OD-2-1-3n

12/15/14 12:38 PM Page 18

PA3IEJI 1. HABJIIOJAEMbIE U3MEHEHUS

K/INMATA

I'maa 1.1. IAPHUKOBBIE I'A3bI, ASPO30J/I1 U K/IINMAT

N. JI. Kapoasb

[A. W. PemeTankos|

1.1.1. Beengenne

[MaBa 1.1 siBnsieTCst MPOAOIKEHUEM U pa3BUTHEM
rnaBbl 4 “VI3MeHeHusi coiepKaHusl MapHUKOBbBIX ra-
30B M a3p030J1s1 B aTMOCcepe U UX BAMSIHUE HA KIU-
mar” Tlepsoro OueHounoro Hokmaga (O _Pd-1).
31ech TMpeficTaBleHbl HOBBIC CBEJICHUSI O TOSIBUB-
umxcs v uccaenopaHubix nocye 2007 r. u3MeHeHusIX
COfIep>KaHKsl B aTMocepe pa3iuyHbIX TNpUMeECei,
BJIMSIFOUIMX HA PAIMAlMOHHBIC U TeMIlepaTypHbIe Xa-
PAKTEPUCTHKM KJIMMAaTa, a TAaK>Ke MX BKIIAJA B U3Me-
HEHUs XapaKTePUCTUK MOJICTUIIAIOLIEN TTOBEPXHOCTH
1 obsauHOCTH. B HacTosi1Iel r1aBe He MOBTOPSIIOTCS
00I1IMe TIOJIOXKEHUSI O COCTaBe aTMOC(ephl, MOTOKAX
pamanuy B atMocdepe M BO3/ICHICTBUN HA HUX pa3-
HbIX €CTECTBEHHBIX U aHTPOMNOIeHHbIX (PaKTOPOB, 00
aTMOC(EPHBIX LMKJIAX PA3IUYHbIX KIMMATOOOpa3y-
IOLUX TipuMeceii, npuBefeHHbIX B O[] _PP-1.

Ecmm coctaB atMocepbl, ICTOYHUKY IMUCCHUU 1
9(P(EKT OCHOBHBIX [AOITOXKHUBYLIMX MAPHUKOBbIX r'a-
30B HE TNpeTepresil Cepbe3HbIX W3MEHEHUH Mociie
2007 r., TO CyIIECTBEHHO PACHIMPUIIUCH CBEJICHUST 00
aTMOC(EpHBIX LMKJIAX KOPOTKOXKMBYLMX (DaKTO-
poB, Oojiee IMHAMUYHO BO3JCHCTBYIOLMX HAa pajua-
LMOHHBIN PEXKMUM U Ha KIMMATUUYECKUE XapaKTepu-
CTHKH, MPEXK/E BCETO, HA a3p0O30Jib B BUJIE “‘UEPHOTO
yrepona” (1Y), BimsiHre KOTOPOTO Ha KJIMMAT Mpa-
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KTUYECKHU He Ob110 ocBelieHo B OJ1_P®-1. 3tu “Ho-
Bble” MPUMECH AOCTATOYHO MHTEHCUBHO W3YyYarOTCs
U OOCYKJJAIOTCSl HbIHE B HAYYHbIX (M HE TOJIBKO)
nyoarKauusix, opMUPYIOTCS] HAyYHbIE TPOrPaMMBbl.

MupoBasi ceTb MOHUTOPUHIA TAPHUKOBBIX ra30B
3a nepuop ¢ 2007 no 2012 rr. npopomkana pa3Bu-
BaThCSl U COBEPLIEHCTBOBATHCS: YBEJINUMAIIOCH YHCIIO
CTAQHUMI U UCMOJIb3YEeMbIX Ha HMX aHAJIUTUYECKUX
cucTeM HaOJIOeHUI, TEXHUUECKUE U OpPraHu3alOH-
HbI€ BO3MO>KHOCTU MHOTUX CTPaH ObUIM HalNpaBlIeHbI
Ha oOecrieueHre BbICOKOIO KayecTBa HAOIOICHUI, B
YaCTHOCTH, ObuM opraHu3oBaHbl KannOGpoBouHble
LUEHTPbI cTaHaapToB i SFg, a Takxke sl CTaOuib-
HbIX nzoronos 13CO,, 3CH, u 180,. DTo — nabopato-
pust NOAA/ESRL (CIIA), Buoxumudeckuii "HCTH-
TyT Makca ITnanka (Tepmanust). st H, 6b11 opra-
HU30BaH MMpOBOJ LEHTP ayjauTa JJaHHbIX HaOIIofIe-
HUIl Ha Oaze PepnepanbHoil 1abopatopuu no TecTu-
POBaHMIO MaTEpUasioB U uX uccrenoanuto B llIBeii-
yapuu. Ha cranuusix I[TobGanbHoit Ciyxk6b1 ATMO-
cpepnl (TCA) miist oGecnieyennst NPENU3UOHHBIX H3-
mepenuii Konuentpauuii CO, u CH, Hauana BHe-
APSITbCS. HOBAsl U3MEPUTENIbHASI TEXHUKA, HA OCHOBE
WCMOJIb30BaHKsl PE30HATOPHOI (C OYeHb GOJBLINM
YHUCJIOM OTPAaKEHWH JIA3ePHOrO Jiydya) JIa3epHOM
cnektpockonuu CRDS - Cavity Ring-Down
Spectroscopy (150 WMO/IAEA Meeting, 2011). B
2009 . monyumna cratyc ‘‘cofieficTBYIOLIEH CEeThb
CTaHUMI IMCTAHIMOHHBIX HAOJIOEHUH 3a OOLLUM CO-
fiep>KaHMeM NapHUKOBBIX U psifla pEaKTUBHBIX ra30B B
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Puc. 1.1.1. I'nobGanbHbI TPEHA, (YepHas KpuBasi) N CE30HHbIA X004 KOHueHTpaumn CO, (KpacHas kpuBasg) 3a

nepuon 2010-2014 rr.

cronte armMocepbl (TTCON), paGorarorasi Ha Ga-
3¢ (Pypbe-CIEKTPOMETPOB BBICOKOI'O pa3pelleHust —
IFS125M, pa6oratronmx B MK puamna3oHe crekTpa
AMEKTPOMArHUTHOro u3ny4eHust CoJHIA, UCTIONb3Ye-
MOro B KauyecTBe MCTOYHMKA u3iydenus (Status of
WMO/GAW, 2011).

1.1.2. [Inokcua yriepoma

CpenHee mio0anbHOE 3HAYEHWE KOHLEHTPALUU
MApHUKOBBIX I'a30B (POPMUPYETCS] HA OCHOBAHUU JIaH-
HbIX IIECTH ITI00ATBHBIX CTAHIMI MOHUTOPUHIA Tap-
HUKOBBIX Ta30B, U3 KOTOPbIX JIB€ PACIOJIOXKEHbI B
IOsxHoM monymapum: IOKHbI nomtoc, AMepuKaH-
ckoe Camoa, u yeTblpe cranuuu B CeepHom: May-
na-Jloa, Tpunnnan (Kamudopuus), Bappoy (Ausi-
cka) u Cammur (Ipernanmusi). Ha puc. 1.1.1 npen-
CTaBJIeHbl IparKy U3MEHEHUs! T100abHOI CpefiHe-
MECSIYHOM KOHIeHTpauuu yriekucioro raza CO, u
CITIa>kKeHHbIN TPEH/] B MPU3EMHOM CJIoe BO3/lyXa, Mo-
JIyYeHHBIN HA OCHOBE JaHHbIX 9TuX cranumilt (HYOA
CIIIA).

Kak cnefyeT u3 pucyHka, NpofoyKUIICs pocT KOH-
uentpauun CO,, HeCMOTpsl Ha OrpaHMYEHNs BLIOGPOCOB
MAPHUKOBBIX T'a30B, BBENIEHHbIX KMOTCKMM MpPOTOKO-

JIOM JIJ1sl IPOMBIIIIEHHO Pa3BUTBIX CTPaH, B3SBILMX Ha
ce0s1 00s13aTeNnbCTBA M0 UX CHIKeHuto. CornacHo JjaH-
HeiM HYOA 3a nepuop ¢ 2010 no 2014 rr. rmo6anbHast
CpefHerojioBasi KOHUEHTpALMs JMOKCU/A YITIEpo/a BO3-
pocna ¢ 3873 po 396.5 mun! (NOAA/ESRL,
http://www.esrl.noaa.gov/gmd/ccgg/trends/, Trend in
Atmospheric Carbon dioxide, 2013). CpefiHee 3Haue-
HUE €XerofJHOr0 MPUPOCTa KOHLEHTPALUU COCTABUIIO
2.0 MAH-1, YTO BBIIIE €ro MEXKrof[0OBOrO MPUPOCTA 32
npenbirynpe 10 ner, koropwnt papHsics 1.9 MiH-1
(Ouenounbiit okmaf. .., 2008). DToT poct, HecMOTpsI
Ha HeKoTopoe cHuxkeHue BbiopocoB CO, B MpoMbllil-
aenHo pa3Butbix ctpaHax EC, CIIA u Kanane, o0y-
CJIOBJIEH CYIIECTBEHHO BO3POCIIMMU BbIOPOCAMU B aT-
mocepy CO, Takumu KpYNHBIMU Pa3BUBAIOLLIMMUCS
crpanamu, kak Kurait u Uapmst (IEA, 2012a, 6; 2013).
YcuneHHbI 5KOHOMUUYECKUI POCT B CTPaHAX C TakK Ha-
3bIBAEMOV NIEPEXOJHON 3KOHOMUKOW, OCOOEHHO B 11OC-
Jie[IHMe TOfIbl HOBOTO ThICSYENETHUs, MPUBES K TOMY,
YTO, HECMOTPS HA BBIMOIHEHNE MPOMBIIIIIEHHO Pa3BU-
ThIMU CTpaHaMu pekomeHfauuii Kuorckoro mpoToko-
J71a, CKOPOCTh POCTa KOHIEHTPAIN MTAPHUKOBBIX Ta30B
COXpaHWUJIACh B LEJIOM MPUMEPHO HA TOM K€ YpOBHE,
4TO U 32 MPEbIAYILIHE EeCTh JeT. DKOHOMUYECKHI T0-
JIOBOW TIPUPOCT BHYTPEHHErO BaJIOBOTO MPOYKTa

(19
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Tabauya 1.1.1. Tpeno cpeone200060ii amuccuu CO, 3a nepuoo ¢ 1990 oo 2011 22 6 muaauapoax monn CO, 6 200 8
OCHOBHbBIX NPOMBUUNCHHO PASBUMBIX CMPAHAX U CMPAHAX C NePEeXOOHOU IKOHOMUKOTL

Crpana 1990 1995 2000 2006 2010 2011 | 2011/1990, %
CIIA 4.99 5.26 5.87 5.84 5.53 542 9

EC (27) 4.32 4.08 4.06 421 391 3.79 -12
Kurait 2.51 3.52 3.56 6.51 8.90 9.20 287
Wnpust 0.66 0.87 1.06 1.38 1.86 1.97 198
Poccus 2.44 1.75 1.66 1.79 1.78 1.83 -25
SInonust 1.16 1.25 1.28 1.30 1.26 1.24 7
A3unaTtckue cTpaHbl” 0.71 1.07 1.31 1.61 1.81 1.84 159
Jpyrue cTpaHbr™ 1.83 2.24 2.69 3.37 3.93 4.10 124

Bce cTpanbl 22.7 23.6 234 30.3 33.0 339 49

Hpmeuaﬂue. HOCKOJIBKy B TaGJII/II.ly FOJIOBOfI OMUCCUUN BKJIFOYEHBI TOJIBKO OCHOBHBIE CTPAHbl — HMCTOYHUKU COz, TO

WUTOroBas CyMMa 9MHUCCUM BCEX CTpaH MHUpaA (IIOCJICIIHHH CTpOKa TaﬁIII/IHI)I) CyHIECTBEHHO GoJtbIe FOHOBOfI 9MUCCUM CTpaH,

NpeCTaBJICHHBIX B Ta6J’II/III€ .

*Asuarckue turpbl (Mugonesusi, Cunranyp, Tawrtann, 0xuast Kopest u TaiiBanb).
“*[pyrue KpynHble pa3BuBatoiquecs crpaubl (Bpasumst, Mekcuka, FOxuast Adpuka, Caynosckast Apasust, Muusi u Vpan).

(BBIT) B Kurae, cocrapusimmii 4% 8 2002 1., BbIpoC jI0
11% x 2008 r. AnTponorennas amuccusi CO, 3a 3T0T
nepuoy Bo3pocia B Kurae Ha 150%, a B Mugum Ha
75%, 1 310, HECMOTPSI HA MUPOBON SKOHOMHYECKUIA
KpH3HC, MOCIeICTBUS KoToporo B Kurae Obumi cyie-
CTBEHHO CMSITYEHbI M3-32 OONbIINX UHBECTULMI B MH(-
PaCTPYKTYpPy Pa3BUBAIOLIMXCSI ABTOMOOUIIECTPOCHHUS 1
CTaJIeIMTENHON NPOMBILUIEHHOCTU. B pesynbrare cpe-
nrerosioBoit Bbiopoc CO, B Kurae k 2011 1. Bo3poc 1o
9.7 mnpp T, ¥ OH BbIlIeN Ha 1-e MecTo B MUpe 1O 00b-
emam amurccun CO,, mpeBbicuB flaxke BbiOpoc CO,
CIIA (IEA, 20126). Cymmapusiii BbiGpoc ctpan EC
(EU27) cuusmicst B8 2011 . Ha 3% mo cpaBHEeHUIO C
npebiymmm rofoM u coctasua 3.8 mupa T (B CIIA
amuccust CO, B 2011 . cocraBuna 5.4 mapp ). Poccust
3Ke TIoCIIe pe3Koro cnajia amMuccuu B Havdaste 90-X rofoB
TMPOIIIOTO BeKa, B TOCJIEAYIOLIME TO/Ibl YBEeJIMUMBAIIA
MICTIONIb30BaHKE MCKOMAEeMOro TOIMBa. TeM He MeHee,
BbIOpoc CO, B nepuon ¢ 1998 no 2007 r. He yBemuum-
cs, a jake cHmmiIcs B 2007 1. mo cpaBrenuio ¢ 1998 .
Ha 6% (IIstoe Haponasnbhoe coobuenne Pd, 2010).

B Teuenue mocnenHero necATUNeTHs] 0OBEMBbI aH-
tponoreHHon amuccun CO, B rmoGanbHOM Mactitade,
BCJIE/ICTBUE CSKUTAHWS YIVISI M YIVIEBOJIOPOJIOB, a TaKXke
MPOM3BOJICTBA lieMeHTa, Bozpociu ¢ 8.3 + 0.7 mapn T C
Brof B 2002 1. 10 9.4 £ 0.8 mapn T C B rog xk 2011 r,
YTO COOTBETCTBOBAJIO €€ CPEJIHEMY €3KEeTOJJHOMY MpH-
pocty 1.2% B ropi. Exkeropinast amuccusi yriepopa, 00y-
CJIOBJIEHHAs1 0OPAaOOTKOM 3eMIIM U JIECONOJIb30BAHUEM,
coctasmia 3a nepros 2002-2011 rr. 0.9 £ 0.8 mapn T C
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B roji. OCHOBHOI1 BKJIaJ] B 3Ty OLECHKY JlaBasla SMHUCCHSI
YIJIEPOJIA, BbI3BAHHASI BIPYOKOM JIECOB, COCTABJISBLLAS
okoso 3 mupa T CO, B rof. OHa YaCTMYHO KOMIIEHCH-
poBasiach TIOApacTaHMEeM MOJIOfbIX JIECOB Ha 3a0po-
IIEHHBIX CENBbCKOXO3SMCTBEHHBIX 3eMIISIX, €XKErOHbIN
CTOK yIiepofia KOTOpbIMU oueHuBajcs B 2.0 mipa T
CO, B rox (Global Forest Resources Assessment,
2010).

Jnst cipaBKu: 061l BBIOPOC yriiepoaa B aTMocde-
Py B MHpe C YUYETOM BCEX aHTPOIOTEHHBIX MCTOYHUKOB
coctasuia B 2006 . 9.22 mapp T, B 2007 . 9.31 mapp T, B
2008 . 9.45 mapp T, B 2009 1. 9.28 mupp T, 8 2010 1. 9.50
mipa T (IEA, 2012a), a 8 2011 r. 8.54 mupn T (IEA,
2013; Andres et al., 2013). Cpeau cTpaH, BHOCSILIMX OC-
HOBHO# BKJaJ B npupocT KoHueHTpauuu CO, B aT™o-
cepe Ha 2011 r, ormerum: Kwurait — 29%, CHIA -
16%, Espocoros (EU27) — 11%, Wupust — 6%, Poccust —
5%, SInonust — 4%.

B Ta6muue 1.1.1 npuBepeHs! JaHHBIE O 00BE-
MaM BBIOPOCOB CTpaH MUpa, 0OECTeUMBAIOIIUX OC-
HoBHOIT BKyIay B amuccuro CO, Ha 2011 . (Olivier et
al., 2012; GCP, 2011; 2012), a Tak>ke IMHAMHUKA 3THX
m3MereHnit ¢ 1990 r. B nocienaem cton6ue Tadmub
NpUBeIeHbl 3HAYEHUsS] OTHOCUTEJBLHOTO MPUPOCTa
WIM CHIDKEHWsI (3HaK MHHYC) TOJIOBBIX OOBEMOB
amuccuu CO, 3a COOTBETCTBYIOLIUE TOJIBI.

[TpencraBrieHHble pe3yabTaThl MO3BOJSIIOT Cle-
JIaTh BBIBOJI O TOM, YTO CUTYaIHsi C POCTOM KOHIICH-
tpauuu CO, B MHUpe OCTaeTcCsl MO-MPeKHEMY OMac-
HOW, XOTs pemieHnsi KMorckoro mpoTokona B 60Jb-

o
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IIMHCTBE TIPOMBILIEHHO pa3BUTHIX cTpaH K 2012 .
(BpeMsi OKOHYAHMSI JICFICTBMSI €rO TEPBOrO 3Tamna)
ObUTM BBITIOJTHEHBI, YTO TPOSIBUIOCH B €XKETOIHOM
cHukeHun ooweMoB asmuccuu CO, B atmocdepy B
ctpanax EC B cpemrem npumepho Ha 1.2%. OpnHako
POCT MPOMBIIIIEHHOTO Mpou3BojcTBa B Kutae u MH-
MM ¥ TPOMBIIIEHHO-PA3BUTBIX CTpaHax AszuM, a
TakKe B pa3BUBarOLMXcs cTpaHax JlaTuHckoi Ame-
PUKHU HE NPUBEJI K CHIXKEHUIO MIOOAILHOTO BbIOpOCa
CO, B atmocdepy K 2012 1., 0 YeM CBUJICTEIbCTBY-
0T JIAHHBIE €3KErOfJHOT0 M06ATBHOTO MPUPOCTA KOH-
pentpauyu CO, 3a mocienHue 6 JeT, KOTOpbIi Tpo-
VCXOJWJI MPUOM3UTEIILHO C TOM K€ CPEeJHEN CKOpO-
CTBIO, UTO ¥ 3a Tpepiaype 6 et (puc. 1.1.1).

1.1.3. Meran

KoHuenTpauusi atTMocepHOro MeTaHa ¢ Havasa
WHJTy CTPUAIILHOIT 3pbI BO3pocJa Oosiee ueM B 2.5 pasza
B OCHOBHOM 3a CYET aHTPOIOreHHON amuccuu. Iio-
6anmbHoe 3Hauenue KoHneHTpauun CH, B 2011 1. co-
crasmwio 1813 mapp-! (Bromrerens BMO, 2012). He-
obxommmo otMeTuThb, uto yisi CH4 xapakTepen
CWJIbHBII MPOTHBIA XOJ| KOHIEHTpauyn (Bo3pacra-
Hre ee Ha = 100 mMapy! npu mepexofie OT BbICOKUX
FOXKHBIX LIUPOT K BHICOKUM CEBEPHBIM ), UTO KaK CUM-
taercsi (Dlugokencky et al., 2009), oGycioBieHo
AMUCCUEN OOJIOT CEeBEpPHOI A3MM, TasHUEM MHOTrO-
JIETHEN MEpP3JI0ThI, OCAIKAMHU B JIENIBTaX PeK W BO3-
MOYKHOI 3MHMCCUEN TujpaToOB MeTaHa. [7T00anbHbIi
oromker CH,, OOYyCIIOBJIEHHBIII a) €CTECTBEHHBIMU
VCTOYHUKAMU, BKIIFOUAET: 3MUCCHUIO C OOJIOT U 3260-
no4yeHHbIx 3emenb (177-284 man T CH, B rop),
3MUCCHM, BbI3BAHHBIE I'€OJIOTMYECKUMU MPOLECCAMU
(46-185 mumu T CH, B ropu); 6) aHTPONOTEHHBIMU:
CEJIbCKUM XO3SIFICTBOM — BbIpalllMBaHUE pUca U pas3-
BejleHre KpynHoro poraroro ckora (195-263 muH T
CH, B roj), CXKHraHueM HCKOMAeMOro TOIUIMBA
(85-116 M T CH, B rof), CXXUraHueMm OUOMACCHI
(1620 mut T CH,, B rOJT), @ TaK3KE yTEUKAMU MPH J10-
Obrye mpuposiHoro rasa u yris. Kak cienyet u3 npu-
BEJICHHBbIX OLIEHOK, IMANa30H HeoNpeJie]IeHHOCTEN B
OLIEHKE CPEJHErofIOBbIX OOBEMOB 3IMUCCUM METaHa
MO-TIPEXKHEMY OCTaeTCsl 3HauuTedbHbIM. Cremyer
oTMeTuTh, uTo B IPCC-ARS 110 cpaBHEHUIO ¢ pefbl-
nyweit Bepcuein (IPCC, 2007) moGasieHa amuccusi
BCJIE/ICTBUE I'€OJIOTUUECKNX CTOYHUKOB, a INANA30H

HEOMNPENIENIEHHOCTEN OLICHOK OObEMOB 3MUCCHUU, O0Y-
CJIOBJIEHHOH CropaHMeM KCKOMaeMoro TOIJIMBA U
OMOMAacChl, 3HAYUTETBHO Cy>KeH. TakXke JOJIXKHO
OBbITH YJIYUILIEHO KAYeCTBO OLEHOK MEKTOJIOBBIX Ba-
puaumii xumuyeckoro croka CH,. OpHako Bompoc o
NpUuYMHAX cTabuamM3anuu Orokera MetaHa B 90-x
rofax MpefibIIyIero CTONETHsT U B TEPBbIe LIECTh
JIET HBIHEIIHErO OCTAETCS JMCKYCCUOHHBIM, TaKXKe
KaK M MpUYMHbI pocTa ero amuccun nocie 2007 .
Ecmm B mepuon ¢ 1992 no 2006 1. exXerofHblil mpu-
poct konueHrpauuu CH, cocrasnsin 0.5 mupa! B
rof, To HaunHas ¢ 2007 no 2011 1. BKIFOYUTENLHO,
OH BbIpOC 10 6 MIIpI-! B TOJ.

1.1.4. 3akuce azora

Copnepxkanne 3akucu asora (N,O) B armocepe
B niepuoy; ¢ 2006 no 2011 rr. mpopomkano pacTw.
PocT xonyentpauuu N,O B atMocepe 00ycoBieH
B OCHOBHOM MHTEHCU(PUKALMEN CENbCKOX03CTBEH-
HOI'O MPOM3BOJICTBA, YTO CBSI3aHO C POCTOM Hacele-
HUS 3eMHOTO 11apa. PocT 06beMOB MUHEPATLHBIX U
OpPraHMYecKUX YHAoOpeHuil, BbIIeJIeHue MPOIYKTOB
SKU3HEJIESTeTLHOCTH JIOMAIITHUX SKMBOTHBIX , TIOJIATO-
HOB 3aXOpPOHEHUsI OTXOJIOB, a TaKXKe HUTPU(UKALUS
U JIeHuTpuuKaluus CrnocoOCTBYIOT YBEJIMUYEHUIO
amuccun N,O U3 NOYBBbI.

Opnako poct amuccun N,O 00ycioBieH He
TOJIBKO CEJIbCKOXO3SIICTBEHHbIM MPOU3BOACTBOM, HO
TaKe pOCTOM KUCJIOTHOCTH BOJIHOM cpefibl. Kak mo-
BEPXHOCTH TI0YB, TaK 1 MOBEPXHOCTh OKeaHa MOJBep-
TaroOTCsl BO3JCHCTBUIO aTMOC(EPHBIX OCAJIKOB, CO-
fiepXKallux a3oT, MOCTYyNaloumii B aTMocgepy B pe-
3yJbTaTe AKTUBALMU YEJOBEUYECKOW JesITeJIbHOCTH.
[Tpou3BOACTBO CEIBLCKOXO3SIICTBEHHBIX TMPOIYKTOB
oTBeTCTBEeHHO Goniee yeM 3a 60% aHTpomoreHHOM
smuccun N,O B armocepy (Park et al., 2012;
Syakila et al., 2010). OueHuUTb B LIEJIOM KakK [100alTb-
HbIi1, TaK W peruoHaybHbIN OrokeT N,O 10cTaTOuHO
CJIOHO, TIOCKOJIbKY €€ TNpU3eMHas KOHUEHTpalusi
3aBUCUT OT MHOTMX (pakTOpOB (OMpeNessionmx B
TOM YHCJIE M €€ CTOK), TAKUX KaK XMMUYECKOe pa3-
pylIeHUe B peakiyd C BO30Y>KJACHHBIM aTOMapHBIM
kuciopopoM O!1(D) u oroxummueckast UCCOHa-
us B cTparocdepe.

BcenenctBue Oosnbioro Bpemenu xkusznu N,O,
oneHnBaemoro B 122-140 ner, crabummsanysi KOH-

(2
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yeHtpauuu N,O B atMocdepe Npou30MIET TOJIBKO
CIYCTSl HECKOJIBKO JIECATWIIETUI 1OCJIE CTaOMIn3a-
u ee amuccun. IIpn aTOM HEOOXOAMMO MOAYEPK-
HYTb U TO, YTO KOCBeHHO N,O yd4acTByeT B CTOKe
TPONOC(EPHOrO0 O030HA, CHUXKAs TEM CaMbIM €ro
BKJIaJ] B TAPHUKOBBIN 3(peKT.

1.1.5. T'anorenoyrnepoasi u SF

BrojkeT OOBIIMHCTBA TaJlOr€HOYIVIEPO/IOB, ra-
JIOT€HOTUIPOYITIEPOJIOB, a Takxke (PTOPUOB CEpPbI
OIpEJIeNAeTCs MOYTH UCKITIOUUTETBHO YeJI0BEUEeCKON
nesitenbHOCTHIO. Huke, B Tabiuue 1.1.2 npuBesieHbl
CpPEe/THEero/IOBble KOHIEHTPAIMM OCHOBHBIX TaJIOreHO-
YIIIEPOJOB JIsl FO’KHOT'O M CEBEPHOrO MOJyIIApUil B
nepuoyp ¢ 2006 no 2011 rr. ITpousBoiCTBO 3TUX CO-
e/IMHEeHUI1 3anpeleH0 MOHpeanbCKUM MTPOTOKOJIOM,
HO MX KOHLEHTpauuu B aTMmocgepe, HECMOTpsl Ha
NpeKpalleHne MPOU3BOACTBA, OCTAIOTCS BBICOKMMU
(Atmospheric CFC-11, 2011).

Konyenrpauust SF,, koTopasi ctana akTUBHO UC-
NOJIb30BAThCSl HA 3JIEKTPOJIMHUSX BBICOKOIO HAmpsi-
JKEHUs1, exKkerofHo Bo3pactaet. Kak caenyet u3 Tab-
MBI, cofiepkaHue Bcex ppeoHoB u SF¢ B ceBepHOM
TIONTyLIIapyy TIpeBbIIaeT Ha 1-5% ux copep:kaHue B
F05KHOM, TIOCKOJIbKY MPOM3BOJICTBO U MCIOJIb30BAHUE
(bpeoHOB OCylEeCTBISIETCS TTIaBHBIM 00pa3oM B Ce-
BEPHOM MOJTyLIap1U. Mepbl 0 OrPaHUYEHUIO TPOU3-
BozicTBa (ppeonoB-11, -12 u -113 6bum npuHSTHI OfI-
HOBPEMEHHO, HO CHUXKEHHME MX KOHLEHTpaLUH B aT-
Mocepe MpOMCXOUT ObIcTpee, YeM y peona-12 ¢
GONBIIIM BPEMEHEM XKI3HH B aTMocepe.

[TockonbKy ObIJIO PEKOMEHJJOBAHO MPUMEHSITh ra-
JIOT€HOCOfIeP3Kalllie COEIMHEHHS C MEHBILNM BpeMe-
HEM >KU3HU B Tporniocepe, TO B MOJIEKYJIaX ajlbTepHa-
TUBHBIX (PPEOHOB HE BCE aTOMbI BOJOPO/a B Ipoliecce
UX TIPOM3BOJCTBA ObIIM 3aMellIeHbl AaTOMaMH rajiore-
HOB. OJIMH 1M J1Ba aTOMa BOAOPO/ia ObIIIM COXPAHEHBI,
YTO MO3BOJIMJIO HAa MOPSIOK YMEHBLIUTh BPEMsI >KU3HU
¢peoHoB B Tponoccepe. B psje Mosnekyn ansrepHa-
TUBHBIX (DPEOHOB OB UCKITFOUEH XJIOp — KaTalIuThye-
CKMI1 pa3pylIUTEIb 030HA.

1.1.6. ITornomawmui COTHEYHYIO PagAaIAI0
aTMocdepHbIi a3p030ib (YePHBIA YITIepo)

Kak cienyer U3 uccieqoBaHuil MOCHIEAHUX JIET,
Ha BTOPOE MECTO MO CBOEMY BKJIAJy B MAPHUKOBBIN

22 )
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appexT B HacTosIILEe BpeMsl CTall PETEHI0BATh, TAK
Ha3bIBaeMbIil “depHblil yriepon” (Ramanathan, Xu,
2010; Bond et al., 2013), KOTOpbIit B BUjIe YACTHI] a3-
Po30J1s NOCTYNaeT B aTMOC(Epy NMpU CKUTAHUU YISt
1 HepTH ¥ pu noxkapax. OH TakKe sBISeTCS POy -
KTOM Pa0OThI JU3EJbHBIX YCTAHOBOK, MOJYUYMBLIUX B
NOCJIE[JHUE TOfIbl LIMPOKOE PACITPOCTPAHEHUE B MUPE.
[Ipuuem, ecnu paHee MIOOABHBIN PagUALMOHHBIN
(hopcHHr 3a cueT yacThL CaxkKeBOro a3po30isl OLEHU-
Basicst Besmmumaon 0.34 + 0.25 Br/m2 (IPCC, 2007),
TO B Psii€ MOCJEHUX MyOIMKALMiA OLIEHKU €ro BeJu-
unHbl octuraor 1.0-1.1 Br/m2 (Bond et al., 2013).
Kax caenyet, B ToM uncie u u3 6ojee paHHUX 3apy-
O€KHbIX OLEHOK, B PallOHaX C MPOAOJKUTENbHbIM
CHE3KHBIM MOKPOBOM (C BBICOKHMM anbbeio), paaua-
UMOHHBIN (DOPCUHT YK€ OLUEHUBAJICS, KaK OJIM3KUI K
1 Br/m2 (Ramanathan, Carmichael, 2008). Boicokasi
BEJIMYMHA PAJMALMOHHOTO (DOPCHHrA Ca’KEBbIX Yac-
TULL 23P0O30J1s1, COCTABJISIIOLLAs, KaK CIASAYET U3 [UTU-
pyeMbIX BbiiIe pabot, 6omee 50% OT pauanMoHHOTO
¢opcunra CO, MOXET CYWIECTBEHHO CKa3aTbCsl Ha
kaumate Poccum, 0COOEHHO €€ CEBEpHBbIX PErMOHOB,
B OmmKarnume pecatunetus. Hanbonee momaHoe uc-
CJIeIOBaHNE MCTOYHMKOB YEPHOro YIJIEpofa Cofep-
sxwurcst B (Bond et al., 2013), cormacHo KoTopomy Hc-
TOYHUKAMKM aTMOC(EPHOTO YEPHOro YIJIEpOfia SIBJIsI-
I0TCS CIIE/IYIOLLME TPOLECChl U MEXaHU3MBbI:

* Cropanue OMoMacchbl IpU Noxkapax B Jecax 1

caBaHHe — 42 %,
* CropaHue OMOMACChI, UCNOJb3yeMON B Kaue-
ctBe TormBa — 18%,

* Tpancnopt, pa®oTaroIMi Ha IU3€JIbHOM TOI-
muse — 14%,

* Mcnonb30BaHKe AU3ENbHBbIX YCTAaHOBOK B IPO-
MbltieHHoct — 10%,

* B Ipyrux NpOMBILIIEHHBIX TPoLiEccax, BKIOYast
TETI03HepreTuKy Masoi momHoctd — 10%,

* Mcnonb30BaHe KaMEHHOTO YIVISl B KMJIOM Ce-
Kktope — 6%.

B cooTBeTCTBUM JTaHHBIMU MOCJIEAHUX UCCIIENIO0-
BaHMI, CaXKeBbIN a3p030J1b 10 BKJIA/ly B MAPHUKOBbIN
appekT MOXKET BMOJNHE CONEepHUYATh C METAaHOM
(Hansen, Nazarenko, 2004; Ramanathan et al.,
2005). Yepubiii yriepon “BC”, kak u caxkKeBblil
“soot carbon”, a Takyke MOMIOUAIOLIUI CBET a’po-
3016 (LAC) MoryT ObITh MIEHTH(PHUIMPOBAHBI KaK
3arpsi3HeHHast (Ppakuus yriepoja ¢ NojoOHON rpa-
¢uty cTpykTypoii. YepHblil yriiepoy], Kak CUATAeT-

o
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Tabauya 1.1.2. Usmenenus cpedne200080li 2106aabholl konyenmpayuu gppeonos: F-11, F-12, F-113, CCl,, SF4 6
ceseprom (N) u woxcrom (S) noaywapusx zemuoz20 wapa 6 mpan=! (10-12) za 2006-2011 22

Topp! F-11 F-12 F-113 cal, SF,
N S N S N S N S N S

2006 249.55 24734 54310 5398  77.69  77.59 91.30 89.70 603 576
2007 24754 24503 54110 53810 7799  76.79 90.40 88.90 632 603
2008 245.63 24312 53860 53620 7629 7620 89.30 87.70 662 629
2009 24352 24087  536.64 53404 7582 7546 87.57 86.43 6.88  6.58
2010 241.24 239.00 53457 53238 7482  74.68 86.32 85.69 718 686
2011 238.97 23714 53249 53072 7382 73.90 85.06 84.94 748 7.4

Csl, UTPaeT BaXKHYIO poOJib B (pOpMUPOBAHUM COBpe-
MeHHOoro kymmara. [lomtomarommii ConHeunyto pa-
AUALMIO a3pO030Jb SIBJIIETCS cyOcTaHumen, odmana-
IOlIeNl KOMOMHAUMeln pa3iuyHbIX (PU3NYEeCcKuX
CBOWICTB, Oyarojiapsi KOTOPbIM OH B TOW WM WHOM
Mepe y4yacTBYET B MpoLeccax, OT KOTOPbIX 3aBUCST
pe3yabTUpYOUMi (POPCUHI U COOTBETCTBYHOLIME
HEONpeJIeJIEHHOCTH B OLIEHKAaX. DTO MPOLECChI, CBSI-
3aHHBIE C MOIVIOLLIEHUEM MPSMON COJIHEYHON pajida-
MU, BIIMSIHUEM Ha (pa30BOE COCTOSIHUE YACTUL] a39PO-
307151, HA OOJIAYHOCTb U OCAIKU B BUJE AOXK[S WU
CHera.

OOwas rmobanbHasi 3MUCCUSI YEPHOTO YIVIEpOfa,
OLIEHMBaeMasi Ha OCHOBE UHBEHTApU3aLMU, COCTABJIS-
na 7500 ma T B rop B 2000 1. npu HeonpeeseHHO-
ctu oueHok ot 2.000 mo 29.000. Ognako 6omee no3a-
HMe oueHKM BKiaga BC B mornoieHue no3Boiuiu
NOJyYUTh TNOOAJTBHYI0 OLEHKY PpagualOHHOrO
(opcunra armocepHoro udepHoro ymiepopa (mpu
BbIYATAHUU PAUAUMOHHOTO (DOPCUHTA CAXKEBOIO a3-
PO30J1s1 10 3pbl HHLYCTpHam3aun ) Kak 0.71 Br/m2 B
roj ipu 90% BepositHocTn (20) U HeoNpe/eIeHHO-
ctu B npefenax (+0.08, +1.27). B To Bpemst Kak 06-
WU paiuayvoHHbIl opcuHr, odycnoBiaeHHblil BC,
cocrasisieT +0.88 (+0.17, +1.48) Br/m2 B royg (Bond
et al., 2013).

OpHaKoO OLEHOK OJJHOTO MPSIMOTO PaiuaLMOHHO-
ro (popcuHra eie HeOCTATOYHO JJIsi TOro, YTOObI
OXBaTUTb OCHOBHBbIE MEXaHM3Mbl €ro CO3/AoLIKe.
CtpyKTypa, onpefessolmasl pajlaloHHblii (op-
cunr BC, fokHa BKIIOYATh M Takue MEXaHU3MbI
Kak (pOpPCUHT 00s1a4HOCTU U POPCUHT Kprocdepsl. B
pe3ynbTaTe Hauilydllel OUEHKOI BKJIajia B r1o0aib-
HbIl paguauroHHblii popcunr BC Oyner siBASTHCS
ouenka +1.1 Br/m2 npu 90% BeposiTHOCTH 1 Heonpe-
nenennoct ot +0.17 go +2.1 Br/m2.

B peanbHoil arMocepe Ha (popMUPOBaHUE HET-
TO (hopcuHra, 00yCJIOBICHHOIO a3pO30JIeM, OKa3bl-
BAIOT BIIMSIHUE M COMYTCTBYIOLME MPUMECH, BKIIIO-
yasi Kak COCTaBJISIIOLIME, 0OecneunBarollye oTpula-
TesibHblA (popcuHr (Takue Kak SO,), Tak U COCTaB-
JSIFOLIME, OTBETCTBEHHbIE 32 MOJIOXKUTEIbHbIN pop-
cuHr (MPOJIyKThI CrOPaHHUsI YIIIEBOAOPOHOTO GUOTO-
IUTMBA), BKJI]l KOTOPBIX B OCTUH/YCTPHAJIbHbII TTe-
puoni ouenuBaercs B +0.22 (or —0.50 mo +1.08)
Br/m2. Cpenu pa3nuuHbIX BUJOB MCTOUHUKOB 3MUC-
CUM YEpHOro YIVIepOojia, TaKUX Kak 3KCIUTyaTalust
[u3eseil, OTOMJIEHUE KUJIbIX IOMOB JIPOBaMH, CO3/1a-
BaeMblii MM TEIIOBOM 3(deKT MOXeT ObITb Ha-
CTOJIbKO CUJIbHBIM, YTO €ro BKJIajl NPEBLICUT BKJIA]]
BCEX WCTOYHMKOB, CO3JAIOLIMX OTPULATENbHbIN
¢popcunr. Ecim yyecTb Bce BUIbI SMUCCUM A9PO30JIs,
BKJIIOYAsl 3MUCCHUIO NMPU CTOPAHUU OPraHM4YecKoro
MaTepuana Ha OTKPbITOM BO3JyXe, U 3HAauyeHue
aMUCCUM 3a cueT Bcex BUoB BC, To Hammyuiuei
OLIEHKOW HETTO paualMOHHOrO (popcuHra OyjieT Be-
mrunHa — 0.06 Br/M2 ipu 90% BeposiTHOCTH 1 Tpa-
HUIaX HeonpepeneHHocTr ot —1.45 o +1.29 Br/m2
(Bond et al., 2013).

1.1.7. BajnaHc 0CHOBHBIX MAPHUKOBBIX ra30B
Ha Tepputopuu Poccun

Poccwuiickast ®epepanyst (17.08 min kM2), mpo-
ctupasicb ot 30° go Gonee yem 180° BocTOUHOM
JIOJITOTHI, OOJIA/IaeT caMOil GOJIBILION U3 CTPaH MHUpa
TUTONIAIBIO, 3aHMMaeMoit Jiecamu (okosio 45% Tep-
puropun), Gosoramu (Gonee 11% Tteppuropun),
KpoMme Toro 6osiee 60% ee TeppUTOPUN HAXOUTCS
B 30HE MHOT'OJIETHEN Mep3/10Thl. KOHTMHEHTATBHBIN
mwesbgd BOCTOYHOCMOMpPCKUX Mopen: JlanTeBsix,
BocTtouno-Cubupckoro, YyKOTCKOro, COAEpP>KUT

(23
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1. HABJOLAEMBIE USMERERUR KIIUMATA

NOJI CBOEW MOBEPXHOCTHIO KOJIOCCAJIbHbIE 3anachl
I'MIPATOB METaHa, HAKOMJIEHHBIX 3a NMEPUOJ] roJIoLe-
Ha. [Ipousoluenime 3a nocneHue AECATUIETUS U3-
MEHEHMSI MIOOAIBHOW TeMIepaTypbl BO3/1yXa OCO-
OEHHO CWJILHO TPOSIBUJIOCH B APKTHKE, B 4aCTHO-
ctu, B Boctounoit Cubupu, B KOTOPO#i NPEBBILLIEHNE
cpenHerofoBoi Temnepatypbl jocturaet 2°C. Ilo
naHHbM S0-1eTHUX HAGJFOeHMIT HA cTaHIuK Tukcw,
NpOTarBaHUE MHOTOJIETHEN MEP3JI0ThI B HACTOSILLIEE
BpeMsi cTaio HaomonaThest Ha 10—12 nHeit paHblie.
CyluecTBEHHOE CHUXKEHME IUIOLIAM CIUIOLIHOTO
mMopckoro Jbga B CeepHoMm JleoBUTOM OKeaHe
PE3KO YMEHBLIUJIO alIbOE0 MOBEPXHOCTHU, YTO NpU-
BEJIO Ha MEJIKOBOJHOM NPUOPEXKHOM LleJb(e K Mo-
BBIILIEHUIO TEMMEepaTypbl BOfbl. YBEJIMYEHUE 3PO-
3UM M0YB, 110 Oeperam KpynHenmmx pek Boctounon
Cubupu NpUBOJUT K BLIHOCY B OK€aH OOJBILIOr0 KO-
amdecTBa ocaka ((popMUPYEMOro JIErKO PACTBOPH-
MbIMU B BOJie (PpakUUsIMU MOPOfbl, COAEP>KALMMU
yIJIepoy, BKIoUasi u MeTaH). OCOGEHHOCTH CTPYK-
Typbl Ha3eMHbIX MOPOJ, (POPMUPYIOLUIMX COCTaB
MHOT'OJIETHEN MEP3JIOThl, HAINYKE B JIOJE€AHUKOBbIN
nepuoy OOJbIIMX 3a00J0UYEHHBIX TEPPUTOPUI, TPU-
BEJIO K HAKOIJICHUIO METaHa U HEMOCPECTBEHHO B
CJI0€ MHOTOJIETHEI Mep3JI0Thl, IOCTUrAIOLIEl B ca-
MbIX CEBEPHBIX paiioHax rimyounbl o 500 m.

—p—

1.1.7.1. Bkaao aecos 6 6aranc CO,
Ha meppumopuu P®

Jleca SIBNSIFOTCSE OCHOBHBIM THUIIOM PaCTUTEILHO-
ro NMOKpoBa Ha OOUIMPHBIX MpOCTpaHCcTBax Poccum.
Onu npu3BaHbl 0OecneYnBaTh KOMIEHCALMIO aHTPO-
TIOT€HHBIX BBIOPOCOB, OOYCIIOBJICHHBIX MPOMbIIICH-
HOCTBIO, TPAHCIOPTOM M 3emuienonb3oBaHreM. Kak
u3BecTHO B P® okoso 70% otHocsiTes K 3emisiv Jlec-
Horo ¢onpa. Ilosromy JlecHoit ponp siBsieTcst Ham-
6osee BaxKHbIM CTAOWJIM3UPYIOLUM U pecypcoodpa-
3YIOUIMM MPUPOJHBIM KOMILJIEKCOM CTpaHbl. JlecHoii
¢pOHT — MPUPOJIHBIN U XO3SUCTBEHHBIN O0BEKT (hefie-
panbHOIl COOCTBEHHOCTH, MPEJCTABIISIOLIUI COBO-
KYITHOCTb JIECHBIX M HEJIECHbIX 3eMeJib B I'PaHHULAX,
YCTAHOBJIEHHBIX B COOTBETCTBUM C JIECHBIM U 3€MeJTb-
HbIM 3aKOHOfIaTeNbCTBOM. K necHoMy hoHmy OTHO-
CSITCSl BCE Jleca, 3a MCKIIIOUEHUEM JIECOB Ha 3eMJISIX
MunuctepcTBa 060poHbl PO 1 HaceneHHbIX MyHKTOB
(roposckue neca). OOmiasi IWIOMIAAL 3eMesb Ha
01.01.2005 . cocraBuna 1173.9 man ra, U3 HUX Ha
neca Jlecroro ¢onma npuxogmiock 1133.1 muH ra.
OOwiast miolags JIeCoB, He BXoudmmx B JlecHoi
onp, — 5.9 mMaH ra. JlecucToCTh COCTABIISIET B CPEfi-
HeM 45.4% u 3HaYnTEeNHHO KOJIeOeTCs 0 PernoHam
B mpefiesiax tepputopun crpanbl (puc. 1.1.2). D

[] 5.4..100
[] 10.1..200
[ 20.1..40.0
[ 40.1..60.0
[ 60.1..80.0
B s0.1..95.0

Puc. 1.1.2. JlecuctocTb perioHoB Teppuropun Poccuiickoit depiepanun B poLeHTax OT UX OOLLEi MIIOLLA/IH.
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noKa3aTreJiu MPaKTUYeCKU He U3MEHWIUCH 3a MOCJIe]l-
Hue 5 ner. HaunGonbiuve 3HaveHus gecuctoctu (60-
nee 80%) oTMedeHBbI B TMOJI30HE CPEHEH Tailry —
[lepmckom kpae, Pecnyonrke Komu u LlenTpanbHoi
Cubupu. HambGonee wmasonecHbie pailoHbl (Jiecu-
crocthb Metee 1% ) pacronioKeHbI B apUIHOI 30HE €B-
porneiickoit Tepputopun P® (Pecrny6mmka Kammbi-
kust, CTaBponosbckuii Kpail, ActpaxaHckasi, PocTos-
ckast 1 Bomnrorpajckas o6mactu). 3emim JlecHoro
¢onia Mo cBoemMy (YHKIMOHATLHOMY Ha3HAYEHUIO
JieTIsTCs Ha JiecHble U HenecHble (puc. 1.1.2). JlecHble
3eMJI COCTABIISIFOT TIpUMEpHO 65 % o611eil mioam
3ementb JlecHoro ¢ona. B cBoto ouepenp, JiecHbIe 3e-
MJIU JISJIITCST HA TIOKPBIThIE Y HE TOKPBIThIE JIECHOM
pacTUTENHHOCTHIO. K HEMmOKPBITHIM JIECHOW pacTu-
TEJLHOCTBIO 3eMJISIM OTHOCAT 60JI0Ta, JIyra, NeCKu U1
nip. [To cpaBHEHWIO ¢ MPEALIY M NSTHIIETHEM CTPY-
kTypa siecHoro ¢onna (MIIP Poccun) m3ameHmnach
He3HauuTeN bHO. [leficTByoIas cucTeMa JIECHbIX 3a-
KOHOJIATeNbHbIX aKTOB, HOPMATHUBHBIX U METOJIMYe-
CKMX JIOKYMEHTOB OCHOBaHA Ha CYILECTBYIOLIEM Jie-
nenun JlecHoro poHa Ha Tpu rpymnmbl Jecos. [1is Ka-
K10l TPYNMNbI JIECOB YCTAHOBIIEHBI ONpefesieHHbIe
NpaBWiia BEJICHUSI JIECHOTO XO3SMICTBA, TPOBEJICHUS
JIECOYCTPONCTBA, HA3HAYCHUS XO3SIICTBEHHBIX MEPO-
npusituii (TocynapcTBeH b OKaL. .., 2006).
Cormacuo (3amomoqunkoB u fip., 2011), Bkian
poccuiickux JiecoB B CTOK yriepopa mocyie 1990 r,
korya jeca P® okazamuck ucrounukom CO,,,, B 00b-
eme 40 min T CO,,,, (Tperbe HamponansHoe c006-
mienne. .., 2002), HenpepbIBHO Bo3pacTail. B pe3yib-
tate B 2008 1. OrokeT necoB PP oueHuBancs yxke
nouty B 240 mua T C B rop (B 1998 B 201 mma T C B
rof1). Lesblit psii aBTOPOB CUMTAET, YTO BKJIAJT JIECOB,
OLICHMBAEMbIN MO AaHHbIM JlecHoro ¢onga PP, cy-
IIIECTBEHHO 3aHMKeH. B yactHocTH, aBTOpamu (3a-
Bap3uH, Kypespos, 2006) cumraercsi, 4rto Jiecamu
P® nornomaercsi Becb €€ aHTPOMNOreHHbI BbIOPOC
(MPOMBIIIIEHHOCTD, TPAHCIIOPT, JIECOMOJIb30BAHUE U
CENIbCKOE  XO3SIUCTBO), KOTOPBIA 3a MEPHOJ
1996-2002 rr. cocrasisin 782 mima T C B rof, B TO
BpEMs KaK CPEIHEr0JJ0BOM OajlaHC yIriiepoja B CTOpO-
Hy cToka oueHuBasics B 868 Mt T C B roj1. B ipyroii
padore (Pumimuyk, Moucees, 2004) HeTTO-MOMIO-
LIEHUE JIECaMU OMNPEEIsIOCh BEJIMYMHON Oosee
400 mma T C B rop. Takum o6pa3oM, pa3Hulia B ua-
na3oHe OIIGHOK CTOKa YIiepojia JiecaMu pPa3HbIMU
IpyINIaMi YYeHbIX Iaske B paboTax IMOCIIeIHEro JIecsi-

TUJIETHSI IpeBbIaeT 3.5 pa3a, UTo He MO3BOJISIET Bbl-
NOJIHUTh 0oJiee WM MeHee KOPPEKTHYIO OILEHKY
BkJIasia iecoB Poccuu B 6roskeT CO.,.

1.1.7.2. Bkaao 30Hbt MHO0AEMHET
mepaaomut (6oroma, maanue mep3nomet,
KOHMUHEeHMANbHbLI Weabgh, 0cadox peyHozo
cmoka u 0p.) 8 barauc yanepooa

OueHKM BKJajla 30Hbl BEUHOW MEp3JIOoThl B 6a-
nauc yriepoaa (CO, u CH,) ete Gosee mpoTHBOpe-
yuBbl. Bcemu wuccrnepoBartesnsiMu 6€30rOBOPOYHO
NpU3HAETCsl Poiib 60JOT B (POPMUPOBAHUU TOTOKA
3MUCCHUU METaHa B aTMocdepy, KOTOPbIi, KaK CUnTa-
JIOCh, 3aBUCEJT B OCHOBHOM OT YPOBHSI OOJIOTHBIX BOJ]
Y TeMNepaTypbl aKTUBHOTO CJI0s1 TOpda: yeM Bbille
yPOBEHb BOJIbI — TeM Gonbliie noTok CH,, uem Huzke
— 1eMm Oonbiie creneHb okucnenuss CH, no CO,, u
cooTBeTcTBeHHO MeHble notok CH,. Ilpu yposhe
6onoTHbIX Bof HIKe 30 ¢cM OT MOBepXHOCTH 6OIOTA
amuccusi CH, cHmkanach Gosee yeM Ha TMOPSIOK.
OpHako HEOOXOAUMO OTMETUTb, UTO MPAKTHUYECKU
BCerja Mpu TMOJOXKUTENbHBIX TeMIMepaTypax MOYBbI
Habmopganack amuccust CO, 60JI0THbIMUA CUCTEMAMHU,
npUYeM KOJMYECTBO BbIOPACKIBAEMOro B aTMochepy
CO, KaK MpaBUJIO MOYTH Ha JIBa NOpsijiKa (B OTCYTCT-
BHe Tporecca (POTOCHHTE3a) TPEBOCXOUIO IMIC-
cuto CH,. Hannumne porocrunTe3a npu BbICOKOM pas-
HOOOpa3uu OOJIOTHOW PACTUTENBLHOCTU WUIPajio Cy-
LIECTBEHHYIO POJib B CHIKeHUH amuccun CO, 60110-
TaMu, OJIHAKO B 3aBMCHUMOCTHU OT BUJ]a PACTUTEILHO-
CTHU U YPOBHSI OCBELIEHHOCTHU Bapualuy B HaOumofiae-
MBIX HETTO-TIOTOKaX ObuM BbICOKMMHU. CoOriacHO
(Kamoxnbiit, JlaBpos, 2012), ce30HHBIA X0/ dMHUC-
CUU JIMOKCHJIA YTIIEpOo/ia Ha OJIMTIOTPOHOM 60JI0TE B
Cesepo-3anajHoM peruoHe PP ornuuancst mejieH-
HbIM POCTOM IMOCJI€ 3aBEpILEHUS 3UMHEro CE30Ha.
Tak B MapTe cpeflHeCyTOUHasi OCPE/JTHEHHAST 32 MeCSII]
amuccust CO,, no pe3yssraTamMm MHOTOJIETHUX HAOJHO-
nenuit Ha Kapesbckom nepetieiike (G0I0THbII MOJH-
ron JlammuH-Cyo) cocraBisiia = 20 mr/m2 - gac. B
nroHe oHa 00bIyHO focturaia 70-80 mMr/m2-yac, a ma-
KCUMAJIbHOE CpEeJJHEMECSTYHOE 3HAaueHue HaOumoia-
Jock B aprycre, Korma asmuccus CO, pocturana
160 mr/m2-gac. B meproy; aHOMaJIbHO SKapKoro JeTa
2010 1. ocpefiHeHHAS 32 MFOJTb SMUCCHS IMOKCHJIA yT-
nepopa coctaBuia 750 mr/m2 - 4gac, a 3a aBTyCT, B ce-
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Puc. 1.1.3. daHHble exeHenenbHbix namepeHnin koHueHTpaunm CO, 3a nepuog ¢ 2004 no 2011 r. Annpokcmumanms

OaHHbIX U3MEPEHNN NS MOJIyYeHUss CE30HHOMO X04a KOHLUEHTpaumMy npoBeaeHa MeToa0M 9KCMOHEHLUManbHOro
crnaxvBaHus. KpacHbIM LIBETOM N300paxeH pacHeTHbIN Ce30HHbIN xoa, — MBL koHueHTpaumn CO,.

peiiHe KOTOPOro TemIepaTypa BO3/yXa JOCTHUIIIA
35°C, — 6onee 2220 mr/m2 - yac, B ceHTSIOpe, KOr/a npo-
M30IIUI0 3aMETHOE CHMKEHHE TeMIepaTypbl BO3/yXa,
OHa MOHM3WJIACK JI0 3HaUeHKsI 0K0J10 280 Mr/m2-yac, HO
TEM HE MEHee, 3Ta BeJIMYMHA JIaXKe B 9TOM Mecsle
npeBocxoauaa 3HayeHusi amuccun CO, HaOmropae-
mble ¢ 2002 r. JlaHHbIE SKCMEPUMEHTOB MOKA3aJH,
yro amuccust CH, maxe npu MakCUMalbHOM paccTosi-
HUU YPOBHSI GOJIOTHBIX BOJI OT MOBEPXHOCTHU, HO MPHU
BBICOKOI1 TEMIIepaType MOUYBbI TaKKe NMEET BHICOKHI
ypoBeHb aMuccu, focturarommmii 15-20 mr/m2-gac. B
To 3ke Bpemst B 2008 1. B ceHTsI0pe nmpu 3HAYUTETHLHO
Ooniee HM3KHUX TeMIepaTypax BO3AyXa MpPU CPEHEM
ypoBHEe 00JIOTHBIX BOJ, Habmtopanuck notoku CH,,
nocturatronme 15 u maxke 20 mMr/m2 - yac, npu uarna-
3one Bapuanuit ot 0.7 go 20 mr/m?2 - vac.

CpaBHeHMe TPEJCTABJICHHBIX JIAHHBIX 3MHCCHU
CH, ¢ naHHbIMU, IOJTyYeHHbIMU Ha cTaHUuU PpaszeH-
neitn B Kanage (Kuhlmann et al., 1998) st cenrsio-
psl Mecsila, TOKa3bIBAeT, YTO HECMOTPSI HA 3HAYM-
TEJbHO MEHBILYIO IIMPOTY PACTIONOXKEHUSI CTAHIUN
(okomo 50° c.11.) cpefiHee CyTOYHOE 3HAYCHHE MOTO-
Ka He npeBbimano 11.5 mr/m2 - cyT.

1.1.8. MOHUTOPUHT NAPHUKOBBIX ra30B Ha
tepputopun Poccun

B HacTosiee Bpemsi ceThb peryJssipHbIX HaOuofe-
HUI MAapHUKOBBIX Tra3oB Pocrujgpomera Ha TeppUTO-
pun P® cocTouT U3 yeThlpex CTaHLMiA, 1BE U3 KOTO-
PbIX OTHOCSITCS K (POHOBBIM. DTO cTaHUuuu Tepudep-
ka (Konbckuit n-oB, Hauano HaGmoennii — 1988 1),
Hosorit Tlopr (1n-oB SIMai, Havyajgo HAGIIOAECHUA —
2004 1.), BoeiikoBo (JlenuHrpajckasi 00J1., HaYaIO
Haosmogennii — 1996 1), Tukcu (Pecny6rmka Caxa,
Havasio Haomonenuit — 2010 ).

Cranuus Tepubepka. MI3mepenus: KOHIEHTpALMU
CO, 6bum Havatel B 1988 1, m3mepenuss CH, — B
1996 . u npooMKalOTCS IO HACTOSILETO BPEMEHHU.
N3mepenust JUCKpEeTHbIE: eXXeHe/lebHbIE MapHble OT-
60pbI Npo6 Bo3ayxa Bo duisiru eMKocThio 2.0 51. AHa-
713 MPOO BBINOJHSAETCS C NEPUONYECKON KaTuOpoB-
KO M0 BTOPUYHBIM CTaHAapTaMm JlabopaTopuu
NOAA/ESRL B anamutuueckon jadoparopuu I'TO
um. A. U. BoeiikoBa. B Ta6muue 1.1.3, npuBegenHoii
HITKE, TIPEJICTaBIIEHbI CPETHETOJIOBbIEC 3HAUEHNUST KOH-
ueHtpauuu CO, u CH, 3a Ba nepuopa HabJOIEHUI
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Tabauya 1.1.3. Konyenmpayuu naprukosvix 2a306 6 Poccuu ¢ 2007-2011 22 6 cpasnenuu ¢ OaHHbIMU 3APYOEHCHDIX
CMAHYULL, PACNOAONCCHHBIX 8 MO Jce WUPOMHOIL 30He APKIMUYECK020 NOACa

Ton 2007 2008 2009 2010 2011

Konuentpauusi CO, (ppm):

Tukcu PO - - - 389.0 (7-12) 3953

TeputGepka PO 385.0 388.1 390.4 392.5 394.0
Hoserit [Topt PO 389.3 389.8 395.8 397.23 400.06
Bappoy CIIA 385.0 387.4 388.3 390.8 393.1

Konuenrpauust CH 4 (ppb):

Tukcu PO - - - 1907.8 (7-12) 1916.0
Tepubepka PO 1871.3 1877.3 1894.9 1906.1 1907.0
Hosgerii ITopt PP 1976.3 1985.0 2004.6 1974.7 1954.6
Bappoy CIIA 1873.1 1883.8 1885.6 1896.4 1896.0

IIpumeuanue: B ckookax amst 2010 . Ha cranuum TMKCH NMPUBEEHBI CPEHAE KOHIEHTpAMy 3a 6 MecsiueB (C MFOJIs 1o

1eKadphb ).

¢ 2001 mo 2006 1. u ¢ 2007 mo 2012 . Kak caenyet
13 TabJMILbI, CpefIHEe MEXTOJJOBOE MPUPAILIEHUE KOH-
ueHTpaumu CO, Ha craHuuu Tepubepka npakTuye-
CKM HE OTJIMYAETCs OT ITI00ANbHOrO 3HAYEHUsl MpU-
pocta CO,, kak 3a nepuoyg 2001-2006 rr., Tak u 3a
nepuop 2007-2012 rr., HecMOTps Ha OrpaHUYEHUS TIO
00BEMY 3MHUCCUM MApUKOBBIX Ta30B IS MPOMBILI-
JICHHO pa3BUTHIX cTpaH, K 2008-2012 rr., npeycmo-
TpeHHbIX KnoTckum npoTtokosnom. Mereonuoiajka,
C KOTOPO#1 MPOBOAATCS OTOOPBI NpoO BO3/yXa, pac-
nosioxkeHa Ha pacctosiaun 100 M OT cTaHIMK U BbILIe
ee Ha 15 m. Ha puc. 1.1.3 npeficTaBiieH ce30HHBIN X0
koHueHTpauuu CO,, a Tak>Ke /7151 CPaBHEHM s TIOKa3aH
CE30HHBI XOf] €r0 KOHLIEHTPALK Ha YPOBHE pacueT-
HOro Mopckoro ¢osa MBL (mosy4eHHOro B pe3yiib-
TaTe€ OCPEJHEHUs aHHbIX HAOJIOAECHUI KOHLEHTpa-
uuit CO, Ha (pOHOBBIX CTAHUUSIX, PACTIONOKEHHBIX B
TOW e HIMPOTHON 30He, YTO U CTaHuus Tepubepka)
(PemeTnukoB u fip., 2011).

Kak cnenyer u3 pucyHka, MakCUMyMbl CE30HHO-
ro xoya konueHTpauuu CO, Ha cTaHIMK HAOTIOA0T-
csl NpUOIM3UTENbHO HA 1-2 Mecsla paHblile, YeM Ma-
KcuMyMbl KoHLeHTpauuu CO, MBL u, kak npasuiio,
Ha 1-2 man-! mpeBbiatoT ux. Ecim npuanHoit n3me-
PEHHBIX NpeBblleHnii KoHueHTpauun CO, sBisitoTcst
MECTHbIE UM Y/IaJIeHHbIe UICTOYHUKY, TO IPUYUH (a-
30BOr'O C/IBUr'a CE30HHOT'O XOf1a, MAKCUMYM KOTOPOT'O
OT rofia K rojly MPUXOAUTCS Ha pa3HOE BPEMsI, MOKET
ObITb HECKOJIbKO. ONHON M3 BO3MOXKHBIX SIBJISIETCS
paHHee UM MO3JJHee BPeMsl POMep3aHKsi aKTUBHOT'O
CJI051 IOYBbI HA CTAHLMH.

B Ta6muue 1.1.3 npuBenieHbl pe3yabTaThl U3Me-
penuii cpepiHerofoBbix KoHueHtpauuii CO, u CH, B
NPU3EMHOM CJIO€ BO3/lyXa Ha cTaHuusix cetu Pocru-
fpoMeTa 3a nepuoj nociue Bbixopa [lepsoro Ouenou-
HOTO JIOKJIa[la, B TOM YMCJIe, Ha CTaHuusIXx Tukcu (B
ycree Jlennl) m Hosbrii Tlopt (Ha mnosmyocTpoBe
SIman), npudeM B TaOiuiEe yKa3aHbl 3HAYCHUSI KOH-
LEHTpaLK, N3MepeHHbIe Ha cTaHmun Bappoy (Ha ce-
BepHOM noGepeskbe Asicku, CIIA), 6rm3koit K Tuk-
CH 1O KJIMMATUYECKUM YCJI0BUsIM. HeckobKo noBbI-
eHHble BennuuHbl KoHueHTpauuit CO, u CH, Ha no-
ayoctpoBe SImas, cBs3aHbl C MPUXOJOM Ha CTAHIIUIO
(roskHOE MOOEpeKbe M-Ba SIMai) BO3YIIHBIX MACC U3
MECT 100bIYM MPUPOJIHOTO Ta3a B peruone. MeTtou-
Ka U3MEPEHUIl U TaHHble MOHUTOPUHIA MPOBEPSIUCH
nyTeM KaauOpOBKY U3MEPUTEIHHON HIKaJbl MO BTO-
puunbM cTadgapram NOAA/ESRL.

Cranuust Hosbiii [TopT. OcoOGeHHOCTBIO HAOIMIO-
nenuii Ha ctanuuu Hoswiit [lopT, pacnosioxkeHHO Ha
6epery OOCKoI1 ry0bl, SIBJISIETCS TO, UTO MPU HaNpaB-
JIEHUSIX TepeHoca BO3AYILIHbIX Macc ¢ Boctoka u
Oro-BocTtoka oHM, Kak nmoka3zaiu pe3yJabTaTbl MHO-
rOJIETHUX HAOMIOIeHUIA, 00OTallleHbl TPUPOJIHBIM Ta-
30M OT PACMOJIOKEHHBIX HA MPOTUBOIMOJIOKHOM Oe-
pery OOckoii ryObl AEMCTBYIOIIMX Ta30KOHJEHCAT-
HbIX MecTopoxkaennit. Ha puc. 1.1.4 n 1.1.5 npencra-
BJIEHBI [JaHHbIE U3MepeHuit KoHueHTpauuit CO, u CH,
3a mepuop ¢ 2004 mo 2013 . 3a Bce TojbpI HAOMIO/TA-
Jioch noBbIieHre KoHueHTpauun CO, Ha cT. HoBblii
IMopt B cpemem Ha S5 ppm (1.3%), xpome 2008 .
OHO, MO BCEN BEPOSITHOCTU, OOYCJIOBJIEHO C>KUTaHU-
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Puc. 1.1.4. JaHHble namepeHuin KoHueHTpaumin CO, Ha cTtaHuuun HoBbi MopT 3a neprog ¢ 2004 no 2013 r.
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Puc. 1.1.5. CpegHemecsayHble koHUeHTpauun CH, Ha ctaHumm HoBseiri MNopT ¢ 2004 no 2013 r. (kpuBas 3e1eHoro
LBeTa) B CpaBHEHMN C AaHHBIMU N3MepPeHUI KoHLeHTpaumn CH, Ha cTaHumm Tepubepka (kpuBasi KpacHOro LiBeTa).
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eM MomyTHOro (He(pTsHOro) rasa, oGbeM KOTOPOro
ouennBaetcst B 50-60 mun 1/rop (Kumkuukos, Ily-
ceHkoBa, 2009) Ha HePTSHBIX MECTOPOK/IEHHSIX,, pac-
TMOJIOKEeHHBIX B cpefHeM Tedenun p. O6b (Cypryr,
Hedreroranck, Huxkneaprosck) Ha 600-800 km
to>kHee craHumu. IIpeBbienne konuenTpaumun CH,
Hajl POHOBBIMM 3HAUYEHUSIMU JIPYTUX CTAHLMIA B 3TOM
>Ke IUPOTHOM 30HE COCTaBisuio B cpegHemM 90 ppb
(= 5%). AnomanbHo BbicoKMe KouueHTpauyn CH,,
HaOJrofjaéMble Ha CTaHLMM, OOYCJIOBJIEHbI TEXHOJIO-
ruei 100bIYM MPUPOIHOrO ra3a M ero NoTepsiMu Ha
PACIUIOXKEHHBIX FOXKHEE M BOCTOYHEE Ha PACCTOSIHUA
80-250 KM Tra30KOHJICHCATHBIX MECTOPOXKJCHUSIX
(AAmMGyprckoe, 3anonsipHoe, YpeHrorickoe, Pycckoe
u7ip.).

CornacHo cTaTUCTUYECKUM JIAHHBIM, CPEIHEroflo-
Bble 00bEMbI JJOOLIUM 32 PACCMATPUBAEMBbIiA IEPUO]] JIO
2008 . BKIFOUMTETIHHO M3MEHSUTNCh HE3HAUMTETbHO
(koneGanre 06BEMOB I0OLIUM B mipefienax +2% ). Cy-
LIECTBEHHBIN BKJIAJ B BEJIMYMHY aMIUIUTY/bl CE30H-
HbIX Bapvalyil KOHLEHTPALMU METaHa MOI BHOCUTH
CE30HHBIN XOf] TOJIMHbI MOIPAHUYHOIO CJIOSI ATMO-
cepnl (IICA). Ipu paznauunoit Tonuue [TICA npu-
pawenust KonueHTpauuid 11" Ha (oHOBBIM ypoBHEM,
00YCJIOBJIEHHbIE PETMOHAIBHBIMU UCTOYHUKAMU, Pac-
NpefessitoTCs 1O CIIOK0 NEepeMelMBaHusl Pa3HOM TOJ-
uwHbl. s uckimovyenus Bavstust TonuHbl [TICA Ha
pe3ynbsraT u3Mepennii KonueHtpauu CH4 ncnonb3o-
BajlaChb MOJIeJIb TMOTPAaHUYHOTO CJosi aTMocdepbl
HYSPLIT (www.arl.noaa.gov/ready/hysplit4.html),
MO3BOJISIFOIIASE PACCUUTATD €0 BBICOTY B paiioHe pac-
TMOJIOKEHMS CTAaHLMHU, YTO JIAJI0 BO3MOXKHOCTb CKOppe-
KTUPOBATh CPEIHEMECSUHbIE OTKJIOHEHHUS! KOHLIEHTpa-
1M OT (POHOBBIX 3HAYEHMIA. [IJ151 3TOro pasHOCTb Me-
Ky U3MEPEHHON M pacyeTHO! (pOHOBOW KOHUEHTpa-
st AC; = Ci,,, — Ciyr» (OTpaXKatomas BKJIaj| ecTe-
CTBEHHBIX M AHTPONOTCHHBIX NCTOYHUKOB B PETHOHE )
C LEJIbI0 UCKITtoYeHus BIusiHUs TonuHbl IICA Ha Be-
myuHy KoHueHtpauyuu CH4, ymHOXanach Ha OTHO-
mienre paccuntanHoi no mopean HYSPLIT BbicoThI
BepxHen rpanuibl [ICA K BeMunHe ee MaKCUMalbHO-
IO CPEe[IHEMECSYHOTO 3HAUEHUS! /1151 KOHKPETHOTO Io-
na: AC,,= AC; x H,, | H,,,,., rie: H,,,,. — Makcu-
MaJIbHOE /17151 KOHKPETHOT'O TOfla CpeIHEMECSYHOE 3HA-
yenue TomuuHbl [ICA, H,,, — cpennsist Tonuna [TICA
JUIsl KOHKPETHOro Mecsilia rofa. B pesynsrare npose-
JIeHUs YKa3aHHOI KOPPEKTHPOBKHU YAAJIOCh NPUBECTH
pasHoctb AC; K equHoi Tomune [ICA, uyro no3sonu-

JIO MOJYYUTb HE MCKAKEHHbIE BIMSIHUEM HM3MEHEHUS
tonmHbl [ICA cpegHemecsunbie KoHuenTpauyu CH,
(PerreTHuKOB 1 p., 2011).

[IpennioxeHHbIi MOAXO MO3BOJIUT KOHTPOJIUPO-
BaTh M0 JJaHHBIM U3MEPEHUI1 BLINOJHEHUE MEPONPUSI-
THY TI0 CHIKEHUIO TTOTEPH MPUPOHOTO ra3a MpH ero
NI00bIYE U MOArOTOBKE K TPAHCIIOPTUPOBKE.

Cranumsi Tukcu. Apkruueckasi [uppomereopo-
Jorudeckast obceparopusi B patione 1. Tukcu (TMO
“Tukcn’) cosfaBajiaCh B paMKax Creluaan3upOBaH-
HOT'O MEXK/YHapOJHOTO NMPOEKTa HAMOHAJIBHbIX Me-
Teoposiornyeckux ciyxk6 Poccuu, CIIA u dunnsi-
Y KaK KJIOYEBOE 3BEHO CHCTEMbI MEXKAYHAPOJHBIX
TUIPOMETEOPOIOTNYECKUX HAONIONEHUIA Y Hay4YHbIX
uccnefoBanuii B Apkrtuke. O6cepsaropust B Tukcu
JIOJI>KHA CTAaTh Ba>KHbIM KOMIIOHEHTOM CETH JIEIICTBY-
IOIMX APKTUYECKUX aTMOC(EPHBIX 00CepBaTOpUA,
BKJIIOUarolleil odcepparopurt B Bappoy (Ausicka,
CIIA), OBpuka u Anepr (Kanaga), Cammut (Ipen-
naunyst ), Heto-Anecyun (Hopserust), [ammac u Co-
nankyna (®uansiaams) u Aoucko (Isenust). Cosme-
CTHasi paboTa NepeUYnCIEHHbIX 00cepBaTOpUil 00ec-
NEYUT UMPKYMIOJSIPHBIA MOHUTOPUHI THPOMETEO-
POJIOTMYECKUX TPOLECCOB B BBICOKMX IMIMPOTAX.
Cranyus Tuken, Kak 3TO clieflyeT u3 KapThl pacnoso-
>KEHMsI OTEYECTBEHHBbIX M 3apyOe>KHbIX (DOHOBBIX
craHuuii ['CA B ApKTHKE, JTUKBUAMPYET KPYNHbINA
npoGest B pernone apkTudeckoir Azun (Perie THUKOB,
Makinrac, 2013).

Perynspubie HaOmonennst Ha 'MO “Tukcu” b
Havatbl B aBrycte 2010 1. 1 K HacTosIieMy BpeMeHU
MOJIyYEeH YK€ JOCTATOYHO OOLIMPHBIA 00beM UH(OP-
mauyu. B I'MO “Tuken” HanmaxeH peryJsipHblii oTOOp
npo0 BO3JyXa, CPAaBHEHUS JJaHHbIX M3MEPEHUN KOH-
ueHTpauuit CO, u CH, ¢ aHaJIOrTMYHbIMU U3MEPEHUSI-
MH, BbINonmHseMbIMI J1aGopatopuein NOAA/ESRL.
dunckum MerteoponoruyeckuM HMHCTUTYTOM 1pu
yuactuu I'T'O opraHu3oBaHbl HENpepbIBHbIE U3MEpe-
HMSl 9THX Ta30B, a TaKXKEe CUYETHOW KOHLEHTPALUK U
pa3mMepoB a3po30J1s oT 7 M 10 15 Mxm. BBeyieH B fieii-
CTBUE HAOMIOAATETLHBIN KOMITJIEKC IO MCCJIEIOBAHIIO
pagMagoOHHOro 0OanaHca CUCTEMbl TMOACTUIIAOLIAS
MOBEPXHOCTb — aTMOc(epa, a TakKKe HETTO MOTOKOB
CO, u CH,. Huxe npuBesieHbl pe3ybTaThl HENPEPbIB-
HbIX U (IISKEUHBIX exeHeeabHbIX Haomopenuit CO,

u CH, 3a 2011-2012 rr.

C Havazmom Beretauuu (MIOHb) KOHLEHTPALUK
CO, HauMHAIOT NajaTh B BUJY BO3HUKHOBEHUS CTOKA
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Puc. 1.1.7. Pe3ynbTaTbl HENPEPbLIBHBIX CPEAHEYACOBbIX N3MepeHui KoHueHTpaumm CH, 32 2011-2013 rr., gaHHble
exeHeesNbHbIX U3MepeHuii KoHLeHTpaumii CH, B npobax Bo3ayxa (KPy>XXKM KpacHOro LBeTa) Ha CTaHLMu TUKCK.
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CO, B mpouecce oTtocuHTEe3a MPU3EMHON pPaCTH-
TeabHOCTH (B OCHOBHOM — TpaBa). C pocToM Temrie-
paTypbl MOYBbI BO3pacTaeT 3(P(eKTUBHOCTb MAbIXa-
HUSI MUKPOOOB, KOpHE#i, FprOoB (C Hauasia aBrycra jjo
Hayaga OKTSIOPs1) ¥ BO3HMKAET OOPATHBIN MPOLECC —
amuccust CO,, B pe3yJsibTaTe Yero HabIoaeTcs pocT
koHueHTpauyu CO, B MPU3EMHOM CJl0€ aTMOC(EpHI.
3uMoii npouecchl, 00YCIOBIEHHbIE OOMEHOM MEXXIY
MOBEPXHOCTBIO M aTMOC(EPONi NPEeKpAAOTCsS, U
koHueHTpauusi CO, onpefensercs NEPEHOCOM € Ma-
TepukoBoi yactu Axytun. Ha cnenyromiem puc. 1.1.7
NPUBEACHbl PE3yJIbTaThl W3MEPEHUIl KOHLEHTPAaUUU
CH, 3a TOT ke nepuoj| Ha cTaHuuu TUkcu.

B ornuune ot cezonHoro xopa CO, u3MeHeHUst
koHueHTpauun CH, HauMHatoTcs NpUOIM3UTENLHO
Ha Mecsil Tmo3ke (MoKa He MpOrpeeTcsi aKTHBHBIN
cJioii nouBkl Ha 1youny a0 20-30 cm). TTo Mepe mipo-
rpeBa MoYBbl HAUMHAETCS €€ OTTauBaHue, a 3aTeM Ta-
siHMe BeyHOW Mep3ioThl (rybuna = 40 cm), copep-
xkaueit CH,, HakONJIEHHbII B JOJIEIHUKOBbIN NEPUOI.
Ha 3a005104eHHBIX 3eMIISIX BO3pAcTacT aKTUBHOCTb
MeTaHOreHOB (6akTepun). MakCHMyMbI TOTO | JIpY-
roro npouecca NpuxoadaTcs Ha aBryct. OfHaKo OKOH-
YaHUE MPOLECCa TasHUS MEP3JIOThl BBUY BBICOKOM
TEIMJIOEMKOCTH MOYBbI CIBUHYTO YK€ K CEPEIUHE OK-
T10psi. CpeHECYTOYHAsT TEMIIEpATypa BO3lyXa CTa-
HoBuTCsl HUXKe 0°C 00bdHO Mexy 1-M 1 5-M OKTSI-
Ops. B orninuue oT (POHOBBIX CTAHIMIA YMEPEHHbIX
LIPOT CEBEPHOTO MOJyLIApUs, HA KOTOPBIX MaKCH-
MyM KoHueHTpauyn CH, mpuxoguTcst Ha 3MMHUE Me-
csiupl TOf1A, 371€Ch HAOMIONAETCS MAKCUMYM KOHLEHT-
pauyu CH, B neTHME Mecslbl: MIOJIb—aBryCT. DTOT
dakTop, HabJIOIaeMbIil TaK3Ke U Ha cTaHuuu bappoy
(Ansicka), npusen asTopos (Shakhova et al., 2010) k

OUIMOOYHBIM BBIBOJAM (TOJTyYEHHBIM MO Pe3yJbTa-
TaM TSITWIETHUX CY/IOBBIX M BEPTOJIETHBIX M3MeEpe-
Huii Konuentpatuii CH, B JieTHHE Mecsitpl rofga) o
pa3pylIeHnr TUIPATOB METaHa, 3aJieraloliX Ha JTHEe
MEJIKOBOJJHOTO 1enbga mopeit Jlantesbix n Boctou-
HO-Cubupckoro. O6wmii ¢pon konuentpauun CH,
COIJIACHO JIAHHBIM 3TUX M3MEPEHUN Ha MPOTSKEHUN
6onee 1000 kM BIONIL CeBEpHOTO MOGEpEsKbs MaTe-
puKa oT ycTbs p. Jlena 1o YUykoTckoro Mopsi ObL1 Cy-
uiecTBeHHo Bbiie 2.0 miH-! (cpeaHee 3HaveHue
~ 2.4 muH1), B TO BpeMsl KaK B pafioHe MpHJIeraro-
mmM K Tuken, kak caemyet u3 (Shakhova et al.,
2010) na6mopanuck u kouuentpauu CH,, foctura-
rompe 3Hayennit 7.0-8.0 mia-1.

JleficTBUTENHLHO, KaK 3TO CJEAYET W3 JIaHHbIX
HenpepbIBHBIX u3Mepennit (puc. 1.1.7), B urone—as-
rycte B pailoHe Tukcu HaOMIOAIuCh MOBBILIEHHbIE
koHueHTpaiyn CH,, npebimraromye 2.0 MitH-1, ipu-
YeM MaKCHUMAaJIbHbIe CpeJIHeuacOBble 3HAYECHUS] NHO-
rma pocturamm 2.15-2.20 mun-!. Bbula mposefeHa
OIICHKA BJIMSIHWS TIOBBIIICHWS KOHICHTpAIWKA Ha
Cpe/lHUe 3HaueHMs, KaK 3a 9TU Mecslibl, TaK U1 3a TOJl
B 1enoM. [ToipoGHO pe3yasTaThl 3TUX OLEHOK U3J10-
keHbl B ctatbe (Perretnnkos, MBaxos, 2012), 3nech
ke mpuBesieM Tadmiy 1.1.4, B KoTOpoi cpaBHMBa-
IOTCSI CPeJITHEMECSTUHbIE U CPEJJHErOfIOBbIe 3HAUCHUS
n3MepeHHbix KoHueHTpauuit CO, u CH, Ha apkTuue-
ckux cranmmsax 3a 2010-2011 rr.

Kak cnepyer u3 Tabmuupl, B UIONe, aBrycTe U
ceHTsI0pe Ha cTaHuuu TWKCU HaOMIOAAINCh MOBbI-
meHHble KoHueHTpauyu CH,, 3TO npeBblllieHre MO
CpPaBHEHUIO C JJaHHbIMM cTaHuuil Tepubepka u bap-
poy B centsiope 2010 r. coctaBuno 1.2% u 0.6% co-
oTBeTCTBeHHO, B aBrycte 2011 r. oHo 6bLTO Gomnblire,
yeM Ha cTaHimu bappoy Ha 2.5%, a Ha ctaniym Te-

Tabauya 1.1.4. Cpasnenue cpeOHemeCAYHbIX U CPEOHe20006bIX 3Hauenull konyenmpayuii CO, (man-1, nesble
cmoabyvt) u CH, (mapo-1, npasvie cmoabupt), usmeperubix na cmanyuax Tuxcu, Tepubepxa, bBappoy (CIIA)

Mecsiu, rop, Bappoy TepuGepka Tuxcu

07.2010 384.89 1889.39 385.5 1888.9 - -
08.2010 379.91 1889.95 380.5 1898.1 386.45 1909.4
09.2010 383.00 1899.70 383.0 1912.6 388.01 1925.9
07.2011 - - - 385.96 1909.2
08.2011 - - - - 382.35 1959.0
2010 390.8 1896.4 392.5 1906.1 389.0" 1907.8*
2011 393.1 1896.0 394.0 1907.0 395.3 1916.0

Ipumeuanue: *CpennerofoBast Konuentpaiust CH, B Tukcu 3a 2010 1. monyueHa 1o JaHHbIM IIECTU MECSILIEB HAOIIOICHUIL.
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pubepka Ha 1.8%. CpenneropoBoe 3Hauenue B 2010 .
Ha ctaHmuy Tukcw ObLIO OOMbIIE, YeM Ha CTAHIUHU
Bappoy Ha 1.0%, a 8 2011 1. oHO nmpeBbIiIano 3Haue-
Hus Ha cT. Tepubepka Ha 0.47% u Ha cT. Bappoy Ha
1.0%. PesynsraThl HenpepbIBHBIX W3MEPEHHI, TTO/I-
TBEP3K/IaeMble M JIaHHbIMU HE3aBUCUMBIX (DIIsiKeu-
HBIX HaOJFOJICHWIA, TTO3BOJISTIOT KOHCTATAPOBATh, UTO
B HaCToOsI1Iee BpeMsl U B OsmizKaiiieM OyaylleM aMuc-
CUU METaHa, 00YCJIOBJICHHON Pa3JIOXKEHUEM €ro I'Mj-
paToB, 0Opa30BaHHbIX B MOALIEIL(OBOM CIIOE BEy-
HOMEP3JIOro IPYHTA, OKUJATh HE CIElyeT, MOCKOIIb-
KY TIOBBILICHNE TEMIEPATypbl BOJbI B HISKHUX HAJl-
11e7b(POBBIX BOJIHBIX CJIOSIX BPSL JIM Mpou3oiiieT. B
TO e BpeMsi 6ojiee paHHee HAyajo TasHUS BEYHOM
MEp3JIOThI TIPUBOJUT K HEKOTOPOMY TPUPOCTY KOH-
uentpauuu CH, B pernonxe.

1.1.9. [Ipyrue HaGII0€eHUsI HA TEPPUTOPUH
Poccun

B nepuop ¢ 2004 mo 2010 rr. gpyrumu (Kpome
ITO) opraHu3auysMy OblLT BBIMOIHEH JOCTATOYHO
00JILIION O0bEM HAOJIOIEHUI MO KOHUEHTPALUSIM,
KaK MapHUKOBBIX, TaK M COMYTCTBYIOIMX ra3oB. [1pu
9TOM HEOOXOJIMMO OTMETUTh, MpPEKJie BCEro, pery-
JSIpHble HAOMIOfIeHUs] 3a KOHLUEHTpaLKel MapHUKO-
BBIX M COMYTCTBYIOIIMX ra30B Ha cTaHuuu MIHCTUTY-
ta Pusuku armocepsl (MPA) AH PP Bommzu Ku-
crosopicka (Cr. Mlamkarmace B npearopesix Cesep-
Horo KaBka3za), Ha KoTopoii B TeueHue nouru 30 et
BEJIMCh HAOIO/IEHNs] KOHLIEHTPALUK JIBYOKMCH a30Ta
NO, (Apa6os u ap., 2012), urparoltieii BaxXHYIO poIib
B oOpa3oBaHuu TpornoccgepHoro o3oHa. Ha cranuum
NPOBOJSITCSl U3MEPEHUSI KOHLUEHTPALMK U IPYTUX ra-
30B: CO,, CH,, CO, npu3eMHOro 030Ha. ITUM e UH-
CTUTYTOM COBMeCTHO ¢ MHcTuTyToM Jleca npoBoau-
JIMCh HENPEpbIBHbIE U3MepeHus KoHueHTpauuii CO, n
CH, na 300-mMeTpoBO¥1 BBIIIIKE B MECTeUKe 30THHO Ha
FOre Kpacuosipckoro kpast (60° 45' c.ur. 89° 23" B.j1.),
a Tak>Ke BBINOJHSJIUCHL OTOOPBI MPOO € camoseTa 10
BeicoTbl 7000 M. OpHako 9THM HAOMIOAEHUS HA HE-
CKOJIbKUX YPOBHSIX B aTMOcepe ObUIM OTHOCUTEIb-
HO HENPOJOJKUATENBHBIMU U BBINOJHSINCH TOJIBKO B
netHuil ce3on rofa. B (Panov et al., 2012) npepcra-
BJICHbI PE3yJIBTaThl HENpPEepPBhIBHbIX M3MEpPEHUI Ha
BbIlLIKE B oOcepBaTOpuK 30THHO. [laHHBIE U3MEpe-
HUl1 (BBILIKA PACTIONIOKEHA B JIECCHOM MAcCHBe ) MOKa-
3aJM 3HAYMTEJIbHbIE Bapualyy B KOHLIEHTPAIMSIX
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CH,, usmepennbix Ha it ypoBHsix oT 4 1o 300 m B
HosiOpe U jekabpe. Bbllo oTMedeHo cyllecTBeHHOe
yBEJIMUeHNe KOHLEHTpaluy MeTaHa B jekabpe npu
HM3KUX TeMIepaTypax BO3[yXa Yy 3eMIld, IOCTUrato-
mmx —30°C.

HNuctutyTom ATtMoccepHoit ontuku Cubup-
ckoro otaeneHuss AH P® coBmectHo ¢ HayuHbim
LEHTPOM II00ANbHBIX UccaenoBannii HauponansHo-
ro MHCTUTYTA OKpyxKarolen cpenbl Anonunn, Xok-
KalJICKUM YHUBEPCUTETOM, A3IPOKOCMUYECKUM
areHTCTBOM YnoHuu OblLIa OpPraHU30BaHA CEThb U3
BOCbMM HabmonaTenbHbIx cranuuii (JR-STATION),
C MOMOLBI KOTOPO#i BbIMOIHEH OOLUMPHBINA KOMII-
JieKc uccaenoBannii kKonueHtpauuin CH, B 3anagHoi
Cubupu Ha BBIIIKAX, PACTIOJOXKEHHBIX B 30He OT 51
mo 63° c.aur. u ot 62 o 84° B.1. (32 UCKITIOUYEHUEM
cTaHUMU SIKyTCK, pacrnoyioXeHHON Ha JOJIroTe
129°). Lenbio 9TUX MCCIIEIOBAHUN SIBIISIOCH BBISIC-
HEHUE POJIM OOLUMPHBIX 3a00JI04EHHbIX TEPPUTOPUI
3anagHoin Cubupy monianbio 132 MiTH ra, BKITtouast
Y 30HY BE€YHOI MEp3JI0Thl C MHOTOUMCJIEHHbIMU Ta-
JIMKOBbIMU 03€pamH, B (POPMHUPOBAHUU MOJISI KOH-
LEHTpaLUKM MeTaHa, OCOOEHHO B CBSI3U C Habuofiae-
MbIMH 32 MOCJIE[IHAE JIECATUIIETUS] aHOMAJIMSIMU Cpe-
JIHETOfI0BO¥ TEMIIEpPATyPbl IPU3EMHOIO BO3yXa, J0-
cturatoumu Ha cesepe Cubupu nopsjka 4°C no
faHHbIM HaumoHaIBHOrO KIMMAaTUYeCKOro LEHTpa
naabix (Dlugokencky et al., 2009).

HJis1 akcnepyMeHTa ObLI0 NOCTPOEHO CEMb BbI-
uieK Ha tepputopur 3anagHoil CuOupH BBICOTON OT
47 no 85 m, n ogaa B AkyTum Bbicotoi = 70 M. Ucc-
nefoBaHus BbIMONHsIMCH B iepuop ¢ 2004 mo 2008 rr.
Hab6ntonenust Benuch mpakTUyecku HempepbiBHO. Ha
OCHOBE JIaHHBIX 3TOM0 MOHUTOPMHra ObUIO yCTAHOB-
JIEHO, YTO KaK B JIETHWIA, TaK U B 3UMHMIA IEPUO]] Ha-
OJTIO1aTUCh BBICOKME 3HAYEHMsI KOHLIEHTpALii MeTa-
Ha, IPUYEM MAKCUMAaJIbHbIE 3HAYEHUSI U MAKCHMallb-
Hble aMIUTMTY/bl Bapualyil KOHUEHTpaLuili OoTMeya-
JIMCh Ha BbILIKAX B ceBepHOI1 yacTu 3anagHon Cubu-
pu. JIeToM aMIIMTy/ibl KOHUEHTPALMK METaHa COCTa-
Bysi opsiyika 2000 mutpyi-! B GOJBIIMHCTBE TTYHKTOB
HaOJIIOfIEHUI1, B OT/EJIbHbIC THU OHU JOCTUTAIM JasKe
2200 mupa-! , 9TO aBTOpaMu OOBSICHSIIOCH TIOBBIIIEH-
HOW 3MUCCHUEN MeTaHa U3 paiioHa 00JIOT 1 3a00JI0YEH-
HbIX TEPPUTOPUN, 3AHMMAIOLIMX OONBIIYID YacCTb
Tepputopun ceepa 3anajiHoit Cubupu (Sasakawa et
al., 2010). OcoGeHHO BBICOKHME 3HAYEHUsT KOHIIEHTpPa-
i mMesa Mecto JietoM 2007 1., KoTopoe XapakTe-
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PU30BAJIOCh BBLICOKMMHU [HEBHLIMU TeMIepaTypamMu
NPU3EMHOTO CJIOSl BO3AyXa MPU BBICOKOM YpPOBHE
ocajKoB. MakCMMyM KOHIIEHTPAIIMM METaHa B 3UMHEe
BpeMs rofila OObICHSIICS TIOHUKEHUEM BEpPXHE rpa-
HUIIbI TOTPAHUYHOTO CJIOSI AaTMOC(EPBI, U MPOSIBIICHU-
€M BJIMSIHUSI aHTPONOTEHHBIX UCTOYHUKOB, BKJIAJ] KO-
TOPBIX B JIETHUIA EPUOJ], TOJIa MACKUPOBAJICS €CTECT-
BEHHBIMU UICTOUHUKAMU SMUCCHHU.

[TponoskeHueM UcCaeJOBaHUI KOHLEHTPALUU
MApHUKOBBIX ra30B B 3anagHoi Cubupy siBiisinace u
pa6ora (ApumHoB u fip., 2012), B KOTOpOIT U3JI0-
SKeHbl Pe3YJbTaThl PEryJsIpHbIX HAOIIOIEHUI KOH-
ueHtpauuii CO, Ha ceMM NMyHKTaxX HaOJIOEHUN,
000pY/IOBAHHBIX HEIMCTIEPCUOHHBIMU Ta30aHAIN3A-
topamu Li-7000 ¢pupmbi Li Cor Inc. (u3mepeHue
konuenTpauu CO,). Huxe B Tabmuue 1.1.5 npep-
CTaBJICHbI CPETHETOJIOBbIE 3HAUCHUST KOHLICHTPALN
CO, 3a nepuopn 2004-2010 rr. st ceMu MyHKTOB
HaOmofeHnit (B KayecTBe MYHKTOB HAOJFOICHUI
WCTIONIb30BaHbl T€ K€ MEeCTa, Ifie B Mpebliyliei
CTaThe BBIMOJHSJIMCH U3MEPEHNs Ha BbIKax ). Of-
Hako u3mepeHusi CO, BbIMOJIHSUIUCH HA CAMOM HUXK-
HEM YPOBHE OIpPEEsieMOro BBICOTOIl MECTa Ha-
OJIFOJTEHUIA.

Kak caenyer u3 Tabmmupl, BO BCeX Cllyyasix Ha-
OJIOfICHUI OT rofia K TOy HAOJO/IAJICsl POCT KOHIIEH-
Tpauuu CO, ¢ MEKToIOBbIM IPUPOCTOM B JJana3oHe
or 1.1 go 3.4 mima-!. MakcuMmasbHble 3HAUEHNST KOH-
HEeHTpaluy OTMeYeHbl Ha cTaHuuu Mrpum, A30Bo u
Hos16pbsck. Heo6xonuMo oTMETUTB, YTO HE ObLIO Ka-
KUX—MOO0 3HAYMTETBHbIX N3MEHEHNII KOHIICHTPALIUN
CO,, 00yCJIOBJIEHHBIX BBICOKMMHU TEMIEpaTypamMu B
2007 r. (KaKk 3TO OTMEYAJIOCh BbIILIE MO JJAHHBIM Ha-

Omonennit Metana). TenaeHIMsT KOJIeOaHUi CpejiHe-
rogoBbIX KoHueHTpaumii CO, 7151 pa3HbIX MECT Ha-
OJIFOIEHUI, OTCTOSILLMX APYT OT Jpyra Ha pacCTOSHUU
nopsiika 1000 kM, He BbICOKa W, Kak TPaBWUJIO, HE
npesbiaerT 3.8 maH-l. CpaBHEHUE CpPeJHErofOBbIX
3HayeHuit KoHueHnTpauuu CO, co cranyueit Tepubep-
ka (ceBep Konbckoro m-Ba) mokasbIBAET, YTO CPEfi-
HErojioBble KOHUEHTpauuu B CubupM MNpeBbllLAIN
KOHLEHTpalLK, HabmoiaeMble Ha (DOHOBOW CTaHLMU
Ha BemmunHy OT = 2.0 no 5.5 mun-1. [IpuumHy aTHX
OTJIMYMN YCTAHOBUTH CIIOXKHO: TaKO€ INPEBbILLIEHNE
MOKET ObITb OOYCJIOBJIEHO AHTPONOT€HHbIMU UCTOY-
HMKaMU B PEruoHe, e pa3MellaluCh MyHKTbl Ha-
omopeHnit (HanpuMmep, KpynHeHmii HedreoobIBa-
IOLMIA pafioH B cpefiHeM TeueHnu p. O0b, B KOTOPOM
MPOU3BOJUTCS CKUTAHKE MOMYTHOIO rasa B (hakesax,
00BbEM KOTOPOro oOleHMBaeTcs MexX/yHapoHbIM
Duepretuvyeckum  ArentctBom  (MDA) B
50 ma 1/ronr) (IEA, 2012a, b), a Takske HU3KOM MPO-
JIyKTUBHOCTBIO JIECOB B YaCTU CTOKA aTMOC(epHOro
CO, 3a cyeT (POTOCHUHTE3A U BKJIAJIOM JIECHBIX TIOYB B
€ro 3MHCCHIO.

HeonpeneneHHocTy, BbISIBIEHHbIE B NpoLEecce
Ha3eMHbIX HAaO/IIOEHUI, KaK U OONbIIIOEe 3HAaYEeHUE,
npupaBaeMoe permony 3anajgHoit Cubupu B Kaue-
CTBE KPYIMHENIIEro B MUpe €CTECTBEHHOIO UCTOY-
HKKa MeTaHa (60J10Ta 1 3a00JI04YEeHHbIE 3eMJIN ), KO-
TOPBIN JJOJKEH SIBJISITHCSI U BAXKHBIM pe3epByapoM
AMOKCHUJIA YITIEPOfia, MOCTOSTHHO NMPUBJIEKATIN BHU-
MaHHE yYEHbIX BCEr0 MHMPa, 3aHUMAIOLIMXCSl BOII-
pocamu u3MeHeHMsl KimuMata. C uX MOMOILBIO U
Mpy aKTUBHOM yuactuu yupexnaennii AH Pd no-
MHMO HAa3€MHbIX U3MEPEHUI ObLT BBINOIHEH U 00-

Tabauya 1.1.5. Cpeonezooosvie konyenmpayuu CO, 6 nynkmax moxumopurea Ha meppumopuu 3anaonoi Cubupu 6 marn-!

IIyHKT (KOOPAWHATHI) HAGTIOAEHNI 2004 2005 2006 2007 2008 2009 2010
Bepesopeuka (59° 09' c.ur. 84° 20' B.1.) 384.6 386.0 387.1 388.2 390.7 392.1 394.2
Kapaceoe (58° 15' c.m. 82° 25' B.j1.) 385.9 386.9 388.4 390.6 391.9 394.3
Urpum (63° 11' c.m. 64° 25' B.1.) 387.0 388.9 389.9 391.9 394.3 396.8
Hosi6pbek (63° 26' c.u. 75° 47' B.j1.) 387.6 388.5 390.2 392.0 395.0
Cassyuka (51° 20' c.u. 82° 08' B.j1.) 387.2 388.9 391.0 393.6
Hembstrckoe (59° 47" c.am. 73° 02' B.1.) 387.1 389.1 390.8 391.4 394.8
AzoBo (54° 44" c.m. 64° 25' B.J1.) 390.1 392.1 395.0
BaranoBo (54° 30' c.iu. 62° 19' B.51.) 390.8 393.0
Tepubepka (69° 12' c.uu. 35° 06' B.11.) 381.6 384.8 385.0 388.1 390.4 392.1

IIpumeuanue: B mocienHeit cTpoke TaOIUIIbI /TSI CPAaBHEHNS IPUBEICHBI JaHHbIe n3MepeHnil KonneHTpauu CO, Ha cTaHIN

Pocrupipomera — Tepubepka (Komsckuii m-oB).
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Puc. 1.1.8. PegynbTaTbl MHOroneTHMUX namepeHnii koHueHTtpaunm CO, n CH, B ananasoHe BbicoT 0T 0.5 oo 7.0 km

(ApwmHoB 1 ap., 2012).

LIAPHBIA KOMIJIEKC MCCJIEJOBAHUIN KOHLECHTpaUUin
napHukoBbix razoB CO,, CH, u N,O B nuana3one
BbicoT OT 0.5 10 7 kM. BbIITO ycTaHOBIIEHO, YTO 3a
nepuop Hadmonernii ¢ 1997 no 2011 rr. cpenero-
[IOBOVI CPeJHUI1 MO BBLICOTE TPEHJ] KOHLEHTpAlUU
CO, cocrasnsin 1.98 mun-1 , a N,O —0.73 mnpp-.
nst CH, nono6HO# OJHO3HAYHOCTHU HE OBbLIIO yCTa-
HoBjieHO. Ha puc. 1.1.8 mpuBeneHbl 3aBUCMMOCTH
ce30HHbIX Xo0B KoHueHTpaumu CO, u CH, oT BbI-
COThI OT rofia K roay. 3aBucumoctbh CH, oT ropa k
rojly U B T€UEHUE rojia XapakTepru30BaJIach BbICO-
KON W3MEHUYMBOCTBIO, OJJHAKO POCTa KOHIEHTpa-

[[U1, OTMEYEHHOT'O HA MHOTUX (DOHOBBIX CTAHIIUSIX,
a Tak:Ke B r1100aJIbHOM MaciuTade, TEM HE MeHee He
HaOJIIOJAJIOCE.

Kak cnenyer u3 pucynka, Haumnasi ¢ 2005 r.
HAOJTIONIATIOCh 3HAYMTEJILHOS CHIKCHHE aMILTUTY-
Ibl C€30HHBbIX Kosiebanuii koHueHtpauuu CO,. Ec-
mu B niepuopr ¢ 1997 mo 2004 1. ona cocrasisiia
25-30 man-1, To ¢ 2005 1. oHa ynana jio 20 mMiH-1,
MpUYeM 3TO MPOU3OIILIIO U3-32 JOCTATOYHO PE3KO-
ro BO3pacTaHus JIETHEr0 MHUHMMYyMa KOHIEHTpa-
uun CO,, KOTOpbI OObIYHO SIBJSIETCS MOKa3aTe-
sem ectecTBeHHOro ctoka CO,, HaG oA oCs

o
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B MepUoy Beretauum 6uocdgepbl U MaKCUMAJILHOM
appekTuBHOCTU (poTOCHHTE3a. [IprunH HabIOa-
€MOrO SIBJIEHUSI MOXKET ObITb HECKOJIBKO, OJHAKO
BCE OHU KpOME IOXKApOB, MPEANOArarT 3HAYM-
TEJIbHO MEHBIINE W3MEHEHUs1 B IpOLiecce CTOKa
CO, 6uocoepoii.

1.1.10. 3akaouenue

0000111231 N3I0KEHHYI0 UH(OPMaUIO O COCTO-
SIHUYM MOHUTOPWHIa NAPHUKOBBIX [a30B U a3p030J1eit
B MUPE Y Ha POCCUICKOW TEPPUTOPUH, CIIEAYET OT-
METUTb, YTO OOLMII 0OBEM TaKON MH(OpMaLUK 3a-
METHO BBIPOC (B TOM 4HCIie, M Ha Tepputopun Pd)
¢ momeHTa omyo6nmkoBanusi OJ1-1 B 2008 r. OpHaxko,
OXBaT BBILLIECYOMSIHYTbIM MOHUTOPUHIOM B P® Bce
elle He COOTBETCTBYET IJIOLIAIM CTPAHBbI, €€ MOJO-
>KEHUIO U 3HAaYEHUIO B COBpeMeHHOM mupe. HemHo-
rue NyHKTbl 0TOOpa nMpo6 Bo3ayxa Ha cetu Pocru-
APOMETA PaCIONIOKEHbI Ha MOOepexkbe APKTHUKHU, U
NOTOMY, B OTJIMYME OT 3apyOe KHbIX CTaHLMI, OHU
HE B COCTOSIHUM OXBAaTUTb OOJIACTU OCHOBHBIX KC-
TOYHUKOB U cTOKOB CO, 1 Apyrux NapHUKOBBIX Ta-
30B. He HanaxkeH B JJOJ>KHOWM CTENEHU MOHUTOPUHT
aspo3oiieil, OCOOEHHO YEpPHOro YIJepoja, MpuBJIIe-
KaloIlIero B HACTosIliee BpeMsi 0CO00 MPUCTATbLHOE
BHUMAaHUE, a TaK>K€ MOHUTOPUHI TAJIOreHYJIEBO/IO-
ponsbIix Ta30B ((ppeoHos). Hegocrarouna koopiu-
Hauusl POrpaMM U3MEPEHUN KIMMaToOOpa3yoLuxX
KOMIIOHEHT, BEAYLLMXCSl Pa3HbIMU OpPraHv3alysiMu 1
BEJIOMCTBAMHU, B YACTHOCTU TaKUMHU KPyNHbIMU, Po-
crugpomeToM u Akazemueit Hayk P®. Buytpu Po-
CTHJIPOMETA TaK>Ke HEOOXOUMO JIy4lllee COIIaco-
BaHNE U3MEPEHUI OMACHBIX 11 3[0POBbs 3arpsi3He-
HUII B TOpoOflax C MOHUTOPHMHIOM KJIMMATUYECKU
3HAUMMBIX T'a30B U a’po3ouieil. BaxkkHo pa3BuBath u
COBEPLIEHCTBOBATb COOTBETCTBYIOLIME MEXKIyHa-
POAHBIE CBSI3U M KOOPAMHMPOBATH X B INI0OATLHOM
U PErMOHAJILHOM MacluTadax. DTo — akTyallbHasi U
ocTpas nmpobJeMa, a, 3HaYUT, MEJJINTh C €€ PEILECHU-
€M Hellb34l.
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I'TABA 1.2. TEMIIEPATYPA TIPU3EMHOI'O BO3YXA

9. 1. PanbkoBa

I B. Ipy3sa, O. B. PoueBa, O. ®. CamoxuHa
1.2.1. Beenenune

B rnaBe mpuBoguTCcs MH(OpMagys O TEKYLIEM
cocTostHiM Kimmarta Poccun 1 ee pernoHoB (B yacTu
XapaKTEPUCTUK TEMIIEPATYPHOrO PEKMMA Y MOBEPX-
HOCTH 3eMJIM) U TEHJICHIUSIX COBPEMEHHBIX M3MEHe-
HUI KJIMMATA C aKLIEHTOM Ha MOCJIEJHUX JIECATUIIETU-
sx. OnpefiesieHusi OCHOBHbBIX MOHSITUIA: KJIMMAT, KJU-
MaTUYECKKE NEPEMEHHbIE, U3BMEHYMBOCTb U U3MEHE-
HUSl KJIMMaTa BBEJIEHbl B NEPBOM BbIycke OueHou-
Horo fokmaga (OJ1_P®-1, 2008) u 3mech He ry6mm-
pytorcs. dakrorpaduyeckue NAaHHbIE MPOJIEHBI 10
2012 r. BkmounTenbHo. ComnocTaBlieHHe TEKYIX
oueHok ¢ oueHkamu B (OJ1_P®-1, 2008) BbInoiHeHO
B COOTBETCTBYIOILLIMX pa3fiesiax IaBbl.

Bce oueHku 6a3upyroTcs Ha JJaHHbIX MHCTPYMEH-
TaJIbHbIX METEOPOJIIOTMYECKUX HAOTIOIEHNI HA CTAHIIU-
X TOCY/IapCTBEHHOM HaOroaTenbHoN cetn Pocrupipo-
MeTa. Mlcropuueckue laHHbIe, MPOLIEIe TPOLETYPY
KOHTPOJISI U Bepu(UKauUu, PEryJsipHO COINIACOBbIBA-
10TCsl ¢ BepuuppoBaHHbiMU JanHbIMU BHUWUT' MU -
MII/. JanHble TeKylIMX HAOTIOACHUI BKIIFOYAKOTCS B
6a3y aHHbIX MOoHUTOpUHra Kimmara MI'KD B kBasupe-
alIbHOM BpEMEHH, MOocJe Hajjiexaleii o0paboTKu U
KOHTPOJISl B MPOLECCE ONEPAaTMBHOTO MOHWTOPHHTA
KJIMMaTa. AHAIM3UPYIOTCS KaK €KeMECSUHbIE TaHHbIE,
TaK W OCPETHEHHbIE 10 KAJICHIAPHBIM CE30HaM U 3a I'Of]
B LIEJIOM, A TAKXKE PErMOHaNIbHbIE 0000LIEHNS I71sl BCe
tepputopun Poccuiickoii ®enepaumnu, ee KpynHbIX u-
3UKO-reorparuyeckux peruoHoB U pefiepaibHbIX OK-
pyroB. 751 XapakKTEpUCTUKK KIMMATUYECKUX W3MEHe-
HUI NPUBOJATCS TOJISI TOYEYHBIX OLEHOK TPEHAOB U
BpEMEHHbBIE PsIbI (C OLEHKAMH TPEHJIOB) CPETHUX TO-
JIOBbIX M CE30HHBIX AHOMAJIMI WCCJIEyeMbIX PEeruo-
HAJIbHBIX NEpeMeHHbIX. MI3MeHeHne Temneparypbl, Oc-
penHeHHoi no teppuropun Poccun, paccMaTpuBaeTcs
Hapsily ¢ U3MEHEHUEM III00AIbHO OCPEIHEHHOM TemIie-
patypsl (o ganHbiM http://www.cru.uea.ac.uk). B jo-
NOJIHEHUE K aHAJIN3Y JIMHEVHBIX TPEHIOB B U3MEHEHUU
TemmeparypHoro pexmma Poccum 3a 1976-2012 rr.,
paccMaTpuBaeTCs U3MEHEHUE KIIMMATUYECKUX HOPM OT

1961-1990 rr. k 1981-2010 rr.

[To cymiectBy, MaTepualibl aToi yactu OJ1_P®-2
SBJISIFOTCS. 0OOOLIEHUEM OLICHOK, MPEJICTABJIEHHbBIX B
Bbinmyckaemblx MI'KD OronneTeHsix MOHUTOpPMHIra
KiarMaTta (e3KeCe30HHO pa3MeIlalTCs Ha caiTe
www.climatechange.su) u B my6imkyembix Eskerop-
HbIX Tokiaiax Pocruppomera (Pocrugpomer, 2013).
B 3akirounTebHON YacTH IT1aBbl OOCY>KJAFOTCS aK-
TyaJibHbIE MPOOJIEMbI B O0JIACTU MCCIIEJOBAHUS KJTU-
MaTUYECKUX WU3MEHEHUI NPU3EMHON TeMIepaTyphbl
N0 JJaHHBIM WHCTPYMEHTAJIbHbIX HAONIOCHUN, a
VMIMEHHO: KOHUENUUS IMHAMUYECKUX KIMMAaTUYECKUX
HOPM ¥ posib 60-JeTHEero uMKia B HAGMOAAEMbIX U
O>XKMJIaEMbIX U3MEHEHMSIX KJIMaTa.

JlonosHNTEIbHOE 3aMeYaHne OTHOCUTCSI K Tep-
MUHOJIOTUH, KACAIOLIENCS] OCHOBHOIO OOBEKTa WC-
CJIE[IOBAHUSI — TEMMEPATYpPbl Y TOBEPXHOCTU 3EMIIH.
B 3aBuCMMOCTH OT MOBEPXHOCTH (CyIla UM OKeaH),
paccMmaTpuBaeTcsi JIMOO TeMIeparypa NpU3EMHOIO
BO3/lyxa (Temmeparypa Bo3dayXa Ha BbicOTe 2 M, T. €.
Ha BBICOTE METEOPOJIONMYECKOi Oy/IKM), MO0 TeM-
neparypa noBepxHoctaoro ciost Boapl (010 m). B
[JI00ANBHBIX PACCMOTPEHUSAX AHOMAJMU 3TUX JIBYX
BEJIMUMH COBMEILIAIOTCS] B paMKax OIHOrO I00alib-
Horo nouss. IlonydyeHnas B pesynsrare oOaibHas
KJIMMATUYeCcKasl MepeMEHHasl MOJy4YuJia Ha3BaHUE
“reMnepaTypa y MOBEpPXHOCTU WM “‘NPUIIOBEPXHO-
CTHasl TemMneparypa’.

1.2.2. U3meHeHus 1100aJbHON NPUTIOBEPXHO-
CTHOWM TeMIIepaTypbl

OpHUM W3 OCHOBHBIX MHJMKATOPOB TIIOOATBLHBIX
M3MEHEHUI KIMMaTa SIBJIeTCsl TodalibHas, T. €. OC-
PE/IHEHHAsl IO BCEMY 3eMHOMY IlIapy, NPUMOBEPXHO-
CTHasl TeMIepaTypa.

B HacTosiiiee Bpemst 00Ienpr3HaHHLIMU CUMTA-
I0TCSl TpY Habopa TIIOOABLHBIX JJAHHBIX MHCTPYMEH-
TAJTBLHBIX HAONIOICHNWII O TeMIepaType y MOBEPXHO-
CTH 3eMJIN:

— faHHble YHuBepcureTa BocTouHoit AHrmuu u
Xammu-uenrpa Benukoopuranuu (Jones et al., 1999;
Jones et al., 2001; Brohan et al., 2006; Jones et al.,
2012; Folland, Parker, 1995; Morice et al., 2012;
http://www.cru.uea.ac.uk);

— nmandble HaumoHanbHOrO KIMMAaTHYECKOTO
uentpa CIIA (Peterson, Easterling, 1994;

&z
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Puc. 1.2.1. CpaBHeHMe 12-MeCs4HbIX CKOJIb3ALUMX CPeaHNX aHOManuin rnobanbHon TemnepaTypbl y NOBEPXHOCTU 3eM-
N1, PacCYMTaHHbIX MO AAaHHBIM TPEX HEe3aBMCUMbIX MaccuBOB HabmoaeHuin 3a 1850-2012 rr. (Met Office, 2013a, puc. 4).
AHOManumu paccYntaHbl Kak OTK/IOHeHUs OT cpeaHer 3a 1961-1990 rr. Cepasi nosoca COOTBETCTBYET OLIEHKE
95%-ro noBepuTenbHOro nHTEpBana Aasa AaHHbix HadCRUT4 (oxuvaaemas BepOSITHOCTb OCYLLECTBJIEHUSI UCTUH-
HOro 3Ha4eHus rnobasibHoW cpeaHert aHoMasimy BHE 3TOro MHTepBasia cocTasssieT 5%).

Easterling, Peterson, 1995; Smith, Reynolds, 2005;
http://www.ncdc.noaa.gov/ghcnm); u

— naHHble THCTUTYTa KOCMUYECKUX KCCIIeIoBa-
umit CIIA (Hansen et al., 2001; Hansen et al., 2010;
http://data.giss.nasa.gov/gistemp).

Ha puc. 1.2.1 npusefieH Xof1 MPUMOBEPXHOCTHON
TeMIepaTypbl 3eMHOTO 11apa 3a Nepuoji UHCTPYMEH-
TaJbHBIX HAONIOEHUI, PACCUATAHHBIA MO [JaHHbIM
3TUX Tpex maccuBoB. [laHHble BennkoOpuTanuu Ha-
ypHaroTes ¢ 1850 ropa, manaeie CIIA — ¢ 1880 ropa.
Konuarorcst Bce psizibl 2012 ropom.

[lepBblit apXxuB MIOOAIBHBIX MOJEN CETOYHbIX
MaHHbIX (B S-TpalycHbIX “GoKcax’’) 3a Mepuoj MHCT-
PYMEHTAJILHBIX HAOMIOIeHUI ObUT CO3[]aH B OTJIEse
KJIMMATUYECKUX MCCIeoBaHuii YHuBepcureTa Boc-
TOYHOW AHIVIMM JJIsl aHOMAJIMii TeMnepaTypbl Npu-
3emHOro Bo3myxa Haj cymeit (Jones, 1994). IMosxke

coBmecTHO ¢ Hadley-ueHTpom OblT cO371aH Maccus,
COBMEIIAIOIIMI JAHHbIE 00 aHOMAJIMSIX TEMIEPATYPbI
NPU3EMHOTO BO3/1yXa Hajl CyllIeil C aHOMAJTUSIMU TeM-
nepaTypbl MOBEPXHOCTH OKEAHOB. B MepBbIX OlleHOU-
HbIX fokaagax MIDUK sti MaccuBbl KBaTMULU-
POBAINCh KaK Hambosee COOTBETCTBYoIIME (MO Of1-
HOPOJTHOCTH U Ka4eCTBY HAOJIO[CHNIT) TpeOOBAHUSIM
K JIAHHBIM JIJIs1 KIIMMATUYECKUX UCCIIeJOBAHUI.

B HacTosiiee Bpemsi JaHHbIE 3TOrO apXuBa MOA-
[EP>KMUBAIOTCSI COBMECTHO OT/IEJIOM KJIMMATUYECKUX
uccleioBaHnil YHuBepcurera BocTouHoit AHImu u
Hadley-nentpom (http://www.cru.uea.ac.uk/cru/).
DTO MaCCUBBI CETOYHBIX IAHHBIX 00 AHOMAJIMSIX TIPHU-
3€MHOM  TemmepaTypbl TIJO0AJbHOrO  OXBaTa
CRUTEM u HadCRUT. IlepBblil cOaepKUT TOJIBKO
JlaHHbIE O TeMIepaType BO3[yXa Ha BbICOTE 2 M Ha
KOHTHUHEHTax (surface air temperature), a BTOpOU
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OO'BEIMHSIET 3TH JIaHHBIE C JJAHHBIMU O TeMIepaType
MOBEPXHOCTHOT'O CJIOSI BOJIbI HA aKBATOPUSIX OKEAHOB
u Mopeit (sea surface temperature). OO beMHEHHbIE
nannble HadCRUT nonyunnu HaszBanue “surface tem-
perature” (HUXKe — MPUMOBEPXHOCTHASI TEMIIEPATYPA).
O6a MaccuBa CETOYHBIX JIAHHBIX MOMOIHSIOTCS U yTOU-
HSIIOTCSl B KBa3UPEaIbHOM BPEMEHHU U JIOCTYIHbI Ha UH-
tepuer-caiite CRU http://www.cru.uea.ac.uk/cru.
3nech ke JOCTYIHBI JIaHHbIe CTAHIMOHHBIX HAOJHONIe-
HHI, KOTOpbIe ObUIM WCIIONh30BaHbLI MPH TMOJIrOTOBKE
CETOYHBIX MACCUBOB.

IocnenHsist OOHOBIEHHAs! BEPCUSL 3TUX MaCCUBOB
(CRUTEM4, HadCRUT4) crana JoCcTymHA Ha 3TOM
caitre B 2012 ropy (¢ manabivu o 2010 ) u npoyite-
Ha o 2012 r. B Havane 2013 ropma. B cpaBHenuu c
npenbinyiieit Bepcuein (CRUTEM3, HadCRUT3), B
HUX 3HAUUTEJIHLHO YJIy4llleHa OCBEILEHHOCTh JaHHbI-
MU B APKTHKE 32 CUET BKJIIOUEHUS IONMOJTHUTENbHBIX
cranumi Poccum n Kanajipl, a Takke B 9KBaTOpUasb-
HOM Tosice — 3a cueT cTaHuuil ABctpamuu. Kpome
TOTO, MCTOJIB3YEeTCsI HOBAsi, 3aHOBO OTKOPPEKTHUPO-
BaHHAas1 BEPCHS JJAHHBIX O TEMIepaType MOBEPXHOCTH
okeanoB HadSST3, B KOTOPOI1 UCKITIOUSHBI UHCTPY-
MEHTaJIbHbIE HEOJJHOPOJIHOCTH M3MEPEHUI B MEPHUOJ]
BTOPOil MUPOBOI1 BOMHBI U B KOHIIE Tieprofia (C KOH-
na 1990-x). MeTtogrka 0O6paGOTKM JaHHBIX B MPO-
[[ecce CO3J/laHusl ITUX MACCHMBOB, aHAJIN3 UCTOYHUKOB
HEOJIHOPOIHOCTH U METOJIUKA MOCTPOCHUS TI00aIb-
HO OCpEJTHEHHbIX BPEMEHHbIX PSJIOB U COOTBETCTBY-
IOLUX IOBEPUTETHLHBIX MHTEPBAIOB MOIPOOHO OMU-
canbl B paborax (Jones et al., 2012; Morice et al.,
2012; Kennedy et al., 2011; Rayner et al., 2006;
Menne, Williams, 2009).

JlaHHbIE aMEepUKAHCKUX IEHTPOB TaKXe CHUCTe-
MaTUYECKH TOTIOTHSIOTCS ¥ KOPPEKTUPYIOTCST HA OC-
HoBe craHumonHbIx HaOmonennit GHCN (Peterson,
Vose, 1997; Lawrimore et al., 2011). MoxHo cun-
TaTh, YTO UCTOYHUK JJAHHBIX BO BCEX TPEX MaCCUBAX
OJIVH U TOT K€, HO METOIKA UX 00pabOTKM pa3Has u
BBITIOJIHSIETCS PA3HbIMKM KOJUIEKTHBAMHU YYeHbIX. B
OTpefieNIEHHON Mepe MacCHUBbI MOXKHO CUMTATh He3a-
BUCUMBbIMM, 2 CPaBHEHME MOJY4YaeMbIX MO HUM pe-
3yJIBTaTOB — BaXKHON U HEOOXOMMON COCTABIISIFOLIEH
AMIUPUYECKUX UCCIIEIOBAHUI U BBLIBOJIOB O COBpe-
MEHHBIX TEHJICHIMSIX B W3MEHEHWM KJMMaTa y To-
BEPXHOCTH 3eMJIH TI0 JlaHHbIM HaOrofeHnid. [Tonesno
TaK>Ke MIMETh B BUTy aKTHBHYIO MEXXTyHAPOHYIO Jie-
STETLHOCTD TI0O TOMOTEeHM3AIMN TAHHBIX HAOJIOICHUI

U TIOATOTOBKE MACCHBOB C JJAHHBIMU YJIYYILIEHHOTO
Ka4yecTBa, MPUrOfIHBIMU JIIsl KIIMMAaTUYECKUX UCClie-
nosanmii (Thorne et al., 2011).

Bosspaiasics k puc. 1.2.1, ormetum, 4To cpaB-
HUTEJLHOMY aHAJM3y paccMaTpuBaeMbIX HaOOPOB
JTAHHBIX MOCBSIIIEHO MHOXECTBO MCCJIEIOBaHMIl (Ha-
npumep, Hansen et al., 2010; Jones et al., 2012). B
HMX MOKAa3aHO, YTO PACXOXK/IEHUS JAHHbIX MpaKTHye-
CKU HE BIIMSIFOT Ha pe3yJIbTaThl 7151 KPYMHBIX PEruo-
HOB UM Ha MIOOA/IbHbIE 3aKOHOMEPHOCTH M OLEHKHU
TeHaeHuui. [Ipu 3ToM pacxoxjeHust psijjoB Oosee 3a-
MeTHbl B XIX — Havane XX croneTuit, Korja cyue-
CTBEHHO BbIIIe HEONPEEICHHOCTh OLEHOK U IIUpe
JIOBEPUTEIIbHbIE UHTEPBAJIBI.

Iukn u3 tpex crareit (Met Office, 2013a, 6, B) ¢
aHanu3oM HoBbIX AaHHbIX Hadley/CRU pa3mernen Ha
caitite http://www.cru.uea.ac.uk/cru/ u B pacumpen-
HOM BapuaHrte omny6nukoBad B (Blunden, Arndt,
2013). B xope mo6ansHbix Temneparyp HadCRUTA4,
B CPaBHEHUM C NpefbIyLIeil Bepcueil, 3aMeTHbI Onpe-
JIeIeHHbIE U3MEHEHMs], TaK1e KaK PAHIOBbIE XapaKTe-
PUCTUKM HAOIOlaeMbIX aHOMAJINIA, YACIIOBbIE 3HAYE-
HUSI OLIEHOK TPeHAO0B U Ap. OpHako oOumii Xxapaktep
psga u 3ameqieHre norerieHns ¢ Korna 1990-x co-
XpaHWINCh. B pe3ynbrare aHanm3a COMYTCTBYIOIIMX
M3MEHEHWI1 B JIPyTMX XapaKTepUCTUKAX KJIMMaThye-
CKoil cucTeMbl, aBTopbI (KomtekTuB Met Office) npu-
LA K CJSAYIOIIMM TPEM BbIBOJIAM.

* HaGmoaeMble M3MEHEHUs psjla KJIMMaThuye-
CKHUX MEPEMEHHBIX HE COITIACyIOTCs C BBIBOJIOM O 3a-
MeJJIEHUH T7100aIbHOrO MOTEIUIEHHsI B TeYEeHHUe MoC-
neqaux 15 et (puc. 1.2.2). K Hum oTHOCSTCS, B Ya-
CTHOCTH: IPOJOJIKAOLIEeCs YBeJIMYEeHUe Temiepa-
TYpbI IPU3EMHOTO BO3/lyXa Hajl CyLIel 3eMHOro 1l1a-
pa 1 0coOGeHHO B APKTUYECKOM PErvoHe; TOBbIIIe-
HUe TIIO0ATBHOTO YPOBHSI MOPSI; TPOIOJIKAIOIIEECs
TOBBIIIEHNE TETUIOCOMICPYKaHNs OKeaHa (OCOOEHHO B
Bepxtem 800-MeTpOBOM cJioe) u fIp.

