJIMMAaTUYEeCKUX
npoueccoB B Apktuke u CeBepHoM JIeqoBUTOM OKe-
aHe (CJIO). MHTepec K 9TUM mpolieccam B IMOCHEI -
HUE NECITUJICTUS CyIlIeCTBEeHHO yBeanmuuBaeTcs. Ce-
BepHbIi JIemoBUTHI OKeaH BHOCUT oKojo 11% Bceit
npecHoil Boabl B MupoBoii okeaH [1, 2]. Coxgepka-
Hue npecHoit Bogel B CJIO Ha ocHOBE OLIEHOK padoT
[3—10] mpencraBneHo B padotax [11, 12]. Obmiee Ko-
JIMYECTBO TPECHOI BOABI, OLICHMBAeMOE OTHOCHU-
TEJIBHO CPEAHET0 3HAUYCHMSI COJICHOCTH 34.8 IIpoMmII-
Jie coctaBiseT 1o oueHKaM 80 TwIc. Ky0. KM [12] min
74 + 7.4 ThIC. KY0. KM [11].

IIpurtoxk npecHoii Boasl B CJIO cornacHo pabote
[11] MoxXHO moapa3AeuTh Ha CISAYIONIE KOMIIO-
HEHTHI: TIPEBBIIICHE OCAaIKOB Hal HCHapeHWeM B
cpegHeM okoJro 2222 + 200 ky6. km BTox [11]; mocTyTi-
JIEHUE MPEeCHOM BoJbl Uepe3 bepuHToB MPpOoJIMB MO Mo~
CJICITHVM OIIeHKaM paBHO OKOJIO 2.5 TBIC. Ky0. KM B TOIT
[7, 8]; cokpalieHue apKTUYECKOTO JIbAa U TasiHUE
IpeHnaHICKOrO 1IMTA, CBSI3aHHBIE ¢ KIIMMAaTUYeCK1-
MU U3MEHEHUSIMU U TOTeIJiIeHueM B ApKTuke [9]; a
TakKe pedyHou cTok. [lepBble OLIEHKM PEYHOTO TIpHU-
ToKa B ApKTUKY ObLIM IaHbl B paboTtax [4, 13]. Co-

I Crares nocBseHa nmaMatu akagemuka [LW. Mapuyka.

BpeMeHHBIe onleHKHU [11, 12] maroT 3HauyeHMEe OKOJIO
3.2 ThIC. Ky0. KM B rofl.

KpymnHbie peku poccuiickoro CeBepa J1aroT 0KOJIO
2.24 TBIC. Ky0. KM B TOJ, YTO COCTaBIIsIeT 0Koi0 70%
OT BCero peuyHoro croka [12]. Hanbospinyro Bemumn-
HY CTOKa JIaloT Takue peku, Kak Exnnceii, Jlena u O6p
[14]. TTo panubM [apoMeTcity KOsl [ 15, 16] cymmap-
HbI€ TOJIOBbIE PACXO/Ibl 3a MEPUOJIbl U3MEPEHU Mpe-
TeprieBaeT CYIIECTBEHHbIE MEXIOIOBbie BapuallUu,
4YTO 4BJISIETCSA CJICACTBUEM U3MEHEHUN BHYTPUTOOO-
Boro ruaporpada. Pacxon mpecHoit BObl TPOUCXOIUT
yepe3 npoauB Ppama u nipoarsbl KaHaackoro Apxu-
riejiara. OTta Boja, OyIy4u BbIHECEHA B BUJIE JIblA, aiic-
OEeproB WK MOTOKA BO/bI MTOHWXKEHHO COJIEHOCTH 3a
npenenabl CJIO B ceBepHbIe MOPSI ATJIaHTUKM, SIBJISICT-
Csl CYILLECTBEHHBIM PETYJIATOPOM B (HOpMHUPOBaAHUU
TEPMOXAJTMHHOU CTPYKTYPbl U MEPUAUOHATILHOM 1IUP-
KyJISILMU He ToJibko CeBepHOi ATJIaHTUKU, HO U BCe-
ro MupoBoro okeaHa [17, 18]. ITpumepom 3TOTO BiIM-
SIHWSI MOXKET CJIYXXKUTbh BOSHUKHOBeHUE “boJibliioii co-
JleHocTHOM aHomau” B 1960-x, 1970-x romax [19].

MeXrooBble U3MEHEHMSI PEYHOTO CTOKA COCTaB-
Jsi0T £25—35% ot cpennux 3Hayenuit. Kak ciemyer
n3 pabor [20—22], cylIecTBEeHHYIO POJib B 3TUX MEX-
TOMOBBIX BapHallMsIX WUTpaeT W3MEHYUBOCTH aTMO-
chepHOIt IMPKYISAIMH, TEMIIEPATypHOTO peXuma U
XapaKTePUCTUK MTOBEPXHOCTH.

HccnenoBanue Bapuaiinii pacpocTpaHeHus TIpec-
Hoit Boabl B cucteMe CeBepHblid JIeNOBUTHIN OKeaH —
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CeBepHasd ATJaHTHKa MpoOBelIeHO B padote [23] Ha
ocHoBe mojgenu UBMuMI CO PAH.

Kpome MexronoBoii UBMEHUYMBOCTH, B TUAPOIO-
TMYECKMX XapaKTePUCTUKAX CUOMPCKUX PeK HaOJO-
JaloTCsl TIOJIOKUTEbHBIC TPEH/IbI, BBI3BIBAIOIINE B
MocjaeaHue TOAbl MHTEpEeC KJIMMATOJIOTOB, TaK Kak
9TO SBJISIETCS OTPaXKEHMEM TPEHI0B B 00111ei KJiMMa-
TUYeCcKoi cucteMe. Tak, B MOCIAEAHUE NECATUICTUS B
ApKTHKe HabII0gaeTcss poCT peYHOro cToka [24—27].
ITo mannabM [28] ¢ 1936 o 1999 IT. CTOK OCHOBHBIX
IIECTU CUOUPCKUX peK BuIPOC Ha 7%. DTOT poCT XO-
poLIIO KOppeaupyeT ¢ yBeaudyeHueM uHaekca NAO
[28]. DTO TaKKEe MOKET OBITh CBSI3aHO C IOJIOXKUTEIb-
HbIM TpeHA0M NAM (North Annular Mode), siBisio-
1Ieiicst yacTbio ApkTrueckon ocuussuuu [29]. [pu
3TOM BeCbMa MHTEPECHbBIM TPECTABISIETCS BOMPOC:
OyJeT Jiv 3TOT MPOoliecC MPOAO0JIKAThCI U B AabHEN-
meM B XXI cToneTnu, mpoayuupyst oopaTHbie CBSI3U
B KJIMMaTuyeckou cucteme. Bce atu pakTsl cBUIE-
TEJIbCTBYIOT O TOM, UTO BJIMSIHUE U3MEHUYMBOCTU Oa-
JIaHCa TIPEeCHOM BOAbI B APKTHKE Ha KIIMMaTUYeCKYIO
cuctemMy B OyIylieM BeKe MOXET ObITh CYIIECTBEH-
HBIM 1 TPEOYET U3YYEHHMSI Ha OCHOBE KJITMMAaTUYECKUX
Mmojeneit peuHoro croka [30—33], moaeneit LMpKyJisi-
LU OTHOEJIbHBIX OKeaHOB [34—36], a TakkKe COBMeCT-
HbIX Mojejieii KJIMMaTUYeCKONW CUCTeMbl MpOeKTa
CMIP-5 (cMm. Hamp., [37]. MeToa MaTeMaTU4YECKOTO
MOJIeJIMPOBAHMS [IJ1sl UCCIeIOBAaHMS TIPOLIECCOB B aT-
Mocepe 1 oKkeaHe, pa3BUThIN B cBoe BpeMs [ypuem
WBanosuuem Mapuykom [38], siBsIETCS OMHUM U3
Haubosee 3(pheKTUBHBIX UHCTPYMEHTOB UCCIIea0Ba-
HUS KJIMMaTudeckoit cucteMmbl 3emiin. B HacTosiei
CTaTb€ paccMaTpUBAIOTCS PE3YJIbTaThbl MOJEIUPOBA-
HUSI MEXTOIOBBIX M3MEHEHUI TIPecHOBOAHOTO Oa-
JlaHCa, KOTOpble MOTYT mpoucxoauTh B CeBepHOM
JlemoBuToM okeaHe B XXI Beke Impu Bapualusx ped-
HOT'O CTOKA CUOMPCKUX PeK, PACCUMTAHHBIX 11O MOJIE-
mu UBMuMI' CO PAH Ha ocHOBe pe3yJbraToB pac-
yetoB moaeiau MBM PAH [39] cuenapusi RCP 8.5
npoekta CMIP-5.