* [IpnunHa HaOmrogaeMoil “naysbl” B MOBBILLIE-
HUM NIPU3EMHON TEMIIEpaTypbl MOXKET ObIThH CBs3aHa
C mepepacnpefieJieHueM Terula MEXKAy BEPXHUMHU U
ITyOOKHMMM CIIOSIMU OKEaHa, B KOTOPOM KJIFOUYEBYIO
POJIb aBTOPBI OTBOAAT TXOMY OKeaHy.

* CoBpeMeHHas “‘Tiay3a” B NPU3EMHOM MOTEIJIe-
HUU HE MOXKET OLYTMMO U3MEHUTh PUCKHU CYLIECT-
BEHHOIO MOTEMJIEHUs] 3eMIIU K KOHILY CTOJIETHS.

TiaTe bHBIN HE3aBUCUMBIN aHAINM3 JJaHHBIX
HadCRUT4 (B cpaBuennn ¢ HadCRUT3 u maccu-

[ 3
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Puc. 1.2.2. HabntogeHns coBpeMeHHOM nay3bl B MPU3EeMHOM MOTEeNIeHnn (CBepXy BHU3): rnobanbHO OCpeaHEHHbIe
aHoManuu cpegHerofoBom TemnepaTypbl No gaHHbiM HadCRUT4, CRUTEM4, HadSST3 (oTH. 1961-1990 rr.); aHo-
Manug TennoconepxaHnsa okeaHa B cioe 0-800 m (oTH. 1951-2006 rr.); rnobanbHO OCPEAHEHHbI CPeAHEr0A0BOM
YPOBEHb MOPS; CrIaXeHHbI X04 aHOManMin TemnepaTypbl MPU3EeMHOro Bosayxa Hag cylein B nosce 65-90 c.u.
(oTH. 1861-1900 rr.). Nepuroapl 3aMmenneHns NoTENIeHNs y NOBEPXHOCTN 3EeM/IM MOKa3aHbl CEPbIMM MOJI0OCAMMU.
BepTuKanbHble NMHUM YKa3bIBAIOT rogpl raBHbIX n3BepxxeHuin BynkaHoB (Met Office, 2013: a — puc. 4 ;6 — puc. 1).

BaMu Apyrux 1eHtpos) BbimonHeH B (Kevin, 2012).
C. KeBuH cocpeforouns BHMMaHue Ha 1998 r., ko-
TOPBII, KaK TOYKA TIOCJICIHETO MaKCMMyMa Ha Kpu-
BOI1 M100AJILHOIM TeMINepaTypbl, BO MHOTOM ONpefie-
JIWJT TIOSIBJIGHUE MOCJIEYIOIIMX HUCXOMSIIMX TEH-
AeHuMii. I71aBHBI BBIBOJ aBTOpa: ‘“‘TIEPEJIOMHbINA”
xapakTep 1998 ropga ObuT apTedakToM, CIEACTBU-
€M, N0 MEHbIlIel Mepe, BYX MCTOYHMKOB HEOJHO-
POIHOCTH BO BPEMEHHBIX psjlax INI00AJbHOM TemMIe-
patypbl. Bo-mepBbIX, miioxas OCBEUIEHHOCTH TI0-
JISIPHBIX MHPOT (CEBEPHBIX U FOXKHbIX ) JAHHBIMU Ha-
o6monenuii B MaccuBe HadCRUT3 wu, BO-BTOpBIX,
ucnosnb3oBanue ¢ 1998 ropa B HadSST2 onepartus-
HbIX naHHbIX NCEP/NCAR BMecTo Bepuduimpo-

BaHHbIX JaHHbIX ICOADS. O6a stu daxropa, no
3akmoueHnto C. KeBuHa, B HOBOI1 BepCcHUM JAHHBIX
Hadley/CRU yuTeHbl, 1 JaHHBIE XOPOIIO COITIACy-
IOTCsI C JIAHHBIMHU JIPYTUX BEAYIIMX IEHTPOB (puc.
1.2.1). Takum oOpa3om, HOBasl BepcHsl JAHHBIX
Hadley/CRU (maccuoi CRUTEM4, HadSSTS3,
HadCRUT4) MokeT paccMaTprBaTLCS KakK OJIMH U3
Han0OoJiee MPOABUHYTHIX W TMOJHBIX HMCTOYHUKOB
M100AJIbHBIX JJAHHBIX MHCTPYMEHTAJIbHbIX HAOIOe-
HUI 33 TEMIIEPATypPOI y MOBEPXHOCTU 3EMHOIO Ll1a-
pa. OpgHako, 3aK/IIOYUATENBHBIE BBIBOABI O COBpE-
MEHHBIX W3MEHEHMSIX KJIMMaTa LiejiecooOpa3Ho Oa-
3UpOBATh HA COMIACYIOLMXCS OLEHKAX HECKOJIbKUX
HE3aBUCHUMBIX UCTOYHUKOB.

o
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Ha puc. 1.2.3 npuBefieH X0 CpeHErof0BOI IJIO-
0aNbHO OCPEJHEHHON AHOMAJUM MPUMNOBEPXHOCTHON
Temnepatypbl 1o anabiM HadCRUT4 3a 1850-2012 rr.
(mo cocrostruro Ha 09.02.2013 ). 3pech ke npuBesieH
XOJl CPE[HErojIoBOM aHOMaJMU TeMIepaTypbl NpHU3EM-
HOro Bo3Ayxa Haj cymeil CeBepHOro Moymapusi mo
nanibiM CRUTEM4. Ananoruusble CriaxeHHble KpH-
BbIE JIJTSI IPEMIBIYILEN BEPCUM TAHHBIX MOKA3aHbI Kpac-
HBIMU JIUHUSIMUL.

MOXKHO BUETb, YTO B XOJie IVIOOAILHON Temrie-
paTtypbl B HOBOWl BEPCHM JIaHHBIX CITIAWJICS MUHU-
MyM 1940-1970-x 1 HECKOIILKO MOBLICUIIUCH 3HAYE-
Hus B Havyase psina, B 1910-1930 u B 2000-x ropax.

B xopie Temmeparypbl BO3AyXa HaJ, KOHTUHEHTAMU
CeBepHOro MoJylIapusi pa3inuusi MeX/y JAByMsl TIO-
CJIE[IHUMU BEPCUSIMHM JIaHHBIX 3aMETHBI JIMIIbL Ha
“xBocrax” psiga: npuMepHo 1o 1886 . Temneparypa
OblTa 3aBblllIeHa, a ¢ KoHIa 1990-x — 3aHmKeHa.

B cooTBeTCTBIM C ITVMU JAHHBLIMU, 1JIsT 3€MHO-
ro mapa caMbiM TeruibiM oka3zascst 2010 rog, 3a HUM
2005 n 1998. CooTBeTcTBYIOIIME M AaHOMAJIMN PaB-
HbI +0.540, +0.536, +0.523°C (paznuyuust B pejesiax
ToyHOCTH pacuera). st cynm CeBepHOro mosyiia-
pust cambiMu TemibiMu 661 2007, 2010 1 2005 .,
¢ anomaymmsivu +1.15, +1.08 u +1.02°C. CnenyeT oT-
METUTh, 4TO U3 12 MakCUMAJIbHBIX 3HAYEHUH [JIO-

3eMHOH map
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Puc. 1.2.83. lameHeHuns cpeaHerogoBoin NpuUnoBEPXHOCTHOW TEMMEPATYPbl, OCPEAHEHHON MO TEPPUTOPUN 3EMHO-
ro wapa (aaHHble HadCRUT4) n CesepHoro nonytuapus (cywa, naHHeie CRUTEM4) B OTKNOHEHUSX OT CpeaHuX 3a
1961-1990 rr. XunpHble KpuBble Noka3biBalOT X0, 11-NeTHUX CKOMb3ALLNX cpeaHnx. BepTukanbHbIMU OTpe3kamMu
nokasaH 95%-1 noBepuUTenbHbI MHTepBan ansa 11-neTHux cpeaHnx (ownbKM NPOCTPAHCTBEHHORO OCPEAHEHUS U
HapyLLIEHN 0QHOPOAHOCTU HE yYnUTbIBANNCL). KpacHbIMM NMHMUSMUM NokadaH xof, 11-neTHuUX cpegHux no AaHHbIM

HadCRUT3 n CRUTEM3, cooTBETCTBEHHO.
( 41
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OaJIbHOI CPEHErOf0BOM TEMIEPATYPhI JIMIIL OJIHO
OTHOCHTCSI K mporuiomy croietuto (3a 1998 ron),
octanbble 11 — Bce u3 2000-x. DTOT hakT BUJCH U
Ha puc. 1.2.3 (kak jiyist 3eMHOTO 1apa, Tak | Jijisi Cy-
1 CeBEpPHOTo MOJTyIapusi ).

B xope mo6GanbHBIX TeMmneparyp, Kak U B IMpe-
AbIIYLIEH BEPCUM JJAHHBIX, BBIJIEJSIFOTCSl TPU TIEpUO-
na: morertenre 1910-1945 rr, cna6oe moxonoganme
19461975 rr. (mociie KOPPEKTUPOBKHM JTAHHBIX CTAJIO
eme Gosee crtabbiM) 1 HAMOOJIee MHTEHCUBHOE TTOTe-
naenne nocie 1976 ropga. Ha cerogusiinmii ieHb, B
pe3yJbTaTe MHOTOUMCIIEHHBIX 9KCTIEPUMEHTOB C COB-
mecTHbME Mopiesisimu MOITAO (Taylor et al., 2012),
sICHO, uTo norerienue B nocienauue 30-40 ner, B
3HAYUTEJILHON CTENEeHU OOYCJIOBJEHO YBEJIMYEHUEM
KOHILIEHTPAMK TAPHUKOBBIX Ta3oB. Takke BBISICHU-
JI0Ch, YTO MOJIETIM HE BOCMIPOM3BO/AT HU MOTETUICHNUE
1910-1945 rr., a1 noxonopanue 1946-1975 rr.

HaGmoflaemoe B Hacrosiiiee Bpemsi M3MEHEHue
r00aTLHON TeMnepaTypbl M0 aHHBIM JIByX TOCJHe/-
Hux Bepcuil apxuBa Hadley/CRU xapaktepusyercs
OLICHKaMM JIMHEWHBIX TPeHyIoB B Tabm. 1.2.1. Pacxoxk-
nennst Mexxy HuMu HeGombime: o 0.007°C/10mer
mnst mHEbIX nepuoioB 1 o 0.03°C/10 ner puis
30-40-netHux nepuonos. Temneparypa Bo3yxa Hajl
CylIEll CEBEPHOro MOIyLIApUsl ONpPEAENIEHHO Ooree
YyBCTBUTEJIbHA K TJIOOATBLHOMY MOTEIUICHUIO, YeM
TeMIepaTypa NoBEepXHOCTH OKeaHa (Cy/ist o cyMMap-
HBIM OLIEHKaM ). B 1leJIoM, OlIeHKH YKa3bIBAIOT Ha MPO-
foiKatolieecs: modanbHoe noreruieHue. [Ipu srom
Havyaso XXI Beka ocTaeTcst caMbIM TeIIIbIM 12-11eTH-
€M 3a MEePUOJ] MHCTPYMEHTAJbHBIX HAOMIOfIeHUI, HO
BHYTPU HErO MOHOTOHHOTO MOTEMJIEHUs] HE HaOo/1a-
eTcsl. DTO BbI3BAJIO AKTUBHYIO IMCKYCCHIO HAyUYHOTO
cooOwecTBa. [TosIBUIMCH MHOTOYMCIIEHHBIE 3asiBJIe-
HHSI O TIpEKPAIlleHU! TTI00ATLHOTO MOTETUICHNSI U Jla-
K€ 0 Hauajie MIo0aTbHOTO MOXOJIONAHUSI.

B wactaocTH, B 2012 . Gosbinasi AUCKyccusi pas-
BEpHyJIach Ha caiite rasetbl Mail Online nocne cra-
toi (Rose, 2012). B uenTpe 3T0# AUCKYCCUM — MPO-
TUBOTIOJIOXKHASI MHTEpNpeTalus HabmoaaeMoro (ak-
Ta ydyeHbIMU-kKauMaTodoramu @. JIxoyH3 (Met
Office, Yuusepcurer Bocrtounoit Anrmmm) u JIK.
Kappu (Texuuueckuii yHuBepcuteT JIKOpIKNH,
CIIA). ITpod. k. Kappu cunraet, 4To KIMMaTnye-
CKM€ MOJIEJIU TPU BCEM UX CIIOXKHOCTH MOKA HECOBEP-
LIEHHbI U YTO B T€UEHUE MOCIEIHUX JIBYX JECSITHUIIEe-
THI €CTEeCTBEHHAs] M3MEHUYMBOCTH (BJIMSIHME TaKUX

42)
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(pakTOpOB, KaK JOArONEPUOHbIE LIMKIIbI TEMIIEPATY-
Pbl B OKEaHaX U COJIHEYHAsl pajiialysi), TOMUHUPYET
HaJ addekToM TermnmyHoro noremjeHus. IIpod.
®un [IKOyH3, OJJHAKO, CUMTALT, 4YTO 15-JIeTHero mne-
pHoJia HEAOCTATOYHO /17151 MOIOOHBIX YTBEPKACHUI U
YTO HbIHEIIHEE JECSITUIETHE, N0 €r0 MHEHUIO, T0-
npeKHeMY Oy/JIeT CaMbIM TEIUIbIM 32 NEPUOJ] UHCTPY-
MEHTAJILHBIX HAOIIO/ICHUIA.

IMosums Begyupx cnenramictoB NASA (GISS,
Wucturyr Kocmmyeckux wuccienoBanmii  CIIA)
copmysmmpoBana B padore (Hansen et al., 2012):
“...IPOJIOJKAIOIIMIACS TIJITAHETapHbIA  UcOaaHC
sHepruu u ObicTpoe yBenuuyenue smuccun CO, yka-
3bIBAIOT, UTO INI00ATBHOE MOTEIIeH!e Oy/IeT MPOJIoJ-
Katbest Ha MacmTabax 10-neruit. Kpome Toro, B co-
OTBETCTBUHU C HALIMM MOHMMAHUEM POJIM €CTECTBEH-
HOW M3MEHUYMBOCTU B U3MEHEHUU TeMIEpaTyphbl IPO-
uioro 10-neTus, rmobasnbHasi TeMneparypa JI0/KHA
3HAUUTENBHO MOBBICUTHLCS 32 CIAESAYIOLE HECKOILKO
JIeT, TaK KaK TPOMUKU HEM30EXKHO MPUOIMKAIOTCS K
caenyroieii gaze nb-Hunubo”.

Ewe Oonee onpeneneHHas popMyJIMpOBKa JlaHa
B exxerogHoMm 3asisnenn BMO o cocTossHuM Kimma-
ta B 2012 r.: “EcrecTBeHHas U3BMEHYMBOCTD KJIMMAaTa,
00yCJIOBJIEHHAs! TAKUMU SIBJICHUSIMU, KakK Db-HUHBO
u Jla-Hunba, oka3pIBaeT BIMSHUE HA BEJIMUMHY TEM-
nepaTypbl M aTMOC(EPHBIX OCAIKOB (OT CE30HHBIX
110 TOI0BbIX). OJIHAKO OHU HE M3MEHSIFOT OCHOBHYIO
JIOJITOCPOYHYIO TEH/ICHIMIO TOBBILLIEHUST TEMIIEPaTyp
BCJIE[ICTBME AHTPOMOINeHHOr0 WM3MEHEeHus Kimmara”
(mpecc-pesmz BMO Ne 966 ot 28 nHosiopst 2012 1).

Ha Texkyiiumiit MOMEHT uccreioBaHue ro0anbHO-
ro NMOTEMNJIeHUs], €ro MPUYNH, COBPEMEHHOT'O COCTOSI-
HMS U NepCHeKkTUB npopospkatoTes. IIpogomkatores
U IUCKYCCUU — TJIABHBIM 00Pa30oM, BOKPYT JIBYX BOTI-
POCOB: “NPUYMHBI MNIOOATLHOrO MOTEIUIEHUST” U “‘Ha-
omofaemMas nays3a B moOajqbHOM nortemieHun”. Ha
NepBbIil BONPOC — O NPUYMHAX COBPEMEHHOTO MOTET-
JIEHUs1 — OJTHO3HAYHbIN OTBET ObLT CPOPMYJIMPOBAH B
(IPCC, 2007) Ha OCHOBE 9KCIIEPUMEHTOB C KJIMMATH-
YECKMMU MOJIEJISIMU: TIPUYMHA — B YBEJIMUEHUU KOH-
LUEHTpalMM TAapHUKOBbIX ra3oB. Ha ceropHsiuHuii
fieHn, cebitasich Ha (Cook et al., 2013), MoxxHO cum-
TaTh, YTO KOHCEHCYC B HAYYHOM MHUpE IO 3TOMY BO-
NpOCY NPAKTUUECKU JOCTUTHYT — aOCOMOTHOE OO0JTh-
IIMHCTBO crienuancToB (6onee 98% ) He comHeBa-
IOTCSl B €r0 aHTPOMNOreHHoM mnpoucxoxjeHuu. Ilo
BTOPOMY BOITPOCY — HabtofjaeMas B oCJIefIHAE TOfbl

o
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Tabauya 1.2.1. Kosghguyuenmot auneiinoeo mpenoa cpeone2000801 memnepantypbl, 0CpeoOHeHHOl No
meppumopuu 3emnozo wapa (3I), ceseprozo (CII) u roncrnozo (FOI1) noaywapuii

Iepuon HadCRUT (cyma+okeaHbl) CRUTEM (cyma)
31 (91} o1 (91}

Hadley/CRU-4 (HadCRUT4, CRUTEM4)

1901-2012 0.075 0.079 0.071 0.105

1976-2012 0.166 0.229 0.103 0.328
Hadley/CRU-3 (HadCRUT3, CRUTEM3)

1901-2012 0.076 0.077 0.074 0.098

1976-2012 0.155 0.205 0.104 0.304

IIpumeuanue. Pacyer BbInosiHeH 1o jaHHbIM Benko6puranuu, Hadley Center & CRU, Bepcuit 4 u 3. KoaduimeHTbl TpeH-
na BeipaskeHbl B °C/10 net. Bee ouenku craructudecky 3HaunMbl Ha ypoBHe o = 0.01% (Bkuag B aucnepcuro ot 60 1o 90 %).

“nay3a” B M0OAJLHOM MOTEIUVIEHUM, €€ MPUYMHBI U
NEePCNEeKTUBbl — TAKOW ONPEJIeIEHHOCTU MOKa HET.
[IpencraBasiercsi, 4To0 HamboJEE YETKO U MOAPOOHO
sra npobiema o6osHauena B (Met Office, 2013b),
I7ie MpeCTaBJIeHbl BOBMOXKHbIE (DU3NYECKUEe MPUIU-
Hbl U C(pOPMYJIMPOBAHBI BOMPOCHI, TPEOYIOIIME UC-
CIIe/IOBaHMs JIsl pelleHust JaHHOH npobuembl. OfHa-
KO OJIMH, Ha HAll B3IVISAJ] BaXKHbIN, pe3yJbTaT B 3TON
paboTe yxe MOTy4YeH.

Ha ocHOBe KOHTpPOJBHOTO MPOrOHAa MOJEIU
HadCM3 (Met Office) Ha HeckonbKo Thicsiu (Gonee
6) neT GbLIM MOCTPOEHBI PACTIPE/IEICHNsI BEPOSITHO-
ctu 10-, 15-, 20- u 30-1eTHUX TPEHOB IOOAILHO
OCPEJIHEHHO! TeMIIepaTypbl B IByX BapHaHTax: 0e3
noaronepuoiHoro Tpena u ¢ Tperom 0.2°C/10 et
(amanor Tpenaa B konue 20-ro cronerusi). 3amaua
3aKJII0YajJach B CPABHEHUM IOJYYEHHBIX B 3THX
rpyMnax pacnpejie/ieHuil B TOUKax peasibHbiX (110 Ha-
omonennsiv) MHK-omeHOK TpeHoB 3a MOCIeHne
10-15-20-30 ntet. B pe3ynbrare cpaBHEHHsI ClICTIAHbI
BBIBOJIbI:

— pa3nuune MOXKET ObITh HajIeXKHO YCTAHOBJIE-
HO TOJILKO st 30-71leTHUX U Goliee JIUTETbLHBIX
TPEHJIOB;

— 10-neTHue may3bl BOHHUKAIOT, TI0 KpaiHeil Me-
pe, MBaXKJIbl 32 CTOJIETHE TOJLKO BCIEJICTBUE BHYT-
PEHHUX (DITFOKTYaLUI;

— MAJIOBEPOSITHO BO3HUKHOBEHUE May3 JJIUTElNb-
HocThio 20 1 Gonee neT 6e3 KaKux-Jmbo M3MEeHEeHMI
BHEUIHKUX “‘(hOpcHHrOB” (3a CYET TOJILKO €CTEeCTBEH-
HOI1, BHYTPCHHE! N3MEHIUBOCTH ).

[ToHATHO, YTO AaHHBIA pe3yJbTaT CJefyeT pac-
CMaTpMBaTh KaK MpeaBapuTenbHblid. Ero Hy>Ho mo-
BTOPUTH C MCTIOIb30BaHNEM HECKOJIBKMX Pa3HbIX MO-

[ieNieli U 1151 Pa3HbIX OLICHOK HAOJIOaEMbIX TPEHJIOB.
OpHako yxe ceifyac sICHO, YTO FTOBOPUTH O MPEKpa-
LICHUU TOTEIJIeHUsI KaK 00 YCTAHOBJIEHHOM (pakTe
noka mnpexjaeBpeMeHHo. HyskHbl crneupalibHble uC-
cliefioBaHus 1 OoJjiee JeTabHbIE U JJTUTEJbHBIE JIaH-
Hble HAOJTIOJICHUI.

1.2.3. KnumaTtuyeckue u3sMeHeHHs TeMnepa-
TypbI Ha Tepputopun Poccun

Jlnist vccneoBaHusl KIMMATUYECKUX M3MEHEHUI
TeMIepaTypbl Ha Tepputopun Poccum B HacTosiein
paboTe MCHONb30BaHbI JIOCTYNHbIE IAHHbIE UHCTPY-
MEHTAJIbHBIX HAOJIOJICHNII Ha HAIMOHAIBLHON CeTH
METEOPOJIOTUUECKUX CTAHIWIA, OXBATHIBAIOLIHE JIOC-
TATOYHO JUIMTEJILHBIA TEpUoJ, BpeMeHH (C KOHIA
1880-x rr.). [IpuBesicHHbIE HIKE OLEHKH MOJTYYEHbI
10 IaHHBIM 455 cTaHIuil, pacTONOKEHHBIX HA TePpU-
Topun Poccun v conpeNiesbHbIX ToCyiapceTB (M3 HUX
poccuiickux cranumii — 310). DTu gaHHbIC UCTIONB3Y-
IOTCS B ONEPATUBHO JIEVCTBYIOLIEN TEXHOJOTUUA MO-
HATOPWHTA Tpu3eMHOoro kimmara Poccun (OI'BY
NT'KD Pocrugpomera u PAH). [TaHHbIe HAKOIMICHbI
3a mepuoy; ¢ 1886 ropga m mojIepXKUBarOTCST B 6as3e
nanbix UTKD (cm. http://climatechange.su). Mac-
cuB ObUT co3zian B cepenuae 1980-x; B cocTaB cTaH-
Uil ObUTY BKJTFOUCHBI PAKTUIECKH BCe (DyHKIMOHM-
pyIolIre Ha TOT MOMEHT CTaHiuu (repearoliye Te-
gerpammbl KIITMMAT no cetu rino0anbHOR TesiecBsi-
31) ¢ HavasioM HaoJrofeHnii He mosxke 1951 roga. Be-
pucuKanysi ¥ KOHTPOJIb JAaHHBIX (BKIIIOYAsi CTATH-
CTHUYECKUI KOHTPOJIb C WCIOJIb30BAaHUEM CBSI3HOCTHU
HaOJTIOJIEHUIT BO BPEMEHH 1 IIPOCTPAHCTBE U BU3Yallb-
HBIIl aHAJIM3 BHIOPOCOB) BBIMOJIHSJINCH HAa BCEX ITa-
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Tabauya 1.2.2. CpasHumenbHbvle OYeHKU AUHEIHO0 MPeHOA CPeOHell 20008011 U CE30HHOI MeMnepamypbol
NPUIEMHO20 8030yXd 8 cpedHem no meppumopuu Poccuu 3a 1976-2006 u 19762012 22

Poccuiickast ®enepanusi 1976-2006 1976-2012

b D o b D o
Ton 0.43 28% 0.2% 0.43 36% 0.0%
3uma 0.35 4% 28.1% 0.18 2% 40.4%
Becna 0.52 19% 1.4% 0.56 30% 0.0%
Jleto 0.41 47% 0.0% 0.44 59% 0.0%
OceHb 0.43 12% 5.6% 0.54 27% 0.1%

Yea. obosnauenus: b — xosdpduupent mmneiinoro tpenpa (°C/10 ner), D — Bkuan Tpenpa B gucnepcuto (%), oy —

KpI/ITI/I‘-IeCKI/Iﬁ YPOBE€HL 3HAYMMOCTH.

C
D
=

2.0

Poccus

1.6
1.2

0.8

[t

0.4
0.0

-0.4

——0-~=_'

-0.8
-1.2 ¢

-1.6

OtkioneHuss oT cpemuert 3a 1961-1990 rr. (

-2.0

1880 1895

1910

1925 1940

1955

1970

1985 2000 2015

Puc. 1.2.4. N"SmeHeHnsa aHOManum cpegHerogoBov TemMnepartypbl NMPU3EMHOro BO3a4yxa, OCPeaHEHHbIX
no Tepputopun Poccunun, B TeueHne 1886-2012 rr.
AHOMaInnM paccyYnTaHbl Kak OTK/IOHEeHus1 oT cpeaHux 3a 1961-1990 rr. )XKupHasi KpuBasi nokas3blBaeT
Cr/iaXeHHbIi xon Temnepatypbl (11-n1eTHue ckonb3sime cpenHuve). BepTukasibHbIMyY OTpe3kamMu rokasaH
95%-ii goBepuTenbHbIi nHTEpBan aAns 11-netHux cpeaHux (6e3 yyeta OWMOBOK MPOCTPAHCTBEHHOIO
ocpenHeHus N HapyLueHui oaqHopoaHocCTH). loka3aH nHeiHbIv TpeHa 3a 1976-2012 rr.
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nax KOMIUIEKTAlMM MacChBa U €ro MOMOJIHEHUS JJaH-
HbIMU TEKYIIMX HAOJFOEHNIA.

HononuurensHo otMeTnM, 4to K 1936 . komm-
YeCTBO JIeHiCTBYIOIMX cTaHuuil (13 455) cocTaBuiio
338. B nepuop 1951-1990 ¢pyHkimonnpoBaiu Bce
455 cranmmit, Ho B 1990-X IT. 9acTh pOCCHUIICKMX
CTaHUMI Obljla 3aKpbITa, a JJAHHbIE CTAHLUMI COMpe-
nenbHbIX rocyapcts (ObiBinme pecny6iuku CCCP)
CTaJIM MEHee JJOCTYNHbI. HenpepbiBHbIE HAOMIONEHNS
B TEUEHHE BCEro CTOJeTHsl COXPAaHWINCH JIMIIb Ha
156 cranmusix ObBiiero CCCP, u3 KoTopbix 60IIb-
masl 4acTh pacrnojiokeHa Ha EBponeickoi TeppuTo-
pUM CTPaHBI.

1.2.3.1. Temnepamypa 6030yxa, ocpeOHeHHA:
no meppumopuu Poccuu

Ha puc. 1.2.4 npuBeneH BpeMeHHO! Psiji Cpe/IHE-
rOJIOBBIX aHOMAJIMI TeMIepaTypbl PU3EMHOIO BO3-
llyXa, OCPE[HEHHbIX 1O Tepputopun Poccum, a Ha
puc. 1.2.5 — aHaorn4HbIe psiybl JIsT CE30HHBIX aHO-
Manuil. 371ech, KaK ¥ B TI00AJIbHBIX BPEMEHHBIX psi-
nax (puc. 1.2.3), neprop mocsre 1976 ropa BoiensieT-
Cs1 Kak Meproji HanboJiee MHTEHCUBHOTO MOTEIICHHSI.
CaMbIM TEIUILIM 3a 3TOT MEPUOJ ISl TEPPUTOPUN
Poccun okazancsa 2007 rop, korjga cpejiHeroioBast
TeMIepaTypa MNpeBbICUIA KJIMMATUYECKYIO HOPMY
1961-1990 rr. Ha +2.10°C — 3HaueHME, MaKCUMAJIb-
Hoe 3a nepuoyi ¢ 1886 ropa. [Ipenpinyme Makcumy-
MbI 3acpukcupoBanbl B 1995 u 2008 rr., korja npeBbi-
tieHust Hopmbl coctaBuim +2.07°C u +1.85°C, coor-
BETCTBEHHO. VI3 CE30HHBIX BpPEeMEHHBbIX PsifloB (puc.
1.2.5) BeifgensieTcst KpuBasi [isi JIETHETO CE30HA, Ha
KOTOpOI TpH TOCJeAHUX rofa, BMecte ¢ 1998, Bo-
IIUT B TIEPBYIO YeTBEpPKY cambIX Terbix jet: 2010,
2012, 1998 u 2011 rr. (aHOMaMK, COOTBETCTBEHHO,
pasubl +1.77, +1.61, +1.45 u +1.38°C). Ouenku
TPEHJIOB JIJIsl OCPEIHEHHBIX Mo TeppuTopun Poccun
AHOMAJIMI TeMIepaTypbl, CPEJHErOJIOBbIX U CE30H-
HBIX, IPUBEJICHbI B Ta0. 1.2.2 s IByX NepHoJIOB:
19762006 rr. 1 1976-2012 rr.

MOXHO BHJIETh, UTO B 00a MEPUO/Ia, B CPETHEM
34 TOJ] M BO BCE CE30HbI, JIMHEUHBIN TPEH]] MOJIOXKMN-
TEeJIeH, TO €CTh (POPMAIILHO MOXKHO TOBOPUTH O MPO-
NOJIKAIOIIEMCSI B TE€YEHHE TMOCJIENHNX O JIET MOTeN-
nenun kimmata Poccun (¢ 1976 ropa). Cpenneroo-
Basi CKOPOCTh MOTETUICHUSI OIMHAKOBA JIJIsl 000UX T1e-
puonoB (+0.43°C/10 met), XOTS BHYTPHUIOJOBas

CTPYKTypa TOTENJIeHUs] M3MeHmaach. [locKombKy
JIIVHA TIEPUOJIOB OLCHUBAHMS pa3Hasi, CDAaBHEHUE MH-
TEHCHBHOCTHU TPEHJIOB JIy4llle OCHOBLIBAThH HA OLCH-
Kax MX CTaTUCTUYECKOI 3HAUMMOCTH Oy, TAKXKE MPH-
BEJICHHBIX B Tabyuie (HaOMHUM, YTO O, — BEPOSIT-
HOCTh OLIMOKM MEpBOrO pofa, T. €. BEPOSITHOCThb
JIOKHOTO OTKJIOHEHHMSI HyJIEBOM TUNoTe3bl). OUeHKyY
0, OyileM Ha3bIBaTh KPUTHMUYECKMM yPOBHEM 3HauM-
MOCTH, TOCKOJIbKY 3TO MUHUMAJIbHBIN YPOBEHb 3HA-
YUMOCTH, Ha KOTOPOM HYyJIeBasi TMIIOTE3a MOXKET
ObITb OTBEPrHyTA.

W3 Taba. 1.2.2 cnenyert, 94TO TpeH/| 3UMHUX TeM-
nepatyp He3HauuMm B 06a nmepuopa gaxke Ha 20%-m
yPOBHE 3HaUMMOCTH (1 3a TocJeiHue 6 JIeT cTa ele
crabee), a OCTAJIbHBIC OIEHKU C BHICOKON CTETEHBIO
YBEPEHHOCTH yKa3bIBAIOT HA MPOJIOJKEHUE TIOTETLIe-
Hus1. [unore3y 06 OTCYyTCTBUM TPEHIOB B U3MEHEHUN
TEMIEPATypbl 3TUX CE30HOB U IOfia B LIEJIOM B TeYe-
Hrue 1976-2012 rr. MOKHO OTKJIOHUTL Ha YpPOBHE
3HAUMMOCTH, 110 KpaitHei mepe, 0.1%.

1.2.3.2. Temnepamypa 8030yxa 6 peeuonax
Poccuu

[TpesicTaBieHHbIC BbIIIE OLIEHKU XapaKTepu3y-
IOT COBPEMEHHbIE TEH/ICHIMN B M3MEHEHUN TeMIle-
patypHoro pexuma Poccum mimb B cpefHEM TIO
Bcell Tepputopuu. [nsi aHanM3za perMoHabHbBIX
0COOEHHOCTEl M3MEHEHMII KJMMaTa PacCMOTPUM
NPUHSTBbIE B TEXHOJOTMM MOHUTOPHMHIA KJMMaTa
(pusuko-reorpacpuueckue pervoHbl (Kak u B
OI_P®-1, 2008) u ®enepanbhbie okpyra PO (puc.
1.2.6). Ipanuibl perMOHOB BBIOPAHBI C YUYETOM €C-
TECTBEHHbIX (TPUPOJHBIX) TPAHMUL], AJMUHUCTPA-
TUBHOT'O JISJICHUS] U NIPUHSITBIX CXeM reorpaduue-
ckoro paitonnpoBanusi (‘‘pusnko-reorpacpuIecKme
cTpaHbI”).

BpemeHHbie psijfibl perMOHAIbHO OCPETHEHHBIX aHO-
MaJmii cpefiHerofoBoit Temmeparypsl 3a 1936-2012 rr.
(c muueitHbM TpenioM 3a 1976-2012 rr) npuBeseHsI
Ha puc. 1.2.7 nns ¢pusuko-reorpapuyeckux peruo-
HOB, a Ha puc. 1.2.8 — st pefiepalibHbIX OKPYTrOB
P®. Ouenku TpeHioB (KO3 (PUIMEHTDI JINHETHOTO
TPEH/Ia U KPUTUYECKHI YPOBEHb 3HAYMMOCTH ) TIPH-
BeJICHbI JIJIsS BCEX CE30HOB M rojja B LIEJIOM B TaOI.
1.2.3. [1ns1 cpaBHEeHUs 371eCh K€ MPHUBEJICHbI aHAJIO-
rudHbie oueHku 3a 1976-2006 rr. (u3 OJI_P®P-1,
2008). TIpexkme Bcero, ciefyeT OTMETHUThL, YTO B
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Puc. 1.2.5. BpeMeHHble psagbl CE30HHbIX aHOManui Temnepatypbl MPU3EMHOro BO34yXa, OCPEOHEHHLIX MO
Tepputopun Poccun 3a 1936-2012 rr.

AHOMaINM paccynTaHbl KaKk OTKIIOHEHUS OT cpeaHeri temrnepatypbl 3a 1961-1990 rr. YepHble XupHble KpuBbIE
cooTBeTCcTBYIOT 11-netHemy crnaxuvBaHuio. [lokadaH nnHenHbI TpeHa 3a 1976-2012 rr. m ero 95%-5
JoBeputesibHas 061acTb.
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Puc. 1.2.6. ®unauko-reorpaduryeckme pernoHsl u GenepansHble okpyra PO.

19762012 rr. orpunaTesnbHble 3HaYeHUsI KO pu-
UEHTOB TPEeH/Ia MOJIyYeHbI TOJILKO [ TeMIepaTy-
Pbl 3UMHET0O Ce30Ha B JIBYX pEermoHax, 3anajHas u
Boctounas Cubupsb, u B Cudbupckom ®0O. OpgHako
BCE 3TU OLEHKU CTATHUCTUYECKU HE3HAYMMBbI, KaK 1
OLICHKM TPEHJIOB TeMIMepaTypbl 3MMHEro Ce30Ha
1976-2012 rr. iast BceX OCTabHBIX paccMaTpHUBae-
MBIX PETMOHOB (TPUTOM BCE — MOJIOXKHUTEJIBHBIE).
Heckonbko BbiensieTcst pervon [Ipuamypbe u
[Tpumopbe, 1€, cyas MO OLEHKaMm, UMEET MECTO
tpeny noremwienus: +0.44°C/10 net, KOTOpbIii, TeM
He MeHee, Ha 5%-M YpOBHE ellle CTaTUCTUIECKU
HE3HAYKM.

Bo-BTOpBIX, B OCTaJIbHbIE CE30HbI U B CPETHEM
3a rojl BO BCEX pernoHax OTMEYaeTCsl TeHACHLUS K
NOTEMNJIEHUIO, KOTOPYIO C BLICOKOI CTENEeHbIO yBe-
PEHHOCTH MOXHO CUMTATh peabHO (HyJieBasl ru-
nore3a oreepraercss npu o < 0.01, Bryots f10
0.001). He pocturnu 5%-ro ypoBHsI 3HAYUMOCTHU
MOJIOKUTENbHBIE TPeH bl B 3anagHoi Cubupn (Jie-
TOM U oceHbio), B Cpenneit Cubupu u ITpubarika-
nre-3abaiikanbe (ocenbio) u B [Ipunamypne-Tlpu-
Mopbe (BecHOI). MakcuMasbHble PEerMoHabHbIC
BEJIMYMHBI TIOTETJICHWS] OTMEYalOTCSI B PpErroHe
Bocrounasi Cubups ocenbto (+0.80°C/10 ner) u
BecHoi (+0.74°C/10 ner). HTeHCHBHOE NOTETIIe-
HUE JIeTOM oOTMevaeTcsi B cpefHeM B IOxkHoMm

(+0.78°C/10  nmer) wu Uenrpambaom PO
(+0.75°C/10 net) u ocenbto B I[IpuBomkckom PO
(+0.74°C/10 ner).

CpaBHeHUE OLEHOK PErMOHANIbHBIX TPEHIOB 3a
nBa nepuopa 1976-2006 u 1976-2012 rr. mokasbiBaer,
YTO rOJIOBbIE OLICHKU BO BCEX PETMOHAX MPAKTUYECKU
OCTaJIUCh HAa TOM e ypoBHe. OfiHaKo 3a 6 MocIeJHIX

JIET TEeHJIEHMs K NoTerieHnto knumara Poccum Bo Bee
CE30HbI, KPOME 3UMbI, CTajna Oosee yOeaUuTeabHON
(CHM3MIICS] KPUTUYECKUIT YPOBEHb 3HAYMMOCTH ), & 3H-
MO, HampoTHB, BO Bcex perumoHax, kpome EYUP u
[Tpuamypbs-IIpumMopbst 0603HAYUINCH CEPbE3HbIE OC-
HOBaHMS YCOMHUTBCS B PEATIbHOCTH MOTEIICHUSL.

1.2.3.3. Tenoenyuu cospemeHHbLx U3MEHE-
HUll memnepamypul 6030yxa

B uenoM 3a ropt 1 Bo Bce CE30HbI, KPOME 3UMBbI, Ha
Bceil Teppuropun PO (puc. 1.2.9) no-mpexuemy
MMeeT MeCTO MoTervieHue (CM., HampuMep, aHAIOT Y-
Hoe pacnpefiesienre TpengoB 3a 1976-2006 rr. B
OJII_P®-1, 2008). Haubosnbluasi CKOPOCThb yBeJde-
HUSI cpejiHeroioBoii Temrepatypsl (6osee 0.7°C/10
JeT) HaOJIofaeTCs: Ha APKTUYECKOM nobepeskbe (0T
SImaa o YykoTKM), ¢ MAKCUMYMOM Ha T1-Be TaiMbIp
BO BCE CE30HbI, KpOMeE JieTa. JIeTOM MHTEHCUBHOE MO-
TeIJIeHWe OTMevaeTcsl Ha roro-3amaje EBponeiickoit
vactu Poccun (6onee +0.8°C/10 niet). BecHoii u oce-
HbBIO IONOJIHUTEHLHO BbIJIENISIETCSl 00JaCTh aKTUBHOTO
MOTEIJICHNUsI Ha KPallHEeM CeBEPO-BOCTOKE CTPaHbI (J10
+1.2, +1.4°C/10 ner), a 3uMoil — Ha CeBepoO-3amaje
EYP u na Taitmbipe (0 +0.8°C/10 ner).

Ha ¢oHe OTHOCHTENBLHO OHOPOJHON KapTHHBI
MOTETUICHUST BBIJIENISIOTCS JIBE 00JAaCTH: FOXKHAsl Tep-
putopus 3anajgHoit COMpU M KpailHAil CeBEpO-BOC-
Tok Poccuu. IlepBast u3 Hux — ror 3anagHoit Cubupu —
BBIJICJISIETCS YK€ MPU aHAJINU3€ FOJJOBbIX TPEHJOB KakK
o01IMpHasi 06JacTh Hanbosee caaboro (Ha TEpPpPUTO-
pun Poccum) nmoreruieHusi, ¢ MUHUIMYMOM B AJrtaii-
CKOM pervoHe (TpeH/| MOJOKUTEbHbIA, OIU3KUil K
HyJ110). OJfHAKO 3Ta OLEHKA CIIOXKUIIACH B pe3yJIbTaTe
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Puc. 1.2.7. BpeMeHHble pgaabl NMPOCTPAHCTBEHHO OCPEAHEHHbIX CPEAHEroAO0BbIX aHOManuUi Temnepartypbl
NPU3eMHOro Bosayxa ansa Gpusnko-reorpadunyeckmx permoHos PO.

AHOManny paccunTaHbl Kak OTKIIOHEHWS1 OT cpeaHer Temnepatypsbl 3a 1961-1990 rr. YepHbie XupHble KpyuBbie COOTBET-
cTByIOT 11-neTHemy crinaxvBanuio. lNokasaH inHeiHbi TpeHg 3a 1976-2012 rr. n ero 95%-s1 JoBepuTeibHas 061acTs.

CYMMMPOBaHHUsI MPOTUBOIMOJIOKHBIX CE30HHBIX TEH-
JICHLMI: TOXOJIOfIaHNE 3UMHHMX CE30HOB M MHTEHCHB-
HOe TMOTemyieHne BeCeHHUX. [loJIe3HO HANOMHMTD,
YTO B 3TOM paiione TpeHbl 1976-2006 rT. moka3biBa-
JI TEHJCHIMIO K MOHMKEHUIO OCCHHUX TEMIIEPATyp,
KOTOpasi ¢ iobaBjieHreM 6 JieT CMEeHWIIach CJa0biM
noremienneM. OTMEUYEeHHOE BbIllie TIOHUKEHUE 3MM-
HUX TeMIepaTyp MpOCIEXKUBAETCS B 3TOM pailoHe C
2010 ropa.

Teppuropusi Ha KpaiiHeM ceBepo-BocTOoke Poc-
cun (Yykorka, Marajjanckast 00J1aCTh) HAXOJIUTCS B

00JIaCTH TMOJIOXKUTEJILHBIX TPEHIOB CPEIHEroI0BOM
TeMneparypsl, yobiBatoumx npumepto ot +0.7°C/10
JeT Ha apkTudeckom noodepexkne 1o +0.3°C/10 ner B
Marapiane. Ilorensienue 37ech UMEET MECTO BO BCE
CE30HbBI, KPOME 3MMbI (BECHOM M OCEHBIO BEChMa 3Ha-
unTesbHOe — 710 +1.4°C/10 sieT), HO 3UMO¥ y3Ke B Te-
YeHHe MHOTUX JIeT COXpaHseTcsl 00JacTh CYIIECT-
BEHHOro mnoxosiofanus. OfHako 3a nocaenHue 6 net
(o1 1976-2006 rr. k 1976-2012 rT.) CKOPOCTH MOXO-
JIOfIaHNS B LEHTPE 3TOM 06J1aCTH CHU3WIIACH TIPUMEp-
HO ¢ +2.0°C/10 net mo +0.8°C/10 mer.
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Puc. 1.2.8. BpeMeHHble paabl NMPOCTPAHCTBEHHO OCPEAHEHHbIX CPEOHEroAO0BbIX aHOMaIUn TemMnepaTypbl
npm3emHoro Bo3ayxa ans MepepanbHbix okpyros PO.
AHOMaINmM paccynTaHbl Kak OTKIIOHEHUs1 OT cpeaHeri Temnepartypsl 3a 1961—-1990 rr. YepHble XUpHbIe KpuBbie CO-
OTBETCTBYIOT 11-neTHemMy crinaxviBaHuio. [loka3aH nnHeviHbiv TpeHa 3a 1976-2012 rr. n ero 95%-1i foBepuUTeEsib-
Hasi obnacTe.
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Tabauya 1.2.3. Ouenku auneiino20 mpenoa pe2uoHAAbHO 0CPEOHEeHHOI MeMNepamypbl NPUIEMHO20 8030YXd 3d
19762006 u 19762012 22 0as ¢pusuxo-zeoepagpuneckux peuornos Poccuu u @edepanrbhvix 0kpy208, 8 cpeoHem 3d
200 u no cezonam: b — koagpuyuenm auneiinozo mpenoa (°C/10 aem), o) — Kpumuneckuii ypo6eHb SHAUUMOCUL

Pernon Tox 3uma Becna Jleto Ocenp

b (o2 b ay b a, b (o2 b a

®usuko-reorpacguyeckue peruousl Poccun, 1976-2006
Esponeiickast yacts P® 0.48 1 0.68 15 0.28 18 0.45 1 0.45 7
Banagnast Cubupb 0.32 5 0.26 59 0.60 6 0.22 23 0.18 59
Cpennsist Cubupb 0.46 2 0.42 45 0.58 5 0.47 0 0.24 45
[Mpubaiikanbe u 3abaiikanbe (.46 0 0.39 35 0.66 1 0.58 0 0.21 45
[Mpuamypse u [Tpumopne 0.40 0 0.52 10 0.32 12 0.26 3 0.56 0
Bocrounast Cubupb 0.42 1 -0.23 35 0.73 1 0.44 0 0.85 0
®usuko-reorpaguyeckue pernonsl Poccun, 19762012
Esporneiickast yactb P® 0.52 0 0.43 18 0.41 1 0.59 0 0.64 0
BananHas Cubupb 0.29 4 -0.09 100 0.68 0 0.19 18 0.45 7
Cpennsist Cubupb 0.43 0 0.25 56 0.66 0 0.43 0 0.39 14
[Mpubaiikanbe u 3abarikanbe (.32 1 0.06 100 0.53 1 0.52 0 0.26 14
[Mpuamypbe u [Tpumopne 0.39 0 0.44 6 0.28 9 0.36 0 0.53 0
BocTounas Cubupb 0.50 0 -0.04 100 0.74 0 0.46 0 0.80 0
®enepanbubie okpyra P®, 1976-2012

Cesepo-3anajubiii PO 0.51 0 0.58 18 0.41 4 0.48 0 0.59 1
LientpasnbHblii PO 0.59 0 0.53 14 0.44 2 0.75 0 0.64 0
IMpuBomskckuit PO 0.50 0 0.29 40 0.46 3 0.55 1 0.74 0
[OskHbIiT PO 0.54 0 0.37 18 0.37 6 0.78 0 0.65 0
Cesepo-Kaskazckuit O 0.40 0 0.27 18 0.25 7 0.54 0 0.53 1
Ypasnbsckuit @O 0.36 4 0.11 100 0.64 1 0.25 14 0.48 9
Cubupckuit O 0.30 2 -0.02 100 0.66 0 0.34 0 0.31 18
HManbHeBocTouHbI PO 0.48 0 0.20 24 0.58 0 0.46 0 0.67 0

IIpumeuanue. ZKupHpiM LIpucToM BblfiesIeHbl KO3((ULMEHTbI TPeHAA, 3HaYNMble Ha 5 %-M YPOBHE; KpPaCHBIM MOKa3aHbl Te
U3 HUX, KOTOPbIE CTaTHCTUYECKN 3HAUMMBI yKe Ha 1%-M ypoBHe.

Takum 06pa3oM, CpaBHEHUE OIIEHOK JIMHEMHOTO
TPEH/Ia TeMIepaTypbl NPU3EMHOTO BO3/lyXa 3a Ie-
puosbl 1976-2006 rr. u 1976-2012 rr. mokasa’o,
YTO OOLIMII YPOBEHb TPEHJIOB M OCHOBHBIE CE30H-
HbIE COOTHOILICHHUST 32 3TOT MEePHOJ] M3MEHUITUCH He-
cyiecTBeHHO. OCHOBHbBIE Pe3yJIbTaThl CBOJISITCS K
CTIeMIyIOLIEMY.

a) B uesom asst Poccun, cpepiHerofoBasi CKOpOCTh
norersienns He uamenmnack (+0.43°C/10 ner), HO
yBeamumics ee Bkuiay B pucnepeuto (ot 28 10 36%) u
CTalld 3aMETHEEe MEXKCE30HHbIE Pa3IM4usl TPEH/IOB.
Tak, BO Bce CE30HbBI, KPOME 3MMHET0, CKOPOCTh TOTe-
TJIEHHST HECKOJIBKO YBEJIMYMIIACh, & 3UMOI, HAMIPOTHB,
3ameTHO cHm3minach (ot 0.35 o 0.18°C/10 ner). B pe-
3yJIbTaTe, JaHHbIe HAOMIOECHUIA O TeMIepaType Mpu-
3eMHOI'0 BO3/yXa, OCpEfJHEHHbIE 10 TeppuTopun Poc-
CHH, HE TO3BOJISIIOT OTKJIOHUTh TMIIOTE3Y 00 OTCYTCT-
By notereHns B 1976-2012 rr. nuib It 3MMHETO

ce3zona (o = 40.4%); B ocTalbHBIE CE30HBI U B CPEJI-
HEM 3a Of] 9Ta FMIOTe3a OTBEPraeTcsl Ha YPOBHE 3Ha-
ymoct 0.01% (0.1% moast ocenn).

6) O6nacTi Hambolee MHTEHCHMBHOIO MOTEIie-
Husi coxpanmmick (EYP —3umoii, Cubupb — BeCHOI,
ceBepO-BOCTOK Poccru — BECHOM M OCEHBIO) 1 JIaKe
pacIUMPUIINCh: 3UMOI1 — 32 CYET CEBEPHON TEPPUTO-
puu 3ananHoii nu Cpepneint Cubupu u Jansaero Boc-
TOKa, JIETOM U OCEHBIO — 3a cueT Teppuropun EYP n
Bocrounoit Cubupu.

B) OGnacTh MOXOJNO/AHKSI 3UMHHMX CE30HOB Ha
KpailHeM ceBepo-BocToke Poccum B TedeHue
1976-2006 rr., ormeuennast 8 (O[_P®-1, 2008), co-
XpaHwiach B oneHkax 3a 1976-2012 rr. Jlononxu-
TeJbHO chOpMUPOBAACh OOLIMPHAsT 00JIACTh OXO-
Jofianusi 3uM Ha tore 3amagHoit Cubupu (OTHOCH-

tenbHo 1976 1.). B TO ke Bpemsi OTMeYeHHasi B
(O1_P®-1, 2008) 3a 1976-2006 rr. TeHaeHImsT K

o
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Punc. 1.2.9. PacnpeneneHve koadpPUUMEHTOB NIMHEWNHOro TpeHaa CPenHerofoBO U CPEedHUX CE30HHbIX
TemnepaTyp Ha Tepputopun Poccun 3a 1976-2012 rr.
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Puc. 1.2.10. PacnpeneneHne KoapPuLUMEHTOB NMHENHOIO TPEeHOa 3UMHUX TemnepaTyp Ha Tepputopun Poccun B
anHamuke ot 1976-2006 rr. k 1976-2013 rr.
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YMEHBILIEHUIO OCEHHUX TemIepaTyp Ha ceBepe 3a-
nainoit Cubupu k 2012 rogy cMeHuIach TeHAeHIMe
K CJ1a00OMy TOTEIUIEHUIO.

B koHTeKcTe M06anbHOTO MOTENJICHHsT TeHJICH-
MY B U3MEHEHNN TEMIIEPaTypbl 3UMHETO Ce30Ha, MO-
BUIUMOMY, HanboJsiee UHTEepecHbl. PaccMoTpyM ux B
muHamuke, ot 1976-2006 . k 1976-2013 rr. (puc.
1.2.10)

B TeHjeHIMsAX 3MMHUX TEMIEeparyp B TeueHHe
19762006 rr., B coorserctBuu ¢ (OJI_P®-1,
2008), Ha Teppuropun Poccumn orMedaeTcst 0GImmp-
Hasi 00JacTh MHTEHCHBHOTO MNoOXosofaHus Ha Yy-
KOTKe M 00JacTh Claboro MOTENJIeHus1 Ha ceBepe
3anajHoit Cubupu ¢ AByMsI o4aramu cjiaboro noxo-
nopanwst (puc. 1.2.10). B criiegyrorue jjBa rofa TeH-
JICHIMST K TIOTEIUICHUIO 3[IeCh YCUIIMBACTCS U B
1976-2008 rr. Bcst Teppuropust 3anagHoit Cubupu
OKa3bIBaeTCs B 00JIACTU MHTEHCUBHOTO MOTETICHUS
3MMHHX CE30HOB, a K KoHiy 3umbl 2008/2009 rr. B
LEHTpe 3TON 006JacT HamevaeTcsl ocjiabiaeHne 1o-
rerieHnst. [lo3sxke, 3a cuet xomonubIx 3um 2009/10,
2010/11 m 2012/13 rr. ob1ast KapTHHA JIOKAJTBHBIX
TPEHJIOB CyIeCTBeHHO MeHsiercs. Y3ke B 2010 1. Ha
tore 3anaHoi Cubupu opopmuiack odmpHas 00-
JIaCTh OTPULIATEIBHBIX TPEHAOB (MTOKa HEOObIINX ),
KoTtopsble K 2013 roply ycuiamamnch, 1 pacnpocTpaHu-
JUCh Ha IOXKHYIO TEPPUTOPUIO a3UATCKOW 4YacTu
Poccun, or Tromenu o fkyruu. MIHTEeHCHBHOE NO-
TEIUICHUE Tenepb OXBAThIBAET €BPONEICKYIO TeppH-
TOpUIO, ceBepHbI Ypail, TaiiMmblp, ceBep SKyTuu n
flajiee BBITSHYJIOCH y3KOi1 mosocoit K CaxalmHy u
XabapoBckomy Kpato. OOnacTh MOXOJOAAHUS HA
YyKOTKE COXpaHseTCsl, HO MUHTEHCMBHOCTb TPEHJIOB
(orHocuTenbHo 1976 1) yMeHbIIMIIACH  OT
—0.9...-1.4°C/10 ner B 2006 1. mo —-0.4...-0.8°C/10
ner B 2013 .

B uenom, quHamMmKa OLIGHOK TPEHJIOB TemIle-
patypbl 3umHero ce3ona ot 1976-2006 rr. k
1976-2013 rr. cBUjEeTENLCTBYET 00 YCUJIICHUM
TEHJICHLIMM K TOXOJIOIaHUIO0 3UMHUX CE30HOB Ha
tore 3anajHoil CuOupHu U NMOCTENEHHOMY Paclpo-
CTPaHEHUIO €€ Ha BCIO a3MATCKYI0 TEPPUTOPUIO
Poccun. [1pu aToM BenmumHa JOKaIbHBIX OTpULA-
TEJILHBIX TPEH/IOB B TOUYKAX MaKCHMMaJIbHOW MHTEH-
CMBHOCTH ocTaeTcsi Ha ypoBHe or -0.6 po
—0.4°C/10 ner. ITo-BuMOMY, MOJIE3HO OOPATHUTH
BHUMAaHME HA Pa3BUTHE 3ITOW TEHJEHIMU B OIM-
SKaulme rofpl.

1.2.4. 3MeHeHMe KIMMATHYECKUX HOPM
ot 1961-1990 rr. k 1981-2010 rr.

B cooTBerctBuu ¢ pekomengauusimu BMO, B ka-
YyecTBe 0a30BOrO MepHofa Jijisl pacuyera KiIMMaThue-
CKMX HOPM B HACTOSIIEe BpeMsi MO-NPEsKHEMY WC-
nosnb3yercst 30-netre 1961-1990 . HoBbie HOpMBI
NPEJIOKEHO BBECTH B MEKIYHAPOJHYIO MPaKTHUKY
yib nocie 2020 1., Korjia CTaHy T JOCTYIHbBI JJaHHbIS
ouepeanoro 30-metust (1981-2010 rr). Opnako, B
YCJIOBUSIX MEHSIFOILIETOCST KJIMMATa MPUMEHEHUE 3THX
HOPM Ha MPaKTHKE, OCOOEHHO JJIsl OLICHKU YCTIEIIHO-
CTH MECSTYHBIX U CE30HHBIX MPOrHO30B, CTAHOBUTCS
KpaiiHe HeuejecooOpasHo. [loaToMy Ha mpakTuke,
JUTSE PEILICHUSI PA3JIMIHBbIX KOHKPETHBIX 3a/1a4, HApSTy
¢ 6azoBbM niepriofoM 1961-1990 rr., ucnomnb3yrorcst
JIpyrue Nepuoyibl, B OOJIbILEN Mepe PUOIMKEeHHbIE K
TeKyleMy MomeHTYy. [IpejicTaBsiercs, 4To Ha ceroji-
HSIIITHUAY JICHb TAKUM MOJIXOJISIIIUM TIEPUOJIOM SIBJISIET-
cst 30-etne 1981-2010 rr. C ofHOIT CTOPOHBI, OHO B
OOIbIIIENl Mepe XapaKTeph3yeT COBPEMEHHBIN KITH-
MaT, a ¢ jJpyroi — ero cpaBHeHue ¢ 30-meTmem
1961-1990 rr. gaet AoOMOJHHUTENBHYIO (K OIEHKAM
TPEHIOB) MH(OPMAIMIO O XapaKTepe COBPEMEHHBIX
W3MEHEHMIA KMMara Ha teppuropun Poccun.

Knumatnyeckasi XapakTepucTHKa TeMIepaTyp-
Horo pexknma Poccun (B T. 4. m Hopmbl 1961-1990 )
NpejCcTaBIeHa B MHOTOUMCIICHHBIX HAYYHBIX MyOIn-
KalMsiX ¥ CIPABOYHON JIUTEpaType U BCECTOPOHHE
uccienoBana.  YwuclioBble  3HAYeHUS ~ HOPM
1961-1990 rr. Ha MUPOBO¥# ceTu cTaHuuil (BKJIIOYAsI
poccuiickue) omny6imkoBanbl BMO B (WMO,
1989). OGHOBNEHHBIE TT0 BEepU(UIMPOBAHHLIM JTaH-
HBIM KIIMMAaTUYECKKe XapaKTepUCTHKH HA CETH POC-
CUICKUX  METEOpOJIOTMYECKMX  CTaHUUi  3a
1961-1990 roppl npuBesieHbI B HETaBHEM BBIMYCKE
37IeKTPOHHOro crnpaBounnka (Hayuno-npuknagHor
crpaBounuk, 2011). 3pech ke st psila CTAHIUI
TIPUBEJICHbI MHOTOJIETHUE CTATUCTUKU TeMIePaTy pbl
3a nepuopi 1981-2010 rr.

KoMmIiekT KapT, cofepsKaiuii mossi 6a30BbIX
KJIMMaTUYECKUX XapaKTePUCTUK CPETHEMECSTIHOM
TeMrepaTypbl NMPU3EMHOrO BO3JyXa 3a Mepuof
1981-2010 rr. pyist Tepputopun Poccum, mpepio-
keH B padore (Ipysa, PanbkoBa, 20126). Kowmm-
nekT BKitouaeT nostst 30-yieTHUX cpeiHux (HOpM) 1
CTaHIAPTHBIX OTKJIOHEHWI1, a TaKXe TOJIsl TPSHJIOB
B 3MeHeHnn Temnepatypbl 3a 1976-2011 rr. — gost

(53
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KaXK/JOro KaJIeHIApHOTO Mecsilia, Ce30Ha M rojia B
LEJIOM.

Anst o0leil XapakTepUCTUKU TEMIEepaTypHOTro
peskuma Poccuu B npefipiyitem Bbimycke OLeHOUHO-
ro npoknafga (O_Pd-1, 2008) Obuti npuBe/ieHbI MO-
751 HOPM TEMIEepaTypbl 3MMHETO U JIETHETO CE30HOB
nast 6a3oBoro neprofa 1961-1990 rr. Huske anano-
T'MYHble KapThl npuBeseHbl 3a nepuon 1981-2010 rr.
JUTS TOfIa B LIEJIOM, 3uMbl 1 Jieta (puc. 1.2.11).

MOo>HO BUIETh, UTO CPETHEr0/I0Bas TeMIIepaTypa
Ha Tepputopun Poccun, B cpemrem 3a 1981-2010 rr
MensieTcst oT MeHee —16°C Ha ceepe SkyTuu 0
+14°C na CeBeprom Kaskaze. IIpakTuuecku Bcst
a3uaTcKasi TEppUTOPUS CTPAHbI HAXOAUTCS B 00Iac-
TH OTPULIATENBHBIX TemnepaTyp. B paitoHe nmomoca
xomnoyia B OiimsikoHe 1 BepxostHcke cpefiHsisi Temrie-
parypa mocnennero 30-ymetusi coctaBuia —15.5 u
—14.4°C, Ho camo¥1 HU3KOI1 OKa3a/lach CPEHSS TEM-
neparypa Ha cT. [Iskanrker: —16.6°C. CooTBeTCTBY-
romwe 3Hadenust B 1961-1990 rr. 661m: —16.4, —15.3
n-16.2°C.

3uUMOI1 CcpefiHUe TeMIepaTypbl MPAKTUYECKH Ha
BCEil TEPPUTOPUU  OTPULATENBHbI  (MUHUMYM
—44.5°C B SIkyTum), JeTOM — BCE MOJOXKUTEIbHbI
(makcumyMm +24.0°C na CeBepHom Kagkase).

VI3MeHeHne MHOTOJIETHAX CTATUCTUK (B Y4aCTHO-
cTH, MHOrosmeTHux cpeguux) or 1961-1990 rr k
1981-2010 rr. MOKHO paccMaTpuBaTh Kak JIOTOJTHH-
TEJIbHYIO MH(OPMAIMIO 00 M3MEHEHUM KJIMMaTta 3a
nepuoy mocye 1960-x.

C 2TOi LEebIO BBINOJHEH aHAIU3 TOJIEN Pa3HO-
CTell COOTBETCTBYIOIIMX CTAHLMOHHBIX CpefHuX (T. e.
HOPM) JUIsl BCEX KaJleHAAapHBbIX MEPUOOB (MeCsipl,
CE30HbI, TOJT). 3HAYMMOCTD PA3JINYKil OLIEHUBAJIACH C
nomo1ipio -Kpurepusi CtblofieHTa. PesynsraTs! npu-
BefieHbl Ha puc. 1.2.12 pg ropa M 9KCTpeMabHBIX
ce30HOB (anamormudo puc. 1.2.11). OTKpbITBIMU
(6e3 IITPUXOBKM) 3/IeCh OCTaBJEHbI 00JACTH, TJe
pasiuuMs MeXAy HOpPMaMu JIBYX CPaBHUBAEMBIX
30-7eTuil cTaTUCTUIECKH 3HAUMMBI Ha S5 Y% -0M ypOB-
He (T. e. 3alITPUXOBAHHBIE OOIACTU HE OTHOCSITCSI K
paiioHaM yOe/IUTEIbHOTO TOTETJICHUS! ).

ExxeMecsiuHble pasiMuus MeXJy KJIuMaTamu
nByx 30-neTuii ummoctpupytorest Ha puc. 1.2.13, rue
I Kaxkaoro n3 12 mecsiieB NMpUBEAEHbI TONAPHO
(m1st cpaBHuBaeMbIX 30-7eTHil) CTATUCTHKU TIPO-
CTPAHCTBEHHO OCPEJHEHHbIX N0 Tepputopuu PP
3HAYEHUI CPEIHEMECSIYHON TEMIIEPATYPBI.

54)
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B ta6muue 1.2.4 gy Kaxjoro pervona (B T. 9.
misi Tepputopun Poccuu B 1IeJI0M) M KaKJIoro ce-
30Ha MPUBE/ICHA JI0JIS TUIOLLA/IA, Ha KOTOPO¥ MoTe-
TUIeHne Kimmara ot neporo 30-11eTrst Ko BTopoMy
MOXHO CUYUTaTh YyCTaHOBJIEHHbIM (Ha 5%-oMm
YPOBHE 3HAYMMOCTH ). DTH 3HAYECHHSI COOTBETCTBY-
IOT TUIOLIAM HE3aLITPUXOBAHHBIX 00JacTeil Ha
puc. 1.2.12.

Cypns mo manaeM Ta6m. 1.2.4 u puc. 1.2.12, no-
TEMJIEHUE 3aJaHHOTO YPOBHSI ISl CPEIHETrOfl0BOI
TemnepaTypbl oxBatuio 82% rteppuropun Poccun,
3a UCKJIFOYEHUEM CEBEPHBIX U I0XKHBIX PAilOHOB €B-
poneiickoil Teppuropun Poccun, ceBepHbIX paml-
OHOB SIKyTum, nenTpanbHoi yactu KpacHosipckoro
Kpasi u, yactuyHo, Kopsikckoro kpasi. Ha Gosnblieii
yactu Cubupu noremieHre cocrasuiio 6omee 0.8°C.
3nech 1 HIKE Tof, “‘IIoTenyieHreM’’ TTOHUMAETCSI T0-
BbIIICHIE HOPMbI Temreparypbl (0T oHoro 30-e-
TUsI KO BTOPOMY), CTATUCTUYECKM 3HAYMMOE Ha
ypoBHe 5%.

s Poccnm B 11eJ10M Takoe NOTEIIEHNe OTMeYa-
eTcst Bo Bce Mecsitpl (puc. 1.2.13), Ho ¢ Mast no ok-
TS0pb €ro oleHKa Ha hOHE CYLIECTBEHHO OOJIee HU3-
KOM MEXXTOfIUYHON N3MEHUMBOCTH HajieskHee (3Haum-
MbI Ha 1%-M ypoBHe, Kpome ceHTsiopsi). B deBpare
1 OKTSIOpe 3HAUMTEJIbHYIO YaCTh MOTENJIEHUS] MOXKHO
OTHECTH 3a CYET MOTEIUIEHUS] MUHUMYMOB: BO BTO-
poM 30-71eTMM MHHUMYM MOBBICUJICS 10 YPOBHS
16%-ro KBaHTHUIISI NEPBOTO — MPUMEpPHO, Ha S5 u 2°C,
COOTBETCTBEHHO. B HOsi0pe—ekadpe CTaTUCTUKH
000MX MEPUOJIOB MPAKTUYECKU HEpPa3IMUMMbl — W3-
MEHEHME KJIMMaTa CTATUCTMYECKMMM OLEHKaMHU He
MOJITBEPXK/ACTCSI.

O6nacTh NOTENJIEHUs] 3MMHUX CE30HOB, CTATH-
CTUYECKM 3HAUYMMOTO Ha 5%-M ypOBHE, COCTaBIIsI-
eT mmiib okoisio 30% muomagu teppuropuu PP. B
OCHOBHOM, 3TO 3anajHble U IOro-BOCTOYHbIE pail-
onbl EYP, Ilpubaiikanwe, [Ipumopckuii Kpaii u
IOr0-BOCTOK SKyTHUH, I7Ie Ha OTAEJIbHBIX CTaHLMSAX
pa3HocTh HOpM ftocturia 6onee 1.4°C. Ha ocraib-
HOI TeppuTopun Poccun norennenne 3uMHUX Ce30-
HOB ObLIIO HECYILIECTBEHHBIM, a Ha KpallHEM CEBEPO-
BOCTOKE CTPaHbl, HAlPOTUB, OTMEYEHO MOXOJIOJA-
Hue (B OCHOBHOM, TOXe He3Haunmoe). Camble HU3-
KM€ CEe30HHble TemmnepaTypbl B nociegHem 30-je-
THUW, KaK U paHee, HaOJIIOIalIUCh B MOJIFOCaX XO0JIofia
Onimsikon (—44.5°C) u Bepxosiick (—43.4°C).
3pech cpefHee NoTeneHrne 3MMHUX CE30HOB COCTa-

o
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Puc. 1.2.11. Nong MHOroneTHUX CpeaHNX 3Ha4YEeHNM TemMnepaTypbl MPU3EMHOr0 BO3ayxa Ha Tepputopun Poccun 3a
1981-2010 rr.: BBEpPXY — B CPEOHEM 3a rof, B LieHTpe — 3uma (oekabpb—dpeBparb), BHU3Y — NeTO (MIOHb—aBryCT).

s
o



OD-2-1-3n 12/5/14 1:22 PM Page 56 $

1. HABJOLAEMBIE USMERERUR KIIUMATA

20E

30E

40E| %

50E

N
60E 70E 80E 90E 100E 110E 120E 140E

Puc. 1.2.12. U'aMeHeHnst HOpM TeMnepaTypbl NPU3EMHOro Bo3ayxa Ha TeppuTtopumn Poccum o1 1961-1990 rr. k 1981-2010 rr.:
BBEPXY — B LIEJIOM 32 rof, B LIeHTPe — 3MMa, BHU3Y — NIeTO. 3alUTpMXoBaHbl 06/1acTH, He 3Ha4YMMBbIe yKe Ha 5%-M ypoBHe.
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1961-1990
1981-2010 * ﬂ
389 332 378 151 308 099 0.70
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Puc. 1.2.13. Ce30HHbIn xo4 30-neTHUX CTaTUCTUK CPEedHEMECHAYHOM TemnepaTypbl NMPU3EMHOro BO34yxa,
ocpeaHeHHom no tepputopun Poccum B 1961-1990 rr. 1 1981-2010 rr. (Cm. nerenay).

Benble TOYKKM B LEHTPE YKa3bIBAIOT CPeAHEE 3HaYeHre e (HopMy). BeicoTa npsimoyronbHuka pasHa 2o.. Beptukans-
Hble OTPE3KM YKa3bIBAIOT pa3max 3HavyeHur B TedeHne 30-netumsa [min, max]. B HuxHen cTpoke (Hag ocbio OX) npu-
BeAeHbl 3HaYeHus t-kputepnsa CTbioAEHTa, OLLEHNBAOLLEro 3HA4YMMOCTb Pasnuymng AByx “KnmmMaTtoB”. KpaCcHbIM Bbl-
JeneHbl 3Ha4YeHnsa t-kpnutepus, CoOoTBeTCTBYOLME 1%-MY YPOBHIO 3HAYMMOCTU, CUPEHEBBIM — 5%-MYy YPOBHIO.

o +0.6 u +1.1°C, coorBeTcTBEHHO. M3 3UMHUX
MeCSILIEB BBIACISIOTCSl sSIHBapb U (peBpajb, Korja
noTeruieHre nposisuioch 6omnee yem Ha 20% Tep-
putopuun PD.

BecHoil norensyieHne yKa3aHHOTO YPOBHSI OXBa-
o 38%, nerom — 46 %, ocennto — 20% Tepputo-
pun Poccun. Camoe 3amMeTHOE MOTEIUIEHUE JIETOM
OTMEYaeTCsl B FOr0-BOCTOYHBIX M BOCTOYHBIX paii-
oHax Cubupu u B yactu 3anagHoi Cubupu. OCHOB-
Hbl€ 00JIACTH OCEHHETrO MOTEIUIEHUS] PACHIONOXKEHbI B
BOCTOUHBIX perroHax Poccun (Boctounasi Cubupsb,
IMpuamypre-ITpuMopbe); B OKTSIOpEe OHO OXBATHIIO
41% poccuiickoit TeppuTOpUH.

Takum 06pa3oM, XapakTepHON OCOOEHHOCTBIO U3-
MEHEHMs] TEeMIEpaTypHOro pexrMa Ha TeppUTOpUM
Poccrm ot 1961-1990 k 1981-2010 rr. siBsteTcst mpa-

KTUYCCKU MOBCEMECTHOC MOBBLIICHUE COOTBETCTBYHO-

IIMX HOPM CPEJIHETOfIOBON TEMIIEPATYpPbl, CTATUCTHYE-
CKM 3HaunMoe Ha 5%-M ypoBHe. [1Jisi CE30HHBIX TeM-
neparyp (Kpome 31MbI) TaKOE TOBBILIEHHE HOPM OXBa-
teiBaeT Jiuib 20-40% Tteppuropun Poccuu (HO pas-
HOCTH HOPM TIOJIOXKUTENIbHBI Ha BCEH TEPPUTOPHN).
a5 3MMHUX TeMneparyp Ha OoJibLUIeil YaCTU TEPPUTO-
UM U3MEHEHKHE HOPM CTATHCTHYECKU HE3HAUMMO YKe
Ha 5%-M ypoBHe. EMHCTBeHHas1 00J1aCTh TIOHMKESHHUST
HOPM BBISIBJIeHa B TeMIIepaType 3MMHEro Ce30Ha Ha
KpailHeM CEeBEpPO-BOCTOKE CTpaHbl, HO BEJIMUYMHA €rO
CTaTUCTHUYEeCKH He3HaunMa jaxke Ha 10%-M yposHe.

1.2.5. [IunamMuyeckue KIMMaTH4ecKue HOpMbI
B cepepuHe MpOLIOro CTONETUSI B KIIMMATONO-

r'mm 1nojapasymMeBaioCb, 4YTO COBpCMCHHbIﬁ KJImMart
NMPAaKTUYCCKU MO2KHO CHUTATDh NOCTOSAHHBIM. BpeMeH—

o
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Tabauya 1.2.4. Joas naowaou pezuona (6 %), Ha komopoi usmenerue Hopm memnepamypol om 1961-1990 k

1981-2010 22 cmamucmuuecku 3Havumo Ha 5 Yo-m yposHe

Peruonnt P® Ton 3uma Becha Jleto Ocenn
Poccus 82 29 38 46 20
Esponeiickast yactb P® 73 21 10 10 0
BanaHas Cubupb 85 4 38 22 0
Cpennsisi Cubupb 80 29 53 65 3
3abaiikanbe 1 [Tpubaiikaibe 93 42 85 92 21
[Mpuamypse u [Tpumopne 96 96 23 46 47
Bocrounas Cubupb 80 19 49 77 70

Hble MaclITaObl N3MEHEHUI1 MOpsiIKa COTEH, ThICSY U
MUJUTMOHOB JIET, W3yyYaeMble MaleOKJIMMATOIOraMM,
Ka3aJIMCh CJIMIIKOM MEJJIEHHbIMHU, YTOObI UX YUUTbI-
BaTh MPU U3yYEHUH ‘‘COBpeMeHHOro” kimmara. [loa-
TOMY CYMTAJNOCh, YTO JJIsl OLEHKU CTATUCTUUYECKUX
napamMeTpoB METEOPOJIOTMYECKUX BEJIUYMH, HEOOXO-
JMMBIX ISl U3yYeHUsl KIMMaTa U pelieHusl PUKJIajl-
HbIX 3aj]a4, LeJ1eco00pa3HO UCMONIb30BaTh BECh JJOC-
TYNHbIA psAf HaOmoaeHuid. Tak, 7151 NTOArOTOBKM KJTU-
MaTUYEeCKUX CIPaBOYHUKOB B 1960-¢ rr. ucnonb3oBa-
Juch faHHble 3a 80 JeT, a Tak Kak CTAaHUMA C TaK1M
NepuojoM HaOJIofeHMil ObLIO Malso, pa3padaTbiBa-
JIUCh CrelUallbHbIE METOJIbl MPUBEIEHNUS JOCTYMHBIX
(KOpOTKHMX) PsIfIOB HAGIIOMIEHUI K SIMHOMY TMEPHOJLY.
YyeHble-KJIMMATONIOrM yXKe TOrja MOHUMAIM Bax-
HOCTb NPO0JIEMbI OOHAPY>KEHUSI N3MEHEHWI KIIMMAaTa
Y OJTHOPOJIHOCTH PSIIOB HAGITFOICHUI (CM., HATPUMED,
Py6untrreitn, 1979; Py6unurreiin, [Tono3zosa, 1966).
s TeMnepaTypbl BO3[yXa U APYrMX METeopo-
JIOTUYECKUX BEJIMYMH, UMEIOLIMX CUMMETPUYHYIO
(yHKUMIO pacnpenenenusi, BaXXHENILIMM CTaTUCTHYe-
CKUM TapaMeTpoM SIBJISIETCS CPEIHEe MHOTroJIeTHee
3HAaYEHKE, MOTyUMBIIEe Ha3BaHUe “HopMma’. B To ke
BpEMSs aKTMBHO BEJIMCh PabOThI 0 Pa3paboTKe METO-
JI0B JIOJITOCPOYHBIX MIPOrHO30B MOToflbl HAa Mecsl, ce-
30H, Tofl. OOBEKTOM NMPOTHO3a B HUX, B MIEPBYIO OYe-
pefib, ObLIN OTKJIOHEHHSI CPETHEN MECSTIHOM (Ce30H-
HOI1, TOJIOBO#T) TEMIIEpaTypbl BO3[[yXa OT HOPMBbI, Ha-
3pIBaeMble “‘aHoManusamu’. [IJIsl OLleHKM KadecTBa
METOAMYECKUX JIOJTOCPOYHBIX MPOrHO30B paccMaT-
PUMBAJIOCh MX MPEUMYILECTBO Hajl “‘KIMMATUYECKUM
NPOrHO30M”, MO/l KOTOPBIM MOHUMAJICS IPOTHO3 KJIM-
MaTH4YeCKON HOpMbI. MeTOo/Ibl OLEHKM KayecTBa Mpo-
rHO30B, Kak TpejiokeHnbie B Poccun (Barpos,
1966), Tak n pekomeHyeMble BecemupHoit MeTeopo-
sormyeckoi opranmzarmein (WMO, 2006, 2010),
NpelyCMaTpUBAIOT TaKOE CPABHEHMUE.

58 )

B uensx ynopsjioueHusi mpoiecca MOArOTOBKU
JIONITOCPOYHOT'O MPOTHO3a U BLIPAOOTKHU €IMHON CUCTe-
Mbl OLIEHMBaHMs KauecTBa nMporio3oB BMO 6b11 npu-
HAT efiuHbli 30-eTHUI Neprof U1l OUEHKU KIMMATH-
yeckux HopM. IlepBblil ycTanoBneHHblii BMO nepuop
st otieHkr HopM Obint 1931-1960 . (WMO, 1962),
3aremM — 1961-1990 rn. (WMO, 1989). Cnenyrommm
nepuofoM 1o/kHo ctath 30-netre 1991-2020 rr.

B HacTtosiiiee Bpemsi, B COOTBETCTBUM C PEKO-
meHpauusimu BMO, Mereoponornyeckue ciyobl
BCEX CTPaH B MPAKTUKE METEOPOIIOTNYECKOr0 00CITy-
SKMBaHUS TPOJIOJKAIOT HcTosb3oBanue 30-71eTHuX
HOpPM U OTKJOHeHui oT 30-netHux HopMm. OfHaKo B
CBSI3M C HECOMHEHHBIM (DaKTOM TII0OATLHOTO MOTe-
JIeHUs1, aKTyaJbHOI CTana 3ajjaya nepecMoTpa psja
(pyHmaMeHTaTbHBIX TMOHSATUI KJIMMATOJIOTUN U JIOJI-
rocpoyHoro nporHo3a. Ha3pena HeoOXopumoCTb
yyeTa HaOJoflaeMbIX U3MEHEHMI KJIMMaTa U B METO-
MOJIOTMK MTPOTHO3UPOBAHMSI, U TIPU OLIEHKE KavyecTBa
nporHo3oB. B pa6orax (Ipysa, PanbkoBa, 2011;
2012a) nast aT0i Heau OblTa MpeIoKeHa KOHIESTILUS
“IMHAMUYECKHMX KJIMMATUYECKUX HOPM~ W “‘IUHAMMU-
YECKHMX aHOMAJIUIA .

TpagMUMOHHO B JOATOCPOYHOM MPOrHO3€ B Ka-
YecTBE MpeJCKa3bIBaeMbIX BEJMUYMH (MPEIMKTaH-
TOB) WCIOJB3YIOTCS ‘‘aHOMAJUK”, MECSIYHbIEe WM
CE30HHbIE, TO €CTh OTKJIOHEHUS TEKYILIETO 3HAUCHNSI
MPOrHO3UPYEMON MEepeMeHHON (CpeHel 3a Mecsii]
WM CE30H KOHKPETHOIO T'0fIa) OT CPEJIHeil MHOIO-
JeTHell 3a 6a30Bblil neprof] (B HacTosilee Bpemsi
1961-1990 rr.). TTouck NPOrHOCTUYECKUX MPU3HA-
KOB JUIsl JIOJITOCPOYHOrO (HA MeECSI—CEe30H—TOf)
NpOrHo3a TemnepaTypbl yueHbiMu 20-To Beka ocy-
LIECTBJISTICS CPEI XaPAKTEPUCTUK CUHONTUYECKUX
NPOLECCOB C YYETOM CE30HHOCTH, HO O€3 yueTa u3-
MeHeHMi Kiumata. [lpenmaraemasi MeTOOIOTHSI
npeaycMaTpuBaeT HOBbIN MOAXO/ K (POPMUPOBAHUIO

o
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NpEeUKTAHTa C KCMOJb30BaHUEM ‘‘TMHAMUYECKUX
HOPM M “TMHAMWYECKUX ~ AHOMAJIMUM.

“IlnHamMuIecKre” HOPMbI PErnOHaJbHBIX (J10-
KaJIbHBIX ) TEMIIEPATYp KOHKPETHOrO Mecsia (ce30-
Ha) PACCUMTHIBAIOTCS KaK OTKJIMK Ha N3MEHEHHE 710~
OaJILHOI TEeMIEePaTypbl, KOTOPas BBICTYNAET 3/1€Ch B
PO MHMKATOPa MN00ATbHBIX U3MEHEHUI KilMMara.
Tounee, “mMHaMUYECKUEe” HOPMbI PACCUUTHIBAKOTCS
METOJIOM HaWMEHBINNMX KBaJpaToB (JIMHENHasl per-
peccusi) ¢ MCMOJIb30BAaHUEM B KauyeCTBE perpeccopa
MI00AJIbHOI TeMINepaTypbl OJJHOMMEHHOrO Mecsila,
npefBapUTeNbHO crinaskeHHo 11-netHum ¢punsrpom
(pe3ynsraT OCpefiHEeHUsI OTHOCUTCSI K TOCTIC/IHEMY
rofgy mnepuofa CIJaXKMBaHUSI — TaK Ha3bIBaeMoe
“CcrimakvBaHre Ha3a’). YpaBHEHHWE PErpecCud olle-
HMBAETCsl MO TEPUOly ONpefieieHHON AMHbl (N =
21-31-41 neT) ¥ 3KCTPANOJUPYETCs HA OfUH TOI,
HETOCPEJICTBEHHO CJIEIYIOIIMI 32 NEPUOIOM OLEHHU-
BaHMs. B pe3ynbraTe cepum 3KCepUMEHTOB, BbINOJI-
HEHHBIX 1O JIAHHBbIM HalOurofeHnii Ha 70 cTaHIusIX
CHI, cnenan BbiGOp B nosis3y N = 31.

B kauecTBe npecka3bIBaeéMbIX BEJIMUUH Ipejia-
raeTcsi MCIONb30BaTh ‘‘TUHAMWYECKHE aHOMAJINHN
(OTKIIOHEHHsT TeMIepaTypbl BO3[yXa OT “AMHAMUYE-
CKMX” HOPM), KOTOpbIE Y3Ke He COAIePKAT HI MEKCe-
30HHBIX M3MEHEHUI, HM TEKYLIUMX MHOIOJIETHUX
TPEH/IOB, XapaKTEPU3YIOLUMX W3MEHEHMs KJMMaTa
(namee TepMuH “aUHAMUYECKUI” OYAET HCHONB30-
BaThCsl Oe3 KaBbluek). PaGovasi rurore3a cOCTOUT B
TOM, YTO IPOrHOCTUYECKHE MPU3HAKY, XapAKTEPU3Y-
IOLME HAYaJIbHbIE UUPKYJSLUMOHHBIE M CHHONTHYE-
CKME YCIJIOBUSI, OTBETCTBEHHbI 3a (POPMUPOBAHUE
MMEHHO 3TUX IMHAMUYECKUX aHOMAJIMi, KOTOpblE U
JIOJDKHBI ObITH O00OBEKTOM NporHo3a. IlompaBku Ha
“Ce30HHOCTEL ¥ “U3MEHEHNe KImuMaTa’ [JOJIKHBI BBO-
JIUTHCS B NPOTHO3 IMHAMUYECKUX AHOMAJIMIA KaK aji-
MTHBHBbIC COCTABJsIFOLIME (HAPUMEpP, B TEPMHUHAX
JIMHAMUYIECKUX HOPM).

Ha puc. 1.2.14 nnst npumepa npuBeieHbl BpeMeH-
Hbl€ psAfibl TPAJAULMOHHBIX M JUHAMUYECKMX aHOMa-
JIWii CpefiHEMECSIUHO TemnepaTypbl B MockBe s
sHBaps 1 nrogsl. IlepBble paccunMTaHbl Kak OTKIIOHE-
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Puc. 1.2.14. Xopg aHBapcCckumx (BBEPXY) U MIONbLCKUX (BHWU3Y) aHOManuUn cpegHen

MECSYHON Temnepartypbl

npusemMHoro Bosayxa B MockBe B TedyeHue 1967-2008 rr.: cneBa — TpaauLMOHHble aHOManuu vT; cnpaBa —

JnHaMmyeckme aHomanum dvT.
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Puc. 1.2.15. IameHeHne OCpeOHEeHHbIX MO TeppuTopun Poccum aHoManuii CcpefoHeMecsyHOM TemnepaTypbl
npu3emHoro Bosayxa B TedeHme 1910-2008 rr. B 3aBMCMMOCTU OT Mecsua (ocb abcuuce) v roga (oCb opamHaT):
VT — TpaguumoHHble aHomMmanun (cnesa), dVT — auHamunyeckne aHomanum (B ueHtpe); dWT — HOpMUPOBaAHHbIE

OMHaMMyeckue aHomanum (cnpasa).

HUSI OT MOCTOSTHHBIX HOpM 1961-1990 T, a BTOpBIE —
KaK OTKJIOHEHHUSI OT IMHAMUYECKUX HOPM C JJTMHOM
6asosoro meprofa N = 31 (perpeccusi Ha TI06aTb-
HYIO TEeMIepaTypy, OLCHEHHas 3a MPe/IIeCTBYIOIIee
31-nerue).

AHaJIOTMYHbIE CPEeTHEMECSIYHbIE AaHOMAJIMU TeM-
nepaTyphbl (B cpefHeM Jiisi Teppuropun Poccun) st
BCEX MecsilieB rojja mnpuseieHbl Ha puc. 1.2.15 (abc-
upcca — Mecsil, OpJjuHaTa — roj) B (hopme Mo3amy-
HBIX JIMarpamMM, YeTKO OTPaKaIOIIMX YepeloBaHKe
AHOMAJIMII Pa3HOTO 3HaKa W WHTEHCWBHOCTH. [liist
OOoJbILICH HATMISTITHOCTU TOPU3OHTANIbHAS IIKANa J0-
TIOJIHEHA TPUHAALATHIM MECSIeM, Ty OIIMPYOLIUM SH-
Baphb CJIEAYIOIIETO rofia.

JnarpamMMbl pUBECHBI /ISl TPEX BHUIOB aHOMa-
JUiA: TpaguUMOHHbIX VT, quHamudeckux dvl u HOp-
MUPOBaHHBIX JMHAMUYECKUX aHomamuii dwT, BbIpa-
SKEHHBIX B JIOJISIX CTaHJAPTHBIX OTKJIOHEHWI1 IMHAMMU-
YeCKMX aHOMAallMil COOTBETCTBYIOIIETO MepHroja

(awT = avT | Oy7). MOXHO BHIETH, UTO TIPOLECC
MHOTOJIETHUX W3MEHEHWI MHAMWYECKUX AHOMAJIUI
ropaso 6osiee 6JIM30K K CTATUCTUYECKU CTAUMOHAP-
HoMy npoueccy. TpaauuuoHHble aHOMAJIMKU JJAIOT WH-
¢opmanuto ckopee 00 M3MEHEHWM KJUMaTa, TOrja
KaKk B JMHAMUYECKMX AHOMAJMSIX COCTABJISIIOLLAs,
CBs3aHHAsl C WM3MEHEHWEeM KJMMaTa, MCKJHYEHa.
HopmupoBaHHble UMHAMUYECKUE aHOMAJIMU 00pasy-
10T MTPAKTUYECKU CTALMOHAPHBIN MPOLIECC, HE COAEP-
KAl MHOTOJIETHUX M CE30HHBIX TPEHJOB (3TOT
BBIBOJ] ObLIT IONOJIHUTENILHO OATBEPXK/EH OLEHKaMU
o KpuTepuro cepuii Banbia-Bonbgdosuia).

XoTs npo6seMa 0OHOBJIEHUS KITMMATUYECKUX HOPM
AKTUBHO 00CY>K/IaeTCsl B HAYYHOU JIUTEpaType, Onn3Kast
TMOCTAHOBKA 33/1a4n BCTpeTuiach Ham sk B (Livezey
et al., 2007). B 3r10i1 paboTe NpejIoKeHbI TPU SMIAPH-
YyecKHe aJbTePHATUBBI, KOTOPbIE MPOU3BOMAT “pa3yMHO
TOYHbIE” HOPMBI [IJI1 TEKYILEro KJIUMaTa U Mpu 3TOM
00€CNeynBaAOT UX IKCTPAMOJSLMIO HA HECKONIBKO JIET

o
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Briepesi. B mepBoit u3 stux ansrepuartus (OCN — omru-
MaJIbHbIe KJIMMATHIECKHE HOPMbI) MEPUOT /ISl OLEHKU
TEKYLIMX HOPM He (PMKCUPYETCs, a MO0MpPaeTCsl, UCXO-
s U3 pOpMbI BPEMEHHOTO Psifia, U 3KCTPAINOIUPYETCS
“no unepuyn”’. Kak npasuio, Bbioupaercs 15-10 ner-
HUI TIepuoji 6€3 3HAYUTENBHBIX TPEHJ0B, MAKCUMAIILHO
NPUOJIVIKEHHBIIA K TEKYIEMY MOMEHTY (K KOHILY psijia).
B nByX J[pyrux ansTepHAaTHBaX 3KCTPANOIUPYETCS
TpeHn: MHK-nuHeliHas anmpokcumanusi 1o IaHHbIM ¢
cepemunbl 1970-x rr. (st teppuropun CIIA, B ciyuae
OYeHb CHUIIbHBIX JIMHEWHBIX TPEHJOB WM Oonee JJiu-
TeJbHBIX 3KcTparnossiuit) 6o MHK-orenka B mpu-
MEeHeHnH K Kiaccy Mopesein hing-gopmer (opma
“KITIOIIKK™) Ha JUIMTENbHBIX Meprojiax BpeMeHu. B cra-
ThE OYEHb TPEIMETHO 1 BCECTOPOHHE C(hOpMyIMpOBaHa
npoOsieMa U BbICKa3aH Psiji 0O0CHOBAHHBIX U TEpCHeK-
TUBHBIX CYX/ICHUII OTHOCUTEJILHO HEJIMHENHBIX U ajjar-
TUBHBIX METOJIOB OLIEHKM TpeHI0B. OHAKO BCe MpeIo-
>KEHHbIE B CTAThE PEIIEHUS] OCTAIOTCS B pAMKAX 3KCTpa-
TOJISIM BPEMEHHOTO psifia (M HOPM) TI0 JIMHUK TPEH/Ia
1, KPOME TOT0, OTCYTCTBYIOT KPUTEPHU JIJIsl OJHO3HAY-
HOT'O BbIOOpA MPEANOYTUTENBHON MOJEIIH.

B 1enoM, B pacCMOTpEHHON CTaThe MPeJIoKeH
NOXOfl, KOTOPbIA 3(p(EeKTUBEH Ha OOJbIIEH 4YacTu
teppuropun CIIIA (HO He Ha Bceil), rjie TeKyIue
KJIMMAaTUYEeCKUE TPEeHfIbl NMPUOIU3UTEILHO JIMHEVHbI
Ui OJIM3KM K TaKOBbIM. XOTS aBTOPbI CTaTbU
(Livezey et al., 2007) craBuam uenbio “HauboJee
TOYHO YYE€CThb HaOIOflaeMble XApaKTEPUCTUKU TIIO-
OAJIbHOrO U3MEHEHUsI KJIuMaTa KaK HanOoJiee BeposiT-
HOIl MPUYMHBI OBICTPOrO U3MEHEHUs] HOPM™, B Npef-
JIO>KEHHBIX METOJIUKaX (PaKTUYECKU YUYTEHA 3aBUCH-
MOCTb HE OT IJI00abHOTO U3MEHEHMS KJIMMATa, a OT
¢opMbI TPeH/Ia B pACCMAaTPUBAEMOM PETHOHE, T. €. OT
¢pOpMBI JIOKATTLHON 3aBUCMMOCTH OT BpeMeHH. B pe-
3yJIbTaTe, CBSI3b C I00ATBHBIM U3MEHEHUEM KIIMMaTa
00ecneynBaeTcsl TONbKO CTENEHbI0 CXOACTBA (popMbl
JIOKAJIbHOTO TPEHJA U TPeH/a ITI00albHON Temnepa-
Typbl. 1 IMEHHO 1O 3TOV NMPUYMHE AHHAS METOAMKA
He 3(ppeKTUBHA B PETMOHAX, I7Ie TPEH/] CYLIECTBEHHO
OTJIMYAETCS OT JIMHEMHOTO U OT (POPMbI “KJTFOLLIKK .

B naHHOM KOHTEKCTE MOJXO0f] K OLIEHKE HOPM C UC-
MOJIb30BAaHUEM PErPECCUOHHOIO OTKJIMKA JIOKAJTBLHON
TeMIepaTypbl HA U3MEHEHUE TTI00AbHOI TeMIepaTy-
pbl, etie 1 crmaxkenHoi 11-netanm dussrpom (Ipysa,
Panbkosa, 2011), npecransiercst Gosiee 060CHOBaH-
HbIM. B aroM ciyyae JefCTBUTENHHO YUMTHIBAETCS
3aBUCUMOCTb PETMOHAIIBHOM KIIMMATUYECKON HOPMBI

OT XapaKTEePUCTHUK TIIOOATBHOTO N3MEHEHUS KJIMMaTa,
OTpaXkarolMX CyMMapHbIil 3(p(peKT BCEX BbI3BABLLMX
ux npuunH. CyIIeCTBEHHbIM MPEUMYILECTBOM 3TOTO
NOAXO/la SIBISIETCSl TakkKe M YHU(PUIUPOBAHHOE [JIst
BCEX PErMOHOB AJTOPUTMUYECKOE PEllieHUue COMYyTCT-
By[OLIKMX Mpo0ieM (Takux, kak oneHka OCN).
YMeCTHO TakKe HalOMHHTh, 4To B padote (Ipy-
3a, PanbkoBa, 2004) mokaszaHo, 4TO, IPH PErpeccu-
OHHOW OIIEHKE PErMOHAILHBIX (JIOKABHBIX) MPOSIB-
JIEHWI TNO0ABbHOr0 M3MEHEHUs KJHMMaTa, riodanib-
Hasl TeMreparypa B KadecTBe pakTopa jaer Oonee
YCTOMYMBBIC Pe3yJIBTaThl, YeM BpeMsi, U, CJIeJoBa-
TEJILHO, sBJIsieTCsl Oonee 3(p(PEKTUBHBIM MHIMKATO-
POM TTI0GATLHOTO U3MEHEHUsI KITMMAaTa.
JIonoMHUTENTLHO OTMETUM, YTO, B OTJINYKE OT Tpa-
MIULOHHOTO KJIMMATUYECKOTO MPOTHO3a, JAMHAMUYe-
CKHe HOPMbI yXke caMu Mo ceGe HeCyT MPOTrHOCTHYe-
CKYI0 UH(OPMALHIO O NPEICTOSIMX AHOMAJUSIX TEMITe-
pPaTypHOro pexkuMa, eciii paccMaTpuBaTh UX Kak Mpo-
THO3 TPAIMLIMOHHBIX AHOMAJIMI TeMIEpaTyphl ¢ 3a07a-
rOBpeMeHHOCTBIO 1 Tof1. [IeficTBUTEIbHO, TPAKTHIECKH
Ha Bcex uccnenoBannbix cranumsix (70 cranmuit CHI)
KOPPEJISIIUS MEKTY XOfIOM JIMHAMUYECKUX HOPM 1 (hak-
TUYECKAM XOJIOM TeMIIepaTypbl MOJIOXKUTENbHA, TOT/A
KaK TPaMIVOHHBIN KIMMATUYECKUI TIPOTHO3, T. €. HY-
JIEeBOE TI0JIC aHOMAJIMIi, TaKUM CBOMCTBOM He oOlafaeT
no onpeyenennto. CpefHsist OMOKa MPOrHO3a B TEPMHU-
Hax AMHaMu4yeckux HopM Kone6uercs okono 0.06°C B
noutu cummerpudHoMm wuHTepBane (ot -0.35 o
+0.43°C), Toraa Kak npy TPAAULUOHHOM MOJIXOfIe UMe-
eT MeCTO sIBHOE cMellieHue: cpeiHee 3HaueHue +0.42°C,
a obmacts m3meHennst ot —0.3 o +0.75°C. OpnoBpe-
MEHHO OTMeYaeTCsl omnpefieJieHHasi TeHACHIMS K YiIyd-
IIEHHWIO 3THX TPOTHO30B K KOHIy Tiepuoyia. B manbHei-
[IeM TIPEJNoIaraeTCsi yCOBEPIICHCTBOBATE METObI U
TEXHOJIOTHIO OIICHMBAHMSI M TPOTHO3a “TMHAMUYECKUX
HOpPM~ ¥ ‘IMHAMUYECKUX aHOMAaJMi~ TeMIepaTrypbl
BO3/IyXa U HA MX OCHOBE pa3paboTaTh METOJ| MOMCKA M0-
TEHIUAITLHBIX TPEIMKTOPOB JIJIi MPOTHO3a KPYIHBIX
AHOMAJIUI TIOTOJbI HA CPOKU O0Jiee TPeX Heiesb.

1.2.6. Ouenka poiu 60-1eTHEro MUKJIa
B HAOIIOIaeMbIX U 0XKHUIAeMbIX N3MEHEHUSX
KJIAMaTa

I/ICCHCHOBaHI/IH kBa3u-60-yeTHero OUKJIa 1 €ro
pojin B UBMECHCHUU 00aJIbHOTO 1 PETrMOHAIIBHOT'O
KJIMMATOB HallllIM CBOC OTPA>KCHUC B MHOI'OYMCIICH-
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HbIXx myOmmkanusix (Bkimovas IPCC, 2007), mop-
TBEPKIAIOLMX HAJIMYUE [OJTONEePUOIHbIX Kojeba-
Huii (¢ nepuopgamu 55-70 neT) B U3MEHEHUN NPU3EM-
HOH TemInepaTypbl, INI00aIbHON U KPYMHBIX PEeruo-
HOB. DTU KOsieOaHusi OOHAPYKMBAIOTCS KaK MO WH-
CTpyMeHTaJbHbIM HabmofeHusiM 3a 150 net, Tak u
N0 MHOTOYMCJIEHHbIM PEKOHCTPYKLMSIM TeMrepa-
TYPHBIX psiioB AyuTenabHocThi0 1o 2000 net u 60-
nee. B npepnaraemom ananuse OyfieT NpecTaBlIeHbI
JMUIb OLIEHKU, OCHOBAHHbIE HA [AHHBIX MHCTPYMEH-
TaJILHBIX HAOJIONEHNI (JJaHHBIC MAJIEOPEKOHCTPYK-
Uil MEHee HajIe>KHbI, XOTS U COfiep>kKaT BeChbMa MH-
TEpEeCHbIe Pe3yJILTaThl — CM., HapuMep, 3aMoJIofI-
ynkoB, 2013; Bop3enkosa u np., 2011; Mann et al.,
2008 u fip.). Curnan 60-jeTHero KoiebaHusi, MOMuU-
MO III00ABHO TeMINepaTyphbl, SIPKO BbIPAsKEH B U3-
MEHEHMSIX TeMIMepaTypbl MOBEPXHOCTU OKEaHOB B
ceBepHOU YacTh ATinaHTuku 1 B Tuxom okeane (UH-
nekcbl AMO, PDO), 1 BO BpeMEHHOM PSijTy II00aITh-
HO ocpenHenHoro yposHst mopsi (IPCC, 2007,
Delworth, Mann, 2000; Schlesinger, Ramankutty,
1994; Kerr, 2000).

[Tpupopa 60-eTHero KojeGaHms MOKa HEU3BECT-
Ha. EcTh mpeinonoskenusi, 4To 3TH UUKJIbI CBSI3aHbI C
BHE3eMHbIMH BIIMSIHUSIMU, TaKUMU KakK W3MEHEHUe
paccrosinust mexxay CosHueM u 3emiielt BClecTBIe
BJIMSIHUSL TIOJIOXKEHUsI KPYMHBIX TuiaHeT. B paGore
(Mouun, Bepectog, 2005) 60-eTHuil UMK paccma-
TPUBAETCS KakK ‘“‘CaMblil TIMHHBINA U3 KOPOTKUX LMK-
JOB”, B KOTOPOM ‘‘TIpUOJIM3UTENILHO TMOBTOPSIETCS
B3auMHoe pacnonoxenue Connua, Onurtepa u Ca-
TypHa”. BBIIBUTAtOTCS TAK>KE TMIOTE3bl, YTO MPUYM-
HOI MOryT ObIThb mpoueccbl B MHpOBOM OKeaHe
(IPCC, 2007).

B psine paboT n3MeHeHus1 KiimMaTa paccMaTpHu-
BAIOTCSI KaK pe3yJITaT COBMECTHOTO BIIASIHUSI aH-
TponorenHoro (aktopa (uHorma B popme TpeHa
ro6asbHoro norerieausi) u 50-60-neTHnx Koseba-
HUI, HE CBSI3aHHBIX C AHTPOIIOIEHHON JEATEIbHO-
cteio (Schlesinger, Ramankutty, 1994; ®pomnos u
ap., 2007; IManun, 2009; Cemenos, 2010; Orssengo,
2010; MoxoB u fip., 2012). OctaHoBUMCSI TOAPOG-
Hee Ha KOJIMYECTBEHHbIX OLIEHKAX POJIM pa3HbIX (ha-
KTOPOB, TpeicTaBlIeHHbIX B padore (I[py3a, PanbKo-
Ba, 2012). JlanHble O HaGJIOIAEMOIl TeMIiepaTrype
paccunTanbl 1o wMaccuBaM HadCRUT3 wm
CRUTEM3 (Bepcust 2011 1., cm. Bbime puc. 1.2.3).
MaccuBbl cofiepsKar i06anbHble o B S-rpagyc-
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HbIX “O0Kcax’”, 6a3MpyIOLIMECs] TOJbKO Ha IAHHBIX
MHCTpPYMEHTaNIbHbIX Habmofaenunii ¢ 1850 ropa mo
HACTOSIILIEE BPEMsI.

B kauecTBe OCHOBHBIX (PU3MYECKUX NPUUMH
KJIMMAaTAYECKON M3MEHYMBOCTH IMPU3EMHON TeEMIIe-
paTypbl 3/1eCb PACCMAaTPUBAIOTCSI:

— U3MEHEHNE KOHLEHTPAaUUK NapHUKOBBIX ra30B
B atMocepe (B JAHHOM Clly4yae WCMONL30BaH Bpe-
MeHHOI1 psift KoHieHTpaiuu CO,);

— €CTEeCTBEHHasl JJOJIrONeproiHasl U3MEHUYMBOCTh
(B wacTHOCTH, KBa3u-60-neTHee KosebaHue BO Bpe-
MEHHBIX Psiflax TeMIIepaTypbl);

— BapHalK COJTHEYHO! aKTUBHOCTH (MCIOJIb30BaH
BPEMEHHOI1 PAJl YMCIIA COJTHEYHBIX MATEH SS, sunspots,
KaK JIOCTYIHBII1 32 60Jiee INIUTEbHbINA NEPUOS] Bpeme-
HU, B CPEJTHEM 3a TOJI ¥ Ui KasK/I0ro Mecsiia).

EcrecTBeHHasi nonronepuopiHasi U3MEHYUBOCTh
NpEe/ICTABIIEHA B 9TO paboTe COCTABIISIFOLLMMU, Bbl-
[IeJIEHHBIMM HU3KOYacTOTHbIM pussTpoM [loTTepa
¢ nepuopom otceueHnst okojo 60 net. ITokaszano,
YTO OT(UIBTPOBAHHbIE HU3KOYACTOTHbIE COCTAaB-
JSIOLME, COOTBETCTBYIOIIME MEPUOAAM OTCEYEHUs
ot 55 no 70 ner, oueHb cXOAHBbI MeXy coboii. [lo
OTpeJIeJIEHUI0, OHU [I0JIXKHBI COfIEp>KaTh KOJIeOaHUs
MCCJIE[IyEMOro psifia C MepUOIaMu He HIKE NepUofia
orcedeHust (B TOM 4KCIIe TPEH]I, ECJIN OH €CTh B UC-
xofHOM psiny). Ha “xBoctax” psijla criiaxkuBaHue
BBIMIOJIHSIETCS 110 YCEYEHHBIM JAHHBIM U IOTOMY Me-
Hee HajexxkHo. Mccrnenyemble BpeMEHHBIE Psijibl
npuBesiebl Ha puc. 1.2.16 (1850-2011 rr.). Ha
BEpPXHEM (PparMeHTe TOYKaMU MOKa3aHbl aHOMAJIUU
CpeHEN rOoflI0BOM ITIOOANBHON MPUNOBEPXHOCTHOM
temnepatypbl Bo3nyxa HadCRUT3. Ha ¢one xao-
TUYECKUX W3MEHEHUI TemIeparyp roj ot roja oT-
YETJMBO BUJIHO, YTO JIMHEWHbIE TPEHJbI sl pas-
JIMYHBIX OTPE3KOB BPEMEHHU IOKa3bIBAIOT Mallble
n3MeHeHust TeMneparypbl 1o 1900-ro roma u cyie-
ctBeHHOe noreruienue nociie 1910-ro ropga. Criepy-
eT oOpaTUTb BHUMAHWE, YTO aHOMAJMU CPEJIHEero-
[IOBBIX TeMOepaTyp 3eMHOr0 11apa UMEIT pa3opoc
Bcero 1.2 rpayca.

Ha BTOpoMm (pparmenTe aHOMaauu TeMnepaTypbl
coefiuHeHbl JJoMaHoil nuHuerr Gl u nokasassel cria-
skeHHble KpuBble Glg, u Glg; (pe3ynsraT npuMeHeHust
HMU3KovyacToTHOro ¢unsrpa Ilorrepa ¢ nepuopamu
orcevenust 59 u 67 niet). Bugno, uro kpusbie Gls, u
Glg; MpakTUYEeCKW COBMAJIAIOT U MO3BOJISIIOT Bbljle-
JMTH ABa puMepHO 60-eTHUX KomeGaHusi OT OfIHO-

o
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Puc. 1.2.16. Xon, aHOManuin cpeaHux rofoBblX 3HAYEHUN TNOBaNbHOW MPUMOBEPXHOCTHOM TemnepaTypbl
HadCRUT3 n ¢akTopoB M3MEHYMBOCTM MPU3EMHON TemnepaTypbl B TedyeHune 1850-2011 rr. AHomanum
paccuymTaHbl OTHOCUTENbHO nepmoga 1961-1990 rr.

CBepxy BHU3: HabnwoaeHHbie 3Ha4eHus (TOYKM) v JINMHEViHbIe TpeHabl 4115 4 nepuoaos: 1850-1900, 1900-1950,
1950-2000 rr. v 1976-2011 rr.; HaboaeHHbIe 3Ha4YeHvs (nomaHas inHns Gl) v crnaxeHHbie Kpusbie (Glsg, Glg7),
rosiy4eHHble punbTpom lNoTTepa ¢ nepuoaamuy otceqdeHunss 59 n 67 neT; KOHUeHTpauus ABYOKUCK yriepoada v
YYCII0 COJTHEYHbIX MSTEH (CUHME NTMHUYM). KpacHbIMY KPpUBbIMY MOKa3aHbl KOMIOHEHTbI, BblAEIEHHbIE QUILTPOM

lNotTepa ¢ nepnogom orcevyeHus: 55 ner.
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ro Makcumyma f1o apyroro: npumepao ot 1880 mo
1940 u ot 1940 go 2000 rr. PeansHOCTE 3THX KOJIE-
O6aHMil BMOJIHE YOEIUTENbHA U JIOTOJHUTENLHO TOf-
TBEP3K/IAETCSl Pe3yJIbTaTaMi CHEKTPaJIbHOTO aHAJIM-
3a. MOHOTOHHBIII POCT IVIOOATBLHONM TeMIepaTypbl
nocyie 1910 ropa He BbI3bIBAET COMHEHUSI M MHTEP-
NPETUPYETCS KaK “‘TII0O0ANBHOE NMOTEIIEHUE BCIIE/ICT-
BUE POCTA KOHUEHTPALMU MAPHUKOBBIX a30B B ATMO-
cepe 3eman’.

Ha cnepyrommx JByx cparmMeHTax MHOKa3aHbl
BpeMeHHbIE psijibl (pakTOpoB — KoHueHTpauust CO, n
YHMCJIO COJIHEYHbIX nsiTeH SS. KpacHbIMM KpuBbIMU
MOKa3aHbl UX COCTABJISIIOILME, BbIJIeNIEHHbIE (DUIIBT-
pom Iorrepa ¢ nepuopom orceuenus: T = 55 net. Xa-
PAKTEPHO, YTO HWU3KOYACTOTHAsh KOMIIOHEHTAa XOjia
CO, npakTUyecKu COBMAJAET C CAMUM PSJIOM, TO-
CcKOJIbKY BpemeHHoM psit CO, He copepKuT Kojeba-
Hull ¢ nepuoiamu Menee S5 setT. M3ru6 B KoHIe me-
profa TIOATBEPXKAAET CAEJAaHHOE BBIIIE 3aMevaHKe
OTHOCUTEJILHO OOJbLIEN HEONPEAEIEHHOCTH Pe3yJib-
TaToOB (pUJIBTPALMM Ha “XBOcTax’ psaa. AHaIoruy-
Hasl COCTAaBJISIFOILAS JIJISl YKMCJIAa COJIHEYHBIX MSITEH,
NO-BUAMMOMY, OTPa’KaeT HEKOTOPYIO TEHJICHLMIO K
YMEHBIICHUIO aMIUTY/bl Konebanuit 1o 1930 r. u
nocnefyronpe sa npuMepHo 20-IeTHUX BCIuiecka
aAMIUTUTY/bl C MUHUMYMOM Mexkiy Humu B 1970 r u,
BO3MOXHO, B KOHIIE TIEPHUOIA.

CpaBHUTENIbHBIE OLEHKHM BKJIajla Npejrnosiarae-
MbIX (PaKTOPOB B M3MEHUYMBOCTH TEeMIEpaTypbl
MPOAHAJIM3UPOBAHBI JIJTsl PA3HBIX PETUOHOB (3€MHOM
map, cywa CII, apkTuyeckuil nosic, yMepeHHble
umpotbl CIT, Teppuropust Poccun) u pa3HbIX ce30-
HOB (rof|, siHBapb, WMIONb). BKiaj KOHUEHTpaiun
CO, 1 COHEeYHOM aKTUBHOCTH OLIEHUBAJICS C TIOMO-
LIBIO JIMHEMHOWM PEerpeccum TeMInepaTrypbl Ha ak-
top (Ipy3sa, Panbkosa, 2009), a Bkiag 60-neTHero
LUKJIa — €ro HU3KOYAaCTOTHOM COCTAaBJISIOIICH.
OueHkM nokasalid, YTO OTHOCUTEJIbHbIN BKJIaJ] po-
cta koHueHTpauun CO, B U3MEHUYMBOCTb TeMrepa-
TYpbl BO BCEX PACCMOTPEHHBIX PETMOHAX 3HAYM-
TeJIbHO Gounblie, yeM BiusiHue 60-1eTHero muKia.
NcknroyeHne npeficTaBisiIOT OUEHKU JJIsi KOHTH-
HeHtoB CeBepHoro momymapusi (B Wione) u st
ApkTHyeckoro pervona (B siHBape), Ijie BKJIajbl
3TUX JIBYX (PAKTOPOB OKA3aJIMCh COMOCTABUMbBIMHU.
Bku1aji COMHEYHOM aKTUBHOCTH (SUNSPOtS) B M3MEH-
YMBOCTb TEMIIEPATypbl BO BCEX CIIy4asiX MHOT'O HU-
ke (Menee 2%). Ocobo crieyeT OTMETHTb, YTO
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g Tepputopur Poccum nmpakTUYECKM BO BCeX
ciydasix JiBa Bemyumx akrtopa (KOHIEHTpAust
CO, u 60-neTHee KonebGaHme) OOBICHSIIOT MEHEe
50% wm3MeHUYMBOCTH TemrepaTypbl (a B siHBape —
nutib okosio 10%). B siHBape fosist 00bsICHSIEMON
9TUMU (paKTOpaMM IMCIEPCUM CYIIECTBEHHO CHMU-
>KeHa M 17151 Ipyrux pernoHoB. Ha ocHoBe nosyyeH-
HbIX OLIEHOK C(OPMYJIMPOBaH BbIBOJI: M3MEHEHUSsI
cpefiHe roOaIbHOW MPUNOBEPXHOCTHON TeMIiepa-
TYypbl CKIIAJIbIBAIOTCSI M3 OTKJIMKA Ha W3MEHEHUs
KOHIICHTpAIUM MTAPHUKOBBIX ra30B U KBa3n-60-7eT-
HEero LMKJA, a TakK>Ke XaOTUYEeCKUX KOoJeOaHWid,
CBSI3aHHBIX C YEpeJOBAHUEM CHUHONTUYECKUX MpO-
ueccos (puc. 1.2.17).

[MonsiTHO, uTO yuer kBa3u-60-jeTHero Konebda-
HUSI B MPOTHO3€ M3MEHEHW KJIMMaTa MOKa MOXKET
ObITh pealn30BaH JIMILIb B BUJIE JOCTATOYHO IpyOoOi
OMIUPUIECKON OLECHKU (THPOMHAMUIECKIME MO-
IeNsSIMA  9KCTpeMyMbl  KBa3u-60-JIeTHEro LyKia He
BOCIIPOM3BOJISATCS — CM., Hanpumep, IPCC-2007, puc.
9.5). Ipu 3TOM pedb UET O KOJIEOAHUSIX C AMILIUTY-
noit menee 0.2°C.

B pa6ore (Ipysa, Panbkosa, 20126) Takoi am-
NUPUYECKUI POTHO3 W3MEHEHUN ITTOOATIBHON TeM-
nepatypbl Ha 30-40 sieT mosyvyeH B COOTBETCTBUY C
“Mopiesiblo”, mpeyicTaBieHHon Ha puc. 1.2.17. Ha
puc. 1.2.18 Bknan kBasu-60-netnero uukmna To1V o,
B M3MEHEHMs] IIOOAILHOI Temreparypbl (BTOpPOi
akTop) paccmaTpuBaeTcsi MofgpoOHee, i TOfa,
siHBaps M urojist. OOLIMil XapakTep KoJeOaH!id B sIH-
BAapCKUX, UIOIbCKUX W TOJOBBIX BEJIMYMHAX 3TOrO
(pakTOpa mOCTATOYHO OJM30K, XOTS B JAETANSIX UX
YUCJIEHHbIE OLEHKM Pa3udHbl (OCOOEHHO BOJIM3U
MoCJIefIHer0 MakcumyMa). Jlasee BBOUTCSI IOMyIIe-
HUE, YTO PA3JIN4Ms CBA3AHbI CO CIIy4YailHbIMUA OLIMO-
KaMH, KOTOPbIX HEBO3MOXKHO M30€XKaTh B OLEHKaX
TaKOro poja.

[TockonbKy, MOCTYIHBI BPEMEHHON WHTEPBAJ
BKJIIOYAET JIMIIb JiBe “‘peanm3aiymu’ 60-eTHero Ko-
nebanusi (Ha PUCYHKE OHU BbIJCJICHbI [BETHBIMU
KPHMBBLIMU: PO30BOM ¥ TOJTy00i1), KOTOPHIX HEIOCTa-
TOYHO JJ151 CTATUCTUYECKOW OLEHKU €ro CIAENYoEn
“peanuzauuu’’, MpejaraeTcsl yMNpoLIEHHOE pelle-
HUE MO TUNYy ‘“UHEPUMOHHOrO MmporHo3a’. [Ipyrumu
CJIOBaMHU, TMpeJlaraeTcsl NEePeHeCTU KaKAblii U3
[BYX HAOJIIOfIECHHBIX LMKIIOB JIIsl BCEX BPEMEHHBIX
cpe3oB (roji, sIHBapb, WIOJIb) B TOYKY MOCIEAHErO
makcumyma. Ha puc. 1.2.18 momeHT mocnennero

o
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Puc. 1.2.17. NameHeHne cpeaHnx rogoBbiXx aHOManuii NPUNoBepPXHOCTHOM rnobanbHoM TemnepaTypbl. Beepxy —
xopn, rnobansHon Temnepatypsl (Gl) n kpueas ee perpeccumn Ha CO, (GICO2). B ueHTpe — xo4 0CcTaTKOB OT perpeccuu
(Veo, = GI = Glgo,) 1 ee HuskovacToTHas coctasnsiowast (T6Weq,). BHU3Yy — Xx04 Vo, 161 (OCTatkm nocne
ncktoYeHns o6enx KOMMNOHEHT: perpeccus Ha CO, 1 T61) 1 KpnBas ee perpeccum Ha YNCNO COMHEYHbIX NATEH SS.

MakCHMyMa Ha BCEX KPUBBIX NOKa3aH BEPTHUKAJIb-
HOW YepTOW, a MOJOOHBIE KaXKI0MY UMKy “‘MHEPLU-
OHHbIE” M3MEHEHUsI TEMIIEPATypbl MOKa3aHbl KpU-
BbIMM COOTBETCTBYOLLEro BeTa. Hakoneu, npunu-
MaeTcsl TMnoTe3a O PaBHO3HAYHOCTU BCEX BPEMEH-
HBIX CPE30B, U BCE TPU Naphbl “‘UHEPLUMOHHBIX KpPU-
BbIX OO'BE/IMHSIOTCS B OfIMH MTy4YOK BO3MOKHBIX Tpa-
EKTOpUI TMPEACTOSALMX W3MEHEHUN CPEJHEN IJI0-
OaJIbHOI TEMIEpPaTypbl, HE3AaBUCUMO OT KaJIeHJap-
HOrO Nepuoja.

Koneunasi penb paccMarpuBaeMoyl 3ajadd —
popMupoBaHue cueHapusi U3MEHEHWil IT100aIbHOM
TeMIepaTypbl BO3yXa B OJKailme IecITUIeTHs ¢

YUETOM CYMMApHOI'O BO3JIECTBUS MPEANOIaraeMbIx
(hakTopoB. Peub upieT o cueHapum, MOCKOIbKY Npef-
CTOsILLIME U3MEHEHHs BHELIHMX (DAKTOPOB HEU3BECT-
Hbl U OLEHKA ITI00AJIbHON TeMNepaTypbl OCHOBbIBA-
eTCsl Ha HEKOTOPBIX YCJIOBHBIX (Hambosee COOTBET-
CTBYIOIMX PEIIaeMONl 3a/aue) CUCHAPUSIX UX M3Me-
HeHus. B Hamem ciyyae TakumMu (hakTopamu SIBIIsI-
F0TCSI KOHLIEHTPAIUS TIAPHUKOBBIX T'a30B B aTMoce-
pe u kBa3u-60-J1eTHUI LK.

Ha puc. 1.2.19 npencraBnenbl OTKIMKU CpefHe-
TOJIOBOI ITI00ANILHOM TEeMINEepaTypbl Ha W3MEHEHHe
KaJ10ro 13 (pakTOpOB U UX CyMMapHbI 3(pdeKT no
manabiM Habmonerni (1o 2010 1) u ux oneHka Ha
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Puc. 1.2.18. Bknap 60-netHero konebaHus B M3MeHeHWe rnobasibHoM MPUNOBEPXHOCTHOW TemMnepaTtypbl B
TeveHune 1850-2011 rr. n oueHka ero nameHeHus B cnegytowem 60-netHem umkne (ao 2070 ropa).

nepuop 1o 2040 . HeoGxonumbie fijisi pacueTa per-
PECCHOHHOTO OTKIIMKA 3HAauYeHWs perpeccopa (KOH-
tentpauusi CO,) Ha Meproy| MPOrHO3a B3SIThI U3 Clie-
Hapusi A1B MI'SUK (SRES, 2000).

Ha Bepxnem ¢pparmenTe pucynka “Bkiag CO,”
(cueHapHbIil MPOrHO3 M3MEHEHHUsT TITOGATIBHOI TeMIie-
parypbl BeieficTBre u3MeHennst KorteHTpaun CO,)
BKJIIOUAET €>KErOfIHYIO OLEHKY OXKUJAEMOr0 CpefiHe-
ro 3Hauenus (yepHast Kpusasi) u ee 95%-ro joBepu-
TEJBHOTO MHTEpBaia (BepTUKAIIbHBIE OTPE3KU CEPO-
ro ugeta). [lyykoM KpUBBIX 3€JICHOTO [[BETa MOKa3aH
“pkman T-60”, T. e. oxKkrgaeMble M3MEHEHNS TTI00Ab-
HOIl TeMMepaTypbl, CBs3aHHble ¢ KBa3u-60-1eTHUM
KonebanreM. 3a Touky otcuera mpuHsAT 2002 rop

KaK TOYKa MOCJIEJJHEr0 MakcumMyma KBas3u-60-neTHe-
ro KoueOaHusi 7Sl CPE/JHErOfOBbIX 3HAYEHMI TIJI0-
OaJIbHOI TeMIepaTypbI (JU1s1 PA3HbIX CE30HOB OHa Jie-
>kt B uHTepBanie ot 1998 o 2011 r).

Hwkuuii pparMeHT COREp>KUT TOJBKO XOJ| Ha-
onrogaemont Temnepatypbi 1o 2010 . BKITIOUMTETHLHO
Y ICKOMYO TIPOTHOCTUYECKYIO OIIEHKY TIPECTOSIIIX
u3MeHeHuil TnobasnbHoil Temneparypbl o 2040 r.
(KpacHast KpuBasi 1 I0BepuUTENbHBIN MHTEpBaN). [To-
Jy4deHa 3Ta OlEeHKa CyMMHPOBAHHEM BKJIAJIOB 000MX
(hakTOpOB, MOKA3aHHBIX HA BEPXHEM (pparMeHTe.

HanmomHuM, 4T0 mosmy4eHHbIe OLEHKN OTHOCSTCS K
cpenaum 30-neTHUM TemmepatypaM (HOpMaMm) WM K
cepemHaM cooTBeTcTBYOMX 30-yeTnil. B cootBeTCT-

o
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BHY C MONYYEHHO! OLEHKON MOXKHO oxXupaTh yepe3 30
qer (or 1981-2010 rr. k 2011-2040 rr.) noBbieHus
robansHON TemrepaTypbl Ha 0.58 £ 0.17°C, B ToMm
yucye nobieHns Ha ~0.72 £ 0.11°C 3a cuer yBenye-
Hust KoHueHTpau CO, u camkenus Ha 0.14 + 0.06°C
3a cyeT KBa3u-60-seTHero KoneGaHusl.

1.2.7. 3akaouenune

1. o panHbIM YHUBepcuTeTa BocTouHoi AHT-
JMM O TPUIOBEPXHOCTHON Temmeparype 3a
1850-2012 rr. (ueTBepTasi Bepcusi), CaMbIM TETUIBIM
nast 3emuoro mapa okaszancst 2010 rop, 3a HUM clie-
nytor 2005 u 1998. CoorBeTcTByIOIIME AaHOMAIIMU
pasubl +0.540, +0.536, +0.523°C (pasmmuust B mipe-
fiesiax TOYHOCTH pacueta). [lust cyiu CeBepHOTo mo-
aywapusi cambiMu Teribivu 6t 2007, 2010 u
2005 rr., ¢ anomamasivu +1.15, +1.08 n +1.02°C. U3
12 MakcUMaNTbHBIX 3HAYEHUI TTI00AILHON CpefTHero-

JIOBOI TeMmnepaTyphbl JHMIIb OJIHO OTHOCUTCSI K TIPO-
uwtomy crosietuo (3a 1998 rop), ocrambhbie 11 —
Bce u3 2000-x.

CpaBHeHue 4YeTBEpPTON BepCUM  JAHHbBIX
Hadley/CRU (HadCRUT4, CRUTEM4) ¢ TpeTbeit
Bepcueit (HadCRUT3, CRUTEM3) nokasaso, uTo B
Xofie TIIOOANBLHON TeMIepaTypbl CIVIAAMICS MUHU-
MyM 1940-1970-x 1 HeCKOIBKO MOBBICUIIUCH 3HAYE-
Hus B Havase psijia, B 1910-1930 u B 2000-x ropax.
B cpennem nuist cynm CeBepHOro nosyapusi, pas-
TMYMST ME3KJTY IBYMSI IOCJIETHUMYU BEPCUSIMU TAHHBIX
3aMETHbI JIMIIb Ha “XBOCTax’ psAa: NPUMEPHO [0
1886 r. Temneparypa Oblna 3aBblllIeHa, a C KOHIA
1990-x — 3anmskeHa. CyIIeCTBEHHBIX pa3jMuuil B
OLICHKAX TPEH/IOB B IByX BEPCHUSIX JJAHHBIX HE OOHa-
PY>KMBaeTCsl.

TemnepaTypa Bo3ayxa Hajl CyLIel CEeBEpHOro Io-
JyHIapust onpefiesieHHo 6osiee TyBCTBUTENBHA K IVI0-
0aJbHOMY TIOTETIJICHHIO, YeM TemIiepaTypa MoBepX-

1.6
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1.2.19. CymmapHasi oueHka (NPOrHO3) OXWMOAEMbIX W3MEHEHWUI MPUMNOBEPXHOCTHOW rnobanbHOMN

Temnepatypbl Ha nepuod Ao 2040 r. ¢ y4eTOM U3MeEHeHus kKoHueHTpaumnm CO, n ¢asbl kBas3n-60-neTHero

KofiebaHns B KOMMieKce (KOMMEHTapuii CM. B TEKCTE).

(67
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HOCTH OKeaHa. B 1es1oM, OlIeHKHM YKa3bIBaIOT Ha MPOo-
JloJpKarouieecs: rodanbHOE TMOTEINJIEHUE: CPEHss
CKOPOCTb MOTEIUICHUs Ui 3eMHOro Iapa U CyIIu
CesepHoro momymapusi coctasisier +0.166 wu
+0.328°C/10 ner 3a 1976-2012 r. u +0.075 un
+0.105°C/10 ner 3a 1901-2012 rT., COOTBETCTBEHHO.
[Ipn srom Havamo XXI Beka ocTaercst cambIM TEN-
JIbM 12-71eTHeM 3a mepuoji MHCTPYMEHTAIBHBIX Ha-
OJIIOfIeHNIl, HO BHYTPU HErO MOHOTOHHOT'O TOTEIIe-
HUSI He HaOsrofaeTcsl.

B cBs3m ¢ uckyccuein 0 HabmogaeMoM 3aMefiiie-
HWU TJI00AJIBHOTO MOTEeTUIeHNsI, CY/Isl 1o olleHKam Met
Office, ecTb OCHOBaHUSI CUMTATh, YTO COBPEMEHHAs
“nay3a” elie He O3HAYaeT MpeKpalleHue MOTEeIIICHHUS.
J171s 3aKJTFOUMTENBHBIX BBIBOJIOB HYXKHBI CHElUalb-
HbIE KCCJIeIOBaHusl U Ooliee eTalbHbIE U IUTEIb-
HbI€ JJAaHHbIE HAOIIOJIEHUI, a TaKXKe COMIACYIOLMecs
OLIEHKU HECKOJIbKUX HE3aBUCUMBIX UCTOYHUKOB.

2. CpaBHeHME OLEHOK JIMHEWHbIX TPEHJIOB TEM-
nepaTypbl ipu3eMHoOro Bo3zayxa 3a 1976-2006 rr. u
1976-2012 rr. moka3ajo, 4To OOIIMI YPOBEHb TPEH-
0B Ha TeppuTopuu Poccun u MX OCHOBHBIE CE30H-
Hble OCOOEHHOCTM M3MEHWJIMCh HECYyIeCTBEHHO. B
nesiom st Poccnu, ¢ mo6asiienreM 6 JieT cpeHero-
lioBasi CKOPOCThb TOTEIJICHUs HE W3MEHUJIACh
(+0.43°C/10 ner), HO cTaMM 3aMETHEE MEKCE30HHbIE
pasnuuusi TpeHnaoB. Bo Bce ce30HbI, KpoMe 3MMHETo,
CKOPOCTb MOTEIJICHUS HEeCKOJBbKO YBEJIMYMIACh, a
3UMO¥, HAMpOTHUB, 3aMeTHO cHu3wiachk (ot 0.35 1o
0.18°C/10 net). O6nacT HanGoJIEEe MHTECHCHBHOTO
noremieHus: coxpanmmchk (EUP — 3umoii, Cubupsb —
BECHOI, CEBEPO-BOCTOK POCCHI — BECHOI 1 OCEHBIO)
U JJaXke pacUIMpPUINCh: 3UMOI — 3a CUET CEBEPHOI
tepputopun 3anajgHoii u Cpegneit Cubupu u [lanb-
Hero BocToka, J1eTOM 1 OCeHbIO — 3a CUeT TeppPUTO-
puu EYP u Bocrounoit Cubupu. Coxpanumnace u 00-
J1aCTh TIOXOJIOf]AHMSI 3MIMHUX CE€30HOB HAa KPalHEM Ce-
Bepo-BocToke Poccuu. [lononHuresbHO cpopmupo-
BaJlach OOLIMPHAsi OOJIACTh MOXOJIO/IAaHUS 3UM Ha Fore
anapHoit Cubupu (otHocutensho 1976 1), a TeH-
JISHIIUST K YMEHBIICHUIO OCEHHUX TEeMIEepaTyp Ha ce-
Bepe 3anajHoit CuOMpy CMEHWIIaCh TEHIEHIMEN K UX
c1aboMy MOTEIICHUIO.

Ha tepputopun Poccum TenaeHuus K 3amesJe-
HITFO TeMIIOB Toreruiernst B 19762012 rr. o maHHbIM
HaOJTIO/IEHUI HEe TIPOCIIEXKUBAETCS B LIEJIOM 32 IOl U BO
BCE CE30HBI, KPOME 3UMBbI. [1J1s1 3TUX CE30HOB, B Cpefi-
HeM 1o Tepputopun Poccum, rumore3a o6 OTCYTCT-

68 |
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BUU TMOTEIUICHNS] YBEPEHHO OTBepraetcsi (Ha ypoBHE
3HaunmocTu 0.01%), a JoKaJbHbIEe OLIEHKU TPEHIOB
MOJIOKUTEJIbHBI TIPAKTUYECKU Ha BCEW POCCUICKON
tepputopun. C Ipyroil CTOPOHbI, JaHHbIE O TeMIepa-
Type 3UMHUX ce30HOB B TeueHne 1976-2012 rr. ne
TIO3BOJISIIOT, B CpefiHeM Juisi Teppuropun Poccun, yBe-
PEHHO OTKJIOHUTD HYJIEBYIO THIIOTE3Y — KPUTUIECKHI
YPOBEHb 3HAUMMOCTH OKazancs paBHbM 40.4%.

JnHaMyKa OLEHOK TPEHJIOB TEMIepaTyphbl 3UM-
Hero ce3oHa oT 1976-2006 rr. k 1976-2013 rr. cBu-
IETEIbCTBYET 00 YCUJIGHUM TEHJCHIMU K TIOXO0JIOfIa-
HMIO 3UMHMX C€30HOB Ha tore 3amajgHoii Cubupu u
MIOCTENIEHHOMY PAaCIpPOCTPAHEHUIO €€ Ha BCIO a3MaT-
ckyro Teppuroputo Poccun. IIpu aTom BesnmunHa Jo-
KaJIbHBIX OTPULIATENILHBIX TPEHIOB B TOYKAX MaKCH-
MaJbHOI WMHTEHCHBHOCTH OCTaeTCsl Ha YPOBHE
—0.6...-0.4°C/10 ner. ITo-Bugmmomy, nosne3Ho o6pa-
TUTh BHUMAaHNE Ha Pa3BUTHE 3TON TEHJACHLMN B OJI1-
SKalye rofpl.

3. 1715t XapaKTepUCTHKY COBPEMEHHBIX N3MEHEHHI
TEMIIepaTypHOro pexkuma Ha Teppuropun Poccum, B
JIOTIOJTHEeHKe K aHamm3y TperioB 3a 19762012 rr., pac-
CMATPUBAETCSl M3MEHEHHME KJIMMATHYECKUX HOPM OT
1961-1990 rr. k 1981-2010 rr. BeIsiBIeHO mpakTHye-
CKH TMOBCeMecTHOe (Ha BCEll TepPUTOPUH) MOBBIIIE-
HUE HOPM CPEHEeroflOBOM TeMIepaTypbl, CTATUCTHU-
4ecky 3HaunMMoe Ha 5%-M ypoBHe. [1yis Bcex ceso-
HOB, KPOME 3MMbl, MOBBILICHAE HOPM TaKKe OTMeva-
eTCsl Ha Bceil Tepputopuu, Ho Juiib Ha 20—40% aroii
IJIOIIAJM OHO CTATUCTUYECKM 3HAYMMO Ha YPOBHE
5% . VIamMeHeHne HOPM 3MMHUX TeMIepaTyp Ha GOlb-
wei yactu Teppuropun Poccum Ha 5%-M ypoBHe
CTaTUCTUYECKM He3Haunmo. EpuHcTBeHHas o6nacTb
TIOHIKEHUSI HOPMbI OTMEUeHa [Tl 3UMHUX TeMriepa-
TYyp Ha KpailHeM CEeBepO-BOCTOKE CTPaHbI, HO BEJIMIN-
Ha €ro crarucTudecku Hes3Haunmma naxe Ha 10%-m
yYPOBHe.

4. OO6cyxkjaeTcss KOHUENUMs JUHAMUYECKUX
HOPM U IMHAMUYECKUX aHOMAJIUIA, peajn3yroliast Ho-
BbIl MOJIXO/] K OLIEHKE HOPM B YCJIOBUSIX HECTalMO-
HApHOTO KJIMMaTa.

JuHaMIYECKHe HOPMbI PETMOHATIBHBIX (JIOKAJb-
HBbIX) TEMIEpPaTyp KOHKPETHOro Mmecsina (ce30Ha)
PaCCUNTBHIBAIOTCS KaK PErPeCCHOHHBIN OTKJIMK HA U3-
MEHEHNe ITI00aBbHOI TEMIIEpaTyphl, KOTOPast BHICTY-
TMaeT 3/1eCh B POJIM MHMKATOPA II00AIBHBIX M3MEeHe-
HUI KITIMaTa. YpaBHEHNE PErpeccur OLEHUBAECTCS TI0
nepuopy ot 20 o 40 ner (pekomennyercst N = 31) u

o
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9KCTPANoJMPYeTCsl HA OJMH TOJl, HEMOCPEICTBEHHO
CJIeYIOLLMIA 32 IEPUOJIOM OlieHMBaHus. B cBsi3u ¢ He-
COMHEHHBIM (paKTOM TII00ATBLHOTO MOTETJICHUS U He-
00XOMMOCTBIO MEPECMOTPA HOPM C YUETOM HAOIIIO-
llaeMbIX U3MEHEHUI KJIMMAaTa, TaKou MOAXOJ] MPefICcTa-
BJIsieTcsl 6oyiee 0O0CHOBaHHbIM. B aToM ciyuae feii-
CTBUTENILHO YUUTHIBAETCSl 3aBUCUMOCTb PErMOHAIIb-
HOW KJIMMATUUYECKOW HOPMbI OT XapaKTEPUCTUK IJI0-
OaJILHOTO M3MEHEHUs KJIMMaTa, OTPasKaloIIUX CyM-
MapHbIil 3(pheKT BCceX BbI3BABIINX WX MPUYMH.
JIunamuyeckasl aHOMaJIMsl OTMpefessieTcsl Kak
Pa3HOCTb MEKY HAOJIIOIaeMOI TEMIIEPATy POy U JIU-
Hamuyeckor Hopmoi. [Toka3zaHo, 4YTO TpaIMUMOHHbIE
aHOMAJIMK JIAI0T MH(pOpMaLUIO cCKOpee 00 N3MEHEHUU
KJMMaTa, Torja Kak B JUHAMUYECKUX aHOMAJIMSIX CO-
CTAaBJISIIONIAS], CBSI3aHHASI C N3MEHEHUEM KJTMMAaTa, UC-
kimoueHa. HopmupoBaHHbIE JMHAMUYECKHE aHOMa-
auu 00pa3yroT TMPAKTUUYECKU CTALMOHAPHBINA IMPO-
L[eCC, He COfIepPKAallluil HU ME>KCE30HHBIX U3MEHEHUI],
HU TEKYIIMX MHOTOJIETHUX TPEH/IOB.
[TpenamonaraeTcsi, 4TO C AMHAMMYECKMMU aHOMa-
JIUSIMHA MOT'YT ObITh CBsI3aHbI OTPE/IeJICHHbIE NEPCTIEK-
THBBI TIPOTHO3a KPYIHBIX aHOMAJIMI MOTO/IbI HA CPO-
K1 Gosiee Tpex Hefiedb, MOCKOJbKY MPOrHOCTUYECKHEe
NPU3HAKK, XapaKTepU3yIollue HavyajbHbIE LUPKYJIsi-
[MOHHBIE M CUHONTHYECKUE YCJIOBUS, OTBETCTBEHHbI
3a (popMUPOBAHNE UMEHHO 3TUX AUHAMUYECKUX AHO-
Manuil. IlonpaBku Ha *“C€30HHOCTH’ M ‘“‘U3MEHEHUE
KJMMaTa” JOJKHBI BBOJIUTHCS B MPOTHO3 AWHAMUYE-
CKUX aHOMAJTHII KaK aIATUBHbIC COCTaBJIsitolme (Ha-
NpUMeEp, B TEPMUHAX JIMHAMUYECKHUX HOPM).
JIHamMuuecKkre HOpPMbI y>Ke camu Mo cebe WH-
¢popMaTHBHBI KaK MPOTHO3 TPAUIIMOHHBIX aHOMAJIHIA
TeMIepaTyphbl ¢ 3a61aroBpeMeHHOCThIO 1 TofI. [Toka-
3aHO, YTO KOPPEJISIys MEKIY XOJOM MHAMUYECKUX
HOPM U (hpaKTUIECKHUM XOJIOM TeMIepaTyphbl MOJIOKHM-
TeJIbHA, TOTNAa KaK TPAVIMOHHBIN KIMMATUIeCKUM
NPOTHO3, T. €. HYJIEBOE MOJIE AaHOMAJIUI, TAKUM CBOM-
CTBOM He oOsajaer mno omnpepaeneHuto. Cpegussi
ommobKa MPOrHo3a B TEPMUHAX IMHAMUYECKUX HOPM
st repputopun Poccun kone6nercst okono 0.06°C B
no4ytu cuMmeTpuyHoM wunTepBasie (ot —0.35 o
+0.43°C), Torga Kak mpW TPAUIMOHHOM MOXO/IE
MMEeT MECTO SIBHOE CMEIeHHUe: CpejilHee 3HaueHHe
oumoku +0.42°C, a o6nactb n3menenust ot —0.3 1o
+0.75°C.
5. HUccnenosan Bkiag 60-1eTHEro UMKIA B W3-
MEHYMBOCTH MPU3EMHOI TeMIiepaTypbl 3eMHOTO I1a-

pa 1 KpynHbIX perioHoB CeBepHOro mosyuiapus mno
JIaHHBIM MHCTPYMEHTAJbHbIX HAOIOfIeHUI 3a ToC-
nepaue 150 ner. ITloka3aHo, YTO 3KCTPEMYyMbI
60-1eTHero 1KKIIa OOHAPYKUBAOTCS B PsiflaX TEMIIe-
paTypbl 17151 BCEX PACCMOTPEHHBIX PETMOHOB U BO BCE
CE30Hbl, HO HE BOCHPOM3BOMASTCS TUAPOUHAMUYE-
CKUMHU MOJIEJISIMU.

B kauecTBe (hakTOpPOB KIMMATUYECKOW W3MEH-
YUBOCTHU TEMIIEPATYPbl KPYIHbBIX PETMOHOB, HAPSIY C
60-7eTHUM IMKJIOM, PAacCMOTPEHbI KOHLECHTPALUS
CO, ¥ M3MEHEHHE COJHEYHOW AaKTMBHOCTH (UMCIIO
COJTHEYHBIX TisiTeH). [Toka3aHo, 9TO MPakKTHIECKH BO
BCEX CJIyYasiX OTHOCHUTEJbHBIA BKIQJ| YBEIMUYCHUS
koHueHTpauuu CO, 3HaUUTETBHO OOJIbIIE, YeM BIU-
siHue 60-yeTHero uKia. Bkiaj conHevHOl ak THBHO-
cti MHOTO Huxke (MeHee 2% ).

CcopMyaupoBaHn U peann3oBaH YHIPOLIEHHbIN
CUEHapUil U3MEHEHUs T0OATLHON MPUIOBEPXHOCT-
HOWl TeMIepaTypbl B OJvKaillne AECATUIECTHUS C
YU4€TOM CYMMAapHOI'O BO3EHCTBUS ABYX (paKTOPOB —
konuentpaiust CO, u kBa3u-60-jeTHee KoyeOaHue.
B cooTBeTcTBUM € 3TUM CLEHApUEM, CHIXKEHUE TJ10-
OanbHOI Temmeparypbl BenefacTBue 60-neTHero Ko-
ne6anust B nepsble 30 JeT mociie TOUYKM MaKCUMyMa
moxkeT coctaButhb 70 0.20-0.25°C. C yueTom Bimsi-
HUS JIByX yKa3aHHbIX pakTopoB yepe3 30 jeT, oT
1981-2010 rr. k 2011-2040 rr., MOXKHO OXUJIATh MO-
BBIILICHUST TIOOALHON Temmepatypbl Ha ~0.58 +
0.17°C, B ToM uuciie nosbienns Ha ~0.72 + 0.11°C
3a cuet pocta CO, u chmkenust Ha ~0.14 £ 0.06°C 3a
cueT 60-eTHero KosieGaHusl.
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I''TABA 1.3. ATMOC®EPHBIE OCAIKHA

9. I, borgpanosa
C. 10. I'apunoBa, b. M. WUnbun, 3. 4. PanbkoBa
1.3.1. Beenenne

[T1aBa 0 KIMMAaTUYECKUX U3MEHEHUsIX aTMOcep-
HbIX OCAJKOB B HACTOSLLIEM JIOKI/aJie pa3jieieHa Ha
JIB€ YaCTH.

B mepsoit uyactu (1.3.2), moaroToBJeHHOI
D. 51. PaHbKOBO¥, aHATM3UPYIOTCS TEHIEHIMU COBPE-
MEHHbIX U3MEHEHUI1 PeXK1Ma OCaJJKOB Ha TEPPUTOPUU
Poccun no panHbiM HaGmogenun 3a 1936-2012 rr
Hcnonb3yeTcss MeTOAMKAa MOHMTOPMHrA KJIMMAaTa,
pa3zpaboranHas B UI'KD, u maccus ganubix UI'KD o

MECSTYHBIX CyMMax OCajikoB Ha 455 cTaHIusIX, pacno-
JoXeHHbIX Ha Teppuropun Poccum m ctpan CHIL
MaccuB co3/1aH Ha OCHOBE IAHHbIX CTAHJAPTHBIX Ha-
omopenuit, apxusupyeMbix B0 BHUNT'MU-MILI/L, B
KOTOPBIX B Pe3yJbTaTbl HAOJIOICHUI 3a OCaKaMu
BBEJIEHbI CTaH/IapPTHbIE MOMPABKM HA CMAayMBaHKE", a
JaHHbIE JJOKJIEMepa MPUBEICHbI K MOKA3aHUSIM OCal-
komepa (no metoauke L. A. IlIgep) Ha ypoBHe Mecsiu-
HbIX CyMM 0CajKkoB. OLEHKM TEKYLIEro COCTOSIHUS U
M3MEHEeHUs1 pexKrMa OCaJIKOB Ha Tepputopun Poccun
no gaHHbiM MaccuBa MI'KD exxeroHo my6smKyroTcst
B O(DUIHAILHBIX IOKyMeHTax Pocrugpomera (Hampu-
mep, Pocruppomer, 2013).

Mexy TeM, NOSIBISIFOTCS] HOBbIE BO3MOXKHOCTH
yriyOJIeHHs aHAI3a BPEMEHHBIX PsifIoB aTMocdep-

* YuceHHble 3HAYCHUS TIONPAaBOK Ha CMAa4YMBAHUE OIPEACJIEHLI B ITO B PE3YJIBTATE MHOT'OJIETHUX SKCNEPUMEHTAJIBHBIX I/ICCJ'ICJZ[OBB.HI/II;'I oJ; pyKOBOACTBOM

W. H. Heuaesa (Heuaes, 1965).
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HbIX ocajkoB. Bo BHMWUI'MU-MIJI co3paH ynyu-
HICHHBII apXUB CUHONTUYECKUX JAHHbIX U3 3- U
6-vacoBbix Haomopnenuit 3a 1936-2010 rr. (BysbI-
ruta u jp., 2013). Ha ocHoBe 3toro apxusa B I'TO
nM. A. WM. BoeiikoBa co3maH MacCUB JaHHBIX O
CPOYHBIX CYyMMax OCaJIKOB Ha 457 KIMMaTU4eCKUX
craHiusix Poccum ¢ umcnonb3oBaHuMEM METOIMKMH,
paszBuBaBuericd B I'THU u I'T'O Ha npoTsi>keHn: MHO-
TMX JIET U YYUTHIBAIOLLEN HA YPOBHE CPOYHBIX U3ME-
pEeHMI BCE CUCTeMATUYECKe MOTPEITHOCTH U3Mepe-
HUSI OCAJIKOB CTaHJAPTHBIMUA CETEBbIMU NMPUOOpaMU
(WMO, 1998; Borgmanosa u sip., 2002). B Hactosi-
niee BpeMsi paboTa 1Mo pacliipeHu0 3TOr0 MacCcuBa
Ha OOJIbLLIEE YMCJIO CTAHUMI npopiokaercs. Bo BTo-
poit yactu Hacrosieit masbl (1.3.3), nogroroBneH-
Ho DO. I. BormanoBoii, C. 0. TaBpunoBoit u
b. M. NiibuHbIM, IPUBOASATCS OLEHKU, IOy YEHHBIE B
I'TO Ha ocHOBe 3TOr0 MaccuBa.

OueHKM HaOMOgaeMbIX U3MEHEHMI OCaJKOB,
MPUBEJCHHBIE B 3TUX JIBYX YACTAX HACTOSLIEH [VIaBbI,
Pa3IMYAOTCI MEX/y COOON. DTU pa3anuyus U Mopo-
KJIEHHbIE UMK HEOMPEEIEHHOCTU KAPTUHbI HAOO-
llaeMbIX Ha Tepputopun Poccun n3mMeHeHuil pexxnma
OCaJIKOB OCTAIOTCS TPEIMETOM JIUCKYCCUI MEXJTY
CIIeLIMATCTAMH.

1.3.2. TenpeHMU COBpEMEHHBIX U3MEHEHUI
pexuMa ocaakoB Ha Tepputopuu Poccun
(mo manHbiM MaccuBa UI'KD)

PaccMaTpriBaeMble HUXKE OLICHKHU TOJYYEHbI 10
JIAHHBIM O MECSYHBIX CyMMax OCaJKOB B 0a30BOM
MaccHBe MOHUTOpHMHra Kimmara Poccuu, mpojieH-
HbM 1o 2012 1. (Pocrupomer, 2013). B arom maccu-
BE MCTOPUYECKHUE PSijbl COAICPKAT TONPABKU Ha CMa-
unBanue (Hacrasnenune, 1969; MY, 1969a; BHeceHbl
PETPOCIEKTUBHO) M CTAHJAPTHOE MpPUBEJCHNE JIaH-
HBIX JIOXK/eMepa K nokasanusiM ocaakomepa (Ilsep,
1976). Hauubie mocie 1966 roma 0 HACTOSIIIETO
BpPEMEHM COJIEpKaT MOMPaBKU HA CMaulBaHUE, BBe-
JieHHbIe HaOmofaTeneM B Kaxkjoe usmepenue (Hac-
taBienue, 1969; 1985; 2000; MY, 19696). MoxHo
OXKMJIATh, TAKAUM 00Pa30M, YTO UCTOPUIECKUE PSi/IbI
o 1966 ropa B Gosbliieil Mepe MoJIBEPsKeHbI MHCTPY -
MEHTAJIbHOI1 HEOJJHOPOJHOCTH.

OueHky, TIpeficTaBjIeHHble B nepBoM OleHou-
HoMm f1okitaie Pocrugpomera (OJ1_P®-1, 2008) 6bi-
JIM TIONTyYeHbI 110 JIaHHBIM 3TOrO e MaccuBa (1o

—p—

1.8, ATMOCDERPHEIE OCALKNA

2006 1. BKIIIOUMTENILHO) U TIO TOI K& METOAUKE 00-
paborku. Takum 00pa3oM, X COMOCTABJICHUE C Te-
KYUIMMU OLIEHKAMK BIIOJIHE TIPABOMEPHO, U U3MEHE-
HUsI TCHJICHIMI CJIeIyeT OTHECTH 3a CYeT PeasibHO
HaOJTFOIAeMbIX KJIMMATUYECKUX M3MEHEHUIT TIOCIIe]I-
HUX 6 JIeT.

Vcnonb3yemblil MacCuB BKJIFOUAET JIaHHbIE 00
aTMOC(EepHBIX ocajikax Ha 455 cTaHIUSIX, pacroo-
SKEHHBIX Ha MOCTCOBETCKOM TeppuTopun (13 Hux 310
CTaHIMI — poccuiickue). JIaHHbIe BbIPaskKeHbI B aHO-
Masmsix (OTKJIOHEHUSIX OT COOTBETCTBYIOIIMX CPEfi-
Hux 32 1961-1990 rr.) u ocpe/iHEHbI BHYTPH KaJICH-
JIApHBIX CE30HOB KaXKIOTo rojia M Trojia B LesioM. B
pe3yJsibraTe, TOJOBbIE M CE30HHbIC AHOMAJIMU CYMM
OCaJIKOB BbIPaXEHbI B MM/MECSIL], T. €. PUBEJICHbI K
MaciTady MeCsTYHbIX CyMM. PeroHaibHO OCpe/THEeH-
HbIE OLIEHKY MPUBEJICHbI, KaK U B MTPE/IbITYILEM BbIITY-
cKe, Jyist TeppuTopun Poccuu B IeJIOM 1 1IecTr KpyTi-
HBIX (pU3UKO-TeorpauIecKnx peruoHoB. [JomomHu-
TEJIbHO TIPEJCTABJICHbI OLECHKHU ISt (hefiepaibHbIX

oKkpyroB P®. [panuiibl pErMOHOB TPUBEJICHBI BBIIIE B
rmage 1.2 (puc. 1.2.6).

1.3.2.1. Ammoccpepunte ocaoxu,
ocpeoHeHHble no meppumopuu P®

Camoe o0liee npejcTaBIeHne O XapaKTepe COB-
PEMEHHbBIX U3MEHEHUIT peskruMa aTMOC(EPHBIX OCaJl-
KOB Ha Tepputopun P® f1aroT BpeMeHHbIe psijibl Mpo-
CTPAHCTBEHHO OCPEJJHEHHBIX (IO BCEil TEPPUTOPHN )
AHOMAJINIT ATMOC(EPHBIX OCAIKOB: CPEJIHUX TOJIOBbIX
(puc. 1.3.1) u ce3onnbIx (puc. 1.3.2).

B nemnom no Poccun, TpeHj] TOAOBBIX CyMM IO-
noxuresbHbIi (+0.8 Mm/Mecsity/ 10 ster) u onmchbiBa-
eT 24% cyMMapHON MEXKTOJIOBON M3MEHUMBOCTHU
psima (T. e. TpeHj HeOOJBINON, HO CTATUCTUIECKU
sHaunMbIil jaxke Ha 0.5%-M ypoBue). OCHOBHOM
BKJIaJ] IPUHA/IEXKUT BeceHHeMmy ce30ny (1.4 mm/me-
csit/10 ner, Bkiiag B aucniepcuto psina 23 % ) u oT4a-
CTH OCEHH, TOT/ja KaK B M3MEHEHUU OCAJIKOB 3UMbI U
JleTa JIMHeHbIi TpeH I (T. €. OJIHOHANPaBIICHHbIC U3-
MEeHEeHHs1) MPaKTHIEeCKU OTCyTcTBYeT. HanGosnbiee
KOJIMYECTBO OCAJIKOB Ha Tepputopuu Poccun B cpe-
JIHeM BbINAJaeT JIETOM M OCeHbI0 — HOpMa
1961-1990 rr. paBHa 64.4 u 42.1 mm/Mecsin cooT-
BerctBeHHO (rim 193.2 u 126.3 MM 3a ce3on). Co-
OTBETCTBYIOILFE 3HAUCHUS! JJISi 3UMbI M BECHBI CO-
CTaBJISIFOT, COOTBETCTBEHHO, 23.6 1 27.5 mm/Mecsilr,
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Puc. 1.3.1. CpeaoHeroooBble aHOManUM MeCSYHbIX CYMM OCaZKoB (MM/MecCsL,), OCPedHeHHble Mo TeppuTopumn

Poccuitckon ®epepaumn, 1936-2012 rr.

AHOMannm paccynTaHbl Kak OTKIIOHeHus1 oT cpeaHero 3a 1961-1990 rr. CrnaxeHHasi kpuBasi nosy4eHa 11-n1etHum
CKOJIb3SILLIMM OCPEeAHEeHVeM. JInHeviHbIv TpoeHa v ero 95%-ii 4oBepUTEebHbI MHTEPBAas1 NPUBEAEHb! M0 AaHHbIM 3a
1976-2012 rr.: b — koappuumeHT TPpeHaa, D — Bkiaa B CyMMapHYO ANCIEepCUio.

T. . MmeHee 90 MM 3a ce30H. IHTepecHO npu 3TOM,
YTO yKa3aHHbIC 3HAYCHUsI HOPM (JIJIs1 TeppUTOpUn
Poccum B cpepnem) ot 1961-1990 rr. x
1981-2010 rr. UBMEHUIKCH BECbMa HE3HAYUTEIb-
HO (Menee yeM Ha 1 mm/Mmecsiy). DToT akT, B
CBOIO OYepe/ib, MOJATBEPXK/IAET OTCYTCTBUE CYIIE-
CTBEHHBIX U3MEHEHUI B PE3KMME OCAJIKOB 3a MOC-
nempane 5S0-60 sreT B cpegHeM 1o TeppuTopun Poc-
curickont denepauun.

1.3.2.2. Ammocghepuvte ocaoku 6 pezuonax P®

PernonanbHble OCOOCHHOCTH W3MEHEHWI pe-
SKMMa OCaJIKOB Ha TeppuTopun Poccun paccMmarpu-
BalOTCSI 371eCh ISl WIECTH (pU3MKO-reorpaduye-
CKUX PErMOHOB M BOCHBMU (pefiepalibHbIX OKPYTOB
P® (Thaga 1.2, puc. 1.2.6). CooTBeTCTBYIOIIHE pE-
rMOHAJIBHO OCPEJIHEHHbIE BPEMEHHBIE PSIJIbI aHOMa-
JIMI TOJIOBBIX CYMM OCAJIKOB IPUBEJICHbI HA PUCYH-
kax 1.3.3, 1.3.4 3a mepuop ¢ 1966 ropa (kak ykasa-
HO BbIlIE, JaHHbIE HaOmoaeHuin 1o 1966 ropga co-
liepKaT CylIeCTBEHHYIO MHCTPYMEHTAILHYIO HEO/T-
HOPOJIHOCTh, KOTOpasi B OOJIbIIEN CTENEHU MPOsiB-
JISIETCSI TIPU OCPEIHEHUM 10 MeHee KPYIHBIM Tep-
PUTOPUSIM).

YucioBble 3HAUCHUS] MCTIONb3YEeMbIX CTATHCTUK
(Hopmbl 1961-1990 rr. ¥ OUEHKH TPEHIOB 3a
1976-2012 rr.) npuBenens! B Tabm. 1.3.1 st Bcex
PACcCMOTPEHHBIX PETMOHOB U CE30HOB, T. €. VISl CPEfi-
HUX TOJIOBBIX M CE30HHBIX CYMM OCAJIKOB, OCpPE/THEH-
HBIX TI0 TeppuTopun Poccun B 1IEJIOM U IO KaXKJj0My
u3 14 pernoHoB.

[To oueHKaM TpPEHIOB PETMOHAIBLHO OCPEJHEeH-
HBIX CYMM OCQJIKOB BBICJISIFOTCSI CUOMPCKUE perro-
ubl: Cpersisi Cubuph (sIBHast TEHJACHIMS K YBEJAIe-
HUIO OCAJIKOB JIETOM U MEHee CYILECTBEHHasi — Bec-
HOW 1 OCeHbi0), SanayHast Cubuphb (BecHoi) 1 Boc-
touHast Cubups (BeCHOM 1 oceHbio). B EBpornerickoit
yactu Poccun yBepeHHas! TeHJICHIMS K YBEJIMUYCHUIO
OCaJKOB OTMeuaeTcsl ToJbKo BecHOM. [lo pesynbra-
TaM 7S pefiepaibHbIX OKPYTrOB TAKXKE BbIICNISIOTCS
Cubupckuii 1 JlanbHeBOCTOUYHBI OKpyra (TabJ.
1.3.1). OT™MeTHM JIOTIONTHUTENBLHO, YTO W3MEHEHUSI
TOJIOBBIX CYMM OCQJIKOB Ha TPOTSIKEHUM MOCJEHIX
30-40 ner, ocpelHEHHBIX TI0 TEPPUTOPUN PETHOHOB
Cubupckuit enepaibhbiii okpyr (puc. 1.3.4) u
Cpepnnsist Cuoups (puc. 1.3.3), uMeroT BbIpaskKeHHbBII
MOHOTOHHBIII XapaKkTep, TOra Kak B OCTAJIbHBIX pe-
TMOHAX TPEHJIbI BBISIBIISIOTCS HAa (POHE OYEHb 3HAUM-
TEJIbHBIX KOJIEOAHUIA.

o
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Puc. 1.3.2. CpenHne Ce30HHbIE aHOMANNN MECSHYHbBIX CYMM OCaZKOB (MM/MECSLL), OCPEAHEHHbIE MO TEPPUTOPUN

Poccuiickon ®epepaunu, 1936-2012 rr. Ycn. o603HaveHnss cMm. Ha puc. 1.3.1.



OD-2-1-3n

12/3/14 4:35 PM Page 76

—p—

1. HABJOLAEMBIE USMERERUR KIIUMATA

Tabauya 1.3.1. Oyenku cmamucmuiecKux XapaKmepucmuk Pe2UOHAALHO OCPEOHEHHbIX 20008blX U C€30HHBIX CYMM
ammocgepuvix ocaokos na meppumopuu Poccuu: E — cpeonee snauenue (Hopma, mm/mecay); b — koagpgpuyuenm
Aunelinozo mpenoa (mm/mecau/10 aem), D — exaad mpenda 6 oucnepcuio (%)

Pernon Tonx 3uma Becna Jerto Ocenbp

E b D E b D E b D E b D E b D

Poccuiickas ®egepanus
PO 394 0.8 24 236 03 3 275 14 23 644 03 1 421 09 9
®usuko-reorpapuyeckKre peruoHbI
EYP 472 05 3 375 0.7 3 36.8 1.9 14 63.0 -15 4 51.7 0.6 1
3C 388 0.7 5 227 02 0 282 1.9 19 625 04 0 41.8 03 0
CcC 316 11 25 177 0.0 0 21.0 0.8 12 537 27 18 338 11 13
1636 344 141 14 105 05 9 199 09 6 79.5 19 5 276 12 8
I[MAIIM 536 0.5 1 152 141 8 381 1.6 4 1048 -0.8 0 559 -01 0
BC 329 09 10 221 -04 1 194 11 18 52 01 0 381 21 17
®enepanbHbie okpyra PO

C300 479 13 13 348 13 6 341 1.9 15 660 04 0 564 1.1 2
1(0:0) 504 -0.1 0 39.8 0.8 1 392 0.8 1 71.0 32 6 51.7 08 1
[1®0 43.6 -04 1 342 0.2 0 329 22 9 59.0 2.8 6 48.7 0.8 1
1090 435 02 0 431 02 0 389 1.8 5 492 -19 3 42,6 09 1
CK®O 552 1.9 11 485 17 4 554 28 7 61.5 0 0 549 19 2
YOO 40.8 0.7 4 244 0.1 0 287 2.5 22 651 -05 1 448 0.7 1
Co0O 355 0.8 20 18 0.2 1 239 08 7 65.0 1.9 16 350 0.6 4
IB®O 366 0.9 14 181 0.1 0 235 13 23 647 04 0 40.1 14 15

Tpumeuanue. Tepuon ouenku HopMm: 1961-1990 rr. Tlepron ouerku Tpenos: 1976-2012 rr. BoijienieHbl OLIEHKH, 3HAYNMbIE

Ha 5%-M ypoBHe.

Cnucok coxpauwjenuii. Pernonsl: EUP — Eponerickasi yacts Poccun; 3C — 3anagnas Cubupb; CC — Cpennsis Cubupsb;
ITBI13 — IIpubaiikanse u 3abaiikanbe; [TAIIM — [Ipuamypse u IIpumopse; BC — Boctounast Cubups. depiepaibHble OKpyra:
C3P0 - Cesepo-3anaaubiit; PO — Lenrpansubiii; [1PO — [Mpusomkckuit; OPO — H0xnbiit; CKPO — Cepepo-Kaskasckuii;
Y®O - Ypansckuit; CPO — Cubupckuit; IBPO — [1anbHEBOCTOUHBII.

1.3.2.3. Tenoenyuu cospemennblx
U3MEHEHUIL PecuUMa ammocepHblx 0caoKos

Bosee nosHoe mpejcTaBieHne O XapakTepe n3-
MEHEHHII peXXrMa OCaJKOB Ha Tepputopuu Poccumn
IAIOT TIPOCTPAHCTBEHHbIC PACIIPENICNICHUS JIOKAJb-
HBIX KO3(P(UIMEHTOB JIMHENHBIX TpeH10B (puc. 1.3.5
JIJIS1 TOIOBBIX CYMM OCaJIkOB 1 puc. 1.3.6 st ce30H-
HbIX CymMM). OIEHKM MOJNyYeHbI MO CTAHIMOHHBIM
BPEMEHHBIM psiflaM TOJIOBBIX U CE30HHBIX AHOMAJIMI
ocayikoB 3a 1976-2012 rr. (B ToYKax pacroNokeHus
CTaHIWI ) ¥ 3aTeEM KapTUPOBaHbL. JIOMOJHATENBHO Ha
000MX PUCYHKaX MpeJICTaBICHbI OLEHKN TPEH/OB 3a
19762006 rT. 15t cpaBHEHUsI C BbIBOJIAMU, OIYOJIH-
KoBaHHbIMK B [lepBOM OLicHOUYHOM TOKJafe Pocru-
npometa (OJ1_P®-1, 2008).

B COBpeMEHHbIX WM3MEHEHHSIX TOJOBBIX CYMM
ocayikoB (puc. 1.3.5) na teppuropun Poccun npeo6-
JajaeT TeHueHus K pocty. CKOpoCcTh pocTa MovTH

76 )

Hurae He mpeBbimaeT 5%/10 met, 3a MCKIFOYeHNEM
oTaenbHbIX obnacteil B Cubupu u Ha [{anbHem Boc-
TOKe (3a CYeT BECHBI U OCEHH). YObIBAHUE TOJIOBBIX
cyMM ocajikoB (Takke menee 5%/10 net) oGHapy-
skuBaetcst Ha EYP (B mmporaom nosice 50-60° c.1r.)
u FOxxHoM Ypare, Bosb FxKHOM rpanuiibl Poccun Ha
HansaeMm BocToke u Ha ceBepe HykoTku.
PernonanbHble 0OCOOEHHOCTH U3MEHEHUSI CE30H-
HbIX CYMM OCaJKOB Oojiee 3aMeTHbl. Tak, BECHOW
NOYTH Ha Bceyt Teppuropun Poccun ormeuaeTcs yse-
JIMYEHNE OCaJIKOB, ¢ MakcuMymamu Jio 15-20% Hop-
Mol 3a 10 siet B Bocrounoit Cubupu (ot Baiikana jo
YykoTkn), B 3akaBka3be u B 3anagHoit Cubupw.
CXopiHast KapTHHA MOJTy4€eHa U JI7Isl OCEHU — ITpeobJ1a-
JlaHUE TIOJIOXKUTENIbHBIX W3MEHEHUI, XOTS U MEHee
MHTEHCUBHBIX, C MaKCUMyMoM B BocTtounoit Cubupu.
OpHako 3UMOI M JIETOM MOYTH MOJIOBMHA TEPPUTO-
pun Poccum HaxoguTcs B OOJACTHM yMEHBIICHUS
ocankoB. 3MMON — 3TO OombIIas 4acTh a3MaTCKON

o
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Tepputropun PP, a netom — HaNpoTuB, TEPpUTOPUS
oT 3amajHbIXx rpanul, Poccum po KpacHosipckoro
kpast (kpome ceepa EUP), a B a3uarckoil yactu —
mmis ApkTudeckoe nodepeskbe (TafmMbIp 1 K BOCTO-
Ky ot HoBocubupckux octpoBoB, BKmouas Hykor-
Ky), Kamuarka u ror [Janerero Bocroka.

B cpaBHeHuMm cC oOleHKamMuM TpEHJOB 3a
1976-2006 rr. (O_P®-1, 2008), HanpaBieHHOCTH
M3MEHEHUI PeXKuMa OCaJKOB, UX CE30HHbIE U Teo-
rpacuyeckre OCOOEHHOCTH 3a Tpoliefmme 6 JeT
M3MEHWINCh HECYIECTBEHHO. B 1esom, ymMeHblm-
Jlachb UHTEHCUBHOCTbH TPEHJIOB O0OMX 3HAKOB, U CO-
KpaTWJIUCh 00JacTh yMEHbIIeHUs ocafkoB. Kak u

—p—
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paHee, MHTEHCUBHOCTb TEHJICHUMI B W3MEHEHUU
0CaJIKOB 3MMOI 1 BECHOI 3aMETHO BBIIIIE, YEM JIETOM
1 oceHbio. OMHAKO 3TO MOXKET OOBSICHSITLCS Bbl-
OpaHHOI eIMHULEH M3MEPEHUST: CKOPOCTh W3MEHe-
HUsI OCa/IKOB mpejicTaBjieHa B % HopMbl 3a 10 neT, a
HOpMa OCaJIKOB, KaK MOKAa3aHO BbIIIE, JIETOM U OCe-
HBIO OOJIBIIIE, YeEM 3UMOIT I BECHOIA.

Takum o6pa3om, B coBpemennbix (19762012 rr.)
V3MEHEHHSX PEXKMMa OCAJIKOB CJIEYET OTMETUTD, BO-
MEPBBIX, COXPAHSIOLYIOCS TEHACHLUMIO K YMEHbLUE-
HUIO OCAJIKOB B a3MaTCKOM YacTh Poccum 3mmon m K
YBEJIMYEHUIO UX B OCTajibHblE C€30HbI. BO-BTOpBIX,
MOYTH BO BCE CE30HbI UIMEIOT MECTO Pa3HOHAMPABIICH-

Eeponeiickaa wacmo Poccuu

3anaonas Cubupo

8
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Puc. 1.3.3. CpegHerogoBble aHOManMm MeCS4HbIX CYMM OCaakoB (MM/MECsL,), OCPEeOHEHHbIE MO TEPPUTOPUMU
dunanko-reorpadpuryeckmnx pernoHos Poccum, 1966-2012 rr. Ycn. o603HaveHns cMm. Ha puc. 1.3.1.
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Puc. 1.3.4. CpegHerogoBble aHOMaNMM MeCS4HbIX CyMM OCaJKOB (MM/MeECSL), OCPeOHEHHbIE MO TEPPUTOPUU
depepanbHbix okpyros PO.
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Puc. 1.3.5. TMpocTpaHCTBEHHbIE pacnpeaeneHns noKanbHbiX KOADPULMEHTOB IMHENHOrO TPEHAA FOA0BbIX CYMM
0CaaKoB Ha Tepputopum Poccnm (B % ot Hopmbl 3a 10 neT): BBepxy — 3a 1976-2012 rr., BH13y — 3a 1976-2006 rr.
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Puc. 1.3.6. NpocTpaHCTBEHHbIE pacnpeneneHns nokanbHbiX KOODPUUNEHTOB NTMHENHOIO TPEHAA CE30HHbIX CYMM
0ocankoB Ha Tepputopumn Poccun (B % oT Hopmbl 3a 10 neT): cnesa — 3a 1976-2012 rr., cnpasa- 3a 1976-2006 rr.
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Hbl€ TEHJICHLUMM B Pa3HbIX PErMOHAaX — B YACTHOCTH,
Ha eBpOINeNcKoil Tepputopuu U B BocTounoit Cnubu-
pu. B pesynbrare, B rofgoBbIX CyMMaX pPErMOHANIbHO
OCPE/IHEHHBIX OCaJIKOB, TeM OoJiee B CpefiHEM MO Bcei
Tepputopun Poccuu, TpeH/bl HECYLIECTBEHHbI U OT-
MEYaroTcsl Ha (POHE MHTEHCUBHBIX MEXXTOMYHbIX

ayKTyauuii.
1.3.2.4 3akarouenue

[Tonyyennsni no meropuke MI'KD Tpenn ropo-
BbIX CyMM ocajkoB 3a mepuop 1976-2012 rr. Ha
GOMbIIEll YacT! TeppuTOpUH Poccuyt MonoKuTe -
Hbil. B cpegnem no Poccum oH cocraBiser
+0.8 mm/mec/10 net u onmuckiBaet 24 % cymmapHO#
MEJKIO/IOBOM M3MEHUMBOCTU. MakcuMasbHas CKO-
POCTb YBEJIMYEHHs TOJOBbIX CYMM OCAaJIKOB Ha0JItO-
naercst B Cpenneit Cubupu, rjie KoJIM4ecTBO OCAJIKOB
YBEJIMYMBAETCS BO BCE CE30HBI, KDOME 3UMBI.

[TperMyIECTBEHHO MONIOXKUTENBLHBIA TPEH], Ha-
OJIFOfIaeTCS U B OTHEJIbHBIE CE30HbI. TeHIEHIINS K yBe-
JIMYEHNUIO OCAIKOB HaMOOJIee BbIPA’KEHA BECHOM, KO-
r/ja JIMHEVHBIN TPEH/I, B CPEHEM 110 Tepputopun PO,
o0bsicHsteT 23% cyMMapHON M3MEHYMBOCTH OCAfI-
KOB, M Ha OOLIMPHBIX TEPPUTOPUAX JIOKAIbHbBIN
TpeH/1 npeBbiaeT 5% HopMb 3a 10 neT.

YMeHbllIeHHe OCaJIKOB 3aMETHO Ha a3MaTCKOMN
teppuropun Poccun 3umoint u Ha EYP netom. Kpome
TOro, 3a(PMKCUPOBAHO YMEHBIIEHUE OCAJIKOB JIETOM
Ha TaitMbIpe, Ha CeBepO-BOCTOKE CTPaHbI (0T ApKTH-
yeckoro noodepexbst 10 Kamyarku) u Ha tore Boc-
touHoit Cubupu (or 3abarikaibs 1o [TansHero Boc-
TOKa, BKJII0YAsl GONbIIYIO YacTh Xa6apoBCKOro Kpast
u [Ipumopckuii Kpait).

W3MeHeHNs pernoHabHO OCPEHEHHBIX TOJIOBBIX
CYMM OCaJIKOB BO BCEX PErMOHAaX OTMEYatoTcs Ha (hoHe
VHTEHCUBHBIX MEXTOAUYHbIX (haykryaumid. Mckmoye-
nue npefcTasisier peruon Cpepreit Cubupu (Teppuro-
pust Cubupckoro P0O), rie B nepuoj nocie 1976 . uz-
MEHEHMS 0CAJIKOB HOCST SIBHO MOHOTOHHBIN XapakTep.

1.3.3. Mno:onemnue usmenenus pexcuma
ocaokoe na meppumopuu Poccuu
(no oannvim maccuea I'TO)

B rnase “Armocdepnbie ocanku” [lepBoro ore-
HouHoro jiokiaga Pocruppomera (O_Pd-1, 2008)
MPUBOJUTCS JIETANIbHOE, CHAO>KEHHOE OOLIMPHON Ou-
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osmorpacueit, 000CHOBaHNE HEOOXOUMOCTU FOMO-
reHu3ald BPEMEHHBbIX PSJIOB MHCTPYMEHTAIbHBIX
NaHHbIX 00 ocaikax. [TogpoOHO aHAMU3UPYIOTCS BO3-
MO>KHbIE TPUUMHBI HAPYIIEHUS] OTHOPOJHOCTH PSIIOB
U VCKaXKeHUsl, KOTOPbIE MOTYT B CBSI3U C HUMU BO3-
HUKAThb B pe3yJbTaTax HUCCIEIOBAHUSI MPOCTPAHCT-
BEHHbIX U BPEMEHHbIX M3MEHEHUI pa3jIMyHbIX Xapa-
KTEPUCTUK OCAJIKOB.

PazpaboTanHasi B mociiefiH1e Moyropa AecsT-
setnsi coeMecTHO B ['TY n I'TO MeTtoamka Koppek-
tupoBku (WMO, 1998; Tony6es u nip., 2000; Bor-
naHoBa u 71p., 2000; 2002; 2006; 2007; 2010; laBpu-
noBa, 2010; Bogdanova et al., 2002), mo3BosisieT
YUUTBIBATh BCE CUCTEMATUYECKKE MOTPEIIHOCTH 13-
MEPEHUsI OCAJIKOB HA YPOBHE CYTOUYHBIX M CPOYHBIX
JIAHHBIX C WUCMOJb30BaHMEM HA0Opa COMYTCTBYIO-
LIUX METEOPOJIOTMYECKUX XaPaKTePUCTUK, a TaKKe
CBEJICHUII O BPEMEHHBIX M3MEHEHUSIX 3alUILEHHO-
CTU OCAJIKOMEPHBIX NMPUOOPOB, OKA3bIBAIOILEH 3HA-
YUTEbHOE BJMSIHAE HAa BEJIMUYMHY BETPOBOTO HEMlO-
yuera (Bormanosa u ip., 2006). B ocHOBy MeTo/u-
ku ['THU-I'TO nonoxeHbl aSMOMPUYECKUE 3aBUCUMO-
CTM MEXJy OCHOBHBIMM CHCTEMATHYECKUMH TIO-
IPELIHOCTSIMIA M3MEPEHHUsT OCAJKOB (a3poiMHaMmye-
ckoil (BETpOBOI1 HEIOYYET), MOTEPSIMKA HA CMAYKMBa-
HME BHYTPEHHEN MOBEPXHOCTH OCAIKOCOOPHMKA,
UCKaXKEHUEM B pe3ysbTaTe MNPOLECCOB MCHapeHusi
COOpaHHbIX OCAJKOB U3 NMPUOOpa 1 KOHJIEHCALMU Ha
BHYTPEHHEN €ro MOBEPXHOCTH, a TaKKe BO3MOXKHO-
ro MomajaHusi B OCAAKOMEP ‘“‘TIOXKHBIX~ OCAJIKOB,
MOJHSTBIX BO BPEeMsl CUJIbHBIX METeJell C TOBEPXHO-
CTU CHEXKHOT'O TMOKPOBA IO U BbIlIE YPOBHS NpUEM-
HOII TIOBEPXHOCTH MPHOOPA) ¥ HAGITFOJaeMBIMH B TIe-
PHO/l UX BbIMAJEHUST METEOPOJIOrMUYECKUMH XapaK-
TEPUCTUKAMH.

C npumeHeHneM 3TOi METOJMKH U Ha OCHOBE ap-
X#Ba 3- 1 6-4aCOBBIX METEOPOJIOTUIECKUX HAOIIOIe-
Huit, nofrorosienroro 5o BHUUTMU-MII]] (Pazy-
BaeB u JIp., 1995) u npopyierHoro tam xke o 2000 .,
nepsoHayasnbHO B I'T'O 6bI co3aH MaccuB MOJTHO-
CTBIO CKOPPEKTUPOBAHHBIX OCAJKOB CyTOYHOTO Pa3-
pewenus it 100 crannmii Ha Tepputopun Poccun 3a
nepuop ¢ 1936 mo 2000 . [laHHbIe 3TOro MaccuBa Mo-
3BOJIUJIM OLIEHUTH Pa3fMuusl MEXKJy XapaKTepUCTHU-
KaMM OCaJIKOB, MCIPABIIEHHBIX TOJBKO HAa CMayMBa-
HUE U CKOPPEKTHUPOBAHHBIX MOJHOCTHIO C YUYETOM
BCEX CHUCTEMATMUYECKUX MOTPELIHOCTEN UX U3Mepe-
Husi (puc. 1.3.7). Pa3nuuusi 0Ka3bIBarOTCS CyIIECT-

[ 81
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Puc. 1.3.7. MNPOLEHTHOE OTHOLUEHNE CPEOHNX MHOFONETHUX FOA0BbLIX CYMM OCaZKOB, MCMPAaB/IEHHbIX C Y4ETOM BCEX
CMCTEMaTMYECKMX MorpeLwHocTen namepenns (Pyg,) (BoroaHosa u ap., 2010), k cymmam 0cakoB, UCMPaBIEHHbLIM

TONILKO 3@ CYEeT noTepb Ha cmadmsaHue (Pg,) 3a nepuog 1967-2000 rr. (nonpasku, KOMMAEHCUPYIOLLME NoTepy Ha
CMayvBaHue, CTann BBOAUTLCS B AaHHbIE CPOYHbIX MU3MEPEHUIA 0caakoB ¢ 1966—1967 rr.).

BEHHBbIMU, NIPEUMYLIECTBEHHO — B TOJISIPHBIX LIMPO-
Tax, IAe BKJAJl TBEPABIX OCAJKOB B FOOBYIO CyMMY
JIOCTATOYHO BBICOK.

OpHako pa3nuuue CpeiHUX MHOTOJIETHUX 3Haye-
HUII CYMM OCajIKOB €II€ HE O3HAYaeT, YTO KaKUe-TO
pasznuuusi 00s13aTebHO OyAyT B XapaKTEepUCTHKAaX
TPEHJI0B BPEMEHHBIX psIoB 0cajKkoB. 13 ob61wedusn-
YECKUX COOOpa’keHUil MOXKHO MPEANONIOXKUTb, 4TO
BPEMEHHBIE PSAMIbI BEJIMYMH NTONPABOK TaK>KEe HEOHO-
POJHBI (MEHSIETCSI MECTOTIOJIOKEHNE CTAHIINIA, 3aIlK-
LIEHHOCTb YCTAHOBKM NPUOOPA, BETPOBOI PEXUM U
T. I.). B Takom ciryvae XxapakTepucTUKK BPEMEHHbBIX
TPEH/IOB OCAJIKOB, CKOPPEKTUPOBAHHBIX YacTUYHO
WM TIOJTHOCTBIO, MOTYT Pa3MyaThCsl MEXy COOOM
(puc.1.3.8). TlonoxuresnbHble KOI(MPULIMEHTHI JU-
HEMHBIX TPEHJOB TOf0BbIX ocagkoB (75% ot Bceit
BBIOOPKH ), PACCUNTAHHBIE C YIETOM TOJIBKO MOMPAB-
KU Ha CMauMBaHKe B cpeiHeM Ha 57 % Gosblie, yeM
COOTBETCTBYIOUME KO3(P(PULMEHTBI, PACCUUTAHHbBIE
no maccuBy I'T'O. [1ns1 oTpuLaTENbHBIX TPEHOB Kap-
TUHA OOpaTHasA: TPEH/bl, PACCUATAHHBIE C YYETOM
MONPAaBKM Ha CMAuyMBaHUE MO aOCOIMIOTHOMY 3Haue-
HUIO MeHblIle, yeM 1o MaccuBy I'TO Ha 65 %, oHako

01 OTPULIATENIbHBIX TPEHIOB COCTABIISIOT BCErO
25% ot Bcell BBIOOPKH.

Takum 06pa3oM, TroOfOBbIe CYMMBbI OCAJIKOB,
CKOPPEKTHPOBAHHbIE HA CHUCTEMATHUYECKWl HeIo-
y4eT B OCHOBHOM 3a CYeT BJMSIHHMS BeTpa, (puc.
1.3.7) oka3spiBatoTCSl cUCTEMaTHYeCKH Oolblle, a
3HAYEHUS! MPEOOIIAJIAIOIMX MOJIOXKHUTEIbHBIX KO3(-
(pMLIMEHTOB JMHENHBIX TPEHJOB T'OJOBBIX OCAJIKOB
(puc. 1.3.8) — MeHbIlle, YeM COOTBETCTBYIOIHE Xa-
PaKTEPUCTHKN OCAJIKOB, YUUTHIBAIOLINE JINIIb MOTE-
PY Ha CMauMBaHUe.

B camoe nocnegnee Bpemsi Bo BHUNI'MMU-
MIIJ co3paH apXyB CPOYHBIX JAHHBIX OCHOBHBIX
MeTeoposiornieckux napamerpos (ByabiruHa u ap.,
2013). B oramume OT YHNOMSIHYTOrO BbIllie apXuBa
BHUUT'MU-ML]] (Pa3yBaeB u ap., 1995) mocnen-
HUI COAICP>KUT OOIIbIlIee YMCIIO CTAHIMI Ha Teppu-
topuu Poccun (457), Gonee npopokKuTeTbHbII Me-
puont Haouronermit (1936-2010 rr.) u gonosHUTEb-
HbIE CBeJIeHUs1 00 aTMOC(EPHBIX SIBJICHUSIX U UX MTPO-
NOJKUTELHOCTH B MyHKTE HAOIOAEHUI. DTU CBe-
JIEHUS! IO3BOJISIFOT YTOYHUTD JITOPUTM U TPOTPaMMy
KOPPEKTHPOBKM M3MEPEHHBbIX OCAJIKOB M MPOU3BO-

o
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IUTh €€ Ha YPOBHE JJAaHHBIX CPOYHbIX HaOmoieHuil. B
pe3ynbraTte Takoi KoppekTupoBku B ['TO 6b11m no-
JIy4eHbl WCHPABJIEHHBIE CPOYHbIE CYMMBbI OCAJIKOB
st Becex 457 KIMMaTHMUYeCKMX CTaHLMA 32 MEepHOf
1936-2010 rr.

[IpencraBneHHble HUXKE Pe3yabTaThbl MOJYYEHbI
Ha OCHOBE WCIOJIb30BAHUSI B KAaye€CTBE UCXO[HOIO
Marepuasga CyMM OCaJIKOB, CKOPPEKTUPOBAHHBIX Ha
OCHOBAHUM YJIyYLIEHHOTO ApXMBA CPOYHBIX JAHHBIX U
MPUMEHEHNS] YTOYHEHHO! MPOrpaMMbl KOPPEKTUPOB-

—p—

1.8, ATMOCDERPHEIE OCALKNA

KU CPOYHBIX CYMM OcajikoB*. [IpocTpaHcTBEHHOE OC-
PEIHEHNE TOMIOBBIX M CE30HHBIX CYMM OCAJKOB JJIsi
pacyeTa COOTBETCTBYIOLIMX TPEHJOB POU3BOINIIOCH
apugmeTnyecku. [Ipu npocTpaHCTBEHHOM OCpefiHe-
Hun cymm ocaikoB B (OJ1_P®-1, 2008) npu pacue-
Tax TpeHnoB B MI'KD ncnonb3oBancs uHoi cnocod
OCpE/IHEHUS], TPUMEHSIEMbIII K AHOMAJIMSIM U YUUTbI-
BAIOLIMN HEPABHOMEPHOCTb U T'YCTOTY PACIIOJIOXKE-
HUsl cTaHUui Ha wuccregyemoil mmomamn (Ipysa,
PanbkoBa, 2004).

: »
¢
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o
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Puc. 1.3.8. CBA3b Mexay KoadPuumMeHTamMm NMHENHbBIX TPEHAOB roAOBbIX 0CAAKOB (3, MM/roa), pacCUYnTaHHbIX C
Y4€TOM TOJIbKO MOMPaBky Ha cmaumnsaHue (P.,,) 1 C y4€TOM BCEX CUCTEMATUYECKUX NMOrpewHocTen (Pyg,,), ong 87

cTaHumii P® 3a nepuop 1967-2010 rr. Ha kapte Poccuu B BepxHEl 4aCcTM PUCYHKA TOYKaAMU OTMEYEHO

MECTOMONIOXEHME CTaHUUI.

* o o
C 2012 r. gas Beeit cetn craHumit PocrujpoMera yke NPOBOAUTCS MOJHAsE KOPPEKTUPOBKA CPOUYHBIX CYMM OCAJKOB B CHCTEMe OOpPaGOTKM JJaHHBIX
MMEPCOHA-MUC, cKOppeKTUPOBAHHBIE IAHHbIE BMECTE C OCHOBHBIMU PACUETHBIMYU MTAPaMETPAMU KOPPEKTUPOBKU MOMEIAIOTCS HA CTIELMAIBHOI JIOTIOTHUTEIbHOI

CTPAHULE TAOIULBIMECSIUHBIX IAHHBIX CTAHIIMIA.

o
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711 MpOCTPAaHCTBEHHOIO OCPE[HEHUS B Jlajlb-
Helumx pacyerax [T'O nmpumeneHo apudmeTnye-
CKO€ OCpE[IHEHME.

1.3.3.1 Bpemennnte u npocmpancmeeHHble
U3MEHEeHUS KOAU1eCmaea ammocgepubix
0caoxo8 (¢ ywemom écex nozpewHocmeu
u3MepeHus 0cadxKos)

BpemeHHble W TPOCTPAHCTBEHHbIE W3MEHEHUS
OCaJIKOB pacCMaTpHUBAIOTCS 3a JIBa MEpHofa: 3a BeCh
noctynHbm meproy ¢ 1936 mo 2010 rr. u 3a coBpe-
mennbiit niepuon ¢ 1976 mo 2010 rr. (puc. 1.3.9,
1.3.10 m Ta6m. 1.3.2). B cpensem no Poccuu B esiom
3a TOJ] KOJIMYeCTBO ocajkoB 3a nepuof 1976-2010 rr.
yBEJIMUMBAETCsI ObICTpee, YeM 3a Bech nepuof ¢ 1936
no 2010 rr, mpenmy11eCcTBEHHO 3a CYeT MHTEHCUBHO-
r'O POCTa OCAJKOB BECHOM.

[Ipu pervoHadbLHBIX OLEHKAX M3MEHEHUN B TO-
JIOBBIX TPEH/IAX OTUYETIIMBO BBIICIISIFOTCS MX OTPUILIA-
TeJibHbIe 3HaueHust Ha EYP u B BocTounoit Cubupwu,
CBUJICTEJILCTBYIOIME O 3aMETHOM YMEHbIICHUN
ocayikoB 3a 19762010 rr. mo cpaBHeHMIO CO BCeM
paccmarpuBaeMbiM niepuofom (puc. 1.3.11 u Ta6m.
1.3.2). B ocTaibHbIX perMoHax, Ha06opOT, HAGIIO-
JIaeTCs CYLIECTBEHHOE YBEJIMUYCHUE TOJI0BOrO KOJIM-
YeCcTBa OCAJIKOB 32 3TOT COBPEMEHHbII1 IEPUO]I.

BecHoii noBceMecTHO HaOMIOIaeTCsl YBEIUUEHUE
ce30HHBIX ocaakoB 3a 1976-2010 rr. mo cpaBHEHUIO C
OO0LMM NEPUOIOM.

—p—

Jlerom (TaK ke, KaK U B CPEJJHEM 3a TOJ]) 3aMeT-
HO BBIJIEJISIETCS] CYILIECTBEHHOE YMEHBIIEHUE CE30H-
HbIX ocajkoB Ha EYP u B BocTounoit Cubupu. B oc-
TaJbHbIX PErMOHAX YBEJIMYEHUE JIETHUX OCAJKOB 32
1976-2010 rr. mpeoGnagaeT Hajl UX U3MEHEHUEM 3a
Bech nepuoyt 1936-2010 rr., B KOTOpOM 3HaYCHUS Ce-
30HHBIX TPEHOB — OTPULIATEJIbHBIE.

OceHblo 1 3UMOV COOTHOLUEHNE 3HAYEHUI TPEH-
JI0B B OT/IEJIbHBIX PETMOHAX JIBYX CPaBHUBAEMBbIX I1€-
PHMONIOB TOBOJIBHO MECTPOE, CTOMKUX 3aKOHOMEPHO-
cTeil He MpocJyeKMBaeTcsl. MOXKHO JUIIb OTMETUTH
TOSIBIICHKE TTOJIOKUTEILHOTO 3MMHETO TpeHfa (XOTst
U He3HaunTesabHOro) Ha EYP u npaktudecku Kpyr-
soroanyHoe (KpoMe BECHBI) YMEHBIICHUE CE30HHBIX
ocajikoB B Boctounoit Cubupu.

[TpocTpaHCTBEHHOE pacnpefieieHne N3MEHEHUI
CPEHEr0 MHOT'OJIETHETO MOJIOBOIO KOJIMYECTBA OCA/l-
KOB Ha Bceil Teppuropun Poccum mpeacraBneHo Ha
puc. 1.3.12 B Bujie KapT BpeMEHHOTO U3MEHEHUs! ro-
JIOBOT'O KOJIMYECTBA OCAIKOB HA KAXKION U3 CTaHUMI
B MM 32 Bechb niepuoji ¢ 1936 no 2010 rr.

OO61ast KapTMHAa NPOCTPAHCTBEHHOI'O paclpefe-
JIEHWs1 3HAYEHUI1 TPEH0B Ha 00EMX KapTax COBIMajia-
eT. OT4yeTnuBO MpOSIBISIETCS MpeodajlaHue yBenu-
YEHUS TOI0BBIX 0CajIkoB Ha Teppuropun EYP, a Tak-
>Ke B leHTpanbHoi Cubupn. B 3amajHoi U BOCTOY-
Houit Cubupu, a Takxe B IIpubaiikanse, 3adaiikanbe,
[Ipnamypee u [Ipumopbe npeobmafaroT MIoWAan C
OTpULIATEJIbHBIMU 3HAYEHUSIMM TpeHfoB. [lanee Ha
BOCTOK YBEJIMUYEHUE FOJ0OBbIX OCAJIKOB HaOIOlaeTCsl

Tabauya 1.3.2. Koaghgpuuuermot AuHeliHbIX MPEHO08 20008blX U CE30HHBIX PEZUOHAABHO OCPEOHEHHbIX CYMM
0caokos (mm/mec/10 aem) oan Poccuu 6 yeaom u omoesbHbix pusuko-2e02pagpuueckux pezuoHos 3a nepuoobt

1936-2010 22 u 1976-2010 22

Peruon Ton 3uma Becna Jero Ocenn
1936-2010 1976-2010 1936-2010 | 1976-2010 1936-2010 | 1976-2010 1936-2010 | 1976-2010 1936-2010 | 1976-2010
Poccust 0.23 0.29 0.63 0.30 0.20 1.57 -0.43 0.03 0.20 -0.17
Esponeiickast yvacte  0.48 -0.18 0.63 0.53 0.00 1.83 0.57 -2.40 0.37 -0.23
3anajiHas Cubupb 0.24 0.83 0.87 0.00 0.27 2.47 -0.93 0.10 0.20 0.03
Cpennsisi Cubupb -0.10 0.72 0.03 -0.03 0.03 0.40 -0.83 1.87 0.23 1.27
[Mpubaiikanbe u -0.41 0.83 0.00 0.10 -0.17 0.47 -1.13 1.13 -0.33 1.37
3abaiikalbe
Bocrounas Cubups —0.19 —1.09 0.03 -1.63 -0.03 0.47 -0.70 -2.17 -0.13 -1.63
[puamypbe u 0.66 0.85 1.33 1.67 1.03 217 -0.53 0.03 0.13 -1.80
ITpumopse

Ipumeuanue. 2KupHbIM
OTpHIIATENBHBIE.

84>

I.HpI/I(bTOM 1 TOQUYEPKMBAHUEM BBIJICJIEHBI TOJIOKUTEJIBHBIE 3HAYEHUSA TPEHIOB, KYPCHMBOM —
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Puc. 1.3.9. BpeMeHHOM psaa v IMHENHbIN TPEHA, rOA0BbIX CYMM OCaZkOB (MM/rof), OCPeAHEHHbIX MO BCEN TEPPUTOPUN
Poccumn (457 ctaHumin) 3a 1936-2010 rr. XXupHas kpmBasa cooTBETCTBYET 11-neTHeMy crnaxuBaHuto. JonosHUTENbHOMN
NPSMON NIMHMEN NOKa3aH NMHenHbI TpeHa 3a 1976-2010 rr.

JMIIb MECTaMM B Y3KOH MpuOpeskHoil nonoce OXoT-
ckoro Mopsi u Ha CaxanuHe.

Ha puc. 1.3.13 nokasaHo pacnpepesieHne CTaH-
I TOJTLKO CO CTATUCTUYECKU 3HAUMMBIMU Ha YPOB-
He 5% IMHEeNHBIMU TPEHJAMH 32 TOT 3Ke MEPUoJ C
yKa3aHueM TpaHull pefepaibHbIX oKpyroB Poccun.

Ha kapre TpenjioB 3umHero ce3ona (puc. 1.3.14)
OTMEYAIOTCs HaNOOJbIINE TUIOLIANIN C MOJOXKUTEIb-
HbIMU TpEHJIaMUM ¥ HAWOOJNbIINE WX 3HAYCHUS 110
CPaBHEHHMIO C OCTAJILHBIMU Ce30HaMU. 3/IeCh Ke ca-
Moe OOJbIIOe YHCIO CTAHIMN CO CTaTUCTUYECKU
3HAYMMBbIMK BesimurHamu TpenaoB (165 cranumit).
3uMHSIST KapTa MIMeeT CYILECTBEHHOE CXOJICTBO C CO-
orBercTByfomei rogosoit (puc. 1.3.12) mo o6Gmieit
KapTHHE paCIpeiesieHns] TUIOLIAfiell YBEIUYeHUs] 1
YMEHBILICHUS OCAJIKOB 32 pACCMATPUBACMBII TIEPUO].

Jnsi neTHero ce3oHa, HAOOOPOT, XapaKTEPHbI
OonblLMe TUIOIAM C OTPULATEIBHBIMA TPEHIAMU U
HanGobLmMMK (M0 MOJYJIIO) MX 3HAYCHUSIMH. XOTsI
Ha EYP u coxpansieTcsi cnabasi TeHEHIUS K YBEJU-
YEHUIO OCAJIKOB, HO 32 YPAJIOM 1 JI0 CaMOro BOCTOY-

HOT0 OOepesKbsl JIETHUE OCAJKU MOYTU MOBCEMECTHO
YMEHBILIAIOTCSI.

BecHa 1 oceHb, KakK NepexojiHble NePUOJIbl MEK-
[y 3UMHUM U JIETHUM TUMaMU aTMOC(EPHON UUPKY-
JISIIWUW, OTIIMYAFOTCS OYEHb MECTPOV KAPTUHOW pac-
npefiesieHns: o0acTell yBEIUYeHUS! U YMEHbILIECHUS
KOJIMYECTBA OCAJIKOB, B KOTOPOW TPYAHO BBIICIUTH
YCTONYMBBIE 3aKOHOMEPHOCTU. XOTSI MOXKHO OTMe-
TUTH (POPMUPYIOLLYIOCS 00JIACTh YBEJIMYEHUsI Oca/l-
koB Ha EYP Bponb 3anagHoii rpanuibl PO u o6mmp-
HYI0 00J1aCTh MOJIOXKUTELHBIX TPEHIOB B LIEHTPab-
HOI 1 BocTOYHOM CHUOMpPH, JOCTUTAIOLIMMU B 0OJ1ac-
Ts1X MakcuMyMOB 40% OT Ce30HHOI HOPMBI OCA/IKOB.

1.3.3.2. Bpemennnte u npocmpancmeeHHble
U3MeHeHUs 0Ca0K08 Pa3Hblx U008 (meepobix,
HCUOKUX U CMEUAHHBLIX)

OcpeHenHbIe B 1ieJ1oM 1o Poccuu 1 o mtonia-
ISIM PETMOHOB TOJIOBbIE KOJIMYECTBA OCAJKOB pa3-
HbIX BUToB* 3a nepuop ¢ 1936 mo 2010 rr. u 3a ne-

S o
Maccus ITO CKOPPEKTUPOBAHHBIX CPOYHBIX 3HAYEHNUN OCAAKOBCOJCPXKUT TAKXKE BCE HCO6XOJII/IM])IC CBEJICHUSI [IJIs1 ONMPENIEJICHN BHU1a OCA[IKOB (TBeprIX,

KWKKHUX, CMB]_IIaHHI)IX), BBIIABIIMX MEXKNY CPOKaMH UX H3M€pBHHﬁ.

o
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Puc. 1.3.10. BpemeHHble psaabl U NMMHENHbIE TPEHObl CE30HHbLIX CYMM OCaZKOB (MM/CE30H), OCpeaHEHHbIX N0 BCel
Tepputopumn Poccumn (457 ctaHumin) 3a 1936-2010 rr. XXupHble KpnBble COOTBETCTBYIOT 11-n1eTHEMY CrliaXuBaHuUIO.
JononHnTenbHbIMU NPAMBIMU IMHUSIMUM NOKa3aHbl IMHEeVHbIe TPeHObl AN KaXaoro ces3ona 3a 1976-2010 rr.

puopn 19762010 rr. (ta6n. 1.3.3 u ta6n. 1.3.4) ne-
MOHCTPUPYIOT TOBCEMECTHOE YMEHbIIIEHUE TBep-
AbIX OCAJIKOB M TaKKe MOBCEMECTHOE yBEJIMYEeHUE
cMellaHHbIX. 2Kujikue ocajikv Tak>Ke yBeJIuuyuBa-
IOTCSl MOYTH Be3fie, kKpome 3amajgHoni Cubupw,
[Ipuamypses u [Ipumopsbsi, rie MPOLEHT UX YMEHb-
IIEHUS BeCbMa HeBeluK. BmoyHe o4eBUgHO, 4TO
YBEJIMUYCHUE KOJIMUECTBA SKUAKUX M CMEIIaHHbIX
OCAaJIKOB MPOUCXOJUT 32 CUYET YMEHbIIICHUs KO-
YECTBA TBEP/IbIX, CBS3AHHOI'O C MOBLIIIEHUEM TEM-
nepaTtypbl BO3/lyXa B COOTBETCTBYIOIIUX PETrHo-
Hax. Hanpumep, B 3anagnoit Cubupu, rge COOTHO-
LLIEHWE OCAJJKOB pa3HbIX BUJIOB B paccMaTpuBae-
MbIi1 IEPUOJ] TIOUTHU HE MEHSIETCSI, MOBBIIIIEHUE Cpe-

JIHETOJIOBOM TeMIIEpaTyphbl, Cy/s 1O KapTe puc. 3.6
u3 neporo OueHouynoro jokiaga (O _P®-1,
2008), nanmenbliiee. HanGosnbliiee B MPOLEHTHOM
BbIDAXKEHUU YBEJIMYEHHE CMEUIAHHBIX OCaJKOB
OOBSICHSIETCSI HAMMEHBIIMMU 3HAYEHUSIMU UX CPEl-
HEro MHOTOJIETHETO KoJmuecTBa (“apekT 3Hame-
Harest”).

CBs3bp  NPOCTPAHCTBEHHO-BPEMEHHBIX H3MEHE-
HUI OCAJKOB Pa3HbIX BUIOB C WU3MEHEHUSIMU TeMIle-
paTypbl BO3[yXa MpPOCIEXUBAETCS JIOCTATOYHO Ha-
rsiao (tabu. 1.3.3 u puc. 1.3.15).

KommuectBo TBepbix ocakoB (puc. 1.3.15a)
YMEHBLIAETCS Ha MPeo0JIajiatoleil 4acTu TEPPUTO-
pyun Poccuun. YBenuueHue ux HaOIOgAeTCsl TJ1aB-

o
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HbIM 00pa30M B CEBEPHBIX U MPUMOJISIPHBIX YACTSIX
3anajgHoil u enrpanbHoit Cubupu, T. €. B obnac-
TSIX CJ1a00ro pocTa TeMIEepaTypbl BO3/lyXa. YBeJn-
YEHVE KOJIMYECTBa TBEP/bIX 0CaIKOB Ha KosbckoM
nonyoctpoBe u B Kapemmn cBsI3aHO, OYEBUJIHO, C
O0IMM CYLIECTBEHHbIM YBEJIIMYEHUEM OCAJIKOB B
3TOM parioHe.

Kunkue ocanku (puc. 1.3.156) yBemmumBarorcst
Ha Oonblueil yactu teppuropun Poccnn, ocoO6eHHO
Ha EYP. Ho 3HauMTebHBbIE MIIOLIAM YMEHbIICHUS
KOJIMYECTBA XXUJKUX OCAJKOB pacCIoyiararoTcs B 3a-
najHoit Cubupy m yact ueHTpaibHoi Cubupw, rae

—p—
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00J1aCTU yBEJIMYEHUS] >KUJIKMX OCAJIKOB HAXOJSATCS
JIMILLB B FOKHBIX YACTSIX 3TUX PETMOHOB.
Cwmemannble ocaaku (puc. 1.3.158) yBenuuunBa-
I0TCSl IPAKTUYECKU MOBCEMECTHO, C1a00 yMeHbllla-
SICb TOJILKO B CEBEPHbIX U NPUMOJISIPHBIX 00JaCTSX OT
Ypana no UykoTku. YBeIudyeHne TemMnepaTrypbl BO3-
lyXa OKa3bIBAaeT BIMSIHME HA U3MEHEHUE KOJIMYeCTBa
SKUJIKMX OCaJIKOB ABOSIKO. C OJHOI CTOPOHBI, TPU MO-
TEIUVICHUM Ha TPaHUUE “‘OCEHb—3MMa~ CMELIaHHbIX
OCAaJIKOB CTAHOBUTCSI OOJbLIE 32 CYET YMEHbLUCHUSI
KommyecTBa TBepybIX. C pyroi CTOpPOHBI, IpU Nepe-
XOJIe OT JIeTa K OCEHU MOXET yBEeJIMYUBATHCS KOJU-

Tabauya 1.3.3. Uamenenue pezuoHaAbHO OCPEOHCHHBIX 20006bIX CYMM 0CAOK08 pasbix 6u0oé (P*75) za
1936-2010 22 6 % om cpeOHeii MHOOACMHEL CYMMbL 0CAOKO8 OAHHO20 8UOA (MM/200)

Bupn ocaakos

Pernons! Kupkne Teepabie Cmemannblie

% MM % MM % MM
Poccust 7 380 -14 163 33 30
Esponeiickasi yactb PP 14 436 22 157 35 36
BanapHas Cubupb -1 340 -0.5 378 1 32
Cpennsist Cubupb 4 461 -3 169 11 19
[Mpubarikanbe n 3abaiikaibe 6 317 -18 105 14 15
Bocrounasi Cubupb 9 295 -23 195 24 35
IMpuamypse u [Ipumopse -3 554 =7 73 35 29

Ipumeuanue. [ KaXkaoro BUja OCAJKOB TPUBOJMTCS BEJIMUYMHA W3MEHEHUS KOJMUYECTBA OCAKOB B % OT CpeIHero
MHOTOJIETHETO 3HAYeHust (JIeBasi 4acTh CTONOUA TaOJMUbI), & TaKXKE COOTBETCTBYIOLIEE CPEJHEE MHOIOJIETHEE KOJIMYECTBO

0C4/IKOB B MM (TIpaBasi 4acTh CTONONA).

Tabauya 1.3.4. Usamenenue pezuoHaAbHO OCPEOHCHHBIX 20008bIX CYMM 0CAOK08 pasHbix 61006 (P*75) za
1976-2010 22 6 % om cpedneil MHO20AEMHEL CYMMbL OCAOKO8 OAHHO20 8UOA (MM/200)

Bun ocaakos

Pernonnl Kunkue Tsepabie CMmellaHHbIE

% MM % MM % MM
Poccust 5 385 -1 158 18 33
Esponeiickas yactb PP 4 449 -18 151 17 39
BanapHas Cubupb 7 338 -5 191 1 38
Cpennsist Cubupb 20 241 -8 165 8 20
[pubarikanbe n 3adaiikaibe 11 320 -2 197 10 16
Bocrounast Cubupb 1 299 -17 180 5 38
puamypbe 1 [pumopse 0 547 4 171 5 33

Hpmeuanue. HJIS[ KaxX0ro Byja OCA[IKOB TPUBOAUTCS BEJIWMYMHA W3MEHCHUS KOJIUYECTBA OCA/IKOB B % or CpeIHero
MHOI'OJIETHEIO 3HAYCHUA (JICBaH 4qacTb CTOJI6U,a Ta6JII/Ilel), a TaK>XE COOTBETCTBYIOLICEC CPEIHEEC MHOI'OJIETHEE KOJIMYECTBO

0Ca/IKOB B MM (TIpaBasi 4acTh CTOJIONA).

o
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Puc. 1.3.11. BpeMeHHbIe paapl U NNHENHbIE TPEHAbl PErMIOHANIbHO OCPEAHEHHBIX FOA0BbLIX CYMM aTMOCHEPHbIX
ocagkoB (Mm/rog) onsa pervoHoB Poccuun 3a 1936-2010 rr. XupHble KpvBble COOTBETCTBYIOT 11-neTHemy
CrnaxviBaHuio. JononHUTENbHBIMU NPAMbBIMU NOKa3aHbl MMHENHbIE TpeHabl 3a 1976-2010 rr.

D
o
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Puc. 1.3.12. BpeMeHHble U3MeHeHUs1 r0J0BOro KoNnm4yecTBa 0caakoB Ha Tepputopun Poccum 3a nepuog ¢ 1936 no
2010rr.;a)Mm3a 75 net (1. e. f*75), 6) %. oT Hopmbl ocaakoB 1961-1990 rr. Mpun NOCTPOEHUN KaPT UCMOJIb30BaHbI
OaHHble He BCex CTaHUMIiA MCXOOHOro MaccuBa. HekoTopble M3 HUX ObIIM UCKIOYEHbl M3 pacyeToB NMGO Mo
04YeBMOHO COMHUTESNIbHOW [A0CTOBEPHOCTU AaHHbIX HabnogeHuii, Mo mn3-3a KPaTKOCTU U HeperynspHocTu
BPEMEHHbIX PAa0B ocaakoB.” Ha kapTte (a) B Buae To4yek 0603Ha4eHO MECTOMOJIOXEHME BCEeX CTaHLMM, MO JaHHbIM
KOTOPbIX OHa NMocTpoeHa. Ha kapTe (6) nokasaHbl TONILKO CTaHLUMKU, CO CTAaTUCTUYECKOM 3HAYMMOCTbIO TPEHO0B Ha
ypoBHe 8%, XOTS NOCTpOEeHa 3Ta KapTa Nno AaHHbIM BCEX CTaHLMM — TakK Xe, Kak 1 (a).

* o o
3a nepuop ¢ 1936 . mo 2010 . KoMYeCTBO IENCTBYIOLIMX CTAHINIA, BKIFOUEHHBIX B MACCUB, HE OCTABAJIOCH MOCTOSIHHBIM. YHCIIO MX MOCTENEHHO POCIO OT
195 8 1936 . go 457 B 2010 1. no Bceit Teppuropun Poccuu. [TosTomy yMHHA BPEMEHHBIX PSIOB HA Pa3HBIX CTAHLMSIX MOXKET 3aMETHO Pa3iINyaThCst. DTO BHOCUT

JIOMOJIHUTEJIbHY IO HEOIPEICJIEHHOCTD B MPE/ICTABJICHHBIE PE3YJIBTAThI.
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Puc.

1.3.13. BpemeHHble M3MeHeHUs roA0BOro KOonM4yecTBa OCAAKOB (JIMHENHble TpeHabl, MM/rofd, CO

CTaTUCTUYECKOM 3HAYMMOCTbLIO Ha YpoBHe 5%) Ha 151-oi ctaHumm 3a nepuop ¢ 1936 no 2010 rr. Ha pucyHke

00603HayeHbl rpaHnupl peaepanbHbix okpyros Poccuu.

YECTBO 2KUJAKHMX OCAJKOB 3a CUET CMCIIAaHHbIX. HOC-
KOJIbKY HaOfoaeTcsl MPaKTHYECKH TMOBCEMECTHOE
VWHTEHCUBHOE YBEJMYEHHE KOJIMYECTBA CMEIIaHHBIX
0CaJIKOB, MPeo0IIajlacT, OYEBUIHO, TIEPBbI MPOLECC.

1.3.3.3 IIpoooaxcumenvnocmov 0cadkos
Pa3AUdHBIX 2Padayuii UHMEHCUBHOCIU
Ha meppumopuu Poccuu u ee usmenenue
60 8pemeHU

Paspa6orannbie panee (Borganosa, 1979, 1982,
1998, 2001) meTop! ONpeieieHns] CyMMapHON Me-
CSTYHOM W TOJOBOW MPOAOIKUTEIBLHOCTH OCaIKOB
Pa3HbIX rpajjalyili THTEHCUBHOCTH MX BbINAjICHNUS /1a-
IOT BO3MOKHOCTb WCCIIC/IOBAHUSI M3MEHEHUI STHX
XapaKTepUCTHK BO BPEMEHU U MpocTpaHcTBe. B pa-
6ore Borganooii (1979) Gbiia ycTaHOBIIEHA U 1103~
Ke (hopMaM30BaHa CBSI3b MEX/Y TTapaMeTpamMu UH-
TErpajibHOrO pachpefiesieHUs] MECSYHOM MPOJOIIKH-
TEJIbHOCTH BBIMAJIEHNs] OCAJKOB PAa3HbIX Tpajiaiymit
MHTEHCUBHOCTH C MX OOIIEil MEeCSTYHON NHTEHCHUBHO-
CThIO (OTHOLICHHEM MECSIYHOTO KOJIMYECTBA OCafl-
KOB K OOIIIEH MPOJIOJIXKUTETIbHOCTHU UX BbIMAJICHUS 32

aror Mecs). [omydeHHbie (hOPMYJIbI MO3BOJISIFOT
PacCUMTHIBATH OTHOCUTENBHYIO (00 mim % ), Wim
a6COIOTHYO (4achl, MUHYTBI) TIPOJIOJIKUTEILHOCTh
OCAaJIKOB ONPEJIEJIEHHON UHTEHCMBHOCTH B UX OOLIECH
npoposskuTesbHocTH 3a Mecsit, (Borpanosa, 3opu-
Ha, 2013).

B npeapityupx uccnenosanusix (bornanosa 1998,
2001) 6bLTO MPUHSITO BBIAESTE YEThIPE MPAJALIAN UH-
TEHCHBHOCTH OCA/IKOB (i, MM/4) JIsl KOTOPBIX ONpefie-
JsIach MPOJIONKUTENBHOCTh UX BbIMAJeHUs: ciabble
(7 < 1.8 mm/u), ymepennble (1.8 < i < 6 mm/a), cuiib-
Hbie (6 < i < 60 mm/u) 1 oueHb cuibHbie (i > 60 MM/4)
(ra6m. 1.3.5u 1.3.6).

BrionHe o4eBUHO, YTO MNPOAOIIKUTENBHOCTh
BBINAJCHNUS OOIIET0 KOJIMYECTBA OCAAKOB M CIIA0BLIX
OCaJIKOB CHCTEMAaTUYECKH W TOBCEMECTHO YMEHb-
1IAeTCsl, HO C Y/VIMHEHWeM Mepuofja OTpULIATENb-
HbIe TPEHJIbI MOUTU BE3Jle CTAHOBSTCS MEHbIIIE 1O
MOJyJTIf0. VI3MeHeHrne NPOJOJKUTEIILHOCT yMe-
PEHHBIX ¥ CWJIbHBIX OCAJJKOB B OCHOBHOM HEBEJIMKO
Y pa3HOHAIPAaBJIEHO, TOJILKO B CEBEPO-BOCTOYHOM
pEervuoHe OTpUILATe/IbHbIE 3HAUEHUSI OCTAIOTCS CY-
ICCTBECHHBLIMMU.

o



OD-2-1-3n

12/3/14 4:37 PM Page 91

OGpataer Ha ce0si BHUMaHKWE OTYETIMBOE YBe-
JIMYECHHUE B OTHOCHTEJLHOM BBIPASKEHUH TPOJIOIIKH-
TEJILHOCTU OYeHb CHIIbHBIX OcajkoB. Ho aToT ach-
(bekT Henb3si CUMTaTh BIOJHE JOCTOBEPHBIM M3-32
OYeHb MaJbIX 3HAYCHHI TPOIOTKUTETBLHOCTH TAKUX
CUJIBHBIX OCAaJIKOB M, COOTBETCTBEHHO, CYILECTBEH-
HbIX CIIyYalHbIX MOrPELIHOCTEN WX ONpENEICHHUS.
OjiHaKo B KaueCTBe TEHJICHIMH 3TO SIBICHUE CIIEyeT
OTMETHUTb.

VI3MeHeHusT TPOJIOSKUTENIbHOCTU  OCAJIKOB  Jie-
MOHCTPHUPYIOT OTYETIMBYIO TEHJICHLMIO YBEINYUCHMS
IJIOLIAACH C MOJOKHUTEIbHBIMU TPEHAAMHU TIPOJIOJ-
SKMTEJIBHOCTU OCAJIKOB M, COOTBETCTBEHHO, COKpa-
IEHNE TUTOLIA/CHi C OTPHULATEbHBIMUA UX 3HAYCHHSI-
mu (puc. 1.3.16). PaitoHbl yBenryeHuUs! MPOJIOIKHM-
TENBHOCTH ciabbix ocaykoB (puc. 1.3.16a) He3Haum-
TEJIbHbI U MPUYPOUCHbI B OCHOBHOM K FOPHBIM 00J1a-
crssm. HamGornbliiee yBenuueHue MPOAOIKUTENBHO-

—p—
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CTH HE TOJIBKO CJIA0bIX, HO U YMEPEHHBIX U CUIIbHBIX
OCaJIKOB OTMEYAETCsl B NMPEArOPHbIX U FOPHbIX paii-
OHax YepHOMOPCKOro nmodepexbsl.

OcCOGEHHO CUJIbHOE YMEHbIIIEHHUE NPOOJIKHU-
TEJILHOCTHU CJIA0bIX OCAJIKOB B PallOHAX CEBEPHBIX U
CEBEPO-BOCTOYHBIX MOPCKUX IOOEPEXXUIl MOTYT
O0OBSACHATHCS HE TOJIBKO MPUPOHBIMU NPUYMHAMMU,
HO M CYILIECTBEHHbIM yXY/ILIEHUEM KaueCTBa BU3Y-
AJIbHbIX HAOMIO[EHUI, OCOOEHHO 3a MPOJOJIKHU-
TENbHOCTBIO CJIA0BIX TBEPbIX OCAJKOB B TEMHOE
BpeMst cyTok. Kpome Toro, ¢ Hauyana geBSHOCTBIX
rofIoB MpOIIOrO BeKa U IO HACTOSIIEE BpeMmsi
BECbMa 3aTPYJHUTEJILHO OOECNEeYUTb HENpepbIB-
HbIE KPYITIOCYTOUYHbIE HAOJIIOAEHUS 3a MPOJOIIKU-
TEJNbHOCTBIO ATMOC(PEPHBIX SIBICHUN U3-32 HEJIOC-
TATOYHOCTHU LITATHOI'O COCTaBa cTaHUuil. Bece st
NPUYMHBI ONPENICJIEHHO MPUBOJAT K CUCTEMaTUye-
CKOMY 3aHMXKEHMIO OOllei MPOJOJIKUTEILHOCTH

N
-0 TR\

Puc. 1.3.14. BpeMeHHble UBMEHEHUS CPEOHMX CE30HHbBIX CYMM 0CaaKoB Ha Tepputopum Poccnm 3a nepuog ¢ 1936
no 2010 rr. B % OT COOTBETCTBYIOLMX CE30HHbLIX HOPM 0OCaAKoB (cpegHux 3a nepwuod 1961-1990 rr.); a) 3uma,
0) BecHa, B) NeTo, ) oceHb. Bce 4 ce30HHbIE KapThl MOCTPOEHLI MO AAHHBIM TEX XK€ CTaHLMNA, KOTOPbIE MOMEYEHbI
Bbille Ha puc. 1.3.12a, HO Ha Kaxaol N3 CE30HHbIX KAPT OTMEYEHO MECTOMONOXEHNE TONbKO TeX CTaHUui, rae
cTaTucTnyeckas 3Ha4MMOCTb TPEHO0B COCTaBNSET HE MeHee 8%. MOoCKONbKy CTaTUCTUYECKasa 3HA4YMMOCTb TpeHaa
B 3HA4YMTENIbHON Mepe 0OYC/IOB/IEHA Er0 BEINYMHOM (MPY PaBHOW ANMHE psifa), KOJIMYECTBO TOYEK Ha Kaxaon 13
KapT TakXke gBNFeTCs nokasaTenemM YPoBHS 3HAYEHNN TPEHAOB B KaXAbI N3 CE30HOB.

(9

o
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Tabauya 1.3.5. Cpednss mHo204emHaAs 2000845 NPOOOANCUMEALHOCb (H4ACHL) BbINAOECHUR OCAOKOB PASHbIX
epaoayuti unmencusnocmu 3a 1976-2000 22 u 19762010 22

Cpemmﬂ MHOTOJIETHSAA TOJ0Basi MPOAO/IZKUTEJIBHOCTh 0CAIKOB, YaCbl

Pernon Ilepuop Bce ocapku | CrmaGeie | Ymepennsie | CunbHble | O4eHb CHIIBHBIE
Poccusi 1976-2000 1371 1310 45 16 0.28
1976-2010 1357 1296 45 16 0.29
EBporneiickast yacts PP 1976-2000 1334 1266 49 18 0.32
1976-2010 1316 1249 49 18 0.32
BanajHas Cubupb 1976-2000 1468 1407 45 16 0.25
1976-2010 1460 1399 45 16 0.26
Cpennsist Cubnpb 1976-2000 1710 1664 34 12 0.16
1976-2010 1697 1650 35 12 0.17
[Mpubaiikanbe u 3abaiikanbe 1976-2000 982 936 33 12 0.26
1976-2010 973 927 33 12 0.26
Bocrounast Cubupb 1976-2000 1679 1622 42 15 0.20
1976-2010 1661 1603 42 15 0.20
[Mpuamypse u [Tpumopne 1976-2000 1191 1113 57 21 0.47
1976-2010 1178 1100 56 21 0.46

Tpumeuanue. JlanHbIe OCPEHEHBI MO BCel TeppuTopu Poccuu u no NpuHSITHIM (PU3UKO-reorpapuiecKuM peruoHam 3a jiBa
nepuopa: 19762000 rr. u 10762010 rr.

Tabauya 1.3.6. Usmenenue pe2uoHarbHO 0CPEOHEHHOLL 2000801 NPOOOANCUMEABHOCIU OCAOKO8 PASHOIL
unmeHcusHocmu Ha meppumopuu Poccuu u 6 xaxcoom us pezuonos 3a 19762000 22 u 1976-2010 22

U3zmeHenne MPOAOIKUTEJIBbHOCTH 0CAAKOB

Pernonsi Ilepuon | Bce ocanku Cna0bie YmepeHHbie CunbHble OueHb CUIIBHDIE
Yacbl % Yacor % Yacor % Yacwl % Yacbl %
Poccust 1976-2000 -203 =15 -202 =15 -1.4 =3 -0.28 -2 0.01 4
19762010 -176 -13 -175 -14 -0.3 -1 0.08 1 0.02 6
Esporneiickasi 19762000 -192 -14 —189 -15 2.1 —4 —0.50 -3 0.02 2
yactb PO 19762010 -194 -15 -193 -15 -1.1 -2 -0.17 -1 0.01 4
3anajiHast 19762000 -142 -10 -141 -10 -0.6 -1 0.01 0 0.01 5
Cubupb 1976-2010 -112 -8 -113 -8 0.7 2 041 3 0.02 7
Cpennsis 19762000 -302 -18 =303 -18 -0.3 -1 0.05 0.4 0.01 1
Cubupb 19762010 -221 -13 -223 -14 1.8 S 0.8 7 0.03 16
[MpubGaiikamse 1 1976-2000 -204 21 -207 22 2 4 0.6 5 0.11 11
3abaitkanbe 19762010 -139 -14 -141 =15 1.8 S 0.9 7 0.02 10
Bocrounast 1976-2000 -297 -18 -291 -18 —4.1 -11 -1.5 -10 -0.02 -2
Cubupb 19762010 -263 -16 -259 -16 -2.9 -7 -1 -7 0.07 6
[Mpuamypbe u 1976-2000 -128 11 -128 -11 -0.7 -1 -0.09 -0.4 0.04 8
ITpumopbe 1976-2010 -118 -10 -117  -11 -0.7 -1 -0.04 -2 0.02 4

Ipumeuanue. TIOKa3aHO W3MEHEHHE TOJOBO IPOJODKUTENBLHOCTH OCAIKOB Pa3HOil MHTEHCHMBHOCTH (T. €. KoahduupeHt
JIMHENHOTO TPEHJIa, YMHOXKEHHBII Ha YKCIIO JIET B IEPHOJie) Ha Beeil Teppuropui Poccnn 1 B KaskiioM n3 perroros 3a 1976-2000 rr.
u 1976-2010 rr. B aGCOMOTHBIX (Yachl) W OTHOCUTENLHBIX (% OT CPEHEr0 MHOIOJETHETO 3HAYEHMS TPOJOKUTENBHOCTH 3a
COOTBETCTBYIOLIMI MIEPHON, T. €. 3a 25 u 35 net) eaunnuax. KupHbiM mpnudToM 1 NOUEPKUBAHAEM BbIJIENEHBI TIOJOKUTEIBHbIE
3HAUEHUsI TPEH/IOB, KyPCHBOM — OTPHLATEIBHbIC.

%)
o
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(6)

(B)

Puc. 1.3.15. BpeMeHHble M3MEHEHUS FOAOBOrO KOMMYecTBa 0CagkoB pasHbix BnaoB (Mm/10 neTt) 3a nepuopf
1936-2010 rr.; a) TBepable ocagku; 06) XUAKME OCajku; B) CMeLIaHHble ocagkum. Toykamum OTMe4YeHOo
MECTOMOIOXEHME CTAHLMIA CO CTaTUCTUYECKOM 3HAYMMOCTbIO JIMHENHbBIX TPEHA0B rOA0BbIX OCAAKOB KaXA0ro smaa

Ha ypoBHe 8%.
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Puc. 1.3.16. BpemMeHHble N3SMEHEHUS NPOAOIKUTENIBHOCTU OCaAKOB Pa3HbIX rpagaumi MHTEHCUBHOCTU 3a
nepuoa 1976-2010 rr. (T. e. KOOPDPUUNEHTbI JIMHENHBIX TPEHOOB KaXXA0W CTaHUMWN, YMHOXEHHbIX Ha 35);
a) cnabble, 0) ymMepeHHble 1 B) CUNbHble 0caaku (4acbkl 3a 35 neT), r) o4eHb CuJibHble OCaaKM (MUHYTHI
3a 35 neT). ToykamMm OTMEYEHO MECTOMOJIOXEHNE CTAHUMNA C TPEHOAAMU, CTAaTUCTUYECKM 3HAYMMbIMU Ha

ypoBHe 8%.

OCaJIKOB, U B 0COOEHHOCTH — cylabbix. Ha npopomku-
TEJLHOCTU YMEPEHHbIX U CUIIbHBIX OCAJIKOB 3TH 00-
CTOSITENILCTBA OTpakaroTcsl MeHblle. Habmonaresmo
jerye Ux 3apUKCUpOBaTh, T. K. MO OONbLIEN YacTu
3HAUUTEJIbHbIE OCAJKU BBIMAJIAIOT B TEIUIbIA MEPUOJ
roya.

C yBenMyeHMEeM MHTEHCHUBHOCTHU TUIOLIAU C
MOJIOXKUTENIbHBIMUA TPEHIAMU MPOJIOJIKUTEIbHO-
CTU yBEJIMYMUBAKOTCS, XOTSI CaMU 3HAYEHUs TPEH-
0B B aOCOJIIOTHOM BBIPAXKEHUM YMEHBLIAIOTCS
(puc. 1.3.16 6-r). IIpu 3T7O0M yBeaMUEHUE TPOJIOI-
SKUTEJIbHOCTH OY€Hb CUJIbHBIX OCAJKOB 3aHMMAET
HauOOJbUIYIO YacTb Bcell miowaau Poccum no
CPaBHEHMIO C OCaJIKaMU OCTaJIbHbIX rpajlaluil UH-
TeHCUBHOCTU. Ha 3Ty TeHaeHuuio ciepyeTt obGpa-
TUTb BHUMaHKE, T. K. YBEJIMYEHHUE NMPOJOJIKUTENb-
HOCTH CWJIbHBIX OCAJIKOB MPUBOJUT K CYIIIECTBEH-
HOMY YBEJIMYEHHUIO KOJIMYECTBA MPUHOCUMBIX MU
OCa/IKOB.

1.3.3.4 3axaruenue

Haunbonee cymecTBeHHbIM OTJIWYMEM OLEHOK,
npuBefieHHbIX B 1.3.2 ot 1.3.1 u OoT COOTBETCTBYIO-
mieil maBbl U3 npefbiymero OLEHOYHOro IOKJaja
(OJ1_P®-1, 2008) siBisieTcst MCMIONB30BAHKE B Kade-
CTBE MCXOJHOM 06a3bl JAHHBIX ISl JATBHEHIINX pac-
YETOB HOBOT'O apXMBa CPOYHBIX JIAHHBIX OCHOBHBIX
METEOpOJIOTHYECKHUX MapaMeTPOB, KOTOPbIN COfep-
SKUT Gollblliee YUCIIO CTaHIuil Ha Tepputopun Poc-
cun (457), M JONOJHUTENIBHBIE CBEJICHUST 00 aTMO-
C(PepHBbIX SIBJICHUSIX M WX TMPOJOJIKUTENBHOCTH B
MyHKTE HAOIIOICHUIA.

Ha ocnoge storo apxusa B I'TO um. A. W. Boeii-
KOBa CO3[]aH MAaCCHB JIaHHBIX 00 OCajKaX, CKOPPEK-
TupoBaHHbIX 1Mo MeTtopuke I'THU-ITO, yuutsiBato-
1IEl BIMSIHIE OCHOBHBIX CHCTEMATHUYECKHX MOrPEI-
HOCTeil 0CaJIKOMEPHBIX MPUOOPOB Ha PE3yJbTAaT W3-
MEepEeHHsl OCAJIKOB.

o
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[lo pawwbim ITO 3a mepuwoppr 1936-2010 rr. u
1976-2010 rr. B cpearem mo Poccun ormevaeTcs yBeu-
YEHHE IOJJOBBIX CYMM OCQJIKOB, IPY 3TOM 32 COBPEMEHHBIIT
TIEPHOJ] OCAJIKM YBEIIMUMBAIOTCS 3aMETHO ObICTpee, YeM 3a
1936-2010 rr., mperMyIeCTBEHHO 32 CUET NHTEHCUBHOTO
pocTa ocajikoB BECHOI BO BCex pernoHax Poccum.

OueBHIHBI NPaKTUYECKUI MHTEpEC MNpejcTaB-
JSIeT TAaKKe BBIMOJHEHHBIN aHAIN3 TaKUX HETpaju-
[MOHHBIX XapaKTEPHCTUK PE>KMMa OCAJIKOB, KaK KO-
JIMYIECTBO OCAJIKOB Pa3HbIX BUIOB (SKUJIKMX, TBEPABIX
M CMEIIAHHBIX ), W MPOJOJIKUTEILHOCTE BBIMACHNUS
OCaJIKOB Pa3HbIX TPAALMil MHTEHCUBHOCTH (CJIa0bIX,
YMEPEHHbIX, CUJIbHBIX U OYEHb CUJIbHBIX ).

AHan3 BpEMEHHbIX W3MEHEHUIl 3a NEepuoji C
1936 no 2010 rr. KosMUYecTBa OCAJIKOB Pa3/eIbHO MO
UX BUJIaM MO3BOJIAJ JIETAIM3UPOBATH BKJIA]] OCAJIKOB
KaKJI0ro Bujia (TBEp/IbIX, SKUJKUX U CMEIIAHHbIX) B
rojioBble M3MeHeHusi. KommuecTBo TBepapIX ocaj-
KOB yMEHbIIIAeTCS Ha TPeoONaaroleil YacT Tep-
putopun Poccum, Kak 3a oOLMiI epHof], Tak U 3a
coBpeMeHHbI1. 2KWjIK1e 1 CMelllaHHble OCajIK yBe-
JIMYMBAIOTCS MPAKTHUYECKHN TIOBCEMECTHO, OCOOEHHO
Ha EYP.

[TpoIOKUTENILHOCTD BBIMAJICHUST OCAIKOB CUJTb-
HOWl M OYEHb CUJIBHOVW WHTEHCHBHOCTHU B LIEJIOM IO
Poccun 3a nepuop 1976-2010 rr. yBenmuuBaercs, a
COOTBETCTBEHHO YBEJIMUMBACTCS U KOJIMUYECTBO MpPU-
HOCHMBIX OCAJIKOB.
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T'JIABA 1.4. CHEXHBIV ITIOKPOB

O. H. byabirnna

I1. 4. I'poitcman, H. H. KopiuyHosa,
B. H. Pa3yBaes

1.4.1. Beengenne

s Poccun cOCTOSIHME CHEXKHOI'O NOKPOBA $B-
JISIeTCSl BaXKHbIM TOKA3aTesIeM KJIMMAaTUYECKON CUC-
TeMbl, 0 yeM eue B XIX Beke ropopust A. 1. Boeit-
KOB: “...Hurpe BIusiHME CHEXKHOrO MOKPOBA TaK HE
BEJIMKO, Kak B Poccuu, Tak Kak HUTTIE HET PABHUHBI
HACTOJILKO OOIIMPHOM, OTAAJIEHHON OT MOpEi U Mo-
KpbITO#t 3uMoit cierom” (Boeiikos, 1884). Tpanuim-
OHHO M3YYEHMIO XapaKTePUCTUK CHEXKHOI'O MOKPOBa
B Poccum ypiensiercst 6oubliioe BHUMAHKE, T. K. CHEXK-
HbIil TIOKPOB SIBJISIETCSl XOPOLIMM WHAMKATOPOM CO-
CTOSIHMS KJIMMATUYECKON CHUCTEMbl, OKa3bIBaeT
O0JbILIOE BIMSIHUE HA 3KOHOMMKY U YCJIOBUS >KU3HE-
nesitenibHocTn (Komawes, 1971; Memepckast u ap.,
1995; Kpenke u ap., 2001; ITonosa, 2004).

9% |

B T0 ke BpeMst Ha COCTOSTHME CHESKHOTO TIOKPO-
Ba BIMSIIOT HaOMIOaeMble B TIOCIICIHUAE TOIbI M3Me-
HEHUSl TeMIePaTypPHOro PeXKUMa, pexkuma OCajIKOB,
4acTOThI oTTeneseil u T. 1. Habmonaemoe ymeHbliie-
HME TUIOLIA/IU, TIOKPBITON JIbJOM JIETOM B CEBEPHOM
aenoButoM okeane Ha 40% (Serreze et al., 2007;
Levinson and Lawrimore, 2008; Groisman and Soja,
2009), koTopoe NPUBOJIUT K 0OPa30BaHMIO UCTOYHM-
Ka BOJSIHOTO Mapa /il CyXoy MOJISIPHOI aTMocepbl
B HayaJjle XOJIOJHOI'O CE30Ha, TaKKe HE MOXKET HE OT-
pakaThCsl HA COCTOSTHUM CHESKHOTO MOKPOBA.

Perynsipabie HaGmrofieHnsT 32 CHEXKHBIM TIOKPO-
BOM Ha MeTeocTaHuusx B Poccum mpoBopsTcst ¢
1882 roma. ExxkeiHeBHBIE HAOMIONEHNS 34 CHESKHBIM
MOKPOBOM Ha METEOPOJIOTMUYECKUX CTAHLUSIX BKJIIFO-
YaIOT U3MEPEHUsI €r0 BbICOThI, ONPEfIe/IeHUe CTerne-
HU TOKPBITUSI CHETOM OKPECTHOCTU CTAHIUM U Xa-
pakTepa 3ajieraHusi CHeXKHOro mnokposa. CTeneHb
NOKPBITUSI CHETOM OKPECTHOCTU CTAHIMM U XapaK-
Tep 3aJleraHvsl CHeXXKHOT'O TOKPOBa OMPEIeIIsTIOTCS
BU3YAJIbHO B YTPEHHMI CPOK HaOmopeHuil. OueHka
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CTENeHU MOKPBITHSI CHETOM BUJMMOI OKPECTHOCTHU
craHuuu mnpousBoguTcs no 10-GanbHON IIKae.
Kpome eskeiHeBHbIX HAOJIO[ICHUI, HA METEeOCTaH-
USIX TPOBOJSITCS MAapIIPyTHbIE CHErOMEepHbIe
cbeMku. B none anuna mapiapyrta coctasisier 2000
nwm 1000 metpos, B mecy — 500 mMeTpoB. Beicora
CHE’KHOT'O TIOKPOBa B Jiecy m3mepsieTcst yepe3 10 M,
a B nojie — uepe3 20 M. [InoTHOCTL U3MepsieTcst Ha
mapuipyte B 1000 M u 500 m — uepe3 100 m, Ha map-
wpyTte mauHon 2000 m — yepe3 200m. Bo Bpems
CHErOMEpHBIX ChEMOK OINpENIESIOTCS BbICOTA U
TUIOTHOCTb CHEXKHOTO MOKPOBA, TOJIIMHA JIE/ISTHO
KOPKU U CJIOSl CHeTa, HAChIIIEHHOTO BOJION, a TaKKe
CTEMEHb MOKPBITHS CHETOM U JIETHON KOPKOW Map-
HIPyTa, COCTOSIHME MOBEPXHOCTHU TOYBBI MO CHe-
rom. CHEroMepHble ChbeMKU HAaUMHAIOT TIPOBOJUTD C
MOMEHTA, KOTJIa CHErOM MOKPbITA MOJIOBUHA 1 OoJiee
TUTOIIAI BUMMOI OKpecTHocT 1 pa3 B JiecsiTh
nHel. BecHoil mepey Havaj oM W B MEPHOJ] TasiHUS
cHera W3MepeHMsl MpOBOJAT Kaxkiple 5 mHen. Ha
JiecHbIX MapipyTax o 20 siHBapsi u3MepeHust 0Cy-
IIECTBISIFOT o pa3 B Mecsit (20 uucina). M3mepe-
HMSI TUIOTHOCTH CHEra M 3amacoB BOJbl B CHEre 10
JIAaHHBIM MAapIIPYTHBIX CHErOChEMOK OCYIIECTBIISI-
torcs B Poccnu ¢ 1930 ropa. B 1966 ropy MeTonuka
n3MepeHuii Oblla CyIeCTBEHHO n3MeHeHa (Pa3ysa-
e, lllakupssios, 2000), u B HACTOsIIIIEE BPEMST HC-
MOJIb30BaHKE V151 KJIMMATUIECKOTO aHAJIN3a [TAHHBIX
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1.4, CHEXHBEIA NOKPOB

CHErocheMoK (6e3 CrenuaibHbIX TPOLEyp YCTpa-
HEHMsI HEOJIHOPOJHOCTH JIAHHBIX) CUMTAETCSl BO3-
MOKHBIM TOJBKO ¢ 1966 ropua.

Bonbluas nporskeHHOCTh Tepputopun Poccun
¥ MHOroo6pasue (pu3uKo-reorpauyuecknx yclIoBUi
OIPENIENISIOT PA3INuKsl B PErMOHANIBHBIX XapaKTepu-
CTUKAX CHEXKHOT'O MOKPOBA U UX U3MEHEHUSIX.

B mage “Kpuocepnbie npouecchl” npebiayiie-
ro “OLeHOYHOro foKJjafa 00 M3MEHEHUIX KiMMaTa 1
UX MOCNEACTBUSAX Ha TeppuTopumn Poccuiickonn ®epe-
pauyu” (OJ1_P®-1, 2008) 6bu10 yKa3aHO HA yMEHb-
LIEHUE TJIOILA/M CHEXKHOro Mokposa B CeBEpHOM M0-
aytapun (10 JAHHBIM CIYTHUKOBBIX M3MEPEHUI) 3a
nocaenane 30 e, 0coOeHHO BECHOM 1 JIeTOM. BBIto
OTMeYeHO, YTo Ha Tepputopun Poccum B psiax (3a
nepuont ¢ 1951 mo 2006 rr.) cpeaHeit 3a 3UMy BbICOTbI
CHEXKHOTO MOKpOBa Mpeodyaiaiy MOJOXKUTEIbHbIE
TpeHIbl, HO B 3anajiHbix obnactax ETP, B 3abaiikanbe
1 Ha YykoTke Obla OOHapy>KeHa TEHJCHLUS YMEHb-
LIEHUS] BBICOTBI CHEXKHOTO nokpoBa. Ha Gonblueit ya-
ctu Tepputopun Poccum uucno JHEN C BBICOTOM
CHEXHOTO TIOKpoBa 6onee 20 cM yBeMIMBAIIOCH.

1.4.2. KnumaTuuyeckue XapakTepucTUKH
CHEXKHOT0 MOKPOBa

COBpeMeHHOC COCTOAHHUC KIIMMATUYCCKUX XapaK-
TEPUCTUK CHEKHOI'O MOKPOBA pAaCCMOTPUM MO JaHHBIM

Puc. 1.4.1. PucyHok 1.4.1. a) PacnonoxeHue 820 MeTeoCTaHLUMN C exXeaHEeBHbIMU HAOII0AEHNSMN 32 CHEXHbIM
NokpoBoM. 0) MpaHuLbl KIMMATUYECKNX KBA3WOAHOPOAHbIX panoHoB: 1, 2, 1 3 — atnaHTuyeckas, cnbupckas u
TuUxookeaHckas ApKTuka, COOTBETCTBEHHO; 4, 5, 6, 7, u 8 — ceBepo-3anaa, ceBepo-BOCTOK, lOro-3anag, tloro-
BOCTOK 1 CTenHas 4acTtb BoCcToO4YHO-EBPONENCKONM paBHMHbI, COOTBETCTBEHHO; 9 — cTenu n npearopbe CeBepHOro
KaBkaza; 10 n 11 — ceBepHas u toXHas 4acTu necHon 30Hbl 3anagHol Cnubupu, 12 — cTenHas 3oHa 3anagHoi
Cunbupn, 13 — Antaiickme n CasHckue ropbl n npegropee, 14, 15, n 16 — BoctouHas Cnbupb: LLeHTpanbHas 4acTb,
©acceliH AHrapsl 1 3abaikanbe, COOTBETCTBEHHO, 17 n 18 — danbHuin BocTok mexay 50° c.w. 1 60° c.w. 1 loxHee

50° c.L., COOTBETCTBEHHO.
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Puc. 1.4.2. PacnonoxeHne 958 meTeoCTaHLUMIA C AAaHHBbIMU MapLUPYTHLIX CHEroCbeMok B nose (a) u B niecy (6).

eXKeJJHEBHBIX HaOJIIO[EHUI 32 BLICOTOM CHEXKHOIO IMO-
KpPOBa M CTENEHbIO TOKPBITHS CHETOM OKPECTHOCTEN
cranmun uist 820 mereoctanuuii Poccun (puc. 1.4.1a)
(Bulygina et al., 2011; Callaghan et al., 2011). Bce atu
METEeOopOJIOrMYeCcKe CTAHIMKM OTHECEHbI K THIY He3a-
IIMIIEHHbIX. AHAJIN3 Biaro3amnaca OCyLIECTBIISUICS MO
JIAHHBIM MAapIIPYTHBIX CHETOMEPHBIX CheMOK Ha 958
meTeoctaniusx (puc. 1.4.2). DT JaHHbBIE JOCTYIHBI HA
caiire BHUMT'MU-MLJT (http://www.meteo.ru). V3
958 crauiuit Ha 665 TPOBOASTCS HAGIIOAECHUS B TIOJIE,
Ha 425 — B siecy (Ha 4acTH CTaHIWMI OCYIIECTBISIIOTCS
HAOJTIOJICHKST 1 B TIOJIE U B JIECY ).

[TpocTpaHCTBEHHOE pachpeesieHne CpeHuX
MHOTOJICTHUX 3HAYEeHWI1 MPOJOLKUTEILHOCTH 3aJie-
TaHWs CHEXKHOTO MOKPOBA MPEJICTABIICHO HAa PUCYHKE
1.4.3a. [151s1 OlIeHKM TPOJIONIKUTENILHOCTH 3aJIeTaHus]
CHE>KHOT'O TIOKPOBA MCIOJIb30BATIOCH YMCIIO JTHEN CO
CTETeHbIO MOKPBITHSI CHETOM OKPECTHOCTEH CTaHIN
6onee 50%.

HauGomnbliiee ynciio JiHEN CO CHEKHBbIM MOKPO-
BOM HaOJIOflaeTCsl Ha MOOEpesKbe CEeBEPHbIX MOpei
(6osee 250 pHeit), a HAMMEHBINIEE — HA TOOEPEKBE
Kacmmiickoro mopst (Menee 20 neit). Ha Gomnbieit
yactu ctpanbl 6omee 100 fHE# B rojy JIeKUT CHEr.
M3MeHYMBOCTh YKCla JHEN CO CHEXKHbIM MOKPOBOM
HAIVISITHO WILTIOCTPUPYETCS] pachpefielieHneM Cpefi-
HEeKBaJ[paTMUECKOTO OTKJIOHEHWs. MakcuMalbHble
3HAUCHUS] HAOIIOJIAIOTCS HA CeBepe CTpaHbl, Hanbo-
Jiee MOABEP>KEHHOM BIIMSIHUIO OKEeaHa, B FOXKHbIX U 3a-
nafHbIX yactax EBponerickoit Teppuropuu, B Cubu-
pu O He mipeBblmaeT 15 mHeit. BricoTa cHeskHOTO To-
KpPOBa 3aBUCHT HE TOJILKO OT OOIIEH MPOJIOJIKUTEIb-
HOCTH TIEPUOJIa C OTPULIATEJILHOW TeMIEpaTypol U
VWHTEHCUBHOCTH TBEP/IbIX OCAJIKOB, HO M OT OCOOEH-

9 |

HOCTEN MOJICTUIIAIOLIEN MOBEPXHOCTH, BETPOBOI'O pe-
>KMMa U MOTOJHbIX YCJIOBUI1 KOHKpeTHoro roja. Pac-
NpEeeJIEHNE CPEHMX MHOTOJIETHUX 3HAYEHUI MAKCH-
MaJbHOM 3a 3UMHMIA MEPUOJ] BBICOTbI CHEXKHOT'O MO-
KpoBa mpejicTaBieHo Ha pucyHke 1.4.36. Makcu-
MaJlbHOE€ HAKOIUIEHHE CHera 3a 3UMHUI Mepuoj B
Poccun HabGmoaeTcst Ha ceBepo-BocToke EBponeit-
ckoil Tepputopuu, B 3anagHoit Cubupu u Ha Kam-
yarke. CpeJHEMHOrOJIETHEE 3HAYEHUE MaKCUMaJlb-
HOW 3a 3MMHMIA NEPUOJ BBICOTBI CHEXKHOT'O MOKPOBA
npeBbIIaeT B 3tux paionax 80 cm. CpefHee KBapa-
TUYECKOE OTKJIOHEHWE MAKCUMAJIbHOW BbICOTbI
CHEXKHOTO TNOKpoBa Ha Oousbuiein yactu Poccun He
npesbiiaet 15 cm, focturas 20-25 cM Ha ceBepe 3a-
najHoit Cubupu, KamyaTtke, Caxanuie u nodepexxnbe
Oxorckoro mMops. MakcumalibHasi BbICOTa CHera u
€ro IUIOTHOCTb OMNPEAEJSIOT 3anac BOfbl B CHETeE.
[TpocTpaHcTBEHHOE pacnpefesnieHue CpeiHEMHOI0-
JIETHUX 3HAYEHWI 3amaca BOJbl B CHEre BO MHOI'OM
NOBTOPSIET pachpefie/ieHhe MaKCUMaJlbHON BbICOTbI
cHeskHoro nokposa (puc. 1.4.3 B, ).

1.4.3. MuoroJieTHHEe U3MEHEHUS
XapaKTepPUCTHK CHEKHOTO MOKPOBa

B nocnepnue necsatunetus: Ha OOHE MOBBILLIEHNS
7100aIbHOM TEMITEPATYPhI U COKPALLEHNS TUIOLIAN
MOPCKOTO JIb/Ia B CEBEPHOM IOJyILLIAPUU HA TEPPUTO-
pun Poccun HaOmoAalOTCsl 3HAUUTETIbHbIE U3MEHE-
HUSI BBICOTBI CHEXHOro mnokposa. [IpocTtpaHcTBeH-
HOE paclpefiejieHAe JIOKAJIbHbIX OLEHOK TPEHMOB,
XapaKTepU3YOIUX TEHACHIUIO (CPEHIO CKO-
POCTh) N3MEHEHUI MAKCUMAJTLHBIX 32 3UMHHUII MIepH-
OJ] 3HAYEHWI BBICOTbI CHEXKHOI'O MOKPOBA HA MUHTEP-
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Puc. 1.4.3. CpegHeMHoronetHme 3HadeHus (1966-2010 rr.): (a) 4yncno OHEN CO CHEXHbIM MOKPOBOM (AHW),
(6) makcumanbHas BbicoTa (CM), (B) MakcMMasbHbI 3anac BoAbl B cHere (MM) B noJsie, (r) MakcumMarnbHbIl 3anac

BOAbl B CHEre (MM) B JIECY.