1. PACYETBI PEHHOI'O CTOKA
I CUBUPCKOT'O PETUOHA

1.1. KnmmaTuyeckass MOJieJIb PEYHOTO CTOKA

Pa3pabaTbeiBaeMass MoJleb SIBIASICTCS JUHEHHON
pe3epByapHOl MoAeabi0. Moaenb cocTaBIeHa U3 JIU-
HEWHBIX pe3epByapoB WJIM KacKala pe3epByapoB B
gyeiikax cerku. CKOpoCTb M3MEHEHHUSI CTOKa W3
SIYeKM B MpocCTelilreM BapuaHTe Moaeian KamuHu-
Ha—MuwumoxkoBa [24, 30] onipenesnsieTcst Ha OCHOBE pe-
LIEHUSI MHTerpaia cBepTku (droamens).

B KOHKpeTHOM peayim3aiiiu MOJeIU UCTTOIb30Ba-
JlaCh CTPYKTYpa, Npe/lJIoKeHHasi B MHCTUTYTe Makca
ITnanka B ITamOyprckoro yHuBepcuteta [30]. B atom
MOAXOMIe TIOTOK BOJBI Ha CYIIIE Pa3fessieTCs] Ha TPU
COCTaBJISIIOIIME: TTOBEPXHOCTHBIN CTOK, TPYHTOBBIN
CTOK, peYHOl CTOK. 3HauYeHUsT KO3 DUIIMEHTOB 3a-
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KY3UH u ap.

IEePXKW IS TTOBEPXHOCTHOIO M PEYHOIO CTOKOB
OIpeAeIsIIoTCs Mo hopMyJiaM, yCTaHABIMBAIOIIIMM 3a-
BUCHMOCTh OT HAKJTOHA SYEHKI WIM OT IIepeliaaa Bhl-
COT MEXIy sSYeliKaMu, OTHECEHHOIO K PacCTOSHUIO
MexXIy ux lieHTpaMu. [1oBepXHOCTHBIN U TPYHTOBBIN
CTOKM PAaCCUUTBLIBAIOTCS JJIs1 €AMHUYHBIX pe3epBya-
POB, a pe9HOI CTOK ST KacKada pe3epByapoB. Komm-
YeCTBO KacKaJoB B pycJiaXx peK oIpenesieTcs Ha Oc-
HOBE MOJIMHOMA PErpeCcCUr BTOPOTO MOPSIAKa, OIpe-
JIeJISIEMOTO I10 BeIMYMHE KO3(PppHUILIMEeHTa 3216 PXKKH.
3HayeHre Koda(dduIMeHTa 3aIepKKM TPYHTOBOIO
CTOKa JJTSI STYeKW MPUHUMAETCS TIOCTOSTHHBIM. WH-
¢unabTpanys BoAbl B TPYHT IIPOBOAMIACH B KaXKIOM
sUyeiiKe Ha OCHOBE XapaKTepPUCTUK ITOBEPXHOCTU M
MpPOLIEHTa CPEIHErO0 TPYHTOBOIO BJIArOCOAEpPKaHUS
Ha OCHOBE TMAPOJOTUYECKUX JAHHBIX IJIS KaXKIOTrO
OacceitHa. B kaxmoil sdeiike NMpOU3BOMUTCS Yy4YET
MPOLIEHTHOTO CoJiepKaHUsI OOJIOT 1 03ep.

1.2. /TaHHbI€e AJIs1 MOJAETUPOBAHUS PEYHOTO CTOKA
M MOCTAHOBKA 3KCNEePUMEHTA

PaccmarpuBaeMast 06J1acTb MOKPBIBAET TEPPUTO-
puio 40° N—80° N, 50° E—170° E mo mpocTpaHCTBY.
[Mpu TIpoBemeHWM YMCICHHBIX 3KCIIEPMMEHTOB IO
KJIMMaTUYECKOM MOJEIN PEYHOro CTOKa ObLIO BbI-
OpaHO paspellieHUe, cocTapisiollee 1/3 rpamyca mo
IAPOTE U JOJITOTE COOTBETCTBEHHO.

Ji1st BBIOpaHHOTO BapyaHTa MOJIEJIM CTOKAa HEO00X0-
IUMO 3aJaHue CJECIYIOIIMX BXOOHBIX ITApaMETPOB:
OcanKu, UCIIapeHue, IePeXoabl 13 KUIKON B TBEPIAYIO
¢azbl 1 00paTHO, MHGWIBTpaLMs B TToYBY. [1pu Bepu-
dpuKay MOIEIN 3TU JaHHBIC ObLUIM B3SITHI M3 JaHHBIX
peanammsa MERRA mist mepuonma 1980—2011 rr. dist
CpaBHEHUS TaHHBIX PacY€TOB U JAHHBIX HAOIIOAECHUIA
Ha TUIPOJIOTMYECKMX TTOCTaX ObLIA UCITOIb30BaHbI CJie-
IVIOIINE eXeMeCSYHbIe JaHHbIe [1mpoMeTeociTy>KObI
[15, 16] u manHbie R-ArcticNET [http://www.r-arctic-
net.sr.unh.edu/v4.0/index.html]. [Ij1st mpoBeaeHus pac-
4eToB B XXI BeKe 1CII0/Ib30BaINCh JAHHEBIE PACYETOB
no monenu UBM PAH coenapus RCP 8.5 mpoekra
CMIP-5 IPCC.

PacyeTsl Mo MoaeIM pedYHOIO CTOKA COCTOSUIM U3
JIBYX 3KCIIEpUMEHTOB. I1epBhIii 3KCIIEPUMEHT Hpe-
Ha3HaueH OJis1 BepupUKaLUMU MoJeau croka. s
3TOro ObUIM IIPOBEICHBI YNCIIEHHBIC 9KCIIEPUMEHTBI
10 MOAEIUPOBAHUIO CTOKA CUOMPCKUX peK IO JdaH-
HbIM peaHaiu3a MERRA u nmocTpoeHBI cpeaHeKIN-
MaTHU4YeCKHe TOIOBbIe THUApOrpadbl, KOTOPbIE CpaB-
HUBaJIWCh C JaHHBIMU U3MepeHuii. Bo BTopom 3Kc-
TIEpUMEHTE MPOBEICHO MOJECIUPOBAHUE PEYHOIO
croka B XXI Beke Ha OCHOBE HAaHHEIX PacyeTOB IIO
mozneau UBM PAH [39].

1.3. Pe3yasraThl MOJIEIMPOBAHUS PEYHOTO CTOKA

B pesynsraTe mepBoro stara ObLIM pacCUMTaHbI
peUYHBIe CTOKI Ha OCHOBE TaHHBIX peaHam3a MERRA
Ha niepuona 1980—2011 rr. ¢ 1arom 1o BpeMeH! 11eCTh
Ne 4
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gacoB. KiimmaTtnaeckue romoBbie riporpadbl CTOKOB
MpU TIPeACTaBISHUM PE3YIBTATOB ObLTU pa3aeIeHbI TTO
bacceitnam mopeii CJIO, B KOTOpbIE 3TU CTOKM MOCTY-
narotT. Tak, romoBoii Tmaporpad OO mmoc Enmnceit
MpeACTaBJISIET MMOTOK BO/bI, MOCTyMamluii B Kapckoe
mope. IloctymiaeHue Boa B BocTouHble Mopsi CJIO
MIpeACcTaBIsIeT CO00i CyMMy THAPOTpaOB CHOMPCKIX
peK, mocrtymnatomnmx B Mope JlanteBbix 1 BocTouHo-
Cubupckoe Mope. OTaesIbHO NpeacTaBieH ruaporpad
pexu JleHa.

Pe3ynbTaTel MOAETUPOBAHUS CPEIHEKIMMATHYE-
CKOTO TOJIOBOTO THaporpada CTOKOB B CPAaBHEHUU C
rogoBbeIM TuaporpadoM ajis pek Oob, EHuceit npen-
cTaBJieHBl Ha puc. 1. OTIUYrs B MAKCUMAJIBHOM aM-
mtyae coctaBisiioT —0.2%. Ha puc. 2 npencrabiie-
HBI pe3yJibTaThl MOACIUPOBAHUSI TOIOBOTO THAPO-
rpada mist peku JleHa. OTaInYnsg B MaKCUMAaTbHOM
aMmIuTyae coctaBisioT 6.4%. Ha puc. 3 npencrasie-
HbI CYMMapHBIC PE3YJIbTaTbl MOACJINPOBaAHWA KJIMMaA-
TUYECKUX TUAPOTpadOB BOCTOUHBIX peK. OTauuus B
MaKCUMaJIbHOM aMIUIUTYAE COCTaBIIsaoT —5.9%. Ile-
pYOIbI HACTYIUIEHUSI TTOJIOBOJBSI COBITAAAIOT BO BCEX
Tpex ciydasx. [IpuBeaeHHbIE pe3yabTaThl MOKA3bIBA-
IOT IOCTATOYHYIO aIeKBaTHOCTb MOJEN IIJISI pacue-
TOB KJIMMaTUUYECKUX CTOKOB pek Cubupu.

BTopbIiM 3TanoM ObLT MPOBEAEH YUCICHHBIN 9KC-
nepuMeHT it XXI Beka (trepron 2006—2100 1) Ha
OCHOBE JTaHHBIX pacyeToB Ha ocHOBe Momaenu MUBM
PAH [39]. O6mwuii ctok (puc. 4) naeT MOJOXKUTEIb-
HBIe 3HAYCHUSI IIPUTOKA 10 CPAaBHEHUIO C KJIIMMAaTH -
YyeCcKUM 3HaueHneM 1798 Ky0. KM. B rof U151 BCETO IIe-
puoaa. AHajau3 pe3ybTaToB 10 CTOKAM B pa3IMYHbIE
akBatopuu CJIO mokasbIBaeT, YTO CYIIECTBYIOT 3a-
METHBIE pa3nudus B puTokax B Kapckoe mMope u B
BOCTOYHBIE MOpsS ApKTHUKHU. B mepBoMm ciaydae Ha-
omomaercs aeuuuT nocrymiaeHus: Boasl B CJIO o
2040 1. MO CpaBHEHMIO CO CPEHHEKIMMAaTUYEeCKUM
3HayeHueM 995 ky6. kM B roz (puc. 5). Ilocne sToro
3HAYeHUs CTOKA YBEJIMYMUBAIOTCS, TIPEBLILIAST KJIMMa-
Tueckue. s pek, Bliagamolnnx B Mope JIanTeBhIX 1
BocTouno-Cnbnpckoe Mope, CTOK MPeBBIIIACT KITN-
MaTUYeCKUi Ij1s1 Beero repuona (puc. 6). Ilpu aTom
HaOII0daeTCsl MOJIOXKUTEAbHBIN JIMHEWMHBIN TpeHHd B
YBEJIMYEHUM CTOKA B 000oux cirydasx. /111 BOCTOUHBIX
PeK 3TOT TpeH 1 6oJjiee BhIpakeH. PaccunTaHHBIE CTO-
KU SIBJISIFOTCSI JAHHBIMH JIJISI pac4eTOB IMHAMUKU Oa-
JnaHca npecHoii Boabl B CeBepHOM JlemoBUTOM OKea-
He 10 MOJIEJIN LIUPKYJISIIIUN.

2. MOJEJITMPOBAHUE T'TMIPODPU3SNYECKHNX
IMPOLOECCOB B CEBEPHOM JIEHOBUTOM
OKEAHE N CEBEPHOU ATJIIAHTUKE

Jis pemieHUsT ITOCTaBJIEHHOM 3a1a4i MCIOJIb3Y-
eTCsl peruoHajibHast MoJejb APKTUKM U CEBEpPHOM
Atnantnku UBMuMI CO PAH [36]. Moaens nomy-
Yujia CBOE pa3BUTHE B Pe3yJIbTaTe COBEPIIEHCTBOBA-
HUS U JIOKaJIN3aluu 6oJiee paHHe Moaean MupoBo-
ro okeaHa [40, 41]. B ocHOBe Mozdeu jexaTt Tpaau-
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Puc. 1. CpenHexmMarniyeckue 3HaYeHUs1 ruaporpadon
111 cyMMapHoro ctoka pek O6p u EHuceit. Beptukais-
HBIMU JIMHUSIMU OTMEYEHbI aMIUTUTYIbI MEXTOIOBOM 13-
MEHUYMBOCTU B JAHHBIX U3MEPEHU.
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Puc. 2. CpenHexmMarniyeckue 3HaYeHUs ruaporpadon
1151 cToka peku JleHa.
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Puc. 3. CpenHexmMmaTniyeckue 3Ha4eHUS ruaporpadon
IIJIsI CYMMapHOTO CTOKA BOCTOYHBIX peK.

UOHHBIE YPAaBHEHUSI TEPMOAWHAMUKU OKEaHa B
KPUBOJMHEWHBIX OPTOTOHAJIBHBIX KOOpAWHATaX C
NpUMEHEHUEM MNpPUOIUXEHUS TUIPOCTATUKU U
npubauxeHuss byccuHecka. Moaeiab HCHOJAb3YET
METOIMKY paclleIUICHUS 110 (PU3UYECKUM IIpOoLeC-
Ne 4
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KY3UH u ap.
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Puc. 4. MexronoBast U3MEHYMBOCTb 00111ero croka cubupckux pek B CJIO B XXI Beke. CIUIOLIHOIM JUHUEH TIpeACTaBIEH JIM-
HEWHBIN TPEH CTOKA, INTPUXOBOU JIMHUEW — KJIMMAaTUYE€CKOE 3HAaUECHUE.
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Puc. 5. Cymmaphsrii ctok pek O6b, Exuceii B Kapckoe mope.
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Puc. 6. CymmapHsbIil cToK pek B Mmope JlanteBsix 1 Boctouno-Cubupckoe Mope.

caMm, TIpeIoKeHHYI0 1 pa3Burtyo [.M. Mapuykom
[42]. Insa 3amaHusi TpaHUYHBIX YCJIOBUIA Ha MOBEPX-
HOCTH MCMOJb3YeTCs TPUOIMKEHUE “TBepaOid KPbII-
Kku”. B naHHOI BepCcUM YUCIeHHO MOIe/ U aiBEKTHB-
HO-11(hGY3MOHHBIN omnepaTop paclleruieH Ha JBa
orepaTropa, OIKCBHIBAIOIINX TIPOLIeCC aABEKIMU U
muddy3un oTaeabHo. s anmpoKcuManuy ToOpru30H-
TaJIbHO M BEPTUKAJIbHOU aIBEKILIMWU MCIIOJIb3YETCS
unciaeHHas cxema QUICKEST mpemnoxeHHast B pa-
oore [43]. Ilapamerpmu3aluss BepTUKaJIbHOM TypOy-
JICHTHOCTM OCHOBaHa Ha KpuTepuu PuuapacoHa u
MNpolLeaype BEPTUKATIBHOTO NepeMelMBaHus ¢ oopa-
30BaHUEM CJI0SI BEPTUKAIbHO-OJIHOPOJHOIO pacmpe-
JIeAeHUs TUAPOAMHAMUYECKUX XapaKTepucTtuk [41].
BoccraHoBieHune (peCTOPMHT) COJIEHOCTH Ha IMMOBEPX-
HOCTH HEe TPUMEHSIETCS.