Basie 19662012 rofioB, pacCCUMTAHHBIX HEMOCPEJICT-
BEHHO MO JIaHHBIM CTAHIMOHHBIX HAOJIONICHUI Ha
Tepputopun Poccum, mokazano Ha pucyHke 1.4.4
(Bulygina et al., 2011). TpeHs paccunTan METOOM
HaVMEHBIINX KBAJ[PATOB M BLIPAXKEH B CM 32 JIECSITH-
nerue (cm/10 ner). HaGnropaetcest yBemueHne Mak-
CUMAJIbHOM 32 3UMY BBICOTBI CHEXXHOTO MOKPOBA Ha
3HAUYUTEILHON TeppuTopun 3anagHoi u BocTouHoi
Cubupu, Ha nodepekbe OXOTCKOro Mopsl U fajibHe-
BOCTOYHOM OT€, B IICHTPAIILHBIX U CEBEPO-BOCTOU-
HbIX oOusacTsix EBponeiickoit Tepputopuu. Ilpu
9TOM OOHApYKEeHO, UTO 3a MOCJIeJHEE BpeMs Ha BOC-
Toke EBponeiickoii Tepputopun Poccun u B 3anaj-
HOM CuOMPHU YKCJIIO CHETOMAJJOB CPEIHEN 1 OOJBILION
MHTEHCUBHOCTH BO3POCIIO,  Ha ceBepo-BocToke Cu-
oupu — ymenbimmiock (Bopsenkosa, IlImakwH,
2012). BeposiTHasi prvnHA HAGJIFOAEMBIX M3MEHE-
HUIA, IO MHEHUIO aBTOPOB, — CMEHa PeKrMMa aTMO-
cepront mmpkymsiiun B cepeuae 1970-x rofioB.
Ecmn B 1950-1974 rr. B hopMHUpOBaHUM OCAJKOB SIH-
Bapsl IOMUHUPOBANI UUPKYJISUUOHHBIA MEXaHU3M
SCAND, 10 1975-2006 rr. 6bLTM IEPUOJIOM yCHJIE-

HUs noJsioxkuTeabHou da3bl NAO. YBenuueHnue cHe-
ro3anacoB B 3TUX PErMOHAX OKa3bIBACT CYIIECTBEH-
HOE BJIMSIHME HA TUPOJIOrMYECcKuil peskuM. B Gac-
ceitHax CeBepHoii [IBuHbI, EHnces n O0u cHerosa-
Nachl UTPAIOT BEAYIILYIO POJIb B KOJIEOAHUSIX TOJIOBO-
ro cToka. BKJiaji KUIKMX OCAJIKOB B 9THUX OacceiHax
cocrassieT TonMbKo 15-19% (TTomosa, 2011). B To
BpeMsi Kak B OOJIBIIMHCTBE pernoHoB Poccun yBenu-
YMBACTCSl MAKCUMaJTbHASI BHICOTA CHEXKHOTO TOKPO-
Ba, B KaHajie Ha0ro/1aeTCsl yMEHbBIIIEHUE CHETOHAKO-
mennst (Atkinson et al., 2006). DTo pasmmune oco-
OEHHO MHTEPECHO, T. K. Ha 000MX KOHTHHEHTAaX Ha-
OJIrof1aeTCsl POCT OCAJIKOB B XOJIOMIHBIM MEPUOS
(Trenberth et al., 2007; Min et al., 2008). B To e
BpeMsi, B 3abalikayibe 3a CUeT COKPALICHHsI TBEP/IbIX
ocajkoB (Ha 20% 3a mepuopg ¢ 1989 mo 2006 rr.)
(IImakun, 2010) v 3HAYNTETHHOrO POCTA BECEHHEN
temneparypsl (Ipy3a, Panbkoa, 2009), HaGmogaeT-
Csl yMEHbIIEHHE MaKCUMAJIbHOM 3a 3UMHUII MEePUOJ
BBICOThI CHEXKHOTO MOKpOBa. TeHfIeHIMsI YMEHbIIIe-
HMSI MAKCUMAJIBHOM 32 3UMY BBICOTBI CHEKHOTO TIO-
KpOBa Ha OT/IEJIbHBIX CTAHLMSIX OOHAPY’KEHA TaK>Ke
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Ha 3anajie EBponeiickoil Tepputopuu, rore 3anajHou
Cubupu, B SIkyTun m Ha nobepexxkbe Mops Jlanre-
BbIX, HO 9TU TEHJEHUMU B HACTOsIIIEE BPEeMsl HE SIB-
JISIFOTCS1 XapaKTEPHBIMU 1151 KBA3UOTHOPOJIHbBIX KJIM-
MaTU4YecKux perrmoHoB. B Tadmmue 1.4.1, moproros-
aenHon no marepuanam (Bymeiruaa u mp., 2011),
NPE/ICTABIIEHbl U3MEHEHUSl CPEHENl M MaKCUMallb-
HOI BBICOTBI CHEXKHOI'O MOKpPOBa B MPOLEHTAX OT
CPEIHEMHOIOJIETHUX 3HAUYEHWI B KBA3MOJHOPOJHBIX
KJIMMAaTUYECKUX peruoHax. PervoHasnbHbll aHamu3
NPOBOJWJICS N0 PEerMoHaM, BbIOPAHHBIM Ha OCHOBA-
Hun Kinaccuukamuu AscoBa (Amnucos, 1956).
CpenHue il PervOHOB 3HAUYEHUS] XapaKTEPUCTUK
NOJTyYEHbl CIEYIOLMM CIMocoO0M. AHOMAIMM Ha
METEOCTAHLUAX apU(PMETUYECKN OCPEHSINCH I10
kBajpatam cetku (1° c.ur. x 2° B.JI.), a 3aTeM C Be-
COBbIMU KO3(ppuleHTaMu B 3aBUCUMOCTHU OT K-
POTBI KBaJIpaTa MPOBOJMIIOCH OCPETHEHUE MO PErro-
HaM, TIoKa3aHHbIM Ha puc 1.4.16.

OnHoil M3 NMPUYMH YBEJMYEHUS] CHErOHaKOIIe-
HUS HA CEBEPHOM NoOepekbe cTpanbl U B CHOUpPH 5AB-
JISIeTCS1 YMEHbLLIEHNE TUIOLA, TOKPITOM JILOM Jie-
ToM B CeBepHOM JleloBUTOM OKeaHe, B pe3yJbraTe
KOTOpOro o6pa3yeTrcsi ICTOYHUK BOJISSHOTO mapa s

—p—

cyxoii [TonsipHoit aTmMocdepbl B Hayaje XOJIOHOTO
ce3ona (Ghatak et al., 2010; 2012; Park et. al., 2013).
3HauMMbIe TEH[ICHIMM YBEJIMUYEHNUSI MAaKCUMaIlb-
HOT'O 32 3UMY 3amaca BOJbI B CHETe B IOCJIE[HUE Jie-
carunetnsi (19662012 1) mo JaHHBIM MapupyT-
HbIX HAOJIIOJICHMI B MOJie HAOJIOAOTCS HAa CeBepe
Boctouno-EBponeiickoil paBHUHBI, B FOXKHOW 4aCTH
necHo¥ 30Hb1 3anagHoi Cubupu u Ha JansHem Boc-
Toke. [1o maHHbIM MapHIpYTHBIX HAOJIOACHUI B JIECY
B 3anajHoii Cubupu HaOIOIaeTCsl YMEHbIIIEHUE Ma-
KCHUMAJIBHOTO 32 3UMY 3araca BOjibl B CHEre.
AHanu3upysi U3SMEHEHMEe Yucia IHeH co crene-
HbIO MOKPBITUSI CHETOM OKPECTHOCTEN CTaHLUMM 60-
nee 50%, MOXKHO OLEHUTH TEHJCHIMM HM3MEHEHUS
NPOJOKUTENBHOCTH 3aJIETaHUST CHEXKHOT'O TIOKPOBA.
[TpocTpancTBeHHOE pacnpefiesieHne JTOKaIbHbIX Olie-
HOK TPEHJIOB, XapaKTEePU3YIOIIMX TEHICHINIO (Ccpef-
HIOIO CKOpPOCThb) M3MEHEHHI MPOJOIKUTEIbHOCTU
3aJIEraHusi CHE’KHOTO NOKPOBA, PACCYMTAHHBIX HEMO-
CPEACTBEHHO IO JJAHHBIM CTAHLIMOHHBIX HAOIIIOECHUI
Ha Tepputopuu Poccum, nokazaHo Ha puUCYHKe
1.4.46. YmeHnbleHre NPOOKUTEIHLHOCTH 3ajera-
HMSI CHEXKHOIO TOKpoBa HaOmofaeTcs B 3anajHoil
Cubupn, Ha Taitmbipe n BocToke AkyTmu. OnHako

Tabauya 1.4.1. Koaghgpuuuenmot auneiinozo mpenoa (%/10aem) 6 psoax ocpeOHeHHbIX N0 PEUOHAM
Xapakmepucmux cHelcHo20 nokposa 3a 1966-2012 22 (snauumwvie na 5% yposhe)

Ha3sanue paitona H,,. H,..on Ny SWE, SWE ,
Cesep ETP u 3anagunoit Cubupu 44 3.7 - - -
CesepHas yacTb Bocrounoit Cubupu u Akytun 2.3 3.5 - - -
UykoTka u ceBep KamuaTku 54 6.0 - - -
Cesepo—3anaj; Bocrouno—EBponeiickoit paBHUHbI - - - 5.5 -
CeBepo—BocToK BocTouHo—EBporneiickoil paBHUHBI 3.2 - - 5.2 -
IOro—3anap BocTtouno—EBponeiickoii paBHUHbI - - - - -
IOro-BocTok BocTouno—EBponeiickoii paBHUHbI 59 - - - -
Crennast yacTs BocTouHo—EBponeiickoil paBHUHbI - - - - -
CesepHblili KaBkas - - - - -
CeBepHasi YaCTh JIECHOU 30HbI 3anajHoir Cubupu 5.1 4.5 - - 3.1
IOskHast yacTh JiecHO# 30HbI 3anaHoit Cubupu 3.3 - -0.7 4.4 -
Crennast 30Ha 3anajHoit Cubupu - - -1.1 - -4.8
Anraii n Castibl - - - - -
Hentp Bocrounoit Cubupu 2.9 3.7 0.9 - -
Bacceiin AHrapbi 8.8 7.5 - - -
3a0aiikanbe - - - 3.2 -
Hanbauit Bocrok (Mexty 50° c.ur., u 60° c.i.) 7.1 10.7 2.0 2.2 -
Hanbhuit Bocrok (roxuee 50° c.u.) 8.0 11.2 44 8.3 -

Obosnauenus: H

max

coTa CHEXKHOTO MOKPOBa; N, — UKCIIO JIHEN CO CHEXKHBIM MOKpoBoM; SWE, — 3anac Bojibl B cHere (B none); SWE, — 3anac BOfbI B

cuere (B yiecy).

100)

— MaKCHMaJbHas 32 3MMHMIA IEPUOJ] BBICOTA CHEXKHOTO TMIOKPOBA; H,,,,,

o

—CpeqHsist 3a 3UMHUIA IEPHUO]] Bbl-
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Puc. 1.4.4. KoadpdUUMEHTHI IMHENHOIO TPEeHAA B psaax MakCMasbHOM (a) 3a 3MMHWUIA Nepuos, BbICOTbl CHEXHOIO
nokpoea (cm/10 neT) 1 B psgax uncna gHem (6) co CTENEHbIO NOKPLITUS CHErOM OKPeCTHOCTen cTaHummn 6onee 50%
(oHW/10neT) 1966-2012 rr. (O6HOBNEHHbLIE AaHHbIE — Bulygina, 2011).

NpU OCPEJJHEHWU TO PErMoHaM 3HAYMMble OTPUILIA-
TeJbHbIe KO3(P(PULMEHThI IMHEHHOrO TPEeH/A MOJTy-
yeHbl Tonbko B 3anafgHoit Cubupu. Ha cesepo-Boc-
Toke CHOMPH B TIOCJIE[THUAE TO/IbI MTPU PE3KUX MEKI0-
JIOBBIX KOJIEOAHUSIX MPeobIalaloT MO3/[HUE JaThI yC-
TAHOBJIEHWS U PAHHUE [AAThl CXO/1a CHEXKHOI'O TIOKPO-
Ba (Konouosa, 2012). Bmecte ¢ Tem, orMeuaeTcst
CMelIeHNe CPOKOB (DPOPMUPOBAHUSI MaKCHMAJIbHOMN
TOJIMHBI CHEXKHOTO MOKPOBA Ha OoJiee MO3[[HUE MO
CPaBHEHMIO cO cpeHUMU. [1o JaHHBIM Ha OT/IEJIbHBIX
CTAaHUMSX YBEJIMYMJIACH MPOJOKUTEIBHOCTD 3alle-
raHusi CHE>KHOT'O MOKPOBa Ha Ypauie, Ha tore Boctou-
Hoit Cubupu, B IIpuMopbe u Ha noGepexxkbe OXoT-
ckoro mopsi. [Ipy ocpeiHeHU MO pernoHaM MaKCH-
MaJIbHOE YBEJIMYEHHE NMEPUOJia 3aJIeraHusl CHESKHOTO
MOKpOBa MnojyyeHo Ha tore JanbHero Bocroka, rnie
oHO cocTaBisieT 4.4% OT CpelHEMHOrOJIETHETO 3Ha-
yeHus 3a 10 net.

Ecom paccmaTpuBaTh TEHACHIUHM W3MEHEHUS
NPOAOJIKUTENLHOCTH 3aJleraHusl CHE’KHOT'O TMOKPOBa
3a iepuop; ¢ 1976 no 2012 rr., KOTOPBIil UCTIONB3YeT-
sl ISl MCCTIEIOBAHUS KIIMMATUYECKUX M3MEHEHMId B
Exeromnom pokgane Pocrugpomera 00 0COOEHHO-
CTSIX KJMMaTa Ha teppuropun Poccuiickoil epepa-
MY, TO B LeJoM no Teppuropun PP npeobnamaer
TEHCHLMS] K YMEHBIIECHUIO MPOJOKUTEIBHOCTH 3a-
Jeranusi cHeskHoro nokposa (puc. 1.4.56) (mo pau-
HbIM CTaHIMOHHBIX HalOmofeHuit). [Ipu ocpeHeHNN
MO pervoHaM, CTaTUCTUYECKW 3HaumMmble Ha 5%-
YPOBHE OTpHULATENbHbIE KOA((PUIUEHTbI TMHEHHOTO
TPEH/Ia NMOTyYeHbl TOJIBKO /ISl HEHTPAIbHBIX YacTei
Esponeiickoit Tepputopun u 3anagHoit Cubupu, a
MIOJIOKUTENBHBIN — 715t JanbHero Bocroka.

[Mpu atom o6Hapyskena (Peng et al., 2013) Ten-
JICHIMs GoJlee PaHHETO CXOJia CHESKHOTO TIOKPOBA [t
70% cranuuit EBpazuu (—2.6 aueit/10 net 3a nepuop
¢ 1980 . mo 2006 r.), u TeHneHIMs Goliee MO3IHETO
nosisriennsi cHera (1.3 musi/10 er).

IMo rTaHHbIM MapIIPYTHBIX HAOJFOICHNUIT B JIeCy 3a
tot ke nepuopt (1976-2012 rr.) Ha GoJblieit yacTu
Esponerickoit Teppuropun u 3anagHoit Cubupu Ha-
OJIOfIaeTCsl YMEHBIIICHNE MaKCUMAJIbHOTO 33 3UMY
3amaca Bojibl B cHere (puc. 1.4.5 B, r). U cpepnee 1o
I pervoHy 3HayeHHe MaKCHMAJIBHOTO 3amaca BOJbI B
CHere yMeHbInaeTcsi Ha 8% OT CpeIHEMHOTOJIETHETO
3Hauenust 3a 10 sner.

1.4.4. JllensaHas Kopka

JlensiHOM KOPKOH HAa3bIBaOT CJIOH JIbAA Ha IO-
BEPXHOCTH IOYBbI WJIM CHEXKHOT'O MOKPOBA, 00pasy-
FOLIMICS TIOJ BIIMSIHUEM COJIHEYHOW pajiialiv, TIy-
OOKMX OTTEMNesei, CMEHSIOIMXCS MOpPO3aMu, KUJI-
KMX OCAJIKOB, OCEBLIETO TyMaHa B XOJIOAHBIN NEPUOL]
rofa. PaznuuaroT sefsHble KOPKU NPUTEPTHIE U BU-
csune. Hanbonee onacHa npureprast kopka. OHa mno-
SIBJISIETCS1, KOTJIA CHET MPY OTTENENIAX MOJHOCTBIO Ta-
€T, a 00pa30BaBILAsICS BOJIA TPU MOXOJIOAHNY 3aMep-
3aeT, 00pa3ysl Je[ITHYI0 KOPKY, CMEP3LIYIOCs C BEpPX-
HUM CJIOEM TIOYBBI M BMEP3ILUVMU B HETO PACTEHUSIMU.
Bucs4yas kopka MOXKeT 00pa30BbIBATBCS, KOTJ]a CHET
TAeT CBEpPXY M 3aMep3aeT. BiumsiHMe 3TMX KOPOK Ha
SKU3Hb JJUKMX YXUBOTHBIX U NTUL B CEBEPHBIX PEruo-
HaxX OYEeHb 3HAUUTEJIHO, a Tak>Ke MMEEeT OOJIbLIOoE
3HAYEHUE J|JIs1 OJICHEBOJICTBA, 3aTPY/IHsS OJIEHIM IO-
VCK KOPMa U MPUBOJS K MUTpauyu olieHel. B cenb-
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CKOXO3SIICTBEHHBIX pPallOHaX JIE[IIHasl KOpKa CO3JaeT
HeOJIaronpusiTHbIE YCJIOBUS JIJIs1 O3MMBIX MOCEBOB.
TonuuyHa NefsiHOM KOPKU U CTeNeHb MOKPBITUS
JIeASIHOIM KOPKOW MapllIpyTa ONpefesieTcsl BO BpeMsi
CHErOMEPHbIX CheMOK. Hanbounbliiasi IoBTOpSIEMOCTb
BO3HUKHOBEHMSI JIE[ITHbIX KOPOK B MOJIE OTMEYaeTcs
B LlenTpanbHo-YepHo3eMubix o6macTsix (Bulygina et
al., 2010). Ho, B 0o01ieM, OHa JIOBOJILHO BEJIMKA BO
Bcex 3amafgHbix obnactax ETP, rme m3-3a cuibHOro
BIMSIHUSL ATIAHTUKY YaCTO HAOIIOfIAal0TCS OTTENeNH.
B tabmine 1.4.2 npencraBieHbl CpaBHUTEIbHbIE
[IaHHbIE TI0 TOJLIMHE U MPOAOKUTEILHOCTH 3aJlera-
HUSI JIE[ISTHOW KOPKU B JIECY U TMOJIE, OCPETHEHHbIE TIO
KBa3MOJHOPOJIHBIM KJIMMATHIECKUM parioHam (puc.
1.4.16). Y3 TaGmuupl BUHO, YTO BCE CTATUCTUYE-
CKHE XapaKTEePUCTHUKHU JIe[THbIX KOPOK, BO3HMKAIO-
IIMX B TI0JIe, BBILE, YEM B JIECY, BO BCEX BBIICJIEHHBIX
paiioHax, 3a UCKJIFOYEHUEM CEBEPHBbIX pailoHOB Boc-
tounoit Cubupu (paiton 2) u 3aGaiikanbs (paiioH
16). B 3abaiikanbe, rue 3umoit rocnopcteyer Cu-
OUPCKUI aHTULIMKJIIOH, B T€YEHUE BCEro XOJIOHOTO

—p—

NEPUOIa COXPAHSETCSl YCTOWUYMBBIA 3MMHUI Xapak-
TEp MOTOfbl, JIe/IiHble KOPKU 00pa3yroTCsl TONBKO B
NIEPUOJ] CHErOTasiHUSl, KOTOPbIi 3[1€Ch NPOXOAUT Obl-
CTPO B CWJIy MHTEHCUBHOI'O MPOrPEBaHUs] MaTepUKa.
B pe3ynbrare — MUHMMAaNbHask IPOIOJIKUTEIBLHOCTD
CYLLECTBOBAHUSI JIE[ISIHBIX KOPOK, KaK B MOJIe, TAK U B
Jiecy, a CpeiHsis 3a roji MaKCMMaJsibHasl TONILIMHA KOp-
KU B T0JI€ J1aXKe MEHbLIE, YEM B JIECY.

JlepsiHasi KOpKa CYATAETCS OMACHBIM arpoOMETe0-
POJIOTHYECKNM SIBJICHHEM, €CIIM MPU TOJNIIMHE 5 MM
oHa yjepxkuBanach 6onee 10 mHeit, uiam npu TOMIIK-
He 20 MM — Goree S el (PyKOBOJISIIINIT IOKYMEHT,
2008). M3 pucynka 1.4.6 BUjiHO, 4TO B JieCy CpefiHsis
MaKCUMaJlbHasl TOJIIMHA JIEJITHON KOPKU €/1Ba JJOCTHU-
raet 5 MM, TOrja Kak Ta >Ke BeJIMYMHA Ha OTKPbITON
MECTHOCTH B CEJIbCKOXO3SMCTBEHHBIX paiioHax Poc-
CUM U B aTJIAHTUYECKOM CEKTOpe APKTHUKM JIOCTUra-
€T ¥ NpeBbIlIaeT KPUTHUYECKUe 3HaueHust 5 u 20 Mmm.

AHanu3 TpeHoB — HauboJiee MpocToil cnocod
OIMCAHUSl U3MEHEHUI CPEeHUX 3a PacCMaTpUBAEMbIN
nepuof. KoapuumeHTs! TMHENHOro TpeHyia Bbluucie-

10 14 18 22

[ I [
-10 -6 -2 -15 15 2 6
60 90

60 90 120

60 0 120

Puc. 1.4.5. KoadppunumeHTbl IMHENHOro TpeHaa B psaaax (a) MakCuMasibHOM 32 3UMHUM MePUOL, BbICOTbI CHEXHOIO
nokposa (cm/10 neTt); (6) yacna OHEN CO CTerneHbio MOKPLITUS CHEeroM OKpPecTHocTel ctaHuum 6onee 50%
(oHn/10neT); (B) 3anaca BoAbl B CHEre 3a 3uMHUI nepuog, B none (Mm/10neT); (r) 3anaca BoAbl B CHEre 3a 3uMHUMN
nepuog B necy (Mm/10neT1). 1976-2012 rr. (Joknan 06 ocobeHHocTax knumaTa, 2013).

o
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Tabauya 1.4.2. Cpednue mnozoaemuue 3HAUEHUsL NPOOOAICUMEALHOCTIU 3AAC2AHUA U MAKCUMAABHOU MOAUUHDL
NEOSHOU KOPKU 8 X0A00HbLIL nepuod (Bulygina et al., 2010)

Howmep paiiona Yucjio craHuum IIpomomKUTETHHOCTD 3aJIeTaHUS Cpennsisi 3a rof
(puc. 1.4.3) JIeISTHOVI KOPKH (JTHM) MaKCHMAaJIbHAS TOJIINHA
JIeSTHOM KOPKH (MM)
nojie Jiec moJie ec nmoJie mec

1 46 43 15.0 2.5 3.5 0.9
2 4 31 0.5 0.6 1.5 0.4
3 3 6 9.0 0.7 2.0 0.2
4 37 28 14.0 2.4 4.0 0.7
5 39 32 3.5 0.5 1.5 0.2
6 127 37 24.0 4.4 8.0 1.8
7 58 11 11.0 0.8 3.5 0.5
8 30 - 15.0 - 6.0 -
9 23 - 1.5 - 0.8 -
10 1 16 - 0.7 - 0.6
11 73 41 7.0 0.8 3.5 0.4
12 41 2 11.0 - 3.5 -
13 50 26 3.5 1.0 1.5 1.1
14 6 36 4.0 0.5 2.0 0.5
15 27 21 1.5 0.1 0.8 0.2
16 52 51 0.3 0.2 0.2 0.3
17 25 26 3.0 0.6 1.0 0.3
18 23 18 3.5 0.9 2.0 0.5

HBI JJI KQXJ0W CTAHIMM W PAfiOHOB B PSAAaX MPOJIOJI-
SKUTEJIBHOCTH U TOJILIMHBI JIEAISIHOM KOPKU TIOfl CHEXK-
HBIM TIOKPOBOM JIJISl XOJIOAHBIX ce30H0B 1967-2007 rr.
3a uckimoyenreM crentbix 30H CeBepHoro Kaskaza u
3anagHoit CuOMpH 1 FOKHOI MYCCOHHOM YacTu [amb-
Hero BocToka 3HaK Koa(h(pUIHUEHTOB IMHEHOTO TPEH-
Jla B psiiaX MPOJIOKUTENLHOCTH U TOJILLMHBI JIEASTHOM
KOPKM TOJ] CHEXKHBIM TOKPOBOM — OTPULIATEIbHBIIA, T. €.
HAOIIIO[IaeTCsl YMEHbIIEHUE KaK MPOJIOJKUTENbHOCTH
HaJIN4Ks JIEfITHOIM KOPKHM TOJ| CHEXKHBIM MOKPOBOM, Tak
¥ ee MakcuMasbHou Tonmibl (puc. 1.4.7, 1.4.8).

KonmuuecTBeHHbIE OLEHKM W3MEHEHMS! CPEeHUX
pErMOHAILHBIX BeJIMuKH Ha pucynkax 1.4.7-1.4.8 na-
Hbl B IPOLIEHTAX OT CPEHUX PETMOHATILHBIX BEJIMYUH
(umerotmxcst B Tabmuue 1.4.2) TonbKo B TeX ciiyya-
X, KOIJ]a TPEH/Ibl PErMOHABHBIX BPEMEHHBIX PSIOB
ObUTM CTATUCTUYECKU 3HAYMMBI HA 5% YpOBHE.

B penrpe Boctounoit Cubupu 1 B ropHOM paii-
oHe Auraii-CasiHbl OOHApy>KEHO CTaTUCTUYECKU
3HAYMMOE YMEHbUIEHUE CJIy4yaeB MOTEHUMAIbLHO
OMNACHBIX JIEJSIHBIX KOPOK, KOTOpPbIE NP TOJILIMHE
Oosiee 5 MM HaAOJFOIAIOTCSI HEMPEPLIBHO B TEUCHUE

AVAV,

Puc. 1.4.6. CpegHve MHOroneTHMe BeNNYNHbI MaKCUMaNbHOM TONLWVHBLI N1E€OSHON KOPKX B XONIOOHbIN Nepuon, Ha
Tepputopun Poccum ans nonesbix (a) 1 NeCHbIX (0) CHErOMEPHbIX MAaPLLPYTOB.
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Puc. 1.4.7. Koadp®dUUNEHTbI NIMHENHOrO TpeHaa MakCUMasibHOW TOJIWMHbI NeasHon kopku (Mm/10neT) ong
noneBbIX (a) U NECHbIX (B) MapLpPYTOB CHEroCbeMOK W WX PernmoHasnbHble BenunymHbl B %/10net (6) un
(r) cooTBETCTBEHHO B XONOAHbLIN Mepuoa Ha Tepputopun Poccun.

s (YN
-30-20-10-1 1 10 20

B):

-30-20-10-1 1 10 20

LIS

Puc. 1.4.8. KoaddpuumeHTbl nMHenHoro tpeHga (aHn/10neT) uncna gHen ¢ negsaHom KOPKOW B XONOAHbIN nepuog,
Ha TeppuTopun Poccun ang nonesbix (a) U NECHbIX (B) MapLUPYTOB CHEMOCBEMOK M UX PEerrvoHalbHble cpegHme

BeNNYMHbI B %/10neT (6) 1 (r) COOTBETCTBEHHO.
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Puc. 1.4.9. KoadduumeHTbl IMHENHOro TpeHaa Yncna AHen ¢ neasgHon KOpPKon, KoTopas Npuy ToNwmHe 6onee 5 Mm
Habnoganack B TedyeHme 10 gHen, (a) n TonwmHon 6onee 20 mm (6) B XONOAHbBIM Nepuoa, Ha Tepputopumn Poccumn
(%/ 10 neT). TpeHabl NpeacTaBfeHbl TONbKO A1 PAMOHOB, IAe OHM CTaTUCTUYECKM 3Ha4MMbl HA 5% ypoBHe.

10 nueit (puc. 1.4.9). [Ipyroit KpUTHIECKMIT IPEfIET
(6omee 20 mm mo Kpaiineit mepe 1 pa3 B rofy) mpak-
TUYECKU He HaOmopancs BoctouHee Enuces. [ToaTo-
My BCE JIpyrM€ CTaTUCTUYECKU 3HAYMMble TPEH/IbI
000MX MOTEHIMATILHO ONACHBIX MPENIEIOB ISl JIefisi-
HOI KOPKM ObUIM MOJyYEHbI B ATJAHTUYECKOM CEK-
TOpe APKTUKU U CEJIbCKOXO3SMCTBEHHbIX paiioHaX
EBponeiickon Tepputopumn Poccun.

OOGHapy>KeHHOE yMEHBIIEHNE TPOJOJIKATEIILHO-
CTH MEPUOJIOB C JIE[ASTHOW KOPKOHN M €€ TOJIUHBI 32
nocnequue 43 rojja UMeeT MPaKTUYeCKOe 3HAueHMe
JJISL >KMBOM NIPUPO/IbI U YEJIOBEYECKON AEATEIILHOCTH.

1.4.5. I3MeHeHUe CHEXXKHOTO MOKPOBA
Ha Tepputopun Poccuitckon ®enepanyu
MO TAHHBIM CMYTHUKOBBIX HAOTIOIEHUI

Ha ceropgasmmmnii ieHb, 13 KOCMOCA Ha OOJIBIINX
MacinTabax (BIUIOTH [0 KOHTUHEHTAJIbHBIX) Y/IAeTCsi
CHCTEMATUYECKN HaOMIOATh TOJbKO IUIOIIA[Ab CHEXK-
Horo mokposa (snow cover extent, SCE). CymectByer
HECKOJIBKO 3KCNEPUMEHTAJIbHBIX MPOAYKTOB TOJIIMHbI
CHEYKHOTO MOKPOBA U BJIaro3anacoB CHEXHOTO MOKPO-
Ba, HO /1711 EBpa3um OHM HEOCTYINHbI UJIM BCE €LIE Ha-
XofisiTCs B cTajuu pazpadotku. Hanporus, Hanponans-
Hast Apmunuctpanusi CIIA no MccnenoBanusim Okea-
Ha 1 At™ocdepbl (NOAA) npou3BOaUT U CBOGOIHO
pacrpoCTpaHsieT AaHHbIe 00 U3MEHEHUH CHEXHOT'O T10-
KpOBa 10 CEBEpHOMY MouyIaputo ¢ okTsopst 1966 nmo
“npeapIy Ml Mecsl” TEeKYILEro rojia, B y3iax creuu-
aJIbHO BbIOpaHHOW HeperynspHoi ceTku. CymecTByer
TaKsKe BapuaHT 31oro npopykra (Robinson et al., 1993;
NCDC, 2011), ¥HTepIOJIMPOBAHHBIA B Y3JIbl PEryJIsp-
Hoit cetku (“easy grid”). Co BpemMeHeM MEHSUIHCh

CIyTHUKHM, 0OEMBI TAaHHBIX, METO/IMKA 00paboTKH (0T
py4HO# JI0 aBTOMaTM3upoBaHHO — Ramsay, 1998),
BpEMEHHOE paspelieHre (0T HEJIENLHOTO JI0 CYyTOYHO-
ro). B pe3yssrare MHOTOUKCIIEHHBIX MHHOBALWII HAPY-
11ajach OAHOPOAHOCTh PSIIOB CHEXHOTO MOKPOBA, U
JIIs €e BOCCTAHOBJICHUS] MPUMEHSIIOTCS CIIOXKHbIE MPO-
uenypsl (Robinson et al., 1993), koropsle, KcTaTu, He
BO BCE€ CE30HbI rofja 00ECNeUnBAIOT OJHOPOJHOCTh Psi-
noB (Brown, Dersken, 2013). Tak Kak B paHHHI1 MepH-
o (mo 1971) kapThl A7 HEKOTOPBIX HEJIENb XOJIOJIHO-
ro BPEMEHHU Tofla OTCYTCTBYIOT, OOBIYHO /17151 KIUMATH-
yeckoro aHanusa BpemeHHble psibl SCE ncnonb3yror-
cst ¢ 1972 ropa (Brown, 2000; Groisman et al., 1994;
2006; Brown et al., 2011, Robinson, 2009; NCDC,
2011). CpaBHeHre HA3eMHBIX JIAHHBIX C JIAHHBIMU Ha-
6arofeHuii U3 KocMmoca no Tteppuropun Poccuiickoii
denepauuu nokazano, YTO HAIMYKE JIOCTATOYHO T'yC-
TOI HAUMOHAIBLHON CETH METEOPOJIOrMYECKUX HAOIIO-
JIeHUi 0OECTIeunBaeT 3/1eCh HeCMEIIEHHbIE OLEHKU pe-
ruonasHOro SCE (Groisman et al., 2006; Bulygina et
al., 2011) u no3BonsieT MPOJJIEBaTh ITH PS/IbI B MPO-
LIJI0E /1715 UCCTIEJIOBAHUIA JIONITOCPOYHON M3MEHYUBOCTH
3TOM XapaKTePUCTUKU CHEXHOro mokposa (Brown,
2000; Brown, Robinson, 2011).

C nexkalOpst O MapT CHEXKHbII MOKPOB 3aHUMAET
NPAaKTUYECKN BCIO Tepputoputo Poccun. [Taxe ecnn
Obl OH CUCTEMATUUECKU U3MEHSJICS B 9TH MECSIbI 3a
MOCJIE/THIE COPOK JIET (@ 9TOro He MPOUCXOJINIIO), TO
OCHOBHbIE U3MEHEHUST HAOTIOAIUCH Obl FOXKHEE U 3a-
najHee. HampotuB, B mepexojHbie ce30HbI (ar-
pesb—Mail ¥ OKTSIOPb—HOSIOPb) OCHOBHBIE KOJIEOaHMSI
kKoHTuHeHTasbHoro SCE pa3BopaumBatoTcst Ha Tep-
putopuu Poccuu. To ke MOKHO cKa3aTh M O €ro CU-

CTEMATUUYECCKNX U3MCHCHUAX.
(105
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B Teuenne XX croneTns, Bce MCCENOBATENN OT-
MEYalT CHCTEeMATHMUYECKOe YMEHBIIeHUE TMJIOAN
CHEKHOTO TIOKpPOBa B arnpesie—Mae CO CpeHel CKOpo-
cThio 3a 75 et — 13% B roj1, mpuyeM B TIOCTIC/THHE Jie-
csatunetust 20-ro Beka aTa CKOpPOCTb BO3pOC/a MOUTH
B/IBOE, HO B TocleaHue 15 jeT cHoBa 3aMenuiach
(Brown, 2000; Groisman et al., 2006; Bulygina et al.,
2011; Brown, Robinson, 2011). HauGosnbliue oTHOCH-
tesnbHble n3MeHeHust SCE B anpesne—mae HaOmogauch
B Llenrpansroit Cubupu (Groisman et al., 2006). Pu-
cyHok 1.4.10 copmepskut nonomnHenHbie o 2012 roma
PAfibl Cy THUKOBOW MH(opManuu 06 usmeneHusx SCE
no Poccum u, otaensHo, no Cubupu 3a aTH [1Ba MecsLa,
KOTOpbIE MOATBEPKJIAIOT OTMEUYEHHYIO paHee TEHJIeH-
umto. HaGmopaemoe ymenbiienne SCE mo crmyTHMKO-
BbIM JIaHHBIM CTATUCTUUYECKH 3HaYMMO Ha 95 % ypoBHe,
Y PEKOPJHO CHEXKHOI 3UMBI U XOJIO[JHO! MO3HEN BEC-
Hel 2013 HeocTaTOYHO JJIT M3MEHEHUS] 9TOM TEHJEH-
. THTepecHo, uTo Ha3eMHbIe JJaHHbIE, OCPETHEHHbIE
M0 TeM K& TePPUTOPHSIM, IOCTATOYHO TOYHO BOCIIPO-
M3BOJISIT U3MEHUYMBOCTD U abconmoTHble 3HaYeHuss SCE,
Ho TpeHs1 SCE, olieHeHHBbII 0 HA3eMHbIM JIJAHHBIM, CTa-
TUCTHUYECKU HE3HAYMM (B OTJIMYKE OT OLEHKH T10 CITyT-
HUKOBbBIM JIAHHBIM ), U 3TOT (hakT TPeOyeT AaTbHEHIINX

—p—

nccnenoBannii. Hu3kasi mioTHOCTL HA3eMHOM CeTH Ha-
onropieHmii B ceBeproit Cubupu (rj1e B Mae pacmosioxke-
HbI OCHOBHBIC TUIOMIAN CO CHEKHBIM TIOKPOBOM) MO-
XKeT ObITb OJIHOI M3 BO3MOXKHBIX MPUYUH PACXOXK[e-
HUSl, HO Helb3sl TaKXKe cOpachiBaTh CO CUYETOB U BO3-
MOKHYIO HEOTHOPOJJHOCTb CITy THUKOBBIX JJAHHbIX.

Ha pucynke 1.4.11 npuseieHO cCpaBHEHME CPETHUX
oueHok SCE no teppuropun Poccun no cnyTHUKOBOW
Y Ha3eMHOIl CTAHUMOHHOI MH(OpMALU 32 OKTIO0pb-
HOSIOpE 3a mocneuaue aecsitiietns (Bulygina et al.,
2011). Hemuneiinocts w3menennii SCE 3a mocrepsmne
40 ner (0coGeHHO, TTO CITy THUKOBBIM JIJAHHBIM, B KOTO-
pbix Habmopaincs poct SCE ¢ cepemunabl 1980-x ropos
1o cepenutbl 2000-X) jana OCHOBAHMS MOJIAraTh, YTO
r1o6anbHOe MOTEMJIeHNe U OTCTYIUIeHue ApKTuue-
CKUX JIbIOB BIMSIET HE TOJBbKO HAa MaKCUMAJbHbIE
CHerosamnachbl, HO U Ha yBenuuyenue oceHHero SCE
(Cohen et al., 2012). Ognako, HOCTEYONIMI aHAIH3
(Brown and Derksen, 2013) BbIsSIBUJI HEOTHOPOJ-
HOCTb B OKTSIOPbCKMX JJAHHBIX CITyTHUKOBBIX HAOIIO-
nenuii 32 SCE M MCKYCCTBEHHBIII TPEHJ] B CTOPOHY
yBeanuenuss SCE nocne nepexopga Ha aBTOMaTuye-
CKYI0 00paboTKYy 3THX flaHHbIX B KoHIe 1880-x. Tak
YTO pacxokjieHue ByX Tunos Habmopenuii 3a SCE

90 - -
0% Ko3dmumeHT nvHeitHOro TpeHpa B % OT NNOLLAAM (CTaTUCTIYECKN 3HaYMMbIi Ha 0.05 YpoBHe):

80 Poccus: -1.4%10ner!; R2=0.11
Cnbupb:-2.0%10ner’; R2=0.14
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Puc. 1.4.10. NMnowaab CHEXHOro NokpoBa no Tepputopumn Poccuiickon ®epepaunm n Cnbupn 3a anpenb—man
MEeCSsILLbl B MPOLEHTax OT NnoLaan ctpaHsbl (pernoHa) no aaHHeiM cnyTHUMKoB NOAA (apxmB paboTsl (Groisman et al.,

1994), nONONHEHHbIV HOBEWLLEN nHPopMaLMEn).
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Puc. 1.4.11. Mnowaab CHEXHOro nokposa no Tepputopun Poccuiickon depepaumnm 3a okTa0pb—HOA6Pb MeCsLb
B MPOLEHTaxX OT MioLaan cTpaHbl N0 agaHHbiM cnyTHUKOB NOAA 1 No AaHHBIM HA3EMHOW METEOPOIOrMYECKON CETU
(HabnoeHUS 3a TONLWMHOM CHeXHoro nokposa (Bulygina et al., 2011).

Ha pucyHke 1.4.11 cregyeT ckopee Bcero TpakToBaTh
B M0J1b3y Ha3eMHbIX HaOmosienuii. Toraa, ecam oTopo-
CUTb UCKYCCTBEHHYIO ‘‘HEJIMHEMHOCTH B CIyTHHMKO-
BbIX JIJAHHBIX, JAHHbIE 32 OKTSIOPb-HOSIOPb YKa3bIBAIOT
Ha YMEHbIIEHUEe TUIOIAJell CHEXKHOrO MOKPOBa U B
9TH iBa Mecsa. TakuM 06pa3oMm, 3a NOCJIeHUE YEThI-
pe necsitunetus Ha tepputopun Poccun SCE ymeHb-
11aeTcs B MepPexXojiHbIe MEPUOfbl IO, UYTO YKA3bIBAET
Ha JIOMMHUPYIOLIEE BIMSHUE POCTa TEMIEpaTypbl Ha
3Ty XapaKTEePUCTUKY CHEKHOT'O MOKPOBa, B TO BPEMsI
KaK M3MeHeHne aTMOC(epHOIl BIaskHOCTH (JIefiCTBY-
I0I[ee B MPOTHBOIIOJIOKHOM HAIPABJICHUH ) TIPOSIBIIsI-
eT cebs B IPYrUX ero XapakTepUCTUKaX.

1.4.6. 3aknouenue

AHanM3 KIMMATUYECKUX XapaKTEPUCTUK CHEX-
HOT'O TIOKPOBa (MaKCHMAJTbHASI BLICOTA, YMCJIO JIHEH CO
CHEXKHBIM TOKPOBOM, MaKCHMAJIbHBIIA 3amac BOJbI B
CHere, mIoIayib cHexHoro nmokpoBa SCE), KoTopblit
MTPOBOJIUJICS MO JIAHHBIM HAOJIOCHUN 1O MOCTOSIHHOM
peiike Ha 820 cTaHUMSIX, MApIIPYTHBIX CHErOCHEMOK
Ha 958 cranumsx Poccum M CIyTHUKOBBIM JIAHHBIM,
TIO3BOJIVJT BBISIBUTH CJIEIYIOIIEe 3aKOHOMEPHOCTH.

HauOounbiuee ynciio iHEN co CHEXXHbIM TOKPOBOM
HaOJTIOfIaeTCsl Ha MOGEpeKbe CeBEPHBLIX Mopeil (Goiee
250 pHeit), a HauMeHblee — Ha modepexbe Kacnmii-
ckoro Mopsi (menee 20 jaHeit). Ha Gomblueit yactu
ctpanbl 6omee 100 Hedt B romy nexxuT cHer. Makcu-
MaJIbHOE HAKOIUIEHUE CHEra 3a 3UMHUI NIEPUOJ] B Cpe-
AHEMHOTOJIeTHEM MaciTadbe B Poccum HaOmomaeTcs
Ha ceBepo-BocToke EBponeiickoii Tepputopun, B 3a-
najaoi Cubupu u Ha KamuaTke (6omee 80 cm).

Ha 3nauuTenbHOl TeppuTopun 3anagHon U Boc-
ToyHoil Cunbupu, Ha nodepexxbe OXOTCKOro Mopsi U
IAIbHEBOCTOYHOM 10T€, B LIEHTPAJIbHBIX M CEBEPO-BOC-
TOYHBIX 00sacTsax EBponerickoil Tepputopuu 0OHapy-
>KEHA TEHJCHLMS YBEJINYEHNs MAaKCUMAJIbHOM 3a 3UMY
BBICOTBI CHE>KHOT'O MOKpoBa. B To ke Bpems1, B 3abaii-
KaJIb€ 33 CUET COKPALLEHUS TBEP/bIX OCA/IKOB 1 3HAYM-
TEJILHOTO POCTa BECEHHEN TEMINEPATypbl HAOIOAETCS
YMEHBILIEHNE MAKCUMAIILHON 3a 3UMHMIA TIEPHUO] BHICO-
Thl CHEXKHOTO MOKPOBA. YBEJIMYMBACTCS MAKCUMAIlb-
HBII 3a 31MYy 3arac BOjibl B CHere (IO JJaHHbIM Mapii-
PYTHBIX HaOJIOJEHWIT B TIOJie) Ha ceBepe BocTouno-
EBponeiickoil paBHUHBI, B FOKHON YaCTH JIECHOIN 30HbI
3anaguoit Cubupu u Ha [lanshem Boctoke. B 3anaj-
Hoit CrGupw (MO JAHHBIM MAPIIPYTHBIX HAOGIFOJICHNIT B

o
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Jlecy) HaOJIOAeTCsl YMEHbIIEHHEe MAaKCUMAJIBHOTO 3a
3MMY 3araca BOfbl B CHEre. YMEHbIIAETCS MPOIOJIKU-
TEJBHOCTB 3aJIETaHKsl CHEXKHOTO MOKPOBa B 3armajiHol
Cubupu, Ha Taitmbipe u BocToke AkyTun. Ha ceBepo-
BocTOKe CHOMPH B MOCJIEHUE TO/ABI TPU PE3KUX MEXK-
rOJIOBBIX KOJIeOaHUAX NMPpeo0aJaroT MO3HUE JJaThl yC-
TAHOBJICHUS I PAaHHUE JIaThl CXOJ]a CHEXHOT'O NMOKPOBA.

Ha Gombmrenn vactm Poccun, 3a mcKIroueHnEM
crenHbIx 30H CeBepHoro Kapkasa n 3anajHoit Cubu-
PH, a TaK>Ke FO>KHOW MYCCOHHOM yacTu [lansHero Bo-
CTOKa HaOJIOAAETCSl YMEHBLIEHUE MPOJIOJIKUTEILHO-
CTU HAJIMYMS JIEISTHOI KOPKU T0J] CHE>KHBbIM MOKPO-
BOM M €€ MaKCUMAaJIbHOW TOJILUHBI.

3a nmociefHAe YeThIpe AECATUIIETHS MO TaHHBIM
CIYTHUKOBBIX HaOJrofieHuil Ha Teppuropun Poccun
IUIOLLA/Ib CHEXKHOTO MIOKPOBA B EPEXOIHbIE NEPUO/bI
rojia YMEHbIIIAETCS.
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TJIABA 1.5. OBJIAYHOCTH 1 PAITUAIIMOHHBIV PEXUM

E. 1. XJ1e0HUKOBa

E. JI. MaxoTkuna
1.5.1. O61a4HOCTH

OO05a4HOCTD SIBNIAETCA BAKHEWIINM PETYJISITO-
POM COJIHEYHOTO M 3€MHOTrO M3JyYeHUS U MOXKET
obecrnieunBaTh (POPMUPOBAHME MEXAHWU3MOB 00OpaT-
HOW CBSI3U, OOYCJIOBJIEHHBIX AHTPOINOIEHHBIMU BO3-
neunctBusiMU. Paguanponnbie a¢pgekThl 0071aKoB 3a-
BUCSIT OT C€30HA U BPEMEHHU CYTOK, a TaKXke OT BHfia
o6maunoctu (IPCC, 2007). BmecTe ¢ TeM, K HaCcTOSI-
LIEMY BPEMEHM COXPAHSIETCsl OOJbLIasi CTENEHb He-
OIIPE/ICJICHHOCTH B OLEHKE HAOIIONAEMbIX W3MEHE-
HMI1 00JTAYHOTO MOKPOBA KaK IM0OATBHOr0, Tak U pe-
TMOHAJILHOTO MaciuTaa.

Kak ormeuanocs B (OuEHOYHBIA OKIA...,
2008), oba BWa HAOJIOICHUI 3a OOJAYHOCTHIO —
CIYTHUKOBbIE 1 HAa3eMHbIE — UMEIOT CBOU crieuugu-
Yyeckue 0COOEHHOCTH, KOTOPbIE HE JJAIOT OCHOBAaHWIA
oTAaTh O€3yCJIOBHOE IPEANOYTEHUE KaKOMY-JIMOO0
OHOMY M3 HuX. B pamMkKax Ha3eMHbIX HaOJIFOIEHUI
OIpEfIeJIEHNE COCTOSIHMSI OOJIAYHOTO IMOKPOBA OCY-
LIECTBIISIETCS HAOOATENSIMUA, KOTOPbIE BU3yaJIbHO
no 10-6anipHOI 1IKaje OLEHNBAIOT CTENEHb MOKPbI-
THsT HeGOCBO/Ia obakamu (110 OOIIIEl W HIKHEH 00-
JaYHOCTU) ¥ PETHCTPUPYIOT HAIMYKME Pa3IMYHbIX
¢opm o6mnakoB. IIpu HanmMuMm HUXKHEN OOJIAYHOCTU
N0 HA3EMHBIM HAOJIIOJICHUSIM CJIOXKHO OXapaKTepu30-
BaTh 00JJAUHOCTh BEPXHEro U CpeHero sipycos. B To
>K€ BpEMsl CIIyTHMKOBbIE HAOJIIOJIEHUSI BO MHOTMX
CIyyasiX OTPa>KarOT COCTOSIHUE JIMIIb CaMOI0 BEPX-
HETO CJI0s1 OOJIaKOB.

Penkast nazemHasi ceThb HaOIIONEHUII HE [aeT
JAOCTOBEPHBIX JAaHHBIX 00 OOJAYHOCTHU JIJIsl MHOTMX
pernoHos. [Io cpaBHeHNIO ¢ HA3€MHBIMU HAOIOE-
HUSIMU CITyTHUKOBbIE [aHHbIE OOIaaloT CYIECT-
BEHHO 00Jiee BLICOKMM MPOCTPAHCTBEHHBIM U Bpe-
MEHHbIM paszpemieHneM. OpgHako MX 0OpaboTKa
TpeOyeT Cepbe3HbIX YCW/INN, HalpaBJEHHbIX Ha
UJIEHTU(PUKALMIO U KOPPEKTUPOBKY MCKAXKAIOIIETO
BJIMSIHUSL Pa3IMYHbIX METOJUYECKUX (PaKTOpPOB
(cMeneHre OpOMTANBHBIX MApPaMEeTpPOB, Jierpajia-
1Sl CEHCOpPA, OCOOEHHOCTU MEXKCITy THUKOBOM Ka-
JIMOPOBKY M TIP.).

110)

B Hacrosiiiee BpeMsi CyliecTBYeT Oolniee JecsATH
ro6anbHbIX 623 JAHHBIX M0 00JIAYHOCTH, OCHOBAHHBIX
Ha Pa3HbIX WCTOYHMKAX WH(OpPMALMU, JETATbHBINA
CPaBHUTEJbHBIN aHAJIN3 KOTOPBIX mpoBefieH B (YepHo-
Kynbckuit, MoxoB, 2010; Chernokulsky, Mokhov,
2012). C To4Ku 3peHus OLEHKY KIMMATUIECKUX H3Me-
HEHUIi OOJIAYHOCTM MO CIYTHUKOBBIM JIJaHHbIM Hau-
OOJBIIMI UHTEPEC MPEACTABISIOT ABa 0A30BbIX apXu-
Ba, GOPMUPOBaHKE KOTOPbIX Hauasoch B 1980-x rogax
XX B.: ISCCP (Rossow, Schiffer, 1999) u PATMOS
(Jacobowitz et al., 2003). B (IPCC, 2007) orMeuanoch
HECOOTBETCTBUE B TEHJCHUMSIX W3MEHEHMsI OOIauyHO-
ct Mexay ISCCP u apyrumu ciy THUKOBBIMM NTPOJY-
kTamu. [locnegyronye uccnefoBanyst CBUAETENbCTBY-
0T, YTO BbIPAXKEHHBIN HUCXOJSUIUIA TPEHJT TIIOOATLHOM
obnayHocTH, OOHapy>KuBaeMblil o fAaHHbIM ISCCP B
1980-x ropmax (cwm., nanpumep, (ITokposckwuit, 2012)),
He cornacyercsi ¢ faHHbiMu PATMOS 1 HazeMHbIMU
JlaHHbIMK, W OOnblIAs YacTh 3ITOTO TPEHA MOXKET
ObITb OOBSICHEHa METOAMYECKUMM NPUYMHAMU
(Baringer et al., 2010).

B (Ouenounbni gokiaf..., 2008) ocHOBHOE BHU-
MaHUe yAeJSI0Ch U3YUYEHUIO PETMOHANIBHBIX TEHIECH-
UM B M3MEHEHUM XapaKTEPUCTUK OOIAYHOCTU MO
pe3yJbTaTaM Ha3eMHbIX HaOMIOIeHUi BO BTOPOM MO-
soBuHe XX ctosietusi. [IpocTpaHcTBEHHOE OCpeHe-
HUE CPEJIHErOJJOBbIX AHOMAJIMI OOLIE OOJIaYHOCTH
o nanHbM 150 cranumit Ha Teppuropuu Poccun Bbi-
SBUJIO BO BTOPOW MosioBrHe XX CTOJIETUS] TEHJIEH-
U0 K YBEJIMYEHHIO OO0UIell 00JayHOCTH, HamboJjee
BBIPaXKEHHYIO B A3uaTckoi yactu Poccun Ha uHTep-
Basie 1961-1990 rr. (0.08/10et). OnHako Ha pyOe-
ke XX-XXI BEeKOB COXpaHEHUsl TOJNOKUTEIBHOM
TEHJICHMH He HaOJIIo1aJI0Ch.

Bbonee ycroitunsbie u riyOoKue n3MeHEHUs Obl-
71 OOHApY>KEeHbI B OTHOLLEHUM paclpefiesieHusl pas3-
HbIX BUJOB U (popM 0OGIAYHOCTH MO YACTOTE UX MO-
Bropenusi (Xne6unkosa, Camrbs, 2009). B wacTHO-
CTH, ObLIa OTMEYEHa XOPOILIO BbIpayKe€HHas! TEH/EH-
1Ml K YBEJIMYEHUIO JI0NIM OOJIaYHOCTU BEPTUKAIILHO-
ro pasBuTHs, HabrOfaeMasi BO BCE CE30HbI rojia
(ckopocth m3menenusi BapeupyeT ot 1%/10ner B
3uMHMI ce30H 10 3%/10 net u Gonee B Temnoe Bpe-
Msl TOJIa), & TAKXKE YMEHbILCHHUE CIIOUCTO-I0K/CBON
00JIaYHOCTH M yBEJIMYEHUE BKJIaa 00J1aKOB BepXHe-
ro sipyca.
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B ornmuume ot (Xne6uukosa, Camis, 2009), rae
OCHOBHOE BHHMMaHHE Y/EJsIOCh KPYMHOMAcLITa0-
HbIM U3MEHEHUSIM Ha MPOJOKUTEILHOM MHTEpBae
1951-2005 rr., B pa6ote (Chernokulsky et al., 2011)
Npe/ICTaBJIEHbl PE3YJIbTaThl IeTaIU3MPOBAHHOIO pe-
FMOHAJILHOTO aHallM3a XapaKTepUCTUK OOIaYHOCTH,
OCHOBaHHOTO Ha nH(opmaiyu ¢ 6onee yem 1600 me-
TEOPOJIOTMYECKUX CTAHLMI, 32 ABAUATUIIETHUI TNe-
puon 1991-2010 rr.

B nenom pe3yssraThl UCCIEI0BaHUI XOPOLLIO CO-
IIACYIOTCS MEXK/y COOOI1 U JAFOT BO3MOXKHOCTb B OII-
PENENIEHHOI CTENEeHN YTOYHUTH BBIBOJIbI, COAEpIKa-
mecsi B (Ouenounbiit gokiap..., 2008). B nocnes-
HUE JIECSITUIIETHSI COXPAHSIETCS] XOPOILIO BbIPA>KEHHASI
TEHJICHLUS YBEJIMUCHUS YACTOThI MOSIBIICHUSI KOHBEK-
TuBHOI obnaunoctu (puc. 1.5.1, puc. 1.5.2). Pacrer
4YacTOTA MOSIBJIEHUsI 00/1aKOB BepxHero spyca. [Ipo-
JIOJIKaeTcsl nepepacnpefiesieHre BKIajia JOXK/IEBOM
00JJAYHOCTHU Pa3HbIX THUIOB, MPOSIBIISIIOLLEECS B POC-
T€ OTHOLIEHUS JIOJM KYy4YeBO-JOXKJ/IEBbIX 00JAKOB K
[I0JIE CIIOMCTO-MIOXKIeBbIX 00saKoB. [Tpu aTom, oHa-
KO, Ha Ypane u B NpuOpekHbIX paiioHax [lanbHero
Boctoka B 2001-2010 rT. oT™MeudaeTcsi yMeHblleHe
YacTOTbI MOSIBJIEHUS] KY4Y€BO-JJOXK/IEBbIX OOJIAKOB U
yBEJMYEHUE CJIOUCTO-/I0XK/IeBOIl OOJaYHOCTU MO
CPaBHEHMIO C MpefbIIyIUM AecsaTuiieTueM. Poct 06-
uieii 006JJaYHOCTH, OOHAPYXKEHHbI MO CPeHerojo-
BbIM JIAaHHBIM BO 2-11 1I0JIoBMHE XX B. 1 OTMEYEHHbIN
B (Ouenounblin okian. .., 2008), Ha pyOeske BEKOB
3HAUMMO MPOSIBISIETCS JIUIIb B MIEPEXO/IHbIE CE30HbI.

TToBcemecTHOE YBEJIMYCHUE YaCTOTbI MOABJICHUSA
KOHBEKTHUBHOI OOJIAUHOCTU SBISIETCS BaKHBLIM CBU-
JIETENBCTBOM MHTEHCU(DUKAIIMN KOHBEKTUBHBIX MPO-
LIECCOB, TPOUCXOSIIMM B MOCJIEHUE JECSITHIIETHS
Hajl CEBEPHbIMU PAalOHaMM CYLIM YMEPEHHbIX ILIMPOT
(MoxoB u jp., 2009). OcoGeHHOCTH HAGITFOIAEMBIX
M3MEHEHUIT 00JIAYHOCTH MOTYT ObITh CBSI3aHBI C W3-
MEHEHUSIMU [IMHAMMYECKUX ¥ TEPMOJMHAMUYECKHUX
NpoLECcCOB, 00YCIOBIEHHBIMU YBEJIMYEHUEM NIPU3EM-
HOW TeMITepaTypbl BO3/[yXa, KOTOPbIE MPUBOJIST K OC-
JTAGJIEHUIO CTATHYECKON YCTOMYMBOCTH U, KaK CIIE][-
CTBUEC, K YBCJIMYCHUIO KOHBCKTHUBHbBIX 00/1akoB U

YMEHBILEHUIO cJIouCTOoi obnadHoct (MoxoB, Akrie-
pos, 2006).

1.5.2. PapnanmoHHbIi pexum

PerynspHble HazeMHble HAOMIOAECHUS 3a MOCTY-
MarLIEN COJHEYHOW pajMauuenl Ha OTHEJIbHbIX Me-
TEOPOJIOTMYECKUX CTAaHIMAX Ha TeppuTopun Poccun
OblIM OpPraHu3oBaHbl eme B Hadase XX B. OpHako
MJIAHOBOE Pa3BUTHE aKTMHOMETPUYECKON CETU CBSI-
3aHO ¢ nposefieHneM MexxnyHapoaHoro Ieodusnue-
ckoro Toma (1957-1958 rr.). Tlo cocrosiHuiO Ha
1.01.2012 akTnHOMeTpHueckast ceTh Pocrupmpomera
BKIFOUaeT B cedst 115 cranumii ¢ nporpaMmamu Ha-
OJIIOfIEHNIA, TTO3BOJISIIOIIMMU OCYILECTBIISATh KJIMMa-
TOJIOTMYECKUI aHAIA3 PA3JIMYHBIX IIOTOKOB KOPOT-
KOBOJTHOBO# pajpanun (TpsiMOii COTHEYHOM, pacce-
SIHHO¥, OTPaKEHHON M CYMMapHON pajuanum), a

a) 1950 1960 1970 1980 1990 2000 2010
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Puc. 1.5.1. NameHeHne ponu pasHbix GopmMm obnavyHocTM (B % OT oOuiero ymcna HabnoOeHUn C Halnymem
0651aKkoB) B MOJIYOEHHbIM CPOK MO AaHHbIM MeTeoponoruyeckmx (1951-1975 rr.) n aKTMHOMETPUYECKUX
(1976-2012 rr.) HabnOOeHW B NETHMIA Ce30H: a) cTaHumga MNaeseneuy, (EBponeinckasa yacte Poccun), 6) ctaHums
EHuncenck (Asnatckasa yactb Poccun). (XnebHukoa, Cannb, 2009 — NnpoasieHHbIe psabl).
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Puc. 1.5.2. UameHeHne nosTopsiemocTnt Cb obnakoB (%) Ha nHtepsane 2001-2010 rr. no OTHOLLEHUIO K nepuoay
1991-2000: a) 3uma, 6) BecHa, B) N1eTo, ) oceHb. (Chernokulsky et al., 2011).

TAaK>Ke PAAMALMOHHOrO OajlaHCa MOJCTUIAIOLIEN NO-
BEPXHOCTH.

BennuuHa cosHe4HO! pajuanyy y nOBEpXHOCTH
3€MJIM 3aBUCUT HE TOJIbKO OT aCTPOHOMUYECKUX (ha-
KTOPOB, HO ¥ OT U3MEHEHUSI XapaKTePUCTHK a3p0O30-
JIell, COAeP>KaHusl BOISIHOTO Mapa, OT KOJIWYECTBA U
CBOVICTB 00s1akOB. Pa3znuuHble BUbI a3po30seil mo-
pa3HOMY BO3JIEVCTBYIOT HAa PaIMAlIMOHHbINA OAJlaHC 1
TeMIepaTypy Bo3ayxa B mpuzeMHoM cioe. CTparo-
cepHbIil a3PO30JIbHBIN CJIOW BbI3bIBAET OTpakeHNe
NPUXOJSLLIEH Ha BEPXHIOIO MPaHULly aTMOC(EpPHI COIl-
HEYHOW pajialliy U YMEHbILIAET HArpeB HIDKEJeXkKa-
IMX CJIOB (HAmpuMep, CyJIb(aTHbIi BYJIKAHUIECKUI
a’po30JIb MOXKET BbI3BAaTh ‘‘KPATKOBPEMEHHOE™ TJIO-
GanbHOE MoOXoJsofianue). BozperictBue Tpomocdep-
HOr'0 a3p030J1s HEOJJHO3HAYHO U — B 3aBUCUMOCTH OT
ONTUYECKMX CBOICTB — MOXET CIOCOOCTBOBAThH KaK
YBEJIMYEHUIO, TAK U YMEHBLUIEHUIO MPU3EMHON TEM-
nepaTypbl BO3/lyxa.

A3p030JibHas ONTUYECKas TOMIMHA aTMOChepbI
(AOT), siBastfoIIasicst OCHOBHBIM MOKAa3aTesIeM a3po-
30JIbHOTO BJIMSIHUSI HA MOTOKM COJIHEYHOTO M3Iyye-

HUSI, B HACTOSIIIEE BPeMsl MOXKET ObITh OIpefie/ieHa Ha
OCHOBE MPSIMbIX U3MEPEHUI CMIEKTPAILHON NMpo3pay-
HOCTH C NMOMOIIIBIO COJTHEYHBIX (DOTOMETPOB Ha TJI0-
6ansroil cetn cranmuii AERONET (Aerosol Robotic
NETwork). DTa ceTh, HACUMTBLIBAIOIIAST HECKOJIBKO
COTEH CTaHLMH, JOCTATOYHO XOPOLIO OCBEIAET Tep-
putoputo 3anaaHoii EBponbl 1 CeBepHON AMEPUKH.
Ha Teppuropuu Poccum fieiictByer 8 cranumii, ceMb
13 KOTOPBIX HAXOIUTCS B a3MATCKOM YaCTH.

Hanubie AERONET akTHBHO UCTIONIb3YIOTCS 1St
BAJIMJIALIMMA PA3JIMYHBIX CHYTHUKOBBIX MPOAYKTOB
(Sayer et al., 2012; Hsu et al., 2012), a Takke — He-
CMOTPS HA HETIPOJIOJKUTEBLHOCTD PSIJIOB — JJIsl aHA-
J13a MO UMEIOIIUMCS TAHHBIM TeHICHIIMU U3MEHEHUs
AOT B pa3nuuHbIx peruonax. B padore (De Meij et
al., 2012) na cranuum ToMCK, CUMTAIOIIENCS penpe-
3eHTaTUBHOM [1J1s1 tora 3anajHoii Cubupu, Ha UHTEP-
paie 2000-2009 rr. 6bu1a OTMeYeHA TEHAECHIUS K
ymenbiiernio AOT (—0.04/10meT).

N3yuyenne pervoHanbHbBIX OCOOEHHOCTEW Mpo-
CTPaHCTBEHHO-BPEMEHHbIX M3MEHEHUI TMPO3payHO-
ctu atMocepsl Ha Tepputopun Poccun 6azupyercs,

o
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Puc. 1.5.3. CpegHne rogoBble 3Ha4Y€HWS MHTErpanbHOM MyTHOCTM aTMocdepsl T, (KpacHbIE IMHUK) 1 a3PO030JIbHOMN
onTtudyeckon TonwwuHbl AOT (CuHME NMHUK), ocpedHeHHble no Tepputopun EYP (a) n 3anagHon Cunbupn

(6). MpAMbIMM NMHUAMUN MOKa3aHbl JIMHENHbIE TPEHAbI.

B OCHOBHOM, Ha JIaHHBIX CETEBbIX aKTHMHOMETPHUYE-
ckux Haomonenunit (Maxotkuna u sip., 2005), koTo-
pble MOTYT OBbITh UCTIOJIBL30BAHBI JIJIS1 OLIEHKU Xapak-
TEPUCTUK MHTETPAbHOI (IIMPOKOIOIOCHON) aTMO-
cepHoit npo3pauHocTu. Takasi OlleHKa BBITIOJHSIET-
csl 110 ClieaIbHO MeTo/IMKe (CM., HanpuMmep, EBHe-
Bud, CaBukoBckuii, 1989), no maHHbIM O NPSIMON
COJIHEYHOH pajuauuu npu 6e3o6maynom Hebe. Ipu-
MEHEHHE 3TOro TMOJIXOJia a0 BO3MOXKHOCTb Chop-
MUPOBaTh TPOJOJIKUTENIbHBIC Psiibl TIOKa3aTesen
MHTETPAJIbHON NMPO3PAYHOCTU — KO(PPULUEHTA ITPO-
3paudocty (P,) u pakropa mytHocT Jlunke (T,), a
TaKke — C TpUBJIeUeHUEM MH(MOPMAIMHA O BIIAXKHO-
CTH y IOBEPXHOCTH 3eMJIU U TeMIiepaType Bo3yxa —
OCYULIECTBUTDH BbIIEJICHUE Aa3PO30JbHON COCTABJISIO-
et ocnabnenust papuanun (MaxoTkuna u ip., 2005;
AbakymoBa, Top6apenko, 2008).

B (Ouenounsiit moknan, 2008) orMevaioch, 4To
B KOHIIe XX B. Ha Bceyl Teppuropun Poccnm copmu-
poBajlaCh TEHJCHIMS K YMEHBIIIEHUIO MYTHOCTHU aT-
Mocepbl — KaK UHTETPalIbHOM, TaK U a3PO30JILHOIA.
[Mocnenyroliyie nccaeoBaHus B 1IEJIOM MOATBEPIK/Ia-
10T COXpaHEHNe 3TOU TEeH/CHI[U U TIO3BOJISIOT YTOU-
HUTb HEKOTOPbIE PErMOHAIILHbIE MTPOSIBJICHNUST HAOIIO-
maembix m3menennii (ITmaxuna u ap., 2009; Maxor-
kuHa u Jp., 2010; [Tnaxuna u ap., 2011).

OcHoBHasi 0COOEHHOCTbL pachpefiesieHus: aTMO-
cepHOro aspo3ons Haj Tepputopuein Poccumn co-
crout B ymenblienun AOT c roro-3amnajia Ha ceBepo-
BOCTOK TMPU HAJIMYUM PAOHOB C MOCTOSIHHON MOBbI-
IIEHHON a3PO030JIbHOM 3aMYTHEHHOCTBIO Ha FOro-3a-

najie u oro-soctoke (ITnaxuna u fip., 2009). Ha 3Tom
(hone oTmMeyaroTCs OT/IENbHbIE OYaru 60Jee BbICOKON
TponocepHOil a3p030JbHON HArpy3KH, KOTOpPbIE
Hambosee sICHO NposiBIUMCH nocnie 1995 . B cBsizu ¢
MIOOABHBIM OYMIIEHMEM aTMOc(epbl OT CTpaTo-
cpepHOro as3po30JILHOTO CJI0sl. DTU TPOnochepHbIe
WCTOYHUKM CBSI3aHbI, B OCHOBHOM, C MHTEHCUBHBIM
AHTPOIIOTeHHBIM BO3JeiicTBUeM (ropoyia tora Poccun,
Bamaguoit Cubupu u [IpuMopbst), a Takke C Jieco-
TYHJIpOBbIMU NIOxkapamu B Cubupckom pernose. Eie
OJIHOW NPUYMHOW TOHUXKEHUS MPO3PAYHOCTU aTMO-
chepbl Ha BOCTOKE POCCUIICKOTO PErvoHa, NposiBJIsi-
rotiericst B cpepiaux rofioBbix AOT, siBnsitoTcst Bysika-
Hbl Kamyarku.

B nepuon 1960-2011 rr. HaGrogaeTcst ciaoxHast
KapTMHA BPEMEHHbIX W3MEHEHUN HWHTEerpajbHOMN
(T,) u aspozonbhoit (AOT) MyTHOCTH aTMOChephbI
(puc. 1.5.3a). [MoGanbHble 3pPEeKThI KPYMHBIX U3-
Bepxkennit (Dib-Ynuon, anpeins 1982 r; [Munaty6o,
uroHb 1991 1) nposiBUIKCH HA BCEWl TEppPUTOPHUU
Poccun B pe3kom yBenMYeHMH MYTHOCTHU CIYCTSI
3-6 MecsleB NOCiIe M3BEPXKEHWA M MOCTENIEHHOM
YMEHBILIEHUM €€ /IO OOBIYHBbIX 3HAUYEHUI Ha MpOTS-
skeann 12—-18 mecsnes.

AHOMaJbHas >Kapa U CBSI3aHHbIE C HEW MoXKapbl
aera 2010 . mpuBenyn K 3HAYUTEIILHOMY YMEHBIIIC-
HHMIO aTMOC(EpPHON MPO3PAYHOCTH HA TEPPUTOPUU
EYP u hopMupoBaHuto 3aMKHYTOI 00JIaCTU IKCTpe-
MaJIbHO BBICOKMX 3HaueHuil ¢pakTopa MmyTHocTH T, B
peruone (48°-55° c.ur; 37°-42° B.u.) (Ilnaxuna u

np., 2011).
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B nocnennue necsituieTvsi B UEHTPE M Ha tore
EYP nposBisieTcss TEHASHUUS K YMEHbILIEHUIO WH-
terpaibHoi myTHOCTH T, (puc. 1.5.3a). Ha ocrais-
HOWl TEpPpUTOPUM W3MEHEHUS HEOJHO3HAYHbl U, B
OCHOBHOM, CJ1a60 BbIpaxkenbl (puc. 1.5.36). Ilpwm
3TOM a3PO30JIbHASI COCTABIISIIONIASt MyTHOCTH aTMO-
cpepnl (AOT) npofoIKaeT YMEHbIIATHCS MPAKTH-
yecku Ha Bceyl teppuropun Poccun. JIumb Ha oT-
aenbHbIX craHumsax Kamuatku u [Jansaero Bocro-
Ka PErucTpUpyrOTCs MOJOXKUTEIbHbIE TPEH/IbI
AOT.

[TpunsiThiii B Poccum noaxoj K OLEHKE M3MEHe-
HUII aTMOC(EPHON MPO3PAYHOCTU MO M3MEPEHUSIM
NpsSIMOY COJIHEYHOM pPajiiallii UCMOJNIb3YeTCsl B Ha-
cTosllee BpeMsi U B JIpyrux cTpaHax. B paGore
(Ohvrill et al., 2009) mpencTaBieHbl Pe3yJIBTATHI
aHaJIM3a UHTETPaIbHON MPO3PAYHOCTH aTMOC(EPHI B
EBpone 1o fgaHHbIM 6 CTaHIMil, PACHONIOKEHHBIX Ha
tepputopun Dctonun (3 cranuuu), Poccun (ITas-
J0BCK, MockBa) u Ykpaunsl (Peostocust). Psjibl Ha-
OJIFO[ICHUI HA 3TUX CTAHLUSX B COBOKYIHOCTHU Xapa-
Krepu3ytor 6osee yem 100-neTHuii mepuon u oOHa-
PY>KMBAIOT 3HAYUTEJILHOE CXOJICTBO HA JUTUTEIbHBIX
BpeMeHHbIX mMHTepBaiax. C konua 1990-x Ha Bcex
NIEACTBYIOIIMX CTAHLUMSIX PErUCTPUPYIOTCS! BBICOKHE
3HAYEHUs] MPO3PAYHOCTH, UTO CBSI3bIBAETCS HE TOJb-
KO CO CHMKCHHEM BYJIKAaHUYECKOU aKTMBHOCTH, HO 1
C 9KOJIOTUYECKU OPUEHTUPOBAHHBIMU M3MEHEHUSIMU
B TEXHOJIOTUSIX, CHUKEHUEM TPOMBIIIICHHbIX BbI-
OpOCOB, a TaK>Ke BbIBOJIOM OT/IEJIbHBIX MPOU3BOJICTB
u3 EBponbl.

Knmmmatnaeckue n3MeHeHus TPUXOoIsIeid COTHeY-
HO¥l pajialiiy pY peasibHbIX yCJIOBUSIX 0OJAYHOCTH B
KOHTEKCTE MPoOJIeMbl ITI0OANBHBIX U3MEHEHUI KITMMa-
Ta BbI3bIBAIOT B HACTOSILLIEE BPEMS TIOBBILLIEHHbIN MHTE-
pec (Wild, 2012). B nmocieHee iecTUIETHE CIIOXKH-
JMCh TIPEJICTABJICHNUS, B OMpPEJICIICHHON CTEeNeHn Ha-
wemume orpaxkenue B (IPCC, 2007), uto m3meHeHust
NPUXOMISILIEH paialii UTPAIOT MACKUPYIOLIYIO POIb
M0 OTHOILEHHIO K MOTENJIEHUIO aHTPONOI€HHOTO MPo-
ucxoxjenns. OTnpaBHON TOYKON TakuX MpefCTaBIe-
HUI SIBUIKCH Pe3YJIbTaThl paboT, BBINOJIHEHHbIX, B OC-
HOBHOM, B 90-X Toj1ax TMPOIILIOro CTOJNETHs, B paMKax
KOTOpBIX OblIa OOHApy>KeHa TEHJICHUMS] K yYMEHbLIIe-
HUIO MOCTYIJIEHUS! COJTHEYHON paiialjiil Ha TOJICTUIIA-
1o1yto oBepxHOCTh B 1950-x-1980-x rogax XX B.

Cpenn Hanbosee paHHUX UCCIIEJOBAaHUI MO 3TO-
MY BOTIPOCY CJIeIyeT OTMETUTh PabOThI OTEUECTBEH-
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HbIX crieipanctoB (2Kurtopuyk u fip., 1994), a tak-
ke (Abakumova et al., 1996), rae ara kpymHoMac-
mTabHast TeHJCHIMS Oblla BbISIBIIEHA 1O JJaHHbIM 160
CTaHLMI, OCBEIIAIOUIMX 3HAYUTENbHYIO YacTh EBpo-
a3UaTCKOro KOHTMHEHTA. YMEHbIIEHUE MPUXofa CoJl-
HeYyHoW pajmaiyy, Havasiueecs B 1950-x u npopmon-
skaBiieecst 10 koHna 1980-x ropos, 6bII10 3aprKCH-
POBaHO M B IPYTMX PErMoHax 3€MHOrO liapa, U 3TO
sBJIeHWE ToJyuuio Ha3paHue ‘“‘global dimming”
(Stanhill, Cohen, 2001).

OCHOBHBIM HCTOYHMKOM HWH(POpMaAUUU [
rM00AITbHBIX WMCCIIEIOBAHUI W3MEHEHUs] PUXOJIs-
weil paguauum sBasiercst apxuB Global Energy
Balance Archive (GEBA), B KOTOpOM Ha Hayallb-
HOM 3Tane B 1988 1. GbLIO MpejIcTaBIeHO OKOJIO
500 mocTaHUMOHHBIX PSIIOB CYMMAapHO! pajjialuu
mecsiuHoro paspetnenusi (Gilgen, Ohmura, 1999).
B 1990-x ropmax apxuB OblT CYIIECTBEHHO MOMOJI-
HEH MyTeM NpuBJedYeHust MHpopmaumuu U3 Mupo-
Boro Llentpa pagmanmonnsix ganabix (ITO), B ToMm
yKCIle IaHHbIX HAOJIOJIEHUIA HA POCCUICKUX CTaH-
UUSIX MEXKIyHapOHOro OOMEHa, a TakK>Ke JIaHHbIX
Haunonanbubix MeTeocnyk0 nApyrux CTpaH.
Bnocnencteun GEBA 6b1n ncnoiib30BaH sl aHa-
732 U3MEHEHUI CyMMAapHOI pajiialiiy 3a Mocye/-
Hee fiecaTuneTre XX B. [1y1s1 noBbIlieHUsI 0OOCHO-
BAHHOCTH BbIBOJIOB K aHAIM3y ObUIM TaKXkKe NpH-
BJICYEHBI JIaHHbIE CeTell BHICOKOTOUHBIX paiualy-
OHHBIX U3MEPEHUIi, KOTOPbIe HAYaJM (PYHKIMOHM-
poBatb B 1990-x rogax. K uncny atux ceteit OTHO-
carcs: Baseline Surface Radiation Network
(Ohmura et al., 1998), HacunTbIBarOIIAsT B HACTOSI-
mee Bpemsi cBbiie S50 cranumii, Atmospheric
Radiation Measurement (ARM), NOAA Earth
System Research Laboratory (ESRL), a Takske pe-
ruoHasbHble cetu B CHIA, AscTpanuu, lBeiinap-
CKMX AJbIax.

HccnenoBanust, ocHoBaHHble Ha naHHbIX GEBA
Y IMEIOILIMXCS pe3yJIbTaTax BICOKOTOYHBIX U3Mepe-
HMIA, TOKa3ald, 4YTO TMOBCEMECTHOE YMEHbLICHUE
npuxofa paguauum K Koy XX B. NPeKpaTUiIoCch U
HAYyaJIoCh BOCCTAHOBJIEHWE WCXOJIHBIX 3HAYEHUN
NpUXOJSLICH pajvaluu, MOJNy4yMBIIee Ha3BaHUE
“brightening” (Wild et al., 2005). Crana BbICKa3bl-
BaThCsl TOUKA 3PEHUS], YTO UMEHHO U3MEHEHME 3HaKa
TPEH/la MPUXOASLIEH COIHEYHON pajiialii BHECIIO
CYILLIECTBEHHBIN BKJIaJl B CUJIbHBII POCT TEMIIEPaTy-
pbI Bo3ayxa B KoHIe nportioro croierust (Wild et

o
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al., 2005). B mnocaenyroumx pa6orax (Omura,
2009), (Gilgen et. al., 2009), a TakKe B IpyrHX KC-
criefioBanmsix, 0630p koropbix gan B (Wild, 2010),
IMPOKO OOCYKAAETCsI BIUSHUE a3PO30JIbHBIX U 00-
JlayHbIX 3(p(hpeKTOB Ha OOHApy>KUBAaE€MbI€ KPYITHO-
MaclTabHble OCOOEHHOCTU W3MEHEHMSI COJIHEUHOM
paguanuu.

B (Ouenounslit gokia. .., 2008) ormevanuch
OCHOBHbIE 3aKOHOMEPHOCTH MHOTOJICTHUX M3MEHEe-
HUI paJIMallMOHHBIX XapaKTepPUCTUK Ha TEPPUTO-
puu Poccuun. B yacTHocTH, 0Opaijanioch BHUMaHUe
KaK Ha yMEHbIIeHNEe MPUXO0Jla COTHEYHOW paualyu
B 1960-e-1980-e¢ ropgbl, Tak M Ha ociabjeHue K
koHIy XXI B. oTpuLiaTe/IbHON TEHJCHUUU B IIOCTY-

MJICHUW COJTHEYHOI pajiiauyu. AHaJU3 [aHHBIX 3a
MOCJIeAYOIIe TOfbl, OCYIIECTBIISIEMbIl B paMKax
MOHWTOpPHHTra pajuairoHHOro peskuma (Jlokiaj
Pocruppomera, 2013) n 0606imeHHb B (XeGHN-
KoBa, Cayb, 2014), M03BOMI BBISIBUTE Kak OOIIHe
YepThl, TAK U OCOOCHHOCTH MEXKJIECATUIICTHUX N3-
MEHEHUI TPUXOJSIIC pajiallii Ha TEePPUTOPUN
Poccuu, no cpaBHeHuto ¢ ApyrMMy peruoHamMu 3eM-
HOTO TI1apa.

B ocHOBE MOHMTOpPHHIa KOPOTKOBOJIHOBOW COJI-
Heunoil pagmaiyn (Jokman Pocrugpomera..., 2013)
JIEKUT aHAJIN3 MECSYHBbIX CYMM Pa3JIMUHbIX BHJIOB
paguiauuy. 3HAUYEHUs] HOPM OMPENICIISIIOTCST 32 elv-
HbIl 0a30BbI MEPUOJl, B KAYECTBE KOTOPOrO MC-
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Puc. 1.5.4. AHomanun (B npoueHTax oT cpegHero 3a 1961-1990 rr.) Ce30HHbIX CyMM NPSIMOM paguvaumu,

npuxoaduWen K 3eMHOW MNOBEPXHOCTH,
Pocrngpowmera..., 2013).

ocpefHeHHble no Tepputopun PO,

1961-2012 rr. (Qoxnag
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nosb3yetcst uarepBan 1961-1990 rr. Hopmuposan-
HbI€ aHOMAJIMM OLIEHUBAIOTCSl KaK OTKJIOHEHUSl CO-
OTBETCTBYIOLLIMX BEJIMYMH OT CPEJHUX MHOTOJIET-
HUX 3HauyeHuil (HOpM), BbIPa>KeHHbIC B MPOLEHTAX
OT 3TUX 3Ha4YeHMUi. Ha OCHOBE MECIYHBIX aHOMAIUI
PACCUMTBIBAIOTCS CE30HHBIE U TOJIOBbIE AHOMAJIMH.
HMMeHHO 3TH Ba BpEMEHHBIX MacluTada — CE30H U
rOfl — PACCMATPUBAIOTCS JJI1 BBISIBJIEHUS JOJITOIE-
PMOJIHBIX KJIMMAaTUYECKUX W3MEHEHUI COJHEYHOWN
paguanyn.

B kauyectBe 6a30BOro MCTOYHMKA MH(MOPMALMU
UCTONB3YIOTCS JAHHbIE U3MEPEHUIA TNIOTHOCTH MOTO-
KOB Pa3HbIX BUJOB paiualiy B (PMKCUPOBAHHBIE CPO-
KU (TaKk Ha3bIBaeMbIX ‘‘CPOUHbIX’ HaOmofeHutt). 13
[IBYX BUJIOB aKTMHOMETPUYECKUX HAOIIOIEHUIA, 1at0-
IMX MH(OpMaLMIO HE TOJIBKO O CYMMapHOW pajina-
LMY, HO ¥ 00 OT/IEJIbHBIX COCTABIISIIOLLMX PajiuallOH-
HOro OajlaHca, MPEeNoYTEHNE OT/JaHO MMEHHO CpOY-
HbIM HAOJIIOJIEHNSIM B CUITY OOJIbLIEN TNIOTHOCTH TOJ-
CEeTH 3THUX CTaHIMN — KaK B Haualle X XI Beka, Tak u
B 60-x romax XX B. ITo cocrosamro na 1.01.2012 .
okoino 90 cranimit Ha Teppuroprn Poccun pyHKum-
OHUPYIOT MO MPOrpaMMe CPOYHbIX aKTMHOMETpHUYE-
CKUX HaOmoaeHui. 151 00NbIIMHCTBA JEHCTBYFOILMX
CTaHLMII CO CPOYHbIMM HaOOfCHUsIMU (B OTJIMYME
OT CTaHIWI, BEIYIIMX HENpPepPbIBHbIE HAOIOICHNS)
MOTYT ObITh PAaCCUNTaHbl HOPMBbI 32 0A30BbII IEPUOJ
1961-1990 rr.

OueHKM KIMMAaTUYECKUX U3MEHEHUI HA TEppU-
topun Poccnn n 6b1B1ero CCCP, B oTiimuue ot Jipy-
I'MX PETMOHOB, BBINOJHSIMCH KaK ISl CyMMAapHOI,
TaK W [ OpsIMOM COJIHEYHOM paguauuu. B
(Abakumova et al., 1996) 6b110 TIOKA3aHO, YTO CKO-
POCTb OTHOCHUTEJILHOTO M3MEHEHMs! TOJOBBIX CyMM
npsiMoii pajmanuy Ha uaTepBasie 1961-1987 rr. co-
craBisier 4-6%/10 ner, a cymMMapHONl — OKOJIO
2%/10 ner. B wm3MeHeHMe CyMMapHON paaualyn
OOJIBLLION BKJIAJ, BHOCUT paccesiHHas pajuauus, cy-
LIECTBEHHO 3aBUCSILAs OT a3po30Jiell aHTPONOIeH-
HOI'O0 NPOMCXOXK/EHUSI, UMEIOLMX JIOKAIbHOE pac-
npoctpanenue. Ha HacrosiieM arane B cucteMe pe-
TYJISIPHOTO MOHMTOPUWHIA PaJUalMOHHOIO PeXXMMa
paccMaTpUBAIOTCSl U CyMMapHasi, U IpsiMasi COJIHEY-
Hast papuamun (JTokman Pocrugpomera, 2013). Ipu
9TOM B KOHTEKCTE BBISIBIEHHOW 4yBCTBUTEJIBHOCTHU
9TUX COCTABJISIOLMX PAAMAUMOHHOrO OajlaHca mnep-
BOOUYEPEAHOE BHUMAHNE YMIEJISIETCS aHAIM3Y MPSIMON
pagranuu.
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AHanu3 Ce30HHBIX aHOMAJIMi MPSIMON pajiia-
MU, OCPEJHEHHBIX MO Tepputopun Poccum (puc.
1.5.4), memoHCTpupyeT eauHOOOpa3ue BEKOBOTO
XOfla aHOMAJIMiA JIIsl Pa3jIMYHbIX CE30HOB, CBUJIE-
TEJIbCTBYIOLEE O KPYNMHOMACIITAOHOCTU BO3JEH-
CTBMSI, NMPUBE/IIEr0 K MOHUXKEHHBIM 3HAYEHUSIM
NpsIMO¥ pairauuy B mnocJiieHen yetBeptu XX B.
Ha Tepputopun Poccun. B navane XXI B. u oco-
6enro B nocueaue rofpl (20062012 rr.) peruct-
pUpyeMble aHOMAaJUM OJM3KU K HYJIO U 3HA4yM-
TEJIbHO OTCTOSIT OT 3KCTPEMaJIbHO HM3KUX 3HaYe-
HUU, JOCTUTHYTHIX B Havase 90-X royoB mpoImio-
ro CTOJIETHUSI.

PernoHanbHbIi aHAIM3 MHOTOJIETHUX KOJICOAHUI
NPOCTPAHCTBEHHO-OCPEJHEHHBIX AHOMAJIUI TOJIOBBIX
cymm mipsimoii papuanuu (puc. 1.5.5) nokasbiBaer,
yTo B Havane XXI B. 3HaueHus, Ou3Kue K HOpME,
HaOIOfJAIOTCSl NMPAKTUYECKM Ha BCEW TEpPpUTOPUM
Poccun. B Gosnblueit ctenenu, yem st IpYyrux peru-
OHOB, OTKJIOHSIFOTCSI OT HOPMbI T'OJJOBbIE CYMMBI Mpsi-
Mo# paguatyu Ha Tepputopun Cpepneit Cubupu, rje
B TEUEHUE Psiia JIET PEruCTPUPYIOTCS OTpPULATEINb-
HbIE AaHOMAJIVN.

OCOOGEHHOCTH MHOTOJIETHUX W3MEHEHUI COll-
HeuHoit paguanyy B 1961-2012 rr. ¢ BeIpaskeHHbIM
MUHMMYMOM BOJIM3M CEPEeIUHbI 3TOr0 Nepuofia je-
JIAIOT HELEJIeCO00pa3HbIM MCMOJIb30BAaHUE JIMHEN-
HOI MOJIeNIU /ISl BCEr0 paccCMaTpUBAEMOr0 UHTEP-
Basia. [I71s1 BBISIBJICHUS] PETMOHAJIBHBIX OCOOEHHO-
CTeil M3MEHEHUsl PajIMaMOHHbIX MOTOKOB OoJjee
MH(OPMATUBHON SIBJISIETCSl OLEHKA JIMHEHHOro
TPeH/a /Ui ABYX MOCJEl0BATEIbHbIX UHTEPBAJIOB!
1961-1985 . m 1986-2010 rr. (XmeGHnkoBa M
np., 2011). Cregyer 3aMeTHTB, YTO WCKIFOUCHUE
n3 paccmotpennst 2010 r., korga Obia 3ahuKcupo-
BaHA KpYyIHasi TeMIepaTypHas aHOMAaJUs, JIWIIb
HE3HAYMTEJIbHO YMEHBIIWIO BEJINYMHY KOa(pu-
UEHTOB JIMHEITHOTO TPEeH/la, HO He U3MEHWJIO KOH-
purypaumy nosst © oOMX HAOIIOJAEMBIX 3aKOHO-
MEPHOCTE.

[TpencTaBiieHHbIE Pe3yJabTaThl OLEHKU TPEH/I0B
npsiMoil U cymMapHoi paguaiuu (puc. 1.5.6) Ha-
[JISITHO  JIEMOHCTPUPYIOT HaJMyMe MOBCEMECTHOMN
TEH/IEHIIMM K YMEHBLUEHUIO MOCTYIUIEHUS] COJTHEY-
Hoil paguamuu B 1960-x-1980-x romax (pwuc.
1.5.6a, B). BmecTe ¢ TeM, TEHICHIWSI K POCTY pajiyi-
auyu, MposiBUBLIASCS K KOHIY XX B., HE OKa3alach
AOJITOBPEMEHHOM Ha Bceil Tepputopumn Poccum.

o
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EBponelickas 4acTk Poccuu Mpubaiikanbe n 3abalikanbe
1960 1970 1980 1990 2000 2010 1960 1970 1980 1980 2000 2010
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Punc. 1.5.5. PernoHanbHO-0CpegHEHHbIE aHOManun (B NnpoueHTax ot cpegHero 3a 1961-1990 rr.) ronoBbIX CymMM
NPSIMOW CONTHEYHOW pagmaumn, NPUXoAsLLEen K 3eMHOM noBepxHocTu (doknan Pocrugpomerta..., 2013).
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Puc. 1.5.6. ameHeHne (BT/M2/10neT) npsMoi U CyMMapHoi paamauym, Npuxoasiuien K 3eMHOM NoBEPXHOCTU B

cpeaoHem 3a rog,

Ha pPasfINYyHbIX BPEMEHHbLIX MWHTEepBanax: a)

npamaa paanauna, 1961-1985 rr.,

0) npsamas pagnaums, 1986-2010 rr.; B) cymmapHasa paavauusi, 1961-1985 rr., r) cymmapHas paguaums,

1986-2010 rr. (XnebHukosa, Cannb, 2014).

PocT nmpsimoit pajmaumu Ha unaTepBasie 1986-2010
IT. SIBJISIETCS XOPOLIO BbIPaXKEHHbIM Ha TEPPUTO-
puu EYP, rae ckopoCcTh M3MEHEHUs B FOXKHBIX paii-
OHax cocTasisieT okosio 6 Bt/m2/10neT. Bmecte ¢
TeMm, B A3uarckoit yactu Poccun cpopmupoBanach
0o0IIMpPHAsT 001aCThb CO cNabbIMU OTPULIATEILHBIMUA
TpeHaMu npuxopsiei paguamuu (puc. 1.5.6 6, ).
B peficTBUTENHLHOCTH, KaK MOXKHO BHJIETh Ha PUC.
1.5.7, B 3TOM perrone HaOJIOIAeTCS CIOKHbBINA Xa-
paktep usmenenuii B 1986—2010 rr., KoTopblit nuio-
XO ONUCHIBAETCS JIMHEVHON MOJIENIbIO HA BCEM MH-
TepBaJe.

Ha psine poccuiickux cTaHUMil 3HaY€HUs CTa-
OWJIM3UPOBAIMCH HA ONPE/ICJIEHHOM YPOBHE, XOTS U
HE JJOCTUIIIM MaKCUMAaJIbHbIX 3HAaUEeHU, HaOIroae-
mMbix B 1960-x rogax (puc. 1.5.7). B HekoTOpbIX
peruonax AYP nocne 2000 r. Bo306HOBUIACH TEH-
ACHLMS K CHUDKEHUIO NIPSIMOY Y CYMMAapHON pajia-
uun. Hanbonee spko aro nposiisiercss B Cpefneit
Cubupu (Enuceiick, CounsiHka). AHaJIOrM4YHbIe
OCOOEHHOCTH M3MEHEHMs pajiualiid oOHapy>KUBa-
1orcst Ha Tepputopun Kurast u Monromuu (Wild et

al., 2009; Wild, 2012).B To e Bpemsi U3MEHEeHUs,
HaOmoaemble Ha Tepputopnn EYP (B mepByro
ouepefib, B FO3KHbIX PernoHax ¢ OOJIbIIMM FOfIOBbIM
NPUXOJIOM PaJIdaliK ), BIOJHE aHAJOTMYHBI TEM,
KOTOpbIE OTMEYAIOTCsl Ha 3apyOesKHbIX €BpOIei-
CKUX CTaHUMsIX, Hanpumep, Ha ctaHumu [lorcpam
(Wild et al., 2005).

[Ipy BbISIBIEHUMU TPEHAOB PaAMALMOHHBIX Xa-
PAKTEPUCTUK YACTO BO3HMKAET BOIMPOC O KAYECTBE
KCTOJIb3YEMbIX TPUOOPOB. DTO CBI3aHO C TEM, UTO
OOJIBILIMHCTBO PAJMOMETPOB CO BPEMEHEM TEPSIFOT
YYBCTBUTEILHOCThL W MPU OTCYTCTBUU CBOEBpE-
MEHHOW Y HaJ/iJIeXKallei KaIMOPOBKY MOTY T JIEMOH-
CTPUPOBATH JIOKHbIE HUCXOJIsIIIME (HO He BOCXOIsI-
ye) TpeHabl. B 9TOM KOHTEKCTE OOGHApysKeHUE
MOJIOKUTEJILHOIO TpeH/ia B KOHLE XX B. ABJSETCS
aApryMEHTOM B MOJIb3Y UCTUMHHOCTU HAOJIFOIa€MbIX
Bapuauuil.

CeTb aKTMHOMETPUYECKUX CTAaHUMI, MPUTOJ-
HBIX JIJI1 MOHUTOPUHIA MEXKJECATUIETHUX Koseba-
HUM, TIOBONBHO pefkasi. COOTBETCTBEHHO MOJyvae-
MO€ TIOJIe OLIEHOK MOKET OTpaxkaTh JIMIIb KPYITHO-
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Puc. 1.5.7. Npamasa pagnaums (BT/m2), npuxoasuias K 3eMHOM NoBEpPXHOCTU B cpeaHem 3a rod. 1961-2010 rr.
a) EYP, 0) Ypan, B) CpegHasa Cnbupb (XnebHukosa, Cannb, 2014).
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Puc. 1.5.8. 'ameHeHMe cpeaHeronoBOlM CYTOYHOWM aMnauTyabl TemnepaTtypbl Bo3ayxa: a) 1961-1985 rr.

0) 1986-2010 rr. (XnebHukosa, Cannb, 2014).

MaciTabHble OCOOEHHOCTH HaOII0aeMbIX M3MeEHEe-
HUIA TIPU YCJIOBUM PENPE3EHTATUBHOCTU CETU CTaH-
it (puc. 1.5.6). Tlo aroil mpuyrHe BO3MOXKHOCTH
UCTIOJIb30BaHUSl JIONOJHUTENILHON WH(OpMalii, B
TOW WJIM MHON CTENEHU MOATBEPIKIAIOLIECH BbISIBJISI-
eMble perMoHaJIbHbIE OCOOEHHOCTH, SIBIISIETCS] BECh-
Ma aKTyaJIbHOW.

OpHOIl M3 XapakTepUCTUK, KOTOpask MOXKET
paccMaTpUBaTBLCS KaK KOCBEHHbI MCTOYHUK WH-
dopMalM O COJTHEYHOM pajualyy y MOBEPXHO-
cTh 3eMiH, SIBISIETCSl CYyTOYHAsl aMIUTUTY/la TeM-
nepatypbl Bozayxa (CAT). D1o 0GycCJIOBICHO
TEM, YTO COJIHEYHOE U3JTy4YeHUE, B OTIINYME OT Te-
MJIOBOrO, B OONBIILIEN CTEIEHN BIAUSET HA JHEBHOM
MaKCUMyM TeMIlepaTypbl BO3[lyXa W SBISETCS
[VIABHBIM (PAKTOPOM, OMNpPE/ICSIIOIUM POCT CYy-
TOYHOI aMIIUTY/bl TeMIlepaTypbl Bo3ayxa. B3a-
MMOCBS3b JIOITOBPEMEHHbIX M3MEHEHUI COJIHEeY-
HOW pajuanuy U CyTOYHON aMIUIUTYAbI BO3[yXa
XOPOLLO MPOSIBISIETCS MPU JOCTATOYHO OOJIBLLIOM
BPEMEHHOM U MPOCTPAHCTBEHHOM OCPE/IHEHUH,
MO3BOJISIFOLLEM YMEHBIIUTDL BIMSHUE LUPKYISLU-
oHHbIX niporieccoB (Makowski et al., 2009). Cpen-
HUE TOfIOBbl€ 3HAYEHUSI CYTOYHbIX AMIUIUTY/], OC-
penHeHHble 1o CeBepHOMY MOJYLIAPUIO, AHAJIO-
FMYHO PErvOHAJIbHBIM W3MEHEHUSIM COJIHEYHON
pagumanuu (Wild et al., 2007; Wild, 2009), naun-
Hast ¢ 1960-X royioB, IEMOHCTPHUPYIOT 3HAUNTEIb-
HOE OHUXKEHNE, KOTOPOE 3aBEPLIUIIOCH B CEpeu-
He 1980-x ropgos.

OnpepienieHHbIE CBSI3U JIOITOBPEMEHHBIX M3-
MEHEHUIl COJIHEYHOW pajiuali U CYTOYHbIX amIl-
JIMTY/] TEMIIEPATYPbl BO3/yXa MPOSIBIISIIOTCS U IO

AaHHbIM Ha Teppuropun Poccun. Ha unTepBane
19862010 rr. 0651acTh MOJOKUTEIBHBIX TPEHIOB
CAT Ha rore Poccun fOBOJIBHO OTYETJIMBA, MPO-
CTUpaeTCsl C 3aMnajla Ha BOCTOK U 3aHMMaeT BeChMa
6onbinyo Teppuroputo (puc. 1.5.8). B Esponeii-
ckomt yactu Poccun sta 0651aCcTh HECKOJIBKO MEHb-
e, yem o6J1acTh MOJIOXKUTENIbHBIX TPEH/IOB COJI-
HEYHOIl pajiialyy, KOTopas BbIJeJIeHa MO OYeHb
PENKO CeTM AaKTUHOMETPUYECKUX cTaHuui. Of-
HAaKO B LIEJIOM, YUUTbIBAsI OTPAHUYEHHbIE BO3MOXK-
HOCTHU JIMHEWHON MOJIeJIM, MOXKHO CUMUTaTb, YTO
ocobeHHocTu nsMeHennst CAT Ha paccmarpuBae-
MOM HMHTEpBaJIe KOCBEHHO MOATBEPXK/IAIOT MpO-
CTPaHCTBEHHbIE 3aKOHOMEPHOCTH [IOJrOBPEMEH-
HbIX W3MEHEHUN MNpUXofduleid paauaguu B
1961-2010 rr.

B Temnuiblii ce30H (anpesib—CeHTIOph ) M3MEHEHHsT
NpsIMOIA pajialiii XOPOILO COINACYIOTCS C U3MEHe-
HusiMu 001eit obmaudoctu (puc. 1.5.9). Jlumb B
SkyTuu jyist uarepBana 1961-1985 rr. (puc. 1.5.9au
puc. 1.5.96) B cuiy c1aGoil OCBEIICHHOCTH TepPPH-
TOPUU TMOJIYYUTh COINIACOBAHHbIE OLIEHKU TPEH/IOB
HE yJanoch.

Me:xiecsaTuIeTHUE W3MEHEHUsl CyMMapHON
panuauuu B 3anajaHoii EBpone xopouio cornacy-
IOTCS TaK>Ke C PsijlaMy MPOJIOIIKUTENBHOCTH COJl-
HeuHoro cusiiust (Sanchez-Lorenzo et al., 2008).
AHaJlOruyHble CBSI3U XOPOLLO MPOCIEKUBAIOTCS
TakyKe IO JIaHHbIM HaOosieHuit B Mockse (AGa-
KyMoBa u fip., 2012).

st MOHMMaHUsI MPUYMH HAOJIOAeMbIX KJIU-
MaTUYECKUX W3MEHEHUI NMEepPBOCTENEHHOE 3Haye-
HUE UMEET CJIeXKEHUE 32 pa3HbIMU KOMIOHEHTaMU
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Puc. 1.5.9. 'ameHeHne npsamoi paavaumn (Bt/mM2/10net) n obweli obnavyHocTn (6ann/10neT). Tennblh ce3oH
(anpenb—ceHTa0pb): a) npamas pagnauus, 1961-1985 rr., 6) npsmas paguaumsa, 1986-2010 rr., B) obuias
obnayHocTb, 1961-1985 rr., r) obwasa obnadyHocTb, 1986-2010 rr. (XnebHukosa, Cannb., 2014).
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Puc. 1.5.10. Xapaktepuctnkum pagmaunoHHoro 6anaHca 3a 1958-2007 rr. Ha ctaHumn Mocksa, MI'Y: a) AHBaps.
Yacosble cyMMbl pagmnaumoHHoro 6anaHca B cpok 02-03 vac. (Mx/m2), 6) Mog. Yucno gHel ¢ oTpuLaTenbHbIMU
3HAYEHUSIMU CYTOYHbIX CYMM paamaLmoHHoro 6anaHca (FfopbapeHko, Abakymosa, 2011).

pagualMoOHHOro OajaHca 3€MHOH IOBEPXHOCTH,
€ro MPUXOJIHON W PACXOIHOM YaCThIO, a TAKXKE pe-
3yJBTUPYIOLLEH BEJIWMYUMHOM PajuallMOHHOTO Oa-
JlaHca. B HacTosiiee BpeMsi COCTOsTHUE NMPUOOPHOIA
6a3bl U CJIOXKHOCTb COOIOICHUSI PErVIaMEHTA MTPO-
W3BOJICTBA U3MEPEHUI 10T BO3MOXKHOCTb CYUTh
0 KIIMMAaTUYECKUX W3MEHEHMSIX PaJMaluOHHOTO
0ajlaHca JMIUb B OTJEJIBHBIX yHKTAaX HA TEPPUTO-

pun Poccum (Kmmmar, 2010; AGakymoBa u jp.,
2012).

I[lo pe3ynbraTam HaOmogeHut B Mockse
(MI'Y) GblIM CHCTEMAaTU3UPOBAHbI U OGOOILCHBI
[IAHHbIE O PaJIMALIMOHHOM OaslaHCe MOJCTUIIAIOLLEN
noBepxHocTu 3a 50 JleT HenpepbIBHbIX HaOIrOe-
awit ¢ 1958 no 2007 rr. (TopGaperko, AGakymoBa,
2011). OTmeuaeTcsl TEHACHIUS K POCTY HOYHBIX
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YACOBbIX CYMM PaJIMallMOHHOrO OajiaHca, Hambo-
Jiee BbIpasKeHHAsl B 3MMHUE MECSIbI, a TaKKe Tpo-
UCXOJIsiliee YMEHbLICHUE 4ucia JHeil ¢ OTpula-
TEJLHbIMUA CYTOYHBIMA CyMMaMU PajIMalliOHHOTO
6ananca (puc. 1.5.10). CpaBHeHue CpeHUX MHO-
TOJIETHUX 3HAUYEHUI CYTOUYHBIX CYMM JIsl OT/IEIb-
HbIX MecsneB 32 1994-2007 rr. ¢ coOTBETCTBYO-
OIMMU  3HAUCHUSIMUA JJ1s1  6a30BOro  mepuopa
1961-1990 rr. meMOHCTpUpPYET yBeJIMUYCSHUE Pajiv-
aloHHOrO GaslaHca BO Bce Mecspbl ropa. Ilpm
3TOM MaKCUMAJIbHBII POCT HAGJIIO/IaeTCsl B 3UMHKE
Y TIePEXOJIHbIC MECSILIbI.

1.5.3. 3akiaouenne

AHanu3 JaHHBIX HA3€MHbIX HAOJIOICHUI 32 Xa-
PaKTEPUCTUKAMU OOJIAYHOCTU C aKLEHTOM Ha I10C-
JIeHUE AECSTUIETHS MOKA3aJl, YTO OCHOBHbIE TEH-
AC€HUMM, TposiBuBLIMECS B KOHUE XX B., HalUIM
CBOE MOATBEpXKJeHNEe B nociegyroume rogsl. Co-
XPaHSAETCSI XOPOLIO BBbIPAXKEHHAs TEHJCHLUSA YBe-
JIMYEHNS YaCTOTbI MOSBIICHNS KOHBEKTUBHON 00-
JJAYHOCTU. PacteT yacTroTra nNoOsiBIEHHS OOJIAKOB
BepxHero sipyca. IIpopomkaercs nepepacnpepesie-
HUE BKJIaJIa JOXJIEBOM OOJAYHOCTU PA3HBIX TUIIOB,
KOTOPO€ NPOSBIISIETCS B MPEUMYLIECTBEHHOM yBe-
JIMYEHUU JI0JIM KY4E€BO-JJOXKJEBbIX 001aKoB. JIuib
Ha YpaJjie u B npuOpexkHbIX pailoHax JanbHero Bo-
CTOKA PErMCTPUPYETCS] YBEIMUYEHUE CIIOMCTO-/10K-
neBout o6maunocT B 2001-2010 rr. mo cpaBHEeHUIO
C npeAbIy UM aecsituneTueM. Poct o0eit oonay-
HOCTHM M YMEHBIIIEHUE YaCTOTbI O€300/I1a4HOM MOro-
Abl OTMEYAETCsl, B OCHOBHOM, B BECEHHUI U OCEH-
HUAU TIEPUOIbI.

C cepenunabl 1990-X rofioB, B YCIIOBUSIX OTCYT-
CTBUSI KPYMHBIX BYJKAHUYECKUX WU3BEPXKEHUN,
TEHACHLMS K YMEHbIIEHUIO UHTErPajibHON MYTHO-
CTU aTMOC(EPBI XOPOLIO NPOSIBISIETCS B LIEHTPE U
Ha tore EBponeiickoit yactu Poccun. Ha ocranb-
HOIl TEppPUTOPUMU W3MEHEHUS HEOIHO3HAYHBI U, B
OCHOBHOM, €J1a00 BbIpakeHbl. [Ipy aToM Ha ¢oHe
pocTa OOILIEro BIIArOCOJEP>KaHUS aTMoc(epsl,
CBSI3aHHOI'O C YBEJIMUYEHUEM TEeMIEpaTypbl BO3/Y-
Xa, Ha Oospluen yactu teppuropun Poccnn otme-
4aeTCsl TEHJCHUMSI K YMEHBILICHUIO BEJIMUMHbBI a3-
PO30JILHON COCTAaBJIAIOLIEN MYTHOCTH aTMocde-
pbl. JInme Ha oTpenbHBIX cTaHmusax Kamyatku n
[JaneHero BocToka perucTpupyroTcsi IOJIOXKU-

122)
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TeNbHbIE TPEH/Ibl a3PO30JbHON ONTUYECKOW TOJI-
LMHBI aTMOCepBI.

PocT noctynneHust COJIHEYHON paauauyvu,
HaOIOlaeéMblil 110 Ha3€MHbIM JJAHHBIM BO MHO-
FMX permoHax 3€MHOro Iapa B IOCJIEIHEE Jie-
caruiietie XX B., C PA3HOM CTENEHBIO OTYETIIM-
BOCTH MPOSIBUJICS] MPAKTUYECKN HA BCEW TEPPU-
Topun Poccumn. M3mMeHeHus, mpoucxopsiue B
Havajie XXI B., HE CTOJIb KPyMHOMACIITAOHbI U
onHo3HauHbl. Ha psine craHuuii 3HayeHus cta-
OUIIM3MPOBAJIMCH HA ONPEAEIIEHHOM yPOBHE, XO-
TS U HE IOCTUIVIM MaKCUMaJIbHbIX 3HAUEHUN, Ha-
omonaembix B 1960-x ropgax. B EBponerickoi
yactu Poccumn, B 0COGEHHOCTH B LIEHTPAIBbHBIX
1 IOKHBIX paloHaX, COXPAHSIETCS MOJIOXKUTEIb-
Hasl TEHJIEHUMsI, KOTopas HaOIofaeTcss U Ha
TeppuTopun 3apyoeskHoil EBponbl. B HekoTo-
pbix pernoHax AYP B0o306HOBUIIACh TEHACHLMS
K CHMJKEHUIO NIPSIMOM M CyMMAapHOW pajialyu.
HauGonee sipko aTo mnposiBisiercss B CpenHen
Cubupwm.
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I''TABA 1.6. ATMOC®EPHA A INPKYJIALINA

A. B. Memepckas

O. H. bynbiruna, M. I1. Tonon, B. B. MBaHos,
T. b. "Banosa, H. K. Kononosa, A. 1. Heym-
kuH, A. T. Canuna

1.6.1. Beenenmne

OO61ast LMpKyIsuust aTMocepbl — 3TO CUCTEMA
MaKpOMAacCLITAOHbIX BO3[YLUHbIX TEYEHWIl HAJ| 3€M-
HbM 1apom (onpepenenre C. I1. Xpomoga). Io co-
ITIACOBAHMIO C MCIIOJHUTENISIMU B 3TY IVIaBy BKIIIOYE-
HbI pasfiesibl, PACCMOTPEHHBIE B aHAJIOTUYHOM pasJie-
jge neporo OLEHOYHOrO MIOKJIAJa MO W3MEHEHUIO
KnmMMmaTa Ha teppuropun Poccuiickonn ®epepauym u
ero nocnenctusiv (OJ1_P®-1, 2008, rasa 3, pasnen
3.5). D10 — U3MeHeHre BO BpEMEH! MH/IEKCOB aTMO-
cpepHOl LUMPKYJISALUM, TUIMOB aTMOCKEPHBIX IMPO-
LIECCOB, LMKJOHOB M AHTHULMKIIOHOB, B TOM YHCIIE
OJIOKMPYIOIIMX AHTULMKIIOHOB, MPU3EMHOIO JlaBJjie-
HMSI U1 CKOPOCTHU BETpa.

[TockonbKy LMPKYISUMst aTMOC(EPbl HE UMEET
a]MAHMCTPATUBHBIX [PaHUL], PACCMOTPEHHbIE XapaK-
TEPUCTUKU OTHOCSITCSI K TEPPUTOPUU CEBEPHOTO MO-
JIyLIapusi ¥ €ro yCJIOBHBIX CEKTOPOB, IPUYEM OCHOB-
HOE BHMMAaHME YJIEJIEHO aTMOC(EPHBIM IpoLEeccam
HaJl ATJIaHTUKO-EBpONENCKUM CEKTOpOM, BIIMSHUE
KOTOpOro Ha MeTeopoJiornyeckue ycnoBusi EBpo-
nefickoit yactu Poccuu (EYP) u 3anaanoit Cubupu
(mo Enmcest) o6menssectHo. OIHAKO TJIABHOM 3a/1a-
yeit Broporo Ouenounoro jokiaga Pocruppomera
(O1_P®-2) ocraercsi aHAIIM3 U3MEHEHUI LUPKYJIsi-
LIMOHHBIX yCJI0BUI Ha Tepputopun PP.

B OJI_P®-2 mnpepicraBieHbl XapaKTepPUCTHKU
[IBYX LIMPKYJISIUUOHHBIX UHAEKCOB: CeBepo- ATIaHTH-
yeckoro (CAK) u Cesepo-Tuxookeanckoro (TK).
HaHo onucaHue ONOKMPYIOLMX aHTUUMKIIOHOB. [To-
Ka3aHO, YTO BO BTOPO¥ MOJIOBUHE XX BeKa IOHU3U-
JIOCh TIPU3EMHOE [1aBJIEHUE, U MOYTU MOBCEMECTHO
YMEHbIINJIACh CKOPOCTh BETpa Ha Teppuropun Poc-
cun. PaccMOTpeH Bonpoc 0 TEHEHIMSIX B U3MEHEHUN
UMKJIOHUYHOCTH, B YaCTHOCTHU C UCTIOJIb30BAaHUEM Ka-
tanoros JI. A. Butenbca. Y3 1Byx u3BecTHbIx B Poc-
cun cunonTudeckux Tunmsauii (IT 5. Banrenreiima
u B. JI. [I3ep/3eeBCcKOro) OTHOCUTEIBHO MOPOOHO
paccMoTpeHa TOJIBKO TiepBast (10 TOfIOBbIM JIAHHBIM).

B OJ1_P®-2 stu Bompockl pacuMpeHbl C Mpu-
BJIEYEHUEM PE3YyJIbTATOB, OMYyOJMKOBAaHHbIX B pOC-
CUICKHUX 1 3apyOesKHbIX M3[JaHUSX 32 MOCIEIHUE TO-
nbl. [TockonbKy psig mpoOsieM HOCUT 0O30PHBIN Xapa-
KTep, Hesb3sl ObUIO MUTHOPUPOBATh U OOlee paHHUE
pe3ynbraThl (Kak MpaBUJIO, OHU OTHOCATCSI K XX Be-
Ky). BBefien HOBbI pasfen “LIeHTphbI ieiCTBUSI aT-
Mocepbl”, pacCMOTPEHbl MHAEKChl APKTHUYECKOIo
(AK) u Bocrouno-EBponeiickoro kone6anusi (BAK)
n nHaeke YHIOK ¢ oneHkoi X BAUSIHUSI HA TEMIIe-
patypHblil pexkum P®. CyliiecTBEHHO JJOMOJIHEH pa3-
nen “baokupyrolime aHTUUMKIIOHBI, TPU PacCMOT-
PEHMU KOTOPOrO MUCHOJIb30BaHbl PE3YJbTAaThl HEMlaB-
HO ony6smkoBaHHON nof pepakuueit A. M. Heyuiku-
Ha u P. M. Busshania monorpacuu (MoHUTOPHHT
obmeit mupkyssiun, 2012). Pasgen mo aHammsy
CPEeJHUX U MAKCUMAJIbHBIX CKOPOCTEN BETpa Mo JaH-
HbM 32 1977-2011 rr. moAroToBIEH COTPYIHUKAMU
BHUNT'MU-MU/T Byasirunoi O. H., KopuryHooit
H. H. u Pa3yBaeBbiMm B. H. 3nauuTenbHo mnosnee
npepactabieHa tunusauusa b. JI. JI3epazeeBckoro
(M3epnzeenckuii u fip., 1946; zepnzeesckuii, 1968).

1.6.2. IlenTpsbI aeiicTBUs aTMOochepbl
W X JHHAMHMKA BO BpEMEHH

Lentpsl aeiictBust armocepnl (IIJTA) — oGmac-
TH BBICOKOT'O MJIM HU3KOT'O MPU3EMHOTO JJABJICHUS Ha
MHOTOJIETHUX CPEJHEMECSUHbIX KJIMMATUYECKUX
KapTax, KOTOpbIE SBISIOTCS CTATUCTUYECKUM pe-
3yJIBTaTOM MPeOoOIajaHusl B JaHHOM pailoHe Oapuye-
CKHMX CHCTEM OJJHOrO 3HaKa (LMKJIOHOB WJIM AHTHIU-
KJIOHOB) Hajl GapUUYEeCKUMU CUCTEMaMHU JIPYroro 3Ha-
ka (no C. I1. Xpomogy).

C nayaja XX BeKa U3BECTHO, YTO MECTOIOJIOXKE-
Hue U uHTeHCUBHOCTHL LIJTA, ux u3MeHeHue BO Bpe-
menn (Mokhov, Petukhov, 1999) Bo MHOrOM onpejie-
JISIFOT OCOOEHHOCTH LMPKYJISIMKA aTMOCEpbl B pa3-
JIMYHBIX pailoHaX 3€MHOro 11apa, YTO UMEET Hemo-
CPEJICTBEHHbIE MOTOfHbIE U KIMMATUYECKUE TOCef]-
ctBus. Ha moropHo-kimmMaTuyeckue ycnosusi Poc-
cuiickoil Pefepauuy HauOobILEe BIUSIHUE OKa3bIBa-
o1 yeThipe LIJIA: Ucnanackuii u AneyTcKuil MUHU-
MyMbI, A3opckuii 1 Cubupckuili Makcumymsl. Ilep-
Bble TpH LIJJA oTHOCATCSI K EPMAaHEHTHBIM KIIMMa-
TUYECKUM LEHTpaM JIEHCTBUSI; OHU OOHAPY>KUBAIOTCS
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Puc. 1.6.1. T0o0BOM LMK MHTEHCUBHOCTU LIEHTPOB AencTBusa atmocdepsl: 1 — B cpeagHem 3a 1891-1967rr.; 2 -8B
cpenHeM 3a 1968-2010 rr.; a) A3opckuini makcumym; 6) Ncnanacknini MUHUMYM; B) TOHONMYNbCKUA MaKCUMYM;

r) Aneytckuii MUHUMYM; ) CUBMPCKMIA MaKCUMYM.

BO BCE MeCsILIbl TOf]a, HO PA3IMYatOTCsl O UHTEHCUB-
Hocty: Mcnanpackniti 1 AneyTcKuil MUHUMYMBI JTyd-
1Ie pa3BUTHI 3UMOM, KOI/ja JABJIEHUE B LIEHTPE OCO-
OeHHO Hu3Koe, a A30opckuil U [OHOMYIBbCKMIT Makcu-
MYMBbI — JIETOM, KOIJIa IPU3EMHOE 1aBJICHUE B LIEHTPE
HaunGosnbinee (puc. 1.6.1).

Cubupcknil MaKCMMyM OTHOCHUTCSI K CE30HHOMY
kiauMatudeckomy LIJTA: oH Xxopoluo pa3BuUT 3UMOM, a
B JIETHUE MECSLbI CMEHSIETCSI A3UATCKOM IEPECCUEH.
[ToppoOHoe onucanue nepeyncaeHHbix LIJIA MoKHO

HaliTH BO MHOTMX my6mukauusix (MoHUTOpUHT 06-
mieir mupkyssin, 2012; MaptemoBa, 1990; Ac-
tabesa, 2011 u ap.).

IIJIA xapakTepu3yroTcsl TpEMsSI OCHOBHBIMU Na-
pameTpamu: JaBJieHHeM B UEHTpe (MHTEHCHBHOCTH
LITA) u reorpapuaeckuMm KOOpHATAMU (IIHPO-
TOM ¢ 1 oaroroii A). Ha puc. 1.6.2 npusesensI mpo-
miennbie 1o 2011 © psigpl cpeHero 3a 3umy (je-
KaOpb—(heBpasib) MaBlicHus B UeHTpe VIcaaHackoro
MUHUMYMa, A30pCKOro MakcUMyma U AJIeyTCKOro

o
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Puc. 1.6.2. BpeMeHHble psaapbl 1 NMHEeMHbIe TPeHObl NPU3EMHOI0 AaBieHUs 3MMon (aekabpb—deBpasnb) B LEHTpax
Mcnanackoro (a) n Aneytckoro (6) MMHUMYMOB 1 A30pCKOro makcmmyma (B). TpeHabl NnpuBeneHbl 3a BECb NepMo,

1891-2011 rr. n 3a nepuof MHTEeHcnBHOro notennenus 1975-2011 r. (CmupHos 1 ap., 1998).
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Tabauya 1.6.1. Koaghgpuyuenmor koppeasayuu mencoy xapakmepucmurxamu Mcaanocko20 Munumyma u A3opckozo

makcumyma: P — oasaenue, @ — wupoma, A — doazoma

Ce3on Ilepnon onennBanus Xapakrepuctuku IIJJA NcTounuk
P A
3nma 1973-1995 -0.48 0.64 0.27 (CmupHOB 1 ap., 1998)
Ton -0.49 0.38 0.34 JlaHHbIe HAGIIOAEHUI
3uma 1891-2010 -0.38 0.60 0.17 (MonwuropuHr o6tueit uupkyssinun, 2012)
Ton -0.31 0.39 0.11 JlanHbIe HAOJTFOEHMIT
3Buma 1982-2003 -0.68 - (Mupsuc u nip., 2009)
Top -0.49 - JlanHble peaHanusa

muaumyma (CmuproB u fip., 1998; Cmupros, Bo-
pooweB, 2002). TpeHabl psjioB, pacCUMTaHHbIE 3a
Bech neprof] ¢ 1891 1. u 3a mepmost KHTEHCUBHOTO TI0-
rermnenns B 1975-2011 rr., craTucTUYECKNA HE3HAYN-
MblI (Ha 5% ypoOBHE), 32 UCKIIFOUCHUEM YMEHbBIICHUS
laBJieHus B lieHTpe AneyTckoro muanmyma ¢ 1891 .
u B Cubupckom makcumyme mocsie 1975 & (Jlarpiire-
Ba u ap., 2010a).

Xapakrepuctuku LIJIA B3aumMHO KOppenrpoBa-
Hbl. M3 Tabmn. 1.6.1 crnegyet, 4To M3MEHEHUs JlaBJie-
Husi B Mcnanpckom m AzopckoM LIJIA HaxopsTcs B
npoTrBo(ase Kak 3MMOIL, TaK M B IEJIOM 3a Toj1 (3a
1973-1995 rr. koppensiuyst mexkny Humu - = —0.48;
—0.49). D1OT BBIBOJ KAYECTBEHHO MOJTBEPKIACTCSI
OLICHKaMM TIO JIaHHBbIM peananmm3a 3a 1982-2003 rr.
(r = —0.68 3a 3uMHIEe MecsIlIbI).

N3meHeHune reorpauyueckoro nojioXKeHusl UeHT-
poB Ucnanuckoro munumyma u A30pCKOro Makcu-
MyMa NPOKMCXO/IUT B OJJHOM HaNpaBJIeHUU, P MOJIO-
SKUTEJIbHBIX KO((UIMEHTAX KOPPENSLMA MEXTy
OJTHOMMEHHBIMU KOOPJIMHATAMU: OLICHKHU 7 32 3UMHUN
nepuoy| KoJsieOmoTest y pasibix aBTopoB ot (.64 1o
0.38 st mmpot m ot 0.27 o 0.17 poist posrot. IMomo-
SKUTETbHAsT KOPPEeJISIUs MKy KOOP/IMHATAMU JIBYX
LJIA coxpaHsieTcst B CpeJJHeM 3a TOfl.

B 50-x rogax XX Beka B Poccuy BBITOIHEHO
OOJIBIIIOE YMCIIO UCCTIEIOBAHMI, TOCBsIeHHbIX LIJTA
1 UX CBSI35IM C CHHONTHYECKUMM NIPOIIeCCaMU Ha Tep-
putopun ObiBliero CCCP. PaccmaTpuBanuch TeH-
JICHIIMU B U3MEHEHUU UHTEHCUBHOCTH U reorpacuye-
ckoro nojoxenus ueHTpoB LA u oueHku nocnepn-
CTBUI 3TUX U3MEHEHUN. B 3TOi CBS3U ceyeT otMe-
TUTh THOHEpCKUe ucciefoBanusi (MyIbTaHOBCKMUIA,
1915; Walker, 1915) B nauane XX Beka. b. I1. Myiib-
TAHOBCKUI1 BBEJI TMOHSTHE “‘LIEHTPOB JCMCTBUSI aTMO-
cpepur” (Asopckuit 1 HopBeKCKHiT MaKCHMYMBbI,

128>

Wcnanackuit MUHUMYM U fip.), a G. Walker nepsblit
oOHapyzkun CeBepo-ATinantuueckoe, CeBepo-Tuxo-
okeaHckoe U lOxxHoe KoneOaHus1, NONOXKNB UX B OC-
HOBY M3BECTHOI'O MPOTHOCTUYECKOr0 METOAA ““MUPO-
BOY MOroab!”.

B Hacrosiiiee BpemMsi BHUMaHKMEe Kak OT€YeCTBEH-
HbIX, TaK U 3apyOE>KHbIX CMEUUAIMCTOB MPUBIEK K
cebe Cubupckuii makcumyM. F. Panagiotopoulos et
al. (2005) paccmoTpesnu psifibl CTaHIAPTH30BAHHOTO
naBieHus BOM3u ueHTpa CuOupckoro Makcumyma
3UMOI1 110 AT rcToyHnkam 3a 1920-2001 rr., BKITrO-
vast psip (Trenberth, Paolino, 1980), n nokasamm nux
xopotuee cornacosanue. [Ipencrasnenssie B padore
(Panagiotopoulos et al., 2005) mMarepuanbl, a TakXKe
puc. 1.6.3 (o aHHBIM C KapT), MOKa3bIBAOT, YTO B
Tedenue ymTenapHoro nepuopa (1891-1965 rr.) nas-
neHue B ueHTpe CuOupcKoro Makcumyma Koseba-
JIOCh OKOJIO cpefiHero 3HavyeHus. OfHako ¢ Havana
70-x ropoB mpu3eMHOe AaBieHne B HeHTpe Cubup-
ckoro LJIA Havano “gpamMaTUyecku yMeHbIIAThCS™
co ckopocthto = 3 rlla/10 netr. OgHOBpEeMEHHO CO
CTAaTUCTUYECKM 3HAUUMbIM ocnabnenneM Cubnpcko-
ro LIJTA (ymenbiieHue jjaBienus B nentpe Ha 10 rlla
3a 1975-2011 rr.) mpowsortiwio ero cMemieHne Ha 8° K
BOCTOKY, HO 3TO U3MEHEHHE CTAaTUCTUYECKU HE3Ha-
yumo. B 2009-2013 rr. HanpaBiieHue IBUXKEHVsI LICH-
Tpa CHOMPCKOro MaKCMMyMa BHOBb CMEHUIIOCH C BO-
CTOYHOI'O Ha 3amajHoe.

[long B3aMMHON KOppesiiuu XapakKTEPUCTUK
Cubupckoro HUJIA ¢ pa3snnyHbIMM METEOPOJIOrHYe-
CKMMM BEJIMYMHAMM TOKa3bIBatOT, yTo CuOupckuit
MaKCUMYyM BJIMSIET Ha aTMOC(EPHYIO UUPKYJISILUIO U
TeMIepaTypy BO3/lyXa JJaleKo 3a MpejieiaMu apeana
HJIA: or ApkTuku 1o TponukoB Tuxoro okeaHa. Aji-
BEKLMIO TEIuoro Bo3ayxa u3 BoctouHoit EBpomnbl
CJelyeT paccMaTpuBaTh KakK IJIABHbIA MEXaHU3M,

o
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Puc. 1.6.3. BpemMeHHble psaapl xapaktepucTuk CMobmnpckoro LeHTpa aencTeusa atmocdepsl B Aekadbpe-deBpane:

a) naBnexHue; 0) wmpoTa; B) goarota 3a 1891-2013 rr.



OD-2-1-3n

12/15/14 12:56 PM Page 130

1. HABJOLAEMBIE USMERERUR KIIUMATA

—p—

AP
35 -

Mecsaupl

Puc. 1.6.4. TonoBon xo4 pas3HOCTW AaeneHus B LeHTpax LUOA: 1- A3opckunin Mmakcumym — MIcnaHackuii MUHUMYM;

2 — TOHONYNBbCKUI MAaKCUMYM — ANeyTCKUIA MUHUMYM.

BbI3bIBaKOIIMI noTeruienne B Kapckom Mope u Mope
JlanTeBbIX B CBS3M C M3MEHEHMEM WHTEHCUBHOCTHU
Cubupckoro aHTULMKIIOHA.

1.6.3. npekchl aTMOC(hepHON IMPKYISAIMI
M UX CBSI3b C NI3MEHEHUSIMY TeMIIEPaTyPHBIX
yciioBuii Ha Tepputopun Poccumn

Hu3KOYaCTOTHYIO M3MEHUYMBOCTDL UMPKYJISIAH
atMocepbl 0ObIYHO XapPAKTEPU3YIOT LUPKYJISIHOH-
HbiMU uHfeKcamu. [Insi Atnantuko-EBponeiickoro
perroHa HauOONbILINI MHTEPEC MPEICTABISIOT Clie-
YIOLLEe MHJIEKChI, OMMCHIBAIOLIME KolieOaTeabHbIe
CHCTEMbI B aTMOC(epe CEBEPHOrO U FOXKHOIO MOIy-
LIapuii:

(1) ceBepoarnantuyeckoe kone6anue (CAK nmm

NAO);

(2) BocTouHo-aTmanTHYeckoe KonebaHue (BAK

i EA);

(3) apkruueckoe konebanue (AK wmm AO);

(4) kome6anue monsipHast oonacte—Espasust (Pol);

(5) 1OxxHoe kone6anue (FOK nmm SOI);

(6) Tuxookeanckoe konedanue (TO umu NPI).

130)

Cesepoamaanmuueckoe koaebanue (CAK). Vn-
nekc CAK paccunMTbIBaeTCsl B HECKOJIBKMX BapUaH-
Tax. OIH U3 HUX — HOPMUPOBAHHAS PA3HOCTb JlaBIIe-
HUsE MeXly A3opckuM makcumyMoMm u Mcnanpckum
murIMyMoM (CvuprOB 1 71p., 1998; TonoHckuii, Ba-
mwapuH, 2002; Moxos, 2006). YeTko BbipaxkeH Mpeji-
cTaBJIeHHbI Ha puc. 1.6.4 TOIOBON IWKJ pa3HOCTE
nasaenusi B 9tux aByX LJIA (MoHUTOpHHT OOLIeit
mpkyJsioun, 2012), qocTurarommx MakCUMyma 3i-
moit (o 27 rlla) u muaumyma sierom (o 14 rlla).
DTa 0COOEHHOCTh rOfIOBOIO LIMKJIA PA3HOCTEH /1aBJie-
HUs onpepensieT uHpopmaTuBHocTh CAK: kak npa-
BUJIO, UCTIONIL3YIOTCS] UMEHHO 3UMHUE LUPKYJISILMOH-
HblE€ MHJEKChI, KOTOpbIE OKa3bIBAOT HauOOJIbILIEE
BJIMSIHUE HA METEOPOJIOTMYECKUI PEXUM TEPPUTO-
pun EBpasum.

B kauectse ungekca CAK ncnonb3yrorcst Takke
pas3JIoXKeHust MOJsl BLICOTHI M300apUYECcKOl MOBEpX-
Hoctu 500 rlla B cpepHeit Tpornocdepe CeBepHOTro
noJlyuiapusi Ha OCHOBE aHallu3a ‘‘BpalllalolrXcst
riaBHbIX KomnoHeHT” (Moxos, 2006). JTaHHbI Ba-
puanT CAK — 6onee KpynHOMaclUTaOHbIA: HA Nep-
ByIO €.0.(p. mpuxogurcst 69 % nucnepcuu nmossi aHo-

o
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Puc. 1.6.5.
(HecTtepos, 2009).

MaJuil laBieHus. BpeMeHHbIe psifibl pa3HbIX BapUaH-
TOB MHJIEKCOB T€CHO KOPPEJMPYIOT JAPYT C JAPYTrOM.
ITpu nonoxwurensHoi ¢aze CAK npoucxogur ycu-
JIEeHWEe 30HAJILHOTO MEepeHoca, CMELIEHUE B CEBEpO-
BOCTOYHOM HAlpaBJIeHUM TPAEKTOPUI LMKIOHOB U
ocnabsnenue ux aktuBHocTy Hajx Esponoit. IIpu or-
puuatenbHont ¢aze CAK nHaOmopmaercss oOpaTHas
tenpeHuyst (Hectepos, 1998; Tlononckwuit, Batmapu,
2002; Bapmun, Tomonckuii, 2005; Hurrell, 1995).
Nupexcel CAK u TIHO nogpoOHO pacCMOTpEHbI B
(O1_Pd-1, 2008).

Bocmounoamaanmuuecxoe xoaebanue (BAK)
UMEET CYILECTBEHHOE 3HaueHue /sl KimmaTta EBpo-
nbl, B TOM 4YHMCJe JJisl eBporneiickoil yactu Poccun
(TTonounckuit, Bamapun, 2002; Bapaun, [TonoHckwid,
2005; Hecrepog, 1998; 2003; 2009a; 20096; Bazuo-
Ba, 2012; Gulev et al., 2001; 2002; Hurrel, 1995;
2003; Rogers, 1997; Franzke, Feldstain, 2005 u sip.).

Nupekc BAK omnpepensieTcst mecToi MOfioi pas-
aoxenus: no e.o.p. nomeit H1000 (Barnston,
Livezey, 1987). D10 kone6aHne OTIMIaeTCsi OT CeBe-
PO-aTIAaHTUUYECKOTO OOJIBLIIMM YKCIIOM LUKIIOHOB U
uX OOJIbIIIel T MHTEHCUBHOCTBIO KAaK B TIOJISIPHBIX M-

CpenHemecsayHble 3HadeHnsa nHaekcoB CAK (1) n BAK (2) n rogoBoe CKOnb3sillee CraaxmBaHue

poTax Mpu TMOJNIOKUTENbHON ha3e, Tak U B yMEpEeH-
HBIX HIMPOTaxX TPH OTPULIATENLHON (ha3e pa3BUTHS
BAK (Basunosa, 2012). [pu nosoxkurenbHoi hase
BAK ¢opmupyetcst o6mactb oTpuLiaTeIbHON aHOMa-
JIMM TIPU3EMHOTrO JlaBlieHus1, oxBaTbiBarowasi CeBep-
HyI0 ATnaHTuky K cesepy ot 30° c.u1. ITpu ofHOBpe-
MeHHO noJjoxuTeabHbiXx dazax CAK u BAK 3umoii
XapakTepHa TOJIOKUTENbHAsT aHOMAJUsl TeMIepary-
pb! B EBponie ¢ HanbosnbmmMu 3HayeHnssMA Ha EBpo-
nefickoit yactu Poccun (Gomee 3°C). Ipu orpua-
teabHbIX (pazax CAK u BAK naGmopaercs obpat-
Hasl TEHJCHUMS: YCUJIEHUE MEPUMOHAIBHON LUPKY-
JSUUKW, YTO TPUBOAUT K (DOPMUPOBAHMIO OTpUIIA-
TeJIbHbIX AHOMAJNMI1 TeMnepaTypbl Bo3yxa B EBpone
C MaKCUMAaJIbHbIMU MO aOCOJIIOTHO BEIMYMHE 3Haue-
ausimi (o —5°C) B uenrpe EYP.

Ha puc. 1.6.5 npejictaBieHbl BpeMeHHbIE PSijIbI Cpe-
nHeMecsauHbIX 3HaueHwin nHuekcoB CAK n BAK. Dt
psifibl cymecTBeHHo pazimyarorcst B 1996-2007 rr., ko-
rfa npeo6aasiana nonoxkurenabHas gaza BAK, no cpas-
HEHUIO C MPEIbIYLLIMM JECSITUIETHEM. DTO OTPa3UIOCh
Ha TemmnepaTtype Bo3nyxa B Eppomne: B 1996-2007 rr.
MPOU30LIIIO €€ TOBBIINICHNE 1O CPAaBHEHUIO C

(:131
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1984-1995 rr., B ocHOBHOM B 06acTi CKaHMHABAN
n Konbsckoro nonyocrposa (Hecrepos, 20096).
Apxkmuueckoe koaebanue (AK uau AO). B noc-
JIefIHAE TOfbI MHTepeC K APKTHYECKOMY KOJIEOAHHIO
(puc. 1.6.6) 3amerno ycummics (Moxos, CMUPHOB,
2006; Kpsrkos, 2004; 2012; Barnston, Livezey, 1987;
Kryjov, 2002). Munekc AK — nepBasi MOfa B pa3iosxke-
HUM TI0 SMIIMPUYECKUM OPTOTOHANBHBIM (DYHKIMSIM
CpeaHMX MecsTaHbIX aHoManmit H, ceBepree 20° c.u.
(Thompson, Wallace, 2000). Nugekc AK xapakTepu-
3yeT rPaMEHT JIABJICHUSI MEXK/y CPEIHUMU IIUPOTAMU
W TIOJSIPHOM 00JIacThIO, OMpeJesisisi MHTEHCUBHOCTh
30HATBLHON IUPKYJISIK B Tporocepe v UUPKYJISIu-
OHHOTO BUXps1 B cTpaTocepe. KoaddpuuueHt koppe-
asiupm mexkay unaekcamu AK n CAK npesbitnaer 0.9.
Psiyt maekcoB AK 3a 1950-2012 rr. (puc. 1.6.7)
cBupieTebeTBYeT, uTo ¢ 1950 mo 1988 1. 3HaueHust

—p—

uHaekca AK ObLM NMpeuMyIecCTBEHHO OTPULIATEb-
HbIMH, B 1989 1. mpon3olio pe3koe ux yBeanmueHue
(mo 2.7), a 3aTem MIaBHOE CHIKEHHE ¢ AGCOIOTHBIM
murnmymom B 2010 & (-3.4).

AHanm3 NpUIMH Pe3KNX KIMMATUYECKUX U3MEHe-
mmit Ha ceBepe ETP B XX Beke (Kpoikos, 2012) no-
Ka3aJl, YTO MOTEIUIEHUE NepBOM MOJIOBMHbI XX Beka
00YCJIOBJIEHO PE3KMM TMOBBIIIEHAEM TEMITEPATyphl BO-
nel B CeBepHoit ATiaHTuke, a ¢ KoHna 80-x rojgoB —
pe3kum nepexofom 3uMHero AK ot orpunarensHoin
(hasbl K ONOKUTETTHHOM.

[Mone3Ho cpaBHUTH WH(OPMATHBHOCTb 3UMHHX
uupkyasigoHHbix uHAekcoB CAK, BAK u AK no
OTHOIICHWIO K CPEe/IHeil 32 3UMHHI CE30H TEMIIepaTy-
pe Bo3nyxa Ha Tepputopun Poccun B 1950-2012
N3 31X Tpex UMPKYJISIIMOHHBIX MHJCKCOB C aHOMa-
JIMSIMU TEMIIEPaTyphl BO3/IyXa 3UMOI1 TeCHee JIPYTHX
CBSI3aH WHJIEKC APKTHYECKOro KoseGaHusi (puc.

Thw

Puc. 1.6.6. Apktndeckas ocumnnsaumns (AO) — nepsas amnupuyeckast optoroHanbHasa GyHkuma (30D 1) cpegHux
MecsiuHbIXx aHomanuii H1000 (oTHocUTENbHO cpepHelrt MecsyHo HopMmbl 3a 1979-2000 rr.). O6bacHsemas
avcnepcus 19%. 3HadyeHns S0P 1 HopMUMpPOBaHbI (CyMMa paBHa eanHuLE) 1 ymHoxeHbl Ha 1000.

o



OD-2-1-3n

12/15/14 12:56 PM Page 133

—p—

1.6, ATMOCDEPHAR UNRPKYIALASA

2.5

2.0

1.5
1.0

0.5

0.0

0.5

-1.0

-1.5

=2:0

=245

-3.0

-3.5

1950 1955 1960 1965

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Puc. 1.6.7. MHOroneTHuin xog, cpegHero 3a 3uMHU ce30H nHaekca AK.

1.6.88). Ha Gosnbliieit yacTi paccMaTpuBaeMoOi Tep-
puTopun KO3(pPUUMEHTBI KOPPEJSILUU MTPENMYyLIe-
CTBEHHO TOJIOKUTEIbHbIE cO 3HaueHusiMu 1 = (.6 Ha
Cesepo-3anajie EBponeiickoii TeppuTopun ObIBLLETO
CCCP u B dxyrnu. Ha kpaiiHeM ceBepo-BOCTOKE
Poccun r = —0.3...-0.5. CunaxpoHHble K03 HIEeH-
Tbl Koppeasiuuu nxaekca CAK ¢ anomanusimu temne-
paTypbl HE3HAYUTEJIBHO clabee Mo oOleMy pacrpe-
nenennto KoagpduimenTo Koppensiuyn (puc. 1.6.86,
1), HO BBIIIIE TAKOBBIX JIJIsl MH/IEKCa BocTouHO-aTIaH-
Trdeckoro kosebanust (puc. 1.6.88).

IIpakTnyeckuit MHTEpEC MNPEACTABIAIOT ACUH-
XPOHHbIE 3aBUCUMOCTH, KOTOpPbIE MOI'YT ObITh HUC-
MOJIb30BaHbl Il oarocpounoro nporuosa (Kpbi-
k0B, 2003). B kadecTBe npuMepa MpuBeEeHbI KAPThI
KO3(p(PULMEHTOB KOPPENSLUA MEXY 3UMHUM MHJIe-
kcoMm AK 1 nocneyrompmMu nossiMi aHOMaJIui Cpefi-
Hell MeCSIYHOI TeMIepaTypbl BO3IyXxa B MioHe (puc.
1.6.9a) u aBrycre (puc. 1.6.96). MOXHO BUJIETh, YTO
NPU TOJIOKUTEJIbHBIX 3HAYEHUSX 3MMHEr0 MHJIEKCa
AK Oonee BeposITHbI MOJIOKUTENbHbIE AHOMAJIUU
TeMIepaTypbl BO3[lyXa B TOCJEAyIOLME Mecspbl
MOYTH Ha Bceil Tepputopun Poccun u conpefienbHbIX
ctpan (kpome ceBepo-3amnajia u cesepa Cpenneit Cu-
6upu, rjae KoapPUIMEHTbI KOPPENSLMU CTATUCTUYE-
cku He3Haummbl). Vckimouennem okaszaincs 2010 r,
KpaiiHe 3acyuumBblii JietoM Ha ETP, HecMoTpsi Ha

9KCTPEMAJILHO HU3KOE 3HAY€HUE 3MMHEro MHJeKca
AK. ACHHXPOHHBIE 3aBUCUMOCTH MEXJy WHIEKCOM
AK 3a sHBapb—(eBpasib U MOCIEAYIOUM HOSIOpb-
CKUM TOJIEM aHOMAJINii TeMIepaTypbl BO3AyXa MOTYT
UCIOJIb30BAThCS JI7Is1 TPOTHO3a MOJed TeMnepaTypbl
u nasnenust B Hosiope (Kpwokos, 2012).

Caenyet OTMETUTh, YTO MHEKCHI aTMOC(EPHONI
UUPKYJSIUMKM  (DAKTUYECKU JIABHO HCMOJb3YIOTCS B
LEJISIX JIOJTOCPOYHBIX METEOPOJIOTMYECKUX MPOTrHO-
30B, IOCKOJIbKY 3T UHJIEKChI ONPEJIENSIOTCS MOAMU
Pa3oKEeHUsl MPU3EMHBIX U BbICOTHBIX MOJIEi 10 3M-
nUpUYecKUM opToroHaibHbiM (yHkiusM (CAK,
BAK, AK, TIO). IlpencraBieHue NpeIMKTOPOB
(mpenuKTaHTOB) B BHje KOA(P(UIMEHTOB pa3iioxKe-
HUSI METEOPOJIOTMYECKUX MOJIe MO 3IMIMUPUYECKUM
OPTOTrOHANBHBIM (PYHKIMSIM (3.0.(p.) B MPAKTUKY
JI0JITOCPOYHOTO TIPOrHO3UPOBAHMSI BIIEPBbIE BBEIEHO
M. U. IOpusabM (1968).

B pa6ore (Mupsuc u np., 2009) wuccienoBana
BocnpousBogumMocTh CAK ruppopunamuyeckummn
MoyiessiMu. Pacemotpensl csizu mexay CAK u Tem-
nepaTypoy Bo3ayxa Ha Teppuropun Poccuun. Cnenan
BbIBOJI O BO3MOKHOCTHU MCIOJIb30BAaHUS MPOTHO30B
CAK puist yny4llleHUs] MECSTYHBIX NPOTHO30B TeMIIe-
paTypbl BO3ayXa.

Koaebanue noaapnas obaacmv — Eepasus
(Pol). Nupekc CAK (NAO) nmeet MHOTO OGIIETO C

o
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unpekcom POL, o6a xapakTepu3ytoT UHTEHCUBHOCTD
3anajgHoro nepeHoca. OHU B paBHOW CTENEeHU Koppe-
mupytot (r = 0.6-0.7) ¢ wHEEKCOM APKTHYECKOrO
kone6anusi. Mupekesl POL u NAO moryT paccmar-
pUBaThCSl KaK KOMIIOHEHTBI MHJIEKCa APKTUYECKOTO
Kose6anusi, mpuueM POL onuchbiBaeT MUHTEHCUBHOCTD
30HAJILHOIO TEpPEHOcCa B €BPA3UIICKOM CEKTOpe, a
CAK — MHTEHCHBHOCTB NEpeHOCca B aTJIAHTUKO-EBPO-
NENCKOM CEKTOpE.

B pa6ore (Ba6kuu u nip., 2004) ycraHoBieHO
BJIMSIHUE ApPKTUYECKOro KoseOaHusl Ha HarpaBlieHHe
ABVKEHUSI aTJIAHTUYECKUX LMKIIOHOB, npu 3TtoM AK

—p—

SIBJISIETCSL OfTHUM W3 PEryJsiropoB (OPMUPOBAHUS
CTOKA KpyNMHeWmmx cuoupckux pek. [Ipu ycunenuu
UpKyJsiqu atMocepbl Ha CeBepHoOit ATIaHTH-
KOU BCerja MHTeHCU(UIMPYETCS UIMPKYJISIUS aTMO-
ccepbl Hal APDKTUYECKUM PErMOHOM, YTO MPUBOJIUAT
K YBECJIMYCHUIO MOCTYIJICHWS BJIar Ha CEBEP Asnar-
CKOro KoHTuHeHTa. [Ipu uaTeHcudukamyu ApKTide-
CKOI'0 aHTULMKJIOHA OOJIbILIE BJIard NOCTYMAET B O6ac-
ceitn O6u, a npu ocnabienun — B 6acceiiH Exucest u
Jlenbl. Koppensuust Mexxay XxapakTepucTUKaMu apK-
TUYECKON OCUMIUIAUMU U CTOKOM CHOMPCKHUX pek,
OJJHAKO, HEeBEJIMKA. 3HAUMMbIE CBSI3U BBISIBIICHBI Me-

Puc. 1.6.8. leorpadunyeckoe pacnpeneneHne CUHXPOHHbIX KOIDPULMEHTOB KOPPENSaLUNU MexXay SHBAPCKUMU
LuMpKynsaumoHHeiMun nHagekcamm AK (a), CAK (6) n BAK (B) n aHoManmamMmm TeMnepaTtypbl BO34yxa B SHBape, a Takxe
Mexnay cpegHumu 3a 3umy uHgekcamm AK (r), CAK (g) n BAK (e) n aHomanuamun Temnepartypbl Bo3gyxa Ha
TeppuTopum Poccun n conpegenbHbix cTpaH (1950-2011 rr.).

o
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Puc. 1.6.9. leorpaduyeckoe pacnpefeneHme acUHXPOHHbIX KOIPPUUUEHTOB KOPPENAUMU MeXAy 3UMHUM
LUMPKYISALUMOHHBIM MHAekcoM AK 1 nonsmu aHomanuii TemnepaTypbl BO3ayxa B UtoHe (a) n aBrycTte (6) . (1951-2010rr.).

N
o
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Puc. 1.6.10. PacnpegeneHne aHomanuii temnepaTypbl Bo3ayxa (a, B) M ocagkoB (6, r), oCpedHeHHbIX 3a
AHBapPb—MapT, B rofbl OCYLLECTBNEHU Anb-HuHbO (a, 6) u Jla-HuHba (B, 1). (Fpy3a n ap., 1999).

KAy ctokoM O6M ¥ IMPOTON LEHTpa apKTUYECKOTO
AQHTUIUKJIOHA, a TaK>Ke MeXJy CTOKOM JIeHbl u ero
posroton 3a nepuof 1946-1995 rr. [Tokazana Takxke
3aBUCUMOCTb Mexj1y uHekcom NAO u cpefgHerono-
BbIMU pacxofamu Bofbl (Q) p. Enmceit.

Iab-Hunvo — Kxcnoe koaebanue (OHIOK). S1B-
nennto Dnb-Hunbo (Jla-HuHbst) 1 OLeHKe ero Biusi-
HUSI Ha METEOpPOJIOTMYECKUe MPOLECChl MOCBSIIECHbI
cothu pa6or (Moxos u sip., 2000; Fraederich, 1994;
Mokhov, Smirnov, 2006). IIpexe Bcero, oHu Kaca-
IOTCSI CBSI3€H 3TOTO SIBJICHUSI C METEOPOJIOTMUECKUMU
YCIIOBUSIMU B TpPOMUKAX, i€ 3TU 3aBUCUMOCTH He
TOJILKO YETKO BbIPaKeHbI, HO U UIMEIOT MPAKTUUECKOe
3Ha4YeHue, 0OCOOEHHO /IS 3anafHbIX noodepexkuii FOx-
HOW AMepHKH (CeTbCKOe XO3SCTBO, PHIOOJIOBCTBO).
Bo mHOrmx paborax paccMaTpuBarOTCsl CBSI3U MHJIEK-
coB D5b-Hunbo — FOkHOe KonebaHue ¢ MeTeoposIoru-
YeCKMMU yCJIOBUSIMU CE€BEpHOro momyiiapus. OpHako
YUCJIO CTaTell, B KOTOPbIX OLEHUBAETCS CBSA3b SIBIIE-
HUIA D7b-HUHBO ¢ METeOpOTOrnieckuM pexkMMOM Ha
TeppuTopun Poccun u conpeeibHbIX CTpaH, HeBeJH-
ko, Hanpumep, (Crepun u fip., 2000). 13 Hux HanGo-
nee u3BecTHa padora (Ipysa u fip., 1999). Metogamu
KOPPEJISILIMOHHOTO ¥ KOMIIO3UTHOTO aHAJIM30B MOKa3a-
HO, 4TOo “Hambonenmii oTKIMK DHIOK B monsax TeM-
nepaTypbl BO3[yXa M MECSYHBIX CyMM OCQJIKOB Ha
tepputropun P® ormeuaercs B ¢peBpane—mapTe BTO-

poro rofa” (Bciey 3a MMKOM pa3BuTus siBieHus ). [lpu
passutun DHIOK B BocTOuHbIX pernonax P® B 3um-
HE-BECEHHUI NepUof] (POPMUPYIOTCS OTPULIATENbHBIE
AQHOMAJIMM TEMIIEPATypbl BO3[lyXa y MMOBEPXHOCTH 3e-
min (puc. 1.6.10a, B), a npu pa3zsutum siBiennsi Jla-
HuHbps — monoxkuTenbHble aHOMAJIMKM TeMIEpaTypbl
Bo3ayxa (Ha mobGepekbe OXOTCKOro MOpsi — puC.
1.6.106, r). BTopoii pervioH MposIBJICHUS] OTKJIMKA —
Kazaxcran u Cpennsis Asus, rje, HA000pOT, SIBIEHUIO
Onb-HUHBO COMYTCTBYIOT TMOJIOXKHUTEIBHBIE AHOMA-
avu temnepartypsl, a Jla-Hunbs — oTpunaTenbHble.

B nose ocagkoB pernoHanbHble OTKIMKYU HA OCY-
wecTBieHue sipiernst Dib-Huubo (JTa-Hunbst) mpo-
SIBIISIFOTCS B MEHBLIEH CTENEHU, YEM B I10JIE TEMIIEPa-
Typbl. TeM He MeHee, MOXKHO BbIIEJIUTH JBE 001aCTH
aAHOMAJIMI OCaJIKOB, ONPEJIEJICHHO CBsI3aHHbIE ¢ (pa3a-
mu DHIOK (puc. 1.6.106, r): pernon Kazaxcrana u
Cpenueit Asun u EYP. B atux pernonax ¢ Dab-Hu-
HbO CBSI3aHbI TOJIOXKUTENIbHBIE aHOMAJIMU OCAJIKOB B
sHBape—mapre, a ¢ Jla-Hunbs — oTpuiarensHbie.

B yenom, curnan HIOK Ha TeppuTopun Poccun
OOHapy»eH, HO UMEET CJIa0yI0 UHTEHCUBHOCTb. Tem
HE MeHee, “eCTb yKa3aHue Ha CylleCTBOBaHUE U30U-
paTesbHOM MPECcKa3yeMOCTH U BO3MOXKHOCTH BEPO-
ATHOCTHOIO JIOJITOCPOYHOTO IPOTHO3a MOTrOfibl Ha
tepputopun Poccuu B rojibl Dib-Hunbo/Jla-Hunbs™
(Tpysa u nip., 1999).

o
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OueHKM NMOTeHUMATBLHON MPefcKa3yeMOoCTH Mo-
Jiefl TeMIepaTypbl, BbICOTbI U300apUYECKUX TTOBEPX-
HOCTEl U CyMM OCaJIKOB B pa3HbIX pernoHax Cesep-
HOro nonyuapus npu pasubix anuzopax IHIOK pac-
cmorpenbl B (KasHaueeBa, Tpocuukos, 2008). Hc-
N0JIb3Yysl PACYEThbl CPEJHUX KBAIpAaTMUECKUX OTKJIO-
HEHWI1 YNOMSIHYTbIX BEJIMYMH MO MOJyJIarpPaH>KeBON
mopean I'MLl v 1o JaHHbIM HAOMIOEHUI, ABTOPHI
NpULLTA K BbIBOAY, uTO curHasibl DHIOK umeror ot-
KJMK B CUCTEMaxX LMPKYJISLMU aTMOC(epbl BO BHE-
TPONUYECKUX LIMPOTaX, B ONPE/IEJICHHbIX PErnoHax
U 715 ONpENIENIEHHbIX METEOPOJIOrMYECKUX BEJTUYH.
3umoii ato — EBpona st Tgs, u ocankos, ETP Tomnb-
ko masi Tgsy, Bocrounas Cubups st Hsy, u Ty,
Hanbanit Boctok n CeBepHasi AMepuKa TOJNBKO ISt
ocayikoB. Jlerom — [Tanbuuit BocTok st Hs, Tgsp-

B pa6ore (Moxos, Cmupsos, 2006) ¢ noBepu-
TesibHON BeposiTHocThio (.95 crienan BbIBOJ O Ham-
ynu BoznierictBusi JHIOK na CAK Bo BTOpOI#i noso-
BuHe XX B. 1 B Hauane XXI B. DTo BO3elCTBIE Xa-
pakTepusyercst 2p(hEeKTOM 3amnasjbIBaHusl TPUMEPHO
Ha 2 rojia. BeIBOj UMeeT MpOrHOCTUYECKOe 3HAYCHHE.

Tuxookearnckoe xoaebanue (T/O). TuxookeaH-
CKOW IEKa[JHOM OCUMJUISALIMM B HAYYHOM JIMTEPAType
YJEJIEHO HECPABHEHHO MEHbIIIE BHUMAHMSI, YEM CEBE-
POATIAHTUYECKOMY KOJIe0aHNUIO, a Tak>Ke BOCTOYHO-
aTJAHTUYECKOMY, apKTUYECKOMY, FOoKHOMY U Jip. Pa-
oora (Bapmun, Bockpecenckast, 2007) B 3HaunMTEH-
HOW Mepe BOCIOJIHSIET 3TOT MPOOEII.

B kauecTBe Mepbl UIBMEHUMBOCTU TUXOOKEAHCKOMN
IEKAQIHON OCUMJUISIUMM YacTO WCHOJb3YIOT WHEKC
THO, npeacTaBisitoLMil COO0M CPEIHIO aHOMAJIHIO
TEeMITepaTypbl OBEPXHOCTH BosibI Mexkay 20° m 60°
c.ul. B Tuxom okeane. OHUM U3 Ba>KHBIX MTPOSIBIICHUI
THO sBasitoTcst aTMOC(EPHBIE LUKJIIOHBI, 3aPOK/IA0-
LIMecsl Hajl aKkBaTOpWel OKeaHa, MepeMellarouyecs
3aTeéM Ha KOHTUHEHTbl. OHM B 3HAUYUTEJILHOW Mepe
¢hopMHpPYIOT TaM MOTOfJHbIE AHOMAJIHH.

AHanu3 BpemeHHoro xopia uspaekca TJ1O noka-
3au1, YyTo npu nonoxureabHon ¢aze THO nmpowucxo-
[UT WHTEHCU(UKALMS LMKIOreHe3a M CMeLeHHe
TPaeKTOpUM LMKJIOHOB K ceBepy. [lonmoxxurenbHas
daza TI1O conpoBoxpaercsa ycunennem CAK u 30-
HAJLHOW LMPKYJISILMU B BLICOKUX KMpoTax. Otpuna-
tenbHON aze TJIO cooTBeTCcTBYeT ociabieHue
CAK u 30HanbHOM uupkysumu. Takum o6pa3om, u3-
MeHeHust CAK pecsituneTHero maciurada nojjiepKu-
BaeTCs KpynHoMmacwTaOHbiMM aHoMamusimu TO.
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DTOT BeCbMa BaXKHbIN pe3yabTaT 6€3yCI0BHO 3aCy-
>KUBAET [ATbHENILEro pa3BUTHSL.

M3MeHYMBOCTb KIIMMATUYECKUX XapaKTEPUCTUK
ATnanTuKO-EBpONEickoro peroHa AecsiTUIIETHEro
MaciuTaba popmupyeTcs B pe3yJisTaTe COBMECTHOTO
IEVICTBUS MTPOLECCOB B CUCTEME “‘OKeaH — aTMocde-
pa” Arnantuuyeckoro u Tuxoro okeanoB (BappuH,
Bockpecenckast, 2007).

1.6.4. TpeHabI C€30HHON U TOOBOM
NMOBTOPSIEMOCTH IIUKJIOHOB

LIMKJIOHBI ¥ aHTUUUKJIOHBI — MOIIHbIE Oapuye-
CK1e 00pa30BaHusl, OMpEeIsolIe KIUMAT U TIoro-
Ny Ha 3HAUMTESLHOW TEPPUTOPHUM 3€MHOIO IIIapa, B
TOM 4HCIIE B yMEpPeHHbIX mmporax Poccun. B noc-
JIe[JHUE IECATUIETHUSI UHTEPEC K LIMKIJIOHUYECKON Jie-
SITEJILHOCTHU ¥ €€ XapaKTEPUCTUKAM PE3KO YCUIIUIICS.
Ha 6a3e MojieIbHBIX PacueToB U peaHaIn3a OTeuecT-
BeHHbIMM crienpanmctamu (mpexpe Bcero PAH), a
TaKKe COBMECTHO C 3apyOe>KHbIMU yUEHbIMU BBIMOJI-
HeH OONbLION KOMIUIEKC paboT, Kacarouuxcsl pas3-
JINYHBIX ACMEKTOB IUKJOHUYECKON aKTUBHOCTHU. [1o-
Jy4YeH psifi CYLIECTBEHHBIX BBIBOJIOB, KPAaTKO Mepe-
YUCJIEHHBIX HILKE.

B pa6ore (Aknepos, Moxos, 2010) BbInonHeHO
CpaBHEHHE XapaKTEPUCTUK BHETPONMMUECKUX IUKJIIO-
HOB C HCMOJIb30BAaHNUEM PA3HbIX METOJIOB WX UJICHTU-
¢ukaumn u paszsbix peananu3oB (NCEP/NCAR,
ERA-40, ERA-INTERIM). BblisiBieHbl 3HAYNTEb-
HbIe KOJIMUECTBEHHBIE PA3/Iniusl XapaKTEPUCTUK 11~
KJIOHOB 10 perroHam CeBepHOro mosyiapusi (duciia
UKJIOHOB, Pa3MepOB, WHTEHCUBHOCTU W BpPEMEHU
sku3Hm ). OOLIMM /7151 BCEX METOJIOB SIBJISIETCS IPEBbI-
IIEHNWE 4YKCJia JICTHUX BHETPONMUYECKUX [UKJIOHOB
HaJl 3UMHUMH. BpeMsi K13HU LUKIJIOHOB OOBIYHO HE
6ostee Tpex nHen (Akmepos, Moxog, 2010). TTo mo-
nemu ECMWF cxembl aBTOMAaTH4eCKOro ornpefee-
HUSI BHETPONMYECKUX LIMKIJIOHOB BBICOKO YYBCTBU-
TEJILHBI K TOpPM30OHTabHOMY paspernennto (T, 95,
T, 159 u T,255). daxke Bepcusi MOAEIU BBICOKOTO
paspertenust (T;255) nepeoneHnBaeT 4ncio ciryyaen
LMKJIOHOB.

ITo panHbIM peaHarmm3a 3a 46 ner (Rudeva,
Gulev, 2006) cpenauii pauyc IUKIOHOB COCTABJISIET
200-300 kM Hag konTuHeHTamMu 1 6ojee 900 kM Haj
okeaHamu. OGHapy>KeHa CUJIbHAsl 3aBUCUMOCTb pa-
Myca IUKJIOHOB OT BPEMEHW >KW3HU IUKIIOHA U ero

(137

o
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MHTEHCUBHOCTH: 4YeM OOJibllie pa3Mep IMKIIOHA, TeM
OouIblIIe €ro MHTEHCUBHOCTD U BpeMsi XK13HU. Pajyc
[MKJIOHOB B TEUEHUE WX KU3HU YBEJIMUMBAETCS OT
50% mo 150%.

Cornacto (Sinclair, 1997), o faHHbIM peaHam-
32 LMKJIOHBI CEBEPHOro Mojyuiapus (popMHUPYOTCS
BO/IM3M BOCTOYHBIX nodepexkuit Asun u CeepHoit
Amepuku. B TedyeHne cBoei KU3HU OHM MepeMellia-
IOTCSI K CEBEPO-BOCTOKY, MPEKJie YeM 3arOTHUTHCS
OKOJIO AJISICKUHCKOro 3ajuBa M BOmM3M Mcmanauu.

—p—

[ToBTOPSIEMOCTH ATIAHTUYECKUX LMKJIOHOB JIEMOH-
CTPUPYET BBICOKYIO KOPPEJISILMIO C CEBEPOATIAHTU-
yeckum konebanneMm (CAK) u orpaskaer cipur CAK
B cepeauHe 70-X rofoB, CBSI3aHHBI CO 3HAYUTEIIb-
HbIM U3MEHEHMEM TPAEKTOPUI LIMKJIOHOB HA BOCTOKE
Tuxoro okeana u Ha nodepexxbe CeBepHOl AMEepUKHN
B Teuenue nocienuux naecstuiernii (Gulev et al.,
2001).

OpuruHabHBIN pe3ynsraT noiaydeH B (Tommipia
u 1p., 2006; Akperov et al., 2007). Ilo gaHHBIM 3a

N/(N}
1.10

1.00

(a)

LINKJI0HLI

1.06
1.04
1.02
1.00
0.98
0.96

R i
i { |
0.90 NCEP (N) = 5168, 2 =0.1) \
INM(XX) ((N) = 4560, 2= 0.1)
—-—"INM(A2) (N} = 4360, r* = 0.1)
() 85 | 1 1 1 | 1 |
1.08 (0)

AHTHIHKJIOHBI

0.94 - S,
RN
0.92 i Py N“Viﬂ
0.90 - NCEP (N) = 4279, = 0.2) |
L INM(XX) (N} = 4268, = 0.1) \/
088 17— INM(A2) (N) = 4070, 2 = 0.1) '
()‘85 | | | | | | | |
1960 1980 2000 2020 2040 2060 2080 2100
Iojkl

Puc. 1.6.11. MexronoBble N3MeHEHNS HOPMMPOBAHHOIO YMCna LMKAOHOB (@) U aHTUUMKIIOHOB (6) NO AaHHbIM
peananu3a NCEP/NCAR (NCEP) v no pacyetam ¢ mogensto MUBM gns wimpoTHoro nosica 20—-80° ¢.w.. HopMmupoBkmn
1 BENMYUHBI JOCTOBEPHOCTM annpokcumauunm (r2) ykasaHbl Ha Bpeakax (Aknepos, bapauvH, 2007).

o
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-3HA4YIIMBbI€ IIOJIOKIITCIBHBIC, -He3Ha4vYIlIMbIC
MOJIOKUTEIbHBIE TIHETHBIE TPEHABI
-3HAYNMBle OTPILATENbHElE,  -He3HAYHMBbIE
OTpULATeIbHbIE TPEHIBI YICIa THET
¢ IIKIIOHITYECKOIT HIIpKy.HHHIIEﬁ.
a- TOJOBBIC NI3MCHCHIIA, 0- II3MeHeHN 3a 3IMHIIT
nepuo(xexadpp-heBpans);
B- II3MEHEHI 3a TeTHHII mepuon (IIIOHI)-HBI'YCT);

Puc. 1.6.12. XapakTepucTuka JIMHENHbIX TPEHAOB B XO4€ 4ucna OHEN C UMKIOHMYECKOM UMpKynaumen (B
npoueHTax oT HopMbl 3a 1961-1990 ron) 3a 1950-2011 rr. no Bocbmu panoHam J1. A. Butenbca (Butensc, 1965).

1952-2000 rr. oleHMBaIKCh KYMYJISITUBHbBIE pacrpe-
IEJIEHUS] YUCIa UUKIJIOHOB U aHTULMKJIOHOB B 3aBUCH-
MOCTH OT MX HHTEHCUBHOCTH (Pa3HOCTh Ie€OMOTEHI-
aja B UEHTPE LMKJIOHA M Ha MOCJIEHEN 3aMKHYTON
n30IMHNK) | TUTomau. HanGomnbimii mHTepec mpef-
CTaBIISIFOT XBOCTBI rucTorpamm. Oka3anochk, 4To AJis
LUMKJIOHOB XBOCTbI TMCTOIPaMM CIajIal0T ObICTpee
3KCMOHEHThI, a JJI1 AHTUUUKJIOHOB — MEJJIEHHEE.
IlepBoe 0OGCTOSATENBCTBO MOXKHO CUMTATH OJIArONpH-
SITHBIM J17151 OOLLIECTBA, MOCKOJIbKY C OYEHb MHTEHCUB-
HbIMHA LIMKJIOHAMHM OOBIYHO CBSI3aHbl ONACHbBIE AHO-
MaJlbHbIe SIBJICHUS! (CHUJIbHBIC BETPbI, AHOMAJBLHO
0OJIbIIOE KOIMYECTBO OCAAKOB). BTopoe o6cTOS-
TENbCTBO HebsmaronpusaTHo. [loBblieHne BEposiTHO-
CTH aHTULMKIIOHOB O3HA4YaeT OOJIbIIYIO BEPOSITHOCTD
3aCyX JIETOM M CUJIbHBIX MOPO30B 3UMOIA.

OcoO0blii UHTEpEC Il MPAKTUKWA MPECTABIISIOT
OLIEHKHU ycuyieHusl (0cIabeHusi) HMKJIOHNYECKON Jie-
srenbHOCTH (Kypaxkos u p., 2007), uto HemocpepcT-
BEHHO OIpEJIeNIsIeT TUIl TIOTOfIbl U €r0 XapaKTepUCTU-

ki (06JIAYHOCTE, BETEP, KOJIMIECTBO 0CAKOB ). OleH-
KU TPEHJOB LMKIOHWYecKoW akTuBHOCTH (BapmuH,
1995) BBIMONHSINCH HEOAHOKPATHO Pa3HBIMU aBTO-
pamu. K coxanenuo, pe3yssraThl 4acTO He COIIacy-
IOTCSI M3-32 Pa3HbIX TEPPUTOPUIL, BPEMEHHBIX TIEPUO-
OB, METOJIOB WCHTU(UKALMN UUKIOHOB (TalI.
1.6.2). Vi3meHeHre BO BpeMEHU MOBTOPSIEMOCTHU LK~
KJIOHOB ¥ QaHTHULMKJIOHOB KOCBEHHBIM 00Pa30M CUTHa-
JM3UPYeT 00 M3MEHEHMH TEPMUUYECKOTO PEeXKUMa U
YBJIa3KHEHHOCTH PacCMaTpPUBAEMON TEPPUTOPHHU.
JI71s1 KOJMYECTBEHHO! OLEHKM TOBTOPSEMOCTH
UMKJIOHOB (LIMKJIOHUYHOCTU) MPUMEHSIIOTCSI TPU OC-
HOBHBIX MOAXofa. [lepBblil U3 HUX (IMIUPUIECKUIT)
akTMBHO Mcrnonb3oBaics Ao 80-x rogoB XX crome-
tus. [Ipu 3TOM aHANIUM3MPOBANIACh OJHOPOIHOCTD HC-
XOJHBIX PSJIOB C YCTPaHEHHWEM TIpyObIX OHIMOOK Ha-
OJIIOfIeHNT M HePeAKO C 3aIOJIHEHMEM MPOIYCKOB B
psinax aaHHbIX. Katanoru IMKIOHUYHOCTH MO METO-
nike Butenbca oCHOBaHBbI Ha BU3yalbHOM aHaJM3e
€KEJTHEBHbIX CHUHONTHYECKUX KapT, YTO COACPKUT

o
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00JIbIIIYIO JIONMI0 CyOBbeKTUBHOCTU. Kpome Toro, sM-
nupuyeckue psijibl POPMUPOBATINCH HECKOIbKUMU
MOKOJICHUSIMUA CHELMATMCTOB, U HET YBEPEHHOCTH B
COXpaHEeHUHU €IMHOI METOIMKY Ha TPOTSKEHUH CTO-
JIETUI.

Bropoii nosixoy (peananu3s), Kak u Tpetuii (pe-
3yJIBTaThl MOJICIIMPOBAHUSI) CBSI3aH C pa3BUTUEM (DU~
3MKO-MaTeMaTU4YeCKUX MoJiesiell O01Iel UUPK YIS
arMocepsl (puc. 1.6.11). Dt paGoThI BLIMOIHSIIOT-
Csl HA HOBOM COBPEMEHHOM YypOBHe Hayku. VX pe-
3yJbTaThl OOBEKTUBHBL. 3[I€Ch PacCMaTPUBAIOTCH,
npex/je BCero, KpynmHoMaclTabHble aTMoc(epHbIe
npolecchl B aTMOcepe U B CBSI3aHHBIX C HElo cge-
pax (rugpocdepa, Grocdepa).

PesynbraTel MOHUTOpPUHTA XapPAKTEPUCTUK KJIU-
MaTa, MOJY4YEeHHbIX C MOMOIIbI KaXKAOro U3 Tpex

—p—

NOJIXO/10B, paznnyatorcs. OfHAKO ¢ yCOBEPILEHCTBO-
BaHMEM T'MIPOIMHAMUYECKUX MOJIEJIENl pe3yNbTaThl
COMMKAIOTCSA, XOTSl HAa CETOJHSIUHUN JIEHb OHU HE
BCEITla COMIACyIOTCsl KaK B CUJIY pa3HbIX MOJXOJOB,
TaK W BCJIEACTBUE PA3INUUil B TEPPUTOPUSIX U UCTO-
PUYECKUX NEPUOJIOB, O YEM Y2KE€ YIIOMUHAJIOCH BbILIE.
DTO HAITISTHO JieMOHCTpupyeT Tabmna 1.6.2, B Ko-
TOPOV 0OOOILEHBI Pe3yJIBTaThl U3MEHEHUS] BO BpEMe-
HM LMKJIOHMYHOCTY MO IaHHBIM Pa3HbIX aBTOPOB.

B teuenne 3umHero nepuopga XX Beka B Cesep-
Hoil Amepuke, CeBepHOil ATIaHTUKE U B 3amagHoN
EBpone uukioHMYecKasi aKTUBHOCTb yMEHbLIANach
(Bengtsson et al., 2006; Ulbrich et al., 2013). Ymenn-
LIEHWE YMCIIa UUKIIOHOB BbISABIIEHO 1 Cpenans3eMHo-
ro, bapeHuesa, [peHnanackoro Mope, 1yt yMepeH-
HbIX WKMpoT Tuxoro okeana m CeBepHONl AMEpHKMU.

0.8

0.6F

0.2f

1 1 J

0 1 1
1950 1960 1970

1980 1990 2000

Puc. 1.6.13. Xoa, NOBTOPSEMOCTU 3UMHUX LUUKIIOHOB B paroHe Vicnanackoro muHumMmyma B 1952-2000 rr.: ToHkada
JIHNS — OTHOCUTENIbHAdA rogoBasi MOBTOPAEMOCTb LMKIIOHOB B NpsiMoyronbHuke 20-40° 3.4, 60-70° c.ww.; NyHKTUP —
MeXaecaTuneTHne konebaHus (pesynbTaT NPUMEHEHUs MOJIOCOBOro punbTpa, COXpaHsilowero konebaHus B
nonoce 7-17 neT); XXnpHas NMMHUS - HU3KOYACTOTHAs COCTaBnsoLWas (9-n1eTHIA CKONb34LLLAas CpeaHss).

o
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Puc. 1.6.14. MoBTopsieMOCTb raybokmx umkaoHoB 3a 1891-2012 rr. B paiioHax Butenbca. JIMHeliHble TpeHabl

nokasanbl 3a 1891-1975 rr. (—) n 3a 1976-2012 rr. (------ ).
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Tabauya 1.6.2. 3axarouenus 06 usmenenuu NOSMopaeMocmu yukaonos (Zy) u anmuyuxaonos (Azy) 6 XX eexe (no

ONnyOAUKOBAHHBIM UCTOYHUKAM)

Hcrounuk (aBTOpBHI) Teppuropus Metopn Ce3on Iepuop Brisopy
Bengtsson et al., 2005 Ces. Amepuka ECHAMS 3uma XX Bek Zy: yMeHbllIeHe
CesB. ArnaHTuka
3an. Eppona
Bengtsson et al.,2005 ApkTHKa ECHAMS 3uma XX Bek Zy: yBenmueHne
Mokhov et al., 2007 20-80°c.1. INMCM3.0 1960-2000 Zy: He 0OHapyKEeHO
Axrnepos, Moxog, 2010 Tuxuit okeaH, NCEP/NCAR 3Buma 1948-2007 Zy: yBesmueHue
ATnaHTUYeCKUi ERA-INTERIM Jlero
OKeaH ERA-40
Axnepos, Bapnun, 2007 INMCM3.0 BTOpast MOJIOBUHA Zy, Azy: He
NCEP/NCAR XX Beka 0GHapY>KEeHO
Axrniepos, bBappun, 2007 20-80°c.11. INMCM3.0 R anpeib— BTOpasi TIOJIOBUHA Zy: He 0OHApY3KEHO
NCEP/NCA CEHTS0pb XX Beka Azy: INM -
yMEHbLICHUE
NCEP yBeaunueHue
Ulbrich et al., 2000 Mopsi: CGCM 3uma XX Bek Zy: yMeHbllIeHe
CpenuzemMHOe Cry THUKH,
BapeHnueso Peanamus
Ipennanjckoe
YM. LIUPOTHIL:
Tuxoro okeaHa
CeB. AMepuika,
3amn. EBpona
[MonoHckuit u ap., 2007 Yeproe Mope 3uma BecHa 1952-2000 Zy: yMeHblleHne
OceHb

Tabauya 1.6.3. Cymmaproe usmernenue (P x M) % uucaa OHell ¢ YUKAOHUHECKOU YUPKYAAUUCIE 8 B0COMU PALLOHAX
JI. A. Bumeabca 3a nepuoowt (a) 1950-2011 22 u (6) 1891-2011 22 (6 npoyenmax om nopmwt 3a 1961-1990 22)

Paiion Tonx 3uma Becna Jleto Ocennb
a 0 a 0 a 0 a 0 a 0

1. Ucnanackas genpeccuss 3.6 7.2 6.9 -1.8* 12.7 14.1* -3.1 5.0 -1.0 11.5%
2. BapenueBo Mope -S54 -8.2% 1.8 -7.6 -14.4 7.4 202  -17.0* 34 4.5
3. Kapckoe mMope -0.3 4.0 -6.2 13.4% -S.1 4.1 -7.1 2.2 -5.9 0.5
4. Cesep EBpormbi 9.2 12.1* -8.1 22.8* 1.7 9.3 -21.5% 4.2 -13.2  16.9*
5. A3opckuii MaKCUMyM 11.2 26.6* 10.5 24.8* 3.5 18.7* 29.7% 43.6* 11.0 28.1*
6. 3amagHas Esporma 5.0 6.7 -17.6 13.4 2.0 -1.6 2.0 7.2 0.0 9.4
7. 10r ETP 8.1 33 -9.9 12.4 3.0 0.6 -14.8 33 7.5 8.1
8. Y0ro-3anayg Cubupu -11.4 2.4 2.4 16.1 -0.5 11.0 -13.7 -16.3* 258 11.1

HpuM€ltaHM€.‘ 3B63HO‘{K0ﬁ (A) 1 2KUPHBIM IHpI/I(’bTOM BBIJICJICHbI CTATUCTUYCCKHN 3HAYUMbIC 3HAUCHUA.

YMeHbllIeHne 4Yuciia IMKIOHOB OOHApY>KEHO TaKKe
Hay] Yepubim MmopeM (TTomowckwuii u fip., 2007). Opna-
KO B ApPKTHKE 4YHCJIO UUKJIOHOB YBEJIMYMBAIOCH
(Bengtsson et al., 2006). B pa6orax (Bengtsson et
al., 2006; Aknepos u ap., 2007) craTucTuyeckn 3Ha-
YUMBIX W3MEHEHUI IMKJIOHMYHOCTH He OOHApY3KEHO,
[0 KparHEeN MEPE, B CEBEPHOM IOJIYLLIAPUM.

Bwmecte ¢ TeM B HeflaBHO OMyOJIMKOBAHHON pa-
6ore (Aknepos, Moxos, 2010) mokazaHbl CHIILHbBIE
MOJIOXKUTENbHbIE TPEH/bl MOBTOPSEMOCTH LUKJIO-
HOB HaJl aKBaTOpUsIMU ATJAHTUKU U ThXoro okeana
KaK B JICTHMI1, TaK 1 B 3UMHUI Ce30HbI. B CcBS31U C
3TUM BbIBOJIOM L€JI€CO00pPa3HO 0OPaTUTh BHUMAHKE
Ha OLIEHKM M3MEHEHUS] CKOPOCTH BETPA B CEBEPHOM

o
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Puc. 1.6.15. lIameHeHne nNpn3emMHOro gaeneHusa Bo3ayxa Ha Tepputopun Poccum 3a 1946-2012 rr.: a) 3a roa,

0) 3umol4, B) NeToM.
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Puc. 1.6.16. BpemeHHble psabl NPU3EMHOr0 OABNEHUS BO3Ayxa 3a 3vMHUIA ce30H 1946-2012 rr.: a) B y3ne
(65° c.w., 75° B.A.), toxHee OO6ckon rybbl; 6) B y3ne (50° c.w., 100° B.A.) BOAM3N KNMMATUYECKOrO LIEHTPA
Cunbupckoro makcumyma. Kpueas 1 nokasbiBaeT xof AasfieHust (B oTkNoHeHusx oT 1000 rMa), kpueas 2 —

JIVHENHBIN TpeHna, kpmBas 3 — napabonnyeckunii TpeHa.

NoJIylapuu no pe3yssraTtam myosmkanui 18 aBro-
poB, 06o6ienHbix B (McVicar et al., 2012). Co-
MJIACHO 3TOMYy O00001IeHUI0, B TeyeHue XX BeKa
CKOpPOCTbh BETpa yMEHbLIalach HaJ| MaTepUKaMu U
pocia Haj okeaHamMH. DTa 3aKOHOMEPHOCTb TMOfI-
TBEp3K/IaeT PealbHOCTb YBEJUYEHUS] MOBTOPSEMO-
CTH YMCJIa UUKJIOHOB Hajl OKeaHamu (TpU BBICOKOM
YPOBHE LMKIJIOHUYHOCTU OOOCTPSIIOTCS (PPOHTAIIB-

144)

HbIE TIPOLECCHI U, KaK CIIE[ICTBUE, YBEIMYMBACTCS
CKOPOCTb BETpa).

[lepeiinem Tenepb K OUEHKaM MO CyObEKTUBHBIM
JIAaHHBIM, psiIaM MHIEKCOB Burenbca, MOArOTOBIEH-
HbIM 3a nepuop ¢ 1891 mo 2012 r. B Ta6n. 1.6.3
TIPE/ICTaBIICHO CyMMapHOe M3MEHEHHE 4uciia JHel C
[MKJIOHMYECKOl LMpKyJsiuuent, a Ha puc. 1.6.12. —
reorpacpuyeckoe pacrpefieieHue 3HaKOB TPEHJIOB B

o



OD-2-1-3n

12/15/14 1:00 PM Page 145

BOChMH paiioHax Burenbca (4To Gosiee HAIISHO MO
cpaBHeHuto ¢ tabn. 1.6.3). B Arnanrtuko-EBponeii-
CKOM CEKTOpe JUIsi BOCbMM paiioHOB Burenmbca 1o
€>XKeJTHEBHbIM CHHONTHYECKUM KapTaM OINpefessiiioch
COCTOsIHME OapUyuecKoro TMoJsi, KOTOpOoe OTHOCHIIOCh
K OJIHOMY U3 JICBSITU TUIIOB B 3aBUCHMOCTHU OT Xapak-
Tepa TOJIsl U BEJIMUMHBI JIaBJICHUs B LieHTpe. PacueTbl
TPEHJIOB BbINOJHeHbI [yist aiuHHoro (1891-2011 rr)
1 kopoTkoro neprosio (1950-2011 rr.). Dtu oreHKN
OTHOCSTCS] HenocpecTBeHHO K CeBepHOI ATIaHTHKe
n K npuneratouiein reppuropun Poccun. Ilo pimnHHO-
My psiy et (Tabm. 1.6.3) B uesiom 3a roj npeobiaja-
10T TIOJIOKUTEIbHbIE TPEH/Ibl LMKJIOHUYHOCTH, OCO-
OEHHO CHJIbHbIE B pailoHe A30pPCKOro MakCMMyMa
(cymMMapHoOe yBeJMdYeHHe TOfIOBOrO YMCIIa [UKIIOHOB
coctaBmwio 26.6% ot Hopmbl). OIHAKO KIMMaTHJe-
CKasi MOBTOPSIEMOCTh LUKJIOHOB 3/IeCh HEBEJIMKA: TI0
MHOTOJICTHIM JIJAHHBIM Ha JIOJTFO UKJIOHNYECKOI IUp-
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KYJISILAY IPUXOIMTCS TOJBKO 59 [iHelt, a Ha JIOMko aH-
TULMKJIOHIYeCcKOoi — 293 nHeit B rony (Memiepckasi u
np., 2001). Ocnabnenne A30pcKOro MakCUMyMa Tpo-
HCXOJIUT B YHUCOH C ocnabnenneM Cuobrpckoro Mak-
cUMyMa.

Ha cesepe EBpomnbi (o1 CkanpiHaBuu 10 Ypasa)
YUCIIO UMKJIOHOB yBemumioch Ha 12.1% (cratucTu-
yeckr 3HaunMo). CTAaTUCTUYECKU 3HAYMMBIA POCT
Ylca LIMKIJIOHOB BbISIBJIEH Tak:Ke B pailoHe Mcnanp-
CKOI1 JIenpeccuu 3a rofi ¥ 3MMOM 10 KOPOTKOMY DSty
(1950-2011 rr.), uro cormacyercsi ¢ OICHKAMU B
(Bapaus, 2000) mis mepuona 1952-2000 rr. (puc.
1.6.13). BecHOI U OCEHBIO MO JITIMHHOMY PSiTy POCT
LMKJIOHUYHOCTH TaKyKe NpeoOunajjani, OUEHKU Mpen-
MYIIECTBEHHO 3HaunMble. B oTimmune ot 122-neTHe-
ro psifia, BO BTopoil nosioBuHe XX — Havyane XXI BB.
B ueTBepTOM (ceBep EBponbi), cepmom (tor ETC) u
BochMOM (foro-3amay; Cubupu) pailoHax MOBTOpsie-

0)
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Punc. 1.6.17. BpeMeHHble psabl CPeaHNX CKOPOCTEN BETPaA AJ19 YeTblpex CE30HOB Ha cTaHumax: a) byxta Tukcu;

0) Eneukas; B) Topxok; r) KoHb-Konopess.
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Puc.

1.6.18. Teorpaduyeckoe pacnpepeneHne CTaTUCTUYEeCKM 3HaYuMMbIX (Ha 5% ypoOBHE) CEe30HHbIX

KO3 PULUMEHTOB NMHENHOro TpeHaa ckopocTn BeTpa 3a 1977-2011 rr.

MOCTb TIMKJIOHOB YMEHBIIIAETCSI B CPEIHEM 3a TOfI, a
TaK>Ke 3UMOM, OCEHbIO 1 OCOOEHHO JIETOM, UTO COT-
JlacyeTcst ¢ POCTOM 3aCyIUIMBOCTU B 9THX palioHax
(cm. paspen 4.6).

TpeHyibl IMKIIOHMYHOCTH 3a JIBa TIeprojia OLCHU-
BAJIUCh TaKXKe JIJISl YMCJIa TYOOKHUX IMKJIOHOB, TOJ
KOTOPbIMH UMEJIICH B BUJTY LIUKJIOHUYECKHE 00pa30-
BaHMsl c JiaBienueM B HeHTpe 990 rlla u mMeHblne
(puc. 1.6.14). BoiBoj1 13 3TOrO PUCYHKA OJIHO3HAYCH:
BO BCEX BOCbMM PallOHaX YUCJIO MTYyOOKMX LMKIIOHOB
B 1891-1975 rr. pocno, a B mepuoy; MHTEHCUBHOTO
norerniennst — ymenbluanock. Cornacto paéore (Ak-
nepoB u jp., 2007), yMeHblIeHNe UKIOHUYHOCTU B
NepuojT ITI00ABHOTO MOTETJICHUST CBSI3aHO C YBEJIU-
YeHHeM MapHUKOBOro adpexTa.

1.6.5. IIpuzemHoe 1aBjieHUEe BO3AyXa

B (O1_P®-1, 2008) mpuBefeHa Kapra-cxema
M3MEHEHMs] aHOMAJTHIA TIPU3EMHOT'O JIaBJIEHUST HA Tep-
putoprn P® 3a 3umamii mepuop B 1946-2005 T
Kapra nonyyeHa no laHHbIM B y3j1ax ceTKu 5° x 5°

NyTEM YMHOXEHHS KO3(P(PUUMEHTOB JIMHENHBIX
TPEHMIOB B KaXK/JJOM Y3JI€ CETKM Ha YUCIIO JIET. 3a pac-
CMaTpPUBAEMBbIil NIEPUOJ] NPU3EMHOE JABJIEHUE 3UMOI
Y BECHOI YMEHBLUMJIOCH NTPAKTUYECKU HA BCEW Tep-
putopun Poccuu. Pernon HanGombIIero noHU>KEHNs
nasnenusi 1o S rlla v Gosee 0XBaTLIBaET CEBEPO-BOC-
TOK EBponeickoil Teppuropun, a TakkKe pPErvoHbI
HIDKHEro U cpefHero teueHust O6u u Enuces. Co-
riacHo onenkam B (Bapanosa u np., 2007), netom
NPU3EMHOE JIaBJICHWEe He M3MEHWJIOCh 3a 59 Jert, a
oceHbl0 yBemmumiioch 1o 3 rlla B 3amajHOiT MOIOBU-
He Poccun n yMEHBIIMIIOCH B BOCTOYHOM.
[TpoaneHne psi0B NPU3EMHOIO MABJICHUS 10
2012 ropa He M3MEHMIIO OOIIEH KAPTUHBI CyMMapHO-
ro M3MeHeHus faBlieHusi Ha Teppuropun PP (puc.
1.6.15). 3umoii 1 BecHOI KOI(D(PULMEHThI JIMHSHHBIX
TPEHJIOB OCTAIOTCS MPEUMYILECTBEHHO OTPULIATEIIb-
HBbIMM, OJTHAKO 10 aOCOJIFOTHOM BEJIMYMHE OHU YMEHb-
LIWJIMCH TI0YTU BfIBOE. B paBHOI Mepe 3TO OTHOCUT-
Csl K U3MEHEHMIO aTMOC(EPHOro AaBJIEHUS JIETOM U
oceHblo. Takum 00pa3oM, yJJIMHEHUE PSAOB NPU3EM-
HOTO J1aBJieHUsl Ha 7 JIeT NpuOAM3UIO TOJe aTMO-

o
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" BecHa neTo

oCeHb

3UMa

Puc. 1.6.19. KoadpdurumeHTol nuHeriHoro TpeHaa (% /10 neT) BO BPEMEHHbIX psiaax CE30HHbIX CKOPOCTEN BETPA,
ocpenHeHHbIx No 18 keaanogHopoaHbIM pernoHam (1977-2011 rr.). MNpuBeaeHbl OLEHKM, 3HaYnMble Ha 5% ypOBHe.

BECHa Neto  ocCeHb 3uMa

X K A8

U

Puc. 1.6.20. KoadpunumneHTbl nnHenHoro tpeHga (%/10 neTt) B psagax oCpeaHEHHOM Mo pPermoHam MakCumasnbHOM
ckopocTu BeTpa 3a 1977-2011 rr. (npuBeaeHHbIE OUEHKN 3HA4YMMBbI HA 5% ypOBHE).

o
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chepHOro JIaBJICHUSI K €r0 CPEJIHEMHOTOJICTHUM 3Ha-
YEHUSIM.

LlenecooOpa3Ho paccMOTPETH PSjibl IPU3EMHOTO
naBjieHust 3a 59 JeT B OT/IeNbHBIX y3JlaX CeTKU. B y3-
se cetku (65° c.ur., 75° B.JI.), pacrONOKEHHOMN FOXK-
Hee OO6ckoit ryonl, u Bropom y3ie (50° c.u,
100° B.1.), BOMM3M Kimmatuyeckoro CHOUPCKOro
MaKCUMyMa, JaBJIeHHE YMEHBIIAJIOCh C CepeMHbI
40-x royioB, nocturnyB muiumyma B 1989-2004 rr.
(puc. 1.6.16). Oprako ¢ 2005 . Havasicst nepuoyt po-
cra npuzemnoro aasiexusi (kpome 2007 r.). DT0 npo-
SIBUJIOCH B CYPOBBIX 3UMaXx MOCJIEIHUX JIET HA TeppH-
Topun CuOUpH, HAMPUMEP, AHOMAITLHO XOJIOJIHAS 3~
ma 2005-2006 rr. (JTaTbimesa u sip., 2007).

B 3aksrouenve nosipasyena o qaBJIeHUN HE0OXO-
JIMMO OCTAQHOBHMTBLCSI HA PACXOKJICHUM PSIJIOB 3MMHE-
IO JIaBJICHUS, IPEJICTABJIEHHOTO B y3J1aX ceTKu (pwuc.
1.6.16) u B nenrpe Cubupckoro makcumyma (puc.
1.6.3). B Cubupckom LIJTA naBieHue pociio ¢ Haya-
na psina ao Havana 90-x TofoB, 3aTeM OHO ‘‘KaTacT-
poduyecku’” yMeHbIIANOCh BIIOTH 10 2013 1., Tor-
na kak B y3nax cetku ¢ 2005 . paBiieHre Hadaso
pactu.

[IpnunHa pacxoxjeHuil, No-BUAUMOMY, COCTOUT
B caenyroueM. [eorpacduueckue koopaunatel LIJTA
MEHSFOTCS BO BPEMEHM, B OTIIMYKE OT Y3JIOB CETKHU.
Xapaxkrepuctuku LIJIA onpeensitoTcst BU3yalIbHO MO
KapTaM JIaBJICHUs! C ONPENIENIEHHOM 10JIel CyOBEKTUB-
HocTu. [lo-BugmMoMy, Gosiee HafieXKHbIMU ClIElyeT
NpU3HATh Ps/ibl JaBIEHUS B y3JlaX, OTKY/a CIEyeT
BBIBOJI, UTO nepuoy ocnadnenuss CuOMpCKOro Makcu-
MyMa 3aKOHUYWJICS], Iepeiifisl B (ha3y €ro yCUJIEHHUs.

1.6.6. I3meHeHne BO BpeMeHU
XapaKTepPUCTHK BeTpa

B (O_P®-1, 2008) 6buia mpuBeieHa KapTa-
CXeMa JIMHEMHBIX TPEHJIOB CPENHEN TOJJOBOM CKOPO-
ctu Betpa 3a 1936-2006 rr. (moka3zaHusi aHEeMOPyM-
6omeTpa TpeBapuTeIbHO ObUTN TMPHUBEICHBI K MOKa-
3aHUsIM (prrorepa, COMIACHO pa3padOTaHHbIM paHee
ko3 punmenram). 3a 1936-2006 rr. moutn Ha Bcei
Tepputopun Poccum cpepHSS TOOBasi CKOPOCTh
yMeHbllInIach, ocobenHo cuiibHo Ha ETC, rie koadg-
unmenTs () JMHEAHOTO TPEHa CKOPOCTH BETpa
coctapwin npenmyinectseHHo —0.3...—0.6 m/c 3a 10

Nnero

BeCHa

OCEHb 3uma e
| -17.3
| VA N\ -19.4
1\ N TN/ -19.0
{0 T -16.9] -20.6

=15.4

Puc. 1.6.21. KoadpduumeHTtol nuHenHoro TpeHaa (%/10 net) B pgaax permoHanbHO OCPeAHEHHOr0 Y1ucna gHer co
CKOpOCTbio BeTpa Bbiwe 15 m/c (1977-2011 rr.). NpuBeaeHbl OLEHKN, 3Ha4YMMble Ha 5% ypOBHeE.

149

o



OD-2-1-3n

12/15/14 1:01 PM Page 149

1.6, ATMOCDEPHAR UNRPKYIALASA

sIHeapb
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Puc. 1.6.22. MHoOroneTH1e n3mMeHeHnsa OCpeaHEHHONM N0 3eMHOMY LLapy 30HAIbHOM CKOPOCTM BETPA MO AAHHbLIM
peaHann3zoB NCEP/NCAR (1) n mogenu MIBM PAH (2). (ApucToBa, KneweHko, 2007).

net. OHOBPEMEHHO C YMEHBIIEHHEM CKOPOCTH BET-
pa Ha OOJILUIMHCTBE METEOPOJOTMYECKUX CTAHIUIA
NPOM3O0LIIIO €€ Tepepacnpe/esieHie 110 IpajiaysiMm
(Meruepckas u sip., 2006; Bapanosa u sip., 2007): mo-
BTOPSIEMOCTh Clabbix BeTpoB (2-3 Mm/c) yBenmum-
JIach, a MOBTOPSIEMOCTD Tpajiaiuu 6—7 M/C 1 Bcex Mo-
CIIEAYIOLIMX TPAJALMI MOBCEMECTHO YMEHBLINIIAC.
OGHOBJIEHHBIE OLEHKM COBPEMEHHBIX TEHJICHIIMI
B M3MEHEHWM XapaKTEPUCTHK BETPa MOJYYEHHI B
(Bynbiruna u sip., 2013) no ganasiv 1457 meteopo-

normdeckux ctaniuii Poccrm 3a 1977-2011 rr. Tlpe-
UMYIIECTBO 3THX JIAHHBIX — B MPAKTHYECKU MMOJTHOM
MOKPBITUH TeppuTopru Poccun M B MHCTPYyMEHTAITb-
HO OJJHOPOJHOCTH PsiioB (Bce JTaHHbIe Ga3UPYIOTCS
Ha TMOKa3aHWsIX aHEMOPYMOOMETpa); HEeOCTaTOK
JIAHHBIX — B OTHOCHMTEJILHO KOPOTKOM MEpHOfie Ha-
OJTFOTIEHI.

BpemeHHble psifibl CE30HHBIX KO3 (PUIMEHTOB
JIMHEIHOTO TpeHfia ckopocTu BeTpa 3a 1977-2011 .
Ha n30panubix cranuysix (puc. 1.6.17) u ux reorpa-

o
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(pnueckoe pacnpeneneHue Ha Bceil Teppuropun PP
(puc. 1.6.18) mokazano fanbHefiiee (B CpaBHEHUH C
1936-2006 rr.) ym™eHbllieHHe CKOPOCTH BETpa Ha
oonbiueit yacti PO (ocobenno Ha ETP u B 3anajHoit
Cubupu). DTO yMEHbIICHHE XapaKTEPHO sl BCEX
CE30HOB, HO CHJIbHEE TPOSIBIISIETCS] 3UMOI M BECHOI.
OHO cocTaBysieT 3UMOII—BECHON MPENMYIIECTBEHHO
B =-0.5...-1.0 m/c 3a 10 5eT, B OTAEIBHBIX pailoHaX
no B =-1.5 m/c 3a 10 neT, TOrjIa KaK JIETOM ¥ OCEHbIO
ono enBa gocturyio B = —0.1...-0.5 m/c 3a 10 net. B
HentpansHoit 1 Bocrounoit Cubupu, a Takxke Ha
HaneHem BocToke CKOpPOCTh BETpa U3MEHSIACH HE-
sHaunTesbHO (ff = £ 0.1m/c/10 siet), mubo ymeHblia-
71ach.

HarnsimHoe mpejcTaBieHne O BEJMUMHAX W3Me-
HEHMI1 CKOpOCTH BeTpa fiaet puc. 1.6.19, Ha koropom
NIpUBEJICHbI OCpe/iHEeHHbIe Mo 18-T KBa3MOAHOPO.-
HBIM PErMOHaM 3HAueHUs  CKOPOCTH BETpa, paccuu-
TaHHbIE TI0 CE30HAM B MPOLIEHTaX OT CPEHUX MHOTO-
JIETHUX BEJINYMH.

HawuGosnblniee yMmeHblieHHe CKOPOCTH BeTpa (B
MPOLEHTAX ) OTMEYAETCSI B CEBEPO-3aMa/IHBIX U LEHT-
panbHbIX parioHax EUC: = -11.8...-16.5%/10 ner
i —39...-54% cymmapHo 3a BeCh 35-JIeTHUIA Tepu-
ofi. OT4acCTH 3TO CBSI3aHO C YBEJIMUYECHUEM 3alUIICH-
HOCTH METEOpOJIOTMYEeCKMX TUIOUIAIOK 3a CUeT 3a-
CTPOVKM M pOCTa JIEPEBbEB BOKPYI HUX. B Manoo06-
>KUTBIX pafloHax cesepa Poccun ckopocTs BeTpa To-
K€ YMEHbIIMJIACh, HO Bcero Ha 4-5%/10 ner, B roxk-
HbIX palloHaX 3TO YMEHBbUICHWE He TPeBbILIACT
5-7%/10 ner.

Ha npakTrke BasKHbI I3MEHEHNST MAaKCUMAITbHBIX
CKOPOCTEe! BeTpa M CKOpOCTel BeTpa Gonee 15 m/c.
Bo Bcex pernonax Poccun umceso gHel ¢ MakcuMalTb-
HOIT ckopocThio BeTpa (puc. 1.6.20) He3HaunTEIHHO
yMmenbimiock (Ha 2-3%/10 ner).

CkopocThb BeTpa 6ostee 15 M/c peryasipHo Habo/1a-
eTcs TONbKO B HEKOTOPbIX pernoHax P®d. Dto npu-
OpexHble paitonbl CesepHoro JlemoBuroro oxeana
(CIIO), Yykorka, Hanbhuit Boctok (puc. 1.6.21).
3iech 4MCIIo JIHEN CO CKOPOCTHIO BeTpa Gomee 15 m/c
YMEHBILINIOCH 0UeHb cyiiecTBeHHo: Ha 10-22%/10 ner,
a cyMMapHo 3a Bech nepuoji Ha 33-73%.

YMeHbIlieHre CHITbHBIX BeTpoB (Gonee 25-30 m/c)
Ha moGepexbsax CJIO (roro-3amag Kapckoro mops,
mopst JlanireBbix 1 BocTouHo-Cubupckoro Mopsi) 3a
neprof ¢ 1966 mo 1990 rT. panee ObLIO MOKA3aHO B
(Bpsizrun, HementbeB, 1996). Tlo MHEHUIO aBTOpOB,

150)
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YMEHBILIEHNE CUJIbHBIX BETPOB B OCHOBHOM CBSI3aHO
KaK C yMEHbIICHUEM MOBTOPSEMOCTH TIIYOOKHMX M-
KJIOHOB, TaK Y IMKJIOHUYHOCTH B LIEJIOM.

YMeHblIIeHre CKOPOCTH BETpa Hajl TeppUTOpHUEit
Poccumn monTBep:KaaeTcsi yMEHBbIIEHHEM CKOpPOCTHU
NPU3EMHOTO BETPA HA BCEX KOHTMHEHTaX 3eMIIH.

B komnekTuBHO# crathe 14 aBropoB (McVicar
et al., 2012) npoananusupoBatb! pe3yisraTsbl 148 pa-
6ot1. Iloka3zaHo, 4TO KO3(pPpULMEHTHI JMHENHBIX
TPEHJIOB HAa BCEX METEOPOJIOTMYECKHUX CTAHLMAX B
cpenteM coctapisitot -0.014 m/c/ron. Uckmouenrem
SIBJISIFOTCS BBICOKME IMPOTHI (Gosee 75°), rae B 060-
UX MOJTyIIAPHSIX CKOPOCTh BeTpa yBenuumiach. B ka-
KOI-TO Mepe 3TO COIIacyeTcsl C pe3yJbTaTaMu
(Donat et al., 2011), rie Mo AaHHBIM peaHaM3a 3a
1871-2008 1. OOGHapy>KeHbI CTATUCTUYECKH 3HAYUM-
MbI€ TIOJIO>KUTENbHbIE TPEH/IbI ITOPMOBBIX BETPOB B
LenTtpaneHoit, CeBepHoit n 3anagunoii EBpone. bec-
NPEeLEICHTHO BBICOKMMU 3HAYEHMSIMU YKCTa IITOp-
MOB OTMeueH KoHel XX Beka, ocooeHHo Hajy CeBep-
HbIM 1 BanTuiickum Mopsimu.

Heob6xomumMo OTMETHUTH €llie OJHO OOCTOSITEIb-
CTBO, Kacawlleecsi M3MEHEHUs CKOPOCTU BeTpa.
[TpuBeieHHbIE BbILIE OTPULATENbHBIE JMHENHbIE
TPEH/IbI CKOPOCTH BETpa HA KOHTHMHEHTAaX KacatoTCsl
npu3emMHoOro Berpa. K ckopoctu BeTpa Ha BbICOTax
M0 a3POJIOTMYECKUM HAOIOIEHUSIM 3TOT BBIBOJ HE
orHocurcsi. B (Merepckasi u ap., 2006) nokasaso,
gyro 3a mepuop 1961-2000 rr. Ha MeTeoposoruye-
CKUX (a3posornueckux) craHiusix P®, pacrnonoxeH-
HbIX ceBepHee 60° c.111., CKOpOCTh BeTpa Moo He 13-
MEHUJIACh, JMOO Cllabo YBEIMYMIACh (MOBEPXHOCTH
850 u 500 rIla). Ha Beicore 300 rlla 3a 3rot mepuop
CKOpPOCTh BETpa Ha MOJABISIIOIEM OOJBIIMHCTBE
CTaHIMI BO3pOCIa, TprYeM KO3((UIMEHTbI JIMHE-
HBIX TPEH/IOB CTATHCTHUYECKN 3HAYNMBI.

DTOT pe3yssTaT HaXOAUT MOATBEPXK/CHNE B pa-
oore (Apucroa, Kiemernko, 2007). Io naHHbIM pe-
anamm3oB NCEP/NCAR u mogean UBM PAH asro-
Pbl BBISIBUIIM yBEJIMYEHUE 30HAIBHOI CKOPOCTH BET-
pa Ha ypoBHe Hs, Haji ceBepHBIM TOJTyIIapueM 3a Tie-
puop ¢ 1951 mo 2000 rr. (puc. 1.6.22). 3a aror nepu-
OJ CpeJiHsIsl TOfIoBasi 30HAJIbHAsI CKOPOCTh BETpa 3U-
Mot yeenmumiachk ¢ 11.9 m/c no 12.5 m/c, a B utone —
¢ 9.9 m/c mo 10.3 m/c.

[TouTn MoBceMecTHOE Ha KOHTHMHEHTaX yMEHb-
IIEHNEe CKOPOCTH BETPa COMPOBOXKIAETCS yMEHbIIIe-
HHEM HCTIapeHus, KOTOPOE 3aBUCHUT TaKKe OT BIIaXK-

o
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HOCTH BO3/lyXa (OHA pacTeT), TeMIepaTypbl BO3IyXa
U PAJIMAlMOHHBIX KOMIMOHEHT. OJIHAKO NMepBOCTETCH-
Hasl POJib B YMEHBIICHUN WCTIAPEHUS] MPUHAIIIECKUT
YMEHBILIEHUIO CKOPOCTH BETPA.

B ornmume oT KOHTMHEHTOB, HAJl OKEaHaMH CKO-
poctb Betpa pacter (Young et al., 2011). Dtot pe-
3yJBTAT MOJIyYEeH MO AIBTUMETPUYECKUM HaOIrojIe-
HUsiM co cmyTHUKOB 3a 1991-2008 rr. Koadduimen-
ThI JINHEHHOTO TPEH/a CKOPOCTH BETpa HaJ| OKeaHa-
Mu, B cpeiHeM, coctaBiisiior ot 0.25 mo 0.5%/ron,
npuueM B FOkHOM nomyimiapum oHM Golibllie, YeM B
CesepHoMm.

Cpenyt BO3MOKHBIX MPUYUKH YMEHBILECHUSI CKOPOCTH
BeTpa Haj| KoHtuHeHTamu B (McVicar et al., 2012) Ha-
3bIBAIOTCS  CJICAYIOLINE: YBEJMYEeHNUe ILePOXOBATOCTU
MOBEPXHOCTH 3eMIIN, CBSI3aHHOE C YBEIIMUYSHUEM PACTH-
TEJLHBIX TIOKPOBOB TOJ] BIMSHIEM POCTa TEMIEPATYPbl
n koHueHTpauyn CO,, a TakKe ¢ pOCTOM JIeCOHACaKIe-
HUi (HAOMFOJIEHKSI CO CITy THUKOB); M3MEHEHHE MEe30Mac-
rrabHoit tupkysisiun (E1-Nino, Tponueckast MyccoH-
Hasl UPKYJISIKS); CMEIEHIe ITOPMOBOI JIeSITEIBHO-
CTH B CTOPOHY TOJIIOC — 3KBATOP BCIIE/ICTBUE OOMbIIIEi
CKOPOCTH MOTETUIEHNUS TIONSPHBIX IHMPOT U, KaK CIIENICT-
BlI€, YMEHBILIEHNE CKOPOCTH BETPa B 9KBATOPUAIILHBIX 1
YMEPEHHBIX HIMPOTaX 000MX MOMYILIAPHIL.

—p—

1.6, ATMOCDEPHAR UNRPKYIALASA

C pocTaToOyHON YBEPEHHOCTHIO MOXKHO TaKxKe
YTBEPXKJIATh, YTO JIOTMOJHUTEbHASI PUYMHA YMEHb-
LIEHUS] CKOPOCTHU MPU3EMHOTO BETPa HA KOHTUHEHTAaX
COCTOWT B YBEJIMYEHUU 3ALUILIEHHOCTA METEOPOJIO-
FMUYECKUX TMJIOUIA0K, MO KpaiiHeil Mepe, B KPYIMHbIX
ropopax.

1.6.7. Biokupyoume aHTHIUKIOHBI
U MX TPEHIbI

Buriokupytoliye aHTUIUKIIOHbI (GIOKWHIT) Mpefi-
CTaBJISIIOT COOOI MOIIHbIE MAJIOMOABMKHBIE aTMO-
cepHble (POPMUPOBAHUS BBICOKOIO JIABJICHUS HaJl
oOUmMpHbIMU (TIPEMMYILECTBEHHO KOHTHMHEHTAIIbHbI-
Mi) pafioHamu ceBepHOro nosymapusi. C HUMU CBsi3a-
Hbl 3HAYUTEJILHBIE KIIMMATUYECKUE aHOMAJIMKM — 9KC-
TpeMaJlbHble MOPO3bl 3UMOV U 3aCyXU JIETOM. Xapak-
TEPUCTUKK OJIOKMPYIOINX CUTyanuil (TmoBTOpsie-
MOCTb, NPOAOJKUATEIBHOCTb, WHTEHCUBHOCTD, pail-
OHBI MPEUMYIIECTBEHHOTO (hOPMUPOBAHUSI U JIp.)
PaccMOTPEHBI 10 JJAHHBIM HAOIOIEHNAI Ha BBICOTAX,
MO JJAHHBIM PEaHAJIN30B, a TaKXKe IO pe3yJbTaTaM
TUIPOAMHAMUYECKOro MofenupoBaHusi. OUEHKH Xa-
PaKTEPUCTUK OJIOKUPYIOUMX AHTULMKIIOHOB CUIIBHO
pa3aMyaroTCs MO IAHHBIM Pa3HbIX aBTOPOB, B 3aBUCH-

Bnoku

Punc. 1.6.23. FopoBoin xon cpefHeMHOrosieTHero 4ymcna 6n0koB no cektopam CeBepHOro nosywapus:
1 — ATnaHTunko-EBponeickuii, 2 — EBponencko-A3natckmin, 3 — TuxookeaHckuii (MOHUTOPUHI 06LLeln UMpPKYNsaumMm

atmocoepsl, 2012).

o
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Puc. 1.6.24. BpeMeHHble psiibl CYMMapHOWM 3a Ce30H NPOAOSIKMTENbHOCTU 6noknpoBaHus (TD, oHM) No OaHHbIM
peaHanusa Hggy Ha 60° c.w. B eBponenckom (Eu) n cesepoamepukaHckoMm (NA) cekTopax akTMBHOMO
aHTUUMKNIOreHes3a: a — 3uMa, 6 — neto (KneweHko, PaHbkoBa, 2007).

MOCTHU OT METOJIMKY OTpefiesIeH s GIOKUPYIOIINX CHU-
Tyaluil, TEPPUTOPUH, CE30HOB U JIPYTUX (paKTOPOB.

[To maHHBIM HaOJrOIEHNIT HanboJee MOJHbIE Psi-
JTbI XapaKTePUCTUK OJOKMPOBAHMST TIOTOTOBJIEHBI BO
BHUUTMU-MUJ pns 3oubl 40-70° c.m. 3a
1949-2010 rr. (Karauor..., 1988; Monutopusr 06-
el UMPKYJISIui. . ., 2012).

[Tpu cozmanny MHAPOPMAIMOHHON 6a3bl TAHHBIX MO
OJIOKMPYIOLIMM aHTULMKIOHAM ObLT MPHUHST KPHUTE-

puit: 6JI0K CYILECTBYET TPU U OoJiee JHEN NPU HATNYUH
3aMKHYTBIX M300ap HAa NPU3EMHBIX KapTax U HE MEHee
ontHoI 3aMKHYTOU n3orunckl Ha ATS00 rlla nmm cuib-
HO pa3BUTOTO B HAITPABJIEHNU K BBICOKUM ILIMPOTAM Te-
IIOrO TpeOHsl, @ TAKXKE KBAa3UyCTONYUBOCTU UX MECTO-
NoJoKeHus. B aToil paboTe aHammM3 XapakTepUCTUK
OJIOKMPOBAHMS BBINOJIHEH 10 TPEM CEKTOPaM CEBEPHO-
ro NOJyLIapus: Arnanruko-EBponeiickomy
(271-360-20°), EBponeiicko-Asuarckomy (21-140°)

o
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Puc. 1.6.25. MHoroneTHuii xof, ymcna 610KMPYIOLNX aHTULWKIIOHOB MO PernoHam 1 KaneHgapHbIM Nepuoaam:
a) ron, CesepHoe nonywapue; 6) neto (man—-utonb), ATnaHTuKo-EBponenckuiini cektop; B) 3uma
(nexkabpb—deBpanb), EBponenicko-A3naTtcknii CekTop; r) neto (Man-uionb), EBponencko-As3nmaTckuini CekTop
(MoHUTOPWHT 06LWen umpkynaumn atmocdepsl, 2012).
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Puc. 1.6.26. NameHeHne uncna 61oKnHr-gHer netom B ATnaHTuko-EBponerickom cektope CeBepHOro nonyLuapms
(60° 3.0.—60° B.A.) NO pe3ynbTaTtam MoaennpoBaHus no cueHapuio SRES-A2 ona BTopon NonoBmHbI XX 1 B XXI Beke

(Mokhov, Akperov, Vetrova, 2011).
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u Tuxookearckomy (141-270°). Bropoii cekTop oxBa-
ThIBAaeT BCIO TeppuToputo Poccum m mpunerarompe ¢
3amaja U rora conpefesbHble cTpaHbl. PopmupoBaHue
OJIOKMPYIOLMX CUTYalMil MPOMCXOAUT B OCHOBHOM B
ATnaHTHYecKOM okeaHe 1 Ha EBpa3uiickoM KOHTUHEH-
Te, e Haomonaercs 73% ot o0uero yucia GI0KOB.
3HAYNTETHHO MEHbLIee YUCIIO OIOKUPYIOLIMX CUTYa-
il B TuxookeaHCKOM permoHe oOBbsiCHAETCsl Oofiee
YacTbIM Pa3BUTUEM 30HAJIbHON LMPKYJISLMU, YEM Me-
punroHasHO. B (Moxog, 2006) oneHnBaeTcst nHTe-
rpajbHoe fieiicTBre GI0KOB (S), B KOTOPOM YUMThIBA-
eTCSl MHTEHCHBHOCTh OJIOKMPYIOIMX CUTyaluii (mepe-
TaJ| IaBJIeHNs] ME3K]ly LICHTPOM BUXPsI M ero nepudepu-
eit), pasmep BUXpsi u Bpemsi ero xku3uu. [Tokazano, 4to
¢ OnokuHramm ATJIaHTMYECKOTO CEKTOpa CBSI3aH OC-
HoBHOW BKJAJ (57 % ) B MHTErpajibHOE 3a rOf] ICHCTBIE
OJIOKMHIOB CEBEPHOT0 Mosyuiapus B uesaom. Bkiag B S
0710KMHroB B THXOOKEaHCKOM CEKTOpe M Hajl KOHTHU-
HeHTamu B 3—4 pa3a MeHbllle. AHAJIOTUYHBINA Pe3yJlb-
tar nony4ueH B padore (Lupo et al., 1997).

[TpencTaBasitoT MHTEpEC BHYTPUTOJOBbIE H3Me-
HEHWsI IPoLieccoB GiokupoBanusi. B crarse (Moxos,
2006) noguepKUBAETCSI, YTO OMPEJIEISIOIIYI0 POIib B
rofloBOM Xofie uHTerpansHoro aevicteust CII, kak u B
ATIaHTUKO-EBpONENCKOM CEKTOpe, UrpatoT 3UMHUE
onokunru (42%). Tor ke BBIBOJ MOJyYeH B
(Wiedenmann et al., 2002) no maHHbIM peaHasu3a.
Onnako Ha puc. 1.6.23 B onpejienieHHOI Mepe 3TO
MOATBEPXK/AAETCS MO CPEHEMY MECSYHOMY YHCITY
6710K0B TONBKO st ATnaHTuko-EBponefickoro cek-
topa. A B EBponeiicko-Asuarckom cekrope (Poccust)
MaKCHUMYyM MOBTOPSIEMOCTH YKCIIA OJIOKOB MPUXONUT-
csl Ha nieTHue mecsupl. [TokazaHo Takke, 4ToO MOBTO-
pSIeMOCTb CilyyaeB OJIOKMPOBaHMsl Oonbllie, M OHU
cunbHee B nepruofpl JIa-Hunbs. O0umpHbie 010Kupy-
OLLME AHTULMKIIOHBI (POPMUPYIOTCS B 00JIACTSIX Mpe-
o0IajaHNs MEPUIMOHAITLHBIX TIOTOKOB BO3yXa.

B pa6ore (Illakuna, MiBanosa, 2010) ormeuaroT-
Csl CBSI3M XAapaKTEPUCTHK OJIOKMPOBAHUS C COJIHEY-
HOWl aKTUBHOCTBIO U BJIMSIHUAE OJIOKUPYIOLLUX aHTU-
LMKJIOHOB Ha oOllee cofepkaHue o30Ha. B craTbhe
(Trigo et al., 2004) no jaHHBIM peaHaT3a MOKA3aHo,
YTO 3MU30/lbl OJOKMPOBAHMS CBSI3aHbI C MEPUIMO-
HAJIbHBIMU C/IBUTAaMU MAaKCMMyMa aKTMBHOCTH aTMO-
cepHbIX BUXPEN.

C nmpakTU4YecKoW TOYKM 3PEHUsl, OYEHb Ba’KEH
BOIPOC 00 U3MEHEHUU BO BPEMEHU YKCIa OJIOKUPYIO-
HIMX CUTYAIMI U UX MPOAOJIKUTEITLHOCTH.

154)
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B (OJ1_P®-1, 2008) npejcTaBieHbl pe3ylsTaThl
uukia pador (Ipysa, Kopoekuna, 1991a, 6; Ipysa,
PanbkoBa, 1996; Ipy3a u ip., 1999; 2003; Knemenko,
PanbkoBa, 2007), B KOTOPBIX aHAM3UPYIOTCS CE30H-
Hble WHJIEKChI OJIOKMPOBAHWS, OMMUCHIBAOIINE TIPO-
nosskutelbHbie (7 CyTOK U 6ojiee) aHOMAITMU B TIOJIE
OTKJIOHEHUI reonoteHumana Hsy, oT cpemHemmpor-
HbIX 3HAYCHUI1 U UX XaPAKTEPUCTUKU: POAOIIKUTEIb-
HOCTb, TOBTOPSIEMOCTb, WHTEHCUBHOCTb. WHAEKCHI
paccumTaHbl 1Mo JlaHHbIM peanami3a 3a 1950-2000 rr.
JITIs1 CEKTOPOB aKTUBHOTO IIMKJIOT€HEe3a CEBEPHOTO MO-
aywapust: EBponeiickoro n CeBepoaMeprUKaHCKOrO.
OOHapy>keH TpeHJ] CyMMapHOW MPOIOJIKUTENBHOCTH
OJIOKMPOBaHMSI B 3UMHUII CE30H: MOJOXKUTENbHbIA —
Ha 3anajie CeBepHOIl AMEPUKU, OTPULIATENIbHBII — HA
BOCTOKE, 3a(PpMKCHUPOBAH TaKXkKe TOIOXKUTEIbHBIN
TPEH] JIETOM B I0XKHbIX paiioHax BocTounoit Cubupu.
Ha puc. 1.6.24 npencraBiieHbl BpeMeHHbIE Psiibl Ce-
30HHOW MPOJOKUTETBLHOCTH OJIOKUPOBAHUS B y3/1aX
cetku (60° c.u1., 0°) u (60° c.u1., 125°3.11.), pacrosno-
>KEeHHbIX, COOTBETCTBeHHO, B EBponeiickom u Cese-
poamepukaHCKOM cekTopax. CpefHsisi TpPOAOIKU-
TEJILHOCTb 3MU30/10B O10K1poBaHusl B EBponeiickom
CEKTOpE COCTABJISIET 3UMOM 45 JiHei, teToM — 25 Hei
U CUJILHO KOJIe6JIeTCsl OT rofia K Tofly.

ITo onenkam (Moxos, Ileryxos, 1997) Bpewms
SKU3HM OJIOKMPYIOIIMX aHTUIUKJIOHOB YBEJIMIMBACT-
Csl IPY MOTEIJICHNH, YTO MOKA3aHO KaK MO TeOPeTU-
YEeCKUM OLEHKaM, TaK U MO SMIUPUYECKUM JIAHHLIM
NOCTIEIHUX IeCSTUIICTHIA.

MHoroneTHue psijibl NOBTOPSIEMOCTHU OJIOKUPYIO-
X aHTUIMKJIOHOB MpuBefieHbl Ha puc. 1.6.25 (Mo-
HUTOPUHT OO0Wel mupkymsiuyu..., 2012). ABtopbl
OTMEYAIOT CTATUCTUYECKU 3HAYMMBINA HUCXOJSALIMI
TPEH]1 TOJIOBOrO YKcia GJIOKOB B CEBEPHOM MOITYIIIA-
pun (B LEJIOM ¥ [0 BCEM CEKTOPaM) U YrciIa OJIOKOB
JIETHETO Ce30Ha B IBYX ceKTopax: EBponeiicko-A3u-
arckoM u AtnanTtuko-EBponeiickoM. Hauano XXI
CTOJIETUSI TaK>Ke XapaKTepU3yeTcsi 3aMETHOW TeH-
JICHIMEN YMEHbIIEHUsT YKciia OJOKUPYIOIIUX CUTYa-
LUIA, YTO SIBJISIETCSI, HA NIEPBbII B3IJIsil, OU€Hb HEOXKHU-
[IaHHBIM, MTOCKOJIbKY MOBTOPSIEMOCTb JIETHUX 3aCyX B
OCHOBHBIX CEJIbCKOXO3SIMCTBEHHBIX paiioHax Poccum
pactet ¢ koHua XIX Beka (cM. riaBy 4.6).

Lenecoobpa3Ho NpoceiuTh, B KAKO Mepe HU-
CXOJISIlIMe TPEeH/bl Yuciia OJIOKOB B YMNOMSIHYTOW
MOHOIpacum CornacyroTcsl C BbIBOIAMU IPYTUX aB-
TOPOB.

o
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Puc. 1.6.27. MNMoeTtopsiemocTb 3anagHon (W) n BocTo4HOM (E) dopm umpkynaumm B SUMHUIA U NETHUA CE30HbI
1891-1921 rr. (tunmnsdauunsa BaHrenrenma): (1) dpopma W, yncno gHem 3a ce30H Tekyliero roaa; (2) dopma W,

ckonb3swme 21-netHme cpegHme; (3) popma E, ckonb3swme 21-neTHme cpegHme.
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Psanpl rogosoro umcia 6;10koB 3a 1967-1997 .
JUIsl YeThIpeX peruoHoB npusenieHbl B (Wiedenmann
et al., 2002). 3a sror nepuoy Haj ATIAHTUKON YKC-
710 GJIOKMHIOB TakK>Ke YMEHbIIWIIOCh, HO 3HAUUTEIb-
HO cjabee, yem Ha puc. 1.6.256 s Atnantuko-EB-
PONENCKOro ceKTopa.

[To pe3ymbraTaM MOJIEMPOBAHMSI 3a TIEPUOJ] C
1960 no 2010 rr. (Mokhov et al., 2011) uucno 6710-
KHUHI-[IHEN JleToM B ATiaHTuKo-EBponeiickoM cek-
tope pacrter (puc. 1.6.26).

OpuruHanabHOE MCCIIE0BAHUE AHTULMKIIOHWYE-
cKoi1 KBasucTaumonapHoi uupkyssiuun (AKID) Bbi-
nonreno M. 10. Bapaunbsmv (2007). Tlo raHHbIM pea-
Hamza 3a 1952-2000 rr. paccunrTaHa MOBTOpSsie-
MocTh AKII B ATtnantuko-EBponeiickoM cekTope.
INokazaHo, 4YTO OCHOBHOI MaKCHMYM MOBTOPSIEMOCTH
AKTII HaOnrogaeTcst B LIeHTpalbHbIX paiioHax Cesep-
Hoil ATnanTuku U Ha ceBepe EUC, Bkimouas Ypanb-
CKUIl perroH. 3a paccMaTpHUBAEMblii MEPUOJ] YHCIIO
cayyaeB AKIL nerom yBemmuunoch Hap EBponeit-
CKHM CEKTOPOM IPU YMEHBLIEHUU CPEJIHEN JJIUTElb-
HOCTH OJIHOTO CITy4asi.

TakuM 006pa3oM, aHaIM3 OLIEHOK TPEHIOB MOBTO-
psieMOCTH OJIOKMPYIOLIMX CUTyalUMil MoKa3asl UX He-
OJIHO3HAYHOCTb U HEOOXOAUMOCTD AAJbHENILEro uc-
CJIEIOBAHMSL.

Yro kacaeTcst U3MEHEHUs1 Yuciia GIOKUPYIOLIMX
CUTyauuii B OylyleM, TO HEKOTOpbIE CY>KAEHHs Ha
3TOT cUeT npuBefieHsl B padorax M. 1. Moxosa ¢ co-
apropamu. “U3-3a yBemmuenus copepxanus CO, B
aT™Mocdpepe, Cyfisl IO MOJIETIbHBIM OLIEHKAM, CIIElyeT
OXUJIaTh YCWIEHUS UHTErpasibHOro 3agexra 3um-
HUX OJIOKWHTOB, C KOTOPBIMH CBSI3aHBI 9KCTPEMalTb-
Hble MOpO3bl, B ToM umciie B EBpazuu” (Moxos,
2006). B coorBercTBum ¢ puc. 1.6.26, MOKHO OXKM-
laTh YBEJMYEHUs yKciia O1oKo-iHei 1o 60-Tu B ieT-
rue Mecsiubl X X1 Beka (Mokhov et al., 2011). B psi-
Jie IPYTuX paboT TakxKe COfepKaTcs BLIBOIbI O BEPO-
SITHOM YBEJMYEHUM 4uclla OJIOKMPYIOUIMX aHTHUIIMU-
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kioHoB B Oymymem (Pouesa, 2012; KoHoHOBa,
2012a; 20126).

1.6.8. CuHonTHYecKue TUNN3ALUAN
aTMocepHbIX NMPOLEeCcCOB. AHATU3
BPEMEHHBIX PSIOB TUNOB HUPKYJISALNA

B cepenune XX Beka 6buTH pa3paboTaHbl ABE 13-
BECTHbIE TUMU3ALMM LUPKYISIIMOHHBIX TPOLECCOB
JIJ1s1 CEBEPHOTO TOJyLIAPKS U €r0 CEKTOPOB: TUMU3a-
umsi [ S1. Banrenreitva (1952), passurast BocnescT-
Bun A. A. Tiupcom (1974), n Tunuzaums B. JI. I3ep-
m3eeBckoro ([I3epm3eeBckuit u nip., 1946; 13ep3ees-
ckuit, 1968). CocTaBieHbl U €XKErofaHO MOMOIHSIFOT-
Csl JUIMHHOPSHbIE KAaTajlOrM 3TUX THUIIOB C KOHIA
XIX Beka 1 Mo HACTOSALLEE BPEMSI.

Tunuzayus Bamneemnzeiima — l[upca pa3paboraHa
JJ1s1 IByX CEKTOPOB CEBEPHOIO MoJjylapusi: ATJaH-
tuko-EBpasuiickoro (60° 3.1.—120° B.1.) u Tiuxooke-
aHo-AMepuKaHcKoro. /11t iepBoro ceKTopa Bhbljielie-
Hbl TPU OCHOBHBIX (POPMbI aTMOC(EPHBIX ITPOLECCOB
(W — 3anmagnasi, E — Boctounasi, C — MepuiioHaIIb-
Has1) U JICBSITh UX Pa3HOBUIHOCTE. VICTONb3yst Te ke
npuHUMIbI, A. A. [upc paznenun atMmocgepHble mpo-
LeCcChbl BTOPOr0 CEKTOpPa TaKXKe Ha TpU (pOpMbIL: 30-
HabHyO (3) 1 iBe Mepuonanbhbie (M, u M,). Ps-
Abl OpM LIMPKYJIAUMU B ATIaHTUKO-EBponeiickom
cektope 3a 1891-2006 rr. 6bLIM pacCMOTPEHBI B TIEp-
BOM OLIEHOYHOM JIOKJIaJIe M0 TO/IOBbIM JIaHHbIM. Hitke
NPUBEJEH aHAINW3 3TUX PSIOB MO CE30HAM roja 3a
1900-2012 rr.

ITpu W dopme LMpKYISIUMM MOBBILIEHA UHTEH-
CHBHOCTB 30HAJIBHOW COCTABIISIONIEH, MEKTYIIIMPOT-
HbIii 0OMeH ocnabiaeH. [Ipy BbICOKOIIMPOTHON 30-
HAJIbHOCTY LIMKJIOHBI CMEIAIOTCS 110 aKBATOPUM apK-
TUYECKUX MOpPEN, a NPU HU3KOLUMPOTHOW — NEpeMe-
LIAFOTCS Yepe3 30HY YMEPEHHBIX IIUPOT, IPEUMYILE-
CTBEHHO C 3amajia Ha BOCTOK. 3uMHui Cubupckuii
MakcUMyM ocnadneH, VicnaHickuii MUHUMYM YTty 0-

Tabauya 1.6.4. Koachpuyuenmot cuHxpoHHOU KOppeaayui mexncoy Koagduyuenmom “a;” passonceHus nois
1
NpU3EMHO20 0ABACHUA 8 AMAAHMUKO-EBPONEIUCKOM CeKmope no 3.0.¢h. u nosmopaemocmoio ¢opm yupxyaauuu W u E

®opma Mecsupi

mupKyasauuy | I II III v \Y VI VII VIII IX X XI
w —0.68 -0.69 -0.54 -0.31 -0.46 0.13 0.30 0.28 -0.42 -0.44 -0.57
E 0.59 0.62 0.53 0.49 0.20 -0.08 -0.13 -0.15 0.29 0.49 0.49

156>

o



OD-2-1-3n

12/15/14 1:14 PM Page 157

—p—

1.6, ATMOCDEPHAR UNRPKYIALASA

Uncrno gHen (C)

10 — “

i

0 I O N B L B

60 — 6)

50 —

40 —

30 —

Uncro gHen (C)
|
—_—
i
[

20 —

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

et

0 I L B B B

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

ettt

Puc. 1.6.28. NoBTOPSAEMOCTb (4MCNO AHEN 3a Ce30H) MepuanoHanbHor (C) dopMbl LMPKYASUUM B S3UMHUIA (@) 1
neTHuin (6) ce3oHbl 1891-2012 rr. (Tunnsauusa 3epaseeBckoro).

nen. Ipu makponponeccax Boctounoil (E) dopmbl
LUUPKYJISIUUA TPACKTOPUM OapuyecKrux oOpa30BaHUI
NpuoOpeTAlOT MEPHUAMOHAIBHYIO COCTABJISIOLIYIO.
Ucnanpckuii MunuMyM yriyOseH, Azopckuii 1 Cu-
Oupckuii MakcumyMbl ociabisiensl. [Tpu popme C cu-
HONTUYECKME TPOLECChl MOAOOHBI MpoueccaM IMpu
dopme E. ®opmbl uppkysisiuyy Banrenreiima B3aum-

HO KoppesmpoBasbl. [Io rogoBbIM [JaHHBIM 3a

1891-2012 rr. koppeunsimusi cocrauna: (W, E) =
-0.77, r(W, C) = -0.24, r(E, C) = -0.44.

[To npeobnaanio OHOM U3 TpeX (POPM LUPKY-
Jsiupn (WK TI0 COYETAHUIO IBYX (hOPM) aBTOPBI TH-
NU3aLMil BBIIEIWIIN IUMPKY/ISIUOHHBIE 3MOXH, Ha 0a-
3¢ KOTOpBIX pPa3paboTaH MaKpOLMPKYJISIMOHHBIN
METOJT JIOJITOCPOYHBIX METEOPOIIOTMIECKUX MPOTHO-
308 (Banrenreiim, 1952; Tupc, 1974; Banos, Buno-

o
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rpajio, 1995; Ivanov, Vinogradov, 1995). Merop
UMEeT BBICOKYIO OINpPAaB/IbIBAEMOCTb, OCOOCHHO ISt
APKTHUYECKOTO PEroHa.

CyliecTByeT MHEHWE, YTO TUMM3alus BaHreH-
refiMa—Ipca HOCUT CyOBEKTHBHBI XapakTep U He
MOXeT ObITh (popMasM30BaHa. DTO HE COBCEM Tak
(BapanoB, Bawnrenreiim, 1988; Ipysa, Panbkoga,
1996). Pacuetsi mokazam (Memepckas u fip., 2013),
YTO MEXKJTy NMepBbM (2;) KOI(P(PUIMEHTOM pa3ioxke-
HUST TI0 SMIMPUYECKMM OPTOTOHAIBHBIM (DYHKIHSIM
(3.0.¢b.) MOIIS TPU3EMHOTO JIABJICHKST B ATJIAHTHKO-EB-
pornerickoMm cektope 3a 1900-2012 rr. m noBTOpsiemo-
ctbio hopm W 1 E B HEKOTOpBIE MeCsbl UMEETCS JI0-
BOJILHO BBICOKasi KOPPEJSIMOHHAS 3aBUCUMOCTh

(Ta6m. 1.6.4). Haubosnee TecHast KOppeJIsiysi OTMeYa-
ercd g ¢opmel W B gHBape u eBpane
(r = -0.68; —0.69) B nocrenytoime Mecsipl Koppe-
JSIysT ocjlabeBaeT, a JIETOM fAaske MeHseT 3Hak. C
CeHTsI0psl Mo feKkabpb KOppessiysi BHOBb OTpHIIA-
tesnbHas (B Hosiope 1 = —0.57). [JocTaTOYHO BBICOKHE
3HaUeHUs: KO3(P(PUIMEHTOB KOPPENSILUU O3HAYAIOT,
4to cyOobekTHBHO onpefessemas hopma W (E) Hecer
3HAYUTEJbHYIO 10710 OOBEKTUBHOW WH(pOpMauuu
(BO3MOKHO, 3a CYET TPEH/IOBBIX COCTABJISIFOLIIKX ).
X0 TMOBTOPSEMOCTU 3aMAJHON M BOCTOYHOM
(hopM UMPKYISLMY B 3UMHUN U JIETHUI CE30HBI B Te-
yenre 1891-2012 rr. (puc. 1.6.27) yeTKo AEMOHCT-
pupyeT ux npotuBoazHocThb. Pasibl moBTOpsieMocTu

0)
PO W A .|
. ~N
& > N
/ é? N
t] N P
S .
. A\
td
= \
s e |
\ i A2 1
i s B il
P\ NG ‘
3 —\\ y t
=
S /
Lis% ;
X /
N 7
o \\ - {.-
]
~ < o~ 48
L) £ £ L 3¢ 3 L )

a)
- =
/ ~ - #—f‘ ~ 0
g > N
/ \
n \
7 \A T ; ;
\
o1 \
> f B |
i
3| > [ s 3
NI §
Y /
2 |
,“ ) F.
o N /
~ -
Ry =
A AN S~ fa
B)
A R
/\ & \ o Y
b ’/ N \
\_. - | X 2
w -
X
. W / |
o o \
o : -_B g
\
sl | - ; 1l
t > i
= 1
3| > d
— X \
A -
*» /e
o { \ >
N 4 {
B BN D, % Z
\\\ = E b
S NANED > 1203

Puc. 1.6.29. OnHamunyeckune cxemMbl ALM: a) 3oHanbHas rpynna, 6) HapyleHue 30HaIbHOCTU, B) MepuavioHasnbHas
ceBepHast, ') MepuanoHasbHas toxHasa. 3aecb yncno obosHavaet Tmun UM (o1 1 go 13); HauyanbHble OyKBbI —

ﬂOﬂTMH,a6YKBa 3” 03Ha4yaeT 3UMHUIN
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1.6.30. OTKNOHEHUS MPOAOIKUTENBHOCTU TPYNM UMPKYAauum ceBepHoro nonywapusa (10-netHue

ckonb3auwme cpegHue) 3a 1899-2012 rr. oT cpenHen 3a TOT Xe nepuof: 1— 30HanbHasg M UM HapylleHue
30HaNIbHOCTU; 2 — MepuaMoHanbHas ceBepHas (610KMpytoLLMe NPOoLUEecehl); 3 — MepuamMoHasnbHas XHas.

¢opmbl C 3a NeTHUN U 3UMHUI CE30HbI MPUBEJIEHDI
Ha puc. 1.6.28. BusyanabHO BBIIEISIFOTCS /IBa IEPHO-
na: ¢ 1891 o cepenunbl 70-x TOAOB, KOT7Ia MOBTOPSI-
emocTb (popMbl W yMeHbLIaNIach, a popMel E pocna,
M KOPOTKWII Tieprof] ¢ cepeauHbl 70-X royioB, Korma
TEHJCHMU U3MEeHEeHUsl uncia faHei ¢ popmamu W u
E cMeHnnmu 3Hak Ha MpoOTUBOMNONIOXKHBI. KopoTkuii
Nepuoj MPaKTUYECKU COBNAJAET C NMEPUOJOM UHTEH-
CUBHOT'O MI06ATIBLHOrO noteryienus. [1is AByX Bbijie-
JIEHHBIX NMEPUOJOB JIMHEHHbIE TPEHJIbI MOBTOPSIEMO-
cti pOpM LIMPKYJIsIUMU BaHreHreiiMa u 1o ce3oHam,
¥ 3 TOJ] CTATUCTHYECKH 3HauMMbI (Tabu. 1.6.5).
OTMETUM HEKOTOPbIE CYLIECTBEHHbIE MOMEHTBI.
Bo-nepBbIx, 3HaKM JTMHENHBIX TPEHIOB MO CE30HAM U
3a roji coBnajiatoT. Bo-BTopbIX, ¢ cepeaunbl 70-x ro-
JIOB HAYaBLIMICS POCT MOBTOPsieMOCTH (popMbl W
COBMAJI C HAYAJIOM MHTEHCUBHOIO MOTENJICHUS! K-
MaTa ¥ Pe3KOoro ToBbIleHUs ypoBHs Kacnuiickoro
mopst (Memepckasi, Tonon, 2003). B-tperbux, 3u-
Mo, ¢ Havasla XXI Beka MOBTOPSIEMOCTb 3amajHOM

(hopMbI UMPKYZISLMKM BHOBb Hayajla YMEHbLIATHCS,
YTO C HEKOTOPbIM C/IBUTOM COBMNAJIO C HAMETHUBIIIEH-
cst ¢ 2006 . TeHACHIMEN OYePETHOTO MajIeHNsI YPOB-
st Kacnus. OpHako JIeTHUR POCT MOBTOPSIEMOCTH
copmbl W mtoka npojtoskaeTcst (Kak U B IEPEXO/IHbIE
CE30HbI), HO C GOJBIINM 3aMEJIIEHIEM B KOHIIE Psifia.

KpaTko o TeHieHUuMsIX U3MEHEHUs] TIOBTOPSIEMO-
CTH MepUMOHATIbHON hopmbl tupKysin C (puc.
1.6.28, Ta6n. 1.6.5). JletoM TpeH/ibI OTPHULIATEIbHbI
3a BECb MEPHUOJl, HO YMEHBLIEHUE MOBTOPSEMOCTU
3TON (POPMBI LUMPKYJISILMU B KOHUE Psijia 3aMeIJIsieT-
cs. 3uMot TpeHfibl moBTopsieMocTH (hopmbl C mnono-
SKUTEJIbHBI 32 00a NEepHUoJia, HO HEYCTOMYMBBI MO Be-
JIMYUHE.

B (Cunopenkos, Cymeposa, 2012) oGHapyskeHO
COOTBETCTBUE B HAKOMJEHHBbIX CyMMax aHOMAJIMil
nostopsieMocTd ¢dopmbl C M CKOpPOCTU BpalleHUs
Bemim (koadpdurment koppessimun 1 = —0.7), a Tak-
K€ MEXKJ1y CKOPOCTBIO BpALLEHUs] 3eMIIA U CKOJIb3s1-
UMY MSITUIETHUMUA CPEIHUMU AHOMAJIMSIMU TJIO-

o
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Tabauya 1.6.5. Cymmaproe uamernenue nosmopsaemocmu gopm yupkyaauuu I. 5. Banzernzeiima no ceaonam u 3a 200
3a 06a nepuooa 1891-1975 u 1976-2012 22: 6 Onax (a) u 6 npouenmax om Hopmowt (0)

Ilepuon ®opma W ®opma E ®opma C
BECHA | JIeTO | OCeHb | 3UMa | Tof | BeCHA | JIeTO | OceHb |3MMa | roj | BecHa | JieTo | oceHBb BUMa [rox
1891-1975 a -16 -33 27 20 -96 19 45 19 18 101 -3 -12 8 3 4
6 -63 -103 -74 -65 -77 50 142 57 43 70 -9 44% 38 14 -5
1976-2012 a 22 20 16 18 76 8 -18 -13 23 88 13 -3 —4 6 -10
6 92 87 47 52 66 -74 38 35 68 53 57 14 22 26 12

IIpumeuanus: 1. CymmapHOe N3MEHEHHe 32 TIEPHO]] MOy YeHO YMHOKEHHEM KO(h(hULMEHTA JIMHEIHOTO TPeH/a Ha YHCIIO JIeT

B paCcCMaTpUBACMOM IIEPUOJIE.

2. Bce onenku s popm mupkymsiim W n E cratuctideckn 3Haunmble. M3 onieHoK st popmbl C CTAaTUCTHUSCKT 3HAUN-

MbI TOJIBKO OTMEYEHHbIE 3Be3[I0UKOi (*).

Tabauya 1.6.6. Xapakmepucmuka 2pynn yupkyaayuu ammocgepvt CeepHo20 NoAYWapusa 6 Munu3ayuu

b. JI. /l3epozeesckozo

Tuner 1M,
BXO[ISIII[H€ B TPYIILY

I'pynna mupkynsinumn

ATMmocepHoe
JaBlleHMe B APKTHKe

KonnyecTBo 0qHOBpeMeHHBIX COOBITHH
B Pa3HBIX CEKTOPaXx MOJIyMmapusi

0JIOKHpYIOLUe BBIXO/IbI I0XKHBIX
MPOLECCHI LHUKJIOHOB
3oHanbHast 1u?2 Bricokoe 0 2-3
Hapyrenust 30HabHOCTH 3-7 Bricokoe 1 1-3
MepuoHasibHast ceBepHast 812 Bricokoe 2-4 2-4
MepunoHaTbHAasT FOXKHAST 13 Huskoe 0 3-4

GanbHOI Temnepatypbl Bosayxa (r = 0.67). o yt-
BepxjeHuto aBtopoB, B 2004 r. HacTynuia HoBas
35-netHsist anmoxa aTMOChepHON TUPKYJISIUN, KOTO-
past mpoprokuTest mpuMepHo 1o 2039

Tunusauus b. JI. /13eposeesckozo pazpadboTaHa
cnenpajibHO JIJIS aHalIn3a MHOTOJIETHUX KOJIeOaHW
uUpKyJasiquu atMocgepbl CeBEpHOro noJyiapusi u
CBSI3aHHBIX C HEIO KOJIeOaHUI TeMIepaTypbl BO3/IyXa
u armocdepHbIx ocaakoB ([IzepazeeBckuil u Jp.,
1946). B ocHOBY TMNM3AIY MOJOXKEHO YKCIIO BTOP-
>KEHMI BO3AYIIHBIX Macc M uX HampasieHue. Ha oc-
HOBE aHaJIM3a eXKe[IHEBHbIX CHHONTHYeckuX Kapt Ce-
BEPHOTO TIONTYIIAPHsI BbIJIETIEHO 4 TPYNIIbI IAPKYJIsi-
tun, 13 tunos, 41 nogrun (3neMeHTapHbII IUPKYJIsi-
LMOHHBI Mexanu3M, DIIM), KOTOpbIi U SIBIISIETCS
OCHOBHOI1 efuHuueil Tunu3auu (tabn. 1.6.6). s
kaxkgoro DM cocraBieHa JuHaMUYecKas cxema
reorpauyeckoro MoJjoxXeHusi U MyTel mnepemelie-
HUSl TMKJIOHOB M aHTUIMKIOHOB (JI3epmi3eeBckuit,
1968; Kononosa, 2009). Ipumeps! JMHAMAYECKHUX
cxeMm DM, oTHOCSIIMXCS K Pa3HbIM TpyMmaM Lup-

160>

KyJsiuuM, TpuBefeHbl Ha puc. 1.6.29 u Ha caiite
(www.atmospheric-circulation.ru).

AHanm3 cyMMapHOIi IPOJOJIKUTEILHOCTH TPYIIT
LUPKYJISIAN TIO3BOJIMJT BBISIBUTH JTUTENbHbIE (B He-
CKOJIbKO JIECSITUJICTH) TEPUOMbI TOJOKUTETHHBIX
AQHOMAJINI NPOJIOJKUTENBHOCTU KAKOW-JIMOO IPyIIIbI
IUPKYJSIIMU. DTU NEpPUObl MOJYUYWIIM Ha3BaHUE
LUMPKYJISIqUOHHBIX 310X (I3epa3eesckuit, 1956; Ko-
HoHOBa, 1974; Jlateiuera u fip., 20106). C 1899 . B
CEBEPHOM MOTYLIAPUA CMEHWJIUCH TP LMPKYJISIIH-
ounble anoxu (puc. 1.6.30): mBe MepuaMOHATBHBIE
(1899-1915 rr. m ¢ 1957 . o H/Bp.) ¥ OjIHA 30HAIIB-
Hast (1916-1956 rr.). B 30HaBHYO 3M0XY Npeobiia-
nam O1IM 6e3 apKTU4eCKUX BTOPXKEHUI WUJIM C Ofi-
HUM apKTHYECKUM BTOPXKEHUEM, aTIIAHTUUECKHE 11~
KJIOHBI TPOXOJIMII BJIOJIb BCEro nodepeskbsi EBpazum.
DTOT Nepuoy BOILEN B UCTOPHIO KaK MEPHOJ] MOTeTl-
neHusi ApKTHKY. MepHIMoHAlIbHbIE SMOXU pa3iiiJa-
IOTCSl MEXJly CcO0OM MNpeoOsiaaHieM pPa3lIMIHbIX
rpynn upKynsaumu. B Hagane XX Beka oTMevanach
MepHIMOHAJIbHASI CEBEPHAs AM0Xa, KOTOPasi XapaKkTe-

o
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pU3yeTcsl aHTUIMKJIOHNIECKUMU BTOPKEHUSIMU C Ce-
Bepa u ookupyromumu npoueccamu. C 1957 . Haua-
Jach MEpUIMOHATIbHAS FOXKHAsl amoxa. B Heit B 2.5
pa3a NpoOKUTENIbHEE CPETHEel OKA3aJMCh BBIXO/bI
IOKHBIX IUKJIOHOB, KOTOPbIE HEeCIW W3 HU3KUX II-
POT B BBICOKME TEIUIbIA M BIJAXHBIA BO3AyX. B
1981-1998 rr. B Poccun, Ha ¢poHe rimoGabHOTO 1o-
TETUIEHHS], PE3KO YMEHBIIMIIOCH YMCIIO CYPOBBIX 3UM.
C 1998 r. ymeHblaeTcsi TOfIOBasi TPOJIOKUTEIb-
HOCTb MEPUJIMOHATLHOW FOXKHOW LUMPKYJISUUMA, XOTS
no fnanabiM 2011 1. oHa Bee eme Ha 21 fieHb TpeBbI-
maet cpepuioro. [locne muanmyma B 1992 1. (91 nenn
3a r'oj]) HAYMHAETCSI HOBBIN POCT FOJIOBOI TPOJIOIIKH-
TEJILHOCTU MEPUAVOHAIILHON CEBEPHON LMPKYJIALNN,
B 2012 r. oHa npeBbIaeT cpefnioo Ha 60 Heil.
PaccmaTpuBasi He OTKIIOHEHUSI, @ (DAKTUIECKYIO
CYMMAapHYIO TOJIOBYIO MPOJIOJIKUTEILHOCTD Pa3iny-
HBIX Tpynm uupKyJsiipn (puc. 1.6.31), BuguM, 9To B
TEUYEeHNE TI0YTH BCETO TIeprojia HanboJiee MPOJIOIIKI-
TEJTLHON OKa3bIBAETCSI MEpPUIMOHAJIbHAS CEeBEpHas

—p—
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rpynna LUPKYJSiUU. BIIOKUpyrolye npouecchl B
HIKHEN Tpornocdepe rocrojcTBOBAIM Ha MOJyIla-
pum Bce Bpems, nckimodasi 1930-e rojipl, Korja oHu
nepeMeXaauch C HapylUIeHUeM 30HaJIbLHOCTH, U
1980-1990-¢, korga oHM NepeMesKaIiCh ¢ MEPHUINO-
HaJbHONM tOKHOW. OTMeYaroTcsl TpU BCIUIECKA IMPO-
JIOJKUTENILHOCTH OJIOKMPYOLIMX TPOIIECCOB: B HAYa-
ge XX Beka (B 1915 . — 278 aneit), 8 1960-¢ ropw! (B
1969 r. — 268 nueit) u B mocneanne roapl (B 2009 . —
265 nHeit), B OCHOBHOM 3UMOI ¥ JIETOM.

Konebanua yupkyaayuu ammocegepol 6 poccuii-
cxux cexmopax. Teppuropust Poccun pacnosioskeHa B
espornerickom (0-60° B.11.), cubupckom (60-120° B.71.),
nanbHeBocTouHOM (120-170° B.I.) M THXOOKEAHCKOM
(170° B.1.—120° 3.;1.) cekTopax CeBepHOro MoOJTyIIa-
pust. Bpemsi HaCTyIUIeHUs] UPKYJISIUOHHBIX 310X Ha
TeppuTopur Poccun HECKOITBKO OTJIMYAETCsI OT Bpeme-
HU uX HacTyryieHnsi B CeBepHOM MOYIIAPUK B LEJIOM,
HO MX XapakTtep coxpansiercsi. B nocnennue 14 ner na
Bcell Teppuropun Poccun mpoucxoauT pocT Mpopod-
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Puc. 1.6.31. CymmapHasa 3a rop npoAaoDKUTENbHOCTb FPYMM TUMOB LUVPKYASUMM CEBEPHOro MNonyliapus B
Tmnusauun b. J1. O3epaseesckoro B 1899-2012 rr.: 1 — mepuamnoHanbHas ceBepHas, 2 — MepuanoHasnbHas
ceBepHas cpepHas, 3 — MepuamMoHanbHas loXHas, 4 — MepuanmoHasbHas OXHAa CpenHsasa, 5 — HapylleHue
30HANBHOCTHU, 6 — HApyLLUEHNE 30HANIbHOCTU CPpeaHss, 7 — 30HaNbHas, 8 — 30HaNbHaga CPeaHas.
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SKUTENIBHOCTH OJIOKUPYIOLIMX TPOLECCOB M aHTHLM-
KJIOHMYECKON LMPKYJSIUMHA, B OCOOEHHOCTU 3UMOW U
neroM. PacueT cpepiHero armocepHoro aBiaeHus npu
pasubix Tunax D1IM B pasuble nepuopnl (JaTbinesa n
np., 2010a); Mankosckuii, Kononosa, 2011) mokasai,
YTO [ABJIEHNE B IEHTPE CUOMPCKOrO aHTULMKJIOHA TIPH
Bcex 3umuux DM B 1998-2008 rr. Bbimie, yeM B
1981-1997 rr.