MN3BECTHUA PAH. ®PU3NKA ATMOC®EPHI 1 OKEAHA

HMHTerpupoBaHrie MOIyJisl OKeaHa BEIETCSl COB-
MECTHO C MOJIEJIbIO TePMOAVHAMUKHU YIIPYTOTO BSI3-
ko-mnactudeckoro gbaa CICE 3.14 [44], sBisitoleii-
cs1 MoauduKalueil 6oJiee paHHei BSI3KO-TLIaCTUYEC-
cKoii momenm Xubiaepa [45]. B xadecTBe BHEIIHMX
JNIAaHHBIX, OMpPENEsSIoONIMX YCJIOBUSI Pa3BUTUS JIbla,
B3SIThI: CKOPOCTb BETpa, CKOPOCTh TEYEHMSI BEPXHETO
CJIosl OKeaHa, ynesibHasl BJIaXXHOCTb, IJIOTHOCTh U
TeMIeparypa Ipu3eMHOTr0 BO3lyXa, pUXoAsias Ko-
POTKOBOJIHOBAS Y JJIMHHOBOJIHOBAsI paaualivs, CKO-
POCTb BBITIAJICHUSI OCAJKOB B BUJE MOXIS W CHEra,
TeMIeparypa 1 COJIEHOCTb ITOBEPXHOCTU OKeaHa, Ha-
KJIOH YPOBEHHOU IMOBEepXHOCTU OkeaHa. [Ipu sToM
MOJIEJIb JIbJ]a PACCUUTBIBAET CEAYIOLINE TPAaHUYHbIE
YCJIOBUSI HAa TTOBEPXHOCTH JieI—BOJa: MPOHUKAIOIIIAs
KOPOTKOBOJIHOBAsI paauanusi, TOTOKM Terlia, COJU U
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IMPECHOM BOABI, HAMIPSKEHUE TPEHUS MEXITY BOIOW U
JIBJIOM.

XapaKTepUCTUKM HUXXHEW atrMocdepbl, HEOOX0-
IUMBIE IS pacyeTa IMOTOKOB TeIlla, Biarud, Hamps-
XXEHUsSI TPEHUSI BETpa, a TAKXKE HUCXOMAIINE paara-
LIMOHHBbIE TMOTOKM Opajluch M3 JaHHBIX MOpTaja
CMIP-5, nonyyeHHsx 1mo mogean INMCM4 UBM
PAH nnsa cuenapuoro skcnnepumenTa RCP 8.5, oxBa-
TeIBaolero mepuoz ¢ 2006 mo 2100 rr. [39]. Havans-
HBIE pacrnpenesieHUsI T0JIei TeMIIepaTyphbl, COJICHOCTH,
TOJILMHBI JIbIA U T.J. OpaJINCh U3 PE3YJIETaTOB MPEIbI-
IYILIUX DKCIEPUMEHTOB ¢ JAaHHON Moaenbio [46] mis
1 auBaps 2006 ©.

YuclieHHAas ceTKa MOJEIU B CEBEPHOI ATITAHTHKE
COBITAIACT C JIMHUSIMU Tlapajuiesieli 1 MEepUIuaH C
paspeiieHueM 1° x 1°. Ha mmpore 65° N sTta ceTka
MEPEXOIUT B CETKY LIS MOJISIPHOU 00J1aCTH, TTOCTPO-
€HHOI B pe3yJibTaTe IMTOBOPOTa C(hpeprIeCcKOi cucTe-
MbI KOOPJMHAT U PEMPOCKIIUHU € MOoIyLIapysl Ha 00-
Jacth Beie 65° N [47]. [opuzoHTaIbHOE pa3pelle-
HUE TIOJIIPHOI CETKU MEHSIETCS B TIpeaesiax oT 14 mo
55 kM. B BepTuKanbHOM HallpaBJIEHUN CETKA COCTOUT
u3 38 ypoBHE ¢ MaKCHMMaJIbHBIM pa3pelleHueM 5 M B
BepxHeM 20-MeTpoBOM ciioe. MuHMMaIbHAS TIyOu-
Ha Ha menbde paBHa 20 M. ITomoxeHue GeperoBoit
JIMHUU MaKCHUMAaJIbHO TOYHO MPUOIMXKEHO C YyYETOM
TOPU30HTAJIBHOTO pa3pellieHUs.

OOnacth pelieHusT BKIIOYaeT B ce0s1 ApKTuue-
ckuit 6acceitH u CeBepHyl0 ATJIaHTUKY, HaUYWHasl C
20° S. TemmepaTypa U COJIEHOCTb BOJIbI BOJIM3U TIPO-
nuBa [uGpanTap paccuuTbiBaeTCsl HA OCHOBE CE30H-
HBIX pacripeneneHuil [48]. B Momenu yumTwiBaeTcs
MPUTOK 52 Hambosiee KPYMHBIX PeK peruoHa, cpeau
KOTODBIX BbIIEJISIIOTCSI 9KBaTOpUaJIbHbIE PEKU: AMa-
30HKa 1 KOHTro, a Takxke KpyHmHEHIImne cuompcKue
pexku: Enuceii, Jlena u O0b. JlaHHBIE O CpeOHECE30H-
HOM CTOKE 3TMX PeK MOoJlydeHbl HA OCHOBE U3MEpPEeHUI
ruaposiornyeckux crannuii [49]. Kpome Toro, Kak yxe
yKa3bIBAJIOCh COIVIACHO oOlieHKaMm [11], cymmapHBbIid
MPUTOK KOHTUHEHTAJIbHBIX BOJ B APKTUKE COCTaBJISIET
okoJ10 3200 kM3 /rox (mpumepHo 0.1 CB) B TO BpeMsl Kak
OCHOBHBIE PEKU JAIOT UL 2456 kM3 /roa. Takum 06-
pa3oM, cyMMapHbIii CTOK NMpuMepHO B 1.3 paza 601b-
1lIe CTOKa OCHOBHBIX peK. [Toatomy st monyyeHust
MOJIHOTO CTOKa PacXoj BCeX YUYTEHHBIX PEK ObLIT yBe-
nuueH B 1.3 pasa.

IpaHmaHBIe YCITOBUS Ha THE W Ha TBEPOBIX OOKO-
BBIX TpaHUIIAX 00ECTICYNBAIOT OTCYTCTBUE TETIJIOBBIX
MMOTOKOB 1 TTOTOKOB COJIY Yepe3 3TU rpaHullbl. [1pu-
MIOHHOE TPpeHHE IPONOPIUOHATBLHO KBaIpaTy MHpH-
MTOHHOM CKOPOCTH TeUYEeHUS, Ha GOKOBBIX IpaHMIIAX
3ajaHo ycjoBue npuwiunanus. KOxHas rpaHuiia Ha
mpote 20° S aBasgeTcss “XKUAKon”, B 9TOM ciydae
peanm3oBaHa CBOOOMHAs amBEKIMsS TIPU YCIIOBUH,
YTO CKOPOCTh HalpaBJieHa Ha 10T, T.€. 3a IIpeesibl 00-
JIaCTU pelleHUsI, B OOPATHOM Cllydyae MPOUCXOIUT Tie-
peHOC W3-3a TPaHUIILI O0JIACTH, TIe TeMIlepaTypa u
COJIEHOCTh OTpEeNessieTcs] Ha OCHOBE CpeaHeMecsd-

MN3BECTHUA PAH. ®U3NKA ATMOC®EPHI 1 OKEAHA

441

HBIX HJaHHBIX [48]. [paHMuHOE yCIIOBME B YCThIX peK
obecrieynBaeT MPUTOK BOABI HYJICBOW COJICHOCTH.
IpannyHoe ycioBue mist GyHKIIMM TOKA MOJIaracTcs
KOHCTaHTOH BIOJIb OeperoBoii TMHMM, a B ClIydae Iie-
peceueHus1 bepuHrosa mpoJinBa MJIM peYHOIO YCThS
OHA UCIILITHIBACT IIpUpallleHUEe, COOTBETCTBYIOIIEE
pacxony ImpoauBa win peku. Ha 1oxHoi rpaHuiie 3a-
JlaeTCsl yCJIOBHE, KOTOpoe oOecrneuMBaeT pacxoi,
KOMITEHCUPYIOIIIUI CyMMapHBIA MO OCTaIbHOU 00-
JIACTM IPUTOK OT BCEX PeK U MOCTYIUIEHUE BOIBI Ye-
pe3 bepunros npoaus. bapoTporHas cKOpoCcTh UC-
TOKa BOJIbI TTOJIaraeTCs MOCTOSTHHOM BIOJb BCEW 3TOM
TPaHMIIBI, YTO COOTBETCTBYET JMHEWHOMY pacIIpene-
JeHnto PyHKIMM ToKa. [TocKombKy 10:kHast TpaHuIa
00J1TacTU HEAOCTYITHA IS JibAA, HUKAKUX JOTOTHU-
TEJIbHBIX YCJIOBUI Ha KMAKOU I'paHMUIIC HE CTAaBUTCSI.
beprHroB MpoJIMB CYUTACTCS 3aKPBITHIM JJIsI IBUKE-
HUS JIbAA.

2.1. YuciieHHbIE 3KCIIEPUMEHTBI i Pe3yIbTATHI

Jlns BBISICHEHMS OymyIIero BKJIaga MEXTOOOBOM
U3MEHYMBOCTU CTOKA CUOUPCKUX PeK ObLIO MPOBe-
JIEHO IBa pacyeTa C ONMCAHHON BBIIIIE PerMOHAIBHOMN
MoJenbio. B mepBoM ISt Bcex peK pernoHa ApKTHUKH
1 CeBepHOIi ATJTAaHTUKM 3a4aBajICcsl KJIIMMaTUUYECKUIA
pacxon, IOCTPOSHHEIN Ha OCHOBE NaHHEIX [12, 49], a
BO BTOPOM — Hapsiay ¢ 3TUMM JTaHHBIMHU OTIAEIBHO
JUJISI CHOMPCKUX PeK 3a7aBaJjicsl pacXol, MOJy4YeHHBI
Ha OCHOBE pe3yJILTaTOB BTOPOI'O 3KCIIEPUMEHTA pac-
geTa peyHoro croka. CpaBHeHHE PE3yJIbTaTOB 3TUX
JIBYX pacuyeToB JdaeT OLICHKY BKJIala MEXTOI0BOM 13-
MEHYMBOCTH PEUYHOTO CTOKA CHUOMPCKHUX pPeK B 00-
it 6anaHc IpecHoM Boabl ApkTuku. OnucaHue pe-
3yJITATOB 3THUX PACYETOB CTOUT HAYaTh C OOIIIEH Kap-
TUHBI LUPKYJIssuuu B CeBepHOM JIe1OBUTOM OKeaHe.

2.2. XapakTepucTHKA 00mIeil IUPKY.JISIIA

IMpenbiayiiyii OMbIT MOACAUPOBAHUS LIUPKYJIS-
myur XX BeKa IT0Ka3bIBaeT, YTO OCHOBHBIC YePThI 3TOM
LUPKYJISIIUA CBSI3aHbI C BHEIITHMM 110 OTHOIIIEHMIO K
cucTeMe okKeaH—Jjea aTMOC(HEPHBIM BO3IEHCTBUEM.
OCOOEHHOCTH JBMXXEHMSI aTMOC(epbl MOTYT OBITb
BBIpaXXEHBI B 3HAYEHUSX MHACKCOB aTMOC(HEpPHBIX
ocunuaLnii. OOBIYHO B MIPUJIOXKEHUSIX, CBI3aHHBIX
C aPKTUYECKUM PETMOHOM, pacCMaTpUBAIOTCS ABa WH-
JIeKca: WHAEKC CeBepOaTIAHTUYECKON OCILISIINI
NAO u uHaekc apkTudeckoit ocumuisiiu AO (Arctic
Oscillation). [Ins meproga XX Beka 00a MHIEKCA OLe-
HUBAJIMCh HA OCHOBE TaHHBIX MHCTPYMEHTAJIbHBIX M3~
MEpEeHMI, OMHAKO JIJTSI MX OlleHKM B XXI Beke Heo0Xo-
JUMO MCMOJIb30BaTh pe3yJbTaThl CLIEHAPHBIX pacye-
TOoB. Mcxoms m3 aHamM3a IMOJIsI TaBJIeHUSI Ha YPOBHE
mops moaeau UBM PAH [39], mosydeHHOro B paMKax
cueHapust RCP 8.5 npoekra IPCC, BpeMeHHOI X0
OTKJIOHEHUSI Pa3HOCTU JABJICHMUSI MEXIY a30pCKUM
MaKCMMyMOM W WCIAHACKAM MHUHHMYMOM OT €ro
cpeaHero 3HauYCeHUsS JaeT HaM TPOTHO3UPYEeMbIi Bpe-
Ne 4

ToM 51 2015



442
5 (a)
< * r H
e
_5 | | | | |
2000 2020 2040 2060 2080 2100
Iogsr
6 (@)
4+
2 -
<
= 0r
2t
4 +
—6 1 | 1 1 1
2000 2020 2040 2060 2080 2100
Tonpr

Puc. 7. HaeKChl OCUHMJUISILIMKA: a — CeBepoaTiaHTU4e-
ckuit (NAO) u 6 — apkruueckuii (AQO), coraacHo mpo-
rHo3y moaenu UBM PAH na nepuon 2006—2100 rr. o
cueHaputo RCP 8.5, cocraBieHHBIEe MO MecsiliaM Jie-
Kabpb—siHBapb—(deBpaib—MapT U OCPEIHEHHBIE C Bpe-
MEHHBIM UHTEPBAJIOM 5 JIET.

meHHOoI xon nHaekca NAO (puc. 7a). B TeueHue ie-
pruoma 2006—2100 IT. “HIEKC B LIEJIOM IOJIOXKUTEIEH
B IIEPBOi TTOJIOBUHE YKa3zaHHOIro cpoka a0 2060 L., ¢
MaKCHUMaJIbHBIMIA 3HadeHUsMU B Trepuombl 2015—

KoadpduiimeHTsl KOppesiiiud BpeMEHHOTO X01a MHICK-
coB NAO 1 AO ¢ BpeMeHHBIMU XOAaMU1 aMIUTUTY/I TTIePBbIX
YephIpexX MOJ CUHTYJSIPHOTO pasfioXeHUsT 6apoTpOITHOM
mupkyssiiuu CeBepHoro JleqoBUTOro okeaHa