KonunuecTBeHHbIE OLIEHKN TEHIEHLINI N3MEHEHNS
NPOAOKUTENILHOCTA TUIOB LMPKYJIsuuu [I3epase-
€BCKOTo npuBeJieHbl B Ta6u. 1.6.7 no ce3oHam ropa.
[ eBpOnencKoro ceKTopa OLUEHKM NPUBEJEHBI 32
nepuopbl 1899-1975 u 1976-2012 rr., a pst cubup-
ckoro 3a 1899-1979 u 1980-2012 rr.

Boiensiercst yMeHbllIeHre MPOOJIKUTEIbHOCTH
(oTpuIaTeNIbHBIE TPEH/IbI) 30HAIBHON TPYMIbI LUP-
KYJISIUHA B €BPOIEICKOM cekTope (B 00a repuopa) u
MEPU/IMOHAIBHONM CEBEPHOW TIpYyNIbl LUUPKYISALUA
(Bce Ce30HbBI, HO TOJILKO JUIMHHbBIE MIEPHOJIbI), a TaK-
K€ MEpUMOHAILHON OXKHOW TPYMIbl LUUPKYJIALAN
BECHOI, JIETOM 1 oceHbio B Cubnpckom cekrope (06a
nepuopa). CiieyeT 3aMeTUTh, 9TO B HEKOTOpbIE Ce-
30HBI BBIXO/Ibl FOXKHBIX LIMKJIOHOB PEIKM, a UX CyM-
MapHasi POJIOJKUTEILHOCTh Mana (Hampumep, 3u-
Mol B CMOMPCKOM CEKTOpPE OHM MOYTH HE HaOmoia-
totcs1). Tloaromy faske HeGOJbIIME IO aGCOMFOTHOM
BEJIMUMHE MPOAOKUTEIBHOCTH MEPUAMOHAIIBLHOM
FO’KHOW LIMPKYJISILMY B TIPOLIEHTAX MOTYT ObITh OYEHb
oonbimmu (182-196%).

—p—

OcoObli1 MHTEpeC NpefICTaBIsIeT KOPOTKUI Nepu-
of (Tepro MHTEHCHMBHOTO IIOOAIBLHOTO MOTEIIe-
HUsi). 37eCh MPOCIIEKUBACTCST yBEIMUCHHE TPOJOT-
SKUTEJIBHOCTU MEPUAMOHAIILHON CEBEPHOW TPYMIIbI
UUPKYJISIUUKA B 000MX CEKTOpax, 0co0eHHO B Cnbup-
CKOM, a TakXe MEPHUAMOHAIBLHON FOXKHOW TPYIIIbI
umpkynsiu B EBpornefickom cektope (BecHa, JIeTo).

B coBpemMeHHbIl nepuoy BefyLyo poib B ¢op-
MMPOBaHUU MOTOfIbl BO Bcex ceKTopax Poccuu 3umoit
U JIETOM UrpatoT OGJOKMPYHOLIME MPOLECChl, NPU KO-
TOPBIX APKTUYECKUN aHTUUMKIIOH COEJJUHSIETCS MO-
JI0OCaMU MOBBIILIEHHOTO JIABJIEHUS! C YCTOWYMBBIM aH-
TULIMKJIOHOM Ha tore Tepputopun. Cyxoii apKTuye-
CKUI BO3JyX OBICTPO MpOrpeBaeTcsl Hajl KOHTMHEH-
TOM JIETOM U BBIXOJIa3KUBAETCS 3UMOI, CIIOCOOCTBYSI
NOJIEP>KaHMIO OOIIMPHOTO CTAIMOHAPHOTO AHTHULIM-
KJIOHA Ha OoublION TeppuTopuu. Takasi cuHOnTHYE-
CKasl CUTyallusi YpeBaTa yBeJMUSHUEM MOBTOPSEMO-
CTH 3UMHHMX MOPO30B U KaTaCTPO(PUUECKUX JIETHUX
3acyX, a TakKe MX pacnpoCTpaHeHWeM Ha TEPPUTO-
PHMIO OCHOBHBIX 3€pHONPOMU3BOAAILIMX oOsacteir Poc-
cun (YepenkoBa, Kononosa, 2012). [Ipyrum crefct-
BUEM TaKOr0 XapakTepa LUPKYJSUUMM aTMochepbl
OKa3bIBA€TCsl POCT IOIOBOM aMIUIUTY/Ibl TEMIEPATy-
pbl B pasHbix permonax Poccun (KonownoBa, 2012a;
20126), 9uTO OTPHIATENILHO CKA3bIBAETCSI HA BCEX OT-
paciisix Xo3siicTBa.

[TpescTaBneHHble 3A€Ch TUMU3ALMU aTMochep-
HbIX MPOLIECCOB HAILIIM IIMPOKOE NpUMeHeHre. B pa-

Tabauya 1.6.7. Cymmaproe uameHnerue npoooaxcumeavHocmu 2pynn yupkyaauyuu b. JI. /1seposeesckozo no ceaonam 3a
06a nepuooa 1899-1975 u 1976-2012 22: 6 Onsax (a) u 6 npouenmax om Hopmwt (0)

Ilepuon 3oHanbHas rpynna MepuanonanbHas ceBepHast MepuanonanbHas 10KHast
Becna | Jleto | Ocens | 3uma | Becna | Jlero | Ocenp |3uma | Becna | Jletro | Ocens |3uma
EBponeiickuii cekTop
1899-1975 a -4 1 -8 -11* 11 -17* -6 -1 17% 18* 13 11*
6 -18 8 -33 -28 =30 48 -19 -3 55 44 37 40
19762012 a -16* -10 -8 -2 9 -2 15% 6 11 10 -3 -2
6 -117  -102 =57 -8 29 -12 6 26 22 17 -1 -1
Cubupckuii cekTop
1899-1979 a 13* 19% 16* 20* -10 -8 -10 -16* 2 -9 -5* 0.3
6 38 43 45 85 =20 =30 22 -25% =31 48 -81 182
1980-2012 a -12 -5 -16 -18 20* 15 23* 16* —6* -10%* =7* -1
6 -26 -8 =32 47 46 60 60 31 -152 121 -196 -179

Tpumenanus: 1. CymmapHOe N3MEHEHHE 3a TIEPUOJ] TIOJTYYeHO YMHOKEHHEM KO3(h(UIMEHTA JIMHEHOTO TPEH/Ia Ha YKCJIo JIeT

B pacCMaTprUBAEMOM NIEPUOJIE.

2. CTaTUCTHIECKU 3HAYMMBIE 3HAYCHUS BBIICJICHBI 3BE3/[0UKOM (*) 1M JKUPHBIM MIPUDTOM.

162>

o



OD-2-1-3n

12/15/14 1:15 PM Page 163

—p—

1.6, ATMOCDEPHAR UNRPKYIALASA

Tabauya 1.6.8. Koagguyuenmot koppeasyu mexcoy UHOCKCAMU 3ACYUAUBOCU (NePeYBAANCHEHUSL) 8 OCHOBHDIX
3epHonpouseooauux paiionax Eeponetickoit meppumopuu 6. CCCP, nosmopsaemocmbto popm yupkyaayuu
Barnzenzetima (W, E, C) u npodosxcumerpbHocmuio 2pynn yupkyaayuu no /1sepozeesckomy (3, M, M,,), 1950-2012 22

®opma HHPKYIALUN D M DM ®opma IMPKYIALIMA D M DM
N 0.06 -0.04 0.05 3 -0.14 0.10 -0.14
E 0.28 -0.22 0.28 M, 0.02 0.09 -0.04
C —0.47 0.37 -0.48 M 0.05 -0.14 0.10

0

Ipumeuanue: D — uHpieKC 3aCyLIIMBOCTU, M — UHfIEKC nepeyBiaakHeHusi, DM — ux pa3HOCTb.

6orax (Memiepckast u fp., 2000; 2001; 2011) pmas
00erX TUNU3ALMil BBINTOJHEH aHAIN3 KOPPENSLMOH-
HBIX CBSI3€l MEXKJy NMOBTOPSEMOCTBIO (DOPM LMPKY-
JISIUMU B ATJIAHTUKO-E€BPOINEVICKOM CEKTOPE U MHJIEK-
camu 3acyuumBocTH (yBraskHenus ). CTaTHCTUYECKU
3HAYMMBbIE PE3YJIbTAThI MOYYWIIMCh TOJIBKO U1 TH-
NoB LUPKYJIsiiii Banrenreiiva (ta6i. 1.6.8). Bech-
Ma BbICOKHe Koa(puumeHTsl Koppesiuu (10 0.67)
MOJIyYEHbl TAKXKE MEXJly TEMIIEpPaTypoil BO3[yXa
YMEPEHHBIX IIUPOT U TOBTOPSIEMOCTBIO BCEX TPEX
¢opm uupkynsaumu Banrenreiima.

1.6.9. 3aknouyenue

Hnoekcor ammocepeproii yupkyaayuu. [1ns tep-
puropun Poccun HanGob1IMii UHTEPEC NPEACTABIIS-
10T LMPKYJISILMOHHBIE MHJEKChI, OMUCHIBAIOIINE KO-
nebaTesbHble CUCTEMBI B aTMOC(EpE CEBEPHOIO U
10KHOro nosyapuit: CeBepo-ATIaHTUYECKOE KOlle-
6anre (CAK wim NAO); BocTouHo-ATinaHTHYeCKOe
koneGanne (BAK wm EA); Apkrrueckoe koseba-
e (AK wm AO); IOxuoe kone6anne (FOK wm
SOI); Tuxookeanckoe kosebanune (TIO mmu NPI).

IIpu nonoxwurensHoit paze CAK npoucxogur
YCUJIEHUE 30HAJILHOI'O NIEPEeHOCa, CMELLEHNE B CeBe-
PO-BOCTOYHOM HAlpaBJIEHUU TPACKTOPUIl LIMKIIOHOB
1 ocnabieHne nx akTuBHOCTM Haj EBponoii. Boc-
TOYHO-aTIaHTU4Yeckoe kosebanue (BAK) ornmua-
eTCsl OT CeBEpOATIAHTUYECKOro OONIBIIMM YUCIIOM
UKJIOHOB M MX OOJbllefl MHTEHCUBHOCTBIO KaK B
MOJISIPHBIX LIMPOTAX MPU MOJOXKUTENBHON (haze, Tak
U B YMEPEHHbIX IIMPOTaX MpU OTPULIATEILHON (haze
pa3Butus. IIpm OJHOBpPEMEHHO MONOKUTENbHBIX
dazax CAK u BAK 3umoii xapakTepHa MOIOXKHU-
TeJIbHAsl aHoMauusl TeMrnepaTypbl B EBpone ¢ Hau-
OoJsiblIMMU 3HAaYeHusiIMU Ha EBponeiickoil yacTu
Poccun (Gomee 3°C). ApkTrueckoe KojiebaHne Xa-

PaKTEPU3YET IPAJUEHT IABJICHUS] MEX/y CPEHUMHU
LIMPOTAaMH U MONsIpHON o0nacThio. Koapduupenr
KOppENsILMU MEXKy apKTUYECKUM HHJEKCOM LMp-
kyssin 1 naaekcoM CAK npesbimaer 0.9.

N3 Ttpex umpkynsuuonusix uuaekcoB (CAK,
BAK, AK) ¢ aHOManusiMi TeMmepaTypbl BO3[yXa 3-
Mo Ha Tepputopun Poccun TecHee Apyrux cBsi3aH UH-
fiekc ApkTuyeckoro konedanusi. [IpakTuueckuil uHTe-
pec MPENICTABIISIIOT ACUHXPOHHBIE 3aBUCMOCTH MEXK]TY
3uMHUMM uHAekcamu AK u nmocienyommmu nonsiMu
TEMIIEpaTypbl BO3/lyXa, KOTOPbIE MOTYT WCIOJb30-
BaTbCS U1 JIOJTOCPOYHOIO MPOrHO3a TEMMEpPaTypbl
Bo3ayxa. ClienaH BbIBOJI O BO3MOXKHOCTH MCIIONIb30Ba-
HMs ruppoauHammuyeckux nmporHozos CAK anst ymyu-
LIEHNSI MECSYHBIX ITPOTHO30B TEMIIEPATYPbI BO3AYXa.

SBnenne  Dub-Hunbo/lOxHoe  Konebanue
(DHIOK) TecHO CBsI3aHO C METEOPOTIOTHIYECKIMHE YC-
JIOBUSIMU B TPOIUKAX, I7I€ 3TU 3aBUCUMOCTHU HE TOJIb-
KO YETKO BBIPAXEHbI, HO M MMEIOT NMPaKTUYECKOe
3HaYeHUe, 0OCOOEHHO /1JIs1 3anajiHbiX noodepexkuit KOx-
HOIl AMepUKH (CeTbCKOe X035IIICTBO, PhIOOJIOBCTBO).
3aBucuMOCTH MeXJy siBieHrueM Oub-HuHbo m me-
TEOPOJIOTMYECKUM PEXUMOM Ha Teppuropun Poccun
U CONpEIEIbHbIX CTPaH JJOBOJIBHO cjaOble. OOGHapy-
>KE€HbI perMoHajbHble OTKIMKM Ha curHain DHIOK B
CUCTEMAX LUPKYJSILUMU aTMOC(Epbl BO BHETPONMYE-
ckux mmportax. B yactHocTH, Bo3aeicTerue DHIOK
Ha CAK xapakTepusyercst a3(p(peKTOM 3ana3abIBaHNs
NIPUMEPHO B iBa FOAA.

B kauecTBe MHJIEKCA TUXOOKEAHCKOW IEKATHOMN
octmusiimn (TO) ucnons3yeTcst CpeHsisi TeMIte-
patypa nmoBepxHocTu Boibl Mesky 20° u 60° c.ui. B
Tuxom okeane. [Ipu nonoxurensHon dasze THO
MPOUCXOAUT MHTEHCU(DUKALMS LUKJIOTEHe3a U CMe-
LIEHUE TPAEKTOPUU LIMKIIOHOB K CEBEpPY, YTO COIpPO-
Boxxjaercs: ycunennem CAK u 30HanbHON IMPKYJIsi-

o1 B BBICOKMNX IHI/IpOTaX.
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1. HABJOLAEMBIE USMERERUR KIIUMATA

Hukaonvt u aumuyuxaonvl. CpaBHEHHE XapaKTe-
PUCTHK BHETPOIMMYECKUX LIUKIOHOB C UCTIOIb30BAHU-
€M pa3HbIX METOJOB UX WAEHTU(UKALMU U Pa3HbIX
peanamizoB (NCEP/NCAR, ERA-40, ERA-INTER-
IM) BBISIBUJIO 3HAYMTEJbHBIC KOJMIECTBEHHbBIE pa3-
JMYKST B OLEHKAX XapaKTEPUCTHK HUKIOHOB (YKCIIO
LMKJIOHOB, Pa3MEpOB, MHTEHCMBHOCTU M BPEMEHHU
sk3HM ). OGIIMM 17151 BCEX METOJIOB SIBIISIETCSI TIPEBbI-
IIEHNE YKCJIA JIETHUX BHETPONUYECKUX LIMKIIOHOB HaJl
3MMHUMU. Bpemsi )Ku3HU IMKIIOHOB OOBIYHO HE Ooree
Tpex pHen. CpefHuil pajimyc LMKJIOHOB COCTABIISIET
200-300 xm Hag koHTHHeHTaMu 1 60ee 900 KM Hap
okeaHamu. Yem Ooubllie pa3Mep UUKIIOHA, TeM O0Jb-
11I€ €r0 MUHTEHCUBHOCTb U BPEMSI >KU3HMU.

[InKJIOHBI CeBEpHOTrO NMoJyapusi GOpMHUPYOTCS
BO/IM3M BOCTOYHBIX noOepexkuit Asun u CeBepHoi
AMepuKH, B TEUEHUE XKU3HU NMEPEMEILIAIOTCS K CeBe-
PO-BOCTOKY M 3aIOJIHSIIOTCSl BOMU3U AJISICKUHCKOTO
3amuBa U Mcnanpuu. [loBTOopsieMoCTh aTiaHTUye-
CKUX LMKJIOHOB JIEMOHCTPUPYET BbICOKYIO KOPpeJsi-
o ¢ CAK. OrmeveHa noHmKeHHas (B CPaBHEHHH C
9KCTOHEHTON ) TIOBTOPSIEMOCTh MHTEHCUBHBIX IIUKJIIO-
HOB U, HANIPOTHB, MOBbILLIEHHAs! BEPOITHOCTh UHTEH-
CUBHBIX AHTHULMKIIOHOB.

Jlst 3uMHUX ce30HOB B TeueHne XX B. B CeBep-
Hoil Amepuke, CeBepHoil ATIaHTHKE U B 3amnajiHoi
EBporne BbIsiBIeHO ociabieHne LUMKIOHUYECKON aK-
TUBHOCTH U, HAITPOTUB, YCUJIEHUE aHTULUKIIOHUYHO-
ctu. OOHapy>KEHO TaK>Ke YMEHbILIEHUE OBTOPSIEMO-
CTH LMKJIOHOB Haj BapenueBbiM u Ipennanpckum
MOpsIMH, HaJ| akBaTopueil Tuxoro okeaHa (B ymepeH-
HbIX mmpoTax) u Haj YepHbiM 1 Cpeiu3eMHbIM MO-
psAMU. YBeNMYeHHe TOBTOPSIEMOCTH LIMKIIOHOB OTMe-
YEHO JMLIb B APKTUKE.

Ha ocHoBe exeHEeBHbIX CHHONTHUYECKUX KapT
711 BOCbMU pailoHOB ATiaHTUKO-EBponeiickoro ce-
kropa 3a nepuoy 1891-2012 rr. (psiip1 nnaekcos Bu-
TeJlIbca) BBISIBJIEHO XapaKTEpPHOE IS BCEX PAMOHOB
yBEJIMUCHUE YMCIIa ITyOOKUX HUKJIOHOB /10 1975 . n
NOCJIEYIOLEE YMEHBIIEHUE UX B NEPUOJ] NHTEHCUB-
HOTO ITI00AJTbHOTO TOTeIJIeHUsT (HEKOTOpbIe aBTOPbI
CBSI3bIBAIOT €r0 C YBEJIMYEHUEM MapHUKOBOro apde-
kra nocsie 1975 ). B paitone A30pcKoro Makcumy-
Ma yBeJIMYEHHE rOI0BOrO YKCJIa LIMKIOHOB COCTABU-
710 26.6% ot Hopmbl 32 1961-1990 .

[Ipusemnoe oOaenenue 6030yxa. TeHpeHuMs: K
YMEHBIIEHUIO TIPU3EMHOTO JJaBJIEHUs] B 3UMHUIL U Be-
CEHHUII CE30Hbl, BbISIBJICHHAs] paHee MO JaHHbIM 3a
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1948-2005 rr., coxpaHmiach, HO 3HAUUTEILHO OC-
na6na. K 2012 r. none atMocdepHoro gaBiaeHus: Ha
Tepputopun Poccun npubnmsuiock K CpefiHIM MHO-
TOJIETHUM 3HAYECHUSIM.

Crxopocmb 6empa. OCHOBHOW TEHACHUUEN B U3-
MEHEHUN CKOpOocTH BeTpa B Teuenue 1936-2006 rr.
ObUIO €€ yMEHbLIEHHE MOYTU Ha BCeil TEepPpUTOPUH
Poccumn (ocobenno wa EYP, re Tpenj jocturan
0.3-0.6 m/c/10 seT) npu yBeJIMYEHUN MOBTOPSIEMO-
¢t cnabbix BeTpoB (10 3 M/C) U yMEHBILIEHNH TOBTO-
psiemocTH Gosiee CHIIbHBIX (67 M/c u Gornee).

AHanmu3 psiioB CKOPOCTH BeTpa Mo JlaHHbM 1457
MeTteoposiorimdeckux cranimil Poccun 3a 1977-2011 rr.
N0Ka3aJl, 4YTO Ha OOJIbILIEH YACTU TEPPUTOPUU CKOPOCTh
BETpa MPOJIOIIKAET YMEHBIIATHCS, OCOOEHHO 3UMON U
BecHoil. Haumbosblee yMmeHblleHHE CKOPOCTU BeTpa
OTMEYAETCs] B CEBEPO-3aMa/HbIX M LEHTPAJbHbIX paii-
onax EYP (Ha 11.8-16.5 %/10 net wmm Ha 39-54% 3a
BeCh 35-s1eTHuMi Tleproft). YKcIio JiHel ¢ MaKCHMMAITbHOI
CKOPOCTBIO BETpa YMEHBIIMJIOCh BO BCEX PErMoHax
Poccun mesnaunrensho (Ha 2-3%/10 ser), mpurom,
4TO YHMCIIO THEH CO CKOPOCTHIO BeTpa 6oree 15 m/c ymeHb-
umIock BecbMa cymectBerHo (Ha 10-22%/10 net). Or-
METHM, YTO CKOPOCTh BeTpa 6osiee 15 m/c peryasipHo
HaOJIIOJaeTCsl JIMb B HEKOTOPBIX pernoHax P®: npu-
OpexHble paiionbl CeepHoro JlepoBuToro okeasa,
Yykorka, JansHuit Boctok.

OnucaHHble TEHJCHIMU COMIACYIOTCS C YMEHb-
LIEHUEM CKOPOCTH NMPU3EMHOr0 BETpa Ha BCEX KOH-
TUHEHTax 3emHoro mapa. VckimoueHueM M3 3Toi
OOILEl TeHICHLUHU SIBJISIFOTCS BBICOKME IUMPOTHI 000-
ux monyurapuii (Gosee 75°), rje, HANpPOTUB, CKO-
pOCTh TNPU3EMHOrO BETpa YyBenuuuBaeTcs. Pacrer
CKOpOCTb BETpa M HaJ| OKEeaHaMHu, B CPEJHEM Ha
0.25-0.5% B rop1 (3TOT pe3yasTaT MoJydYeH MO allb-
TUMETPUYECKIM HAOIOIEHUsIM CO CIyTHUKOB 3a
1991-2008 rr.). Tlo paHHBIM peaHanmM3a 3a
1871-2008 rr. oGHapy>keHO YyBeJIMYEHUE Yucia
HITOPMOBBIX BeTpoB B LleHTpanbHoii, CeBepHON U
3anangnoit EBpone, a takke Haj akBatopusivu Ce-
BEPHOTo U bantuiickoro Mopen.

[IpuBefieHHbIEe BbIllE OTPULATENbHbIE JIMHEHHbIE
TPEHJIbl CKOPOCTH BETPA Ha KOHTMHEHTAX KacatTCs Tpy-
3eMHoro Betpa. K ckopocTu BeTpa Ha BbICOTaX MO a3po-
JIOTUYECKUM HAOJIOICHUSIM 3TOT BBIBOJL HE OTHOCHUTCSL.
ITo HekoTopbIM OLEHKaM, He Teppuropun PP cesephee
60° c.m. ckopocTh BeTpa Ha ypoBHsax 850-500 rlla 3a
20-neTHnit mepuon MO0 HE W3MEHMIIACH, JTMOO C€1abo
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yBenmmumiach, a Ha Bbicote 300 rlla — Ha mopaBnsroIeM
OOJIBIIMHCTBE CTaHLMI BO3pOCa, pUYeM K03 pULMeH-
Tbl JIMHEMHBIX TPEHJIOB CTATUCTUYECKH 3HAUMMBI.

OpHoll U3 MPUYMH YMEHBIIEHHUsS] CKOPOCTH TIPH-
3eMHOT0 BETPa HAa KOHTUHEHTAaX OMpPEJeNICHHO SIBIISI-
€TCsl yBeJMYeHHe 3alMIIEHHOCTH MeTeOpoJIoruye-
CKUX TJIOIA/IOK, 10 KpaliHel Mepe, B KPYMHbIX FOpo-
nax. Cpey BO3MOKHBIX JPyTUX MPUYKMH HA3bIBAIOTCSL:
yBEIIMUYEHNE [IEPOXOBATOCTH MOBEPXHOCTH 3emim (B
CBSI3U C YBEJIMUEHUEM PACTUTEIILHOCTH U JIECOHACAXK-
JICHNTT), M3MCHEHWE MEe30MACINTAOHON IMPKYJISIIUN
(Dnb-HuHbo, TpomMyeckasi MyCCOHHAST APKYJISILNS )
Oonee aKTUBHOE MOTENJIEHUE MOJISIPHBIX LIKAPOT U Jp.

Baokupyrowue anmuyuxaonvl. C 6J10KUPYHOLIK-
Mi aTMOC(EPHBIMU AHTUIMKIIOHAME (OJIOKUHIaMM)
CBSI3aHbI 3HAUUTEIbHbIE KITMMATUIECKNEe aHOMAJIUU —
9KCTpEeMaJibHble MOPO3bl 3UMOW U 3aCYXU JIETOM.
dopmupoBaHre GJIOKUPYIOLIMX CUTYALUI MPOUCXO-
JIUT, B OCHOBHOM, B ATJIaHTUYECKOM OKeaHe U Ha EB-
pasuiickoM KOHTUHEHTe, rje Habmopaercs 73% ot
obmiero ynciia 6JIOKOB.

Onpepensitollyo pojib B TOJJOBOM XOJie 4YMCIa
6J10KOB B ATnaHTUKO-EBponeiickoM cekTope urpa-
10T 3umHue 6nokuHru (42% ). B EBponeiicko-A3u-
arckoMm cektope (Poccust) MakcuMyMm MOBTOpsieMO-
CTH ymucJsa OJIOKOB NPUXOJUTCS HA JIETHUE Mecsilbl. B
nepuofbl JIa-HuHbs MOBTOPSIEMOCTS Cily4aeB OJIOKU-
poBaHus 6OJIbLIE, U OHU CUJIbHEE.

Bpewmst sxuznu 6nokunra — o 50-60 cytok. B Es-
PONENCKOM CEeKTOpe TMPOJIOIKUTENLHOCTD JMU30JI0B
OJIOKMPOBAHMST MakCUMaslbHa 3uMoi (B cpefHeM 45
JIHEN) ¥ CHJIBLHO KOJeOseTcst OT rofa K rojy. Jletom
CPEMHSIsl MPOJIOKUTENBHOCTh AMU30/10B OJIOKUPOBAHMS
MeHblie (0Koso 25 mHeit). Bpemst Ku3HM GIIOKHPYIO-
LIMX AHTULMKJIOHOB YBEJIMUMBACTCS NPU NOTETICHUH.

OueHKM TPEeHJIOB B W3MEHEHUM MOBTOPSIEMOCTHU
OJIOKUPYIOIIMX CUTYyaluil HeogHo3HauHbl. C ofiHOM
CTOPOHBI, 3M130/1bl OJIOKMPOBAHUS CBSI3aHbI C MEPU-
JIMOHAJILHBIMU (pOpMaMK  LMPKYJSIUUM, MOBTOpSsie-
MOCTb KOTOPbIX B INOCJIE[JHUE TOibl YBEIUUMBAETCS,
KaK ¥ TIOBTOPSIEMOCTh OIOKUPYIOLMX npoieccoB. C
IPYrofl CTOPOHBI, €CTh OLEHKM, YKa3bIBAIOIIME Ha
HUCXOJISILIMI TPEH]T TOBTOPSIEMOCTH OJIOKOB (BO BCEX
cektopax CeBepHOro monymapus — JJisi TOJOBOTO
yucna OJoKoB, U B ATiaHTuko-EBponeiickom n EB-
poneincko-A31MaTCKOM CEKTopax — JJisl JIETHUX OJ0-
KOB). TakuM 00pa3oM, 3TOT BOMPOC TPeOyeT MIaib-
HeNero UCcjaeoBaHus.
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1.6, ATMOCDEPHAR UNRPKYIALASA

Yro KacaeTcsi U3MEHEHHUsI YnCIa OIOKUPYIOLMX
curyauuil B XXI Beke, To, Cy/is IO MOJIEIbHBIM OLIEH-
KaM, CJEeAyeT OXKWJaTh YCWJIEHUS WHTETPAIbHOIO
apdekTa 3UMHHUX OJIIOKMHIOB UM yBesmueHusi o 60
JIHEW TMPOJOJIKUTENBHOCTU JIETHUX OJIOKMHIoB. B
Poccun ¢ nepBbIMU CBSI3aHBI 9KCTPEMAJIbHBIE MOPO-
3bl, @ BTOPbIE NPUBOJAT K (POPMUPOBAHUIO 3aCyX.

Tunuzayuu ammocgepuoix npoyeccos. B cepe-
nuHe XX BeKa OTEYEeCTBEHHbIMM CMHONTHKAMU pas-
paboTaHbl ABE TUMA3ALNY UUPKYJIALMOHHBIX IPOLIEC-
coB B CeBepHoM nonywapuu: tunusauus [. 5. Ban-
re’reiiMa, pasButas BrnocyienictBun A. A. [upcom, u
tunuzauus b. JI. J13epnzeeBckoro.

B tunuzaumu Baurenredima—Iupca BbIjieJICHbI
TPU OCHOBHbIE (POPMbI UMPKYJisitmu: 3anaHast (W),
BoctouHast (E) u mepuamonanshas (C). 3amajnast
¢opma TecHo cBsizaHa ¢ yBinaxkHenuem EYP u ypos-
HeM Kacrnmiickoro Mopsi. Xoj MOBTOPSAEMOCTHU 3amajl-
HOIl M BOCTOYHOII (POPM IUPKYJIsitiu (B LEJIOM 32 TOjl
U B OTJIeJIbHbIE CE30HbI) YETKO JIEMOHCTPUPYET MX
npotuBocazHocTs. C koHua XIX B. 10 cepequHbl
1970-x royioB, moBTOpsieMocTh (hopMbl W yMeHbIIIa-
nack, a popmel E pocna. C cepequnbt 1970-x 1T, Ha-
MPOTUB, NMOBTOPSIEMOCTb (POpMbI W yBEIMUMBaAETCS
(a dopmbl E — magaer), 9ro coBmagaeT ¢ Mepuojom
MHTEHCUBHOI'O IMI00AJILHOTO MOTEIUIEHUS] U C HaMe-
tuBieiicst TeraeHuumeit (¢ 2006 r.) ouepenHOro CHu-
>keHus yposHsl Kacnmiickoro Mopsi.

B ocHoBy Tunmzauum [I3epazeeBckoro nosoxe-
HO YMCJIO BTOP>KEHWIA BO3/IYILIHbIX MacC U UX Hampa-
BieHre. COrnacHO 3TOW TUNM3ALK, BbIIEJIEHbI TPU
LUUPKYJISILMOHHBIE 3MOXU: MEPUANOHAJIbHAS CEBEPHAs
(aHTULMKIIOHBI C ceBepa M OJIOKUPYIOLIUE MPOLEec-
Cbl), 30HaJbHasi (He GoJjiee OfJHOrO APKTHIYECKOTO
BTOPXKEHHsI Ha MOJTYILIAPUN) ¥ MEPHUIHOHATIbHAS FOXK-
Hasi (C XapaKTEpPHBIMU BBIXOJAMU FOXKHBIX IUKJIO-
HOB). B mepuoj| MHTEHCHBHOTO ITOOATBLHOrO MOTeTI-
nenusi (¢ konna 1970-x) npocriekuBaeTcsl yBesmie-
HHME TPOAOKUTENILHOCTA MEPUMOHAIILHON CeBep-
HOW TpyMNIbl UMPKYJISIUMKA Ha Beell Teppuropun Poc-
cun, 0co6eHHO B CMOMPCKOM CEKTOpE, a TaKXKe Me-
PUIMOHAIBHOM FOXKHOW TPYIIbI UMPKYJIsiuun B EBpo-
nefckoM cekTope (BecHa, Jieto). C konua 1990-x Be-
AYLLLYIO Posib B (h)OPMUPOBAHUY TIOTOfIbI HA BCEM TEp-
putopun Poccun 3uMoii 1 IETOM UrparoT GIIOKUPYIO-
mye mpouecchbl. Takas CHMHONTHYECKAsl CHUTYyaLWs
ypeBaTa yBEJIMYEHUEM MOBTOPSIEMOCTH 3UMHUX MO-
PO30B 1 JIeTHUX 3acyX B Ommkaiime 15-20 ser.
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I''TABA 1.7. SKCTPEMAJIbBHOCTD KIIMMATA

M. 10. bapaun

O. H. bBynbiruna, T. B. ITnatosa
1.7.1. Beenenmne

Kak u3BecTHO, M3MEHEHUSI KJIUMaTa B ILIEJIOM
MOTYT OKa3bIBaTh KaK HETaTUBHOE, TaK U OJaronpu-
SITHOE BJIMSIHAE HA Pa3JIMYHbIE ACNEKThI CYLIECTBO-
BaHMS YEJIOBEUECKOro OOIEeCTBA U MPUPOAHBIX CUC-
tem (IPCC, 2007). Onnako HanGoublliee BHUMAHKE
NpUBJIEKAIM W TPUBJIEKAIOT WUMEHHO HEraTUBHbIE
BO3/ICMICTBUSI, C KOTOPHIMU CBSI3aHA KOHUEMLUS
“omacHbIX M3MeHeHui kaumata’. [lpu atom, ecnu
FPaHULbl OMACHBIX W3MEHEHUN KJIMMATUYECKUX
CPeHMX 3HAYEHUII METEOPOJOTMYECKUX BEJIMYMH
JIOCTATOYHO BEJIMKM, TO M3MEHEHMs] YacCTOThI, MPO-
NOMKUTEILHOCTU U UHTEHCUBHOCTHU OCOOEHHO KpYTI-
HbIX (“3KCTpeMalbHbIX”) MOTOJIHBIX U KIIMMaTHYe-
CKMX aHOMaJIiii, CBSI3aHHbIE JIa’Ke C OTHOCUTEJILHO
“O6e30nmacHbIMA’ U3MEHEHUSIMU ““HOPMBbI”” MOTYT OKa-
3aThCsI BeCbMa M BeChbMa OIMACHBIMM M3-3a CJIOXKHO-
CTH aJIanTalyy 1 Iake CBOEBPEMEHHOTO pearupoBa-
HUS HAa Takue siBJieHust. SIpKkuM NpuMepoM 3TOMY SiB-
JIeTCsl psifl pa3pyLUIUTEbHBIX HABOJHEHUI MOCIEeN-
HEro BPEMEHMU, JIECHBIX U TOP(SIHBIX MOXKAPOB U T. 1.
[ToaToMy OYeHb BakKHO ClieUMalibHOE M3YyUYEHUE W3-
MEHEHUI CTATUCTUKHU 3KCTPEMAJIIbHBIX SIBJICHUI, KaK
B CBSI3M C aHTPOINOT€HHBIMU U3MEHEHUSIMU KJIMMATa,
TaK U B KAYECTBE MPOSIBJIICHUI €CTECTBEHHOW KJIMMa-
TUYECKOI U3MEHUYMBOCTU HA PA3JIMUHbIX BPEMEHHbIX
MaciTadax.

[Mpepbinymmii  nepBbiii  OUEHOYHBIA TOKJIA[]
(O1_Pd-1, 2008) we copiepsKaj CENUATBLHOTO pa3-
fieJia, MOCBSIIEHHOTO KIIMMAaTUYEeCKUM 3KCTPEMyMaM.
Hekoropsle cefenrst 00 M3MEHEHUIX CTAaTUCTUK He-
KOTOPbIX MHJIEKCOB 3KCTPEMAJIbHBIX TeMIepaTyp M
OCaJIKOB COfiep>KalncCh B pasfesax, MOCBSIEHHbIX
OOIIIMM M3MEHEHMSIM 3TUX NMepeMeHHbIX. B HacTos-
IeM JIOKJIajie OOHOBJICHHBIE U IOTIOJTHEHHbIE PE3YIlb-
TaThl 00 U3MEHEHUSIX 3KCTPEMYMOB TeMIepaTypbl 1
0CajKOB, a TaK:Ke JaHHbIE O HAOJIIOJaeMbIX M3MEHE-
HUSIX TIOBTOPSIEMOCTH ONACHBIX TUPOMETEOPOIIOrH-
YECKMX SIBJIEHUA M 00 W3MEHEHMSIX SKCTPEMYMOB
KpyIMHOMACIITAaOHON aTMOC(EepHON UUPKYISAUUNA
CBejieHbl B ofiuH paznien. KpaTtkoe pe3tome pesysbra-

TOB NPEABIAYLLIErO AOKIAa MPUBOJUTCS B COOTBET-
CTBYIOLLMX pa3fiellax IIaBbl.

[Tox 3KCTPEMaABLHOCTBIO KIIMMaTa OOBIYHO TOHU-
MAlOT CTATUCTUKY ““9KCTPEMANIbHBIX ’, T. €. PE3KO BbIjle-
JSIOIIMXCS Ha (DOHE “HOPMBI’, SIBJIEHUI B KJIMMaTH4e-
ckoil cucreme. Kak npaBuiio, Takue sIBJIEHUs OKa3bIBa-
10T 0co00e (ualle — HeraTUBHOE) BO3/ICNCTBUE HA MPH-
POAHBbIE U TOPOXKJEHHBIE YEIOBEYECKMM OOLIECTBOM
CHCTEMBI, KOTOPbIE NO3TOMY OCOOEHHO 4yBCTBHUTEJIb-
Hbl K M3MEHEHUSIM UX MOBTOPSIEMOCTU U MHTEHCUBHO-
cru (IkonmbHuK 1 f1p., 2012; IPCC, 2007). MOXHO BbI-
JIEIUTH PA3JIMYHBIE TUIbI KCTPEMAILHBIX SIBJICHUIA:

I. cunbHO OoTNMUaroMecss OT HOPMbI 3HAYEHUS
METEOPOJIOTMYECKUX BEJIMYMH B TOYKAX PEry-
JSIPHOTO HaGofIeHnsT (METEOPOIOrNUeCKUX
CTAHIMSIX ): AaHOMAJIMK, MPEBOCXOJISIINE OTpe-
JIeJICHHBIE TIOPOTOBbIE 3HAUCHUSI (CHIIbHAST JKa-
pa/xosiof, JIMBEHb U T. [1.); JJISl ATOM TPYIIIbI
MOXET ObITh NOJy4YeHa Hambosee HajeKHas
CTaTUCTHMKA MO IaHHbIM HAOJIIOJICHNN;

II. pnvTenbHbIE NU30/bI, B TEYEHUE KOTOPbIX

METEOPOJIOTUYECKAsi MIEPEMEHHAsT WM KOMII-
JIEKC MIEPEMEHHBIX BBIXOJIUT 32 33/I1aHHBIN YPO-
BEHb: BOJIHBI TEIUIA U XOJIOfa, 3aCyXxu (ciemy-
€T UMETHb B BUJLY, UTO B 3TOM CJIyyae He 00s-
3aTeNIbHO YPOBHU ‘‘3KCTpPEMalIbHbI: 3acyXxa
MOZKET SIBUTBCS PE3YJILTATOM ITPOIOJKUTE b~
HOIO COBMECTHOTO JIEHCTBHs TEMIEpaTypbl
BBIIIIE HOPMbBI M OCA/IKOB HI3KE HOPMBI);

III. kpynHOMacITaOHbIE SIBJIEHUS, CBSI3aHHbIE C
aTMOC(epHON LMPKYJsiUyen: Haubosee WH-
TEHCHUBHbIC IMKIIOHBI/aHTUIMKIIOHBI, OJI0-
KUHTH, TPONMUYECKUe yparaHbl (TailyHbI);
U 9TUX siBfieHnii (MO KpafiHed Mepe, st
MIOBTOPSIEMOCTH ) TAKKE MOXKET OBbITh MOJTy-
YeHa JOCTATOYHO HAJIE’KHAsl CTATUCTHUKA,

IV. onacubie nnu HeGIaronpusTHbIE MPUPOJIHbIE
SIBJIEHUS] JIOKAJILHOIO XapaKTepa; CIoia OTHO-
cSATCA Takue (PEHOMEHBI, KaK CMEPYM, HABOJI-
HEHMS, CUJILHBIN TOJIOJIS M T. I.. OCOOSHHO-
CTBIO 3TOV I'PYMIIbI SIBJISETCA TO, YTO IO JaH-
HbIM HaOJIIOJIaTEIbHOIM CETH JIJIsl HUX TPY/HO
NOJIyYUTh JIOCTAaTOYHO aJEKBAaTHYIO CTaTH-
CTHUKY; TEM HE MEHee, /Il HUX BO3MOXEH Ka-
YECTBEHHbIN aHAJIN3 PETMOHAIILHBIX 000011e-

HUI JOCTATOYHO KPYIHOrO MaciuTaoa.
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B nanHOM paspene OyayT paccMaTpuBaThCs
[AHHbIE [IJ151 IEPEYMCIIEHHBIX IPYI 3KCTPEMAJIbHBIX
SIBJICHUI; OCHOBHOE BHMMAaHKE OyJEeT Y[EJICHO Mep-
BbIM JByM. OnpefieneHunsi 3KCTpeMasbHbIX SIBJIECHU
3TUX IPYyMI 3aBUCST OT BbIOOpA MOPOrOBBIX 3HaYe-
HUi. OuH NoAX0/ K BBIOOPY MOPOTOBbIX 3HAYEHUN
CBSI3aH HENOCPEJCTBEHHO C IMOHMMAHUEM 3KCTpe-
MaJIbHBIX SIBJIEHUI KaK peoKux: NHaye roBopsl, Npu-
Ha/yIeXXalyx KpaiHUM OOJIacTsM PpaclpeesieHus
METEOPOJIOTNYECKON BEJIMYMHBI, BEPOSITHOCTU I10-
najiaHusi B KOTOPbIE MAJIbl; OOBIYHO OHU BLIOMPAIOT-
csl, KaK MpOUEHTUIM (pyHKIMU pacrpefiesieHus], Ha-
npumep 10%, 5%, wim 1% pnist sKcTpeMasbHbIX
OTpHUIATENIbHBIX aHoMauuil (coorBeTcTBeHHO, 90 %,
95%, 99% — pnst monoXkuUTENbHBIX ). JIpyroit nop-
XOJI OCHOBaH Ha KPUTMYECKUX 3HAYEHUSIX, OINpefe-
JISIEMbIX, UCXOJIsl U3 MOPOrOB ONpeJiesieHHOro (Jaite
HeOJIArONpPUSITHOTO) BO3JICHCTBUS HA MPHUPOJIHBIE
WM TexXHW4yeckue cuctembl. Hambosee mnpocroit
NpUMEP — 3aMOPO3KH B BET€TalMOHHBIN NEPUOL; 60-
Jiee CIIOXKHBIN MPUMEP — HEOJIArONMpUsITHOE BO3/IEN-
CTBHE Ha 3[JOPOBBE JIIOACH NPOIOJLKUTENBHON >Kapbl
(3mech TOIKHBI OBITH OJJHOBPEMEHHO Ha3HAYEHBI 2
nopora, Hanpumep, Temnepatypsl Bbite 30°C B Te-
JeHue S iHel u Goree).

W3MeHeHus1 CTaTUCTUKK 3KCTPEMATIbHBIX BEJIM-
YMH HEN30EKHO MPOUCXOAAT NPU UMEHEHUU KJIMMa-
Ta, KOTOPOE /JIsl 33JaHHON METEOPOJIOTUYECKON BE-
JIMYMHBI OMUCHIBAETCS M3MEHEHMEM (PYHKUMM pac-
npepesieHns. B mpocreiiiemM ciydae, Korja pacnpe-
nenenre 6:mM3Ko K [ayccoBy (Hampumep, [ist TemIie-
paTypbl), 3TU U3MEHEHUSI OITHOCTHIO OMUCHIBAIOTCSI
U3MEHEHUEM CPEJHEr0 M MapameTpa macmrada
(craHgapTHOrO OTKIIOHEHUs ). VI3MeHeHus: IKCTpe-
MYMOB MOKHO OIUCaTh, KAK W3MEHEHUsI BEPOSITHO-
cti (MOBTOPSIEMOCTH) 3HAYECHHM, MPEBOCXOJISIINX
(pyKCHpPOBaHHBIN MOPOT; IMOO KaK U3MEHEHUS TOPO-
rOBbIX 3HauYeHWi (B Cilydyae, €CJiM OHU HA3HAYAIOTCS
KaK KBaHTWJIM pacnpeyiesienus ). Tak, mpu Bo3pacra-
HUM CPEJHErO MPU NOCTOSHCTBE O0LLEH N3MEHUUBO-
CTU pacTeT MOBTOPSIEMOCTb IMOJIOXKUTENBHBIX 3IKC-
TPEMYMOB M YMEHBILIAETCSl — OTPULATENbHBIX (puC.
1.7.1a); B TepMuHAX M3MEHEHHUsS] KBAHTUIICH pacmpe-
[EJIEHNS] 3TO O3HAYAET POCT NOPOrOBOrO KBAHTUIIS B
o6oux ciydasix (Mpu yObIBAaHMU CPEIHETO M3MEHe-
HUSI 9KCTPEMYMOB OOPATHBI OMUCAHHbIM). PocT m3-
MEHYMBOCTH IIPU TIOCTOSTHCTBE CPEIHETO MPUBOIUT K
BO3PACTaHUIO MOBTOPSIEMOCTH KAK MOJIOKUTENbHBIX,
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TaK U OTPULIATENILHBIX SKCTPEMYMOB, WA K POCTY
“Bepxunx” (mpaBee Meauanbl: Pt Ha puc. 1.7.16)

KBaHTWIEH W yMmeHblneHuto “‘Huxkuux” (P); mpu
yOBbIBaHUM U3MEHUYMBOCTU HAOIONAIOTCS U3MEHEHUS
KBAaHTUJIEN MPOTUBOMOJIOXKHOIO HampasieHus. Of-
HOBPEMEHHOE U3MEHEHHE CPEJTHEr0 U IUCTIEPCUM MO-
SKeT TMPUBOAWUTH K Pa3jIMUHbIM Pe3yJIbTaTaM B 3aBU-
CUMOCTH OT COOTHOLLIEHNUS] BEJTMYUH 3TUX U3MEHEHUI
(mpumep: puc. 1.7.18).

OpnHako w3MeHeHHs (PYHKUMM PaCTpeiesIeHUst
TeMIepaTypbl He 00s513aTeIbHO NPEe/ICTABISIOT CO-
601 KOMOMHAIMIO C/IBUTA W CXKATHs/PACTSIKEHUSI.
PacripeniesieHnss MeTeOpoNIOrMYecKux BEJIMYUH B
NEVICTBUTEILHOCTH SIBJISIFOTCSI CMEChIO pacrpefielie-
HWIA, OTHOCSIIMXCSI K Pa3JIMYHbIM KIIMMATHYECKAM
pekumam, Hanpumep, pexkumam aTMocepHON LUp-
KyJsiuuu. VI3MeHeHusl KiIuMaTa MOTYT BbIPasKaThCsi
B M3MEHEHUU OTHOCUTENIbHBIX YacTOT ITIOOABHBIX
kimmarudeckux moj (Corti et al., 1999). Ha peruo-
HAJILHOM YPOBHE BBIJICNISIFOTCS] perMOHAJIbHbIC TUP-
KYJISILMOHHBIE PEXKUMbI, C KOTOPBIMU CBSI3aHbl Pa3-
nnuHble noropHble aHcam6mu (Vautard, 1990). B
3TOM Cllyyae M3MEHEeHUs (DYHKUMU pacTpefieieHust
OMPENIEIISIFIOTCSl U3MEHEHUEM OTHOCUTENIbHBIX 4Yac-
ToT pexkumoB (puc. 1.7.1r). Takoro popa cutyarmsi
HaOJIroflaeTCsl HanpuMep JIsl JIETHUX TeMmnepaTyp B
BOCTOYHOI1 NOJIOBUHE eBpomnelickoit Poccun n B 3a-
najiHot Cubupu, rje uMeeTcsl BbIEJICHHbIN PEXKUM:
OJIOKMpOBaHUE B pailoHe YPalbCKUX rop, ¢ KOTO-
PbIM CBsi3aHa MpeoOIajiaonasi YacTh MOJIOXKUTEIb-
HBIX 9KCTPEMyMOB TeMmrepaTrypbl. B aTtom ciyuae
NOBTOPSIEMOCTh IKCTPEMYMOB CBSI3aHA B OCHOBHOM
HE C U3MEHEHUEM CPEIHUX TeMIEepaTyp, a C U3MeHe-
HMEM OOLLell MpPOJOIKUTENBHOCTH OJOKUPOBAHUI
(Bapaun, 2007).

AHamm3 W3MEHEHMs! pacIpefielieHns] OCaIKOB
anpuopy CBSI3aH CO 3HAYUTENIbHBIMU TPYJHOCTSIMMU.
dyHKIMsT pacnpefiesieHnsi CyTOYHbIX 0caakoB F(r)
Npe/ICTABIAET COO0M CMeCh JJUCKPETHOrO pacrpe-
IeJIEHUs C BEPOSITHOCTbIO P, COCpeloTOYeHHO! B
emquHcTBeHHOI Touke 7 = 0 (“orcyrcTBHe oOcaj-
KOB”), M HempepbIBHOTO pacnpeenennss O(r) Ha
noaymnpsimoit r > 0:

F(r) = Fp(r) = P, + (1 = P)@(r).

Maxkcumym miotaocTr Beposithoct ®@'(r) (“mo-
/1a”) pacrosyiokeH He BOJIM3M IIEHTPa PacrpefiesIeH st
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(cpenmee, memana), a Bcerjga B 0. VI3mMeHenue cpefi-
HEro He TPUBOJIUT K CMEIIEHHWIO BCErO pacrpesierie-
HMSI, HO OTPasKaeTcsl B U3MEHEHUH ero (popMbl 1/
macurada.

Yacto ¢.m.p. ocankoB P'(r) anmporcumupy-
1ot [-pacnpepieniennem. OfHaKO B 3TOM Cilyyae He
YAAETCs NOJYYUTh TAKOW MPOCTON JIMHEMHOM MO-
ieqiv, OOBSICHSIFOIICH M3MEHEHUSI 9KCTPEeMaIbHbIX
MIPOLEHTHIIEN Yepe3 U3MEHEHUs] CPEIHETO U Cpefl-
Hell KBaJIpaTHUeCKON U3MEHYMBOCTH, KaK JIJIsI TEM-
neparypbl. AHAJIN3 B MPENONIOXKESHUN TIOCTOSHCT-
Ba BEPOSITHOCTH OCAJIKOB U TMapameTpa (pOpMbI an-
npokcumupytoiero I[-pacnpenenenust (Groisman
et al.,, 1999) noka3biBaeT, YTO CPABHUTENILHO HE-
OOJbIIIEe U3MEHEHUS] CPEJTHUX MOTYT OBbITh CBSI3a-
HbI CO 3HAYUTENIbHBIMA W3MEHEHUSIMU BEPOSITHO-
CTU CWIBHBIX OCAJKOB: HampuMmep, WU3MEHEHUS
cpefiHMX ocanakoB Ha 5% st repputopun Poccun

COOTBETCTBYIOT POCTY BEPOSTHOCTH OCAKOB
> 25.4 mm Ha 20%.

—p—

1.7. @KCTRPEMANBROCTE KINUMATA

Ocratorcs BONMPOChI K aJieKBaTHOCTU MOJIEIIH,
ucnonb3yolei [-pacnpeneneHue u nMpeanoaoKeHus
MOCTOSIHCTBA (POPMBbI M BEPOSITHOCTH OCAJKOB JJIsI
OMUCaHMsI U3MEHEHUs SKCTPEMANIbHBIX OCAJIKOB. Tem
HE MEHee, BEpOSITHOCTHAsl MOJIENIb YKa3bIBAET Ha TO,
YTO “XBOCTBI” PACIPENENICHUs] CYTOYHBIX OCAJIKOB
3aBUCSIT OT BEPOSITHOCTU OTCYTCTBUS OCAJIKOB U XBO-
CTOB pacrpefiesicHus] HeHyJeBbiX ocagkoB P(r).
MoxHO noka3aTb, 4YTo pocm P, BIe4eT ymeHvuleHue
MPOLCHTWIIEH “‘NOJHON™ (PpyHKUMU pacrpeiesieHust
F(r). Takum o6pa3oMm, Jijisi MOHUMAHHUsT W3MEHEHWI
MOPOTOB MOJIOXKUTENbHbIX 3KCTPEMYMOB OCAJIKOB
(pacnpenenienust F(r)) cremyer paccMaTpuBaTh W3-
Menenust P, u cooTBeTcTBYHOLIEro npoueHTHsst O(r).
Yo 3Ke KacaeTcsl IeBOro XBOCTa, TO MO CYyTH Hylle-
BbI€ OCAJIKU U €CTb “‘OTpULATEJbHbIE IKCTPEMYMBbI
Ha teppuropurt PO P, ~ 0.5 (Groisman et al., 1999),
MO3TOMY HaJJ0 PACCMAaTPUBATh HE U3MEHEHUS (PUKCHU-
POBAHHOI'O MAJIOrO MPOLEHTU/ISI CYyTOYHBIX OCaJKOB,
a IMEHHO u3MeHeHusi P,

a
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Puc. 1.7.1. Cxema BO3MOXHbIX UBMEHEHNI MOBTOPAEMOCTU 3KCTPEMYMOB OTHOCUTESIbHO HEM3MEHHbIX MOPOroB 1
NMPoLLeHTUNEN pacnpeneneHus npu uamMeHeHun cpepHero (a), aucnepcun (6), cpegHero n gucnepcun (B),

NOBTOPSIEMOCTU “BblAENEHHbLIX” PEXMMOB (T).

(1 73
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1. HABJOLAEMBIE USMERERUR KIIUMATA

1.7.2. HaomonaeMbie U3MEHEHUsI CTATUCTUKU
IKCTPEMYMOB TeMIePaTypbl U OCATKOB

1.7.2.1. Huoekcot kaumamuuecKux
IKCmMpemymos

HJ1s1 onucaHusi 3KCTPEMyMOB OO'bEIMHEHHAs pa-
6ouas rpymna BMO no oOHapykKeHut0 W3MEHEHUI
xkimmara (KKa/KJIIMBAP) npepnoxkuna Hadop u3 27
WHJIEKCOB 3KCTPEMAIbHOCTU. BONBIIMHCTBO MHJEK-
COB OTHOCSITCSI K KOJIMUECTBY JIHEH, KOT/Ia 3HAUCHUS
METEOPOJIOTHUECKON BEJTMUMHBI BHIXOJIST 3 MPEIEbl
HEKOTOPOr'O 3aJaHHOTrO MOporoBoro 3HauyeHus. [lep-
BOHAYaJIbHO MHJIEKChI ONPEAEIISTICH IS LeJI0ro ro-
/1a, OJHAKO TaKue OMpefesIeHUs] BO MHOTHX CIIyvasix
HE MMeJM OONIBLIOr0 CMbICTA ISl BHETPOIMUYECKON
30HbI, I7Ie BEJIMK CE30HHBII XOJ] METEOPOJOrMYECKUX
NIepEMEHHBIX, MO3TOMY OHM ObLIM TMepeOpMyIUPO-
BaHbI JIJIsl CE30HOB Wi MecsileB. [loporoBoe 3Haue-
HUE JJIs1 pa3JIMYHBIX yHKTOB MOXKET ObITh (PUKCHPO-
BAHHBIM WJIM MEPEMEHHBbIM (HampuMep, OrpefiesieH-
HBIM MIPOLICHTHIIEM ).

OueHKM ONTONEPUOHBIX TEHJACHIMI IS psijia
WHJIEKCOB ObLIM BKJIFOUYEHbI B TMPEABIIYIIUIA OTYET
(Ouenounnni noknanm, 2008) B rogoBoM 0600IIEHUH.

FD - cymMmapHoe 4mMclIO JHel C MOpPO30M
(mHm). TToka3zaresb BaskeH IS CEJIbCKOro XO35IHCTBA.
PaccunTbiBaeTCs Kak 4MCIIO AHEN B KAJIEHJAPHOM IO-
ny (ce3oHe) ¢ CyTOYHBIM MUHUMYMOM TEMIIePATypbl
Bo3ayxa Hipke 0°C. Bo BHeTponMyeckux IIMpOTax
WHJIEKC B TOJIOBOM OOOOILEHUU SIBJSIETCSl OJJHON U3
BO3MOXKHBIX XapaKTEPUCTUK MPOJOKUTETBHOCTH
XOJIOJIHOTO NepHofia rojia.

R10 - Koau4ecTBO AHEH € OCaAKaAMU He HUKe
10 mm (irm). Ha teppuropun Poccun mHaekc B oc-
HOBHOM XapaKTepHU3yeT MOBTOPSIEMOCTb 3HAUNTEIb-
HbIX OCAJKOB, T. K. B CPEJHAX IIMPOTaX CYTOYHAs
cymma 10 MM COOTBETCTBYET, B OCHOBHOM, OOWJIb-
HBIM OCaJIKaM.

CDD - makcumanbHas 3a roji Npogo/KUTEb-
HOCTh “‘cyxoro” mepuona (juu). Iox “cyxum” nepu-
OJIOM TIOHMMAETCSl TMOCJ]EJOBATENbHOCTh JHEN 0e3
OCA/IKOB WMJIH CO ciieflaMu ocakoB (< 1 mMwm); MoxkeT
CIIy>KUTb WHJMKATOPOM 3acyX. VI3MeHeHue JyuTeb-
HOCTHU TaKOTO SIBJIEHMS Y CMELIEHUE ero IpaHul] CKa-
3bIBAa€TCS HA PACTUTEBHOCTH U 9KOCUCTEMAX B LIETIOM.

TXx, TNn - rogoBoii MaKkCMMyM MakCUMallb-
HOM CYTOYHOM TeMIepaTypbl U TON0BOM MUHMUMYM

174)
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MHUHMUMAJIBHOM CYTOYHOH TeMmepaTypbl BO31Y-
Xa; eCTECTBEHHO, Ha Tepputopun Poccuu nepsbiil u3
MHJIEKCOB XapaKTepu3yeT JIETHUI Ce30H, a BTOPOil —
3UMHUI CE30H.

Kpowme Toro, npu aHanuse U3MEHEHUI KiIumara B
Poccuu B KauecTBe nokaszaTelieil 9KCTPeMaIbHOCTU B
ITepBom OLeHOYHOM JIOKJIA/IE UCTIONIb30BATIMCH HEKO-
TOpble Apyrue, OAM3KME MO AyXy HWHJAEKChI: YHUCIIO
JIHEH 3a ce30H (Toj1) ¢ aKCTpeMabHbIME (BbIiIe 95-r0
MPOLICHTHJIS/HAXKE S5-TO TPOUEHTHIISI) 3HAYEHUSIMU
MaKCUMAaJTLHOW/MUHUMAITLHOM CYTOYHOI TeMIeparTy-
pot (manee TX95p, TNSp) u ocagkamu Bbime 95-ro
npouentussi (RR95p) (Byabiruna u jap., 2000;
Bulygina et al., 2007); cniucok MI'SUK Bkirouaet
uHeKChl “‘ymepenHbix” akctpemymoB (TX90p,
TN10p u T. 7.), OPOAOIIKUTENBHOCTb YCTONYMBOTO
MOPO3HOT0 1 6€3MOPO3HOr0 NMEPUOJIOB, YHUCIIO [AHEN C
orrenensivu (Mupsuc, Tycesa, 2006; 2007).

Bbu oTMeUeHb! CleflytolIye OCHOBHbIE 3aKOHO-
MEPHOCTU B MHOTOJIETHUX U3MEHEHUSIX 3KCTPEMYMOB
temniepaTypbl. Ha 6onbiueit yactu Poccuu B Tedyenue
1976-2006 rT. rOIOBBIE MUHUMYMBI M MaKCHMYyMbI
YBEJIMUMBAIOTCS, pa3Max MeKJly HUMU COKpallaeTcs
(MUHEMYMBI yBEJTMUUBAIOTCST OBICTPEE MAKCUMYMOB ),
YKCIIO JJHEW ¢ MOPO30M yMmeHbluaeTcsl. Hanbosbuiee
YBEJIMYEHNE MUHUMAJIBHOW M MaKCHUMAJbHOM 3a T'Ofi
TeMIepaTypbl HabIIOAAI0Ch Ha Tepputopun Poccun
B XOJIOJIHYIO YacTb rofia, ¢ MAaKCUMYMOM B MapTe.

Bo BpeMeHHbIX M3MEHEHUSIX MHAEKCOB 3KCTpe-
MaJIbHOCTH OCAJIKOB CYLLIECTBEHHbIX TPEH/IOB HE 00-
Hapy>KeHo. B nenom Ha Teppuropun Poccun npeu-
MYLIECTBEHHO HaOIIOflaeTcsl cilaboe yBeInyeHue no-
BTOPSIEMOCTHM 3HAYUTEJIbHBIX OCAJIKOB M cllaboe Co-
KpallleHUe MPOJOKUTEIbHOCTU JIMTENbHbBIX CYXUX
NEPHUOIOB. SHAYUTEIIbHBIN POCT JJHEW C UHTEHCUBHbI-
MU ocankamu HaOmogaetrcss B CeBepOKaBKa3CKOM
®O. YmeHblIeHUE NOBTOPSEMOCTH WHTEHCUBHbBIX
ocaakos Ha Yykorke u B [Ipuamypbe conpoBox/jaeT-
Csl pOCTOM JIJIUTENILHOCTHU CyXOro nepuopa Ha Yykor-
Ke U yMeHblIeHreM — B [Ipuamypsbe.

Hast 2-ro OUeHOYHOro A0KJIaa OLIEHKU TPEHI0B
MHJIEKCOB 3KCTPEMAJILHOCTU ObUIM MEpecYuTaHbl 10
npoieHHbM 1o 2010 . psitam TaHHBIX ¥ TIOJTyYeHbI
JI7Is1 OT/IENIbHBIX CE30HOB, UTO MO3BOJISIET B PSiE CIIy-
yaeB JieJaTh Ooee ajleKBaTHbIE BbIBOJIbI ISl TEPPU-
Topuu Poccumn.

HJ1s1 pacyeTa rogoBbIX MUHUMYMOB U MaKCUMY-
MoB Temmnepartypbl, uHiekcos FD, R10, CDD (TTia-

o
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ToBa, 2007) UCMONB30BAJICSI MACCHB JIAHHBIX CHHOTI-
TUYECKUX HAOIIOIGHUI 32 CYTOYHbIMU CyMMamu
ocakoB (MM/IIeHb) W TEMIIEPaTypOil MPU3EMHOIO
BO3/yxa (CpefiHelt CyTOYHOM, MAKCUMAJIBHON W MH-
HuMaibHOIT) Ha 600 cranumsix Poccun u conperiess-
HBIX CTPaH 3a MePUOJ], UHCTPYMEHTAIIbHBIX HaOIIofe-
Huii (¢ xonma XIX cromernst). Maccus chopMupo-
BaH B PI'BY MI'KD Ha ocHOBe apx1Ba CyTOYHBIX Ha-
omonennii PI'bY BHUUT'MU-MU. Ouenku nm-
HelHbIX TpeHioB 3a 1976-2009 rr. npuBeseHbl Ha
puc. 1.7.2-1.7.5.

Ha Ttepputopun P® aGconmoTHbIA TO0BON MU-
HUMYM TeMIepaTypbl JOCTUrAeTCsl B 3MMHUIA CE30H, a
MaKCHMYyM — B JIETHUI. POCT MMHUMAaNBbHBIX 1 MAKCH-
MaJIbHBIX TEMNEPATYP HAOIOAeTCs Ha OObIIE Ya-
ctu Tepputopun Poccun (puc. 1.7.2). HanGonbimmit
POCT MUHMMAJIBHBIX 3UMHUX Temnepatyp — B EHP u
Ha BocToke Cpenueit Cubupu — nocturaer 2°C/10
JIET; JIETHUE MAKCUMYMbI PACTYT B LIEJIOM ME[|JIEHHEe,
MakcumMyM — Ha toro-3anaje EUP, mopsiika 1.5°C/10
jget. Imerorcst 00nacTu, e rofoBble MAaKCUMYMbI
(MUHMMYMBI) yOBIBAIOT. 3UMHUE MUHUMYMbI yObIBa-
10T (T. €., MAKCUMAaJIbHBIE MOPO3bI CTAHOBSITCSI CHJTb-
Hee) B CeBepo-Kaskasckom @O, Ha tore 3amajHoit
Cubupu 1 3abaiikalibsi; IO CPAaBHEHUIO C TMEPUOJIOM
1976-2006 rr., A7t KOTOPOTO TPUBE/ICHbI OLICHKH B
[epom Ouenounom pokmaae (O _P®-1, 2008),
ycusienue Mopo3oB B CeBepo-Kaskazckom PO 3Ha-
YUTENBHO 3aMEeIUIIOCh. JIeTOM MakcUMasbHbIE TEM-
neparypsl yobiBatoT Ha FOxxHoM Ypane, B Cubupu u
Ha [JanbHem Boctoke. OGnacTh yObIBaHMS JIETHUX
MakcuMyMoB B CHOMpH 3HAUMTEIILHO paclliipuiach B
cpaBHeHny ¢ oueHkamu OJ]_Pd-1.

Ha 6onbieit vactu reppuropun PO, rie pazsuro
CeJIbCKOoe X03sicTBO, nnaeke FD (uncno mueir ¢ Mo-
PO30M) SIBJISIETCSI BaXKHBIM arpOKJIMMATHIECKIM IO~

—p—

1.7. @KCTRPEMANBROCTE KINUMATA

Kas3aTeseM JJIsl XapaKTePUCTUKU BEreTalOHHOrO e-
puofa; ocoOblil MHTEPeC WHAEKC IMPEACTaBISeT s
BECEHHEr0 M OCEHHEro Ce30HOB. TeHJIeHLMs K YMEHb-
LIEHUIO CYMMApHOTO YHCJIA THEW C MOPO30M B LIEJIOM
3a roj| Haomofaetcs s nepuoia 19762010 rr. npa-
KTUYECKHM 1o Bcell Tepputopun Poccun, 3a nckitoye-
HUEM HeOoubLIoi 00nacTu Ha rro-octoke Cesepo-
Kagkasckoro ®O (puc. 1.7.3). ITo cpaBHeHuto ¢ ne-
puosiom 1976-2006 TT., pACCMOTPEHHOM B TIPE/bITY-
wem Jloknane, TeppuTopusi, € HAOMOAAICS POCT
YHCTIa IHeH ¢ MOPO30M, CYLLIECTBEHHO COKPATUIIACh:
UCYE3IM 3HAYUTEJIbHbIE O IUIOLIAM 00JacTh pocTa
FD Ha ceBepe Ypauna u 3anagnoit Cubupu, Ha Hykor-
ke; Ha CeBepHom KaBkase Tepputopusi, rje HaOmrona-
€TCsl POCT YMCJIa MOPO3HBIX JIHEW, MHOTOKPATHO CO-
KpaTuiach. BMecTe ¢ TeM, B OCHOBHOM COXPaHUJIACh
reorpacgusi o6nacTeil MaKCMMAJIbHOTO yMEHbLICHHUS
Mopo3HbIx Hel: EYP (ckopocTh yObiBaHus Ha GOJIb-
wieit yactu ot —4 aueit/10 ner u GbicTpee), NANbHUI
ceBepo-BocTOK P® (10 -9 aneit/ 10 net Ha noGepeskbe
BocTouno-Cubupckoro mopsi), tor Cpeaeit Cubupu.

J151s1 mepexoiHbIX CE30HOB MOYTHU Ha BCEil Teppu-
Topun P® Takxke OOHapy>KMBaeTCs TEHJAEHUUS K
YMEHBIIEHUIO YKCNa JIHe C MOPO30M, 3HAYUTEJHLHO
Oonee BbIpakeHHass OCeHbO. OCeHbIO HauOOJblINE
3HaYeHUs1 KO3(P(PULMEHTOB JIMHEHHOrO TPeHJa OTMe-
yatoTcst Ha ceepe EYP u B yepHO3eMHBbIX 00macTsx
(mo =5 nmueir/10 ner); Ha Gonbiueit yact EYP ckopocTu
yObiBaHus Bbile 2 Heit/ 10 net. Brictpoe yobiBaHue Ha-
6mroflaeTcst Takke Ha toro-3anafe Cpenneit Cubupu, Ha
cesepe Janbrero Bocroka (0 -3 ueit /10 sier). Ha rore
3anagHoit Cubupu y rpanun, Kazaxcrana umeertcs
OYeHb HeOObIIAs 00JIACTh, IJIE YUCIIO IHEN C MOPO30M
yBemmunBaetcs B Teuenne 1976-2010 rr. Becnoit 3Ha-
YEHUs1 CKOPOCTH YObIBaHUSI TIPAKTUYECKHU HE MPEeBbILLIA-
T 1.5 mreit/10 ner.

bMin(Tmin)

70

60—

50

Fon bMax(Tmax)

Puc. 1.7.2. KoadppuumeHTtbl nuHenHoro TpeHaa (‘C/10 neT) rogoBbiX MUHUMYMOB W FOAOBbIX MakKCUMYMOB
TeMnepaTypbl NpM3eMHoro Bosayxa 3a 1976-2010 rr. Ha TeppuTopun Poccun.

(1 75

o



OD-2-1-3n 12/5/14 2:20 PM Page 176 $

1. HABJOLAEMBIE USMERERUR KIIUMATA

80
1976-2010 rr.
BEeCHa
60 N e
\o, \ o { d
50 : A .

al N /g Q.f" ~ i
< o \)2/K ‘
ct -10.0 -80 60 4.0 20 -1.0(10 30 50 7.0 .0 P ',
¢ y man/10met
40 1

30 60 20 120 50 180

80
1976-2010 rr.

50 / 'g‘ e MW ) G
a_s ] :
- | K< K
-10.0 80 60 -40 -20 0. 20 40 60 80 100 ) ',
. mai/10mer
40 a
30 60 90 120 150 180

Puc. 1.7.3. KoadpduumeHTsl nnHerHoro tTpenaa (cytkm/10 net) uncna gHen ¢ mopo3om (FD) 3a 1976-2010 rr. Ha
Tepputopumn Poccun, oHn/10 neT: roa, BECHA, OCEHb.
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Puc. 1.7.4. T'eorpaduryeckoe pacnpeneneHune koadpbuumeHTa nnHenHoro TpeHaa 3a nepmopg 1976-2010 rr. nHaekca
R10 (uncno gHen ¢ ocagkamun He meHee 10 mm), oHK/10 neT: roa, BecHa, NeTo, OCeHb. BblaeneHbl WTPUXOBKOM
obnacTu, rae TpeHa, HOPMUPOBAHHbIV HA COOTBETCTBYIOLLLEE MHOroNeTHee cpeaHee (3a 1976-2010 rr.) npeBbiluaeT
no abcontotTHom BenunymHe 10%/10 ner.
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Ha Gonbiieit yactu Teppuropun Poccun no-npex-
HeMy otMevaetcsi cnadbii (Menee 1 musi/10 met) poct
MOBTOPSIEMOCTH 3HaUMTENbHBIX 0cakoB (R10) B emom
3a rof1 (puc. 1.7.4). O6nacTu, rjie YnNCIIo THEH CO 3HAYM-
TEJILHBIMA OCAJIKAMU YMEHBIIAETCS, COKPATHIUCH TIO
cpaBHenmio ¢ 1976-2006 rr., B ocobeHHoCTH Ha [lajb-
nem Bocroke (Yykorka, Kamuarka) u Ha 3amage EUP.
Makcumymbl pocta (Gomee 0.5 musi/10 net) romposoro
YUClla CyYaeB 3HAUMTENBHBIX CYTOUHBIX OCAJIKOB Ha-
6mopatorcst Ha cesepe u 3anage EYP, B 3anmagHoit u
Cpenneit Cubupu, B 3abaiikanse, Ha KamuaTke u ganb-
HeBOCTOUHOM nobepexbe B [Ipumopckom u Xabapos-
ckom kpae u Ha Caxamune. CoxpaHsieTcs poCT 4yucia
CllyyaeB 3HAUMTENILHBIX CYTOUHBIX ocajikoB Ha CeBep-
HoM KagBkase, HO ero cKOpocTb CHUIIbHO YMEHbIIMIACH
(c 1.5-2 no 0.5-1 nueit/10 ner).

BaxkHO ce30HHOE pacnpefelieHue TpeHpa, umest
B BUJIY, YTO CPEJIHEE YMCJIO IHEW C ocajkamu Oosiee
10 MM oueHB pa3nMyHO JJIsi Pa3HBIX CE30HOB. 3UMOI
OHO TIpeBbIaeT 1 ciydvaii 3a ce30H JMIIb Ha Iore U
roro-3anage EYP u B y3k0#l nojioce THXOOKEaHCKOTO
nobGepexkbs, a BeJIMUMHA N3MEHEHWUI HUTJIC HE TIpe-
oimaer 0.2 mus/10 net. HamGonbiiee umciio qHei ¢
ocaikamu 6onee 10 MM HaGmrOmaeTcs yeTom: o 6

—p—
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JIHEW 3a Ce30H B LEHTpabHbIX oOnactsax EYP u Ha
Cesepaom Kaskaze u o 10 nmHeit — B [Ipnamypee.
Memnee 4 nHelt 3a ce30H HAOIOHAETCS JNIIL B 3aro-
asspee Ha EYP u B ceBepHBIX 001acTAX a3MaTcKoOn
4acTH, HO UMEHHO 371ech U B Cpenneit Cubupn oTHO-
CUTeNbHAsT BeMuKHa TpeHaa (T. €., HOPMHUPOBAHHAS
Ha cpeniHee) npesocxomut 10%/10 net. Cnemyet 06-
paTUTh BHUMaHKE, YTO JIETOM MOBTOPSIEMOCTDH 3HA-
YUTEJIBHBIX OCAJIKOB yOBbIBaeT Ha OOINBIIEH YacTh
EYP (Bkirouast CeBepublit Kaska3z) u Samaguoit Cu-
oupu, a Takxke Ha [JanbHem Boctoke n B 3abaiika-
nbe. PocT rofoBoro uncia cirydae 37ech onpepesi-
€TCsl BECEHHIM M OCEHHUM CE30HAMU.

Io cpaBHenuto ¢ nepuopom 1976-2006 rr. 3a-
METHO YMEHbIUWJIACh TEPPUTOPUS, Ijie HAOIOAIICs
POCT MaKCUMAJILHOWM MPOJOIKUTEILHOCTH CYXOro
nepuoaa (CDD), yMeHbIIMIACh MAKCUMAJIbHASI CKO-
pocth pocta (Ha UyKoTKe); OHAKO MO-TPEKHEMY
JUIMTEJILHOCTb CyXUX MEPUOMIOB PACTET HA OOJbLIEN
vqactu EYP (puc. 1.7.5). C napyroii cTOpoHbI, B 061a-
ctsix Makcumyma yobiBanust CDD (Aurrait, BepxoBbsi
Amypa, Marajanckast o61acTb u ceBep SIKyTHm)
CKOPOCTh M3MEHEHMsi Bo3pociia oT —2 o —3...—4
maei/10 net. I3MeHeHuns: 3HAYMTENIbHO O0Jiee BhIpa-

1976-2010 rr.
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Punc. 1.7.5. Teorpaduyeckoe pacnpegeneHune koadpobuumeHTa nMHENHOro TpeHga 3a nepuop 1976-2010 rr.
nHpekca CDD (MakcumanbHasa npoaO/IXUTENbHOCTb CyXOro nepvoaa) ons roga B LESioM, 3UMHEr0 U JIeTHEero

ce30HoB (aHn/10 neT).

(1 77
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Puc. 1.7.6. KoadduumeHTbl NMHENHOro TpeHaa B pahax yYucna gHer C aHOMaslbHO BbICOKOM TemMnepaTtypor
BO34yXa Pnimax: (BHW/10 neT): a) 3uma; 6) BecHa; B) NIETO; I') OCEHb.

SKEHBI JIJIsl 3MMHET0 ce30Ha. PocT mpopioysKuTeabsHO-
CTU GECCHEXXHbBIX MEPUOJIOB MAaKCUMAJIEH Ha JlaJlbHeM
CEBEpPO-BOCTOKE, & YMEHbLICHUE — HA FOre a3MaTCKOi
yactu P® ot Anrtas o cpepHero TeueHust Amypa.
JleToM pocT MPOJIOMKUTENLHOCTU CYyXUX MEPUOIOB
npeoGuaiaeT B 3amajHoil vactu Poccum (o 90°
B.JI.), @ BOCTOYHEE OHU MPEUMYILECTBEHHO yOBIBAIOT.
3ameTHbIi pocT JeToM Habmoaercs B [Ipukacnuii-
CKOI1 HU3MeHHOCTHU. JleTom koHurypauuu obnac-
Tell pOCTa MAaKCUMAJILHOW MPOJOIKUTEIBHOCTH CYy-
XMX TIEPUOJIOB U COKPAILEHUSI MOBTOPSIEMOCTH CUJTh-
HbIx ocankoB (uHmeke R10) BechbMa GIU3KM JIpyT K
npyry (Tak ke, Kak COOTBETCTBEHHO U JIst 001acTeit
W3MEHEHUS! MPOTUBOIOJIOXKHBIX 3HAKOB).

Psanaer  ce3onnbix uHpekcoB TX9S5p, TNSp,
RR95p nonydeHbI MO TOMY K€ MCXOIHOMY MacCHUBY
CTaHIMOHHBIX CYTOYHBIX JIaHHBIX. OLEHKU TPEH/IOB
nonyudenbl 3a nepuop 1971-2010 rr. TlpoueHtnnm
pPaCcCUMTHIBAIUCH MO [AaHHBIM 34 BEChb TNEPUOJ
(Bulygina et al., 2007), 9To mo3BoJsieT M36€KaTh
MCKYCCTBEHHBIX TPEHJIOB, KOTOPbIE MOTYT BO3HHK-

HYTb U3-32 HEOJJHOPOJIHOCTH B PSITy UKCJIa MpeBbILIe-
HUIl TIOPOTra, eCii ero 3HaueHue (MPOLEHTHIIB) OLe-
HUBAETCSI MO 9acT psijja (6a30BOMY MEPHOTY ), TaKe
B Cllyyae, KOrjla UCXOJIHBIA Psifi CTAalMOHAPEH. DTOT
(pbeHOMEH CBSI3aH C TEM, YTO UCMOJIBL3YETCS HE UCTUH-
HOE€ 3HAUYEHUE MPOLEHTUJIS, & €ro BbIOOPOYHAsl OLEH-
Ka; B MPUMEHEHUHU K PsiIaM MHJIEKCOB paccMaTpuBae-
MOro Tuma OH aHajm3upoBanicss B (Zhang et al.,
2005), HO 3HAYUTENILHO paHbllie ObLT OOHAPYKEH B
NPUMEHEHUM K TaK Ha3bIBAEMON OLIEHKE KauecTBa
MeTeoposiorndeckux mporuozo p (ITigpomernenTp
CCCP, B. W. Iepdwuiios, nuccepranps).

Ha Oonpmrein yvactu Poccum BO Bce Ce30HBI B
00JIbI1Iei UM MEHbILIEN CTENEHU MPOUCXOJIUT yBEJU-
YEHHE YMCJIA IHEN C aHOMAJIbHO BbICOKMMHU TEMIEpa-
TypaMu BO3/yXa; HauOosee 3HAYMTEJILHBIM POCT B
1leJJ0M HaOJIrofaeTcs JIETOM, B OCOOEHHOCTH B a3naT-
CKOW YacTu cTpanbl. OIHAKO €CTh pailoHbl, I7ie YKC-
JIO [IHEW C aHOMAJbHO BBICOKMMH TEMIepaTypamu
yMenbiaeTcst. 3umort (puc. 1.7.6) makcumaibHOE
YMEHbIIIEHNEe aHOMAJILHO TeTTbIX HEN HaOJroIaeTCst

o
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Puc. 1.7.7. KoaddunumeHTsl NMHENHOIO TPEHAA B paaax Yicna oHeEn C aHOMaslbHO HU3KOW TeMrnepaTypoin Bo3ayxa

Bxtmins (4HW/10 neT): a) 3uma; 6) BECHA; B) NETO; I') OCEHb.

Ha ceBepo-BocToke Poccun (MarajjaHckast 061acTb,
Yykorckuit AO, Kamuarckuii Kpait), BECHOI 1 oce-
Hbt0 — B Cubupu.

[Norennenue kaMMaTa B MOCJEAHUE AECATUIETHS
BbIPAXKAETCS U B YMEHBLICHUU YUCIIA IHeH C 9KCTpe-
MaJbHO HU3KUMHU TeMMepaTypamu BO3/lyXa, Mpeod-
JajiarolieM Bo Bce ce3onbl rofia (puc. 1.7.7). Haubo-
Jiee 3aMeTHA TEHJICHIMS YMEHBIIEHUS] YuClia OYeHb
MOPO3HBIX IHEN 3UMON Ha ceBepe 3anagHoi Cubupu,
B JKyTnn u AMypckoit oosactu. B To e Bpems, 11
3umbl Ha Cpepineit Bounre, tore 3anagHoit Cubupu u B
IO3KHBIX paiioHax 3abaiiKasbsi MPOCIeKUBACTCS TEH-
JISHLIMS] YBEJIMUEHUs YMCJIa JTHEel C aHOMAJIbHO HU3KHU-
MU TeMIepaTypaMu BO3AyXa, T. €. B 3TUX paiioHax
MOXKET BO3pacTaTh YIpo3a NPOMEP3aHUs MEJIKUX pe-
YeK U BOJIOEMOB, aBapuil Ha BOJIOBO/IaX, MepedoeB B
BoptocHaOxeHnn Hacenenusi. Ha Cpenneit Boare umc-
JI0 IHEl ¢ aHOMAJIbHO HU3KUMU TeMIepaTypamy BO3-
liyXa yBEJIUYMBACTCSI TaKKe JIeTOM, AaHAJIOTMYHast
TeHJIeHLMs HaOJrofaeTcsl Ha ceBepo-3anaje SkyTuu,
ceBepe CaxanmHa U B ycThe AMypa.

DKCTpeMaJbHO OOJbIIME OCA/IKM OKa3bIBAIOT
3HAUYUTEJILHOE BJIMSIHAE HAa pexkuM pek. bosbiioe
KOJIMYECTBO OCAJIKOB 3UMOM M BECHOWM OOYyCJIaBJIM-
BaeT BbICOKUIl YPOBEHb BECEHHEIO MOJIOBOJbSI; Jie-
TOM CUJIbHBIE JIMBHU YaCTO CTAHOBSATCS MPUYMHOMN
KaTacTpo(PUUECKUX HABOJHECHUN. 3UMOW oO4Yaru
YMEHbLIEHUS YUCJIa THEN C aHOMAJIbHO OOJIbILIMMU
ocajkamu (puc. 1.7.8a) MOBOJIBLHO XOPOIIO COIJIa-
CYIOTCS C 30HAaMM YMEHBLIEHHUS] YMCJIa IHEH C 9KC-
TPEMaJIbHO BBICOKMMM TeMIepaTypamMu BO3AyXa
(puc. 1.7.6a). Ha 6onbiueit yactu ETP HaGmronaeT-
Csl yBEJIMUEHUE YKCIIa IHEW C CUIIbHBIMU CHEronaja-
MU. JIeToM TeHAeHUMsT yBEJIWYEHUS] YuCiia JIHEW C
AHOMAJIbHO OOJIBILIMMM OCaJIKaMU OoJiee 3aMeTHa B
BocToyHO# noJsioBuHe ETP u Ha Ypane. Ha Goub-
wei yactu Ceepo-Kaskaszckoro u IOxuoro ®O
TakKe HaOMIoflaeTCs YBEJMYEeHUe 4Ynclia JIHel C
QHOMAJILHO OOJILIIMMU OCAIKaMU, a 3HAYUT, YUUThI-
Basi TOPHbII XapakKTep MHOTMX PEeK U COCTOSIHUE UX
pyced, B OyAylleM COXPaHUTCS yrpo3a ONMacHbIX Ma-
BOJIKOB B 3TOM pErvoOHe.

o
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Puc. 1.7.8. KoapduumeHTbl NMHENHOro TpeHaa B psaax yvMcna AHENn C aHOMaslbHO OOonblMMU ocagkamu Py,

(oaH1/10 neT): a) 3uma; 6) BECcHa; B) NETO; I') OCEHb.

TanneeBckum neHTpoM MeTeoposornyeckoro ym-
paBneHuss BennkoOpuTaHuM B COTPYIHUYECTBE C Psi-
JIOM €BpONENCKUX MCCIEA0BATEIbCKUX LEHTPOB TMOf-
TOTOBJIEHA CepUsl My ONMKaLKiA, MOCBSILLIEHHbIX U3MEHE-
HUSIM KJIMMATa U UX TOCTIE/ICTBUSIM JIJIs1 Psifia pETMOHOB
3emHoro mapa, B Tom uncie, Poccun (Climate, 2011).
B yacTHOCTH, paccMaTpUBAOTCSl U3MEHEHUs psifia UH-
JIEKCOB 3KCTPEMAILHOCTH B TOJIOBOM 0000IeH!N (1H-
iekchl akcTpeManbHbIX TemnepaTyp TN10p, TN10p,
TN10p, TN10p, a TakKe WHIEKC MAKCUMAIIBLHOI TIPO-
nomkurenbHocTH cyxoro nepuoga CDD u ananoruny-
HbIIl EMY MHJIEKC MAaKCUMAJILHOW MPOJO/KUTEILHOCTH
Braxkuoro (R > 1 mm) nepuoga CWD). TosyuenHbie
tpenibl (1960-2010 rr) BpeMeHHBIX psiiOB MHEKCOB,
OCPEJIHEHHBIX TSt (ycmoBHO) 3amajiHoM
(43.75°-78.75° c.u., 28.125°-106.875° B.1.) U BoOC-
tounoii (43.75°-78.75° c.u., 103.125°-189.375° B.j1.)
yacreil Teppuropun P® 3pech cBefeHbl B TabaMIly
1.7.1. B uenom pe3ysnbTaThl COracyoTcs ¢ MpUBEeH-
HbIMU BBILIE: YACIIO XOJIOJHBIX THEN 1 HOueil yObIBa-
€T, TeIJIbIX PACTET, CKOPOCTU WU3MEHEHUs JIIsl HOuei

3aMETHO BbIIIE, 4YeM [l fHel. TpeHdbl MHEKCOB
OCa/IKOB 3HAYMTENbHO MeHee omnpeneseHtbl (90%-it
JIOBEPUTEJILHBIN UHTEPBAJ COACPKUT 3HAUEHHUST 000UX
3HAKOB), OJJHAKO MOKHO FTOBOPHUTE O BO3MOKHOM POC-
T€ MPOAOJKUTETHLHOCTH BIIAXKHBIX U YOBIBAHUM CYXUX
NEPUOJIOB B 3amafgHoin yactu PP.

B uccnepoBannu (Borganosa u ap., 2010) npuso-
JSTCSl OUEHKW MHOTOJIETHUX TEHJIEHLMI YnCa HEN C
CUJIBHBIMM OCaJIKaMH, TOJYYEHHbIE MO JIaHHBIM O
CKOPPEKTHPOBAHHBIX (yUTEHbI OCHOBHBIE CHCTEMATH-
YeCKHe MOTPENIHOCTH X M3MEPEHHSI) CYTOUHBIX CyM-
Max ocafkoB st 93 cranumuin P®. OrmeTum, 4ro
TpeHJIbl oy ueHbl Ha uHTepBasie 1936-2000 rr., Tor-
1a Kak OOJILIIMHCTBO MOKAa3aTesel 3KCTPeMaIbHOCTU
B HACTOSILEM OTUYETE AHAIM3UPOBAIOCH HA EPUOJIE C
cepenunbl 70-x rogoB XX Beka. [Ipu ompenenenuu
“IIHSI C CUITbHBIMU OCaJJKaMu’~ UCTIOJIb30BAJICS IOPOro-
BbIIl KpUTEPUIA, KOTTIA CYTOYHAsl CyMMa OCAJIKOB Ipe-
BBIIIAJIA YTPOCHHBI CPETHUN MHOTOJIETHUHN CYTOY-
HbII MAKCUMYM OCaJIKoB. PacueT nmoporoBoro 3Haye-
HUSI OCYIIECTBIISUICS CIEAYIOIMM 00pa3oM: CpefiHue
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Tabauya 1.7.1. Uamenenusn (aunetinvii mpeno 1960-2010 22) nexomopbix undekcos sxcmpemanvrocmu MIOUK no
oannvim Hadley Centre (Climate, 2011) 0asa 3anaonoii u 6ocmourol yacmu Poccuu

TN10p TX10p TN90p TX90p CWD CDD
(%/10 ner) (%/10 ner) (%/10 ner) (%/10 ner) (mun/10 ner) (mun/10 ner)
WR -1.07 -0.81 +1.75 +1.24 +0.11 -0.49
(-1.50...-0.65) (-1.28...-0.33) (+1.27...42.16) (+0.71...4+1.76) (-0.03...40.21)  (-1.23...4+0.15)
ER -1.42 -1.13 +1.57 +0.99 +0.01 -0.29
(-1.95...-0.94) (-1.59...-0.63) (+1.05...+42.05) (+0.41...41.54) (-0.12...40.14)  (-0.98...4+0.65)

MHOT'OJIETHUE 3HAYEHUS] CYTOYHBIX CYMM OCAJIKOB Bbl-
YUCJISTUCH 32 BECh MCCIIElyeMblii IEPUOJL 15l KaXK/10-
ro Mecsia. 3areM M3 MOJTyuYeHHbIX 12 3HavyeHuil Ha
KaXK/JOW CTaHUMU BbIOMPATIOCh MaKCUMAJIbHOE U yM-
Hoxanoch Ha 3. OGHapy>KMUBaeTCs POCT YMUCIIA JIHEH C
CUJIbHBIMUA OCAJIKaMH BJOJIb 3amaHoN rpaHulpbl Poc-
cum u B [Ipenypanbe u ymeHnbluienue — Ha cesepe EUP
B palfioHe ApxaHrejbCKa W TpUJerarouieil 4actu
Konbckoro nomnyoctposa, a Takxke B CEBEpHbIX Yac-
Tsx [Ipumopbst u CaxanuHa, Ha noGepexbe UyKoTKu
(4 cyT1/65 net u Gonee).

Bo3MOXKHbIE U3MEHEHUST 9KCTPEMaIbHOCTH Tep-
MHUYECKOr0 pe>KrMa M yCJIOBUI MOXKAaPOONaCHOCTHU B
cepenune XXI Beka Ha Teppuropun Cubupu, BbIsIB-
JIEHHbIE HA OCHOBE MOJIEJIM PErMOHAIBLHOIO KJIMMaTa
I'TO, npencrasnenst B (Ikomsauk u ap., 2008). B
KauecTBe MOKa3aTessl 9KCTPEMaJbHOCTH TepMUYe-
CKOI'0 pekKrMa pacCMaTpHUBAaEeTCs MHAEKC ‘“HandO0JIb-
11asi MPOJIOJIKUTEBHOCTh HEMPEPBIBHBIX MEPUOIOB
C MAaKCUMAaJIbHOM CYTOYHOH TEMIIEpaTypOil BBbILIE
90-ro nporenTuss” (HITIT). 90-it npoueHTHIIL pac-
cuntbiBasics 3a nepuop 1991-2000 rr. Oxxupaercs
yBesmuenne HIIIT B SIkytum (o 10 cyrt) u 3abaii-
Kasbe (Ha 5-7 cyT) B cpenrem 3a 2041-2050 rr. no
CPaBHEHUIO CO CpEJJHUMHU 3HAUYEHUSIMU 32
1991-2000 rr. K konmy XXI B. HanGomblme u3me-
HEHMS N0 OTHOLIEHUIO K KOHLY XX B. OXKUJJAIOTCS
Ha [laneHem Boctoke m B Ipmypanbe (poct Ha
15-20 cyr)

J1J1s1 KpYNHBIX CE30HHBIX MAaKCUMYMOB CyTOYHOMN
aHOMAJIMU TeMIlepaTypbl BO3/lyXa BbISIBIIEHA 3aBUCH-
MOCTb TPOJOJKUTENLHOCTY aHOMAJIMI TeMIepary-
pbl OT 3HAYEHUS] SKCTPEMAJbHOW aHOMAJIUM BO BCE
Ce30HbI TOf1a, 0COOEHHO 3ameTHast 3umoil (OraHecsH,
2011). B uccrefioBaHiM MCHOIb30BAIUCH CYTOYHbIE
naHable 9 Meteoposiorndeckux craHuuii Poccun 3a
nepuofi ¢ 1961 mo 2006 . Ha ocHOBaHMM TIpOBE/ICH-
HOT'O MCCIIE/IOBaHUS MOXKHO C/IeJIaTh BbIBOJ| O TMPHH-
LUMNUAIBbHOI BO3MOXHOCTU MPOTHO3MPOBAHUS IMPO-

NIOJIKUTEJIbHOCTH aHOMAJIMKA TEMIIEPATYPbl, €CIU €€
BeJIMYMHA JIOCTUINIA HEKOTOPOr0 KPUTHUYECKOTO 3Ha-
YeHMUsI.

1.7.2.2. H3meneHusn IKCMpemarbHuIX C€30HHbLX
npoyenmu.aeii memnepamypol U 0CadK08

B paspene paccMaTpuBarOTCsl SKCTPEMYMBI BHY-
TpU KaJeHJapHbIX CE30HOB. B KauecTBe mokaszaresei
KCTPEMAIILHOCTH PACCMATPUBAIOTCS IKCTPEMATTb-
HbIE, T. €., COOTBeTCTBYOIMe 6m3kuM K O mim 1 Be-
POSITHOCTSIM, MPOLEHTUIIA CE30HHBIX BBIOOPOK CY-
TOYHBIX CpEJHEN, MUHUMAJIbHOU M MaKCUMaJbHOW
TeMmrnepaTypbl M CYTOYHBIX CYMM aTMOC(EpHBIX
OCaJIKOB, U AaHAU3UPYIOTCSI BPEMEHHbIE U3MEHEHUsI
3TUX MPOUEHTUIe. B nmuTepaType yaile paccMaTpu-
BAIOTCS M3MEHEHUs] 4acTOT 3HAYEHWIA, MPEBBILLIAO-
X 3a1andble (pukcupoBanHbie noporu (Kukrtes n
np., 2012; ITnarosa, 2007; Bulygina et al., 2007;
Alexander et al., 2006, 1 p.). DT0 BO MHOTOM CBsi3a-
HO C aKTUBHOW JIESITEJILHOCTBIO padoyeil rpymnibl Mo
akcTpemymam MI'OUK: 3HauntenbHas yacTh npep-
JIOXKEHHBIX 3TOW TPYNNON WHAEKCOB 3IKCTPEMYMOB
OMpeJiesieTCs] UMEHHO TakKuM 00pa3oM; MHOTUE W3
3TUX WHEKCOB HECOMHEHHO TMPAKTUYECKU TMOJIe3HbI
(HEKOTOpBIE — MOCIIE ONPEIEIEHHON aJJaNTalK K pe-
TMOHAJIBHBIM KJIMMATUYECKUM  YCIIOBUsIM). OJHAKO
OHM HE JIal0T HENMOCPEJCTBEHHON XapaKTEePUCTUKU
M3MeHeHUs1 (PyHKUUU PpacrpefiesieHusl KimmaTuye-
CKOW mepeMeHHO Ha ee “xBocrax’. Ilosromy Obun
WCIMONIb30BaH MOJIXOf], MCHOJIb3YIOLIMIA BEJIUYMHBI
akcTpemManbHbix KBauTwiein (Bapmun, IlmaroBa
2013), KOTOpBII1 JOJIKEH JJaBaTh JOCTATOYHO SICHOE 1
MOCJIE/IOBATEILHOE OMUCAHUE U3MEHEHUN IKCTPEMY-
MOB B TepMUHAX (DYHKIUM PACTIPENICTCHUS U YUCIIECH-
Hble BEJIMYMHbI U3MEHEHUs IKCTpPEeMalibHbIX 3Haye-
HUI, KOTOPBIE MOTYT ObITh HEMOCPEICTBEHHO COMOC-
TaBJIeHbl C W3MEHCHUSIMU CTATUCTHK (HAmpUMep,

CPEJIHErO U JIUCTICPCHH ).
(181
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JI71st aHanm3a TPEeH/0B SKCTPEeMaJIbHBIX TIPOLCHTH-
Jieii UCTIONb30BANUCH JIAHHbIE apXUBA CYTOUHbIX CPeJl-
HEW, MUHAMAJIbHOM ¥ MaKCUMAaJIbHON TEeMIIEpaTyphl U
cymm ocajikoB Ha 600 craniusix P, moaroTosieHHO-
ro v nepuoguyecku nonosnusemoro so BHUUI'MHA-
ML, (http://meteo.ru/climate/d_temp.php). Peans-
HO, C YYeTOM TpeOOBaHMUI K TIOIHOTE IAHHBIX 7Sl pac-
YyeTa CTaTHCTUK W TPEHJOB MPE/ICTABICHHbIC Pe3ylib-
TaThl OCHOBaHbI Ha JaHHbIX Oosee 300 cranumit (0
350 nu1st GOMBIIMHCTBA BEJIMYMH). AHAIM3UPOBAINCH
TpeH/bl 3a nepuoji, HaumHarotmiicsi 1976 ropom; ¢
9TOr0 BPEMEHU HE MPOUCXOJIUIIO CYIIECTBEHHBIX U3-
MEHEHUI B MTHCTPYMEHTAX U periaMeHTe HaOIO/ICHNUIL:
TakuM 00pa3oM, psiibl HE COAEPXKAT HEOJHOPOJIHO-
CTeil, BbI3BAHHbIX 3TMMU NpuurHaMu. Ha oTaenbHbIX
CTaHIUSIX BO3MOXKHBI HEOHOPOJIHOCTH, BbI3BaHHBIE
MIEPEHOCOM CTaHIMK (JJOKYMEHTHPOBAHBI B KaTajore
apxuBa) W/WIM W3MEHEHHSIMH OKPY3KAOIIEero JIaH/I-
mapra. ClieyeT ¢ OCTOPOKHOCTBIO OTHOCUTHCS K
O0COOEHHOCTSIM TPEHJOB Ha OT/EJNbHBIX CTAHLUSIX,
cunTasi 0O00CHOBAHHBIMM JIMIIL COTJIACOBAHHBIE pe-
3yJIBTAThI MO KpaiiHell Mepe Ha HECKOILKUX COCEJHUX
CTaHIWsIX. B HECKONBKUX CITy4asix ObLIM MCKITFOYEHBI
CTaHIWH, I7Ie UMEIOIIMecs MPOMYyCKU ObLTN BCE cocpe-
JIOTOYEHbI B OJIHOI MOJIOBUHE Psifia, YTO, TIPU HATMYUU
JIaHHBIX HA KOHIAX WHTEPBAJa MPUBOJMUIIO K JIOKHBIM
TPEH/JaM, Pe3KO BbIACSIOIIMMCS Ha (DOHE COCEJHUX
CTaHIUI.

Anomaimu (HOpMUPOBAHHbIE M HET) PACCUMThI-
BaJIICb OTHOCUTEJILHO TMOJIHOTO TIepUOJIa, JIsl KOTO-
POTrO BBINOJHSIICS aHau3, T. €., 19762009 rr. Topo-
BOI XOJ] CrilaskuBascst (pUIBTPOM, OTCEKAIOLIUM KO-
nebanusi ¢ nepuosioM MeHee 30 jHei. AHAJIOTMYHO
PaCCUMTBLIBAOTCSI CTAHIAPTHBIE OTKIOHEHUS! (TaKXKe
CIUIaKCHHBIE ).

Jns xaxmgoro ce3ona 1976-2009 rr. oneHnBa-
JMCHb BBIOOPOUHbIE CTATUCTUKM MO BBIOOPKE JITTMHOW
< 90 pmeit (c yyeTOM MpPOMYCKOB, PAa3IMYHBIX [IJIsI
Pa3HbIX MEPEMEHHbBIX) ISl KaX/oi u3 4 nepeMeH-
HbIX: T, Ty Thax — CYTOUHAS CPEHSISI, MUHUMAJb-
Has M MakcuMallbHasi Temrieparypa, R — cyTo4Has
cymMa ocajkoB. CTaTucTuku Temneparypbl: E — cpe-
JIHECE30HHOE 3HaueHue, S — CTaHIapTHOE OTKJIOHEe-
Hue, S, — KoapuuueHT acummerpun, P5 — 5-ii mpo-
HeHTWIb, P95 — 95-it npouenTmib, Min, Max — ce-
30HHbIE MMHUMYM M MakcumyM. HaGop craTucTuk
JUIsl OCaJIKOB Heckosibko uHoit: E, S, S, P, — pons
niHe 6e3 ocakoB (TouHee, C HyJIEBLIMA H3MEPEHHBI-
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mu ocajkamu), P95 — 95-it npoueHTuIHL MOJHOT ce-
30HHOW BbIOOPKU, PR95 — 95-i1 pouieHTMIIb BBIOOP-
KM fiHel ¢ ocagkamu. CTaTUCTUKU PacCUUTBHIBAINCH
JITIsl CE30HOB C HaJIMuKMeM He MeHee 95% JTaHHbIX.

J171s KpaTKOCTU MPOUEHTUIIU, OIM3KHUE K JIEBOMY
“xBocTy” pacnpefenenus (B AaHHOM ciydae, P5),
OyayT Ha3bIBaThCS “‘OTPULATENIbLHBIMU 3KCTpEMyMa-
Mu”, a 6im3Kue K mpaBomy “xBocty” (P95) — “no-
JIOXKUTEJIbHBIMU 3KCTPEMyMaMu”.

J171s1 3UMBI U JleTa Ha KaXK/0il CTAaHLMU JIJIsl Ka-
KJIOW TIEPEMEHHOV PACCUNTBHIBAIIMCH OLCHKU JINHEN-
HOIO TpPEHJAa KaX/Ioll CTaTUCTUKMU: KO3(pPULMEHT
TPeHAQ, N0Js1 OOBICHEHHOW TPEHJIOM JIUCTIEPCUH, a
TaK>Ke OLEHKa ‘‘3HAYMMOCTU TPeHa: MUHUMAJIb-
HBI1 ypOBeHb U3 cTanaapTHoro Hadopa {1%, 2.5%,
5%}, npu KOTOpoM KO3((ULIMEHT 3HAYUMO OTJIU-
yeH oT (0, unm “eo”, ec TpeH/| HEe3HAUMM Ha YPOBHE
5% (ucnonb3yeTcsi ABYCTOPOHHUI KPUTEPHIl, OCHO-
BaHHbIN Ha cratuctuke T2 = (n — 2)R2 / (1 — R?),
umetouieil npu b = 0 pacnpeneneHue CThrofieHTa C
n — 2 crenensimu cBoGofpl). CaM TepMHUH ‘‘3HaYM-
MOCTb~ HCIOJBb3YETCs, TaKUM 00pa3oM, JOBOJILHO
(hopManbHO, NOCKOJBKY HE YUUTBHIBAIOTCS OTKJIOHE-
HUSI OT ‘“OCHOBHBIX IPEANOJIOKEHUI : HE3aBUCH-
MOCTb U FayCCOBOCTb OCTATKOB; TEM HE MEHEe, €Clli
OLICHKM BEPOSITHOCTEN M HETOYHbI, BCE XK€ ‘‘3HAUM-
Mble” BEJIMYMHBI TPEH/IA YKA3bIBAIOT HA JOCTATOYHO
00JIbIIME 3HAYEHUSI OTHOLLEHUS “CUrHANI—IIYyM™ [IJ1s1
Hero. DTo 0ObIYHAsI MPAKTUKA; MONBITKU YIyYIIUTh
OLIEHKU BEPOSITHOCTEN C MCMOJIb30BAHUEM PA3IUU-
HBIX TEXHUK CTATUCTUYECKOTrO MOJICJIMPOBAHUS OKa-
3bIBAIOTCS] OTHOCTOPOHHUMU: JIMOO YUUTHIBAETCS HE-
rayccoBOCTb OCTaTKOB (HCIONB3yeTCss OOBIYHO
“GyTcTpan’), MO0 TMOCIEN0BaTEIbHASI KOPPEIISIIS
(Mopemupyercst  aBToperpeccueit). ITOCKONBKY
NPUHLUUIIAAIIBHO BOIPOC O “TIPABUJIBHBIX™ BEPOSITHO-
CTSIX 3TUM HE PEellaeTCs U BbIBObl OCTAIOTCS MPeXK-
HUMU (OTHOIIICHHE CUTHAJI-IIYM JIOCTATOYHO BEJIM-
KO), MO-BUIIMOMY, JIJIsl KAYECTBEHHOTO aHAJIN3a ITU
YCIIOXKHEHUS] U3JTULIHU: 3HAYUTEIIbHO BaXkKHEE Hal-
yre KPyMHOMACIITaOHBIX O0JIacTell ¢ KOrepeHTHbI-
MU U3MEHEHUSIMH.

Tpenpn ouenuBascs 3a nepuopt 1976-2009 rr, . e.,
C YCIOBHOTO Hayaja COBPEMEHHOr0 MOTEMJIeHHUS.
OueHKM TpeHJia pacCUUTBIBAIUCH, €CIU B PSTY CE30H-
HBIX CTaTUCTUK MMenoch He MeHee 80% JaHHBIX n
VMEJTNCh JIAHHbIE B HAYAJIBHBIX W KOHEUHBIX 3-JIeTHSIX
nepuopa.
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Temnepamypa 6030yxa

DyHKIMS TUIOTHOCTU PACTIPENICNICHHsI CYyTOYHOM
TeMmneparypbl OJM3KO HAMOMUHACT KJIACCUUECKYIO
KOJIOKOJI000pa3Hyo KpuByto HopmaibHoro (Taycco-
Ba) pacnpefielieHus: OHa “ToYTH YHUMOJIAIbHA U
cUMMeTpuYHa (XOTsI JUIsl OTJEJIbHBIX reorpadude-
CKUX JIOKQJIM3alMil BO3MOXKHBI BTOPUYHBIE MOJIbI U
OTKJIOHEHUSI OT CUMMETpPUH, CBSI3aHHbIC C HAJIMYUEM
BBIPAKEHHBIX [UPKYJISINOHHBIX PEXXMMOB) U MpH-
MEpPHO TaK K€ ObICTPO CIaJaeT C ylaJIeHUeM OT IIeH-
Tpa pacnpenienenus. [IponeHTnm HopMansHOTO pac-
NpefiesieHns] OfTHO3HAUHO OTPEJIEISIOTCS 3HAYSHUSIMU
NepBbIX 2 MOMEHTOB: CPEfIHEro U jucnepcuu. MosKHO
OXWJIaTh, YTO W3MEHEHUS! TPOLEHTUIICH CyTOYHON
TeMINepaTypbl B OCHOBHOM ONPEICIISIFOTCS] N3MEHEHHU-
SIMU T€X K€ MOMEHTOB. YBeJnueHue (yMeHbIICHNE )
CPE/IHErO BBI3bIBAET CMEILCHNE PaCTpe/iesieHNs] B 1ie-
JIOM M, COOTBETCTBEHHO, POCT (yObIBaHME) IKCTpe-
MaJIbHBIX MPOLEHTUIIEH 000MX 3HAKOB, 4 N3MEHEHNE
ICTIEPCUN — TOTO K€ 3HAKa N3MEHEHNE MOJIOXKHUTEIb-
HBIX 9KCTPEMYMOB ¥ IPOTHBOIOJIOKHOTO 3HAKA — OT-
punatenbHbIx. OTHOBpeMeHHbIE N3MEHEHUSI CPETHEr0
U JIUCTIEPCUM MOXET, TaKUM 00pa3oM, TPUBOJIUTH K
Pa3JIMYHBIM pe3yJibTaTaM B 3aBUCUMOCTHU OT COOTHO-
IICHUS 3HAKOB ¥ BEJIMUMHbBI 3TUX U3MEHEHWIA.
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Ha puc. 1.7.9 nokasano reorpacgudeckoe pacnpe-
niesienne Ko3(p(UIMEHTOB JIMHEHHOro TpeHaa 95-ro
npouentusst (P95) u 5-ro npouentuns (P5) mmst 3u-
Mbl M JIeTa €XErOfJHbIX BHYTPHUCE30HHBIX HOPMHUPO-
BaHHbIX AHOMAJIMI CpPeJHEell CyTOYHOI TeMnepaTrypbl
Bo3yxa. PaccmarpuBanuch HOpMHUpPOBAaHHbIE aHOMA-
JIMU, YTOObI UCKIIOYUTH KIMMATUYECKUE BHYTpHUCE-
30HHbIE M3MEHEHUS! KaK CPeHUX, TaK W JUCIEPCUH,
BeCbMa BbIPAXKEHHbIE IS TEMIIEPATYPBbI.

Ce30HHBIE PA3MUUUsl W3MEHEHWI 3KCTPEMallb-
HbIX POLEHTUIIEN OueHb Benmku. Habmopaercs Tak-
K€ U “‘aCUMMETpUsT” B U3MEHEHHUSX MOJIOXKUTEbHbBIX
U OTPULATENIbHBIX 3KCTPEMYMOB, 3HAUUTENBLHO 00-
Jiee SIBHO BbIPAXKeHHAsl /1151 3MMHEr0 Ce30Ha.

CpaBHeHHE C W3MEHEHUSIMU CPEJHECE30HHBIX
3HauYeHUI HOpMHUPOBaHHOI aHomauu (puc. 1.7.10)
MOKAa3bIBAET, YTO reorpadusi N3MEHEHUsT TOPOTOBbIX
3HAUEHUI SKCTPEMyMOB KAaueCTBEHHO B OCHOBHBIX
yepTax onpefessieTcs: OOLUMM CMELEHUEM paclipeie-
JIEHUs! TeMriepaTypbl. JIeTOM 3TO BbIpa>KeHHbI POCT
MOYTHU Ha BCeM Teppuropun PP ¢ Makcumymamu Ha
3amaje cTpaHbl (B OCOOEHHOCTH — Ha FOro-3amaje
EYP), Bokpyr Baiikana u Ha fanbiem CeBepo-Boc-
Toke (Kamuarka, UykoTka); 3uMONl — MeHee BbIpa-
SKEHHBIN POCT C MAKCUMYMOM Ha 3amajie 1 o01mpHast

1

1
bP95(WT)

Puc. 1.7.9. ameHeHunsa npoueHTunen P5 (6, r) n P95 (a, B) HOPMUPOBAHHOM aHOMannu TeMnepaTypbl (IMHENHbIN
TpeHa 1976-2009 rr.). AHOManMm paccymMTaHbl OTHOCUTENBHO “MOCTOSIHHOrO” rogoBoro xona 3a 1976-2009 rr.
Lar nsonuHnia: 0.005°rog-1. BelgeneHbl CTaHUUK, roe TPeHa 3Ha4uM Ha ypoBHe 5%.
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bE(WT) |

Puc. 1.7.10. N3MeHeHNe cpeaHece30HHOM HOPMWPOBAHHOW aHOManum TemnepaTtypbl (JIMHEWHbIM TpeHn

1976-2009 rr.). LLar nszonunuin: 0.005°roa-1.

T T T
30 60 90 120 150 180

/-0.020 -0.010 0.000 0.010 0.020
T T T

— T T
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Puc. 1.7.11. N'3meHeHne cTaHOapPTHOro OTKJIOHEHUS
MOCTOSIHHOIO rogoBoOro xoaa (3a 1976-2009 rr.) — a, B,
neta (B, r). LWar nzonnuunin: 0.00125°ron-1.

06JacTh yObIBaHMS TeMriepaTyp Ha iaabHeM CeBepo-
Boctoke. OnHako UMeIOTCs OTJIMYMS B BEIMUYMHAX U
Jaske 3HaKax M3MEHEHUS [IJIsl MTONOKUTENbHBIX U OT-
pULATENbHBIX 9KCTPEMYMOB, KOTOPBIE CJIE/IyeT aHa-
JU3UPOBATH C YUETOM U3MEHEHUSI IUCTIEPCHN.

[Tpu ucnonb30BaHUM ISl aHAIM3a AHOMAJTUI OT-
HOCUTEJILHO IIOCTOSIHHOI'O TOJ0BOr'O XOJ1a M3MEHEHUS
JMCNIEPCUM BKJIFOYAIOT TaKXKe M3MEHEHUs CPEeJHUX,
CBSI3aHHbIE C W3MEHEHMSIMU aMIUTUTY[IbI U (DOPMbI
(BkurOuasi (hasbl rapMOHMK) TOAOBOrO X0fa. UToObI
HCKIIFOYUThL 9TU MEKI'OJIOBbIE M3MEHEHMS I'OIOBOrO
XOfla, pacCMaTpPUBAIUChL AHOMAJIMM OTHOCUTEHLHO
“NepeMeHHOro” rofoBOro Xoja: OTKJIOHEHUs OT CIJia-
SKEHHOTO (PUIIBTPOM, OTCEKAIOIIUM TepUofibl MEHee

aHoManun Temnepartypbl, PacCYUTAHHbLIX OTHOCUTESIEHO
“nepemMeHHOro” romoBoro xoga — 6, r, ans 3umel (a, 6) n

90 nHeN, UCXOHOTO psijia — T. €., 3a TOJIOBOIA X0/ PH-
HUMAIOTCS Bapualyy BHYTPU TOfia C MEpUOiaMi OT
ce30Ha 1 6oJiee (B rOJIOBOM XOJIe OCTAIOTCSI FAPMOHH-
KU ¢ nepuofamu Gosiee yetBepTu rofa). Ce3oHHbIE
CTAaTUCTUKM OTKJIOHEHWI OT TaKOro ‘‘TiepeMEHHOro
TOJIOBOTO X0/1a” JIJIsT KasKJIOTO TOfla MOSKHO UHTEpIIpe-
TUPOBATh, KAK OMKUCAHUE COOCTBEHHO BHYTPUCE30H-
HOU M3MEHYMBOCTH JJIsi aToro roga. Ha puc. 1.7.11
NPECTABICH TPEH/] CE30HHBIX CTAHJAPTHBIX OTKJIO-
HEeHUIl TeMIEepaTypbl OTHOCUTEJILHO MOCTOSIHHOTO
roJIoOBOr0 XOfla, PAcCYMTAHHOTO IO BBIOOPKE 3a
1976-2009 rr., 1 OTHOCUTENLHO “‘TIEPEMEHHOT0’ TO-
JIoBOTO XOfia. B mepBoM ciydyae M3MeHeHUs] BHYTpH-
CE30HHOM JIUCTIEPCUN BKJIFOYAIOT TAaKKe M3MEHCHUS
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CpPeJIHUX, CBSI3aHHbIE C M3MEHEHHeM (POpMbI U aMIl-
JIATY/IbI TOJIOBOTO X071a (HO HE C U3MEHEHUEM CpejIHe-
CE30HHBbIX BEJIMYMH, MOCKOJbKY MOCIEJHUE MCKJIIO-
YAIOTCsl NIPU pacyeTe BHYTPUCE30HHOI JUCIEPCUN).
Bo BTOpOM ciiyyae MCKJITFOYAIOTCS MEXKTOfIOBbIE M3-
MEHEHHsI TOfIOBOTO X0/1a (T. €., MOJHOCTHIO MCKITF0Ya-
FOTCSI U3BMEHEHUS CPEOHUX): OCTAIOTCS “UnCThIe” U3-
MEHEHUS] BHYMPUCEIOHHOU USMEHUUBOCMU.

Haunbonee spko BbIpa’keHHbIE OTIMYMS U3MEHE-
HUI 9KCTPEMYMOB OT U3MEHEHUSI CE30HHBIX CPEHUX
1 aCUMMETPUsI N3MEHEHUI TIOJIOKUTENbHBIX W OTPH-
LATENIbHbIX 3KCTPEMYMOB HAOIOAAIOTCS ISl 3UMbL.
CrnenyeT B mepByl0 ouepeflb OTMETUTb OTCYTCTBUE
00J1aCTH OTPULIATENILHOTO TPeHyia Ha da.ibHem Ceae-
po-Bocmoke nnst BenuMHbI 5-TO MPOLEHTHIS: 3TO
3HAUUT, YTO OOlllee BbIPAaXKeHHOE 3MMHEee TO0X0JI0fia-
HME B 3TON 00J1aCTU HE IPUBOJUT K YITyOJIEHHUIO 3KC-
TpeMyMoB xonofa. HanportuB, 3aech Habmopaercs
HEKOTOPOEe CMSIMYeHUE IKCTPEMAJIbHBIX XOJO/I0B
(poct P5). C ipyroii CTOPOHBI, BEJIMYMHbI 9KCTPEMY -
MoB Temia (P95) cHUKAIOTCS 371eCh 3HAYMTENHLHO
ObICTpEE CpEeIHUX TeMmneparyp. DTU OCOOEHHOCTH
OOBSCHSIFOTCSl 3HAYMTENILHBIM yYMEHBIIICHUEM JIUC-
NIepCUM TEMIIEPaTyphl B IAHHOM PETHOHE.

Takke yMEHbIIEHUEM JucCIepcud, HO Ha (hoHe
BBIPAXKEHHOTO POCTAa CPEHECE30HHBIX TeMMeEpaTyp,
OOBSCHIETCSI TO OOCTOSITENILCTBO, UTO MAaKCUMYM
pocTa Ha cegepo-3anade Eeponeiickoii Poccuu me-
xky 60-70° c.m. HaGmoaeTcst TonbKo st PS5, a Be-
IMurHbl P95 Tam XOTS M pacTyT, HO HAMHOTO Mefl-
JeHHee (MakCHMyM pOCTa TMOJIOXKUTEIbHBIX 9KCTpe-
MYMOB IOKHee — Ha 3anajie Mexky 60—70° c.u., npu-
YeM TPEHfIbl B 3TOM OOJIaCTH BE3fe CTATUCTUYECKU
3HAYNMBbIE ).

BaskHasi 0COOEHHOCTb — YCUJIEHUE 3KCTPEMYMOB
xoiofia Ha 8ocmoxe Ceseprnozo Kasxa3sa, He conpo-
BOXK/IAIOIIEECS] YMEHBIICHUEM CE30HHBIX CPEIHUX U
CHMXKEHHMEM TOpOra TMOJIOXKHUTEbHBIX 3KCTPEMYMOB.
OHo Kak OyATO OOBSCHSETCS POCTOM JAUCIEPCUU B
tokHoi mosoBude EYP (puc. 1.7.11a): Ho 31ech cu-
Tyalysl CYLIECTBEHHO OTJIMYAETCs OT PACCMOTPEH-
HbIX Bbile. PocT ucnepenn 3aech (B ormmune ot Ce-
Bepo-Boctoka u CeBepo-3anajia) UCKIIOYAETCsl IpU
PAcCMOTPEHUU AHOMAJIMIA OTHOCUTEJIBHO EPEMEHHO-
ro rogosoro xopa (puc. 1.7.116). Takum oGpaszom,
3TO yMeHblUueHre P5 CBSI3aHO He ¢ U3MEHEHNUEM BHYT-
PUCE30HHOI U3MEHUMBOCTH, &, TO-BUUMOMY, C U3Me-
HeHreM (hOPMbI TOIOBOTO XOa ([l yTOYHEHUSI ITO-
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IO BbIBOJja HEOOXOUM, KOHEYHO, HENOCPEICTBEHHbIN
aHaJM3 U3MEHEHUI TOfIOBOTO XOfla, YTO BBIXOAMT 3a
PaMKM HacTOsILIEN pa60Tb1). [Toxoxas cutyauust aist
PS5 (ycuneHue 3KCTPEeMyMOB XOJI0/1a) HAOIFOIaeTCsl
Ha cesepe 3anaonoit Cubupu, HO 3]1eCh BCE XKe U3-
MEHEHUsI YACTUYHO CBSI3aHbI C U3MEHEHUEM BHYTpPU-
CE30HHOH JUCTIEPCUU U YACTUYHO — I'OJIOBOTO XOfa.

W3mMeHeHus1 rpaHnl, 3KCTPEMYMOB 00OMX 3HAKOB
JIETOM 3HAYUTEBLHO 00JIee CXOIHBI MEXKY COOOM U C
VU3MEHEHUSIMU CPEIHECE30HHBIX TeMIepaTyp, HeXKe-
7 3umoil. Huske nepeuncrienbl OCHOBHbIE Pa3inymsl.

— PocT nonoXuTeNbHBIX 3KCTPEMYMOB 3HAYU-
TEJILHO NMPEBOCXOUT POCT OTPULIATEIbHBIX HA
tore EYP, Bokpyr Baiikana, na CeBepo-BocTto-
ke (OOBSICHSETCS POCTOM JIMCTIEPCUN B 3THX
peruoHax).

— Habmopaercst o0nacTh ycuiieHust OTpulaTesb-
HbIX 9KcTpeMyMoB (yObiBanue P5) Ha Ypane,
TAK>KE CBSI3aHHAsI C POCTOM JIUCIIEPCUMN.

— MakcumyMm pocta PS5 HaGmrofiaeTcsl Ha 3amajie
EYP (0GsacTh yObIBaHUs IUCIIEPCHN), a HE Ha
foro-3amnase, kaxk st P95 u cpeyHece30HHON
TeMIepaTyphbl.

O6pauiaet Ha ce0si BHUMaHUE OYeBU/IHASI IPOTH-
BOopa3a JIETHUX U 3UMHUX W3MEHEHUIl COOCMEeHHO
BHyTpuce30uHoi ucnepcuu (puc. 1.7.116 u 1.7.11r)
Ha 6onblueil yactu teppuropun PP, ocobeHHO spKo
BbIpakeHHas Ha CeBepo-BocToke, Ha Ypane u cese-
pe EYP u Ha rore Poccuu (Ho Ha 3anafge EYP u 3u-
MO, ¥ JIETOM Ha0IIt01aeTCsl yObIBAaHUE MEXKCYTOYHOMN
n3MeHYMBOCTH). [Ipeobnajiaromasi TEHICHIUS 31M-
HEero ce3oHa — YObléaHue U3MEHYUBOCTH, TOT/Ia KaK
JIETOM TpeobIIaiaeT pocm.

OGOoOIIIEeHHbIE TI0 KPYITHBIM perMoHaM (eBporeri-
CKOI1 1 a3uarckoii yactsim Poccun — ta6u. 1.7.2) Ten-
geHnun u3MeHeHnii P95 u P5 wa Goiblieil 4acTu
Tepputopu P® COOTBETCTBYIOT OXUJAEMbIM TpU
norenyieHny. bomblias yacTb U3MEHEHUsI ONpeedIsi-
€TCsl U3MEHEHHUEM CPEJJHECE30HHBIX BEJIMYMH. JIeTHue
W3MEHEHUS 3HAYUTEIILHO NMPEBOCXOSAT 3UMHHUE, OCO-
OEHHO B a3UaTCKON 4acTu. JleToM BepXHue MpoLEeH-
TWJIW PACTYT HECKOJIBKO ObICTpEE, a HUXKHUE — Me/I-
JIEHHEE, YEM CpEJIHUE, YTO COMIACyeTCsl ¢ OOLUM po-
CTOM JUCNIEPCUM TEMIEpPaTyp JIETHErO Ce30Ha. 3U-
Mol ke, Kak P95, Tak u P5 pactyT MejieHHee cpefi-
HUX, YTO JOJIKHO BBIPAXKATbCS B M3MEHEHUM ACUM-
MeTpuM pacrpeicsichusi (B JAEHCTBUTEILHOCTH OHA
pacrer); mpu arom P35 pacrer Gbictpee, yem P95

(185
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Tabauya 1.7.2. Oyenxu pe2uoHAAbHO 0CPEOHEHHbIX AUHEIHBIX MPEHO08 Ce30HHbIX (3UMA U AemO) NPOYeHMUACH
HOPMUPOBAHHBIX OMKAOHEHUIL CPEOHUX CYMOUHBIX MEMNEPAMYp 8030YXa OM NOCMOAHHO20 20008020 X00d U

cpeonece30HHbIX memnepamyp (1/100 aem)

Peruonbi 3uma Jletro

P5 P95 P5 P95
EBponeiickast yactb Poccun 0.90 0.69 1.11 1.39
UBMEHEHUS CPEOHeCe30HHbIX AHOMAAUIL 1.01 1.28
Asuarckast yacth Poccun 0.36 0.32 0.86 1.21
UBMEHEHUSL CPEOHECe30HHbIX AHOMAAUIL 0.42 1.08

(ocobento B EUP): 310 BbIpaXaeTcsi B yMEHbIICHUM
JVICTIEPCUM 3UMHUX TEMIIEpPaTypP.

Hraxk, 6oiblias 9acTh HaOMIOIaeMbIX U3MEHEHUN
9KCTPEMAJIbHBIX KBAaHTWJIEN TEMIEPATypbl Kauecm-
8eHHO OOBSICHSCTCST MI3MEHEHHUSIMU CPETHUX (CpejtHe-
CE30HHBIX BEJIMYUH U (DOPMBI FOJIOBOTO XOJia) U BHY-
TPUCE30HHON W3MEHUYMBOCTU. Bo3HuKaeT Bompoc,
HACKOJIbKO XOpOILO 3TO ONMUCAHUE KOAUHECTBEHHO.
3nech, OIHAKO, y>K€ HyKHa MOJIEJIb, CBS3bIBAOLLAs
3HAYEHUS] PACCMATPUBAEMbIX KBAHTUJIEH CO CPEIHUM
U pucnepcueil. Mbl pacCMOTpUM MPOCTENLIYIO MO-
JieJIb, OCHOBAHHYIO Ha alNpOKCUMALUK pacrpeferne-
HUSI CyTOYHBIX AHOMAJIMI BHYTpU ce30Ha [ayccoBbIM
pacnpefeneHeM. B aToM ciiyyae W3MEHEHUs! TPEH-
JIOB MPOUEHTWIEN JIMHEMHO BBIPAXKAIOTCA YEPE3 W3-
MEHEHMS! CPEIHETO U CTAHJAPTHOIO OTKJIOHEHUSI.

OkasbIBaeTcs, 4TO JIJIs JIETHETO CE30HA alpOK-
cuManys U3MEHEHUI 000MX MPOLIEHTUIIEN TAaKON MO-
IEJIbIO BIIOJIHE YCIEIIHA: CMELEHNE MOXKHO CUATATD
npeHeOpeskUMbIM (OKOJIO 5% CTaHAPTHOrO OTKJIO-
HEHUSl ANNPOKCUMUPYEMbIX BEJIMYMH TPEHJOB Ha
CTaHIWSIX ), & UCTICPCHST OCTATKOB (“‘OIIMOOK armpo-
keumarun”’) B 19 (17) pas menblne pa3dpoca caMux
BeJMUMH. [17151 3MMbI anmpokcumanysi ropasio Xyxe.
MoxHO cunTaTh €€ NPUOIN3UTEILHO HECMEILIEHHOM.
Bemunna ke pa3Opoca OmIMOOK anmpoOKCUMMAaLUH
JVIIbL HE3HAUMTENbHO MEHblIe pa3dpoca camux Be-
JVYUH TPeHja: MeHee yeM B 2 pasza g P5, u nuiib
Ha 20% nust P95. Takoe pazimurie KadecTBa armmpo-
KCHUMalMU JIJIs1 3UMbI M JIeTa BO3MOXKHO CBSI3aHO CO
3HAUYNTEJILHO OOJIbLIEN MHTEHCUBHOCTBHIO 3UMHUX pe-
>KMMOB UMPKYJISILMU U, COOTBETCTBEHHO, UX BKJIajia B
(pyHKUMM pacTipefiesieHN st TeMIEpaTyphl: B pe3yJbTa-
T€ MOCJIEHUE, MPECTABIAIOIIME COOOI CMECHU pac-
npefiesIeHuil AJIsl pa3iMyuHbIX PEe>KUMOB, 3HAUUTEIBLHO
OONbIlIE OTKJIOHSIOTCA OT TayCCOBOCTH, YEM 3TO
UMEET MECTO JIETOM.
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W3meHeHnst oporoB SKCTPEMAJIbHBIX 3HAYEHUN
U1 MUHMMAJIbHBIX M MAKCUMAJIBHBIX CYTOYHBIX TEM-
nepaTyp NpeACTaBISIOT 3a4acTy 0 OOJIbLINI TPAKTH-
YECKHUII MHTEPEC, YeM W3MEHEHUS] CPEJHECYTOYHBIX
TemnepaTyp. B 0cOGEHHOCTH 3TO OTHOCUTCS K JIET-
HuM Temriepatypam (puc. 1.7.12).

Kaxk u s cpefiHecyTOUHbIX TeMIepaTyp, OCHOB-
HOW XapakTep U3MEHEHNUI 3KCTPEMaJIbHbIX NPOLIEHTH-
nent T, 1 T, TIETHETO CE30HA ONPENETAETCA U3MEHE-
HHMEM CPEJIHECE30HHBIX TeMnepaTtyp. EMy coorBercT-
BYIOT OCHOBHBIE MakCHMMyMbI pocTa (Ha 3anajie EUP, B
pernoHe Bokpyr baiikana, Ha ganeHeM Cesepo-Boc-
TOKE) 1 0051acTh yObIBaHus B 3anagHoii Cuoupm.

B ornmmuue OT cpefHece30HHBIX TeMIepaTyp
nMeeTcst 00acTh yobiBaHus Ha BocToke EYUP st oT-
pHMLATEBHBIX 9KCTPEMYMOB KaK MaKCMMaJIbHbIX, TaK
Y MHUHUMAJBHBIX CYTOYHBIX Temmeparyp (M, coor-
BETCTBEHHO, CPEJIHECYTOYHON TEMIIEPATYPbI).

OrpunaresbHble 3KCTPEMYMbl MaKCUMallbHOMN
TEeMIEepaTypbl B BOCTOYHOM YaCTU CTPaHbl PacTyT
HE3HAYNUTENIbHO; B YACTHOCTH, MPAKTUYECKU OTCYT-
CTBYIOT oOnactu pocta BOKpyr bafikana u Ha painb-
HeM CeBepo-BocToke. Hanpotus, akcTpemymbl 060-
MX 3HAKOB MMHUMAJILHOV TEMIEPATYPbI 3HAYUTEIBLHO
pacTyT MpakKTUYECKU MO BCEM BOCTOYHOM yacTu PP
(Boctounee 90° B.J1.).

Ha cesepe EYP HaOnropaercsi Makcumym pocrta
NOPOrOB 9KCTPEMYMOB O0OMX 3HAKOB MUHUMAJILHOM
CYTOYHOI TEMINEPATypbl: T. €. OOLIee MOJIIOXKUTEIb-
HOE CMEILEHUE PACIPEENICHNs] MUHUMAJIBHOW TeM-
nepatypbl. IMEHHO ¢ 3THM (M OTYACTH C POCTOM T10-
POroB OTPULIATEJILHBIX 3KCTPEMYMOB MaKCUMAaJIbHOMN
TEMIepaTypbl) CBSI3aH MAaKCHMyM POCTa ITOJIOKH-
TEJIbHbIX 3KCTPEMYMOB CPEJHECYTOYHBIX TeMIepa-
TYp B 9TOM PETHOHE, B TO BPEMsI KaK aOCOJIFOTHbBIE
9KCTpeMyMbl Teria (MOMOKUTEIbHbIC IKCTPEMYMBI
MaKCHMAJIbHOI TEMIIEPATYPhI) 371€Ch HE PACTYT.
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Puc. 1.7.12. NameHeHnsa npoueHTunen P5 n P95 HOPMUPOBAHHOW aHOManUM MakCUManbHOM U MUHUMANbHOMN

CyTo4YHOM Temnepatypbl. O603Ha4YeHns cm. puc. 1.7.2.

AmmocgpepHble ocaoku

Kak yka3biBanocs Bo BBenienuu, pyHkuus pac-
npejiesicHust ocaikoB F(r) sIBISIETCS] CMECBIO HeTIpe-
pbiBHOTO pacnpenenenust ®(r) na momyocu r > 0
(T. e. IpM MX HAJIMYMK) U JUCKPETHOTO pacrpefiesie-
HUSI C BEPOSITHOCTRIO P, cocpeforouennoit B () (or-
CYTCTBHE OCA/IKOB).

Ha puc. 1.7.13 npepcrasienbl uameHenust 95-ro
MPOLEHTUIIST “TIONHON™ ce30HHON (yHKumu F(r) u
BenmunHbl P, = 1 — P, (u1st GOJTbINEN HATISTTHOCTH
aHanmi3a u3MeHeHuit 95-ro npouentuns F(r) nokasa-
HO M3MEHEHME JI0JIM YucJja JHel ¢ ocajkamu P, BMe-
cTo P,, T. K. pOCT NPOUEHTWUJISI COOTBETCTBYET POCHLY
P,). Criefiyer, OIHaKO, UMETh B BHJLY, YTO B HCIOJIb30-
BAHHOM apXMBE HE Pa3IMYarOTCsl OTCYTCTBUE U “‘Clie-
e ocaikoB (< 0.1 mm). Ocajiku TIpeIcTaBIeHbI OT-
HOCUTEJIbHBIMU aHOMAJUsIMUA (B JIOJISIX  CYTOYHOM
HOPMBbl).

3umoiti 95-it Ce30HHBIN TPOLEHTUIIb CYTOUHBIX
OCaJIKOB pacmem Ha OOJbLIEH YaCTU TEPPUTOPUA
P®, npuuem MakcuMyMm pocTa HaOIIOAETCs B CEBEP-
Hoi1 nosioBuHe EYP (31ech TpeH/ 3HaYMM Ha MHOTUX
CTaHIUsIX, OCOOEHHO, BOKpYT Besoro mopsi), Ha ce-
Bepe Cubupu, Bokpyr baiikana u B paiione Caxanu-
Ha. bonblas 061acTh yObIBaHUSI — HA JIAJIbHEM CEBe-
PO-BOCTOKE, M MeHblIasi — B toxkHON yactu EYP (uc-
kirouasi Cesepo-Kaskasckuit ®O). Yucao 3umuux

oOneti ¢ ocaokamu (P,), HanpoTus, yobieaem Ha GOJb-
el 9acTu crpanbl (T. €., pacTeT Yucio JHeln 6e3
ocaakoB). Makcumymbl — Ha J[lanbHem Boctoke
(ocobenno Ha ceBepe), 3anaguoi u Cpeaneit Cubu-
pu, ceBepo-Boctoke EYP.

MakcuMyMbI pocTa 95-r0 POLEHTHIIS Ce30HHOM
(yHKMuM pacnpepienieHust CBsi3aHbl B OCHOBHOM He-
MOCPEICTBEHHO C POCTOM CHJIBHBIX OCajikoB (95-i
npoueHTiIb GyHkuun ®(r)). B 1o ke Bpemsi ero
yobiBanue Ha CeBepo-BocToke oOBsicHsieTcs npeu-
MYLIECTBEHHO yOBbIBAaHMEM YHCJa JIHEeH C ocajKamu
(na rore EYP peiictByioT 06a (pakropa). 3amerum,
YTO POCT CUJIbHBIX OCAJIKOB Ha OOJIbILEI YacTH Tep-
puUTOpUM TMepekpbIBaeT 3(pexT, CBSI3aHHbIN C poc-
TOM YHCIIa JiHed 6e3 ocaiikoB (OCOGEHHO SIBHO — Ha
ceBepo-Boctoke EUP).

Jlemom Takxke npeoOnalaeT pocm CUAbHbBIX
0Ca0K06 C MAKCUMyMaMM Tak ke, Kak 31MOIi, B peru-
oHe BOKpyr Baiikana u Ha cesepe EUP (Ho uckiouast
Kounbckuii 1-oB), 1 Kpome Toro, Ha 3anajie EUP (rpa-
Huta ¢ Benopyccueii), Ha Ypane, B Marajjanckoii 06-
JIacTU. YObIBaHUE CUJILHBIX OCAJIKOB HAOJIIOAeTCs Ha
IOxxnom Ypane u B Huxknem IloBomkbe, Ha ceBepe
3anajgHoit Cubupu, B 3abaiikanbe u [Ipuamypbe. B
OTJINYUE OT 3MMBI, JIETOM Ha OOJNIBLLIEN YAaCTH TEPPHU-
Topun P® uncsio Hed ¢ ocagkamu pacmem (B 0CO-
6enHocty B 3amajuon u Cpenreit Cubupn). imeror-
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Puc. 1.7.13. NameHeHuns1 (nuHenHbin TpeHn, 1976-2009 rr.) 95-ro NpoueHTUNa MNOJIHOWM CEe30HHOM GYHKLUU

pacnpeneneHnss OTHOCUTENIbHOW aHOManuu (00NN CYTOYHOW HOPMbI) CYTOYHbLIX CyMM ocagkoB (rog-':

a, B);

M3MEHEeHWs 0 Ynucna gHen ¢ goxaem B ce3oHe (% * rog-1: 6, r). 3uma (a, 6), neto (B, r).

Csl TP BbIpaXKeHHbIE 00JJACTH POCTa YUCIa HEN Oe3
ocayikoB: Gosbinast yacte EYP (0coGeHHO — toxKHas
MOJIOBUHA; 3]IeCh pe3yILTHPYIoLmil apdexT st P95
CYTOYHBIX OCAJIKOB BCEro ce3oHa — yObiBanue), Uy-
koTka-KamuaTka n 3abaiikanbe — tor AkyTuu.

Boanbt menaa u xon00a

B patore (Kiemenko, 2010) anammsupoBa-
JIMCh CTATUCTUKM BOJIH TEIJIA U XOJI0Ja B 3anaJHon
vyactu P®. Ioj BosiHOM Tema (X0yoa) B HEKOTO-
poii reorpacruyeckoil TOUKe MOHUMAJICS IOCTATOY-
HO NPOJOJIKUTEJBHBI MEPUOJ] OCYILECTBICHUS
KPYITHOY aHOMAJIMU CPEHECY TOYHOW TEMIIEPATY bl
(uHAaYe roBOPsi, BLIOPOC BPEMEHHOT'O Psijia TEMIIepa-
Typbl 3a 3aJlaHHBIA ypPOBEHb). PaccMmarpuBavch
CTATUCTUKU CE30HHOTO 4KCJa BOJH (MOBTOPSIEMO-
CTH), UX TPOJIOJKUTEIBHOCTH M WHTEHCUBHOCTHU
(cyMMapHO#i, cpefiHell 1 MaKCUMAJIbHOM BEJIMUNHbI
NPEBBILIEHUS] 33/IaHHOTO MOpOra Ha MNPOTSKEHUU
OTJIEJILHON BOJTHBI).

Cratuctuku nosydensl 3a nepuop 1948-2006 rr.
Ha 14 cTaHUMsIX, PaCMONOKEHHBIX B IIMPOTHOM MOS-
ce 55°-57° c.m. eBponeiickoit yactu Poccun u 3a-
najaoi Cubupu (ot 21° mo 93° B.1.), 17Ist KAXKIOro U3
YeTbIpEX KaJIeHIAPHBIX CE30HOB roja. B kauecTse
10pora NpOAOJIKUTEILHOCTH MPUHUMAITUCH 3 CYTOK,
1opora MHTEHCUBHOCTU — BEJIMYMHA CTaHAAPTHOIO
OTKJIOHEHHUSI.

188>

PaccmoTpenbl OLIEHKM, OCpPEHEHHbIE IO BCEM
CTaHIMSIM, a TaKyKe JIByM TpyINIaM CTaHIui: 6 cTaH-
uit eBponeiickoit yactu Poccun u 6 cranumit 3anaj-
Hout Cnbupu.

CdopmynupoBanbl caefyonme BbiBobl. Cywm-
MapHOE€ YMCJIO BOJIH KaXKJIOro 3HaKa MEHSIETCS C ce-
30HOM HECYyLIeCTBEHHO. HenmpopomkuTenabHble BOJ-
Hbl Telja MMEIOT HAUMEHBIIYIO MOBTOPSIEMOCTb B
JIETHUI CE30H, a HauboJee MPOJOIKUTENbHBIE — OT-
MEJaroTCsI Kak JIeTOM, TaKk 1 3uMoi. HamOoubIast
NPOJIOJKUTENBHOCT BOJIH XOJIOfA MPUXOAUTCS Ha
BecHy. TemnepaTypHblil pesKUM JIETHETO CE30HA Xa-
PpaKTepU3yeTCs NOBBILLIEHHON MOBTOPSEMOCTBIO BOJIH
Teja U HauOONbIIMMU 3HAYEHUSIMU UX CYMMAapHOWM
NPOJIOJKUTENBHOCTH U MHTEHCUBHOCTH. [loBTOpSsie-
MOCTb BOJIH XOJIOfIa B MEHbIIEH CTENEHU 3aBUCUT OT
C€30Ha, HO HAaMOOJbIIIKUE 3HAYEHUS] UX CPETHECE30H-
HON CyMMapHO¥ NPOAOJIKUTENBHOCTH M UHTEHCUB-
HOCTH HAOJFOAtOTCS 3UMOMA.

XapakTepuCTUKN BOJH TeIja BO BCE CE30HbI
MMEIOT TeHICHUMIO K POCTY, a BOJIH X0JIOfja — K YObI-
BaHuto. [Ipy 3TOM 0OKa3anoCh, YTO MOTEIVIEHWE Ha
paccMaTpUBaeMON TEPPUTOPUM COMPOBOXK/IAETCS HE
CTOJIBKO YBEJIMYEHUEM MPOAOIKUTETLHOCTH BOJIH
temia (BKJIaJl TPEH/Ia B CYMMApHYIO [UCIEPCHUIO IS
PSIOB CpefiHEN MPOJOJIKUTELHOCTH BOJIH 34 CE30H
He focturaet 8% ), CKOJIBLKO POCTOM MX 4Yucia (Tak,

o
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B CHOMPCKOM pErvoHe A0S JUCNEPCUU, OO bSICHEH-
HO¥ TPEHJIOM, JIJIs1 PSIIOB YKCiia BOJH TerJia B 3MMHEM
1 BECEHHEM Ce30Hax mpesbimaeT 14%).

B (Tpysa, Panbkosa, 2011) npoananmmsupoBaHa
MOIIHEHIIasi BOJIHA TeTuIa, HaOIIofaBIIasicsl Ha Tep-
putopun Poccun B 2010 1. Paiton MmakcumanbHOM Ka-
pbl oxBarbiBan EBponeiickyto yacTb Poccuu. 3piech
CE30HHbIE AHOMAJMKM TEeMNepaTypbl MPEBLICUIN
+6.0°C, a B utone (camblil KapKuil Mecsil] Ce30Ha)
CpefIHeMecCsYHasl aHOMaJIMsl TeMrepaTypbl Ha OT-
HOeMbHBIX cTaHmax goctrria +8.1°C. Ha mosmoBune
cranumii EBponeiickoir Poccun, o koTopbiM Belics
MOHHUTOPHUHI TeMIepaTyphbl, ObIM 3a(pUKCUPOBAHbI
HOBbIE MakCHMYMbI CE€30HHBIX TemnepaTyp. Makcu-
MaJlbHbIE TeMIEepaTypbl B THEBHbIE Yachl JOCTUTAJIN
40°C u 6onee. OCHOBHOI MPUIMHON (POPMUPOBAHUS
PEKOPAHO >KapKOH NOrofibl Ha €BPOINENCKON Teppu-
topun Poccun, B 2010 rojry 661 MOIIHBINA MaJIONOJI-
BIZKHBIN aHTUUUKJIIOH, OJIOKUPYIOLLMIA 3amajiHbIi Te-
peHoc. YacTMYHO BEJMYMHA AHOMAJIMM MOXKET ObITh
00BsICHEHA OOIIMM POCTOM TEMIEPATypbl MOCIEAHUX
necsituietnin  (“rio6anbHOE  MOTemseHne”):  ero
BKJIaJ] B aHoMasuio jetTHein Temnepatypbl 2010 .
MOKHO OLieHUTh B ~ 2.5-3.0 rpajyca.

3acywausble ycao6us

Bo BHUMCXM BepieTcst peryJsipHblii MOHUTO-
PVHT arpOKJIMMATHYECKUX YCIJIOBUI Ha TEPPUTOPHA
Poccum, mo paHHBIM KOTOPOTO TONyYeHbI OLEHKU
TPEHJIOB psifla MAapaMeTPOB, XapPaKTEPU3YIOLMX 3a-
cyuumocth (CuporeHko u fip., 2013). B uesnom mo
Poccun u st Bcex PepepanbHbIX OKPYroB, KpoMe
Cesepo-Kaska3zckoro, B nepuoy 1976-2012 rr. Bna-
ro3amnachl Max0THOTO CJIOSI TOYBbI, OLIECHEHHBIE Ha Ja-
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Ty BO300HOBJIeHUsI BereTaiuy 1 B utone (WB03. Ber,
Witonb), ymenbiatorest (Tadm. 1.7.3), pacter Benu-
uuna uHpekca cyxoctu (MC) M. U. Byapiko (oTHO-
LIEHUE UCTIAPSIEMOCTH K F'OIOBOM CYMME OCaJIKOB: Xa-
paKkTepU3yeT CTENeHb 3aCylUIMBOCTU KIIMMaTa B
macirade rojia). PacteT 4mcIio aHel BereTaluoHHO-
ro nepuopa, KOrjaa BjIaXKHOCTb IAXOTHOIO CJIOA M0Y-
BbI He mipeBbiuaeT 10 mm (Nw10) (puc. 1.7.14)

XapakTepHble OCOOEHHOCTM OOLIMPHBIX ATMO-
ceprbix 3acyx BbisiBieHbl B (CaokoB u fip.,
2008a). Anam3 3acyx 1972, 1975, 1984, 2002 rr,,
NepBble TPU U3 KOTOPbIX OTHECEHbI K PSy >KECTO-
KMX, OOLIMPHBIX M MPOAOJKUTEbHbIX, BbISIBAT 00-
e 4epTbl ux ¢opmupoBanus. K Hum B nepByro
O4Yepeib OTHOCATCS HAPYLLIEHNAE 30HATIBLHON LIAPKYJIsI-
MU aTMOCEpPBI U NMOSIBJICHNE TPEOHS BBICOKOTO aT-
MocepHoro aasnenus Hag ETP. Y nosepxnocTu 3e-
M1 B 3TO BpeMsl IPe00J1afaeT aHTULMKIOHUYECKOE
1oJie, IpY KOTOPOM HaOIrofaeTcs 6€310K/1be U UCCY-
LIEHUE MOYBbIL. [J1aBHOE pa3inyune COCTOUT BO BpeMe-
HM HACTYIUICHWS 3aCyX! — PaHHSISI CMEHA LMPKYJIsI-
U aTMocepbl BECHOM, KaK MPAaBUJIO, BEET K BO3-
HUKHOBEHMIO 3acyX B ampeje U mae. OHa Haubonee
oracHa jiJisl pa3BUTHs paCTEHUIA, KOTOPbIE B 3TOT Ie-
POl HY>KIAIOTCS B TEIUIE M Bare; Mo3jHss 3acyxa
ObIBACT B MIOHE—ABIYCTE, OHA I'yOUT PACTEHUS IO X
CO3PEBaHUSL.

AHanu3 nokasaTeseil NOrofIHbIX YCJIOBUIA 3UMOI
(Wi) u nerom (Sa), BBINONHEHHBI 7S CEMH PEruo-
HOB eBporelickoil Teppuropun Poccuu (CajjokoB n
1p., 20086) MO3BOJISIET CYIUTH O TIOBTOPSIEMOCTH Te-
IUIBIX U XOJIOJHBIX MEPUOJIOB 3UMOI U JIETHUX YCJIO-
BUI1 3aCYX 1 N30BITOYHOIO YBIIAXKHEHUSI U UX CONpSI-

Tabauya 1.7.3. Oyenxu mper0o8 nokasameneli 8AANCHOCIHO20 PEHCUMA HA MEPPUMOPUU 3EMACOCABUECKOU 30HbL

Poccuu 3a 1976-2012 22 (e0./10 aem)

®enepanbHbIN OKPYT

XapaKTepl/lCTl/lKl/l BJIA2KHOCTHOI'O peXKumMa

UC, 6/p Wos.pers MM Wioms MM N,105 €YT
CeBepo-3anajHblit 0.02 -0.7 -2.6 0.9
LeHTpasbHbIit 0.06 -1.2 -2.8 4.5
ITpuBomKCKMit 0.06 -0.9 -1.6 4.7
HOkHbBII 0.01 -0.4 -0.6 0.5
Cesepo-Kaskasckuii -0.03 -0.6 0.1 -1.7
Ypanbckuit 0.04 -0.2 -14 2.2
Cubnpckuit 0.01 -0.1 0.5 1.2
JTanbHEBOCTOYHBIN 0.01 -0.6 -1.2 1.1
Poccus 0.03 -0.5 -14 24

o
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Puc. 1.7.14. TpeHp yncna aHen 3a BEreTaumMoHHbIn nepuop, (cyt/10 neT) ¢ Bnarosanacamum naxoTHOrO Cos NOYBbI

Hwke 10 mm (nepuog 1976-2012 rr.).

>keHHOCTH. OLEHKM COMPSKEHHOCTH TETUIbIX U XO-
JIOTIHBIX 3UMHUX YCJIOBHII C YCJIOBUSIMU YBIIAXKHEHUS
B MOCJIEAYIOLIMI BET€TAUMOHHBIN NEPUOJ] COBMECTHO
C JTAaHHBIMHU 00 M3MEHEHNN TEMIIEPaTyPHOTO peXXnMa
IAIOT MH(OPMAIMIO O TOTEHIMAIBHOM W3MEHEHUU
3aCyLUIMBOCTH.

[Tonmy4yeHHbIe pe3ynbTaThl yKa3bIBAIOT HA TTOCTE-
nenHoe notemsienne 3uM B 1950-2002 rr. Ecau B
1950-1980 rr. ormeueno 100 xomomHBIX 3uM, a B
1981-2002 rr. — Tonbko 40, TO TEMIIBIX 3UM B IEPBOM
neprofie okazanoch 66, a Bo Bropom — 107.

AHann3 CONPSKEHHOCTH CBUJCTENLCTBYET O
npeobagaHuM 3acyx mocie Temibix 3uM B CeBepo-
Bamagaom pernone ETP (75% ciyuaes), B Cesep-
HoM (67% cnyvaeB), a Takxke B Bonro-Bsitckom u
Cesepo-Kaskasckom pernonax (65% cmydaes). B
HenTpansHo-UepHo3emHom u IToBoKCKOM perumo-
Hax 3acyxa yYalle HacTymnaja 1mocje XOIO[HOH 31MBbl,
Y COMNPSKEHHOCTb OLEHMBACTCSI COOTBETCTBEHHO 57
u 58%, a B Llentpansaom — 50%.

OueHKH Mo MecsiliaM Ha BCE TeppPUTOPHH TTO3BO-
JISIFIOT CAENATh BBIBOJI, UTO TIOCIIE TEIJION 3UMBbI 3aCy-
xa vate 6buta B anpeste (76 % ) u uone (62% ), a no-
crie xomoyiHoit — B Mae (59% ) u aBrycre (58%).

N36bITOUHOE yBIIasKHEHUE TIOCIHIE TETUION 3UMBbI
ormeueHo B llenTpansHo-YepHnozemuom u CeBepo-
Kagka3sckom permonax (71 u 64% coorBeTcTBEH-

HO), MOCJIe XOJIO[HOM 3UMbI — B Bonro-Bsitckom n
IMoBoskckom peruonax (59 u 71% cootBeTcTBeH-
HO). OUeHKa COMPSIKEHHOCTH TI0 MeCsiliaM Ha BCel
TEPPUTOPUM TOKA3bIBAET, UTO 4Yallle BCEro Mocie
XOJIOJTHOY 3MMbI N30bITOYHOE YBJIasKHEHUE ObIBACT B
utosie (74%) u asrycre (62% ). Ilocne Tenoit 3u-
MbI U30BITOYHOE yBIIaKHEHHE HacTynaeT B 38-56 %
CJIy4aes.

1.7.3. Kpynnomacumraoubie aTMocepHbie
BUXPH

C UMKJIOHAMM U AHTHIUKJIOHAMHU (B TOM dYHCIIe
OJIOKMPYFOIIMMHI ) CBSI3aHbI PA3IMIHbIE OTOJJHBIE 9KC-
TpeMyMbl (BOJIHBI TEIJIA U XOJIO/Ia, CUITbHBIC JIOK/IA 1
3acyxa, CWIbHbIC BETPBI U T. I.). AHAJIM3 pacrpeferie-
HWIA ¥ U3MEHEHWI1 XapaKTEPUCTHUK aTMOC(EPHBIX BUX-
peii BaskeH [l OUEHKU MMIPOMETE0POIOTMYECKUX PU-
ckoB (TomuupH u fip., 20076). Vi3MeHeHus1 peroHalib-
HOM IUKJIOHWYECKON/aHTULIMKIIOHUYECKON aKTHUBHO-
CTH TECHO CBSI3aHbI C BEAYIMMI MOJIaMU KJTMMATHYe-
ckoii m3meHunBoctH, Takumu, Kak CAK (Lau, 1988;
Bapnun, Tlononckwmit, 2005; Polonsky et al., 2012),
Tuxookeanckasi nekagHas ocumnisius (Trenberth,
Hurrell, 1994). O6umit TeopeTnyeckuii aHAIN3 BO3-
MOXKHBIX U3MEHEHUI BUXPEBO aKTUBHOCTU B CBSI3U C
rno6ansHbM notersiernem (Held, 1993; Moxos u fp.,
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1992) npuBOAMT K HEOJHO3HAUHBIM PE3YJIBTATAM: H3-
MEHEHHUSI Pa3JIMYHbIX CBOWCTB YCTOMYMBOCTU aTMO-
cepbl, BO3MOXKHbIE MPHU TOTEMJIEHUM, MPUBOMSAT K
Pa3HOro HAMpaBJIeHHUs] K3MEHEHUSIM CKOPOCTH TeHepa-
LMK BUXPEH B LIEJIOM; TO OOCTOSITEILCTBO, YTO OCHOB-
Hble 00JIaCTH LMKJIOreHe3a BeChMa OrpaHUYeHbl Teo-
rpauvecKu, ele OCIOXKHSICT cuTyaiio. [Tonnmanue
PErnoHAIbHBIX M3MEHEHHIT SIBHO HEJJOCTATOYHO; B CBSI-
31 C 9THM Ba>KHbI SMIUPUYECKIE OLECHKHU.

Luxaomnbl u aHMUUUKAOHBL

Pe3ynbraThl MOJEMPOBAHKS YKa3bIBAIOT Ha 00-
1Iee yMEHbILICHNE YMCIIa UKJIOHOB ¥ aHTULMKJIOHOB
npu noreriernn (Tompia u ap., 2007a, 6, AknepoB
u fip., 2007). Opnako B pa6ote (Held, 1993) ykazbi-
BACTCSl Ha BO3MOXHOCTh YBEJMUYEHUs YnCla T1y0o-
KHUX IUKJIOHOB TIPU TIOTETICHUH; 3TO MOJITBEPXK/aeT-

—p—
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Cs1 JUIst 00J1aCTeil OCHOBHBIX IIITOPMTPEKOB pe3yJIbTa-
tamu (Ulbrich et al., 2013).

Ha puc. 1.7.15 nokazanbl (pyHKIMM pacnpeferie-
HHUSI CE30HHOM MOBTOPSIEMOCTH HUMKJIOHUIECKHX IIeH-
TpOB HaJ| 06sacThio 25-60° B.11., 40-75° c.11. B 3aBU-
CHMOCTH OT [TyOMHBI IMKJIOHA 0Z (pa3HOCTh 3Haue-
HUI BBICOTHI n300apudeckoi noepxuoctu 1000 rlla
B IIEHTPE M BHEIIHEN 3aMKHYTOH M30THUIICHI) 3a JIBa
nocienoBaTebHbIX 30-JIeTHUX Mepuosa Mo JaHHBIM
peanammza NCEP/NCAR (TosmupiH u fip., 2007a, 6).
B uuMTHpOBaHHON CTaThe (DYHKUMU PACTIPENICIICHIUS
CTPOMJIUCH B 3aBUCUMOCTH OT BeMuMHbI (Op)2, uMme-
IOIIE CMBIC SHEPIMM BUXPS, M KCIOJIb30BaIach
HOPMHPOBKA; B JAHHOM CJIy4ae 3TO HE OY€Hb BasKHO
JIUISl aHAJIM3a, TaK YTO MCIOJIb30BaHa HEMOCPE/ICTBEH-
HO I1yOMHA, 4YTO 60JIee MPUBBIYHO.

300
PacnpepneryieHne LMKIIOHOB
] no ray6mHe |
I 1952-1981
- B | 1981-2010
)
R 200 —
2
§
5
L)
B
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g
3
8 100 — ‘
o
&
| I I I | D AN
0 | | ! | =
0 100 200 300 400
Dy6HMHa LIUMKJIOHA (M)

Puc. 1.7.15. ®yHkuuM pacnpepeneHust Ynucna UMKIIOHO-AHE B 3aBUCUMOCTU OT WHTEHCUMBHOCTWU (rnyOuHbI)
LMKIOHA 3UMON Hapg, pernoHom 25-60° B.4., 40-75° c.w. ana aByx nepuonos: 1965-1980 rr. n 1996-2010 rr.

(meTog cMm. — FonuubiH 1 gp., 2007a).
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OTHOCHUTENBLHAS nos'rop;:enoc':r.'b LIUKIJIOHOB
] 40-75 c.m., 25-60 B.g4.
Bce LIMKIIOHEI
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Puc. 1.7.16. BpemeHHble psaabl OTHOCUTENbHOM MNOBTOPSEMOCTU 3UMHUX LUKIIOHOB Hag, pernoHom 25-60° B.A4,.,
40-75° c.ww. (cpenHee 3a CyTKN B Te4EHMEe Ce30HA YMUCIO UUKIIOHUYECKNX LLEHTPOB Ha4 PErmoHOM: LUKIIOHO-AHN)
ONs1 BCEX LIMKIIOHOB (CUHSIS TIMHUS) U UMKIOHOB rny6uHor 6onee 150 M: ana BCero pernoHa (opaHxesasi MHUS),
4acTun pernoHa ceeBepHee 55° c.w. (3eneHas NMHUS). lNokadaHbl CE30HHbIE 3HAYEHUS U S5-NEeTHUE CKOJb3sLne
cpepHuve (ons rnybokmx LMKIIOHOB B CEBEPHOW YaCTW PErMOHa — TOMbKO CrilaXXeHHas KpuBasi).

OO61ee 4uca0 HAOMIOAABIIMXCS B PErvoHe Lu-
KJIOHNYECKMX IIEHTPOB B MEPBOM TNEPHOJIe TPUMEPHO
Ha 8% Oonblie, yeM Bo BTopoM. Kak BujHO 13 ma-
rpaMMBbl, 3TO OOBSICHSIETCSI B OCHOBHOM yYMEHBIIICHN-
eM KOJIMYeCTBa CMa0bIX (MEJKUX) LUKIOHOB (OTMe-
THM, YTO PacCMaTPUBAIMCH JIMIIb LUKIIOHBI CO Bpe-
MEHEM >KM3HU OT MOJIyTOpa CYTOK, MO3TOMY COBCEM
MEJIKMX IMKJIOHOB IiTyOmHON < 50 M CpaBHUTEIHLHO
HEMHOTO: 3TO B OCHOBHOM KOPOTKOKMBYIIIME IMKJIIO-
Hbl). C Ipyroil CTOPOHBI, YUCIIO TIIYOOKHUX LUKIIOHOB
BO BTOPOM MEPUOJIe 3aMETHO GoJIbiie (HO CaMbIX Iy~
6okux, > 300 M — IPUMEPHO MOPOBHY U OYEHBL MAJIO).

Onnako puc. 1.7.16 mokasbiBaeT, 4TO yMEHbIIe-
HIEe OOILEro YMclia IUKIIOHOB TIPOUCXOIUT Ha (poHe

OYEeHb OOJIBIION MEXKIOIOBOII M MEXKIECSITUJICTHEN
M3MEHYMBOCTHU. V3MeHeHue e Jnciia IyOoKuX Iy-
KJI0HOB (> 150 M) B OCHOBHOM ClleflyeT U3MEHEHHSIM
CAK: poct mo xonma 1990-x rr. ¢ mocniemyrommm
yobiBanueM. [Ipu 3TOM cienyeT uMeTh B BHY, UTO
Takue IyOOKUEe UMKJIOHbI MPEUMYIIEeCTBEHHO
(87%) nabmropatorest K ceBepy ot 55°, rjie Koseba-
HUsI TIOBTOPSIEMOCTH IMKJIOHOB HAXOJIITCS B hase ¢
koneGanusimu CAK  (Bapmun, IMomonckwmii, 2005;
Polonsky et al., 2012) (8 CpeguzemHoMopcko-Yep-
HOMOPCKOM pervoHe — B IpOTHBO(ase), Tak uTo Ha-
OJro[IaeMble  U3MEHEHUSI TIOBTOPSIEMOCTH Ty GOKHMX
LUKJIOHOB CBSI3aHbI C €CTECTBEHHBIMU KOJIE€OAHUSIMU
KJIMMAaTa.
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HHoexcvl baokuposanus

BakHble pernoHasbHble UMPKYJSIMOHHBIE pe-
SKUMBI yMEPEHHBIX IIHPOT — 3MU30/[bl OJIOKUPOBAHNUS
30HAJILHOTO TIEPEHOCa, TECHO CBSI3aHBI C 3KCTPEMY-
MaM# TeMINEePaTypbl: JIETOM — C BLICOKUMH TeMIepa-
TypamMH HEMOCPEICTBEHHO B 00JACTH OJIOKMPYIOLIe-
ro aHTULUKJIOHA ¥ OTPHULATENILHBIMA aHOMAJIASIMU B
CMEKHBIX O0JIaCTSIX BBIIIE W HIKE BIIOJb 30HAILHO-
IO MOTOKA, 3MMOY — C Pa3IMYHbIMU CTPYKTYPaMH ue-
penyoumxcsi obnacTeil aHOMAJIMKM MPOTUBOIONIOXK-
HbIX 3HAKOB B 3aBICUMOCTH OT reorpauyeckoii Jo-
kamm3aiun onokunra (Rex, 1951; Trigo et al., 2004;
Bappun, 2007). HanGosee MHTEHCUBHBIE 3aCyXH CBS-
3aHbI C MPOJOJKUTEILHBIMU 3MU30/1aMU OJIOKMPOBa-
Hust (OOyxoB u fip., 1984). B HEKOTOPBIX Ciydasix
CTaTUCTHKA SKCTPEMYMOB TEMIIEPATYPbl B OCHOBHOM
ompeyiessieTcsl AMU30/1aMK GJIOKMPOBAHMSI: HATpUMep,
JUIsL JIETHUX TEMIEPATYp Ha BOCTOKE €BPOINENCKON
Poccun, Ypane u B 3amamHoit Cubupu mo 70-80°
c.ur. 6ospias yacth (> 70%) aKkcTpeMalbHO Kap-
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Kux (BblIiie 95-ro NpoLEHTUIIs) THEN aCCOLUUPYETCsT
¢ OJokMpoBaHMeM B paitoHe Ypanbckux rop (Bap-
miH, 2007). Takum oGpas3oMm, il aHamM3a Permo-
HaJIbHBbIX M3MEHEHUIl SKCTPEMYMOB TEMIEpaTypbl
BeCbMa BaKHbI TEHCHMU U3MEHEHMsI YacTOT U MPO-
JOJKUTENBHOCTU OJIOKMPOBAHUIA.

Ha puc. 1.7.17 npepcraBnens! 71t IGTHETO CE30-
Ha TPEH/bl CYMMapPHOW MPOJOKUTEILHOCTU 3MHU30-
JI0B aHTMUMKJIOHUYECKO! KBa3MCTALMOHAPHON LUP-
Ky (AKLL) B eBponeiickoit Poccun u Ypaib-
ckoil obnactu Beicokoit nopropsieMoct AKLI. Dnu-
30/1bI ONIPEEIISTINCH KaK NEPUOJIbI POOIKUTEIBHO-
CTBIO OoJiee 5 HEeN “‘CTAMOHUPOBAHNST aHTUIMKJIIO-
Ha WK TpeOHsl B cpefHel Tponocdepe; noj “‘crauu-
OHUPOBaHKEM TOHMUMAETCSl IOCTATOYHO MEMJIEHHOE
nepeMelieHe, Npyu KOTOPOM MOC/e0BaTeNIbHbIE K-
3eMIUISIPbl aHTULMKIJIOHUYECKOro 00pa30BaHus B Te-
YeHre BCEero 3MM30/a UMErOT o0iyio obnacts (Bap-
maH, 2007). Hos eBpomeiickoii Poccun B meniom 3a
Bech nepuopt 1952-2010 rr. Tpenj npakTUIecKu OT-

140
50-70 c.m., 30-60 B.x. 1007
- CYD&P’IaPHaH OIUNTEeJIBHOCTE SINB0IO0B 80:
I 60-
120 — 407
J “ "‘ 20:
4 S0 —TT
| Il 1960 1980 2000
100 — | .l
80 —
60 — | I
40 I | I | I | I | I | I
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Puc. 1.7.17. BpemMeHHble psaabl CYMMapHON MNPOAOIKUTENBHOCTU JIETHUX 3NU3040B KBa3MCTauMOHAPHOM
AHTULMKITOHMYECKOW LMPKYNALMN B LLEHTPanbHbIX 1 ceBepHbix obnacTtax EYP (50-70° c.w., 30-60° B.4.) 1 (Bpeska)

B parioHe CesepHoro Ypana (55-65° ¢c.w., 55-65° B.4.).
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100
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Puc. 1.7.18. BpeMeHHble psiabl CYMMApHOW MPOAOIKUTENBHOCTU NEeTHUX 9NM3040B KBa3MCTaLMOHAPHOM
aHTUUMKIIOHNYeckon unpkynsaunm B CpeaHein Cnbupu (50-70° c.w., 90-120° B.4.) 1 (Bpeska) B parioHe CeBepHOro

Ypana (55-65° c.w., 55-65°" B.4.).

CYTCTBYeT, HO ¢ cepefbl 1970-x rr. HabmrOmaeTcst
OTpeJie/ICHHbIN POCT (He3HAYMMBIA Ha (POHE MEXKIO-
JIOBBIX KOJIEOAHMIT), B OCHOBHOM 3a CYET MOCJIE/IHETO
IECSITUIIETHSI. AHAJIOTMYHO BeJIeT ce0sl Ce30HHas M0~
BropsieMocTb AKILI B Ypanbckoit o6nacTu: He3HaUM-
TeMbHBIN pocT ¢ 1970-X I'T. B OCHOBHOM CBSI3aH C Tiep-
BbIM JiecsaTunetveM XXI Beka, B TO BpeMs Kak 3a Ie-
puon o 2000 r., Kak yKa3blBaJIOCh B IIUTUPOBAHHOM
CTaThe, TEHJCHIMU TPAKTUYECKN OTCYTCTBYIOT. C
tpeHgoM 19762010 rr. BO3MOXKHO CBSI3aHO pa3iu-
Yre MU3MCHEHMIT TIOJIOKUTEIIbHBIX U OTPULIATEIbHBIX
9KCTPEMYMOB TEMIIEPATypbl B paiioHe Ypaia (puc.
1.7.9): poct 95-ro npoueHTst (3KCTpEeMyMbI TEIJIa)
npy yObIBaHUM S5-TO.

B OJ1_P®-1 Gbii npuBejieHbl OLCHKU TPEHOB
unekca onokuposanusi (Ipysa, Koposkuna, 1991),
OCHOBAHHOT'O Ha COXPAHEHUHU 3HAKA BUXPEBOI1 KOMIIO-
HEHTBI (OTKJIOHEHWSI OT 30HAJBHOTO CPEJHErO) Teo-
noteHyuana H500 B Toukax Ha nmpore 60 rpamycos.
OTMeueH 3HAYUTEILHBIN TTOJOXKUTEBHBIN TPEH]| UH-

194)

nekca 3a 1951-2006 rr. nerom B Cpepneit Cubupu
(90-120° B.1.). Ha puc. 1.7.18 pns nepuopa
1952-2010 rr. mpuBeneH BpeMEHHOI Psi CE30HHOM
npoposkuTenbHoctu anu3ofoB AKLL B aToit o0nac-
. ClieflyeT OTMETHUTD, YTO JIJisl IEPHOJIA B LIEJIOM TO-
JIO>KUTEIBHBIN TPEH]] COXPAHSETCS U MIMEET TAKOM JKe
nopsiiok (~ 3 cyt/10 ner). OgHAKO B OCHOBHOI1 Nepu-
on norertenust (mocsie 1976 r.) TeHaeHIUST OTCYTCT-
ByeT. HaGmonatoTcst oueHb CUITbHbIE MEXK/IECSTUNIET-
HUe KoJiebaHus ¢ neproom nopsigka 15-17 ner.

1.7.4. OnacHble rUAPOMETEOPOIOTHYECKHE
SIBJIEHUS

Ha puc. 1.7.19 npuBeneHbl naHHbIe O JMHAMMKE
KOJIMYECTBA TUJPOMETEOPOJIOTMUECKUX ONACHBIX SIB-
sernit (O51) 3a 19962012 rr., OTHOCSIIMXCS JIMIITE K
OTACHBIM SIBJICHUSIM ¥ KOMITJIEKCaM THIPOMETEOPOJIO-
I'MYECKUX sIBJICHUI (BKJIFOUAst THPOTIOTMYECKUE U ar-
POMETEOPOJIOTMIECKIE SIBJICHNST) Ha TeppuTopun PD,

o
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KOTOPbIE HAHEC/M 3HAYUTEINIbHBIA YWEpO OTpaciisiM
9KOHOMUKY U KU3HefesiTebHoCTH Hacenenus (Tomy-
6eB u p., 2013). 3a paccMOTpPeHHbII TIeprOf| HAGITIO-
Jlasicsl 3HAUMTENbHBIA pocT yncaa takux Of. 2012 r
cTaj pekopiHbIM mo KosmuectBy OS1 3a mporenive
17 ner. B 2012 r. ormeuanoch 469 rugpomMeTeoposioru-
yeckux O4, Hanecumx ymep6, a B 2010 . — 467 O41.
Jluneinpin  Tperny 3a 1996-2012 rr. cocraBua
188/10 mer (koacppumpent nerepmunaimm — 79%).
Haunble 3a Gonee pannue rogpl (¢ 1991 r.) mpuBopsT-
cst B (Benpuukuit u ap., 2007); cpeanee rogoBoe duc-
10 O 3a mepuop 1991-2012 rr. — 180, T. e., npumep-
HO Ha ypoBHe 19962000 rT.

B (Benpuikwit u fip., 2007) npuBosiTCS TaHHbIE
00 sxoHOMHMYecKux norepsix B Poccuiickont depnepa-
MM OT OMACHBIX THPOMETEOPOJIOTMIYECKUX SIBIIE-
HUII M HEONaronpusiTHbIX IOrOJHBIX YCJIOBUIA:
60 mupnm py6. 3a 1995-2003 rr. [danHble 3a
1991-2005 rr. yka3bIBalOT YCTOMYMBBIN POCT MO-
Tepb CEJLCKOr0 XO3SMICTBA OT THIPOMETEOPOJIOTH-
yeckux O m HeOnaronpusTHBIX YCJIOBUI TOrOfbI

—p—
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(HYTI). Y3 cekTOpOB 3KOHOMHKHU HamuboJjiee 4yBCT-
BUTENBbHBI K Pa3JIMYHbIM TMAPOMETEOPOJIOrMYECKUM
Od m HYIT XKKX (~ 1700 Od n HYTII nanecim
yep6 KKX 3a 1991-2005 rr), TOK (~ 1300),
tpancnopt (~ 1000) u cenbckoe xo3siiicto (~ 1000).
Hdpyrue OTpaciy 3KOHOMUKH (CTPOUTENBCTBO, Jiec-
HOE XO3SICTBO, aBUalysl, MOPCKOM U PEYHOU TPaHC-
MOPT) U HACEJICHUE CTPAJIAIOT OT 3HAYMTEILHO MEHb-
wero yucaa rugpomereoponornyeckux O4 n HYII:
< 200 cirygaes Jiy1st KaKJIOro 3a TOT Ke TepHOf.
CraTtucTuka OTHEJIbHO TOJBKO METEOpOJIornye-
CKHX OMACHBIX SIBJICHUI (HE3aBUCUMO OT HAHECEHHO-
ro yiep6a), npuBeeHHast Ha puc. 1.7.20 st rona B
LIEJIOM U JIJIs JIeTa 1 3uMbI (B TOJIOBOM XOfIe YKCJIa Me-
Teoposiornueckux Ol HabmogaeTcs ABa MaKCUMyMma:
OCHOBHOW JIETOM W BTOPHYHBII 3UMON ), MOKA3bIBAET,
YTO 3HAYUTENBHBIN pocT uncna O HabmopgaeTcs Kak
JI71s1 TOAiA B LIEJIOM, TaK U /11 OOOMX CE30HOB.
[TpuumHbI CTONB SIBHOTO POCTa KOJIMYECTBA Pa3-
HOPOJIHBIX TUIPOMETEOPOJIOTMYECKUX IKCTPEMYMOB
HesicHbl. OffHa U3 BO3MOXKHOCTEI COCTOUT B TOM, YTO
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200 — 193

175
150 160

100 —

310

220
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Puc. 1.7.19. Pacnpegnenexue 4ucna rugpometeoponornieckux O, HaHEeCLLIMX 3HaYNTENbHbIN yLepo, Nno rogam ¢

1996 no 2012 .
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Puc. 1.7.20. AnHamuka konndectBa meteoponormnyecknx OA 3a nepuon ¢ 1998 no 2011 roapl.

9TU U3MEHEHUsI — apTe(DaKT, CBI3aHHBIA C YBEINYEHN-
€M OOIIEero YKciIa TUPOMETEOPOTIOTHUECKUX CBOJIOK
TP TIOCTETICHHOM BOCCTAHOBJICHUY CETH THIPOMETE0-
ponorndeckux Haomopenunit B 2000-e ropl mocie ee
KaracTpoguueckoro oopymenns B Hadane 1990-x rr.,
MIOCKOJIbKY pacCMaTpUBAIIMCh CyMMAapHbIe KOJIMYeCT-
Ba 6e3 BCSKOWM HOPMUPOBKM HA YKCJIO MOCTYMHBIIUX
cBojok. [lo kpaiiHeit Mmepe, YaCTMYHO 3TO HECOMHEHHO
BepHO. OptHako mMeetcst (0TYacTH KOCBEHHOE) TIOfI-
TBEP3KJICHUE TOTO, YTO BCE 3K 3HAYMTENIbHAsh 4acThb
HaOJIIOfJTaeMOT0 TPEH/IA He CBsI3aHa C N3MEHEHUSIMU Ce-
1. IMeHHO, B KauecTBe MHIEKCAa N3MEHEHNI CETH ObI-
JI0 WCTIOJIb30BAHO OOIee YMCIIO MPUILEAIINX 32 TOJ
tenerpamm CLIMAT c cetu cranuuit P® (310 cran-
Mi1), WCMONb3yeMbIX B PErYJISIPHOM MOHUTOPHHIE
KimMata. VX 4uciio pacteT B cpefiHeM 3a rof oT 223 B
1996 . mo 256-258 B 2010-e ropul. Tem He MeHee,
HOPMMPOBAHHBII HA 3TOT MHAECKC Psij YMCIIa THIPOME-
Teopojornyeckux O, HaHecIMX 3HAYUTEJbHbIN
yIep0, TMO-TIPEesKHEMY COACPXKUT OYEBU/IHBINA 3HAUM-
MbIii TpeHp (Koadduipent nerepmunanuu 0.74).

196>

MoxxHO npefnonaraTh, YTO 3HAYUTEIbLHAST YaCTh
nm3MeHenni unciaa OS cBs3aHa ¢ TeMW N3 HIX, KOTO-
phle CBsI3aHbI C PACCMOTPEHHBIMHU BbIIIE N3MEHEHMUSI-
MU 3KCTPEMYMOB OCAJIKOB U B OCOOEHHOCTU TeMIIe-
paTypbl, il KOTOPbIX HaOJrOaeTcs OOLIMIA POCT,
OCOOEHHO BBIPaXKEHHbIN B TEIUIbIA MEPUOJ]; OHAKO
TpeOyeTcs cneyuabHbIi aHau3, YTOObI ONPENEIUTD
oOuwmit BKiaj Takux OS B cyMMapHbIil TpeH/.

Ammocgheproe anexmpu1ecmeo u 2po3vi

[po3bl NpefcTaBisIIOT CEPbE3HYKD OMaCHOCTb
VTSl pa3HBIX OTpacyiefl XO3sicTBa (aBUalWsl, CEllb-
CKO€ XO3SIMCTBO, JIECHOE XO3SIMCTBO, CBS3b, 3JEKT-
pOSHEpreTuKa u Jp.), a Tak¥kKe yrpo3y Jisi SKU3HU
YeJoBeKa. ITUM OOYCJIOBJIEHA BaXKHOCTb W3Y4YEHUs
reHe3uca, MPOCTPAHCTBEHHO-BPEMEHHOIO pachpe-
[ieJIeHrsl, TIOBTOPSIEMOCTH, WHTEHCUBHOCTU TaKUX
SIBJIEHUI M TeHAeHUui nx m3meHenuii. B 2012 . B
[haBHOV reodusnyeckoit oOcepBaTOpUM MpOLIIA
VII Becepoccuiickas KoHepeHuus mo aTMocepHO-
My 3JIEKTPUYECTBY, B paMKax KOTOpO# pabdoTaja
cekuusi “ATMocepHoe 3JeKTPUIeCTBO, METEOPO-
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JIOTUsl M KJIUMAT”, TI€ pacCMaTpUBAIIMCh BOMPOCHI
3TOrO psijia.

Pa6oT, rae HemocpeiCcTBEHHO aHAJIM3UPOBAIUCH
WU3MEHEeHUs FPO30BOI aKTUBHOCTH, MPEJICTABIEHO He-
muoro. B (Top6arenko, Koncrantunosa, 2012) npu-
BOJISITCSL PEe3yJIbTaThl MCCIEOBAHUS MHOTOJIETHUX
PSJIOB YMCIIa JJHEN ¢ IPO30¥ HaJl TEPPUTOPUSIMU, pa3-
JUYHBIMU 10 CBOEMY reorpapuyeckoMy MOJoXKe-
HUIO: FOro-BocTOK 3anajHoit Cubupu u Anraii, EB-
pona. [171st uccreoBaHnil NCTIOIL30BaHbI IAHHBIE Me-
Teoposornyeckux cranumii 3a nepuoy 1880-2011 rr.
B 20 Beke MakcumalibHbIe 3HAYEHUS] TPO30BOM aK-
TUBHOCTH (HaJ] CEBEPHBIM TOJTyILIAPHEM ) OTMEUAITHCH
B 1950-1960-¢ rr. ITocnie 3TOr0, MOYTH JI0 CEPEIUHbI
1980-x, HabmrOAANIOCH MOBCEMECTHOE YMEHBIIeHUE
IpO30BOIi aKTUBHOCTU. B nmocnennue aecaruieTus Ha
1oro-soctoke 3anagHoit Cubupu (cpeHue 3HaYeHuUs
no 6 CTaHIMSIM) M HA TEPPUTOPHU TOPHOro AJras
HanpaBJIeHHbIX TEHCHUMI IPO30BOIl aKTUBHOCTU HE
HaOJTrOmaeTCsl.

dopmupoBaHue rpo3 — CIOXKHbIA aTMOC(HEPHBIN
NpOoLECC, 3aBUCSLIMIA OT METEOPOIOTMYECKUX YCIIO-
BUI1 M XapaKTEPUCTUK aTMOC(EPHOTO NEKTPUIECTBA.
B (Anucumos, 2012) npepictaBieHbl pe3yibTaThl MO-
HUTOPUHIA A3PO3NIEKTPUIECKOrO MOJIS 110 IAHHBIM Ha-
omoneHuit obceparopun “‘bopok” B 1998-2011 rr.
ABTOD ienaeT 3akio4yeHre 06 OTCYTCTBUM B PSily JIU-
HEHOro TpPEeH/ia; OJIHAKO MPUBEIECHHbIN rpauk nos-
BOJISIET 3aKIIounTh, yTo nocie 2001 . Habmronaercs
POCT TOIOBBIX MAKCHMYMOB (JIETOM) HANpPSIKEHHOCTH
MEKTPUUYECKOro TMoJsi B NMpU3eMHOI aTtmoccepe. B
psiie paboT MPUBOJSITCS Pe3yJbTaThl aHAM3a METEO-
pOJIOrMYECKUX yclIoBuil ¢popmupoBanusi rpo3. K co-
KaJICHUIO, HE JIeNaeTcsl MONbITOK aHaIN3a TeHJSHLMI
M3MEHEHHsI YacTOThl YCIIOBHIA, ONAroNMpUsITHBIX JIIst
¢popMupoBanus rpos.

1.7.5. 3aknouenue

AHann3 M3MEHEHUIl SKCTPEeMAJIbHBIX TeMIepa-
TYyp JIETHETO U 3UMHETO Ce30HOB C cepeninibl 1970-x
IT. (YCJIOBHOE HAYalo COBPEMEHHOrO MOTEIUICHN)
MOKAa3bIBaeT, YTO Ha OOINbILEHl YacTH TEPPUTOPUU
CTpaHbl U3MEHEHUSI MHJIEKCOB 9KCTPEMYMOB IPOMC-
XOAT B COOTBETCTBHMM C OOIIMM MOTETJICHUEM: MO-
BTOPSIEMOCTB 3KCTPEMAIILHO TEIJIbIX 3MU30/I0B Pac-
TET, XOJOJHBIX — YMEHBIIIAETCsl; PaCTyT MOPOTH Kak
MOJIOXKUTEIBHBIX, TaK ¥ OTPULATEIBHBIX IKCTPEMY-
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MOB (T. €., KaK caMble XOJIOJIHbIE, TaK 1 HanboJee Te-
TUIbIe SMU30/IbI CTAHOBSITCS Teriee ). OIHaKO UMEeroT-
Cs BaXKHbIE PErMOHANIbHbIE OCOOEHHOCTHU. K3meHe-
HUSI TEMIEPaTypbl HA XBOCTaX pacnpeiesieHuil B psi-
Jie PEeTMOHOB MPOUCXOMAT ObICTpee WM MefjIeHHee
OTHOCHUTEJILHO U3MEHEHUI CPEIHUX, a B Psijie cllyya-
€B U pa3HOHAMNPABJICHO, T. €. C TEUEHNEM BPEMEHU Me-
HsieTcst (popma pacnpeyiesienusi. Ha 3amMeTHble pas3nu-
Yusi B U3BMEHEHUSIX KIIMMATUIECKUX XapaKTepUCTHK B
Pa3HBbIX YaCTSAX MX BEPOSTHOCTHBIX pacrpefesieHui
obpartaetcst BHuManue B padorax (IlIkonbHuK u fip.,
2007; Ferro et al., 2005; Hegerl et al., 2006;
Shkolnik et al., 2010), B 4yacTHOCTH OTMedaeTcs,
YTO W3MEHEHUsI PErMOHAIIbHON aTMOC(EpPHOI LMp-
KYJSIUMU MOTYT MPUBOAUTH K 3BOJIOUUU (DOPMbI
pacmpefesieHuil, UX PACHIMPEHUI0 WM CXKATUlo,
YMEHBIICHUIO WX YBEJIMYSHUIO acuMMeTpun. YacThb
9TUX OCOOEHHOCTEN SIBJISIETCS POSIBJICHUEM Ieorpa-
(puyeckoii HEOTHOPOJHOCTU WU3MEHEHWIl CpeHece-
30HHBIX TeMINepaTyp, HauboJsee BbIPAsKEHHON 3UMON
Y CBSI3aHHOW MPEMMYIIECTBEHHO C JI0JTONePUOJIHbI-
MU W3MEHEHUsSIMHA KPYyMHOMACIITaOHOU aTMmocdep-
Hoit tmpkyssiun (Wallace et al., 1996; Thompson,
Wallace, 1998; Corti, et al., 1999; nnst Teppuropun
P®: Ouenounsnt moxkiag, 2008; ITomosa, IlImakuH,
2006; Bappaun, 2011; Kpbrkos, 2004; u T. 11.), KOTO-
pbI€ B CBOIO OU€pe/ib SIBJSIFOTCS MPOSIBIICHUSIMUA HU3-
KOYaCTOTHOM M3MEHUYMBOCTHU B KJIMMaTUUYECKON CUC-
Teme. TakoBa, B 4aCTHOCTHU, MPUPOJA 3UMHETO MaK-
cuMyMa norensieHus B 3anagHon yactu EYP, cBsizan-
HOTO C JIONTONEePUOHON N3MEeHYUBOCTHIO CeBepoart-
nantndeckoro konebanusi (CAK; Hurrell, Vanloon,
1997; Hurrell et al., 2003; OueouHblii mOKJIaN,
2008): 310 M3OLITOYHOE TOTEIJIEHHE, CBSI3AHHOE C
YBEJIMUEHHOU aJiBeKluer Tensa u3 permona Cesep-
HOW ATnaHTuKU B nojoxurenabHon ¢aze CAK, Obi-
710 0cOO6eHHO BeJmKOo B niepuoft ¢ 1960-x o cepenu-
Hel 1990-x rr., Korga HaOMIOAJICS 3HAYMTEJILHbLIN
nosnoxureabHbil Tpeng CAK. TpyaHo cyauTh, Kako-
Ba aHTPOIOre€HHAasl COCTABJISIIOLIASl 3TUX U3MEHEHUN.
[To-BUAMMOMY, OCHOBHAsl YacThb JIOJTONEPUOJIHBIX
n3menennii CAK cBsizaHa ¢ eCTeCTBEHHOW M3MEHYH-
BOCTBIO B cUCTeMe OKeaH—aTMmocdepa. HacTb Kiu-
MaTHYECKUX MOJIesIell IEMOHCTPUPYIOT TpeHy (To-
noxuTenbHbil) CAK B 9KCIIEpUMEHTAX C N3MEHEHH-
eM KOHIEHTpAIMK MapHUKOBBIX ra3oB (Stephenson
et al., 2006), HO JIMIIIL HEMHOTHE — 3HAYNMBbIN, a He-

KOTOpbIe — orputiatesbhbiil (Bapmun, 2011).
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IIpyrast yctoinumBass OCOOEHHOCTb 3UMHUX U3Me-
HEHUI TEMIIEPATYPbI — MIOXOJIOJJAHUE HA IAJIbHEM Ce-
Bepo-BocTOKe PP — mposiBisieTcst TOAbKO B yObIBa-
HUU TIOJIOXKUTENIbHBIX 3KCTPEMYMOB TEMIEPATYPBI,
YTO KAYECTBEHHO OOBICHSETCS 3HAYUTEIbHBIM
YMEHBIIEHMEM BHYTPMCE30HHON W3MEHYMBOCTU B
aTOM peruoHe. [IpmunMHa 3TOro SIBJIEHMSI HESICHA!
MOZKHO TIPEJIIONIOXKUT, YTO, OHO CBA3aHO C U3MEHE-
HUsAMU (pa3bl TMXOOKEAHCKON JEKATHON OCUMIIIALA
(Mantua et al., 1997, Mantua, Hare, 2002; Trenberth,
Hurrel, 1994), BO3MOXHO, KaK 9acTi APKTHYECKOTO
kosteGanus (Wallace et al., 1996). VI3meHeHust BHYT-
PUCE30HHON U3MEHYMBOCTHU TEMIIEPATYPbI JOCTATOY-
HO 3HAYUTEJIbHbI U OTBETCTBEHHBI 32 CYLIECTBEHHbIE
pErMoHaJbHbIE OTIIMYKS B BEJIMUMHE CKOPOCTHU U fla-
K€ 3HAKEe W3MEHEHWIl 3KCTPEMYMOB OT W3MEHEHMI
CPEe[HMX CE30HHBIX BEJMYMH (HAmpUMep, yCUIICHHe
3KCTpEMYMOB XoJiofia 3uMoil — Ha CeBepHoM Kaska-
3e ¥ JIeToM — Ha Boctoke EUP).

W3MeHeHns: NOpOroBbIX 3HAYEHUI 3KCTPEMalb-
HBIX TEMIIEPATYP JIETHETO CE30HA B OCHOBHOM O0b-
SCHSIFOTCSA, B TOM 4YUCJIE — KOJIMYECTBEHHO, U3MEHE-
HUSIMA CPETHUX (B OCHOBHOM M3MEHEHUSIMU CPEJTHE-
CE30HHBIX TEMIMEpaTyp, HO UMEIOTCSl U OCOOEHHOCTH,
CBSI3aHHbBIC C M3MEHEHUSIMU (POPMBI TOJIOBOTO XO/1a) U
BHYTPUCE30HHOI Jucrnepcuu B pamkax layccosoi
Mojiesu 1151 (PyHKUMK pacrnipeenenust. YTo kacaercs
3UMbI, TO 3[€Cb OTKJIOHEHMS] W3MEHEHUIl 3KCTpe-
MaJIbHbIX MPOUEHTUJIEN HAaXOJSATCS B KAYECTBEHHOM
COMIaCuM C M3MEHEHUSIMU BHYTPHUCE30HHON M3MEH-
ynBocTU. KoOaMuecTBEHHO MOJElNb, CBA3bIBAIOLLAS
W3MEHEHUS] 9KCTPEMAJIbHBIX KBAHTUIIEN C U3MEHEHN-
SIMU CPEJJHETO U IUCTIEPCUM B MPEAIOJIOKEHNAN rayc-
COBOCTH, OKAa3bIBAETCSl HeaJeKBaTHOW. [Ipnumnbl
9TOrO SIBJICHUSI HESICHBI U TPeOYIOT JaJbHEMILIETrO
u3yueHusi. Bo3MOXKHO, 3HAUUTENbHbIE OTKJIOHEHUSI
OT T'ayCCOBOCTH B 3UMHUI1 CE€30H CBSI3aHbI CO 3HAUM-
TEJILHO OOJIbLIEH BbIPA’KEHHOCTBIO OT/EJbHBIX 3UM-
HUMX PE>XKMMOB LIMPKYJISILIMKU, BHOCSILLIMX BKJIajl B pop-
MUpOBaHUE (PYHKUMM paclpefesieHus] TeMIeparyp.
PernonanbHble 0COOEHHOCTH U3MEHEHUI MEXKCYTOU-
HOW BHYTPUCE30HHOM M3MEHYMBOCTHU TEMIIEPATYPbI U
TeM OoJlee UX MPUYMHBI U3YUYEHBI €1LE XYKE, YEM pe-
TMOHAJIbHBIE OCOOEHHOCTH M3MEHEHWMI CPEJHUX Ce-
30HHBIX BEJIMYMH U UX MPUYUHBIL.

B orimume ot TemmepaTypbl, U3MEHEHUST OCaj-
KOB HeJb35l CBSI3aTh HEMOCPEJCTBEHHO C aHTPOMNO-
FeHHbIMUA M3MEHEHUSIMM KOHLEHTpALMU TaKUX Map-
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HUKOBBIX I'a30B, KaK IBYOKKCh yIJIepojia UM MEeTaH.
B nepByto ouepefib OHU MOTYT OBITH CJEICTBUSIMU
PETMOHAIbHBIX U3MEHEHUI LMKIIOHUYECKON U aHTH-
UUKJIOHMYECKOW aKTUBHOCTH, KaK MPOSIBJICHUIA €CTe-
CTBEHHOI BHYTPEHHEH WM3MEHUYMBOCTU KJIMMATUYE-
cKoii cucteMbl. OIHAKO HEJIb3$1 UCKIIFOUUTD, U BIIUSI-
HUE NTIOOATBHOTO MOTENJIEHNS: U3MEHEHUE BJIaroco-
AepKaHus aTMoc(epbl COBMECTHO C WU3MEHEHUSIMU
UUKJIOHMYECKOW aKTUBHOCTH BCIIEICTBUE U3MEHEHUS
psiia MapaMeTpoB KJIIMMAaTUYECKOW CUCTEMBI, TAKHUX,
Kak oO0mas OapOKJIMHHOCTb, paguyc pAepomaumn
Pocc6u u ap. (Held 1993; Trenberth, 1999; Tommupix
u Jip., 2007a, 6). Bo BcsikoM cityuae, maxke uisi TOM
YACTU U3MEHEHUsI PeXkKrMMa OCaJIKOB, KOTOpasi CBsi3a-
Ha C MOTENJIEHUEM, CJIEAYET OXMIATb 3HAYMTEIHbHO
60Jiee BbIPaXKEHHbIX PErMOHAJILHBIX Pa3IUyuil, YeM
Jis Temneparypbl. VI3MeHeHust S5KCTPEMYMOB OCajl-
KOB 3HAUMTEJILHO CJIOXKHEE AHAIM3UPOBATH TAKKE
M3-32 HEOObIYHOIO XapaKTepa WX paclpeesieHus,
SIBIISIFOLETOCS. CMECBIO JJUCKPETHOTO ISl CJIy4YaeB
OTCYTCTBHUS OCAIKOB Y HEMPEPBIBHOTO MPU UX HAJIU-
YUM; B PE3YyJIbTATE BO3HUKAIOT CJIOKHOCTHU YK€ MPH
OTIpEIeJIEHN TIOPOTOB 3KCTPEMAJIbHBIX 3HAYCHMIA.
[ToaToMy pe3ynbraThl 1Jis OCAIKOB UMEIOT B OCHOB-
HOM OMKUCATENIbHbIN XapaKTep: Mbl MOKEM TMPU NPU-
HSITOM TIO/IXOJIE KaK MpPaBWJIO JIeJaTh JIMIIb KauyecT-
BEHHbIE 3aKJIFOUYEHUsI O TOM, YTO OCAJIKU, BXOJISIIINE
B k Hambonblmx 3a ce30H (KOO 4YuCIo AHel Ge3
OCaJIKOB — WJIM C HEM3MEPUMO MaJIbIMU OCAJIKaMu),
JAEMOHCTPUPYIOT TY WA UHYIO TEHICHUMIO B ONpefie-
JIEHHOM PETUOHE.

OCHOBHOI BBIBOJI OTHOCUTEJBHO 3UMHHUX OCaJI-
KOB COCTOMT B TOM, YTO 3KCTPEMAJILHO CUJIbHbBIE
OCaJK/ pacTyT Ha OOJIbLIEN YaCTH TEPPUTOPUU CTPa-
HbI; 00J1aCTh, I7Ie OHU YOBIBAIOT — 3TO B NMEPBYIO OYE-
penp fanbHUii ceBepo-BOCTOK. C JIpyroil CTOPOHHI,
Tak>Ke Ha OOJIbLIeH 4YacTH CTpaHbl PacTeT YMCIIO
aHen 6e3 ocankoB. JleTom Takske Ha OOJIBIIIEH YacTH
P® HaOmropaeTcst pocT 3IKCTPEMANIBHO CUIIBHBIX
OCaJIKOB, XOTS1 3TO U HE TaK SIBHO BbIPAXKEHO, KaK 3U-
MO#. B FOXKHBIX, UEHTpaNbHbIX U 3aNaJHbIX palioOHax
EYP, B 3abarikanbe, Ha Kamuarke n YykoTke pacrer
YUCIIO JIHEN 6€3 0Ca/IKOB.

OueHb BayKHbI TAKUE CIIOKHbIE 3KCTPEMYMBI, 3a-
BUCSILLME OT COYETAHUS] TEMIEPATYpPbl M OCAIKOB,
Kak 3acyxu. OCHOBHOI pe3ysbTraT 3/1eCb — pOCT 3a-
CYLIUIMBOCTH Ha OONBIIEN YaCTHU 3eMJIEJIETBIECKON
30Hbl Poccnn. B GOJBUIMHCTBE PErMOHOB pacTeT
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YKCJIO JIHEN C IKCTPEMaIbHO HU3KUMM BEJIMYMHAMU
BJIArOCOJIEP>KAaHUSI MAXOTHOT'O CJI0S TOYBBI.

JIns moHMMaHusi HaOMIOaeMbIX PErMOHANIBHBIX
U3MEHEHUI1 MOTOJJHBIX IKCTPEMYMOB OUEHb Ba>KHbI MC-
CJIE[IOBAHUSI, CBSI3bIBAIOIIME CTATUCTUKU IKCTPEMY-
MOB C PETMOHAJILHBIMU U3MEHEHUSIMU LUPKYJISILIUKA — B
0COOEHHOCTHU, UKJIOHUYECKON U aHTULUKIIOHNYECKOM
AKTUBHOCTU M OJIOKMPOBAHUSI 30HAJILHOTO MEPEHOCa,
fajiee ¢ BeAyUMMU KPYMHOMACIITAOHBIMUA MOJaMU
KIIMMaTnaeckon m3MeHunBocTr (Takmmu, kak CAK,
AO ¥u fIp.) ¥ HaKOHell, C TIOOATBLHBIMU H3MEHEHUSIMU
AHTPOMOreHHOTO mpoucxoxkaenus. K coxanenuto,
UMeeTCsl He TaK MHOTO paboT, MOCBSIIEHHbIX SMIUPU-
YECKOMY UJIM MOJIEJIbHOMY aHAJIM3Y CBS3EH B 9TOM Lie-
nouke. Ecnu umeercst oueHb 60sbloe 4ucio pador,
MOCBSILLEHHBIX OOIIEN XapaKTepUCTUKE U aHAIIU3Y W3-
MEHEHUI KIIMMATUYEeCKUX MOJ], TO 3HAUUTEJIbHO MEHb-
uie padoT, XapaKTEPU3YIOLMX U3MEHEHHS] PETUOHANb-
HOWl UMPKYJISIUMH, €11Ie MEHbIIE — CBA3bIBAIOLIUX 3TU
M3MEHEHMS C KIMMATUIECKUMU MOJIaMU MITA CO CTaTHU-
CTUKaMM 3KCTPEMYMOB, U COBCEM €IMHULIbI — CBSI3bI-
BAIOIIMX M3MEHEHUS! KIMMATUYECKUX MOJI U PEruo-
HAJIHOW TMPKYJSIIAN C TIOOATBLHBIMU AHTPOTIOTEH-
HBIMU U3MEHEHUSIMUA.
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I''TABA 1.8. KIMMAT APKTUKHA

I. B. AinekceeB

1.8.1. Beegenne

ApKTHKA COCTAaBIIIET CEBEPHYIO MOJSPHYIO
4acThb MOOAIBHON KIIMMATUYECKOW CUCTEMBI, HO €€
IPaHULA HE BE3[l€ COBMAMAET C MOJSIPHBIM KPYTOM.
HaunGonee xapakTepHble KIMMAaTUYECKUE OCOOEHHO-
cTsiMA APKTHKH COCTABJISIFOT MOJISIPHAs HOUb (JIEHD )
3UMOI1 (JI€TOM) ¥ TIOCTOSIHHOE MPHUCYTCTBUE KPHO-
cepbl B BUAE JIEASHbIX LIUTOB, JIEJHUKOB, MHOIO-
JIETHUX MOPCKUX JIbIOB M CIUIOLIHON BEYHOW MEp3-
notbl. [losToMy 3a rpaHuily apKTUYECKOW KIMMAaTH-
YECKOW 30HbI MOXKHO IIPUHATH FOXKHBIN MIPEES pac-
NPOCTPAHEHUs CIUIOLIHONM BEYHOW MEp3JIOThI Ha Cy-
1€, MOPCKHUX JIbJIOB B OKEAHE U CEBEPHBII MOJISIPHBII
KpYT B T€X pafloHax, IJe K CEBEPY OT HEr0 OTCYTCT-
BYIOT 00a XapaKTepHbIX NPU3HAKA APKTUYECKOIrO
KJIAMATA.

B npeppiymmx masax pasnena 1 paccMoTpeHbl
Y TIPEJICTABJICHbI OUCHKY U3MEHEHNI XapaKTePUCTUK
KJIMMaTa Ha Bcell Teppuropun Poccun Bkirovast Ccy-
XOMyTHYO 4acTh ApkTuueckoit 30Hb1 PO (A3P®D). B
9TOW IIaBE€ OCHOBHOE BHUMAHUE YJIEJIEHO U3MEHEHU-
M KJIMMaTa B MOPCKO APKTHKE, BKIIIOYAIOLIE

202)

Mopckyto yactb A3P® (apkruueckue mopsi or Ba-
peHueBa Ha 3anajie J0 YyKOTCKOro Ha BOCTOKE U
NpuJeraroias 4acTb ApKTUYECKOro 0acceita B npe-
nenax 200 MUIIBHOI 9KOHOMMYECKOW 30HbI) U OC-
TajbHble akBaTopun CeBepHoro JleoBUTOro okeana
(CJ1I0), mokpbiBaeMble JIbIOM B 3WMHHI IIEPUO.
VIMeHHO NpUCYTCTBUE OKeaHa M MOPCKOro Jibja B
LUEHTpe ApPKTMKM B CWJIBHOW CTENEHU BIUSIET Ha
(popmMHupoOBaHME apKTUYECKOTO KJIMMATA U OMPENEIsi-
€T BaXKHYIO pOosib APDKTHKM B U3MEHEHUSAX ITI00AIIb-
HOT'O KJIMMaTa.

Knumar ApkTuku ¢opMupyeTcsi B YCJIOBHUSIX
3HAYNATEJILHO MEHbIIEro npuroka temia ot ConHua,
YeM KJIMMaT HEeMoJIApHbIX oOsnacTteil. B 3HaunTensb-
HOW 4acTU 3TOT Ae(UUUT BOCHOJHAETCS BHYTPEHHU-
MU TEPMOIMHAMUYECKUMH MPOLECCAMHU, MPOTEKar0-
LIMMU KaK B KJIMMaTUYECKON CUCTEME B LIEJIOM, TAK U
B Mopckoit Apkrtuke (puc. 1.8.1). HamGombrmmit
BKJIQJl B MOTEIUIEHWE AapKTMYECKOro KiumaTa Io
CPaBHEHMIO C TMINOTETUYECKUM KJIMMATOM IIPU He-
NOJBVKHOM M MPO3PAavyHON aTMocepe, BHOCHUT ajl-
BEKIs TEIIa 110 HATPABIICHUIO K TIOMIIOCY B Pe3yllb-
Tare UMpKyJasiuuu atmocgepsl. bnaropapst stomy
npoueccy KnmmaT ApKTHKY B paitoHe CeBepHOro 1o-
Jroca “‘TenseeT’ Ha HECKOJIBKO IECATKOB I'PalyCOB
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3amcpianue
Tasmne

ATMOCODEPA

Peunoii crox

Puc. 1.8.1. ApkTnyeckas 4yacTb rnobdanbHOM KnumaTndeckom cuctemol (Anekcees, 2003).

M0 CPaBHEHMIO C KJIMMATOM MPU OTCYTCTBUM aJBEK-
LMK, B TO BpPEMsI KaK MapHUKOBbIN 3(peKkT aTMocde-
pbl MOBBIIAET NPUMOBEPXHOCTHYIO TEMIEPATYpPY
BO3/[yXa 3/IeCh Ha MeHbIIyl0 BenmunHy (AJiekcees,
CesieHHMKOB, 1991).

B mopckoit ApkTHKe n3MeHeHusl KauMara yCcu-
JIMBAIOTCSL OOpaTHBIMU CBSI3SIMU, CPEIM KOTOPBIX
0oco0oe BHMMaHHME TNpUBJEKaeT Jerpajauus Mop-
ckux JabgoB B CeepHom JlemoBUTOM OKeaHe
(CJIO), ocTpo pearupyroimx Ha W3MEHEHUS KJIM-
Mara. BbiHoc npecHoit Bopbl u3 CJIO BnmsieT Ha
PacnpoCTPaHEHUE MOPCKUX JIbAOB, TEPMOXaJIMH-
HYIO UMPKYJISLMIO B puiieratoiein aksaropuu Ce-
BEPHOW ATJIAaHTUKU U YEPE3 HUX HA PErMOHAIIBHBIN
1 MOOANIBHBIN KIIMMAT.

OpHOBpeMEHHO MopcKasi APKTUKA SIBJISIETCS Of1-
HUM M3 PaiioOHOB, JIJIs1 KOTOPBIX MOKA HE yAaeTcs Mo-
JYYUTb XOPOLLUEro COMIACHUsl MEXAy MNIOOabHbIMU
MOJIEJISIMM M HAOJIIOfIEHUsIMM B BOCIPOU3BEICHUN
npoucxofsiux n3meHennii kimMara (Walsh et at.,

2002; Chapman, Walsh, 2007; AnekceeB u fp.,
20096; Frolov, Kattsov, 2009).

Ecnu rno6anbHoe BO3AEVCTBUE HA APKTUUYECKYHO
KJIMMATUYECKYIO CUCTEMY TepeaaeTcsi, MpexKje Bce-
ro, yepe3 arMocgepy, To 00paTHOE BIMSIHUE APKTH-
KM Ha ITI00aNbHbIl KIIMMAT PEATM3yeTcs Yepe3 OKeaH
U, B YaCTHOCTH, 4Yepe3 ero Haubojiee aKTUBHYIO
4acTb, BEPXHUI PACIPECHEHHBIN CJIOM U MOPCKHUE
ababl. [IpsMoe TemyioBoe BO3JEHCTBUME OKeaHa Ha
KJIMMaT MOPCKOW APKTHKM KpailHe HepaBHOMEPHO
U3-3a MPOCTPAHCTBEHHON HEOJHOPOJHOCTU BEPTHU-
KaJIbHOW CTPYKTYPbI JIESITEIBHOTO CJI0S, PelIaroLast
POJb, B (hOPMUPOBAHUM KOTOPOW MPUHAJTICKUT MPU-
TOKY npecHoi Bofpl. bonbmas yacte CJIO 3umon
MOKPbITA MOPCKUM JIBJJOM, KOTOPbII B OTrPOMHO
CTENEeHU CHMXKAET NPUTOK TeIula u3 okeaHa. B To ke
BpeMsI Ha CBOOOJHON OTO JIbJa CEBEPO-BOCTOYHOM
yacTu [peHnanackoro Mopst MpUTOK TEIia U3 OKeaHa

B aTMocepy gocTuraet B cpesieM 3a rof 200 Br/m2
(Xpom, 1992).
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Ecau B [pennanackom Mope morepu Temia okea-
HOM BOCHOJIHSIFOTCSI afIBEKUMEN U3 €ro yMEpeHHbIX U
HM3KUX LUMPOT, TO B APKTMYECKOM OacceiiHe BKJIajl
OKEaHWYECKOl aJIBeKLIMM B CYMMapHbIii MOTOK Teruia
U3 OKeaHa OLEeHUBAeTCs MpuMepHo B 2 Bt/m2. Ocranb-
HYI0 4aCThb CPEJHErOfJ0OBOrO OKEaHWYECKOro MOTOKa
Ternsa B aTMOCepy COCTABJISIOT TEIo (pa30BOro Te-
pexofa n30bITKa MPECHON BOJIbI B MOPCKOWA JIE]T, BLIHO-
cuMbIil U3 ApkTuyeckoro 6acceitna. lcTounnku oke-
AHMYECKOro MPUTOKA Teria B ApKTUKe (hOpMUpYET-
Csl, B OCHOBHOM, B pe3yJIbTaTe JIETHUX MPOLECCOB Tasi-
HUSI CHETa X MOPCKOTO JIbja, TPOrpeBa BEPXHETO CJI0S
BOJIbl, MPUTOKA MPECHOI BOJbI C OKPYXKatoLlen Cyum
Y JKUJKUX OCaIKOB. 3MMO 3TO TEMJIO NOCTYMAeT B aT-
Mocdepy, IaBHbIM 00pa3oMm, yepes npouecc ¢a3oBo-
ro nepexofa ‘“Bojia—MOpPCKOii Jie[;”, IPUUYEeM ero moJio-
>KUTEJbHBIN OallaHC B CPeHEM 3a rof] obecrnevnBaeT-
Csl BLIHOCOM MOPCKHUX JIbOB 3a Mpefiesibl ApKTHyYe-
ckoro okeana (Alekseev et al., 2000).

BbIHOC npecHOi BOJbI 1 MOPCKMX JIb/IOB U3 ApK-
TUYECKOro OacceiiHa, MOJBEPXKEH 3HAYUTEJbHbIM
MEXKTO/I0BbIM KOJIeOaHNsIM, KOTOpbIE BIMSIIOT Ha pac-
NPOCTPaHEHNE MOPCKUX JIb/IOB B [peHnaHackom Mope
u Ha akBaropun Cesephoit Ariantuku (Dickson et
al., 1988; Hakkinen, 1993; Mysak et al., 1990; Vinje,
2000). MakcuMaibHasi MPOTSKEHHOCTh MOPCKHUX
JBbJOB B 3UMHUI MEPUOJ] KOHTPOIMPYETCS PACIpo-
CTpaHEeHHEeM PacIpPEeCHEHHOro BepxHero cios (3axa-
poB, 1996). M3BecTHO, YTO AHOMAJILHOMY POCTY
NPOTSKEHHOCTU MOPCKUX JIbI0B B CeBepHOi ATiaH-
Tuke u Ipennanackom mope 3umoit 1968-1973 rr. u
MOCJIElYIOLM XOJIOfHBIM 3UMaM Mpe/LIeCTBOBAIO
NajieHue COJIEHOCTH BOJIbI HAa TOBEPXHOCTU OKEaHa
(Dickson et al., 1988), cBsi3aHHOE C yCHJIEHHEM BbI-
HOCa MPECHON BOJIbI U3 APKTHUKHU.

Jlpyroii ICTOYHMK OOPATHOTO BO3AEWCTBUS ApK-
TUKM Ha IIOOANbHBIA KJIMMAT HAXOJUTCSl B paiioHax
o0pa3oBaHusl U TpaHcoOpMaluy NyOUHHBIX W TNPH-
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JIOHHBIX BOJIHBIX MAacC, COCTABISIIOLIMX BO3BPATHYIO
BETBb INI00AIBHON BEPTUKAJILHON LIMPKYJISLA OKEaHa.
YcnoBusi pa3BUTHSI 3TUX TPOLECCOB KOHTPOIUPYIOTCS
KOHKYPUPYIOUIMMHU TPUTOKAMU COJIEHbIX BOJ| aTJIaHTH-
YECKOTO NMPOUCXOXK/EHNSI U PACTIPECHEHHBIX apKTHU4e-
CKMX BOJ M 3MMHMMM CTOKAMM TEIUIA U TIPECHON BOJbI
10/] BO3/IEMICTBUEM aTMOC(EPHON LUPKYJISLUH.

TakuM 00pa3om, MIoOaNbHbIE BO3[ACHCTBUSI Ha
ApPKTUYECKUI KIMMAT NEPENAIOTCS, MPEXK/IE BCETO, Ye-
pe3 aTMOC(EpPHYIO LMPKYJISILIMI0, KOHTPOIUPYOLLYIO
NEepeHOCHI TEIIa U BJIark B BBICOKME LIMPOThI U UX KO-
ne0aHusl B [IMANa30HE MEXKIOI0BOM M3MEHYMBOCTH.
Kpome Toro, konedanust KpynHomaclTabHOM LUUPKY-
JSUUKA aTMOC(EpPbl BIMSIIOT HA MPUTOK TEIUIbIX U CO-
nenbIxX Bofi B CeBepo-EBponeiickuil 6acceiin u gajee B
ApkTrueckuii 6acceiiH U MpOsIBIISIOTCS B U3MEHEHUSIX
NPOTSKEHHOCTU MOPCKUX apKTUYECKUX JIBJIOB.

OO6paTHOe BO3/IENICTBUE apPKTUYECKOIO KJMmara
Ha M100aJbHbIE U3MEHEHHSI CBS3aHO C KOJIEOAHUSIMU
BbIHOCA MOPCKOTO JIbjla M MPECHOM BOAIbI U3 APKTHU-
yeckoro OacceitHa B CeBepHyIO ATJIaHTHKY, KOTO-
pble BIAMSIIOT Ha W3MEHEHUsl OOLIel IO MOp-
CKMX JIbIOB M HAa Pa3BUTHE KOHBEKTMBHOI'O OINYyCKa-
HMSI BOJ] B CyOApKTUUYECKUX U aDKTUYECKUX PErMOHAaX
MupoBoro okeaHa.

1.8.2. JHepreTHyecKuil 6aIaHC APKTUKH
u CeBepHOI NMOJISIPHON 00J1aCTH

AJBEK1IMSI COCTABJISIET OCHOBHYIO YacTh dHEpre-
TUYECKOro OajlaHca Il KIMMATUYECKOW CHUCTEMBbI
“3emasi—aTMocepa B BbICOKUX 1MpoTax CeBepHO-
ro nosyurapust” (Tabmua 1.8.1). B tabmume U — mo-
TOK YXOJIsilLei JITMHHOBOJIHOBOY pauaiyu (Y]IP) na
BepxHeit rpanuie armocdepsl; S = S,/ 4(1 — A)W -
IWIOTHOCTH MOTOKA MPUXOfsiiieli (MOMIOIEHHOI) KO-
POTKOBOJIHOBOH papuaiuu oT CoJHLA Ha BEPXHIOKO
rpanuly atMocgepnl; A — anbbeno cucrembl; W —

Tavauya 1.8.1. Cpeonewupomubie cocmagaaroujie IHEP2eMULecko20 6aianca cucmembl 3eman—ammocgepa 6

cpeonem 3a 200, Bm/m? (Xpoa, 1992)

IlInpota cesepHas A S U M
o 85° 0.62 68 184 117
85°-80° 0.60 72 187 115
80°-75° 0.57 80 188 109
75°-70° 0.52 94 192 98
70°-65° 0.49 106 195 89
90°-65° 0.53 93 193 100
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Tabauya 1.8.2. Oyenxu cocmasasnowux snepzemuteckoz0 6aranca CII0 no peayavmamam usmeperuii KOMROHEHM
PAOUAUUOHHO0 basanca co cnymHukos, Bm/m? (Mapuyk u op., 1988)

Ilupora ceBepHas Ton SAuBapnb HUronb

A U M A U M A U M
90°-80° 0.67 177 118 - 165 165 0.69 207 61
80°-70° 0.57 179 97 - 157 157 0.50 212 -18
70°-60° 0.46 191 72 0.78 165 158 0.39 224 =52

Tabauya 1.8.3. Cocmasaniowue snepeemuneckoo baranca ammocgepul k cesepy om 70° c.ui., paccuumanmbie no
Oarubim peanaau3os ERA-40 (NCEP/NCAR). (Serreze et al., 2007)

Mecsing IToToKu 3HepruM U U3MeHeHue MOJHO SHepruu, Br/m?2

N3menenne U M, M, Anboeno Hessi3ka
STHBapb -2 -175 108(117) 56 - -9
Urosb 1 11 94(81) -85 0.85 19
Cp. ron 0 -110 100(103) 11 - -1

(pyHKUMS BpeMEHM U KOOPAMHAT, OTpakarollasi ac-
TPOHOMUYECKUE W3MEHEHUS] UHCOMSIUUK; M — ajaBek-
TUBHBII NIPUTOK 3Hepruu, npuyem M = M, + M, rae
M ,— aniBexuusi B atmMmocdepe, M, — B OKeaHe.

W3 npuBeneHHo TabauLpl CIAEAYET, 4TO B CpPefl-
HeM 3a rof 6onee nosjosunbl a3Hepruu B CI1IO nocry-
naeT B pe3yJbTaTe aBeKUUM U3 0o0Jiee HU3KUX LIM-
pot. 3umoii BKJIajt afBekiyu Bo3pacTtaeT 1o 100% B
o6sactu nonsipuoit Houn (Tadmmua 1.8.2).

B rtabmuue 1.8.2 obpamaer Ha ceGs BHUMaHUE
OTpULIATEIbHAS AIBEKILIMS JIETOM, KOTOpasl SBJSETCS
Pe3yJbTaTOM TMOIVIOLIEHHUST Terjia MOJSIPHbIM OKea-
HOM Ha TasiHMe JIbJja U CHEera 1 Ha NpOrpeB BEPXHEro
OINIPECHEHHOro cllod. B 3MMHMII mepuop 3T0 Tensio
COCTaBUT OJIHY U3 COCTAaBJISIFOLLMX MPUTOKA U3 OKea-
Ha. OgHaKko B cpefHeM 3a rofi no Bcen CeBepHO Mmo-
JIIPHOM OOJIACTU MPUTOK M3 OKEaHa COCTABJISIET HE
6onee 5% oT 0011Iero aBEKTUBHOTO NMPUTOKA TEIIa.

HepaBHue oOLEHKM COCTaBIISIIOLIMX 3HEpreTuye-
CKOro OajlaHca C MCIOJIb30BaHMEM MAaCCHBOB peaHa-
mu3a  atMocdepHbiXx  AaHHbIX  ERA-40 wm
NCEP/NCAR pns o6nactm ceBepree 70° c.i.
(Serreze et al., 2007) moka3aiu HECKOIBKO MEHBILIHIT
BKJIQJ] a/JBEKLUM B aTMocepe 1 60NbLIMIA NPUTOK U3
okeaHa (tabmuua 1.8.3). 3ameTum, 4to cpefHuil 3a
roj MOTOK U3 OKeaHa MO pacyeTam B pabore
(Nakamura, Oort, 1988), monyven paubiM 2.4 Br/m2.

OCHOBHO#1 BBIBOJl M3 NPUBEJEHHBIX OLEHOK CO-
CTaBJISIIOLIMX 3HEPreTMYecKoro OanaHca ApPKTUKU

COCTOUT B ONpPENIEISIOIIEeM BKJIIajie TIPUTOKA W3 MpU-
JIETalolINX IIUPOT. YBEJIWYEHUE NMPUTOKA Tera u3
okeaHa 1o fanHbM (Serreze et al., 2007) orvactu
CBsI3aHO ¢ Ooree no3aHuM neprosiom (1979-2001 rr.),
10 CpaBHEHMIO ¢ nepBbivu ABYMst (10 1970-x T), mc-
TMOJTb30BAHHBIMU /IS PACUeTOB. 3HAUMTENbHASI YaCTh
neprofa 1979-2001 rr. mpuiiack Ha MOTEIUIEHUE U
COKpallleHNe MOPCKUX JIbIOB B APKTHKE, YTO CIO-
COOCTBOBAJIO JIETHEMY MPOTPEBY MOBEPXHOCTHOIO
cnost CJIO u pocTy moToka Temnia U3 oKeaHa.

1.8.3. HaGnionaemble n3MeHeHUs
B APKTUYECKON KJIMMaTUYeCKON cucTeme

CoBpeMeHHbII 3Tan I100aJbHOr0 MOTENJIeHUs
KJIMMaTa, pa3BMBarollerocss ¢ Hadyajga XX CToJe-
THst, Hayascs B KoHue 1970-x rofos. Ha 310 yka3bi-
BalOT JJaHHbIE HAOJIIOICHUI 3a MPUIIOBEPXHOCTHON
temneparypoit Bozayxa (IITB) u Temmepatypoit
BOjibI Ha moBepxHocTH okeaHa (TIIO), cobpaHHbIe
B HECKOJBKMX KimMatudyeckux uentpax (CRU
(http://www.cru.uea.ac.uk/cru/data/), Hadley Centre
(http://www.metoffice.gov.uk/), NASA  GISS
(http://data.giss.nasa.gov/) u ip.). DTU NaHHbIE K-
POKO MCHOJb3YIOTCS, KaK NPUA aHAJIU3€ pa3BUTHS MO-
TEIUIeHUs], TaK U JI7Is1 BAMJALMKA PACcUETOB M3MEHe-
HMI KJIMMaTa Ha T100aIbHbIX MOJCIISIX.

Yke B nepBbIx 000011eHUsIX aHHbIX o [TTB, no-
KpbIBaOIMX nepuop ¢ KoHua XIX cronetust o

(205

o



OD-2-1-3n

12/8/14 3:00 PM Page 206

1. HABJOLAEMBIE USMERERUR KIIUMATA

1980-x rosioB (Jones et al., 1986; Hansen, LebedefT,
1987) 3ameTHbI /Ba Mepuojia MOBBIICHUSI TTOTYIIAP-
Hoit 1 mo6anbHou [TTB: ¢ 1910 no 1940-e rr. u Ha-
yuHast ¢ 1970-x rr. C 1940-x u no 1970-e rT. Temne-
paTtypa B 1eJoM noHmkanack. CpaBHEHUE W3MEHe-
HUI B pa3HbIX HIMPOTHBIX 30HaX CeBepHOro MoJylia-
pust (Hansen, Lebedeff, 1987) nokasbiBaet ycunenve
NIOTEIVICHNIT B BBICOKMX IIMPOTaxX M Oojiee 3HAUM-
TeJIbHOE TIOHMXKEHNE TEMITEPaTyPhI 371eCh TI0 CpaBHe-
HUIO C HU3KUMU IIUPOTAMH.

[To mMepe yBenM4eHWs MPOIOJIKUTEHHOCTH Ha-
OJTrofIeHn I, OTMEUYEHHbIE TIEPUO/IbI B M3MEHEHUH TJI0-
OaNbHOM UM MOJIYLIAPHON TEeMIIepaTypbl BO3QyXa CO-
xpansitores. Brots 10 koHua XX crosneTtust poct
TeMIepaTypbl HA IEPBOH CTA[MU MOTEMJICHUSI NPEBbI-
IIaeT ee yBeJMYEeHNEe Ha BTOPOM 3Tare noternyieHus. B
paodore (Jones et al., 1999) monyueHo, uro 3a 20-Tu
netHue nepuoyibl noremnennit B 1925-1944 rr. u B
1978-1997 rr. rnobanbHas TeMneparypa BbIpocia Ha
0.37 n 0.32°C, cootBerctBeHHO. [Iponenue ananmza
mo 2006 roga (Smith et al., 2008) nokazano mogbeM
rio6anbHON Temmepatypbl ¢ 1975 mo 2005 rop npu-
mepHo Ha 0.6°C, a ¢ 1910 o 1940 . npumepro 0.5°C.

[7106anbHBIF aHATIM3 TEMNEepPaTypbl BOJbI HA MO-
Bepxuoctu okeana (TITO) ¢ 1860 mo 2000 rop, BbI-
nosHeHHbIn B pabore (Rayner et al., 2003), Takxke
nokasbiBaeT fBa nepuoya pocta TIIO, pa3neneHHble
ee NoHKeHueM. [IprueM MOBbINICHUE CPEHEH 3a
roj| TIO0ATbHOW M CPEJIHEl MO CEBEPHOMY MOJIyIla-
puto TI1O B nepuonbi pocta ¢ 1910 mo 1940 u ¢ 1979
no 2000 rr. 6bu10 OMHAKOBBLIM. B KaxK/bIil U3 nepu-
of1oB pocta rnodanbHast TI1O Beipocna Ha ~ 0.4°C, a
TIIO B CeBeprom nonymapuu Ha ~ 0.5°C (Rayner et
al., 2003). TlomosiHeHHbIE W YTOYHEHHbIE OLEHKH,
npesicTaBiendble B padore (Rayner et al., 2006),
TIO/ITBEPK/IAFOT OJMHAKOBOE TOBBIMICHUST TIO0ATb-
HoWl u cpenneit no CesepHoMy nonyiuapuio TTIO B
06a nepropia norerienust (mpumepHo Ha 0.5 u 0.6°C,
COOTBETCTBEHHO).

Hansen et al. (2010) BbmosHuIM HOBoe 060011Ie-
nve gandeix o IITB u TITIO 3a 1880-2010 rr. ¢ wuc-
MOJIb30BAHUEM Pa3HbIX HAOOPOB aHHbIX. OHU MOJI-
TBEP/IMJIN TIpEXKHUE Pe3yJIbTaThl aHajmM3a 3a Oolee
KOPOTKHE MEePUOJIbl M YCTAHOBUIIM OCOOCHHOCTH W3-
MEHEHHUI1 C yYeTOM JIaHHBIX 3a mociiefjaue rojpl. [1o
HOBbIM JJaHHBIM TIOBBIIIeHMe TrnobansHon IITB ¢
1975 mo 2005 1. nmpeBbicuiio Ha 0.1-0.2°C ee MoBBI-
mreHre ¢ 1910 mo 1945 . B To ke Bpemsl, NOBBIIIEH-
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Hue mobansHoit TTIO B 06a neprosa 66110 OMHAKO-
BbIM. [I0 JaHHBIM Ha METEOPOJIOTMYECKUX CTAHLUSIX
rnobanbHast cpepHsist I1TB nmoBbicunach 3a mocnep-
HMI nepuof] B 2 pa3a Gounbliie, YeM B MEepBOE MOTeN-
nenue. OpHako coracHo (Bronniman, 2009) Takoe
cooTHolleHre xapaktepHo s ITTB, onpenenennoin
no crtaHuysiM BHe ApkTuku u CeBepHOWl AMepHKHU.
Kpome Toro, BbiiensieTcsl yCKOPEHHOE MOBbILLIEHNE
rino6anbhoit [TTB ¢ 1992 no 2005 1. u nocnenyroiee
ee TOHMXKEHHE, MPUOCTAHOBJIEHHOE MNOBBIILIEHUEM
ONTB 82010

B Bbicokux mmportax CeBepHOro moiymapus
paszsutue noremsienus B 1910-1940 rr. npepBaHo
riny6okum nonmkenueM [1TB no 1970-x rr., nocne
KOTOPOTr'0 HayajloCh COBPEMEHHOE MOTeINJIECHHE.
Otu TpU craguu 3Bomounu I[1TB obGpasyroT Kose-
6anne c¢ nepuogom 60-70 ner (Schlesinger,
Ramankutty, 1994), kotopoe HanGosee 3aMeTHO B
obsmactu CeBepHOW ATIAHTUKM W TpUJIEraroliei
cyum. Ilo aT0Oi MpryMHE ero 4yacTo Ha3bIBatOT AT-
JIAHTHYECKON MHOTroJjeTHel ocupuisiipeii (AMO)
(Enfield et al., 2001). B MHOTO/IETHUX N3MEHEHUSIX
IITB B Apktuke AMO xopomuio 3aMeTHO Ha (POHE
croserHero tpenpa (Polyakov, Johnson, 2000;
Polyakov et al., 2003).

[ToHuskeHue Temneparypbl BO3lyXa B ApKTHKE
nocie 1940 r. HaMHOTO MPEeB30IILIIO IOHIKEHNEe B 60-
Jlee HU3KMUX HIMPOTax, e MOTeluieHUe MPUOCTaHO-
BUJIOCH 0€3 CYILECTBEHHOIO CIMajia TeMNepaTypbl
(Hansen et al., 2010). Hocaenyroumit nogbem [1TB
HAyaJICsl MPAKTUYECKU OJJHOBPEMEHHO BO BCEX LIU-
POTHBIX 30HaX, BKJtOYass ApkTuKy. PazuTne aroro
NOTEMJIEHUs] pacCMaTPUBAIOCh BO MHOTMX paboTax
(mampumep, Johannessen et al., 2004; Przybylak,
2007; Overland et al., 2008). Bbuto mokasaHo, 4To B
pacueTax Ha TIOOATBbHBIX MOJIENISIX KIIMMaTa He yfia-
€TCsl BOCTIPOM3BECTH COBPEMEHHOE MOTeIieHne 6e3
ydera antponorenroro siausiausi (IPCC, 2007).

B pa6orax (Asekcee u nip., 2010; 2011) mus
OLICHKM W3MEHEHUI NPUMOBEPXHOCTHOIN TEMIepary-
pbl Bo3ayxa (ITTB) B ApKTHKe HCIOJIb30BAHbI JIaH-
Hble O CpE/HEMECSIYHOI TeMmneparype 3a MNepHuof
1901-2012 rr. Ha 32 cTaHUUsIX, PACMONIOKEHHbBIX Ce-
Bepree 60° c.ur. (puc. 1.8.2). B o6macti Mopckoit
APKTHKM, BKIIIOYAIOLLEH MOKPBITYIO JIbaMU B 3UM-
Huil mepuop akeatopuro CesepHoro JlegoBuToro
okeana, i1 oueHkn n3MeHennii [1TB mcnonb30BaHb!
nannble 41 cTaHMU, paCMONOXKEeHHBIX HA OCTPOBAX U

o
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Puc. 1.8.3. UameHeHne cpeaHel Temnepartypbl Bo3ayxa B Mopckon Apktuke 3a 1951-2013 rr. CneBa — 3umon
(OAD), cnpasa — netom (MNA). B ueHTpe — nonoxeHne ctaHunii (agantmpoBaH n3 Anekcees 1 gp., 2011).

no6epexkbe Ceseproro Jlemosuroro okeana (puc.
1.8.3.). Takue naHHbIE B MOJHOM 0ObEME UMEIOTCS C
1951 ropa (Anekcanapos u np., 2007).

Buibop cpenHeil Mo apKTUYECKUM CTAHLIUSIM
IITB B KauecTBe MHAMKATOPA U3MEHEHUI TEMIIe-
paTypbl BO3yXa CBsS3aH C TE€M, UTO CYIIECTBYIO-
1[1€ CETOYHbIE MAaCCUBBI JIAHHBIX O TEMIIEpAType C
Hayana 20-ro cToneTusi OCHOBaHbI HA M3HAYAJILHO
HEOOJIBIIIOM U TOCTENEHHO yBEJIMYUBAIOILIEMCSI BO
BpPEMEHM KOJIMUYEeCTBE CTAHIIWIA, YTO BIUSET Ha Ka-
YeCTBO MHTEPINOJISIIUU B y3Jbl ceTku. CpaBHEHUsI
JAHHBIX U3 CETOYHLIX MAaCCUBOB C JIAHHLIMU Ha OT-
[eNbHBIX aPKTUYECKUX CTAHLMSIX MOKA3aIu CyIe-
CTBEHHbIE PA3IMYMS B CPETHUX 3HAUCHUSIX U B KO-
acpumeHTax JMHEMHOrO0 TPeHa JIaxke JJIsl COB-
pemennbix MmaccuBoB NCEP u ERA-40 (Kopa6iieB
u jip., 2007). CpaBHeHUE CPEIHUX, PACCUNTAHHBIX
Mo CTaHUMSIM M 1O ceTo4yHbIM pAaHHbIM NCEP
(Kalnay et al., 1996), nmokasaio, uro Koappuim-

€HTbI KOPPEJSIUA MEXJy PsijlaMu CpeJHEMeCsTU-
Hbix 3HaueHuin [ITB Haxopgarcsa B mnpepenax
0.81-0.90.

Ha pucyHke XOpOoIlIO BBIPasKeHO YMOMSIHYTOE
BbIIIIE JIOJTONEPUOJIHOE KOJeOaHue C MepUoioM
60-70 net, Ha om0 Kotoporo npuxoautcs 37 %
n3MeHuMBoCTH cpegHerofgoBoii IITB, B To Bpemst
Kak Ha jjomo JuHeirtHoro TpeHna 11% u Ha gomo
ocTaTka, COOTBETCTBEHHO, 52 %. (Anekcees u fp.,
2010). HauGonbmmit Bkiaj (ot 22 no 45% ) orme-
yaeTcsl Ha ctaHusix B [pennanncko-Mcmanpackom
paiioHe, KOTOpbI U (POPMUPYET B 3HAYUTEJIBHOMN
creneHu BKaag AMO B U3MeHEHUs] CpefIHell TeM-
nepatypbl B ApkTuke. Bpemst HacTyrmieHus nep-
Boro Makcumyma AMO 37ech TPUXOAUTCS Ha
1940-e .

H3menenus: TemnepaTtypbl Bo3ayxa Haji obJia-
CTBIO MOPCKOUM APKTHUKU, BKJIHOYAIOIIEH MOKPbI-
TYIO JIbJIaMU B 3UMHMI niepuofi akBaToputo CeBep-

o
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Horo JlemoBuroro okeana (CJIO) npepcTaBisifoT
0COOBIfl UHTEpeC, MOCKOJIbKY, B MEPBYIO OYepeb
BJIMSIFOT HA JIETHEE TasiHMe U 3UMHee pa3pacTaHue
nensiHOro nokposa B CJIO. Ha pucynke 1.8.3 Buj-
HO ObICTpOE yObIBaHME OTPHLATEILHBIX TeMIepa-
Typ nocie 1991 ropga m GbICTPBIN POCT MONOXKU-
TeNBHBIX TemmnepaTyp nocie 1996 r. ¢ abcomoT-
HbIM pekopioMm B 2012 1. [Ipu aTOM 3MMHUE TemTIe-
patypsl 1o 1991 r. m netane no 1996 . umenu cia-
Oble OTpHUIATENbHbIE TPEH/bI, KOTOpPbIE CMEHMU-
JIMCh HA 3HAYMMbIE MOJIOXKUTEJIbHbIC TPeH/bI. Ta-
KM 00pa3oMm, MOTENJeHne B MOPCKON ApPKTHUKE
Pa3BUBAJIOCH HEPABHOMEPHO M, B OCHOBHOM, C Ce-
penunbl 1990-x rr. IlpepuiecTByromye OTHOCH-
TEJIbHO TeIJlble JIETHUE CE30Hbl OTMEYalIUCh B

1960-e rr.
1.8. 4. ATMoc(epHasi HUPKYISUST

ATMOocepHas UMPKYIsILUs SIBJSIETCS] OTHUM U3
OCHOBHbIX BHYTPEHHUX MEXaHW3MOB (DOPMUPOBAHUS
KJIMMaTa, U3MEHSIETCSl BMECTE C HUM MOJ BO3JENCT-
BHEM BHEIIHNX (DaKTOPOB M, B CBOIO OUEPE/lb, yIacT-
ByeT B (POPMHUPOBAHMHM ITUX W3MEHEHWI B PErHo-
HaJIbHOM, a TakXe M TIJ00ajJbHOM MacmTadax
(Walker, Bliss, 1932; Buze, 1937; Rossby, 1939; Van
Loon, Williams, 1976; Anekcees u p., 1991; Moxos
u fip., 1992; Wallace et al., 1995, 1996; Proshutinsky,
Johnson, 1997; Maslanik et al., 2007; IPCC 2007;
Overland, Wang, 2010 u sip.).

Bausinne arMocepHONl LMPKYJISLMA HA W3Me-
HEHUs KJIMMaTa B APKTHKE HECOMHEHHO BUJY 0O0JIb-
LIOT0 BKJIajla aTMOC(DEPHBIX NEPEHOCOB B (DOPMUPO-
BaHMe 3HepretTuyeckoro 6ananca CeBepHoil nonsp-
HOW ob6istacth. Beie ormeyanuce padotsl B. 10. Bu-
3€ U IPyTruX aBTOPOB, B KOTOPBIX OTMEYAJINCh N3Me-
HEeHUsl B IMPKYJSIIMM aTMOC(ephbl B MEPUOJ pa3Bu-
tusi norernieHnss Apktuku B 1920-1940-e roppi.
HccnepoBanust uupkyasiquy atMocgepbl B ApKTUKE
YCWIMJIOCH B TIEPUOJl AKTUBHOW XO3SICTBEHHON WU
Hay4YHO-3KCTIE/IMLIMOHHOM JIESITENIbHOCTU B apKTHYe-
ckoM perrone B 1960-1980-¢ rr. Ilonmyyennsle pe-
3yibrataMm 0000LIeHbl B psiie MOHorpaduii A. A.
Tupca (1971), A. A. Omurpuesa (1994), npencras-
senbl B atiacax (Armac CJIO, 1980; Atnac Apkru-
ku, 1986).

OpHoll M3 OCHOBHBIX OCOOEHHOCTEN aTMO-
cepHOl UUMPKYJISINA, YCTAHOBJICHHBIMU B 3THUX

208>

—p—

0000ILIEHUSIX, SBJIJIOCH MpPeoOsajaHue aHTULIU-
KJIOHMYECKOW LMPKYJISILMU HaJl APKTUYECKUM Oac-
CEMHOM B 3MMHWUI NEPUOJ], HApyLIAeMOe BTOpPXKe-
HUEM UKJIOHOB. DTO J]aJI0 OCHOBAHUE BbIICINUTH
[IBa OCHOBHBIX pexkrnMa aTMOC(EPHOI HUPKYISLIN
— AHTUUMKIIOHMYECKUMIA M UMKIOHMYeckui. [lep-
BbIM BBEJI OHSITHUSI UKJIOHUYECKOTO Y aHTULUKJIIO-
HUYECKOTr0 PeXKMMOB UUPKYJISLUUKU aTMOCepbl Hajl
ApKTHUYECKUM OacceiiHOM, C KOTOPbIMU CBSI3aHO
YMEHbLIEHUE WIA YBEJIUYEHUE JIeJOBUTOCTU ApK-
tuaeckux moperi, B. 0. Buze, (1944). To3nuee
3TO TOJIOKEeHKE ObIJIO pACIPOCTPAHEHO U Ha peiid
Jap10B B ApkTuueckoM OacceiiHe 3. M. IynkoBu-
gyem (1961).

3TO 1a710 OCHOBAHUE BbIIEJUTD JIBA OCHOBHbBIX
pexkuma aTMOoC(epHON IMPKYJIISILUN — AHTUIMKJIIO-
HUYecKuil u uukJoHudeckuit. (Proshutinsky,
Johnson, 1997; Thompson, Wallace, 1998; Walsh,
Portis, 1999; Dickson et al., 2000; Przybyak,
2000; Rigor et al., 2000). BpisicHIIOCH 9TO LMP-
KYJISILIMOHHBIE MOJIbI, TIPEJCTABIsIEMblIe MHIEKCOM
CeBepo-ATaHTUYECKOrO KoyieOaHusi U ApKTUUe-
CKOM OCUMJIISALNA, oBausBIIe B Havane 1990-x
IT. Ha TIOTeIUIeHUE TMOTeNnJeHneM B ApKTHUKe, B
JaJbHeHIlIeM MepecTaau OTpaXKaTh BIIUSHUE LMUP-
kyssiun (Bengtsson et al., 2004; Overland, Wang,
2005).

PaccornacoBanne mexnuy ocnabnenuem AO u
NPOJIOJIKEHUEM COKPAIICHUS MJIOIIA/IU Jbjia B ApK-
THUKE OOBSICHSIETCS U3MEHEHHMEM YacTOThbI MOsIBIIE-
Hust peskuMoB nupKyJsinii (Maslanik et al., 2007).
[lepecTpoiika UMPKYISLMOHHON CUCTEMbI B APKTH-
Ke MposiBUIaCh B (DOPMUPOBAHUM JIUTIONLHOW CTPY-
krypel (Wu et al., 2006; Wang et al., 2009) B none
laBJIcHUsT BO3Ayxa Ha ypoBHe mopst (IYM). B no-
JIOKUTEJbHOM (hase apkTuueckuit aunonb (AJl) xa-
pakTepusyeTcsi MOHVXKEHHbIM f1aBjieHreM Haj Kap-
CKUM MopeM U MopeM JlanTeBbIX U MOBBIIEHHBIM
Haj KaHajackum apxumnesiaroM, pacnpocCTpaHsito-
LIMMCSl Ha F0ro-BoCcTOK Ipennanauu. B orpunarens-
Hoil pasze AJl aHOMaMU JIaBJICHUS] PACTIONOXKECHbI
NPOTUBOMNOJIOKHBIM 00pa3oM, HO C LIEHTPOM OTpU-
HaTeabHON aHoManuu JiaBieHus: Haj CeBepHbIMU
MOPSIMU.

B netnue ce3zonnr 2007-2012 rr. AJl xapak-
Tepuszyetcs Hu3kum JIY M Ha cubupckoit ApKTH-
KOW M BBICOKMM Hajy mopem bodoprta, pacnpo-
ctpaHuBIIMMcst yepe3 CeBepHyro AMEpHKY Ha

o
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Ipennanguro. MakcumasibHast pa3HOCTh 1aBJIEHUS
NPUXOIUTCSI Ha WIOHb, CO3JlaBasi YCUJICHHBIN Me-
PUAMOHAJIbHBI NEpeHOC Yepe3 ApPKTHKY. OTO
YBEJIMUUBAET JIETHEE TasiHUE JIb/Ia, MOJIOKUTEIb-
Hble aHoManuu [1TB Hajg nueHTpaibHON APKTUKON
U yCWJIEHHOe TasiHue [peHsiaHACKOro JefistHoro
LIMTA.

W3MeHeHre B CTPYKType aTMOC(EpHOil LUPKY-
JSIUMU Hajl APKTHKOW ¢ peobaaHueM LUKIOHUYe-
CKOT'0 pexknumMa MOBIUSIO Ha (hOPMUPOBAHKE KIMMa-
TUYECKUX AHOMAJIMN Hajl MPUJICTAFOIIMU yMEPEH-
HbIMHA HIMPOTaMH, B YACTHOCTUM AHOMAJILHO XOJIOfI-
HbIX 3uM B EBpone u B BocTouHoit A3uu. [lepBasi Ta-
Kasl 3uMa ¢ aHoMaslbHbIMK XoJiofiamu B EBpornie ot™me-
uena B 2005-2006 rT. B pe3ysbraTe CMELIeHuUs My Tei
[UKJIOHOB U3 ATJIAaHTUKU Ha CeBep U YCUJICHUS IU-
kJoHnyHOCTH Hay BapenueBbiM 1 Kapckum mopsimu
(Petoukhov, Semenov, 2010).

OTMmeuasi ONMO3UIMIO AHOMAJIMIA MOJOKUTENb-
HbIX [ITB Hag ApKTHKON M OTpHULIATENIbHBIX HaJl BO-
crouHoii Aswueit, aBTopbl pa6ortel (Inoue et al.,
2012), Hamutk, 9To UMKJIOHMYHOCTHL Haj Bapewie-
BbIM MOPEM COMPOBOX/AETCSl YCUJICHUEM U 3amajl-
HBIM CMEIIEHNEM aHTHIMKJIOHA Hajl CMOMPCKHUM TIO-
OepekbeM U 3aTOKaMM XOJIOJJHOTO BO3/lyXa BOJb €r0
BOCTOYHOW INepudepu B BOCTOYHYIO U CPEJHIOO
Azuto.

Francis, Vavrus (2012) cBs3bIBatOT ¢ yCHJICHHU-
€M TOTelJieHUs] B ApPKTHUKE 3aMef|JIeHue pachpo-
cTpaHeHust BonH PoccOu B BOCTOUHOM HarpabJie-
HUM, OcabJeHre 30HAIbHON COCTABIISIIONICH BeTpa
1 POCT aMIUIUTY/IbI BOJIH, UTO BEIET K OOJbIIIei yC-
TOMYMBOCTU TOTOJIHBIX CTPYKTYP W YBEJIMUYEHUIO
BEPOSITHOCTU 3KCTPEMAJIbHBIX MOTOJIHBIX YCIOBUN B
yMepeHHbIX nmpoTtax. CieayeT 3aMeTuThb, 9To pa-
Hee B pabore Asekcees u fip. (2000) mokazano 1o
naHHbM 3a 1947-1966 rr., uTOo MeXAy cpefiHe30-
HAJIbHBIMU TEMIEPATYPHBIMUA aHOMAJIUSIMUA B BBICO-
KHX IIMPOTaX U B MPUIETAIOIIUX YMEPEHHBIX CYIIe-
CTBYET 3HAauMMasi OTPULATENIbHAs KOppEeJsuusl Ha
Maciitabax MeHee 6 JieT.

W3meHeHust B aTMOC(EpHON LIUPKYJISILIUK B JIeT-
HUI IEPUOJ] XapaKTEPU3YIOTCSl YBEJTMUEHUEM MTOBTO-
PSIEMOCTH JIETHEr0 AHTHULMKIIOHA Haj MopeM bBo-
dopra ¢ Havana 1990-x rr., 9TO COCOOGCTBYET yCH-
JICHUIO TasiHUS JIbJJa U aHOMAJILHOMY COKPALIEHUIO
ero IO K KOHIy JieTHero ce3oHa (Moore,

2012).
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1.8.5. Conneunasi paguanus

[Morennienne B ApKTUKE CBSI3aHO TakK>Ke C U3Me-
HEHUSIMU B PeKMME NPUXOJISILLIEN COJTHEYHOW pajua-
uuu. HaOmroneHust 3a nNpuxopsiueil COMHEYHON paju-
alyell Ha apKTUYECKMX CTaHLUMSIX OOHapy>KMBAKOT
3HaYMMbIE TPEH/bI €€ COCTABJISIFOLIMX 32 MOCJIEIHUE
50 net. TlomyBeKOBOW TpeHJ| CyMMapHON W TPSIMON
COJIHEYHON pajualyy Ha KaHAJCKMX APKTUYECKUX
cranuusix Anept, Pezomor beit 1 HynaByT nokasbl-
BaeT yMEHbIIEeHHe NpsiMoil paguaumu Ha 2.25% u
2.50% Ha mepBbBIX ABYX CTAHIMSIX, COTTIACYIOIIHAICS
C YMeHbllIeHreM uucia 6e3001aunbIx qaeit. Cymmap-
Hasi pajmaius Beipocia Ha 26.7% u 17.9% 3a necsi-
TUJIeTHe, [IaBHbIM 00pa3oM, B Mae u utoHe (Weston
et al., 2007). [TpuunHOii sSIBJIsIETCST YBEJIMUCHUE HIC-
xopsiei [IBP, kotopast ymenblaeT anb0e10 v cno-
coOCTByeT Oosiee paHHEMY Hayally TasiHUSI.

JleTHee TasiHME apKTUYECKOrO MOPCKOIO JbAa B
CUJIBHO CTENEHU 3aBUCUT OT Paclpefie/IieHUst MPUXO0-
ASUIEN COJIHEYHOU paualvi MEKIY OTPakeHHOW W1
MOTJIOIIEHHON JILIOM M OKEAHOM YacTsIMU. DTO pasfe-
JIEHWE WCIBITHIBAET CE30HHbIE KOJEOaHWs] U 3HAYU-
TEJIbHYI0 MEXTOJI0BYI0 U3MEHUMBOCTh. CpefiHee KO-
JIMYECTBO MOMIOLEHHOV COJTHEYHOW PaJIuALANA CACTE-
MO JIel—-OKeaH C anpeJisi 0 CEHTAOPb MO [JAHHbIM U3-
meperun B 1997-2004 rr. coctaswio 900 M]Ix/m-2
CO 3HAUUTEJILHBIMU KOJIEOaHUSIMU B Ipefiesiax oT 826
no 1044 M/I>x/M-2, KOTOpbIE 3aBUCAT OT Hayaja Tasi-
HMSI U cJ1a00 CBSI3aHbl C MPOJIOJKUTEILHOCTBIO Tasi-
HUSI UM OKOHYaHKWeM TasiHusl. Hauano TasiHust ctonb
CUJIBHO BJIMSIET HAa TasiHUE€ MOPCKOrO JIbAAa MOTOMY,
YTO Ha 3TO BPEMs NPUXOJUTCS MAKCUMYM B IPUTOKE
COJIHEYHOW pauiallii ¥ OTKJIOHEHUS] 3TOrO MOMEHTA
CKa3bIBAIOTCS HA BCEM TEPUOJIe TasiHUSI Yepe3 BIIUsI-
nre Ha anboenio (Perovich et al., 2007a). C 1979 no
2005 roji KOJMYECTBO TOMIOLIEHHOM COHEYHON pa-
[MalliK, 3allaCeHHOI JIETOM B BEPXHEM Clloe ApKTHU-
4yecKoro OacceiHa, yBEJIMYWIIOCh 3a IOCJIE[HUE He-
CKONBKO Jecatwietnit Ha 89% ero akBaTopuu
(Perovich et al., 2007b).

O BaMsiHUM OOJIAYHOCTU HA PAUALMOHHBINA pe-
>KUM B APKTHUKE MOXKHO CYJIUTh MO OLIEHKAaM TPEH/IOB
[ITB npu pa3nnyHbIX yCJIOBUSIX 0OJAYHOCTH. Takue
OLICHKU OBbIJIM BBIMOJIHEHBI MO CITy THUKOBBIM [JAHHBIM
00 06aYHOCTH M CKHMH-Temmneparype B pabore (Liu
et al., 2008). O6maka moseiiatorT I[1TB moutn Kpyr-
JIbI TOJ 32 UCKJIFOYEHHMEM CepefiMHbI JeTa. TpeH/bl

(209
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1. HABJOLAEMBIE USMERERUR KIIUMATA

IITB npu scHom u 001a4HOM HeOE pacnpefielieHbI
TaK>Ke KaK IPY OOLIMX YCIOBUSIX OOJIAYHOCTH, HO Be-
JIMYMHA TPEHJIOB NPU SICHOM HeOe Ooublue, YeM MpU
OOJIaYHOM U OHM TOJIOKUTEJIbHbI BECHOM, JIETOM U
oceHbto. TpeHpbl pu oOUMX YCIOBUSIX 00JaYHOCTH
NOKa3bIBalOT MOTEIUIEHNE B OOJIBIIMHCTBE PaliOHOB
BECHOM U JIETOM. 3UMOW OTPULIATEIIbHBINA TPEHJT 3HA-
YUM Haj] BOCTOYHOW APKTUKON M OOJIbLIEN YaCThIO
Apkrryeckoro okeana. IlosoxuresneH TpeHy Haj 3a-
NaIHON APKTHUKON.