Mona NAO AO
1-5 —0.4382 —0.6794
2-4 —0.0817 —0.4197
3-a 0.4478 0.1839
4-a —0.1096 0.0975
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2030 rr. m 2040—2060 rr., 1 oTpMLATEJIEH B IIEPUO/I
2070—2095 rr. ¢ 3aMeTHBIM POCTOM B ITOCJIEAHUE 5 JIeT
XXI Beka. Uunekc AO, B otmnune ot nHIekca NAO,
HE MpUBSI3aH HETIOCPEACTBEHHO K ABYM TOYKaM Ha-
OJIoNEHUSI, a BBIpaXaeT MaKCHUMaJbHYIO pa3HUILY
MEXIy aHOMaJbHBIMM 3HAYCHUSIMU OTHOI'O 3HaKa B
okpectHOocTH CeBEpHOro IMojaioca M aHOMAaJIbHBIMU
3HAYEeHUSIMU NPOTUBOIIOJIOXKHOIO 3HaKa B Auara3o-
He mupoT 37°—45° ceBepHoro noJyiapus. [Toctpo-
€HHBIII TaKuM 0Opa3oM BpPEeMEHHOIl XOI HHIeKCa
npeacTaBieH Ha puc. 70. Ero 3HayeHus B 1I€JIOM IO-
JIOXUTEIBHBI B TIepBOii TTojioBUHe XXI Beka u oTpu-
HaTeJbHBI BO BTOpoii. Koppemsims Mmexmy mpem-
craBiieHHbIMU HMHAeKcamMu NAO u AO cocrasisieT
npuGIN3NTeIbHO 73%, 4TO TOATBEpPKIAET MHOTO-
YMCJICHHBIE CBUIETEILCTBA 00 MX B3aMMO3aMeHsie-
MocTH (CM., HampuMep, B [50]).

OTKJIMK LIMPKYJSIIUKA OKeaHa Ha IMPSIMOE aTMO-
chepHoe BO3eiCTBME MOXKET ObITh BBIPAXKEH B TE€P-
MUHax Bapuauuu (GpyHKIMu Toka. CUHTYISIpHOE pa3-
JIOXKeHHE BPEeMEHHOIO X0/Ia BEKTOpa COCTOSIHUS Oa-
POTPOITHOTO OKeaHa TIOKa3bIBaeT, YTO ISl TIEPBbIX
YeTBIPEX MO PA3JIOXKEHUS BpeMEHHOM X0 KoM UII-
€HTOB PA3JIOXKEHUST KOPPEITUPYET C BPEMEHHBIM XOIOM
uHaekcoB NAO u AO cornacHo Tabnuie 1, 13 KoTopoit
cJIelyeT, YTO HanboJiee YyBCTBUTEJIbHOM K KOJIeOaHMsSIM
WHIEKCOB SIBIIIETCA TiepBasd Moda pa3yoxkeHus. Ha
puc. 8a ToKa3aHO MPOCTPAHCTBEHHOE paclipelieieHue
cpemHero 3HadeHus 3a repron 2006—2100 rr, ¢hyHKImm
TOKa, a Ha pUC. 80 — cOOCTBeHHAsT (PyHKIIMS IEPBOM
MOJIbI CUHTYJISIpHOTO pasyioxXeHus . [IpocTpaHCTBeH-
Hoe pacnpejaeneHue (pyHKIIUU TOKa, COOTBETCTBYIO-
mee £90% oT MaKCUMAaJTBHOTO BKJIafa TIepBOM MOIEI,
TpecTaBIeHO Ha puc. 8B, 8T. [TepBrIii 3 HUX (pHC. 8B)
JEMOHCTpUPYET BUI (PYHKIIMU TOKA, COOTBETCTBYIO-
111 TIeproay nojaoxutenbHoro nHaekca NAO (AO),
BTOpOIi (pucC. 8T) — MepUOIy OTPULIATEILHOTO 3HAYe-
HUS uHaeKca. BKiaza ciaeayrolmx Mo coCcTaBIIsieT Me-
Hee 40% M3MEeHINBOCTH (PYHKITNU TOKA.

[1pu moytoxXXnUTEeNbHOM 3HAYeHMM MHAEKCA IIMKITO-
HMYECKasl UMPKYISILIUS aTIaHTUYECKUX BOJ JTOMM-
HUpPYET TOJIBKO B OacceliHe AMyHACeHa, a xpedet JIo-
MOHOCOBA SIBJISIETCSI pa3Ie/IMTeIeM IUKIOHNIECKOM
¥ aHTULUKIOHWYECKON ULMPKYJISILUUN B ApPKTHKE.
IIpu oTrpuLaTeIbHOM 3HAaY€HUM O0JIACTb LIMKJIOHU-
YECKOM LIMPKYJISILIMU COCPENOTOUYEHA B €BPOIIEUCKOM
yacTu OacceitHa AMyHACeHa, a TakKKe B Ipenesax
aMepUKaHCKOM YacTu KaHaJACKOIo 0acceitHa U Mops
Bbodopra. [1pu 3TOM aTiaHTUYECKUE BOABI, YACTb KO-
TOPBIX pacIpocTpaHsIach yepe3 bapeHiieBo Mope, a
4yacTh — uyepes MpouB Ppama v BIOJIb MAaTEPUKOBOTO
CKJIOHA, HE CJIEAYIOT flajiee BAOJb CKJIOHA B HAIlpaB-
JIeHUM Mops JIanTeBhIX, a ITOBOPAYMBAIOT B CTOPOHY
OT CKJIOHA U pacIIpOCTPaHsIIOTCS B HampasiieHuun Ka-
HajJcKoro 6acceiiHa cpa3y ke oT Tpora CB. AHHBI.

JlaHHBIE YepThl HUPKYJISILIMA HECKOJIBKO OTIAYa-
IOTCSI OT T€X, YTO HAMU OTMEYAJIUCh PAHEE MPU aHa-
JIN3€ U3MEHYMBOCTHU BTOPOI MOJOBUHBI XX Beka [23,
Ne 4
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Puc. 8. ®yukuus Toka (CB): a — cpelHee II0 3KCIEPUMEHTY, 0 — IepBasi MOJa CUHTYJISIPHOIO Pa3joXeHMsI, B — CyMMa Cpejl-
HETro IO 3KCIEPUMEHTY U TIEPBOI MOJBI CUHTYJISIDHOTO Pa3JIOXeHUsl, B3ITOM ¢ Koa3dduiimeHToM paBHbIM —90% OT MakKcH-
MaJILHOTO TI0 9KCIIEPUMEHTY, I — CyMMa CPEIHETO 110 9KCIIEPUMEHTY M TIePBOIi MOl CUHTYJISIPHOTO Pa3JIOKEHUsI, B3SITOM ¢
ko3 duLreHToM paBHbIM +90% OT MAaKCUMAaJILHOTO O 3KCITEPUMEHTY.

46]. B 0CHOBHOM 3TO OTJIMYME 3aKJIIOYAETCS B MHOM
XapakTepe HIUPKYJISLUU TTPU OTPULIATEIbHBIX 3HAUe-
HUSIX aTMOChEePHBIX UHAEKCOB. CBSI3aHO 3TO C TEM,
YTO B YCJIOBUSIX CLIEHApHOTO (hDOPCUHTA ITIEPUOT OTPU -
LATeJIbHBIX UHIEKCOB COBMNANAET C IIEPUOIOM OTCYT-
CTBUSI MHOTOJIETHETO JIbJA, T.€. HAUMHAs MIPUMEPHO C
2050 1. TegssHOE MOJIE CTAHOBUTCS CE30HHBIM U MpaK-
TUYECKU MOTHOCTBIO UCYE3aeT B TCUEHUE JIETHETO Ce-
30Ha. TakuMm obpa3zom, aTMochepHOe BIUSTHUE, KO-
Topoe B XX BeKe OCYIIECTBIISLIIOCh Yepe3 TMTOCPEaHM -
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YECTBO JIEASTHOTO M CHEXXHOTO MOKPOBa, BO BTOPOM
nojoBuHe XXI Beka HAIIPSIMYIO aJIpeCcyeTCsl OKEaHYy.