1.8.6. ApkTHYecKoe ycuiaeHue

[Tpu cpaBHeHUM mMoTemieHust B APKTUKE C IJIO-
OaJIbHBIM MOTEMJIEHneM UK noremnsienuem B Cesep-
HOM MOJTYIIapHHK, OTMEYAIOT €ro MaKCUMaJIbHOE pa3-
BUTHE B ApPKTHUKE. DTOT (PEHOMEH Ha3BaH ApKTHUYE-
CKUM YCUJIEHHEM U BBISICHEHHUIO €ro MpUYMHAM TO-
CBSILLIEHO MHOro McciefoBanuil. O6cyxaeHne npu-
YMH MOTENJIeHUs] B APKTUKE U €ro yCUIIEHHs 110 CPaB-
HEHUIO C IPyrUMHU OOJIACTSIMUA HAYaJIoCh €llie B NepHU-
of1 neporo norertenns 1920-1940-x rr.

B. 10. Buse (1937) mo-BummMomy, GbLT EPBbIM,
KTO yKa3aJ Ha YCWJIEHHE LUPKYJISILUMU aTMocgepbl U
OKeaHa KaK Ha OCHOBHYIO MpUUUHY noremnsenus. OH
nucan, yro noremenne Apktuku B 1920-1930 rr.
SIBJISIETCSl HAuOOJIee CUIIbHBIM 110 CBOMM pa3MepaM
KJIMMaTUYECKUM KOJleOaHueM, 3aperucCTpUpOBaHHbIM
Ha TOT MOMEHT METEOPOJIOTHYECKUMHU JIETOMUCSIMH.
Buse npuitien K 3aK/I0YEHHUIO, YTO MOTEIJIEHUE SIBU-
JIOCh CJIE[ICTBUEM YCUIICHUSI OOLIel LMPKYJISLIMU aT-
Mocepbl Ha 3¢MHOM 11ape, C KOTOPbIM CBsI3aHA aK-
LEHTAlUUsl BCeX LEHTPOB JEWCTBHUS aTMocdepbl, B
TOM YHCIIE, UCIIAHICKOTO MMHMMYMa U CUOUPCKOTO
MaKCHMyMa, CONPOBOK/IABILASICS YCUIICHUEM 3arajl-
HbIX M I0ro-3anajiHbix BeTpoB Haj CeBepHON ATiaH-
TUKOI 1 HOpBEeXXCKMM MOpEM U IPUTOKA aTIaHTUye-
CKMX BOJI B APKTMYECKUI OKEaH C OJJHOBPEMEHHbIM
yCUJIEHUEM OOpATHOrO MOTOKA BOJ U JILOB U3 ApK-
Tyeckoro OacceriHa B [pennannckoe mope. Pacema-
TpUBasi pa3BUTHE TOTemseHus, Buse ormerusn ero
MaKCUMaJIbHOE TMPOSIBIEHUE BO BCEil MpHUATIaHTUYe-
cKoil ApkTuKe OT 3anajHoi [pennangum no Kapcko-
ro Mops B 3UMHUI ce30H. Benen 3a Buse [13epnsees-
ckuit (1943) u Burrensc (1946) Takxke paccmarpu-
BaJIM yCUJIEHHE aTMOC(EPHON LMPKYJISLUA U nepe-
HOCOB Temjia B APKTHKY KaK NMEepBONPUYMHY MOTEI-
nenust apkTrdeckoro kiamMara B 1920-1930-e ropbr.

210)
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B pa6ore (Bengtsson et al., 2004) Ha ocHOBe 3KCIIe-
PUMEHTOB C TIJIOOAIBLHON MOJIENIbIO KJIMMaTa TMOofI-
TBEPXK/JCHO Pa3BUTHUE MOTEIVIEHUS] C YCUJIEHUEM 3a-
NaJHBIX BETPOB U MPUTOKA ATIAHTUUYECKOI BOJIbI.
[lonoxxeHue o pelnaroleil poau yCUIeHUs Lup-
KYJISIUM aTMOcepbl U OKeaHa U CBSI3aHHOTO C HUMU
NpUTOKA Temiia B APKTUKY MOATBEPKIAETCS pacue-
TaMM COCTABIISIFOLIMX SHEPreTHIECKOro Gaanca (CM.
NpebIYLLUI pa3fes), U3 KOTOPbIX BUIEH OCHOBHOM
BKJIaJl aIBEKIIMU TeIula B aTMocepe U BO3pacTaro-
11ast poJib OKEaHWYECKOro TerJIa /IJIsl SHEPreTUUECKO-
ro 6anaHca ApPKTUKM B XOJIOHYIO TIOJIOBUHY TOfia.
HWcxopst u3 aroro nokaszano (Asnekcees u jp., 1991;
Aunekcees, 2004), 94TO M3MEHYNBOCTE MPHUITOBEPXHO-
cTHOM Temmnepatypbl Boznyxa (ITTB) 3umoii B nepu-
Of1 TOJISIPHOM HOYM 3aBUCHT OT U3MEHUYMBOCTH TIPUTO-
KOB 3HEpPIruy ¢ UUPKYJIsUMei aTMocepbl U OKeaHa:

or=(Ty/ 4)*(0e/ Qp),

rae Ty u Q, — KIIMMaTU4YeCKue 3HAUYEHUs] TeMIeparTy-
pbl U NPUTOKA SHEPTUM B MOJISIPHYIO 00JacTh, O —
Cpe/IHeKBaJJpaTUYHbIe OTKJIOHEHUS COOTBETCTBYIO-
IUX BEJIMYUH OT KJIMMATHUYeCKUX HOPM. [lockombKy
B MHOroJieTHIOI0 u3MeHuYuBocTh TIIO ocHOBHOI
BKJIaJ] BHOCSIT JIOJIFONEPUOJIHbIE U3MEHEHMSI, BKIIFO-
yasi TPEHJ, TO OH TAK>KE 3aBUCUT OT U3MEHEHUI LUp-
KyJsiquA aTMocepbl B MEpBYO oudepefb. B atom
cayyae ycunenue uaMeHeHuin TIIO B BBICOKMX M-
pOTax Mo CPAaBHEHUIO C MPWJIETAIOIIUMU IIIUPOTAMU
OMpENIeNITCS B IEPBOM MPUOJIM>KEHUM COOTHOLIEHU-
eM ux tomaynen (Anekcee, CsieHHnKoB, 1991),
3aBUCSIIMM OT HIMPOThI, HATPUMED,

Ogres _ (sin 87.5 —sin 67.5)

= — . =1.98.
Os0¢;  (sin 67.5 —sin 50.5)

PeanbHOE OTHOIIGHUE O, o5 / Osy¢; = 1.91, cpen-
nee no gaHaeiM NCEP 3a 1949-2010 rr. miis xomof-
HOW TOJIOBUHBI rofia (OKTSIOPb—MapT) GJIM3KO K TeO-
PETHUYECKOMY 3HAUCHHUIO.

OneHKY BIMSTHUS aJIBEKIIMK TeTia B aTMocdepe,
a TaK>Ke MHTErpaJIbHON MPO3PAaYHOCTH U alb0eo Ha
M3MEHEHUs KIIMMAaTa BLICOKHMX IIMPOT, BLIMOJHEHHbBIE
C TIOMOIIBIO SHEProOAJIAaHCOBOW MOJIENI CPEJTHE30-
HaJIbHOTO KimMmara noarBepmmmm (Anekcees, Casi-
mieHHnKoB, 1991; Anekcees, 2004), uro npu ycuite-
HUU KOJIeOaHWI IepeHOCa M3MEHUYMBOCTD TEMITEpaTy-

o
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Pbl BO3PACTAET, a NP YBEJINUEHUH UM YMEHbIICHUN
anbOe1o B MOJNISIPHOI 001aCTU U3MEHUUBOCTD TEMITE-
paTypbl, COOTBETCTBEHHO, BO3pAcTaeT WM YMEHb-
IIaeTCsl.

[Ipu nepexosie B MOJIEIM OT PEKUMA JIyUYUCTOrO
paBHOBECUSI B HENOJBUXKHOM “‘PO3pavyHOil” aTMO-
chepe K TEpMUUECKOMY PEKUMY COBPEMEHHOT'O KJIU-
MaTa CpejiHss TemIepaTypa MolyLapusi yBeJInunBa-
etcs Ha 30 K; 13 3Toro 3HayeHns Ha 105110 MApHUKO-
Boro a¢dekra nmpuxogurcsi okono 90%, ocranbHOE
MIOBBILIEHUE TPOM30ILIO 32 CYET aJIBEKTHBHO-PA/a-
LMOHHOTO pa3orpesBa arMocgepsbl. Y MOJroca aBeK-
TUBHBII BKJIAJ B (hOPMUPOBAHNE COBPEMEHHOTO Tep-
MHMUYECKOro pexuMa cocTtaBiser /7%, a Ha JI0Jo
napHuKoBoro aggekra npuxoautcst 23% npu cym-
MapHOM TOBBILIEHUM TEMNEpaTypbl y MOMOCAa Ha
86.28 K 0THOCHTENILHO pekrMa JIy4rCTOrO PaBHOBE-
cus. Ilpu 3TOM NapHUKOBBIA 3(PEKT yCUTUBAECT
BKJIQ/] 3/IBEKLIMM B CyMMApPHBIil pa30rpeB aTMOCephl.

B nanbHeiiiem BbIBOJbI 00 ONpPEEISFoLLEi posu
aJIBEKLIMM Terjia aTMOC(EPHON LMPKYIALKen B yCH-
JIEHUM MOTEIUIeHNs] B APKTHKE ObUTU NMOATBEP>K/IECHbI
B psifie pa6or (Alexeev et al., 2005; Cai, 2005; 2006)
C WCMOJIb30BAaHMEM 3SHEProOaaHCOBBIX MOJeNel 1
MOJIENN 001Iel uUpKysumu atMocdepbl. Heckonbko
panee Holland and Bitz (2003) Hauwm no pe3ysbra-
TaM mobanbHbIX Mopiesein u3 CMIP3, uto yBenuue-
HME OKEaHWYEeCKOro MEPeHOCa B BHICOKUE HIMPOThI U
yBeJMUYeHne OOJIAYHOCTU TaK>Ke 3HAUMMO KOppelu-
POBaHHbI APKTUYECKUM YCUJICHUEM.

X 0TSl MHOTHE UCCIIEIOBATEIIN PA3JIENSIOT TOTUKY
3pEeHUs1 O PelIaoLel PO aIBEKTUBHOIO MEpeHoca
TEemJia ¥ BJaru B BbICOKME LIMPOThI B Pa3BUTHE apK-
TUYECKOrO MOTEIUIEHUS, UCCIIEI0OBAHUS B 3TOM Ha-
npasiieHnn mpofosskatoTcs. B pa6ore (Holland,
Bitz, 2003) yTBepskmaeTcsi, 4TO OCHOBHbBIE TPUYHHbBI
YCUJIEHHSI OCTAIOTCSI HEM3BECTHLIMU. TeM He MeHee,
aBTOPBI MPEINONATraoT, YTO NMPUUYMHAMM TaKoro e-
HOMEHa MOTYT ObITh U3MEHEHMsI B IMPKYJISILUU OKea-
Ha ¥ aTMOC(epbl.

OcCHOBHasl NPUYMHA OCTAIOLMXCS PACXOXKACHUI
B OLIEHKE NMPUYMH YCUJICHUS! CBSI3aHa C TEM, YTO YCU-
JIeHUe UMPKYJISILMK U IEPEHOCOB BEJIET K MOSIBJICHUIO
MOJIOXKUTEJIbHBIX OOPaTHBIX CBSA3€H, KOTOpPbIE MpHU-
HMMAIOTCS 3a IVIaBHble pakTophl ycuneHus. K atum
00paTHBIM CBSA35IM OTHOCUTCS, TIPEXK/E BCEro, COKpa-
LIEHKWE TUIOLAAM U CIUIOYEHHOCTH MOPCKOTO JbJa U
yBEJIMUEHNE TIPOCTPAHCTB OTKPBLITON BOJbI B KOHIIE

—p—
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neTHero nepuopa. [pyrasi BaxkHasi oOpaTHasi CBSI3b
NOSIBJISIETCS C YBEJIMYEHUEM NOCTYIUIEHUS BJIary Npu
YCWIEHUM aJBEKTUBHOI'O TMEPEHOCa, YyBEJIMYMUBasi
NPUTOK JITMHHOBOJHOBOW pammatuu ([IBP) k mno-
BEPXHOCTU

Hanpumep, aBropsl pa6ot (Screen, Simmonds,
2010; Screen et al., 2012) npunuChHIBAIOT ITTaBHYIO
pOJib B YCUJIEHUM MOTEIUIEHUs B APKTHKE COKpallle-
HMIO TUIOLIA/IM MOPCKOIO JIbJla, MPU3HABasl, YTO yBe-
JIMYEHUE COIEP>KaHUsI BOJSIHOTO Napa B aTMocgepe B
pe3yabraTe COKpalleHUsl JIEISHOTO MOKPOBa MOXET
YCUJIUTh MOTEMNJIEHUE JIETOM U B Havyasie oceHu. Ofi-
HAKO, TPEH/Ibl CPEIHEMECSIUHON TEMIIEPATY Pbl BO3Y-
Xa B ApKTHKe, OlleHeHHbIe B padore (Asiekcees u ip.,
2011) He NOATBEPXKIAIOT YCUIICHUSI B 3TH MECSILIbI, a
MOKa3bIBAIOT MAaKCUMAJILHOE YCUJIEHUE TIO3/IHEN Oce-
HbIO M B HaYaJle 3UMBbI.

Miller et al. (2007) ucnonb30Baju ri06aTbHY O
MOJIeJIb KJIMMaTa J1s1 OLEHKU U3MEHEHUI 0OpaTHBIX
CBSI3€ll B APKTUYECKON KIMMATUYECKON CUCTEME U
HAllIM, YTO POCT TEMIEPATYPbl CONPOBOXKAECTCS
YBEJIMUYEHHUEM COJIEP>KAHUSI BOJISTHOIO Mapa, pOCTOM
00JJaYHOCTU U ONTUYECKON TOJILMHBLI OOJaKOB U,
COOTBETCTBEHHO, YBEJIMUEHUEM MTOTOKA HANpPaBJIEH-
HOW BHU3 [IJIMHHOBOJIHOBO¥ pajuauuu. [JaHHbIe Ha-
omonrennii (Francis et al., 2005) nogrBepkaatoT
3HauMTEeNbHbIM BKIaa [IBP B oTcTyniieHue nensiHo-
ro MOKPOBa OT NOOEPEXKbs1 B JIETHUI C€30H. B TO xe
Bpemsi aBTopbl padotel (Langen et al., 2012) cum-
TAOT, YTO 0OpaTHas CBSA3b C BOJSIHBIM MapoM cama
1o ce6e He BefIeT K MOJISIPHOMY YCUJIEHUIO, HO Y/IBa-
MBaeT 4YyBCTBUTEJIBLHOCTb KJIIMMATa, KaK B BBICOKMX,
Tak U B HU3KUX mmpoTax. OgHako, Holland, Bitz
(2003) Hatum, 9To yBEeJMUEHNE OOIAYHOCTH B IVIO-
OaNbHON MOJIENIM TOJIOXKUTEIILHO KOPPENupyeT C
apkTUYecknM ycwienneM. Panee Winton (2006)
NpUIIeIT K BLIBOJIY HA OCHOBE pe3yibraTtoB 12 rio-
OaJbHBIX MOJIEJIEN KJIMMATa, YTO ajibOe/iHast oopaTt-
Hasl CBSI3b BIIMSIET, HO HE SIBJISIETCSI OCHOBHOM MpU-
YMHOW YCUJICHUS.

Takum 06pa3oM, MOKHO 3aKIIFOYUTh, YTO OCHOB-
Hasi polib aTMOC(EepHON LMPKYJISIMA B Pa3BUTUU U
YCUJIEHUH TIOTEIJIeHNs B APKTUKE HECOMHEHHa. Pas-
BUTHE HaOIIIOJAEMOr0 B HACTOSIILIEe BPeMsl MOTEIIe-
HUS KJIMMaTa APKTUKHU TaKKe CBS3aHO C U3MEHEHMUsI-
MU B PEXMME LMPKYJSALMU aTMOC(Epbl, KOTOpbIe
MIPOUCXOJIST MOJI BJMSIHUEM KaK €CTECTBEHHbIX, TaK U

AHTPOINOI€HHbIX NIOOATBHBIX BO3JIEACTBUM.
(211
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1.8.7. Mopckoii Jien: maomans u CjI04eHHOCTh

CokpaliieHre TIoaaM MOPCKOTO JIbja SIBIISICTCS
HanboJiee 00CyKIaeMbIM NPOSIBIICHUEM COBPEMEHHO-
ro NoTernyieHns B ApKTuke. B nepBom OLieHOYHOM J10-
kiaaae (OJ1_P®-1) 0630p M3MEHEHMiT MOPCKOTO Jiba
B Apkruke 3akanumBaics 2007 ropom, Korpa Obul
OTMeuYeH aGCOINFOTHBII HA TOT MOMEHT MUHUMYM
TUIOIIA/IA, 3aHSITOI MOPCKUM JIBIOM (TIPOTSIKEHHOCTh
mopckoro nbaa (ITMIT)) B centsiope. Ha koHer noc-
nenyroiero nsartuiaetnero nepuopa 2007-2012 rr,
3aBepiatoierocs: nogrorokou OJ1_Pd-2, npumien-
cs HOBbIN enje Oonee rmryOokuit Munumym [IMJI B
centsiope 2012 ropa. ITogoGHOrO COKpareHus MIo-
111 JIBJIOB He HAaOJFOAIOCh HUKOTYA paHee 3a Tie-
PHOJT HE TOJBKO MHCTPYMEHTAIILHBIX, HO JIFOOBIX CITY-
YaiiHbIX U MOMYTHBIX HAOIIOJICHUI CO BpeMeH MOsIB-
JICHUsI COBPEMEHHOT'O YeJIOBeKa B BHICOKHX IIMPOTAX.

Nwmerorpecst HanboJiee paHHUE OIEHKU Pacipo-
CTpaHEHUs JILJIOB OTHOCSTCS K akBaTopru CeBepHbIX
mopeii (Tpennanjckoe, Hopseskckoe u BapeHiieBo Mo-
psi) 1 npuneraronux paitonos (Vinje, 2001; Brinck et
al., 2003). VI3 aux BujHO, uto B nepuof ¢ 1920-x 1o
1940-e royibl MPOUCXOUIIO COKpAIIICHUE JIETHE TT0-
uray Jbaa B o6mactu ot 30° 3.1 o 70° B.JI. U K tOTy
ot 80° c.u1. JlaHHbIe O JeTHel miomanu jabga B Cu-
OUPCKUX apKTUYECKUX MOPSIX, IJIe TasiHKUE JIbJOB Jie-
TOM HanboJiee BEJIMKO, UMEIOTCS B BUJIE JICTIOBBIX KapT
¢ 1933 roga (Mahoney et al., 2008). Psiib1 cpepireit B
JIETHUE MECSIbl IJIOMIAAM JibjJa BOCCTAHOBJIEHBI C
1924 ropa (3axapos, 2004; ®posnos u p., 2005; 2007,

2011). Ouu nokaswiBarot (Pposios u fp., 2007; Asek-
ceeB u J1p., 20092a) TpeHy| Ha COKpallieHUe JIeTHel 10~
mwaq apga B 1924-1954 rr. B Cubupckux Mopsix
203 x 103 km2BTORI, a B 1977-2007 12 =25.2 % 103 kM2
B rof1. [Ipu atom B Kapckom Mope cokpailienue B nep-
BbII TIEPUOJl B /IBA Pa3a MPEBbICMIIO COKpAILEHNE BO
BTOPOI¥A.

CoBpeMeHHBIN MEPUOJ] COKPAIICHUS TUIOIIAIN
APKTUYECKOTO MOPCKOTO JIb/]a XOPOIIO IOKYMEHTHPO-
BaH MO JIAHHBIM U3MEPEHWIT CO CIyTHUKOB. [Ipou3Be-
JICHHbIC HA WX OCHOBE KOMIUICKTBI JIEOBbIX KapT U
BPEMEHHbIC Psijibl Pa3IMYHbIX XapaKTEPUCTUK MOP-
CKOT'O JIE[ITHOTO MOKPOBA aHAIM3NPOBAINCH BO MHO-
rux padorax (Cwmomsamiknit, 2003; Johannessen et
al., 2004; Stroeve et al., 2007; Comiso et al., 2008;
Kwok, Rothrock, 2009; ®posnos u ap., 2011). B pa6o-
te (AnekceeB u ip., 2011) ObLIM NOKa3aHbI U3MEHE-
HUSI TUTOIIAJH, 3aHSITOM JIbJAMK B CEHTSIOpe B APKTH-
ke 1 B Cubupckux apkrrmdeckux Mopsix mo 2010 roj.
CooTBeTCTBYIOLIMIA PUCYHOK U3 3TON PabOThI IOMOJ-
veH nanabivu 2011-2013 . (puc. 1.8.4).

WmMerolimecs: Ha CErOiHS JIaHHbIE O MPOTSKEHHO-
CTH MOpcKuX JblaoB B CeBepHOM TONyLIaApUU
(Chapman, Walsh, 1993; Johannessen et al., 2000;
Rayner et al., 2003; http://nsidc.org/data/seaice_index/,
http://wdc.aari.ru/datasets/), B Ceeprom JleoBUTOM
oKkeaHe W apkThdeckux Mopsix (3axapos, 2004; dpo-
J10B 1 1p., 2007) noKpbIBaroT Meprofi ¢ Hayasia XX cTo-
JeTvs, Ho Jmib ¢ 1979 . OHM OCHOBaHBI Ha PETYIsIP-
HbIX HAOMIOIEHUsIX CO CIyTHUKOB. CpaBHEHUE psiioB
IIMJI, nosy4eHHbIX U3 Pa3HbIX UCTOYHUKOB U ISl Pa3-

1({);3 Km2
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1.8.4. CpepgHas nnowanb MOPCKOro nbaa B CeHTabpe B ApkTuke (cnesa,

no paHHbiM NSIDC

http://nsidc.org/data/seaice_index/index.html) n B Cubumpckmnx apkTtnyeckmux Mmopsx (cnpaea, no gaHHbiMm AAHUN
http://www.aari.nw.ru/) B 1980-2013 rr. lMyHKTUpHaaA KpmMBas — annpokcMmMauus noMHOMOM 3 CTErneHu.
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Puc. 1.8.5. PacnpeneneHune Cniao4YeHHOCTY fibAa BO BTOPOM nonoBuHe ceHTsadps B 2010, 2011 n 2012 rr. (JaHHble
canTta AAHUW http://www.aari.ru/projects/ECIMO/index.php).

HbIX paiioHoB CeBepHOro nosylapus NoKasblBaeT 3Ha-
YUTENIbHbIE PACXOX/EHUSI MEX/Y HUMHU B OT/IE/IbHbIE
Mecsitipl, ocobenHo o 1958 1. (Alekseev et al., 2007).
[Moce 1979 1. psinbl cTaHOBSITCST GIM3KUME MEK]TY CO-
0011, MOCKONIBbKY BCE OHM OCHOBaHbl Ha CITyTHMKOBBIX
HaOJIFOJICHUSIX.

B 3umHuil nepuop MOpPCKHE JbJbl MOKPbIBAIOT
6onbiryto yactb CeBepHoro JleoBUTOro okeaHa u
PacIpoCTPaHSIOTCS K 0Ty Ha OIPECHEHHBIE aKBATO-
puK MOpeil Ha KOHTHHEHTATLHOM Iiiesbge (3axapos,
1996). Jletom BBl COXpaHSIOTCSI B APKTHKE HA aK-
BaTOpUM APKTMYECKOro 0acceiiHa U B MPUIIEratoLnX
pafloHax apKTUYeCcKux mopei. MHoroneTHue musme-
Henust [IMJT B CeBepHOM noylIapuy XapakTepusy-
IOTCSl OTPULIATEJILHBIMU JIMHEVHBIMU TPEHAMU BO
BCE MECSILbI U B CPEHEM 3a I'OJl, C MAKCUMaJIbHbIMU
1o abCOMIOTHOIN BEIMYMHE KOI(P(PULMEHTaAMU B UIO-
ne—asrycte (Amekcees u ap., 2009a).

3umoit B CHOMPCKUX apKTUYECKHAX MOPSIX (MOpst
Kapckoe, JlanTeBbix, BocTouno-Cubupckoe n Hy-
KOTCKO€) JieJl 3aHUMAeT MPAKTUIECKH BCIO aKBATO-
puto. B ceHTsI0pe OH OoTCTynaeT Ha HauboJbllIee pac-
CTOSIHME OT NMoOepexkbsi. MHOTOJIeTHUE U3MEHEHUS B
9TOT NEPUOJ, JAIOT HAOOJIEE TOIHOE NMPEICTABIICHNE
o BoznercTeun noremienus Ha IIMJI. Conocragiie-
Hue TpeHoB [IMJI B apkTUUeCKUX MOPSIX 32 MOJHbII
nepuoy HaOuosieHnit, 3a 30-y1ieTHIe MepUofbI MOTEeTI-
JIeHUi B APKTHUKE U 32 TIOCJIEIHUE JIECSITh JIET yKa3bl-
BalOT Ha OJHO3HAYHYIO TEHJEHLUMIO K COKPALLECHUIO
ITMJI BO Bce paccMaTpuBaeMble NEPUOMBI C €€ yCU-
JIEHUEM K MOCJIeHEMY iecaTUneTuto 1t Cuoupckux
Mopeii B tesiom (Asekcees u ip., 2009a). Otpenb-
HbIE MOPS TaK>Ke MOKa3bIBAIOT YCKOPEHUE COKpallie-

nust I[IMJ1 B mocnemnee pecsatunerue. B 30-netue
1924-1954 rr. [IMJT cokpaijasiach CUJIbHee 10 CpaB-
Hernuto ¢ 30-netuem 1977-2007 rr. B Kapckom mope
U, B MEHbLIEN cTeneHu, B YHykoTckoM mope. OcoOeH-
HO 3HauuTenbHoe cokpawenne [IMII B Cubupckux
MOPSIX, TAKXKe KaK 1 BCEro JIe/ITHOrO MOKpOBa B ApK-
TUKE, TIPOUCXOIMJIO 3a TOCHefiHee iecsaTuiaeTre. 3a
10 et ¢ 1997 no 2007 rox [TMJI B ceHTsiOpe cokpa-
TUJIaCh B COOTBETCTBUMU C JIMHEHHBIMKA TPEHJAMHU Ha
26% Bo Bceit Apktuke u Ha 79% B Cubupckux mo-
psx. B To Bpemsi Kak 3a BeCh MEpPUOJ] CIy THUKOBBIX
Habmonenuii ¢ 1979 no 2007 rop cokpaiiieHre cocra-
B0 26.6% nmm 9.5% 3a 10 net st Beeit ApKTUKU
1 63% nm 16.6% 3a 10 net pst Cubupckux Mopeii.
TakuMm o6pa3zom, B aecstusierue 1997-2007 rr. mpo-
n3ouuo pe3koe cokpauienue [IMJI B ceHTsi0pe Kak B
ApKTHKE B LIEJIOM, Tak U B CHOMPCKUX apKTUYECKUX
MOPpSIX.

B mocnenHee aecsiTuiieTne OTMEUascs psi moc-
JIEOBATEIILHO YIITYOJISIOIMXCS] CEHTSIOPBCKUX MU-
HUMYMOB TuTotau Jbaa: B 2002, 2005, 2007 rr., 3a-
BEpLIMBLIMICS CaMbIM TIIyOOKMM MUHUMYMOM B
centsiope 2012 1. B centsiope 2012 r. cpenHsis TIio-
manb Jibga cocrasmia 3.61 MIIH KM2 ¢ MUHNMAJIb-
HbIM 3HaueHueM 3.37 MiH kM2 22-25 ceHTs0psi
(puc. 1.8.5).

B Cubupckux apkrudeckux mopsix (Kapckoe,
JlanreBbix, BocTouHo-Cubupckoe u HUykorckoe Mo-
pst) censiopbekast [IMIT nocnie 1998 ropa cokpariia-
nach eie 6osee ObicTpbiMu Temnamu o 2005 ropa.
B nocaenytomme rofpl ceHTSIOpbeKas IIOLA/Ib Jbja
Kose6seTcst okoso 250 Teic. kM2 B npefieniax ot 400
mo 132 Teic. kM2 .
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1.8.8. Tommuna apaa

TonmuyHa nba sSBAseTCs HAauboIee TPYAHBIM TS
MacCCOBBIX M3MEpPEHUI MapaMeTpOM MOPCKOTO Jiefisl-
Horo mokpoBa. OCHOBHOE BHMMaHUE ceivac yjemsi-
€TCsl Pa3BUTHIO JIUCTAHIMOHHBIX HEKOHTAKTHBIX Me-
TOJIOB €€ N3MEPEHMIA, KaK C JIeTaTeJbHbIX annapaTos,
TaK U C MOJIBOJIHBIX CY/IOB U 3asKOPEHHBIX MOJJIE]-
HBIX yCTaHOBOK. B 0606ieHnn aHHbIX 12 pericoB
17T B 1958-1992 rr. (McLaren et al., 1994) ne o6Ha-
PYKE€HO 3HAUMMOTO W3MEHEHWs TOJIIVHBLI Jiba B
OKOJTOTIOJIIOCHO! oGsiacT, a B pabore (Winsor,
2001) ne HaifleHO N3MEHEHMIT TOJIIMHBI Jibia ¢ 1991
no 1996 rop no panHbiM 6 muaBanumii [1J1 B paitone
mepupmana 150° 3.1. [TosnHee B pa6ote (Laxon et al.,
2003) He oGHAPY>KEHO YMEHBILEHNST TOJIIHHBI JTHI0B
B Apktuueckom 6acceiine 3a 1993-2001 rr. mo gaH-
HbIM CMyTHUKOBBIX U3MEPEHWil C MOMOIIbIO AJBTU-
MeTpa.

OpHako Ha OCHOBe 0oJjiee IMOJHOro 00O0OIICHUS
naHHbIX, coopanHbix I1JI B ApkTuueckom Oacceiine,
B crathe (Rothrock et al., 1999) naiineHo ymeHblire-
HME CpefiHell Mo GacceiiHy TOJIIMHBI Jibaa Ha 42% Kk

—p—

cepequde 1990-X rofoB OTHOCHTENILHO CpefHel 3a
1958-1977 rr. B pa6ore (Tucker et al., 2001) Takske
OOHapy>KeHO YMEHbIIIEHNE TOJIIMHBI JIba MO JIaH-
HbIM BeceHHux pericoB [1J1 ¢ 1976 no 1994 r., xoro-
poe MpUIIIOCh Ha MPOMEXYTOK ¢ cepefrnbl 1980-x
no Hadasno 1990-x rr. [IpeanonoskeHo, 4YTo yMeHbllle-
HHUE CBSI3aHO C YMEHBILIEHWEM IO MHOTOJIETHUX
JIbJIOB ¥ YBEJIMUYEHHUEM JI0JIU OO0Jiee TOHKUX JIbJIOB.

B pa6ore (Belchansky et al., 2008) npusejieHbI
OLICHKM M3MEHEHUI TONIVHBI JIbla B APKTHYECKOM
6acceiiHe MO JIaHHbIM CITYTHUKOBBIX HaOJIIOJIEHUI C
1982 no 2003 r. [MomyueHo, uro ¢ 1982 mo 1988 r.
CpeiHsIsl TONIIMHA JIbjIa B SIHBApe YBEJIMINBAJIACh, & C
1986 mo 1996 . — ymenbmanacey u ¢ 1986 no 2003 .
BHOBb BO3pacTaja, INIaBHbIM 00pa3oM, B LEHTPaIb-
HOI1 yacTy OacceiiHa.

B pa6orax (®posos u ap.. 2009; dposos, 2011)
MOKa3aHa BO3MOKHOCTb U TIPUBEJICHbI Pe3YJIbTaThl
WCTIONI30BAHUSI JIJIi MOHMUTOPHMHTA TOJIIMHBI MOp-
CKUX JIbJIOB TIOMYTHBIX U3MEPEHUid ¢ 60opTa JIeJOKO-
JIOB U JIPYTHX CYJIOB, CIIOCOOHBIX COBEpILATh IJIaBa-
HUEe BO JbAax. [IpuMeHeHrne TeIeBU3MOHHOTO KOMII-
Jekca sl (pUKCaluy M3MEPEHHi TO03BOJISIET CoOu-

[ToeTopsiemocTs, %
25+

20+

0-

10 50 90 130 170

B 2006 .

[J 1987 r.

ln . -
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Puc. 1.8.6. PacnpegeneHne TONAWMHBI POBHOIO fibAa B Mae Ha NyTu niaBaHWUsg aTOMHOro negokona “Yiman” B

2006 r. n atoMHoro nepokona “Cmnbupb” B 1987 r.
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paThb OOLIMPHBIE MACCHUBBI JAHHBIX O TOJIIMHAX JIbJIA
Ha MapuipyTax, nepecekarommx ApKTUYecKuil Oac-
CeilH B pa3HbIX HampasjeHusx. Ha ocHoBe cpaBHU-
TelbHOro aHamsa AanHbix 1977, 1987 u 2000-x rr.
ObUIO TOKAa3aHO COKpAIlleHUEe JOJM MHOTOJIETHUX
JBAOB B 2-3 pa3a M, COOTBETCTBEHHO, YMEHbBIIICHIE
CpefiHell MX TOJIIMHBI B APKTUYECKOM OacceiiHe K
2005-2006 rr. Ha 23% (puc. 1.8.6). IIpuuem 11 n3-
MeHeHus ipon3onm nocie 1987 .

AHanm3 pacripefieJIieHns] MHOTOJIETHErO Jibla B
saBape 1o 26-netHemy (1979-2004 rr.) psimy cmyT-
HUKOBBIX JIaHHbIX B padore (Belchansky et al., 2005)
OOHAPY>KWJI IJIOTHBIA ¥ COXPAHSIOLLMNCS MOCTOSTHHO
B LIEHTPAJIbHON 4acTU APKTUYECKOro OacceiHa Je-
JIOBbII1 MIOKPOB, OKPY>KEHHbII PaCIUMPSIOLIAMCS 00-
nacTsiMu (PIYKTYUPYIOLIETO0 OT Tojia TOAY JIe/ITHOrO
nokposa. [Tociie recsiTueTs: KBa3MpaBHOBECHS pe3-
KOE YMEHbIIIEHHE TUTOIIA I MHOTOJIETHETO JibJa Ha-
yanoch B 1989 ropy, Korjja apkTudeckast OCUyIIISIIST
C/IBUHYJIACh K MOJIOXKUTENbHON haze. XOTsh oOmmp-
HBIN OCTaBIIMiiCs Tocsie oceHn 1996 ropma omHOMET-
HWIA JIe]] TIOTHOCTBIO 3aMEHUIT 00JIaCTh MHOTOJIETHETO
JbA, TOCIEyIolIee U YCKOPHBIIEeCs YMEHbIICHEe
BEPHYJIO COKpAIL[EeHNE K PEKOPIHO HU3KOMY YPOBHIO.
HaunOonee gpamatyHOe COKpalieHUE MHOTOJIETHETO
nokpoBa npousouio B Bocrouno-Cubupckom, Hy-
KOTCKOM MOpsiX 1 B Mope Bodopra.

B crarbe (Yu et al., 2004) cpaBHuBarOTCSI (PyHK-
MU pacnpeyiesienust ToumHbl Jbia B 1958-1970 rr. u
1993-1997 rr. mo nanHbM M3Mepenuit I1J1. Pesynsra-
ThI TIOKA3bIBAOT, YTO OTHOCUTEJIbHASI YACTh OTKPBITOI
BOJIbI M OJfHOJIETHero Jbja yBemmumiack ¢ 0.19 po
0.30. DTo 6anancupyercst 11% cokpaienneM MHOIO-
JIETHETO M BCTOPOILIEHHOTO JibAa. CyIeCTBeHHbIE M0-
Tepy MPOMW30ILIM B TOJIIMHAX OoJjiee 2 METPOB TpH
yBeJmyeHnn KommdectBa 1-2 M npaa. O0beM Jbjia
TOJILIMHO MEHbBILE YeM 4 M OCTAeTCs OUTH O3 n3Me-
HeHMI, a o0IIuii 00beM coKparaeTcst moutu Ha 32%.

Ha ocHoBe HaGmofeHunit 3a TOMIUHON Mpunast Ha
0. XoneH B bapeHueBoM Mope mnojyyeHa OLEHKa
TpeHga aHoMauil TosuHbl Jbaa —0.11 M/10 Jer.
DTO cormacyercsi ¢ yMEHbIICHUeM MaKCHMaJIbHON
TOJIIIVHBI IPUTIasi, OBBIIIEHUEM TEMIIEPATYPbI BOJIbI
U TemIepaTypbl BO3J[yXa, COKpAICHUEM TMUIOLIAN
aboB (Gerland et al., 2008). Oxgnako paree B pa6o-
tax (Polyakov et al., 2002; Alekseev et al., 2007) ne
0GHapY>KeHO 3HAYMMOTO TPEH/A TOJIIWMHBI TpUMNas B
CuOupcKrx apKTUYECKUX MOPSIX.

—p—
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Hepnasuo Laxon et al. (2013) ucnosnb3ysi HoBble
IaHHbIE O TOJIIUHE JIb/Ia, MOJyYeHHbIe CO CIYyTHUKA
CryoSat-2, ouenuim o6beM sba st 3umbl 2010/11
1 2011/12 rr. CpaBHenue ¢ panneit (2003-2008 rr.)
oueHkor no panHbiM cnytHuka ICESat, nmokazano,
YTO OCEHBIO 00BEM Jibjja yMeHbIIWICs Ha 4292 km3, a
3uMoit Ha 1479 xkm3. OreHKa Mo MOJEIN ¢ aCCUMUIIS-
mueit (PIOMAS) mokaszana MeHbIliee COKpalleHHe

o0bemMa oceHbio (20644 kM3), HO Gosblliee 3UMOM
(2091 xm3).

1.8.9. Bausiromme (pakTopsl

OdeBHIHO, YTO MPUYMHA PE3KOTO COKPAIICHUS
KOJIMYECTBA APKTUYECKUX JIbAOB B KOHIE JIETHETO
nepuofia CBsi3aHa C TOTEIUIeHHeM Kinmata. UToObl
KOJIMYECTBEHHO OLCHUTh 3TY CBsI3b, B paboTax (AJte-
kceeB u jip., 2009a; 2010) paccunraHa KOppessityst
MEXKJ1y W3MEHEHUsSIMU JIeTHe MPUIIOBEPXHOCTHOM
TeMIepaTypoil BO3[lyXa U IUIOLA/bIO, 3aHATON MOpP-
CKUM JIbJIOM B ceHTs10pe. KoadppuuueHT Koppesnsumm
no gaaeM 3a 1979-2010 rr cocrasun —0.90, a mo
nmanabiM 1o 2012 1. Bkmountensio —0.94. Ouenkn,
BbIMOJIHEHHBIE B padore (Kymakos u nip., 2012) nHa
OCHOBE MOJIeJIMpOBaHusl u3MeHeHuil jetHen [TMJT
NOJT BJMSIHUEM TOTETJICHUS] M aTMOC(EpHOIT IUPKY-
JISILMY TIOATBEPAUIN, 4TO cokpaienue [IMJI B moc-
JIeIHUE JIECSITh JIeT 00YCIIOBJICHO, TTIABHBIM 00pa3oM,
MOBBIIIEHNEM TeMIepaTypbl BO3yXa.

Tem He menee, cokpatuenue [IMJI yacto cBa3bI-
BAIOT C WM3MEHEHUSIMU LUPKYJISALUU aTMOC(hepbI
(Bengtsson et al., 2004; Maslanik et al., 2007; Ogi et
al., 2008; Wang et al., 2009; Stroeve et al., 2011) nop
BJIMSIHUEM €CTECTBEHHOI M3MEHUMBOCTU U aHTPOIMO-
rexHoro copcunra (Overland et al., 2008; Min et al.,
2008). YacTh M3MECHEHHI B PACIpPE/eJICHIN TOJIINH
JIbJla TaK>Ke CBSI3bIBAIOT C HUPKYJISIUCH, MOBJIUSIB-
niell Ha yBeJIMUeHWEe SKCIOopTa Jiba Yepe3 MpOJIuB
dpama B konie 1980-x — B Havane 1990-x rr. Opna-
KO CYILIECTBEHHbBIIl C/IBUT THMKA B pacrpefie/ieHun
TOJNIIMH MPEANOJAraeT, YTO U3MEHEHUs] B TepMUye-
CKOM (pOpCHHIe ObIJIM TakK>Ke BaXKHbIM (DAKTOPOM B
HaOmoaBiemcst yroubinernn Jbaa (Yu et al., 2004).

C npyroit croponsl, Overland et al. (2008) cuu-
TaloT, YTO HAOIOflaeMOe COKpallleHUe apKTUIECKOTro
MOPCKOT'O Jibjja TPEACTABISIETCS] PE3yJIBTaTOM COB-
MECTHOT'O BJIUSIHUSL TNI00ATILHOTO MOTEIJIEHUS U CITy-
YaiiHOro (pa30BOro COBMAJIEHNUsI COOCTBEHHOM KJIMMa-
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TAYECKON MOJIbl BO BHYTPEHHEN WM3MEHUMBOCTH B
KJMMaTuyeckoil cuctembl. Livina, Lenton (2012)
NONbITANUCH NpefcTaBUTh cokpatenue [IMJI B 2007
U B TIOCJIElyIOLMe Tofibl Kak OM(ypKaLMio B KIMMa-
THyeckoii cucteme. OHM 3aKIIFOYMIIM, YTO COKpallle-
HUE MOXKET ObITh BPEMEHHOI (MIepPeXOfHOI) 0cOOeH-
HOCTBIO U BIEpefin XK/yT MO0 BO3BpALLIEHUE K HOP-
MaJIbHOMY COCTOSIHMIO JIMOO ele Golbliee CoKpallie-
Hue. Opnako MIJIIT He sBnsieTCS KOHCEPBATMBHOWM
NOTEHUMAILHOI CUCTEMOM, 4 3aBUCUT MOJHOCTBIO OT
BHEIIIHETO BO3/ICHICTBUS, UTO TIOATBEPXKIACTCS €ro
CHIILHOI CBSI3BIO C TEMIIEpaTypoOil BO3AyXa.

JleTHee TasiHMEe apKTUYECKOTO MOPCKOTO Jibja B
CUIILHO CTETIeHM 3aBUCUT OT pacrpeyiesieHust IPUX0-
ASLLIEN COJIHEYHON pajualyy MeKAy OTPaXKeHHON 1
TIOIVIOILEHHOM JIBJOM U OKEAHOM YacTsMU. DTO pa3-
JieJIeHe UCTIbITHIBAET CE30HHbIe KOeOaHusl U 3HaUn-
TEJIbHYIO MEXKTOJIOBYIO M3MEHUMBOCTb. [aHHbIE 9KC-
nepumeHToB SHEBA 1997-1998 1T m janHble ckat-
tepoMeTpa QuikSCAT wu3 Toro e permoHa 3a
1999-2004 rr. nokassiator (Perovich et al., 2007a),
YTO CpeJHEee KOJIMYECTBO MOMIOLEHHON COJHEYHON
pajivanuy CHCTEMOU JIe[I-OKeaH C ampesisi 1Mo CeH-
Tsi6pb cocTaBmiio 900 MJI>k/M-2 cO 3HAUNTETBHBIMU
KosleGaHusiMU B Tipefiesiax ot 826 mo 1044 MIx/m-2,
KOTOpbIE 3aBUCST OT Hayaja TasiHus U caabo CBsiza-
HbI C TIPOJIOJIKUTEIBLHOCTBIO TasHUSI UM OKOHYAHU-
em TastHusi. Markus et al. (2009) ouennny n3meHenus
CPOKOB Hauaja TasiHMs 3aMep3aHusl M MPOJOJIKU-
TEJBHOCTb CE30HA TasiHUSI MO JaHHBIM HAOJIOIEHUI
co cnyTHukoB. PaccmarpuBamce 10 paitoHoB. Bo
BceX Kpome OXOTCKOro MOpsl TasHUe HAauMHAeTCs
panblie (TpeHn orpunareneH ot —1 go —7.3 nHeit 3a
10 net) a 3amep3anue nosxe (Tpenp g0 7 mHei 3a 10
set). JIost Bceit APKTUKHM JITMHA CE30HA TAsHUSI BO3-
pocna 3a 30 et npumepHo Ha 20 HEi.

Havano TasiHusi CTONb CWIIBHO BIIMSIET, MOTOMY
YTO Ha 3TO BPeMsl MPUXOAUTCS MAKCUMYM B TIPUTOKE
COJIHEYHOW pajMaliy U OTKJIOHEHHS 3TOr0 MOMEHTa
CKa3bIBAIOTCSl HA BCEM TEPUOJIEe TasHUSI Yepe3 Biusi-
HMe Ha anbbeno. IMeHHO Ha 3TOT nepuosi NPUXOANT-
Csl yBeJMUYEHUE MPUTOKA COJHe4HOoW papmauuu. [To-
JIyBEKOBOW TPEHJ] CYMMApPHOW COJIHEYHOW pafralyu
Ha KaHAJCKMX apKTUYECKUX CTaHuusx Anept, Pe3zo-
mot Beit 1 HyHaByT moka3seiBaeT pocT Ha 26.7% u
17.9% 3a pexangy rmaBHBIM 0Gpa3oM B Mae W HMIOHE
(Weston et al., 2007). Kak cnencrsue B paitone Ce-
BEPHOI'0 TOJIFOCA HA4Yajl0o BECEHHEro TasHWS B
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2002-2007 rr. oTMedanoch Ha 7 [HEN paHbIle, YeM
10 JJaHHBIM Jiperidyrolux ctaHuuil “CeBepHbIi Mo-
moc” B 1951-1987 rr. (Overland et al., 2008), a no-
noxuteibeble Tpenapl [ITB BecHoi, netom u oce-
HbIO NIPU SICHOM HeOe Ooubllie, YeM Npu 00JauHOM
(Liu et al., 2008).

O1i (HaKThl NPUJAOT 0COO0E 3HAYEHUE UCCIIe-
JIOBAHUIO TIPUYMH OTMEUYEHHbIX U3MEHEHUI B MPUTO-
K€ Telnja COJHEYHOH pajiuallii M UX MOCJECTBUI
TS JTefisiHOTO MoKpoBa ApkTuku. B padore (Francis
et al., 2005) Gosblmasi 4aCTh MEKTOJI0OBOI N3MEHUM-
BocTr (40% ) neTHel MIIOMA/IH JIbja TPUTICHIBAETCS
BIIMSIHAIO QHOMAJIM MPUXOASIECH JITTMHHOBOJHOBOW
pammanmu. Nicolaus et al. (2012) npencraBunu pe-
3yJbTaThl IIMPOKOMACIUTAOHBIX CINEKTPAJbHBIX W3-
MEPEHUI NPOHUKAIOLLEN IO/ Jief] COJIHEYHOW pajgua-
i B APKTHUECKOM OacceiiHe, MOATBepXK/aroiiye
BaXKHYIO POJIb U3MEHEHUI B PEKUME COIHEUHOI pa-
nuatyu. OHY HALLUIM, YTO TIPOHUKHOBEHUE MO OJIHO-
JIETHUH JIET MOYTHU B TPU pa3a OoJbliie, YeM MOJi MHO-
ronetuuit ieft (0.11 mporus 0.04) B pesynsrare 50%
MOKPBITUSI CHEXKHUIIAMU OJIHOJIETHErO Jibjja MPOTUB
23 % TOKpPBITHSI MHOTOJIETHETO JTbJA.

Perovich, Polashenski (2012) ormernmm, uTto
NPOUCXOASLLMIA CIBUT OT MHOT'OJIETHETO K OJHOJIET-
HEMY CE30HHOMY JIbJly B MOPCKOW APKTHKE BEJIET K
U3MEHEHUSIM B allbOe0 MOBEPXHOCTH Jibja. Ce30H-
HBI1 JIeJ] IO JAHHBIM HAGJIOfICHUI POXOAUT 7 CTauii
U3MEHEHUs abOeo: XONOHbIN CHET, TArOIIUi CHET,
00pa3oBaHue CHEXHMUL], YIITyOJIEHUN CHEKHUII, POCT
CHEXKHUI], OTKpPbITasl Bojla U 3amep3anue. B Hauane
TasiHUST aIbOEJJ0 CE30HHOTO Jibja MEHbILIE YeM MHO-
roJIeTHEro. DTO BeJIeT K YBEJIMUEHUIO TasHUS JIbja U
ee MPOHUKHOBeHUs 1of Jief. [loaToMy cyiBur B cTopo-
HY OJIHOJIETHErO JIbjla UMEET Ba’KHOE 3HaueHue JJis
OO/I>KeTa Teruia U MacChl JIbjla U NEPBUYHON MPOYK-
TUBHOCTM B BEpXHeM cJjoe okeaHa. Nussbaumer,
Pinker (2012) noka3ani Ha OCHOBE aHaJM3a JAHHBIX
O NPUXOAAILEN KOPOTKOBOJIIHOBOW pajiualyd Ha I10-
BEPXHOCTU APKTHUYECKOrO OKeaHa, YTO HAaUOOJIbLIUI
ee BKJIQJ B COKpAllleHUe IO JIba OTMEUYEeH B
utore 2005 . B 2007 . 061acTh HAaMOOJbINEH aKKY-
MYJISIIMU HE COBMAjaia ¢ OOJAaCTbiO HAMOOJBILEro
COKpaILIEHUEM JIbJa.

Bonpoc o BiustHuM Ha Aerpajialiiio MOPCKOTO Jie-
ISTHOTO MOKPOBa B APKTHKE MOBBILICHUS] TEMIIEPATY-
Pbl B MIOJTIOBEPXHOCTHOM CJIO€ BOJIbI B APKTUYECKOM
okeaHe ocTaeTcsi mpeaMeToM o6cyskaennst (Goosse
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et al., 2003; Timmermans et al., 2008; Shaw et al.,
2009; Lenn et al., 2009). Tem He MeHee, pUMeYa-
TeJbHA CUHXPOHHOCTb B Pa3BUTUM TMOTEIUVIEHUN B
ApPKTHKE U TOBBIIICHUI TeMMEepaTypbl aTJIaHTUYe-
CKOI1 BOfIbI B ApkTuueckoM Oaccefine (Polyakov et
al., 2004).

Jackson et al. (2012) ormeyaroT posb JIETHETO
nporpeBa B (POPMUPOBAHMU MOANOBEPXHOCTHOIO
TeMneparypHoro Makcumyma B Kanajackom 6acceiine,
KOTOPbIii 3MMOI MOXKET ObITh UICTOYHUKOM TOCTYTLIIEe-
HUSI TeIJia B MOJJIEHBIN CIIOW U 3aMeJJISITh HapacTa-
Hue nbaa. lITopMoBbIe yCciI0BUS CIOCOOCTBYIOT MOS-
BJICHUIO TeMmrepaTypHoro maxkcumyma. [Ipu Takux
ycIoBusix oOHapyskeHo norerienne 1o 0.06 rpaj.

B pa6ore (Zhang et al., 2004) no pe3ysbratam
pacyeToB Ha IMOOAIBHON COBMECTHOW MOJIENIUA LIMpP-
KYJISIIMU OKeaHa U Jibjla TMOJIy4YeHO, YTO YBEJIUeHNe
nputoka AB ¢ 1965 . cnocoGCTBYET MPOAOIKEHNIO
YTOHBIICHUS] apPKTUUECKUX JIbIoB ¢ 1966 rofa. B Ce-
BepHbIX Mopsax [IMJI neiicTBUTENBHO KOHTPOIUPY-
ercst U3MEHEHUSIMU TeMNepaTypbl BO/JIbI
(Schlichtholz, 2011). B wacTHOCTH, W3MEHYNBOCTH
neTHei Temneparypbl AB Ha Bxoie B bapeHueBo Mo-
pe KOHTpoOJMpyeT OKOJOo 75% 3UMHUX aHOMAJIU
[IMJI. ITpu aTom Ha anHoMasuu [TMJI 3umMoit BausitoT
anoMmanuu TIIO BecHOI M J€TOM, BO3HUWKILINE TIOJ
BJIMSIHUEM aTMOC(EPHOro (hOPCHUHTA.

Cpenu nocnefiCTBUI COKpAaIleH!s MIIOLIAIN JIbAa
B ApKTHKE ClielyeT OTMETUThb BIMSIHME Ha OajaHC
CO, B apkTHuecKkoii aTMocgepe. YBeIUueHue Mmpo-
CTPAHCTBAa OTKPBITOI BOJbI JIETOM B apKTUYECKHUX
Mopsix cnocoocTByeT mnorowennto CO, u3 aTtMmo-
cpepnl (Semiletov et al., 2004). 3umoit 3ToT NpO-
Hecc MpOoJIoJIXKAETCsl MOCPEACTBOM CTOKAa paccona,
conepxaiero CO, u3z armocdepbl, B MOJIECAHbIN
CION BOAbI TMpU OOpPa30BaHUM MOPCKOTO Jbja
(Anderson et al., 2004). HepaBHo Obli 3a(pUKCHPO-
BaH NPOTHUBOMNOJOXKHBIA MOTOK CO, ¢ MOBEPXHOCTU
HApacTaloIEero MOPCKOro Jbja B aTMocepy B pe-
3yJlbTaTe peakluu B paccosie Npu ONpEeleJeHHON
TeMrepaType, KOTopasi CONpOBOXK/IAeTCSl BbIEJIEHU-
em CO, (HepmamkoBckuit, Makiirrac, 2010; Miller et
al., 2011). DTu pe3ynsraThl MOATBEP3KIAIOT MPE/IIO-
JIOKEHWE O TPUYMHE POCTa aMIUIUTY/bl CE30HHBIX
kosiebanuit kKoHueHtpauun CO, B atmocdepe Haj
ApPKTUYECKUM OKEaHOM B pe3yJbTaTe YBeJIUYeHUU
obbema (popMUPOBAHUS MOPCKOTO JibJa 3UMOI
(Anekcees, Harypuoiit, 2007).
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1.8, KINAMAT ARPKTAKA

1.8.10. Mopckas cpena

IlepBble okeaHorpadpuyeckue usmepenust B Apk-
TUYECKOM OacceliHe ObUIN BBIMOJHEHbI YYaCTHUKAMU
Hopsexxckoil nosnisipHoii akcneaumu Ha “@pame” nop
pykoBocteom ®. Hancena B 1893-1896 rr. (Nansen,
1902). Dt m3MepeHnsi ObLTM TIPOJIOIKEHBI CITYCTSI
YeThIpe JiIecATUIeTUs1 Ha apendyronieit ctanumm “Ce-
BepHbI moroc” B 1937-1938 rr, 3aTeM ¢ Gopra Je-
nokosbHOTO Mapoxopa “Cepos” B 1937-1940 rr. u B
akcnenuuyy Ha [1oJroc OTHOCUTETBHON HEIOCTYITHO-
ctu Ha camonere H-169 BecHoit 1941 . (Iupiuos,
1944; JTubun, 1946; Byitnuuknii, 1951). Bropast Mu-
pOBasi BOIHA MpepBaja UCCIEI0BAHUS B IEHTPAIILHOM
ApxkTuke, HO yxe B KoHue 1940-x rr. onu 6buM BO-
300HOBIIEHBI B OecrpeleleHTHbIX MaciiTabax Boico-
KOUIMPOTHBLIMU BO3/1YLIHbIMU 3Kcnequuusimu “Cesep”,
POCCUICKUMM M aMEPUKAHCKUMU JIpeiipyrolumMu
CTaHUMSIMU. BonblMM 0CTUXKEHMEM Ha 9TOM 3Tare
UCCJIEIOBaHUS SIBUNIACh OKeaHorpaguyeckasi chbeMka
BCEro ApKTMYECKOro OacceiiHa, BBINOJHEHHAsl C IM0-
MOILIBIO aBUALMK B MPOJIOJKEHUE JIBYX BECEHHUX Ce-
30HOB 1955 1 1956 1. B 1973-1979 rT. 6b17M1 BBITION-
HEHbI CEMb TaKMX ChEMOK, CJIEIyIOUIMX APYT 32 ApY-
TOM C T'OJIOBBIM MHTEPBAJIOM C OOImmMM uuciioMm 1229
okeaHorpacpuuyeckux craHumil. ITonmydeHHnble okeaHo-
rpacuyeckue JjaHHble ObLIM MCIOJb30BaHbI MPU CO-
craBneHun Kapt B Atnace CesepHoro JlegoBuTtoro
okeana (1980) u Arnace Apkruku (1985). Okeano-
rpaduyeckue HaONOJIEHUsI C POCCUICKUX Jpeiidyro-
MUX CTaHuuil mnpopomkamuch go 1991 r u 3a
1937-1991 rr. Ha HUX OBIIM BBITIOJIHEHBI HAOFONEHS
Ha 1800 3oHMpoBaHusX. B xoje 3MMHUX OKeaHOrpa-
(pruecknx cbeMOK ¢ MOMOILIBIO aBUALMK TPOBOJUIINCH
HaoOmonerns Ha 7200 cramiusx. B neTHuit mepuopn
1950-1993 rr. BemMONHSAIMCH OKeaHOTrpauyecKue
CBHEMKHU CUOMPCKUX apKTUYECKMX MOpEil, B KOTOPbIX
ObLTH TIONTy4YeHbl TaHHble HabmoaeHnit Ha 31000 ctan-
muit. [Tocnie 1987 rona okeanorpacdudeckue HabmrOIe-
HUSl B APKTMYECKOM OKeaHe MPOBOAMIIUCH, TTTaBHBIM
o0pa3om, ¢ 6opra cypoB jefokoabHoro tumna CT]I-
30HJ]AMU C BBICOKMM pa3pelieHueM H3MEpPEeHUil Mo
BEPTUKAJIM U BbICOKOH TOYHOCTHIO. OKeaHorpacuye-
CKHE JJaHHbIE, COOpaHHbIE 32 MEpUOJ] HAOIOAEHUI B
ApKTUYECKMX BOjIaX, 0ObEJMHEHbI B 06a3e OKeaHorpa-
duueckux anubix AAHWW. B Heit copepxkarcs naH-
Hble 392 188 cranumit. O6uias naHpopMaIysi 00 ITOMH
0aze OKeaHOrpa(MUECKMX JIaHHbIX MOMENEHA Ha
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http://www.aari.nw.ru/projects/ECIMOt/ocean/. B
1997-1998 ropax coGpanHasi K TOMy BpeMeHU B Ga3e
nanubix AAHUU unpopmauust (279076 crauumii)
Oblla KCTOJIb30BaHA JIIsi COCTABJICHUS] KJIMMATUue-
ckux okeaHorpaguueckux ariacoB CesepHoro Jlefo-
BuToro okeana st 3umHero (EWG, 1997) u nernero
(EWG, 1998) ce3oHoB.

1.8.10.1. Bepxnuii caoti 8 Apkmuyeckom
bacceiine

Oco00GeHHOCTH TOPU3OHTAIILHOTO U BEPTUKAJIBHO-
O pacnpefiesieHnsl TeMIepaTyphbl, COJIEHOCTH U XUMHU-
YECKUX CBOWCTB BOJIbl B BEPXHEM C€J10€ APKTUYECKO-
ro OKeaHa onpefessieTcs: ero (hOpMMPOBAHUEM B pe-
3yJIbTaTe CMELMBAHUS TPECHON U MOPCKOIA BO/IbI TPU
aKTUBHOM Y4YaCTMM MPOLIECCOB 3UMHETO JIEI000pa3o-
BaHMs U JIETHETO TasiHUs. Pacrpesiesienne coleHoCcTH
BO/IbI B BEPXHEM CJI0e APKTHYECKOro OacceiiHa Brep-
Bble mpejicTasieHo A. ®. Tpemmukoseiv (1959) no
JIaHHBIM 3VMHUX HaOIIIOfIEHNIT BO BpeMs IperichoB Cy-
0B “@pam” (1894-1896) u “T. Cemor” (1936-1938),
cranuit “CeepHbiii omoc-17, (1937-1938) u “Ce-
BepHblIil ommoc-3” (1954-1955) n nabmtoneHuit, BbI-
nonHeHHbix akcneauumsivu “Cesep” (1948-1950).
A. ®. TpemHMKoB 00paTuil BHUMaHUE, BO-NIEPBbIX, HA
OTCYTCTBME SIBHBIX CJIEIOB PEUYHBbIX BOJ B ApKTHYe-
CKOM 0OacceiiHe, YTO yKa3bIBaeT Ha MX IOJHOE Nepe-
MEILMBAHUE C MOPCKMMU BOJJaMU B NpEJieax apKTh-
YECKUX MOpEN, BO-BTOPbIX, Ha O0JIee BLICOKME 3HaYe-
HHSI COJIEHOCTH BOJIM3M MaTEPUKOBOIO CKIIOHA MOpei
Bapenuesa, Kapckoro u JIanTeBbIx, yem K ceBepy OT
HuX. Ha 3Ty 0coOeHHOCTB pacnpeneneHnst COJIEHOCTH
BOJIbI B BEPXHEM CJI0€ APKTHYECKOro OaccefiHa yKa-
3ai1 panee H. H. 3y60B (1944) u 06bsicHnI ee mpowc-
XOXJIEHUE 3MMHMM TepeMelIMBaHUeM C HUXKelexkKa-
LIMMU aTJAHTUYECKUMU BoflaMu. B-TpeTbux, pacnpe-
JIJIEHUE COJIEHOCTH, TpeficTaBiaeHHoe A. @. Tpeunu-
KOBbIM, niofiTBepauiio Beiie 3a H. H. 3y6oBbiM, Hamm-
yre HaJ ueHTpoM KaHajicKoil KOTJI0BUHBI ApKTUYE-
cKoro 6acceifHa 0oJiee pacIpECHEHHO! BOJIbI, YEM Ha
ee nepucepun. Bee 3T 0COGEHHOCTH B MOJIE CONIEHO-
CTH BEPXHETO €J108 APKTHYECKOrO OacceitHa BOCIIPO-
W3BOJMJIMCH MO3[HEE HA €€ PaCIpEAelICHUsIX, MOy-
YEHHBIX 110 OO0JIEE TOJHBIM U AETAJILHBIM [JAHHBIM Ha-
OJTIOTIEHUTA.

3uMHee J1e000pa30BaHie BHOCHUT CYIIECTBEH-
HbIN BKJIaJ] B (pOPMUPOBAHUE BOJHBIX MAcC BEPXHETO

218>

—p—

cosi ApKTUYecKoro OacceiiHa, yiamsisi U3 HEero us-
OBITOK TMPECHON BOJbI U CMOCOOCTBYSI (DOPMUPOBA-
HMIO XOJIO/IHBbIX 3UMHUX BOJ] HA €0 HUXKHEW IPaHuLe.
O6aactn popmupoBaHusl TaKuxX BOJi ObuIM OOHApy-
>KEHBbI 110 JJAHHBIM OKeaHOrpahuyecKUx HaOIOeHUI
B BbICOKOIIMPOTHBIX BO3/YLIHBIX 3KCHEAULMUSIX
1969-1976 rr. (Hukudopos u ap., 1977; Huxudo-
pos, llInaiixep, 1980; ®posnos, pex., 2011). Onu pac-
noJiararoTcs Ha nepudepur ApKTUYECKOro 6acceiina
K ceBepy OoT ocTpoBoB 3emisi Ppanya-Hocuda, Ce-
BepHas 3emust, [pennangus n Kanagckoro apkruye-
CKOTro apxunesnara. 9T POME>KYyTOUYHbIE BOJIbI C T10-
HID>KEHHOH TeMIepaTypoil U 6oJiee BbICOKOI COJIEHO-
CTBIO, YEM B BEPXHEM CJI0€, 00pa3yeTcst 3UMOW Mpu
MHTEHCUBHOM JIEJ000pa30BaHNU CONPOBOXK/IAIOLM-
Csl KOHBEKTUBHBIM NepeMeLIMBAaHUEM, TITyOuHA KOTO-
POro I0CTUTAaeT BEPXHEN I'PaHULIbl BOJbI ATJaHTUYE-
cKoro mnpoucxoxjeHusi. OJHAKO CBHJIETEIbCTBA O
NPOHMKHOBEHUM XOJIO[HBIX 3UMHMX BOJ| B OoJiee Iity-
Ookwe cyion BechbMa HemMHorourcieHHbl (Quadfasel et
al, 1988; Tomosun, 1993; Aagaard, 1996). Kak npa-
BUJIO, XOJIO/IHbIE MTPOME>KYTOUYHbIE BOJIbI HE MEepeMe-
LIMBAIOTCSl C BOJOW aTJIAHTMYECKOTO MPOMCXOXKJIEe-
HUS, @ paclpOCTPAHSETCS HAJ| HEW Ha CEBEP OT pau-
OHOB 00pa30BaHuUsl, COXPaHsIsl CBOM XapaKTEPUCTUKU.
B 1990-e rogpl 0TMEYEHO MCUYE3HOBEHUE ITOTO XO-
JIOTHOTO TMPOMEXYTOYHOro ciioss B EBpazuiickom
6acceiine (Steel, Boyd, 1998).

1.8.10.2. IIpecnasn 6ooa 6 epxnem caoe

[TpuTok nmpecHoi Bojibl B APKTHKY U €€ CTOK U3
APKTHYECKOro OKeaHa COCTABJISIIOT JIMIIb YacTh U3-
ObITKa MPECHOI1 BOJIbI B €0 BEPXHEM CJloe, Oiaroyia-
Pl KOTOPOMY COXPaHSIFOTCSI MOPCKHE JIbAbL. UTOObI
OLICHUThb BECh M30BITOK MPECHON BOJIbI HEOOXOIUMO
paccumMTaTh ee Coiep>KaHNe OTHOCHTEJIbHO HEKOTO-
pO¥1 anpuopy 3aJaHHON cosieHoCcTu. B KauyecTse Ta-
Kol otcueTHol coneHoctu Aagaard and Carmack
(1989) npepoXuaM HUCMONB30BATh COJECHOCTD
34.80%o. Takoil BbIGOp MMeeT Ty 60K1ii (hU3nIecKuit
CMBICJI, TIOCKOJIBKY 3Ta BeJIMUMHA OM3Ka K KpUTHYe-
CKOMY 3HauyeHuto coseHoct (npumepHo 34.82%o
(Anekcees, Kopa6ies, 1994; Anekcees u jp., 1995),
KOTOpOE DAa3fiesisieT PeXUMbl TIIyOOKOW M MEJKOMN
KOHBEKIIMM B LEHTPAIbHON 4YacTu I[peHmanpckoro
MOpsI, CTPYKTYpPa BOJI KOTOPOI HMXKE BEPXHETO CIIO0s
OnM3Ka K CTPYKType BOJ APKTHYECKOro OacceiiHa.
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IIpn coneHocTr BOABI B BEPXHEM CJIO€, OIM3KON K
KPUTUYECKOMY 3HAYEHHIO, MOXKET JIeHICTBOBATH Me-
XaHU3M HU3KOTEMIEPATYPHON CXKMMAeMOCTH MOp-
CKOI1 BOJIbI, 00eCTIeYMBAIOLIMI NPOBAIMBAaHUE KOHBE-
KTUBHBIX IUIFOMOB JI0 Gonbiumx riyoun (Aagaard,
Carmack, 1989). C 310l TOUKM 3peHust COjiepKaHNE
NPECHOI BOJIbI B ciloe ¢ cosieHocThio MeHee 34.80%o
COCTaBJIsIeT U30bITOK MPECHOM BOJIbI, MOCIE ypale-
HMSI KOTOPOTO CTaHET BO3MOXHBIM INTyOOKOE KOHBE-
KTMBHOE NEPEMEILIMBAHNE U, CJIEJOBATENBHO, Oe31e/I-
HBbIIl peXKUM B APKTUYECKOM OKEaHe.

Paccuurannoe 3a 1955-1979 rr. cpenHee copep-
skanue npecHoit Bofibl (CIIB) B citoe Haji N30T aInHON
34.80%o nmokazbiBaet (Alekseev et al., 2000) makcu-
MyM B Kpyrosopote mopsi bogopra u nocrenenHoe
yMEHbLIECHUsI 10 HanpasieHnto K bapeHueBy Mopro u
nponmuBy ®pama. MakcumanbHas BeamunHa CIIB
¢hopmupyeTcsi COBMECTHBIM BKJIAJIOM CUJIBHOIO pac-
npecHeHust B BepxHeM 30-50 MeTpoBOM cJjioe U mpu-
TOKOM TUXOOKEAHCKUX BOJl, BIUSIHUE KOTOPBIX 3/1€Ch
3aMETHO /10 OosbIIoi TyOuHbI. Cloi, B KOTOPOM
OLIEHMBAJIOCh COJIEp>KaHUe TNPECHOI BOfbl, UMEET
tomuuHy ot 120 M B IpraTIaHTUYECKOI YacTh ApK-
Tiyeckoro 6acceina no 800 M max Kanamckoit KoT-
nosuHou. Pacnpenenenue CI1B no BepTukanu Takxe
HEOJJHOPOJTHO B 3THUX YaCTAX APKTHUYECKOrO OKeaHa:
B TMPUATIAHTMYECKON YACTH OCHOBHAsl €ro 4acTb
(60%) conepskurcst B Bepxuem 50 M ciioe, a Han Ka-
HAJICKO KOTJIOBUHOI B 3TOM CJI0€ HAXO[UTCS TOJIBKO
40% o61iero KoaMuecTBa NMPECHON Bojibl. B enom B
9TOI 001aCTU CKOHUEHTPUPOBAHO MOJ1 BO3ACHUCTBUEM
AHTULMKIJIOHMYECKON LUPKYJISUUM HauOoJbllee KO-
JIMYECTBO MPECHOI BOJIbI, @ PACHPECHEHHE 3]IECh MPO-
HUKaeT 70 nryouHsl 800 M, 9TO, MO-BUMMOMY, CBSI-
3aHO C €€ OIyCKaHUEM B LIEHTPE aHTULMKIOHNYECKO-
ro kpyrosopora (Tpemmnnkos, Bapanos, 1972).

Anami3 CIIB 3a 1955-1979 rr. moka3biBaeT He
TOJILKO €r0 MPOCTPAHCTBEHHYIO HEOTHOPOTHOCTh, HO
Y 3HAUUTENIbHYI0 M3MEHYMBOCTH OT TOfa K TOMY.
Mexrogosble n3meHenuns: CIIB B oTAeIbHBIX TOUKAX
B Kananckom kpyrosopore focturamu 10 m. Ocpen-
HEHUE 10 aKBaTOPUU APKTUUYECKOIO OKEaHa OLUECHKU
CIIB noka3bIBalOT €ro yMEHbIIEHUE OT NEPBOH KO
Bropoit mojioBuHe 1970-X rojmoB. DTO M3MEHEHUeE
HanboJee OTYETIMBO BbIpakeHO B BepxHeM S50 meT-
POBOM CJIO€, B KOTOPOM COCPEOTOYEHA ‘‘aKTHUBHAsI
yacth CIIB, yyacTBytolas B MEKCE30HHbIX (ha30-
BbIX NEpexofiax ‘“BOia—MOPCKOM Jie[l”, MOCKOJIbKY
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3TOT CJION HaXOJUTCS B Mpefiesiax r1yOuHbI 3UMHETO
KOHBEKTHMBHOTO mNepemelnBaHus. B wactHocTH, B
obusiactu K cesepy oT [pennangum, oTkyna 6epeT Ha-
yano BocTtouno-Ipennajckoe TedyeHue, MpOU3O0IIO0
3aMETHOE TMOBbILIEHUE COJICHOCTH OT MEpPBOW MOJIO-
BuHbl nepuona (1955-1975 rr) ko Bropoii
(1976-1979 rr.), paBHoe B cpefrem 0.84%.

V3MeHeHust B pacrpefiesieHut COfIep>KaHus mpe-
cuoit Bofgpl (CITB) B BepxHeM ciioe APKTHYECKOTO
OacceiiHa Tak>Ke MOKa3bIBAIOT KOJeOaHUEe MEXKIy
nBymst Makcumymamu — B 1920-1930-e . u B coBpe-
MeHHbII iepuop ocsie 1990 ., KoTopbie pasfeneHbl
nonkeHHbiM CIIB B 1940-1970-¢ roast (Polyakov
et al., 2008; ®posnos, pes., 2011). ABTOpBI CUUTAIOT,
YTO KIIFOYEBbIM (DAKTOPOM 3THX U3MEHEHUI SIBIISICT-
cst aTMoc(pepHasi UMPKYJISILMS, BbI3bIBArOLIas Kolle-
OaHMs1 KCIIOPTA MPECHON BOMbI U JIba U3 ApKTHYe-
CKOro 6acceiiHa. JTO MOJIOXKEHUE paHee BbIIBUTAIN
aBropel padotsl (Karcher et al., 2005). Opyras Tou-
Ka 3peHusi Ha npuunHy konebanuii CIIB B BepxHem
cjoe ApKTUYECKOro OacceiiHa COfiep>XKUTCsl B pabo-
tax (Hakkinen, Proshutinsky, 2004; Alekseev et al.,
2009). B HEX Tpe/moIaraeTcsi, YTo yBeIMIeHNe TPH-
TOKa aTJIAHTUYECKON BOJbI B APKTUYECKUI 0aCCeliH,
BbI3bIBAET ycuiieHne croka [1B u3 Hero.

Kak orMeuanoch Bhlllie, HauOOJIbIlIee MOTEIIe-
Hue B cjioe AB B paccmaTpuBaemblii mepuoj npo-
M301JI0 B OCHOBHOM TOTOKe AB BJIO/Ib MaTepUKO-
BOT'O CKJIOHA, & BEPXHsIS T'PaHULA CJIOsl MOJHSIIACh
MOBCEMECTHO, HO GoJtee Bcero (Ha 60-80 M.) B 1eH-
TPaJbHOIM YaCTU B LEHTPAIbHON 4YacTH ApKTHYe-
ckoro OacceilHa. BcnepctBue aTMX M3MEHEHUI B
BEPTUKAJILHON CTPYKTYpe BOAHBIX Macc TOJNLIMHA
BEPXHEr0 ONPECHEHHOIO CJIOS apKTUYECKON BOfbI
YMEHBIIWJIACh HaJl 00JIaCTSIMA MaKCUMAJIBHOTO TIO-
TETUJICHUs ¥ IOJTheMa BepXHel rpanulipbl ciosi AB u,
KaK CIIE[ICTBUE, 371eChb YMEHBIIUJIOCh COfIep>KaHue
npecHoi BoAbl B cioe Haj uzoxanuHon 34.80%o
(Anekcees u jp., 20096; 2010). ITpousomuwio nepe-
pacnpepiesieHre “n30bITKa” MPECHON BOJbl B BEPX-
HeM cijioe ApPKTHYECKOro OacceiiHa, B pe3yibTaTe
KOTOPOT0 YBEJIMYUJIOCH €€ KOJIIMYECTBO B aKBaTO-
puu, nmpuieraroieil K ocrpopam Kanajickoro apxu-
nenara u Assicku (puc. 1.6 u3 (Anekcee u fp.,
2010)), 9ro BefeT K yBEJIMYEHUIO CTOKA MPECHOM
BOJbI uepe3 npoauBbl B KanajgckoM apxumnenare.
[TpruemM OTMeuYeHHbIE M3MEHEHUSI YCUIIMBAJINCh OT

1990-x x 2000-Mm rogam.
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B 3umHuit ieprop (¢ OKTSOps 10 Mail) OCHOBHAs
Macca NpecHOl BOJIbI OT JIETHETO TasiHKsI BbIMEP3aeT,
ITIaBHBIM 00pa3oM, 3a cueT (POPMUPOBAHUST MOJIOMIBIX
JIbJIOB, KOTOpPbIE OOJbIIEH YaCThIO BHITOPAIIMBAOTCS
TIPY MHTEHCUBHBIX JBVKEHUSIX JPEiyIOIMX JIHIOB.
W3mepenusi HapacTaHUsi MHOTOJIETHHUX JIJIOB B 3UM-
HUI1 TIEPUOJ] BMECTE C OLIEHKaMK OCOJIOHEHHsI BEpXHe-
IO CJI0s TOKA3bIBAIOT, YTO TPOLECC BbIMEP3aHUs TIpe-
CHO¥ BOJIbI B OOITBbILIEN CTENIEHN CBSI3aH C HapAaCTaHUEM
MOJIOfIbIX JIBJIOB, YEM C YBEJIMYEHHEM TOJIIIMHBI CTa-
pbIX Jb/10B. HapacTanue bI0B Ha HUKHEN MOBEPXHO-
CTH MHOTOJIETHUX JIbJIOB TIO JIaHHBIM TOJIBOJTHBIX Ha-
6moneHuit Ha aperidyrouei ctanuuu “Cesepbliii [To-
moc-22” B Tevenue 3umMbl cocTaBuno 20-30 cm (Tpu-
weHko, 1981).

CpepnHsisi BEeIMUMHA HAPACTAHUSI HA OCTATOYHBIX
Jbiax ApkTuueckoro 6acceitna ouenubaetcs B 50 cm
3a 3umunii nepuoy (Tpemnnkos, Bapanos, 1972). B
TO K€ BpeMsl MO JJaHHbIM HAOIIIOfIeHNI 32 3UMHUAM
OCOJIOHEHHEM BOJIbI B BEPXHEM CJI0e APKTHYECKOTO
GacceilHa CyMMapHOe HapacTaHue JIba 3UMOH Olle-
unBaetcst Besmumaoin 180-200 cm  (TpemniHukos,
1959; Anekcees, Bysyes, 1973). PacuersI cpejHero
00bEMa MOPCKOTO JTbj/Ia, HAXOMSILETOCs] Ha TIOBEPX-
HOCTH APKTHYECKOro OKeaHa B Teuenue rojia (JleGe-
nieB, Ypanos, 1981; Alekseev et al., 2000) fatot 06b-
eM cTasiBIIero Jibga okoao 7000 km3., a 3MMHEro Ha-
pactanusi okoso 9800 km3. PaznocTs B 2800 kM3 co-
OTBETCTBYET CPEIHEMY BBIHOCY JIbJa Yepe3 MpOIIUB
®pama (Vinje, 2000). CTOK MpecHOi BOABI B XKHJI-
KOM BHJIE OLIEHMBAETCS CPEHEl BEJIMYMHON OKOJIO
500 km3 (Aagaard, Carmack, 1989). Onnako, s1a Be-
JMYMHA TIOfIBEP>KEHA 3HAYMTEIBHBIM MEXKTOOBBIM
KOJIeOAHMSIM BCIIE/ICTBHE TIEPEMEHHBIX YCIIOBHI JIET-
HEro TasiHusl B ApKTHKe.

HauOonee sipkuM crnecTBUEM yBEMUYEHUS CTOKA
NPEeCHOM BOJIbI U3 APKTUYECKOrO OKeaHa ObLI0 CUJTb-
HOe pacnpecHeHue B BepxHeM ciioe CeBepHoil AT-
na"Tuk, B 1963-1973 rr., Ha3BaHHOE BEJIMKOM COJle-
HocTHO! anomasment (Dickson et. al., 1988). Mccae-
JIOBATEJNM, PACCMATPUBABILINE ITOT (PEHOMEH, yKa3bl-
BAIOT HA UCTOKM aHOMAJMU B APKTHYECKOM OKEaHe
(nanpumep, (Mysak et. al., 1990; Hakkinen, 1993).
OnHako mponecchl, OTBETCTBEHHbIE 32 (DOPMHUpPOBa-
HU€ aHOMAJWi, OHM OTIPEJIENISIOT MO-Pa3HOMY — OT
M3MEHEHNI B IMPKYJSIIUKA aTMocepbl Hajl ApKTH-
KOl M, COOTBETCTBEHHO, /Ipeiha MOPCKUX JIHAOB U
CKOPOCTU TEYEHWII B BEPXHEM CJIO€ 10 yBEJIMUCHUS
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cToka peku Makkensu B 1960-e rogpl. Bee atn dak-
TOPbI HA CaMOM JIeJIe Y4acTBOBAJIM B (DOPMUPOBAHUN
WU3MEHEHUIA B apKTUYECKON KIIMMATUYECKON CUCTEME
B 1960-e¢ ronpl. OpHako, OHM ObUTM TIPOSIBICHUEM
JIETHEro, NOTeNnJeHus] B APKTUKE B MEPUOJ] C KOHLA
1950-x mo cepemuny 1960-x ropgoB, KoTopoe conpo-
BOXK/IaJIOCh YCUJIEHUEM TasiHUSI CHEera U JIbJla, YBEJIU-
YEHUEM CTOKA C OKPYXKAIOLIMX MATEPUKOB, U3MEHe-
HUSIMU B aTMOC(EepHON LMPKYJISILUMKA HAJl ApKTHYe-
CKUM OKeaHOM. OCOOEHHOCTSIMU Pa3BUTHUSI COJIEHO-
ctHo anomaimn B 1960-X ropax ObLIO, BO-TIEPBBIX,
ee NepBoe NPOsIBIEHUE B IOHUXKEHUH COJIEHOCTU BO-
bl B BEPXHEM CJI0€ BOJIbI K ceBepy oT Vcnanauu ne-
tom 1963 1. (Steffansson, 1969). Bo-BropbIx, o 1aH-
HbIM, TpUBeficHHbIM B pabote (Malmberg, Blindhem,
1994), nanGonbliee NOHMKEHUE CONEHOCTH HAa TOPU-
3oHTe 50 M ObIIIO OTMEYEHO 31ech B 1969 1. B s10 Xe
BpeMsl, COMIacHO JjaHHbIM pab6orbl (Drinkwater,
1994), ormevanuch HanboNee HU3KKE 3HAYEHHST CO-
JIEHOCTHU M TeMIepaTypbl BO/IbI Y 3aMaJJHOro nodepe-
kb [pennanuu B paiione Fylla Bank B o6mactu 3a-
najHo-Ipennanackoro teueHnsi. ITo 00CTOATENLCT-
BO YKa3bIBAET HA MPAKTUYECKU OJHOBPEMEHHOE pa3-
BUTHE PACTIPECHEHMSI B 000OMX paiilOHaX W HABOJIUT Ha
MBICJTb O [IBYX MYTSIX MOCTYTJICHUS TPECHOI BOMbI 13
Apktrku B CeBepHyro ATIAHTUKY: Yepe3 MpOJIMBbI
dpama u [laTckoii ¢ BocToka u yepe3 mope baddu-
Ha 1 [13BUCOB NIPOJIUB C 3amaja.

AHanmu3 W3MEHEeHUI TeMrepaTypbl BO3[lyXa B
Apkruke 3a 1948-1996 rr. nokasbiBaeT, 4TO B
1957-1962 rr. oTMe4anoch HEOOBLIYHO BBICOKHE
TeMIepaTypbl BO3[lyXa JIETOM BOJIM3U MOOEpexXbs
ApPKTHYECKOro oKeaHa U, OCOOEHHO, BBICOKHE TeM-
nepaTtypel B paitoHe 3anagHoil Ipennanguu, mops
Bbadduna n npuneraromeit yvactn Kanajckoro ap-
xunesara. CpefiHsisi MHOTOJIETHSIS TEMIIEpaTypa BO3-
AyXa B 3TOW 0O0IACTH JIETOM HauOosiee HU3Kas BO
BCEll APKTHKE, U 3[IeCh CKANJIMBAETCS HauOOsbLIEe
KOJIMYECTBO CHETa W JibJla B 3UMHUI niepuof. bonb-
1IMe MOJIOXKUTENbHbIE AaHOMAJIMKM TeMIIEpaTypbl BO3-
liyXa 37echb CocoOCTBOBAIM UHTEHCUBHOMY JIETHE-
MY TasiHUIO U CTOKY MPECHOMN BOAbl B APKTUYECKUI
okeaH, Kanajickue nponusbl, Mope Badpduna u Iy-
30HOB 3a/mB. B 1990-e rr. cpennsisi Temneparypa
BO3JlyXa JIETOM B APKTUKE BHOBb 3HAYMTEJILHO I10-
BBICUJIAChH, U 3TO MPUBEJIO K (DOPMUPOBAHUIO B ApK-
TUKE HOBOIO paclnpecHstouiero ummyibca anst Ce-
BEPHOM ATJIAHTUKMU.

o
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1.8.10.3. Amaanmuueckasn 8ooa
68 Apkxmuyeckom bacceiine

[Mpurtok atnanTuveckoit Bofbl (AB) B ApKTUKY
COCTaBJISIET HEOOXOIMMYIO COCTABJISIIOLLYIO B hop-
MUPOBAHMU MNIOOATILHOTO OKEAHNYECKOr0 KOHBEepa.
Ota Boja pacnpoctpansieTcs: no akBaropuu Cesep-
HbIX MOpEN W MPOHUKAET B APKTHYECKHI OacceiH,
/I 3aHUMAET MOJIMOBEPXHOCTHBIN CIION HA MTyOUHAX
or 50 mo 800 meTpos (Tumodpeer, 1960; Armac Ce-
BepHOro..., 1980; EWG, 1997; 1998). Arnantude-
CKasl BOJia SIBJISIETCSl BaXKHbIM MCTOYHMKOM TeIula B
NPUATIIAHTUYECKOM CEKTOpe APKTUKU U MCTOYHU-
KOM COJIM i1 apKTUYECKUX BOJ, MOABEPraroLUXCs
NOCTOSTHHOMY PaCIPECHSIIOLLEMY BO3JieiicTBUIO. Ee
MPUCYTCTBUE CTUMYJIMPYET Pa3BUTUE TepeMelrBa-
HUSl, BKJItOYasl TyOOKYIO0 KOHBEKLMIO, (hopMUpOBa-
HME HOBBIX BOJHBIX MAacc U POCT OMONPOAYKTUBHO-
CTU BEpPXHEro MEPEeMEILIaHHOIO CJIOs Ha aKBAaTOPUU
ceBepHbIX Mopeil. Cnalblil, HO OCTOSIHHBIN MPUTOK
TeMJIa OT CJI0s ATJIIAHTUYECKON BOJIbI B BEPXHUIA CIIOM
ApkTHryeckoro 6acceiiHa OrpaHMYMBAET 3UMHEE Ha-
pactanue Jbja. B 3TOi CBSI3M NMPUTOK aTiIaHTUYe-
CKO¥ BOJIbI SIBJISIETCS BAXKHBIM KIIMMATOOOPA3y LM
NPOLECCOM B apKTUYECKON KJIMMATUYECKOW CHUCTE-
M€, a €r0 U3MEHEHUSI OKA3bIBAIOT BIIMSHUE HE TOJIBKO
Ha KJIMMaT B ApKTHKE, HO U 3a €€ MpefesiaMH.

Atnantuyeckass Bojia noctynaetT B CeBepHble
Mopst yepe3 Papepo-Illernanackuin u Papepo-Hc-
JIAH[ICKW# TpOJuBbL. B ceBEepO-BOCTOYHOV YacTu
Hopgezkckoro Mopsi NOTOK aTIaHTUYECKUX BOJ pa3-
IeJIIeTCs Ha JIB€ BETBU. 3amajiHasi BETBb, (DOPMUPY-
folIasl Teble U cosieHble Bojbl 3anaaHo-UInuuoep-
FEHCKOro TeueHusi, Bxogut B AB uepe3 nponus ®Ppa-
Ma U ABMXKETCS BAOJb KOHTUHEHTAILHOTO CKJIOHA Ha
BOCTOK, (QOpMHUPYSI LMKJIOHUYECKUE KPYyTrOBOPOTHI
HaJ] M1yOOKOBOJHBIMU KOTJIOBUHAMM LEHTPAIBHOIO
ApkTtuyeckoro 6acceitHa. IMEHHO 3TOT NOTOK nepe-
HOCUT OCHOBHOE€ TEIJIO B MOANOBEPXHOCTHBIN CJION
ApkTHueckoro 6acceiiHa B CUTy €ro U30JIsIuu OT aT-
Mocepbl U 0CIabJEHHOTO MEPEMELINBAHUS C OKPY-
>KaroUMMU BOJIaMMU.

AHanM3 OKEaHOJOTMYECKUX [IaHHbIX, MOJyyae-
MBIX 9KCNEUIMSMU B APKTUUECKOM OacceiiHe BIUIOTh
mo koHma 1980-x rojioB, He JlaBal OCHOBAHHUI YCOM-
HUTBCS B YCTOMYMBOCTU KJIMMATUYECKOIO PeKMMa
AB, ycranosnenHoro st iepuosia 1950-1980 rr. Opi-
Hako B Havasie 1990-X rofioB NoCTyNuIIN NepBbie CBe-
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JICHUsI O HEOOBIYHO BBICOKKX Temreparypax (1o cpas-
HEHMIO C MX KJIMMATHYECKUMH 3HAUCHUSIMH) B CJIOE
BOJIbI ATJIAHTUYECKOTO TPOMCXOXKJIEHUS] K CEeBEpy OT
Kapckoro mopst (Quadfasel, 1991).

Jlerom 1993 r. HaGmofeHus ¢ Gopra JeoKoIa
“[TonapuirepH” MOATBEPAUIN TOBBILLIEHUE TEMIEPa-
TYpbl aTIaHTMYECKUX BOJ] B CEBEPHOIl YacTH MOPS
JlanreBbix (Schauer et al., 1995), a ¢ Gopra KaHajICKO-
ro aenokoda “Ienpu Jlapcen” — Takke U K CEBEPY OT
o. Bpanrenst (B Touke 76° 57 c.ur., 174° 08’ B.1.). B
3TON TOUKe TemrepaTypa okazanach 1.4°C (Carmack
et al., 1995) npu ee 06bIuHbIX 3HaYeHUsIX 31ech 0.6°C
(Armac CesepHoro..., 1980). B utone—asrycre 1994 .
aKcIeuLyeit Ha aefgokonax “Polar sea” u “Louis S.St-
Lourent”, BbINONHSIBUIMX TUAPOJIOTMYECKUN pa3pes
Bepunros nposnus — CeBepHblil nomoc — nposus Ppa-
Ma, 6b110 06Hapy>keHo noremieHue Ha 0.5-1°C B cioe
aTJIIAHTUYECKUX BOJI K ceBepy OoT UyKOoTcKoro Mopsi u
Haj| xpeorom JlomoHocoBa (Aagaard et al., 1996). B
paiione mojtHsTHst Astbpa (85° .., 155° 3.1.) nmerom
1998 1. 6b11a m3Mepena Temmeparypa 0.85°C; B Touke
88° c.m., 102° 3.1. oHa TpojioiKaNa COXPaHATHCS
ommskoit K Hopme (0.44°C).

HaGmropenus ¢ nepnokona “Ilonspuureps” nerom
1995 r. (Rudels et al., 1997), 1996 . (Schauer et al.,
2002) u 1998 r. mopTBEpIMIIM COXPAHEHNUE TETIOBOI
anomanmu Ha npotsekennu 1990-x ropo. HaGmope-
Hust Ke ¢ enokonoB “Larsen” B 1993 1, “Louis S. St-
Laurent” B 1994 . u “Akanemuk ®enopos” B 2000 r.
yKa3ajy Ha ee PaclnpoCTpaHeHHE HA HOBbIE PANOHbI.
Ha mepumane 180° Temneparypa 1.4°C (ma 0.8°C
BbIIlIE HOPMbI) B CJIO€ aTJiaHTHYecKux Boji B 1993 .
oObuTa 3acpukcrpoBana Ha 77° c.m. B 1994 1. remnepa-
typa 1.1°(na 0.5° BbIre HOpMbI) OblTa U3MEPEHa Ha
80° c.mr., a B 2000 r. Temneparypa 1.3° (0.7° Bbmue
HOpMbI) Ha 82° c.ur

CpaBHeHnme ¢ 6oniee paHHUMU IAHHBIMU HAOJTIOfIe-
Huit nokasanu (Asnekcees u fip., 1997; 1998; Anekce-
eB, Makiurac, 1999), uto HauGosee 3HAUMTENIbHBIC
M3MEHEeHUs] MAKCUMAJIbHOW TeMIepaTypbl B aTJIaHTH-
yeckoM ciioe npomsonum B cekrope 90-180° B.j1. K
cesepy or Inuuodeprena u 3emmu Ppanua-Mocuda
9T U3MEHEHUsI OKa3anch Mano3ameTHbIMU. [lo Beeit
BEPOSITHOCTH, 3Ta MPOCTPAHCTBEHHAs] HEOJHOPOJI-
HOCTb B MU3MEHEHUU TeMIepaTypbl CBsI3aHA HE C MPU-
TOKOM 0o0Jjiee TeIUIbIX, YeM OOBbIUHO, aTIaHTHUYECKUX
BOJI, & C YBEJIMYEHUEM UX 00beMa U OoJiee IiyOOoKUM
NIPOHMKHOBEHUEM B ApkTrueckuil 6acceitd. Ha aro, B
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YACTHOCTHU, YKa3bIBAET YTOJIIIEHUE CJIOSI ATIIaHTUYe-
ckux Boji Ha 50-100, a MecTamu 1 GoJice METPOB.

B pspme wuccnenoanmit (Swift et al., 1997
Thompson, Wallace, 1998; Dickson et al., 2000)
NPUBOJISTCS. ApTYMEHThI B MOJB3Y TOrO, YTO MOTEI-
neHue ApkTuku, Hayasiieecst B 1970-e rr. cBs3aHo ¢
YCUJICHUEM UHTEHCUBHOCTH aTMOC(EPHOU IUPKYJIsi-
uuu Haj CeBepHOM ATJAHTUMKOW M NpUaTIaHTUYe-
CKOM APKTHUKOM. DTa CBSI3b OblLIa BOCIPOU3BE/ICHA B
9KCTMIEPUMEHTE Ha MOJIEJIM COBMECTHON LMPKYJISLUN
OoKeaHa M atMocepbl ¢ UCKYCCTBEHHO YCUJIEHHbIM
NAO (Delworth, Knudson, 2000; 2001), koTopblit
nokas3ajl yCWIeHUe MepeHoca aTIaHTUIeCKuX BOJ B
ApPKTHKY.

Kak wu3BecTHO, moTremyneHue ApKTUKU B
1920-1940-¢ rr. Takke OOBICHSIIOCH YCUIICHUEM aT-

MocepHON TUPKYJSIMA U TEPeHOCOB Teria Hajl
npuatnanTruaeckoin Apkrukoit (Buze, 1937; Bur-
tenbe, 1946). OnHako Toraa poct unaekca NAO 6but
TOrj]a CYIIECTBEHHO MeHbIMM, 4eM B 1990-e roppl
(Dickson et al., 2000), a NoBbIlLIEHAE TEMIEPATYPhbI
AB B Cesepo-EBponeiickoM 0OacceiiHe oka3zajcs
HaunbOonee 3ameTHbIM B 1930-e rr. DTu pasnuuus B
Pa3BUTHM NOTEIUICHUs aTIaHTHYeckux Boj B 1930-e
n 1990-e 1T, BO3MOXKHO, CBSI3aHBI C M3MEHEHUSIMU
BKJIJ]a aTMOC(EPHOI M TEPMOXAJIMHHON LUPKYJIsi-
uu. [Morermnenue o B 1930-x rr, mo-BuguMomy, B
OoNbIlIel CTENEeHU CBSI3aHO C YCWICHUEM TepMOXa-
mHHOM, a B 1990-x — aTMocgepHOi IMPKYIISILHN.
JInst popMUpOBaHUST KIMMaTa MOPCKOM ApPKTH-
KU MIOCTYTIJIGHNE TETUION U colieHol Bojibl u3 CeBep-
HOU ATJIAaHTUKHU SIBJISIETCS BaXKHBIM TIPOIIECCOM.
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Puc. 1.8.7. lameHeHuss makcumManbHOW TemnepaTypbl B cfioe AB nNo AaHHbIM M3MEpPEeHUin B LUECTU parioHax
ApkTuyeckoro baccerina (cnesa) no gaHHeiMm 1920-2012 rr.
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Puc. 1.8.8. CpepgHsis TemnepaTtypa AB (B cnoe ¢ Temnepatypoii Beiwe 1°C) n nepeHoc AB (cuHune ctonbukn, CB)
B nponuee Mpama no gaHHbIM MHCTPYMEHTaNbHbIX n3mMeHeHni (Jeffries et al., 2012).

IMputok aTnanTuyeckoi Boabl (AB) B ApKTHUKY cO-
CTaBJISIET YacTh MIOOAJIBHOIO OKEaHWYeCKOro KOH-
Beliepa, CBS3bIBAIOILETO OKEaHbl TPAHCIIOPTOM TETl-
na, conu U npecHoit Boapl. [loctynas w3z CesepHoii
ATtnantuku, AB pacnpocTpaHstOTCS MO aKBaTOPUU
Hopsexckoro, [pennanackoro u bapenyesa mopeii u
NPOHUKAIOT B APKTUYECKUI1 6acCeiiH, I7ie 3aHMMAIoT
NPOMEsKYTOYHBIN ciioi Ha rmyouHax ot 100 go 800 m
(Tumodpees, 1960; Tpewnukos, Bapaxos, 1972).

ATnaHTHUecKasi BOJA SIBJISETCS BaXKHBIM MCTOY-
HUKOM TelJjia B NPUATIAHTUYECKOM CEKTOpe ApPKTHU-
KM ¥ UCTOYHUKOM COJIM JIJIsl apKTUYECKUX BOJ, MOJI-
BEPraroLuXcs MIOCTOSIHHOMY ornpecHeHuto. [locTosiH-
HbII MPUTOK Teria oT cjosi AB B BepxHuil clloii
ApkTHyeckoro 6acceiiHa OrpaHUYMBAECT 3UMHEE Ha-
pacTaHue Jibja, XOTsl O BEJIMYMHE U pacrlpeieieHun
9TOr0 NPUTOKA HET eIMHOro MHeHus1. Bee 310 yka3bl-
BaeT Ha TO, YTO NMOCTyIUIeHne AB sBisieTcsl BaXKHbIM
KJIMMATOOOpa3yoLyM NPOLECCOM B ApKTHYECKON
KJIMMAaTUYECKOM CUCTEME M €0 MOHUTOPUHT JI0JIKEH
ObITH COCTABHOI YaCTbIO CJIEXKEHMS 32 U3MEHEHUSIMU
kimmmara (Polyakov et al., 2003; 2004; AnekceeB u
np. 2007; dponos, pen., 2011).

O0001ieHne okeaHorpaUYecKuX JaHHbIX, COO-
paHHbIX B APKTUYECKOM OacceiiHe ¢ Havyasa Habuoye-
HWIA, MO3BOJWJIO BbIOpaTh pailoHbl, HauOoJsiee OCBe-

LIIEHHbIE HAOMIOEHUSIMU U c(hOPMUPOBATH KIIMMaTH-
yeckne psbl xapaktepuctuk AB (AsekceeB u fip.,
20096; 2010; 2011). OpnHOIt U3 TaKKMX XapaKTEPUCTUK
SBJISIETCS MakCUMallbHas TemnepaTypa B cioe AB B
mecTu paiioHax Apkrudeckoro 6acceiiHa [IpuBeneH-
Hble Ha puc. 1.8.7 u3MeHeHrst MaKCUMAJIbHOI TemMrepa-
Typbl AB NMOKa3bIBalOT HAayaslo0 COBPEMEHHOT'O MOBbI-
miennst remneparypsl AB B mpommise ®pama B 1987 1,
KOTOpoOe pasfiesisieTcs Ha JiBa atana. Bropoit aran no-
BbIIIIeHNsT TeMmnepaTypbl Havascs B 1997 1. Ero navyano
NPOCNEXKMUBACTCS U B JPYTUX PACCMATPUBAEMbIX paii-
OHax C 3anasfbiBaHueM 10 8 jeT B pailoHe CeBepHOro
Ilomoca. B mocnennme roabl MOBBIIIIEHABIE 3HAYECHUS
Temnepatypbl AB coxpaHstoTCs, OflHaKO HamMeTuIach
TEHJICHLMS] K X YMEHbLIECHUI0, OCOOEHHO 3aMEeTHast M0
JIAHHBIM MHCTPYMEHTAJILHBIX HAOJIOfICHUI B TIPOJIMBE
®pama (puc. 1.8.8).

O06o0011eHre XxapakTepucTuk ciost AB no nsartu
paitonam B ApkTuueckoM Gacceiihe (6e3 mpoJmBa
dpama) myrem HopmupoBanusi (Ha CKO) ux aHo-
Maunit (OTHOCUTENTLHO COOTBETCTBYOIINX CPETHUX
3a mepuoj] HaOGJOJICHWIT) TMO3BOJINIO BbISIBUTH
KpYNHOMaclITaOHble M3MEHEHUsS MaKCUMaJIbHOW
TemnepaTtypsl B ciioe AB, riyOuHbI MakCUMabHOM
TEMNepaTypbl U TMOJOXEHUS] BEpPXHEH TIpaHULbI
cnost (puc. 1.8.9). HecMoTpsi Ha 3HAYMTEIBHBIN
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Puc. 1.8.9. HopMmupoBaHHble aHOManNum xapakTepucTuk cnos AB, 06006LLEHHbIE MO 5 pailoHaM APKTUYECKOro
O6acceinHa. CneBa HanpaBo: MakCuUMasbHas TemnepaTtypa BoApl, rnybnHa MakcMmMyma TemnepaTypbl, rnybuHa

BEPXHEW rpaHunLbl Cros (HyJ1eBOW N30TEPMBbI).

pa3bpoc HOPMUPOBAHHBIX AHOMAJIMIA, ANMPOKCHUMA-
UUs OPTOrOHAJIbHBLIMU MOJMHOMAaMU BbIIEJSET
MEKIECSITUIIETHIE KOJIeOaHusi XapaKTepUCTHUK C
COOTBETCTBYIOIIUMHU 3KCTpeMyMaMu. MaKCUMyMbI
temniepatypbl AB npuxopsrcs Ha 1930-e, 1950-e
1990-2000-¢ rr. CoOTBETCTBYIOIIME WM MUHUMY-
MbI TITyOMHBI MAaKCUMAJILHOW TEeMIIepaTyphbl W TITy-
OuMHbI BepXHell rpaHuubl ciosi AB npuxopsrcs Ha
3TH e Nepuobl.

ConocTrapneHue n3mMeHeHuit Temnepatypsl AB B
ApkTnyeckoM OacceiiHe u B CeBepHOIl ATJIaHTHKE,
HAUYMHAs OT TPONMYECKON 001aCTH MOKA3bIBACT MPH-
CYyTCTBHME BO BCEX PAacCMaTPUBAEMBbIX psijlaX CXOJI-
HBIX MEKJIECITWIETHUX U3MEHEHUI1 ¢ mpeobIaganu-
eM pocta temneparypbl B nocieanue 30 net. Pacue-
Thbl B3aMMHbBIX KOPPEJSIUMI MEXJY MCXOHbIMUA U
CITIaKEHHBIMU DPSIIAMU  TIOKA3bIBAIOT 3aras/ibIBaHne
M3MEHEHMI1 TeMrnepaTypbl Ha noBepxHocT CeBepo-
EBponeiickoro 6acceiiHa OTHOCUTEJILHO TPOIMKOB
Ha 26 jmeT u Ha 2-3 rojla OTHOCUTENILHO paiioHa
20°-40° c.m. Hayamo moremiennst B CeBepHOi AT-
nantuke npuxogutcs Ha 1970-e ropel, B mponvse
dpama — Ha koner 1980-x, a B ApkTuyeckom Gac-
ceitHe Ha Havano 1990-x rn.

Bnaropgapst MeKayHapOHbIM 3KCHEULIUOHHBIM
uccnenosanusMm B 1990-e n ocobenno B 2000-e rr.,
NOJNIyYMBIIMM OCOOBbI pa3max B nepuopn MIIT
2007/08 rr., 6bUTH MOMyYeHbl OOLIMPHBIE OKEaHOrpa-
(puueckuie faHHbIC B pa3HbIX palioHaX APKTHUYECKOro
6accerina (Pposos, pen., 2011). B aror ke mepuop
cTajla OCTynaTh OKeaHorpapuyeckass UHopmauys

224)

¢ npefidyromux okeanorpadpudeckux 6yes (WHOI).
B wrore 3HauMTeNBHOE YMCIIO OKEaHOrpapuiyeCcKUX
CTaHLMI MOKPBUIO NMOYTHU BCIO aKBATOPUIO ApKTHYe-
CKOro 0acceiiHa, 4To MO3BOJIUJIO OCTPOUTh CPEIHUE
noJisi XapakTepucTuk cinosi AB 3a pecsatunerus
1990-x , 2000-x rr. (Anekcees u ap., 20096; 2010) u
cpaBHUTH UX C momsiMu 1970-x rT., HanboJiee MOTHO
OCBELIECHHbIMUA AaHHbIMU HAONIOEHUI B MPOLIIOM
(Koncrantunos, Ipaues, 2000). Meros nocTpoenust
nojsieil mpejcTaBieHbl B cratbe (AlniekceeB u jip.,
20096).

HaubGonbuiee norennenue B ciioe AB B pac-
CMaTpUBAaEMbIil MEPUOJ] NMPOU30LLTIO0 B OCHOBHOM
notoke AB BOJb MaTEpPUKOBOrO CKJIOHA, a BEPX-
HSIsl TPAHULIA CJIOSI OJHSIACh TOBCEMECTHO, HO 00-
nee Bcero (ma 60-80 M.) B UEHTpaJILHON 4YacTh
ApkTnueckoro 6acceiiHa. BenepcrBue stux nsme-
HEHUIl B BEPTUKAJIBLHOW CTPYKTYpPEe BOJHBIX Macc
TOJILMHA BEPXHETO ONPECHEHHOI'O CJIOSI apKTUYe-
CKOW BOIbI YMEHBIIWJIACh HAJl O0JIACTSIMU MAKCH-
MAJILHOT'O MOTEIUIEHNSI U IObEMA BEPXHEN I'PaHu-
upl cioss AB u, Kak ciejcTsue, 371eCb YMEHbLLI-
JIOCh COJIepKaHME MPECHOIN BOJbI B CJIO€ HAJ| U30-
xamHoit 34.80 %o. IIpouzouuno nepepacnpepese-
HUE “U30bITKA’ TNPECHON BOAbI B BEPXHEM CIIOE
ApkTrdeckoro 0acceiHa, B pe3yJisTaTe KOTOPOro
YBEJIMUUIIOCH €€ KOJIMYECTBO B aKBATOPUM, MPUJIe-
raoleil K octpoBaMm Kanajckoro apxunenara u
AJIICKM, 4TO MPUBENIO K YBEIMYEHUIO CTOKA Ipe-
CHOI BOjbI yepe3 nposusbl B KaHackom apxune-
nare (Prinsenberg, Hamilton, 2005).
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1.8.11. Bakaouenue

B rmmaBe paccMOTpeHbl M3MEHEHMsl KiMMmaTa B
MOpPCKON APKTHKE, BKIIOYAIOILEN MOPCKYIO YacTb
apkTiyeckon 30ubl Poccuiickoi defepaun (apKT-
yeckue Mopst oT bapeHuesa Ha 3anaje 10 YykoTcko-
IO Ha BOCTOKE M NpUJIeraroujas 4acTb ApKTUYECKOro
6acceiina B npepenax 200 MUITLHON 5KOHOMUYECKON
30HBI) 1 OocTajbHbIe akBaTtopun CeBepHoro JlenoBu-
toro okeana (CJIO), mokpbIBaeMble JILIOM B 3UMHHI
nepuof. IMEHHO MpUCYTCTBUE OKEaHa U MOPCKOIO
JIbJla B LIEHTPEe APKTUKU B CUIJIbHOI CTENEHU BIIUSET
Ha (pOPMUPOBAHKUE APKTUYECKOro KJMMaTa, onpesie-
JSIeT BaXKHYIO pOjib APKTUKM B WU3MEHEHMSIX IJIO-
OaTbHOrO KJMMaTa, a TaKXe €€ BIMSHUE Ha KIuMaT
NPUJIETAIOLIUX TEPPUTOPHIA.

V3MeHeHus1 KiMMaTa B MOPCKOI APKTHKE YCH-
JIMBAIOTCS TOJIOKUTEIbHBIMUA OOpPATHBIMU CBSI3SIMHU,
Cpeii KOTOPbIX 0CO00€ MECTO 3aHMMAET YCKOPSItO-
wjasicst ierpajauys MOpCKux JbioB. B cBoro oue-
peb, yBEJIMYEHHE MOCTYIJIEHUs] MPECHOI BOAbI U3
CJIO B CeBepHyto ATIAHTHKY B pe3yJbTaTe MOTeN-
JIEHUSI MOXKET OCJIa0UTh, TEPMOXAIMHHYIO LIMPKYJIsi-
Mo B npuseratouieit akaropun CeBepHoit ATiaH-
THUKU U MOCTYTJIEHNE OKEAHMYECKOT'0 TeI1a B BbICO-
KM€ LLIUPOTHI.

[Norennenue kmmara NpoOsIBUIIOCH PaHee BCETO B
MOBBILLEHUM MPUTOBEPXHOCTHON TeMIepaTypbl BO3-
nyxa (ITTB). HaGmonenust ¢ Hauana 20-ro cronetust
Y 10 HACTOsILIIee BpeMsl MOKA3bIBAIOT JIBA MOTEMJICHUS
ApKTHKYM — coBpeMeHHoe, HavyaBineecst B 1990-e ro-
Jibl, ¥ ipefiecTBytoiiee noremienre B 1920-1940-x
rojiax, KOTopoe ObUIO NPEPBAHO ITyOOKUM MOHIKE-
nueM [ITB. Dtu Tpu ctaguu sBomouuun [1TB o6pa-
3yioT KoJjiebanue ¢ mepuosiom 60-70 met, Hanbonee
3ameTHoe B CeBepHON ATIIAHTHMKE W NpuUJeraroiien
Apkrtuke. [lo 3TOil MpuuMHE €ro 4acTo Ha3bIBalOT
ATIaHTUYECKON  MHOTOJIETHEN OCHNJIISIEN
(AMO).

OcHOBHasl MOJIOKUTENbHASL YaCTb 3HEpreTuye-
ckoro GanaHca MOpPCKON ApPKTHMKM CBs3aHa C aTMO-
cepHOl LMPKYJISIUKEid, TEPEHOCSILEN TEMJI0 U Biary
B BbICOKME IIMPOTHI. HepaBHMe OLEHKM COCTaBIIsIIO-
LIMX SHEPreTUYecKoro OanaHca C MCHOJIb30BaHUEM
MacCUBOB peaHasm3a aTMocepHbIX JaHHbIX ERA-40
n NCEP/NCAR pis obmactu ceBepree 70° c.rm.
(Serreze et al., 2007) mokazami yBeJMUYEHHE POIH
NPUTOKA TeIJia U3 OKeaHa, MpeKJie BCEro BCIIEJCTBIE

—p—
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NOSIBJIEHUS] 3HAUUTENbHbIX MPOCTPAHCTB OTKPBLITON
BOAbl M YBEJIMYEHMs JIETHETO IPOrpeBa BEPXHEIO
CJI0s1 OKeaHa.

B Apkruke npeobaagaroT Ba OCHOBHBIX PEXKU-
Ma aTMOC(EPHON LUPKYJISUMU — AHTULUKJIOHUYE-
cKMil U upkyIoHnvyeckuit. C pa3BUTHEM NOTENJICHUS
MPOM30LLIJIA TEPECTPONKA UMPKYJISILIMOHHON CUCTEMBI
¢ (hpOPMHUPOBAHUEM JUIIOJILHONM CTPYKTYpbI. B moso-
KUTeNbHal (pase apkTudeckuit aunonb (AJl) xapak-
TepU3yeTcsl MOHUKEHHBIM JaBieHreM Haj Kapckum
MopeM 1 MopeM JlanTeBbix 1 NoBbILIEHHbIM Hajl Ka-
HA/JCKMM apXHUIEIaroM, pacnpoCTPAHSIOLMMCS Ha
toro-Boctok Ipennanguu. B orpunarensHoit ase
AJl aHOManuu aBJeHUsl PACNONOKEHbI IPOTUBOMO-
JIOXKHBIM 00pa3oM, HO C LEHTPOM OTPULIATEILHOM
aHomasuu jasneHus Haj Cesepo-EBponeiickuMm Gac-
certHoM. B nethue cezonbl 2007-2012 . AJT xapak-
TEpU30BAJICS. HU3KMM [IaBJIEHUEM HaJ] CUOMPCKOW
APpKTHKOI 1 BbICOKMM Haj MopeM Bodopra u [pen-
JIAHJIMEN, YTO CO3JaBAJIO YCUJIEHHBI MEPUMOHAIIb-
HBIN TepeHoC Yepe3 ApPKTUKY M TasHue [penmnanp-
CKOro JiegsHoro mwura. M3meHeHme atMocepHoOn
UUPKYJISILUKA HaJl APKTUKON MOBJMSIIO Ha (DOPMUPO-
BaHME KJIMMATUYECKMX aHOMAJIMiA HaJ| NpUJIeratoiiy-
MU YMEPEHHbIMHU IIMPOTAMH, B YaCTHOCTU, XOJIOJI-
HbIX 3uM B EBpone 1 B BOCTOUHOI1 A3UM, CBSI3aHHBIX
C 3alajiHbIM CMEILEHUEM aHTULMKIIOHA HaJl CUOUp-
CKUM N0OEPEeKbEM.

Ilorennenne B ApKTHKE CBSI3aHO TaK>Ke C U3Me-
HEHUSIMU B PEXKMME MTPUXOSLIEH COJTHEYHO! pajna-
uuu. HaOGmropieHust 3a cymMMapHO#i COJIHEYHOM pajua-
UMell Ha apKTUYECKHUX CTaHUMSAX OOHApy>KUBAIOT
3HAYMMBbIE TIOJIOXKHUTEIbHBIE TPEHABI 3a nocieaue S0
JIET, TIPEKJIE BCETO BCIIE/ICTBUE YBEINYEHUE HUCXO-
pseit pymHHoBOTHOBOM paguraii. C 1979 mo 2005
TOJ1 KOJIMYECTBO MOMIOIIEHHON COTHEYHOW PajIialvu,
3aMaceHHOll JIETOM B BEPXHEM cjioe APKTHUYECKOro
OacceiiHa, yBEeJIMYUIIOCh 3a MOCJIEIHUE HECKOIIBKO Jie-
catuneruit Ha 89 % ero akBaTopuu.

IIpu cpaBHeHuun noremyeHuss B ApKTUKE € IIIO-
OasbHBIM MOTENJIEHNEM UM norersenneM B Cesep-
HOM NOJTyLIapuK, OTMEYAIOT €r0 MaKCUMAJILHOE pa3-
BUTHE B APKTHKE. DTOT (PEHOMEH Ha3BaH ApKTHYE-
CKMM YCWJIEHMEM M BBISICHEHMIO €ro NpUYMHaM I0-
CBsilleHO MHOTO nccienoBannii. B. 10. Buse (1937),
MO-BAIMMOMY, OBbUI MEPBbIM, KTO yKa3aJl Ha yCHUIe-
HME LMPKYJSIUUMA aTMOC(EpPBI M OKeaHa KaK Ha OC-
HOBHYIO NpUuMHYy noremiennss Apktuku. [lomoxe-

(225
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HHE O PeLIaoIel PO YCUIICHUST [UPKYJISIAN ATMO-
chepbl 1 OKeaHa U CBSI3aHHOT'O C HUMU MPUTOKA TeTl-
Ja B APKTHKY MOATBEP3K/IAETCS pacueTaMu COCTaB-
JSIOIIUX SHEPreTUIEeCcKOoro GaaHca.

IMokazano (AnekceeB u fip., 1991; Anekcees
2004), 94TO M3MEHYMBOCTD TMPUIOBEPXHOCTHON TEM-
nepaTypbl BO3AyXa 31UMOI B MEPHOJ] MOJISIPHON HOUU
3aBUCUT OT U3MEHUMBOCTHU MPUTOKOB 3HEPIUU C LUP-
KyJsiuuen arMocepbl U okeaHa: OCHOBHAs MPUYMHA
OCTAIOLLMXCS] PACXOXK/IEHUI B OLIEHKE MPUYMH apKTHU-
YeCKOr0 YCWJICHHMSI CBsI3aHa C TeM, 4TO YCHUIICHUE
UPKYJISIIUN 1 TIEPEHOCOB BEJIET K MOSIBIICHUIO MOJI0-
JKUTEJIbHBIX OOpaTHBIX CBSI3EM, KOTOPbIE MPUHUMA-
10TCS 32 MaBHble pakTopbl. Pa3BuTne Habmogaemo-
O B HACTOsIILiee BpeMsl MOTENJIeHHs KIIMMaTa ApKTH-
KM TaK3Ke CBSI3aHO C U3MEHEHUSIMU B PeXKUMe [IUPKY-
nsiupu aTMocgepbl, KOTOPbIe POUCXOJIST MOJT BIIUSI-
HMEM KaK eCTeCTBEHHbIX, TaK U aHTPONOTEHHBIX TJ10-
OaILHBIX BO3JIENCTBUIA.

CokpallieH1e MIoIIai MOPCKOTO JIbja SIBISIETCS
Hanbosee 00CyK/aeMbIM MPOSIBIIEHMEM COBPEMEHHO-
ro norensexnusi B Apktuke. B nepBoM oLeHOUHOM /10-
kiasie (O1_P®-1) 0630p M3MeHEeHHIT MOPCKOTO JIbjia
B Apkruke 3akanumBaics 2007 ropmom, Korjga Obul
OTMEYEeH aOCONIOTHBIM HAa TOT MOMEHT MHUHUMYM
TUIOIA/IN, 3aHSITOI MOPCKUM JIBIOM (MPOTSIKEHHOCTh
mopckoro nbaa (ITMIT)) B centsiope. Ha koHer noc-
nenyroiero nsartuietnero nepuopa 2007-2012 rr,
3apepuiatolerocs nogroroskoit OI_P®-2, npumien-
cs1 HOBbII eule Oonee rm1yOokuit MunumyM IIMJI B
centsiope 2012 ropa. [TogoGHOro coKpaleHusi mio-
1IaIM JIbOB He HaOIofaloch HUKOTJA paHee 3a Ie-
PHOJ1 HE TONBKO MHCTPYMEHTAILHBIX, HO JIOOBIX CITY-
YaHbIX W MOMYTHLIX HAOIIOAEHUI CO BPEMEH MOsIB-
JIEHUS] COBPEMEHHOT'0 YeJIOBEKA B BLICOKUX ILIMPOTAX.

TonupHa mbaa siBsieTCst 60see TPYIHbIM /7Sl Mac-
COBBIX M3MEpEHHI MapamMeTpPOM MOPCKOTO JIE[STHOrO
nokpoBa. O6001eHust aHHbIX, coOpanHbix [1JI B
ApkTrUyeckoM 6acceiiHe HaiijIeHO yMEHbIIeHUe Cpef-
Hell o GacceliHy TONIMHBI JbAa Ha 42 % K cepenuHe
1990-x ropoB otHOcHUTeNbHO cpefneil 3a 1958-1977
rozibl (Rothrock et al., 1999). B cratbe (PposoB u
1p., 2009) npuBejieHbI pe3ysIBTaThl MOHUTOPHMHIA TOJI-
HIMHBI MOPCKUX JILAOB O IAHHBIM MOMYTHBIX U3Mepe-
HUi ¢ 6opTa nefgokonos. [TokazaHo cokpalieHue 101
MHOTOJIETHUX JIbJIOB B 2—3 pa3a W, COOTBETCTBEHHO,

YMEHBIIEHNE CPENHEN UX TOJIIMHBI B APKTHIECKOM
oaccerire K 2005-2006 ropam Ha 23 %.

226>
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[TprumHa pe3Koro CoKpalleHust KOJMYecTBa apK-
TUYECKUX JIbJOB B KOHLE JIETHETO NMEPUOJiA CBSI3aHa C
NOTENJIEHUeM KJIMMaTa, O YeM CBHJIETEJIbCTBYET
(Anekcees u jip., 2009a; 2010) koppessiuust ¢ KO-
cdummentom —0.94 3a 1979-2012 rr. Mexxny u3MeHe-
HUSIMU JIETHEW TNPUIIOBEPXHOCTHOM TEMIEPATypon
BO3/yXa M IUIOLA/JbIO, 3aHSATON MOPCKUM JIbJOM B
ceHTs0pe. OLEHKM Ha OCHOBE MOJEIMPOBAHMS MOJ
BJIMSIHUEM TMOTEIUIEHUs] U ATMOCEPHON LMPKYISIUAN
noaTBepaAWSM, 4to cokpaienue [IMJ1 B mocnennue
IECATH JIET 00YCIIOBJIEHO, TTaBHLIM 00Pa30M, MOBbI-
mieHneM Temnepatypbl Bosnyxa (Kymakos wu jip.,
2012). V3meHeHus1 B pacrpeiesieHy TOJIIUH JIbJia
CBA3BIBAIOT TAKXKE C LMPKYJISALMEN, NOBIMSBIIEN HA
yBEJIMYEHUE IKCIOPTa Jibjla yepe3 npoaus Ppama B
konie 1980-x — B Havane 1990-x rr. OpHaKo cyiie-
CTBEHHbIN CJIBUI' MUKA B PpacrpefeseHud TOJLMH
NPENoaraeT, YTo U3MEHEHUs] B TEPMUUECKOM (pop-
CUHre ObUIM TaKKe BaKHbIM (PAKTOPOM B HAOJIIO/IaB-
miemcst yronbiennu Jibaa (Yu et al., 2004). Ormeua-
€TCsl TaK>Ke POJIb JIETHEro Mporpesa B (hopMHUpOBa-
HUU MOJINOBEPXHOCTHOIO TEMIEPATYPHOIO MAKCUMY-
Ma, KOTOPbIA 3UMOW MOXET 3aMeJIaTh HapacTaHue
abaa (Jackson et al., 2012).

HaunGosbiee noremieHue B MOPCKOW cpefe
APKTHKY MPOU30ILIJIO B OCHOBHOM TOTOKE aTJIAHTHU-
yeckoil Bojibl (AB) BIOJIb MaTepUKOBOTO CKIIOHA, a
BEPXHsIsl TPAHMUIIA CJIOS MOJIHSIACh MMOBCEMECTHO, HO
6osee Bcero (Ha 60—80 M.) B LEHTPAILHON YacTH B
LHEHTPAJIbHOM 4acTu ApKTHYecKoro OacceiiHa.
BceanepcTBue aTux M3MeHeHU B BEPTUKAIILHOM CTPY-
KTYp€e BOJIHBIX MAcC TOJLIMHA BEPXHEr0 ONpPECHEH-
HOT'O CJI051 apKTUYECKON BOJbl YMEHbIIMIIACH Hajl 00-
JACTSMU MaKCHMAJIbHOTO MOTEIUIEHUSI U TOAbeMa
BEPXHEN rpaHuupl ciost AB n yBeamumiocs ee Konu-
YEeCTBO B aKBaTOPUH, Mpuiieraroieit k ocrposam Ka-
HaJICKOro apxunesnara u K AJsicke.

Conocrasnenue n3MeHeHuil TemnepaTtyposl AB B
ApkTryeckoM OacceiiHe u B CeBepHON ATJIAHTUKE,
HayMHasi OT TPOMUYECKOH 06J1aCTH TOKa3bIBAET MPHU-
CYTCTBHME BO BCEX PACCMATPUBAEMBbIX PSIaX CXOAHBIX
MEX/ECATUIETHUX U3MEHEHUI C MpeobIajlaHieM po-
cta temneparypsl B nocaeanue 30 net. Hauano nore-
mieHnss B CeBepHON ATIAHTHKE MNPUXOAUTCS Ha
1970-e ropp1, B mponme Ppama — Ha koHer 1980-x,
a B ApkTudeckoM GacceitHe Ha Hadasio 1990-x rr. B
NOCJIE/IHAE TOfbl MOBBILIEHHbIE 3HAYEHUsl TeMIlepa-
Typbl AB B ApkTnueckom OacceilHe COXpaHSIoTCH,
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OJIHAKO TIO JIAHHBIM MHCTPYMEHTAJIbHBIX HAOJIOICHUI
B nposBe ®Ppama (Jeffries et al., 2012) HameTunach
TeHJICHIUS K UX yMeHbleHuto nociye 2007 ropa.
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