OTtnuume BTOpOIi mojioBUHEI XXI Beka oT mepBoit
3aKJIoyaeTcs elle U B TOM, 4To (opMupylolimecs
aHOMAaJIMM TIPECHOM BOABI BO BTOPOM pacyeTe II0
CPaBHEHUIO C TIEPBbIM UMEIOT Pa3Hble 3HAKM B IEPBOIA
MOJIOBMHE BeKa (MOJIOKUTEJbHBII B BOCTOYHBIX MO-
psix 1 oTpuLiaTeibHBIN B KapckoM Mope), a BO BTOpoit
TIOJIOBUHE BeKa 00¢ aHOMAaJIUU TTOJIOKUTEJIbHBI.
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KY3WUH u np.

Puc. 9. KapTuHa pacnpocTpaHeHMsI aHOMaJIWil IPECHO BOMbI: a — B EPUOJ MOJIOXKUTeIbHOro 3HaueHust NAO (AO) — 2027 .
u 6 — B nepuon orpuuiarenbHoro 3HayeHuss NAO (AO) — 2073 r., cornacHo nporHody moaeaun MBM PAH na nepuon 2006—
2100 rr. mo cueHaputo RCP 8.5. CrutonrHbie KOHTYpPBl COOTBETCTBYIOT MOJIOKUTEIbHBIM 3HAUEHUSIM aHOMAJTUM, INTPUXOBBIE —

OTPpULATCJIbHBIM.

2.3. PacnpocTpaneHde aHOMAJIUU MPECHO# BOIbI

HawnbGomee GbicTpble U3MEHEHNSI, CBSI3aHHbIE C aHO-
MaJIbHBIM CTOKOM CMOMPCKMX PEK, PACIIPOCTPAHSIOTCS
CO CKOPOCTBIO 0apOTPOITHBIX BOJIH [51], 4YTOo B HallleM
cilydae TIpU aIllpoKCHUMalMK “TBEpHOil KPBIIKU U
TIpeACTaBICHUM 0apOTPOITHBIX JABIDKEHWI B TEPMUHAX
(GYHKIIMU TOKa O3HAYaeT MTHOBEHHOE pacIpocTpaHe-
Hue. OmHaKO HanboJIee MHTEPECHBIM IIPEACTABIISICTCS
aIBEKTUBHOE PacpoOCTpPaHEHWE aHOMAIMM U CBSI3aH-
HBIE C 3TUM MOCJIEACTBUS.

CoracHO IpeACTaBIEHHBIM IBYM CXeMaM LIPKY-
nsumu Boa CJIO pacrnipocTpaHeHUe aHOMAJIMU TIpec-
HOU BOJIBI TAKXKE MOXET OCYIIECTBISIThCS ABYMSI CITO-
cobamu. OTanune coaep>KaHusI IPEeCHOK BOIBI BTO-
poro pacyera Mo OTHOIICHHUIO K MEPBOMY MOXHO
BBIPA3UTh C TIOMOIIBIO BEJITMUUHBI N30bITKA COAEpPKA-
HUS IPECHOM BOABI A. DTa BeJIMYMHA IIPEACTABIISICT
Cc00011 TOJIIINHY CJIOSI TPECHOM BOABI, KOTOPHIN HYK-
HO YAaJIUTh JJIsI TOTO, YTOOBI pacrpenesieHue OaJHOU
BEJIMYMHBI COJIEHOCTU OBbLIO KBHUBAJCHTHO pacIipe-
nIejeHuIo npyroi. B ciaydae HemocTaTKa IIpecHOM BO-
JIbl BeJIMYMHA A OTpUIIaTeJIbHA.

Ha puc. 9a npeacraBnena anomanus 2027 r., Koraa
peanM30BbIBAIaACh (paza MOJOKUTEITbHBIX WHAEKCOB
LUPKYJISIUUK. BEIHOC OTKJIOHEHU coiepKaHMsI IIpec-
HOM BOIBI U3 paiioHa Bo3mymieHuit (Kapckoe Mope u
Mope JlanTeBbIx) B CTOpOHY TpojuBa Ppama mpouc-
XOIUT MPAKTUUYECKU MO MPSIMOU JIMHUU, COCTUHSIIO-
el 3Tu IBa palioHa, Ojarogapsi TPaHCIIOJISIPHOMY
npeiicy U pacrpocTpaHsSeTcsl najee BAOJb IOXKHOTO

MN3BECTHUA PAH. ®PU3NKA ATMOC®EPHI 1 OKEAHA

nobepexbs IpeHnaHauu B ATJaHTUYECKUI okeaH. B
2073 1. baza MHAEKCOB LUPKYJSLIMUA OblIa OTpUlIia-
TEJIbHOM, TO3TOMY TPACKTOPUS IBMXXEHUS aHOMAaIUN
MPECHOU BOABI COOTBETCTBYET U3OJUHUSAM (DYHKITUU
TOKa 3Toro nepuoaa (puc. 90).

Ha puc. 10a npeacraBiaeH 3KCHOPT apKTUYECKOM
MpecHoil Boabl Yepe3 bepuHroB MpoJvB, MPOJIMBBI
Kanaackoro ApKTHYeCKOIro apxwuiiejiara, IIPOJIMB
®pama u yepe3 bapenueBo mope. Uepe3 bepuHron
IPOJIUB 3KCIIOPT OTPUIIATEJIEH, YTO COOTBETCTBYET
00paTHOMY IIPOLIECCY — UMIIOPTY PaCIPEeCHEHHBIX TH -
XookeaHcKkuX Bop. Iloctynamoinuii o0beM NpecHOU
BOJIbI 3a/aeTCsl MOCTOSIHHBIM OKoJIo 12.8 Ky0. KM B
JIeHb IIPU IIOJITHOM OTCYTCTBUU MOCTYIUICHUSI “TBep-
Joi” ppakimu, T.€. Jba. DTO CBSI3aHO C TEM, UTO JTIaH-
HbI TPOJIUB SIBJISIETCS TpaHUlIei 00J1acTu, Tae 3aaa-
€TCSI CYMMapHBIil IIPUTOK CO CPEAHETOAOBBIM PaCX0-
noM 0.8 CB 1 ycTaHaBIMBAETCS JKECTKasl TpaHMLIA JJIsT
Jpaa. Hanbonblmii 3KCIMOPT OCYIIECTBIsIETCS 4epe3
npoauB ®pama, GOJIBIIYIO YACTh KOTOPOro (0KoJIo 2/3)
cocTaBsieT “xxuakas’” dpakims. Yacts 3TOro saKcnop-
Ta BO3BpalllaeTcsl oOpaTHO yepe3 bapeHlieBo Mope,
61arogapsi BEeTpaM M BETPOBBIM T€UEHUSIM. DKCIIOPT
Jepe3 KaHAACKKMEe MPOJMBHI TAKXKE B OCHOBHOM B BHU-
Je “XKUaKoun” ppakiuu, Tak Kak IIPOoXoJ Jbaa yepe3
y3KHe MPOJIMBBI 3aTPYIHEH.

Pucynok 100 nipencrasiisieT OTIMYME PE3yIbTaTOB
pacyeTa ¢ WCIOJIb30BAHUEM TMOJTYYEHHBIX PacXolloB
CUOUPCKUX PEK OT PE3YIBTATOB, UCTIOJIB3YIOIINX K-
MaTU4yecKre 3HadyeHusi pacxonoB. IlojoxXuTeabHbIe
Ne 4
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OTKJIOHEHUS pacxoja B rpouse dpamMa, oTMEUESHHBIE
Ha pUCYHKE TPEYTOJIbHUKaAMU, ITPOUCXOIAT B IICPBLIC
roIbl pe3KOil CMEHBI MHASKCOB aTMOC(hEPHOM LINPKY-
JISIMUM ¢ MAKCHMMAaJIbHBIX TTOJIOKUTEIbHBIX 3HAYSHUIA
K OoTpuuarcJbHbIM 3HA4YCHUAM. BCIISL[ 3a OTHUMU
BCIUIECKAMU HaOJIOAAIOTCSI TIEPUOIbl OTPULIATEIIb-
HBIX OTKJIOHEHHMI pacXxom0B, OTMEUYEeHHBIE HA PUCYH-
K€ TOPU3OHTAJIbHBIMU IIOJIOCKaMH. AHaJIOTUYHbIE
OTKJIOHEHUSI UMEIOT MECTO M B pacxojax 4yepes3 Ka-
HaJICKWE IIPOJIMBBI, OMHAKO MX aMIUIMTYda HaMHOIO
MEHBIIIEe, a TIePHOJI OTPUIIATEILHOM aHOMAaIuuU 0oJjiee
MPOAOJKUTENbHBINA. M3 3TOTO CleayeT, 4TO COTJIaCHO
pe3yibTataM JaHHBIX PacuyeTOB ITOSIBJICHHUE MOJIOXM-
TEJIbHOM aHOMAaJIMM DKCIOpTa IMPECHON BOABI Uyepe3
nposuB @paMa KOMITIEHCUPYETCS CJIEAYIOLIEH 3a Heil
OTpUIIATEIbHON aHOMalMell, a TakKe 3aMelJIeHUE
WIN aXe pa3BOpPOT 3KCIIOpTa MPEeCHOI BOIBI Yepe3
KaHaJICK1e IIPOJIUBHI.

3AKJIIOYEHUE

KJU/IMaTI/Il{SCKI/IC N3MCHCHUA, IIPOUCXOAAIINE B
HoCJeqHe NeCATUIeTrs Ha 3eMiie, B OOJIbIIICH cTerne-
HU, YeM TJIe-JIM00, CKa3bIBAIOTCSI B BEICOKUX IITMPOTAX
CesepHoro nojyiiapus. 3agadya OIMmMCaHUsI 9TUX W3-
MCHCHUII OYeHb CJIOXKHA M TpeOyeT ydeTra MHOTHUX
¢dakTopoB, B TOM umncie (GOpMUPOBAHUE U TasiHUE
Jibda, MPUTOK aTJIaHTUYCCKUX U TUXOOKEAHCKHNX BOI,
dopMmupoBaHMe TJTyOMHHBIX BOJ, a TAK3KE CTOK CeBEp-
HBIX peK.

Ha ocHoBe pa3paboTaHHOI MOIETA KJIMMaTUIeCKO-
IO PEYHOI'0 CTOKA MPOBEAEHbBI 9KCITEPUMEHTHI 110 MOJIe-
JIMPOBAHUIO PEYHOIO CTOKA Ha OCHOBE JAHHBIX peaHa-
m3a MERRA u pacueroB 1o mogenu UBM PAH cue-
Hapus RCP 8.5 nporpammer IPCC [39]. Pesynbratst
CpaBHEHUSI PACCYUTAHHBIX CYMMAapHBIX 3HAYCHUI
romoBoro ruaporpada ¢ JaHHBIMUA M3MEPEHUN Ha
TUIPOJIOTMYECKUX ITOCTaX CUOMPCKUX PEK JAET XOPO-
11ee CoBMNaAeHMeE MO aMIJINTyIaM 1 pa3aM HacTyIie-
HUS BECEHHE-JIETHETO IMOJIOBOIbLSI. PacdeTsl MEXTO-
JI0BOI M3MeHYMBOCTH B XXI Beke Impu oOIIMX MOJI0-
JKUTENbHBIX TPEHJAaX UMEIOT CYIIeCTBEHHBIE OTINYMS
B IIpuToKax B Kapckoe Mope 1 BOCTOUHbIE MOPSI ApK-
TUKA. MOIENBbHBIN CTOK B COOTBETCTBUHU C OCaAKaAMU
B OKCIIEPMMEHTE YBEJIMYUBAETCS, YTO MOKET SIBJISITh-
cs1 OTKJIMKOM Ha KJIMMaTudeckne n3MeHeHus B Cu-
OUpH, TIPUBOISIINE K POCTY CTOKA CUOUPCKUX PEK,
HaOIoIaeMbIX B rociaeaHue gecarmietus. B XXI Be-
ke mputok B Kapckoe mope 1o 2040 r. MeHbIlIe KU~
MaTUYECKOIO, B TO BpeMsI KaK ITIPUTOK MPECHOM BOIbI
B BOCTOYHbIE MOPSI IIPEBBIIIAET KJIMMaTUYeCKOe 3Ha-
YyeHMe IPUTOKa It XX BeKa, YTO IIPUBOAMT K pa3HUILIE
B aHOMAJIMSIX pacrpeaeaeHus mpecHoii Boasl B CJ10.

W3 ananu3a pe3ybraToB YMCIEHHOTO MOICIMPO-
BaHUS pacpoOCTPaHEHMSI MPECHON BOIBI B APKTHKE
cleayeT, 4yTo HaubOojiee BaxKHOM pojib aHOMaJuit
MIpPEeCHOM BOABI CTAHOBUTCS B IIEPUOABLI OBICTPOIA
cMeHbI aTMOCGhepHO HupKyJsinuu. I1o pesyiasratam
Moaeau MBM PAH Takue naMeHeHUs IIPOUCXOIST B
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Puc. 10. a — CpeaHeronoBasi CKOPOCTb 3KCITOPTa IIpec-
HOM BOJIBI U3 APKTUKM B “XXUOKON” M “TBepmoii” (ppak-
LIMU: CIJIONTHAS IMHUSI COOTBETCTBYET ITIEPBOMY PacUeTy,
MyHKTUPHAasi — BTOPOMY; 6 — pa3HOCTb MEX/y BTOPbIM U
nepBbIM pacueToM. 1o BepTrKaiv maHe u pacrojaraior-
Csl B CJIEIYIOIEM MTOPSIAKE: BEPXHSIsl TaHeIb COOTBETCTBY-
eT pacxomaM 4depe3 bepuHros nposius, cieayioiias Ia-
HeJIb — PacXolbl yepe3 KaHalICKWe IMpOJIUBHI, gajee —
pacxoabl nposiuBa @pama, HUXKHSISL TTaHEb — PACXObl
yepe3 bapeHiieBo Mmope.
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KY3UH u ap.

2030, 2042, 2057 n 2070 rT., B pe3yabTaTe 4ero IMpouc-
XOJIUT YBEJIMYSHNE 3KCIOpTa MPECHO BOIBI Yepe3
nposuB @pama ¢ MocaeayoInuM KOMISHCUPYIOIITUM
YMeHbIIIeHeM. AHaJIOTUYHBIE, HO HAMHOTO MEHb-
1Iye, U3MEHEHUS IIPOUCXOST C SKCITOPTOM MTPECHOM
BOJIbI Y€pe3 KaHaJACKUE TIPOJIUBBI.
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Abstract—The propagation of freshwater anomalies from Siberian rivers in the Arctic Ocean in the 21st cen-
tury has been simulated using a model developed in Institute of Computational Mathematics and Mathema-
tical Geophysics, Russian Academy of Sciences (ICMMG RAS), based on the output of the ICM RAS mod-
el and scenario RPC 8.5, project CMIP-5 IPCC. River runoff has been calculated using a linear reservoir
model with 1/3-degree resolution, including nine major drainage basins in Siberia.

Keywords: river runoff, Arctic Ocean, North Atlantic, numerical simulation, oceanic circulation, circulation
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